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nPEJlltfC.flOBlttE 

B OcHOBHhIX HanpasneHHHX 3KOHOMHqecKoro H couHaJlhHoro pa3BHTHH 

CCCP Ha 1986-1990 ro,nbI H ua nepHo.n .no 2000 ro,na B KaqecTBe 

ocHOBHbIX 3a,naq no ycKopeHHIO HayqHo-TeXHHqecKoro nporpecca H pa3 .. 

BHTHIO HayKH paccMaTpHBaeTCH BHe,npeHHe 3BTOMaTH3HpOB3HHbIX CHCTeM 

B pa3JIHqHble ccpepbl X03HHCTBeHHOH ,neHTeJlhHOCTlf,. H B rrepayIO oqepe.n.h 

B npoeKTHpOB3HHe, ynpaBJieHHe OOopy,noBaHHeM H TeXHOJIOrH:,ecKHMH 

npoueccaMH, C03)1.3HHe BbICOKOHa,n.e}KHblX CHCTeM npOMhlllIJieHHOH aBTO

M3THKH Ha 6a3e 3JieKTpOHHKH*. 
YcnernHoe perneHHe yKa3aHHhIX 3a)laq HMeeT Ba>KHoe 3HaqeHHe ,nJIH 

JI,aJibHeiirnero pa3BHTHH CBapoqHoro npOH3BO)lCTBa, KOTOpoe xapaKTepH-

3yeTCH npHMeHeHHeM CJIO}KHblX TeXHOJIOfHqecKHX npoueccoB, 60JlbllIHM 

KOJIHqeCTBOM onpe)leJifllOIUHX HX xo,n napaMeTpOB, BbICOKHMH CKOpOCTHMH 

nepe)laqH H o6pa60TKH HHQJOpMaUHH. JlocTH}KeHHe 3a,l\aHHOro KaqecTBa 
u v 

caapHblX coe,nHHeHHH npH O)lHOBpeMeHHOM yJiyqmeHHH ycJIOBHH H IlOBbl-

llleHHH npOH3BO)lHTeJibHOCTH Tpy)la pa6oqHX, a T3KJKe CHHJKeHHH ce6e

CTOHMOCTH caapHbIX H3AeJIHH Tpe6yeT KOMilJieKCHOH aBTOM8TH33UHH CBa-
u v u 

poqHoro npOH3BO.Z(CTBa, Ba)KHQH COCTaBHOH qacTblO KOTOpOH flBJIHeTCH 

aaroMaTH3aUHH co6cTBeHHO csapoqHhIX npoueccos. 

BBeJI.eHHe B yqeoHhie nJ1aHhI caapoqHhIX cneu11aJ1hHOCTeH By3oB Kypca 
<<ABTOM3THKa H 3BTOJ.'vtaTH38UHH CBapoqHbIX npouecCOB» H H3,l\8HHe 
B 1982 r. H .. C. JlhBOBhIM H 9. A. fJia,nKOBhIM yqe6Horo noco6HH [15] 
no 3TOMY Kypcy Il03BOJIHJIH cymecTBeHHO yJiyqrnHTb no,nroTOBKY BbI· 
nycKHHKOB BY30B no C03)1.3HHIO H 3KCnJiyaTaUHH ooopy,noBaHHH ,l(JIH aBTO· 
MaTH33UHH CBapoqHblX npoueccoB. 0)1.HaKO HeOOXO,l\HMOCTb B yqe6HOM 

JIHTepaType, 06ooma10meii cospeMeHHb1e .nocTH.>KeHHH H ae,nym.He TeH,neH .. 
UHM B 3TOH 06J1aCTH, coxpaHHeTCH. 

B KHHre on0caH B 3HatIHTeJihHOH cTeneHH onhIT HHCTHTyTa 3JleKTpo .. 

caapKH MM. E. 0. IlaToHa AH YCCP no co3,naHHIO CHCTeMhI aBTOMaTH
qecKoro ynpaBJieHHH oa30BhIMH caapoqHhIMH npoueccaMH H KueacKoro 

nOJIHTeXHHqecKoro HHCTHTyTa no npeno)laBaHHIO CTyJleHTaM CBapOtIHWX 

cneuHaJlbHOCTeH Kypca «ABTOMaTHKa H aBTOM3TH3aUHH CBapoqHblX npcr 

ueccOB». MaTep11aJ1 KHHrH, peKOMett,nyeMoii B KaqecTBe yqe6Horo noco6HH 

no yKa3aHHOMY Kypcy, npe.nHa3HaqeH )lJIH cTyJJ.eHTOB H cneuuaJIHCTOB csa-. 
poqHoro npOH3BO,l{CTBa, HM€IOIUHX nO)lfOTOBKy no TeopHH 3BTOMaTHqe-

CKoro ynpaBJieHHH, H pa3Mffil.eH no cnocooaM caapKH, IITO no3BOJIHeT 

HaH6oJiee IlOJIHO oxapaKTepH30ilaTb oco6eHHOCTH H COCTOHHHe aBTOMa· 
TH38UHll OCHOBHblX CBapoqHhlX npoueccoB. 

ABTOpbl CTpeMHJIHCb oe3 ymepoa 'AJIH nOJIHOTbl H3JIO)KeHHH MaTepHaJia 
orpaHHqHTbCH npu ero OT6ope TOJibKO Tef\tH peweHHHMH, KOTOpbie xapaK .. 

JU n· MaTepHaJibl XXVI I C'bean.a KoMMYHHCTHqecKOH napTHH CoseTCKOfO Co103a .-
J•i.: 0JlffTH3ABT, 1986.- C. 280, 288. 
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TepHbl )I.JUI COBpeMeHHOfO ypoBHH aBTOM3TH33UHH CBapoqHbIX npoueccoB 

JIH60 H3HJlYT npHMeHeHHe B 6JIH>K3HWHe fO)].bl • .J\i\aTepHaJI, KOTOpblH MO· 

meT 6bITh noJie3eH npH BhinOJIHeHHH llHnJioMHoro H Kypcosoro npoeKTH

poaaHHH, BhIHeCeH B npHJIO)KeHMH. 

flpHMeHeHHe ,llJIH aBTOMaTH33UHH TeXHOJioruqeCKHX npoueccoB npo

MblWJieHHhlX po6010B fl03BOJISieT nepeCMOTpeTb pacnpe,neJieHHe Ha npOH3-

BOJlCTBe cpyHKUHH Me>K,lly qeJIOBeKOM H M31llHHOH H Ha 3HaqHTeJihHO 6onee 

BhICOKOM ypoBHe pewaTb sonpocbI aBTOM3TH3aUHH CBapoqHhIX npoueccoa. 

Oo3TOMY B yqe6Hoe noco6He BBe)l.eHa cneuHaJihHaH rJiasa, nocBHll.leHHan 

npOMbllllJieHHblM po6oTaM ,UJIH aBTOM3TH33UHH npoueccoB CBapKH. 

KHHra MO)KeT 6hITb HCI10Jih30BaHa cneuHaJIHCTaMH, He HMeIOmHMH 6a-

30BOH no)l.rOTOBKH B o6JiaCTH csapoqHoro npOH3BO)l.CTBa, HO 33HHMalO· 

IIJ.HMHCH BonpocaMH ero 3BTOM3TH33UHH. 

B pa6oTe Han KHHroli yqacTsosana 6oJihlllaH rpynna cneuHaJIHCToa. 

qTo o6ycJIOBJieHO LllMpOKHM KpyroM paccMaTpHBaeMblX 33)l.aq. f JiaBhl 

I, 2 H npHJIO}KeHHH H3DHC8Hhl B. n. 4epHbllllOM, IO. H. KyTenOBbIM, 

JI. A. I1cKpoi1, <P. H. KHceJieBCKHM, P. M. lliHpOKOBCKHM, B. A. THM· 

qe1-1Ko; rJiaBa 3 - 0. n. 5oH)l.apeHKO; rnaBa 4 - IO. H. JlaHKHHbIM; 

rJiaBa 5 - B. c. f aBpHWeM H B. n. KpHBOHOC0~1; rJiaBa 6 - B. A. THM

lleHKO H <I>. H. KHceneBCKHM. 



1. 06LUll1E sonf>OCbl ABTOMA TIA3AUlll"1 
CBAP04HblX nPOU.ECCOB 

1.1. AatoMaTH381.\HR caapo1.1HblX npol.\eccoa 
.., 

KaK 11aCTb KOMnneKCHOH 
aaroMaTM3a(.\HH caapO'IHOro npOM3BOACTBa 

CaapKa - Be)lyn.I.HH TeXHOJIOrHqecKHH npouecc npH npoH3BO)lCTBe Me· 

TaJIJIHqeCKHX KOHCTpyKUHH. c ee nOMOllJ.blO nepepa6aTbIBaeTC5I npHMepHO 
u 

70 % fOTOBOfO npoKaTa, l!TO COCTaBJIHeT OKOJIO nOJIODHHhl BCeH CT3JIH, 

npoH3Bon11Moi1 a CCCP. CaapoIIHoe npoH3BOJI.CTBO u oKa3hIBaeT cymecT

aeHHoe BJIHHHHe Ha BbIIlOJIHeHHe nporpaMMhl X03HHCTBeHHOro pa3BHTHH 

CTpaHbl H peweHHe 3a)laq no IlOBbIWe:-IHIO 3qxf}eKTHBHOCTH H HHTeHCHcpHKa· 

UHH oomecTBeHHOfO npOH3BOJI.CTBa. B OTJIHl!He OT npyrHX MeTaJIJiooopa

oaTbIBaIOI.UHX npOH3BO,l{CTB CBapoqHoe OXB3TbIBaeT OOillHpHblH KOMnJieKC 

pa3JIHl!HhIX no cBoeMy xapaKTepy TexHoJiorHt1ecKHX onepauHii, o6ecne-
u 

lJHBafOmHx H3fOTOBJieHHe aaroTOBOK H .neTaJieH, HX caapKy, TepMHqecKyIO 

copaOOTKY, KOHTpOJib KalleCTBa COeJI.HHeHHH H OT)leJIKY fOTOBhlX CBapHbIX 

H3.D;€JIHH [23]. 
06ecneqeHHe Tpe6yeMoro ypoBHH KalleCTBa caapHbIX KOHCTPYI<UHH 

H HX 3KCnJiyaT3UHOHHOH Ha!(e}KHOCTH, nOBbIIlleHHe npOH3BOnHTeJibHOCTH 

rpyna npH yJiyqweHHH ycJIOBHH pa60Tbl JIIO)leH Tpe6y10T KOMnJieKCHOH 

MexaHH33UHH H 3BTOM3TH33UHH B 0,l{HOM CHHXpOHH3HpOB3HHOM nOTOKe 
u 

Bcex nepe.n.eJioB, CBH3aHHhIX c H3rOTOBJieHHeM caapHOH KOHCTPYKUHH. 

OpHMepoM TaKoii opraHH33UHH npoH3BOJlCTBa HBJIHeTC.H H3rOTOBJieHHe 

9JieKTpocaapHbIX Tpyo, OTOnHTeJibHblX pa)lHaTopoB H JlpyrHX H3,UeJIHH 

c MaCCOBbIM xapaKTepoM BhinycKa. npOJlYKUHH (21]. 
0JI.H3KO He Bcer~a UeJiecoo6pa3HO KOHUeHTpHpOB3Tb B O~HOM IlOTOKe 

see onepauHH no H3rOTOBJieHHID ll.aHHOH npoJlyKUHH [40]. TaK, npH ~o
CTaToqHo OOJlbllIOH H pa3H006pa3HOH HOMeHKJiaType 33fOTOBOK,Tpe6y10-

llI.HX, HanpHl\1ep, MeXaHHtieCKOH o6pa60TKH, HX H3fOTOBJieHHe He BKJnoqa-
u 

eTCH B COCTaB onepauHH CBapoqHoro npOH3BO,l(CTBa H BbIIlOJIHHeTC5I B JlPY· 

fHX uexax, cneuHaJIH3HpOB3HHhIX no BHJ(aM o6pa60TKH, HJIH B OT)leJihHOM 
3arOTOBHTeJibHOM uexe. 

l.J.eAb aBmo.111.amuaau,uu ceapottflbtx npou,eccoB - noJiyqeHHe cBapHbIX 
coe)lHHeHHH c TpeoyeMblMH CBOHCTBaMH npH HaHBbICillHX 1eXHHK0-3KOHO

l\UfqecKHX noKa3aTeJIHX 6e3 Henocpe)lCTBeHHOfO yqacTHH qeJIOBeKa. 

CouHaJibHhIM acneKT aBTOMaTH3aUHH, npeJI.noJiara10mHH ocao60*.neH11e 
qeJIOBeKa OT Henocpe.n.cTBeHHOfO BblflOJIHeHHH cpyHKUHH ynpaBJieHHH CBa .. 

p01:1Hb1MH npoueccaMH H nepe,llaqy 3THX cpyHKUHH aBTOM3THtieCKH~I ycT

poifCTBaM, B nocJie.UHHe ro,ll,bI npHoopeTaeT Bee 60Jihrny10 3Hal!HMOCTb. 

l(aI{ OTMeTHJI aKa,lleMHK 5. E. naTOH, « ... ryMaHHOe >1<eJiaH11e OCBOOO~HTh 
qenoBeKa OT TPYJlHoro H yToM11TeJihHoro TpyJla B cBapollHOM npo11aBOJ(CTBe 

nyTeM ero MexaHH3aUHH H aBTOMaTH38UHH CTaHOBHTCH see 6oJiee Ba}KHbIM, 

a HHor.na H pernaIOllJ.HM ¢aKTopoM npH onpeneJieHHH uenecoo6pa3Horo 

YPOBHH, MeToJI.oB H TeXHHlieCKHX cpeJI.CTB Mexan113a11Hn H aBTOMaTH33UHH 

csapoqHoro npon3BOll.CTBa B u.eno\1 H npoueccoa co6cTBeHHo caapKH -
B qaCTHOCTH» [23, C. 2]. 



B o6meM o6nel\fe onepauHii no npo113Bo,ncrBy caaplihIX KOHCTPYKUHH 

COOCTBeHHO caapOllHbIH nponecc COCTaBJIHeT 15-20 % H He npeBbilllaeT 

30 ~o [21]. OnHaKo oH HBJIHeTcH KJIIolleBb1rv1 3Jie.MeHToM n poH3BO,LI.CTBa, onpe-
u 

~eJIHIOIUJIM KOHelJHbie CBOHCTBa H 9KcnnyaT3UHOHHYIO Ha,ne}KHOCTb caap-

HhIX coe,LI.HHeHHH H BceH: KOHCTPYKUHH. ABTOMaTH33UH51 caapotiHhIX npo-
u 

ueccoa, npH KOTOpOH nOBbilllaeTCH roqHOCTh ynpaBJieHH.H -Ii KOHTpOJIH, 

a TaK}l{e HCKJIIOlJaeTCH BJIHHHHe Ha TeXHOJIOfHlJeCKHll npouecc cyoneKTHB

HhIX cpaKropoB (MacTepcTBO pa6ora10ru_ero, ero yTOMJIHeMOCTh H T. n.), 
u 

HanpaBJieHa npem.ne Bcero Ha noBbIIlleHHe Kaqecraa cBapHhIX coe,n11HeHHl1 

H era CTa6HJIH3aUHIO B npe,neJiax aceii napTHH O,LI.HOTHnHhIX H3,ll.eJIHH. 

AaToMaTtt3aUHSI oKa3hIBaeTcH o6H3aTeJibHhIM ycJIOBHeM ycnernHoro 

BhrnoJIHeHHH caapotIHbIX npol.leccoa, TaK KaK 60J1hrnoe KOJIHlleCTBO H BbI

COKHe CKOpOCTH H3MeHeHHH onpe,lI.eJIHlOIIJJ1X HX XO,LI. napaMeTpOB CBH23Hbl 

c oopa60TKOH 3HallHTeJlbHOH no OO'beMy HHcpOpMailHH B e)lHHHUY apeMeHH, 

lJTO oKa3bIBaeTCH He,LI.ocTynHhIM lJeJIOBeKy. He cJiyqaiiHo nepabie aaToMa

THqecKHe peryJIHTOpbI JlYfH 6hIJIH npe,LI.JIOLKeHbI H306peTaTeJIHMH ,nyro

BOH CBapKH H. H. BettapAOCOM H H. r. CJiaBHHOBbIM [39]. -H. r. CJia

B5IHOB yKa3bIBaJI, llTO ecJIH 3JieKTpo,n nJiaBKHH, TO HeB03MOLKHO IlOMep

>KHBaTb HenpepbIBHYIO BOJihTOBY ,nyry 6e3 aBTOMaTHlJeCKOro peryJIHpo

B3HH51. 11CXO,LI.H H3 3TOfO, OH IlOJiaraJI, lJTO TOJibKO HaJIHlJHe peryJiflTOpoB 

,nyrH MOLKeT o6ecnellHTh peaJibHYIO B03MO)J{HOCTh npOMbllllJieHHOfO npH-
u 

MeHeHH51 .nyroBOH caapKH nJiaBHlI{HMCH 3JieKTPOJI.OM: 

,UoCTHraeMoe B pe3yJihTaTe npHMeHeHHH aBTOM3TH33UHH HCKJIIQqeHHe 

HJIH cBe,lI.eHHe K MHHHMYMY KOJIHqecTBa He,ZI.onycTHMhIX .ne<f>eKTOB ceapHbIX 

IlIBOB CHHJKaeT IlOTepH pa6oqero BpeMeHH, 3HepreTHlleCKHX H MaTepHaJih

HbIX pecypcoa, CBH3aHHhre c HcnpaBJieHHeM 6paKa. Bee 3TO conpoaoJK,na-.. 
eTC.H peaJibHhlM IlOBblllleHHeM npOH3BO,[(HTeJibHOCTH rpy,na, 3KOHOMHeH 

v 
rpy,noBbIX pecypcoa npH H3rOTOBJieHHH caapHbIX KOHCTPYKUHH H no3BO· 

JIHeT paccMaTpHB3Tb aBTOM3TH33UHIO CBap04HblX npoueccoB K3K B3}KHYIO 
u 

COCTaBJIHIO~yIO KOMnneKCHOH aBTOM3TH3aUHH caapoqHoro npOH3BO,ll.CTBa. 

3qx!JeKTHBHOCTh 3BTOM3TH33UHH CBap04HhIX npoueccoB BO MHOfOM 

onpe,neJIHeT~H T04HOCTblO IlO,ll.fOTOBI<H 3afOTOBOK H HX coopKOH. EcJIH 

np:w H3fOTOBJieHHH ){eTaJieH MeTOJl3MH MeXaHH'leCKOH o6pa60TKH (TOtie

HHH, cflpe3epoBaHHH H T. n.) 3apaHee 381"3IOT Tpe6yeMhie KOHe4Hbie pa3Me

pbl .neTaJIH c HeOOXO)lHMbIMH ,nonycKaMH H pa3Mepb1 33fOTOBKH He BJIHH

lOT Ha TQqHOCTb fOTOBOH ,neTaJIH, TO npH caapKe H31\feHHTb cflaKTHlJeCKHe 

pa3Mepbl 3afOTOBOK HeB03MO>KHO, TaK KaK OHH y>Ke onpe,ZI.e.neHbl npe,ll.bI,ny

lUHMH TeXHOJIOfHlJeCKHl\fH (33fOTOBHTeJihHhIMH) onepauHHMH H' CJie,ll.O· 

aaTeJihHO, npe.nonpe,neJIHIOT Bee JIHHHH llIBOB c HX HeToqHOCTHMH no Ha

npaBJieHHIO, 3a3opy, npeBhillleHHIO KpOMOK H .np. TolJHOCTb me H3roTOB

JieHHH 3aroT0BoK caapHbIX y3JIOB H KOHcTpyKUHH H HX c6opKH no]( caapKy 

npH Tpa,ZI.Hll.IIOHHhIX TeXHOJIOfHHX BbinOJIHeHHH 9THX onepau11ii 06b1t1Ho 

BO MHOfO pa3 HH.>Ke TOtIHOCTH ,ll.eTaJieH, IlOCTynaIOI.I.{HX Ha Y3JIOByIO COOp

KY nocne HX MexaHHlJecKo:H o6paooTKH [40). 0,nHaKo H3 nJioxHx 3arOToBoK 
u 

HeJih3H C)leJI3Th xopOilIHX CBapHbIX H3,neJIHH, TaK KaK ,na>Ke CaMbie coaep-

rneHHbie CBapoqHhie aBTOM3Thl He MOfYT HcnpaBHTb ace .nec}leKTbl 3afOTO

BOK. Il03TOMY aBTOMaTH33UHH CBapoqHhIX npoueccoB ue.necoo6pa3Ha 

H aqxpeKTHBHa TOJibKO npH nOBblllleHHH TOqHOCTH 33fOTOBOK H HX COOpKH, 
u u 

qTo ,llOCTHraeTCH ~1exaHH33UHeH H aBTOMaTH3aUHeH sarOTOBHTeJibHhIX 

H c6opotIHbIX onepal..(HH. 0.nttaKO B03MO}KHOCTH 33fOTOBHTeJihHOro npoH3-
• 
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aoJICTBa He 6ecnpeJJ.eJihHhI. KpoMe Toro, HeH30:>1<Hb1 TeMnepaTypHhie .ne
l}JopManeH H nepeMemeHH51 CBapHBaeMblX ,neTaJieH BCJie}lCTBHe HepaBHOMep

HOCTH HarpeBa H3)le.nHH npH CBapKe. Bee 3TO npHBOJ)J1T K OTKJIOHeHHHM 

roqHOCTB co6paHHbIX 33f0TOBOK 33 npe,neJibl, }lOilYCTHMbie no ycJIOBHHM 

f\tiexaHH3HpoBaHHOH ceapKH. DpHMeHeHHe aBTOMaT1111ecKoro y~paBJieHHUH 
caapot.1HhlMH npoueccaMH JVIH npe.nynpe>K,neHH.H HX HapyweHHH no,ZI. ,neH

craHeM pa3JI1'PIHbIX B03MymeHHH HBJI.HeTCH 0,llHHM H3 OCHOBHbIX 3T3IlOB 
u 

C03){3HHH CHCTeM KOMnJieKCHOH aBTOM3TH331.JJIH CBapotIHoro npolf3BO,!lCiEa. 

1.2. TexHonorM11ecKMe npoqeccw caapKH 
KaK o6'beKTbl aaT0MaTM&1ecKoro ynpaaneHMSI. Cnoco6bl MX onHcaHMSI 

u u 

CoapeMeHHbIH ypoaeHb pa3BHTHH cBapoqHoH TeXHMKH u TexuoJiorHH oT-

JIHqaeT ooJihlllOe pa3Hooopa3He HCTOtIHHKOB Harpeea, Hx 9HepreTHqecKHX 

xapaKTepHCTHK H cnoco6oB TeilJIOBOfO B03,ll.eHCTBHSI Ha H3JlMHe. IlpH pac

CMOTpeHHH npoueccoB caapKH KaK oooeKTOB aBTOMaTHqecKoro ynpaBJie

HH H uenecoo6pa3Ho Hcxo,nHTb H3 o6me:H JJ..JIH acex cnocoooa cBapKH no-

cne,ZI.oBaTeJibHOCTH npeo6pa30B3HHH 9HeprHH. 
3JieKTpHtieCK351 9HeprHH, nocTyna10masi H3 npOMbIW.neHHOH ceTH, 

npeo6pa3yeTCH B ucmo'lHUKe numaHUJl B ¢opMy' HaHOOJiee nOJIHO COOTBeT-
u 

CTBYIOlllYIO Ka>K,nOMY KOHKpeTHOMY ucmo'lHUKY na2peBa, KOTOpbIH 33TeM 

npeoopa3yeT SJieKTpHtieCKYIO 9HeprHIO B TepMHtieCKOe B03JI.eHCTBHe Ha 

usaeAue H npHca,notIHblH MaTepHa.n. 

TaKHM oopa30M, ¢opMHpOBaHHe CBapHoro COeJI.HHeHHH MO>KHO pac
CMaTpHB3Tb KaK pe3yJibT8T cpyHKUHOHHpOBaHHH CHCTeMbl «HCTOqHHK nH

TaHHH - HCTOtIHHK HarpeBa - H3JJ.eJIHe» (pHC. I.I). 0T}leJihHble KOMilO

HeHTbl 9TOH CHCTeMbl o6ne,nHHeHbl o6paTHblMH CBH3HMH B CJIO>KHYIO MHoro

CBH3HYIO CHCTeMy. JleHCTBHe 9THX CBH3eH npO.HB.nHeTC.ff B TOM, tITO H3Me

HeHHH npouecca cpopMHpOBaHHH CBapOllHOfO COe}lHHeHHH OK83blB3IOT oopaT

HOe B03)leHCTBHe Ha HCTOqHHKH HarpeBa " nHT3HHH. TaK, npH JlYfOBOH 
CBapKe H3MeHeHMH rJiy6HHbl nponJiaBJieHHH conpOBO>K)lalOTCH H3MeHeHHel\i1 

)lJIHHbl JlYfH, B pe3yJibTaTe qero M3MeHHeTC.H Hanpsi>KeHHe ,nyru H pe>KHM 
pa6oTbI HCToqHHKa nHTaHHH. CTp11 3JieKTpownaKOBOH cBapKe H3MeHeHHe 

TeMnepaTypbl llIJl3KOBOH BaHHbl npHBOJ(HT K H3MeHeHHHM CKOpOCTH n.naB

JieHHH aJieKTPOJla H ToKa caapoqHoro TpaHc¢opMaTopa. 

u B coBpeMeHHhIX cBapollHbIX ycTaHOBKax JI.JI.ff nHTaHHH cBapoqHbIX ue

neH HCllOJlb3YIOT HCTOlJHHKH nepeMeHHoro TOKa (TpaHc¢opMaTOpb1 cneuu

aJibHbIX KOHCTPYKUHH), HCToqHHKH nocTO.HHHoro TOKa (caapoqHbie Bh1npsi

MHTeJIH H reHepaTopb1 pa3Hoo6pa3HhIX KOHCTPYKUHii), HCTOtIHHKH nHTa
HH.H 3KKYMYJIHpOBaHHOH 9HeprHeH. 

lf3 CBapOllHblX HCTOlJHHKOB HarpeBa HaHOOJlblllee pacnpocTpaHeHHe no
JIYtIHJili: 3Jl€KTpBIJecKa51 Jlyra (JlyroBaH H IlJI83MeHHaH CBapKa); Jl)KOy

JieBo Tenno, 06pa3y10meecH npH npoxo>K)leHHH sJieKTpn11ec1{oro TOKa 

803.A1UllfeHUR 

dHCp~Uil 
cema HcmOl/HUI( 
---~numaHUR 

J/leKmpu'leCKOR t1CmOl/HlJ!( 
3Hep8t1R HO?peBa 

Puc. 1.1. 0606~e11HaH c"eMil ceapo11ttoro n;>OL\t.CCiJ 

TepMu'le&Koe H3tJe11ue, CBapjloe 
8oJtleticmBue npUCOOOl/HbliJ coetluHeHue 

MamepuaA 
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napfJMempM npoqecca cBap/(u 
I I I 

811epeemt1'1ecKue l(uHe11amu11ecKue TexHo.11oeullec1<ue 

I I I 
HanpR)l(CHue, moK, C1<opocm1, noua'lt1 111e1<mpooa; ,lluaMemp 3/leKmpotla; 
MOli.(HOCmh Cl<OPOCmh on.1106/leHUJI u OCOdKIJ; rpOPMhl u paJMeph/ 
ucmo11Hu1<a 11aepeBa; a11n.11um11tla u '!acmoma none- pa3tJe111W; J030JJ MeJKtl!/ 
meMnepomypa pe11Hh1.t 1<0AetfoH11t19//exmpoi/a; cBap11BaeMh1Mu tlema//11-
ll3dt'/!llJ1; c1<opocm6 nepe11e111eH11.R 11Jde.11ua Mil; 8/J!l!em fl !180.17 HOK// OHO 
y_CIJ/!lle OCODKU; omHocumenbHO ucmo1.1Hu1<a JJJel(mpotJo; no110JKe11u e 
il11ume111>Hocmo HaepeBa; wBa B npocmpaHcm8e; 
omtle.111>Hhtr onepaquu B61Aem u 1aeo11 HUl<.ROHO cnocoo 30IL{umtJt 
npoqecca a.11c1<mpa rci pocn11aBAeHHoeo MemaMa 

PHc. 1.2. l(JJaccucJ>uKau.uH napaMeTpoe npou.ecca crsapKu 

qepe3 pacnJiaB rnJiaKa (3JieKTpOWJl3KOB3H CBapKa) HJIH MeTaJIJI CBapHBae

MblX )leTaJieH (KOHT3KTH8H CBapKa); 3JieKTpOHHblH Jiyq (3JieKTPOHHO-Jiy

qeBaH caapKa); Jiyq Jia3epa 11 ,np. 

Ka~hIH csapotIHhIH npouecc MOLKHO oxapaKTepH30BaTb HeKOTOpbIM 

l:IHCJIOM o6o6meHHhIX KOOpJlHHaT (napaMeTpoB csapoqttoro npouecca), 

Me>K,ny KOTOpbIMH cymecTBYIOT onpeJI.eJieHHbie CBH3H. HanpHMep, Me>K)J.y 
u 

TOKOM H HanpH>KeHHeM Ha ,nyre cymecTByeT CBH3b, onpe,neJIHeMaH CBOHCT-

BaMH HCTOllHHKa IlHT3HHH. 4acToTa KOpOTKHX 3aMbIKaHHH ,nyroBoro npo

Me:>KyTKa KanJIHMH pacnJiaBJieHHOfO MeTaJIJia 33BHCHT OT TOKa H HanpH

LKeHHH Ha ,nyre, HO 9Ta 3aBHCHMOCTh He O)JJI03HaqHa, OHa HMeeT BepOHT

HOCTHblH xapaKTep H MO:>KeT 6bITb npe,ncTaBJieHa B BHJI.e COOTBeTCTBYIOIUeH 

KoppeJIHUHOHHOH cpyHKUHH. 

Bee MHoroo6pa3He napaMeTpoB npouecca caapKH Mo.>KHO ycJIOBHo 

pa3)leJIHTh Ha TPH rpynnhI (pHc. 1.2): 
anep2emu'l£cKue, xapaKTepH3y10m11e BKJia,n 3HeprttH a npouecc o6-

pa3oBaHHH caapttoro coe,nHHeHHH; 

KUHeAtamuttecKue, xapaKTepH3YIOll1Jie npocTpaHCTBeHHoe nepeMemeHHe 
HJIH noJIO>KeHHe HCToqHHKa Harpesa OTHOCHTeJibHO H3,neJIHH; 

tnexHOA02Ut/£CKUe, xapaKTepH3y10m11e ycJIOBHH ¢opMHpOBaHHH II KpHc

TaJIJIH3aUHH caapHbIX IIIBOB, nepettoca 9JieKTPOJI.HOf0 MeTaJIJia. 

B npoH3Bo,ncTBeHHhIX ycJIOBHHX TexHoJior1111ecKH1i npouecc caapKH 
u 

IlOJI.Bep}KeH B03JI.eHCTBHHM - B03MymeHHHM, HapyrnaIOIUHl\1 ero HOpMaJih-
u 

Hoe npoTeKaHHe H npHBOJI.HllJ.HM K OTKJIOHeHHHM noKa3aTeJieH KaqecTBa 

caapnoro coe,nHHeHHH OT Tpe6yeMbIX 3Haqe1-111i1. Bo3MymeHHH MoryT 6bITb 

npHJIO:>KeHbl K JII06oMy M3 Tpex KOMilOHeHTOB caapOQHOfO npouecca (pHC. 

1.1), o,nHaKo KJiaccttcpHUHpoBaTb HX y,Ao6Hee He no MecTy npH_JIO)KeHHH, 

a no aHaJiorHH c napaMeTpaMH cBapoqHoro rrpouecca (pHc. 1.3). 
11cToqHHK3MH 3HepreTHqecKHX H KHHeMaTHqecKHX B03MymeHHH HBJH1-

IOTCH npOMbillJJieHHaH ceTb H B OCHOBHOM COOCTBeHHO cnapoqHoe o6opyJI.o

BaHHe: HCTQqHHKH IlHTaHHH, annapaTypa ynpaBJieHH5I, npHBOJlbl no.na4H 

3.HeKTpo,na, nepeMellJ.eHHH H T. .n. 11cT011HHK TeXHOJIOfHIIeCKHX B03Myme

HHH - HecoaeprneHCTBo TeXHOJiorHH no,nroTOBKH 3aroT0BoK H HX 

c6opKH. 
CoseprneHCTBOBaHHe KOHCTPYKUHH csapoIIHoro o6opyJlOBaHHH, npu-

u 

MeHeHHe THpHCTOpHbIX npHBO,nOB, COBpeMeHHOH TeXHHKH ynpaBJieHHH CBa-

pOlIHbll\i UHKJIOM Il03BOJIHIOT ycTpaHHTb MHorne H3 3HepreTHqecKHX H KHHe- -
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80.JMyll{eHUR 

I I I 
JHepiemu'-leC1< ue !(uHeMamul./eCKue TexH0Aoeu'lec1<ue 

I I I 
l(o.11etf0Hl1J1 Hanp1v1<eH1U1 B OmM0HeHu11 3Ae1<mpotlo #JMeHetfue JO:JOpa !J 
cemu ycu/lt.1J1 Ha a.Ael(mpotlax; om ocu Cm61Ka · tmhtl(e; npe861weH11e 
uJMeHeHuR_ conpomuB.11eHLfR ,,11aeH11mHoe 'bvm11e 11; l<.IJOMOI'.; wyHmup080Hl/e 
c6~011Hou qen~f;c/loBuu KOAetfaHuR tlJlllHht rl!fcll; cfJapol/HOeo mo1Ca npu 
no 'tJotJa u omBo men11a; Hecmotf ul!hHOCmh "Cl<O/lOC- mollel/HOti cBapl(e; 
Hecmatf1111hHOCmh t!Jl11meA1J: meii notJaqu aJ1e1<mpooa, HecmotfunbHOCmh 
HOtmu omue/1'1Hhtx onepaquu cBapl(U i UJMCHeHUR l(OHma1<mHh1x 
c8apo11Hoeo npoqecca B11111ema 1Ae1<.mpotla conpom11DJ1eHuii 

Puc. t .3. Knaccu<t>uKau,HH B03Myll(ettHli 

MaTHqecKHX B03MymeHHH. B To me apeMH Tpy,l(Ho o6ecneqHTb ycTpaHeHHe 
0 

ecex TeXHOJIOfHqecKHX B03MYIUeHHH, IlOCKOJibKY CBH3aHHOe c 3THM ycJIO>K-

HeHHe. TeXHOJIOfHqeCKOH OCHaCTKH H TeXHOJIOfHH 3afOTOBKH, COOpKM 

H CBapKH H3,neJIHH He Bcer,na TeXHHqecKH B03MOJKHO H 9KOHOMHlleCKH on

pasnaHO. l.JT06bI ou.eHHBaTb BJIHHHHe B03MytneHHH Ha TeXHOJIOfHlleCKHe 

xapaKTepHCTHKH csapHoro coe~HH€HH5I, Heo6xo,II.HMO yqHTblBaTb 33KOH 

H3MeHeHHH B03MymeHHH, KOTOpbIH MomeT 6bITb 3apaHee H3BecTeH HJIH 

HeH3B€CTeH, H HHepu.HOHHOCTh npouecca cpopM:npoBaHH51 CBapHoro coe)(H

HeHH5J. HanpHMep, B03MymeHHH no JI.JIHHe JJ.yr11 H yrJiy HaKJIOHa 9JieKTpo

Aa, B03HHKaIOII.Uie npH HanJiaBKe KpOMOK IllT3MilOBhIX MaTpHU no pa· 

6011eMy KOHTypy, MO>KHO onpe,ll.eJIHTb 3apaHee c ,nocTaTOtIHOH ToqHOCTblO. 

0.n.HaKO 06bl4HO B03MymeHHH HMeIOT cnyqaiiHbIH xapaKTep, HanpHMep, 

KOJie6aHHH HanpH:>KeHHH ceTH B TelleHHe pa6oqero ,ll.HH, B03HHK310ll{He npH 

BKJIIOqeHHH H OTKJIIQqeHHH coce)l.HHX MOI.I.J.HbIX noTpe6HTeJieH 9JieKTp03Hep
fHH (pHC. 1.4). 

I1HepuHOHHOCTb cpopMHpOB3HHH caapHoro coe.n;HHeHHH o6ycJIOBJieHa 
oco6eHHOCTHMH pacnpocTpaHeHHH TenJia B H3)1.eJIHH. 4HCJIOBOH xapaKTepH-

u 

CTHKOH HHepuHOHHOCTH npouecca HarpeBa H TIJiaBJieHHH MeTaJIJia H3,neJIH.H 

HBJIHeTCH TenJIOBaH nOCTOHHHaH TT, KOTopaH H3MepHeTCH B e,nHHHil3X Bpe

MeHH, onpe,neJIHeTCH T€IlJIOcpH3Ht}€CKHMH CBOHCTB3MM MaTepHaJia, o6oeMOM 
0 

csapol!HOH BaHHbl H 3HepreTMlleCKHMH xapaKTepHCTHKaMH HCTOqHHKa 
Harpeaa. 

ECJIH apeMH B03JJ.ei1cTBHH B03MyI.I.J.eHHH· t0 ~ TT, TO TaKoe B03MymeHHe, 

He npHBOJJ.Hm.ee K HapyrneHHIO npol..{ecca, HanpHMep 06pb1By ,nyrH, npaK

THlleCKH He oTpa>KaeTCH Ha reoMeTp~H caapHoro coe,nHHeHH.H. CTyneH11a

Tb1e H anepHO,l{Ht}eCKHe B03Myll{eHHH ~oryr npHB€CTH K H3MeHeHHIO cpopMbl 

CBapHbIX coe,l(HHeHHH, qTo Tpe6yeT BBe)l.eHHH orpaHHtieHHH Ha BeJIHlJHHY 
TaKoro po~a B03MyJ.UeHHH. 

OepHo~HlJeCKHe B03MymeHHH c aMnJIHTy,noA, orpaHHlleHHOH ycnoBH
HMH YCTOHlJHBOCTH npouecca, He BJIHHIOT 60JibIIJeii qacTblO Ha pa3Mepb1 
coe~HHeHHH, eCJIH qacTOTa KOJieOaHHH 

f >> ljrrT. HanpHMep, npH aBTOMaTH- jjUc 
qeCKOH CBapKe non; cpJIIOCOM CTaJieH 
3JieKTpo.noM JJ.H aMeTpOM 5 MM rpa- Uc.ti t 
HHqHaH l!aCTOTa KOJie6aHHH CKOpoc-
TH no,II.aqH 3.HeKTpOJla f rp= 1,5-;- 2 Puc. 1.4. 0TKJ10HCHH11 11anpRlKeHHR ceTH Uc 
nep. /c [24] • OT HOMHRaJJbHOrO U C,ll 8 TC'leHHC pa6ot1dl 

cMettw 
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B pe3y.TihTaTe aHaJiu3a coapel\1eHHhtX cBapoqHbIX npoueccos KaK 

06beKTOB ynpaBJieHHH BbIHBJieHhl HX xapal{TepHble oco6eHHOCT.H, yKa3hI-
u 

BaIOI.IIJle Ha aKTyaJibHOCTb 33J{34H HX nOJIHOH aBTOM3TH3aUHH: 

CKOpoTeIIHOCTb HeKOTOpbIX 3TanoB 3HepreTHqecKHX npeo6pa30BaHHii 

H npouecca caapHoro coe,nHHeHHH; 

He,nocTynHOCTb 30Hbl CBapKH J(JIH HenocpeACTBeHHOfO H3MepeHHH H KOH

TpOJIH; 
u u u 

IIOBbIWeHHblH ypoBeHb ape)(HblX B03AeHCTBHH Ha 3AOPOBbe lie.TIO· 
BeKa; 

Heo6xo~HMOCTb onepaTHBHOH OIIT.HMH33UHH caapolIHhlX npou.eccoB 

B COOTBeTCTBHH c BhI6paHHhIM KpHTep11eM (HanpHMep, l\1HHHMH3aU.HH CBa

poqHbIX ,ne~opMaUHH H T. !I.) 
Henocpe,ncTBeHHOe perneHHe oome:H 3a,nalIH 3BTOMaTH3aUHH CBapolIHhlX 

npoueccoa 33TPYAHeHo MnoroMepHOCTbIO oobeKTOB aaToMaTH3aUHH, no-

9TOMY 3Ta 3a,naqa o6biqHo pacqJieHHeTCH Ha OT_neJibHble IIaCTHble, B KOTO· 

pblX CHCTeMa «HCToqHHK IlHTaHHH - HCTOlIHHK HarpeBa - H3neJIHe>> pac

CMaTpHBaeTcH · B BH,Qe ynpomeHHOH COBOKYITHOCTH OJJ_HOMepHbIX 06beKTOB. 

npH 3TOM B KaqecTBe rrepeMeHHhIX npHHHMaIOTCH TOJibKO napaMeTpbI, 

B TOH HJIH HHOH CTeneHH xapaKTep113y10m11e npou.ecc o6pa3oBaHHH caap

HhIX coe,[{HHeHHH H no,nJiemam11e B CBH3H c 3THM CTaOHJIH3aU.HH HJIH H3Me

HeHHIO no 3apaHee BbI6paHHOMY 33KOHY. 

KaIIeCTBeHHhiii attaJIH3 caapotIHhIX npoueccos KaK oobeKTOB aBTOMa

TnqecKoro ynpaBJieHHH H qeTKOe noHHMaHHe npOHCXOJ{Hll{HX B HHX HB-
u u 

neHHH Il03BOJIHIOT nepeHTH K onpe,neJieHHIO KOJIHqecTBeHHbIX xapaKTepuc-

THK 9THX oo'heKTOB. PerneH11e 3TOH 3a)laq11 B o6meM cJiyqae Ha3bIBaeTCH 

uaenmul/JuKaquet1 o67JeKma. CTptt 3TOM pea.nbHblH OObeKT OTO>K,ZJ.eCTBJIHIOT 

HeKOTOpOH npHHHTOH anp11opH ¢opMaJIH30B3HHOH MO)lenH. 

Jl.nH OJ{HOMepHbIX o6neKTOB ynpaa.neHHH CBH3b Me>K.ny BXO)lHOH H Bbl-
u 

XOJJ_HOH BeJIHqHH3MH B ycTaHOBHBUieMCH COCTOHHHH onpe.ZI.eJIHeTCH CTaTH-

qecKOH xapaKTepHCTHKOH. CTpH HCCJie.l(oBaHHM o6neKTOB H3 MHO:>KeCTBa 

HX CTaTHlleCKHX xapaKTepHCTHK B KaiK)lOM KOHKpeTHOM cJiyqae HCilO.nb-

3yeTC.H TOJihKO Ta, KOTopaH CBH3bIBaeT napaMeTpbI npouecca, no,n.ne:>Ka

lll.He ynpaa.neHHIO. Ha1160Jiee IIIHpoKoe npHJ.\iletteHHe cTaTHtieCKHe xapaK-
u 

TepHCTHKH HaXO)(HT npH HCCJie)J.OBaHHH ycTOHlIHBOCTH CHCTeMhI «HCToq-

HHK IlHTaHHH - HCTOqHHK Harpena» [33]. 
B 60JibllIHHCTBe cnyqaeB CBapoqHhie npouecCbl MO/KHO OITHC3Tb c AO

CTaToqHQH TOlIHOCTblO HeJIHHeHHbIMH ,[(HcpcpepeHuHaJihHhIMH ypaBHeHHHMH, 

aHaJIH3 H perneHHe KOTOpbIX CJIO)KHbl. no9TOMY npH6eraIOT I{ JIHHeapH3a-
u 

UHH TaKHX ypaBHeHHH, orpaHHIIHB3H TeM caMblM H3yqeHHe npouecca TOJib-
u 

KO cJiyqaeM MaJibIX OTKJIOHeHHH ero OT paBHOBeCHOfO COCTOHHHH. 

MeTOJI.hI 11ccne,noBaHHH oobeKTOB no Hx cTaTHqecKHM xapaKTepHCTHKaM 

n JIHHeHHbIM JlHctxt>epeHUHaJihHbIM ypaBHeHHHM Il03BOJIHIOT COCTaBHTb 

JIHWh o6mee cy*,neHHe 06 11x ycToiiqHaocTH 11 JlHHaMHqecKHX CBOHCTBax, 

Heo6xonHMOe JlJIH peUieHHH cpaBHHTeJibHO npOCTblX 3a,naq ynpaBJieHHH. 

Coapel\1eHHblll ypoBeHb pa3BHTHH CBapotIHOfO npOH3BO)lCTBa Tpeoyer 

perneHHH KaIJeCTBeHHO 6onee CJIO>KHbIX 3a}l_aq, OCHOBHblMH H3 KOTOpbIX 

HBJIHIOTCH: 

1) onTHMH3aU.H.H ynpaaJieHHH caapoqHhIM npoueccoM; 

2) nporHo3HpoaaH11e KaqecTBeHHhIX noKa3aTe.neii caapHbIX coe,l{HHe· 
u 

HHH B npo~ecce CBapKH; 

ta 



3) nocTpoeHHe a)lanTHBHhIX H caMOHaCTpaHB3lOllIJIXCH CHCTeM ynpaB· 

neHHH cBapoqHhIMH npou.eccaMH. 
}lJIH pemeHHH 3THX 3a11.aq Heooxo)lHMO cpopMaJIH30BaTb onHcaHH: 

ooneKT3 ynpaMeHHH, T3K KaK TOJlhKO TOfJI.3 MO}KHO npHBJielJh MOll(HblH 

annapaT TeXHHqecKoif KH6epHeTHKB. TaKaH ¢opMaJIH3aUHH ocymecTBJIH

ercH npeJlCTaBJieHHeM cBapo11ttoro npouecca B B11ne ero M a T e M a T H· 
q e~c -K o ii M o Jl e JI H, onHChIBa10meli TOJibKO Te oco6eHnocTH npo· 

uecca, KOTOpbie cymeCTBeHHbl )lJIH ero ynpaBJieHHH, a T3K>Ke orpaHH1Ie

Hl-HI, o6ycJIOBJieHHhle T~XHOJIOfHqecKHMH, 3KOHOMHlJeCKHMH H JlpyrHl\U1 

npnqHHaMH. CTpH TaKOH noc~aHOBKe 3a,llia1IH ueJih MOJ{eJIHpoaaHH.H -

ycraHOBJieHHe MaTeMaTHlJeCKOH 3aBHCHMOCTH Me:>KJlY noKa3aTe.neM Ka

qecTBa (Yn) H napaMeTpaMH (Xpn) npouecca (pHc. 1.5): 

Yn = A {X1n, ••• , Xpn}• 

MaTeMaTHqeCKHe MOJleJIH MO:>KHO noJiyqHTh c HcnoJih30BaHHel\t JlByx 

OCHOBHblX MeTOJ!iOB. 
CymHoCTh nepeo20 JJtemoaa 3aKJnoqaeTcH B ycTaHoa.neHHH CBH3eii Me>K:· 

JJ..Y BXO,nH!>IMH H BbIXO)lHhIMH napaMeTpaMH Ha OCHOB3HHH cymecTBYIOIIJ.HX 

cpH3HlJeCKHX 33KOHOMepHOCTeH npouecca.Mo,ZI.eJIH, npe.ncTaBJIHeMble B BHJI.e 

ypaBHeHHH, na3hIBaIOTCH ,neTepMHHHpoaaHHbIMH H MoryT OhITh CTaTH· 

qecKHMH 11 )lHHaMHqecKHMH. CTaTuqec1<11e MO)l.eJIH Ha1160Jiee npocTbie 11 onH· 

CbIB3lOTCH a.nre6pa11qeCKHMH ypaBHeHHHMH, KOTOpbie He yqHTbIB3lOT CJIY· 

qafIHh1e H3MeHeHHH napaMeTpoa, nepeXOJlHbie npoueccb1, a TaKme Me)lJieH· 

Hhle H3MeHeHHH xapaKTepHCTMK OO"beKTa BO BpervteHH, CB.ff3aHHbie c H3HO .. 

COM o6opyJlOBaHH.H, CTapeHHeM H T. JI.. DOJiee CJIO:>KHbIMH HBJIHIOTC.H 

,neTepMHHHpOBaHHble )lHHaMH'IeCKHe MO)leJIH' OTpa}l{aIOmHe oco6eHHOCTH 

noBe,neHHH o6neKTa Bo BpeMeHH. KaK npaa11JI0, TaKHe MO)leJIH npe_ncTaB· 

JIHIOT co6oii JI.HclxPepeHuHaJihHhie ypaBHeHHH B qacTHhIX npoH3BOJlHhIX. 
He Mettee CJIO>KHbl CTOXaCTHqeCKHe (aepOHTHOCTHhie) MO)lieJIH, B KOTOpbIX 

u 

t.JaCTb HJIH BCe xapaKTepHCTHKH npouecca OilHCbIBaIOTCH CJiy1IaHHblMH 
cpyHKUJIHMH BpeMeHH. 

CymHocTh emopozo Atemoaa noJiytieHHH MaTeMaTHlleCKHX MO)le.ne:H 
u 

38KJIIO'IaeTCH B ycTaHOBJieHHH CBH3eH Me:>KJI.Y BXOJI.HhIMH H BblXO,ZI.HhlMH 

napaMeTpaMH Ha OCHOBaHHH 3KCnepHMeHT8JibHO-CTaTHCTHqecKHX MeTOJ(OB, 

Il03BOJIHIOIUHX noJiyqHTb MO.ZI.eJih B BH)le ypaBHeHHH perpecCHH, OilHCbl• 

BalOllJ..HX KOppeJIHUHOHHYIO 3aBHCHMOCTb Me>K,ny 9THMH napaMeTpaMH, 
HBJIHIOIUH1\1HCH C.i1yqaHHbIMH BeJIHqHH3MH. ,UJIH KOJIHlJeCTBeHHOH oueHKH 

BeJIHqHH hi CBH3H 11cnoJih3yeTC.H MeTo,n perpecc110HHoro aHaJIH3a. TaKHe 

CTaTHCTH1IeCKHe MOJI.eJIH }l.OCTaToqHo IlOJIHO 0Tp3}1{3IOT 38KOHOMepHOCTH 

npouecca npH caapKe KOHKpeTHoro H3JleJIH.H (MapKH MaTepHa.na, TO~H· 
HbI) Ha Jf.3HHOM THile OOOpy,ll.OB3HHH H onpe,neJieHHOl\f pe>KHMe H Il03BOJIH• 

IDT c Heo6XO)lHMOH TQqHOCTblO nporH03HpOB3Tb KaqecTBO CBapHoro 

coe.nHHeHHH H ynpaBJIHTh npoueccoM caapKH JlJIH o6ecne1leHHSI 3a,naHHbIX 
pa3MepoB IllBOB. 

JI106oii CBapoqHhIH npon.ecc MO)KHQ OTIHCbIB3Tb MHO>KeCTBOM MOJI.eJieii, 

K3>K)laH H3 KOTOpbIX B paMKax onpe,neJieHHOH KOHUeilUHH cpHI{CHpyer 

cpop~1aJIH30BaHHoe oTpa>KeHHe CJIO>KHOH peaJibHOCTH. Dpu nocTpoeHHH 

MaTeMaTHtiecKo.H i10.nenn Heo6xo_nnMo uMeTh B BHJI.y, 4TO CJIO}l{HaH, Y1IHTbI· 

B3IOin3H MHO}KeCTBO )leTaJieH npouecca MOJ(eJib 06bI1IHO OK83bIBaeTCH MaJIO

actxPeKTHBHOH. 8To o6nHCHHeTCH TeM, qTQ CBapOtJHbie npouecchI HaCTOJib .. 
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Puc. 1.6. Pa30MKHyTblc cHcTeMbl ynpaeJJen1u1 

KO CJIO>KHhl, qTo HX no,u.po6Hhle J(eTaJIH3H-
38TeJlb KatJecTna csapttoro coe.ivmeHHH; poBaHHhie MOJleJIH OK33bIBaIOTCH 01IeHb rpo-
n - KOJIHt1:eCTBO peaJIHaauHil npouecca 
(4HCJIO ceapoK) M03AKHMH H BblqHCJieHHH no HHM npHBO· 

~HT K 3HalIHTeJihHbIM OWHOKaM. no3TOMY 

BCIO BbI60pKy 3KCnepHMeHTaJibHbIX ,naHHbIX no,nBepraIOT KoppeJIHUHOH· 
u 

HOMY aHaJIH3Y H Ha 3TOH OCHOBe BKJIIOlJ3lOT B MO,ll.eJib TOJihKO Te napa-

MeTpbl Xpn (CM. pHC. 1.5) npouecca, KOTOpbie HaHOOJiee TeCHO CB513aHbl 

(KoppeJIHpoBaHbI) c Ka11eCTBeHHhIM noKa3aTe.neM Yn· 

1.3. CoapeMeHHble cHcreMbl H cpeACTBa aa10MaTH'lecKoro ynpaaneHHSL 
06naCTH HX npHMeHeHHJI npH caapKe 

CaapotJHbie npouecch1 KaK oobeKThI peryJIHpoBaHHH npH npaBHJihHOM no.n

oope HX CT8THlleCKHX H !(HHaMHlleCKHX XapaKTepHCTHK HB.nHIOTCH 9Hep· 

reTHlleCKH ycToi1:qHBbIMH, T. e. 06.rra.na10T nOJIO>KHTeJihHbIM C3MOBbipaBHH· 

BaHHeM. 0AHaKO nepexo.n HX no.n ,l(eHCTBHeM B03MymeHHH H3 OAHOfO 3Hep

reTHqecKoro COCTOHHHH B Jlpyroe conpoBo>K,naeTCH H3MeHeHHHMH napa

MeTpOB pe>KHMa CBapKH (TOKa, HanpH>KeHHH, CKOpOCTH n.rraBJieHHH HT. J.l.), 
T. e. noHBJieHHeM craTH11ecKHX OIIIH6oK. 

EcJIH 3TH OlllHOKH HeBeJIHKH H HX BJIHHHHeM Ha KaqecTBO CBapKH MO/K· 

HO npeHe6peqh, TO H3HOOJiee YJI.OOHbIM CilOCOOOM ynpaBJieHHH OKa3bIBa

eTCH npozpa.lrt.A!HOe no pa30MKHYTOMY U.HKJIY (pHC. 1.6, a). CTporpaMMH

py10mee ycTpOHCTBO (flY) H3MeHHeT ynpaBJIHIOJ.Uee B03,lleHCTBHe Xy no 

3apaHee H3BeCTHOMY 3aKOHY' B COOTBeTCTBHH c KOTOpbIM Heo6XO)l.HMO H3Me

HHTb ynpaBJIHeMyIO BeJIHllHHY Xabix B oo'heKTe ynpaBJieHHH (OJ!). 
Pa30MKHYThie CHCTeMhI nporpaMMHoro yn-

p a B JI e H H 51 (CCTY) noJiyqHJIH lllHpOKOe np11MeHeHHe npe>K)l.e Bcero 

H3·33 C3MOH cneuHQJHKH CBapoqHoro npOH3BOJlCTBa, BbITeKaIOrn_eii H3 He

o6xo.nHMOCTH 11cnoJih30BaHHH yHHBepca.rrhHoro o6opyJloBaHHH JlJIH 113 .. 

fOTOBJieHHH pa3HOOopa3HOH HOMeHKJiaTypbI H3,ll.eJIHH. CCTY, o6ecnellHBaH 

B03MO>KHOCTh 6bICTpoii nepecTpof1KH caapoqHoro npouecca npH nepexoJle 

OT 0)1.HOfO THnopa3Mepa K .npyroMy npOCTOH CMeHOH nporpaMMbl, HaHOOJiee 

IJOJIHO OTBellalOT Tpe60B3HH5IM HH)lHBHJ(yaJibHoro H MeJIKocepHHHOfO npo

H3BO,ll.CTB. 

BpeMeHH6e nporpaMMHposattHe nocne,noBaTeJihHOCTH ocHOBHhIX one-
u 

paUHH CBapOllHOro llHKJia rnHpOKO npHMeHHeTCH npH aBTOM8TH33UHH 

pa3JIHqHbIX cnoco6oB CBap KH. 05neKT3MM nporpaMMHOfO ynpaBJieHH fl 

~1oryT 6bITb nepeMemeHHH HCTQqHHKa HarpeBa, no_naqa npHC3)lOllHOfO 

MaTepHaJia npH CBapKe n.rraBJieHHeM, H3MeHeHH51 CBapotIHOfO TOKa npH 

I<OHTaKTHOH caapKe, nepeMemeHHH cBapHaae!\-lhIX )leTa.rreii. OnepaunH B03-

6y>KAeHHH Jl.YfH If 3asapKH KpaTepa nporpaMMHPYIOTCH npH corJiaCOBaH· 

HOM H3MeHeHHH CKOpOCTH no.n.aqn 3JieKTpo,na H MOMeHTOB BKJIIOtieHHH H Bbl· 

KJIJOqeHHH HCTOlJHHKa nHTaHHH. B He1<0Topb1x cJiyIIaHx nporpaMMHpoBa

HHe CBapOllHOro pemHMa !Jbl3blBaeTC51 HecTaUHOHapHOCTblO TeMnepaTyp· 
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P 1 7 CxeMa saMKHYTOA 11c. • • 
CAP: 
1 2 3 4, 6 - 3a~a10~ ee, 
c 'ae~HB;10~ee, npeo6pa3yl0-

p e ucnonHu TeJihHOe u H3Me
~~T~nbHOe ycT pofiCTBO COOTBeT· 
cTsemro: 5 - o6veKT pery1m-
porau11H 

g(t) 
1 

Xp 
5 

HOfO noJIH B H3JI.eJIHH H pa3BeTBJieHMeM TenJIOBOro nOTOKa JlYfH (HanpHMep, 

npH caapKe KOJibUeBoro CTbIKa) Ha OCHOBHOH, l{BH>KY~HHCH BMeCTe c JlY

roii, H acTpeqHbIH, ,nB11mym11l1cH HaBcTpeqy Jlyre. BcTpeqHbIH noTOK H3-

MeHHeT ycJIOBHH cpopMHpoBaHHH rnaa no cpaBHeHHIO c ycJIOBHHMH CBapKH 

Ha HenporpeToM MeTaJIJie. KoppeKTHpoBaHHe TenJioaoro pe}KHMa ocyme

CTBJIHeTcH nporpaMMHblM peryJIHpoBaHHeM CKOpOCTH caapKH H TOKa 

nyr11. 
PaUHOHaJibHOH o6JiaCTblO npHMeHeHHH cnY oe3 oopaTHbIX CBH3eH 

u 

HBJIHeTCH TaK>Ke HanJiaBKa CJIO>KHbIX noBepXHOCTeH WTaMnOB H WTaM-

nOBblX MaTpHu [24). B 3TOM CJiyqae nporpaMMttpyeTCH nepeMemeHHe 

HanJiaBoqHQH fOJIOBKH no TpeM npocTpaHCTBeHHhlM KOOp)lHHaTaM H ee no

BOpOT BOKpyr K8.>K)l0H H3 oceii B COOTBeTCTBHH c npO<}lHJieM HanJiaBJIHeMOH 

IlOBepXHOCTH. OcHOBHOH He)lOCT3TOK pa30MKHYThIX cnY - HX HH3KaH 

ToqHoCTb npH JI.eiicTBHH Ha o6neKT peryJIHpoBaHHH pa3Horo poJ.I.a B03MY· 

meHHH, IlOCKOJibKY /KeCTKoe nporpaMMHpOBaHHe HCKJIIOqaeT ylleT BJIHH .. 

llHH B03Myma10m11x 803)1.eHCTBHH Ha peryJI11pyeMylO BMHlIHHY. 3To BJIH.fl

HHe MO.>KHO yMeHblllHTb, npHMeHHH p a 3 0 M K H y T bl e c H c T e M hi 

K 0 M n e H c a u H H (pHC. l .6,6). IlpH OTCYTCTBHH B03MymeHHH B pery

nHpyeMaH BeJIHlIHHa XBblX H3MeHHeTCH B COOTBeTCTBHH c 33KOHOM, 33-

.n.aBaeMblM ynpaBJIHIOW.HM B03)leHCTBHeM Xy. CTpu 803HHKHOBeHHH B03My

llI.eHHH nocJieJI.Hee H3MepHeTCH H3MepHTeJieM B03MymeHHH (H B), cpop

MHpy10mHM KOMneHcnpy10mee B03l{eHCTBHe XK, ycTpaHHIO!.ll_ee BJIHHHHe 
B03MymeHHH Ha Xeb1x· 

EcJIH 06ecneq11aaeTCH noJIHoe ycTpaHeHHe 3Toro BJIHHHHH, TO paccMaT .. 

pHBaeMaH CHCTeMa OKa3bIBaeTCH HHBapHaHTHOH no OTHOWeHHIO K ,naHHOMY 

B03My~eHHIO. CTpaKTHllecKoe ocymecTBJieHHe noJIHOCThIO HHBapHaHTHhIX 

CHCTeM ynpaBJieHHH caapoqHbIMH npoueccaMH 33TPYJJ.HeHO, TaK KaK He

o6xo,nHMO H3MepHTb H KOMileHCHpOBaTb Bee JI.eiiCTBYIOIUHe B03MymeHHH. 

CT03TOMY npHMeHSIIOT CHCTeMbl KOMneHcauHH TOJibKO OJ(HOfO, OCHOBHoro, 
B03MymeHHH. 

CHCTeMbl KOMileHC3UHH HCilOJib3YIOT JI.JI.ff CTa6HJIH3aUHH 3. JI.. c. HC

TQqHHKOB IlHTaHHH B ycJIOBHHX KOJie6aHHH ceTeBoro HanpH>KeHHH, JlJIH 

K0~1neHcau1111 noCTOHHHOH COCTaBJIHIOIUeM TOKa B BeHTHJibHblX npepbIBa
TeJIHX npH ToqeIJHOH H WOBHOH caapKe H T. n. 

p a30MKHYThie CHCTeMhl ynpaBJieHHH o6naJ.I.aIOT cymecTBeHHhIM HeJ.I.O

CTaTKOM npHHUHnHaJibHOro xapaKTepa - 3aKOH H3MeHeHHH ynpaBJIHIO

llJ.ero B03,neiicTBHH He ytIHThIBaeT JieHCTBHTeJihHoro (cpaKTHqecKoro) H3-

MeHeHHH peryn11pyeMOH BeJIHqHHhl IlO)l neH:CTBHeM HeyqTeHHblX B03Myrne

HHH, H3rvteHeHHH xapaKTepHCTHK o6'beKTa peryJI11poBaHHH 11 T. n. B Tex 

CJiyqasix, KOr)la HCnOJib30BaHHe pa30MKHYTbIX CHCTeM i1aJI0.9cp¢eKTHBHO, 
npHr-.·teHHIOT 3 a M K H y T bl e c H c T e M bl a B T 0 M a TH q e c K 0 r 0 

p e r y JI H p 0 Ba H H H (CAP) (pHC. 1.7). B TaKHX CHCTeMax H3MeHeHHe 

peryJIHPYIOIUero B03,neHCTBH.H Xp, -onpe,nenHIOII{ero P3MeHeHHe BeJIH"lHHbl 

·13 



XnL1x Ha Bhrxo.ne o6'beKTa nponcXOJJ.HT ll-O Tex nop, noKa Xnbix He .nocTHr .. 
HeT Tpe6yeMoro 3HaqeHHH. Tor,na 

f Xex I = I Xo.c f ;} 
~x = 0 (I.I) 

11 CAP np11xo.zu1T B cocTOHHHe pasttoBeCHH. EcJIH no,n .nelicTsneM B03My

ineHH H B HJIH no KaKHM .. JIHOO .npyrHM np11qHHaM Xnblx OTKJIOHHTCH OT 

ycTaHOBJieHHOfO 3HaqeHHH, HapyrnHTCH ycJIOBHe (I.I), qTo HBHTCH npHllH• ., 
HOH aBTOMaTHlJeCKOfO H3MeHeHH.H Xnhl:X .no ee BOCCT8HOBJieHHH. 

CttrHaJI Xo.c o6paTHOH CBH3H Jl.OJDKeH 6bITb npoTHBOnOJIO>KHhlM (OT· 

pMUaTeJihHbIM) no OTHOmeHHIO K BXO)lHOMY CHrHaJiy Xax, TaK KaK TOJlb

KO B 3TOM cJiyqae CHfHaJI OlllHOKH ~x MO>KeT o6paTHTbCH B HYJib HJIH JJ..0-
C,J 

CTaroqHo MaJiy10 BeJIHqHHY' npH KOTOpOH H8CTynaeT paBHOBeCHOe 
COCTOHHHe. 

Do cymeCTBY JIOK8JlhHhie peryJIHTOpbI, OTpameHHble Ha pHC. 1.7 ycT
pOHCTBaMH 1-4, 6, npeJJ.CTaBJIHlOT co6oi'f MaJible 8H8JIOfOBhie (pe}Ke UHcp

pOBbie) BhllJHCJIHTeJIH, KOTOpbie pernaIOT ypaBHeHHe 

.Xp = k0 + k/lX + k1k2 S Axdt + k 1k3 d:t, 
f}l.e ko, ki, k2, ka- K03¢cflHUHeHTbl, onpe.neJIHeMble napaMeTpaMH HaCTpOH· 
KH ycTpOHCTB 3 H 4 peryJIHTOpa. 

B aaBHCHMOCTH OT KOJIHtieCTBa q.11eHoB ypaBHeHHH, 11cnoJih3yeMhIX npH 

peryJIHpOBaHHH, noJiytiaIOT nponopUHOH8JlbHbie, nponopUHOH8JlbHO-HH

TerpaJibHbie H nponopUHOH8JibHO-HHTerpaJibHO-JJ.H<P¢epeHUH3JlbHbie pery

JIHTOpbl. l13MeHeHHeM napaMerpoB HaCTpOHKH peryJIHTOp MO>KeT 6hITb npH

cnocooJieH ,nJIH pemeHHH pa3JIHqHbIX 3a,naq ynpaBJieHHH. DOJiee CJIO>KHble 

113 HHX TpeoyIOT npHMeHeHHH CHCTeM, BKJIIQqaJOIIJJIX HeCKOJibKO peryJIH .. 

TOpOB. 

EcJIH 3a,na10mee B03J.I.eifcTBHe g (t) = const (cM. pHc. 1.7), TO CAP 
o6ecneqHBaeT aBTOMaTHlleCKYIO cma6uAU3lll{U10, T. e. IlOCTOHHCTBO pery

JIHpyeMOH BeJIHqHHbI Xeb1x· ABTOMaTHqecKaH cTaoHJIM3aUHH napaMeTpoe 

cnapoqHbIX pe:>KHMOB lllHpOKO pacnpocTpaHeHa, TaK K8K TI03BOJIHeT BO 

MHOfHX CJiytJa5IX y,noBJieTBOpHTeJibHO pewHTb aa,naqy no CTaOHJIH33UHH ., 
KatieCTBeHHblX xapaKTepHCTHK CBapHblX coe,nHHeHHH. 

11HTeHCHBHO pa3pa6aThIBalOTCH CHCTeMbl aBTOM3THlleCKOH CTa6HJIH3a .. 
u u 

UHH nponJiaBJieHH.H npH .nyroBOH, nJia3MeHHOH H 9JieKTpOHHO-Jiyqe-
u u u 

EOH CBapKe npH )l.eHCTBHH B03M~eHHH TeXHOJIOfHqecKoro xapaKTepa 

(CM. pHC. 1.3). 
3aMKHYTblMH CHCTeMaMH HBJIHIOTCH cucmeMbl npozpaAtMH020 peeyAupo

eanuil (CCTP), y KOTOpbIX 33KOH H3MeHeHHH 38)1aIOmero B03,neiiCTBH~ 
g (t) - 3apaHee H3BeCTHasi ¢YHKUHfl apeMeHH. TaKHe cHcTeMhJ no cpaBHe

HHIO c pa30MKHYThIMH CTIY HaXOJJJITCH Ha KatiecrBeHHO ooJiee BhICOKOM 

ypoBHe, TaK KaK 6Jiaro.n.apH HaJIHlIHIO o6paTHbJX CBH3eM OHM o6Jia)l.aIOT 
3HalJHTeJibHO 6oJiee BbICOKOH TOtIHOCThlO, ocooeHHO B YCJIOBHHX )leHCTBHH 

cJiyIIaHHhIX TeXHOJior11qecK11x BosMymeHHH. H anp11Mep, npM 9JieKTpOHHO

Jiyqeaofi CBap1<e ,neTaJieH TenJI006MeHHHKOB - Tpy6 c Tpy6HblMH .ZI.OCKa

l\111 pa30MKHYTbie COY nepeM€111.€HHeM SJieKTpOHHO-JiytieBOH nywKH 
OK 33bIBaIOTC.H MaJio9¢<jJeKTH BHbIMH BCJie,ZI.CTBHe cy111.ecTBy10~ero ,nonyc1{a 

Ha pa3Mepb1 Me11<ueHTpOBhIX pacCTOHHHH OTEepcTHH B Tpy6HOH ,nocKe 
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CTil. CTo3TO!\ty JJ.JlH Kop peKUHH npo
rpaMMhI nepeMell\eHHH 3JieKTpOHHOfO 

nyqa npHMeHHIOT o6paTHYIO CBH3h 

no B33HMHOMY IIOJIO>KeHHIO Jiyqa 

H caapHBae.MhlX KpOMOK. llIHpOKOe 

npHMeHeHHe Haii.n.yT COP B c11cTeMax 

ynpaa.neHBH caapoqHhIMH MaHHny

RHTopaMH c nporpaMMHbIM ynpaBJie

HHeM (npOMbilllJieHHblMH po6oTaMH) 

npH caapKe ttecTporo opHeHTHpoaaH-

HhIX WBOB. B 3TOM CJiyqae CHrHaJI 00· Puc. t.8. <l>yHKl{uouaJibHaff cxeMa a.Q.anTHB-

paTHOH CBH311 OT .naTqHKa IlOJIO>KeHHH HOA CAY 

CTbIKa HCnOJih3yeTCH )lJIH KOppeKUHH 
OCHOBHOH >KeCTKOH nporpaMMhl nepeMemeHHH CBapotIHOfO HHCTpyMeHTa [25). 

Cpe.n.H 3aMKHYThIX CAP oco6oe MecTo 3aHHMaIOT cAeaRU{Ue cucmeMbl, 
J.{JIH KOTOpbIX 38KOH H3MeHeHHH 3a,n_a10mero B03)leHCTBHH g(t) (CM. pHC. 

1.7) - 3apaHee HeH3BeCTHaH cpyHKUHH Bpel\.teHH. CJieJ.I.HmHe cHcTeMhI npH· 

MeHHIOT )1.JIH aBTOM3THlleCKOfO Be)leHHH 3JieKTpo,l(a no OCH CThIKa npH 11..y

fOBOII CBapKe KpHBOJIHHeHHhIX WBOB, a TaIOKe npHMOJIHHeHHbIX CThlKOB 

60JiblllOH npOTH>KeHHOCTH, TaK KaK cpaKTHqecKH TaKHe CTbIKH He HBJIHIOT

C5J npHMhIMH BCJie,nCTBHe norpelllHOCTeH HX IlOJlfOTOBKH IlO)l CBapKy, Terr

nOBbIX .necpopMaUH i1 H T. ,A. 
TeneBH3HOHHhie CJie.QHI.l\He cHcTeMhI OTJIHllaIOTCH B03MO>KHOCThlO He 

TOJibKO aBTOMaTHqecKoro ynpaBJieHHH' HO H HenocpeJJ.CTBeHHOfO ,nHCTaH

UHOHHOro Ha6JIIOAeHHH 33 30HOH CBapKH. TeJieBH3HOHHhie CJieAHmHe CH

CTeMbl npHl\1eHHIOTCH B Tpy6HOM npoH3BO,l:lCTBe npH aproHOJI.YfOBOH 
u 

CBapKe HenJiaBHIII.HMCH 9JieKTPOJl.OM H npH 9JieKTpOHHO-JIYlleBOH CBapKe. 

PaccMoTpeHHhie cHCTeMbI aBTOMaTHl!ecKoro peryJittpoBaHHSI o6ne,nH
HHeT OO~ee )l.JIH HHX CBOMCTBO: Bee OHH npeJlH33HaqeHbl ,AJIH BOCnpOH3Be

,neHHH 3apaHee 3aAaHHoro saKOHa ynpanneHHH caapoIIHhIM npoueccoM. 
ABT0~1aTHqecKHe CHCTeMhI c >KeCTKHM aJiropHTMOM AaIOT xopornHe pe3yJih

T3ThI npH anpHOpHO H3BeCTHhIX B03JleHCTBHHX H TO B onpe,neJieHHOM ,ZI.Hana-

30He Hx H3MeHeHHH. Heo6xo,ZI.HMOCTh nepecTpoH:KH annapaTyphI ynpaBJie

HHH npH H3MeHeHHH THnopa3Mepa CBapHBaeMhIX )leTaJieH H xapaKTepHCTHK 

o6opyJI.oBaHHH C03)laeT Hey)l.06CTBa npH HCnOJib30BaHHH npocTeHillHX 

OAHOKOHTyptthIX CHCTeM aBTOMaT11qecKoro ynpaBJieHH.H. Y ,noBJieTaopeHHe 

coapeMeHHhIX Tpe6oBaHHH BhICOKoii TOqHoCTH, OhICTpOJI.ef1cTBHH H, rJiaB

Hoe, coxpaHeHHH H3HBhlfO,l(Hei1rnHX (onTHMaJihHbIX) xapaKTepHCTHK 

CBapotIHOfO npouecca B WHpOKOM .nHana30He H3MeHeHHH BHeIJJHHX ycJIOBHH 

H CBOHCTB 06'heKTa ynpaBJieHHH B03MO>KHO npH HCDOJib30BaHHM a .n a rr -

T H B H bl x (caMOHaCTpaHBaIOIII.HXC.H) c H c T e 1\1 a B T 0 M a T H q e c -

Ko r o y n p a B JI e H H H (CAY). TaKHe CAY cnocooHhI B npouecce 

BWilOJIHeHHH OCHOBHOH 3a,Aa4H ynpaBJieHHH H3MeH.HTb CBOH xapaKTepH

CTHKH JlJIH KOMneHCaUHH ,nettCTBYIOlllHX Ha CHCTeMy B03MyW.eHHH. 

OcHOBHOH KOHTYP (pHc. 1.8) al{anTHBHoii CAY cJiymHT JJ.JIH peaJI113a

UHH 3a,naHHOro 3aKOHa peryn11poBaHHH BbIXOJJ.HOH nepeMeHHOH Xswx• 

CTa6HJIH3aUHH HJIH onTHMH3aUHH !(HHaMHqecKHX caoflcTB cHcTe1·1hI B npo

uecce ee pa60Tbl J(OCTHraeTCH npHMeHeHHel\f KOHTypa a,l(aTIT3UHH, HCilOJI-

ts 
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l'ttc. 1. 9. 06o6~emtaH cJlYHKl.{HOHaJJbHa.R cxeMa CHCTeMbl 
y11paBncu1111 csapollHblM npoueccoM 

HHTeJihHOe ycTpOHCTBO (HY) 
KOToporo H31\iteHHeT napa

MeTpbI ynpaBJisnoruero ye .. 

TpOHCTBa (YY) c ytJeTO~I Ha

JIH llHH noMeX n (t) BO BXO.ll

HOM CHfHaJie Xex H H3MeHe

HHH ,llHHaMHqeCKHX xapaK

TepHCTHK 06ne1<Ta OY no.n 
u 

,lleHCTBHeM I<Oop,nHHaTHbIX 

f K(t) HJIH napaMeTpHqecKHX 

f n(t) B03MyI.U.eHHH. Cnoco6 

H3MeHeHHH xapaKTepHCTHK 

YY (ero napaMeTpOB, cTpyK

TYPhI HJIH 3aKoHa ynpaane
HHH) onpe)leJIHeT BblllHCJIH-

TeJlhHOe ycTpOHCTBO (BY) Ha 
OCHOBe 3aJIOLKeHHhIX B HeM KpHTepHeB OffTHMaJihHOCTH CHCTeMhl H HHcpop

)13UHH, noJiyqaeMoii OT ycTpoflcTB aHaJIH3a BXOJlHoro cHrHaJia (Y ABC) 
Ji o6neI{Ta (YAO). B a.nanTHBHhIX CHCTeMax c sTaJIOHHOH MO)leJILIO npo11c-

u 

XO)lHT HenpepbIBHOe cpaBHeHHe peaKUHH MOJI.eJIH H CHCTeMbl Ha, 0)1.HH 

H Te .>Ke BXO~Hble B03,neHCTBHH. l(OHTYP 3)1.anTaUHH HCilOJib3YeTCH ,ll.JIH 

npttOJIH)KeHHH peaKUHH CHCTeMhJ K peaKUHH MO)leJIH nyTeM npeoopa30Ba

HHH pa3HHUhl MeJK.llY HHMH B :H3MeHeHHe napaMeTpOB YY. 
PeaJihHbie a)lanTHBHbie CAY co,nepLKaT see HJIH qacTb nepeq11cJieHHhIX 

OCHOBHbIX 3Jiel\.1eHTOB H MOfYT l1CilOJib30BaTb pa3JIHlJHble aJiropHTMbl caMO

HaCTpOHKH. Dp11MeHeHHe a,nanTHBHbIX CAY JlOJDKHO OhITh Hatt6oJiee 3cp
cpeKTHBHbIM npH BblCOKOM ypOBHe B03MyI.U.eHHH TeXHOJIOflPieCKoro xapaK-

repa. . 
Ha,ne.>KHOCTh H Ka11ecTBO pa6oThI J1106b1x aBTOMaTHtJecKHX CHCTeM so-

u 

MHOfOM onpe.neJIHeTCH COBeprneHCTBOM HX HCnOJIHHTeJibHblX ycTpOHCTB. 

OcHoBy 6oJibll1HHCTBa HcnoJIHHTeJihHhIX ycTpottcTB .caapo11HbIX ycTa· 

HOBOK cocTaBJIHIOT 3JieKTPOJlBHfaTeJIH M (p11c. 1.9) c 6JIOKOM ynpaaJieHHfl 

(BY). HaJIHlltte Me>KJlY M H BY o6paTHhIX CBH3el1, BbinOJIHeHHbIX Ha .oc
HOBe TaXO,ll.aTllHKOB HJIH ,naTIIHKOB IlOJIO.>KeHHH, npH,ll.aeT TaKOMY ynpaB

JIHeMOMY 3JieKTponpHBO,ny (Y fl) QJYHKUHH HCilOJIHHTeJlbHOfO ycTpOHCTBa 

JIOK3JibHOfO peryJIHTOpa, BKJIIOlleHHOro Me)l{,ny ycTpOHCTBOM ynpaBJieHHH 

(Y¥) H OO'beKTOM (OY) H BXOJUIIUero B COCTaB CBapOlIHOH· ycTaHOBKH·. 

y CTpOHCTBO ynpaBJieHHH npe.ncTaBJIHeT co6ofl 3JieKTpHlleCKYIO qaCTb 

ycTaHOBKH, BbIIlOJIHHIOIUYIO nporpaMMHO-JIOfHqecKyIO <PYHKUHIO ynpaB

JieHHH. 3JieMeHTHYIO 6a3y YY cocTaBJIHIOT peJie, TpaH3HCTOpbI, aHaJioro

Bhie H u11¢poBhie MHKpocxeMhI HJIH BhI'lHCJIHTeJihHhie ycTpoiicTBa. B co-
u 

cTan HcnoJIHHTeJihHoro ycTPOHCTBa Kpol\1e .ABHraTeJIH BXOJIJJT: pa3JIHtIHhie 
u 

·MeXaHH3MbI, npe,nHa3HalleHHble .ZI.JIH IlOJI.allH B 30HY caapKH 3JieKTpo,nHOH 

npoBOJIOKH, JieHTbl Jl.JIH nepeMemeHHH CBapotIHOfO HHCTpyMeHTa; ,npyrHe 
u u 

ycTpOHCTBa MeXaHH qeCKOH ll8CTH ycraHOBKH c pa3Mem.eHHblMH Ha HHX ,ll.aT-

qHKaMH IlOJIO)KeHHH' 1 eMnepaTyphI, .naBJieHHH, KOHetIHbIMH BbJKJIIOQaTe-

JIHMH H T. n. _ 

y CTpOHCTBO J!Jl CBH33HO KOM3H.llHblMH H ynpaBJIHIOlllHMH BXOJlHblMH 

Xi- Xn H BblXO)lHhlMH Yi- y, CHrHaJial\IH c .npyrHMH CHCTeMaMH ynpaBJie

HHH H 11enoBeKo_M-onepaTopoM. 06MeH 11H¢opMau11eii Mem,ny YY H OJ' ocy-
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mecTBJJHeTCH no KaHaJiaM Xn+1-Xm H Y1+1-Yk, a Me*,ny J!Y 11 EY
no KaHaJiaM f 1 - fi n C1 - Cs. BxoJI.IIbie c11rHaJibI Xn+i - Xm H f 1 - ft 
co)lep}l<aT 11Hcpop~1au1uo o coCTOHHHH aJirop11T~1a cpynKuuott11poBaHHH OJI. 
no BhlXOJl.HblM K3IIaJial\f Y1+1 - YK H C1 - Cs nepe)J.aIOTCH KOM3H)J.bl yn

paaJieHHfl, npHBe,uenHhie K ypoBHHM OY H EY, no BbIXOAaM y1 -Yz 
nepe)l.aercH CHfH3JlbH3H HHcpopMaUHH H KOM3H.llibl ynpaBJieHHH B ,npyrHe 

cHCTeMbl ynpaBJieHHH. 
OpHBOJJ. Jl/7, noJiylJaH KOMaH,nHbie cnrnaJihI c1 - Cs OT YY, ocy

mecTBJifieT pa3rOH, TOpMOLKeHHe, H3MeHeHHe HanpaBJieHHH BpameHHH' ne

pexo,n c OJI.HOH qacTOTbI BpameH11H Ha Jlpyry10, nepeKJIIOqeHHe npouecca 

peryn11poBaHHH c OJ.{HOfO napaMeTpa Ha ,upyroii. 0 Bcex COCTOHHHHX EJ! 
coo6maeT YY no KaHaJiaM f1- f1. 06paTHhie CBH3H d1- dp Heo6xo,uHMhI 

/lJIH cTa6HJIH3aUHH qacTOTbI apameHHH H oc~eCTBJieHHH 3a~HT no ToKy, 

ycKopeHHIO H T. n. 3T11 CBH3H cxeMOTeXHHqecKH BbIIlOJIHeHbl Ha ypoBHe 

ynpaBJIHeMOfO npHBO,lla. C IlOMOl.UblO oopaTHblX CB513eH e1- er IlpHBO)l 

noJiyqaeT uH<PopMau1110 o peryJIHpyeMoM napaw1eTpe OJ!. EcJIH B c11cTeMe 

ynpaBJieHHH HCilOJlb3YeTCH UHcppoaa.H BbltIHCJIHTeJlbH3H TeXHHKa, ,naHHbie 

o napaMeTpax OY nocTynaIOT no BXOJlHhIM KaHaJiaM Xn+t - Xm B YY, 
rJI.e OHH o6pa6aTbIB3IOTCH B COOTBeTCTBHH c 33JIO)KeHHOH nporpaMMOH, a 

pe3yJihT8T oopa60TKH, npeoopa30B3HHbIH B peryJIHpy10mee B03,ll.eHCTBHe, 

nocrynaeT B BY no BhIXO,lliHhIM KaHaJiaM c1- Cs. 

B 3aBHCHMOCTH OT KOHKpeTHOfO Ha6opa CBH3eH, HX napaMeTpOB H TH

na HCilOJlh3yeMoro npHBO,lla MO}KHQ noJiyqHTb pa3JIHtIHble CHCTeMbI 3BTO

l\1aTHtieCKOro ynpaaJieHHH npHBO,ll.OM. )lJISI Ha1160Jiee MaCCOBblX cJiyqaeB 
u 

HCilOJlb30BaHHH npHBO,ll.a, TaKHX K3K no,u.aqa 9JieKTPOJlHOH npOBOJIOKH, 

nepeMemeH11e csapoqHoii TeJie>KKH, annapara H J1.pyr11x no,u.o6HblX, Tpe-

6yeTCH perynHpOBaHHe H CTa6HJIH33UHH ll3CT0Tbl BpaI.l{eHHH, BbIIlOJIHeHHe 

npHBO)lOM KOMaH.n nycKa, OCT3HOB3 H H3MeHeHHH HanpaBJieHHH apameHHH. 

B HacToHmee apeMH Kpyr 3aJJ.aII, pernaeMhlX c nOMOIUhIO ynpaBJIHeMoro 
np11BOJJ.a, HenpepbIBHO pacrnupHeTCH 11 ycJIO>KHHeTCH. K TaKHM 3a,llaQaM 

OTHOCHTCH CBapKa WBOB c nepeMeHHOH pa3,lleJIKOH, Karna HeOOXO,llHMO 
OTCJie}J{HBaTb H 3ailOMHHaTb CKOpOCTb caapKH, TpaeKTOpHIO H IllHpHHY 

pa3,lleJIKH. 4aCTO B MeXaHH3M npHBO.Ua BCTpaHB3lOTCH .naTtIHKH IlOJIO:>Ke-
HHH BblXOJJ.HOfO BaJia, ero CKOpOCTH, Harpy3KH HT. JJ.. -

HeKOTOpbie THnOBhie cxeMbI ynpaBJIHeMoro 3JieKTponp11ao.na, HcnoJib· 

ayeMoro B CHCTeMax aBTOMaTHKH CBapOQHbIX ycTaHOBOK, )l3Hbl B npHJI .1. 
Cneu11qn1qecKoii pa3HOBHJJ.HOCThlO ynpaBJIHeMoro npHBO,lla HBJIHeTC.H 

npHBOJJ. CBapotiHbJX pOOOTOB, KOTOpbIH )l.OJI.>KeH YJlOBJieTBOpHTb CJie.ny10-

lltHl\f OCHOBHhIM Tpe60B3HH HM [56]: H.MeTb BbICOKOe ObICTpOJI.eHCTBHe; o6ec

neqHB3Tb onTHMaJihHblH 3aKOH pasroHa H TOpMo.>KeHH5I npH MHHHM8JlbHOM 

BpeMeHH nepexo.n.ttoro npouecca; o6JiaAaTb BhICOKOH noMexoycToiiq11-

BocThIO; HMeTb OOJiblllOe OTHOIIleHHe BblXO,ll.HOH MOll{HOCTH K Macce no,nBH)K

HhIX qacTe.H; o6ecnet.JHB3Tb TOtJHOe Il03HUHOHHpOB3HHe H cpHKCaUHIO ycTa
HOBJieHHblX IlOJIOJKeHHH HCilOJIHHTeJibHblX MexaHH3MOB. 

B KaqecTBe cpe.ncTB 3BTOMaTH33UHH B CHCTeMax ynpaBJieHHH ~Bapoq
HbIMH npoueccaMH Bee lllHpe HCilOJih3YIOTC5J ynpaBJIHeMbie HCTO~HHKH 
flHT3HHfl' o6yqaeMbie MeXaHHQeCKHe MaHHnyJIHTOpbI, Bbl"llHCJIHTeJlbHa.H Tex

HHKa. Jlro6y10 3a,naqy aBTOMaT11qeCKOfO ynpaBJieHH}l KaK tiaCTHblH CJiy

qatj OOllleH npooJieMbI OOpaOOTKH HHcpOpMaUHH MO>KHO npe,nCT3BHTb CO· 

BO Ky IlHOCTblO OTAeJibHblX onepauHt oiilillK\.tW.l1h.?MLJX Iii onp'·~enettHOH no· 
. ••~~~-6~L-tOTe1-rn _ 1 17 



Puc. 1.10. 0KOHC'lHbie ycTpOttCTBa COCY 

cJieAOBaTeJibHOCTH. YHHBepcaJihHOe ycTpolicTBO coapeMeHHhIX DhI4HCJIH-
u u 

reJihHblX CHCTeM, peaJIH3y10mee 3a,naHHhIH nporpaMMOH npouecc perneHHfl 

3a,nallH - MHKponpoueccop, BhlilOJIHeHHhIH Ha orpaHHlleHHOM Ha6ope 60.nb
w11x HHTerpaJihHhIX cxeM (5l1C) H COJ(ep}l{all(HH Bee OCHOBHhle KOMilOHeH

Tbl cpyHKUHOHaJihHOH CTPYKTYPhI 3JieKTpOHHOH BhiqHCJIHTeJihHoii MalllHHbI 
(3BM) [35]. 

Ha ocHoBe l\1HKponpoueccopoB, ,n.onoJIHeHHbIX naMHThIO, BHemHHMH 

ycTpOHCTBaMH H Ha6opoM cpeACTB CBH3H, C03)1.8H HOBhIH KJiacc 3BM -

MHKpo3BM, xapaKTepH3YIOII(HXCH MaJihIMH ra6apHTaMH, Maccoii, Il0Tpe6-
u tt u 

n.HeMOH MOII(HOCTbIO; HH3KOH CTOHMOCThlO H BhICOKOH Ha,n_e}KHOCTblO. 

ECJIH paHhWe BBH,ny 3HalIHTe.nhHOH CTOHMOCTH H CJIO>KHOCTH ooc.ny

}KHBaHHH yHHBepca.nhHhIX ynpaBJIHIOI.UHX BhrqHcJIHTeJihHhIX MamHH 

(YBM) OhIJIO 3KOHOMHqecKH onpaB)l.aHo HX npHMeHeHHe B OCHOBHOM )1,JIH 

rpynnoaoro ynpaB.neHHH HeCKOJlhKHMH 'feXHOJIOfH4eCKHMH ycTaHOBKa

MH, TO Tenepb noJio:>KeHHe cymecTBeHHO MeHHeTcH. Mo*HO HcnoJih3oBaTb 

HHAHBH)l,yaJihHYIO MHKpo3BM )(JIH ynpaBJieHHH He TOJlhKO OJI.HOH ycTa-
u u 

HODKOH, HO ,n_a}l{e OT,neJibHhIMH MeXaHH3MaMH H ycTpOHCTBaMH B npe)l,eJiax 

ycTaHOBKH. npHMeHeHHe MHKpo3BAf npHBeJIO K pa3BHT.HI-0 CB 0 6 0 ,n

H O nporpaMMHpyeMblX CHCTeM ynpaBJieHHH 

(CilCY), f JiaBHOH OCOOeHHOCThl-0 KOTOphIX HBJI.HeTCH Mo,nyJihHOCTh, l!TO 

Il03BOJI51eT Ha HX OCHOBe C03,l(aBaTb CHCTeMhl ynpaBJieHHH CaMhIMH pa3JIHq

HhIMH TeXHOJIOrHqecKHMH npoueccaMH, HCilOJih3YIOlll.HMH pa3Hble THilhl 

TeXHOJIOrHqecKoro o6opy.noaaHH51. AnnapaTHaH qacTb CHCTeM ynpaBJieHHH 

Ha oa3e CTICY CKJia,nbIBaeTC.H H3 OT,neJihHhIX Mo,ny Jieft:: ueHTpaJihHOfO 

MHKponpoueccopa (Mfl), 3anoMHHa10mero ycTpolicTBa (3Y), B TOM q11cJie 

IlOCTOHHHOfO 3Y (fl3Y), nporpaMMHpyeMoro fl3Y (flfl3Y), onepaTHB

HOfO 3JI (03Y), l\to,nyJieii BBO)(a-BhIBOJI.a, aHaJIOfOBhIX, ,11.HCKpeTHhIX, 
u 

l!HCJIO- H lllHpOTHO-lfMTIYJibCHblX CHrHaJIOB, MO,nyJieH CBH3H c nyJihTaMH 

H nyJihThI onepaTopa, MoJI.yJieu Me*npoueccopHoli CBH3H H .np. OcHOBHbIM 

KOHCTPYKTHBHbIM 3JieMeHTOM cncY, IlOI<a3aHHOH Ha pHC. 1.10, HBJIHeTCH ,. 



repMeTHIJHbIH no.no- H nhIJieHenpoHuuaeMbIH ueHTpaJihHhIH oJIOK 1 (Ha3hI

aaeMhIH TaK>I<e «KOpnycoM CHCTeMhI ynpaBJieHHH»), B KOTOpOM pa3MemeHbl 

ace aHyTpeHnHe CBH3H H I<OMMYHHKaUHH H pacnoJio:>«eH Mfl, o6pa6aTbI-

8310m11I1 HaXO.Zl.HllJJiecn B nporpaMMHOM 3Y KOMaH)lbl. 4epe3 KJiaBHaTypy 

ueHTpaJibHoro oJioKa MO>KHo npoBO.ZI.HTh H3MeHeHHH nporpaMMhI H BBO.ZI.HTh 

,naHHbie, a TaIUKe B JIIOOOe BpeMH onpe.neJI51Tb COCTOHHHe ynpaBJIHeMoro 

o6opy.noaaHHH H xo.na Bh1noJIHe1111H nporpaMMhI. CTaMHTh KOMaHJl Haoupa

erc.H H3 oTJI.eJihHhIX KOHCTPYKTHBHhIX oJIOKOB, TaK:me BCTaBJIHeMhIX B Kop

nyc cHcTeMhI. B Ha6ope Mo,nyJiei1 HMeIOTCH nJiaThI 03Y H fl fl3Y c 3JieK

TpHqecKo.H nepe3ailHCblO. ,llJIH IlHTaHHH nJiaT 03Jl, a TaK>Ke 03Y, HaXOJ.(51-

IUefOCH B COCTaBe 6JIOKa 1, B Hero MO:>KeT OhlTh BCTpOeHa aKKYMYJIHTOp

Hafl 6arapeH, 06ecne1JHBa10maH coxpaneHHe HHcpopMaUHH B TeIIeHHe 

HecKOJihKHX 1-1eneJih H aBTOMaTHqecKH no)l3apsrmaeMaH OT oJioKa nH-

TaHHH. 
4 T06bI pacmHpHTh B03MO:>KHOCTH ynpaBJieHH.51 B CCTCY, .nonycKaeTCH 

11cno.n:h30BaTh HecKOJihKO ueHTpaJibIIhIX oJioKoB, np1111eM CBH3h ~iem.ny 
HHMH ocymeCTBJIHeTC51 qepe3 1\10.ZI.YJIH BBo.na-BhIBO,Ua. 

Jl.JIH no.nroTOBKH nporpaMM np11MeHHeTCH cneu11aJ1bHoe nporpaMMH

py10mee ycrpofICTBO 2 (pHC. 1.10), KOTOpoe M011<eT paooTaTb He3aBHCHMO 

OT CHCTeMhl ynpaBJieHHH, HanpHMep, B KOHCTPYKTOpCI<OM HJIH TeXHOJIO-
v v 

fHtteCKOM OT.ZI.eJie, r~e npoeKTHpyeTCH ~aHHbIH TeXHOJIOrHqecKHH npouecc. 

CocTaBJieHHaH nporpaMMa 3aHOCHTCH B 3Y ycTpo:HcTBa ynpaBJieHHH 

JIHOO Ha nJiaTe 0TI3Y BCTaBJIHeTCH B KOpnyc CHCTeMhI ynpaBJieHH.H. 

I( c11cTeMe ynpaBJieHHH HJIH K nporpaMMHpy10meMy oJioKy MO>KHO 

nO.AKJIIOlJHTb pH,n BHeIIIHHX ycTpOHCTB, TaKHX KaK TeJieTafin 3, KacceTHbIH 

MafHHTOcpOH 4, .AHCilJleH 5, ne11a1a1o~ee ycTpOHCTB0'6.0p11 3TOM nporpaM

Mhl MOfYT OblTb aaperHCTpHpoBaHhI Ha BOCbMH.ZI.OpO.>KeqHoH nepcpoJieHTe (Te
JieTaiin), Ha MarHHTHOH JieHTe (MarHHTcxpoH:) H pacneqaTaHhI Ha 6yMare 

(neqa1a10mee ycTpOHCTBo). Bo Bcex OTJianoIIHhIX pe>KHMax B03MO:>«Ho npn· 
Moe BMeIIJaTeJibCTBO onepaTopa B XO)l BhinOJIHHeMOH nporpaMMhl, ee pe· 
aaKTHpOBaHHe H HcnpaBJieHHe. 

CTpH BKJIIOtteHHH CHCTeMhl ynpaBJieHHH aBTOMaTHlJeCKH npOH3BOJI.HTCH 
caMOKOHTpOJib (TeCTHpoBaHtte) annapaTHOH qacTH CHCTeMhl ynpaBJieHHH, 

a TaK:>Ke npoBepKa OTCYTCTBHH OllJHOOK B nporpaMMe, 3anHCaHHOtt B 3Y. 
B cJiyqae ooHapy>KeHHH OIIIH6KH CHCTeMa MO>KeT pearHpoBaTh Ha Hee pa3-

JIH1JHbIM o~pa3oM B 3aBHCHMOCTH OT o6Hapy:>KeHHOH HeHcnpaBHOCTH -
OCTaHOBKOH BblilOJIHeHHH nporpaMMhl, OTKJIIOlJeHHeM BXO,llOB H BbIXO.l(OB 

OT ynpaBJIHeMOfO ooopy.AOBaHHfl, MfHOBeHHhIM BbIKJIIOlJeHHeM ynpaBJIHe
MOfO 069py.noBaH11H, BhIKJIIOIJeHHeM CHCTeMhI ynpaBJieHHH. 

CooomeHHe 06 ~IIIH6Ke, BhIBOAHrvtoe Ha JJ.HCnJieii 5, co,nep}KHT Ko.n 

OlllHOl~lf' a.npec OWH001IHOH KOM8H.Abl Hee KO):( JIHOO a.npec Hepa60Ta10mero 
ycTpoHCTBa, tITo no3BOJIHeT onepaTopy JierKo HAeHTHcpHuHpoBaTh MecTo 

H xapaKTep o6HapymeHHOH HeHcnpaBHOCTH HJIH OIIIHOKH. Ha ocHoBe 
coapeMeHHblX MHKpo3BM CTpOHTCH H H cp 0 p Ma u H 0 H H bl e c H c T e

M hl, 06ecnelJHBa1011(11e c6op, o6pa6oTKY, xpaHeHHe H oToopameHHe no 

3anpocy onepaTopa napaMeTpoa, xapaKTepH3YIOIUHX cBapoqHbIH npouecc. 
Pa3BHTHe TaKHX CHCTeM no3BOJIHeT ocyll(eCTBJIHTb y n p a a JI e u 11 e 

B p e >K H ~1 e «C 0 Be T lJ H K 0 n e p a T 0 p a», np11 J{OTOpOM pac
CGHTaHHbie 3BM no MO.ZI.eJIHM npouecca ynpaBJIHIOIUHe B03,AeHCTBHH co

o6~aIOTCH onepaTopy c Il0l\10lll.bl0 cpe,nCTB OToopa:>«eHHH HH<]?OpMaUHH. 
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Ha 3TOH ocHoBe onepaTop H3MeHHeT ycTaHOBKH peryJIHTopoB, ,nooHBaHcb 
onn1MH~IJjlI-J · npoueceati ~, 

ll}J1-1· c y n.e·p B H 3·0 P"H:01M. y n p a B JI e H H H MHKpo3BM pa-
- u u OOTaeT B COCTaBe 3aMKHYTOH aBTOMaTH3HpoBaHHOH CHCTeMbl ynpaMeHHH 
TexHoJiorHqecKHM npoueccoM (ACY TO) H BhI.n.aeT ynpaBJIHIOII\He B03.n.eft
cTBHH B BHJJ.e, B KOTOpOM HX MO}J{HO Henocpe,ACTBeHHO HCnOJib30BaTb AJIH 
H3MeneHHH HaCTpOHKH peryJIHTOpOB. Cl>yHKUHH onepaTopa CBOJJJITCH K 
HaOJIIO)I.eHHIO H BMernaTeJibCTBY B paooTy CHCTeMbl JIHWb npH B03HHKHO-

u u 

BeHHH aBapHHHhlX CHTyaUHH. 
Ha1160J1ee noJIHO npeHMymecTaa nocTpoeHHH ACY TCT Ha ocHoBe 

3BM np051BJIHIOTCH npH Henocpe,nCTBeHHOM u H cp p 0 B 0 M y n p a B
JI e H H 11. B 3TOM cJiyqae B c11cTeMe soo6me 0TcyTc1ay10T JIOKaJihHhie pe
ryJIHTOpbI. CHrHaJihI, tteooxoAHMhie Jr.JIH np11ae.neHHH B ,neficTBHe HCnoJI· 
HHTeJibHhIX opraHoB, Henocpe.n.cTBeHHO nocTyna10T OT ACY, KOTopaH 
paCC1IHThIBaeT peaJihHhie B03,lleHCTBHH H nepe.n.aeT B Heo6XO,ZJJIMOH cpopMe 
CHrHaJibl ynpaBJieHHfl Henocpe,Zl.CTBeHHO B HCnOJIHHTeJihHhie opraHbI. Jl.JIH 
coapeMeHHhIX ACY Tn 1111cJ10 KOHTypos ynpaBJieHHH MomeT ,nocTHraTh 
HeCKOJibKHX COTeH. B Ka>KJ{OM KOHType ynpaBJieHHH CHfHaJI H3Mep51eMOfO 
napaMeTpa BBO,ZJ.HTCH a 3BM ACY TO qepe3 no.n.cHcTeMy aao.n.a aHa.noroBhIX 
JIH60 J{HCKpeTHhlX CHrHaJIOB. 3BM no 3a)l.aHHOMY aJiropHTMY BbiqHCJIHeT 

u 

3HaqeHHe ynpaBJIHIOIUero B03,l:(eHCTBHH H 11epe3 nO.UCHCTeMy BbIBo,na aHa-
JIOfOBhIX HJIH JJ.HCKpeTHbIX CHfHaJIOB KoppeKTHpyeT «nOJIO}l{eHHe» HCnOJJ
HHTeJibHOfO opraHa. TaKHM o6pa30M,KOHTYP ynpaBJieHHH KOHTpOJIHpyeTcsi 
H peryJI11pyeTcH Henocpe.ncTBeHHo ACY. KoHTpoJih 11 ynpaaneHHe KOHTy
paMH ocymecTBJIHeTCH c 3a,ZJ.aHHOH qaCTOTOH (nporpaMMHbIH onpoc) JIHOO 
no 3anpocy OT KOHTypa ynpaBJieHHH. Bo BTopoM cJiyqae a ACY ~10:>KeT 
6bITh np11op11TeTHOe o6cJiy:>KHBaHHe 3anpocoB KOHTypoB ynpaBJJeHHH. 
Y cTaHOBKH .AJIH Ka>K,noro KOHTypa BBO,ZJ.HTCH B ACY onepaTopoM 
HJIH 3BM sepxHero ypoBHH, pewa10meii 3a,n_aqy onTHMH3aU.HH npo
uecca. 

,UJIH o6~eHHH onepaTopa c CHCTeMOH Henocpe,nCTBeHHOfO UHcppoBoro 
ynpaBJieHHH B COCTaB CHCTeMhl BBOJ{HT cpe,nCTBa (annapaTHbie H nporpaM .. 
MHhie), KOTOphie 06ecneq11Ba10T ,Zl.H3JIOfOBbIH pe.>KHM pa60ThI. B oomeM 

u 

cJiyqae onepaTop ,noJI>KeH HMeTb .n.ocT-yn K ynpaBJIHIOllleH nporpaMMe. 
OcHOBHhIM npe11MymecTBOM ACY Tn, pa60Ta10meli B pe:>KHMe Heno

cpe.ncTBeHHoro U.Hcppoaoro ynpaBJieHHH, HBJIHeTCH B03MO>KHOCTh H3MeHeHHH 
aJiropHTMOB ynpaBJieHH5l npoCThIM qacTH1IHhIM JIHOO nOJIHhIM H3MeHeHHeM 
xpaHHMOH nporpaMMbI. Dp11 3TOM HY1K:HO HMeTb B B11.n.y, qTo TaKHe H3MeHe
HHH ,noJ1>1<HhI OhITh noJIHOCTblO no.uroTOBJieHhI, T. e. HOBaH nporpaMMa 
.noJI>KHa OhITh OTJia:>KeHHOH H nposepeHHoii nepe.n. TeM, KaK ee HcnoJib30BaTh 
B peaJibIIOH CHCTe~1e. HecMOTpH Ha TaKoe TpeooBaHHe fHOKOCTh CHCTeMbl 
nenocpe,n.cTBeHHoro UHcppoBoro ynpaBJieHHH H11qeM He orpaHHtJeHa. 

OcHOBHOH ne.n.ocTaTOK MeTo.n.a Henocpe.n.cTBeHHoro u.11¢poaoro ynpaane
HHH: npH OTKa3e ACY Til .naJihHelirnee npoae.nenHe TeXHOJIOfHlJeCKoro 
n ponecca neB03MO>KHO. HecMoTpH Ha Bh1co1<y10 tta,ne:>KHOCTh coapeMeHHOH 
3JieI<TpOHHOH TeXHHKtt OTKa3hI 1-1e1136e>KHh1. CTo3Tor..1y MeTO.A Henocpe.UCT· 

BeHHOfO uucpposoro ynpaBJieHHH HeOOXO)l.HMO npnMeH.HTb B Tex cJiyqaHX, 
nor )la OTI<a3 ACY He npHBOllHT K 6oJibIIJHM ~taTepHaJibHhIM noTepHM. 

J 
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2. ABTOMA T~3A~l--1SI AYrOBOJ71 CBAPKH 

2.1. XapaKTepHCTHKa o6beKTa ynpaaneHMR 

nnH H3yqeHH5I oco6eHHOCTeH TeXHOJIOfHqecKoro npouecca J(yroBOH CBapKH 
K3K o6oeKT3 peryJIHpOBaHHH He06XO.LUIMO OOOOlll_eHHYIO CXeMy CBapotIHOfO 
npouecca (cM. p11c. 1.1) .neTaJIH3HpoBaTh c yqeToM ocHoBHhIX B3aHMOCBfl-
3eii, npHcymnx paccMaTpHBaeMoMy cnocooy caapKH (pHc. 2.1). 3JI.eCh 
MO>KHO BhIJJ.e.TillTb JI.Ba BHyTpeHHHX 3aMKHYTblX KOHTypa peryJuipoBaHHH. 
OocpeJI.CTBOM KOHTypa /, OXBaThIBaIOmero HCTOIJHHK OHTaHHH, IlJiaBH
W.HHCH 9.neKTpo,n 11 JJ.yry, peaJIHayeTCH npouecc caMoperyJIHpoeaHHH 
9 . .TieKTpo.na. KoHTYP / / oxsaThIBaeT ceapHou rnoe, 3JJeKTPOJii, ,nyry H OTpa
.>1<aeT B .. TJHHHHe npor116a CBOOOJ(HOH noeepXHOCTH CBapoqHQH BaHHhl H rJiy
OHHbI nponnaBJieHMR Ha JI.JIHHY .n:yrH. 

l{oHeqHhlM 3JieMeHTOM cxeMhl HBJIHeTCH CBapHOH lllOB, reoMeTpHqecKHe 
pa3MephI KOToporo - r.ny60Ha nponnaBJieHHH H, wHpHHa B, yc11.neHHe 
A,- 1-1apHJJ.Y c XHM11qecKHM cocTaBoM H CTPYKTypoii, onpeJJ.e.nHIOT 3KcnJiya
TaunoHHhie ceoiicTBa caapttoro coe,nuHeHHH. B peaJihHhIX ycJIOBHHX Kam
D.bIH 113 3JieMeHTOB, npe)lCTaBJieHHhIX B o6o6meHHOH cxeMe, cpyHKUHOHHpyeT 

u 

B ycJIOBHHX B03Mym.eHHH, qTo npHBOJJ.HT K OTK.noHeHHHM pa3MepoB caap-
HOfO WBa OT ycTaHoB.neHHblX 3HaqeHHH H noHBJieHHIO ,nelf>eKTOB: Henpo
sapoB, nonpe3oB, HanJihIBOB u ,np. HauooJihlllHH npaKTHqecKHH HHTepec 

u 

npe.n.cTaB.nHeT 113yqeHMe BJIHHHHH Ha CBapHOM WOB c.ne.l(yIOI.I.(HX OCHOBHblX 
u 

rpynn B03MymeHHH. 
Bo3My14eHuR no napaMempaM pe:J1CuMa ceapKu HenocpeJJ.CTBeHHo B.jIHH

IDT Ha npoueCCbl n.naBJieHHfl OCHOBHOfO H 3.neKTpo.u.Horo MeTa.nJIOB H H x 
COOTHOllleHHe B MeTa.n.ne IJ.IBa. TaK, r.ny611Ha npon.naBJieHHH CBH3aHa co 
CBapoqHhIM TOKOM 3aBHCHMOCThlO: 
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r,ll.e knp - K03cpcpHUHeHT nponopUHOHaJibHOCTH, onpe,11-eJIHeMblM IlOJIHp
HOCTblO H IlJIOTHOCTblO TOKa, CKOpOCTblO CBapKH, nJIOTHOCTblO MeTaJIJia, CO• 

CTaBOfvl 3a.Il(HTHOH cpe,llbl H T. ,I(. c yBeJIHqeHHeM TOKa B03pacTaeT He TOJib· 

KO rny6HHa nponJiaBJieHHH' HO H ,llOJIH OCHOBHOfO MeTaJIJia B MeTaJIJie IllBa. 

Bo3MYIII.eHHH no HanpHLKeHHIO JJ.yrH BJIHHIOT Ha mHpHHY H J(OJIIO oc

HOBHoro MeTaJIJia H HBJI.HIOTCH o,nHOH H3 npHqlfH o6pa30BaHH.H noJ(pe30E 

npH CBapKe yrJIOBhIX IllBOB. 

l13MeHeHHH CKOpOCTH CBapKH CJIO>KHhIM o6pa30M BJIHHIOT Ha cpopMy 

CBapHoro IllBa. IlpH MaJibIX CKOpOCTHX (10 M/q npH CBapKe no,ZI. cpJIIOCOM) 

BCJieJI.CTBHe CHH.>KeHHH HHTeHCHBHOCTH BbITeCHeHHH pacnJiaBa H3-Il0ll 

CTOJI6a .uyrH BeJIHllHHa nponJiaBJieHHH MHHHMaJibHa. c yaeJIHlleHHeM CKO

poCTH cBapKH AO 25 Mfq nponnaa.TieHHe yaeJIHtIHBaeTcH, a 3aTeM H3-3a 

CHH>KeHHH noroHHOH 3HeprHH - yMeHblllaeTCH. TaKHM o6pa3oM, B 3aBH

CHMOCTH OT ycTaHOBJieHHOH CKOpOCTH CBapKH ee H3MeHeHHH MOfYT OhlTb 

CB513aHbl c H3MeHeHHHMH rJiy6HHhl nponJiaBJieHHfl KaK npHMOH, TaK H 06-

paTHOfI 3aBHCHMOCTH. I..liHpHHa ll1Ba CBH3aHa co CKOpOCTblO CBapKH o6paT-
.., 

HOH 3aBHCHMOCTblO. 

HsMeHeHHH BhIJieTa sJieKTpo,na, oco6eHHo npu caapKe 3JieKTpO,llHOH 

npOBOJIOKOH MaJioro ,ZI.HaMeTpa, cymecTBeHHO BJIHHIOT Ha cpopMy mBa. 

3To o6yCJIOBJieHO TeM, tITO H3MeHeHHH BhIJieTa 3JieKTpO,ZI.a cymecTBeHHO 

BJIHHIOT Ha npOH3BO,UHTeJlbHOCTb ero pacnJiaBJieHHH, B pe3yJibTaTe qero 

HsMeHHeTcH TOK, a cJienoaaTeJihHO, H rnyoHHa nponJiaBJieHHH H. C yae

JIHtieHHeM BhIJieTa H yMeHbIIIaeTCH. 

HapymeHHe ycJioBHH ra3oaoii 3al.f(HThI oKa3hIBaeT BJIHHHHe Ha cpopMy 

H KatieCTBO caapHoro lllBa. Bo3HHKHOBeHHe Typ6yneHTHOCTH ra3oaoii 

CTpyH H no,ncoc B03,ll,yxa B 30HY CBapKH BCJie,l(CTBHe OTKJIOHeHHH pacxo)la 
u u 

3all(HTHoro rasa, H3MeHeHHH paCCTOHHHH MeJK,ny ropeJIKOH H CBapotIHOH 
u u 

BaHHOH, CKB03HHKOB H T. JJ.. npHBO,l(HT K HapymeHHIO ycTouqHBOCTH npo-

u.ecca H o6pa3oBaHHIO ,ne¢eKTOB B CBapHbIX lllBax. 

TexHoA02uttecKue B03MyU{eHuR, 06yCJIOBJieHHh1e HapyUieHHHMH TeXHO
JiorH H IlO)l.fOTOBKH H COOpKH H3,Ue.nHH no,n CBapKy, BO MHOfHX CJiyqaHX 

u u u 

HBJIHIOTCH OCHOBHOH npuqHHOH OTKJIOHeHHH OT 3a.n.aHHblX pa3MepoB CBap-

HblX UIBOB H noHBJieHHH B HHX onacHhIX .necpeKTOB. TaK, HaJIH1IHe p>KaB

tIHHhI, anarH, MaCJia, KpacKH H JI.pyrHx so.nopo,noco.nep*alll.HX aemecTB 
Ha CBapHBaeMblX IIOBepXHOCTHX, a TaKJKe IIOBbIIIIeHHOe co.u.ep>KaHHe BJia

rH BO cpJIIOCe, 3alll.HTHOM ra3e npHBOJJJIT K o6pa3oBaHHIO nop B CBapHOM 

lllBe. IlpH yBeJII-PieHHOM 3a3ope Me>K.n.y CBapuaaeMbIMH KpOMKaMH npH 

CBapKe IlO)J. cpJIIOCOM Ha QlJllOCOBOH nO,ZI.KJia,l(Ke B CBapHOM ll1Be nepaoro 

npoxo.na tiaCTO B03HHKaeT 3anoJIH~HH3H UJJiaKOM HecnJIOlllHOCTb, TaK 

Ha3hIBaeMbIH mnaKOBbIH KaHaJI. DoBhillleHHhIH sa3op B CThIKe npHBO,llHT 

K o6pa30BaHHIO TaKHX onaCHhIX necpeKTOB, KaK npoBHC3HHe UJBa M npo

mor. C6opKa 3aroTOBOK c npeBbIWeHneM KpoMOK npHBO,llHT K o6pa3oBa

HHIO HanJihlBOB Ii Henpoaapy KOpHH llJBa. 
He MeHee aa:mHoe yCJIOBHe nonyqeHHH KaqecTBeHHhIX caapHbIX coe,nH· 

HeHHH - ooecnetJeHHe T01IHOfO pacnOJIO>KeHHH .9JieKTpo.n.a no OTHOllleHHlO 

K CBapHBaeMhI~I KpOMKaM HJIH CJIOIO (npH MHoronpoxo,AHOH CBapKe). 

Cne~CTBHeM HeTOllHOro HanpaBJieHHH ,nyrH no OCH coe,LUIHeHHH HBJIHIOTCH 

HenpoaapbI H no,npe3hl B caapHoM ll1Be. 

HenpephIBHO aospacTa10m.ne Tpe6oBaHHH K KatiecTBY caapHhIX coe,lI.H

HeHHH MoryT 6b1Tb YJJ.OBJieTBopeHhl JIHillb Ha OCHOBe HCIIOJlb30BaHHH CH· 
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creM aBToMaTHqecKoro ynpaaneHHff (CAY) npoueccoM .nyroaoif csapKH, 

KOTOpbie BbIIlOJIHHIOT CJieJI.yIOru.He cpyHKUHH: 
nporpartIM.Hoe ynpaaneHHe nep~rv1ew.eHH5I:MH pa6ollHX opraHoB caapoq

aoro ooopy).(OBaHHH; 
u 

ynpaBJieHHe nocJieAOBaTeJibHOCTblO onepaUHH - CHCTeMbI nporpaMM· 

HOfO ynpaBJieHHH CBapoqHblMH UHKJiaMH; 

cTa6HJIH38UHIO pen<HMa CBapKH' 06ecneqHsa10my10 HCKJIIOlleHHe BJIHH

HHH Ha caapHOH WOB B03Myll{eHHH no TOKY H HanpHmeHHIO ,n_yrH, CKOpOCTH 

caapKH, BbIJieTy .9JieKTPOJI.a, ,nJIHHe ,nyrH, pacxo_ny 3aI.l(HTHoro ra3a u .n_p .; 

aBTOMaTH3aUHIO HanpaBJieHHH 3JieKTpo,na no OCH CBapHoro coe,ZI_HHeHHH 

c noMOIUblO CJie.nHmHx CHCTeM; 
KOMneHcauHIO OTJI.eJibHhIX TexHoJiorHqecKHX B03MymeHHH. HanpHMep, 

nocpe}lCTBOM BBe)leHHH npHCa,lJ.OtIHOH npOBOJIOl{H 6e3 J:lOilOJIHHTeJihHOfO 

BJIO>KeHHH 3HeprHH y,lJ.aeTC5I KOMneHCHpOBaTb, B orpaHHqeHHhlX npe):leJiax, 

yaeJIHqeHHe nnoma_nH paa,lJ.eJIKH KpoMoK; 

ynpaBJieHHe rrepeHOCOM MeTaJIJia, cpopMHpoBaHHeM H KpHCTaJIJIH3aUHeH 

CBapHbIX IIIBOB. 
B nocJie,nHee apeMH pa3pa6aThIBaIOTCH CHCTeMhI, ocymecTBJIHIO.W.He aa-

u 

TOMaTHqecKoe ynpaBJieHHe c HCilOJlb30BaHHeM MaTeMaTHqecKHX MO]\eJieH 

npouecca o6pa3oBaHHH caapHoro coe):lHHeHHH c yqeToM HeKoTophIX Tex

HOJiornqecKHX B03MyineHHH. 0,nHaKO Ha COBpeMeHHOM ypoBHe pa3BHTHH 

csapoqHQH TeXHHKH HeB03MO>KHO KOMneHCHpOBaTh HeKOTOpble TeXHOJIOfH

qecKHe B03MymeHHH, HanpHMep: H3MeHeHHe XHMHqecKOfO COCTaBa OCHOB-
u v 

HOfO H np11caixoqHoro MaTepHaJIOB, 38W.HTHOH cpeJU>I; H3MeHeHHH ycJIOBHH 

OTBOAa TerrJia OT ooJiaCTH o6pa3oBaHHH llIBa npH nepeMeHHoif reoMeTpHH 
H3JI.eJIHH H T. ))_. 

B 3aBHCHMOCTH oT ueJIH ynpaBJieHHH npHMeHHIOT pa3JIHtIHhie CAY 
u u 

'AYfOBOH CBapKOH. 

2.2. nporpaMMHOe ynpaaneHMe nepeMell.\eHMSIMM pa60'IHX opraHOB 
caapO'IHOfO o6opyAOB8HMSI 

noJIOLKeHHe pa6oqHX opraHO_B CBapoqHOfO OOOPYJ:lOB8HHH onpe)J.eJIHeTCH 
KOOp,AHHaTaMH 3BeHbeB MaHHilYJIHUHOHHbIX CHCTeM. B 3aBHCHMOCTH OT 

xapaKTepa ynpaBJieHHH cnY nepeMemeHH.HMH MoryT ObITb pa3,lJ.eJieHhl Ha 

n03U4UOHHble H KOHmypHbte (pHC. 2.2). OepBble OOecneqHBaIOT IlOCJie):lO
BaTeJibHOe Il03HUHOHHpoBaHHe c Heo6xo.n_HMOH TO'IHOCTblO pa6oqero opra

Ha H3 o,nHoii ToqKH npocTpaHCTBa B Apyry10. CTo3HUHOHHhle CHCTeMhI MoryT 

OhITh tlBYX pa3HOBH,l(HOCTeii: I) AJIH ynpaBJieHHH nono>KeH.HeM caapoqHoro 

HHCTpyMeHTa OTHOCHTeJibHO H3)1_eJIHH 6e3 >KeCTKOH pernaMeHT8UHH Tpa

eKTOpHH nepeMeru.eHHH Me.IK,ny TQqKaMH; 2) }J.JIH ynpaBJieHHH )l_BH>KeHHH 

no TpaeKTOpHH, yqaCTKH KOTOpOH nOBTOpHIOT cpopMy HanpaBJIHIOl.l{HX. 

Il03Hl.lHOHHhie cnY KOOPAHHaTaMH 3BeHbeB npHMeHHIOTCH ,l(JIH aBTO
M8TH38UHH CJie.n_y10m11x TeXHOJIOfHlleCKHX onepauHn: CBapKH 9JieKTpo-

38KJienKaMH, ,nyroaoii np11aapKH lllnHJieK H 6oob1meK, aaapKH Tpy6 B Tpyo

Hhie ~OCKH, MHoronpOXO,l{HOH CBapKH (AJIH pacKJIBAKH BaJIHKOB HanJiaB
JIHeMoro MeTaJIJia no ceqeHHIO paa):leJIKH) H T. n. 

l<OHTypHhie COY npHMeHHIOTCH Jl.JIH 06ecne11eHH.H JI.BH)KeHHH C 3a):laH· 
HO~ KOHTypHOH CKOpOCTblO B JIIOOOH TOqKe TpaeKTOpHH (caapKa KpHBOJIH

HeHHbIX H npocTpaHCTBeHHhIX lllBOB, HanJiaBKa. CJIO>KHblX noaepxHOCTeH, 
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no B1Jtlg .Jatlo'/ U muny 
cucmeMht !f npo/J/!ef!uR 

Po cnocoo!/ .JOPOH/111 { 
npoipaMH1>1 

CucmeHhl npoepoHHHOco ynpoB.lleHtUI 

no.Jlll{llOHH~le /( OHn1yp1th1e 

C ynpaB.11eHueM c ynpa8J1eHue11 
no/IOJKeHueM ompeJ1<aMu mpaef(mopuu 

Puc. 2.2. KJJacc1u1>uKaU.HH cucTeM nporpaMMHoro ynpaeJJeHHH KOOPJlHUaTaMu 3eettbeB 
MaHHnyJUJl.\HOHHblX CHCTeM csapo11Horo o6opy)J.OBaHHH 

TepMIPiecKaH peaKa n T. ,n.). KoHTYPHbie CHCTeMbI cJIO.IKHee no3HUHOH

HhIX, HO OHH MoryT HCTIOJlb30BaTbCH ,nJIH KOHTYPHOfO H TI03HUHOHHOf0 yn

paBJieHHR. 

Do cnoco6y 3a,naHHH H OTpaOOTKH nporparvIMbl, a TaI<:>Ke BH.UY npHMe

HHeMhlX TeXHHqeCKHX cpe,ncTB COY nepeMemeHHHMH pa6oqHX opraHOB 

caapoIIHoro o6opy.noaaHHR HX ueJiecoo6pa3HO pa3.UeJIHTh Ha KUfleMamutf.ec

KUe H tlUCAOBbte. 

CHcTeMbl KHHeMaTu11ecKoro nporpaMMHoro ynpaeneuHst (puc. 2.3.). 
XapaKTepnofl oco6eHHOCTblO CHCTeM 9Toro THna HBJIHeTCR 3a,naHHe seJIH· 

... 
lIHHbl If TpaeKTOpHH nepeMemeHHH B BH,l{e CMeHHeMhIX HJIH nepeHaJiaJKH-

BaeMblX reoMeTpHlleCKHX aHaJIOfOB {MO.ZI.eJieH:). 

fl 03Ul{UOHHble cucmeMbl KUHeManiutteCK020 ynpaBAeHUR c nocmORflHbl.M 

11UKAOM npe.uycMaTpHBaIOT H3MeHeHHe nporpaMMbl JIHillb AJIH BeJIHqHH 

ynpaBJIHeMhlX KOopnHHaT H He npe.n.ycMaTpHBaIOT B03M0)KHOCTH H3MeHe-

no Butly mexHM0~11ecKu.x 
Jatlav 

00 60JMOJKHOCmU 
UJMeHeHVR t(UK/10 

no cnocotfv KonupoBaHu.R 

fio 'II/CA!/ 
J<Ontipfll{}li{IJ,( /(00p01iHOm 

Konupyl(}lJ/UX 
./rfeJKtly coif oil 

{ 
{ 

{ 
{ 

{ 

C11cmeM1>1 KuHeHamu¥ecKo~o npotpt1M11H1Jzo ynpa8AeHuR 
J, ~ 

flOJlll/UOHHj/t KoHmypHh1e 
J, J, 

C nocmoAHHl>IH c nepeHCHH/J/11 
qUMOH t/U/(//011 

J, 'I 

c naccuBHhtH C OlfmU6HhlH 
t<onupoBaHueH /<.01111P080HlleM 

J, J, 

OtJ11oxooptluHamH61e HHOCfJKOOptluHamHbte 

1 

~ ~ ~ , 
c HeJa811Cll/1blMIJ c 6:JauH0Ja811cuM11111u 
/ronupylOIJ./UMll l(Onupg10IJ.{IU1ll 
dBulKeHUJlHIJ 06(J}l(eHllJ1Mll 

~ , w J, 
C HCJ08UCtJHblH C 30BllCU/161/t1 

300t1IO/,/,/lll1 J(IOOIOIJIUM 
t!BuJKeHUCH tJ8UJKeHueH 

Pnc. 2.3. K.11accH<J>HK8U.HJ1 CHCTeM KHHeMaTH1.1ecKoro nporpaMMHoro ynpaBJieHHB Koop1_vmaTaMu 
3J)CttbeB MaUUD)'JUl1'H0HHblX CHCTeM o6ppy,AOBaHIUl AJJR A)'fOBOA caapKH ff HllJJJaDKU 
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Puc. 2.4. npHlllUtn cqnrblBaHHR uporpaMMbl B CHCTeMe l\,HKJIOBOro ynpaBJleHHR MHOrOCJJOH HOA 
AYroeou cnapKoA: 
1- MaCKa-nporpaMMOHOCHTeJib; 2 - CBapO'lHblA annapaT: 3 - UITOK: 4 - noBOpOTHblH MYHJ\WTyK; 
5 - CBapHBaeMOe H3,l:(eJIHe; 6 - <PoTonpHeMHHKH; 7 - ocseTnTeJib <l>OTOilpHeMHHKOB 

HMH nocJie]lOBaTeJibHOCTH paoOThl HCnOJIHHTeJlbHblX 3JieMeHTOB, KOTopaH 

onpe,neJIHeTCH HenepecTpaHBaeMOH lJ3CTblO CHCTeMbl ynpaBJieHHH. 9TH 
u 

CHCTeMbI npHMeHHIOTCH npH CBapKe pH,na HCilOJlHeHHH OJ(HOro H3,ZJ.eJIHH' 

OTJIHqa10rn_HXCH pacCTOHHHHMH MelKJlY TOtIKaMH HJIH JIHHHHMH CBapKH, 
u 

HJIH pa3JIHqHbIMH JlJIHHaMH llIBOB, HO CBapHBaeMbie B HeH3MeHHOH nocne-
. u u u 

AOBaTeJihHOCTH, HanpHMep, np-H -MHoroCJIOHHOH ,n.yroaoH cBapKe B yaKH x 

H rny6oKHX 3330pax HJIH pa3,21-eJIK3X HeH3MeHHOH llIHpHHbl B J(Ba HJIH 

rpH npox OJiia B cJioe (37]. 
fl 03Ul{UOHHbte cucmeMbl KUHeMamutLeCKOZO ynpaBAeHUfl c nepeMel-lHblM 

u 

l{UKAO.M npe,n.ycMaTpHBalOT H3MeHeHne no 3a,D.aHHOH nporpaMMe BeJIH-
u 

llHH ynpaBJIHeMbIX KOOpJI.HHaT H IlOCJieJiiOBaTeJihHOCTH ,ne11CTBHH HCilOJIHH· 
reJibHblX 3JieMeHTOB. TaKHe CHCTeMhl 06bilIHO H33blB3IOT CHCTeMaMH UHK

JlOBoro nporpaMMHoro ynpaBJieHHH (~CTY). B npocTbIX c11cTeMax ~nY 
nocJie!{OBaTeJihHOCTb 3JieMeHTOB UHKJia 3a~aeTCH Ha lliTeKKepHbIX naHeJiflX, 

Haoopax nepeKJIIOIIaTeJieii, JI.HOJI.HhIX MaTpHuax, a seJIHtIHHbI nepeMeme

HHii - IlOJIO>KeHHeM nyTeBhIX BblKJIIOqaTeJieM, qTo CHH.>KaeT cpyHKUHOHaJib

HyIO rHoKOCTb o6opy~oBaHHH. CHcTeMa UDY, B KOTopoft noJio>KeHHe H coqe

TaH11e 38JI.aIOllIJIX nyTeBhIX 3JieMeHTOB onpe,neJIHIOT KaK BeJIHtIHHY nepe

Mell{eHHH, TaK 11 nocJie,ZI.OBateJibHOC~b paOOTbl OT,D.eJibHbIX npHBOJiiOB, pa3-

pa6oTaHHaH B H9C HM. E. 0. naroHa AH YCCP [52] npHMeHHTeJihHO 

K MHOfOCJIOHHOH CBapKe KOJihUeBhlX IIIBOB, IlOKa3aHa Ha pHC. 2.4. Depe

l\fe~eHHe no ropH30HTaJIH ocymecTBJIHeTcH nosopoToM H30rHyToro MYHJI.

wryKa, a no BepTHK3JIH - IlO,ZI.'beMOM lllT3HfH CBapotIHOfO annapaTa. 

BJIOK BBO'Aa nporpaMMbl COCTOHT H3 WTOKa co ClIHThIBa10meii fOJIOBKOH 

11 I\IaCKH-nporpaMMOHOCHTeJIH. B npouecce 3anoJIHeHHH pa3,ll.eJIKH npo

rpaMMottocnTeJih HeIIOJl.BIDKeH, a WTOK co cqHTbIBa10meif fOJIOBKOH nepe

l\1emaeTCH no sepTHI{aJIH s1v1ecTe co wraHroii csapotIHoro annapaTa 11 MYH.U

UJTy1<ol'v1. O,nnoBpeMeHHO eMy cooomaeTCH ropH30HTaJibHoe nepeMemeH11e 

or npuaoAa noaopoTa MYHJI.WTyKa. JlJJH yBeJirPieHHH TOl!HOCTH oTpa6oTKH 
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T a 6 n H u a 2. t 

Co.o.ep>1<att11e KOMaHA (noc.neAOBaTeJJbHOCTb AeficT BHD v.cnOJJHHTenbHhlX 
yCTpollCTB) 

J\\yHJllllTYK B KpaiiHeM JieBOM nono>KeHHH. 0TKJllOQeHHe OOBO-
- poTa MyH.arnTyKa. HaJio>KeHHe KOJibUeBoro eaJIHKa y 11eeoif 

CTeHKH pa3JieJIKH. flOJl'heM WTaHrH CBap011HOTO annapaTa (no 
BpeMeHH). HaJio>KeHne KOJibUeBoro aaJIHKa y nesou cTeHKH 
pa311eJJKH. B!<JuoqettHe noeopOTa MYHJI.mTyKa enpaeo. 

Mytt.nmTyK B ot1epeJI.HOM H3 cpeJI.HHX noJio.>Keuuu. 0TKJJroqe
HHe noBopoTa MYHlUIJTyKa. HaJIO>KeHHe KOJibueaoro BaJJHKa. 
BKJIIOtieHHe noaopoTa MYHJI.mTyKa B TOM )Ke HanpaeneHHH, 
B KOTOpOM OH noeopaqueaJICH no HaJIO>KeHHff yKa3aHHOfO KOJib· 
ueeoro BaJIHKa. 

Myn.nmTyK B Kpai1HeM nraeoM nO .. "IO>KeHHH. 0TKJIIOqenue nOBO
poTa MYH.!I.UITyKa. Hano>Kenue KOJibueeoro BaJIHKa y npaeoii 
CJeHKH paa.nenKH. flOJfbeM rnTaHrH cnapo11ttoro annapaTa (no 
B peMeHH). Hano>KeHHe KOJihuenoro ea .. TinKa y npaeoif CTeHKH 
paa.u.enKH. BKnIO'leHHe noaopoTa MYHJimTyKa eneeo. 

I 

-
AeapHHHbJH cTon 

n p u M e q a H u e. + ocsem.en; -- He ocsem.en. 

nporpaMMhI ropH30HTaJihHOe nepeMemeHHe cqHTblBBIOlll.eH roJIOBKH B He· 

CKOJibKO pa3 60Jibllie COOTBeTCTByIOmero nepeMemeHMH KOHua 3JieKTPOJl-
u 

HOH npoBOJIOKH nonepeK pa3,neJIKH. 

CqHThIBaIOmaH fOJIOBKa COCTOHT H3 Tpex OCBeTHTeJieH H Tpex cfJoTonpH· 

eMHHKOB, OXBaThIBaIOll.lHX Henpo3paqny10 MacKy-nporpaMMOHOCHTeJlb H 

pacnono>KeHHhIX B pH.n no ropH30HTaJIH. K0Hqn1rypau11H 6oKOBhIX KpoMoK 

MaCKH onpe,n_eJIHeTCH KOHTypoM 6oKOBhIX cTeHOK pa3JleJIKH. KoJIHIIeCTBo 
u 

BepTHKaJlbHhIX npope3eH B MaCKe 3aBHCHT OT lllHpHHhl pa3)leJIKH 11 paBHO 

tiHCJIY BaJIHKOB HanJiaBJieHHoro MeTa.n.na B OJlHOM cJioe MHHyc ,nBa. Ka:>Kl(aH 

BepTHKaJibHaH npope3b MaCKH no3BOJIHeT OJlHOBpeMeHHO OCBeTHTb TOJihKO 

OJ(HH H3 Tpex cfJoTonpueMHHKOB ClJHTbIBa10meli roJIOBKH, H JIHllib 3a npe

.ne.naMH 60KOBbIX KpOMOK MaCKH B03MO>KHa 3aCBeTKa i:lBYX cpoTonpHeMHH· 

KOB. CoJJ.epJKaHue KOMaH.n:, no.nyqaeMb1X OT cqHTbIBa10meii roJIOBKH, npH

ae,n_eHo B Ta6JI. 2.1. 
KonnzypHbte cucmeAtbl KUHeMamuq,ecKozo npo2pa1'tMH020 ynpaeAeHUR 

OCHOBaI-Ibl Ha npHMeneHHH TaKHX TeXHHqeCKHX cpeJlCTB aBTOMaTHtiecKoro 

Kon11poBaHHH (rna6JioHoB, KyJiaIIKOB, KOnHpos), KOHTYPhI KOTOpbIX npeJJ.
CTaBJIHIOT co6ofl reoMeTpuqecKHe aHaJioru (MOJleJIH) Tpe6yeMbIX TpaeK-

~ 

TOpHH nepeMemeHHH. 
CHcTeMhI c naccnBHhIM KOnHpoBaHHeM xapaKTepH3yIOTCH TeM, qro myn 

conpHKacaeTCH c 111a6JIOHOM no,U. Jl,eHCTBHeM npy>KHH, C>KaToro B03}lyxa, 

.n.aB.neHHH paooqeii }l{H~l{OCTH, CHJI TH)l\eCTH HJIH npHBOJI.OB OT ,neJihHbIX 

3BeHbeB MaH11nyJIHUHOHHOIJ CHCTeMbl. IlpH 3TOM KOnHpOBaHHe MO>KeT ocy-
u u 

mecTBJIHTbCff CHCTeMaMH npHMOfO 'AeHCTBHH, B KOTOpbIX CBapOIJHblH HH-
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" crpyMeHT >KeCTKO CBHU3aH co mynoM, H CHCTeMaMH HenpfI.MOfO ~eHCTBHR, 
B J{OTOpbIX CBapolIHhIH HHCTpyMeHT >KeCTKO CBH3aH c KOpnycOl\f .naTlJHK<I 

noJIO)l{€HHH lll30JIOHa. 0epe!v1ell{eHH5I CBapOlJHOfO HHCTpy~1eHTa B ~anpaB
neHHH KOilHpOBaHHH ocymecTBJIHIOTC51 npHBO,ll.OM, ynpaBJI51eMhI~·1 OT ,naT

qJil{a qepe3 pery.nHTop H ycHJIHTeJib ~1omHoCTH. B c11cTeMax HenpHMoro 

,ueiiCTBHH, KOilHPYIOIIJJIX ma6JIOHbl, qame BCero npH11eH5IIOTCH cpOT03JieKTpn

qeCKHe J\3TlJHKH, a B K3lJeCTBe nporpa:MMOHOCHTeJIH - qepTeJl<H, cpoTO· 

rna6JIOHbI HJIH Henpo3patIHhie MaCKH [3]. TaKHe CHCTeMhI w11p0Ko npHMeHH

rorcH B o6opy,noBaHHH ,IlJIH TepMHqecKOH pe3KH. 

]lJIH aBTOMaTH38UHH nepeMemeHHH npM HanJI3BKe TeJI spaineHHH npH

MeHHIOTC.H 0)1-HOKOOpJ\HHaTHhle CHCTeMbI npHMoro H HenpHI\-10f0 KOilHpo-

aaHHH (cM. npHJI. 2). · 
MHoroKoop,nJ1HaTHbie CHCTeMhI c n3ccHBHhIM KOnHpOB3HHeM B OTJIHqHe 

OT 0)1.HOKOOp,ll.HHaTHbIX HM€IOT ,nB3 HJIH OOJiee KOnHpyromHx ,IlBH>KeHH.H, KO

ropbie MoryT 6hITh He3aBHCHMhIMH Me>KJJ.Y co6ou HJI.H B38HM033BHCHMhIMH. 

MHoroKoop,n11HaTHb1e cHcTeMbI c He3aBHCHMhIMH Kon0py10m11MH J\BH· 

meHHHMH npe,ncTaBJIHIOT co6oii KOM6HH8UHIO JJ.Byx (a pe,nKHX cnyqaHx -

6onee) 0,l(HOKOOPJl.HHaTHhIX CHCTeM. 06b1qHo TaKHe CHCTeMbl npHMeHHIOTCH 

,nJIH ynpaBJieHHH ,IlBH>KeHHeM no HeCTporo opHeHTHpoBaHHhIM TpaeKTOpHHM 
u 

H no TpaeKTOpHHM, }J.JIH KOTOphlx aeKrop KOHTYPHOH cKopocTH noaopaqH-

BaeTCfl B npe}J.eJlaX 90° (CHCTeMbl c saB.HCHMbIM 33}].3101..I.{HM ,ll.BH}KeHHeM). 

MHoroKoop,n11HaTHbie CHCTeMbI c He3aBHCHMhIMH KOnHpy10mHMH ABH

>KeHHHMH npHMeHHIOTCH T8K:>Ke npH CBapKe lllBOB CJIO>KHOH ¢opMbl c H3-
u 

MeHeHHeM H3npaBJieHHH BeKTopa KOllTYPHOH CKOpOCTH B npe,ne.nax, 
60JiblllHX, qeM 90° (BilJIOTb JlO 360°), eCJIH OO~aH BeJIHqHH8 nepeMe~eHHH 
no Ka>K,noii H3 KOOp,l(HH3T HeBeJIHKa (,no 100-150 MM). B 9TOM c.nyqae 

Tpe6yeMblH 3aKOH H3MeHeHHH KIDK}J.OH H3 KOOp}J.HHaT MO}KeT OblTb 3a,naH 

OT,UeJlbHbIM KyJiatIKOM, a cyMM3pHoe ,nBH>KeHHe no 3a}J.3HHOH TpaeKTOpHH 

06ecneq11aaeTc.H CHHxpoHHhIM BpamettHeM HJIH nepeMemeHHeM acex KyJiaq

KOB co cKopocTbIO, nponopu110HaJihHOH Tpe6yeMoli BeJIHlJHHe KOHTypHoif 
CKOpOCTH v KOHT • 

JI.JI.ff npo<l>HJIHpoBaHHH KyJiaqKQB Heo6xo,nHMO HaHTH 3aBHCHMOCTH 

TeKyI.UHX 3HalleH.HH OT,lleJibHbIX KOOp.QHHaT OTTeKymeu ,llJIHHhl OTpa6oTaHHOi1 

rpaeKTopuH (pHc. 2.5). CymHoCTh pactJeTa 3Toii aaBHCHMOCTH cocTOHT 

B TOM, lJTO Ha TpaeKTOpHH CB3p01IHOfO JlBH/KeHHH 3a]laIOT onopHble TOIIKH 

(pHc. 2.5,a), lJHCJIO H pacnoJIO:>KeHHe KOTOpbIX onpe}J.eJI.HeTCH KpHBH3HOH 

TpaeKTOpHH, a TaIOKe cnoco6oM H ,nonyCTHMOH norpelllHOCTblO HHTepnoJIH· 
UHM. 

PaccTOHHHe flli+1 Me>K,ny JII06b1MH coce,nHHMH onopHbIMH TOtJKaMH 
BAOJib TpaeKTOpHH CBapotJHoro ,nBH>KeHHH npH JIHHeHHOH HHTepnoJI.HUHH 
MO>KHO onpe]leJIHTh H3 COOTHOIIIeHHH 

lllt+t = li+l - l, = 
= V' (xi+ I - xi)2 + (Yl+1 - Yi) 2 + (zi+I - Zi) 2 • 

Onpe,neJIHB !lli+i ,ll.JIH acex yt1acTKOB TpaeKTOPHH, JierKo nocTpoHTb 
rpacpHKH, npHBe,neHHbie Ha pHc. 2.5,6, KOTOpbie HBJIHIOTCH HCXO.DiHbIMH 

~~H npocp11n11poBaHHH KynaqKoB. TiocKOJihKY o yBeJIHqeHHeM pa3MepoB 

Pa6011eii 30HbI KY Jia1IKOBhie MexaHH3MhI cTaHoB.HTCH rpoM03.QKHMH, TaKHe 

PeIUeHHSI npHeMJieMbI TOJihKO npH CBapKe WBOB MaJiblX pa3MepoB. Oo TOH 
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PHC. 2.5. 3aHHCHMOCTH TCKYU(HX sHa'leHHH KOOpJJ.HHaT OT TeKyll(eii JJ.JIHllbl OTpa6oTaHHOil TpaeK
TOPHH B MHOrOKOOp,g;unaTHhlX CHCTeMaX c ue38BHCHMblMH KOllHPYIOll(HMH ,!I.BHlKeHHHMH /\Jiff ceapKH 
KOpOTKHX 3aMKHYTblX WBOB 

JKe npHqHHe MaHHilYJIHUHOHHbie CHCTeMbl, ynpaBJI51eMhie TaKHM cnoco6oM, 

.ll.OJI>KHhI HMeTb nepeHOCHble ,ll_BHiKeHHH, He 38BHCHMbie OT opHeHTHpy1ow_ux. 

CHHxpoHHoe H CHHcpa3Hoe 'ABH>KeHHe (apameHHe) acex KyJiallKOB Mo

>KeT 6bITb o6ecneqeHo mecTKOH KHHeMaTH1IeCKOH uenhlO HJIH 3.neKTpHqecI<HM 
- u u u 

BaJIOM - CHHXpOHHOH cne,n_5uu_eH CHCTeMOH. 

EcJIH B KOHUe UHKJia 3HaqeHH51 K3KHX-JIH60 KOOp,ll_HHaT He 6y):lyT paB

Hbl HCXO,ll_HbIM (Ha pHC. 2.5 - KOOp,UHHaTa D), HeOOXO,ll_MM o6paTHblH XO,ll 

KyJiaqKOBhIX MeXaHH3MOB TOJibKO 3THX KOOp,nHH3T H.nH 06ll.UIH oopaTHbIH 

xo,n acex KyJia1IKOBhIX MeXaHH3MOB. 

MHoroKoopJIJ1HaTHbie cHcTeMhI c B3aHM03aBHCHMhIMH KonHpy10mHMH 

llBH:meHHHMH (c naccHBHhIM KOnHpoaaHHeM) MoryT 6hITh TOJibKO HenpHMO

ro .nelicTBHH. 0HH 06ecne11nsa10T aBTOMaTH qecKoe Kon11posaHHe B npe,nenax 

nonHoro o6opoTa BeKTOpa KOHTYPHOH cKopocTH. 4To6bI o6ecneqHTb no-.. 
CTOHHCTBO Mo,nyJIH KOHTYPHOH CKOpOCTH, B 3THX CHCTeMaX npHMeHHIOT pas-

JH'fqHoro THna CHHYCHO-KOCHHYCHbie pacnpe.neJIHTeJIH (npeo6pa30BaTe

JIH), na axo,n KOTOphIX no.naeTCH seJIHqHHa, nponopu110Ha.nbHaH V KOHT, 

a c BbIXOllOB CHHMaIOTCH BeJIHqHHbl, nponopuHoHaJibHhie CKOpOCTHM B3aH

MOCBH3aHHhlX KOnHpyiomHx ,nBH)KeHHH. ,llJIH .ABYXKOOp,UHHaTHOH CHCTeMbl 

vx=== VK0H1cosa, a Vy = VKoHT sina, r.ne a - yroJI H3KJIOHa KOHTypa, OT
cqHTbIBaeMbIH OT noJIO}KHTe.nhHOro HanpaBJieHHH CCH x B CTOpOHY no

JIO.IKHTeJibHOfO HanpaBJieHHH OCH Y. B qacTHOCTH, ,u_eyxKOOPAHHaTHhie 

cpOT03.neKTpHqecKHe CHCTeMhI c B3aHM03aBHCHMblMH ABH}KeHHHMH [3]' 
ocymecTBJIHIOUJ.He aBTOMaTH1IeCKOe KOnHpoBaHHe no qepTemy' WHpOKO HC· 

u 

nOJ1h3YIOTCH B MaWHHax JlJISI TepMHt.IeCKOH pe3KH. 
C11cTeMhI c aKTHBHbIM Kon11poBaHHeM wa6.noHoB wHpOKO npHMeH5HGTCH 

u 

,n.nH aBTOMaTH3aUHH TepM11qecKOH pe3KH H CBapKH TIJIOCKHX 3aMI<HYThIX 

wnoB cJion<no.H cpopMbl. B 9THX c.ncTeMax KOnHposaHHe wa6JioHa ocyw.ecT

BJIHeTCH nyTeM ero ooKaTKH npHBO.AHbI\1 poJIHKOM - mynoM. KttHeMaTH· 

qecKaH CBH3b npHBOJlHOfO po.nHKa c wa6JIOHOM BhlflOJIH.ffeTCH JIHOO 3a 

cqer CHJI TpeIIHH, o6ecneqHBaeMbIX npy>KHHHbIM HJIH 3JieKTpoMarHHTHbl~f 
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110 Buoy mexH011oeu'lecKoii { 
JOOO'IU U 
cnocotf(I gnpoBAeHUJI 

no cnocotfg 
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c11cmeMoii 
npuBotla 
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~ 
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J, J, 
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• 
I 

1 " 
I 

C p030MKH!fmbtM 
~ If 

C Ja11KHymh1M (c11etlRlLf1JH} npuOodoM ( tJJ020BhtM) 
npuBoUOM 

' ' 'I 1 I .. 
HMfl!f/lhCHh/e AHOAOtOB1>1e Koilo6~1e 

... ..1 -.1 
Henpep1>1BH1>1e Rep(JODu'leCKue 

... (rpaJoB1J1e; 

PHc. 2.6. KnaccmJ>HKau.nsi cncTeM llflY KOOJ>JlHHaTaMH 3BCHbee r.1aH1myJUIJ..lHUHtth1x c11c-rt:M 
o6opy,n.oeaHHSI AJUI AYrOBOA cuapKH 

npHmHMOM pOJIHKa I{ rnaOJIOHY, JIH60 nyTeM npHMeHeHMH ay6tiaTOH 

HJIH ueBoqHQH rrepe~aqH. HaneJIH~ KperrHTCH Heno~BH}KHO OTHOCHTeJlbHO 

wa6JIOHa. llBH)KeHHe B~OJib 3a~aHHOro KOHTypa ocymeCTBJIHeTCH JIH60 

3a cqeT nepeMemeHHH (apa~eHHH) H3~eJIHH c wa6JIOHOM, JIH6o 3a cqeT nepe

MemettHH CBapOtIHOro HHCTpyMeHTa OTHOCHTeJibHO HeITOABH.>KHhIX lll80JIOHa 

H H3neJIHH, JIH60 npH OAHOBpeMeHHOM ~BH>KeHHH H3,lleJIHH H HHCTpyMeHTa. 

C11cTeMb1 c aKTHBHhIM KOnHpoaaHHeM npHMeHHIOTCH B KpynHocepHHHOM 

H MaccoaoM rrpoH3BOACTBe caapHhIX KOHCTPYKUHH eMKOCTeii (I..lHCTepH, 

KaHHCTp H T. n.) c ceqeHHeM B BH~e 3JIJIHnca, rrpHMoyroJihHHKa c 3aKpyr

JieHHHMH yr.noB H ~pyrHX ~OpM. 
CHcTeMbt '-IHcnoeoro nporpaMMHoro ynpasneuuH (4nY). XapaKTep

HOH oco6eHHOCTblO CHCTeM 3TOfO THila smnffeTCH npe,llCTaBJielfHe HH¢0p:!tt18UilH 

o aeJ111qHHax H TpaeKTOpHHX nepeMem.eHHH·, a 'TaKme· 0 napa~feTpax pe

>KHMOB B a.ncpaBHTHO-UHQlpOBOM BHJI.e, a nepepaOOTKa 3TOH HHcpOpMaUHM 

ocymecTBJIHeTCH c npHMeHeHHeM MeTO~OB H TeXHHqecKHX cpe.QCTB BhlqHCJIH• 

TeJibHOH TeXHHKH. CHCTeMhI 4IlY - HaH6onee fHOKoe cpe.ncTBO aBTOMa

TH3aUHH MaHHilYJIHUHOHHbIX CHCTeM TeXHOJIOfHlJeCKOfO o6opy.n.oBaHHH 

B ue.noM, B TOM qucJie cBapoqHoro. KJiaccHcpHKaUHfI CHCTeM 4IlY ~JIH 
CBapKH H HanJiaBKH npHBe):(eHa Ha pHC. 2.6. 

Oo,nrOTOBKa nporpaMMbI ,l{JIH Il03HUHOHHbIX CHCTeM COCTOHT B onpe

JleJieHHH npttpam_eHHfl KOOp~HHaT, KOTOpbie Heo6XO):(HMO OTpa6oTaTb npu 

nepexo~e B K3)KJlYIO nocJieJI.OBaTeJibHYIO n03HUHIO, HJIH aOCOJIIOTHblX 3Ha

qeHHH KOOp,ZI.HHaT 3TOH Il03HUHH (B 3aBHCHMOCTH OT THna CHCTeMbI). flpH 

60JihllIOM lIHCJie nporpaMMHpyeMhIX n03HUHM B KatJeCTBe nporpaMMOHOCH

TeJIH 06biqHo npHMeHHIOT nep¢oJieHTy, H3pe,llKa - MaCCHBbl nepcpoKapT, 

MarHHTHhie .LlHCKH, JieHTbl, 6apa6aHhI, a npH He60JiblllOM QHCJie Il03HUHH -

O~Hy (HHOrJI.a cneuHaJihHYIO) nep¢oKapTy, nep¢0JI.HCK, WTeKKepHhie 

naHeJIH (cTaUHOHapHble H CMeHHhie), ,UHO,UHhie MaTpHUhI, 6JIOKH TyM6JiepoB 

H MHorono3HUHOHHhIX nepeKJIIOliaTe.neii. CoBpeMeHHhie noattUHOHHbie 

YCTpolicTaa l.J:DY HMeIOT onepaTHBHYIO naMHTh Ha nc10 nporpaMMY. 
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nporpaMMa BBO,llHTCH B onepaTHBHYIO Il3MHTb C nep:\Jo.neHTbl HJIH _npyroro 

HOCHTeJIH O,l(HH pa3, noc.ne qero nepcpoJieHTa He HCilOJih3yeTCH npH o6pa-

60TI<e )l.aHHOH napTHH H3AeJIHH. 

CTo,npoonoe .OilHCaHHe pa3HOBH~HOCTeH fl03HI.JJfOHHhIX CHCTeM 4DY, 
HX crpyKTyp, ycTpOHCTB BBOJ!_a nporpaMMbl MO>KHO HaHTH B pa6oTe [47]. 

KoHTYPHhie c11cTeMh1 lIIlY HBJIHIOTCH 6oJiee CJIOiKHbIMH, HO BMecre 

c TeM 60.nee rHOKHMH H YHHBepcaJibHhIMH. B HacToHmee BpeMH a 3aancH

MocTH OT npHMeHHeMbIX cpeJ!_CTB 3a,l(aHHH nporpaMMbl, THila npHBOJ!_a, 

3JieMeHTHoii 6a3hI H CTPYKTYPhI ycTpoficTB l.JilY pa3JIHtiaIOT tieTbipe noKo

.neHHH KOHTYPHhIX CHCTeM l.JCTY. 

flepeoe nDKO//£HUe KOHTypHbIX CHCTeM xapaKTepH3yeTCH: BBOJI.OM npo· 

rpaMMbl Ha MarHHTHOH JieHTe B YHHTapHOM KOJI.e HJIH B BH,lle cpa30MOilYJIH

poBaHHOfO CHrHaJia (HHTepnOJIHTOp He BCTpOeH B ycTpOHCTBO LinY, pa3Me

·~aeMoe pH)l.OM c o6opy,noBaHHeM); npHMeHeHHel\f 3JleKTpOrH)l.paBJII-flieCKOfO 

waroaoro npHso,na c HaHoOJibruefl qacToTofl spameHHH 800-1000 ru 
HJIH CJie,ZIJIW.ero npHBO,l(a (3JieKTpOrH,npaBJIHlleCKOfO H 9JieKTpHqecKoro 

DOCTOHHHOfO TOKa); HCil0Jlh30BaHHeM B KaqecTBe 3JieMeHTHOH 6a3hl no-
u 

nynpoBOJ.lHHKOBhIX 3JieMeHToB; nocroHHCTBOM cTpyKTYPhI ycTpOHCTB 
4CTY. 

ll.nH Bmopozo noKoAenuR cttcTeM xapaKTepno: 3aJI.aHtte nporpaMMhI 

Ha IlHTH,llopo)KeqHofl nepcponeHTe, HanpHMep, B KOJI.e B~K-5 (HHTepno

JIHTop, BCTpoeHHhIH B ycTpOHCTBO 4I1Y); npHMeHeHHe TaKoro >Ke npHBOJJ.a, 

KaK H B nepBOM IlOKOJieHHH, HO c IlOBhII.IJeHHhlMH noKa3aTeJIHMH KaqecTBa, 

perynttpoBaHHH; HCilOJib30B3HHe B KaqecTBe 3JieMeHTHOH 6a3bl nonynpo

BOJ(HHKOBblX 3JieMeHTOB c MaJIOH CTeneHbIO HHTerpaUHH; IlOCTOHHCTBO 

cTpyKTYPhI ycTpoiicTB 4I1Y c aae,neHHeM KoppeKUHH H cTaH.napTHbIX 
U.HKJIOB. 

Tpembe noKOAeHue, pa3BHBa10meecH c cepeJ(HHhI 70-x ro,nos, oTJIHqaeT: 

sa,naHHe nporpaMMhI Ha BOChMHJ(opo*eqHoif JieHTe B KOJ1-e ISO; npHMeHe· 

HHe BbICOKOqacTOTHbIX 3JieKTpOrH.n.paBJIHlleCKHX IIIafOBhlX npHBOJ!_OB (.no 

16 Kfu) H CJie.l{HIUHX npHBO,llOB; HCilOJib30BaHHe B KalleCTBe 3JieMeHTHOH 

6a3bl HHTerpaJihHhIX cxeM co cpe,nHeH CTeneHhlO HHTerpau.HH; IlOCTOHH

CTBO CTPYKTYPhI ycTpoHCTB 4IlY c B03MO)KHOCTblO H3MeHeHHH anropHTMOB 

paoOTbl npH 3aMeHe IlJiaT IlOCTOHHHOfO 3anOMHHa10mero ycTpOHCTBa. 

l/emeepmoe noKOAenue OTJIHqaeTCH OT TpeTbero lUHpOKHM HCilOJlh30-

BaHHeM: KaHaJIOB CBH3H J(JlH BBOJI.a nporpaMMbl, nepeHOCHbIX 6JIOKOB 3JieK

TpOHHOH naMHTH, rHOKHX MarHHTHbIX )l.HCKOB, MafHHTHblX MHHH-KacceT; 

3JieKTPHlleCKOfO CJie.ZI.Hmero npHBO,na c BblCOKOMO~IeHTHhIMH Jl_BHraTeJIHMH; 

HHTerpaJihHbIX cxeM c 60JibllIOH CTeneHblO HHTerpaUHH, MHKponpouecco-
u u 

poB, onepaTHBHOH naMHTH AJIH BCeH nporpaMMbl, apXHTeKTYPbl CHCTe~Ibl 

no THny MHKpo3BM. 

no,nroTOBKa nporpaMMbI nepeMei.neHHH AJJH KOHTYPHbIX CHCTeM 4CTY 
OCHOBaHa Ha aHaJIHTHqecKOM onpeAeJieHHH KOOpJI.HHaT xapaKTepHblX ToqeK 

u 

TpaeKTOpHH, yKa3aHHH THna KpHBOH, xapaKTepa H CKOpOCTH ABH>KeHHH. 

TaKoH cnoco6 no,nroTOBKH nporpaMMbI oohrqHo tta3bIBaIOT BHellJHHM npo

rpaMMHpoBaHHeM. 

B CBapoqHOM npOH3BO)J.CTBe npHMeHSIIOT cepHHHO BhinycKaeMhie oome

npOMblll.IJieHHbie ycTpOHCTBa 4nY, qTo Il03BOJIHeT: 

HCKJllOlJHTb pa3pa60TKY JI.OilOJIHHTeJlbHhIX ycrpOHCTB 4nY H HX MO

~HcpHKaUHH, npeAH33HaqeHHbIX AJIH caapoqHhIX onepau.Hif; 
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HCil0Jlh30BaTb cepHHHbie, OTHOCHTeJibHO He.noporHe ycTpOHCTBa qny t 
OCBOeHHble 3KCilJiyaTaUHOHHhIMH cJiym6aMH npe.QnpHHTHH H o6ecne1IeHHhie 

ueHTpMH30BaHHhIM cepBHCOM H aanllaCTHMH; 
ynpOCTHTb B ueJIOM npouecc BHe.n.peHHH CBapoqHoro oGopy,noBaHHH 

c 1.JDY. _ . 
BMecTe c TeM TaKoH no,nxo,n K 11cnoJih3oBaHHIO 4CTY HMeeT pHn He,no· 

CTBTKOB: 
I) H30hITOlIHOCTh cepHHHhIX ycTpoiicTB 4CTY (ttanpHMep, no J{OCTHLKH

Moii TOlIHOCTH OTpaoOTKH, KOJIHIJeCTBY BCilOMOfaTeJihHbIX KOMaHA) H HX 

He]\OCTaTOlJHOCTb B HeKOTOphIX cJiyqaHX no lIHCJIY ynpaBJIHeMbIX no,nBH>K

HOCTeH H B03MO)l{HOCTH CBOOO]\HOfO ynpaBJieHHH napaMeTpaMH npouecca 

CBapKH; 
2) orpaHHqeHHhle Il03MO>KHOCTl1 ycTpOHCTB 4CTY, BhinycKaeMhIX }:\Jlfl 

3BTOM8TH3aI.IJfH o6paoOTKH pe3aHHeM, no HapamHBaHHIO CHCTeMhl ynpaB-
u u 

neHHH cpeACTBaMH reoMeTpnqecKOH H TeXHOJIOfHIJeCKOH ananTaUHH; 

3) H3hIKOBhie cpe,ncTBa ycTpOHCTB ynpaBJieHHH .npyrHMH TeXHOJIOfHtiec-
u 

l{HMH npoueccaMH HHorna He HBJIHIOTCH onTHMaJibHhlMH )l.JIH ycTpOHCTB 
ynpaBJieHHH cnapoqHhIMH npoueccaMM. 

OnTHMaJihHOH HBJIHeTCH Ta1<aH nocJie,noBaTeJihHOCTh 11cnoJ1b30BaHHH 

CHCTeM 4CTY, npH KOTOpoif pa3pa60TKa cpe,nCTB aBTOMaTH3aUHH CBapoq

Horo npOH3BOJ{CTBa npe.uycMaTpHBaeT MaKCHM:aJibHOe HCIIOJih30BaHHe 

cepHHHhIX ycTpOHCTB 4CTY (c Heo6XO.ll.HMOH ,nopaoOTKOH) H OJlHOBpeMeHHO 
ocymecTBJieHHe nepcneKTHBHhIX pa3paoOTOK no C03,l{8HHIO MeTO)l.OB H Tex

HHCJeCKHX cpe,nCTB, HaHOOJiee nonXOJlHllIJiX JVIH aBTOMaTH3BUHH npouec
COB CBapKH. 

llilH 3a,naq, CBH3aHHbIX c ynpaBJieHHeM noCJie)lOBaTeJihHhIMH IlOJIO.>Ke

HHHMH paooqHx opraHOB CBapoqHoro o6opy,noBaHH5I, HCilOJih3YIOT Il03H

llHOHHhle ycTpOHCTBa nY. KaK IlOKa3aJI OilhIT' BbICOI\OH HaJI.e>KHOCThlO 

B yCJioBHHX caapotn1oro npoH3BOJlCTBa o6Jia.n.aeT ycTpoiicTBo 1-IDY «Pa3 ... 

Mep 2M» (pHc. 2.7). YcTpOHCTBO COCTOHT H3 pH,na cpy1-1K~HOHaJibHO Ii 

l{OHCTPYKTHBHO 3aI<OHlJeHHhIX llaCTe1i - y3.nOB. 

Yae~ oooaa (YB) npe,nHa3HaqeH JlJIH BBO)la nporpaMMhl H ynpaBJieHHH 
paooTOH ycTpOHCTBa. 

n YAbm eeoaa, HBJIHIO~HHCfl qaCTblO Y3Jia BBO)l.a, npentta3HalleH nJIR 
BhI6opa cnoco6a 3a)laHHH nporpaMI\fhI (pyqHOH BBO)l llJIH BBOJl c JieIITbr), 

pe)KHMa 0Tpa60TKH nporpaMMhl (aBTOMaTHlleCKOH H noJiyaBTOMaTHqecKoII) 

H BbI~Bl:IH KOMaHAbl «CTycK» nporpaMMhl. npu pyqHOM BBO)le nporpaM~·la 
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Ha6HpaeTcH na noJie 3a):laHHSI nyJibTa BBo.na. Op11 BBo)le nporpaMMhI c nep .. 

cpoJieHThI y3e.n nso,na ynpaBJIHeT ¢omoC'lumbt8a10U{UM ycmpoucmeoM, npu 

3TOM o6ecne4HBaeTCH noKa.npoBoe cqHThIBaHHe HHcpopMaUHH. He3aBHCHMo 

OT cnoco6a 3a)J.aHHSI nporpaMMbI MCXOJ{.HaH HHcpopM3UHH BbI,U.aeTCH H3 Y3Jia 
sao.na B BH,ne nocJie.noaaTeJibHOro Ko.na ISO (7/bit) H nocTynaeT B onepa. 

THBHOe 33IlOMHHaIOIUee ycTpOHCTBO (03Y). CTpe_nyCMOTpeHO lleTbipe noJiy. 

aBTOrviaTJ·PieCKHX pe>KHMa pa60Tbl ycTpOHCTBa, KOTOpbie OTJn1qa10TCSI pa3 .. 

MepoM aBTOMaTHqecKH OTpa6aTbIBaeMhIX qacTeii nporpaMMbI: 

I) 6. - pe>KHM oTpaooTKH nporpaMrvihI no qacTHM aBTOUHKJia; 

2) CTC - pf}KHM flOKa,npOBOH OTpaOOTKH nporpaMMbI; 

3) pe>KHM oTpaooTKH nporpaMMbI .no Bbr6paHHoro no HOMepy Ka.npa N; 
4) pe>KHM OTpa6oTKH nporpaMMbI .no Ka.npa c KOMaH.noli MOI. 
B 03Y KO)l 7/bit KOHTpO.TIHpyeTCH no lJeTHOCTH H npeo6pa3yeTCSI B KO~ 

1-2-4-8-K (Ko,n ycTpOfICTBa HJIH KO){ CCTY), KOTOpbIH pacnpe,neJHI

eTCH no COOTBeTCTBYIOIUHM perHCTpaM 03Y. ECJIH BO BXO,nHOM KO,ll.e o6Ha

py>KeHa owH6Ka, TO 03Y BhI)laer B YB cHrHaJI «3anper aao.na», npH Ko

TopoM 3anpemaeTCH .naJihHeiiwHH sao.n H oTpaoorKa nporpaMMbI. HHcpop

MaUHH, xpaHHw_aHCH B 03Jl, BbI)laeTCH KOJl.OM CnY Ha KOJI.OBbie llIHHbl ycT-
u . 

poHCTBa. 

BpeMH BhI)laqH HHcpopMaUHH Ha KO)lOBhie IllHHbl onpe)leJIHeTC.51 no CHH· 

xpoc11rHaJiaM, KOTOphie nocrynaIOT H3 Y3Aa o6cAy3/CueanuR (OY). Y3eJI 

o6cJiy>KHB8HH5I Bbl)laeT CHHXpOCHfH8J1bl, ocymecTBJIHeT KOHTpOJlb KO,ll.a 

COY Ha lUHHaX ycTpOHCTBa no qeTHOCTH, npOH3BOJI.HT onepaUHH BblqHcJieHHH 
., 

H cpaBHeHHH KO,U.a H ynpaBJIHeT pa3BepTKOH 3JieKTpOHHO-Jiyqeaoro HH)lH-

KaTopa. Ha HH)lHKaTop BbIBO)lHTCH ,no 160 CHMBOJIOB, qTo 06ecneq11Baer 

onepaTHBHbIH KOHTpOJib TIOJIO>KeHHH pa6oqero opraHa, HH,ll.HK8UHIO BCilO

MOfaTeJibHOH HHcpopMaUHH H OUJHOOK orpa60TKH nOJIO)KeHHH. 

YaeA KOppeK4uu npe,nHa3Ha11eH ,nJIH ycTaHOBKH HaqaJia orctieTa nono
>KeHHH MexaHH3MOB CT8HKa H yqeTa pa3MepoB HHCTpyMeHTa. 

B Y3Ae aam'iUKOB (Y JJ.) CHfHaJibl OT ,naTqHKOB flOJIO)KeHHH npeo6pa3y

fOTCH B KO,ll., COOTBeTCTBYIOllJ.H if cpaKTHqeCKOMY TIOJIOJKeHHIO MexaHH3MOB 

OTHOCHTeJibHO aOCOJIIOTHOrO HYJIH (B ycTpOllCTBaX C CeJihCHHHblMH ,naT

IIHK3MH) HJIH OTHOCH'reJihHO HYJIH, ycTaHaBJIHBaeMoro B perHcTpax y3Jia 

,naTqHKOB npH BKJIJOqeHHH IlHTaHHH (B ycTpOHCTBax c HMnyJihCHbIMH ,naT

q11KaMH). 11HcpopMaUHH H3 y JJ. BbIJI.aeTCH Ha KO,nOBbie WHHhl YCTflOHCTBa 

nopa3pH,nHo B KO)le CilY. 
B Y3Ae cKopocnietl H3 HHcpopMaUHH, nocTyna10me:H no I<OJJ.OBhIM llIHHaM 

ycrpolicraa H H3 YO, BhI)leJIHIOTCH: cttrHaJibI BhI6opa MexaHH3MOB; cHrHaJihI 

CKOpocTeH: H HanpaBJieHH5I nepeMemeHH5I MexaHH3MOB; K01\18H,Ubl rpynnhI 

M. 
EAoK BHeuu-tux pas'Oe.Jrtoe npe.nHa3HatieH ,nJIH CBH3H Me>K,ny ycTpoiicTBOM 

H CTaHKOM. 

B HHCTHTyTe 3JieKTpocaapKH HM. E. 0. naTOHa AH YCCP ycTpOHCTBO 

l.JCTY «Pa3Mep 2M» npHMeHeHO J(JIH ynpaBJieHHH ycTaHOBKOH )lJIH ,nyroBOH 

npHBapKH KpyrJibIX 6o6hIWeK K JIHCTaM H JI.JIH KOHTaKTHOH ToqeqHoH 

caapKH KJiern_al\1H JIHCTOBhIX KOHCTPYKUHH. B oooHx cnyqaHx caapoIIHhIH 

HHCTpyMeHT nepeMe!4alOT c nOMO~blO JlBYXKOOp)lHHaTHoro MaHHilYJIHTOpa 

B nJIOCI<OCTH X-Y OTHOCHTeJibHO Heno,nBH.>KHoro H3}leJIHH. CTpHHUHn 

lJHCJIOBOfO ynpaBJieHHH Il03BOJIHeT nporpaMMHpoBaTb o6xo.n ToqeK no-

3HUHOHHpOBaHllfl B Jno6oM 3a,naH1-IOM nop.HJI.Ke JlJlff MHHHMtt3aIJ.HH nyTM 
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Puc. 2.8. CTJ>YKTypean cxeMa ycTpoiicTaa I.JOY H55- IM 

H BpeMeHH nepeMemeHHH JIHOO ,nJIH MHHHMH3aUHH OCTaToqHblX .necpopMa
UHH H3,lleJIHH, B03HHKalOIIlHX B pe3yJibTaTe CBapKH. 

qny «Pa3Mep 2M» HMeeT MO,nHcpHKaUHH .n.nH pa60Tbl c cpOT03JieKTpH
qecKHM JJ.3T11HKOM OOJIO>KeHHH H C CeJibCHHHblMH ,LJ.aTqHKaMH. IlocJieAHHe 
HMelOT OOJibUJHe raoapHTbl H KOHCTPYKTHBHO CJIO:>KHee, HO o6ecnellHBaIOT 

u ~ 

BbICOKYIO noMexoycToHqHBOCTb CHCTeMbI. 
,[{JIH ynpaBJieHHH .l(BH>KeHHeM no TpaeKTOpHSIM CJIO>KHOH cpopMbl (.ny

roBaH H 3.neKTpOHHO-JiyqeBaH CBapKa) MO>KHO Hcno.nh30B3Tb KOHTypHbie 
ycTpolicTBa t.IDY. HanpHMep, ycTpoilcTBo lJCTY H55, KOTopoe 06ecneq11-
BaeT 0,lJ.HOBpeMeHHOe ynpaB.neHHe nepeMemeHHHMH no nHTH KOOp.llHHaTaM, 
MO>KeT HCilOJlb30BaTbCH llRSI ynpaa.neHHH CBapKOH lllBOB CJIO>KHOH cpoprvlhl 
H HannaBKoii c.no>KHhIX KpoMoK, noaepxHocTeiL YcTpoiicTBo l..JDY 
(Yl.JCTY) H55 BhlnycKaIOT B .nsyx MOJ.(HQlHKaUHHX! H55 .. IM - JI.JIH rnarono
ro npHBo,na; H55 .. 2M - ,ll.JIH CJie~s:imero npueo.na. CTpyKTypttaH cxeMa 
ycTpoficrBa H55 .. IM npHBe.neHa Ha pHc. 2.8. 

YcTpoiicrao ynpaB.neHHH (JIY) npeJLHa3HatieHo ARH ynpaBJieHHH, CHH
xpoHH33UHH H KOHTpoJis:i OTJleJibHhIX oJioKoB Yt.IDY. CTpyKTypHaH cxeMa 
yy BKJIIOqaeT: 

cxeMy npHe~a H JleIIIHcppauHn MHKpOKOMaH,n (Ml() M3 ycTpOHCTBa 
naMHTH Ml( (J-llJ11(); 

reHepaTop TaKTOB, BKJIIOllaJOIIJJIH 3a)l.aIO~HH reuepaTop, cxeMy Bbipa· 
OOTKH TaKTOB, CHHXpOHH3aTop, cxeMy OCT3HOBa no a,npecy, cxeMy <}>op
MHpoBaHHSI CHfHaJia OllIHOKH, cxerv1y ycTaHOBKH HCXOAHOfO COCTOHHHH; 

¢opMHpoBaTeJib perHcTpa a.npeca MK; 
nyJihThl onepaTopa KOppeKUHH H HaCTpOHKH; 
AJIY - apHcpMeTHKO-JiorHqecKoe ycrpoiicTBO, npe,ll.Ha3HaqeHHoe ,nJifl 

BhITIOJIHeHHSI apH<})MeTJiqeCKHX H JIOfHlJeCKHX onepauH:H Ha,lli BXO,l(HOH 
HHcpopMauHeiI, nocTynaiomeii 113 6JIOKOB JIBB, fl03JI, YflMK H c nyJib
TOB AJJY; 

fl03Jl - noJiynpOBO,ll.HHKOBOe onepaTHBHOe 3anOMHHaIOi.nee ycTpo11 .. 
CTBO, o6ecnetiHBaIOII(ee xpaHeHHe HHcpopMaUHH eMKOCThlO 128 CJIOB no 
26 pa3p5!.1J;OB, BpeM.H BhI60pKH 0,4 MKC, a BpeMH o6pam.eHHH - l MKC; 
B YBB - yc-rpoHcrno BBo.n;a-Bhrno.n;a, npe.n;Ha3HaqeHHoe Jl.JIH BBo.na 

Y4DY HHcfiopMau00 c BOChMH.n;opmKeqHoH nep¢oneHThl H Bhrno.na HH
cl>opMarurn Ha MOK HH)J.HKaUHH Fl qepe.s 6JIOK OilTpOHOB (EO) Ha CBapoqHylO 
YCTaHdBKy; 

2 0.7J 
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Puc. 2.9. CTattOK Y J).321 c qny ){JUI n,yroeosl csapKn weos c.'tOJKHOH cf>OPl\thJ 

y JI w fl - ycTpOHCTBO ynpaBJieHHH marOBbIMH npHBOJ{aMH' npe,zi:Ha3-
HaqeHHOe J{JIH npeo6pa30BaHHH, ¢opMHpOBaHHH H ycHJieHHH CHrHaJIOB 

YHHTapHoro Ko.na, nocTynaIOll(HX H3 BblqHCJIHTeJU1, B CHfHaJibl ynpaBJieHHH 

TOKaMM cpa30BblX o6MOTOK maroBblX 'ABHraTeJieH THIIa lll,ll·5JJJM-Y3; 

BO - 6.TIOK onTpoHoB HBJIHeTcsi cocTaBHOH qacThIO ycTpolicTBa H npe.n· 
Ha3HaqeH JVIH raJihBaHHqecKoii pa3BH3KH H corJiacoBaHH.51 Y4rIY c CH· 

noBhIMH uenHMH MaHHnyJIHTopa. HH<t>opMaUHH nocTynaeT Ha see BXOAhl 
H BhIXOJ{bI oJioKa napaJIJieJihHO. B cocTaB BO BXOJ{HT nJiaThI BbIXO.D.HhIX 

u u 
onTpOHOB, BbIXOAHbIX ycHJIHTeJieH, AeJIHTeJieH, BXO'AHhIX onTpOHOB, CBH3H 

c ycTpoflcTBOM CBH3H c nyJihTOM (J!Cfl), a TaK>Ke 6noK CBH3H HMnyJihCHoro 

,naT1IHKa: 
JICC - ycTpOHCTBO CBH3H co ~CTaHKOM (cBapotIHOH ycraHOBKOH), npe)l

Ha3HaqeHHOe J{JIH npeo6pa3oBaHHH CHfHaJIOB BhlqHCJIHTeJIH B CHfHan~ 
u 

ynpaBJieHHH aBTOMaTHKOH H npHBOJ{3MH. 

YcTpoft:cTBo Y'-IrIY H55 BhinoJIHeHo no cTpyKType cnenuaJIH311poBaH

HOH 3BM c MHKponporpaMMHhIM ynpaBJieHHeM. MHKpoKoMaHJU>I xpaHHTCfl 

B n3Y eMKOCTblO 2K 76-pa3pH,nHbIX CJIOB. YI.JOY H55 o6ecneIJHBaeT: 

BhIXOA B HCXOJlHYIO TOqKy no BCeM KOOpAHHaTaM c noMOW.blO nyTeBhIX 

nattIHKOB rpyooro H TOIJHOfO OCTaHOBa; JIHHeHHYIO HHTepnOJIHUHIO no 
DHTH KOOp.ll.HHataM H Kpyroayro - no TpeM, a T3K>Ke pa3fOH B HatJaJie 

u v 

.UBH>KeHHH H TOpMo>KeHHH npH no.n.xo.ne K 3a.naHHOH TO'CJKe no 3a,naHHOH 

nporpaMMe. 
YcTpoiicTBO Y'-ICTY H55-1M 6hIJio npHMeHeHo, HanpHMep, ,nnH ynpaa

JieHHH cTaHKOM Y,ll327 (p11c. 2.9) JI.JIH caapKH KopnycHhIX KOHCTPYKUHM 
HeooJihillHX ra6apHTHhIX pa3MepoB. MaH11nyJIHTop ropeJIKH HMeeT TpII 
nepeHOCHbIX IlOJI.BH}l{HOCTH c BeJIHqHHaMH XOJ{OB (X .= 500 MM, }7 =400 MM, 
z = 320 Ml'vt) H ,l{Be opHeHTHpyIOru_He no,nBH:>KHOCTH, o6ecneqnBalOIUHe spa· 

lijeHHe ropeJIKH BOKpyr BepTHl{aJibHOH OCll Ha yroJI 380° H HaKJIOH ee 
Ha yron 0--90° OTHOCHTeJlbHO sepTHKanH. B KOMnneKT CTaHKa BXOAHf 
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PHc. 2.10. CTpyKTypHaSI cxeMa ycTpOHCTBa l'l!D)'-2M-43 

,l(Byxn03HUHOHHblM nosopoTHbIH CTOJI H ~Ba MO~YJIH BpameHHH H3,ll_eJIH.H. 
JlJIH CBapKH yrJIOBbIX ll1BOB CJIO>KHOH cpopMhl, pacnoJio>KeHHhIX B IlJlOC

KOCTH HJIH Ha nosepxHocTH UHJIHH)J.pa, y.no6HhI 6oilee npocTbie Y4CTY H33, 
KOTOpbie lllHpOKO HCilOJib3YIOTC.H Ha OTelleCTBeHHbIX 3aBOJJ:aX ,nJIH ynpaBJie

HHfl MeTaJIJiope*YII1-HMH cTaHKaMH. YY:nY H33 06ecneq1-1saeT o~Ho}3pe~ 
MeHHOe ynpaBJieHHe nepeMemeHHHMH no TpeM KOOp)J.HHaTaM npH JIHHeHHOH 
HHTepnoJIHUHH H no .nsyM - npH Kpyroaoii. Opw ynpaBJieHHH caapollHbIM 
CTaHKOM ,l{Be KOOp,ll_HHaTbl HCnOJib3YIOT ,UJIH o6ecnelleHHfl CBapoqHoro ,ll_BH-
>KeHHH, a TpeThlO - .D.JIH opHeHTaUHH CBap011HOH ropeJIKH no)l 3a,zi_aHHbIM 
yrnoM K JIHHHH lllBa. Y4DY H33 BhlnycKaIOT B JlByx Mo,nH<}lHKaUHHx: 
H33- lM pacc11HTaHo Ha waroBhIH npHso_n H H33-2M - Ha cJie,nJIW.HH 
npHBO,Il.. 

B onHcaHHhIX BhIIIJe ycTpoi1cTBax 4CTY nporpaMMa 3a,uaeTCH Ha nepcpo
JieHTe B KO,n.e ISO. nep<}loJieHTa nepeMemaeTCH B XO,lle 0Tpa60TKH nporpaM
Mbl IlOKa,npOBO. OocJie OKOHllaHl-B1 UHKJia nepcpoJieHTa 8BTOMaTHqeCKH 
nepeMaTbIBaeTCH B HCXOJ(HOe IlOJIO>KeH11e H UHKJI IlOBTOpHeTCH no KOMaHJJ:e 

onepaTopa HJIH no noJiylleHHH aBTOMaTHlJeCKH c}lopMHpyervIOH KOMaH,ll_bl 
0 rOTOBHOCTH oqepeJ(HOfO H3,l{eJIHH K CBapKe. 

CoBpeMeHHhie ycTpoiicTBa 4CTY HMeIOT naMHTh Ha BCIO nporpaMMY. 
K 3THM ycTpoi1cTBaM OTHOCHTCH yqnY-2M-43, 2C85 H ,npyrHe, nocTpoeH
Hh1e Ha 6a;3e MHKpo3BM <<3JieKTpoHHKa 60». CTpyKTypHasi cxeMa yqny. 
2M-43 IlOI<a3aHa Ha pHc. 2.10. 06MeH HHcpopMauHeH Mem,ny ueHTp8JibHbIM 

npoueccopoM (II.fl) H nepH¢epniiHhIMH ysJiaMH ycrpoiicTBa ocymecTBJIHeT
C5I no OCHOBHOH H BHyrpeHHeii MafHCTpaJIHM. 

OcHosi:aH MarncTpaJib npe,ucraBJIHeT co6oii KaHaJI MHKpo3BM, Bbl· 
noJIHeHHhIH no THny KaHa.na «06maH WHHa», K KOTopof1 KpoMe All.fl 
Henocpe.n.crBeHHO IlOJJ:KJIIOtieHbI .ZUIHaMHqecKoe 03Y H ycTpOHCTBO ynpaB

JieHHH BJ' 06ecne1lHBaIOmHe CBH3b OCHOBHOH MafHCTpaJIH c <PCJ!, a Ta1<.>Ke 

c 3CTM «KoHcyn 260» HJIH nyJibTOM oneparnpa. OcTaJibHble nepmpepHH
Hbie Y3Jibi ycTpoiicTBa CBH3bIBaIOTCH c OCHOBHOii: MafHCTpaJiblO qepe3 
2• 
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BHyTpeHHIOIO MarHCTpaJib npn IlOMOmH llJHHHoro COf JI3COBaTeJIH " a)lan
Tepa. 

BHyTpeHHHH ~1ar11cTpaJib cocTOHT H3 OJI.HOHanpaBJieHHhIX mHH. Ona 
ooecneqHBaeT CBH3b LI.fl c nepiupepHHHblMH Y3JiaMH ycTpOHCTBa H CBH3b 
ycTpOHCTBa c BHeWHHMH o6'be{{T3MH. 

CorJiacoBaHHe MHKpo3BM H HHTepcfJeiicuoro 6.noKa ocymecTBJIHeTCH 
u c IlOMOl.I.(blO lllHHHOfO corJiaCOBaTeJIH, KOTOpbIH pacnoJIO>KeH B KapKace 

c neqaTHblMH nJiaTaMH MHKpo3BM. 
AnanTep ooecnequBaeT CBH3b ll,fl c a6oHeHTaMH BHyTpeHHeH MafHCTpa

JIH nyTeM TpaHccpopMaUHH nepe,nasaeMhIX cHrHaJioB. KpoMe Toro, e a):lan
Tepe ¢opM11py10TCH Heooxo,nHMhle .llJIH o6Meua ynpaBJIHIOI.IJ.He cHrHaJIH, 
a TaK}Ke ocymecTBJIHeTcR sanoMHHaHHe H .nemHcppauHfl a,npeca a6oHeHTa 
Ha BpeMH CBH3H c HHM ll,ll. 

CTJiaTa a)l.pecauHH 3anoMHHa10mero ycTpolicTBa (3Jl) o6ecneqHaaer 
HatJaJibHOe oopameHHe 11,fl K MaCCHBY 3Jl, xpaHHll{eMy opraHH3YIOI.IJ.YIO 
nporpaMMY. . 

nnaTa YMHO>KeHHH npe,nHa3HaqeHa .llJIH annapaTHOfO YMHO>KeHHH 
.nayx 16-pa3pH)l.HblX )l.BOHlJHhIX q11ceJI. 

TaiiMep no3BOJIHeT cpopMnpoBaTh aanporpaMMHpoBaHHhie BhI,nep>KKH 
BpeMeHH, no KOTOpbIM opraHH3YIOTCH CHrHa.nbI npepbIBaHHH paOOTbI IJ,n. 

B onepaTHBHOM aanoMHHa10meM ycrpoiicTBe (03Jl) xpaHHTCH opra-
u 

HH3YIDmaH nporpaMMa, CTaHOtIHble KOHCTaHTbl H BeJIHlJHHbl KOppeKUHH. 
00CTOHHHOe 3ailOMHHaIOIUee ycTpOHCTBO (fl3J1) npe):lHa3HaqeHO )lJijl 

xpaHeHHH H CtIHTbIBaHHH nporpaMMHOfO ooecnetJeHHH YlICTY-2M-43, 
npHlleM xpaHeHHe nporpaMMHOfO o6ecnetieHHH ocymeCTBJIHeTCH npH BKJllO
qeHHblX H OTK.nIOqeHHblX HCTQqHHKax IlHTaHHH. fl3Jl pa6oTaeT B COCTaBe 
Y4nY KaK acHHXpOHHoe naccHBHoe ycTpoiicTao, cocToHmee H3 16 El1C 
naMHTH, JIOfHqecKHX cxeM a,npecauHH H ynpaBJieHHH. 

Pacnpe,AeJIHTB.1h npeACTaBJIHeT coooii JIHHeHHhIH HHTepnoJIHTOp, B KO
Toporvi ¢opMHPYIDTCH B yHHTapHoM Ko.ne HMnyJihChI, sa,naIOmHe Jl.HCKpeT
Hhie KOOpAHHaTHbie nepeMemeHHH HCilOJIHHTeJlbHOfO opraHa CTaHKa 
(HOC). Pacnpe,neJIHTeJih HBJIHeTCH THIIOBhIM ycTpoucraoM H paccqHTaH 
Ha 8 KOOp,AHHaT. 

IlJiaTa CBH3H C npHBO,AOM npe,nHa3HaqeHa )l.JIH cor.naCOBaHHH no 
JJ.JIHTeJlbHOCTH H ypoBHHM HMilYJibCOB YHHTapttoro KO,l{a OT pacnpe,neJIHTeJIH 
c BXO):(aMH nJiaT ycTpoli CTBa ynpaBJieHHH waroBoro npHBO)la (JIJI w fl) 
R raJibBaH11qeCKOH pa3BH3KH ueneff HHTepclJeHCHOfO 6JIOKa H 3JieKTpHqeCKH X 

u 
uene11 npHBo,na. 

B HHTepcpeiice nyJihTa onepaTopa npoHcxo.nHT o6MeH HHcpopMauueii 
Me}l{,ny nyJibTOM onepaTopa H BHyTpeHHeH MarHCTpaJihlO ycTpOHCTBa. 

Mo.ny.nh aao,n_a HHcpopMaUHH npe,nHa3HaqeH JVIH raJihBaHHqecKOH pa3-
BH3KH JIOfHlJeCKHX ueneii HHTepcfJeflcHoro 6JIOKa OT 3.neKTpl-PieCKHX ue· 
neii cTaHKa, YYIIIn MJIH 9BM Bhicmero ypoBHH, a TaK>Ke cornacosaHHH 
ypoBHeff cHrHaJioB, npHHHMaeMbIX no 3THM uenHM. Mo,nyJih Bb1ao.na MH· 
cpopMaUHH npe,AHa3HaqeH ,ll.JIH raJibBaHHIIeCKOH pa3BH3KH JIOfHtieCKHX ue· 
nett HHTepcpeHCHOfO 6JIOKa OT 3JieKTpHqecKHX ueneii BHellIHHX ycTpOHCTB, 

u a TaK>Ke corJiacosaHHH ypoBHeH CHrHanoB, nepe,naaaeMhIX no 3THM uenHM. 
B ueHTpa.nhHOM npoueccope npoHcxo,nHT o6pa6oTKa HHcfJopMauHH. 
Y cTpoiicTBO B I 06ecneq11aaeT ynpaBJieHHe sneKTpHcpHUHpoBaHHOH nH· 

mymeu MaWHHOH «KOHCYJI 260», <PoT03JieKTpHtieCKHM ycTpOHCTBOM BBo,na 
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c neptJx>JJeHThI «PS-1501», nyJibTOM oneparopa B COCTaBe 9BM THna «3JieK

TpOHHKa 60». 
nynhT onepaTopa npe~Ha3HaqeH ~JIH cpopMHpoBaHHH no3HUHOHHoro 

KO,ll.a f\iteCTa nepeKJIIOl!aTe.TieHU, ycTaHOBJieHHhIX Ha 6JIOKe KJiaBHaTypbI, a TaK· 

}J{e cBeTOBOlf H CU.MBOJibHOH HHJIJ1KaUHH HHcpopMaU.HH. 
Bao)l nporpaMMhI c nepcpoJieHTbI npoH3BOJJ.HTCHU OJIJIH pa3 - npH sanyc

Ke B o6pa6oTKY Ha ,lJ.aHHOM craHKe napTHH H3AeJIHH AaHHOfO THnopa3Mepa. 

np 11 oTKJIIOqeHHH nHTaHHH np(jrpaMMa coxpaHHeTCH B naMHTH Y4CTY 
8 TeqeHHe 72 qacoB. Ha nyJihTe onepaTopa 06ecne1n1BaeTcH aJicjlaBHTHO

uncpposaH HHJI.HKaUHH HoMepa Ka)lpa, TeKymero noJio>KeHHH pa~o11ero 
opraHa OTHOCHTeJihHO HCXO)lHOfO noJio>KeHHH, pe>KHMa paoOTbl ycTpOHCTBa. 

Dpe,nycMOTpeHa KOppeKUHH CKOpOCTH noJJ.aqM B ,nuana30He 10-120 %, 
a TaK)Ke B03MO}l{HOCTb .naycTopoHHeH CBH3H c 3BM BepxHero ypOBHH. 

CTaHKH 11 ycTaHOBKH c nporpaMMHhIM ynpasJieHHeM nepeMemeHHHMH 

mHpOKO npHMeHfflOTCH B caapoqHQM npOH3BO,l(CTBe, oco6eHHO B CB513H 

c aBTOMaTH3aUHeH H pOOOTH3auHeH TH>KeJlblX H BpeJJiHblX ,l(JIH 3AOPOBbH 

CJeJioBeKa paooT. 

2.3. CHcreMbl nporpaMMHoro ynpaaneHMJI caapo'IHblMM qwKnaMM 

HaH6oJiee npocThie nporpaMMhI ynpaBJieHHH caapo1.1HhlMH UHKJiaMH Bbl· 

IlOJIHHlOTCH npH MeXaHH3HpOBaHHOH JIYfOBOH CBapKe no.a_ cpJIIOCOM H B 38-

ll{HTHblX ra3ax. CTporpaMMa paooThl 9THX ycTpoflcTB 3aJio>KeHa mecTI<o 

yme Ha 3Tanax pa3paoOTKH H H3fOTOBJieHHH o6opy,noBaHMH H Il03TOMY 

KaI<He-JIHOO H3MeHeHHfl ee B npouecce 3KCnJiyaTaUHH 3aTpyJJ.HeHhl, no-
u u u u 

CKO.nhKY 3TO CBH3aHO c nepecTpOHKOH 9JieKTpHqecKOH H KHHe}\1aTHqecKOH 

cxeM. CaMbIH pacnpocTpaHeHHhIH cnoc66 npe.n.cTaBJieHHH nporpaMMbI -

onucanue. On11caHHH pa3.ZI.eJIHIOTCH no cTeneHH $.opMaJIH3aU.HH. HaHMeHee 

cpopMaJIM30BaHHhIM HBJIHeTCH co,nep>KaTenbHOe OilHCaHHe Ha ecTeCTBeHHOM 

H3bIKe, K KOTOpOMY ,llJIH 60JibIIJeH HCHOCTH H HafJIHJI_HOCTH MOryT npHJia
raTbCH Ta6JIHl.lbl, ,ll.HarpaMMbl H .n.pyroii HJIJIIOCTp8THBHblH MaTepHaJI. 

lIIHpOKOe pacnpocTpaHeHHe Jl.Jlfl OilHCaHHH nporpaMMbl pa60Tbl 060-

py,noBaHHfJ TIOJIYllHJIH UHKJIOrpaMMbl. I.(HKJIOrpaMMbl aHa.norHllHbl BpeMeH
HhIM J{HarpaM~faM H OTJIHqaIOTCH OT noCJie.lI_HHX JIHIUh TeM, qTo HX Bbl1Iep

q11aa10T Ue3 C06JIIO)I.eHHH MaClllTa6a BpeMeHH. OporpaMMY pa60Tbl o6opy

,lI.OBaHHH MO.>KHO npe,ncTaBHTb TalOKe B BH)J.e 6JIOK-CXeMbl aJiropHTMOB, 

rp~cpa cpyHKUHOHHpoBaHHH [57) H ,npyrHMH cnoco6aMH. HHme paccMaTpH

BaJOT::SI CHCTe~ibl nporpaMMHoro ynpaBJieHHH CBap01IHblMH UHKJiaMH ,ny· 
roBOH CBapKH, Jl..nfl OilHCaHHH KOTOpbIX HCilOJlb30B8Hbl HaH6oJiee pacnpo

crpaHeHHbie Ha npaKTHKe cnoco6b1 npe,ncTaBJieHHH anropHTMa ¢YHKUHO· 
HHpOBaHHH. 

~ nporpaMMHOe ynpaeneuue .l\HKJIOM MexaHH3HpOBaHHOH ceapKH 
e cpe.n.e 3am_HTHblX rasoe. Ha p110. 2.11 npHae.neHa UHKJiorpaM~Ia pa6oTbI 

6JIOKa nporpaMMHoro ynpaBJieHHH CBap011HbIM noJiyaBTOMaTOM, C03,ZI.aH
Horo COBMecTHO 113C HM. E. 0. naroHa AH YCCP H BHl1113CO H oc

BOeHHOfO B cepHHHOM npOH3BOJ1-CTBe. BJioK no3BOJIHeT ocymecTBHTh yn
paBJieHHe npoueccaMH CBapKH )l.JIHHHbIX, KOpOTKHX llIBOB H CBapKH TQql{aMH. 

CsapKa .llJIHHHhIX rnaoa Ha1111HaeTCH nocne o,nHoKpaTHoro Ha}KaTH H 
0e OTnycKamrn KOMaHJJ.Hoif KHOnKH «nycK», pacnoJio>KeHHoif Ha pyKOHTl{e 
A P>KaTeJIH ropeJIKH (pHc. 2.11,a). OpH 9TOM cpa6aThlBaeT KJianaH ra3o-
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Puc. 2.11. l{HKJJorpaMMa paoor&1 6.110Ka nporpaMMHoro ynpaBJieHHR csapo11eb1M nonyaBTOMaTOM 
e pe:JKnMax: 
a) CBapKa AJIHHHWX WBOB; Ci) CBapKa KOPOTKHX WBOB; B) ceapKa TO'iKBMH 

OTCeKaTeJIH H qepe3 Hepery.nHpyeMoe BpeMH, paBHOe 0,5 c (Ha BpeMeHHOH 

OCH UHKJIOrpaMMhl 9Ta Bhl)lepLKKa BpeMeHH He nOKa3aHa), BKJIJOqaeTCH 
u 

}l.BHfaTeJih no,natIH 3.TieKTPOJI.HOH npOBOJIOKH H HCT01IHHK CBapo11Horo TOKa. 

CTpH 3aMhIKaHHH 3JieKTPOJI.a Ha cBap11aaeMhIH MeTaJIJI B036y}K)laeTCH ,nyra 

H HaqHHaeTCH caapKa, KOTOpa.si npOJI.OJI.>KaeTCH JI.O IlOBTOpHoro H8}1{8THH 

KHOilKH Ha JI.epmaTe.ne ropeJIKH. IlocJie 9TOro OCTaHaBJIHBaeTCH JlBHraTe.nh 

no,naqH 3JieKTpO,nHOH npOBOJIOKH, npOHCXOJI.HT ee ooropaHHe H ,nyra rac

HeT. c BhI)lepJKKOH BpeMeHH tH OTKJIIOlJaeTCH HCTQqHHK CBapoqHoro TOKa, 

3aTeM B TelJeHHe BpeMeHH tr npOH3BOAHTCH 06Jl.YB KpaTepa H pa3orpeTOfO 

MeTaJI.na lllBa 33IUHTHhIM ra30M. 

npH CBapKe KOpOTKHX (pHC. 2.11,6) IIIBOB KHOnKa Ha ,nepLKaTeJie fO· 
u 

peJIKH ocTaeTcH HIDKaTOH H nporpaMMa 3aaepIIIeHH.SI npouecca caapKH 

HaqHHaeTCH noc.ne ee OTnycKaHHH. 

B pe>KHMe caapKH TOlIKaMH (pHc. 2.11,o) JlBHraTeJih no){atJH 3JieKTpo,n

HoH: npOBOJIOKH BKJIIOlJaeTCH Ha onpe){eJieHHOe BpeM.SI' 3a]l_aHOe CBapmH

KOM c IlOMOIUhlO nepeMeHHOfO pe3HCTOpa, OCh KOTOporo BbIBe,neHa Ha nepeJl.

HIOIO naHeJih 6JIOKa ynpaBJieHHH. Ilo){a11a 3.TieKTPOJI.HOH npOBOJIOKH npo

H3BOJI.HTCH B TelJeHHe 3a]l_aHHhIX HHTepaa.noB BpeMeHH t1; !2; /3, KOTOphie ne 
v 

3aBHC.SIT OT Jl.JIHTeJihHOCTH HIDKaTHH KHOnKH' pacnOJIO.>KeHHOH Ha )lepma-

TeJie ropeJIKH. CTporpaMMa 3aBepmeHHH npouecca CBapKH npOHCXO)lHT 

aBTOMaTHqecKH nocJie OTKJIIOlJeHHH Jl.BHfaTeJIH. 

CocTaB H pa6oTa 6.noKa ynpas.neHHH, ocymecTBJIH10mero paccMOTpeH

Hhie nporpaMMhI, npHBe,neHhI B npHJI. 3. 
IlporpaMMHOe ynpaeJJeHHe L\HKJJOM aBTOMaTHlleCKOH ceapKH nJJaBH· 

IJ.(HMCH aJJeKTpOAOM. YcTpoiicTBO nporpal\1MHoro ynpaBJieHHH 06ecne11H· 
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aaeT UliKJI cBapKH B cpe)le 3aIUHTHblX ra30B HJIH no.n <}JJIIOCOM B CJie,nyIOII.\HX 

PemHM3X! 
I. AaToMaTHqecKHM pemHM - noc~e Ha>KaTH

0
H KHOnKH «nycK» aech 

UMKJI caapKH, HaqHHaH c onpe)leJieHHOH HCXO,nHOH Il03HUHH, ocymeCTDJIH-

CH 6e3 Henocpe)lCTBeHHOfO ytiaCTHH onepaTopa; 
eT 2 OOJiyaBTOMaTIPlecKHH pe21<HM, nptt KOTopoM ceapKy MOJKHO ocym.e
cTBJI~Tb, HaqHHaH c JII060H n03HUHH no Bbl6opy onepaTopa. IlpH 3TOM pe

>l<HM caapKH Ha OT)leJibHblX yqacTKaX lllBau MO:>KeT 6bITb H3MeHeH. u 

3. Hana.nollHhIH pe}l{HM, HcnoJib3yeMhIH JlJIH ycTaHOBOIIHhIX ,nBH:meHHH 

caapoqHOfO HHCTpy~1eHTa, a T3K}J{e npH HaJia)lOtIHbIX H pe~10HTHbIX pa6o

rax. HcTOtIHHK caapoqHoro TOKa a 9TOM pe*11Me OTKJnoqeH. 

'YnpomeHHbIH aJirOpHTM <PYHKUHOHHpoaaHH.H npH nycKe aBTOMaTa 
,nJIH caapKH no.n ¢n10coM npHBe)lieH Ha pHc. 2.12. CxeMa nony11aeT KO· 

~faHJlY «nycK» (CHMBOJI /), nocJie qero npoaepHIOTCH ace 6JIOKHpOBKH 
(CHMBOJI 2): HBJIHqHe BCeX MexaHH3MOB o6'beKTa ynpaBJieHHH B HCXOJlHOM 

nOJIO>KeHHH' BOJJ.bl H CHCTeMe OXJia>K,neHHH' <}JJIIOCa B 6yHKepe, H3)leJIHH 
Ha caap01IHOH n03HUHH H T. ,n. EcJIH XOTH 6bl O)lHa H3 6JIOKHpOBOK cpa6o· 
Tana, TO no e,nHHHtIHOMY yCJioBHIO no)laeTCH TpeBo>KHhIH CHrHaJI (CHMBOJI 
4). IlpH HOpMaJihHOM COCTOHHHH 6JIOKHpOBOK ocymeCTBJIHeTCH nepexo~ 
113 CHMBOJia ycJIOBHH 2 K CHMBOJIY 3. ECJIH peJie BpeMeHH t1 He cpa6oTaJio, 
TO BKJIIQqaeTCH HCTOqHHK CBapOtIHOfO TOKa - CHMBOJI 5. CHMBOJJ 6 on
pelleJIHeT ycJIOBHe B036y}J{,neHH H n.yr11. L{yra MO}KeT B036y}KJI.3TbCH npH 

u 

HenO.D.BH>KHOM HJIH nepeMema10meMCH c MaJIOH CKOpOCThlO CBapoqHoM an-
napaTe. 3To ycJIOBHe 3a,naeTCH nepeKJIIOtiaTeJieM, pacnoJIO}KeHHhIM Ha 
nyJibTe CBa p01IHOfO annapaTa H HMelOlllMM nOJIO>KeHHH «B036y}K,ll.eHHe 
Ha xo.ny», «B036y>K,neHHe Ha MecTe». 

CTpH ao36y>K.neHHH n.yrH «Ha xon.y» no HyJieBoMy ycJIOBHIO CHMBOJia 
6 npOHCXO,D.HT nepexo.n K ycJIOBHOMY CHMBOJiy «HanpaBJieHHe CBapKH» 
34. Ha nyJihTe cBapotIHoro annapaTa 06b111Ho HMeeTCH nepeKJIIOqaTeJih 
HanpaBJieHHH CBapKH. CTo YCJIOBHHM CHMBOJia 34 ocymecTBJI.HeTC.H nepe
XOJJ. Ha BeTBb npaaoro HJIH JieBoro llBH>KeHHH. ECJIH CBapKa Be.neTCH B Jie
BYIO CTOpOHy' TO Torn.a qepe3 KOHetIHbIH BbIKJIIOIIaTeJib 36 BKJII01JaeTCH 
np11ao.n Tene>KKH 38 .D.JIH nepeMemeHHH ee BJieBo. CHMBOJI 39 sa)laeT CJ{O-
pocTb STOfO nepeMemeHH.H, a TaK}Ke nonaeT KOMaH.ny Ha BKJIJOtieHHe cpJIIO· 
co3aTBopa 7. , 

c DCMCIUI: IO naTGHKOB (HanpHMep, peJie) HanpH>KeHHH H TOKa JlYfH ocy
mecTBJIHeTCH so36y>1<n.eHHe JI.yrH. I< Haqany BhinoJIHeHH51 nporpaMMhI Hc
T01IHHK CBapotIHOfO TOKa BKJIIOtieH, Ha npoMe>KyTKe 3JieKTPOJl - H3)leJIHe 

HMeeTCH Hanp.Sl>KeHHe, HO TOK O!CYTCTByeT, TaK KaK 3JieKTpo,n He Kaca-

eTC.H H3,lleJIHH. Do YCJIOBHIO U A f 11 (8, JO) BKJIIOIJaeTCH npHBO,ll. nO)l.aqH 

3JieKtpo.nHOH npOBOJIOKH (11-14) H npH KOHT3KTe ee Topua c noaepxHOCTblO 
H3JleJI11H C03Jl3IOTCH ycJIOBHH JlJIH B036y}J<,neHHH ,nyrH. DpH HaJIHqH11 Ha 

nOBe~XHOCTH MeTaJIJia OKaJIHHbl, cpnioca, OKCHJI.HhIX IlJieH H ,npyrHx 3arpH3· 

HeHHH Ha,ne}KHOMy B036Y*~eHHIO .nyrn cnoco6cTByer nepeMemeHHe Topua 
npoBOJIOKH no H3,neJIHIO npH BKJIIOtieHHOM npnBo,ne TeJie:>KKH. DpH KopoT
Ko~i 3aMhIKaHHH 9JieKrpo,na Ha H3AeJIHe HatIHHaeT npoTe1<aTh TOK I A H Ha

np H)KeHH~ HCTOIIHHKa yMeHhmaeTcsi notirH Jl.O HYJI.H, T. e. cpop1vrHpyeTcH 

YCJIOBHe U JJ.J n (8, 9), HanpaaneHue no)laqn 9JieKTPOJla peBepc11pyeTcH, 
aJieKTpoA 01pb1aaercfl 113 H3AeJIHH (13-16). B MOMeHT eo36ym,n.eHHH nyru 
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¢opMttpyeTC51 ycJIOBHe u ,,] A (8-10) H 3JieKTpo.n 1-lalJttHaeT no)J.aBaThC$1 

B 30HY caapKH. 
Bo3~IO)Kell CJIYl13H, KOr,na npH OTpbIBe 9JieI<TPOJI.a ,nyra He B036y}K,na-

TOfJl3 BHOBb fl03HHI<HeT ycJIOBHe u JJ.I .lt' npH KOTOpOM 9JieKTpOJJ. 

~~~~;;io noJJ.aeTrn· K H3JJ.enHIO. Optt OTCYTCTBHtt JJ.yrn uenH (11-14) 
H (}3-16) o6ecneqHB3IOT B03BpaTHO-IlOCTynaTeJibHOe nepeMemeHHe 9JieK

Tpo.na K H3)leJilllO .no I<OpOTKOfO 3aMhJK8HHH. 3TH >Ke uenH 3anycKaIOT pe

ne apeMeHH i1 (/7), KOTopoe no HCTeqeHHH npeMeHH 3-5 c BKJIIQl.JaeT 

cnrHaJI «Tpesora» (4) u pa3pb1BaeT uenb OTpa6oTKH aJiropHTMa «nycK 

CBapKH» (3). fl pH HOpM3JlbHOM B036y}K,UeHHH ,nyrH cpopMHpyeTCH ycJIOBHe 

u /J.J it' no KoTopoMy 3anycKaeTcfl peJie apeMeHH t2 (12-15), Bh1,na10mee 
qepe3 0,5 c c11rHaJI Ha oTpa6oTKY nporpaMMhI cBapKH HatiaJia rnaa (18, 
20, 22). CKopocTH TeJie>KKH H no,na11H 9JieKTpo,na B03pacTaIOT (23, 24, 
25), nocJie 11ero 3anycKaeTcfl peJie apeMeHH t3 (26, 27) MT. Jl. PaccMOTpeH

HhIH aJiropHTM B036y>KJI.eHHfl ,nyrH H HatiaJia CBapKH npHMeHHeTCfl ,QJlfl 

9JieKTp0JlOB ){HaMeTpOM ,no 4 MM npH HaJIH1IHH BBOJiiHhIX TeXHOJIOfHlJeCKHX 

nJiaHOK .. 
B Tex cJiyqaHx, Kor,na B036ym){eHHe ){yrH ocymecTBJIHIOT c noMOinhIO 

OCUHJIJiflTOpOB, IlOCJie Toro, KaK npOH30H,neT npo6oii BbICOKOBOJibTHhIM 

Hanpn:>KeHHeM JlYfOBOrO npoMe:tKyTK3 H TIOHBHTCfl TOK f A' OCUHJIJiflTOp 
OTKJIIOtiaIOT. Dpouecc cBapKH 3aaepmaeTcfl no KOMaH,ne, no)liaHHOH c nyJih· 
Ta onepaTopoM-CBapmHKOM HJIH 3BTOM3THqecKH - OT KOHeqHoro BhIKJIIO

qaTeJifl. CTpH 9TOM BhinOJIHHeTCfl nporpaMMa 3aaapKH KpaTepa: CHJJ>KaIOTCfl 

CKOpOCTH CBapKH M no,naqH 9JieKTp0JI.3.. CTOCJie OCT3HOBKH TeJie>KKH 

npeKpameHHe no.natIH 3JieKTPOJJ.HOH npOBOJIOKH npOHCXO,UHT c Bbl· 
11.ep)KKOM BpeMeHH, BhIJieT 3JieKTpo,na OnJiaBJifleTC51 H ,nyra racHeT. 3a
TeM 9JieKTpo,n Ha IlOHJl>KeHHOH CKOpOCTH OTBO)J.HTCH OT H3,ll.eJIH.SI. Ha 

9TOM npouecc caapKH 3aBeprnaeTCfl, CHCTeMa B03BpamaeTCH B HCXO)J.HOe 
COCTOHHHe. 

PaccMoTpeHHhIH aJiropHTM cpaBHHTeJihHO_ npocToii H MO>KeT 6hITb 
HCilOJlb30BaH npH caapKe Tpy6 60JiblllOfO ,nHaMeTpa, nOJIOTHHIU H MHOfHX 
npyrHx H3JI.eJIHH. Ha npaKTHKe qacTo BCTpeqaIOTCfl cJiy11a11, Kor,na caapoq• 
HbIH npouecc ocymecTBJIHeTCH no 3Haq11TeJ1hHO 6oJiee CJIO.>KHOH nporpaMMe, 

npe.nycMaTpHaa10mefl nonepe11ttoe nepeMemeHHe 3JieKTpo,na (pacKJia,l(Ky 
B3JIHKOB), H3MeHeHHe TOKa, CKOpOCTH csapKH OT npoxo)lia K npOXOJiiY 

HT . .n. AnnapaTypa ynpasJieHHH ,noJI>KHa conep.>KaTh ycTpo:HcTBa, 3anoM11-

Ha10m11e ~hI6paHHYIO nporpaMMy H ocymecTBJifllOII.{He ee BO BpeMfl CBapKH. 
B npocTenun1x cnyIIaHx Tpe6yeMafl nporpaMMa ycTaHaBJIHBaeTCH nocpe.n· 
CTBOM ycTpOHCTBa THna «KOHeqHblH BhlKJIIOqaTeJih», cpa6aThIBaIOmero no 

nyTH nepeMemeHHH 3JieKTpO,ll.a OTHOCHTeJlhHO H3,l(MHH. B 6oJiee CJIO>KHhIX 

CJiyIIaH~ CHCTeMbI ynpaBJieHHH ueJiecoo6pa3HO CTpOHTb Ha 6a3e BblqHCJIH
TeJibHOH TeXHHKH. CTpH 3TOM CHCTeMa ynpaBJieHHH MO.>KeT BhinoJI

HHTh KOHTpOJib HCnpaBHOCTH TeXHOJIOfHqecKoro o6opy,noBaHHfl H ,noKy
MeHTHpoBaH11e 11cnOJIHeHHH TexHoJiorHqecKoro npouecca .. HaH6oJiee cnom
Hhie UHKJihl ynpaBJieHHH npHMeHHIOTCH npH MHoronpOXOJlHOH CBapKe 

H3JI.eJIHH 60JiblllOH TOJimHH.hl, HanpHMep B aTOMHOM M3WHHOCTpOeHHH. 

CaapKa 3THX H3JJ.eJIHii: npOJJ.OJimaeTC51 HenpephIBHO Ha npornmeHHH · Hec
KOJihKHx qacoa HJIH ,ll_a)J{e CMeH, npHqeM O,l(HH napaMeTpbl pe.>KHMa cnapKH 

JliOJI>KHbI 113MeHHTbC.SI no nporpaMMe, a .ll_pyr11e noMep>KHB8TbC5I IlOCTOHH
HbIMH C BblCOKOU TOqHOCTblO. 
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flporpaMMnoe ynpaenenae °'HKJIOM ceapKH uennaesn°'HMCH 9JJeKTP01"0M 
(pHC. 2.13). IlOCJie H3>K3THH Ha KHOnKy «IlycK» BKJII0118eTCH peJie BpeMeHH, 
sa'Aa10rn_ee AJIHTeJibHOCTh npe,neapnTeJibHOH npo.nyBKH ra3a tn .r, 3aTeM 
BKJnoqaeTCH OCUHJIJIHTOp H B036y~aeTcH .nyra, nocne qero aanycKaercH 

pene BpeMeHH: tp.H.A - sa,nep>KI<H BKJII01IeHHH peryJIHTOpa HanpH>KeHHH 
.nyrH (PHJl); 13 .n.p - 3a.nepmKM BKJ110qeHHH nporpaMMhI no,ZJ.aqH npuca
~oqnoii npOilOJlOKH; t3 .K- 38,ll.ep}l{KH BKJIIOqeHHH npHB0){8 KapeTKH. IlocJie 

oTpaooTI<H BpeMeHHoii 3a,nep}KKH tp.u.A BKJuoqaeTcH PHJl, KOTOphIH ycTa
HaBJIHBaeT TpeoyeMoe Hanp5L1Ke11He Ha ,nyre JIHOO nepHO,ZJ.HqecKH H3MeHH

eT ero (HanpHMep, npH HMnyJibCHO-J{yroBOH CBapKe - Ha pHC. 2.13 He 
noKa3aHo). 3aTeM pe.ne epeMeHH BKJIIOqaeT npHBOJl no.naqu npnca,11-0tIHOH 
npODOJIOKH H npHBO,n KapeTKH. c MOMeHTa tu.n JlOCTH>KeHHH ycTaHOBHB
rnerOCH sttaqeHHH Vnp HaqJIHaeTCH BhIIlOJIHeHue paooqero 9Tana nporpaM

MhI (tp.n), B TeqeHHe KOToporo napaMeTphI In., U A' Vnp, VK H pacxo,n. 
u 

3aIUHTHOfO ra3a B npocTeHrnel\il cJiyqae He H3MeHHIOTCH. 
0KOHqaHHe UHKJia caapKH tc npOHCXOJUIT no KOMBH)le <<CTon CBapKa» 

c nyJibTa HJIH OT KOHeqHoro BbIKJIIOqaTeJIH. c 9TOro MOMeHTa HaqHHaeTCH 

BhinOJIHeHne KOHeqHoro 9Tana nporpaMMhI tK.n· IlpH 9TOM 3anycKaeTCH 
nepBbIH nporpaMMaTop TOKa .nyrH H B TeqeHHe BpeMeHH tn.1J.. TOK .nyrH CHH
>KaeTCH 'JJ.O 3HaqeHHH In.TJ.• nocJie 9TOrO sanycKalOTC.H: BTOpoii nporpaM
MaTop TOKa JlyrH H nporpaMM8TOp CHH.»<eHMH CKOpOCTH no~aqH npHca,noq .. 
HOH npoBOJIOKH. IlporpaMMaTop TOKa JI.YfH B03,neliCTByeT Ha PHLl, KOTo
pbIH paCTffrHBaeT ,nyry JJ.O ecTeCTBeHHOfO OOpbIBa, a nporpaMMaTOp IJPH
BOJ{a noJJ.aqu cHaqaJia CHH>KaeT CKopocTh no,naqu ~o HYJIH, 3anHpaeT PH,ll, 
nocJie qero npHBO.ll IIOJI.aqH Ha BpeMH tp peBepcHpyeTCH H npOBOJIOKa OT
BO,llHTC51 H3 H3,neJIHH. IlocJie OCT8HOBKH KapeTKH 381..UHTHbIH ra3 B TetieHHe 

speMeHH t3. o o6JlyeaeT caapaoli IIIOB 
u 

H caapoqHblH UHKJI 38KaHqHBaeTCH. 

JlJIH MHOfHX ycraHOBOK npH 

"l/;/ 

CBapKe IIJI8BHUlHMCH H HenJiaBHI.UHM· 
CH .9JieKTpo.u.aMH UHKJI CBapKH OKB3bl-
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MH e:Mbie ycTpOHCTBa ynpaBJieHH.H. CTpHMeHeHHe TaKHX ycTpolicTB on-

a~XaHo B ycraHOBK3X .zvrn CBapKH HenoBOpOTHhIX CTblKOB TOJICTOCTeHHbl~ 
p y6 KOr.11.a B 33BHCHMOCTH OT IlOJIO:>KeHHH B npocrpaHCTBe CBapoqHOH 

;g110~KH H HOMepa npoxo.11.a HY:>KHO H3MeHHTh pe:>KHM cBapKH, qrn6h1 06ec
ne1u-1Tb Tpe6yeMoe cpopMHpoBaHHe rnBa. <l>yHKUHOHa.nhHaH cxeMa yHHBep

canhHOA CHCTeMH ynpaBJieHH.H paCCMOTpeHa B npHn. 4 . 

• 
2.4. CaMoperynHpoaaHHe AYrM c nnaa.A&qHMCR 3neKTPOAOM 

Oco6eHHOCThlO aneKTpHqec1<HX ll.Yr npH cBapKe nJiaB.HJnHMCH 3JieKTpo,noM 
u 

HBJI.HeTCH npHcymee HM CBOHCTBO CaMOBbipaBHHBaHHH 9HepreTH1IeCKOfO 

COCTO.HHHH B ycJIOBH.HX B03MymaICJnHX B03,neHCTBHH. 3To HBJieHHe Ha3bl

BaeTCH caMoperyJIHpoBaHHeM ,nyrH; ero HCilOJib30BaHHe Il03BOJIHJIO C03,Q8Tb 
u u 

aBTOMaTbl )I.JUI )lyroBOH CBapKH c IlOCTO.HHHOH CKOpOCTblO no,natJH 9JieKTpo,n-

HOl1 npoBOJIOKH 6es npHMeHeHHH ,nono.nHHTeJihHhIX peryJI.HTopoB. YcnoBHe 

ycToHqHBOCTH caMoperyJIHpOBaHHfl JI.YfH npH CBapKe nJiaB.snnHMCH 3JieK· 
TpO,l(OM MO>KeT 6bITh Haii.neHO c HCilOJib30BaHHeM CTaTH1IeCKHX BOJihT-aM

nepHbIX xapaKTepHCTHK HCT01lHHKa DHT3HHH H ,nyrH (pHC. 2.14). 
Yaen H q eHHe ,UJIHHbI JlYrH LJJ. Ha Many10 BeJIHlJHHY 111. conpoBO>KJI.aeTCH 

HapyrneHHeM ycTOHtIHBOCTJJ pe}KHMa CBapKH B TOlJKe 1 (pHC. 2.14) H no.siB· 
u • u 

JieHHeM OTKJIOHeHHH CBapOtIHOfO 70Ka lA H Hanp.fl>KeHHH 1'IC101lHHKa IlMTa· 
HHH B TQqKe J': 

(2.1) 

UA ~ (!~A)/Ao iA + (!~j /A, (2.2) 

B nepexo,nHOM npouecce pa3HOCTh Hanp.H>KeHHH U "- U 11. paBHa na
JJ.e~HIO HanpsI.>KeHHH Ha HH.D.YKTHBHOCTH L HCTQqHHKa IlHTaHHH H CBapoq-
HOH uenH, T. e. . 

- ---E . 11. t [( au") (au ) ] au a· 
a I JJ. I 11.o a I JJ. I 11.o t JJ. - iJLJJ. I 11. = L a: 

HJIH 

-ki -El = L ai11. 
11. 11. at ' (2.3) 

r .n.e k = R11. - R" c y11eToM Toro IITo R = (au 11.) ,.J' R _ (au") . 
I JJ. aJ n H - - ' 

iJU A 111.o ()/A I 11.o 

~-E 
ol11. - - rpa){HeHT HanpH*eHHOCTH 3JieKTpHqecKoro noJIH a CTOJI6e AYrH. 

71'" CBapKe c IlOCTOHHHOH CKOpOCTblO no11.aqH 3JieKTpo.n.Hoii npOBOJIO
KH ( n= const) OTKJIOHeHHe CKOpOCTH V3 nJiaBJieHHH 3JieKTpo.na OT ycTaHo .. 
BHswerocH 3HaqeIIHH onp npo~1e eAeJI.HeT CKOpOCTh H3MeHeHlUl ,llJIHHhl .n.yrosoro 

'" myTKa: 

(2.4) 
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P11c. 2.15. 3aenCHMOCTb K09cfuflnl{HeHTOB 
caMoperyJ1Hpoea1111H k 1 (cn.11owHaH ToncTaH 
OCHOBHaR JJHHHH) H k1 (WTPHXOBaH JlllHHH) OT 
OJIOTHOCTH TOKa ia B 9JleKTPOJle 
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npHqeM BeJIHqHHa V3 3aBHCHT OT OTKJIOHeHHH TOKa H HanpH.>KeHHH ,nyru 

V3 = k1iA - k 2UA 

HJIH, c yqeTOM npHHHTbIX 0003HalJeHHH, 

V3 = kliA - k2 (RAiA + Elp.), (2.5) 

r,ne k1, k 2 - KoscM>HuHeHTbI caMoperynupoBaHHH no TOKY H HanpH}f{eHHIO 

.AYfH, B3HThie co CBOHMH 3HaKaMH, T. e. <+ kJ H (-k2) COOTBeTCTBeHHO. 
AocoJIIOTHhie 3HaqeHHH Ko3cM>Hu11eHTOB k1 , k 2, paccquTaHHhie Ha oc

HOBaHHH 9KCnepHMeHTaJihHhIX .llBHHbIX, KOTOpbie nonyqeHhl npu CBapKe 
Ha nepeMeHHOM TOKe npoBOJIOKOH CB-08 no.n ¢n10coM AH-348 [ 17], npH
ae,neHhI Ha pHc. 2.15, a, 6. CoBMeCTHoe perneHHe ypaBHeHHH (2.3) - (2.5) 
.naeT CJie,ny10iny10 3aBHCHMOCTb MH H3MeHeHHH caapoqHoro TOKa B nepe

XO,ll.HOM npouecce npH CaMoperyJIHpOBaHHH: 

(2.6) 

CTpH BbIBO,ne ypaBHeHHH (2.6) He yqTeHO BJIHHHHe BhIJieTa 3JieKTpO,na 

Ha nepexo,nHhie npoueccbl, npe,nnonaraJIOCh TaK>Ke, lJTO nepeHoc pacnJiaB
JieHHoro MeTaJIJia c 3JieKTpo,na B CBapoqHyIO BaHny He OTpam:aeTCH Ha TOKe 
H HanpHmeHHH ,nyrH. TaKHe ,nonymeHHH, xOTH H CHHmaroT ToqHocTh on
pe)leneHHH BeJIHlJHHhl ill., O~HaKO Il03BOJIHIOT BblHBHTb BJIHHHHe rJiaBHhIX 
¢aKTOpOB, onpe,neJIHIOinHX ycTOHqHBOCTb H xapaKTep nepexo,nHhIX npo
ueccoB npH caMoperynHpoaaHHH AyrH c nJiaBHIUHMCH 9JieKTpo,noM. YcToii
quBocTb CHCTeMbl, OilHCbIBaeMOH ypaBHeHHeM (2.6), corJiaCHQ KpHTepHIO 

A. fypsHua onpeAMHTCH YCJIOBHHMH: 

(2.7) 

Ko3cpcpHuHeHThI k1 > 0 u k2 > 0, HanpHmeHHOCTb noJIH B cToJI6e 
,nyru E H HH,nyKTHBHOCTh l - senuqHHhI nono:>1<HTeJihHhie, a k2R u << k 1• 
Do3TOMY BTopoe H3 ycJIOBMH (2. 7) seer ,na BhinOJIHHeTCH. 

nepsoe H3 ycJIOBHH (2. 7) B CJiytJae HenJiaB~U.UerOCH 9JieKTpOAa (k2 = 0) 
BbIIlOJIHHeTCH npH k > o. T. e. npu 

--- >O (au 11. au") 
a I Iii iJ I A I 11.o • 

(2.8) 
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Jlnff nnaBHruerocH sJieKTPOJJ.3 (k2 > 0) yCJIOBHe ycTOHlJHBOCTH onpe

~eJIHeTCH HepaaeHCTBOM 

(2.9) 

OocKOJibI<Y acer.na npoH3Be,neHHe k2EL > 0, B CJiytiae caapKH nnaan
IUHMCH 9JieI<Tp0JlOM ycTOHlJijBOCTb B03MO)KH3 npH OTpJHIBTeJihHblX 3Haqe
HHHX k B npe.nenax, onpe,ZI.eJIHeMbIX ycJIOBHeM (2 .. 9). 0,ZI.HBKO ni:,ott3Be,ne
HHe k2EL MaJIO OTJIHllaeTCH OT HYJIH H Il09TOMY ycJIOBHe ycTOHlJHBOCTH 
npouecca CBapKH nJiaBSUll_HMCfl 9JieKTpO,llOM npaKTHtieCKH COBna,naeT 
c yCJIOBHeM (2.8) ycTOHqHBOCTH ropeHHH .nyrH npH CBapKe HenJiaBHJ.UHM-

CH 3JieI<Tpo,noM. 
PerneHHe ypaBHeHHH (2.6) saBHCHT OT KOpHeii P1' P2 cqoTBeTCTBy10w.ero 

xapaKrepHCTHqecKoro ypaBHeHHH, onpe.neJIHeMbIX no cpopMyne 

aHaJIH3 KOTOpOH yKa3bIBaeT Ha 38BHCHMOCTb KatieCTBa nepeXO,lJ.Horo npo
uecca np11 caMoperyJIHpoBaHHH OT HH,nyKTHBHOCTH L. EcnH KOpHH p 1, 2-

KOMnJieKCH.hle, TO nepeXOAHhIH npouecc oy,neT KOJie6aTeJihHhIM, npH KOTQ ... 
pOM OCJIO>KHfleTCH B036y>K,lleHHe JJ.YfH C KOpOTKOfO 3aMhIKBHHH 3JieKTpo,na 
Ha H3,neJIHe. 11H,ZI.YKTHBHOCTb 3aJI.ep>KHBaeT cna,ZI.aHHe TOKa iA nocJie B03· 
oy)KJ(eHHH .nyrH. npn OOJiblllOM TOKe iA 9JieKTpo,n 6bICTpO onJiaBJIHeTCH' 
nyra pacTHrHBaeTc.SI H MOiKeT o6opBaTbCR. OnacHOCTh o6phIBa .nyrH 6y
.neT 3aBeAOMO HCKJIIOt.IeHa, eCJIH ooecneqHTb anepHO,QH1IeCKHH nepeXO,llHblH 
nponecc, T .e. BblOOJIHHTb ycJIOBHe 

(2.11) 

KOTOpoe HCilOJib3yeTCH AJIH onpe.u.e . .11eHHH MaKCHM8JihHO )J.OnycTHMoro 
3HaqeHHH HHnyKTHBHOCTH. 

TaK, np11 csapKe no)l cpniocoM 3.neKTpo,nno11 npoBOJIOKOH ·,nHa~teTpOM 
2 H 5 Mi\1 np11 RJf.~o, RH~ 0,04 OM H E = 3000 BIM MoryT OhITb peKo
MeHJI.OBaHhI 3HaqeHHSI HH.llYKTHBHOCTH L2 ~ 0,45 Mf H L5~ 4,3 Mf co
OTBeTCT BeHHO. 

11H,nyKTHBHOCTh L, aaMe,ZI.JIHH H3MeHeHHH TOKa a cnapoqHoli uenH, 
OCJia6JISieT CBMOperyJIHpOBBHHe. CTOCTOHHHbie BpeMeHH nponecca CBMO· 

perynHpoaaHHH, paBHbie I/p1 H l/p2 , cornacHo (2.10) TeM MeHbIIIe, qeM 

MeHbWe L. Oo3TOMY, ecJnf nepeHoc pacnnasJieHHoro l\teTaJIJia npo11cxo)lHT 
Oe3 KOpOTKHX 3aMbIKaHHH .llYfOBOfO npoMeil\yTKa, ,A.nSl COKparn.eHHH ape
MeHH nep~XOAHhIX npou.eccoB npa caMoperyJIHposaHHH HHJ{YKTHBHOCTb L 
caapoqHQH uenH Heo6XO,AHMO orpaHHlJHBBTh. 

}lJIH oueHKH nyTeH IlOBhillleHHH CKOpOCTH caMopery.nHpoaaHHH uene
coo6pa3HO pewnTb ypaBHeHHe (2.3)-(2.5) npu l.1 ~ O. B pe3yJihTaTe 
noJiyqH~f 

AS 



OTKy,na 
lJJ. = ( iIS.o - l ,J e~tl-r, 

r~e iJJ.0 - OTKJioHeHHe TOKa ){yrH npH t = O; I A - ycTaHOBHBllleecH 3Ha
qeHHe TOKa; 't - nOCTOHHHaH apeMeHH, onpe}l.eJIHeMaH. 3aBHCHMOCTblO 

k 
'V = E(k1-ll2R8 ) • <2•12> 

IlocKOJibKY kt.RH~ ki H kl MO>KHO Bbipa3HTb no cpopMyJie 

akn 
k1=2, 

yd3 

r)l.e a= 4/3,6n - K03cpcpHUHeHT nponopuHoHaJibHOCTH; kn - K03cpcpHUH· 
eHT nJlaBJieHHH, r/(A· q); 'Y - nJIOTHOCTb MeTaJIJia, Kr/M3 ; ds- }l.HaMeTp 

3JieKTpo.n.a' MM, 3aBHCHMOCTb (2 .12) MO:>KHO npeo6pa3oBaTb K BH)J.Y 

HJIH, ecJIH 

2 
kd3y 

't = Eak0 

(2.13) 

H3 Bhipa>KeHHH (2.13) cne,D.yeT, lITO AJIH coKpaw.eHHH speMeHH nepe

XO)l.HhIX npoueccoB tp ~ 3-r npH CaMoperyJIHpoBaHHH .n.yrH HeOOXO}l.HMO 

CTpeMHTbCH K npHMeHeHHIO 3JieKTPOJlHblX npOBOJIOK MaJioro AH3MeTpa H 

yMeHbWemno pa3HllUbl J.lllHaMHqecKHX conpOTllBJiemtii J.lYrH (!~Aa.)1 :a.• l:l 

( iJUH) 
HCTOQHHKa TIHTaHHH ~ I • HanpHMep, }l.JIH OOBbillleHHSI CKOpOCTH OTpa-

JJ. JJ.o •. 
60TKH B03Mym.eHHH no )l.JIHHe .n.yru, B03HHK3lOlllJIX BCJieACTBHe HenpOH3· 

BOJlbHblX KOJie6aHHH pyKH CBapm11Ka, npH MeXaHH3HpOBBHHOH c.sapKe 
u u 

IlOCTOHHHbIM TOKOM HC00Jlb3YIOT HapH)(y c 3JieKTPOJI.HOH npoBOJIOKOH 
MaJioro JJ.HaMeTpa HCTOqHHKH IlHTaHHH 0 MaJibIM conpOTHBJieHHeM (c >KeCT· 
KOH BHewHefi xapaKrepHCTHKoii). • .. 

OpH caapKe Ha nepeMeHHOM TOKe TaKOH cnoco6 HHTeHCHcpHKaUHH 
npouecca caMopery.nnpoBaHHH He MO>KeT ObITb HCDOJih30BaH B nOJIHOH Me
pe. HanpH>KeH:11e xoJiocToro xo,n.a cBapoqHoro TpaHccpopMaTopa Bhl6Hpa· 

eTCH 113 ycJIOBH.H Ha,ll.e.>KHOfO nOBTOpHoro B036y.>1<,neHHH ,nyrH H He MO}l{eT 

OhlTb npoH3BOJibHO CHH.>KeHo. CTo3TOMY nocTOHHHaH apeMeHH 't, nponop· 
u 

UHOH3JlbHaH B 3TOM CJiyqae peaKTHBHOMY conpOTHBJieHHIO CBap011HOH ue-
IlH, H, COOTBeTCTBeHHO, JJ.JIHTeJibHOCTb nepeXO,AHOfO npouecca tp 3aBHCHT 
OT pemnMa caapKH. 0JI.HaI<O npH scex yCJIOBHHX c y:\1eHbWeHHe;\-t ,AHal\teTpa 

SJieKTpO,ll.a HHTeHCHBHOCTb caMoperynupoBaHHH B03pacTaer (pHC. 2 .16). 
,UonycTH~1oe Bpef\151 /p onpe.neJI5UOT c yqeTOM TpeooaaHHH TeXHOJIOrHH 

CBapKH. flpH yaeJ111qeHHH AHarv1erpa 3JieKTPOAHOH npoBOJIOKH H flOBbIWe-
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TOKOB JlYfH B03pacTaeT 061>eM >KHJI.Koro tp, 
HHlf JI3 B caapoqHOH Ba HH e H 3Ha qnTeJI bl-IO c ..___._--U---'-----1~-+--_,.___. 
MeTaJI 

ae..'IHqHBaeTCSl HHepUHOHHOCTb npoTeKaHHH 

i'enJIOBhlX npoueccOB. 003TOMY, qeM 60Jibllle 

MOIUHOCTb ,nyrH, TeM 60 nee JI.JIHTeJihHhie OT

KJIOHeHHH pe>KMMa cBapKH OT 3a,D.aHHOro 

attaqeHHH MoryT 6h1Tb ,nonymeHhI. 

0 400 800 

• Hccne,noBaHHH cBapKH Ha nepeMeHHOM 

TOKe H ,ZI.JIHTeJibHblH onhIT 3KCilJIY~TaUHH 
caapoqHbIX annapaTOB c nOCTOHHHOH CKO

pOCTblO no,naqH 9JieKTpo.na Il03BOJIHJIH ycTa .. 
HOBHTb [24) 3HaqeHHH TOKa .nyrH, HH>Ke KOTO

pbIX nepeXO,ll.Hbie npoueCCbl H3JIHllJHe 3aTHfH
BBIOTCH H ycroiiqHBOCTb caMopery.n11poBaHHS1 

CHH>KaeTCH (rJiaBHbIM o6pa30M B CB513H c 

nepexoJJ.oM K KpynuoKaneJihHOMY nepeno-

Puc. 2. Hl. A.11uTeJ1LHOCTb nepe .. 
XOJJ.HblX npou.eccoe Ip np11 ceapKe 
UO!l tj>JllOCOM 9JleKTPOAHOil npoeo· 
nOKOA ,AH8MCTPOM 2 .... 5 MM 

cy' conpOBO>KJI.aIOmeMyCH pe3KHMH H3MeHeHHHMH 

da, MM 2 3 4 

I l(.min' A 250 350 450 

)lJIHHhl 

5 
650 

HanooJiee no.nttoe onucattue npouecca caMoperyJIHpoBaHHH MO>KHO 
u u u 

nonyqHTh, eCJIH OTpa3HTh ero CTPYKTYPHOH cxeMOH, Ha KOTopoH OTJI.eJih· 

Hble 9JieMeHThl CBapOtIHOrO KOHTypa npe.ncTaBJIHIOTCH COBOKYilHOCThlO 
u 

THilOBblX ,l{HHaMHqecKHX 3BeHbeB, a B38HMO,ll.eHCTBHe 3THX 9JieMeHTOB -
CBH3HMH B BHJI.e CTpeTIOK (pHC. 2. J 7). 

CTpyKTYPHYIO cxeMy HaqHHalOT paccMaTpHBaTh c y3na 0, T. e. c ToqKu 
npHJIO.>KeHHH 33)1-aIOmeii BeJIHllHHbl v Ot H 3aTeM nepeMemaIOTCH B Hanpaa
JieHHH pacnpocTpaHeHHH cHrHaJia. 

K TOtJKe 0 npHJIO>KeHhI H B03MO>KHhle B03MymeHHH v0 H V3 (Taon. 2.2), 
B pe3yJihTaTe B03,Z\eHCTBHH KOTOpblX npOHCXO,Z\HT H3MeHeHHe J{JIHHhl J\YfH 
no cpopMyJie (2.3). Il09TOMY npeo6pa30BaHHe H3MeHeHHH CKOpOCTH nepe
MemeHHH KOHUa 9.neKTpo.aa B H3MeHeHHe JlJIHHhl ,nyru oro6pa>KeHO B cxe
Me HHTerpHpyIDIUHM 3BeiioM I. BcHKoe H3MeHeHHe JlJIHHhI Ayru conpoBo>K· 

AaeTcH coOTBeTCTBYIOlllHM H3MeHeHHeM ee HanpH>KeHHH. Jl.nH oohilJHO npH .. 
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Ta 6 n H n a 2.2 

KoJ1e6attHE cKopocTH no.na•u1 acJie.-icTBHe 1-1ecra6HJibHOH pa6oTbl npH
eo.o;a no,naqn 3JJeKTpo.na 

113MeueHHH cKopOCTH nJJaeneHHH 3JieKTpo)J.a H3-3a H3Mette uuii Texuo. 
JJOfH4eCKHX ycnonttA 

0THOCHTeJJhH3SI CKOpocTb KOHUa SJieKTpo11a acne.ncTBHe HepoBHOCTH 
cnapHnaeMoH noaepxttocTH 

H3MeneHHH i:tJIHHhl .llYrH, Bhl3BaHHble nepoBHOCTbIO npocp HJl.SJ Hs,neJJHH, 
KaneJibHbIM nepeHOCOM MeTaJJJJa 3JleKtpo)J.a, cpnyKTY3U.HHMH JlYrH H T . .q. 

113MeHeHHSI HanpS'UKeHHH .ayrH BCJieJJ.CTBHe H3MCHeHIDI ee cpH3HtJeCKHX 
napaMe1poB 

H3MeHefnu1 10Ka _.'lyrH ecJJe.ncTeHe H3MeHeHHH napaMeTpoB HCToqauKa 
nHT8HHH, cnap04HOfO KOHTypa H T. JJ.. 

MeHHeMblX CBapOlIHhlX pem11MOB CBH3b Me>K)l.y H3MeHeHHHMH )l.JIHHbl .llyrH 

H ee Hanp5I}l\eH11eM - nponopuuottaJJ.LHaH, llTO 0Tpa11<eHo Ha cxeMe 6e3-

bIHep UHOHHbIM 3BeHOM fl. l13MeHeHHe TOKa, CJieJI.yK'lllee 33 H3MeHeHHeM 

HanpH}J{eHHH, 3aBHCHT OT conpOTHBJieHH51 HCTOllHHl\a nHTaHHH H 6y,ner 
" npOHCXO,D,HTh c 3ana3,UbIB3HHeM, saBHCHII.lHM OT nocTOHHHOH BpeMeHH 11C-

TOlJHMKa 't}t• 003TOMY HCTOllHHK IlHT8HllH Ha cxeMe noKa3aH 3KBHBaJieHT

HhIM anepHOAHqecKHM 3BeHoM I 1 I. 
3HaK «-» 03HaqaeT, llTO npH na)l.a10m.eii BHelllHeH xapaKTepHCTHKe 

HCTOlIHHKa nHTaHMH yBeJIHlJeHMIO HanpH>KeHHH COOTBeTCTByer yMeHb

weHHe TOKa H Hao6opoT. 

0TKJIOHeHHH TOKa H HanpH.>KeHHH ,nyrH conpOBO>K~alOTCH COOTBeTCTBy

IOIIU1MH (CM. cpopMyny 2.5) H3MeHeHHHMH CKOpocTeH nJiaBJieHHH 3JieKTpO

.na v3.T H v3.H• l13MeHeHHH 9THX CKOpOCTeH nJiaB.neHHH npOHCXOJlHT HHep
UHOHHO B 3aBHCHMOCTH OT IlOCTOHHHOH BpeMeHH tt"3 nJiaBJieHHH SJieKTpOJJ.8 

(cM. sBeHbH IV, V). Bh1xo.nHhie cHrHaJihI KOHTypoB caMopery.nHpoBaHHH 

no TOKY H Hanpst>KeHHIO, cyMMHPYHCb B TOtIKe 11, nocTynaIOT Ha BXOJl 

CHCTeMbI - Y3eJI 0, B KOTOpOM npOHCXO,ZlHT cpaBHeHHe CKOpOCTH nnaane

HHH 3JieKTpo.na co CKOpOCTblO ero no.na11H. 
I13MeHeHH51 TOKa conpoBO>KJI.aIOTCH H3MeHeHHeM rny6HHbl nponJiaBJie

HH51, a H3MeHeHHfl Hanpsi.>KeHHH npHBO,UHT K H3MeHeHHIO lllHpHHhl waa. 

9T11 npouecch1 oTpIDKeHhI anepHo.nuqecKHMH aBeHhHMH VI, V 1 I, nepe.ua

ToqHhie ¢YHKUI1H KOTOpblX co,nep>KaT K03¢cPHuHeHTbl nponopuHOH8JlbHOCTH 

kr= flH I ~ill. H kw= ~Bl ~u JJ. H IlOCTOHHHhle BpeMeHH nJiaB.neHHH OCHOB· 

Horo MeTaJIJia no rnyoHHe H llIHpHHe 'tr H Tw. OTKJIOHeHHe rny6HHbl 
u u 

npoaapa npHBOJI.HT K I13MeHeHHIO CKphITOH COCTaBJIHIOlll.eH ,ZlJIHHbl .uyrH 
l11..r, qTQ OTpa>KeHo B cxeMe oe3hIHepuHOHHblM 3BeHOM v 11 I. 

TaKHM o6pa30M, crpyKTypHaH cxeMa onHChIBaeT llHHaMHKY caMope

ryn11poaaHnH, B npouecce KOToporo HenpepbIBHO cpaBHHBaeTCH sanaHHaH 
u 

CKOpOCTb noJI.a l!H 9JieKTpO,Zla co CKOpOCTbIO ero nJiaBJieHHH' onpe,neJifleMOH 
TeKyLUHMH 3HatieHHHMH TOKa H HanpHmeHHH p_yrH. Pe3yJihTaT caMopery· 

nHpOBaHHH 11.yrH - coxpaHeHHe paaettcraa Vs= V0 B yCJIOBHSIX OTKJIO· 
u u u 

HeHHH peLKHMa CBapKH flO,ZJ. ,ll_eHCTBHeM B03MYI11ell.HH. 
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CTpyKTypHaH cxeMa HBJIHeTCSl OCHOBOH 

Jifl onpeJleJieHHH nepe)laToqHbI~. <PYHK
~m'.i Me}l{)(Y H3ytJaeMOH BeJU!lJIIHOll H B03-

M enue~1 H nocJie,ny10mero aHaJin3a JJJI

H:HKH nepexo.nttoro npouecca H3BecTHbl

MH Mero.naMH TeOpHH aBTOMaTHqecKoro pe-

ryJinpoBaHHH (cM. npHJI. 5). 
YcTaHOBJieHO [24], qTo s 6oJihWHHCTBe 

/} 

OL--~~--'--'-~~a.-~--

'3 'A '"' I 
Puc. 2. 18. CTa TH'I ec Kue xapaKTePH· 
CTHKH YCTOH'lllBOA pa60Tbl (/) H BHew
HRH xapaKTepHCTUKa HCTO'IHHKa nu
TaHHH (2) 

cJiytJaea nepexo)lHbie npou.ecchI npH cal\tO

perynHpoBaHHH npoTeKalOT )J.OCT3TOLJ:HO 
ohlcrpo H He oTpamaIOTCH Ha KaqecTB~ 
caapHhIX rnaoa. BJIHHHHe B03MymeHHH 
Ha pe>KHM ropeHHH ,nyrH B ycTaHOBHB
weMCH COCTOHHHH MOJKHO oueHHTh, HCilO~b3YH CTpyKTYPHYIO u cxeMy. 
HarJIHJJ.Hble pesyJihT3Thl ,naeT rpacpHqecKHH MeTo,n, OCHOBaHHblH Ha HC
noJih30B8HHH CTaTHqecKOH xapaKTepHCTHKH ycToflqHBOH pa60Tbl [26]. 

B ycTaHOBHBWeMCH pe}KHMe aocOJIIOTHhie 3HaqeHH51 CKOpOCTeH no,natJH 

H nJiaBJielIHH 

Vn = V3 = const. (2.14) 

c yqeTOM (2.5) nocJie COBlvieCTHOfO perneHHH OTHOCHTeJihHO TOKa noJiy· 

'IHM 

(2.15) 

r)le 

/ 3 =Vn/k1. 

BbipIDKeHHe (2.15) npei1icTaBJ1HeT cooou ypaaHeHHe CTaTH qecKoii xa
paKTep11cTHKH ycToiiqHBOH pa60Tbl npH aa.naHHOII CKOpOCTH noiJiaqH 9JieK
Tpo,II.a. l(a}K)].OMY 3HaqeHHlO V n COOTBeTCTByeT BilOJIHe OnpeiJieJieHHaH 
xapaKTepHCTHKa ycTOttllHBOH pa6oTbI (pHc. 2.18). YqacTOK xapaKTepHCTH· 
KM, BhinOJIHeHHhIH LUTpHXOBOH JIHHHeH, COOTBeTCTByeTc}lH3HlleCKH He pea
JIH3yeMblM pe:>KHMaM ropeHHH JlyrH H3·3a HH3Koro HanpH>KeHHH. Pe}KHM 
cBapKH onpeJI.eJIHeTcH TOllKOH A nepeceqeHHH xapaKTepHCTHK HCToqnHKa 
nHTaHH H 2 H .nyrH 1. EcnH no KaKoH-JIHoo npH11HHe )l.yra yl{JIHHHJiacb, 
HanpH>KeHHe ee aospacTaeT H pe>KHM ,nyrH onpel{eJIHTCH TOtIKoii E. Ho
aoe COCTOHHHe HBJIHeTCH HeycroiiqHBhIM, TaK KaK eMy B ycraHOBHBIIJeMCH 

pe.>KHMe Jl_OJDKHa COOTBeTCTBOB3Tb CKOpOCTb nJiaBJieHHH V~ < V 0 , IlOCKOJib

KY TOK .nyrH yMeHblllHJICH. no3TOMY B COOTBeTCTBHH C (2.4) npOH30H,l(eT 
yMeHbll!eHHe )l.JIHHhI ,nyrH' HanpH>KeHHe Ha Heu 6yAeT naA3Tb )1.0 TeX nop, 
noKa He HacTynHT paaeHCTBO CI<:OpOCTeH no,naqH H nJiaBJieHHH, T. e. BOC
CTaHOBHTCH pe*HM TOllKH A. 

Opn CJ1y11ai1HOM yKopoqeHHH ,nyru (ToqKa 8) B03pacTaHHe TOKa conpo
eom.naeTcH yaeJIHlJeHHeM CKOpOCTH nJiaBJieHHH, npHBOAHI.UHM K BOCCT8HOB· 
JieHHIO HCXO)lHOro pe>KHMa. 

CoaMecTHoe paccMoTpeHHe cTaTHqecKHX xapaKTepHCTHK JlYrH H HCTOtJ· 
HHKa IlHTaHHH Il03BOJI51eT cpaBHHTeJihHO npOCTblM rpacpoaHaJIHTHqeCKHM 

Mero,noM onpe,neJIHTb ycTaHOBHBllJHeCSI OTKJIOHeHHH napaMeTpOB pemHMa wru (CTaTHllecKHe OIIIM6KH) IlO,ll; BJIMHHMeM pa3JIHlJHblX B03MYlllCHHif. 

- a PHC. 2.19 H306pameHbl BHeWHHe xapaKTepHCTHKH HCTOllHHI\a flHTaHHfl 
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Puc. 2.19. K paclleTY cTaT1t'leCKHX owu6oK 

/} 
t!x.x 

B I 

H xapaKTepHCTHKH ycTOHtIHBOH pa60Tbl npH ,n.eHCTBHH Ha CHCTeMy B03· 
MymeHHH no CKOpOCTH no)laqH (a), HanpHLKeHHIO xo.nOCTOfO xo,na HCTO'IHHKa 

(6), conpoTHBJieHHIO caapo11Hoii uenH (B). DpH B03MyW.eHHH no cKopocTH 
no,na11H c yqeTOM (2.15) HOBOe ypaBHeHHe CTaTHqecKOH . xapaKTepHCTHKli 

ycTOHlJHBOH pa60Tbl npHMeT BHA 

(2.16) 

u 

r)le Vn - OTKJIOHeHHe CKOpOCTH no,nalJH OT sa,naHHOH. 
3aBHCHMOCTb (2.16) OTJIHqaeTCH OT (2.15) Ha nOCTOHHHYIO BeJIHqHHY 

( + vnlk1) (pHc. 2.19, a). 11s TpeyroJibHHKa ABC HaXOAHM CTaTHqecKHe 

ornH6KH no TOKY H Hanp5DKeHHIO (Ta6.n. 2.3). TaM :>Ke npHBe,neHhI cTaTH

lJeCKHe OWHOKH ,ZI_JIH CJiyqaeB (6) H (8). 
B Tex cJiyqaHx, Kor,na xapaKTepHCTHKa ycTOHllHBOH pa6oThI 6JI113-

Ka K BepTHKaJibHOH (k2~ 0), pacqeTHbie 3aBHCHMOCTH 3Haq11TeJibHO ynpo

maIOTCH. npH 9TOM OWH6KH no TOKY JlJlfl B03MyI.IJ.eHHH no HanpH:>KeHHIO 
ceTH H conpoTHBJieH1110 caapolJHOH uenH oKa3hIBaIOTCH 6JIH3KHMH K Hy.n10. 

3TO 03HalJaeT, qTo yKa3aHHhie B03MymeHHH He B.nHHIOT Ha rny6HHY npo
n.naBJieHHfl. I1111p11Ha waa, Hao6opoT, so scex c.nytJaHX caapKH no.n cpmo-

u 

COM cymecTBeHHO 38BHCHT OT paCCMOTpeHHhIX BhIWe B03MymeHHH. 

CaapKa nJiaBHlll.HMCH .9JieKTPOJlOM B 3aIUHTHhIX ra3ax OTJIH11aeTcH 
OT cBapKH no,n cpn10coM. Bo-nepBbIX, cTaT11qecKHe xapaKTepHCTHKH yc
TOH11HBOH pa60Tbl npH CBapKe B 38lll.HTHhIX ra3aX MoryT HMeTh He TOJlbKO 

nOJIO>KHTeJlhHbIH, HO H OTpHUaTe.nbHhIH HaKJIOH (npH MaJibIX CKOpOCTHX 
no,naqH .9JieKTpo,na, Kor,na npouecc npoTeKaeT c tJaCThIMH KOpOTKHMH 
saMhIKaHHHMH )lyroBoro npoMe>K:yTKa) [29]. YpaaHeHne cTaTHqecKofi xa· 

paKTepHCTHKH ycTOHllHBOH pa6oThI )lJIH 3Toro CJ1y11aH npHMeT BHJl (k 1 > O) 

. I k2 U 
lJJ. = s - kt A• (2.17) 

Bo-BTOphIX, ocooeHHOCThIO .9Toro cnoco6a cnapKH HBJIHeTcsi OJIH3Koe 

K HYJIIO BHyTpeHHee conpOTHBJieHHe HCilOJlb3yeMblX npH 3TOM HCTOllHHKOB 
IlHTaHHSI c }KeCTKHMH H noJioronaJJiaIOI.IJ.HMH BHeIIlHHMH xapaKTepHCTHI<aMH. 

CTaTHtieCKHe ornHOKH no TOKY 11 Hanpfl}KeHHIO ,II.JUI 3TOro cnoco6a 

caapKH MOiKHO pacClJHT3Tb no ¢opMyJiaM Ta6JI. 2.3 c 38MeHOH 3HaKa nepe.n 

K03¢cPHUHeHTOM k2 Ha npOTHBOnOJIO>KHblH. 

IlOCKOJlbKY ,llJIH CBapKH nJiaBHIUHMCH 3JieKTpO)lOM B 3aI.UHTHbIX ra3aX 
npHMeHHIOT TOHKYIO npoaoJIOKY, BOSMyIUeHHH no BbIJieTy 3JieKTpo,na cy· 
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T a 6 JI H u a 2.3 

-
no TOKy fl./ no ttanps1>KeH1110 ll.U 

~ 

cKopocTH -v vRH no - k1 + k2RH ki + k2Ru no.naqn, v 
-no uanpH>KeHHIO u~I?~ u~k1 -, 

k 2 R 11 + ll1 k2Ru + ki ceru, u0 

flo conpOlHBJie- IA (R8 - RA) k 1: (R~ - R~) k1 ~ H H 2 
u 

HHIO caapoquon 
k1 + k2R: k1 + k 2R: --

uenu, r 8 

meCTBeHHO BJIHSUOT Ha CBapoqHhIH TOK H rJiy6HHY nponJiaWieHHfl. 3to 
B03MymeHHe MO>KHO 3aMeHHTb 3KBHBaJieHTHbl!v1 B03MymeHHeM no CKOpOCTH 

no,naqH (pHC. 2.19, a), B pe3yJihTaTe qero ,ll.JIH CT3THqecKOfO pacqeTa MO)KHO 

HCilOJib30B3Th pacCMOTpeHHYIO pattee MeTOnHKy. 

JlHHaMHKa nepeXO,l(HblX npoueccoB npH CBapKe c KOpOTKHM~ 33MhIKa

HHflMH 33BHCHT OT COOTHOWeHHH ,l(JIHTeJlbHOCTH UHKJia K3IleJibHOro nepe

Hoca H IlOCTOHHHOH apeMeHH caapoqHQH uenH H 3HaqHTeJlbHO OTJIHqaeTCH 

OT J{HH3MHqecKHX xapaKTepHCTHK npouecca 6e3 KOpOTKHX 33MhIK8HHH. 

CTpyKTypHafl cxeMa npouecca c KopoTKHMH 33MhIKaHHHMH HBJIHeTcH 

HeJIHHeHHOH, TaK KaK co,nep>KHT peJieHHhie H HMilYJihCHhie 3JieMeHThI [ 13]. 
Ha npHHUHne caMoperyJIHpoaaHHfl ,nyrH nocTpoeHhI pacnpocTpaHeH-

., u 

Hhle annapaTbl AJIH aBTOM3THqecKOH H MexaHH3HponaHHOH CBapKH no.I( 

qmIOCOM H B 33III.HTHhIX ra3aX. 0HH npOCTbl H Ha,nemHhl, He Tpe6yIOT KBa

JIHcpHUHpOB3HHOfO yxo)l.a. 0,nHaKO B HeKOTOpblX CJiyqaHX B03HHKaIOmHe 
u u no,ZJ, ,neHCTBHeM Tex HJIH HHhIX B03My~eHHH OTKJIOHeHHH pa3MepoB WBa 

BbIXOJ(HT 3a .nonycTHMhie npe)J.eJibI. ,ilJUI ycTpaHeHHH 3TOro He,noCT3TKa 

IlpHMeHHIOT CHCTeMbI peryJIHpOB3HHH .llYfOBOH CBapKH C OOp3THbIMH CBH· 
3HMH. 

2.5. CMCTeMbl BBTOMaTM'leCKOro perynMpoaaHMJI 
AyroeoH caapKM 

CHcTeML1 aeT0MaTH11ecKoro perynupoeanusi (CAP) auepreTHl!eCKHx 
napa.MeTpoe JI.yr u. Y>Ke B nepBbIX aBTOMaTax ,l{JI.H ,nyroaoii cBapKH ,nJifl CTa-

6HJIH3aUHH J{JIHHbl JiyrH 6bIJia peaJUf30BaHa CHCTeMa aBTOM3THqecKoro pe

ryJIHpOB3HHfl c oopaTHOH CBfl3blO no HanpH>KeHHIO .nyrH (APH,ll). OpH 

CBapKe IlJI3BHIUHMCH 3JieKTp0,ll,OM CHrHaJI o6paTHOH CBH3H HCil0Jlh3YeTCH 
~~H peryJIHpoaaHHH CKopocTH nonaq11 Vn. 

YnpomeHHaH cTpyKTypHaH cxeMa CHCTel'v1h1 APHJl npHaeneHa Ha 

PHc. 2.20. Co6cTBeHHo peryJIHTop o6pa3oBaH 3BeIIbHl\fH J-111, nepe.na· 
TOqHhie cpyHKUHH KOTOpbIX OO'hSICHeHbl B TaOJI. 2.4. 

KoHTYP caMoperyJIHpoaaHHH, o6pa3oBaHHbIH saeHhHMH IV-V~ll, 
aHaJIOrHqeH puc. 2.17. 113 CXeMbl HCKJnoqeHbl 3BeHbH, OT06pIDKalO~He 

St 
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Puc. 2.20. CTPYKTYPHaa cxeMa CHCTCMbl APH,ll c B03JlCHCTBHeM ua CKOpOCTb 
DOAa'IH 

npoueCCbl n.naBJieHH.H OCHOBHOfO MeTaJIJia, T3K K3K OHH HaXO,ZJJITCH BHe 
33MKHYThIX KOHTypoB peryJIHpOBaHH.H, a HCTOlJHHK IlHT3HHH npHHHT 
6e3bIHepuHOHHbIM, T3K K3K npH caapKe IlO}J. cpJIIOCOM 't3> 'tu. 

nepe,naToqHaH cpyHKUH.H CHCTeMbl APH,ll. c yqeTOM KOHTypa caMope

ryJIHpoBaHHH 

vn (s) . kper [ s ('t9S + 1) + ( k2 + ;:) ] . 
W (s) = ( ) = [ ( k )} , (2.18) 

up, s ('tp,ss + 1) s ('taS + 1) + k2 + R" + kper ('tas+l) 

r~e kper = kyckABin. M - CTaTHqecKHH K03cpcpHuHeHT ycHJieHH.H peryJIHTopa. 
Hs BH~a nepeAaT011Hoii cpyHKUHH (2.18) cne,nyeT, tITO paccMaTpHBae

Ma.H CHCTeMa HBJIHeTCH CTaTeqecKHM peryJI.HTOpOM c K09cf>cPHIJJieHTOM ne
pe~atIH (a M/(o • B)) 

( . k1) 
kper ka +RH 

W (s) ls==<> = ki. (2.19) 

kper+ k2 + R 
H 

IlpHpaBHHB K HYJIIO sHaMeHaTeJih nepe,naTOtIHOH cflyHKUHH (2.18), 
noJiytIHM xapaKTepHCTHqecKoe ypaBHeHHe, HCCJie,nyH KOTOpoe MO>KHO 

u 

oxapaKTepH30BaTb ycroHqHBOCTh H KaliecTBO nepexo,nHoro npouecca 
B CHCTeMe. 

06o3Ha• 
qeuue 

52 

Taonuu.a 2.4 

IlepeJJ.aTOllHQe llHCJIO pe~yKTOpa MeXaHH3Ma IlO,l{aqH 

Oepe,II.aTOllHblH, K09cp<f>HUHeHT JlBHfaTeJia no CKO· 
pOCTH 

Ko3cpcpuuuettT ycuJieHHH yc11.11nTeJJst 

IlOCTOHHHaH epeMCHH 3JleKTponpuao~a 
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PHc. 2.21. CTaTH'lecKaSI xapaKTepHcTuKa 
ct1cTeM&1 APHJ]. (a) H eHeWHRH xapaKTepP
cTnKa HCTOllHHK8 nuTaHHH (6) 

Puc. 2.22. CTaTu11ecKHe own6Kn no TOKY A/A 
H 11anpHlKeHH10 AU A .rcrru npu ucnoJ1&30BaHHH 

cucTeM caMoperyJ1uposaHHR (/) H APHJI._ (Z) 
B yc.nOBHHX KOJJe6aHHH uanpHJKeHHR CCTH (Uc> 

,llJIH aHaJIH3a craTHIJ:eCKHX ornM60K no TOKY H HanpH>KeHHIO JlYfH no.n 

JI.eHCTBHeM B03MYIUeHHH HeOOXO,l{HMO onpe,n.eJIHTh CT3Tl-flieCKYIO -XapaKTe-

p11CTHKY peryJIHTOpa. 
3aKOH H3MeHeHHS1 CKOpOCTH no,l{alU:t 

Va = kpe: (U A - U 0), (2.20) 

rn.e U 0 - 3a,naHHoe HanpstmeHHe .nyrH. 
Y lJHThIBaH (2 .4) AJIH ycT3HOBHBlllerOCH COCTOSIHHH (V 3 = V n), HMeeM 

UA=Va+k \-kip,, (2.21) 
per 2 

(2.22) 

113 (2.21) CJie,nyeT, llTO CT8THlfecKaSI xapaKTepHCTHKa peryJIHTOpa 
k 

npe,ncTaBJIHeT co6oli · npHMYIO c yrnoM HaKJIOHa P = arctg • k + k 
per 2 

(pHC. 2.21 ) . 
.UnH Toro qTQObI peryJIHTOp o6ecneqHB8JI B03MO>KHOCTb HaCTpOHKH 

Ha pe>KHMbl CBapKH B ,nHana30He OT (/:ax; u;ax) JI_O (/~in; U~in), MHHH· 

MBJibHblH K03cp<PHUHeHT nepeAatIH peryJIHTOpa ,l{OJI>KeH onpeAeJIHTbCH H3 

YCJIOBIIfl [15]: 
ymax 

kmln = s • 
per umin - umin, 

JJ. 3 (2.23) 

umin 2- UK. 3 
s ~ A ' 

Vmax 
r )le 3 - MaKCHM3JibH3H CKOpOCTb nJiaBJieHHH 3JleKTpoina npH 3a)l.aHHblX 

pe>KHMaX CBapKH H JIJI8MeTpax 3JleKTpO,Aa; U~· 3 - HanpH}KeHHe I<OpOTKOfO 

3aA~hlK3HHH 3JieKTpo;ta Ha )l.eTaJib (npiI CBapKe nOA cpJHOCOM u~· 3 = 5+7 B). 
CT~T»_:ec~He OlllHOKH Ill H flU np.H AeHCTBHH Ha CHCTeMy B03Myll\e· 

HHiI (v, Uc, rH) npHBeAeHhl B Ta6JI. 2.5. 
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Ta 6 JI Hu a 2.5 

CTaTHtJecKaSI ourn6Ka -
no CKOpOCTH -no.nallH, v 

Oo Han pH>KeHHIO -
flo conpOTHBJie
HHIO CBapollHOH -uenu*, r" 

no TOKy 

-v 
kperRu + k2R11 +k1 

~Uc (k2 + 1~ per) 

kpcrRu + k2RH + k1 

1: (R~ - R~) (kper + k2) 

k1 + kperR" + k2R: 

no HanpH.>KeHHIO 

vRn 

kperRH + /?2R11+ ll1 

~uck1 

-

• A e B - aaAauuoe H uosoe, npu HaneqHH B03My~eHHH, nonox<eHHSl TOllKH aHepreTHqecKoro 
paeHOBeCHH (CM. pHC. 2.19). 

113 cpasHeHHH yrnoa HaKJIOHa ~ CTaTHqecKHX xapaKTepHCTHK ycTOH· 
qHsoii pa6oThI (cM. pHc. 2.18, Ta6n. 2.3) H cHcTeMhI APH,U (pMc. 2.21, 
TaOJI. 2.5) CJie.nyeT, qTQ B nepBOM CJiy11ae OH OOJihllle, qeM BO BTOpOM (TaK 

KaK scer,na k1lk2> k1l(k2 + kper). Il03TOMY KOJieoaHHH HanpH>KeHHH CeTH 
u 

B CJiyqae IlOCTOHHHOH CKOpOCTH no_naqH OTpa.>KalOTCH B nepay10 oqepe.n.b 
Ha HanpH}l{eHHH ,nyr11, a npH ncnoJih30BaHHH cHcTeMhI APH,U - Ha TOKe 

,nyrH (pHC. 2.22). 
C11cTe~1y APH,Ll c ao3,neiicTBHeM Ha cKopoCTh no,naqH uenecoo6pa3HO 

npHMeHHTb B Tex CJiyqaHX, KOr,na npeJfhHBJIHIOTC51 TIOBbIIlleHHbie Tpe6o
B3HHH K ToqHOCTII CT30HJIH38UHII HanpH>KeHHH (csapKa H Han.naBKa no,n 
KepaMHqecKHMH cpJIIOCaMII, npeUH3HOHHaH HanJiaBKa nerIIpOBaHHOro CJIOH 
H T • .n.). DpH Bb16ope 3HaqeHHH Ko3qxp11u11eHTa ycnneHHH peryn.siTopa 
Heooxo,nHMO HMeTh B BH,ny, qTo c yaeJIHlleHHeM kper yMeHhlllaeTCH cTaTH
qecKaH OUIH6Ka no HanpH>KeHHIO, HO o,nHOBpeMeHHO yseJIHllHBaeTCH 

OUIH6Ka no TOKY. 
<llyHKUIIOHaJihHaH cxeMa CHCTeMbI APH,ll c THpHcTopHhIM npHso,noM 

ripHse.neHa Ha pHc. 2.23, a. Ha axo.ne onepau110Httoro ycMJIHTeJIH DDJ 
cpaBHHBalOTCH cpaKTHllecKoe uA H sa,liiaHHOe U3 Hanp.si.iKeHHH .nyrH. Bbl· 

XO,llHOH cHrHaJI DD 1 ynpaansieT THpHCTOpHhIM npHBOAOM Tn. EcJIH BhI· 

noJIHHeTcH ycJIOBHe R2 = R3 = R, ynpaBJisi10mee Hanp.si>KeHHe 

Un= kyo (Un - V~), (2.24) 

JJJ]f 

[>oo lln Tfl 
p 

x -00 

Puc. 2.23. cJ>yHKeuouaJJbHaH cxeMa (a) u en THqec&ue xapaKTepncTHKH (ti) cncTeMbl APHJJ. 
C THPHCTOpHblM npHBOil!OM ., 



u, 

PHc. 2.24. CTaTll'&ecKHe xapaKTepncTHKH CHCTeMbl 
c JlBYMSI pery.'IJHTOpaMJt: 
I _ eHeWHHe xapaKTepHCTHKH ucroquHKa nHTaHHH 
npu pa3Hb1X uanpH>KenuRx xonocToro XOAa (eep
THKanbHblA yq ~CTOK - CTaTH'leCKafl xapaKTepH
CTHKa perynsnopa TOKa c B03AeilcTeHeM Ha conpo
THenenue HCToqHHKa nHTaHHH); 2 - CTaTHQecKaB 
xapaKTE'pHCTHKa APH,ll. 

u 

Pnc. 2.25. B.111tRHHe eOJMYll\euuA no Haupa
lKeHHIO ceTn H AJJHHe AY"" aa cTaTnqecKne 
owu6Ku no TOKY u uanpa•eumo; 
1-1' - BHeWHHe xapaKTepHCTHKH HCTO'lllHKa 
nHTaHHR npH KOJIOOaHHSIX HanpH>KeHHSI CeTH; 
2-2' - CTaTHqecKue BOJibT-aMnepuwe xapaK
TepHCTHKH AYrH npu pasJJH'lHblX .AJJHHa x 11.yr 

R4 + R5 "' r)le kyc = - R - K03'f'<i>HUHeHT ycnneHHH onepauHOHHoro ycHJIH-

reJIH. 
H3MeHeHHeM RP ocymeCTBJISieTCH ttacTpoiiKa Heo6xo)lHMoro 3Ha11eHHSI 

kyc a CJie,llOBaTeJihHO, K03ti><l>HUHeHTa ycHJieHHH peryJIHTopa. 
TaKHM o6pa30M, Ka>KJlOMY H3 npe}leJibHhlX 3HaqeHHH u 3 max" H us rnin, 

yc1aHaBJU1aaeMhIX noTeHUHOMeTpoM Rl, cooTBeTcTayioT cTaTHllec~He xap_aK-

TepHCTHKH peryJIHTOpa {CM. pHC. 2.23, 6) npH k';:: (2 M 4) H k1;~ (1 H 3). 
06paTHaH CB.H3b no Hanp.H>KeHHIO ,nyrH MO>KeT HCilOJlb30BaTbCH ,n.nsi 

B03)1.eHCTBHH He TOJibKO Ha CKOpOCTb no}lalJH, HO H Ha 3. ,n. c. HCTOqHHKa 

n11TaHHH HJIH conpoTHB.neHHH caapoqHoii uenu. B cucTeMe c B03,neiicTBHeM 
Ha 3. ,n. c. cHrnaJI paccornacoaaHHH Me>K){y 3a,naHHhIM H <PaKTHlJeCKHM 
HanpH>KeHHH~1H ,nyru IlOCJie ycu.JieHHH H Heo6xo,nHMbIX npeo6pa30BaHHH 
HCnO.nb3yeTCH ,llJIH CTa6HJIH381J.11H Hanp H>KeHHH Ha ){yre. Ilpome acero 
TaKaH CHCTeMa pery.nHpOBaHH.H peaJIH3yeTCH c IlOMOIUblO HCTOlJHHKa no

CTOHHHOro TOKa c THpHCTOpHbIM BhinpHMHTeJieM. TaKHe HCTOlJHHKH. nH
TaHHH IlOJIYlIHJIH lllHpOKOe pacnpocTpaHeHHe. 

CaapollHa.si roJIOBKa c nocTO.HHHOH CKopoCTblO no,nalJH n BhlnpSIMH~eJib, 
paooTalOIUHH B pe>KHMe peryJI.HTOpa HanpHJKeHHH, B OT.nHtIHe OT pac

CMOTpeHHblX paHee CHCTeM caMoperyJIHpOBaHMH ,nyrH H APH,U ooecnellH· 

BalOT cTa6H.nhHOCTh pe>KuMa ceapKH no TOKY H HanpH>KeHHIO B ycnoBHHX 

KOJie6aHHii HanpH>KeHHH ceTH. BoaMymeHHH no cKopocTH no,naqH npoaono

KH, l{QTOpbie MOryT B03HHKHYTb H3-3a He,nocTaTOlJHOH >KeCTKOCTH npHBO~a, 
oaa.nbHOCTH npOBOJIOKH H ,npyrHx npHqHH, Bhl3bIBalOT B pacCMaTpHBaeMOH 
CHCTeMe _ COOTBeTCTBYIOI.I.{He H3MeHeHMH TOKa. Ha TOKe OTpa}KalOTCH TaK>Ke 
H3MeHeHnH BbIJieTa 9JieKTpOJ{a. 

CTaTHtieCKHe n ,nHHaMHliecKHe CBOHCTBa perynsiTopoa 9HepreTHlie

CKHX napaMeTpOB ,nyrH MO:>KHO YJIYlllliHTb, npHMeHHB CHCTeMbl c ,llBYMH 
peryJIHTopaMH: APH,U c B03,neiicTBHeM Ha cKopoCTb no,natJH H peryJIHTO• 

POM TOKa, B03,l(eHCTBYIOmHM Ha HCTOlJHHK nHT8HHfl (pHC. 2.24). npH OT• 

cyTCTSHH B03MymeHHH no BblJieTy 3JieKTpo,aa 3Ta CHCTe~ia no CTaTHlleCKHM 

II 



v u 
CBOHCTBaM paaHoueHHa CHCTeMe c nocTOHHHOH CKOpOCTblO no,natIH H HCToq .. 

HHKO~f nHTaHHH - CTa6HJIH33TOp0~1 Hanps:i>KeHHH Ha JI.yre, 0,ll.HaKO .ZUUia .. 
~UilJeCKHe CBOl°1CTBa B nepBOM. cJiyqae rv1oryT 6bITb Bhlllle. 0Tpa6aTbIBaIOTcSI 

H B03f\-tymeHJ15l no CKOpOCTH no.na llH. 

PeryJIHTOpbl TOKa (HJIH Hanp5t>K:eHHH) c B03,D.eHCTBHeM Ha HCTOlIHJik 

n11TaHHH B ttacToHmee apeMH peaJIH3YIOTCH B cxeMax yHHBepcaJibHhI>: 
u 

CBapoqHblX BbITipHMHTeJieH c THpHCTOpHbIM ynpaBJieHHeM, Hanp11Mep 

B rnupoKo pacnpocTpatteHHOM caapoqnoM BhinpHMHTeJie BJlY-5o4 
(CM. npHJI. 6). . 

OpH MexaHH3HposaHHOH csapKe HaH60Jihlliee BJIHHHHe Ha napaMeTphl 

pe>KHMa OK33hIB3IOT KOJie6aHHH ceTeBoro Hanp.H1KeHHfl H H3MeHeHH.H Bbl· 
neTa 3JieKTpo,na BCJie,ncTBHe HenpoH3BOJibHhIX I{OJie6aHHH pyKH cBapwJ1Ka. 

B 3TOM cJiyqae uenecoo6pastto HcnoJib30BaTb CHCTeMhI c B03JI.eiicraHeM Ha 
CKOpOCTb no,naqH, o6ecnetIHB310ll.Uie 0IlTHM3JlbHOe COOTHOllleHHe Me}K~y 
TOKOMH HanpH*eHHeM [14]. TaKoli peryJIHrop yMeHhmaeT cTaTHllecKHe 

OlllH6KH, IlOBbIWaer ycroliqHBOCTb ropeHHH JlYfH Ha M3JlbIX TOKaX H CHH)Ka. 

eT pas6pb13fHB8HHe 9JieKTPO.U.HOfO MeTaJIJia. 

CucTeMbl aeToMa THllecKoro perynupoeanuH JJ.JIHHhl ,nyrH. 0,nHa H3 
OTJIHllHTeJibHbIX oco6eHHOCTeH cnoco6a caapKH Hen.naBHmHMCH 3JieKTPO· 

AOM - OTCYTCTBHe CaMOBbipaBHHBaHHH 3HepreTHqec1<oro COCTOHHHH JI.YfH. 

CJie,ncTBHeM 9Toro HBJIHeTCH 3aBHCHMOCTh ttanp5I>KeHH.H H TOKa Jlyr0 

OT ee ,nnHHbI. OpH yJlJIHHeHHH JJ.yr11 ee cTarHqecKaH BOJibT-aMnepHaH 

xapaKTepHCTHKa CMemaeTCH BBepx H BnpaBO, a npH yKopotieHHH- BJieBo 

H BHH3 (pHC. 2.25). 0lllH6KH tiU IJ..CH ti/ IJ..C ' B03HHK3IOIUHe npH H3MeHe· 
HHH 9. ,ll.. c. HCTQqHHKa flHTaHHH, MoryT 6bITb CBe,neHhI K HYJIIO npH HCilOJlh• 

30BaHHH HCToqHHKOB co CTa6Hntts11poaaHHhIM Hanp.H>KeHHeM. OyTH no

crpoeHH.H TaKHX HCTQqHHKOB paccMOTpeHbl Bblllle. 

Y CTpaHeHHe ornH60K fl. U Al H fl./ Al ,nocTHraeTcH c noMOII\hlO CAP 
,llJIHHbl ,nyrH. 0CHOBHOH HCT01IHHK HHcpopMaUHH 0 .D.JIHHe .Il.YfH - ee HanpH· 

1KeHHe. 3ro c.ne.nyeT H3 (2.2), eCJIH npHHHTb ill.~ 0, 1ITO cnpaBeJJiJIHBO 

,llJlfl KpyTona,nalOllJ.MX xapaKTepHCTHK HCTQqHHKOB IlHTaHH.H, HCilOJib3Y· 

eMhIX npH caapKe HenJiaBHI.UHMCH 9JieKTPO.D.OM. l1cnOJib30BaHHe o6paTHOH 

CBH3H no HanpHmeH1110 .nyrH no3BOJIHeT nocTpOHTh 3aMKHYTYIO CAP, 
Koropy10 Ha3bIBaIOT CHCTeMOH APH,[( c HenJiaBHW.HMC.H 9JieKrpo.II.OM. 

B coapeMeHHbIX cHcTeMax APH,U rnHpoKo npHMeHHIOT uucppoaoe 

ynpaBJieHHe 9JieKTponpHBOA3MH Ha 6a3e warOBbIX 9JieKTPOJJ.BHrare.neiL 

npu 9TOM CTa6HJ1H3HpyeTCH He TOJibKO Hanp.H>KeHHe ,nyrH, HO H .llJIH o6ec

neqeHH5I CT3UHOHapHOCTH nOTOKa 3alllHTHOro raga (paCCTOHHHe «COilJIO

MeTaJIJI») perynupyIOTCfl BeJIHqHHa norpy>KeHHH 9JleKTPOJJ.a B BaHHY 

H ,npyrHe TeXHOJIOfHqecKHe onepauHH (CM. npHJI. 7). 
y Ma.nOMOlllHhIX .nyr 38BHCHMOCTb Me>KJI.Y JlJIHHOH H HanpH>KeHHeM 

SIBJIHeTCSl HeJIHHeHHOH, no3TOMY .llJIH cra6HJIH33UHH ,n.nHHbl JJ.yrH Heo6xo-

·.nHMO npHMeHHTb H3MepHTeJihHhie npeo6pa30BaTeJIH, Henocpe.ncrBeHHO 

KOHTpOJIHpy10mHe paCCTOHHHe l\1em.n.y 9JieKTPOAOM H noaepXHOCTblO cBa

pOtIHOH BaHHbI. H att6o.nee y.no6HhIMH ,nJIH 9TOH ueJIH SIBJIHIOTC.H cTpyfi

Hhle nHeBl\13TH1JeCKHe HJIH s.neKrponHeBMBTHqecKHe )J.3TllHKH, ycTaHaBJIH

BaeMbie Ha caapotiHOH ropenKe ua,n noaepxHOCThIO H3Jl.eJIHH. CTpH H3M~ 
HeHHH paCCTOHHHH Me>K,ny CBapHBaeMOH nosepXHOCTblO H conJIOM ,naTllHKa 

H3MeHHeTCSI a9pOJI.HHaMHlleCKOe conpOTHBJieHne 3830pa Me>K.ny ,naTqHKOM 

H H3JteJIHeM. DpoHcxo~H~ee npH 3TOM H3MetteHHe ,naBneaHH ra3a (aproaa) 
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B KaMepe )laTqHKa npeo6pa3yeTCff B HenpepbIBHhIH HJIH. u JJ.HCK_peTHhlH 

eKTpuqeCKHH CHrHaJI. ,UJIH npeUH3HOHHhIX H3MepeHHH paCCTO.HHHH 
9JI " u q I 0 -1 }f{)ly csapoqHOH ropeJIKOH H H3J(eJIHeM c TO HOCThlO nop HJJ.Ka MM 
~ ~ « npHMeHHIOT 't'OTOMeTpHtieCKHe, OilTHqecKHe H .n.pyrHe npeoupa30BaTeJIH. 

CHcTeMbl asTOMaTu1.1ecKoro peryJn1posauuH BblJieTa (APB) 9JJeKTpoJI.a. 
u B CJiyqae nnaaHmerocH 3JleKTpo.n.a c11cTeMb1 c nocTOHHHOH cKopocTbIO 

noJ(aqH TaK me, KBK H CHCTe~bl aBTOM3THqecKoro pery.1111poBaHHH HanpH

}KeHHH ,nyrH H TOKa c B03)teHCTBHeM Ha CKOpOCTb no~aqH npOBOJIOKH HJIH 

HCTOqHHK IlHT3HHH, He OTpa6aThIBalOT B03Myru_eHHH no BhIJieTy 9JieKTpoita. 
u 

B TO >Ke apel\fH npH aBTOMaTHqecKOH caapKe Ha noahirneHHhIX nJIOTHOCT~X 
v 

roKa BblJieT 9JieKTpo.na - 0.ll.HH H3 BIDKHeHlllHX napaMeTpOB pe>KHMa, 

nocKOJlbKY OT ero BeJIHqHHhl 38BHCHT: 3HepreTHqecKHe xapaKTepHCTHKH, 

cTaoHJihHOCTh H xapaKTep nepeHoca 3JieKTpo,nHoro MeTaJIJia. l.Jame acero 
v 

B03MymeHHH no BhIJieTy 3JieKTpo.n.a HBJIHIOTCH npHqHHOH HapyrneHHff 
v 

ycraHOBJieHHbIX napaMeTpOB pe>KHMa npH HenpepbIBHOH MHOronpoxo.n-

HOH caapKe, caapKe KOJihUeBhIX rnaoa, pacnoJio>KeHHblX a BepTHKaJihHOH 

nnocKOCTH H HMe10m.11x pa,n11aJihHb1e 611eHHH acnen.cTBHe HeToqHoCTH no,n

roTOBKH H COOpKH H3,ll.eJIHH. 
OcHOBHOe BJIHHHHe BhIJieTa Ha 3HepreT11qecKne xapaKTepHCTHKH caa

po11Horo KOHTypa COCTOHT B TOM, qTQ H3MeHeHHH BhIJieTa conpOBO}K,ll3IOTCH 

T3KHM nepepacnpe.neJieHHeM MOmHOCTeii Me}K_ny aHO,nOM (npH CBapKe 

Ha o6paTHOH nOJIHpHOCTH) H BhineTOM, llTO cyMMa HX OCTaeTCH npHMepHo 
u 

IlOCTOHHHOH. 

MomHoCTb, Heooxo.n.HMaH .ZI.JIH nJiaBJieHHH 3JieKTPO.Aa npH nocTOHHHOH 
cKopocTH ero no.natni: 

P3 =Pe+ P11. =canst; (2.25) 

Pa= fiRe; (2.26) 

p II. = u 3/ JJ., (2.27) 

rJI.e Ra - conpOTHBJieHHe BhJJieTa; u3 = Ua +Va - cyMMa aHO,ZI_HOro naAe
HHH HanpHiKeHHH H paooThl BbIXOJI.a 3JieKTpOHa. 

Docne no)lcTaHOBKH (2.26), (2.27) a (2.25) nonyqHM: 

2 u9 P3 
I 11. + R f 11. - R = 0. 

B B 
(2.28) 

PemeHHeM (2 .28) HBJIHeTcH: 

1 = _ u3 -. I u: P9 

A 2Rs + V 4R! + Ra • (2.29) 

Ha (2.25)-(2.27) cJJe,nyeT, TITO npH ttyJJeBoM BhIJJete (Rs= O) 

I~~ fJ3/U3. (2.30) 

Ha (2.29) CJJe,nyer, qro c yseJJHqeHHeM BhI.11eTa TOK yMeHhl:uaeTc.sr 3ttaqHT 
~~~~y~emrn no BbIJJeTy 6y.nyT conpoBO:>K.U.aTbC.R OT~JJOHeHH.RMH. rJJy6HHb~ 
HO apa H COOTHOllleHHH JJ.OJieii OCHOBHOro H 3JieKTPOJJ.HOfO MeTaJIJia B CBap

CB~~ CDeJJ.JfHeHHH. Dpe.ncrnBJie1me o BJJHHHHH BhIJieTa sJieKTpo)l.a Ha pe:>KHM 
xa KH ~IO.>KHO noJiyqHTb TaKme H3 COB~1eCTHOro paCCMOTpeHHH BHeilIHHX 

paKTep0cmK HCToqmma mnaHHH H KPHB?JX ycroiiq1rnoii pa6oTbl npH 
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Puc. 2.26. 8.11HS1uue BblJieTa sneKTPOAa Ha pexcHM Puc. 2.27. CecTeMa APB sneKTPOAa c cllOTO· 
cnapKu: aneKTpHqecKHM AaTqHKOM 
1 - RHeWBHs:I xapaKTepnCTHKa HeCTa6HnH3HpOB8H-
HOro HCTOqHHKa nHTaHHH; 2. 3 - KPHBbJe ycrolf'qH-
eoA paOOThl npH pa3JJHIJHhlX BbJJleTaX aJieKTpo,lla 

pa3JIHlJHblX SHalJeHHHX BbIJieTa (pHC. 2.26). c yMeHbWeHHeM BhIJieTa (npu 

noCTOHHHOH CKOpOCTH nonaqH 3JieKTpona) KpHBaH ycTofiqHBOH pa6or~ 
CMemaeTCH B CTOpoHy OOJlblllHX TOKOB. 

IlpH caapKe IlJiaBHl.I{HMCH 3JieKTponoM B cpe,ne 33ll{HTHbIX ra30B, KOr.Lria 

npHMeHHIOTCH HCTQqHHKH IlHT3HHfl c BHelIJHHMH xap3KTepHCTHK3MH, 

6JIH3KHMH K >KeCTKHM, B03MymeHHH no BbIJieTy, B nepByIO oqepenh, BJIH· 
HIOT Ha TOK nyrH (CTaTHlJeCKBH OWH6K3 fl/ 1tl). TaK, B CJiyqae )l{eCTKOH 
BHellJHeH X3paKTepHCTHKH HCTQqHHKa llHTaHHH CTaTHlJeCKaH OWH6Ka 

no H3npH>KeHHIO llU Al OK83bIBaeTCH p3BHOH HYJIIO. no.9TOMY npH pa3pa-
60TKe CHCTeM aBTOMaTHlJeCKOfO peryn11poBaHMH BbIJieTa 3JleKTpo,na uene

coo6p33HO BBeCTH B peryJIHTOp CHfHaJI oopaTHOH CBH3H no TOKY nyrH. 
CTpocTeHlllHM pellleHHeM no CTaOHJIH3aUHH BbIJieTa (paCCTOHHHH Memny 

TOKono,naonoM H CBapHBaeMOH noBepXHOCTbIO) HBJIHeTCH MeX3HHqecKaH 
u u v u 

c11cTeM3 c «nJI3BaromeH» caapoqHoH roJIOBKOH, orr11p31omeHCH nocpe.ncT-

BoM KOilHpHbIX pOJIHKOB HJIH myna HenocpencTBeHHO Ha CBapHBaeMOe H3· 
ii.e.nHe BOJIH3H 30HbI csapKH [ 40]. B npouecce ,nBH>KeHHH csapoqnoro an-

u 

napar3 «nJI3Ba10maH» ronosKa HJIH «nJI3BaIOII{HH» MYHJI.IllTYK Kon11py10T 
BepTHK3JlbHbie HepoBHOCTH B6JIH3H 30Hbl CBapKH, o6ecneQHBaH TeM ca· 
MblM IlOCTOHHCTBO BbIJieT3. 11HOfJI.3, lJTOObI nOBbICHTb qyscTBHTeJihHOCTb 

KOnHpyIOllIJIX ycrpoiicTB, HX cttao}f{aIOT H3MepHTeJihHhIMH npeo6p33oBa

TMHMH (HanpHMep, noreHUHOMerp11qecKHMH), npeo6pa3yIOIU.HMH nepeMe· 
u 

meHHH KOnHpy10mero .9Jiel\1eHTa B 3JieKTpHqecKHH CHfHaJI. 
0CHOBHOH He,noCT3TOK CHCTeM KOnHpOBaHHH -HeB03MO>KHOCTb COB

Me~eHHH 30Hbl KOnHpOBaHHH H 30Hbl CBapKH, BCJiencrBHe qero H3MeHeHHH 
u 

BhIJieTa B 30He CBapKH H nepeMemeHHH «IIJiaBa10meH» rOJIOBKH OK33bIB3-

IOTCH Hea,neKBaTHhIMH. KoMneHcauHH Tp3HcnopTHoro 33fl33JI.hIBaHHH npH 
... 

BBe,neHHH 3anOMHH3IOIUHX ycTpOHCTB 3HaquTeJihHO ycJIO>KH5IeT CHCTeMy 
u CHH}l{aeT Ha,ne.>KHOCTb ee pa6orh1 (40]. KpoMe roro, npnMeHeHHe Konu-

u u 

py10m11x ycrpottCTB B03M.O>KHO nnH orp3HHqeHHoro tIHCJia THnoa H3JI.eJIHH 

H BHnos CBapHbIX WBOB. 
Ilptt l\1HoronpoxonHoif CB3pKe B cnyqaHx, KorAa BhICOTy Ka}f{,noro yKna-

u 

,nhIBaeMoro B pa3,neJIKY BaJIHKa MO>KHO c onpeneJieHHOH TOlJHOCTblO ycTa-

HOBHTb 3ap3Hee, npHMeHHIOT cncTeMy nporpaMMHoro perynnpoaaHHH 

BbIJiera. Ona coAepLKHT sneKTpo~1exaHHqecKoe nporparv11v1Hoe ycTpoiicTBO, 
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28 4>yHK1'HOHaJlbH3R cxeMa CH• 
P lfC • 2• APB c o6paTnoA CBR3LIO no ToKy: 

re,.u,J 
c yexaHH3M no~aqe; P - pe.o.yKTop; 
Mn -;;cnonHHTenhHbltl ,l{BHTaTenb; T Ar -
M - IUTYK" Y M - ycHJIHTeJib .MoittHoCTH; 
.r.1ytUt urHaltH3aTop; CY - cpaBHHBaio~ee 
c - ~JlCTBO: flY - npe.o.Bap1nenbHblfi ycH
ycTPnb cHrHana o6paTH01i CBH3H; J1 ll -
JJHTe 
11tTOqHHK m·tTallHH 

CY 

c n!I 

u 

o6ecneQHB8IOillee nO)J.'beM CBapOllHOH roJIOBKH Ha aapaHee ycTaHOBJieHHYJO 

BeJIHQHHY no Mepe 38nOJIHeHHH pa3)l.eJIKH. 
06maH oco6eHHOCTb paccMOTpeHHblX CHCTeM - OTCYTCTBHe_ o6paTHblX 

CBH3eH no cpaKTH11eCKOMY 3Ha11eHHIO BbIJieTa 3JieKTpo,na H 9JieKTpH11eCKHM 

napaMeTpaM .nyrH. Oo3TOMY 9TH CHCTeMhI He11yacTBHTeJibHhI K H3MeHeHHHM 

BbIJieTa BCJieACTBMe KOJie6aHHH HanpH}KeHHH .nyrH, CKOpOCTH nJiaBJieHHH 

3JieKrpo.na H T. ,n. . 
0cHOBH8SI Tpy,nHOCTb npH paapa60TKe 3aMKHYTblX CHCTeM aBTOMaTH11e

CKOf0 perynHpOB8HHSI BbIJieTa 9JieKTpo.na - nony11eHHe HHcpOpMaUHH 0 Be

nHtJHHe BbIJieTa. ,llJISI 9TOH U.eJIH y,no6HO npHMeHHTb cpOT09JieKTPHlleCKHH 

Jl3TllHK, a none 3peHHH KOToporo pacnonaraeTCH nepexo,zuiaH oonacTb 

Me>KJlY KOHUOM nJiaBHmerOCH 3JieKTpo,na H CTOJIOOM .nyrH (pHC. 2 .27). 
Caeroaoli noTo~ OT 3TOH o6nacTH npeot5pa3yeTcsi ,naT11HKOM JI. B 3JieKTpH

qecKHH cHrHaJI uA, KOTOpbIH cpaBHHBaeTC.H B CY c 9TaJIOHHhIM cHrHaJIOM 

U0 • DpH H3MeHeHHH paccTOHHHH Me*.nY TOKono.nso.noM 11 CBapHBaeMoii 
noaepXHOCTblO 6y,neT H3MeH.HTbCH (BCJie,nCTBHe caMoperyJIHpOBaHHH )l.JIHHbl 

.u.yrn) ,nJIHHa HepacnJiaBHBllleHCH IJ8CTH 3JieKTpo,na, a CBeTOBOH nOTOK 6y

,l(eT yMeHbll18TbCSI (npH yaeJIH11eHHH BbIJieTa) JIHOO B03pacTaTb (npH yMeHb· 
rneHHH BhlJieTa) no cpaBHeHHIO c ero HOMHHaJihHbIM 3HalJeHHeM. 

CHrHaJI paccornacoBaHHH, Bb1,neneHHhIH B CJ!, nocne ycHJIHTeJIH· 
npeo6pa3oBaTeJI51 JI n HCnOJib3yeTC51 ,ll.JIH ynpaBJieHHH )l.BHraTeJieM M. noc-

u • 

Jie,D.HHH nocpe,ncTBOM pe.nyKTopa P ocymecTBJIHeT no.noeM HJIH onycKaHHe 
TOKOno.nao.nHmero MYH.2lIIJTyKa BMecTe c 3aKpenJieHHblM Ha HeM ,naTQHKOM 
,ll.O rex nop, noKa B noJie 3peHH.H A8T11HK8 BHOBb He OKIDKeTCH nepexo,nHaH 
30Ha «3JieKTpo.n-.nyra». OpH 3TOM cHrHaJI .naT11HKa no BeJIHllHHe cpaBHHBa· 

eTCH c 9TaJIOHHblM C.HrHaJIOM H CHCTeMa npHXO,nHT B COCTOHHHe paBHOBeCHH. 
TaKHM o6pa3oM, nepeMemeHHH MyH,nlliTYKa B aepTHKaJibHOH nJIOCKOCTH, 
KOnHpyH HepOBHOCTH caapHBaeMOH noaepXHOCTH, 06ecneq11Ba10T coxpa
HeHHe nOCTOHHCTBa BeJIHqHHbI BbIJieTa 3JieKTpo.na. IlpH CBapKe 3JIIOMH

HH.H nJiaBHIIJ.HMCH 9JieKTpo.noM B cpe.ne aproHa TOlJHOCTb CT30HJIH3aUHH 
BbIJieTa COCT8BJIHeT + 0,25 MM. 

CymecTBeHHhIH He,uocTaTOK paccMoTpeHHOH cHcTeMbI APB - KOH· 

CTpyKTHBHaH CJIO>KHOCTb H HeB03MO>KHOCTb HCnOJib30BaHHH ee B Tex cny

qasix, Kor.na H3MepeHHe CBeTOBOro nOTOKa OT Topua 9JieKTpo.na 38Tpy,nHeHo 

KOHCTpyKTHBHbIMH 9JleMeHTaMH, npH CBapKe B Y3KYIO pa3~eJIKY HT. n. 

OpH cnapKe B aamHTHhIX ra3ax 3JieKTpo.l(aMn Manoro .nHaMeTpa BhIJieT 
SJieKTpo,na cyruecTBeHHO BJIHHeT Ha ceapotIHblH TOK. 3Ta 38BHCHMOCTb He

n( OJib30BaHa JlJIH IIOCTpoeHHH CHCTeMbl APB c oopaTHOH CBH3bl0 no TOKY 

PHC. 2 .28) [42]. na.neHHe Hanpsi>KeHHH Ha lliYHTe Rw, nponopuHOH8JibHOe 

ct>aKTMtieCKOMy 3Ha'leHlUO TOKa, IlOCJie npe.n.BapHTeJlbHOfO ycHJieHHH cpaB· 

HUBaeTcH c HanpH.>KeHHeM Ui0 , cooTBeTCTBYIOW.HM 3a,naHHOMY 3HalJeHHIO 
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ToKa. Pa3HOCTHbIH c11rHa.11 nocne yc11J1eHHH no MOll.lHOCtH ucnoJibsyercsi 
JVIH ynpaBJieHHH CHrHaJIH3aTopoM npe,neJihHhlX 3HatieHHH BbIJieTa H He .. 
noJIHHTMhHhII\t ,nsHraTeJie~i. IloCJie~HHii qepe3 pe.nyKTop nepeMe~aer 

0 

TOKOilO)l.BOAHI.UHH MyH,nwTyI< BBepx HJIH BHH3 ,no Tex nop, no1<a CBapo11. 
HhIH TOK He CTaHeT paBHhIM ycTaHOBJieHHOl'fIY. CTpH 3TOM CHrHaJI Ha BXO~e 
ycHJIHTeJI.H MOlllHOCTH CTaHeT paBHbIM HyJIIO H CHCTeMa npHJI.eT B COCTOHHHe 
paBHOBeCH.H. 11cnoJib30BaHHe o6paTHOH CBH3H no TOKY Il03BOJIHeT ooecne. 
lllITh ero CTa6HJIH3aUHIO, He3aBHCHMO OT BHJI.a B03Myw.eHHH, Hapyma10. 
ll\HX ycTaHOBJieHHhIH pe}KHM CBapKH. 0.nHaKo CTa6HJIH3aUHH BhIJieTa 3JieK

Tpo.na B JI.aHHOM CJiyqae ooecnetJHBaeTCH TOJlbKO npH ycJIOBHH CTpororo 
IlOCTOHHCTBa CKOpOCTH no.n.aqu, nonepetIHOro cetieHHH 9JieKTPOJJ.HOH npo
BOJIOKH H npHMeHeHHH CTa6HJIH3HpOBaHHOro HCTQqHHKa IlHTaHHH. 

2.6._ CHcTeMw ynpaaneHHJI ca>opMHpoaaHHeM 
M reoMeTpH'leCKHMM pa3MepaMM WBOB 

CTa6HJIH3aUHH 3HepreTHtieCKHX napaMeTpoa .nyrH (cM. § 2.4, 2.5) Bo 
MHOrOM npe,nonpe,neJIHeT yCJIOBHfl o6ecnetieHMH 3aJI.aHHoro KalleCTBa CBapHO· 
ro coe,nHHeHHH, OJI.HaKO Beeb KOMnJieKC B03MymeHHH, .neiiCTBYIOW.HX Heno
cpe,nCTBeHHO Ha CBapHBaeMoe H3,[(eJIHe, OCTaeTCH BHe KOHTypa ynpaB.TieHHSl 
H He BJIHHeT Ha BbipaOOTKY peryJ111py10w.ero B03J(eiiCTBHH. B CBH3H c 3TMM 
'AJIH HOpMaJibHOro <i>oPMHpoBaHHH caapHoro wsa H o6ecnetieHHH 3az:laHHhIX 
napaMeTpOB ero nonepetIHOro cetieHHH npH HCilOJib30B3HHH aBTOMaTOB 

~JIH .nyroBOH csapKH Heo6XOJI.HMO npeJI.oHBJIHTb ropa3~0 6oJiee:>KeCTKHe 
Tpe6oBaHHH K TOqH OCTH no,nrOTOBKH H coopKH H3,AeJIHH, qeM npH PYtJHOH 
HJIH noJiyaBTOMaTHtiecKoii caapKe. CTa6HJIH3aUHH ocHOBHhIX napaMeTpoB 
pe:>KHMa Il03BOJIHeT o6ecnetIHTb .nocTaTOIJHO M8Jlhle OTKJIOHeHHH BeJIHqHHbl 
norOHHOH 9HeprHH .nyrM OT pacqeTHOH. IlpH H3MeHeHHH WHpHHbl 3a3opa 
yrJia pa3JI.eJIKH KpOMOK, npHTYilJieHHH, TeMnepaTyphl npe.nsapHTeJlbHOfO 
no.norpesa H .npyrMX TeXHOJIOrHqecKHX B03MymeHHHX MOiKHO pemHTb 
KaqecTBeHHO 6oJiee CJIO>KHYIO aa~aqy - ynpaBJIHTb napaMeTpaMH pe>KH· 
Ma ,nyroaoif csapKH, qTo6hI nonyqaTb 3a,naHHYIO reoMeTpHIO csapHoro 
llIBa. IlpH 9TOM HeOOXO,l{HMO yqHTbIBaTb, qTo M3MeHeHHe noroHHOH 9HeprHH, 

u 

,l(OCT8TOlIHOe ,l{JIH ynpaBJieHHH TepMH'lleCKHMH UHKJiaMH npH .nyroBOH csap-
Ke, He).l.OCTaTOIJHO ,QJUJ ynpaBJieHHH cpopMOH rnaa, TaK KaK TOK, CKOpOCTb 

nepeMemeHHH H HanpH:>KeHHe .nyrH no-pa3HOMY BJIHHIOT Ha cpopMy waa 
u v 

npH HeH3MeHHOH noroHHOH 9HeprHH. 
cl>aKTOpbI, BJIHHIOIII.He Ha cpopMy H pa3Mepb1 caapHoro maa, MO}KHO pa3· 

'Ae~HTh Ha JI.Be rpynnhl: 
a) HCXO,nHbie TeXHOJioruqecKHe YCJIOBHH - TO~HHa s MeTaJIJia HJIM 

KaTeT yrJIOBOfO rnsa, 3a3op b Me)KJ(y CBapHBaeMbIMH 'AeTaJIHMH, J{HaMeTp 
SJieKTPOJI.HOH npoBOJIOKH d3; 

6) ynpaBJIHeMhie napaMeTphI pe>KHMa csapKH - HanpH:>KeHHe .nyru 
U 11., cKopocTh csapKH Vea, cKopocTb no)l.aqH npoBOJIOKH Vn, caapo11HhIH 

TOK I CB• 

,llonycTHMhIH ~Hana3oH H3MeHeHHH reoMeTpHqecKHX pa3Mepos wsa 
B 3aBHCHMOCTH OT THna coe).\HHeHHH H TO.nllJ.HHbl csap11saeMoro MeTaJIJia 3a
)l.aeTCH COOTBeTCTBYIOllJ.HMH CTaH,napTaMH (HanpHMep, ,l{JIH csapKH B 3aJ..nHT· 
HhIX ra3ax - rocT 14771-76). YnpaBJieHHe npoueccoM CBapKH MO}KeT 

OhITh cae.uieno K onpe.nieneHHIO no HCXOAHhIM TexHoJioruqecKHM yCJioBHHM 
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Pnc. 2. 29. 4>yuKllHOHaJJ&HaH cxeMa ynpaBJJcuun ijlopMHpoeauncM mea: 

.. 
reQHempu'leCl(UU 

KONO/I 

X y Z - KOOPAl-UJaThl nonometJ1u1 nHUHH csapaoro coe,u.0HeH1u1: x, y, z, a, f3 - curuaJlbl ynpaB· 
n~HH~ npHBOABMH n X• n Y' n v lla, n f3 flOJIQ)KellHH H opHeHTaUUH CBapO'IHOI'O opraea; l A -AnHH8 

.uyrH; c - Bl-IA ec>eAHHeHllSI 

(rpynna cpaKTopos «a») TaKHX napaMeTpos pe>KHMa (rpynna cpaKTopoB «6»), 
KOTOpbie o6ecneqHB810T noJiyIIeHHe lllBa 38~8HhIX pa3MepoB H cpopMbl 

npH M3KCHM3JlbHOH npOH3BO.ZUITeJibHOCTH npouecca H MHHHMa.nhHbIX 33 .. 

TpaTaX caapoqHblX MaTepHaJIOB. 
PeweHHe 3TOH 3a)l31:1H B03MO>KHO Ha OCHOBe npHMeHeHHH B CHCTeMax 

ynpaBJieHHH MaTeMaTHtieCKHX Mo~eneii, HanpH~'Iep, Ml, M2 H M3 (pHc. 
2.29), ycTaHaBJIHB310lll.HX 33BHCHMOCTb ynpaBJUieMhIX IlOK338TeJieH npo

uecca CBapKH OT CJie~ylOll.lHX BXO~HhIX napaMeTpOB! HCXO~Hble TeXHOJIO· 

rHCJecKHe ycJIOBHH H napaMeTpb1 pe>KHMa csapKH (~.nH M 1); napaMeTpbI 

,nyrH (~JIH M2) u pa3MephI lllBa HJIH cnapo1:111oii BaHHhI (~Jifl M3) cooTBeT
CTBeHHO [ 41] ~ CHcTeMa ynpaBJieHHH c 3THMH Mo~eJIHMH co~epmHT reoMeT· 

u u 

pHIIeCKHH KaHaJI, onpe~eJIHIOIUHH rrepeMemeHHH 'AYfH KaK HCTQqHJIKa Ha-
rpeaa OTHOCHTeJlbHO JIHHHH CBapHoro coe~HHeHHH, H TeXHOJIOfHqecKHH Ka-

u u 

HaJI, npe~Ha3HaCJeHHbIH ~JIH IlO,llJ(ep>KaHHH onTHM8JlbHOH B33HMOCBH3H 

Me*llY ynpaBJIHeMbIMH napaMeTpaMH npu HaJinqHH B03MymeHHH. CBH3h 

Me.iK~y KaHaJiaMH ocyru.ecTBJIHeTcH qepe3 CI<opocTb cBapKH Vea· Mo,neJIH 

THna M 1, ycTaHaBJIHBa10mHe KoppMHUHOHHYIO 3aBHCHMOCTb reoMeTpH

qecKHX pa3MepoB CBapoIIHOH BaHHbl OT TeXHOJIOrHIIeCKHX ycJIOBHH H napa

MeTpoa CBapOIIHOro pe>KHMa, IlOJiyqaroT MeTOA3MH, OCHOBaHHbIMH Ha Teo

PHH rrpHHHTHH perneHHH. 3TH MO,LI.eJIH' HanpHMep .ll.JIH CBapKH HH3Koyr
Jiepo,LI.HCTblX CTaJieii a cpe~e yrJieKHCJioro ra3a, npe,ncTaBJJHIOTCH ypaB
HeHHHMH perpecCHH BH~a 

y = 80 + 81Vn + 02UA + 0:iVcs + 04d3 + 85VnUA + 06VnVca + 07 UAVca + 
+ 8sV11d3 + 09UAd3 + 010Vcad3 + 011V~ + 012U~ + 013V~a + 014d~, 



a tf 2 

Pttc. 2.30. Cnoco61>1 KOHTPOJUJ nponJJasJJeHHH npn nJia3MeHHOH caapKe 

rJ(e Y - OJI.HH H3 xapaKTepHhIX pa3MepoB nonepeqHoro ceIJeHHH IllBa; 

00- 014- K03<lxt>HUHeHTbl, noJiyqeHHble )l.JIH Ka:>K)l.OfO H3 napaMeTpOB JI 
no pe3yJihTaTaM o6pa60TKH 9KCnepH~IeHTaJibHblX JI.3HHbIX MeTo,naMH MHO· 

roMepHoro aHaJIH3a. 

Ha ocHoBe ypaBHeHHH perpeccHH paccIJHTbIBaIOT onTHMaJihHhie pe>KH· 

MbI cBapKH, 06ecneq11sa10m0e Tpe6yeMhie reoMeTpHtieCKHe pa3MephI H cpop

MbI lllBOB. 3a,naqa pemaeTCH tIHCJieHHbIMH MeTOJ(aMH c HCnOJih30~aHHeM 
BeCOBbIX H lllTpacpHbIX cpyHI<UHH OT)l.eJibHO .ll.JIH Ka>K,noro coqeTaHHH TOJI

lllHHhl nJiaCTHH (HJIH KaTeTa )I.JIH yrJIOBhIX llIBOB), ,ll.HaMeTpa 3JieKTpO,ll.HOH 

npoaoJIOKH H BeJIHIIHHhI 3a3opa. B pe3yJihTaTe nonyqaroT HHTepnoJlHUH· 

OHHbie MO,ll.eJIH BH)l.3 [8] 

z = e0 +els+ e2b + 83d3 + e4Sb + e5Sd3 + 
+ 06bds + 07S 2 + 0gb2 + 09d;, 

f ){e z - O,LI.HH H3 peryJIHpyeMbIX napaMeTpOB I ca, v n, u 1J. HJIH Vea co

OTBeTCTBeHHo; 80-89 - K03cpef>HUHeHThI, HMeIOmHe caMOCTOHTeJibHhie 3Ha

qeHHH JJ.JIH K8)KJI.0f0 H3 pery JIHpyeMhIX napaMeTpOB z. 
3TH ypaBHeHH.H Il03BOJIHIOT onpe,neJIHTh onTHMaJibHhIH 1CBapoqHblH pe

>KHM no HCXO,ll.HbIM TeXHOJIOrnqecKHM napaMeTpaM c IlOMOlUblO HOMOrpaMM, 

Ta6JIHU HJIH crrenHaJihHbIX cqeTHbIX JIHHeeK. 

IlpHMeHeHHe B CHCTeMaX ynpaBJieHH5I BbiqHCJIHTeJibHblX ycTpOHCTB 

,ll.JIH pacqeTa Ha OCHOBe MO,neJieH THila M 1 3HaIJeHHH napaMeTpOB CBapoqHo

ro pe)KHMa (no ,naHHblM TeKymero KOHTpOJIH COOTBeTCTBYIOll.lHMH )1.aTqHKaMH 
' HCXOJI.HbIX TeXHOJIOfHlleCKHX napaMeTpOB) no3BOJIHT C03)1.8Tb 38MKHYTbie 

CAP, KOTOphie o6ecneqar cTa6HJIH3aUHIO cpopMhI H reoMeTpHIIecKnx napa-
u 

MeTpOB nonepeIJHOfO ceIJeHHH rnaa np_H caapKe COe)l.HHeHHH c nepeMeHHbIM 
u u u 

3830pOM H MeHHIOI.UeHC.H TOJil.UHHOH ,neTaJieH. 

Cos,naHHe Mo,neneli THna J\,13 no3BOJIHT KoppeKTHposaTh napaMeTphl 

caapoqHoro npouecca ,nJIH cTa6HJIH3aUHH I.lIHpHHhI rnaa HJIH rnyoHHbI 

nponnasneHHH. 

CoaMecrHoe HCnOJih30BaHHe B CAY Mo,neneii THnoa Ml, M2 H M3 
,nJIH KOppeKUHH pa60TbI HCnOJIHHTeJibHhIX ycTpOHCTB reoMeTpHqecKoro 

H TeXHOJIOfMlleCKOfO KaHaJIOB CHCTeMbl (cM. pHC. 2.29) Ha OCHOBaHHH HC· 

XO~HOH H TeKymeif HHcpopMaUHH 0 napaMeTpax, onpe,neJIHIOI.IJ.HX ycJIOBHH 

CBapKH, HaH60Jiee TIOJIHO OTBeqaeT Tpe6oaaHHHM ee IlOJIHOH aBTOMaTH· 

33UHH. 

llacTHoe perneHHe o6mei1 sa,naq11 ynpaBJieHHH pa3MepaMH cBapHbIX 

lllBOB - 8BTOMaTnqecKoe peryJIHpoBaHHe rJiy6HHbl nponJiaBJieHHH TOHKO· 
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MeTanna, HanpuMep npH nna3MeH· Pt Mt ____ _ 

~~H caapKe (15). CTponJiaBJieHHe 
l{OHTpOJIHpyK>T JIHOO C IlOMOll{blO c}Jo
ro,llaTqHKa <PB (p11c. 2.30, a), perH· 

crpupy10mero HHTeHCHBHOCTb IlOTOK~ P2 M2 ..__ 

noIIH3HpOB3HHblX f830B C oopaTHOH u2 /Ji,rr-_ 
cropoHhl msa, JIHOO HCilOJib30B3HHeM YC !I I. r 
cneUH3JlbHOH IlO,Z(JIO>KKH 2 (pHc. lit --

2.30, 6), BB~JI.HMOH no,n; u 3.neJIHe 1 Puc. 2.31. CHCTeMa nOHCKa TO'lkH BH1HpOBa• 

H cny>1<ameH .nnH 3aMhIKaHHH noTo· uua 

KOM HOHH3HpOBaHHbIX ra30B 3JieK-

TpH1IeCKOH uenH. CHrHanhI ,naTqH~OB Hcnonh3YIOT ,nJIH CTaounusauHH 
nponnaeJJeHH.ff, H3MeHHSI caapoqHbIH TOK, aMilJIHTy,ny nonepetIHblX KOJie-

6aHHH 3JieKTpo.na, CKOpOCTb CBapKH H T .,n. 
MeTO)l.bl KOHTpOJIH rJiyOHHbl nponJiaBJieHHff qame BCero OCHOB8Hbl Ha 

H3MepeHHH TeMnepaTyphl B M8KCHMaJibHO HarpeTOH TQqKe C oopaTHOH CTO· 

poHbl caapHBaeMoro H3,lleJIHH. JlJISI 9TOfO npHMeHHIOTCH cneuHaJibHble CH· 

CTeMbl ynpaeJieHHH IlOJIO:>KeHHeM ,n.aTqHKa TeMnepaTypbl c ueJiblO IlOHCKa 
TOqKH BH3HpOBaHHH. IlpHMep TaKOH CHCTeMbI noKa3aH Ha pHC. 2.31. 
y CTpOHCTBO BH3HpOB3HHH y B COCTOHT H3 Tpex 6eCKOHT8KTHbIX .naTqHKOB 

reMnepaTyphI JJ.J-JJ.3. To1JKH BH3HpoaaHHH ,naTqHKOB JI.I H Jl.2 pacno
no>KeHhI Ha 0)1.HHaKOBOM paCCTOHHHH OT TOIJKH BH3HpoBaHHH .naTqHKa 11,3. 
CHrHaJihI c 11,1 H 11,2 nocTynaIOT Ha yctpoiicTBO cpaBHeHHH YC; pa3HOCTb 

Me.>KJlY HHMH ycHJIHBaeTCH YCHJIHTeJieM JI. CToJiytJ.eHHOe HanpH>KeHHe cyM· 
MHpyeTCH c HanpH}KeHHeM reHepaTopa r, IlHTaIOmero ABHraTeJib Ml 
MexaHH3Ma nepeMemeHHH ceapo1JHoro annapaTa CA H ,nBHraTeJib M2 
KbppeKUHH ycrpoiicTBa BH3HpoaaHHH. Pa3HHUa B cKopocTH nepeMew.eHHH 

YB H CBapOtIHOH ,nyrH npeoopaayeTCH B HanpH:>KeHHe oopaTHOH CBSl3H 
Uo.c· CHcTeMa noHcKa paooTaeT TaKHM o6pa30M, qTo, ecnH CHrHaJI .naTllHKa 

P.1 ooJihme c11ruana .naTtIHKa 11,2, ,neuraTeJih M2 qepe3 pe,nyKTop P2 
nepeMemaeT YB eneeo OTHOCHTeJibHO ,nyrH H, uao6opoT, ecJIH cHrHaJI JJ.2 
60Jibllle CHrHaJia D. l, TO y B CMemaeTCH BnpaBO OTHOCHTeJibHO ,nyrH. 
Ope.nnonaraeTcH, llTO HaHoonee HarpeTaH TOllKa Haxo,nHTCH Me>KJtY Toq

KaMH BH3HpOBaHHH 11,1 H JJ.2; ee TeMnepaTypa H3MepHeTCH ,naTqHKOM Jl.3. 
PacCMOTpeHHaH CHCTeMa HBJIHeTCH CHCTeMOH 0)1.HOKOOp)lHH8THOfO IlOHC

Ka, T. e. npe.nnoJiaraeTCH, llTO H8HOOJiee HarpeTaH ToqKa HaXO,Z(HTCH B IlJIOC• 

KOCTH CThIKa. TaM, rtte anpHopHo sTo npe,nnoJIO)KHTb HeJih3H, npHMeHHIOT 

ABYXKoop,nHH8THYIO CHCTeMy, ocymecTBJIHIOll{YIO IlOHCK T8K}Ke H B IlJIOC• 
KOCTH, nepneH,Z(HKYJIHpHOH K IlJIOCKOCTH CTbIKa. OmHoKa 9TOH CHCTeMbl 
nponopuHOHa~bHa paCCTOHHHIO Me}K,ny TOqKaMH BH3HpOB8HHH ,naTqHKOB 

n.1 H D,2, TaK KaK MaKCHMYM TeMnepaTyp MO}KeT OblTb CMeW.eH B CTOpoHy 
OT cepe,nH Hbl. 

4TOObl H3MepHTb TeMnepaTypy HarpeBa CBapHBaeMblX aaroTOBOK HJIH 
Tennoeoe H3JiylleHHe c HX noaepxHOCTH, MO>KHO HCilOJlb30BaTb 6ecKOH· 
TaKTHbie .naTqHKH TeMnepaTypbI (Tennoaoro H3JiytieHHH), HanpHMep TenJIO· 
BH30pbl (CM. npHJI. 8). 
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2.7. AaroMaTH3a"HSI ynpaaneHHJI nono>KeHMeM caapO'IHOH -ropenKH 
npH caapKe H HannaaKe 

JlJIH aBTOMaTHqecKoro ynpaBJieHHH flOJIO}KeHHeM CBapoqHOH ropeJIKli 

(3JieKTpO,ll.a) OTHOCHTeJibHO CBapHBaeMoro H3,ll.eJIHH HJIH HanJiaBJUieMoA 

noBepXHOCTH npeJI.JIO>KeHO 60JihWOe KOJIHqecTBO pa3H006pa3HblX CJie.n,s1, 
l.IJ.HX CHCTeM, O~HaKO B npOMbllUJieHHOCTH OHH npHMeHHIOTCH He,l(OCTaToqao 

WHpOKO. Sro o6oHCHHeTCH rJiaBHblM o6pa30M OTCYTCTBHeM HJIH M3JIOH Ha-
u 

l{e>KHOCThIO ,naTqHKOB, npHrOJI.HbIX ,nJIH yCJioBHH caapoqHoro npoH3BO.lJ.CTBa. 

Mo>KHO cquTaTb, llTO aBTOMaTH33UHH cBapoqHhIX onepauin1 c noMo~bIO 
CJie,ll.HIUHX CHCTe~J - 3TO npo6JieMa cnoco6oB H cpe.ACTB H3MepeHH.H cpaKTH· 

u 

qecKoro IlOJIO>KeHHH CTbIKa HJlH HanJiaBJIHeMOH noaepXHOCTH .nJIH Ka}KJJ.oro 

9K3eMnJIHpa H3,neJIHH. 

flo cnoco6y npeo6pa308QHUR UHc/JOpM.al{UU 8 CUeflaA, HCnOJih3yeMbIH AJISI 

ynpaBJieHHH, CJie,nHII1-He CHCTeMbl MO:>KHO KJiaCCHcpHUHpOBaTh no THilaM 

npuMeHHeMhIX B HHX ,naTllHKOB. Pa3JIHllaIOT CJieAHl.l(He CHCTeMbI c .naT1Ili· 

K3MH: 9JieKTpOMexaHH1IecKHMH, cpOT03JieKTPHlleCKHMH, TeJieBH3HOHHblMH, 

SJI eKTpop a3p H)I.HbIMH, 3JieKTpOM3f HHTHbIMH' cpoTOnHpoMeTpH qeCKHMH, 

YJibTpa3BYKOBhIMH, nHeaMaTHlleCKHMH, pa,n11auuoHHbIMH H ,np. 

no cnoco6y noAyt.{,eflUR UH</JOpMal{UU 0 noAo3/CeflUU KOHmpoAupyeMOZO 
o6?JeKma pa3JIHqaIOT JI.Be rpynnhI ,naTqHKOB: · 

a) ,naTtIHKH, B KOTOpbIX HHcpopMaUHH o6pa3yeTCH B pe3yJihTaTe CMe

meHHH KOHTpOJIHpyeMOfO 06'beKTa OTHOCI1T€JlhHO t.IyBCTBHTeJibHOfO 3Jie· 

MeHTa )I.8TllHKa c peaJihHO HaORIO~aeMOH CKOpOCTbIO; 

6) .rr.aTIJHKH, B KOTOpbIX HHcpopl\1au11H o6pa3yeTcH npH OhICTpoM npo
cMaTpHBaHHH (cKaHHpOBaHHH) 30Hbl KOHTpOJIHpyeMoro o6oeKTa 11yBCTBH

TeJibHbIM .3JieMeHTOM ~aTqHKa co CKOpOCTblO, npeBbIWaIOmeH: He MeHee, 

qeM Ha nopH,ll.OK, CKOpOCTb peaJibHOro CMemeHHH o6oeKTa. 

JlaTqHKH co CKaHHpoBaHHeM KOHCTPYKTHBHO CJIO>KHee ~aTtIHKOB nep

Boii rpynnhI, o,nHaKo OHH MoryT 6hITb H3rOTOBJieHhI 6onee no.Mexo3am11· 

meHHhll\1H H fl03BOJIHIOT noJiyllaTb 6oJiblllOH o6oeM HHcpopMaUHH oG o6oeI{· 

Te H3MepeHHH. 
B 3aBHCHMOCTH om Mecnza mot.{,KU U3MepeHUR noAo3/CeHUR AUHUU col!au

HeHUR CBapHaaeMbIX 9JieMeHTOB pa3n11qa10T ,naTqHKH II CHCTeMbl c H3Mepe

HHeM Bnepe,nH TOqKH CBapKH (pHC. 2.32, a, 8, 2), COOKY OT TOIJKH caapKH 

(puc. 2.32, 6) H B TOtIKe caapKH. B 3aBHCHMOCTH om HaAutLUR sanoMuHaJO· 
~ux ycmpoucmB o cAeaRU{eu cucme.Me pa3JI11qa10T c11cTe~1h1 oea yqeTa 

TpaHcnopTHOfO 3ana3,ll.hIBaHHH TOqKH CBapKH OTHOCHTeJihHO TOllKH H3-

MepeHHH (puc. 2.32, a) H CHCTeMhl c yqeTOM yKa3aHHOfO TpaHcnopTHOfO 3a

na3,nhIB3HHH (pnc. 2.32, B, z). 
B CHCTeMe, BbIIlOJIHeHHOH no cxeMe pHc. 2.32, a, B03HHKaeT norpernHOCTb 

HaBe,neHHH ropeJIKM Ha JIHHHIO conpH}KeHHH CBapHBaeMhIX 3JieMeHTOB. 

3Ta norpernHOCTb OTCYTCTByeT a cHcTeMax c H3MepeHneM cooKy OT TOqKH 

caapKH (pMC. 2.32, 6), B TOlJKe CBapKM, a TaK>Ke B CHCTeMax c yqeTOM TpaHC· 

nopTHOfO 3aTia3,ll)>IBaHHH (pHC. 2.32,B, 2). nocJie,nHHe 6bIB3IOT ABYX BH· 

.noa: c a6COJIIOTHblM onpe,neJieHHeM no.11omeHHH JIHHHH conpH>KeHHH B TOq· 

Ke H3YvfepeHHH (pHC. 2.32, B) H c OTHOCHTeJihHhIM onpe)l.eJieHHe~1 nOJIOR<eHH.H 

JIHHHH conpnmeHHH B TOlJI{e H3MepeHHH (OTHOCHTeJihHO TOllKH csap

KH). B nepaoM cJiy11ae a6coL1110THoe noJio>KeHHe ,naTquKa JIHHHH conp.H • 

>KeHHH H3MepHeTCH BCnoMoraTeJihHhIM J(aTqHKOM - npeo6pa3oBaTeJieM 
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PHc. 2.32. CxeMbl c..11eASlll.lHX cncTeM AnH ynpaenettHR no.nolKettHePt1 csapo'IHOH ropeJIKH: 

a - c .AaTllHKOM anepe,AH TO'IKH caapKH; 6 - c ,AaTllHKOM c6oKy OT TQqKH caapKH; 8 - c A8Tq HKOM 
enepe,D.H 'fOlU<H caapKH, aanOMHHalO~Hl\f ycTpOACTBOM H He3aBHCHMOll HJMepliTeJibHOA CJie.zv1111.eA 
CHCTeMoA: e - TO )Ke c 3aBHCHMOA (3BKpen.neHHOA ttenOABIDKHO OTHOCHTeJlbHO csapoqHOA rope.JIKH) 
H3MepHTeJlbHOtt CHCTeMoil; er - CBapOllHaH ropeJIKa; II - JJ.3T1IHK nOJJO.)KeHHH JIHHHU coe)I.HHeHHff (C) 
BJJH JIHHHH (nosepXHOCTH), 3KBH~HCTaHTHOA JIHHHH COe.IJ.HHeHIUI (3); n - npeo6paaOBaTeJib ,lJljTllffK8; 
flp - npHBO.~ nepeMew.ettHH CBap01iHOH ropeJIKH; ll.B - HCOOJIHHTeJlbHblii JI.BHraTeJib npHBOJI.a CBapoq-

uon ropeJJKH: flpu - npHBOD. lt3MepHTeJit.Hoil CJleAHl.lJ.e:l CHCfeMbl; ll.Bn - ucnOJIHHTeJlbHblH JJ.BHraTeJib 

npHBO,ita H3MepJ.iTeJibHOA CJie,itsiw.en CHCTeMbl; D.Bc - ,U.8TlJ.HK noJIO}f\.eHHH BCilOMOraTeJibHbltt; 3Y -
sanoMHHaiow,ee ycTpottcTao; E - cyMMHPYIOl.lJ.ee ycTpoficTso: V x - HanpaBnemte CKopoCTH nepcMe

II.(€HHH CBapotiHOA ropeJIKH npH HepaOOTclOl.l{eH CJieAHllleti CHCTCMe; - - KHHeMaTH'lecKHe CBH3H 

JlB~ H nocTynaeT B 3anoMHHa10mee ycTpoiicTBO. Bo BTopoM CJiyqae onpe-

11.eJIHeTCH OTKJIOHeHHe JIHHHH coe;:u1HeHHH B ToqKe H3MepeHHH OTHOCHTe.Tlb· 

HO TQqKH CBapKH H 3TO PTKJIOHeHHe CKJl3,llbIBaeTC.H c TeKymHM nOJIO}KeHHel\1 

caapoqHoH ropeJIKH. f1oJiyIIeHHaH anreopattqecKaH cyM~1a, onpe,neJIH10maH 

aOCOJIIOTHOe flOJIO.>KeHHe TQqKH H3MepeHHfl, nOCTynaeT B 3anOMHH3IOl.1lee 

ycTpOHCTBO. B 06011x BH.nax CHCTeM HHcpopM3UHH 0 IlOJIO)J{eHHH T01IKH H3• 
., 

MepeHMH HCnOJib3yeTCfl Jl.Jl51 ynpaBJieHHH nOJIO}l{eH11e~1 CBapOIIHOH ropeJ1KH 
u u 

c 3anepmKOH no apeMeHH, onpeAeJI.HeMOH Bpel\iieHeM nepeMemeHHH Ha cKo-

pocTH Vx B HanpaBJieHHH x Ha paCCTOHHHe Me.>K.nf TOllKOH CBapKH H T04-

KOH H3MepeHHH. CKopocTh V x HacTpa11aaeTCH B cooTBeTCTBHH c TpeooaaHH

eM TeXHOJIOfHH, a HHcpOpMaUHH 0 nepeMemeHHH no l{OOp,nHHaTe x nocTy-
u 

naeT B y3e.n ynpaBJieHHH sanOMHHa10w.ero ycTpOHCTBa ,nJIH ynpaBJieHHH 
Te.MnOM BhI,naqu HHcpOpMaUHH Ha npHBO.lI. CBap01IHOH ropeJIKH. 

CTpHMeHHTeJihHO K 3a,naqe aBTOMaTHlJeCKoro ynpaaneHHH noJio.>KeHHeM 

CBapoqHQH ropeJIKH (3JieKTPO!l.a) OTHOCHTeJibHO JIHHHH CBapHBaeMoro coe

JUiHeHHH ,n.TIH OTcqera ee nOJIO}J{eHHH Ha H3,lleJIHH MO}l{HQ HCilOJib30BaTb 

CThIK CBapHBae!\1bIX KpOMOK, KpOMKH (noBepXHOCTH) H3,QeJIHH HJIH cneuH
a.,'JbHYIO KOnHpHyIO JIHHHIO (CM. npHJI. 9). 

Onpe}leJIHB, KaKOH 3JleMeHT CTblKa oy,neT HCilOJib30B3TbCH JliJlfl OTClleTa 

ero IlOJIO>KeHHfl Ha H3,AeJIHH, Heooxo,nHMO H3HTH xapaKTep11cTHI<H BXOJI.

Horo aoaneticTBH.R: Ha1160Jihrnee 3HatieHHe paccorJiacoaaHHH Mem,ny pac

lieTHhIIvt H <PaKTHtleCKHM IlOJIO.>KeHHeM JIHHHH coeJ{HHeHHH HJIH noaepxHo

CTeH H3,ll.eJIHH; HaHOOJlhlllYIO CKOpOCTb H3MeHeHHH 3TOro paccorJiaCOBaHHH. 

3Tn ,ZI.aHHbie Il03BOJIHT onpe.neJIHTb TpeoyeMoe 3HalJeHHe H HaHOOJibWYIO 

CKOpOCTb nepeMemeHHH ,naTqHKa H caapoqHoro HHCTpyMeHTa B)(OJib co
OTBeTCTBYIOIUHX KOOpJI.HHaT. 

l{Jifl peaJibHbIX yCJIOBHH CBapKH 3HalleHHH 3THX BeJIHQHH onpeAeJIHIOTC~ 
AeiicTBHeM CJiyqaHHbIX <PaKTOpoB: norpewHOCTHMU H3fOTOBJieHHH CBapH

BaeMbIX SJieMeHTOB H3,lleJIHH, norpewHOCTHMH HX c6opKH TIO,ll CBapKy, 
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norpewHOCTHMH ycTaHOBKH co6paHHoro H3,neJIHH B IlOJIO>KeHHH CB8PKH, 

TeilJIOBbIMH H CBap011HbIMH ,necfx>p?YiaU.HHMH H3,AeJIHH B npouecce CBapKn. 

IlpH CBapKe lllBOB, He HMeIOI.IUiX pe3KHX H3fH60B H H3JIOMOB, CJieJ.JsI .. 

Ill.He CHCTeMbI, KpoMe HX npHHU.HilHaJihHOH pa60TOCnoco6HOCTH H ycToij. 

IIHBOCTH, ,noJI>KHhI o6Jia,naTh onpe,neJieHHhIMH .U.HHaMHqecKHMH caoH:cTBaMH, 
u 

KOTOphie ou.eHHBalOTCH c noMOlflblO noKa3aTeJieH KalJeCTBa peryJIHpOB3HHH: 

BeJIHlIHHbl nepeperyn11poBaHHH a, BpeMeHH peryJIHpOBaHHH lp H lJHCJia KO· 

Jie6aHHH. µ, cosep.waeMhIX cHcTeMoH 3a apeMH nepexo,nttoro npouecca. 

npaKTHKa IlOK33bIBaeT, qTo ,ll.JIH OOJlhIIIHHCTBa CJiyqaeB CBapKH .UOCTaTOlJ

HO, qT06hI CJie,iv1maH CHCTeMa o6na,naJia CJie)lyIOllIJIMH noKa38TeJIHMH Ka• 
qecrsa: a -< 20 -;- 30 % ; !p= 0,2 + 0,6 c H µ = 0 + 2. 

flo ttUCAY CAeaRU{UX 8BU:J/CeflUU CHCTeMhl MO)KHO pa3,LI.eJIHTb Ha o,nHOKOop .. 

.UHHaTHhie H MHoroKoop.U.HHaTHbie. Kon1111ecTBO oTcJieJK:HBael\fi>IX Koopntt· 

HaT onpe.u.eJIHeTCH xapaKTepoM JIHHHH, 06pa3yel\thIX Ha IlJIOCKOCTH HJIH 

B npocTpaHCTBe CTbII{yeMhIMH KpOMKaMH 6y.u.ymero llIBa H ero opHeHTa· 
u u 

UHeH OTHOCHTeJlbHO KOOp,lI.HHaTHbIX oceH: npHMaH JIHHHH; npHMaH' pacno.. 
JIO)KeHHaH non He60JibWHM yrJIOM K JIHHHH ~BHmeHHH CBapoqaoro annapa

ra; KpyroBaH; CilHpaJihHaH HT. n. ,llByXKOOp,LI.HHaTHhie CJie,IJJII.I\ He CHCTeMhl 
06h11:1Ho npe,ncTaBJIHIOT co6oti col!eTaHHe .u.syx He3aBHCHMhIX o,nHoKoop

.UHHaTHhIX CHCTeM c 06ll1.HM .U.BYXKOOp,LI.HHaTHhIM HJIH ,nByl\tH o,nHOKOOp)lH .. 

HaTHhIMH ,naTtIHKaMH. CTpH cBapKe rnaoB CJIO}KHOH cpopMbI np11MeHH10TCH 

TaKLKe .u.syx- H TpeXKOOp,ZI.HH3THhle CJie,ITJIInHe CMCTeMbI c B33HM033BHCH· 
MbIMH CJie,l{SllQHMH ,lI.BHLKeHHHMH. 

flo muny pezyARmopa, npHMeHeHHOfO B CHCTeMe aBTOM3THKH, CJie)lH· 

l.UHe CHCTeMbI pa3,lI.eJIHIOTCH Ha .nae rpynnht: CUCnte;11.bl c pezy ARmopaMU 
npRMOZO aeuCniBUfl U CUCnle.Atbl C pezy.llflmopaMU HenpRJ.ttOZO aeuCtnBUfl. 
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Pnc. 2.33. CxeMbl ycypoAcTB npHMoro AeiicTBHSJ A.JUI uaupaBJJeHHR ceapo11Horo HHCTJ>YMeHTa no 
~HHHH cOeAHHeHHH: 

J - csap1·1BaeMoe M3AeJIHe; 2 - KonupHhlll pon1-1K; 3 ........ npy}IOIHa; 4 - 3BeHo, nepeMent810ll\eecS1 BAOJib 
JJHHHH coeivmeHHH; 5 - OOABH>KHOCTb, o<SecnetiHB810lltSSI Koppel<Tl1pOB04HOe nepeMe1..4cNue; 6 - CBa .. 
poqffaH ropeJJKa~ 7 - IJ.OflOJJIJHTeJJbHaJI flOIJ.BHlKHOCTbi 8 ~ JIHHHSI coej\HHehH>l 
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P ., 3-t CxeMt.t ,tByxKOOP.J.HHaTHblX ycTPOWCTB 
HC. -· • • 

flPHl\IOrO JleliCTBHJI J..1. .. UI CllapKH yr JIOBblX llJBOB: 

I _ KOnHpm>1il ponnK; 2 - caapH sael\me 113.ztenne; 3 -
CB<lP•JlJH8ff ropPJma 

Cne.n.Slm.He cHcTeMbl (ycTpoiicTBa) c pe
rynsi ropaMH npSIMOfO JJ,eHCTBHSI. 0HH H3H-

z 

F 

6oJiee npOCTbie, H3MepeHHe HeOTAeJIHl\10 i 
oT ynpaBJieHHH. CBapoqHaH roJIOBKa HJIH 
ropeJIKa Hl\1eeT OJI.HY HJIH HeCKOJihKO CBOOO)lHblX (HenpHBOAHbIX) non.

Bl-DKHOCTett Ii CBH3aHa HenocpeJJ.CTBeHHO co w.ynoM, BhIIlOJIHeHHhIM 

B BH,ll.e pOJIHKa HJIH HenOJI.Blt>KHOro KOnHpttoro naJihUa. Illyn no

CTOHHHO npH>KaT K noaepXHOCTHM pa3)J.eJIKH KpOMOK CTbIKa HJIH JJ.pyrH~t 

nosepXHOCTHM CBapHBae~fi>IX 3JieMeHTOB nOJJ. n.eiiCTBHeM npy>KHH HJIH CHJI 

TH>KeCTH. OpH Oll.HOM inyne-poJIHKe (pHc.2.33,a) B03MO:>KHO HanpaaJieHne 

ropeJIKH no pa3JJ,eJIKe CTbIKa 6e3 npHXBaTOK. 
ECJIH CBap01IH351 ropeJIKa H rnyn H~telOT TOJibKO O~HY IlOJJ.BH>KHOCTb 

(pHC. 2.33,a), TO B03HHKaeT COCTaBJUIIOIII.aH norpeIIIHOCTH HaJIO>KeHHH lllBa 

L\K (pHc. 2.33,c), onpeJJ.eJIHeMaH no cpopMyJie (9) (cM. np11J1. 9). 
CTp11 KonnpoBaHHH B .n.ayx (11 6oJiee) TOIJKax H .nonoJIHHTeJibHOH non

BH}KHOCTH myna OTHOCHTeJihHO ropeJIKH (p11c. 2.33,6) HJIH myna c ropeJI
KOH OTHOCHTeJihHO·H3JI.eJIHH (pHC. 2.33,B) MO}KHO cymecTBeHHO yMeHhlllHTb 

BeJIHIJHHY norpewHOCTH ~Kt a npH CTporo npHMOJIHHeHHbIX CTbIKaX, cny
llaHHbIM o6pa30l\1 noBepHyTbIX Ha He60JibWOH yroJI,- nOJIHOCThlO HCKJIIO

qHTb 9TY norpelllHOCTb (pHC. 2.33,a). ,UJIH Toro IJTOObl npH 3TOH JJ.OilOJI

HHTeJibHOH nO,U.BH>KHOCTH MOiKHO OblJIO KOilHpOBBTb CThlKH, co6paHHhie 

c nOJ.\-101.UblO npHXBaTOK, HeOOXOlI.HMO He MeHee Tpex ruyrroB-pOJIHKOB 

c He3aBHCHMbIM Il0.lJ.)K8THeM K H3,ll.eJIHIO (pHC. 2.33 ,B). 

y CTpOHCTBa, cxeMbl KOTOpbIX npHBe.neHbl Ha pHc.2.33, npHMeHHIOTCH 

npH cnapKe npeHJ\.IYllleCTBeHHO CTbIKOBhIX coe,nHHeHHH c pa3,l(eJIKOH HJIH 

rapaHTHpoBaHHhlM 3330pOM, co6paHHhIX 6e3 npHXBaTOK HJIH Ha npnxBaT .. 

Kax. DpH BhinOJIHeHHH yrnoab1x rnBoB 9TH ycTpoiiCTBa npHl\teHHIOTCH 

nptt cBapKe B noJiom:eHHM «B Jio.noqKy». CTpH 9TOM Tpe6yeTcsi TaK}l{e KOnM

poBaHMe no BTOpOH KOOpJJ.HHaTe, KOTOpoe ocymecTBJIHeTCH c nOMOllJ.blO 

AOnOJIHHTeJibHOH CHCTeMbI c peryJIHTOpOM HenpHMOfO .n.eiiCTBHH. 

npH CBapKe «B yroJI» KOppeKTHPYIOlllHe nepeMemeHHH MoryT OblTb Ha
npasJieHbl JIH6o nonepeK H BJJ.OJih OCH sJieKTpo;i.a, JIH6o OhITh nepneH.nH

KYJIHpHbI K noJIKaM csap11aaeMoro coe.n.HHeHHH (p11c. 2.34). 

0pHMOe KOOHpOBaHHe no BepTHKaJIH H no.n. 60JiblllHMH yrJI3MH K ro
PH30HTaJUI npHMeHHIOT np11 He60Jibrnoi1 HJIH qacT1·111Ho ypaaHoBerneHHOH 
Macce nepe~1ew.aeMhIX qacTei1 (p0c. 2.34,a). 
3• 
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PHc. 2.35. YcTpolfcTBO nepHO.D.HllecKoro npR· 
Moro KOnHpoeaHHR AJUI TeKyll{eH aJJ,anTa(\HH: 

J - ropeJJKa; 2 - ntyn; 3 - nHe'8MO.U.HJIHHAP 
BIJ,D;BIUKeHHH ~yna; 4 - nOJJ3yH nepeMe~eHHH 
ropeJIKH BJJ.OJ1b aJieKTPO,Aa; 5 - t:j>HKCaTop ro
peJIKH; 6 - BTYJJKa, o6ecnetnrna1o~aH Kal4BHHe 
ropeJJKH nonepeK oc.H aneKTPOAa; 7 - nueBMO
UHJIHHAP npHBOAa 4>HKCaropa 

J 

2 

G 

- . -

7 

8 

9 

PHc. 2. 36. CxeMa ceucopHOH nOJI.CHcTeMLr, 
ucnOJ1b3YJOU(eH OTpalkeHHOe ceeToeoe H3JIY"letrne 
ceapO'IHOH JJ.yrH (nO)J.CHCTeMa H306palKeHa B co. 
CTaBe OJJ.HOKOOPJJ.HHaTHOH KOppeKTHPYIOnteA cu ... 
CTeMbl): 
1' 2 - TOl.JHH BH3HPOBaHHSI Ha ropH30HTBJibHOM a 

sepTHKBJ1bHOM caapHBaeMbJX 3J1eMeHTax; 3 - Cea .. 
poqHaSI ropeJIKa; 4 - Tpy6qaTble 6neHp_bJ; 5 -
Ka6eJibt1b1e cneTono,o_bJ; 6 - ,o_aT'IHK c itBYMH <l>c>To .. 
pe3HCTOpaMH; 7 -yCHJIHTeJih·cl><>PMHpoeaTeJJb; 8 -
npeoopa3oaaTeJJb npunoAa; 9 - ,a;suraTeJib H npu .. 
BOAHOi\ MexaH H3M 

B cxeMe no pHc. 2.34, 6 KOnHpHbIH ponHK 1 no.n ,nei1cTBHeM npym11H, 

co3na10m11x ClfJihl F 1 H F 2 , 3aHHMaeT cTporo HeiiTpaJihHOe noJIO)KeHne (.n.o 

conpHKacaHHH c H3AeJIHeM). 3To inocTHraercH 6Jiaro)l.apH TOMY, 11To CHJia 

F 2 np11mHMaeT K ycTyny Kopnyca ynopHyIO waii6y, a CHJia F1 :MeHhlliaH, 

tJeM CHJia F 2 , npH)KHMaeT K 3TOH .>Ke rnati6e no)l.BH.>KHhIH 3JieMeHT, :>KeCTKO 

CBH3aHHhlH c KOilHpHhlM poJIHKOM. 4To6hI ycHJIHH, Tpe6yeMhie ..QJIH CMe· 

meHHH pOJIHKa 113 HeHTpaJihHOfO IlOJIO}KeHHH B o6e CTOpOHhl, 6bIJIH paBHhI, 

Heo6XO,ZJJIMO ot5ecneqHTh B HeiiTpaJihHOM no.no>KeHHH BhinOJIHeHHe ycJIOBHH4 

F 2= 2F1 (6e3 yqeTa cHJihI Tfl/KecTH no)l.BH:tKHhIX 11acTefl) - pHc. 2.34,z. 
CxeMa no p11c. 2.34,e no3BOJI.HeT peaJIH30BaTh npSIMoe KonttpoaaHHe 

noaepXHOCTeH H3,ZI.eJIHH B TOqKax> pacnOJ10JKeHHbIX c6oKy (Ha Tpaaepce) 

T01IKH CBapKH, llTO Han6oJiee npOCTO ocymecTBHTb npH BhIIlOJIHeHHH yr

JIOBhlX WBOB c Jl.OCTaToqHO 60JiblllHMH IlOJIKaMH. 

B nocJie.ll.HHe ronh1 HaqaJIH np11MeHHTb o,nHo- H ,nayxKoOpJl-HHaTHhie KO-
U U 

n11py10I.IJJie ycTpOHCTBa npHMOro )l.eHCTBHH c nepHO)l.HtieCKHM l{OilHpoaa-

HHeM. TotIKa KOnHpoBaHHH ycTpoffcTBa (pHc. 2.35) pacnoJiomeHa Ha pac

CTOHHHH 8-10 MM OT TOllKH CBapKH. B KaqecTBe myna HCOOJib3yeTCH 

KJIHHOBH)l.HbIH naJieu. UHKJI KOppeKTHpOBKH noJIO}KeHHH caapoqHoro 

HHCTpyMeHTa COCTOHT ll3 OCB06om.neHHH cpHKCaTopa ropeJIKH no JI.BY~' 
CTeneHHM IlOJI.BH>KHOCTH: o,naa - B)l.OJih OCH 3JieKTpo,na; BTOpaH - no

nepeK OCH 3JieKTpona H -JIHHHH coe)lHHeHHH; 3aTeM )l.BH}I{eHHH myna )1.0 

ynopa B noBepXHOCTH caapuaael\llhIX 3JieMeHTOB, noc.ne,ny10meft cpHKCaUHH 

HHCTpyMeHTa, a 3aTeM OTBO)l.a myna OT H3)l.eJIHH Ha paCCTOHHHe ~20 MM. 

npHBO)U>l MeXaHH3~fOB nepeMew.eHHH myna H cpHKCBUHH HHCTpyMeHTa -

nHeBMaTHqeCKHe. CTepBbIH UHKJI KOppeKTHpOBKH BblilOJIHHeTCH )l.0 HaqaJia 

CBapKH. 4aCTOTa CJie)l.OBaHHH UHKJIOB KoppeKTHpOBKH H flOJIO>KeHHe 

ToqeK KOnHpOBaHHH Ha JIHHHH coe~HHeHHH ycTaHaBRHBBIOTCH B 3aBHCH· 
v 

MOCTH OT O>KH,n.aeMOH CKOpOCTH H3MeHeHHH paccornacoaaHHH Me>KJlY pac-

lleTHblM H cpaKTHllecKHM flOJIO>KeHHHMH JIHHHH coe,lI.HHeHHH, KpHBH3Hhl 

nocJie)l.Heif, ,n.onycKaeMoro OTKJIOHeHHH CBapotIHoro HHCTpyMeHTa OT JIM· 
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HHH coe.DJJHeHHR, a T3K}I{€ OT paCTIOJI0)1{€HHH npHXBaTOK. 00CKOJibKY myn 

B Ka>KJlOM UHKJie KOppeKTHpOBKH HaXOJI.HTCH B6JIH3H 30Hhl CBapKH B Te

qeHHe .no OJI.HOH ceKyHJJ.bT' TO OH npaKTMlJ€CKH He 3aOpb13fHBaeTCH H He 

rpeaaeTcH. Eme 6oJiee 6JiaronpHHTHbie ycJIOBHH np HMeHeHHH TaKoro Ha u u 

ycrpoiicTBa 06ecnequaa10TCH npu caapKe nyJibc11py10meH ,ll.yrott, KOr,U.a 

i<oppeKTHpOBKa MO}l{eT ocymecTBJIHThCH sou Bpel\ilH npephIBaHHH .nyr11. 
HaH6oJiee yno6Ho npn~1eHHTh TaKHe ycTpOHCTBa nptt cBapKe yrJIOBhIX 

WBOB He60Jibll10H Kp.HBH3Hbl 6e3 npHXBaTOK HJIH c npHXBaTKaMH, pacno

JIOiKeHHblrvlH B Toqno onpe,n.eJieHHhIX l\f€CTax (Me)l{,U.y TOt:IK3!vlH cpa6aTbIBa-

HHH ycTpOHCTBa). 
He.n.ocTaTKH peryJIHTopoa npHMoro ne:HcTBH5I: 1) HeBo3MO)KHOCTh HX 

npttMeHeHHH npH CBapKe CTbil{OBhIX coe.nHHeHHH 6e3 pa3)l.€JIKH Hu rapaH

THpOBaHHOro 3a3opa B CTbIKe, a TaK>Ke HaXJieCTOt:IHbIX coenHHeHHH c TOJI

ll.JJ!HOH BepxHero JIHCTa ?\feHee 3 MM; 2) HeOOXO,U.HMOCTb cneuHaJibHOH I<OH· 
u 

crpyKUHH caapo1:1Horo annapaTa «c nJiaaa10me11» B HanpaBJieHHH cJie>Ke-. 

HHH qacThlO, Hecymefi caapo1:1Hy10 ropeJIKy; 3) npH HeB03MOLKHOCTH KOilH

poBaHHH cooKy ToqKn cBapKn H Heuenecoo6pa3HOCTH npHMeHeHHH 

nJiaHOI{ ,lI.JIH BhIBO,lla myna Heo6xo.nHMO npe)lyCMaTpHB3Tb cpHKCaUHIO «nJia

BaIOru e.H» lJaCTH annapaTa nepe.n BbIXOAOM myna H3 KOHTaKTa c H3,neJIHeM 

npH HaJIO>KeHHH KOHeQHOfO yqacTKa lliBa, a T3K)f{e ooecnelJHBaTh JI.OCTa-
u u 

roqHo Bh1c0Ky10 }l{eCTKOCTh KOHCTPYKIIJIH ace11 MaHunyJIHUHOHHOH CHCTe-

MhI, QT06bI CHHTHe YCHJIHSI KOnHpOBaHHH TIOCJie BhIXO)la r.nyna H3 KOHTaK

Ta c H3,neJIHeM He Bbl3bIBaJIO qpe3MepHoro .nonoJIHHTeJihHOfO CMemeHHH 

CBapOGHOH ropeJIKH H3 33cpHI<CHpOBaHHOfO nepe,U. 3THM nOJIO>KeHHR. 

. Or yKa3aHHblX HeJI.OCTaTKOB CB060,llHhl CJieJI.Hl.I.lHe CHCTeMbl c peryJIHTO-
u 

pa~UI HenpHMOfO ,neHCTBHH. 

CJJe.n.sn.nne CHCTeMbl c peryJ1S1TopaMH HenpstMOfO ]{eHCTBHSI. 3THM CH

CTeJ\.·IaM npHcyme pa3Hoo6pa3He cnocoooB npeo6pa3oBaHHH HHcpop1Y1au11H, 
u u 

noJiylleHHOll OT .naTqnKa, B CHfHaJI, HCTIOJih3yeMblH .llJIH ynpaBJieHHH no-
JlO}KeHHeM cBapolJHOH ropeJIKH. Cpe)lH TaKHX CHCTel\it oOJihllIYIO rpynny 

o6pa3yIOT C.,'le,AHIUHe CHCTeMbl c 3JieKTporv1exan11 lJeCKHMH ,naTlIHKaMH. 

OcHoBHaH oco6eHHOCTb 3JieKTpoMexaHHqecKHX ,naTlJHKOB - HaJIHIJHe B HHX 

KonupyIOmero 3JieAiteHTa - myna, KOTOpbIH• nOJl )1.eHCTBHeM npy)l{HH HJIH 

CH.JI TH.>KeCTH H8XO)l.HTCSI B KOHTaKTe c KOilHpyeMblMH noaepxHOCTHMH HJIH 

Kpol\tKaMH H3JI.eJIHH. ToqKa Kon11poBaH11H MomeT HaXOJI.HTbCH nepe.n Toq
Koii CBapKH HJIH COOKY OT Hee (CM. npHJI. 10). 

,UocTOHHCTBa 9JieKTpOMexaHHqecKHX ,naTllHKOB c pa3HblMH npeo6pa3o

BaTeJIH~fH - JliOCTaToqHo BhlCOKaH ToqHOCTb H3MepeHHH' HarJIHJI.HOCTb 

KOHTpOJIH 3a npaBHJlhHOCTblO cpyHKUHOHHpOBaHHH )l.3T1IHKa H BhICOKaH 

Ha.n.e>KHOCTb. 0,nHaKO npH KHHeMaTHqecKHX CBH351X H3J{eJIHH c npeo6pa-

30BaTeJIHMH npaKTHlJeCKH HeB03MO>KHO HCnOJib30B3Tb .naTqHKH 3THX TH

IlOB Ha COe)lHHeHHHX, no.nroTOBJieHHbIX no.n CBapKy c npHXB3TK3MH, 

3HaqHTeJihHO ycJIO>KHHIOTCH KOHCTPYKUHH ~aTlJHKOB. B 11acTHOCTH npHXO· 

.UHTCH nupHHHl\f8Tb Mephl )1.JIH 3aIUHTbI HX OT IlOJI0~10K npH HapymeHHH Tpe-

6oBaHHH K noaepXHOCTHM H3JI.€JIHH B 30He CJie>KeHHH, OlllH60qHblX )1.eHCTBH

HX onepaTopa HJIH COOHX B paooTe CHCTeMbl ynpaBJieHHH CBapOt:IHbIM 060-

PYJJ.OBaHHeM. KpoMe Toro, nona.naH11e no,lI. myn tJaCTHU cpJiioca, rn.naKa 

H 6pb13r MeTaJIJia, a TaK>Ke CJiytiaHHhie OTKJIOHeHHH reoMeTpHtieCKHX na .. 

~aMeTpOB coe.nHHeHHH, TIO)l.fOTOBJieHHOfO no.n CBapKy, - 3TO liCTOlJHHKH 

ii.onoJIHHTeJihHblX norpemHocTeli TaKoff cne,nH~eli cHcTeMbI. Heo6xoJI.HMO 
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TaI<>Ke o6ecneqHB3Tb 3aIIU1TY myna OT HaJIHIIaHHH Opb13f pacrrJJaBJieHHOro 

MeTanna npn caapKe. Cne.nJ1ru11e c11cTeMbI c 9JieKTpoMexaHHqecKHMH .u.aT

qnKa!\n~ u.eJiecooopa3Ho nptt~1eHHTh B cJie.uy10I..U_i-1x ooJiaCTHX: cBapKa CThI

KOBhIX coe}lHHeHHH (T0~7lbKO c pa3;.Le.JIKOI1), HaXJieCTQqHbIX H yrJIOBbIX 

coe,LI.HHeHHH (c BHernHett CTOpOHhl yrJia) 6e3 npHXBaTOK H npoTeKOB MeTaJI-
u u 

Jia c .upyron CTOpOHhI; CBapKa TaBpOBblX coe.ZI.HHeHHH He3aBHCHMO OT 

11aJIHqHH npHXBaTOK. Bo acex cJiyqasix r Jiy6HHa pa3,neJIKH HJIH BhICOTa 

1<on11pyerv1oro ycTyna ,noJI>KHa ohITh He Mettee 3 MM. 

OT He,nocTaTKOB, npHCYLUHX CHCTeMaM c KHHeMaTHlleCKOH CBH3bl0 

(11epe3 myn, pOJIHK H T. JI..) Me>K.ny H3,LI.eJIHeM H caapoqHOH rOJIOBKOH, CBO

OO)J.Hbl cJie,nJIIUHe CHCTeMhI c cpoT03JieKTp11qecKHMH, TeJieBH3HOHHhIMH, 

3JJeKTpo~1arHHTHhIMH H .upyrHMH H3MepHTeJlhHbIMH npeoopa30BaTeJI51MH. 

CJieJl.Hll\He cuc1eMb1 c cJ>oT03JieKTpn11ecK1tl\tH AaT11uKaMH. JlaTllHKH 

S.THX CHCTe;\t MO.>KHO OTHeCTH K rpynne TaK H33hIBaeMhIX BH,neoceHcopoB. 

CHrHaJI ynpaa.neHWH B03HHKaeT npH cMemeHHH ,naTIIHKa OTHocuTeJihHO 
u 

I<OHTpacTHOH JIHHHH, rpaHHU OTpa>KaIOIIJJIX HJIH H3JiyqaIOmHx nosepXHO-
u 

CTeH H 3KpaHHPYIOII(HX 3JieMeHTOB. 

TaK, H3BecTHhI c11cTeMhI, r.u.e .ZI.JHI oTcqeTa npH H3MepeHHH noJio>KeHHH 

CThIKa HCilOJih3yeTC51: JIHHHH 9TOfO CThIKa, KOHTpaCTHaH OTHOCHTeJihHO 

noBepxHOCTH caap11aae1vroro MeTa.nJia, JIHOO cneuHaJihHaH KOHTpacTHaH 

KOnHpHaH JIHHHH (noJioca), HaHeCeHHaH Ha nosepXHOCTH H3.ZI.eJIHH npH no

CTOHHHOM pacCTOHHHH OT JIHHHH CTbIKa; rpaHHUa «IIepHoe-oeJIOe» Ha 1{0-
u u 

IIHpHOH JieHTe, HaKJieHBaeMOH Ha H3,ZI.eJIMe; JIHHHH, pa3,neJIHIOIIJ.aH nonepx-

HOCTH H3,lI.eJIHH C pa3HOH OTpa>KaTeJihHOH CilOCOOHOCThlO, HanpHMep, npH 

CBapKe BCThlK 'ABYX JIHCTOB, noaepXHOCTh O,l(HOfO ~~ KOTOpbIX HJIH 3aqH

meMa .ZI.O MeTaJIJIHqecKoro OJiecI<a, HJIH OKparneHa. Bo3MO>KHO TaK}H:e HC

nOJib30B3HHe .ZI.JIH OTCqeTa 3330pa HJIH KpOMKH H3,AeJIHH' no,ncseqHBaeMbIX 

co cropoHhI, o6paTHOH pacnoJio>KeHHIO ,naTtIHKa. B noCJie,nHee spel\-UI pa3pa-

6aThIBaIOTCH CJie,nsimue CHCTeMbl, B KOTOpbIX H3MepsieTC.H IlOJIO>KeHHe pa

aorpeThIX KpOMOK HJIH 30HbI nporpeBa c oopaTHOH CTOpOHbl coe,lJJIHeHHH, 

tt3Jiyqa10mHx noToK B cseToBoM ,nHana3oHe. Pa3pa6aTbIBaIOTCH cpoT03JieK

rpHqecKHe CHCTeMbl, H3MepHIOIUHe cpaKTHqecKoe nOJIO>KeHHe 9JieKTpO.l(a, 

KOHTpaCTHOfO OTHOCHTeJihHO OKpyma10mero cpoHa (CM. npHJI. 11). 
IlpHMeHeHHe cpoTo3JieKTpH11ecKHX ,naTIJHKOB Mo.>KeT OhITh ocHoaaHo 

Ha HCilOJib30B3HHH OTpa>KeHHOfO CBeTa H3JiyqeHHH JI.YfH, HanpHMep npH 

caapKe B 3all(HTHblX ra3ax yrJIOBblX UIBOB. IlpH HanpaBJieHHH ,u.yrH CTporo 

no 611cceKTpHce yrna (pHc. 2.36) cpe,nHecraTHCT11qecKaH ocaerneHHOCTh 

B TOqKaX 1 H 2, BbI6paHHhIX Ha HeKOTOpOM OAHH3KOBOM y,naJieHHH OT yrJia, 

Ol\HHaKoaa. DpH cMemeHHH .nyru Ha o,nHH H3 csapuaaeMh1x 3JieMeHTOB 

TOqKH 1 H 2 ocaema10TcH HepaBHoMepHo. BenHIIHHa ocaemeHHocTH Boc

npHHHMaeTCH JI.BYMH cpoTope3HCTOparvIH, pa3MemeHHhIMH B KOpnyce ,naT

llHKa 6. He~octaroK CHCTeMbI - HeB03MO.>KHOCTh aBTOMaTH3aUHH npouecca 

Bbixo.na Ha IIIOB ,no HaIIana caapKH. KpoMe roro, HeJI.OCTaTOK 3TOH H .npyr11x 
u 

CHCTeM, H3MepHIOIUHX ocaemeHHOCTb noaepXHOCTeH H3AeJIHH,- 33BHCH-
u 

MOCTh BblXO,nHoro CHrHaJia OT COCTOHHHH IlOBepXHOCTeH CBapHBaeMbIX 3Jie-

MeHTOB H, CJie)I.OBaTeJibHO, K09qx}JHUHeHTa OTpa>KeHHH, KOTOpbIH MOLKeT 

cyll(eCTBeHHO H3MeHHTbCH OT H3~eJIHH K H3JJ.eJIHIO If B npe.nenax OAHOrO 
H3JJ.eJIHH. 

nepcneKTHBHhIM HBJIHeTCH npHl\IeHeHHe BH,II.eoceHCOpOB, B KOTOpbIX 

B KaqecTBe OCBeTHTeJieli HCil0Jlh3YIOT Jia3epbI, a B KalJecTBe IIYBCTBHTeJib-
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# 3Jiel\IeHTOB - npeo6pa30BaTeJIH Tuna MaTpHU H JIHHeeK cpOTOnpHel'v~
flbIX B no3BOJI5IIOI.l.\HX B coqeTaHHH c TpHaHryJIHUHOHHbIM CilOCOOOM H3-

JtllK~Jt;i51 noJiyqnTb c nOMOlll.blO cpe,llCTB BblqHCJIHTeJibHOii TeXHliKH HH<Pop· 
MeP 110 He TOJibl{Q 0 noJioLKeHHH, HO H 0 reoMeTpHIIeCKHX napaMeTpax 
r.1auh 

e,nnHeHHH: npeBbUJleHHH Kpor.tOK, ceIJeHHH pa3,n.eJIKH H T . .n. 
co CneJJJimHe CHCTCMbl c TeJieBH3HOHHblMH ,naTIJHK3MH. 0HH OTHOCH1CH 

naH6oJiee COBpeMeHHbIM H nepcne1<THBHblM, C03,ll.aIOTC5I Ha 6a3e npHKJiaJI.-

1{ bIX (npOMblll.IJieHHbIX) TeJieBH3HOHHbIX ycTaHOBOK (CTTY) aaMKHYTOfO 

:una. TaK, a Tpy6ocsapoqHoM npon3BOJlCTBe snepBbie wnpoKo npnMeHHJIH 
cepuiiHhie OTY npH cBapKe BHyTpeHHHX ruaoa npHMOillOBHbIX Tpyo ,nHa

MeTpoM 1220-1620 MM [30]. BHe,upeHHe TITY Ha annapaTax JJ.JIH Tpex

~yroaoli csapKH no,n cpn10coM Tpyo Ha ToKax .no 1000 A B Ka>K,noii ,D.yre 

oKa3aJIOCh B03MOmHhIM, TaK KaK Tll{aTeJihHO 6bIJIH BbinOJIHeHbI Tpe6oBaHH5J 

no 33lllHT€ annapaTypbI H JIHHHH CBH3H I1TY OT 3JieKTpOMarHHTHblX noMex 
u u 

[4], 331UHTe nepe,naIOmeH KaMepbI OT HarpeBa TenJIOM CBapoII~OH JlYfH 

u cnapHBaeMoro H3,neJIHH, npe.noxpaHeHHIO onTHKH nepe.narorueH Kal\1eph1 

OT ra30B, BbI,lI.eJIHeMblX npH CBapKe, H OT IlbIJIH. 

,llJHI peaJIH3allHH TeJieBH3HOHHoro CJie2KeHHH Tai< >Ke, KaK H ,lI.HCTaH

UHOHHOfO HaOJIIO,UeHHH, HeOOXO,lI.HMO, llTOObl HaOJIIO,naeMaH 'laCTb OO'beK

ra co,nepmaJia cBeTOKOHTpacTHbie 3JieMeHTbl, IlOJl.OOHble TeM, KOTOpbie npH

M€HHIOTC.H ,nJIH cpoT03JieKTPHllecKHX cHcTeM. CTpH 11cnoJih30BaHHH TeJie· 

BH3H.OHHOf0 CJie}KeHHH 3H3QHTeJibHble Tpy,nHOCTH C03,llaIOTCH cBeTOBblMH 

noMeXaMH, B qacTHOCTH, B BH,lle CBeTOKOHTpaCTHblX uapanHH, pHCOK, 

6JJHKOB ff T. n., KOTOpbie B peaJihHblX ycJIOBHHX MoryT IlOHBJIHTbCH B 

no.Tie 3peHHH nepe.na10mei1 KaMephl H 6bITb npHQHHOH JIO>KHhIX CHrHaJIOB, 

a TaK>Ke HeCTa6HJibHOCTbIO BO BpeMeHH OCBemeHHOCTH Ha6JIIO)laeMhIX 

06beKTOB, npem,ne acero, nepeMeHHhIM CBeTOBblM H3JiytJeHHeM .nyrH (npH 

CBapKe B 3aW.HTHhIX ra3aX 11 6e3 3all{HThl ,nyrH). 

TeJieBH3HOHHble CJie,nH~He CHCT€Mbl ,lI.JI51 CBapOIIHOfO npOH3BoncTBa 

B 3aBHCHMOCTH OT cnocooa noJiyqeHH.S1 HHcpopMaUHH 0 noJio.>KeHHH H306pa

IKeHHH JIHHHH (nOJIOCbI, rpaHHl.lbl) Ha CBeTOlJYBCTBHTeJibHOM CJIOe nepe,na

IOIIJ.efl Tpy6KH MO}KHO OTHeCTH K OJI.HOH H3 ,nayx rpynn: a) BpeMHHMilYJihC

Hhle CHCTeMbI; 6) CHCTeMbI c onpe,neJieHHeM IlOJIO}KeHH51 KOHTpaCTHOro 3Jie

MeHTa no TOKY pa3BepTKH. B 06011x cJiytJaHx H3MepeHH.H MoryT ocyme

CTBJIHThCH B,llOJib HanpaaJieHHH KaK CTpOlJHOH, TaK H Ka,n.poaoii pa3BepTKH 
(CM. npHJI. 12). 

ECJIM Heooxo,nHMhie ,nJI~ paooTw cpoT03JieKTpHqecKHX H TeJieBH3HOH

HhIX CHCTeM cBeTOKOHTpaCTHbie 3JieMeHThI Ha noBepXHOCTH H3)leJIHH OTCYT

CTBYIOT, TO npHMeHHIOT cneuHaJibHbie cnoCOObl ocaemeHM51 H Bb1neJieH1I.S1 

HHcpopMaU.HH o noJio>KeHHH JIHHHH coe,nHHeHHH. TaK, npH caapKe yrJio

Bh1~ WBOB TaBpOB.biX coe,nHHeHHH npoeKTOp c MOIIJ.HOH KCeHOHOBOH Jia.M -

flOH OcBell.{aeT 30HY coe,lI.HHeHH5I no,n yr.noM 65° (pHC. 2.37) K ropH30HTaJIH, 

a BH~eoceHcop Hanpas.neH Ha 9TY >Ke soHy no,n yrJioM 45°. 3a cqer pa3HhIX 

yrJioa na,neHHR cBeTOBoro noToKa Ha aepTHKaJihHbIH H ropH30HTaJihHhIH 

CBapHBaeMbie 3JieMeHTbl HX OCBeI..U.eHHOCTb OKB3bIBaeTC51 pa3JIHqHoi1. B Ka-

1lecrae cpoTonpHeMHHKa HCTIOJib3YIOT noJiynpOBO,lI.HHKOBYIO CBeTOlIYBCTBH

TeJihHYIO i-taTpHuy c KOJIH'leCTBOM 9JieMeHTOB 50 x 50. c 3JieMeHTOB MaT

PHIJ.bI noJiyl:laIOT aHaJIOfOBhIH CHrHaJI, nponopUHOHaJibHbIH OCBerueHHOCTH, 

(K~TOpbIH 3aTe~ KOHBepTHpyeTCH B qeTbipeXOHTOBhlH UH<f>poaoii CHfHaJI 

~POBHH ocsew.eHHOCTH 0-15). 3-roT ClJfHaJI nocTynaeT B ~1HKpo3Bl\1, 
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PHc. 2.37. CxeMa onpeAe.neuHR no.110JKeHHA J11ttt1t 
Taeposoro coeJl,HHeHHH c nOMOlllblO nH,1.eoceucopa~ 
J - JIHHHH coe,zvmeHHH caapHaaeMblX 3JIEMeHToa; 2 ..... 
30Ha BH,lJ,HMOCTH; 3 - 30Ha OCBeW.eHHH; 4 - OCae111. 
TeJlb; 5 - H306pa.>KeHHe JJHIIHH coe.n,HHeHHA Ha BH.n.eo. 
l<OHTpoJibHOM ycTpoficTee; 6 - OC8eutelJIHOCTb 30lflil 
BHAHMOCTH; 7 - Kopnyc cpc>TonplleMHHKa; 8 - nPoeK.TOp 
nepeMcw.arow.erocH cseToaoro nHTHa 

Puc. 2.38. l\\eTOJJ. cBeTosoro ceqeHHH. CxeMa ye .. 
TpoiicTsa 

KOTOpaH ero o6pa6aThIBaeT H Bbl,naeT HHcpopMaUIUO ,l(JIH KoppeKTHpOBKH 

nporpaMMbl. 1IT06hI onpeAeJIHTh IlOJIO}l{eHHH HaqaJia H KOHUa waa, B 30HY 

Ha6J110,neHHH npoe1<THpyeTCH ToqKa JI.HaMeTpoM 3 MM. OoHBJieHHe TOllKH 

B onpe,neJieHHOM MeCTe 30Hhl Ha6JIIO)l.eHHH CBH,l{eTeJihCTByeT 0 HaJIHqHH 

lllBa no,[( ceHcopoM, a ee 11cqe3noaeH11e - o npoxo.n.e KoHua rnaa no.n. ceH· 

copoM. 9Ta HHcpopMaUHH HCnOJih3yeTCH ,lJ)IH BKJIIOqeHHH H BhIKJIIOqeHHH 

CBapKH. 

PaccMoTpHM eme np11Mep, KOr)l.a cseTOKOHTpacTHhie 3JieMeHThI Ha no-
. u 

BepXHOCTH H3,AeJIHH OTCYTCTBYIOT- CBapKa CThlKOBhIX coe,AHHeHHH c JI.BYX. 
CTOpOHHeM pa3,ne.TIKOH. Bo BpeMH CBapKH Ha o,nHOH CTOpOHe npOHCXO,l{HT 

u u 

noTeMHeHHe noaepXHOCTeH pa3JI.eJIKH c npOTHBOilOJIO>KHOH CTOpOHhl H OHH 

CTaHOBHTCH HeKOHTpaCTHhlMH OTHOCHTeJlbHO npHJieraIOIU.HX noaepXHO

CTeH H3)1.eJIHH.TOr)l.a BHAeoceHCOpbI HCilOJlh3YIOT B COtieTaHHH co CBeTOBhIM 

ceqeHHeM H TpHaHryJIHUHOHHhIM MeTo,no~1 H3MepeHHH. B npocTeiirneM CJIY
qae (p11c. 2.38) CBeTOBOH nOTOK OT OCBeTHTeJIH 1 c npHMOJIHHeHHhIM caeTH

W.HMCH TeJIOM, pacnOJIOiKeHHhIM napaJIJieJibHO nosepXHOCTH H3,UeJIHH, qac

THlIHO 3KpaHHpyeTCH WTOpKOH 2, pacnoJIOLKeHHOH Ha paCCTOHHHH 10-
15 M~1 OT noaepxnocTH H3,LiieJIHH 3. I<aK BHJI.HO H3 pHc. 2.38, BbICOTa 11306-

pa)KeHHH pa3JI;eJIKH,. npoeuHpyeMoro npH 9TOM Ha CBeToqyaCTBHTeJihHYIO 

noaepXHOCTb nepe,naIO~eH rpy6KH 4, onpe,neJIHeTCH COOTHOllieHHeM 

HT= k .H sin (a + p), · 
sin a 

r,ne H - rJJy6uHa pa3,AeJIKH; a - yroJI, noJJ. KOTOphIM TeHh oT-rnTopKH 

na)I.aeT Ha noaepXHOCTh H3)leJIHH; ~ - yroJI Ha6Juo,neHHH; k - K03<txl>H

UHeHT onTHllecKoro yaeJIHqeHHH. 

Ha1160J1brnee yBeJlHlleHHe npn ,naHHOM ex noJiyt1aeTCH, ecJIH a + ~ = 
= 90 °. CHrHaJl nepe,na10meif Tpy6KH 4, npeo6pa3oBaHHhIH B H3o6pa>KeHHe 

CTbIKa Ha 3KpaHe BH)l.eOKOHTpOJihHOfO ycrpOHCTBa, Il03BOJIHeT OTlleTJIHBO 

pa3JIHtiaTh H npH Heo6xo,n11MocTH H3~tepHTb cJJe,ny10m11e reo!\1erp1-1qecKHe 

napaMeTpbI: IlJIOll{a)l.h cetieHHH pa3)1.eJIKH; 3830p HJIH pacCTOHHHe Me>KJlY 

72 



, ___ _ 
I/ 

z' 
' '.9 ' 
~ '::t:: 
~ ·~ 

A' 8' c/ O' 
-

\. ' E~l r; 
,, ____ _,,, 
~ 

L1 }j' 

• 

' fO ' 

/ ~ 9 11 / f2 

l v I J I I \ \ 
I . . I 

I 

'V v 
B 

PHc. 2.39. Tp11aHry.1rnuuoHHLIH MeTOA H3MePeHHR no.noJKeHHH JJHHHH coe,a.HnenuR c noMOII\blO 
BH,o.eoceHcopa: 

• 
a - cxeMa, noSICHsUoll.{aSI cyll.{HOCTb MeTOAa; 6 - H306pa>KeHHe ua aKpaHe BHAeOKOHTpoJJbHoro ycT-
po.AcTsa: B - HanpasJieHHe OCBe~eHHH H H306pa>KeHHSI npH pa3JIHlJHblX THnax coe.n,HHeHHA; I -
ceapHeaeMhle aJTeMeHThl; 2 - ocse~eHHaH JIHHHSI (ABECD) ua nosepXHOCTH caapHBaeMblX aJieMeHTOB; 
3- CKcHUtPYIOU(ee aepKaJJo; 4 . - KOJJJJHMaTop; 5 - BH.n,eoceucop; 6 - caeTOAHOJJ,; 7 - MaTpHqffblA 
c!><>tonpHeMHHK; 8 - OUoeKTHB; 9 - CTblKOBOe COeJJ.IIHeHHe C pa3AeJJKoit; JO - CTblKOeoe COeAHHeHHe 
c aa3opoM; 11 - TaBpoBoe coe.ivmeHHe; 12 - naxnecTotJHOe coeivrneuHe 

IlOBepxHOCTHMH CKOCa KpOMOK Ha sa,naHHOH rJiyOHHe; B33HMHOe npeBbl

IIIeHHe noaepxHocTeii caap11saeMhIX 3JieMeHTOB. MeTOJ!i caeToBoro ceqeHHH 

M~)l{HQ HCilOJlb30B3Tb .lVIH nonyqeHHH HHcpOpMaUHH H a,nanTHBHOro ynpaB

JieHHH napaMeTpaMH npouecca caapKH. CaeTOBoe celleH11e MO>KHO ocyme

CT.BHTb TaI<>Ke CBeTOBOH IlJIOCKOCTblO, npe,ncTaBJieHHOH ,nBH}KymlfMC51 TO

llellHbIM JiyqoM (pHC. 2.39,a), JIHOO CTaUHOHapHblM meJieBbIM JIYllOM HJIH 
CTaUHOHapHOH CBeTOTeHeBOH rpaHHUeii. 

l(apTHHa, BocnpHHHl\1aeMaH MaTpHllHbll\1 (HJIH .npyrMM ,nsyMepHbIM) 

cporonpHeMHHKOM, onpe.neJIHeTCH THilOf\f coe,nHHeHHH (pHC. 2.39,6,e). 
Cne.n JIHHHH coe.n11HeHHH OTtieTJIHBO BH,neH H, cJie,noBaTeJibHO, ero Koop

'AHHaThI OTHOCHTeJibHO ceHcopa MoryT ohITh onpeJJ.eJieHbI. cf>aKTHlleCKHe 

CMeI.QeHHH JIHHHH coenHHeHHH no KOOp,nHHaTaM Y 3 H l 3 CB5133Hbl C BH,llH -
1fhlMH Ha BHJJ.eOKOHTpOJibHOM ycTpOHCTBe (KOOp,llHH8Tbl Y; H Z;) CJie,ny-
IOUJJiMH COOTHOWeHHHMH: . 

LlY~ = ~Yk0. 8 ; LlZ~ = ~Zko. skTp, 

fJJ.e ko. B - K03cpcpHuHeHT onTHtrecKHX npeo6pa3oBaHnH u npeo6pa30BaHHH 
Bn11.eocnrHaJia B H306pa}KeH11e; krp - K03cp¢HUHeHT TpHattryJIHUHH. • 

B c11cre~1ax c np11MeHeHHeM TpHaHryJIRUHOHHoro rvteTOJI.a MoryT OhITb 
~K* A (k e onpe,ne.neHhI 3a3op B coe.nHHeHHH (npeBbIIIIeHHe Kpo~·IOK uH == ~H' / 

0 · skTp)) II ceqeuue pa3)l.eJIKH {nJIOW.aAb TpeyrOJibHHKa B' C' E' c yqeTO~f 
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PHc. 2.40. BuJ1,cocettcop c KpyrOBblM cKaHHPOBaHHl!M HOKPY• TO'IKH cnapKH: 

a - cxeMa 11cnonh30BaHHH TpHaHrynsfQ.UOHHoro MeTo.n,a B cettcope c ij>oTonpHeMHHKOM B BHJt.e n1rneiiKB 
tj>oTOJ1-HOAOB; 6 - cxeMa spall\eHHH ceHcopa BOKpyr TO''IKH ceapKtt; 
I - na3epnblH AHOA; 2 - ¢0KycHpy1oll\afl CHcTeMa; 3 - nosepxHOCTb H3AeJIHH; 4 - o6'beKTHB; 5 -
ltHTep<f>epeHLlHOHHblfi <l>HJlbTp; 6 - <J>oTOnpHeMHHK (JIHHeAKa <l>OTOAHOJJ.OB Il3C); 7 - H3o6pa>KeHue 

ocnell.{ettuofi T04KH H3AeJIHfl Ha <1>oronpHeMHHKe; B - Jt.BHraTeJib Kpyroooro CKaHHponaHHff; 9 - BH· 
,Aeoceucop; 10 - ropenKa; 11 - caapuoA: moe; 12 - nonepxHoCTH caapuaaeMblX 3neMeHTOB . 
Ko3cp:PHUHeHTQB k 0 • 8 H kTp) HJIH 3anJiaBJIH eMOH qacTH coe,nHHeHHH (JI.JUI 

yrJIOBbIX coe,ll.HHeHHH CHapyLKH). 
,llJIH Toro lIT06bI npOH3BOJI.HTb H3MepeHH.H B 30Hax, pacnOJIO>KeHHblX 

nepe,LI. TOllKo:H caapKH H nocJie Hee, MO>KHO ocymecTBJI.HTh Kpyroaoe cKa· 

HHpOBaHHe Jia3epHoro Jiyqa BOKpyr TOllKH CBapKH. CTpH 3TOM 3a OJl.HH UHKJl 

CKaHHpOB8HHH npOH3BO,ll.HTCH M3MepeHHe OAHOfO UHJIHH~pH11ecKoro HnE 
KOHHqecKoro cseTQBoro cetieHHH coe.nJ1HeHHH, no,nroTOBJieHHoro no)l 
CBapKy, H OJI.HOro ceqeHMH nonyqeHHOro CBapHoro coeAHHeHHH. 

CHCTeMa*, peaJIH3YIOI.UaH T3KOH MeTo,n M3MepeHHH, OCHOBaHa Ha HC· 

nonh30BaHHH na3epHoro .naJihHOMepa c npMMeHeHMeM npHHUHna Tp11a& 

ryJIHUHH (pHc. 2.40). B Ka'4eCTBe HsnyIIaTeJIH 11cnoJih3yeTCR nonynpoBo)J.· 

HHKOBhIH Jia3ep H3 apceHH.na raJIJIH.H c MOI.UHOCTblO OT 1 ~o 10 BT B MMnyJib• 

ce, pa60TaIOI.JJJIH Ha BOJIHe ,21,JIHH~JH 904 HM (6JIH)l{HMH HHcppaKpaCHbIH CBe'f). 

l13JiytJeHMe Jia3epa cpopl\1HpyeTCH OilTHqecKOH CHCTeMOH B TOHKHH JIYq 
~ J{MaMeTpOM 2 Ml\1 y EhIXO,na onTHlJeCKOt'I CHCTeMhl H 0,3 MM l-Ia pacCTO.HHMU 

180 MM. Ha noBepxttocTn H3AeJIHH npoeKTnpyeTc.H .HpKoe n.HTHO cooTaer· 

CTBy1e:mero ,z1.1-1aMeTpa. IloJio}KeHHe yKa3auHoro nHTHa Ha6n10,naeTCH noJl 
yrJIOM 15- 20° I{ CCH 3TCfO nyqa BTOpoii onTHlleCKOH CHCTeMOH, KOTopa.fl 

* Pa3pa6oTaHa cneuuaJIHCTaMn HttcTHTyTa TexH1It1ecKoi°1 KH6epHeTHKH n po6oro· 
TexHnKH AKaJJ.eMttH ttayK Hapo.n.Hof1 Pecny6JIHKH EonrapHH B paMKax cosMeCTHoft 
CGBeTCK0-60JirapCKOH pa3pa60TKH KOMnJieKca "IeXHHLJeCKHX cpe,nCTB po60TOTeXHJII{ll 
Ann csapoqHoro npOH3Bo,ncTBa (coBMec1Ho c 11HCTHTyl'o.M :>JieKTpocsapKH HM. ·E. O. Ila· 
TQHa AH V CCP). . 
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m {ycnpyeT H306pameH11e nHTHa Ha nonynpoao,nHHKOBOM JIHHefiKe cpoTo

·r~~µ,oa c 3apHJl.HOii CB5!3bl0 (D3C). p aCCTOH HHe Me11<,ny ueHTpaMH 9JieMeH

JloB raKOH JIMH€HI\H MO}l{eT COCT8BJI51Tb 10-15 MKM, a llYBCTBHTeJihHOCTb -

T ocraTOqHa Jl.JIH noJiylleHHH pa3.nHqHMOfO HMnyJihCa B WHpOKOM ,nHana30He 

]J. 3MeHeHHH K03ctxPnu11eHTa OTpa}l{eHH~ noaepXHOCTH H3AeJIH.H. ,[lJIH yMeHb

~~Hllfl BJIHHHIHI caera J.1.YfH nepeJ.1. npHeMHHKOM D3C craBHTCH HHTep_cpe

peHUMOHHhIH cpHJibTp. On11caHHaH onT11qecKaH c11cTeMa c6ecneqn~aeT 
pa3pernaIOlllYIO CTIOCOOHOCTh npHMepHO 0,3-0,5 ~1M B 3aBHCHMOCTIT OT 

pacCTOflHHH H cJiyqafi~bIX noMeX B ,nHana30He 100-200 MM OT BblXO,nHoro 

oraepCTHH OilTMIJeCKOH CHCTeMhl Jia3epHoro H3JiyllaTeJIH. 

JlaJJee HHcpopMaUHH IlO]lBepraeTCH npe}liBapHTeJibHOH ¢HJibTpaUHH' 
u 

onpe.neJJHeTCH pacCTOHHHe H B pe3yJibTaTe ~fHOfOKpaTHbIX H31\.tepeHHH 

(npHMepHO 200 B TeqeHMe o,nHOfO noaopoTa ~aTqHKa BOKpyr ropeJIKH. 

M3 KOTOpbIX OKOJIO 80 % JliOCTOBepHbIX) cpopMHpyeTCH noJIHaH TpexMepHaH 

Mo.neJJb caapHBaeMOfO coe,nHHeHHH B 30He BOKpyr CBapKH. J13 3TOH MO,neJIH 

MO)l{HO onpe){eJIHTb: yroJI pa3,neJIKH MJIH yroJI ~Ie}K.ny CBapHBaeMbl!\1H 3Jie

MeHTaMH; BMHllHHY npeBbillleHHH KpOMOK; cpopMy HanJiaBJieHHOfO BaJIH-
u 

Ka; paCCTOHHHe Me>K,ny ropeJIKOH H nosepXHOCTblO H3)leJIMH; yroJI MeLKJI.Y 
u 

OCblO rope.nKH H JIHHHeH coe,nHHeHHH. 

,U.n.H IlOJIHOfO HCilOJib30BaHHH HHcpopMaUHH, IlOJiyqaeMOH npH Il0l\10IUH 

ceHcopa TaKOfO THna, CHCTeMa ynpaBJieHH51 ,[(OJDKHa BKJIIOqaTb B ce6H 

o,nHH 16-pa3pH,nHhIH MHKponpoueccop 111111,nBa8-pa3pHAHhIX. KpoMe Toro, 

CHCTeMa ynpaBJieHHH J(OJI>KHa co,nep}K8Tb ~1aTeMaTHqecKyIO MO,ne.nh npo

uecca ,caapKH, KOTopyIO MO}l{HO HCilOJih30BaTh ,LI,JIH ynpaBJieHHH pemHivlOM 

CBapI<H B 38BHCHMOCTH OT reoMeTpnqecKHX napaMeTpOB paa.ne.nKH H no

nyqaeMoro caapttoro coe,nttHeHHH. 

Cne)J.Sll.l"He CHCTeMbl c aJieKTpopa3pHAHblMH ,ll.a T'-IHKaMH. 0HH OCHOB3Hbl 

Ha HCnOJib30B8HHH 9JieKTpHqecKOH uenH, 06pa3yeMOH w_ynoM-9JieKTp0-

)lOrv1, H3lleJIHeM H 3JieKTpHqeCKHM pa3pH,nOM (HanpHMep, .nyroii) Me}K,ny 

HHMH. B KaqecTBe inyna-3JJeKTPO.Ila MO}l{HQ HCQOJib30B8Tb cneuHaJihHbIH 
u u 

3JieKTpo,n, pacnOJIO.>KeHHhIH anepe,QH TOlIKH caapKH' HJIH cBapolIHblH 

aneKTPOJJ.. CToCJie,nHHH BapHaHT - HaH6oJiee nepcneKTHBHbIH. 

I1cnOJib30B8HHe CBapoqnoii .nyr11 B KalleCTBe ,naTqHKa IlOJIO)l\.eHHH 

CBapHBaei'.10ro coe,nHHeHHH OCHOBaHO Ha H3MepeHHH napaMeTpOB ,Qyrosoro 

npouecca, 38BHCHlll.HX OT pacCTOHHHff Me:m:,ll.y KOHUOM 3JieKTPO.Ila H noaepx

HOCThlO H3,neJIHH. DpH csapKe nJiaBHIUHMCH 3JieKTpo.noM B KaqecTBe oc
HOBHoro HHcpopMaUMOHHOfO napaMeTpa HCilOJib3yeTC5I caapoqHhIH TOK. 

flpH csapKe HenJiaBHlll.HMCH 9JieKTPOJlOM c npHMeHeHHeM HCTOqHMKa 

flHTaHHH C KpyTona,naIOIUeH xapaKTepHCTHKOH oo.nee HHcpOpM3THBHhI.M na· 
paMeTpoM HBJIHeTcH HanpHLKeHHe Ha .nyre. CTpH csapKe nJiaBfllll.HMCH sJieK

Tpo.noM c KOpOTKHMM 3aMbIKaHHHMH ,nyroaoro npoMemyTKa MoryT OKa-

3aTbCR 3ctxPeKTHBHbIMH MeTOAhl H3MepeHH51, HCilOJih3YIOlll.He B KaqeCTBe 

BHcpopMaTHBHoro napaMeTpa qacTOTY KOpOTKHX 381\'lhIKaHHH HJIH MX CKB8.iK
HO CTb. 

THn CJie.IlHI.UeH CHCTeMbI c HCnOJih30B3HHeM CBapoqnoii ,nyru B Ka· 

IJ:ecTBe .naTtIHKa B SHaqHTeJibHOH CTeneHM onpe,QeJIHeTC.H TeXHOJIOrneii 

H rexHHKOH csapKH H KoHcTpyKUHeii cBapoqHoii annapaTyph1. TaK Henpe

PhIBHoe H3Mepenue oe3 CKaHHpOBaHHH MO)KHO npH,MeHHTb, eCJIH no TeX

HOJIOrMH AOnyCTHMa CBapKa JI.~YMH npoBOJIOKaMH (pacmenJieHHblM 3JieJ{• 

TPOAOM), pacnono>KeHHhIMH nonepeK JIMHHH coeAMHeHHH. CTpH 3TOM a 
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P1tc. 2. 41. cJ>yuKQ.HOHaJibHaH cxe Ma CHCTeMbl 
HaBe,Q.CHHJI 3JICKTPOAOB Ha JJHHHIO ceapueaer.to-
1"0 COe,Q.HHeHHJI npH Jl.BYX9JJeKTp0)J.HOH csapKe 
(pac""enw'leHHblM 9JleKTPOJJ.OM): 

1 - llCTO'l HHK TIHTa HHJI AYfH; 2 - H3MepHTeJlb
llbJe wyHThl; 3 - HSMepHTeJlbHble npeo6pa30-
naTenH; 4 - cpaeH HBC:IOutee ycTpOHCTBo; 5 -
yc11JIHTenb; 6 - HCnOJIHHTenl>HblH ABHra 1enb: 
7 - T0J{OnOAB0A~W.He ane:r.teHThl csapO'iHOli 
ropenKH; 8 - aneKTPOJl.Hble nj:OBOJIOKH; 9 -
cnapusaeMhie 3aroTOBKH 

KaqecTBe CHrHaJia IlOJIO.>KeHHH napbt 

3JieKTp0,ll.OB OTHOCHTeJibHO CBapHBae .. 

Moro coe,D.HHeHHH HCil0Jlh3yeTCH pa3-

HOCTb .nsyx TOKOB, npoTeKalOl.lI_HX 

4epe3 3JieKTpO,ll.Hbie npOBOJIOKH (pHc. 
2.41). 3TH CHCTeMhl MO}KHO npHMe .. 

HHTh npH CBapI<e CTbIKOBblX WBOB 
u 

c pa3.2leJIKOH KpOMOK H pa3JIHlJHblX 

yrJIOBblX WBOB. 0CHOBHYIO CJIO>K· 

HOCTh npe,n.cTaBJIHeT peaJIH3aUHH 

ABYX H30JIHpoBaHHhIX Me>KAY co6oii 
TOKOnO,ll.BO,ll.OB K 3JieKTpO~HblM npo

BOJIOKaM H o6ecneIJeHHe H30JI51UHH 

Me*,ny HHMH. KpoMe Toro, TOKono~
ao,n. I{ npOBOJIOKe ,ll.OJI>KeH 6bITb cpHK· 

c11poaaH, a KOHCTPYKUHH no,ll.aIOru.e· 
ro MexaHH3Ma 06ecneqHBa1b o,nHHa

KOBbie CKOpOCTH no,naqH npOBOJIOK. 

IlpH 3TOM pa3HOCTb nonepe1IHbIX ce ... 
u u 

qeHHH npoBOJIOK B Ka>K,ll.blH MOMeHT 

apeMeHH JlOJI1KHa ObITh npe.ZI.eJibHO 
u 

MaJIOH. 
3ttatIHTeJihHO 6oJiee rnHpOKHe B03MO}KHOCTH npe,ncTaBJIHeT H3Mepe

HHe co cKaH11poBaHHe~1 ,nyroH: nonepeK JIHHHH coe,nHHeHHH. CKaHHpoBaHHe 

ocymecTBJIHeTCH ~Bll>KeHHei\-f CBapoqHQH ropeJIKH (B03BpaTHO-IlOCTyna· 

TeJibHbIM HJIH KO.neoaTeJibHblM) JIHOO B03JleHCTBHeM Ha 'flayry ynpaBJISieMhlM 
l\1afHHTHhIM noJieM. 

113MepsiH napaMeTpbI ,nyroaoro npouecca so apeMeHH H conocTaBJIHH 

pe3yJibTaTbl H3MepeHHH c cpa30H CI<aHHpOBaHHH, MO.>KHO noJiyqHTb HH

cpopMal.(HlO 0 IlOJIO}KeHHH xapaKTepHbIX 3JieMeHTOB CBapHBaeMoro coe)lH

HeHHH (3a3opa, CTeHOK p<l3,II.eJIKH, aepxHeH KpOMKH H T. ,n.), B CBH3H co 
u u c...t u 

3HallHTeJibHOH cJiyqaHHOH cocTaBJIH10meH a napaMeTpax ,n.yrosoro npouecca 

3clxPeKTHBHbIM oy,neT cpaBHeHHe HHTerpaJibHbIX 3HaqeHHH napaMeTpOB Ha 

CMe>KHbIX noJiynepHO,l(aX CKaHHpoBaHHH. 

B 3JieKTpol\1exaHHqecKHX cKaHHpy10mHx ycTpoiicTaax pe}KHM c1<aHH· 

poBaHHH .n.oJDKeH ohITb corJiacoaaH c TpeoyeMoti TexHoJiorHeli H TeXHHKOH 

cnapKH' HCXO,ZIJI H3 ycJIOBHH cpop:M11poBaHHH caapHoro rnaa c 3a,naHHblMH 
napaMeTpaMH. B 3TOM cJiytJae napaMeTpb1 pa3BepTKH {aMnJittTy,na, 11acT0Ta, 

cpopMa TpaeKTOpHH) onpe.n.eJIHIOTC.H Tpe6oBaHHHMH TeXHOJIOfHH H ,l(JIH 

pa3paoOTIIHKa CHCTeMhI CJie.>KeHHH HBJIHIOTCH 3aAaHHbIMH. Ilpn CKaHHpo

BaHHH nyTeM OTKJIOHeHHH ,D.yrH 9JieKTpOMafHHTHbIM noJieM napaMeTpbl 

pa3BepTKH MoryT Bb1611paTbCH B ooJiee lllHpoKHX npe,lleJiax, TaK KaK 11acTo .. 

Ta OTKJioHeHHH Ayr11 MomeT ohITh 3HaqHTeJihHq 6oJihrne, a apeMH HaXO}K,ll.e

HHH µyrH B OTKJIOHeHHOM TIOJIOiKeHHH - MeHhWe, IIeM npH 3JieKTPOMexa

HH lleCKOM CKaHHpoBaHHH (CM. npHJI. 13). 
r_aKIIM o6pa30M, CHCTeMbl c HCflOJib30B3HHeM caapoqHQH ,nyrH KaK 

3JieKTpopa3pH,nHoro JlaTQHKa nepcneKTHBHbI 6Jiaro,napsi HX cne.ny10mHM 
OCHOBHbl~ npeHMymecTBaM: a) H3MepeHHe ocymecTBJIHeTCH HenocpeJlCT
BeHHO B TQqJ{e cnapKH, l!TO HCKJIIOqaeT 3anOMHHaHHe nonyqeHHOH HH<t>op

M3UHH np11 JII06bIX cpop~iax JIHHHH coe,nHHeHHH; 6) a 39He caapKH OTCYTCT· 
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Puc. 2.42. THnLI H KOHCTPYKTHBHLle Pa3HOBHAnoc·ru coeAHHeHHA: 

rnoeoe (H3HYTPH); 6 -Taepoaoe. c OAHOA yaKoA OOJIKoR; 8 - CThlKOBOe (npK TOtlUblX pa3Me• 
~a-; rsap1-1BaeMhlX aneMeHTOB); e- CTblKOeoe, B Y3KHH rny60KHA 3a3op; a - CTblKOBOe, C paaAenKoA 
a< po MOK; 

1 _ uanpas.r1eHHe nepeMeuteHHJI; 2 -AaT'iHK; 3 - ocb ceapoq11oro 3neKTPOAa 

eyroT KaKHe-n1160 H3MepHTeJibHhie ycTpoflcTaa; a) ynpaeJieHHe aenocpeit· 

CTBeHHhlM nOJIO>KeHHeM ,nyrH HCK.TIIOtJaeT BJIHHHHe cneiny10mHx $aKTOpOB: 

H3HOC TOKOilOJlBOJJ_a, OTKJIOHeHHH CBOOO,ZlHOro KOHUa 9JieKTpO,llHOH npo

BOJIOKH H T. in.' KOTOpbie He MoryT 6bITb yqTeHbl B OOJiblllHHCTBe JJ.pyrHX 

BH)l.3X CHCTel\L 

CneAsimHe cHCTeMbl c aneKTpoMarHHTHblMH .11.aT'IHKaMH. 0HH HaH6onee 

pacnpocTpaHeHHhie. _3JieKTpOMarHHTHble ,naT1IHKH MOryT 6bITb HCilOJib30-

BaHbl )lJUI onpe,neJieHHH IlOJIC?}l{eHHH: CTbIKa 6e3 pa3,neJIKH KpOMOK, KpOMKH 

BepxHero JIHCTa HaxJieCTQqHoro COeJJ_HHeHHH, CKOCOB KpOMOK; ,llJIH H3Mepe

HHH pacCT05IHHH JJ.O nosepXHOCTH caapHaaeMblX 3JieMeHTOB, llIHpHHhl 38· 

30pa, BeJIHllHHhl npeBbUIIeHHH KpOMOK, a TaJOKe ,l\JIH onpe,neJieHHH IlOJIO

.>KeHHH HaCJaJia H KOHUa CBapusaeMorO-H3,neJIHH HJIH npHXBaTOK. BbIOHpaH 
u 

pa3JIH1IHble noJIO.>KeHH51 .naTqHKOB OTHOCHTeJlhHO nosepXHOCTeH caapHBa-

eMbIX 3JieMeHTOB, MO}l{HO HCilOJib30B8Th 9TH ,naTqHKH npH caapKe pa3JIHq

HhIX coe.DJIHeHHH H MX pa3HOBH,nHOCTeH (pHC. 2.42). 
npocTeHllJHH 3JieKTpOMafHHTHblH .naTqHK COCTOHT H3 III-o6pa3HOH 

MarHHTHOH CMCTeMhl H Tpex o6MOTOK (pHC. 2.43,a). 06MOTKa 3, pacnono

JKeHHa.H Ha cpe.nHeM CTep>KHe, nHTaeTCH OT HCT01IHHKa TOKa flOBbillleHHOH 
qaCTOTbl. nepeMeHHOe MafHHTHOe IlOJie, C03)laBaeMoe o6MOTKOH, H8BO

~HT B CBapHBaeMOM H3)leJIHH BHXpeBbie TOKH. HenpOBOJlHmHH 3a3op l\iie>K,ny 

jJ.eTaJIHMH pa3JJ.eJIHeT BHXpeBhle TOKH Ha )(Ba KOHTypa, noKa3aHHhIX Ha 

pHc. 2.43,6. Pe3yJihTHpyIDmee MarHHTHoe noJie ,naT4HKa co3,naeTcH He 

TOJibKO TOKOM, npoTeKaIOIUHM B OOMOTKe 3, HO H BHXpeBbIMH TOK8MH. 

CTpH CHMMeTpHllHOM OTHOCHTeJibHO ,naTllHKa pacnOJIO)l(eHHH 3a3opa 

KOHTyphl BHXpeBbIX TOKOB paBHhI, CHMMeTpHtIHbI HI 1 =/ 2. CooTBeTCTBeHHO 

---~ 

• 

a 

Cm1>IK oli 

Pee. 2.43. fiPHHl(Hn pa6oTbl a.11eKTPOMar• 
HHTHOro A&TllHKa 
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paBHbl MafHHTHhie nOTOKH cf>1 H <P2 H HaBO)lHMbie HMH 3 • .n. c. B H3Mepij. 

TeJibHbIX oOMOTKaX 1 H 2. IlpH BCTpetIHOM BKJIIOlJeHHH 3. A. c. o6~IOTOK J 
H 2 KOMneHCHPYIOTCH, H CHfHaJI Ha BblXO,ll_e )1-aTqHKa paBeH HYJIIO .. 

DpH HeCHMMeTpHqffQM pacnoJIO}l{eHHH ,llaTqHKa OTHOCHTeJibHO CTbIKa 

(pHC. 2.43,B) KOHTYPbl BHXpeBbIX TOKOB OKa3blBalOTCH pa3JIH llHbIMH' TOJ{ij 

1. * f 2. 3'ro npHBO,llHT K HapymeHHIO paBeHCTBa MafHHTHbIX noTOKua 
<P1 n <P2 H B03HHKHOBeHHIO Ha Bb1xo.ne ,l1-aTq11Ka 3. JI.. c. E, c11rHaJI11aupy10~ 
meii 06 OTKJIOHeHHH cpe)lHeli nJIOCKOCTH ,naTlIHKa OT IlJIOCKOCTH CThIKa. 

HanpaBJieHHe OTKJIOHeHHH JI.8TllHKa OT CTbIKa BH,nHo no c,nB11ry cpa3LJ 
3. )l. C. OTHOCHTeJibHO TOKa, npoTeKaIOmero B OOMOTKe 3. nptt H3MeHeHH11 

HanpaBJieHHH OTKJIOHeHJfH Ha npOTHBOilOJIO}l{HOe cpa30Bhlii C,llBHf 3. A. c. 

H3MeHHeTCH Ha 180°. 
3JieKTpoMafHHTHhle )laTtIHKH HaHOOJiee lllHpOKO npHMeHHIOT JJ.JIH 

onpe,neJieHHH noJiomeHHH CTbIKa npH cBapKe CTbIKOBbIX coe,llHHeHHH 6e3 

paa.neJIKH I<pOMOK. 

Ha BhIXOJJ.HOH cHrHaJI Aa1qHKa BJIHHIOT! KoopAHHaThI CTbIKa; OTKJIO· 

HeHHH reorvteTpHqecKHX napaMeTpOB coe,nHHeHHH, rro,nroTOBJieHHOfO no,n 
u 

CBapKy; CBOHCTBa MaTepHaJia 113.lleJIHH; pa3JIHqHH 3JieKTpHlleCKHX H Mar-
u 

HHTHbIX CBOHCTB Ma1epHaJia aarOTOBOK, Bbl3B8HHhie H3MeHeHHHMH XHMH· 

qec1<oro COCTaBa H ycJIOBHHl\itH npe)l.BapMTeJibHOH MexaHHqeCKOH o6pa6oT

KH; xapaKTepHCTHKH OKpy>Ka10meli cpe.Abl H npouecca. IlpH CBapKe CTbI-
u 

1\0BblX WBOB 3H8llHTeJibHOe BJIHHHHe Ha BblXO,ll_HOH CHfH8JI ,llaTqHKa oKa3bl .. 

BaeT B3aHMHOe npeBblllleHHe KpOMOK. 

4T06bI yMeHbllIHTb norpellIHOCTb ,llaTllHKa, B03HHKaIOIUYIO npH npe

BblllleHHH KpOMOK, HcnoJib3YJOT pa3JIHqHbie cxeMHbie H KOHcTpyKTHBHhle 

cnoco6bI KOMneHC3UHH [ 16]. 0,nHH H3 HHX OCHOBaH Ha pa3JIHqHH ¢a3bl 

CHrHaJia, noJiyqaeMoro OT .AaTlJHKa, eCJIH OH CMemeH OTHOCHTeJlbHO CTbIKa 

npH OTCYTCTBHH HJIH npH H8JIHqHH npeBhIWeHHH KpOMOK. nnfl KOMileHca

UHH npeBhillleH11li cpaaa onopHoro c11rHaJia, no.nasaeMoro Ha cpa30BbIH ,ne

TeKTOp, no,n6HpaeTCH TaK, qTOObl OHa OTJIHqaJiaCb Ha 90° OT COCTaBJIHIOlll.eH 

¢a3bl BbIXO)lHOfO CHrHaJia .naTllHKa, Bbl3BaHHOH npeBbIWeHHeM KpOMOK. 

OpH 3TOM BbIXOJlHOH c11rHaJI AaTtIHKa npaKTHqecKH He saBMCHT TO BeJIHqH

HbI npeBhillleHHH KpOMOK. 

l(poMe Toro, qToOhl KOMneHcHpoBaTb npeBbIIIIeHHe KpOMOK, M8fHHTO

npoBOJJ. )laTtIHKa l\lO>KHO BblilOJIHliTh H3 Tpex llaCTeH (pHC. 2.44)! ueHTpaJih· 

HOH lll-o6pa3HOH H ABYX 60KOBblX n-o6pa3HbIX, OTJleJieHHblX OT uenTpaJJb
HOH HeMarHHTHbIMH npoKJia,l1-KaMH. Ha cpeJI.HeM cTep>KHe pacnoJioLKeHa 

061\itOTKa B036y>KJJ.eHHH 1. Ha npoMeJKYTOllHbIX qacTHX lll-o6paattoro Mar· 

HHTOnpoBo,n.a pacnOJIO)KeHbl H3MepHTeJlbHbie, AHQxPepeHUH8JibHO BKJII011eH· 

Hbie o6MOTI<H 2, a Ha KpaifHHX MarHHTonpoao,nax pa3MemeHbI .nonoJIHH

TeJibHbie (KOMneHcHpyIO~He) OOMOTKH 3, coe,nHHeHHhie BCTpeqHo-nocJie

,noBaTeJibHO co cMe}KHbIMH H3MepHTeJibHbIMH ooMOTKaMH. CHrHaJJ Ha Bbl· 

xoJI.e JI.OilOJIHHTeJihHbIX 06~10TOK aa!lHCHT TOJibKO OT H3MeHeHHH npeBbirneHHfl 

KpOMOK H KOMneHCHpyeT COCTaBJIHIOIUYIO CHrHaJia H3MepHTeJibHblX 061\itcr 

TOK, 3aBHCHW.YIO OT npeBbillleHHH KpOMOK. B pe3yJlbT8Te BblXO,nHOH CHf· 

HaJI )laTqHKa onpe,ll_eJIHeTCH ero nOJIO>KeHHeM OTHOCHTeJlbHO CTbIKa H He 

3aBHCHT OT npeBblllleHHH KpOMOK. 

B noCJieA1:111e ro,Zl.bI noHBJIHIOTCH CHCTeMbl co cKaHHPYIOI..UHMH 9JieKTpo
MarHHTHhIMH ,naTllHKaMH, KOTOpbie B coqeTaHHH a o6paOOTKOH CHfHaJia 

)laTqHKa cpeACTB8MH BblqHCJIHTeJibHOH TeXHHKH Il03BOJIHIOT pacwHpUTb 
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PHc. 2.44. CxeM.a aneKTpoMarHHTHoro ,AaTqH- Puc. 2.45. CxeMhJ nueeMaTn11ecxnx AaTqffKOB: 
ga c KoMneucnpyK>~HMH o6MOTKal'tlH a - APOCCeJibHoro (Tuna conno - 3aCJIOHKa): 6 -

CTpyltttoro 

B03MO)KHOCTH 3JieKTpoMarHHTHOro MeTO~a H3MepeHH.H, tITOOhl yrrpaBJI.HTh 
noJio.>KeHHeM 3JieKTpo,na OTHOCHTeJlbHO CBapHBaeMoro coe,nHHeHH.H • 

.l{JUl pacCMOTpeHHhIX 3JieKTpOMarHMTHbIX ,naTIJHKOB IJaCTOTa HanpH
meHHH n11TaHHH ooMOTKH soaoy.>K,neHH~ MO>KeT ohlTh OT o,nHoro ,no HecKOJih

KHX .necHTKOB KHJiorepu, qTo Il03BOJIHeT CBeCTH K MHHHMYMY BJIHHHHe 
u u u 

Ha BbIXO):(HOH CHrHaJI ~aTqHKa 3JieKTpoMarHHTHhlX nOJieH npOMbIWJieHHOH 

qacrOThI. 
CneJJ.sn.1.r_ue cucTeMbl c <J>oTonupoMeTpeqecKHMH, nHeBMaTH'leCKHMH H 

J\pyrHMH .u_aT11HKaMH. CHcTeMbl c ¢oTonHpoMeTpHtJecKHMH ,naTqHKaMH 

npHMeHHIOT rJiaBHhlM o6pa30M npH CBapKe cnHpaJlbHOIIIOBHhIX Tpy6, 
u u 

Kor.na Harpea aoHhl coe,nHHeHH.H, nonyqeHHhIH npH csapKe nepBoH roJioB-
Kol1, HCfiOJib3yeTCH 3aTeM AJI51 H3MepeH~H noJio>KeHH51 CTblKa ,naTqHKaMH 
flOCJie;I.yIOUJ.HX csapoqHhIX fOJIOBOK. 

HcnoJih3YIOT TaK>Ke cne,nHmHe CHCTeMbI c nHeBMarHqecKHMH ,naTqH • 
Ka~IH, H3MepHIOIUHMH paccTOHHHe Jl.O noaepxHOCTH H3,neJIH.H. HaseCTHhI 
,nsa THna TaKHX ,naTqHKOB: 

1 . .llaTqHK THna COilJIO - 3aCJIOHKa, T. e. ,npoCCeJlbHOrO T11na (pHC. 
2.45,a), KOTopLIH- pa6oTaer npH H30hIToqHoM ll.3BJieHHH nHTaHHH P 0 = 
=== 0,14 Ai1na H 06ecneIJ11saeT BhIXO,nHoli cHrHa.n P = 0,02-;- 0,1 MITa. 
Jl.naM:eTp OTBepcTHH con.na de= 0,5 + 0, I MM, ,nHaMeTp ,npocceJIH dJJ.= 
== 0,25 Mrv1. HaH60Jihrnee paccTOHHHe, KOHTpoJI11pyeMoe .n_aTl!HKOM, 
H3Mep.HeTCH .n_eCHThIMH ,D.OJIHMH MHJIJIHMeTpa, qTo 3aTpyJJ.HHeT ero HCilOJih-
30BaHHe npH rpy6hIX nosepXHOCTHX, xapaKTepHbIX .nJIH 11HOfHX CBap11aa
el\1blX H3,neJIHH. 

2. ,[{aTqHl{, OCHOBaHHbIH Ha HCilO.J'Ib30B3HHH .n_aa.JieHH.H OTpa>KeHHOH 
CTpy11 (p11c. 2.45,6). OH pa6oTaeT npH H36h1roqHoM ,naBJieHHH n11TaHHH 

po= 0, I -;- 0,2 Mna. c IlOMOII\hlO 3TOfO ,naTlIHKa MO->KHO KOHTpOJIHpoBaTb 
IlOJIO>KeHHe nosepXHOCTH H3'AeJIHH Ha paCCTO.HHHH .no 6 MM. 

l13BeCTHbl H ,npyrHe CilOCOObl H3MepeHH51 IlOJIO->KeHHH coe,nHHeHHH OT
HOCHTeJlbHO CBapoqHQH ropeJIKH, B qacTHOCTH c IlOMOIUblO HOHH3aUHOH
HhIX, aKycT11qecKHX, yJihTpaaayKOBhlX H .n_pyrHx ,naTqHKOB. 

I f3 aHaJIH3a oco6eHHOCTei'1 paaJIHllHbIX cJie.nHIUHX cucTeM cJie,nyeT, 
llTO cnocot5 H3MepeHH.H IlOJIOiKeHHH CTbIKa caapHBaeMoro COeAHHeHHH' 
AaTqHK H ero KOHCTPYKUHIO MOiKHO Bb16paTh, yq11ThIBaH CJie,nyIOIU.He oc
HOBHbte t/JaKmOpbl: THil CBapHoro coe~HHeHHH; ra6apHTbl CB06o,n.Horo npo-
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-CTpattcrBa B sone, npHnera10me11 K coe.zuiHeHHJO; MarepHaJI H3JIMHH; xa .. 

paKTep ero noBepXHOCTH H KpOMOK, nonroTOBJleHHbIX non CBapKy; oco-

6eHHOCTH Texttonor11IIecKoro npouecca H3roTOBJieHHH 11ane.n11s:i. MttorHe 

H3 paCCMOTpeHHbIX cnoco6oB H3MepeHHH IlOJIO>KeHHH COellHHeHHH OTHO

CHTeJibHO 3JieKTpo.na HCilOJib3YIOT B CHCTeMax a)lanTaUHH po60TOB llJIH AY-
u 

fOBOH CBapKH. 

Ocnoeuble Tpe6oeaHHH K ceapo'IHOMY o6opy.D.oeauuio, ocuam.eHHOMy 
CJieAHll.\HMU CHCTeMaMH. 

A. Me>KllY caapoqHhIM HHcrpyMeHTOM (ropenKofi, MyH,DJIITyKorv1) 

H )l8TIJHKOM .lJ.OJI)KHO 6bITb MHHHM3JlbHOe KOJIHqecTBO npoMemyroqHbIX 9Jie

MeHTOB, a B33HMHOe nonomeHHe 9neKTpo.na H naTIJHI<a He ,UOJI>KHO H3Me

HHTbCH non .neilCTBHeM ycHJIHH IlO)lalJH npOBOJIOKH (HanpHI\1ep, ecJIH no

.nasaeMaH npoBOJIOKa ynHpaeTCH B noBepXHOCTb H3)leJIH51 npH B036ymne

HHH nyru), a116pau11ii, cJiyqaflHhIX MexaH11qecK0x soaneiicTBHH. HaHJiyq-

1.llHM B 9TOM CMhICJie perneHHeM 6yneT KpenJieHHe .naTIJHKa K Hl-DKHeH qacrn 

CBapoqHoro HHCTpyMeHTa. 

5. BoaMO>KHOCTb HacrpoiiKH (noncTpoiIKH) B3aHMHoro noJIO}J{eHHH caa .. 

poqttoro HHCTpyMeHTa " HeHTpaJibHOro no.no>KeHHfl D.3TllHKa (113Mepu

TeJibHOfO ycTpOHCTBa) npH Hana.nKe H BO BpeMH CBapKH. 

B. nepexo)l Ha pyqHoe ynpaBJieHHe l<OppeKTHpoaoqHbIMH nepeMe .. 

w.eHHHMH B CJiyqae BHeaanHoro BbTXO.na H3 CTpOH CJie)lHllleH CHCTeMbl 

)lJ15I TOfO, lJT06bI OKOHllHTb CBapKy H3.UMHH. nnH 9TOfO ycTaHOBl<a, 

CTaHOK, CBapoqHblH 3BTOM3T llO.fl>KHbl ooecnellHBaTb B03MO>KHOCTb 

Ha6JIIOJieHHH 3a COBMeIUeHHeM CBapoqHoro HHCTpyMeHTa co caapHBaeMbIM 

coenHHeHHeM H 6bITb OCHa.IUeHbl COOTBeTCTBYIOIUeii annapaTypoii ynpaBJie

HH51 H HHJlHKaUHH. 

f. /\'\acca IlO.D.BH}KHblX qacTeH, nepeMemaeMbIX npllBO)laMH CJie.UHI.Ueft 

CHCTeMbl, .D.OJI>KHa 6bITh MHHHM3JlbHa. B 9TOH CBH3H HaHJIYlJlllHM perneHHeM 

npH HCOOJib30B3HHH CJieJI.5Ill{HX CHCTeM HBJIHeTCH BblnOJIHeHHe KOppeKTH-
u 

posotiHhIX nepeMerueHHH TOJibKO cBapoqHbIM HHCTPYMeHTOM. 

n. MaHHnyJIHUHOHHaH CHCTeMa H 6a30Bble (Heno)lBH>KHbie) 9JieMeHTbl 

CBapoqHoro o6opynoaaHHH' a T3K}Ke HX COellHHeHH5I JlOOJI>KHbl HMeTh no

BbillieHHYIO )KecTKOCTb. 

E. K11HeMaTHtiecr<He uenH H uanpaBJIRIOillHe MexaHH3MOB KoppeI<TH

poBOtIHbIX nepeMemeHHH ,noJI>KHhl COCTOHTb H3 MHHHl\·13JlbHOfO KOJIHlleCTBa 

.9JieMeHTOB, He Hl\.1eTb JIK$TOB H o6ecneqHBaTb H3Hl\1eHhlllYIO pa3HHUY 

Me>K,ny conpoTHBJieHHeM nepeMeIUeHHIO B ,nBH>KeHHH H npH TporaHHH 

c MeCTa. 

2.8. AAanTMBHb1e CMCTeMw ynpaaneHMJI Ayroao,;i caapKOM 

CHcTeMhI ynpaaJieHHH, paccMoTpeHHhie B § 2.3-2.7, HMelOT o6mHe npH

sHaKH. Bo-nepBhIX, npouecc cpopMHpoaaHHH cBapHoro coe,nHHeHHH KaK 

o6'beKT c pacnpe.ne.neHHblMH napa~1eTpaMH H BHyTpeHHHMH CBH3HMH 

(c~L pHC. 2.1) pacqJieHHJICH Ha pH.D. OJlHOMepHbIX o61>eI<TOB, ,llJIH KOTOpbIX 
u u 

npe.nnonaranach aapattee H3BecTHOH 3aBHCHMOCTb pery.n11pye:Mon BeJIH-

'qHHhI OT ynpaBJIHIOillero Bo3,neiicTBH5I. Bo-BTOpbIX, aJiropHTM ynpaB.neHnH 

npHHHtvtaJICH IlOCTOHHHhII\'I B npouecce cpyHKUHOHHpoBaHHH CHCTel\1bl, q10 

HCI{JIIOtiaJIO ee caMOH3CTpOHKY B c.nyqae H3MeHeHHH ycJIOBHH cpopMHpoaa

HHH CBapHoro coeAHHeHHH, co6CTBeHHblX napaMeTpOB peryJIHTOpa, BJIHH-
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Jiff neyqTeHHblX B03MymeHHH H T • .n. 3T~ ynpoineHHH H orpaHuqeHHH 

ff onne .nonycTHIV1bl npH perneHHH cpaBHHTeJlbHO npOCTbIX aa.n.aq aBTOMa

an3auHH .nyroBOH CBapKH: CTa6HJIH33UHH OT,QMbHblX napaMerpoB pe>KHMa,. 
'fH Q u 

orpaMMHOe HJIH CJieJIJII.Uee ynpaBJieHHe H T. ,ll. .llHBKO COBpeMeHHblK' 

ll~oseHb pa3BHTIUI TeXHHKH H TeXHOJIOfHH .llYfOBOif csapKH Tpe6yeT C03-
y aHHfl CHCTeM· aaanmUBH020 ynpaBAeflUR, cpyHKUHOHHpOBaHHe KOTOpbIX 

~Bfl38HO c H3MeHeHHeM 38KOHa ynpasJieHHSI Ha OCHOBe HH<flOpMaU:HH 0 no
ae,AeHHH o6neKTa ynpaBJieHHH. 

Ai<TyaJihHOCTh npo6JieMbI coaJI.aHHH a_nanTHBHhIX CHCTeM onpene..ru1-

ercH TpyJI.HOCTblO o6ecnetieHHH BbICOKOH TOllHOCTH no)lrOTOBKH H c6opKH' 

U3)leJIHH no.n cBapKy, npn KOTOpofl ,llOCTH_raeTCH TIOCTOHHCTBO cpopl\1bl, nJIO

ma.nH paa.neJIKH H 3a3opa Me>KJI.Y cBapHBaeMbIMH ,neTaJIHMH. CHcTeMbJ 
u 

a.nanTHBHOfO ynpaBJieHHH KaqecTBOM CBapHbIX coe,nHHeHHH B ycJIOBHHX. 
u 

reXHOJlOfHqeCKHX B031\1ymeHHH, H3MeHHIOI.UHXCH B ,nonyCTHMbIX npe.ne.nax, 

oco6eHHO He06XOJ1.Hl\10 HCilOJlb30B3Tb B po60TOTeXHHqecKHX KOMTIJieK

cax, peaJIH3yK>lll.HX 6e3JIIO.llHYIO TeXHOJIOrHJO. 

llJIH TOFO llT06bI C03.llaTb CHCTeMy a,nanTHBHoro ynpaBJieHHH, Heo6xo-
u 

JIHMO Hl\.feTh ycTPOHCTBa J{JIH aBToMaTHqecKoro H3MepeHHH ocHOBHhIX paa-

MepoB pa3AeJIKH Kp01"10K~ 3330pa Me>K,ny CBapHBaeMhIMH ,AeTaJIHMH, npe

BhIWeHHH Kpo:rvioK, noJio)KeHH5I rnsa B npocTpaHCTBe. KpoMe Toro, Heo6xo

.nHMa MaTeMaTHqecKaH MO.llMb, TI03BOJIH10UJ.8H no no.nyqeHHIO HHcpopMBUHH. 

Bhl'HICJlHTb nonpaBKM K 3apaHee ycTaHOBJieHHOMY pe>KHMY CBapKH H TpaeK

TOpHH )1.BlDKeHHH 3.JleI<Tpo,na OTHOCHTeJibHO H3,ll.eJIHH. 3TH nonpaBKH .llOJI>K

Hhl onpeJI.eJIHTbCH B peaJihHOM MacmTa6e BpeMeHH c yt1eTOM .llHHBMHKlt 

06'heKTa ynpaBJieHHH H .llOJl}KHhl 6bITb BBe,neHbl B 3aJ{aIOIUHe ycTpOHCTBa 

COOTBeTCTBYIOIUHX peryJIHTOpOB. TaKaH CHCTeMa He HMeeT o6paTHOH CBH3M 

no KOHeqHhIM pe3yJihTaTaM - paaMepaM H ¢opMe cBapHoro llIBa. B 3TOM 

ee He.uocraToK. MaTeMaTuqecKaH MO.lleJih ,llOJI>KHa ,nocTaTOqHo ToqHo yqH

ThIBaTh BJIHHHHe BCex OCHOBHhlX cpaKTOpOB, onpe,neJIHIOlUHX o6pa3oBaHHe 

cBapHoro coenHHeHHH • 

.t\10>KHO C03J{aTb CHCTel\1Y c o6paTHOH CBH3hl0, Il03BOJIHlOIIl.€H aBTOMa-· 

THl!eCKH KOppeKTHpoBaTb MaTeMaTHlleCI{YIO MOJI.eJih Henocpe,llCTBe.HHO B npo

uecce CBap1<H. O_nuaKo npouecc caMoo6ylleHHH Tpe6yeT BpeMeHH. CT03TOMY 

He HCKJIIoqeHo nOHBJieHHe J{ecpeKTHbIX yqaCTKOB CBapHbIX IIJBOB. 

An.anTnBHhie cncTeMhI MoryT 6hITh nocTpoeHhI 11 Ha .npyrux npHHUH

nax. 06rnHpHyIO HHcpopMaUHIO 06 o6pa30B8HHH IIJBa ,naeT TenJIOBOe noJie, 

B03HHKa10mee B H3,lleJJHH BO Bpe1'-Hl CBapKH. 3-ry HHc}lopMBUHIO MO.>KHO,. 

~anpHMep, noJiytIHTh c nOMOIUblO TeJieBH3HOHHOrO H306pa>KeHHH B HH

'f-'PaKpaCHOH qacTH cneKTpa (TenJIOBH3opa). JlJIH ynpaBJieHHH UeJiecoo6-

pa3HQ HCnOJib30BaTb 3aBHCHI\itOCTb TeTIJIOBoro nOJIH OT pa3Horo po,na B03· 

MYliJ.eHnf1, BBe)leHHYIO B MaTeMaTHqecKyIO l\10.U.eJib. 

OrtHH H3 Ba)KHeiimux 3TanoB npoeKTHpoBaHHH a,nanTHBHhIX CHCTeM -

Pa3pa60TKa a-neKBaTHhIX MaTeMaTHqecKHX MOJI.eJieii o6'heKTOB peryJIHpo-

.TIBaHHH, KOTopaH pa3BHBaeTCH B HaCTOHmee BpeM5l no CJie,nyIOW.HM HanpaB
eHHSIM: 

n I. OpnMeHeH11e KJiacc01JecKnx MeTO.llOB onHcamrn npoueccos Tenno
IJ.~oao11.11ocrn, m.upo,llHH8MHKH, .ue¢opMau:Hif H T. n. HanpHMep, Tpa.utt
eM~HHo HCilOJlh3yeMbIH cnoco6 OilHCaHHSI TenJIOBbIX npou:eccoB B csapHBa
JI.ea ~r tt3.n.eJIHH Ha OCHOBe ypaBHeHHH TenJionpoBO.llHOCTH c ytieTOM Bb1ne-

H5I TenJIOThI cpaaoaoro nepexoAa. 
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2. P a3pa6oTKa perpeccHOHHbIX 1\.10.neJieii reol\teTpHH, XHM_HqecKoro 

cocTaBa, npoqHoCTHhIX caoiicTB caapHoro rnBa .. HanpHMep, Bblpa>Keaae 
Jl.JIH pactieTa rJiy6HHhI nponJiaBJieHHH H np MO>KHO noJiyIIHTb B BHJJ:e 

Hnp = a1 111. + a2U n. + a3V ca+ a4{) + a5d + a66. + ... , 
r,ne I A• U JJ. - coo1aeTCTBeHHO TOK H HanpH>KeH11e .nyrn; Vea - CKopoc1b 

CBapKH; {) - TOJII.IJJiHa H3J(eJIH5I; d - .n.11aMeTp 3JieKTpo.na; fl - 3a3op 
B CTbIKe; al -;- a6 - K03QJcpHuHeHTbl MOJI.eJIH, noJiyqaeMble c IlOMOI.nblQ 
·perpeccHOHHOfO aHaJIH38 Ha OCHOBe 3KCnepHMeHT8JlbHbIX ,naHHbIX. 

3. Oo,nxo,n, paapa6oTaHHhIH B MBTY HM. H. 3. 5ayMaHa, noaBOJIHIQ. 
u u 

lUHH annpOKCHMHpOB3Tb 38BHCHMOCTb KaqecTBeHHhIX noKa3aTeJieH 01' 
napaMeTpOB pe>KHMa c IlOMOIII.bIO 06bIKHOBeHHhIX JI.HcpcpepeHUH8JlbHblX ypaB· 

u 

HeHHH. 

Ka>K,nbitt noJI.XOJl HMeeT onpe.neJieHHbie npeHMymecTBa H ne.nocTaTKB. 

TaK, npH nepBOM no.nxo,n.e coxpaHHIOTCH HarJIH,nHocTb n cpH3HIIecKasi 

cymHOCTb npouecca, }lOCTaToqHo OOOCHOBaHHO BBO}l5ITCH I<pHTepHH OilTH· 
u 

MH3aUHH KaIIeCTBa coe.D.HHCHHH, o.n.HaKO MaTel\iI3THIIeCKHH annapaT OCTa-

€TCH CJIO>KHhIM, a annapaTypHa51 peaJIH3aUHH 38KOHa ynpaBJieHHH B peaJib· 

HOM MacwTa6e apeMeHH Tpe6yeT npMMeHeHHH CJIO}KHhIX BbllIHCJIHTeJihHbIX 

ycTpoficTB. CTp11 BTopoM no,ll.xo,ne noJiyqa10TcH npocThie aJiropHTMHtiecKHe 

Bbipa>KeHHH' Il03BOJIHIOmtte 6bICTpo H TOIIHO paccqHTbIBaTb onpe,neJieHHble 

napaMeTpbl, coe.n.HHeHHH, HO ,llJIHaMHKa npoueccoB OCTaeTCH BHe nOJIH 

3peHHH, Il0.9TOMY Tpy,ZI.HO npHl\-leHHTb .9TH MOJI.eJIH npH CHHTe3e CHCTeM 

ynpaaJieHHSI. TpeTHH no,nxo,n - 3TO nonbITKa coxpaHHTb noJio.>KHTeJihHhie 

CTOpOHbl perpecCHOHHblX MO,ll.eJieH H B TO :>Ke BpeMH yqeCTb pa3BHTHe npo· 

ueccoB Bo BpeMeHH. DoJiyIIeHHhie B BIU:~e o6hIKHOBeHHbIX ,nHqxpepeHuHaJih· 
... 

HhIX ypaBHeHHH MO.D.eJIH Il03BOJIHIOT npHMeHHTh TeOpHIO ynpaBJieHHH CH· 
cTeMaMH c cocpeAoTotieHHhIMH napaMeTpa~u1 K CHHTe3y CAP npoueccaMH 

J(yroaoH: caapKH. 0,nHaKo HeH36e.>KHhie np11 peaJI113au1111 no,nxo)l.a ynpo· 

~aIOmHe ,nonymeHHH Tpe6y10T B K8.IKJ(0~1 c.nyqae H3ylleHHH CBH3H Me}K)ly 

peryJiupyeMoH: BeJIHllHHo.H H ee BJIH5IHHeM Ha KaqecTBo coe)l.HHeHH51. Ha 
-OCHOBaHHH pacCMOTpeHHbIX IlOAXO)l.OB MO)KHO TIOCTpOHTb MaTel\1:3THqec· 

KyIO MO"'eJib npouecca c KOHetIHOH TOIIHOCTblO. 3ro CBH38HO c TeM, llTO Ha 
CT8AHH npoeKTHpOBaHH.H HeB03rv10.>KHO yqecTb Bee B03Myl.I.(eHHH, J(eHCTBYI<r 

mne Ha npouecc. Ilo3TOMY B IlO)l.06HhIX CJiyIIaHX onpeAeJIHIOT MOAeJib AJUI 
HaH60Jiee THilHllHblX pe>KHMOB cpyHKUHOHHpOBaHHH o6oeKTa. 

2.9. YnpaaneHHe nepeHocoM JneKrpoAHoro Meranna 

D.n:aBJieHHe H nepeHOC .9JieKTp0,t(HOfO MeTaJIJia npH ,nyroBOH CBapKe OK83bl" 

B8IOT BJIHHHHe Ha MeTaJIJiyprHlleCI<He npouecCbl B CBapOIIHOH BaHHe JI ,nH· 
H3l\1HlleCKHe xapaKTepHCTHl{H 9JieKTpH1IeCKHX napaMeTpOB caapoqHoi1 JlY• 
rH, B 3HaqHTeJibHOH Mepe onpe.neJIHIOT TeXHOJIOfHlJeCKHe B03MO:>KHOcTll 

npouecca, ero CTaOHJihHOCTb H ycTOHt.IIIBOCTh. 

"'DepeHOC 3JieKTpO~Hor9 MeTaJIJia xapaKTepH3YIOT pa3~tepal\1H KaneJlb 
II llaCTOTOH HX nepexo)l.a B CBapoqHyIO BaHHY. IloBbillieHHe IlJIOTHoCT~ 
cBapoqHoro TOKa B 9JieKTpo.ne conpOEO:>I{,J.aeTC51 noc.nenonareorihHbIM neP~ 
XO~OM OT KpynHOKaneJILHOfO c KOpOTKHMH 3aMhIKaHHfHvlH .nyroaoro np0-

Me)I\YTK8 K MeJIKOKaneJihHOMY H CTpyttHOMY nepeHocaM. <I>opMHpoaa1u1e 
H OTpbIB Ka11JIH onpe,neJI5IIOTCH COOTHOllleHHe~I ,n_syx CHJI, AeHCTayroIUII~ 
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a KanJIIO a npoTHBonoJio.>KHhIX HanpaaJieHHHX. CHJia noBepxHOCTHore> 

:animemm Fn.u. y.n.ep*HBa10w.asi Ha wpue 9JJeK'rpo.n.a KanJJ10, o6paTH<> 
0 onopuHoHaJihHa ee pa~ttycy. 
p 9JieKTp0~1BfHHTHa5I CHJia, OTpbIBaIO~aH KanJIIO OT 3JieKTpo,Aa,. 

12 d µ0 ~ K 
Fa/\U = 4 Jn d. (2. 31) 

n 9 

CuJia, oTTaJIKHBa10maH KanJIIO OT c10 • .116a .u.yrH BBepx, 

~tof! dK 
Fai\12 = 4.n Jn da , (2. 32) 

r.ne µo - M3fHHTH8ff IlOCTOHHHafl; I A - TOK .nyrH; d1<, d3, da - COOTBeT
craeHHO )1.HaMeTpbl KanJIH, 3JieKTpo,na, aHO,llHOfO flHTHa Ha KanJie. 

Pe3yJibTUpy10masi 3JieKrpoMarHHTHaH cHJia 

µoli da 
FaM = 4n Ind~. (2.33) 

KanJIH MO>KeT oTopaarhcH np11 BhIIlOJIHeHHM ycJioBttSI: 

Farv\>0; FaM>Fn.e• (2.34) 

ti3 (2.33) H (2.34) CJie.nyeT, qTo KanJIH OTpbIBaeTCH JIHlllb npH onpe.n.e
JJeHHOM cooTHOilleHHH da 11 da. HaH6onee npocTo ocy~ecTBJIHeTc.H ynpaB-

u u 

JI.HeJtlblH nepeHOO npH ,u.yroBOH CBapKe B aproHe, IlOCKOJlbI<Y B 3TOM CJiy-
qae dp,> d3. 

CTpH caapKe a yrneKHcnoM ra3e ynpaBJIHeMhIH nepeHoc c npHHY~H
reJibHhIM OTpbIBOM KaneJib noJiytnlTb He y~aeTCH' TaK K8K .nyra C}l{aTa. 

H da < da. 
OepenocoM 9JieKTPOAHoro MeTaJIJia MomHo ynpaBJIHTh, B03Aef1CTBYH 

Ha BeJIHqHHY CHJI Fn.1:1HF3M• Ha noaepxHOCTHoe HaTH)l{eHHe pacnnaaJieH
Horo MeTaJIJia OK83bIBaeT BJIHHHHe COCTaB ra30BOli cpe~bl, HanpHMep,. 
MaJihie nooaBKH KHCJiopo.na B 3aW.HTHYIO cpe.ny npH caapKe B aproHe cno
co6cTay10T yMeHhWeHHIO paarv1epon KaneJib H nepexoJI.y K CTpyifHoMy nepe
Hocy Ha ooJiee HH3KHX TOKax. CTpaKTHtiecKoe npHMeHeHHe nonytJHJI cno. 
co6 ynpas.neHHH nepeHOCOM np11 HaJIO>KCHHH Ha CBapotIHbIH TOK KpaTKO
BpeMeHHbIX MOI.UHbIX HMilYJihCOB, Il03BOJIHIOIUHX 113MeHHTb xapaKTep ne
pettoca 3JieKTPOJliHOrO MeTaJIJia c 1<:pynHOKaneJJhHOfO Ha MeJIKOKaneJibHbllf 
HJIH CTpyifHbIM, noabICHTb CTaoHJihHOCTh npouecca (HanpHMep, npH cBap1<e 
aJIIO:MHHHeBbIX CnJiaBOB B cpeAe aproHa CHH3HTb HH}KHJIM npe.neJI TOKa 
H o6ecneqHTb B03MO>KHOCTb BhIIlOJIHeHHH lllBOB BO Bcex npocTpaHCTBeHHhIX 
flOJIO)l{eHHHX). 

OpH H?\1nynhcHo-.nyroBoii caapKe sHalJHTeJibHO y11eHblll810TCH noTepn 
JierHpyIOlUHX 9JieMeHTOB B pacnJiaBJieHHOl\f MeTaJIJie. CTpouecc HMilYJibCHO
.D.yroaoi1 caapKH ocymecTBJIHeTCH 6e3 aae,neHHH o6paTHbIX CBH3eli no napa
MerpaM nJiaBJieHHH 3JJeKTpO,lla; Il03T01\fY OH OTHOCHTCH K pµsoMKHYThIM 
CllCTel\iaM ynpaBJieHHH. 0,nHaKO OilbIT 3KCnJJyaTaUHH nOK83bIBaeT, qTo 3a 
CtieT pauHOH8JlbHOfO Bbloopa aMilJIHTYJJ.hI " ,lI.JIHTeJibHOCTH ynpaBJIHIOIUHX 
HMnyJibCOB, ocooeHHO B coqeTaHHH 0 paUHOHaJibHblM BbIOOpOM ra30BOH 
Saw_HTHOII cpe,ll_bl1 M01KHO ,AOCTHqb XOpOWHX peayJibTaTOB1 ooecneqHa 
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PHc. 2.46. YcTpolicTBO JI.JIJI HMny.'lbCHO-A)TOaoii csapKH 

Cf/J!I -------- 00 
T1 Lf l'SJ l'/J 

Jf fl 

Puc. 2.47. CxeMa ycTpoucTea .AJJSI HMDYJ1bctro-JJ.Yroaoit cnaPKH c uaxonuTeJJbHOA 
eMKOCTblO 

ycTOHllHBbIH npouecc nJiaBJieHHH 3JieKTp0,lIJlOH npOBOJIOKH H HeOOJib WHe 

.noTepH Ha yrap H paa6pbI3fHBaHHe. 

,llJIH reHepHpOBaHHH HMilYJibCOB TOKa HCilOJib3YIOT cneuHaJibHbie Hrvt

ny JibCHhie reHepaTOpbl Hr' KOTOpbie IlOJ(KJUOqan11 napaJIJie11'IbHO OCHOBHOMY 

HCTOllHHKY IlHTaHHH Hfl (pHC. 2.46), 06ecneq11aa10meMy TIOCTOJIHHblH 6a-

30BblH caapoqHblH TOK. 11MnyJihC TOKa B03HHKaeT npH pa3pH~e KOH)l.eHca

Topa C2 qepea ,nyroeoi1 npoMe>KyToK 11 3aMKHYTbIH KJIIOlJ I( 1. Kott)l.ettca

"Top aapH.>KaeTCff B HHTepaaJie Me.>K.AY HMnyJibC8MH TOKa OT BblnpHMHTeJIH 

B qepe3 conpoTHBJieHHe RI H KJIIOll K2 (KJIIOlJ Kl pa30MKHYT). YnpaaJie

HHe KJIIOllaMH ocymecTBJIHeTc.H KOMMyTaTopoM K. CxeMa KOMMyTau1111, 

-cocTonmaH H3 Kn1011ei1 K 1, K2 H K0!\1MyTaTopa K, BhIIlOJIHHeTCH Ha THpHc

Topax. 

B CHcTeMax ynpaaJieHHH npouecca1"IH nepeHoca 9JieKTpo,nHoro MeTaJIJia 

qame acero 11cnoJih3YIOTCH cxeMhI c cpa30BhIM ynpasJieHHeM CC/JY (p11c. 

~.47). T11pttcTopb1 VSJ H VS2 06pa3y10T BhinpHMHTeJib, ynpaBJIHeJMhIH 

C</JJI. nocJie aap.H,na HaKOilHTeJlhHOH e~1KOCTM CJ TMpHCTOp VS3 OTKpbI

BaeTCH H TOK pa3pH,na KOH,neHcaTopa HaKJia~hIBaeTCH Ha ,nyry, cpopMa 

HMny.nhcos 3a,naeTCH napaMeTpaMH KOH,neHcaTopa CJ H ,npoccenH LI. BeH

"THJib VD npe.noxpattHeT HCTOllHHK nHTaHHH OT npo6oH BhICOKHM HanpH>Ke-

CfPY 

T1 
00 

JIJ)J 

HHe~L B KaqecTBe eMKOCTH Cl 
npHr-.-teHHIOT 6aTapeIO H3 He

CKOJibKHX napaJIJieJibHO BKJIIO

qeHHbIX KOH~eHCaTopoB, llTO 

Il03BOJIHeT peryJiupoBaTb )l.JIH

TeJibHOCTb HMnyJihCOB TOKa. 

CToMH~-to cxeM, 11cnoJ1h3YIO· I }/fl ~ IUHX HaKOilHTeJibHYIO eMKOCTb, 

f>Hc. 2.48. CxeMa ycTpoAcTBa JJ.JJu nMnyJZbCHO·JJ.Yroaoli 
caapKH 6e3 ea&onnTeJibHOH eMKOCTH 
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npHMeHHIOTCH cxeMbl noJiyqe

IIHH H~tnyJihCOB Henocpen.

CTBeHHO OT CeTH (pMC. 2.48). 
OcHOBHOH 3JieMeHT cxeMbl ~ 



Cf/J!/ ------ I 
Tf SA 

l 
0 0 

Y.03 
) 

PffC. 2.49. CxeMa HMny.nbCHOro HCTO'IHHKa nuTaHHR c peryJmpyeMOH HHJU'KTHBJ-IOCTblO 

JlHO)(HO-THpHCTOpHhIH BhinpHMHTeJib P.TB, ynpaBJIHeMhIH C<PJI. 110 CHr· 

HaJiaM ynpaaJieHHfl C<PY HMTIYJibChI co BTOpHqHoH o6MOTKH TpaHccpop· 

Maropa T 1 no,ll.aIOTCH Henocpe,ncTBeHHo Ha ~yry. 
OepcneKTHBHbl~f HanpaBJieHHeM HBJIHeTCH C03A8HHe HMilYJibCHbIX 

HCTOqffHKOB, o6ecnelUiBaIOmHX IlHTaHHe JlyrH 6a30BbIM HMilYJihCHbIM TO

KOM 6e3 .ll.OTIOJIHHTeJihHoro CHJIOBoro BhinpHMHTeJIH (puc. 2.49). KpoMe 

JlHO,llHO-THpHCTOpHoro BhinpHMHTeJIH JI.TB cxeMa co,nep)l{HT HMHHeHHYIO 

peryJittpyeMyIO HHJlYKTHBHOCTb L. CTpH npoxo>K)leHHH HMnyJibca ToKa 

or aropI-PiHOH o6MOTKH Tpanc<PopMaTopa T 1 qepes JI.TB H HHJI.YKTHBHOCTh 

L cep_neqHHK HaKanJIHBaeT onpe,neneHHoe KOJIHqecTBO 9JieKTpoMarIIHTHo.H 

3HeprHH. B npoMe)KyTKe Mem,ny HMTIYJibCBMH 3HeprHH MarHHTHoro noJIH 

a cep_neqH11Ke npeo6pa3yeTcH B 3JieKTpHqecKy10 3HeprHIO H qepe3 ,nyry 

npoTeKaeT 6a30BblH TOK. 0 

l(oJI11qecTBO 3HeprHH, aanacaeMoii cep,nelJHHKOM L, a cJie)loBaTeJihHO 

H BeJIHlJHHa 6asosoro TOKa perynHpyIOTCfl qHCJIOM BHTKOB o6MOTKH H Be

JIHqHHOH aoa,nywHoro aa3opa B MafHHTorrposo,ne. AMnJIHTy.ll.a HMnyJihCOB 

caapoqHoro TOKa aa,naeTC.H yrJioM oTKphIBaHHH THpHcTopoB VSJ, VS2 
H llHCJIOM BHTKOB BTOpHqHoH o6MOTKH T 1. ,[lJIHTeJibHOCTb HMilYJlhCOB 

nJiaBHo peryn11pyeTcH C<PY. 113MeHeHHeM HeJIHHeifHoli HHJI.YKTHBHOCTH 

o6ecneqHBaeTCH peryJ111poBaHHe ¢poHTOB HapacTaHHH H cna)la HMilYJlhCOB 

TOKa. mo n03BOJIHeT ynpaBJISITb npoueccaMH IlJl8BJieHHH H nepeHOCa 

3JieKTpO,nHoro MeTaJIJia, qTo6bI yMeHhWHTb BhiropaHHe JiernpyIOIUHX 9Jie· 

MeHroa H ynylJlllHTh KatiecTBO caapHhIX coe,nJ1HeHHH, oco6eHHo npH cBap· 
Ke MaJiblX TOJIIII.H H. 

B CXeMy HCT01IHHKa MOLKHO BBeCTH o6paTHYIO CBH3b no HanpH>KeHHIO 

.nyrH (llepea KJIIOq SA), a TaKme npe)lycMoTpeTb B03MO.>KHOCTh caapKM 
Mo,nyJI11poBaHHbl-M HH3KOqaCTOTHbIM 
HMny JlhCHbIM TOK OM. JISf Tf 

B KalieCTBe He3aBHCH~1oro HM
ny.nhcHoro HCTOllHHKa IlHTaHHH MO}l{-

~o HCDOJib30B3Tb BbmpHMHTeJib THna 

Llf11-301 (pHc. 2.50). lJepes JJ.yry 
nporeKaeT Oa30BblJI TOK OT BTOpH1I-
HhIX ,,... 

OOMOTOK TpaHccpopMaTopa T 1 

00 

YIJI l 

• 

~e:e3 VD 1, VD 2 H )l.pocce.nb L. (Cxe
cllaaosoro ynpaBJieHHH THpHcTo

pHaMH VS5, VS6 ycJIOBHo He noKaaa
a).111\fnyJibChI qacTOTOH 50 (100) fn Pnc. 2.50. CxeMa He3aBHCHMOrO HMDYJJbCffOrO 

~ HCTO'IHY.Ka nHTaHHH THna B~rH-30 I 
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cpopMHPYIOTCH npn nepHO,nHqecKoM wyHTHpoBaHHH ,npocce.nH THpHctopa 
MH VS5 (VS6) npH BKJnoqeHHbIX THpHcTopax VSJ, VS4. JlJIH nepeKJJIOqe: 

HHH HCTOllHHKa Ha 6oJiee KPYTbie HMnyJibChI (c 6oJihlllHMH aMnJIHTYll.aM11) 

o,nttoepeMeHHo c THpHcTopoM VS5 (VS6) BKJ11011aeTcH THpHcTop vs2 
(VS3). 

Ba3oeoe Hanp.H>KeHHe, TOK, aMnJIHTy,na H ,ll.JIHTeJihHOCTh HMilYJibcon 
TOKa peryJIHPYIOTCH CHCTeMOH cpa30Boro ynpaBJieHHH THpHCTOpaMJi 
VSJ-VS4 H VS5, VS6. 

2.10. CHcteMbl MarHHTHoro ynpaaneHHSI cpopMHpoaaHHeM 
" KpMCTannH3aqMeM caapHblX WBOB 

0AHO H3 HanpaBJieHHH COBeprneHCTBOB8HlUI npoueccoB csapKH IlJiaBJie. 
u 

HMH - npHMeHeHHe BHelllHHX MarHHTHbIX noJieH JI.JUI npeHMymecrBe}f. 
HOfO B03,ll.eHCTBHH Ha HCTOllHHK Harpeaa ()(yry) HJIH fHJI.POJl.HHaMHKy 

u 

cnapo'llHOH BaHHbl, HanpHMep, npH 9JieKTpOM3fHHTHOM nepeMemeH1u1 
ee pacnJiaBa (3MCT). B o6oHX cJiyllaHX coa)l.aIOTCH npMHUHnHaJihHo a0• 

Bhle B03~10}KHOCTH JI.JI.ff ynpaa.neHHH cpopMHpOB8HHeM " KpMCTaJIJIH3au.Heij 
csapHblX WBOB H onpe,neJIHeMbIMH HMH noKa3aTeJIHMU KalJeCTBa CBapHbIX 
coellHHeu11i1 [5, 38]. CHcTeMhI c HcnoJih30BaHHeM3JieKTpoMarHHTHhIX soa. 
J].eHCTBHH (9/\1B) B KaqecTBe ynpaBJIHIOIUHX o6Jia,naIOT HaHMeHhllleH HHep. 

u110HHOCTh10, TaK KaK B OTJIHtIHe OT CAY o ao3_nelicTBHeM Ha cKopocth 

nonalJH 9JieKTpo.na, BeJIHqHHY ero BbIJieTa (CM. § 2.5) He TpeoyIOT npHMe-
u 

HeHHfl 9JieKTpOMexaHHlleCKHX HCilOJIHHTeJibHbIX ycTpOHCTB. 
KoneoaHHH ,nyrn nonepeK HJIH s.nonb rnsa BHernHHM nonepellHhIM OT· 

HOCHTeJibHO CTOJIOa .nyrH pesepcupyeMbIM MarHHTHblM noJieM (pHC. 2.51) 
npHMeHHIOTCH )l.JIH yJiyqrneHHH nporpeaa CBapHBaeMhIX KpOMOK, peryJIH· 
poBaHHH f JIYOHHbl nponJiaBJieHHSI, ooecneqeHHH xopornero cpopMHpOBaHIHI 
lllBOB npH nOBbillleHHblX CKOpOCTHX CBapKH H n~peKpbITHH BaJIHKOB npli 
HanJiaBKe. 

OcooeHHocTb ceapKH c 3Mn - co3)(aHHe ynpaBJIHIOmHx eoa.neiicTBHii 
Henocpe,nCTBeHHO B CBapotIHOH BaHHe,T. e. TOH IJ3CTH o6ueKTa ynpaBJieHJUI 

(CM. pHG. l. J H pHC. 2.1), B KOTOpOH npOHCXOJUIT npouecc oopa30BaHHSI 

B6 

B F 

'(c: 

PHc. 2.51. OTKnoueuue )U'rn BJJ.OJlb wsa 
nonepe'lHblM MarHHTHblM no .. 1JeM (B) 

Pee. 2.52. CxeMa e3aHMOJ(eikTBHR anew• 
uero aKCHaJlbHOl"O MarHHTHOro OOJUI (B) 
co CBap011HblM TOKOM (/ ce> npH aMn 
(WTPMXOBOH JIHHHeii yKa3aHbl TpaeKTOPHH 
ABHlKeHHR 'laCTHI.\ pacnnaaa DOA ,p.eH:cT• 
aueM aJJeKTPOMarHHTHblX CHJI F) 

TpaeKmopuu 
d6WK~HPR 'ltJrmvq 

I 

"./!UHUIJ 
; Oapo'IHoeq moxa 
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ceapHOfO coe,AHHeHHH. JlJIH ocymecTBJieHHH 3Mn HCilOJlb3YIOT aKCHaJib

HOe (npo,n.?JibHOe OTHOCHTeJibHO 3,,r~eKTpo.na) MarH~THOe none (pHC. 2 .52). 
B3auMo.ne11cTBHe ero c pa.z1J1aJihHOH cocTaBJIRIOIUett cBapoqHoro TOKa BaH

HbI npHBOAHT K IlOHBJieHHIO E pacnJiaB~ MaCCOBblX IlOHAepoMOTOpHbIX 

CHJl F: 
~ ~ -).-

F = j x B, 
~ v 

r.ne j - aeKTOp nJIOTHOCTH csapo1.11-1oro TOKa, B33HMO,neHCTByromero c Mar-

HHTHblM noJieM, onpe,neJIHeMbIM BeKTOporv1 MH,nyKU.HH. 

BeJIHq11Ha H HanpaBJieHHe .n.eiicTBHH CHJibI F, Heo6xo,nHMhie Jl/IH o6ec

neqeHHH 3a.naHHh1x xapaKTepHcTHK ABH:>KeHHH pacnJiaBa npH 31'\n, pe

ryn11py10TCH cooTBeTCTBYIOW.HM H3MeHeHHeM HH,nyKIJ.HH B u qacTOThI pe

aepc11poBaHHH ynpaBJIHiomero MarHHTHoro noJIH (Y MO). OobeKTaMH 

ynpaBJieHHH npH 3Mn HBJIHIOTCfl TenJIOMacconepeHOC B CBapotiHOH BaH

He H KHHeTHKa ee KpHCTaJIJIH38UHH. 

YcTaHOBJieHo, IITO onTHMaJihHhIMH HBJIHIOTCH ycJIOBHH nepeMeW.eHHH, 

npH KOTOpbIX npOHCXO.lJ.HT nepHO,AH1IeCKHe, c B03MO>KHO 60JibWelf qacTo

TOH KOJieoaHHH rpa.n11elITa Tel\'1nepaTyp nepeA cppoHTOM KpHcTaJIJIH3aUHH 

Ha acefl ero npOTH)KeHHOCTH. )lJIH 3Toro Heo6xo,nHMO, lJT06hI aa BpeMH 

MelKJ(Y .nayMH nocJieAOBaTeJibHhIMH peaepc11poBaHHHMH .ll.BH>KeHMH IlOTO

Ka pacnJiaBa nepeMeI.1(3JICH ero TenJIOBOH cppOHT Ha BCIO ,nJIHHY KpHCTaJI

JIH3YIOIUeH qacTH BaHHhI 6ea nepexo,Aa IIepe3 ee npo,noJibHYIO OCh. OnTH

MaJihHhIM ycJIOBHHM 3Mn COOTBeTCTBYIOT H3MeJihqer-nie H IlOBbIWeHHe O,llHO

po,nHOCTH CTpyKTyphl, npe,nynpe>K,neHHe o6pa30BaHHH nop, noJiyqeHHe 

WBOB, MHHHMaJibHO CKJIOHHbIX K o6pa30BaHHIO KpHCTaJIJIH3aUHOHHblX Tpe

~HH, CTa6HJIH3aUHH MeXaHHlleCKHX CBOHCTB WBOB Ha ypoBHHX HX 1'1aKCH

MaJibHhIX 3HaIIeHHH, .nocTHraerv1hIX npH Tex >Ke crroco6ax csapKH, HO 6ea 

31\10. 
CsapoqHaH saHHa, xapaKTep113y10maHCH MaJihIM o6neMoM pacnJiaBa 

H BhlCOKOH TIJIOTHOCTblO B HeM 3JieKTp11qecKoro TOKa, HBJIHeTCH H,AeaJih

HhIM o6neKT0~1 )l.JIH npHMeHeHHH 3MCT, nocKOJihKY Heo6xo,nHMbie ,llJIH )I.0-

CTlDKeHHH 3a,naHHhIX xapaKTep11cTHK nepeMew.eHH.fl CHJihI F MoryT 6hITh 

noJiylleHhI npH OTHOCHTeJibHO l\'1aJibIX 3HatieHHHX HHJI.YKUHH (B) y l\lCT. 
8To fl03BOJIHeT npHMeHHTh MaJIOMOI.l(Hhie H MaJiora6apHTHhie 3JieKTpoMarHH

Tbl aaoii:a YMfI (3M), IITO oco6eHHO aamHo nptt )l.yroaofi caapKe, yIIHThIBaH 

orpaHHIIeHHYIO J(OCTYTIHOCTb 30Hbl CBapKH H Heo6XOAHMOCTh coxpaHeHHH 

MaHespeHHOCTH CBap01IHOfO HHCTpyMeHTa. 3JieKTPOMarHHThl KOHCTpyK

THBHO COBMetnaIOT co CBapotiHbIMH rope.11KaMH HJIH ~iYHJJJllTYK3MH. 3a,naH

HyIO nporpaMMY H3MeHeHHH Hanp.HLKeHH5l IlHTaHHfl o6MOTKH 3JieKTpoMar

HHTa H, cooTBeTCTBeHHo, napal\'teTpoB Y.l\10 o6ecnetiHBaIOT npHMeHeHHeM 

cneu.naJihHbIX cxeM ynpaBJieHHH, Bh1noJIHeHHbIX B s11.ne KOHCTPYKTHBHO 

CaMOCTOHTeJibHblX 6JIOKOB - annapaTOB ynpaBJieHHH 3.lv\B. 

CTpocTeiirnHe nporpaMMhI H3MeHeHHH aMnJIHTY,ZI.hI ttJIH lJaCTOThI peaep

cuposaHHH TOKa IlHTaHHH 3M npH ynpaBJieHHH CBapoIIHOl':'I ,nyroli 

3Ha4HTeJihHO ycJIO)KHHIOTCH npH ocymecTBJieHHH 3MD *H,nKoro MeTaJIJia 

CBapo11Ho.H BaHHhI. Do3TOMY CHCTeMhI ynpaBJieHHH 3MB yHHBepcaJihHoro 

Ha3HaCJeHHH JJ.OJl>KHbl o6ecneqHBaTb 3a,naHHb1e ycJIOBHH 31,1n, B TOM qHcJie 

np11 csapKe KaK Ha IlOCTOHHHOM, TaK H Ha nepeMeHHOM TOI<e, a TaKme npH 

~MnyJihCHo-)lyroBoli cBapKe (l1,UC). B coapeMeHHhIX annapaTax ynpaaJie

HHsi 8Mil perneHHe 3TOH 3a,Aa1IH ~OCTHraeTC5I nyTe~1 IlHT8HH51 o6MOTKH 
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Pttc. 2.53. <l>yHKl.\HOHaJJbHa.A cxeMa cucreMbl ynpaBJJeHHR SMB: 
A - annapaT ynpaBJJeHHR 

3MBfl peBepc11pyeMbIMH c Tpe6yeMoii qacTOTOH rpynnaMH yHHTIOJIHpHhIX 
HMnyJihCOB, BbI,ll.eJieHHbIX O,ll.HOilOJiynepHO,ll.HblM BbIIlpHMJieHHeM 113 CHHY
COH,ll.8JlbHOf0 HanpHmeHIHl npOMbllllJieHHOH qaCTOTbl. TipH 3TOM TeKymee 
sttatieHHe B0 HHJlYKUIItt Y Mn H3MeHHeTCH OT nynsi .n;o aMnJnny.n.Horo 
Bm no saKoHy: 

{
Bm sin rot 

Bo= 
0 

T 
npH 0 ~ t~ 2; 

T 
npH 2 ~ t ~ T, 

r]le T- nepHOJI. ceTeaoro HanpH>Kett1u1; ro = 2n/T. 
4 To6_bI pacnnipHTb TeXHOJIOfH'l'.:JecKHe B03MO:>KHOCTH caapKH c SMfl, 

B annapaTax npe.n.ycMaTpHBaeTCH peryJIHpOBaHHe CKB8:>KHOCTH HMilYJibCOB 
TOKa 3JieKTpoMafHHTa /3M H BpeMeHHblX 3a)lep:meK ta Me:>KJI.Y IlOCJie,ll.ona
TeJibHbIMH rpynnaM.H YHHilOJIHpHbIX HMilYJibCOB /3M, a TaK:>Ke CHHXpOHH-
3aruu1 HaqaJia 0Tpa60TKH 3a,ll.aHHOH nporpaMMbl H3MeHeHHH HanpH:>KeHHH 
IlHTaHHH 3M c nepe.U.HHM ¢poHTOM HMnyJibCa CBapoqHoro TOKa npH 
HllC. 

CocTaB H pa6oTa THnoaoti cxeMbI ynpaBJieHH8 3.l\1B nosicHHeTcsi pnc. 
2.53 H 2.54. EJioK nHTaHttH Ell npeo6paayeT HanpH>KeHne ceTH B Tpe6ye
Moe JI.JIH paoOTbI cxeMhl. <t>opMHpOBaTeJib TaKTOBbIX HMilYJibCOB <PH npe-
06pa3yeT noHH:>KeHHoe ED HanpH:>ReHne ceTH B perynHpyeMyro no ¢a3e 
nocJie.ZJ.OBaTeJihHOCTb YHHilOJI5IpHblX npHMOYfOJibHbIX HMilYJibCOB u<f>H 

(pHc. 2.53 a), nocTynaroru.11.x Ha BXOJJ.bI ctieTqHKa C, TpaH3HCTOpHbIX KJIIO
qeii KTJ 11 KT2 H JI.eJIHTeJI.fl llaCTOTbI [l,l/. CxeMa coana.n.eH1u1 CC cpopMH
pyeT cHrHaJI Ucc, nocTynarouui:H Ha ·KOMMyTaTopbI HanpaaneHHH KH 
H onepau11ii KO no OI<OHllaH1n1 oTctieTa OJIOKOM C 3a)laHHoro apeMettnoro 
HHTepBaJia («HMilYJlbCOB» HJIH «nay3hl» Y~1fl). Do CHfHaJiaM U cc KOMMy
TaTOp KH ynpaBJIHeT pa6oToii KJnoqei1 KTJ HK T2 H HHBepTopa THpHcTop
Horo HT, co6paHHoro no MOcTosoi1 cxeMe. nooIIepe.nttoe BKJIIOlleHne nap 
THpHCTOpOB HHBepTopa npH IlHTaHHH ero HanpR>i<eHHeM ceTeBOlI tiaCTOTbJ 
npHBOJI.HT K npoXO:>K,ll.eHHIO no o6MOTKe 3JieKTpoMarHHTa 3M (pnc.2.53) 
O)lHOilOJiynepHO,lI.HO BbinpHMJieHHbIX HMnyJibCOB TOKa B HanpaBJieHHH, 
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onpe.neJIHeMOM COCT051HHeM BbIXO,U.a 
KH (pHC. 2.54,a). nJIHTeJibHOCTb !p V1111 

npoxomJI.eHH.fl roKa I 3M Me*JI.Y no- 1---____ ...__ ___ ....1...-__ 

cJ1eJI.oBareJihHhIMH ero peaepcttpuoaa~ 
HHflMH onpe.neJIHeTCH HaCTpOHKOH 
apeMeHHOfO HHTepBaJia «HMDYJihCbl 
31'10» cqerqHKa C. 

fp 

rf 

t 

a 

t 

t 
tJ 

4epe~oaaHHe onepauuli orcqera 
«H~WYJihCOB» HJIH «nay3» Me)KJI.Y 
rpynnaMH acrpeqHo HanpaBJieHHhIX 
ttMnYJibCOB TOKa I 3M o6ecneqHaaeTcH 
KOMMyraropoM KO, KoropbIH nony
•.iaeT cHrHaJI nepe6poca oT CC (npu 
.nyrosoi'1 caapKe) HJIH OT KH (npH 
MJlC). BpeMeHHaH ,u.HarpaMMa, noHc
HHIOW.a.fl pa6ory CHCTeMhl ynpaBJie
HIUI 3MB npH ,u.yroBOH CBapKe c BBe
J[.eHHeM 3a,u.ep}KKH ts Me}K,U.y HM-
nyJibCHblMH nocJie}J.OBaTeJihHOCTHMH lHAc 
I 3M, noKa3aHa Ha puc. 2.54, 6. BJioK Vee ~,;__ ___ ..___.....___L.-__ 

P,l/ o6ecneqttaaer Heo6xo,u.HMy10 
cKBIDKHocTb Y Mn nptt no,u.KJno1Je
mu1 nepeKJ110qaTeJieM S 1 ero BhIXo
.na Ha BX OJI.hi KJUOIIeli I( T 1 11 KT 2. 
B peMeHHhie ,u.uarpaMMhI, noHcH.HIO
mne pa6oTy cxeMhI ynpaBJieHHH 3MB 
nptt cKBa)KHocrH ttMnyJihcoa Y Mn 
(Q = 4), noKa3aHbl Ha pHC. 2.54,B. 

B KJIJOqeHHe 6JIOKa CHHXpOHH3a
ll.HH EC CHfHaJIOM Uc8 , CHHMaeMhIM 
co csapoqHoif uenH, o6ecnetJHBaeT 
npn Hamaroli KHOnKe S2 pa6ory cxe-

fltrHl---1---~~~..___.....__~L---~ 

0<01--+--~-~L----~..__-~ 

f;MO t 

PHc. 2.54. 8peMCHHble AHarpaMMbI: 
a, e - npH ynpaanemm npou.eccaMH ,a.yroaoll 
csapKH H CKBa;)KHOCTH HMnynbCO.B y11paam110-
~ero MarHHTHOro nom1 2 H 4 COOTBl-:'TCTBeHHO; 
6 - npn BpeMeHHO:tl 3a,lJ.ep)KKe Me.>l<AY HMrtYJibC
HhlMH nocne,a.oaaTeJlbHOCTi!MH TOKa 8MBil 
(13M); e !9' npu ynpaBJJemm 11)].C 

MhI CHHXpOHHO c HMDYJihCaMH caapoIIHOfO TOKa nptt ynpaBJieHHH npouec
COM 11.UC. B MOMeHT HalJaJia HMilYJibCa CBapoqHoro TOKa / 11.zi.c c 6JIOKa 
EC npuxo,u.ur cHrHa.,1, pa3pelllaIOlll.HH pa6ory CC, nptt npeKpameHHH HM
nyJibca / 11JJ.c cqerqHK C cpa6arhrnaercH B «0» H c ::>Toro MOMeHTa Haxo
JJ.HTCH B pemuMe roroBHOCTH (pHc. 2.54,e). Oco6eHHocTb pa6oTbI cxeMhI 
np11 11,UC - orcqer apeMeHHblX HHTepaaJIOB H3MeHeHHfl TOKa 3MBn 
I aM, HalittHaH c «nay3bl», onpe.n.e.n.moru.e:H apeMH 3a,u.epmKH /3 BKJIIOqeHHH 
YMn (pttc. 2.54, 2) H Heo6xo.n.ttMoii ,u.n.H o6ecneIIeHHH rpe6yeMo:H rJiy6ttHhl 
nponJiaBJieHHH OCHOBHOfO MeTaJIJia. 

HcnoJIHHTeJihHaH qacTh cucreMhI - 3JieKrpoMarHHT BM (pttc. 2.53), 
noJiyqaromuli nHTaHtte OT HCToqHHKa nHTaHHH H fl qepe3 HT. B cocraa 
Jf n BXO,U.HT aBTOTpaHapopMarop AT .ZI.JIH peryJIHpoBaHHH HanpH}KeHHH 
n1nattHH BM H pa3JJ.eJIHTeJihH~I:H rpattc¢opMaTop T, orpaHuqusammuii 
HanpH}KeHHe nHTaHHH 3M corJiaCHO HOpMaM oxpaHbl rpy.na. 

AnnapaThI ynpasneHHH 3MB (puc. 2.53-A) H HcroqHHKH nuTaHHH 
BM (puc. 2.53-Hfl) o6oe,LI.HHHIOT B KoHcrpyKTHBHo-caMocroHTeJibHhIH 
6JioK, Ha naHeJIH KOToporo pa3MemeHhI ace opraHhI HacTpoHKH nporpaMMbJ 
H3MeHeHHH Y i\\CT H KOHTpo.nH ero napaMerpoa. 
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Qqepe,nHaH 3a):(atJa - coa,naHHe 38MKHYTbIX CHCTeM ynpaBJieHH5I Ka
qecTBOM CBapHblX lIJBOB no napaMeTpaM KpHCT3JIJIH3aUHH H rJiy611He npo
IlJiaBJieHHH OCHOBHoro MeTaJIJia c npHMeHeHHeM 9MB B Kaqec,.Be peryn11py. 

IOlUHX. DbIJIH npoae,neHbl J1a6opaTopHbie HCilbIT3HHH CHCTeMbI, B KOTOpoij 
TeKymHe 3HaqeHHH cpaKTHlleCKOH CKOpOCTH nepeMemeHHH cppOHTa KpHCTaJI .. 

JIH3aUHH (vKp.<J>) onpe.n.eJIHlOTC.H CKaHHPYIOlll.HM nHpOMeTpHqecKHl\it )laT
llH K0~1 Ha OCHOBe cpOTO,lIJIO,lf.OB, paooTaIOIUHX B HHcppaKpaCHOll o6JiaCTH 
cneKTpa. Bh1xo.nHoe HanpH.>KeH11e .n.a!tIHKa cpaBHHBaeTC51 c onopHhI:M, co-

u 

OTBeTCTBYIOIUHM 3a,naHHoMy atta11eHHIO vKP .<J>, pe3yJihTHPYIDllU1H CHrHaJI 
npe,ncTaBJIHeTCH B UHcppoBOM BH,ne H nocJie o6pa60TKH UHcppoaHaJIOfOBbIM 
npeo6paaoBaTeJieM no.n.aeTCH Ha aaTBop rioJieaoro TpaH3HCTopa- Kai< nepe

MeHHoro pe3HCTOpa cpa3oC,nBHraIOmeii uenH B COCTaBe <PH (CM. pHC. 2.52). 



3. ABTOMATH3AU.l-1.s1 3JlEKTPOWJl."KOBOV1 CBAPKH 

3. t. 3neKtpownaKOB&IH npo4ecc KaK o6'beKT ynpaaneHMJI. 
KnaccH<l>HKaqHJI CHCTeM perynHpoaaHHJI 

0 

llJJI81{0BYIO BaHHY MO}l{HO paccMaTpHBaTh KaK HeJIHHeHHOe aKTHBHOe co-

npoTHBJieHHe, aaa11csuuee OT TeMnepaTyph1 pacnJiaaJieHHoro IIIJiaKa, pa3-

l\IepoB H cpopMbl llIJI8KOBOH BaHHhl, pa3Mepos,. OTHOCHTeJibHOfO pacnOJIO
iJ{eHHH H r.nyoHHhI norpymeHnH =>JieKTpo.noa B mJiaKosy10 BaHHy. KpHBhie 
roKa H HarrpH>KeHHH npH CBap1<e nepeMeHHhIM TOKOM, 3acpHKCHpOB8HHhie 

ocuHJIJiorpacpoM, npe,ncTaBJIHIOT coooi1 CHHyco11,nh1, coarraJI.aIOmHe no cpa-
3e. HeJIHHeHHOCTh mJiaKoBoii BaHHhI npoHBJIHeTCH Ha ,neiicTsy10m11x 3Ha
qeHHHX TOKa H HanpH>KeHHH TOJibKO npH cpaBHHTeJibHO Me,nJieHHOM HX 
H3MeHeHHH [55]. 

TenJioBaH 11Hepu11H IllJiaKOBoii BaHHhI BeJIHKa. Harpes 9.TieKTpo.n.a 
npoHCXOJ(HT rJiaBHhIM o6pa30M aa cqeT KOHTaKTa ero c pacnJiaBJieHHbll\f 

ruJiaKOM. c yBeJIIflieHHeM CKOpOCTH no,na1IH 3JieKTpo_na B03pacTaIOT rJiy-

6nHa norpy>KeHHH ero B lllJiaK 11 Tel'i1nepaTypa lllJiaKa, ocooeHHo B 060-
u 

eMe Me*JlY TopuoM 3JieI<Tpo~a H nosepxHoCThIO MeTaJIJIHIJecKoH saHHhI. 

CoKpameHHe paccTOHHHH l\1e>K~Y TopuoM :>JieKTpo,u.a n noBepxHoCTbIO 
... 

MeTaJIJIHIJeCKOH BaHHbl, a TaK)l{e nOBhIIlleHHe TeMnepaTyphI mJiaKa npH-
u 

BO.l{HT K BoapacTaHHlO rrpoBO,lI.HMOCTH Me>K.ny 3JieKTpOJ(OM H MeTaJIJIHIJecKOH 
BaHHOH H COOTBeTCTBYIOIUeMy yBeJIHqeHHIO TOKa (pHC. 3.1). 

KaIIeCTBO caapHoro coe,n11HeHHH npH 3JieKTpOillJiaKoBoii cBapKe (3ll.IC) 
raK >Ke, KaK H np11 .npyr11x cnocooax caapKH, onpe~eJi.HeTCH cooTBeTCTBHeM 
KOMnJieKca ~1eXaHHIIeCKHX CBOHCTB lllBa H OKOJIOillOBHOH 30Hhl CBOHCTBaM 
OCHOBHoro MeTaJIJia. CHH>KeHHe KaqecTBa CBapttoro coe,lI.HHeHHH H IlOHBJie

HHe B lllBe ;:i:ecpeKTOB Q:>H3HlJeCKOfO H MeTaJIJiyprHtJeCKOfO xapaKTepa (He
nposapoa, no,LI.pe30B, HanJihIBOB, pbIXJIOCTH no OCH IllBa, HeMeTaJIJI11qecKHX 

BKillOtieHHH, rrop' TpemHH) - CJie,LJ.CTBHe HapyrneHHH ycTaHOBJieHHOH 
rexHoJiorHH H npe>K~e acero napaMeTpoB caapoqHoro pe>KHMa. 

/""'Ar-~~-.-~~~~----. 

600r--~~-4-~~-w~~--t 

500r----~-+-----ttfC-~~~--1 

400r----~¥-~~-+-~~~ 
JOOr--~-+-~~4-~~ 
~O~n·~,n ____ _._ ____ ~ __ __, 

IVV 200 JOO ~' M/'1 

Puc. 3.t. H3MeHeHHe TOKa lw wJ1aKosoA eauHbl c pocTOl\I cKo-
Poc · 

TH noP,a•n1 aJleKTpo.aa V 3 (AJu1 aJJeKTpOJl.HOH nposonoKH 
~HaateTpOM 3 MM) 

P11c. 3 2 C 
• • XeMa npol(ecca 3WC (b - TOJIU(HHa 38r0TOBOK) 
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Pe>KHM 3ll.IC n cpaBHeHHH c pemHMOl\1 .nyroBoii cBapKH onpe,neJiflerc,. 

3HalJHTeJibHO 60Jibll1H~1 KOJinqeCTBOM napaMeTpOB: TOKO~I ll na,neHHeM lia .. 
npHJI<eHHH Ha BaHHe Im H U uh norrepel!Hhil\iI celleHHeM 3JieKTpo,na F3 , rJJy .. 
6HHOH rnnaKoao11 Hm H MeTaJIJIHt.JeCKOH HM BaHH (pttc. 3.2), «CYXH~» 
BbIJieTOM 3JieKTpo,n.a h3, nOJIO}KeHHeM KOHUa 3JieKTpo,ua OTHOCIITeJibHO aep .. 
Kana MeTaJIJIHlleCKOI1 BaHHbl lrn, CKOpoCThIO CBapKH Vea, c1<opocThIO no. 
nepellHbIX nepeMemeHHH 3JieKTPOJI.OB v n' npH6JIH>KeHHel'.1 a H BbI,nepmKoij 

3.JieI<TpO,UOB y IlOJI3YHOB 't, po.no:M TOKa H IlOJIHpHOCThlO. 

Oco6eHHocTb npouecca 3lllC - B03~to>KHocTb ero ycTonllHBoro np0• 

TeI<aHHH nptt >KeCTKHX H IlOJiorona,naIOll(HX BHeillHHX xapaKTepHCTHI<ax 

HCTOllHHKOB nHTaHHH. DpH. HH3KOM HanpH>KeHHH xonocToro xo.na yMeHbrua. 

eTCH BepOHTHOCTb CJiyqaiiHOfO B036y>K,UeHHH JI.YfH ~eLKJI.Y 3JieI<Tpon_oM 
u u u 

H MeTaJIJIHqecKOH BaHHOH, ynpomaeTCH HacTpOHKa pe>KIUvia. 

Jlpyroti BaJI<HOH oco6eHHOCThIO npouecca 3ll1C HBJIHeTCH 66JihIIIaH, 

qeM np11 .nyroBoii cBapKe, B3aHMOCBH3aHHOCTb napaMeTpos pe>KH~ta. TaK, 

CBapo1U-Ihiii TOK I Ill 3aBHCHT He TOJibKO OT u UI, v n' BbI,neTa 9.TieKTJ:O.lJ.a 

la, HO H OT 3a3opa 6 l\1e>KJJ.Y KpOMKaMH csapHBaeMbIX .n.eTaJieH H CKOpOCTH 

CBapKH. 0.nHaKo Bee 3TH cpaKTOpbl OK33bIB3IOT CJiaooe BJIHHHHe Ha lw 
u u 

H rJiaBHbIM pery JIHPYIOW.HM B03)l.eHCTBHeM Ha caapOllHblH TOK ClJHTaIOT 

CKOpOCTh no,na q11 3JI€KTpo,na V n. 

CTa)l.eHHe HanpH.IKeHHH U w 38BHCHT OT fJiy6HHhl norpy>KeHHH 3JleKTpO,na 

B lllJiaK, paBHOH pa3HOCTH (la-h3), y,neJibHOro conpOTHBJieHHH llIJiaKa (Pm), 
conpoTHBJieHHH BhIJieTa 3JieI<Tpo.n.a. YneJI11qeHHe Um conpoBo>K,naeTCH yBe· 

JIHlleHHeM paccTOHHHH lw H yMeHhrneHHeM npoBOAHMOCTH BaHHbI. Ha6hITOK 

MOIIl.HOCTH n.neT Ha .nonoJIHHTeJibHOe pacnJiaBJieHHe OCHOBHOfO MeTaJIJia. 

CTptt CHlDKeHHH HanpnmeHHH U w BeJIHllHHa lrn yMeHb111aeTCH H npoBOJI.H· 

f\10CTb saHHhI aoapacTaer. CHH>KaeTCH cpe,n.HHH TeMnepaTypa rnJiaKOBOH 

naHHhI, qTo MO>KeT npHBeCTH K HenposapaM. CTpn ~faJihIX U w B03MO}I<eH 

MeCTHhIH neperpes rn.JiaKa H ero BCKHnanne, KoTopoe o6hillHO conpoBom.na· 

eTCH o6pa3oBaHHeM ,n,yrH H HapyrneHHeM npouecca 3ll.IC. Dptt 3a,ZJ,aHHOM 

TOKe I w HanpH.>KeHHe ulll MO)l(HO peryJIHpOB3Tb B 3HaqHTeJlbHbIX npe,neJiaX 

H3MeHeHHeM 3. JI.. c. 11cToqH11Ka nHTaHHH £ 0 • 0 HJIH conpoTHBJieHHH cBa· 

poqHofi uenH. 0.nHaKo B nocJie.n.neM cJiyqae TepHIOTCH npe11MymecTBa, 

onpe.neJIHeMbie npHMeHeHHeM ·npH 9llIC HCToqHHKOB IlHTaHH.H c >KeCTI<OH 

xapaKTepHCTHKOH. CTo3TOMY perynHpoaaHHe npouecca 3ll1C Bo3,ne1icTBHeM 
u 

na conpOTHBJieHtte caapo11HOH uenn He npHMeHHeTCH. 

r ny6HHa BaHHbI H UJ onpe,neJI51eTC.H ypoBHeM 3epKaJia MeTaJIJIHqecI<OH 

BaHHhI OTHOCHTeJihHO nonayHoB. Bo3JI.eiicTBHeM Ha CKopocTb V0 HJIH aa 
cKopocTb nepeMemeHHH noJI3yHoJJ V c8 MO>KHO perynHposaTb yposeHb 

~teTaJIJIHqecKoli aaHHhI OTHOCHTeJihHO noJI3YHOB H ee rny611Hy HM· !lJifl 
KOMneHcauHH yMeHbWeHHH BeJIHqHHhI Hrn B pe3ynhTHTe BhITeKaHHH H3 
BaHHhl qacTH lllJiaKa ~ioryT HCnOJib30BaTbCH CHCTeMbl ,n03HpOBaHHff 

cpJIIO~a. 
OcTaJibHhie napaMeTphl pe*HMa JIHOO HeJib3H perynHposaTb a npouec· 

ce caapKH (aa3op 6, nnoma.nh nonepeIJHoro ceIJeHHH 3JieKTpo,na), JIHOO oan 

HBJIHIOTCH npOH3BO,nHblMH OT CBapoqHoro TOKa, Hanp.H.»<eHH.H caapKH H CKO· 

pocTH no.naqH 3JieKTPOJI.HOH npoaonoKH. K TOQHOCTH socnpoH3Be,neHHSI 

nonepe11HbIX KOJie6aHHH 3JieKTpo,n:a He npe,n:'hSIBJIHIOTCH .»<eCTKHe Tpe6oaa· 

HHH, Il03TOMY CTa6H.nH38UHH HX c IlOMO~hlO aBTOMaTuqecKHX ycTpoiicTS 

He npOH3BOAHTCH. 
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Hopl\·faJibHhIH xo,n npouecca 3lllC Hapyrna10T B03MymeHHH, B03HHKaKr 

m11e: 
1) BCJie,ncTBHe H3!vteHeHHH 3a3opa l\fe>K){y KpOMKaMH (cS) B CBH3H 

c HH3KHM KaIIecTBOl\il IlOJJ.rOTOBKH H c6opKH 3arOTOBOK, caapoqHblMH 

JI,ecpop~laUHHMH; 
2) ttenocpe,ncTBeHHO B aott~ cBapKH B pe3yJibTaTe 11a~1eHeHHH cpna11Ko .. 

XMMHqecKHX CBOHCTB w.nar<a (Pm), 9Jl€KTp0,[(HOH npOBOJIOI<H H npH 9JieK· 

rpoMafHHTHWX HBJieHHHX; 
3) BCJie)(CTBHe H3MeHeHH>1 M~l\·teHTOB narp~3KH Ha BaJiax npHBO,[(HbIX 

JJ.BHrareJieii no)J.aIIH 3JieKTPOJJ.HOH _npo~oJIOKH (vn. 3) H nepeMemeH11H anna-

paTa ( v;s), H3M:e1-1eHHH B bIJieTOB ( l 8 , h·:>l 3.JieKTpo,nttoff npoBOJIOK~, HecTa-

6HJibHbIX KOHT3KTOB B TOI<Oil0.UBO.ZJ.5IU.IJIX MYHJJ.WTyKaX, H3~1eHeHHH xapaK

repncTHK OT ){eJibHbIX cxeM pery JIHpOBaHHH;_ 

4) npH H3l\1eHeHHHX nanpH)K€HHH cerH (uc) H napaMeTpOB CBapoqHoii 

uenn; 
5) B 30He CBapKH BCJiell_CTBHe BhITeKaHHH H3 BaHHbl qacTH WJiaKa 

(hw) H HenocTOHHCTBa pacnoJIO)KeHHH QJOpMHPYJOl.UHX IIJOB nOJI3YHOB 

OTHOCHTeJihHO rpaHHUbl MeTaJIJI - lllJiaK. 

9TH B03MymeHHH MoryT 6hITb HeperyJIHpHblMH H nepHO,ll.HIIecKHMH, 

cymecrsoBaTb J(JIHTeJibHoe ape~u1 H 6hITb I<paTKOBpeMeHHbIMH. CTp111 ,UJIH· 

TeJibHOM ,AeHCTBHH TaKHX B03MymeHHH, KaK H3MeHeHHe cpH3HKO-XHMJilieCKHX 

CBOHCTB rn.naKa H 9JieKTpO~HOH npOBOJIOKH, H3MeHeHHe xapaKTepHCTHK 

01,neJihHblX 9JieMeHTOB cxeMhl peryJIHpOBaHHH, HeJlb3H coxpaHHTb aa,naJ-J .. 

Hoe KaqecTBO caapHbIX coeinHHeHHH t BbinOJIHeHHbIX 3 lllC (pHC. 3.3). 
AHaJIH3 BJIHHHHH paaJIHIIHbIX B03MymeHHH Ha npouecc 3IIIC noKa-

3hIBaer' l!TO npaKTHlleCKH HeB03MO:>KHO KOMileHCHpoBaTb OTKJIOHeHHe o,n

noro napaMeTpa oe3 HapyrneHHH reoMeTpHIIeCKHX pa3MepoB IIJBa, ,noJIH 

OCHOBHOfO MeTaJIJia B lllBe, Tep!'.·lHIIeCKoro UHKJia H T. n. CT03T01\i1Y ,UJIH noJiy

lleHHfl Ka4eCTBeHHhIX CBapHbIX coe.n.HHeHHH Heo6XO,ZU1MO no.n...nep:>KHBaTb 

c Tpe6yeMOH TOllHOCTbIO see napaMeTpbI pe:>KHMa CBapKH HJIH H3MeHHTb 

Hx no onpe.neJieHHOMY 3aKony, ecJIH 3To HY>KHO no rexHonorHIIecKHM co-

06pa>1\eHHHM. 

OpH co3,naHHH cHcTeM aBToMaTHqecKoro peryJIHpoaaHHH 9IIIC oco-

6oe BHHM3HHe CJie,nyeT oopal.1\aTb Ha OTpaOOTKH HMH B03~1Yl.1\eHHH, ooyc--
JIOBJieHHhIX H31\leIIeHH5I:MH pa3)1-eJIKH WBa ( 6) JI B03HHK3101.IJJIX BCJleJ.lCTB.He 

KOJie6aHHM HanpHiKeHHH ceTH (uc ), TaK KaK OHM OTpa)l{alOTCH Ha HanpH

:>KeHHH H TOKe caapKH, Ha rJiyoHHax lliJiaKOBOH H ~1eTaJIJIH1leCKOH BaHH, 

npHBOJl.HT K H3MeHeHHIO reoMeT

PH4eCKHX pa3Mepoe rnBoB H no

HBJieHHIO B HHX .n.ecpeKTOB. 
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Pe)l{HM ceapKH npHXOJJ.HTC5I 

BhI6HpaTb c onpe.neneHHhIM 3ana

COM, IIT06bl CBeCTH K !\1HHHf.1YMY 

BJIHHHHe B03MyrueHHH' ycTpaHHTb 

Koroph1e neao3MO}l{HO. CTo9TOMY 

nepcneKTHBHa cHcTeMa peryn11po

BaHHH npouecca csapKH, co,Zlep

>KaUJ.a H MaTeMaTHlleCKYIO MO,lI.eJib 
npouecca, Bhll!HCJIHIOI.l{3H H pea- ~;~·::.ire Caapnoii WOB KaK OO'beKT ynpaBJleHHS• 
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PHC. 3.4. I( J18CC1-HJ>HKal{HH CHCTCM a OTO Ma 1 H4eCKOf0 peryJJHpOBaHHH npou.ecca 3lllC 

u 

.JIH3YIOmaH qepe3 COOTBCTCTBYIOlll.He peryJIHTOpbl onTHMaJlbHhIH pe-

)l{Hl\i CBapKH c yqeTOM TeKymero COCTOHHHH pa3)1.eJIKH H .npyrHX cpaKTopoB. 

·mo Tpe6yer co3,naHHH Ha.ne}l{HhIX .naTllHKOB napaMeTpos npouecca 3lllC. 
Opouecc 3IIIC HMeeT MHoro o6ruero c .nyroaoii cnap1<ofi c TOIIKH 3pe

HHH peryJIHpoBaHHH OCHOBHhIX 31-IepreTHIIeCKHX napaMeTpOB pe}KHMa. 

06a npouecca o6JiaJ:LaioT CBOHCTBOM cal\-toperyJIHpoBaHHH, cxo,nHhI TaKme 

KpHBhie ycToHIIHBOH pa60ThI, BOJibT-arvrnepHbie xapaI<TepncTHKH, CHHThie 

npH OOCTOHHHbIX CKOpOCTHX no.natIH, coana,naIOT H HeKOTOpbie peryJI11py-

,10m11e B03,neiiCTBHH (Vn, EH.n). Ilo3TOMY OCHOBHbie cnoco6bI pery.T111poBaHHH 

H CXeMhI peryJIHTOpOB TOKa H HanpHiKeHHH 3WC 110.uo6Hbl npHMeHH-
u 

€1V1bl~1 npH .nyroBOH CBapKe. 

Ha pHc. 3.4. np11se.netta KJiaccHcpHKaunoHHaH cxef\.1a CHcTeM peryJIH

poaaHHH npouecca 3lllC, KOTOpaH COCTOHT H3 qeTbipex OCHOBHbIX rpynn: 
u u 

CHCTeMhl, OCHOBaHHOH Ha CBOHCTBe caMoperyJ111poBaHHfl npouecca; CHCT~ 

Mbl c peryJIHTOpOM OAHOfO HJI.H o6oHX (Urn' I w) 3HeprerHqecKHX napaMeT· 
u u u 

poB; CHCTeMhl peryJIHpoBaHHH ypoBHeH MeTaJIJUfqecKOH H rnJiaKOBOH BaHH; 

CHCTeMhl peryJIHpOBaHHH pe}l{HMa B cpyHKUHH CBapoqHoro 3330pa. 

3.2. CHcTeMbl perynMpoaaHHSI TOKa M HanpJ1>1<eHHS1 

B CHCTeMax peryn11poBaHHH HanpH:iKeHHH H TOKa MO}Kl-10 HCilOJib30B3Tb 

-KaK csoiicTaa caMOBbipaBHHBaHHH (caMoperyJIHponaHHH) npouecca 3WC, 
-TaK H pery.rr11py10m11x B03,l(eHCTBMH Ha CKOpOCTb no,natIH 3JieKTpo.n.a (Vn) 
'"HJIH 3. ,n. c. HCToqHHKa IlHTaHHH (En.n) (Cl\1. p11c. 3.4.). 

CucTeMbl caMoperynupoeauuH~ Bo3HHKaIOll(He B npouecce 3IllC npH 
noCTOHHHOH CKOpOCTH no_nalJH no TeM HJIH HHhIM npHtIHHaM I<paTKOBpe~1en· 
Hhie OTKJIOHeHHH JI.JIHHbl «MOKporo» BhIJieTa caMonpoH~BO.!lbHO JIHKBH)lll'" 

·py10TCH, eCJIH np111111Ha B03HHKHoBeHHH OTKJioHeHHH Hcqeana. EcJIH me 

-so3~1ymeH»e, HapylllHBlllee npouecc, coxpaHHeTCH JI.JIHTeJihHo, To npouecc 
nepeXOJI.HT B HOBOe COCTOHHHe, OTJIHlJHOe OT HCXO)lHOro. CaMoperyJJ11po-

ea11ue nJiaBJieHHH 9JieKTpo,nHOH npoBOJIOKH nptt 3IllC B .nocraTOl!HOH ~tepe 
MHTeHCHBHO, H caapol!HhIH TOK npaKTHqecKH He H3MeHHeTCSl npH JI.eHCTBH:l1 

Jla CHCTeMy JII06bIX B03MymeHHH. CTaTHIIeCKHe xapaKTepHCTHKH u w=f (/ Ul) 
CBapoqHQH fOJIOBKH c nocTOHHHOH CKOpOCTbIO no,n.aIIH 3JleKTpo,nHOH npO"' 

BOJIOKH npe.ncTaBJIHIOT co6ofl OTpeaKH npH1lliIX, noqTif nepneHJtHKyJis:1p-

.HhIX K ocH Im (pHc. 3.5) H no cpopMe aHaJiorH1lHhI xa_paKTepHCTHKaM cucre-

Mhl caMoperyJIHpOBaHHH )lyrH. 
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p 3.5. npeAC .. 'lbl KO~'ICOaHH~ naJJ,eHIUI uanpRlKCHHR H~ 
i:,~·KOBOH eattHe llU w npH CMew.e HHH KPYTOnai:r. at0~eH 
(a) H ll[eCTKOit (6) xapaKTepHCTMK HCTO'IHHKa OHTaHIUI 
B npeAe.1ax /lUH' Bhl3BaHHblX KOJie6aHUCM Hanp1ntceHIUI 

ceTw: 
I 2 - cTaTHQecKHe xapaKTepHCTHKH HCTOqHHKa nHTaHHH 
u' caapo11Hoi1 ronOBKH COOTBeTCTBeHHO 

Uw 2 I A A 

~ I 
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I 
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1 • -1 
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Puc. 3.6. 0Tpa6oTKa B03MYU(eHHJI no
HanpHlKettHIO npH CaMopery.i1HpOBaHHH 
WJJaKOBOH BallHLI: 

1 -CTaTHqecKaSI xapaKTepHCTliKa HCT01I• 
UHKa mtTaHHH; 2 - CTBTHcreCKaH xapaK• 
TepHCTHKa npoLLecca CHM!)pery .. 111p0Ba• 
Hm1; A - TOtJKa ycToih11soro pe>KHMa· 
9WC 

HaH6oJiee cHJibHOe BJIHHHHe Ha pe}l{HM csapKH oKa3hIBaIOT KoJie6aHHH 

ttanpH.>KeHH.H nHTa10mei1 ceTH (Uc), eCJIH BHelliHHH xapaKTepHCTHKa HC

TOqHHKa nHTaHHH co BTop1111ttoii ceThIO KpyTona,na10maH (pHc. 3.5,a). CTpH 
HCTI0Jlb30BaHHH HCTQqHHKOB IlHTaHHH (HanpHMep, TpaHccpopMaTopa) 

u u u 

c mecTKOH BHelllHeH xapaKTepHCTHKOH, KOTOpbie lllHpOKO npHMeHHIOTCH 

a npaKTHKe 9llIC, OTHOCHTeJihHhie H3M:eHeHHH Um np116JIH3HTeJibHO paBHhl 

orttocHTeJihHhIM H3MeHeHHHM HanpH>KeHHH U" (pttc. 3.5,6). 
H3 xapaKTepHCTHKH Um=f (I w) (pHc. 3.6) BH,llHO, lITO yseJIH'-leHHIO

na.n.eHHH HanpH>KeHHH u w COOTBeTCTBYIOT CHH>KeHHe npoBO)JJIMOCTH IllJiaKO
BOH BaHHhl H BeJilfqHHhl I w. nposo,nHMOCTb MO>KHO CHH3HTh JIHlllh npH 

yMeHhllleHHH «MOKporo» BbIJieTa 3JieKTpOJI.a, paBHoro JJ.JIHHe lJaCTH 3JieKTp<r 
na, norpymeHHOH B rn.naKoByIO sanHy. CTpH qpe3MepHoM noBhIWeHHH
U w «MoKphIH» BhIJieT Mo>KeT HaCTOJihKO yMeHhIIIHThCH, qTo ,naJihHeiirnee 

npoTeKaHHe rrpouecca craHeT HeB03MO}l{HbIM. MeiK.ny noBepXHOCTbIO wna

Kosofi BaHHhI H 3JieKTPOAO¥ B036ym,naeTCH ,nyra, oro.neHHIO 9JieKTpo.na. 
cnoco6crsyIOT 9JieKTpoMarHHTHhie CHJihI. 

CHH}l{eHH'IO U w cooTBeTCTBYIOT yBe.nn11ett11e «MOKporo» BbIJieTa 3JieKTpo
na H B03pacraHHe npoBo,nHMOCTH BaHHhI, rrpH 9T01\{ npouecc rrepeXOJJ.HT 
B Hoaoe coctoHHHe (TotIKa A' Ha pHc. 3.6). Cpe,nHHH TeMnepaTypa w.naKo

Boi1 BaHHbl na.naeT' qTQ yBeJIHqHBaeT BepOHTHOCTb o6pa30BaHH5I Henpo
Bapa. CTpH IIpe31\1epHoM CHH:>KeHHH HanpH}l{eHMH Um paccTOHHHe lm (cM~ 
pnc. 3.2) OK33bIBaeTCH HaCTOJlbKO MaJihIM, qTo B03HHKaeT MeCTHblH nepe

rpea llIJiaKa H ero BCKHnaHHe, HeCMOTpH Ha IlOHH>KeHHYIO cpeJI.HIOIO TeM
nepaTypy UIJiaKOBOH BaHHbl. BcKHil3HHe llJJiaKa B 06'beMe Me}l{,ZI.y KOHUOM 
3LTieKTpo.n.a H nosepXHOCTblO MeTaJIJIHtieCKOH BaHHbl conpoBo>K,naeTCH 06pa-

30BaHHeM ,nyru. PaccMoTpeHHhie CJiy11a11 no,nTaep>K,nalOT Heo6xo,nHMOCTh 

orpaHHIIeHHH Kone6aHHH Uw. KpoMe Toro, onpe,neJIRIOIII.HM napaMeTpoM,. 
KOTOpbIH Henocpe.ncTBeHHO BJIHHeT Ha IllHpHHY npoBapa KpOMOK CBapHBa
eMhIX H3)\eJIHH, HBJIHeTCH HanpHmeHHe Ha IIJJiaKOBOH BaHHe. flo9TOM)t 

CTa6HJIH3aU.HH HanpH)l{eHHH Ha IIJJiaKOBOH BaHHe - Heo6xo,nHMOe ycJIOBHe 
]I.JUI noJiytieHHH paBHOMepHOH IllHpHHbl nposapa. 

BpeMH nepexo,nHoro npouecca npH caMoperyJIHpoBaHHH 3lllC nponop
IJ.HottaJihHO KBallpaTy xapaKTepHoro JIHHeiiHoro pa3Mepa 3JieKTpona 
(Han PHMep, KBa.n.pa:ry .n.HaMeTp a 3ne1npo,Z1.HoH npoBoJIOKH HJIH KBa.n.paTy 

9S. 
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Puc. 3. 7. CucTeMa perynupoaaHHH 
Uw c B03JJ.eikTBHeM ua a. A· c. HC-

TO'IHHKa DHT8HHR 

TOJllllHHbl nJlaCTHHbl). c yaeJHilieHHe 

pa3MepoB 3JieKTPOJI.a BpeMH BOCCTatto~ 
JieHHH HapywnawerocH no Te~i HJia 
HHblM npHllHHaM npouecca pe3Ko 803-

pacTaeT. O~ttaKo 6oJiblll~H TenJiosasi 
HHepUHOHHOCTb IIIJiaKOBOH BaHHbI no. 

3BO.nHeT noJiyqHTb y,noBJie'fBOpHTeJib .. 

HYIO cTa6HJIH3au1110 3HepreTHlleCKHX na .. 
pa~1eTpoB npouecca 3IllC npH era ca .. 
~toperyJIHpOBaHHH, HHor.ua H npH CBapKe 
nJiaCTH HlJ3TbIMH 3JleKTpo,naMH c 6oJih .. 
lllHl\f rronepeqHbIM cetJeHHel\1. 

CHcTeMbl c peryJIHTopoM OJJ.Horo 
napaMeTpa. B Tex CJiyliaHx, Kor.na I<o
Jie6aHHH HanpH>Ke}IHH ceTH 3Haq11TeJib .. 

u 

Hbl H I{ Kaqecray coe,LI.HHeHHH npe,ll.bHB-

JlHIOTCH :»<ecTKHe Tpe6oBaHHH, CBapoq. 

Hhie annapaTbI ueJiecoo6pa3HO KoMnJieK-

ToaaTb peryJIHTopaMH HanpH>KeHHH, 
u u 

B03~eHCTBYIOIUHMH Ha HCTOlJHHK nHT3HHH npH nocTOHHHOH CKOpOCTH no-

}laq11 3JieKTPOAHOH npoaoJioKH. HaH6oJiee npocTo TaKaH CHcTeMa peaJI11-

. 3yeTCH c IlOMOI.UbIO THpHCTOpHoro KOHT3KTopa, nocJie)lOBaTeJibHO BKJIIO

~eHHOro B nepBHqHy10 uenb caapoqHoro TpaHc¢opMaTopa (p11c. 3.7). 
CaapoqHhIH TpaHccpopMaTop TC rro~KJI10qeH 1< ceTH c noMOIUhIO napb1 

(HJIH HeCKOJlbKHX napaJIJieJihHhIX nap) BCTpeqHo-napaJIJieJibHO coe,IUi

HeHHhIX THpHcTopoB VSJ, VS2 c ¢a30BhIM ynpaaJieHHeM. 
- B OTJIHllHe OT 9JieKTpo,nyrosoii csapKH no,n cpn10col\1 TaKoe BKJIIOlleHHe 

BnO.nHe ,nonycTHMO, IlOCKOJlbKY llIJiaKOBaH BaHHa npe.n.craBJIHeT co6oi1 aK

THBHOe conpoTHBJieHHe, n03TOMY nepepbIBbl B npoTeKaHHH CBapolIHOfO 
u 

TOKa B KaLK,nOM nonynepHo,ne He CHH>KalOT ycTOHlJHBOCTH npouecca CBap-

KH. Op11:MeHeH11e THpHcTopoa no3BOJIHeT noJiytI11Th BbICOKHe ,nHHaMHlJecKHe 

-cxeMhI. PeryJI11pyeMoe HanpHmeinie csapKH Uw cpaBHHBaeTCH c onopHbIM 

3a,naHHblM HanpH:>KeHHel\1 U 0 B cpaaH11Ba10mel\1 ycTpoi1cTse CY. Y CHJieH

HhIH pa3HOCTHhIM cHrHaJI (Um- U0 ) no,naeTcH Ha ¢a3oapama10m11i1 Mocr 

<P, KOTOpbIH ynpaBJIHeT THpHcTopaMH VSJ H VS2. OpH . .nocTaTotIHO Bbl· 

COl<Ol\1 K03cl>ct>HUHeHTe yCHJieHHSI ooecneqHBaeTCH TQqHQCTb CT36MJIH33UHH 

·HanpHmeHHH. CHcTeMa HCtiepnhIBaeT Bech «3anac peryJinposaHHH» H Te

pHeT ynpaaJieHHe npH nOJIHOCTblO OTKpbIThIX THpHCTopax, llTO COOTBeT

CTByeT MaKcHMaJibHO .nonycTHMOMY na,neH1uo HanpH>KeHHH ceTH. B cTopoHY 

KOMneHC3UHH IlOBbillleHHH HanpH>KeHHH ceTH «3anac peryJIHpoBaHHH» 

CXel\IhI He orpaHHIIeH. 

B HeKOTOpbIX cJiyIIaHX ,AJIH ynpomeHHH CHCTeMhl OTK33bIB3IOTCH OT 

-06paTHOH CBH3H no HanpH.>KeHHIO Uw H 11cnoJih3YIOT peryJIHpoBaHHe no 
1 B03Mym.eHHIO. Tipn 9TOM cMHTe3ttpyIOT TaKyIO cxeMy ynpaBJieHHH THpII
·CTopaMH, qTo6hI H3MeHeHHe HanpHiKeHHH ceTH (Uc) conpoBO>K)l3JIOCb 

Heo6xo.n.HMhIM H3MeHeHHeM yrna oTrrHpaHHH THpHcropos. PerynHposaHHe 

·no B03MyrueHHIO ,naeT B03!\10>KHOCTb ycTpaHHTb BJIHHHHe KOJie6aHHH Ha· 
npH>KeHHH, HO o6nacTb npttMeHeHHH ero orpaHHtieHa CJiyllaHMH, KOf~a 
HHTeHcHcpHKaunH npoueccoa caMopery nnpoaaHHH He Tpe6yerc.st. CTa611-

J1H3aU.HH .>Ke U w CilOCOOCTByeT HHTeHCHcpHKaUHH CaMoperyJIHpOBaHHff, 
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PHC. 3.8. BpeMeHHWe .Q.HarpaMMW TOKOB H HanpJIJKeHHA npu pa6oTe THPHCTOpuoro KOHTaKTOpa 
Ha aKTHBHO-HHJU'KTHBHYIO uarpysKy a pe•HMe 4Ja3oaoro pery.11upoaauHS1 AJIR C8)''1aee: 

a) -a ~ rp; 6) -a > rp: 6) -a < q> 

oco6eHHO npH OTHOCHTeJihHO OOJihWOM na,neHHH HanpHiKeHHH B HCT01IHHK 
u 

nHTaHHH H caapoqHOH uenH. 
flo cxeMe Ha pHC. 3.7 MO>KHO TaK}l{e IlOCTpOHTh peryJIHTOp B Tpexcpa3-

HOM HCilOJIHeHHH. 

C11creMbI peryJIHpoaaHHH c THpHcropHhIMH KOHTaKTopaMH HMeIOT cyme
CTBeHHhIH HeJI.OCTaTOK, CBOHCTBeHHhIH BCeM ycTpOHCTBaM c cpa30BbIM pery· 
JIHpoBaHHeM HanpH>KeHHH [55): HH3KHH K034xPHUHeHT MOlUHOCTH, Bhl3BaH
HblH HCKa}l{eHHeM cpopMbl KpHBOH caapo11Horo TOKa (pHC. 3.8). 

ToK /, npoxoJJ.Hlll.HH qepea nepaHqHyIO ooMOTKY caapoqHoro TpaHccpop
Maropa, oTcTaeT OT Uc ceTH Ha yro.n c.nanra cpa3 q> (pHc. 3.8 ,a). 3ToT 
yroJI onpeJJ.eJIHeTCH COOTHOllleHHeM aKTHBHOH H HHJJ:YKTHBHOH COCTaBJIHIO
lllHX nonttoro conpOTHBneHHH uenH. 

EcJIH B TOqKax A BKJIIOIIHTh THpHcTop, atto.n KoToporo Haxo,nHTCH 
B 3TOT noJiynep110.n: no.n: noJio>KHTeJihHhIM noTeHuHaJioM, a B TOIIKax E -
THpHCTOp, npOBOJJ.Hll.JJIH B npOTHBOnOJIO>KHbie noJiynepHOJI.bl' TO B Harpy3-
Ke B03HHKaeT HenpephIBHhIH nepeMeHHhIH TOK, KOTOpbIH oy,neT cymecrao
BaTb Bee BpeMH, noKa no,naHa KO~taH~a Ha BKJIIOtieHHe THpHCTOpOB. c yae
JIHqeHHeM yrJia a BKJnoqeHHH THpHCTopoB (pHC. 3.8,6) aBTOMaTHqecKH 

YMeHbrnaercH yroJI npoBOJI.HMOCTH 'A H cooTBeTCTBeHHO ~eiicray10m11i1 TOK 
4epe3 Harpy3Ky. EcJIH a = q> (pHc. 3.8,a), To nepexo~HhIH npouecc OTCYT· 
CTByer. TOK npHHHMaeT cpa3y CBOe HaHOOJlblllee ycraHOBHBllleecH 3Ha1le
HHe I y; T~Koe BKJIIOIIeHHe Ha3hIBaIOT IlOJIHocpa3HhIM. npH a > <p (pHC. 
3.8,6) TOK B Ka>K.D.OH noJiyBOJIHe onpe~eJI.HeTC5I pa3HOCTblO cymecTBYIOIUHX 
Bo BpeM.H npOBO!{HMOCTH THpHCTopa ycraHOBHBwerOCH f y H cao6o.nttoro 
le TOKOB. CT03T01\1Y CHH>KaeTCH HaH60Jihlllee 3HalleHHe TOKa H IlOHBJIHIOTCH 
Pa3phIBhI Me>K'AY ero nonyaoJIHaMH. 

lleficray10w_ee 3HaIIeHHe y1'.1ettbwaeTcH, 11 TeM CHJihHee, qeM ooJibllle 
yro.r1 a. 
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Puc. a.JO. BHeWHHe xapaKTepHCTUKH RCTOtjHHKa mna. 
HHR c peryJIHTOpaMH HanpnlKeHHH, 803,,[lf'UCTBYHJU{HM Ha 
s. A· c. UCTO'IHUKa nuTaHUSI (/), H cTaTH'fecKaH xapak
TepHCTHKa peryJIHTOpa TOKa (2), 803.[lelicTBYHlll\ero Ha 
CKOPOCTb DO,,[laqH 9JleK TpoJJ,a 

Ha p11c. 3.8, B noKa3aH HaH6oJiee TH>KeJihIH cJiyqaif ac11M~1erpHlIHoii 
pa6oTbl THpHCTOpHoro peryJIHTopa, KOTOpblH MO~KeT npHBeCTH K pa6ote 

B «BbinpHMHTeJlbHOM peLKHMe>>; eCJIH HMnyJibCbl OTTIHpaHHH THpHCTOpOB 

HMelOT MaJiyIO ,lI.JIHTeJibHOCTb. TaK, BKJIIOqeHHe o.n~oro H3 THpHCTOpOB 

c yr JIOIVI. a < cp He n03BOJIHT ,n.pyroMy THpHcTopy BKJIIOqHTbCH B MOMeHT 

llOHBJieHHH HMilYJibCa ynpaBJieHHH, TaK KaK npO,llQJI)KaeTCH npoao_n11 .. 

MOCTb nepBoro THpHcropa; KOr)l.a B03HHKaeT npttHUHTIH3JlbHaH B03MOiK· 

HOCTb BKJIIOqeHHH BTOporo THpHcTopa, HMTIYJibCa ynpaBJieHHSl y>Ke He 

oy,n.er H KOHT31{T0p 6yJ1.eT pa60T3Tb KaK OJJ.HOTIOJiynepHO)lJiblH BbinpH

MHTeJib. 

Ha116onee 3qxpeKTHBHaR Mepa npe.nynpeLK.neHHH «BhinpHMHTeJihHoro 

pe>KHMa» - yaeJIHqeHHe J1.JIHTeJibHOCTH ynpaBJIHIOI..I.IJIX HMnyJihCOB. CTpH 
STOfvl B CJlyqae BKJIIOqeHHH c a < cp B03HHKaeT HaqaJihHaH acHMMeTpHH 

nonyaoJIH ToKa (p11c. 3.8 ,B), KOTopaH B ,n.aJihHefunerv1 11cqe3aeT. 

B HHCTHTyTe 3JieKTpocBapKH HM. E. 0. CTaToHa pa3pa6oTaH THpHcTop

Hb1f1 peryJIHTop Hanp5DKeHHH A-1307, cocTOHll.IJIH H3 CH_JIOBhIX Tl:f PHCTO

poa, 6JioKa ynpaaJieHHH H ycTpoi1cTBa 3aIUHThI. PeryJIHTOp cHa6JKeH 

ycTpOHCTBO~I 6bICTpo.n.ei1cTBYIOmeff 3aII.I.HThl OT neperpy30K H KOpOTKHX 

33MbIK3HHH' KOTOpoe o6ecneqHaaeT aBTOMaTHqecKoe nOBTOpHoe BKJIIO-
u 

qeHHe c IlJiaBHblM HapacTaHHel\1 yrJia OTnHpaHHH THpHCTOpOB npH CJiyllaH-

HhIX H TeXHHqecKHX KopoTKHX 3aMbIKaHHHX B caapotIH01'1 uen11. HcToqHnKH 

TOKa c ynpaBJIHeMbIMH BeHTHJISlMH o6Jia)l.aIOT ./KeCTl{HMH BHelllHHMH xapaK

TepHCTHK3MH. 0Htt y,rr.o6HbI B 3KcnnyaTaUHH n MoryT 6hITb HCTIOJib30BaHbl 

B CHCTeMax aBTOM3THqecKoro peryJIHpOBaHHH. 

Ha ocHoBe peryJIHTopa HanpsrmeHHH A-1307 pa3pa6oTaH THpHcTopHbifl 

npepbIBaTeJih, KOTOpbIH npHMeHHIOT npH 3ll1C c nepHO,lJJlqecKHM OTKJllO

qeHHeM ToKa (~10JI.yJIHUHeii MOlUHOCTH). CTpepb1BaTeJib no3BOJIHeT pa3-

;neJibHO peryJIHpoBaTh ,lI.JIHTeJibHOCTb HMTIYJihCOB TOKa H nay3hl Me:>KJlY 

HHMH, a T3K)I{e CTa6HJIH3HpOB3Tb HanpH.IKeHHe Ha BaHHe (55). CTpHHUHn 

)lettCTBHH peryJIHTOpa H ero OCHOBHbie xapaKTepHCTHKH paCCMOTpeHbl 

B npHJI. 14. 
nJIH CTa6HJIH33UHH HanpH}KeHHH npH 3lllC HCTIOJlb3YIOT T3K>Ke TpaHC

<}>op~taTophl c MarHHTHOH l{QM.l\ityTauHef1 (pHc. 3.9), B I<OTOpblX caapoqHOe 

HanpH>KeHHe, CHHMaeMoe c o6MOTKH w 2, peryJIHPYIOT nyTeM nO)lMarHH

'IHBaHHH TIOCTOHHHblM TOKOM (c IlO~fOI..l.I_bIO ynpaBJIHIOI..I.I_HX o6MOTOK \Vy! 
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11 w y2) .nayx HpeM TpaHccpopMaTopa n nepepacnpeJI.eJieHHH ocHOBHoro 

fJBfHHTHOfO nOTOKa Me>K.ny HHMH. CTpH 3TOM COOTHOWeHHe Me>K,n.y M3KCH

M3JibHOH 3 • .n. c. E 2 BTopHtIHoii o6MOTKH onpeJI.eJuieTcH saa11c11MoCTblO 

E2max/E2mln ~ (W2a + W2a)/W2a• 

Do cpaBHeHHIO C Tp3HCcpOpMaTOpaMH C ynpaBJIHeMhIMH BeHTHJIH.MH 

rpaHc¢opMaTOpbI c MarHHTHOH KOMMyTauHeii Ha)l.e}l{Hee (He OOHTCH KO"" 

poTJ{OfO 33MblK3HHH 11 pa3pbIBa Harpy3KH) H HMelOT 6oJiee BblCOKHH K03cp

cpuuueHT MOIUHOCTH, HO 06Jia)l.aIOT IlOHH>KeHHbIMH )l.HHaMHqecKHMH CBOH-

craaMH [55 l. 
Cra6HJIH3aUHH HanpH>KeHHH c B03JI.eiicTBHeM Ha cKopocTb noJI.aqH 

aJieKTpOJl3 B03l\·10>KHa nptt HCflOJlb30BaHHH HCTOllHHKa IlHT3HHfl c na11a10-

mei'I atternHeH xapaKTepHCTHKOH. 0JJ.HaKO CT30HJHLJC\UHfl ocymecTBJIHeTCfl 

33 cqer TOKa, lJTO He Bcer.n.a YAOBJieTBOpHeT Tpe6oBaHHHM TeXHOJIOfHH. 

K cncrel\1al\1 peryJIHpoaaHHH o,nHoro napaMeTpa OTHOCHTCH CHCTeMhI 

cra6HJIH3aUHH TOKa, npHMeHeHHe KOTOphIX ueJiecoo6pa3HO npH caapKe 

n.riaB.HJ.UHMCfl MYHJlWTyKoM H npH ucnOJih30BaHHH 3JieKTpoJI.OB c 6oJih

lllHM nonepeqHbIM ceqeHHeM, Kor.na npouecc caMoperynttpoaaHHH Bb1pa

:11<eH cJia6o. B 3THX CHCTeMax B I<atiecTae perynttpy10mero B03AeficTBHfl 

npHMeHHIOT cKopocTh no)laqH npoBOJIOI< (np11 caapKe nJiaBHIIJ.HMCfl MYHJI.

ruryKoM) ..r11160 cKopocTh noJI.aqH l\1acc11aHoro 3JieKTPOAa. CTpHMeHeH11e cH

creMhI CTa6HJIH33UHH TOKa CBapKH c B03~eHCTBHel\1 Ha CKOpOCTb no.n.atn-f 

3JieKTpo)l.a 3QxPeKTHBHO npH HCilOJib30BaHHH HCTOqHHKOB nHTaHHH c >KeCT

l{Qll xapaKTepHCTHKOH H OTHOCHTeJibHO He60JihlllHX KOJie6aHHHX HanpH

}l\eHHH cer11. B HaCTOHIIJ.ee apeMH no 3TOMy npHHUHny pa3pa6oTaHhI aaTo

MaT11qecK11e pery JIHTOpbl CKOpOCTH no,natIH 3JieKTPOJI.3 JI.JIH 3.JieKTpOllIJia

KOBbIX rrpoueccoa. CTpHMepoM TaKHX peryJIHTopoB MO>KeT cJiymHTb 

pa3pa6oTaHHhIH B HHCTHTyTe 3JieKTpocaapKH HM. E. 0. CTaToHa 6bICTpo-
._, U' u 

neHCTBYIOW.HH 3JJeKTpOHH0-3JieKTPOl\1alllHHHblH peryJIHTOp TOKa )l.JIH 3JieK-

TPOllJJiaKOBOro nepenJiaBa (3lllCT), KOTOpbIH npHrOAeH H JI.Jiff 3ll1C nJia
CTHHqaTbIM 3JleKTpo~OM (Cl\L npHJI. 15). 

CucTeMbI c peryJiupoeauneM .nsyx napaMeTpoe. B Tex cJiytiaHx, Kor,n.a 

CHCTeMbI c O,ll.HHM pery JIHTOpOl\1 He ,naIOT meJiaeMOfO aQxPeKTa, np HMeHH -

IOT CHCTe\fbI 0)1.HOBpeMeHHoro peryJIHpOBaHHH TOKa H HanpH>KeHHH. CM
CTeMbl c ABy~tfl peryJIHTopaMH HcnoJih3YIOT npH caapKe JI.JIHHHhIMH nJJa

CTHH4aThlMH 3JieKTpOJI.aMH (Kor.na HeOOXO.l(HMO KOMneHCHpoBaTb naJ(eHHe 

HanpH>KeHHfl Ha DJiaCTHHe JlJIH noJiyqeHHfl nocTOHHHOro HanpH>KeHMH Ha 

WJiaKOBOH BaHHe), npH 60JiblllHX l{OJieoaHHfIX HanpH>KeHHfl nHTa10meH 

cetu HJIH np11 cBapKe rnaoa c nepeMeHHblM nonepetIHhIM ceqeHHeM (KorJI.a 

Tpe6yeTCH H3MeHeHHe pe}KHMa caapKH no 3aJ(aHHoii nporpaMI\.te). Henpe

PhIBHoe nporpaMMHpoaaHHe TOKa caapI<H HapH.ny c peryJIHpoaaHHeM H!l· 

np~}J{eHHH o6ecnetIHBaeT nJiaBHOe H3MeHeHHe TenJIOBOfO pe:>KHMa lllJl3KO

BOH BaHHbI B TeqeHHe BCeH CBapKH, tITO coxpaHHeT 3a~aHHYIO CKOpOCTh 
Han.nasJieHHH MeTaJIJia llIBa H Il03BOJIHeT nOBhICHTh ero KaqecTBO. 

CncTe!\1h1 MoryT OhITh o6pa3oBaHhI H3 paccMorpeHHhIX peryJIHTopoe 

~anpH>ReHMH M TOKa, npH 3TOM 803MO.>KHbl llBe CHCTeMhl. flepBaH CHCTeMa 

H~~T'OHT H3 perymnopa Hanpsi>KeHHH, B03JleitCTBYJOlll.ero Ha 3. )I,. c. 
no OlIHHKa llHTaHHH, H peryJIHTOpa TOKa, B03lleHCTBy10mero Ha CKOpOCTb 

3a::at.iH 3JieKTPOJI.a. CTaT11qecKHe xapaKTepHCTHKH peryJIHTopoa noKa-
bI Ha puc. 3.10. ToqKa nepeceqeHnH xapaKTepHCTHKH A onpe.neJIHeT 
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P11c. 3.12. CxeMa KOHTpOJIR yponH.n MeTa.,1J.11nqecKoA 
DaHHbl .AH<l><J>epeHl.\H8JlbHOH TepMonapoii 6 (a) H pac. 
npe.Q.eJleHue TeMnepaTypbl T (6) no BbICOTe L non3yHa; 
I - e no.113yae; 2 - B 30He ceapKH 

pe>KHM 3IllC. BTopaH cHcTeMa co.nep:>KHT peryJIHTop, cTa6H.TIH3Hpy10mnu 

HanpHmeHHe B03Jl.eHCTBHeM Ha CKOpOCTh no,naqH, H peryJIHTOp, CTa6HJIH-

3Hpy10m11ii TOK B03){eHCTBHeM Ha 3. ,n. c. HCTOtIHHKa nHTaHHH (pttc. 3.1 I). 
Ilo KOJIHqecray 3JieMeHTOB H CTOHMOCTH yKa3aHHbie CHCTeMhl paBHOUeHHhI, 

OJI.HaKo nepnaH c11creMa oona.naeT 66JihWHMH TeXHOJIOrHtiecKHMH B03-

MO}l{HOCTHMH' TaK KaK Il03BOJIHeT npaKTHqecKH 6e3bIHepu110HHO CTa6HJIH-

3HpOB3Tb HanpHJKeHHe HCTOlJHHKa IlHTaHHH. 

J.J. PerynHpoaaHHe ypoBHJI MerannH'leCKOM H wnaKOBOM aaHH 

npH 3lllC C HCnOJib30BaHMeM nOJlBH.iKHbIX cpopl\tHpyIOW.HX ycrpOHCTB -

llOJI3YHOB Heooxo,nHMO, lITOObl ypoBeHh MeTaJIJI.HqecKOH BaHHhl OTHOCH

TeJlbHO IlOJI3YHOB coxpaHHJIC5l HeH3MeHHhlM. 3To JI.OCTH>KHMO, eCJIH B KaJK

Jl.bIH MOMeHT apeMeHH (Kp0~1e HatiaJibHOH CTa}].HH) co6JIIO,ll.aeTCH ycJIOBHe 

(3.1) 

r.ne FM- nnoin~Jlh nonepetIHoro ceqeHHH MeTaJIJia, Heo6xo,ll,H~1oro )I.JUI 

3anoJIHeHHH 3a3opa H C03Jl.aHHH ycHJieHHH waa; Vcs - c1<opocTb nepeMe

meHHH annapaTa; F ':J- nnoma,II,b nonepeqHoro ceqeHHH 3JieKTPO.LI.HOH npo

BOJIOKH; V n - CKOpOCTb no}].aq11 3J1eKTpOJI.HOH npOBOJ10Kl1. 

YpoBeHh l\1eTaJIJIHqecKoii BaHHbI MO>KHo perynHpoaaTh, cooTBeTCTBeH

Ho H3MeHHH CKOpOCTh no,naqH 3JieKTpOJI.a (Vn), CKOpOCTb CBapKH (VcB) 
HJIH Vn H Vee OJI.HOBpeMeHHO. 0.nHaKo npHMeHeHHe peryJIHTOpOB 3Hep

reTttqecKHX napaMeTpOB, Bo3.neiicTay10m11x Ha cKopocTh V0 , a TaK)J<e 
u 

BepOHTHOCTb nOHBJieHHH B03MymeHHH no pa3}].eJIKe waa, JlJ1H KOMneHca-

UHH KOTOpbIX Heo6XO}].Hl\10 TaK>Ke H3MeHHTh v n, He no3BOJIHIOT B nOJIHOfi 
u 

Mepe npHMeHHTb cxeMbl perynnpoBaHHH ypoBHH BaHHbl IlYTeM B03JI.eHCT .. 

BHH Ha 3TOT napaMeTp. 3Haq11TeJibHO 66JibWHe B03MO.>KHOCTH HMeeT c11creMa 

perynttpoBaHHH ypoBHH aaHHhI nyTeM B03.LI.ei1cTBHH tta cKopocTb Vcs ne

pel\teru.eHHH annapaTa BJI.OJib csapHaaeMoro lllBa. HenocToHHCTBO Vcs 
IlOlJTH He OTpa>KaeTCH Ha pe>KHI\ile nJiaBJieHHH 3JieKTpoJI.a, B qe~I COCTOHT 

OCHOBHOe npeHMymecTBO TaKoro cnoco6a peryJIHpOBaHHH. 

OnpeJleJieHHe ypoBHH MeTaJIJIHqecKoii BaHHbl OTHOCHTeJibhO noJI3yHoB 

CBH3ano co 3HaqHTeJibHhIMH TPYJI.HOCTH~tH, Bbl3BaHHbIMH TeM, qTo Heo6-
u u 

XOJlHMO perHCTpHpOBaTb H ynpaBJIHTb He3JieKTpuqecKOH BeJIHqHHOH, 
, 

too 



3 raK>Ke TeM, IITO MeTaJIJIHqecKaH BaHHa noKpbITa CJIOeM pacn JiaBJieHHoro 

wJiaKa. CTo3TOMY ocHOBHbIM 3JieMeHTOM CAP ypoBHH MeTaJIJIHtiecKou 

aaHHbl ffBJIHIOTCH J{aTtIHKH, KOTOpble J{OJI>KHhl ot5ecnetIHBaTb MHHHMaJib

ttYIO norpernHOCTb H3Mepe!fHH. Henocp~.lI.CTBeHHoe nonyqeHHe HHcpopMaUHH 
06 ypoBHe MeTaJIJIH4eCKOH H lliJiaKOBOH BaHH npoH3BOJ{HTCH CJie.l{yIOru_HMH 

cnoco6aMH: TepMOJ{aTtIHKaMH; KOHTaKTHbIMH J{aTtIHKaMH; pa.l{HOaKTH BHhIMH 

.narqnKaMH; HHJI.YKUHOHHhIMH J{aTtI_HKaMH. 
TepMoAaTLIHKH. HaH60Jibrnee pacnpocrpaHeHHe nonyq11JI cnocot5 KOHT

poJIH ypoBHH BaHHhl c npHMeHeHHeM AHct>cpepeHuHaJibHhIX TepMonap. 
K Me.nHoMy non3yuy np11aapHBaIOTCH JI.Be KOHCTaHTaHoBbie npoaonoKH, 

o6pa3ylOIUHe J{Be BCTpetIHOBKJIJOqeHHble Tepl\itonapbI: KOHCTaHTaH - Me.l{b 

H Me.nb - KOHCTaHTaH (p11c. 3.12). 0,nHH cnaii pacnonaraeTCH HeCKOJibKO 

ablrne Tpet5yeMoro ypoBHH MeTaJIJia, JI.pyrou - HlDKe. Pe3yJihTHpy10maH 

3 . Jl. c. TepMonap nponopu110HaJibHa pa3HOCTH TeMnepaTyp B MecTax 

cnaea. Onh1TaMH ycTaHoaneHo, tITO pe3yJibT11py10ma.si 3. JC c. TepMonap 
paatta uyn10, Kor.l{a ypoBeHb.MeTa~JIH4ecKofi BaHHhl HaXO.lI.HTCH npH6nH-

3HTeJihHO nocpeAHHe· Me.>KAY TOIIKaMH npHBapKH TepMonap. Pa3HOCTh 
,nayx TCpMO- 3. JI.. c. B .lI.HcpcpepeHUHaJibHOH cxeMe OIIeHb MaJia no BeJIHqHHe 

H TpeoyeT npHMeHeHHH ycHJIHTe.JieH c BhICOKHM K03ctxPHUHeHTOM ycHJieHHH. 
Pe3yJibTaTbl H3MepeHHH B HeKOTOpoii CTeneHH 3aBMCHT TaK>Ke OT TOJllI1-HHbl 

lllJiaKOBOrO rapHHCa>Ka, aMnJIHTY.Ubl KOJie6aHHH 3JieKTPO.lI.a' paCXOJI.a 
OXJiatK)lalO~eii :>KH.ll.KOCTH. l13BeCTHbl .naJibHeHIIIHe ycoaepIIIeHCTBOBaHHH 

3TOro MeTo.na: noMemeHHe aBTOHOMHOro qyecTBHTeJibHOfO TepM03JieMeHTa 
u 

BHYTPH non3yHa, H30JIHUHH ero OT pacnJiaBJieHHOH BaHHhI H ycTaHOBKa 
u 

"BYX TepM03JieMeHTOB Ha pa3HOH BbICOTe. 
KonTaKTHbie AaTliHKH. Cnocot5 H3MepeHHH ypoBHH MeTaJIJIHqecKoii 

aaHHhI c noMOI.UbIO KOHTaKTHoro .niaTtIHI<a, npe.lI.cTaBJIHIOI.Uero coooii Me

raJIJIHqecKHH myn, HBJIHeTCH HaHoonee npocThIM. OxJia>KJ{aeMbIH BOAOH 
v 

BepTHKaJibHbIH myn noMemaeTCH B 3a3op MeJKJI.Y CBapHBaeMbIMH 113.l{eJIHHMH 
Ha 3a.I(aHHOH BbICOTe. 3aMbIKaHHe uenH myn - H3.l{eJIHe CJIY>KHT CHrHa

JIOM ll.JIH ynpaaneHHH npou.eccoM caapKH. B .lI.pyroM cJiyqae myn norpy

}KaeTcH B lllJiaKOBYIO BaHHY. HanpH>KeHHe Ha myne nponopuHOHaJibHO 
Jl.JIHHe WJiaKOBOrO npoMe.>KyTKa Me>KAY HHM H :>KHJ{KHM MeTaJIJIOM BaHHhl • 

0Ho CTaHOBHTCH paBHblM HYJIIO, I<Or.[la myn KacaeTCH OCHOBHOfO MeTaJIJia. 

OnbIT noKa3aJI, qTo TaKHe npocTei1mHe w:ynhI He.lI.OCTaTOIIHo. Ha JI.emHW 

B 3KcnnyaTaI.JJiH H oona.l{aIOT 6onhmofi norpernHOCThIO. 

Ha116onee pau110HaJibHO np11MeHHTb ropH30HTaJibHhIH Me.lI.HhIH myn, 
H30JinpyeMhIH OT HaKJia.DiKH H BMOHTHpOBaHHblH B nOJI3yH. TaKOH myn 

He 3aIII .. TJaKOBbIBaeTCH, He cMatIHBaeTCH pacnnaaneHHbIM MeTaJIJIOM, ooJia

JtaeT xopomeii H3HOCOCTOHKOCTbIO H Il03BOJIHeT BbI.l{eJIHTb AOCTaTOl!HblH 

no BeJIHtIHHe sJieKTpHIIeCKHH c11rHan (pHc. 3.13). KoHeu myna He BhICTy

naeT 3a nJIOCI<OCTb cpopMHpyIOmero ycTpOHCTBa' B KOTopoe OH BMOHTHpO
BaH, lJTO fl03BOJI51eT MCnOJib30BaTb ycrpoHCTBO .DiJIH CBapKH KOJlbUeBhIX 

UJsoe. D11TaHHe myna ocymecTBJIHeTcH OT BTOpHIIHOii ot5MOTKH caapotIHoro 

TpaHccpopMaTopa qepe3 JI.pocce.nh L (pHc. 3.14). HanpH>KeHHe myna nocne 
BhinpHMJieHHH rioJI.aeTCH Ha pe3HCTop R. DoTeHU.HOMeTp RP nHTaeTcH 
OT He3aBHCHMoro HCTOlJHMKa. B BeTBb cpaaHeHHH H3MepHTeJibHOro y3Jia, 
o6paaoeaHuoro R H RP, BKJIIOqeHa ooMOTKa LA ycHJIHTeJIH MomHoCTH A 
(HanpuMep, 3.i\\Y), nHTa10mero ABHraTeJib M sepTHKaJihHoro nepeMeme
lIH.H caapotIHoro annapaTa. 

tot 
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PHC. 3.13. ropH30HTaJlbHblA Me,Q.HblH ~yn (a) H 3a
BHCHMOCTb na.n.eHH.R uanpRJKeHHSI (Unt> Ha HeM OT 

parcTO.RHHSI hnt MelKAY UO'DOM H sepKaJIOM MeTaJl
.. H'leCKOH BaHHLI (6): 

J - <PopMHpyroll{ee ycTpoilcTBO; 2 - ll{yn;. 3 - H30nH
pyro~aSI BTyJJKa 

ECJIH naJI.eHHe Hanp5rmeH11si 

Ha myne paBHo HYJIIO, T. e. oa 
3aKopo11eH Ha MeTaJIJIH1IeCKYIO 

BaHHy, TO cxeMa ynpaB.TieHHH 

BhIJI.aeT cHrHaJI Ha nepeMetneH11e 

csapoqHoro annapaTa BBepx 

co CKOpOCThlO, npeBhima10meij 

CKOpOCTb o6pa3oBaHHH lllBa. 

oJiaroJ(apH 3TOMY iuyn OTpbJ .. 
u 

BaeTC51 OT MeTaJIJIHqecKOH BaH-

Hbl H HanpH>KeHHe Ha HeM CTa· 

HOBHTCH OTJIH1IHbIM OT HYJIH 

(p11c. 3.13,6). 3-ro HanpH>Ke

HHe cpaBHHBaeTCH c 33)1.aHHhIM, 

cHHMaeMbIM c RP, H B cJiyqae 

coana.n.eHHH HX cxeMa ynpaB
JieHHH BhI)l.aeT CHrHaJI Ha oc

TaHOBKY annapaTa. YpoBeHb MeTaJIJIHtiecKoii BaHHhI oTHOCHTeJihHo 

myna Ha1IHHaeT nOBbIWaTbCH BnJIOTb )1.0 33MbIKaHHH myna Ha B3HHy, 

nocJie qero UHKJI noBTOpHeTCH. BeHTHJib VD9 (p11c. 3.14) npenHTCTBYet 

pesepcHpoaaHHIO .UBHraTe.nH M. CTpaKTHKa noKa3aJia, tITO paccMoTpeH· 

HhIM peryJIHTOp pa6oTaeT ycToflqHBO npn Bcex B031VIO}l{Hb1X pe:>KHMaX CBap· 

KH. He.n.ocTaTOK ero - HeBhICOKaH 3p03HOHHaH cTOMKOCTh myna. 

Bonee Ha.neJKHa a paooTe cHcTeMa, B KoTopofl myn a116p11pyeT nocpe.n

CTBOM reHepaTopa YJibTpa3BYKOBblX KOJie6aHHH (Y3K) H C03)laeT Ha 
ero pa6oqeu noaepXHOCTH KaBHTaUHIO >KHJJ.KOfO MeTaJIJia HJIH lllJiaKa. 

CTpH 3TOM ooecneqHBaeTCH OOJiee HaJ(e>KHbIH KOHTaKT c H3MepHeMOH cpe .. 

JI.OH H yMeHblll3eTCH 3p03HH paooqeif noBepXHOCTH. 0.l(HaKO H3-3a CJIO}K .. 

HOCTH KOHCTPYKUHH a116paTopa Y3K cHcTeMa He HalllJia lllHpoKoro npH
MeHeHHH B npOMbllllJieHHOCTH. 

Pa.n.HoaKTHBHble ]J.aT'iHKH. npHMeHeHHe pa.n.HoaKTHBHbIX H30TOnOB 

3H31IHTeJibHO o6nerqaer H3MepeHHe ypoBHH MeTaJIJIHlleCKOH BaHHbl, TaK 
u 0 

KaK HCKJIIOtiaeTCH Henocpe)l.CTBeHHbIH KOHTaKT H3MepHTeJibHOfO ycTpOH .. 

CTBa co llIJl3KOBOH H MeTa.nJIHqecKOH BaHH3MH. DpHHUHn pa60Thl OCHOBaH 

Ha pa3HHUe B K03<Pcl>HitHeHTaX nornomeHHH raMM2-H3.HYlleHHH pacnJiaBJieH· 
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Puc. 3.14. CxeMa peryJJJITopa ypoeuH MeTaJ1J1u11ecKoi1 eaHHbl c 9JleKTpH'1ecKHM 
lqyfiOM 



A 

PffC. 3.15. ABTOM3TH'leCKHH peryJUlTOP ypOBHR BaHHbl 
c npHMCHeHHeM pa,n.HOaKT HBffblX H30TODOB 

PHC· 3.16. HHAYK~H0Hn1>1A 11.annK ypoBHH MeTannu11ecKoA 
aaHHbl tta W-o6pasnoM cep,a.e11nuKe 

HhI~H rnJiaKaMH H MeTaJIJIOM. CxeMa peryJI.HTopa, peaJI113y10mero 3TOT 

npHHUHfl, npHBe)leHa Ha pHC. 3.15 . .nnH H3MepeHHH ypoBHH BaHHbI nepeA 

OJlHHM H3 cpopMHpyIOIUHX ycTpOHCTB pacnoJiaraeTCH HeOOJibllIOH CBHHUO

BblfI KOHTeiiHep E., B KOTOpOM pa3~1emaercH onpe.neJieHHOe KOJIHqecTBO 

pa,ll.HoaKTHBHoro H30Tona 6°Co. B KOHTeliHepe HMeeTcH menb, nepeKphIBa

eMaH 3JieI<TpOMarHHTHbIM 3aTBOpOM, ,U.JIH BblXO,U.a ropH30HTaJibHOfO nyIJ:Ka 
u 

raMMa-ny11eH, HanpaBJieHHoro qepe3 nJiaBHJibHYIO 30HY Ha cqeTHYIO rano-

. reHHYIO Tpy6Ky B. CtieTHYIO Tpy6Ky JlJI.H sallJJ1TbI OT Harpeaa noMemaIDT 

B OXJia>KnaeMblll BOJJ.OH KOmyx. CBHHUOBblH KOHTeHHep c TOJllllHHOH CTe

HOI{ 30 MM Il03BOJIHeT 6e3onaCHO paooTaTb Ha paccTOHHHH 25-30 CIVI OT 

panttoaKTHBHoro KooaJibTa. 

11MnyJibChI HanpHmeHHH, nonyqaeMh1e OT ClleTHOH Tpy6KH B npH 06-

ny11eHHH ee raMMa-JiyqaMH, yCHJIHBalOTCH, ycpe)(HHIOTCH c IlOMOIUblO 

3JieKTpOHHOH cxeMbI A H no.n.aioTCH Ha BXO,l( HCIIOJIHHTeJibHOro opraHa H, 
KOTOpbIH B03JJ.eHCTByeT Ha CKOpOCTb nepeMerueHHR annapaTa c Il0!\10lll.bl0 

.ll.BHraTeJI.H M. 4eM 6oJihllle TOJilll.HHa caapHaaeMoro MeTaJIJia, TeM 6oJib

IIIHM !J.OJl)l{HO 6bITb KOJIH1IeCTBO pa.nHoaKTHBHOfO Ko6aJibTa. 

Pa3pa6oTaHHbIH B 11HCTHTyTe 3JieKTpOcBapKH HM. E. 0. naTOHa 

peryJIHTop noKa3aJI BnOJIHe y.n.oaJieTBOpHTeJihHbie pe3yJibTaThI npH 3JieK

Tporn.naKoBoM: caapKe MeTaJIJia TOJillJJIHOH 120 MM. YpoaeHb MeTaJIJIHIIe

CKoii BaHHbl nOMep>KHBaJIC.H c TOIIHOCTblO + 2 MM. 
11HJJ.yK~HOHHble J).aT'-IHKH. B HHCTHTyTe .3JieKTpOCBapKH HM. E. 0. na

TOHa pa3pa6oTaH 6eCKOHTaKTHbIH HHJJ.YKUIIOHHbIH A8T1lHK (pHC. 3.16), 
BhlilOJIHeHHbIH Ha lll-o6pa3HOM pa30MKHYTOM MarHHTonpoBo.ne. ,UaTqHK 

pa3MemeH B 3aMKHYTOH KaMepe, Bl\10HTHpoBaHHOH B OJ(HH H3 cpopMHpyIO

llJJIX non3yHoa. ,Uae o,nHHaKOBbie HaMarHHqHaaiomHe ooMOTKH W1 H W 2 

pacnoJio:>KeHbl Ha KpaHHHX crepmHHX MarHHTonpOBO,l(a, a H3~1epHTeJibHaH 
o6MOTKa W 3 pa3Mem.eHa Ha ueHTpanhHOM cTep>KHe. Pa6otn1e o6MOTKH 

w 1 H w 2 BKJIIOqeHbl TaKHl\1 o6pa30:M, lITO B ueHTpaJibHOM CTep>KHe C03.LI.a

IOTCH BCTpeIIHO HanpaBJieHHble MarHHTHbie IlOTOKH <P1 H <P2. OpH paBeH

CTBe MarHHTHbIX OOTOKOB <P1= <P2 B BbIXO)lHOH H3MepHTeJibHOH o6MOT
Ke W l1 f/J a HJI.yu11pyeMaH 3. )(. c. paBHa 0. EcJIH Ha nyTH OAHoro H3 noToKoB 

H 1 !fJIH <P2 OOMeCTHTb 3 • .TieKTponpoao.nHoe HeMarHHTHOe TeJIO (pacnJiaBJieH

;H MeTaJIJI), B HeM HaBO,ZVITCH BHXpeBbie TOKH, yMeHbIIIaIOW.He COOTBeT-

BeHHo IlOTOK <Pi HJIH <P2. CTpH 3TOM paBeHCTBO MarHHTHblX IIOTOKOB 
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PHC. 3.17. Hu 

G 

B ueHTpaJibHOM CTep>KHe HapymaeTCH 

H B H3MepHTeJlbHOH o6MOTKe w 3 Ha

BO,nHTCH 3. ,ll. C. np11 .l\OCTH}KeHHH 

rpaHHueu pa3,neJia (wJiaK - MeTann) 

cpe,nHero CTep>KHH B H3MepHTeJibHOH 

o6MOTKe w 3 HaBO,llHTCH MaKCHMaJib

HaH 3. ,ll. C. 

BTopoit THn ,naTqHKa noKa3aH Ha 
AYKttHOHHWH 3 17 0 2 
AaT'IHK yposH11 pHc. . • H COCTOHT .H3 pa30M-
MeTa.it.11H'lecKoA KHYTbIX n-o6pa3HhIX M3fHHTonposo-
BaHHbl Ha n- Ar TA 
o6p&3HOM cep- , f t...~~--......... 1 · JJ.OB 2 H 3, pacnOJIO>KeHHblX ,npyr Ha)t 
AeqnHKe · 

.npyroM, npHqeM IlJIOCKOCTH HX nJiac .. 

THH napaJIJieJihHhI .n.pyr ,upyry H no
sepxuocTH >KH,l{KOfO MeTaJIJia. Ka>KJI.bIH H3 n-o6pa3HbIX MarHHTonposo.nos 

oxeaqeu OJI.HOH H3 H3MepHTeJlbHbIX OOMOTOK 4 H 5' a o6a MarHHTOnpoBo.na 

(2 H 3) oxeaqeHbl 0,llHOH pa6oqeH o6MOTKOH 6. 
CTpHMeHeHHe n-o6pa3HbIX M3f HHTOnpOBO,llOB Il03BOJIHeT yBeJIHllHTb 

u 

npOHHKHOBeHHe 3JleKTpoMarHHTHOH 3HeprHH B MeTaJIJI maa' TaK KaK pac-

CTOH HHe Me>K,ny TopuaMH yaeJIHllHBaeTCH no cpaBHeHHIO c III-o6pa3HbIM 

MarHHTonposo,noM npH coxpaHeHHH o,nHHaKOBbIX ra6apHTOB. ToK paooqeft 

o6MOTKH 6 C03Jl3e'f B K3>K,llOM MarHHTOnpoao.ne 2 H 3 MarHHTHbie IlOTOKH, 

paBHble no BeJIHqHHe H OJ{HOro HanpaBJieHHH. 3To HCKJII01I3eT IllYHTHpOBa

HHe nOTOKOB Ka>K)lblM H3 MarHHTOnpHBOJI.OB, a BCTpequoe BKJIIQqeHHe 

H3MepHTeJlbHblX o6MOTOK o6ecneqHnaeT Ha BblXO,lle ,naT1IHKa HyJieBOH 

cHrHaJI. CT pH OTCYTCTBHH 3.neKTponpoBOAHOH cpe.nhI B 30He .neff cTBHH ,naT

'lHK~ MarHHTHhie noTOKH, co3,llaBaeMbie TOKOM pa6ot1efl o6MoTKH 6, 3aMhI

Kat0m.HecH no BepxHeMy 2 H HH>KHeMy 3 MafHHTOnpoBOJI.aM, paBHbI 3. Jl. c., 
HH.AYUHpyeMbie B H3MepHTeJlbHhIX o6MOTKax 4 H 5 TaK>Ke paBHbl H CHrHaJI 

Ha BbIXOlle J(aTqHKa OTCYTCTByeT. CTpH no.nxo.ne K HH}l{HeMy MarHttTonposo.ny 

3 3JieKTponpOBOJI.HOH cpe)lbI (pacnJiaBJieHHblH MeTaJIJI) B noCJie,nHeH Ha-
u u 

BOJI.HTCH BHXpeBbie TOKH, HCK3}K310IUHe MarHHTHbIH nOTOK, KOTOpbIH aa-

MblKaeTCH no MarHHTonpoao.ny 3. PaaeHCTBO MarHHTHhIX noTOKOB Hapyllla-
u 

eTCH, Ha BbIXO,lle noHBJIHeTCH CHrHaJI, paBHbIH pa3HOCTH 3. )].. c., HHJlYUH-

pyeMhIH B H3MepHTeJihHhIX OOMOTKax 4 H 5. 
OoJiyqeHHhIH cHrHaJI c ,1laT1.JHKa no,naeTCH Ha peryJIHTOp, KOTOpbIH 

Bblpa6aTbIBaer KOMaH,ZI.bl ,llJIH ynpaBJieHHH npHBO,ll.OM nepeMemeHHH 

nOJI.BH:>KHOfO IlOJI3yHa OTHOCHTeJibHO lllBa. 

B 33BHCHMOCTH OT pe}KHMa 3IllC M HHTeHCHBHOCTH OXJia>K.neHHH Me>K,ny 

TIOJI3YHOM H IIIBOM o6pa3yeTCH 33CTbIBI1JaH KopoqKa WJiaKa, TOJIIUHHa 6w 
KOTOpOH HenOCTOHHHa B npouecce CBapKH. B CBSI3H c 3THM paccTOHHHe 

Me>KJI.Y pacnJiaBJieHHbIM MeTaJIJIOM H .n.aTqHKOM H3MeHHeTCH' 1.JTO npHBO,UHT 

K crv1emeHHIO ero BblXOJJ.HOH xapaKTepHCTHKH B,ll.OJib OCH op.nHHaT (pHC. 

3.18). 
,llJIH peryn11poBaHHH ypoBHH saHHhI npH 3llIC rv10.>1<eT ohITb np11MeHeH 

npocTeHlliHH J.lByxn03HUHOHHbIH penefIHhIH peryJIHTOp, pa6oTalOIIIHil 
u u 

Ha BOCXOJlHIUeH BeTBH CTaTH1IeCKOH xapaKTepHCTHKH .l{3TlIHKa ypoBHH 

(pttc. 3 .18). 
CxeMa nayxno3MUHOHHoro peryJIHTopa ypoBHH noKa3aHa Ha 

pHc. 3.19. HanpH}KeHHe, CHHMaeMoe c reHepaTopa HMnyJihCOB npHMO

yronhHOH cpopMbI Q 1I3CTOTOH 6000 f u, nocTynaeT Ha pa6oq11e OOMOTKH ,naT-

t04 



fJ,B 
5 

A 

10 15 

0 

20 25 JO J5 40 l},MH 

PHc. 3.18. CTaTet1ecK11e xapaKTepHCTHKH ,n.aT'IHKa yponuJJ 
npH pa3JIHqHOH TO.Rll(HHe 0 r&f)fiHcaJKa (0=0-: 15 MM) 

11nKa ypoBHH B. BhIXOJJ.HOH cHrHaJI c B, nponopu110HaJibHbIH ypoBHIO ~1e-
u 

TaJIJIH11ecKOH BaHHbI, no.n.aeTcH Ha axo.n. npe.n.BapHTeJibHoro yc11JniTeJIH 
Al, Harpy3KOH KoToporo cny:>KHT JJ.eTeKTop V. BhIXOAHoe HanpH>KeHHe 
cornacy10mero ycHJIHTeJIH A2, nponopuHoHaJibHoe ypoBHIO MeTaJIJIH1lec
Kofi aaHHhI, nocTynaeT Ha axo,n ,nayxno3HUHOHHoro peryJIHTopa E H .nanee 
Ha 11cnoJ1HHTeJihHbIH MexaHH3M HM - npHao.n nepeMemeHHH cBapotIHoro 
annapaTa. DpHHUHnHaJibHaH cxeMa ,nByxno3HUHOHHoro peryJIHTopa ypoa
HH /KH.ZI.KOro MeTaJIJia pacCMOTpeHa B rrpHJI. 16. 

Co3.naHHe aBTOMaTHqecKoro peryJIHTopa rny6HHbI mJiaKoBoi1 aaHHhl 
npH 3ll.IC c IlOABH>KHhlMH cpopMHPYIOIUHMH ycTpOHCTBaMH 11 peryJIHTOpOM 
yposHn MeTaJIJIHqecKoii aaHHhl He npe.n.cTaBJIHeT TPY.ZI.HOCTeH. 3,ZJ.ecb npo
creiirnHM 6y.neT ycTpoflcTBO THna myna, 3a1\fh1Ka10mero uenh npH conp11-

u KOCHOBeHHH c noaepXHOCTblO mJiaKOBOH BaHHbl. ~. 

B CJiyqae orpaHH4eHHoro JI.OCTyna K Ill.JiaKOBOH BaHne, KaK, HanpHMep, 
npu caapKe nJiaBHIIJ.H~fCH MYH.ZI.WTYKOM HJIH nnacTHHqaThIMH 9JieKTpo.na
MH, H3MepeHHe rJiy6HHbl lllJiaKOBOH BaHHhl MO>KHO ocyw.ecTBHTb c IlOMOl.IJ.bIO 
nepHOllHIJeCKH norpyiKaeMoro B saHHY myna. 3ToT myn MO>KeT 6bITh nna
BHIUMMCH HJIH HenJiaBHlUHMCH. CTepBhlH Hl\fnyJihC B CXe~1e Bblpa6aTblB3-
eTCfI npH conpHI<OCHOBeHHH KOHUa myna c sepxHeH nosepXHOCTbIO IllJia
KOBOH BaHHhl, a BTOpofI - npH ero conpHKOCHOBeHnH c nosepXHOCTblO 
MeTaJIJIH1IeCKOH BaHHbl. f Jiy6HHa lllJiaKOBOH BaHHhl 6y,ueT OnpeneJIHThCH 
Bpe~1eHeM Me>KllY 3TH~1H Jl.BYMH HMnyJlhC3MH. 

CHcTeMhI aBTOMaTHtJecKoro peryn11poBaHHH ypoBHH .rnJiaKosof1 BaHHhl, 
nocTpoeH1-1h1e Ha npHHUHne npHMeHeHHSI cpoTonaTqH1<0B, 6oJiee CJ10iKHb1e 

E 
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• • • <l>yHKl.\HOtta.nbHaH cxeMa CAP Puc. 3.20. CxeMa CAP ypOBH)I wJJaKoeoA sauuw 
YPOBHH •uAKOro Me TaJ1na c npHMeHeHHeM tj>oTon.a TllHKOB 
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no cpaBHeHHIO c KOHTaKTHbIMH, OJJ.HaKo oona,naIOT ooJibllleft HaJle>KHOCTbIO 
B pa6oTe, TaK KaK OTCYTCTByeT Henocpe~CTBeHHblH KOHTaKT co CBapHBae
MblM H3AeJIHeM: Pa3pa6oTaHa cxeMa ycTpoH:crsa, co.nepmamero nsa cpoTo
AaTqMKa, HanpaBJieHHhIX Ha 30HY csapKH H BocnpHHIIMaIOll.{HX cseqeHHe 
llIJiaKOBOfI BaHHhI H ra3a Ha.II. HeH (pHc. 3.20). <l>oTOJl3Tl!HK 2 npHMeHHeTCH 
JI.JIH noBhIIlleHHH ToqHocrH peryJIHponaHHH. OH BKJIIOl!eH BcTpel!HO no 
OTHOilleHHIO K .narqHKY 1 H BocnpHHHMaeT TOJibKO CBelleHHe ra3a Hal( BaH-

u 

HOH, l!TO HCKJllOqaeT IlOl\teXH OT SBe11eHHH ra3a 33 ClleT BhlqHTaHHH CHrHa-
JIOB Broporo .n.aTl!H.Ka H3 nepaoro. 06a ~arqHKa rnapHHpHo coe,nHHeHhI MeX<
JJ..Y co6oi1' ycTaHOBJieHbl B BOAOOXJiam:,naeMhie Ty6yChl H CHaO)KeHbl HHcppa
KpaCHbIMH caerocpHJibTpaMH. CyMMapHbIH cHrHaJI c naT4HKOB, BbIJI.eJIHe
MhIH ycTpoiicraoM E, nocJie yc11neHHH H npeo6pa3oBaHHH ycTpo:HcTBOM A 
nocrynaeT Ha cxeMy ynpaBJieHHH Y npHBo.na nepeMem.eHHH noJI3YHOB. 

3.4. PerynHpoaaHHe pe>t<HMa 3neKtpownaK0BoH caapKH 
B <l>YHKU.HH caapO'IHOrO 3a3opa 

3a3op B CTbIKe coe,nHHHeMbIX 3IIIC ,neTaJieH Ha ypoBHe MeTaJIJIHqecKOH 
BaHHbl HBJIHeTCH BeJIHqHHOH nepeMeHHOH H 3aBHCH.T OT ,necpopMaUHOHHbIX 

u u 

nepeMeIII.eHHH KpOMOK .neTaJieH' onpe,neJIHeMhIX MeCTHhIM HarpeBOM 
B npouecce caapKH H yca.nKo:H KpHcTaJIJIH3ttpy10me:HcH qacT11 rnaa. TexHo
norHllecKHe Mepbl KOMneHcauHH nepeMem.eHHH KPOMOK (c6opKa CTbIKa 
c KJIHHOBHJl.HbIM 3a3opoM, HMeIOll.{HM 60JihIIIYIO BeJIHqHHY BBepxy) scpcpeK
THBHbI JIHlllb np11 ,nJIHHe rnaa ,no 1,5 M. flp11 ooJibrneH: .l(JIHHe rnaa (.no 5-
6 M) OOhiqHo ycTaHaBJIHBa19T paBHOMepHbIH 3330p, KOTOphIH B npouecce 
caapKH H3MeHHeTCH. B HeKoropbIX CJiyqaHx HanpaBJieHHe nepeMeI.UeHHH 
KpOMOK npH OKOHqaHHH nepBOH IlOJIOBHHbl llIBa H3MeHHeTCH Ha o6paTHOe, 
qTQ conpOBO}l{,llaeTCH 3aKpbITHeM 3a3opa HJIH ero pacKpbITHeM npH OKOH
qaHHH csapKH [51]. B pe3yJibTaTe OTKJioHeHHe cpaKTHqecKoro caapoqttoro 
383opa Ha ypoBHe llIJiaKOBOH BaHHhl JlOCTHraeT 20 % H. 6onee. 

CKopoCTb caapKM, T. e. cKopocTh 3anoJIHeHHH caapoqHoro CTbIKa Me
TaJIJIOM, onpe.ne.nHeTcH cornacHo 3aBHCHMOCTH (3.1) paaeHCTBOM oooeMoB 
MeTaJIJia B e.n.HHHUY aperv1eHH, no.n.asaeMoro B wnaKoay10 BaHHY F 3 Vn 
H 3anoJIHHIOLUero o6neM CTbIKa FM Vee. C yqeroM yc11neHHH 111sa A, cpop
MHpyeMoro KaHaBKaMH noJI3YHOB, CKOpOCTb caapKH npH. HCilOJib30BaHHH 
npoaonoqHbIX 3JieKrpo.nos H nocTOHHHOH TOJill1-HHe B csapHBaeMhIX .neTa .. 

u 

JieH MO>K:HO Bbipa3HTh B BH,ll.e 

F3 Vn v CB = B + 2A -6- ' (3. 2) 

r.ne F3 - nJioma.n.h ceqeHHH 3JieKTpo,na; V n - cKopocTb no.natJ:H s.neKrpo,na; 
6 - csapoqHhIH 3a3op. 

KaK BH,l{HO H3 ypaBHeHHH (3.2), CKOpOCTb caapKH oopaTHO nponopuH
OHaJibH3 3a3opy H ee OTHOCHTeJibHOe OTKJIOHeHHe MO>KeT OblTb 60JibWe 
OTKJioHeHHH nocne.nttero. TaK, npH pacrnHpeHHH 3a3opa Ha 20% Heoo
XOJlHMo CHH3HTh Vea Ha 16,6 % , a nptt cy}l{eHHH 3a3opa Ha 20 % Heo6-
xo.nHMO yBeJIHqHTb Vea Ha 25 % . Pac111HpeHHe 3a3opa npH cBapKeJ npo
BO.ll.HMOH 6e3 KOppeKUHH no,naqH 3JieKTpo.na, Mamer npHBeCTH I{ nOHBJieHHIO 

. u 

Henpoaapoa, a cy)KeHHe 3a3opa MO>KeT CHH3HTh CTOHKOCTb MeTaJIJia npo-
THB o6pa30BaHHH KpHCTaJIJIH3aQHOHHbIX TpeinHH. ,LIJIH no,nn.epiKaHHH 
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PHc. 3.21. fiOTeHl(HOMeTPHlleCKHH AaTtfHK ceapO'IHO• Pnc. 3.22. npHHl.\HDH3JlbffaH SJleKTpHqec-
ro sa3opa: KaH cxeMa H3MepuTeJJH ceapotinoro 3aaopa 
J - nOJJ3YHbl; 2 - w.ynb1; B - npy)KHHa; 4 - HHAHKa-
rop; 5 - noTeHIU'iOMeTp THna IlTfl-5; 6 - BOJlbTMeTP 
co WK8JIOA «MHJIJJHMeTpbl 3a3opa» f• 

u 

IlOCTOHHHOH CKOpOCTH caapKH npH H3MeHHIOLUeMCH csapo11HOM 3330pe 

JlOCTaToqHo Bbipa3HTb BeJIHlIHHY H31\1eHeHHH 3a3opa B npoueHTaX H COOTBeT

CTBeHHO KOppeKTHpOBaTb CKOpOCTb no,naqH 3JieKTpo~a. DOCKOJibKY H3-

MeHeHHe caapoqHoro 3330pa npOHCXOJI.HT Me,ll.JieHHO, nepHOAHqecKHH era 

3aMep qepe3 20-30 MHH c KoppeKUHeH no.n.aqH npoBOJIOKH He Bbl3bIBaeT 
u 

3aTpy.z:tHeHHH. 

B ttaytIHo-npoH3BOACTBeHHOM o6neJI.HHeHHH UHHHTMaw JI.JUI KOHT;... 

pOJUI 3330pa H py11Horo peryJUipOBaHHfl CKOpOCTH caapKH pa3pa6oTaH 
H3MepHTeJib 3330pa c noTeHUHOMeTpHqecKHM .naTqHKOM (pnc. 3.21), ycTa

HOBJieHHblM Ha no,llBeCKe HJIH KOHCOJIH aBTOMaTa Bblllle MYHJJ.WTYKOB 

c 3JieKTpo,naMH [51]. 113MepHTeJib (pHC. 3.22) COCTOHT 113 THilOBoro 6JIOKa 

nHTaHHH BHCT-12/25 (2), noTeHuH0MeTpH11ecKoro .n.aTIIHKa 3a3opa RP2, 
BOJibTMerpa PV H caMonHcua 1. HanpHJKeHHe nHTaHHH noTeHUHOMerpa 

RP2 .n.aTqnKa cTa6HJIH3HpoaaHo 'CTaoHJIHTpoHoM VD c onopHbI:M HanpH

*eHHeM 7 ,5-8 B. na.neHHe HanpHLKeHHH' CHHl\1aeMoe c )J,Bll.>KKOB noTeH-

1..lHOMe'rpa RP2, onpeAeJIHeTcH paccToHHHeM Me:m.ny mynaMH, CKOJih3H.:. 

mHMH a npouecce caapKH no KpoMKaM CThIKa. lllKa.na BOJihTMeTpa PV 
nporpa.l{ywpoaaHa a «MHJIJIHMeTpax 3a3opa». Pe3HCTopoM RP 1 npoBO,ll.HT 
TapHpOBKy CXeMbl. DorpelllHOCTb H3MepHTeJIH 3330pa He npeBbIWaeT 
±0,5 MM. 

11cnoJib30BaHHe H3MepHTeJIH 3330pa fl03BOJIHeT ocyI.UeCTBHTh pyqHoe 

peryJIHpoBaHHe Vc8 , nocKOJihKY noTpe6HOCTb B KoppeKUHH cKopocTH 

V n B03HHKaeT B cpe,nHeM He qame OJI.HOfO pa3a B 30 MHH. Y CTaHOBJieHO, 

lITo O,ZJ.Hofl KoppeKUHH VcB npH H3MeHRIOllleMcH aa3ope cS HeAOCTaT01lHO JI.JI5l 

CTa6HJIH33UJ1H npoaapa KpOMOK, cpopMbl MeTaJIJIHqecKOH BaHHbl H ycJIOBHH 
KpHcTaJIJIH33UHH MeTaJIJia ll.lBa, onpe,neJIHIOII\HX ero Kal.JeCTBO. 0}].HOBpe

Menuoe peryJIHpoBaHHe cKopocTH Vn (HJIH csapoqHoro TOKa) H HanpH>K~ 
HHH CBapI<H B 3aBHCHMOCTH OT 3330pa 06ecneq11aaeT cra6HJibHOCTb xapaK

TepHCTHK npH 60JihlllHX ,ll.JIHHaX rnaa H 3HatJHTeJibHbIX H3MeHeHHHX 3a3opa 
B npouecce caapKH. 

OpnMepoM peryn11poaaHHH pe>KHMa 3IIIC a cpyHKUHH 3a3opa MO}Ker 
CJiy)l\HTh aBTOMaTHqecKaH cHCTeMa (p11c. 3.23). Otta o6pa3oBaHa o6oe,Au-
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Pnc. 3.23. CA)' npoueccOM awe B cJ>yHKl.(HH cBapo'IHOrO PHc. 3.24. CTpyKTypa HHC Tuna 
.ea3opa: CV-150 
T - Tpanccf>opMaTop ceapoqHJJ1l1; PY/, PY2 - ycTpoAcTea 
f<OppeKUHH CKOpOCTH H ttanpH>KeHHSI; 111. 11.2 -AaTl.fHKH 
CKOpoCTI" H 3a3opa COOTBeTCTBeHHO; 113 -AaTqHK ypoBHH 
>KH.ttKoro MeTanna; PY - peryJJHTOp ypoBH.H 

HeHHeM peryJIHTOpa CKOpOCTH no)lalIH npoBOJIOKH B <l>YHKUHH CBapOtIHOro 

3a3opa C B03)leHCTBHeM Ha ynpaBJIHeMbIH npHBOJI. IlO,ll.alJH Y fl fl 3JieKTpo.n.a 

u perynHTopa HanpsrmeHMH PH HcToqHMKa nHTaHHH TC c KoppeKUHeH 

BhIXOJlHOro HanpH>KeHH51 TC TaJOKe B <}lyHKUHH caapoqHoro 3a3opa. 

IlpM 3TOM CBap01IHblM annapaT nepeMemaeTCH B,lI.OJlh CBapHoro lllBa 

c noMOII.tblO ,naTllHKa H peryJIHTOpa ypoBHH >KHJI.KOfO MeraJIJia B csapo11HOM 

3a3ope. 

B anropHTM pa60TbI cHcTeMbI 3aJio:>KeH npHHUHn nponopu110HaJibHOro 

yaeJIH1IeHHH CKOpOCTH non.a11H 9JieKTpo.ua (TOKa CBapKH) npH yae.n1111eHHH 

caapo11Horo 3a3opa c OJlHOBpeMeHHbIM CHH>KeHHeM HanpH:>KeHHH csapKH 

nyTeM peryJIHposaHH.H 9. ,n. c. HCTOllHHKa IlHTaHHH, np11qeM: BenHqHua 
u 

peryJIHpy10mero B03,lleMCTBMH no 9TOMY napaMerpy 33BHCHT OT HOMHH3Jlb-

Horo HanpH>KeHH.H caapKH [51). TaKoii nOJlXO.A K co3,naHHIO CAY npouec

ca 3IIIC MO>KeT o6ecnetIHTb IlOCTOHHCTBO CKOpOCTH CBapKH, BeJUflJHHbI 

nponnaaJ1eHHH H K03<PcPHuHeHTa cpopMbI lllBa, onpeJleJIHIOIUero yCJioBHH 

KpHcTaJIJIH3aUHH H CKJIOHHOCTb MeraJIJia UIBa K o6pa30BaHHIO TpemHH. 

3.5. MHcl>OpMaqHOHHO-M3MepM1en11Hwe cHc1eMw 
"' napaMetpoa npoqecca JneK1pownaKoaoM caapKH 

,llJIH Toro IJT06bI pelllMTh 3a.ll_alJH, CTOHIUMe nepen. CBap01IHOH HayKOH H Tex

HMKOH, no noBhIUieHHIO Ka11ecTBa caapHbIX coe,nHHeHHH, o6ecnelleHHIO 
u u 

HX 33.llaHHOH 3KCnJiyaTaUHOHHOH Ha,ne>KHOCTM, pocTy npOH3BOJlHTeJibHO-

CTH TpyJla, HeOOXOAHMO C03)l3Tb aBTOMaTH3HpoBaHHbie CHCTeMbI ynpaBJie

HHH (ACY) TeXHOJIOfHIJeCKHMH npoueccaMH (Til) caapKH Ha OCHOBe npH-
u 

MeHeHHH 9JieKTpOHHO-BbiqMCJIHTeJlbHOH TeXHHKH. 

Ha nepBoM 9Tane c03JI.aHHH ACY Tn 3IIIC Hatt6o.ri:ee uenecoo6pa3Ho 

HCilOJib30BaTb JIOKaJibHble HH¢opMaUHOHHO-H3MepHTeJibHble CHCTeMbl 

(HHC) HH>KHero ypoBHH .Il.JIH Ka>K,nOH H3 CBapoqHblX ycraHOBOK, cnoco6· 

HbIX o6pa6aTbIB2Tb noJiyIJeHHhle )l.3HHbie, qTo6bl HHcpOpf\.tHpOBaTb onepa

Topa H perHcTpHpoBaTb pe3yJibTaTbI Ha UHcppone11aTa10meM ycrpoiicrae 
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eaJibHOM MaCllITaoe BpeMeHH' a TaK>Ke aHaJJH3HpoBaTb H TIOMep>KHBaTb 
~~ecTBO cBapHoro coe.zurnemrn no aaJJ.aHHhIM H peaJibHhIM napaMe-rpaM 
( e>KHM npHMOro u11cppoaoro ynpaBJieHHH). 
p B HHCTHTyTe 3JieKTpocBapKH HM. E. 0. naTOHa pa3pat5oTaHa JIOKaJibHaH 
l1~1C TMna CY-150 Ha HHTerpaJihHhIX MHKpocx~Max cepMH 145 Jl.JIH KOHT-

oJUl napaMeTpOB npoueccoB 3JieKTpOlllJiaKOBOH CBapKH Ii HanJiaBKH' pa
~oTaJOlllaff B KOMnJieKce c cep11HHbIMH H3MepHTe.TlbHbIMH npeo6pa30Ban~
n~MH THnoa E824-, E825, E846, 3.neKTpoynpaBJIHeMoii ne11aTa10rneii :Ma-
1.11HHKOH 3Ylv\-Z3 H .necpeKTOOTMeT1u1KOM THna HKI 10. l1HC BhinOJIHHeT 
cJieJlYIOIUHe cf>yHKUHH: aBTOMaTHlJeCKH BBO.lUfT HHcf>opMaUHIO OT Jl8TlJHKOB 
napaMeTpos npouecca 3IIIC; nporpaMMHpyeT KOJn1qecTBO onpanu1saeMhIX 
J!aTtJHKOB OT I D.O 7; aBT0MaT1-11.1ecKH KOMMYTHpyeT onpalllHBaeMhie naTlJH
KU; BBO)lHT HHcf>OpMaUHIO B CHHXpOHHOM H aCHHXpOHHOM pemHMe; ocyme
CTBJHleT AOnycKOBbIH KOHTpOJib BBOLUIMOH HHcpopMaUHH no aa.naHHhIM B na
~HtTH .uonycKOBhIM BeJIHlJHHaM H HHJUIUHpyeT OTKJIOHeHHe KOHTpo.n11pye
MhlX napaMeTpOB npouecca OT )l.onycKOBblX BeJIHlJHH c BhIBO..QOM Ha UHcf>po
neqaTh; o6pa6aThIBaeT nocTyna10ruy10 HHcpopMau1110 no aanporpaMMHpo-

u u . 

aaHHOH MaTeMaTH4eCKOH MO,neJIH D.JIH nporH03HpoBaHHH COCTOHHHH HC-
cJie.uyeMoro npouecca: OTMeqaeT MecTo Ha 113,neJIHH, r.ne npoH30WJIH ., 
OTKJIOHeHHH pe>KHMa c nOl\101UbIO Jle<jJeKTOOTMeTqHKa. 

CTpyKTypa 1111C CY-150 npHse.neHa Ha p11c. 3.24. CHcTeMy no.nroTaB
.nnaaIOT K pa6oTe B c.ne.ny10meM nopHnKe: 

l. 3aHOCHT B naMHTb 3KBM nporpaMMy Heo6XO)lHMblX Bhl4HCJieHHH; 
2. c noMomhIO KJiaBHaTyphI 3KBM Ha6HpaIOT IIHCJIO, COOTBeTCTBYIO

mee ycJIOBHOMY I<OJlY nporpaMMbl caapKH; 
3. 3aHOCHT B naMHTb 3KBM .nonycKOBble BeJIHlJHHbl .nJIH KOHTpOJIH 

BXOAHOH HHcpopMaUHH (HH>KHHe H BepXHHe ypoBHH); 
4. 3aHOCHT KO.ZJ. UHcpponeqaTH. 
CTocJie BhIIlOJIHeHHH yKa3aHHhlX onepaUHH CHCTeMa rOTOBa K pa6oTe. 
flo Ha>KaTHIO KJiaBMIIIH «nycK» CHCTeMa nepeBO.l(HTCH B pe>KHM H3Mepe-

HHH. l1HTepcpeiic, pacnoJIO>KeHHhIH Ha nJiaTe 3KBM, npHHHMaeT H3 pe
fHCTpa naMHTH 3KBM )laHHhle 0 npouecce CBapKH H BbI,naer KO.!{, COOTBeT
CTBYIOW.HH HoMepy onparnusaeMoro KaHaJia. Bxo.nHast aHaJioroBaH HHcpop
MaUHH nocTynaeT Ha axo.n aHaJioro-u11cf>poaoro npeo6paaoaaTeJIH (AUO), 
c BhlXOlla KOTOporo peayJibT3T H3MepeHHH B BH,l(e 12-pa3pH.llHOfO D.BOHqHo
n.ecHTHlJHOfO KOJJ.a BBO)l.HTCH B HHTepcpeiic, r.ne MO>KeT 6hITb npoaHaJIH3H
poBaHa Ha HH:>KHHH H BepXHHH .nonycK, BBe)leHHhIH B naMHTb 3KBM 
BMecTe c BXO)lHOH HH¢opMauHeH. BbIXO)l HHcpopMaUHH 3a npeAeJibl .nonyc
KOB 6yD.eT HH.llHUHpoBaTbCH COOTBeTCTByIOIUHMH pa3psi.naMH HH.l(HKaTopa 
OTKJIOHeHHH, npH 3TOM HHTepcf>eH:c BbI.l(aeT KOMaHllY B cxeMy ynpaBJieHIIH 
pa60TOH .necpeKTOOTMeTqHKa. 

BxOJl.hI HHTepcpeiica no.nKJIJOqaIOTCH TaKme qepe3 cxeMy coana,neHHH 
K nepBHqHbIM npeo6pa30BaTeJIHM, Bb1Jl.810IUHM HHcpopMaUHIO B .naoHqHo
AecHTHlJHOM KO.l(e H pa3MemeHHblM Ha nJiaTe ynpaBJieHHH. 3TH nepaHqHbie 
npeo6pa3oBaTeJIH npeJJ.CTaBJIHIOT co6o.H u.11cpp0Bh1e qachI H cqeTlJHK HoMepa 
KaHana nonOJIHHTeJibHOfO KOMMyTaTopa. 3aTeM HHcf>OpMaUHH BBO.l(HTCH 
B 3KBA\ AJIH BbJqHcJieHHH no aJiropHTMY' xpaHHll{eMyCH B nporpaMMHOH 
tiacT11 navtHTH. Dp11 nOHBJieHHH npH3HaKa roTOBHOCTH 3a.l{aq11 HHTepcpelic 
npHHHMaeT H3 3KBM qepe3 perHCTp naMHTH pe3yJibTaT BhillHCJieHHH H BhI-
11aeT ero Ha TpaHCKpHnTop, KOTOpbIH BhIBOJJJIT co.uep>KHM:oe onepaUHOR .. 
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HblX perHCTpOB Ha UHcppoBoe neIIaTaIOIUee (perHCTp11py10mee) ycTpOHCTBo 
(UCTY) - 3JieKTpoynpaBJ1HeMy10 MallIHHKY 3Y1'1-23. Pe3yJibTaT o6pa6or ... 

KH HHJlHUHpyercH Ha UHcppoBOM Ta6no. YnpaBJIHIOIIIJIM cHrHaJIOM AJifl sa ... 
u 

nycKa TpaHcKpnnTopa HBJIHeTCH KOJl HOMepa ycTpOHCTBa' 3aA8HHb1ij 
a nporpaMMe BbinOJIHeHHH npouecca csapKH. Bb1.nas cHrHaJI nycKa, 

HHTep¢eftc aHaJIH3Hpyer fOTOBHOCTh TpaHCKpHnTopa H npH nO,l(TBep)K.n.e .. 

HHH roTOBHOCTH BbIJ{aeT pe3yJibTaT o6pa60TKH BXO,UHOH HHcpopMaUHH. 

HHcpopMaUHH xpaHHTCH Ha BblXO,llHhIX WHHax no CHHTHH CHrHaJia fOTOB
HOCTH. OKoHqHB BbI,l(aqy pe3yJibTaTOB, CHCTeMa nepeXO,UHT B pe>KHM O>KH· -
naHHH CHfHaJia «nycK». 

IlpH ,UJIHTeJibHOl\'l BpeMeHH npoTeKaHHH npouecca CHCTeMa BhIJlae-r 

H36~ITOllHYIO HHcpopMaUHIO npu HenpepbIBHOH neqaTH Ha u,ny' qTo 33 ... 

TPY.ll.HHeT TexHonoraM ,naJibHeftwy10 o6pa6oTKY pe3yJihTaToB H3MepeHHH. 
B CBH3H c 3THM BHyTpeHHHe CBH3H CHCTeMbl opraHH30B3Hbl T3KHM o6pa30l\f, 

qT06bJ Bblll.aqa HHcpopMaU.HH Ha nelJaTb npoHCXOJJ.HJia TOJibI<O npH BblXO.ll.e 

3a npe,neJibl .uonycKOB KOHTpOJIHpyeMblX napaMeTpOB (HapyrneHHHX pe
:>KHMa) HJIH no Bbl30BY onepaTopa B Jno6oii TeKyl.llHH MOMeHT BpeMeHH. 

Op11MeHeHHe HHC na YHHKaJihHhIX ycraHOBKax 3llIC JJ.JIH caapKn KpynHo

ra6apHTHhIX H3AeJIHH lllTaMnoaoii octtacTKH nJiaBHW.HMHCH Myttn.wTyKaMH 

co MHOfHMH 3JieKTp0.l(HhlMH npoBOJIOKaMH no Tpex:pa3HOH cxeMe c .ny6JIH

poBaHHeM, KOTOpbie no.naIOTCH HeCKOJibKlll\U1 npHBo.naMH nonalJH' IlOTpe-

6oBaJIO cymecTBeHHOfO pacrnnpeHHH cpyHKUHOHaJibHbIX B03MO}l{HOCTeii 

CHCTeMbl no qHcJiy KOHTpOJIHpyeMblX napaMeTpOB. llnH 3T0f(). B cxeMy 

l111C BBell.eHbl JJ.OilOJIHHTeJibHbie KOMMyTaTopbl, no3BOJIHBlllHe npOH3BO

J(HTb OJJ.HOBpeMeHHblH KOHTpOJib .no 30 napaMeTpOB npouecca. ,UJI51 KOHTpo

JIH ll.JIHTeJibHbIX npoueccoB 3llIC H HanJia~KH (24-50 q) npH HOpMaJibHOM 

HX npoTeKaHHM (6e3 HapyweHHH npeneJIOB .n.onycKOB) pa6oTa CHCTeMbl op

raHH30BaHa TaKHM o6pa30M, lJTOObl BblBO!I. Ha ~nY Bcex H3MepSieMbIX 

napaMeTpos npouecca B peaJibHOM MacrnTa6e apeMeHH npoBOJI.HJICH aBTO:Ma
T11qecKH, 6e3 yqacTHH onepaTopa, qepe3 onpeneJieHHhIH HHTepsan aperv1eHH 

(10, 20, 30 MHH), BblOHpaeMblH 3apaHee no perneHHIO TeXHOJIOra. 

Ha p11c. 3.25 np11ae.neHa cTpyKTypHaH cxeMa Tpexcpa3Hofl Tpex-

9JieKTpOJlHOH ycTaHOBKH JI.JIH 3illC KOJihUeBhIX lllBOB, ooopyll.OBaH HOH 

HHC CY-150 .II.JIH KOHTpOJIH 7 ocHoBHbIX napaMeTpos npouecca 3lllC -
TOKa I 1 -=- / 3, HanpHLKeHHH u 1 -=- u 3 Ka/K!lOfO 3JieKTPOll.3 H 3. JI.. c. 
~r TaxoreHepaTopa. 

OnbIT npOMhilllJieHHoro npHMeHeHHH JioKaJibHhIX HYIC .l(JIH KOHTP OJIH 

B3iKHeHlllHX napaMeTpOB npouecca 3ll1C noKa3aJI, lJTO OHH n03BOJIHIOT 

C03Jl.3Tb OCHOBY .l(JIH CT8THCTH4eCKOfO aHaJIH3a npouecca CBapKH' nOBbICHTb 

TexHoJior11qecKy10 .llHCUHnJIHHY H KYJibTYPY npott3BOJI.CTBa, aBTOMaTH3H

poaaTh KOHTPOJih sa npoueccoM 11 .noKyMeHTHpoaaHHe ero napal'Y1erpoB 

llJIH OTK. 

3.6. CoapeMeHHble cnoco6w H yctpoMcTaa 
An'1 ynpaaneHHJ1 npOL\eccoM 3neKTpownaKoBOH caapKH 

Ynpaeneune npOl.leccoM 3UJC nJiaBsU . .UMMCH rt1yn~rnTyKoM no 11acT0Te ec· 
TecTeeHHOH MOl.lynHQHH ceapoqHoro ToKa. CTpH 3ll1C nnaBHlUHMCH rv1yH.U· 
lllTYKOM KpynHoraoapHTHblX H3)J.eJIHH B ycraHOBKaX c Heno,rt.BH)l{HbIMH QT

HOCHTeJibHO csapoqHoro 3a3opa cpop1"tttpy10m11~1H CBapotIHbIH WOB HaKJI3,ll .. 
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Puc. 3.25. <!>yttKU.HOHa.TfbHaH CXCMa Tpex<l>a3HOH YCTR
HOBKH Jt.'ISI 3WC, o6opyJJ-O&auuoii HHC CY-150: 
I_ caapoqeblii TpaHccpopMaTop; 2 - ceapO'-iHblH anna
par: 3 - H3AeJJHe; 4 - npHBO'A epa~eHH" H3AeJJHSl; 
5 - TaxoreuepaTop; 6 - Ae<l>eKTCOTMeTq HK; 7 - HaMe
p11TNibHhle npeo6pa3oBaTeJJH; 8 - HHC CY-150; 9 -
unY 
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_.._ __ 3 

--+--4---+--.4 

/ ,~-~--.f 
///I~'\'--: 
/~!\\~" 

Puc. 3.26. Cuc TeMa pery.11HposaHHH nn
ueuuoA CKOpOCTH Han.,'IasneHIUl rnea no 
qacTOTe ecTeCTBeHHOH MOAYJIJ11U1H CBa
PO'IHOro TOKa 

KaMH 33TPYJlHeHo peryJnipoaaHHe peJKHMa caapKH, TaK KaK HeT JlOCTO

BepHOH HH¢opMaUHH 0 peaJihHOH CKOpOCTH CBapKH. 

JlHHeHHaH CKopOCTb HanJiaBJieHH.H CBapHoro IllBa 3Haq11TeJ1bHO H3-

MeHHeTCH OT HaqaJia JJ.O l{QHI.{a caapKH BCJie.l{CTBHe aKKYMYJIHpoBaHHH CBa

pttsaeMhIM H3)l.eJIHeM TenJIOBOH 3HeprHH, H3MeHeHH.ff rJiy6HHhl H o6'beMa 

UJJiaKOBOH BaHHhl H3-3a o6pa3oBaHH.H rapHHCa)Ka, npOJIHBOB lllJiaKa, 

3H3lIHTeJibHhIX KOJie6aHHH Hanp.HJKeHHH nHTa10meii CeTH H T. )l. l13MeHeHHe 
u u 

JIHHeHHOH CKOpOCTH HanJlaBJieHH.H caapHoro rnBa BCJie,ll.CTBHe yKa3aHHhIX 

npHIIHH npHBO.l{HT K H3MeHeHHIO llHf pHHhl npoaapa H, KaK CJie,ll.CTBHe, 

K nOHBJieHHIO 6paKa H CHHiKeHHIO TeXHHK0-3KOHOMHtieCKHX noKa3aTeJieH 
npouecca 3IIIC. 

B npouecce caapKH nnaBHIUHHCH MYHJUJITYK npH KacaHHH ero Topua 
c nosepXHOCThlO IIIJiaKOBOH BaHHhl nJiaBHTCfl co CKOpOCThlO, npeBbllllaIO

meii CKOpOCTb CBapKH, H qepe3 HeKOTOpoe BpeMH OTpbIBaeTCH OT lllJiaKOBOH 

BaHHhI. B Te11eHHe HeCKOJihKHX ceKyH,n, noKa rnnaKoBaH BaHHa CHOBa 

noJI,HHMaeTCH Ha BeJIHqHHY noJiytieHHoro npH OTpbIBe 3a3opa, TOK onpe

Ae.r.:HeTCfl TOJihKO no.n.aqeft 3JieKTPOJI.HhIX npoaonoK. Bo apeM.H nnaa.neHHH 

MYHJJ.I.IlTyKa TOK IlOBbilllaeTCH Ha 20--30 % (a B cnyqae CBapKH KpynHO

ra6apHTHhIX H3.l{eJIHH - JlO 60 +- 100 9'o). 3ToT npouecc nOBTOpHeTCH 

nepHOJI.HtieCKH B TeqeHHe aceii CBapKH, T. e. aMnJIHTy)la CBapoqHoro TOKa 

ecTectBeHHo irony JIHpyeTcH c onpe)leJieHHoii qacTOTOH. CT pH 3TOM JIHHeii

HaH cKopocTL HanJiaBJieHHH caapHoro rnaa np.Hrv10 nponopu110HaJihHa qacToTe 

ecteCTBeHHOH MOJlYJIHUHH aMnJIHTYJU>I CBapoqHoro TOKa. 3Ta qacroTa 

~IJ}KeT OhITh npHHHTa a KaqecTBe H3Mep.HeMoro 3JieKTp11qecKoro napaMeT

pa' ncnoJih3yeMoro JI.JI.ff Bb1pa60TKH cHrHaJia paccor nacoaaHH.H, KoppeK

UHH B COOTBeTCTBHH c 9THM CHrHaJIOM HanpH>KeHHH HCTOqHHKa TIHTaHHSl 

H perynHpoBaHHH TeM ca~lhIM CKOpOCTH HanJiaBJieHH.H caapHoro rnsa. 

Y CTpoif cTBO ,nJI.H ocymecTBJieHHH cnoco6a ynpaBJieHHH npoueccoM 3llIC 
n.i1aBHJnHMCH MYHJlIIITYKOM (p11c. 3.26) pa6oTaeT CJiellyIOIUHM o6pa3oM: 
nocJie Haae.neHHH U.IJl8KOBOH BaHHhl 4 HaqHHaIOT nJiaBHTbCH TOKOM OT 
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HCTOtIHHKa nHTaHHH 6 3JJeKTpOJlHble npoaoJIOKH 2 H nnaBHIII.HHCH MYH.n .. 
WTYK 1, o6pa3yeTC51 caapHOH WOB 5 Me>KJJ.y cpopMHpy10IiJ.HMM HaKJia.nKaMlj 
3 H CBapHBaeMbIMH qacTSIMH 113,lleJIHH. np11 3TOM 3JieKTpO,llHble npOBOJIO}{J.i 

no.naIOT B lllJiaKOBYIO BaHHY c IlOCTOHHHOH CKOpOCTblO. l13MepHTeJib tiac .. 

TOTbl MOAYJIHUHH aMnJIHTY~bI CBapotIHoro TOKa 8 noJiyqaeT HHcpopMau1no 

OT .naT1n1Ka ToKa 7 11 npeo6pa3yeT ee B nocTOHHHoe HanpH>KeHHe, nponop .. 

UHOHaJihHOe qacTOTe f MOJI.yJIHUHH 3MilJIHTYJl.bl TOKa. noCJie cpaBHeHHSJ 
u 

H3MepeHHOfO H 3a)laHHOro HanpH>KeHHH, nponopUHOHaJibHbIX qacrote 

MOJlYJIHUHH, paaHOCTb HX nocTynaeT B 6JIOK KOppeKUHH HanpH>KeHHH 9 
HCTOtIHHKa TIHT8HHH 6, KOTOpbIH cpopMHpyeT B COOTBeTCTBHH co 3HaKoM 

paccorJiaCOBaHHH qacTOT MOJJ.YJIHUHH KOMaH,ny Ha CHH}KeHHe JIH60 TIOBhIW~ 
HHe cTyneHH HanpH>KeHHH HcroqHHKa nHTaHHH 6. flocJie KoppeKUHH Ha .. 

npH>KeHHH HcroqHHKa IlHTaHHH 6 peJie BpeMeHH TeXHOJIOrHqecKoro 11H

Tep BaJia 10 3aKpbIBaeT BblXO,ll 6JIOKa "KOppeKU11H 9 Ha speMH' onpe.u.eJIHe-
u 

Moe nOCTOHHHOH BpeMeHH WJiaKOMeTaJIJIHlJeCKOfO pacnJiaBa no TIOJIHoro 

OKOHlJaHHH nepexo.nHoro npouecca B lllJiaKoao.H aaHHe. 3-ro apeMH onpe-
u u 

lleJIHeTCH OTibITHbIM nyTeM ,l{JIH pa3JIHqHblX celleHHH H3.UeJIHH 11 nJiaBHlllJIX-

CH MYHJllllTYKOB. noCJie OKOHqaHHH nepexo.n.Horo npouecca peJie speMeHH 

10 OTKpbIBaeT BbIXO)l 6JIOKa 9 )l.JIH nocTynaromero CHrHaJia KoppeKI..J.HH 

B CJiy1.1ae noHBJieHHH Ha ero ax one CHrHaJia paccorJiacoaaHHH ~f. 
PaccMOTpeHHhIH cnoco6 ynpasJieHHH no3BOJIHeT o6ecne4MTh 3aJtaH

Hy10 qacTOTY lVIOJlYJIHUHH aMnJIHTYJlbl CBap04HOfO TOKa (T. e. 3a}laHHYlO 
u 

onTHMaJibHYIO JIHHeHHYIO CKOpOCTb HanJiaBJieHHH caapHoro rnsa npH 

coxpaHeHHH ero lllHpHHbI), ycTpaHHTh nepe4HCJieHHblC B03MymeHHH, 

BJIHHI-OlllHe HenocpeJJ.CTBeHHO Ha KalleCTBO npouecca 3llIC, CH.H3HTb 6paK, 

IlOBblCHTb TeXHHK0-3KOHOMHqecKyIO 3¢cPeKTHBHOCTb 3Il1C nJiaBHlllHIVICH 

MY HJl.lllTYK 01\1. 
Ynpaeneune npou_eccoM 31IIC nJiaeH~HMcst MYHJlUJTyKoM c npuuy

AHTCJILHblM H3MeHeuneM ceapo11uoro ToKa. EcTeCTBeHHaH MO.ll.YJIHUlU1 

aMnJIHTYAhI TOKa np11 3llIC nJiaBHWJIMCH MYHJI.IllTYKOM KpynHora6apHT
HhIX H3}leJIHH MO:>KeT 6b1Tb npI-flIHIIOH pe3KHX KOlie6aHHH MOI.UHOCTH' BBO

lIJIMOH B WJI3l{OBYIO BaHHY' TeMnepaTypHOH HeCTa6HJibHOCTH B nJiaBHJib-
u u 

HOH 30He, I1, KaK CJieJlCTBHe, nepHO.IIJilJeCKOll HepaBHOMepHOCTH lIIHpHHhl 

npoaapa, yxyJJ.weHHH Kat1ecTBa caapHoro rnBa . .LlJIH npe,n.ynpem.n.euun 
u 

3THX HemeJlaTeJibHblX HBJieHHH MO>KHO HCnOJib30B8Tb nep110.u11qecKoe H3-
u 

MeHeHHe CKOpOCTH no.ua1.1H 3JieKTpOJJ.HbIX npoBOJIOI< qepe3 nJiaBHllJJiHCH 

MYHJI.WTYK a wnaKosy10 BaHHY. 
Oco6eHHOCTb 3Toro cnoco6a ynpanJieHHH npouecco~t 3ll1C - M3Me

HeHHe cKopocTH Vn no.naqH acex 3JieKTpO.II.HhIX npoBOJIOK a UIJia1<oayIO 

BaHHY c qacTOTOH, paBHOH qacroTe ecTeCTBeHHOH MO:IYJIHUHH aMnJIHTYJlbl 

caapoqttoro TOKa. CT pH 3TOM CI{OpOCTb Vn yseJ111qusaIOT, yMeHbWaH aM

nJIHTYJlY TOKa, HJIH yMeHbWaIOT' yseJinqnBaH aMnJIHTYJI.Y TOKa c npHBe.ne

HHeM CHrHaJia paccorJiaCOB3HHH MemJJ.y O~OpHOH u peaJibHOH aKTHB

HblMH MOll.lHOCTHMH, BhIJI.eJI.HeMhIMH B mJiaKoaoii saHHe, K HY JIIO. ~YHKUH· 
OHaJibHaH cxeMa CHCTeMbl ynpaBJieHHH npoueccoM 3WC c HC!10Jlh30BaHHe~f 
peryJI5ITOpa CKOpOCTH V n IlOKa3aHa Ha pHC. 3 .27. 

floc.ne HaBe.neHHH lllJl3KOBOH B3HHbl 3 qepe3 KaHaJihT nJiaBHUlerocH 

MYH.llUITyKa 1 no.naIOTCH B rnJia1<oay10 BaHHY 3JieKTPOJ.lHbie npoBoJioKH 
2 nocpeJ.lCTBOM npHBO,I.la 6 OT ycHJIHTeJIH-npeo6pa30BaTeJIH 8 c nocTOHH

HOH HallaJibHOH cKopocTbIO VHa'I· 3JieKTPOJlHh1e nposoJIOKH 2 non B03)1.eii-
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PHc. 3.27. CncTeMa peryJrnposaHHR nponecca PHc. 3.28. CncTeMa ynpae..11eHHJ1 n.o3HposaHHeM 
3WC npH l\fOJ\.YJUlllHH CKOpOCTH OOJ1.8qff npOBOJIOKH npHcaAOllHblX MaTepHaJJOB nptt 3IDC 

CTBMeM TOKa OT HCTOqHHKa flHT3HH.H 5 HallHH3lOT nJlaBHTbCH B llIJiaKOBOH 

B3HHe 3, o6pa3yH CBapHOH IIIOB 4. npeo6pa30BaTeJib TOKa 9 qepe3 OJIOK 

K03cpqn1uHeHTa nponop~HOH3JlhHOCTH 7 H ycMJIHTeJib-npeo6pa3oBaTeJib 

8 B03lleHCTByeT Ha npHBOll Il0ll34H npOBOJIOK 6, npHHY.llHTeJibllO H3Me.HHH 
... u 

CKOpOCTb noJ).allH npOBOJIOKH c t.JaCTOTOH a~tnJIHTYJJ.HOH MO.ZI.YJIHUHH TOKa. 

l13MepHTeJib 3KTHBHOH MOI.IJJIOCTH 11 noJiyt.JaeT HHcpopMaUHlO OT npeo6-

pa30BaTeJieH TOKa 9 H nanpH:>KeHHH JO Ha wJiaKOBOH aaHHe. CttrHaJI 

c Bh1xo.n.a 6JioKa 11, nponopu110HaJibHhIH peaJibHOtt aKTHBHOCTH i1om
HOCTH, cpaBHHBaeTCH B y3Jie cpaBHeHHH c onopHbll\il CHrHaJIOM, nponop

UHOHaJibHbIM onTHMaJibHOH MOIIJJIOCTH. Pa3HOCTb 3THX c11rHaJIOB ± ~q 
qepe3 OJIOK KOppeKUHH 12 B03~eHCTByeT c COOTBeTCTBYIOU(HM 3H3KOM Ha 

ycraHoBKY HatJaJibHoii cKopocTn V8 aq B oJioKe ycHJIHTeJIH-npeo6pa3oBa

TeJI51 8, CBO)l.H pa3HOCTb Memny onopHOH H peaJibHOH aI<THBHOH MomHo

CTblO, BhI,neJIHeMofi B wJiaKOBOH sanHe, K HYJIIO. Oco6eHHOCTbIO 3Toro cno

co6a peryJinposaHHH HBJIHeTCH OTK33 OT }l.OnOJIHHTeJihHbIX MeXaHH3MOB 

DOL(aq11 BCilOMOraTeJibHbIX npoBOJIOI{, qTo no3BOJIHeT ynpOCTiiTb o6opy

!l_OBaHHe, HCKJllOllHTh onacHOCTb CBapHBaHHH KOHUOB 3JieI<TPOJJ.HbIX npo

BOJIOK c Topuo~~ nJia BHU..J.erocH MYHJI.mTyKa (TaK KaK 3.neKTPO.il.Hhie npo

BOJIOKH no.naIOTCH B ll1JI3KOBYIO B3HHY HenpepbIBHO, 6e3 OCTaHOBOK), 
o6ecnetIHTh paBHO:rvtepHOCTb wnpHHbl CBapHoro WBa, nOBbICHTb I<a4eCTBO 

CBapnoro COe.llJfHeHHH H 3cpcpeKTHBHOCTb npouecca 3lllC. 
Ynpaeneune A03HposaHHeM cpJnoca H pacKHCJIHTeneii npu 3UJC npo

TS1>KeHHb1x rnsos. CTpH caap1<:e npoTH>KeHHhIX JIIIHeHHhIX HJIH KOJibUeBhIX 

lllBOB (tea= 20 + 26 1I) 3HaqnTeJibHaH ll3CTb WJiaKa yxo.n.HT B rapHHCa>K. 

KpoMe Toro, npo11cxoiu1T H36npaTeJibHaH KpncTaJIJIH3aUHH, HcnapenHe 
HeI<OTOphlX KOMnOHeHTOB rnJiaKa, B pe3yJibTaTe qero H3~vleHHeTCH XH!\rtn-
11ec1<HH cocTaB lll.JiaKa H MeTaJIJia wna . 

.llJIH Toro qT06h1 o6ecneIIHTb paBHOMepHOCTb XHMHqecKoro cocraaa 

lllJ:.aKOBOH BaHHbl ll TIOCT051 HCTBO ee 06beMa' npHMeHH IOT cnoco6bI ll ycT

POHCTBa JI.JIH .no3HposaHHff npHca .. 10IIJibIX MaTepHaJioB (wJia1<a u pac1<Hc
JIHTeJief1). CTp11 3TOM 3apaHee paccin1ThIBaIOT Heo6xon11Moe Ha sech won 

KOJIIPleCTl30 npucanoqHhIX MarepnaJIOB (Ha OCIIOB3HHH lf3BeCTHhIX K03cp-
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qn1uueHTOB paCTBOpeHHH MeTaJIJIOM naHHOH MapKH pau3JIHqHbIX 3JieMeHTOB) 

H qepe3 JI.03aTOpbl noAaIOT HX Ha 3ep1<aJIO UIJI3I<OBOH BaHHbl no BpeMett11 

(HenpephIBHO HJIH HMilYJibCHO) MeJIKHl\Ul 11.03aMH. 

npH 3I.llC KpynHOTOHHaiKHhIX 11311.eJIHH npouecc CBapKH COCTOHT Kai{ 

MHHHMYM H3 Tpex CTa,UMH: I) CTapTa H TenJIOBOfO pa3rOHa, KOfJJ.a OT Mo

MeHTa HaqaJia CBapKH CKOpOCTb HannasneHHH CBapHoro WBa B TeqeHue 

n.ocTaToqHo JlJIHTeJibHoro nep110.n.a H3MeHfleTc.H OT HYJIH no 3a.naHHoij 

B nporpaMme CBapKH; 2) nepHOJI.a KBa3HCTaUHOHapHoro pe>KHMa, KOf.lJ.a 

CKOpOCTb HannaBJieHHfl csapHOfO WBa coxpaHHeTCfl npH6JIH3HTeJibHO Ha 
Ot1H0~1 ypoBHe; 3) nepHO)la BhIBeJl,eHH.H yca,noqHOH paKOBHHhl, KOf)la CKO

p02Tb HanJiaBJieHHH CBapHoro rnBa yMeHbrnaeTCH OT 3aJJ.aHHOH B nporpaM .. 

Me cBapKH .n.o HYJIH. Ha cKopocTh ruin.naa.neHHH cBapHoro rnBa BJIHHIOT 

TaK>Ke KOJieoaHHH HanpH.>KeHHH TIHTa10meli ceTH, KOTOpbie B HeKOTOpbIX 

CJiyllaHX npHBO.llHT K 3Haq11TeJibHhIM ee OTKJIOHeHHHM OT 3aJJ.aHHOfO 3Ha
qeHllH. 

lloaTOMY npH 06b1qHOM ll03HpOB3HHH np11ca)l01IHbIX MaTepHaJIOB 

(6e3 o6paTHOH CBH3H) no peaJibHOH CKOpOCTM HanJiaBJieHHH CBapHoro llIBa 

llOCTOHHHbIM KOJIHlJeCTBOM Jl03HpyeMbIX np11ca.n.011HblX MaTepHaJIOB B pa3-

.Hble ~10MeHThI caapKH o6pa6aTbIBaeTCH pa3.HH1IHhIH ooneM >KH.ll.Koro Me
TaJIJia B csapoqHoM 3a3ope (o6oeM MeTaJIJI11qecKof1 saHHhI cymecTBeHHo 

33BHCHT OT CKOpOCTH HanJiaMeHH51 CBapttoro WBa) • 

. ~o CHHmaeT CTeneHb pacp1111HpOBaHHH Me'faJIJia H mJiaKa, npHBO.llHT 

K HepaBHOMepHOCTH XHMHlJeCKOfO COCTaBa CBapHoro WBa no ero BbICOTe 
H ceqeHHIO • 

.UJIH ynpaBJieHMH JI.03HpOBaHHel\f npHC3,ll01IHbIX MaTepHaJIOB ueneco

o6pa3HO HCil0Jlh30B3Th CHCTeMhI C oopaTHOH CBH3bl0 no peaJihHOH CKOpO

CTH HanJiaBJieHHH CBapHoro WBa, T. _e. B JII06oH: MOMeHT CBapKH CKOpOCTb 
• u 

no.uaqH np11ca11011HbIX MaTepHaJIOB Ha 3epKaJIO llIJiaKOBOH BaHHhl IlOJl>KHa 
u 

COOTBeTCTBOBaTb peaJibHOH CKOpOCTH HanJiaBJieHHH caapHoro mBa He3aBH-

CHMO OT BHeWHMX B03rv1ymeHHH (KoJieoaHHH Uc, pa3.UeJIKH KpOMOK HT. n.). 
3To Il03BOJIHeT KOHKpeTHble o6neMbl .>KH)ll{HX MeTaJIJia H IIIJiaKa o6pa6a

TbIBaTb COOTBeTCTBYIOlll.HMH TOJibKO HM KOJIHqecTBaMH npttcaJJ.OtJHbIX Ma

TepHaJIOB, qTo OoecneqHBaeT paBHOMepHOCTb XH?vIHqecKOfO COCT3Ba CBap

HOfO I.UBa no BbICOTe H ce11eHHIO, nOBbIIIIaeT Ka1IeCTBO caapHoro coeD.H

HeHH51. 

CTpHMep CHCTeMhI ynpaBJieHHH no311poBaHHeM np11ca,noqHbIX MaTepH

JIOB npH 3liIC flOK333H Ha pHC. 3.28. CTocJie HaBe)leHHH I.UJiaKOBOH B3HHhl 

1 B CBap01IHOM 3330pe Mem.ny IlOJI3yHaMM (HaKJia,UKaMH) 2 HatIMHaeT nna

BHTbCH 9JieKTpo.nHaH npOBOJIOKa H o6pa3yeTCH CBapHOH WOB 3. DpH JlOC

TH>KeHHH 3epKaJIOM MeraJIJIH1leCKOH BaHHbl 4 )laTqHKa ypoBHH 5 noCJie,nHHll 

qepe3 npHBO.U nepeMemeHHH cpopM11py10m.eii HaKJiaJJ.KH 6 H peJJ.yKTOp 7 
uaqHHaer nepeMemaTb nOJI3YHbl 2 B 3aBHCHMOCTH OT ypoBHH f\1eTaJIJIHqec

KOH BaHHbI 4. nJioK H3MepeHHH cKopocTH nepe~1emeHHH HaKJiaJlKH 8 
nonyqaeT qepe3 pe.nyKTOp 7 HHcpopMaUHIO 0 peaJibHOH CKOpOCTH nepeMe

meHHH Il0JI3YHOB 2 no ypoBHIO MeTaJIJia 4 H qepe3 6JIOK K03cfxPttuHeHTa 

nponopuHoHaJlbHOCTH 9 Bo3.nelicTBYeT Ha 6noK 3anaHHH cKopocTH Jl03auHH 

JO. oJioK JO nocpeLI.CTBor-.1 ,no3aTopa 11 no~aeT npHca.noq1-1b1e MaTepHa-
u u 

Jlbl B mJiaKOBYIO BaHHY co CKOpOCTblO, nponopuHoHaJibHOH peaJibHOH 

CKOpOCTH HanJiaBJieHHH caapHoro lllBa B JllOOOH MOMeHT apeMeHH 

nJiaBKH. 
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paccMOTpeHHblH cnoco6 ynpaBJieHHH .ll.03HpOBaHHeM npHCaJI.OllHblX Ma

epHaJIOB MO.>KHO npHMeHHTb npH 3llIC c HenO.llBH>KHbIMH OTHOCHTeJibHO 

~aapHOfO urna ¢opMHPYIOlil.HMH HaKJiaJJ.KaMH • .llm1 :>Toro ueo6xo.n.HMO CBH· 
aTb cKopoCTb A03aUHH np11ca.nottHhlX MaTepHaJIOB co CKOpOCTblO nepe-

3 u 

MerueHHH 3JieI<TpOAHOH npOBOJIOKH' eCJIH OHa noJtaeTCH pery JIHTOpOM TOKa 

11J1.H conpoTHBJieHHH. 0.AHBKO TQqHQCTb onpe.neJieHHH v CI<OpOCTH HanJiaB

neHIUI caapHoro WBa no CKOpOCTH noinaqH 9JieKTPO.lI.HOH npOBOJIOKH 3HatIH

re.nbHO MeHbWe, CJeM no ypOBHIO }KH,l{Koro MeTaJIJia, H Il03TOMY HCnOJib

soaaHHe cnoco6a ynpaa.neHHH MeHee 9qxpeKTHBHo. 



4. ABTOMATl--13AUH~ 3J1EKTPOHHO-J1Y4EB0'1 CBAPK~ 

4.1. XapaKTepHCTHKM 06•eK1a ynpaaneHMJI 

Opouecc o6pa30B3HHH CBapHOfO llIBa KaK 06beKT aBTOM3THqecKoro ynpaB .. 

JieHHH npH 9JieKTpOHHO-JiyqeBOH caapKe (3JIC) xapaKTepH3YeTCH BhlXQ.l{ .. 

HhIMH nepeMeHHbIMH !I (noKa3aTeJIH KaqecTBa npouecca caapKH H waa), 

BXO,!I.HblMH peryJIHPYIO~HMH x (napaMerpbI pe>KHMa caapKH) H B03MYW.a--IOIIJ.HMH Z B03.UeHCTBHHMH (pHC. 4.1) . 
.[lJIH KOHTPOJIH KatiecTBa 3JIC HcnoJib3YIOT npHMhie noKa3aTeJI11 Ka

qecTaa - reoMeTpHtiecK11e pa3MepbI H cn . .,r10UIHOCTb csapHoro rnsa, ero 

pacnOJIO>KeHHe OTHOCHTe • ..TibHO nosepXHOCTH conpH>KeHHH CBapHBaeMbIX 

}leTaJieH. BapHaUHH napaMeTpos pe>KHMa caapKH HaH6onee qeTKO oTpa .. 

>KaIOTCH B H3MeHeHHH reoMeTpHqecKHX pa3Mepos waa. KpoMe Toro, Me

xaH11qecKHe xapaKTepHCTHKH WBa H sepOHTHOCTh noHBJieHHH B HeM necpeK

TOB HaXO.UHTCH B onpe.neneHHOH CBH3H c cpopMOH nonepeqHoro ceqeHHH 

lllBa. no3TOMY npH OUeHKe KaqecTBa lllBOB npem.ne Bcero onpeJJ.eJIHlOTCH 

rny6HHa (H) H lllHpHHa (B) HX nponJiaBJieHHH. 

,llJIH Toro qTOObJ KOHTpOJIHpOB3Tb H aBTOMaTHqecKH peryJIHpOBaTb Ka

lJeCTBO csapKH, HCilOJib3YIOT napaMeTpbI pa3JIHqHbIX cpH3HqecKHX npouec

COB, conposo.>KJJ.a1011u1xcH 3JIC: TOK 3MHCCHH H3 o6JiaCTH csapKH I e, 

HOHHbIH TOK H3 o6nacTH caapKH Ii' TOK qepe3 caap11saeMy10 neTaJib I AeT, 

TenJIOBOe H3JiyqeHHe H3 oonacTH caapKH E' CKB03HOH TOK qepe3 caapHBa-

eMyIO JleTaJib I cKs H .np. · 

K ynpaBJIHIOllJ.HM B03JJ.eHCTBHHM x OTHOCHTCff: u n - ycKOpHIOI.Uee 
HanpHLKeHHe; In -TOK 9JieKTpOHHoro ny11a; acx - yroJI cxo,n11MOCTH 

Jiyqa, KOTOpbIH peryJIHpyercH H3MeHeHHeM TOKa cpoKycHpy10m.eft KaTy111KH 

/4>; hcP - paCCTOHHHe OT noaepxHOCTH caapHBaeMOH )leTaJlH .no HaHMeHb

rnero ceqeHHH Jiyqa; r JI - pa,nHyc 9Jie1<TpOHHoro JJyqa; V ca - cKopocTb 

caapKH. Ha116onbrnee BnHHHHe Ha KaqecTBO caapKH oKa3hIB3IOT /cJ>, r11t 

CXcx H_ hct,. Pe}l{HM caapKH 3a,naeTCff BeJittqHHaMH In H V ca· Bo MHOrHX 
CBapotIHbIX ycTaHOBKax Hl\iteeTCH B03MO>KHOCTb TaKme pery JIHpoBaTb 

ycKOp~IIOIUee HanpH>KeHHe Un, OJI.H3KO, KaK npaBHJIO, ycTaHaBJIMB3IOT 

MaKCHMaJJbHO B03MO>KHYIO BeJIHqHHY .u JI• 

K B03Myma10m.HM E03,neiicTBHHM Ha 3JIC z MOJKHo oTHecTH: ~y
cMem.eHHe OCH 9JieKTpOHH'1ro nyqa OTHOCHTe.,'JbHO CBapHBaeMoro CTbIKa; 

q; - yroJI HaKJIOHa 3JieKTpOHHOf0 nyqa K nosepxHOCTH conpH>KeHHfl 

caap11aaeMhlX )l.eTaJieii; T11.eT - TeMnepaTypy caapnaaeMbIX .n.eTaJieH; f,3 -
lllHpHHY 3a3opa Me>K,ny CBapHBaeMbIMH ,neTaJIHMH. 

UeJih asToMaTHIIecKoro ynpaaneHHH npouecca 3JIC - o6ecneqeHHe -
3KCTpeMyMa OOOOIUeHHOrO IlOK333TeJIH 3cPcpeKTHBHOCTH C (y, X, z). 
JlJIH 3TOro HeOOXO)l.HMO HMeTb B03MO>KHOCTb H3MepHTb BeKTOp COCTOHHHff 

...... 

o6'beKTa y' BeKTOpbI ynpaBJieHHfl x H B03MymeHHH z H 3H3Tb Bllll 
cpyHKUHOHaJia C (y, x, i). B HaCTOHIUee apeMH npaKT11qecKH pewetta 

JIHIJJb qacTHaH npo6JieMa npouecca ynpaBJieHHH 3JIC - aa10MaTHt1ecKoe 
• 
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rJUipOB3HHe 3JIC, npe,nycMaTpH
pef}lilee BMeCTO OTbJCKaHHS1 3KCTpe-

pa~ o6o6meHHoro noKa3aTeJrn 3$
rAY f\THBHOCTH CT30HJIH3aUHIO HJIH npo

qieaMMHOe H3MeHeHHe OT.l(eJibHblX co
~aa.i1ffi0111.HX BeKTOpa BhIXO)J.HblX nepe

r.1eHH bIX Y1' Y2 . . • Ym - noKa3aT~-
eri KaqecTBa 9JIC _B ycJIOBHHX ,lleH-n u _ 

cTBHff B03MyIUeHHH z. 
Jl . ..r1H ynpasJieHHH npoueccoM 3JIC 

1teo6XOAHMO HMeTb ero MaTeMaTHIJec

J\YIO MOJleJlh, CBH3bIB3IOI.l\YIO BhIXOD.

Hble nepeMeHHhle y c peryJI~py10-

1UHMH X H B03MYl.U3IOIUHMH Z B03-
)1eHCTBHflMH. HaHoonee H3BeCTHbt 

u 
MO)leJIH, r.ne B Kaqecrae BblXO.l{HOH 

nepeMeHHOH npHHHTa fJIYOHHa npo
nnaaJieHMH H. 3TH MO,lleJIH, nony
qeHHbie Ha OCHOBaHHH o6paoOTKH 

3KCnepHMeHTaJibHbIX .naHHbIX' npe.n

craBJHUOT B BHJI.e IlOJIHHOMa 

H = a0 + a1U n + a2In + a3 Vca + ... 
(4.1) 
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Puc. 4.1. CaapaoA WOB npH anC KaK 06"beKT 
pery.nap oaauea 

(4.2) 

r.ne lltJ •• . an, ao ... an- IlOCTOHHHble K03cp:l>HUHeHTbl, 33BHCHIUHe OT CBa
pHBaeMoro MaTepHaJia H ceapoqHoli ycTaHOBKH. AHanorHtiHble Mo.nenH 

nonyqeHbJ H ,n.nH .npyrHX BblXO,QHbIX nepeMeHHblX IllBa - ycHJieHHH' IllH
pHHbl IIIBa Ha pa3HOH rny6HHe, cpopMbl lliBa H T • .n. 3TH MO.l(eJIH H3HOOJiee 

rotIHhie, HO HX HeJib3H npHMeHHTb )lJISI HHblX MaTepHaJIOB H BHe JI.Hanaso

Ha BapbHpOB3HHH napaMeTpOB pe>KHM:a ceapKH, JlJIH KOTOporo npoee.neHbl 
~ncnepHMeHThI. K.poMe Toro, KaK BCHKHe annpoKCHM3IlHOHHbie cpopMyJihI, 
DHH JIHllieHbl cpH3H1IeCKOfO CMblCJia. 

BoJihl.llee lJ>H3HtJecKoe co.nep>KaHHe Hecyr Mo.neJIH, nonyqeHHhie aHa
nHTH IJeCKHl\1 nyTeM Ha OCHOBe MeTOJJ.3 HHTerpaJibHOrO TeilJIOBOrO 03Jl3HC3. 

[loJiaraH IllRpHHY CBapHoro IIIBa HeH3MeHHOH H He 33BHCHIII.eH OT pe>KHMa 

H MaTepHaJia, ypaBHeHHe TennoBoro 6aJiaHca 3an11cb1BaeM B au.ne 

4 

Qo =~Qi, (4.3) 
i=l 

r,l(e Qo = U nl.ri - MOlllHOCTb 3JleKTpOHHOfO Jiyqa; Qi - COCT3BJIHIOIUHe 
renJiosoro noToKa, pacxo.llyeMbie Ha CKpbITyi<> TenJioTy nnaaneHHH, ucna
peHHH, Ha H3JiyqeHHe H TerrJionpOBO)lHOCTb. 

Oocne npeo6pa3oBaHHH ypaBHeHHH (4.3) c ytieToM Bhlpa>KeHHH ,nJIH 
Bcex COCTaBJIHIOilJ.HX nOTOKa Q, nony11aeM cpopMyny AJIH rnyoHHbI nponJiaB-
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Puc. 4.2. ,lJ_u11aMHKa H3MeHeHHH rny6HHbl nponJiaB.i"leHHH npH cTyneH'iaTOM H3Me
HeHHH napaMeTpoe pelK.HMa csapKu: 
a - TOKa Jiyqa; 6 - TOKa OTKJJOHHIOU\e11 KaTyWKH 

JieHHH (34): 

H = I nun (1 - 0,7~ -1,09 . 10-9mU n> - 4~eoo (TB+ 273)' (4.4) 

rnVcelP(cT8 +rnn> +krµp+5"1(0,5a+v 2 ) Tnn ' 
ca' n 

r,ne ~ - OTHOllleHHe qHCJia OTpa.>KeHHblX 3JieKTpOHOB K OOll{eMy qHcJiy H3-

JiyqaeMhIX; m - nopHAKOBhIH HOMep 9JieMeHTa; Ts- TeMnepaTypa BaHHhI 

>KHJlKOfO MeTaJIJia; k - OTHOllleHHe KOJlH1IeCTBa HCnapHBlllefOCH MaTe. 

pHaJia K KOJIHlleCTBY pacnJiaBJieHHOfO (k ~ 0,01); E - K034$HUHeHT 

tiepHOThI; 0 0- nocTOHHHaH CTe$aHa-5oJihUMaHa; p - nJIOTHOCTh; c -
yJI.eJibHaH TenJioeMKOCTh; ran - YJleJihHaH TenJioTa nJiaBJieHHH; fµ

yJJ.eJibHaH TenJIOTa HCnapeHHH; 'A - TenJionpoBO,ZJJIOCTb; T nn - TeMnepa· 

Ty pa nJiaBJieHH H. . 
MaTeMaTH1IeCKHe MOJI.eJIH THna (4.4), noJiyqeHHbie TOJlbKO Ha OCHOBe 

TeopeTHlieCKHX HCCJle,noBaHHH cpH3H1IeCKHX npoueccoB B CHCTeMe, npH HC

IlOJib30BaHHH He TOJibKO ,U.JIH KaqecTBeHHbIX, HO H ,nJIH KOJIHlleCTBeHHblX 

oueHOK, Tpe6yIOT yro11HeHHH K03cpcpHUHeHTOB MO)leJIH no 9KcnepHMeH .. 

TaJibHbIM JlaHHblM. 

3aBHCHMOCTH (4.1) - (4.4) xapaKTepH3YIOT B38HMOCBH3b BhIXO.ll.HbIX 

nepeMeHHhIX CBapHoro 9JieKTpOHHO~JiyqeBoro UIBa c peryJIHPYIOIUHMH 
B03.lleHCTBHHMH B CTaTHKe, T. e. CTaTHqecKHe xapaKTepHCTHKH CBapHOfO 

ll1B3 K3K o6'heKTa peryJIHpOBaHHH. OpeJJ.CTaBJieHHe 0 JI.HHaMHKe B3aHM0-

CBH3H rJiy6HHbl nponJiaBJieHHH c peryJIHPYIOIUHMH B03)1_eHCTBHHMH naeT 

pHc. 4. 2. Op11 CKalIKe ynpaBJIHIOLUero B03)leHCTBHH (TOKa Jiyqa In) rJiy-
6HHa H yBeJIH1IHBaeTCH no 3I<cnoHeHTe c nocTOHHHOH BpeMeHH 't1 • B naJih

HefnneM TeMn yrJiy6JieHHH nponJiaBJieHHH pe3KO yMeHbrnaeTcH H Hapacra· 

HHe rJiy6HHbl WBa JlO ycTaHOBHBllleroCH 3HaqeHH5I npoHCXO.l{HT c nocT05IH .. 

HOII BpeMeHH 't2. npH cryneHqaTOM y~reHbWeHHH peryJIHpy10mero B03)lell .. 

CTBHH rJiy6HHa lllBa ycTaHaBJIHBaeTCH npaKTHlieCKH 6e3hIHepuHOHH0· 

TaKoe noBelleHHe caapoIIHOH saHHhI HBJIHeTcH cneu11cpHKoi1 3JIC c «K1n1-

LKa.TibHb1~1 nponJiaBJieHHeM». yr Jiy6JieHne IllBa npoHCXOJI.HT HHepuHOHHO, 

Tai< KaK CBH33HO c HarpeB0~1 AO pacnJiaBJieHHH H nepeMemeHHe!\1 onpe: 

,ll.eJieHHOfO 06'heMa MeTaJIJia. /\1aCCbl }KHJlKOfO MeTaJIJia Ha nepe,nHeH 

CTeHKe 11 JI.He naparasosoro KaHaJia, 06pa3y1omerocH B cBapnBael\tOM Me· 

TaJIJie npH B03AeHCTBHif Ha Hero 9JieKTpOHHOfO Jiyqa c BbICOKOH IlJIOTHOCTbiO 
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priHl, MaJihl. 003TOMY CHHTHe neperpeaa >KH.llKOfO MeT3JIJia CBapOt.IHOH 
;.Jle Hbl noc.ne CHH>KeHHH MOIUHOCTH BHernHero HCTOlIHHKa Harpeaa He co

sa~ao>KJJ.aeTCff JJ.OOOJIHHTeJibHbIM pacnJia BJieHHeM OCHOBHOfO MeT3JIJia, 
rIP, 3TO HMeeT MeCTO np11 .nyrOBhIX f\~eTOllBX caapKH. 
f\aK B nntteiiH0~1 np116JIH>KeHHH .n11HaMH1.JeCKHe caoficTBa caapHoro waa 

, o6HO onHCbIB3Tb C nOl\10mbIO nepe.llaTOlJHhIX cpyHKUHH. JlJIH T3KHX ynpaB

~;!OlllHX B03JJ.eHCTBHH, K3K TOK Jiyqa, ycKopmow.ee HanpmKeHHe, llJIOT

~oC'fb ll MOlUHOCTh 3JieKTpOHHOfO JiyIJa, KaHaJI nponJiaBJieHHH KBK o6'heKT 

ervJinpoBaHHH B COOTBeTCTBHH c pHC. 4.2,a l\-10}KH0 npencraBHTb noCJie-

ioaiireJibHO-napaJIJieJibHbIM coeJJ.HHeeueM Tpex 3BeHbes: .n.syx 1rnepu11-
1 

oHHhlX nepaoro nopH,nKa c nepenaTOlJHbIMH cpyHKUHHMH w 1 (s) == I + sr:1<P 

II w 2 (s) = ] :~T2<P COOTBeTCTBeHHO H 6e3bIHepUHOHHo'ro c nepe.naTOlJHOH 

cpyHI<UHeft W.=> (s) = k2 • <f>yHKUHH </J nOK33bIBaeT, qTO npH yrJiy6JieHHH 
KaHaJia OH Be,neT ceoH KaK HHepHHOHHOe 3BeHO H CTBHOBHTCH 6e3bIHep

UHOHHblM np11 c6poce pery1111py10mero B03,neHCTBHH: 

TaKHM o5pa30M, 

<P = I npH H (t) < (k1 + k2) j (t); 
cfJ = 0 npH H (t) ~ (k1 + k2) j (t). 

H(~ . 
/(s) = W(s) = W1(s)[W2 (s) + W3 (s)], (4.5) 

rne H (s)- H306pa)Kett11e rJiyoHHhI nponJiaBJieHHH H; I (s)- H3o5pame

HHe peryJIHpy10mero B03,neHCTBHH j (t) (TOKa Jiyqa f 11, ycKOpHIDmero 

HanpH.>KeHHH u ,,1 HJIH TOKa cpoKycHpy10mefl JIHH3hl / q,)' k == kt + k2 -
K03cp:flHUHeHT nepe.nalJH, nonyqeHHblH H3 ypaaHeHHH CT3THKH no COOTBeT

CTBYIOIIJ.HM BXO,nHhlM nepeMeHHhIM. JlJIH nponnaaJieHHSl 3JIIOMHHHeBbIX 

CnJiaBOB Ha rJiy6HHY JlO 20 Ml\I OCTpoccpoKyc11poBaHHhIM JIYlJOM npH 

Vea~ 15 MM/c nocTOHHHhie apeMeHH MOJI.e.TIH HMeIDT nopHJlOK T1 ~ 20 x 
x I 0-3 c, -r 2 ~ I 00 · I o-s c. 

HecKoJibKO HHOH xapaKTep nepexonttoro npouecca HaoJI10,naeTcSI npH 
H3MeHeHHH 3KBHBaJieHTHOf0 nonepeIIHOro pa3Mepa Jiyqa, Bbl3B3HHOro 

peryn11poaatt11eM aMnJIHTy,nhI ero nepHo,nHqecKoro OTKJIOHeHHH. Ha pHc. 

4.2,6 npnaeneHo H3MeHeHHe r 11yoHHbI nponJiaBJieHHH H npH BKJI10qeHHH 

H OTKJIIOIIeHHH CHHycoHJlBJibHOro TOK a I oTK OTKJIOHHIDIIJ.eH KaTyIIIKH • 
CryneHqaToe yaeJIHqeHHe aMnJIHTYJ(bI nepHOJI.HlJecKoro OTKJIOHeHHH 3K· 
BHBaJieHTHo yaeJIHqeHHIO ,nHaMerpa a.neKTpOHHoro Jiyqa, a CJie,noaaTeJih· 

HO, YMeHbWeHHIO IlJIOTHOCTH MOW.HOCTH 11y11a H npHBO.llHT K MrHOBeHHOM~ 
YMeHbllleHHIO r11yoHHhl nponJiaBJieHHH. no Mepe cpopMHpOBBHHH OOJiee 

WHpOKOH IlOJIOCTH nponJiaBJieHHH rJiy6HHa IIIBa IlJIBBHO yaeJIHqHaaeTCH 

Ao Hosoro ycTaHoBHBIIIerocH 3HaqeHHH. CTpH pe3KOM yMeHhllleHHH aM

nnnTy.l(hI nepHOJI.HtiecKoro OTKJIOHeHHH 9JieKTpOHHOfO nyqa r11y6HHa npo
nnaaJieHHH CKaqKQM yaeJI11q11aaeTCH, a 3aTeM nJiaBHO yMeHblllaeTCH 110 
Yci:,attOBHBrnerocH sHaqeHHH. 3To MO:>KHO oobHCHHTb Te~1, qTo 3JieKTpoH
HbIH Jiyq MaJioro J(HaMeTpa B031(eHCTByeT Ha nepBOHaqaJibHO IlIHpOKHH Ka

IIa .. 1 nponJiaBJieHHH, ccpopMHpoBaHHhIH ,no 3TOro llIHpOKHM BCJie.llCTBHe 
nepHOlJ.HlJecKoro OTKJIOHeHHH 3JieKTpOHHhIM JiyqoM. B pesyJibTaTe npo

OJiaeJunow_aH cnoco6HOCTb 3JieKTPC?HHoro Jiyqa B nepBbIH ~IOMeHT BeJIHKa 
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H rJiyOHHa nponJiaBJieHHH pe3KO B03pacTaeT. no Mepe <f>opMHpOB8HHR () 

nee Y3Koro KaHaJia nponJiaBJieHHH ero r ny6u Ha nJiaBHO yMeHhlllae-r o. 
no Hoeoro ycTaHOBHBrnerocH 3HaqeHHH. TaKHM o6pa3oM, no 9TOMy Ynpac~ 

to 13~ 
JlHIOmeMy B03)leHCTBHIO KaHaJJ nponJiaBJieHHH MO>KHO npeJICTaBHTb .lJJf~ 

cpepeHUHPYIOIUHM 3BeHOM c 33MeJ(JieHHeM c nepenaToqHoH cpyHKIJJieij BlilJ.a 

H (s) = w (s) = k I + "t3S • 
I (s) 5 I + -r4s ... (4.6) 

.llJIH JipyrHX BbIXO)lHblX nepeMeHHblX CBapHOfO WBa T8K>Ke MO>KHo no
nytIHTb nepellaToqHhie cpyHKUH 11, aHaJior11qHb1e ( 4. 5), ( 4 .6). 

napa~teTphI pe>KHM3 CBapKH, ycTaHOBJieHHhie HCXO.llH H3 YCJIOBHH no
nyqeHHH 3anaHHoro Kallecrna caapHoro rnBa, He ynaeTCH Bh1.uep>KaTb JJ.a>Ke 
11.JIH OJlHOro npOTH>KeHHOfO wsa H TeM 6oJiee npH nooqepell.HOH CBapKe pa3. 
nH'-IHhIX 33rOTOBOK. np11q11Ha 3T0f0 - )leHCTBHe pa3JIHllHbIX B03M~eHHfi 
Ha cBapotIHYIO ycraHOBKy. TaK, Hanps1>1<eH11e nHTa10mel1 ceTH Mo>1<et 

H3MeHHTbCH Ha +IO-:- -15 % OT HOMHHaJibHoro 3HaqeHHH. TeMnepaTy-
., 

pa 9JieMeHTOB 9JieKTpOHHO-JiyqeBOH ycTaHOBKH H 9JieKTpOHHbIX CXeM yn-
paBJieHHH Mo>KeT H3MeHHThCH BCJie,ncTBHe eaMopa3orpesa Ha 50 °C H ooJiee. 

H3MeHHIOTCH 3MHcc110HHaH cnoco6HocTh KaTona sJieKTpOHHo-Jiyqeaon 

nyrnKH H ee OTITHKa H3-38 H3HOca KaTo.n.a BCJieACTBHe HOHHOH 6oM6ap.nHpOB

KH, H3-sa OTpaBJieHHH H HanhIJieHHH naparvtH cBapMaaeMoro MeTaJIJia, npn 

nepe6opKe nyrnKH .UJIH cMeHbI KaTo.na. BHyTpeHHee conpoTHBJieH11e Hc
TOlJHHKa ycKopHIOW.ero HanpH>KeHHH HBJIHeTCH npHqHHOH H3MeHeHIUI 

ycKOpHIOIUero HanpHiKeHHH np11 peryJIHpOB3HHH TOKa 3JieKTpOHHOfO 

Jiyqa. B pe3yJibTaTe paooqee ycKopH10ll.lee HanpH>KeHHe OTJIHqaercH 

OT ycTaHOBJieHHOfO Ha XOJIOCTOM xony. 

BcJie,ncTBHe ucex 9THX B03MyrueHHH MO}KeT H3MeHHTbCH TOK 3JieKTpOH· 

HOfO nyqKa, 9HeprHH ycKopeHHbIX 9JieKTpOHOB, nOJIO>KeHHe HaHMeHbrnero 

eeqeHHH Jiyqa, yrnhI ero cxomneHHH 11 pacxoiK.neHHH, 38KOH pacnpe.neJie

HH51 nJIOTHOCTH TOKa no ceqeHHIO, CKOpOCTh csapKH. '4T06bI HCKJIIOqHTb 
u 

BJIHHHHe nepeqHCJieHHbIX B03MyIUeHHH Ha KaqecTBO CBapHoro coe,nHHeHHH, 

Heo6XOJ(HMO aBTOM3THlleCKH CTa6HJIH3HpOB3Tb 33Jl3HHbie napaMeTpbI pe
>KHMa CBapKH. ,llJIH 3Toro npHMeHHIOT JIOKaJibHbie aBTO~laTHqeeKHe pery

JIHTOpbl napaMeTpOB peiKHMa 3JIC, n03BOJIHIOIUHe HCKJIIOqHTb BJIHHHHe 

Ha KaqecTBO 3JIC Tex B03MyIUeHHH, KOTQpbie B03,neHCTBYIOT Ha napaMeTpbl 

pe)l{HMa, a Hl\ieHHO: KOJie6aHHH HanpH>KeHHH ceTH, TeMnepaTyphl ycTaHoB

KH H T. n. 

4.2. Tpe6oaaHMSI K caoHCTBaM noKanbHblX perynS11opoa 
napaMeTpoa pe>KHMa 3neKTPOHHo-ny11eaol4 caapKH 

CTpyKTypHaH cxeMa eospeMeHHOH 9neKTpOHHo-JiyqeBOH ycTaHOBKH npH· 

aeneHa Ha pHC. 4.3. Bee oeHOBHhie BbIXOAHhie nepeMeHHhle B Hett CTa6HJIH• 

3HposaHhI JioKaJihHhIMH perynHTopa?\tH napaMeTpoB pe>KHMa 3J1C. YcTaB· 

KH Ha peryJIHTOpbI noeTynaIOT c pytIHhIX 3a,naTqHKOB JIHoo OT ycTpoticTB 

ueHTpaJIH30B3HHOfO ynpaBJieHHH, HanpHMep OT ynpaBnHIOIUeH 9B.l\l. 
llJIH 9Toro see peryJIHTOphI JlOJI>KHhI HMeTb BXOJI.bI ynpasneHHH yHHqnn1n· 

poBaHHbIM 9JieKTpHqecKHM CHrHaJIOM, HanpHMep HanpH>KeHHeM IlOCTOHH· 

Hora TOKa 0-10 B. PacCl'IIOTpHM Tpe6osaHHH K cTaT11qec1<Hl\1 H JlHHaMH· 

lJecKHM CBOI1CTBaM JIOKanhHbIX peryJIHTOpOB napaMeTpOB peLKHMa 3JIC. 
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Pac. 4. 3. CTpyK TypHaSI CXeMa YCTBHOBKH AJIJI 
3JIC: 
.. ~Jin - aneKTpoHHo-ny11eBaH nyruKa: PTH - pe
ryn.HTOP roKa HaKana; PT B - perynSITOP TOKa 
6oM6ap,IJ.HpoBKH; PT JI - perynHTop TOKa ny11a; 
ffBH - HCTO'IHHK BblCoKoro HanpH>KeHHH: KYH -
onoK KoppeKll.HH no ycKoPHIOuteMy HanpH>KeHulO; 
PT</J - perynsiTop TOKa «Jx>KycHpoBKH; PTOX, 
PTOY - perynHTOPbl TOKa OTKJIOHeHHSI; rP - re
HepaTOP nepHOAHt.JecKHX pa3BepTOK ny11Ka; 5CC -
6 .. 10K CJJe.>KeHHSI sa CTblKOM H BH3yaJJH3aUHH; PCX, 
PCY, PCZ - perynsrTopbl CKopocTH npHBOJI.OB 
nepeMenteHHH H3,D.enHSI; BY H - 6.noK 3aAaTtJHKOB, 
ynpaBJJeHH.R, KOHTpOnH H HHAHK8UllH 

0,5 

5 10 15 tied, 'MM/C 

PHc. 4.4. Ko9cl>cl>HllHeHT nepe,n.a11H no cKO· 
POCTH ceapKH JKe.nesa npH pa3JIH'IHWJl SHa'le
HHAX pa,n.uyca sJ1eKTpoueoro .riyqa rn 

frp/l Q 

0,96 

PHc. 4.5. Ko3cJ>clJHllHeHTbl nepe,o.aqH no TOKY 
¢oKyCHPYIO~eA JIHH3bl kcJ> H ycKOpRIO~e'MY 

uanpHJKeHHJO k E 

AHaJUITHqecKy10 CBH3h o,nHoro H3 aamHei1wHx napaMeTpOB KaqecTBa 

3JIC - r.ny6HHhI nponJiaa.neHMH H - c OCHOBHhIMH napaMeTpaMH pe:>KHMa 

CBapKH (TOKOM Jiyqa In, ycKOpHIOl.IIJ1M Hanps:i}l{eHHeM u n, TOKOM cpoKyCH

pOBKM /cf> H cKopocThlO caapKH Vea) .naeT ypaBHeHHe (4.4). HcnoJih3YH 

ero, Haii,neM .nonycTHMYIO HecTa6HJibHOCTb napa~teTpOB pe>KHMa 3JIC 
'A.TUI 3a,l{8HHOH HeCTa6HJibHOCTH rJiyOHHhl nponJiaBJieHHH. 113 (4.4) CJie,nyeT' 
lITO OTHOCHTeJibHOe H3MeHeHHe r11y6HHhl nponJiaa.neHHH paBHO OTHOCH

TeJibHOMY H3MeHeHHfO ycKops:110mero HanpIDKeHH.H u JI If npH ycJIOBHH 

nocroHHcTsa acex ocTa.nhHhIX napaMeTpon (In, Vea, rn = const); 

!lH !lU n 
ff = kE U ' 

n 

fAe kE - K03QJQlHUHeMT nepe,nacni no ycKopHIOIUel\:IY HanpS1}KeHHlO, kE= 1. 
AHaJiorHllHO .l{JIH TOKa H MOI.1.1-HOCTH 11yqa (Qn): 

!lH !11", 
H=k,/,k1=1; 

JI 

t21 



TaKHM o6pa30M, napaMeTpbl pe>KH~fa (Un, 1-n, Q11) J{O.n>KHhl CTaoliJJ 
3HposaTbCH COOTBeTCTBYIOlUHMH peryJIHTOpaMH c TOlJHOCTblO, onpe,neJJ}) Ji
MOH ,n.onycTHMhIMH OTKJioHeHHHMH r nyoHHhJ nponJiaBJieHHH. e. 

CBH3b r.ny6HHhI nponJiaBJieHHH co cKopocThlO caapKH HeJIHHeiiHan 

JlHHeap113yeM 3TY 3aBHCHMOCTh JJ.JIH ~1aJI~IX OTK.noHeHHH CKOpOCTH, lie: 
no.nh3YH pa3JIO}KeHHe 3aBHCHMOCTH (4.4) no cTeneHHM flH H fl V ca H npe. 
ue6pera51 HeJI11HeiiHoii 11acTbIO pH,na. B pe3yJI:bTaTe 

AH AVCB 
n~kv v . 

CB 

Ko3c}xpHIJ.HeHT nepe.n.a 1u1 kv aaBHCHT OT cKopocTH caapKH H pai:u1yca 
9JieKTpOHHOfO .nyqa f n (pHC. 4.4). l13 pHC. 4.4 BH.ll.HO, qTO kv 6JIH3Q}{ 

K 0,,6 npI? o6bl''lHO npHMeHHeMbIX cKopocTHX caapKH. CJie,noaaTeJihHo, 

CTa(}HJibHOCTb CKOpOCTH caapKH MO>KeT OhITh B,ZI.BOe MeHbllie Tpe6yeMoij 
CTa()H.nhHOCTH fIOJUI.ep>KaHHH rJiyOHHbl nponJiaBJieHHH. 

pacqeTHaH ou.eHKa 3aBH~HMOCTH rJiy6HHhl nponJiaBJieHHH OT OTHOCH

TeJihHOfO H3MeHeHHH TOKa ;cp0Kyc11py10meii JIHH3bl npH 3JIC >KeJie3a 

(cTaJIH) Ha CKOpOCTH v cs== p MMIC Il03BOJIHeT onpe.ZI.eJIHTh K09<pqnn.IJ1eHr 

nepe~atIH no TOKY ¢0KycHpy10~ef1 JIHH3hI (pHc. 4.5): 

~H I <I> 
k<t>. max= H ~/ = 30. 

4> 

Ko3c}xpHuHeHT nepe,na1111 no ycKopHIOIUeMy HanpH:>KeHHIO onpe,neJIHJicsi 

npa npe.nno.nomeHHH, l:ITO ace ocTaJibHhie napaMeTpbI ocTaBaJIHCh .6e3 H3Me

HeHHH. B peaJihHhIX yc.noBHHX 9TO He npoHcXO.ll.HT. OpH H3MeHeHHH ycKO· 

pHIOII(ero HanpH>KeHHH CTaOHJIH38TOp TOKa Jiyqa COOTBeTCTBeHHO H3MeH.HeT 

HanpH>KeHHe Ha ynpaBJIHIOIUeM 3JleKTpo,ne. B pe3y.nhTaTe 1131\iieHHeTcH 

npocTpaHCTBeHHOe pacnpeJ{e.neHHe nJIOTHOCTH TOKa Int a .ZI.JIH nyrneK 
c 3JieKTpOMarHHTHOH cpoKyCHpOBKOH - nOJIO}l{eHHe HaHMeHhwero ceqe

HHH Jiy11a L cor JiacHo Bhipa>KeHHIO 

(/<I> w cp)2 / - u Jlk 
L~ u k ' 

JI 

fJI.e w <I>- q11c.no BHTKOB cpoKycHpy10w.e:H KaTyWKH; k - KOHCTaHTa, xa· 

paKTepH3YIOIUaH KOHCTpyKTHBHble napaMeTpbl K8TYWKH; l - pacCTOHHHe 

OT nyrnKH JlO ueHTpa ¢0KycHpy10w.eti KaTyWKH. 
CooTBeTCTBeHHO H3IVIeHHIOTCH paJI.uyc .nyqa Ha noaepxHoCTH caapnBa· 

eMoro 113,ne.nHH H r.ny611Ha nponJiaBJieHHH. 3aBHCHMOCTb pe3yJihTHpy10me

ro K09c}xpHuHeHTa nepe.naqH kE OT Un np11ae,neHa Ha pHc. 4.5. CTpH HaJIH

lIHH 9JieKTpoMafHHTHOH cpoKycHpy10mei1 CHCTeMbl ycKOpHIOlllee Hanp5t/Ke• 
HHe JI.OJDKHO nO,lIJI.ep>KHB3TbCH c TOIIHOCTblO Ha nopHJI.OK 60.nbu1efI, qeM npH 
HCilOJib30B3HHH .n.nHHHrnpOKYCHbIX nyweK. 

ToqHoCTh 3a.naHHH H CTa6HJihHOCTh noMepJKaHHH Ka>K.n.oro napaMerpa 

pe>KHMa xi ,ZI.OJI>KHa 6bITb 

(4.7) 

r .ne ( ~H / H)i - .nonycTHMOe oTHOCHTeJihHoe HsMeHeHHe r JiyoHHhI acneJI.
c1a11e HecTa6HJihHOCTH i-ro napaMeTpa. UeJiecooopa3HO Bh1611paTb (~HI H)1 
o,n11HaKOBhIM AJIH Bcex i. 
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Ec~nH KOJie6aHHH acex napaMeTpoa npoHcxo.ZJJIT cJiyt.IaiiHo M He3aBH· 

·•O npyr OT ,npyra, TO pe3yJihTHpy10mee H3MeHeHHe fJiy6HHhl nponJiaB· 
clf t\i ,.... 

~1ettllfl 

n JlJUI (~ H / H), = canst nony1n1M 

(¥/) = (¥/), VN. 
B 3TOM CJiyqae <Popit.iY na ( 4. 7) npHHH~1aeT BHJJ. 

(¥), = Jf~k, (¥/). (4.8) 

Op11 ~ H / H = 0, 05 ,nonycTHMaH HecTa6HJihHOCTh K3>K)(oro H3 qerb1pex 

(N = 4) paccMOTpeHHhlX napal\1eTpOB caapoqHoro pemHMa COCTaBHT co

OTBeTCTBeH HO: 

fl/11 /ln = 0,025; 6Vc8 /Vc8 = O,C4I6; ~/¢> /¢>== 0,00125; '1Un/Un= 0,0025. 

0)lHaKO He Bcer)la H3MeHeHHe napaMeTpOB peLKHMa npOHCXO,[(HT He3aBH

CHMO. HanpHMep, B03MymeHHH no HanpHll<:eHmo ceTH npHBe){yT K O){HO· 

apeMeHHOMY H3MeHeHmo U JI, In, QJJ. B xy.nrne~1 cJiyqae 

N 

¥f = 'l:(~), 
i=l 

H ~onycTHMaH HecTaOHJlbHOCTb K8LKAOro napaMeTpa 

(¥), = J-;(~). (4.9) 

npH .9TOrvt norpellIHOCTh, HanpHMep TOKa cp0Kycttpy10rneft K3TYWKH 
14', He JI.OJI}l{Ha npeBOCXO,l(HTh 0,0006. 4T06hI H36e>KaTh HeoOXO,UHMOCTH 

TaKOH CTporoif CTa6HJIH38UHH TOKa I 4,, CJie,nyeT HCKJllOlIHTb BJIHHHHe 

KOJie6aHHH Hanp.HmeHHH ceTH, no KpaliHeH Mepe, Ha peryJIHTOp TOKa cpoKy

CHpOBKH. 3-roro MOLKHO ,l(OCTHllh, HCilOJlh3YH JI.JIH IlHT3HHH peryJIHTOpa 

CTa6HJIH3HpOBaHHOe HanpHLKeHHe. 

Op11ae.n.eHHh1e xapaKTepHCTHKH cTaTHqecKoii ToqHOCTH JIOKaJihHhIX 

peryJIHTOpOB noJiylleHbI )J)IH KOHKpeTHbIX pell<:HMOB 3JIC }KeJie3a (cTaJIH). 

ll.JIH HHbIX pemHMOB caapKH H MaTepHaJIOB OHH 6y,nyT ,npyrHMH, o,nHaKO 

nx COOTHOWeHHe H nopH,nOK BeJIHqHH OCTaeTCH npHOJIH3HTeJibHO nOCTOHH· 
HbIM. 

CJie]lyeT OTMeTHTh, lJTO 3JIC B OCHOBHOM npHMeHHeTCH ,nJISI coe.nHHe

IHfH, Tpe6y10m11x CKB03HOfO nponJiaBJieHHH. 3To Bbl3BaHO xapaKTepHbIMH 

11.JIH 3JIC .necpeKTaMH HenOJIHOfO nponJiaBJieHHH - CJiyqafIHhIMH KOJie6a

HH HMH OTHOCHTeJibHO cpe.nHero ypoBHH rny6HHhl nponJiaBJieHHH H CO· 

npoBom.na10mHMH HX nopaMH, nycToTaMH, HecnJiaBJieHHHMH. TpeooaaHHH 
K CTa6HJibHOCTH napaMeTpOB pe>KHMa caapKH lllBOB. co CKB03HbIM nponJiaB

neHneM MoryT 6bITb HH}Ke H BbI6HpalOTCH H3 ycJIOBHH rapaHTHpOBaHHOfO 
CKB03HOfO nponJiaBJieHHH. 
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Puc. 4.6. Oepexo,AHble npouecc1a1 npH nporpaMMHOM pery.rsHpO&aHHH r.ny6HHbl nponJ1aa.rrettHR: 
a - nporpaMMHoe CTyneHllaToe H3MeHeHHe OTHOCHTeJJbBOro TOKa aneKTPOHHoro ny11a I 111 I JIO BO 

BPeMeHH; 6 - H3Meaeuue OTHOCHTenbHoR rny6HHbl nponnasneHHR H/H0 no AnHHe 

IlpH 3J1C H3,Zl.eJIHH CJIO>KHOfO npocpMJIH c H3MeHHIOI.UeHCH TOJIIIIJIHOii' 
a TaK}Ke npH CBapKe 3aMKHYTblX WBOB c BbIBO,lI.OM KpaTepa B03HHKaer 

neo6XO,Zl.HMOCTb B 6bICTpOM nporpaMMHOM H3MeHeHHH TOKa (MOU(HOCTH) 

3JleKTpOHHOro nyqKa. <I>opMHpOBaHHe CBapHoro lllBa npoHCXO,Zl.HT He-

6e3bIHepUHOHHO. !lHHaMHqecKHe xapaKTepHCTHKH peryJIHTOpOB ,Zl.OJI}l{Hbl 

OhITb HacTOJihKO BhICOKHMH, qToobI cymecTBeHHO He aaTHrHBaTb nepexo'A

Hoii npouecc B CHCTeMe peryJIHTOp - caapHoii IllOB. KaqecTBO nepex-o'A-
u 

HOfO npouecca B TaKOH CHCTeMe oueHHBaeTCH no peaKUMH Ha CTyneHqa-

TOe H3MeHeHHe aaJI.at0mero cHrHana peryJIHTopa. CTpH 3TOM BhIXOJI.HOH c11r

HaJ1 peryJIHTopa ycTaHaBJIHBaeTCH JIHlllh noCJie tteKoToporo nepexo,nttoro 

npouecca, onpe~eJIHeMoro napaMeTpaMH peryJIHTopa. 
4aCTOTa cpesa ffic JIOrap111CpMHqecKOH aMilJIHTYJI.HO-ll8CTOTHOiI xap aK

repHCTHKH peryJIHTopa (qacToTa e.LIJfHHtIHoro ycHJieHHH npH pa30MKHYTOH 
o6paTHOH CBH3H) npHXO,l(HTCH Ha yqacTOK c H3KJIOHOM - 20 ,n5/,lI.eKa)la. 

IlpH .AOCTaToqHoH 111HpHHe 3TOfO yqacTKa nepeXO).lHbIH npouecc B CHC· 

TeMe 3aKaHtIHBaeTCH 33 BpeMH tnep ~(7 -;- 10)/ffic. 4TOObl Jl.HHa~1HqecKHe 
xapaKTepHCTHKH peryJIHTOpa He CK83bIBaJIHCb Ha nepeXO,AHbIX npoueccax 
nporpaMMHoro H3MeHeHHH rJiy6HHbI nponJiaBJieHHH csapHoro waa, Heo6-

XOJJJIMO co6J110,netttte ycJIOBHH Ctlc~ l/T1 . ,U.nfI npHMepa Ha pHC. 4.6 
npHBe,Zl.eHO paccqHTaHHOe c npHMeHeHHeM nepe~aToqHhIX ¢YHKUHH (4.5) 
nporpaMMHOe H3MeHeHHe rny6HHbI npon11aBJieHHH caapHoro IllBa npH 3JIC 
JlJIH 6e3hIHepuHOHHOf0 H peaJibHOfO peryJIHTOpOB. 

11,neaJibHhlH 6e3hIHepUMOHHblH peryJIHTOp MfHOBeHHO OTpaoaTbIBaer 

nporpaM!wlHOe yaeJI11qeHHe (KpHBaH /, pHC. 4.6,a) H yMeHhllleHHe (KpHB351 

3, pHC. 4.6,a) TOKa 11yqa f n· 3TH~1 H3MeHeHHHrvl TOKa Jiyqa COOTBeTCTByeT 

HaHOOJiee pe3KOe H3MeHeHHe rJiyOHHbl nponJiaBJieHHH (KpHBhie 1 H 3 
puc. 4. 6, 6). B peaJihHO~·f BhICOKOKaqecTBeHHOM peryJIHTOpe c cue= 10lt1 
nepeXO,lU·IblH npouecc ycTaHOBJieHHH TOKa Jiyqa 6hICTpO 3aTyxaeT (KpHBbie 
2 H 4 pHC. 4.6,a), B pe3yJibTaTe qero CKOpOCTb H3MeHeHHH rJiyOHHbl npo

nJiaBJieHHH (KpHBbie 2 H 4 pHC. 4.6,6) Mano OTJIHqaeTCH OT MaKCHMaJibHO 
u 

B03M0}KHOH. 

TpeooBaHHH K JI.HHaMHtiecKHM xapaKTepHCTHKaM perynHropoa ToKa 

cp0Kyc11py10m11x JIHH3 oob1qHo .>KeCTKO He perJiaMeHTHpy10rcH, nocKOJibKY 
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OT TOK BO apeMH CBapKF. He peryJ111pyeTCfl, a B03MymeHHH, ,ll.eHCTBy10m11e 

:~ ttero. qpe3BbltiaHHo Me)lJieHHbie. 0.n.HaKO He06XO)lHMOCTb B Bb!COKOM 

6bICTpOJI.eHCTBHH 3THX peryJIHTOpOB pe3KO B03pacTaET npH .HCnOJib30BaHHH 

MOIUHOfO CBapoqHoro Jiyqa JlJIH aBTOMaTHqecKoro CJie>KeHHH aa CTbIKOM 

80 apeMH cBapKH (cM. § 4.6). B 3TOM c.nyqae TOK I q, nepHo.n.HqecKH cTy

nettqaro H3MeHHlOT Ha BpeMH BbIBO)la Jiyqa H3 30Hbl CBapKH. 

CKopocTb nepeMemeHHH 11yqa no noaepxHoCTH csapHsaeMoro H3,ll.e

JHUI a pe>KHI\-te cJie>KeHHH Jl.OJJ)KHa OhITh HaCTOJibKO 6oJibllIOH, qTOOhI He 

BbI3b1BaTh nJiaBJieHHe noaepXHOCTH. B npoTHBHOM cnyqae noMexH OT 
u u 

o6pa3yIOIUeHCH nJia3Mbl He n03BOJIHIOT Ha,ll.e>KHO BbIJ{eJIHTb noJie3HblH CHr-

naJJ. Hcxo,ll.H H3 3Toro ycnoBHH JlJIH 8JIC :meJie3a apeMH cKaHMpoaaHHH 

CTbIKa fvlO>KHO npHOJIHLKeHHO onpeneJIHTb no cpopMyJie 

tc ~ r~/(R0Q~), (4.10) 
r,n.e R0- pan1-1yc TpaeKTOpHH cKaHHpoaaHHH CThIKa, MM. ]lJu1 THnHqHbIX 

3tta11eHHH QJI === 12,5 KBT, r = 0,55 M~1, R0= 5 MM, no cpopMyJie (4.10) 
noJiyqMM le = 0,2 MC. 

DpH 3JIC 6onbrnHx TOJilllHH 11yq cpoKycHpyeTCH HH>Ke noaepxHoCTH 

H3)1.eJIHH • .llJIH CJiemeHHH sa caapHBaeMbll\I CTbIKOM Heooxo,nHMa QlOKYCH

pOBKa Ha noBepXHOCTH. 3oHJIJlpOBaHHe CBapHBaeMoro CTbIKa npoH3BO,ll.HTCH 

nepeMemeHHeM 3JieKTpOHHoro nyqa nonepeK CTbIKa snepe,nH cnapoIIHoii 

aaHHbI. Ha nepe:MemeHHe Jiyqa B 30HY 30H,n11poBaHHH H o6paTHO 3aTpaqH

aaeTcH npHOJIH3HTeJibHO no 25 % BpeMeHH le. 3a 3TO BpeMH TOK cpoKy

CHpOBKH .D.OJI:>KeH H3MeHHTbC.H .no ycTaHOBHBlllerocSI 3Hat.IeHHH, T. e. BpeMH 

0Tpa60TKH e.nHHHqHoro CKaqKa CHCTeMOH cpoKyc11pOBKH ,nOJI.>KHO COCTaB

JI.HTh He oonee 50 MKC. 

BpeMH CKaHHposaHHH MO>KHO 3HaqHTeJihHO yMeHhWHTh, ecJIH Ha ne

pHOJ{ 30H.D.HposaHHH CTbIKa cHumaTb TOK csapKH. B 3TOM cny11ae MaKcH· 

Ma.nbHOe 3Ha1leHHe le orpaHHqttsaeTC.H J{OnycTHMblM BpeMeHeM npepbIBa

HHH npouecca csapKH H 6bICTpo.n.eiicTBHeM CHCTeMbl peryJIHposaHHH TOKa 

Jiyt.Ia. 5e3 ymep6a Jl.JIH KalleCTBa c;napKH Jiyq MOLl{HO npepbIB8Tb Ha BpeMH 

tnp ~ (0,2/Ves) rJJ, 

t.ITO cocTaBJIHeT np11MepHo 10 MC npH V cB~ 10 MMlc H r11 = 0,5 MM. B 3TOM 

CJiyqae peryJIHTOpbI TOKa Jiyqa H TOKa cpoKyc11pOBKH .l(OJI>KHbI orpaoaTbl

Batb CKaqKoo6pa3HOe H3MeHeHHe 3a)laHHH 3a BpeMH 1-2 MC. 

L{HHaMHt.IeCKHe xapaKTepHCTHKH peryJIHTOpOB TOKa CHCTeMbl 3JieKTpo

MarHHTHOfO OTKJIOHeHHH 3JieKTpOHHOro nyqa onpe.n.eJIHIOTCH llaCTOTOH 

H cpop1v1oti ToKa OTKJIOHeHHH. Ha1160Jiee qacTo ucnoJib3YlOTCH c1-1ttyco11-

.na.,1bHaH, TpeyrOJihHaH H IlHJIOOopa3HaH cpopMhl TOKOB OTKJIOHeHMH. 4aCTO

Ta CHHYCOHJ{aJibHOfO OTKJIOHeHHH TOKa Jiyqa 00bl1IHO He npeBbllllaeT 

1-2 Kfu. TaKy10 >Ke noJiocy nponycKaHnH ,noJI>KeH HMeTh peryJIHTOp ToKa 

OTK.HOHeHHH, lJTO 06ecneq11saeTCH npH lJ8CTOTe cpe3a pa30MKHYTOH cxe

Mbl Ct.le ~ 2nf OT· 

DpH aBTorv1aT11llecKoM cne>KeHHH sa CThIKO~t HanMeHhWYK? noJiocy npo .. 

nycKaHHH Tpe6yeT CHHycoH,1l.aJihHaH pa3BepTKa sJieKTpOHHoro nyIIa. EcJIH 

BpeMH OTKJIOHeHHH Jiyqa paBHO I MC, TO He06XO,AHMaH qacTOTa CHHyco

HJiaJibHOH pa3BepTKH pastta I Mf u. C pocToM MOlUHOCTH sJieKTpOHHoro 

Jiyqa Tpe6yeMaH WHpHHa 1I8CTOTHOH xapaKTepHCTHKH CHCTeMhI paCillHpH
eTCH .no I 0-100 Kfu. 
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,llJIH JIHHeHHoro nepeMemeHHH Jiyqa HCIIOJih3yeTCH nHJIOOOP,83HblH JIHoo 

TpeyroJibHbIH 38KOH H3MeHeHHH TOKa OTKJIOH5UOI.UHX KaTyrneK. JlJIH He11c. 

Ka>KeHHOfO BOCIIpOH3Be,neHHH TaKHX TOKOB Tpe6yeTCSl 6eCJ{OHeqHo WHPOKaSJ 

IlOJIOCa nponycKaHHH ycTpOHCTBa OTKJIOHeHHH .IlpH 0)1.HHaKOBOH CKOpoctli 

nepeMemeHHH Jiyqa H OJlHH3KOBbIX HCKa.tKeHHHX nepe}laqa TpeyrOJihHOro 

CHrHaJia Tpe6yeT B 6 paa ooJiee y3KOH noJIOChI nponycKaHHH CHcTeMhI 01 .. 

KJIOHeHHH, LieM nepeJlaqa nHJioo6pa3Horo cHrHaJia. CTo3TOMY so acex cny .. 
qaH x OT]laIOT npe.nnoqTeHHe TpeyroJihHOl\1Y TOKY OTKJIOHeHHH. 11CKIDKeHHH 

3aKOHa H3MeHeHHH TOKa OTKJIOHeHHH BCJieJlCTBHe orpaHI-JlleHHH IlOJIOCbI 

rrponycKaHHH CHCTeMhl npHBO,UHT K yaeJIHqeHHIO pe3yJibTHpy10meii IlJIOT

HOCTH TOKa Ha rpaHHuax cpopMHpyeMOfO HCTOtIHHKa Harpena. IlpH IlOJIQ .. 

ce nponycKaHHH a 10 pa3 6oJibllle.H, qeM qacToTa ToKa TpeyroJihHOH paa

BepTKH, 9KBHBaJieHTH3H nJIOTHOCTb ~IOI.UHOCTH Ha Kpa5IX 30Hhl OTKJIOHe

HH51 npeBhirnaeT cpeJlHHH ypoBeHb npH~IepHO Ha 20 ~b" 

4.3. THnoawe noKanbHWe perynS1ropb1 napaMeTpoa pe>KMMa 
'"' 311eKTpOHHo-ny11eBOH caapKM 

PaccMoTpHM npHMephI noKaJihHhIX peryJIHTopoa pe:iKHMa 3JIC BToporo 

Y-250 H TpeTbero 3JIA 60/60 noKoJieHHH, np11MeHHe~1b1x B 3JieKTpOHHO

JiylleBhIX CBapOlJHhIX ycTaHOBI<aX. 

PerynHTOph1 ycKopHio1.uero uanpHlKeHHH. B cTaH,napTHhIX ycTanoBKax 

.ll.JIH 9JIC HaH60Jiblllee pacnpocTpaHeHHe IlOJIYlIHJIH JI.Ba BH.Ua pery JIHTOpOB 

ycKOpHIOll{ero HarrpHmeHHH, OTJIHll310llJ.HXC51 110 THny pery11Hpy10w.ero 

9JieMeHTa: peryJIHTOpbI c CUAOBblM MGcHUtnHblAt ycuAume11,e~t (pHC. 4.7) 
11 c npoxo8HOU aAeKmpOHflOU AGJltnou (pHC. 4.8). 

MarHHTHhIH ycHJIHTeJih N\Y (p11c. 4.7) BKJnoqeH nocJien.osaTeJibHO 

c CHJIOBhIM n0Bbnua10m11M TpaHccpopMaTopoM T. B 3aBHCHMOCTH OT TOKa 

ynpaBJIHIOmefi o6MOTKH Wy H3MeHHeTCH na.neHHe HanpH.tKeHHH na MY, 
u 

a CJie,lloBaTeJihHO, H ycKOpHIOIUee HanpH:iKeHHe 3JieKTpOHHO-JIYlleBOH nyrn-

KH 3JICT. CHrHaJI, nponopunoHaJihHhIH ycKopHIOlll.eMy uanpsiiKett1110, cHH

MaeTc.H c JI.eJIHT~TIH HanpH>KeHHH Rl, R2 H cpaBHHBaeTCH c 3a,naHHbIM 
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PHc. 4.8. Ynpont~HHaR npHuuunua .. 'lbHaH cxeMa peryJ111Topa ycKopsnoiqero Hanp11-
•ettHR 3JIA 60/t>O 

(ycrattaBJIHBaeTCH npH noMOIIJJ1 noTeHuttoMeTpa RP 1). Pa3HOCTh 3THX 

Hanp5L>KeHHH ycHJIHBaeTcH 3JieKTpOHHbIMM JiaMnaMH V 1 H V2 H no.naeTCH 

Ha 061\ilOTKY ynpaBJieHHH w y· TaKHM o6pa30M, ocymecTBJIHeTCH oomaH 

OTpHU3TeJibH3H o6paTHaH CBH3h no ycKOpHIOW.eMy HanpH}KeHHIO, CTa6HJIH-
u· 

311py10m.aH era c BbICOKOH T011HOCTblO He3aBHCHMO OT npHqHH, Bbl3B8BlllHX 

3TH H3MeHeHHH. He,nocTaToK peryJIRTopa - MaJioe OhlCTpoJI.eiicTBHe (npH 

BKJUOlJeHHH TOKa Jiyqa ycKOpHIOIUee HanpHLKeHHe ycTaHaBJIHBaeTCH 33 

0,5 c, a npH c6poce TQKa ,no HYJIH - 3a HecKOJihKO ceKyHJl.), oTCYTCTBHe 
u -

Bxo.n.a ,UJIH CBH3H c BHeWHHMH ycTpOHCTBaMH ynpaBJieHHH. 

JlyqlllHMH xapaKTepHCTHKaMH ooJiaJJ.aIOT cTa6H.HH3aTophI c npo~OJI.HOH 
3JieKTpoHHOH JiaMnoii. MomHaH 3JieKTpOHHaH JiaMna V 1 (pHc. 4.8), pac

ClJHTaHHaH Ha ycKopH10mee ttanpH)l{eH11e 60 KB 11 TOK Jiyqa ,no I A, BKJIIO

qaeTCH ~1e:>KJJ.Y IlOJIIOCOM BblCOKOBOJihTHOro HCTOlJHHKa IlHTaHHH H «3eMJie11». 

HanpH}l{eHtte, nponopuHoHaJihHoe ycKopH10meMy HanpHmeHHIO, CHHMa

ercH c ,n.eJIHTeJI51 R 1, R2 H no]laeTCH Ha ceTKY JiaMnhI V3. K npoMe:>KyTKY 

CeTKa-KaTOJl. V3 npHJIO>KeHa cyMMa 33JI.aHHOfO u3 H CTa6HJIH3Hpye

Moro u~ HanpH:>KeHHH. DoJiyqeHHOe paccorJiacoBaHHe ycttJIHBaeTCH JiaM

IlaMH V3 n V2 H nocTynaeT Ha ceTKY peryJIMpy10w_eii JiaMnbI V 1, 3a1'IhI

KaH 06my10 OTpHUaTeJihHYIO o6paTHYIO CBH3b no ycKopHIOll{eMy HanpHJKe
HlllO. 

llocTOHHCTBOI\'1 cxeMbl, IlOK33aHHOH Ha pHC. 4.8, 5IBJIHeTCH BbICOKOe 

OhICTpo,neiicTBHe, QTO no3BOJIHeT cymecTBeHHO yMeHhrnaTh JIH6o noJIHO

CTbIO HCKJIIOlJHTh BhICOKOBOJihTHhre cpHJihTpy10mne Kott,neHcaTOphI. CTp11 
3TOM ycKopsuomee HanpH.IKeHHe npaKTH11eCKH He 3aBHCHT OT l\ile,UJieHHbIX 

H 6bICTpbIX H3MeHeHHII TOKa 9JieKTpOHHOfO Jiylla, cymeCTBeHHO yMeHbllla

IOTCH TOKH KOpOTKOfO 38MbIKaHHH npH BblCOKOBOJibTHblX npooOHX B nyrnKe, 

TaK KaK, BO-nepBbIX, HX BeJIHlJHHa orpaHHlJHBaeTCH BHyTpeHHHM conpo

THBJieHHeM JI31\i1Ilbl v 1, a BO-BTOpbIX, MaJia peaKTHBHaH ~{OllI_HOCTb, HaKon

JleHHaH B CHCTeMe H3-3a OTCYTCTBHH BblCOKOBOJlhTHbIX KOH,neHCaTopoB. 

PeryJISITOpbl ToKa sJieKTpOHHoro ny11a. ToK Tptto;lHhIX sJieKTpOHHo

nyqeBbIX nyllleK OT HYJIH .no MaKCHMyMa perylIHpyeTc51 H3MeHeHHe~1 OT 
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Pac. 4.9. )'11poll(eHHa11 npHH14HnHa.llbHa11 
cxeMa pery.naTopa TOK& .nyqa YCT&HOBKH 
~-250 . 

V2 

3 KB Jl.O HYJIH HanpH}KeHHH cMemeHHH, npnJio>KeHHoro Me>K.QY KaTOJlOM 
K H ynpaBJIHIOJ.nHM 3JieKTpo.noM g (pnc. 4.9). PeryJIHTOpbI TOKa OTJ11111a-

10TCSI _npyr OT ,npyra IlO CilOCOOY H3MeHeHHSl HanpH>KeHHff CMemeHHH H no 
cnoco6y nepe.nallli ynpaBJIHIOJ.nero CHrHaJia c HH3KOH CTOpOHbl Ha BbICO
KyIO. 

B peryJIHTope TOKa ycTaHOBKH Y-250 (pnc. 4.9) uanpH>KeHHe U1, 
nponopuHOHaJlbHOe TOKY Jiyqa In, CHHMaeTCH c pe3HCTOpa RS, BKJllOtieH
HOfO Me>K.LI.Y IlOJIO>KHTeJibHhl~1 IlOJIIOCOM HCToqHHKa ycKOpHIOlll.ero HanpH· 
JKeHHH H «3eMJieii». 3To HanpH>KeHHe cpaBHHBaeTcH c 3a.zx.aHHbIM U3, H HX 
pa3HOCTb nocTynaeT Ha ceTKy_ V3. YcHJieHHOe VS H V4 paccorJiacoaaHHe 
110.naeTCH Ha TpeThlO ceTKY JiaMnhI V5, Ha nepsy10 ceTKY KOTopoiI nocTy
naeT nepeMeHHoe HanpH:>KeH11e qacTOTOH 40-60 Kru c reHepaTopa Vl
V2. B pe3yJibTaTae nepeMeHHOe HanpH1KeHne, npnJio>KeH11oe K nepBHlI• 
HOH o6MOTKe W1 BbICOKonoTeHuHaJihHOro TpanccpopMaTopa T, 6y.n.eT npo
nopuHoHa.nbHO HanpHJKeHHK> paccornacoBaHHH. 11H.ZI.YKTHpyeMoe BO BTOpH11-
HOH ooMOTKe W 2 HanpH>KeHHe Bh1npHMJIHe1cH ,nHOJI.OM, crJia>KHBaeTcH e~1-
1<0CTb10 C4> H nOJI.aeTCH Ha ynpaBJIHIOU{HH 3JleKTpO.ZI. 3JieKTpOHHO-JiylleBOH 
nyrrIKH 3JICT, 3aMbIKaH 06my10 OTpHU.aTeJihHYIO o6paTHYIO CBH3b rio TOKY 
.11yt:1a. KoppeKT11py10maH uenb RS 06ecne11HBaeT ycToifq11BocTh 11 Tpe6ye
Moe KaqecTBO nepexoJI.Horo npouecca peryJIHTopa. IlpeJJ.MhHoe 6hICTpoJI.ei1-
cTBHe peryJIHTopa onpen.eJI5IeTCH nocTOHHHOH BpeMeHH uenollKH C4>R11. 
(CcP- pacnpeJJ.eJieHHaH eMKOCTb BhICOKOBOJibTHOfO KaoeJIH ,200-500 n<l>/M). 
PeaJibHO pery.nHTop oTpa6aTwBaeT H3MeHeHHe TOKa nyqa c qacroToA He 
BhIWe 50 fu. 

PeryJJHTop ToKa 6oM6apJJ.HpoBKH KaToRa 3Jln. lIIHpoKoe pacnpocTpa
HeHtte B 3Jin nonyqHJIH KaTOJlbl c KOCBeHHbIM IlOJI.OrpeBOM - 3JieKTpOHH0Jf 
6o:M6ap.nnpoBKOH. Me1K.n.y JiaHTaH6opH.ZI.HbI!v1 KaTo,noivt 1 (pHc. 4.10) H npH
MOKaHaJibHbIM BOJibcppaMOBbIM TIOJJ.OrpeBaTe.11e!v1 2 3JieKtpOHb1 ycKOpHIOTCH 
H 60M6ap;1J1 pyIOT KaToJJ., pa3orpeaaH ero. BcJie.l(cTBHe HanhI.neHHH no,lo
rpeBaTeJIH JiaHTaH60pHJI.OM H ,neHCTBHH noJIOJKHTeJihHOH TepMnqecKOH o6-
paTHOH CBH3H Me.>KJI.Y KaTO.ZI.OM H IlO,IlorpeBaTeJiel\I TaKaH CHCTeMa OKa3bIBa
eTCH npaKTHqeCKH Hepa60TOCnoco6HOH - TOK 6oM6ap.nHpOBKH KpaiiHe 
HeycToifqHB. JlJIH ycTpaHeHHH 3TOf0 He.nocTaTKa npHl\teHHlOT aBTOMaTI-ttie-
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,rt() cTa6HJ1H33UHIO TOKa 6oM- fM.Y ______ l 
cl{r·- C u 

6apJlHpOBKH. 3TOH UeJlblO B ye- 0 ____ 1__ ( 
raHoaKe Y-250 TOK KaHaJia no,no-

rpesaTeJIH peryn11pyeTCH MaJJo- "' 
MOil{Hbl~f M3fHHTHblM ycHJIHTeJI eM 

MY (p11c. 4.10), o6MOTKa ynpas- WcHI 

t1eHIUI w y KOTOporo 33IlHTbIBaeTCH r I 
uanpHmeHneM U 1, nponopuHo- __., : 1 
HaJJbHhIM TOKY 6oM6apJI.HpOBKH a--....__._._ -_ __..,--4-_..__...,. 

W ---vitrr'--- ffYI 10' . Ha o6MOTKY cMe~eHHH cM no- ...I 
U L____ n 

itaHO 3a,na10mee HanpfDKeHHe 3 • 

/\la rHHTHbie noTOKH, C03)l.aBaeMble 

o6MOTK3MH Wy H WcM' BhPIHTaIOTCH ,.._ I 
H B 33BllCHMOCTH OT HX pa3HOCTH 

MY H3MeHHIOT TOK HaKaJia no,no-
PHc. 4.lo. llpHt1uu11HaJ1bHa.H cxeMa pery.1u1Topa 

rpeBaTeJIH, a BMeCTe c HMM H TOK TOKa 6oM6a PllltPOBKH K8TOAa ycTaHOBKH Y·250 

60'16ap;iJ1poBKH KaTo,ZJ.a. B pe3y Jib· 
rare JIIOObie H3MeHeHHH TOI{a 601\116apJI.HpOBKH CBOJI.HTCH K MHHH~iYMY, 
o6ecnellHBaH ycTOHllHBYIO pa6oTy cncTeMhI no,norpeaa. 

i\1arHHTHblH YCHJIHTeJih B CTa6HJIH33TOpe TOKa 001\>16ap.n.HpOBKH MOLKeT 

6hITb 3aMeHeH CHMMeTpnqHhIM THpHcTopoM VS/ (pHc. 4.11). Hanpsi.>KeHne 

U 1 , nponopu110HaJibHoe TOKY 60M6apJJ.11poaK11, cpaBHHBaeTCH c 3aJI.aHHhJM 

u 3 B cxeMe cyMMHpOBaHHH, ycHJIHBaeTCH noJiynpOBO~HHKOBblM ycHJill

reJieM VT 1 H no,naeTCH Ha cxeMy cpopMHpoaaHHH BKJnoqa10uu-1x HMnyJihCOB 

r11pucTopa VT2, VT3. flpH H3MeHeHHH TOKa 6oM6ap,nHpOBKH cpa3a 9THX 

11Mil)\TJbCOB OTHOCHTeJibHO HanpH1KeHHH ceTH H3MeHHeTCH TaK, qT06bl B pe-

3YJibTaTe peryJIHpOBaHHH TOKa HaKaJia no,norpeBaTeJIH TOK 6ol\16ap,llII

poBKH I 6 OCTaBaJICH npaKTHqecKH HeH3MeHHblM. npe11MymecTBOM TMpH

CTOpHbIX peryJIHTOpOB nepe,n_ peryJIHTOpaMH c LVIafHHTHblM ye HJIHTeJleM 

HB • .THieTCH 6onee BhICOKaH TQqHQCTb, 06yCJioB.HeHHaH npHMeHeHHeM .uono.TI

HHTeJlbHOro yc11.TiuTeJIH paccor.nacoaaHHH Ha Tpan3HCTope VT I, n Jiyqrn11e 

5 6-7R 

Puc. 4.11. npH'll.{HIUtaJibHa.H cxeMa TUPHCTOpH Ol"'O peryJIHTOpa TOKa 6oMoap
JJ,HPOBKH K3TO,:J.a 
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Puc. 4.12. Cl>yHKl.lHOHa.Jlt.HaR cxeMa peryJl.RTopa MOU\HOCTH 9.neK rporIHoro .ny•1a 

11.HHaMIP.IeCKHe xapaKTepttCTHKH, IlOCKOJihKY B HeM OTCYTCTByeT HHepuHOij. 

HOCTb, xapaKTepHafl ,LI.Jiff MY, a ,LI.HHaMHKa noJIHOCThIO onpe.ne.r:meTC}l Bbl· 

6paHHbIMH napaMeTpaMH KoppeKTHpyrom.efi u.enollKH Rl-C2. KpoMe Toro, 

THP HCTOpHbIH peryJUITOp HMeeT 3HalJHTMbHO MeHhWHe ra6apttTbl H Jierlle 

co f JiacyeTCfl c BHeWHHMH ynpaBJifflOllJ.HMH ycTpOHCTBaMH. 

PerynHposauHe M01.1.t_HOCTH 9JleKTPOHHoro ny4a. KaK cne.nyeT H3 ypaa
HeHHfl (4.4), npu npollHX paBHbIX yCJioa1u1x rJiy6uHa nponnaaJieHHH 3aBH· 

CHT He CTOJibKO OT TOKa Jlyqa H 3HeprHH 3JieKTpOHOB, CKOJibKO OT ero MO~

HOCTH. Cne.noaaTeJihHO, ,nJifl cTaottJIH3aUHH r ny6HHhI nponJiaBJieHHH Heo6-

·XO,ll.HMO CTa6ttJIH3HpOBaTb MOllJ.HOCTb Jiyqa. 3To MO)KHO ocyui.eCTBHTb, 

O;::(HOBpeMeHHO CT30HJIH3Hpy.H - Un H Jn ,LI.BYMff He3aBHCHMbIMH pery JlflTOpa
MH ( 12) JIHOO CTa6HJIH3HpyH npOH3Be,LI.eHHe U nl n= Qn O,nHOH CHCTeMOii 

aBTOMaTHqecKoro perynupoBaHHfl. Or peryJiflTOpa TOKa TaKOH peryJIHTOp 

OTJIHqaeTCH TOJibKO ,naTlJHKOM MOIIJ.HOCTH H OKa3bIBaeTCfl cym.ecTBeHHO 

npow.e KOMOHHHpOBaHHOH CHCTeMbl peryJIHTOp TOKa - peryJIHTOp HanpH
meHHH. 

CTa6HJIH38U.Hfl MOll.lHOCTH nptt perynttpoaaHHH ycKop.HIOlll.ero HanpH

meHttfl H TOKa Jiyqa npHBO,ll.HT K HeCKOJibKO OTJIHlJ310ll.lHMCfl pe3yJibTaTaM. 

3To CBH3aHO c BJIHHHHeM perynttpOBOK Ha .npyrue napaMeTpbI - pacceH
HHe 3JieKTpoHoB a KaHaJie nponnaaneHHH, tt3MeHeHHe pa.nuyca nyqa 
H IlOJIO)KeHHe HattMeHhlllero CelleHHfl nyqa H T. n. 0.n.HaKO npH BJIHHHHH 

MaJiblX B03MYllJ.eHHH Ha pemHM caapKH HMH MO)KHO npeHe6petib. 
npu CTaOHJIH3aU.HH MOllJ.HOCTH pemHM CBapKH onpeJ].eJIHeTCfl He qeTblpb· 

MH (Un, In, I~' Vee), a TpeM.H napaMeTpaMH (Qn, I q,, Vc8 ). BCJie)lCTBHe 
3TOfO npH 5 %-ft HeCT80HJlbHOCTH rJiyottHhl nponJiaBJieHHfl .nonycTHMaH 

HecTaOHJibHOCTb MOlll.HOCTH, paCCllHTbIBaeMafl corJiaCHO cpopMyJie (4.8), 
COCTaBHT: 

~Qn/Qn = 0,05/(V3 kQ) = 0,029. 

<l>yHKU.HOHaJihHafl cxeMa peryJIHTOpa MOUJ,HOCTH npHBe,l(eHa Ha puc. 
4.12. B KalleCTBe .l(aTqHKa MOllJ.HOCTH B HeM HCilOJlb30BaHO MHO)KHTeJibHOe 

ycTpOHCTBO, OCHOBaHHOe Ha npttHUttne aMnJIHTY,LI.HO-WHpOTHOH MOJJ.Y JUIUIHi. 

CttrHaJI, nponopu.HoHaJibHhIH ycKopHIOW.eMy HanpflmeHttIO, cHuMaeTC.Sl 
c ,neJIHTeJifl HanpflmeHHH R 1 R2, npeo6pa3yeTcH a ;i.ayxnoJiflpHoe HanpH

meHtte 6JIOKOM Ell u nocTynaeT Ha aMnJIHTYJI.HbIH MOJJ.YJIHTOp AM. Cnr

HaJI, nponopUHOHaJibHbIH TOKY Jiyqa, no,naeTCfl Ha WHpOTHO-HMnyJibC· 

Hb!H Mo.nyJIHTOp lllHM, HanpH:>KeHtte KOToporo nocTynaeT Ha AM. Ha 
Bhixo,n.e aMnJIHTY.D.Horo Mo.nynHTopa AM nonyqaeM cHrHaJI nepeMeHuoro 
TOKa c qacTOTOH 8 Kfu., fiOCTOHHHafl COCTaBJlflIOIIJ.afl KOTOporo nponoputto-
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PHC• 4.IJ. CTa6HJIH3aTOp TOKa ¢OKYCHPYIOut.eA PHc. 4.14. UonynpOBO,AffHKOBLdi CTafiHJIH3&TOP 
Ka'fYW"" ye TaHOBkH Y-250 ToKa «1>0KyCHPY10uteli KaTyWKH 

tta.'lbHaH npOH3Be.n.eHIUO MfHOBeHHhIX 3HaqeHHH TOKa H 3HeprHH ny11a. Or
¢ttJibTpoBaHHblH cpHJibTpoM <PM CHrHaJI MOll.lHOCTH cpaBHHBaeTCH c 3a;:\aH
HbIM H no.n.aeTCH Ha ycHJIHTeJib paccor JiaCOBaHIHI y p. y CHJieHHOe pacco
rnacoBaHne npeo6pa3yeTcH Mo,nyJI.snopoM MP B nepeMeHHoe HanpH:mettue, 
ycu.mrnaeTCH no MOll.lHOCTH ycHJIHTeJIH J1 M H nocTynaer Ha pa3.D.eJIHTeJibHbiii 
rpaHccpopMaTop T. OoCJie BhlnpHMJieH1u1 H cpHJibTpauuu BTopuqttoe HanpH
.>Kem,ie TpaHapOpMaTopa IlOJ].aeTCH Ha ynpaBJIHIOlllHH 3JieKTPO.ll. 3JieI<Tp OH-
HO-Jiy"IeBOH nymKH 3JI fl. -

PeryJIHTOp o6ecneqHaaeT ToqHOCTb CTa6HJIH3aUHH napaMeTpa Qn He 
MeHee 0,5 % B yCJIOBHHX, npH KOTophlx H3MeHeHHH 3Toro napaMeTpa .n.ocTH
ra10r + 50 % 6e3 npHMeHeHHH peryJIHTopa. CKopOCTb oTpa6oTKH cKaqKo
o6pa3HOro H3MeHeHHH 3aJ].aHHH He npeBOCXOJlHT 5 MC npH nepeperynHpOBa
mrn OKOJIO 20 % n 1-2 KOJie6aHHHX 3a apeMH nepexo.n.Horo npou.ecca. 
0pH CTa6HJIH33UHH Qn= U nf n ycKOpHIOW.ee HanpH:>KeHHe MO:>KeT KOJie-
6aTbCH . .llJIH nyweK c MarHHTHOH cpoKycupOBKOH 3TO npHBO.IJ.HT K Heno
CTOHHCTBY ,D.HaMeTpa cpoKaJibHOfO IlHTHa, a CJie,ll.OBaTeJibHO, H rny6H Hbl 

nponJiaBJieHHH. 003TOMY peryJIHTOpbl MOUJ.HOCTH, npe.n.Ha3HaqeHHbie ,llJlfl 

nyweK c MafHHTHOH cpoKyCHpOBKOH, JlOJUKHbl KOMnJieKTOB3TbCH ycTpOH
CTBaMH aBTOMaTHqeCKOH KoppeKUHH TOKa cp0Kyc11py10meii JIHH3bl npH H3-
MeHeHHH ycKopsuomero HanpH.>KeHHH. 

PeryJrnTopbl· ToKa 1¢> cl>oKycupyww.eu JIHH3bl. Ottu ,noJI>KHbI o6ecne
lIHBath qpe3BhJlI3HHO BbICOKYIO TOllHOCTb CTa6nJIH3aU.HH (CM. § 4 .2). 
B 3JieKTpOHHO-JiytieBhIX ycTaHOBKax BToporo noKoJieHHH (THna Y-250) 
Hanp.siLKeHHe, nponopu110HaJihHOe TOKY I 4> cpoKycHpy10w.eii KaTylllKH <PK 
(puc. 4.13), CHHMaeTCH c pe3HCTopoa R2, RP2 H no.n.aercH Ha OJ1.HH H3 
Bxo,n.os .n.uqxpepeHuHaJibHoro ycHJIHTeJIH, BhIOOJIHettttoro Ha JiaMnax V3, 
V4. Ha .n.pyrou Bxo.n. ycHJIHTeJIH no.n.aeTcH onopHoe ttanpH.>KeHHe, cHHMae
Moe co CTa6HJIOBOJlbTa v 1. p 33HOCTb 3THX HanpH.>KeHHH ynpaBJIHeT JiaMilOH 
V2, onpe.u.eJ11110meii TOK JIHH3hl <PK. TeM caMbIM 3aMbIKaeTc.si uenh o6meii 
orpnuaTeJibHOH o6paTttoii CBH3H pery1rnTopa. H3MeHeHHe BeJIHtIHHhI TQKa 
JIHH3bI ocyUI.eCTBJrneTCH C).I.BOeHHhIM noTeHUHOMeTpoM RP 1, RP3. 

PeryJIHTOphI 3Toro THna He o6ecneqHsa10T BbICOKoi'1 .llJIHTeJibHOH CTa-
6HJihHocTH TOKa cpoKyCHpOBKH, nOCKOJibKY sa.n.a10UI.ee HanpH:>KeHHe onpe
AeJIHeTCH pa60TOH CTa6HJIOBOJibTa v 1, .upeiicp HanpH.>KeHHH KOToporo COCTaB
JIHeT HecKoJibKO .n.ecHTbIX npouettTa. HeAoCTaToK peryJis:iTopoB - OTcyT
CTBHe BXO,D.a ynpaBJieHHH .9JieKTpHtiecKHM CHrHaJIOM, qTo He n03BOJIHeT 
conp.siratb peryJIHTOp c qHCJIOBOii CHCTeMOH nporpal.fMHOfO ynpaBJieHHSI 
Jin6o YBlv\. 
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CoapeMeHHbie pery JIHTOpbI TOKa I cJ> BbIIlOJIHHIOT Ha noJiynpoBOIJ.HHl\o. 
BblX 9JieMeHTax (pHc. 4.14). HanpH>KeHHe, nponopuHoHaJibHoe TOKy J ¢t 

CHHMaeTCH c npeUH3HOHHoro CTaoHJihHoro pe3HCTopa R H nocTynaeT Ha He: 

HHBepTHpy10m11if axo.n onepaUHOHHoro ycHJIHTeJIH DA 1. Ha MHBepTHpyl(). 
IIJJIH sxo,n yc11JI11TeJIH no,naeTCH 3a,na10mee HanpHLKeHHe Ug. Pa3HOCTh 3THx 
HanpH>KeH11ii yc11J111BaeTCH MHKpocxeMoii DAJ H TpaH3HCTopaMH VTJ, 
VT2, VT3. B uenH KOJIJieKTopa cocTaBHoro TpaH3HCTopa VT2, VT3 BKJIIQ .. 

tJeHa cpoKycHpy10maH KaTylllKa <PK. BhlcoKHH K03clxPHUHeHT ycnJieHHH 

onepau110HHoro ycHJIHTeJIH DAI H MaJihIH axo.nHoii TOK ero HeHHBeprHpy10. 

mero sxo.na o6ecneqHsaeT npeUH3HOHHoe peryJIHpoaaHne TOKa / 4> c roq. 

HOCTblO He HM>Ke 0,01 % npH H3MeHeHHH n11Ta10mero HanpH>KeHHH Ha 

+ 15 ~~ 11 conpOTHBJieHHH <PK Ha 30 % . JlJIHTeJibHaH CTa6HJibHOCTb TOKa 

cpo1<ycnpoBKH noJIHOCTblO onpeneJIHeTCH KatieCTBOM pe3HCTopa R H Toq. 

HOCTbIO no.llll.epLKaHHH 3a,na10mero HanpH>KeHHH Va, J\JIH ¢opMHpoBaHHH 

KOTOporo HCTIOJ1b3YIOTC.H BhICOKOCTaOHJlhHbie TepMOKOMneHCHpOBaHHhie CTa

OHJIHTpOHhl. B TpaH3HCTopHhIX peryJIHTopax TOKa I <P npHMeHHIOTCH HH3KO· 

OMHhie 1<aTyrnKH cpoKyc11py10mHx JIHH3 - IO 01\·f sMecTo 1000 OM JI.JIH 

JiaMnOBblX cxeM. TaKHe KaTyillKH co.nep>KaT MeHhIIIee lJHCJIO BHTKOB, a CJie

.LLOBaTeJibHO, HMeIOT cymecTBeHHO 6oJiee HH3KYIO HH.D:YKTHBHOCTb, llTO npH 

TOM me nHTa10ineM HanpH.>KeHHH pe3KO pacrnHpHeT qacTOTHYIO no.nocy 

nponyc1<aHHH ycTpOHCTBa. 0,nHaKO nOJIHOCTblO MCilOJl'"l30BaTb 3TO npeH-
u u 

MymecTBO MOLKHO TOJlbKO B nyrnKaX c COOTBeTCTBy10meH KOHCTPYKH.HeH 
cpoKyc11py10me-oTKJIOHHI01lleii cHcTeMbI (<POC). ooJiblllHHCTBo caapoqHhIX 

nyrneI< co.n:epLKHT MaCCHBHhIH Me,nHbIH JiyqenpOBOA 3 (pHC. 4.15), aam.nma

IOlJ.1-HH cpoI<ycHpy10my10 JIHH3Y 1 H OTKJIOH.HIOlll.YIO CHCTeMy 2 OT TenJIOBoro 
u u u 

B03,neHCTBHfl csapotIHOH B3HHbl H CJiyIIaHHOro nOnMaHHH Ha HHX 9JieKTpOH-

HOro nyq1<a. npH 6blCTpOM H3MeHeHHH cpoKyCHpy10mero (OTKJIOHHIOLUero) 

t3l 

MarHHTHOfO fiOJIH B J1y11enpoao.n:e HaBO,nHTCH 

BHXpeBhle TOKH, MarHHTHOe noJie l{OTOpblX 

KOMneHCHpyeT H3MeHeHHe nepBHlJHOro Mar

HHTHOfO noJIH. B pe3yJibTaTe tiaCTOTHaH xa

paKTepncTHKa <I>OC peaJihHO orpaHHlJHBaeTC.H 

tiaCTOTOH MeHee 50 fu. JlJIH ycTpaHeHH5I 

3TOro HBJieHHH JiyqenpoBO.A nOJIHOCThIO HC
l{JIIQqaIOT HJIH BhIIlOJIHHIOT H3 TOHKOH Hepma-

Puc. 4.15. 3JieKTpouuo-nyqesu nymKa Y-530M 

Puc. 4.16. PeryJUITOP TOKa OTKJIOHRIOuteii K8 TVWKH 

NI 

JJAI 
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eIOIUeH cTaJIH, HMeromeii ooJiblllOe y.aeJihHoe conpoTHBJieHne, qTo pe3KO 

.8 umaeT BeJIHqHHY BHXpeBbIX TOKOB. 
ell peryJJRTOpbl TOKa OTKJIOHHIOUJ.HX KaTyrneK. 0HH ,l{OJDKHbl o6ecneqn:

aTb ,nHana30H H3MeHeHHH TOKa + 100 % C TOqHQCThIO )1.0 ~2 % . 00JIOCa 
8 onycKaHHH c11cTeMbI OTI<JIOHeHHH .UOJDKHa 6hITh 6onee I Kfu. 
op J{JUI nHTaHHH OTKJIOHHIOW.HX KaTyllleK B cospeMeHHblX ycTaHOBKaX 

cnOJib3YlOTCH MOIIlHhie noJiynposo,nHHKOBhie ycHJIHTeJIH, OXBaqeHHhie 
11 u 6 u ( 
r.ny6oKOH 0Tp11uaTeJibH011 o paTHOH CB513hIO no BhIXO,ll.HOMY TOKY pHc. 

4 16). OcHOBHoe ycHJieHHe BhIXO,ll.Horo cHrHaJia ocymecTBJIHeTcH HHTe .. 

rpaJibHbll\l onepaUHOHHhil\it ycHJIHTeJieM DAI. BbIXO,l(Hhie KacKa.ZI.hI Ha T,aH-

3ucropax VT J-VT3 cJiyLKaT ll.JIH ycHJieHHH no MOIUHOCTH 11 MH noBbIWe-

111151 MaKCHMaJibHoro BbIXO,nHoro HanpH.>KeHHfl cxeMbI. CHrHaJI o6paTHOH 

cBH3H no TOKY CHHMaeTcsi c pesHcTopa R, BK..rnoqeHHoro noCJie)l.oBaTeJihHO 

c orKJIOHHIOmefl KaTylllKOH OK. 3ToT cnrHaJI qepe3 pe3HCTop R2 nocTy

naer Ha axo.n. DA 1, Ha KOTOpbIM qepe3 pe3HCTop R 1 no.naeTCH TaK>Ke yn

paBJiflIOIUee HanpH>KeHHe. Pa3HOCTh 3THX Hanpsi>KeHHH ycnJI11BaeTCH cxe

\IOH DAJ. TaKH~t o6pa3oM, a peryJIHTope ocymecTBJ1HeTCH rny6oKaH 

orpHUaTeJihH3H o6paTHaH CBH3h no TOKY OTKJIOHfllOlll.eH KaTyllIKH, JI.eJiaH 

ero HellyBCTBHTeJihHblM K H3MeHeHHIO conpOTHBJieHHH KaTylliKH 01(, 
KOJie6aHHHM nHTa10w.ero HanpH>KeHHH, H3MeHeHHIO 1{03<fxPHUHeHTa ycHJie

HHH MH1<pocxeMb1 DAI H TpaH3HCTopos VTJ-VT3. Ba>KHoe CBOHCTBO 

38MKHYTOH oopaTHOM CBH3H no peryJIHpyeMOH BeJIHllHHe - pe3KOe pac .. 

wHpett11e noJIOChI nponycKaHHH peryJIHTopa. ,UJIH ,naJibHeiiwero pacwH .. 

peHHH IlOJIOCbl nponycKaHHH JJ.O HeCKOJibKHX KHJiorepu npHl\IeHHIOT HH3KO

OMHble MaJIOBHTKOBbie OTKJIOHHIOI.I.1-He KaTyllIKH, BblCOKOe Ha np H>KeHHe 
0 

nHT3HHH BblXO,ll.HOfO 1<acKa.na H HCKJIIOqaIOT Me]J.HblH Jiyqenpoao.n H3 CH -

CTe.Mbl OTKJI OHeHH H. 

4.4. nporpaMMHOe ynpaaneHHe napaMeTp8MH pe>KMMB 
3neKrpoHHo-ny11eaoii caapKM 

Op11 OTKJIIOqeHHH TOKa nyqKa JI.JIH npeKpameHHH CBapKH B KOHUe lIIBa OCTa .. 

eTCH OOJiee HJIH MeHee rJiy6oKHH KpaTep, KJl3CCH¢HUHpyeMhIH K3K ,necpeKT 

llIBa. 4T06bl H30eiKaTb no)J,06HblX ,necpeKTOB npH 3aBepweHHH CBapKH' TOK 

nytIKa spyqtty10 nJiaBHO yMeHhWaIOT .no HYJIH. 0JJ.HaKo npH 3TOM noHBJIH

iOTCH .n.ecpeKThl B KOpHe llJBa, qTo qacTO T8K}l{e HeJJ.onycTHMO. 

fl pozpaAtMHOe us.AteHeHue moKa 11,ytLa u moKa ¢0Kycupy10U{et1 AUH3bt, 
BhlilOJIHHeMoe o,nHOBpeMeHHO B l<OHUe caapKH, no3BOJIHeT HCKJil01IHTb 3TH 

D.e<j}eKThl. nByXK3H3JibHOe ycTpOHCTBO, Il03BOJIHIOmee noJiyllaTh npOH3· 

BOJibHhlH 3aKOH H3MeHeHHH TOKa nyqKa H TOKa ¢oKycHpOBKH, npHBe]J.eHo 

Ha PHC. 4.17 (nporpaMMaTop BXOJI.HT B COCTaB annapaTypbI 3JIA 60). 
IlpHHUHn paooThI ycTpoiicTaa 3aKJIIolJaeTCH B cJie,ny10meM. CTporpaM

Ma H3MeHeHHH TOKa CBapKH H cpoKyc11pOBKH pa36HB3eTCH Ha 15 paBHbIX 

Bpel\1eHHbIX HHTepBa.noB ,nJIHTeJihHOCThIO 0,2-2 c Ka}K~hIH. I< ,neJ111TeJno 
3a.Aa10mero HanpH>KeHHH TOKa nytIKa (cp0Kyc11poe1<H) R1-R14 (Rl5-
-R28) no,n.KJUoqeHbl 16 aHaJIOfOBblX KJllOlleH (~10n-TpaH3HCTOpoB) 
V'FJ-VTJ6 (VTJ7-VT32), BbIBO,llbI KOTOphIX o6oe.nHHeHhI. Ka>K,nhIHKJIIOlJ 

no.u.coe,llHHeH K TOH HJIH HHOH TQqKe JI.eJIHTeJIH' l!TO HHAHUHpyeTCH nOJIQ .. 

~eHHeM nepeKJIIOqaTeJifl Xl-X16 (Xl7-X32) Ha Ha6opttoM noJie. Cxe~ia 
)' npaBJieHHH nocJie,noBaTeJibHO O)lHH 33 .npyrHM flO,l(KJil01JaeT KJIIQqH K JJ..e-
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PHC. 4.17. npHHl{HllHa .. 11bHaJI CXeMa ycTpOHCTB4:1 nporpaMMHOro H.JMCHeHHJI TOKa ny11a It 
TOKa cJ>oKyc11p08KH JVIR 8blBOJl8 KpaTepa 

JIHTeJIIO Hanp51}KeHHH, B pe3yJihTaTe qero Ha ee BhIXO,ne o6pa3yeTCH H3Me .. 

HHIOmeecH BO BpeMeHH CTyneHqaToe HanpH:>KeHHe, HCllOJlb3yeMoe B ,naJih .. 

Hei-irneM KaK 3a,na10mee ,nJIH pery JIHTOpa TOK a nyqKa (cpoKycHpOBKH). 

CxeMa 3anycKaeTCH saMhIKaHHeM BHernuero KOHTaKTa SJ. B pe3yJ1bTa1e 

nepeI\JIIOtJaeTCH TpHrrep DD 1, DD2, npHMeneHHUH .QJIH ycTpaHeHllH .npe-

6e3ra KOHTaI<TOB SJ. TpHrrep 3anycKaeT reHepaTop TaKTOBOH qacTOThI 

G (DD3). HMnyJihCbI renepaTopa nocTyna10T Ha cqeTIIHK CT (DD4), Ha 

BhlXO,ne KOTOporo cpopMHpyeTCH qeThlpexpa3pH,nHbIH KO,n, COOTBe'I'CTBylO

II{HM 1IHCJIY nocTynHBlllHX Hl\ilflYJibCOB. 3ToT KO.ll no,naeTCH Ha BXOJJ. ,neIJ.IH<l>

paTopa DC (DD5), Ha Bhixo,ne (o,nHOM H3 16) KOToporo nooqepe,nuo noHBJUl

eTc.H BbICOKOe HanpH:>KeHHe. 3To HanpH}l(eHHe BKJIIOllaeT COOTBeTCTBylO

IUHH J{JIIQq. nocJie 33MhIKaHHH 16-ro KJIIO'lla UHKJI paoOTbl npeKpamaeTCH. 

,UJIH IlOBTOpHOH paOOTbl Heooxo,nHMO pa30MKHYTh H CHOBa 33MKHYTb 

BHelJJ HHH KOHTaKT. 06a 1<a11aJia - KaHaJI 33}1.aHHH TOI<a nyqKa H KaHaJI 

3a,naHHH TOKa cpoKycHpOBKH - He3aBHCHMO nporpaMMHpyeMbl H CHHXpOH· 
u u 

HO ynpaBJIHIOTCH O)lHOH cxeMOH ynpaBJieHH.H. 

fl pozpa.11'l.1llHOe nepeAtew,eHue 3/leKmpOHHOZO llytfa HCIIOJib3yeTCH }lJiff 

BbinOJIHeHHH llIBOB co CJIOLKHhlM KOHTypol\tt He60JiblllOH npOTH}KeHHOCTH, 

HanpHMep, JJ:Jlfl 3JIC Kopnycoa 3JieKTpOMarHHTHhIX peJie, TpaH3HCTOpOB 

H T. n. npn OIIeHh OblCTpOM nepHo,n1-f1IeCKOM nepeMemeHHH 3JieKTpOHHOf0 

Jtyqa ero MO>KHO paccMaTpHBaTb KaK Heno,nBH}KHbIH HCTOtIHHK HarpeBa, 

HO c HOBhIM pe3yJihTHPYIOllUIM pacnpe,neJieHHeM nJIOTHOCTH MOillHOCTII 

B nonepeqHol\1 ce1.1eHHH. TaKHe Jiy1111 wHpOKo HCnOJih3YIOTCH npH 3JIC 
60Jibll1HX TOJIUJJIH JI.JIH yMeHbllJeHHH JJ.e<l>eKTOB lllBa, ,nJIH TepMoo6pa6oTKll 

u 

noBepXHOCTeH 3JieKTpOHHhlM nyqorv1 H T. n. 

I1epeMell{eHHe 3JieKTpOHHOfO Jiyqa Ha He60JibUJOe pacCTOHHHe no no

BepXHOCTH CBapHBaeMoro 113,!I.eJIHH HaHOOJiee y,l(OOHO BblnOJIHHTb npH 
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PHc. 4.18. «l>yHKl\HOHaJibHaH cxe Ma ycTpoifcTea 9J1eKTpor.taru1tTHoro nepeMeUlettHSJ 
9JICKTPOHHOro Jiyqa no OKpylKHOCTH 

9JieKTpOMafHHTHOM OTKJIOHeHHH 9JieKTpOHHOf0 Jiytia. c 3TOH UeJlhlO co
orBeTCTBYIOIUHM o6pa30M nporpaMMHpyeTC.H TOK OTKJIOHHIOIUHX KaTyllleK. 
Ha1160Jihlllee pacnpocTpaHeHHe noJiytIHJIH nporpaMMHhre ycTpoflcTsa Jl.JIH 

u 

nepeMellleHHH 9JieKTpOHHOfO Jiyqa no JIHHeHHblM H KpyrOBbIM TpaeKTO-

pHHM. 
,UnH nepeMemeHHH nyqa no Kpyry (3JIJIHncy) tiepes KaTyrnKH 3JieKTpo-

MarHHTHoro OTKJIOHeHHSI Jiyqa no ,nByM B3aHMHO nepneH,llHKYJIHpHbIM Ha
npaBJieHHHM x H y nponycKaeTCH CHHyco11.naJihHbif1 TOK. 113 aHaJIOfOBblX 
HH3KoqacTOTHbIX CHHyC-KOCHHYCHhIX reHepaTopoB HaHJIY'llllHMH xapaK
repHCTHK3MH oona,naIOT apm.ua10mHeCfl TpattccpopMaTopbI (pHc: 4.18). 
YcTpoflcTBO paooTaeT cJie,nyIOIUHM 06pasorv1. Ha BXOJI Mo,nyJIHTopa no.na
eTCH nOCTOSIHHOe Hanpsl>KeHHe, nponopuHOHaJihHOe KBa,npaTHOMY KOpHIO 

H3 ycKOpHIOIUero HanpH>KeHHH U v-= V {Jn 3JieKTpOHHO-JiylleBOH nyrnKH, 
6Jiaro}lapH tieMy ycTpaHHeTCH BJIHHHHe Un Ha ,nHaMeTp onHChIBaeMOH OK
pymHoCTH. B ooJihlllHHCTBe cnyqaea .llJIH npHOJIH.>«eHHOH peaJIH3aUHH 

u u 
3TOH 3aBHCHMOCTH McnoJib3YeTCH Kyco11HO-JIHHeHHaH annpoKCHM3UHH, 
nerKo peaJIHsyeMaH annapaTypHo: 

Uv~= U0 + kUn, 

r.ne U0- nocTO.HHHoe Hanp.H}KeH11e; k - Ko3¢cp11u11eHT nponopu11ottaJib
HocT11. 

OorpelllHOCTb annpOI<CHMaUHH COCT8BJIHeT ±0,4 % npH H3MeHeHHH 
YCKOpH10mero HanpH*eHHH Ha +20 % . Ha ,npyroif BXOJI. MOAYJIHTopa 
no.naeTCH nepeMeHHOe HanpH}KeHHe 400 ru OT reHepaTopa G. Ha BbIXo.ne 
MOJlYJIHTOpa noJiyqaeM nepeMeHHOe HanpH>KeHHe, BeJIHIIHHa KOToporo 
nponopuHoHaJibHa KOpHIO KBa,llpaTHOMY H3 ycKOpH10mero HanpH}J<eHHH. 
310 HanpH>KeHHe no_naeTCH Ha cTaTopHy10 o6MOTKY Bpama10merocsi TpaHc
cpoMaropa BT. C poTopHbIX o6MoTOK CHHMalOTCfl HanpHmeHHH: 

U" = kUcsin cp; 
U u = kV c cos cp, 

r,ne Uc - nepe~1eHttoe ttanpH.>KeHHe, npHJIO)KeHnoe 1< cTaTopHofi o6MoTKe; 
cp - yroJI noaopoTa poTopa; k - K03cpcpHUHeHT TpaHccpopMaUHH. 

Bb1npHMJieHHh1e .neMOJJ.YJIHTopal\in1 D.MX H JJ.M JI ttanpH1KeHHfl no
CTynruoT Ha axo,nb1 ycHJIHTeJieH TOKa OTKJIOHeHHH PTOX H PTOY. ,llHa~feTp 
°KPY>KHOCTH, onHCbIBaeMOH 3JieKTpOHHbIM Jiy1101\i1, peryJIHpyeTCH noTeH
UHoMeTpoM R.P. CKopoCTb nepeMeIUeHHH J1y11a peryJIHpyeTCH CKopocTblO 
BpaUJ.eHHH BT ,nB11raTeJie~1. 

135 



JlJIH BbICOKoqacTOTHhIX (f ~ I Kfu) pa3BeproK HCnOJih3YIOTCH 9.neK .. 
u 

rpoHHhie reHepaTophI CHHyc-KOCHHYCHhIX HanpHLKeHHH. 
CTpaKTHqecKH HeorpaHHqeHHhIH Ha6op TpaeKTopHH 11 ;uo6y10 TOIIHocrh 

9.neKTpOMarHHTHOfO nepeMemeHHH Jiyqa MO>KHO noJiyqHTb c nOMo~bl() 

UHcppOBbIX nporpaMMaTopoB, B qacTHOCTH, c HCTIOJib30B8HHeM HHTepnOJiij .. 

ropos [I]. 

4.5. AaT0MaTM11ecKoe ynpaaneHMe KalfeCTBOM caapHoro waa 

KoHelIHaH ueJih aBTOMaTHqecKoro peryJIHposaHHH npouecca 3J1C -
06ecneqeH11e 3a,naHHoro Ka11ecTBa caapHoro wsa. OnHcaHHhie B § 4.4 YCT

poiicrsa aBToMaTHtiecKoro peryJI11poBaHHH Henocpe.ncraeHHO He HcnoJih-
3y10T HHcpOpMaUHIO 0 KalleCTBe WBa. 0HH ycTpaHHIOT BJIHSIHHe Ha K31IeCT
BO HeKOTOphIX B03MyIUeHHff, HanpHMep, KOJie6aHHe IlHT3101Uero HanpH

iKeHHH, H3MeHeHHe napaMeTpOB ycTaHOBl<H BCJie)l.CTBHe HarpeBa, CT~peHIUI. 

Oo3TOMY ux MO:>KHO paccMaTp11aaTh JIHlllb KaK MeCTHhie KOHTYPhI 06pa1-
HOH CBH3H B oomeii pa30MKHYTOH CHCTeMe 3BTOM3THtieCKOrO ynpaBJieHHH 
KatieCTBOM llIBOB. )lJIH Toro qTOObl 33MKHYTh CHCTeMy no Ka1IeCTBY llJBa, 

ero Heo6xo,ZIJIMO npem,ne acero H3MepHTh so BpeMH csapKH. 

B HacToHmee apeM.H MO>KHO B HeK0Toph1x cJiy1:1aHX H3MepHTh ao speMH 

caapKH OJJJ1H H3 H3MOOJiee B3:>KHhIX napaMeTpOB, xapaKTepH3YIOlllHX Ka
lleCTBO rnsos, r Jiy6HHY nponJiaBJieHHH. HaH6oJiee npocro 9TO ocyw.ecr
BHTh npH CKB03HOM nponJiaBJieHHH. c ThIJibHOH CTOpOHhl CBapHBaeMoro 
H3,l(eJIHH 1 (pHC. 4.19) ycTaHaBJIHBaeTCH H30JIHpOBaHHbIH KO.nJieKTOp 3.neK

TpOHOB 2, coe,nHHHeMhIH c «3eMJieH» qepe3 H3MepHTeJihHhIH pe3HCTop R. 
DpH noJIHOM nponJiaBJieHHH cBapHBaeMoro 06pa3ua B HeM 06pa3yeTCH 

u u 

CKB03HOH napora30,nHH3MHqecKHH KaHaJI H qacTb 3JieKTpOHOB nytIKa no-

na,naeT Ha KOJIJieKTOp 2. 06pa3yIOI.IIieecH npH 3TOM naJI,eHHe HanpH:>KeHHH 
Ha pe3ucrop R ycHJIHBaeTcH 6n0Ko~1 cornacoBaHHH BC, cpaBHHBaeTCH 
c 3a]laHHbIM H HX pa3HOCTh no,ZJ.aeTCH Ha peryJIHTOp pr. CHrHaJI peryJUl

Topa B03,ZJ.eHCTByeT Ha 6JIOK peryJIHpOBaHHH KaKorO-JIH6o napaMeTpa pe

>KHMa csapKH, HanpttMep ycKOpHIOIUero HanpH:>KeHHH, CKOpOCTH CBapKH, 
HO HaH6oJiee qacTO - TOKa Jiyqa (EHC), KaK 3TO IlOKa3aHO Ha pHC. 4.19 
,nJIH rpHo,nHoii nyllIKH BJ/ fl. PeryJIHTop cra6HJIH3HpyeT aa.uaHHOe 3Ha11eHue 
CKB03Horo roKa I cKa, HBJIHIOIUerocH OJI.HMM H3 noKa3aTeJiefi npouecca 
3J1C {CM. pHC. 4.1), qTo rapaHTHpyeT 100 9b nponJiaBJieHHe npH 6oJib

IIIHHCTBe B03MymeHHH, ,neHCTBYIOIUHX Ha npouecc. 3a3op B CThIKe nepen 

I 
I 
I 

~ 

5HC ~-----

Pr 

. 
Puc. 4.19. Pery.11RTOp cKnOlHOro TOKa 
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cBapKOH JI.OJDKeH OhITh ,nocTaTot.IHO 

JI qro6hl 38l\1eTHO He BJIH HTh Ha 
M8 , u Jl 
cKB03HOM TOK. pyr11e napaMeTpbl 
J\aqecraa csapHoro lllBa (no}lpe3hI, 

Bh1cora aepxHero BaJIHKa, npos11ca-

6/IC ..._ __ _ 

/IPJI I 
f 

2 

Q 

PHC. 4.21. PeryJJHPOBaHHe ru11y6HHbl npo
n.1as.11eHH.H no pt'HTreHOBCKOMY H3.ny-

uie KOpHH llIBa H T. Jl.) peryJIHpy

~TCff no.n 60 pol\! 3~a qemt fi I cKn, a 
ra1<:}l{e uacTpOHKOH ,ZI.HHaMHlleCKHX 

xapaI<TepHCTHK . pery JlHTOpa B CJIY
qae ero .nocTaToqttoro OhICTpo.n.eiicT

BH5i. Oco6eHHO 9cf>cPeKTHBHO npHMe
tteane peryJIHTOpOB CKB03HOfO TOKa 

npH 3JIC }leTaJieH c nepeMeHHOH 
roJilllHHOH. B 3TOM cnyqae oTna.n.aeT Heo6xo.z1JIMOCTh B npeJ.I.BapHTeJibHOM 

Jl{eCTKOM nporpaM.MHpOBaHHH pemHMa CBapKH. 
DpH HenoJIHOM nponJiaBJieHHH rnyoHHY lllBa MO}l{HO peryn11poBaTb 

nyre.M CTa6HJIH3aUHH HHTeHCHBHOCTH cae11eHH5I napoB MeTaJIJia-CBH,ll.eTeJIH, 

npoBOJIOKa H3 KOToporo 33KJI3.ll,bIBaeTC51 Ha r Jiy6HHY 33JI.aHHOfO npo'.nJiaB

JieHHH. np11 JI.OCTH>KeHHH 3aJI.aHHOH r Jiy6HHbl nponJiaBJieHHH H3a!J. nposo
JIOlJI<a 2 (p11c. 4.20) pacnJiaBJIHeTcH. HaJJ. caapotIHo:H aaHHOH noHBJIHIOTCH 

ee na pbI 3. B cocraae npoaoJioqKH o6H 3aTeJlbHO ,noJimeH 6hITb XH MHtieCKHH 
u 

9JieMeHT, HMelOW.HH B cneI<Tpe H3JiyqeHHH JIHHHIO, KOTOpaH OTCYTCTByeT 

B cneKTpe napOB CBapHBaerv1oro Me'faJIJia 1. CneKTpoMeTp en 1'11 H3MepHeT 
u 

HHTeHCHBHOCTb 3TOH JIHHHH cneKTpa CBet.IeHHH HOHH3HpoBaHHbIX napoB 

3 Ha.II. csapoqHoH BaHnofi. CttrHaJI cneKTpoMeTpa noCJie cpaattenHH c 3a

,n.aHHhIM: / 3a1J. no.n.aeTCH Ha peryJIHTOp p I', KOTOpbIH nO)l.KJllO'-IeH K OJIOKy 

HanpHmeHHH CMemeHH5I EHC 3JieKTpOHHO-Jiyt.IeBOH nyrnKH BJ/ n. TaKHM 

o6pa30M, 3aMhIKaeTCfl OTpHUaTeJibHaH o6paTHaH CBH3h no caeqeHHIO napoB 

MeTaJIJia-CBH.Zl.eTeJIH, l!TO rapaHTHpyeT rJiy611Hy nponJiaBJieHHH, no Kpatt-
u u 

HeH ~fepe, He MeHblllYIO 3aJI.aHHOH. 

CTa6HJIH3aUHH rJiyoHHbI lllBa np11 HenoJIHOM nponJiaBJieHHH ~1o:meT 
o6ecnetIHB8TbCH TaK:>Ke aBTOMaTHlleCKHM peryJIHTOpOM c ,naT4HK0~1 JI.PH 
(pHc. 4.21), per11crp11py10IUHM peHTfeHOBCKOe H3JiyqeHHe 2 H3 KaHaJia 

nponJiaBJieH»H Ha 3aJI.aHHOH rJiy611He csapttsaeMoro o6pa3ua. CTpH OT

Hoc11TeJibHO Herny60KHX UIBax .naTIIHK pacnoJiaraeTCH TaK, KaK 3TO no

Ka3aHo Ha pHC. 4.21, a, a npH 3JIC60JibWHX TOJIIUHH - KaK H306pa:>KeHO· 

Ha pHc. 4.21,6. Bo acex cnyqaHx TOJilllHHa cTeHKH Me:>K,ny o6nacTbIO peHT

reHoBcKoro H3JiyqeHHH H .n.aTtIHKOM JlOJI:>KHa OhITh nopH,nKa HeCKOJibKHX 
MHJIJIHMeTpOB. 

TopM03Hoe peHTreHoBcKoe H3JiyqeHHe B03HHKaeT a MecTe B3aHMo,neif

craH51 BblCOK09HepreTHt.IeCKOfO 3JieKTpOHHOfO nyqa co CBapHBaeMhIM 

MeTaJIJIOl\f 1. Y3KOHanpaaJieHHhIH .naTlIHK peHTreHoscKoro H3JiyqeHH5I 

BH3HposaH Ha oonacTb 3all.aHHoii r .ny611Hb1 nponJiaBJieHHH. CTp11 noHBJie

HUH CHrHaJia llaTt.IHKa cxeMa aBTOMaT11qecKoro peryJIHpoBaHHfl OTKJllOt.IaeT 

Ha KOpOTKOe BpeMH 3JieKTpOHHhlH Jiyq JIHOO KpaTKOBpeMeHHO OTKJIOHHeT 

ero no HanpasneHHIO cBapKH Ha He6oJibIIIoe paccroHHHe. CTo,nooHbie pery
JIHTOpbI ueJiecoo6pa3HO npHMeHHTb .nJIH BhlCOKOBOJlbTHblX 9JleKTpOHHO
JiyqeBhIX ycTaHOBOK (Un ~ 100 KB), nocKOJibKY HHTeHCHBHOCTb H npo

HHKaIOlll.aH cnoco6HOCTb peHTfeHOBCKoro H3JiytieHMSI nponopUHOH3JlhHa 
SHeprHH 9JieKTpOHOB. 
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Puc. 4.22. PeryJUITOP TOKa cl>OKYCHPYIOutet1 JIHH3.bl no 'laCTOTe HOHHOrO TOKa H3 CBapO'IHOii 
BaHHbl 

,ll.JIH Toro qTo6bl aBTOMaTuqecKH perynHpoBaTb nJIOTHOCTb MOll.(HOCTH 

3JieKTpOHHOfO nyqKa Ha noBepXHOCTH caapHBaeMoro H3)leJIHH' a TaK)l{e 

H rny6HHbI nponJiaBJieHHH, HCllOJlb3YIOTCH CHfHaJihl HOHHoro TOKa H3 

CBapOQHOH BaHHbl. ,ll.JIH 3TOfO Ha cpe3e cpoKycHpy10me-OTKJIOHH10meii 

CHCTeMbl ycTaHaBJIHBaeTCH H30JIHpOB3HHhIH KOJIJieKTOp 2 (pHC. 4.22,a), 
u u 

coe,ZUIHHeMhIH c «3eMJieH» qepe3 nocJie,AoBaTeJihHO BKJIIOlleHHhie HCTOllHHK 

E oTpHUaTeJihHoro HanpH>KeHHH 100 B H H3MepHTeJihHhIH peaHcTop R. 
DpH B03JleHCTBHH 3JieKTpoHuoro Jiyqa Ha cBapHaaeMhIH MeTaJIJI 'J noHBJIH

IOTCH napbI, KOTOpbie qacTHqHo HOHH3Hpy10TCH BTOpHqHblMH 9JleKTpoHaMH 

H3 caapOIIHOH BaHHhl. 11oHhI, JJ.OCTHraH KOJIJieKTOpa 2' C03JI.alOT HecTau110-

HapHoe na,neHHe HanpH>KeHHH Ha pe3HCTope R. YcTaHoBJieHo, tITO ycpe.n

HeHHaH 3a HeCKOJlhKO ceKyHJJ. qacTOTa f HMilYJlbCOB 3TOfO HanpH>KeHHH 

CBH3aHa 3KCTp..eMaJibHOH 3aBHCHMOCThlO c TOKOM /cl> cp0Kycupy10meii JIHH-
... 

3bl H c y,neJibHOH MOIUHOCTblO 3JieKTpOHHOfO nytIKa B nHTHe Harpeaa 

(pHC. 4. 22 ,6). y CTpOHCTBO aBTOMaTHQeCKOfO pery JIHpoBaHHH CTa6HJIH3Hpyer 

3aJJ.aHHYIO 1IaCTOTY nyJibCaUHH HOHHOfO TOKa Ha BhI6paHHOM CKJIOHe pe

rynHpOBOllHOH xapaKTepHCTHKH. ,llJIH 3TOfO H3MepHeTCH llaCTOTa nyJib

cauHif H 3HaK npoH3BOJJ.HOH qacrOThl OT TOKa cpoKycHpy10w.eA JIHH3bl. 

y CTpOHCTBO Il03BOJIHeT aBTOMaTHQeCKH IlOMep>KHBaTb 3a,naHHYIO cpoKy

CHpOBKY 3JieKTpOHHOfO Jiyqa Ha noBepXHOCTh CBapHBaeMoro H3JJ.eJIHH B He .. 

KOTOpOM ,ll.Hana30He paCCTOHHHH OT nyIUKH JlO H3JJ.eJIHH. OapaMeTpbI CHf

HaJia HOHHOfO TOKa H3 caapoqHoH BaHHbl HaHOOJiee TeCHO KOppen11posa

Hbl c npoueccaMH, npoHCXOJJ.HI.IlHMH Jia noBepxHocTH caapHBaeMoro 

H3,neJIHH. no3TOMY C yMeHbllieHHeM TOJllflHHbl CBapHBaeMOfO MeTaJIJia 

Ha,ll.ell<:HOCTh peayJihTaTOB, noJiyqaeMbIX npH peryJIHpOBaHHH rny6HHbI npo-
Cj 

nJiaBJieHHH B03.L(eHCTBHeM Ha IlJIOTHOCTh MOJ..UHOCTH 3JieKTpOHHOfO nyqa, 

Bo3pacTaeT. 

' 

4.6. CMCTeMbl HaBeAeHMSI M aaTOMaTM'leCKOro HanpaaneHMR 
3ne1<rpoHHoro ny11a no ctblKY caapMaaeMblX KpOMOK 

J\'\aJihie 3HaqeHHH ,nHaMeTpa 3JieKTpoHHoro nyqa H mHpHHhl cBapttoro waa 

TpeoyIOT TOQHOfO COBMemeHHH 3JieKTpOHHOfO nyqa co CThIKOM caapHBaeMbIX 

KpOMOK. PytIHOe HaBe,neHHe Ha CTbIK npH HaOJIIOJJ.eHHH 3a MeCTOM CBapKH 

qepea HJIJIIOMHHaTop 3aTPY.l1-HeHo, a HHOrJJ.a H npocTo HeB03MO>KHO. B 3TOM 

CJiyqae B 3oHe csapKH pacnonaraIOT cneuHaJibHhie onTHlleCKHe HJIH TeJle

sn3HOHHhie ycrpoiicTBa [22]. HeKOTOphie 3JieKTpoHHo-JiyIIeBh1e ycTpoficrBa 
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l'HC. 4.23. CHCTCMa pyqHOrO 118BC)leHH.H 3JleKTPOHHOf0 a'lylla Ha CTWK CBapueaeMblX 
p.eTa.neil 

CHa6>KalOTCH BCTpOeHHbll\1H OilTHlJeCKHMH CHCTeMaMH, pacnoJIO}KeHHhIMJJ 

KOaKCHaJibHO c OCbJO nyrnKH. 

,LlJIH pyqttoro HJIH aaToMaTHlJecKoro Haae,neHHH 3JieKTpoHHoro Jiyqa 

Ha CTbIK CBapHBaeMblX KpOMOK npHMeHHIOTC.H Bee CHCTeMbl, pa3pa6oTaH

Hhie ,nJu1 JJ.yroBhIX rv1eTOJl.OB caapKH (cM. § 2.7). Brv1ecre c TeM C03JI.aHhI CH

creJ\.1hI CJie:>KeHHH cneuHaJibHO .D.JIH 3JIC, 06.,11a.na10mHe nOBbillleHHOH TOlJ

HOCTblO. B HHX JIJIH 30HllHpOBaHHH CThIKa HCilOJlb3yeTCH 3JieKTpOHHhifJ 
JiylJ. 

CTpH noMOIUH 3JieKTpONtarHHTHOH CHCTeMhI 3JieKTpOHHhIH Jiyq nepe

MemaercH nonepeK cBapHaaeMoro CThIKa. Ha Topue 3JieI<TpoHHo-Jiyqeaoti 

nylllKH noMemaeTCH cneuHaJihHbIH KOJIJiel\TOp, co6HpalOIUHH BTOpHllHhle 

3JieKTpOHbl, KOTOpbie o6pa3yIOTCfl npH B03.D.eHCTBHH CKaHHpyIOmero 

3JieKTpOHHOfO Jiyqa Ha IlOBepXHOCTb CBapHaaeMOfO H3lleJIHH. np11 nepe

cetieHHH JIYllOl\1 CThIKa 3JieKTpOHHbIH TOK Ha KOJIJieKTOp 38MeTHO na.naeT. 

KpHTepttfI TOtJHoro nona.naHHH Jiyqa Ha CThIK - MHHHMaJihHoe 3HalJeHHe 

TOKa B uenH Harpy3KH KOJIJI€1\Topa. 0TJIHtIHH pa3JIHlJHhIX CHCTeM Haae.ne

HHH H CJie>KeHHH .npyr OT npyra 3aKJIIOlJalOTCH B cnoco6e BbIJI.eJieHHH H3 

TOI<a KOJIJieKTopa HHcpopMaUHH 0 B3aHMHOM pacnoJIO}KeHHH 3JleKTpOH

Horo nyqa H cThIKa, a TaK}Ke B cnoco6e Bh1.neJieHHS1 noJie3Horo CHrHaJia 
Ha cpoHe noMex. 

LlJIH py'lHozo HaeeiJeHuR Ha cnzbtK a.AeKnzpoHHozo Ay'l.a nepen csapKoii 
ncnoJih3YIOT CHCTeMbl THna «PecpJieKTpOH», pa3pa6oTaHHhie cpHpMoii 

«CttaKH». CHCTeMa (pHc. 4.23,a) pa6oTaeT cne.nyIOIUHM o6pa30M. KaTywKa 

OKY aJieKTpoMarHHTHoro OTKJioHeHHH Jiyqa nHTaeTCH oT peryJIHTopa TOKa 
OTKJioHeHHH PTOY TOKOM / 0 T, H3MeHeHne seJIHllHHhI KOToporo BO apeMe

HH noKa3aHo Ha pHc. 4.23,6. HanpH>KeHHe, nponopuuoHaJibHoe 3ToMy 

ToKy, c pesHcTopa RS no.naercH Ha axon Y ropH30HTaJibHoro oTKJioHe

HHH KaT011.noro ocunJIJiocKona BJJO. HanpH>KeH11e c pe3HCTopa yTelJKll 
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R KOJIJieKTopa 2 no.naeTCH Ha Bxon BepTHI<aJlbHoro oTKJioHeHHH Z ocu.HJI .... 

JiocKona. OpH H3MeHeHHH TOKa f oT BO apeMeHH no 3aKoHy TpeyroJibHHKa 

(pHC. 4.23,6) 3JieKTpOHHbIH J1yq JIHHeHHO OTKJIOHHeTCH nonepeK CTbIKa 

a nyq ocuHJIJIOCKona - no ropH30HTaJIH. CTpH nepece11eHHH Jiy110~ 
CThIKa .neTaJleH Ha 9KpaHe OCUHJIJIOCKOna Ha6J110.naeTC.H KOJIOKOJioo6paa

HbIH HMnyJ1bC (p11c. 4.23, a-a). B nay3ax Mem.ny HMnynbcaMH TOKa / 
u u or 

9JleKTpOHHhIH nyq He OTKJIOHeH, H Heno)lBH>KHbIH JIYII Ha 9KpaHe OCI.J.HJI-

JIOCKOna BhICBeIIHaaeT HpKoe nHTHo. B3aHMHoe pacnoJ1o>KeHHe 3Toro nHt

Ha H MaKCHMyMa HMnyJihCa Ha 3KpaHe OCUHJIJlorpa~a xapaKTepHsyer 

IlOJIO:>KeHHe HeOTKJIOHeHHoro 9JleKTpOHHOfO J1yqa OTHOCHTeJlbHO CThIKa 

caapHBaeMbIX KpOMOK. CTpH TOtJHOM COBMemeHHH J1yqa co CThIKOM HpKoe 
u 

IlHTHO COBna.naeT c BepmHHOH HMilYJibCa BTOpH'1HblX 9JieKTpOHO:e -

pHC. 4 .23 ,Z. 

]lJIH aBmo.MamutteCK020 HanpaBAeHUR aAeKmpOHHOZO .11.yt.ta no CThIKy 

Heo6xo,nHMO noJiyIIaTb HH~Opl\.laUHIO 0 BeJIHIIHHe H 3HaKe OTKJIOHeHHH 

Jiy11a OTHOCHTeJihHO CTbIKa B BHJI.e 3JieI<TpH'1eCKOfO CHfHaJla. CHrHaJI pac

cor JiacoBaHHH BbI,neJIHIOT nyTeM npeo6pa30B3HHH TeM HJIH HHblM cnoco6oM 

B aHaJIOfOBbIH HJIH U.HcppoBOH 3JleKTpHqecKHH CHrHaJI, BpeMeHHhIX HHTep

BaJIOB Me>KJlY HMIIYJlbCaMH TOKa KOJIJieKTopa H TOKa OTKJIOHeHHH 3JieKTpOH

HOro J1y11a (46]. 3ToT CHrHaJI no.naeTCH Ha HCnOJIHHTeJihHbIH MeXaHH3M 

B3aHMHOfO nepeMemeHHH JiyIIa OTHOCHTeJibHO CTbIKa. npH 9TOM B03MO>KHbl 

nBa cnoco6a HcnoJib3oBaHHH cHrHaJioB paccorJ1acoaaHHH. Op11 nepBoM 

cnoco6e BhrnoJIH.HeTCH npe.naapHTeJihHhIH npoxo)l 6e3 cBapKH. CTbIK cKa-
u 

HHpyeTCH 9JleKTpOHHblM J1yqoM CB3p0'1HOH nyrnKH c oqeHh M3JlbIM TOKOM 

(0,5-5 MA). CHrHaJI paccorJ1acoBaHHH sanHChIBaeTcH B 3anoMHHa10meM 

ycTpOHCTBe. ElroT CHrHaJI HCil0Jlb3yeTCH )l.JIH KoppeKU.HH npenBapHTeJlbHO 
u u 

saHeceHHOH B 3anoMHHaIOmee ycTpoHCTBO nporpaMMhI B3aHMHoro nepeMe-

meHMH 3JieKTpOHHoro J1yqa H csapHBaeMoro H3,AeJIHH rrpH 3JIC CTbIKOB 

co CJIO)KHhIM np~HJleM. TaKHM o6pa3oM, caapKa Bh1noJIHHeTcfl 6e3 aBTO-
u 

MaTHtJeCKOfO CJie:>KeHHH - no npe)lBapHTeJlbHO CKoppeKTHpoBaHHOH npo-

rpaMMe HanpaBJieHHH Jiy11a no CThIKY. He,n.ocTaToK MeTo.na - HeB03MO>KHO 

CKOppeKTHpoBaTb OTKJIOHeHHH nyqa OT CTbIKa, IlOHBHBillHeCH y>Ke BO BpeMSl 
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CBapKH BCJie,ncTBHe Harpeaa H ,ll.e

cpopMaUHH H3JI.eJIHH. 
DpH HcnoJib30B3HHH BToporo cno

co6a CK3HHpOB3HHe CTbIKa BbIIlOJI-

.. 

OKY 

PHc. 4.24. Aeyxnywe11HaR cucTeMa aeToMaTH'le- Puc. 4.25. 0JJ.HOnywe111j8R cHCTeMa aaToMa-
cKoro c.,'lell(eHHR 3a CTblKOM caapeaaeMblX AeTaneA THllecKoro C..'leJKeHHJI 38 CTblKOM ceapHeaeMblX 

AeTaneA 

t40 



51eTCfI BO BpeMfl caapKH. ,LlJIH 3TOH ue.nn npHl\·feHHeTCH .nono.nHHTeJibHafl :a"1o\toruHaH 3JieKTpoHHo-.nyqesaH nyu1Ka JIH6o caapoqHaH nywKa. Jlo

~o.nttureJibHaH nyrnKa 3JI 172 (p11c. 4.24) 30HJJ.HpyeT CThIK anepe.n.H caapoq

ttoii aaHHbI Ha paccTOHHHH X3an· PaccTOHHHe BhI6ttpaeTCH H3 KOMnpoMHC

ca MelK.ZI.Y 3am11meHHOC~hIO OT n?Mex Ha H3MepHTeJibHhIH KoJI.neKTop KJI, 
co3Jl3BaeMhIX caapoqHOH B3HHOH' H .nonycrHMhlM TpaHcnopTHblM 3ana3-

JlbIB3HHeM CHCTeMbI CJie}KeHHH. 5JIOK PI'Y Bhlll.eJIHeT CHrHaJI OTKJIOHeHHH 

30H.nHpy10r.uero 9JieKTpOHHOfO Jiyqa OTHOCHTeJibHO CTbIKa H npeoopa3yeT 

ero s ynpaBJIHIOIUee HanpHmeHHe, noJJ.aBaeMoe Ha np11ao.n M nepeMelll.eHHH 

csap11saeMoro H3JJ.eJIHH nonepeK CThIKa. OpH 3JIC TOHI<HX neTaJieii H He-
u 

60.TiblllHX paccor JiacoBaHHHX ynpaBJIHIOllJ.HH CHrHaJI no.naeTCH Ha CHCTeMbl 

9neKTpo~iarHHTHoro OTKJioHeHHH OKY 1 caapolIHOH H 30HJJ.ttpy10meii OKY2 
nyWKH. CTpeHMyW.eCTBO CHCTeM aBTOMaTHtieCKOfO CJie.>KeHHH 3a CTbIKO!vI 

c JlOilOJIHHTeJibHOH 3JIO - B03MO}l<HOCTh pa6oTaTb c 60.nblliOH MOll{HOCTblO 

HenpepbIBHoro caapoqHoro 3JieKTpOHHoro Jiyqa. He.n.ocraToK - Heo6xo

AHMOCTb B J{OilOJIHHTeJibHOH 3Jln. 
B cuctneMax CAe31CeHUJl c oaHot1 nyULKOU aAeKmpOHHblU AY'i nepHOJJ.HqecKH 

Ha KOpOTI<Oe BpeMH BhIBOJJ.HTCH H3 30Hhl CBapKH J{JIH 30HJ{HpOB3HHH CTbI-

1{3 (pHC. 4.25). B OJ{HonyrneIJHOH CHCTeMe (B OTJIHqHe OT CHCTeMhl c 11.onoJI

HHTe.HhHOH nyIIJKOH) Jiyq OTKJIOHHeTC5l OJJ.HOBpeMeHHO no .U.BYM KOOp.ZI.H

HaTa~. B OCTaJibHOM CHCTeMhl, noKa3aHHbie Ha pHC. 4.24 H pHC. 4.25, 
npHHUHnHaJibHO He oTJIHqaioTCH. He.nocTaTKOM o.nHonymeqHhIX cncTeM 

CJiemeHHH HBJIHeTCH orpaHHlJeHHaH MaKCHMaJibHaH MOIIl.HOCTb caapotn-Ioro 

Jiyqa - peaJ1hHO He 6oJiee 5 KBT. llnH pa60TbI c 60.nee MOll{Hhil\·fH Jiyt1aMH 

ceapoqHhie ycraHoBKH Heooxo.nttMo KoMnJieKToBaTb 6h1cTpoJJ.ef1cTay10r.uHMH 

CHCTeMaMH peryJIHpoaaHHH TOKa Jiyqa H TOKa cpoKycHpOBKH. 

flpeHMymecTBO acex CHCTeM CJie:>KeHHH c BTOpHqHo 3MHCCHOHHhI~1H 
.naTqHKa~·fH- HX OTHOCHTeJibHaH npOCTOTa H BhICOKaH TOqHOCTb CJie>KeHHH 

sa CTbIKOM. 

Ha npaKTHKe npH 3.nC npHMeHHIOTCfl TaK)J{e Te.neBH3HOHHbie cttcTeMbI 

3BT0'13THtteCKOfO CJie)KeHHH 3a CThIKOM [ 44]. 0HH BhinOJIHHIOT CJie.ny10rutte 

<PYHKUHII: aBTOMaTHqecKoe o6HapymeHHe CThIKa; aBTOMaTHqecKaH KOppeK .. 
u 

UHH no .. JIO)KeHHH caapotIHOH BaHHhl OTHOCHTeJibHO CTbIKa B npouecce CBap-

KH; Be,ZI.eHHe CBapoqHOH BaHHhl napaJIJieJibHO CTbIKY HJIH JIIOOOH KpOMKe 

H3JlMHH; ~HCTaHUHOHHaH BH3yaJibHafl oueHKa KaqecTBa CBapHoro rnaa 

6e3 H3'bHTHH H3JJ.eJIHH H3 B3KYYMHOH KaMephI; JJ.HCTaHUHOHHOe H3MepeHHe 

pa3MepoB CBapotIHQH aaHHhl, CThIKa, lllBa H pa3JHJqHblX JJ.pyrHX JJ.eTaJlett 

npouecca nepe'A caapKoli, B npouecce H nocJie caapKH. 
TeJieBH3HOHHaH CHCTeMa ooecneqHaaeT norpewuocrh aBToMaTHqecKoii 

YCTaHOBKH, caapoqHoH BaHHhl Ha CThIK H KoppeKUHIO caapottHOH B3HHhl 

OTHOCllTeJibHO CThIKa He 6oJiee 0,5 MM npH mepoxoBaTOCTH noaepXHOCTH 

3aroToaoK 11 KpoMoK Ra== 32 MKM. ,UonycTHl\·faH cKopocTb nonepeqHoro 

YXOJJ.a CThIKa He oonee I MM/ c. 

TexHnqecKH TeJieBH3HOHHhie c11creMhI cne}KeHHH .noao.nbHO CJIO)KHhie, 

qTO 06'b.HCHHeTCH CJIO)KHOCTbIO oopaOOTKH TeJieBH3HOHHOro CHrHa.na H MHC>

roo6pa3HeM BhinOJIHHeMblX HMH cpyHKUHH. 3TH CHCTeMbl npHMeHHIOTCH 

npH 3JIC MaJihlX TOJIIUHH JJ.JIH H3J{eJIHH OTBeTCTBeHHOro H33HalleHHH. 
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A.1. npMMeHeHHe 3BM An• ynpaaneHMSI npouecCOM 
3neHTpOHHo-ny11eaoM caapKM 

B CBH3H c HHTeHCHBHbIM pa3BHTHeM MHKponpoueccopHOH TeXHllKH JlO

K3JlbHbie aHaJioroBbie peryJIHTopbI, pacc:MoTpeHHbie s § 4.2 - 4.6, aa
MeHHIOTCH uucppOBblMH. y crpoHCTBa nporpaMMHOro ynpaBJieHHH KaK OT
AMbHblMH napaMeTpaMH 3JIC, TaK H Bce:H ycraHOBKOH H ueHTpaJUf3Q

BaHHOro KOHTpOJIH ee paOOTbl y>Ke B Hacrosnuee BpeMH BbIIlOJIHHIOTCSJ 
UHcppoBhIMH, qacTO Ha OCHOBe 381\\ (cM., HanpHMep, OJIOK EJ!H Ha 
pHC. 4.3). 

OcHoBHhie npeHMymecTBa asT0MaT1-Jt1ecKHX cHcTeM ynpaBJieHHH 3JIC 
Ha 6a3e 3BM no cpaBHeHHIO c pyqHbIM ynpaBJieHHeM H npHMeHeHHe~t JIO-

u 

K3JlbHbIX aHaJIOfOBbIX ycTpOHCTB ynpas.neHHH: 
I. noBbillleHHe ToqHOCTH 3a,l{aHHH H noBTOpHeMOCTH pe>KHMOB CBapKH 

BGJiellCTBHe UHcppoBOH ¢opMbl 3a,naHHH pe)KHl\108 H KOOpllHHaT CBapHoro 

WBa. 
2. Bo3~10>KHOCTh nporpaMMHoro ynpasneiiHH npoueccoM: nycK, ocTa

HOBKa, nporpaMMHOe H3l\1eHeHHe pe>KHMa BO BpeMH CBapKH H T. n. 
3. JierKOCTb nepecTpOHKH pe)KHMOB H nporpaMM paoOThl, KOTOpaH 

CBOJ.(HTCH K npOCTOMY BbIOopy COOTBeTCTBy10mero HOMepa nporpaMMbl H3 
6HOJIHOTeKH nporpaMM, 3anHC3HHbIX B naMHTH MallJHHbl. 

4. ~eHTpaJIH30B3HHbIH UHcpposoii KOHTpOJib TeXHOJIOfHtieCKHX napa
MeTpOB, ooecneqHB3IOIUHH nepexon. OT npHMeHeHMff MHoroqHCJieHHblX na

paJIJieJibHO pa60T3IOIUHX aHaJIOfOBbIX noKa3bIBalOIUHX npH6opoB K orpa
tU·fqeHHOMY liHCJIY UHcppOBhIX HHJJ,HKaTopoB H ycrpoHCTB CHrHaJIH3aUHH 

u 

OTKJIOHeHHH napaMeTpOB OT HOpMbI. 
5. KoHTpOJib COCTOHHHH ooopy .l{OBaHHH H nporH03HpoBaHHe Ha).le)f{HOCTM 

ero paOOThl. 3TH Jl,3HHble no3BOJIHIOT H30e>KaTb H3JIHllIHe qaCThIX npocpH
JI3KTHtieCKHX ocMorpos o6opy.nosaHHH H 3aMeHbI eme pa6oTocnoco6HbIX 
l\3TOJJ.OB 3JieKTpOHHO-Jiy11eBbIX nyrneK, a TaK>Ke yMeHblllHTb sepoHTHOCTb 
OTl{330B o6opy.noaaHHH BO BpeMH CBapKH, l.J:TO Mor.no Ohl npHBeCTH K HeHC

npaBHMOMY opaKy H3JJ.eJIHH. 
6. AnarrrHBHoe ynpaBJieHHe c paclleToM KoppeKUHH ycTaBoK pe>KHMa 

CBapKH llJIH KoMneHcaUHH H3HOCa o6opy.noBaHHff (H3MeHeHHe 3MHTTHpy
IOllleH cnocooHocTH KaTo.na, H3MeHeHHe reoMeTpHH onTHKH nyrnKn noCJie 
ee nepeoopKH HJIH 3aMeHhl KaTO,lla H T. n.), H3MeHeHHff HanpH>KeHHfl 

CeTH, BaKyyMa, TeMnepaTypw CBapHBaeMoro H3.neJIHH M T. n. 
7. Pac11er TeXHHK0-9KOHOMHqecKHX noKa3aTe.neii npouecca 11 aBTO-

v v u 
M3THlleCKHH BbinycK TeXHOJIOfHqecKOH JlOKyMeHT3UHM Ha BbinO .. TIHHe~1blH 

v 
CBapHOH llJOB. 

8. OnTHMHsauHH npouecca 3JlC no Ka11ecrsy caapHoro coen.11neHHfl 

H npOH3BOJJ.HTeJibHOCTH npouecca. 
9. AsToMaTHtieCKHH BBo.n .naHHhIX o npouecce B 3BM 6onee BhICOKoro 

paHra (uexosb1e, oome3aBollCKHe). 
CTpyKTypHaH cxeMa cHcTeMhI ynpaaneHHH csapoqHoH 3JieKTpoHHO

nyqesoii ycraHOBKOii c npHMeHeHHe~I MHKpo3BM npHBeJJ.eHa Ha pnc. 
4. 26. CucreMa ynpaBJieHHH cooTBeTCTByeT onoKy 5Jll1 (cM. pHc. 4.3). 
i\\nKpo3BM B )laHHOH CHCTeMe pa6oTaeT B pe>KHMe cynepBH30pHoro ynpaB
JieHHfl napaMeTpalftH pe>KHMa csapKH, T. e. sa.naeT ycTaBI<H, a JIOKaJibHhie 
aHaJIOfOBhle peryJIHTOpbI cra6HJIH3HPYIOT 9TH napaMeTpbl. IloMHMO 3TOf0 
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Pnc. 4.26. CTpyKTypHa>1 cxcMa CHCTeMbl ynpaeJICHHH SJieKTPOHHO-JiyqeaoA ceapoquoit ye Ta-
HOBh.1-1 c npHMeHeHHeM MHKpo38M 

3B1\1\ ocymecTBJIHeT npHMOe UHcppoBoe ynpaB.neHHe HCilOJIHHTeJlbllbIMH 
u 

MeXaHH3MaMH 3JieKTpOHHO-JiyqeBOH ycraHOBKH. 
c H c Te Ma y n pa B JI e H H H BKJIIOtiaeT B ce6H MUKpo3BM, 

nyAbm onepamopa-mexHoAoza, ycmpoticmeo onio6paxeHuR 6yKBeHHo-11ul/J
poeou uHl/JopMat{uu (aucnJZetl), ne'lamwoLJ¥e ycmpoucmeo u ycmpoucmeo 
CBR3U c o6'0eKmoM (J!CO). B CHCTeMe npHMeHeHa AtUKpo8BM «3AeKmpo
ftUKa-60», xopowo npucnoco6JieHH3H .llJIH HCilOJib30BaHHH B aBTOMaTHIIe
CKHX KO~lnJieKcax ynpaa.neHHH MaJIOH H cpe_nHeH CJIO.>KHOCTH. 0Ha HMeeT 
MaJible ra6apHTbl (520 x 380 x 100 MM BMeCTe c HCTO'IHHKOl\il IlHTaHHH) 
npH BhICOKOH npOH3BO)lHTeJibHOCTH (~250 TbIC. onepaUHH B ceKyH.ny). 

n YAbm onepamopa npe.n.cTaBJIHeT co6oi1 naHeJib c Ha6opoM KJiaBHIIl 
H nepeKJIIOIIaTeJieH. OH no3BOJIHeT apy11tty10 BBeCTH B UHcppoBoM BH.n.e 3Ha
lleHue ycTaBoK napaMerpoa pe}KHMa, Koop,nHHaTbI caapHaaeMoro CThIKa, 
onepaTHBHO npoaepHTb H H3MeHHTb nporpaMMY pa60Thl 3BM, ocymecT
BHTb nycT< c JII06oro yqacTKa nporpal\ilMbl, OCTaHOB H T. n. 

OnepaTHBHaH HHcpopMaUHH o npouecce, BeJIHqHHhl HaH6oJiee Ba>KHhIX 
TeKYIIJ.HX napaMeTpoB pe}KHMa CBapKH OT06pa>KaIOTCH Ha 3HaKOBO-t1UQJp0-
80At aucnAee. CTo I<OMaH.naM C DYJibTa Ha ,llHCilJieH MO}KHO BBeCTH HHcpop
M3lJ.HIO 0 JII06bIX .n.pyrH x napaMerpax ycTaHOBKH H.nH co.nep.>KaHHe JII0-
6oro yIJaCTKa naMHTH 3BM npH npoBepKe H onepaTHBHOH KoppeKTHpOB
Ke nporpaMM pa60TbI CHCTeMbl. 

11HcpopMaUHH 0 npouecce CBapKH perHCTpHpyeTCH c nOMOlllblO netta
mwoll{ezo ycmpoiicmea. DetiaTaercH npOToI<oJI npouecca cBapKH: .naTa 11 

BpeMH CBapKH, HOMep H THn H3.ll.eJIHH, cpaMHJIHH onepaTopa, napaMeTpbl 
pemnMa CBapKH, OTKJIOHeHHH OT HOpMaJibHOro xo.na TeXHOJIOrHtieCKOfO 
npouecca H T. n. 

Y cmpoiicnzeo CBR3U c o6?JeKmo-At npe).lHa3uaqeHo .l{JIH naycropouuero 
06MeHa HHcpopMauneii MeLK.ny CBapo1IHOH ycraHOBKOH H MHKpo3B1'·\. 
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UHcppoBaH 9BM - ycrpoiicrBo llHCKpeT11oro lleHCTBHH, KoTopoe onep 11~ 
pyeT c ABOHllHblMH nepeMeHHhlMH, HMelOlllHMH OD.HO H3 D.BYX 3HalJeHHii --
0 HJIH 1. J1106aH HHcpopMaU.HH B 3BM npe.ncTaBJieHa B BHAe MHoropa3pH_Q ... 
Horo JI.BOHtIHoro KOJJ.a. YnpaBJIHIOIUHe H KOHTponHpyeMhie nepeMeHHbie 
B cBapoqHoH ycraHOBKe MoryT 6hITh aHgJioroBhIMH, u11cppoBhIMH, liacToT
HhIMH H T. n. YCO ocymecTBJIHeT npeot5pa30Batt11e aHanoroaofl H JIJICKpe1_ 
Hoii HHcpopl\1auH11, nocTyna10mei1 co csapo11Hoi1 ycraHoBKH, B JI.BOHlJHbie 
KOJI.hl, no KOl\13HJI.aM 3BM BbI6HpaeT HY}KHhlH KOJI. H BBOJJ.HT ero B 3Bi\t 
KpoMe Toro, JICO npHHHMaeT H3 3BM ynpaBJIHIOlllHe KOllhI, 3ano~UIHae1 
nx, npeo6pa3yer B 3JieKTpHqecKHe cHrHaJihI, np11ro.n.Hh1e .nnH ynpanJie-

u u 

HHH caapoqHOH ycTaHoBKOH, H nonaeT Ha HY>KHhie HcnoJIHHTe.TihHbie YCT-
., 

pOHCTBa. 
B CHCTeMe, noKa3aHHOH Ha pHC. 4.26, HCnOJih3YIOTCH TOJibKO aHaJio

rOBhie H .n.11cKpeTHbie cHrHaJibI. Ha aHaJioroBhIX Bhixo.nax JICO cpopMHpy
IOTCH ynpaBJIHIOIUHe HanpH.>KeHHH 0-10 B, HcnoJih3yeMhie B KaqecTBe 
ycTaBoK JioKaJihHhIX peryJIHTopoB napaMeTpoa 3J1C. B Ka)l{JI.OM H3 aHa
noroBhIX BhlXO)lHhIX KaHaJIOB co.nep.IKHTCH perHcrp, B KOTOpOM aanOMHHa
EOTCH nocTynaIOIUHe H3 3BM ynpaBJIHIOIUHe KOD.hl. np11 nOMOIUH UHcppo
aHaJioroBhIX npeo6pa3oBaTeneii 3TH KO)lbI npeo6pa3yIOTCH B nponop
iu10HaJibHOe HJIH aHaJiorosoe HanpH:>KeHHe. )lHCKpeTHOCTb H3MeHeHHH 

u 

BbIXOJI.HbIX aHaJIOfOBhlX HanpH>KeHHH onpeineJIHeTCf.I pa3pH.UHOCTblO COOTBeT-
CTBYIOllIJIX .nsoHllHhIX Kainoa. HanpHMep, ,llJIH BOChMHpa3pHJI.HhIX nso11q
HhIX Ko.nos (8 OHT) nony11aeM 256 rpanauHii Bhixo.nHoro HanpHJKeHHH. 

Ilpn TIOMOW.H BblXOD.HbIX aHaAOZOBbtX CU2HQA08 CHCTeMa ynpaBJieHHH 
06ecnetn1aaeT 3a.n.aHHe H nporpaMMHoe H3MeHeH11e cneJJ.yIOIUHX napaMeT
poB : I n.s - TOK nyt1Ka; 8 OHT (6./ n.s= 4 MA npH MaKCHM3JibHOM TOI{e 
1024 MA); lo.s- TOK 6oMoapnHpoBKH; 5 6HT (6/o.s= 4 MA npH MaKCH
IVIaJibHOM TOKe 128 MA); I cJ>.3-TOK cpoKycHpoBKH; 12 6HT (~/ 4>.s = 0,5 MA 

. npH 1'\i3KCHM3JlbHOM TOKe 1024 MA); loTx3 - TOK OTKJIOHeHHH no KO
opJJ.HHaTe x; 8 OHT; I oTy3 - TOK OTKJIOHeHHH no y; 8 OHT; Axa - arvrn.nH
Ty.z:ta TOKa nep110.u.HqecKoro OTKJIOHeHHH no Koop.nHHaTe x; 4 OHT; Ax3- aM
nJiHTy.n.a TOKa nepHO)J.HqecKoro OTKJIOHeHHH no KOOpllHHaTe y; 4 OHT. 

KoHTpOJIHpyeMhie aHanoroBhie napaMeTpbI 3JIC ycTaHoBKH nocTy
naIOT Ha aHaJiorOBbie BXOJlhI YCO, rn.e OHH cpHJihTpy10TcH H HopMHPYIOTCH 
(npHBO.llHTCH K ,nHana3oHy H3MeHeHHH 0-5 B) D.JIH cornacoaaHHH c napa
MeTpaMH aHaJIOrO-UHcllpoBoro npeo6pa30BaTeJIH (AUCT). DocJie HOpMHpO
BaHHH BXO)lHble CHrHaJibl no KOMaH.naM 3BM npH noMOIUH aHaJioroaoro 
KoMMyTaTopa no 011epe.n11 nonKn10qa10TcH Ko Bxony AUn. Bb1xo11Holi 
JlB011qHhIH Kon AUn, nponopu110HaJibHhIH sxonaoMy aHaJiorosoMy HanpH
>KeHHIO, nocTynaeT .ll.Jl51 11.3JibHeHmeii oopaoO'fKH B 3BM. CocTaB l{OHTpO
JIHpyeMhIX aHa.norOBhIX napaMeTpOB noKa3aH Ha pHC. 4.26. 

MHorHe 11cnoJIHHTeJibHb1e ycTpoflcTBa ycraHoBKH .nnH 3JIC Tpe6y10T 
llBYX n03HUHOHHOfO pery JIHpOBaHHH: «OOJlbllle-1\teHbWe»' «BKJIIOqeHO
BbIKJIIOlICHO» H T. n. llJIH 3THX ycTpOHCTB HeOOXOllHMhl .llHCKpeTHble CHf
HaJibI ynpaBJieHHH. KaHaJI 11.HCKpeTHhlX Bblxo.nos JICO co.nep}KHT 
perHCTphI, B KOTOphIX 3anoMHHaeTCH nocryna10ruaH H3 3BM HH<t>op
MaUHH AByxno3HUHOHHoro ynpaBJieHHH. CHCTeMa ynpaBJieHHH cpop'1H
pyer CJie)ly10m11e ynpaBJIHJOW.He JlHCKpeTHhie CHrHa.nhI (pHC. 4 .26): 
BKJIIOIJeHHe TOKa OOMoap.n.HpOBKH (BK.n/ 6); Bl{JIIOlleHHe ycKOpHIOIUero Ha
npH>KeHHH (BKJIU JJ); BKJIIOlleHHe reHepaTopa nepHO)JJIQeCKOH pa3aepTI{H 
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9JieKTpOHHOfO nyqKa (f xv); BhI6op THna pa3BepTKH nepHOJ.I.lfLJeCKOfO nepe· 

leuieHHS13JieKTpOHHoro nyt.IKa (THn pa3BepTKH). THn pa3sepTKH 3a,n.aeTc5J 
~ u 

qeTblpexpa3pH,U.HbIM KO,U.OM, T. e. JI.JIH 3T~X uene11 HCnOJib3yeTCH qeTbipe 

JlHCKpeTHbIX BbIXO,ll.a. 4eTbipexpa3pH,U.HhlH KOJI. no~BOJIHeT 3a,naTb O,l(HH H3 

16 THCTOB pa3BepToK; mar nepeMeru.eHHH no OJI.HOH H3 KOOp.UHHaT Bnepen 

nn6o Ha3aJl (~x, -~x; ~y,- 11y; 11z, - '1z). 
y npaBJIHIOll.{He .ZU1CKpeTHhie CHfHaJihI no,naIOTCH Ha COOTBeTCTBYIOI.I]J1e 

ucnoJIHHTeJibHbie ycTpOHCTBa: peryJIHTOp TOKa 6oM6ap.nwpoBKH, HCToqHHK 

yc1<opsnoruero ttanpHLKeHHH, reHepaTop nepHo,n11qecKoro oTKJIOHeHHH 

3JJeI<rpoHHoro nyqa, 6.noKH ynpaaJieHHH waroBhIMH ~BHraTe.JIHMH nepe

MemeHHH H3.Ue.nHH (3JieKTpOHHO-JIY1leBOH nyruKH) no KOOpJI.HHaTaM X, 

y, z. 
JlHCKJ1eTHbie CHfH3Jlhl ,llaTqHJ{OB CBap01IHOH 3JleI<TpOHHO-Jiyqeaoii ycra-

HOBl<H nocryna10T B Kanan JJ.HCKpeTHhIX sxo.noB YCO. ,UncKpeTHhie .nar

qHKH cpopMHPYIOT CHrHaJlbl, HMeIOmne ,ll.Ba ypOBHH - 0 HJIH 1. ,ll.TIH KOHTaK

TOB peJie, KOHUeBhIX BblKJllOlJaTeJieH H T. n. 3TO 3aMbIK3HHe (I) HJIH pa3l\1bl

l{aHHe (0). ,[lJIH ,naTt.IHKOB c 3.TieKTpHt.IecKHM BbIXOJJ.Ol\·t - BhICOKHH (I) 
HJIH HH3KHH (0) ypoBeHh BhlXO,llHOfO HanpHmeHHH. B CHCTewre ynpaBJleHHH,. 

noKa3aHHOH Ha pHC. 4 .26' aHaJIH3HpyIOTCH CJie,nyIOIIJJie JI.HCKpeTHbie CHr-
u 

H3Jlbl: HanpaBJieHHe OTl{JIOHeHHH 3JieKTpOHHOfO nyqa OT JIHHHH CThIKa 

CBapHBaeMbIX .n.eTa.nei1 +.Sy, CHrHa.n 30HJlHpoBaHHH CBapHBaeMoro CTbIKat 
u 

COCTOHHHe KOHTaKTOB KOHUeBbIX BhIKJIIOqaTeJiett npeneJibHOfO nepeMeme-

HHH 113.UeJIHH Xmax, Xrnin, Yrnax, Ymin, Zmax 11 Zmin· 

<l>yHK Ll_HOHHpOBaHHe CHCTeMbl ynpaeJieHHH. Ilepe.n HaqaJIOM pa60Tbl 

CHCTeMa ynpaBJleHHH (pHc. 4.26) ocym.ecTBJIHeT aBTOM3THt.IeCKHH caMO

KOHTpOJih, npoaepRfl no TecToBoti nporpaMMe HcnpaBHOCTh YCO, 9BM. 
ueneH ynpaBJieHHH H KOHTpOJIH. 3aTeM aBTOMaTHt.IeCK~ KOHTpOJIHpyeTCH 

HcnpaBHOCTb CBapollHOrO ooopy,noBaHHH: UeJIOCTb HHTH HaKaJia 3JieKTpOH

HO-Jiyt.IeBOH nywKH, HCnpaBHOCTb 6JIOKa OOM6ap.nHpOBKH KaTo~a, 3MHC

CHOHHaH cnoco6HOCTb K8T0113, HcnpaBHOCTb ¢0Kyc11pOBKH H OTKJIOHeHHH 
aneKTpOHHoro Jiy1Ia. 

Tot.IHoe coBMem.eHHe 3JieI<TpoHHoro Jiyqa co caap11aaeMh1M CThIKOM -

OD.Ha H3 npoo.neM 9JIC. npH CBapKe no TeXHOJIOfHqecKHM npHXBaTKaM 

H npH KOCMeT.HlleCKOH o6paooTKe paccpoKyc11poBaHHhIM 3JieKTpOHHhIM nyq

KOM .n.nH OTIJiaBJieHHH H crJia>KHBaHHH noaepXHOCTH caapHoro lllBa HeB03-

MO}KHO npHMeHeHHe ycTpOHCTB HanpaBJieHHH 3JieKTpOHHoro Jiyqa no 

CThIKy, on11caHHbIX a § 4.6. B 3TOM cnyqae np11MeHH10T nporpaMMHoe ne

peMeIIJ.eHHe 3JieKTpoHHoro Jiyqa no noaepxHOCTH caapHaaeMoro H311.eJIHH. 

CHcTeMa ynpaBJieHHH coBMeCTHO c .naTt.IHKOM noJio>KeHHH 3JleKTpoHHoro 

ny11a OTHOCHTeJibHO csapHBaeMoro CThIKa n03BOJIHeT aBTOMaTHqecKH cpop

MH~OB8Tb nporpaMMY. ,llJIH 3TOfO BblllOJIHHeTCH npe.nsapHTeJihHbIH ooyqaIO

llJJfH npoxon caapHaaeMoro CThIKa npu MaJioM ToKe Jiyqa (1-2 MA) a pe

>KHMe aaToMaTHt.IecKoro c.ne>KeHHSI sa CThIKOM. C11creMa aBToMaTHqecKH, 

1Iepe3 paaHbie HHTepBaJihI no ,nJIHHe msa onpe.neJIHeT TeKyIUHe Koop,n;HHaThI 

CThIKa. '4T06h1He3anoMHHaTh qpe3Mepuo OOJibIIIoe KOJIHt.IecTBo Koop.nHIIaT, 

Beeb CTbIK aBTOMaTHlJeCKH pa36HBaeTCH Ha KycotIHO-JIHHeMHble yqacTKH, 

annpoKCHMHPYIOlllHe c sa.n.aHHOH TOlIHOCTblO KpHBOJIHHeHHhIH CThIK. JlJIH 
Ka}Kl(oro yqacTKa .D.OCTaTOlJHO 3aHeCTH B naMHTb 3BM KOOp.IlHHaTy JIHllih 
l\OHita yqaCTKa (y3JIOBOH TOl.JKH). 
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B Jl8JibHeifrneM a npouecce caapKH no Koop.n.HHaTaM ys.rroBhIX TOtie1< 
3B/V\ no,ncqHTbIBaeT KOOpJI.HH3Thl Bcex npoMe>KyTOllHbIX ToqeK np11 IlOMo
llU1 JIHHeHHOH HHTepnonHUHH. fl pH caapKe KpHBOJIHHeHHblX llIBOB CMCTel\fa 
ynpaaJieHHH aBTOMaTHtiecKH o6ecnettHBaeT nocroHHHYIO KOHTYPHYIO CKo
poCTb CBapKH~ COOTBeTCTBYIOIUHM o6pa30M KoppeKTHPYH CKOpOCTb nepe
MemeHHH no KOOpJJ.HHaTaM x H y. 

CpaBHHTeJihHO 6oJiblllOH o6neM onepaTHBHOH naMHTH 3Bi\\ no3BOJIHer 
sa.n.aBaTh nporpaMMY H3MeHeHHH napaMeTpOB pe)KHMa caapKH npaKTH
qecKH JIIOOOH CJIO>KHOCTH. 0.nHoapeMeHHO ocyrueCTBJIHeTCfl .n.onycKOBbJH 
KOHTpOJib scex napaMerpoB TeXHOJIOfHqecKoro peJKHMa CBapKH. 

Pe>KHM paooThI cHcTeMhI ynpaBJieHHH (06yqa10ruHff npoxo.n, BbtnoJIHe
HHe TeXHOJIOfHIIeCKHX npHXBaTCIK, KOCMeTHIIeCKHH npoxo.n.) 3a)laeTCH one
paTopoM c nyJibTa ynpaBJieHHH Ha6opoM HOMepa COOTBeTCTBYIOIUeH npo
rpal'rlMbl. 

Ha pHc. 4.26 npHBe,neHa npocTe:HlllaH cHcTeMa aaToMaTHqecKoro yn
paaJieHHH 9JieKTpOHHO-JiyqeBOH CBapoIIHOH ycTaHOBKOH. 3Ta CHCTeMa co
i:r_ep>KHT MHHHMYM o6opy.noaaHHH H xoporno npHcnocooJieHa .l(JIH npoH3-
BOJiiCTBeHHhIX ycJIOBHH. EcJIH ,noKyMeHTHpoBaTh He HymHo, To MO}f{Ho 
HCKJIIOtlHTb H neqaTa10mee ycrpoHCTBO. nporpaMMhI pa60Tbl 3anHCbIBalOTCH 
B IlOCTOHHHOe 33IlOMHHa10mee ycTpOHCTBO CHCT.eMbl Ha JlpyroM Ooopyno
BaHHH JIH60 c noMOUJ.blO ycTpOHCTBa BBO)la c nepcpoJieHTbl (MarHHTHOH JieH
ThI), speMeHHO no,nKJIIOIIaeMoro .llJIH :>TOH uenn K 3BM. ooJiblllHe B03MO>K
HOCTH H rH6KOCTb pa60Thl 06ecneq1-1sa10T yHHBepcaJibHble ynpaBJIHIOI.UHe 
MHHH3BM C pacrn11peHHhIM KOMnJieKTOM nep1npepHHHOrO Ooopy,noBaHHH: 
MarHHTHOH naMfl:TblO Ha fHOKHX JlHCKaX, 6hICTpo.neiicTBYIOIUHM neqaTa
fOlUHl'ri lllHpOKocpopMaTHhIM ycTpOHCTBOM, ycrpoiiCTBOM BBOD.a c nepcpoJieH
Tbl, ycTpOHCTBOM BhIBO)la Ha nepcpoJieHTY' BHJI.eOKOHTpOJihHblM ycTpoii
CTBOM BBO)].a H BhlBO.D.a HHcpopMaUHH H T. n. CToMHMO ynpaBJieHHH 3BM 
Il03BOJIHJOT :>ctxPeKTHBHO OTJia)KHBaTb H pe.naKTHpoaaTb ynpaBJIHIOlllHe 
nporpa~fMbl, HO BBHJlY CJIO)KHOCTH o6opy,noBaHHSI Tpe6yIOT cneuHaJibHOrO 
06cJiy>KHBa10mero nepconana H Menee Ha,lliemHhI B 3KcnnyaTaUHH, oco-
6eHHo B ycJioBHHX csapoqHoro uexa. 



5. ABTOMA Tlfl3AU.lfl.s1 KOHT AKTHOV1 CBAPKl-1 

5.1. KoHTaKTHa• 1011e11Hat1 (woaHai1) caapKa KaK o6'beKT 
as10MaTH'leCKoro ynpaaneHHSI 

u 

06'beKT aBTOMaTHQeCKoro ynpaBJieHHH npH l\OHTaKTHOH CBapKe - Tex-
u u 

HOJIOfHlleCKMH npouecc, KOTOpbIH xapaKTepHayeTC51 3JieKTpttl!eCI<HMH 
H Ten .. TIOBbIMH nOJiflMH' a T3K)Ke nJiaCTHIJeCKHMH necpopMaUHHMH B 30He 
cBapI<H. 

YnpaBJIHIOIUHe H B03Myma10uuie Bo3.nelicTBHH, onpe)leJIHIOIUHe cpop-
" .MHpoBaHHe CBapHoro COelJ.HHeHHH, npHKJia)l.bIBalOTCH I( CBapOllHOH MaillH-

He H HenocpeJ{CTBeHHO K 30He CBapKH. 0 c H 0 B H bl e n a p a M e T p bl 
npouecca TOllellHOH (llIOBHOH) CBapKH: CBapotIHbIH TOK Ice; BpeMSI caapKH 
tcB' a )lJIH IllOB_HOH CBapKH BpeMH HMilYJihCa t" H BpeMH nay3hl tn Me}Kll.Y 
11MnyJ1hcaM11 csapoIJHoro ToKa; ycHJIHe C)KaTMH Fc>K 3JieKTPOAOB; pa3MephI 
pa6oqeff noaepXHOCTH :>JieKTponon H poJIHKoB; JIJISI woBHoH: caapKH pe>KHM 
xapaKTepH3yeTcH cKopoCThIO nepeMerueHHH Vea CBapusaeMhIX .neTaJieii. 

06ecnelleHHe HeooxoAHMoro ypoBHH noKa3aTeJieii KaqecrBa caapHhIX 
coe,n11HeHHi1 H npem.ne acero 11x npol!HOCTH TpeoyeT 3a,naHHSI H noMepma
HHH ycTaHoBJieHHhIX 3H3lleHHH 60JiblllHHCTBa napaMeTpOB caapoqHoro 
pe>KHMa c ToqHoCThJO He l\1ettee + 5 % . TaK, CHH>KeHHe I cs Ha 10 % Mamer 
npHBeCTH K yMeHhllleHHIO AHaMeTpa H)lpa H, COOTBeTCTBeHHO, npollHOCTH 
coe.n.11 HeHHH npH CBapKe CTaJieH Ha 20-25 % OT HOMHHaJibHOro 3Haqe
HH5I. TaKHe me napaMeTpb1, KaK caapotIHoe H KoBoqHoe ycHJIHH c>KaTHfl 
3JieKTPOJlOB, )lonycKalOT H3MeHeHHe B npe.n.enax 10-15 % OT HOMHHaJib
HbIX 3HaqeHHH 6e3 cymecTBeHHoro yxynweHHfl KaqecTBa cBapHhIX coe.n11-
HeHHH. 

Ceapo"lHbttl moK I en - OJlHH 113 ocHoaHhIX napaMeTpoB, onpe.neJIHIOWHX 
pe)KHM cBapKH H Kaqecrao caapHoro wBa. Cnoco6 aMnJIHTynHoro 3anaHHH 
H peryJiupoBaHHSI I cs 3aKJIIOIJaeTcH B H3MeHeHHH ero 11eifcTBy10mero 
3HaqeHHfl npH nepeKJI10qeHHH cryneHeif caapo11Horo TpaHccpopMaTopa HJIH 
H3MeHeHHH HanpH>KeHHfl 3apHJlKH Usap 6aTapeH KOH.D.eHcaTopoa - npu 
KOHJI.eHcaTopHOH CBapKe (pHC. 5.1, a, 6). 

HaH6oJihillee pacnpocTpaHeHHe noJiy1111JI cnoco6 cpa3osoro peryJ111po
BaHHfl neff CTBYIOI.Uero 3HaQeHHH TOKa npH H3MeHeHHM cpa3bl BKJIIOlleHH~ 
BeHTHJibHOro (THpHCTOpHoro) KOHTaKTOpa (pHC. 5.1, 6). 

BpeMR cBapKu tcs B caapotIHhIX MalllHHax nepeMeHHoro TOKa 3a11a10T 
npH BKJIIQqeHHH BeHTHnbHoro (THpHCTOpHoro HJIH HfHHTpOHHoro) KOH
T(aKTopa Ha TpeoyeMoe BpeMSI, KpaTHOe lIHCJIY nepHOllOB n11Ta10me:H CeTH 
PHc. 5.2, a). 

Opu o.n.HononynepHo,nHOH cBapKe nponoJiiKHTeJihHOCTb HMnyJihca 
1 ca MO)l{Ho peryJiupoBaTb H3MeHeHHeM clla3hI HanpsimeHHH, ynpaBJIHIOlllero 
BKJuo11eHHeM BeHTHJieii (pHc. 5.2, 6). CTpH J<OHJieHcaTopHoH caapKe JlJIH
TeJihHocTb HMnyJihca TOKa 3aBHCHT OT eMKOCTH C3 ap H J{o3¢¢11u11eHTa• 
TpaHccpopMaUHH caapolIHoro TpaH$pMaTopa K (pHc. 5.2, e, e). 
e Jlcwzue CHCamuR Fem 9JieKTpon.os npu MeXaHuqecKOM npHBOJle aa)la
tcH rpy3aM11 HJIH npy>KHHaMH H CHCTeMaMH ph1t1aroB, a npH nHeBMaT11qe-
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Puc. 5.1. 3a)l.aHff~ ae.rn1qffltL1 
ceapO'IHOro ToKa: 

a - aMnJIHTyAHOe peryJIHJ>OBa
HHe npH nepeKnIOqemni CTyne. 
HeA I, 2 CBapotiHOro TPBHCc}>op. 
M3TOpa; 6 - aMnnHTYAHOe pe. 
ry nnpoBaHHe npH KOHAeHCaTop. 
HOH ceapKe (/ - U 3 apl, 2 -

U3ap2• Usapl > Usap2): 8 -

cf>a3oaoe perynnpoBaHtte (a1 > 
> CX.1, I - 11 • 2 - i 2 , i 1 > i 2) 

CKOM H nHeBMOrH,npaBJIHqecKOf\-1 npHBOJlaX peryJIHpyeTCH pe.n.yKTOpaMH 

)laBJieHHH. EcJIH cBapotIHaH MarnHHa HMeeT 3JieKTpoMarHHTHhIH npHBOJl 

c:>KaTHH, To Fc>K onpeJleJIHeTCH TOKOM B o6MOTKe 3JieKTpoMarHHTa. C no-

3HUHH aBTOMaTH3aUHH HaHooJiee YJlOOHhIM HBJIHeTcH 3JieKTpoMarHHTHhIH 
u u 

npHBOll, npHMeHHeMhIH TOJlbKO ,nJIH MalllHH MaJIOH A10Il{HOCTH. 

'4aw_e Bcero npHMeHHIOT cTyneHllaToe peryJIHpoaaHHe .naBJieHHH B nHeB

MaT1111ecKoM HJIH nHeBMOfHJlpaBJIHQeCKOM npHBO)I_e, o6ecneQHBaH Heo6-

xo,nHMhIH UHKJI npe,l:lBapHTeJihHOfO C>KaTHH .neTaJieH ti- t2 (pHC. 5.3), 
c>KaTHH B npouecce npoxom.n.eHHH csapoqHoro ToKa t2 - t3 H noBhIWeHHoro 

ycHJIHH C>KaTHH BO BpeMH KOBKH ta- t4. TaKOH UHKJI 3a)1-aeTCH BKJIIOtieHH· 

eM B MOMeHTbl BpeMeHH ti- t4 3JieKTponHeBMOKJianaHOB, o6ecnetIHBalOIUHX 

noii.aqy so3.nyxa B onpe,lI.eJieHHhie Karv1epb1 npuso.na cJKaTHH. 

PaaMepbt pa6ot.let1 noeepxnocmu aAeKmpoooe (Hx JlHaMeTp npH Toqeq

Hoii CBapKe, paJlHYC 3aTOIJKH H lllHpHHa paooqefJ noBepXHOCTH poJIHKOB 

npH IllOBHOH CBapKe) cymecTBeHHO BJIHHIOT Ha pa3Mepb1 CBapHoro maa 
u 

H 3a):lalOTCH nepen CBapKOH. 

3a):laHHe H CTaOHJIH3aUHH ynpaBJIHIOI.l.(HX B031IieHCTBHH c Tpeoye:MOM 

"TOtIHOCTblO eme He rapaHTHpyeT noJiylleHHe CBapHblX coe)lHHeHHH c HeoO. 

lcB 

t 

0 

t 

1>nc. 5.2. 3aAanue apeMeHn csapsa: 
2-a - npH csapKe Ha nepeMeHHOM TOKe (11 > 11): 6 - npH 0AHOnOJJynep110AHOA CBapKe (/ - a,' t ,. 

a., <Xi > a., t. > 11); 8 - npH H3MeHeliIDI 3BPflAHOtt eMKOCTH (1- c •. 2 - c., c, > c., t, > I' 

i! - npH 113Me"lieHHH K034>4>HUHeHTa Tpaucct>opMaUHH (/ - ku 2 - k,,, k1 > k, t t, > 11) 
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f'xoB 

f c8 

0 ... , 

Pttc. s . .s. U11K.11orpaMMa paoo rb1 cBapo'lttOH Mam1111hl 

Pttc. 5.4. 803MYl.Il3IOl.IlHe B03.A,eftcTBHH np11 ceapKe: 
K _ KOHTaKTop: 5Y - 6noK ynpaBJieHHSI; CT - cea
po~HbJH rrpaHC<l>OpMaTop; flC - npliBOA C>KaTHH; 81( -
BTOpH'QHblH KOHTyp; CH - csapHF.aeMoe 113,AeJrne 

av 

Pc 

5!1 ~---..;wflC 

0-----1 /( 

XO.llHMbIMH npoqHQCTHhIMH xapaKTepHCTHKaMH, TaK KaK B pesyJibTaTe 
u 

BJIH.HHHH pa3JIHqHhIX B03MylUeHHH npouecc CBapKM npoTeKaeT B ycJIOBHHX, 

OTJIHqHblX OT HOMHH8JlbHhIX (pHC. 5.4). 
Ha CBapOllHYIO l\IIaWHHy, BKJI1oqa51 THpHCTOpHblH KOHTaKTOp H peryJIH

rop UHKJia CBapKH, AeHCTBYIOT CJ1e,ny10m11e 8 0 g M y m e H H H: KOJie6a-
u -

HHR ttanpHLKeHHH IlHTa10me11 ceTH Uc; H3MeHeHHe conpOTHBJieHHH KOHTypa -
MaWHHhI (aKTHBHoro RR 11 HHAYKTHBHoro xK= roL); H3MeHeHHe yc11JIHH 

cmaTHH 3JieKTpOJ(OB, BCJieJ].CTBHe H3MeHeHHH ,naBJleHHSI B B03,nymHOH ceTH 
.... 
Pc HJlM CHJI TpeHHH B npHBO,l(e C.>KaTHH; H3MeHeHHe reoMeTpHqecKHX pa3-

MepoB pa6oqeff noaepxHoCTH 9JieKTpo,noa (;:u1aMeTpa 9JieKTpo,na npH To

qeqHoii CBapKe d~)J) H llIHpHHbI poJIHKa npH IIIOBHOH caapKe), a TaK>Ke H3Me

HeH11e cKopocTH npH rnoBHOH caapKe. K sosMymeHHHM, Boa.n.eflcTBy10mHM 

HenocpencTBeHHO Ha CBapHoe coe)l.HHeHHe, OTHOCHTCH: H3MeHeHHSI TOJIIUHHbl -
HJIH .upyr11x pa3Mep0B CBapHBaeMhIX ,lleTaJieH 6A, conpOTHBJieHHH KOHT3K--Ta 11eTaJih - ,lleTaJib r A BCJie)lCTBHe HaJIHqHH pa3JIHqHhIX OKCH)lHhIX nJie

HOK H OKaJIHHhI; IIIYHTHpOBaHHe CBapoqHoro TOKa paHee caapeHHhIMH Toq--
KaMu B 3aBHCHMOCTH OT BeJIHqHHhl rnara lm Me>K,lly HHI\iUf HJIH CJiyqafiHhll\111 

KOHTaKTarvn1 BCJiencTBHe HepOBHOCTeft: cBapHBaeMhIX JIHCTOB 1i H T. n. 

I<poMe nepeq11cJieHHhIX B03MymeHHH B03MO>KHhI H Jlpyr11e, KOTOph1e 

B CB5I3M c He3HaqHTeJihHOH BeJIHlIHHOH B MeHblllef1 CTeneHH BJIHHIOT Ha 

npouecc (HanpHMep, H3MeHeHHe TenJiocpH3HlieCKHX CBOHCTB H XHMHtieCKOfO 

cocraBa MeTaJIJia, H3MeHeHHe pe)KHMa OXJia>K)leHHH 9JieKTPOJI.OB H T. n.). 
BosMymeHHH, oKa3bIBaH pa3JIHqHoe BJIHHHHe Ha OT,lleJihHhie 3TanhJ 

npou.ecca CBapKH, napaMeTpbI pe>KHMa H pa60Ty CBapoqHQH MallIHHbl, npH· 

BO.QHT K HapyrneHHIO ycJIOBHH o6pa30BaHHH caapHoro coe.nHHeHHH H yxy,n
llleHHIO ero KatieCTBa. 

KoAe6anuR nanpRJJCeHUfl numa10U(etl cemu - BosMymeHHe, ,n.eiicTBY· 
IO~ee Ha caapoqHy10 MarnHHy. B cooTBeTCTBHH c 33KOHOM ]J)KoyJIH -

lI( eHua KOJIHqecTBO TenJia Q, Bbl,lleJIHIOIUeecH npH KOHTaKTHOH ToqeqHQH 
lUOBHoii) CBapKe, 

tCB 

Q = k r u!n (/) dt (3.1) 
J r (t) ' 
0 

~J(e '(t) - conpOTHBJieHHe 30Hbl CBapKH; k - KOOc}xl>HUHeHT nponoputto
aJibHOCTH; Uan (t) - BeJIH1JHH8 Me>K3JleK}'POJlHOfO HBnpH>KeHHH, H3~leHe· 
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HHe KOTOpou Henocpe.ncTBeHHO CBH3aHO c KOJie6aHHHMH CeTeBoro Hanpn ... 

*eHHH Uc. HaH6oJiee onacHbIM HBJIHeTCH Yl\,teHhllleHHe HanpH>KeHHH nu .. 
u 

TaHHH, npHBO,UHil(ee K HenpoBapy M COOTBeTCTBy10meH noTepe npoqHOCTu 

CBapHOH TQqKH. npH noBhillleHHH HanpH:>KeHHH Uc MoryT B03HHKaTb BhJ

nJieCKH >KH)lKoro ~teTaJIJia, npo>Kor11 H T. n. HanpH>KeHHe Uc B TeIIeHlie 

cyToK MO}KeT H3MeHHTbCH K3K IIJiaBHO, TaK H CKaqKoo6pa3HO npH IlOJl.KJIIQ .. 

11eHHH MOW.HhIX noTpe6uTe.neii 3HeprHH. KpaTKoapeMeHHhie H3MeHeHH5J 

ttanpHmeHHH MoryT .nocTHraTb OT - 25 % .no + 15 ~'O Uc.noM· 3TH H3Me

HeHHH cymecTBeHHO ~JIHHIOT Ha npouecc CBapKH H MoryT B 3HaqHTeJibHOft 

cTeneHH CHH3HTh KatJecTBO BbinOJIHHeMhIX csapHbIX coe,ZJJiHeHHH. KpoMe 
Toro, KoJieoaHHH Uc BJIHHIOT Ha CTaOHJIJJHOCTb pa6oTbI OJIOKOB ynpaBJie

HHH' qTo npHBO.llJfT I{ HapyllleHHIO aa,naHHOfO UHKJia CBapKH. 

H3.MeH£HUe conpomUBAeHUfl Bmoputtnozo KOnmypa cBapotLnou AtllLUUHbl 

(aI<THBHOfO H HHnyKTHBHOro) B npouecce csapI<H HJIH B TelleHHe CMeHbI npu .. 
u 

BO,llHT K H3MeHeHHIO caapoIIHOfO TOKa H BbI,lleJIHIOIUeHCH B 30He CBapKH 

3HeprHH, qTo BJIHHeT Ha KatieCTBo csapKH. HaMeHeHHe aKTHBHoro conpo

THBJieHHH ooyCJIOBJieHO HarpeBOM H H3HOCOM TOKOBeJI.yll{HX tI3CTeH CBa

poqHQfO KOHTypa, OCJia6neHHeM HJIH OKHCJieHBeM KOHTaKTOB, oco6eHHO 

B MeCTax 60JITOBhIX COeJI.HHeHHH, a TaK:>Ke CKOJlh3HlllHX KOHTaKTOB B lllOBHbIX 

MalllHHaX. HH.ZI.YKTHBHOe conpOTHBJieHHe KOHTypa yBeJIHqHBaeTCH BCJie)l

CTBHe BBeneHHH a 3TOT KOHTYP aHa1n-1TeJihHhIX cpeppoMarHHTHhIX Mace. 

npH BBeJJ.eHHH B I<OHTyp MallIHHhl cpeppoMafHHTHhIX :Mace yBeJIHlJHB8· 

eTCH HHJI.YKTHBHoe H aKTHBHOe, a CJie,noBaTeJibHO, H nOJIHOe conpoTHBJie

HHe KOHTypa. 3TO o6'b.HCHHeTCH yseJIHqeHHeM aKTHBHbIX noTepb Ha fHCTe· 

peaHc H BHXpeBbie TOKH. OcooeHHO attaq11TeJihHOe yseJI11qeHHe conpoTHB

JieHHH KOHTypa, a CJieJlOBaTeJibHO, yMeHhWeHHe TOKa HaOJIIO)l.aeTCH npH 

CBapKe H3)leJIHH, KOTOpbie Ha,neBaIOT Ha xo6oT MalllHHbl, HanpHMep npn 

CBapKe ooeqaeK H3 cpeppoMafHHTHhIX MaTepHaJIOB. H3MeHeHHe aKTHBHOrO 

H HH.ZI.YKTHBHOfO conpOTHBJieHHH KOHTaKTHhIX MalllHH - O,UHO H3 Ha1160Jiee 

onaCHblX B03Myma10mHx B03JleHCTBHH, qacTo BCTpeqaJOlllHXCH B npOH3· 

BollCTBeHHhIX ycnoBHHX. 

HaMenenue ycuAUR C:HlamuR aMKmpoooB B csapotIHhIX MalllHHax, HMe

IOIUHX nHeBMaTHqecKHH H nHeBMOrHnpaBJIHlleCKHH npHBO)l cmaTHH, 3a
BHCHT OT KOJie6aHHH .naBJieHHH B nHeBMOCHCTeMe H BJIHHeT Ha conpoTHB

JieHHe CBapnBaeMhIX neTaJieH H Ha nJiaCTHqecKyIO ll$pMaUHIO MeTaJIJia 

B 30He CBapKH. npH nOBbUIJeHHH .naeneHHH yaenHtIHBaeTCH fiJIOIU3Jlb 

conpHKOCHoBeHHH 9JieKTpona c 11eTaJib10, qTo BJieqeT sa co6ofl yMeHhweH11e 

nJIOTHOCTH TOKa H np:uso.nHT K Henpoaapy. CHH>KeHHe naaJieHHH conpo

Bo>K.naeTCSJ yBeJIHtieHBeM conpoTHBJieHHH 30Hhl CBapKH H, KaK CJiellCTBHe, 

IlOBhillleHHeM BepOHTHOCTH flOHBJleHHH BblnJieCKOB H pa3t5pocoM npoqHOCT· 
u 

HblX CBOHCTB COellHHeHHH. 

CywecTBeHHbIM B03Myma10mHM B03JI.eiicTBHeM, BJIHHIOW.HM Ha ycnntte 
C:>K3THH 3JieKTponoB, HBJIHeTCH H3~1eHeHHe CHJibl TpeHHH B no,nBH>KHhIX qaC· 

THX npHBo.na C>KaTHH BCJie,ACTBHe H3HOCa MeXaHH3MOB npH OTCYTCTBHJf 

npcxpHJiaKTHKH H peMOHTa. 4ame Bcero 3TO npHBO)J.HT K yMeHbWeHHIO yen· 
JIH H C>KaTHH Ha 9JieKTpoitax. 

JfaMeHenue eeoMempu'lecKux paaMepoo pa6otteu nooepxHocmu 3Aemp<r 
iJoo npoHcxo,nHT BCJie,ncTBHe ecTeCTBeHHoro H3Hoca 9JieKTpo.noe. CTenetth 

H3HOCa 3aBHCHT OT MHOfHX cpaKTopoB: pe>KHMa caapKH; CBapHBaeMoro M~
TepHana; llHCTOTbl ero IlOBepXHOCTH; HHTeHCHBHOCTH OXJia>J<.neHHH; CTOH· 
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f\OCTH MaTepHaJia, H3 KOToporo H3roToB.n~HbI 3JieKTPOJlbl HT. n. B pe3yJih

Tare H3Hoca 3JieKTPOJJ.OB yseJIHq11saeTcH nJioma,nh I<OHTaKTHOH noaepx

ffOCTH, yMeHblllalOTCH nJIOTHOCTb TOKa H pa3Mepb1 JIHTOro HD.pa, qTo npH

aonHT K Henposapy. 
#3.MeHeHUe conpomUBAeHUR CBapUBQe.MbtX aemaJleU BCJieJlCTBHe OTKJIO-

HeHHH B ycJIOBHffX o6paooTKH HX noaepxHOCTeH MO:>KeT npOHCXO.l{HTb OT 

o6pa3na K 06pa3uy H oT OJlHOH napTHH H3,n~HH K .npyroft. Oco6eHHO 9To 
saMeTHO Ha MatepHaJiaX, noKpbITbll{ OKaJIHHOH HJIH OKCH.ZlHblMP. nJieHKaMH, 

Koropbie He y.nanHIOTCH nepe.n cBapKoii. ConpoTHBJieHHe caapHBaeMbIX .ne
raJie11 MO>KeT H3MeHHThCH T8K>Ke BCJie)lCTBHe H3MeHeHHH TOJll.I..U1 Hbl nHCTOB 

HJIH llHaMetpa KpyrJiblX saroTOBOK, HanpHMep npyTKOB HJIH npOBOJIOKH. 
p 836poo 3HaIIeHHii conpoTHBJleHHH neTaJieii npHeo.nHT K H3MeHeHHIO Tenno

BhIJleJieHHH B 30He ceapKH, H KaK BCJie.ZJ.CTBHe, 3HaqHTeJlhHOMY paa6pocy 

npollHOCTHbIX xapaKTepHCTHK caapHbIX llIBOB. 

Wynmupoeanue ceapot{,Hozo moKa Ha6JI10~aeTcH npe>1<.ne scero npH 

nocJie.noaaTeJibHoii nocTaHOBKe ToqeK. B 3THX ycJIOBHHX aeJIHqHHa TOKa, 

npotel{8IOW.ero qepe3 CBapHBaeMylO TQqKy' MO>KeT H3MeHSITbCH BCJie,llCT-
u 

sue OTBeTBJieHHH HeKOTOpOH qacTH TOKa qepe3 paHee CBapeHHble TQqKH. 

l(poMe Toro, OTBeTBJieHHe TOKa MO}l{eT npoHCXOJlHTb qepea KOHTaKTbl, 

06pa3yeMble, HanpHMep, HepOBHOCTHMH noBepXHOCTH CBapHBaeMbIX 

JUICTOB. 

CyMMapHoe 3HaqeHHe TOKa BO BTOpHqHQM KOHType H3MeHHeTCfl BCJie.ZJ.· 
u 

CTBHe rnyHTHpOBaHHH He3H81lHTeJihHO, O'AH8KO caapoqHbIH TOK, npoTeKa-
u . 

IOIUHH HenocpeJlCTBeHHO qepe3 caapHBaeMyIO TQqKy, MO>KeT CHH}K3TbCH 

AO He,nonycTHMoro ypoBHfl. c yaeJIHlleHHeM TOJIW.HHbl ,Z{eTaJieH H yMeHb

rneHHeM OTHOllleHHH wara TOlleK H HX .nHaMeTpy CTeneHb IlIYHTHpOB3HHH 

B03pacTaeT. 
AHaJIH3 OCHOBHhlX B03MymeHHH npH TOqeqHoH (IllOBHOH) caapKe no-

u 
Ka3hIBaeT, lITO KaqeCTBO CBapKH H ee OCHOBHOH noKa3aTeJib - npoqHQCTb 

v 
CBapttoro IllBa - MOryT 3HaqHTe.TihHO CHH3HTbCH npH ,l(eHCTBHH B03Myw.e-

HHH Ha 93apo1JHY10 MalllHHY 11 30HY caapKH. CTpH OTHOCHTeJibHO MaJiol\1 
3HaIJeHHH OTJI.eJihHblX B03MyIUeHHH O,llHOBpeMeHHOe B03.ZJ.eHCTBHe Ha 06'beKT 
B CJiyqae HX HeOJiaronpHHTHOfO COlleTaHHH T3K>l<e MO>KeT npHBeCTH K He

J{onycTHMOMY CHH>KeHHIO KalleCTBa CBapKH. 3THM MO>KHO OO'bHCHHTb ne

PHO)lHtieCKoe noHBJieHHe 'Ae¢eKTHblX coe.nnHeHHH .na:>Ke npH cTporoM co6-

nID~eHHH TeXHOJIOfHH CBapKH. . 
CTeneHh BJIHHHHH H sepoHTHOCTb npoHBJieHHR paccMOTPeHHhlX aoaMy

meni-n'f pa3JIHqHbl H MoryT no-pa3HOMY OTpa>KaTbCH Ha KalleCTBe CBapHbIX 

coe.nnHeHHH B saBHCHMOCTH OT ycJIOBHH CBapKH, CTporoCTH COOJIIO~eHHH 
TeXHOJIOfHlleCKOH ~HCUHilJIHHbI, CTeneHH H3HOCa OOopy,noBaHHH H T. D. 

TaK, HaH6onee qacTo BCTpeqa10mHMCH H TPY.llHO ycTpaHHeMbIM eosMyme

HHeM HBJIHeTCH KOJieoaHHe HanpH>KeHHH ceTH, B TO BpeMH KaK H3MeHeHHH 

conpOTHBJieHHfl CBapoIIHOfO KOHTypa npH Ha,nJieJKameii 3KCnJiyaT3UHH 

o6opy,uoBaHHH H npu caapKe HeMarHHTHhIX l\faTepHaJIOB MoryT OhITh npaK· 
THqeCKH ycTpaHeHW. 

l\OJIH1leCTBeHH3H oueHKa CTeneHH BJIHHHHH Ha KaIJeCTBO CBapKH pa3-

?fH11HbIX B03MymeHHH H JllOObIX .npyrux napaMeTpOB, KOTOpbie IlOMaIOTCH 
li3MepeHHIO HJIH pactieTy B npouecce CBapKH, MO>KeT OblTb ~aHa Ha OCHOBe 
SKcnepnMeHTaJibHO-CT3THCTHlleCKHX ,naHHblX c HCilOJib30BaHHeM MeTO,lla 

.n.ucnepcHoHHoro aHaJIH3a. TaK, OhIJia npoBeAeHa oueHKa BJIHHHHH HeKOTO· 

tst 
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pbIX napaMeTpOB Ha O,U.HH H3 noKa3aTeJieH KaqecTBa CBapKH - .D-HaMetp 

H.npa TOllK 11 np11 Tollel!Hoii caapKe o6pa3uoa H3 cnJiaBa AMr6M H Hep>1<a ... 

Be10meff cTaJIH 12X 18HIOT TOJIIUHHOH 1 + 1 MM [271. CsapKa npoH3a0• 
u 

JJJ1J1acb Ha HH3KOIJaCTOTHOH MallIHHe YHHnOJIHpHhIM HMTIYJihCOM TOKa. 

Pe>KHM caapKH ycTaHaBJIHBaJICH HCXOJJJI H3 o6ruHx peK0MeH.nau11li no 
CBapKe .ZI.aHHhlX MaTepHaJIOB. npH 3TOM o6ecneqHB3JIOCb noJiylleHHe ,lJ.Ha

MeTpa H,Zl.pa TOIJKH dsr = (3 -;- 4)6, r,ne 6 - TOJIIUHHa o6pa3ua, MM. Perij. 
cTpnpoaaJIHCh cJie.ny10mHe napaMeTpb1: 

I) 8MilJIHTY,AHOe 3HalleHHe HMilYJibCa CBapOllHOro TOKa f cs; cpe,nHee 

tea 
I (I 

3HaqeHMe na}leHHfl H8Ilp5I.>KeHH51 MeLK.AY 3JleKTpO)l.8l\ifH U an = t \ Ua.n dt 
CB .J ' 

0 

r.ne tcB - BpeMH CBapKH, Uan - MfHOBeHHoe 3HatieHne na,neHH51 Hanp5DKe
HHSI Ha 3.JieKTpo..nax; 

2) OTHOCMTeJibHOe H3MeHeHHe conpoTHBJICHH~ caapoqHoro KOHTaKTa H 
cpe)lHee 3Ha11eHHe conpoTHBJieHHH CBapOlJHOro KOHTaKTa 3a IlOCJie,l(HHH 

nepHOD. HMny JlbCa TO Ka: 

tK 
RH-RK 

!!!Ra= R ; 
H 

I ·s u3JI Ra=r -. dt, 
CB t lCB 

k-1 

rJI.e R" - HatiaJibHoe 3HatieHMe corrpOTHBJieHHH 30HhI caapKM qepe3 10 Mc 

nocJie BKJIIOlleHHfl csapoqHoro ToKa; RK - corrpoTMB.neHHe B rvroMeHT 

OKOHtiaHHH CBapKH; k - KOJIHqecTBO nepHO)J.OB npOMbllllJieHHOH qacTOThl 

B HMilYJihCe caapoqHoro TOKa; ice - MrHOBeHHOe 3HalJeHHe CBapoqHoro 
TOK a; 

3) cpe,nHHH f\tOIUHOCTh Q B csapoqHoM KoHTaKTe H 3HeprHH E, 3aTpa-

11eHHaH Ha cpopMHpOBaHHe coe,nHHeHHH: 

tee 

Qcp = /-S Uanice dt; 
ca 0 

tea 

E = j' Uanice di. 
0 

BbIJIO CBapeHO OKOJIO 100 o6pa3UOB, npH 3TOM CBapoqHhIH TOK H3!vle

HHJICH Ha ( +5-+- -15 % ) I uoM, a ycHJIHe C>KaTHH Ha ± 15 % F HOM· 

B npouecce o6pa6oTKH .naHHhIX BbfqHcJIHJiach o6maH .nncnepcHH s~ 
BblXO,U.HOro noKa3aTeJifl - llHaMeTpa dR. .DJIH oueHKH BJIHHHHH Ka>K.lOfO 

2 
KOHTpOJIHpyeMoro napaMeTpa Ha So He06XO,lUiMO ee pa3..110.>KHTb Ha cocTaB-

2 
nruomMe, O)lHa H3 KOTOpbIX Si xapaKTepM3yeT D.HcnepcHIO dsr., CBH33HHYIO 

c H3MepHeMbIM napaMeTpOl\1 I cs, a JJ.pyraR s~cT - ,nHcnepcHIO ds., 06yc
noBJIHBaeMy10 BCeMH OCTaJibHbIMH cpaKTopaMH. 

2 2 2 2 2 u 

BeJIHqHHa Si= s0 - SocT, a s0 H SocT HaXOllHT npH pacqeTe ypae1-1eHHH 

perpecCHH dsr. = f (xi), r.ne Xi - KIDK,nbIH KOH'fPOJIHpye~hIH napaMeTp . 
.llJI.R oueHKH CTeneHH CBH3H K3:>KJ.lOH H3 BbI6paHHhIX nepeMem.eHHbIX 

c noKa3aTeJieM KalleCTBa HCIIOJib3yeTCH KBa.J(paT KOppeJIHUHOHHOrO oT· 

HOllJeHHH (B % ): 
2 o) n2 = (si/so) 100. 
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puc. 5.5. ~Harpa l'ttMbl KOp
penJiunottu oA CBH3H pa3· 
JIH'IHbIX napaMeTpoa c AHa
MeTpoM 11.npa: 
a - A .. 'lH cnnasa AMr6lv1; 
6-A-~rn cTanH 12Xl8HIOT 

40 

20 f.J 

I 

'lz CV~ 
,to 8888 

80 72 70 

60 

40 

1g 
8 20 

Ha puc. 5.5 np11ae.neHbI pe3yJihTaThl oueHKH no noKa3aTeJIIO 114' BJIHH .. 

HHH pH~a onpe.neJIHICIUHX napaMeTpOB npouecca KOHTaKTHOH caapKH Ha 
.uHaMerp H,npa caapHo:H TOlIKH. KaK c.neJJ.yeT H3 p11c. 5.5, HH OJI.HH H3 oT-

u 

,ne.nbHO B3HTblX napaMeTpOB He OTpa:>KaeT B ,nocTaTOlIHOH CTeneHH npouecc 
o6pa3oBaHHH H,npa caapHoii T01IKH. HaHOOJihIIlHH BKJia.ll B cpopMHpoBaHHe 
H,npa BHOCHT l\10lUHOCTh Q 11 3HeprHH E. DpH caapKe JierKHX cnJiaaoa Tttna 
AMr6M BeJIHlIHHa CBH3H 3HepreTH'leCKHX napaMeTpoa c pa3MepaMH H.llpa 
TOIJKH BbipaLKeHa cna6ee ('r12 === 69 % ), lleM npH csapKe Hep>Kaae10meii 

CTaJIH (112= 88 % ) .. 
CJie,noaaTeJibHO, ynpaBJieHHe no 3HepreT1111ecKHM napaMeTpaM Ha1160Jiee 

3cpcpeKTHBHo np11 csapKe Hep>Kaae10mux cTaneii. He3H8lIHTe.TibHoe BJIHH
HHe ycHJIHH c>KaTHH Fc"JK Ha BeJIH·tIHHY dH IlO.llTBepm,naeTCH npaKTHt.IecKttM 
OnhITOM, CBH~eTe.TibCTBYIOlltHM 0 TOM, 'ITO 113MeHeHHH ycHJIHH C>KaTHH B npe
n.e.nax + 15 % OT HOMHH8JlbHOrO He BJIHHIOT Ha KalleCTBO COe)lHHeHHH, ec.nH 
CEapKa BbIIlOJIHHeTCH Ha OilTHM8JlbHOl\.t pe:>KHMe. 0rHOCHTe.nhHOe H3MeHe· 

HH e conpoTHBJieHHH (8R3 == (RH- Rf<)/ R ") H cpe.nHee 3Ha1IeHne conpoTHB
JieHH5l R3 sa nocJie,nHHH nepHo.n caapotIHoro HMnyJihCa cJia6o KoppeJIH

poBaHhI c pa3Mep_al\.u1 HJI.pa. 
CHCTeMhl 3BTOM8THIIeCKOfO KOHTpOJIH H peryJIHpoaaHHH Ha OCHOBe 

MO.l{e..,TIH, MCnOJib3YIOlUeH HHcpopMaUHIO 06 O)lH0~1 3JieKTptttieCKOM napaMeT
pe, He Il03BOJIHIOT c Heo6xo,nHMOH TOlIHOCThlO pernaTh nocTaBJieHHhie 38-

.uaqH. 3To BbIHymJI.aeT pa3pa6aTbIB8Tb MHorocpaKTOpHbie MoJI.eJilf npouecca, 
B KOTOpbie BXO.llHJIH Obi OJ(HOBpeMeHHO pa3JIHlIHhie napaMeTpbI pe}KHMa 
H npouecca caapKH. • 

Jl.?UI npe.nynpem.neHHH Bpe,nHoro BJIH.HHHH B03MyIUeHHH. Ha Kal!ecTBO 
CBapHblX coe)l.HHeHHH llIHpOKO npHMeHHIOT MeTOJJ.bl H ycTpOHCTBa aBTOMa
THqecKoro peryJIHpoBaHHH. OcHoBHaH 3aJI.atia peryJIHTopoa - cTa6HJIH
aauHsi napaMeTpoB peiKHMa CBapKH JIHOO HX H3MeHeHHe no npo
rpaMMe, 06ecnetIHBa10meif npoTeKaHHe npouecca a onTHMa.nbHbIX ycJio
B1-u1x. 

Co3.ll.aHne CAP ToqeqHoii H lllOBHOH caapKH CBH3aHo c HeKoTophIMH 
Tpy.uHoCTHMH, rJiaanaH H3 KOTophIX - HeBo3MO)KHOCTh Henocpe.llCTBeH
Horo H3MepeHHH a npouecce caapKH ocHOBHoro noKaaaTeJIH KatiecTaa: JI.Ha
MeTpa dH HJJ.pa TOlIKH. KpoMe Toro, TPYJJ.HOCTH B03HHK8IOT H3-3a ocooeH
HocTeii npouecca CBapKH: I<paTKOBpeMeHHOCTH H npepbIBHCTOfO xapaKTe
pa CBapOtIHoro npouecca; BbICOKHX 3HepreTHlleCKHX napaMeTpOB 06opy
'AOBanu51; CHJibHhIX nol\-tex, C03)1.aBaeMhIX MOll.lHbIMH 3JieKTpOM8fHHTHblMH 
no.i1 flMH CBapotIHOro KOHTypa. 
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EbICTPOJI.eiicTBHe - Ba>KHeiirnee Tpe6oea1n-1e K peryJIHTopaM npouec .. 
COB KOHTaKTHOH CBapKH, IlOCKOJlbKY B TelleHHe KOpOTKOro npoMe}f{YTKa 
epeMeHH (nopH.II.Ka 10-2 c) ,l{OJI)KHbI 6hITb ocymecTBneHbI oneparu-111 H3Me-

u 

peHHH perynHpyeMOH BeJIHllHHbl, cpaBHeHHH ee c aa,llaHHblM 3HaqeHlieM 
H Bb1pa60TKH ynpaensuomero sos11eiicTBHH. Tpe6yeMoe 6bICTpo.neflcTaHe 
ii TQqHOCTb MOryT OblTb ooecnelleHhI TOJibKO Ha OCHOBe HCil0Jlb30BaHH51 Jl.O-

., u l.J v 

CTH.>KeHHH COBpeMeHHOH 3JieKTpOHHOH H MHKponpoueccopHOH TeXHHKH. 

5.2. Coc1aa H OCHOBHWe yctpOMCTBa CMCT9M 

aBTOMaTM'leCKOro ynpaaneHMS1 npOL\eCCOM TO'le'IHOM 
v 

" WOBHOM caapKM 

8 KOHTaKTHOH CBapKe HaH6oJiee pacnpocTpaHeHbl pa30MKHYTbie CHCTe
Mbl nporpaMMHOfO ynpaBneHHH H CHCTeM ynpaBJieHHH no B03MymeHHlO 
(CHCTeMbl KOMneHCaUHH). 

C 11 c T e M a n p o r p a M M u o r o y n p a e n e H H H (CnY) 
COCTOHT H3 cne.nyromHx OCHOBHblX KOMTIOHeHTOB (pHC. 5.6): ycTpOHCTBa 
MH 3a){aHHH U.HKJia caapKM PUC H ucnonHHTeJihHhIX ycTpoifcTB - TH
pHcTopHoro KOHTaKTopa T K, BKJllOtiaJOLUero TpaHccllopMaTop cBapoqHoii 
MallJHHbl CM' H npHBona IlOJ{BIDKHOfO SJieKTpO,l{a - npHBO,na C>KaTHS1 nc 
c annapaTypoli ynpaBJieHHH. YcTpolicTBa .II.JIH 3anaHHH UHKJia csapK" 
Ha3hIBaIOT peryJIHTopaMH UHKJia csapKH Pll.C HJIH peryJIHTopaMH spe
MeUH PB, XOTH no cymecTBY oHH HBJIHIOTCH sanaTqHKaMH TOKa" apeMeHH. 
B cocTaB Pll,C BXOJl.HT 6JIOKH sa.n.aHHH apeMeHH B3B, TOKa E3T H ¢a3o
epamaTeJib <P. PIJ.C, Bo3,neiicrByH Ha TK, o6ecneqHaaer BKJiioqeHHe M BhI· 
KJIIOtieHHe TpaHapopMaTopa ceapotIHOH MawHHhJ CM. PaccMaTpuaaeMaH 
CHCTeMa ooecnetIHBaeT >KeCTKOe nporpaMMHpOBaHHe BpeMeHHbIX HHTepBa
JIOB UHKJia, caapKH, BeJIHqHH TOKa CBapKH, no.norpeaa " OT>KHra, a TaK>Ke 
ynpaBJieHHe paoOTOH npuso.na C}f{aTHff nc CBapoqHoii MalllHHbl. OcHOBHOe 
npeuMymecTBO paaoMKHYThlX CHCTeM ynpaeneHHH - npocToTa H OhICTpo
~eHCTBHe npHMeHHeMOH B HHX annapaTyp~. lIIHpOKOe pacnpocTpaHeHMe 
no.11yquJIH npocTeHlllHe cHCTeMhI c PIJ.C, ooecnetIHBaIOI.UHM BaJI.aHHe no
CTOHHHhIX 3HalleHHH BpeMeHH .H TOKa CBapKH. EcJIH He06XO,ZlHMa MO.llYJifl
UHff caapoquoro TOKa, TO npHMeHHIOT CHCTeMbl, Il03BOJIHIOIUHe ocyruecTBHTh 
nnasHoe ttapacTaHHe TOKa. HaHoonee coBepweHHhie H3 pasoIVtKHYTbIX CTIY 

___ ___. fil<1 ....,..__ ___ __ 
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Il03BOJl.HIOT M3MeHHTb CBapOtIHhIH TOI< 
no nporpaMMe, 06ecnetIHBa10meii no
JiyqeHHe BhICOKOKatieCTBeHHblX co
eJJ:MHeHHH. B 3THX cucTeMax a Kaqe
CTBe 53T HCil0Jlb3YIOTCH nporpaM-

u 

MHPYIOIIJ.He ycTpoHCTBa. 

Puc. 5.6. C11CTeMa pasoMKttyToro ynpasJ1eu11n 
H aeTOMaTnqecKoA KOMneucanun 

PHc. 5. 7. CxeMa saMeuteH1U1 ceapottHo~ MaWHHbl 

!. 
,s 
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B KOHJ{eHcaropHbIX M8111HH3X CHCTe~1a ynpaBJieHHH COCTOHT M3 6JIOKa, 

o6ecneqnaaIOIUero 38pH.UKY KOHAeHCaTOpHOH OaTapeH ,no Tpe6yeMoro 
ttanpH.>KeHHH H THpHCTOpHoro KJIIQqa ~nH pa3pH.llKH KOH,lleHCaTopoB Ha 
caa poqHbIH TpattccpopMaTop. 

He,nocTaTOK pa30MKHYThIX cnY - He3aBHCHMOCTb ynpaBJI~IIOIIJ.HX B03-

11ef1CTBHH OT clJaKTHlJeCKoro COCTOHHHH CBapoqHoro npouecca, IlOCKOJibKY 

ao3MymeHHH Bl-BN, B03HHKHOBeHHe H .neH:cTBHe KOTOphIX HeJih3.H 3a

paaee npe.nycl\10TpeTb, He ytJHThIBaIOTCH B 3aKoHe ynpaBJieHHH. 
YcrpaneHHe yKa3aHHOfO He,llOCTaTKa ooecnellHBaeTCH B p a 3 0 ~1 K -

HYT~x cuoTeMax c perynupoBaHneM no eos

M y Ille H H IO (CHCTeMaX KOMneHC8UHH), KOTOpbie HapHJlY c paCCMOTpeH
HhlMH 6JIOl{8MH PIJ.C, TK, nc co.nep>KaT 6JIOKM KOMileHC8UHH BJ(l-BKN 
(pnc. 5.6), unpe)lH33HalleHHbie .llJIH H3MepeHHH HaHOOJiee cymecTBeHHblX 

B03MymeHMH H ct>opMHpoBaHHH .nonoJIHHTeJlbHbIX KOMneHc11py10mux B03-
.neiiCTBHH, I<OTOphie Ha BXOJ(e cpa30BpamaTeJIH cyMMHpyIOTCH c 803)1.eHCT

BHHMH or B3B H B3T. Torna pe3yJibTHpy10mee ynpaBJIH10mee uanpH)Ke
une Ha axo.ne cpa3oapamaTenH, onpe.neJIHIOutee yroJI BKJIIOqeHHH a THpH

cropoa KOHTaKTopa TK, 

n 

Vex= UaxO ± ~ ki llUsxk., 
l=I ' 

(5.2) 

r)(e U sx o - HanpH}l{ettHe OT 6JioKoB B3T H .538; llUsx k. - HanpHmeHHe 
£ 

KOMnettcauHH c 6JioKa EKi; ki - Ko3CflQ>HUHeHT nponopuwoHaJibHOCTH; 
u u n - KoJiuqecTao y11HTb1BaeMhIX Bo3Myma10m11x eo3..ne11cTBHH. 

np11 npaBHJibHOM Bbioope 3HaKa 11 3HaqeHMH KoscM>HuHeHTOB nponop
UHOHaJibHOCTH B ypaBHeHHH (5.2) yroJI a H3MeHHTCH TaKHM o6pa30M. qTo 

u 
BJIHHHHe B03Mym_eHHH Ha pe}KHM CBapKH OKa>KeTCH CKOMneHCHpoBaHHhIM . 

.U.nH JJ.OCTH)KeHHH nonHOH KOMneHCaUMH B03MymeHHH Heo6XO)lHMO BhI6paTb 

Ko3<txPMuHeHThI k,, y1111ThIBaH HeJIMHeHHbIH xapaKTep saBHCHMOCTH I ca = 
= f (a). HaH6onee ycnellIHO 9TY 3a,lla4:y ~to>KHO pernHTb Ha ocHoBe npHMe
HeHHH MHKponpoueccopHOH TeXHHKH. 

npH npoeKTHpOBaHHH CHCTeMbl aBTOMaTHqecKOfO y~paBJieHHH C TH
pHCTOpHbIM KOHTaKTOpOM B Kal!eCTBe HCilOJIHHT€JlhHOro ycTpOHCTBa nepBo

OGepe~HOH 3a)latJeli HBnHeTCH onpe,neneHHe perynHpoaoqHoH xapaKTepH
CTHKH, ycTaHaBJIHBa10meli CBH3b Me>K,ny JI.eHCTBYIOI:UMM 3HaqeHHeM caapoq
Horo TOKa / 3 4> H yrJIOM BKJIIOqeHHH THpHcTopoB npH pa3JIHllHbIX cos cp. 
JlJIH 3Toro paccl\tOTpHl\l cxeMy 3aMemeHHH CBapollHOH Mal.IIHHbl COBMeCTHO 
c THpHCTOpHbIM KOHTaKTOpOM (pHC. 5.7), npH nocTpoeHHH KOTOpOH npH

HHThI c.ne.ny10m11e o603HalleHHH: u = Um sin (rot + a) - HanpHiKeHHe 
HCTOqHHKa IlHTaHHH (ceTH nepeMeHHoro TOKa); a - yro.n BKJllOlJeHHH TH

PHCTopa; R, L - npHPe,AeHHhie K neps11qHoif ooMOTKe TpaHc¢opMaTopa 
MaWHHbI CM aKTHBHOe conpoTHBJieHHe H MHJlYKTHBHOCTb; S - BCTpetIHo
napaJIJieJihHO BKJllOlleHHbie THpHCTOpbI; us- na.neHHe Hanpsi>KeHHH Ha 
THpHcTopax. 3.TieKTpHllecKHe npoueCCbI, npOHCXO,l(5IlllHe B TaKOH uenH, 
OOHCbIBaIOT ypaBHeHHeM 

Umsin(rot +a)= iR +i ~:+Us. (5.3) 
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PHc. 5.8. PeryJu1poBO'IHble xapaKTepHCTHKH ceapO'IHOH 
M8UIHHhl 

npeHe6pera51 naneHHeM 
HanpH)l{eHHH us, BBH.Ay ero 
MaJIOCTH, noJiytIHM peweH11e 
ypaBHeHHH (5.3) B OTHOCH
TeJibHhIX BeJIHlIHHax: 

i' =sin (0 +a - cp) -
- sin (a - cp) e-0 ctg <1', (5.4) 

., i I um 0 r .n.e t = / m ; m = z ; = 
R 

= ffi/; ctg cp = ©L • 

B MOMeHT ecTeCTBeHHOro OTKJnoqeHHH THpHCTopoB TOI{ i' = 0, a .llJIH

TeJibHOCTb era npoTeKaHHH 3aBHCHT OT 3HaqeH 11H A = an - a, r Ae a,z -
yroJI BhIKJIIOtieHHfl THpHcTopa, BeJIHQHHa 'A onpe,nenHeTCH H3 ypaBHeHHH 

(5.4), eCJIH npHHHTh i' = 0, 8 = CXn. npH pactieTe peryJIHpOBOlIHbIX xapaI<

TepHCTHK I a<J> = f (a) ,neiicTBYIOW.ee 3Ha'IeHHe ToKa onpeAeJIHIOT no cpop
Myne 

• 

/34> = (5.5) 

no cpopMyne (5.5) nocTpoeHo ceMeHCTBO peryJIHpoBoqHhIX xapaKTepn
CTMK npH pa3JIHqHbIX 3HaqeHHHX yrJia cp (pHC. 5.8). 0oJib3YHCb 9THMH xa

paKTepHCTHKaMH, MOLKHO onpe,u.eJIHTb 3HatieHHe TOKa I 94> no 3a,AaHHOMY 
yr ny a BKJIIOqeHHH THpHCTOpOB. Mo}KHO pellIHTb T8KLKe oopaTHYIO 33llaIIy: 
no TpeoyeMoMy 3HaqeHHIO cBapoqHoro ToKa onpe~en~eTcH Heooxo~HMbIM 
yroJI BKJllOlleHHH THpHcropoB. 

CTp11 MaJioM apeMeHH caapKH (tea ~ 0,01 c) cpopMa HMnyJibCa TOKOB 
B Ka:m,noM noJiynepHo~e cymecTBeHHO cKa3hIBaeTCH Ha xapaKTepe npouecca 
TenJIOBbI)l.eJieHHH. <l>opMa HMnyJibCa TOKa H ero nepe~HHH cppoHT 3aBHCflT 
OT yr.nos a H cp. KpyTH3Ha nepe,nHero q>poHTa 11Mnynhca TOKa xapaK
TepH3yeTCH CKOpOCTblO HapacTaHHH TOKa B HatiaJibHhlli MOMeHT BpeMeHH: 

di' I =co [cos (a - fP) + ctg cp sin (a - cp)]. 
dt t=O 

(5.6) 

.UJIH JII06bIX 3HalJeHHii cp npOH3BO)lHaH I :r ll=O HMeer MaKCHMYM npll 

a = 1tl2 (pHc. 5.9). HaH6onee KpyToi1 nepenHHii cppoHT HMnyJibca TOKa 
HMeeT Mecro npH MaJihIX 3HaqeHHHX cp H a = n/2, a HaH6oJiee nonorHii -

npH 6oJihllIHfC fP (HanpHMep, np11 BBe.n.eHHH .LiiOnoJIHHTeJibHOH HH.llYKTHB
HOCTH) H a -+ 0. YMeHhrneHHe yrna a ueJiecoo6pa3HO TaKLKe ){JIH ,nocTH
>KeHHH MaKCHMaJibHoro HcnoJib30BaHHH aKTHBHOH MOIUHOCTH. CTpH 9TO.M 
CJie.n.yeT yqHThIBaTb, eCJIH tee > 0,01 c, T. e. npH CBapKe, npOH3BOJJJI!\10H 
HeCKOJlhKHMH nonynepHo,llaMH TOKa, TO AJIH HCKJIIOqeHHH aBapHHHOrO 
BbinpHMHTeJibHoro pe:>K.HMa, npH KOTOpOM npOHCXOJlHT nponycK BKJIIOlJe
HHSI BTOporo THpHCTopa, ,nqJDKHO COOJIIO){aThCH ycJIOBHe: 

(5.7) 
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di'I ldf t::O 

f.6 

1,2 

0,8 

0 20 40 80 f20 d 0 

d", ' PHc. 5.9. 3aBHCH,~oc Tb ,j"t i=O = f(a,) 

PHc. 5.10. CxeMa T:1p1-1cTopuoro O{OHTan.Topa 

~· -.•. ..-
r 

RJ 

YOJ. .. Y06 

TupucTopuble KOHTaKTopb1. B KaqecTBe ynpaBJIHeMhlX aeHTHJieH a KOH

raKTopax, npe,nHa3HalleHHbIX .ZVISI BKJIIOlleHHH, OTKJuoqeHHH, a TaK>Ke H3-

l\'leHeHM51 BeJIHtIHHhl CBapotIHOfO TOKa B KOHTaKTHbIX MalllMHax, npH~IeH.HIOT· 

C5I THpHCTOphI, KOTOpbie HMelOT 3HaqHTeJibHhie npeHMymecTBa no cpaBHe

llHIO c HCilOJih30BaBil1Hl\ilHCH JlJIHTMbHOe apeMH HfHHTpOHaMH: MaJioe na

AeHMe HanpH>KeHHH Ha BeHTHJie; PieOOJihlllYIO Macey H raoapHTbI; BhICOKYIO 

Hal(e.>KHOCTb; 3HalIHTeJihHbIH cpoK CJIY>KObl H .np. 
PeryJIHpoaaH11e nei1cTay10mero 3HaqeHHH caapoquoro ToKa qepe3 KOH

raKTop ocymecTBJISieTCH CMemeHHeM OTHOCHTeJibHO HanpH>KeHHH ceTH 

:\lOMeHTa no,nallH HMnyJihca Ha ynpaBJIHIOLUHH 9JieKTpo,n aeHTHJIH. Oco-

6ettttocTbIO pa60Tbl KOHTaKTOpa HBJIHeTCH noTepH HM ynpaBJIHe:MOCTH 

B Kam.noM rroJiynep110.ne c MOMeHTa BKJIIOqeHMH .no MOMeHTa apeMeHH, 
npH KOTopoM TOK npoXOJlHT qepe3 HyJieBoe 3HaqeHHe. 

0pHHUHilHaJibH3H cxeMa THpHCTOpHOfO KOHTaKTopa npHBe,neHa Ha 
p11c. 5.10. JlBa THpHcTopa V SJ H VS2 BKJI10qeHhI scTpeqHo-napaJIJie.nhHO. 

11x ynpaBJIHIOIU_He 3JieKTpo~hI qepes JlHO.ll.hI VDJ, VD2 H pe3HCTOphI RI, 
R2 nO)lKJllOlleHbI K OOMOTKClM // H /// TpaHccpopMaTopa T. nepaHqHaH 

o6MOTKa I TpaHccpopMaTopa T no.nKJi10qeHa K BhIXOJlY peryJisiTopa UMKJia 

CBapKH Pll,C. napaJIJieJibHO THpHCTopaM BKJIIOlleHa uenb R3-R4-Cl. 
OepBHlIHaH o6MOTKa caapoIIHoro TpaHccpopMaTopa TC 3arnyHTHpoaaHa 
pe3ttcTopoM R5. CxeMa cMrHaJIH3aUHH co6paHa Ha nuo,nax VD3-VD6, 
pea11cTopax R6, R7, KoH,neHcarope C2 H THpaTpoHe c XOJIOJlHhIM KaTO.ZI.OM 
(HJIH HeOHOBOH JiaMne) v 1. 

B HCXO.LI.HOM cocTOHHHM THpHcTophI VSJ H VS2 aaKpbIThI H He nposo· 

JI.HT TOK. C Pil.C Ha OOMOTKY I Tpattccpopl\1aropa T nocTynaioT yHHno

JI.HpHh1e CHMMeTpHqHbie HMilYJihChl c 4aCTOTOH, B JlBa pasa npeBhilllaJOme.H 
qacToTy ceTH. Co BTOpHIIHbIX ooMOTOK 11 H / / / 3TM HMilYJihCbI no,nal:OTCH 

Ha ynpaBJUIIOIUHe 9JieKTpo,nbI VSJ H VS2. nocKOJlhKY THpHcTOpbl coe.n.H
ReHbl BCTpeqHo-napaJIJieJihHO, TO BKJllOlIHTCH TOT H3 HHX, K aHo,ny KOTO· 

poro B .naHHhIH MOMeHT BpeMeHH npHKJia,llhIBaeTCH IlOJIO>KHTeJibHaH noJJy

BOJIHa HanpH>KeHHH. B CJ1e)l.y10mHii ,noJiynepHOJl BKJIIOllMTCH .n.pyroli TM

PHCTop, H TaKHM o6pa30M qepea caapOlIHbIH TpaHccpopMaTop Tc oy)l.eT 
npoTeKaTb nepeMeHHhIH TOK. Pe3HCTOphI R 1, R2 cJiy>«aT )l_JIH orpaHHIIeHHH 

TOKa B uenn ynpas.nHIOWJ1X 3.neKTpo.n.oa VS 1 11 V S2 . .llJIH orpaHIPieHHH 
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CKOpOCTH H_apacTaHHH HanpH>KeHHH Ha THpHCTOpax BO BpeMH KOMMyTa .. 
u 

UHM n CHH>KeHHH HMnynhCHhIX nepeHanpH>KeHHH cny}KHT uenL R3-.. 
R4-R5-CJ. 

CxeMa cHrHanu3aUHH no3BOnHeT KOHTponupoBaTh peJKHM nonttocpa3 ... 

uoro TOKa. B 11cxoJI.H0~1 cocTOHHHH, Kor.na TMpHCTOpbI VSJ, VS2 He np0 .. 

BOJJJIT TOK, K HHJ{HKaTopy v 1 qepe3 BblilpH~IHTenbHblfl MOCT npHnO>Ketto 

HanpH:>KeHMe ceTH H OH 3a>KHraeTCH. CTpu OTKpbIThIX THpHcTopax VSJ , 
VS2 HHTeHCHBHOCTb caetieHHH HHJI.HKaTopa 3aBHCHT OT cpa3hI ux BKn10qe .. 

HHH. B npeJJ.eJibHOM COCTOHHHH, KOf,l{a qepe3 CBapoqHblH TpattccpopMaTOp 

npoTeKaeT nonHocpa3Hblfl TOK, conpOTHBJieHHe KOHTaKTOpa H na.neHHe Ha

npH>KeHHH Ha HeM MHHHManhHbI H THpaTpou V 1 ractteT. CrJia>KnBaIOll(Hii 

Kott.neHcaTop C2 cny>KMT JI.JIH noBhirneHHH ycTofiqHBOCTH ropeHHH THpa

TpoHa. 
OreqecTBeHHOM npOMblWJieHHOCTblO BhinycKaeTCH HeCKOJlbKO TlifiOB 

THpHCTOpHblX KOHTaKTOpOB, KOTOpbIMH KOMnJieKTYIOTCff KOHTaKTHble Ma· 

WHHbl ){JUI Toqequoii H IllOBHOH caapKH. OcHOBHOe OTJIHqHe 3THX KOHTaK .. 

TOpOB 3aKJIIOqaeTCH B CHJIOBblX THpHCTopax, KOTOpbie ycTaHaBJJHBalOTCH 

B 3aBHCHMOCTH OT TpeoyeMoro HOMHHaJibHOfO TOKa (CM. npHJI. 17). 
PeryJUITOpbl UHKna ceapKH. OttH npeJI.Ha3uaqeubl 11-JIH 3aAaHHH spe

MeHHbIX HHTepBaJIOB CBapoqHoro UHKJia, nJiaBHOfO peryJIHpoBaHHH BeJIHqH. 

Hhl CBapoqHoro TOl<a, a TaK>Ke BKJifOqeHHH H BblKJIIOqeHHff B 3a,l{aHHble MO

MeHTbl speMeHH nHeBMaTMtieCKHX KJianattos csapoquoii MaIIIMHbl. OcHoB

Hhie 3JieMeHTbI peryJIHTopos: 6JIOKH 3a,naHHH· speMeHH E3B, TOKa E3T 
H cpa3ospaw.aTeJib <P (cM. puc. 5.6). 

E.1ZOKU saaaHUJl BpeMeHll E3B peryJIHTOpOB BKJIIOqeHHSI onepaTopoM

CBapw.HKOM ne,l{aJibHOH KHOnKH 0Tpa6aTbIBalOT nocJie,l{OBaTeJibHOCTb onepa -
u u 

UHlf, aapaHee 3a,naHHbIX npH nOMOI.lJJf COOTBeTCTBYIOll{HX nepeKnIOqaTeneH, 
u 

pacnoJio.>KeHHhIX Ha nepeAHeH naueJIH peryJIHTopa. 

CTpocTefulIHH UHKJI COCTOHT H3 qeTbipex nOCJieAOBaTeJibHblX onepaUHH ~ 
«cmaTn:e», «CBapKa», «KOBKa», «nay3a» (cM. pHc. 5.3). 5oJiee cno>KHbie 

UHI<u11bl COAepm:aT ,nonOJIHHTeJlbHbie onepaUHH: «npe,l{BapHTenbHOe C>KaTHe», 
u 

«npe,l{BapHTeJlbHblH no)(orpeB», «OT}l{Hf» H T. n. 

CTo npHHUHny 3a,naHHff BpeMeHHblX HHTepBaJIOB peryJIHTOpbI Il0J{pa3· 

neJI.HIOTC.H Ha attanorosb1e H JI.HCKpeTHble. AHanoroBhie peryJIHTOpbI, na

npuMep, BbinycKaswuecH paHee PB3-7, JI.JIH OTcqera speMeHHbIX HHTepsa

nos Hcnonh3YIOT 3apHJI. H pa3pHA KOH)leHCaTopoB. BbI,nep>KKa speMeHH 
u 

Ka>KAOH onepaUHH B 3TOM cnyqae onpeJ{en.HeTCH BpeMeHeM 3apHJ{a HJIH 

pa3psu~a KOH,l{eucaTopa, ypoaeHb HanpH>KeHHH Ha KoTopoM o6ecnequsaeT 

cpaoaTbIBaHHe COOTBeTCTBy10meii TpHrrepHOH CXeMbI HJIH BKJIIOqeHHe 3neK

TpO!vleXaHHqecKoro pene. HeJI.OCTaTOK aHaJioroBbIX peryJI.HTopos - HecTa-

6HJihHOCTh pa60Tbl H 3HatIHTeJibHaH norpewHOCTb 3a,l{aHHH BpeMeHHblX 
HHTepBaJIOB. • 

B HacToHmee speM.H 3TH perynHTOpbI BbITectteHhI c11eTHbIMH cxel\1arvn1, 

pa60Ta10IUHMH Ha ,nHcKpeTHOM npHHUHne. OcHoBHhIM 3JieMeHTOM TaKHX 

cxeM HBJIHeTCH cqeT'lHK 3JieKTpH1IeCKHX HMnyJibCOB, BbIIlOJIHeHHblH KaK 

e.nuHoe uenoe (.neKaTpoH, HHTerpaJibHaH MHKpocxeMa) n1160 co6paHHhIH 

H3 OTJI.eJibHhIX 3neMeHTOB (Tp11rrep, cpeppHTAHOJI.HaH HqeifKa). CTpHHuHn 

paooThI 3THX cxel\1 3aKJII01IaeTcH s cneJI.y10meM. Ha sxo.n cqeTqHKa no,l{aIOTCH 

HMilYJibCbl qacTOTOH 50 HJIH 100 fl{, cpop~1HpyeMhle reHepaTOpOM CHH· 
xponno c ceThlO. CqeTIIHK OTcqnTbIBaeT Tpe6yeMoe KOJI11qecTBO HMnyJihCOB, 
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sa.naHHOe ycTaBKOH npH noMOIUH nepeKn10qaTenefl. Kor.na qHcno HMnynb

coB, nocTynHBlllHX Ha BXO,n cqeTqHKa, CTaHeT paBHbIM 3a,naHHOMY' Bbl)lepm
K8 apeMeHH 38KaHqHBaeTCH .H npOHCXO.ZUiT cpaoaTbIBaHHe HCIIOnHMTeJihHOfO 

ycTpOHCTBa. 
ToqHOCTb pa6oTbI perynHTopoB, nocTpoeHHhlX Ha JJJ-ICKpeTHbIX 3JieMeH-

rax, 3HaqHTMbHO Bbillle, qeM aHaJIOfOBbIX. OreqeCTBeHHOH npOMbllUneH

aOCTblO 6b1na Bb1nymeHa cepHH perynHTopoB THna PB,a Ha _neKaTpoHax. 

Ha116onee pacnpocTpaHeHbI peryn.HTOpbI, BhinonHeHHhie Ha .D.HCKpeTHhIX 

noJiynpoBO.ll.HHKOBhIX 9neMeHTax. Cep.HHHO BhlnycKaIOTCH peryJIHTOpbI 
uMKJia cBapKH Tnna PUC, B KOTOphIX HCilOJih3YIOTCfl 9JieMeHTbI THna «Jlo

ruKa-T» [71. 
B HHCTHTyTe9JieKTpocsapKH Hl\L E. 0. IlaToHa AH YCCP pa3pa6oTaHa 

cepHH peryJIHTopoB BpeMeHH THna PBT, B KOTOpbIX B KaqecTBe ,nHCKpeT

HhIX 9JieMeHTOB ucnoJih3YIOTC.ff MaJIOMOIUHbie THpucTopbI TMna KY-201. 
B HacToHmee BpeMH pa3pa6oTaHhI H no.nroTOBJieHbI K cepHHHOMY BhinycKy 

peryJIHTOphI apeMeHH TOKa PBl1 H Pl(C Ha HHTerpaJihHbIX MHKpocxeMax. 

PaccMOTpHM 6JZOKU aaaaHUR eeJZUttUHbl u </JopMbl UMnyllbCQ ceapo'lH020 

moKa E3T. B npocTeflrneM CJiyqae senMllHHa TOKa 3a_naeTCH np11 noMOlll.M 

nOCTOH HHOfO ynpaBJIHIOIUero HanpH.>KeHHH' no.n.aBaeMoro Ha BXOA cpa30-
npaw.aTeJIH. B HeKOTOpbIX cxeMax 53T coBMemeH c cpa3oapamaTeneM, TaK, 

llTO 33,ZJ.aHHe TOKa ocyw.ecTBJIHeTCH H31VteHeHHeM BenHqHHbl conpOTHBJieHHH 

pe3HCTOpa, BKJIIOlleHHOfO B MOCTOBYIO cxeMy cpaaoBpa~aTen.H. 
,UJIH 3a,ZJ.aHHH nJiaBHOfO HapacTaHHH H CHH>KeHHH TOKa npHMeHHIOTCH 

MOJlYJIHTOphl, npHHUHil pa60Tbl KOTOpbIX OCHOBaH Ha 3apHAe HJIM pa3pH.n.e 
KOH,ZJ.ettcaTopa. Ha axo.n. <}>a3ospamaTeJIH B 9TOM cnyqae no_naeTCH ynpas

JIHIOW.ee HanpH>KeHHe Uynp, H3MeHHIOIUeeCH no 33KOHa~I HapacTaHHH HnH 

yMeHbllleHHH: 

Uynp = U 0e-t/T. HJIH Uynp = U 0 ( l - e-t/1:). (5.8) 

31-H l\10,ZJ.ynHTOpbI npHMeHHIOTCH BO MIJOfHX perynHTOpax UHKna CBap

KH, HanpuMep THna P~C, PBT. OcHOBHoe HX npe11MymecTBO - npocToTa 

cxeMHOH peanH3aUHH H Ha.nemHOCTb B pa6oTe. O_nHaKo OHM 06na.n.a10T 
cymecTBeHHblMH He,nocTaTKaMH: 

a) CKOpOCTb HapacTaHMH Uynp, a CJie,llOBaTenbHO, " CBapOtIHOro TOKa 
B. Haqane UHKna 60Jibllle, tieM B KOHUe, TaK KaK 

duynp - U oe-t/T. 

dt 't 
(5.9) 

du u du 
H npH t ~ 0 ynp ~ _o a npH t ~'be ynp-+ 0 

dt 't , di • 
3To yBeJIHtIHBaeT B03MO>KHOCTb o6pa30BaHH.H BblilJieCKOB B HallaJie 

CBapKH, qTo CHl-DKaeT 3Clx1>eKTHBHOCTb npHMeHeHHH MO.ZJ.YJIHTOpOB, TaK KaK 
RX OCHOBHOe H33HaqeHHe - yMeHbllleHHe HatiaJibHblX BblIIJieCKOB; 

6) HeB03MO>KHOCTb 3ainaHMH <l>opMbl HMIIYJibCa csapOtIHOfO TOKa, OT
JIH lJHOH OT 9KCilOHeHUHanbHOH, qTo orpaHHqHBaeT TeXHOJIOfHqecKHe B03-
MOiKHOCTH rrpouecca CBapKH: 

B) BepOHTHOCTb B03HHKHOBeHHH nOCTOHHHOH COCTaBJI.HIOIUeH B nep
BHtIHOH 06MOTKe CBapoqHoro TpaHc<PopMaTopa,TaK KaK npH HenpephIBHOM 

l13MeHeHHH ynpaBJIHIOmero HanpHmeHHH yrnhl BKJIIOlleHHH BeHTHJieH TH-
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l'Hc. 5.11. CTyneHqaToe :JaAaHHe cJ>opMbl Hl\1nynbca To1<a: 

a - qepe3 nepeoA: 6 - qepe3 nonynepHOJl 

t 

tf tn t 

pHCTOpHoro KOHTaKTOpa B noJIOLKHTeJibHOM H OTpHUaTeJibHOM: noJiynepH

o.uax OK33bIBalOTCH pa3JIHqHblMH. 

JlnH sa,naHH.H ynpaBJIHIOIUero HanpH>KeHHH Uynp HHOH cpopMhI Heo6-

xo,nHMO HCilOJlh30BaTh Mo,nyJI.HTOpbl, B KOTOpbIX npeo6pa3yeTCH BblXQJl .. 

HOH CHrHaJI H TaKHM o6pa30M o6ecneqHBaercH Tpe6yeMa.H cpop1Vla HMilYJibCa 

cnapoqHoro TOKa. Hanp11Mep, JIHHeHHhie MOJI.YJIHTOphI, Bh1xo,nHoe HanpH

}KeHHe KOTOpbIX H3MeHHeTC.H no 3aKoHy Uynp = kt, JIH6o KBa,npaTHlJHhie 

Mo,nyJI.HTOpbI, JI.JI.ff KOTOpbIX Uynp = kt2 • B nocne,ntteM cJiyqae o6ecnetJHBa-
u 

eTCH nJiaBHOe HapacTaHHe TOKa c nepeMeHHOH CKOpOCTbIO, yaeJIHqHBalO-... 
meHC.H co apeMeHel\it, qTo cymecTBeHHO yMeHbIIJaeT BepO.HTHOCTb IlOHBJie-

HHH BbIIlJieCKOB B HalJaJie caapKH. 

Ha1160Jibll1HMH B03MOiKHOCT.HMH 06na;i_a10T nporpa~1MHpy10m11e ycTpo.H

CTBa, pa60Ta10mHe Ha Jl_HCKpeTHOM npHHUHne H Il03BOJIHIOIUHe 3a,naBaTb 

Uynp He B BH,ne HenpepbIBHOH KpHBOH, a CTyneHtiaTo (p11c. 5.11). BeJIHlJHHa 

CTyneHH Uynp OCTaeTCH nOCTOHHHOH B TelJeHHe Ka>K,noro nepHO,Ua HJIH no

JiynepHO)l,a. flpH 3TOM MOiKHO aa,naTb J1I06y10 cpopMy KpHBOH TOKa c Tpe-

6yeMOH ToqHoCTblO. CTporpaMMa peLKHMa caapKH MO}KeT 6bITb sanHcaHa 

B naMHTH 3BM HJIH Ha OT)l.eJibHOM HOCHTe.ne, HanpHMep, nepcpoKapre 

B UHcppoBOM BH,ne H B ,naJibHeHllleM aBTOMaTHqeCKfi nOBTOp.HTbCH Tpe6ye

MOe qHCJIO pa3. TaKHe nporpaMMHpy10mHe ycTpoftcTBa MOiKHO npHMeHHTh 

npH HHJl_HBH,ZI.yaJibHOM HJIH rpynnoBOM ynpaBJieHHH caapoqHblMH MaWHHa

MM H HCnOJlb30B8Tb BMeCTO HeCKOJibKHX OQblqHblX peryJIHTOpOB UHKJia 
CBapKH. 

Hanp.H>KeHHe Uynp, Bbipa6aThIBaeMoe E3T HJIH nporpaMMHpy10m11M 

ycTpOHCTBOM, no,naeTC51 Ha BXOJI. cpa30BpamaTeJIH, KOTOpbIH cpopMHpyer 

HlVtnyJibCbl BKJIIOqeHH.H THpHCTOpOB KOHTaKTopa. l13MeHHH cpa3y 3THX 

Hl\tnyJihCOB OTHOCHTeJ.lhHO CHHYCOHAhI nHTaIOmero HanpHiKeHHH, MO}l{HO 

nJiaBHO perynupOBaTb 3c}xPeKTHBHOe 3HalJeHHe CBapoqHOfO TOKa. 
0 

<Pa308paU{ameAU npocTeHllleH KOHCTPYKUHH BhIIlOJIHHIOT no MOCTOBOM 

cxeMe (pHC. 5.12) c peryJIHpOBaHHeM cpa3bl BblXO.lI.HOfO HanpH>KeHH~ 
(Un, U RP1), H3l\feHHH aKTHBHoe conpoTHBJiettue RP2 _;_ «ttarpea». 

11MnyJihCHhie cpa3oBpamaTeJIH (pHc. 5.13) co,nepX<aT retteparop nHno

o6pa3Horo HanpH>KeHHH H y3e11 cpaaHeHHH (KoMnapaTop). feHepaTOP 

nHLTJoo6pa3Horo HanpH>KeHHH co6paH Ha TpaH3HCTope VT 1. B 11cxo)J.HOM 

nono.>KeHHH TpaH3HCTop VT 1 3aKpbIT H KOHAeHcaTop C2 3apH:>KaeTC.H qe· 
pe3 pe3HCTOp R4 OT HanpH>KeHH51 HCTOllHHKa IlHTaHHH. napaMeTpbl 3a: 
PH.lI.HOH uenH Bh1611pa10TCH TaK, 11To 11cnoJih3yeTcH TOJihKO JIHHeHHbill 

HapacTaIOmtti1 y11acTOK Hanp.HiKeHH.H 3apH,na. Ha 6a3y TpaH3HCTopa VTl 
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PHC· 5.12. <J>a3ospauta TeJJb: 

a_ cxeMa; 6 - seKTopHaH AHarpaMMa; YO - yCHJIH
'feJib·OrpaHHliHTeJJb; <l>H - <l>OPMHPOB8TeJib HMilYJibCOB 

- I( 

Rf 

Cl 
R4 

Uynp 

Rtl 

PHc. 5.13. CxeMa HMnyn&cuoro t)a3ospa-
11.ta TeJ1H 

no,UaIOTCH HMilYJibCbl 1I8CTOTOH 100 fu, CHHXpOHH3HpOBaHHble C tiaCTOTOH 

nnTruomeii ceTH. B MOMeHT npHXOJI.a oTpHuaTeJihHoro HMnynhca Ha t)a3y 

VT J TpaH3HCTop OTKpbIBaeTCH H KOHJJ.eHcaTop C2 6bICTpo pa3pH:>KaeTCH. 

Opouecc 3apH.na H pa3pHAa KOH,neHcaTopa C2 npo,noJimaeTCH nepHOJJ.H
qecKH C llaCTOTOH CJie,noBaHHH HMnyJibCOB 100 fn. 

CTnJioo6pa3Hoe HarrpH)KeHHe c KOH,ll.eHcaTopa C2 qepea pe3HCTop 

R5 nonaeTC.H Ha axo.n KOMnapaTopa. Ha 3TOT LKe BXOA noJJ.aeTCH ynpaBJIH

romee Hanp.H:>KeHHe Uynp. KoMnapaTop npeJJ.CTaBJIHeT co6oii HecHMMeTpHtI

HhIH TpHrrep c nOJIO>KHTeJibHOH 3MHTiepHOH CBH3bl0, co6paHHbIH Ha TpaH-

3MCTOpax VT2 H VT3. 3ToT TpHrrep npeJJ.CTaBJIHeT cooofl HMnyJihCHoe 
u 

ycrpOHCTBO, B KOTOpOM npH JJ.OCTH>KeHHH BXO)J.HbIM CHfHaJIOM onpe.neJieH· 

HOfO ypoBHH npOHCXOAHT 6bICTpbIH nepexo.n. H3 OAHOfO COCTOHHHH B .n.pyroe. 

YpoBeHh cpa6aTbIBaHHfl TpHrrepa, onpe.nerrHeMbIH na,ll.eHHeM Hanp.HLKe

HH51 Ha pe3HCTope RJO, BbI6HpaeTCH TaKHM, qT06h1 npH OTCYTCTBHH HanpH

>KeHHH Uynp nepe6poca He npoHCXOJJ.HJIO. Dpu no,naqe Uynp cyMMHpoBaHHe 
ero c IlHJI006pa3HbIM Hanp.H}l{eHHeM npHBOJJ.HT K cpa6aTbIBaHHIO TpHrrepa, 

TpaH3HCTop VT2 OTKphIBaeTCH, a VT3 3aKpbIBaeTCH. Ha KOJIJieKTope 

l1T3 cpopMnpyeTCH npHMOyrOJibHblH HMilYJibC HanpH.>KeHHH, ,ZlJIHTeJib .. 

HOCTh l\OTOporo nponopn.HOHaJibHa HanpH.>KeHHIO Uynp.113MeHHH BeJil-lllHHY 

Uynp, MO>KHO CMemaTh rrepeAHHH cppoHT np.HMoyroJihHOfO HMnyJibCa. 

3ToT HMnyJihC ,nHcpcpepeHUHpyeTCH TpaHccpopMaTopoM T2, BO BTOpH1IHhIX 

06MOTKax KOTOporo cpopMHpyIOTCH HMilYJibCbl HanpH.>KeHH.H. <lla3a 3THX 

HMnyJibCOB COOTBeTCTByeT nepe)J.HeMy cppoHTY npHMOyroJibHblX HMilYJib

COB 11 nponopuHoHaJibHa ynpaBJI.HIOIII_eMy Hanp11meHH10 Uynp· Co BTOpHq
HhIX 061\tOTOK T2 HMIIYJihCbI ynpaaJieHHH no,naIOTCH Ha ynpaBJIHIOI.llHe 

SJieKTpo;Qbl THpHcTopoa THpHcTopHoro KOHTaKTOpa TK (cM. pHc. 5.6). 

5.3. THnoawe perynJ11opb1 apeMeHH M qHKnoa caapKH 

PeryJUITOpbl epeMeHH PBT. 0HH nocTpoeHbI Ha ocHoBe Ma.noMOinHbIX 

THpHcTopoB, KOTOpble HCilOJib3YIOTCH JJ.JIH BbIIlOJIHeHHH JIOfHtieCKHX one
paun11, BKJIIOlJeHHH HCilOJIHMTeJihHbIX ycTpOHCTB (3JieKTponHeBMaTH1Ie

CKHX KJianaHOB, THpHCTOpHblX HJIH HfHHTpOHHbIX KOHTaKTOpOB) H CHf

HaJIH3al.lHH. CoaMerneHHe a OJI.HOM aKTHBHOM 3JieMeHTe (THpHcTope) no
fHllecKnx cpyHKUHH H ycHJIHTeJIH MOIUHOCTH n03BOJIHJIO ynpoCTHTb npHH· 

UH n11aJibHh1e 3JieKTpHqecKHe cxeMbI annapaTyphI ynpaBLTJeHHH. B pe3yJih· 
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'PaJoBpoli/ameAh TupucmopH~tli KOHmo1<m~:i 

Puc. 5.14. 4>yHK~HOH&.nbttaH c:xeMa pery.naTopa speMe1U1 

raTe IlOBhICHJiaCb Ha,lle:tKHOCTb pa60Tbl ycTpOHCTB H yBeJIHlIHJICH cpoK HX 
cny>K6hl. 

PeryJIHTophl PBT no3BOJI.HIOT 3a):laBaTb BeJIHlJHHY H ,llJIHTeJibHocTb 
rpex He3aBHCHMhlX HMilYJibCOB TOKa («no,norpeB», «CBapKa», «OT}l{Hf»), 
a TaK>Ke HSMeHHTb no nporpaMMe ycHJIHe C>K8THH 3JieKTpo.noa. 3JieKTpo
nHeBMOKJianaHbl H THpHCTOpbl (HrHHTpOHbl) CHJIOBOfO KOHTaKTOpa BKJIIO
qa10TCH 6eCKOHTaKTHbIMH THpHCTOpHbIMH KJIIOllaMH. PeryJIHTOp cHa6LKeH 

¢a30BpamaTeJieM, o6ecnelJHBalOIUHM MO~YJUIUHIO H 6e3bIHepuHOHHYIO CTa-
6HJIH3aUJUO CBapo11Horo TOKa. 

CxeMa npocTeliwero perynHTopa epeMeHH THna PBT, o6ecneIJH-
u 

Bawmero 3a,llaHHe lleTblpex onepau11H: «c>KaTHe», «caapKa», «npoKOBI<a», 
«nay3a», npHBe)leHa Ha pHc. 5.14. PeryJIHTop npe.u.cTaBJIHeT co6oii atta.no .. 
roayw c11cTeMy ynpasJieHHSI c BpeMH3a,na10mHM KOHTypoM RC, CHHxpo
HH3HpoBaHHhIM HMnyJihcaMH qacToToii nuTa10meii ceTH. Cxe1v1a coinepm11T 

6JIOK KOMMYTBUMH onepau11ii CBapotIHOfO UHKJia, 6JIOK 3a)laHHH apeMeHH, 
<}>a3osparuaTeJih H ysen BKJIIOlJeHHR. DpH no,naqe HanpH>KeHHH Ha cxeMy 
H BKJIIOtJeHHH ne.u.aJIH 6JIOK KOMMYTBUHH o6ecnellHBaeT nooqepe~Hoe BKJIIO-

u 

IIeHHe THpHCTOpHbIX HlleeK, 3a)(alOW.HX nocne,noBaTeJibHOCTb onepaUHH 
UHKJia. Y3eJI BKJ11011eHHH OTKphIBaeT THpHcTop ffqeliKH «C>KaTHe>>. OcTaJib
Hhie HqeifKH HaXO,Zl.HTCH B 3aKpb1TOM COCTOHHHH. 4epe3 OTKpbITblH THpH
CTOp nepso:H HtieHKH BKJIIOqaeTCH B3B. CTpo11cxoAHT oTctJeT AJIHTeJibHOCTH 
onepauHi1 «C}KaTHe>>, KOTopaH 3a~aeTCH c noMOIUhIO Ha6opa pe3HCTopos. 
0AHOBpeMeHHO OTKpbIBaeTCH THpHCTOp, BKJII01IalOI.UHH 00l\10TKY 9JieKTpO· 
1'1afHHTa nHeBMOKJianaHa an K. no HCTelleHHH 3a,ll_aHHOfO spewteHM nep
BOH onepaUHH B3B Bbipa6aTbIBaeT HMnyJibC nepeKJIIOtieHHH, nocTyna10mHH 
OAHOBpeMeHHO Ha BXOAbI Bcex HlJeeK nepeclJeTHOH cxeMbl. 5JqeifKa· BblilOJl
HeHa TBKHM o6pa30M, lfI'() HMilYJibC nepeKJIIQqeHHH npoXO,llHT Ha ynpaBJifl
IOIII_HH 3JieKTpo,n THpHCTOpa TOH HqeflKH, KOTOpaH CJie,nyeT HenocpeJiiCTBeHHO 
33 BKJllOlleHHOH. flo3TOMY OTKpOeTCSI TOJibKO THpHCTOp HlJeHKH «C~apKa», 
a. THpHCTOp npe,llbI.l\ymeii HlJeHKH 3aKpoerCH 3a ClJeT IlO}l.alIH HMilYJibCa 
rarneHHH. HaqHHaeTCH oTcqer speMeHH cneAywmeI1 onepau1111. CTpH 3TOM 
BflK ocTaeTcH BO BI<JIIOlJeHHOM cocTOHHHH. AHaJiorH1IHO orpa6aTh1Ba10TCSl 

see ocTaJihHhie onepauHH. 
HanpH)KeHHe, CHHMaeMoe c Harpy3KH THpHcTopa 51qefiKH «caapKa», 

noAaeTCH Ha cpaaospamaTeJih. Bb1xo,ntth1e HMnyJihCbl cpa3oapruuaTeJu1 
ynpaBJIHIOT THpHCTOpHbIM KOHTaKTOpOl\1, KOTOphIH ooecneqHBaeT IIOAKJilO
lJeHHe csapoqttoro TpaHccpopMaropa I< cerH. IloCJie oTpaooTKH noc.11e)lHeH 

onepaUHH cxeMa npHXO,llHT B HCXO,Zl.HOe COCTOHHHe. u 

PerynHTophl PBT 06ecneq11aa10T oTpa6oTKY .LlJIHTeJihHOCTH onepauHH 
OT 0,02 AO 2 c ,Zl.HCKpe'rHOCTblO 0,02 c H B ,llHana30He OT 0,04 Jl.O 4 c 
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lJDf2-
f .OL f 

C JJJICI<peTHOCTblO 0,04 C. npHHUHnHaJibHble 3.neKTpOCXeMhl H pa6oTa OC
HOBHblX 6.noKOB peryJIHTOpa npHBe,neHbl B npHJI. 18. 

PeryJ1HTOpb1 l\HKJia csapKH PUC. 0HH BbIIlOJIHeHhI Ha yHHtPHUHpo
BaHHbIX Tpa H3HCTOpHo-,ntto~HbIX 3JieMeHTax cepHH «JlorHKa T» (39). 
<l>yHKUHOH3JlbHaH cxeMa npe,ncTaBHTeJIH 3TOH rpynnbI peryJIHTOpOB 
P~C-403 noKasaHa Ha pHc. 5.15. CToCJieJlOBaTeJihHOe BKJUolleHHe qeTh1pex 
:>JieMeHTOB BpeMeHH DD4, DDB, DDJJ, DD12 (T .. 303) 06ecnet.I11Baer pe-

v u 
ryJIHpOBaHHe HHTepBaJIOB onepaURH CBapoqnoro UHKJia npH TOqeqHQH 
CBapKe: «C>KaTHe», «CBapKID>, «npOKOBI<a», «nay3a» B npe,neJiaX OT 0,02 
L\O 2 c .U.HCI<peTHO qepe3 0,02 c )l.Jlfl onepau1u'I «CBapKa» H OT 0,06 JlO 1,4 c 
nJiaBHO .ll.JIH ,npyrHX. 

BKJIIOt.IeHHe HanpH>KeHHH ceTH npHBO.ll.MT l{ no,naqe HanpH>KeHHH 12 B 
Ha .D.HcJxPepeHu.Hpy10rny10 uenh «CTapT», Ha BbIXO.ll.e I<OTopof1 nOHBHTCH Ha 
I<opoT1<oe BpeMH «l», ycTaHaBJ11laa10maH TpHrrep DD3 no npHMOMY Bhl
Xo!J.y B e,nJIHHllHOe noJio>KeHHe. C npHMoro Bhixo,na DD3 «1» nocTynaeT Ha 
sxo,nh1 S TpHrrepoB DD7 H DDJO, a TaK>Ke Ha Bxo,n BhI,nepmKH apeMeHH 
«na ysa» DD 12. 4 epe3 onpe.neneHHoe apeMH, sa,nasaeMoe pery JIHTopoM 
.ZVHITeJihHOCTH «nay3a» Ha Bhixo.ne DD12, nOHBHTCH «l», KoTopaH 113-3a 
pa30MKHyToii ne,naJIH Ha axo,n R Tpnrrepa DD3 He nona.IJ.aeT. Ha HHBepc
HOM BbIXo,ne DD3 H, cooTBeTCTBeHHO, Ha DD13.J coxpaHHeTCH «0». 3JieKTpo .. 
nHeBMOKJianaH BhIKJIIOt.IeH. B KatieCTBe <)la3oc,n.a11ra10mero ycTpOHCTBa 
Hcno~Tih3yeTCH 3JieMeHT DD9 (T-303). Ha ero axo,n no,naeTcH ,nayxno.ny
nepHo.u.noe Bh1npH~1JieHHOe oTpHUaTeJibHOe HanpH:>KeHHe 8 B tiaCTOTOH 
100 ru. I<a}K,na51 noJiyBOJIHa Bbl3bIBaeT Ha BhIXO)le DD9 npHMoyrOJihHbIH 
HMnyJibC, nepe,ll.HH ii cppOHT KOTOporo 3a,nep>KaH OTHOCHTeJibHO HaqaJla no
JIYBOJIHhl Ha npol\1e*YTOK, onpe.n.e.nHeMbIH HacTpoii1<oi1 RC-uenH DD9. 
TaI<HM o6pa30l\1, Ha BhIXo~e DD9 ¢opMupy10TcH npHMoyroJihHbie HMnyJib
CbI C llaCTOTOH 100 fu, <fJa30BOe nOJIO}f{eHHe KOTOpbIX onpeAeJIH€TCH pery· 
JIHpOBKOH «HarpeB». 0AHaKO "JJ..O 0Tpa60TKH onepauHH «CBapKa» 3TH HM

nyJihChl Ha DD9 OTCYTCTByioT, TaK I{~I< ero BhIXOD. 1uyHT11poaaH Hyne~i Ha 
llHBepctto~1 BhI xo;{e DD 7. 
()~ 
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UocJie 3aMbIKaHHH ne,naJIH (ycTaHOBJieHHOH Ha CBapoqHQH Mawnne) 
Tp11rrep DD3 nepeKJIIOlJHTCH no,naqeii «l» Ha BXOJJ. R. CoOTBeTCTBeHHo, 
Ha Bxo,nax S Tp11rrepoa DD7, DDJO H DD12 ycTaHOBHTCH «0». 0JI.HOBpe
MeHHO «I» c HHBepcHoro Bh1xo.na DD3 nocTynaeT Ha BXOJI.hl DDJ3.J, 
DD4. CpaoaThIBaeT 9JieKTponHeBMaTHl.leCKHM I<JianaH, 9JieKTPO.llhI CLHJ11v1a

IOTCH, H,lleT ClleT BpeMeHH «CJKaTHe». Ile.n.anb MO.>KeT OblTb ornyweHa, TaK 
KaK TpHrrep DD3 B3HJI Ha ce6H cpyHKUHIO 9JieMeHTa, «nol\itH51I..U.ero» o TOM, 
qTo U.HKJI caapKH Haqa.nc.H H He Mo>KeT 6bITb npepBaH .no KOHua. BbIXO.l(
HOH cHrHaJI DD4 no,naeTCH Ha DD6.l; Ha npyroii BXOJl. 3TOM LKe cxeMhJ 
c npHMOro BhIXOJJ.a DDJO no.n.aeTcH «I», a TpeTHM Bxo.n. DD6.l coe.n.HHea 
c BhIXOJl.OM DDS - Tp11rrepa c11HxpoH11sau11H, cpopM11py10mero np.Hrv10-
yroJibHb1e HMilYJibCbI C lJaCTOTOH 50 fu. flOHBJieHHe H CH5lTHe nepBoro HM

ny JibCa Ha Bhixo.n.e DD6. 1 npHBe,neT K cpa6aTbIBaHHIO TpHrrepa DD7 
no HMTIYJibcttoMy axo.ny C. C 9Toro MOMeHTa Ha HHBepcHoM Bhixo.n.e DD7 
no.HBJIHeTcH «l», KOTopaH OTKpb1aaeT BbIXO.ll DD9 H 3anycKaeT 3a,nepmKy 
DDB HHTepaaJia speMeHH «cBapKa». CTpHMoyroJibHhie HMnyJihChI c BbIXo,na 
DD9 .n.11cpcpepeHu11py10TCH uenoqKoif CRax JJ.HO,lla H ycHJIHBaIOTCH 3JieMeH
TOM DD13.2. Harpy3KOH ycHJIHTeJIH DD13.2 HBJIHeTCH HMTIYJibCHbIH 
TpaHccpopMaTop THpHCTOpHoro KOHTaKTOpa. 

CBapoqHbIH TOK npo.n.onmaeTcfl ,uo Tex nop, noKa DDB oTpa6aTbIBaeT 
BbI~ep>KKY BpeMeHH «CBapKa». IlOCJie OKOHqaHH.H 9TOH BbI}l.ep:>KKH cpaoa
TbIBaeT Tp11rrep DD JO OT «l» no axo,uy RM Ha np·HMOM BbIXo,ne ero ycTaHaB
JIHBaeTCH «0», KOTOpbIH aanHpaeT cxeMy DD6.J. Or «1» Ha HHBepcHoM Bbl· 
xo.ne DD JO 3anycTHTCH BbI.llep>KKa BpeMeHH «npoKOBKa» DD 11 H no.nro
TOBHTCH K cpa6aThIBaHHIO cxeMa DD6.2. ,UpyroH: axo.n. cxeMhI DD6.2 co
e.nHHeH c BhlXO}l.OM TpHrrepa CHHXpOHH3aUHH H Il03TOMY nepeKJIIQqeHHe 
TpHrrepa DD7 no HMnyJihCHOMY axo,uy R npo113oii,neT a TOT me MOMeHT 
BpeMeHH, qTo H npH BKJIIOIIeHHH caapotIHoro TOKa. TaKttl\il o6pa30M ocyme
CTBJIHeTCH CHHXpOHHOe c ceTblO BblKJIIOIIeHHe caapollHOfO TOKa H 06ecne
q11aaeTC5I CHMMeTpHqHOCTh ero nonyaoJIH B npouecce caapKH. ~HKJI 3a
KaHtIHBaercH noCJie nosiaJieHHH «I» Ha Bhixo,ne DD 11, KOTopaH nepe6pa
ChIBa~T TpHrrep DD3 no axo.ny S. YcttJIHTeJih DDJ3.J OTK.n1011aercH.Bce 
3JieMeHTbl 3aHHMa10:r HCXO,llHOe IlOJIO)KeHHe, OTClIHTbIBaeTCH BpeMH «nay3a». 
EcJIH no ee OKOHqaHHH, T. e. c TIOHBJieHHeM «l» Ha BblXO,ZJ.e, ne,naJib 6y
ir.eT 3aMKHyTa, TO UHKJI pa6oTbl peryJIHTOpa IlOBTOpHTC.H. 

PeryJIHTOpbI P~C-403 npH BbICOKOH npOM3BO.llHTeJibHOCTH (,uo 750 TO
qeK B MMHYTY) H Ha,ne.>KHOCTH (rapaHTHpoBaHHhIH cpoK cnym6h1 aneMeH· 
TOB, H3 KOTOpbIX co6paHa cxel\:~a, 5 JieT) o6ecnellHBaIOT CHHXpOHHOe BKJIIO
qeHHe CBapoqHoro TOKa, qeTHOe qHcJIO noJiyBOJIH CBapOllHOfO TOKa 11 nJiaB
HYIO ero peryn11poBKy, nocTOHHCTBO ycTaHOBJieHHbIX 3HaqeHHH Bb1.n.epmeK 
BpeMeHH CBapKH, tITO 06ner11aeT perneHHe 3a,ZJ.aq no CTaOHJIH3aUHH KaqecT
Ba CBapHbIX ToqeK. 

PeryJIHTOpbl JJ.HKJia ceapKH Ha HHTerpanbHblX MHKpocxeMax. B noc
Jie,ZJ.HHe fO,llbl Ha OCHOBe Jl.OCTH>KeHMM MHKp09JieKTpOHHI<l1 pa3pa6oTaHhl pe
ryJIHTOpbl UHKJia CBapKH c npHMeHeHHeM HHTerpaJibHhIX MHI<pocxel\I. 
CxeMa 3THX peryJIHTopoB npHHUHnHaJihHo He OTJIHqaeTCH OT pac
CMOTpeHHOH BbillJe H co,nepLKHT TaKHe me OCHOBHbie Y3Jlbl H OJIOKH 
(CM. pH C. 5. 14) . 

PeryJIHTOpbI UHKJia cBapKH THna PKC-501 (PKC-601, PKC-901) Bbl· 
noJIHeHhI Ha HHTerpaJibHbIX ~tHKpocxeMax cepHH 1(155. OcHoBHhie TeXHH· 
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qeCKHe xapaKTepHCTHKH 9THX peryJIHTOpOB aHaJIOfHtIHbl peryJIHTopal\I TH .. 
na PBT H PLLC, OJI.HaKo 11cnoJ1h30BaHHe HHTerpaJihHhIX MHKpocxeIVY o6ec
neqHBaeT TIOBblllleHHe Ha,ll.e:>KHOCTH peryJI.HTOpOB H yBeJIHlJeHHe HX cpoKa 
cJiy.tK6hI. PeryJIHTop PI<C-501 HMeeT 5 Heaasncn110 peryJIHpyervthIX speMeH
HbIX HHTepBaJIOB: «npenBapHTeLTibHOe C)KaTHe», «C}KaTHe», «CBapKa», «npo

J{OBI{a» H «rray3a». Mo~HcpHKaUHH 9Toro peryJIHTopa noasoLTIHIOT yseJIHqHTb 

l{OJIHqeCTBO peryJIHpyeMbIX HHTepBaJIOB BpeMeHH, o6ecnelJHBaH pe>KHM 

nyJibCHpyIOmeft CBapKH c npHJIO>KeHHeIVI nOBhillleHHhIX ycHJIHH o6>KaTH51 

H npoKOBKH. 
flo npHHUHny JI.eHCTBHfl peryJIHTOp OTHOCHTCH K CHCTeMaM .llJICKpeT-

"' HOfO 33)1.3HHH npervreHHbIX HHTepBaJIOB no nepHO)l.aM nHT3IOIUeH ceTH. 
u u u B KaqecTBe OCHOBHOH JI.HCKpeTHOH HtieHKH HCilOJib3yeTC51 TpHrrep Tnna 

K I55TM2, KOTOpbIH HBJiffeTCH ocHOBOH .ll.JIH nocTpoeHH.H nepec11eTHhIX 
cxeM. )lpyr11e cpyHKUHH cxeMbl BblilOJlHHIOTC.H Ha JIOfHqecKHX 3Jiei\.1eHTaX 

rnna Kl55JIA3, KI55JIA4. PeryJIHTOpbI PKC B3aHM03aMeH.HeMhI c pery

JIHropaMH PUC. Ha HHTerpaJibHbIX l\iHKpocxeMax paapa6oTaHa TaI<*e 
cxeMa perynHTopoB THna PBH-501 (PBVI-703, PBYI-801), cxeMa 

Koroporo aHaJior11qHa cxel\'1e Ha p11c. 5.14. Mo.n.11cpHKaUHH peryJIHTopos 
tMna PBH noaBOJI5IIOT peaJIH30BaTb paan11qHhie pe>KHMbI pa6oThI cnapoq

HhIX l\18IIIHH: o6ecneqHBaIOT nyJihCHPYIOlIIJIH pe)KHM no TOKY, pa3.n.eJih .. 

HYIO peryJIHpOBKY Harpeaa .D.JIH JlBYX pa3JlH1IHblX HMnyJibCOB TOKa, aBTO

M8TM1IeCKHH BblXOJI. Ha IlOJIHocpa3HbIH TOK, ynpaBJieHHe JlBYMH 3JieKTpo-
nHeBMaTHqecKHMH KJianaHaMH, npHJIO'}KeHHe nOBblllleHHOro ypoBH5I Ha 

BpeMH npoKOBKH H npe.naapHTeJibHOe 06}KaTHe .neTaJieM. 3TH peryJIHTOpbI 
Bh1no~11HeHbI Ha HHTerpa.nhHbIX MHKpocxeMax cepHH K51 l. 0TJIHlJHTeJibHaH 
oco6eHHOCTb HX - nOBblllleHHaH noMeX033IUHII.leHHOCTb, tITO oco6eHHO Ba)K

HO B ycJIOBH51X MOII.lHhIX 3JieKTpnqecKHX H MarHHTHhIX noMex. OpnH
UHn pa60TbJ peryJIHTOpOB T3K)Ke OCHOBaH Ha )l,HCKpeTHOM OTcqeTe BpeMe

HH no nepHO)l.aM HanpSI}KeHH51 nHTaIOru.eii ceTH. B KaqecTBe OCHOBHOfO 
.nHCKpeTHoro 9JieMeHTa HCil0Jlb3yeTCH cqeTqHK HMilYJibCOB, BbIIlOJIHeHHhIH 
Ha .n.ayx HHTerpaJihHhIX MHKpocxeMax, 1(51111E I - .nao11qHo-.necHTHlJHh1ti 

G:eTbipexpa3pHJlHbIH ctJeTtIHK Ha TpHrrepax u K51111Jll - .nelllHcppaTop 
Ha 10 Bh14.o.n.os. TaKHl\'I o6paaoM, .naa ctJeTtIHKa, co6paHHhie Ha tJeTbipex 
HHTerpaJI-bHbIX MHKpocxeMaX, o6ecneqHBalOT OTCtieT BpeMeHH, paBHOfO 

99 nepHOJJ;aM HanpH>KeHH51 nHTaIOmeli CeTH. 3TH peryJIHTOpbI TaK>Ke B3a
HM03aMeHH""e·~· c .npyrHMH THnaMH peryJIHTOpOB. 

OepcneKTHBHbIM HBJIHeTc.H 11cno.nhaoBaHHe KOHTpo.TiepoB, BbinOJIHen
HhIX Ha 6a3e MHKponpoueccopoB, HanpnMep cepHH K580. KoHTpo..Tiepb1 
fl03BOJIHIOT xpaHHTb B naMHTH HeCKOJlbKO .nec.HTKOB nporpaMM pe>KIIMa 

CBapKH (BKJII0113H nocJie,noBaTeJihHOCTb H )lJlHTeJlbHOCTh onepau1rii), 3Ha
tJeHHH TOKOB caapKH, no.n.orpesa, QT}l{Hfa, CBapoqHoro H I<OBOlJHOfO yc11-

J1HH C}l{aTHH MT. n. Tpe6yeMy10 nporpaMMY pe)KMMa MO>KeT BhiaBaTh one
PaTop-cBapmMK, BKJII01J3H KJI3BHIIJH TepMHHaJia B 3aBHCHMOCTH OT MapKH 
l\IaTepHaJia H TOJIIUHHhI csap11aaeMoro H3,neJIHH. BhI3BaHHaH nporpaMI\ta 

o6~a6aThIBaeTC51 KOHTpOJiepoM H TaKHM o6pa30M o6ecneqHBaeTCH 3a.naH
lihIH UHKJI CBapKH. 
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5.4. ABTOMaTM'l8CKOe perynMpoaaHHe npou.eccoa TO'le'IHON 
.., 

H WOBHOH caapKM 

CHcTeMbI aaToMaTHqecKoro peryJIHpoaaHH5l 06ecneqHaa10T cTa6HJIH3aun10 
HJIH nporpaMMHoe H3MeHeHHe napaMeTpoa npouecca caapKH. Bb16op na

pa~1eTpa peryJI11poBaHHH - OAHa H3 ocHOBHbIX 3a){all npu co3,Zi.aHHH CAP. 

HecMOTpH Ha TO, qTo HH O,llJIH H3 OT,neJibHO B3HTblX napaMeTpOB He MO>Ker 

noJIHOCTblO xapaKTepH30BaTh npouecc caapKH, B pH.ne c.nyqaea npHMette

HHe CAP no HeKOTOpbIM napaMeTpaM no3BOJI51eT o6ecne1IHTh aa,naHHoe 

Ka1IeCTBO caapKH. K nepaofl rpynne OTHOC51TCH 3JieKTpHqecKHe napaMeTph1: 

caapo1H-IhIH TOK I cs; napaMeTp (/~st); MOIUHOCTb Q; 3HeprHH £; na,neHHe 

HanpHn<eHHH Ha 3JieKTpo.n.ax U3Jl; conpoTHB.neHHe y11acTKa uenH Me.>K.n.y 

aJieI<Tpo,naMH R3..1 · 
I<o BTopoH: rpynne OTHOCHTCH napal\i1eTpb1, xapaKTep113y10m11e npou.ecc 

cpopMHpoaaHHH cBapHoro coeAHHeHHH: TewinepaTypa T; HHTeHcHBHOCTh 

HI< -H3JiyqeHHH S; nepeMel.l\eH11e 3JieKTpOAOB ~h311 u .np. 

B o6ru.e!\.t cJiyqae, He3aBHCHMO OT BbI6paHHoii peryJI11pyeMoi1 aeJIHllH

HbI, cpyHKUHOHaJibHaH cxeMa 3aMKHYTOH CAP BhinOJIHHeTCH no 'o6meii cxeMe 

(CM. p11c. 1.6), B KOTOpOH ¢YHKUHH ycHJIHTeJIH BblilOJIHSieT cpa30BpamaTeJib 
u u u 

c COOTBeTCTBy10meH cxeMOH ynpaBJieHH.H, HCilOJIHHTeJibHOfO ycTpOHCTBa -

THpHCTOpHblH KOHTaKTOp, ynpaBJIHIOII(HH TpaHccpopMaTopOM CBapoquoii 

M3llIHHbl, HBJIHIOIUeHCH 06'beKTOM peryJnf poBaHHH. 

AeToMaTHlfecKoe perynupoeauue ceapo11uoro TOK a. B MalllHHax .UJIH 

KOHT3KTHOH CBapKH HaH60Jiblllee pacnpocTpaHeHHe noJiyqHJia cxeMa nH

TaHHH nepeMeHHhIM TOKOM npOMblWJieHHOH qacTOTbl. JlocTaTOlJHO lllHpOKO 

npH~1eHHIOTCH cxeMbl IlHTaHH5I aKKY~IYJIHpOBaHHOH 3HeprHeH (a 3JieKTpH

qecKOl\.f none KOH,neHCaTopa), a B nocJie,ll.HHe fOJJ.bl - IlHTaHHe noCTOHHHhIM 
u 

TOl{Ol\f HJIH TOKOM HH3KOH 1I3CTOThl. 

ToK H3MepHIOT cneuHaJihHhlMH _H3Mep11TeJihHbIMM npeo6pa3oBaTeJIHMH, 

B I<aqecTBe KOTOpbIX HCflOJib3YIOT wyHTbl, TpaHccpopMaTOpbl TOKa, IlOHC 

PorOBCKOfO, ,naTqHKH XoJIJia H Jl.P. nocKOJlbKY BTOpHllHhie TOKH KOHTaKT· 

HblX Maun1H )l.OCTHraIOT IIeCKOJibKO ,neCHTKOB M )l.IDKe COTeH KHJIOal\itnep, 

HaH6oJiee y.no6HhIM )laTtillKOM ToKa }IBJIHeTCH noHc PoroBCK6ro. JlaTtIHKH 

XoJIJia HCIIOJih3YIOTCH ,lJ.JIH H3MepeHHH 60JiblllHX TOKOB, 0)1.HaKO He 5IBJIH

IOTC.H )l.OCTaT01lHO CTa6HJibHbIMH, oco6eHHO npH KOJie6aHHH TeMnepaTyphI 

OKpymarom_eff cpe)lhl. IllyHTbl H H3IvlepHTeJihHhie TpattccpopMaTOpbI Ha 60Jib

lllHe TOKII HMelOT CJIHlllKOl\f rpOM03)(KYIO KOHCTPYKUHIO. 

none PoroBCKOfO npe,ncTaBJIHeT co6oii TOpOHA .H3 HeMafHHTHOfO Ma

TepHaJia, HanpnMep, TeKCTOJIHTa, paBIIOivtepHO o6BHTblH TOHKHM npOBO,llOI\it 

(pHC. 5.16). 3TOT TOpOH)( ycTaHaBnHBaeTC.H Ha TOKOBe,nynu1x ll3CTHX BTO

pHtIHOfO KOHTypa caapotIHOii lv13llJHHbl (pHC. 5.17). 3. JI.. c. Ha BblXO)(e IIOH

ca PoroBcKoro nponopunoHaLTihHa cKopocTH H3MeHeHH5I cEapoqHoro roKa: 

W dies 
e = -iLoF -,- dT ' (5.10) 

rn.e µ 0- MarHHTHaH nocTOHHHaH; F - nonepeqHoe cel!eHHe TopoH,na; 

tc' - KOJIHqecTBO BHTKOB o6MOTKH; I - )lJIHHa cpeJI.HeH JIHHHH TOpOH)la. 

HanpH>KeH11e c TopoH,na no)laeTCH Ha llHTerpaTop, BhIXOJJ.Hoe Hanpn>Ke

HHe KOTOporo OKa3bIBaeTC5l nponopUHOHaJibHblM MfHOBeHHOMy 3Ha1IeHHIO 

CBapoqHoro TOKa ics· flpOCTeHllJHII HHTerpaTOp npe~CT3BJIHeT co6oft 
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Pnc. 5.16. n OHC PoroecKoro - TOpOHJJ.: 

1- cep,n.eq HHK H3 HeMaTllHTHoro MaTepHaJia; 
2-o6MOTK8 

-
Puc. a.17. PacnoJJO)KeHHe TOPOHAa Ha CBapO'IHOA 
MaWllHe: 

J - Ha CBC'je; 2 - 118 HIUKHen TOKOBe,Z{yll{ett KOH
COJIH 

RC-uenh (pHc. 5.18,a), Ha BbIXOAe KOTopoii Hanp.s:i:meHue npHOJIH3HTeJibHO 
nponopUHOHBJibHO HHTerpaJiy OT BXO,llHOfO CHfHaJia~ 

'" 
UBLIX = Uc = ~cJ Uex di, (5.11) 

0 

ecLTIH RC~ tu. 
0orpell1HOCTb HHTerp11poBaHHfl MO:/KHO yMellhl.llHTb npn MCilOJlb30B8· 

HHH onepaUHOHHblX ycHJIHTeJleH na HHTerpaJibHhlX l'vtHKpocxeMaX (puc. 
5.18,6). I<oHTaKT S npe,nHa3HatieH ,nnH ycTaHoBKH HyJieBbIX HaqaJihHblX 
ycJioBHH Ha 1<0H,neHcaTope. ,llaJihHeflrnee npeoopaaoaaHHe CHrHana aaBH· 
CHT OT Toro, KaKoe 3HatJeHHe T01{3 HeOOXO)l.HMO H3MepHTb )J.JIH peryJIHpoBa

HHH: .neiiCTBYIOUJ.ee I en, cpe.nHee I cp HJIH aMnJIHTYJI.HOe I rn· B MalllHHaX 
,nJIH KOH)l.eHCaTOpHOH caapKH, HH3KoqacTOTHbIX H nOCTOHHHOfO TOKa 
OOblqHo H3MepHIOT aMTIJIHTY.AHOe 3HatieHHe Im. B MalllHHaX nepeMeHHOfO 

TOKa - .n.eflcTBYIOW.ee 1 CB HJIH cpe,nHee 3Ha1IeHHe TOKa I cp. ,UeiiCTBYIOI.IJ.ee 
SHat.IeHHe TOKa HaHOOJiee TeCHO CBH3aHOC TenJIOBLIMH xapaKTepHCTHKaMn 

npouecca CBapKH, O,llHaKo HHor.n.a .D.Jifl ynpomeHHH uaMepHTeJibHoti an

napaTyphI B CHCTe~iax peryJIHpOBaHHH HCOOJib3YIOT cpe,nHee 3HatieHHe 
TOKa. llnH nonyqeHHH ,neHCTBYIOIUero 3HaIJeHHH TOKa He06XOJI.HMO Bbll10JI· 
HHTb npeo6pa3oBaHHe: 

s 

Rf JJA 

a tf 
PRc. S.18. npHH1UfOH8JlbHaR cxeMa HHTerpaTopa: 

~n- Ha naccHsnoA .RC-u.enn; 6 _.a ucnonb30BaHHCM 
epallliOHHOFO }'CHJIUTeJIH 

(5.12) 

P11c. 5.19. H3MepHTeJlbHblU yae.n peryJJH-
2 

Topa napaMeTpa /Q8t 
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T/2 

lcp=~S icedt, (3. t 3) 

0 

r_ae T - neptto,n nanpsnKeHHH nHTa10meii ceTH. 

113 cpaBHeHHff (5.12) 11 (5.13) BH.ll.HO, qTQ annapaTypHaH peaJIH3aUHH 
3aKOHa (5.13) aHaqHTeJihHO nporn_e, tieM (5.12). PeaJIH3aUHIO 3aKoHa 

(5.13) MOJKHO noJiyqHTb, ecJIH Ha BXO,n HHTerpaTopa (pHC. 5.18,6) no.naTb 

HanpH>KeHHe, nponopuHOHaJibHOe CBapoqHoMy TOKy, a KJIIOlJ s BKJIIOlJaTb 
H BbIKJIIOtJaTh cHHxpoHHO c qacToTOH nHTaIOmeii ceTH. B 3TOM cJiyqae 
B KOHUe Ka>K,UOfO noJiynep110.na T/2 Ha BhIXO,ne cxeMbl 6y,neT noJiyqeHO Ha

npH}KeHHe, nponopuHoHaJibHOe cpe,nHeMy 3HaqeHHIO ToKa. TaKHM o6pa· 
30M, ,ll.JIH noJiyqeHHH 3Toro HanpH>KeHHH CHrHaJI c Bh1xo.na ooHca Poroac

Koro Heo6xo,nHMO npoHHTerpHpoaaTh .naa>KJU>I. HanpH}l{eHHe, nponop

UHOHaJibHOe neperv1eHHOMY TOKY, cpaBHHsaeTCH c 3TaJIOHHbIM 3HaqeHHelV1. 

CToJiytJeHHhIH cHrHaJI OlllH6KH HcnoJib3YeTCH ,n:JIH ynpaBJieHHH cpa3oBparu.a-
u 

TeJiel\1 , ycTaHaBJIHBalOm_eM TaKOH yroJI BKJllOt.IeHHH KOHTaKTopa, npH KOTO-

poM cpe,n:Hee 3Hat.IeHHe caapoqHoro TOKa paBHO 3a,n:aHH0My. Coapel\teHHhie 
peryJIHTOpbI o6ecneqHBaIOT CTa6HJIH38UHlO caapOtIHOfO TOKa c norperu

HOCThlO He t'SoJiee +I + ±2 % . DhICTpo,nei1cTBHe cxeMhI cocTaBJIHeT 
2-3 nepHo,ll.a HanpH}KeHHH nHTruomeii ceTH. 3a cqeT HeKoToporo ycJio>K

HeHH5I 3JieKTpOHHOH cxeMbl MO}KHO TIOBhICHTh 6hICTpo,n:eiicTBHe ):(0 1-0,5 
nepHo,na, lJTO Heo6XOJJ.HMO npH CBapKe KOpOTKHMH MMilYJihCaMH TOKa M npu 

• 
nporpaMMHOM ynpaBJieHHH. 

npttMeHeHHe peryJIHTOpOB TOKa Il03BOJIHeT ycTpaHHTb BJIHHHHe Ha 
KalJeCTBO csapKH KOJieOaHHH uanpH:>KeHHH nHTaIOmeii ceTH, H3MeHeHHH 
conpOTHBJieHHH KOHTypa MallUIHhl BCJie,nCTBHe ero Harpesa HJIH BHeceHHH 
cpeppoMafHHTHhlX Mace. 

PeryJIHTOpbl napaMeTpa (/~8t). 3aBHCHMOCTh Mem.ny apeMeHeM npoTe

l{aHHH CBapotIHOfO TOKa H pa3MepaMH H)l.pa TOlJeK Il03BOJIHeT C03,n:aTh 

ycTpOHCTBO .llJIH CTa6HJIH33UHH npOtIHOCTH lllBa nyTeM peryJIHpoBaHHH 
Bpei\1eHH cBapKH. O~HaKo peryJIHTOphI, peaJIH3y10m11e 3aKOH 1;,a t =z 

const, He,l(OCTaTOlJHO yseJIHlJHBalOT BpeMH csapKH npM y~1eHhlI.IeHHH TOKa, 
T. e. pa6oTalOT c He,n:OKOMneHcauHeH. Jlylfiilee npH6JIH>KeHHe K OTITHMaJlb

HO~IY 3aKoHy M3MeHeHH.H apeMeHH caapKH ,naIOT peryJIHTOpbl, TIOMep
>KHB3IOIUHe nOCTOHHHbIM npoH3Be,ll.eHHe KBa,npaTa caap01IHOfO TOKa (06b1q

HO ,ne1icTsy10mero sHatJeHHH) Ha apeMH caapKH I~at === const. OcooeH-
u 

HOCTblO 3THX peryJIHTOpOB HBJl5IeTCH TO, t.ITO OHH B03JleHCTBYJOT Ha BpeM51 
npoxo}K,neHHH csapotittoro TOKa. Dp11 .nocTH:>KeHHH BeJIHtJHHOH (/;8 t) 3a-

u 

,naHHOro ycTaBKOH 3HaqeHHH npeKpamaeTCH nonaqa HMilYJibCOB BKJIIO-
u u 

11eHHH Ha THpHCTOpHbIM KOHTaKTOp H CBapoqHblH TOK OTKJIIOqa ... 
eTCH. 

CTp11HuHnHaJihHaH cxeMa H3MepHTeJihHoro ycTpoiicTaa peryJIHTopa 
npHBe,neHa Ha pttc. 5.19. CxeMa cocTOHT H3 BXOJlHOH R"C uenH H .nsyx 
onepauHOHHbIX ycHJIHTeJie:HDA/ H DA2, np11lleM DA2 pa6oTaeT B pe}K11Me 
KO~lnapaTopa. Bxo,nttoii cHrHaJI, nponopu110HaJihHhIH JJ.eiicTBy10meMy ttJIH 
cpe.llHe~iy 3Ha1IeHHIO CBapoqHoro TOKa, no.naeTCH Ha BXO,ll CXeMhI. Ee.nu 
co6JIIOJ(aeTc5I yc11oa11e r === R"C ~ tc8 , a HeJIHHetittoe conpoTHBJiettne 
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p11c. 5.20. CxeMa KOMneucauHH HaeoQ,KH npu Puc. 5.21. ff3MepuTe .. 11bHbltt y3eJJ pery.'mTo11a 
03MepeHMH U'3n MOll.\HOCTH 

Ru Hl\11eeT KBa.npaTHllHYIO 3aBHCHl\iOCTh, To HanpH)KeHHe Ha KoH.neHcaTo

pe C 
2 

Uc== kfcnf. 

DpH u c= u 3al1. B MOMeHT i1 Ha BhIXo.ne KOMnapaTopa IlOHBJIHeTC51 

Hanp51:>KeHHe, KOTOpoe 06ecnein1BaeT 3anHpaHHe THpHCTOpHoro 1{0HT8l{TO

p a H OTKJIIOlJeHHe CBapOIJHOfO TOKa B MOl\1eHT BpeMeHH t = i1. 
PeryJUITOpbl uanpst.>KeHHH. B peryJIHTopax nanp.HmeHHH Ha BXOJ.l 

u 

H3MepttTeJihHOfO ycTpOHCTBa no.naeTCSI HanpH:>I<eHHe, CHHMaeMoe c .3JieKTpO-

JlOB CBapotIHOH MaWHHbl. l13MepeHHe na,neHHH HanpH)KeHHH Mem.ny .3JieK

TponaMH CBH3aHo c onpe.nerreHHblMH Tpy,nHOCTHMH, 3aKJ110qa10mHMHCH B TOM, 

qTO aOCOJIIOTHOe 3HatJeHHe U an 06hilJHO HeBeJIHKO H He npeBOCXOllHT 

0, 5-1,5 B. B TO >Ke speMH Ha H3MepHTeJihHYIO uenb .nelicTsyeT HaBO.IlKa 

OT npoXO}l{,neHH.H CBapoIIHoro TOKa, KOTopaH CKJiaAhIBaeTCH c H3MepHTe.nh

HbIM HanpHmeHHeM H BHOCHT onpe,neJieHHyIO norpemHOCTh. CymecTBYIOT 
u 

MeTO.Ilhl KOMileHCaUHH STOH HaBO.l{KH npH IlOMOIUH BCTpeIJHO BKJIIOlleHHOro 

HanpHmeHH.H u K7 CHHMaeMoro c HHJlYKTHBHOCTH' ycTaHOBJieHHOH B l{OHTy

pe CBapoqttoif MarnHHbI (pHc. 5.20). B pe3yJibTaTe y.naeTCH B onpe'AeJieHHhIX 

npe.neJiax yMeHhllIHTb norpernHOCTh H3MepeHHH Uan· B ocTaJibHOM npHH

UHn AeHCTBHH peryJIHTOpa HanpH>KeHHH aHaJiorHqeH pa6oTe peryJIHTOpa 
TOKa. 

0TJIHqHTeJibHaH oco6eHHOCTb peryJIHTOpa HanpHmeHHH - cnoco6-

HOCTb pearHpOBaTb Ha M3MeHeHHe IlJIOTHOCTH TOKa B 30He CBapOtIHOfO KOH

T8KTa, KOTOpoe MO}l{eT 6bITh BbI3BaHO He TOJlbKO H3MeHeHHe:M BeJill11HHhl 

TOKa, HO H yseJIHqeHHeM pa6otieH noaepXHOCTH 3.TieKTpo,noB BCJie,ncTBHe 

HX H3Hoca, a T3K}l{e rnyHTHpOBaHHeM TOKa paHee caapeHHbIMH TOIJKaMH. 

lleHCTBHe nocJie,nHHX .nayx B03MyIUeHHH lv10}1{H0 KOMneHCHpoBaTb TOJlhKO 

peryJISITOpOM HanpH}l{eHHH. OapaMeTpbI, xapaKTepH3YIOlllHe TOlJHOCTb 

H OhICTpo.ne:HcTBHe peryJIHTopoB HanpH2KeHHH, 6JIH3KH aHaJior11qHbil\i na
paMeTpaM peryJIHTOpOB TOKa. 

PerynRTOpbl MomuocTH H aHepruu. BbIXO.AHoe HanpsiLKeHHe H31\itepu

TeJihHoro yaJia peryJIHTOpa MOIUHOCTH )lOJI}KHO 6bITb nponopUHOHaJihHblM 

npoH3Be.neHHIO caapoqHoro TOKa I cs Ha naAeHHe HanpHmeHHH Me*.ll.Y 
3JieKTponaMH U 3n: · 

P = f caU~JJ· (5.14) 

Oco6eHHOCTb peryJIHTopa - HaJIHqne ycTpoiicTBa ,nJIH nepelVIHO.>Ke

HHH HanpH}KeHHM, nponopuHoHaJihHbIX I CB H u3JI· ,llJIH noJiylleHH.H c11r
liaJia, nponopuHoHaJibHOro npoH3Be)l.eHHIO ABYX aeJIHqHH, 3aAaHHbIX B BH)le 
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Hanp.H>KeHHM TIOCTO.HHHOfO TOKa, HCil0Jlh3YIOT nocJienoBaTeJlbHOe KacKa.Ll· 
Hoe coenttHeHHe ru11poTH0-1n~1nynhcHoro Mo,nyJIHTopa Ill HM, JIHHeiiHoro 
8MTIJIHTY,l{H0f0 MonyJI.HTOpa en AM H cpHJibTpa cpeJJ.HHX 3HalleHHH <P. Ha 
pHC. 5.21 noKa3aHa ynpow.eHH8H cxeMa ycTpOHCTBa, B KOTOp0~1 IJJHJ\11 
co6paH Ha TpaH3HCTope VT 1 H HHTerpanhHOM ycHJIHTeJie DA 1, JI AM -
Ha TpaH3HCTope VT2, a ¢HJibTp - Ha pe3HCTope R6 u KOH,neHcaTope 
C3.. Ha 6a3y VT I nonaJOTCH HMnyJihCbI c IIaCTOTOH ceTH, o6ecneIIHBaH 
6bICTpbIH pa3pn.n KOHAeHCaTopa CJ, Ha KOTOpOM cpopMHpyeTCH IlHJI006paa
HOe HanpH>KeHHe. 3To HanpH>KeHHe no.naeTC5I ua sxo,n ycHJIHTeJIH DAJ, 
pa60Ta1oruero B peJKHMe KOMnapaTopa. Ha ,npyroi'I 1111cfxt>epeHuHaJ1bHbiii 
BXO,n 3TOfO YCHJIHTeJIH no,IJ.aeTCH HanpH>KeHHe u exl, nponopUHOHaJibHOe 
cBapoIIHoMy T01<y U sx1 = kl cs· Ha BhIXO)le 1<0MnapaTopa o6pa3yIOTCH 
npHMoyroJibHbie HMTIYJibChI, .D.JIHTeJihHOCTb 1<0Toph1x t nponopuHoHaJihHa 
I cs· 3TH HMnyJibChJ ynpaa.runoT aMnJIHTYJlHhIM MOJlYJIHTOpoM, Ha BhIXOJ1-e 
KOToporo cpopMHPYIOTCH HMilYJibCbl c ,AJIHTeJlbHOCTblO, nponopuHoHaJib· 
HOil I CBt H a~10JIHTYAOH, nponopuHOHaJibHOH u ex2 = kUan· <l>HJibTp cpeA
HHX 3HaqeHHH BbI)leJIHeT IlOCTOHHHYIO COCTaBJIHIOIUyro U Hb1x = k/ caUan, 
nponopuHoHaJibHYIO MomHOCTH. 

B perynHTopax 3neprHH MHOJKMTeJihHOe ycTpoiicTBO o6ecnet.JHBaer 
nepeMHO>KeHHe Tpex BeJIHllHH; Ice, u 3nt tea· JlaJibHefuuee HCilOJib30BaHHe 
CHrHaJIOB, nponopUHOHaJihHblX MOl.I\HOCTM HnM 3HeprHH, ocyw.ecTBJIHeTCH 
raK )Ke, KaK B peryJIHTopax TOKa H HanpHJKeHHH. CTa6MnH3aUH.H MOlllHO· 

u 

CTH HJIH 9HeprHH Il03BOJIHeT HCKJllQqHTb BJIHHHHe MHOfHX B03MyLUeHHH, 
BKJIIOIIaH H3Hoc 3.TieKTpo,noe. KottcTpyI{THBHo 3TH peryJ1HTOpb1 6onee CJIOJK
Hbie no cpaBHeHHIO, HanpHMep, c paCCMOTpeHHblMH peryJIHTOpaMH TOKa, 
TaK KaK co.n.ep>KaT MHO/KHTeJibHble ycTpOHCTBa, KOTOph1e ll.OJl.IKHbl o6ecne
qHTb nepeMHO>KeHHe 9neKTpuqecKHX ae.n11qHH c norpernHOCThIO He 6onee 
I % 3a speMH t = 0,01 + 0,02 c. 

PeryJIHTOp&1 TeMnepaTypbl H HH<JlpaKpacuoro usny4euusi npuaneKTPOA
HOH o6nacTH. TeMnepaTypHoe none B 30He csapKH - onHa H3 ocHOBHhIX 
xapaKTepHCTHK npouecca, onpe,neJI.HIOIUaH KaqecTBO ceap~11. B HaCTOH· 
mee epeMH oTcyTCTBYIOT TeXHHtJeCKHe cpe,ncTBa JI.JIH H31\itepeHHH TeMnepa-

u 

Typbl HenocpeJ(CTBeHHO B H,l{pe CBapHBaeMOH TQqKH, Il03TOMY B KaqecTBe 
u u 

perynHpyeMOH BeJIHqHHbl HCilOJlb3YIOT TeMnepaTypy npH3JieKTpo,nHOH 
o6JiacTH. TeMnepaTypy H3MepHIOT TepMonapoii 2, KOTopy10 n0Mew.a10T 
B 3JieKTpOA 1 CBapoqHQH MallIHHbl TaK, qTo6bI OHa KaCaJiaCb nosepXHOCTtt 
cBapHBaeMoro MaTepHaJia (puc. 5.22,a). 

KocBeHHOe H3MepeHHe TeMnepaTypbl MO.IKHO ocymecTBHT-b oeCKOH• 
TaKTHbIM cnocoooM Ha OCHOBe HCllOJib30BaHH51 .n.aTllMKOB HK·HSJiylleHHH, 
ycTaHaBJIHBaeMblX TaKHM o6pa30M, llTOObl B HX none 3peHHH pacnonara· 
nacb npH9JieKTpo,nHaH oonacTh. 

Henocpe,ncTBeHHOe H3MepeHHe cseqeHHH yqacTKa «3JieKTpOJ(-JleTaJib» 

ocymecTBJI.HeTcH c noMOlllhIO cneuHaJiblfOl10... sneKTpona, B ueHTpaJihHO~t 
KaHaJie KOTOporo ycTaHaBJIHBaeTCH san9):(JIHUO c TOpUOM 3JieKTpo~a BCTaB· 
Ka H3 TyronnaBI<oro npo3paqHoro MatepnaJia, HanpHMep KBapua (pHc. 
5. 22,6). BcTasKa 1 CBH3aHa c cpoToJlartJHKOM 3 qepea cBeToBoit 2. Dpu 
CBapKe Ha noaepXHOCTH 3afOTOBKH B03HHKaeT· CBelJeHHe, KOTopoe perHCTpH
pyeTC.H QlOTOJI.aTqlfKOM H HCnOJih3yeTCH 4lIH ynpaBJieHHH npouecCOM Harpe -
ea. CTa6HJIH3aTopbI TeMnepaTyphI. npH9.T{eKTpo,nHoH o6nacTH H HX usny-

. ~ 

1IeHHH Il03BOJIHIOT KOMneHCHpoBaTb BJIHHHHe MHOrHX B03MymeHHH, no-
' 
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P1-tc. 5.22. H3MepeHne TeJ\tnepaTypbl npHa.neKT-
po,n.HoA' o6JJacTH: 
a- TepMonapoA; 6 - c)>OTOA3TlJHKOM 

PMc. 5.23. lfHAYKTHBHLJI AaTqlfK nepeMell.leHHH 
eJleKTPOAOB 

r------MI ig' ~1 Ull1 "" Unum I rJ81>1X 
I w2 I L _____ _J 

• 

CKOJlbKY B 3THX CJiytJaHX peryJIHpyeM.hle BeJJHlJHHhl Henocpe,ncTBeHHO CBH-

3aHhl c KaqecTBeHHhIM noKa3aTeJ1eM npouecca - TeMnepaTypHbIM noJie!\t. 

He,QocTaTOK 9THX peryJIHTopoB - 3aBHCHMOCTh noKa3aHHH naTlJHKOB OT 
u 

CTeneHH 3arpH3HeHHH nosepXHOCTH CBapHBae~ibIX )I.eTaJieH. 

PeryJulTOpbl nepeMemeHHst aJieKTpO.l(OB noJJ. JJ.eiicTeueM TenJJoeoro pac

rnupeHHSI MeTaJina. B npouecce ToqeqHofi caapKH B pe3yJihTaTe HarpeBa 

n nocJieny10mero pacnJiaBJieH11H MeTaJIJia no.n 3JieKTpo.naMH npo11cxoiu1r 

MecTHoe yeeJI11tJeHHe TOJIUJJIHhI cBapnaaeMhIX .neTanefi. MeTaJIJI B 30He .. 
cnapI<H pacrnHpHeTCH H npOHCXOJJJIT pa3,D.BHmeHue 3JieRTpo.noB CBapotIHOH 
MallJHHhl. 3TOT TaK Ha3hIBaeMbIH «,llJIJiaToMeTpHqecKHH 3qxpeKT» MQ}KHQ HC

IlOJib30BaTh B KalJecTBe noKa3aTeJiff, xapaKTepH3YIOI..Uero pa3Mep CBapHOH 

TOtIKH. Me>K.ny BeJIHllHHOH nepeMemeHHH 9JieKTponoa H o6neMOM pacnnas
neHHoro MeTaJIJia cymecTByeT B38HMOCBH3b, KOTOpaH HCilOJih3yeTCH npH 

nocTpoeHHH aBToMaTHtJecKHX peryJIHTopos. DpHpameHHe nntteflHoro pa3-
Mepa CBapHBaeMblX .neTaJieH np11 CBap1<e COCTaBJIHeT 8-10 % OT MX cyM

MapHOH TOJllUHHbI. 

PacrnnpeHHe .n.eTaJieii BhI3hIBaeT nepeMemeHHe .. 9JieKTpOJI.o.nep>KaTeJIH 
BMecTe c no.n.BH}KHOH t1aCTh10 cBapoqHoi1 ~1arnHHhI. BeJIHIIHHa 9Toro nepe

Mel.I.leH11H H3MepSieTCH .naT1IHKOM, meCTKO CBH3aHHbIM c HenOJI,BH>KHOH 
qaCTblO CBapOtIHOH MaWMHbl. 00,llBH>KHbIH 3JieMeHT ,n.aTllHKa CB5I3hIBaeTCH 

c 3JieKTpo.no,nep>KaTeJieM. B npocTeiirneM cny11ae JI.JIH H3MepeHHH nepeMeme

HHH HCnOJib3YIOTCH KOHTaKTHhie 3JieKTpOMexaHHqecKHe ,naTlJHKH, cpa6aTbl

BalO~He npH nepeMemeHHH 3JieKTpo.na Ha ycTaHOBJieHHYIO BeJIHlJHHY. 

B perynHTopax npHMeH.HeTCH HHJI.YKTHBHhIH ,naTllHK HJI., npe.n.cTaBJIH
IOlllHH co6oH 113MepHTeJlb ManhIX nepeMemeHHH (pHC. 5.23). OH COCTOHT 

H3 .nayx KaTyrueK WI n W2 ycTaHoaneHHbIX Ha MarHHTonposo,nax, >KecTKO 
CBH33HHbIX c Heno,llBH}KHOH lJaCTblO caapOlJHOH MalilHHhl. l(aTylllKH noCJie

IlOBaTeJibHO Bl{JllOlJeHhl c o6MOTl{3MH ,nJiqxpepeHUHaJibHOro TpaHccpopMaTopa 

T. B B03ll.YUJHOM 3a3ope MarHHTOnpoBOJlOB pacnoJI0>1<eH HKOpb, MexaHH
'lecKn CBH3aHHhIH c aepxHHM no,D.BJiiKHhIM 3JieKTponoll.ep>KaTene:M. B npo

uecce CBapKn 3TOT 3JieKTPOJlOAep}KaTeJib no.n. .n.eHCTBHel\1 CHJJ TenJIOBOfO 
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Pttc. 5.24. CxeMa H3Mepeuuii conpoTwBJie
HH.H 30Hbl csapKH 

KO~f peryJIHTOpe )l.JIH ynpaBJieHHH 

TOKa. 

pacw11peHHH nepeMemaeTcH aaepx Ha 

BeJIHqHHY !lh H H3MeHHeT HH,ZJ;YKTHB

H Oe conpOTHBJleHHe KaTyrneK \\7 J 
H W 2. Ha BhlXO,l(e TpaHcc}JopMaTopa 

T noHBJIHeTcH CH rHaJI paccor Jiaco

BaHHH, nponopUHOHaJibHblH till, Ko .. 
u 

TOpbIH HCilOJih3yeTCH B aBTOMaTH'1ec-

BpeMeHeM npoTeKaHHH caapoqHoro 

B HeI{OTOpbIX CJiy11aHx HHTepec npe,ncTaBJIHeT H3MepeH11e He TOJihKo 

nepeMemeHHH M, Ho H cKopocTH ero H3MeHeHHH hdldt, nocKoJibKY 3Ta 

BeJIHquHa xapaKTepHayeT CKOpOCTH Harpesa. ,llJIH 3T0f0 BblXO,l{HOH CHr

HaJI MOCTOBOH H3MepHTeJibHOM cxeMbI ,ZJ.tt¢cPepeHuHpyeTCH H noJJ,aeTCH B y3eJI 

cpaatteHHH. EcJIH no,n ,neiicTBHeM B03MyIIJ.eHMH cKopocTb Harpeaa BhIXOJlHT 
u 

sa ycTaHOBJieHHhle npe.n.eJibI, cnrHaJI paccorJiacoBaHHH, B03JI.eHCTBYH Ha 

cpaaoBpa~aTeJib, H3MeH.HeT BeJIHqHHY csapO'IHOfO TOKa TaKHM o6pa30~I, 
qTo6bI yMeHbWeHHIO CHrHaJia dhldt COOTBeTCTBOBaJIO yaeJIH'lleHMe TOKa, 

H Hao6opoT. npH AOCTH}KeHHH BeJIHqHHOH nepeMemeHHH 6h ycTaHOBJieH

HOfO 3Ha1leHHH, COOTBeTCTBy10mero OilTHMaJibHOMY pa3Mepy HJI.pa TOlJKH, 

pery JIHTOp BblKJllOtiaeT TOK. 

PeryJIHTOpbI, nocTpoeHHble Ha HCilOJib30BaHHM ,l(HJiaToMeTpHIIecKoro 

3cp¢eKTa, ooecneq11BaIOT KOMneHCaU.HIO BJIHHHHH OCHOBHblX B03Myll.leHHH 

Ha KatieCTBO CBapttoro COe,nHHeHHH. rJiaBHblH He,l{OCTaTOK 3THX peryJIHTO· 

poB - HeB03MO>KHOCTb pa6oTbl npH BhlnJlecKaX MeTaJIJia, a TaK>Ke 38BHCH· 

MOCTb HX T01IHOCTH OT CTa6HJibHOCTH CHJI TpeHHH nOJI.BH)KHOH llaCTH MaWHHhl. 

PerynH TOpbI conpoTueneuHSI. B npouecce caapKH 3JieKTpHqecKoe conpo

THBJieHHe yqacTKa uenH Me~y 3JieKTpO,ll.aMH (30Hbl csapKH) H3MeHHeTCH 

no CJiomHoMy 3aKoHy, npHqeM K KOHUY csapKH ero BMHtIHHa RK MeHbllie, 

qeM B HatJaJ1e. KpoMe Toro, ,ll.JIH Ma.11oyrJiepo,nHCThIX cTaJieif KpHBaH co

npoTHBJieHHH HMeeT MaKCHMy~i Rm, cMew.eHHhIH 6JIH)Ke K HaqaJiy Harpeaa. 

CTo BeJIH-lIHHe KOHelJHOfO conpOTHBJieHMH HJIH IlO ero OTHOCHTeJibHOMY 

H3:\iteHeHHlO RoT = (Rm - RK)/ Rep, r.n.e Rep - cpe,llHee conpoTHBJieHHe 3a 
u 

BpeMH CBapKH, rvtO>KHO cy,nHTb 0 pa3Mepax CBapHOH ToqKH. 

B HeKoTopbIX perynHTOpax AJIH yaen11qeHHH noMexo3aI.IJ.Hll{eHHOCTH 

B KatieCTBe napaMeTpa peryJIHpOB3HHH HCTI0Jlb3yeTCH HHTerpaJibHOe 3Ha· 

qeHHe conpOTHBJieHHH. 

DoCKOJlbKY Henocpe,nCTBeHHOe H3MepeHHe conpOTHBJieHHH B npouecce 
u 

CBapKH npe,ncTaBJIHeT 3HaqHTeJibHbie Tpy,nHOCTH, HCil0Jlb3YIOT KOCBeHHbIH 

MeTO)l, npH KOTOP0!\-1 OT,ZI.eJihHO H3MepHIOT naJJ,eHHe HanpH>KeHHH Mem,ny 
u 

3JieKTpo,naMH H csapoqHbIH TOK, a 3aTeM ,ZI.MHT nepBoe Ha BTopoe, B pe· 

3YJibT8Te qero c}JopMHpyeTCH CHrHaJI, nponopu.MoHaJI~HblH BeJIHllHHe CO· 

npOTIIBJleHH51 30Hbl CBapKH. 

YcTpo:HcTBO .D.JIH BhIIlOJIHeHHH onepauHH AeJieHMH )l.Byx CHrHaJIOB, 

nponopu.HoHaJihHhIX U 3J1 H I cs (pHc. 5.24), co.nep>KHT qacTOTHbIH 1 H arv1-

nJHITY Jl.HbIH 2 MOJlYJIHTOpbI, coe.rr.HHeHHble qepe3 pa3,neJIHTeJibHYIO uenb 

3 c HHTerpaTopoM 4. HanpH}KeHHe, nponopUHOHaJibHOe u3.i1t no,uaeTCH 

Ha BXO)J. aMnJIHTYJlHOro MOll.YJIHTOpa 2' a nponopUHOHaJibHOe TOKY - Ha 

BXO,ll. qacTOTHoro MOJJ.YJIHTopa 1. BhIXO,nHoii CHrHaJI aMnJIMTYJI.Horo rv10,ny

JIHTopa HMeeT BM)J. YHHilOJIHpHbIX HMilYJibCOB, a~IIlJIHTY.ZI.a KOTOpbIX npo

nopunoHaJibHa U3n, a qacTOTa f - nponopu110Ha.nhHa Ice· Pa3,ZI.eJIH-
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feJibH3H uenh 3 npe,nHa3HaqeHa .llJIH pa3,lleJieHHH nepeMeHHOH H IlOCTOHH

f{OH cocraBJIHI011.r0x, B pe3yJibTaTe 11ero Hanp.HJKeHHe Ha ee Bhixo.ne HMeeT 

BiiJl pa3HOilOJI.HpHbIX HMilYJibCOB TOH >Ke llaCTOTbl. 3TH HMilYJibCbl no,na
IOTC5I Ha BXO)J. HHTerpaTopa 4, Ha BbIXO,ne KOToporo no.11yqaeTCH HanpH>Ke· 

ane, npHMO nponopU.HOH3JlbHOe U311 H o6paTHO nponOpUHOHaJihHOe qac

rore f. 00CKOJibKY ll3CTOTa CJie)l.OBaHHH HMnyJihCOB nponOpUHOHaJibHa 
u I cs' BbIXO.llHOH cHrHaJI cxeMhI OKa3hIBaeTCH nponopuuoHaJihHhIM conpo-

tHBJieHHIO: 

U ebrX = k (U 311/ f cs). (5.15) 

3To HanpH>KeHHe HCnOJib3YeTCH llJIH ynpaBJieHHH cpa30BpamaTeJieM 

H rnpncTOpHblM KOHTaKTOpOM. 
YHHBepcaJibHblH asToMaTuqecKHH peryJIHTop YPT-3. B 11HCTHTyTe 

gJieKTpocaapKH HM. E._O. CTaToHa AH YCCP pa3pa6oTaH yHHBepcaJibHhIH 

aaro:\itaTHIJecKHH peryJIHTop YPT-3, npe,nHa3HaqeHHbIH )l.JI.H cra6HJIH3aUHH 

caapoqHoro TOKa Ice' naneHHH Hanp.H>KeHHH Me>KJJ.Y 3JieKTpo.naMH U 3Jh pyq
ao:H peryJIHpOBKH HarpeBa c aBTOMaTHlleCKOH CTaOHJIH3aIJ.Hei1 HanpHLl<e

HHH Ha CBap01IHOM TpaHccpopMaTope npH KOJie6aHH51 x HanpH1KeHHH ceTH. 

PeryJIHTop Mo>KeT pa6oTaTb B OJl.HOM H3 Tpex yKa3aHHhIX pe:mHMOB, aa.na· 
u u 

BaeMbIX nepeKJnoqaTeJieM, KOTOpbIH ycraHOBJieH Ha nepe.nHeH naHeJIH. 

OcHOBHOH pe>KHM pa6oThI - cra6HJIH3aUH.H I cs HJIH Van· Pe.>KHM pyqHo

ro peryJIHpoBaHHH HCilOJih3yeTCH npH HeHcnpaBHOCTH .naTtU-JKa TOKa 

HJIH HanpH>KeHHH. CxeMa H pa6oTa peryJIHTopa paccMoTpeHhI B npHn. 19. 

5.5. YnpaaneHMe M KOHtpona, npol,\ecca 1011e11H0Ji caapKM 
no MaTeMatw11ecKHM MOAenJIM 

MaTeMaTu11ecKue MOJleJIH npo~ecca yoqeqnou csapKH. CoapeMeHHhIH 

ypoBeHh Tpe6oBaHHH, npeJJ.'hHBJIHeMbIX K CBapHbl~I COeJI.HHeHHHM, MO)KeT 

6bITb y.noBJieTBopeH JIHillh npH OTITHMaJibHO~I ynpaBJieHHH csapoq_HhIM npo

u.eccoM, c nporHo3HpoaaHHeM Kaqecraa csapHoro coe,nHHeHHH. B 3TOM 
cJiyqae ,noJI)KHO 6hITh o6ecneqeHo TaKoe coqeraHHe napaMeTpOB pe.>K11Ma 

u u 
CBapKH H HX H3MeHeHHe BO apeMeHH c yqeTOM .neHCTBYIOlllHX orpaHHlleHHH, 
npH KOTOpOM noJiyqaeTCH M3KCHM8JlbHOe 3HaqeHHe KpHTepHH OilTHMH33· 

u 

~UUI - 11,HaMeTpa H,npa CBapHOH TQqKH HJIH ee npoqHOCTH. 

n.nH ycneIIIHOro pemeHHH 9TOH 3a,ll.aqH He,ll.OCTaToqHo CTaOHJIH3HpoBaTb 

KaK01i-JIHOO napaMeTp pe}l{HMa HJIH H3MeHHTb ero no 3a.naHHOH nporpaM

Me np11 IlONIOlll.H aBTOMaTHqecKoro peryJIHTOpa. IlpH OilTHMaJibHOM ynpaB
JieHHH Heo6XO,llHMO HCilOJlb30BaTh KOJIHlJeCTBeHHbie 33BHCHMOCTH Me>K.n.y 
napa~feTpaMH pe.>KHMa H BblXO)lHbIMH noKa3aTeJI.Hl\Uf Kaqecrsa CBapKH 

c TeM, t.JT06b1 06ecne11HTh npoTeKaHHe caapoqHoro npouecca B cooTBeTSTBHH 

C BhI6paHHbl~I 3apaHee KpHTepHeM OnTMMH3allHH.' ,llJIH 9TOrO He06XOJl.HMO 

¢opMaJIH30B3Tb 3a.n.aqy' T. e-: OTIHC8Tb ripouecc CBapKH ,ll.OCTaToqHo TOllHbIMH 
MaTeMaTHlleCKHMH 38BHCHMOCTHMM. IlpH 9TOM o6'beKT ynpaBJieHHH 3aMe

HHeTCH !vtaTeMaTnlJecKOH MO.UeJihIO, on11ch1Ba10meii Te oco6eHHOCTH npo

necca, KOTOpb1e cymecTBeHHhI JlJIH ynpaBJieHHH HM, H BBOJl.HTCH orpaHH
qeHHH, o6ycJIOBJieHHbie TeXHOJIOfHqecKHMH, 3KOHOMHlleCKHMH H .npyrnMH 
npnqnHaMH. 

Opouecc Toqeqttoff caapKH Mo.tKeT 6bITh onHcaH .neTepMHHHposaHHhII\fH 
MaTe\taTnqecKHMH l\toJieJIHMH, KOTopb1e yl.JHThIBaIOT 3Jiel{TpHqecKHe, Ten .. 
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noBbie H .necpopMaUHOHHbie npouecChI npH ToqeqHoii cBapKe. YpaBHeHi-u1 
onucb1 BaIOmHe 9TH npoueccbI, noJiyqaIOTcH CJIO>KHhIMH. noaTOMy HcnoJib: 
SOBaTb 9TH Mo,neJIH .llJIH KOHTPOJIH H ynpaBJieHHH npoueccoM CBapKH nOKa 
He npe,ncraBJIHeTCH B03MO>KHbIM. . 

p aCCMOTpHM ~10,lleJIM' nonyqeHHbie Ha OCHOBe 3KCnepHMeHT3JlhH0-CTa
THqecKHX MeTO,llOB - ypaBHeHHH perpe_CCHH, CBH3bIB3IOUJ.He napaMeTph1 
npouecca c OCHOBHbIMH IlOKa3aTeJIHMH KatieCTBa CBapKH. 

Hant5oJiee xapaKTepHbIMH noKa3aTeJIHMH Kat1ecraa ToqeqHoi1 caapKH 
HBJIHIOTCH .n11aMeTp SIJJ.pa TQqKH dHt npollHOCTb TQqKH npH HCilbIT3HHH Ha 
cpe3 F cp H rJiy6HHa nponJiaBJieHMH H, Bbipa>KeHHaH B npoueHTaX OT TOJJ
lllHHhI cBapttsaeMoro M3,neJIHH. Hcxo.nsi H3 3TOro, MaTeMaTHlleCKHe MO.ileJJH 
npouecca CBapKH OnHCbIBalOTCH ypaBHeHHHMH: 

dR =ft (X1, X2, • • • ' Xn; Y1, Y2, • • • ' Yn); l 
Fcp = f 2 (X1, X2, • • • ' X11; Y1, Y2, • • • ' Yn); J 
H = fa (X1, X2, • • • , Xn; Yi, Y2, • • • , Yn), 

(5. 16) 

r.n.e x 1, • • • , Xn - napaMeTphl pe>KHMa cBapr<H (/ca, tcR, Fe*, d311 
H T. .n.); y1, • • • , Yn - 3JieKTp11t1eCKHe, MexaH1rqecKHe, TeIIJIOBhie " 
,npyrHe napaMeTpbI, xapaKTepu3y10mHe npouecc cBapKH (na.n.eHHe eanp5I
>KeHHH Me:>K,n.y 3JieKTpOJI.3MH U an, nepeMeI.UeHHe 3JieI{TpO,ll.OB BCJie)I,CTBHe 
TenJioBoro paclllHpeHHH MeTaJIJia h3n, TeMnepaTypa H 11K-H3Jiyt1eHHe 30HhI 
CBapKH, aKYCTHlleCKaH 3MHCCHH H T. n.). 

BbIOHpaH nepeMeHHble BeJIHllH Hbl llJISI HCTIOJib30 BaHH.fl HX B MO)leJIH, 
HeOOXO,llHMO yqHTbIBaTb! HBCKOJlbKO cymecrBeHHO BJIHHHHe Kam.noii H 3 
HHX Ha KaqecTBeHHhIH noKasaTeJib; ynoocrBo HX H3MepeHHH H KOHTpoJIH. 

PaccMOTpHM HeKOTOpbre MHorocpaKTopHbie MaTeMaTHqecKHe Mo.nenH 
npouecca TOt1et1Hoi% csapKH cnnaBa AMr6. B nepBy10 MOJI.eJlb BKn10qeHbl! 

u 

CBapoqHblH TOK, na.neHHe HanpH>KeHHH Ha 3JieKTpO,ZlaX H ycHJIHe cmaTHH . 
3JieKTpo.nos, T. e. 

(5.17) 

Bo BTopyIO MO)leJib BMeCTO I CA H u an BKJIIOtieHbl MOW.HOCTb Q JI HOO 

SHeprHH £1 

da = f (Q, Fc>K); 
dR = f (£, Fc>K.)• 

(5.18) 

(5. 19) 

B HeKoTopbIX CJiyqaHX JlJIH nOBbIIlleHHH n0Mexoycroiit1HBOCTH ueneco
o6pa3HO BBeCTH B MO]lMb BMecTO MaKCHMBJlbHOrO 3HatJeHHH TOKa Im ero 
ycpe,n.HeHHoe 3HaqeHHe sa see apeMH npoTeKaHHH. 

npH BblOOpe MOJleJIH npe,nnOtITeHHe OT,naeTCSI nHHeHHbIM MO,lleJIHM, 1{0-

TOpbie HMelOT MHHHMBJlbHOe KOJIHlleCTBO qneHOB B annpoKCHMHpy10meM 

noJIHHOMe. HaHoonee xapaKTepHbie MaTeMaTnqecKHe Monenn, onHcb1aaKr 
Lil.He npouecc ToqeqHoii csapKH ~e-ranen H3 cnnaaa AMr6 Tonw.nHoii 
I + 1 MM, HMelOT BHJU 

dff = 4,lx4 + 2,8x3 - 3,tx: - 2,9xi; 
dff == 3, 72x5 - 2,Bx: - 0, 15x;; (5.20) 

dJ1 = 2,lxl -2,6x3 + 4,9xi- 7,6X1X2 + l,2X2X3, 
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1ca 

X4 = +-S U 3nic,.dt; 
ca 0 

/QB 

X5 - S U ,u.icadl, 
0 

YpaaHeHHH (5.20) npHae,neHhl a cTaH.napTH30BaHHOM MacrnTace 

Opn~ep ypaBHeHHH B HaTypaJI&HOM MacmTa6e 3anHIIleM B BHJle 

dst = - 6,87 - 3,98 · l04Fc>K + 4,59 · 10-2£-0,372 • 10-4£ 2 , 

rne d51- pactJeTHbIH JJ.Harv1ei-p HJJ.pa ToqKH, MM; F c>K - ycHJIHe c>KaTHH • 
H; E - 3HeprHH, .[I)K. 

)lJUI 9THX MO,neJieH KOppeJIHUHOHHOe OTHOIIleHHe, xapaKTepH3YIOI.Uee 

noJIHOTY CBH3H Me>K)ly ,nHaMe'l'pOM HJJ.pa H napaMerpaMH' BXOJIJIII.lHlrlH 
B (5.20), t} = 0,91 + 0,93. JlJUI oueHKH 3c}xt>eKTHBHOCTH~ MO,ll.eJieH HCilOJib

syroT cpe.nH1010 OTHOCHTeJibHYIO ow110Ky npeJJ.CKa3aHHH (e % ): 
n 

1 ~ d -d 
E = - R. H3M H. p I 00 . 

n d ' I SI. R3M 

.. 

r.ne n - KOJIHqecTBO caapeHHblX TOtieK; d'Ji. H3M - H3MepeHHbIH no MaKpo

llJJIHcpy ,DJIBMeTp H,npa; dR. p - paCCllHTaHHbIH no Mo,neJIH ,l(H81\ileTp 5I)lpa. 
0wH6Ky npe,ncKa3aHHH BbiqHCJI5IIOT no HCXO,l(HOH HHcpopMaUHH, Ha 

OCHOBe KOTopoif pa3pa6aTblBaeTCH MaTel\'18THqecKaH MOJleJib, H no HHcpop

MaUHH, KOTOpaH npH nocrpoeHHH MOJleJlH He HCilOJlb3YeTCH. BenHIIHHa 
e HaXOJJ.HTCfl B npe.nenax 4-6 % . 

c yMeHbllleHHeM TOJIIUHHhl caapHBaeMbIX ,AeTaJieH npouecc H3fOTOB
JieHMH MaKpOlllJIHQJOB H nocJie,ny10mee M3MepeHHe ,nHaMeTpa H.npa HeCKOJib
KO ycJIO)KHHIOTCH. no3TOMY npH nOCTpOeHHH MO,nenefi 3a noKa3aTeJib Ka
tieCTBa CBapKH BMeCTO JlH8MeTpa H,npa npHHHMalOT CTaTHIIeCKYIO npoq

HOCTb caapHoH TOllKH Ha cpea Fcp· HanpHMep, npou.ecc TotietJHOH KOH
TaKTHott KOHAeHCaTOpHOH CBapKH 38fOTOBOK TOJllll.HHOH 0,18+0,18 MM 

H3 HHKeJIH Hnt a o6JiacTH napaMeTpoa E ± 10 % EHoM u F.>K = ± 15 % 
Fc>J<.. noM onHchIBaeTCH ypaBHeHHeM perpeccHH [31] 

Fcp = 28,8- 0,88Fc>K - 0,09£2 + 0,061Fcw.E. (5.20a) 
-

YpaBHeHHe (5.20a) np11BeJI.eHo a HaTypaJibHO!\·f MaCI.IJTa6e. HanpHMep, 
ecJIH Fc"JK = 40 H H E = 15 .[l}I{, TO Fcp = 135 H. ~ 

OcHoBHoe JI.OCTOHHCTBO craTHCTHIIecKHX MaTeMaTHtieCKHX Mo,neJieli 
npouecca CBapKH - yqeT peaJibHbIX ycJIOBMH, npH KOTOpbIX 6bIJIH noJiy
lieHhI ,ll.8HHhie ,nJIH IlOCTpOeHHH STHX MO,L{eJieiL 0,nHaKO npH H3MeHeHHH 

YCJIOBHH CBapKH TOlJHOCTb OilHCaHHH npou.ecca CHH>KaeTC51, qTo orpa.HHtIH
Baer 06.nacTb npHtrteHeHHH cTaTHcrHqecKHX Mo,neneii. Oco6eHHO cymecTBeH
Ho BJIHHeT Ha TOlIHOCTb H3MeHeHHe TOJIIIJ.HHbl CBapHBaeMhIX .ne-raneii. ,[lJIH 
Toro lIT06bI ooecnetIHTb tpe6yeMylO TQqHQCTb OilHC8HH51 npouecca npH H3· 

MetteHHH TOJlll.JJiHbl 38fOTOBOK, Heo6xo,nHMO npoBeCTH KOppeKTHpOBKY 
K03<P¢HUHeHTOB ypaBHeHHH perpeCCHR. OpaBHJia, no KOTOpbIM npOH3-
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BOJ.U1TCSI 9Ta KoppeKTHpOBKa, OCHOBaHbl Ha clJH3~1qecKOM IlO)l06HH KOHTaKT ... 
HOH TOlJellHOH CBapKH JI.eTaJieH pa3JIHqHQH TOJIInHHhl H3 O,D.Horo H Toro }I{ e 

MaTepHaJia. 3To TI03BOJISieT OilHC3Tb npouecc TOlletIHOM CBapKH B lllHPOKOM 
nHana30He TOJllllHH MaTepttaJia KnaCCOM H30MOp<}JHbIX MO,nenefl. noJJytUiB 

H3BeCTHbIMH MeTO,ZI.aMH CTaTHCTHlleCKYIO MO.ZI.eJib .n.nsi OJI.HOfO KJiacca Ma
TepHaJIOB onpe):leJieHHOH TOJIIUHHhl H npHHHB ee sa 6a3oByIO, MO>KHO nepe ... 

cquTaTb K09¢q>HUHeHTbl perpeCCHH JlJUI TaKoro >Ke MaTepHaJia JIIOOOH .npy ... 
ro:H TOJIIIJ.HHhI. Ko9¢q>HUHeHThI H30MOpcpHbIX MOJ:(eJieii Ha ocHoBe 6a3oaoro 

ypaBHeHHH perpeCCHH onpe,l(eJIHIOTCSI no napaMeTpaM OTITHMaJibHblX pe

:IKHMOB. 
Ilpu JIHHeHHbIX lJJieHaX K09¢q>HuHeHTbl .ll.JIH HOBO.ii MO,ZI.eJIH Bbl1IHCJIHIOT 

no cpopMyne 

b •I• - b o • (c )2 u - " x. • L 

(5.21) 

(5. 22) 

Cso6oJJ.HhIH llJJeH np11 nepexo~e OT 6a3oBoii Mo,neJIH K HOBOH onpe

.neJIHIOT n 0 Bbipa>KeHHlO 

, 

X· 
B cpopMyJiax (5.21)-(5.23) c~, = ~; c~ = y0' - Yo; x,. 

0 

(5.23) 

, 
Xt ot Xio H Yo, 

Yo - COOTBeTCTBeHHO napaMeTpbI onTHMaJibHbIX pe>KHMOB H BblXO,nHhie 

noKa3aTeJIH 6aaoaofl " Hoao:H: MOJJ.eJie:H:. CpaBH~HHe Mo.n.eJieli, noJiyqeHHbIX 
o6bIIJHhIM 9KCnepuMeHTaJibHO-CTaTHCTHIJeCKHM M€TO)l.01\i1 J:(JIH TOJlllJ.HHhl 

B = 1,5 + 1 ,5 MM cnnaaa ,lll 6A T, H H3oMopcpHbIX MoJJ.eJieH, noJiyqeHHhIX 
np0 nepectJeTe K03cpcpHuHeHTOB 6a30BOH MOJJ.eJiu )(JIH 6 = I + 1 MrvI no 
cpopMyJiaM (5.21)-(5.23), noKa3ano, qTo Te H ,npyrue a,AeKBaTHo onH· 

ChIBaIOT npouecc CBapI<H, a cpe,ZJ.HSI5I OlllHOKa npe,ll.CKa3aHHH HaXOJIHTCH 

a npe,neJiax 4-5,5 % . 
TaKHM o6pa3oM, npHMeHeHHe MeTo.na 1<oppeKUHH K03¢q>HUHeHTOB ycKo

pHeT npouecc nony11eHHH H30MopcpHbIX Mo,neneii, a TaK>Ke ynpomaeT an
napaTypy ,ll,JISI ynpasneHHH H KOHTpOJIH KaqecrBa CBapKH Ha OCHOBe 6a-

u 

30BOH MOJI.eJIH. 
AnnapaTypa JlJUI KOHTPOJJH Ka11ecTea ceapKH no MaTeMaTuqecKHl\t MO

neJIHM. y CTpOHCTBa II.JI51 KOHTpOJIH KaqecTBa CBapKH no MaTeMaTnqecKOM 

MOJI.eJIH npouecca co.nep>KaT ll.aTqHKH napaMeTpoB pe)KHMa H npouecca 

CBapKH, BbllJHCJIHTeJihHblH 6.noK' 06ecne11HBalOIIlJIH perneHHe ypanHeHHH 
perpeccHH n peaJibHorv1 npeMeHH, H 6JI01< oToopa>KeHHH pe3ynhTaToB pac
qera. 8TH ycrpOHCTBa MOryT 6hITb BblTIOnHeHbl Ha SJieMeHTHOH 6a3e aHa

noroBOH HJIH UHcppOBOH B~lJHCJIHTeJibHOH TeXHHKH. 
AHaJioroBbie ycTpoffcrna OTJ1H11a10TCH cpaBHHTeJibHOH npocToToii cxeM

HbIX peweHHH. ll.OCTaTOlJHO BbICOKOH Ha.ZI.e>KHOCTblO H 9KOHOMHlJHOCTblO. 
0,nHaKo HCDOJlb30BaHHe aHaJJOfOBhlX ycTpOHCTB He BcerJI.a onpaB]laHO, 

TaK KaK B CJiyqae H3MeHeHHH CTPYKTYPhI ypaBHeHHH, BM.II.a Bxo.nHhIX na
paMeTpoB, AHana30HOB HX perynHpOBaHHSI Tpe6yercsi nepecTpOHKa sw
qHCJIHTeJibHOro 6noKa, ero nonOJIHHTeJibHble HaJia,nKa H HCilbITaHHfl' 
a nHor,na ,n_a}Ke noJIHaH ero aaMeHa. K tteAOCTaTKaM auanoroBoro BhI1JHCnH· 
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Puc. 5.25. CTpyKTypuan cxeMa ycTpoAcTsa PHc. 5.26. CxeMa aJ1rop11TMa pa60Tbl ycTpOHCTBa 
IOHTpOJUI H nporH03HpOBaHHH Ka'leC'TBa ceapKlt KOHTpOJISI H nporH03HPOBaHHH Ka'leCTBa CBapKK 

TeJlbHOfO ygna oTHOCHTCH TaK>Ke Tpy,nHOCTb O'AHOBpeMeHHOfO KOHTpOJIH 
HeCKOJlbKHX He3aBHCHMO paooTalOlI.IJfX caapoqHblX ycTaHOBOK. 

UH<t>poBaH BbiqHcJIHTeJihHaH TeXHHKa csooo)(Ha OT yKa3aHHbIX He)(o
craTKOB, O,l\HaKO npH ee HCilOJib30BaHHH B03HMKaIOT ,npyrHe Tpy,nHOCTH. 
3ro CBH3aHO c Heooxo~HMOCTblO UH<t>poBOro HHTerpHpOBaHHH CHrHaJIOB 
c norpewHoCThIO He xy>Ke 0, 1-0,2 % npu H3MepeHHH cBapoqHoro ToKa, 
a TaK>Ke npH ycpen.HeHHH na)(eHHH HanpH>KeHHH Me>KJ(y SJieKTpo.naMH. 
TaKoii ypoaeub ToliHocTH TpeoyeT BhinOJIHeHHH npeo6pa3oBaHHH axo~HbIX 
CHrHaJIOB B UHcppoayIO cpopMy c OOJlblliOH CKOpOCTblO (OJlHO npeo6pa30Ba
HHe aa e)lHHHUbl MHKpoceKyH.n), Il03TOMY B COCTaB ycTpOHCTB KOHTpOJIH 
H ynpaaneHHH Heooxo~HMO BKJ11011aTh uecKOJibKO ohICTpo.neiicTay10mHx 
aHanoro-uucppoebIX npeo6paaoaaTeJieH: H HaKanJIHBaIOlllHX cyMMaTopoa 
HJIH npH O'AHOM cyMMaTope HMeTb onepaTHBHYIO naMHTb 60JibllIOro 061>
eMa. no9TOMY ycTpOHCTBa KOHTpOJiff BbIIlOJIHHIOT C npHMeHeHHeM 3JleMeH
TOB aHaJIOrOBOH H UHcppOBOH TeXHHKH. npe)lBapHTeJibHYIO oopaooTKY 
BXOJI.HbIX CHrHaJIOB uenecoo6pa3HO npoao,nHTb B aHaJiorOBOH cpopMe (HH
TerpHpoaaHHe, MaCIIITaoHpOBaHHe HT. Jl.), a OCHOBHble BblqHC.nHTeJibHble 
onepaU,HH' CBff SaHHble Henocpe,nCTBeHHO c peweHHeM ypaBHeHHSI -
B UHcppoaoii cpopMe npH noMOIUH cneuuaJJH3HpoaaHHoro HJIH yHHBepcaJib
Horo npoueccopa, BXOJI.HIUero B COCTaB MHHH-HJIH MHKpo3BM. 

CTpyKTypHaH cxeMa ycTpoH:crsa KOHTpOJIH napaMeTpoa pe>K11t.i1a 
H nporH03HpoBaHHH KaqeCTBa CBapKH c HCil0Jlb30BaHHeM cneuHaJIH3Hpo
BaHHoro npoueccopa npHBe,neua Ha pHc. 5.25, a cxeMa ynpomenHoro 
anropHTMa paooThI 3Toro ycrpoi'.icTBa - Ha puc. 5.26 [ 43]. 

OpHHUHn paooTbI ycrpoiicTBa cocroHT e cne.nyiomeM. CurHaJibI, npo
nopunoHaJibHbie ee.n11q11HaM dicJdt, U:""' Fem, c .naTqHKOB, ycTaHOBJieH
HbIX Ha caapOlIHOH MalllHHe, nocrynalOT Ha M8CWTaoupyIOlUHe ycHJIHTe.nH
~OpMupoBaTeJIH, r'Ae npHBOJl.HTCH K CTaH.napTHOMY ~JIH BXO.llHOro 6noKa 
YPOBHIO c yqe-roM TOJIW.HHbI H MapKH csapHBaeMbIX MaTepHanos • .llanee CH
raaJibI HHTerpHpylOTCH ]J.0 MOMeHTa .lI.OCTH>KeHHH CBapoqHblM TOKOM MaKCH
MYMa, nocJie qero HHTerpaTOpbl nepeBO.llHTCH B pe}KHM xpaHeHHH HHcpop
MauHH H CHrHanbI OT HHX qepes KOMMyTaTop nocTynaIOT Ha aHa.noro-
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UHcppoaoti npeo6pa3oBaTeJib All.fl. ~HcppoBbie KO.l(bI, awpa60TaHHh1e npe
o6pa3oBaTeJieM, qepe3 MarHcTpaJibHbie KO.llOBbie lllHHhI MKW no.AaIOTCH 
B TOT HJIH HHOH 6JIOK JlJUl oopaOOTKH. CTopHJI.OK o6pa60TKH UH¢pOBhIX )laH
HbIX, HHcf>opMaUHOHHbie CBH3H l\1e>K.D.Y 6JIOKaMH H BbipaooTKa ynpaBJIHIOIIJJIX 
B03JI.eiiCTBHH onpe)leJIHIOTCH CHrHaJiaMH MHKponporpaMMHoro 6JIOKa. 
KoMaH,ll.bl, BhI)laeaeMh1e 3THM 6JioKoM, 3aBHCHT OT HcnoJih3yeMoro ypaBHe
HHH perpeccHH, CBH3hIBa10mero napaMeTpbI npouecca ceapKH 11aHHoro 
f\itaTepuana c BbIXOJI.HhIM noKa3aTeJieM Kaqecrea. 

nocJie OKOHtiaHHH npeo6pa30BaHHH ecex .l(aHHblX c nOMOIUblO 6JIOKa 
UHcppoBbIX onepauH:H cpaBHHBalOTCH napaMerpbI ceapoqHoro npouecca 

u 

c ycraBKaMH H no ypaBHeHHIO, xpaHHII\eMycH B naMHTH ycrpoHCTBa, pac-
cqHTbIBaeTCH .llHaMerp st,npa cBapHof1 TOIIKH. Pe3yJibTaThl pact1era HHAH
UHPYIOTCH B JI.ecHTHtIHofl cpopMe Ha 3JieKTpoJIIOMHHecueHTHOM Ta6no. 

ECJIH napaMeTpbI pe>KHMa ceapKH BbIXO.l(HT 3a ycTauoaneHHble npe.ne
JihI, TO HX 3HaqeHHH H pe3yJibT3Tbl pacqeTa perHCTpHpylOTCH UH¢poneqa-

u 

TaIOIUHM ycrpOHCTBOM, 0.llHOBpeMeHHO BhIJI.aeTCH CHrHaJI onepaTopy H Ha 
1<pacKonyJ1bT JI.JIH OTMeTKH .necpeKTHOH ToqKH. B cnyt1ae Heooxo,nHMOCTH 
Ha neIIaTb MO>KHO BbIBOJlHTb 3HaqeHHH Bcex HHTepecyIOI.UHX napaMerpoB. 

B npouecce nepepa6oTKH HH¢opMaUHH HCXO.l(Hhle llHCJia npe.llOCTaBJIH
lOTC.H BOCeMblO .U.BOHIJHblMH pa3pH.l(aMH c norpelllHOCTblO +0,5 e,nHHHUbl 
~tJia.LI.wero paspHJla. ,[{JIH 3Toro ucnonb3YeTCH .neeHTHpa3pfl.llHbIH npe
o6pa3oeaTeJib H no COCTORHHIO .u.eBHTOfO pa3pHna npOBOJ(HTCH OKpyrne
HHe BOCbMOrO. 

B ycrpOHCTBe KOHTpOJIH HCnOJib3yeTCH MHKponporpaMMHbIH npHHUHn 
ynpaBJieHHH c ecrecTBeHHoif anpecauuen MHKpoko!\r·taHJI.. MHKpoKoMaH,ZI.bI, 
a TaK.>Ke aepxHHe H HfDKHHe npe.LI.eJihHbie 3HalleHHH napaMerpoB, a.LI.peca 
ycJIOBHH H nepeXOJI.OB, 3HaIIeHHH K03qxflHUHeHTOB ypaBHeHHH JlJIH pacqera 
)lHaMerpa H)lpa (HJIH rny6HHbI nponJiaBJieHHH) H .npyrue )laHHbie xpaHHTCH 
B IlOCTOHHHO~t 3anoMHHa10meM ycrpoHCTBe ll3Y eMKOCTblO 1024 24-pa3-
PHJlHbIX c.noea. CTpH CIIHTbIBaHHH HH¢opMaUHH H3 ll3Y HCnOJih3yeTcH KOHT
poJib no lleTHOCTH. OpH HenpaBHJibHO cqHTaHHOM CJioae ero BhinoJIHeHHe 
6JIOI<Hpyerc5I H Bbipa6aTbIBaeTCH CHrHaJI nOBTOpHoro CllHTblB3HHH; ecJIH 
COOll nOBTOpHeTCH, TO cpHKCHpyeTCH OTK33, BbIJI.aeTCH CHrHaJI onepaTopy 
H ycrpoiicreo npeKpamaeT pa60Ty. 

Tot1HOCTb nporH03HpoaaHHH JJ.HaMeTpa H.llpa HJIH rny6HHbI nponJiaBJie
HHH 33BHCHT He TOJibKO OT TOllHOCTH BblqHCJIHTeJibHOro 6JIOKa, HO TaK>Ke 
H OT norpeWHOCTeH )laTllHKOB napaMerpOB pe>KHMa CBapKH. npH HaJIHIJHH 
OllllIOOK H3MepeHHH nepeMeHHblX fl.xi oomaH OTHOCHTeJibHaH norpelllHOCTb 
nporH03HpOBaHHH 

F' F' F' F' 
6 = Ft ~X1 + ; ~X2 + • • . + -; 6x1 + .. • + _Fq ~Xq, 

r ,ne F = F (x1 ••• Xq) - MaTeMaTu11ecKaH MOJI.eJib npouecca; x, - He3a· 
BHCHMbie nepeMeHHbie; Fi . . . F; - tiacTHbie npOH3BOJI.Hbie no cooTaeT
CTBYJOI.UHM He3aBHCHMhIM nepeMeHHbIM x 1 • • • Xq. Ecnn yt1eCTb, t1To 
F' (x) iJ fin F (x)] u -- = TO Bblpa>KeHHe AnH OTHOCHTeJibHOH norpelIIHOCTH 
F (x) iJx ' 
MO>KHO aanucaTb B BHAe 

6 _ a In F !l + ... + 8 !" F ~X/ + ... + a01n F 6.xq. 
- OX1 Xi vx, Xq 
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B KaqecTBe npHMepa paccMOTpHM onpe)le.neHHe omHOKH nporH03ttpo

aaHHfl )JJfaMeTpa JIHTOfO H)lpa dfl OT norpelliHOCTeH .naTtIHl{OB CBapOtIHOfO 

roKa I cp,, na)leHHH HanpH)l{eHH.H Ha 3JleKTpo.n.ax UaJJ H ycHJIHfl C)l{3THH Fc>K· 
.MaTeMaTnqecKaH MO,QeJib JlJIH paccMaTpHBaeMoro cJiyqaH urv1eeT BH)l 

dR=-b0 -b1Fc)K+b2Q-b8Q2• (5.24) 

npe.llCT3BHM (5.24) B BH.D.e • 

d11 = - b0 -bi Fem.+ b2 (U3nicBicB)- b3 {U:JnicRlcs)2 • (5.25) 

OocJie .norapHcf>~1HpoBaHHH, .llHcf>cf>epeHuHpoBaHHH no nepeMeHHhll\·t ica, 
u3 _,19 F c>K H npoMe>KyTOtIHhIX npeo6pa3oBaHHH noJiytIHM Bb1pa*eH11e llJIH 

OTHOCHTeJlhHOH OIIJHOKH nporH03HpoaaHHH .nnaMeTpa H)lpa: 

b1 f!F CJK . b2U3JI/CB~/ CB 

6 = - ~ 100 + ~ I 00 -

2baua211t~BiCB!!I cB b2ics/cB~U-a11 
~ 100+ l: 100-

2b3i~B,~Bu3Jll!U an 1 
l 00, (5.26) 

r)le E = - bo - b1Fcm + b2 (u3JJicslce) - ba (Usnicatca)2 ; !lice, 6.U a.n H 
flFc>K - a6cOJIIOTHbie rrorpeWHOCTH H3MepeHHH COOTBeTCTByK)lllHX napa

MeTpOB. 
Pe3y JibTaThI pacqeTa no cpopMy Jle (5.26) noKa3hIBaIOT, qTo eCJIH H3Me

pHTb napaMeTphl pe>KHMa c norpemHOCTblO I % , TO MaKCHMaJlbHaH OlllHO

Ka npellCK33aHHH 6yJler paBHa 4,3 % . nocKOJibI<Y cyMMapHaH norpern
HOCTb onpe.neJieHHfl dff no MOlleJIH H3-3a OlllHOOK H3MepeHHH napaMeTpOB 
pe>KHMa H HeTOllHOCTii BbiqHCJIHTeJibHoro 6.noKa He .llOJl}l{Ha npesb1maTb 
5 % , Tpe6oBaHHfl K ToqHocr11 9Toro 6.TioKa B .n.aHHOM CJiyqae oKa3bIBaIOTCfl 

mecTKHMH (0,7 % ). ECJIH >Ke Hcno.nb30BaTh naTtIHKH napaMeTpoB pe}l{HMa 
6onee BhlCOKOH TQqHOCTH (norpernHOCTb H3MepeHHH 0,5 % ), TO norpern

HOCTb BblqHCJieHHH dH COCTaBHT 2,4 % H, CJie.noBaTeJibHO, norpernHOCTb 
BbiqHCJIHTeJibHOro 6JIOKa MOLKeT 6bITb 2,6 % . 

y CTpOHCTBO KOHTpOJIH KatieCTBa csapKH MO>KHO BbinOJIHHTb Ha 6a3e 

nporpaMMHpyeMoro KaJibKYJIHTOpa THna «3JieKTpOHHKa 53-21», KOTO
pbIH n03BOJIHeT BbIIlOJIHHTb 30 pa3JIHlIHbIX MaTeMaTHCJeCKHX onepaUHH 

npH rJiyoHHe nporpaMMbI B 60 maros. 5I3hIK nporpaMMHpoaaHHR oCJeHb 
npocr, a onepauHH BBo.na nporpaMMhl, ee oT.na.n.KH 11 pen.aKTHposaHHR npo
H3BO.DJ1TCH Ha KaJibKYJIHTope c nOMOIUbIO KJiaBHlllHOrO nyJibTa H JlHCnJieH 

Ha CBeTOBbIX .D.H0Jl3X. no3TOMY CMeHa nporpaMMbl npH nepexo.ne Ha CBapKy 
llpyroro MaTepHaJia H H3MeHeH11e pa3JIHqHhIX ycraBoK MoryT oblTb BbITIOJI

HeHbJ onepaTopoM B TeqeHHe HeCKOJibKHX MHHyr. B Kat1ecTBe BblCJHCJIHTeJib

Hhlx 6JIOKOB TaK>Ke HCnOJib3YIOTCH rrporpaMMHpyeMbte KaJibKYJiffTOpbl THna 
«3.neKTpOHHKa MK-46 » 11 «3JieKTpOHHKa MK-64» (nocJie.llHHH HMeeT 

BCTpoeHHblH aHanoro-uucf>poBoff npeo6pa3oBaTeJib). Ha 6a3e MaTeMaTH
qeCKHX MOJleJieH MO)f{HO C03.naBaTb He TOJlbKO ycrpOHCTBa KOHTpOJIH, . 

Ho H ynpaaJieHHH npoueccoM cBapKH. B noCJieJlHeM CJiyqae Heo6xo.n.HMO 
nonyqHTb .ZI.HHaMHtiecKy10 MOlleJib npouecca, 0TpIDKa10my10 CBfl3b ·napa
MerpoB pe>KHMa c .llHaMeTpOM H)lpa B KB:>KllhlH TeKytllHH MOMeHT BpeMeHH 
c .ZUICKpeTHOCTblO I nepHOA HanpH>KeHuH nHTa10w.ei1 ceTH. 
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f>nc. 5.27. CTPYKTypuan cxeMa cHcTeMbl rpynnouoro KOHT· 
.po.n.R Ha 6aae MHKpo3BM «3JJeKTPOHHKa-60» 

fc6 f_ 

BhIQHCJIHTeJibHOe ycTpoiicTBO no JIJIHaMHtieCKOH Mo,ll.e.RH paccqHTbIBae1 

JJ.HaMerp H,ll.pa B Ka>K,ll.bIH )lHCKpeTHbIH MOMeHT BpeMeHH. ,Uanee npOH3BO

AHTCH cpaBHeHHe pactJerHoro JJ.HaMerpa HJlpa dp c 3apauee aa,naHHhIM 

.do (JJ.JIH .naHHoro MOMeHTa BpeMeHH) H B cnyt1ae IlOHBJieHHH pa3HOCTH 

Ad = dp- d0 Bbipa6aTbIBaeTcH ynpaBJIHIOlllJIH cHrHaJI, KoppeKTHPYIOIU.ttH 

napaMeTpbI pe>KHMa TaKHM o6pa30M, tJT06bI B CJie,ny10meM nepHo,ne CBeCTH 

K MHHHMYMY aeJIHtJHHY lid, a K KOHUY speMeHH caapKH o6ecneQHTb 
lid= 0. 

3TH .II.HHaMHlJeCKHe MO,neJIH Il03BOJIHT o6ecnetJHTb 3a,naHHoe KaQeCTBO 
u u 

.CBapKH He3aBHCHMO OT ,neHCTBYIOl.UHX B03MymeHHH. 
EcJIH TpeoyeTCH KOHTpOJIHpOB3Tb KaqecTBO CBapKH Ha HeCKOJibKHX 

CBapOtIHbIX MalllHHaX' 06'be,nHHeHHblX B JIHHHIO HJIH BnIIlOJIHHIOlUHX OT· 
u 

JleJibHbie CBapoqHbie onepaUHH' TO B KaQeCTBe BbJqHCJIHTeJibHOrO ycTpOHCTBa 

.ueJiecoo6pa3HO HCilOJib30BaTh OJlHY YHHBepcaJibHYIO MHHH- IIJIII MHKpo3BA\. 

Ha pHc. 5.27 noKa3aHa crpyKTypHaH cxeMa CHCTeMbI KOHTpOJIH ,nJIH nHTH 
u u 

CBapoqHblX M2lliHH, B KOTOpOH B KaqecTBe BblqHCJIHTeJibHOfO ycTpOHCTBa 

ncnOJib3yeTCH MHKpo 3BM THna <<3JieKT{fOHHKa-60». Ha Ka>KJlOH caapo11Hoft 

l\13WHHe KOHTpOJIHpyeTCH qeTbipe napaMeTpa: CBapoqHblH TOK, HanpH)Ke

.HHe Ha 3JieKTpo.nax' ycHJIHe C}l{3THH H BpeMH csapKH. 3TH napaMeTpbI, 

H3MepHeMbie COOTBeTCTBYIOIUHMH ,naTqHK3MH' BBOJl.HTCH B MHKpo3B.l\'\ 

qepe3 aHaJioro-uncpposofl npeo6pa30BaTeJib AIJ,fl (napaMeTpbI ics, U311t 

Fc>K) 11 11epe3 ycTpoficTBO napaJIJieJibHOro o6MeHa H2 (tee). ,llaHHbie o6pa· 
6aThIBaIOTCH ueHTpaJihHhIM npoueccopoM M2. CHcTeMa KOHTpoJIH, BhrnoJI

HeHHaH Ha 6a3e MHKpo3BM «3JieKTpOHHKa-60», HMeeT MOJI.YJibHbIH npuH

UHil nocTpoeHHH, T. e. Bee cpyHKUHOHaJibHbie oJioKH MHKpo3BM BhinoJIHe

HbI B BHJJ.e KOHCTPYKTHBHO 33KOHlleHHbIX ycTpOHCTB (Mo,nyJieH), CB513b 

Me}K.ny KOTOpbIMH ocymecTBJIHeTCH qepe3 e)lHHbIH KaHaJI o6MeHa HH<t>opMa

UHeH. IloCKOJlbKY CBH3b Mem.ny OT,neJibHblMH 3JieMeHTaMH CHCTeMhI (Ha

npHMep, onepaTHBHOH naMHTblO H BHelllHHMH ycTpOHCTB2MH) npoHCXO

JI.HT qepe3 KaHaJI O)lHHaKOBO, see ycTpOHCTBa, IlOJI.K~19qeHHble K KaHaJiy, 
)lOCTYTIHbI JI.JIH ueHTpaJibHOro npoueccopa, KOHcpHrypaUHH CHCTeMhl onpe .. 

J(eJIHeTCH B 3aBHCIIMOCTH OT Tpe6oaaHHH' npe,n'hHBJIHeMhIX K CHCTei\fe, KO .. 
.JIHqecTBa o6cJiy>KH BaeMblX CBapoqHblX M3IIIHH' BH,LlOB BXO,ll_HbIX H BbIXOJl .. 

HbIX CHfHaJIOB (aHaJIOrOBbie HJIH Jl.HCKpeTHbie), COOCOOOB OT06pIDKeHH~, 
BBOlJ.3 H BbIBo,na HHcpopMaUHH. 

sao 



Cucrerv1a, noKa3aHH3H Ha pHc. 5.27, co.u.ep)KHT CJie,ny101.I.JJ1e ycTpofICTBa 

MOJlY·"IH: ueHTpaJihHhIH npoueccop M2 c onepaTHBHhIM 3anoMHHaIOllJJIM 
~crpo~ICTBOM eMKOCTb!O 4Kl6-pa3pHAHblX CJIOB, ycrpoiiCTBO nocJie)lOBa

re.1JbHOf0 o6MeHa J1 fl0 llJIH CBH3H C llHCnJieHHhIM MO.ZI.yJieM l/.M, HHTep
cpei\C uaKonHTeJHI Ha MarHHTHhIX D.HCKax H4 H HaKonHTeJih Ha r116KHX 

MafHHTHhlX nHcKaX r MJJ.' HHTepcpeff c neqaTa10mero ycTpOHCTBa H7 
11 Mo3auqHoe neqaTa10mee ycTpoiicTBO THna DZM-180, onepaTHBHoe 3a

noMHH3JOlll.ee ycTpOHCTBO fl 3 ervtKOCTblO 16K CJIOB, ycTpOHCTBO napaJI

ne..JJbHOfO o6MeHa H2' aHaJioro-u1nppoBOH npeot5pa30BaTeJib All. n' I<OH
HeI<TOphl Kl H KO ,UJIH CBH3H ABYX cyt56JIOKOB. 

Bee rv1onyJIH H ycTpo:HcTBa nOJlKJI10qa10TCH qepe3 KaHaJI o6MeHa MHcpop

Mauue:H' KOTOpbIM HBJIHeTCH npOCTOH' ObICTpo,neHCTBYIOIII.eH CHCTeMOH 
~Bff3eH, coe)J.HHHIOll{eH ueHTpa.nhHhIH npoueccop c naMHThlO H BHellJHHMH 
ycTpoiicTBaMH. KaHaJI 3BM cocTOHT H3 JI.ByHanpaBJieHHhIX H O.U.HOHanpaa
JieHHbIX JIHHHH CBH3H. Ca.ff 3b Me>1<,ny ycTpoiicTBaMH, no,nKJIIOqeHHhIMH 
I{ KaHaJiy, ocywecTBJIHeTCH no npHHUHny 3aXBaTa OOll{eH lllHHbl KaHaJia 

aKTHBHhev1 ycTpoiicTBOM. B .n106oii MOMeHT BpeMeHH O.ZJ.HO ycTpoiicTBO HB

JHJeTCH aKTHBHhIM, OHO ynpaBJIHeT UHKJiaMH oopameHHH K KaHa.ny, yJI.OB
JieTBOpHeT Tpe6oBaHHH npephIBaHHH OT BHernHHX ycrpoiicTB. CBH3b qe-

u u pe3 KaHaJI acHHXpOHHaH, T. e. Ha yrrpaBJIHIOLUHH CHrHa.n, nepe.naaaeMblH 
u u 

a1<THBHblM ycTpOHCTBOM, )J.OJI/KeH llOCTynHTb CHrHa.n nacCHBHOrO ycTpOH-
craa. CTo3TOMY npouecc ooMeHa Memny ycTpOHCTBaMH He 33BHCHT OT .u.n.H
Hbl KaHaJia. AcnHxpoHHoe BhinoJIHeHHe onepaUHH nepenaqH .u.aHHbIX 

ycrpaHHeT HeooxonHMOCTb a TaKTOBhIX HMnyJibcax. B pe3y.nbTaTe 9Toro 
o6~teH c Ka)K)J.blM ycTpOHCTBOM MO/KeT npOHCXO,nHTb c MaKCHMaJibHO B03-

MO>KHbIM LLJIH ~aHnoro ycTpoficTsa 6hICTpOJI.eiicTBHeM. 
B OT JIIIqHe OT JIOKa.nbHbIX ycTpOHCTB KOHTpo.nH CHCTe~ta c HCnOJib30-

BaHHeM yHHBepca.HbHOH MHKpo3BM no3BO.nHeT yae.nHqHTb I<OJIHqecTBO 

OOCJiymusaeMblX CBapOIIHhIX ycraHOBOK 33 cqeT Hapall(HBaHHH l\ilO.IJ;y.nefl 

BBO}la aHaJIOfOBOH H .l(HCKpeTHOH HHlf>OP\:f3UHH 6e3 H3MeHeHHH o6meli 
crpyKryphI ycTpoiicTBa Hero lVtaTeMaTHqecKoro ooecneqeHHH. 0.n;Ha MHKpo-

3BN\ «3JieKTpOHHKa-60» B npe.n;eJibHOM BapHaHTe c cy66JIOKaMH: H TpeMH 

MO'°'YJIHMII BBOJI.a aHaJioroaofl HHcpopMaUHH MO>KeT o6ecneCJ:HTb KOHTpOJih 
15 CBapotIHblX MaWHH. I1cnOJib3yeMhlH o6oeM naMHTH Il03BOJIHeT xpaHHTh 

COTHH \13TeMaTHqecKHX MOJJ.eJieH, COOTBeTCTBYJOLll_HX pa3.nHCJ:HblM CBapH

BaeMbIM ~1aTepHaJiaM H KOHcf>HrypaUHHM H3.IJ;eJIHH. 

5.6. KOHTaKTH8SI CT~IKOBaSI caapKa KaK o6'beKT ynpaaneHMSI 
H laAa'IM ee aBTOMaTH3aqHH 

HarpeB MeTa.n.na npH CTbIKOBOH caapKe npo11cxo.u.HT 3a ctieT pa60ThI ToKa 
Ha nepeXOJI.HOM conpOTHB.neHHH 3JieKTpHqecKoro KOHTaKTa B rviecre 
CThIKa. 

Op11 ceapKe conpomueAeHueAt caapHBaeMhie H3JI.eJIHH npe,nsapHTeJihHO 
CBO;:{HTCH .n.o conpnKOCHOBeHHH c onpeJI.eJieHHbIM ycHJIHeM, noc.ne qero 
BKJIIOtiaeTC.H TOK. 

PeLKnl\t caapKH corrpoTHBJieHHeM onpe.ne.11HeTCH ycTaHoBOCJ:HOH .u..nHHOH 
l(e-raLrieii, HanpHiKeHHel\I Ha BTOpHIIHOH OOMOTKe CBapoqHoro TpaHccpopMa
Topa H ycHJIHe!\1 c.>KaTH.H ,AeTa.neii a oceBOM HanpaaJieHHH. KoMaHJI.bI Ha H3-
MeHeHHe YCHJIHH C>K3THH H BbIKJIIOCJ:eHHe TOKa noc.ne oca,nKH qame Bcero 
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no.naIOTCH OT I<OHeqHbIX BhIKJIIOqaTeJieH' ycTaHaBJIHBaeMbIX no xo.rr.y 11.Bn ... 
>KeHHH no.nBH>KHoro 3a>KHMa MaWHHhI, HJIH pene BpeMeHH. 

TepM11qecKHt'1 UHKJI npH caapKe conpoTHB.neHHeM onpe.uenHeTCH BhI.Qe ... 
JIHIOllleHCH MOIUHOCTblO H BpeMeHeM npoTeKaHHH npouecca. noCKOJibKy 
~lOlll.HOCTb - cpyHKUHH HanpH>KeHHH Ha ceaptteaeMbIX 11eraJIHX 11 HX CQ.. 
npOTHBJieHHH' KOJie6aHHH HanpH>KeHHH H conpOTHBJieHnH CBapOllHOH uenu 
(3a cqeT HeCTa6HJihHOH no.uroTOBKH TOpUOB H 3allHCTKH .neraneii) OKa3bJ ... 
BaIOT cymecTBeHHOe BJIHHHHe Ha KaqecrBo noJiyIJael\1bIX coe.n.HHeHHH. 

CaapKy on~aBJieHHeM no.upa3.UeJIHIOT Ha caapKy HenpepbIBHhil\1 onJiaa
JieHHeM H onnaa.nettHeM c npe.nsapHTeJibHhlM nonorpeeo!\1 MeTo.uo~1 conpo. 
THBJleHHH. np11 CBapKe Henpepbl8Hbl.1ll on.AaBAeHue.M .neTaJIH CO.HH}l{aIOr c 

u u 

nOCTOHHHOH Ha HaIJaJibHOM 3Tane HJIH nocreneHHO HapacTaIOmeH CKOpOCTblQ 
npH BKJIIOIJeHHOM ceapot.IHOM TpaHccpopMaTope. Onnaanenne D.eTaneii npo
HCXOD.HT B pe3yJibTaTe HenpepbIBHoro o6pa30BaHHH 11 pa3pymeHHH LKHlJ.IUiX 
KOHTaI{THbIX nepeMhICJ:eI< MeX<D.Y Topua~tH 38f0TOBOK H conpoBO>KD.aeTCSl HH 
TeHCHBHbIM BbI6pocoM qacTHU pacnJiaBJieHHOro MeTaJIJia n yKopoqeHHeM 

u 

AeTaJieH. 
PeJKHM HenpephIBHoro onnasneHHH onpe,neJIHeTCH cKopOCThlO nepeMe

meHHH noJI.BH>KHOH nJIHTbI MaLUHHhI Vn, BTOpHlJHbIM HanpH>KeHHeM xoJio

croro xo.ua TpaHccpopMaTopa U2x.x, conpoTHBJieHHel\f IVtallIHHhI ZK.a, 
BbIJieToM .neTaneli H np11nycKOM Ha onJiaBJieHHe ~onn· HaH60Jihrnee BJIHH· 
HHe Ha cpopMHpOBaH.He TeMnepaTypHoro nOJIH B CBapHBaeMblX ~eTaJIHX 
OKa3hIBaIOT CKOpOCTb v n H HanpH}l{eHHe u 2X.X• CTpH ceapKe n.eTaJieH 
c nonepeqHblM ceqeHHeM .no 1000-1500 MM2 BeJIHqHHa HanpH>KeHHH 

U2x.x ycTaHaBJIHBaeTCH MHHHMaJibHO Heo6xo,nHMOH JJ.JIH B036y:>K.neHHH on· 
JiaBJieHMH H MO>KeT 6b1Tb npHHHTa nOCTOHHHOH B Te1Je1n1e ecero UHKJia CBap
KH. CToJiyqeHHe KalleCTBeHHOfO COe.ZI.HHeHHH B03MO}KH0 npH HeOOJiblllOH 
30He Harpesa, .nocTHrael\1oif 3a Manoe BpeMH npH OOJiblllOH cKopocTH on
nasneHttH. CTo3ToMy TpeoyeMy10 soHy pa3orpeaa np11 ceapKe pa3BHTMX 
celleHHH MO}KHO noJiyqHTb TOJibKO no.n6opOM COOTBeTCTBy10meii npo
rpaMMhl CKOpOCTH onJiaBJieHHH npH u 2= const. 

JlnH so36y>K.UeHHH npouecca onnaeneHHH ,neTanefl c OOJibIIJHM KOMna1<r
HhIM ceqeHHeM (peJibCbl, npoKaT H T. n.) Tpe6yeTCS1 BhICOKOe HaCJ:aJibHOe 
HanpH>KeHHe U2x.x, npH KOTopoM B .naJibHeHilleM no Mepe Harpeea TopuoB 
onJiaBJieHHe CTaHOBHTCH npepbIBHCTbIM H3-3a OOJiblllHX TOKOB. noabU.lle-

u 

HHe CKOpOCTH onJiaBJieHHH B JJ.3HHOM cnyqae MaJIO B&1'IHHeT Ha ycroHqH-
BOCTb npouecca H npHBO.UHT K yseJIHlJeHHIO Bhiopoca HarpeToro MeTaJIJia, 
coKpameHHIO 30Hhl pa3orpeea. ooJiee ue.necoo6pa3HO B 3TOM CJiyqae cHH
>KaTh HanpH>KeHHe U 2 no aapaHee ycraHoBJieHHof1 nporpaMMe. l1cCJ1e110-
BaHMH, npoee,neHHbie a YIHCTHTyTe 9JieKTpocsapKH HM. E. 0. OaToH~ 
AH YCCP [11), noKasaJIH B03MOJKHOCTb nonyqeHHH ~ocraTOlJHO OoJibllIOH 
SOHbI pa3orpeea npH HH3KHX CKopoCTHX no,naqH Vn= 0,2 + 0,3 M~1/c, 
eCJIH B JIIOOOH MOMeHT BpeMeHH HanpH>KeHHe oy.neT paBHO ero MHHHM3Jlblt0 
B03MO>KHOMY 3HaqeHHIO, npH KOTOpOM He HapyrnaeTCH ycroftqnBOCTb on.naB
neHHH. TepMntJecKHM K. n. n.. npouecca npH 9TOM nan6onee BhICOKHH. Ma
Jible KOJieoaHHH HanpH}l{eHHH (B npe.ZJ.Max .nonyCTHMblX JJ)IH 9JieKTpHqecKH~ 
ceTeA - ± 5 % ) He OK33hIBalOT 3H3llHTeJibHOro BJIHHHHH Ha Tennoaon 
6anaHC, HO CYllleCTBeHHbl JJ, • .Tlff ycrofJqHBOCTH. no3TOMY peanH30BaTb pe
>KHMbl onnaBJieHHH Ha MHHHM3JibHO B03MOmHhlX HanpH}l{eHHHX u 2 MO>KHO 

TOJibI<O c nOMOIUblO cneuHaJibHhIX aBTOM3THlJeCKHX perynHTOpOB. 
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PlfC· s.28. Un~norpaMMa npouecca caapKH on.flasneeueM ll 
noaorpesoM. / 

c _ ,AnHTeJlbHOCTb HMnyJibCa noAorpeaa; In - JVIH· 

t1oi1n1:100Tb nay3hi Me>I<JJ.Y Bt.myJJbCaMH; t00 n - AJJHTeJlb· 
reJI& "" 

no Aorpesa; fonn - AJIHTenbHOCTb onJJa BJie1rn.s1; 
11ocTb 
t - JJ.nHTeJJbHOCTb OC8AKH; I noA - TOK DOAOrpesa; 
oC _ croK onnaBJTeHHH; 100 - TOK ocaAKH; L - nepeMe• 

~~~1ue nJmThl MaWHHhl; Aonn - npHnycK Ha onnaaneHHe; 
6oc _ mrnnycK Ha oca.rtKY fnq/ 
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Opu ceapKe onnaBJieHHeM MO>KHO HHTeHcHc}lHUHpoeaTb Harpea, eCJIH 
u u 

yMeHbllJHTb HCKpOBOH 3a3op l.1emAy J(eTaJIHMH .no onpe,u.eJieHHOH KpHTH-
qecKOH se.JIHlIHHbI. TaKoii npouecc HeycToiique, on Mo>Ker HMeTb Mecro 

npu KpaTKOBpe1v1eHHbIX noBhIWeHHHX cKopocTH no.uaqH. B cnyqae qepe

.noaaHHH nepHOll.OB (HMnyJihCOB) nOBhlllleHHH CKOpOCTH no.na11H H ee CHH

)f{eHIHI npOHCXO.UHT MeXaHHl.JeCKOe pa3pyweHHe KOHT8KTOB, KOr,lla OHH 

cymeCTBYIOT B TBep,ll.OM COCTOHHHH, H onJiaBJieHHe MO>KeT npoTeKaTb He

npepbIBHO. Opouecc HMilYJibCHOfO OnJiaBJieHHH nonyqaJOT npH H3JIO:>KeHHH 
.uonoJIHHTeJibHblX KOJie6aTeJibHbIX )lBH>KeHHll Ha OCHOBHOe nocTyna

reJibHOe JlBH>KeHHe no,nBH>KHOH nJIHTbl MarnHHhl [ 11 J. 
PeOJCu"u UAtnyllbCH020 nnAOJJAeHuR xapaKTepH3YeTCH JI.Ono.nHHTeJibHO 

cpopMOH Ko.neoaTeJibHblX ,nBH>KeHHH (ooblqHo 6JIH3KOH K CHHYCOH,Ae), HX 

aMnJIHTy.nofI H qacToToii. Ha npaKTHKe B TeqeHHe acero npouecca cBapKH 

3a,UalOT nOCTOSlHHblMH 3HaqeHHH aMnJIHTYJU>I (0, 1-0,5 MM) H l.JaCTOTbl 

(5-20 fu) KOJie6aHHH, a peryJIHpyIOT J{JIHTeJihHOCTb HMnyJibCOB TOKa, 

B03JI.eiicreyH Ha cKopocrb nonatu1. CTpHMeHHH cneuHaJibHbie peryJIHTOphI 

CKOpOCTH, MO>KHO 3Hat.IHTeJibHO yMeHb~HTh JJ.JIHTeJibHOCTb nay3 Me>K,AY HM
ny.i'IbC3MH. HHTeHCHBHOCTh Harpeaa npH HeH3MeHHOH J.lJIHTe.TibHOCTH HM

ny . .TihCOB TOKa COOTBeTCTBeHHO B03p3CT3eT. Oo cpaBHeHHIO CO CBapKOH He

npephIBHbIM onJiaBJICHHeM I<. n. ,Z(. HMnyJibCHOro on.naBJieHHH B .naa pa3a 

BbIWe, COOTBeTCTBeHHO npnnycK Ha onJiaBJieHHe H o6maH .UJIHTeJibHOCTb 

npouecca aHaqHTeJibHO c0Kpama10Tcs:i. 

OpH CBapKe onAaBAeHue./Jtt c npeiJeapumeAbHblM noooepeBOAt Tpe6yeMoe 

TeMnepaTypHoe none nonyqa10T npH Harpeae .ueraneii MeTo,AoM conpo

THBJieHHH. Ope,ll.sapnTeJibHhIH no.n.orpes cymecTBJIHeTCH qame nyTeM 

coo6~eHHH OJJ.HOH H3 .neraJieii B03BpaTHO-nOCTynaTe.nbHOfO )(BH>KeHHH, 

06ecnetIHBa10mero nepHOJI.HqecKoe 3aMbIKaHne H pa3MbIKaHHe caapot.IHOH 

llenu (pttc. 5.28). Bc.ne.ncraHe nepHO,nHqecKoro npepbIBaHHH caapoqHoro 

TOKa J(OCTHraeTCH BbipaBHHB3HHe TeMnepaTypHbIX noneii no nonepeqHQ~IY 
ceqeHHIO .neraneii. CTeneHb BhipaaHHBaHHH TeMnepaTyphI aaBHCHT OT Toq

fioctH no,nrOTOBKH TOpUOB ,ZleTa.ne:H K CBapKe H ToqHQCTH ycraHOBKH 

l{eTaJJeii a 3a>KHMHbIX npHcnoco6JieHHHX MalIIHHbI. OapaMeTpbI pe>KHMa 

npe,a.sapHTeJihHoro rroAorpeea npeJI.onpe,AeJIHIOT TeMnepaTypHoe none 
8 30He CBapKH I< MOMeHTY rrepexo.na OT nOAOrpeaa K HerrpepbIBHOMY onJiaB
JieHHlO. BIDKHoi1 3a,l(aqeli npH 3TOM HBJIHeTC.SI onpeAeJieHHe MOMeHTa OKOH

'IaHHH no,norpeBa H nepexo.na K onJiaBJieHHIO, TaK KaK OT 3T0f0 3aBHCHT 

~Hpnaa 30HhI pa3orperoro MeTaJIJia H npoH3BO.U.HTeJibHOCTb npouecca. 
OJib onnaaJieHHH CBO,l(HTCH B paccMaTpHBaeMOM c.nyqae K C03,AaHHIO CJIOSI 

~liJJ,Koro MeTaJI.na Ha Topuax 33fOTOBOK H COOTBeTCTBYIOlll.eH 33lll.HTHOH aT
IOc<}>epbI a HcKpoaoM npoMe>KyTKe. nOJihllIOH 3anac ycroiiqHBOCTH npo

llecca 0I1JI3BJieHHH nerKO .llOCTHraeTCH ,l(a>Ke Ha MallIHHaX c IlOBhIWeH· 
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HhIM conpoTHBJieHHe!\t Z1c3 6JiaroAa .. 
p51 npe.naap11TeJihH0~1y no.n.orpes 

I 

MeTaJIJia H B03MO>KHOCTH nOBbIUieHl!~ 
HanpH>KeHHH U 2 6e3 cymecTBeHHoro 
ymep6a ,nnH KaqecTBa coe,nttHeHiui 

no3TOMY B M3IIIHHaX JlJUI CBapl{~ 
c npe.naapnTeJibHbIM no,aorpeaol'Y1 yn .. 
paaJieHHe onJiaaJieHHeM orpaHHIIasa .. 

eTCH H3MeHeHHeM CKOpOCTH V n no 

npe,l(BapaTeJlbHO BhI6paHHOH npo .. 
PHc. 5.29. 01.teHKa YCTOA'IHBOCTH npo1tecca rpaMMe 6e3 npHMeHeHHH 06paTHQ~ 
on.11anneuna c.1 

CBH3H no napaMeTpaM npouecca. 
IlpH Bcex cnocooax CTblKOBOH CBapKH onJiaBJieHHeM Heo6XOJJJIMO 00Jl

ll.ep>KHB3Tb ycrofiqHaocTb npouecca. Dp11 HeycroflqHBOM onnaaJieHHH 

npouecc MO:>KeT npeKpamaTbCH HJIH nepeXO.UMTb Ha OT,neJibHbIX yqaCTKax 

B lI.JIHTeJibHhie KopoTKMe 3aMhIKaHHH Topuoa. B 3TOM cJiy11ae 11epe3 60Jib-
u 

wy10 lJaCTb IlOBepxHOCTH onJiaBJieHMH TOK He npoxo,nHT H :>KH)lKHH MeTaJIJI 
u , 

noKpbIThIH nJieHKaMH OKCH,l(OB, ycneaaeT 3aKpHCTaJIJIH30B3TbCH JlO OCaJI_ .. 

KH, qTo npH BOJlHT K onacHhIM ~ecf>eKTaM B coe,nHHeHHH. B 6oJihl11H Hcrae 

CJiyqaeB nJieHKH npe,ncTaBJIHIOT co6oii OKCH)lbl MeTaJIJIOB H .npyrHX XHMH

lieCKHX 3JleMeHTOB, CO)l.ep>KaI.U.HXCH B HCXO)l.HOM MaTepHaJie. flo3TOI\-1Y HX 
o6pa3oBaHHe Henocpe,ncTBeHHO CBH3aHO c OKHCJIHTeJibHblMH peaKUHHMH, 
npoTeKaIOIUHMH Ha onJiaBJIHeMbIX noaepXHOCTHX. 

PacnJ1aaneHHble OKCMJI.bI JierKo y,naJIHIOTCH H3 CThIKa npH oca.n.Ke. 

TyronJiaBKHe OKCH)lbl y,naJIHIOTCH H3 CTbIKa BMecTe c >KH,l(KHM MeTaJIJIOM 

JIHlllb llaCTHqHo. Ocna6HTb OKHCJIHTeJibHhie peaKUHH Ha noaepxHocTH on

JiaBJieHHH MO>KHO no.n6opoM pe:>KHMa caapKH. 4eM HHTeHCHBHee npoT~ 
KaeT OilJiaBJieHHe, Te~1 BbIIIIe .naBJieHHe ra30B B HCKpOBOM npoMe.IKyTKe. 

Co.Aep>KaHHe KHCJiopo,na yMeHbIIJaeTcH, onJiaBJis:reMas:i noaepxHOCTb qame 

o6HOBJIHeTCH H o6pa30B3HHe OKCHJI.OB OCJiaOJIHeTCH. CTo3TOMy KOHelIH3ff 

CTa.l(MH npouecca onJiaBJieHHH xapaKTepH3yeTCH pe3KHM yBeJIHqeHHeM CKO

pOCTlf nepeMemeHHH 3arOTOBOK (pHC. 5.28). 
Dponecc OIJJiaBJieHHH ycToflqHB, eCJIH npH B03.l(eHCTBHH Ha Hero pa3-

JIHqHoro po.na B03MymeHHH OH o6Jia,LiiaeT CBOHCTBOM caMOBbip'aBHHB3HIUI 

(caMopery.11HpoBaHHH.) OueHKa yCJioBHii, npH KOTOpbIX onnaaJieHHe np<r 
TeKaeT ycroffqHeo, MO}l{eT OhITb npoH3Be.neHa c HcnoJib30BaHHe~1 3aa11cn· 

MOCTH noJie3HOH MOIUHOCTH B CBapoqHQM KOHTaKTe QI( OT TOKa I (pttC. 
5.29). IlyCTb KaKHM-TO orrpe,neJieHHbIM TenJIOBOMY COCTOHHHIO KOHTaKT3 

H 3HaqeHHIO CKOpOCTH OIIJiaBJieHHH COOTBeTCTByeT MOI.U.HOCTb Qo. Optt c~riy-
11aHHOM yaenn11eHHH KOJIHqecTBa 3JieMeHTapHbIX KOHTaKTOB TOK I .n.onmell 

ao3pacTH. ECJIH B03pacraHHe ToKa conpoeom.naeTCH yseJIHqeHHeM ~ioLU· 
HOCTH CBhIWe Q0 , To 3TO 03HaqaeT yeeJIHIIeHHe CKOpOCTH orrJiaBJieHHH Vonn 

no cpaBHeHHIO co CKOpOCTblO no,naqH v n' qTo )lOJl}l{HO npHBeCTH K y!'titeHb· 

rueHHIO npoBOAHMOCTH 3JieMeHTapHbIX KOHTaKTOB H CHH:>KeHHIO TOK3· 

npH TeX >Ke YCJIOBHHX, eCJIH MOIUHOCTb Q0 yMeHblllHJiaCb, TO CKOpOCTb 

Vonn na,nae-r. IlpH HeH3MeHHOH CKOpOCTH Vn na,neHHe CKopOCTH Vonn npu
ae,aeT K nporpeccHBHOMY B03pacTaHHIO nnoma.AH KOHTaKTHpOBaHHH on
JiaBJIHeMhIX ,neraneii - K KOpOTKOMY 3aMhIKaHHIO ceapoqHQH uen~. 
CT03TOMY pe:>KHM CBapKH, COOTBeTCTBYIOIUHH TOllKe l, MO>KHO cqHTaTb ycrou
lJHBbIM, a TOl!Ke 2 - HeycTOHQHBbIM. 
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Opouecc caMoperynnposaHHH orr.nas.neHHH MO>KHO onucaTb c.ne,nyromHM 

06pa3oM. B nepaoM npHOJIH>KeHHH cKopocTb H3MeHeHHH TOKa 

di 
dt = k (Vn - Vann), (5.27) 

rne k - K03(pqU1UHeHT nponopuHoHaJihHOCTH, 38P:,HCHIUHH OT Ten.noaoro 

coCTO.ffHHH H peJibecpa OilJI aBJifleMhIX noaepxHOCTeH. 
CKopocTb on.naeJieHHH nponopuHoHaJihHa MOLUHOCTH B caapotIHOl\'l 

KOHT3KTe: Vonn ~ aQK. 
BbrpameHHe (5.27) npe~cTaBHM B BHJle 

di dQK 
dQK dt = k CVn - aQK). 

yqHTbIB8H, 'ITO Vn = aQO, 
dQK k 
dt =: - tn a~QK, (5.28) 

dl 
r.11.e m = dQK ; !lQK - OTKJIOHeHHe MOIU.HOCTH, paBHoe QK - Qo. 

HHTerpnpysi ypaaHeHHe (5.28), noJIYtIHM 

8.QK = ~QK (0) e-(ka/m)t, (5.29) 

r.ne /J.QK (0) - OTKJIOHeHHe MOLUHOCTH np11 t = 0. 
113 (5.29) cne~yer, qTo Jno6oe cJiyqafIHoe OTKJIOHeHHe caMonpoH3BOJib· 

Ho HcqesaeT, ecJIH 

(5.30) 

(Ko3cpcpnuHeHThl k H a 3aBeJ(OMO IlOJIO>KHTeJibHhie, OHM OK83hIBalOT BJIHH

HHe Ha CKOpOCTb npoTeKaHHH npouecca, HO He onpe.neJIHIOT ycTOHtI:HBOCTb). 

TaKHA1 o6pa30M' onJiaBJieHHe npH >KeCTKO 3a,n.aHHOH CKOpOCTH v n 

Mo>KeT OhITh ycTofiqHBbIM, ec.nM B pai1oHe pa6oqefl ToqKH np0pameHH10T01<a 

COOTBeTCTByeT npHpameHHe MOIUHOCTH Toro >Ke 3HaKa. 06JiaCTb CJieaa OT 

MaKCHMyMa MOLUHOCTH (pHC. 5.29) COOTBeTCTByer ycrOHlIHBOMY onJiaaJieHHIO, 

a cnpaBa - HeyCTOHqHBOMY. npH 0IlJl8BJieHHH npOBO,lI.HMOCTb KOHT8KT8 

li3MeHHeTCH B IIIHpOKHX npeAeJiax, Il03TOMY o6ecnetIHTb ycrouqHBOCTb 

npouecca npH MOIUHOCTH, OJIH3KOH K M3KCHM8JibHOMY 3HatieHHIO, He y.na

erc51. Cpe,nHee 3HaqeHHe MOIUHOCTM a 3-5 pa3 MeHbme MaKCHMaJibHOro 
3HaqeHHH. ToK Im' COOTBeTCTBYIOlllHH M8KCHMYMY MOmHOCTH QKm 
(pHc. 5.29)' 38BHCHT OT conpOTHBJieHHH KOpOTKOro 33MbIK8HHH MallJHHbI 

ZK.3 " Ko3cfxl>HnneHTa MomHoCTH: 

COS CVK. a = RK. s/ ZK. a, 

r,ne R.K. 3 - 8KTHBHOe conpoTHBJieHHe CBapoqHoro KOHTypa. 
}.\O>KHO IlOK333Th 'I-TO 

' 
I = I I J_ . I - cos CVK. 3 

m K. s 1. 2 sin2 <p ' 
K.3 

(5. 31) 

-
(5.32) 

~.n.e I K. 3 = U 2 / ZK. 3; U 2. x. x. - BTopwqHoe HanpH>KeHtte xonocroro xo.n.a 
Bapoquoro Tpauc~opMaTopa. 
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PHc. 5.30. 3aBHCHMOCTb nO~'lcsuolt MOut· Pnc. 5.31. 8JJHHHHe conpon1a.11eH1U1 KOpOTKoro ~ar.uJI. 
HOCTH MaWHHbl OT TOKa narpy3KH K8HHSI Ha npOTH>KeHHe B036YJKAeHHH OllJ1aB.'leH1ta 

(R H x - COOTBCTCTBCHHO aKTlfBHaH H HHAYKTllRHan 
cocTaBJUIJOutHe conpoTHBJieHHJI ZK.s) 

B H,l.(eaJibHblX cnytJaHx npH XK. 8 = 0 OTHOIIIeHHe Im/ I K. s = 1 /2 " 
- 1 

npH RK. a = 0 9TO oTHOlllem1e paeuo ¥ 2 . 

Cne,nosaTeJibHO, Ha ycroflquaoCTb H apeMH nepexo,nHbIX npoueccoa 
npH onnaaJieHHH cyl.l\eCTBeHHOe BJJHHHHe OK33bIBalOT BeJIHqHHa H xapaI<
Tep COnpOTHBJieHHH CBapoqHQfO KOHTypa M8IllHHbl. no Mepe yaeJIHqeHHH 
conpOTHBJieHHH KOpOTKOfO saMhIK3HHH MallIHHbI cy>KaeTCH o6JiaCTb Jl.0-

nycTHMbIX KOJie6aHHH TOKa H yMeHblll3eTCH npOH3BO)J.H3H ~ > 0 )J.Jill 

OJLHOro H TOfO /Ke 3Ha'leHHH CBapotIHOfO TOKa (pHC. 5.30). AKTHBHOe co
npOTHBJieHHe cyLKaeT o6JiaCTb ycT081n1aoro onnaBJieHH~ B 60JibUieii Mepe, 
qeM peaKTHBHOe conpOTHBJieHHe. 3TOT BblBO,ll IlOJ{TBep)KJJ.aeTCH 9KcnepH
MeHT3JlbHbIMH ,naHHblMH (pHC. 5.31). 

npouecc onJiaBJleHHH npepbIBHCT no CBOeii npHpo.n.e. EcJIH nepepbIBbl 
u 

B npoTeKaHHM TOKa B ceapoIIHOH uenH OTCYTCTBYIOT' TO Ha OTJI.eJibHbIX yqa .. 
CTKax KOHTaKTHpy10m.Hx noaepxuocreii nay3bI HeH36ell<HhI. KpaTKOBpe
MeHHbie nepepbIBbl onJiaBJieHHH He OKa3bIBaIOT BJIHHHHH Ha cra6HJlbHOCTb 
u paBHOMepHOCTb Harpeaa MeTaJIJia ,na>Ke npH caMbIX MaJlhlX cKopocrnx 
c6JIH>KeHHH .n.eTanefl (0, 1-0,2 MMlc). ToJibKO B KOHeIIHhiii nepHo,n onJ1aa
neHHH, nepe,n oca,nKoH, ,nJIHTeJihHOCTb npepb1BaHHH npouecca noJimHa 
OhITb orpaHHqeHa. 

3Ha1IHT O,llHO H3 OCHOBHbIX TpeooBaHHH I< CHCTel\.fe ynpaBJieHHH cBa
poqHOH MalliHHOH - o6ecneqHTb HapH,ny c ycroifqHBOCTblO T3K>Ke Henpe-

0 

pblBHOCTb npouecca onJiaBJieHHH MeTaJIJia nepe.u oca.nKoH. 
Hepa3'beMHoe coeJI.HHeHHe o6pa3yeTcH npH npoeeAeHHH 3aKJIIOqHTeJib

Ho:H cTaJJJiH npouecca - oca,nKe )leTaJieif. llnH no.nyqeHHH KatiecraettHoro 
coeJU·IHeHHH oca11Ka .neTaJieH .ll.OJl>KHa npOH3BO,ZlHTbCH 3a speMH MeHblllee, 
qeM apeMH 6.t KpHCT3JIJIH3aUHH TOHKOro CJIOH pacnJiaBJieHHOro ~te-ranJia. 
HHTepeaJI epeMeHH flt OXJl3}KJleHHH MeTaJIJia Ha Topuax OT TeMnepaTypbl 
T1, COOTBeTCTBYIOIUeH MOMeHTY cyruecTBOB3HHH nepe:MblIIKH, ,ll.O TeMnepa
Typbl T 2t npH KOTOpOH eme HeT onaCHOCTH 33TBep,neBaHHfl OKCH,llOB, MO>K
HO npHOJIH>KeHHO oueHHTb no ¢opMyJie [43] 

fl.I ~ by I c (T 1 - T ~> + 1n] 
'A oT ' (5.33) 

ax 
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rJle /j - TOJIIUHHa CJIOH pacnJiaBJieHHOro MeTaJIJia; y, c, A, m - COOTBeT

crBeHHO nJIOTHOCTb, yneJibHaH TennoeMKOCTb, K03cfxPHUHeHT TenJionpo· 
dT 

aollHOCTH 11 cKphITaH TenJIOTa n.naaJieHHH csapHBaeMoro MaTepnana;dx -

rpa,aneHT TeMnepaTyphI y Topua. 
Jj}Ul yrnepO,ZOICTOH CT3JIH 3HatieHHH ~t He BbIXO)lHT 33 npe,neJihl COTbIX 

,noJieH ceKyHAhI H JIHWb B pe,nKHX CJlyllaHX, npH llIHpOKOH 30He Harpesa, 

cocTaBJIHIOT ,necHTbie ,UOJIH ceKyH)].bI. J13 cpopMyJlbl (5.33) c.ne,uyeT, qTo MH

HHM3.TlbHO ,nonyCTHMaH CKOpOCTh oca,LI.KH 33BHCHT OT TenJicxpH3HlleCI\lfX 

CBOHCTB :\ieTaJIJia H OT rpa,nHeHTa TeMnepaTypHoro IlOJIH, T. e. OT WHpHHbl 

3oHhl pa3orpeaa ,neTaneii. BeJIH1u-1Ha nocJie,uHe.H onpe,neJIHeT cTeneHb 

nJiaCTHlleCKOH ,necJlopMaUHH ,neTaJieii, neooxo,ul_iMOH ,[(JIH nony11eHHH co

enntteHHH Tpe6yeMoro KalleCTBa. 3HaQHTeJibHOe cy>KeHHe soHbI pa3orpesa 
u 

npHBO,l]JlT K nOHBJieHlUO BKJIIOl!eHHH no JIHHHH CBapI<H, pe3KO CHH>K310ll{HX 

nJiaCTHqHOCTb H npOlIHOCTh coe.n.HHeHHH. c ,upyroii CTOpOHbI, yaen11qeHHe 

30Hbl TepMH1IeCKOfO BJIHHHHH B nOJITOpa-.naa pa3a no cpaBHeHHIO c on-
u 

THM8JlbHOH He OK33hIBaeT cymecTBeHHOfO BJIHHHHH Ha MeXaHHlleCKHe 

caolicTBa coe,l\HHeHHH, HO pe3Ko CHH>KaeT K. n . .n. npouecca [111. CTo3TOMY 

CHCTeMbl ynpaBJieHHH CTbIKOBOH CBapKOH ,D_OJI>KHbl o6ecneqHB3Tb Hap.HAY 
u 

c VCTOH4HBOCTblO H HenpepbIBHOCTblO npouecca onJiaBJieHHH onTHM3Jlb-. . 
Hoe TeMnepaTypHoe no.ne B caap11aaeMbIX .neTaJIHX K MOMeHTY oca,nKn. 

Bb1nontteH11e 3THX TpeoosaHHH, He 3aa11cHm11x OT Toro, npoH3BO)(HTCH 
v nn Harpea ,ueTa.neH HenpepbIBHblM onnaa.neHHeM HJIH eMy npe.nrnecTayeT 

npe,ll,BapuTeJihHbIH no,l\orpes ,ueTaJieii TeM HJIH HHbIM cnocoooM, B03MO}KHO 
v u 

JIHUJb npH T[UaTeJibHOH no]\rOTOBKe TOpUOB 3arOTOBOK ll BblCOKOH TOlIHOCTH 

nOMep)KaHHH napaMeTpOB pe>KHMa. 0,nHaKO B ycJIOBHHX npOH3BO,nCTBa 

HeH30eJKHo B03l(eficTBHe Ha npouecc pa3JIHl!Horo po.na B03MymeHHH, npn

BOAHI.UHX K OTKJIOHeHHIO napaMeTpOB pe)KHMa caapKH OT 3apaHee no.no-

6paHHbIX 3HalleHHH. K TaKHM B03MymeHHHM OTHOCHTCH KOJieOaHHH HanpH

>KeHHH ceTH, H3MeHeHHH conpOTHBJieHHH KOpOTKOfO 33MbIKaHHH M8llIHHbl 

n n.p. TaK, a npo113ao,ncTBeHHhIX ycJioBHHX HanpH>KeHHe nHTa10meil ceTH 

He OCTaeTCH HeH3MeHHbIM, a MeHHeTC51 B TelleHHe ,l\HH TIJiaBHO HJIH CKaqKo

o6pa3HO npH BKJIIOqeHHH MOIIJ.HblX noTpe6HTeJieH. IlpH CTbIKOBOH CBapKe 

B IlOJieBbIX ycJIOBHHX KOJ1e6aHHH HanpH)KeHH.H CeTH B03MO>KHbl H3-3a orpa

HHlJeHHOM MOIUHOCTH nepeJlBH>KHOH 3JieKTpOCT3HUHH. c IlOBblIIJeHHeM Ha

S=fOx50HM2 

flOOr----~:a..-~~~=q2HM/C __ ~---

J00;----~~~.:.-------1...._~-1-~__J 
0 5 f 0 f5 20 l, '1!1 

npH>KeHHH yaeJIHqHB8eTCH rJiy6H

Ha KpaTepoB Ha OnJiaBJIHeMblX 

noaepxHOCTHX H cyLKaeTC51 30Ha 

TepMHllecKoro &11HHHHH (pHC. 5.32). 

StleflJ, 
HM2 
40'-----+~-+-~+-~~-+---I-~~ 

201---1-~~--1--~~~--1---1 

::~· 5. 32. B.rlHRHHC HanpHll.eHHJI Ha 
c:::: 0Pee 3afOTOBOk npu onnasneHHH (/= 

- noaepxHOCTb OllJfaBJleHHH) 

PHC. 5.33. 8JIHRHHe conpontsJieHHJI KOpOTKOrO 3aMbl
KaHHA ua cyMMapuylO nJJoll(aAb AecJ>eKTOB ceapuoro 
coeAHHeHHH ( R H x - aKTHBHaR 11 HHAYKTHBHaR co
CTaBJIRIOU(He COUpOTHBJleHHH zK.3 ) 
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npH 9TOM B03MO>KHO o6pa30B3HHe OKCH)lOB MeTaJIJia, TPYJlHO y.naJI.HeMhIX 
H3 CThIKa B npouecce oca.nKH. Optt qpe3iv1epHo HH3KOM HanpH>KeHHH on .. 

u 

JiaBJieHHe npoTeKaeT HeycroHqHBO H qacTO nepeXO)JJIT B KOpOTKOe 3aMhIKa .. 

Hue uenH. 3Hal!HT KOJie6aHH.fl Hanp5DKeHHH CeTH BJIHHIOT KaK Ha TenJio .. 

ByIO 3qxpeKTHBHOCTb npouecca onJiaBJieHHH, TaK H Ha ero ycTOlfllHBOCTh , 
a TaIOKe ua cpopMHpoBaHHe caapttoro coe,nHHeHHH. 

CTpH JlJIHTeJihHOH paooTe caapoqHoii MalllHHhI (npH 6oJihmHx stta11e .. 

HHHX flB) YBeJIHqHaaeTCH aKTHBHOe conpOTHBJieHHe TOKOBe,U.~HX IJacreij 

KOHTypa BCJie,nCTBHe HarpeBa, OCOOeHHO npH HapyrneHHHX B CHCTeMe OX· 

Jia.>K,neHHH. l(poMe Toro, aKTIIBHaH COCTaBJI.fIIOIIJ;aH conpOTHBJieHHH KOpor

Koro 3aMhIKaHHH MalllHHhI H3MeHHeTc.H c yae.nHqeHHeM nepexo,nHhIX conpo. 

THBJieHHH KOHTaKTOB TOKOnO,llBOllJIIII.HX neneii, OCOOeHHO Ha yqaCTKe 

«ry6Ka-,neTaJih» npH nJioxoH' 3aqHcTKe nosepxHocTeii JJ.eTanefI. C yse
JIHqeHHeM conpOTHBJieHHH MaIIJHHbl B03pacTaeT HanpHmeHHe u 2XX' 

1'-1HHHMaJihHO Heo6xo,nHMoe JI.JIH ao36y>K,u.eHHH npouecca onJiaBJieH1u1 

(cM. pHc. 5.31), yae.n1rqHsaeTcH rJiyottHa KpaTepoa Ha Topuax H cyM:v1ap

HaH IlJIOIU3.llb necpeKTOB B coe,ZJJfHeHHH (pHC. 5.33), COOTBeTCTBeHHO CHlDKa

eTCH KalleCTBO caapHbIX coe,u.HHeHHH. Hatt6oJiee onacHhI o,u.HospeMeHHo 

,neHCTBYIOIUHe ,lla>Ke He60JiblllHe OTKJIOHeHHH HeCKOJibKHX napal\·teTpOB, 

ecJIH Ka>K,noe H3 HHX cnoco6cTByeT, HanpttMep, CHH>KeHHIO ycTOHQHBOCTB 

npou.ecca onJiaBJieHHH HJIH H3MeHeHHIO Tpe6yeMOH BeJIHqHHbl 30Hbl narpe

Ba. 06mee OTpHUaTeJibHOe B03,D.eHCTBHe HecKOJlbI<HX OTKJIOHeHHH qacro 

npHBO,ll.HT K ,D.ecpeKTaM B CBapHbIX coeJJ.HHeHHHX. 

Bo3MymeHHH, HaH6oJiee onacHbie npn KOHTaKTHOH CThIKOBoii csapKe, 

no,u.pa3,D.eJIHIOTCH Ha BHernHHe H BHyTpeHHHe. K BHemHHM B03MyIUeHHHM 

OTHOCHTCH: KOJie6aHHH HanpH.>KeHHH ceTH; HecTa6HJihHOCTb KOHTaKTHhIX 

conpOTHBJieHHH ~1em.ny 3JieKTpOJI.OM If .neTaJibIO; HeCTa6HJibHOCTb HaqaJih

Horo KOHTaKTHOfO conpoTHBJieHHH Me>K,u.y .neTaJIHMH. 

B HyTpeHHHe B03MymeHHH cocTaBJIHIOT~ Me)l.JieHHhie H3MeHeHHH conpo

THBJieHHH CBapoqHoro KOHTypa; B03MymeHHH, 06ycJIOBJieHHhle HeCTa6HJib-
., 

HOCTblO nycKoperyJIHpy10meH annapaTypbI M3IllHHbl, H ,np. 

Bo3MymeHHH BHyTpeHHero xapaKTepa npH npaBHJibHOM yxo.ue sa 
MaIIIHHOH OKa3bIBalOT 3HaqHT€JlhHO MeHbIIJee BJIHHHHe Ha npouecc caapKlf. 

003TOMY rJiaBHaH SaD.aqa 8BTOMaTH3aUHH npouecca - KOMneHcaUHfl 
u 

BJIHHHHH BHelllHHX B03MymeHHH. 

5.7. Aa10MaTH1.1ecKoe ynpaaneHMe npeAaapMtenbHblM noAorpeaoM ... npH CTblKOBOH caapKe 

flp1i CTbIKOBOH CBapKe C npe,u.BapHTeJibHblM no,norpeBOfi·I COilpOTHBJieHHeM 

HCTO'IHHKH TenJIOBbl)l.eJieHHH paccpe.noTOlleHbl H 30Ha pa30rpeBa OXB8Tbl

BaeT noqTH IlOJIHOCThlO o6neM MeTaJIJia, Haxo,nHmerocH Me>K)l.Y 3a:>KHMHbl· 

MH ry6KaMH MaUIHHbl. 4T06bI H36e>KaTh B03MO>KHbIX MeCTHbIX neperpe

BOB MeTaJIJia, no,u.orpeB npOH3BO,llHTCH npH IlOBTOpHO-KpaTKOBpeMeHHOM 

npoTeKaHHH TOKa. u 

OpephIBaHHe ToKa npoH3BO.II.HTCH ac.nencrBHe pa3pb1Ba caapoqHOlf 

uenH npH B03BpaTHO-nOcTynaTeJibHOM ,l(BH:meHHH 0,U.HOH H3 J(eTaJieii n1160 
BCJie,U.CTBHe nepHO,l(l-ftiecKoro OTKJllOqeHHH nepanqHQH o6MOTKH caapoqHoro 

TpaHccpopMaTopa OT ceTH. BTopoii cnoco6 npHMeHHeTCH otieHb pe,nKO, 
nOCKOJihKY OH Tpe6yeT TOqHQH o6pa6oTKH Topuoa sarOTOBOK no)l caapKY· 

t88 



CucmeHJJ1 ynpa6AeHt1J1 noilocpe8011 

I I I !fnpa8.11eliue tY.11ume.111JHOCnJh!O flpo~paM1111oe !/flPU6.lleHue 
cucmeH"' noooepeBa no mo1<y BpeMeHeM notloepe6a 

UJ!U HOnPJIJKeHUIO c np11HytlumeA1>Hh!M nepexouo11 c J(Oppe!(mUp!f!OIJIUH(J 
KOPOmKoeo .JQ/tf6/lrl1HIJJ1 K on.11a6.11e11u10 CbJIJRHU 

c BoJt!eucm8ueM 110 cBapo'IHl>IU mpaHctpopMamop ~ 
I no HOli/HDCmu I (nu .JHepeuu I I no me,.mepamype c 60.Jtleucm8ue11 HO npu6otl nepeMeli,/eHlbl .1~om0Bo1< t-

p11c. 5. 34. K.11accml>HKal\HJ1 cucTeM ynpasJieHHH npeJt.eapHTeJJbHblM no,llorpeBoM 

K .. naccncpHKaU.HH cHcTeM aBTOMaTHlJeCKOro ynpaaJieHIIH no.norpeaorv1 npn

ae,neHa Ha pHc. 5.34. 
CucTeMbl nepeou rpynnh1. Ilpouecc npephIBHCToro no,norpeaa (cM. 

pttc. 5.28) caMonpoH3BOJibHO 3aKaHlJHBaeTcH, KOr,l(a TOPllhI 3aroTOBOK 
u 

pa3orpeBaIOTCSI HaCTOJibKO, qTo B03MO>KHO ycTOHqHBOe onJiaB .. 11e1-u1e 

npu ycTaHoB.neHHOH cKopocTH nepeMemeHHH. YnpaBJieHHe npHBOJ(Ol\1 B03-
o 

npaTHO-IlOCTynaTeJibHOro nepeMemeHH51 nO,D.BM>KHOH IlJIHTbl MalllHHhI 

B 3TOM CJiyqae ocymecTBJIHeTCH Ha OCHOBe HHcpopMaUHH 0 3HaqeHHH TOKa 

(HJIH HanpHLKeHHH) KopoTKoro 3aMbIKaHHH Topuos saroTOBOK. B HaqaJie 

npouecca noAorpesa, Kor.na ,neTa.J1H He pa3orpeThI H seJiuq11Ha KOHTaKTHoro 
u 

conpoTHBJieHHH B MOMeHTbI 33MbIKaHHH ,neTaJieH MHHHMaJibHa, TOK KO-

pOTKoro 33MhIKaHHH HMeeT MaKCHMaJibHOe, a HanpH>KeHHe MHHHMaJihHOe 

3HalleHHe. f1o Mepe pa3orpeaa H OilJIBBJieHHH TOpUOB 3afOTOBOK KOHTBKT

HOe conpOTHB.neHHe B03pacTaeT, qTo rrpHBO,l(HT K COOTBeTCTBYIOIUHl\il H3Me

HeHHHM Haqa.nbHbIX 3HatieHHH TOKa H HanpH>KeHHH B MOMeHThl I<OpOTKHX 

3aMbIKaHHH. Kor,na TOK (HJIH HanpH>KeHHe) npHMYT ycTaHOBHBIIIHeCH 

3Ha1IeHHH, COOTBeTCTBYIOIUHH A8TlIHK (HanpHMep, peJie TOKa HJIH HanpH

)l{eHHH c peryJIHpyeMOH ycTaBKOH) BbipaoaTbIBaeT CHrHaJI }l.JIH nepeXOAa 

npHBo,na nepeMemeHHH B pe>KHM HenpephIBHOfO OUJiaBJieHHH. 

Me*AY MHHHMaJibHhIM HanpH>KeHHeM U 2 , Heo6xo,ZIJIMhII\it AJIH onJiaBJie
HHfl JI.eTaJieli, 3HeprHe.H H napaMerpaMM ceapoqHofl uenH cymecTByeT 
COOTHOllleHHe: 

u2 
2 

z (l = const, e K. 3 + COS <pK. 3) 
(5.34) 

r.u.e e - y,neJihHaH 3HeprHH, npHXOJ(.HIIJ.aHCH Ha eAMHHUY MaCCbI onJiaB

JieHHoro ~1eTaJina; ZK.s, cosq>K.s- noJIHoe corrpoTHBJieHHe H K03ct>ct>HuHeHT 
M0ll1_HOCTH caapOtIHOro KOHTypa COOTBeTCTBeHHO. 

113 (5.34) cJie,nyeT, qTo nepexo,n OT noAorpeaa K HenpepbIBHOMY onJiaB
JieH1uo MO.>Ker npOH30HTH npH onpe,neJieHHOM COOTHOilleHHH Me.>K~Y yKa

~aHHhIMH BeJIHlIHHaMH H 3aBHCHT OT KOJieOaHHH ceTeBoro HanpH.>KeHHH. 

CTaHQBJieHo, qTo OTHOCHTeJibHOe H3MeHeHHe TeMnepaTypbl 

~TH J AU2 
T" = -(ecO>/e")-1 • 2U2u • (5.35) 

rAe T", LlT"-HOMHHBJihHaH Te~mepaTypa Harpeaa H ee oTKJIOHeHHe; 
eco> -yJJ.eJibHaH 311eprHH npH T = 0. 
n 113 (5.35) CJie.n.yeT, qTQ noCKOJlbKY OTKJIOHeHirn Hanpsrmemrn H TeM

epaTyphI HMeIOT npOTHBOnOJIO}l{Hhle 3HBI<H, nOBbIIIIeHHIO HanpH}l{eHHH 
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TA 
l~8 

C'lem1111K CVHMQPHOU 
.1Hepeuu notloepe8a 

PHc. 5. 35. CHcTeMa cTafiHJJH3aqHH sueprHu npu 
no,Aorpese 

COOTBeTCTByeT nOHH>KeHHe TeM ... 
u 

nepaTyphl, npH KOTOpOH npo11c. 
XO;I_HT caMonpOH3BOJlbHbIH ne .. 
pexo..n K HenpephIBH0~1y onJias .. 
JieHHIO, H HaooopoT. 0THOCH
TeJihHbie H3MeHeHHH Terv1nepa
Typh1 ~ioryT ao ~Horo pa3 npe .. 
Bbllll8Th BbI3BaBwHe HX H3Me
HeHHH HanpHmeHHH, oco6eHHQ 
npH HH3KHX TeMnepaTypax 
npe..nsapHTeJibHoro no,uorpeaa. 
HeToqHOCTh TopuoBKH 3aroTo
BOK TaK>Ke MO>KeT npuBeCTU 

I{ ao36y*,ueHHIO onJiaMeHHH npu TeMnepaType no..norpeaa HH}Ke npeJI.y-
u 

CMOTpeHHOH. -
CHcTcMbl BTopou rpynnbl. Hau60J1blllee pacnpocTpatteHHe no.11y11HJIH 

cucnze.Jtbl npozpaMAtHozo ynpaBAeHUR no)l.orpeaoM. 06hitJHO nporpaMMHpy
IOTCH ,nJIHTeJibHOCTb HMnyJihCOB TOKa KOpOTKOfO 3aMhIKaHHH H naya ~1e}l{JI.Y 
HH~1H, a TaK>Ke 06.mee ape:MH no,[(orpeaa. KoMaHJI.a na nepexo.n OT no.no
rpeaa K onJiaBJieHHIO no,naeTCH cqeTqHKOM HMnyJihCOB. nocJie OTpaOOTKH 
3a~aHHOro llHCJia HMilYJihCOB no,uorpeaa no CHfHaJiy CtJeTqHKa npOHCXO
.nnT y~1eHbWeHHe CKOpOCTH nepeMe.meHHH nJIHTbl MalllHHbl, lJTO o6ecnetIH-

u u 

aaeT rapaHTupoaaHHhIH nepexoJ{ K pe}KHMY ycTouquaoro onJiaBJieHHH. 
DpHHy,.nHTeJihHhlH nepexo,n K HenpepbIBHOMY OilJiaBJieHHIO B03MO>KeH 

H 6e3 H3MeHeHHH CKOpOCTH nepeMemeHHH no,.nBH}l{HOH nJIHThl MallIHHhl, 
ecJIH o6ecneq.HTb nOBhIWeHHe BTOpHqHoro HanpH:>KeHHH CBapOtIHOro TpaHC· 
¢opMaTopa no OKoHqaHHH UHKJia no.norpeaa. 

CucTeMhI nporpaMMHoro ynpaBJieHHH o6ecnel!HBaIOT ooJiee CTa6HJihHbIH 
pa3orpeB ,n.eTaJieH, lleM CHCTel\ilhl nepBOH rpynnhl. IlpH KOJie6aH.HHX Ha
'lPH.>KeHHH ceTH OTHOC.HTeJihHble H3MeHeHHH TeMnepaTypbl paBHbl npH6JIH· 
3HTe.JibHO y,uaoeHHOMY OTHOCHTeJihHOMY H3MeHeHHIO HanpH>KeHHH: 

!iT/!iT" ~ 2(!iU2 /U2"). (5.36) 

CHcTeMbl TpeTLeii rpynnbl. BJIHHHHe KOJie6aHHH HanpH}KeHHH ceTH 
H conpoTHBJieHHH caapoqHoro KOHTypa Marn.HHhI Ha TeMnepaTypttoe none 
B ,ueTaJIHX K MOl\lteHTY nepexo..na K pe>KHMY HenpephIBHOfO onJiaBJieHHff 
~tomHo yl\teHhWHTb npH HCnOJih30BaHHH CHCTeM aaToMaTHllecKoro peryJin· 
poBaHHH no.norpeea c o6paTHhlMH CB5I3HMH no 3HeprHH, MOIUHOCTH IIJIH 
Tel\tnepaType l\te:raJI.na. . 

Ha pHc. 5.35 noKa3aHa c11cTeMa aBTOMaT1-P:1ec1<oi1 cTa6.HJIH3au1u1 3Jie1<
TpnqecKoli .9Hepr.HH np11 no,norpeae. CMrHaJibI c TpaHccpopMaTopa TOI<a 
TA n arop.HqHoii o6MOTKH caapoqnoro TpaHccpopMaTopa T nocJie nx y:MHO
JKeHHH npeo6pa3yIOTCH B CHrHaJI, nponOpllHOHaJlbHbIJi TeKymeMy 3Haqe
HIUO l\10IJ.J.HOCTH QTeK• 3HaqeHHe MOl.UHOCTH QTeK llHTerpupyeTcH, B pe3)'Jib
TaTe 1:1.ero noJiyqa10r CHrHaJI Yu., nponopuuoHaJihHhIH .9HeprHH o,nHoro UHKJia 
«3a~thIKaHHe-nay3a». CTocJie no,ncqeTa cyMMapHOH 3HeprHH nO)l.OrpeBa 
YnoJJ. H cpaaHeHHH ee c 3a,naHHhIM 3HaqeHHel\f Y3aA cpopMHpyeTCH KOMaHJla 
ua nepexo,n K onJiaBJieHHIO. 

CHCTeMhl TpeTbeH rpynnhl HMeIOT 06.mHii He,nocTaTOK - OHH He MOfYT 
o6ecnetJHTh cpopMupoaaune 3a,.naH11oro Tel\1nepaTypttoro noJIH B JJ.eTaJ15IX 
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B ycJIOBHHX )l.et'1CTBHH B03MymeHHli TeXHOJIOrHqecKoro xapaKTepa (Kaqe
cTBa oo.nroTOBKH TOpUOB no,n CBapKy' TQqHQCTH ycTaHOBl{H n.eTaJieH Baa
)KHMHble npttcnocooJieHHH, H3Hoca aa>KHMHbIX ry6oK HT. JI..). CylI.leCTBeH
noe BJlHHHHe TeXHOJioruqecKHX B03MyllleHHM Ha npouecc cpopMHpOBaHIIH 
reMnepaTypHoro noJIH COCT3BJIHeT OJJJiH H3 OCHOBHhIX He){OCTaTKOB cno
co6a npe,nBapHTeJibHOrO IlO,UOrpeBa conpOTHBJieHHeM. 00J{OrpeB MeTO,i.OM 
conpoTIIBJieHHH HMeeT H .npyr11e He){OCTaTKH: yMeHhIIIeHHe K03Cfxt>HUHeHTa 
MOIUHOCTH H 3JieKTpHqecKoro K. n. ,ll. MaIIIHHhl (OTHOIUeHHe conpOTHBJieHHH 
.nera.ne1'1' I{ IlOJIHOMy aKTHBHOMY conpOTHBJieHHIO CBapoqHQH uenH) ITO f\-1epe 
vseJIHqeHHH nJioma.DJi nonepeqHoro ceqeHHH neTaJieH. 9ro npHBO.D.HT K To
~1y, qTO c yBeJIHlleHHeM celleHHSI Heo6xo,nHMaH MOlllHOCTb MaLIIHHbI aospa
craeT, a npOH3BO,llHTeJibHOCTb yMeHhUiaeTCH. 

Oo cpaBHeHHIO CO CilOC060M CBapKH HenpepbIBHbIM 0IlJl3BJieHHe~i 
c nporpaM~1HblM ynpaBJieHHeM HanpH:>KeHHeM H CKOpOCTblO onJiaBJieHHH 
npn npHMeHeHHH npe,naapHTeJihHoro nonorpeaa conpoTHBJieHHeM yseJin-
4HBaIOTCH Il0Tpe6JIHeMaH MOIUHOCTb B 4-5 pa3, paCXOJ{ 3JieKTp03HeprHtt 
n 2-3 pa3a H apeMH ceapKH B 1,5-2 pa3a. Hec~10TpH Ha yKa3aHHhie ne
~ocraTKH npHMeHeHHe npe,naapHTeJihHoro rronorpeea conpOTHBJieHueM 
B HeKoTopblx c.nyqaHx ue.necoo6pa3HO. Ecn11 nonepeqHoe ceqeHHe ceapnea-

u 

eMhlX n.eTaJieH BeJIHKO, a conpOTHBJieHHe KOpOTKOfO 33MbIKaHHH ~1aUJHHb1 
attalIHTeJibHO, TO 6e3 npe~aapHTeJihHoro no,norpeaa aaroTOBOK o6ecne
tJHTb ycToiiqHaoe on.naaneHHe He yJiiaeTC.H. Ha-3a oco6eHHOCTeti TennocpH3H
qecKHX CBOHCTB UBeTHbIX MeTaJIJIOB H cnJiaBOB no.nyqHTb TpeoyeMyIO 30HY 
pa3orpeea B ,neTaJIHX ceqeHHeM 10000-16000 MM2 uenpepbIBHhIM onJiaB· 
neHHeM TPYAHO, no3TOMY npH HX caapKe TaK*e npHMeHHIOT npenaapHTeJih· .. 
HbIH no.uorpea. 

5.8. nporpaMMHoe ynpaaneHHe npoqeccoM onnaaneHHJI 

HaH6oJiee pacnpocTpaHeHHoe HanpaaneHHe aaToMaTH3aUHH npouecca 
KOHTaKTHOH CTbIKOBOH caapKH HenpepbIBHbIM onJiaBJieHHeM - nporpaM
MHp OB3HHe OCHOBHblX napaMeTpOB pe>KHMa. CTpaKTHqeCKH ynpaaJieHHe 
npoueccoM onJiaBJieHHH orpaHH'leHO B03MO.>KHOCTHMH H3~1eHeHHH no 3a
'A8HHOH nporpaMMe CKOpOCTH nepeMemeHHH IlJIHTbl MalllHHbl HJIH BTOpHq
Horo HanpH>KeHHH. YKa3aHHhie napa~1eTpb1 MoryT H3MeHHTbCH OJlHOBpe
MeHHo B <PYHKUHH apeMeHH HJIH nyTH nepeMemeHHH IlO)I.BH>KHOH nJIHTbJ. 
OporpaMMHpoBaHHe no nepeMemeHHIO HaHooJiee ueJ1ecoo6pa3HO B Te:x 
CJ1y11a51x, KOf)la Heo6XO.D.HMO BbI,llep.>KHBaTb TQqHQ 33.Zl3HHble pa3Mepbl CBa
PHBaeMbIX H3.ZJ.eJIHH, HanpHMep, npH npOH3BO,llCTBe ceapHbIX KOJieu H3 
llHCTOBhIX npoc}:>HJieii. Bo3MO>KHhie aapHaHThI rrocTpoeHHH cncTeM nporpaM· 
MHoro ynpas.neHH~ noKa3aHhI Ha pHc. 5.36. 

B npaKTHKe HaHOOJibIIJee npuMeHeHHe nony11HJIH pasoJttKHYtnbte cu
cmeAtbL npozpa.MMHozo ynpaBAeHllfl (Cfl Y) cKopocmb10 nepeMeU{eHU!l no· 
ae~JICHOU nAUmbl .JJ·laLllUflbt. CTporpa~fl\ia nepe!\1emeHHH 33,naeTCH CTeneH· 
HOJJ 3aBMCHMOCTblO 

(5. 37) 

f JJ.e Ln-· nepeMemeHHe no.nen>KHOH nJIHThI npH onnaa.11eHHH, MM; t -
ll.JinTe"'IbHOcTh on.r1aaJieHHH, c. Ko3qxpHuHeHTbl a H n onpe,neJIHIOTCfl Tenno-
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CucmeMhl npoepOHHH020 ynpaBneHU.R npoqeccoH on11aOneHUR 

PaJOMKH!Jfflh/e Cfl!I Cfl!I c KOppeKmupy!Oll.{UMIJ C6RJJIMIJ 

PHc. 5.36. K.11accHcl>HKallHJ1 cucTeM oporpaMMHoro ynpaaJJeHHH npoueccoM on.11as.11eHHJ1 

qnl31'l1leCKHMH CBOHCTBaMH MeTaJIJia H BblOHpaIOTCH B 3aBHCHMOCTH OT KO

HelJ:HOH CKOpOCTH nepeMeI.UeHHH V n H npHnycKa ,neTaJieH l\onn· 
3TH nporpaMMbI nepeMemeHHH uenecooopa3HO npHMeHHTh npH caapKe 

.neTaJieH c nonepetIHhIM cetieHHeM JJ;O 1000-1500 MM2 , KOrJI.a JI.JIH noJiy. 
·tieHI-15! Tpe6yeMOH 30Hbl pa3orpei3a He H3MeHHeTCH BTOpHtIHOe HanpHLl<e

HHe cBapotIHoro TpaHccpopMaTopa, a on.n:aaneHHe npoHCXOJI.HT c OOJihlllHM 
u 

sanacoM ycTOHllHBOCTH. 

DporpaMMa nepeMemeHHH qame acero 3a,naeTcH c noMOI.l.'(bIO KyJiatJKa 

11 onpe,neJIHeTCH ero npo$HJieM H CKOpOCTblO BpameHHH. 3TOT cnoco6 
sa,naHHH nporpaMMhl - HaH60Jiee npOCTOH, 0)1.HaKO OH HMeeT cymecTBeH

Hhie He,nocTaTKH. CT pH caapKe ,L{eTaJieH: c HepoBHbIMH TopuaMH Heo6XOJI.H· 
MaH 30Ha Harpeaa o6pa3yeTcH JIHllih B cJiytiae, Kor~a nporpaMMa H3MeHe
HH H CKOpOCTH BKJIIOlJaeTCH B MOMeHT HallaJia onJiaBJieHttfl no BCeMy ce-

4eHHIO )leTaJieH (JlJIHTeJibHOCTb on.naBJieHHH KOCHHhl He Jl.OJl>KHa BXO)lHTh 

B o6m.ee BpeM51 cnapKH). Dp11 HcnoJih30EaHHH KyJia1:1Ka 9To 1pe60BaH11e He 
y JiiaeTcs:i BbinOJIHHTb. KpoMe Toro, c H3MeHeHHeM HatiaJibttoro 3a3opa He

B03MO)KHO 3a,LI.aTh nporpaMMY nepeMemeHHH nJIHThl MaWHHbl cpa3y }Ke 
c MOMeHTa B036y>k,L{eHHH onJiaBJieHHH, B pe3yJibTaTe qero cpaKTHtieCKaH 

v 

CKOpOCTh onJiaBJieHHH )I.eTaJieH He COOTBeTCTByeT 33.ll_BHHOMY pe>KHMy. 
1{.JIHTeJihHaH 9KCnJiyaTaUHH npocpHJibHhlX KyJiatIKOB Bhl3bIBaeT H3HOC 
paooqeii noaepxHOCTH H M3MeHeHHe 3a,LI.aHHOH nporpaMMhI nepeMemeHHH. 

Ec.nH Heo6xo,LI.HMO H3MeI:IHTh no nporpaMMe He TOJihKO cKopocTh Vn, HO 
n Hanp.HmeHHe U 2 , TO npMMeHeHHe KyJiatIKOB eme ooJibUie oc&11om1151e1 

HaJia,ru<y H 3KCnJiyaTaUHIO MalllHHbl. 

BoJiee y,no6Ho 11cnOJih30BaTh ,rr..nH nporpaMMHpoBaHHH no nepel\feme
HHIO pa3JJHllHble KOMMyTaUHOHHble yctpOHCTBa. B M3llIHHaX THna 1<617, 
K607, K340, K566, npeJJ;Ha3Ha1IeHHbIX .IlJIH caapKH KOJibUeBbIX 3aroTOBOK, 

u u 

nocTynaTeJibHOe .IlBH}l{eHMe no,ZI.BH.>KHOH CT3HHHbl qepe3 peHKY H CHCTeMy 

wecTepeH npeo6pa3yeTCH Bo apamaTeJihHoe .L{BH>KeHHe, KOTopoe nepeJI.a· 
eTCH Ha BaJI nepeKJIIOtiaTeJIH. 

llJIH 6oJiee TOllHOfO 3a)(aHHH 3aKOHa nepeMemeHHH HCnOJib3YIOTCH pa3-
JU·f"lJHhie CilOCOOhl 3JieKTpHqecKOfO nporpaMMHpOB3HMH CKOpOCTH OnJiaBJie· 
HHH. Ha p11c. 5.37 noKasaHa cxeMa, nocTpoeHHaH Ha onepaUHOHHh1x· yen-

Rf RS . Ro RB 

R2 t> /JAf R4 [> DA2 R7 

Puc. 5.37. Dporpa.MMHPYIOlllec ycTpoHcTBo na onepauuot1t11o1x yc11.rmTeJmx 
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nnreJJHX DA1-DA3, ooecneqHBaIO~aH nporpaMMHpoBaHHe HeooxoJI.HMcr 

ro H3MetteHHH HanpH>KeHHH UahJx Ha BbIXo]le ycHJIHTeJIH DAS, KOTopoe 
B ).l.8JlbHeHllleM MO>KeT 6bITh Il0,l(8HO Ha CXeM}' ynpaBJieHHH 3JI~KTpOMalliHH
HblM HJIH THpHCTOpHblM npHao.noM nepeMeIUeHHH no,l(BH)KHOH IlJIHThl Ma-

UJMHbl. 
B HCXOJlHOM cocTOHHHH KJnoq S saMKHyT, KOH,ZI.eHcaTop Cl pa3pH}KeH 

qepe3 Manoe conpoTHBJieH11e R3, M Ha Bhlxo.ne ycHJIHTeJIH D A2 HanpH>Ke

une 0TcyTcTaye1. CTptt 3TOM Ha cxeMy ynpaaneHHH npHBo,noM no,naeTcsi 

ttanpHmeHHe Ueblx= u (RBIR6). no,n:BH.>KHaH IlJIHTa MaWHHbl nepeMema
eTCH C TIOCTOHHHOH CKOpOCThlO. npH pa3MbIKaHHH KJnoqa S B MOMeHT 

epeMeHH t1 HaqHHaeTCH 3apH.n. KOH,neHcaropa CJ qepe3 pe3HCTop Rl CT 
ucroqHHKa onopHoro HanpH.»<eHHH U 0 • Ha HaIIaJihHOM (pa6otieM) ytJaCTKe 

uanpH.1KeH11e Ha KOH.neHcaTope CJ H3MeHHeTCH no JIHHeHHOMY saKoHy. 

nocKOJlbKY ycHJIHTeJib DAI OXBaIIeH nOJIO>KHTeJibHOH o6paTHOH CBH3bl0 

qepe3 HHBepTop DA2, HanpH)KeHHe Ha Bhixo.ne DA2 -H cooTBeTCTBeHHO 

DA3 6y.n.eT H3MeHHThCH no HeJIHHeiiHoMy saKoHy, OJIH3KOMY K 9Kcno

HeHTe. 
J13MeHeH11e nporparvtMhI HanpH>KeHHH Uswx ycHJIHTeJIH DA3 npOH3BO

,uurcH 3a,naHHeM HaqaJihHhIX ycJIOBHH, IlOCTOHHHhlX BpeMeHH H K03<txl>HUH-
u 

eHTOB ycHJieHHH onepauHOHHhIX ycHJIHTeJJeH. 

B MarnHHax THna K355, K555, KI90n .Z:VIH caapKH penhcoa H npo

cpIIJibHoro npoKaTa nporpaMMhI H3MeHeHHH CKopocTH Vn u HanpH:>KeHHH 

U2 3a,na10TCH c fJOMOI.UbIO pene spe!\1eHH, B KaqecTBe KOTOphIX HCilOJih3Y-

10rcH KOMaH.llHhie npH6opb1 THna K3D-12Y H MKn. 06a npH6opa no3BO-
u 

JIHIOT 3aAaBaTb nJIHTeJihHOCTb onepaUHH npH BKJIIOqeHHH H BblKJIIOlJeHHH 

9.lieKTpHqeCKHX uenefl 06IIU1A1 lJHCJIOM ll.O 12. npHMeHeHHe 3THX ycTpOHCTB 

06.11erqaeT HaCTpOHKY M31lIHHhl npH caapKe pa3JIHqHhIX .neTaJieif • 

.UJIH CThIKOBbIX peJibCOCBap01IHhIX M3lllHH B 11HCTHTyTe 3JieKTpocBap

KH HM. E. 0. naTOHa AH YCCP pa3paooTaHa IJ.HcppoBaH CHCTeMa ynpaB

JieHHH [28]. B Heft pemttMhI cBapKH BBOJl.HTCH B naMHTh ycTpo:HcTBa ynpaa

.ileHHH nocpe,UCTBOM KHOJIOlJHhIX nepeKJUOllaTeJieH - KOMMyTaTopoB B 3a
BHCHMOCTl1 OT Tttnopa3!\1epa CBapHBaeMhIX peJibCOB. ,llHCKpeTHOCTb cqH

ThlBaHHH nporpaMMhI - 0, I c. YnpomeHHaH 3JieKTpHIIecKaH cxeMa npo

rpaMMHpy10w.ero ycTpo:f1cTBa cHcTeMbI noKa3aHa Ha pttc. 5.38. YcTpof1cTBO 

COCTOHT H3 cpopMHpOBaTeJI.R KOMaH}l ynpaBJieHHH (DDJO-DD12), cpop

MHpOBaTeJIH HMilYJib(OB tJaCTOTOH I 00 ru (BbIIlpHMHTeJih VD' TpaH3HCTOp 
VT), ,II.eJIHTeJIH IIaCTOThI (DD 1), 11eTh1pexpa3pH.nHoro ,nBOHlIHOJleCHTHIIHoro 
c11eTtIHKa (DD2, DD4, DD6, DDB), ,AemH¢paTopoB (DD3, DDS, DD7, 
DD9, Ha Bhlxo.nax KOTOphIX CHrHaJlhI cooTBeTCTBYIOT .necHThIM JI.OJI HM ce

KYHJ.l.hI' e,nH HHUaM' ,neCHTKaM H COTHHM ceKyH.n), KOMMyTaTopa H BhIXO,ZJ.
HhlX TpHrrepoB TRS1-TRS12. KoJIHqecTBO nocJie,nHHX onpe,ne.nsieTcH 

Heo6xOrUHMhll'vl qHCJIOM l{OMaH,n, nocTynaIOIUHX Ha HCilOJIHHTeJihHhie 

MeXaHH3!\i1hl M21llHHhl .D.JIH BocnpOH3Be,lleHHH Tpe6yeMoro pe:>KHMa CBapKH. 

3anycK nporpaMMbl npOH3BO,nHTCH npH ):lOCTH:>KeHHH TOKOM 3apaHee 
YCTaHOBJieHHOfO 3HaIIeHHH, llTO Il03BOJIHeT HCKJnoqHTb BJIHHHHe HatiaJihHOfO 
3a3opa H KOCHHhI pe3a Ha aocnpoH3BeJI.eHHe nporpaMMhI. Ha ee BocnpoH3-
Be.neH11e He BJIHHIOT TaKme H nepepbIBbl onJiaBJieHH.H Ha 3Tane B036ym,neHHH 

npouecca, BhI3BaHHh1e KopoTKHMH 3aMbIKaHHHMH Topuos. OpH pesepcax 
00.D.Bll>KHOH nJIHThI MaWHHhI Ha axon coOTBeTCTBy10mei1 cxeMbI DD JO nocTy
naeT CHrHa.n JIOfHlleCKOH «l» H HMnyJihCbl IIaCTOTOfl 100 fu C TpaH3HCTOpa 

7 6-73 19) 



])Of /102 

JJJJ4 
---~ ___ ........,.....,JCT 1 

PeBepc 

Cmpuezep 
81<R. U1 IJJ)lf.1 

lJlJfO.J & OJJlf.2 
ToK & e&---4 & 

m---11 

CBop1<a 0012.f .0.012.2 I 
& & 

/J.012.:J 
& 

c 2 

IJJJG 

DJJ8 

4 
8 

4 
8 

8 

IJJJ3 

1 DC 1i-----c 

2 ~--4 5_~--t 

8 

005" 

1 oc ~ i-----c 
2--

2 1-
4 o--
8 ~--

DD7 
f DC ~ 1------c 
2 j __ 

4--
4 ~i-----c 
8 b--s-_......_____.,__, 

0--
1 DC~--
2 ~i-----c 

" f-8 Bi---~ s--_......____.,__. 

PHC. ii. 38 • .AH<l>P OBOe nporpaMMHpy1ontee YCTPOHCTBO 

TRSI 

VT Ha axo,n cxeMhI DDJ He npoxo,nHT, qTo npHsonuT K ocTanoay cqHThI

aaHHH nporp3MMhI. BosapaT nporpaMMHpy10mero ycTpo:HcTaa B Hcxo,nHoe 

COCTOHHHe npOHCXO,Z:UiT nocne 0Tp300TKH scex KOM3H'A no CHfHaJiy O,llHOfO 

H3 BbIXO~HblX TpHrrepoB (Ha pHC. 5.38 3TY pOJib Bhino.nH.HeT TpHrrep 

TRSJ) nuoo np11 Ha}KaTHH KHOITKH «copoc». IlpH 9TOM Ha S-BXO,ll.bI cqeT

qHKOB no~aIOTCH CHfH3Jlbl JIOfHqecKOfO «0». 
B HeKoTopbIX CTbIKOBbIX MaIIIHH3X c rH,ll.p3BJIHtiecKHM np1-1ao,no~1 (THna 

~i\'\Cf A-500 H .n.p .) nporpaMMa cKopocTH onJiaBJieHHH 33,ll.3eTCH H31\iretteHHeM 

npoxo,l(HOro cetieHHH fH,ll.paBJIHtieCKOfO ,ll.pocceJIH B KOHType ynp3BJieHHH 

npHBo,noM no.ZI.BH>KHOH nJIHThI. CymecTBeHHhil\1 He,ll.OcTaTKOM TaKoro npo

rpaMMHpoBaHMH HB.nHeTCSI TO, tITO BCJie,llCTBHe H3MeHeHHfl Te~·tnepaTypbl 

>KH.l(KOCTH H3MeHHeTCH ee BH3KOCTb, a 113-33 BCeB03MO}KHblX yTelleK )l3B· 

JieHHe B fHJI.pOCHCTeMe He OCTaeTCH nOCTOSIHHbIM, Il03TOMY BOcnpOH3Be,ll.e

HHe aa,naHHoii nporpaMMhI npoHCXOJI.HT c ooJibWHMH norpeIIIHOCTHMH. 

EoJiee TOl!Hoe aocnpo113aeJI.eH11e 3a,naHHOH nporpaMMhI cKopocTH o6ec· 

netIHBaeTCH B MBlllHHax, CH30}1{eHHbIX CJie.DJIIUHM rn,UponpHBO.UOM, T. e. 

rH,nponpHBOJI.OM c oopaTHOH CB.H3hl0 no nepeMemeHHIO. CxeMa CJie,llHlllero 

rH,nponpHBO.l(3, HCnOJib3yeMoro B CThIKOBhIX M3IllHH3X THna KI900, 
K355 H JI.p., npHBe.l(eHa Ha pHc. 5.39. OopaTHaH CBH3b a npHBOJle ocyme

CTBJIHeTCH 30JIOTHHKOM, B KOpnyce 4 KOTOporo BhlilOJIHeHhl nHTb UH.i1HHJ1· 

pHqecKHX BbITOtieK, coe-nHHHIOIUHXCH mTyuepaMH c rH,llpOCMCTeMoii MawH· 

Hhl. UeHTp3JihHaH BhITOtIKa coeJJJIHeHa c JIHHHeH HarHeT3HH5I, .UBe Kpaii-
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PKc. S.89. CxeMa cneJUllI(ero maponpHaou 

Puc. 5.40. 3aBHCHMOCTb MOU(ttocTH, pa3ausae
MOA MaWHHOA, %, Jt MO~HOCTH, neo6xoARMoA 
}l.nA on.naBJleHHA .11eTaJ1eA. OT TOKa 

{} 

lycm 

HHe - co CJIMBHOH JIHHMeti. BbITOqKa B coe,l(HHeHa c npaaoti noJIOCTbIO 

ru,npOUHJIHH)(pa 2 nepeMemeHHH nO,l(BH>KHOii CTaHHHhI (nJIHTbl) 1, BhITOll

Ka A - c JieBoif noJioCTbIO. B HeiiTpaJibHOM noJioLKeHHH llITOK 3 pa601JHMH 

nosicKal\nt nepeKphIBaeT BhITO'IKH A H B, n09TOMy ,nocTyn Mac.11a B noJIOCTH 

fH,llpOUMJIHH)(pa nepeMemeHH.ff nepeKpblT H nO,llBH>KHaH CTaHHHa MalliHHbl 
HaXOD.HTC.ff B nOKOe. 

Mac.no no.naeTCH B no.nocTH rH,npoUHJIHH,npa no,nBH}KHOH cTaHHHhI TOJib-
u 

KO npH CMemeHHH llITOKa Bnpaao HJIH BJieBO OT HeHTpaJibHOfO IlOJIO>KeHHH. 

B CThIKOBbIX peJihcocaapoqHhIX MallIHHax UITOK 30JIOTHHKa nepeMemaeTCH 

c IlOMOIUblO BHHTa pe,nyKTOpa, ycTaHOBJieHHOfO Ha HeilO.l(BH>KHOH CTaHHHe 

6. 0.nHocTyneHtiaThlH qepeHqHblH peAyKTOp 5 npHBO,llHTC.ff BO BpameHHe 

ynpaBJIHIOIUHM .nanraTeJiel\it MaJioii MO~HOCTH (30/70 BT). IIITOK soJIOTHHKa 

KOnHpyer nepeMerueHHH BHHTa, npH 3TOM npH CMemeHHH llITOKa BJieBo OT 
u 

HeHTpaJibHOro nOJIO>KeHHH OTKpbIBaeTCH .nocTyn Mac.na B JieBylO nOJIOCTb 

rH,npouHJIHHJI.pa, a npaBaH coe,nHHHeTCH co CJIHBOM. B 3TOM cJiyqae no

D.BH:IKHaH CTaHHHa, a BMeCTe c HeH H KOpnyc 30JIOTHHKa HaqHyT ABHraTbCH 
BJieso. EcJIH npHOCTaHOBHTb JlBH:>KeHHe UITOKa 30JIOTHHKa BJieao (BbIKJno

qHTb .llBHfaTeJib), TO Kopnyc 30JIOTHHKa 6yAeT nepeMemaTbCH BJieBo 

AO Tex nop, noKa noHCKH WTOKa He nepeKpoIOT BhIToqKH A H B, ,nocTyn 

MacJia B IlOJIOCTb fHJl.POUHJIHH,npa H nepeMemeHHH CTaHHHhl npeKpaTHTCH. 

Opu 9TOM cTaHHHa npoflAeT paccTOHHHe, Ha KOTopoe 6bIJI c,nBHHYT llITOK 
OT HetiTpaJibHoro noJio}l{eHHH. DpH HenpepbIBHOM JJ.BH>KeHHH llITOKa 30· 

JlOTHHKa CTaHHHa M3IllHHhl H ycTaHOBJieHHblH B Heil Kopnyc 30JIOTHHKa 
HenpepblBHO Jl.BH)KYTCH BCJie,n 3a IIJTOKOM, OTCJie>KHBaH BCe ero nepeMeme
IUiH. 003TOMy H3MeHeHHH BH3KOCTH MaCJia HJIH npocalIHB3HHe ero H3 

OJJ.HOH nOJIOCTH fH,llpOUHJIHH,Zlpa B .n.pyryIO npaKTHlleCKH He CK33bIBaeTCH 

Ha TOtIHOCTH cJie}l{eHHH. CKopOCTb JlBH}l{eHH.ff cTaHHHhI aa.u.aeTcH cKopo

CTbIO BpameHHH ynpaBJIHIOI.Uero 9JieKTpO,llBHraTeJIR. fH.n.ponpHBOJU>I, 
HcnoJih3ye:Mbie B Marn11Hax KOHCTPYKUHH I1HCTHTyTa 9JieKTpocaapKM 
liM. E. 0. naTOHa AH YCCP, OOJia,l(aIOT )lOCTaTOlJHO BhICOKHMH .D.HH3MHqe

Cl(K HMH csoficTBaMH. TaK, peaepcHpoaaHHe no.n.BH>KHOH cTaHHHhI MaruHHhI 
19on. JlBH.>l<ymeHCH co CKOpOCTblO 0,25 MMlc, ocymecTBJI.ffeTCH qepe3 

0, I c nocJie no,natIH c11rHaJia Ha peaepc, TOrAa KaK Ha MalllHHe c sJieKTpo
MexaHHtieCKHM npHBOJl.01\il - qepe3 1,0 c. 

Hec~toTpfl Ha HenpepbIBHoe coBepIIJeHCTBOBaHHe cnocoooa H annapa· 
Typh1 ,lJ,Jl5I 3aJI.aHnfl nporpaMMbl, npHMeHeHHe pa30MKHYTblX CHCTeM ynpaB· 
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JieHHSI He ooecnetJHBaeT rapaHTHpOBaHHOfO KatieCTBa CBapHhIX coe.n.HHeHuij 

npH .neffcTBHH Ha npouecc pa3JIH1:1HbIX B03MyI.U.eHHH. B TaKHX c11cTeMax 

ynpaBJIHIOlll.ee B03,ZI.eHCTBHe He 3aBHCHT OT HenpepbIBHO H3MeHHIOI1J.HXCH 

B npouecce npOH3BO,nCTBa ycJIOBHH CBapKH. JiyqmHe pe3yJihT3Tbl n.aeT 

npHMeHeHHe CflY c KoppeKmupylOU{UMU o6pamHblMU CBR3JLt-tu no napa .. 

MeTpaM caapOtIHOfO npou.ecca (HanpH>KeHHIO, TOKy, nyJihC3U.HHM TOKa). 

KoppeKTopw cKopocTH onJiaBJieHHH c o6paTHOH CBH3hK> no HanpH .. 

meHHIO npHMeHHK>T B crbIKOBhIX MalllHHax THna MC-2001, ~CT-200M 
H ,ll.p. B KaqecTBe qyacTBHTeJibHOro 3JieMeHTa B c11cTeMe 11cnoJib3yeTc51 
peJie HanpH.>KeHHSl, nO)lKJIIOqeHHOe K 3a>KHMHblM ry6KaM MaWHHbl. 0pH 

u u 

ycTOHllHBOI\1 onJiaBJieHHH ,lI.eHCTBy10mee 3Ha4eHHe Hanp5DKeHHH Ha caapu .. 

BaeMhIX .n.eTaJIHX MaJIO OTJIHqaeTCH OT Hanp5DKeHHH XOJIOCTOfO xo,na CBa

poqHoro TpattccpopMaTopa II pene ocTaeTCH BKJnoqeHHhIM. CTpH KOpOTKOM 

33MbIKaHHH Hanps:t>KeHHe pe3KO na,naeT H CTaHOBHTCH He.n.ocTaToqHbIM .ll.JIH 
u 

y,ll.ep>KaHHH cep,neIIHHKa pene, KOTOpoe nepeKJIIOqaeT npHBO,lI.HOH .llBHra .. 

TeJib Ha peBepc. 

3aKOH ynpaBJieHH.H JlJIH 3TOH CHCTeMbI MOLKHO 3anHC3Tb B BH.ZJ.e 

UKop = sign [U 2 (t) - t1], (5. 38) 
.. 

UKop = 0 npH U2 (t) > L\; UKop = Upes npH U 2 (t) < L\, r,ne U2 (t)
TeKylI(ee 3HatieHHe HanpH)I{eHHH Ha 9JieKTpo,nax MaWHHhI; 6 - nopor 

oTnycKaHHH pene HanpH>KeHH.H; U pen - HanpH}J{eHHe ynpaaJJeHHH np11ao

.ZJ.OM, 33,ll.aIOmee CKOpOCTh .D.BH1KeHHSl nJIHTbl MalllHHbI npH pesepce. 

KoppeKUH.ff cKopocTH no HanpH.>KeHHIO He npe,n.oTBpamaeT nepexo~ 
onJiaBJieHHH B pemHM KOpOTKOfO 3aMbIKaHHH, a TOJihKO orpaHHqHBaeT 

ero npo,noJI}l{HTeJihHOCTh. Bo.nee coaepmeHHhIM HBJIHeTcsi KoppeKTop 

CKOpOCTH onJiaBJieHHH C oopaTHOH CBH3hl0 no CBapotIHOMY TOKy, npHHUHn 

,nei1cTBHH KOToporo noHCH.HeTCH pHc. 5.40. B TOtIKe nepecetieHHH KpHBhIX 

MOIUHOCTb, pa3BHBaeMaH MaWHHOH 1 H MOmHOCTh, Heo6XO,llHMaH nJIH 

OilJiaB.,'leHHH ,IleTaJieH 2, 011.HHaKOBhI, qTo ooecnellHBaeT YCTQHqHBOe npo

TeKaHHe onnaaJieHHH. CTpH cJiyIJaHHOM yBeJIHtieHHH TOKa OT ycTaHoBHB· 

werocH 3HalleHH.ff I ycT MOI.UHOCTh, pa3BHBaeMa.ff Mam11HofI, OKa3hIBaeTc51 

60.nhIIJe MOmHoCTH, Heo6xo.n.HMOH .ll.JIH onJiaBJieHHH. l1a6h1ToqHaH MOlll

HOCTh CilOCOOCTByeT ycKopeHHIO HarpeBa H pa3pymeHHIO 9JieMeHTapHbIX 

KOHTaKTOB H, KaK CJie,nCTBHe, yaeJIHlJeHHIO conpOTHBJieHHH HCKpoaoro 

npoMe>KyTKa, qTo conpoao.>K,naeTCH yMeHbWeHHeM TOKa JI.O 3HatieHHH I yc-r· 

CTpH TOKe, MeHhmeM I ycT, MOII\HOCTb, pa3BHBaeMas:t MalllHHOH, 0Kaab1Ba· 

eTc.ff MeHbme MOI.l(HOCTH, Heo6xo,n11Moti .QJIH onJiaaJieHHH. ConpoTHBJieHue 

HCKpoaoro npoMe>KyTKa yMeHhlllaeTCH, qTO npHBO,llHT K BOCCTaHOBJieHHIO 

ycTaHOBHBrnerocH 3HaqeHHH ToKa. EcJIH 33BHCHMOCTh, OTpa*eHHYIO KpH

BOH 2 Ha pHC. 5.40, HCilOJlb30BaTh ,ll.JIH sa.n.aHHH H3MeHeHHH CKOpOCTH no

.n.aqH .n.eTaJieM B cpyHKUHH TOKa, TO TaKOi'I KoppeKTOp CKOpOCTH. o6ecne4HT 

ycTofiqHBOe onJiaBJieHHe B YCJIOBHHX H3MeHHIOUlefOCH TOKa CBapKll. 

CTpHHU.HnHaJibHaH 3JieKTpHqecKaH cxeMa KOppeKTopa CKopocTH onJiaBJie

HHH no TOKY ,ll.JIH CTblKOBbIX MallIHH, npHBOJI. KOTOpbIX co6paH no CHCTeMe 

rettepaTop- JlBHraTeJib, noKa3aHa Ha pHc. 5.41. Ha o6MOTKe B036Y*,ll.eHil~ 
Lai reHepaTopa G (3JieKTpoMarnHHHoro ycHJIHTeJis:t) cpaBHHBaIOTCH Ha

npH*eHHH U0 , cooTBeTcTBy10mee 3a.n.aHHOMY 3HaqeHHIO TOKa, H Up, npo· 

nopUHOH3JibHOe cpaKTJftleCKOMY 3HalleHHIO TOKa, noJiyqaeMoe c TpaHccpop· 

MaTopa TOKa TA. 
' 
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Puc. 5.41. CxeMa KoppeKTopa cKopocTH onJJaBJJeHHH no TOKY 

YpaaHeHHe KoppeKTopa HMeeT BHJJ. (6e3 ytJeTa BJIHHHHH o6MOTKH LGz, 
npe,llH33HalleHHOH ,l(JIH CTa6HJIH33UHH qacTOTbl Bpaw.eHHH .U.BHraTeJIH 

N1 nptt H3MepeHHH Harpy3KH Ha ero aaJiy): 

~Usi = k (/1 (t) -10 + 6j npH (i1 (t) -/0] > 6;} 
~ljff = Q npH (i1(t)-/ 01~6, (5· 39) 

r.ne ~U si- H3MepeHHe HanpHmeHHH ua HKope JI.BHraTeJI.H M npnBoAa 

nepeMemeHHH no,nBH>KHOH IlJIHTbl M3IllHHhI; k - Ko3qxp11u11eHT nponop

UHOHaJihHOCTH; I 1(t), I 0- TeKyrn_ee H 3a,QaHHOe (ycTaBKa) 3HaIIeHHH TOKa 

B nepBHlJHOH uenH caapOlJHOfO TpaHccpopMaTopa COOTBeTCTBeHHO; 6 - 30Ha 

HetJyBCTBHTeJihHOCTH cxeMhl cpaBHeHH.fl. 

J13 Bbipa>KeHHH (5.39) CJie)lyeT, lJTO J'(JIH HOpMaJibl-IOH pa60Tbl KoppeK

ropa CKOpOCTH He06XO,UHMO noCTOHHCTBO cpe,nHero 3HaqeHHH TOKa B Te

LieHHe Bcero apeMeHH cBapKH. EcJIH me sa)laHHhIH pe>KHI\1 caapKH npe.ny

CMaTpHsaeT HapacTaHHe TOKa nepe,n cca.ru<OH (KpHEaH 1, pHC. 5.42) HJIH 

B TeqeHHe Bcero BpeMeHH onJiaBJieHHH (KpHBaH 2), TO B03MO>KI-Ihl JIO)KHbie 

KOMaH.U.bI Ha cH1rmeH11e cKopocTH no.nalJH .neTaJiei'f. CTo3TOMY apel.VIH JJ.ei1-

CTBHH KoppeKTOpa orpaH11q11BalOT MOMeI-ITOM Hal!aJia cpopcHpOB3HHH CKO

pOCTH nepe.n OC3JJ.KOH HJIH BeJIMqHHY ycTaBKH u 0 BhI6HpaIOT no MaI<CHMaJih

HOMY 3HaqeHHIO TOKa onJiaBJieHHH. Oo3TOMY Heo6xo,nHMO, t.IT06hI ypoBeHh 

orpaHHqeHHH CBapotIHoro TOKa CMemaJICH BMeCTe c pOCTOM TOKa onJiaBJie-

HHH, npe.nycMOTpeHHhIM pe>KHMOM caapKH. • 

CxeMa H3Mepu:TeJihHoro ysna KoppeKTopa c caMOH3MeHHIOIIJJIMCH ypoa

HeM orpattHqenHsi cBapoq1-1oro TOKa noKa3aHa Ha p11c. 5.43,a. B 3TOH cxe

Me o6o3HalleHHH LG1 HM cooTBeTCTBYIOT npHHHThII\1 Ha pttc. 5.41. CTpH pa3-

pa6oTKe cxeMhI. IlOI\a3aHHOH Ha pHC. 5.43,a, npHHHTO ,nonymeHHe, lJTO 

xapaKTep H3MeHeHHH TOKa onJiaBJieHHH onpe.neJIHeTCH 33KOHOM nepeMeme

HHH IlO,llBH.>KHOH nJIHTbl l\'13llIHHbI H K3:tl{)l0MY 3HatieHHIO CKOpOCTH V n COOT

BeTCTByeT onpe.ne.ne1-1Hoe 3Ha4eHHe csapoqHoro TOKa. HanpH*eHHe, npo

nopu110Ha.nhttoe CKOpOCTH nepeMem.eHHH, CHHMaeTCH c noTeHUHOMeTpa 

RP I, no,nKJIIOIIeHttoro K HKOpHbIM 3a>KMMaM np11Bo,nHoro ,llBHraTeJIH M. 
Do Mepe pOCTa CKOpOCTH OnJiaBJieHHH BBTOMaTHqeCKH H3MeHHeTC51 BeJIH-

lIHHa ycTaBKH OT u~ .no U"~ (pHC. 5.43,6). IJp 2. 
3anHCH CBapoqHoro TOKa H HanpH:tl{e

HHH Ha HKOpe .nBHfaTeJIH, HJIJIIOCTp11py10-
~He paooTy KOppeKTOpa c aBTOMaTHqecKH -----r----
H3MeHHIOmeficH ycTaBKOH TOI<a npH CBap- * 
Ke Tpy6 ,ZI.HaMeTpOM 529 MM, npHae,neHbl 0 L...!:==----------~ 
Ha puc. 5.44. t 

3qxpeKTHBHOCTb pa60Tbl KOppeKTOpOB PHc. 5.42. C11rna.11 06paTt10A ceJJ3H no 
CK TOKy (Up) npH pa3JIHllHblX 3aKonax ero 

OpOCTH BO MHOfOl\.f 33BHCHT OT H Hep- U3MenettHH o npoueccc on .. 1JaB.!IettnH 
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Puc. 5.43. CxeMa (a) H CTaTH'lecKHe xapateTepHcTHKH (6) H3MepuTeJlbHoro y3Jla 
KOppeKTopa c aBTOMaTuqecKHM H3MepeHHeM ycTaBKH U0 

u 

UHOHHOCTH npHBO,na nepeMemeHHH no,nBH/KHOH CTaHHHbl MaWHHbI. 

0Ha ooycJIOBJieHa H8JIHllHeM JIKX}>TOB B MeXaHH3MaX npHBO,na H B03p3CTaeT 

c yseJIHqeHHeM MeXaHHlleCKOH MOl.I(HOCTH npHBO)J.a. no3TOMY OblCTpoTa 
u 

BOCCTaHOBJieHHH ycTOHqHaoro onJiaBJieHHH 3aBHCHT He TOJibKO OT napa-

MeTpOB H3MepHTeJibHOro Y3Jia KOppeKTOpacKopoCTH,HO HOT KHHeMaTH

qecKOH cxeMbI npttso.na H Macchi no.ns1i>KHOH cTaHHHbI MarnHHhI. TeM He 

MeHee HCnOJib30BaHHe KOppeKTOpOB CKOpOCTH no,naqH c oopaTHOH CBH3hIO 

no ToKy ,na>Ke Ha o6billHhIX yHHBepcaJihHbIX MaWHHax c OOJihIIIHM conpo

THBJieH11eM KopoTKoro 3aMhIKaHHH ZK.s ,naeT 3HaqHTeJihHhIH 3$f>eKT, no

CKOJibKY npH 3TOM o6ecnellHBaeTCH o,nHo H3 OCHOBHhlX Tpe6oBaHHH, npe.nn-
u u 

HBJIHeMbIX K CHCTeMe ynpaBJieHHH MalllHHOH,- ycTOH1IHBOCTb npouecca 

onJiaBJieHHH. KpaTKoapeMeHHhIH xapaKTep .neflcTBHH K?ppeKTopoa He 

npHBO~HT K 3aMeTHOMY yseJIHqeHHIO apeMeHH onJiaBJieHHH,H 3a,naHHaH 

nporpa1"1Ma nepeMemeHHH npaKTHqecKH He HapywaeTCH. KoppeKTOpbI CKO

pocTH Il03BOJIHIOT TaKme CHH3HTb npH6JIH3HTeJibHO Ha 20 % BTOpHqHoe 

HanpH}KeHHe, Heo6xo,nHMOe J(JIH B030y)K.neHHH onJiaBJieHHH (pHC. 5.45). 
PezyAupoeaHue nanpRmceHUR U 2 ocymecTBJIHeTcH KOHTaKTopHbIMH 

cxeMaMH - nepeKJIJOqeHHeM cTyneHeii aBTOTpaHccpopMaTopa B nepBHll· 

HOH uenH CThlKOBOH MalllHHbl (KpHBaH 1, pHC. 5.46) HJIH BeHTHJibHbIMH 

(THpHCTOpHbIMH) npepbIBaTeJIHMH - H3MeHeHHeM yrJIOB BKJIEOtieHHH BCH

THJieH (KpHBaH 2). Heooxo,nHMaH nporpaMMa cHtt)KeHHH HanpH)KeHHH 

u 2 3a.naeTCH llaCTHqHo TeMH >Ke cnoco6aMH H ycTpOHCTBaMH, llTO H npor· 

paMMa H3MeHeHHH CKOpOCTH onJiaBJieHHH. ,llJIH o6ecnelleHHH ycTofiqHBOC· 

TH OilJiaBJieHHH npH HCnO~h30BaHHH KOHTaKTOpHWX cxeM MHHHMaJibHOe 

0 

PMc. 5.44. Pe3Y~'lbTaTbl _;jKcuepuMettTa.nLHoA 
ouettl\H H3MeHeHnJi ceapot1uoro TOKa I H 11a
npHJKeHHR u SI HKOPH )l&Hra Te.'llR npHBOJJ.a 
nepeMelJ.\CllHJI nO,!l.Blt lKHO.it CTaHHHbl MaWRHbl 
npH CBapKe Tpy6 0 529 MM 
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Puc. 5.45. 3aBHCHMOCTb MHHHM8JlbHOro BTOPff'I• 
uoro uanpH>KeHHR csapoquoro Tpauc(jlopMaTopa 
OT BHyTpeHHero conpOTHBJleHHR MalUHHbl npif 
csapKe: 

1 - 6ea KoppeKTopa CKOPOCTH onnaaJteHHH; 2 -
c KoppeKTOPOM 
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Pttc. 5.41:. ·runORblP. npm .. paMMbl H3MeHe HHR BTOpH'l
HOfO uanpJi1Ke ilH)i CB3i)Ol(HOro Tpaac<J>OpMaTopa: 

1.- npu 11epeK.111011eBHH cTyneneii TpaHc<l>opMaTopa: 
t - np0 --~a~OBOM .,npaB.nemm BeHTHJibllbIM npephlBa
lff?JleM 
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P1tc. 5.47. 8JJHHHHe pery.ru1Topa Ha npH
lKeHHH Ha BOCCTaHOBJJCHHe pe lKHMa OllJlaB

.neHHSI (U2x.x > U2x.x) 

HanpfDKeHHe U2min, npe.uycMOTpeHHoe nporpaMMOH, scer~a ycTaHaBJIHBa

ercJI 60Jibllle MHHHMaJibHO B03MO.>KHOro, H 3cp¢eKT OT CHH>KeHHH HanpH>Ke

HHH yMeHhIIJaeTcH. CTpHMeHeHHe THpHcTopHbIX npephIBaTeJieii no3BOJIHeT 

3a.uasaTh nporpaMMY c 66JiblllHM cooTHOllleHMeM HanpH:>KeHHH U2x.xL 
U2mfn, TaK KaK MOLKHO KOppeKTHpOBaTb nporpaMMY CHH>KeHHH HanpH>Ke-

u 

HHH B 38BHCHMOCTH OT neHCTBHTeJibHOrO npoTeKaHHH CBap01IHOro npo-

uecca. npeHMyllleCTBO THpHCTOpHbIX npepbIBaTeJieH - CTa6HJIH3aUH.H 

II nJiaBHOe H3MeHeHHe :i:-IanpH>KeHH8 u 2, a TaIOKe Ma.naH HHepUHOHHOCTb. 

PaccMoTpHM AeHCTBHe KoppeKTopa HanpH}KeHHH, aHaJIH3HpyH sas11c11-

MOCTH Q = f (!), npHBe.n.eHHbie Ha pMc. 5.47. CTpH qpesMepnoM yseJIHqe

HHH npoao~HMOCTH CBapoqHoro KOHTaKTa f\10IUHOCTb MalllHHbl AOJI>KHa 

B913pacT11. )lJIH 3TOro Heo6xoJI.HMO noBhICHTb Hanp.H}KeHHe OT U2x.x ,no 

U2 x. x, HanpHMep, yMeHblllaH yroJI BKJI10qeHHH THpHCTopoB npepbIBaTeJIH. 
,UonycTHM, qTo ToqKa I xapaKTep11syeT ycTaHOBHBillHHCH pe}KHM, a TOIJ· 

Ka 2 - pe}KHM, COOTBeTCTBy1omHli CJiyqaHHOMY yseJIHtJeH.HIO npoBO,l(H

MOCTH CBap01IHOfO KOHTaKTa. Tor,n.a npH TOH >Ke npoBOJJ.HMOCTH KOH· 

TaKTa nOBbIIIIeHHOMY HailpHiKeHHIO U; x. x 6y ~eT COOTBeTCTBOBaTb pe>KHM, 

xapaKTepH3y10m11iicsi Toq1<oii 3. MomHoCTh Q3 sHa1111TeJibHO 6oJihllle Q2 , 

Il03TOMY HarpeB H paspyrneHHe KOHTaKTa ycKOpHIOTCH H pe:>KHM onJiaB

neHHH BOCCTaHaBnHsaeTCH. 

0pHHUHnHaJibH3H 3JieKTpHqecKaH cxeMa KoppeKTopa HanpH>KeHHH 

C no ... lO>KHTeJibHOH oopaTHOH CBH3bl-O no TOKY, HCilOJih3yeMaH B UHcppOBOH 

CHCTeMe ynpaBJieHHH CTbIKOBbIMH peJibCOCBapo11HbIMH MallIHHaMH' npHBe

AeHa Ha pHc. 5.48. CxeMa no3BOJIHeT ocymecTBH'fh cryneH11aToe H n.naaHoe 

H3MeHeHHe HanpH>KeHHH Ha CBap01IHOM TpaHccpopMaTope no KOMaH.n.a:M:, 

nocryna10mHM c nporparv1M11py10mero ycTpoH:cTaa. PaccMoTpHM paooTy 

CXeMbI np11 BJcnpOH3Be.UeHHH H KOppeKUHH nporpaMMbl H3MeHeHHH HanpH

>KeHHH, 11306pa}KeHHOH Ha pHC. 5.46 KpMBOH 2. 
3Ha1IeHHe HanpH>Ke:fHH u 2 3aBHCHT OT cyMMbl HanpH}KeHHH Ha BXOL{e 

0nepauuottHoro ycMJIHTeJIH DA2, 3a.naaaeMhIX noTeHuHoMeTpaMM RP2, 
R.P3, RP4, RPS. B HCXOJIHOM cocTo.HHHH Ha Bhixo.n.e 3JieMeHTOB (nHTe

rpaJibHhIX MH_KpocxeM) DD4 H DDS HanpH>KeHHe cooTBeTcTayeT JiorHqec

KOMy «0» H THPHCTOpHbIH KOHTaKTOp B nepBHtJHOH uenH caapoqHoro TpaHC· 
cpopMaTopa BhIKJIJOqeH. B HCXO,nHOM COCTOHHHH Ha Bee BXO,nbl cxeMbl 

DDJ H Ha axon. S TpHrrepa DD3.1 nocTynaIOT cHrHaJibI Jior11qecKofi «l» 
OT YCTpOHCTB, KOHTpOJIHPYIOIUHX roTOBHOCTb K CBapKe OCHOBHblX Mexa
lIH3MOB MalllHHbI. CTpu HamaTHH KHOnKH «nycK-cBapKa» JIOrH qecKaH 
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Puc. 5.48. CxeMa KOppeKTOpa 11anpHlKeHHH c oopaTHOA CBSl3hl0 no TOKY 

«I» nocrynaeT Ha axo.n K TpHrrepa DD3.J, 11To npHBOJlHT K noHBJieHHIO Ha 
ero_ BbIXo,ne H cooTBeTcTBeHHo Ha BbIXOJI.e DD4.J cHrHaJia noruqecKoH «l», 
KOTOpb1H qepe3 DA2 nocrynaeT Ha cpa3oapamaTeJih H THpHcropHbIH KoH
TaKTop. BKJIIOlfaeTCH BhICOKoe HanpHmeHHe U2e (cM. pHc. 5.46). 

B MoMeHT epeMeHH t1 (cM. pHc. 5.46) c nporpaMMHpy10mero ycTpoffcTna 
Ha BXO,JJ. cxel\.1hI DD 2 .2 nocTynaeT c11rHaJI JiorH11ecKoft: « l» - KOMaH)lhl 
nepexoJI.a Ha caapKy npH HH3KOM HanpH}KeHHH U2u. TpHrrep nepeKJIIOqe
HHH Hanpsim:enHH DD 3.2 onpo1<HJJ.hIBaeTCH n Ha sxo.n cxeMhI DD4.1 
nocTynaer «0», a Ha BXOJl cxeMhI DD4.2 - «I». EcJIH JlBH>KOK noTeHu.Ho
t.1eTpa RP3 ycTaHoBJieH B noJiom:eHHe, npH KOTopoM cHHMaeMoe c Hero 
naJI.eHHe HanpH>KeHHH MeHbllle, 11eM CHHMaJioch c RP2 JI.O nepeKJIIOIIeHHH 
TpHrrepa DD3.2, TO Hanpsr>KeHne Ha Bhixo.ne ycMJIHTeJIH DA2 cryneH11aTo 
H3~1eHHTCH. Ha11aBllIHHCH npouecc onJiaBJieHHSl oy,ne npoTeKaTb npH no
HlI>KeHHOwl HanpHLKeHHH HCTOlIHHKa OHTaHHH. B 3TOT >Ke MOMeHT BpeMeHH 
Ha BbIXOJl.e DD 5.1 noHBJIHeTCH c11rHa . .r1 JIOrH11ecKOH «l», KJIIOll VT2 aaKpbI
BaeTcH, KOHlleHcaTop C3 Ha1111HaeT aapH>KaThCH 11 onepau.noHHhIH ycHJIH
TeJib DA I HHTerp11pyeT BXO.llHOH CHrHaJJ. nocKOJlhKY na,neHHH HanpH>KeHHfl 
Ha RP3 n RP4 npOTHBonoJio>KHhI no 3HaKy, caapo11Hoe HanpHmeHHe 
n.naBHO CHHm:aeTCH JJ.O MOMeHTa t2, KOTOphIH onpe,neJIHeTCH apeMeHeM H3-
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CbIIileHfL_ ycHJIHTeJIH DAJ. B naJILHelirneM cBapKa HJleT Ha HH3KOM Ha
np51meHHH, onpe.UeJIHeMOM 110JI0>1<eHHeM .ABHLKKa noTeHUHOMeTpa RP4. 

B MOMeHT BpeMeH11 t3 , cooTBeTCTBYIOlllHH 3aKJIIOqHTeJibHOMY 3Tany 
onnaeJieHHH npH cpopcHpOB3HHH ~KOpOCTH nona11H ,lJ.eTaJieii, c nporpaMMHpy
IOlllero ycrpoHCTBa noAaeTC.H CHfHaJI JIOfHqecKOH (( 1» Ha BXOJ{ CXel\.thl 
DD2 .4 H OJlHH H3 axo.noB cxeMhI DDS .2. B pe3yJihTaTe c0apo1:1Hoe HanpH
JKeHHe cTyneHqaTo noBbIIllaeTcH JlO KOHe1IHoro 3HaqeHHH U2K (cM. p11c. 
5.46), onpe~eJIHeMoro noJiomeHHeM JI.BHmKa noTeHuHoMeTpa RPS. C0apo4-
Hblli TpaHccpopMaTop OTKJIIQqaeTCH npH ocan.Ke n.eTaJieH B MOMeHT BpeMeHH 

u 

/4, KOf)La c nporpaMMHpy10rn.ero ycTpOHCTBa nocTynaeT CHfHaJI JIOfHlleCKOro 
«0>> Ha OllHH H3 BX OJI.OB cxeMhI DD 1. 

EcJIH B 11pouecce onJiaBJieHHH Ha no1111meHHOM HanpH>KeHHH 3Ha1!eHue 
caapoqHoroToKa npeBhIUiaeT .nonycTHMhIH ypoBeHb, TO TpaH3HCTop VT 1 
orKpbIBaeTCH cHrHaJIOM, nocTyna10m11l\.1 c TpaHccpopMaTopa ToKa TA Ha 
uenh RPJ, Rl-R4, H c KOJIJieKTopa VTJ Ha O.D.HH H3 nxo.uoa cxeMLI 
DD2 .2 no.n.aeTCH CHrHaJI JIOrHqecKoro «0». np11 9TOM TpHrrep DD3.2 
onpoKH.ll.hIBaeTcH, non.asaH HanpH.meHne JIOr11qecKoi1 «I» qepe3 cxeMy 
DD4.1 Ha noTeHUHOMeTp RP2. HanpH*eHHe nepeKJil04aeTcH c HH3Koro 
Ha BbICOKoe. 

CTpH H3MeHeHHH yrJia BKJIIOt.IeHHH THpHCTOpOB KOHTaKTopa a C!3apot.IHOH 
uenH MoryT B03HHKHYTb .ll.JIHTeJibHbie nepeXOJI.Hhle npoueCCbl, conpOBOLK.Ua
lOUlHeCH OOJiblllHMH opocKaMH TOKa, HeOJiaronpHHTHO BJIHHIOIIJJIMH Ha pa-
6oTy ynpaBJI.HeMbIX BeHTHJieH H ,llpyrux noTpe6HTeJieH 9HeprHH; BKJIIOt.IeH
HhIX napa.nJieJihHO csapot.IHOH MalllHHe. CThIKOBaH MalllHHa JlJIH HCTOt.IHHKa 
TOKa npeJlCTaBJIHeT aKTHBHO-HHJlYKTHBHYIO Harpy3KY c nepeMeHHbIM K09cp
cpHUHeHTOM MOlll_HOCTH, H3MeHHIOlll.HMCH B npeneJiax OT 0,9 (pe>KHM onJiaB
JieHHH) .no 0,4 (pe>KMM KopoTKoro 3aMhIKaHMH). HanpH}KeHHe nepe1<JI10qa-

u 

eTcH c HH3Koro Ha Bh1co1<oe B npoH3BOJibHhIH l\.tOMeHT no.nynepHo,na c11Hy-
COHJJ.hI n11Ta10IUero HanpH:>KeHHH. CTOCI<OJibKY yroJI BKJIIOqeHHH BeHTHJiefi 
MO.>KeT He COOTBeTCTBOBaTb TeKytneMy 3Hat.IeHHIO K03ctxPHUHeHTa MOIUHOCTH' 
TO 8 CBapoqHoH uenH B03HHKalOT nepeXOJI.Hbie npouecCbI H TOK MO>KeT 
npeBhICHTh _ BeJIHllHHY TOKa KopoTKoro 3aMhIK8HHH. CTo3TOMY np11 nocTyn
neHHH KOMaHJl~ Ha H3MeHeHHe CBapoqHoro HanpH)f{eHHH Heo6XOJI.HMO, 
IIT06h1 yro.rr BK.,110qeHHH seHTHJieii B nepBbIH noJiynep11on nnTa10mero Ha
npH>KeHHfl HaXOJlHJICH B npe.n.eJiaX 88-90°. CT pH 9TOM MarHHTHbIM TIOTOK 
rpaHccpopMaTopa 6JIH30K I< Hy.n10 11 nepexoJlHbie npoueccb1 oTcyTcTBYIOT. 

c 9TOH ueJiblO KoppeI<TOP HanpHLKeHHH conep)l{HT cxeMy cpa30BOfl 
3alJ.ep>KKH (DD2.J, VDJ, CJ) Ha 88-90° c11HxpoHH311posaHHh1x HMnyJih
coa, cpopMHpy10mHxcH B TOtJKax nepexona c11HycoHJI.bI qepe3 HYJih H no
llaBaeMbIX Ha BXo,nDD2.J C qaCTOTOH 100 fu. no3TOMY BKJllOt.IeHMe CBap04-
HOro TpaHccpopMaTopa B ceTb, nepeKJIIOlleHHH HanpHLKeHHH no KOM8HJI.aM 
nporpaMM11py10mero ycrpoiicTBa, a TaK*e no cHrHaJiaM .naTt.IMKa ypoBH51 
caapoqttoro TOKa npoucxon.HT Ha 88-90° nepsoro noJiynep110.n.a HanpH>Ke
HHH CeTH, nocJie qero aBTOrvtaTHlleCKH ycTaHaBJIHB8eTCH 3a,naHHblH yro.n 
BKJil()qeHHH THpHcropoB. 

CaeTO,llHOJ.lhI VD2-VD4 11cnoJib3YIOT JI.JIH BH3yaJibHoro KOHTpOJISl 
HanpH>KeHHH u2Bt U2ut U2K Ha pa3JIHqHbIX 9Tanax npouecca onJiaBJie
lIHH (CM. pnc. 5.46). 
. OpHMeHeHHe CHCTeM ynpaaneHHH c KoppeKTopaMH cKopocrH 11 HanpH
IKeHHH n.aeT OOJibllIOH TexHoJior11qecKHH 9qxpeKT, Bb1pama10mniicH B cy-
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mecTBeHHOM IlOBbillieHHH TepMHqecKoro K. n. ,n. H ycTOHtJHBOCTH npo.Qecca 

HenpepbIBHOro onJiaBJieHHH. ,UocTHraeMaH npH 9TOM BbICOKaH TOqHOCTb 

BOCnpoH3Be_neHHH nporpaMMbl H3i\iteHeHHH napaMeTpOB peLKHMa CB3PK1i 

o6ecnetJHBaeT CTaOHJibHOCTb TIOK83aTeJieH KalleCTBa CBapHhIX coe,ZI.HHeHHii. 

5.9. ABTOMaTH3a~HJI KOHTpOnSI napaMetpoa pe>KHMa 
.., 

CTblKOBOH caapKH 

KaqecTBO cBapHhIX coe,nHHeHHH MOJKHO KocaeHHO oueHHB8Tb no cooTBeT

CTBHIO napaMeTpOB pemHMa CBapKH 3a,naHHbIM 3HatieHHHM. B OTJIHtIHe OT 

npoueccos csapKH c HarpeaoM MeTaJIJia 1\-leTO)lOl\f conpoTHBJieHHH npn 

CBapKe onJiaBJieHHeM KaKHe-JIHOO oueHKH no ycpe,nHeHHbIM 3HaqeHHHM 

napaMeTpoB pe)l{HMa oKa3bIBaIOTCH He3<txPeKTHBHhIMH. CTo3TOMY Heo6xo

AHMO pacnoJiaraTb BpeMeHHbIMH 33BHCHMOCTHMH KOHTpOJIHpyeMbIX napa

MeTpOB pe>KHMa, HarrpHMep, HX 38IlHCHMH B npouecce caapKH Ha JieHTy 

caMOilHIIIymero np116opa H cpaBHeHHeM c 3T3JIOHOM. IlpH CBapKe c npe,ll.

aapHTeJibHhIM no,norpeBOM MeTo,noM conpOTHBJieHHH orpaHHqHB8IOTCH per11-

CTpauuei1 Tpex napaMeTpOB - caapOllHOfOTOKa, nepeMemeHHH IlO.lI.BH>KHOH 

IlJIHTbl MallIHHhl H ycHJIHH' npHKJiaJI.blBaeMoro K J:{eTaJIHM B oceBOM HanpaB
JieHHH. CTo 3anHCH MO)l{HO OUeHHTb: KOJIHqecTBO, BeJIHlJHHY H J:{JIHTeJibHOCTb 

HMnyJibCOB ToKa npH no~orpeBe; np11nycK Ha onJiaBJieHHe H oca,nKy; 

ycHJIHe ocaJ:{KH H .npyr11e napaMeTpbI peJKHMa. CT pH csapKe HenpephIBHhIM 

onJiaBJieHHeM HapH.ny c yKa3aHHblMH napaMeTpaMH Heo6xo,nHMO KOHTpo

JIHpoBaTb BTOpHqHoe HanpH.>KeHHe CBapoqHoro TpaHc¢opMaTopa H CKO-
u 

pocTh no,naqH ,neTaJieH, eCJIH OHM nporpaMMHPYIOTCH. 

CTo3ToMy .lI.JIH perucTpauHH napaMeTpoB pe>KHMa HY>KHhI MHoroKa

HaJihHhie caMOilHlIIYI..UHe npHOOpbl c MaJIOH HHepuHOHHOCTblO H ,nocTaToqHQ 

ooJihlllHMH cKopocrHMH npoTHmKH neHThI. 9THM TpeooaaHHHM snonHe y.uos

JieTBOpHIOT BhinycKaeMhie cepwi1Ho npHoopbI, HaI1pHMep, THnoa H327 
H H328. 0HH Hl\1eIOT BcrpoeHHhie ycHJIHTeJIH, no3BOJIHIOI..UHe sanHcbIBaTh 

CJl80hle CHrHaJibl. PeryJIHpyeMoe ycHJieHHe ooecneqHBaeT 1IYBCTBHTeJib

HOCTb OT 0,02 ,no 5 B/cM. BepxHHe npeJiieJihI qacTOThl H3MepHeMhIX c11rHa .. 

JIOB H CKOpOCTH npOTH)l{KH JieHTbl - COOTBeTCTBeHHO 100 fu H 250 MMJC. 

BbICOKaH pa3pernaIOinaH cnocooHOCTb npH6opoB Il03BOJIReT BblHBHTb Ba}I{ ... 

llble HapyllleHHH pe)l{HMa CBapKH' HanpHMep, npepbIBaHHe onJiaBJieHIH1 
nepe.n. oca,nKOH' npoBe,neHHe oca,nKH 6e3 TOKa H ,np., npHBO)l.HIUHe K IlO}]B

JieHHIO ,necpeKTOB B CBapHOM coe,nHHeHHH. 

4eM OOJibIIIe napaMeTpOB KOHTpOJIHpyeTCH' TeM Ha,Ae>KHee HH¢opMa

UHH 0 peaJibHOM xo.n.e npouecca CBapKH onJiaBJieHHeM, HCilOJib3yeMaH JI.JUI 
nporH03HpOBaHHH KaqecTBa CBapHbIX coeJ:{HHeHHH H KoppeKUHH pe)K:HMa 

CBapKH. ,llJIH 3TOro HY>KHbl COOTBeTCTBYIOI..UHe H3MepHTeJibHbie npeo6pa30 ... 

BaTeJIH (JJ.aTqHKH), KOTOpbIMH CTaH_napTHbie perHCTpHpyIOmHe np116opbl ne 
KoMn.neKTYIOTCH. Co3,D.aHHe BhICOKo3<txPeKTHBHbIX H3MepHTeJibHhIX npeo6 .. 

pa3oBaTeJiei1 napaMe-rpos peLKHMa - Ba*Hoe ycJIOBHe AJI51 ycnemHo-
u u 

ro perneHHH 3a,naq aBTOMaT-H38UHH KOHTpOJIH CTbIKOBOH KOHTaKTHOfl 

caapKH. 
HaMarHHllHBaIOmaH cocTaBJIHIOmasi nepBHtJHoro TOKa caapoqHoro 

rpaHccpopMaTopa CTblKOBOH rvtaIIIHHbl 00bl1IHO HeBeJIHKa. Ilo9TOMY BMeCTO 

TOKa B csapotIHOH uenH MO:>KHO npoH3BO.lI.HTb sanHCb nepBHqHoro TOKB, 

IlOJib3YHCb H3MepHTeJibHbIM TpaHccpopMaTopoM TOKa, KOTOp:bIH IlOAKJllOqa· 
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ercH K BXOJJ.HhlM KJieMMaM perMCT-

pn py10mero npHoopa llepe3 Bbl· 

np~MMTeJib c cpHJibTpOM. 
,LlJIH 3anHcH nepeMemeHHH no,D.-

aumHoiI IlJIHThl HCilOJib3YIOTCH 

peocTaTHbie, HHAYKTHBHhie H APY
rne .uaTqHKH. PeocraTHhie JJ.8T1JH

KH qaCTO BblflOJIHHIOTCH Ha 6a3e 
... 

KpyroBblX JIHHeHHbIX noTeHUHO· 

Me'fpOB, HanpHMep, THna OTO, 
OCb KOTOpbIX qepe3 wecrepHIO H 
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PefIKY CBH 3aHa c flO)J.BfDKHOH IlJIH-
TOH MaWHHbl. nepeJJ.aTOl.IHOe t.IHCJIO :~~;H5.49. CxeMa HMflYJlbCHOro H3MepHTe .. TIH CKO-

u 

MeXaHHlJeCKOH nepeJJ.aqM MO>KHO 

BbI6paTb TaKHM o6pa30M, lJT06bI 3a BpeMH CBapKH OCb noTeHUHOMeTpa C,D.eJia

na He o,nHH, a HecKOJibKO o6opOToB. KpHBaH nepeMemeHHH Ha neHTe npMoo

pa B 3TOM cJiyqae HMeeT IlHJI006pa3HYIO cpopMy. ,UJIH oueHKH BeJIHt.IHHbl 

nepeMeIUeHHH 1-1eo6xo.nJ1Mo y1111TbIBaTb KOJIHqecTBo nepexo)(oB qepe3 nyJih. 

0,UHaKO TOt.IHOCTb H3MepeHH.H npH 3TOM 3HaqHTeJihHO flOBbilllaeTCH. 

HHJJ.YKTMBHhie JJ.8TlJHKH B 3KCnJiyaTaUHH HaJJ.e}l{Hee peocTaTHhIX. HM 
He HymHa ,nonoJIHHTeJibHa.H MexaHH11ecKaH nepe,naqa. 0JJ.HaKo ooJiacTb 

HX npHMeHeHHH orpaHHt.IeHa cpaBHHTeJibHO HeOOJlblllHM J(Hana30HOM ne-
u u 

peMern.eHHH, B KOTOpOM coxpaHHeTCH JIHHeHHOCTb BbIXOJJ.HOH xapaKTepHCTH-

KH ,n.aTtIHKa. Do 38IlHCH nepeMemeHHH npH H3BeCTHOH CKOpOCTH npOT.H.IKKH 
u 

JieHTbl MO}l{HO oueHHTb CKOpOCTb no,nalJH ,UeTaJieH Ha pa3HbIX 3Tanax on-

nasneHHH H npH OC8JJ.Ke. 

B MallIHHax co CJie.D..HIUirM fHJJ.ponp11so,no:M, ynpaBJIHeMbIM OT ,naHra

TeJIH noCTOHHHOrO TOKa, 0 CKOpOCTH onJiaBJieHHH MO>KHO CYJ.lHTb no HanpH

>KeHHIO Ha HKOpe ,UBHraTeJIH. ,llJIH 3THX >Ke ueJieH MO}l{HQ HCil0Jlb30BaTb 
u 

TaxoreHepaTOp, COeJJ.HHeHHhlH c BaJIOM 9JieKTpO,UBHraTeJIH HJIH CBH38H-
u u u u u 

HbIH MeXaHHIJeCKOH nepeJJ.atJeH c IIO,l{BH)KHOH IlJIHTOH MaIIIHHbl. 

Ha pHc. 5.49 npHBeAeHa cxeMa H3MepHTeJIH cKopocrH, ocHoBaHHoro 

Ha npeo6pa3oBaHHH JIHHeHHOro nepeMetneHHH B 9JieKTpHtieCKHe HMilYJib

Cbl. OepBHlJHbIH npeo6pa3oBaTeJih npe,ncTaBJisteT coooH: MYJibTHnJIHKaTop, 

Ha BbIXO,UHOM BaJiy KOTOporo HaCa>KeH JJ.HCK E c OTBepCTHHMH no OKpy:>K

HOCTH. c O,l:\HOH CTOpOHbl JJ.HCKa ycTaHOBJieH HCTOIJHHK H3JiytJeHHH H' 
c Jlpyrofi - cfx>To,UHOJJ. VDJ. IlpH epameHHH AHCKa nepeMeHHbIH cHrHaJI 
c cpoTo,nHo,na nocTynaeT qepe3 KOH,neucaTop Cl Ha BXO'A onepauHoHHoro 

YCHJJHTeJIH DA c 6o .. 7IhllIHM Ko3<t><PHuHeHTOM ycHJieHHH. B pe3yJihTaTe cpop· 

MHpyIOTCH npHMoyroJibHhie HMnyJibCbI nocTOHHHOH aMnJIHTYJJ.Oii U0 

c 1IaCTOTOH f' onpeJJ.eJIHeMOH CKOpOCTblO BparueHHH ,nHCKa. c BbIXo.na ycH
JlHTeJIH HMny JlbCbl nocTynalOT Ha ,neTeKTOP' BbIIlOJIHeHHblM no cxeMe KOH

neHcaTop Horo qacTOToMepa (C3, VD5, VD4). 3HatieHHe cpeJJ.Hero ToKa 

I cp, npoTeKa10mero qepe3 H3MepHTeJibHblH npHOOp A ' onpeAeJIHeTCH BbI-

pa}l{eHMeM I cp = u 0 ( C3) f. (5. 40) 

noCKOJibKY qacTOTa CJie)J.OBaHHH 3apHAHblX UHKJIOB KOHJJ.eHCaTopa C3 
JlHHeH:Ho cBH3aHa co cKopocTbIO nepeMemeHHH Vn, 

/cp 
V n = k U o (C3) • (5.41) 
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PHc. 5.50. npHHL\HilHaJILHaH 9JJCKTplfllCCKaH cxeMa YCTPOHCTBa .AJJH aBTOMaTHqecKoro H3MepettHH 
epeMeHH CBapKH 

llaTlJHK, HCI10Jlb3YIOI.l.U1H npeo6pa30BaTeJih (pHC. 5.49), 06ecneq11aaer 

H3MepeHHe CKOpOCTH B ,D.Hana3oHe 0,3-30 MM/c. 

CTptt CThIKOBofi caapKe c speMeHHhIM nporpaMMHpoBaHHeM napaMeTpoa 

pe:>KHMa HHOr.na npHMeH5UOT KOHTpOJib JI.JIHTeJihHOCTH npouecca onJiaBJie

HHH . .[LHana30H H3MeHeHHH 3TOro napaMeTpa ,D.OCTaTOllHO BeJIHK H npH 

caapKe neTaJieH 60JihIIIOro ceqeHHH COCTaBJIHeT HeCKOJlbKO COTeH ceKyH.U. 

Ha p11c. 5.50 noKa3aHa np11Hu11n11aJihHaH 3JieKTp11qecKaH cxeMa ycTpofl

cTBa JfiJl51 aBTO.MaTHlJeCKOro H3MepeHHH BpeMeHH caapKH (.no 999 c) c BbI,lla

qefl HHcpopMaUHH Ha u11cppoBhie HH,D.HKaTopHhie JiaMnhI. YcTpOHCTBO BbinoJI

HeHo Ha MHKpocxeJ\1ax cep1111 K51 l H BKJIIOqaeT B ce6H: cpopMHpoBaTeJib 

TaKTOBhIX HMilYJibCOB qacTOTOH 50 ru (.D.HOJI. VDl, pe3HCTOpb1 Rl-R3, 
TpaH3HCTop VT 1), cpopMnpoaaTeJih KOMaH.n pa3perneHHH HallaJia H KoHua 

oTc1leTa BpeMeHH (MHKpocxeMhI DD 1.1-DD 1.3), KJIIOIJ DD 1.4, ,neJIHTeJih 

qacTOThI c Ko3¢cl>11u11eHTOM nepecqeTa 50 (DD2, DD3), Tpexpa3pH.D.HhIH 

.nso1-rqHo-.necHTHlJHbIH cIIeTtIHK (DD4, DD6, DDB), ,neIIIHcppaTop .lJiBOHlJHO

.necHTHlJHoro Ko,na B .n.ecHTHllHhIH (DDS, DD7, DD9) H u11cpp0Bhle HH,UH

KaTopHhie JiaMnbI H 1, H2, H 3. ,llJIH noBbillieHH5I noMexoycToli1111aocrtt 
u u 

BXO)l.Hhle uenH ycTpOHCTBa nO.UKJIIOIJeHbl qepe3 onTpOHHblH nepeKJIIO· 

qaTeJib (El, £2) K KOHTaKTaM peJie Kl (pene BKJI1011eHHH caapoqttoro 

TpaHccpopMaTopa) H K2 {peJie HaJIHlJHH csapoqHoro TOKa; o6a peJie Ha 

pHC. 5 .50 He noKa3aHhI). . 

npH BKJllOlleHHH HCTQqHHKa Bee cqeTlJHKH aBTOM8TH1IeCKH ycraHaBJIH

BalOTCH B HCXOJJ.HOe COCTOHHHe 6Jiaro.napH HyJieBoMy nOTeHUHa.ny Ha MX 
R-axo.nax 3a cqeT eMKOCTH CJ. TaKTOBhie HMnyJihChI Ha ,neJIHTeJih qacTOTbI 

He rrpoxo~HT, TaK KaK Ha Bb1xo,ne R-S TpHrrepa (DD 1.2, DD 1.3) noHB

JIHeTcH JIOrHlleCKHH «0». 
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DpH aK.rnoqeHHH csapoqHoro TpaHccpopMaTopa cocTOHHHe TpHrrepa He 

u3MeHHeTcH. OH onpoKH.AhIBaeTCH TOJibKO B MoMeHT noHBJieHHH csapoII

HOfO ToKa (3aMhIKaIOTCH KOHTaKThI pe.ne K2). CTpH 3TOM cHrHaJI .norH1Jec-
1<oii «l» Ha awxo,D.e TpHrrepa OTKphlaaeT KJnoq DD 1.4 H TaKTOBbie HM

ny.nbChI npOXO,lIJIT qepe3 ,neJIHTeJib qacTOThl Ha CIJeTqHK HMnyJibCOB. npH 

oca.n.Ke .n.eTa"11eii B MOMeHT OTKJIIOqeHHH CBapoqHoro T·paHccpopMaTopa 

rpHrrep B03Bpa~aeTC5I B HCXO,n:Hoe COCTOHHHe H ClJHTbIB3HHe HMilYJibCOB 

npe1<pamaeTCH. 11HcpopMaUHH 0 apeMeH.H CBapKH coxpaHHeTCH Ha HH,n:H
KaropHblX .naMnax .no Ha>KaTHH KHonKH SJ·- «copoc». 

B npoH3Bo,n.cTBeHHhIX ycJIOBHHX onepaTopy Tpy.n.Ho cJie)lHTh 3a noKa-

3aHHHMH perHCTPHPYIOI..UHX npH6opoB H TeM 6onee ytn-ITbIBaTb CTeneHb 
B11HHHHH napaMeTpOB peJKHMa Ha KaqecTBO COe)lHHeHHH. 3TO npHBeJIO 

I\ C03JI.aHHIO pa3JIHqHhIX ycTpOHCTB H np116opoB JJ.JIH aBTOMaTHIIeCKOro 

KOHTPOJIH napaMeTpos peJKHMa csapKH. OpHMepoM MO>KeT CJIY>KHTb 

pa3pa6oTaHHbIH Bl1HCTHTyTe 3JieKTpoceapKH HM.E.O. naTOHa AH YCCP 
.l.7IH CThIKOBhIX MalllHH co cJie,n:Hm_HM rH,nponpHBOJI.OM THna K 1900, 
K584 H ,np. np116op ,nJIH KOHTpoJut OTKJIOHeHHH napaMeTpos pe)l{HMa csap-

KH THna KOOP. . 

np116op KOOP BhlnOJIHeH Ha HHTerpaJibHbIX MHKpocxeMax cepHH 

K51 l, KI40. OH KOHTpoJ111pyeT: HanpHmeHHe, nHTaIOw.ee csapoIJHhIH 

rpaHccpopMaTop; HenpepbIBHOCTb onJiaBJieHHH nepe,n oca,nKofl c pa3,n:eJib-
u u 

HOH CHfHaJIH3aQHeH 0 ,l{JlHTeJibHOCTH npepbIBaHHS1 npouecca npH XOJIOCTOM 
u 

xo.ne HJIH KOpOTKOM 3aMbIKaHHH; oca)lKY CBapHBaeMhIX JJ.eTaJieH; ,ll.JIHTeJib-
u 

HOCTb oca,n:KH no.n: TOKOM; JIHHeHHYIO BeJIHqHHY oca,n:KH; npocKaJib3bIBaHHe 

n.eraJieH B 3a:>KHMax MaIIIHHhI; o6mee H OT6paKoBaHHOe KOJIHlleCTBO CBap
HblX CThIKOB. 

CTp11Hu11n paooTbI npH6opa KOCTP ocHoBaH Ha cpasHeHHH 3HaqeHHH 

KOHTpOJIHpyeMhIX napaMeTpOB C 3a,naHHblMH ()lOilYCTHMbIMH). np11 3TOM 

KOM3H)l.bl Ha pa3perneHHe KOHTpOJIH BbIL(alOTCH cxeMOM ynpaBJieHHH CThl-

1\0BOH MallIHHhl IlO Mepe BhIIlOJIHeHHH CBapOIIHOrO UHKJia. npH HapyrneHHH 

pe}KHMa caapKH np116op BKJIIOllaeT 3BYKOBYIO H CBeTOBYIO CHrHaJIH3aUHH 

n Mo.>KeT 6JioKHpoaaTb uenH ynpasneHHH caapoqHoli MarnHHbI. 

CTpHHUHilHaJibHble 3JieKTpHqecKHe cxeMhl JJ.JIH KOHTpOJIH HanpH>KeHHfl 

nnTaHHH CBapOIIHOfO TpaHccpopMaTopa, a TaK.>Ke HenpepbIBHOCTH onJiaB

JieHHH nepe,n OCaAKOH npHBe,n:eHbl B npHJI. 20. 
B CTbIKOBbIX MaIIIHHax co cJieJlHI.UHM rH)lponpueo,noM npHnycK Ha 

oca.QKy >KeCTKO 3a,n:aeTcH noJio.>KeHHeM ynopa, orpaHMIIHBa10mero nepeMe

tneHHe IIITOKa CJie,nHmero 30JIOTHHKa npH oca.uKe. EcJIH B pe3y_JibTaT~ 
OCaJJ.KH HMeeT MeCTO paccorJiaCOBaHHe nepeMerueHHH llITOKa OTHOCHTeJibHQ 

Kopnyca aonoTHHKa, To 3TO HBJIHeTcH npH3HaKoM He,nocraTOIIHOH OCMKH 

(~1eHhllle HOpMbI). EcJIH paccor JiacosaHHH HeT, B03MO>K.Hbl ,nsa CJiyIIaH: 

oca.u.Ka COOTBeTCTBYeT 3a,n:aHHOMY npHnycKy HJIH ,neTaJIH npocKaJib3bIBaIOt 

B 3a>KHMaX MallIHHbI. Il03TOMY .llJlH o6Hapy>KeHHS1 OTKJIOHeHHH BeJIHIJHHbI 
OCaJJ.KH )l.OCTaTOlIHO HMeTb HHcpopMaUHIO 0 npocKaJlb3blBaHHH )leTanef1 

H nepeMemeHHH IIITOKa 30JIOTHHKa OTHOCHTeJlbHO ero Kopnyca. ,[LnH H3Me· 

PeHHH yKa3aHHbIX napaMeTpos HcnoJib3YIOTCH cneuHaJibHhie ,naTIIHKH • 

.UaTqHK npocKaJib3hIBaHHH 3JieKTp0MarHHTHOf0 THila (pHC. 5.51) 
COCTOHT H3 Heno,D.BIDKHO 3aKpenJieHHOH Ha era OCHOBaHHH KaTyIIIKH 1. 
BHyrpH KOTopoii pacnOJIO}l(eH CTanbHOH cep,netIHHK 2 c npo<t>HJibHbIM 6all1Ma
l{OM 3. BHyTpeHHHH ,n:11:aMeTp KaTylllKH 6oJibllle ,n:HaMeTpa cepJI.eIJHHKa Ha 
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Pac. 6.52. AaT'IHK KOHTponH nepeMell(eHHH WToKa 
SOJIOTHHKa OTHOCHTeJlbHO ero KOpnyca 

HOMHHaJibHYIO aen11q11Hy KOHTpon11pyeMoro npocKaJib3hIBaHHH. Cep~eq. 
HHK ycTaHOBJieH B ,nsyX HanpaBJieHHRX 0-oopa3HOH KYJIHCbl 5 H3 HeMar
HHTHOfO MaTepHaJia. 0,AHa H3 HanpaBJIHIOIIJ.HX CHao>KeHa 3y611aTbIM ceK
TOpOM 8, CBH38HHblM qepe3 rnecTepHIO 10 c OCblO JIHHeHHOfO noTeHUHO· 

MeTpa 9. CTp11 no,Aaqe HanpH>KeHHH Ha KaTyrnKy cep)let.1HHK npH>KHMaeTCH 

npocpHJibHblM oamMaKOM 3 K CBapHBaeMOH ,neraJIH 4. CTpH npocKaJib3bIBa
HH.H BMecTe c JleTaJihIO nepeMemaeTcH cep,neqHHK 2, npH 3TOM KYJIHca 

noBopaqHBaeTCH BOKpyr OCH 6 Ha yroJI, nponopuHOH8JlbHbIH BeJIHlJHHe 
npocKaJib3hIBaHHH. Ha cooTBeTcTsy10m11i1 yroJJ noaopaq11saeTcH 11 ocb 

JIHHeliHoro noTeHUHOMeTpa. OpH OTKJIIOtieHHH HanpH*eHHH nHTaHHH cep-
u 

.ne11HHK H Ky.n11ca 3aHHMaIOT 11cxo.u.Hoe nonomeHHe no.n ,neHcTBHeM B03BpaT-
Hoff npy>KHHbl 7. 

,UaTqHK paccorJiaCOBaHHH (pHC. 5.52) BbIIlOJIHeH B BH.ne no,Anpy}l{M
HeHHOfO nonoro lllTOKa 2, pa3MemeHHOfO B HanpaBJIHIOlllHX CTaKaHaX I. 
BHyTpH IllTOKa Ha pe3h6e pacnoJioLKeH perynHpOBOIIHbIH BHHT 3, a CHapy*" - Hape3HaH peiiKa 4, CBH3aHHaH rnecTepHeH 5 c OCblO JIHHetiHoro no
TeHUHOMerpa 9. IloTeHUHOMeTp H HanpaBJIHIOtnHe CTaKaHbl >KeCTKO ycra
HOBJieHbl Ha OCHOBaHHH .naTlJHKa 8' KOTOpbIH KpenHTCH K Kopnycy CJie,!lH
mero 30JIOTHHKa 7. 

B Hcxo,nnoM noJio:>KeHHH peryn11poaotIHhIH BHHT ycTaHaBJIHBaeTCH ,no 

ynopa co WTOKOM 30JIOTHHKa 6 H cpHKCHpyercH cronopHbIM BHHTOM JO. 
B npouecce onJiaBJieHHH Kopnyc aoJIOTHHKa Kon11pyeT nepeMemeHHe lllTO· 
Ka H paccorJiacoaaHHe Mem.ny HHMH oTcyTcTayer. B CJiy11ae paccorJiacoBa· 

u 

HHfl noCJie oca,nKM ,Z(eTaJieH CMemeHHe WTOKa 30JIOTHHKa OTHOCHTeJibHO 

HCXO,Z(HOro IlOJIO>KeHHH nepe].laeTCH qepea peryJIHpOBOl.IHbIH BHHT llITOKY 

,tlaTtIHKa 2. TipH 3TOM OCb noTeHUHOMeTpa IlOBOpatIHBaeTCH Ha yroJI, 
v 

nponopUHOHaJibH~H OTKJIOHeHHIO BeJIHtIHHbl oca~KH. 
3neKTpHqecKaH cxeMa ycTpOHCTBa KOHTpOJIH OTKJIOHeHHH BeJIHqHHbl 

oca,Z(KH no HH$OpMaUHH 0 npOCK3Jlb3WBaHHH ,neraJieH H nepeMemeHHH 
WTOKa aonoTHHKa np11ae.neua a npHJI. 21. 

OpH aBTOMaTnqecKoM KOHTpone .unuTenbHOCTH npoTeKaHHH ToKa Ha 
9Tane oca].lKH (toc.T) CBapHBaeMblX JJ.eTaJieH Ba:>KHbIM HBJIHeTCH BbIOOp Ha
qana OTcqera BpeMeHH. EcJIH Tpe6yeMa.H .URHTeJlbHOCTb oca)lKH no11 TOKOM 

OTHOCHTeJibHO BeJIHKa, nopH,nKa CeKyH.lU>I, TO sa HalJaJIO OTCqeTa toc.T Mo>K· 
HO npHHHTb KOMBHJJ.Y Ha BKJI1011eHHe oca.nKH. B cnyqae, Kor.na BeJIHqHHa 
toc.Y COCT8BJIHeT ~cero HeCKOJibKO nepHO,llOB TOKa npOMbllllJieHHOH qacTOTbI, 
norpewHOCTb B oueHKe toc.rr OKa3blB8eTCH 3H8lJHTeJibHOH BCJie,Z(CTBHe HHep· 
UHOHHOCTH ~exaHH3Ma BKnIOqeHHH ocaAKH. 
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PKC. 5.53. DpHHl.{HnuaJl&HaH s.neKTpH11ecKa.a cxeMa ycTpoAcTaa KOHTpo.11si AJIHTeJlbHOCTH ocaAKH 
noA TOKOM 

)lJIH H3MepeHHH J(JIHTe.TlbHOCTH oca,nKH no,11- TOKOM HCilOJlb3YIOT 3JieK

rpHlleCKHe napaMeTpbI npouecca, H3MeHeHHe KOTOpbIX CBH33HO c HallaJIOM 

nJiacTHqecKoii .necpopMaUHH MeTaJIJia np11 oca)lKe, HanpHMep, pe3Koe 

na,neHHe HanpHmeHHH Ha BTOpHlIHOH o6MOTKe caapoqHoro TpaHc~opMa-
u 

ropa, yBeJIHtieHHe TOKa HJIH HCIJe3HOBeHHe BhICOKOllaCTOTHhIX nyJibCaUHH 

CBapotIHOro TOKa B MOMeHT HallaJia oca,nKH ,neTaJieH. flocJie)lHeMy napaMeT

py CJieJI.yeT OT,naTb npe)(noqTeHHe, TaK KaK npH ero HCnOJib30BaHHH OT

na~aeT tteooxo,nHMOCTh npe.nsapHTeJibHOro Bbloopa ycTaBOK. 

3neKTp11qecKaH cxeMa ycTpoiicTBa ,nJIH KOHTPOJIH ,nJIHTeJibHOCTH oca.n-
u v . 

KM non TOKOM, B KOTopoH cHrHaJI OTCYTCTBHH nyJibCaUHH TOKa HCilOJlb3y-

eTCH llJIH cpopMHpOBaHHH KOMaH,nhl pa3perneHHH HallaJia OTCIJeTa BpeMeHH 

toC.Tt noKa3aHa Ha pHC. 5.53. y CTpOHCTBO co.nep)KHT .nsa H3MepHTeJibHhIX 
KaHaJia ll.~1H KOHTPOJIH ,nJIHTeJibHOCTH oca)lKH no.n TOKOM no ee MHHHM8Jlb

HOMy H MaKcHMaJibHOMY nonycTHMOMY 3HatieHHIO. Ka>KJlhIH H3 KaHaJIOB 
COCTOHT H3 nocJie.llOBaTeJibHO coe,nHHeHHhIX 38!(3TlIHKa speMeHHblX HH

TepsaJIOB (DD 1.2, DDJ .3, Cl, R 1; DD3.2, VDJ, C2), HHBepTopa (DD 1.4, 
DD3.3), nor11qecKofi cxeMhI cpaaHeHHH (DD2.J, DD3.4), 9neMeHTOB na
MHTH (DD2.2, DD2.3; DD4.J, DD4.2) H HHJ{HKBUHH (DDS.I, VD2, 
R2; DD5.2, VD3, R3). BxoD.Hhie uenH saJI.aTtIHKOB noJI.KJIJOqeHbI K cpop

MHpoBaTeJIIO KOMaHJU>I pa3perneHHH HaqaJia KOHTpOJIH toc.T (DD 1.1). 
B HCXO,nHOM COCTOHHHH HH.nHKaTopa VD2 H VD3 ooeCTOtieHbl CHrHa

JIOM JIOrH11ecKofi «l» Ha BbIXOAe3JieMeHToaDD2.1 H DD3.4 cooTBeTCTBeHHO. 

OpH ocaJI.Ke .neTaneii Ha 06011x sxo)(ax cf>opMHpoBaTeJIH DD 1.1 noHBJIH

IOTCH CHrHaJibI JIOrHlleCKOH «l», B pe3yJibTaTe qero sanycKaeTCH O,lI.HOBHO· 

PaTop DD/ .2- DD/ .3. ,Un11TeJihHOCTb BhJ,nasaeMoro HM HMIIYJihCa co

OTBetcTayeT MHHHMaJibHO .nonycrHMOMy 3Ha1IeHHIO toc.T· EcJIH B TeqeHHe 
KOHTpOJIHpyeMoro HHTepBaJia BpeMeHH npOH30H)(eT OTKJIIQqeHHe caapoq

Horo TpaHccf>opMaTopa, TO Ha 06011x axo.nax 3JieMeHTa cpaaHeHHH DD2.1 
6y.AyT cHrHaJibI norHqecKofi «l», TpHrrep DD2.2-D2.3 onpoKHHeTCH 
11 BKJUOtIHTCH cseTOJJ.HOJI. VD 2. 0,nHoapeMeHHO c 3anycKoM nepsoro Ha
lIHHaer pa6oTaTh BTopofi H3MepHTeJihHhIH KaHaJI. CTpH noHBJieHHH c11rHa-
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na « l» Ha BbIXo.ne HHBepTopa DD3 .1 HaqHHaeTCH 3apHJl KOHJJ.eHCaTopa c2. 
BpeMH ero aapH.na .no ypoBHH norHqecKoff «l» coOTBeTCTByeT aepxHeMy 3Ha. 

tieHHIO .nonyCTHMOH JlJIHTeJihHOCTH toc,'l· TaKoii me CHrHaJI noHBHTCH ua 
BbIXOJle HHBepTopa DD3.3. EcJIH ,nJIHTeJibHOCTh oca_nKH no_n TOKOM npeab14 

CHT MaKCHMaJibHO )lonyCTHMYIO, TO Ha OOOHX BXO,Z\aX cxeMhl cpaBHeHHij 

DD3.4 6yJlyT cHrHaJibI «1», npH 3TOM onpoKH.llbIBaeTCH TpHrrep DD4.J, 
DD4.2 H BKJnoqaeTCH cBeTO,ZViOJl VD3. 

IloCJie 3aBeprneHHH UHKJia CBapKH B CJiyqae OTKJIOHeHHH KOHTpO.TIHpy .. 

eMhIX napaMeTpOB peLKHMa OT HOpMbI MO>KHO BhlKJllOqHTb 9JieMeHTbl HHJI.ij. 
KaUHH no)laqefi CHrHaJia «COpOC» (JIOfHlleCKOro «0») Ha COOTBeTCTBYIOllI.He 

BXOJlbI R-S-TpHrrepos. 

JlocTOHHCTBOM npHoopoB Tuna KOOP HBJIHeTcH To, qTo oHH ocyinecr

BJIHIOT KOHTpOJib B peaJlbHOM BpeMeHH. 3qxpeKTMBHOCTb KOHTPOJIH MO>KHQ 
u 

SHaqHTeJibHO yaeJnfqHTb, ecJIH B CHCTeMe ynpaBJieHHH CTbIKOBOH MaWHHOH 

6y.nyT BcrpoeHbl 3JieMeHTbl KOHTpOJIH napal\iteTpOB pemHMa caapKH " Tex
HHtieCKOfO COCTOHHHH o6opyJlOBaHHH. B 3TOM cnyqae HCKJIIOqaeTCH Heo6-

XOJJ.HMOCTb .nonOJIHHTeJibHOH CTbIKOBKH cpeJlCTB KOHTpOJIH co CXeMOH 

ynpaaJieHHH MallIHHo:H li npooJieMa coaMeCTHMOCTH HX 3JieMeHTHOH 6a3bI. 

PaccMoTpeHHaH opraHH38UHH aaToMaTHqecKoro KOHTpoJIH peaJIH30BaHa 

a uucppoaoli CHCTeMe ynpaa.neHHH CThIKOBhIMH MaWHHaMH THna CY-163, 
pa3pa6oTaHHOH B 11HCTHTyTe aJieKTpocaapKH HM. E. 0. IlaToHa 
AH YCCP. 

CTeneHh coaeprneHCTBa cHcTeMbI ynpaaJieHHH MaIIIHHOH OKa3blBaeT 

BJIHHHHe Ha BblOOp KOHTpOJIHpyeMhIX napaMeTpoB. TaK: ecJIH B CHCTe\te 

ynpaBJieHHH npe.nycMoTpeHa CTaOHJIH3aUHH HanpH>KeHHH Ha BTOpHqHQH 

OOMOTKe caapoqHoro TpaHC~OpMaTopa, TO HanpH:>KeHHe nepe.n CBapKOM 

He KOHTpOJIHpyeTCSI. 11cno.nb30BaHHe CHJIOBOro THpHCTOpHoro KOHTaI<

TOpa c UHcppOBOH CHCTeMOH ynpaBJieHHH Il03BOJIHeT c ToqffQCTblO JJ.O nepH

o.na npOH3BOJJ.HTb OTKJIIOqeHHe caapoqHoro TpauccpopMaTopa OT IlHT810lll.eH 
ceTH npH oca.uKe neTa.neH:. B 3TOM cnyqae AJIHTeJihHOCTh oca.nKH non TOK0\1 

He KOHTpOJIHpyIOT. 
CTpH CTbIKOBOH cBapKe ,neTaJieH OTBeTcTBeHHoro Ha3HalieHHH ueJie

coo6pa3HbI He TOJibKO BblBO)l onepaTHBHOH HHcflopMaUHH 0 XO)le caapOIIHO

ro npouecca Ha CBeTOBOe Ta6JIO, HOH neqaTb pe3yJibT3TOB H3MepeHHH na

paMeTpOB pe>KHMa B UHcppOBOH cpopMe B BH,Ue npOTOKOJia npouecca CBapKH. 
B CJiyqae CBapKH TOHKOCTeHHblX H3AeJIHH, Korna JJ.JIHTeJibHOCTb onJiaBJie

HHH cocraBJIHeT HeCKOJibKO CeKyHll, .nocraTOlJHO perHCTpHpoBaTb B UHcppo

BOH ~opMe KoueqHhie 3HaqeHHH napaMeTpos pe>KHMa caapKH, uanp11Mep, 

npunycKa ua onJiaBJieHHe H oca.nKy, HaqaJibHYIO 11 KOHeqHyIO cKopocTH 

nepeMemeHHH IlJIHTbl MallIHHhl, JJ_JIHTeJibHOCTH KOpOTKHX 3aMhIK8HHH nepe.ll 

oca.nKoli H .np. CTpn csapKe H3LI.eJIHH c ooJibWHM nonepeqHhIM ceqeHHeM, 

Kor.ua HanpH>KeHHe H CKOpOCTb H3MeHHIOT no 33LI.8HHOH nporpaMMe, 

a .unHTeJibHOCTb onJiaBJieHHH 3HaqHTeJibHa,nononHHTeJibHOHeo6xonHM0 

perHCTpHpOBaTb 3HalleHHH KOHTpOJIHpyeMhIX napaMeTpOB pe>KHMa B on· 

pe.neJieHHhie MoMeHTbI caapoqHoro UHKJia. 

lITOOhl B UHcppOBOH cpopMe KOHTpO.TIHposaTb xapaKTep npoTeKaHHSl 
u ~ 

npouecca CThIKOBOH CBapKH onJiaBJieHHeM, MO>KHO HCilOJib30BaTb ycrpoH-

CTBa THna CY-150, npHMeHHeMhie nJIH aHaJiorHllHbIX ueneii npH npyrnx 

BH)lax caapKH. B c11creMe ynpaBJieHHH CY-163 ycrpoiicrao KOHTpOJIH BhI

noJIHeHo Ha 6a3e np116opa CY-150 (cM. pHc. 3.26). l13MeHHIOTCH H perHcr-
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T a 6 JI H n a 5.1 
-. KoHTpoJrnpyeMbIA napaMeTp Cl.I 
~ 
Q) I Ilpephlsa-
:s u JIK• B L, MM ~ 

1cs• c npocKaJJb- 0rKJJOHe• :s: 0: V1, B 11, A (XI0-1) (X 10-1 ) j ttue onnae- 3blB3HHe QI :c HHe OC3,D.KH 
2; :c JJeHHJI 

-
1 000 377 026 249 002 0 0 0 
2 040 377 - 214 217 078 0 0 0 
3 045 257 243 234 082 0 0 0 
4 084 211 259 229 168 0 0 0 
5 138 211 227 240 252 0 0 0 
6 146 320 289 919 318 0 0 0 
7 147 000 000 000 425 0 0 I 

pHpylOTCfl c noMOIIJ.blO UH<fJpone11aTa10meii MalliHHKH THna 3YM-23 CJie
JlYIOI.UHe napaMeTpbI: TeKymee 3HalJeHHe BpeMeHH CBapKH tea, HanpH>Ke
HHe Ha CBapoIIHOM TpaHccpopMaTope u 1, CBapo1IHhIH TOK I 1, HanpH>KeHHe 
Ha HKOpe um< 11.BHraTeJIH npuao.na OTIJiaBJieHHH H nepeMemeHHe L IlJIHTbl 

MallIHHhl (Ta6JI. 5.1). KpoMe Toro, KOHTponHpyeTcH OTKJioHeHHe OT 3a-
u 

~aHHOH ycTaBKH ,ll.JIHTeJibHOCTH npepbIBaHHH npouecca onJiaBJieHHH nepe~ 
u u u 

ocaJI.KOH H JIHHeHHOH BeJIHIJHHbl oca,ll.KH c y11eTOM B03MO>KHoro npocKaJib-

3bIBaHHH JI.eTaJie:H a 3a>KHMax MamHHhI npH oca.uKe. EcJIH OTKJIOHeHHH 9THX 

napaMeTpOB HaXO,ll.HTCH B npeJI.eJiax ,il.ony~Ka, TO neqaTalOTCH «0», B npo
THBHOM cJiyqae neIJaTaeTCH «I» B COOTBeTCTBy10meM pa3pH.u.e. 

Onpoc ~aTqHKOB napaMerpos pe:>KHMa csapKH npoBO.U.HTCH no cne-
u • u 

UHaJibHOH KOMaH.ne nporpaMMHpy10mero ycTpOHCTBa CHCTeMhI ynpaBJie-
HHH CThIKOBOH MalllHHOH. KoJIHtiecrao H3MepeHHii sa UHKJI cBapKH ycTa
HaBJIHBaeTcH B 38BHCHMOCTH OT CJIO.>KHOCTH nporpaMMbl H3MeHeHHH napa

MeTpOB pe*HMa. TaK, npH cBapKe peJihCOB P65 Ha MaIIIHHe KI90fl c c11-
CTeMoii ynpaBJieHHH CY-163 .u.ocTaToqHo no.npooHo MO)l{HO HaOJIIOJJ.aTh 

npoTeKaHHe CBap01IHOfO npouecca npH H3MepeHHH KOHTpOJIHpyeMhIX na

paMeTpOB B MOMeHThl BpeMeHH ti- ta (pHC. 5.54): 
1-e H3MepeHHe - no KoMaH~e «nycK-cBapKa» (t1). B pe3yJibTaTe 

u 

nepsoro onpoca ll3T1IHKOB BbIBO.llHTCH Ha ne1IaTb HanpH>KeHHe nHT8IOllleM 

l,MM 
GO 
40 
20 
0 

---~ 

~~Br-~~-.----------+----------r-----------,---------,r---------.------------..----------
50r---------+-~------+---------+-----------+-------~~-------+-----------1----..-£--.J-J 

Or---+-~~rR-=~=-..a.J-!.----...;.!_~~~-l!..-~L...l!.;~..Ll:j~-"--1-~-------L---+-_!_---~ 
-50r---;--+---+----~---f----------+-----------+-------~-----------+-----------+----------1 -ta 

-------~--------~------'-----------'-------.-J---------L...---------1---------1 ~Ar-------r----------+--------.-~------~------__,r---------r------------.-~----'-4 
750r-----.--+--:--------~------~-----------+----------~--------+-----------l--------U--I 
500r--~-H-~~;-r.--:-~------~-r--------+-..----------l~---..__y_ _____ -.--1-__ ---U-..J 

250r-----H-Yl~~~~~lql.~~~,....,.~~~~,.,,.,.,...,_,,.,~~~Uli1ii.,,.,_~~--~ 
0--.._,J~.....J..---------.L---------L.----------'------~~-------L---------...J....._--,;__~ 

~Br-'91~~~..-.-------;;:;;;;~r-~---.---------,.---------.----~--r---------, 
JOOr---t-----+-------~~----b~~a-1-t-r.--*d-f--j,l+-~h--~-l--ll---------.--h-~-....~ 
2001---+-----L--------1-------=~~~~~~..JJ(M-Ji.JLA.....JD& ____ A.J.1...J..._~lJ 
100 r----+----4------0 ___.____..._~ 

PHc. 6.54. 3anHCb napaMeTpoe peMtHMa ceapKH peJJbCOB c CHCTeMoA ynpaoneHHH C'V·J63 
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ceTH U 1, TOK xonocToro XOJJ.a caapoqHoro TpaHc<lJopMaTopa 11, Ha11aJibHaff 
e 

CKOpOCTb nepeMemeHHH no~BH>KHOH IlJIHT~, nponopUHOHaJibHaH HanpH-
.>KeHHIO Ha HKope U SIK ,na.uraTeJIH MexaHH3Ma nepeMem.eHHH, H ee HCXOAHoe 
noJio>KeHHe L (puc. 5.54); 

2-e H3MepeHHe - B KOHUe 3Tana B036y.>K,neHH.H ycroi:f q11aoro onJiaBJie
HHH -peJihCOB Ha BbICOKOM HanpH>KeHHH (t2); 

3-e H3MepeHHe - npH CHHJKeHHH HanpH:>KeHHH Ha CBapoqHoM TpaHc
<f>opMaTope .AO 250 B (t3); 

4-e, 5-e H3MepeHHH COOTBeTCTBYIOT HaqaJiy (t,) H KOHilY (t5) 3Tana on
JiaBJieHHH npH ttanpH>KeHHH U 1= 200 B; 

6-e H3MepeHHe - B MOMeHT BpeMeHH ta Henocpe,ncrBeHHO nepe.n BKJIIO
qeHHeM oca,nKH. Pe3yJihTaThI onpoca ,naTIIHKOB no3BOJIHIOT oueHHTb Ko-

u 

ueqHhle 3HaqeHHH nepe~ oca}lKOH CBapoqHoro HanpH>KeHHH, TOKa H CKO-
pOCTH onJiaBJieHHH, a TaK}Ke npunycKe Ha onJiaBJieHHe; 

7-e H3MepeHHe - nocJie 3aaeprueHHH oca~KH, rnaBHbIM ot5pa30M .nnH 
• u u 

KOHTponH OTKJIOHeHHH JIHHeHHOH BeJIHqHHhl oca,nKH. 
flpHMeHeHHe CHCTeM aBTOMaTHqecKoro KOHTPOJIH cnocoocrayer CBoe

epeMeHHOMY OOHapy>KeHHIO HapymeHHH pe)KHMa CBapKH H ycTpaHeHHIO 
npHttHH, CHH>KaIOIIlHX cra6HJibHOCTb Katzecrsa CBapHbIX coe,ZI.HHeHHH. 



6. nPOMblWJlEHHblE P060Tbl All~ ABTOMA T'-'13A~l-1"1 
nPOUECCOB CBAPKH 

6.1. d>yHKL\MH po60TOB H HX COCTaB 

B npoH3BO,ll.CTBe cnapHhIX KOHCTpyKUHH 70-x ro,n.oB Bee rnHpe npHMeHH

IOTC~ cpyHKUHOHaJibHO rHOKHe cpe,l{CTBa 3BTOM3TH33UHH CBapoqHbIX one

paUHH - po60Tbl. 
HcnoJib30BaHHe po6oToB no3BOJIHeT pemHTb TPH BaLKHeHmHe npooJie-

u 

Mbl conpeMeHHOH TeXHOJIOfHH: 
I) aBTOMaTH3HpoBaTh H3roToBJieHHe H3AeJIHH npH 11acToii cMeHe o6'beK-

u u 

TOB npoH3BOL(CTBa, T. e. npH cepHHHOM, KpynuocepHHHOM H MHOfOHOMeH-

KJiaTypHOM MaCCOBOM npOH3BOJlCTBe; 

2) aBTOMaTH3HpOB3Tb onepaUHH t He IlO,lUI.a10m11ecH pauHoHaJibHOH 

aBTOM3TH33UHH ApyrHMH MeTOJl8MH (cnapKy WBOB CJIO:>KHOH <PopMbI; 

cBapKy H3JleJIHH c 6oJibllIHM KOJIH11ecTBOM KopoTKHX rnaon, pa3JIH11HhIM 

o6pa30M pacnoJIO)KeHHbIX B npOCTpaHCTBe); 

3) npHMeHHTb )lJIH aBTOMaTH3aUHH H3rOTOBJieHHH pa3JIHtIHhIX CBapHbIX 
u 

KOHCTpyKUHH OJlHOTHilHbie TeXHHlleCKHe cpe,ll.CTBa, B pesyJibTaTe qero 

COKpamaeTCH pa3HOo6pa3He nocJie)lHHX, IlOBbilliaeTCH cepHHHOCTb HX H3rO· 

TOBJieHHH, CHHLKaeTCH CTOHMOCTb npH npotIHX paBHblX ycJIOBHHX. 

B cBapKe, KaK H B Jlpyr11x BHJlaX npoH3BOJI.CTBa, npOMbillIJieHHhie po

OOTbl npHMeHHIOTCH B COCTaBe po60TOTeXHOJIOfHlleCKHX KOMnJieKCOB 

(PIK). PTK ,nJIH cnapKH npeACTaBJIHeT co6oti MaHHnyJIHUHOHHYIO cHcTeMy, 

ocHameHHYIO cpe,ncTBaMH ocymecrBJieHHH cBapotiHoro npouecca, c nporpaM

MHbIM ynpaBJieHHeM KOOp,l{HHaTaMH HHCTpyMeHTa OTHOCHTeJlbHO H3JleJIHH 

H napaMerpaMH npouecca cnapKH. 

Po6oTbI B ceapollHOM npo113BO.l{CTBe BnepBbie Ha11an11 np11MeHHTbCH 

B TeXHOJIOfHtieCKHX npoueccax KOHTaKTHOH ToqelJHOH CBapKH c IlOMOIUblO 

CBapOlIHblX KJiemeli (251. ,llJIH 3THX onepaUHH TpeoyIOTCH po60Tbl c no-

3HUHOHHblM ynpaBJieHHeM, rpy3onoJI-oeMHOCTb10 JJ.O 600 H, c noBTOpHe

MOcTbIO OTpaoOTKH Il03HUHH He xy>Ke ± 1,5 MM npH MapweBOH CKOpOCTH 

nepeMemeu11ii nopHJlKa I Mic. QeJib no3HUHOHHoro ynpanneHHH - no

oqepe.nHoe Jl.OCTH>KeHHe CBapoqHbIM HHcrpyMeHTOM sa.naHHbIX TOlleK Ha 

H3'AeJIHH B onpe,ll.eJieHHOH nocJie)loBaTeJibHOCTH 6e3 ynpaBJieHHH TpaeK

TOpHeH JlBH>KeHHH Me:>KJI-Y 3THMH T01IK3MH. 

Po60Tbl ,nJIH .nyroBOH CBapKH, coanau11e H Bue,npeHHe KOTOpbIX Haqa

JlOCb B KOHUe 70-x ro)lOB, HMeIOT KOHTypHoe ynpaBJieHHe, npH KOTOpoM 

CBapoqHbIH HHCTpyMeHT JlBH.>KeTCH OTHOCHTeJlbHO H3Jle.TIHH c Sa)laHHOH CKO

POCTblO no sapaHee ycraHoBJieHBoii TpaeKTOpHH. fpy3onon.oeMHOCTh Ta

KHx po6oToB cocTaBJIHeT 25-100 H npH noBTOpHeMOCTH oTpa6oTKH TpaeK· 

T2°PHH He xy>Ke ±0,5 MM H CKOpOCTH CBapKH (B samHTHbIX ra3aX) JlO 
0 MM/c (49]. · 

<l>H3HlleCKHe oco6eHHOCTH TeXHOJIOfHqecKHX npoueccoB CBapKH BJIH

fflOT Ha Tpe6oBaHHH, npe.noHBJIHeMble K TeXHHlleCKHM cpe.nCTBaM po6oTH-

3anHH cnapo11Horo npoH3BOJlCTBa. TaK, JI.yrony10 cnapKy co cao60JJ.HhIM 

¢0PMHpoBaHHeM lllBa uenecoo6pa3HO BblnOJIHHTb B HH>KHeM DOJIO>KeHHH. 
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PTK JJ.JIH sToro cJiyqasi ,noJI>KeH co.nep>KaTb MaHHilYJIHTOp H3.neJIHH, op11 .. 
v 

eHTHPYIOIUHH caapHBaeMy10 KOHcrpyKUHIO nepHo,u.HqecKH HJIH HenpepbIBHo 

BO BpeMH CBapKH TaK, llT06bI llIBbl HaXO,lJJ1JIHCb BO epeMH ceapKH B HHJKHeM 

IlOJIO}f{eHHH. 

4 T06bI BhinOJIHHTb llIBbl CJIO>KHOH ct>opMbl HenJiaBHIUHMCH 3JieKTpo,noM 

c npHCa)I.oqHOH npOBOJIOKOH, Heo6xo.nHMO HenpepbIBHO opHeHTHpOBaTb 

noCJie)I.HIOIO no KacaTeJibHOH K JIHHHH coe.nHHeHHH B TOllKe csapKH. llJIH 
aToro npHMeHHIOT PTK c .nonoJIHHTeJibHOH no.ns1nKHOCThIO, 06ecne11Hsa10-

u u 

meH opHeHT3UHIO npHC3Jl.OlJHOH npoBOJIOKH B 30He csapKH. 

Cneuuct>111JecKaH oco6eHHOCTh oo'heKTOB csapo11Horo npoH3BOJJ.CTBa -

HeBhICOKaH TOIJHOCTb H3rOTOBJieHHH 3arOTOBOK H HX c6opKH no.n CBapKy 

a TaK>Ke TenJIOBhie .necflopMaUHH csapHBaeMoH: KOHCTPYKUHH. CoeMeCTHo~ 
.neHCTBHe 3THX cpaKTOpOB BbI3bIBaeT 3HalJHTeJibHhie OTKJIOHeHHH JIHHHH co

npH}l{eHHH 3arOTOBOK H reoMeTpHlleCKHX napaMeTpOB coe.nHHeHHH' IlOJJ.

roToBJieHHOro no.n csapKy, OT pacIJeTHhIX (nporpaMMHbIX) [IO]. B rex 

cny11aHX, KOrJ.I.a 3TH OTKJIOHeHH.S1 cymecTBeHHbI, npHMeH.S1IOT MeTOJlbl H cpe,n-
u 

CTBa a.nanTaUHH, 38KJIIOqafOIUHeCH B aBTOMaTHlleCKOH KoppeKTHpOBKe 

pe>KHMa CBapKH H TpaeKTOpHH ,nBH}KeHHH CBapo1IHOfO HHcrpyMeHTa HHJUI

BH,nyaJibHO J{JIH Ka>K.noro 3K3eMnJIHpa H3,Il.eJIHH .naHHOfO THIIOHCilOJIHeHHH 

(no pe3yJibTaTaM H3MepeHHH Ka>K.noro 3K3eMnJIHpa, ocymecTBJIHeMhIX 

B npou.ecce csapKH HJIM .no ee HaIJana). 

Y CJIOBHH, B KOTOpbIX JlOJI)KHbI pa6oTaTh PTI( ,n.,TJ.S1 ceapKH, xapaKTepH-

3y10TcH: BbICOKOH TeMnepaTypoH B6JIH3H 30Hhl csapKH; lvlOII(HbIMH HeCTa

UHOHapHhlMH 3JieKTpoMarHHTHblMH IlOJIHMH H CBeTOBbIM H3JiylleHHeM; 

pa36pb13fHB8HHeM pacnJiaBJieHHoro MeTaJIJia; HHTeHCHBHbIM Bbl,neJieHHeM 

a.9p030Jiefl, IlhIJIH, arpeCCHBHblX ra30B. noaepXHOCTH H3,l{eJIHH, noJIO)KeHHe 

KOTOpbIX H3MepHeTCSI ,l{JIH KOppeKTHpOBKH TpaeKTOpHH H pe}KHMa CBapKH, 

MoryT ObITb noKphIThI 0KaJI11Hoii, HMeTb 3ayceHUhI, 3a,nHphI H npHJIHn111He 

6phr3rH, a TaIOKe npoTeKH MeTaJIJia. Bee 3TO orpaHHqHsaeT Bh16op npHH· 

UHna .neifCTBHH H THilOB TeXHHtJeCKHX cpe)l.CTB, Tpe6yeT cneuHaJihHhIX cxeM· 

I-IhIX H KOHCTPYKTHBHbIX Mep ,nJIH o6ecnetJeHH.S1 Ha,ne.IKHOH pa6oTbI o6opy

LI.OBaHHH. 

3KOHOMHIJeCKaH oco6eHHOCTb BHe.npeHHH cpe,l{CTB po60TH38UHH ceapKH 

COCTOHT B TOM, llTO Ha onepaIJ.HHX, HaMel.JeHHbIX K po60TH3aUHH, inyroBa.H 

caapKa Bb1noJIHHeTCH B ooJiblllHHCTBe cJiyqaea apyqHyIO HJIH c npHMeHe· 

HHeM mJiaHrOBbIX noJiyaBTOMaTOB, npeincTaBJifIIOIII.HX co6oii MexaHH3HpO

BaHHhIH pyl.IHOH HHCTpyMeHT, a KOHTaKTHaH TotJeqHaH csapKa - Ha cTau110· 

HapHbIX O,l(H03JJeKTpOJ(HbIX caapoqHblX MallIHHax HJIH c npHMeHeHHeM csa· 

pollHhIX KJiemeA. CTOHMOCTb TaKoro csapoqttoro o6opy.nosaHH.S1 cpaaHH· 

Te.TihHO HeBeJIHKa. CTOHMOCTb >Ke PTK ,nJIH caapKH B ,necHTKH, a Httor.n.a 

B COTHH pa3 npeBbllllaeT CTOHMOCTb 3aMeH.S1eMoro pyqHoro HJIH MeXaHM~H

poeaHHoro CBap01IHOfO HHCTpYMeHTa JIH60 CBap01IHhIX M3llIHH. 3-ro ooyc· 

JIOBJIHBaeT 60JiblliOH OTHOCHTeJibHblH pocT K3IlHT3JIOBJIO}KeHHH npH ne· ., 
peXOJI.e K po60TH38UHH CBapKH. no3TOMY, tJTOObl IlOJIYlillTb no.nO>KHTeJib· 

HblH 3KOHOMHlleCKHH 3<}xPeKT, Heo6xo.nHMO npHHHM8Tb 6oJiee npocTble 

11 He,noporHe TeXHHllecKne perneHHH np11 co3JI.8HHH PTK .nnR ceapollHbIX 
u 

onepaUHH. 

B cocTaB MaHnnyJIHUHOHHOH cHcTeMbI PTK ~JIH ceapKH BXOJlHT MaHl'I· 

nyJISITOp CBapoqHoro HHCTpyMeHTa H MaHHnyJIHTOp 113,l(eJIHH HJIH TOJibK~ 
o,nuH H3 HHX. CocTaB MaHHnyJIHUHOHHOH CHCTeMbl, KOJIHtJeCTBo .creneaell 
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no ,Z1.Blf>KHOCTH MaHHnyJIHTOpa caapotIHOfO HHCTpyMeHTa H MaHHilYJIHTOpa 
H3,D.eJIH~l 38BHCHT OT \:n<Jco6a ocymecTBJieHHH OTHOCHTeJihHOrO nepeMeme· 

HH~ cnapo1IHoro HHCTpyMeHTa H H3AeJIHH. Cnoco6 onpeJ1.eJIHeTcH BHllOM 

caapI<H, pa3MepaMH H MaCCOH H3,ll.eJIHH, cpopMOH H pacnoJIO}KeHHeM CBap-
u u 

HblX WBOB, opraHM3aUHeH CBap01IHhIX onepauHH H Bcero npOH3BOllCTBeH· 

Horo npouecca. 
B KaqecTBe cBapotIHoro o6opyJJ.oBaHHH po6oToB HHOrAa HCnoJih3YIOT 

ceplJHHYIO CBap01IHYIO annapaTypy (IllJI8HfOBhie noJiyaBTD~\18Tbl, CBapoq

Hbie KJiem.n .ll.JIH ToqeqHQH caapKH H T. n.) H HCT01IHHKH IlHTaHHH. 0.n.HaKO 

Jl~TIH 3TOH UeJIH pa3pa6aTbIBalOT cneuHaJibHOe («MallIHHHOe») CB:-ip01IHOe 000· 

py110BaHMe .ll.JIH po6oTOB, OCHOBHble oco6eHHOCTH KOToporo CJie)lyIOmHe: 

so3MO>KHOCTb nporpaMMHoro ynpasneHHH napaMeTpaMH npouecca cBap-
1u1; B03MO}l{HOCTh 6onee .llJIHTeJibHOH pa6oThI 6e3 TeXHHqecKoro o6cJiy

muBaHHH. flocJie)l.Hee ,ll.OCTHraeTCH IlOBbIWeHHeM .noJiroBe1IHOCTH 6hICTpo-
. u u 

H3H3UJHBaIOIUHXC51 3JieMeHTOB, aBTOMaTH3HpOBaHHOH oqHCTKOH CBapoq-

i:oro HHCTpyMeHTa OT 6pb13f pacnJiaBJieHHOfO MeTaJIJia, _YBeJIHlleHHeM eM-
u 

KOCTH KOHTeHHepoB co CBapoqHbIMH MaTepHaJiaMH H T. Jl. 
nporpaMMHOe ynpaBJieHHe napaMeTpaMH pe>KHMa CBapKH MO:>KeT ocy

meCTBJlHTbCH JIHOO aBTOMaTH1IeCKHM nepeKJII01IeHHeM Ha O,lIJiH H3 HeCKOJih· 

l{HX pf}KHMOB, BhI6paHHbIX c nOMOI..1J.blO nepeKJIIOllaTeJieH HJIH noTeHUHOl\teT

poB Ha nyJibTe ynpaBJieHHH CBap01IHhIM ooopy,noBaHHeM, JIHOO B BH,Ue TaK 

tta3hIBaeMoro caoooJJ.Horo nporpaMMHposaHHH, no3BOJIHIOm_ero 3a.n.aTh pe

>KHM B UHcppOBOH cpopMe npaKTHlleCKH Oe3 orpaHHlleHHH ITO KOJIH1IeCTBY 

pe.>KHMOB H nJiaBHOCTH nepexo.na OT O.L(HOro 3Ha1IeHH5I napaMeTpa K ,npy

roM)'. 
Ba>KHbIMH qaCTHMH KOMnJieKca CBap01IHOfO ooopy,noBaHHH JlJIH po-

60TOB HBJIHIOTCH TaK>Ke ycTpOHCTBa, npe.noTBpama10mue nospe:>K,LI.eHHe 
u 

caapo1IHoro HHCTPYl\teHTa npH cnyqaHHOM conpHKOCHoBeHHH ero c 3JieMeH-
ra~H H3,ll.eJIHH, COOp01IHO-CBapOtIHOrO npHCTIOC06JieHMH H .n.pyrHMH qacTH

MH PTK. 
OcttoBHhie TeH_aeHUHH npH pa3pa6oTKe PTK - Mo.nynhHOe 11cnoJIHe

Hne TexHHqecKHX cpe.ncTB H nporpaMMHoro ooecneqeHHH, a TaIUKe npHMe

HeHHe MeTO,UOB arperaTHpOBaHH.ff npH perneHHH KOHKpeTHbIX 3aAaq. 

6.2. MaHMnynS11opw po601oa 
• 

B CBapKe HCilOJlb3YIOT CJie,nyIO~He OCHOBHhie cnoco6bI opraHH3aUHH CBa
poqHbIX onepaUHH: 

1. 113,neJIHe He MeHHeT CBOeH opHeHTaUHH B npocTpaHCTBe B TetieHHe 

Bceii onepaUHH, a CBap01IHbIH HHCTpyMeHT BbIIlOJIHHeT Bee nepeMeIUeHHH, 
HeooxollHMhie ,ll.JIH CBapKH. 3TOT cnoco6 MO>KHO HCilOJib30B3Tb, KOr,l{a Bee 

WBhI .nocrr:ynHhl )l.JIH MaHHilYJIHTOpa (MaHHilYJIHTOpos) HHCTpyMeHTa HJIH 
Kor,na nepeopHeHTaUMH H3.L(eJIHH 3aTpy,n.HeHa. TaKOH aapMaHT lllHpoKo 

npHMeHHIOT npH po60TH33UHH KOHTaKTHOH T01Ie1IHOH CBapKH, npH KOTO· 

POH OpHeHTaUHH 30Hbl CBapKH OTHOCHTMbHO HanpaBJieHHH CHJlbl TH>KecTH 

ae BJIHHeT Ha pe:>KHM CBapKH H KatieCTBO CBapHoro COeAHHeHHH. 

2. 113.n.eJIHe nepHOJJ.HtieCKH MeHHeT CBOIO opHeHTaUHIO B npocTpaHCTBe 
c IlOMOIU_blO MaHHilYJIHTOpa H3JleJIHH' BbIIlOJIHeHHOro B BHAe .KaHTOBaTeJI.SI 
liJIH Il03HUHOHepa, HO BO BpeMH OT,ll.eJlbHbIX CBapotIHbIX nepexo,noB OCTa

ercH Heno.L(BH>KHbIM, a CBap01IHbIH HHCTpyMeHT BbIIlOJIHHeT Bee nepeMeme-
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HHH, H€00XO)lHMhie .llJIH CBapKH, c yqeTOM cMemeHHH H3,l{eJIHH npH ero 

nepeopHeHT8UHH. 3-roT cnoco6 HCilOJlb3YIOT, eCJIH Heo6XO,DiHMa H AOCTa. 

TOIJHa nepHo,z:u-111ecKaH nepeopHeHTaUHH H3J{eJIHH. B HacToHmee BpeMsi 
OH HaHOOJiee pacnpocrpaHeH npH po60TH38UHH onepaUHH ,nyroBOH CBap. 
KH. 

3. H3.ne.nHe H caapoqHhiii HHCTpyMeHT HenpepbIBHO Haxo.nHTCH B 'ABH
meHHH, 06ecnetJ:MB8H nepeMemeHHe CBapotIHOro HHCTpyMeHTa B,l{OJib JlH

HlfH coe,nHHeHHH c O)lHOBpeMeHHbIM IlOMep>KaHHeM 30Hbl CBapKH BO Bcex 
TOqKaX lllBa, B 3a,naHHOM, HanpHMep HH}KHeM, flOJIO./KeHHH. 3ToT cno

co6 Tpe6yeT KOHTypHOfO B38HMHO COfJl8COB8HHOfO ynpaBJleHHH IlO~BH)K
HOCTHMH M8HHnyJIHTOpa HHCTpyMeHTa H MaHHnyJIHTOpa H3J{eJIHH, T. e. 
HaHOOJiee CJIO}KHOH CHCTeMbI ynpaBJieHHH; O)lHaKO OH HBJIHeTCfl OilTHM8Jib

HbIM J{JIH .nyroBOH CBapKH H3.lleJIHH MBJihIX" cpe.nHHX ra6apHTOB co IIIB8MH 
CJJO>KHOH cpopMbl, T8K KaK Il03BOJIHeT npoH3BO)lHTb CBapKy Bcex yqaCTKOB 

B nOJIO)KeHHH, o6ecne1lHBaIOmeM H8HJIYtfil.IHe ycJIOBHH cpopMHpoBaHHH CBap

HOfO llIB8. 
4. 113,neJIHe BbIIlOJIHHeT Bee nepeMemeHHH, HeOOXO)lHMbie ~JI.ff CBapKH, 

a caapoqHhIH HHCTpyMeHT saKpenJieH Heno.nBH>KHO. B o6rneM CJ1y1:1ae 9Tor 

cnoco6 Tpe6yeT npHMeHeHHH M8HHllYJIHTOpa H3JleJIHH c nHTblO CTeneHHMtt 
IlO)lBH>KHOCTH' T. e. HCDOJibSOBaHHH B 9TOM Ka1:1eCTBe npOMbllllJieHHOro po
OOTa. IlpHMeHeHHe ~aHHoro cnoco6a orpaHHtIHBaeTCH rpy3ono.n'beft.1HocTh10 

COBpeMeHHblX po60TOB (c COOTBeTCTBYIOlll.eH CHCTeMOH ynpaBJieHHH) 
,no 500-800 H. 8TOT cnoco6 npHMeHHIOT, HanpHMep, npH KOHTaKTHoff To
qetJHOH caapKe He6oJihIIIHX JIHCTOBbIX KOHCTPYKUHH Ha crauHoHapttoii TO
qeqHoti M8llIHHe HJIH npH ,nyroBOH caapKe OTHOCHTeJibHO JiefKHX H3,l{eJIHii 

c IlOMOIUbIO CT8UHOHapHoro annapaTa ,nJifl )lyroBOH CBapKH JIHOO CTBUIIO
Hap HO ycTBHOBJieHHOH CBapoqHoii ropeJIKH. IlpeHMyIUeCTBO ,ll8HHoro Ba

pHaHTa - o.nHH H TOT >Ke npOMbllllJieHHblH poOOT HCilOJlb3YIOT )(JIH BblflOJJ-
u u u 

HeHHS1 TpaHcnopTHOH " CBapoqHQH onepaUHH. 
PoooThI JJ.JIH caapKH cTpoHT B pa3JIHtIHbIX c H c T e M a x K o o p -

u u 

JJ. H H a T n e p e H 0 c H bl x ,n B H >K e H H H i npRMOYZOllbHOU, l{U· 
/lUHOpU'leCKOU, iJeyxnoARpHOU t{UAUHOpUtteCKOU, ctfJeputteCKOU u iJeyx· 
nolUlpHOU ctfJeputteCKOU (Ha3hIBaeMOH TaK1Ke aHTponoMopcpHou), pbl'la{}/C· 
HOU, aHZYllRpHotl. Ha pHc. 6. I H _nanee ,llJIS1 o6o3HatJeHHH nocTynaTeJihHhIX 

u u 

nepeMemeHHH, ocymecTBJIS1eMbIX B~OJlb KOOp~HHaTHbIX oceu, HCilOJlb30· 
aaHhI cHMBOJihI X, Y, Z; An.SI BpamaTeJihHhIX nepeMemeHHH BOKpyr oceii, 
napanJieJihHbIX X, Y, Z,- CHMBOJihI A, B, C cooTBeTCTBeHHo, a ,lliJIH spa· 

v 

1.U3TeJlbHblX ABH>KeHHH BOKpyr npOH3BOJibHO pacnOJIO}K€HHbIX HJIH MeHH· 

IOIUHX cBOIO op11eHTaUH10 OTHOCHTeJihHO X, Y, Z oceJi - CHMBOJihI D, E. 
HauooJibWee pacnpocTpaHeHHe ,nJl.H .nyroaoii cBapKH noJiy1:1HJIH pooorhl 
c aHTponoMopQ>HOH (pHC. 6.1,e)" npHMOyrOJibHOH (pHC. 6.1,a,6) CHCTeMaMH 
KOOp,llHHaT nepeHOCHblX ,nBH>KeHHH. JlJISJ KOHTBKTHOH TOtJe1:1HOM caapK11 

tiaJ.Ue ApyrHX npHMeHHIOTcs:i poooTbI co apepHqecKofl (puc. 6.1,8), aHTp~
noMopQ>HoiI (pHC. 6.1,e) CHCTeMaMH KOOpJliHH8T nepeHOCHbIX ~BH>KeHHH; 

ManunyARmopbl ceapottnozo uHcmpyMeHma c npR~toy20.11.bHOU cuctneAtOU 

KOOpOUHam npH MOJlYJibHOM KOHCTPYKUHH MoryT 6bITb peaJIH30B3Hbl B Hau: 
OOJibllleM KOJIHqecTBe eapHaHTOB. HanpaBJ1eHHH nepeHOCHbIX ,nBH>KeHfHf 

MaHHnynHTOpOB napaJIJieJihHbl JIHHHHM WBOB HJIH flJIOCKOCT.HM, B I<OTOpbIX 
pacnoJIO}KeHbl WBbl 60JiblllHHCTBa CBapHbIX KOHCTpyKUHH, qTo ynpomaeT 

npoueAYPY o6yqeHHH, CHCTeMy ynpaMeHHH H cpe,l{CTBa a.nanTaUHH. OHJJ 
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PHC. 6.1. CTpyKTYPHhle cxeMbl OCHOBHWX ThilOB MaHHOYJIRTOP08 CBapoquoro HHCTpyMeHTa c npRMO~ 
yro.ni,uoA (a, 6), l\HJIHHAPH'lecKOA (B), ABYXDOJIRpuoA ~HJIHHJU>ffllecKoA (r), C4Jepa11ecKofr (A) 
H AByxnOJIJIPHOA Cil>ePHlleCKOA (aHTJ)0110MOP4>HOH) (e) CHCTeM&MH KOOPAHH&T nepeHOCHLIX ABHlKeHHA 

no3BOJIHIOT 06cnyLKHB8Tb 6oJihmue paootIHe SOHhl, qTo oco6eHHO Ba>KHO 
npH CBapKe o,nHHM po60TOM H3,neJIHH 60JibWHX raoapHTOB. He.u.ocTaTKH Ma-

u v 

HunyJIHTopos c npHMoyroJihHOH CHCTeMoH KoopJ:lHHaT: 3HatIHTeJibHaH Me-
TaJIJioeMKOCTh H 60JibIIJOe 38HHMaeMoe npocTpaHCTBO; Heo6xo,nHMOCTb 
B MexaHH3Max, npeo6pa3yiomux Bpfill\aTeJihHoe ,nBH}KeHue B nocTynaTeJib-

u u 
Hoe, H ycTpOHCTBax JVIH 33UJ.HTbl npHMOJIHHeHHhIX HanpaBJIHIOIIU1X H yKa-
33HHbIX nepe,naq. 

Ma1-tunyARm<Jpbl c aHmponoMopcjJHoti cucmeMoil 100opiJuHam HMeIOT 
HeOOJibillYIO MeTa.ITJIOeMKOCTb, M3Jlble COOCTBeHHbie raoapHTHbie pa3Mepb1, 
npocTbie 11 KOMnaKTHble MexaHH3MbI npHBo.u.a. B 3THX MBHHilYJIHTopax 
He HY.>KHbI MexaHH3MbI H HanpaBJIHIOlllJle npHMOJIMHeliHoro nepeMeI..U.eHHH, 
a c.n.e,uoaaTeJibHO, H 3amHTa HX OT BHellIHHX B03JJ.eiicTBHH. He,nocTaTKH 
MaH11nyJIHTOpOB CBapoqHoro HHCTpyMeHTa c aHTponOMop<t>Hoii CHCTeMOH 
Koop,n11HaT:· HeB03MO>KHOCTh oocJiy)KHBaHHH 60.rrblllHX pa6oIJ:HX npocT
paHcTB; HeH30e.>KHOe nOBbillleHHe TpeooBaHHH K TOIIHOCTH nepe,naq npH yae
JIH'leHHM pa3MepoB paooqero npocTpaHCTBa. c COBeprneHCTBOB8HHeM 
MeTo,noB H TeXHHlleCKHX cpe,ncTB ynpaBJieHHH KOop,nHHaTaMH 3BeHheB 
MaHHnyJIHUHOHHhIX cMcTe~1 PTK JI.JUI cBapKH TaKHe npe11MymecTBa npHMO
yronbHOH CHCTeMbl KOop,nHHaT, KaK napaJIJieJibHOCTb oceli KOOp)I.HHaT 
JIHHHHM llIBOB H CBH38HHhie C 3THM ynpomeHHH npoue,nypbI ooyIIeHMH, CH
CTeMhI ynpaBJieHHH H cpe,ncTB a,nanTaUHH, TepHIOT caoe perna10mee 3Ha11eHHe. 
CoapeMeHHbie CHCTeMbI ynpaa.rreHH.H MBHHnyJIHTOpaMH c aHTponoMopcp
liOH (11 JIIOoofI ,npyroii) cTpyKTypofl no3BOJIHIOT onepaTopy npH 0(5y11eHHH 
ocy~eCTBJIHTh npHMOJIHHeHHbie nepeMew_eHHH paooqero opraHa BJI.OJib 
Koop}\HH3Tlli>IX oceii B npHBbllIHOH )lJIH IIeJIOBeKa .neKapTOBOH CHCTeMe 
3a CtieT aBTOMaTuqecKoro corJiaCOBaHHH paOOThl npHBO,UOB Bcex 3BeHbeB 

aHTpOTIOMOpc}lHOfO MaHHnyJIHTopa. no3TOMY npeHMymeCTBa MaHHilYJIHTOpOB 
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c aHTponoMopcpHOH CHCTeMOH KOOp.l(HHaT npHo6peTaIOT pemalOll.l.ee 3Ha· 

qeHHe. HanpHMep, HeOOJihlllHe co6CTBeHHble ra6apHTHhie pa3Mepb1 aHTpo .. 

noMopcpHblX MaHHnyJIHTOpOB )leJiaIOT HX oco6eHHO y.u.o6HhIMH npH CBapKe 

He60JibllIHX H3,l(eJIHH HJIH OT)le.TlbHbIX lllBOB (yqacTKOB IllBOB) H3,lJ.eJIHH cpe.n .. 

HHX H 60JibllIHX ra6apHTOB. B nocJie.n.HeM cJiyqae O)lHO H3.l(eJIHe Mo

.iKeT 0.l(HOBpeMeHHO CBapHBaTbCH HeCKOJibKHMH po6oTaMH' lJTO Il03Bo
JUleT ocyruecTBJIHTb po60TH33UHIO TaK H33bIBaeMOH MHOfOfOJIOBOqHOtt 

CBapKH. 

PTK c npHMoyroJibHOH cTpyKTypoli ocTaIOTCH npe.unotJTHTeJihHhIMH 

npH CBapKe H3.l(eJIHH cpe,ZJ.HHX H KpynHhIX raoapHTOB, KOf.l(a Heue.necoo() .. 

pa3HO npOH3BO,lJ.HTb HX 0.l(HOBpeMeHHYIO CBapKy HeCKOJihKHMH po6oTa:\rn. 

B 3TOM CJiytJae 6oJibll1He co6cTBeHHhie ra6apHThI po6oTa COH3MepHMbI c ra. 

6apHTaMH H3,lJ.eJIHH. 11saecTHbl TaK>Ke MaHHnyJIHTOpbl CBapotiHOfO HHCTpy

MeHTa, B KOTOpbIX COtJeTaIOTCH npHMOJIHHeHHbie nepeMern.eHHH c nepe~e
meHHHMH, ocyw.ecTBJIHeMhIMH aHTponoMopcpHhIMH ycTpoiicTBaMH. TaK11e 

pemeHHS1 Il03BOJIHIOT noJiytiHTb 60JibllIHe o6cJiy)KHBaeMble npocTpaHCTBa 

npH HCOORbSOBaHHH TOJibKO OJI.HOro MexaHH3Ma npHMOJIHHeHHOro nepe:vie-

meHHH. -
MaHHnyJIHTOpbl CBapoqHoro HHCTpyMeHTa c npHMoyroJibHOH CHCTeMOH 

KOOp,ZJ.HHaT MoryT HMeTb pa3JIHllHYIO KOMDOHOBKY (pHC. 6.2). OcHOBHOe 

JI.OCTOHHCTBO KOMnOHOBKH nopTaJibHOfO THna (pHC. 6.2,a) - pacnOJIO

)KeHHe Bcex HanpaBJIHIOlIJ,HX Bblllle ypoBHH CBapKH' lJTO o6ecnellHBaeT 

HX Ha,ZJ.e)KHYIO 3aIIJ.HTY OT MeXaHHlleCKHX noepe)f{.l(eHHH H sa6pbI3fHBaHHH. 

KpoMe Toro, npH .n.aHHOH KOMnOHOBKe ocTaeTCH caoooJI.HOH HH)KHHH 

lJaCTb npocTpaHCTBa Me)KJlY onopaMH MaHHnyJIHTOpa CBapOllHOrO HHCTpy· 
MeHTa, r.n.e MoryT 6hITb pacnoJIO)KeHhI Textt11qecK11e cpeJI.CTBa no,naqH 3a

roTOBOK Ha CBapKy H OTBOJJ.a H3,lJ.eJIHfl noCJie caapKH. TaKaH KOMilOHOBI<3 

HaH6oJiee qaCTO BCTpeqaeTCH B 06bilJHhIX ycTaHOBK3X )lJIH .n.yroao:H CB8 p

KH. HeJJ.OCT3TKH KOMDOHOBKH (pHC. 6.2,a): IlOBblllleHHaH MeTaJIJIOeMKOCTb; 

Heo6XO.lI.HMOCTh nJioma.n.KH )lJIH o6CJiy.iKHBaHHH BhICOKO pacnoJIO)KeHHhIX 

MexaHH3MOB; yCJ10)KHeH11e MexaHH3Ma ypaattoeernHBaHHH aepTHKaJibHO 

nepeMema10rn.HXCH qacTeH. 

ltJIH MaHHilYJISITOpOB ropeJIKH c He60JibllIHM pasMepoM pa6oqero 

npocTpaHCTBa MoryT npHMeH.HTbCH KOMDOHOBKH c HanOJibHblM (HH.iKHHM) 

pacnOJIO)KeHHeM MO.l(YJIH nepeMemeHHH no nepBOH OT OCHOBaHHH KOOP· 
UHHaTe (pHC. 6 .2,6). 

DpH CBapKe H3.ll.eJIHH Ha KOHBeiiepe MO.iKHO peKOMeH.l(OB3Tb KOMilO

HOBKY TYHHeJihHOfO THna (pHC. 6 .2,8), npe.n.ycMaTpHBa10my10 CBapKy o.u.
Horo H3,lJ.eJIHH c Tpex cropoH OJ:(HOBpeMeHHO TpeMH CBapOllHbIMH HHCTpy

MeHT3MH • 9Ta KOMilOHOBKa .IJ.OCTaTOtJHO )KeCTKaH' HO .nocTyn K H3,ZI.e· 

JIHIO npH o6ytJeHHH H .D.JIH OTJia.D.KH npouecca CBapKH 3aTpyJlHeH. 

Dp11 .nyroaoii caapKe H3lle.TIHH 6oJibllIHX ra6ap11TOB, ttanp11Mep B cy.u.o· 

CTpoeHHH, uenecoo6pa3HO HCil0Jlb30BaTb KOMnOHOBKY MaHHilYJIHTopa ro
peJIKH (Ha pHc. 6 .2, e). nepeMemeHHe TH>KeJIOfO nopTaJia MO.iKeT ObITb JUUllb 
ycraHOBOqHbIM (c n03HUHOHHblM ynpaBJieHHeM), a caapKa OT)leJibHblX y11acT· 

CTKOB H3.lI.eJIHH BbIIlOJIHHeTCH npH HeilOllBl-f>KHOM nopTaJie npH nepeMeme

HHH no TpeM KOOp)lHHaTaM c nOMOil.lbIO MeXaHH3MOB nepeHOCHbIX JJ.BH:>KeHHH 

co6cTBeHHO MaHHnyJIHTopa ropeJIKH. Ilp11 6oJihllIHX pa3Mepax nopTaJia 
uenecoo6pa3HO HCnOJib30B3Tb Ha O)l.HOM nopTaJie OJJ.HOBpeMeHHO HeCKOJib'" 

KO M3HHny JIHTOpOB ropeJIKH. 
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PHc. 6.2. l(OMUOHOBO'IHLle cxeMbl MaHHllyJIHTOPOB ceapoqnoro HHCTpyMeHTa c npHMOyrOJlbHOA 
CHCTe11mu KOOPAHHaT nepeHOCHLlX ABHJKeunA: 

a_ nopTaJibHaH c ueno,qeu.m.u1;i1M nopTaJioM; 6- ttanOJibHaH; B - TyHHeJibHaH; e- nopTaJibHa.R 
c no,n.BH:>KHblM nopTaJIOM 

.i\\aHHTIYJIHTOpbI CBapoqHoro HHCTpyMeHTa c aHTponoMopcpHOH CHCTe

MOH KOOPJI.HHaT (pHC. 6.3) MO}KHO ycTaHaBJIHBaTb Ha nony B HH}KHeM TIOJIO
>Kem,rn HJIH Ha MeTaJIJIOKOHCTPYKUHHX B IlOTOJIOqHQM TIOJIO}KeHHH (pHC. 

6. 3, 6). J{JIH noJiylleHHH 30Hbl o6CJiy}KHBaHHH, BblTHHYTOH BJI.OJib npHMOH, 

aHtponoMopcpHblH M3HHilYJIHTOp ycTaHaBJIHBalOT Ha MOJI.YJib npHMOJIHHeii

Horo nepeMern.eHHH, pacnoJio}KeHHhlii Ha nony HJIH Ha nopTaJie. 

OpHeHTHPYIOW.HMH JJ.BH}KeHHHMH MaHHnyJIHTopa HHcTpyMeHTa .HBJI.H· 
IVTCSI 0,llHO-TpH aparn.aTeJibHblX JJ.BH}KeHHH, ocyrn.eCTBJIHeMbIX BOKpyr 

llenapaJIJieJibHbIX oce.H (pHC. 6.4). 11HOf}J.3 B 6JIOK MeXaHH3MOB OpHeHTH

PYlOll.f.HX nepeMern.eHu:H BcTpaHBaIOT MexaHH3M nocTynaTeJihttoro .n.aume
lHIH (pHc. 6.4,a), KOTOpbIH o6ecnetIHBaeT CBapKy npHMOJIHHeHHblX H Kpy· 
roBhIX yrJIOBbIX UJBOB Ha TIJIOCKOCTH npH OTHOCHTeJihHO npocTOH CHCTeMe 

YnpaaneHH.H (tIHCJIOBoii no3HUHOHHOH HJIH JJ.a>Ke UHKJiosoii). Ecn1::1 OCH 

Bcex opneHTHPYIOilJ.HX Bparn.eHHli npOXO}J.HT qepe3 TOtIKY caapKH (pHC. 
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Puc. ti.3. KOMOOHOBO'IHble cxeMbl MaHHDYJJHTOpOB caapO'IHOrO HHCTpyMeHTa c 8BYXDOJUIPUO~ 
ccj>epu11ecKOA CHCTeMOH KOOPAHHaT nepeHOCHLIX ABHlKeHuil: 

a - eanonbHaH: 6 - norono11Hast 

6.4,2), TO nepeHOCHbie Koop,nHHaTbI He saBHCHT OT opHeHTHpy10m0x. B pe .. 
sy JibTaTe ynpomaerc.H sa,naqa aBTOMaT011ecKoro ynpaBJieHH.H MaHnny.1151. 
UHOHHOH CHCTeMOHi CHH>KalOTC51 TpeooaaHHH K TQqHQCTH 0Tpa60TKH op11· 
eHTHpyiomHx JJ.BH>KeH11ii; yMeHblllaIOTCH Ha116onhrnHe paooq11e cKopocTu 

v 

nepeHOCHhIX llBH>KeHHH; ynpomaeTCH CHCTeMa ynpaBJieHH.H H npoue){ypa 
ooyqeHH.H pOOOTa. 

IlpH CBapKe HenJiaBHI.UHMCH 9JieKTp0,ll.OM c npHca,nKOH, a TaK>Ke npH 
HCilOJib30B8HHH MHOfHX THilOB Jl.8TlIHKOB TeKymeH ananTaUHH TpeoylOTCH 

u 

TpeXKOOpJ(HHBTHbie l\feXaHH3Mbl opHeHTHPYIOIUHX JJ.BH>KeHHH JJ.JIH nOBO· 
poTa ropeJIKH BoKpyr ee ocH. ColieTBHHe Tpex sparn:eHHH BOKpyr HenapaJI
JieJihHbIX oceli (pHc. 6.4,o) 06ecneq11BaeT Heo6xo,n11My10 opHeHTBUHIO ro
PeJIKH TaIOKe H OTHOCHTeJihHO ee OCH. 

oJioqHo-Mo,nyJihHhIH npHHUHn 11oaaoJIHeT JlJIH Ka}K,noro pa6011ero MecTa 
u u 

B 38BHCHMOCTH OT KOHKpeT HOH TeXHOJIOfHl!eCKOH 3a,nalIH npHMeHHTb on-
THMBJibHYIO no CTPYKType H CJIO)KHOCTH cneuHa.nH3HpoBaHHYIO MaHHnyJiff· 

(/ 

PHc. 6.4. CTpyKTYPHWe cxeMbl OCHOBHblX Tunos MexaHH3MOB opueHTHPYIOll.lHX JJ.BH>Ket1m'i Mat1nnY .. 
mlTOPOB caapoquoro HHCTpyMeHTa c P.BYMH (a 6, 8, e) H TpeMJI (o) OpHeHTHPYIOll.lHMH nolJ.Bltll'· 
HOCTSIMH 
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PHc. 6.5. KoMnouoso11uL1e cxeMLI cnel{uanusupoaaHHblX MauHny.'IRTOpoe ceapol1uoro HHCTpyMeHTa 
H c1>parMeHTbl THOOBLIX H3AeJJHA npa l{HKJIOBOM ynpasJJeHHH KOOp,n.HHaTaMH 

UHOHHYIO CHCTeMy (pHC. 6.5) H, CJie,UOBaTeJibHO, OilTHM8JlbHhlH THil npH

BO,l(a H HaH6oJiee no,nxo,nHmyio no cTpyKType H cpyHKUHOHaJihHbIM B03MO>K· 

HOCT51M CHCTeMy ynpaBJieHH.H, T. e. C03,llaBaTh po60TH3HpOB8HHbie pa6o

qHe MecTa c onpe.ne.neHHhlM ypoaHeM cneuHaJIH38UHH. CneuHaJIH3HpoBaH

Hbie pooOTbl 6.11oqHo-Mo,nyJihHOH KOHCTPYKUHH npHMeH.HIOT B Kpynuo-
u 

cepHHHO~f H M8CCOBOM npOH3BO,llCTBaX npem,ne acero -,nJI.H CBapKH H3l(e-

JIHH, Tpe6yIOll(HX nepeMemeHH.H CBapOtIHOro HHCTpyMeHTa c 0,llHOH-qe

TblpbM.H CTeneH.HMH no,nBH>KHOCTH. <l>yHKUHOHaJibHO He,ne.nHMhie yHHBep

caJibHhie CBapotIHbie pOOOTbl c IlHTblO H 60.11ee CTeneH.HMH no,nBH>KHOCTH 
u u u 

H no3HUllOHHOll HJIH KOHTYPHOH CHCTeMoH ynpaBJieHHH npeHMymecTBeHHO 

HcnoJih3YIOT npH qacToli cMeHe oo'beKTOB npoH3BO,nCTBa (MeJIKocepHfl

Horo H cepHHHOfO, a T8K>Ke MHOfOHOMeHKJiaTypHoro KpynHocepHHHOro) 

AJIH CBapHbIX H3)J.eJIHH CO ll1B8MH CJIO}l{HOH cpopMbl. 

MaHHny.11.HTOph1 H3,neJIHH - ~feHee YHHBepcaJihHhie 9JieMeHThI PIK 
AJIH cBapKH, qeM MaHHnyJIHTOpbI caapoquoro HHCTpyMeHTa. Hx KHHeMa

THtiecKaH CTPYKTypa" KOMnOHOBKa cymecTBeHHO 3aBHC.HT OT cpopMbI H pa3-
MepoB H3,neJIHH, a TaK:>Ke OT cpopMbl H pacnoJIO}KeHHfl JIHHHH coe,nHHeHHfl 

caap11BaeMb1x 3JieMeHTOB. MaHHnyJI.HTOpbI H3,neJIH.H qame Bcero Bb1noJIHH-

10r B BH,ne OJI.HO- H,TIH JI.BYXKOOp,llHH8THbIX K8HTOBaTeJieH (n03HUHOHepoB) 

c nepHO,l(HqecKHM H3MeHeHHeM nOJIO>KeHHfl H3JI.eJIH.H JIHOO o.nuo- HJIH .nayx 

KOOp,llHHaTaX BpamaTeJieH c HenpepblBHbIM H3MeHeHlleM KOOp,nHHaT H3-

.lleJIHH )l_Jlfl IlOMepmaHH.H 30Hbl CBapKH B HH:>KHeM nOJIO}l{eHHH npH BbIIlOJI

HeHHll llIBOB Ha noaepxHOCTHX CJIO:>KHOH cpopMbI. MaH11nyJIHTop 113,neJIHH 

MO>KeT Booome OTCYTCTBOB8Tb, HanpHMep, npH CBapKe Ha KOHBetiepe. Ha 
PHc. 6.6,a H306pameHa cxeMa M8HHTIYJI.HUHOHHOH CHCTeMbl c OJI.HMM OJI.HO

Koop,JJiHaTHbl~f, a Ha pHC. 6.6,6 c .nayxKoop,nHHaTHblM MaHHTIYJIHTOpOM 

li3'AeJIHH. IlpH Heo6xo,nHMOCTH MO>KHO HCilOJib30B3Tb AOTIOJIHHTeJlbHYIO 

6onopy BToporo KOHUa H3,neJIHH (noKa3aHa lllTpHXOBOH. .. TJHHHeH Ha pHC • 
. 6,6). 
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PHc. 6.6. CTpyKTypttb1e cxeMbl MaHHnyJJJll.lHon
HblX CHCTeM PTK OJJ.HO-(a, 6, e) H ABYXMecT
Hbte (8) 

Bo MHor11x cnyqaHx npe,nycMar

p11aaeTCH 11cnoJih30BaHHe PTK .D.JUJ 

ceapKH B BH,ne 8BTOHOMHOro, He IlOJI

HOCThlO 8BTOM8TH3HpOBaHHOro pa6o-

8 qero MecTa, eCJIH Heot5xo,n11Mo yqac

THe onepaTopa B ycTaHoBKe, c6opKe 

H saKpenJieHHH 3arOTOBOK, a TaK.>Ke 
B CHHTHH H3)leJIHH. B 9THX cJiyqa51x 

UeJiecoot5pa3HO np11MeHHTh ,neyxMeCTHbie PTK (pHc. 6.6,B) H PTK c JlByx

HJIH MHorono3HU.HOHHbIM CTOJIOM JIHoo 6apat5aHoM (p11c. 6.6, z). Ha p11c. 

6.6 BO Bcex KOMilOHOBKaX H300pa>KeHa cxeMa MaHHilYJIHTOpa ceapottHOM 

ropeJIKH, COOTBeTCTBYIOIIJ.8H pHC. 6.1,6, O,llHaKO MaHHilYJIHTOp ropeJIKH 

MO>KeT HMeTh Jlpyryro CTPYKTYPY (cM. p11c. 6.1,a-e). B JI.ByxMeCTHOM PTK 
B TO BpeMH, noKa Ha O,AHOM H3 MaHHnyJIHTOpOB Be,neTCH CBapKa, Ha BTO

poM BhlflOJIHHIOTCH 3arpy30llHO-pa3rpy30tIHhie, c6opottHhie, npHXBaToq

Hble H JI.pyr11e BcnoMoraTeJihHhie paooThI. B PTK c JlByxno3HUHOHHbIM no

BopoTHbIM CTOJIOM HJIH 6apat5aHOM ot5ecneqHeaeTC51 COBMeIUeHHe BpeMeHH 

CBapKH Ha OJI.HOH ll03HllHH CO BpeMeHeM coopoqHblX, npHXBaTOllHhIX H ,npy· 
r0x BcnoMoraTeJihHbIX paooT Ha BTopoii no311u1111. B Ka>KJJ.OH no311uiu1 
MO}KeT ObITh npe,nycMoTpeHo aaKpenJieHHe H3JleJIHH Heno)].BH>KHO HJIH Ha 

OJlHO- JIHOO JI.BYXKOOpJlHHaTHOM MaHHnyJIHTOpe H3JleJIHH. 

OpeHMyW.eCTBO JlBYXMeCTHbIX KOMilOHOBOK - npHMeHeHHe .llBYX OT· 
,neJihHhIX, He CBH3aHHhIX Mem.n.y cooofi, MaHHnyJIHTopoe H3~eJIH.H. 0JJ.HaKO 

npH 9TOM pa6ottHH BbIHY>KJleH nonepeMeHHO nepeMeIUaTbCH OT OllHOf0 
paooqero Mecra K .n.pyroMy. KpoMe Toro, Heooxo.uHMO HCKJIJOqHTh B03Mom

HOCTb nepel\1emeHHH CBapottHOfO HHCTpyMeHTa B 30HY J].eHCTBH.H pa6oqero. 

JleyxMeCTHhie KOMilOHOBKH ueJiecoo6pa3HO npHMeHHTb npH ceapKe Tfl• 

meJiblX H3,lleJIHH cpe.n.HHX H KpynHbIX ra6apHTOB. 
flpeHMymeCTBO KOMnOH<?BOK PTK c JlByxno3HIJ.HOHHhIM CTOJIOM H..i'lll 

6apa6aHOM - nOCTOHHHOe MeCTO L(JIH pa6ot1ero H pa3,neJieHHe B npocr· 

paHCTBe pa6o4eH 30Hbl MaH11nyJIHTOpa CBapottHoro HHCTpyMeHTa H 30H~ 
,ZI.eHCTBHH pa6oqero. 0.n.HaKO B KOMnJieKce IlOHBJIHeTCH JlOnOJIHHTeJibHblff 

MexaHH3M .llJIR noaopoTa CTOJia HJIH t5apat5aHa B TY ·nJIH HHYIO no311uHIO· 
Ko~1noHoB1<H PTI( c .ueyxno3Hll.HOHHhIM CTOJIOM Hanoonee ueJiecoot5pa3· 
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ffbl JJ:JHI JierKHX H3,neJIHH, npeHMy1UeCTBeHHO HeOOJibWHX ra6apHTOB. Oo

eopOTHble oapaoaHbl MO:>KHO npHMeH.HTb J(JIH CBapKH ,nJIHHHhIX H3J(eJIHH 

runa 6aJioK. 
Ba>KHeiirnHM 3JieMeHTOM MaHHnyJIHTopos csapoqHoro HHCTpyMeHTa 

H H3,lleJIHH HBJIHlOTCH n p H B 0 JI. bl n e p e M e Ill. e H H H 3BeHbeB 
u 

MaHHilYJIHUHOHHOH CHCTeMbI, TaK KaK OHH onpeJI.eJIHlOT TQqHQCTb OTpa-

6oTKH nporpaMMbl ,nBH>KeHHH H B 3HaqHTeJibHOH creneHH npOii3BO,nHTeJih

HOCTb PTK. B coBpeMeHHhIX PTK cKopocTh nepeMemeHHH pa6oqHx opra

HOB MOLKeT H3MeHHTbCH OT 0,5-1,5 Mic npH MaprneBbIX nepeMem.eHHHX 

ceapOlIHOfO HHCTpyMeHTa OTHOCHTeJibHO H3J(eJIHH (nOJ(BO,n H OTBO)l HHCTpy

~1eHTa' XOJIOCTble nepeMemeHHH HHCTpyMeHTa Mem.uy OT,neJihHblMH UJBa

MH HJIM ToqKaMH) .uo .AOJieH ~fHJIJIHMeTpa B ceKyH.ny (no OT.neJihHbIM •KO

op,UHHaTaM) -- nptt ,nyroBoii csap1<e. CTo3TOMY npHBO,nhI coBpeMeHHhIX 

PTI( J.J.JIH caapKH HMeIOT .QHana3oH peryJ111poBaHHH llO 104 (s JiytnnHx MO

)leJIHX .ll.O 2 . 101), M HX napaMeTpbI o6ecneqHB810T BbICOKYIO CT3TH1leCKYIO 

H JJ:HH8MHqecKyIO TQqHQCTb. nJI5I 9TOfO IlOJIOCa nponycKaHHH qacTOT 

y COBpeMeHHhIX npHBOJI.OB po60TOB ,ll.OJI>KHa ObITb He MeHee 50 ru (B Jiyq

WHX oopa3U8X OHa JI.OCTHraeT 120 ru Ii OOJiee). 

Ha1160Jiee pacnpocTpaHeHHhie THilhI npHBOJI.OB - mupucmopHbte, HJIH 

mpafl3UCmOpHbte, aAeKmponpUBOObl c BbICOKOMOMeHTHhIM ,QBHraTeJieM no

CTOHHHOro TOKa. 

KpoMe npHBO.ll.OB Ha ocHoBe BhICOKOMOMeHTHhIX .UBHrareJieii B 3BeHhHX 

MaH11nyJIHUHOHHhIX CHCTeM po6oroa ,nJIH JI.yrosoli csapKH MoryT 6hITh 3cp

cpeKTHBHo HCilOJih30B3Hbl npu800bl C BeflmUAbflblMU OBUcameARJrtU (oeCKOJl

JieKTOpHbie) H c acunxponflbtMU aeuzameARMU. B acuHxpoHHOM r JiyooKope

ry.n11pyeMoM npHBOJ(e c qaCTOTHO-TOKOBbIM ynpaBJieHHeM npHMeH5IIOT 

npocThie, He.QoporHe H oqeHb HaJ(e}l{Hbie B 9KCnJiyaraUHH Tpexcpa3Hhie 

3CHHXpOHHbie .UBHrareJIH nepeMeHHOro TOKa. 0JI.H8KO npeoopa30BaTeJib 

3Toro npHBOJI.a 6oJiee CJIO>KHblH H ,noporoti. qe!\1 y npHBOJI.a Ha OCHOBe Bbl

COKOMOMeHTHhIX ,nBHrareJieH IlOCTOfIHHOro TOKa. TeM He MeHee aCHHXpon

HbIH peryJ111pyeMhIH npHBOJ:( c lJ8CTOTHO-TOKOBblM peryJIHpOB8HHeM HBJIH
eTCH nepcneKTHBHblM. 

CoapeMeHHhIH 3JieKrponpHBo,n, KorophIH MO>KHO HcnoJib30BaTb B Ka

qecrse npHBO,na 3BeHbeB M8HHilYJIHUliOHHOH CHCTeMbl po6oTa ,ll.JIS1 .uyroBOH 

CBapI<H, ,nOJI:>KeH HMeTb H8HMeHhIIIHe raoapHTbl. 3To OTHOCHTCH K 3JieKTpO

MeXaHHIIeCKOH qacTH H K noJiynpoBOJI.HHKOBOMY npeo6pa3oBaTeJIIO. Ma

Jihie ra6apHTbl. ,ZI.BHraTeJieH JI.OCTHfalOTCH npHMeHeHHeIVI BbICOK09HepreTH

lJeCKHX nOCTOHHHblX MarHHTOB H BbICOKOKatieCTBeHHbIX H30J15IUHOHHbIX 

MarepHaJIOB, cosepweHCTBOBaHHeM OXJia>K,neHHfl. 4T06hI HCKJIIOtIHTb

TaxoreHepaTop H3 cocTaBa npHBOJI.a, c11r11aJI, nponopunoHaJihHbIH qac

Tore BpameHHH, noJiyqaIOT OT JI.8TqHKa IlOJIO}l{eHHH poropa ){BHf8TeJIH 

HJIH npMBOJ(HMoro 3BeHa M8HHnyJIHUHOHHOH CHCTeMbI. fa6apHTbl THpHC

TOpHbIX 11 rpaH3HCTOpHblX np~o6pa30BaTeJieH: yMeHbll13IOT' npHMeHHH 
3JieMeHTbl c BhICOKOH CTeneHblO HHTerpaUHH H HCnOJih3YH MaJiora6apHT
Hhie CHJIOBbie noJiynpOBO,QHHKOBhie npH60pbI. 

CoBpeMeHHbie npeo6pa3oaareJIH npHBOJI.OB He6oJihlllOH ~iomHoCTH BhI
noJlHHIOT Ha O,QHOH netiaTHOH nJiare [20]. 
. B MaH11nyJIHUHOHHhIX CHCTeMax caapoqHhIX po6oToB npttMeHHIOT TaK

n<)e aucKpemHblU (utaZ08btU) npUBOO, KOTOpblH MO}KeT 6bITb ,nByX THilOB: 

a c CHJIOBbIM lll8fOBblM .UBHfaTeJieM; 6) c ynpaBJifllOLUHM rnarOBbIM Jl.BHra-
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TeJieM H ycHJIHTeJieM KPYTHIIJ.ero MOMeHTa HJIH THrosoro ycHJIHH (tial.l.(e 

scero rHJlpaBJiuqecKHM). CTpeuMymecTBa marosoro npHBO)la - npocToTa, 
He6oJiblll3H CTOHMOCTb H JlOCT8T011HO BbICOK3Sl HaJI.e.>KHOCTb, a OCHOBHoif 

HeJI.OCTBTOK - HeBOCilOJIHHMa.H IlOTepH HH<}JOpMBUHH npH COoe. 

B MaHHnyJIHUHOHHhIX CHCTeMax caapo11HhIX PTK npHMeHHIOT TaK>Ke 

euapaBAUtteCKUe npueoabl. 0HH Il03BOJIHIOT OTHOCHTeJibHO npoCTO IlOJIYtIHTh 

oOJihrnoii iu1ana3oH peryJIHpoBaHHH, a ux ,n11HaM11qecK11e xapaKTepHCTHKH 

HaHOOJiee noJIHO OTBellalOT TpeooBaHHHM, npe,n'bHBJIHeMblM K npHBO,ll.aM 

MBHHnyJIHUHOHHblX CHCTeM po60TOB. 0,nHaKO rH,npaBJIHtieCKHH npHBO.l{ 

HMeeT 3KCnJiyaTaUHOHHhie He,Z{OCT8TKH: HarpeB Mac.na H HeOOXO){HMOCTb 

B OXJI8>K)l3IOIUHX ycTpOHCTBax; CJIO.>KHOCTb IlOJI.BO,ZJ.a H OTBOlla MBCJia K no

CJiellHHM 3BeHbHM MHOr03BeHHbIX M3HHilYJIHTOpoB; yTellKH MaCJia, OCO· 
6eHHO c yqeTOM Toro, qTo nona.n.aHHe Mac.na B 30HY caapKH npHBO,ZUiT 

K o6pa30BaHHIO JlecpeKTOB CBapHoro mBa. fH,npaBJIHqecKHH npHBO)l npH

MeHHIOT a poooTax c ooJihmoii rpy3ono,n'heMHOCTh10, HanpuMep, JlJif.I KOH
TaKTHoif ToqeqHQH CBapKH KJiemaMH, a TBK>Ke ,Z:(JIH MaHHnyJI.HTOpOB c 00· 

u u 

paTHMOH KHHeMaTHKOH, KOTOpaH HCilOJib3yeTCH npH HenocpeJI.CTBeHHOM 

ooyqeHHH po6oTa nepeMemeHHeM ero pa6oqero opraHa pyKofl onepa

Topa. 

llHeB.1uamUt/£CKtU1 npuBoiJ npHMeHHIOT B MaHHilYJIHTOpax caapo11HbIX 

PTK TOJihKO JI.JIH np11ao,na 3BeHbeB, BhlnOJIHHIOIUHX nepH0;:01qecKoe no· 

3HUHposaHHe B orpaHuqeHHoe qHc.no no3HllHH, qame acero a ,nae. Ynpas

JieHHe nOJIO}KeHHeM ocymecTBJIHeTCH c npHMeHeHHeM nyTeBhlX nepeKJIIO-
u 

qaTeJieH H }KeCTKHX ynopoB. 

6.3. OcHOBHbte npMH1'Mnb1 ynpaaneHMJI po6oTaMH AnSI caapKH 

«11,n_eaJihHbIH» po60TOTeXHHqecKHH KOMnJieKC )(JIH CBapKH (pHc. 6.7) 
«oueHHBaeT» npe)l'bHBJI.HeMoe eMy H3JleJIHe, HCilOJib3Y51 ,ZJ.Jl51 9TOro H3MepH· 
TeJihHbie ycTpOHCTBa ceHcopHOH IlO,Z:(CHCTeMhI, BbI6HpaeT pauHOHaJihHhlH .. 
nopHJI.OK CBapKH lllBOB, a TaK:>Ke paCC4HTbIBaeT TpaeKTOpHIO nepeMerueHHH 
caap04HOro HHCTpyMeHTa OTHOCHTeJibHO H3lleJIHH H OilTHM3JihHhie 3Haqe

HHH napal\feTpOB npouecca CBapKH. 11HcpopMaUHIO, HeOOXO,ll.HMYIO .l{JIH aB· 

TOMaTuqecKOH BbipaooTI<H nporpaMMhl CBapKH JllOOOro H3,l(eJIHH onpe)le
JieHHoro KJiacca, MOiKHO noJiytIHTb c nOl\101..1.l.blO ceHCOpHOH IlO)J.CHCTeMbl 

PIK. l13MepHTeJihHhie ycTpoifcTBa ceHcopHoii nol(CHCTeMhI nepeMew.a10Tcff 

OTHOCHTeJibHO H3JI.eJIHH c noMOIIJ.blO M3HHilYJIHTOpa CBapoqHoro HHCTpy· 

MeHTa HJIH OT.U.eJihHOro MaHHilYJIHTOpa. 0,n_HaKO qacTb H3MepHTeJihHblX ycr• 

pOHCTB ceHcopHOH IlOJl.CHCTeMbl MO:>KeT 6bITb HeilOJI.BH)KHOH. 

B HaCT051III.ee apeMH npaKTH 4eCKH peaJIH30BaTb «H.ueaJihHYIO» Mo.n.eJih 

caMoooyqa10mero PIK JJ.JIH csapKH Tpy,nHo. Ilo9TOMY s coBpeMeHHhIX PTK 
npe.ZiiycMaTpHBaeTc51 no)lpo6Hoe nporpaMMHpoBaHHe (ooyqeHHe) po6oTa 

.l{JIH K8}KJI.0f0 THilOHCnOJIHeHHH H3.lleJIHSl' KOTOpoe CBapHBaeTC51 Ha )J.aH· 

HOM PIK. Bb16op Heo6xo.u11Moii nporpaMMhI H3 q11c.na 3apaHee aae.neHHbIX 
e naMHTb PIK npoH3BOJl.HTCH onepaTopoM JIH6o no KOMaH.ne OT CHCTeMbl 

ynpaBJieHH}l sepxHero ypoBHH' JIHOO aBTOM8THlJeCKH no npeJ('bHBJieHHIO 

poooTy oqepe,D.HOH )leTaJIH, KOTopy10 OH pacn03HaeT no npOCTbIM, HO xapaK· 

TepHbIM npH3HaKaM cpop~lbl H pa3MepoB HJIH no MapKHpOBKe, cneuuaJlbllO 

HaHeCeHHOH Ha )J.eTaJI51X. Jl.JIH pooOTOB npHMeHHIOT CJie,nyIO~He BHAbl npo· 
rpaMl\iHpOB3HHH nepeMemeHHH: 
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I) o6yqeHHe nocpe,ncTBOM npHMoro cunoao· 

ro B03)leH:cTBHH onepaTopa Ha pyKy po6oTa; 
2) 06yt1eHHe npH B03.UeHCTBHH onepaTopa 

u 

aa MeXaHH3Mbl M8HHilYJIHUHOHHOH CHCTeMhI 
qepe3 CJie.II.HIUHe CHCTeMhI c noMOIUblO J{aTqHKOB, 

acTpoeHHhIX B pyKoHTKY 06yt1eHHH, KOTopaH 
ycTaHOBJieHa Ha pyKe po6oTa; 

3) ooyqeHHe npH Jl.HCT8HUHOHHOM ynpaB-
u u 

neHHH M8HHilYJIHUHOHHOH CHCTeMoH; 
4) aHewHee nporpaMMHpoBaHHe, aHanor11q

HOe npHMeHHeMOMY B CTaHKaX c qHCJIOBblM npo
rpaMMHbIM ynpaBJieHHeM, OCHOBaHHOe Ha aHa
JIHTH qeCKH X HJIH rpacpoaHaJIHTHqecKHX pacqe
rax 11 HCKJI10qa10mee yqacTHe onepaTopa-caap

LUHKa npH nporpaMMHpOBaHHH. 
3anOMHH8HHe reoMeTpHqe~KOH HHcpOpM8UHH 

npH o6ytieHHM MO>KeT 6bITb H fnpepbIBHbIM HJlH 
~HCKpeTHhlM no OTJ:(eJibHhIM (c nopHbIM) TOtIKaM. 

co 

l'Hc. 6. 7. CTPYKTypHaSJ cxeMa 
«HAea.JJLHOro» PTK A.JUI ceap
KH: 

YY - ycTpoficTao ynpae.neH1u1; 
MC - MaHHnynSIUHOHHaSI cn
CTeMa; CO - caapoqHoe o6opy
AOBaHHe; /1 Y - HaMepHTeJibHble 
ycTpOltCT Ba nOACHCTeMbl 8Aan
Taunn no H3AeJIHIO; /1 - H3Ae· 
nHe; 1- KHHeMaTHqeCKHe CBSI· 
3H; 2 - npoqHe CBH3H J{JISI ne .. 
peJ{al!H HHcPOPM31.lHH' ~HeprHH, 
MaCCbl 

Dpn nepaoM cnoco6e neo6xo.n: .. 1Mo o6ecnetIHBaTb nepeMemeHHe csapotIHoro 
HHCTpyMeHTa HJIH ero HMHTaTopa BO BpervtH o6ytieHHH B.ll.OJlb 3a,naHHOH Tpa

eKTOpHH JIH60 c noCTOHHHOH CKOpOCTblO, JIMOO c BbJ,natieH HHcpOpMaUMH 
0 npoti.neHHOM nyTH. 3TOT cnoco6 npocT H HarJIH,neH, HO yTOMHTeJleH, TaK 
KaK Heo6xo,nHMbl cneuHaJihHbie Mepbl .l{Jl51 JI.OCTH}l{eHMH Tpe6yeMOH TQqHo

CTH .ll.BH>KeHHH npH o6ylleHHH, HanpHMep, HCilOJlb30BaHHH npHBO){HOfO 
HJIH TaKTHpy10mero onopHOfO poJIHKa, 3aKpenJieHHOro Ha HMHTaTope CBa
poqHoro HHCTpyMeHTa H KaTHIII.erocH no H3AeJIHIO npH o6yqeHHH. CTo.9TOMY 
qaI.11_e npHMeHHIOT cnoco6 o6yqeHHH no ToqKar..1. CTpH 9TOM B KOHTYPHhIX 
CHCTeMaX J:(BH>KeHHe B.UOJib sa,naHHOH TpaeKTOpHH BO BpeMH CBapKH o6ec-

u u u 
netUIBaeTCH c nOMOill.bIO JIHHeHHOH, KpyroBOH HJIH HHOfO THna HHTepnOJIH-
UHH 3HaqeHHf1 KOop.nHHaT coceJI.HHX onopHhIX TOlleK. CKopocTh ABH>KeHH.ff 
np11 oTpa6oTKe onpe,n.eJIHeTCR 3anaaaeMbIM TeMnoM· HHTepnoJIHUHH. K no
CTOHHCTBaM Bcex pa3HOBHllHOCTeH MeTo,n.a o6yqeHHH MO:>KHO OTHeCTH HX 
npOCTOTy l1 Har JIHJI.HOCTb. 

OpeHMym.eCTBa BHelllHero nporpaMMHpoBaHH5H 6oJiee noJIHOe HcnoJih-
30BaHHe cpoH.na apeMeHH po6oTa; ynporueHHe o6opy.noBaHH51, pacnoJio:meH
Horo B TeXHOJIOrHqecKOH 30He (uexe), BCJie,nCTBHe HCKJIIOlleHHH cpeJI.CTB 
o6yqeHHH H3 COCTaBa ycTpOHCTBa Henocpe,nCTDeHHoro ynpaBJieHHH pooo
TOM; HCKJIIOtieHHe cy6oeKTHBHOro cpaKTOpa H3 nporpaMMbl, Bcer,na npHcyT
CTBYIOIIJ.ero npH o6yqeHHH po6oTa onepaTopoM. CoapeMeHHhie PIK JI.JIH 
CBapKH npe.nycMaTpHBalOT HCilOJib30B8HHe MeTO,R.OB o6yqeHHH (o6biqHo no 
TOIIKaM) H MeTO~OB BHewHero nporpaMMHpoBaHHH, B TO~i qHcJie H a MaTe
MaTHlJeCKHMH MOlleJIHMH PTK. 

lletaJibHoe nporpaMMHpoaaHHe PTK JI.JIH caapKH ynpomaeT cpyHK
UHn CeHcopHOH IlOJI.CHCTeMhI, KOTOpaH B 3TOM CJiytJae H3MepHeT Ma
Jlbie TeKym.He OTKJIOHeHHH KOOp.UHHaT JIHHHH conpH}KeHHSl caapn .. 
BaeMbIX 3JieMeHTOB H reoMeTpHtiecKHX napaMeTpOB coeJI.HHeHHR, no,n
rotoBJieHHOfO no,n cBapKy, OT nporpal'tlMHblX 3HaqeHHfI, 3a){aHHbIX 
npH o6ytieHHH HJIH BHernHeM nporpaMMHpoaaHHH. YKa3aHHhie OTKJio
IleHHH H3MepHIOT ,l(JISl Kam.noro .9K3eMTIJI51pa H3,neJIHSl ,n.aHHOfO THilOHC
noJJHeHHH. 
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PHC. 6.8. Cl>yttKl.\HOHaJlhHU cxeMa PTK p..;u1 .a,yrosoli csapKH: 

EfluK - 6noK nnaHHposaHHR H KOOPAHHauHu; BJ!lvf.C - 6noK y11paBJiett1u1 ttrnttunyJu1uuoH11ott 
cucTef.10tt; MHH - MaHHnynHTOP cnapal!Horo HHCTpyMeHTa; AfH3- Mauunyns1Top 113,n.enHH; 
np ~1J1H H np. MH3 - npHBO,ll.bl COOTBeTCTseJJHO MaHHnyJist'fOPa HHCTpyMeHTa" H3AeJJHH; /J.C Ml1H 
" llC MJ13 - AaTqHJ(H COCTOHHUSI (nono>KeHHSf 3BeHbeB H l\P·) COOTBeTCTBeHHO MammyJJsnopa HHCT· 
pyMenTa It J:l3AeJIHSI; YYCO - ycTpoiiCTBO ynpanJielntH caapoll HLIM OOOPYAOBaHHCM; /1 n - 1-ICTOllHlfK 
TIHTCJHIUI AyrH; Mnn - MexaHH3M non.a4H 3JJe1<Tpo.u,11oti nposOJIOKH; cnr -- CHCTt:·Ma no.l{atiu 381.llHT
HOl'O ra3a; onB - ClfCTeMa OOAattH OXJJB>K.l1,CIIOlltCfi BOJ1.bl; Y3I'- ycTpoilcTBO 3allUCTKH ropeJTKH; 
r - ropeJJKa; o.c Hn. P.C Mnn. llC cnr. llC cnB, llC Jl3I'- A8TllHKH. COCTO.SIHHSI COOTBeT
CTBeHHO HCTOllHHKa nuTaHHH, MCX8HH3Ma no.U,al!H nponoJJOKll, CUCTeMhl rtO,ll.allH 3aLUHTHOrO ra3a, 
CllCTeMhl fl0,Zl.81JH BOJ1.hl, ycTpOikTBa 3a'IHCTKH ropeJIKH; Jl.C I' - .11.~TlJHKH COCTOSIHlUI ropc.ru~a, B TOM 
qHCJJe .naTtJllK CTOJIKHOBeHHH rope.1KJf c n.pyrffMH 3JICl\fCHTaMH PTK: on - onepaTop; no - nyJlbT 
-oGytteHusi; C- To11Ka CBapKH (KoHeu 3JieKTpon.a) 

nocI<OJihKY H3MepeHHe Jl8)Ke M8JihIX OTKJIOHeHHH npe,nCT8BJIHeT CJIO>K· 

HyIO 3a.n.aqy, 60JihlllHHCTBO cBapotIHhIX poooToB B HaCTOHIUee apeMH pa

ooTaeT no .>KeCTKOfI nporpaMMe (po60Tbl I nOKOJieHHH). CBapollHhie po6o

Thl c a)l.anTau11eH K MaJiblM OTKJIOHeHHHM npHHHTO H83blB8Tb po6oTaMH 

II noKoJieHHH. «Yln.eaJihHhIM» PTI\ (cM. pHc 6.7) MO}KHO Ha3BaTh PTK 
c po6oTOM I I I noKOJieHHH (c HcKyccTBeHHhIM HHTeJIJieKTOM). 3Ta I<JiaccH

cp11Kau11H ycJIOBHaH, TaK KaK B03MO>KHhl pa3HOo6pa3Hhie npoMe.>KyTOllHbie 

perneHHH. . 
Ll.JIH ynpaaJieHHH cBapoqHhIM PTK Heo6xoJJ.HMO nocTOflHHO KOHTpo

JIHpoBaTh COCTOHHHe BCeX 9neMeHTOB CBapoqHQfO ooopy,noBaHHH, BKJIIOqafl 

I<OHTpOJih aBapHHHhIX COCTOHHHH H CJiyt1aHHhIX, He npe.nycMOTpettHbIX 

nporpaMMOH conpHKOCHOBeHMII H CTOJIKHOBeHHH CBapoqHoro HHCTpyrv1eHT8 

c II3,ZI.eJIHeM H JiipyrHMH t1aCTHMH PTK Bo BpeMH caap1<H, a Ta10Ke B npouecce 
06y1JeH11H. 

Cxe~1a PTK .n.nH ,nyroaoii cBapKH c HCnOJih30BaHHel'.1 po6oTa I I noKO

JieHHH noKa3aHa Ha pHC. 6.8. 
npH 3H8JIH3e 38){8ll H CHHTe3e a~TirOpHTMOI3 ynpaBJieHH.H npOMbIWJieH

HbIMH po60T8MH oomenpHHHThIM 51B.!JfleTC51 HepapXHlleCKHU IlOJlXO}l, 

IlOCJie)J.OBaTeJibHOe np11MeHeHHe KOTOporo o6ecnellHBaeT lleTKYIO CTpyK

TYPHYIO opraHH3aUHJO TeXHHl.JeCKHX H nporpa1'1~1HhIX cpe.n.cTB CHCTeMb1 

ynpaBJieHHH. 

B hIJJ.eJIHIOT n H T h y p o B 11 e ii 11 e p a p x 11 H y n p a B JI e .. 

H H H (B nopHAKe CHH3Y BBepx): llC/10.1ZHUl1le./lbHblU (ypoBeHb ynpasJieHHS1 
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npMBOJ{OM); aAe._MeHmapHblX npozpaM· 
ft·tHblX onepa11uu; 9AeMeHmapHblX one
pal{UU B c/JYHKu,uu om u1upopMa11uu 
o aHetUHeU Cpeae; omae/lbHblX 3llKOH-

~ 

ll£HHblX meXHOAOZUL/£CKUX onepa11uu; 
ucKycctnBeHHoeo uHme/lJleKma. 

Co3,naHtte PTK ,nJIH .nyroBoii 

caapKH (PIK JlC) c HCKYCCTBeHHbIM 

nHreJineKTOM paCCf\faTp HBaeTCSJ B Ha

CTOfl mee BpeMH TOJibKO B nJiaHe nep-
v 

cneKTHBhI .nanhHeHrnero pa3BHTHH 
u 

HCCJie)l.OBaHHH. 

Upo8HIJ: 

5-ii 

4-u 

3-u 

.. 
2-u 

1-ii 

~ 
r------------~----- ...... ~ !I::.. 
1 Hc1<ytcmdeHH61u •1 ~ · 
1 uHme/llleKm -g I 

] . : ~ 
I f/JOP,Hupo6011ue ~"'-~ 
1 no<1 1 ~ 
L----- __:____ ~ 

l1Hmepnpemaqu11 ~ 

Auonmoqu11 

r----- ------
: JfHmepno/!lll,/UJl : 

I : ~ 
I fipeotfpaJo8oHue I ~ 
I 1<oopt!11Hom 1 ~ 
L __________ _J ~i 

!lnpo6AeHue 
cepBonpllBotloM 

~~ 
~-~~· 

~~-
~~ 

Om tJom1111Ko6 
eopeAKll 

/( MOHllny/!RtjllOlfHOU 
cucmeMe PTK 

~~ 

Ha ypoBHe HcKyccTBeHHoro HH

reJIJieI{Ta .n.oJI>KHhI pernaThCH 3ana q11 

aw6opa cTpaTerHH o6pa60TKH CBap

HOH KOHCTPYKUHH, BKJI101.1a10meii BbI-

6op onTHMaJibHoro nJiaHa nepeMeme

HHH caapoqttoro HHCTpyMeHTa H (HJIH) 

113}1eJIMH, a TaK:>Ke BhI6op OilTHM3Jib

HblX TeXHOJIOr11qecKHX pe:>KHMOB CBap-
KH. BXOJ].HaH HHcpopMaUHH Ha 3TOM :=~~J16.:TK Hepapxw1ecKaR CTPYKTypa ynpae-

ypoBHe nocTynaer OT onepaTopa HJIH 

CHCTeMhl ynpaaJieHHH OOJiee BblCOKOro ypoBHH (HanpHMep, CHCTeMbl 3BTO

MaTttlleCKOfO npoeKTHpoBaHHH 113,neJIHH - CACTP) H OT .n.aTllHKOB cocToH

HHH 0Kpy>Ka10meii PT·KJlC onepau110HHoil cpeJJ.bI. Pe3yJihTaToM o6pa6oTKtt 
9TOH HHcpopMaUHH HBJIHeTCH nporpaMMa o6pa60TKH H3):(eJIHH··, '(nOH), 
38IlHCaHHaH Ha npo6JieMHO-OpHeHTHpOBaHHOM H3bIKe. IlpH OTCYTCTBHH 

B CHCTeMe ynpaBJieHHH ypoBHH HCKYCCTBeHHOrO HHTeJIJieKTa 3Ta 3a.n:aqa 

pernaeTCH TeXHO.noroM-CBapmHKOM, nporpaMMHPYIOIUHM TeXHOJIOfHlJeCKHH 

npouecc. 

OporpaMMa o6pa6oTKH 113,neJIHH - 11cxo,nHaH HHcpopMaUHH ,nJIH cJie

AYIDmero ypoBHH ynpaBJieHHH, Ha KOTOpOl\1 npoH3BOJU1TC.H ee HHTepnpe
rau11H, T. e. npeo6pa3oBaHHe B noc.ne).{oBaTe.nhHOCTh KOMaH,ll, o6ecneqHBa

IOIIJ.HX BblilOJIHeHHe 38.ll3HHOrO TeXHOJIOfHlleCKOfO npouecca. 

TperHii ypoeeHb HepapxHH ynpaaneHHH 06ecne1.1HBaeT a.nanTaUHIO 

po6oTa K peaJihHhIM ycnoBHHM ceapKH. 3.necb npoH3BO,llHTCH KoppeKTHpoB

Ka apryMeHTOB (T. e. Koop,nHHaT rope.nKH H 3HatJeHHH napaMeTpOB pe:>KHMa 
CBapKH) H KOM3H)I. B COOTBeTCTBHH c nonyqeHHOH OT ceHcopoB HHcpOpMauHeft 

0 cpaKTHlleCKHX reoMeTpHqecKHX H TeXHOJIOfHtieCKHX ycJIOBHHX CBapKH. 

BropofI yposeHb ocymecTBJIHeT HHTepnoJIHUHIO 3a,llaHHbIX yqacTKOB 

1paeKTOpHH B npocTpaHCTBe KOOp.LlHH3T pa6oqeti 30Hbl KOMnJieKCa H npe

o6pa30B3HHe KOOp,nHHaT Y3JIOB HHTepnOJIHUHH B KpHBOJIHHeHHYIO CHCTe

My Koop.n.11HaT 3BeHbeB MaHHnyJIHUHOHHOH cHcTeMhI PIK. 
Ha3HaIIeHHe caMoro HH}Kttero ypoBHH HepapxHH- ynpaaJieHHe cep

Bonp11ao,noM H ooecnetieHHe ,llBH>KeHHH ropenKH OTHOCHTeJibHO H3· 

Jl.eJIHH c 33~8HHblMH CKOpOCThlO H TOqHOCTblO BJ(OJlb 38,llaHHOH TpaeK
TOpttH. 

11epapXHlleCKaH CTPYKTypa ynpaBJieHHH PTK nc MO}J{eT 6bITb npe,n
CTaBJieHa B a11,ue CTPYKTypHofl cxe~tbI (p11c. 6.9). )lJIH Toro 1.1T06h13Ta cxe

Ma MOrJia CJIY>KHTb HCXO,nHblM MaTepHaJIOM ,nJIH CHHTe3a CH~TeMbl ynpaBJie-
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II.HH KOMnJieKCOM, B HeH Heo6XO,ZJJIMO OTpa3HTb cnoco6hI no,nKJIIOlJeHHH CH ... 

CTeMhI c6op8 HHcpopMaUHH 0 COCTOHHHH KOl\tnJieKca H ero onepauHOHHoij 

.cpe,nhI, a TaK>Ke cnoco6bI socnpHHTHH KOMatt,n onepaTopa. 06paTHOH CBH3b1Q 

-OT JI.aTlJHKOB noJio>KeHHH 3BeHh~B MaHHnyJIHTOp8 ,nOJI>KeH 6bITb OXBatiea 

HHLKH.HH yposeHh ynp8BJieHHH. KoM8HJI.hI onepaTopa JlOJI}l{HhI aocnpHHH

MaTbCH Ha sxo,ne qeTBepToro (onep8TOpb1 H3hIK8 nporp8MMhI o6pa6oTKii 

H3)l.eJIHH) H BTOporo ypoBHeH (KOMaHAhI «pyqHQfO» ynpasJieHHH KOMn .. TieK

COM, KOTOpbie MOryT IlOTpe60B3TbCH npH cpopMHpOBaHHH 0011 MeTOJ:lOM 

·«ooyqeHHH»). KpoMe Toro, tteo6xo,l{HMa B"HyTpeHHHH o6paTH851 CBH3b 

fl CHCTeMe (o6paTHhIH HHcpopMaUHOHHhIH IlOTOK), TI03BOJIHIOI.Ua51 aepXHHM 

ypoBHeM npH Heo6XOJlHl\10CTH B Jno6oii l'vtOMeHT nonytIHTb HHtjlopMaU.MIO 

<> TeKymeM COCTOHHHH 3JieMeHTOB KOMnJieKC8 (TeKymeM IlOJIO}KeHHH pa6o

qero opraHa). 

6.4. MeroAbt M 1exHM11ecKMe cpeACTBa aAan1aqMH po601oa 
Al!JI caapKH 

.B03MO.IKHOCTh lllHpOKOH po60TH33UHH CB8pOlJHOfO npOH3BO,Z{CTBa B 3Ha-
., 

~HTeJihHOH CTeneHH 38BHCHT OT H8JIHqHH npOCTblX H H8,ne>KHbIX MeTOAOB 

n cpeJI.CTB 8)lanT8UHH, npttro,nHbIX JiiJIH HCilOJih30BaHHH B cocTaBe PIK 
A.HR CB8pKH [ 18]. 

CnytI8HHb1e OTKJIOHeHHH JIHHHH conpH:>KeHHH cBapHB8eMhIX 3JieMeHTOB 

OT paclJeTHOfO noJIO}l{eHHH Bbl3bIB8IOT HeOOXOJ.J.HMOCTb reoMeTpHlJeCKOH 

(npocTp8HCTBeHHOH) 8)l8IlT8UHH, npH KOTOpOH KoppeKTHpyeTCH TpaeKTO

pHH nepeMemeHHH CB8p011HOfO HHCTpyMeHTa OTHOCHTeJlbHO H3AeJIHH. 

·CJiyllaHHhie OTKJIOHeHHH reorv1eTp11qecKHX X8p8KTepHCTHK coe,nHHeHHH, 

IlO)].fOTOBJieHHOro IlOJli caapKy (3830p' celJeHHe p83,AeJIKH, B38H~1HOe no
.JIO}l{eHHe KpOMOI{ CBapHB8eMhlX 3JieMeHTOB H T. ):(.), Bbl3bIBalOT TeXHOJIOfH· 

qecKyIO 8J(ailT8U.J1lO, npH KOTOpoii KOppeKTHPYIOTCH nap8MeTpb1 npouecca 

·CBapKH (csapoqHbIH TOK, HanpH>KeHHe ,nyru, CKOpOCTb CBapKH, aMnJIHTy

~a H qaCTOTa KOJie6aHHH 3JieKTp0;(8 HT. n.). 

nbJibWHHCTBO peaJibHhIX 38)l.8q TpeoyeT reoMeTp11qecKoi1 a.n.anT8UHH 

Ha~IHOfO ll8IJ.J.e, lJeM TeXHOJIOrHlleCKOH. CTOCKOJihKY 3arOTOBKH pacno.na

r8IOTCH B p86011e:H 30He PTK ,nJIH caapKH He npoH3BOJibHO, 8 T8KHM o6p8-

30M, llTO OTKJIOHeHHH JIHHHH coeJI,HHeHHH OT 38,naHHOfO no.nomeHHH :MeHhWe 

pa3Mepoa 113,neJIHH Ha ,nB8-TpH nop51JJ.Ka, reoMeTpuqec1{aH a,n.anTau1u1 

npOH3BOJI.HTC51 nyTeM M8JihIX KOppeKTHposoqHblX CMemeHHll CBapoqHQfO 

UHCTpyMeHT8 OTHOCHTeJibHO If3Ae~TJHH. OpH 3TOM pa3JIHlJ8lOT ,II.Ba KJiaCC8 

3a)J.alJ reoMeTpHqecKOH 8J(8nTau11tt: nepBblll - OTKJIOHeHHe JIHHHH coe

AHHeHHH caapHBaeMbIX 3JieMeIITOB OT 3a,naHHOfO noJIO:>KeHH51 He conposo>K-

..n.aeTCH HCK8}1{eHHeM cpopMbl 3TOH JIHHHH; BTOpOH - OTl<JIOHeHHe JIIIHHH 

coe,QHHeHHH OT p8C1IeTHOfO TIOJIO}l{eHHH conpOBO>KJI.8eTCH cJiyqaftHbIMH 

H3MeHeHHHMH ee cpopMbI. 

L(JIH nepBoro KJiaCC8 3a,naq CJiyqaflHhie OTK~TIOHeHHH JIHHHH coen11HeHHH 

MoryT 6bITh cae,o.eHhI K ee napaneJihHOMY nepeHocy HJIH noaopoTy B pa· 

6olJeM npocTpattcTBe. DpHHI~Hn a,n8nTaUHH, 11cno.nhayel\thIH ,l(JIH perneHH~ 
paCCMaTpHBaeMoro KJiacca 38.ll.8lJ, OCHOBaH Ha TO~f, qTo npII HeII3MeHHOl! 

¢op:Me JIHHHH coe,nHHeHH.H JJ. .. 'IH noJiylJeHHH HHcpopM8UHH 0 Heo6xo,nHI\10H 

KoppeKTHpOBKe nporp8M!vlbl nepeMemeHHfJ JVIH ,ll8HHOrO 3K3eMnJI51pa JI3• 

J{eJIHH AOCTaTOtJHO onpeAeJIHTb .no HalJaJI8 CB8pKH c TI0~'101Ubl0 11.aTqHJ{a 
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noncKa no.no>KeHHe onpe,ne.neHHoro tu1cJia 6a3oBhIX TOIIeK Ha Tex noBepx

aocTHX caapHBaeMblX 3JieMeHTOB, nepeceqeHHH KOTOpbIX o6pa3yIOT JIH

HJHO coe)lHHeHHH HJIH OTCTOflT OT Hee Ha HeH3MeHHOM pacCTOHHHH. ,UaTCIHK. 

noMCK3 MO}l{HO pacc11aTpHB8Th KaK, Hanp.EMep, TaKTHJibHblll np116op 

c wapoBbIM (JlJICKOBbl~1) mynoM paJI.Hyca r HJIH 6ecKOHT8KTHblH ,ZI.aTqHK 

pacCTOHHH.H AO TIOBepXHOCTH H3JI.e.nHH. lITOObl onpeAeJIHTb IlOJIO>KeHtte-

6a30BOH TOllKH, ,naTIIHKY IlOHCKa coo6maeTCH IlOHCKOBOe JI.BH:>KeHHe no 

uanpaa.n:eHHIO K noBepXHOCTH H3)leJIHH, Ha KOTopoii BbIOpaHa 6a30BaSJ 

10111<a nocJie.ZI.HHH onpeneJIHeTcH KaK TOCIKa nepeceqeHHH JIHHHH noucKa 

c noBepxHOCTbIO H3)1-eJIHH. OpHeHTaUHfl .nHHHH no11cKa n paooqeif 30He 
u 

ocraeTCH HeH3MeHHOH .II..nH acex 9K3eMilJIHpOB H3JI.eJIHH naHHoro THTIO-

pa3Mepa. 
,U.nH onpe.n.e.neHHH noJio:meHHH TeJia B npocTpaHCTBe B o6rueM cJiyqae-

Heo6xo.nHMo HaHTH noJioLKeHHH Tpex Henapa.nJieJibHhIX Me>KJlY cotSoli nnoc

Kocreii, npHHa.n.Jie)l{all(HX 3T01'1IY TeJiy. Ka>K)laH nJIOCKOCTh onpe.II.eJIHeTCH 
no.rrnmeHHeM Tpex 6a30BhIX TOt.IeK, He Jie}l{aIIJJ1X Ha OJI.HOH npHMOH. TaKHM 

o6pa30M, npH pemeHHH 3a,u.aq reoMeTplttieCKOR 8)l8IlT8UHH He06XOJI.HMO· 

H3HTH no.no}f{eHHH )leBHTH 0830BhIX TOlleK. 

B yHnBepcaJihHOM PTK noHcK scex 6a30BbIX ToqeK ,no.n>KeH npo113-

BO,IlJfTbCH nocJie,nosaTeJihHO ,ZI.O HaqaJia CBapKH' t.ITO rpet5yeT 3HaqHTeJibHhIX 

3arpaT Bpe1MeHH. Do.9TOMY JI.JIH KOHKpeTHhIX THnOBhIX sa,n.aq Heot5xo,nHMO· 

yMeHhlllHTh KO.nHt.IecTBo 6a30BbIX TotieK. HanpHMep, npH Ma.nbIX cMeme

HH.HX .>KeCTKOro 9JieMeHTa B npocTpaHCTBe )lJIH onpeneJieHHH HOBOfO no

JI01KeHHH acex ero TOtieK HaXO,llHT cpaKTHCieCKOe TIOJIO>KeHHe weCTH t5a3o-
u 

BbIX TOCieK, a npH npHBapKe CJiyCiaHHO CMemeHHOfO }l{eCTKOfO 3JieMeHTa 

JII060H ¢opMbl K nJIOCKOMY JIHCTY, He H3~teHsuomeMy CBoero noJIO>KeHHff 

B npocTpaHCTBe, - CMemeHHH Tpex t5a30BbIX ToqeK (c~t. npHJI. 22). 
HeH3MeHHOCTb ¢opMbI JIHHHH coe,nHHeHH.H npn ee c.nyqaflHbIX C1V1eme

H1u1x xapaKTepHa ,n.nH cBapKH KopoTKHX rnaoa Ha KOHCTPYKUHHX cpe,a;

HHX H 6oJihlllHX rat5apHTOB, HanpHMep, Ha KOHcrpyKUHHX KapKacHo
pemeT11aroro THna. CnyqaliHbie cMemeHHH KopoTKHX oTpesKoB JIHHHH coe

ll.HHeHnH MoryT 6hITb cae,neHbl K CJiyIIaHHOMY napanJieJibHOl\ilY nepeHocy t 
TaK KaK He yqHTbIBaeMbIH TIOBOpOT KOpOTKOH JIHHHU coeJJ.HHeHHH )J.aeT no

rpemHOCTH, KoTophil\iIH ,ll.JIH t5oJihWHHCTBa cJiyqaeB nponsso.n.craa caap

HhIX KOHcTpyKUHH MOJKHO npeHe6petih. DpH npocrpaHCTB{'HHOM (TpexMep

HOM) napaJine.nhHOM nepeHoce Heo6xo,n11~Io a otSmeM cJiyqae onpe,ll.eJIHTh 
IlOJIO}l{eHHH Tpex 0830BblX ToqeK, a npH TIJIOCKOI\'l (,nByXMepttoM) - TOJibl{() 

n.ayx. EcJu1 yqHTbIBaTb TOJibKO napaJ1J1eJihHbIH nepeHoc, TO npoue.n.ypa 

a.nanTaUHH cyruecTBeHHO ynpomaeTcsi: cMemaeTcH nporpaMMa no JI.BYM 

Hnn tpe.M .n.eKapTOBbIM Koop.n.HHaTaM. MeTOJJ.HKa onpe,n.eJieHHH BeJIHIIllHbI 
1<oop.zu1HaTHhIX KoppeKUHH csapoqHoro HHCTpyl't1eHra PTK OTHOCHTeJihHO· 

JIHHHJI coe.n.nHeHHH CBapHBaeMbIX 9JieMeHTOB paCCMOTpeHa B npHJI. 22 .. 
Oo.no)l{eHHe Oa30BhlX TOtleK H CBapKy MO>KHO onpe,Ae.nHTb K8K 0.D.HOff 

H Toii >Ke, TaK H pa3JIHCIHblMH MaHHDYJIHUHOHHblMH CHCTe~taMH. B nocJie,n
fieM CJiyqae OJI.Ha H3MepHTeJibH8H MaHHilYJIHUHOHHaH CHCTeMa MO>KeT Bbl

.Qaaatb ~aHHble JI.JIH KOppeKTHpOBKH nporpaMMbl HeCKOJibKHM TeXHO • .TIO
fHqeCKHM: .MaHHnyJIHUHOHHbIM CHCTeMaM. 

'I • BTopoH, 6onee o6rn.11H KJJacc 3a.naq xapaKTep113yeTcH ue TOJJhKO cny-
11 aHHhIM CMemeHHeM JIHIIHH COef{HHeHHH B npocTpaHCTBe, HOH cJiyqafiHhlMl 

CKa>KeHHe?\1 ee ¢op:MbI. 4ro6b1 pernaTb 3TH aaAaqH, Heo6xo,zu-1.rv10 onpene-
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nHTb .Zl.JIH Ka>KJJ.OfO 3K3eMnJIHpa H3 .. 
u u 

}leJIHH peaJIH38UHIO CJiyllaHHOH ECK-

TOp-cf>yHKUHH, xapaKTepH3YIOllleH re .. 
Kyw.y10 Kop peKUHIO no.nomeHHSI H 
opHeHTaUHH ropeJIKH OTHOCHTeJibHQ 

H3.D.eJIHH (no cpaBHeHJUO c TeKYllI.HM 

nporpaMMHblM ee nOJIO:>KeHHe~1 H OpH .. 

eHrau11efl), c uenhIO KOMnettcau1n-1 
u u 

CJiyllaHHhlX OTKJIOHeHHH JIHHHH coe. 
,.f JlHHeHH.R OT nporpaMMHOro fiOJIO

>KeHHH. 

l{JJH lllBOB c 6oJihllJHM paJJJIYCOM 

KpHBH3Hbl TpeoyeMble H3MeHeHHSI 

·Puc. 6.10. HanpaBJJCHHe H3Mepeu1u1 X3, Y3• Za op11eHTaUHH ropeJIKH OTHOCHTeJibHQ 
.cny'jaliuwx OTKJIOHCHHH JIHHHH cOeAHHeHHH OT pactieTHOrO IlOJIO.IKeHHSI JIHHHH COe)JJl-
1>8C'ICTHOf'O (nporpaMMHOrO) noJIOlK.eHHH 

HeHHH MaJihl, a HX BJIHHHHe Ha Ka-
.qecTBO CBapHOfO coe,nHHeHHH - He3H8lJHTeJibHO. flo9TOMY npH CBap

-Ke rnsos c ooJihlllHM pa,nHycoM KpHBH3HhI 11.ocTaTOIJHO onpeiteJIHTb 

TPH JIHHeHHhie cocraBJIHIOlUHe ~Xs, L\Y ::h tJ.Z3 cMemeHHH .nHHHH 

~oen11HeHH.H L (pHc. 6.10) orHOCHTeJihHO nporpaMMHoro nono:>KeHHH 

.ff KOppeKTHpOBaTh Ha COOTBeTCTBYIOlUYIO BeJIHlJHHY reKymee TIOJIO:>KeHHe 

-ropeJIKH (TOlJKH CBapKH) OTHOCHTeJihHO H3ll.eJIHH, He MeHHH ee opHeH

TaUHH. 
CocraBJIHIOlll.aH tlX3 B paccMarp11aaerv10M c.nyqae Heo6xo,AHMa TOJibKO 

npH CBapKe He3aMKHYThIX llJBOB-llJlH onpe.n.eJieHHH MOMeHTa BKJIIOlleHHH 

JI orKJI10qeHHH caapKH. Ha ocraJihHOM npoTH>KeHHH rnaa cocTaBJIHIOmaH 

6.X3 MO}KeT He HCilOJib30B8ThCH, TaK KaK OHa npaKTHqecKH He BJIHHeT 

(npH CBapKe IIIBOB c 60JihWHM pa,nHycoM KpHBH3Hhl) Ha OTKJIOHeHHe JIHHHH 

.conpH>KeHHH OT nporpaMMHOfO noJio:>KeHHH OCH ropeJIKH. 

TaKHM o6pa30M, TeKymaH a.nanTaUHH npn cBapKe IIJBOB c OOJiblllHM pa
JlHycoM KpHBH3Hbl npe.n.noJiaraeT onpe.neJieHHe Jl.BYX COCTaBJIHIOlllHX OT· 

·KJIOHeHHH JIHHHH coe)lHHeHH.H OT pacqerHoro nono>KeHHH: tJ. y 3 H !!lZ'j 
H COOTBeTCTBYIOIUeH HM KOppeKUHH IlOJIO>KeHHH ropeJIKH 6e3 H3MeHeHHH ee 
uporpaMMHOH opHeHTaUHH. 4TOOhl H3MepHTb BeJIHllHHY H 3HaK yKa3aHHbIX 

,CQCTaBJIHIOIUHX, MO:>KHO HCil0Jlb30B8Tb .l(Ba OTHOCHTeJibHO npoCThIX O,UHO-

KOOpJJ.HHaTHhlX ,naTl:IHK8 HJIH OJI.HH .D.BYXKOOPllliHaTHblH, no.no6Hble TeM, 
KOTOpble npHMeHHIOTCH B CHCTeMaX KoppeKUHH nOJIO:iKeHHH ropeJIKH npH 
CBapKe npHi\·10JIHHeHHhIX H KpyroBbIX WBOB. TeKyrn.aH opHeHTaUHH .nar· 
-tlHKOB JI.OJI>KHa ocymecTBJIHTbCH no nporpaMMe. l{JIH 9Toro HeoOXOD.HM3 

._nonOJIHHTeJihHaH ynpaBJIHeMa.R no)I.BH>KHOCTb MaHHDYJIHTOpa ropeJIKH 

.(CM. pHC. 6.4). 
nJIH qacTHhIX 38)].all JlOnOJIHHTeJihHYIO IlO)lBH>KHOCTh He HCflOJib3YlOT· 

Hanp11Mep, npH caapKe wupoKo pacnpocTpaHeHHbIX yrJIOBbIX WBOB B no

Jio>KeHHH «B yroJI» J:(JlH H3MeHeHHH opneHT8UHlf naTllliKOB MO.>KHO 11cnoJib• 

SOB3Tb spameHHe ropeJIKH BOKpyr aeprHK8llbHOH OCH, HMe10meiicfl H3 

·MHOrHX MO.ll.eJIHX pooOTOB c npsiMoyrOJibHOI1 CHCTe\tOii KOUpD.HHaT nepe

HOCHblX Jl.BH>KeHHH. 0TKJ10HeHHH H3MeHHlOTCH AaTqHKaMH BO BpeMH caap· 
·KH HJIH ,no CBapKH Ha XOJIOCTOM ycKopeHHOM npoxo.ne no HCXOJI.HOH npor~ 
.paMMe c 3anoMHHaHHeM BeJIHqHHhl OTKJIOHeHIIH JIH60 OTKOppeKTHpoaaH.HOll 

flporpaMMhI. 
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Puc. 6.11. KoncTpyKTHsHaR cxeMa SJJeKTJlOMexauuqecKoro TaKTHJJbnoro AaTlfHKa noncKa Oa30• 
BblX TOqeK 

JlJIH lllBOB, HMeIOIUHX yqacTKH c M8JlblM pa,nHycoM KpHBH3Hbl, H c yrJia

MH HeJlh3H npeHe6peqb TpeoyeMbIMH H3MeHeHHHMH opHeHT8UHH ropeJIKH, 

CBH3aHHbIMH c OTKJIOHeHHeM TOlJeK JIHHHH coe,UHHeHH~ OT pactJeTHOrO 

noJJoLKeHHH. B 3TOM c.nyt1ae saJlatJa TeKymeii reoMeTpHqecKofI ananTaUHH 

cymecTBeHHO ycJIO}l{HHeTCH! 

a) onpe)leJieHHeM TeKymeii KoppeKUHH He TOJihKO IlOJlO>KeHHH, HO 

~ opHeHT8UHH ropeJIKH OTHO CHTeJibHO H 3)leJIHH; 
6) 60JibllIOH CKOpOCTblO H3MeHeHHH nepeHOCHbIX H opHeHTHpyeMhIX 

KOOp,llHHaT npH CBapKe Ha 3aKpyr JieHHHX It yrJiax; 

a) TexH11qecKHMH TPYJlHOCTHMH noJiytieHHH HHc}JopMaUHH o noJio>KeHHH 

JIHHHH coe,nHHeHHH Ha 3aKpyrJieHHHX MaJioro pa,nHyca H yrJiax. CTo9TOMY 

LVIH lllBOB c M8JlhIMH pa,nHycaMH KpHBH3Hbl UeJiecooopa3HbIM HBJIHeTCH 

KOM6HHHpOBaHHOe perneHHe 3aJI.8lJH a,nanTaUHH, OCHOBaHHble Ha TOM, tITO 

yqacTKH c M8JlblM paJlHYCOM KpHBH3Hbl H yr JI8MH paccMaTpHBaIOTCH KaK 

CJiyllaHHbIM o6pa30M CMemeHHble B npocTpaHCTBe napaJIJieJibHO ca:MHM 

ce6e 6e3 HCKameHHH cpopMhI. 
B COCTaB TeXHHlJeCKHX cpeJI.CTB a.u.anTaUHH pOOOTOB JlJIH CBapKH BXO

,l{HT _naTtIHKH noJio:>KeHHH caapHaaeMhIX 3JieMeHTOB. B KalleCTBe TaKOBhIX 

B Tex CJiyllaHX, Kor_na JlHHHH coe,nHHeHHH MO>KeT paccMaTpHB8TbC51 KaK 

CMemeHHaH cJiyqafIHhIM o6p-a30M B npocTpaHCTBe 6e3 HCKa>KeHHH ee 

$opMbl H pa3MepoB, npHMeHHIOTCH T3KTHJlbHbie ,naTlJHKH H )laTlIHKH pac-
" CTOHHHH ,no noB~pXHOCTeH CBapHBaeMblX 3JieMeHTOB. 

B KaqecTae TaKTHJibHbIX ,naTllH~oB HCnOJib3YlOT 3JieKTpoM exaHHqecKHe 

}.{aTCJHKH . .llaTllHK (pHC. 6.11), pa3pa6oTaHHblH B 11HCTHTyTe 3JieKTpo

CBapKH HM. E. 0. naTOHa AH YCCP, Il03BOJIHeT ocymecTBJIHTb IlOHCK 

B JII060M HanpaBJieHHH, nepneH~HKYJIHpHOM K OCH myna, a T8K>Ke BJl.OJlb 
OCH myna. ,UaTllHK COCTOHT H3 COCTaBHOfO Kopnyca 7, pblllara 3 c mapOBblM 

ll.{ynoM 1, noJiyccpepHllecKoii onopbI 2, npeo6pa3oBaTeJI.H 8 co mTOKOM 6, 
no.n>KaTblM npymHHOH 5 BJieBO, KOHYCHO-rnapoBoro MeXaHH3Ma 4 JI.JIH 

npeo6pa3oBaHHH JI106oro cMemeHHH myna B oceBoe cMemeHHe lllTOKa. 

c noMOII\blO npy)f(HHbl H KOHYCHO-rnapoaoro MexaHH3Ma myn JI.O 
conpHKOCHOBeHHH c H3.fleJIHeM y,nep)f(HBaeTCH B onpe.neneHHOM IlOJIO>KeHHH. 

illTOK npH 9TOM 3aHHMaeT KpatiHee JieBoe IlOJIO:>KeHHe (pHC. 6.11). npu 

CMe~eHHH mapoaoro myna a n1060M HanpaBJieHHH, nepneH,nHKYJIHpHOM 
K OCH, B pe3yJihTaTe conpHKOCHOBeHHH c H3,lleJIHeM pbitiar myna noaopa
'UIBaeTCH B noJiyccpep11IIecKofI onope H ero npaaaH qacTh cMemaeTCH oT

Hoc11Te.nhHO OCH ,naTqHKa. KoHycHo-mapoaoii MexaHH3M npeo6pa3yeT 3TO 

CMe~eHHe B oceaoe cMemeHHe llITOKa. noJiyccpep11qecKaH onopa TaKLKe He 

npenHTCTByeT CMem_eHHIO myna B)lOJib OCH BnpaBO, 'ITO npHBOJl.HT K aHa

JIOfHlJHOMY cMem.eH1110 rnToKa. TaKHM o6pa30M, CI\-temeHHe myna B n1060M 
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HanpaBJieHHH B pe3yJibTaTe conpHKOCHOBeHHH c 11311.eJIHeM MOLKHO 3acpHK

CHpOBaTb c noMOIUhIO 9JieKTpoMexatt1-11iecKoro npeo6pa3oBaTeJIH. B 3ae11-

CHMOCTH OT ero THna BbIXOJI.HaH xapaKTepHCTHKa .n.aTqHKa MO>KeT 6bITb 

peJieMHOH, CTyneHqaTOH HJIH JIHHeHHOH • .LlaTtIHK MO}KeT 6bITb ycTaHOBJieH 

Ha IlOCJie,nHeM 3BeHe MaHHnyJIHUHOHHOH CHCTeMbl (puc. 6.12), T. e. He· 

nOJ{BH.>KHO OTHOCHTeJibHO CBapOtIHOro HHCTPY11eHTa, H Ha .ZlpyrHX 3BeHbHX. 

B pHJle cnyqaeB J(aTlIHK BbIBOJlHTCH a paooqee noJio}l{eHHe H OTBOD.HTCH 

Ha BpeMH caapKH OT,lleJihHbIM npHBO,llHblM MeXaHH3MOM. 

<llHpMOH 3CA5 (lllBeUH51) paspaoOTaH .n.aTqHK c KOJibUeBbIM mynoM, 

pacnoJio>KeHHbIM KOHUeHTpHtIHO CBapoIIHOMY 3JieKTpo,ny (pHC. 6.13). 
OpettMyruecTBO .n.aTlI11Ka - ero np11MeHeH11e (npH onpe.n.e.neHHOM nono.>Ke

HHH ropeJIKH) JI_JI.H HenpepbIBHOrO H3MepeHHH OTKJIOHeHHH JIHHHH coe.n:HHe

HHH OT nporpaMMHOro IlOJIO)K€HHH. 

npHHUHn 3JieI<TpOMeXaHHlJeCKOfO T8KTHJibHOfO Jl8TllHKa HCilOJih3yeTC51 

B ycTpOHCTB8X 3all.(HTbl CBapOtIHOfO HHCTpyMeHTa OT noape}K)leHHH npH 

CJiytiaBHOM CTOJIKHOBeHHH C H3ll.eJIHeM, COOpOtIHO-CBapOtIHbIM npHCilOCo6 .. 

JieHHeM HJIH Jlpyr11M11 9Jie~1eHTaM11 PTK BcJie,ncTBHe HenpaBHJihHorocpyHK· 

UHOHHpOB8HHH CHCTe~Ibl HJIH OWH60K onepaTopa. 

llJIH IlOHCKa 6a30BbIX TOlleK MO:>KHO TaK:>Ke npHMeHHTb CTpyiiHble, HH· 

.nyKUHOHHbie H ,npyrHe ,ZI.8TlJHKH pacCTOHHHH .n.o noaepXHOCTH 113.D.eJIHH, 

H3 KOTOpbIX MoryT C03,ll8B8TbCH 6JIOKH H3 Tpex ,.UaTqHKOB )l.JIH IlOHCKa 

B Tpex OCHOBHblX HanpaBJieHHHX neKapTOBOH CHCTeMbI KOOpJlHH8T. ECJIH 

HCTIOJih3YeTCH O,llHH .n.aTtIHK, TO MaHHilYJIHUHOHHaH CHCTeMa .D.OJJ)KH8 OpH

eHTHpOB8Tb ero TaKHM o6pa30M, qTOObl nanpaBJieHHe H3MepeHHH pacno-
u 

JiaraJIOCh nepneH,llHKYJIHpHO K noaepXHOCTH' Ha KOTOpOH pacnoJIO.>KeHa 
11CKOMaH 6a30BaH TQqKa. . 

B cneuHaJlH3HpoBaHHbIX po6oTax llJIH caap

KH B KalleCTBe ycTpOHCTB ,[(JIH npOCTpaHCTBeH-
u 0 

HOH a.nanTaUHH npHMeHHIOT ycTpOHCTBa npH-

PHc. 6.12. 3J1eKTPOMexaHH11ecK1tii TaKTHJJbHblii 
1!,aT'IHK noucKa 6a30BblX yoqeK npu csapKe 
9JICKTP03aK~TICnKaMH: 

1- CBapoqttblii HHCTPYMCHT; 2 - lllyn TaKTHJlb· 
uoro .naT11m<a 
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Puc. 6.13. 9JJeKTPOMexaHH'leCKHA .AaT'IHK c KOJlb" 
u.eBblM UU'DOM, KOHU,eHTpH'IHblM ropeJJKe: 

1 ~ ropenKa; 2 - KOnbnesoA ll\Yn: 3 - Kopnyc 
A8TtJHKa; 4 -.- Kopnyc nepaHtinoro npeo6paaouaTeJJSI 



Puc. 6.14. YcTpoAcTBO nenpepblBHoro npRMO
ro KODHpOBaHHR ,ll.!ISI 8)1-aUT8UHH cnel{HaJJH3H .. 
ponaHuoro po6oTa: 
J - csapnsaeMhle aneueHThl; 2 - KonupylOD.\HA 
naneu.; 3 - ropenKa 

PHC. 6.15. MexaHH3M nepeMe~eHHH csapoq
Hoii ronOBKH cneuHaJIH3HPOB8HHOro po6oTa 
A.JUI CBapKH WBOB CJIO>KHOH cJ>opMhl, JJelKa
lllHX B rOPH30HT3.nbHOH UJIOCKOCTH: 

2 

~~~-=----5 

¥~-'rf--H-~~----7 

J - HanpaBJJSllOU\He KapeTKH nopTana; 2 - KpOHWTeHH CBapoq HOR TOJIOBKH; J - cynnopTbl KOppeK
THpyt0uv-1e ropH30HTaJibHble; 4 - KOpnyc flOBOPOTHOA 1I8CTH CsapoqHo:A ronOBKH; 5 - cynnopT KOp• 
pe1nupy10~mi sepTHKanbHbJA; 6- py11Hoii KoppeKTOP nOJio>KeHHH ~aTqMKa OTHOCHTeJJbHO c aapo11ttoA 
ropeJIKH: 7 - aneKTpoMexaHH1.1ecKHA .A~Tq HK nono>KeHHH JIHHHH coe.n.HHett1u1 

Moro· K0IlHpOBaHH51 HenpepbIBHOfO ,lleHCTBHH. flpH HX HCilOJib30BaHHH CBa

pOIIHaH ropeJIKa noJI:>KHa HMeTb CB060,nHyIO (Hen pH BO,llHy10) nO,llBH>KHOCTb 

B O.LI.HOM HJIH JI.BYX HanpaBJieHHflX 11 6hITb >KeCTKO CBH3BHHOH CO I.IJ.YilOM, 

npH}KHMaeMblM npymHHOfJ JIHOO ,llaBJieHHeM )KHJ.lKOCTH HJIH ra3a K noaepx

HOCTHM caapHBaeMhIX 3JieMeHTOB. HaHooJiee npocTo peaJIH30BaTh npH~toe 
KOnHpOBaHHe npH caapKe yrJIOBbIX IIIBOB TaBpOBblX H yrJIOBbIX coe,ZI.HHeHHH 

H3HYTPH yrJia. B KaqeCTBe KOilHPYIOlllHX 9Jiel\ileHTOB HCOOJib3YIOT pOJIHKH 
HJIH naJihUhl (pnc. 6.14), pacnoJio:meHHhie cooKy OT ToqKH cBapKH, JIH6o 

H30JIHpOBaHHOe KOJibUO, pacnoJio.meHHOe KOHUeHTpHqHo OCH paooqeii 
qaCTH ropeJIKH. 

B CHCTeMax TeKymeii a.nanTaUHH cneuHaJIH3HpoaaHHhIX po6oToB 

npHMeHHIOT 3JieKTpo~1exaHHtJeCKHe ABTtIHKH' HCilOJlh3yeMbie B CHCTeMax 

BBTOMaTHqecKoro CJie.>KeHHH 3a CTblKOM (CM. § 2.7). IlpH HCnOJib30B3HHH 

3THX ,llaTqHKOB TOtIKa KOnHpoBaHHH pacnoJiaraeTCH nepe.n. TQqKQH CBapKH 

(cM. p11c. 2.32), a npHMeHeHHe p_as,uBoeHHoro myna no3BOJIHeT KonHpoaaTb 

JIHHHH TaBpoaoro H~TIH BHyTp·eHHero yrJIOBOfO coe,ZJJIHeHHH B ,llByx TOllKaX 

c6oKy OT TQqKH CBapKH (CM. pHC. 2.34). 
qT06bl pacnoJIO}KHTb TOqKy KOnHpOB8HHH nepe.n TOllKOH CBapKH, B 06-

UJ.e,.1 cJiyIJae Heo6xo_nH~10: 
neperv1ecTHTh naTqHK snoJih JIHHHH ·coeJI.HHeH115I no nporpaMMe c onepe

>KeHHeM, paBHbll-1 TpaHcnopTHOMY 3ana3,D.bIBaHHIO npH nepeMemeHHH TQqKn 

CBapKH B TQqKy H3MepeHHH; 

BbiqHCJIHTb OTl{JIOHeHHe JIHHHH coe,QHHeHH5I OT paclleTHOfO IlOJIO
~HeHHH; 
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HCilOJlb30BaTb nonyqeHHYIO HHcpopMaUHIO ){JUI KOppeKTHpOBKH npor-
u u 

paMMbl c 3a,nep)KKOH, paBHOH TpaHcnopTHOMY 38Il83.II.bIBaHHIO. 

9TH Tpe60B8HHH peaJIH30B8Hhl cpHpMOH «Meccep rpHCXafiM» (Cl>Pf) 
B nopTaJibHOM cneu11aJIH3HpOB8HHOM po6oTe «CTOpTa60T» JI.JIH ,nyroBOH 

CBapKH lllBOB CJIOJKHOH cpopMbl, JieiKam11x B ropH30HT8JlhHOH IlJIOCKOCTM 

(pHc. 6.15). CTepeMemeHHe caapoqHoii roJioBKH nopTaJIOM H KapeTKoii nop .. 

Tana no ocHM X H Y ocyw_ecTBJI51eTcH no nporpaMMe, a a,nanTaUHH - cMe

rueHHeM nOBOpOTHOM qaCTH roJIOBKH KOppeKTHpyIOIUHMH cynnopT8MH (TaK

LKe B HanpaBJieHHH ocefl X H Y), HMe10mHMH XOA + 50 MM K~hIH. <l>aKTH· 
u 

4eCKHe KOOpJI.HH8Tbl JIHHHH coe,nHHeHHH B TOqKe H3MepeHHH onpe,ll.eJIHIOTCH 

KaK cyMMa cpaKTHqecKHX KOOp,nHHaT TOqKH CBapKH H TeKyW.HX KOOPAHH8T 

TQqKH H3MepeHHS1 OTHOCMTeJibHO TOqKH CBapKH. TeKymHe KOOp,lIJ1HaThl TOq-
u 

KH CBapKH B ropH30HT8JlhHOH IlJIOCKOCTH onpeJI.eJIHIOTCH c IlOMOll.{blO H3~1e-
u u u 

pHTeJibHOH CJie,ZI.HI.UeH CHCTeMhI, co,nep>KameH .II.8T1IHK IlOJIO>KeHHH JIHHHH 
u 

coeiu1HeHHH nepe,n TOqKOH CBapKH Ha nOCTOHHHOM paCCTOHHHH OT noCJie!{-

Heii. HcnoJIHHTeJihHbIM npHBO~OM 3TOH CJieAHIII.eH CHCTeMbl HBJIHeTCH npH-
u u 

BO,ll. BpaI.UeHHH HH>KHeH qaCTH CBapoqHQH fOJIOBKH OTHOCHTeJibHO TOqKH 

CBapKH. c nOMOlIJ.blO Toro :>Ke ,naTIIHKa onpe.II.eJIHeTCH OTKJIOHeHHe noaepx· 

HOCTH H3,ll.eJIHH B BepTHK8JlbHOM ~anpaBJieHHH AJIH ynpaBJieHHH KOppeKTH

pyIOll.{HM BepTHK8JlbHblM cynnopTOM. )lJIH HenpepbIBHOH CBapKH 3aKpyr

JieHHH MaJioro pa,nuyca, a TaIOKe Ha yrJiax paccMoTpeHHhIH cnoco6 He 

npHMeHHIOT. 

B KaqecTBe H3MepHTeJihHhIX ycTpoficTB cpe,ncTB a,nanTaUHH po6oToB 
u 

,nJIH ,nyroBOH CBapKH nepcneKTHBHbl 3JieKTpOMafHHTHhie )I.aTqHKH IlOJIO-

>KeHHH coe,n11HeHHH, no,nroTOBJieHHoro no,n caapKy. CTp11MeHeHHe 3THX 

,naTqHKOB HaKJI8,ll.hIBaeT orpaHHqeHHH Ha TeXHHKY CBapKH po60T8MH, 
u u 

a HMeHHO: He Il03BOJIHeT BeCTH CBapKy c TeKymeH a)lanTauHeH Ha yrJIOBbIX 

yqacTKax BHYTPH KopooqaTbIX KOHCTPYKUHH; ,nJIH TeKymeii a,nanTau11H 

npH caapKe yrJIOBhIX coe,nHHeHHM BHYTPH H cHapy>KH Heo6XO)l_HMO H3rv1e

HeHHe IlOJIO>KeHHH JI.3TIIHKOB; cymecTBeHHO orpaHHq11aaeTCH B03MOJKHOCTb 

·CBapKH c nonepeqHbIMH KOJie08HHHMH ropeJIKH. 

CTpH .uyroaoii caapKe nepcneKTHBHhI ceHcopHbre CHCTeMhI c 11cnoJih· 
u 

30BaHHeM CBapoqHOH ,nyrH B KaqecTBe ,naTqHKa paCCTOHHHH .uo noBepXHO· 

CTH caapHBaeMbIX 9JieMeHTOB (cM. pHc. 2.41). CKaH11poBaHue .II.YfH nonepeK 

JIHHHH COe.II.HHeHHH npH CBapKe yrJIOBbIX llIBOB Il03BOJIHeT onpe,ll.eJIHTb 

CMelUeHHe OCH 9JieKTpo,na B nonepeqHQl\il HanpaBJieHHH H B.ll.OJlb OCH 3JieK

TpO)l_a [52]. 11HcpOpMaUHH 0 nonepetIHOM CMemeHHH co.nepmHTC51 B pa3HOCTH 
~ 

caapotIHbIX TOKOB B KpaHHHX TOqKaX HJIH pa3HOCTH HHTerpaJihHbIX 3H8-
u 

qeHHH TOKOB 38 BpeMH HaXOJK,neHHH 9JieKTpo,na CJieBa H cnpaBa OT cpe,ntte· 

ro IlOJIO>KeHH51. 11HcpopM8UHH. 0 npo,UOJibHOM CMemeHHH 3JieKTpo,na co.uep-
u 

>KHTCH B pa3HOCTH cyMMapHOfO 3HaqeHHH yKa3aHHhIX TOKOB H HeKoTopoH 

3TaJIOHHOH BeJIHqHHbI. l(oJieOaHHH 9JieKTpo,na ocymeCTBJIHIOTCH MaHHny

JIHTOpOM CBapoqHOH ropeJIKH. ,llJIH 3a,UaHHH KOJie6aHHH Heo6xo,nHMO npH 

ooyqeHHH BBeCTH B Il8l\1HTb HX 8MilJIHTY.llY H t.IaCTOTY, npH 3TOM CHCTeMa 

ynpaBJieHHH o6ecnelJHBaeT opHeHT8UHIO KOJie6aHHfI B npocTpaHCTEe nep

neH,ZlHKYJIHpHO K JIHHHH CBapOtIHOfO .ll.BH)KeHHH. 

CeHcopHhie CHCTeMhI c 11cnoJih30BaHHeM csapoqHoli JI.yr11 B Kat1ecTBe 

)J:8TlJ.HKa HMelOT OCHOBHbie .ll.OCTOHHCTBa: Henocpe,nCTBeHHOe H3MepeHHe 

B TOqKe CBapKH' qTo HCKJIIOIJaeT norpeWHOCTH, Bhl3B8HHhie Hecoana,ueHHe:M 

TQqKH H3MepeHHH H TOlJKH caapKH; ynpaBJieHHe nOJIO:>KeHHeM Henocpe,nCT'"' 
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u 

.eeHHO cBapotIHOH .nyrH, a He ropeJIKH; OTCYTCTBHe B 30He CBapKH ,nono.nHH' 
u 

TeJlbHblX ycTpOHCTB )lJIH H3MepeHH.H IlOJIO}KeHHSI JIHHHH coe,nHHeHHH. 
CHcTeMhI c HcnoJih30BaHHeM cBapoqHofi ,nyru B KatieCTBe .n.aTq11Ka HaH· 

6oJiee 9qxpeKTHBHbI npH caapKe B aproHe " apr0Hco.nep>Ka111J1x cMeCHX 
saIUHTHhIX ra30B, Kor,na .nyroaofi npouecc HaHooJiee cTaOHJieH. CTpH cBapKe 

B C02 npHMeHeHHe 9TOfO cnocooa 38Tpy.nHeHO BBHiI;y HeCTaUHOHapHOCTH 

• nyroaoro npouecca. . 
,llJIH a,nanTaUHH pooOTOB nepcneKTHBHO HCilO.flb30BaHHe BH,neoceHCOp· 

HbIX CHCTeM, OCHOBaHHbIX Ha npHMeHeHHH pa3JIHlIHOro THila cpoTonpHeMHH

KOB, pa60T8IOIIJJiX B BHJ{HMOH qacTH cneKTpa H B HHcppaKpaCHOM JlH8Il330· 
He (CM. § 2.7). flpHMeHeHHe BH,neoceHcopoB B CHCTeMax a,nanTaUHH pooo-

u 

TOB ,llJIH .nyroBOH csap KH B 38lll.HTHbIX rasax OCJIOJKHHeTCH CBeTOBbIM H3-

Jiy1:IeHHeM ,nyrH, pa36ph13fHBaHHeM pacnJiaBJieHHOfO MeTaJIJia. 0,nHH H3 
u u 

nyTeH npeo,noJieHH.H 9THX TPYJI.HOCTeH - npe.naapHTeJibHoe H3Mepett11e Ha 
u 

nOBbillleHHOH CKOpOCTH KB}K)lOfO 9K3€MilJIHpa H3.l{eJIHH .no HaqaJia caapKM. 

0,n:HaKO npH 9TOM CHH}KaeTCH npOH3BO.l{HTeJlbHOCTb npouecca, a T3K)l{e He 

YllHThIBaIOTCH CMem.eHHH JIHHHH coeJJJiHeHHH H HCKameHHH ero reoMeTpH

qecKHX napaMeTpOB CThIKa BCJie,ncTBHe TenJIOBbIX .n.e¢opM8UHH npH CBapKe. 

l.JTOObl H3MepHTb K3}K,nhlH 3K3eMnJIHp H3,lleJIHSI BO BpeM.H CBapKH, 

npHMeHHlOT cneuHaJihHble OCBeTHTeJIH H cpHJihTphI, B tiaCTHOCTH, c Mo,ny

JIHpOB3HHbIM CBeTOBbIM IlOTOKOM, llTO Il03BOJIHeT yMeHbllJHTb IlOMeXM 

oT caeToaoro 11s.nyqeHHH ,nyrH. Heooxo,n11Mo TaKme npHHHMaTh cneu11a.nb

Hb1e Mepbl no 38lllHTe onTHKH BH,neoceHcopoB OT 3arpH3HeHH.H H 3p03HH. 

0,nHHM H3 nepcneKTHBHbIX nyTeH CHH}l{eHHH qyBCTBHTeJlbHOCTH 

K CBeTOBbIM noMexaM .HBJI.HeTCSl HCilOJib30B3HHe MOHOXpOM8THtieCKOf0 oc

BemeHHH c TIOMOI.IJ.blO Jia3epa. 

6.5. Oco6eHHOCTH Hcnonb30BaHHJ1 po601oa 
AnSI aa10MaTM38L\MM caapo11HblX npoL\eccoa 

PoooTbI - HaHooJiee CJIO>KHhie H ,noporue cpe,ncTBa aaToMaTH3aUHH caa

poCJHoro npOH3BOJlCTBa. no3TOMY HeOOXO,llHMO OCOOeHHO TIIJ.BTMbHO IlO.l{• 

XO,l(HTb K no.noopy o6oeKTOB pooOTH3HpOB8HHOH CBapKH H C03JlBHHIO 

yc.noBHH ,n.nH sqxpeKTHBHoro HcnoJih30BaHHH poooToTeXHHKH. HapH,ny 

c pauHoHaJibHblM Bhit5opoM csapHbIX KOHCTPYKUHH B KalleCTBe o6oeKTa 
po60TH3HpOB3HROH caapKH Heo6XOJlHMbl ooecneqeHHe npOH3BO)lCTBa co

OTBeTCTBy10w.eif TeXHOJIOfHlieCKOH OCHaCTKOH, 0IlTHM8JlbH8H opraHH38UH.H 
onepauHH, CB.H3aHHbIX c no,naqejj H3,ZleJIH5J B TI03HUHIO caapKH H H3 Il03H

U.HH CBapKH' BbIOOp cnocooa H MeCTa c6opKH no.n CBapKy 9JieMeHTOB KOH· 

CtpyKUHH, opraHH3aUHSl KOHUeHTpHpOB8HHOfO npHMeHeHH5.1 pOOOTOB, 

BbIOop CTeneHH HHTerpauHH onepauHH H T. JI.. 
Bbt6op ceapHblX KoHcmpyKl{UU B Kat/£cmee o6?JeKmoe po6omuaupoean

H.ou ceapKU onpe.nenHeTCH cpyHKUHOHaJibHblMH B03MO>KHOCTHMH caapollHbJX 
po6oTOB H, npe>K,ne Bcero, B03MO}l{HOCT.HMH 8BTOMBTH3BUHH CBapKH H3)le

JIHH co rnBaMH CJI01KHOH ¢opMbI HJIH ooJibIIIHM tIHCJIOM KopoTKHX rnaoB, 

B TOM qHcJie pa3JIHlIHbIM oopa30M pacnOJIO>KeHHblX B npocTpaHCTBe. 9To 

06'heMHh1e KOHCTPYKUHH - Kopnyca, KpblrnKH, KpoHrnTeHHhI, KapKaChI, 

PaMbI 11 oaJIKH cnomnou cpopMbI, TpOHHHKH H JI.P. OcHOBHOH THn lllBOB -
YrJIOBbie. r.naBHbIM TeXHHtieCKHM orpaHHqeHHeM npH BblOOpe CBapHOH KOH· 

crpyKl.(HH B KalleCTBe o6'beKTa po60TH3aUHH HBJISleTCH He CJIQ)l{HQCTb JIH-
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HHH lllBOB H cpopMbl H3JleJIHH, a 3HaqeHMH CJiyllaHHbIX OTKJIOHeHHH JIHHHH 

conpH>KeHHH CB8pHBaeMhlX 9JieMeHTOB H reoMeTpHqecKHX napaMeTpOB coe

~HHeHHH, co6paHHOf0 IlOJI. CBapKy' OT 38nporpaMl\1HpOBaHHblX 3HatieHHH 

H3-3a xapaI<TepHbIX )lJIH CBapOllHOfO npOH3BOJI.CTBa norpewHOCTeH o6pa

OOTKH 3afOTOBOK H HX c6opK11, a TaKLKe BCJie)lCTBHe CBapoqHhlX .u.ecpopMa~ 
UHM .. 3To o6cTOHTeJibCTBO TpeoyeT np11MeHeHHH MeTOJI.OB reoMeTpH11ecKoii 

u 

M TeXHOJIOfHtieCKOH a.n.anTaUHH' KOTOpbie cymecTBeHHO ycJIO>KHHIOl' 

H y.nopo)KalOT po60TH38UHIO. 
B HacToHmee BpeMH o6mee TeXHHllecKoe pemeHHe 3a.naqH reoMeTpH

qecKoH 8.II.8nTaUHH oTcyTCTBYeT acJieJlCTBtte cJIO.>KHOCTH co3naHMH .noCTa· 

TOllHO KOMnaKTHoro H Ha.ne:mHoro ,naTqHK8 YHHBepcaJibHOH ceHCOpHOH 

cHCTeMhI. Eme 6oJibWHe CJIOJKHOCTH B03HHKaIOT npH c03JI.aHHH c11cTeM 

TeXHOJIOfHtieCKOH a.nanTaUHH. YtIHThIBaH CJIOJKHOCTh peweHHH 3aJI.aq 

ananTaUHH, HeOOXOJl~MO, npHCTynaH K po60TH38UHH CBapOllHOfO npOH3-

BOJ:(CTB8, B nepByIO oqepeJlb no,n.BeprHyTb TJ.naTeJihHOMY 8H8JIH3Y o6'beKT 

CBapKH H TeXHOJIOfHIO ero H3fOTOBJieHHH, HatIHHaH c 33fOTOBHTeJibHhIX 

onepauHfI. np11 3TOM Heo6xoJ(HMo, ecJIH 3To TeXHHlleCKH H 3KOHOMHlleCKH 

onpaBnaHo, TaKHM o6pa3oM H3MeHHTh TeXHOJIOrHIO 11 KOHCTPYKUHJO H3,ne

nHH JIHOO ero COCT8BHblX 3JieMeHTOB, a T8K}l{e TeXHOJIOfHlleCKYIO OCHaCT

Ky' 1.JTOObl o6ecnellHTb CTa6HJibHOe IlOJIO.>KeHHe JIHHHH H nap8MeTpOB co

npH>KeHHH cBap11aaeMbIX 9JieMeHTOB B pa6oqeti 30He PTK. Oco6oe BHHMa

HHe )I.OJI/KHO 6bITb yJ(eJieHo paUHOH8JlbHOMy BbI6opy HJIH C03.U.8HHIO ycTa

HOBOllHbIX 083, no KOTOpbIM H3J.leJIHe HJIH ero 3JieMeHTbl MO>KHO CTa6HJibHO 

aa<t>HKCHpOB8Tb npH caapKe. 

lITOOhl ycTp8HHTb BJIH51HHe norpelllHOCTeii H3fOTOBJieHHR Ha OTKJIOHe

HHH HeCKOJibKHX y.naJieHHblX ,npyr OT npyra WBOB OT HX nporpaMMHOro 

IlOJIO:>KeHHH, B OTJl.eJibHhIX CJIYII851X MO>KHO HCnOJib30BaTb MeTO,!l nepeMeHbl 

6a3, npH KOTOpOM H3)leJIHe npH CBapKe pa3JIHllHbIX WBOB cpHKCHpyeTCH no 

pa3JIH1!HbIM 6a3aM, K8.>KJlaH .H3 KOTOpbIX .Il.OCT8TOllHO TOllHO onpe,lleJIHeT 

noJio>KeHHe cooTBeTCTBy10mero rnaa HJIH rpynnbI rnaos. CTpHMeHHTeJih

Ho K yCJioBHHM po60TM3aUHH onTHMaJibHbIM perneHHeM HBJIHeTcH aBTOMaTH

qecKaH nepeMeHa 6a3 (p11c. 6.16). 
TpancnopmupoBKa U30eAuR B nosu11u10 u U3 no3Ul{UU ceapKu Mo>KeT 

BhIIlOJIHHTbCH aBTOMaTHlleCKHMH MeX8HH3HpoBaHHbIMH cpe.D.CTB8MH JIH60 

apyqHy10. PyqHaH 3arpy3Ka H Bh1rpy3Ka .nonycrHMa npH M8JIOH M8cce 

TpaHcnopTHpyeMhlX AeTaJieH H MO>KeT 6hITb onp8B,llaHa JIHlllb npH qacTOH 

CMeHe o6neKTOB npOH3BO,ACTBa. 

B KalleCTBe TpaHcnopTHbIX cpe,nCTB B po6oToTeXHHllecKHX KoMnJieK

cax uenecoo6pa3HO npHMeHHTh yHHBepcaJibHbie, JierKo nepeHaJia:>KHaae

Mbie ycTpoiicTB8 c TeM, tIT06hl y3KaH cneuHaJIH3aUHH TpaHcnopTa He cy

>Ka.na B03MO>KHOCTeH PTK B OTHorneHHH npocroTbI nepeHaJiaJ.lKH Ha ,npy

roe H3AeJIHe. TaKHMH TpaHcnopTHhlMH cpe,ncTBaMM HBJIHJOTCH TpaHcnopT

Hhie po60Tbl (32] H c6a.naHCHpOB8HHbie M8HHI1YJIHT0pb1. 

TpaHcnopTHhie po60ThI 06ecneq11aa10T nonHyIO aBToMaTH38UHIO 3arpy-

3oqHo-pa3rpy30llHhlX pa6oT, HO JlJIH HX npHMeHeHHH Heo6XOJlHMa IlOJIH3SI 

ynopHJI:OlleHHOCTb JJ.BH)KeHHH 3aroTOBOK 11 caapHhlX KOHcrpyKUHH B npo

crpaHCTBe H BO BpeMeHH' T. e. Heo6XO,llHMhie 3aroTOBKH If fOTOBble KOH

CTPYKUMH JI.OJI>KHhI noHBJIHTbCH B 3aJlaHHhIX MecTax npocTpaHCTBa B 3a

AaHHOM nOJIO}J{eHHH H B 38.l{8HHOe speMH UHK . .,718. 06ecneqeHHe ynopHJlOlleH

HOCTH J{BHLKeHHH OO'heKTOB Tpy.na MaJI03cpcpeKTHBHO, ecJIH OHO OXBaThIBaeT 
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Pac. 6.lb. CxeMa ucnonb30BauuB MeTOJta nepeMeHLI 6a3: 
a - IJ.O 6aaHpoBaHHH; 6 - c GaaHpoBaHHeM no neaoMy npHaapHaaeMoMy aneMeHTy; e - TO >Ke, no 
npaBOMY aneMeHTy; 1 - CBapHsaeMoe H3AeJIHe; 2 - noJJ.BH>KHaH nnHTa npucnocouJTeHHH; 3 - 11eno
JJ.RH>KHaH nnHTa npecnocouneHHH; 4. 5 - nporpaMMHpye.Mble flOJIO.>KCHHSI ropenKH npH CBapKe COOT
eeTCTBeHHO Ha JieBOH H npaBOfi 6aaax. 

T0'1bKO 0,ll.HY onepauino, H CTaHOBHTCfI BeCbMa 3qxpe1<THBHbIM, eCJIH pacnpo .. 

cTpaHHeTCH Ha Beeb npouecc H3rOTOBJieHHH H3JI.eJIHH. Ha1160Jiee npocroe 
u 

cpe~CTBO ynop.H,noqeHHH - HCnOJ1b30BaHHe opHeHTHpy10me11 TapbI, KO-

TopaH, nocTynasi B paooqee npocTpaHcTBo PTK, 6a3HpyeTcH 3.II.eCb B sa

.naHHOM nOJIOJi{eHHH. 

,llJIH H3.ll.eJIHH CJIO.>KHOH cpopMbJ, 8BTOMaTHqecKaH opHeHT3UHH KOTOpblX 

npH TpattcnopTHpOBKe H B fl03HUHHX ceapKH 3aTpy.nHeHa, MoryT npHMe

HHTbCH np11cnoco6JieHH.H-cnyTHHKH, HMe10m11e yito6tth1e .D.JIH opHeHTaUHH 

6a30Bhie 3JleMeHTbl. y K.11a)J.Ka H3JleJIHH B opHeHTHpy10my10 Tapy HJIH B npH

cnoco6JieHHe-cnyTHHK BbIIlOJIHHeTCH c yqacTHeM paooqero TOJibKO OllHH 

pa3 - B HaqaJie npouecca H3fOTOBJieHHH. 113JI.eJIHH npOCTOH cpopMhl 

(nJ1aHKH, naJibUbl, 6o6hIIIIKH, BTYJIKH) npH KpynHocepHHHOM npoH3BOl1CTBe 

MoryT no,naBaTbCH H3 Mara3HHOB, KyJI.a OHH 3arpy>KaIOTCH B opHeHTMpo

BaHHOM noJIO>KeHHH, a I\1eJIKHe):leTaJIH THna TeJI BpameHHH MoryT OpHeHTH

POBaTbCH asT0MaTH1:1ecKH B ycTpoifcTBax, HMeIOW.HX 6yHKepHyIO 3arpy3-

Ky «HaBaJIOM». 

Bbt6op cnoco6a u .,11.ecma c6opKU usae/lUR noa ceapKy 33BHCHT OT COOTHO

llleHHH npOAOR>KHTeJibHOCTeH onepaUH.H c6opKH H CBapKH, B03MO>KHOCTH 

opraHH3aUHH MHOfOCTaHoqHQH pa60TbI Ha po6oTH3HpoBaHHblX paOOtIHX 

MecTaX, KOHcrpyKTHBHhIX OCOOeHHOCTeH CBapHOH KOHCTpyKUHH H coopoqHQ

CBapoqHQfO npHCIIOCOOJieHMH' npHHHTOH nocJieJI.OBaTeJihHOCTH H3rOTOB

JieHHH (cHaqaJia IlOJIHaH COOpKa, a 3aTeM CBapKa HJIH COOpKa H CBapKa Me

TOJ(OM IlOCTeneHHOfO HapaW.HBaHHH). 

C6opKy Ha OTJI.eJihHOM pa6olleM MecTe ueJiecoo6pa3HO npHl\feHHTb, Kor

n.a HeB03MO>KHa CBapKa B npHCilOC06JieHHH 6e3 npe}lBapHTeJibHOH COOpKH 

KOHCTpyKUHH Ha npHXB8TK8X H BpeMH COOpKH HeBeJIHKO no cpaBHeHHIO CO 
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Puc. 6.17. Po6oTOTeXHH"lleCKHH KOMnJieKC cl>HPMbl 3CA6 (WBe~HSI) AJIH ,n.yrosoA csapKH c ABYX• 
003Hl{HOHHblM CTOJJOM: 

I - MaHHnynSITOp ropenKH; 2 - csapo4 Hoe o6opyAOBaHue; 3 - AByxno3BUBOHHblA cron c MaH1,my
llHTopa1!fH H3AeJUdl 

BpeMeHeM -caapKH, a TaK.>Ke Tpy,n.Ho ocymecTBHTh l\1HoroMecTHOe o6cJiy

>KHBaHHe Ha po60TH3HpoBaHHhIX pa6oqHx MecTaX. 

ECJIH rvtO}KHO opraHH30BaTh MHoronocToByIO pa6oTy, nptt KoTopoti 

HeCKOJihKO PTK 06cJiy>K11BaIOTCH o,n.HHM onepaTopoM, To MO}KHO npoH3B~ 
CTH c6opKy B c6opoqHo-caapoqHhIX npHcnoco6JieHHHX Henocpe.ncTseHHO 

na PIK H npH MaJIOM apeMeHH c6opKH. C6opKy a c6opotIHo-caapoqHbIX 

np11cnoco6neHHHX Ha PTK· npttMeHHIOT TaK)Ke, eCJIH apeMH c6opKH COH3Me
pHMO co apeMeHeM caapKH. B 3TOM cJiyqae poooT H c6opmHK-onepaTop 

3arpy)KeHbl npaKTHlieCKH noJIHOCTblO. 
,llJIH nOBhillleHHH npOH3BOJlHTeJibHOCTH HCilOJlb3YIOTCH KOMnOHOBKH 

PTK c .nayx- H l\iIHorono3HUHOHHbIMH croJiaMH, B nepayio oqepeJlh JIJIH 

H3,lleJIHH He60JiblliHX ra6apHTOB (pHC. 6.17)' a TaK>Ke .ll.BYXMecTHbie KOM

nOHOBKH JIJIH KpynHora6apHTHblX KOHCTpyKUIIH. 
KoHl{eHmpupoeaHHoe npuM-eHeHue po6omoe - aa>KHeff wee opraHH3a

UHOHHoe MeponpHHTHe, o6ecnet.IHB8IOIUee a<fxt>eKTHBHOCTb HX HCnOJibSO

BaHHH. 0Ho ocHoBaHo Ha np11MeHeHHH a O,llHOM npoH3so.n.cTBe nocTaTotJHO 

6oJlblll0fO KOJIHtieCTBa cpe,ZI.CTB po6oTOTeXHHKH H C03)laHHH yqacTKOB H3 

pooOTH3UpoBaHHbIX paooqHx MeCT, po6oTH3HpOB8HHhIX JIHHHH, a B )l3Jlb
HeiimeM - KOMnJieKCHhIX po60TH3llpOB8HHbIX npOH3BO}l.CTB no H3fOTOB

JieHHIO caapHbIX KOHCTPYKUHH H rH6KHX npoH3BO.ZI.CTBeHHhIX CHcTeM. 
,llJIH TeXHHlJeCKOro o6cJiy>KHB8HHH CBapoqHbIX po60TOB Heo6xonHMbl 

cneuHaJIHCTbI-HaJia,AqHKH CHCTeMhl ynpaBJieHHH, onepaTOpbI-nporpaMMHCTbl, 

BbICOKOKBaJIHcpHUHpoBaHHbie MeXaHHKH H 3JieKTpHKH no o6cJiy>KH BaHIUO 

MaHHnyJIHI.1-HOHHhIX CHCTeM, npHBOJJ.OB, caapotIHoro o6opyAoBaHHH. I1x 

236 



KBan1npnKaUHH H OTBeTCTBeHHOCTb yBeJIHIIHBaIOTCH' ecJIH OHH 33HHTbl 06-

cJiy>KHBaHHel\i TOJihKO po6oTH3HpoaaHHhIX pa6oqHx Mecr. KaK noKa3hI .. 

saeT OIIbIT, OilTHM8JlbH8H HOp~ia nepcoHaJia ,D.JIH TeXHHlleCKOfO o6cnymu aa
Htt H cBapoqHhIX PTfl B nacToHmee apeMH cocTaBJIHeT 0,4-0,2 tieJI. Ha 

I po6oT. CTo3TOMY JJ.JIH pauHottaJibHOH opraHH3aUHH TeXHHt1ecKoro 06cJiy
>1<MBaHHH CBapoqHblX poOOTOB HX MHHHM8JlhHOe KOJIJfqecTBO ,l\OJI)l{HO co

CTaBJIHTb l0-20 e,llJfHHU. B paclleT He npHHHMaIOTCH onepaTopbI, Bh1noJIHH-

10mHe 3arpy3011Ho-pa3rpy3ot1Hhle H c6opot1Hh1e paooThI Ha Tex poooTH3H

poBaHHhIX no3HUHHX, r,Ue 9TH paooThI He aBTOl\taTH3HpoBaHbr. KottueHTpH

poaaHHoe npHMeHeHHe po60TOB C03,naeT npe.n.nOCblJIKH ,nJHI npHMeHeHHH

cncreM rpynnonoro ynpaaJieHHH po6oTaMH KaK e.n.HHo:H r116Ko:H npoH3BOJl-
.., u 

craeHHOH CHCTeMOH. 
Hnmeepaf1UR onepatfuu B po6omuaupoeaHH0.1lt npou3eoacmee ceapHblX 

KOHCmpyKL{UU, B npOTHBOBec .n.11qxpepeHUM3UHH onepaUHH' MO)l{eT CTaTb 
o,nHHM H3 nYTeH noab1meHHH 3qxpeKTHBHOCTH po6oTH3aUHH. Po6oTbI no3-

BOJIHIOT peaJIH30BaTb npHHUHn KaK MO>KHO 6oJiee "noJIHOH o6pa6oTKH M3,D.e

nHH Ha O,D.HOM paooqeM MeCTe 6e3 nepeycTaHOBKH. E>roT npHHUHn lllHpOKO 

npHMeHHIOT B o6pa6oTKe MeTaJIJIOB pe3aHHeM B BH,Ue TaK Ha3bIBaeMbIX o6-

pa6aThIBal01II.HX ueHTpOB - MHOroonepaUHOHHhIX CTaHKOB c qHCJIOBhIM 

nporpaMMHbIM ynpaBJieHHeM. 0TJIH1IHe pOOOTOTeXHH1IeCKOfO KOMilJieKca 

n.nH caapKH OT 06pa6aThIBa10ruero ueHTpa COCTOHT B TOM, qTo pa3JIH1IHble 

caapHbie illBhI o.nHoii KOHCTPYKUHH MoryT 6bITh B ooJibllIHHCTBe cJiyt.IaeB 
u 

BbIIlOJIHeHhl c IlOMOlll.hlO o.nHoro caapoqHoro ycTpOHCTBa Ha pa3JIH1IHhIX pe-

>KHMaX, Tor.n.a KaK o6pa6aThIB3IOI.UHe ueHTphl HCilOJib3YIOT JliJIH o6pa60TKH 
u 

pa3JU1qHhlX noaepXHOCTeH pa3Hble HHCTpyMeHThI. 

· CoKpameHHe qHcJia TpaHcnopTHpoBoK H nepeycTaHoBoK H3,neJIHH npH 

H3fOTOBJieHHH H31leJIHH Ha O,D.HOM pa6o1IeM MeCTe nOBhIUiaeT npOH3BOllH

TeJlbHOCTb, cnoco6cTByeT CHHiKeHMIO OCTaTOIJHhlX .necpopMaUHH H IlOBbIWe

HHIO T01IHOCTH H3JiieJIHH. CTpe.neJibHaH HHTerpauHH onepauHii npe,nnoJiaraeT 

CBapKy H3LI.eJIHS1 IlOJIHOCTbIO Ha OJI.HOM paootieM MeCTe, B TOM q11cJie HeCKOJib• 
KHMH po6oTaMH (pHC. 6.18). 

fl po6AeMa «npU8Jl3KU» po6omoe K YCAOBURM CBapOliflblX npOU38oacmB 
BIDKHeiirnaH nocJie npoo,neMbl OCBOeHH51 cepHHHOfO npOH3BO.lI.CTBa cpe.ncra 

pooOTOTeXHHKH. 3aTpaTbl Ha BHe_npeHHe pOOOTOB B npOH3BO.l\CTBe Bl{JllOlla

IOT: 3aTp3Tbl Ha pa3paOOTKY H H3fOTOBJieHHe TeXHOJIOfHIIeCKOH H TpaHC

nopTHOH OCHaCTKH; opraHH38UHOHHO-TeXHHtieCKHe MeponpHHTHH no yno
PHII.OtieHHlO-IlOTOKOB 3aroTOBOK H H3JI.eJIHH; Mo.uepHH3aUHIO o6opy,ll.oBaHHH, 

BhinOJIHHIOIUero npe.ll.h1.nym.1-1e, conyTcTBYIOllOie H noCJienyiom11e onepauttw; 
peaJitt3aUIUO MeponpHHTHH no TeXHHKe 6e3onaCHOCTH po6oTH3HpoBaHHOfO 

npo113so.ncTBa. KaK noKa3bIBaeT onbIT, 3TH 3aTpaThI MoryT a naa pa3a 

H 60.11ee npeBhllll3Tb CTOHMOCTb poooTOB. BhICOKaH Tpy.n.oeMKOCTb H CTOII .. 
MOCTb Bh1noJIHeHHH 9THX paoOT oooHCHHeTcH 11.BYMH np11q11HaMH: 

1) B OTJIHIJHe OT co6CTBeHHO CBapoqHoro po6oTa - YHHBepcaJibHOH, 

nerKo nepenporpaMMHpyeMoii MalllHHbI - OKpymaIOIUHe ero TexH11qecK11e 
cpen.cTaa, B nepBy10 oqepe.n.h - TexHo.nor11qecKaH H TpaHcnopTHaH oc

Hacr1<a, npenHa3Ha1IeHHa51 ,llJISl ynopH-noqeHHH IlOJIO>KeHHH H IlOTOKOB 33· 

fOTOBOK H H3,UeJIHH B npOCTpaHCTBe H BpeMeHH, He06XO!lHMOfO ,l(JIH ooecne
lieHHSl paoOTbl po60Ta, npHrO)l.Hbl B OCHOBHOl\I TOJibKO ,UJIH .naHHoro H3Jle

JIHH JIHOO .ll.JIH .n.aHHoro THna H3,D.eJIHH, T. e. HBJIHIOTCH cneuHaJlbHblMH HJIH 
cneuHaJIH3HpOB8HHHMH; 
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f>uc. 6.18. ~l"OBaH csapKa H3Jl,eJJHsr OAHOBPeMeHHO Jl,BYMH pOUOTaMH 

. 
2) TpaJI.HUHOHHbie TeXHOJIOfHH, o6opy,noBaHHe H opraHH3aUHH npOH3-

BO.ll.CTBa, npnc.noco6JieHHhie K CJIO.>KHBWeMycH ypoBHIO H MeTo,Aal\f MeXaHH-

3aUHH H aBTOMaTH3aUHH, HenpHrO)l.Hhl 6e3 cyruecTBeHHOH peKOHCTPYKUHH 

~JIH po60TU3aUHH. 

3TH o6CTOHTeJlbCTBa - OCHOBHOe npenHTCTBHe Ha nyTH cyruecTBeHHOfO 

yaeJIHqeHHH llHCJia po50TH3HpOBaHHhIX pa6ollH x MeCT, yqacTKOB H OT

,ll.eJibHblX !1POH3BO,llCTB lJ.a)Ke npH cepHHHO BbinycKaeMhIX cpeJlCTBaX po6o
TOTeXHHKH. y BeJu-1qeH11e rH6KOCTH TeXHO.i110f HqecKOH H TpaucnopTHOH oc

HaCTKH JI.OCTHraeTCH JtBYMH nyTHMH: 

1) npHMeHeHHe~I YHHBepcaJibHO-c6opHOH OCHaCTKH, a T3K>Ke THOOBblX 

peweHHH no aBT0!\1aTHqecKOH TpaHcnopTHpOBKe, c6opKe H cpHKCaUHH oc

HOBHhIX THnoB cBapHhIX KOHcTpyKUHH, npoH3Bo~cTBo KoTophIX ~BJIHercH 
o6beKTOM po60TH3aUHH; 

2) HCOOJlb30BaHHeM rv10,nyJihHOro npHHUMna KOMOOHOBKH po6oTH3ll

poBaHHbIX JIHHHH, yqacTKOB, OT.lleJihHblX pa60IIHX MeCT H co6cTBeHHO po

QOTOTeXHHIIeCKHX KOMnJieKCOB, a TaK}Ke HX COCTaBHbIX qacTeH. 

DpHMepoM PTK .U.JIH cBapKH MO}l{eT CJiy}l{HTh KoMnJieKc PB-251 
(pHC. 6.19), C03.D.aHHhIH COBMeCTHO cneuHaJIHCT3MH 11HCTHTyra TeXHHlleCKOH 

xuoepHeTHKH H po6oToTeXHHKH 5oJirapcKoii AKa)].eMHH HayK H HHcTHTyTa 
3JieKTpocsapKH HM. E. 0. CTaToHa AH YCCP. 

PTK PB-251 npeJlH33HaqeH ,l\JI.H .nyrosoH: cBapKH nJiaBHIUHMCH 3JieK

·TponoM B 3all.lttTHblX ra3aX caapHbIX KOHCTpyKUHH H3 yrJiepOlI.HCThIX H HH3"' 

Ko.nerHpoBaHHhIX CTaJie.H B f:OJIO)KeHHHX CBapHBaeMhlX COe.llHHeHHH OT HMJK-
.. 
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Puc. 6.19. Po6oTOTexutt.ecKeft KOMnneKc Ps~2s1 

Hero no BepTHKaJibHOrO. OH COCTOHT H3 rvtaHHilYJIHTopa caapoqHQH ro
PeJIKH, caapoqHoro o6opynoaaHHH (BKJilollaH cao6onHonporpaMMHpyeMhIH 

u 

HCTOqHHK cBapoqHoro TOKa, ra3oannapaTypy, ycTpOHCTBa ,ll.JIH MeXaHH-
lJeCKOfl oqHCTKH H CMa3KH ropeJI_KH), ,nayx MaHHnyJIHTOpOB H3,[(e.TIHH. 

/V\aHHnyJIHTop ropeJIKH PTK PB-251 o6nanaer llOCTaToqHofi >KecT
KOCThlO, 06ecneqHaa10meii BblCOKYIO TQtH-IOCTb 0Tpa60TKH TpaeKTOpHH 
B 60.nbrnoii pa6oqeti 3oHe. • 

CaapoqHaH annapaTypa PIK PB-251 nocTpoeHa Ha ocHoBe no}la10-
mero MexaHH3Ma THna H3AllJIAH, pa3pa6oTaHHoro a HPB, no cxeMe 
THHH-TOJIKali. Heapama19ma5IcH 6yxTa npoao.noKH H pa3MaThIBa10mee 
ycTpOHCTBO pacno.naraIOTCH B y,no6HOH 30He Ha ypoBHe noJia HJIH Ha OT
JI.eJibH0~1 6aJIKoHe. ToJIKaIOIUHH no.na10IllJii1 MexaHH3M pacnoJioLKeH B03Jie 
pa3MaThIBa10w.ero ycTpolicTaa, a T5!Hym11i1 - B Henocpe.ncTBeHHOH 6JIH
aocTH oT roIJeJIKH.TaKaH cxeMa no3BOJI5IeT no,naBaTb npoBoJioKy Ha pac
CTOHHHe ,no 16 M. Ba>KHhIM np11MeHHTeJibHO K PTK JJ.JIH Jlyroaoii caapKH 
OKa3hIBaeTc5I cBof1cTBO MexaHH3Ma H3ACTJIAH o.nHoapeMeHHo c no,naqeli 
npoaoJIOKH npaBHTh ee. CTpH 3TOM CJiyqafiHoe OTKJIOHeHHe KoHua 3JieKTPOJl
Hoii npoBOJIOKH OT ocn ropeJIKH Ha paccTOHHHH IO MM OT HHLKHero cpe3a 
HanpaBJiflIOllleH BTYJIKH npn npaBHJihHO oTperynHpoaaHHOM MexaHM3Me 
l13ACTJIAH Jie}KHT B npe,neJiaX 0, I MM B OTJIHqHe OT pOJIHKOBbIX OOJlalO
llI.HX MexaHH3MOB (6e3 JlOilOJIHHTe.JlbHbIX ycTpOHCTB J].JIH npaBKH)' npH npH
MeHeHHH KOTOpblX OTK.HOHeHHe KOHUa npoBOJIOKH MOLKeT }lOCTHfaTb 1,0 MM 
li 60.11ee. l13BeCTHO TaK}Ke CBOHCTBO MexaHH3~10B THna 113AflJIAH cnoco6-
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CTBOBaTb yMeHbrneHHIO conpoTHBJieHHH KaHaJia npo,nBH>KeHHIO B HeM npo
BOJIOKH, qTo CB.H3bIBaIOT c B03HHKaIOIIIJIMH npH no)latJe KPYTHJibHhI~1H Ko ... 
ne6aHHHMH npOBOJIOKH. 

KoMnJieKT caapoqHoro o6opyJloBaHHH BKJIIOqaeT B ce6.H acnHpauHoH ... 
Hoe ycTpOHCTBO .llJIH OTCOCa ra30B H a3p030JieH 113 30Hbl CBapKH H ycTpoii
CTBO ,D.JIH MeXaHHlJeCKOH OlJHCTKH conJia OT 6pbI3r H CM33KH ero norpy}Ke
HHeM B npoTHBonpHrapHy10 }KH,llKOCTb. KpoMe Toro, npe,nycMoTpeHa 06-

u u 

pe3Ka KOHUa 9JieKTpo,nHOH npoBOJIOKH CT3UHOHapHbIM ycTpOHCTBOM, qTo 
o6ecneIIHBaeT HOpMHpOBaHHe ,l{JIHHhl BblCTyna10meii H3 ropeJIKH lJ3CTH 
npoBOJIOKH. 3TO Heo6XO)lHMO )lnH peaJIH3aUHH HaqanhHOH ananTaUHH 
C HCfiOJib30B3HHeM 3JieKTpo.na B KaqeCTBe w_yna. 06pe3Ka KOHUa 3.TieKTPOA
HOH nposoJIOKH cnoco6cTBYeT TaK>Ke noBhillleHHIO Ha)le}KHOCTH oqepe.n
Ho ro Bo36ym)leHHH JI.yrH. 

YnpaBJieHHe cKopocTbIO H noJio.>KeHHeM aaeHheB MaHHnyJIHUHOHnoii 
cHcTeMhI PIK PB-251 ocymecrBJIHeTcH coBpeMeHHoii MYJihTHMIIKponpo
ueccopHoli cHcTeMoii, 06ecneqHsa10meiis KOHTypHoe ynpaaJieHHe MaHHnyJin-

u u u u 
TOpOM ropeJIKH c nHHeHHOH H KpyroBOH HHTepnoJIHUHeH c nepecqeTOM Ha 
sa.naHHOe nOJIO}l{eHHe KOHUa SJieKTpo,na; HeH3MeHHOCTb. noJIO}{{eHHH KOHUa 
9JieKTpo,D.a npH H3MeHeHHH opHeHTaUHH ropeJIKH; ocesoe nepeMemeHHe 
ropeJIKH, He3aBHCHMOe OT ee opHeHTaUHH; npHMeHeHHe llIHpOKO pacnpo ... 
cTpaHeHHoro H3hIKa JI.JIH nporpaMMHpoaaHHH cTaHKOB c l.J:ilY (Kon HCO). 

0.nHoBpeMeHHO o6ecnelJHBaeTCH! 11HCJIOBOe nporpaMMHpOBaHHe OCHOB
HbIX napaMeTpOB pe:>KHMa caapKH (HanpH:>KeHHfl' CBapoqHoro TOKa, qac
TOThl H aMnJIHTY,ZI.bl KOJie6aHHM ropeJIKH, CKOpOCTH caapKH); B03MO>KHOCTb 
H3MeHeHHH HanpH:>KeHHH, caapoqHoro TOKa H CKOpOCTH caapKH npH npo6-
HbIX CBapKax («ropHqee pe,naKTHpoBaHHe»); )lHarHOCTHKa o6opy.nosaHHH. 

TexuuqecKaH xapaKTepncTHKa. PTK PB-251 

KoJn1qecTao ynpaBJIHeMhTX cTeneHeii no,nn1uKHOCTH • 
B TOM q11c.ne: 

CBapotIHoro HHCTpyMeHTa . . • • • • • • • . • • 
H3JleJIHH • • • • • • • • • • • • • • • • • • • 

CKopocTb cBapKM, M/ll • • • • • . • • . . . • • • 
CKopOCTb no}latIH 9JieKTpOJlHOH npoBoJioKH, M/11 • • 

HoMHHaJlbHbIH caapottHbIA TOK npH ns 100 % ' A . • 
Tipe.zteJibI peryn11poaaHMH cBapoqHoro ToKa, A . • • 
HanpH>KeHHe Ha nyre, B • • . • • . . . . . • . • 
BbIJieT 3JieKTpo11a, MM • • • . • • • • • • • • • • 
JlHaMeTp 9JieKTPOJlHOH npoBOJIOKH, MM .. • • • • • • 

AMIIJJHTY .na KoJJe6a HHii ropenKH nonepeK msa, MM • 
4acToTa KOJie6attHii ropeJIKH nonepeK maa, c-1 . • 

Hanpsr>KeHHe nH1aromeit ceTH Tpexcpa 3Horo TOKa 
lJaCTOTOH 50 ± 1 ru, B . . . . . . . . . . • . • 
noTpe6JIHeM8H MOW.HOCTb, KB • A • • . • • • • • • 
Pacxo!l sam11THoro rasa, JI/q • • • • . • • • • • • 
fa6apMTHbie pa3Mepb1 pa()oqeA sotthl, MM • • • • • • 

9 

5 
2X2 

7,2-72 
1000-IOOCO 

400 
60-400 

16-40 
8-25 

1-1,6 
1-7,5 
0,2-2 

220/380+ IO% 
-15°/o 

40 
300-1800 

2500 x 1250 x 630 

B PTK PB-251 Hcno.nb30BaH caapoqHhIH HCToqHHK nHTaHHH c aBTO
HOl\tHhIM MHKponpoueccopHbIM ynpaBJieHHeM, 06ecneq11aa10mHM aBTOM3 ... 
THqecKoe H31\teHeHHe yrna HaKJIOHa BHeWHHX xapaKTepHCTHK H onTHMH3a ... 
UHIO pe}l{HMa csapKH. PTK HMeeT onepaTHBHy10 H ,ZI.OJiroapeMeHHYIO na
MHTb Ha r116KHX MarHHTHbIX ll,HCKax (Ha OJI.HOM JlHCKe MO>KHO sanHC8Tb 
ne MeHee 25 nporpaMrvt). 3-ro no3BOJifleT C03AaTh 6H6JIHOTeKy nporpaMM 
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JI.JUI caapKH pa3JUfqHblX H3,neJIHH, nepH0.1l_HlleCKH 3anycKaeMbIX B npOH3-

BOJ1.CTBO. 
CTporpaMMHpOBaHHe o6ecneqHBaeTCSI BbIHOCHblM nyJibTOM o6yqeHH.H, 

no KO~laH,UaM KOToporo npOH3BOAHTCH ycTaHOBKa caapoqHoH ropeJIKH 
Ha xapaKTepHbie ToqKH lllBOB. CTpH csapKe npHMOJIHHeHHhIX waoa TaKHX 
TOIIeK nae: Haqano H KoHeu csapHoro waa; KOJibUeBhie llIBhI nporpaMMu
pyt0TcH yKa3aHHeM Tpex ToqeK - HaqaJIO, KOHeu H JII06aH npoMe>KyToq
HaH ToqKa wsa. KpHBOJIHHeHHhie rnsbI llOJI}KHhI 6b1Tb npe.ncTaBJieHbI Haoo-

u u u 

pOM npHJ.\rlOJIHHeHHblX H KpHBOJIHHeHHblX yqaCTKOB, Ka>KAbIH H3 KOTOpbIX 
nporpaN1MHpyercH yKa3aHHbil\it Bhillle cnoco6oM. fiapaMeTpbI pe>KHMa 
csapKH - HanpH}KeHHe Ha JI.yre, TOK, CKOpOCTb CBapKH - 3aJJ.alOTC.ff 
UHcppOBOH K11'1aBHaTypoi1 B COOTBeTCTBYIOlUHX e,nHHHuax. 

BhICoKaH npoH3BOJlHTeJibHOCTh PTK 06ecnern1saercH npe*Ae acero 
u 

COBMer.ueHHeM BO BpeMeHH onepauHH CBapKH o.nHoro H3,neJIHSI c onepa-
UHHMH ycTaHOBKH, c6opKH' npHXB3TKH H TpaHcnopTHpOBKM JI.pyroro H3• 
neJIHH (npH KOMnJieKTaUHH PIK JI.BYMH MaHHnyJIHTopaMH H3AeJIHH). 
OpH caapKe KpynHoraoapHTHhIX KOHCTPYKUHH MO>KHo npMMeH.HTh o,nHH 
MaHHnyeJIHTOp H3,neJIHH. B 9TOM cnyqae noBhIUieHHe npoH3BOJ(HTeJibHOCTH 
rpy.na o5ecneqHsaercH opraHH3au_tteft MHoroMecTHoro o6cJiy.tKHBaHHH. 



nP"1JlO>KE Hl-1$1 

t. Ynpaan11Mw'1 JneKtponpNao.q cNcteM aatoMaTNKH 
caapOllHWJC yctaHOBOK 

3JJeKTpOnpHBOll flOCTOHHHOro TOKa. 3JieKTpon p HBOJ]. CBapoqHbIX YCT8HOBOK pa6oTa
eT B YCJIOBHHX H3MeHeHHH B WHpOKOM ,llHana30He Harpy3KH' KOne6aHHH uanpH.>KeHHH 
ceTu OT -10 JJ..O + 5% OT HOMHH8JibHOfO H H3MeHeHHH OKpy>KaIOmeii TeMnepaTypbl 
OT -10 AO +40 °C. B 3THX ycJIOBHSIX npHBOJJ.. nocTOHH Hora TOKa JtOJI>KeH o6ecne
qHBaTb nnaBHoe perynHponaHHe qacTOTbl spameHHSI c KpaTHOCTbIO I : 10 (uHor.n.a 
I : 20) c TO'IHOCTbIO He xy.>Ke 10 % . 

YnpomeHHaSI cxeMa npHBOJJ.a, npe.nua3uaqeaHoro .nnst ynpaeneHHH no.naqeii 
9JieKTPOJJ..HOH npOBOJIOKH, noKa3aHa Ha pHC. n.1 .. HacTpOHKa ll8CT0Tbl epameHHSI, 

u u 
a cne.noeaTeJibHO, H CKOpOCTH no.nallH 3JieKTPOJtHOH np OBOJIOKH 8 9TOH cxeMe ocyme-
CTBJISieTCH noTeHUHOMeTpoM RP, aa.nat01U.HM BbIXOJJ.H oe uanpH>KeHue ycHnHTeJIH· 
npeo6pa3onaTeJu1 YI. HaMeueuue HanpasJieHHH spa me HHSI 06ecnet1nea10T pene 
KI H K2. nepeKJIIOllaTeJib S2 CJIY>KHT JtJISI nepeKJUQqeHH SI pem H MOB paoOTbl cxeMbl 
c aBTOMaTuqecKoro «A» ua HaJia,l{oquhle «H». 

KouTaKTOM pene «nycK ceapKH» KllC BKJIIOqaeTcH no.naqa 9JieKTpo.u.Hoii npo· 
BOJIOKH, a KOHTSKTOM pene «CTon ceapKH» KCC npoHaBO.llHTCH oTpble pa3orpeToro 
KOHUa 9JieKTpOJtHOH npOBOJIOKH OT ceapHBaeMoro MeTaJIJia. ToJiqKOBble KHOilKH 
S3 H S4 cnyJKaT JtJIH Hana.noqHblX nepeMemeuHii sneKTpOJ{HOH npoeoJIOKH H pa6o· 
TalOT npH DOJIO>KeHHH nepeKJIIO'laTeJISI S2 B pe>KHMe HaJia,llKH. Ha puc. n.1 npune
,neHa TOJib.KO qacTb cxeMbI YY, noKaablearomaSI ynpaBneHHe npHBOJtOM, D03TOMY 
ooMOTKH pene KllC H KCC H ux uenH ynpaeneHHH ua cxeMe ue noKa3aHb1. 

PaccMoTpeHHast cxeMa npe.ncTaBJISieT coooif uaH6onee npocToli cnyqa.ff npHMe· 
HeHHSI ynpaBJISieMOfO npHBO,lla B CBapoqHQM Ooopy,ll.oBaHHH. 

AnnapaTypa ynpaeneHHH npHBOJtOM AOJI>KHa Ha,D.e>KHo <f>YHKUHOHHpoeaTb 
B ycnoeusx noMex, co3,D.aeaeMbIX cBapotJHblM npoueccoM. B uacTostmee BpeMSI Hau-
6onee pacnpocTpaHeHbI THPHCTOpHbIH npueo.zt c HMDYJihCHo-'1Ja3oBbIM ynpaeneuBeM. 

Ha pHC. n.2 H306pa>KeHa ynpomeHHaH cxeMa THpHCTOpHoro npueo.na, npHMe
HHeMaH ua OTeqeCTBeHHblX WJiaHrOBblX DOJIY8BTOM8T8X H 8BTOM3T8X. ,LLJISI peryJIHpO· 
B8HHSI CKOpOCTH BpameHHH HKOpH ,tlBHraTeJIH 8 cxeM~ HCfiOJlb3yeTCSI npHHUHfi cpa
SOBOfO ynpaBJieHHH THpHCTOpaMH. <!)a30BblH CJ{BHr ynpaBJISII01Uero CHrHaJia Ha yn
paBJISllOlUHX SJieKTpo.nax THpHCTOpOB OTHOCHTeJibHO 8HOJ{Horo HanpSI>KeHIUt ocyme· 
CTBJIHeTcH npH noMOlll.H c}>aaoc.nenra10mei1 uen.H, cocToHmeii Ha pe3HCTopa R3, 
TpaH3HCTopa VT2 H Kou.neHcaTopa CJ. Iloporoeoe ycTpolicTBO co6patto Ha TpaH3H
cTopax VT3, VT4, a 9JieMeHThI cxeMbl CJ, VT2, R3, R7, RB, VD2 npe.ncTaBJIHIOT 
co6oii MOCT' 8 .n.uaroHaJib KOTOporo BKJllOlJeH 0830B0-3MHTTepHbIH nepeXO,I\ Tp8H3HC
Topa VTB, a B TOtJKH coe,D.HHeHHH CJ H R7, VD2 H R3 no.n.aeTcH nHTa1omee ttanpH
>KeHHe. Bo npeMH sapHir,a KOHJieHcaTopa CJ HanpHJKeHHe B nnet1ax MOCTa pacnpe11e
JISieTCH TaKHM o6pa30M, qTo Ha 9MHTTepe TpaH3HCTopa VT3 nosiBJIHeTcSI nonomu
TeJibHbIH noTeHUH8JI, a Ha oa3e - OTpnuaTeJibHblii. HopMB.,'lbHO TpaH3HCTOp VT3 

Puc. n.1. DpHn~unuan&uan cxeMa ynpas· 
JleHHR DPHBOAOM DO.!\a"IH 9JJeKTPOJ.\HOA 
npoBOJIOKH 

/(f.J l(f.1 K2.1 
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PHC. n .2. Tepec1·opub1H 3 .. 'leKTponpHBOA c HMDYJlbCHO-Wa30BblM ynpaBJleHJteM 

JIJJ8 

fOO rq 
m+ 

aanepT. l\\ocT paccqHTaH TaKHM o6pa3oM, 'ITO KaK TOJibKO KOHJJ.ettcaTop Cl aapBJI.HT· 
est .no Hanp.SI>KeHHH 8 B, Ha 9MHTTepe TpauaHcTopa VT3 noHBJIHeTCH MHHyc, a Ha 
6a3e - OJIIOC, qepe3 ero 6a30B0-9MHTTepHbIH nepexo.n HaqHeT npoTeKaTb TOK H OH 
OTKpbleaeTcH. Ko.JIJieKTopublif TOK TpaH3HCTopa VT3 OTKpbleaeT TpaH3HcTop VT4. 
a KOJIJieKTOpHbIH TOK TpaH3HCTopa VT4 ycHJIHBaeT 6a30BhIH TOK TpaH3HCTopa VT3. 
npoHCXO,ll.HT J13BHH006pa3HblH npou.ecc OTKpbITMSI TpaH3HCTOpOB VT3 H VT4. 

)lJIH na,ne>KHOH pa6oTbI noporosoro ycTpoiicTBa 11 noBbillleHHH ero noMexoyc· 
ro'ffqHaocTH Ha 6a3y TpaH3HCTopa VT4 qepe3 pe3HCTop R6 no.naeTCSI noJIO>KHTeJibHoe 
HanpH}KeHHe cMemeHHH, CHHMaeMoe co cTa6HJIHTpoHa VD3, BKJIIOtieHHoro B npstMOM 
uanpaaJieHHH. KoH,neucaTop CJ npaKTHllecKH MruoneuHo pa3pst)l{aeTCH qepe3 TpaH· 
3HCToph1 VT3, VT4 na 6aaoso-3MHTTepHbIH nepexo,l:l TpaH3HCTopa VT5. B KOJIJieKTop· 
Hy10 uenb sToro TpaH3HCTopa BKJIIOqeHa nepaHqHa.SI o6MOTKa HMDYJibCHoro TpaHC· 
cpopMaTopa T. Y npaBJISIIOlllHH cHrHaJI npe)J.cTaBJISieT co6oii HMnyJihChI nanpH>KettH.SI, 
KOTOpbie CHHMBIOTCH co BTOpHllHblX OtlMOTOK HMilYJibCHoro TpattccpopMaTopa T. 
00JIO>KHTeJibHbie HMnyJihCbl UOCTynaIOT Ha ynpaBJI5IIOUlHe 3JleKTpO.l{bl THpHCTOpOB~ 
VSJ, VS2, a 0TpHUaTeJihHb1e cpe3a10Tc.SI ,nHo.naMH VD4, VD5. 

4TOObl .AOCTHllb JIHHeHHOH 38BHCHMOCTH CKOpOCTH BpameHHSI )J.BHfaTeJISI OT 
aa~a10mero cHrHaJia, Heo6xo,nHMO HanpsnKeHHe aapsr.na ua KOHJleHcaTope ~1 H3Me
HHTb no JIHHeHHOMY 38KOHy. ,UJIH noJiylleHHH JlllHeiiHoro HanpH>KeHH.SI Ha KOH)l,eH
CaTope OH JJ.OJI~eH aapH>KaThCH nocTOHHHhIM no senHtIHHe TOKOM. Ho TOK sapB,na 
KOHlJ.eHCaTopa H HanpH.>KeHne Ha HeM H3MeHHIOTCSI no 3KCnoHeHU.H3JlbHOMY 38KOHy. 
IlosToMy )J.JISI JIHHeapH38UHH Hanpst}l{eHH.SI Ha KOH,D.eHCaTope nocJiej(HHH aapH>KaeTCSI 
tiepea HeJIHHeHHh1f1 3JleMeHT-TpauancTop VT2. 

HanpH>KeHHe tta 6aae TpaH3HCTOpa VT2 cTa6HJIH3Hpoaatto cTaonJIHTpottoM 
VD2. nocKOJlbKY BhlXOJJ.Hble xapaKTepHCTHKH TpaH3HCTOpa noqTH ropII30HT8JlbHbl~ 
TOK qepea Tp8H3HCT0p M3JIO H3MeHHeTC.SI npH H3MeHeHHH nanpH)KeHHH Ha KOJIJieKTO
pe, nocTO.SIHHaH epeMeHU u.enH aapsu~a KOH,neHcaTopa Cl H3MeHSieTCH npn UOMOIUH' 
YCHJ1HTeJI.SI, coopaHHOrO Ha TpaH3HCTOpax VT J H VT2. B 3.MHTTepax TpaH3HCTOpOB 
VT 1 H VT2 BKJIIOlleH o6mnii pe3HCTop R3, qepe3 KOTOpbiii npoTeKa10T KOJIJieKTOpHbie 
~CTaBJifflOll.lHe TOKOB o60HX Tp8H3HCTOpOB. HanpH>KeHHe Ha oaae TpaH3HCTopa 

T2 cra6nnH3HpoBaHo, no3TOMY H3MeHeHHe HanpH*eHHH Ha 6aae TpaHaHcTopa 
VT 1 BhiaweaeT nepepacnpeJJ.eJJeHHe TOKOB xonJieKTopoB TpaH3HCTopos VT 1 u VT2. 
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flpH H3MeHeHHH TOKa KOJIJieKTopa VT2 H3MeHHeTcH nocTOHHHaH BpeMeHH sapHJl.a 
·KOH,UeHcaTopa CJ. HanpH>KeHHe Ha 6a3e TpaHattcTopa VT J HBJureTcH BXOJl.HblM Ha· 
-n pHlKeHHeM CXeMbl' c noMOW.blO KOTOporo ocyw.ecTBJIHeTCH ynp 8BJieHHe TH PHCTO• 
paMH. Bxo.nHoe Hanpst>KeHHe npe.ncTaBJIHeT co6oi% aJire6panqecKyIO cyMMY aaJ1.a10· 
·UlefO HanpSUKeHHH LJ3 H H8fipH.>KeHHH o6paTHOH CBH3H LJo.c no CKOpOCTH Bpaw.eHHH. 

3a.naIOmee HanpH>KeHHe CHHMaeTcH c peaHcTopa R2 H ero MO>KHO perynHpoBaTh 
c noMOIUblO nepeMeHHoro pe3HCTopa R J. HanpH>KeHHe o6paTHOH CBH3H Ha BXO.lJ.HYIO 
lJaCTb ycunHTeJIH CHHMaeTcH c peaHcTopa R9 H nponopuHoHaJibHO HanpH>KeHHIO ua 
ff Kope Jl.BHraTeJIH M. 

DpH yse.nntieHHH HarpyaKn Ha eaJiy JI.BHraTeJIH qacTOTa ero spameH1u1 yMeHb· 
rnaeTCH' a CJie)J.OBaTeJibHO, yMeHbW3IOTCH HanpsuKeHHSI Ha HKOpe Jl.BHraTeJIH H ua 

·pe3HCTope R9. Bcne.ncTBHe 9Toro KOiIJieKTOpHhIH TOK TpaH3HCTOpa VT 1 yMeHbUiaer
CH, a TpaH3HCTopa VT2 yseJIHq11eaeTcH. 3TOT npouecc npnBOJl.HT K yMeHbI.UeHHIO 
nocToSIHHOH epeMeHH uen11 aapHJ(a KOHJ(ettcaTopa Cl H K yeeJIHlleHHIO yrJia npoao

JlHMOCTH THpHcTopos. HanpH>KeHne Ha HKope JI.BHraTeJI.H yseJIHllHBaeTCH, B peayJib· 
TaTe qero ero o6opOThI soccTaHaBJIHBa10TCS1. AHaJiorHllHhIM o6paaoM cxeMa pa6oTaeT 
iipH' yae.!lHtJeHHH ll3CT0Tbl OOOpOTOB. f ny6HH3 o6paTHOH CBH3H HaCTpaHBaeTCSI pe3H• 
·CTOpOM R9. 

B npnso.ne npe.nycMoTpeHa B03MO>KHOCTb nseneHHH o6paTHOH CBH3H no HanpH· 
JKeHHIO CBapOIIHOH nyrH. ,[lJISI 9TOfO Heo6XOJ1.HMO CHHTb nepeMblllKy, coe)J.HHHIOlll.YIO 
KJieMMhl J H 2 Ha OTBeTHOH qaCTH pa3'beMa X J, H npHCOe,ZI.HHHTb K HMM y3eJI oopaTHOH 
·CBH3H no HanpH>KeHHIO nyrH. rny6HH3 9TOH o6paTHOH CBHSH peryJIHpyeTCH OOTeHUHO· 
MeTpot-1 RP 1. CHHXpOHH3aUHH ynpaBJIHIOW.ero cHrHaJia c aHOJlHbIM HanpsDKeHHeM 
Ha THpHCTOpax ocymecTBJISieTCH nyTeM DHT8HHSI cxeMbl ynpaBJieHHH HMDYJibCHblM 

·nanpH>KeHHeM, CHHcp33HblM c fiHT3HHeM THpHCTOpOB. 
· B paccMoTpeHHOH cxeMe reHepaTop HMnynhcos (penaKcaTop) coopaH Ha TpaH· 

ancTopax pa3HOH nposo,nHMOCTH VT3, VT4. C noHB.HeHHeM cneu11aJibHhIX cnycKOBhIX 
ycTpOHCTB, T3KHX KaK O)l.Honepexo,nH blH TpaH3HCTOp (OnT) (ero ewe H83blB3IOT 
.neyx6a30Bb1M JlHO.lJ.OM), C03JJ.alOTCH npe.nnocblJIKH )J.JIH 3HallHTe .. 'IbHOfO ynpow.eHJHI 
cxeMbl ynpaBJieHHSI npHBOJlOM. onT (pHC. n.3,a) xapaKTepHayeTCH PH.lJ.OM ueHHblX 
CBOHCTB: 6onee BbICOKHM 3HatJeHHeM TOKa 9MHTTepa; M8JlbIM TOKOM OTilHpaHHH, npaK· 
TH'leCKH cpHKCHpOBaHHblM HanpSl>KeHHeM nepeKJIIOlfeHHH. 3TH CBOHCTBa coxpaHSllOTCff 
1J WHpOKOM .n.11ana30He TeMnepaTyp. 

onT HMeeT TPH 9JieKTpo.na: 3MHTTep (3), 6a3a 1 (Bl), 6a3a 2 (B2). Pat50T8 
cxe:Mhl npOHCXOJl.HT cne.ny10mHM o6pa3oM. DpH aapSI,ne KOHJI.eHcaTopa CJ qepe3 
pe3HCTOP R 1 ]J..0 KpHTHlJeCKOfO HanpH>KeHHSI u3.Kp nepexo.n 9MHTTep - 6a3a 1 sa· 

KpbIT H tiepea Hero npoTeKaeT He3HallHTeJibHhIH o6paTHblH TOK. KaK TOJihKO Hanpst· 
4KeH11e Ha KOHJI.eHcaTope CJ ,noCTHraeT BeJIHlIHHhI 

UCI = U 3.Kp = fJU().6 1 

·r.ne U6,6 - H1ifipH>KeHHe Me>K,ny 6a3aMH OnT; 11 = 0,5-+- 0,9 - nepe.zr.aTO£JHbIA 

K03<1lcpHUHeHT TpaH3HCTOpa. IlepeXOJI. 9MHTTep - 6a3a J OTKpbtBaeTCH H npOHCXO• 
lJ.HT paap51'A KOHJI.eHcaTopa CJ Ha pe3HCTop R3. 3ToT TOK B OTelleCTBeHHbIX TpaH3HC· 
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Puc. n .4. DpHni-.nnHaJJLHasa cxer.1a ynpae .. 11euu11 npHBOJJ.OM no..a.attu sneKTpo~a noJiyaeTOMa Ta 
cHHTepMHrMal"> 

Top ax THna KT· 117 Mo>KeT JJ.OCTHraTh I A. THnOBhie rpacpHKH HanpH>KeHHH npH pa-
6oTe pena KCaTopa npHBe,D.eHbl Ha pHC. n .3,6. KaK TOJlbKO T-OK pa3pH.ZJ.a 11epe3 9MHT· 
Teptto·6a30BblH nepexo11 CTaHeT MeHbille I MA, nepexoii 33KphIBaeTCff H npouecc 
noBTOpHeTc~. 

Ha OCHOBe OnT pa3pa6oTaHa CXeMa npHBO,lJ.a, KOTOpaH npHMeHSieTCSI Ha BCeX 
OTelleCTBeHHblX noJiyaBTOMaTax HOBOfO nOKOJieHHH' B TOM lJHCJle B npHBO,lJ.e no.ZJ.aqH 
9neKTPOJJ.HOil npOBOJIOKH nonyaBTOMaTa «HHTepMttrMar», pa3pa6oTaHHOro CTpaHa· 
MH·llJieHaMH C3B (Ha pHC. n.4). nony11eHHe HMDYJihCOB ynpaBJieHHH THpHCTOpOM 
VS/, KOTopbIH BKJJIOlleH B uenh nuTaHHH nocne.n.oeateJJhHO c HKopeM JlBHraTeJISI 
M' npOHCXO,llHT c DOMOll.lblO cpa30C)lBHf310ll.lero ycTpOHCTBa, co6paHHOfO Ha onT 
VT2, pesHcTopax Rl-R4, noTeHunoMeTpe RP3; KOH)J.eHcaTope C2, cTa6HnHTpoHe 
VD2, HMOYJibCHOM TpaHccpopMaTope Tl. noTeHUHOMeTp RPJ, KOH)leHC3TOp Cl 
H TpaH3HCTOp VT 1 BbinonHHIOT cpyHKUHIO TOKOBOH 3aW.HThI HKOp.SI JJ.BHraTeJIH M 
H THpttcTopa VSJ OT neperpy3oK. THpncTop VS2 cny:mHT JlJIH ,n.HHaMHllecKoro 
TOpMo*eHH.SI. Ha BXOJl cpa30CJlBHraIOIJlero ycTpoflcTBa (cM. ToqKH a H 6 cxeMbI) 
no~aeTCH anre6paHqecKaH cyMMa HanpH>KeHHtt sanaHHH, OTpHU3TeJibHOA H IlOJIO· 
>KHTeJihHOH OOpaTHblX CBS13eH: 

UBX = u 3 - uo.c + u~.c = u 3 - uO.C' 

r.ne u3 - 33J18IO~ee HanpH}l{eHMe, CHHMaeMoe c noTeHUHOMeTpa RP3; u. - HanpH-0.C? ,, 
>KeHHe, nponopUHOHBJlbHOe Hanpsr>KeHHIO Ha ffKOpe LtBHrareJIH; uo.o - HanpH>KeHHe, 

nponopuHoHaJihHOe TOKY SIKOpH, CHHMaeMoe c RP 1. 
HanpH}KeHHH u~.o u u;.c cocraenHIOT HanpH>KeHHe o6paTHOH CBH3H u 0 .c, cHHMae-

Moe o llBH>KKa H HH>KHero BhIBOJla noTeHUHOMeTpa RP2. B ycTaHOBHBilleMCSI pe.>KHMe 
npH HeH3MeHHOM noJJo>KeHHH JI.BH>KKa rroTeuuuoMeTpa 33ll3HHH cKopoCTH RP3 HKOph 
JlBHraTtJUt epamaeTCSI c IlOCTOSIHHOH CKO.pOCTbIO, HanpH>KeHHe Ha HKOpHb1X KJieMax 
" Ha noTeH1u10MeTpe RP3 He Me1u1eTCH H no:>TOMY u 8 x - BeJIHllHHa nccTOHHHaH. 

B cnyqae yeennqeHHSI Harpy3KH Ha Bany D.BHraTeJISI qacToTa epameHHH ero HKOpH ,, 
YMeHbWaeTCH, cJie,!lOBaTeJihHO, HanpH.>KeHHe u0 •• yMeHblllHTCH, a u0 •0 yaeJIHl!HTC.SI H, 

KaK cne.ayeT H3 npHBelleHHOfO BbTIIIe paeeHCTBa, HanpH>KeHHe "8" T8K>Ke yaeJIHllHTCH. 

YseJIH4eHHe HanpH}KeHHH u 8 x Bh13bIBaeT cpaaosbJH CJlBHP HMnyn&ca ynpaenenHSI Ha 

Bh1xo)le, THpHCTop VSJ 6yn,eT BKJnotJaTbCH paHbrne, tiTO npneeneT K yBeJIWieHHIO Ha· 
npsuKeHHH Ha ffKOpe llBHraTe.nH H yneJiuqeHHIO qacTOTbl ero Bpaw.eHHH .llO ycT3110BJieH· 
Horo Ha RP3 ypoBHH. 

IleHCTBlfe CHrtta .. 'la IlOJIO>KllfeJlhHOA o()patttoA CBH3H u;;c HaH60,,1ee 3ct>cpeKTHBHO 

npu M3JlblX o6opoTax HKOpH, KOf Jl3 no 8~.COJIIOTHOMY 3HatieHHIO OH COH3MepHM c u 3. 

Opu t5oJJhlllHX qac101ax epamenHH U 8 > u;;_9 , ,lle'AcTBHe u;.g sHaq11TeJihHO CJia6ee, qeM 
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Z!eHCT8He U~.c· npn HarpyaKe Ha BaJiy JlBHf3Te.i1SI, He npEBbllU3IOII\eH JlOTIYCTHMytO, 

rpaH3HcTop 10Kosou orce4KH VT 1 aaKpbIT H He BJJBReT Ha pa6oTy ¢a30J1BHr~ICmero 
ycTpOHCTBa. 

flpn yBeJIHqeHHH TOKa HKOpSI pacTeT naneHHe HanpSimeHHSI Ha noTeHUHOMeTpe 
RP J. ,ilBH.IKOK aToro noTeHUHOMeTpa no,llKJ11011eH K 6a3e TpaH3HCTopa TOKOBow OT· 
ceqKn VT 1 H BbICTaBJieH TaKHM ot5pa3oM, qTo npH JlOCTH.IKeHHH TOKOM HKOpH noJJy .. 
TopaKpaTHoro sHaqeHHst OT HOMHHa.i1hHoro TpaH3HCTOp VT 1 OTKpb1BaeTcS1 H Ha 
BbIBO)le 2 cxeMbl npHBOJla cpopMHpyetCSI HyJieBOH CHrHaJI. 3TOT CHfH8JI no)laetcSI Ha 
BXOJl 9JieMeHTOM DD3.l 6JioKa nporpaMMHoro ynpaBJieHHst nonyasToMaTOM (cM. 
pnc. n.11). BbIXOJJ.HOH TpaH3HCTOp 9TOfO 9JieMeHT8 OTKpbIBaeTCff H rnyHTHpyeT uenb 
nHTaHHH cpasocJJ.BHra10mero ycTpoiicTBa (BbIBOJl 3 cxeMhI npHBOJla). THpHcTop VS I 
saKpbIBaeTcH, 4TO npHBOJJ.HT K 3anHpaH1uo TpaH3HCTopa VT 1, B npHBOJl cuosa BKJIIO· 
qaeTCH. TaKHM o6pa3oM, B uenu .HKopH noAAepJKHBaeTcH HeKoTopoe cpe,uHee aHa11e
HHe TOKa, He npeBbllllalOil.{ee )lOnycTHMOe. 

)lJISI TOpMomeHHSI ,ll,BHraTeJIH B cxeMe npe,ZJ,yCMOTpeH THpHCTOp ,ll,HHaMH"leCKOfO 
topMo.>K.eHHH VS2. CHHTHe aa,ZJ,a10mero HanpH>KeHHH npHBOJJ.HT K OTKJI IO"lettHIO ynpaB
JIHIOI..l.{ero THpHcTopa VSl n BKJI1011eHH10 THpHcTopa JJ.HHaMH11ecKoro TopMo>KeHHSI 
VS2. JiorHtJecKaH cxeMa, npoH3BOJlHI..l.{aH 9TH nepeKJII011eHHH, Ha cxeMe He noKaaatta. 
THpHcTop )J.HHaMHqecKoro TOpMo}l(eHHSI V S2 rnyHTHpyeT HKOpb J{BHfaTeJISI "11, 
BCJie)lCTBHe qero OH HHTeHCHBHO 38TOpMa>KHBaeTCH, B pe3yJibTaTe HCKJIIOtiaeTCH Bhl-
6er 9JieKTPOJlHOH npOBOJIOKH. 

IlJIH nony11eHHSI 6oJiee lllHpOKOfO JJ.Hana30Ha perynHpOB3HHSI 113CTOTbl BpaweHHSI 
H T011HOCTH ee noMep)K8HHSI HCil0.i1b3YIOT 6oJiee CJIO}KHbie cxeMhI THpHCTOpHblX 
H TpaHancTopHbIX npHBOJlOB. XopolllHe peaynbTaThI noJiytieHhI B cHcTeMax aJieKTpo· 
npHBOJlOB, HCnOJib3YIOlllHX npHHUHn rnupoTHO-HMnyJihCHOH MOJ(YJIHUHU (Illl1~\) 
(aMnJIHTy)la H ll8CTOTa HMilYJibCOB nOCTOSIHHbl, a JJ.JIHTeJibHOCTb HX H3MeHHeTCH). 
0Te11ecTBeHHOH npOMblllIJieHHOCTbIO OCBOeHO npOH3BO)lCTBO KOMTIJieKTHblX THpHCTop
HblX H TpaH3HCTOpHbIX IIIH1'\-npHBO"OB, KOTOpb1e noaBOJ1S110T nonyqHTh KpaTHOCTb 
peryJinpoeaHHH qacTOTbI apam.ettHH JJ.O 10000 H 6oJiee. TaKHe npHBOJlbI HaXOJJ.HT 
npHMeHeHHe B csapKe, cneuMeTaJinyprnH, po6oTo-TeXHMqecKHX KoMnJieKcax., Hc
nonHMTeJihHhIH JlBHfaTeJib 9THX npHBOJlOB BhinOJIHeH Ha HOMHH8JlbHOe uanpH>KeHHe 
110 B H HMeeT BCTpOeHHbli\ TaxoreuepaTop. ,llJIH 60JiblllHHCTBa JIOK3JlbHbIX CHCTeM 
aBToperynHpoeaHHH csapoqHhlX npoueccos npHMeHHIOTCH JJ.BHraTeJIH cepHH Kn K, 
KilA H JJ.pyrHe, Hanpsi>KeHHe nHTaHHSI KOTopwx ue npeshlrnaeT 48 B, a HOMHHaJihHaff 
MOIUHOCTb COCT3BJISieT He 6oJiee 250 BT. ,ilJISI TaKHX JlBHraTe ... 1eii B 11HCTHTyTe 3JieKTpO· 
CBapKH HM. E. 0. CTaTOHa AH YCCP paapaooTau.Ill.111'\-npHBOJl (puc. n.5). 

Hanpst>KeHHe ceTH 380 B npeo6pa3yeTCH e 6JioKe nHTaHHR 13 e pHJJ. uanpst}KeHHH, 
Heo6xoJJ.HMhIX JJ.JIR nHTHHHSI ecex Y3JIOB npHBO)l.a, cnJIOBhIX ueneii KOMMyTaUHH HKO· 
psi JJ.BHraTeJISI H ero ooMOTKH BoaoyLKJI;eHHH. KoMMyTaUHH TOKa B uenH SIKOP.H ocy
w.ecTBJIHeTcst HMnyJihCHblM ycHJIHTeJieM, co6paHHbJM no MOCTOBOH cxeMe " COCTOSI· 
tUHM H3 lleTbtpex TpaH3HCTOpHbIX KJI10t1eii VT3, VT4, VT5, VT6. K OJI.HOH ,ZI.Ha· 
roHaJIH MOCTa noJ(KJIIOlJeuo nanpH}KeHHe nnTaHHH 65 B, a B JJ.pyry10 JI.Ha roHaJih 
MocTa BKJIIOqeu HKOpb JJ.BHraTeJISI coeMeCTHO c noTenuHoMeTpoM R P3 TaxoMeTpHlle
CKoro MOCTa H pe3HCTopoM R24 TOKoeoii 381UHTbI. BepxHHe KJIIOqtt, co6pattHbie Ha 
TpaH3HCTopax VT3 H VT5, B JJ.aJibHeihneM 6yJJ.elt H33bIB3Tb KJIIOqaMH peBepca, a HH>K· 
RHe KJIIO"lH VT4, VT6 - KJIJOqaMH perynnpoBanusi • .UJIH aauu-tTbJ OT »anpS1.1KeHHH 
HHBepCHOH nOJIHpHOCTH napaJIJieJibHO Ka>KJJ.OMY KJll01IY BKJII01IeHbl JlMO,ll,b1 'V'D9, 
VDJO, VDJJ, VD/2. 

4acTOTa epameHHSI R peaepc HKOpSI JJ.BHfaTeJist peryJiupy10TCH c HCllOJib30Ba
HHe~t o6paTHOH CBff3H TaXOMeTpHlleCKoro MOCTa, KOTOpblH 6aJiaHCHpyeTCSI noTeHUHO
MeTpOM RP3. BhIXOJJ.HOe HanpH}l{eHHe TaxoMocTa no)laeTcSI na exo,n yaJia raJihBaHH
qecKoii pa3BH3KH 11, a uanpH>KeHHe, nponopUHOHaJibHOe TOKY HKOp51' CHHMaeTCSI 
c pesHcTopa R24 H noJJ.aeTcst Ha exo){ yana raJihBannqecKOH pa3BH3KH 10. Ha BhI
xoAe yana 10 Hanpsi>KeHHe cHrHaJia seer~ HMeeT nonomHTeJibHOe 3HaqeHHe. 

YnpaBJIHIOlllHH CHrttaJI c lllHpOTHO·HMnyJJhCHOH MOJlYJIHUHeii (IllHM-cHrHa.i'I) 
nonyqaeTCH cJie~yIOI.UHM o6pa3oM. AJire6paHtieCKoe cyMMHposattHe aa){a10mero 
HanpH*eHHst y3Jia 1 c aanpHJKeHneM TaxoMOCTa H ycHJieune nony11ettnoro cHrHaJJa 
OIDH6KH ocyw.eCTBJISieTCSI HHBepTHPYIOlllHM cyMM3TOpOM, BbIOOJIHeHHblM Ha MHKpO
cxeMe onepaUHOHHoro ycHJIHTeJI.H DA 1. 6aJJaacHpoeKa onepaunouHoro ycHJIHTeJu1 
DAl npouaBOJlHTCH noTeHUHOMeTpoM RP 1. 3a,.'J.a10w.ee Hanpst.>K.euHe peryn11pyeTcS1 
noTeH~HoMeTpoM RP2. 
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Pe.iC. n.ti. <l>OpMHp0B8HHf' WHM-cHrHaJIOB 

BbIXOJtHOe HanpH.>KeHHe u 1 cyMMaTopa 2 
KOTOpoe B Jl.3JlbHeiimeM 6y]leM H83bIB3Tb MO: 
.nynHpyIOll\HM, nocTynaeT B y3eJI KOMnapaTo
poB 4, co6paHHblx Ha MHKpocxeMax DA5-
DA7. 

KoMnapaTop DAS onpe.zteJisieT noJisip
HOCTb Mo.nynHpyromero HanpJJmeHHff H ¢op. 
MHeyeT H8 BbIXOJ(e CHfH8JI peBepca U5, KOTO· 
pbIH npHHHMaeT SHaqeHHe JIOfH11ecKoro HYJISI 
npH U1 < 0 HJIH JIOfHlleCKOH e)lHHHl.lbl npH 
u1> 0. 

llll11'\-cHrHaJih1 cpopMH PYIOTCH KOMna-
p a TO pa MH DA 6, DA 7, n a 11 H Be pcH bl.ii H 
npHMOH BXOJlbl KOTOpbIX OOJ].alOTCSI COOTBeT
CTBeHHO onopHbie HanpH>KeHHJI TpeyrOJib
HOH ¢opMbI. Mo.nynHpy10mee HanpsnKeHne 
cpaBHHBaeTCSI c OJl.HHM H3 onopHblX HanpH-

.>KeHHH, npn 3TOM 8 MOMeHTbl paBeHCTBa HX 
MfHOBeHHbIX 3HalleHHH npOHCXOJ].SIT nepe
KJII011eHHH COOTBeTCTBYIOIUero KOMnapaTopa 
(pHC. n.6). flpH U1> 0 llil1M-cHrHaJI ¢op
MHpyeTCSI Ha Bhixo.ne KOMnapaTopa DA6, 
a npH u 1 < 0 - Ha Bb1XOJJ.e KOMnapaTopa 
D.47. 

feHepaTop onopttoro HanpH>KfHHH 3 TpeyroJibHOH Q>opMbl BblfiOJIHeH Ha MHKpo
cxeMaX DA2, DAS. npouecc reHepHpoeaHHSI OCHOBaH Ha B33HMOJJ.e1icTBHH KO.Mna
paTopa DA2 H HHTerpaTopa DAS H saKJIIOllaeTcH B HHTerpHpoBaHHH cTaOHJIH3Hpo
BaHHoro Hanpsi11<eHHH, nonyqaeMoro Ha VDS, H nepHoJJ.1111ecKOM HHBepTHpoeaHHH ero 
IlOJISipHOCTH. 11MilYJibCbl HanpH.>KeHHH TpeyroJihHOH cf.1opMbl u 9 cpopMHPYIOTCSJ Ha 
BhlXOJle HHTerparopa DA3 c qacToToii 2 Kfn. floTeHUHOMeTpOM RP3 ycTaHaBJIHBaeTcH .. 
Ta KOH CJlBHr 3TOfO HanpSI>KeHHSI, npH KOTOpOM ero MHHHM8JlbHOe 3HaqeHHe paBHO 
0 (CM. pHC. fl.6). ,llJISI IlOJiylJeHHH onopnoro HanpsuKeHHSl 0TpHU8TeJibHOJ:i nOJISlpHO· 

u u 

CTH U4 npHMeHeH auaJiorOBbIH HHBepTop' BhlilOJIHeHHblH Ha onepauHOHHOM YCHJIHTe-
ne DA4. 

PaccMoTpeHHaH cxeMa ooecneqHeaeT anropHTM ynpasneHHff KJIIOqaMH ycHJIH· 
TeJieH MOlllHOCTH, npH KOTOpOM KJIIOll peeepca OTKphIT B TelleHHe Bcero epeMeHH 
npoxO.>KJ].eHHSl TOKa HKOpH 8 0)1.HOM HanpaBJieHHH, a lll11M-curHaJI no.aaeTCSI TOJibKO 
Ha KJIIOq peryJIHposaHHH. HanpaeneHHe TOKa B HKope JlBHraTeJIH onpe,lleJisteTcH no· 
JISlpHOCTblO MOJl.YJIHpy10mero HanpH>KeHHH. 

JlaJihHeiimylO pa6oTy cxeMbl paccMOTpHM npH YCJIOBHH U5= 0, npn KOTOpOM TOK 
qepe3 HKOpb npoxo.u.nT B HanpasneHHH KJIIOlJ peeepca VT3 - KJIIOq perynuposaHHH 
VT6. nepexo.n CHrHaJia pesepca Ha BhlXO)J.e KOMnapaTopa DA5 B COCTOSlHHe JIOfHlleC· 
Koro HYJIH HBJISieTCSI KOM8HJlOH Ha BKJII04eHHe KaHaJia ynpaBJieHHH KJII04aMH peaep· 
Ca 5 H 6, BXOJlHaSl 4aCTb KOTOpblX BblilOJIHeHa Ha MHKpOCXeMe DD J. 00CKOJibKY 38· 
nHpaHHe KJIIOqeA npOTHBOnOJIO>KHOfO HanpH>KeHHSl npoHCXO,llHT 8 TelleHHe 10-15 
MKC, B paccMaTpHaaeMoM KaHane ynpaBJieHHH npHMeHeHbI 9JieMeHThI VD6, Rl7, C4, 
KOTOpble o6ecnelJHBaIOT BKJIIOlleHHe 9Toro KaHaJia c 33,llep>KKOH Ha 40-50 MKC. YKa
BaHHble 9JieMeHTbl He BHOCSIT 33Jlep>KKY npn BblKJIIOqeHHH KaHaJia. 11HJ(HK3UHIO co· 
CTOHHHH, B KOTopoM Haxo.rIJITCff Kattan ynpaBJieHHH, ocyw.ecTBJIHeT cseTOJl.HOJl. VD7. 

flOCKOJibKY uenb ynpaBJieHHH KJIIOqQM pesepca HBXO,llHTCH IlOJJ. HanpH>KeHHeM 
+65 B, .aanbHelirnasi nepeJJ.aqa curuana ynpaeJieHHH npon3BO)J.HTCH qepea 9JieMeHT 
ranbBaHHqecKoA pa3BH3KH - onTpou VDB, KOTOpblA BKJIIOllaeTcH BhlXOJlHbIM TOKOM 
norHqecKoro 9JieMeHTa DD4. Ha npHeMHOH cTopoue TOK Q>oTOJJ.Ho.na ycHJIHBaeTcH Bbl· 
XOJl.HblM ycHJIHTeneM VT 1 H VT2 no,llaeTCH Ha BXO,U KJifOqa p·esepca VT3. nocJie 
BKJIIOlleHHff K&Hana ynpasJieHHH KJiroqoM pesepca VT3 ua Bhlxo.ne sneMeHTa DDS 
ycTaHaBJIHBaeTCff uanpH*eHHe JIOfHqecKoA eJ].HHHU~. KOTOpoe B03J(eHCTByeT H8 
Bxo.n sne.MeHTa DD9 H .naeT paaperneHHe Ha npoxo>KJJ.eHHe IllHM-cHrHaJia Ha KaHaJI 
ynpaBJieHHH KJIIOqoM peryJinpoBaHHH VT6. Ha Bbixo,ne KaHaJia llll1l\\-cHrHaJI yen· 
JIHB3eTCH no MOW.HOCTH HMnyJibCHblM ycHJIHTeJieM 8 H ynpaBJiffeT npOBOJlHMOCTblO 
KJuoqa perynHpoBaHHSI VT6. 

IlpH H3MeHeHHH IlOJiffpHOCTH MOJl.YJIHpy10w.ero HanpH:>KeHHH H ycTaHpBJieHH.1:1 
ycnoBJiH u 1> 0 KJIIOq pesepca VT8 H KJ110q perynHpoBaHHH VT6 aanHpalOTCH, KB· 

248 



!Dd 
1 kl-© ~v ; 2 

olp!we 

. 
tJc --

. 
l:JA 

3 
. 

IJB 

; \ ' \ 

I 1 ... 
~ -- G 7 ~- I M -... 
~ 

....,_ \ -
-~-----------1 ff \ 

\ CllH!JCOllUQP~H/Jle 
CUeHtl/1~/ 

.,.__le_~: 5 ~ pfpp 
r----------, \ 
: 8 IE-:--4t----+l-----t f 2 
I I 
I I 

Uo.c I g ~ Xotl '/') I 
----------------------t-.~ ~ Iv I 

L--------t--1 

PHC. U. 7. <J>yHKL\HOH&JlbHaD CXeMa peryJUITOpa OOJIO&eHHR C "ITP·nPHBOAOM 

HaJI ynpaaJieHllH K.nrottoM peBepca VT5 BKJIIOtiaeTCH, a IllHM-cHrHaJI c BhIXOJla KOM· 
napaTopa DA6 nocTynaeT B Kattan ynpaBJieHHH 9, DDJO, DAB KJIJOqoM perynHpo
B8HHH VT4. HanpaBJienHe TOKa B HKope ,ABHraTeJIH H3MeHHeTcH Ha npoTHBOnOJIO>KHoe. 

llTOObJ orpaHHljffTb TOK 8 uenH SlKOpH Ha .nonycTHMOM ypoBHe H ooecnelJHTb 
tta.n.emny10 pa6oTy TpaHaHcTopoB ycHJIHTeneu MOUJ.HOCTH VT3, VT4, VT5, VT6, 
B cxeMe npHMeHetto ycTpo:H.cTso aautHTbI 7, BhJDOJIHeHHOe tta MHKpocxeMax DD5-
DDB. Cl>yttKUHIO noporoBoro 9neMeHTa BhlDOJIHHeT noru11ecKHH sneMeHT DD5, Ha 
exoJJ. KOToporo nocTynaeT CHrHa.i'I c yana JO. EcJIH HanpHmettue Ha sxo.n.e sneMeHTa 
DD5 JJ.OCTHraeT 3HatJeHHH norn11ecKofI e)lHHHUbI, TO ero BbIXOJJ. nepexoJJ.HT B cocTOHHHe 
norut1ecKoro HYJIH. 3To Bhl3bIBaeT nepeKJIIOlJeHHe TpHrrepa DD7, DDB B cocTOHHHe, 
np11 KOTopoM Ha ero Bhtxo.ne ycTaHaBJIHBaeTCH aanpsnKeHHe norHqecKoro HYJIH, 
KOTopoe, eoa.n.eflcTBYH ua 9.,,1eMeHThI DD9 11 DD 10, aannpaeT KaHaJibl ynpaBJieHHH 
KJIIOllaMH peryJIHpOB8HHH. TpHrrep ycTaHaBJIHBaeTCH B HCXO,ll.Hoe COCTOHHHe aBTO· 
M8TH4eCKH. ,llJISI 9Toro H3 npHMOYfOJlbHOro uanpH:>KeHHSI' KOTopoe BbipaoaTbIBaeT· 
en ua Bb1xo,lle KOMnapaTopa DA2, np11 ,llHQ><Pepeuu11poBaHHH C3, R16 n nocne,lly1omeM 
HHBepTHpoBaHHH DD6 ¢opM11py10TcS1 KopoTK11e HMnyJJhCbl nor11qecKoro HyJIH c qac
roTOH 2 Kfu. 

TaKnM o6paaoM, B TelJeHHe Ka>K.noro nepno)la 11n1pOTHO-HMnyJihCHoro peryJIHpo
BaHHH KOHTPOJIHPYIOTCSI MfHOBeHHbJe 3HatieHHH TOKa B HarpyaKe TpaH3HCTOpHbIX 
KJnoqeiL 3aJI.aromee uanpH}KettHe, perynHpyeMoe B npen.enax - 10 B + + 10 B, 
cpopMH pyeTC.ff B yaJJe 1. 

YnpasJ1J1eMblH npueo.n. nepeMeHHoro ToKa. H3 acex BHJlOB 9JieKTPOJlBuraTeJieii 
acHH x pOHHhle Jl.BHraTeJIH HaHOOJiee pacnpocTpaHeHbl B caapOtillbIX ycTaHOBK3X BCJJe)l
CTBHe cpaBHHTeJibHO HH3J{OH CTOHMOCTH H BbICOKOH Ha.lle:>KHOCTH. 0JJ.H8KO B Tex CJiy
lJBHX' KOf)la Tpe6oBaJIHCb nJiaBHOe perynHpOB8HHe lJaCTOTbl BpameHHH, TOlJH8SI OCTa
HOBKa' nporpaMMHpyeMble nycK H TOpMO.>KeHne, BMeCTO aCHHXpOHHblX JlBHraTeJieH 
HCTIOJib30B8JIH JlBHfaTeJIH nOCTOHHHOro TOKa HJIH rnarOBbie )l.BHraTeJIH. 

B nOC.i'Ie)lHHe ro,nbl npH COBeprneHCTBOBaHHH MHKp09JieKTPOHHOH H CHJJOBOH 
noJiynpoao,nHHKOBOH TeXHHKH see lllHpe npHMeHSIIOT cxeMbl qacTOTHOfO ynpaBJieHHH 
acnuxpOHHbIM 9JJeKTponpHBO,ll.OM [3, 19). Tipn 9TOM HaMeTHJIHCb .nsa OCHOBHblX Ha
npaBJieHHSI: aMnJIHTYJJ.HO-llaCTOT0ftOe perynHpOB8HHe (A lJP) H lJ8CTOTHO·TOKOBOe pe
ryJU1pOB3HHe (llTP), A llP He nonyq11JJ0 aaMeTHoro pacnpocTpaHeHHH B ceapoqHoM 
o6opy.noBaHHH H3-3a CJIO>KHOCTH. CxeMbt lJTP JJ.JIH cepHHHhIX ac1u1xpoHHhIX MaWHH 

· {HanpuMep, cepHH 4A) ot5ecnetJHBaJOT nonytJeHHe perynnposoqHhIX xa pa KTepHCTH K, 
lie YCTynaIOlllHX 3H3JIOfHlJHblM xapaKTepHCTHKaM npllBO,!J.8 IlOCTOHHHOrO TOKa. npn 
cpaBHHTeJibHO HH3KOH CTOHMOCTH H BblCOKOH Ha]le}KHOCTH npHBOD. c HCnOJib30Ba1111eM 
'-ITP o6Jia.naeT JJ.OnOJIHHTeJibHblMH npeHMymecTBaMH: Ha scex pe>KUMaX pa60Tbl K03cp
<t>HUUeHT MOlllHOCTH 6JIH30K I{ e.nnHHue; BO BCeM .ZJ.Hana30He peryJIHpOBallHSI 06ecne
quea10TCR >KeCTKHe MeXaHHlleCKHe xapaKTepHCTHKH; nonoca nponycKaHHH 8 5-10 
pas 6oJJbWe, qeM y THpHCTOpuoro llll1l.'\-npHBO)la nOCTOHHHOfO TO Ka. 

PaccMOTpHM cxeMy perynsiTopa nOJIQ}KeHHH c 4TP-npHBO,tlOM (pHC. n. 7). 
Ha BXOJle 6noKa ynpaaneHJHI cpaBH11Ba10TcR cnrHaJI sa.nanlHI cKopocTH nepeMemenHH 
U OT ycTpOHCTBa qucnonporpaMMHoro ynpasJieuuH Y40Y 1 11 curuan cpaKTHlleCKOH 
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Puc. D.8. Ilpuenun11aJJbnaH cxeMa npuso.«a c waroBblM ABHraTe.neM 

cKopoctH v0 .c c BhIXOJJ.a u11¢poaHaJ10Boro npeoopa30BaTeJu1 UAil 9. PeayJibTaT 

cpaBHeHHSI !1.v nocTynaeT Ha BXOJU>I <f>opMHpOBaTeJIH 2 aMnJIHTYJ(bl " <f>a3bl TOKa CTa
TOpa H cpopMHpOBaTeJIH 4 qaCTOTbl CKOJlb>KeHHH. <I>opMHpOBaTeJib 2 B 33BHCHMOCTH 
OT CHfH8JI3 fl.v H CHfHaJia 33J(8HHSI TOKa (nOTOKa) B036y:>KJ(eHHH Ud Bbipa6aTbJBaeT 

CHrHaJI sa.naHHH TOKa CTaTopa /s.C• B cyMMaTope qacTOT H cpopMHpOBaTe.ne HMnyJibC
HblX CHfH8JIOB (6JIOK 5) '13CTOT8 CKOJib>KeHHH f c cyMMHpyeTCH c qacTOTOH epameHHH 

pOTopa (pf BP) H B BH,ne HMilYJlbCHblX curuanoB ll3CTOTbl [/ o± (pf BP± f c>1 c pa3HOCTblO 

2tt 
cpaa 3 nocTynaeT B cpopMHpoBaTeJib 3 aa,naHHH cpa3HblX TOKOB (/ 0 - qacTOTa 2 Kfu; 

p - qucno nap nontocoe JlBHraTeJIH). 
C11rHaJihl Q>aaHbIX TOKOB / 3 A H / 88 ucnoJib3YtoTCH B TpexcpaattoM peryJIHTope 

TOKa 6 H Tp3H3HCTOpHOM HHBeHTope 7 JlJUt ¢opMHpOBaHHS1 B CT8TOpHblX o6MOTKaX 
acunxpottttoro .UBHrateJIH AD. cI>aanhIX TOKOB, nponopuHoHaJibHbIX 9THM cHrHaJiaM 
(TOK <f>a3bl c paBeH cyMMe TOKOB <f>a3 A H B). B KaqecTBe .uaTqHK8 oopaTHOH CBH3H 

HCnOJihayeTcH <f>aaoapaw.are.nb 12. <I>opMHpoeaTeJih qacTOTbI spamenuH 8 npeo6pa
syeT cpaay CHfHaJia c .naTqHKa 12 B KO,lJ; CKOpOCTH nepeMeIUeHHH (qacTOTbl Bpaw.eHHSl) 

" liMilYJlbCHble CHrHaJihl, nponopuHOH8JlbHble CKOpOCTH epameHHH nOJIH (p/Bp>· 
<I>opMHposaTeJib JO cHrHaJioB nepeMemeuHH, aaMbIKaH KOHTYP peryJIHpoBaHHH, 
ynpaBJISieT pa6oToii Yl/fl Y 1. ,[LaTqJIK teMnepaTypbI 11 KoppeKTHpyeT pa6oTy <!Jop· 
MHpoBaTeJIH 4. 

YnpaBJJSleMblH npHBO.D. c rnaroBblM ARHf aTeneM. npHBOJ( c warOBbIM ,llBHraTeJieM 
ffi 0. npHMeHHeTCH ,llJIH 701lHblX nepeMeUJ.eHHH H TI03HUHpOB8HHH MeX3HH3MOB CB8· 
pOllHhIX yctanoaoK, B TOM llHCJie 11 npoMhirnJieHHbIX po6oToB. CTpHBOll c WP. no 
cpaBHeHHIO co CJie,lJ;HW.HM npuBO,llOM ot5nainaeT CJie)lytoUJ.HMH npeHMymecTBaMH: 60 .. 
Jiee npocToA cxeMoTeXUHKOH, nocKOJihKY B HeM otcyTc1BytoT JJ;aTtiHKH o6paTHOH 
CBH3H, KoppeKTHpy1omHe 9JieMeHTbJ H T. Jl.; peryJiupoeanHe CKOpOCTH OT HYJIH /J...O 
HOMHH8JlbHOro 311atJeHHS1 ocymecTBJIHeTCSl c coxpaHeHHeM CHHXpOHHOCTH H CHHcpa3· 
HOCTH; BbICOKOH CTaTHqecKOH TOlJHOCTblO, onpeJ].eJIHeMoii BenuqHHOfi O,llHOfO 
war a. 
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a~ c nepeo.unqecKHM oTCqeroM; 6- c HenpepbIBHhlM otcqeTOM 
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10 0 

YnpaBJI.SIIOIUHM cHrHaJIOM JlJISI lll 11. HBJI.SieTCH nocJieD.oBaTeJihHOCTb sneKTpuqec
Knx:HMDY JibCOB (yHHT8pHblll,,KO,ZJ.). Ill P. Henocpe)J.CTBeHHO npeo6paayeT YHHTapHblH KO)\ 
B nponopUHOH3JlbHblH H cpH KCHpOBaHHblH IlOBOpOT BhlXO)J.HOfO BaJJa. npnHUHil11.8JlhH3H 
CXeMa ynpaBJIHeMOfO npHBO,ll.8 C ill Ji (puc. Il.8,a) COJJ.ep>KHT 9JieKTpOHHblH KOMMyTa
TOp, coopaHHblA Ha MHKpocxeMax DDJ-DD9. Ou npeo6paayeT 0)J.HOK8HaJibHYIO no· 
GJie,llOBaTeJibHOCTb HMilYJibCOB B c)Ja3HYIO CHCTeMy HMilYJlbCOB, KOTOpble nocJie ycHJIH
TeJieH MOlll.HOCTH VT 1-VT 4 nocTynaIOT B OOMOTKH m JI.. PeeepcupoBaHHe Ill P. ocy
mecTBJISleTC.H H3MeHe«HeM qepe,nOB8HHH ¢as HMilYJibCOB TOKa B o6MOTK8X Jl.BHfaTeJIH 
c fiOMOlllblO RS TpHrrepa DDS. Ha pHC. n.8,6 npHBe)J.eHa Ta6JIHUa COCTOHHHSI 
9JieMeHTOB cxeMbI npH H8JIHqHH ynpaBJIHIOW.ero CHfH8Jla B BH)J.e nocne,noBaTeJibHO• 
CTH HMilYJibCOB, 8 Ha pHC • . n.8,8 - TOKa B OOMOTKaX lll0.. 

flpHBO.A c u_ucl>poeblM ynpaeneuueM. lliHpoKoe pacnpocTpaueHHe npH OJlHOBpe
MeHHOM CHH>K~HHH CTOHMOCTH MHKpo3BM H MHKponpoueccopoB fi03BOJHieT 3cp<PeK
THBHO HX HCfl0Jlb30B8Tb ]lJIH ynpaBJieHHff 9JleKTponpHBO)J.OM. CTo BapHaHT8M CTpoe
HHH pa3JIHll810T npHBOJlibl c nepHO,ll.HqecKHM H ttenpepbIBHblM OTcqeTOM Be~1HqHHbl pac
cornacoeaHHH Me>K,ZJ.y 38)J.8HHbll\·t H cpaKTHqecKHM SHaqeHHHMH peryJIHpyeMOH BeJIH· 
tJHHbl (50). 

npH nepHO)J.HqecKOM BbJqHCJIHTeJibHOM npouecce (pHc. n.9,a) no CHrHaJiy IT 
OT T8KTOBOrO reuepaTopa nepHO)J.HqecKH onpalllHBaeTCH UHcppOBOH )J.aTqHK 8 yrJIOBOfO 
noJJo>KeHHSI aaJia D.BHraTe.nH 7. U11¢poeoii KOJl uT TeKymero 3HaqeH1u1 yr na noeopoTa 

BblqHTaeTCH H3 npe,ll.bJJlYlllero suaqeHHSI' xpaHHIUefOCH B perHCTpe H nonyqeHHhlH 
peay.,ribTBT ,ll.eJIHTCSI Ha BpeMH TaKTa. 3aTeM nonyqeHHOe TaKHM o6pa30M TeKy
mee 3H8lJeHHe CKOpOCTH cpaBHHBaeTCSI C 33,ll.8HHbIM 3HatJeHHeM U3 B UHcppOBOM Cp8BHH-

B810lIJ.eM ycTpOHCTBe 1 H pe3yJihT8T no,naeTCH Ha OJI.RH 113 BXOJlOB CYMMaTopa 4 H Ha 
BXO)J.bl UHcpposoro HHTerpaTopa. 2' npe)J.Ha3H8'lJeHHOfO J{JIH ycTpaHeHHSI CT8TH3Ma, 
H KoppeKTHpy1omero yctpOHCTBa 3, nOBbllll8IOill.ero ycTOHlJlfBOCTb H l\_atJeCTBO pery
JJHpoeaHHfl. UH<Pponoii Ko,n c BbIXOJta cyMMaTopa nocTynaeT B npeo6pa3oBaTeJih 
«uHcppa - HMOYJibC» 5, ynpaBJIHIOlllHH TpaH3HCTOpHbIM npeo6pa3osaTeneM 6, uarpys· 
Kofi KOTOporo HBJIHeTCH HKOpb .fi.BHraTeJIH. 

HeJlOCTaTKH paccMoTpeuHoro eapHaHTa npHBO,ll,a: ero .U.OBOJibHO CJIO>KHasr CTpyK
Typa; ueo6xo)J.nMocTb npe.ncTaBJieHHH sa,naromero cHrnana s u11¢poeoil cpopMe; 
npH 9TOM ,ll.aTqHK yrJia nosopoTa npe,ncTaBJIHeT co6oH cpaBHHTeJibHO CJIO)KHblH H JlO
porou npH6op. 

B npHBO)J.e c uenpepbIBHblM OTC11eTOM (pHc. n.9,6) peeepCHBHbIH cqeTqHK 5 
HenpepblBHO cpHKCHpyeT pa3HOCTh Me>K.JlY lJHCJIOM HMfiYJibCOB n3 OT 38)1.3IOllJ.ero 

rettepaTopa 1 c KBapueeou CTaOHJIH3aLI.Heii qacTOTbl H llHCJIOM HMilYJibCOB no.c OT 
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qacTOTHOfO )I.aTqHKa JO oopaTHOH CBH3H. B K8.>KJ{blH TeKylllHH MOMeHT BpeMeHH B pe• 
aepcHBHOM C1IeTqHKe ¢llKCHpyeTCH qncno HMilYJibCOB: 

t 

N = ~ (n3 - n0 .c) dt. 
0 

C BbIXOJI.a cqeTqHKa cHrHaJI N nocTynaeT Ha OJ{HH H3 BXOJ{OB cyMMaTopa 6. Ha 
BTOpOH ero BXO,A nocTynaeT CHfHaJI OT KOppeKTHpyiomero ycTpOHCTBa 4, B KOTOpOM 
BbJtjHC .. TJHIOTCH nponopU.HOH8JlbH8SI H JlH¢cpepeHuHaJibH8H COCTaBJIHIOll{He CHfHaJia. 
UucppoBhie cHr11a .. TJhl JJ.Jist KoppeKT11py10mero ycTpoAcTea nonyqa10T c noMOW.blO 
npeo6pa3oBaTeneii «11acT0Ta-KOJJ.» 2 H 3. B ocTaJibHOM pa6oTa cxeMbI attanorHtIHa 
pa6oTe cxeMbl c nepHOJUJlleCKHM OTcqeTOM. 

2. 0.qHOKOOp.qHHaTHWe CHCTeMhl KOnHpoaaHHS1 

0.l{HOKOOp,llHH3THhle CHCTeMbl npHMOfO KOnHpo~aijHH c He3aBHCHMWM 3a.l{alOUI.HM 
JJ.BH.>KeHHeiv1 (pHC. 0.10,a, 6) HMelOT ropH30HTaJibJ\Oe 38)1.alOW.ee ABH>KeHlfe C IlOCTOHH .. 
HOH CKOpOCTblO v3 = const. BTopoe (eepTHKaJibHOe HJIH HaKJIOHHOe) ,ZJ.BH>KeHHe -

KOnHpyIOmee; TeKyW.aH CKOpOCTb VK 9TOfO ,lJ;BH>KeHHH onpe,neJUleTCSI npocpn.neM rna6· 

nona H BeJIH4HHOfi Vs. 
EcJIH yron P Me>K,ny HanpaenenHHMll aa.naromero H KonupyIOI.U.ero ,na1nKeHHS1 

paBeH 90° (puc. fl.10,a), TO KOHTypttaH CKOpOCTb VKOHT' T. e. CKOpOCTb nepeMell{eHHff 

T04Kll Han .. 11aBKH B,AOJlh HanJiaBJIHeMoro KOHTypa, onpe.neJineTCH COOTHOllieHHeM 

VKOHT = v 3/cos a. 

r,n;e a - yron no.nneMa npocpHJIH. 
B CHCTeMe KOnHpOBaHHH c yrJIOM ~ Me>KJI.Y HanpaBJieHHS1MH 3a.l{at0mero H KOTIH· 

py1ow.ero JlBIUKeHHH, paBHblM ~ = 90°, Hao.n10,na10TCH 3H8lJHTeJibHble KO.ne6aHHS1 

1 

12 

J g f 0 

t2 12 

Puc. n.10. CxeMLI 0,11.HOKOOPAHHaTHblX CHCTeM KOnHpOBaHHB ma6JIOHOB (npHMeHUTeJJbffO K HaUJJ8BKe 
PY'ILeB npoKaTHhlX eaJIKoB): 
a - npHMOro KOnHpoeaHHSI c opToro1rnnbHblMH cynnopT3MH; 6 - npHMOro KOnHpoBaHHH c HeopTO
roHanbHblMH cynnopTaMu; 6 - npstMoro KOOHpoBaHHH c AH<l><PepeHU.HaJioM; e- ttenpHMoro 1<om1po
saHHH; J - npHBOA ropH30HT3JlbHOrO cynnopTa; 2- npHBOJ:4 sepTHK8JlbHOro cynnopTa; 3 - KapeTKa 
ropH30HTanbHOro cynnopTa; 4 - Kaperaa Konupy1011tero cynnopTa; 5 - HannaeoqHaB ronoeKa; 6 -
11.tYn: 7 .- waC>noa; 8- ,n.aT"IHK; 9 - AH<l><t>epeHu,Han: JO - npHBOA All<l>tf>epeHUHaJia; JI - 6noK ynpan
nemtH npHBO.ztaMH; 12 - HanJiaBJISl('MOe H3Ae.'JHe 
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KOHTypuoii cKopocTH (npn a.= 45° yseJIHqeHHe KOHTypHoA CKopoCTH cocTaBJIHer 
41 % ); KpoMe Toro, JJ.nSI 9TOH CHCTeMbl orpaHHll.eH npe,neJibHhIH yron no,noeMa npo
¢11nsi KOnHpa - npaKTIPieCKH a < 50°. 

Bonee coneprneHHOH SIBJIHeTCH cHcTeMa KonupoBaHHH c yrnoM P < 90°, HanpH· 
Mep ~ = 45° (puc. n.10,6). HeTpy,llHO noKa38Tb, 4TO B 3TOM cnyqae KOHTYPH8H 
CKOpOCTb onpe}J.eJHieTCff no cpopMyJie 

v3 sin~ 
VKOHT = . ( f- ~) sin a-

n, HaIIpHMep, ,llJUl ~ = 45°, v:i;T = 0, 707V 3 npH CX = 45° H V!:1o~~ = V3 npH 

a = 0 H a = 90()' T. e. KOJJeoa HHP KOH rypHoii CKOpOCTH B npe):{eJiax 0 -<= a -<: 90° 
COCTaRJHieT npHMepHO 30 '}~ (B CTOpOHY yMeHbIIJeHHSl). He.nocTaTOK CHCTeMbI - Heo6· 
XO,lJ.HMOCTb nonopoTa HanpaBJHllOllJJIX CJie.n~nuero JlBHiKeHHSI npH nepexo.ne OT KOnHpo
B8HHSI JieBOU CTOpOHbl ma6JIOH8 K KOOHpOBaHHJO ero npaBoH CTOpOHbI. 

0.UHOKOOp.lliHH8THble CHCTeMbJ npSIMOro KOnHpOB8HHS1 c 38BHCHMblM aa.n.aIOmHM 
)J.BH>KeHHeM JIHOO npenycMaTpHB8IOT ynpaBJieHHe CKOpOCTbIO 3a.n.aromero JlBIDKeHHH 
B 38BHCHMOCTH OT yr JI a H8K • .1IOH8 KOnnpyeMoro KOHTypa K HanpaBJieHHIO sa.z.ta1omero 
)J.BHiKeHHH (B npocTeihnnx cnyqaHX - CTyneHqaTOe H3MeHettHe CKOpOCTH no KOMaH
.naM OT nyTeBbIX KynaqKoB), JIH60 COJJiep1KaT .nncpcpcpeHUH8JlbHbIH MeXaHH3M JliJUI 
ocyw.ecTBJieHHH ropH30HT8JlbHOfO H BepTHK8JlbHOfO nepeMerneHHH OT O.lliHOro npHBO,lla. 
IlpH HCfiOJib30B8HHH }J.Hcp¢epeHUH8JlbHOfO MeXaHH3M3 (pHC. fl.10,B) H BparueHHH ero 
BXOJUIOfO BaJia c nocTOSlHHOH CKOpOCTblO apHcpMeTHlJeCKaSI cyMMa ropH30HT8JlbHOH 

u 0 

H sepTHK8JlbHOH cpe)J.HHX CKOpOcTeH nocTOHHHa, T. e. 

V 3 + V K = const = V np· 

npH OTCYTCTBHII KOHT8KT8 myna C rna6JIOHOM npOHCXO}J.HT J.tBH}KeHHe DO fOpH· 
30HT8JIH, T8K K3K conpOTHBJieHHe .UBH}KeHHIO BBepx 60Jlbllie, lJCM B ropH30HT8JlhHOM 
HanpanneHHH. TaKHM o6pa30M, ropH30HTaJibHOe .nnn>KeH.He SIBJIHeTcH 3aJJ.8IOUUIM. 
KoHTypttasi cKopoCTh B 9T.PH cncTeMe saBHCHT oT aeJIHlIHHhI yrna HaKJioHa KOnH
pyeMoro KOHTypa. Opn ~ = 90° 

v KOHT = v v: + v; 
H npH a= 45° ~JlH cpe,llHHX 3HBlJeHHH CKOpoc1eif V3 = V K = 0,5V np noJiyYae~f 

V KOHT = J/ (0,5V np) 2 + (0,5V np) 2 =0,107V np· 

TaKHM oopaaoM, 

Vmin - 0 707V . ymax - V 
KOHT - ' np• KOHT - np• 

T. e. H3MeHeHne KOHTYPHOH cKopocTH cocTaBJIHeT npHMepHO 30 % (n CTopouy yMeHb
rneHHH). CHcTeMy 9Toro THna MO>KHO npHMeHHTb .ZJ.JISI aaToMaTH33UHH HannaBKH npo
cpnneii, y KOTOpblX yron nO)J.'beMa nocTOHHHbIH JIHOO 6Jill30K K 0 (90°) c He60JibWHM 
nepeXO,ll.HblM yqaCTKOM («HU.Ulll.Hhie» K8JIH6pbl), a T8K)Ke BO BCex CJIY'll8SIX, Kor.na 
KOJie6attne CKOpOCTH KOnHpOB8HHH B YK838HHbIX npeJJienax He HMeeT 3HalleHHH. 

0JlHOKOOp,ll.HH8THhle CHCTeMbl HenpHMOro KOnHpoBaHHH c He3aBJICHMbIM 38JJ.810-
lUHlrf ,Il.BH>KeHUeM T8K }Ke, KaK H CHCTeMbl np.HMOfO KOnHpOB3HHSI (pHC. CT.10,a,6), 
He o6ecnelJHB8lOT nOCTOflHHOH KOHTypttofl CKOpOCTH. 

06JI8CTb npHNeHeHllH KOnHpOB8JibHhlX CHCTeM c He3aBHCHMblM 38Jf.810IUHM 
Jl,BH>KeHHeM (ttenpHMOfO H npHMOfO JJieHCTBHSI) onpe.n.eJIHeTCH JJionycTHMbIM yeeJnI 'le
HHeM CKOpOCTH cBapKH' KOTOpoe, B CBOIO oqepe,nb, onpe.z:r.enHeTCSI .nonycTHMbIM 
yMeHhllleHHeM cetieHHSl lliB8 Ha HBKJIOHHblX yqaCTK8X TpaeKTOpHH Jl.BH>KeHHSI. no3-
TOMY HaH60,,1hmee ,a.onycTHMOe aHatiettne yr.ha a JlOJl>KHO onpe,ll.eJISIThCH H3 ycnoauH 

( l~Vc8 1) 
a = a rccos I/ 1 + V ca , 

r.ne l\Vcn - itonycKaeMoe yaeJIHll€HHe cKopocTH CBafKH Ha ttaKJIOHHhlX yt.JaCTKax Tpa· 
I ~VCB i 

e1<TOpHH. TaK, npu = 0, l yroJI a ~ 25°. 
VCB 
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0,nHOKOOp,ll.HHaTHble CHCTeMbl HenpHMoro .neH:cTBHSI c 38BHCHMblM sa.naIOlllHM ,nBH· 
lKeHHeM no3BOJIHIOT noMep>KHBaTb npaKTHtJecKH nocTOHHHYIO KOHTYPHYto cKopocT& 
nyTeM ynpaBJieHHH CKOpOCTblO sa.narom.ero JJ.BH:>KeHHH B saBHCHMOCTH OT CKOpOCTH 
KOnHpy10mero JlBIUKeHHSI. flOCKOJibKY nono>KeHHe B pat5oqeft 30He yqacTKOB TpaeK
TOpHH c pa3JIHqHblMll yrJiaMH a H3BeCTHO, JI.JUI ynpaBJieHHSI CKOpOCTHMH MoryT HC
nOJib30BaTbCSI TBK.>Ke nyTeBble KyJiallKll. 

0JJ.HOH H3 npocTeHlllHX HBJISleTCSI CHCTeMa (pHC. n.10,e), paapa6oTaHHaSI B HH
CTHTyTe 9JieKTpOCBapKH HM. E. 0. naTOHa AH YCCP npHMeHHTeJibHO K HanJiaB
Ke pyqbeB npoKaTHhIX eaJIKOB. Kon11pyrow.ee ycTpo.HcTBO (.naTqHK) cHcTeMbI co.nep· 
:>KHT OJlHH .nsyxn03HUHOHHhlH nepeKJIIoqaTeJib, KOTOpbifi cpa6aTbJBaeT npH conpHKOC
HOBeHHH KOnHpHoro naJibUa (myna) c rna6JIOHOM H OTKJllOlJaeTCH npH OTXO)J.e myna 
OT rna6J10Ha. npH OTKJllOlleHHH JJ.BYXD03HUHOHHOf0 nepeKJIIOllaTeJIH BKJIIOqaeTCH ro
pH30HTaJihHOe ,nBH:>KeHHe Ha wa6JIOH, a npn BKJIIOlleHHH ero OTKJJIQqaeTCH ropH30H· 
TaJibHoe JJ.BH>KeHHe H BKJI10t1aeTCH aepTHKaJibHOe. Hanpasnettne ropH30HTaJihHOH 
nQ)J.aqH ycTaHaBJIHBaeTCSI TyM6JiepoM Ha nyJihTe ynpaBJieHHH B 3aBHCHMOCTH OT Toro, 
KaKaSI CTOpOHa PYllbSI HanJiaBJIReTCH. npn IlOCTOHHHblX CKOpOCTHX ropH30HTaJibHOH 
H BepTHKaJibHOH no,naq CKOpOCTb KOnHpOBaHHR B TaKOH C.HCTeMe onpe,ueJISIIOT no cpop
MyJie (6ea yqeTa ~peMeHH nepeKJIIOlleHnif): 

Ka>K,nhIH npHso.n {ropH30HTaJihHoro H aepTHKaJibHoro nepeMellleHHff cooTBeTCT· 
BeHHO) HMeeT no TpH pa3JIHllHble CKOpOCTH. 4TOOhl o6ecnelJHTb r HeKOTOpbIM npn6JIH• 
>KeHHeM nocTOSIHHYIO CKOpOCTb KOnHpOB3HHH HJIH ee HSMeHeHHe no sa.naHHOMY 33· 
KOHY B 33BHCHMOCTH OT yrna a 00)1.beMa npoQ>HJIH, Heo6xo,nHMO COOTBeTCTBeHHO nepe· 
KJIIOlJHTb CKOpOCTH v3 H VK B 3apaHee BbI6paHHblX TOllKax nepecTaBHblMH nyTeBblMH, 

KyJiaqKaMH, ycTaHOBJieHHblMH Ha cynnopTaX BepTHKaJibHOfO H (HJIH) ropH30HT3Jlb· 
Haro nepeMern.eHHSl H B03J1.eHCTBYIOlll.HMH Ha MHKponepeKJIIOllaTeJIH. 0JI.HOBpeMeHHO 

v 

c nepeKJIIOl:leHHeM CKogocTeH no.n.aeTCSl KOMaH.na Ha HaKJIOH OCH SJieKTPOJJ.a BOKpyr 
TOqKH HanJiaBKH Ha 15 OTHOCHTeJlbHO npe.n.b1,nyrn.ero noJIOLKeHHSI. HanpaBJieHHe Ha
KJIOHa SJieKTpo.n.a ycTaH3BJIHBaeTCSI TeM >Ke TyM6nepoM, qTo H HanpaBJieHHe ropH30H· 
TaJlbHOH no.natIH. c ysenuqeHHeM J1.H3MeTpa BaJIKa B TQqKe HanJiaBKH CKOpOCTb 
epaw.eHHSI BaJIKa aBTOMaTHqecKH yMeHbWaeTCSI 6naro.napH KHHeMaTHqecKOH CBSl3H 
sepTHK8JlbHOro cynnopTa c noTeHUHOMeTpOM, aa.na1orn.HM llaCTOTy Bpam.eHUSI lllilHH
.neJIH sparn.aTeJIH. 

CHCTeMbI c saBHCHMbIM sa)J.a10rn.HM Jl.BH>KeHHeM ooecnellHBatoT aBTOMaTHtiecKoe 
KOnHpOBaHHe c noCTOHHHOH CKOpOCTblO B npe}l.eJiax o.nHoro KBBJJ.pauTa (HanpHMep 
OT 0 JJ.O 90°). IlpH nepexo.ne K JJ.pyroMy KBa.npaHTY He06XOJ1.HMhl .nonOJIHHTeJibHble 
nepeKJitoqeHHSI: ,ZtJIH H3MeHeHHS1 HanpaBJieHHH 3a.z:r.a1omero JJ.BH>KeHHH HJIH QlYHKUHH 
KOOp,ZJ.uHaT (Kor,na aaJJ.alOw.ee .nBH:>KeHHe CT3HOBHTCH KOnHpylOI.l{HM, a KOnHpy1omee
sa.n.a10IUHM). 

3. &noK nporpaMMHoro ynpaaneHHR nonyaBTOM8TOM AnSI AYfO!IOH caapKH 

CxeMa 6JIOKa (puc. n.11) o6ecnelJHBaeT ynpaBJieHHe CBapKOH ,nJIHHHblX, KOP OTKHX 
lllBOB H ceapKOH TOllKaMH B COOTBeTCTBHH c UHKJiorpaMM3MH, npHBe,neHHblMH Ha pHC. 
2.11. 

JlorHIIecKaSI tJaCTh cxeMhI co6paHa Ha HHTerpa.,'IbHhIX MHKpocxeMax cepHH 
K51 l (cxeMhI DDJ, DD2. DD3). B KatJecTBe KJitoqeii, ocymecTBJIHIOI.UHX KOMMyTa
UHIO aJieKTpOMafHHTa KJianaHa ra300TCeKaTeJIH y H peJie HCTQqHHKa CBapO'IHOfO 
TOKa KI, wcnoJih3YtoTCSI THpHcTophI VSJ, VS2, BKJIIOYeHHe KOTOpbIX npou3eo.nuTcH 
TpaH3HCTopaMH VT 1, VT2. Pe>KHMhI csapKH «,nJIHHHhIH mos», «KOpOTKHH lllOB», 
«csapKa TOllKaMH» aa.u.atoTCH nepeKJIIOllaTeJieM SJ H pe3HcTopoM RJO. B Kallecrse yn
paBJIHeMoro npHBOJJ.a no,naq11 3JieKTPOJlHOH nposonoKH Ynn HcnoJihayeTcH npH
Bo.n, OnHCaHHbIH B npHJI. 1 (CM. pHC. Il.4). 11CTOqHHK TIHT8HHH SJieMeHTOB CXeMhl 
Ha pHC. Il.11 He IlOKa3aH. • 

B pe>KHMe csapKH «.nJIHHHbIX rnsoe» (KHOnKa SJ oTnymeHa) cxeMa paooraeT 
CJieJ(yIOIUHM o6pa30M. IloJIO>KHTeJibHblll CHrHaJI qepe3 KHOnKy «nycK», pacnOJIO.>i{eH
HYIO Ha .nep}KaTene ropeJIKH, nepeKJ11oqaeT TpHrrep TT (DD 1.2) 11 nocne.u.HHH 3ano
MHHaeT 9TO COCTOSIHHe. CHrHaJI c BblXO)J.3 Q TpHrrepa (nornqecKaH e.nHHllUa) qepe3 
cxeMy coena.neHHH DD3.1 BKJIIOllaeT npHBOJ1. H qepea HHBepTOphI DD2.1, 
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f>HC. n.11. l'nponteHHaSI cxeMa 6JJOKa nporpaMMHOro ynpaBJieHHH -ceapO'IHblM noJryaBTOMBTOM: 
Yflfl - ynpaBJJBeMhlli npHBOA no):\a1.:1u aneKTPOAHOtt nposonoKu; 1, 2, 3 - nenH DOAa'IH cureanoe 
c OOTBeTCTBeHHO ):\HHaMHqecKoro ropMo>KeHHH' TOKOno:A 33I.LtHTbl. BKnlOqeHHH npHBO,Aa; - CB8PK8 
.Q,J1 Ii HHhJX WBOB; ••• - CBapKa KOPOTKHX WBOB; • • • - ceapKa TO'IK8MH 

DD2.2, DD2.3 H TpaH3HCTOpb1 VTJ, VT2 BKJnoqaeT THpHCTOpbI VSJ, VS2, B aHo.n
HOH uenH KOTOph1x BKJIIOqeHbI o6MOTKH aJieKTpoMarHHTa KnanaHa ra300TceKaTeJu1 
Y H pene HCTOqHHKa nHTaHHH K 1. 

3neMeHT DD3.2 noJJ,roTasnn:saeT uenb J(HHaMHqecKoro TOpMo>KeHHH. Ha OJJ.HH 
H3 BXOJJ.OB DD3.2 nocTynaeT norHt1eCKHH HYJih c Bhixo.n.a HHBepTopa DD2.4, a Ha 
11.pyroii qepea nepeKJIIOllaTeJih SJ - JIOrHqecKHH HYJib c Q Bblxo.na Tpnrrepa DD 1.2. 
CnrHaJI lU".IHaMMllecKoro TOpMO>KeHHSI Ha BblXO,n.e 9JieMeHTa DD3.2 OTCYTCTByeT. npH 
B03BpaTe KHOilKH «nycK» B HCXOJ{HOe COCTOHHHe OOHC3HHOe COCTOSIHHe cxeMbl co
xpanHeTCSI, TaK KaK TpHrrep DD 1.2 BKJll04eH. 

npH DOBTOpHOM 0.l{H0Kp3THOM H3>K8THH KHOITKH «nycK» Tpurrep DD 1.2 ne
peKJIIOlJaeTCH B HCXO.ll.HOe COCTOSIHHe. CHrHaJI Ha BbIXO;{e Q 9T0f0 TpHrrepa CTaHOBHTCH 
paBHhIM HYJIIO, OTKpbIBaeTcH BbIXOJ(HOH TpaH3HCTop aJieMeHTa DD3.l H npHBO.lt 
OTKJIIOtiaeTcsi. Ha o6a BXOJ{a sneMeHTa DD3 .2 nocTynaeT cHrHaJI norHlleCKOH e.nH· 
HHQ.bl H D03TOMY ero BblXOJJ. BKJIIOllaeT uenb JlHH3MHtlecKoro TOpMO>KeHHSI npHBO,l(a. 
l\OHJJ;eHcaTop C 1 HaquHaeT pa3pH>K8ThCH Ha pe3HCTOp RB. CTpH CHH>KeHHH HanpH>KeHHH 
ua. C 1 J(o nopora cpa6aTblBaHHH 3JieMeHTa DD 2 .1 cHrHaJI Ha BbIXOJ{e 3Toro 9JieMeHTa 
CTaHeT paBHhIM e){HHHUe, a Ha BhIBOJ{e sneMeHTa DD2.2 - HYJIIO. THpHCTOp VS2 
OTKJI10qaeTcsi, pa3MhIKaeTCH u.enh nHTaHHH pene Kl H npoHcxo,n.HT OTKJIOHeu11e Hc
TOllHHKa ceapoqHoro ToKa. qepea pe3HCTop R9 HallHHaeT 3apH>KaThCS1 KOH,n.eHca-
Top C2 H npH .ll.OCTH>KeHHH HanpH>KeH1u1 Ha tteM nopora cpaoaTblBaHHSI HHBepTopa 
DD 2.3 Ha ero BhIXOJ(e noHBIITCH norHlleCKHH HYJib, THpHcTop VS 1 saKphteaeTcSI, K.r1a
naH ra300TceKaTeJIH npeKpaw.aeT no;:ta11y aamHTHoro ra3a. CxeMa no,n.roTon.neHa 
K fiOBTOpHOMY nycKy. 

IlpH BKJIIOlieHHOH KHODKe «CBapKa TOLIKaMH» paootiee COCTO.SIHHe cxeMbl onpe.ne· 
JUleTcH J(JIHI.eJibHOCTbIO paapsi)J.a KOHJ(eHcaTopa C3 qepe3 pe3HCTop R 10. Ilp11 9TOM 
Ha BhlXOAe CJ. o6oHx TpHrrepoe (ocHoeuoro D.D 1.2 H BcnoMoraTeJibHoro DD 1 .1) noH
BHTcH noruqeCKHH HYJib H OHH BepHyTcH B HCXOJ{HOe COCTOHHHe. 3a epeMH CBapKH 
TOIIKH JIIOOble M8HHDYJIHUHH c KHODKOH «DYCK» He MeHHIOT COCTOSIHHH cxeMbl, TaK 
KaK Ha BTQpOM BXOJ{e HHBepTopa DD2.4 npHCYTCTByeT 3anpemaIOIUHH (HyneeoA) 
CHrHaJI c Q Bb1xo.u.a Tpurrepa DD 1.1. 

IlpH CBapKe «KOpOTKHMH» llIBaMH npo,n.OJI>KHTeJibHOCTb ceapKH onpe.u.ensieTCH 
AJIHTeJibHOCTblO BRJIIOqeHHSI KHOnKH «nycK». IlpH ee OTDYCK8HHH cxe~ta B03BpamaeTCH 
e Hcxo){uoe cocTo.HHHe. CTpH STOM Tp11rrepb1 DDJ B pa6oTe cxeMbI He yqacTBYIOT. 
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•. Cl>yHKl'5fOHan&HaR cxeMa YHMBepcanbHOM CHCTeMbl ynpaaneHMSI 
Ha OCHOBe MHKponpo14eccopHoro yc1pOMCTBa 

PacCMOTpHM H83HaqeHHe ycTpOHCTB cxeMbl, noKa3aHHOH Ha pHC. n.12: 
Mil Y-MHKponpoueccopHoe ycTpoiicTBo, npoH3ROJlHlllee apn¢MeTHt1ecKHe H JIO· 

fHlleCKHe onepauHH H co,nepiKamee onepaTHBHoe (03Y) H nocTostHHoe (fl3Jl) 3ano .. 
co 

MHH310lUHe ycTpOHCTBa; 
BT - BHneoTepMHHaJI, Ha 3Kpatte KOToporo BhICBetJHBaIOTCH .n11arHOCTHqecKHe 

cooomeHHR o xo}le npouecca ceapKH H paooTe o6opy.n.onanHH; u.n - ueHTpaJibHbIH nyJibT ynpaBJieHHSI " nporpaMMHpoBaHHH; 
ann 3Y - 3HeproHe3aBHCIIMOe nepenporpaMMHpyeMoe fl3Jl. B ann 3JJ 

e BH.n.e ,nao1P1Horo KO,na aanHcaHhJ nporpaMMHhIH UHKJI H pe>KHMhl cnapKH. TaKnx 
nporpaMM MO>KeT 6bITb 33IlHC3HO HeCKOJlbKO. npH HClle3HOBeHHH fiHT3HIHI 9Hepro-
He38BHCliMOe llfl 3'Jl COXpaHHeT 33IlHC3HHYIO B HeM HHcpOpMaUHIO; -

H MJJ - KacceTHh1i1 HaKonuTeJib Ha MarHHTHofi neHTe. CTporpaMMbT, 3anucan. 
Hhle B 8fl fl 3 JI, MOfYT OblTb BBe,neHbl Ha MBfHHTHYIO JieHTY JIH60 C M8fHHTHOH JieHTbl 
BBe,ll.eHbJ B ann 3Jl. 11MeH fl MJJ, MO>KHO COOHpaTb 6attK npoeepeHHbTX H OTJia.>KeH
HhlX nporpaMM, npOH380,ll.HTh HX THpa>KHponaHHe" o6MeH c .npyrHMH noJib30BaTe .. 'lH· 
MH aHanorHqttofi annapaTyphl; 

U.Afl - UHcppoaHaJIOfOBblii npeo6pa30BaTeJib UHcppOBblX BeJIHqHH, BbI)J.aBae· 
MhIX Mn Y, B aHanoroBhIH c11rnan, KOTopblH HBJIHeTcH 3a.na1omeii ycTaHOBI<oii ll.JIH 
noKaJibH~X peryJIHTOpoB; 

A u,n - aHaJioro-uncppOBOfi npeo6pa30BaTeJib. npoH3B0)1.HT npeo6pa30B3HHe 
aHaJiorOBOH HHQJOpMaUHH 0 napaMeTpax CBap04HOf0 npouecca 8 UHcppOBYIO QJOpMy' 
KOTopaH HcnoJih3yeTCH M fl JI ,ll.JIH I<OHTpOJIH aa X0)1.0M csapo11Horo npouecca, .AHarHo
CTHqecKHX COOOW.eHHH H )].JISI COOpa Jl8HHbIX; 

Mil - MecTHbIH nynbT, c noMOIUhIO KOToporo ocymecTBJIHIOTCH ycTaHOBOIJHbie 
nepeMeW.eHHH MexaHH3MOB CBapot1Horo o6opy.nosaHHff B HaJia,ll.OllHOM pe>KHMe 
H KoppeKTHpoaKa napaMeTpOB caapKH B nonyaeTOMaTHt1ecKOM pe>KHi\·te. Ha 
MeCTHblH nyJibT nocTynaeT CHfHaJibHBH HHcpopMaU.HH 0 COCTOHHHH CBapOtIHOfO 
npouecca; 

D. - JlHCKpeTHbie ,naTqHKH (KOHeqHble BblKJllOllaTeJIH); 
H Af - HCIIOJIHHTeJihHbie MeXaHH3MhI u anna pa Ty pa JlHCKpeTHoro .z:r.eiicTBHH 

(KJianaH ra300TCeKaTeJIH, OCU.HJIJISITOp H ,np.); 
JIB/BblB - ycTpOHCTBO BB0)1.a/ BblBOJJ_a Jl.HCKpeTHblX CHrHaJIOB, ocymeCTBJIHeT 

noTeHu.HaJibHYIO pa3BH3KY If COf JI3COB3HHe no HanpSIJKeHHIO, po.Ay TOKa H MOlll.HOCTH 
)J.liCKpeTHhl x 9JleMeHTOB Mn' 11 H HM. 

C11cTeMa ynpaeneHHH co.nep>KHT rpynny JIOKanbHbIX aBTOMaTH"leCKHX pery-

JISITopoe: 
PH P. - peryJIHTop HanpH>KeHHH Jlyrn; 
Y fl fl - ynpaBJIHeMbIH npHBO.ll II0)1.8 llH npHC8Jl0llHOH npOBOJIOKH; 
Y fl Kp - ynpaenHeMbIH npHso.n KapeTKH; 
y n K - ynpaBJIHeMbIH npHBOJl MexaHH3Ma nonepeqHblX KOJieoaHHH 9JieKTpo,na 

(cBapot1Hoii ropeJIK11); 
I - HCTOIJHHK ceapotIHoro ToKa. 
no KOMaH.ne «nycK CBapKH» Mil JI H311HHaeT nepHOJIJJlJeCKH onpaWHBaTh an n 

3Y, cocTOHHHe JIB/Bb/B, U.Afl u AIJ,fl. 
4epea JI Bl Bbl B HatIHttaeT Bh1noJIHHTbCH 
OCHOBHOH nporpaMMHO•JIOfHqecKHH UHK.11 
BKJIIOtJeHHH MexaHH3MOB H annapaTypbl 
o6opy,ll.OB8HHH. nocJie,ZJ.083 TeJibHOCTb 
BKJHOlJeHHH H apeMeHHbie HHTepB8Jlbl on-

MflY .Jnn 3!1 

PHA ynn !Jfl!(p !Jfl/( 

00 
t!MJ/ 

Puc. n .12. cf>yHKU.HOHaJlbKaH cxe Ma ynpaa
JieHHH ycTaHOBKOl'i lJ,JUI csapKH HenJJ8BH· 
UJ.HMC.R aJJeKTPOAOM c nporpaMMHpoeaHHeM 
llHKJJa H napar.ieTpoe pelKHMa ceapKH 
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pe.n.eJIHJOTCH nporpaMMOH' KOTOpaH aanu-
caHa B 8 fl fl 3 Y, H COCTOSIHHeM KOM8H.!l
HblX opraHoe Ha ll.ll, Mn H JI.aTlIHKOB, 
pacnoJio>KeHHhIX Ha o6'beKTe ynpasJie
HHH. HapHJlY c OCHOBHOH nporpaMMOH 
JIOfll'·:leCKOfO ynpaB.TieHHff BblfiOJIH.HeTCH 
no.nnporpaMMa sa,naHHH ycTaBoK JJOKaJib
HhlM aBTOMaTHlleCKHM peryJIHTopaM. Bo 
BpeMSI CBapKH C.HCTeMa COOHpaeT Jl3H· 
Hbie o npouecce Ii BhIJJ.aeT HX Ha 311a· 



Jt0CHHTe3Hpy1omee neqaTalOW.ee ycTpOHCTBO (Ha p11c .• n. 12 He OOK333HO), KOTOpoe 
Mo>KeT ohITb coBMemeHo c Ull - e pesyJibTaTae noJibSOBaTeJJb noJiyqaer cepTH· 

u 

4JHK8T Ha CBapHOH llIOB. 

s. Onpe.qeneHHe nepeAaTO'IHolf 4>YHKL\MM cMcTeM1a1 caMoperynHpoaaHMR AYrM 
c nna&•ll.\MMCR aneKTPOAOM 

j\i\eTO,llHKY onpe,lleJieHHH nepe.z:(aToqHoH cf>YHKUHH Me:>IC,llY perynupyeMOH BeJIHqHHOll 
(H' b, ill., u.A) H K8KHM·JIHOO B03MYIUeHHeM (CM. Tat5JI. 2.3) paccMOTpHM Ha npuMepe 

onpe,u.eJJeHHH T8KOH cpyHKUHH Me»<,lly WHpHHOH WBa H BOSMYIUeHHeM no uanps1>KeH11lO 
ceTH, T. e. 

_ b (s) 
W (s)ii~b = u~ (s) ' (I) 

r.ne s - onepaTop. 
IlocKOJibKY HCXOJJ;HaH CTPYKTypHast cxeMa (cM. pHc. 2.17) ,llOCTaTottno rpoMo3,n

Ka ,llJISI Henocpe,llCTBeHHOfO ee HCilOJlb3083HHSI c ueJiblO BbJqHcJieHHSI nepe,u.aTOllHOH 
cpyHKUHH' Heo6xo,ZJ.HMO ocymeCTBHTb ee nocJie,llOBaTeJibHbie 9KBHBaJieHTHbJe n peo6-
pa30B8HHH. ,[(JUI sroro HCK .. 11oqa10TC.H HS paCCMOTpeHHSI Bee B03Myl.UeHHH' KpOMe 
U~, H HCXO,llH8SI CHCTeMa H306pa>K.aeTCH T8KHM ot5pa30M, qTOfibl TOtfK3 npHJIO}KeHHH 

B03MymeHHSl 6 6bIJI8 BXO,llOM cxeMbI, a 803MymaeMaff BeJIHtfHHa b - BblXO,llOM (pHc. 
n.13, a). 

3neuo c nepen.aTOllHOH cf>YHKllHeA \17 v nepeuoc11rcsi t1epe3 3BeHo W 1 enpaeo H 

otoopa>1<aeTCSJ 9KBHBaJieHTHOM nepe.ztaToqHQH cpyHKUHeii w v = w v w I (H3o6pa>KeHO 

WTpHXOBOH JIHHHeH). 

Coen.ntteHHbie nocne}lonareJibHO aBeHbH VI n V 11, a TaK>Ke IV H I aaMeHHIOTCH 

9KBHBa .. 'IeHTHbIMH 3BeHbffMH c nepe.narOllHblMH cl>YHKUHSIMH w v 1-V 11 I= w v ,1v v 111 H 

W JV-I= W /VW I (pHC. n. J 3, 6). IlocJie H306pa>KeHHH 3BCHB \\7 y B BHJle MeCTHOH 06· 
paTHoii CBH3H, oxeaTh1Ba10meli saeHo W 11, CTPYKTypHaH rxeMa npHMeT BH,zt, noKa:3aH· 

HhlH Ha pHC. n. t 3, B. 

CToC.!Ie npe,qCT3BJleHUH WI I H W y 3BeHOM 

W11 
w 11-V' =I+ w \\'I. 

JI V 

onpe,zteJIHeTCH nepe,ZI;aroqHaH cl>YHKUHH 38MKHyToro KOHTypa 

W _ W111-v111W11-V' 

I I l-V' - I + \~ 111-V 111\V11-V' • 
(2) 

IJ 
Wfi t-----~ 

-Uc 
6 

b 

wf 

8 

Pnc. n.13. 3Ks11sa•eHTHble npeo6pa30BaHHJI CTp)KTYPHOH cxer.lbl npOL\eCca caMoperyJJHPOBaHHR 
AYru · 
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B nepe,ZlaTOIIHhIX cJ>ynKUHHX W 1 l-V' H WI I l-V' sHaK «r» yKa3b1saeT, qro NeCT· 
H8.H H fJI8BHaH o6paTHbIC CBH3H OTpHUaTeJibHbJ. 

,UeiiCTBHTeJihHO, D \\'Iv BXOJlHT K03cpcpHUHeHT k2 < 0, a rJiaBHaSI o6paTH3H CBH3b .. 
acerna OTpHuareJibHa ,nJIH ycToHqHBblX CHCTeM. 

B 0KoH11aTeJihHoii aanHCH nepeJlaT04HaH cpyHKUHSI npHMeT BHJl 

b (s) , 
W (s)-, b= -, = W 111-v,\flv11· 

uc• uc (s) 
(3) 

nocne noitcTaHoBKH a (3) nepe.naroqHbIX cpyHKUHH H3 cxeMbl puc. n.13 H npeoo. 
pa30BaHHH OKOHqaTeJibHO noJiyqHM 

-kk 
\fl (S)-1 = ID , (4) 

uc,b ('tws + l){[('t3 s + 1) s - ll2E](i-"s + l)(i-rs + 1) - k} 

k1fzrkArE 
r)le k = . 

RH 
113 (4) CJie]:lyeT, lJTO paccMaTpHsaeMa.SI CHCTeMa HMeeT xapaKTepHCTHqecKoe ypaB· 

HettHe 5-ro nop.SI,nKa. 
nepeXOJlHOH npouecc B CHCTeMe ,neTaJihHO .MO>KHO uayqHTb Ha OCHOBe npHMeHe· 

HHH ll3BeCTH~X MeTOJlOB TeopHH aBTOM8THtieCKOro peryJIHpOBBHHH. 
Han6oJiblllHH npaKTHqecKnii HHTepec npeAcTaBJIHeT onpe,n.eJieHHe cTaTHqecKou 

Oll1H6KH a cHcTeMe no OKOHllaHnH nepexoAHoro npouecca, T. e. npn s = 0: 

(5) 

(6) 

C y11eTOM (5) 

k1krkArkw - , 
~b = R /, k k ~Uc• 

k2 H + i1 r Ar 
(7) 

CTaTHtieCKHii K03cpcpuuHeHT nepeJJ.a4H (M/B) 

k i 1? rk !J.rkm 
kc= R k • 

k2 H + ki rk11.r 
(8) 

113 (8) CJie,nyeT, 'ITO B Tex cJiytiaRx, KOr):la CTaT.HtiecKaH xapaKTepHCTHKa ycTOH-
1UIBOH paoOThl OJIH3Ka K aepTHKaJihHOH (k 2~ 0), kc~ krn. 

6. Cta6MnH3aL\HSI caapo11Horo ToKa a awnpJ1MMtene BAY-504 

YnpomeHHaH cxeMa ynpaaJieHHH caapoqHhIM BhlnpHMHTeJieM B,nY-504, o6ecneqH .. 
B8IOIU8SI cpopMHpOB8HHe KpyTOila):laIDmeii xapaKTepHCTHKH, noKa3aHa Ha pHC. Il.14. 
Co6cTBeHHO CHJIOBOH THpHcTopHbIH BbtnpHMHTeJih CTB nocTpOeH no mecTHcpaaHOH 
cxeMe c ypaBHHTeJihHhIM peaKTopoM. YnpaaJieHHe THpHcTopaMH VSJ - VS6 ocy
w.ecTBJIHeTcH no aepTHKaJihHOMY npHHUHny. EJIOK ynpaaJieHHH THpHcTopaMH BY 
COCTOHT H3 llleCTH CTatt.napTHbIX 9JieMeHTOB «Jlor11Ka» THna 1'1-403. 3JieMeHT ~'\-403 
npeACTaBJIHeT co6oif TpaH3HCTOpHbIH ycHJIIITeJib nocTOHHHoro TOKa c HHBepcHhIM Bbl· 
XOJJ.OM. IlpH noJlaqe Ha axo,n ycHJIHTeJI.H CHHycoHJJ.aJibnoro HanpH>KeHHH na Bb1xo.u.e 
tjlopMHPYIOTCH npSIMoyroJibHhle HMilYJibCbl, HCnOJib3yeMble ~JI.SI ynpaBJieHHH TllpHCTO
paMH BbinpHMHTeJibHOrO OJIOKa. na.na10maH BHelllHHH xapaKTepHCTHKa cpopMHpy
eTCH aa CtieT BBe,ZteHHSl oopaTHOH CBH3H no TOKY .nyr11. B KatJeCTBe H3MepnTeJihHOf0 
npeo6pa30BaTeJI.SI CHfH8Jia oopaTHOH CBH3H HCnOJih30B8H MafHHTHWfi ycHJIHTenb 
MY, co.nep>KaIUHH B Ka qecTBe HaMarHH tIHBaJOmeii ot5MOTKH IllHHY, no KOTopofi npo
':'eKaeT ceapoqHhIH TOK. Pa6oqHe o6MOTKH MY coeAHHeHbl acTpet.IHo-napaJIJieJJhHO 
fl nHTa10TcH OT ceTH qepea TpaHccpopMaTop T3. 

HanpH>KeHne cHrHaJia o6paTttoii ca.SISH, nponopuHonaJihHoe ToKy .nyrH, nocne 
BbIIlpHMllTeJIH Bl H cpHJibTp8UHH (R 1 - C) cpaBHHBaeTCH B n-o6pa3HOH cxeMe cpaB-
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Puc. n.14. CxeMa CTa6HJIH3aLtHU caapo11uoro TOKa B BblOPffMHTeJJe BJ{Y-504 

HeH:nH (R2, RP 1) c 3TaJIOHHhlM cHrHaJioM U ~· Pa3HOCTHhlH cnruaJI flu nocTynaeT 

Ha BXO,ll TpaH3HCTOpuoro ycnJIHTeJIH y c peryJIHpyeMhlM K03cpcpHuHeHTOM YCHJie· 
HUH {pe3HcTop R4). Y c:nJieHHhIH c:nrttaJI uyc no,naeTc.H B rnecTHcpa3HbIH TpattccpopMa· 

TOpHblR ycHJIHTeJib Ty, oopa30B3HHblH TpattccpopMaTopoM T2, .ll.HO.ll.aMH VD 1-VD6 
H peaHcTopaMH R4-R9. IloCJie TY cHrHaJI ynpaBJieHH.H paaseTBlHieTCH Ha BXO.I\bl 
UJeCTH ycHJIHTeJieH M-403 OJIOKa ynpasJieHHH E y. r ny6HHa o6paTHOH CB.H3H no TOKY 
YCTattaBJIHBaeTCH peanCTOpOM R3; c yseJIHlJeHHeM CHfHaJia oopaTHOH CBH3H BHernHHSI 
xapaKTepHCTHKa HCTOlIHHKa nHTaHHH cTaHOBIITCH ooJiee KpyToii, npH6JIIDKaHCh 
K BepTHKBJlbHOH. DpH 3TOM CBapOtlHblH TOK npaKTHlJeCKH He 38BHCHT OT B03Myme
IIUH no HanpH>KeHHIO ceTH H .llJIHHhI AyrH. )lJIH nonyt1eHHH >KecTKHX BHelliHHX xapaK· 
tepucTHK 3JieMenT cpaBHeHHH nepeKJIIOqaIOT c BblnpHMUTeJI.H B 1 Ha peaHcTopHbIH Ae
JJHTeJib H anpH:>KeHHH, noAKJIIOtieHHhIH K ,u.yre (tta cxeMe He noKaaaH). B ocTallhHOM 
Pa6oTa cxe.M:bl ynpaBJieHHH THpHCTopaMH OCTaeTCH oe3 H3MeHettnii. B 33BHCHMOCTH 
Ot BeJIHlJHHhl K03cpcpHUHeHTa o6paTHOH CBH3H no HanpsnKeHHIO .n.yrn MO>KHO nony
({JiTb B03pacTaIOmy10, >KeCTKYIO H nonorona.naiomyio BHelllHHe xapaKTepHCTHKH. 

Opu >KeCTKofi xapaKTepHcTnKe BhinpHMHTeJib Mo>KHO paccMaTpHB_aTh KaK cTa
OlfJIH3HpoBaHHhIH HCTOlJHHK OHTBHHH, BbIXO.ll.HOe HanpH>KeHHe KOToporo He saBHCHT 
or KO.ne6au:n.H HanpsDKeHHH ceTH. 0,nHOBpeMeHHOe BBe)leHHe o6paTHhlX CBH3eH no 
1°Ky H ttanpH>KeHHIO B coqeTaHllH c H3MeHeHIUIMH anaKa 3THX CBSI3eii 3H3lJHTeJibHO 
Pacuu1pHeT JI.Hana3oH peryJIHpoBaHHH yr Jia HaKJIOHa BHernHHX xapaKTepHCTHK. 
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Puc. 11. ts. 4»YHKQHOHa.n1>HaH cxeMa cncTea1LJ 
APHJl npu ceapKe uen~11ans111tHMCH 9JleKTPOJlOM 

7. CMcTeMa A PHA npH caapKe 
HennaasaiqNMCSI 1neKtpo.qoM 
c perynMpOBBHHeM aenH'IMHbl 
ero norpyHCeHN• a MeTann 
... CTa6MnM3aqMeM paCCTOSIHMSI 
«conno-MeTann» 

Ha pHc. n.15 noKaaaHa cpyHKU.HOHaJib ... 
HaH cxeMa CHCTeMhl' BblflOJIHeHHag c 
npHMenenHeM ,n.syx aBTOHOMHbIX SJieK
TponpHBOJ{OB 3 H 5. CHcTeMy MO>Ktto 
HCflOJib30B8Tb JJ.JIH ceapKH H3,!l.eJiuii 

u 

nepeMeHHOH TOJIUlHHbl HJIH c H3MeHHJQ. 
u u 

meHCH KpHBH3HOH noBepXHOCTH; OHa 
o.nHOBpeMeHHO o6ecne'lHBaeT CTBUHO
Ha pHOCTb ,ll.BH>KeHHH IlOTOKa 38llUfTHO
ro raaa (nyTeM CTa6HJIH3aUHH paCCTOSI
HHH «COnJIO-MeTaJIJI») H nOCTOSIHCTBO Ha
npH>KeHHS1 (JtJlHHbl) ,n.yrH (nocpe){CT
BOM peryJIH poBaHHH paCCTOHHHH 
«9JieKTpo,n_-Me1 aJIJI»). 

IlpH nony11eH11H c nyJibTa I I KOMaH
AhI «nycK» ycTpoiicTBO ynpaBJieuun JO 
BKJIIOqaeT 6JIOK ynpaBJieHHH 6 CHCTeMbJ 
CTaOHJIH3aUHH paCCTOHHHH «COflJIO -

MeTaJIJI» H HCnOJIHHTeJibHblH JtBHraTeJib5 npHOJIH>KaeT ropeJIKY K noeepXHOCTH CBapu
eaeMoro H3J{eJIHS1. lUyn ,n.aTllHKa 4 CHCTeMhl OTCJie>KHB8HHH KacaeTCH H3J{eJIHH H Ha 
BbIXOJte qyscTBHTeJibHoro 9JieMeHTa .naTllHKa cpopMHpyeTcH cHrHaJI. B onoKe 6 npo· 
HCXOJtHT cpaBHeHHe seJIHqHHhI cHrHaJia itaTtIHKa 4 c sa){aHHhIM. KaK TOJibKO Toper.t 
conJia npH6JIH3HTCS1 K H3,lJ_eJIIUO Ha Sa){aHHOe pacCTOHHHe, ,lI.BHraTeJib 5 OCTaHaBJIH
BaeTCHU H OJIOK 6 Bbl){ae1 CHfHaJI OKOHqaHJtH npouecca IlOHCKa. no 9TOMy CHfH8JIY 
ycTpOHCTBO ynpaBJieHHSI BKJIIOtJaeT HCTOlJHHK CBapO'IHOro TOKa 12 Ha MHHHM8JlbHoe 
HanpSl>KeHHe, He Bbl3blB3IOW.ee nJiaBJieHHSI OCHOBHoro MeTaJIJia, H BKJIIOllaeT Ha Ma
JIYIO CKOpOCTb BpameHHH 6JIOK ynpaBJieHHSI 7 warOBblM .D.BHraTeJieM 3. 3JieKTpo.n 
nt>cpe){CTBoM BHHTOBo:H nepe,n.aqH J onycKaeTcH BHHS ,no KacaHHH MeTaJIJia. HanpsuKe· 
Hiie Ha yqacTKe «9JleKTPOJl - MeTaJIJI» CT8HOBHTCS1 paBHblM Hy.TJIO, qTo npHBO;I.HT 
K cpaoaTbJBBHHIO 6JIOK8 peryJIHpOB8HHS1 9. no CHrHaJiy 6JIOK3 9 ycTpOHCTBO ynpaB· 
JJeHHH 10 .<t>opMHpyeT CHrHaJI c6poca ClleTtJHKa 8. 8KJIIOlfaeTCH Ha pemHM CBapKn HC· 
T0 1JHHK CBapO'IHOfO TOKa 12 H npOH3BOJ{HTCH OTBOJ{ 9JieKTpo.na OT H3,lleJIHS1. IlpH 9TOM 
Bos6y>1<,n.aeTCH Jtyra, nocne qero, no,lUlep>KHBaH c noMOlllblO peryJistTopa 9 nocToSIH· 
HbIM HanpH>KeHHe ,n.yrH, .llBHraTeJib 8 HaqHHaeT norpy>KeHHe 9J1e1cTpO)I.a 2 Ha 38,ll8H• 
ny10 rny611uy. KoHTpoJib norpy>KeHHS1 ocyw.ecTBJIHeTcH c 11eTL1HKOM 8. AnropnrM 
ynpaBJieHHH 003BOJIHeT BKJIIO'laTb Ha'laJIO .D.BHlKeHHH B HanpaBJieHHH cBapKH B npo
uecce norpy>KeHHH HJIH nocne norpymeHHH KOHUa 9JieKTpo.na e BaHHY, Ha aa.n.aH· 
HYIO rny6HHY. B ,u.aJibHeiiweM B npouecce csapKH cHcTeMa cTa6HJIH38UHH paccToHHIUI 
«conno - MeTaJIJI», o6pasoBaHHaH KOHTypoM 4-6-5-4, H cHcTeMa perynuposaHHSI 
HanpH:>KeHHff Ha y11acTKe «9JleKTpO,ll - MeTaJIJI», o6paaoBaHH8S1 KOHTypoM 9-10· 
-7-3-2-12-10, <l>YHKllHOHHpyroT aBTOMBTHlleCKH • 

• 
8. YcTpolfc1ao H npMH~Mn ,Reitc1aMS1 1ennoaM3opa 

IlepcneKTHBHhlM Cpe){CTBOM H3MepeHHH TeMnepaTypHblX noJieH S1BJIHIOTCS1 HHcppa· 
KpaCHble CKaHHpy10wHe nnpoMeTpbl - TenJIOBH30pb1, npHe.MHaSI llBCTb o,n.Horo U3 
o6pa3UOB KOTOpbIX HS06palKeHa Ha pHC. CT.16. npHeMHHKOM 9 HSJ1yt1eHHSI CJiy}KH'f 
cpoTo.D.HO,D. Ha ocHoBe I nSb, noMemeHHhIH B pesepByap i c >KH)l.KHM aaoToM JVIH oxna1K· 
AeHHH. OnTHL1ec1<aH cucTeMa, ocymecTBJISIIOlllaH Ka.nposy10 H CTpo11Hy10 pa3eepTKY• 
COCTOHT HS c<f>epHqecKOfO 3epKaJia 12, KOJie6JIIOIUefOCS1 OTpa>KaTeJIH 1 II epalllalO· 
weiicH repMaH11esoA wecTurpauttoi\ npH3Mhl 13, 9JieKTpo.nsnraTeneA 3 11 5, Ky.r1aq· 
Ka 2, BXOJlHUUIX B COCTaB npRBO,lla CK3HHpy10meH. OOTH'leCKOH CHCTel\lbl. BnoKH 
4 H 6 - ¢oTonpeoopaaoBaTeJIH, npH:MeHeHhJ .D.JIS1 <t>opMHpOB811HSI CHfH8J10B Ka.apo
BOH H CTpOqffOH passepTKH Ha BH,lleOKOHTpOJihHOe ycTpOHCTBO HJIH ycTpOHCTBO p.taf· 
HJITHOH sanHCH. fepMaHHeBble JIHH3bl 11 H 3epKaJIO JO oCyll\eCTBJIHIOT ¢oKycupoBl\.Y 
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Puc. n .16. °VCTPOHCTBO TennOBH30pa 

--=-::s
___ 

8ut1eo .. 
CUC HOA 

CK3HHpyromero no H306pa>KeHHIO Jiyqa Ha npHeMHHK 9 H3Jiy11eHHH; 8 - npe)lBapH-

1eJJbHbIH BH){eoycHJIHTeJib. • 
CTpH H3MepeHHH TeMnepaTypbl B Henocpe,l\CTBeHHOH 6JIH30CTH OT TOlJKH CBapKH 

B03HHK8IOT noi1exH, CBSl3aHHble C HSyIJeHHeM 3JieK1p011eCKOH JlYfH. no9TOMY HeOO· 
XO.UH MO pernaTh sa.naqy 0 BbI)J.eJieHHH noJie3HOf0 CHfHaJia H3 cpoHa, C03Jl8BaeMOfO 

lllyMa MH. nocKOJI bKY ,l{JIHHhI BOJIH H3JiylJeHHH JlYfH CMeIUeHbl B YJibTpacpHOJieTOBYIO 
06.11aCTb cneKTpa H H3MepeH:ne Be)leTCH npeHMymecTBeHHO B HHcppaKpaCHOM JlH3Il830· 

He, MO>KHO ,l{OCTaTOlJHO TOlJHO onpe,l\eJUITb TeMnepaTypy BOJIH3H OT ,nyrH, npHMeHHH 
cneuHaJibHhle cpHJJbTphI. 

9. OnpeAeneHMe norpewHOCTM nonoHCeHMtl waa 
OTHOCMTenbHO nNHMH CTblKa caapHBaeMblX KpOMOK 

IlpH HCOOJib30B8HHH ,l{JIH OTClleTa IlOJIO>KeHHH H3,l{eJIHH CThIK8 CBap:naaeMbIX Kpo

MOK MaKCHMaJibHOe 3H8lJeHHe OOIUeH norpelllHOCTH IlOJIOLKeHHH lllBa MOiKHO onpe,lle· 

JIHTb no cpopMyne 

(9) 

r.ne ~3- COCT3BJifflOIU8H oow.ef1 norpelllHOCTH, o6yCJIOBJteHH3H HeTOl!HblM pa3Meme

HlleM WBa, uanpHMep, H3-3a ,llecpopMaU.HH 9JieKTPO.l\HOH npoBOJIOKH; L\K- COCTaBJIH· 

IOIU8SI OOllJ.eH norpelllHOCTH, ooyCJIOBJieHHaH TeM, qTO Jl3TlIHK H 9JieKTpO,ll pa3HeCe· 

Hbl B,llOJib 11183 Ha pacCTOHHHe ly, MM, a caM CTbIK xapaKTep:n3yeTCH CMeme11HeM 

ky, M~t/M; fln.- COCTaBJIHIOlll.BH OOIUeH norpeIIIHOCTH, o6yCJIOBJieHH8H HeTOtIHblM 113-

MepeHHeM nOJIOLKeH HSI CThIK8 ,llaTqHKOM' B03HHK310lll.8H BcJie,llCTBHe M31\1CHeIIHH ¢11· 
3HtiecKoro COCTOHHHH KpOMOK CThIKa, H3MeHeHHSI TeMnepaTypHblX ycJIOBH}I, BJIHHllHH 

pa3JIH4HblX IlOM€X H T. Il.; L\c.n.c - COCTaBJIHIOW.BSI oomeii norpelllHOCTH, OOYCJIOPJiea-

HaH HqJIH4He~f CT3THlleCKOH norpernHOCTH CJie JlRl.1.1-eH CHCTeMbl; L\ A·n .c - cocTaBJIHIOlllaSJ 

o6meii norpellIHOCTH, 00}1CJIOBJieHH8H H3JIHllHeM ~HH8MH4eCKOH norpeWHOCTH CJie,JlfHU.<.:.n 
CHCTeMbl. 

3HaqeHHe norpernHOCTH ll3 pactJeTy npaKTH'leCKH He no,lJJl.aeTcH; ero cTpeMHT-

CH CBeCTH K npneMJieMOMY 3HalJeHHIO c OOMOIUblO Mep KOHCTPYKTHBHOfO xapaKTepa, 

HanpnMep: npaBKOfi 9JieKTPOJlHOA npOBOJIOKH nepe)l no_naqeA ee B 30HY CBapKH; 
npuMeHe11neM B csapoqHbIX annapaTax MYHJlrnTyKoB H3 H3HOCOCTOHKHX MaTepHaJioB; 

YMeHhllleHHeM BeJIHtIHHhI BhIJieTa 9JieKTpo.ztttofi npoBoJioKH HT. n. 3HalJeHne norpcrn· 
IIOCTH 8.9 B cpe,lI.HeM COCTaBJIHeT 0, 1-0,4 MM. 

norpelllHOCTb ~K npH OJIOCKOnapaJJJICJlbHOM nepeMeIUeHHH CBapOtIHOfO HHCTpy

MeHTa H Jl3Tt.JHKa OTHOCHTeJihHO CTbIKa MO>KHO onpe,l{eJIHTb H3 Bbtpa>KeHHH 

L\K = (kyly)/1000 (I OJ 

llJJH no HOMorpaMMe (pHC. Il.17). 
CTorpelllHOCTb f!t. A- CYMM8pHaH BeJIHtIHH8 MaKCHMaJihHOH norpelllHOCTH ,l{aT• 

llHKa. 01.zteJibHhte cocTaBJIHIOW.He ee H cyMMapnaH BeJIHqHHa MoryT <5bITb paccLin

tatthI aH8JIHTHlieCKH HJIH onpe,neJieHbl SKCnepHMeHTBJibHO. 
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a .. ot5pa30B8HHe norpelllHOCTB ~K (ABC - CThlK csapHsael'rfblX KPOMOK); 6 .. HOM0-

rp8MMa 'An.ff onpe,u.e.neHH.H ~K 

florpelllHOCTH L\c.n.c H ~Jt.D.C - xapaKTepHCTHKH KaqecTBa pa60Tbl CJie.ztSJID.eA CH• 

CTeMbI. 
PaccqHTaHHaH no cpopMyne (9) norpewaocT& nono>KeHHH rnBa onpeJieJIHeT MaK

CHMaJibHO B03MO>KHOe ee 3H81leHHe. Bxo.n:Hw.He B (9) COCT8BJIHIOW.He MO>KHO paccMaT
pHB3Tb K3K cnyqaih-1ble H He3aBHCHMble BeJIHlJHHbl H, CJie)l.OBaTeJibHO, norpeWHOCTb 
CllCTeMbI MO}KHQ onpe)leJIHTb reoMeTpuqecKHM cyMMHpoBaHHeM ee COCT8BJIHIOLUHX 
c 06H38TeJibHbIM yKa3aHHeM aepOHTHOCTH noJiytJeHHOro 3HaqeHHH. 

IlpH HCDOJib30B8HHH J.VISI H3MepeHHH nOJIO>KeHHH CB3p011HOH ropeJIKH 1 KpOMKH 
113,UeJIHH MaKCHMaJibHOe 3HaqeHHe oomeli norpeWHOCTH noJIO>KeHHH WBa MO>KHO Haff· 
TH no cpopMyJie 

L\KP = A3 + L\K + A3 +All + Ac.n.c + L\Jl.n.c, (11) 

rJ(e !13- COCT8BJIHIOW8H oomeA norpelllHOCTH' o6ycJIOBJieHH8H H3MeHeHHSIMH sa· 
sopa B CThIKe B npouecce csapKH. 

IlorpeWHOCTb 

(12) 

fJ).e /max H tmin - MaKCHM8JlbHblH H MHHHi\18JibHhlrl 3830p B CTblKe. 

3Ty norpelllHOCTb MO>KHO yMeHblllHTb BJJ.BOe, eCJIH npH HaCTpoiiKe CHCTe:t.fbI JJC• 

KyccTBeH~o cMeCTHTh ropeJIKY (3JieKTpoJJ.) Ha 0,5 A3 B H anpaBJieHHH yaeJIHqeHllff 

saaopa s CTblKe. 
CocTaBJIHIOUJ.aH oomeii norpewHOCTH ~K MO>KeT ohITh paBHa HyJIIO, eCJin aneK· 

TpOJJ. H ,naTllHK 6bJJIH pacnoJIO>KeHhl Ha OJI.HOM nepneHJJ.HKYJISipe K CBapHBaeMOMY 
way t T. e. npH H3MepeHHH c6oKy OT TOqKH csapKH. 

EcJIH ,II.JIH op11ettTHpoaaHHH ,n.aTqnKa cHcTeMbI Hcno.n&ayeTcsi KOnHpHaH JIHHHSI, 
uattecettHaH Ha nocTOHHHOM paccTOHHHH LK OT o,nHott H3 csapnBaeMblX KpOMOK, n npH 

9TOM CBapolJHblH HHCTpyMeHT H ~aTqHK pacnOJIO)KCHbl Ha OJ.I.HOM nepneHAHKyJISIPe 
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I< csapHBaeMOMY CTbTKy, TO MaKCHMaJibHOe 3HalleHHe oome:H norpemHOCTH pa3~·reme
HlU1 llJB3 MOJKHO onpe]lenHTb no ¢opMyJie 

(13)' 

r,ne b.JI- norpeWHOCTh, B03HHK3I01U3ff H3-3a HeTOlJHOro BbJJI.ep>KHBaHHH paCCTOHHHff 

lK If lllHpHHbl KOnHpHOH JIHHllH, a TaK.>Ke OT c • .11yqaflHblX H3MeHeHHH ee KOHTpaCTHO-

"' CTH OTHOCHTeJibHO OCT8JibHOH nosepxHOCTH H3JI.eJIIHI. 

iO. 3neKtpoMexaHH'leCKHe .qaT'IHKH CHCTeM aBTOM8TH'leCKoro HanpaaneHHJI 
CBil))OllkOH ropenKH no CTblKY 

Patthrne JtpyrHx noHBHJJHCb 9JieKTpoMexaHHlleCKHe JJ.3TtJHKH c 9JieKTpOKOHTaKTHhIMH' 
11. t5eCKOHTaKTHbIMH nyTeBhIMH nepeKJJIOqaTeJJHMH. 0cHOBHOH HeJI.OCTaTOK 9JieKTpO· 
KOHT8KTHbJX npeo6pa3oBaTeJtefl - orpaRH1.feHHblH pecypc, CBH3aHHblH c ycTaJIOCT-.. .. .. 
HblMH paspyllleHHSIMH npy:>KHHHbIX ycTpOHCTB nepeKJIIOllaTeJieH H 9p03HeH KOHTaK-

TOB. 
B nocJieJI.HHe ro.nh1 lllH po Ko pac n pocTpaHeHbl 9JieKTpoMexaHuqecKue .n.aTtJH KH,. 

Il03BOJIHIOlllHe H3BO,l{HTb CBapOtIHblH HHCTpyMeHT Ha JIHHHIO coe]lHHeHHH H no.DJJ.ep:>KH
B3Tb aa.nauHoe paccTOHHHe .ZJ.O nonepXHOCTH H3JI.eJIHSI, T. e. H3MepHTb OTKJIOHeHHff 
MeCTa CTbIKa B .nsyx HanpaBJieHHHX. 3TH JJ,aTqHKH ycTaHaBJIHB3IOT no.u. yr JIOM· 
30-45° K JIHHHH COe)lHHeHHSI CB3pHBaeMbIX 9JieMeHTOB (pHC. Il.18). 

lllyn 9JieKTpOMexaHHlJ€CKOro .naTlJHKa npH>KHMaeTCSI K nonepxHOCTHl\·1· H3)leJIJUf 
c tteooJihWOH CHJIOH OT I JJ.O 10 H B OTJIHllHe OT ycTpoHCTB npHMoro )leiicTBHH, rJ.(e 
CHJia npH>KHMa myna onpe.neJIHeTCH B OCHOBHOM Macco:H nepeMemaeMbIX lJaCTe.H 11 MO
>K€T .Z{OCTHf3Tb COTeH HblOTOHOB. c yBen11qeHHeM CHJibl npH>KHMa myna 9JieKTpoMe
X8HHqecKoro .naTllHKa K H3,neJIHIO B03pacTaIOT BbI6paUHH CBapO'lIHOfO aBTOMaTa HJIH 

KOHCTPYKUHH, yneJIHtJHBaeTcH H3HOC myna H 38TPY.ZJ.HfleTcH csapKa Kottuesoro yqacT
Ka lllBa nocne BblXO.ZJ.a myna H3 KOHT3KTa c H3]leJIHeM, TaK KaK npH 9TOM MaHHny
nHUHOHH3H CHCTeMa H 0330Bbte 9JJeMeHTbJ pasrpy>KaIOTCSI OT yCHJIHSl co CTOpOHbl my· 
na H H3-3a HX KOHeqHQH >KeCTKOCTH csapOlJHaH ropeJIKa CMemaeTCH B HanpaBJieHHH 
.neiicTBHH peaKUHH H3)J.eJIHH • 

.l..I.JIH saJI.aq, Tpe6y10mnx ooJiee BbICOKOH TOlJHOCTH, paapa6aTb1Ba10TcH 9JieKTpo
r.texanttqecKHe )laTlIHKH c npeo6pa3oBaTeJIHMH, HMelOlllHMH JIHHeHHbJH BblXO.n BO· 
BCeM .ZI.Hana3oHe H3MepeHHH HJIH Ha ero lJaCTH. 8 KaqecTse npeoopaaoBaTeneii TaKo
ro THna MoryT npHMeHHTbCH pe3HCTOpHble npeoopa3oBaTeJIH B BHJI.e noTeHUHOMeTpOB • 
.ll.pyroA a11.n peaHcTopHbIX npeo6paaosaTeJieH -yroJibHhie peocTaTbI, npe.ncTaBJIH· 
IOII.ltte COOOH Ha60pb1 (CTOJIObI) H3 yrOJibHbIX lll3HO. npH lf3MeHeHHH CHJlbl C>K8THH 
na6opa ero o6mee 9JieKTPHtJecKoe conpoTHBJiettHe H3MeHHeTcH 3a cqeT H3MeHeHHR-

tf 

1 2 

Puc. n .18. CxeMa ycTaHOBKH .u.syxKoopJJ.HHaTuoro Mexau1111ecKoro ,na TqHKa (a) e uanpaeJieu ue· 
&>e3YJlbTHPYI011.lero YCHJIHH KOOHpceaHHff npH csapKe CThlKOBblX (6) H yr .. lJOBblX WBOB (8, e): 
1- caapoqmrn ropeJJKa; 2- CMeHHhlA ll\yn; 3 - OCb nonopoTa .myna; 4 ~ nepBHl!Hble npeo6paaosa .. 
TQJIH nepeMHIJ.eH11ti no aepTHKaJH::I H ropH30HTaJIH 
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KOHT3KTHblX COnpOTHB.'leHHH MC>KJJ.Y UJatt6aMH. nocTOHHCTBO 3THX npeo6pa30B3Te
JieH - MaJibte raoapHTbt, a HC/l.OCT3TOK - necTa6HJlbHOCTb BblXOJJ.HOro CHrHaJia 113-3a 
ero 33BHCHMOCTH OT BJI3.>KHOCTH yrOJibHhlX rna:H6 H H3JIHllHH yrOJibHOH IlhIJIH MeiKJJ.Y 
HHMH. Hatt6oJtee KOMnaKTHhtMH H3 peaHcTopHbIX npeo6pa3oBaTeneli Hn.nsnoTcst TCH-

3ope3HcTop H bie. 
Cpe.nH 6ecKOHTaKTHblX npeo6paaoaaTeneii .n.irn 9JJeKTpoMexaHHqecKHX JJ.3TlJH· 

l\OB ttaH60ufJCC ncpcneKTHBHbl llHQ>cpepeHI.I.H3JlbIIO-TpaHccpopMaTopttble npeo6pa30B3· 
tenH. HanGo~'lee npocTble H3 HHX HMelOT JIHHeHHYIO xapaKTepHCTHKy B 30He oT' 
+ 1,5 JlO -2,5 MM OT HdhpaJihHoro nono11<eH1rn. Opu 60.11bIDCM paccor.11aconaHHH 
<:HrHaJI JJ.OCTlfraeT npeJJ.eJibHoro 3HalJeJIHH H HacTynaeT HacDimenne. TaKast xapaK
TepHCTUKa nnoJmc yJJ.oB~'lenmpHeT Tpe6oeaHHHM nocTpoettHSI nocTaTolIHO TOllHblX 
CJlCJlHlllHX CHCTeM. 

11. CHcTeMbl cne>KeHNSI 3a CTblKOM c «1>oro3neKTpH11ecKHM AaT'IHKOM 

CHcTeMbI c ¢oT09JieKTpHqecKHMH JJ.8TlJHKaMH npm-rnTo KnaccHcpHuHpoaatb no np1rn-
11aKy BbIXOJlHOro CHrHaJia ,U.3T4HKa, HCilOJib3yeMoro JJ.JIH ouettKH BeJIIPlHHbl ero CMe
meHHH OTHOCHTeJibHO KOHTpOJrnpyeimro OO'beKT8. B CBapoqHOM npOH3BOJI.CTBe Ha
XOJVIT npHMeHenne cpOT03JieKTpHlleCKHe CHCTeMbl aMilJIHTY.llHOfO, aMnJIHTYJlHO-cpa· 
30BOfO H ¢a30HMnyJibCHOf0 THnOB. 

B cucTeMax aMnJIHTYJI.Horo Tuna rrncpopMaUHH o noJio>Kemrn Ha6mo.n.ael\mro 
-06beKT3 CO)l.ep>KHTCH B 8MOJ111Ty)J.e BblXOJl.HOfO ClffHaJia )J.aTqHKa. naTqHK 3MflJIJITY.ll• 
Hoit CHCTeMbJ JlJIH CJie>KeHHH 33 KOHTpacTHOH JlHHHeH (nOJIOCOH) co.nep>KHT .nsa cpOTO· 
npneMHHKa. CHrHaJI paccornacosaHHH nponopuHottaneH pa3HOCTH ocaemeHHOcTeM: 
cpoTOIIpneMHHKOB. PaBHOBectte CHCTeMbl H8CTynaeT npH 0.ZlHHaKOBOH HX ocsemeH
HOCTH. Dpn CJie>KeHHH 38 rpaHHUeH «qepHOe - 6eJIOe» B .ll8TqHKe CHCTeMbl aMnJIH· 
TYJJ.HOfO nma HMeeTCH OJl.HH cpoTonpHeMHHK, a paBHOBeCHe CHCTeMbl H8CTynaeT npH 
onpe.neJJeHHOM ypoane c1trHana cpoTonpHeMttHKa. AMnJIHTY.ll.Hbie cHcTeMbl HaHfionee 
npoCTbt, HO c HeBbICOKOH TOllHOCTblO, TaK KaK llYBCTBHTeJibHbJ K KOJie6aHHHM HpKO
CTH II K ,npyrHM IlOMeXaM. nnH nOBbIWeHJHI TOql-JOCTH H IlOMexoycTOHllHBOCTH 3Mil· 
JIHTY .ll.HbIX CHCTeM npnMeJHIIOT cxeMbl ~OMileHcamrn KOJie6aHHH HpKOCTH c nOMOlUblO 
.n.onoJIHHTeJibHbIX KOMnettcauHoHHbIX ct>oTonpneMttHKOB. DpuMeHeHHe B KattecTBe
QJOTonpueMHHKOB Il03HUHOHHO·lIYBCTBHTeJibHbIX QJOTOpe3HCTOpOB Il03BOJIHeT C03)l3'Pb 
JI.JIH aMilJIHTYJl.HblX CHCTeM npocTble )J.3TllHKH c JIHHeHHblM BblXO,!lOM Ha OOJibUJl)#.. 
yllaCTKe 30JibI BH,IJJIMOCTH. Co11eTaHHe no3HUHOHHO-'-IYBCTBHTeJibHblX H KOMnettcttpy.i. 
'IOIUHX ct>oTope3HCTOpOB, BblnOJIHeHHbIX Ha OJlHOH nO)J.JIO>KKe, 003BOJIHeT c OOMOlll.blO 
-OJI.Hora KOMnaKTHOro QJOTOilpHeMHHKa o6ecne4HTb B 3H34HTeJibHOH Mepe KOMneHca
UHIO cpoHOBblX IlO)J.CBeTOK • 

.BoJiee COBeprneHHOH SIBJUleTCSI 3MITJIHTY.ll.HO-cpa30B8SI CHCTeMa [ 48, 54). .[laTllHK 
9TOH CHCTeMbl (pHC. n.19) co.nep>KHT cpoTonpaeMHHK I (<J>oTope3HCTOp), a cBeTOBOH 
nOTOI<, na,!l810lllHH na QJOTO'-IYBCTBHTeJihHblH CJIOH, MOJlYJIHpyeTCH MexaHH4eCJ\HM 
nyreM, 1-1anpHMep c noMOlll.blO BH6paTopa, nepeMemaromero meneaylO n.uaq>pan.1y 
2 nepneHJI.HKynsipHo K rpaHI-111.e «ttepHoe-6eJioe» HJIH KOHTpacTHOH JIHHHH 3. Dpn 
3TOM npOHCXOJlHT CK8HHpOB8HHe nonepxHOCTH H3)J.eJJHH nonepeK rpaHHUbl HJIH KOH· 
TpacTHoii JIHHHH. Pa3Mep aoHbI cKattnpoaattHH (3oHbI BHJI.HMOCTH) B 3-4 pa3a npe
BhtrnaeT lliHpHHY KOHTpacTHOH JIHHIHf B IlJIOCKOCTH CKaHHpOB3HHSl. ltf mpopMaUHSI 
0 nOJIO)KeHHH Ha6JJJO)l.aeMoro OObeKTa conep)l{HTCSI B yr Jie C)l.BHra cpa3 Me>K.ny CHrHa

JIOM UBblX' CHHMaeMbIM c QJOTOilpHeMHHKa, 1-J onopHblM HanpH>KeHHeM. no;rnpHOCTb 

·BblXO)J.HOro CHrHaJia onpe.u.enHeTCH HanpaBJieHHeM, a aMnJIHTy,na - BeJIH4HHOH 
CMemeHHSl KOHTpacTHOH JIHHHH OTHOCHTeJibHO HyJieBOH TOqKH 30Hbl BHJI.HMOCTH )J.3T
qn Ka. DpuMepoM CJJeJJ.Hlll.eH CHCTeMbl aMnJIHTYJl.HO·QJ830BOfO nrna MO>KeT CJIY)l-\HTb 
CHCTeMa Y892, npe.llH83H3t1eHHaH .llJIH CJie>KeHHSI no KOHTpaCTHOH KOnHpHOH JIHHHH, 
HaHOCIIMOH pe3UOM Ha nosepXHOCTH J-13JI.emrn. <l>OT03JieKTPH 4eCKll ii )l.3TGHK MOHTll· 
pyeTCH B 0)1.HOM OJIOKe c OcBeTHTeJieM 4, 5 (CM. pHC. n.19). 3TOT OJIOK Kpem1TCH K 00.ll· 
BH>KHOii l1BCTH KOppeKTOpa CBap04Horo annapc1Ta qepe3 npHBO.ll HacTpOttKH 6a30BOro 
pacCTOHHHH, 11eo6xO)l.llMbIH .llJlH cor.rraCOBaHI-IH IlOJIO>KeHilff cnapoqHoro HHCTpyMeHTa 
H Heihpa.'IbHOfO IlOJIO>KeHHH wna He 6oJiee ± 1,0 MM npn caapKe co CKOpOCTblO JlO 
180 Mill H CMemettnH CTbIKa JI.O 10 MM na )l.Jll-llle B 1 M. Han60JibW8H CKOpOCTb OT· 
paOOTKH HCnOJIHHTeJibHOfO npHBo.na CJieJJ.Hlll.eH CHCTeMbl 3 MM/C. 

56nhrnyl0 T04HOCTb cne>KeHHH npH npo'-IHX paBHbIX yc.'IOBHHX 06ecnet111Ba10T 
-CHCTeMbl cpa30HMny .. 'IbCHOro THna. B 9THX CHCTeMaX TaK>Ke npoHCXOJl.HT CKaHHpOB8Hlle 
noBepxHOCTH H3]J.eJIHH, npHlleM npHMeHSleTCSI npenMyllleCTBeHHO Kpyroaoe CK3HH· 
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)OBaHne. ,llttaMeTp Kpyra cKa· 
~Hpona 1-nrn Ha nopsr.n.oK npeBhI
uiaeT urnp1rny KOHTp3CTHOH Jlll
HHH. Kpyrosasr pa3aepTKa 
(Kpyr CKaHHpOBaHHSl) peamrny
eTCff c nOMOlllblO MO,nyJIHTopa, 
mnaeMoro onopHhIM HanpmKe
HlteM. Bo3MO:>KHO T2K:>Ke rettepn
poBaHtte onopttoro CHrHaJJa MO
.llYJIHTOpoM. TI JJH nepeceqeHJrn 
JIYllOM KOHTpaCTHOH JIHHJJll c cpo
TOnpneMHHKa .u.aTqHKa CHHMa
IOTCSl HMilYJJhCbl TOKB. YroJI no
BOpoTa MO.ll.YJIHTOpa, npH KOTO· 
pOM nOHB.'lHIOTCSl HMnyJihChl ¢0-
TOTOKa OT KOHTpaC:THOH JIHHHH 
(cpa30BblH yroJI), 33BllCHT OT no
JIO}f{eHHR JIHHHH OTHOCHTeJJbHO 
ueHTpa KpyrOBOH pa3BepTKH. 
Ehn HMTIYJibCbl HBJIHJOTCH pa3-
pernarorn.HMH .ll.JIH npOXO}f{JJ.eHJUl 
TOKa B Ka.>KJJ.OM noJiynepuo.u.e 
onopttoro ttanpH:>KeHuH. Pe3yJib· 
THpy1ouuni CHfHaJJ Ha BbIXo,ne 
H3MepHTe,IIbHOH ll3CTH CHCTeMbl 
paBeH Hy JJIO TOJI bKO TOf .n.a' Kor
.na paaperna10uu1e .HMny .. 1bcb1 
npOXO.ll.SlT qepe3 180 3JieKTpll
qecKH x rpa.n.ycoB H coBnanamT 
c cepeAHHaMH noJiynepHOJl.OB 
QnopHoro HanpH:>Kemrn, T. e. 

Puc. 0.19. ,LJ.aT11HK CJJe)lH[Q.eH CHCTeMbl V892 

K0r.n.a KOHTpacTHaH JJHUHSI npoxo.n.nT qepe3 ueHTp paaBepTKu. Dpe11Myw.ecTBOM cpa
~0-HMnyJihCHoil cxeMLI SlBJISleTCSI TO, qTo CHrHaJI paccorJiacoBaHHSl 33BHCHT TOJihKO 
OT BeJIHllHHhl CMememrn KOHTpaCTHOH JIHHHH OTHOCHTeJJbHO ueHTpa pa3BepTKH. 

OJI.Ha H3 nepBbIX cpa30HMnyJibCHhIX cJieJI.HlllHX c11cTeM .n.m1 csapollttoro rrpon3-
ao.n.cTaa 6blJia pa3pa6oTaua BHHl1bJieKTponpHno.n.oM comv1ecTHo c U.HHHTMarn 
npnMemITeJibHO K CBapKe CTBJihHblX cnttpaJibHOllJOBHblX Tpy6. 

<I>aaonMnyJihCHaSI CHcTeMa YCO [ 45], pa3pa60TaHuaH HHCTHTYTO'.\t aBToMaTH KH 
AH YCCP, npe.n.Ha3Ha4eua JI.JIH ttaae,neHHH caapollttoro HHcTpyMeHTa Ha cepe.n.11tty 
3330pa B CTbIKe npH ceapKe B 33lllHTHbIX ra3ax IIpHMO.'HIHeHHblX H KpyroBbIX WBOB 
H3)J.eJIHH H3 aJIIOMHHHeBbIX CilJiaBOB, HepJKaBelOUJ.HX CTaJieH, THTBHOBblX Cfl.IIaBOB, 
T. e. MeTaJIJIOB co caeTJIOH noaepXHOCTblO, Ha cpoHe KOTopoH CTbIK Bhlf JISIJJ.HT Kai< 
Tel\rnaH JIHHHSI. Bhlxo.n.Hoii c1-rr1-1an .u.aT4HKa 3a O.D.HH 110J1ynepno.u. cKattnpoaaHnH npn 

H.~JIHll~UI CTblK3 B noJie "!3!!8._HMO~Tj,J npe8cTa~~>ls.! ~,69.E ~DSM ~peo6paaonaHHSI) 
.nea npSIMoyroJihHblX HMIIYJibCa c pacCTOHHHeM Me:>KJJ.Y HHMH, onpe.neJISieMbIM llJHpH
HOH 3aaopa B CThIKe. CnrHaJI ynpaeJieHHH nponopuHoHaJJeH pa3HOCTH JJ.JIHTeJihHOCTeu 
yKa3aHHbIX npHMoyroJibHbIX HMnyJihCOB. B CHCTeMe npenycMoTpeHa cxeMa aanpeTa, 
OTKJll043l0lll.3Sl cJie}f{CHHe npH H3JllflIHH uapanHH B6JIH3H CTbIKa HJJH TeXHOJIOfH4eCKHX 
npHxBaTOK. CHcTeMa o6ecneqneaeT: cJie:>KeHHe npn aa3ope 0, 15-5 M~1; none BUP.H-
MoctH 10 MM; Han60JibWYIO norpelllHOCTb CJieJKeHHSI -+-0,5 MM. • 

c nOMOlllhlO cpOT09JieKTpHlleCKHX .n.aTllHKOB MO}f{HO noJiy4HTb 1-rncf>opMaUHIO 
0 Henocpe.u.cTBeHHOM IIOJIO}f{eHirn 9JieKTpo.n.a OTHQCHTeJibHO cepe,.llHHbl 3a3opa .Me:>KJJ.Y 
CBapHBaeMblMH 3JleMeHT3MH (9). nnn 9TOfO B IlOJie 3peHIJSI Jl.3TllHK8 J{O.r1:>KHN HBXO• 
.llHTbCSl pa6041fH KOHeU 9JleKTpo.n.a H CTbIK y BXOJ{a B 30HY nJJaBJieHHH. naTllHK pac
OOJiaraeTCH no.n. yrnoM ~20 ° K nJIOCKOCTH CBapnaaeMblX JIHCTOB; no .. 'IO}f{eHHe CTbl
Ka KOHTpOJIHpyeTCR nepe,n TOqKOH CBapKH Ha paccTOSIHHII ~ 10 MM OT KpaH 30Hbl 
nJiaBJieHHSI. <I>yHKUHOHaJibHBH cxeMa .u.aTqHKa H 9ITIOpbI HanpR:>KeHnH npnae,neHbl 
Ha pHC. Il.20. JlaTllHK H CXeMa npeoopa30B3HHR CHfH3JI3 co.n.ep:>KaT .U.Ba KaHaJia: 
KaHaJI 3JieKTpo.u.a H KaHaJI CTbIKa. Heno.n.an:>KHaSI .D.Hacf>pan1a nMeeT JI.Ba ceKpe1opttb1X 
OTBepCTHH: 0.ll.HO c nepeMhlllKOH nocpe.ZJ.HHe - B KaHaJJe 3JieKTpo.n.a; BTOpoe (6e3 
nepeMh14KH) - B KaHaJie CTbJKa. DepeMbfl·IK3 B KaHaJie 9JieKTpo,na OOecne4HB3eT 
nonytte1-rne nayaw 't1• nay3a 1 2 nonyLiaeTcH rrpn npoxmK;J.eHHH ToqKH BH3HpoeaHHH 
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PHC. 0.20. CJ>OT03JleKTPHllCCKaA CHCTeMa Hallp3BJleHHA 9JleKTPOJJ.a 00 CTblKY: 

a - 4>YHKl{HOHanbH8SI C?XeMa; 6 ... anIOpbl HaOpH.>K:eHHA Ha BblXOAe <l>YHKUHOH8JlbHblX 3JieMellTOB: 
UK.3 - <J>OTC'npHeMHHKa aneK'l'pOA&; U<f>l3 If U<f>23 - <l><>PMHpoeaTeneA nOnO>KHTeJJbHOro H OTPHl.18• 
TenhH6'>ro cureanoe KaeaJJa ~neK'Fpo.u.a: Ua - cxeMa coenBAeHHH Kanana aneKTPOAa~ UK.c - cj>cTo
npHeMHHKa ~hIK3~ Un.c - y«HJIHTeJIS1 K8H8Jla CThlK#I; U <J>lo H U <J>2a - 4>0PMHPOBaTe.,'le:A OOJIO>KH. 
TeJibHero ff OTpuuaTeJJbHOro curuanon •<aHana CTblKa; U0 - cxeMbJ coena,lleHl·UI J<auana CThJKa: 
I - 6neH,lla; 2 - otl'beKTHB; 3 - aneKTPOA csapo11uoA ronosKH; 4 - ~Bapuaaer.n11e 3JieMeHT5l: 5 -
BP811\810ll.\aHCS1 .l{Ha<f>parMa; 6 - ueno,ABH>KHaH AHa<l>parMa; 7 - KOH,iteucop KaHana aneKTpo,lla: f? -
KOH,lleHCOp KaHaJJa CThlKa; 9 -<J>oronpHt"MHHK KaHaJla aneKTPOAa: 10 - tf>oTonpHeMHHK Kanana CTf:.JKa; 
11- y3en o6pa6oTIUi c11ruana <l>oTonpHer.1HHKa e Kanane aneKTpo.u.a; 12 - yaen o6pa60TKM CHrHaJI~ 
<J>oronpHeMHHKa B KaHane CTblKa; 13 - 6JIOK Bblpa6oTKH CHrHaJJR pa~cornaCORaHHSf 

qepes aasop 8 CTbIKe. 3JieKTPOA HBXOJlHTCH H8)l CTblKOM, Kor.na nayaa CHfHaJia, CO• 
OTBeTCTBYIOW.BH sasopy B CTbIKe, H8XO~HTCSI nocpe)J.HHe MemJJ.y nayaaMH' COOTBeTCT• 
BYIOlllHMH nepeMbJqKe .llHacpparMbl KaHaJia 9JieKTpo.na. npH 9TOM CHfH3Jl paccor J!aCO· 
B3HH.ff OTCYTCTByeT. 

tl. TeneaM3HOHHa• cne.qAll.\a• cHcteMa apeM•MMnyn1.cHoro tMna 

B CHCTeMe (pHO. n.21) CHHXporeuepaTOp 1 Bbipa6aTbIBaeT ynpaBJUllOW,He HMnyJibCb!, 
nocTyna10mHe H8 BXOJJ. yana 2 CTpO'IHblX H ysJia 8 Ka,llpOBbIX CHHXpOHMDYJibCOB, 
YseJJ 2 CHHXpOHH3HpyeT pa6oTy ysna CTpOllHOH paseepTKH 12 nepeJJ.a10meu KaMepbl 
5 n sanycKaeT cpopMHpoeaTeJih 7. Ysen 3 CHHXpoHH3HpyeT pa6oTy ysna Ka,npoeo~ 
paanepTKH 9 nepe,lla10meii KaMepbT 5 H sanycKaeT <f>opMHpoeaTeJI& 8. 3a.ztHHH ¢poH1 
BblXOJlHOro HMDyJit;,Ca cpopMHpOBaTeJist 7 sanycKaeT <f>opMHpOB8TeJib 10, Ha BbIXOJl( 
KOToporo reHepH pyeTCff HMITYJibC JJeBoil tJaCTJf 30Hhl lHl!lHMOCTH' ace CTpOl<H KOTopoi 
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Puc. n.21. <l>yHKUHOHa .. "lbffaH cxeMa TeJJeBH3HOHHOH CJleJUllJ.leii CltCTeMbl epeMR
HMDYJlbCHOro THna 



C03.U8IOT pacTp «BJieBO». 3aJJ.HHH cppOHT HMny~1bca Ha BhlXO,ne <t>opMHpOBaTeJISI 10 
sanycKaeT cpopMHpOBaTeJib 13 30Hbl HetJyBCTDHTeJJbHOCTH CHCTeMbl. 3a)lHH.H cPPOHT 
BhlXO.l{HOfO HMnyJihCa cpopMnpoBaTeJisl 13 3anycKaeT cpopMHpOBaTeJib 14, Ha BbIXO-... 
)le KOTOporo renepupyeTCSl H:\lfiYJibC npaBOH ll3CTH 30Hbl BH,DJIMOCTH, Bee CTpOKH KO-
TOpOH C03.ZJ.alOT pac1p «BnpaBO». 3aD.HHH ¢poHT HMnyJibCa Ha BblXO,ne cpopMHpOBaTeJUl 
8 3anycKaeT ¢opMHpOBBTeJib 11 HMnyJihCa, COOTBeTCTBYIOLUero IlOJIH BH,llHMO~TH 24 
:HcTeMbl CJie.>KeHH.SI. 3TOT HMnyJibC nocTynaeT Ha BXOD. ceJJeKTOpa 15 IlOJIH BH,UHMOCTH. 
Ha Bhixo.n ceneKTOpa 15 npoxo,nHT TOJibKO Te BHJJ.eOHMnyJihChI c Bh1xo.na Q>opM11poaa· 
TeJIH BHJI.eOcHrHaJia 4, KOTOpbie no BpeMeHH COBna,naIOT c HMnyJihCO.M, Bbipa6aTbIBa· 
eMhtM cpopMHpQBaTe.r1eM 11. CeJieKTOpbI 16 H 17 nponycKaIOT Ha nxo.n. cpopMupoeaTeJist 
CHfHa.iia paccorJiaCOB3HHSl 18 H cyMM3TOpa 19 BH)leOHMnyJibCbl, KOTOpble COBna)lalOT 
no epeMeHH c pacTpaMH cooTBeTCTBeHHO «Bnpaso» H «BJieBo». TaKHM oopasoM, ecJin 

u u 
BH){eOHMnyJihCbl OT CBeTOKOHTpaCTHOH JIUHHH nona)lyT B OJlHY H3 qacTeU pacTpa BH· 
.llllMOCTH CJie,l{5IIUe:H CHCTeMbJ' TO npHBOJl 6 H8tIHeT OTpa6aThJB3Tb B03HHKIIIee pac
cor JiaCOB3HHe, nepeMemaH nepeAa1omy10 KaMepy 5 H csapot1tty10 ropeJIKY 25 B Ta Koe 
noJIO.>KeHne, npH KOTOpOM H306pa>KeHHe CBeTOKOHTpaCTHOH JIHHHH 22 Ha 3KpaHe 
BUD.eOI<OHTpOJibIIOro ycTpOHCTBa 20 OKa3bIBaeTCSl B 30He HetiyBCTBHTeJihHOCTH CHCTe
Mbl, T. e. Me2KJlY pacTpaMH «BnpaBO» 21 H B «B.r'Ieno» 23. 

To4HOCTb BpeMHHMnyJihcuoro cnocooa H3MepeHHH onpeJleJ111eTc.SI JIHHettHOCTblO 
pa3BepTKH H CTaOUJibHOCTblO pa3Mepa nOCJie,IJ.Heii. OorpelllHOCTb CJie.>KeHHSl B 60Jib· 
lUHHCTBe CHCTeM BpeM.HHMilYJibCHOfO THna JlOCTHr-aeT ± 1 MM H 6onee. BapHaHTbl 
epeMHHMnyJibCHOfO Tpexno311UHOHHOf0 H3MepeHHSl peaJIH30B3Hbl B c.ne)lRlllett CHCTe
Me CY-147, paapa6oTaHHOH B 11ttCTHTyTe sneKTpocsapKH HM. E. 0. IlaToHa AH YCCP. 
JlocTOHHCTBOM 9TOH CHCTeMbJ .ffBJISleTCSl TO, 'ITO OHa npe.nycMaTpHBaeT npHMeHeHHe 
cepH HHOH nTY 6e3 K3KllX·JIHOO nepe)leJIOK ee 6JIOKOB H HCilOJlb3083HHe CHrHaJIOB, 

nepenanaeMblX no COe)lHHHTeJibHbIM Ka6eJIHM CTTY. 

tl. CHcTeMa cne>KeHMR 3a CtblKOM c MarHMTHblM OTKnoHeHHeM AYrH 

C .. TJeD.stlll.8H cHcTeMa c nepHOJlHlleCKHM OTKJioueuueM .nyrH BHelllHHM ynpasnsuo
w HM MafHHTHhTM noJieM (Y.l\\D) 9cp<.f>eKTHBHO npHl\·teHHeTCSI npH CBapKe HenJiaBH W.HM• 
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Puc. n.22. CHcTeMa co CKaHHpoeauueM ceapoquo1i )l.yroA: 

a - 4>YHKUHonanbHaH cxeMa; 6 - cxeMa ropeHHSI Ayre npu OTK.'10He111:111 ee nonepeK CTblKa; s -
anlOpbl napaMeTpoe 
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CSI 9JJeKTpO,!lO'M B 1-n1epTllOM ra3e H nJJaBSilliJIMCSI B CMeCH rasoB Ha OCHOBe aproHa 
npu MeJIKOKanenbHOM nepeHoce MeTaJJna. 

DJIOK 3 (puc. n.22, a) ynpaBJieHHH OTKJIOHSIIOllleH CHCTeMCI'i 5, BhlilOJIHeHHOfl Ha 
OCHOBe 9JJeKTpOMarHHTa C Il-o6pa3HhlM Cep,ll.ellHHKOM, <f>OpMHpyeT HMTIYJibCbJ HBTIPH· 
>KeHHff LJ J{JJJITeJibHOCTblO 20 MC C HHTepBaJIOM BpeMeHH 20 MC (pHC. n. 22, B). npu 
9TOM B 3a3ope Me>KAY nOJIIOCaMH 9JJeKTPOMarHHTa o6pa3yeTCH nyJJbCll py10mee ~'f\1n 
c HH.ll.YKllHfllI B. no,n. ,n.eiiCTBHeM y .t\\Il ,n.yra CMemaeTCH OT oceaoii JIHHHH (pnc. 
0.22, 6), BCJie)l.CTBHe t.tero H3.MeHHeTCff MrHOBeHHOe 3HatieHHe TOKa (puc. 0.22, B). 
Ilpn OTCYTCTBllll CMeme1-11u1 (fly = 0) OCH 3JleKTpo,na OT OCH CTbTKa HHTerpaJihl Fl 
H F '2 ,n.ayx noc .. TJe,noaaTeJihHhIX OTKJJOHettul1 TOKa oKa3blB8IOTCH o,nHHaKOBhIMH. KaK 
BH)l.HO H3 puc. n.22, 6-6, npu fly =I= 0 flF = F1- F2 =I= 0. DJIOK ynpaBJieHHH 2 
Ha OCHOBe MHKpo3BM cpaBHHBaeT MfHOBeHHhle 3HalJeHHff TOKa "HanpH}KeHHSl JJ.yrn 
co cpe)J.HllMH attaqeHHHMH. H3.MepeHHhIMH npn oTcyTCTBHH YMn, BhitIHCJIHeT TeKymne 
3HalieHH51 fl/CB H HX HHTerpaJihl BO npeMH KB}KJ(QfO OTKJIOHeHllff .nyru (OT,D.eJtbHO 

BJieso H snpaao). BbJtIHc.,rieHHaH paaHOCTb HHTerpa .. 11oa npeo6pa3yeTcH B cnrHan 
ynpaBJieHHSI KOppeKTOpOM CBapotIHOlf fOJIOBKH. lllynT 4, BKJIIOtieHHblii nocJie,UoBa
TeJibHO c HCTOqHHKOM nHTaIIHH /, CJIY>KllT IJ.JI51 ll3MepeHJI51 CBapo11uoro THna. 

t4. 0AHOCl>a3HblM THpHCTOpHblH npepblBaYenb AnJI 3WC 

OpepbIBaTeJib npe.nuasHa11eH .UJIH ynpaBJieHHSI npoueccoM 3IllC c npJIMeHeHHeM Mo,ny
JIHUHH MOll.lHOCTH. BbinOJIHeH B BH.ne CHJIOBOfO 6JIOKa 1 (pHc. n.23) II cxeMhJ yn
panJieHHH, BKJIIOLJaIOmeii MYJibTHBH6paTop, co6panHhlH Ha Tpnrrepe 3 H aaJI.aTtIH
Kax npeMeHH HMnyJihCOB II nayahl 1 H 2. CHrHaJI c Bb1xo.na TpHrrepa 3 no
CTynaeT Ha BXO,nbl aa.naTlJHKOB HanpR>KeHHH B HMilYJlbCe 4 H B nayae5. B 3aBHCHl'\·lOCTH 
OT COCTOffHHH Tpurrepa noTeHUHaJI c BblXO..D.a o.nnoro H3 3a,D.aTLJHKOB 11anpH>KeHHH 
t1epe3 cxeMy cpasneHBH n HHTerpaTop 6 nocTynaeT Ha sxo,n c~aaoc,nsnraromero ycT· 
poiicTBa 8. Ty.na )Ke no,n.aeTcH nHJioo6pa3Hoe HanpH.>KeHHe c reHepaTopa 7. CooTneT
CTBeHHO HanpH}KeHHJO Ha BXO,D.e HHTerpaTopa nepe,nHHH cppOHT HMnyJibCOB Ha BblXO,ll.e 
ycHJIHTeJIH 9 C)J.BHraeTCff no OTHOWeHHIO K HYJIIO HanpH}KeHHff' npHJIO.>KeHHOro K TH
pncTopaM KOHTaKTOpa 12. 

HanpH>Kettue oopaTHOH CBH3H uo.C' nponopunonaJibHOe HanpSJ>KeHHIO Ha·aattHe, 

c TpattcQ>opMaTopa 13 no.n.aeTcH Ha sxo.n cxeMbl cpaBHeHHH BMecTe c sa,naIOlllHM Ha
npHLKeHHeM U3• HanpR>KeHHe paccornacosaHHR, nocTynaH Ha BXOJl HHTerpaTopa, 
H3MeHHeT yro.,11 npoao,nHMOCTH THpttcTopoa TaK, lJTOOhl pa3HOCTh U 8 - U0 .c cnecTu 

K MHHHM3JibHOMY 3HatieHHIO. CTpH H3MeHeHHH Harpy3KH H HanpSI>KeHIHI nHTaromeA 
ceTH B ,nonyCTHMhIX npe.nenax uanpR>KeHHe Ha BaHHe OCTaeTCSI HeU3MeHHbJM. 

CTpepbIBaTeJih cna6}KeH ObICTpo,n.e:HcTsy10uu1MH oJIOKaMH 33UJ.liTbI 10 n 11, 
npn11uHn pa60Tbl KOTOpbIX OCHOBaH Ha cpaBHeHHH BblDpHMJieHHOfO HanpSI>KeHHH 
nHTa1ow.eif ceTH H BbinpHMJieHHoro ToKa Harpy3KH. EcJIH nonyBo.TIHa TOKa npona.nae1 
no KaKOH-JIH60 npHllHHe, TO OJIOKH 10 H 11 CHHM3IOT B TeqettHe o..rr.uoro nonynepHo.na 
HMnyJihCbl IlOll>KHraHHH c THpHCTOpOB KGHTaKTOpa 12. 
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Puc, D,23, O~uofl>aaubl&i THPHCTOpHblH npepLIH.TeJlb P,JIB 8WC 
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Texul1lJeCKa11 xapaKTepncTHKa TJ,p"HcTopnoro npepbleaTeJIH 

norpeonsteMaSI MOUlHOCTb, B ~ A . . . • . • . . . 
Pacxo.n oxna>K11a1omeii BOL(bJ, n MHH • • • • • • • 
f a6apHTHbl2 pa3MepbI, MM • • • . • • • • • • • 
Jv\acca, Kr • . • • • • . . . . . . • . . • • • 
MaKCHMaJibHbn1: KOMMYTHpytMhiii TOI< npH H<1npst}Ke
HHH 380 B, KA . . . . . . . . . . . . . . • 
L(uana3oH perynttpoBaHHH: 

HMny JlbCa, c • . . . . . . . . . . . . . . • 
nay3u1, c • . • • • • • • • • • • • • • • • 

•. 
15. CHcTeMa aa10MatM'lecKoro perynHposaHHSl TOKa 3Wn 

100 
4 

990 x 300 x 540 
155 

2 

01-2 
' 0.1 - I 

B COCTaB CHCTeMbl (pHC. n.24) BXO,ll.HT nporpaMMHblH 33J].3TllHK TOKa fl3, peryJIHTOp, 
ycTaHOBKa JI.JUI 3llln, BKJIJOqaromaSJ KpHCT3JIJIJ133TOp 1, nJIC1CTHHll3TbIH 3JieKTp0,ll 
2 11 nnTaIOJ.I.UIH TpanccpopMaTop TI. 

HanpH}KeHHe, nponopuHoHaJibHOe TOKY 3ll1Il, CHHMaeTCH c peaHcropa RI 
H nocJie BhinpSIMJieHlHI H crJJa}l{HBaHHSI LJCJ <fJHJibTpol\·I nocTynaeT Ha peaHcTop R2. 
HsMetteHHe HanpH:>KeHHH Ha 3TOM pea11cTope cyMMHpyeTCSI Ha noTeHUHOMeTpe RP 
c onopttblMH na)(eHHeM nanpH>KeHHH OT CTa6HJIH3HpoBaHHoro HCTOtJHHKa. YcnneH
HaSI ycuJIHTeJieM YI pa3HOCTh BXOJl.HbIX cHrHaJioB nocTynaeT Ha ycHJIHTeJib MOlll.HOCTll 
Y2, narpy3KOH .KOToporo SJBJIHIOTCSI o6MOTKH LS H L4 3JieKTpoMaIIJHHHOro ycHJIII· 
TeJISI BM JI. DpH oTKJioHeHHH TOKa 3IIIn OT aaJJ.aHHoro HanpSI.>KeHne Ha BhIXOJJ.e 
a My 113MeHH€TCSI' npHtieM flOJISlpHOCTb ero 3BBHCHT OT 3HaKa paccor JI8COB8HHH. 
)lnn raTe.n h M 2 nepeMemaeT 3JieKTpoJJ. 2 qepea pe,ayKTop, noJJ.)lep>KHBaH TOK 
3IIID c 3aJI.aHttoi1 TOtJHOCThlO. Ha BXOJJ.e peryJIHTopa ocyru,ecTBJieHa OTpHuaTeJibHaH 
oopaTHaSI CBH3b no npupameHHIO TOKa csapKH (pe3HCT0p R3, KOH)leHC3TOp C2, 
Bxo,nHoe conpoTHBJieHHe ycu.n11TeJIH), BM Y oxnatJeH :>KeCTKOH oTpuuaTCJibHOH o6paT
HOH CBSI3bto no cKopocTu ,aBHraTeJIH (o6MOTKa ynpaaneHHSI L5, peaHcTOphI R5, R6, 
R7). KpoMe Toro, 3M Y coBMeCTHO c ycH.nHTeJieM J12 oxaallett oTpHU.aTeJibHOH o6paT
HOH CBH3hIO no npupameHHJO cKopocTH (peaucTop R4; KoH,neHcaTop C2). 11aMeHettHe 
nporpaMMhI pa6oThI peryJIHTopa no TOKY ocymecTBJJffeTcH penepcHBHbIM Jl.BHraTeJieM 
MI, KOTOpbIH nepeMemaeT Jl.BH>KOK noTeHuHoMeTpa RP, MeHSISI ycTaHOBKY perynsi
Topa. B pe3yJihTaTe npuMeHeHHH OhICTpo.n.eiicTsy1oru.ero peryJistTopa To Ka noBblllla
eTcH TOqHOCTb noJJ.JJ.ep>KaHHH TOKa 3IIIn J].0 1,5-2 % ' aBTOM8TH3HpyeTCSI npouecc 
HaBeJ].eHHSI llIJI3KOBOH BaHHbl H ycTaHOBJieHHH 3aJJ.aIIHOfO pe>KHMa 3lll0. IlocJie]lHHH 
H3MeHSieTcSl no nporpaMMe aBTOMaTHlJecKH 6ea yqacTHfl onepaTopa. 
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PHC. 0.24. 4>yH~HOHa.nbHaR CXeMa CHCTCMbl peryJJHpOBaHHSI TOKa annapaTa AJJR 3Wfl 
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t6. PerynRTop ypoaH.A >KMAKOro Me1anna aaHHW npM 3WC 

Pa6oTa peryJIHTopa (cM. pHC. 3.19) noHCHHeTCSI 8 JieKTpHlleCKOH cxeMOM (pHC. n.25)· 
HanpH)Kettue c o6MOTKH // TpattccpopMaTopa T 1 nocTynaeT Ha ,nByxnoJiynepHOJlHYIO 
cxeMy BbrnpHMJieHHH co cpeJlHeH TOlJKOH. CT a6MJIH33UHH HanpH>KeHHH - 12 B 
ocymecTBJIHeTcH c noMOlll.hlO TpaH3HCTopoe VT 1, VT2 H cTa6HJIHTpona VD 1 I. 
no.u.6opOM pe3HCTOpa R 1 Bbl6H paeTCH p a60lJHH TOK CTa6H JJH3aUIJH. KoHJJ.eHCaTOpbl 
CJ H C2 BhIOOJIHHIOT pOJih crJia:>KHBa10mero cpn.ilbTpa. CTaOHJIH3HpoBaHHoe HanpH· 
:meHne- 12 B t1epea JlOnOJIHHTeJihHhIH cTa6HJIH311py10 IUHH TpHOJl VT4 no)laeTcH Ha 
reHepaTop HMnyJihCOB npHMOYfOJlbHOH ¢opMW lJ3CTOTOfi 6000 fu, co6paHH~fi Ha 
TpaH3HCTopax VT5, VT6 H npe,ncTaBJIHIOlll.HH co6oii MYJibTHBH6paTop c KOJIJieKTop· 
Ho-6a30BhIMH HH.UYKTHBHbIMH cBH3HMH. UenotJKa C4, R5 CJIY.>KHT JlJU1 KOMMyTaUHH 
paooThI TpaHancTopon VT5 H VT6, npHMOYl10JihH hie nMnyJihChI c KoTop bIX no)laIOTCH 
Ha o6MOTKY I I TpaHccbopMaTopa T2. BbIXOJlHOe nanpH>KeHue c o6MOTKH IV Tpattccpop
MaTopa T3 nnTaeT ycuJIHTeJih MOlUHOCTH, co6paHHhIH Ha TpaH3HCTopax V T7 11 VTB. 

YcttJieHHhIH cnrHaJI MYJihTHBH6paTopa no.naeTcH Ha nepBHllHy10 o6MoTKY I 
TpaHccpopMaTopa T3. BTopHtJHaH o6MOTKa I I TpattccpopMaTopa T3, nHTaromaH HH· 
AYKTHBHblH )laTlJHK npHMOYfOJibHbIMH HMilYJibC8MH lJ8CTOTOH 6000 fU., HMeeT He
CKOJibKO OTBOJlOB JlJIH no.n6opa COOTBeTCrBy10mero Han pH>KeHHH nHT8HHH JJ.8T'lHKa 
II I- H I I-o6pa3Horo. IlpH oTKJIIOlJeHHH TyM6Jiepa S2 cxeMa peryJIHTopa pa6oTaeT 
C 0-o6pa3HblM Jl8TlJHKOM. npH JlOCTJUKeHHH ypoBHeM >KHAKOfO MeTaJIJia 30Hbl pa6o
Tbl )J.3T1IHKa Ha H3MepnTeJibHbIX o6MOTKaX noHBJIHeTCH CllfHaJI, nponopUHOH3JibHbIH 

u .. 

ypoa1110 MeTaJIJia, KOTophIH nocTynaeT qepea npe.n.aapnTeJihHhIH ycHJIHTeJih Ha nepBHlI· 
HYIO o6MOTKY I TpaHcqlopMaTopa T4. Bb1xo,nHoe HanpH>KeHue c o6MOTKH I I TpaHccpop
MaTopa T4 n:uTaeT .neTeKTop, Bh1noJIHeHHhIH B ann.e MOCTOBoii cxeMhI (JJ.HOJlbJ VD7 -
- VDJO). BbrnpHMJieHHbIH curHa~n qepe3 9MHTTepHbIH noaTopuTeJih VT3, q>HJibTp 
R 13, CB H orpaHHlJHBarom.ee conpoTHBJieHHe R 14 no,Z\aeTcH Ha KOHTaKTHhIH MHKpo
aMnepMeTp M303K PµA, KOTOphiii HcnoJih3yeTcH B KatJecTBe ,neyxno3HUHOHHoro 
peryJIHTopa. MH KpoaMnepMeTp BKJIIOlJeH B JlHarottaJib MOCTOBoii cxeMhI (TpaH3HC· 
Top VT3, peaucTopbI R 17, R 16 ,R 12), KOTopaH aannTaua OT co6cTBeHHoro cTa6HJIH-
3aTopa (VD12-VDJ4). 3To C,Z\eJiaHO ,lJ.JIH ycTpaHeHl:IH CHfHaJia H8'18JlbHOf0 pa3-
6aJJaHca, B03HHKaIOmero BCJie)lCTBHe HeH)\eHTHlJHOH H8MOTKH o6MOTOK .naTqHKa. 

CTa6HJIHTpoH VD 16 npeJJ.ycMOTpeH JlJIH aautHThI npu6opa M303K OT nepettanpsi
:meHHH. 3aMhlKa10mHii KOHTaKT .nnyxnoanuRoHttoro peJie K 1, o6MOTKa KoTo poro 
nHTaeTcH TOKOM nocTOHHttoro HanpH>KeHHH, ncnOJihayeTcH JlJIH ynpaBJieHHH npHBO· 

,ll.OM flO,Z\'beMa cpopMHPYIOIIl.HX n0 .. 113YHOB. 

17. OcHOBHble texHH'leCKHe xapaKrepHCTMKH TMpMCTOpHblX KOHTaK1opoa 

HaeMettoeaHHe napaMeTpos 

HanpH>KeHHe nHTa;ollleH ceTH HOMHHaJihHOe, B 
TOK HOMHHa.TJbHhlil, A npu nB He oonee 

50 % 
20 ~-<> 

ToK MaKCHMaJibHbIM, A npM nB He 6onee 
20 % 

MaK HMaJJhHoe nB, % 
f\~aKCHMajJbHaH JlJIHTe,,,1bHOCTb HMnyJibca TOKa, c 
OapaMeTphl HMnyJihCOB ynpaBJieHMSI: 

ttanpSI.meuHe, B 
TOK He ooJiee, A 
.llJlHTe .. 'IbHOC1b, MKC 

THO THpHCTOpOB 
Macca, He oOJiee, Kr 

270 

Tnn KOHTaKTopa 

KT-IV4 I KT-03V4 

I ~ 380' 220 380' 220 

200 
250 

280 
50 
2 
I 

15-30 
5 

100-500 
TB-200-9 

6 

800 
E50 

1100 
50 
20 

15-25 
0,4 

100-500 
TB-800-9 
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Puc. n.25. flpHHl.{HOHaJlbHaR 3JleKTPH'leCKa.R CXeMa peryJIRTOpa ypOBHR lKHAKOro MeTaJIJla 

t8. PerynsaTopw apeMeHM tMna PIT 

OcHOBHbIMH sJieMeHTBMH perynsiTopoe BpeMeHH PBT HBJIHIOTCH MaJIOMOlUHhie THp11-
CTOpb1 Tuna KY-201. IlpHHU.HnHaJibHble cxeMhl 6JIOKOB KOMMyTaUHH, aaJJ,aHHSl Bpe
MeHH H cpa30BpaIUaTeJIH npHBe,U.eHbl Ha pHC. n.26, pHC. n.27 H pnc. n.29 COOTBeTCT
BeHHO. 

Pa6oTa perynJITOpa. nocJie BKJ11oqeHHH peryJUITOpa B ceTb cxeMa ycTaHaBJIHBa• 
eTcH B HCXO)lHOe noJIO>KeHHe, npH KOTopOM Bee nepecqeTHbie SitieHKH 6JIOKa KOMMyTa· 
U.HH H3XOAHTCH B HyJieBOM llOJIO)f{eHHH. IlpH SBMbIKaHHH neAaJIH SJ (pHC. n.26) one· 
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Puc. D.26. 6JIOK kOMr.tyTnllHH onepanHH {E3B - 6J10K sa)l.aHHSI epeMeHH - CM. pHc. 11 .27) 

paTOpOM-CBaplUHKOM Ha cxeMy 6JIOKa KOMMyTaUHH IlO)laeTCH HanpH}KeHHe IlHTaHHSJ' 
a qepe3 R2-;- VD2 - noJIO>KHTeJibHOe ttanpH>KeHHe Ha ynpaBJIHIOlllHH 9JieKTpoit 
MaJioMOUJ.Horo THpHcTopa VS 1, ynpaBJIH1omero nepao:H onepauue:H UH KJia - cma
THeM. T11pHcTop VSJ OTKpbIBaeTCH, 6JIOK 3a}laH1u1 epeMeHH noJiyqaeT nHTaHHe qe
pe3 ,nHO.U. VD3, a HH.UHKaTop H 1 cHrHaJIH3HpyeT o TOM, qTo HqeifKa HaXOJlHTCH eo 
BKJ11011eHHOM cocTOHHHH. 4epe3 OTKphIThIH THpHcTop VSJ no.u.aeTcH HanpH>KeHHe Ha 
peJie KI, 3aMh1Ka10m.Hif KOHTaKT KOToporo OJIOKHpyeT ne,u.aJih. 0,AHoepeMeHHO qepe3 
R 14, VD16, VD17 noJio>KuTeJibHOe Hanpn>KeHHe no.naeTcSI Ha ynpaB.nHIDnu1ii 9JieKTpo~ 
THpHcTopa VS5, KoTopbIH qepe3 JlHOJlbI VD18-VD21 no.u.K.111011aeT K uenH nepeMeH
Horo TO Ka 9JieKTponueBM3TH4eCKHH KJianaH an Kt 06ecne11HBalOW.HH no,u.aqy B03JlY
xa B UHJIHHJlP nHeBMonpHBO)la CBapoqHQH M8lllHHbl. 

B 3aBHCHMOCTH OT ycTaHOBJieHHoii BeJIHlIHHbI conpoTHBJieHHH E3B oTcqHTbIBaeT 
BpeMH nepBOft onepaUHH «C>KaT.He» B nepHO)J.aX H nocJie ero OKOHll3HIHI Ha BbIXO)J.e 
6.rroKa noHBJHieTCH HMnyJihC, KOTOpb1ii qepe3 )J.HO.U. VD6 H KOHJI.eHcaTop C4 BKJIIOllaet 
THpncTop VS2 5PieHKH «caapKa». THpHCTOpbI VS3, VS4 BKJIIOqHThCH ue MoryT, 
TaK KaK JlHO.ZJ.bl VDB, VD 11 6yJlyT 3anepTbI noJIO>KHTeJibHblM noTeHuHaJIOM aHo.noa 
saKpblTbIX THpHCTOpoB npeJlbl.ZJ.YlllHX .H11eeK H He nponycKaIOT BbIXO.ZJ.HOH HMOYJThC 
OT 6JIOKa aa,naHHH epeMeHII. BKJIIOqcHHe THpttcTopa VS2 cHrHaJIH3HpyeTcs:r IIHJJ.HKa
TopoM H2. 0.nHonpeMeHHO ttepe3 OTKphITbIH THpHcTop VS2 3aMb1KaeTcH uenh nHTa11HS1 
<}>a30BpamaTeJISI. nocJie BKJitOl.feHHff VS2 THpHCTOp VS/ npe,!l.bI.U.YIUeii HlleHKH BblK· 
JII04aeTcH ac.neJJ.CTBHe nepe3apHJJ.a KOHJleHcaTopa C3 (no.,io>KHTeJibHbJH noTeHuHaJI 
npHKJia,nbleaeTCH K KaTOJlY VS/). 5I11ei%Ka Ha THpHcTope VS2 o6ecnetUiBaeT onepauiuo 
«CBapKa» B Te11eHHe epeMeHH, KOTOpoe 3an.aeTCH neJIHlJHHOH conpoTue.nettHH Ree· 
nocJie OTClleTa BpeMeHH. COOTBeTC7BYIOlll.efo 9TOII onepaUHll, 6.fJOK 33)laHJHI BpeMeHH 
BhtpaoaThIBaeT HMnyJihC HanpH>KeHH5t, KOTOpbtii qepe3 .nno.n. VDB H KOtt.nettcaTop C6 
BKJI1011aeT THpHcTop VS3 H4eHKH «npoKOBKa». 0TctieT npeMeHH «npoKOBKa» H JiaJiee 
o:nay3bl» npoHCXO)lHT aHaJIOfHllHO npe,l{bIJlYlllHM onepaUHHM. 

nocJie BK~TIIOlleHHH THpHCTOpa VS4 onepaUHH «nay3hl» qepe3 JlHO)l VD 14 rnyH
THpyeTCH HanpHiKeHHe, no)lae~eMoe B uenb ynpaBJIS1t0u.1.ero 9JieKTpo.na TU pHcTopa 
VS5, KOTOpblH BblKJllOt.iaeTCH H ooecnequsaeT BblKJll01IeHHe 3JleKTpOnHeBMaTHlJeCKOrO 
KJianaHa H CHHTHe .naeJieHHH c 9JieKTPOJlOB CBapotIHOH MBlUHHbl. BpeMH onepauHH 
«nayaa» oTcllHThlBaeTcH aHaJiorHttHo .npyr1n.1 onepaUHSIM, ecnH nepeKJIIOlJaTeJib B 1 
H3XO.lUITCSI B OOJIO>KeHHH «aBTOMaT». CTocJie OTClleTa BpeMeHH «nayaa» CHOBa HatlH· 
uaeTcH oTclleT apeMettu «c.maTHe». Ec.,1H >Ke nepeKJ11011aTeJib BJ HaXOJlHTCH B noJ10-
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PHC. n .27. liJIOK 3aJl,aHHB BpeMCHJt 

}KeHRH «OD.HHOqHhlH», TO UHKJI npeKpamaeTCH Ha onepaUHM «nayaa», a ,Z{JIH noBTOp
HOfO aanycKa cxeMbl Heo6xO)lHMO OTnycTHTb H CHOBa HamaTb ne,naJih. 

npHHUHilH3JlbH8H cxeMa 538 npHBe)leHa na pHC. CT.27. OcHOBHblM 9JieMeHTOM 
cxeMhl HBJIHeTCSI reHepaTop TOKa Ha TpaH3HCTope VT 1, KOTopbIH BK..r1101JaeTcH HM
nyJihCOM HanpsnKeHHH OT 6JJOKa ~OMMYT3UHH. feHepaTop TOKa coopaH no cxeMe 
SMHTTepHoro IlOBTOpHTeJISI, 6a3a KOToporo nOD.KJIIQlleHa K C:Ta6HJIH3HpOB3HHOMY HC
TO'-IHHKY ttanpH)KeHHH + BB (cTa6HJIHTpoH VD3), a BpeMH3a)la1ow.Hii pe3HCTop R7 
HaXOD.HTCH B uenn 9MHTTepa. HanpH>Kettue Ha KOH)leHcaTope ca H3MeHHeTCH no JIH
HeMHOMY 38KOHY' 3a)laaaeMOMY R6 H Res {pHC. n.26) H qepea pe3HCT0p R6 np1ncJia-

JlbIBaeTCR K cTa6HJIHTpoHaM VDB H VD9 H ynpaBJIHIOIIleMy nepexo)ly THpHcTopa 
VSJ (ToqKu e, z). C 9THM ttanpsnKeHHeM cyMMHPYIOTCH cuuxpoHH311py1omHe HMnyJib
Chl, Bbipa6aTbJBaeMbJe Y3JIOM CHHXpOHH33UHH H CHHMaeMbie c qacTH noTeHUHOMeTpa 
RPJ. 

Y3eJI cuttxpott11aauttH pa6oTaeT cJieJJ.yIOll.lHM o6paaoM. K T0'1Ka!\1 a, 6 qepe3 
TpanccpopMaTop T 1 no,n.KJifOqetto nepeMeHHOe HanpH>Keuue ua,C5 nHTaiomeii ceTu 

(pnc. n.28). KonD.eHcaTop C2 aapHmaeTcst no uenu (ToqKa a) CI, VD5, R4, C2, 
RP I, TOqKa 6. Karna HanpH:meuue Ha C2 JlOCTHrtteT ttanpH}KeHHH nepeKJ11011eHHSI 
l].HnncTopa VD6, nocJie,iu1n11 oTKphIBaeTcSI n KOHJleHcaTop 6bICTpo pa3pSI}l{ae1csi 
qepea R5, RP 1. CTaOHJIHTpOH VD7 
orpa HHllHBaeT " CTa6HJJH3HpyeT 
aMnJIHTY.llY CHHXpOHH3HpylOIUHX 
HMilYJJbCOB Ha noTeHQHOMeTpe 
RP 1. Kou,neucaTop CJ CJIY:>KHT JlJJH 
¢opMHpoaaHHH CHHYCOHAaJibHoro 
HanpH.>KeHHH c OKpy}Ka10meii cpa30H 
no OTHOllleHHlO K HanpSl:>KeHHIO 
CeTH. 3THM o6ecneqnsaeTCSI KOM
neHC3UHH BhIHY)KJleHHOfO yrna 
CJlBHra cu fl x poHMny JibCOB, BbJ3B3H· 
uoro KOHellHhIM epe.MeHeM aapsiJta 
KOH,U.eHcaTopa C2, qepe3 orpaHHllH· 
BalOlllHH peaHcTop R4 u TaKHM 06-
paaoM ocymecTBJIHeTcH )KeCTKaR 
npHBH3Ka CHHXpOHMnyJJbCOB K tty
JJeBOMY auaqeH1110 cuHycoH,llbl nH
Ta10mero ttanpH.iKettHH. 

Kor,na peayJibTHpy10mee ua
npH:>Keut1e B TOl!Kax 8, 2 (pHC. 
D.28) )lOCTHfHeT HanpSI>KeHHSI npo-
6oH cTaOHJIHTpoHoB VDB, VD9, 
CHH xpOHMilYJihC nocTynaeT Ha yn-

Uc 
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Puc. n .29. DpHHl(HOHaJJbHaR CXcMa 1J>a3oepall.\a TCJIR 

H3 

N4 YD5 

YD6 

Y07 

NB V08 

1?7 

Rf 4 YDf2 

VS/ H OTKpbIBaeT ero. KoHJI.eHcaTop C3 paapH>KaeTcH 11epea 9TOT THpHCTop H nep
BlflIHYIO o6MOTKY TpaHccpopMaTopa T2. floJIO}l{HTeJihHhlH HMnyJihc ttanpH>KeHIHI, 
CHHMaeMblii co BTOpHllHOil OOMOTKH TpaHccpopMaTopa T2' nocTynaeT Ha BXO)l.bJ 
nepeclleTHbIX HtieeK 6JIOKa KOMMYT3UJIH onepaUHH (CM. pHc. fl.26) H BKJIIOllaeT COOT· .. 
BeTcrByIOlllHH THPHCTop. 

IlpHHUHnHaJihHaH cxeMa cpa30BpamaTeJIH co CTa6HJIH38UHeH cpe)l.Hero 3H8lleHHH 
TOKa npH KOJie6aHHHX HanpH>KeHHH CeTH npHBe)l.eHa Ha pHC. fl.29. 8 HCXOJJ.HOM CO· 
CTOHHHH cxeMa o6ecTot.Ietta. Hanpsi>KettHe nHTaHHH U0 HT no)l.aeTcSl Ha cxeMy OT 

6JIOKa KOMMyTaUHH B MOMeHT BpeMeHH, COOTBeTCTBYIOll.lHH HallaJiy onepauHH «CBapKa», 
H ooecnequaaeT DHT3HHe Tp3H311CTOpOB VT3-VT9. nepBHllHaSI OOMOTKa I Tpattc¢op
MaTopa T 1 no.n.KJIIOtieHa K Hanpsi}l{eHHIO ceTil, nHTa10meMy caapo11Hy10 Marnutty. 
CHHycon;\aJibHble HanpH>KeHHH Ha ooMOTKax I I-IV 3Toro TpaHccpopMaTopa noKaaa
HbI Ha pHc. n.30,a, 6. KoH,nettcaTophl CJ II C2 aapsimaIOTCH qepe3 )J.HO)l.bl VD3 
H VD4 .no aMnJIHTY.D.Horo aHatJett11H ttanpsimettH.H, )leHCTByromux Ha o6MOTKax JV, 
H IV". PaapHJI. HX npoHCXO)l.HT B cne.l(y10uu1il nonynepHoJJ. t.Iepea Jl.HOJl.bI VD 1, VD2 
o6MOTKH / /, I 11, peaHcTopbI R 1, R 2, noTett UHOMeTp RP 1. 

HanpH)KeHHe Ha o6MOTKax I I, /// BbI6HpaeTCSI B 5-7 pa3 60Jibllle, tJeM HanpH· 
meHHe Ha o6MOTKax JV'- IV". 3To Heo6xo.n.HMO JI.JISI no)I.JJ.ep.>KaHHH aMnJIHTy.nttoro 
SHat.IeHHH Ha npH.IKeHHH Ha I<OHJI.eHcaTopax CJ H C2 npHMepHo AO MOMeHTa nepexo,na 
cHuycou;i.bI Ha nps1.>KeHHH o6MoTOK JV' - JV" qepea HYJib. 3To ycJIOBHe Heo6xOAMMO 
,AJIH HOpMaJibHOH pa60Tbl cxeMhl CTa6HJIH3aUHU CBapOllHOfO TOKa npH KOJie6aHHH 

u 

HanpsimeHHH nHTalOIUeH ceTH. 
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PeayJihTHPYIOlUHe HanpH>KeHHSI Ha KOH· 
.neHCaTopax CI 11 C2 noKa3aHhI Ha pHC. 
n .30 ,8 ,2. Hanp SI>KeHHe' COOTBeTC1 BYIOIUee 
sarnTpHXOB8HHblM yqaCTKaM, llIYHTHpyeTCH 
TpattaHcTopaMH VT I H VT2, a HanpsnKeHHe, 
COOTBeTCTB y10w.ee He3alllTpHXOB8HHblM yqacT
J<aM, qepea JlHOJlhl VD5, V DB no.naeTCH Ha 
BXOJJ. cxeMbl cpaBHeHHH, co6paHHOH Ha TpaH-
3HCTOpax VT7, VTB. CIO.na >Ke no)laeTCH Ha
npH>KeHHe OTpHUaTeJibHOro cMemeHHH tiepe3 
peaHcTop R 15. · 

CTepe)lHHH <f>poHT OTpHUBTeJibHOfO CMe
meHHH onpe.neJIHeT MO.ztYJJHUHIO HMnynhca 
csapoqHoro TOKa, a ero aMnJIHTyJla - Ha
rpeB 'T. e. ¢opMa OTpHUaTeJibHOfO HMnyJih
ca CMell.leHHH nOJIHOCTblO onpe,neJIHeT <f>opMy 
HMnyJlhCa CBapOtIHOfO TOKa. ,UnH noJiytieHHff 
MOJlY Jllf poBaHHOfO nepe.nHero <f>pOHTa HM
ny JI bC8 CMemeHHH ucnOJib3yeTCH HanpH>Ke
HHe aapH,lla KOH){eHcaTopa C3 qepea peaHcTop 
R 13 JJ.O uanpH>KeHHH, paBuoro BblXOJlHOMY 

;;;J3HH~~~;:' i~~~e§;~r~a~~!~~:;:n3~B~~ H~o'9l'-_-_-.... ~R"' --'~..._ _-.... --1~~tl::~~:R1~::~~~~---+ .... , ~=t 
cnT oT BeJIHlJHHhI conpOTHBJieHHH RP4 («Ha- _ _ 
rpeB»), RP3 («MHHHMaJibHblH Harpee») H ~ ie I t 
RP2 («cosq»>). nocTOHHH8SI BpeMeHH 't' = U11,o{xt h. Ii ,' n h I, -
= (R 13) . C3 BbI6HpaeTCH c TaKHM pacqe- L--__._...___~ ......... -i...--....... --~------L-..... ___ _ 
TOM, qTo6bI sapHJJ. KOH,zteHCaTopa npOHCXO- /I( t 
JJ.Hll npHMepHO 5 nepHO.llOB, T. e. M8KCHM8Jlb-
HaH ,lJ.JIHTeJibHOCTb MO.llYJIHUHH paBHa 0, 1 c. PHC. D.30. lbtKJJorpaMMa pa60TLI ¢a30• 

HanpsnKeHHe c KOH){encaTopa C3 no~ apall{aTe.11R 

,llaeTCH Ha BXO.ll SMHTTepHOfO noBTOpHTeJIH' 
co6paHHOro no cxeMe cocTaBuoro TpaH3HCTopa VT5, VT6. IlocJie 9MHTTepHoro noe
TopHTeJIH c pesHcTopa R14 oTpHuaTeJihHoe ttanpH>KeHHe llepes peaHcTop R15 nocTy
naeT Ha BXO.ll cxeMbl cpaBHeHHH (pHC. n.30,a). B HCXO.LlHOM noJIO.>KeHHH ooa TpaH· 
3HCTopa cxeMbI cpaBHeHHH HaXOJlHTCH B saKpbITOM cocTOHHHH. Kor){a noTeHuHaJJ 
6a3hl VT7 cTaHOBHTCH paBHbIM npHMepHo HyJuo, 9TOT TpaH3HCTop OTKpbIBaeTcSI. 
IlaJJ.enHe Hanpsi>KeHHH Ha peaHcTope R 16 t1epea R 17 OTKpbIBaeT VTB. 4epe3 pe-
3HCTop R 18 ocymecTBJIHeTcH noJIO>KHTeJibHaH o6paTHaH CBH3b, qTo cnocoocTayeT 
tieTKOMY nepexo.ny cxeMbl H3 o.nHoro COCTOHHHH B .npyroe, KOr,lla ooa TpaH3HCTopa 
otKphlThI. ,llJIH eoaapam.eHHH cxeMbI cpaBHeHHH B ncxo.nHoe cocTOHHHe (VT7, VTB 
33Kpb1Tbl) npH H8JIH 11HH CHJlbHOH IlOJIO>KHTeJibHOH oopaTHOH CBSl30 qepes RJB Ha 6aay 
i'T7 B HallaJie Ka>K.noro noJJynepHOJI.a no,nalOTCH cpaBHHTeJJbHO MOIUHbie 30HJlHPY· 
10mHe HMnyJILCbl, ¢op.MnpyeMh1e KacKaii,oM Ha TpaH3HCTope VT3. Ha sxo.n 3Toro 
TpaH3HCTOpa no.naeTCH BblnpHMJJeHHOe HanpH>KeHHe, CHHMaeMoe c CHJIOBOro KOHTaK
TOpa. 3TOT .>Ke KacKa.n 06ecne1.111eaeT 8BTOM8TH tJeCKHH ynop no nOJIHOQl83HOMY 
TOKy. IloKa BeHTHJib CH.noeoro KOHTaKTOpa npoBOJI.HT TOK, Ha neM OTCYTCTByeT HanpH· 
:>KeHHe, CJie]lOBaTeJibHO TpaH3HCTOp VT3 oy,neT SaKpblT OTpHUaTeJTbHbJM CMemeHHeM, 
nocTynalOlUHM Ha ero 6a3y qepes peSHCTOp R JO. noJIO>KHTeJibHOe Hanpsn~eHHe 
c KOJIJieKTopa VT3 ttepea JI.HOA VD9 no.naeTcH Ha exo.n cxeMhI cpaBHeHH.SI 
(6aaa VT7) 11 3annpaeT ee ,no oKOHllaIIHH npoTeKaHHH TOJ<a t1epea CHJIOBOH 
BeHTH.Tih 11e3aencnMo OT BeJJHllHHbl HanpSI>KeHHH, onpe.neJIHeMoro R P4, aa.l(aIOUJ.HM 
ttarpea. 

flpH Cp808TblB8HHH CXeMbJ cpaBHeHllSI (pHC. 0.30,e) nepe)lHHlf <lJpoHT npHMO
yrOJibHblX oTpHuareJihHhIX HMnyJJbCOB, B03HHKaIDlllHX Ha pesHcTope Rl9, qepea KOH
,neHcaTop C5 no.naeTCH na nxo.n. BhlXO,nHoro ycu.nHTeJIH, co6paHHoro Ha TpaH3HCTope 
VT9 no cxeMe c noJJO>KHTeJJbHOH oopaTHou CBSJ3hl0 (o6MOTKa JV TpaHc<lJopMaTopa 
T2). BhIXOJlHbie HMDYJibChI 9Toro yc1-1JI11TeJIS1, CHHMaeMbie c o6MoToK / / u /// Tpanc
¢opMaTopa T2, no,na10TcS1 Ha cxeMy no)l:nu1raHHH THpHCTOpHoro HJJH HrHHTpoH
uoro KOHT3KTOpa (pHC. n.30,:mJ). 

npu KOJie6aHHSIX 11anpH)KeHHSI CeTH H3MeHHeTCH nOJIO>KHTeJibHOe IlH.'lOOOp83HOe 
uanpH>KeHHe ua BXOAe cxeMbl cpaBHeHHH H npoHCXO,lI.HT CABllf BblXOAHblX HMnyJibCOB 
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¢a30BpamaTeJUI, KOTOpblH ooecnettHBaeT KOMneHCBUHIO H3MeHeHHR ceTeBoro uanpH· 
)KeHHH, T. e. CTa6H.aH3HpyeT HanpH>KeHHe Ha nepBH4HOH OOMOTKe CBapOllHOfO Tpattc· 
cpOpMaTOpa (pHC. n.30, a-a!C). 

19. YHHaepcanbHblH aaToMaTH'leCKHH peryni11op YPT-3 

Oco6eHHOCTb cxeMhl pery.nSITOpa (pHC. n.31) - HaJII-l'IHe B HeH BCTpOeHHOH 9JieK
TPHlJeCKOH .Mo.nenu cBapo11ttoi1 MalllHHhl. Bo apeMSI nay3hI Mem.ny caapKaMH BXO;J.HOH 
H3MepnTeJJbHhJii yaeJI nO.U.KJJIOlJaeTCSl K Mo.neJIH, a BO BpeMSI npOXO>K)J.eHHH caapOlJHOfO 
HMnyJihCa BXOJJ.HOH yaeJI llO)J.KJlIOlJaeTCSl K JJ,aTIJHKY TOKa HJJH HanpsnKeHHSl ceapoq
HOH MalliHHbI. TaKHM o6pa30M, HecMoTpH na nMnyJibCHbIH xapaKTep H3MeHeHHH cBa· 
p04110f0 TOKa (oco6eHHO 9TO cyw.ecTBeHHO npH IliOBHOH cnapKe), peryJJSITOP pa60T3CT 
HenpepbIBHO, TaK KaK Ha BpeMSI naya Ha BXOJJ. H3MepHTeJlbHOfO yaJia no.naeTCSI Ha
npHiKeHHe UM OT MO)leJIH, a BO apeMSI npOXO>K;J.eHHSI CBapOllHOfO TOKa - HHcpopMa-

UHH C ,Zl3TlJHKOB 0 QJ3KTHlleCKOM 3HaqeHHH LJ3 _ri(/c8 ). 3TO ll03BOJIHeT IlOBblCHTb T01l

HOCTh peryJJHpOBaHHSl B JlHH3~lflleCKHX pe>KHMaX, KOTOphle xapaKTepHbl JlJISI npouec-.. 
COB KOHT2KTHOH CBapKH. _ 

B HCXO)l.HOM COCTOSIHHH, KOr;ta CBapotIHbIH TOK BbIK.'llOlJeH, perynHTOp pa6oTaeT 
TOJI bKO c MO)J.eJJ blO, HMHTI:I p y1omeii KOH Ta KTOp II TpaHccpop Ma Top Ma UJH'Hbl. ~\o,n.eJib 
co6patta Ha MaJIOMOW.HhIX Tnpncropax VSJ, VS2, .npocceJJe LI H pe3ncropax R.'J, 
R4. Ha BXOJJ. cxeMbI pery.nSITopa 11epe3 pa3MhIKa!-Oll.lHH K011TaKT K2. I no~aeTcH Ha
npH.>KeHHe UM' CHHMaeMoe c pe3ucTopa R4. 3To HanpH.>Kettue cpaatt11aaercH c Ha npSI-

>KeHHeM ycTaBKH U0 , aa.naaaeMbIM noTeHUHOMeTpoM RP I. CurHaJI paccornacoaaHnst 
llU = U0 - UM no.naeTcH Ha nxo.n HHTerpaTopa, co6pattttoro Ha pe3HCTope R6, 
KOH)l.eHcaTope c 1 II Tpatt3HCTOpe VT 1. nocJJe HHTerpupoBaHHSI nanpH>KeHne nocTy
naeT Ha BXO.n ¢a3oBpamaTeJJH, COCTOSIW.ero H3 ,nnyx 43CTeH: cxeMbl cpopMHpOB3HHSI 
nnnoo6paaHoro HanpH>KeHHH, co6paHHOH Ha TpaH3HCTopax VT9, VT 10 11 1~enn 
R25, C4, a TaK>Ke KoMnapaTopa, co6paHnoro Ha Tpan3HCTopax VT2, VT3. Ha Bxo.zt 
VTJO no.naeTcH BhinpHMJieHHOe no JJ.ByxnonynepnoJJ,HOH cxeMe ttanpH>KeHHe, cun
xpoHH3HpOBaHHoe c HanpH>KeHneM nHTalOUleH: ceTH Uc. B MoMeHT npoxo.>K~eHHH Uc 

4 

t1epe3 HyJJeaoe 3Haqettne TpanaucropbI VT 10, VT9 OTKph1Ba10TcH H Ha pe3HCTope 
R25 cpopMnpy10TcSI KopoTKHe HMny.rihChI noJJO}l(HTeJihHOH noJJHpHOCTH qacToToii 
100 ru. l.Jepe3 .n110.u. VD9 3Tll HMnyJibCbl 38pH>KaIOT KOHJJ.ettcaTop C4 .no aMnJIHTY;{
HOfO attat1enHSI. B nay3ax Me>K.u.y HMnynhcaMn KOH,neHcaTop nepe3apH:>KaercH llepe3 
conpoTHBJICHne R 15. 05pa3yIO u.eecH Ha KOH.l{eHcaTope C4 HanpH>KeHHe 1111nooopa3-
HOH cpopMbI no.n.aeTcSI Ha BXOJJ. KoMnaparopa. B ocTaJibHOM pa6oTa cpa3ospalll.aTeJJH 
He OTJIHlJaeTCH OT pa60Tbl o6bilJHOro HMnyJibCHOro cpa30Bpau1aTe.11H (CM. pnc. 5.13). 

Ha BbIXOJJ.e KOMnapaTopa (pe3ncTop R 12) cpopMHpyrorcH HMny.ahcbI, nepe,nHHH 
cppoHT KOTOpbIX CMelJ.1-eH OTHOCUTeJJbHO Hy.11SI HanpH>KeHHSl ceTH Ha yro.n, nponopun -
OH8.TihHhi.'-i BMXO,I(HOMY HanpH>KeHHIO HHTerpaTopa. CTocJJe yctt.,1IeHHH Tp3H3HCT0p0\f 
VT4 STH nMnyJibCbI no.naIOTCSI Ha oTnHpaHue THpHcTopon VSIH VS2 MO,l:(eJIH Mamn
HhI. 11MnyJihChl JJ.JJSI BKJlIOlJeHHH THpHCTOpOB CHJJOBoro KOHTaKTopa ceapOllHOH MalllH
Hbl cpop!l.HipyIOTCH ycHJIHTeJJeM Ha TpaH3HCTope VT6. Bo BpeMH naya axo.n 3Toro ycu· 
JJHTeJIH wy11T0pyeTcH OTKpbITbIM .no H8CbI~eHHSI TpaHaHcropoM VT5 H HMnyJibCbI 
Ha Bh1xo.n.e TpaHccpopMaTopa T4 0TcyTcTsy10T. 

TaI<HM o6pa30M, so npeMH nay3 peryJisiTop pa6oTaeT c MO.U.eJiblO cBapoquoii Ma
lllHHhl. npu BKJIJoqeHHH onepauHH «CBapKa» OT perynSITOpa UHKJJa ceapKH Pl.LC 
no.naeTCSI HanpSI.>KeHHe nOJIO.>KHTeJibHOH nonH pHOCTH' AJIHTeJJ bHOCTblO f cs, KOTOpoe 

B036y.>K.!\aer pene K2 H 3anHpaeT TpaH3HCTop VTS. Pcne K2 nepeKJuoqaeT BXO)l pe
ry . ..r1srropa c Mo,u.eJIH Ha csapoquy10 MallIHHY R cHrHaJI, nponop1u1011aJibllhlH f cs IIJIH 

u3n' nocTynaeT Ha BXO!(HOH TpauccpopMarop T2. nocJie 3anupaHHSI VT5 c BbIXo.na 

ycnnuTeJIHVT6 qepea o6MOTKH // H /// TpaHccpopMaTopa T4 nMnyJihChI nocTynalOT 
B cxeMy ynpasJieHHH THpHcTopHhIM KOHTaKTOpoM cBapo4HOH MawnHhl. YroJI BKJ1IO· 
lleHHH THpHCTOpOB CHJJOBoro KOHTBKTOpa 33BJICHT OT HanpSI>KeHHSI paccornacoBaHHff 
H 6y.rr.er H3MeHHThCH .u.o Tex nop, noKa seJJHllllHa paccornacoeattHH He cneJI.eTcSI npaK
THlleCKH K Hy.,110. 

Ha TpaH3HCTope VT7 coopana cxeMa aaT0MaTHt1ecKoro orpa1n1qeHHH yrnc:t BK:1110-
11eHHH THpncTopoB, ne aaBHCSILUaH OT cos q> csapot1Horo KOHTypa. Otta Q>opMupyeT 
HMnyJibChI nonO:>KHTeJibHOi'I no.asrpHOCTH' 38.ll.HHH QJPOHT KOTOpbIX cosna.naeT c MO
MeHTOM BblKJIIOlleHHSI THpHCTOpOB B Ka>K,Z(OM nonynepMo,ne. 3TH HMDYJlbCbl no.naIOTCSl 
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Ha 6a3y VT2, B peayJihTaTe qero npH JI1060M HanpHmeuHH na BbtXOJJ.e HHTerpaTopa 
ynpaBJu110mee HanpHmeHHe ue MomeT noHBHTbCH paubrne OKouqattHH npeJJ.billYlll.ero 
TOKa. 

Ha TpaH3HCTope VTB coopaHa cxeMa CHrHa .. 1JH3aUHH nonuocpaattoro TOKa, 
a uenh R 22, RP 2, R 23 ooecnettttsaeT CHMMeTp HIO pa6oTbJ cxeMbJ H J<op peKuu 10 noc .. 
TOHHHOH COCTaBJIHIOlll.eH TOKa B nepanqnoH OOMOTKe TpaHC<tJJpMaTopa caapollHOH 
KOHTaKTHOH Malllllllbl. 

norpernHOCTb CTa6HJIH33UHll napaMeTpa pery.l'IHpoaaHHH He npeahIWaeT ±I % 
npn H3MetteHHH 9Toro napaMeTpa 6ea peryJIHTopa ua ::!: 15 % . BpeMH peryJIHpoeanusi 
npH CK811KOOOpa3HOM H3MCHeHHH B03MymeHHH COCTaBJIHeT 0,02 c. 

20. Coctaa " pa6ota npHHL\HnHanbHOH 3ne1<tpH-.ecKOM cxeMw KaHanoa 
npH6opa KOnP 

fl pUHUiunua.AbHaR a.AeKmput.tecKaR cxe1t-ia 0011,ozo u3 KaHa.AoB KOilP, npHM e H H eMoro 
J{JIH KOHTpOJIH ttanpH>KeHHH TIHTaHHSI CBapOttHoro Tpancct>opMaTopa T t noKa3 a Ha Ha 
pHC. n.32. Ona COCTOHT H3 pa3JJ.€JIHT€JlbHOfO Tpaucct>opMaTopa T 1, BhlnpHMHTeJien 
VD/, VD2 c <PHJibTpa.MH Rl, CJ, C2, JJ.BYX JJ.HCKpHMHHaTopoB (DAJ,DA2) c 3aJJ.aT· 
llHKaMH (RP J, RP 2) cooTBeTCTBeHHO HHmnero H sepxuero ypoBHH KOHTpoJIHpyeMoro 
uanpsnKeHHH, n.eTeKTopos ( VD3, VD4), 9Jie.MeHTOB JiorHKH cpopMttpoBaHHH KOltaHit 
paapemeHHH KOHTPOJIH (DD/) H HHJlHKaUHH (DD2, caeTOllHOJJ.bl VD5, VD6 .) 

B HCXOD.HOM cocToHHHH K HHBepcHhIM BXOD.aM ycHJIHTeJieii DAI H DA2, pa6o· 
TalOlllHX B peJieHHOM pe}KHMe, npHJIO)KeHO OTPHUaTeJibHOe nanpH>KeHHe, CHHMaeMoe 
CJ{BH>KKOB noTeHUHoMeTpoa RPI H RP2. Ha BhIXOJJ.e ycHJIHTeJieA 6yJJ.eT nono>KifTeJib· 
Hoe Hanpsi>KeHHe OTHOCHTeJibHO o6meif TO•IKH, COOTBeTcray10mee CHfHaJiy JIOfHCJeCKOH 
«l». UenH BKJ11011eHHH 9JieMeHTOB HHJJ.H KaUHH <5JioKHposaub1 cHrHaJioM norHqecKoro 
«0» Ha BXOJ{aX DD2.1 H DD2.2. npH pa3perneHHH KOHTpOJISI HanpH>KeHHSI Ha BXOJJ.bl 
5, 10 9JieMeHTa DD I nocTynaeT cHrnaJI JIOfHLiecKoii «I». Ec.11H KOHTponHpyeMoe Ha· 
npR>Kenne Menbrne HHmHero ypoaHH, TO ua o<5oHx BXOJJ.ax 9JieMeHTa DDJ .1 6yn.y1 
CHfHBJlbl JIOrHqecKOH «I», a Ha ero BblXOJ{e - «0», qTo npHBOD.HT K BKJIIOtieHHIO 9Jie· 
MeHTa HHJlHKBUHH VD5. CTp11 3TOM 9JieMeHT VD6 ocTaeTcH BhIKJIIOtieHHhIM, TaK KaK 

. c11rHaJI «I» coxpaHHeTCH Ha BhIXoJJ.e ycHJIHTeJIH DA2. Ecnu KOHTponupyeMoe uanpH· 
JKeHne uaxoD.HTCH B npenenax JJ.onycKa, Ha BbIXOD.e ycHJIHTeJIH DA I uanpH>KeHHe 6y· 
JleT cooTBeTCTBOBaTb JIOfHlfeCKOMY «0», a ua exon.e DD2. l - JIOrH4eCKOH «1». 11HJJ.H· 
KaTop Bh11CJifOqeH. AttaJiorHqHblM o6pa3oM npo11cxo){HT BKJIIOqeHne 3JieMeHT3 VD6, 
KOfD.8 HanpH}KeHHe Bblllie HOpMbl. 

HanpH>KeHHe nHTaHHH csapo11Horo TpaHccpopMaTopa KOHTponupyeTcH c MOMen Ta 
BKJllOllCHHH MalllHHbl .no nocTynJieHHSI KOM8HJJ.bl «nycK CBap Ka». JlJIH 9THX >Ke ueJI eA 
MoryT 6hITb 11cnoJ1b3oBaHhT H JlpyrHe ycTpoilcTBa, BhtnonHeHHbie Ha 6a3e cepHi11-11:>1_.11 
TpexnoaHUHOHIIblX uaMepHTeJibHbIX npnoopoa, uanpHl\tep, M3031(, Ml53 l K H D.PY· 
rux THTIOB. 

Ha PHC. n.33 npuaeJ{eHa 3.AeKmputteCKQR CXCAta KaHaJZa 0611,apyoJOeflUR u KOHmpo• 
.AR llJIHTeJibHOCTH KpaTKospeMeHHbIX nepepbIBOB onJiaBJJeHHR nepeJl ocaJJ.Koii csa pu· 
saeMbIX neTaJieii. OTctteT apeMeHH npepb1B8HHH onJiaBJieHHH HaquHaeTCH a MOMeHT, 
KOf.l{a '13CTOTa nyJibCaUHH TOKa paBHa HYJIIO, a pa3neJibH8H H1HpopM8UHH 0 pa3ph1Be 
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PHc. n.33. Upunu.un11aJ1bHaJ1 3JieKTpH'!eCKaJI CXeMll KOHTpOJUI JJ.JJHTe .. 'lbHOCTH apepblBaHHR npoqecca 
onJ1aB.1JeHHJI uepeA OC8AKOA 

cnapoquoil uenH (pe.>KHM XOJIOCTOfO XO)J.a (x.x)) HJUI ee KOpOTKOM 33MblK3HHH (K. 3.) 

onpe)J.eJJHeTCSI H3 • .rIHtIHeM B uenH TOKa. 
C TpattccpopMaTopa ToKa TA, BKJIIOlleuuoro B nepBlflIHYIO uenb MalllHHbl H sa

rnyttTnpoBaHHoro conpoTHBJieHHeM R 1, CHHMaeTcH nponopuHoHaJibHoe MfHOBeHHOMY 
3HallCHHIO ceapo11uoro TOKa HanpH>KeHHe, KOTopoe nocTynaeT Ha BXOJlbl ,ZJ.aTllHKOB 

qaCTOTbl nyJJbC3UHH H CBapOtIHOfO TOKa • 
.UaTtIIIK llaCTOThI co,ZI.epmHT JJ.BOHHOl'l T-o6pa3HbIH cpHJibTp c 6oJibWHM aaTyxa· 

uueM ,nJIH ToKa f = 50 ru, .neTeKTOp VD 1' ycHJIHTeJib Ha TpaH3IfCTope VT 1 H OZlHO· 
BHoparop (DD 1, VD4, C5), npeo6pa3y10mnii BXOJl.HOH cnruaJI B nocnen.oBaTeJibHOCTb .. 
HMilYJibCOB IlOCTOHHHOH .llJJHTe .. TJbHOCTH II aMTI.'IHTYJI.bl. 

llaTqnK ttaJu11n1H cBapo4uoro TO Ka co.nep}KHT n.eTeKTop VD2, ycuJIHTeJib ua TpaH-
3HCTope VT2, 3JieMeHT 3aJJ.ep>KKH cnrHaJia Ha 10 MC (MHKpocxeMa DD2.J, VD3, 
C4) H R-S Tpnrrep (DD2.2, DD2.3). 

K Bhixo.ny 06011x JJ.aTq11KoB no.nK.JJIOqeubl norHlleCKHtt sJieMeHT onpeJJ.eJieHHH Ko· 
poTKOfO S8MblK8HHH (DD3.2), HHBepTop (DD5 .1), 3a)J.aTtIHK .nonycTHMOH Jl . .TIHTeJibHO• 
CTH KopoTKoro 33MbIKaHHH (VD6, RIO, C7, DD5.2) , sanoMHHaiomee ycTpof1cTBo 
(DD5 .3, DD5.4) H 3neMeHT HHD.HKaUHH (DD6 .2, VD8). Aua.11orH4Hbie cpyHKUHoHaJih· 
Hble cxeMbl no,O:KJIJOqeubI K BbIXOJlY o60HX )J.aTtIHKOB II no KaHaJiy H3MepeHIUI 11.JIH

TeJibHOCTH pa3pbIBa CBapoqHQH uenH (pe.>K11Ma x.x). 
B 11cxo,o:uoM cocToHHllH, KOrJJ.a HeT ToKa u cro nyJibcaunfi, ycunHTeJin VTl, VT2 

daKpblThJ, npH 3TOM ua BbIXOJJ.e 3JieMeHTOB DDJ.3 H DD2.3 6yJJ.eT curHaJI Jiornt1ecKoii «l», 
a Ha Bbixon.e DD2.2 JiornqecKoro «0». l(ott,neucaTopbl C7n CB paapH>KeHbl cnrttanoM 
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noruqecKoro «0» ea Bbtxone cooTBeTcTBeHHO sneMeHTOB DD4.J H DD5.1. KoMaHna 
paapeweHHH KOHTponH HenpepwaHOCTH onnaaneHHSI nepea ocaaKoA (noruqecKaH 
«I») nocTynaeT Ha OJI.HH na axoaoa 3JieMeHTOB DD3.J n DD3.2. Opu 9TOM a pe:>i\llMe 
x.x-Ha acex axoaax 9Re.MeHTOB DD3.J 6y.nyT cnrnaJiht «I», a pe.>KHMe K.3. - TaKHe 
>1<e c11rHanb1 Ha sxoaax DDS.2. CooTaeTcTaeHtto Ha B1.J1xo.ne 9JieMeHTa DD4.l (HJIB 
DD5 .1) 6yaeT cnrttan noruqecKoif « l » H KoHaeHcaTop C7(H1111 C6) HaqHeT 3apsnKaTbCH. 
Ecn11 .nnHTeJI bHOCTh npepbIBaHHH npouecca onnaaneHHH n peabICHT .nonycTHMy10, 
To Ha sTopoM axoae 9JJeMeHTa DD4.2 (HJIH DDS .2) noHBHTCH curHan «I», B peayJJh· 
TaTe t1ero TpHrrep DD4.S, DD4,4 (H.nH DD5.S, DDS .4) H3MeHHeT cBoe cocTOHHHe 
Ii BKJIIOllaeTCH COOTBeTCTB)''IOI.JJ.HH JJHJiHKaTop VD7 HJIH VDB. npH noaaqe KOMBH.llbl 
Ha BKRIOl!eHHe ocanKH Ha cooTBeTc1By1011tnii axon 9JieMeHTa DD3 nocTynaeT cHrtta.11 
JJOfHl!eCKOfO «0», 3anpemalOW.HH KOHTponb. 

2t. YctpoHctao 1<0HTponS1 orKnoHeHHSI aenH'IMHW ~ca.qKM 

YcTpOHCTBO (pHc. n.34) co.u.epiKHT TPH H)leHTH 11HhlX H3M€pHT€JlbHbIX KaHaJia: 1-H -
):lJISI KOHTpOnSl OTKJlOHeHIH1 npHnycKa Ha oca.u.Ky' He3aBHCHMO OT npHllliH, Bbl3BBB· 
lllHX OTKJIOHettHe; 2-ft H 3-:H KaHanbl - AJISI o6Hapy}l{eHJHl 11pocKanh3hIB811HSI )leTaneit 
B COOTBeTCTBYIOlllHX 38>KHM8X MaWHHbl. Ka>K,ZJ.blH H3 KaHaJIOB COCTOHT H3 nocJieaoBa· 
TeJihHo coe.nHtteHHblX 6JioKoB cpaBHeHHSI DAJ, DA2, DAS, .BhinOJIHeHHhIX ua ycHJJH .. 
TenHx noCTOSIHHoro TOKa, aanoMHHaIOIUHX ycTpoifcTn c 9neMeHTaMH .11orHKH DDS, 
DD4, DDS 11 6noKoB HHAHKaUHH DD6.2, V12; DD7.1, V/3; DD7.2, Vl4. Bxo,llHhie 
uenH ycTpOHCiBa no,llKn1oqeHhl K ,llBIUKKaM RHHeHHblX noTeHUHOMe1 pon Jl.aT4HKa 
nepeMellleHHH lllTOKa 30JIOTHHK8 cne.nHllleH CHCTeMhI P.lll (CM. pHC. 5.52) H )laTqHKOB 
npocKaJih3bIBaHHH .neTaJie11 JI.fl I, D.fl2 {CM. puc. 5.51) B noJl.BH.>KHOM H Heno.nBHJ-KHOM 
33}KHM:3X .M3IIJHH. C nOTeHUHOMeTpOB flflj H P.fl2 CHH.MalOTCSI HanpSI>KeHHSI, npo• 
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Puc. n.34. DpHHl{HnHaJlbHaH sneKTpH11ecKaR cxeMa ycTpoikTna KOHTpOJUI OTKJioHeHHH oca..t1.KH: 

1. 2 ._ DOAaqa CHrHaJIOB «paspeweHHe KOHTpoJUI» BhlneTa mTOKa H oeaAKH COOTBeTCTBeHH<i>; 3 -
DOA8118 carHaJia t:c6poe> 
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nopUHOHaJibHbie BeJIH4HHaM KOHTpOJJHpyeMhlX napaMeTpOB, H cpaBHHBalOTCSI c Ha· 
npH>KeHHHMH 3aJlaTllHKOB RP 1, R 19. 

OpH pa3pemeHHH KOHTpo.nH ocanKH (BXOJJ. 2) Ha OD.HH H3 BXOJlOB aJieMeuTa DD3.2 
nocTyrraeT cnrHaJI JiorntJecKoH «I». EcJIH cyMMa nanpsoKeHHH Ha Bxone ycHJIHTeJist 
DI npeBLICHT ycTaeKy, To na ero Bb1xo.u.e noHBHTCH c11rHaJI norHt:tecKoro HYJIH. 
TaKOH }Ke curHaJI 6yneT Ha axo.LI.e TpHrrepa D3.3, D3.4, KOTOpbIH, onpoKH.llhIBaSJch, 
BKJIIOqHT cBeTOJlHOJl v 12 («OiKJIOHeHue ocaJJ.KH»). 

AttaJIOflflIHhIM o6pa30M npoH3BOJlHTCH BKJIIOlleHHe cBeTOJJ.HOD.OB V 13 HJIH V /4· 
B c.nyqae npocKaJib3bIBaHHSI ,AeTaJieH B IlO.llBH>KHOM JIH60 HenOJJ.BlDKHOM 3a>KHMaX 
COOTBeTc I BeHHO. C11rHaJI paapemeHHH KOHTpOJJH nocTynaeT Ha COOTBeTCTBY10LUHe BXO

,ll.bl 9JieMeHTOB DD4.2 H DD5.2, ecJIH OTKJioueHHe npunycKa ua oca.nKy npeshlwaeT 
aa.n.anHoe 3HalJettHe. 

CTOCKOJlbKY B paCCMOTpeHHOH CXeMe H3MepHeTCSI He a6COJIIOTH8H BeJIHllHHa KOHT· 
v 

pOJIH p yeMoro na paMeTpa, a ero OTKJJOHeHne, TO B03MO>KHO B03HHKHOBCHHe JIO.>KIIOlt 
HH¢opMallHH B cJiyqae, Kor.na oca.n.Ka no KaKoH-JIH6o npuqHHe He npoHaornJia. ,llJIH 
npe.noTBpamettHH 9Toro cJiytJaSJ cxeMoii Ha 3JieMeHTax DD/ H DD2 nonoJIHHTeJihHO 
KOHTpOJIH pyeTCH HaJlHttHe oca.nKH no BbJJieTy lllTOKa CJie!l.HlUero 30JIOTHHKa c no· 
MOlllblO D.3Tl1H Ka /J.11.J. 

B KOHetJttoii cTaJJ.HH npouecca no Bxo.ny 1 Ha 3JieMeHT DD 1.1 nocTynaeT KOMaH· 
JJ.a «I» paape111eHHH KOHTpOJIH BhIJieTa WTOKa. npH 9TOM Ha OJI.HOM H3 BXOJJ.OB 
DDJ .3 noHBJJHeTcH cHrna .. lJ Jioruqecxoft «l», Ho TpHrrep DD2.l, DD2.2 Hcxo.n.Horo 
cocTOHHHff He H3MeHHeT. B MOMeHTocanKH .neTaJieH c.ztaTtJUKa P.111 Ha axon vcHJIHTeJiff 
DAJ no.naeTCSI HMnyJihc uanpH>KeHHH. Opn 9TOM Ha BhIXo.LI.e DD3.1 u cooTBeTCTBeHHO 
Ha .npyroM exo.n.e DDJ.3 ¢opMupyeTcSI curHaJI norHqecKof1 «l». TpHrrep DD2.1, 
DD2.2 H3MeHHeT ucxo.nuoe cocTOSIHHe (noHBJISieTcsi «0» Ha BhIXOJJ.e DD2.l), 6Jtaro
J1apSI qeMy c npHxo.noM KOMaH)lbJ pa3peweHHH KOHTpOJIH OC3Jl.KH Ha OJJ.HH H3 BX OJI.OB 
DDJ .4 TpHrrep DD2.3, DD2.4 He onpoKHJJ.h1BaeTcH H CBeToJJ.HOJJ. VI 1 ocTaeTcSI Bbl Kn 10-

lJeHHhIM. EcJJH >Ke ocanKa He npoH30lIIJia (He 6h1JI0 BbIJieTa rnToKa cJieJJ.Hmero aonoT·' 
HHKa), To Tpurrep DD2.l, DD2.2 He H3MeHHT CBoero cocTOSIHHH («1» Ha BhIXoJXe 
DD 2. /). C n p n xo,noM KOMaHJJ.hJ paapemeHHff KOHTpO.'lSI BKJuo11aeTcsi cseToJJ.HO.ll 
VI I («oTcyTCTHHe oca.nKn»). 

22. ·onpe,qeneHHe aenM11HHb1 KOOPAHHaTHblX KoppeKL\HH 
caapo'IHoro HHCTpy MeHta 

Ha puc. CT.35,a npHae.netta cxeMa onpeD,eJieHHH cMemeHHSI TBepAoro TeJia npu ero 
CJiyqaff ttoM M3JIOM noaopoTe B npocTpaHCTBe II npOH3BOJlbHOM Bhlt5ope no JIO>KeHHH 
6a30BblX TOlJeK. /\1o.>KHO IlOKa3aTb, llTO B 3TOM CJiyqae JJ.JISI onpe.neJieHHSI KOOpJJ.HHaT
HblX KOppeKU.Hll Heo6XO.llHMO H ,LJ.OCTaTOGHO onpeneJIHTb CMemeHHSl meCTH 6a30BblX 
TotJeK. ,llJIH nonaBJIHIOlllero 6oJJhlllHHCTBa ixeTaJJeii pau11onaJJbHO HCDOJih30BaTb TPH 

u u u 

TOllKH JlJIH onpe,neJieHHH CMe1ne1111H no OJlHOH H3 KOOpJlHHaT, JlBe - no BTOpoH H OJI.HY 
u 

no TpeTbeH Koop.n.1u1aTe. 
Onpe.n.eJIHM BHallaJie CMemeHue no KOop.nuHaTe Z nJIOCKOCTH, npoxo.n.Hmeii 

qepe3 To lIKH 1 p, 2p, 3p nocne Toro~ KaK 3Ta nnocKOCTh B pe3yJJhTaTe cJJy4a Httoro 
noBopoTa 6y,AeT npOXOJlHTb qepea 6a30Bble TOlJKH /, 2, 3, T. e. HaH)J.eM ~Zl, ~Z2 
n ~Z3 • 0T.,1o>KHM nepneH.IJ.HKYJIHpHo K nJiocKocTH XOY Ha npHMhlX, npe.ncTaBJIHIOlllllX 
co6oH npOJXOJI}KeHHSI Han paBJieHHH nOHCKa 6a30BbIX T04eK I, 2' 3. BeJJH 4H Hbl ~Z1, 
flZ2, AZ3. 0oJiy411M ToqKJI 11 , 21 , 31 (pHc. n.35,a) c KOOpJJ.HHaTaMH (X11 Y1, 8Z1), 
(X 21 Y 2, 8Z2), (X a, Y 3, ~Za). 

YpaBHeHne nJIOCKOCTH, npoxoJlHllle.H t.1epe3 ToqKu 11 , 21 , 31 , HMeeT BHA 

V18Z1l I dZ1X1l X1Y1l X1}J'1dZ1 
V28Z2 1 X -t- L\Z2X 2 1 Y + .)(2 Y 2 t tll - X2Y2~z2 = 0. 
V38Z3 1 ~Z3X8 l X 8Y 3 1 X 8Y 38Z3 

(14) 

06beM, orpaHHlleHHhIH nJIOCKOCTHMH XOY (14) H uH.1IHHJJ.PHtiecKofi nonepxHOCThlO, 
nepneHlUIKYJIHpttofi K nnocKoCTH XOY, c ttanpasnsr10rn.eii, npe.ncTaB .. 'IHIOl.ll.eH co6oii 
npoeK11H10 nporpaMMttoro noJio>KeHHH Tena Ha nnoc~ocTb X OY, HBJIHeTcH 3n10poli 
KoopnnHaTHblX KoppeKuuii AZ, a cooTHorneuHe (14) no3BOJISieT onpe}l.eJIHTb TeKy· 
LUYIO aeJJH4HHY tlZ. 

3rrEOpy KOppeKUHH L\Y CTpOH:\t Ha n.10CKOCTH xoz H TOttKax 41, 51, 71 c KOOPJlH• 
HaraMH: (X4; 8Y4; Z4), (X5; dY5; Z0), (X7,, dY1,, Z7,), a an1opy KoppeKU.JiH dX -
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Puc. Il.35. OnpeAeJ1e11ue noJJOJKeHMH wecTH 6a30BblX TO'lell npH npou3BOJlbHOM CJJyqaunoM noso• 
poTe 9JleMeHTa ueH3MeHHOH cfJOpMbJ H pa3Mepos (TPeXMepuaH aa.u.aqa): 
-·-·- - nporpaMM Hoe nonoJKeHHe aneMenTa; - <PaKTH11ecKoe nono>KeHHe aJieMeHTa: a -
npu npoH3B0JlhHOM pC:iCilOJIO>KeHHH 6a30BbIX TO'ieK; 6 - npH ynopsu~oqeRHOM pacnono:>KeHHH 6a30· 
BbiX Tot.1eK; J p• 2 P' 3p, 4 p• 5P, 6p - nporpaMMHOe nono>KeHHe 6a30BblX ToqeK; /, 2, 3, 4. 5, 6 -
<l>aKTH'leCKOe pacnoJJO)KeHHe 6a30BLIX ToqeK (I' - 9'; 7"-9" - TQqKH, OTCTOHW.He OT KOOPAHHaTHbIX 
nJJOCKOCTett Ha eeJJHqHHY OTKJIOHeHHSl OAHOHMeHHblX 6a30BblX TOqeK H onpeAeJISIIOl.I\He 3nIOpbl KOP• 
PeKUHA; / - nanpaaneHlHI noHCKa 6a30BhlX To11eK) 



Ha TIJIOCKOCTH YOZ H TOtIKax 61, 81, 91 c K08p,nHHaTaMH: (AX8; Y6 ; Z6), (~X8,; Y8 ; 

Z8,), (L\X9,; Y9,; Z9,). KoopJlHHBThI .nono .. lJHHTe..JJbHhIX toqeK 11, 81, 91 onpe.aeJIHeM 

qepe3 KOOpJIHH8Tbl TOlleK / 1 - 61 c yqeTOM npe.nno.rto>KeHHSI 0 HeH3MeHHOCTH ¢opMbl H 
paaMepoB paccMaTpHBaeMoro Te.11a: 

r.u.e 

r.lle 

f.Zle 

X7, = X5; L\Y 7a = L\Y5 + L\Z3 - L\Z7,,; Z7• = Z5 - (Y3- Y7,,), (15) 

YpaBHeHHe .ltJIH onpe,neJieHHSI KoppeKUHH L\Y HMeeT BH,ll: 

6Y4Z4 J Z4X 4 1 
L\Y5 Z5 1 X 1 + Z5X 6 1 
L\ Y 1Z71 Z7,X7, I 

X 4L\Y4 1 
L\Y + X 5L\Y5 1 

X 7,L\Y7,J 

X4L\Y4l4 
Z - X 5L\Y5Z5 = 0, 

X 1#AY7,Z7, 

(18) 

r ;ie x 1'' L\Y 7', Z7, onpe,lleJIHIOTCH H3 COOTHOllleHHH ( 15). 
YpaBHe1n1e IIJISI onpe,neJ1eHHH KoppeKUHH L\X HMeer BH.ll: 

Y6Z6 1 Z6L\X 6 1 
Y8,Z8, 1 AX+ Z8,6.X8,l y + 
Y9,z9,J Z9,AX9,I 

~X6Y 6 1 

L\X B'y B' l 
L\X9,Y 9, 1 

AX6Y6Z6 

Z - L\Xs,Ya,Zs, 
AX9,Y9,Z9, 

= 0, 

rite L\XB'' y 8'' Zs, H 6X9,, y 9'' Zg, onpe.u.enHIOTCH H3 COOTHOU.IeHHH (3), (4). 

(19) 

BH.ll ypasneHHH JlJIH Haxo>I<.neuHii KoppeKUHH cymecTaettuo ynpomaeTcH, 
ecnH 6a3osb1e T04KH pacnoJio.>KHTb e onpeJJ.eJieHHOM nopHJJ.Ke. HanpnMep, eCJiu 
TOqKH 1 113 H8XOD.SITCSI Ha 0,llHHaKOBOM pacCTOHHHH OT nJIOCKOCTli xoz, TOllKH 2 
H a - OT IlJIOCI<OCTH YOZ, ToqKH 4 H 5 - OT IlJIOCKOCTH XOY (pHC. n35,6), TO 

Y1 =Y3;X2 =X8 ; Z4 =Z5 (20) 
H 

(21) 

Torna, sanHcaB ypaBHeHHH {14), (18) H (19) c ) 1IeTOM COOTHOIIJeHHH (20) H pac-

KpbIB onpeJleJinTeJIH, no.nytrHM! 

L\Z = (Y - Y2) tg ax+ (X - X1) tg ay + AZ1 + llZ2 - '1Zs;} 
L\Y= (X-X4)tgaz-(Z-Z5)tgax+AY4 ; , 

llX =- (Z - Z6) tg ay- (Y - Y6) tgaz + AX6, 
(22) 

r,ne 
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y LIX3 

2p 
2' 

_.___<>4' 

0 .Xt .-.----=------4 

.Puc. 0.36. Onpe!\eneune nono>KeHH.R Tpex 6a30BblX TO"leK npH npOH3BOnbttOM CJly'laAuoM nosopoTe 
flnOCKOl"O SJleMeHTa HeH3MeHHOlt clJOpMbl H pa3Mepoe (.U.BYXMepHaH '!8P.8'18): 

-·-·- - nporpaMMHOe noJJO>KeHHe KOHTypa aneMeHTa; - <J>aKTHlleCKOe nOJJO.iKeHHC KOH· 
irypa ane.r.1ettTa; Ip• 2 P' 3 p- nporpaMMHOe nono.>KeuHe 6aaoehlX roqeK; I, 2, 3 - <J>aKTH'lecKOe 

llOJIO>KeHHe 6a30BblX TO'leK; J'-4' - TO'QKH, OTCTOSil.llHe OT KOOP.AHHaTHblX oceA Ha BeJIH~HHY OTKJJO• 
ueumt OJlHOHMeHHblX 6Ci30BblX ToqeK " onpe.n.enHIOl.llHe amopbl KoppeKU.HH 

YpaeHeHHSJ (14), (18), (19) JJH6o ypaBHeHHH (22) no3BOJIHIOT onpeiteJIHTh KoppeK· 
un11 no KOOp.UHHaTaM X, Y, Z ,nJu1 Jno6ott TOttKH paccMaTpHBaeMoro Tena. Hcxo,nHhIMH 
Jl3HHbIMH .l.:1H BhI4HCJieHHH nonpaBOK HBJHllOTCH cMew.eHHH rnecTH 6a30BbIX TolfeK: AZ1, 

AZ2 , llZ3 , flY4 , AY6, flX6 • 3HatJeHHH X1 , X2 , X3 , X 4 , X 5 , Y1, Y2 , Y3 , Yo, Z4, 

Z5 , Z6 , xapaKTepH3y1ou.u1e noJJo}KeHHe JIHHHH HOHCKa, nocTOHHHbI ,nJIH acex 3K3eMnJISI· 
.poB H BBO.ZUITCH B naMHTb CHCTeMbl 0.l{IIH pa3 - npH nepeHaJJa)lI<e Ha HOBbIH THnopa3· 
;Mep H3)l.eJIH51. 

Mo.>KHO noKa3aTh, qTo B cnyqae «nnocKOH» 33Jl3tJH .nnH yt1eTa cny11aiiHoro noso
poTa Jl.OCTaTOlJHO H3MepHTb CMel.lleHHSI TOJibKO Tpex TOtJeK (pHC. Il.36). 

Onpe,ueJIHM cMemeuHe no KoopJJ.HHaTe Y npHMOH, npoxo.nHwett qepe3 TOtJKH 
lp H 20 nocne Toro, KaK ona, e pe3yJihTaTe cnyt1aiittoro noaopoTa, cTaJJa npoXOJJ.HTb 
qepe3 TOlJKll 1 H 2. 

01JIO>KH:\I OT CCH x Ha npHMbIX, npe,lI.CTaBJ1HIOlUllX co6oi% uanpaeJieHHSI nOHCKa 
6a30BbIX TOlJ<:'.K / H 2, BeJIHlIHHbl L\Y 1 H 8Y 2· flony1..1HM TOtlKH /' H 2' C KOOp.ZJ.HHaTa· 
MM (X1; llY1) 11 (X2; 8Y2)· 

YpaBHeHHe npHMOH, nroxo,nHu.~eti qepea f oqKH J' H 2', HMeCT BH)l 

llY-llY1 X-X1 
llY 2 -llY 1 = X 2 -X1 HJJH ~Y=(X-X1)tga+8Y1 , (23) 

AY -L\Y 
C.Jle a= arctg X

2
2 _ Xi 1 - yron ttaKJIOHa npHMoii, nroxo.nHlll.eH qepe3 T04KH 1' H 

2'' K OCH x; a = const J] .. 'lH .ll3HH0f0 3K3eMnJIHpa H3}leJIH~. 
0JIOCK2SI cpnrypa, orpaHH4eHHaH OCblO X, npHMOH (23) H OpAHHaTaMH "'Xp.rnin H 

Xp.max (r;J.e Xp - nporpaMHOe 3H8'-IeHHe KOOp.ZJ.HHaThl X ,llJISI TOtteK paCCM8TJJHBaeMOH 

cpHrypbI), npe.n.cTaBJJHeT co6oi1 9n10py KOOPJJ.HH3THblX KOppeKUHfl L\Y, a COOTHOWeHHe 
(23) MO>KHO HCOOJlb30B3Tb ,lJ}IH onpe.n.eneHHH 1eKymeii BeJlHLJHHbl llY. 3n10py KOpp~K
UHA t!X crpoHM na OCH Y no TOtJKaM 3' H 4' c Koop,'lHHaTaMH (llX3 ; Y) H (8X4,, 

Y 4 , ). Koop,nHHaTbI .nonoJIHHTeJJbHOH TOllKH 4' onpe,llenHIO'fCSl 4epe3 Koop,nHHaTbI ToIJeK 

l' t 2'' 3' Ha OCHOB8HHH npe.l{JIO>KeHIUI 0 HeH3MeHHOCTH lj>opMbl H pa3Mepoa paccMaT· 
·PHBaeMOH cpnrypbl: 

~X4, = ~Xa + A~2 - 8Y1 ; Y4 , = Y 3 -(X2 - X 1). (24) 

YpaeHeHHe npHMOH, npoxoAHrneti qepe3 toqKH 3' H 4', c yCJeToM cooTHowettHA 
·( 11) HM~eT BHJt 

AX = - £Y - Y ~> tg a + AX 9 • (25) 

284 



<l>aKTHqecKoe CMemeHHe JII06oi{ TOllKH, Jie>KameA B o6JiaCTH, KOTopaSI orpaHHqe-
1-Ja paccMaTpHBaeMOH cp11rypoii, paBHO reoMeTpH4eCKOH cyMMe KoppeKUHH ll.X 
u aY, onpeAeJieHHblX JlJHI nporpa~IMHLIX 3HalJeHHH x H y 9TOH T04KH H3 3n1op KOP -
peKUHi·i llr'IH H3 ypaBHeHHH (23) H (25). HanpHMep, JJ.JIH TOlJKH KP (pHc. n.36) KoppeK-

UlHf paBHLI aXK n L\YK, a cf>aKTHqecKoe ee nono>KettHe cooTBeTCTByeT TOlfKe K. 
HTaK, ;J.JIH nnocKoii 3aJJ.atu1 c ueJibfO onpe.n.eneHHH cpaKrn LJecKoro nOJlO>KeHHH 

Bcex TOlJeK Ka>K,u,oro 3K3eMn.TIS1pa H3JJ.e.nHH ,u,aHHOfO THnopa3Mepa .lJ.OCTaT04HO onpe
,neJIHTb 3HaYeHHS1 CMemeHHH Tpex 6a30BbIX TOlJeK, T. e. BeJIIfllHHbl L\Y1. l\Y2, l:l.X3. 
3Hallett1u1 X1, X2 , Y3, xapaKrepu3y10mHe noJIO}KettHe JIHHHH nottcKa, nocTOHHHhI 
.ZVIH Bcex 3K3eMn .. 11HpOB H3J{eJIHfl H BBOll.SITCSI 8 naMSITb CHCTeM:bl Oll.HH pa3 - npH 
nepettaJia;I.Ke Ha HOBbIH TH nopa3Mep H3!f.eJIHS1. 

Pe3yJihTaThI H3MepeHHH oTKJIOHeHHSl 6a30BhlX TOlleK MO>KHO Hcno.i'Ib30BaTb 
He TOJibKO ll.o11S1 BblllHCJieHHSI KoppeKUHH l:l.X, ~Y, l\Z, HOH J{JIS1 I<OMne1-1cnpy10mero 
noaopoTa H3):leJIIHI JIHOO KOOp.D;HH3THOH CHCTeMhl M8HHfiYJiffTOpa CBapotIHOfO HHCTpy
MeHTa. B 3TOi\·t cJiyqae JI.JIH onpeJI.eJieHHH Tpe6yeMoro yr.na KOMneHcupy1omero no· 
BopoTa, HanpHMep npH nJIOCKOII 3a!J.alle, ;i.ocTaTOlJHO Bcero .neyx 6a30BblX TOl.leK. 
nocKOJlbKY KOMneHCHpyIOillHH IlOBOpOT H3,lJ.eJIMS1 HJIH KOOpJUIHaTHOH CHCTeMbI MBHH· 
nyJIHTOpa HHCTpyMeHTa MO>KeT npOH3BOJlHTbCS1 TOJI bKO BOKpyr onpe.neJieHHbIX 
oceit, a c .. TJytJaHHhIH noeopoT H3J{eJIHH soaMo>KeH eoKpyr JII06b1x oceu, To nocne Ta· 
KOH KOMneHCBUHH CJiy4aliHoro noeopoTa B03HHKaeT neo6xo.rr.HMOCTb KOMneHCB-UHH 
napan~eJibHoro nepeHoca • 

.. 
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MeTO.llbl HX OTJpe,ne.rteHIUI H yMeHhWeHHH. npuee.neHhl npHMepbl pemeHH.ff 

HeKOTOpblX THflOBhIX 33llaq, ll.3Hbl KOHTpOJibHble aorrpocbl • 

.ll.Ju1 cTy Ll~H70B ay3oa caapo11HhIX crreuHaJibHOcTeit f\i\o>KeT 6bITb 

llOJle3HO HH}KeHepHo-TeXHHlleCKHM H H8YllHblM pa60THHK3M. 

Po60ToTeXHH11ecKne cHCTCMbl B c6opo1JHOM npoH3BOJl.CTBe: Y4e5. no

co6He/PyKoeo.n.HTeJih 3BT. KOJI. K3Hll.. TeXH. nayK E. B. narnKOB.- K.: 
BHma lllK. ro11oaHoe H31l-BO, 1987 (IV KB.).-17 JI.- 513. pyc.-80 K. 

(Tn 1987, no3 1916.). 

IlpHaen.eHbJ P-eKoMeHll.3UHH no npoeKTHpOB3HHlO OCHOBHhlX 3JieMeHTOB 

npoMbllllJieHHbIY. ¢C6opoqHblX» po6oTOB H c6opoqHh1X CHCTeM, MeTO.llbl nx 
pacqeTa. CcpopMyJJHpoaaHbJ Tpe6oaatt1u1 K npnaonaM npoMbIUJJieHHbIX po-

6oToB, 1l3Hbl MeTOD.HKH pacqeTa H KOHCTpyHp083HHS1 UHcppOBbIX H CJie.nH

lllHX IlHCBMOilpHBO.llOB. 

PaccMoTpeHH rrpHIIU.HTihI rrocTpoeu1u1 CHCTeM ynpaaJieHIHI c6opotIHhlMH 

po60T3MH H CHCTeMaMH. naHbl 3JirOpHTMbl ynpaBJieHHSI, IlpHMepbI nepe

H3J13>KHBaeMhlX r6opoqnwx CHCTeM, OIIHC3Hbl MeTOll.bl HX HCilbIT3HHSI. 

JlnH cTy Jh'HTOB ay3oa, 06yqa101UHXCH no cnen.HanbHOCTH «AaTOMaTH

aan.HH H KOMnneKCHa.H MexaHH33l{HH M3lllHHOCTpoeHHH». 

JI Ba31eaeMbte ToaapuU{ul 
3Tu KHUZU MO~H.O 3a.Ka3aTb 8 J.tQ2U3UltaX o6AKHU20TOPZ08, 06A

n0Tpe6co10300, a Te+K~e B cnel{uaAu3upoBaHHbtX Ataea3unax ~KHuza -
.nott1 oil». 
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