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NPEAHCJIOBHE

f u4pannHqecKHe MaIIIHHbI: rHApaBJIHrIecKHe ryp6HHbl, Hacocbl
rr o6parnune rHApoMauHHbI (Hacocotyp6uHu) npHMeHfircTcs AtIn
rrocToflHHoft sKcnflyaTaIIHH Ha rHApOgneKTpHqecKI{x, HacocHblx H rHApo-
aKKyMyJrHpyrorrlHx cTaHuHflx, a Hacocbl, KpoMe Toro, urlpoKo HcnoJIb-
3yrorcfl v B npoqecce Bo3BeAeHHfl THApOTexHHqeCKHX COOpy}KeHHft:
rrJroTHH, KaHaJrOB, rHApOgJIeKTpOCTaHqHft, peqHblx H MOpCKHX nOpTOB,
ilppurauHdHHbrx cHcreM u ApyrHx coopyx(eHHf,. B cssgH c 9THM BbIIIofl:
rreHHe rpaHAHosHbrX nJraHoB THApOTeXHHTIeCXT)|O_CTpOHTeJIbCTBa, Onpe-

AefleHHbrx nplrHsrbrrvrr{ xxvl ctesAoM Kncc (ocHoBYb_rI\4H HanpaBxe-
HHflMH eKOHOMHqeCKOTO n COUHaJTbHOTO pa3BllTHf, cccP Ha l98l-
1985 roAbr t 'r Ha nepnoA Ao 1990 roAa)), -(crpoureJlbcrBo KpynHblx
rHApogneKrpocTaHuHft Ha peKax cu6upn, ,[,anrnero Bocrora H cpe.a,-
Heri AgHra c yqeroM, KoMnJIeKcHoro Hcnoflb3oBaHl4fl rHApopecypcoB,
a raKx(e THApoaKKyMyJIHpyIOIIIHX eJIeKTpOCTaHUHfi B eBponeficKOfi
I.IACTH CCCP), TPE6YCT AAJIbHCfiIUE|O PACIXHPCHHfl H COBCPUCHCTBO.
BaHHfl rr.rApoMaruHHocrpoeHHf,, oco6eHHo npoHsBoAcTBa fHApoTyP64H,
o6paruMblx rHApoMauLlH H KpynHblx HacocoB.'OAHoft 

ug bco6ennocreft raAporexHuqecKoro crpouTenbcrBa'fln-
Jrflercfl eFo yHr.rKaJrbHocrb. KounosoBKH, napaMeTpbl 14 KoHcrpyKuHH
Kax(Aoro o6rexra vHALrBHAyaJrbHbr H B oCHOBHOM, OnpeAeJlflroTcg Me-
cTHbrMH npHpoAHbrMH yCJTOBHflMH. 3rO HaKJIaAbIBaeT CneIlUoAqeCKlIe
oco6eHHocrg r4 Ha rnApoMauluHocrpoeHue. fu4pan.rrutlecKue Typ6HHbI'
o6paruMbre rHApoMauHHbI H KpynHble Hacocbl, KaK npaBHJIo, pa3pa6a-
TbrBarorcf kr BbrnycKarorcfl npHMeHr{TeJrbHo K Tpe6oBaHHflM AaHHord
o6texra, a He noA6Hparorcr Hs roroBblx o6paeuon, KaK 3To o6b:qno
npaKrHKyeTcfl B ApyfHX CJryqaflx. B to )Ke BpeMfl npLIHHMaeMbre THnbI
t4 napaMeTpbr rHApaBJrr,rrrecKHX MaIIHH oKa3bIBaIOT CyIqeCTBeHHOe BO3-
Aefi cTB He H'Ha CTpOHTeJTbH yro qacTb fl{ApogHep reTHrrecKHx coopyxeHHfi ,
Ha o6teuu pa6oT, croHMocrb H TexHHKo-gKoHoMHqecKHe noKa3aTeJIH
rHApogHepreTHqecKHX O6terton, BKJIroqafl HacocHble cTaHqLIH, T. e.
Ha ux e{l{leKrHBHocrb.

OrMeqeHHure Qaxropur noKa3brBaror, rITo cneIrHaJIHcraM B o1nacru
rHAporexHr.rqecKoro H rHApogHepreTHqecKoro cTpoHTeJIbcTBa B Hx npaK-
THTICCKOft ACflTCJIbHOCTII NPHXOAHTCfl PEUATb SAAATIH, CBflSAHHbIC C HC-'
noflb3oBaHHeM rHApoMaUIHH, H [OsTOMy U3yqeHHe Kypca (rHApaBnu-
qecKHe MaruHHbrD, BKJrroqarcqero Typ6rrHbl, Hacocbl H o6paTHMbre rHApO-
Maur.rHbr, npeAcTaBJrfleT BaxHyro qacTb B noAfoToBKe HHlr{eHepa-rHApo-
TEXHI{KA.

B AaHHoM yqe6HHKe, Koropbrfi opHeHTHpoBaH Ha saAaIrH rHApo-
TexHuqecKoro crpoHTeJrbcrBa, Aaercfl onHcaHHe ycrpoficrBa H KoHcTpyK-
qHft rnApaBJrnqecKux ryp6nH, HacocoB H o6paruuux THAFoUaIIJHH'
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I7 Deducnoauo

I lar'IooJlee u,poKo Hcno/tb3yeMblx B ruAporexH'rrecKoM crpo'TeJrbcrBe.Teopun pa6oueno [pouecca, T.  e.  KHHeMaTHKa H AHHaMuKa >KHAr(ocTHB ruApaBrHr{ecKHX MauHHax, paccMarpuBaercn JrHrrJb u ooier,ael ; ; ; '6:xo'{HMoM A/I f l  noHHMaHHfl  yc"r lonHf i  ux f  a6oru a o6oc"o"u"",  ocHoBHbrxpacqerHblx 3aBHcl'ttr locrefi . Bonlruee BI{HMaHHe yAeJlflercrr HoMeHKJrary-pav ryp6Htt ,  HacocoB a o6parHMbrx rnApoMar_i l  HH, Hx xapaKTep HcrHr{aM,cnoco6a n, '  nol6opa, onpere/ teH Hro HX oci lonHux napaMerpoB, Bbrf l  B/reH r . rorQcper ( r r . rBr - rocr r . r  r {  rexHr . lKo .3KoHoMHqecKHX noKa3arener? .  Kparxo  ocBe-
.^r , : : : : . .uoj^po.or 

MoHraxa H ycnooHfi  or(cn/ryaruui i  i roporurrHH.\ '  y q e r o M  n e p c n e K T H B  6 0 n e e  u H p o K o r o  H C r O J r b 3 0  B a H H n " 3 H e p r H H  F r e _l i f i \ rn l lb tx  Bo/ (o ro l (oB paccMarpr {Baerc f l  n tApocrnoroa.  ooopy loo i l i i i .; l . r r r r  MaJrb tx  r . r . t , ; l l )o3reKTl )OCTar r r t t r i i
Vqe6nux cocroHT r4s qeTbrpex pasr.enop: o6ulero H nocBf l r I IeHt{blx15,p6ut raM,  r racocaM H o6parun, ro r r '  . , , f ,por l r , ; ; ; ;  
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OCHOBHbIE ONPEAE J IEHHI
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rHAPA IlJt 14 r{ ECKt4 E MAli.t tr Ft br
S H E P T H f l ;

t4 rI4APA BJr H q ECKAfl

t .  t .  T H A p A I ] , n ! 4 q E C K t 4 E  n t A t u H H b t

[ -  r r ;1  p  a  B , [  r i  q  e  c  K  a  a  M a  r r  H  H a  - -  3To ycrpo i rc rno ,  B  Koro-
poM ocy t l (ecrBJl  u e ' f  c l  repcAaqa Mexa u uqecxoir  gHep rH H o.r  np oreKarorqef iqepe3 f lee  xHAKocrH pa6ouevry ,opraHy rHApoManHnrr  (pa6oqee r {oJreco,
l?tl i l ..I:_t] A.q_yttte) u,rtH o'r padottero oprar-ia rHApoMaruHHbr K nporexa.
rcUel{  qepe3 l lee )KHAKocrH. f  nAPaBJIHI{ecKHe Maur.rHbr,  B xoroprrk paOo-qui . r  oprar{  noryqae'r  oHepnlrotor nporexarcqeft  }KHAKocrH H gHeprHf l
)KHAKOCTH I' la BXoAe B rHApaBr'I l{qecKylo Matt-lHuy 6onlure, qeM Ha BbIXoAe,
TIPCACTAB,T I ' I IOT  CO6OI i  |HAPABJ IHqCCKHC ABH|ATCJ ITA (TH4PAB.T IHqCCKHC TYP.
6Hulr) .  f rzAPaBr' IHqecKHe MauHHbr,  B Koropbrx or-reprHf l  or  pa6ouero 6b.
raHa nepe,(aercfl nporexarcu{efi )KHAKocrLr H gHep rwfl >t<t41Kocr6 Ha BxoAe
B rHAPaSnHr{ecKyto MauHHy MeHbrIe,  qeM Lra BbIXoAe, npeAcraBJl f l Ior
co6of i  Hacocbr.

f  n a p  a  B  J r H q e c K H e  r y p 6 H u u l  n p e 4 n a s l i a q a r o r c f f  A r f lycraHoBKH Ha fHAposJreKrpHqecKHX craHuranx_(f5c), rAe oHH cJryxar
UL npHBoAa 3fleKrpHrIecKHX _reHeparopoB. l ipuHuunuanauan cxeMa
f 3 c  n o x a 3 a H a  H a  p r a b ,  l . r , a .  B o A a ' " r  u l p * n . r o ' o o e 6 a  1 n n 1  n o  H a n o p -
loM.y B^q4-gBo4y noABo/lHrcrr K ryp6uHe H H3 Hee BbrnycKaercq s HHxHdfi
:::t_gE]- 

B" r'yp6une srreprHir' uoAoi i ipuoopuryererr B MexaHgqeegyrc
sHeprl ' | rc BpaUeHIl f l  BaJIa,  or  Koroporo npHBoAHTcf l  Bo BparqeHHe poTopg/ leKrp HqecKoro rer leparop a (rra4poreHepargp a),  n le Mexanzqecxar gHep-
rHr npeo6pasyercr B g.rreKTpl,Luec*ylo. _?.rrex.r.puqecKag gHepf Hs Ito
JII4HHflM BhlcoKoro Hanps)KeHHtI nepeAaercn e 

-parioHu 
notp!6neHgfi,

HFlorna Ha paccronHull 1000 KM rt 6o,rree. Typ6unA, coeAHHeHHar. c reHe-
p a r o p o M '  I . l a 3 b l B a e r c f l  a r p e r a r o M  f O C ,  I r J t H  r H A p o a f  p e .
r  a r  o M. XapaKrepHbrMH ero napaMerpaMH.rrB,rr f l roTcf l  Hanop 1oH or ipe-
ACJI ' ICTCfl  B OCHOBI{OM PA3-HOCTbIO OTMCTOK BE N HE) U MOUIHOCT". HA.
nopbl  Ha pa3f l l4 l { t lb lx f3C H3Mettntorcf l  B ruHpoKoM npeAeJle -  or  I {e.
icnorrbKHx MerpoB (H. l rsxoHanopHbre f3c) Ab 700_1000 M H 60,uee
(Bb lco l (o l la l lop t t t , te ) ,  Motquoc ln  rHApoarperara  Mox(er  cocraBJr f lTb  He-

:^ ' r"L, : : ;u:y. . . t  
rac ' forrueM 1/ue6r*rr<c paccMarpHBarorcf l  rorrbKo eudpaonuueqqug

mgpauHbtr  To g ; ra. lurref i ruerul  cnogo (rHApaBJrHqecKr{e)  onyanratao. .  
' . -  Y* '  '
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nocTaB/rf lTb Typ6Hr-rbI  } re To"rrbKo Ha Bce IuApo3JreKTpocTaI luHH, cTpof l .
Unecr  B  CCCP,  Ho u  3a  py6ex .  TaN,  ryp6r {Hbr  coBercKoro  npoH3BoAcrBa

Pnc.  1 .2 .  Beprr , lKaJrbHbrr i  ru .apoar f  erar  c  r rH3KoHanopHor l  ryp-
6nsof i :

. l  -  p a 6 o u e e  K o r e c o  r y p 6 u H u r ;  2  -  x p r r u . r x a  r y p 6 u H s r ;  3  -  a a r ;
4  -  r H A p o r e H e p a r o p

ycraHoBleHbt Ha I-39 !,xep4an (IOroc"rraBHf,), AcyaHcxofi (APE), Es-
Qparcxof i  (Cnpnn),  Kanueapa (6pasui lHn),  ! ,xauner (KaHa.qa),  Kno-
crepQocc (HopnerHn),  Ca.nrro fpaHAe (ApreurHna) H Ap.

(  )c t tou t t t , t r t  onpeAe,n t { rou l l {M pa3Mepor \ {  Typ6Hnbr  c r l {Taercn  AHaMerp
1r;1(11-rr11'1- i )  r io, [eca _D,  ̂  I1 rvaJrbtM ornourrcf l  TVp6t. l tbt ,  y t (oropbrx D,
l r !  r r p i : B b n l r a e r  1 , 5  - 2 , 5  i v r .  y  K p y n H b r x  r y p 6 l . i H  D r  A 6 c r n r a e r  7 , 5 -
I  0 . 5  y ,

\ t l l lKa . [b l . loe  no  pa3MepaM craHoqr ]oe  o6opyAoBaHHe,  cneuHaJrbHble
r ioHc.rpvKropcKHe 6ropo H Hccf leAoBare,nbcKHe Jra6oparopHH;

r t:: r | : _: : I : | : : i
: l. I l: : : : i i: i: : :

i:::;;:;:i:ri::::

ilt::.::i.::,i:i:i1

ii.i:iij,:i::::t:trj

,Tnexmpuvecxan
SHePeun

naptttrti

Snexmpuvecxan
JHepeut

fudpoeepepamop

8a,t



r q  / . /  l I '  t  t  {)  p urt. t  t  t , t  (uit  I  (  t t t  (r  r  t  t  t t  t- tbr 9

'+..

i i i

P l t c .  1 .3 .  f op r r so r r t ' i t , ' r t , r r r , r r . i  r r u3 r i o t ra r i o f l u , r i i
/  -  p a 6 o ' r e e  r i ( ) . ' t c c r )  r  r  p 6 r r r r r , t  ;  i l  f  t ; l . ' l t , l t a r  i l

n l ,1 l : ( ra r I c r i t ' t ;

I  l l l l ) { ) |  0 l l O l r : l ' r O p

6u l . ra  Bbutvu [ena i lepRar  r -n - t l )o r ' \ ' l ]6n ; - ra  t r , rcu l (n ( )c t ' r ,Hr  55  KBr .  C tex  nop
3Ta  O ' rp i lC , , I I t )  l l t ' l l l ) e l l l , lB I i o  l ) ; l : lB I l l l ; ! , ' l l l ( ' t r  I I  , ' i o ( " f l l f , l . a  C( ) f l p t . I l t ! , I I I l ! ) iFO, 'B I , , tCO-

. . . / .  
. , r  :

F ]  a  t :  o  c '  b t  c ' t v i l i i l  |  . . r . , i i i  l r ( ' l ) , . ' t . , i l r l r i l  ) t ( r l ' l t i r ) ( . t ' ( ' i i  r  n  Y c ' i i i u i i B , r l u t l i . l t o l ' c l
l l a  I I U I C O C I I I , I N  ( ' l ' l l l l l l . l l t l ) ,  l l . i l l  i l i t L ' o ( ' l ! i , l ' i  \ ,  r  l ; t i t ( r i J l . . i t \ ,  t i l l i i t t . t [ t t t t t f i t , : i l , l t i t l l

I  \ \ ; r i l l l l r r i , r .  \ , 1 \ . i \ i r i i i i i , '  i  i  :  r r '  r ,  
" ' . ' ,  

i  i r  :  : :  l " , r ' i

. ' l \  l l l i l l .  l i r ' i l l l l  l i l  l 1 \ i r l , l

l )  c  I  l t i  l r t r r t t t o i i  .

: i r " l  ( , r l {  l r ; r  r , )I

t



I udpoeruaecKue na.ruuHht u eu|Doauepeuf, l f n  I

c x e r r a  K o T o p b r x  A a r r a  H a  p l r c .  1 . 1 , 6 .
3, : leKTpoaBHraTe,4r. t ,  Ho l . i l . tofAa, oco6

no rp ) /6onpoBgAV
I '  f  I IAPOTEXHI IqT . . 'CKOM CTPOHTCJ Ib

r i l i l l )or (o .  o i i l . t  vcTaHaBJI I . tBatOTCf l  Ha r l
cTo r (a  B  c r { cTeMax  r . { ppH fauHH H  BOAC
I I1 r11 '1 t l r  -  I ( apa raHAa  A , ' r l iHo r l  oKoJ I
( ' t ' i l l t l t r r ] i  \ , l ou r roc rb ro  350  ru r c .  xB t ,  x
2 ,r; . , ' rp4. Mt BoAbr B roA Ha Bbrcory oK
r t i r  r r  I ( .apuHrrcKof  o  KaHaJra nonatoT
l ( t t ' ' t  r , r .

6o. r  nr r roe qr {c . r to  cBep xMor l lHbtx
( '  r ' [ ] . ' t ( ' l t  t r f i  I . tAMeqae r \4o t i  nepe6pocKH q i
l r ; r i i o r r r , r .  : \ l o t r ( r t s r e  u a c o c r r b t e  c r a t . t U l
l \ ; t i l ; r . i t ; l \  I l r t c i l l t , & l 0 c t t n u t ,  I I a  K a L I a J I e
t ' t z t t i l [ i l l r  l t  l t a C O C I r b r e  y C T a I I O B K t {  H e (' rc1 Lr loBr , lx  i l  aTol \ {Hbtx  SJret {TpocTaHl{Hi_1.

LLIu l ror io  ucno, r lb3y lorc f f  r racocbr  
_  B r rpo(ecce Bo3BeAeHHn . rHAporex.

I l i lqec l ( l tx  coopy)Kel { l { f i ,  rAe otu . t  o6ecneqHBator  BoAocHa6xegge,  BoAo.
o1 ' . r l l lB  l l3  Kor" r loBat loB,  I ro I { r rx(er { t {e  ypoBHn rpyr r roBbtx  BoA.  CneunaJIbHbte
f  P) /Hroebre Hacocbr ,  c" r ryxa[ \ ] re  AJr f l_nepeKaqKH CMeCH BOAbr C rpyHToM -
n\ ' / ' ' rbnbr ,  npHMeHff rcTCrr  AJrr r  pa3pa6orxn H TpaHCnOpra fpyHTa MeroAoM
rrr. i l 'poMexa HK3auuvl.

p a 6oraror's nbio'cHoM'pe>Ksrr,te,
eoAV H3; HHlRHero 6accefiHa b ee

6 n n a .

Sncpeun trcudxocmu.

Hblx  l la  coBep l l le l l cTBoBal l t le  Typ6t i l r  I r  I IacocoB,  npoBoAHTcn n  . I le t rHr t .
fpaacxou noJrHrexHr.rqecKoM HHcrnryre HMeHH M. ' ,v | ,  KanuuuH a (J l f lk l ) ,
Mocxoecxotvt eHeprerHqect(oM r.rHcrrrryre (MOPI), MocxoBcxoM BbrcrrreM
rexHHqecKoM yr {Hf l r iue  HMeHH FI .  3 .  EayuaHa (MBTy) ,  MocxoBcKoM
H-1Ie^lgpHo-crporrreJrbHor\ , r  nFrcrHryre HMeHH B. B. Kyf i6nruena
(MVCH), X apbKoBcr(oM norrurexHHqecKoM HHcrnryre (Xnl4 i l
s  A P y r H x  B y 3 a x .

trnn craHoBJreHHfl H pasBurvn ruApoMaur.rHocrpoelr4fl, TaK >xe KaK

!,anluefiuee coBepueHcrBoBaHlre rHApoMaurlH AoJrx(Ho 6gt6
lranpaBJleHo Ha yryqueHne gHeprerHqecKnx noKasareJrefi ryp6uH a Ha.
cocoB, noBbllueHHe HaAexHocrH ux pa6otbl, cHHxeHHe cToHMoCTu o6Opy.
AOBaHHfl rr coopyx{qunft, yMeHbtrleHne gKcnJryarautroHHblx pacxo4on,
COBEPUEHCTBOBAHHE CHCTCM ABTOMATH3AI IHH H YNPABJICHHS.

r .2.  gHEPrHf l  XLTAKOCTH

Paccuorp_etHble Bbttxe ycJIoBHfl pa6orur nHApaBJrHqecKHx MarrrHH -
ryp6uH Ha f3C H HacocoB Ha HacocHbrx craHunf lx H ycraHoBKax-
nol(a3blBator, tITo H B Tex fi n apyrHx ocyulecrBJrflercfl npeo6pa3oBaHge
eHeprf iH )KHAKOCTH, npHr{eM n ryp6uuax eHeprHf l  >KHAKOCTH npeo6pa-
3yercf B gHeprHro BparqeHHfl, nepeAaBaeMyro reHeparoiiy, a B HaCOCaX
9HeprHflr rloJI}q6eMafi or ABHrareJItl, npeo6pasvercfl B gHeprgro )KHAK9.
crn. B csnsu c grHM Heo6xoAl.rMo onpeAeJIHTb rHApaBJIHrIecKHe noKaga-

TOr{HOe AaBileHVe p, [pHqeM

P a :  P u r *  *  P , ( l . t )

lAe Put" - arMocSepuoe AaBJIeHHe, gaBucquee or orMeTKI,{ MecruocrH.
Ha yponHe Mopn parm: 100 000 l - la  :  0 ,1 Mf la.

par*lpg H3Mepflercs nbe3oMerpHuecrofi- srrcoroft B Merpax cton6a
xr,rAKocrH; p-nJrorHocrb }KHAKocrH, xr/Ms, AJrrr BoAbr p --1000 r<r/us;

s  t . 2 l t l
/0

Texuuqecxui r  nporpecc B rHApoMaurHlrocrpegHHH o6ecneqHBaercf f
I l r r l l ) ( ) l i r i r \ , { t ' t  Ha1rq1161n' ,  14ccneAoBaHHflMvt,  I {oropbte npoBoAgrcn C 3aBo/t .
cKI ' lx  PI  B cnel l l laJIH3HpoBar{Hbrx Ha}4r{Ho,rrcc/reAoBareJlbcKnx'  na6opa-'l 'op tt u,\ n r.trrc' l 'r.rryra x. BeAyuf urvr B o6JIerc-TH riacococTpoeHHf I Rs.nRercR
IJ t 'c C Oror i l  r.r i i  r ra y q r ro-HCc,r1e.:lorlaTeJr bc. xuit rr HcTlITyT r"HApOtrtatu HHo-( " r ' i )oe i r i l f l  (FJ I - l l . l l .1 r r r ; ipor ra r r ) .  14ccne4oBar {Hf lMH'  ruaporvpb 'H, "  3aHVt ,
\ r l r ( ' ' t 'crr .  

J l l t ipa-r  u l t t , t t l  I io l ' . ' roryp6r.rrrHsr[ i  Hucruryr,  l r r ' , ter i4 14: H. ' 'nonay,
I i ( ) l l i l  ( t I I ( ' i14).  3t taql l rensrrrrui  o6teu BaxHbrx HcineaosaHnf i , , i ranpan.rrei i .

_ 9 6 p 1 r H M b r e  n H A p o M a u H _ H b r  ( n
qar6T sie 60nuuee pa3BHrHe' q ;cfn5'ft*Tg:luiiresdiiruapoa rKyMyrrHp yrolqux sJrexltott?
,aJrrr BblpaBHprBaHHn rpaQnxa Hfip-yb
r{orAa B gneprocncreMe aueercfi,*figt



t r v l J L t o , t i t  / (  (  / \ 1 a (  , l l . L l l l l L , t l - I O t  l l . :u t )  p ( tJHc p lu t l l l  / t .  I s  t .2 l l u o n c t t o  u t t A t a n * r ,v ,  t v yun r t  l t vwv f t v9 ,  t  L4
a 6
t a

q -  ycl icpe i i i ' ie  ctsoSoAriofu rraAeHrrrr ,  g , . - '  9,8i  u/c=. SagHcuNaocrb arMoc-
QepHoro AaB,r leHHtr B ivt  Bo/ i .  cr .  ora6cd,rrrorr{ofr  orMerKrr.qaHa Ha pHc. l .S;npH6JrHxeHHo ari\{occpepHoe AaB/rerure MO'*FTo npeAcraBuTb Qopr,,rynofi

P a r u  _ - .  t n  r  V
()g 

-- r v'tr - -Od6- '

B r{oTopof i  v -  a6con roTFraf l  orMeTKa.
I4s6l t roqHoe raBJIet- tHe cBf l3ar{o c nbe3oMerprrqecKof i  Bbrcorof i  3aBr.r-c H M o c r b l o  H  n  = - .  p l p g  ( p u c ,  1 . 6 ,  a ) ,  r .  c .

P :  PTHN,
34ecn p  - / (aR, r re r r r re ,  I - la ;

( 1 .2 )

#J,lan,
F'

(1 .5 )

! ! , ,  
-  nbesoMerpr.rqecr(ar Bbrcora,  M.

Ec,nlr  a6conrorrroe AaBJrelrHe B ToqKe
IIr . r iKe ar.vocQeplroro,  To Bbtcora
i lbe3oMeTpr rqecKoro  ypoBHs oTpr4r la_' r ' c , f l r , r r f l  (11 , ,  , " ,  p lpg  <  0)  H i ln  l ianHa
laKyyyyerp l iqecKoH Bbrcore  H n
( p n c .  1 . 6 ,  6 ) ,  r .  e .  c o o , r B e r c r B y e r  3 H a -
Lreru. l rc Bal(yyMa -- ,4ecpl l r lnry AaB/re_
t i t r r  l \o a ' rMc)c(pepHoto,  B e.rr_lrv cryqae
aoco,rttoTl.toe AaRJlet.t He olIpelAe,n fleTcfl
r ro QopMyJre

r/(e u;  -  Mecr i laf l  cKopocrb B 4arruofr  roqKe ceqeHHtr.

P = H

o  r u l
?n

p1

Pg

a u z
Zg

-s00 0 500
Adcortrcnuast

t000 2000
1mMemKe, tvl

f )n- -=  Pu. , ,w -  pgHo. ( l  3 )

( 1 . 4 )

I

z1
p ' c .  l . 5 . 3 a e ' c , M o c r b a r n o c c b e D H o r o  V a e  i l b I t a f l  g H g p  r H a  n  o _
AaBreHIIq cr a6conro-rHofi  orirrerr i l r  T O K a C B. Ial{HOM €lO , CeqeHI.IH

oobtr{r{0 ol.rroct l . fct I(  t \ , Iacce npoTeKato-
ueft xf lurr(ocrr.r,  coolBe.rclByruueii  ur;re Bela B' i  

' l - l : -";-  
eroM cJry-qae e jvrox(er 6urro rrpeAcr:roneua TpexqJrer.,o*-1p"a. 7.t77, ' ' ,*.^ ' ,

Pnc. 1.8. feouerpH,recxoe
npeAcraBJreHHe ypaBHeHHt
DepHynnH

C"rreAyer noAIIepKHyrb, qro yAeJrbHafl oHeprxf noroKa B sangcr{ (1.4)
npeAnoflaraer' qro AaBJIeHHe no ceqeHHp p-agnpeAeneHo no rHApocTa-
ruqecKoMy saKoHy,  T .  e .  p lpg  *  z :  cons t , -B  bs ;s t r  cs rHM (1 .4)  l loxgo
npHMeHf,Tb. ToJIbKo K ceqeHHEM c nJraBHo HsMeHf,IorrlnMcg ,innxeHueu,rAe Kpr{BH3Ha nuuuit ToKa MaJra.

M O U r H  O C T b  N O T O  K  A  > x H A K O C T I , I  / f , *  O T H O C I , I T C J I b H O  N J I O -
cKocrH cpaBHeHHtl 0'0 MoxHo HaIiTH. HcnoJlbgt/q BbrDax(egr.re vre-rrrsofi
oHeprHH (1.4), 1pr1T4B e - H. Ec.nu o6re*"ort 'p-a.iJa A;;;/. i i l ; . .;uorl pacxoA pgQ, ItI lc. C.ne4onareJrbHo,

ffn : pgQH,

n l

Pnc,  1 .6 .  I (  onpeaenerrHto
AaBJ le i lH  n

Pnc.  1 .7 .  K o i lpeAeneHnro
yAe.nuHofi gHeprHH xHAKo-
CTH

n _ P t q i u , a 2-1 L , -  - r { ,

B KOropoM Ka)KAbrui He q,rreHoB Bbrpa)Kaercn.B AX/I{;, g.rru,aH,.uiH : Mrr. e, B err,ril i lrue Hatropd, 3lo nosBoJtfler Aarrr regfte1pl.trl"e$ltyrO-lrrrrefln pera uH 'o sa KoHoMep uocre fi AB H IKeH H TT noroKa,,u,1.o,ticoOe't'o-y;46;5.
Hanop t lBJIf lerctt  oAIIt t i \ ' r  l r3 ocrroB,,ori  r ionaeareneli  pa6orur rHApaB/rH-q e c K H X l r l a u a H l .  

,  
t - - : ' - '

Vg Bblpax(eHrttt  ( l '4) cJleAyer, qro rroJrFraR' vabnr, ir ,ar 'n""bi"" no-roKa c cr,na|aercrr r,r3 rpex cocraBrrbrx qac.ref i :  plp-s _ nbe3gruri"uec*u"

t  Eq'n I ) /re.rbtt \r lo ettef l ' r 'no )r iu, l l (( .)c 'r .r  oT'uocflT r< I rrr r ;aa,,,  ,r l iura*i,ru(eft xuAxo-cr t t ,  ro  r fop l ry .na i ,Ae" lur ro i i  3Hel ) fnr r  E u l , recr  nur :  i

- P q,uz
L : = - 1  

; t 8 Z | - tl ) z
BoAbI P : 1000

xBr, 6yaer HMerb

(1 .6)

xr/u3, tr npl{HfiTb
BHA:

H O
3lecs xaxAstr i  r . t3 r r . ryeHoB B:JtpaiKaercn

f i  p  a 6 o r o  f r , ,  a  u H o r l a  l \ {  a c c o
s  M J i ' c : ;  t  r r a a b l e a l o r y A e J r b .

o i ) o M ,
n / l ix/rtr  unn

I J b I ; \ {  I I A N

3Aecr N* 4auo z [xlc wnu Br.
EcnH yqecrb, t{To Atrfl rrgcrofi

B' : 9,81 vlcz, To BbrpaxeHne y'y',n,

(1.7)

,/,

0-

s

ta\

l l

-b

6)

N,* :  9,8lQl/.
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Hec)KHMaetvroi i
e H H e  6 e
)r{HAKOCTH

Pt |  -  '
<, .  - f

l 'g

p H y J r J t
( p u c .  L 8 )

atu' i
zg

I l Ar'It l
l.t I, leet'

P a s d e n  6 m o p o r t

THAPABJIHTIECKHE TYPE HH bI

fAe Er .z  -  cyuuapHrr f i
B HeKOTOpOM CeqeHtrH,

xosQcpurrnerrr norepb; rr -  cpeAHflr cKopocrb
KOTOpOe npHHHMaeTCf l  3a pacqeTHoe.

l ' t t a o a  2

nAPAMETPbT H BHAbr  TyP6HH

2.1 .  HAnoP,  H MOUIHOCTb TyPEHHbt

n

H a n o p  r y
yAeJrbHbrx eHeprufi

Cor.nacno ( l  .a)

H 
", 

:  Za6 - Zu6.

p 6 u H u  H ,  M ,  n p e A c r a B / r s e r
eL Ha BxoAe n ryp6rHY H €uo,x Ha

H  -  € t - € n r r x .

* z t

(2 . t )

co6ofi pasnocrb
BbrxoAe H3 Hee:

(2.2)

e, - -!L' p g

rAe ar -  cpeAHfl f  cKopocrb B ceqeHHH l-1.  D,nn HaxoxAeHHfl  pJpg

:: : l i r1.*"  {puur{eHHe 
BepHynnra ( l ,g)  Ai l !  ceqeunrt  0.0 _ 'a BepxHeM

obeQe H t ' r  -  y  B loAa B ryp6vruy  (pHc,  2 ,1 ,  a )  o rHocHreJrbHo orMerKHypoBr{ r {  n r ix {Hero  6 tecba:

,  d o a \  h , . .  ,  q , u ?
- -Tg : 

pg 
-t zt l- -T t h,,o,

fAe pulpg - hri hno, - llrApasrlaqecKr4e norepH B noABoAflu{eM BoAo-BOAe n0 AJTHHe H,MeCTHble (Ha_BxoA B BOIOnpHeMHHK, Ha noBopoTbt H Ap.).
*t:*::*.1,.::?, 

h: 
t_tn,: H.:,,rr3. ypaBH elr4n onperenqeM nbe3or{erpu_

f  v u r r J  f  v  D r l L \ J  I  . y  l l  l r  p H  (  p t l ( J .  Z ,  I  I  C I t :

#- r^

# :H , , - 4 *W -+ -  hoo , . (2.3)



t6
[ - l  Q  D a . ; n t n  n h t  n  n t t A ^ t  n t  t , n t i , , . .t  _ _ .  - _ . . - r e -  4  e q v v c  , t 3 t | y v , + r n

Lfn 2 S \  2 . l I Hanon u l tnurHnrmA f i t ,A/ , t t i lL t
1  

_ _  . . - _ " - J ' _ v v 1 1 . r  . ' v J y v g t a @ I /Ec,na
(ceu .  2 .2 ) ,
6teQa no

orHecrH BbrxoAHOe cer{eHHe Typ6HHbI  K
, IO, ,y4a.nbHaf f  sHeprHf  enbrx  oTHOCHTeJIbHO
(  r . + /  o \ , . { e t  p a B H a :

n ^ duau?,c
(: 

I ilrt \ 
, -= 6,) . -- ---;- 

.- z g

f locxoJrbKy pa3Hocrb cKopocrHbrx HanopoB B
He yr{HrbrBaTb. TorAa noryqaeM Bbrpa}r(eH tte Ann

HHxHeMy 6reQy
ypoBHfl  HH)KHefo

(2.4)

T a .

I - l p r r  pac r te rax  npHHHMaror
r  Hanop  ryp6uHbr  Bbrpaxaerc f l

Puc. 2.1,  Cxeua ycraHoBKH ryp6Hnu

B Hrore ,Hanop Typ6HHbr corJracHo
I JJCI IHCM

H - H", *h,,o, * ?o'iza -. -r nE-
3ror rranop Ha3brBaercn

} I O B K I t  H C T T O T .

Ilo

oi l  oT.rt lrr taeTCrr 0.f  l tanopa

n o ,' iTl"'fi tj'i,"1';:T;;'o BepxHero H HHlKHero oreqoa

' -H ' do'20 d'sa1.na-- ', c.t -r 
E- 

- -T{ ,
Her ro  Ha  pa3Mep noTepb .

I
I I{ : H",, - h,,nr,, (2.5)

c'br.x == - Aft".,* + 3#

l ran6o"nee 6,nanonpurrHbre ycJIoBHf l ,  KorAa ds 'x :  I
Sopr'lynorl

, oooT | ^L 'ztrr*
, E t , A n B n x - T .

FIpNvep 2'1. [ lpou3BecrH conocraBJreHHe HanopoB no pa3nHrrHbrM.
creryrorur4x yc .noenf i i  Hw-  I8 ,0  Mi  uo_ 0,2  n lc ;  uu6:1,6  r , ,1 /c ;  uss l ;s  _
:0 ,6  u ;  A f t " " , * : 0 ,16  u  (npnHnr r ra ro rcn  c [ s :  I  y  dn6_  I ) .

P  e  u r  e  r r  H  e .  f l o  ( 2 .4 )  l /  -  l g , 0  -0 ,6  +  Y_  I , 62

* o,oo2 ; o, l3 '-  
lT,2T u; 

Y 'v '  
19'6- 

- - lTF- :

no (2 .5)  H -  18,0  -  0 ,6  _  lT ,4  u :

(2,6) H:. I8,0 _ 0,6 + ffi + 0, 16,_ fr:r :
:  18 ,0  -  0 ,6  +  0 ,002  +  0 ,16  _  0 ,4  *  l T ,16  u .

llo.nyveHHule pe3ynbrarbr noKasbrBaror, qro Bce Qoprrry.nrr Aaror oqenb Orusxr.resHaqeH'ff Hanopa. Har60.nruee pacxoxAeHHe -0,24 M nonyq'nocb MexAy Qoprrry:nar'ru (2'5) n (2'6), Koropoe, orHaKo' MeHee 1,5 %. C ynuraueHgeM Hanopa orHoc'Tqlb-HOe pacxoxAeHHe yMeHburaeTcfl.

* Ec'nH ypoBeHb B nbe3oMerpax B ce,r. B-B cronT Bbrue HulKueto 6re6a, to npHBbrxo{0 r{e roJrbr(o re npoHcxoAHT BOCCTaHoBJIeHHf xNuerurrecxofi  SHeprttH, HO HHMetorcf l  AonoJruHTe.rrbHbre norepH. Tor4a Afr"",* ( 0 n Hanop cHHxaercrt.

0

i
66

(2.4) Maila, ee Mox(Ho
Hanopa ryp6HHbr

(2.6)

'Qopr'lyrarr,r 
4.nr

2,8 u/c;f too, :

18 ,0  -  0 ,6  +

t

H a 3 b j B a e T c s , H a n o p o M
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iTopauempot u oudot m11p6un

vonu6noft ouuor tlLgPuun

cyutecreyer 6o.nuuoe rrHcJro pa3JrHqHbrx BHAoB Typ6HH, oAHaKo
B npaKTHKe rHApOsHepfeTHqecKoro crpoHTeJrbcrBa I I rHpoKo HcnoJlb-
3yiorct l  J lHlJIb qerblpe BH/.2 ryp6uH: oceBbte,  AHaroHanbHbte,  pa,qnanbHo-
oceBble H t ioBluoBbre. Paccuorpnrt l  cxeMbr vx ycrpor lcrna H npHHqHn
A e ' f i c l n r r l ,

l l n . 2

M  o r r { H o c r b  r y p 6 H s s r
I{acKoJrbKo yMeFrbrr jaeTcrr  yAeJrbHaJ
xoxA^eHuH qepe3 ryp6uuy. f locxo.r
Hoi i  Q, v3/c,  a secobor i  pacxoa pgt
Kocrbro B I c npr.r npoxolr<AeHlrr.r rr
o r6 l lpaev?r  11 ,p6Huo i1  o r  nporeKaK

oAuaxo He BCn ,ru 
"o'fr#.; 

tf$it;aercn 
Baay H norre3*o ,,.,,f';l3) 'ercs,  TaK XaK HMerorcf l  norepH SHeprHlr  B cauof i - ryp6rrHe,  uro yur .or .B s e r  K o s Q Q ' r  u H e H r  n o J r e 3  H o f o  a e  R ' c r s  i r , . r r  ( r < n n l

15 'p6 lu rb r  n :

A A

B nolaBJrf l Ioqeu 6o,nbuHHcrBe cf iy,{aeg rvp6nHtr
npelqgfi qoAe, y xoropofi p -i= IOOO xr/ilr, nnn-  9,81 t t lcz,  yr{HTbrBaf l ,  r {To 1000 Bt :  I  [gr ,

| ru : g,Bt aHtr. I
J

f lpwuep 2.2. OnpeAenHrb pacxoA ryp6nHu KpacHonpcxofi  lOC, r lrverculeft Morq_Hoerb 508 MBr npu Hanope g3 rur ,
P e ru e H l{ e. Arq uaxclrva,nruofi  Harpysr{H npHHHMaeM Kn.{ pasuuru gZ yo( I  :  0 ,92) .  f lo  (2 .10)

A // so8 oooq: gl8ll/i- : O;5.i;g.S4t:607 r'r3/c'

2 .2 .  oCHOBHbtE  BHAbr  TyPEHH

(2.8)

,Fop-

(2.e)
3lecu N -- n Br.

pa6orarcr Ha ,- lr{cro}i
3 rux  ycnonu f t  np r r  g
r roJ ' l  ) ,qaeM:

(2. r 0)

Pnc. 2.2. Cxeua oceeofi  rypduHlr

oce  B  b re . ry  p  6  u  H  u  (sa  py6e lKoM Hx  o6 ' , r ' 0  Ha3brBaro r ryp -
6uurt Kanlasa) nn"nanrcn HH3KoHanopHbrMH ryp6una*",- o"" HCrroJrb.

: I -3 ao 60-70 rvr. Cxeua ocesofi

,r, eocrofiu{ee H3 nonacreft pa6ouero
ce 2 c odrexare"fieM, coeAHHeHo c
ioqero KoJreca Mox(er 6gttl pa3JrHrI-
), TeM 6o,rltu:e Ko/tHqecTeo ronacrefi.
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o,,"' r, o..;;,n"1.,,,. pacxoi,a Ht'i-.33##*ffiffi,.ft#,H"iff"f#$f,ffi
'p1,p6n,,u, ,,0'rrr'0rn,,,,,1,,n,, arrn,pa.T.()I,r nonep$$0HfljtrHE#li,#i ii:ffi

. , I l r l r t a c r l l  \ 4 o r r r r  6 n t r r  \ / r ^ a . r , . ' r r  n 6 r r  r - t  \ t / 6 - t t r r \
ryp6nrrr , l  H sa cqer ororo noBbrcrrrb ee KnA. Orcacuearculan rpy6a
KpynHbrx ryp6nn BcerAa BbrnoJrHf lercf l  r . rs 6eroHa.

Ba>xnntv KolrcrpyKTHBHbrM gJreMeHToM ocenof i  ryp6HHn f lBJrf lercf l
KpbrurKa 10, BocnpHHHMarouaf l  HarpysKy or AaBJreHHr BoAbr.  Kporrre
Toro,  Ha KpbnuKe Kpennrcf l  ocr,r  Jronarox 6 HanpaBJlf l ro l l lero annapara

Pwc. 2.4,  Cxeua paAnaJrbno-oceeof i  ryp6nntr .

H Ha Kpbrr . l lKe ycraHoBJreH HanpaBJrnrcquf i  noAUIHnHHK 1l  ryp6nHu,
orpaHHl{Hnarcu{Hli pal.lailbHble nepeMeuleHurr Balra r.r pa6overo KoJreca.

o6uHri  BH4 rnApoarperara c ocesof i  ryp'6uHort  noKa3aH
H a  p H c .  1 . 2  L r  L 3 .

n  u a  r o H  a  J r  b  F r  b r e  r y  p  6  u  u l r ,  p a s p a 6 o . r a H H b r e B n o c J r e A H u e
AecflTu/lerHt{, or.II l4qa}oTcfl or oceBbtx ryp6nH TeM, qTo .rtOnaCTH pa69qero
KOJreca ycrar{oBJreHbr c HaKJroHoM K OCH BpailreHHn (yro,t 45_60").

P a l H a i l b H o - o c e B b r e  r y p 6 u H u ' " ( s a  p y 6 e N < 6 u  H x
o6r,rqHo Ha3brBaror ryp6uHu opeHcuca) f lBJrf i rorcf f  cpeAHeHanopHbrMH

g f,ilq.t$ kEdilp Hfld#,ffi i'i'i ii',p i'i ( 6 b ;!d
Pll'"r4r'Wlp,W$Hfi l9Scrt :' cran rn ute ry' $6rtHrr ure KaNrepbr r(pvrroro nondfrEuit6ffi,b'ffi6ii#F . 

-'

Ko,rorrrrur craropa S npeArra3nageH6l ;1nlr  rLepe4aur l rarp)/ : lKu oT
I JepxHefo  onopr io fo  no f lca  c raropa 7  x  t t r . r iKHeMy:  g ,  r . ,  e .  c raTop o6ccne,t I t {Baer npoqHocrb KoHcrpyKr\LrH. C uerb}o y{eHlrue}r i l f l  rHApaBJrH-qecTyx norepb KoJroHHbr craropa HMeror yao6oo6reKaeMyro Qopruy.

"Ilqlp_q,grnrcr{r,rj{ annapar cq-,qro4r'',yg,A!,f*33gg1iptg"E*g,four.u* nK J IONA
rgx-- 6, xbroprie o6pasvni xonsueBVid":ita?
l:l IP v-T 4 i*.ft 0 * u' n.ep.n S l-oiffiffit-s gxp ytxi" tror6 xa oiiepe4 E r'b+:
b E K ii ti iii- "n'pdn en r$^if'u;t' tW
Ha n p aann xjutero aniiaoarb'iifi

u--e.XSyJil[A fI'S CTH H'i*LGo 3 fl.fl ]o

Ha n p aBJrrr rou{ero a n na paTa
(p ne :"2p,';t te'i. 5 ;6)..:(poi
u c riii.nufr'ro" $3 a"'r n' p-9.ryh"u.1
C grofi uenri6'*ax'i6ii noi
l i r ; r , . . : { i s ; - - , ^ i ! - ,  -  :L t I n ̂  P-u H ll-9.11,, I g"Bo-p oJg .BCe

cacbrnarculeir rpy6rr g. (puc. 2.2),_ npe4craBJrsroulef i  io6off , ,pacuupa-
Klrr\rrr ' rcn BoAoBoA (auQQysop), o6ecne,iHearoutHfi  nnurnol cHixeHne
cKol locl ' l {  Ao BblxoAa noroKa B uHx{HHfi  6teQ. Taxoe cHH>xeHr,re cKopocrH
I lo3l lo. , l t ler  y l \4eHblut{Tb i iHHer}rqecKyto SHeptH}o noroKa npt{  BbtxoAe H3

J
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/IeJlaercn lao6oo6teKaeN'tbtM H oHH craBflTctr no,,.HanpaBJleHgro noroKa.

T iR i " l : :3 1 1 1 -l l ? p a r c e eT qvr "ti{ "-.- "2?p-#?##ffiFdft
r I a np a Brr s roula n a n n a p ar cggTQ,g1;" Hg,.20_;i,

I? T_f : _gI n p eAH a3 Haqe H a4a_soi.+e]-fr"'.ffifiFffi
pocrr.t* llpgA BXoAoM Ha pa,6pq-qe.;
,gg,I, .5,9) u tnn peryrr 3a cqeTcerr. D;D ) u Ai ln pefyJrHpoBaEvfl  Di
{ioeb pora'Jr o naro x- l.l 

-'ns 
Me ri-eHfis'-6t'

l loaeoA BoAI, t  K pa6o'revy Ko., [ecy _ocyulecrBJrf lercrr  
]no typ6HHHofi

crlI'f palbi:?.T.^ir"g]l.. Jt qepe3,, clarol) i qi HanpaBrrn-rqurlf ."?,itt_upal.6,Ty'p6Hrrr-ran xair,repa, iluri,__*agqg*s,.+urrrg:ggffiqtditHo}''::r:t1'-i Yl
. u*iir "yur.ro Bocl,pt,or$.d,.5ffii;ffi,.
:..^1"_l :t. :. _ : I y lt . H u e r o a a s nE fi H'n.ffi ffiil I "rffn aF-F_
I \ ' l aeTCf  I {p }UIb lM.  :  

= '  ^ j r '1 ' r ! { ' : : ' " j  l :+ fs r '

Ko,nouHr'r craropa s npeAHa3Haqerrbr AJrn nepeAaqu . HarpysKn or
BepxHefo onoplroro r(o.nbua craropa T K HHXHeMy g. Tarnrr,r 'o6pasorra,
:.::::t.1o^-_Q.I1Iu"o craropa -- o6ecnerreHHe npo'lnomu r(oHcrpyKrrHH.
L uerblo cHHIKeFIHf rHApaBflHI{eCKHX. noTepb cetl-eHHe cTaTopHbIx KoJIOH.H

OcHosHslraH ee sJIeMeHTaMH rrBJrrrorctr conJro l, K noTopoMy BoAa
noAEoAnrcs no rpy6onp_oBoAy 2, H pa6ouee Ko,reco 3, yKpenJreHHoe
Ha BaJIy 4. Conao u pa6ouee KoJreco ycrarroBJrerrbr Bbnue ypoenn BoAbr,
TaK rrro pa6ouee KoJreco Bparqaercfl

Puc. 2.5. Pa6oqee Ko,reco paAHanbHo-
oceuori ryp6unr,r

MeHbr.ue AHaMeTpa conJra
Pa6oqee KoJIeco 3 cocrour Hs Alcxa c pa6oqHMH JronacrflMH S, noxo-

)I(HMH Ha KOBrilH.nO .Qopy_. (oruo4a HaseaHr.re (KoBtrjoBas>). 
' ,o6urea

qnc,[o ,nonacrefi 12--40. KaxAas Jronacrb BbrnoJrHeHa B BHAe rBvx
KptBo_.IlHnefiunx noBepxHocteti, pasAeJreHHbrx Ho)KoM 6 (ce.r. Z:i
H 6'6). Pa6oqee xoneco ycraHaBJluBaercr raKHM o6pasoru, qro Ho114H
COBNAAAIOT C OCbIO CTPYH. TIPH HATCKAHI,IH CTPYI,I HA JIONACTb OHA AC.

. - ' - ' -  
-  -  -

, ' -  - - - -  
-  - - \ -  \ \

B BO3Ayxe.
Crpyn BoAbr noA AeficrBHeM Ha-

nopa H anr6pactrBaercfl vts conJra
co cKopocTblo uc,  Koropag onpeAe-
JIRCTCfl  3ABHCHMOCTbIO

u,--  qVr{H.  (2.  I  l )
KoeQQuuHeHr ct(opocru (p :

:0 ,98+-0 ,99 .  Ec ,nu  yqecrb  ua-
nopbr, ilpu KoTopbrx HcfroJrb3yroTcfl
KoBr.l loBble ryp6nlt l t ,  To BHAIlo, rITo
cKopocTb ac nof iyqaeTcf l  oqeHb

B pesyJrbrare rrero AHaMerp crpyu d.

A - A
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ax Jiona.
: IHg  CKO,

)uc .  2 .4 ;

u p u I a Jr u I I a I'u K H H 3 Me HeH r{ fl OTKpELTHf |g0:;(eM:];.i. .T-"ffiZ,B)ff
orno4 BoAsr or pa6ouero KoJreca_ npor.rssoArlrcfl'c norororiii,o ArlSQy-aopHofi orcacbrBarculefi rpy6u 9, o6ecneqr.mrotuet 

"i l ;;G 
cHH>xeHHe

cKopocrH H yMeHbLueHHe KHHerur{ecxoi i  or-reprHH noroxa npH BbrxoAe
u s  r y p 6 r r H u .

I ( o n  t u  o  B b r e  r ) ,  p  6 l r  r r  r , r  ( . s a  J l 1 , 6 c > r < o r a  H x  r . r a r 3 b r B a r o r r y p 6 r r r r s r
I - lcnnroua. I l l l ( ) r / tz l  <cso(ro; tuocrpvi i r i r , re>)"  - - -  3 ' r 'o,  orr .n, io- i*nJp"o, .  Typ-
Clt t t ls t ,  l lcno. i lb3)IeNlbte nJ)H r{arropa,x ( l t ; ,qee 400 -600 u,  Cxerr , la xoeujogoi l
r y p 6 u r - r b r  n o K a 3 a r . r a  l { a  p u c .  2 . 6 ,

(ail
N\-70

\ -  6

Puc.  2 .6 ,  Cxeua t (oBuro l l ) t i  l yp6urr r , r
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i l p  i l  Bpa t I { c r i l i l r  ) " i ( a l )  Tb r ,nb r ro t . t  cTo_
J )O t i l ) l  . , ' t o i l ac ' i l t  o  cT l ) \ . r c ,  B ,no i l i l c . r L t
I  I  l ) ( ' - 1 \  ( ' \ l i l ' l ' l )  I I  t l ; t ( '  I ' ( ' f l  C  I  t ( '  I  t  |  |  i l , r t  t , l I i l  i l  I I  l ) o -
I)( ' : l  t, 7 .

A i o L q r r o c r r r ,  p a 3 B u B a e j \ r ) / r o  I ( o u n r o -
Boi i  r \ /p6r. tHot: i ,  pery,nt{pVrot.  3a cqer
r r314eHeFrr . r f l  pacxoAa,  i l .n f l  sTOfO CJrV-
ir{ nr rr f .rra L Korla n f Jra BABI{t-r\/ ia

$ J.,i i uo.4ACt?zH tlcno/tb3oqauttn mt1p6rtr7 tlo HanopLl

H Bce ero J lonacr l {  r locrot l t lHo oa) l 'eKatoTcf l  noroKoM,.  3rn oco6eHHocTHl
ocesr lx -  l {  Ps i t t ta . r tb t {o-oceBbrx rypdnH AeJraror  B03Mo)Kr iurur  ncnoJrb3oBa-Ld
HHe pa6oqt lM Kc. r tecoM Bcex KoMnoHeHToB orreprHH nporer {arcqef i  x1HAKo- i'c rH:  SHeprHH AaBi leHH. t ! ,  gFIeprHt . r  no, [o>KeHHf l  (noreHquaJIbt {or l )  H KHHe-r r
THl {ecKofr  gHeprnrr  (  1 .4 \ . ,  B cnf l3H c  orHM cKopocrb r roToKa nepeA BxoAotr , t ' ;

l#;; ?j ,31iffi '" 
npHMeHeHHn typ6Hn pa3rn,rHofo

lr.a pq.6oqee koreco AalKe npn BbrcoKHX Hanopax Moxer 6urr cpaBHH,-tensHo lb6onrt lof i . ,
B, 

'xonruosblx 
ryp6uHax pa6ovee KoJreco BDdrrr.z€rcs B Bo3nvxe

aHHufi MoMeHr nperueHu 
"u*oar"Ji ' ' rdcqee Ko/reco KoBtxoBbrx ryp6taH laoxpr"e

rcKvro 3HepfHro )KHAKOCTU, r. e. nepeA
:e oHeprHfl AoJrlKHa 6rrrt npeo6pasoeana,'BJlflercfl c noMorr(bro con"rra. B cBfl3nr
nepeA pa6ovnrrl Ko/recoM AoJrxHa 6nml

:3aFrHbrx ryp6nH [ocJry]r(HJrn ocHo_
raccaM. Oceeste, paAHaJrbHo-oceBble
r a c c y  p e a K r H B H b r X  T y p _

I l  t  t  n r l  1 t , ' t r t  t 1 t , t  r r , > r , , ) ' - , , , ' , , , , . 1 , , , ,i ) t  t i r a r a  t t  I  I l  l l t _ i  a l i 7 l r  4  /
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( i l n ru l

2.8.  Pa6o, ree Ko, r rcc( )  r ronruonoi i  . l .vn-
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H ' e

I ; rn  onnpar {  r r r r  BCex , tac re t i  Nosr r r r )nor i
3 , i l .nn 3zl l r (HTr)r  or  pa:6pr: [ ] [ t {Bai l l t r l  Bo., l t , t  _ -
i l e  I t o K a 3 a H b t .

,  (0 ,9  - - i ,0 )  d " .
ryp6l t t iu  c / ty lKHr

KO)KyX,  r (OTopbte Ha

2 .3 .  O6 .T IACTH HCIOAb3OBAH14 f l  I IO  HAnoPy  TypEHH
PA3JIHt{HbIX K.NACCOB 14 Bi lNOB

KOpnyc ,
p n c . 2 . 6
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L U r\uHLiltplJEtluu mapuuH ph?ltuttHwx sudoa l f a , 3
R . ,  , ,(., 11 u, Kurrl lrotsbre H Apyrue no4o6Hste ryp6HHb[1,,1i, - ; K K J I a C C V  a K T H B -:  : : . , ' 'H br x r y p 6 vr w.

o6"' lacrrr ,rcnoJrb3oBalrHr 
ryp6uu pa3r'r{Hurx,xhaccoB'iH BHAos no

T : l : l,i' ,,{3::, 1 ? p_Tj : .?.? !1eo r,re, h o n op oruo-fi o nactii:b,'r- ;;;;.;:'4.?]:: j :^:,yqg:rl ' : l  
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Tax l rv  o6pa3oM,  K l l vn t rb te  I Io  L {or .qnocr r . r  peaKTnBrJbre  ryp6 l rHr r  no-K l ) r , rBZ l ro r  u r r rpoK\ / Io  o ( r . ryacr r  r ranopoB _ :_  o r  l_2  lo  ddO_io f  n - ,
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K O H C T P Y K U 1 4 H  T Y P 6 H H  P A 3 J I H T I H b I X  B H A O B

3 .  I ,  OCEBb IE  T IOBOPOTI_ IO .J IONACTHb IE  TYPEHHbI
r€MeHqyrcKo/fi l3C:

/  -  rorosHbr craroDa; 2 -_uanpaarrrcu{He ronarKH; a _ xfq199 KoJrbt to;4__ xpuuxaryp6Hrrsr ;  5 -  aondcru _pa6o,reio ro, ' re la;_ o - - i . ip i r i . -pr6o,rero Korreca;  z -  onaHeuBaf la ;  E  -  Ea f l i  9  -  o6 rexarenu  oa6oqero  xoaech ; ' tO ' - -  i auepa  -pa6o le ro  Koreca ;/ /  -  Btr lAuHxt l loA CafMcH?i /9 *  Fbrrrar  x,anpa14nbUl i t l  aonarrHs ,J -  CrDbt r t  , l '  _perynHpvroqec Korlbuo; /J - ceirooraoropuri l0 -]cii irun;;i i; i; ' '  lr- - o-"'df,ri i ir KoH.cTpyKqr,s noAnrTHHKa reHepaTopa

flB-
Jtrl

np
CTABfl w 20:

+t{a
(na pHc.  3.1 bo :  3 ,2 y) ,
, oTHeceHHbre K lHaMeTpy,

KOTOpbre noJIHeexapaKrepusyror run ryp6unbr. orHoiirien;n;;nr]6,ifr,

KpynHbrx oceBbrx ryp6url
oJree BbrcoKoM uanope Hx

COCTOHT H3

I . l ,
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t7 t+ t5 lJ t2

enecoo0D-ffiTjTirrrn
noP4I,,J0,9* 2oo'"*,
_ ;ggflacrrl npHMeHe.ilr i l t .f\
Tai l ,  npH Hanopax So*70 , i$
ffin i;tt rie ;" rr'p lilir a if u H A:Oce ri fiid
fiponsnb,tratih ira bcncinaAirfli
pas.nrrvHurx Bo3l{oxtFlr,rx n*apui
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s  3 . / | l )noo^tovwua6e t.vovyvi l .r .u-JlurlucmftNe mgpouilu 3I30 r 7

ryp6HHbr (puc,  3.5)  bocrorr r  Hg
CTBCHHO J IONACTb HMCET OTHOCH-

aBJIrreT co6oir  Kp HBOJTI{Hef i  Hyro rroBepx-
l locrb,  Ha KoropoH _ocyuecrBJrf lercf l  cHJroBoe B3aHMoAef icrBr. le c npo-
Te l ia rcUl ' lM qepe3 pa6ouee l io r ' Ieco  noTOKoM,  np l rBoAr ruee r (  npeo6pa3oBa-
I l l l rc rHAPas, lnqecxoi i  3neprnt l_-Bj) . l l *e_prHro Bpau{eHl i f l  pa6oqero KoJreca
I ' I  coeAHHeHHoro c nHM BaJIa 

f f i f lcJryxHr AJrf l  KpenJreHHfl  Jronacrr . r

x,rpnaHuy ltanQbl' c lloMotqblo xoropofi Jronacrb yKpenJrflercr Bo BTyJrKe( 1 0  u a  p H c .  3 . 1 ) .
f ]oxasartHrle Ha pIIc. 3.5 uHJrHHApHqecKHe ceqeHHfl Jronacrg AarornpeACTaBJrer'rHe o ee _Qoprr,re: cerreHHfi, pacnoJrolKeHHbre 6nuxex Qnanqy - KopHeBbre, 6onee roJrcrbre u 6o.nee Kpyrbre, nepu6ep"n"iieceqer{r'rfl 60nee roHKHe u 60nee nonor.He, Taxan'{iopnra oilpaaun"ercflI (aK I ' l l r r lpaBJI I ' lqecKIrMH ycJ loBI ' j t t tMV o6texagHf l  [ IonacTw,  TaK H nDoqHo-

Knpcm nuxt t t l t t  mun6r lH nn?l r t tuL! r tv  ar tAna

Ha nepxHutl xoHeu uanQu HacaxeH pbrr{ar 7, xoropnir r lrof i  8 coeAuHeu
(: pery/tHpylou-(HM KoJrbuoM 9. Sner' ,retnat 7, I  u g o6pasyior MexaHH3M
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Pnc. 3.4. KoHuqecrcuft (a) u oceeori (6) HanpannflroqHe annaparbr

Taxoi i  HanpaBJrrrourHf i  annapar Ha3brBaercrr  p a AH a Jr b H br M.
EcnH noBepxHocru ToKa 6nHsxLI K KoHHqeeKHM. To HanDaBJrsroruuf i
anrapar Ha3brBaercf f  K o H H rr  e c K H 

"  
1pr. . l  g. ,+,  o l ,  

- ,  "5.n" ' ; ; ; ; :

BEPXHOCTNNA, 6.NUSKHM K I IHJIHHAPHIIECKHM, TO O C E B bI  M (PAC. 3.4,  6) .
P  a 6  o q e e  K o J I e c o .  O c H o e H r t r " r H  r { a c r r r M u  p a 6 o r i e r o  K o J r e c a

(pHc. 3.1) an,rrnrorcn rronacrn 5 u xopnyc (nrynrca) 6,  k roropoMy Kpe-
nRTcfi .r ' ioi iScrii. Pa6oqee Ko.tr-eeo 6oararvtu eoeAHHeHo c HHx(Hlrnr O"rranriena
7 aana 8.  K sHxoAHoMy KoHqy BryJrKH KpenuTcs o6rexarenn g,  npe.q-
I ta3l laqesl l r t f i  Ai ln cHH>xeHHrr norepb Ha nr.rxpeo6pasoBarrHe H ny/rb-
cauuf i

pr'rc. B.b. .tonacrr pa6overo KoJreca oceeoft ryp6uun

crHbrMH. Harpysra,  BocnpHHHMael

cTBeHHOfo MoMeHTa COnpoTHBJIeHHf l  (
0co6esuocrblo pa6bunx KoJrec n'BCIporH.-Jrorraer'brx Typ6HHf lBJrffercn Bo3MolxHocrb npa pa6ore Ha xoAy noBopaqnBarb Jronacrlpa60uero KoJreca'  T.  e.  u iueHnrr yro/r  HX ycraHOBKH, KaK noKa3aHo.I Ia pl lc '  3 '6 '  r lpt  sToM He*oropoe, TaK Ha3brBaeMoe pacqerHoe, noJlolKe- 'HHe JIOnacr l ' l  npl{r l l4Maercf l  3a HaqaJro orcqera yfJ la ycraHoBKH JIOnacrH g.
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D_t:  4 ,2 t t i ,  r l . tc f lo  / tonacref i  zL:  B w AuaruteTp Kopnyca d.R:2,0T u.
CneAoeareJrbHo, dn : 2,0714,2-ry 0,b.

Hannque Kopnyca, oco6eHHo npH orHocnreJrbHo 6onruon AqaMerper,co3Aaer crecHeHHe noroKa, rlro yxyArrraer ycJroBr{" pr6otii 
'typOrriri.,,

Kportre rono, Heo6xoAHMo yqr.trbrBarb, rrro c qenbro coxpaHennff MaJlbtx',
:a3opoB MexAy ropqeBbrMH KoHrraMH /ronacrerl u Kopntca 'n pu Hx no- {Bopore v yMeHbueHHfl nporerreK r{eHTpa/rbHofi qacrH Kopriyca frpg-,:'

n. . - .  o  q  n -^ - -rru. rr. . ' ,  \r t ' ;EEaN l lenoPerl lo' f ionacrH€f, TypOHHa EepXHe.Ty.nOUefOfi | .OC (nOgHtt11f
coorBercruyrcT nosnquf,M Ha pnc. 3.1)

83
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D.ns ryp6f iHbr,  I IpHBe!€HHoi i
: 2,818 :" b,35. C yee.rruq6H"ii$
nOBCPXHOCTb JIOIaCTef i ;  i  rC

Da3l4eDa nOnaCrU; f f i

a rra pLIc.
r yp6uua  Bepxue-Ty , rovcxo f iiac-^i "*"il il ;ii ;;;.5d 

-Mb;,
i c luar r  npr r  r ranopax 51- -62  t *1 .! ,uauerp pa6oqero' i toneca stot l

( l l  na puc..  3,1 w puc.
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(4 ,na puc.  3 . l  H p6c, .  3 .2) ,ne
npocTpaHcTBo Ha,g, paooqlrM tKoJrecoM, oHa cay.I,{,HT A{.tfr p

(4,na pHc.  3.1 H pHc, .  3 .7) ;neper(pbrBaer
'PasMerrleHHn

3.2.  TOPH3OHTAJIbHbIE OCEBbIE TYPEHHbI

lopueoHTaJlbHble oceBble ryp6nHu rxupoKo HcnoJrb3yrorcfl AJrR no-
r p y x H b r x  r 4 J r H  K  a n c y a  b H  b r x  a r p e  n a r o B ,  y  K o r o p b r x  r e H e -
parop pacnoJroxeH B cra.rylHofi Kancyfle, o6rexaeMorl soAofi (,uonoaHu-
rerrbHo cM. t2.49 l ) .

Oco6eHHocrH KoMnoHosxH 6nox a sAaHHfl  HH3KoHanopHoft  f3C c Kan.
cyJrbHbrMH arpefaraMH Mox{Ho npocJreAHTb Ha npr.rMepe ,KHeecxof i

Puc. 3'9.3aaHne Kuescxorl f3C c KancynbHbrMH ropH3oHranbHbrMH arperaraMr.r

foc (puc. 3.9): 3Aecb I -  rcancynuHuft anperar (ryp6uHa H reHeparop);
2 - o"rcacbrBaroqar rpy61 3 - peuierKa; 4 --sarnoprr BoAocJrHBa
t\Jrr l  nponycKa naBoAKoB. f lpu HcnoJIbsoBaHHH KancynbHbrx arperaroB
noroK Ha AIIHHe Bceno rpaxra-nMeer MHHHMaJIbHbIe noBoporbl H, IITO,,
oco6eHHo BalKHo, npflMoocHoe ABI4)KeHHe 6eg nonopora B orcacbrnarorqefi-
rpy6e (cp. c puc. 2.2 u2_.!).9ro npHBoAHr K cHHxeHHro rHApaBJrHqecKHx
I}0repb H yBerrlF{el{Hlo KI_IA ryp6nHbt, oeo6eHH0 Ha 6onulrax pacxoAat$,
B peaynbrare raKHe ryp6uHu pa3Br{Baror Ha 20-3|x/o lonutity* rubrqr,
HocT_b,  qeM BepTHr(aJrbHbre Tofo xe pa3Mepa.

Koucrpyr( rHBHar cxeMa r(ancy/rbrroro arperara raHa Ha pnc.  I .g ,
a o6uHii BHA r<pynueriruero Kancy.rrbrroro arperara c ryp6Hirof i  Nta-
MerpoM 7,5 u,  H3roroBJreHuoro . I1M3,  noKa3aH Ha puc.  3. i0 .

2*

Do=t1000
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i-------
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P r r c .  3 . 8 .  K a r r e p a  p a 6 o ' r c r o  t i o . { e c a

'c 
VBefl ilqelrr{eil,{ \ir,'l a t'etat{'rj

'n K[I,4''rvp6nusrg l-iprr j{Hit

rlbcrbnsssrpr ro;i'tfio y ocu no

BepxHHX onop nancf I Ianp_aBJIf l rorqHx /ronaroK H.f lBJrf lercs qf iopofr  pery-
/t14pytoqero KoJIIrtta 14, B Kpbrur{e pa3Merqaetcf, rtanphn"rrhroufnir 'noji-
I I r I ' rnHI Ix  ryp6t rns t  16 .  L Iacro  I ra  Kpbrurxy  ryp6HHbt  onHpaercr r  H r recyUarr r - i r r r r r ' r t r t l  r , v P ( ) r r l - l b I  t u .  ' l z t c t O  l l a  K I I I ) l l l l K y  T y p O H H b l  O n H p a e T C t l  H  I I e C y U a f
r io r rc r l )yKuur r  r ro i l r l f l r rn l (a  r -e r reparop a  (17  Ha pHc.  3 .  l ) ,  BOCnpr . r l {HMa-
Ioutero-otLg)"t_9*]L?r l )y3t iv Bparr iarcu{trxcf i  uacrefr  anpelara. , i lnn o6ecue-
q E F I  I I ' I

XaME
i rdp:r:onr,

\y

A0cTaTornl-Olr
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P r r c  3  i 0  i ( a n c ) ' n u H r r i  a r p e r a r  c  r y p 6 u H o f i  A u a u e r p ' y : ' 7 ; g ; , .  , i , r r ,

f  
-  Pa6ovce Ko, 'eco ; .^  2  - .  uanpas{Frou l l_1 .Lo_narKH:  J  -  o t? .p , Iye /  r (o r ronxsr , ,  o  _  Kancyna;r  *  l { o r \ r M y H r K a u u o H } r . R  r u a x r d ;  d  -  B e r n u x a . l  0 n 6 p H a H  r ) , r r a 6 6 3  7 , -  M a c . n o n p H e M H u K :  g  _li'1",&'Ji:,?,?Ii,i,?'-#;.,!,?r;i,i,1.,, ii *fi;/i.;#ji+l'ir*:: Ko,'Fuo; // -* norr'ri,1ii(;

s  3 .21 I'opusoumatbHue ocesue mltpduut t

Hocrb to  no  3 ,5 : ! ,0  $F :c  ryp6uuaMH Dr :4 ,G+-4 ,8  u  H  MynbrHnr rv t -
Iiarop amtr 87 1750-67 1750 o6l r,quw.

KancyloHufi onurHltt? arperar MorrlHocrlro 400 xBr c MV.rrbrun Jrwla-
ropoM ycraHoBrreH e cccP Ha l( ircnory6cxofi  npHJr ueHofr l3c.

oco6urrur BHAoM ropH3oHra.rrbHoro arperara c. ocenofi ryp6Hnoft
f f B , r r r { e r c f i  T a K  r ' r a g s l s a e N , t u l f i  n  p  f l t v I  o r o q g s t f i  a t p e f  a r ,  o r J I H -

PoTopa reHeDardbet  |  -
- K o p n y c ; g - K O H r t q C .

J r o n a r K H l  / 2  - . y n o p r u f ,

g7

Prrc ,  3 .1  i .  I - lpnuorouHuni  arperar  crpaS,r ro :
, /  -  ronacru pa6ouer-o KoJrecal 2 - o6o4 pa6overo_ KoJreca;. J _ o6onc r a r o p  r e f i e p a r o p a ;  9 ^ H  6  -  o n o p H H e  x o a o u n u ;  Z  -  q a n b u l  B a I a :  d( r l { l t r  f r c r a D K a  n A J l 6 ;  l 0  -  N a l n r l r ' n o f l  c t e p x e u u i  t  t  _  n i n p a n . n n r c U ( H ei l  r f i l  r lpz lB , r l r r roLq l r l l  l roAurHnrJHr ( ;  l3  -  Hanpan, rnnu lx f i  no4u. r l rnunN
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. 'AHaMeTpOM
i r a a ) o L r e r o  r i o , r c c a  7 , 0  r l  r r l  n J ) r r , : r n B I { o i i  J , [ e r ( f p o c r a t n u { H  B  B a J I H B e  O a g A H
( l (a r r  a rc ) .

I ) t t c ' .  3 .  1 2 .  - ' l r r ; l I ' o l l r . i t l , r r ; r l  l r o u o l , l r j T l t o - . r l o t r a c ' i l t a f l

, ' t ' , ' t t , , , j j , : ' t , , ; ' , , , , , 1 ; ' . , i i , - .
3 .  3 ,  A  HA TO H A  J ]  bH b I  E  NO BOPOTHO.J IONACTH b iE  

"  

TVPEH H 61 , "1 , i ; . : . ' .  I

t l . l ' t t  I l l : ) l l l lo . - l t t l '  I i  ( ) . i i l ( i l l l ' |n \ r ( \ ' | i l i ( ) tu \ .  t lo t r ,c ) l )oTv g0ex,  J lonacre i l  Da6oqero
I':o're(ra IIa o'1'r II rr)'r' )r(c \:rn.'r,#rlffipi{iqfffi4hruord

$  r .3 l n,u aeonattotdbrc nosopottttto- /tonacmHbrc mgp1uuot 89

Puc. 3.13. Pa6oqee KoJreco ;IHaroHa.nssori
noBoporHo-nonacruofi ryp6nHr,r 3eficxofr
f3C s nportecce MoHrax{a

Pue . l  I  z l  (bnnrr r r  n  aKa-
Puvv-

qltx KoJrec .4HaroHanbHbIX
ryp6nH

no nepeceqeHHro ocef i  noBopora Jron
OtsocnreJr bH btrl MHHHMaJrbHbrrl AH aN
JroBHHbr) cocraBnrer (0,95- i  0,98) D
B OCeBbrx Typ6HHax DL onpeAeJrrr(
KOJreCa, TO B AHarOHaJIbHbrX AHaMe,
6onulre Dr.

snaqeHHe)'.
Xbpai<tepHbrfi AHA-

Merp Dt lHaroHanbH@
ryp'6r.rrrtr onpeAeJrners
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3.4 .  PAAHAJIbHO-OCEBbTE TypEHHbt

f loAnoAnulan qacrb cocror.rr  r . t3 ryp6HHHoit  cnHpaf ib-
'  r ror i  KaMepbr (Ha qeprexe He noKa3aHa) co craJrbHof i  b6nu-

LI ,OBKOT'r ,  npHBapeHHOti  K MOlrIHbrM BepXHeMy u HHxHeMy
cTaJrbHbrM f lorrcaM craropa a H b,  H KOJTOHH CTaTOpa / .
Hanpannf l rourHf i  annapar cocroHT H3 JronaroK 2,  q in$sr
KOTOpbTX HMeTOT Onopbr C BTyJrr{aMH B KOJrbrIe 3, yXpen.rreH-
HOM Ha HHX{HeM nOHCe CTaTOpa, H B nOAUr{nHHKaX 5, yKpen-
JreHHbrx B KpbrrrrKe ryp6HHbr 4. KpburrKa KpenHrcff 'oniaun 6
K BepxHeMy nof lcy cTaropa.

I lexaHH3M npHBoAa H noBopora JronaroK HanpaBJrrrorqero
annapara ar{aJrortrqeH npHMer-rrreMoMy B oceBbIX H AHarO-
HaJrbHbrx ryp6nuax H cocroHT H3 pbrqaroB 12, Hacax{eHHblx
Ha BepxHnf i .  xoseq. uan$ HanpaBJrf l roulHx JronaroK, ruapHu-
poB- I "rs,r 13 u 14, a raKx(e cepBoMoropoa /5.

vn"rrorHeHue HanpaBJrffrouero anrrapara, o6ecnequBaro-
UICC MHHHMYM NPOTCIICK NPH IOJIHOM 3AKPbITHH, AOCtHrdCrCg
yMeHbueHHeM TopUeBbIx 3a3opoB' nJIoTHbIM, npHJIeraHHeM
JronaroK, npr.rMeHeHHeM pe3HHOBbrX r4nrLt. o6pa6oraHgrtx
MeraJrJrHrrecKHX ynJrorHsrorrlHx npoKraAoK (Hg Hepx{aBero-
uefi crana).

TOKC.
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i r o f t  c M a : l i o i r :  l t  -  n a j r  c  o r r c l l r r r o f i  ( t i l c ' r r r r o  y  n o A u n t ) u t t r x i t i  l 2  -  y l l / l o r l t e l l l l c  r l p o r H B  n p o r e q K B

D OAE!

T y p ( r r ' t  u r , t  f 3 C  f  p s r r  ; t  K i , n t r _  ( C I I I A ,  $ u p u a  < A . n . n u c
L lan l , tep i>)  r . rueror  y l r r . rKarbnbre  I iapar , re r [ r t , t .  I - la  pnc .  3 .16  noxasaH BHA
aFpef aTa 3rof i  craHurrr{  c pa,Jr, r rarbHo-ocleBo}i  ryp6HHofi  MolqHocTb}o
200 Attgr npH rranope 87 i\,r (croo'ruercri lytoirtHe Aerailn o6osHaqeHst
TeMH )Ke r ro3r . rqurMt r ,  r rTo  Ha p i l c .  3 .15) .  f inanaso l l  I ' l 3MeHeHHf l  HanopoB'
67_108 v,  / l r . raMerp pa6oqero KoJIeca 9,5 M, qacrora Bpal I IeHHr
85,7 o6l . r 'quH. feuepatop c onopsl : i  se4nf i r l { l . lKa 22 Ha MoIqHof i  KpecTo-
BHHe 23 Hrrreer AHaMel 'p porop a'21 oxono lB rnr.  Ba"n arperara I  tpy6"
qaTbrfi, BIle[rFtHM At4arvterporvr 3,5 u, cocroilT ]43 Tpex qaCTe!"I AJrHHoli no
4,5 u,  coe,[HFrer{Frbrx Br-ryrpo}n{r . rMH QlnarutaMt. t  7.  KonbueBble nof lca cTa-
TOpa d H b c. t . I ; rbrrro pa3Bu'n)t  Lr  r iNlercT noayl( l )yr f lbre uanpaBJIf l Io lqHe,
qTO nOSBOJI f l eT  ynpOCTl l ' l ' b  I I : , l r ( )To I ] , r y ( t l l l l e  l l  Co l i l l i ' l ' l ' l ' l ' l ' l :  I l l l ' l pp l l l y  Typ6H l l -

I I O i i  K O M O D I : I .

i 0t -.l1it)

(  ,  ) . \ t  ,  ( ' l I  l  7 t i ; l t ( )  i I r ; i l ' l ) \ / l | t i l t ;  co i t i l z tou{ ! te  OceBoe vc l t -.  ; ,  .
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1Q,^ l :  Ha  pHc .  3 .15  l i ro  ,u *p ,  o l (o f lo2 0 0  N r  b o : 0 , 1 7  u  H a  p i , c .  g . t ' 6  a n n  
" ' u n l p u  

o * o , i l - " g 0 . ;  6 o : 0 , 2 g .( icr r i l r ; r r i l i ' rc f l  Rbr \o/ ( r ro i i  4 l ra i r . rerp pa6ouero r {oJrcca:  r ra pHc.  B.17 D,  -=
:  D , l D r : 3 0 5 0 / 4 5 0 0 : 0 , 6 8 ;  r r a  p ' c .  s . r s  D z a z  r , 0 ;  H a  p r { c .  3 . r 6
D z  :  1 , 0 6 .

3 .5 .  KOBI IJOBbIE  TYP6HHbI

KoHcrp y KrH Bl l  ue cpop ivtbl KoBtuoBbrx ryp t i  rrr B 3Har.nrrensnofi  .r*n., i ,o3aBHcflT or o6ruero Lirrc,qa conJr, r.  e. qr{cf la Aeircreyn,uui cipyi:r.  Vne_, ' lHqeHHe qr . rcJra crpS, i i  npHBoAHT I (  coorBercrBeHHoMy yBe/rHqerrHror lou lHocru ryp6l i l rbr  nprr  coxpaFreHr. r I . {  AuaMerpa pa60qerd n6na.u.  Hal r -

qHcJro.  Typ6una MolKer HMerb oAHo^HrrH 4na pa6oqHX KoJreca. B ropH-
soHra/rbHbrx arperarax ryp6HHbr c oAHuu (A) H c AByMfl  (6)  pa6ouf i r , rH
KoJrecaMH HcnoJrbsyrorcf l  qacro (g.(ecl  f  f  -  rHAponeHeparop).  B nep-
Tr . rKaJrbFrbrx  a fpe farax ,  KaK npaBHJro ,  HCI IOAb3yerc f l  Typ6wua c  oAHHM
pa6ouHvr  xonecou (B) ,  Ho npHHur4nHa, r rbHo Bo3MoxHa ycraHoBKa H AByx
pa6ouux Korrec (^f) .

CosAaHHe KoBruoBbrx  ryp6nH cBf l3aHo c  ueJrbrM pnAoM rpyAHocrer i .
OaHof i  H3 HHX f lBJ l f le rc r  KoHcrpyKuHn pa6ouero  KoJreca H,  B  qacrHocrH,
cHcreMa KpenJIeHHr nonacref t .  f lpoule H3roroBHTb Kalr( Iyro Jronacrb
oTAeJ ' rb r ro ,  a  3areM y t {penHTb Lrx  Ha AHCKe -  CTynHUe.  o lHaKO.r tonacrH
y Kot lLLtoBblx ' ryp6Hlt  pa6ol tuo'r  B oqerrb r f lx{eJrbrx VCJroBr. l r rx.  B or.nHque

fopusoxmanbHh/e

o r  p e a K T r r B n b r x  r y p 6 u H ,  y  K o -
r o p b r x  u z f P y 3 r ( a ,  B o c n p H H H -
Maer {ar  J ronacrsMH pa6ouero
KOJreCa OT nOTOKa,  B  npOUeCCe
Bpau{eHt r f l  r rpaKTHqecKH He
I v leH  f l eTCf  ,  B  I {OBI I IOBbIX  Typ-

6lurax Jrof lacrb H arpylKaercf l
MaKCHMaJlbHbrM ycHJr t ieM oT
/ {aB / reHI { f l  BOAbt  TOJ IbKO,  KOfAa

or ra  npoxo/ lHT qepe3 cTpyro ,  a
3a ' feM r {a fpy3Ka cHHMaeTcr r .
ycJroBHrx  pe3Ko nepet reuHof i
HbIC f fBJICHHfl  B MCTAJIJIC H
JIeHHro xpen.neuui i .

Puc. 3.  19.  Pa6ora ,ueQnexropoe

Taxun o6paeol , l ,  JronacrH pa6orarcr B
Irafpy3KH, KoTopafl Bbr3brBaeT ycTaJrocT-

cnoco6crByer pac[uarbrBaFrHro; paccna6-

Puc'  3 '  I8 '  Ko'crr)yra rBrr , rc r l loyl l r r , r  r (oB'roBr,r . \  rvD6nrt  . '  ' : , ' '  '  
" '  

i  : ' ; '

6o" , ree  pacnpocrpaFreHHbre  xo l lCTDy l
n o K a 3 a H b r  r r a  p l r c . 3 . 1 8 .  f ] o  n o . r r o x ,
{ B e  f p \ ; n r r b r :  f  o p r . t 3 o H 1 . f l ; { b
Bo: l tox<eFt noABo.; l  pa3J I l r l rofo r lnc.r l
3onra"rrbr- tbtx r \ /pCi l t tat  ncrIo, / tb3yto
c . I B \ ' I { n  c r p \ ' f l } , l l  ( 6 ) ,  x o l c r p a l r  r . 1 l e 6 ,
I I I i 5 r  R r r , l o B 0 . I Z l .  B  n e p . i l u i a . t t ) i i t , l x  . r \ ,

(cn  t r1 ' ' : i . : rsnr , r i i )  uo . , l r rn i . ) : t ,  , iCr  r io  ( . l c t , i r
I i  c i ' p v i i ,  r r a n ] ) r r \ r 0 l )  . . l B ( .  ( n ) ,  ' r c , r ' r , r 1 , c , r

6)6 )o )

I r lueercs MHoro pa3rHr{rrbrx xoncrpyxquft  pa3beMHux'*xpen neuuf i
JIOnaCTeft c noMourbro 6o.nloe, [InHJIeK, 3a]KHMHbtX KOJIeU H ApyrHX
npr4cnoco6neunf i .  /

B nocJIeAHHe AecflTu/rerHfl craJru npHMelrflrb Hepa3beMHbre ueJrbHo-
JIHTble H cBapl{o-JlHTble pa6ouue KoJreca, qeMy cnoco6crBoBaJr nporpecc
B TexHHKe oI'JIHBKH H cBapKI4 JrerHpoBaHnbrx cranefi. I{e.nluo.nuToe
n a 6 n u e p  r a r ]  r I A ^ n  t r n r e r r r n p n r ?  . n r r n K r r r r . ,  E r r o r . A r ^ A '  o  A nr l v s r v v v  r \ v p 4 v u v . r  I  y  y v n r - l . o r  A r r o ' r v l g r P \ J r Y r  L r v J  I Y I  l r u b , a J a n u  n a

pnc. 2.8. HuorAa or/rr{Baror BMecre rpynny 
^ 

flonacrefr, H TorAa o6o4
Korreca co6uparoT Hs 3-6 .racrefi.

Bo,u,u K KoBrrroBbru ryp6uHau noABoAHTcr no A/IHr{HbrM HanopHbrM
BOAOBOAaM, AJIfl KOTOpbIX CyUIeCTBeHHOe 3HarIeHHe MOfyT HMerb AOnOn-
HHTeJIbHbIe Hal 'pysKH, Bbl3brBaeMbre rHApaBflHrrecKHM yAapoM, Bo3HHKa-
rour lM npH 6ucrpou saKpbrrHH conJra r  yMeHbrueHr{H pacxoAa.

B KoBtuoBbrx ryp6ullax MolKHo BpeMeiuo cHl.rsHTb MorrlHocrb r{ 6eg
3aKpbrrHn conJra,  r .  e.  6ea yr ' leubr.ueHHfl  pacxoAa. Als 3roro HyxHo
orBecrH crpyro or ,nonacreft. Taxoe sosAer?crnHe Ha crpyro ocyqecr-
BJIf lercf l  A e^qI e.K r  o p o M, Bbt[oJIHeHHbrM JrH6o n Qoprr le orK/toHH-
le , r r r  (p r ic ,  3 ,  19 ,  a ) ,  nn6o orceKareJr r r  c rpyH (puc .  g .  fg ,  o ) ,  ro ropu l i
yc ' fa l laBJ l l lBaerc t t  F Ien0cpeAcrBeHHo 3a conJ Io t4 .  OrxnonHTeJIb  Megf le r
r lan_paBJreHne ncef t  c -TpyH B 3aBHCHMOCTH OT pa3Mepa e fo  xoAa.

Vcrporlcrno aericrnyer cJreAylorrHM o'6pasoiur. Korla rpe6yercn
oqor r r ,  6 r , rc rpc l  yMer rbr r rH ' fb  Mou lHocrb ,  pa3BHBaeldyro  ryp6nHof i ,  no4aerca

6 eprnu n u no xL,re



16
r i l  up6 tu- t  p t t : t .11u1 11"1 . t  n t t io l I t',t ,? t T  l 5 l

t
l (  ont t toate trt  ! l  p6t t  I  t  t , t 47

r \ r r \ ' , ' rbc  r  . ' te ( l ) . reHTo l )  6 r , rc - r 'P '  ( r .  2  -_ ;_  a )  ( , rv reu{acrc f l ,  r r ro ,nprBo i l r r r
I i  rpe6 l '91{o} t \ '  ) : r reHbr r r€ l . t r r }o  r rou l r {ocr t r .  pa ixo l  npr r  g fgy  cOxpaHnercr r .(J - i l l oBpe l le t t l lo  I IO- tz t ( 'T ' ( ' r r  r run \ ' . : rbc  Ha Jan l  o i i ra  l r in i l ,  r ro :aHu ABrxercn\ leJ. ' le l ' l  Ho I  I  Cool 'Be' l 'CTI let t  uo. , ' te4rreHHo I l3I ieH neTCfl  n pOnyCKHOft p aCXO4,rJ ro  r rc r i " { roqaer  Bo3urn( r roBer rne  6ont ruc ; ro  

f l {AparyHqecKoro  } ,Aapa{ r } l )e  \ r t I  t ro , l r ro r 'o  xo i ia  r r r ' . r rb r  r ra  3aKpbr rHe 20 , -40? i .  i i ; : ; ; ; ; ; -  3ar (pbr r } , r 'r r l ' ' ' l l ' l  
" r ( ' r f  

r ' '1el i  l ' ( ) l )  I i l , t l ] ( ) . l t t l 'c t  t3 ( 'Tp'vr{  t  cHcrervra- I rpr . rBo/_\rr . ( , ,  I l  , ( ) . , . r ( )7f i ( , -i l r r ( ,  i l r ) l l \ t i t . l t r i l r ) i i  l l ; r i r o . r . r , l  ( ; L r i r t o n  i l i l T e r T b t J o  c M .  t 6 i j  l ) .  
' -  - . .

I ) r r c .  i l  l ( )  .  l i o r r r r r o r r l r r l l . r  1 1 6 r n r ; i  I . . _ X .  r l l r ; r r c t o

r l  cccP I locrpoerto Bcero I{ecKo.ni,xo f3c c KoBUroBbrrvur ryp6r{Halvrr,I ro3 l 'oNlv I l  I ipoI l3BoAcrr lo  31 ' l lx  ryp6HH orpat , tuaHo-. - - i in  Tatepcxoi if3c'/ iM3 6i 'rnu co3Aaribr BeprHKaJrbHbre uecrrcon/roBbre r(oBuroBbrer i 'p6HHbt Mourrrocrbro no_b4,6 MBr,  .  a i iun-uuo"o;1a HarropoB b76_b3g Mrr qacrorori  BparreHr.rf l  b00 o6lvun. prO""*
,pey D, J i,ad ,["?ff: i?,,il]1i.3i'ffi.:';a 200 rvru.

)Frraf lbr {af l  KoBuroBaf f  ry ,p6urra fOC
,[ ' l tsr [uanop T2l M, "0, :  J,b rur,

ABa pa6ovl lx xo.[eca, 
-(tctpl,ra 

I ;
(  r r a3b lBac i l { a r r  np r rMoroqn i l l  l u . j u l  tc  BCTpoen r rb tM  ( xanc : r , . l l r r n t i r . r )  r , t exa' [ i t t t a r r  

t i o r c l ' J r t , r i r t l t ]  1o3Bo . [ , r c . r .  o

]: f':ll, l,, - n p r q e u oco6oe B r r *\r a F'n " o Jffi ri; ,|; TrtJ :ffiilX| I,'fl:;::l ) r r l r l  ' I [o ' [ ) ' r {e l l  r l l )e  I I t l r c rBoBarb  3axBary  no l t r , , r  , r  tuCpn ly t * ;  Bepxr { ro ro
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qacrb, rrro co3,laer AonoJrHHTeJrbHbre norepH. flporHn Kax(Aofo conJlaAo"''IlKeH Haxorr{Tbctl Mou{Hblli crarbHoti trlnr +, t<Liopita'ul.np'H'MaerHa-ce6n ) ' ,1ap crpvri  npr.r Aer?crBH; a.on?*topu. Llro6rr npH Heo6xoAH-IvlocrH ycl{oplt t :  
?. lrHoBKy ryp6HHbr, npeAycMorpeHo He6onnuroe rop_rvro3Hoe con/ro 5, B Koropoe Mo)Ker noaaearicr B&;;"a'" iyOonpoBoA;.Hu psc' 3'21 noxasart coBpeMeHHbrfi  BeprnKa/rbnbrft  a'rperar, ycra-Ho Brr e H H u ir H a f oc ce* p H Mo ( E on ra p,g11_c'x1r,uo, J,i'ivda u*oir^', irr.o -roBrreHHoir :anorona LIKr EniHcxo tqccpl. oro uecrr.rconJroBan ryp-6una MorqHocrr ro I3b,B I {Br ,  pa6orarorqa; ;  Ar ; ; ; ; ; ; " ; ; ; .poe S0l_539 tr{,  rr i \ ' reroi lrarr rte,nbrro,[rroe pa.6ovee Ko.[eco, .Dr = 2,6g v, tr  ::  333,3 o6l r , tu t r ,  c .  nprn, 'n . . ,u , ,o ,n i  (k ; " ;y" ; l r r , r r ra)  nprBol (oM per .yr rHr ly-Iou{llx llrrl ' 3.'lecn / - :rcclureriropbr -_ oicer<ar.i, 

'Jip-v-,i ' i i 
z - u\rrr,r,Bocnpr . rHr . r i \ , rarcu{r {e } ;1ap crpyH.  Vnpanneulre. r recpn[xr . , f rwu oc] ,ue-

:: i . i i : : :r_:: lBCMoropoM c noMouryo Ba.rroB, pbrqaroB u rrrr i . ,c,r. i r l , . ,oopar l l rb  BHHMaHHe Ha AoBoJIbHo 6onur t r t te  aa6opr to i  u  nnnna poARonf l -
uero pacnpeAe,rrr{TeJrbHOrO BOAOBOIa, MSKCHMaJrbr.rarr a*upoaru B rJeMAo r(ancy,T cocraB/rfler orioflo g r,a/c.
3.6. TYPEHH bI MAJI bIX THAPOSJIEKTPOCTAHU,I f t

M a n bl M H f3c HaeutBarorcfl craHu[.rH Moul,Hocrbro or HecKo,nb*lrxAectrKoB x Br Ao b000- I 0 000. xBr lycilHonxi-;;;;;;,? ;;il;;;;;Ha3brBalorcn MHKpof3C),  HX crpoHT
rH ,x  cTpauax  yAe" [ f l  e rc f l  3Har {HreJ rb r

Hblx,  H HX AOCTOHHCTBOM f lB, ' I f leTcf l
[, xorfl Kn,[[, HecKoJIbKo HHX(e, r{eM

) '  peaKrHBrr r ' rx  ryp6ur r ,  o r r {acr r i  H3-3a norepH ; ; ; ;p ; - ; ; ' a "u* ,  Bbrcorbry c T a t r o B K H .  '

n \*/

Puc.  3 .22.  PeaxrnBubre
. /  -  pa6ouee xoaeco;  2  -
Aava i  5  -  reueparop

ryp6uHur Marrbrx f3C:
oar  ryp6uHur ;  3  -  o rcacbrBarou la r  rpv6a;  4  -  u lecrepeHqaras  nepe-

:
€ \

--)

7m

Puc.  3 ,23.  AxrnaHbre
/  -  p a 6 o u e e  K o r e c o i  2
conro  c  peryaupyrou le f i

ryp6uHt r  MaJrbrx f3C:
-  Ban; i  -  pery.nupyrouluf t  saroop:  4 -
ur . ro i l ;  5 -  rpy6onpono4

v r t T l  I

--== y
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COr l r ' I a  I tO , r l  y f . f l o l {  I (  ( )C I t  R l )aU. [e l t l . l t l  I (OJ IeCa .

3,7.  BAJI bI  H NOAII  HNHUKU

fri,t*i.*,n' q.,H-H,'K :H 
" 

y p*6'r.r H; Bxo[flr B cocraB cucreMbt onop Bpa'
uarcupt xcn qaciefi aiper ar a.- BepnrxaJrbHbre ryp6uHu HMeroT HanpaBJIfi -
rotrluir noAtrrHnFrr,rK, Bocnp]rHlruarcu{uit pa1vailbubte Harpy3KH, Koropble

aLoTqrr BQ - pp.e$4q peMoHra noAuHnH nia. i'Oto : ynngiii_enr.r,qiloddddihih
ffiff #$ffiffi r o n-ite ty p 6 u H n, c 6 on rrr H M s errr y 6ddHfi eri,t'-r{oti: vp oCCtir;,1'1 o n- il e I r y p 6 u H i1 ", c 6 o n r u u vr"u d rri 5i6 fidHfi i5'fd"foii:,)ip 6 dC'if t:

;notrtxHnHHr(oB' c,: BoArrHof,r cuaerofi flBJrflrorcrr Hx
S|ry.-:*iii'l*{iT#Ii:j-;r:,io};;'i-tiir?,;Jv;'- ^-.-;*;eii?t;.'f=^- r-^:-; :;,;-.;*lo$ui-r5'd=fi ifiii[etmp.iiorl.',nonagdkr4f;

rtvpo"iiE ;-;p.df"' p ubcno rpertf,n'f a6orur; HX'F.4'Offii.h,6 
itb.n.an.e o6ecneurru.".i ron'i6

agd,trHofi Boair c AaBfleHprerrl He uHxe,0rI5:*

P,:F6,$_fl ?r0p.{s,f*ry,f9$,i1a;e.ffi;R.(.or
fi [' b''B oa6; ri o iiy na io'iffefi ";ji' n ojlilIu ffH HK;
.' ts " n'da rrr eih rr u x e B oA a iH.qf dfiifi'tr'b'ft Edgf-

(xos&6HuHeHT TDeHr.rfi MelKtrv sarolk

l l lH$fitr-flH.iiirerur cra.nb u pe3HIIa, BI.tAIIbt Ha ptzc. 3- l , 3.7. u 3.15.
/f)  

'OcnosnbrMH 
Aer aIrf lMH rroAIi lHnHHKa .ci soanHoft. , lMa qff (pnc. 3,25)

\*/flBJrflrorcfl Kopnyc noAruurrHuxa I, xoroprrfi ueHtpupyet'qn pacnopHrttr'tl l

MOf \ /T  Bb I3b IBATbC ' I  HCCHIV IMCTPI4CI Ipracir iloroKa B npeAeJlax pa6opeAeJrax paooqefo KoJreca,
a' ta r<;i<e FeHAeaJrbttoit 6anaHcHpoBKofi*npauarculu-xcfl qacrefi .

" - ' r ' ' i ' 1 '  
* r * "  r ' r  I

H_ry-116J: j1g#^npr.rMer-rnrorgr'fr fur*yAa-IdlruunHl4KoB:r'-c',. flpq-.fl..Hofi ;lt$$$f  yr r rvrLI t t t tvL. f l t i , . f f r f f i [ fAn] l r rYAurrr , r " . j1^*Y"" ,Y: : : l? . :Ni i | , i : : i r ' . r f ' ; "Y: i -YJ

I loArlurn*tor(H"' i  eoAntroH cMa3Kofi,  s '  i tofdl ir ' rx pa6oqefi

6onrauH 2 w xperrHTcfl B KpbtIIlKe ryp6uu:sr 3, u sxraAttixu 4, npeAcra'
BJrflroulHe coborl c6pesnHeHHbre c noMoulbro ByJrKaHH3auHH, H3ornyrble
no oKpyx{HocrJ4 craJrbHbre nJracruurr (cerueurrr). To.nniusa cJIofl pee?IHbI
oKoJro 20 n,tu, npHqeM Ha ee noBepxHocrH, npulerarculefi K BAJIy, Ae'
Jrarorcfl npoAoJrbHbre KaHaBKH c r{eJrbro o6ecneqeHuq Jlyquero nocry-
[/ICHH'I BO,iIbI B 3A3OP MCX(,U,V TPVIIIHMHCfl qACTflMH.

.l{n1ILI K a t B a Jl : g a ulrrrfaCIt,,Ot+ rOp p 6gr4ltiHglltrj{ K aj.p a ril s aulrlq a o,t iiof',ii:'I(,o p
-"flOAa'ra BoAbr K nofitrnnutir]

n' nepxHroro BaHHy 6, yKpenJreHHylo
Ha Kop nyce rroAtur,r nHHI(a. OrsercrsenHoft rlacrbro fl BJIfl rorcfl ynxrorHeHuff
saHHrr:  Ha prrc.  3.25 noKa3aHo paepa6oraHHoe XTf3 u nof iytruBrIee
pacnpocrpaHeHHe roprreBoe pesuHoBoe yn;rorHeHre (yaen /) , ,cocronuee
r4g KoJrbua 7, Hacax{errHoro Ha BaJr, Hux(Hflf l qacrb Koroporo cAetlaHa
rr3 rreplKaBeroutel'r craJrH, pr ru6roro pe3HHoBoro Korlqa ,8, yKpenJIeH-
r{oro ra r(pbnl.rr{e BarrHbr. 3a cqer AaB/reHHff BoAbr pe3uHoBoe KoJrbrlo
rrpH)KHMael'cfl K craJrbnoMy KoJrbrly H yrrJrorHrer 3asop. Kponre roro,
ilpeAycMarpHBarorcrr eule H peMoHrHbre ynJr"gIH9.H4"n,,9r*,,.K9,T-gp*Fj.-g-,,'.9*gII-g

Prrc .  3 .24,  KoHcrpyx l+r r r  Ba, roB

L t l ' l J I I IHAp l lqecKa f l  H ICTI ' '  Ba i l a  OC) 'U le

] r
J "

Ae no
ol 'Jt l lBKI ' l  ,  3 i l l l ' rLJIe 11.[ t {  I ioBattnte Q,nat ' l t tu np}{BaptrnarOtcl l  I ( ,  t l l tJ t14Fr i t , [ )u-
qecxof , t  qacr t t ;  . r r l r6o  I (e . r tbnocBapHbtMH (pr rc  , 'q .2+ ,  a ) :  'oc r roBnaf l  r {acr t r
Bana cBapt rBaerc f l  H3 AByx noJryL I ,HJ t t tHApoo, (<r<c lpsr r>) ,  us roroBJrer " r I rb tx

a r p I C T I I T b  N O MyJre

rAe /V - Hor.{rrr{aJrb}rafl (pacueruafl) .M_gulrrocrr,
/c\rrocrb. fl'a'rouy ltpH:Irp9r:parqqi{rr.f :.noAayf q9;; 

"di"g.e{ryp,1f.*rralEllt},,fffiry*m*;*,i'rlffiffiiffi'$i*snffi #-tit#ffirkiffi ;;'@
1**Blr/{err rra pr.rc. 3.17 (7-:10). OCuonHur',rn AerarrnMH noAuJHnHHKa

ffi ,{BlF'W (xosQ$auueHr rpeHr{rr MexAy saaoi't
E-xna'4sr iuauu B 3aBHcaMocru or yAeabHoro AaBJreHHfl  u oxpyxuofr

cKopocrr.I cocraBJlrer 0,05-0,005), pflo;itt1',;cJly}t(H]t'iflfi'f::roxflax{AeHlrff,;
qro oco6errno BalKHo, nocKorrbKy p.-:Il-?__H:Meer Marryr,o rtnfol_!_ol_%;,,q;o(3 5)

xBr; n. -
qacrora  Rpauer { r rn ,  c l6 l l . r r r r r .  I ' l ueerc }1 , '

ffi Iffi"r'i.*,''tf o'o*t t]oo'
t'
i.r,trl$

JaQti

rpy
poropy
IOIIIHXCfl

CWJTHflMH

B rtercoroDbtx;r cJIvqaRX aroerar

i l%tt@1cn'r' 
prrc' 3'12

Bansr, ryp6r.rH BcerAa AeJrator
no/rbrMH.,l4grora g"rlta g,aiorcfr B fl Jr br

H3 ToJrcrbrx ,rnicroB_npor(ara nyreM l.rsr-u6a, a sareM ,n ryp,f i .  npuB?rpn-
Barcrcf l  S"'ranurr. Flau6qnrureel pacnpocrpaHeHHe noflvrrg:rx'nepRl)te
*s--;"'**'b?##o-*ffi ^ 

ffiffiil nre H n rcrit @Fs

6unnr

(p r rc .  3 .26)  f lB ,nnrorc f l  Kopnyc  /  n  noAAot r  2 ,3ar (perJ reHHbre  Ha Kpbr ruKe
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Typ6HHbI' H saJIHTbrc 6a66vroM 1 r(oJro.{KH 3, Koropbre onopHbrM6 6o"n-
raMH4 npHxHMalorcf l  K HanpaBJrf l lou{eMy rrof lcy iana S. i loarun*"*raMH4 npHxHMaro.rcf l  K HanpaBJrf l lou{eMy rrof lcy i inu s.- i roar, 'HHK
sanoJIFIeH MacJIoM (<ryp6uHHoe>),  qro o6ecneqHBaer Ha.{e}r{Hyro cMaBKy.
Ann noAAepxal t f l ,  reuneparypbr MacJra B AonycrHMbrx npeAeJrax npeA.
ycMaTpHBaeTcfl efo ox,rrax{AeHHe 3a crreT UHpKyJrfltIHH MacJra qepe3
pacnoJro)KeHHyro 

_Ha KpbrrrKe ryp6uHu ro.nocrb, o6rexaenayrc soAofi
\pH 

pa6ore ryp6uHu. Macro u 'pKyrrupyer noA 4ef icrnnerw ueHrpo-
9.yi^l:iij:-.1? lalpaBrreHHlo, noraiaHHor,ry crperrKaM', no rpy6aria 6

('i2'.;^^;;; i rzy,. ^ , : j 1 j . + + : A d { j l - j j : . i _ . ,  r : . ,  - , , . , .

f i . ,  KOI 'Aa,i\ 
1

bI' J

3 .8 .  PA3BHTHE KOHCTPYKqHfr . .  TYPEHH
fugpan.nnvecKHe ABHlarenH, no ncef i  BHAHMocTH ,  6atJrvt  nepBbrMH MexaHHr{ecKHMH

ABHrareJIHmH, Hso6pereHHblMH H HcnoJIb3oBaHHbrMH qeJroBeKoM. 3ro 6u.rrn pa3JruqHoro
BHAa BOARHbIe KOJIeCa: BepxHeHaJIHBHbre,  cpeAHeHanHBHbre,  Huxrre6of iHbre H ApyrHe,
Koropble npHMeHtlJIHcb oqeHb AoJIro '  BnJIorb Ao cepeAlr t tbt  XIX s. ,  a Koe-r le oHH
pa6orarcr u cefiqac. I4uor4a 9Tr.r MarrruHbr-coopyxeHHfl Aocrurann yAHBHTeJrbHo 6o.nr-
lxHX pasMepoB H pasBHBarH OfpoMHylo no roMy BpeMeHH MOu{HOCTb. Hanpur, . rep,  cpeAHe-
HaJTHBHOe KO, ' reCO KpeHro.nrucxof i  r r tauyoaxryprr  Ha p.  FIapne HMeJTO On,rarp g, l5 u,
ruHprrHy 7,6 nt  H pasBHBano MoutHocts 450 .n.  c.  OHo pa6oraro ao lg14' .  r .  [Hauerp
BorflHbrx KoJIec' nocrpoeHHux K. A. <Dpo.noBblM B 1765-_1787 rr. Ha saBo,[ax Vpa.tra
n Al taR, AocrHfan 16-19 M. ocHosHbrM HeAocrarKoM gTHx MalrrHH .sBJrrJracb Hx
rpOMO3AKOcTb H THXOXOAHOCTb - qHCJIO o6Oporon cocraBJrflJro 4_10 B MHH.

f r , r n n e o  t r r r r a n u t r 6  r  - ^ - 9 -r nAPa'Jit1l icrrr i{ '  i / rai i iHHbir Aei icTBytou{He ga cqeT peaKIII{H )KLIAKSSTL1r - rHnpo-
ryp6HHu co3AaHbr cpaBHHrenbHo HeAaBrro. B S0-x roAax XVtI s. JI. Ofi.nep, HccneAyf,
noffBHBIIJHect B To BpeMn KoJIeca Ceruepa, paspa6oran reopernqecKr{e ocHoBbr AeficrsfixpeaKTHBHblx rHApaBJIHqecKllx MailiiiH' Koropble HMeIor 6o.ntuoe ggaqeHge u B Hacrof,-
rqee BpeMfl. OAHaxo fiepBbre npuroAHbre Ans npaKTgqecKoro HcnoJrbsoBaHua ryp6uHrr
6rt.ru co3AaHbr no opanqnH <DypHefipoHon s rg21-_rg34 rr., a n poccHt. - H. E. ca-
QoHonutu s 1837 r' 9ro 6ut.nH ueHrpo6exHue ryp6uHbr c HenoAsr.rxirblM' Hanp a'Itfr-
IorrlHMH JronarKaMn, B Koropbrx BoAa ABnraJracb or UeHTpa r nepusepuu.

.{,anee nporpecc BoAtHbIx typ6nH HAerAoBontHo 6lrcrpo. B Ig47-1g49 rr. anr,^ir-
cxHti HHxeHep @peHcuc, pa6oranurufi n CIIIA, KoHcrpyKrHBHo ycoBepueHcrBoBaJr
peaKrHBHyto typ6uuy' noMecruB HanpaBJlt l loquft annapar raK, qro oH oxBarbrBaJl pa.6o'Iee KoJIeco H noroK ABHfaJlcfl or nepnoepHH K rIeHTpy (ue"rpocTpeMr.rreJrbHan ryp6r.rna).Taxas cxeMa oKasaJracb oqeHb yao6nofi H uJHpoKo npn*u""urcfl .[,o Hacroffrqero BpeMeHrI.Hanpao'nnnu1ufi  annapar c noBoporHbrMlr HanpaBnqrou{HMH JronarKaMg 6rrn npeg.noxen

I Ea66nr - cnd'raB' B rcorop-rrf t  u.Iq4nr o-JroBo, cBHHeu, cypbMa, Me,qb; xosQen-uHet{ r  r l )c } i l { f l  napr , t  c . r .a , rys-6a66rr r  0 ,01*0,00S r ipn conepurcr l ro l i  cMa3Ke.
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MEXAHt43/ f ,1br  pDry , [ i ipoBAt- t [ , t f i  n40uFIOCTH TypEHH
4 .  l .  [ 1 E X A t { t ' t 3 M b l  t l P i . l i } 0 1 i , \  H / i l l l > A l ] J t t l l O i l { t 4 X  J I 0 n A T O K '

, \ \  e t  x  A l t  I I  : l  \ i  r r  T)  u  R o l1  i1  . : r .q , r1 ;1 ig11 o6ecnel i . t lTb oAI , l la t (oB)r l io
\  ( ' t ' i l l i r l J i l r l '  1 ] C ( ' \  l l ; i l t 1 i ; t l l , - l i l l ( , l i l l l \  , r l O l l i l  f 1 ) l i  ( O . ' l l t l l i l l i o B b l e  3 l . l a q e H I . { t l  A 0 )

l l f r 1 l  , ' l 1 0 6 t , t \  ( ) t ' t ( l ) 1 , 1  q ' r r  1 1  r l  r r , , . -  { }  , , l ' ( )  i l r ,  =  t l n r o | , e . l  ( c n r .  [ ) ] l c .  2 , 3 ] ;

I - l a r r6o "nec  n l t r poxo  i l p r rN40 r r r r r oL r \ z r f l ( ' r  u l l nnunn r ra , { r , nz l r r  cxe i \ 4a  MexaHI t3Ma
np t . tBo , t a  i l anL taB , ' r f l I o t r \ i l . \  . qona ' l ' o l i  i l o l i a3a l t a  l l a  I l l c .  4 .1 ,  Ha  BepxHHf i
KO l l e r t  I I anpz rB , [ t ' l ] oLq l l x . nona l ' o ] ( ,  Bb l cT ) /na ro lu l . t x  I I aA  I ( pb l I I lKo l?  Typ6HHb l ,
I raca) t ie  Hhr  pbtqaf  H l ,  Ko l 'opbre Ioc1-rs4s1Ror{  ce l )er -  H Tf l t  2  coeALIHeHbt
c  pe | y . r r . r p ) / r o [ t i l r \ 4  Kc . r r ) r [ o \4  , 1  ( r - r a  p i l c .  3 .3  nos .7 -9 ) .  3 ru  Tp l r  sJ IeMeHTa
r r  np€ ) / l cTaBJ r f l l oT  oc i l oB l roc  3Be i l o  r v rexa i l r . r s \ , r a  i l p l rBoAa .  F Ia  pHc .  4 .1 ,  a
Me \a l r r r 3M no r ra3a l l  B  r ro / ' r o ) r (e i l i l i l  no . i l l o r ' 0  3a r (pb r l ' i l f l .  Ecnn  pe ryJ IHpy -
l ouee  r (o .nb r [o  noBopa r {HBaerc f l  npo ' f  l {B  qacoBo i i  c rpe . r lKH ,  To  Bce  pb lqa rH
6y , r t y r  noBOl )aq r rna rb ( : f l  I r a  o / ( r i u  r r  l o r  x (e  y ro , [ ,  I  c  n r {N , rH  H  HanpaBn f l -

I )uc .  4 .1 .  Cxeua  r \ , r cxa lu3 i \1a  r rp r { r . }o / ta  l z r  upaBJr r r ro t r lHX
JIONATOK

rcu{r {e i louarKH -  r {  Typ6uua 6y4er  orKpbrBarbcf l .  Ha prrc .4. l ,6  nolo.
) l {eHHe SJTeMeHTOB MeXaHHsMa AaHO npr.{  nOJrr{OM OTKpbTTHH. TaXHHI O6pa.
sOM, AJIf l  H3Mel- leI{HR MOI{HOCTr.r  ryp6pl i rbr  HyX{r{O t loBopaqr.rBaTb pefyJIH-
pylouee KoJrbr{o.

LIro6r ' r  npeAorBparLITb noBpelr(Aer 'nre I IanpaBJirrou-(HX.rronaroK H[Ir l
MexaHH3Ma npHBOAa B CJryr lae,  KOr-Aa rrpr.r  3aKpbrrHH JronaToK Mex(Ay
HHMH 3acTpf lHer XaKorl-rr . r6o rBepAbrr l  npeAMer,  nonaBuHfi  c BoAof i ,
r IpeAycMaTpHBalorcf l  3apaHee oc,r la6/ leHHbre 3BeHbf l ,  cpe3Frbre naJrbr lb l ,
pa3pbrBHbre  6o , r r l r  H  Ap.

C e  p  B o M o r o p  b r  r {  a  n  p a  B . r r  r {  r o u e r o  a n n  a p a r a
r lpeAI{a3Haqet lb l  A. I I f  I Iepe\, lct t (e l l l l f l  l )cfy,nl Ip) / ro i l (efo r io. [br(a H r . r3MeHeHHfl
O T l i p l ' , l T I I f l  [ { a l l p a t } " I I f l } o l J l l l X  , q o l l a l ' o l i  A " r l t l  P e l ' V , n l f l ) o B a l - l l l f i  M O I I - I H O C T I {
Typ6nt l t r t .  l l t t c t<o .nbKy I tpu  oror ,1  B  r \4exaHr i3 \4c  n l ) r rRn/ ta  B03H14Karor  o rpoM-
I lb le Harpy3XH, BblSl ' lBaeMLIe cl l " f l ( ) l l l r l , \ {  I ISAl{vtoAerlc ' fBHeM RCITgKf l  HA
HanpaBJrrrrourr . te Jroi larKr{  r . r  cr . r , [aNri l  Tperrrr f l ,  ' fo cepBoMoropbt AoJI]KHbl
6u t ru  c l loco6t tb l  pa3BHBarb  Tpe6-v*c \ ,1 r , re  nepccr i l r roBO' { r - rb re  ycHJrHg_ i ,H g  ro
)Ke BpeMf l  ocyu lcc ' rR. r l f l l 'b  n ,4 i lB l lo( . t  r r  TOrt i lQe i l? ,Met leHI Ie  oTKpbITHf l  Ha-
npaB . , l t l l o t l t e fO  an r ' l apaTa  r yp6 l l l l L : t . ' i ' eu< t tN r t t  cDO i i cTBaMr . r  O6 .na la r cT  I " l { -
Ap a n",r r{qec K r.re cep Bo MOTop bt (ce p Bo/\r} r .r  f  areJt rr),  Ae f i  cTRy[oqHe c noMoulb]o
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i \ , lac" ]a ,  no, ]aBael ro fo  noI  BbtcoKr i t \ , I  AaB. [er rHeM, H HCno,r tb3yeMbte Bo Bcex. " . : : )1?.1 p!ry ' . r  HpoRanHr Kp),nHbrx ryp 6nn,
uxeua ce p Bo r101'op oB Ha n p aBJrf  roulefo a n napara ryp6r. lH t  Hauer luaf lu rnpoKoe npr rv leHe]J r ' re ,  noKa3ar ra  Ha.  p r . i c .  4 .2 .  Ha cxeMe ABa cepBor \ {o ropa,

A  6  K a > w n w r i  u a  r / ^ T n  n , , v

craFroBarcr paBHbrM j xonHuecrBy
HanpaBrrrrrcrrIHX JronaroK (20-24),
I{TO yCJrO}KHflCT , C[rCTeMy ylpaBJre_
HHrr rrM r,r. flpe4ycnaarp HBarorcn,;c$e;

}L3.il"ll!. vgrp ofi cria-. c11_rrTn_0trili{
3ar{HH ABHxeH Hfl 

'  
cepBouoi-cipbts.'

xaxrrrrt Hg rioropbrx cocroHT Hs uHJrHHnDaH nopuurr, coeAHHeHHoro tnnofi  c nervnur-pylorquM KoJrb_r{oM (na puc. g.l ' 
saAHu

cepBoMoroptt IS, rflru xoiopux coeAnHeHbr
c peryJrapylor{HM xo.[rqoila 

-/4).

^._::f loMoropbr pa6oraror crreAyrorrtuM
OOPA3OM. K NOJIOCTflM A IIHJIHHAPOB NO.
AxoAr.rr rpyja A (ona_ pa3BerBnaerca), xnoJrocrffM E -rpy6a 6. 

-Ecnu 
r rpy6e ,4no.{BecrH Macfio noA ,6onbIIIHM AaBJIeHHeM,

lJ; ;,, 1 f o u, u? x' " j n, Jf Ji,", : ; ffiJ.u/.3r::'*ffi:: 'u, ;i i' H # ; L"f,'#
, IBi 'uf l  r rH.:r1rr . ' lnrru. .nu,r , ,  o i  CTaBJIf l f  pefyJlHpyloqee KOJIbUO nOBODa-cc [ )130] ro ror r r r , l r  q r - rBarbc f l  no  qacogof i  c rpeJ IKe,  q ro ,o ,so_

n rp5'6v' 6 .orars \T,,c,.ro "l1r',ilflilJil: ,lf??';":' .Ii;?,?,??';.,'.H1BOM'  ro  pe  r1 r ; r1p) ' ro r r (c0  KO; r r>r r0  g ) , le t ' ,  nuooporHBATbcr {  B  o6par r ro iuI I  a  n  p  aB" r re r  
" ,  

o rx  p  r , rB ,  n  . ryp6u i ry  (aono.nu i r r .n  ; , ; ;  ; . ' l ' r . i  1  0 .  l  ) .Aononruo qacro r . rcno,Tb3)rercrr  cxeMa c , {erbrpbMff  cepBoMoropaMH,pacnor ' Iox(eHIIbl i \ '11{ I {a xpolurx"e ryp6uHr, t -1f 'c .  +. '3,  a j .  
-o; ;"  

r ro3B.JTf ler
6 yMeHbuJtTTb Al l :auerp cepBoMoropoB

r{ co} iparurn AJrHr,ry Tf l r  ( raxof i
cepBoMorop BprAeu Ha pr fc .  B ,T) , Puc,  4 .4 .  Cxcrr la  npt l r lo / ' la  r ranpaB-

d I  f l t o t t l H X  J I O n a T ' O t (  c  H t r A t t  B H A y a / t b .
i l b l M H  C e p B O M O T O p a M H

4.2 .  MEXAHH3MbI  noBoPoTA i lonACTE' I
NOBOPOTHO.J IONACTHbIX TYPEHH

Puc .  4 .5 .  f l pnHr tnnuaJ rbHa f l
cxe[ {a  MexarrH3Ma npHBo, [a  IO-
nacreft pa6ouero KoJreca no-
BoporHo-JronacrHofi  rVp6uHul

PA60qETO KOJIECA

n l

MexaHHsr\ast noBopora nonacrefi pa6oueio KL.fleca {o,r-IXHbI o6ecne-qHBaTb H3rueHeHrie yfJra H Tor{Hyro
AHana3orre -  o6uquo 30-40" (u
:  + 20")  -  Ha xoAy, r .  e.  npu Bpal
npHBoAa "rlonacr.efi AoJrlKHbr 6lrrn
yCHJIHfl, Bbl3btBaeMbte AaBJI€HH€M Br
i laMH TpeHHfl  B onopax uanQ H B 3BeHbsx MexaHH3Ma, AoJrxgbr pa3Me-
ularbcf l  B oqeHb ol 'paHHqeHHOM i lpocrpaHcrBe KOpnyea pa60qer0 Ko/teeau o6na[arb qpe3sgtqatlHo srrcoxofi traAexnocrbro, raK KaK peMoHT HxBO3MOIKeH TorrbKo npH noJrHoft  pas60pKe arperara.

f lpuHqunAgi l .b*an cxeMa ycipof ic i ru *eiunu3Ma rrpHBora noKasaHaHa puc, 4.5.  K Qnalrqy non_acru 
- / .npHKpenrreHa 

uansa z,  Hi lerorqaf,  ABeonopbl B Kopnyce 3 u 4.  Ha uanQy 2 sacaxeH pbrqar j ,  xoroouf i  rR.rofi 6 coeAHHeH c noprrrHeM cepBolabropa pa6ouero Korreca i. n;;i l ;,r l;.
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HHe nopuHn 7 qepe3 rflfy 6 nHgrrsaeT noBopoT uanQbr 2, a nuecTe c Heft
H JrOnacTH 1. XO4 nOpuHn BHH3 npHBOAr.rT K yBeJrHrreHHrO yrJra ycTa.
HOBKH JrOnaCrH. l lepeueqeHHe noprrHf l  cepBoMoTopa H yAeplr{aHHe ero
B HyX{HOM nOJTOx(eHHH OCyqeCTBJrf eTCfl MaCAOM nOA,qaBJreHHeM, I(OTOpOe
noAaercf l  qepe3 cr{creMy peryJrHpoBaHHff  ryp6HHbr (Ha cxeue He noKa.
3 a H a ) .

tr fttreercs 6onruoe qHcJIo pa3/rHqHblx KoHcrpyKTHBHbrx pe[reHHfi
paccMoTpeHHori  npHHuHnHaJrbHofr  cxeMbl npHBoAa, npHrreM B ocHoBHoM
oHH OTJIHqariOTCfl  CnOCO60M COeAHHeHHTT noplUHfi  CepBOMOTOpa C pHqa.
r A M H .

Hrffi$_ffi6 gau p_a3pe3 no r(op_nycy_pa6oqero Korreca ryp6uH Hpxyr-
cKo l l  r cC  (D . r :7 ,2  M,  Hanop  25 -32  v r ,  z t : 7 ,  d^ :0 ,5 ) ,  ug ro io -
BJreHHoro JlM3. 3Aect /  -  Hecyqur l  Kopnyc pa6ouero Koneca; 2
Jronacrb; 3 - uanQa c QnaHqerrr; 4 u 5 - noAtuHnHHKH cKo/rbxettf,, i
6  -  p t ruar ;  7  -  nopueHb cepBoMoropa AHaMerpoM 3 ,15  M;  8  *  c ra -
KaHbr,  xecrKo coeAHHeHHbre c nopuHeM 7; 9 -  Tf l ra,  urapnupHo coeAl{-
Hsloulafl craKaH H ltoprxeHb c naJIbr.leM pbrllara Jlonacrn. B 4auuoir xott-
crpyKI{HH UHJIHHAp cepBoMoropa o6pa3yercf l  nepxHei l  qacTbto Kopnyca.
Ilepertaeuleuue nop[IHfl 

'npoHcxoAur 
noA AeircrBueM AaB/reHHfi MacJra,

Koropoe noABoAHTcn no rpy6e 10 B HHlKHroro no.rrocrb noA nopurneM,
a no rpy6e I I - B BepxHroro. Cpe.4nan rpy6a I2 cJrylr(Hr AJrfl ApeHaxa
snx<seft qacru l(opnyca. Tpy6lt l0 n I 1, BcraBJreHHbre Apyr B ,qpyra,
npoxoAnr no qeHTpaJrbHoMy orBepcrHro BaJra H coeAHHflrorcrr c MacJIo-
npHeMHHKOM, paCnOJTOXeHHbIM B BepXHeft .IaCrH arperaTa, O6rruHo na4
nepxHefi Kpe.croBrlnoli (cu. prc. 1.2).

[-,Ha $i,S$i:,4.?inoxasaH pa3p$ no Kopnycy pa6overo Korreca ryp6nun
Capatoncro f i  fDC (Dt :10 ,3  u ,  Hanop 6 ,5-14 ,7  u ,  z t  -  4 ,  d* :  0 ,35)
(coorsetcrBytou{He AeraJIH o6ogHa.IeHbr reMH }Ke no3nqunutl, qro H Ha
puc.[,4.6). KpenJreHHe nonacreft 2 s Kopnyce / ocyqecrBJrflercr c no.
Molqbto qanQtr QnaHqeu 3 ua noAuHnHHKax cKoJlblr{enun 4 H 5. Pn.rarpr
nonactefi 6 rnratvfi.t 9 nocpe4crBoM IUapHHpoB coeAHHeHbr c nopuHeu 7
AHaMerpott 2,6 v. 3ro o6ecnequBaer oAuHar{oBufi nonopor Bcex nonacreft
npH nepeMerl(eHuu nopuHfl. Mac.no noABoAurcfl B roJrocrb noA noprxHeM
no rpy6e I0 H HaA nopuHeM no rpy6e I  l .  f lporun npoBopaqvBatt f l
noplxeH b yAep>xHBaercr rIHJI H HAp uqecxofi u nou xofi Ha creHKe rluJrHHAp a.

I4norAa c qeJIbIo yMeHbuerlr.rf l pa3MepoB Kopnyca pa6ouero KoJreca
cepBoMorop BbtHocf lT H3 Hero H pa3Merrapr nu6o B Mecre coeAuHeHnf

xoA r roprur - r f l  cepBoMoropa oKo/ ro  0 ,3  u .
f lpHno4 nonacrel i  AI IaroHa,[br ' tb]x noBoporHo-Jronacrr{brx typ6vtt t

ocyqecTBJrf lercrr  anaf lorr . rquo cxe. i \ , re rra puc. 4.5,  uo H3-ga roro,  r {To ocH
noBopOTa nonacre[r  Hal(J lo l leFIbr I (  oc]r  cMei l leHHfl  nopuHn cepBo-
t t lotopa (cr ' l .  puc.  3.12),  nprrxoAHrcf l  npHr\ , reHr{Tb uapoBbre conpf lx{eHHfl

59
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Puc. 4.8. Cxel,ra npHBo.la pefynHpyroqell  Hrnbr KoBluoBbrx ryp6HH

B noc,neArr r . re Aecf l  Tr,rreTrr f i  
, ruHporroe npHMeHeHHe,,HaxoAHT TaK r{agbr-BaeMoe npf lNloroqrroe con,rro I ,  npr.rHuHn HaJrt ;H^f , , l i i ; lcxeMa noroporo no-

ffJ;,i;";li#': *l;,,u.,;.?1'^T-:.ll2 ?- I".p"Inuifi ia-j*opo''iJ"";,;;;.";,
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4.3. MEXAHH3AIbt nptrBOAA pEfyJIHpytoulER HrJIbt KoBujoBbtxT Y P E H H  

.  

-  I \ V U I I J

Perl ' ;p lpoBaHHe pacxoAa H MouIHocTH *ourour,*  ryp6nH ocyqe-cTB.rrrreTcfl nepeMeu{eHr{eM HfJtnpoxoAHoro ieqeH'q .onn, F,[ffii']?,ll{rffi1"::";tfiff"JJ""#:t:
cxcMa npHBoAa, noKa3aI{Han Ha pHc. 4.g, a. u{i-a i,v' ipj; i l ; , Ha KoHrreA/'lHIlHoro uLroxa 3, coeAHHeHr'roro 

9 noprxHeM rHApaBfl,nr{el*oro cepBo.Morop a 4' D,nn ueHrpHpoBaHHl_1 
lp.Aotrpat{.  HHr paruanrHbrx cMerqe.nuri rr-rbr cJryx(arlranpaBJrf lrorqar niynxa i l  pacnopHue pe6p a 5. D,a,uanKolrcrp) 'KuHn rpe6yer ycrpoficrBa absonrH6 Kpyroro noBopora rpy6o-npoBora Henocper-crBeHHo nepeA.conJroM /, uro ga cqeT Bo3HHKHoBeHHrrHa noBopore Bropr{qrrbrx req6unfi  c",u*rei 

"* i l ; ; ;  
JolBir.r,saeMoriH3 conJra crpyH H yxy,quraer sHeprer'qecK,e ngKa_g-?re/rH_Ty.p_6uHur.

n  E  I  I  f f  ^ - ^ -  - ^ - a - ^ - -  , - -  - - e  . -  - , -  -
,9 t.i i iiAfIPRt cosiaB1,eniuil rra,nPa&nfrPt4uru annapamoil pedvmusnOU mgpdun 6i

noJIox(eHHH, Ann qero Hyxgo ycrpoficrno o6parHoft cBr3H (na cxeMe
He noKa3aHo), a raKlKe yctpolicrBo KoopAHHarlHH cMeqeHafl Bcex HrJI
ryp6uHur H KoopAHHarr.HH noJrox{eHHfl  HrJr H 4eQnexropoe (ua cxeMe
He noxaeaHu) .

f  t t a o a  5

OCHOBbI TEOPHH PAEOTTEI 'O NPOIIECCA TYPEHH

b. r.  noroK, co3AABAemrrft  HAnpABJrtrorr lHM AnnApAToM
PEAKTHBHbIX  TYPEHH

Bo Bcex peaKTHBHbrx ryp6unax noroK, nocrynarcqufi  Ha pa6ouee
KOJIeco, Qopuupyetcn HanpaBJInrcrquM annaparoM, npeAcraB.rirroulnrrr
co6ofi  KpyroByro.peuerKy npoQunefi (nonarox), qro xopouo BHAHo
H a  p H c .  2 . 2  u  2 . 4 .

XapaxrepHbIMH noKa3areJlfljn xpyronoft peruerKn rBJrsrorca Qopua
n p orlune fi ury crora p errJerxn. flp oQHJr b .lro nairn 6rrsaer culrMerp HrrHbrM
(cr'a. puc. 2.3), KorAa cpeAHrrr niwun npo$u.nn npff l ' raf l ,  H HecHMMerpHq-
HbIM, -KOTAA CPCAHNfl  i lHHHN I ICKPHBJIEHA (PHC. 5.1).  KAr< BHAHO H3
puc. 5,1,  paccronHHe Mex{Ay cMexHbrMH npoQu,nnun no cpeAHHM nH-
HHflM / - ruar peruerKH, a AilHHa xopAbr L - AJTHHa npoennn. Orno-
LUeHHe Llt - noKa3areJlb rycrorbl peuerKn. flocxo"unxy .rronarxH Ha-
npaBJlflroqeno annapara AoJrlKHbt o6ecneqnBarb i lo., 'rHoe 3aKpbrrHe Typ-
6HHu (c r ' r .  puc .  2 .3 ,6 ) ,  ro  Bcer rc  L l t  >  l ,  o6r rqHo oKoJro  i , t .  ta i r iu
o6paeou, HanpaBanrculufi annapar npeAcraBJrfler co6ofi Aocraroqno
(r'ycryro> peuerlly, y Koropofi npu BbrxoAe Ha AHaMerpe Do, HanpaBne-
HHe cKopocref i  )KHAKocrH vo_ 6nHsxo K HanpaBJreHHro nuxo4dux KpoMoK
JIonaToK:  Qo :  @ n .  a  (pnc .  5 .  l ) .

An, p aAH a JI bHoro Ha np a BJIn louero a n na p aTa, Koropbrfi np u r,,reHfl eTcfl
B 6onru.rHHcrse peaKTHBubrx ryp6uH, BeKTop vo r \ , roxHo npeAcraBHTb
cyrrruoft  AByx c"rraraeMbrx

v o - V o r * V o ,

B xoropoit Yor - paLuallbHafl KoMnoHeHTa; vou - oKpyx(Hafl KoMno-
H C H T A .

3Has pacxoA ryp6uHsl Q H pa3Mepbr
paApraJrbHylo KoMnoHeHry orpeAeJrseM no

t)or : QlnDobo.

HaIIpaBJrfl rorqero annapaTa,
Qopuy"rre

( 5 . 1 )

(5. I a)

(5. r6)

Vro"u MexAy v0 H vou o6oeuaqHM cr', TorAa

oo : u6r/sin os,
a oKpyx(Hyro cocraBJrflrorqyrc onpeAeJrfleM H3 COOTHOTUeHHR

a1u : ttg COS Ctg.

I-lanuqHe orpyxnofi KoMnoHeHrbr v',r yxasbrBaer Ha ro, rrro noroK
ea hanpaBJrfltorrtHM annaparoM (3aKpyqeg) ornocureJrbHo ocu 0,
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(3aKp) 'qeHl locrb) noroKa onpeAeafercf f  TaK HagblBaeN,rof{  r {Hpr(y.rr f l  -
u] ie i - r  f  ,  xoropan B o6uteM c,ryyqa€ B]:rp?]r(aercf l  ( ropuynof i

f ,-\

f ': 
J c' cos (vdS; dS.
.s

(5 2)

3lecs s - -earr r , , r r ' r r , r i r  r ior r ) 'p ,  npoBeAe'r r i , f i  .  Brr ) 'Tpr  ro. , .or (a
(p l rc .  5  2) .  n  vdS - -  ! ' r 'o , r  cc r , te) r i1) /  r ra t rpan,nei r r r : r r+, t l t .J ,  i r .dS I l : r  r l rop-
\ t \ ' . ' r b t  BO, ( l r o ,  r . l ' f o  l t u l ) t i \ ' . l l lU ln  f  l t s l \ t cp le r . c t t  n i , r t i , r i c , ;  I l ; t l r , i t i cpc . , i r i 0 l l r r o l : o

{ - n
\r \

" d P

Plrc. 5. l .  lJoror<, co3AaRaeuun:r nanpan,trnouutir l
a l r i l ,1  pa for t

ari l  i laparoNt t{a BbIXOA}{Orvt Jlr{f lMe,f pc I), ,e

t r r \

Doz

Prrc. 5,2. I(  onpeAeneitrro urlpt(), .nnur.tr no-
T O  K A

i l o ' f o i i i t  3 L t  l l i | t l ) i i l i , , l i l l o l t \ l t I l
r u r p r { } , . 4 r 1 r l i l r r  p a B t r a :

I '6 . '- nD,,ruuco.s ao. (5 ,2a)

OlcloAa j .) ' tcAyet ' ,  t tro t ' tetLpal.t t f lnt4tt t i  f t tulapo.t?1. coshae:m t l t tpt i !J,1,rt4t.so
n0n ro r i e  I ' 6 .

B  npoc rpa r r c rBe  Me) r i r : l \ /  Ko r { r l aMr t  I r anpaBJ r r r ro t (Hx  . i l ona . roK  u  Rxo / l -
I t l , l I ' l l l  l i poMI i aN lH . r yc l l t ac re i i  pa6oue ro  I ( o , [ eca  ( l 1 to r ; 1a  e ro  1a t ] b lBa to r
( l lpeAKo.r lec l {oe> i lpoc ' f  pa t tc ' rno)  )KI .J i t (oc lb  / l r ;n) r {ercr r  cno6o4no,  a  , t 'paer{ -
rop r re i r  qac r r . r u  f lBJ r r re r c f l  Kp r . rBa r r  ab  na_pnc .5 . l .  BaxHo  yc ra r roB r . r r b ,
KaK np l l  gToM I43Met l f le rc f l  c } (opocTb.  B_st4e.n l tu  l ts  gTof i  TpacKTopHl t
3J IeMe l l r ap l l v r c  Macc \ /  t n  I I a  pa , r t i l y ce  r ,  14c r ro .nb3yeM t . r 3ncc . rH r , r i i  3aKoH
I leXat l l l l i l l  O tv lON{et rTe r tO. [ i lqeCTRa ARH]r (eHH. i l :  J t ,J I r t  Bt r r l l t , ,ne l t t r to f i  r \ , lACCbI
I l l ) oH3BoAI Ia f l  no  Bpe : \ l e l l l l  o r  MOMe l l r a  Ko . r l l ' t r { ec t ' l l a ; i [B t { i t ( ( l t i l t f i  o r l t ( ) cH .
Te" ' ' lb t lo  uexoropol i  oc l ' {  paBHa cvr \ {Me MoMelr roB Bcex BHerut l . lx  0 t t -4 ,

\  l i
t { ,

s  5 .2 \ Kuueuamuxa nomoKa e pa1oueu Kortece peaKmunHbtx mgp5un 63

4ei ic ' r r r5 ' roul tx t ra 3Ty Maccy ol ' t toclrTeJIbl{o rol ' i  i l (e ocl l .  3ror 3aKoH

n pei(cra BJI fl erctt QoP r',tYnofi

d (nwur )n  _  5 r  az
:  r t t  

-  A t r r o ' (5.3)

r / lc  / / l  \ {ac( : l l  ) r i l l . ) l l io \ . : ' f  l l  t } l , l ; (0 , i lc r l l l lo l 'o  r l6r ,cHl  a ;  i ) t t  -  o l (pyx( l Ia t l  I (OM-

Oc' r 'z r ror ' ( ' i l  t (ac i j ' ieu lbHbtc  yc14J i l . l f l  T  or  rpeHHa x{ l lAKocTI ' I ,  Ho H3-3a MaJIocTH

l fx  N{o) r i1o ge ) ,qr . r rbrBarb.  B l t rore  noJ lyqaer4,  qro npH cBo6oAI{oM ABH-

) l ( c n n n  i t i l 1 l ( o c . T l l  M o x t t o  n p l l H n r n  ) l  M u : 0 ,  a  s t o  3 I I a q l ' l T '  q T o

tl  (m-uur) -- n l l / ' l l l  nrat[ '== q61151.
dt

O1r ; r<1112 I r l r ; tc l iaer  I {pe3Bblqa i iLro  sax(FIaf l  3aBHcl ' lMocrb

| " ': 
const' I

onpeAe,lr loulaf l  ycJIOBHtt SBO6OAIIO1O ABHX{eHHtl ;(HAKOCTH H

e M a r r  3 a K o l l o M  n o c T o f  H c r B a  M o M e H T a  C K O p

3aRtr ( ] } l i r , IocTb (5 .4)  roKa3btBaeT,  qTo nO Mepe npu6nraXeHHf l

oKp) , )Krrar : r  cocTaB.nf l lcnuan cKopocTH Bo3pacTaeT l l  F Ia  paAHyce

Au: ' ' . ,uWP ' 
'

r ,  e .  sr r ropa u, ( r )  npeAcraBJlner  co6of i  rHnep6or ly  (puc.  5.1) .  C yqeroM
d n  F n  r r - r '  T a  - -  9 -  r r ,  r t a  / K  d \  n r t r . F A w q a . n  \ r n  n n p r t A  n n n r n o l { n T l l A  r r r t n l { v -
f . \ J l  ( J r  ' 1  l \ J  I  - -  L t v ,  V L l l  r r u  \ v .  r i ,  p u r l v r \ u v ^  J v v r v v r

f l r runrr  r rprr  cao6onl loM ABHX{eHI4H x{HAKocrH

I  r  , :  fo :  const . $ .aa)

C,nc;lcrna'rc)Jrbrro, s txplcmpaHcmBe uerc)g rlanpasllnrcLqulvt annapamon4

u pLt6oqttil tdo,rLaco./tr ttitlltdttt-tot t+LtpKA/tnqu.tl, coaAaHHan Hanpas/tnrculu.ilt

an tut patt l} i t ,  co.Y p0 HnenLC;l.

5 .2 .  I ( I 4HEMATHKA NOTOKA B  PA60T{EM KOJ IECE PEAKTHBHbIX

T  Y P 6 H  H

I- lpeo6pa3onz l r r r re  sr {eprHr . {  x r , rAr {ocru B MexaHHIIecKy}o gHeprHIo

r r ra  Ba,ny ocyu(ccrB. r r f le rcr r  B pa6ouena Ko.nece Ba cqeT BBaHMoAef ic rBHr
no ' ror ( i l  ( - .  "q( ) r r i lc .T f lN4H pa6oqero l (o .neca,  npeAcraBJl f l tou1ero co6of i  Bpa '

t r (aror j lv ro( : f l  l )e i l le r l iy  r rpocf runei4 .

. (5.4)
Ha3bIBa-
O C T H .
K Oct4 0
r
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(, tt

I lpu l tccJleAoBatt t t t {  nBH}(eH rrr l  }KHLKocrH B pa6ovevr KoJrece 3TorBII)Kel lHe paccMarpHi)21c] 'ct ]  I {ar{  cJro)KHOe, cocrorrLr{ee t I3 ,4Byx ABr{)Ke.l r l r r i :  o1 ' r {ocr , r re , r  b r ro fo  r r  i leper roc} ro fo .  o rHocr r reJ lb r . roe  ABH}Ker rHe xHAKO.
, . ,1:^: f l : j : .npi ' .ercr  

<rra6nroi larerreM>, rraxor: l ru{r . rMcl  Ha pa6oqeM KoJrece( i (apTI l t la oTIIoCHTe.[brr() [o i IBHiKeHHn Mo]KeT 6Urn nOJIVLIet{a r . ta rpClrO-t 'p r t r f r r t l l '  cc , i l l t  cc -c l l r t ' ru  ( to loar r Iaparorv r r  opuururorur r . r i ' u ia . ra  c  pa6o.qJrM Ko.reCoM). [ - lepel locrroe ABH)KeHHe nnp.aanrr i ,  aurrnl i , " .  caMoropa6ouero Ko",reca H ero ., lorrzcre fi. B ryp6",r.u* _ ,io;;;rA; ;puur.""..Cy'vrury orHocHTe,'lbl{oro 14 nepe}rocHoro rBHx(euuft rra3brBaror a6conrcr.

' ! rvDsp' 'r .uu r 11' KOTopbre te nepecgKalorcf l  -  ABu*yurgficn . ' (HAKOCTb*O
(aeg19uHe npercraB.rrrerco anoacroir;.:---t' 

/{?i',^;"r:r'L}r ' 
,,: ,r. 

, ,., .,
Taxuu o6pasovr, r{prBbre 

::yy;l;_' i^ j{epuaHa*uo4,: nnoegocr' rrB.
" ; I f l lo rc f l  ceqeFIHHMH n o ts  e  p  x  H o c  r  e  f i  h  .  r .  i : , , . ,  f ) r roo, l , r .un, ,^sA, ,
V ( 1 T 2  ' J r \ D  I I T L

I (p l fB) ' lo '  r la r lp l ' lMep cpe i l l l t< t ro  pk ,  l t  t to  l te i t  npoar raJn314poBaTb yc / roBHrr
T e q e l l H f l .

I - lpe/ lcrantt l t  ce6e ceqett  t te .nonacrer i  pa6ouero Koreca cpeAHeri  no-Bep x r-rocrbro roKa (  x p ana n p k)  .  ?rg 6yayr-  HeKoropbre f l  pocrpa HcrBeHgbre
Qopvu' f,"rrn ylodcrba nocipoeHuft eiu leqenHfl cHocflrcfl Ha n"rrocKocrb,
npHqeM coxpal l t l . lorct l  QaxrnvecKl- te 3taqern{rr  yrJroB (ec.rru sHHHfl  p i
6nuzwa K rpruor l ,  To gro MolKHo ocyu{ecrBnTb nyreM pa3BeprK w KIHH_qecKOro l ' lJ I t {  l tH{1I{ApHqecKoro ceqer{r . r f l ,  ecr H r(pHBoJIr , rHef iga,  

-  
; ;o ro6paxeuraerv r ) .  I lpaKTHqecKoe r . rcnoJrb3oBaHHe onr fcaHr{oFo cnoco6a6y le r  f l c l to  tn  l \aJ rnne i l t t te ro  paccNrorpenLr f l  Kor rKper r rb rx  c / ryqaeB.HbrM ABr.r)KeHHeu (cu" [99, 6g]).

Ec.nn 06ogHaqHrt '  aexrop cKopo-
cTH OTHOCLTTeJTbHOTO ABHX(eHr,rfl w H
cKopocrr{ _nepeHocHoro ABr.rx(eHr.rff u, TO
BeKrop a6conrcrnorl cxopocru v onpe-
AeJTHTCR BeKTOpHOfi :cfvrraofi :

v :  u  _ F  w .  ( 5 . b )
' 

Orcn4a cJreAyeT, qro coomHoue-
Hr,tnaerc)g v, u H w AcmaHoe/tu-
BA,

P l r c .  5 ,3 .  Mepun r ranHb t r i  no ro r (  B  na -  Ae
I I . t a J I  b t t o - o c e B O i i ' r 5 , 1 1 S 1 1  t 1 c ,

6vtI rHX Ko/ ' rec  pa3r rbrx  BH. {on  ryp6HH,
I rano l )oB C) /U j .ecTBer l l to  r ra , r re l i r t  ro rcs
Her io ropbre  o6utue  npHl r r1Hnbr  onpe
pI ' f c rHK pa3JrHqHbrx  p l i r60ut rx  KOJIeC,  t03Bo, ' rn ro lu*x  ocy tqecrBJ ln rb  no-cTpoeHr{e  napa, lJ le ro fpa i \ , t }1a  c l ropocre f i  .

Paccr\ lorpH\,1 Hau60.r lee o6rql l f i  
'  
cnyuaf i :  pa60uee Ko.rreco paAHaJrbrro.oceeof i  ryp6unut '  Ha iv lep t tA l4auHoe ce , {euHe ryp6Hnur  (p r . . "s .B)  cHecer rbrBce roqKH nxo4Hoft  KpoMKH .ronacrer l ,  o6o'suaueni ' r i l -  n inoa*.o* I .
qeHHbre HHAeKcoM,,2. lJotoK, BbrxoAr-'a, pa3AeJIHM,.:lra:, Ue,gxoJrbqO paBHbrx

:glHoM cJryqae nx. :6) , ,  u, : . rpaei<ropHro
HeceM Ha MepHAHaHH)fto,,,nfiocKocrb.

lltf), ng HleM' ;loBeplHocrq,up ru; ; ;;
ror co6ofi ngaepxHocra ioxa, r. e.noBepxHocrr.r, r(oTopbre [re nepeceKa]oTcfl. ABHxyulgficn ..x(H.IlKocrbK)

? r

4

-Z

7

f ,ulm' v

l)z-\

7 /

0
d)a)

ycraHoBl tTb noJrHyro KapTHHy noTc
c i \ {oTpeTb TeqeHHe no BCeM Mep,H,
C U€.IIbtO ynpoqeHrrf l  rvrOlKHO BbtAeJ

r [ l1lnrr ln)t c.:rcj t ] / toi j lHe o6ostraqerrtfq: B
f  I  r ,
!  t  . . r  ( v .

PHc.5 .4 .  f l aPa . , r l e , l o r .paMMbl  H  r l )e ) / ro . r y r ) l . t n ( r . r  cxopoc re f i  u  pa6or re :v rKo/ ' lece paAl . ta,4bno.c lcenoi i  . ryp6nrrur

ceqer r r re .  pa6ouero  KoJreca_ paAHaJtor ro -oceso l i  ryp6HHu noKa3aHoF I a  p H C '  5 ' 4 , a ,  3 4 e c s  D i p  w  D r , ,  -  p u a u a r n b r e  A H a M e r p b r  . s x o A H o f i  IH  B b r x o l r r r o r : i  2  K p o M r . r  J r o i r a c r n  i i  q n  B H A H '  H 3  p i  s  3 , " i "  A H a M e r p b rM C H b [ I C  L I O I \ 4 I , I I I A f l b T I / ) r 0  B X O i I H O T O  D L  H ' B b I X O I H O T O  D , ) .  H A N P A B J I C H H EnoltacTei . i  pa6clvero t ioJrccra B ; la rnroi t  rorrKe olpeAeJrf lercr  yraoM 6Me)KAV KacarcJrurroi l  K.  cpeAHeri  ,nr l raN npof Hln Jrortacrn,  npoee4eHHoftB  c ropony,  o6paruyro  Bpau ler {H}o  KoJreca.
vc"rroBHH pa60rul  ryp6uHur (pe>xuvr)  zalalorcrr  AByMfl  napaMerpaMH:pacxo/roM 0 n qacrorof t  Bpaure'rH n n 

'pa60qero 
KOJleca. npu saAaHHbrxpa3Mepax pa6ouero KOJIeca oro Aaer Bo3MolKHocrb onpeAeJr 'Tb KoMno-HeHTbr  napan/ reJrorpaMMoB cxopocre f i  .

f lepeHocHan oKpy) r {Haf l  cKopocrb  u  BbrpaMaerc f l  Qopnyno l i
u:  nDnl60.  (b .6)

l lpoexulrn BeKropa a6con*Hof i  cKopocr '  t ra Mepr.rAHaHHyp nJro-cKocrb -  MepHAHaHHan cocraB/r f l roulaf l  i , , ,  1na puc. S,gToraSSHbI ?1aH az^) npvtlnHlKeHHo MolKer 6r*l Hafi,(eHa 
"s 

aoor"olueH'r
t)nt : QlFr,

rAe 'F ;  -  cyMMapHan nf lou{aAb noroKa B Kof iece,  HopMaJIbHaf ,  KBepxHocT f lM  TOKa .

3  I ( p r rn . re r r (o  f .H .

(5,7)
no-

B.x:otj*a st t/2o^1,(Lr t / )

6ot,todtan
npo*rxa (Z)

9F,- 7 -
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ApyrHe I Ieo6xoAHMbte l (oMnoneHrrr  6epyrcrr  B saBHcHMocrH or pac.
c j \4arpr {Baer \4oro  ceqer { l . t r { .  Hanpr rMep,  to  BxoAr roM ceqeHupr  /  pa6ouero
Ko.rreca paLHaJlbHo-oceeolt ryp6uHq _ \ ;,n Drybpr rA€ be - Bbrcora
BxoAHoro orBepcrHr KoJreca, t r  r ro (5,71

u t m : & .  i ,

oxpyxHan cocraBJIfl lolqafl t))tt gaBncHT or ycJIoBHft esrxo/Ia noroKa
l I 3 I { a I I p a B J I f I o I I ( e I . o a n I l a p a T a H I 1 o ( 5 . 4 ) 6 y a e r p a B I { a :

, t  - 4  q t  D o ,
u' lu'-  vOru - i i --

Litp

A6co"nrcrHas cKopocrb Ha BxoAe':a pa6oqee,,xoneco ;npe4craBJrsercfl
BeKropHofi cyrurrr, tof i  (puc. 5,4, 6) 

' ' ; ' '

V, -- Vr, -F Vrr.

3naq vr H no (5.6) Ltt  :  nDronl60, 
'

crpo_HM r rapaJrJ reJro fpaMM cKOpocre f i  H  onpeAer f leM. .  w , (purc .  ,5 .4 ,  a ) .
Qopva BXol tHoro  r lapaJ l / re rorpaMMa cKopocre i l ' ga l i iacHT,  o r  y rJ ra  a r

MelKAy r . t r  H ut  u B, uex<rt !  ! rH rc)r .  LIacro etrec,rb napaJr/reJrorrpaMMa crpof lT
rpeyror rbn  l . lK  c r {opocre i i  (nso6pa)KeH r ry r r  K t .HpoM) . ,  .

B ebrxoAHoM cer{en r4H pa6oqero xoneca 2

uz: nDronl60 H T)2nt :  QlFr.

Kport ' re roro,  nocKo/tbKy penerKa /ronacref i  pa6oqero KoJIeca BecbMa
rycraf l ,  To MolKHo npH6nnxeHHo ct lHTarbr qro oTHocHTe4bHan cKopocrb
HanpaBJIeHa no KacaTe" r tbHof t  x  J IonacrH,  1 . .  e ,

(5,8)

(5.e)

(5.  r0)

13' : 6z'
I4s sroro ycJroBHfl  corJracHo puc. 5.4,  6

U)s : A2,rlsin 62,

(5.  r  l )

(5. r 2)

, f  5.31 Pecrcua pa1omot mgp6uuot 67

a6conrcrHono IBHX{eHHR Mox(Ho 6rrno 6u noJryqarb Ha QororpaQuH,cHsrof i  HenoABHXHbtM f ioroannaparoM.y oceBblx ryp6uH rI,oB€pxHocTH ToKa B paSoveru KoJIece 6nnsrH
K UHJIHHApHqecKHM (puc .  5 .6 ,  a ) ,  r .  e . . .Dro  I  Dr r :  Dp i  pacverunf i
AHaMerp Mox(Ho BbrrIHcJrHTb KaK cpegHurl nd nrou{aAu:

D,, : l/ o,s @Tffi. (b.13)
_Pasneprxa rrHJrHHApHqecKoro ceqeHHr

pa6ouero  Kof ieca  noKa3aHa Ha pr . rc .  5 .6 ,  6 .
Oco6euuocrb cocroHT B ToM, qro

i l r : u z : r : f f -  H  a t m :

:uz^ _ n,  4e_wm_4q1

C:<opocrr  r {a BxoAHbrx KpoMKax /  onpe_
AeJrf leTcf i  KaK BeKTOpHar cyMMa

Vt :  v r -  *  v ru ,

PHc. 5.5. Tpaexropuu a6co-
nroTHOrO ABHXeHHs )KHAKOCTIf
B paAualrHo-ocenoft ryp6rne

npHrIeM utu Haxo[yTgfl rl_o (1,9). A6coJrrorHafl cr(opocrb v2 crpoarcs no(5.5) c yqeroM (5.J l)  u (5. i2), ' [o" 'ryueu"i i ."u_ p$ynbrare napanrrerro-fpaMMbr cKopocrefi noxasaHbr Ha puc. 5.6, 6. Tf eyio.rrr"H*1, ci.opocrefiH a BxoAH oi.t vr Bbrx oAH or:r xpovrx a x coBMeu."ri f;,j;;;;;i' ny" *r"poM),

6)

Puc. 5.6. I- lororc n ocenor. i  ryp6nHe

NOCKO/IbKY OHI,I HMCIOT OAHHAKOBbIC OCHOBAHHC U H B'ICOTY U*, CNPANAnyHKrHp HbIMH IIHHHflMH nol{a3aHbr rp aeKTop Hu a6conotndao'4u"*e*"o
xHAKocrr.r B pa6oveu KoJrece.

5.3 .  PEXHM PA6OTbI  TYPEHHbI

f lpuneler ' r r - , r i i  u $ 5.2 cnoco6 nocrpoeHr.r f l  napaJrJreJrorpaMMon (rpe_yfo"nt  l . l r rxon) CKopOC.refr  noxaer,rBaeT, qTo AJr Fr AawrOro pa6ouero KOJIecaIIpl ' l  I le l t3Mel i l roM orKpbrrr i  14 HarrpaB,rr f l roulefo annapura (oo :  const)
3 *
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Qop) {a  I lapa , r l ' 4e .no f  paMMOB cKopocTet i ,  onpeAe/ t f leMat t  y r / taMH d  t4  B ,. jaBr . tcHT oT qacroTbr  Bpau leHt r f l  tL  l {  pacxoAa Q.
, .  

Paccr. torp I t t ' t ,  Kat i  Jrn napaMerpbr BJn{nror i ra reqetrHe. I - lycr l  pacxoA( ( ,  coxpar r r re rc f l ,  a  f t3Mer { le rc r r  qacrora  BpaureHun n .  f lpH gTbM Ha BXoA-

Plrc. 5.7. Te,rcHrre rra Bxo.lr r ,rx KpoMKax .4onacrefi  pa6o,rero KoJreca

/---

q

-zto;

a?

P u c . J ' c , t c t rHc  I i a Rblx( )/Ul brx r(poMKa x

u ! w

u?f -

\
\
\
\
\
I

\ 0
/ r l

norracL'ei i
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Ha BbtxoAHbtx KpoMKax 2 orHocHTeJrbHaf l  cKopocrb wz coulacno
(5.12) saBHcHr Conlxo or pacxoAa Q H yrJra 62, r .  e.  He saBHcHT or n.
oAHaxo nocKoJrbKy r iz nponopquoHaJrbHo n,  ro no (5.5) a6co.nrcrHas
cKopocrb v,  6yler 3aBHcerb H or n.3ty sanucHMocrb JreFKo npocJreAHTb
no napaJIJIeJIorpaMMaM cKopocrel : r  Ha BbrxoAHbrx KpoMKax pa6oueno Ko-
rreca pa1uai lbHo-ocesor? (puc. 5.8,  a)  H ocesor i  (prEc. 5.8,  6)  ryp6nHu.
OHn noxa3brBaror, qro c pocroM n H uz yroJr az yMeHbuJaercfl H BeKTop v2
noBopal{HBaercn B cropoHy BparqeHHfl. f lplr sroM Mox{Ho orMernTb
cJreAyroUlee:

l .  Xorn  pacxoA nocrorHeH,  3uar {eHHe BeKTopa cKopocrH vz  3aBHcHT
oT n u MHHHMaJIbHOe 3HaqeHHe ero MoAy,rrfl cooTBeTcTByeT yc/roBHro, trpH
KO'|OpOM Be.KrOp v2 JTe}KHT B MepHAHaHHOfi nJTOCKOCTH (HanpanneU
K UeHTpy HJIH napaJraeJreH ocH BparqeHHn),  r .  e,  KorAa dz :  900.

2.  B o6uerur cryqae noroK sa pa6ouuM KoJrecoM HMeer saKpyqeHHocrb
(uapxynrruurr  t ,  *  0) ,  npHqeM ecJru dz 190o, ro HanpaBJreHr4e KpyrKH
noroKa coBnaAaer c HanpaBJIeHHeM BparqeHun pa6ouefo KoJreca, ecJrn x{e
az )  90o, ro noroK Bpauraercf l  B o6parHovr HanpaBJreHHH. Tonrxo npu
@s :  90o uHpKyJrs r IHr , l z  :  0 .

Pexuvt, coorBeTcrnyroulufi ycJroBHrio dz : 90o, xor4 a'uz MHHHMaJIbH9,
a  T z : 0 ,  H a 3 b r B a r o r  p e x H M  H o p M a J r b H o r o  B b r x o A a .
f locxonnxy norepn Ha BbrxoAe :Hg pa6oueno KoJreca s o6ueM nponop-
uHoHaJrbHbrt)2,  ro pex(HM pa6oru ryp6nHrt ,6nuzxuft  x pexHMy HopMaJrb-
Horo BbtxoAa, Aaer HaHMeHblrrne norepH, T.  e.  fBJrsercg uax6onee
6.naronpHqrHr rM.

Pexnu, npn l{oropoM oAHoBpeMeHHo yAoBJrerBopflrorctr H ycJroBlrfl
6esylap Horo BXoAa Id Hop MaJI bHoFo BbrxoAa, o6ecneq HB arorrlne MH HHMaJrb-
Hbre norepH, T.  e.  HaHBbrcruuf i  Kn.q ryp6rHlr ,  Ha3brBaror o n ,T H M a Jr b-
H b r M  p e x H M o M .

5.4 .  OCHOBHOE SHEPTETHI{ECKOE YPABHEHHE TYPEHHbI

Ann onpeAe/IeHnfl cpIJIoBbIx H'oHeprerHqecKnx noKasarenefi noroxa
B pa6oueu KoJIece npHMeHHM saKoH MoMeHTa KorHqecrBa ABHxeHHfl
n Qopue (5.3), Koropbrr? yxe HcnoJrb3oBaJrcfl.

PaccuorpnM cetleuHe pa6oqero KoJreca Ha pnc. 5.4 vt BbrIeJrHM Kor{-
TpoJIbHblMH noBepxHocrnMtt I u 2 o6nacrb, BKJrloqarcqyp flonacTu pd6o,
qero Korreca (pHc. 5.9),

- Ann ycraHonldBulerocfl ocpeAHeHr{oro noroKa BHyrpH BbrAeJreHnoft
o6racru our He HsMenrercfl Bo BpeMeHr.r n, cJreAoBarentHb, d (a"r) paBno
pasHocrH ,lrurt 

- uzurz Ha KoHTpoJrbHbrx noBepxHocrfix. f lporexaloulaf,
qepe3 padoqee Ko/reco 3a BpeMn dt uacca ir{HAKoCTH

ffi : pQdt,

B grnx ycJroBuf,x gaKoH MoMeHTa Koflf iqecrBa
(5.3) npeAcraBrrflercr $opnrynofr

pQ (azrrz - ururt): X Mo.

ABHxCHHfl BMECfO

(5 .14)
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\ , yMMa l \4oMel l roB B l tc t t t t t l t x  c r4 , I I  o r i locHTe, r rb i lo  ocH Bpau{er tHt r  I  Mr ,
, r teHcrnyrcuHX Ha BbrAe.telrr i l ) r r i  o6r,eu,*,r i r^r . ,ar . t . t ,  onpeAe.rr f lerc l  c, / teayro-tuHM o6pasou.  MoveHr  or  c f i ,T  AaBJrer i l t f l  r ra  noBepxt tocrH r lpa l r teH ur t  I ' t t  2I ' {  noBepxFlocr l ' l  o6o, i1on paBett  I IV/ t ro Cn,, 'n) t  Beca raKX{e rJe / iarcT Mo[4eu.fa,TaK I (aK ] le r t rp  I l x  I lp lJ . ' lo i t {eHI I rT  coBnaraer  c  ocb to .  Ocrarc rc f l  cHJrb t  rpe-t t t ' l f l  no  orpa t t t iq l tBarc ) i l l l f  \ ' r  nonepxr {ocrRM r r  cH, f r r , r .  AaB/ re i lL I f l  i l  . r1 r *u i , ,n
/Kt. t . {KOCTII  i la Jt()nAC]. f l  X.  o( t t :  rpvni lF, t  ( , t t , , , t  / latoT MOMeltr  r t r i tOcl t , t ,c,nt) i lo
O C I { ,  l { O  I I e p R V n  I I 3 - 3 4  \ t i : l , i l o C t ' t . t  M ( ) ) K l t 0  I t C  y t y 1 1 1 1 r t B ? T t r ,  I I  , f O f r i t l l  O C . t . A e T C r l\ ' roMeHT, Bo3ref ic l 'Blr lo l t t r r i i  t ra )Ktf , r (Kocrb co c1-ol lo l . tb l  , r r ( )nacTbir  pa6oqerorto.ncca M. l , lc , ; r iur , r i i  ) r i ( '  1\4oi \ { ( . r ' r  p; , r6ova,-o , ron. ' . r ;  coi i i r ; ;aMi; , f i  >r<rr / t r<r_l_

crbro r{a ,rronacrf lX, 6vAer paBerr M.
B urore no (5.  la) ;  pac i<pbrBarr  3r{aqe-

H i l  f l  ur a t I  'u211, noJlyqaeM: , .
/ l / l  ==' 1rQ (0,SDrpu1 cos dt _

l ' lcno.nb35rn Bbrpa)KeHirn cpeairei i  l l r rp-
I tvJI f l  urr . r ,  aHa.r tonHr{Hbte,  (5.2),

fr : nDgal cos c[r H
TA
r2 :  t t L )2pa2  coS@2r

- 0, lDnru, cos ar):

(5 .  l 6 )

(5 .  l 5 )

(5 .17)

(5. r 8)

f locnerHnn Qopuy 'na  oco6enno HarJrRAHa.  oHa noKagbrBaer ,  q ro
ua' pa6ou'eil Ko/tece cosdaenrcn Kpatnauqutl )4ot4eHm tno/tbao I mon cngqae,rcoeda oruo eosdeticmeue,v cGou^x nonacmetr urrrn'iri,* ;rp;;r;tq't)rc nomorca.3Hax I  npl ' lHl lMaerct{  noJloxHTe.nbHbrM, ec/rH v{r  eoBnaaabr c H?rrp,B-J I e H H e M  o K p y x H o f i  c x o p o c r l  u ,

3Haq r ' . ioMeHT ir  3anaBar{ yrJ loByro cKopocru pa6ouero KoJIeca, Mox{Ho
ONPCACJI ITTb  PA3BHBaEM5I1O HM MOUIHOCTb:

M o . n  :  M 0 ,

l ) r r c .  ; ' r . 9 .  C r<opocr r r  na  Bxor l r ro i i
r r  B b t x o A H o i i  r r p o l l r a x , r o n a c l e i i
l r a6overo  Koneca

3Aecs M - n FI . l r ,  ( r )  - -  B
Becrno, r{To Morr l } tocrb r5,p6l l l tur
JI f leT cocTaBr.rTb paBerrcTBo

M rtt

MOX(HO Br,rpa3H.fb MoMeHT pa6ouero Ko-
Jrec-a qepe3 pa3HOCTb cpeAHprx uHpr(yJra-
rlr.tH Ha BXOAe H Bbrxone:

M -#p,  - f , ) .

1/c, f f ' .  n - 
_n Br. B ro x{e BpeM fl  H3-

Bbrpaif iaercn fopr,,ry"rof i  (2.9), Oro no3Bo-

: 9gQH1",
totJ_-.__Harop ryp6Nltt-,r ;  l ,  -  _ rHApaB/"rgqecxufi  Kn.[, .r loAcraB' r r  B 3ry sopr" tvny M no (s .  l5)  r ' r  yr rHrbrBarr ,  qro o0,bDro ::  ut H co0,SDrn : I t2 - ot(pyx(I{bte cKopocrr{,  noayqaeM:

(5.  re)

,'ll
,l'

cos ar --  t t2uz cos a,) .
ft + ,, - b - zz:4#l -, u1 -rA'3 | htz. (5 .2 ta )

S 5 .+1 Ocnoouoe olepeemuLtecKoe gpasleuue ngp6uuot

I . l c r ro . lb3y l  ( ropnry i l y  (5  .17) ,  n l lHXoAHM K Apyr . r lu  cpopMe Bbrpa lKer { r . r r :

I  f f t r , ,  =-f_ r f  
I

t- '  gzn " 
- f ') '  

l (5.20)
@ o p v y n s r  ( 5 . 1 9 )  r a  ( 5 . 2 0 )  n p e A c r a B r r n r o r c o 6 o l . i o  c  H  o  B  H  o  e  y p a B -fr  c rr  I {  e ' i  y  p 6 t ' t  u,  Hi lH ypaB}reHHe Sl inepa, , r resan qacrb H\o _sl lepl 'Hrt  n l (x,  I IodI IyqeH uan p-a6outt ,  *onJao*or }KHAKocrH Becou n I  H,npor leAute l i  uepes  J lonacr r ly to  cHcreMy pa6ove.o  xoneca.  I IpanaR qacrb

co^Cr)x t r  r r i r reMar rdr recKr - re  napaMerpr ) r  noroKa IpH BXOIe  r ra  pa60ueeKo i leco  I t  I IOC, Ie  Bb tXoAa I I3  i l e fo .' faxlrtvt 
o6pasou, ocHoBHoe apasHetlue daem cltr3b ueucdg aHepeemuqe-cKLlvtu u rcuieuam.uuecLLJytL nApalilempa.t4u o tttyp6uue. 

J -)

k lz ypaBHeHHq Orinepa n 6opr.  
'  
( i . - io i '  MolKFro cAerrarb BaxHbreBbrBoAbl.

7I

l .  Bsrule orMeqaJlocb, qro
sau6onee 6naronpHsrHt r f i  no
KnA pex<HM pa6oirr  6nHsox K
yc/IoBHflM rropMaabHono BbrxoAa,
KorAa rlHpKy/rflr lurr fz : 0 unw
Maila. fr : lo - ur{pKyJrfl l lHt,,
co3AaBaeMbte HanpaBJIffrOr.rIHM
annaparou. OrcrcAa MoxHo onDe-
AeJrHTb rpe6yerr loe 3HaqeH ne-f6
B gaBr {cHMocrH or  H u  o .

T
A

T!,

2. B npouecce npoxo)r{AeHH:r BoAbr qepe3 pa6ouee Ko'reco ryp6HHrrqHp KyJI f l uHfi noroKa AOJIII{Ha y6uaarl. C"rre.qoBare/rbHo, p a6oqee KoJIeco<cpa6aruBaer) qnpKyJIf l t rHto,  coaAaHHyro HanpaBJrf l roqnr ' ,a ?nnaparou.
flpeAcran"tlaer Hllrepec Apyroft BbrBoA ypaBHeHHn Oli,repa, no3Bons'ulHft Hecxo.rrsxouy6xe not lRTb MexaHH3M npeo6pasoBaHHfl ,  sHeprHH pa6ovrrr l  KoJrecoM ryp6rHur,  a HMeHHo

.": '""""1' ::::: i ::: i i : l l : ::eHHn 
Depuynn'. oAsaxo B AarHoM cnyqae HyxHo Hcnorrb-

J  yqD,vn r l c  u t :pnyJ tJ tn ,  Ja  r rHCaHl toc  /U I f l  o rHocHTeJ Ib t . to fo  , I 1BH111euHn.  l l pe4c ranHntqe6et qro I ' lMeerct l  AHcl{ '  apatqaroulrr r lcn c r r  acroro i t  n,  c6lvt t r r r  (puc.  5.10),  Ha KOTO-poM yKpenneHa rpy6rca I '2 '  f lo  rp,u-6xe o ' f  ceqeH,n , /  K ce,rerru to 2 Asn"nerc '  )KHAKocrbco  cKopocrb tc  @ (o rHocurens ro - rpy6xH) .  BAanHo l r  c / r yqae  ypaBHer {He  BepHyn .nH A"nnnJ locKocrn  cpaBr ienHr r  0 -0  HMeer  t sH . [ :

f t+, ,*#-  t -#*, , - ,
,  

3 l e c s  h r _ ,  -  [ o T e l ) H  H a n o p a  i l a  ] , r r a c r K c  I - 2 ;  u ,( n e p e n o c r r n r e ) .  
'  ' '  ' L

l : : :5_. ]O X ypaBrrer rHro Eeprry . r ; rn  rnn
oTHOCHTen bHo ro  , (B  H)Ker l  H  R

-r lttz. (5.21)

H uz -  or(pyxHbre cKopocTH

U'B _L
29 29

lMarpHBaeMLIX  yec I IOBHSX yAenbHaf l  gHeprHS
N,{oxer ybtitrarr, lr,r, rosfuacrfiTb E s€gHeH-' l .t ur H rt.2. Oro cnoficrBo H rdcnoJlb3yercff

)po ro ,  o6pa :ooar rnb le  J ronac r r rMH,  npeAcraB-
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qaercr) fz ( 0 (npu6lnxeHHo 12 : -  f1). f lo r ' repe yBeJHqeHH fl  n 12 Bospacraer,
npo.XoAfi qepe3 fs :  0, H AaJIee cTaHoBHTcfl nOJIo)KHre.nnnofi .  HaHeceu H3M€H€HH€ f1
n f2  Ha rpaQHK (puc.  5 . l l ) .  PagHocrr  Aaer  ( l r  -  ls ) .orcpAa c  noMorr lbro  (5 .17)
noJryqaeM MoHoroHHo y6unaroutyro KpHByro M (n). nn'- nocrpoeHHfl xpnrofi  KnA
HMeeT rpH TOqKH:

I )  n  -  0 ,  I  : 0 ;  2 )  1 2 : 0 ,  r l :  r l n r a H c ;  3 )  ( l r  -  I s )  : 0 ,  I : 0 .
B roqxax I H 3 r'.roulHocrb raKxe paBHa 0. B npor',rex(yrKe HMeercq roqKa y'y'*u*r.

Hcxorr,rbre xapaKrepucrHKn M (n), n @) u N (n) noKa3aHbr Ha pnc. b. l l .  oHH nos.
BoJlf l tor cAenarb ABa BaxHbrx Anrr npaKTHKH BbrBoAa: ryp6nua, o'{eBHAHo, AonxHa ggc-
nnyarHpoBarbcfl  n o6.nacrn nalt6orsruux KI-IA, r.  e. B o6lacru qacror BpaqeHHff nt-f tzi
ec"un ryp6HHy noJlHocrbro pa3rpysHTb, To MaKcHMaJrbHafl qacrora BpauleHHq, xoropofi
AocrnrHer padouee KoJreco, onpeAeJrHTcfl  roqxofi  M :0 - sro pa3roHHat qacrora
Bpau-(eHHfl /?paer, Ha KoTopyrc AoJIXHbI 6ntr l  paccqHraHbr Bce BparqarculHecfl  r IacTH
a fpenaTa .

5 . s .  o c o 6 E H H O C T b  p A 6 O q E r O  n P O U E C C A  K O B I X O B b T X  T y p E H H

Ornuque  aKrHBnbrx  KoBnr ( . ,Bb rX  Typ6Hn  ( c r r , t .  pHC,  2 .6 )  o r  peaKTHBHbrx
cocTo r . r ' f  B  ToM,  r {To  y  r JHX  pa6oqee  KoJ reco  Bpaqae rc f  B  Bo3Ayxe  H  Moxe r
l l c l l oJ l b i l o l lS ' l b  TOJ IbKo  KL lHeTr rqecKy ro  3 r - t ep fH lo  xHAKocTH,  a  BoAa  OAHO-
BpeMel lL Io  Bo3Aei tcrByer  ro . / ' rbKo Ha qacrb , / ' ronacrer l .  3r r . r  ABa QaKTopa
onpe4eJ l t l l o r  l l  HeKoropb le  oco6eHHoc rH  pa6oqe ro  npoqecca  KoB luoBbrx
r y p 6 l l r .

f l p r . r  BCex  o rKpb l r l t r r x  i l a -
n p a B J r e H 1 4 e  H  3 H a l r e H H e  C K O p o -
c r r . r  c r p y H  u c  ( 2 . 1 1 )  c o x p a -
rUiloTcrr rrocTorr HHbrMH (xoss-
SuLlueHT (p  H3MeHf le rc f l  oqeHb
rurano) .  Cxopocr t  Ha BxoAHor i
K p o M K e  J r o n a c r r . r  /  ( p H c .  5 . 1 2 )
npaKTHqecK4 paBHa cKopocTH
c r p y H :

V t :  v c .
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J A€,1bHrr  SHepr l rs ) r . ( rJAKocr l r  npH BXOAe ua pa60uee KoJIeco

n ,  _ \- p g

V,4e , rs l raa  3Hepr t rn  x (HAKocrH npH

€ Z :

P a g t t o c r s  ) ' , ( e , t b n I ) l x  s r t e p r u i i

€ 1  *  e 2 :

3auenuB Bbrpa)Kerure B

tl p. ,, ===

3 a n r r c a n  H p . t r -  l \ _ z

l l r

2
, t -w l

l - l t

T " L _ r 2 9

cxoAe c pa6overo KoJreca

",2U,
t -_ r . 2 - r , E .

_ P z  _ r o \  +pg - /

r .= Hp. t { ,

P2
pg

+

l Y l  r  -

\pg 
-r 

"t

,r2 ,r2
" l  " 2

E-tr

Koropaf l  oco6errno
pocrefi  Ha Bxor,e K
pa6ouero KoJ'teca c

cxc l6xax npanof i  r racrH (5 .21a) ,  noryr rHM:

*', -- t', , ,r2, - u2, , ,, , o? - r,3--tg - - 
Zg 

-r rtr-z -f _Eu_

/ /q r ,  r rpr r . \o i t l t i \ r  r (  cute  o4uor i  c lopruc vpaBrrenHn 3 i i . r repa:

,i -- t',i u:i * ,d w? - a2,
_ -  '  -  _ L  '  "  *  

. = _ _ l  
.  t S 2 2 \2 9  '  2 9  '  2 g - ' ,

scHo noKa3brBaer  npnMyrc  gaBHc l {Mocrb  f f l l r  o r  rpe ) , ro . [bn l rKOB cKo-
B l , r xo le  p i r6overo  Ko . ryeca .  vpanr reRne  (5 .22 )  o6 r ,Rurqer  cBr3b  ( r rpmr , r
l l anopo l \ ,1  r yp6 l r r r t r . .  B  oces t rx  r yp6u l tax  u1  -  u2  H ,  cJ reAoBareJ lbHo ,

-  HIr  onpei lenn-ercn' ro,r lu io a6co.nmrHr,rMu r{  orFto-
curerbi lbrMlr ct{opocrtMH, Koropbte lre MOryr $611r,
c, ' Inrr jr(oM 6o"ruu_ttt t , i l t ,  Tat( KaK H Haqe Bo3pacrvr
norep14.  3ro u  Bbl3btBaer  orpaFr  Hr teHHc Hcnonorn-
BanHR ocenb rx  r yp6nH no  Hanopy .  C  poc rou  H
nepexoAf lT  Ha AHArOHaJIbHbte H paAHaJrbHo-oceBbre
ryp6nxnr ,  y  Koropblx  Jre f ic rByer  n  pasnHqHe ne-
peHocllHx cxc.lpocrefi  i l1.n t t2, npt{qeM qeu 6o,rsrue
.I/, rcnn po/rb sloro $axropa Bospacraer. Ornr,,r
o6r'RcssercR ror qTo . y sblcoRo-HanopHbtx ryp-

Ur -ur

d)

4lr/

n pa6oveu xo-

ocw Bparqe-

Puc .  5 .1 l .  [ 1oc ' r poeu r re  o6opo r .
Hon  xapaKTep t r cT ' r , tK l r  r r , p6 rn r r , r
r r o  vpaBr r c tn to  3 i i . r cpa

0 nt  f iz  DDase D

p r . r c .  3 . 1 5  -  3 . 1 7 ) .
6tttr yBeJrrlrltBaercfl orlroulelrHe DrlDz (ow.

oxpyxHaa cKopocrb (ne- :J; 
t.j3;#;'ffiUl'oroKa

peHocHaf f )  a f lq  AaHHOTO Ceqe-
HHn lronacTefi ,  pacnoJro]KeHHofo Ha paccTonHll r  oT
Ht4tr,  otIpeAeJrfeTcfl  Bbrpax{eHHeM

I t t :  l l2 :  Ltr  :  2nrnl60
( c p e l H e e  s H a q e H w e  r c p :  0 , 5 D ,  H a  p H e  .  Z . B ) .

f lpn sTOM napaJrJleJrorpaMM cKopocTeft '  wr:  Vl  -  U1 Ha BXOAHOfi
KpoMKe JronacrH Bbrpox{Aaercf  B np_f lMyro JrHHHro (pnc. 5.12, 6) H wl
coBnaAaer c HanpaBJIeHHeM crpyn. CneAoeareJlbHo, AJrn nDH6/r l rx(eHHn
I {  ycJroBHnM 6e3yAapHoro  BXoAa y ror r  BxoAHof i  KpoMKH 6,  (puc ,  6 ,1 I ,  a )
AO,rrx(eH 6rrTr MHHHMaabHbrM (<HOX>).
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I Ie r l la . r . ' t t ' . l o l ' l l i t l t i , l  ( ' l i ( ) l )o ( " r 'u i  r ta  i r r , rxo . l l ro t l i  r ipoMKer  .onpe/ le , [ f le r .cR
Te) l '  q ro  R I I I )o l tecc t '  - ' l l J l l r l i € ) l t l l i l  i l o  , r l ( ) t lu l ( " fn 'c r1 ' r t t i c l . t re .nbua l  c t iopoc . r r ,I I 3 l l e r t l f l e T C t l  \ ' l a . 1 o  t t  ] r ( i i r i n o  n l ) r u r f b  i c ,  - .  i l , r ,  a  e e . H a . n p a ' n , n e 1 1 r e  c o B I I a -
l l a e r  c  6 , .  B  u ' t o r e  r r o , , T \ / q a c \ r  ( p r r c .  S . l 2 ,  c ) :  r  i l  . . , , ,  ,

.!q ::: \,{

f locxo,rrbxSr 1:an.n d,  l ra.n,  napa,rr , [€
Hect \ , toTpf l  Ha BbrcoKr re  3 r r : lqeHt i f l  c t (o
B a c t ' c l t  t t c 6 o . r n r n r o f i .  I  I r r  l t r ; t . t o t . n u
r . r 3 t \ { e t { e H t t e  n  n p r r  c o \ l ) a r r ( \ r t r r u  Q  t , [ .
I I  cKopocr r , t  uD.  .A l l r l r r r r laJ lb r roe  3uar { i
) 'C " I IOBITrc  HOpI ra .n  b t . tOro  Br r l  \O j l i l

K t ' n le t l a r l lKa  reqe t t l t l  i t { l t , r lKC)cT ' r f  ,  noK i t : i l ) tBu lc ' f  i  r {1 :o  .  pa6 . ( l q 'ee  r i oJ lecoKoBIUoBof i  r ) ' l l 6 t r r rb l  r? t t i ) l i ( ' I I3 \ ' te iu r r .T  l rover r r ' c r iopocT l t  * i l t i noa t r  o r l ro ;c l l reJb l {o  oc lJ  B l )a l l le t t t t r  r ,  c .Tc . r to r }a ' r ( . . rbno,  i t . { r ' ( ) r rpe ; re .ne i i l rn  nnon 'a , l ' i ,
l l a6ouero  I io . r l c ( ' i l  I lo ) r iu { )  r rcno .Tr , . }oBa ' rb  : iaur . rcnn  uc i r ,  

' (S . l4 ) .  
I i  r r r6 reNI0)* (Ho r ro , ' r \ i r rH ' r 'b  r r  ) 'paRrrc i l r rc  3 f i ; repa n  $opHre  (5 ,  1g) , r i  6 .b ,2 )  t rpop 'v ra,5 '20)  

He n6^1. rn j i , , r , ' un , '  I ia t t  : : j recb  ,e .nb3f l  t c r lo . r rb3oBarb ,o i rp€ ,Ae. r reHf te
u n  p K \ ' . r r q  u r u r  I .

Bntpa>xe t l r te  (5 '22 )  I t ( )3 t ]o , l t t c f  n l l r t i i ' r l r  K  i rn rcpcc r rb r r \4 .pegyJ r r rT? rdM.  Ec .n l r  , r \ 4e rb
I l  BI l j l \ r ,  qro ol ipv)KHble cKol l . )c ' i l r  r ta BXor l r r ) rx H Br:r  xoAlrr . r rX r(poMKax,r .paBHbr (q - -  ur) ,3  o r l l oc l t re ' r l b l Jan  c l (o l )oc rb  I l o  i \ l cpc  AB l l )Ke t t t I f l  I t o  , [ onac rn  3a -cqer  rpe lgn  r l aa^o ro , ,o
\ '6r , rnaer (o ' ,  (  r , i , r ) ,  ro t . t3 (5,22) cJreAver:

1/1. : '  
' '2 '  -  u?' -{ '* 'ai
E-- - -T ,

vqHrbrsan '  ' r ro  cor . racHo (2 .1r )  H npHr{nroMy ycJroBHro '  ar  -  uc i  a l l2g =.  p2H,no.n vq aeM:

*? - *3 ,?,
Ir - 92 -- -ie -a- _- ;---;, .zgn zgrT

5.6.  T yPEH I l  b l  OAtJOro ' l "H i lA t4 3A K0l t  r r t  i lOAO6Hrt pEX HMOII
H X PA 60T L,l

u ld.Kottbt no0o6un peilcurlos ux paflomot 75

l) nce coorBercrBerrrrbre yrJrbr B HHX paBrrbr:
6, r  :  6rz ,  6zr  :  6rs ,  6 t ,  :  6 i r ;  (5 .24)

2) orHorrreHl{e Bcex coorBercrByroq}rx pa3MepoB nocroflHHo:
Dn D^ bor

: - - F - : - -

Dn Dzz boz (5.25)

(5.27)

(5.28)

Pe:trctr.uu mqp6ttrt. oduoeo mttna 6tfit/m nododuot, ec.ryt coxpaHnemcn
eeo't't(ttt /)tttt(t(:tcoc tto)o6ttc tnpLIJt/lc/Ioepo.Lt,tutoo tt,xtt tnpeAeonbHuKoB cKo-poctned. s coom.BemcntsllrcL4ux tTloqaax nponrcttHoeo mpaKma. C.[eAoea-
T e . r r b I f o ,  n p n  n 0 A 0 6 n H  p e x H M o B

I) Llar lpaB'4eHt ' t t l  Bcex coorBercrByroulrx cKopocrert  AoJr lKHbr 6urroAI I I ISKoBI : lM l l ,  T .  e .  Bce coorBercrBeHHbre  y rJ rbr  paBHbr :

& i t :  d r z ' ,  l 3 r i  :  F i z . (5.26)

B cBt l3 l ' l  c  3THM csof icrnor\a [oAo6Hbre pex(HMbr HHonAa Ha3brBaror
H 3 O f O H A i l b H b I M H :

2) orHoueHHfl  Bcex cKopocret i  e cooreercrByroqHx ToqKax i  AoJrxHbrH M C T b  I I O C T O f l H H O C  3 H A q C H H E :

'i, --- !!- .- -at',
l i z  u i z  G : c o n s t '

15  ?3 \

vcrauonHM Terrepb Ha ocHoBaHHV npHBeAeHHbrx onpeAeJreHHfi  s a K o-
coorHorueHHrr Mex(Ay napaMeTpaMH

o1olvn pelr(HMoB llx p66orur.
.HO|O TUna, HO pa3JIHr{HOrO pa3Mepa
'cTaHoBKH JrOnaToK HarrpaBJIfl totqero
j:::,^PilT':-as-: loz H er : ez'
l c ' r l n ) r  . r d u l U l  u p a U { e H H f l  f l 1  H  f l y ,

lacxoAog Qt u Qz H Mou{Hocrefi //, ^ Nr, qro6sr p.*?riif u6or", o6eHxryp6uu 6unu noAo6Hnr?
P e u e H H e. I- lpexAe-qc_ero HcnoJrb3yeM reoMerpHr{ecKHe (s,24),(5.2_s1 H KHHeMarHqecKHe (S.26) , -  (S. i i f  c ;o i i t r . " " r .
H a  o c r r 0 B a H H H  ( b . 6 )

"r,  :  r ,2r ' ! :  Dl lr
t t t z  n  D2n2  Dznz

I l o  ( 5  8 )  n r { e ] c M :

3s- ., __!_L_ IPrlw
u,r mz n I) 1bu Q,)

V q t t ' r t , t n a r r  c o r J r a c r r o  ( 5 . 2 5 ) ,  r r r o  b 0 L l b 0 z . - =  D r l D r ,  n o , T y q a e M :
u tmr  _ -  QQi )
t ) r rnz  Q ,D1  

(5 .29 )



Ocuogot meonil t t  t)nin,,oon.__r_*  F '+vvacov  rLPUqeccQ mupouH I h . 5

__.  T9.*o, ' rbr (y  lo  
(8.27)  npr . {  coxpaHeHr?H pexHMoBnpHxoAHM X paBeHcrBy

2'nt  -  QtD?-, . ,  n , ,  Q,  -  ezDznz -- 
ADI rutt t  --#:, f f i

O6o6r-rras 3Tor pesyyibrar, 3anr. lcL,rBaeM K H He M a r H rt e c K o ey c rr o B r 'r  e n o r o 6 t ' r  ̂  i .*p;";"*) pex{r.rMa pa60ru. ryp.Hnrr:
ru

I  #'=':c0rSt. II  19.  _: '^ ' " " ' '  I  (5 .30)

Goue.H,rt,  yqHrHBaR, qro
Hanopax Hr H Ht H uruipr rnAprinnu.

)opMe (5,19) Ann Ka>KAofi Hs ryp6an:
gHt t l r r :  L t1 { )n  COS d r r  _  r l z { ) z r cos  az l ;  ( b .31 )

gf { rqr ,  :  L t tzUr2 COS dn _ L tzzUzzCOS a2s,  (b .3 la)
I , ls ycnoerrf i  noro6un (8.26) w (5,27)n as Qoprurynrr (S,2g) cneayer, qro

dt l  : '4r . : ,  dr r ' :  d : !  I I  4 ,L:  Lr ,  : ,  1 :  a i l  '_*  
Drn,

Hn un Hzz ,* -- -trn,

HIIH

MorrtHocrefi  .nerxo noryrrHrn us 0oplynu (2.10) i / lNz :  9 ,8 lQrHrqr ,  Hcno, , , rb3yrr  fb . j3) i  
- ' - '  \s ' '

76

S 5 . r1 II puae1eunbrc napalt4empot mgp\un 77
u t t / u n :  T ) 1 , 7 t 1 / u p t r y , no,r lyrIHM COOTHOI]eHI.IepacxoAoB:

#:(+) ' H7

E (5.33)

CoorHoueHHe
: 9,8 I  QrHrr l ,  a

(5.33a)

cos
CneAonsT€JrbHo,

t t  . - -  t '  Dznz
" - r2  -  * l r  -D; ; ,

Ct r r  :  COS C[12  H  COS dz r :  COS Azs

7t  ' -  qt  Dznz '  
u. .^  : :  r t  ! rn,  ,  , ,-r'.1 - "rL 

-DA; t tts,r ,: Il.tt 
ffi, r _29 -_

oopuvnl !5,31)u\s '33) , .31.?y.rs,3Ba) Ha3brBarcrcrrs a K o H aMt l($opmyaarrr i i )  n o , t(  o d u n"H oseHb urHpoxo Hcno/rbsytcrcs. I loexonrry
if#l#i';:til:,rJio 

H3MeHnercn n,'a.,ro, ro qaffio Arln ynpoqeH';
l lpxuep 5.2. VIccneAoBaHHq MoAc.rrH ryp6uHr,r ArraMerpoM Dnn: 0,3 u npx Ha-nope H* : 3,5 M noKa3aJr' '  r l ro onrHM?JIbHOMy pelKHMy c Hau60arruuu Kr[ coor_BercrBver  4u.onr :430 a ' lmwn H Qru.or r r :6 , iS , r / . .  fp .Ov.*"  uaf i r^  qacroryBpau{eHHs f t r .o f l r ,  pacxoA Qr .on,  

!  
r l rou{Hocrb Nr .or*  narypHof t  ryp6uHu roro xernna,  Huercute i i  , rHaMcrp,  D :  5 ,0  u  l r  Hanop H' :  g0 l r .P c  u l  e  n  H e.  I - lo  f iopvync (S.32)  ,  

" , r^ run 
r l r . rwhl . . r :  I ,  1axo. i tg1, , :

/ r r .  o r r r  -  n . .  ^ - - -  D l - l I  H  -430 '0 ,  s  - ,  
f  g0-- ,.1\r. 

""t D y Tr,= 
--_T_ 

L, ,,.!: 132 o6luuu.
| Io (5.33)

Q t . n  - - n  , ' D \ 2  1 / T  ^ . - /  S \ 2 . r / Wr r t  - -  vM 'on ' ' '  
\ 7 f , /  l '  * :0 '15  (o :  )  V  # :2n  us /c .

Mouluocru 
"Iytlu,e 

BbttlLlcJIflrb HenocpeAcrBeHHo no (2.10). HyxHo 3aAaTbcs KnA.B onr,MaJ'rFrror\ 'r pex'Me ronr : 93-rgi /r. nrar"aM rronr -= 0,93, TorAa nonyq'M:y 'y ' r .  onr  _ - -  9 ,81 '90 .211.0 ,g3  :  172 000 xBr .

5 .7 .  qPHBEAEHHbTE nApAMETpbt  TypEHH

Typ6ul-tbl Moryr BblnoJlHttrbcr caMbrx pa3flHrrHbrx pa3MepoB r.r pa6orattB lUHpoKorvr AHAIt_a3oHe HanOp_oB, qacToT Bpauelrprs, pacxoAoB H MOrrI-HOCTH. cneAosare,,,rbHo, AJrf xapaKTepHcTHKr.t TVp6HHU AaHHOTO THnaHyxFIbI KaKHe-ro roKa3areJrH, npHBeAeHHbre 
.K 

" 
oary^i,;;;;" '#,;

Haropy 
-u A:/.aMelpy. l lpnuato AaBarb roKa3a-aHHbre Ha Hanop H _ I  

- r"r  
u AHaMerp D _.1 u.orcff n p H B e A e H H br M H (.A"*i"u""rr"1'u

H B e A e H  H A f l  q  a c r o T a . B p  a q e H  H f it rr fi p a c x o A. Hctlursyn Qoprrry.rru nepe.3 yqera HaMeHeHHrr KnI ,io ,aAIrHbrM napa-D no.nyuaeu:

fJo 'qcranau nor) , 'qer iHbre coorHor.ueHHfl  B npaByro qacrb
gHzt rz :  (  2znz  \ ' ( , r -- 

\Drn, ) \ununcosctrt - uztUztCOSarr).

P a s A e I H n ( 5 ' 3 l ) r r a ( 5 . 3 l 6 ) , n o n y q H M B b I p u * u " H . . ' . . .

j t f u t  - ( D f l t \ zH-rn*: \ff i /  '  . :  ' '  1;, :::,.
OrcroAa HaxoAurcrr  coorHoueHHe Mex(AyqacToTaMH BpaqeHHf l :

( 5 .3  r ) :

/ 5  ? r 6 \

(5.32)

ycJroBHe

tlt

ll2
: D ,

DL
HL

E;
floAcranun uafi4eHHoe

no4o6nn (S.80)
orHotueHvte nrln,

er _._ Qr
n P l ' -  m , n i  D  t f T

T : - l -  y  T



78 Ocuoeot meopuu pa1oueeo npo4ecca mgp1uu lfn, 5 t t  5.8I

'" n'' trf H
1 ! ' :  

r )  ;

Q ,: QiD'l/ H .
f lpl ine4eHHbre (elHnHqHbre) n_apaMerpbr rxnpoKo

xapaKrepucrrix ryp6nH RaK n Cosercxbu Corcae,
I lprruep 5.3. Onpe4e.r lHrb npHBeAeHHbre napaMerpbt AJtFno / laHHbrM npuueoa 5,2.
P e u e r i  u c , ' f l o ( S . B a )

'  f 7 * .  n ' r D -  4 3 0 . 0 . 3nronr : 
lf# 

: 
lfffi 

: 69 o6lrwHn i

KoeQfi u4uenn 60rc m po xol noc mu

5.8.  KOgOOHqHEHT EbTCTPOXOAH0CTH

KoeQbut'yueHm 6otcmpoxo)uocmu n, qucneHHo pa*eH ttacmome epat4e-
H:?n m.gp1unat daruttoeo munA, Ho maKoeo pasJflepa, qmo npu Hdnope
fJ : I u ona paosusaem JiloulHocmb I n. c. (ucnonraoBaHne eAHHHrIbr
MourHocrH I n. c. : 0,736 xBr - HcropHr{ecKH cJroxwawufrcfl, npHeu).

Harileu xoeQQHuHeHr 6rtcrpoxoAHocru ryp6nrru, ecJrH H3Becrnbr ee
Llacro'ra BpaureHHfl  n,  Hanop H u ruoqHocrt  N.

H a  o c r r o n a r i r . t r r  ( 5 . 3 2 )

3,qecn D, -  AtraMerp ryp6uHtr,  MoulHocrb
f lo (5.33a) 6es yqera r43MeHeFrHn Kf lA

xoropori paBHa I .n. c.

|  /  D " \ 2  I
T;== \-;i ) 

-n

BoseeAer ra  nepBoe 'ypaBHel t  He B KBaApar

/ g t z  /  D  r 2  I
\ n ) 

: \D; ) 
-n

H nepeMHoxHM Bropoe H Tperbe ypaBHeHufl. 3ro noBBoJrHT HcKJrrotrr{Tb
Dr.  TonAa

/ n , \ ,  I  _  I  l / 1 -\  "  /  m; : -8 ,  Y T '
OrqoAa nor yr{ aeM Qop rvryn y AJr r on p eAe/reH r.r rr xoeQQH qHeHra 6prctp o-

xo,[HocTH:

(5.38)

pcnn MorqHocrb 4.a:aa B xBr, To ffr,." : l,B6lV*sr.
Moxuo nai.tru cBn3b Me)I(Ay roeQsnirueHroM 6iiiipoxoAHocrH nB

H NPHBC,qCHHbIMH CAHHHIIHbIMH NAPAMCTPAMH TYP6VUTI Ni V Qi.
Bstpasun pacxoA qepe3 Qi no-(5.37), 6eg yr{era rasnae"e";-s KnA

I IO f l y I {HM:

N -  9,81Q;D2 VF nn.
f lo4cranur s (5.38) rvroulHocrb lv e n.  c.  H n f lo (b.96),  HMeeM:

79

t | i lH

Tax>xe rrs

o'r ' t i  yIa

l*,;+il: nD I
\ r y l = ' T T . I

cpopv) ' " ry nepe(:qe'rzt  Mo)KHo norvr{r . t1.b

1/ i;,

(5.34)

n
v l

il
/  I  t !
\ T /

n .s  D  ' t /  |
n : 4 Y - F

no (5 .35)

Q l o n r :

l lpr lrep 5.4. f lo
noKa3areJlH r\rD6u n r,r

P e u r e H H ' e .  f l o

Q r r r .  o n r  0 , 1 5

ntrf 1 o,gzlffr

nai.iAettHl't;r't
D .-= 6,5 pt

(5 .36 )

,;l/ tr

(5 .35)

(5.36)

(5.37)
HCnOJIb3yroTcfl AJrfl

TaK H sa py6exortl.
onTHMaJrbt{oro pe)KHMa

: 0,89 rtls/c : 890 n/c,

-f lpHBeAeHtrbtx naparveTpoB onpeAeJrHTb
l  l 0  n r .

:  I I I  o6 lunu ,

1/+

3Ha ' {e i l } t r {Nt

n p u H :

no (5.37)

e :  QiDr[  H :0,89 .  6 ,52{  no:  893 ru3/c.
t r ' lo rquocru Rr) l t tHc. r r f leM no (2 .10) ,  npt rHt jMarr  Knf l  ryp6nrrnr  94 g/o i

A / : 9 , 8 t Q f f 1 1  : 9 , 9 1 . 3 9 1 . i l O . 0 , 9 4  -  4 0 0 0 0 0  x B r .

ns :# l /
oTI{yAa oKoHqaTeJrbHo

1,36.9,81Q io2[Hn r l
ttq '

r ------l

I  r ,  :  B,65niJ/ oin. I (5,3e)



80 1 t , . , , ^ . , ,\ . /L  t t ( t ( t t )L  i l  i  r 'op l l  lL  p( I i  )o t l ( l ( ) n p( )t l('(:(:(t t tt ry pii u t.r l l ' t . , 5 s s 5 9 | Peo,IbrLtut rltop'+ttt 0ou:ttcttutt:t uctL|rcocmu o pa1oue'+r Konacc mgp6uuw

l jc.n u ; laccMa' ip r r  Barb t4; leaJr r )  r  I  y lo iK H/ l l (ocrb,  / (BHlKyruyloc I  6eg
t r ' f ( )  ua  6ecKr i r r c 'n toc rH  i l aB" r rc t . tHe  noc ro f l t rHo  (paccuarpnBaerc r l
TO co rJacHo ypaBHeHHrO EepHy" r rnu  sa  cqer  H3r \ reHeHHq cKopocrH
i la/ l  n l tor l l l r lcv / toJrx{ t io noHH3trrbca,  a noA npocf) l t lerr r  noBbicH'rbcf l .

I toTepb,  H c r tHTaTb,

r ranopHoe reueHHe),
TeqeHHrr AaBJIeHHe
3ro u co3Aaer cH-

' l - r l  
f r )  7 l

PHc,  5 .14.  f lo tox B Me)KJIonacrnoM npocrpa l rc tnc pa6o, rero KoJreca paAHanbHo-
ocesor i  ryp6nnur

f loBoe sosAeficrsl le noroKa na npo$Hnu (pHc. 5.13,6), pesynbrupylou{afl  Koroporo p
rrpeAcraBrner co6ofi  TaK Ha3HBaeMyrc n o A,b e M H y ro c H Jr y. oqesHAHo, qto
aHaJIOFHtlHaf l  I IO. l 'b€Mlt  3f l  Cwna BO3t l l ' lK l leT,  eCJIH )KHAKOCTb I tenOABHrKHa, a npOQH"rf t
nepeMeulaercf l  B uef i  co cKopocrblo -  um.

f1o ;11 'e ru t tan  c t4J Ia  l l a  l u  uupr r rJ t , r  npocpnn f l  onpeAeJ lne ' r c r  no  Hgsec r i ro f i  reopeve
H.  E .  ) l ( yxosc r<oro

P :  puool ,

8,1

KosrfrQlrurlerrr 6urc'rp'xo/rrro(: 'n{ o6r)rr{ro orJ)erqeJrrrercs tLJ,u pe)f ir{MaMaKCr ' t r {a, ' rbr {or i  \ .10ur i loc ' rn.  or r  BecbMA i lo ,n i lo  xapaKTepH:y,g. , ,  cBor icrBa
:yf f : : : !  O?f ] ty 'pa6ouelo Ko.r reca,  r .  e .  ce Br{A r {  r r . r r r .  Kosfcpur( i reHrbrob l c rpoxo / ' { l l oc l ' l l  n "  pa? , , i l t t t { l l b l x  B I J / t o l J  Typ6 t l u  I i 3Men f l r o ' r c f l  c / r eAy to t . q r lMo6p asorr , r :

s

r200-450
500-300
400-80
50- l0

zO C C t ] L l C  n ( ) 0 0 p O T I  I ( ) - . 1 ( ) I t Z l C  f  I  I  b t C
.11  la  fO I  I  A .n  L  l  I  l> lC  l  l ( )  JJO J)OTt  tO- ,qOI l  aCT. i l  t r te
l )  ; l  j l t  r i r , l  t r  I  l ( ) - ( )ccBr , t  c
l i r l n t t r / \ r ) t  ' / f
I r \ | r , I l J \ / r , t , j L

LIev  r {eHb i l re  xoeQ{ t l rq l re } r r  6 r rc rpoxoAHocrH
ryp6nHa,  reM Bbr r re  r . i  ee  o6nacrs  uanopon (cur .

5 .9 .  PEAJ IbHA '  OOPMA ABHXEHH ' l  XHAKOCTH B  PAEOTIEM
KOJ IECE TYPEHHbI

f t r ,  qeM THXOXOnHee
p H c . 2 , g \ .

o)

(5.40)

, 7 )

P H c .  5 . 1 3 .  O 6 r e  r < a n t r e  n o r o l r ( ) N l n porpH,r n
Puc .  5 r .15 .  [ - ] r l ' r ox  B  MexJ Ionac rnoM npoc rpaHcrBe  pa6overo  l (oJ reca  ocego f i  r yp6nHsr

F, ' le  ( )  -  l l . / lo r l locrb xHAKocl 'H;  u@ --cr (opoc1 'b ;  |  -  t t l lpKyntuHn,  co3AaBaeMag npo-
rpu"reu ra  3aMKny ' foM Kor{ lype,  oxBarbrBarcu{eM npoQu;ru (puc.  S.  13,  a) ,  H onpeAe-
r f leMaf f  no (5 .2) .

OcHonuoe cJleAcrBl{e us reopeuut H. E. XynoocKoro cocrogT B ToM, qro cu/to1oe
,]osdeilcmaue nomoK;t ua o1mercaennrt u,tl npoSutto \npeAennemca cos\aeaeuort 1oqpge
smoeo npoQuttn qupKAnnqued crcopocmu. Wawuu eIoBaMH, AJrf, Tofo qf06bt ROToR oKe.
3blBaJI cHJIoBoe nosneitcreHe Ha o6rexaeuttft Hu npo$n.rrb, BoKpyr sroro npo6u.nr o6a-
garerbHo AoJrxHa c) 'qecrBoBarb uHpKy.tsUus f.

Ha .nonacrnx pa6ouero KoJIeca pesy.nstrpyrcuafl  cvtna P HanpaBJreHa B cropogy
Bpatr(enur. OHa cosAaercrr 3a crter neoAHHaKoBocr]r Aan.neHuii  c pa6oqeft n rurlsHori
cTopol t t l  f lonacrH'  KaK 3To noKa3aHo r la  pHc.  5 .14,  a .3ro ns lseTcn cJreAcTBHeM JIonacT-

\ /- \ \  
- ; - / 8 )

+
'L:t;

urc
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l - t a o a

NOABOA' [UHE U OTBOAf l  t I - (HE SJIEMEHTbI  TYP6HH

6 . I .  T Y P E H H H b I E  K A M E P b I

1 ' y p 6 l r n H a r r  K a M e p a  c J r v ) K r r r
a  r r  n a p a r y  p e a K T r r s H o i t  r . y p 6 n  r l  r , r .
creAyrcI l lue rpe6oBa FrrJ f i  :

Plrc 6.2.  06.rracrrr  r . tc t - ro,r t r :3oRalut f l  cnln)a.nh.

" ' u *  
' p r , p 6 l { n n l , t  x  t ( u l M c p  n o  l t i t n o p y

( f  , l x  n .

#fi*g+*S-^ry*#,ier:c*illt diJt-iru:Hr,'u.€, K,ai.M,:e'p,stt uuercr yrot goru :
' -  r { r r - . : -Jcu .  I  tonepeqHbre ceqeH}{n Kpyrf lb le,  npHqeM no Mepe nepeMe-

Puc .  6 .  L  I ( ounoHonxn  r yp6nHr { l , r x  KaMep
M f l . t l l , l X  T y ; l 6 t t  t t

Mepa r{MeeT rJe cf lHr.r jKoM 6O.nluHe pas-
Mepbr (ncl  rpar{cnoprrrbrM ycJroBHffM),
TO OHa Molier no/u{ocTbto H3foTaBJrH-
Barbc f l  Ha 3aBO/ te  / rHro f i  uJ rH cBapHoi i
KOr-rcTpyKr.( t . i l . r ,  HrrofAa o6teAHHeHHOft
co  c raropoN, r .  B  oroM c / ryqae r {aMepa
o6r , tquo Bb lno , [ r . t f le rc r r  B  BHAe AByx HJIH
q e T l , l p e X  i \ l O l t ' f  a i K l l I - , 1 X  6 r f  O X O n ,  K O ' f O p b t e
t t i l  r l c e ' l ' ( '  ( ' o ( ' . , I l i l , i l o l ' ( ' l t  6 o , r t 1 ' a r . i l t  l t , , q i l

A/rH i lO; I8O/ la  BOAIJ l (  f tanpaBJr f l touteMV
K'ryp6u r {Fr  r , rM r {aMepaM npaAr,n BJruro, rc , r

r i  a  i \ t  ( \  l ) .  I . . la  pu( : .  f j . ; j
l i a M C ' l l a  l ) i l j t t t t l , ' l t , t t 0 - 0 C e t t 0 i i
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l )  oHr r  AoJrxHbr  o6ecneqr . r rb  paBHoMepr {oe  no  BceMy nepHMerpy  r rHTa-rr  He^.H anp aBi l t r roulefo ann ap aT a;
2) rntpaBJrr iqecKHe norepH B caMori  KaMepe, B cT?Tope 14 npH BXoAe

)aT AOJTX(HbT obrTb MaJrbrMH;
rft xauepbr IoJrlKHbJ coorBercrBoBarb
rn f3c.
l M e p :
)Jreso6eroHHbre (prEc. 2.2) w MeraJrrrH-

tr 'nusxvtx K HHM r_ranpaBJrnrou{HX

r f l  MaJrbrx  r r r . t3Kor ranopHbrx  ryp6r rH:
2 ,  a  H  6 , 1 ,  a ) ;  i
{TaJrbr rb rx  Typ6r , tH :  D1 : (  100 cM,

rbHbt .x  ryp6 l l rJ l lb tx  KaMep on l le / leJ r r r_
na l (  Br . fAr ro  i l3  pHc,  6 .2 ,  6e , roHusre
i o T C f l  n p r r  l t a n o p a x  4  _  g 0  M ,  a  M e T a J r _

ueHHfl o'l '  Bxo/(a K 1g_lJty -c yMeHbrreHHeM pacxoAa nfloqaAb ceqeHHR H
PaAlJc y6blBalor. i',;,qacrH, n p HMepHo {ifft#ttocrrbaHfitr&g(

e cli fte",:Fro o6ln i H s eicHrierr,r;"qto dim
,ffiifi. r:'- ..i rti . x pyrgq%cffi 

" ffiffffiid'tffibD'I"iaHt"ft.aii' idfi iih"'r f H aji'tavepa' f p i J. 6. B u 6. 4) n p eacra Brr n er co 6o fi
cBapHylo_ KoHcrpyKIIHro, BbrnoJrHeHHyro Hs BaJrbuoBaHHbIX craJrbHbrx
JIHcroB. .I lucru rro BceMy nepr{Merpy npHBapeHbr K BepxHeMy H HHx{HeMy

Slggl:'y lg"'liy :larTa'S60j*u 'i taz,r

!o
s
s(o

Ko r r  c r  l )  \ i  r {  r t  r r  n  . t .  \ ,  l )  6  r r  r r  n  r , r  x
nor ia3ar ia  c ra , r rbHerH cnr r l )a .n r , i ra i l  TVp( l r r t - r  t ra l r^p1,p6r l rbr  J t r . ta \ , ter l )oN, l  5 ,S ' l r  c  l rar ro l lou 100i r l . P r . r c . 6 , 3

14e l )  a
Cra , r r , r ra f l  r yp6nnHan  Ka-
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"O6o i r t tq t ia  c ' raJ lu r ro i i  c rn rpanr , r lo i i  K 'a r \ {ep t ) t  p i : l cc r tHTbtBaere t t 'Ha MakcH-
r 'Maf lb t toe  'B t ty rper tuee 

AaB. I reHne B( ) , ' l r : r  . c :  yqe ' roM f  t { i lpaB/ tHqecKoro  y1apa,
B o : l l l l l l i a l O l t t c l ' o  l ) 0  B p e M t l  : i i l l i p l ) l ' l ' t l t l  l l i l i l p i : l B J l i l I O l l l L r t ' o  a l i l t a p a ' r a ,  [ J p l r  g T O N t

Pr rc .6 . l l  , ' t l l r r ' ; u r  c ' r ' : r , , ' n rn l l  l  ' t \ ' l rC rn r r ra r r  r c r  t \ , 1 (11 ) l  t ' 3 ( .  t ]  6 .qo t l r r ru t  (COp lO,  3aBo I
< , ,  i r r t o c l ' l l o i i  " )
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' .1t .V;4(. l ic i  i l 'cK,nrcrt i l ' rb i re l le; taqy i laf  py: i l i l t  i la 6c ' rOr. t ,  j t / tn qerorUepxHRrr t {acT6.

ig f ionoux i l  r l r lnp l , lBaerc t l  l t (u l .a r ,n r ruo i i  npot {J raAKoi t  ( i )nc .6 .0 , .  a ) ,  HanpHMep
'$il.t 'vvr-nirMr,r MaraMr.r,i 'Jrra6r:: ocr aercn ortif lbtroii (puc. 6.6, ffJ.

_  l t Jpeae l } , rn [ ) rMet t t f  Mocr [ i ' ]  c ra . [bnr>rX.  c rn r [ )aJrbr r r , rx  KaMep,  , ; . y ,  , I (oTupb lx
p(rtriliotlrra" 'Boclt p rt H lltvlaeir Mzi xc n M aJI b rroe B n yl'peHHee.' aBJlet{ue. 'puirffa,
tuT.t I . l l ] , lan | i l , tpaBrt ' tqeCxHi i  yAap, c yr{eroN1 Hcnoi lb: loBaHHrr3blCoK'bi ipOU*

:t t i i l= ' " ' ' re i l tponar i l t r . , r . \ ,e lanef i  To,ntr(HHot i  Ar l  40, , , t* t , t  onpeAeJIneTCR nO
) /  

( " 1  ( ) l l  l  l  l o

B I io . l 'o l )Ol \1 ,  pr \ rar (c  - -  I r  Ml la ;  Dr ,  - "  l l l la l \4eTp CeqeLt l t f l  cnHpanl t  (exo4-

.ryor:g)_, cM s.9{1Jl,,,_yg1lQ.Blle_,^(6.1) H€ }{oBrreriopnglcri, ro, npnxofiHrcn
ftlratulfr:a+:0'ff.6'6f;Ie*ffiii f 

-r:-i;---1''
"'''"fttfti8'fJr'b'trleerparenpoirplaHeHne noilyr{HJtH;.r{o}rc.rpyr{uHHr.cIIHpanb.Hu:rq*
W}g$jtl'flttblX,,fi8'Mgplier:1ep€fi{Heft,,:'rtacrr,t'.HarpJ3KH ot BHyrpqHrref.q.i1,h'Eildh
uHryA34,9411 ft8'.)K€,rl€p66er0lfi"6fl6Ha-'3{alrH,fi rDC., Tax, n ryp6raHax Hypex.

cxoi i  f3C craf lbHan o6.nt tL toBKa paccqHraHa Ha l13 
' faBi leHln 

BoAbr ,

C l'1.'T tr i l r,r x 'r ' l ,P6ltti lft,Lrf.i 
r<it lrc ir

6 {  \ l  i (

( rocraB,nf l rot t lero c yqeroN4 rn/ lpaBJrr{qecKoro y, t tapa 4 MI la ,  a 2/3 Bocnpr. t .
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9 ' r O  t l

,5  i v r ,  nc . r r { : r3ar r  r rz l  l ) r rc .  6  7 .  Ocobcr {no( r .nJ

T gp6unnote Ka,r4epbt

Bl/-ran BBepx c rrocrof lHnof i  oruerxof i  r roJra (puc. 6.9,  6) ;  raBpoBarr c
nepeMeHHofi  oruerxor l  r roroJrKa H noJra (puc. 6.9,  o) .  Btr6op rof i  unw uHor?
Qop vt tt ueJI H KoM o n p ereJr rrerc fl ycJroB H rMH H anBbrroAHer? uefi rounoHoB-
xr.r  6.noxa 3AaHun fOC.

O,qua H3 cyuecrBeHHbrx oco6eHnocref i  6erosurrx ryp6uHHbtx KaMep
COCTOI4T B TOIVI, t{TO 3HaIIHTeJIbHatl qacTb nepHMeTpa HanpaBJltlrcqero
annapara norvqaer eoAy HenocpeAcrBeHHo H3 noABoAflulero BOAOBOAa.
v= pnc. 6.9 BHAHo, rrro noABoA BoAbr K craropy H HanpaBJrrrorr lnM
JIOnarKaM 3AeCb MeHee 6naronpr.r f lTerr ,  TaK KaK npH BxoAe B crarop
I t  B  l tanpaBr  n rour ,u l i  annapar  npor {cxo4r . r r  pe3Koe u3MeHenHe HanpaBJre-
I r i l f l  c t ( o p o c T r r .

C l le f lPr lo  y .nyqu le l { l ln  yc" lonut : i  BXo l (a  noroKa B r ranpaBJrnrorqr r f i
annapar  B  npano i r  ' l e rBepr t r  cnnpaJrH nepeA sy6or , l ,  KaK gro  B l rAr ro  H3
p l t c .  6 . { ) ,  c t ' a B r r T ' I ( p u B o ; r u r r e H r r b r c  r ( o r ' r o r u r r ) r ,  r r p n q e M  t u a r  I t x  3 A e c b  A e r a t o r
I v l e l l b l l l e .

I J r r o t ' t t a , i t , , [ r  I I I . r 3 r ( o n a n o p r - r b r x  r y p 6 r l r r  l ) a c c M a r p n B a e r c r r  B o n p o c
o lor l \ ,1())Kr oc' r ' r  r  r  p H vren cr uur n p n MOy foJl  br t  bt  x ' ry p6r.r  u Hbtx KaMep c [eJIbto
y l l [ )o lUe l l l ' l t l  c ] 'po ] t re , r lb l - l t  t x  Sopu l t  o6 .nerqer { r , {n  } i cnoJ Ib3oBaHt rn  c6opHr tx
xe,ne:o6eroru-r  br  x oJIeMeHToB.

I  Ip l r  nanopax 6o"qee 50  v  6eroHHbre  cnLrpaJrbr {b re  KaMepbr  cHa6xarcrcq
cra , [u r to i i  o6 l t t r tonxo i i  t43  Jn4cros  ro ru l l rHot i  l0 -16  v tu l .  3 ra  o6nHuoexa
B ocnoRrroM cJr ) ' x ln '  nporneocpr r ,nbrpauproHrror i  saupr ro i r ,  Ho y r {HTbrBaerc f
I r [ ) l . t  pac t le re  ] ioucrpyKr tHH Ha npor {Hocrb .  OHa AonxHa 6 t r rn  xopo l l1o
3 a a r r K e p c L r a  B  6 e r o r i ,

f - lpn  r rpoeKr r rpoBat { r . r rd  r } tApo3/ rexrpocranLtn i i  npnxoAt { rc r r  paccMarpH-
BZf l ' r ,  Bo: lMoxi locrb I t3Mer-{er i l t  f l  cbopv H pa3MepoB ,yp6lHHbrx KaMep
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9oz0

l ,6 r , rsaHnR
cn l rpa " r y r r

Pnc,  6 .13,  3asucHMocrb cp.eAnei i  cKOpocra
BO nXo,{HOli certeHLr}t cnnia,rH oT HaIJopa

r " n s  6 e r o F r  H  h r  x  c r l r . r  p a . n  b H b r x  K a M e p  c H a , { a f l a  o n p e _Ae, ' r f l to r  y ro , t  o . \Bara  ( f ,ox , ,  (p r rc ,  6 ,g )  H no_ (6 ,8 ) ,  i l p l lUxs  b , : , , ,o* "  r . tuu ct) :  ucn. 
"*  

(PI lc '  6.  l3) ,  nurut fc. , ' I t i tor  l - reo6xoj . r ,HMyro nf louaAb BXoAroro
C e q e _ H I l n  C n l l p a r ' I t r  F . n . , , *

I - lo  vc . i roB l . rsv  r lo t r , rno l r ( - lBKt r  6noxa 3Aa l t l {n  fOC Bbr6Hpaercr {  gbopvran o r l e p e q l l o r ( )  c c q e r l l r t l  ( p l l c .  6 ' 9 )  l r  c r p o n r c r  B X o A H o e  c e q e H H e .  l D r r  3 T o M

Pltc '  0 '  14 '  f locrpoct t r tc  npoMex)IroqrJbrx ceqerrnf t  6eroHHrrtx cngpaJIbHbrxKai \ , lep

yt{rrTbrBalor c,Ter} / , tourre^yc,ToBj.r . f l :  bolao (  2+ 2,8,  yrnbr 6r H 6,  npHHH-Nrarorcn  l5 - -30o (p r rc .6 . r4 ) .  Heo6 io , i ,Mo npHHf l rb  o6utHf i  cnoco6 no-crpoeHl l t l  npoN' lexyrol{Hblx cel{eHul i .  OH salaetcq KpHBsTMH nepeceqeHgrrBeplrKarrbHor: i  creHKri  c noro,rrKoM H AHoM. go."5"(Hi ; ' ;p;  BapHaHra(pr rc .  6 .14) :  o  -  paBr ' roMepHoe coKpaqeHr ie  Bbrcorbr  H rx ,pHHbr ,  6  _6o' i ree 6utcrpoe coKpauleHIte Bbrcorbr 14 6 _- 6onee 6rrcrpoe coKparqeHr{eI r r r r p r r r r r ; T ,  R  r r . r a r r e  . l , o p u a  6  - -  C a r \ 4 a f l  o 6 x a r a R ,  c p o i l u a  6  _ c a M a r r
I l i l t l ) . ) t ( a i r .
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l locrpoeHue 6erouHoli
rpaSHuecxurt, I  cnoco6oM,
(puc .  6 .8 )  u  uau ln  no  (6 .3 )

cnHpa.nnuof i  KaMepbr yAo6Ho npoH3BOAHrb
K a K  n o K a 3 a H o  H a  p H c .  6 . 1 5 .  3 a A a e  g o x s
nJlouaAb

tr' c u . n x -
Qpo* "

u.n.  
"*  

360o I (6.3a)

HcxoAn r43 ycJroBHft xounolroBr(u 6nor<a 3AaHHn r3c nrr6uparor QopMy H
nor1vtparor pa3Mepbr BXoAHofo ceqerrLrfl no rrJroilIaAH F"n. n*, nO H3BeCT-
l rbrM pa3MepaM craropa (R"r .  n*  w bn)  crpof lT noryqer{Hoe ceqeHHe (rxog

Fs" = r(,?)

Qozd 9t 9z 9l 0R6r.0.2 RJ R? Rt RdE

Puc .  6 .15 .  I -paQnvecxoe  onpeAeneHHe pa3MepoB 6erosHof i
cnH paf ibHof i  xan, tepur

Ha pHc. ,  6 .15 ,  6 )  u ,  Bbr6paB 3aKoH eno H3MeHeHHf l  no  A, , ' rHHe (nyHKTHpHHe
JrHHrrH),  HaHOCflT HeCKOJTbKO npoMex{yror iHbrx ceqeHHft  ( l  ,  i ,3 . . .1. 'noa
ceqeHHeM crpo^r r  cABoeHHbni  rpaQux (puc .  6 . Ib ,  e ) :  Fp :  I  (R)  H F* ::  f  (q)  no (6.3).  Cnocs npoMelKyroqHbre ceqenHrr Ha sr l  KpHBbre,
HaXoAflT cOOTBeTcTBeHHbre 3HaqeHHfl  Rr,  R, . . .^  l r_grr  ez . . . ,  KoTopbre
no3BoJrf l toT nocrpoHTb cnHpaJrb B rrJraHe (petc.  6.15, a).

Ecnu rpe6yercfl yMeHbuHTb pa3Mep BXoAHoro ceqeHrfl, ro MoxHo
Hcno/ lb3oBarb 3aKoH y6nnaroutefr  cxopocrH Ha yrJre oKoJro 45'  (nona3aHo
n y H K r H p o M  H a  p H c . 6 .  l 5 ,  a ) ,

2 . P a c q e r  c n H p a l s H o f i  K a M e p b r  n o  3 a A a l r H o M y  H a n p a B -
r e H H r o  c K o p o c r H  n p H  B x o n e  B  H a n p a B J r f l r o u t u l i  a n n a p a T
npoH3BOAnr C yqeroM HepaBHoMepHocrH pacnpeneneHHfl  cKopocref t  no ceqer{Hn (no4-
po6r ree  cM.  t3 t  J ) .  l l p l l  BxoAe  B  cnHpanb ,  Kar (  BHAHo r . r3  pnc .  G .16 ,  c ,  no roK  o6na-
,U.aeT MoMel lTolv l  cKoPocTH oTl locHrer ' lbt lo Uel{Tpa 0.  3to no3BoJIrreT nDHMeHITb K no-

Oo uu cp grdtrdanu4ei

/7o t/u cp s Const
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T o l ( \ '  B  c n l l l ) i l . ' l l , l l o i l  I i ; l l l c l ) ( r  3 i t  t i ( ) l t  i l ( ) c ' f o r l  1 c 1 ] a  i \ l r ) p c H f ; t  c t ( o p o c . l l t  ( b  4 ) ,  1 1  . ( ) ( ) t l l . T .
cTB l i l t  c  l i oTo l ) t , r \ t

t ' r t  K  , ' r ,  ( ( i  4 )
K o s t l l t p r r l t l l c l l l  K  I l ( ) . t o i r  I ' | (  r r .  ( . o t . t ; l ( ' n ( )  ( ( i  - 1  )  : l 1 o l ) : l  p a c r r 1 r e i , 1 c . , t ( , t r l r 1  c r ( , p , c , f c i i

t , , ,  ( r )  npc i l c rae . r f l c r  c r l 6 r r i i  r . t r r r cP(y ' .1  i , ,  J i ' r r l l r h rn t t { ( r l t t .  A .  u , l t< r r r r  on l ) c .1 r , , r r  t 1 r . l ,  l ( )  P l r c -
x o r v  Q ,  C  ) ' , t e t o r r  ( 6 . 2 )  r r  p r r c .  [ i .  l t 6 ,  5 .

l? /?

Q,r = 
# J t',,h (r) rlr,. K .i 

bJ!- 4r, (6 s)
/ t , , ,  .  r , r , r  \  / ? r , . , . .  , , , , ,  *

r . ' t t ' i r  ( r )  *  I l t , t c r ) l l t ,  . l r n l c l l t ; l t  ( ) - l . r

Pr rc .  6 .  16 .  I (  pacqc l ' ) '  cn l . t pa . tbno i i r  xauepur
r l cpe l  H i l npaB. ' t f l t o r rUn t  a l tnapaTo i \ t

Oroo-t : r  l l ; r \o. ' ln  ] r

E
no 3a.q,aHHOMy HanpaB, ' reHurc cKopocr i l

K-_- ( 6 , 6 )

o  q ' -
* 3600

/t

I  b ( ' )  a ,
J T

R,, r.  , ,  r ,r ,*
( - p e - l l l R t t  p a ] t l l a . T b l i t l  t l  l ( ( ) l l n o l l 0 t i r a  c K o p o c r i l  L t r  H a  B b t  x o a e  ! r 3  c r a r o l ) a  i l t ) e A c . r a B -

. ' l  f l  eTCt l  B l ' lp  ; l )Ko t t  I tL ' t l

..,, =. ___9__ (6.7)x U ) e 7 , n b r . r D o ,

l l a r r6 r ) ' ' l b tucc : |  t t i l r t ( . ' t l t t 0  r ru ( ' c f  r i t n l ) ; tR . l f l u r ( .  ( ' t ( o l ) r x l ' t t  t rgp ( ' j t  BNo / toM g , : r  , l ) i r r -
" ' t r t t o t l l l l t i  a l l napar  i ' 61 .  661 ; ,  I '  ( '  \ / l ' oJ I  ' / 1 ;1 ' ,  s51^  (p l r c ,  6 ,1 ( i ,  a ) ,  t<o ' ropnr r l i  c  1 , r ;6 '1 , rn  (0 ,4 ) - - -
(6.7)  orrpe.{c, ' rBC fot  no rpoprrr , . re

l 9  d c t .  8 6 I X  :
Q/lcr. nrrx

ftDcr, ourxboK
R

I L?) o,
J r

R.r ,  nr t "

2nDo gf6

O7

f lv u

/ \  cr.0otz

(6.8)

ss 6.2 | () ntcacucutou+uc m p tt6bt

Oop l t \ ' , l a  (6 .8 )  i l oK?3b tB te r ,  r t ro :

l )  1 ' rO . , ' r  Zc r . .  Bs rx  I t e  3aBHCl lT  oT  paCXO,qa  Q;

2 )  r rp t t  nocT( ) f l i l c rBe  (  y Io . r  ac . r . .  nb r \  coNp i l  I I t c l '  nocTo t l l l l t oe  3 l t  aqe t l l { e  no  BCeMy

r l e p l t i u c ' r l ) ) :  l l i l l l p a B . r y t l l o l l l e r o  a r l t l a [ ) a T a :
l l )  r ' r o . : r  c [g , r .  nu rx  3ABucr t r  o ' r  rpc lpu t ' t  t t  pa3MepoB cnH pan tHo f i  KaMepb l .
( . t r r rpanuur , l e  KaN{epbr  np tn l t r ro  [ )acc run ' l ) r  Ba r l ,  r lP l ' l  c t c r .  nu rx  :  co f l s t ,  npHqeM 3ToT

)r t 'o. , l  Br , t ( l r rpacrcrr  raKHN{ c l6pa3clM, qro6ut  oH coBnaAaJl  c yrJIoM ycraHoBKH HanpaBnf l -

l o l t gx  , l ona roK l rp r r  r ran6or ' ree  Bax l roM pac t re rnoM pexHMe pa6or r t  r yp6uHu.

l - lc66xo/ tHMl)rc pa3Mepr,r  ryp6uHuoi i  KaMepbr pacct tHTblBaprct t  cJ leAytol r lnM o6pa3oM:

/Ul l  : t i l , la l tn, t  x  Pa3i l4Cp()B c ' raroPa H np14 I t f lTorO{po;e OnpeAeJqeTCfl  BXO.I IHOe CeqeHHeF"u.  
" t

1o  ( { i . l } ) ,  n l ) l r r t cM uc r r .  r r x  Mo) r (no  r r l ) r . r r r jMarh ,  opnc r r r . I pyncb  I ta  p t l c .  0 . l 3 ;  no l6nparc r

c p o p l r _ r ' l {  p a 3 M e p b t  B X O A t o r o  c e r r e H H n  v  ^ J t n  u e r o  n o  ( 6 . 6 )  r r a x o A t t r  3 t t a q e H H e . K ,  n o A -

craR.nf l f l  BMeCTO (f  ) ' foJr  fpoxni  no (6.8)  npoBepf lercf l  ! ror  €ts1.  uux H npoH3BOAHTCR

K O p p c K l ' i l p ( ) B t i a  p a 3 M e p o B  c c r r e l r H R  A o ' r e x  n o p ,  n o K a  3 T o r  y r o J l  l l e  c o B n a A a e T  c  T p e '

6yevr, t rvt ,  9To onpeAe, ' lH ' r  oKotrrrsTCJlrrnoc 3HaqenHe .K.  f ]oc.ne 3Toro crpoHTcn He-

c r (oJ lbKo  npoMexyro ( r  Hbrx  ce r lenH i i  ,  KaK noKa3aro  Ha  pHc .  6 .15 ,  6 ,  H  AJ In  Ka)Kro ro

B l , l r t l 4c .4 f l e rcn  pacxoA Qrp  no  (6 '5 ; '

3rran Qa. no (6.2)  JrerKo t {a i i rH coorBcrcrByrouec 3rrarrerrHe (p,  r r ro H onpeAenHT

noJrox(el{He AaHHOro ceqeHHfl  H no3BoJrHT nocrpoHTb nJIaH cnHpaJH. Tax sutnoJIHf lerca

pacqer  npu  K :  co f lS t ,  H r te rc rcs ,  oAHaKo,  npeAJ lox (eHHf l r  HanpuMep n  [31 ] ,  Aonycxa t r

HeKOTOpOe yMeHbureHHe @ c r .  Bb rx  nO CpaBHeHHIO C OnTHMaJ IbHbIM 3HaqeHHeM Ha y rne

(rpo*o -  q)  < 45+- 60o.  3ro noseorrur  coKparnrb pa3Mep BxoAHoro ceqeHHr 6ee oqy-

rHMoro  yxyAueHI . tn  3nepre rHqec l (HX noKa3areJ le f i .

6.2,  OTCACbIBAIOUIt4E TPy6bl

f3C u orMerKy 3aJro)KeHuf l  ocrroBaFrHrr,  B ceqgH c STHM BonpocaM onpe-
AeJreHHf sopr"r  H pa3MepoB orcacblBaroqHX rpy6 npH npoeKrHpoBaHI{H
fAC yAef l f lercn sHaqHTeJIbHoe BI{HMaHHe,

Pa6oqnf i  npouecc. Paccnorpun cHaqara r  H / t  p a B JI  H t I  e c K H e
n o K  a s  a  r e J r  u  o r c a c b r B a r o l r r . H x r p y 6 .  C p e 4 H r f l  c K o p o c r b u 2  H a B X o A e
B orcacbrBarcruyro rpy6y (ceueHue 2-2 na pl{c.  6.17) zaevcHr or pex(HMa
pa6orbr ryp6HHbr H onpeAe/r f lercf l  napaJrJreJlofpaMIVIoM BblxoAHblx cKo-
pocrer i  (cM. pHC. 5.8).  Orrpe4e.nHM a6co", ' r rorHoe l taBJIet{ l re B ceqeHnw 2-2
npH pa6ore  rvp6uuur  paz lpg ,  Ann eroro  cocraBuM ypaBHeHHe EepHynnn
,(Jrfl ceqeHHri 2-2 14 5-5 (ntrxo4Hoe ceqeHHe) oTHocHTeJrbHo HHlr(Hero
6ueQa;

Paz -y a -y ezaT - Pad 
* z. * 

a{t? I h
pT 

-r &2 -T 
T pg T 

f tb676o

3lecu prJp& -- h6 * p^r*lpg (ho - 3arnydrreHHe ceqeHHrr 5-5 noA
ypoBeHb r{HxHero 6reQa)i Patru - arMoc$epHoe AaB/reHHei zd : -hsi
hor" - rHApaBJrHqecKHe norepH B orcacbtBaroqeft Tpy6e.
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r{a3btBae-
or onpe.
norpeu-

o)

Puc .  6 .17 .  I ' u lpan .nH, rec r (ue  noKa3are . r rH  o rcacb lBa to r r lHX . r l l vC l

Koropoe  He  3aB l ' l c l l r  o r  pacxoAa ,  I ' t  I I IHa i \ , rHqecKoro  noHr . r lKeH i ln  AaB, r re r { } . r f l

Ahnr , 
- a'u?' dst)2s

i f  - - f  -ho". ,

onpeAeJIfleMoro B ocHoBHorta arafrQy3opHbtM AeficrBHeM orcacbrBarou{efirpy_6I H Bo3pacrarouero c yBeilHr{eHHeM pacxoAa.
v c r a ' o s H r v r  r e n e p b  o  H e  p  r e i f i  r r  u  a ' f i r ' a  n  o  K  a 3  a  r e J r  Ho r c a c b r B a r o T : f i  r p y 6 r r .  C p e A H f l f i  y A e r b H a f ,  s n e p ' 1 ,  * r a x o .cr[ e2 B eeqeHuu 2.2 OrrJocHTeJrbHo HHx<HeTO 6r,esa urrprfru.ra, ,fra*r { , r t eHoM , : .  .  ,

(6 .  l 0 )
P z  r -
p g ' '

rAe pzlpg .- p"zlpg -- pa,r lv.& v !z_.- xoa$cplrurrei l .r  rrepaBHoMepHoc,rH( l (opHonnca) ,  onpe4e.nsevuf i "no ( l .S) .  
- - ' - ' '

Suepeun €2, c Kot?lopod ooda norcuilaem pa1ouee Ko/teco, He Jvtotrcem 6otmauctxo/lbso]QHa mgp1unod u npe)cmasnnetn co1oti yo*rpr.- 8...a, crpe.Mr{rcfl cHH3Hrb e2 rr 3a cqer sroro yBe/r,q'rs l(fln, ryp6HHsi. Sro ao.i".raercfl orcacblBa.rc4efi rp y6oir, np€AcraeJrfl rorqeft cooot nnirno-fril;.pnrcutNf icn aHSQysop.
Vcrauonlrru, qer,,l onpeAeJIt{ eTcn ez np^H-r{aJIHr{r.rH orcacbrBarouleft rpy6ur.r.nrr 3roro r{cno.rrb3yer'r ubrpa)Kertr".  (0. l0i ; ;  ,p;p;y;;" iu. 'gi  tonyuru

e, - (n. ' "'f - # - t1,,,,) -r ru, t W (6. u)

vt to I:----T--
.ta{

,\s 6.2 i 0 trtcnatrca rcqu c nt p q|tut 95

I t  0 K o l t ' { 3 1 ' 0 . 1 1 b t r o

I ' ,  
-#r-ho,".  

i (6 .12 )

Pesynnrar noryl{Hrcr BecbMa HHTepecHbrM. Oxagursaercf l  ,  qro t tpg,
HLltuquu omcl:uBa,rot4eil mpg1ot mepnerta.n sHepeun e,z cocmoum us eouoa_
Hux nomepb dtatlZg u sHAmpeHHux nomepb lxor".

Ana yMeHbtueHt{tt repfleuofi-aHep rvr ez-rt,tbxrro yBerHr{HTb nJrorqa,qb
BbrxoAHofo orB.epcrr.rrr rpy6r,r F5 (npHno4r,rr K CHH)r{eHHro uo), oAHaKO
rrpH 3ToM rreoOxo,r luruo, . l ro6sr norepw ho.,"  He cJr ln l lKoM BO3paCTarH.
3rH norepu onpeAe/rnlorcfl AByMfl Qaxropi:
MH: TpeHHeM O CTeHKLT,  KOTOpOe HMeeT
c.paBHHTeJrbHO MaJIOe 3HaqeHHe,  H BHXpe-
BbrMH norepnMH, Bbr3brBaeMbrMH auQ$ysop-
HOCTbTO.

i l ,nn o6ec l reqeHus 6eeorpr rnr roro ABH-
x {eHHf l ,  npH  KOTOpOM noTepH ru l4HHMaf l bHb l ,
np i {  oceB_oM no roKe  y roJ r  xonycHoc rH  e
AoJr lKe l r  6ur l r  MarbtM (0 < 8o) ,  unu c  oAuof t
c ropor {b r  0 r50  <  4 "  (p rac .  6 .17) .  B  ryp6n-
Hax yro, 'r  0 lroxr-ro yBeJrr,rqHTb Ao lr- 14"
H Aaxe 6onee,  t re  Bbt3b tBaf l  yBe/ rHr {eHr . t f l
l loTepb, a Aa)r{e noJIyr{an LreKoTopoe HX
crurxeHlre.  C sror l  uerbrc no.roK sa pa6ouurr l
Ko , / recoM npn tsxoAe B orcacbtBa louyrcTpy6y
Ao"rtl l(err 6rrrl ne oceBbtM, a HMerb ne6o"rri-
uJyro KpyrKy, r{To AocrHFaercrr nog6oporr,t
coorBercrBeH rroro pex{r . rMa (yro,r l  a z *  0)  .
TcrAa Bo3HHKaroulue ueHrpo6exusre cHJrbr
npenf lTc'rByroT oTpbrBy noToKa oT cTeHoK.

t n r t 2€2- - t r+H, .

bl '
lo

FN

40
1n

20

ffftoo

__r\ 'fbl
-r-r

\
r1i

t0 20 J0 60 /00 200 J60Tfr

Pac. 6. 18. SabacuMocrr"oruo
cHrclr fi ofi : .l :rtHHeTriqetfofi f
anepfnr s6' pa6otnu" no.ritrcoh
or Han6pa"::rgP6nHrfl

Cpannunan (6 .  l3 )  c  (6 .  l2 ) ,
yBefl Hr{HBaer HcnoJrb3yeMy}o

ycTaHaBJIHBaeM, rrTo oTcacbrBaroll lafl
ryp6uuof i  enepfHrc  Ha

LHo, " :H , i  + ; - -# - -ho , " .

(6. r 3)

rpy6a

( 6 . 1 4 )

orcp,qa cJreAyer, qro orcacbrBaroqan rpy6a nosBoflf ler:
l) nortHocmbtu ucnoltbsoeamb eHepeu,to, coomeemcmearcLqatu ebtcome

aunaHogKu mgp1unot H, nad uucrcnuu 6aeQo*t (naxuo",p,i F/, ! ojJ

DrrArru nc pnv. u.rr ,  u,  }5oAa r4s paooqefo KoJIeca co cKopocrbtourort6pa-
cbrBaercfl B arnaocQepy H cno60luo naAaer B HHx{HHd 6reQ. irrulo'ur_
TeJIbFIO,
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a--, )  oc), lqecrBJrrrercr: t  n,r iaBnbt i r  t repexoA na r{BaApar t r , [ r {  npf lMoyroJIbuHK.
I(a r ' l  r toxa3art t  t tcc. [eroBatt  t i t t ,  nepexol t  , ryqLUe ocyu{ecrB,rrrrrbni  6onrurof i
A/ lHHe I Ip l ' l  3 loM yroJl  xoHycrtocrH 0 r ie 4o.rrxer- l  6trru 6olnee l4-16",
B noc,nei lFlee BpeMrI cra,rn{ l tpt . rMeHffTb r . r  B 3ToM cryqae Kpyf/rbre ceqeHHfl
no  sce i i  rJ ruHe.

cpeTqrrr i l i  yro, ' r  KoHycr{ocrn 0 onpe4e,, ' r f lercrr  npHBereHHeM nJrorqaAg
c e q e n n r  r (  K p y r y  

^ Y l n p H M e p , , I i l n .  r p y 6 s r  H a  p u a .  6 .  l g ,  B  H a  y q a c r K e
M e x r ' l y  c e r r e l r H f l M n  2 ' - ' 2 '  u  5 - 5  ( L r _ u )

Itr, : 
"Di, I 

q 1 F,, -- n[)?14 ,
rr p r.r Be/lerr r I ble /{r.ra MeTJ) br,

l l

a

l  l - , t .  6 A  / i  ? i w
2) t tct to 7b:tol( t t t lb : tH(tLtunvtrbt- t ! / ro LtaL' t t tb Ktt t - tu lLut tet 'xort  JHepettu,  Korno.

l tou odna)oe m aodu npu Bbtxo)e ue puToueeo Kol teca.
I ( o e Q $  r r  r t  r . r  e  r r  r  n  o , n  e 3  r r  o  r  o  A e  ! i  c r B  H  r ,  r r  J r H

K  o 3 Q 0  H  u  I I  e  I l r  B o c c r a  H o  B J r e  l {  H  f l  o r c a c b r B a r o u l e f i  r p y 6 l r
1 lo r . . ,  onpeAe.nurcT oTHOI i leF IHeM

r t  t r )  a t  c f )
. . 2 " . :  w . _ , v i  

, .
' ) ^  ' - - - ' ) ^  ' - l r o t c

r l  ,  , , ,  
- t  __:+_ . (6 I  5)

w , ) u . l

2g

A ; 1 t l  X o p o l l l l r X  o ' t C i l t l l , l B a l O l U I l X  r p i , 6  / ( O c T A T O q n o  6 o , r r , r r r o i i  i ( . [ n u t ) l
3HaqeHr{e  r lo r ( .  Aoc l r rae . r  80- -85  o /0 ,

ouet t l J r r t ,  I {acKoJrbr io  cyLuecrBer r r ry rc  qacrb  or  BCeH grJeprur . { ,  pacr ro -
/ la raeMof i  ry l l6 l t t to l i ,  cocraBr ' Iner  KnuernL lec t {a f l  oHepf  I . tn  noroK a  ga
pa6ovuv  Kor ' recoM.  l i ra  Ber ' I I { r {nHa onpeAer I IT ( :n  o rF tor r lenr . teM

P1tgtu dtUJ

Ll 2gH
( 6 . 1 6 )

//t

hr=Q3-0,35 t n
l a

/  = 4 - L  (

Cec .Z !Z '  ce , / .  C -C  Cev .S-S

o p r r e r . r r l i p o B o q H a r r  : T a B H C L T M O C T b  e r , r r ' l  H  o r  H a n o p  a  ^ i l n  n o . n H o f l r
\ { o l l l H o c l ' l l  r v p ( t l t t t  t t o l i a 3 e u t a  H a  p n c .  6 . 1 8 .  K a K  B I . r , A t - l o ,  B  r r H 3 K o n a r r o p H b r x
r t 'p6 t tHax  Kt t t t c ' ruqecrKa l  3 t - repr r . t l  3a  pa6ouuvr  KoJ IecoM Mo)Ker  cocraB,
. : r r rb 50 --91) ( l i r  c l 'J1yaprrol : ' r  sHeprHr.r  H u roJrbKo y BbrcoKoHaropHbrx
ry 'p6 t l t t  l l p t ' t  H  2100 r , r  oua cocraBJr r re r  MeHee l0  %.  CneAoeare f lbHo,
8()3t4}7tcHocftIb tt 'CttoJ'LbsoBQHun KUHemUqeCKOrt SHepeUU ezB gHAqUme/tbHOd
.Mepe onpedettnem eQtpeKmtlBt-Locmb myp1uH, AK#aeaem Ha flonauoe sna=
qeHue jmcacbrcarcLutux n'Lpa6, oco1eH_Ho npu HuSKux u cpedHux Hanopax.

TNnu orcacbrEarou-\HX rpy6. v lx MoxHo pa3AeJrHTb Ha Aea BHr,a:
n p n M o o c H b r e  t i  t r 3 o f H \ / T b t e .

1 1  p  n  r \ r o o c  r r  u r  
- e  

o r c a c b r B a t o r t { H e  r p  y 6 r r .  H a l r 6 o n e e
i lpocrbr \ ,1  r r rno ! r  r rB .n f le rc f l  np f lMar r  KoHHqecKaf l  ryy6a (pnc .  6 .1 ,  a ;
6 '  i7 .  a ) .  Koropan t t \ leer  \opor r rue  aHepferHr lecxHe noKa3are , i r r ,  oAHaKo
ee'  t teo6xo; l t i I ' lat t  ; i , : t t t t la L, , , r"  noryqaercf l  BecbMa gHa-qHTeJIsHol ' i ,  r i ro A/tr l
Kp) / i lHurx  Bepr rn ia . r rb i rL , rx  t ' yp6HH r rpHBoAHT x  6onruroMy sarnv6neuHi rc
o c H o B a H I l R  I l  l t o u b t t t l e t t t i t o  c r o t { M o c r H  f 3 C .  B  c g g g H  c  e r H N a  n  H a c r o n u e e
Bpcr l r l  ra l (ne lp\ ' ( t r , r  nprn\4el f l lot .cf l  T.o,Tbt{o i . [ rn Mef l , r i l tx  r .yp6l . l r r ,

rq l  r l re  _  _Tr ' rnbr  r r l ) r  \ rc )o ( : r - rb r , \  o r ' cacb , rBaror Iux .  ; rpy6  , io , ,oar t . , , r ,  na
p l l c .  6 .  19 .  Hec t io . rb t i ( )  \ 'Be ' , .qnqnrb  s ( { lex rnRt rocrb  Ko l tn , {ecxo i . {  r 'p i , , ( ru r ,  l r
C O l i p a T t l T b  e e  ; l . i l L t l l \ i  I l o ) ' h l l ( J ,  e C , r I I l  i l p l l M e l l l l l ' b  l i p H B O J | t t t r e r : i l t y r O  c l 6 p 3 : l t r t O . .
rL ( ) ' ro  (pHC.  6 .  19 ,  a ) ,  , , i l a . r r , r re i i r l ree  pasB14r r . re  s ror : i  uAer {  ' tp l i t , ,o i l , , r  H  TaK
Ii a 3 br B a e N,r o ii p a cr p t, (l r r r I ii orc a c br B it ror
BbrxoAt roe  ceqc l tue  J t .5  n  \1c( ' ' t  uu .1n  H. t l

orcacbrBarou(14e rpy6lr

l t \ - 1 , , ' 6 ,
0  ' : 2  a rc tqD  

f i L z , . s

I ' J : r  o  r  r  y r r : r  e  o r c a c b r  B a  r o L r ( r . { e  r p  y 6 r , r  H c n o J r . , 3 y r o r c f fI I I ) i l l (1 ' l {qecKI ' l  I I i l  BCex r l ' l l (po3dr leK ' fpocra t lq td f l x  c r  ) (pyngbrMH BepTHI (a / Ib .r n , r t r 4 r r  T y ' p 6 H r r a \ 1 r r  ( c r r , r .  p H c .  2 . 2  n  2 . 4 ) .  T a r < a  n  r y t y 6 a '  ( p H c .  o . z o i ; ; ; ; ; ; ;l r : i ' r 'Pcrx  oc i loBr l r r r . \  qac le i i :  A  -  xoHyca,  6  _  KOJTeH a  u  B  _  orBoAq_I t \e  ro  i l t t tp ( rv i l ' pa '  B  r rpeAe, rax  KotJ ) /ca  nonepeqr - rb re  ceqer {Hn rpy6r r  Kpyr -J lb lc,  i ta/ tee B l (o, [et le ol ' lk l  I1. [aBrro i lepexoAf lT B npnMoyfoJlbHbre c 6o,r lee6t ' t c r '1 l l ; rM ! r ie ,q l lqe t lHeM t - r r tpur rb r  l {  o 'ancp$y3opHOf i  uuc*  coxpaHnrorc f ,I IP f l j \ lO) r l 'OJ Ib l l l ) IMIJ '  I Ip lJqeM cet lc l lHe I lapac iaer  3a  CqeT Rr rcoTb l  lnOrOroXuMctcy l '  n i l l i , i ro t r  r ro / t  Vr "qou a) .
l - lat l6O'ncc .x i lpeir tT 'ept t t ) tMu pa3Mep?'u\4rr  r {3onr ytoi i  orc 'acrrearc '1ef it 'p} ' ( l t ' t  t lB.r l f l lo l 'c l t l  nutcola / t ,  xor iopun_'6epercr or rnl3a r lanpaBJlr tou,eroa l l t l i rpa l 'a  ( t l l a r i ' r r lqec l (a t t  BL lco ' r 'a  r ipy6u 1 i , , . , ,  uer rb l i€  t4  c IJaraeTcf l  H3 Bbr -

' l  l ( 1 1 r r , , , , " , t , r , ,  l ' .  L l  .

( 6 . 1 7 )

A J

PHc .  6 .19 .  I l pnuooc l ru re

Tor4a

n - 4
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r :o ' i l> t  t io l t ) ' ( : i t  / t "  i l  r l t , tc ( ) . [ t ) t  l (oJ le i l  a  l t , r ) r  i l  l1 , r1 i l l f  a  Tpy6bt  l -  (B / te t ic . t .Bt , tT ,e . r rb .

I
I T
i

D/\
0,.5 t)

tl Dt
F--i:*

r j D 3

, v?x ff--f 
I

r l_
L t  l q  I

: * - r :' L l

<

Prrc .  6 .20 143orr r \ , ' rur r r  o- fcacr , tn ; l tor r tar l
rp\,6ir

-'.. ,
I ) l t c .  0 . 2 1  

' ]  
t r r r o n r , t ,  l i i ) . : i r ' t r ( )  n 3 o r .  l t V .

r ( ) i l  . )Tcac t ) i l l a ro l l t e i i  . r J r r ,6 r , l

Cf i  THNOBbI

2 u ,3,_ ropoeoi t  6,  r rnocKocrei i  4,  S r{  T.  Oro ynpouaer HgroroBJreHue
onaJIy6l<rr .  I (o.nerro l to i r ier  6utru cHMMerpr, tqHbrM B nJraHe Hi lH co cMer{e-
Hr reM cpeAHei {  ,n r {Hr r r . t  o rBoAfu{ero  Ar {q lQy3opa (ua  pHc.  4 .21  noKa3aHo
n ) 'H  KTt r  po lu )

l \ ' lel lbl l l€r cpeit l l f l  f l  cl iopocrb B l{oJrel-re H, cJleAoBaTeJIbFIO, TeM AOJIXHbt

f ,  6  .21 Onrcacorcant4ue mpg6w 99

6strs MeH bue rHAp aBJI HrIecKHe norep n. f lo gHepreruqecKHM noKagareJlttM
BcefAa npgAnoqrHreJrbHee 6onee BbrcoKafl rpy6a. Hc B To xe BpeMf,
c pocroM h,yaenurruBarorcn o6reu pa6or n'irouuocrr rcc. n";il;t
Bblcora rp y6bl onpeAeJIserct rexH H Ko -gKoHoM HqecKHMH coo6p ax(eHgfl MH.
Eolltul 'tHcrBo orel{ecrBeHHbrx ^ oceBhJX noBoporHo-JronacrHbrx Typ6HH
14Meror rpy6br Bbrcorof i  f i .  =,= '  1,9 u ?,3.^U^ daAnanuno-oceBbrx ryfOuu
npnMer{rrror rpy6u Bbrcorofr .  [ t  - :  2,5+2,7.

f lpH He6orbruHx pa3Mepax ryp6Hnu H BblcoKHX Hanopax HHorAa
l{OIJI'{qecKafl l{acrb OrcacblBa}oqefi rpy6u AeJiaeTcfl cTaJrbHOft pa3beMHgfi

d)

Prrc .  6 .22.  Pa. : , ruqr r r , rc  rHrrbr  r {30r ryr r , rx  orcacbrBarcuHx rpy6

HanpHrtrep, ecJIH
yBeflHrrHTCfl C 3,0 AO

4 +

ll)ur'* : a?ll2gH '

npeAnoJrafaercfl yKopoTHTb
4 , 0  u / c ,  r o  n p u - H a n o p e  . H

(6 .18 )
auQ$ysop raK, ero o6
:  lz  M 9TO [pHBeAeT
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r i  Bo3pacraur r r t l  r l ' no , *  c  0 ,039 AO 0 ,06g,  r .  e .  BbrxoAHbre  norepH BO3pacryrt ta 3,0 o/o I i  coorBercrBeHrro cFrH3t.rTcf l  I (nA.-
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7 . 1 ,  f l B J I E H H E  K A B H T A U H H

OTCAC bI BA HHfl

Pacc norPe r i  
i i : ,J:{ g: y.!  .  .p ?Ooru ryp6u H ur c orca cbroaroqefi  rpy6ofi

r loKFlsa 'no '  q ' lo  
. l loA_ 

pa6ouHu Kof iecoM co3Aaercn noHHlxeHHoe AaBJteHI{e
t g o p M y r a  ( o . g )  I .  K p o u e  r o f o ,  r { a K  B H A H .  H 3  p H c .  s . l +  ; - 5 . i S ; ' " p "
o6rexattHH Jlonacreir  pa6oqero KoJreca rra HX ru,rr iHof i  . ropo"a co3AaeTcf l
AOno"rrHr.rreJrbr{oe cHHX(eHHe AaBJreHHf.  Taxuu o6pasor,a,  n Heroropof iI {acr l ' I  nporot{ l lofo rpaKTa fr . rApoMauHFrbI AaBJreHHg Mo}Ker 6urn BecbMa
Hr.r3Kr.rM (rny6oxl l r l  eaxyyl , r ) .  Oru

He H-a l lJJ I I ' l  npHMeHeHHq'  Ho co3laHHe FIH3KHX H3ofHyTbtx  oTcacbrBaFoulgx
Tpy6 ocraerc r r  saxHor i  saAaqe i r .

I I ,nn I 'opH3oFI ' IaJIb] tbtx paruaJrbr{o-ocerulx ryp6lrH, oco6esHo MeJTKHX;
H a x o A l r r  r r p r { M e r r e r r r . r e  r ( o  J r e  H  q  a r  a f l  o r c a  c  b r  B  a  r o I I {  a  f l  r p  y  6  a
( c n . _ p r r c .  6  l , 6 ) .  B  c n n s r i  c  r e M ,  q ' r o  B  n p e A e , n a x  K o . e r r a  n p o x o A H T  B a J I -' ry l l6 l l l l l )1 ,  l l  l l : l  3A t io l lo ' t t<o i i  xo tn rqecxo i i  ( racrn  aa  pa6ovo, t  nona.ou  Kf lA
I iO, i l c l l I IS ' f l r lX  O l 'Cacb lBa loU{ l l x  rpy6  I tL l>xe ,  qeM y  ILopMa, [b t {b tX  H3orHyTbtX.

yc/ toBHfl  HMeror cBoH oco6euHocrn
ra  r v ru ry r  i l pn ,Jo ) tK ' r ' b  K  Bo3HHKHO_
B C H H r c  K A B H T A  U H H .

OAHHrur He ocFroBHbrx Qaxropoe,
onpeAe,'rrrroulHX ABHIKeHHe )KHAKO_
cTH npH Hl t3KOM AaBJIet { I4H,  f lBJI f  eT_
cn  npoqHocTb  )KHAKOCTH Ha  pa3pb rB .
T o r t  r r A  ^ 1 1  r  r 4 r r r , - r r. i  i i l - r ,  i i i J  r i i i i r i  i  i i i r i  i v i  A a i i i i b i M ,  q i . i C T Z . f  t I

BOAa, i le COAeplKau{af i  TBepAbtx H ra-
soo6pa3r rbrx  r rp l ruecef i ,  BbrAepxc t -
Baer  pacrnx{eHHe 0 ,2-0 ,3  Mi la ,  a
s oco6trx ycrroBHfl  x ,qo l0 -25 MfIa.
TeopernvecKu npoqHocrb  BoAbr  Ha
pa3pbrB er_r(e 6ontrue. OAHaxo npoq-
Hocrb o6uquol i  BoAbl Ha pa3pbrB
onpeAeJlnercn AaB, ' IeHHeM HacbtuleHHoro napa pn. n,  3HaqeHHe Ko.t .o-
po fo  3aBHcHr  or  reMneparypbr  )KHAKocru  (pnc .  7 .1 ) .3 ro  o6r f l cHf le rc f l
TEM, qTO B BOAC H3 BOAOTOI(OB H AAX(C H3 BOAONPOBOAA COAEPX(HTCR
6onut loe KOJIHqecrBo Me, ' tbqa frrr ,ux TBepAbrx H rasoo6pa3r{blx BKnrcr{e-sur?,  Kolopbre np€Acraurf l ror  co6of i  cna6ure ToqKH, f lApa, o6paeona_HHro rrAep cnoco6crByeT H npHcyrcrBHe B BOAe pacrBopeHHoro Bo3Ayxa.

Ko.Aa AaB, ' teHHe B )KHAKocrH naAaer HHIKe AaBJreHHn HacbrrqeHHor.o
napa'  Ha rpaHHI{e f lAep HaqHHaeTcf l  l lureHcHnHuf i  nepexoA x(HAKocTH
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Puc .  7  .1 .  3asHcur , {oc r r  AaBreHHf l  Ha-
cbru{eHHofo Bo,4nHofo napa oT TeMne-
parypbr
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I Jaq l l c ' l  i l o - - l l l l ! \ l e l ' r bc f l .  i l  ! c ' ) t ( l \ ;  l t ( JpU | l r eN , {  i l  x {H l tKocTb to  co3 ; l l i l c ]TC t r  I t 0 .
. ' t oc rb .  : l u i l t c ) , i i l l c i l i l iU i  I l  ( ) ( ' l { oR t to , \ l  Bo . : [ f l t t b t I {  I l a l ] oM c  J l aB , r t e i l t , e i \ {  f 7 , , , , " ,( p r r c .  7 , 2 , 6 \ ,  I I p t t  : r l ' o \ 1 ,  c K o , , r b r i o  6 b r  n ( ) p r r J c r r t ,  h r r  n e p e M e u l a f l c r r  B B e p x
i l , . t  r r  Br i l l : : | ,  i loKa cVrr lec l 'Byer  I iaBepHa,  AaB,qeFI t te  ,no/ l  l i l . t ig  6yAeT coxpa_
l l t l T b c n  I I e l l 3 \ l e H I I b l \ 1 ,  p a B l l b l M  P  o .  t .  3 r o  c r a r n q e c K l . t f i  p a s p u r n  c n , n o r i l -
I J ( )C  I I t  ) l (  I  I . : l l t ocT l  L

F  r v p 6 \ ' , r e t t r t t o r l  I I o r o K e  t t B , ' r e r J r ' r e  n p o r e K a e ' r ' r . r H a q e , X a p a K T e p l r o r t
oc( l t - re l l l locrblo 1 ' l ) \ r6\ / ' ryei lTHot 'o noror(a f lB.nf lercf l  nyJIbcaUHrI cKopocrei{
l l  i t i ' l n , l t ' t t  t t i i  B  I ia ) t i j l o i i  loL I r ie ,  Kotopaf l  oco6et IHo HHTet . rcHBt ta  B  norpa-
r l l { t {Hb lx  3oHax.  Taxr l r , r  o6pa3oNI ,  MrHoBeHHoe AaB/ reHHe B Tor {Ke ryp6y-
, tcr . rTrrofo noTot(a oi lper le. t f leTcf l  . . I ,BVIVtf l  KOMnOHeHTaMH:

Pa . : r t rH  -=  Pa  *  p '  ,

flotteuuc KaBumetluu t i , l
I V.)

I  ofAa, eule np14 Po )  Pu. r , ,  B OTIeJIbt lb le iv lOMel lTI) l  BpeMeHH pa. r , r r r r
6 ) ' i , ,e ' , ' / l oc r l l ra rb  pe . r  t4  3Aect r  6y , ty r  o6pasonr , tBz l rbur  Mecrnbte  KaBepHbt ,
KoTop l , lC  ToTqaC.  3aXJIor l l ' l yTCt l  c  I loBbf  l t te lJ I teM AaBJre l r  y tn .  C  yMetJb i l JenHeM
Pa I { l l c rc l  I (aBepH Bo3pacTae ' t ,  F IO oHH TaKxe 65 t4y ' t  Bo3rJr {KaTb H gaXJIO-
i lbrBaTbcrr  -  r lv  Jr  bcr. tDoBaTb.

Ecnll B rtoioxe trtuetotc" o6nacrn c eue Merrrrtr-t l lM AaBJreHHeM, To
MOfyr Bo3HHKarb r{aBepHbt,  Koropbre 6yayr coxpaHflTbcf l  B TeqeHHe
Bcefo neptroAa nepeHoca_ ' {epe3 3ry o6nacrt .  } {ueHl raKof i  KaBepHbr
cocroHr H3 Atsyx Qa3: O6pasosaHne H pocr -  B ocHoBHoM ero nepHoA
npoxo)KAeFrHrr o6nacrn,  rAe AaBJreHHe naAaer (aaxyyrr l  Hapacraei) ,  H
3axJIOnblBaHHe, KoTopoe npoHcxoAHT B o6"nactn,  r 'Ae AaBJreHrIe VBef lHqH-
Baercf l .  [ tpH srHx ycJIoBHflx KaBepHbt Moryr AocrHraru 6ontruHx pasrue-
poB H npH Hx 3axJrOnbrBaHHH B
roqKe (ueurpe) co3Aalorcf orpoM-
Hbre yAeflbHbre AaBJreHHf .

Bog r rHKHoBeHHe B  r yp6yJ reHr -
I-IOM rrOTOKe pa3pbrBoB cnJrotl t-
HOCTH XHAKOCTH -  KaBepH HO-
C H T  T I A 3 B A H H C  K A B H T A  U H H .

KaerrrupyroutHft noroK Bbr3br-
Baer cJreAyrcu{r4e Bo3Aefi creraR }{a
rHApoMa ril H rr br:

l )  np l r  AocraroqHo paeeuroi r
KaBr { r ' a  t t i l  r . t  Bo3pacTa toT  .  f  HApaB-
. I l l lqecKl le  I roTepl { ,  r {To Ao"r IX iHo
r ip i iBo l i i i . i -b  K r iaAeFiHlo K i lA r r
yN4e r r  b t r Je r r  p t ro  pacxoAa  ;

2 )  r r p t r  r r a r t { q H } r  K a B r . { T a r . t H I l
i l  co3Aa lorcfl i loBbtueH It bte

3)  r rp r r  pa6ore  r r . rApoMaun{ } rb l
IJ MeCTaX, fAe 3aXf lOnbtBaloTca
n u u  I  1 1 ,

B  f I { , q P O M A I I I H I I C  B O 3 } I I { K A C T  P C 3 K H f i  T I J Y M
nu6paq l ru ;

B ycaoBHf x KaBHra:-].HVr AoBOJrbHo oucrpo
KaBept{br ,  o6paeyercn H3Hoc noBepx-

s  i ' . / l

B  r -a3ood l la3r roe  cocror rHr re  . ;  I l0p  (xHner r r re )  ] t  ( )6pa3)1rorc f l  r \1€cr ] t l r re
p a 3 p b l B l ) l  C I ' , l o l l l l l o C l ' l l  I (  a  R  ( !  p  H  I : 1 ,  3 d n O J t l e H l l b l g  B  O C l l 0 B l ' l O M  B O A F I '

Hr- , r \ r  napo\ r .  i l oc . re  o r i l l a . rona l r r rn  KaBepFI  Aa. ,Tnr rer iuee noHH) t (e l t {e  AaB/ re-
t i l t f l  B i l i i l . ' I t iocl ' i l  l re i l l ) r ) i lcxo; t \ l l ' f ,  Ta. t i  KaK oi lo l ioMneHcHpygrca 6utcTpuru
v B e . r r r r r c H r r e l r  o ( l r , e l r a  r ( a B e p H ,  f l p r r  n o B b n l r e F r r r l r  A r a B J I e H n f l , r ( z B e p H b t  3 a -
I . r o n b r B a r o r c ' r  l r  n e r [ )  r l F r r o B e r r H o  r ( o H I e r r c r { p y e T c f i . '

I (ax  n r r i t r ro  n3  puc .  7 .1 ,  ouB, i leHr {e  Hacbru{eHuoro  BoArrHofo  napa npr {

ny3blpbKoB" .BosAYxa,;:,(pn c. I .2, a).
flornHeu nop[renb BBepx c cnJrofi P.
CHa'{ana'oH 6yaer conpornBJrf lTbcfl
H saMeTHOrO efo IIepeMeuIeHHR He
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P r r c .  7 . 4 .  K e r n r r r a t l H o l r r r o e  - p a 3 p y u l e H H e

( o p o : u n )  c r a l u r o i i  n o R e p x n o c r H

r tc  / ) ,  -  oc l )e r t t re r r r roe  Bo BpeMerrH a6co, l ro rHoe AaB/ teHHei  pY -  nyJ Ibca .
r l U o l r r r : t r r  t i o \ r f t o t r c r | r a .  T  I p r t v e p t { a n  K a p r H H a  I . r 3 t u e t . t e H H n  p a , y r r t r  n o K a 3 a H a
r r a  l l t { c .  7 . ' , \ .

'  I  Ipej lc:ranrrv.  r { ro c l lc iuree / laBJrenr.re p n B Typ6y,ner{THoM noroKe
( ' l l l l ) l (ac1 'c t l  I I  t t1 l t t6 ,n t .J ) t iaerc f l  I (  AaB. [e l iHK)  r . facb IUIeHI Ib tX  BoAfHbIx  napoB.

( 7 , 1 )
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I I l l r r  r <  L t t t t t ' I a l i L t t ' t  I r ( ) ) " n rMo  paccMor l ) enub rx  Mcxa l l r qec rg , r x  Bg3Aer : . i c , LsH f i
i l l ) ( ) I f i , r r f l } o r c f l  x i l \ j i l qec t i t . i e  H  SneKTp t . t qecK l . t e  , tBJ IeH t . l f l .  Kaxona  poJ Ib
3Ti lx  i lo r lo . l l j r l re . r lb l ' l l tx  ( la r<r 'opoB,  I IoKa I IoJ I I - tocrbro I {e  ycragoBJrer . {o ,  I {o ,
oqeBH i iHo ,  o l l l l  c r t oco6c rnv lo r  ) /Be , r r { r l eHHIo  I . {HTeHcHBnoc rH  KaBHTauHoH-
r ro i r  :p03rr r r  (6o.ree no,1po"6uo o KagHrauHH crw.-  fSZ,  40 i i .

I 7  2 l I ( n s t l i l t t t t t t t p H n t  k n n t t n r f l t t r t t t  t t  A a n t , n n , , , , , n ni r v i r . l v t r LhJ t , LaJ .  aaJ r t v t t au  u l t aouLo* tu r l u j a
, N R

t V v

noJrocrb,  r ' te 3anoJrHeFrHaf i  x{HAKocrbro,  r r  e -  cyf iepKaBHTatrHro, npH
KOTOpOH I IOJIOCTb I IaCTOJIbKO pa3BHTa, qTO OHa 3aMbrKaeTcq 3a npeAeJIaMH
n p o Q u n r .

KaxAas vs arHX Qopvr r , rNreer cBoH cnequQuuecKHe oco6eHHocrn.
l - lystrpbKoBaf l  H 3ottaJl .buan Qoplabr Hau6onee HHTeHcHBHo npof l  BJrf l rorcrr
B aKycrHqecKoM (ruyu) H spo3HoHHOM BO3Aer?CTBHz!,  HO CpaBHHTef lbHO
MaJIO CKa3blBzIOTCf Ha |HIpOAHHaMHqeCKHX XapaKTepHCTHKaX nOTOKa,
B TO BpeMrr Kar( orpbrBHafl, a TeM 6onee cynepKaBwrarrytF., cyqecrBeHHo
H3MeHflnr rHApoAHHaMHqecKHe rroKa3areJrH n6toxa, r{To BJrHf ler  Ha
p ac x oi't, N{o lllr roc.rr-, n I(tlA f r.rAp oMa iuH H .

I  IJr l rne4ett t toe paccMo'tpeln.re rroKa3brBaer,  qro KaBumaurun yxgdruaem
7HepeemuqecKue. u aKcnn7amaquouHbLe nlKagamenu eudpouautuH, m. e.
rlpedcmas/tnem co6oti onacHoe nllteHu,e, ne|onycmut4oe npu Hopr.|anbHorj
eKcn/t ! /amaquu. Kaei l rauHs B rHApoMarrHHe ie 6yAer BoBHHKarb, eeJrn
Bo BCex ToqKax npOToqHoro TpaKTa AaBJIeHHe pui  6yger BbrUJe AaBJreHHfl
HacbrrqerrHofo BoAnHofo napa p rr .n vcnonue orcyrcrBHfl  KaBHTa\r4H
3A N I IC I , IBAC ' fC- ' I  TA  I (  :

l ) ^ i  )  Pu . , r .  
I

(7.2)

I

7.2,  KoSo{,Hul4EHT KABHTA(HH v AonvcrHr} tAf l  BbtcorA
O T C A C b I B A H H f

vlcnonb3yeM ycJroBne orcJvrerBLrfl K-aBurar-(HH e $opue (7.2). [IpeAno-
JIoxHM, tITo H3BecrHa HeKoropan roqKa c n pa6oueM KoJIece, rAe a6co.nrct-
HOe AaBJreHHe pu, MHHHMaJTbHO (puc. 7.7).  3Ha.reHHe STOpO AaBJreHHfl
MolKHo npeAcraBuru Qopirly,rlort

Pac :  Paz  -  LPr - r ,  (7  .3 )

rAep a2 AaBJreHHe noA pa6ouzl , r
KOJTeCOM B CeqeHHU 2-2,  OnpeAe-
rl.neMoe @opr'rynofi (6.9); Lp-r-
AOnOJT Fr HTeJr biroe noH HlKeHHe AaB-
JreHHf l  B  ToqKe c .  VuntunaR,
r.rro B rrpeAeJrax pa6overo KoJreca
ABH)KeHHe X{T.TAKOCTH CJIO}KHOe,
Apr_, Mo)KHo Hafiru c noMorrlblo
ypaBI- teHHfl  EepHy"rrnH r , i ln orHo-

K  o n t t m n  t l t t e  t t  A n n , n n t t  t t n d  a t . ' ^ ^ ai  t . e r t l@r .  ou l v  1 )  i  t  a (L  v  i  I  aa ,  LaLa f i uun i4n
f F ^

i r  / i .  o

8 )

P r r c .  7 . 5 .  B u ; 1 r , 1  K a B r r r a r r . t u t  B  r H i D o r \ 4 a r i n n r z r x

XapaKrepHbr rv r l {  Br . rnaMr i  KaBHrauHr .J  (puc ,  T .S)  B  rnApaBJrHqecKHX
N{autrHax fB.rr f i rorcrr  :  Q ---  n p o s 

"  
n b H a f l ,  Bo3HLrKa}OLUaf l  nprr  o6r.e_

KaHr.rrr  nonacrer i  e o6.ryacrtr  Har. l60.nee r , r i l3Kofo AaBJrerrHn; 6 __'w e J i  e-
B a f l  npLr nporer(aFurrr  )*(HAKocrr . t  c 6olrrrur.rM rrepenaAoM / laBJJenuf l  qepe3
3a3opbr ,  Hanp l rNre l )  Mex{Av J lonacr r {Mr . i  pa6ouero  Ko, [eca  I {  xa , raepof t ,  v

\
\

I lulluuluo

6)

Pl rc .  7 .6 .  C ra . r t l t r . r  ( r l rop l r r , r )  . r l o r re rc re i i , ( z tB141 .zu l t , n4

B - M e c r  r {  a r ,  Bhr3brBaeMaR o6rexal ' len HepoBHocref i ;  oTAeJrbr lbrx
y c T y n o B ,  p e 6 e p  H l l l . ,  r r a n p n M e p  [ o l o B o K 6 o n t o B . ' , . , ,  

'

I (an t t rau l tR ,  IJ  oc t ' toBI loM i rp ' r f rn , , rb r ra r r ,  r \ . {o }Ker  HMerb  pa3J IHqgbre
rpoprrr , r  l r . i ru c ' ra.r inr{  pa?,Brn"rrr  (pnc. .  7.o; '  a --- .  qry. i rpunn"y,"-cpoprvr-y r{aBH-' rz l l ( l1 l l ,  l t l l t t  xc i ' t ' c . r l l c l i i  l )a3 l ) l> t l ib t  cn . t t ln t t t c t i : r : t r  r ' r verO$ nr r l  o r . i feJ lbg t r tx  lnu :
) l i Y i . l l l l x c l  I I ) ' : i t ) t l ) b t { o t i  -  f i a B e p } r ,  ( t  - . . : , l o t t a , n t r t r r y t g :  I I . t t . t '  

' l I . n c . t t 6 , J l t y t o ,

x a l ) i l l i l ' e [ ) l l : t V l o l l [ \ l l o c t l  I I i l , r l l l L I l l t ] \ , 1  ( : l t , ' l o l r t t t c l i i  l t i t R e p l i l , t ,  3 i l i l o J l r t c r r i r o i i
1 l \ ' , 1 1 , ( ' l l l ) \ / l ( ) t l l l l \ 4 l l  I l l l x l ) t i \ 1 i l  ) r i l r . ' u i ( ) c l ' l l :  / l  o ' t ' l ) t r t l l l t ) ' l o .  l ( o | j t i l  i l l , t c e ' f c i l

Psc. 7.7. I(  onpeAerretrHto xoeQ$uqueHra
K A B H T A U H H

rI cHrerlbHoro ABrl lKeH.Hfl (5.21), H B Hero ryf i{yr KOMnoHeHrbr cKopocTn
(u * o'rr,rocnrentnofi  H ,/  -  nepeHocHofi.  OAHaxo c ueJlbpo eoKpaue_
HHn Bb i l { " [? / l o r {  3anH i l reM

o
i t '

t ,  
- c

tt 6_2 jf, t
- 6

L P . = L  -
pg

/

06rtacma
6osnu xuoEetun

(7.4)



t n t
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Ir --- 1'- i  
c

KoeQQuqueHm Kaeumaquu u )ongcmuuan Bucoma

OrooAa ycr raHaBrru{Baerca 3HaqeHHe Bbrcorbt  orcacbtBaHHf l :

H " q  P " ? n  - ! : ! : - - r t H .
[)g ()g

Taxuvr o6pasoM, 4mo6ot e mgp6une He BoaHuKa/ta KaBumaqun,
duu.o oepaHuLtunamb sucomA omcacbrcaHun Hs.

s  7 . 2 ) 107
nplj l {eI{ l tr-  t  .-  r i0:r i lQrl l t l ler ' tr  np}tBeAennr, xoropr,t i i  /urs frol lo6rbrxpe)Kr ' r r1. ,B ( roxparrner  r rocroRHrroe 3HaqeHHe k lcnJniuvo^" to.g l  , - r ' (1 .4 j ,no. t  ) /qa eM:

_ W __ tt,,," 4_ h,_r+) (T.s)

Beer{e,\r rreKoropbre 3aMeHbr. I-rorepu B orcacbrgarouefi  rpy6e onpe.Ae./r lrM c no\,rorqbro xosrlrQrr11rrerrra 6nr]":  . .  ,  :

P a c

pg
:  P l ln '  -  H , -  (#

l ' g - \ z g

arle! aslt?,
ai  a i

(7.12)

neo6xo-

HAA

7  . t ) .

LKol )ocru  n  . l lo6o i i
Q  r r  n n o u a t b  c c q e n t r r r

06o: lHaqr r \ , r

o  , - - (  o r o i  -', ai

roqKe npoToqHoro  TpaKTa
F u  uepes Qi  no  (b .37) :  l

(7 .6 )

Bbrpa3lrM r{epe3 pacxoA

u3_
2g

3asprcHrt{ocrb aruocQepHoro AaBJreHHg or a6conrcrHor? oruerKu
ypoBHeM Mopn r-rpHMeM n Qopr ' , re (1.2).

{ . r rn xono4Hof i  BoAbr Mo}KHo rpuHrrb po.nlp&: 0,3 r ta (crrr .  puc.
B ernx  ycJroBHnx (7 .12)  npHo6peraer  nu4:

lo,-= ro-'fr-".H. I (7 .13 )

r r  ro rAa BMecro  (7 ,8 )  Mo)Kr ro  3arHcarb

Pac *  Paru  L t  _ )
(rg T- 

-- H. - ctH '

K o s Q c p u u t { e r r r  o  e c r b  r { o o Q 4 l H u } r e n T  K a B  H T a u n n .  O r rnoKa3b lBaer '  i {aK\ / ro  qacTb IJanopa '  ryp6uHbt  cocTaBJI f le r  r1 t raM}{qecKoel r a 3 p c ' i r i f l r r r e  B  n p o r o q r j o r \ { , f p a K r e  r y p 6 r r r r _ , 1  ( p n c .  7 . 7 , ) . ( i n  B H A r { o , 3(7  9) ,  npr {  r , r , ,1obnr , ,x  p , , ^ , i i ro*  xoessuupreHr  KaBHrar ( r iH_ o .  AO. rxerJc o x p a l t t l r b c t l  r l p e l l i r l l q e c l ( l l  I l e r r 3 M e L r L I b t M ,  T a t (  r ( a K  n p t 4  S T O M  C O X p a i l f l r o r c r l3 taqeHHf l  BCex r<os( l )cpr r r rueHron f t ;  H  A;  H npr {BeAeHHOI-O pacxo4a Qi .Teneps, 3l{af l  / ) , , ' ,  (7.  l0) ,  j \ , rox{eM Bbrpa3nrb ycJroBHe orcyrcrBHrrn  r1 ,p ( i r l re  Ka Rr r ra  r t r r  u  n r>  (7  .2 )  .  Ono , rua ,  
'u "a l

_ 3Aecr or -  pacuerHrrf t  xoaQQuqHeHr KaBHTaTIHH ryp6Huu; V -
a6conrorrrarr  orMerKa rrHx{rrero 6r,eQa.

Qopuyna (7.  l3)  r tHpoKo Hcnonreyercf l  npH onpeAerrelrvr  4onycrHruof i
Bblcorbl  orcacbtBaHl{ f i  H Ha3HaqeHHH orMerKH ycraHoBKH ryp6trHul  npn
npoeKrupoBaHHH fOC.

O n p e A e J r e H H e  K o o Q S " u H e r r r a  K a B  H r a r l H H .
Bstqnc.nurb o no (7.9) Heno3MoxHo rlre-sa orcyrcrBufl.AaHHbrx o BxoAflrrlnx
xoesQHIIHeHraX. cneAOeareJrbHo, sra QoprvryJra Aaer Bo3MolKHocrb Jrgr[b
crpyr{rypHoft  oqenxu, Ko.nnqecrBeHHbre 3HaqeHuf l  xoeQQurrwelra KaBH-
raqHH o onpeAeJlflIoTcfl gKcnepHMeHTaJrbHbrM nyreM Ha c[euHaJrbHoM
KaBHrarIHoHHoM creuAe (cu. pHc. 8,6). 3ru gHaqeHHff o eoorBererB]/aT
j \ { oMeHTy  BO3HHKHOBeHHf l  KaBHTa\HVI  H  Ha3b tBarOTCf l  K  p  H  T  H  r I  e -
C K H M H .

f l p H  p a c q e l ' a x  A o  n y c r H  r ' r o  f i  B  b r c o r b r  o r c a  c b r B a H H t t
H, no (7,  l3)  pacuerHrrf i  xoeSSHrrHeHr KaBHrauHH ryp6uHrr or onpeAe-
JI t l toT no KpHTHqecKoMy sHaqeHuro o c BBeAeHHeu xoeQ$uqueHra 3anaca
f to ,  xoropr r r l  npHHHMaercr  paBHbrM l ,  1 -1 ,2 :

o,  == l?oo. (7.14)

Koe$cpnuHeHr KaBvrar\Hr4, KaK sro c/reAyer us (T,g), AoJrxeH 3aBgcerb
yBerrr4qeHueu Qi naH xoeQQuuHeHra
) T b I .

Kapar(repuc'r'Hx ryp6un (cru. rJr. 8).
zr,ro*) Ailn yc.nonu fi HoMHHaJIugofi
no onbrTHbtM AaHHbrM noKa3aHa Ha
c3Mo)KHbrx orKJroHeH nfi  Arf i  pa3rnrl-

Hbrx  r r . rnoB ryp6r . rH.  CpelHee 3HaqeHHe o AJrr {  3THX VC"r rOeHf i  MO}KHO
Bbrr {HcJrHTb no gMnHpHr{ecxof i  

Qoprr lyne

(n ,  
" o "  

+  30 ) l ' 8

e ==. f t  + :  k ,g !# :#a ;vT,  e .T)
"' -T-

3i : ' r€Cb l t i ' -  xos( , rprr ( r rerr r  ' repaBHoMepHocr l r ;  a1 -  xos0QuuHeHTnpoi :o i l r ror .o ceqet i l r f l  ,
C yueror t  (7  .6)  n (7 .7)  SopMy. , Ia  (7.5)  npnvrer  sr . rA:

P a ^  P a t r q  t r  I_ : . - _ * r ,  _ l
I).9 {'g \

-c,,", Sl n,-rS)r,

"gt
t t',)' n  

i r

(7 ,8 )

(7 .e )

( 7 .  l 0 )

( i .  i l )

0 :

I - lpHeeleHHaf l  3aBHcHMocrb
Hocrrr ryp6uHrr xoeQQurIHeHr

200 000

noATBeplKAaeT, qTo

KaBHrauHu 6srcrpo

( 7 . 1 5 )

c pocroM 6srcrpoxog-
vBerHqHBaeTCf f .

+u -  H,-oH t+f
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cnoco6rr orcqera BbrcoTbr orcacbrBaHHfl Hr, onpeAe/rfleuofi ,,o
f i?i;9i.,',.;i",::^!l:,:,1111:.ly ryp6uH iloKa3anbr rra pac. T s.B BeprrrKajrbHbrx 1.tapra''ir,. ;;.;ff ;ti;:1.;,ffi;:,X"t ;rioo,'i.; *, fl."oTcr{HTbrBae' fcr  or  r{ r}KHef i  xpo^,r{H HanpaB/rf l rou{efo a, ,napara;  B BepTI. t_

K  o . | L t - m o u t t ,  r t  A n ^  t , ^ 4 . r  a ..  ___-- . i ,w. l * rL 4 v t , tLyL; i r .unran Sbtcoma ,mcacb&dHLf l I f n . 7

i  
- - -  ,  I  - . r - . r .  . r . -_- '_-F2 Ka, / ' tbHbtx  oceBbtx  ryp6nHax _ or  ocu

llpnruep 7'2' Karcoea 6ytrer AonycT'Marr Bbrcora orcacbrBaHHfl, ecJr' ,unr ycaorurnpHMepa 7.1  npHMeHHrb Apyry io  ryp6nuy,  y  *o"opon o :0 ,2 .
P  e  u  e  l t  H  e .  F I n ,  T ^ r ,  . . ^ ^ - t r - - - - - .H e u e rr H e. f lpH ToM xe xos00Hr-(rrenre sanaca fto _ l , lgno  (7 .  15 )

no (7 .  13)

t = ,  1 , 1 5 . 0 , 2  -  0 , 2 3 ;

Hs : ,0 - f f i - 0 ,23 ,60  : t 1o -  0 ,4  - -  IS ,g  ==  -  4 ,2  M.

nD

Td: const '

$  8 . r 1 Bu)w ,capaKmepucffiuK
I0t

P r i i .  i . E  : ] , r B I ( t ) t ) l i , C T l ,  1 ; r 1 ; 1 f 1 i i ' ) | 1 [ r i C , r { .
l ' a r  t ( i t  t J i l T i l l p l l t  ( ) . 1  6 t , l t : . r p o t o , . 1  1 ( ) c . 1 t
n l ) l l  l . l r ) \ i l J  I t a . t  l ) i l O
H a r p \ ' 3 K e  

I I  ( \ 1 a t < c t t r t a ' ' t  t ' r i o i i )

z  ,x , r rn  ropn3or { ra . tb r r r , t x  ryp6 l ln
qeIo  KO. [eca  ] t  cocTaB, t f ie , f : .

1 1 , , . ,  l { ,  . i .  ( - ) , 5 0 , , ;

l.rUr o.
l ) r r c ,  9 . 6 ,  r r )

I t  , ,  .  l l ,  , l  0.sbi)  ;_ b,
o ' rcqr . rTb lBaeTcr r  o  f  oc r r  Bpa l r te i r r r l  pa6o.

r r  O I ' l . r v p 6 l r l r  ( c u .

3naqerure  / / ,  r ro
K a K  1 1 " , .  l r 3 n e r r f l .

r - roBopora Jrolacrer? pa6overo KOAeca;
B fopH3OHTaJrbHbrx Typ6r.rHaX _ oT
nepxHef i  roqKH pa6oue ib  Ko/ reca .

Cor ,aacHo |OCT ycra , ,noou, ,u f l  Bbr -( :o ' r ' i l  o ' r ' ca ( : r , rBan i l r  I l r *  , I t , / r , r  r j r ) l ) . f  t , r -
I ia . ru) l i l i x  t .yp6 l t t - l  oTcql tT I ) tB i : l t  TCf l  OT
CpO, : l i l c i i  " r l i l i l t i l r  t r a  n l ) e tB , r , i r r r o l r [ e r . o  i i  I l i l a_
paTa  I r  c ( Jc , r . aB ,1 f l e l . :

; 1 r r r i P O .  r r r i [ . , r 5 r p 6 r u r  ( c v .  J ) n c .  g  0 , 6I.r 1,).7)

,,,,,,,,1.,',. ',]n'n,ll,p",'l i ']";:i ftrror*r'r, 
rar{, ,r106r,r oua 6una sar.ny6.nerr a no. ypoBeHb

I ' l r t r t a .  B

X A P A  K T E P  I 4 C T  I 4 K I 4  T Y P 6 H  H

B . t .  B H A b I  x A P A K T E P H C T H K

'HAposJreKrpocraHrIHfi, 
rrpH Bbr6ope

OcHoBHbrX napaMeTpOB, psgtvrepOB;
H YcraHoBKH H ApyrHX- 6u*"oiror,Uefl ecoo6pa3Hbrx yi,ron aa Hc[o.,rr.3o-(cnrryaraunn Heo6xoAHMo ;r ; ; ;  A"-rx ryp6un. 3ru IaHHbre rpelcraBJrf f .
lAe"rrflroqr{x BCe Heo6xoAHMbre noKa-
yc"nonzr l  ee pa6orbt ,  TorIHee, nnf l

Uecca B F.n. 5 cnenVer. qro nn6nra

QuxcHpyrorrlHMH pelr{HM pa6orbr'b 
IBe He3aBHCHMbre nepeMeHHbren

He noAo6ar pexHMoB n'o (b.B2i ; ; ;

I J V i t i t l o  o 6 r r r r r r . " r -
,  ?  I  ^ \

\ / .  r , J )  t r e  : l i t B r r c r t T  O T
r . i T / r . r , -  nL r \ / l  V  U 1 .

f l r .  -  H, -- -  0,5D j ,
I ) l l r r r rD " r ' r \ , r < r  r 1 1 1 u  H a ' l ' o ,  q T o  p a c q e T H o e
l ) a 3 N l e p o B  

, 1 - 1 r p 6 l r r r r , t ,  
B  T . o  I l D e M r r

C

o

I ) l r c  7  9 .  O rc , re ' r , r r r c ( ) ' r r , r  ( ) . f c z i c l , r  r a r '  17 , ,  p i t sn l r l l r r , rX , r y ' 6 r l r r ax

I lpuuep 7 '1. otr l tc. ' tc. irrrb ,qorJ'cr.r.{ [ ,ryro Br,rcor\/  o,r"ci lcr,rBi*rrf l  I ] ,  Au, .ryp6urrr,r
l l , , [ t ] i ' ." t '  

l /  -_- 60 rr nr)rr ori \ ,rer,, .  
"rui i inJ.""; ; ; i l  i ] i6 '*,  ec,Trr no xapal(rcprcrr(e

I) c rrr (.) n lr (' .Ja.lirclrcrr rrorrfrrf urlltel.roil{ 3aititc;t /16 =.. | , ll----------------1 .' l ' o  p .1 ;1  I  r .  ( 7 .  l  5 )

l r r r  ( f  l ' l )  ' r , r , r r c . . r  , r L , \ r  
f i ' 1  ' '  l '  l 5 ' 0 '  l  '  '  0 '  l  l l ' '

i l ,  -  L ,  -  
; : i  

_  ( ) ,  r s , i j 0  _  r0  __  0 .4  *  b , \ t  _ .=  r ,7  j \ , r .
' l ' t ' l l 6 l t r r l '  

r \ r ( ) i r ( i l o  \ ' c r ; ) r roR i l . f r ,  r l i . l  Z ,T  N , t  t l r , r r rL r  o r j \ l c r . t i l r  i l l t ) r i r c t .o  6 t , t , r l t a ,

!
i

(8 . r  )
cneAosareJrb*ro, AJrfl AaHHOfo D s I(frA nep.er'reHHbrM', onpeAe/rnp.r{r ' rMH pe)KrM' 6yayt n w H, Ann ryp6HH 

"r*u, 
popMa ycJro sufr noKo6,wn

ffitJJfl:;J#?,1tt-t ' 
qer\4 (5'30), r3K i<ax uanop ;6brqHo saraercr, a pacxoA



XaparcmepucmuKu mgp1un I fn ,  8

Taxuu o6paaov,  Bce noKa3areJrH pa6orbr  Typ6l . rHbt  AatrHoro rprr ra
B o6utev BriAe MoxHo BbrpasHTb cJreAyroqr.rMH {:yHxqr.ror{arb}rbrMH
C O O T H O I U C I I I t f l M } , I :

[Q ' :  f  e(D,  ao,  H,  t t ) ;

N =,. f  ,v(D, e' ,  H, t t) ;

r.) =, /n (D, Ltr), IJ, /?);

Budu xapaKnrcpucmuK

Taxlrlrr o6pasovt, Ailn .nrc6ux ycnonufi pa6orbt MolKHo onpeAeJIH_Th
BHaqeHHe sr r ' r . x  noKa3areJ le l l .  HanpuMep,  npn H -  60  r t , t  v t  N  :  l50MBr
1l  . , - - '  91,5 o/o H H, :  1,8 M.

M o x H o  n o c r p o u r b  H  a  n o p  H o -  p  a  c x o A H  y l o  g K c n  n y a '
T a U H o l l  I t V t o  x a p a K T e p l { c r H K y  n p u D r : c o f l S t  H  f [ , :
= -  cons t  (p r rc ,  8 .2 ) .3aec t  AaHbr  H3oJTHHHH KnA H Mou lHocrn  N.

Ha xapar { repr . rc rHKax pHc.  8 .1  H 8 .2  noKa3aHbr  o rpaHnqHBalou lHe
JtrrFruu (co nrrpuxonxofi); HH)KHflf l coorBercrByer sau6onnlueMy orKpbl-

t0 70 90 ilo tJ? tf? t70

Pnc.  8 ,1 .  3rccn.nyarar t l toHHaf l  HanopHo-Morr lHocrHaq xapaKTe.
pr.rcr.r Ka ry p6r.nr r,t

a ' l r l n  l r . l t t l \ 4 D n a t t n t t t a n / \  o r r t t r l t \ n r y ! . t  D d n v t t d d  t t n r r r t f r ^ - t  t r ^ P t
r  f ' r r \ - /  r r ( r r l l r c t r ) . / l / l t \ . r L t \ \ - l  r . ,  c t t t t l a v ( r t ( r ,  D g p n  r t / l  , l  - -  t t v l v l t t r l a l t  D t l L r l , l  w t u l l \ H U { - l y l

f e r r e p a ' f o P a .
V H r . r B e p c a J r b H a r  x a p a K r e p H c r  n x a .  B  K a q e c r B e

noKa3areJrf  ceor icre ryp6Hu AaHHofo rHna uHpoKo HcnoJrb3yercf l
o  6  o  p  o  r  r ' r  o  p  a  c  x  o A  H  a  s  x  a _ p  a  K T e  p  H  c r  H  K  a ,  K o r o p a q
C: ' l 'p0l4TCtl  npl l  I locTof i I tHblX 3HaqeHHfx Dr t t  H, I - [OcxonuKy gTa XapaKTe-
p l tc f l i xa  o6urq t {o  onpeAe. r rner  o6une cBor lc rna  typ6uH AaHHofo  rHna,  ee
crponr  B  npnBeAeHHbrx  napaMerpax  npr  D1 ' :  I  v t  u  H :  I  u .  B .sA ee
Ai ln paAH aJlbr lo-oceeor i  ryp6uHut noKa3aH Ha pHc. 8.3.  l lo ocf lM orJroxeHbr
I IepeMeHfye 1r i  u Qi Icr ' l .  (5.34) H (5 35)] .  HaueceHbr vtsoi lLr l t4n nHApaBrrH-
qecKoro I(nA xos$QuuHel l ra KaBHraqHH o H orKpbrrHr i  Hanpaurrrr . ,oulero
a n n a p a T a  a . o .

V rt n ne p ca JI b FI afl x a p a KTep I.{crH Ka Aaercrr n o p e3 yJr urara v]uoAenbHbrx
r 4 c n b t r a r r r l r ?  ( r r , I o A e J r b l r a f l  x a p a K T e p  H c r r r K a ) ,  l . i  n c e  n o K a -
3ar i l {bre r- ta nef i  nenr.{rrHHsr (r1,  c,  a0 H Ap.)  yKa3aFrbr AJrH MOAenu. B cBrISH
c 3Tt{M r ' ta xapaKrepHcrHKe BcerAa yKa3brBaror pa3Mep MoAenH (anauerp)

( S , 9 . / l III
1 1 0

A.r n noBop or no - r ' i to n acrn br x ry p6llr 3'r 'n coorlrorrreH ui o a,qa crJroM Hee,
TaK KaK oHtr BK, ' t rcqalo ' l '  , tot- toJtr-utTeJrbr ' ty lo HesaBt lc[ lMyp nepeMqflHyHc -
yfo. [  ] 'crauoBKt{ . [onacrei l  pa6oqero KoJreca rp. .  HanpH,Mgp-;  ' ,

\  "= f1(D, ar, (P, H, lx).

(8 .2 )

(8.3)

(JtoBo ltotttHo - /tonas:muorc) u x n nm.b
I loc rpoura  rpaQuqecKoe H3o6pa lKenHe $yHxu l l r . r  o r  qerbrpex  He3aBH.

cHMbrx  nepeMeHHbrx  H.eBo3MoxHo.  B  censr r  c  STHM cTpof lTc f  xapaKTepH-
cr l lK l l ,  y  Koropbr .x  L Iacrb  He3aB14cHMblx  nepeMeHHbtx  3aMer{ReTcf l  nocTof lH .
Hbl lv l l l  napaMerpa\.{ l { .  [4ct tonb3ytorcf l  ABe (popMbr xapaKTep14crur<:  o6u{rre
I r  .n r r r re i l . tb re ,

O 6 r u r r e  x  a  p  a  r ( r e p  l {  c r r r  I (  t l  r { M e n r ' A B a  o n p e A c r . n f l r c q u x
I lapa] \4erpa  ] t  I lpe ICTaB; ' l f l toT  co6of i  3aBHcHMocTb Aar {HOro noKa3aTeJt f l  oT
AByX He3aBHCHMbrX nepeMel {Hbrx .  cyu lecTnyeT HecKoJtbKo Tr tnoB o6u lux
x a p a K T e p r { c ' r ' u K ,  n p i r q e M  H a 3 B a H H e  / l a e r c r r  n o  I t e p e M e t i t J b r M ,  F I a r r p t J N { e p ,
l {  a  n  O  p  r t  O  r \ 1  O  L ( } l  o C T H  e l  f i  X  a  p  a  K  T e  p  l t  C T l . l ' K  a  ( : l ' p o -
I t '1 ' c f l  B  I (oop l l l t t ia rax  H,  N (Hanop,  MOrJ I r . rocrb  ryp6uHur )  np t {  3aAaHi lb tx
D  I r  n  ( n a p a v e r p u ) .  I : e t { a 3 b r B a r c T  s K c r r " t r  ) ' a r a t r . r ' r  o t . t  r r  r : i i  x a .
p  a  K  T  e  p  u  ( ' ' r  H  I i  o  i i t ,  tax  KaK B ycJroBr ' r r rx  HopMaf iuHo i i  g r (c r rJ ryara-
l l l l l l  qacroTa Bpaulel i l r r r  ryp6trHbr no/ lAeplKr{BaeTcn Crporo , i tbcronl f i ro i i .
O( r ruee ee  Bb lpaxeH ne

] t  
=:  

{u(Y. ' ,  
' { ) :  

}  , ,0  ̂ Dr==c'orrst  ,  , . :cot tst .
H r - - = ' f  , t r ( l { ,  H ) J  " u "  " L -  L \ / " ' l

, l ' a x a H  x a p a K T e p u c r n K a  n o K a 3 a n a  I { a  p n c ,  8 . 1  1 n n  p a 1 l a i l r r n o . o c e s o f l
l vp6 lu r r - , r  D |  '  -  6 , l l  \ ,1  u  / l  : ' , :  $$ , t  o6 i  v t tu .  B  noJre  xapar (TepHcrnKH
l r l ) ( ) t ie . i te i i l ) r  r r : l ( ) .q i l i lH i l  l i t lA  I  r . r  AonycTHvo l i  BbrcoTbr  oTcacbrBar - rHf l  H" .
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( D 1 r  -

l )  l l  c  l ' l l  K  l l  c ' tpo t l rc t l  B  3aBHc l lMo-  Pr tc .  8 ,4 .  Mor r rnoc l raq  J tHHer tHas xa-C' f  I l  o ' f  o,r i i lof i  I IepeMeHHot?, no KoTo- l )at(repttc l . i lKa
J ] 0 f r  r r  i l o r y q a l o r  c B o e  i l a 3 B a r r H e
l  r p i l  3 1 ' O M  r r p l r H H M a l o r c f l  n o c r o r r H H b r M H  T p H  n a p a M e r p a .  H a n p H M e p  ,  J t  H  -i l  c  r ' i  i l  a f l  M O U { F r 0 c  r H  a n  x  a  p a  r ( r  e p  H c r v . K a  n p e A C T a -B ' r l t l c r  co6of i  3aBHcHMocrb  no t {a3are / re f i  Typ6HHbr  o r  ee-Mor r lHocrH

n ""  1,1 ( /V) npr D 1 . -= cof lSt ,  r l  , -= cof lSt ,  H -  Const.

Tax^n xa .paKTepHcrHKa noKa3aHa Ha pHc.  g .4 .  , I Ie rxo  BHAerb ,  r ITo
/ (a l l t la t l  i l l f  l l e i i l l a t l  xapaKTepHcrHKa npe/ {c r rBJr f le :T  co6of i  ceqeHHegKcnn} /a -
ra r lHoHrror i  HanopHo-Mou{HocrHo} i  

'  
xapar {Tep HCTWKH Ha pHc.  g . l

r r p H  H -  0 0 p r .  
r - . - - -

Moryr crpoHTbcf l  H Apyrne JrHFrer lHbre xapaKTep H:THKH:

o 6 o p o r H a n  A / :  f * ( n )

t tpu D :  COflSt,  at)  :  COnSt,  H - .  COnst;

H a n o p H a n ./v -- f r (H)

np? D :  COf lS t ,  ao  :  COnst ,  fL  :  cOnst .

JIrc6an ltuHeilHan xa.parc.mepucmuKa npedcm.ae.4nem co6otj He1omopoeceqcHue oKCn/tAatna4uottt_totl xaparcmepucmttKtr.
' /J I {Hel lFIble xapaKTept ' lcr l {KI ' l  He Tat(  noJIHo ocBegla16T cBof icTBaryp6r r r ,  KaK o( lu1ue,  HO OrrH npoute  H HarJr f lAr . ree ,  noSToMy HX qacro

l l ( : r lo f lb3y lo r  A" r la  cpaBl le l l l tn  cno i i c rR Typ6HI {  pa3Jr r . r t {F rbrx  THnoB H BHAoB.

$ , t . /  J Bu)u xupavmepucmuK il3

)K,  BKl r roqaf l  ryp6uHHyro KaMepy H

r(H f l  BJr f leTCf  OnTl lMaJrn l l t t f i  pe)KHM,
YMY KNA,
rHKe qacTo yKa3brBaeTcff  eule JTHHHfl
y 'y ' " .n. .  f lpaeee srof i  i lHHHH MG:KHorro/ryLrrrT'b yBerHqeHHe MOU{rrOcrr . r  To,rrbKo na 5'%, u o6bruHo B 3Ty O6nacrn

ia noJrHocrbto ocBeulaer cBorlcTBa
)no/rb3ya cpopuyntr  nepecqera (5.36)

I rb rx  napaMerpoB.  C ero f i  ue / rb ro
na xapar {TepHCTr . rKe yKa3brBaroT
Arra iv le rp  Mo;1e,n  n  D*  H npHMepHoe
: l r r a q c i l r r c  r r a r r o p a ,  n p H  I { O T O p O M
Ir i )oBe l le r r r , r  HCIbrT2 l I l t f l  .

"T rr l.r e fi I,r sr e x a p a K T e_JO
/50

I ) r r c .  t J . 2

o6/ nun

) ' r , r r u c p c a , r r , l r i r ; r  \ a l ) ; l r i . r c l ) i l c r . l t  r ( a
// -., .l rr)

r 500

l )  i l r r lH  n , r l  L  r  I o -occU( ) i i ' r . yp6 r  r  r  r  t , t
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8 . 2 ,  O N P E N E J I E H H E  X A P A K T E P H C T H K  T Y P 6 H H  N O  A l O A E , i l b H b I M
HCI I  b ITA HHf  M ,  .

I - l ccy t r r '1 l r r  r r ; i  ro  r l r ' ( )  \ rc . r . ( ) . i r r r r i i r  i . r f i , r l ) ( r r , rc ixar lnqec for .o  l ) i l c ( rc . r . i r  rv l l6 r r r rl l e I l )C l ) l r l u l l ( . t  C ( ) l ] [ ' l ) t l lC ' ( ] ' l ' , \ ' ( ' ' t ' ( ' ' ,  . r iOC l .a , fO r ' tO  ' o , r ' ' , tC .  t {  l t ; l , t l ( , ) f ' ' , t .  X i t l l i j l K -' r e p l l c r l l K l l  
T r ' 1 1 6 t t t t .  o ( ' t ) ( ' t t l a t o l l t l t c  n u r l ) r ) l i t r f i  . ' p i a r r a : l 6 r t " l 1 - , a r , r \ , r o , ,  , . \pa6o ru t .  ) . ' t ae rc r  r r o . r \ . r r n .b  ro .nbK( )  o , . ' , , r , , . , , . , , ; . , . : ; ; ; ; ; : ; _ ; ; ; - , ^ , ' ; ,n p oe K* pbna, ili ;ir; d ;' ,i,.*+!:l*'i iT:l'l Hl,llliji ij#,, ; Jffll,, llllI IecKo,rbr(o Bapnar{ . rorr  r f ro l l l r r , r  r lporoqHol io,r1l ,anre. , , ,Coi i i j r1uaTr1,,u)uiur r1xo t ( ( ' t t t i ; r  i l  o f l r l t ( 1 0 ' r ' t i ; t  i l l ) ( ) i l : l B ( ) , , 1 , r n l r . i l  i l ; 1 .  ( ) ( . t t i , t i l i l r r i l r  i t l i l i l r r i l N  N 4 o , : t ( . . r i l , r i l , r xl tc i lb|r i r r r r r i i  i l : r  o i l r , f l . i l r , r \  ( " r 'or , ' r .ax.  l l  1 lc:ry. : r f  t la r-c; . , r - r ,y , , i  : i r i r :L i , i ,o, , , , i i  ubr7,{zr-

Prrc 8,- l  ( , . rc,rrr  - r rJCl)rLr l . r l tect ioro crelrA;t  A, [n c l tnrrrn xapaqrup,, tarr*  . ryp6urt ,

rorcr  vn nBe[]carbrn,rc . \apa KTep].rcr t {Kn (ruroa,enuHue),  .  no I {oropbtMcrpot l rc t i  s l i t  r , r ) 'a ra I ro r r ib re  i l  Apyr r . re  xapaHTepf ic r ! . i l i l t  / l / r r r  i l a ryp i l r r rx
Yc"noou i t  r .  - - '  r '  '

Pas'al lqalor rBa BI ' t i la crertAoB: gFlepfeTlrqecKl{e,  Ha Koropbrx BbrrrB,rr f l -to l 'cr  Bce I loKa3are'r l l i  pa6orut  ryp6lr i r  B 6ect<agrrra[ [Ho[rHbrx yc, , roBHffxpa6ornt ,  vt  Ka'HTat. [ t tot{} tbte '  HcnoJlb3}, 'eMbre Ai ln onpeAeJreHHrr KaBr]Ta,t t lJolJHblx noxagare-.r tc ' t i .  
PnuprerptqecKLle creHAbr paccr{HTbrBarcTcs Har rcnbr raHnn MoA-u l . ' i  q 'p6HH AI raMerpoM or  250 rc  +OO-(SC)Oj  n , r r ,  KaBr { .raLrHouHbre  -  2S) -  460 uru .

3 l t e p . r e r u q e c x n r i  c r e H l (  ( p l l c .  g . S )  c o c r o H r  H 3  6 a x o nBepx 'e fo  I  v  w4)KHero  2  6sesoB,  eMKOCrr . r ' J  n  Hacoca 4 .  Mexay 6axat ruNloHTHpyercr MoAe"Ib ] 'vp6lrHut 5,  n_pt l .qeM BbrAepx{r{BaeTcf l  reor\4erp14qe-cr ioe  noAo6r re  
\  c r rHpa, r rbHof t  ryp6uHno i i  n r rapu, ,  r {  gTcacbrsarcuer i

T{ l_ t I r r  Pa6or .e  \ lo , le , ry r r  BoAa i 'n l . . ,n r *nr . r 'qepe3 ry ,p6r r r ry  r i s  6ar (a  t

( ( ) r ; , . l t t f f t ) ; i r l l " , , i j ; i i  
r ( r ) . ' (  r r ( ) i  t ( \ . 'n,nr, t \  r r ) rL 'A4()-c. / r i r ro,nn,r) i  r , rcnr,r , r . ;unr i i  r . r r , ,1;ro,r . r ,116r,rrr

S 8.21 Onpe)eneuue xapaKmepucmuK mgpdun no no\eaoubtil ucnumaHunJl il5

n 6ax ) ,  I ' l le i lpoi l3Boi \ r ] l 'c f l  i l3r \ {epeHr{e pacxoAa MeprtbrM BoAocJrHBotnl  6,
l (o ' fo l ) t ' t i i ,  t tar i  i l l )aBi lJ l r ) ,  l lo,rr)KCrr rapi lpoBarbcn odr,epftrblM HJIH MaccoBbtM
ve ' l 'o , ' l o i \ l .  l J ru t i r  c6p i tc t tB?r ( . ' r ' ( ' r  B  eNxocrb , ' J ,  r3  r (o ropo i i  uacocou 4  nepe-
Kzt t l l tn i l c ' fu r  u  nepxr r r r i i  6ar<  l .  

' l ' a r<r ru  
oClper :oNt  ocyrqecrB"n f le rc f l  r IHpKy-

. [ f l  l l i l o i l i l a r r  c l t c T e M a .
( -  r te.ntrro no, l / l€plKaHVn ypoBnn s 6axe /  s HeM HMeercg BoAocnun 7,

qepc3 t ioTcl l ' l t ' , t i i  c6pacurBaercf l  B eMKocTr,  J us6urroK BoAbr,  no4anaeuoft
t tac ( )c :oM.  r l l ,n i l  ) ' c i loKoetJ t1 f l  i l  Bb tpaBH14Bat i l r f l  noroHa c .nyx{ar  peurerKH
B r r  ! ) .

I le r r rop  ner  s l rep le ' r ' r rqccKux c rer r4ax  t - r6 r , rq r ro  cocranJr f le r  2 - .6  u .
Oct't oqlt t:rM rI I.r3Mep fl eM brM r{ BeJnrq H n a M H n p ri Hcnbrra HHfl x n BJIRtorcfl :

pacxo4 Q, xolopul i i  r {axoAr.rrcf l  no Bbrcore Ha no4oc"r lnse f t ,  Hanop H,
r{oropbrr : r  6epercf l  ro noKa3ar{Hf lM rrbe3oMerpoB 10 u I  /  (norepw Ao BXoAa
B cnHpaJlbuyrc KaMepy Moryr yqHTbrBarbcf l  AonoJrHurenrHo),  qacrora
BpauleHHn t1 (onpe,uentrercrr raxoMerpoM HJrH no cr{erqr.rKy I2) H Moul-
l {ocrb,  pa3BHBaeMarr lyP6nHo.f i  ̂ Mo. Han6ontuHe rpyAHocrH npeAcraB-
JI t ler  l {3Mepel{He A'u,  Ann 3TOff  r teJrH npHMeHflrcTcrr  pa3JrHqHbre ropMo3a,
e 6onbt.tlHHcrBe cflyqaeB gJreKTpHrrecKHe. Porop toprtrosa /3 coe,q,Hntercfl
c BaJIoM t \ toAeJIunof i  r 'yp6Hnbr,  a crarop I4 yr(penJlnercf l  t ra noAlxHnHHKax
I paMe 15. l lpu npaureHHH poropa crrJrbr MaFHHrHoro B3aHMoAef icrsHs
(B Mexanr {qecKoM TopMo3e -  cHJrbr  rpeHun)  yBJreKaror  H c rarop ,  Ho oH
yAep)KHBaercn  c rpyuon 16 ,  nurne4enHof i  Ha Becbr  17 .

f lo rrarnxerrHro crpyHr,r  P H paAr,rycy r  onpeAeJrrercf l  MoMeHT, pa3BH-
RaeMbri l  ryp6nnoi , t :  NIn :  Pr,  H.v,  a no qacrore Bpau{eHHfl  n Haxo!:urcfr

I t  r l
1 1  M U r q l l o c ' t ' b  / v , , .  l ( D T :

No : Ivi n19550

KoeSQrauHer{T noJre3rroro 4eficrnun MoAeJrH BbrqucJrnercfl
pH Mer ITaJr  br - rbrM AaHHblM:

t ' lv  :  A/n/g,8lQH .

I '4cnuttat tun npoBoAnrcrr  cf leAyrcrqHM o6paeor ' r .  VcraHaenHBaercr
o1' l (pblTHe HanpaBflnrcu{ero annapaTa a(,  H cHHMaeTcff  HeCKOJIbKO TOTIeK
nptt  pa3, ' I t tqHol l  qacrore Bpau{eHHfl  n,  Koropar H3MeHflercf l  TopMogoM.
ll.o I.t3-N4epeHHbrM BeJIHtTH[{aM Bbrr]HcJrgr.orcfl npHBeAeHHbre napaMerpbl
nr u Qi no SopvyraM (5.34) H (5.35) n cocraBJrf lercn ra6nuua BeJTHqHH

f *  : . : : : :  f ,  (n i ,  Qf)  Ai ln pa3Jr14qHbrx sHa,IeHr.r f i  e1y.  f ]o srHM 3HaqeHHflM
c] 'por fTc f l  yHI . rBepcaJ lbHar r  xapaKrepHcTHKa.

l (pove I ( l lA ,  pacxoAa H Mou lFrocrn  r rp14 oneprerHqecxHx Hcnbr raHurx
or lpe l le .nu to ' rcn  pa3r -o l t l ra r r  qacrora  Bpauer {1r f l ,  oceBbre  ycHJrHr r  ua  pa6oueu
Ko, r tecr i ,  yc l rJ ln l  r {a  J lonacrnx  pa6ouero  r {oJ leca ,  , {ona. rKax  Haf tpaBJI f Io -
ulefo anrrapaTa l r  ApyrHe Be,r I t . t r { r . tHbr.

I (  a  n  t l  r a  I t H o u  t t  r ' r  f t  c r e H A  ( p r u c . 8 . 6 )  c o c r o l r  H s  n o A B o A r r -
uero  lpy6or rL)oBoAa I ,  MoAeJru  ryp6unu 2 ,  3aMKHyror .o  6axa HHxHero
6ue$a,3 , , {  a  c rHq r {o  3a  noJr  Her {  Horo  BoAor? ,  uHp KyJr f l  quoHHbrx  rpy6onpono.
l (ou 4 I . t  5 t t  t lacoca 6.  Clelr2i  3aMKr. tyrvtk u pa6o'raet Ha nocronnHbu o6teue
Bol l r l r ,  q ' ro o6ecneqlrBaeT coxpaHeHHe orMerKH HH)Kr{ero 6ue$a.

(8.4)

no SKcne-

(8.5)

\-*-_-=.-=:::
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I l cno" r lb3 \ ' to rc t l  ox ' la iK i lao lqHe 3 iv leeBt l l i l t  ( l ra  c , \eN, re  I Ie  l ro t< ; t : rz t t t r , r ) ,a  r rnorAa t ro6annnrcr  cBer ( -v ro  BoAy r r r  no lo l ipoBoAa s  6ar (  J  u  o4r roBpe-Nferr l ro nporr3BoAn.r  c6poc boau, Hg Hattoprtor.r  " r r  vntvtvt  [ t ,K a x  I p a B ] l ' I I o '  l t i t t r t n b 3 y t o '  K a B H T a r l r o r r r b r e  c . , , e r r 4 b r  q  r r a n o p o M' 2 ) -  
3 0  l r '  o A I I a H o  c  I t e ' n F , n  i t o , , t 1 , q e l { r t r  6 < u e e  t a i r e x i r r r , ! y  r . ! n ! r r ! r  ! v  , \ , 1 . \6eHrlo rr*r .brcoriorr.ror)rr,r.\ .r.),p6,,,,, r(urK ; qq_iF,";:;;i^,, '^ln".p.,rtj_;ii,. i lc03 j l ? r rL , r  t i u l u i l rA I l I o l l t r r : t c  c . r eHAb t  c  l t ? ] l t opo t v t  l 5 ( )  __ "200  M  t {  13b t r .H ( } .[ ' lP r r t r ' . l r l r  onPeAe, r t ' t t , t t t  , .o r$ l i " i - , . r iu r tu ' "nou, r ruur r . r  coc" roHr  B  c / re ry ]o -rL(e11. Aa n. : rerurc Ha.,r  cn.6o,:rrroi i  r ronep xr{ocrbro (n_6a xe) notrAep)KHBaercf l

l )aBI l l - ,1tr{  / ) , ,6 '  l 'or-r ta J( . r ' t t t  , r [at t t ro i ' r  1, . , t r , r ,uo, . r t - i i i , 'qz. , i t ; - innr i , i l_or,rrr . rc,r ] r rbI t o 3 r p ( t l r l t l r e l l r  o ,  I ( c ) t ' o [ t t , t i i  u z r 3 b r B a u r  J { .  e  r l l  r [ l  r t  t t  t  e , , r . o  M  r (  : l  t ]  r . r -T a t ( ' t r  v c l . a r f  ( ) [ ] l { ' :  ,

# l  
-  n r *

l l ) 'T l . '  l (aBI ' {Tal- i l l t l .  Taxl t l t  o6paaov, oy f lB.nf lercf l  B HeKoropoM cMbtcJle
),  c,r t { ) t3 i l  Lt  \ .1 not(a3aTeJIeM.

I Ic- t t t , t ' rat t t te npoBo/ l t tT ' r ] r ' r  creAyrour.r [ {  o6pasorr ,1.  VcraHaBJIHBaercf l
Kzr l ioe'" ' t t t6o o ' l l (pbl ' l l {e ( I0,  I l  I toA/Iep)KHBarcTCfl  nocrof lHr-rbrMr{ uanop H vt
I lacrora BpaIqelMH n, xapaKTepH3ylorr lHe pelKHM pa6oru. CryneHnnan
il3i\4eFrflro'l '  oy, o6lrqrro 3a cqer yMeHbueHHfl pr6 (coslaeTcfl naxyyr*a), w
Af l r  KalKAoro 3HaqeHHrr oy HaxoAf l r  KnA 11. Crpourca rpaQHK n :  

- f  
(o) ,

xoropuf i  e 6ortuluHcrBe cryqaeB HMeer BHA, roKa3anHri f r  Ha'  p" i . 'Al i ' .
C yruleulueHHeM oy Ao HeKoropbrx rrop r l  coxpaHfler cBoe 3HaqeHHe,

I Io 3areM Haql ' l l laeT pe3I(o naAarb. l locxontKy pe)r{Hvr pa6ortr  coxpaHfl .
erct l  H H3Merl f lerct l  roJlbKo xoeQQut{HeHT KaBHTar{HH, gro yKa3btBaer Ha
BO3Hr. lKr{oBeHHe K a B H T A q r . r  o H rr  o f  o c p br B a,  Ha pa3BLITHe
B ryp6HHe KaBHTat{HoHl{btx nsneHr.r f i  (ecnn MoAeJrb i lpo3par{Ha, To Hx
Mox( l lo  oClHapyx l t rb  H BH3yaJInr ro ) .  Aono. r r r r r {TeJ tbHo Mo}KHo 'cpnxcnpoBarb
MOMetr r  r raqa, la  KaBr{TaqHH 14 r ro  pe3r ioMy noBbrueHHrc  HFITeHCHBHOCTH
yJr  b lpa3r ry  r (oRbt . \  xo . re6a r r  l r  i i ,

I - lerr t lc l lc , r l ( l ' t 'Btrr t t to I r l ) r r  cprrrR€ cry upeACTaB/rrrer co6oi i  K p t4 T H-r r  e  ( :  r i  r r  l i  K o 3 r l l t p r . r  l t  t r  e  r r t .  K a  B  r { T a  r r , H  u  a .' [a t i t rp t  
o6 l tasr l , r ' t  onpe, r i c . ] ' r r r ro r '  3 r . raqerur r r  o  AJr r r  MFro l {x  pexHMoB,  H

B  I l l l , r l e  l l : J o . i l r t l t l l i i  I t x  I l a l t o c l T ' l { a  r J r a B l t y , t o  y r r n B e p c a J r b r r y r c  x a p a K T e p H -
c  r r n ( \ '  ( r ' r r . ,  l a n l ) l t r 4 c r l ) ,  J ' l u l n r  o  n a  p r r c .  8 . 3 ) - .

( , , r11 ' .1 . r  e . r  t i ( r1 ;a ' t ' t t ' t ' l )  uur t \ iaur re  r ra  cJ reAyrou{ee:  l )  suaqenHe o '  no  onbt r -
J l1 ) \ ' r ) /  l ' par l t r r r i l ' (p i rc .8 .7 )  o  r re ) r io ro i )o r , i  c re r ie r i l r  ) i c ra t raB, [ ] rBaerc f l  Ha rJ Ia3 ;
2)  r i lu l rn ' i ln r ro r ru r , r i i  t  p r ; rR,  no  t io - r .opouv  cFuKcr . rpyerc r r  o . . ,  cBLrAereJ IbcrByeT
o , r l oc f i t ' f ( ) ' l l l o  ( : 11 . , ' l l , l l o  pa3 I l r rTc l i l  I { aR I . r r a l L (uH ;  ecJ Ig  ov  J tH t r Jb  geMHofO  i l pe -
f J I ) l t r l z l c ) r  o ,  ' I ' o  3To  t l e  BCer / i l e l  I ' apa t t r t dpye r  o r cy rc rBHe  KaBHTaqHH B  Typ -
6 t t t t c .  I ]  c r s l r s t ' r  c  3T i tN {  npL t  onpeAeJ re } { r . JH  Aonyc r l r i uo f i  Bb rco rb r  o r cacb rBa .
I r r l r r  r l l o , r t t n ' u r  xo rcp ( tn i { ne tn .  3anaca  l zo  no  (7 .14 ) .

8 . 3 .  N O C T P O E H H E  X A P A K T E P H C T H  K  N O B O P O T H O - J I O N A C T H b I X  .
T Y P E H  H

,  
Pac lcMoTpl lM Teqel lHe 3a pa6ouHu Ko. [ecoM B )KecrKoJIonacrHor l

( l l po l l e . / l / l ep t t o f i )  H  r l oBopo r t t o - , , ' t onac rHo f r  r yp6uHax  npH  noc ro r rHHo f iqac ' ro ' re  BpaLuct {vr f l  n  H H3MeHein{H pacx^oAa e:  
-He 

puc.  g .g ,  a  BHAHo,  r ITo
rrpr {  xec ' r 'xo i r  ycrar - roBKe nonacref i  

!0 ,  
:  const i  H3MeHeHHe pacxoAa

BI r l 3 i> lB i l ( ' ' t  pe3Koe  l l 3Me l l e r l L Ie  y r J Iaoz . f l p t I  MaJ rb rx  pacxoAax  no roK  HMeeT
l ' { r r rer rcr . rBr{yrc  3aKpyrKy B cropoHy Bparr {eHHf l  Ko, r reca,  a  npr  6o lnurHx_
n o6pan{yrc  cropoHy.  CneaonareJ lbHo,  ToJrbKo B y3KoM Ar . rana3oHe H3Me-
ttetrrfr  Q yclonrl t l  Ha BbtxoAe H3 Ko/reca 6yayr 6nusxu x onrHloaJrbHbrM.

i l l rn 4nofinou peryJrHpoBaFr'H (pHc. a.s,"o) rr, ,oxiro .*pu"rrb yron3aKpyrKI' I  noroKa q"z sa pa6ovurta KoJIecoM, orBeqatou{uu onruMaJIbHbtM
YCJIOB} I ' IM  TCqCI {H ' I  B  

. I I IHPOKOM AHANA30HE H3MEHCHI , I f l  PACXOAA O.frnn'yp6uu c Aeofinuiu pery.rrHpoBarr".,  (ara;;; ;r ; ; ; ; ;  u ocenux)l l a  c ' re l lAe  c l l l ' lMae l ' c f l  I Je  oAHa,  a  cepHrr  r {acrHb lx .yHHBepcaJIbHbrx  xapaK-rep l ' l c r l l l {  / *nn  p t lAa  c f r rxcnpoBat ' { r {b rx  euaqeHur i  y rn i  yc raHoBKH no-l l a c ' r e r i  ; 1 i l 6 o ' t e t ' o  I { o J I e c a r p ( ' i a K  n a 3 b r B a e M b r e  r r  a c r r r  r ) r e  n  p o  n e J I  .
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I ) l r c .  8 ,7 .  [ ' I l u r r r r c r r r r c  I i l l , l I  n  : a .
I l r . tCt i l r ( )c ru  o  l  r t r ' r t r l t rpr l i l l ( : ,n , t  ; r  l (11-
l r l t  [ ; l l l l i l {  \ ' c ' t  ; l i l o t } t i t

i , rc  S t ;  ( lxcu; r  r i i rBnT.a lur . ) ru( ) r r )
( " t ( ' i l , : l ; 1 , ' l , i l f l  c U f l 1 . l t f l  x i l l ) ; t r ( t . ( l l r i l _
( ' r ' l l t i  r y p 6 l r r r

( ) ,
(8 .6)H

l (oscpft l r r l r r r ' r r r  ov ror{r . l3brBaer,  I {aKyro qac1.b , ronopa,AoJr}KHo 6rtno 6t  rcocraB ' r I t l rb , l t l l l {a i \ l l l t {ec l (oe  nonr t }Ket f } re  l (aB" r tenun,  q rb6br  B  KoI I r .ponr r r ro f i1 'oLI  I (e I lporoqlroro ' t ' l ) t t  t { ' ra c (cu,  prc,  T .T) au'unanr" 
"puu' , rnnoao 

6r- , r' r [ a t ] ' l e l l l l l o  I I i l c l ) l l l [ c ] l l l l o l ' o  t ] o , r ( f l i l o f ( )  I t i l l ) i t , . t . .  c . 3 / t e c b  r \ 4 o t . J I a  6 r , t  n o g ' t f l ( -



n8 XaparcmepuctnuKu mypdun $  B  r l [ locnrpoeuue xapaKmepucmuK noeopomHo-/t0ttdcmHilx mgpGun

Jr  e p H br  e x  a p a K r  e  p H c r  H K H).  cepua raKHX xapaKrepHcrHK
oceBof i  ryp6HHbr,  cHf lTbrx npH 3Har{eHHf lx  yrJra g,  paBHbrx -15,  -10,
- 5 ,  0 ,  - F 5 ,  + 1 0 ,  + 1 5 ' ,  n o K a 3 a H a  H a  p u c .  8 . 9 .

I- lpone.n,neprrbre xapaKrepucrHKH noKa3brBarcT, qro c pocroM ynJra q
yBerHrrHBaercrr  nponycKaeutr f i  pacxoA Qi .

il9I fn .  I

Pr.rc. 8.8, f lapalne,rorpaMil{br Bbt-
xo/ ' lHbrx cxopocrefi  pa6o,tero KoJreca
npone.n.nepHoft H noBopolto-Jronacr-

Hofi  ryp6nnr,r

'7: -  
7' i

, ' .$, '  1

l400,tt/c

Xaparcrnepuct?t uKa nosopomHo-nonacmHori mA p6uHbL
ttactttHbtlvt nponerznepHbti4 xapaKmepuCmUKo.Jvt uCXOdn u3
B ru06oti trtoqKe. c KoopduHa,ma,lru ni u Qi KIIil ulyteem
3HOqeHUe.

3 r ' o  no ( :1 ' l ) oc t - t ne  o6 l , r q r r c t  npon : tBo / ( lT  cJ reAy tou l l lM
r recKo . r rbK r , | x  : l r - r aqeHr { i l  t l i  c ] ' po r rTcn  ceqeHHr r  qacTHbrx

o t

82

cmp)umcn no
gcltoBun, qmo
JvIAKCU.riA,nbH0e

o6pasorvr. Ann
nponeaJrepHblx

ltlM

q0

a0

20
t0

000 t600 n/6

TOqeK Ha CegeHHrIXPnc. 8.10. OnpeAe.neHne xou6nHaropHbrx
qacTHbrx nponeJrnepHbrx xapaKrepHCTHK
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xap-ar{re.pv.cr?*,-.np^gAcJaBrrnrourHe co6ofi  KpHBbre q : fn (Qi) H do:
: fu (Qi) (pHc. 8./0). KaxAan napa KpHBbIX coorBercrnydr onpeAerreH-
ltoMy yrJty nonac,ref i  rp.f io xpHesina T : fn (Qi) nposoasr org'6arouryro
H Tot{KH ee. KacaH,Hn c qacrHblMH KpHBbIMH 4 cHocqr Ha i lHHHH eo. nng
xaxAof i  rorrKH raKHM o6pasonr onpeAeJrf l rorcrr  KoopAuHarbr ni  H Qi,
a r a K x e 3 H a q e F r H f l ( l K ,  ( p  H  a o n .  3 r o  x  g  r  6  H  H  a r o  p  H  b r  e  r  o  q  K  H .

B noJre Qi,  n i tuauocffTcf l  Bce HaHAeHHbre roqKH rnf l  AaHHoro ni
rd  BnHcbrBarorc f l  3HaqeHHf  (p ,40H,  I r r ,  AHa"nor t rqHbrM cnoco6oM HaHocf rc f l

/000 7200

- jLOIJKtt IJ {JItl +PyllHX 3HaSeHI4Lnt-EefiH qJ4€JIO +Oqet+ 4Oeft+Or+H6' Be-
J I I tKo ,  To  no  I I I . tM  Mo)KHo  npoBec rH  r - {3oJ rHHHH paBHbrx  3HaqeHHf t  I x ,
au r ,  ( p_  H  noJ I y t {H rb  yH I ' lBepCa f l bHy to  XapaKTepHCTHKy ,  noKa3aHHy lQ  Ha

.  p t t c .  B . l l  ( un4exc  (K ) )  -  KoM6aHaropHbre  -  He  c raBr r r ,  Ho  e ro  HMero r
I  n  Bux-v ) -  C  r tenbrc  6o f ib txe i l  f l c r . rocr l r .Ha eeqeHl ru  pHe.8 .  l0  w Ha yHHBep.

c a , n n t t o i t  x a p a K T e p H c r n t { e  p t 4 c .  8 . l l  n o K a 3 a r r b r  o 6 u { s e  r o q K n  R  u  S .
Ko:;(r(rr runeurr , r  KaBurauHr.r  o '  o6ur.rHo onpeAef l f l rorcf l  Ha KaBHTauH-

o l l l l oM ( lTe l l / te  yx ie  A f l f l  l l a t i / IeHHbrx  no  K0M6HHaropHof i  xapaKTepHcrHKe
3 l laqe l l t t i i _  c1 t ,  46 , , .  H  n i  v  3areM l . raFrocnrc  f l  Ha l ree  (nyHxrnpHsre  .nHHul . t
r r a  p l . r c .  8 , l l ) .
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t20 \ ,  t  | ) (  t  h '  | | I  t :  p  t  t  C  t t |  1  1  1 ;  1  1  |  |  I  t , !  / , t i  t  t  I  t , { , . ' . / l I I eprc,rant tlolltr.ttnttl.)oB ( .uoa)(.41t Ha Ir:.IOBUn H{li l lt lpbl

I i  l i i r r r c ( ' n l i '  r i l ) n u o l ) i r  u i l  l ) u ( ' .  8 . 1 2  u o r ( i - l . J r n r , l  I ( o t \ t 6 t t t t a ' r o p H b t e  K p l { -
l l r , l c ,  i l o e ' r ' l ) O 0 i l i l r , r e  i l o  . \ a l ) i l K ' r c ' l ) l l c . ' l l l K e  l ) l l c .  ( s . l l  A , I I t l  n i  :  1 3 0  U  1 5 0
(; t , l r r  L)r  = 9,0 iu n i7, , . . - .  t lO o6irvurr  3 lo cool 'BercrByer H --  17 t t  13 t" t ) .

' [ ' irr irru 
oCllla:]oivr, trl-)u. pee.A/tuplBaHrtLL ttosopon'LHo-JlorlacmHbm mAp6uH

ntpc1Actncn He nrc,,tblo cnlpoeo saAepntcuBamb saluculilocmb JilectcA7 p
tL Q.s, HO 3ntT. SOBttCtt.MOCmb dOttXUA US.MeHnmbCn C U3lvteHeH^elil HAnopa
I'3C .

8.4,  nEpECrtET nApAMETpOB C MOAEJTH HA yCJIOBH' HATypbt

V r r r r u e p c z r J u , r r s f l  x a p a K T e p n c r H K a ,  n o c r p o e r r l r a f l  B  n p H B e A e H H b t x
i lapz lNtc ' r 'p i t x  Q i  r r  n i  (pnc .  8 ,3  n  8 . l l )  i l  i l pe l tc raBr r f l roqaa co6or i  cBof i -
cTBa 1'Vp6r.r i l  l laHHofo ] 'Hna, rrBJrrrercf l  MoAeJrbHoi i  xapaKTepHcrHKof i .
FI  eo(-r  xot tn Mbre A.r  f l  noA6op a ry p6r.r  H n p rr  n poeKrHpoBaH nu rHApooJleKrpo-
c1'a r  r  r  t i l  i l  r  r  a ' f  v l )  r r  F,re x apar(Tep r . r  cTr.rKr.r  noJI  yqaroTcn nepecqeToM c yHHBep-
ca,r lb i l r r t . \ .  Brrc0Kai l  r ra l (ex(LrocTb ]r  roqlrocTb I{x npexAe Bcero o6ecneqH-
Raro' fu l  c1' l )0r ' i lM reoMeTpHqecKi lM no/Io6rreM Bcex 3JreMeHToB npoTot lHoro
'rpar(Ta Mo^e"i l {  r r  r iaTypbr.

Pasiucpr- , r ,  on peAeJrrrouHe n poloqHyro qacrb ryp6HHbr,  nepecr{HTblBa-
rc) ' r 'cr f l  c  MoAe,nr{  nponopu14oi la. [br . ro oTr{orueHr. i lo AHaMeTpoB MoAenH DM
rf  r '1 ,p ( r r r r r r , r  Dr .  C  s lo r ' i  u ,eJrbro  r ra  y r rHBepca, r rbHbrx  xapaKTepHcrHKax
B( 'e f , r la  YKa3L, rBaroTCf l  oc r roBr r r r re  pa3Mepbr  r lpoToqHoi l  qacTH MoAeJIH.  Ha-
i r l ) i l M C l ) ,  0 ' f r i | ) r r | r ' i l ' t ' t 1 r p 6 i l t t t , t  0 0 r  B b t t t i l c . r l t i l o T c t r  n o  M o A e J I I . l
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ocnoout t : t  oc06et tHoct t th . \ 'opctKmepucnr t tK t loR()ponrHo- . t to t t ( ru t tuo i r  r t t t l l l -
St tu t t t  coct t lo t t l t l  B  t t lo ,1 t ,  t t t t to  oua 0er tc t i lBu i lE, , r t t r . tu  t l to rb t to  n t ) t . t  ( . / t r )o?ot l
r:o5-tn0enttt t  cootttBctttc/t tBr.et i te.td\! /  r /e,, t(r. t ,ut rt t  t t  ott)tx-1i i i , rr ' i , r i , ' r i ' , ' , '  , , ,r , ,  
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I ) t t c  8  12 .  I ( ou6 l t r t a rop l r r , r ( .  3a -
l l r ( ' t \ t r ) c I  r r  n o t l o p o r l t o - . r l o t t i t c  r  t t o i i' l  \  1 r f i 1 1 " " '

I)_
n . - . -  / l( r t lT  , ro  -D; (8.e)

(s s)

l l p r r  : r ' r ' o l4  \ / c . [ ( ) r ] " r1  , r1Jr r  r ro , lo6 t rb rx  pe) f f ] rMot i  nepecrJer  n  H Q npona-
Iro. i t l l ' r ' t - , l r  r ro ( lopN4yJram ( l - ; .1-36) rr  (5.37),  a r \4ou(r . tocrb ryp6Hr{br noAcr{HTbt-
l l a 0 ' t ' ( ' r r  i l o  i l l o 1 l v y . ' r e  ( 2 . l 0 ) .

( ) . ' t r u r ( o  r r c r ( o l o p r ) r c  n o K a 3 a l e , n r t  n p u  r r e p e x o i t c  K  n a r y p H t r M  y c J I o B H R M
il . . i l r1(1i l i l1o'rcf l ,  i lp l t t rcM l la l t6of lb i l ree 3i laqei l i lc  t . i l \4eeT t t3t \ {eHeHI.{e KnA,
I ]  r :n i r :1n  ( :  j ' r ' r , l \ , r  l ) i l ccMor l ) l \ r  ( : ' r l ) ) ' r {TV l )v  norepb r }  Typdn} te  t {  } . t x  t - t3Met {e tu {e
l l l ) l l  I I C I ) C X O / l C  o ' r  N ' I ( ) , j ( C . r I l l  l i  ' , , , ' 1 ' 1 t p C .

Io repu B ryp6HHe v  6anaHcoBbte  xapaKTepHcrHKH

IJcc  ro l 'o i )n  3nep l r .n r  u  ryp6r t t . te  Mou ino  rpeAcraBr . r rb  B  BHAe cyMMbr
' fpex  B l r i toB 11r )Tepbr  fH i tpaBJruqecKr . tx ,  MexaFrHqecKHX H o6teuHurx .

I -  r r l t p  a  D , ' r  r . . r  r {  e c K  r r  e  n o r e  p  H  B b r 3 b t B a r o r c f l  n p o r e K a H n e M
r jepe3 ' l ' yp6 l r r ry  pacxoAa 0 .  ) ru  norepH Mo)Kr ro  noApa3AenHTb Ha:

a) rro ' r 'epr.r ,  cBrr3aHHbte c rperrHeM >xr.rAKocru o crerrKH hrp (aHano-
f f iq i lo  r roTepRM no AJr r . rFre  B BoAoBoAax) ;

c t )  B l rxpenbre  roTepH ho^r t ,  (ananorHqr {bre  MecrHbrM noTepnM) ,
K Bt4XpeRbrM or t toc f l rc t  noTepH rJa  BxoA B peruer r (y  J ronacTef i -  (c r r r .
pnc .  5 .7 ) ,  uupt_ iyJ I l  L tHot - tnb te  np t r  Bbrxo , (e  c  pa60qero  Ko/ reca  (c r r l .  pHc.  5 .8 ) ,
B b r x o A H b r e  ( 6 . 1 8 ) .

M  e  x  a  I {  } t  q e c  I (  H  e  n  o ' r e p  H  B b r 3 b r B a r o T c n T p e H H e M ,  c B r r 3 a H -
l l l ) l l \4 c upal l le l l t ' leM BaiIa t . t  pa6Ouero KoJIeca ' ryp6rr i lbt .  CrcAa OTHocf lTcf l

M b l e  I ( l ) l l B l r l e ,
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I Io ' re l ) l l  B  I lo ; ' l l l l l l l l l J l ' lKax  t l  yn / loTHeHI - t f lX  Nrp  ! t  TaK HagbtBaeMbte  A H c  K  o-B br  e  r r  o  r  e  I )  r r ,  BO3Hr iKa lou{ r {e  B  pe3yJrbrare  rpe i lHn BpaqanqHxcr lt racre i i  ( )  ; l ( l l l l l (oc ' f  b '  I ta t tp l tMep,  p  sa3obax Mex{Ay o6oAav l r  pa6or {ero
l io ' ryeca l t  Kop l l l ' ' g1r , , l  (xpr , r l rKo f i ) .  f {61r tHocrb ,  Tept reMan Ha IHcr {oBoe rpe-n I te f rn, , . , , ,  onpe. ' le,x f lerc l  cpoprr , tynof i

q e t c x t t i t  I ( l l I  
'  ' - r  v ' r ' r ' \ s  s ' , r ' -

ffn,,.,, : PttsDs

r l r  :  |  -  l4 lH.

(8 .  r0 )

(8.  r2)

( 8 .  r 3 )

( 8 . 1 4 )

I ' r r1p i lB" ' l l l qecK l te  I lo rep l r  raK lKe MolKr lo  pa36HTb Ha orAef lb r rb re  co-cTirB.r ' lu loul i l€: ;  I lo ' fepl l  B noABOIf l rueM TpaKTe u pa6oqeM KOJrece hn, r ,l l ( ) r 'e i ) l t  I l  o t ' r 'oc: I : r t - tarrorr ler i  rpy6e hor",  BbtxoAt{bte noTepi. t  f r r" ,* i
/1 , ,  , -=  1 t , , , ,  *  hor"  1-  /1n" , * .

Aua.[ofrrqtro j \4exi ] t t r rqecKne norepr.r  /zMex I , r  KnA Ir"ox otrpe/{eJrrrrorcg
B I) l  l )  a iKe l l  I l  t l  N, l  l l

/ l r rcx  , :  N^no* /9 ,g  lQ;  
i

l l u e x :  l - h n " * l H , J

I ' i le f f , r ,n* -  \ , rc) [ luoc'r ' [>,  putcxo,(yeMar]  I {a Mexatt}{qecKIIe r toreprr ;  Q _
[ )  a c x o . , t  r y p 6 t r  r r r , r .

06r,er.rr r r , re rro 'e l ) r r  r jaxoi l r r rcn r . f3 Bbrpax{eHr.rn

/V.6 , . , - - ,  9,8lqo6H :  g,8lQ/2o6,

f j te Non --  N' lourHoc'r ' r , ,  coo'r 'BercrBytoqan lo6revrrulvr  norepf lM; 4ou --
o6r 'e l r r r , re  no ' r 'epu  (pacxo. ,1  r reperoKoB) ;  H 

" - . . -  
na t rop  , ryp6r r i r r , r .

s  8 .41 [Iepecaem napan4empoo c 'uo)enu Ha gcnosun Ham7pbt t23

OrcrcAa o6teuHrte norepH hoa H !e6 onpe-
AeJrfl roTcrr Bbrp axeHufl,MH

hr6 : q ooH lQ; I
l l o o :  l _  h , o l H ' |  

( B ' 1 5 )

C yuerclvt r.r3JIox{enHoro 3r-raI{eHHe KnA
on pe/ leJr  f l  e ' rc f l  Bbrpax(eHl reM

I

I  :  I  -  
H 

( /1, ' .  , , - f -  f t ' r t "  - l -  /znu,* *  hn.^ - l -  / t , ,n) .

t,0

0,6

( 8 . 1 6 ) 0,7
tl 00 800 t200 .rr/c

Puc .  8 .13 .  6a , raHcosa f l  xa -
paKTepHcTHKa noBopoTHo-no-
nactno i r  ryp6unsr

,:i[ €-rP" H' C' T:]l:K 8.r:
pr. ivepa i la  p i iC.  8:13 noKa3arra 6a.naHcoBarr  xapaKrepH-

crr . rKa MoAeJi l t  l roBoporHo-Jlo,nacrHof i  ryp6rruur (ni  :  130 o6/rvt t t t t  Ha
puc.  8 .1  l ) ,  l l r  xoropof i  BHAHo,  q ro  MexaHHr{ecKHe noTepH orHocnTeJrbHo
neBe,nr iKH, oKoJro 0,025-0,02, H r . r3MeHflroTcf l  MaJro.  OcHonHurMH f lBJI t t -
roTcrr  f r - rApaB,nHqecKHe noTepH, Ho cooTHoueHHfl  pa3JlHtIHblx Hx BHAoB
CYI ICCTBCHI - IO  3ABHC' IT  OT PC}KHMA.  B  SOTIC ONTHMYMA NOTCPH B  PA6OqCM
KOJreCe, BKJr lOqarr noABoAnII lHf i  TpaKT, npHMepHo paBHbt noTepnM B oT-
cacbrBalourer i  rpy6e. f lpu MaJrbrx pacxoAax /reBee onTHMyMa Bo3pacraer
3HaqeHHe norepb B pa6oqeu KoJrece,  a  i lpv t  6ornruux  pacxoAax BnpaBo
or onrr . rMyMa --  3HaqeHHe norepb B oTcacbrBar.oqef i  rpy6e. BuxoAHrre
norepr r  pacry r  c  yBerHr {eHHeM pacxoAa.

Onpe4e;renNe Ki lA HarypHof i  ryp6nHu . /

Ha yHHBepca, r rbHbrx  xapaKrepucr tKax  (Hanpuvtep ,  pnc .  8 .3 )  o6uuu0
Aaercfl f H A B a B Jr H r{ e c K H fi Kn,4, noryrreHHrrfi Ha MoAeJIH qr.rw.
B cBR3H c s ' i 'Hr ' r  npH nocrpoeHHH sKcnJlyarauHoHHbrx xapaKTepHcrHK
ueo6xoAnMo npoH3BoAHTb nepecqer MoAe/rbHbrx 3Har{enuf i  KnA Ha yc-
t toBHn HaTypbl  H yt{HTbtBaTb ApyrHe BHAbI noTepb: MeXaHHqeCKHe V g,6a'-
eMHbre. f lpl,a nocraBKe ryp6nH 3aBoAbr BbrAaror gKcnnyaral{HoHHbIe
(rapaHruf iHple) xapaKrepAcrHKH, B Koropbrx nepecqer KnA c AaHHblx
MoAeJIH BbrfiroJrHflercfl c yqeroM Bcex KoHcrpyKTHBHbrx oco6eHHocrefi
AaHHofi  HarypHorl  ryp6uHrr.  OAHaxo Ang npeABapHreJrbrrbrx pacrreToj l '
MOXHO HCnOJrb3OBaTb O6O6UeHHyrc MeTOAHKy, KOTOpaf l  COCTOHT g ggg-
AeHHH AByx nonpanox: l )  At l  -  yrrurbrBarcuaf l  H3MeHeHHe rHApaBJtH-
' '{ecKoro KflA; 2\ Arlr. o : I - t lr.*Tlo6 - yIIHTbtBarcuIafl MexaHH-
I{ecKHe H o6reuHsre noreDH.

B pe3y,tbrare sFraqertHe KnA ryp6HHu Bbtpa)f iaercf l  Qoprr , tynoft
I  :  I . ,  , ,  *  A t l .  - -  A t l r .  o ,  (S .17)

I- lonpanxa, yqHTbrBalou,arr  MexaHHr{ecKHe H o6rei ' tHsre norepH, H€-
BeJrHKa,  I t  B  rJopMaJrb t - tb rx  yc / roBHf lx  Mo l r {Ho npHH14Marb  At l " .  o  *-  0 , 0 [ 5 + 0 , 0 2  n , r r {  I , 5 + 2  % ,

K
* \ ffi)\
7 hoh

tl
\

d
7 i,i,-'

H

a;
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I - lor rpanHa na ru; tpaB.nr{qecK}ui  KI IA nax() . r tn t .c , t
cxor: i  Qoprrvne

= :  ( l

I to nO,rt\ ,gM n I I  I)  i l  r fe-

I  s , r * - '
r1,.. ,,) r (t l, ' i lt ( t i , l , S )

pe)KI {Ma I {  i l .n t t  Bcex  i {py f l4x  pexHMOB COXpar { r l rb  ee  3HaqeHHe Her , r3MeH-
Hof i .

l lpnr 'rep 8. l .  Onpeir l ,e, ' l rrr,  KnA ryp6nlrr,r l lHaMerpoM
H -  120 r r ,  xapaKrepHcrnKa xoropof i  Aaua Ha puc.  g .B / t ,nq
: 0 , 4 8  N t 3 . c ,  n i : 7 0  o 6 / 1 a s s .

P e u e tr H e. f ]o xapaKTepncrHKe DM : 460 lrru, r?nr == 4 u, lutrr pelKHMa
rro 'nHol i  l ra fp \ /3r i l j  r r .  nr  :  87 yo.  B roqxe onrnMyMa ln .nr  =  g1,5 yo.  Br , rqr rcnnor \ r  no-
I IpaBK\ /  Ha rH; ' lpaB,r t l tqec l ru f i  KnA no (8 .18)  c  l ,ueror r r  H:

Ar1.  :  ( l  - -o ,g lb)  o 7s (  t  -  i /6V6 
ro ' r . - r

, i 5 \ r - v  i i v  & )  : 0 , 0 3 6 ,

f l c r  ( 8 .17 )  Hsxo ; l u \ r  Kn I  r yp6H l r r r ,  npHnnn  A11 r r . o  ==  I  , 5  % ,
t r  -  0  R 7  t - .  n  o i A  *  0 , 0 1 3  -  0 , g g ! ,  i i n i i  g g , i  V i ,

06ocHosaHue  r l l op r r l y " r r , r  nepecqe ra  r .HApaB .n l r t ecKo ro  KnA

f l o r o x  t t  r i ' l l 6 l t t t e  I l l ) c 3 I t l ) t ' t i t  i i  t r o  c , ; r o ) r i c l t  l r  i l o r i i r  ( ) i r t ( ,  1 ( ' 1 .  c r { l i r r  r , r i r ) - p l , t 6 y . : 1 1 ,  r r , , : 1  1 1 , , , . ,  ,
n p c r t c r a B ' 1 t ' l l l l t l  ( |  3 a K r ) l l ( ) i \ l o f r l l ( ) c l ' t l Y  r f o p l ' t t ; p r ' r n l t t t u t  n  i l c i \ t  i l 1 , ' l l ) , r , R . r i H r r c c r r r x  n ( ) . r . ( , [ ) t 1 .
f l I l t x r l . ' t t t T t ' t l  n r l r ) . l l l l - l '  \ j l l l ) f ) l l l o l t r l i t ,  A l r , ; t r r t o  I r l ) i l r r f r , , . , r t o  r t r l ) r l r r l r t t r l r t t , t l t . r ' r o r . ( , 1 ) r ,  ( . ( ) ( : , r . ( ) l l . r .

v  
l l 3  ' r l f l t ' r  t l ; t c t r : j i  :

( 1  = ,  ( r u s c r  *  ( t p ,

f , l c  ( u e c r  - -  r < o s ( l $ l I [ ] t e H ' l '  n O T e p t , ,  F | | i i . t { r f 1 1 r 1 1 1 1 , 1 i i
l :osf l { r luuer l ry Mecrnoro conpornB"rre l .nr , r  ;  ( "p -
xoec f r r f rH r tHe l t r  no rep6  Ha  rpeH l re  no ,n , [ r j ue  r ;6 re -
r(aelr ' ! ) r . \  noRcp x l locrei i .

f l l n  o r t c rK r . r  us r {e } re tn tn  ( "p  R  r (a , l cc rBC ena-
,qOfa  14CnO"q l ,3 ) ,eM 3aBHCHMOCI '1 ,  C r ) i l p ( ) t  l t t j ; r tC t i l t  f l  np l . l
o6 t t ' r i a r r r r r r  l o t r r<<1 f i  n , ' rac run r * r  (p116 .  S .  l 4 ) .  C l r , ra
COn1t61' , tU,nel l r r f l ,  Bbr3btBf lCMfl f l .  Tperr l reNt p[ ,  Onpe.
Ief l rercrr  cPoprr . r l lnoi l  , . , i , j

.  P s  :  c t F p \ .  ( 8 . 1 9 )
Pr rc .  8 .  14 .  I i o l r f r c f r r r r r r r en l  con lo -
' t l n ' t 0 i l t t r l ' f n c l i l l r t  

r r . r ; l c ' r i l i l t i l l
i': 3aecr, f --'' ri,nor'i1a,qr,
p { : rcTr r  ' l l aTer (a [un i  p  -

Dr :  5 ,0  M,  c  l ranopoM
noJrHoii rrarpy3r{t.r Qi :

n f l a c ' r t r l l K H ;  r ' . -  c K o .
n,loTlrocTh iKr{/tKocTH.

L

/..5
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Ko?O$nllHellT conpolrBneHHn cl 3aBHcHr or orHocHre.nsuofi uepoxoBarocrn //A (A-
9Xsl4 sa.nerrrUsll i Btrcryn uepoxonarocrn) H qHcJra peftHo"nslcd

Re: al lv,  (g,20)
r i te u - -  cHopocTl , ;  v  -  KHHeMaTHqecKas Bf l3KocTb (4nn ao4rr  v -  0,01 cr t lz /c) .  3ra
3alrlrct.f l\4oc'tL, Infl npnUoyrOlrHOfi nJracrHHKH runpHHOri B u lnuuOitl notagaHa Ha
p u c .  8 . l , l .

I l l l l l r rc / tc lntb le AaHlbre noKa3brBaror,  , r ro ,qJr f l  r laAxoi i  noBepxHocrH c pocroM Re
r<oerprpHrrneH'r  ct  y6unaer.  Corracno Qoprrry.ne KapuaHa 4.ua nracruHKH npu iyp6y.
JICl lT i loM nofpaHHlrHOM CJIOe

0.074cl: 
R;6;8 

.

OaxrnqecrcHe 3HaqeHHs Re n lA m^ ryp6HH nogBoJtnror npn6nHxeHHo npHHRTb,
'lro conpoTlIBJIeHHe, BblSblBaeMoe TpeHHeM, H3MeHffeTCt, KaK Anfl rnaAKofi nonepxHocTH,
no  (8 .21 ) .

conepureHHo oqeBnAHo, rrTo 6rp nponopuHoHaJreH cl H, c.rreAoBaTeJrbHo, MoxHo
SanHcaTb:

hrr., -'Jrt
6- 

:7ra' '

^  i1 . , ._ t  
hrp .*uhrO -  noTepH rpeHHrr  B MoAeJrH H B l rarypuof i  ryp6rHe;  uM H a_

coo'rBeTcTtseH Hbre cKo pocTH .
VIs (7 .7) AJrn noAo6H urx pe)KHMoB cneAyer:

, ,2*  H* .

7 : 7 ,

(8.2r  )

n  r r T n F 6  r f A h r r t i . . r r , .
u  r t r v r  v  r l u J t J a q g l Y t -

I I J I l . l  c  y t l e ' I o M  ( 8 . 2 1 )

(8.22)

I - l r l . ryo; l t t l l l  ,  t t t ' ( )  I lorcpl l  rperHn B MoAcJrr{  cocraBJlrror  l reKoropyrc qacrb or  o6qnx
rt4Jr  J) i tBJI  r . t ' lecKHX noreDb :

TofAa, ccrr ' lH rHi ipaBrHr.recxuf i
a)  uecrurre (nuxpenure)

'  
&^r"cr. 

"H - :

6)  na rpeHue

c t H
t l tp :  f i tp.  u:-  u-{ . I M  r l M

*  / r rp .u  /  Re,1o ,z- -H ; \F i  '

hnp . r :  & r . * i

KnA MoAenH Tr.u, OTHOCHTeJTbHHe noTepu COCTaBfiT:

h
( l  -  e ) ' #  : ( l  - e )  ( t  -  q . .  n ) ;

' e T P

l-t

h r P . M  ^ h n . u- 'T :  
" f  

:  e  ( l  -  T ln.  u) .
Bupasrrvt renepb rH[paB.rlHqecKHe noTepn B HarypHoft ryp6nHe, OHn raKx(e 6yaytCJIafaTbCfl H3 noTepb r l teCTHbrx H Ha TpeHHe:

l - ' 1 . : W , hrp' r  
T .



t z o .\ 0 ltah:ntr pucntut; u nr l l p0 utl l t  n .  c t

I l cc t t r t , t c  ( )Tn ( )c r r r c . l  bnb rc  I ro r€p r t  i l . r r f  r {a ryP t , t  raKue  } t (e ,  r (aK  I t  B  Mo/ leJ r  l r ,  no repH

;.r i ( -  r la rpei l r rc t rpej lcraB.: r f l to] 'c f l  rpoprut , ro i i  (8.22);  orcro, la nonyr l6gy'

i  - -  r t , .  . . -  ( l  - -  e )  ( l  -  r '1 , , .  u )  - f -e  ( l  *  ' r ,1 . .  
" )  

(H)n ' ' .

I ' , 1 l r r , lBan  (8 .20 )  1 (x rp i r r r , , n r , r  r r c l . [ o6 r r i t  ,  mo)ucN l  n l )e l c raB t i . rb  o r l t o i l t eHHe

R e n ,  D r r v l t l I "
T e - - D \  | /  H '

I lp r r  paBCncrue r i rn ieu i i rnr recKl rx  r {oSQOurUreHroB Mo, leJr r  r {  } {arypr , r  (paneuc ' rno
re:rt l teparvpt,r) \r11 ::  v cfropl,ry' . : ta nepecrte'ra rH.lpaB,r ' l l l t lecKofO KnA ( 'ro' t t tee, nOTepb)
c l \ to , r lcJ i l  I r : r  l t i t r )1  1 ;5 , r t l r r rO6pcr ; . lc r  u i l i l :

r--rr , . :  (r-rr .")  f  ' -  ,  * ,  f+\ i /+l  (82s)
L

Vs (8,23) u no,, ' l ) /qelra r foprr , ryna (8.18),  ucnonbayeTan A.nn; nepecqera Kn{,

8 .5 .  NOCTPOEHHE J IHHEf rNOIX XAPAKTEPHCTHK .NO' ]  TNA.EUOf i

r r e r l H b r x  x a p a K r e p r r c r u r (  e r q e  A B a  n a p a M e r p a  3 a B l i c n r  o ' r ' B l r A a  , n l J t r e i ' r i { o i i
x a p a K T e p r . f c r H K } { .  . .

n

N,  o* ,
0,9 5 Nnaxc

Qo

n d ;
n

t'q V,6if
/ \ l

I
I

n l  v

," Hs.g
naxc e) 

nPasa

Pr rc .  8 .15 . , I l r r r r e i i r i b re  xapa r ( repHc rnxH  r yp6nH

Anq nocrpoeHHfl  "nro6of i  xapaKTepHcrHKrr npeABapnTeJrbr{o Hy}KHo:
l )  ) ' c rauoBHrb nonpaBKy Ha Kn l .  A t1 ,  no  (8 .18) .  Cne4yer  y r {HrbrBarb ,

r{To B HopMaJIbHbtx pexnMax MexaHHLIecKHe H cf6beMHbre norepu cocraB-
. r rn lo r  1 ,5 -2  0 /0 ,  KnA n  ryp6uHbr  Bbr r {Hc / r r re rc f l  no  (8 . l , i l ) ; ,

2 )  1 'c ra r roBHrb  3anac Ha Ko3SQuqHeHr  r {aBr . t raur , rH ko  no  (7 ,14) .
3ro l ro3BOJurr I ta i t ' r 'n i lonycrr . r \ {oe 3HarrenHe Bbtcorbt  rorcScbtBatn.r f l .

H l i i xe  paccMorpenr : l  c l roco6r r t  r rocrpoen14r r  HeKol 'opbrx  nar . l6oJree  qa-
c r o  r r c n o , n b 3 l ' ' 9 1 4 ' , r * , n r r n c r i i r r r , r x  x a p a K r e p t . t c r r . t x  ( p n c .  f 3 :  l { 1 ) .

. , r l  r r  r r  e f i  n a i l  l ) a ( :  x o i t f i a f i  u  l \ , { o l . t t } r  o ( : ' f  l r  ? r  l  . \ a -
p  a  K r e  p  H  c ' r  I r  K  I r  ( p r r c . 8 . 1 5 ,  u i l 6 )  n p e / I c T a B , n f l r o ' r c o ( " r o L i  c e q e l n l e

.0)n )

rl
I

, / / / N

qefil;an;

rr  8.61 II ocmpoenue eKch/r!]dffia4uoHHbtx xaparcrttepucmux l2?

r., ' rzBi lol l  yHHBepca.nnuofi  xapaKTeptrcrHKH npnuofi  Q-a, orBeqaoqefi
ycJ loBl l to  r t i  - :  const  (p"c.  B.  l6) :

t t i o : t L D l L ' H -  c o n s t .
Ha grol i  JlHnnH HanocHTcfl  HecKoJIbKo roqeK vr AIIA xax4ofi  Bbtrtg'

cJr r l rorcn r reo( lxo4 l lvsre napaMerpbr :  Q,  I ,  .M,  or ,  Hr ,  ao H ,4p.  Cy,
LUeCTBeHHOe 3HaqeHHe HMetOT J | ITHHH f f "n , , . ,  0 ,95.^y ' *un"  l . t  4x .x  -  oT.
r {pbr l '14e xoJIOcTofo xoAa.

r r a i l o p H a f f
(puc .  8 .  15 ,  a )  npeAcraBf lRer  co6of i  ceqer fHe
xapaKTeprrcTHKrr i l t4i lHe[ ao - const
(n r r r rvn  b -b  na  pHc .  8 .16) .  Ha  e ro f i
JIHI IHH HAI{OCH' I 'Cf l  HCCKOJIbKO TOqCK H
I / ln  Kax{Lo} i  BbtqHc. r r f l }oTcf f  Tpe6veMble
napaMeTpb t ,  F {a r rop ,  cooTBe , r c rny ro -  i l ' r d

urH i i  xaxr to i i  pexur ' luof i  ToqKe,  Ha-
xoA t4 rc r r  co r , r r acuo  Qopuynau  noAo-

x a p a K T e p H c r H K a
fJraBHoft  yHHBepcaJrbHof i

oo5 oor, aN QOZ 0;

Prc.  8 .16.  K nocrpoeHxro .nnsef iHsrx
xapaKrepHcrnK no yHunepcal rHof t

, / l l r r r e l ' r H a n

6 n n :

H ---
( " ' , ) ' '

l r
4n. r-l

(8 .24 )
3Aecu 11,. / r1r ,  M -  oTr lo luerrHe orrrn-

MaJrbHbrx  rnApaB, , tnqecKHX KnA HaTypbr  H MOA€J1.1 .  :
Ha 3Tof i  xapaKrepHcr r . tKe  HrJTepecHa roqKa H r .  *  -  Hanop xoJ lo -

CTNI ' r r  Yr l  N A. r v 4 { s .

, r l H H e i i H a r r  o 6 o p o r H a n  x a p a K T e p H c r H . K a
(pu.c. 8.15, a) raxxe npeAcraB;If ler co6ofi  ceqeHue rJraBHofi yunnepcanr.
ygf i  xapaKrepHcrHRrr  nHHHef i  do:  const  (nuuua b-b Ha pnc. '8 .16) .
Ho sAecb Ka{Aafl  ror{Ka onpeAeJrrrer He Hanop, a rracrory BparqeHgff:

n : n ; J , I . A e  J : + { E /o (, t tr \
\o ,zo)

HHTepec ToqKa l lpasr - pa3r,olF.Hafl  qacToTa BparrleHHfl.

8.6.  NOCTPOEHHE SKCN.NYNTAUHOHHbIX XAPAK.TEPNCTHK :

Sxclr ,nyaraqt4oFlHbte xapaKTep HITHKH rypduu orJrur{arcTcs reM, qro
oHH CTpOflrCrr  npH AByx napaMerpax: JropMa/rbHoft  qacrore Bparqe-
Ht i f l  f tn  t4  AaHHoM AHaMeTpe ryp6HHst  Dr :

n :  t ln :  cot tst  u D :  Dr :  const.

\
\

I IpeAcraBJrflqr



ffi
)r
I.I
i

l i

i l
I

t o o
t a Q i aparcrn e pucm u Ku m y p6uu tzv

l l  f leTCf l  C i lo i \ {out r . , ro  r l t r . r l ; r r ty . r t  r t0 i ( ( )6r r i t .  (  . r io , r . r r ( ) i l1e i l  i l ,1
Ai ' IOI IU re .

I J a  o c r r r . , B a l l r r u  ( 5 , 3 4 )

H - (noln)r;
r ra  o* roBar { }n r  (5 .35)  n  (8 "26)

Q: Q;D '  I . '  n  :  e iD2 I t
n l

Q '- :  
Qj 

t tDtt.
t t l

14cttonb3) 'n cfopu' , , .x1 '  \ {ou{Hocr}r

o !
rV.=. 9,8lQf l r t  := 9,81 + nD" /  

nD 1z
q ' . "  ( , T ) r r '

n o . n y q a e M :

ilocmpocnuc eKcn.4!/0malltt0HHbtx x(tpflKmepucrnuK

I - {ar : i i feu cB1: l t  lz11 == f  r r  ( l?n,  kd I t  lz ,v:  f  n (k, , ,  lerr) ,  HcnoJlb3yf l

Soprury.nr,r  (8.26) r i  (8.28).  3an14cbrBaf l  cool 'BercrBenHbte orHorleHHfl ,
N O J I V q A C M :

V.n. I ss 8.6 l

I lO . ,1  \ '  q i l l ( ) ' t ' ( :  t l  ( ' . / lC -

(8 26)

(8,27)

(8 28)

(8 .30)

k H

Coo't ' rrorrrer-r H n (8.3 I )
x  i l epeMeueHHp  ToqeK
Koop / lHna r  F l  ,  N .

- k'nkzo; k, : kt ktr.

I IOKA3b IBAIOT,  I ITO I I3MCIJCI - IHC K , ,  V  f t2  NPHBO, IHT

3KCnJrya rau . l t o l tHo f , t  xapaKTepHcTt ' lK I ' l  B  noJ le

(8 .31)

k n  =  / /
k r t l  / .,/

. / - > ,

/iti
ry' := e,8r Q; (f_)' ,ot1

r i
! i

ti
i l
, r l

iit
l i

i( i
i i  .
i i
i ' i
f 1
i
i i

3 lecr- ,  11 -  no.nr l r ,n ' i  KnA, ^coorBercroynul l r f i  AaHHoMy pextrMy
( rouxa c  t ioop / lnnaraNl r r  t7 i  r r  Q i ) .

O6srvHo npH nocrpoer r r rH 3Kcnf lyarauuoHnbrx  xapaKTepncr r . tK  BBO-
, , ' \ r lT  noCTof l l rHVn r lOnpaBKy B I Ip . t tBeAer rHy lo  qacToTy BparqeHr . r r I

Lrl :. ,ri on,(lt f, 
.- r), (8.2e)

B Koropoi l  1,  u l l r .u -  fHApaBfl l . tqecKrre Kl- lA ry,p6unbt H Mor,eJlH npH
o nTHMaJ-r bHOM pelx t.t Me,

TorAa AJr f l  naryp l ro i r  ryp6uHu

=--<- --
\=:.- \ -

( ) )
- : - T

o t ) o t )

PHc. '8 ,17.  l leperueqeHHe roqeK excnnyarauronsof i  xapaKTepn.
crnxu \ npn HBMeue rtHH rtacrorbt Bp6uleHHn H /tHaMefpa -ryp6nfi

Paccrt, torpi l  r t l  orAeJI bHbte cryl{a H.

l .  Veeruqheaercrr  r {acrora Bpar I IeHHtr :  ko :  l ,  k^  > l .  l lpu
oroM ht ) I  rr ' f tv > l ,  TottKH pa6ovefi  3oHbI xapaxreprcrrrr cMelqa-
rorcn BBepx H tsnpaso (eoepac'raw H v iV). PexHMHbte roqKH nepeMe-
ularcrcn no xpueuu /V - PH3/2, I'A€ P - nocrolHnutfi rcoeSQHuHeHT
(pNc.  8.17,  e,  nyHI( rHpHbte nunuu) .

2,  VeenH'{HBaercn AtraMerp:  kn:  l ,  ko } l .  f ip l . t  oroM TaKXe
kH > I v k11 ) l  H rorrxH pa6ouefi  3oHbr xapaKrepucrtKw cMerqarcTcfl
BBepx H BIIpaBo no JIHHHflM N - RHstz, rAe R - KooQ+HqHeHT
(puc. 8.17, 6, nyHKrnpHbte nuuuvt).

3. Tpe6yercn raK HaMeHHrb n u D, uto6tr ToqKH xapaKTepncrnK
cMecrHJrHcb roJrbKo no BeprnKaJrr.r (no uanopy) . Ans gToro HaAo o6ecne-
qnrb ycJloBHtt no (8.31): kr,t  :  I  unu ktnkuo: 1; ko : k;t /u.

5  4punueHxo  - f  .  H .

k n = 7  - - '

k r > l  , /  -'  . /  ---/

it>y:;
WW
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I f t t .  S

noc'raB.rrcr l  noe rpe6oBarr l {e 6yler '  ) / ; ' IOBJT€TBopeHo, ecJrn o; l 'o 'peMeHHo
rt : r \ rerrrr l 'F,  r r  /? rr  D r :  co6lroAertrreM i lo. l lyqenl lo io= paBe]rcrBa. Hairpgi lap,
ec/ ' l I I  6epel ' r  h, ,  - ' '  1,1,  to lep =- 0,94, ' r ' .  e.  AHaMerp HaAo yrvreHbrl i l , r rb.
B orr ix yc,roBr.r f lx  Hanop H3MeHRercr{  B kn :  n^ ' (n; t / r ) ,  _ knnlu.  BcepexHMHbre roqKr.{  nepeMerqarorcrr  no BeprHKaJrH (puc. g.  I  7 j  4.4.  Vcnosl te,  nprt  KoropoM Tot{r(H xapaKTeplrcr l r ru 6yayr cMer. l iarbcr
] .1 '11T"  

r ro  f ( r l l r r3or r ra .m. r ,  r .  e .  6e :  r rgveHer rHn r {anopa,  r ra  ocHOB a f iHH
( o . , J l  )  : t A I l l t C I ; l R Z e T C f l  T a t { l

I

I
I
I

i
t ,

til,kzD:'l ;  h , r ' : - l  h p .

,  f lP r r  r 'o rv r  a6 t : r I r r t ' c r , t  t ] cex  ro r rc . r (  i l o  lV ' l t : t l re i l f l : r c l
( P r r c .  8 . 1 7 ,  e ) .  

'  
, ' "  

' -  " ' : * " n tt' i l)a3

(8 .32)

I l  / {a t tno l ' r  c , r r ) /qae / r r 'a ; r r  cocr{ rBJrr lc l  133/66 '= 2,0,  &p"r ,  A,nn pa-j t r ' ra ,nbi lo-oceBbrx rVp6uH i l3r \ {er{ f lercr r  B nperef lax or  t ,o iT,z  ; rno i * -xoxoArrbrx . (sucor<orranopr . rnrx)  Ao l ,g_2,1 A,r lq  Oo,c ip.oxna,ro,* ,
3ttart f i i  parr, l )a3foHlrJro_ qacToTV Bpail . terrr{q ryp6ufur, l  ur,,r ,rarloo,r ro tpopnr) / r r f l r . r  no j lo6rrn (S.36) :

t ,  -  
n t  p r r ,  ' ,  ,r o r \ a " r ' -  - D . - -  

l "  H , (8.33)

1 r  6  - l

9 C ' . / J PaseouHarc xapanmepucmuKu mgp6un IEI

npHqeM o6r rqHo BBoArr  nonpaBr{y  no  (8 .29) :

n i  pu" r . ,  :  f t ipu . .  f  A ,n i .

od/uun od/uua
+00

i ) i r c .  8 .  i i i .  F a s i - o r r r r a n  x a p a t ( r c p H -
cTr. i l ( i r  p i lJ l t raJl r )HO-oceg0i i  rypct l r l r r , r
(Dr{  . -  460 MM)

(8.34)

Pnc.  8 ,  i9 .  Pagronnas xapaKTepHcrHKa r rono-
porHo-Jroflacrnoft ryp6uHul (Du :460 mr-l)

320

2tt0

160
I O

80

32c ' f16

noBoporno-Jronacrnofi ryp6r,rHsl, HMeroqer:r nio : 180 o6/rrauH. Cn.nou-
HbIMH / l l ' lRHt lMH Aar lb l  npOneJ l t l epHb le  SaBHCHMOCTH npH nOCTOf lHHOM
yr/le q ycraHoBKH Jlol-lacrefi pa6bvero KoJIeca. OHH n5*ur"traroT, qro
t t i  po",  B03pacTae' f  C ylv le l lbUel lHelv l  Cp I I  C yBef l l tqenHeM Ao, H TOnbKO npH
oqeHb MaJrbrx yr lax (cp < -15")  H npu 6onbruHx orKpbrrHf lx xapaK-
Tepr. tcTHKa (3aBaJIHBaeTCfl)  H pa3rorr  cHH)r{aeTca.

Ecnu ycraHoBHrb oqeHb mansrr? yroJr (q -  -25+30"),  ro f t ip^""
cHl'r3r'rrcfl noqrH Ao HyJl.t l. (cpe4rlnrt yron aratt /ronacreir npH groM 6nw-
soK..K 90"). Taxoii xe-escpexr rcn 6s pa3Bopor.ryonacreft Ha oqeHb 6o.ntr,
uofi yron, oKo/ro g : *600, xorAa cpeAHrrl yron araKn npu6nlrxaercrr
r( HyJrro.

Tora .ft ipuu" o6uquo coorBercrByer
Koe$SHUHeHT paBroHa ftnuru BeebMa

H as :  44Mu H g :  - l0u f l iprr"  :

ror.rlHxcfi qacrefi rHApoarperara Ha
croJlb BblcoKt l r i  pa3roH npHBeJIa 6u x 3Har{HTef lbHoMy y.Tn>Ke/reHHp re-

5*

n t
" I pase nj=t80

169J.t'J>

-  o i

I
1q0

Nt:w 4o
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z -1,z/.

lft 2
'l

'./

lrWtvv
Qon



I (OTOpar r  YcTa i l aB f l i lBaeTc f l  i l o  yc ,noB t f t o
l ' 1  1  -==  CO l lS t .

H a  p n c .  8 . 1 9  n y t r r i ' n r p o N t  n o t ( i l 3 z l r r o
I IC ( 'KO, l t r t i o  t i l ) i l t l t r t x  , r u t  i l  n i  , . -  con . s t ,  co -
o ' f8e ' r 'c ' l 'BVto l .u t rx  pa3JIHr i l . tb t rv l  3 l taqet {L t f l  M
r ru r t r opa .  , l l r ce lonb lT i l o  oTMeTHTb ,  r {TO r {a
3TI . tX t {p i lBbrx  Mat(c t t i \ ,1y I , tbr  /? i  p^ . .  f lex{aT
rJa  cpaBHHTe / rbHo  He6OJrb tu l r x  3Haqe .
n i l f l x  

_  gJ r (p r , r r r . rR  f l 6 .  HanpHMep ,  npH
t ' t i  ,-=, 160 o6lvnn tt i  porr, ,^*" coorBercT-
Byer o0 -.: 30 un,t, T. e. orKpbrrHto, co-
craB,rqrcuIeMy npHl{epHo 70 0/o noJrHofo
orKpbrrHfi ,  f lpu erou KosQsHrtHeHr pa3-
foHa 3 i laqHTeJrbt ro  cHt . ixaeTcf l  (e  4aHHovt
cf ly l rac f tpau. :  303/150 :  2,02),

8 .8 .  OCEBbIE HAFPY3KH PASOqETO
KOJIECA TYPEHHbI

Oceshre Harp\'3tc,r paOouero KoJreca, Bocnpu-
t l l l l \ lael \ fbte nOj l I l f lTHi lKOt\ t  afpefaTa, qJIafaIOTCfl  H3
6$.€;Blillsi${ofif.rl@nq$ Ia B"rreH t.t fl Lr a ffiSHl,fl,tl.y,i:U;',pr,Spry,

*tl#lik.Hffin$ffifl pilI,W6$l.0,t.t 3 Qw6fiEgWmg,ffi[O11ffi p I 11 -
po.' lrIIIa\{rI 'Ir\ct(ot.() Hffid ffi .}He.,.*fp .[f#l,BF$te

a,@, ffig#noc.tcrr|ero.
@mtffi1 .
Wltffi& rvp6rrrrax ocvuecrB"lReicn dEFFp.
wm@,nanqe roq f f i _w
ffi)'cr.pairtsatoTcfl @ffi..F
ryff i(cpr.f f i f@ff ig@s
O,luaxo B oceBbrx r i ip6nrrax y.paBHoBecnrb prdo.
qec t(oreCo u.soiMo;r,o, n .ui" HHx oceBbre rHA-
po4t rHai \ {Hr iecKHe ycHnHn HMetor  6o.nuLuoe 3Ha-

Tr rnH, r ra r r  xapar ( rcp r {c r r rKa .o , , ; ; t :X ;b rx  fH ; rpo r , r r raMH, recKHx  oceBbrx  y * rnu ry r  p i
oceno i i  noBopor l - l o . ' r onac rHo f i  r yp6ur r r ' r  noKa3aHa Ha  puc .  8 .20  a . r rq  rpex  3ya r leHu i . i  y r .na :
( f '  . ,  - -10 ,  0  r r  - ' + -  15 "  I - l c .pcc ' re r  occ lo ro  yc i r r , r r r '  j r . q '  r ra ryp ro i l  15 ,p6ur r r , r  npor {3BoAHTcR
i l ( )  r l )01 , ) \ tYJ I ( '

Cpacnenue m11p6un pasnuqHoeo auda no ux xzpflKmepucmutta*r 133

O6uee oceBoe ycHJIlre, BocnpHHrrruaeMoe noAnflTHHKoM, 6yaer paBHo cyuue P.,
Beca Bpauarcu(HXcfl ,lacreft H orHocrTeJrbHo He6o.nrruoir 4o6anxn, yqnTbrBarcr{efi AaB-
JreHHfl B 3a3ope r\{exAy KopnycoM H KpbrtxKoft,  u Ann Bepr}rKanbnurx ryp6nH rnApocTa-
rHqecKoMy 83BerxaBarou{eMy ycHJl} lo (pa6ouee KoJleco norpyxeno B BoAy).

H:  xapaxrepncrHKr. r  B l fAHo, , r to  P i  yBe, r rHqHBaercf l  c  yMeHbuIeHHeM yrna g.  Tax,
B 3orte ontHua.ryurrorl i  rr  acrorr)t  ,r ' l  or., ,  l ' rplr orKpbt'rHlr 27 ,5 uu Ann g l0o P; :
:6 ,3  xH,  a  A i ln  tp :  *15 '  P i  -  4 ,0  xH.  fu , rpo.q[ {uarvrnqecKaf l  cocraBJrsroqar  raer
BecbMa  6on r ,uy ro  Ha rpy3 r ( y  Ha  noAnr rTHnx .  HanpuMep ,  npw  D1 :9 ,0  u  w  H  :25  u ,
ecr r . r  P i  == 51,0 x l - I ,  P.  :  5 ,0 .9e '2r , - t :  l0  100 x lJ .  3ro  f lBJr f lerc f l  oAHol" l  Hs oco6eH-
uocrefi  oceBbrx ryp6nn.

lffi 'sBelrntreHFewn;',OceDoe:ycHJrHe,Pi 6r,rcrpo y6urnael,:rloi,tr npu ni +{;sr.:cgxpanner
,fioIOlKfiTeirurtt,tii 3naK;.f.',e. 'ilanpaBrero no re,reilr,ilo (cuepxy.,lrrus)t ltifu :la.luHefiuerrr
jiBoEpacrqfr{u nii KorAa Typ6nHa nepexoAHr B ropMo3Hofi pexuu:(r*lon'reHt Ha Bany Me-i
fi,f,eft$rlsh)',,Pi na[aer AoiiH)rrc:,s ,nepexo,u.Hr B orpKUsrenbnlKt".SoHj4&OCo6erHo;6ucrpo,
.tOSpa'CfarcT:orpHUaTe.n6Hun SHaseHr{ff Pi npu 6o.nrunx yfiax",Q'B .npHi;Marbrx,,orl(pm:
iftiix,HanpaBfiriloqero annapart. 3ro cosAaer;onacHocTE fioArettra Bpaqa.rcquxcg"qagreft
arperara {.qpn:'6r,rclpoM gaxpbltnn ryp6uubr, raK r(ar( B..ITHX: }cnoEHtix ,4eficrryrcqee
'buepx.:nrApoAHfiar,,|nqecxoe,oceBoe ycHJrHe P1 Mox€T npeBHctrTb'',.ReB: Bpaqarcquxcfi
qacrefi . .  Taxue aBapuftHbrsr.cJryrlsy. ua f3C BoBHHKaJTH,

8.9.  CPABHEHHE TYPEHH PA3f lHt IHOTO BHAA
NO HX XAPAKTEPHCTHKAM

Vcf losr , t t l  pa6orbr  ryp6HH Ha ruApogJreKrpocrar { r {Hrrx  He[ocronHHbr.
B saeucuMocru or  npHToKa BoAbr  H Harpy3Ku aHeprocncreMbr  B rxnpoKoM
AHana3oHe H3MeHrrercs MoulHocrb.  c  H3MerreHHeM ypoBHf l  BoAoxpaHH-
JIHUIa,  ypoBHn HHxHero 6teSa H norepb BBoAoBoAax HHorAa 3HaqHTeJrbHo
H3Mel- l t le rc t l  Hanop.  B censH c 3THM Ra)KHo 3Frarb,  KaKoe BJIvnHHe oKa-
3blBalor  3TH LI3MeHeHHT Ha r roKa3areJrH pa6oTr , r  Typ6HH pa3JIHr tHbtx
BHAOB I {  THNOB

X^nn  cpaB l l e r JH t t  cBo i i c rn  pa3 / ' rHq r rb rx  r yp6HH yAo6Ho  HcnoJ rb3oBarb
o r i l  o c  H  T e , r l  b  F r  b r e  x  a  p  a  K T e p  l r c r H  K H ,  K O T O p b r e  C T p o -
f l r c f l  B  6e3pa3Mep t {b t x  KoopAnLra rax . f l pu  g roM Bb r6Hpae rc f f  KaKo f i -
J tH6o pexHM, o6br I {Ho c  HaH60lbur . tM KnA,  B Kar{ecrBe 6a3HeHor .o  H Bce
Be/[rqr4rrbr onpeAeJrf lroTcfl  no or]rotuer{r. t}o r 6aeHcsbrM (c HHAer(coM 0):

I o rH  :  I / no ;  Q  :  Q lQo i  f f o r "  :  N lNo .

B srsx yc . r roBHnx Jr106bre xapaKrepHcruKH pa3f lHrrHbrx  ryp6HH npo-
xoART qepe3 o6uyto ro t lKy c  KoopAHHaTaMr{  l , l ,  T .  e .  COBMeI I Ia IOTCTI ,
t {To n03BoJr feT no/ ryqHTb HafJTRAHOe npeACraeJIeHHe 06 HX CBOf iCTBaX.
Ha pHc.  8 .21 Aar{b t  orHocHreJIbHbre pacxoAHr, re" ' (a)  H Morr lHocrHbre (6)
xapaKTepvc ' rKKH.  OHu noKa3brBaror ,  qro  pa3f lHrrHbre ryp6HHbI  no-pa3-

t , r ! . \  t t  l t t t t ; r t t t l l r t ( t t r  t tKu t r t  y l t6tut g 8.e jI  l - t .  8

t<H

-+

x H

80 160 2q0 o6/uurr

PHc.  8 .20 .  Ocens lc  r r r rpo , , t l . n ra r \ r l . r -
t recKHe narpy3Kt r  pa6o ' re ro  Ko-
, ,T€cd oc€Bot i  nosoDorHo., ro nacrHoi i
ry p6n H ur

rf l-
\ _ l f-'%,9=0 '

? + -

\

\

xt-\--
,. -]\ x

Y-
r ' .t u r \

Y \

I ' , '  - .  P ' lDlH ' (8 .35)



r34 .X aparcme puc mutlt  ntgp6un I ln.  8

;Uer ree  6 , ra r r )npn l . f  rn , re  r loKa3areJnr  AarcT pa lua f ibHo-oceBbre  ryp6t rHbt ,
V  l ioTop l ) lX  n l ) l l  I I3 \ le t le l l l l r {  } la rp ) t3 l { } l  Kn t r  CFI I lX(aeTCf l  6b tCTpee,  np} lqeM
()co6er r i lo  pe3r (o  npr r  YBe. i luqeHUr ' l  cBepx onTHMyMa,  4x .  x  coc ' r 'aB, r r fe l '
( ) . 1 5 -  0 , 2 .  P z t 6 c s q n i r  , ' t I r a n a 3 o H  3 T L I X  T y p O H H  3 n a I { H T e f i b } r o  M e } r b r J e  1 4  n o
\ ro rUI tocT l r  , ' \ ' i . ,1 .11  cocr raB" r f le r  oT 0 ,5- *0 ,6  r fo  1 ,05-1 ,10 .

3r r t  xapaKTep HCTHKH noKa3-brBaror ,  r r ro  np ,  yBe/ rp rqeHHH Hai lopa cBep lpac lqe l ' l l o ro  y  BCex ryp6rau KI IA  yMer tuuaercr  [ re3r raqnreJrbHo,  Ho nDH
6eHuo nocJre Her(oroporo npe/ le"[a,  KnA ;r ; ; ;
I J I f l .

ITCJIH HMCrcT NOBOPOTHO-JIONACTHbIC TYP6HHbI.
r  Avrana30r{e rranopoB no/uepxr.rBa0Tc'  BbICOKHe
fiaercrr  Morr l rJocrb c naAenHeM lanopa. 6rrcrpeenaAalor KIIA I i  MoulHocrb co c l t t t lKenHeM r{anopa y } ioBlroBbrx H BbrcoKo-I la l ropr f  r ) tX  pa l (ua i lb r ro -oCeRbrX Typ6HH.

l ' l r ' r ' cpccr r i r  : |aBHctMoc 'b  '1or r ( r rocrH or  ,a l ro l )e r  f fo r , ,  -  f  (h )  npH/1  " '  co IS t '  o ' ra  6 ,n t tsxa  K r rp r rn , 'o i i  t t  / loBor r r r ) r {o  ' roqso lpeACTaBJI f fe rc f ly p a B H e r r H e M

f f o , , ,  :  l = ; ;  @-  l ) *  l ,

B lioTopot\r h*,  ̂  - Hanop xo,rrocTofo xoAa
nopHcl i4 xf ipaKTep,. tcrnt(H c ocbro l t  t ra p; ;

$ .q. /  | l-udpoaepeeam u e)aaue l'OC t3;

t ;u

N B

n u

n c

0 0,4 0,8 
6 )  

1.2 1,6

I ) l r c ,  8 . 2 1 ,  O ' r - n o c n r c t r ) l r r ) r ( l  p a c x ( ) . : l r r r ' r e  ( a )  l r

T!'/.

/

/
t
I /

I /
I I

1 n

0,8

0,6

0,+

UtL

0 1ty 0,8 
4 

7,2 1,6 ?,0

ir,rounocl'rrr,re (6) xri l iari iepucrn xrl lv p6r.rrr

(8..36)

nepeceqeHHf l  Ha-
Ca iv r r t e  I - r e6 , r r z l r onDr rn ' r ' I t L te  noKa :

6r. rHsr ,  y  KOropbrx KI jA oqeHu 6srcr1
oT onTI.rN,ra.r lbHofo,  4*.  x AocTI l f  ael-0,4
HocrH Bcero  or  0 ,75_-0 ,8  lo  1 ,03 .

Orr,reqeuurre csor icrBa ryp6nn i '
qeHI . re .  Aef rc rBure , [bno,  ecJ I I . t  no

Typ6HFr  AoJrx {Ha ' . " r . rsueHgrbc f l  B  Ao-
BO.r tbHo U. rHpoKoM ALIana30He,  To  r rpe i [ -
noqTrlTe,I I  br iee cTaBHTb n()Bopol ' t - ro-
"qonacrHb le  rvp6HHsr  ,  i  (oceaure  l t J r i r
il I r a r o H a,,1 b r I r.'r e)ii, x oro p r,ie . n]er r I x ), c Jr o -
Brr rrX l\rcI{bilre cHr.t}l{ i i lo't i ,: KII/1, qqrN,t
pan,HaJrbHo-oceBbte,  qTo ' "8 I . |TOre AaeT

Harpy3Ke,  MoryT oKa3aTbcg, r leJ reco,
o6paaHHun 6onee npocTne pa.[Halrb.

2,0
h A l
/ / ? n H . ' 0 ! r H

l - ! l r
i  i  i l

c,6 1.2

PHc. 8 .22. O"rnocHTerbHbre rranopHbre HO-OCeBble H AaX{e npOneJIJIepHbIe Typ-
xapaKrepncrr rKr{  rvp6rrH 6uHu,

BnHqHue HgMeHeHHf l  r ranopa Ha
pa6ory ryp6HH Mo)KHo r rpocJreAHTb no orHocHTeJTbHbrM HanopHbiM xa.
PAKTCPHCTHKAM, NOCTPOCHHbIM LJIN NOCTORHI{Of i  qACTOTbI  BPAqCHHf l
(puc. 9.221, f lo ocl{ a6cuncc orJroxer{ orFrocureJrbHbrri  uanop h':  i { lHo,
Fl te  Ho -  r ranop,  coorBercreyrculHf i  MaKCHMa/rbHoMy Knx npH AaH-
H b r x  y c , n o B L t f l x .

I - n a o o  ! )

N O A E O P  T Y P 6 H H  N P H  N P O E K T H P O B A H H H
r HAPOSJT E KTPOCTA H UH t4

9 . I .  THAPOA|PETAT 14  3AAHHE f3C 
/

I Ioa6op ryp6rr{ npeAcraB.rrf ler orBercrB.r 'Lo_r.t i  srair npoeKT,.rpoBaHHr,sltan 'rrr fOC, npr.r r{orol loM lreo6xoArrio- j ,ur"r,nnr,,  yc./rogsn pa6oru' r 'ypdrr r  (uarropur ,  uou{r i 'c r r ) , -  ; ; ;6 ;* i r io  
t *o"r r ,JHoBKH 

3AaHHr fac,noAB(U l ' [ l r . t e  H  .TBOA' IqHe  BOAOBOAb ' ,  ycJ IOBH'  cTnn ! {Tpn* . . , . o ]araru' t , ,  TexHrKo-gKoFIoMHqecKHe no, iu iurur i r . \ - 'P '*rr i  
I  e i lbcrtsa H al(cnny'

Hexotopsle 3JreMeHTbr ryp6au, u 
-  

"rurro 
no/ lBoAf lu{af l  qacrb _ryp6ur{Hafl CnHpaJrbHa.fl xar,,r-epa H oTBoAflrrlan gacTb _ oTcacbrBarcu{aflrpy6a HMelo' f  Hacronrxo 60nrur,e raoapHrir ,  

1TO OHH norrr '  BCefAaAHKTVIOT DA3MCPbI H I (OMIIOIIOBKY CTPOHTCJTNHOfi  'ACTH gAAHHfl  f3C.BsaHr,aocBfl3b ryp6nu ; ;rp;;reJrbHbrx xoHcrp yKrrufi yc,Ir*Baercfl errleH OT TOro, rrTo oTcacbrBaroulae rpy6u, u uo *nofHx clyrr  anx w ryp6aHHrtecnupaJrbHbre r(aMepbr Bbrflo/rHflrorcfl r,r3 x{eJre306eroria- 
"'norroMy 

npeA-cTaBJIf lor co6ofi oAHo qeJroe c noABoAnori qacrtrc 6nox a spa'wn 1-AC.O6ur r r f ' r  nu4 BeprHKaJrbHbrx  r r , rApoarpera ioe  
_noKa3aH Hu pHc,  1 ,2H 1,4,  a ropr.r3oHrarrbHoFo *un:y{ lnoro Ha O:^. ,  1,3.  f lp HHt\HnHaf ibFrbre

:X;[il,lili:f:: ;T?#: U:i'ono"eMbrx Ha'ric ;;d;##o,* rHApo.
Ocuonusrvlr,r g,[eMe]lTaMr.r OJreKTpHqecKoro reHepaTopa IBIIf lIoTcflporop /  c norrccaMH, KOTOpbrr:r  npa pa60re co3Aaer Bpau{a}oureecf l  Mar-l l r ' r r l {Oe rrof ie '  r {  crarop 2,  c o6rr toroK }(oroporo cHr{Maercf l  ToK H nepe/ la.

(rovxlr
8.22).

tTo1ooomno -nonacmHaF
Padu'a,naso- oce0as r

A l  l -
/ y | ' . }

- \'+J-
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Padua,ntto - ocettie;
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1 3 6 [7, t : l t t ; tJ t  r r t t lp i i t t r r  nnu npo' 'Ktnu.poB(ruut t  ?ui lpf f i , reKmpocn(IHt l t l l i  
' I [ 'n ,  9

eTCf l  B Ce ' , r 'b .  o t tUoBr i l , t \ l i l  3 , r t ( ' \ {e i l f  i l i v i l  ' r ' \ rp6 l i l r t , l  f lB , r I f l loTcf l  l )? l60r lee l to .

J Ieco ,3 ,  no t rBoA f l u l a l  t t [ : l c ' t ' t ,  _ -  T ] , ' p6 l l l l l l ? l t l  l i a i \ 4epa ' / ,  c : t a t c l ; )  Typ6 t lHb l  5

H HatrpaB.r r f lH l rUi l i j  a .n i la l )a ' I  1 , r  -  t r  oTB(Ul t lL I {a f l  r laC' l 'b  ' -  oTCi lCbl tsafOluar I
Tp )16a  7 .  Pa ( toqee  i<o . r cco  r \ / p6 ln tb r  J t  l ) o1 ' op  coe ; l l l { e t - t L , t  c l 6 t t l l tM  Ba / toM 8 ,

Ko ropn r f i  l l o x<e r  ( t r , r l h  coc raBr r r , r \ r  ( na .n  t ' eue l )a ropa  I {  Ba , ' t  t ' yp6 t t t t t , t  i t i c c r -

K o  c o e l n f t q r o l o r  ( h , ' r A r r i r r ' \ r  r / ,  l ) n c .  { ) .  l ,  n  l t  r i )  , l r t 6 o  l t e , r t l ; 1 N ' l  ( l ) r r c .  1 ) , l ,  n \ .
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Pnc .  9 .1 .  f l pnHI ru - r r r i r , :T t , rnnc  cxc ] \ l ) r  Bc l ) r rKa .qb l t , l  x  a r l )e r i r ron  I rOC

ludpoaepceam u adanuc fOC

xolti lr\{o }rMerb /r.Ba Br.r/Ia nolutj i lrrHr.rKoB - H a n p a B JI f IO LII H e,
npenf lTcTByrour{e roJrbKo pa)va,nbFrbrM nepeMeuleHHfiM Bpal ] la lo l l lHxct t
qac ' fe i r ,  i l  l t  o  A  n  f l  T  rJ  14  r i ,  Rocnpr rHr {Marou lHr i  oceBb le  Harpy3KH,
r(oTopbre B BepTr.rr{2Jrbrrbrx arpefarax c,rrafarcTcf l  H3 Beca BpaqanII IHxcf,
qacrei i  i l  oceBOr-o t -HJtpo. i t i l r t : r r , { r rqecKoro Bo3Aef icrBr. In noroKa Ha pa'
Cloqee KoJIeco.

Puc. 9.2. 3AaHne Caparoncxol i  f3C c ocenoft noBoporHo-f lo.
nacrHofr ryp6uHoii :
/  -  reHeparop i  2  -  pa6ovee Koreco ryp6nuer ;  3  -  o rcacuBarcu la t-  
rpy6a;  4  -  soAoc6poc;  5  -  na3br  pe [JeroK H sarBopog;  6  -  ocHoB-
n o r l  x p a u

f l  p n n,lelr r torcfl p a3r r4tt t.r rrr€ crrc'reMbr on H p aHH n Bpau1arcu1HXcff qacreri
a r p e r a r a .  H a  p n c , 9 . 1 , r I n o K a 3 a i l  r r  o ' l I R e c H o r i  r e H e p a T o p ,
y Koroporo noAi l f l rut . lK ni l  H BepxHHir HanpaB/rnrcLr\Hk noAr.UHnHHK
fl  n I  orrHparorcf l  Ha Mou{rryrc BepxHrcro KpecroBr.rHy 10, nepeAanqyrc
I la rpy3Ky Ha l iopnyc  c raropa,  yKpenJIe l tF Ib l i i  B  6eToHHor l  I (oHcTpyKr IHH.
Bropof i  I lanpaBJIf f rout l l I : t  no/ t r . l r I rnHHK HII2 pacnoJroxeFr B HHlr{Hef i  Kpe,
c roBI ' t i l e  l l r  l (o ropat r  KpenHrc f l  I (  6eroHy,  r {  rperH l i  ryp6unHbr f r  HanpaB-
.n f l rou l r i i i  nc ) l lLUunt - r r . rK  TH l - l  3aKpenf leH Ha i {pbruKe ryp6nHu 12. -  Ha
p r f c , 9 ,  1 ,  6  t ' t  c  n o t { : l 3 a i l l : r c x e t 4 b t  c 3 o  t r  r  r . l  r r  F r  b t M  } r  I - e H e p  a r o -
p a M i l ,  y KoT'opblx l to/{nrrr i l lU< 17n pacnoJro}t{eH noA poTopoM reHepa-
TOl l i l ,  f lp l {qeM otr  on14paercf l  t ja Mou{Hy}o } i l , txHtorc KpecroBHHy I  I

$  e . / l Ig7

t0

6
J
7

,t

I

I lgcr<o,rrr ,K),  pa6oqee Ko,rcco ' ryp6rtrr i . , r  H l lo lop I 'eHeparopa )Kecrt{o coeAu-
net rb r  o6 i r lnM Ba.no \ r ,  T 'o  L Iac 'To ' ra  r {x  Bpa[ leHl t l  oAt t t taKoBa.  Ha f3C
cef iqac ,  KaK npa811,11 . , ,  \ , c1 'z l l raBJIHBato ' r ' c r  cn l {xpoHnbte  reHgparopb l  nepe-
MeHHoro'roKa co crairAaprHC)i : i  qacroToi i  50 f r i  (n c l , lJA ! i  B HeKoropbrx
Apyf l lX cTpaI{a. \  c ' ra l l j lap' rLIaf l  qacTOTa 60 f l l ) .C.[eAOsareIbHo, t rctcnrcn\a
spaL4eHun potTtopa zeHepltnopa u p&6o4eeo Koneca map1LLHu npu pa.6onle
nod Ha?.plJ3tioti BCccdLt dorttttuot 6ottttrt cttlpoeo nounonHHoti, parHod ct,tH-
xpoHHort uacinome 6pctLlpHttfl.

3Ha. {e rure  c t rHXporuro} i  {ac to ' t ' r r r  Bpautenn i l  t t c ,
qacrorbr Tor(a,  o i l lJei leJl f leT$i  QopMyJIaMi l '

. r l l l r  50  fu  f l c :6000/p ;  I  
,

A , r r r r  60  f  r (  /? .  = , , .7200 p .  J
J

3Aecn p --  srrc"rro rroJrrocoB po' fopa reFleparopa, I (QTopoe , ' (onxt to
6ur t  qerHbrN{ ,  a  npn p ' . .>24 x (eJrarcJrbr lo  H l ' , re rb  q ro  KpqrnbrM qerbrpeM.

Taxnlr  o6pasoivr ,  pnr ' r .  : l l raqeHrrfr  l t .  I l r ro,rne onpei lereHr ' t i r ; r tpoMexyroql tbre

r r c x o l t f l  H 3 : l a ^ a t i l l o H

( e . l )

[]4,,1 v
I-Ico5-

3 H a q e H I I f  I I e B O 3 M O X ( l l b l .  :  
.  ,  ;  . ,

Bce Bparqarou i l r t ' c r  qac- ' t t t  r ' t { i l l )o { t t 'pe t 'a ra :
p o T o p  r e i l e p i l l ' o l ) a  :  l l N 4 ( ' 1 ( ) ' l '  c j l l l l l ) ' 1 0  c l l c r e i \ l ) '
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/,J.9 I l r t r ) , i  ' 1 t  t i l t t l ) : )u ! !  t r l ) i t  t tp ' ) t ]K t lu tpo / t i l t |  t t t t  ? ,u i ) l . t : ,3 . laKmp0ctn(LHt l t t t l l r  o
l t

H onteurcaam7pa peaKmuaHbtx mgp1uH /,39

155 u'r /c,  ArraMerp pa6oqero KoJreca 4,75 rvr) .  3ru npHMepbr rcHo noKa3bl-
Baror,  r | fo ' ryp6uHa r{  rHApoaf pef ar orrpeAe/r f l ror  pa3Mepbr noABoA-
rrof i  qacru 3AaHrrr  f3C H HX KoHcrpyKrHBHbre QopMbr recHo cBf l3aHbl
co crpoHreJrbHof i  r {ac.rbro (AononHureJrbHo cM. [8,  l4]) .

{ ,1 .2 .  HOMEHKJIATYPA PEAKTHBHbIX TYPEHH

iVlapxnpoBKa ryp6HH

Hovenxnarypa ryp6Hr{ onpeAeJrf ler  peKoMeHAyeMbri l  AJrr  HcnoJrbso-
Balr i l f l  R 3aBHCHr\4oc:rr . r  oT Hanopa prrA Tr. tnon ryp6trH (Sopu npoToqHof i
uacrtr)  c yKa3ar{HeM I . rx ocHoBHbrx noKa3areJrer?:  or}roctrreJrbHbrx pa3Me-
poB, npHBeAer-rHbrx 3HaqeHHri  qacroTbr BpauleHHn ni ,  pacxoAa Qi H
KosqlQHuHeHroB KaBHraUHvr o. B uacrosilIee BpeMn AeficrByer HoMeHKra-
Typa oceBbrx noBoporHo-JronacrHbrx H paAuaJrbHo-oceBbrx ryp6nH, Koro-
paf l  nepHoAHqecKH nepecMarpHBaercf l .  HoueHKJrarypbr f lBJrfroTcrr  oc-
rroBor"r  Ans noA6opa ryp6uH np H npoeKTHpoBaHHH rHApooJreKrpocTaHuuf i
(Aor ro .nnHrer rbHo cM.  [20 ,  47  ] ) .

I - la  pnc .  9 .4  noxa3aHa r roMeHl iJ ra rypa Kpynnbrx  noBoporHo-Jronacr -
Hurx (0ceBr,r .x)  H paAHaf ibHO-oceBsrx ryp6uH. Kax BHAHo, oHa coorBercr-
RyeT , ' i l l a f ra3or ry  r ranopoB or  3 -4  Ao 500 M 1{  Mou{Hocre f i  o r  l -2  MBr
AO 30c) -  800 MBr .  Ha pHc.  9 .5  npHBeAeua Aef ic rBoBaBuar r  paHee Ho-
r {e I t i , ,1 ;1 '1 ' \ : [ ) i l  M?. f t r r tX  tYp( I t t t ,  coorBercrBy to tqa f l  / t i l ana3oHy HanopoB
I  . ,5  l (10  N l  l t  r \ ro r ru ror : ' re i i  l0  - -2500 xBr .

Miir
600
600
500
100
300
200

s  e . z l
( 1 r r r c '  9 .  I  ,  , j )  I t . t r t  t l c l ) e . t i l e t '  n a r p ) j r J r i y  r . r a  r ( l ) r r n r J r i \ ,  T ' y 1 l 6 r r r r r , r  l 2  q c l ) c 3
o r r o p l r v t ( )  t i ( ) l t ( . r i ) \ , 1 ( r u l o  I , i  ( p H c ,  { ) . l ,  a ) .

I ' l : r  l l l l l l l l ( ' . 1 ( l l l l l o l ' r )  l ) t l c c r t o t ' l ) c r n l  B l , l t ' e K a  e r  q p e 3 R t , t r { i t f i t t 6  t r a > x r r t , l i , i
I lb l t l r ) .1 ,  rJ ' l ' ( ) ,  \ ' ( ) t t t . l  , , t t r )p t t i1 , ,pL,c ,e i l l  (o t : t71111117,  t t : l  )cqs:  / l , to l l ru t_ l ,  t t t t1p611t^ l t ) t  tL

tcnte.ut/ 0tt}p 0p0qarcrqu.yc:t LtQCilrcrt.
r rcxo i i  c  oceBor?  ryp6nHor?  ( r (o re6a-

i r l  _"ar lop,  9,7 v,  ivrorqHocrb ' ryp6uuu
205 u3 lc ,  Ar raMerp  pa6ouero  Kof leca

.  9 .2 .  3 ro  ca lasre  6onb luHe ryp6nuu n  Ml tpe
no pa3rvrep) / ,  r r3 fo roB. r reHLrbre  xTf3 .  Ha pr {c .  9 .3  noxasaH pa3pe3 Bbr -
co l io l la r t r lP t t r l i i  I -11 'p t ' r<c t<o i i  fOC r ra  [Jax t t l c ,  1a  i<< l ' r '9po i i  yc t .a t ro r ]J lc l r , t
l )a r t ta .4br ro -oceBute  r1 'p6 t r r rs t  ( rcone6aHuq HanopoB 275- -2( i7  rv ,  pacqer -
r r r , r i i  r ranop 223 v ,  ) , ro rur rocrn  ryp6uHur  310 MBi ,  nponycKaerv tu i i  pacxoA
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/  -  r e r r e p a r o p ;  2  -  p a 6 o v e e  K o r e c o
r u a p o n o f i  3 a r B o p ;  , 5  -  r p a u c r f o p r \ r a r o p ;

C  p a J l l t a , ' r l , r r O - O C e n O i i  r y p 6 r r r r r : f i  :
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I7o06op mup1uu ttpu npoeKmuposaHuu eu7poenercmpocmaHqud I f n . 9

B ( -ccP npr r r rH ' ra  co i i J )a r {eH Han Mapr r f  poBK a  ryp6HH,  npHqeM Mapr (a
BKJI IOqaeT t {e rb lpe  nor (a3aTeJI r r .

_ _ 1 .  B n l  ( c l r  c r e r ' r a )  T ) ' p 6 r . r n r , r ,  o 6 o g r ' r a q a e r c s  S y x n a v n :
nr -  noBoporr{o-, ' ron acr i laf l  oceBarr;  IJ r{ .nn n/ lA -  noBoporso-,rro-
r - racrHaR , tHaroHa"r ' rb ra f l ;  n . | I  K  -_  noBopor t {o -J ronacr r {a  f l  Kar rcyJrbHan;

i l , xBr

2000
f500
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Enn
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J00
200
4 F n

/00
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30
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I E

10
1 , 5  2  2 , 5 3  4 .  5  6 7 B g l 0  1 5  2 0 '

Pnc. 9.5. Holrerrxrar ' \ ,p2 Ma.rrr:rx ryp6nn

4 0 60 g0 H,M

Houeurcttamgpa peaKmuoHux mgp1un 141

n4512556, Ho B oroM cryqae rryxrro HMerb B BrfAy, qro 4b -  ero He
H a n o p ,  a  0 ) .

s  e .2 l

n/lK 151548-f-600 -- oceBan,
MaKcHMansHrr f i  Hanop l5  l , r ,  run
r J a f l ,  A H a M e r p  6 , 0  M .

r roBopoTr{o-JIonacTHafr  ,  KarrcyabHaf l  ,
npororrHofi qacru No 548, ropz3oHTa.nb-
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neJI f lepr {a f l  / i i la ro l tz . [ t . ) i l i l i l i  K  -  -  r {oBLuoBaf l  .

nop ,  B  3HaMeHare , [ e  -_  r l l n ) .

cl 'p y r{ .

Pnc.  9 .6 .  ocHoaHrre pasMepbr  noBoporHo-JronacrHbrx ryp6uH:
a -  oceBbrx ;  6  -  AHaror raJ lbHbrx

POI l5 l810-8-500 -  paAlar tbHo-oceBarr ,  MaKcr. rMa.r r rHurr? lJanoD
l l5^u,  rm nporovHof i  qacTr. r  Ng 8r0,  Beprr . rKarrbHaf l ,  Dr- - :  b ;0 ; :

B cccP npHHf lTo AeJrHrb ryp6nHnr no pa3MepaM Ha ABe rpynnbr :
KpynHbre (ann l- l" l- l  D,, )  2,8 n a.nn po D, ) l  ,g M); n unr,.- H cpeAune
(D ,  MeHbuJe  yKasaHHbrx  3HaqeHHr? ) .

PHc. 9.7. OqfioaHrre pa3Mepbt paAr{anbrro-oceBrJrx ryp6nrr

-  -  PCXOMCHAYCMbI f i  Pf lA AHAMCTPOB KPYI IHbIX TYP6HH D 1 NOfOC ' f  17202 :7T  nprue l . i  n ' ra6 . ry .  g . l .
[ lp l r  l l a . [ t tL { t tk t  cneut taJ lbFroro  o6ccr ro i ]auHR B Br . rAe HcKJ loqeHHR

I tor l ) /cKaercn  )Mn PO-ryp6r l r t  o rK/ toner -n{e  or  yKa3aHHblx  e  ta6n.  g .  I: n a q e r r r r r i  l n i l M e r [ )  a  A t >  3  9 ( t  ( c u . ,  r r a r r p r r M e p ,  p " . .  3 . 1 5 ) .
]1.'n t Bblco K t4 x H a nopo B n pe/reJl bH bre AH a Merp br orp a lr pr q HBarcTcR B co-oTBe ' r ' c rBrnr  c  ta6n.  9 .2 .

Cpe;1rrHe I{  y j . r rb le^]yp_6uubr BK/rrcqator p nA 4ryarverpoB: D1:88,50,60,  -71,  94,  100,  120, - '140,  160,  lg0,  206 u  225 cv l ,
Pexovet rAyeMbte  o6nacrn  ucnoJrb3oBaHr . r f l  r {pynHbrx  paAHaJrbHo.oce-

Bb lx  l ' l  I loBopor l lo ' / lo l lac r l {b lx  ryp6HH no HanopaM H MouIHocrg  noKa3aHbr
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IUaKCIINIaJIbHaff  N{Olqrrocrb yMeHbtuaeTcn R cBf l3H c.  ofpaH}{qerrHeM AUA-
u e r p a  D , .

VHunepcaJrbHbre  xapat i repHcrHr (H H Apyr l re  r ro r (agareJrH r roMer{ -
I (J ra rypHbrx  ryp6 l . r r r  r rp r . ;BeAer rbr  B  orpac ,neBF, lx  c rarJAap ' tax .

6urc rpoxoAHocTb ryp6 uH

crpoxoAl- locr}{ ,  n0 coB peMe rJ }r  brM Aa#HbrM, noKa3a H bt  yqacTKa Mt{ n p f l  Mbtx,
ypaBHerr i l f l  KoTopbrx r , rMero'r  c,rre4yrcu1uf i  BHA:

[ :O-rrrp6u nnr:

n p r ' r  H > 2 0 0  M  t l s :

r r l ) r r  H <200 M / r ,  , - :

crpoxoAI locTl4 MOIKeT / lHKTOBarbCf crpeMJreHHeM yMeHbrxHTb sar.ny6.r le-
I {He..  r 'yp6l l t l t '1,  l r  e.  -  yBeJIHqHrb Aonycral{yro BbrcoTy orcacbrBa HHg.

I(a>xar ' l i t  r r l i l  ryp6r l r l r , r  onpeAennertn Qopuor? npoioui toro rpaKra,
yrr  HBepcanulror) i r  r {  ApyrNrni l {  xapaKTep HcTHwaiu.  OAuixO e KaqecTBe Oc-
r loBl lb lx noxasdreneft  Moxl lo BbIAeJIHTb l lau6o"nee BaxHbre pa3Mepbl H
xapaKTeplrbre Fupuivrerpbr:  r rpHBeAeHHbre qacro,ry BparqeHHfl  H pacxoA
(ni H Qi), a raxxe xosQQHr{HeHr KaBr{rarIHrr o. Ot"'aai"i ie AocrarorrHo
no/rHo xapaKrepH3ylor run ryp6uHtr H Moryr cJryMHTb 6aeoft gn'- HX
no46opa npH rpoer(rHpeBaHHH ruApoof leKTpoeTaHUnu. Huxe oHH pac,
cMarpHBalorcfl 4nn ryp6HH pa3.Ilnttrl{blx sHaos. f lpu srou cJlCAyeT HMerb
B BHAV' qTO nOCKO/lbKy' KaK yKagbIBaJIOCb, I. i l f l  OAHOTO H TOrO )r{e Ha-
nopa Bo3MOXt{br pa3JrHr{Hbre rHnbr nporor{rrof t ,  qacru ryp6uH, TO H npH_
BeAeHHble noKa3areJlH MOf yr  HecKoJrbKo orr{JroHf,Tbcg or HoN{eHKJIa-
r y p H b r x .
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Ocenue noBoporHo-JronacrHHe rypdnuu BepruKarr l ture

H D* = 0,973.

OcesHe noBoporHo-flonacrHbre ryp6nHu ropn3oHTarbHble KancynbHblg ;

f loxagarenu AJrfl AByx runoB coBpeMeHHbrx oceBblx 'noBoporHor,

JronacrHbrx ryp6uH npu Hx ycraHoBKe B ropH3oHTaJIbHbIx KancyJIbHbIx
arperarax AaHbr B ra6Jr. 9,4. nIIKl0 - ryp6uHa oqeHb BblcoKofi 6rtcrpo:
xo.u,Hocrn (n, 4ocrnraer 14001), oTJrnrlaercs 6onruoft nponycruofi cno-

Tadauqa'9,4 :

OcHosHure pacqerHHe AaHHHe noBoporHo-JronacrHbrx KancyJrbHbrx ryp6nu
/

Tun ryp6nnu
f lo ragareru

NJIK I6

/
. [ inanason nanopoa,  u
IlpnnegenHar qacrora

cpe,[Hs H
fIp n neAeH H ur ft
nlc
I(oa$(ruuHeHr o, cooTBeTcrayroulufi

KancyJlbr D-*"o,

i - i 0

t70
. 210

4200-3800
2,9-2,2
0,8-0,85

. t - l o

3000-28000
2,0-1 ,6
1 ,0- .1 ,25  

'

155
t75acuernat ni,

pacxoA (r ' ,raxcnua.nrHufi  pacuerHurft) Qio,

OruocurenrHrt

B HTAI\H I , I

AHaMerp

co6Hocrbro. 9rn ryp6uHbr npeAna3Haqenbr AJrfl pa60Tbr Ha caMbrx MaJIbIx
nepeMeHHbrx Hanopax (lyp6uHu TaKoro THna y_craHoBJleHbr Ha npHJtHB-
Hbrx sJreKrpocraHu,Hf x PaHc so @pauquu H Krrc.nory6cxofi B CCCP).
Typ6uHsr, coorBercrBytoutHe rtrny n/IK16, ycrauoBJreHbr Ha KlreecKoft,
Kaueecxoft H Apynux fOC.

of lTHMaJ lbHAf  t7 r^^^
t  r v r r  I
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qero koneca. Srn .narlrrbre Ba)KH'i1,"fi 'bdiiontj' itff,
HOrO BH,Ea B OCHOBHOM npon0pul [OraJ lbHa-
KoJreca 3aBH$rr ssrdop cnoco6og';'fDEttchbd

Tou t r 1, ro M a cc y ry il 6 u rr rr frrolRi{'d", eTa:td
n p oe KTH br x Aa H [r r,i x s a eoAa - li g'roioeTt'rEft f:
AJrrr oAHHX H Tex >xe yc;rostrfi:, l i ' t l i 'B'it l  OAitH
I IpoeKTaxMaccaryp6urrsr6yaerpasnfof iuto+-f f i i f r ier 'ar ,rvr$
I {oHcrpyKTnBHbtMn per leHHf lM} f  .  ( .o  npeue l reu 's ' i l pouecde cbnepr : . re r {c rso-
Ba H I I f l  I (o r tc rp \ /Kunt i  i yp6r . rH noKa3are , ' r14  yAenur ro f i  Maccb l  l loBoJrb t ro
c ) ' u { e c r B e H H o  r r 3 1 4 e H f i F O r c r r ,  I l a  r p a Q l t x e  p l , r c , 9 . 9  n o x a s a H o  H e n p e p b r B H o e
crFI l lx ie l i  l le ) / ; le. , l  t  t to i t  Nlac( ' r ) t  ucex Bi l j toB ryp6l t t r  no foAaM: npoUecc
3TClr  t t te.n ( t t ' tc ' rpce n 3.1--50-e rc l4ut ,  npoAoJrxaercf l  n cei iqac,  xor l  MeA-
. te r t t ree .  3 'u t  r i la r t ro l tb r  nv iKr ro  y ' { } t rb rBarb  npH HcnoJIb3oBat rHt . t  a l laJ Io foB.
f  paQuK noKa3btBaer  ra r ix (e ,  r { ro  yAerbHaf  Macca ryp6nHbr  cyqecrBeHt {o
3aB i lC I . rT  OT  Hanopa  I r  c  VBeJ rL rqe l rHeM Hanopa  cHH)KaeTc f .

Onpe.te.neHrre Maccbr ryp6i l .Hq1,I,pl l

I7o06op pcaKmurHux ntgp6un no ttpuoedcHHbttt tnpailcmpa.tt\ \  9 , 3 1 149

I l u l o r c t l  p e . t K o ,  F I o  n o c t ( o , t t , t i !  I t a  M u o r o a r p e r a r t { b t x  I ' 3 C  H N { e e r c l  B O l l -
I loxHocrb  t ' t c i lo . tb3oBarb  r5 'p6r . t t t r , '  n  \ ' : l t<o i i  : . JoHe pe lK l tMon,  6 .n r rexr . rx
K onr t ' t1 ! ' taJ IbHo14) I ,  o rF loureu  r re  r i  STr jM T) 'p6ur ta t r  B  noc f le4 t ree  Bpe i \ , t r  n3-
N ' leHf le rc t t .  Tax ,  Ha Ar renpor3c  I I ,  sse4enHol : i  u  gKcr rnyarau l t ro  a  lg76 r , ,
I {acrb arperaroR I I I {ee1'  pa3p a6oral i l rbte i l  r r3roToB, ' l€Hri l . r r€ t ra XTf3
N r o l u r t b r e  n p o n e , { . r e p r J b r e  ' f  V p 6 n H u :  D  1  , .  6 , 8  p r ,  y r o J I  y c t r a n o R K n  i l o t r a -
c r e i l  p a 6 o v e r o  r ( o J e c a  J - 9 ' 3 0 ' ,  i v  , ,  l l 5  A ' 1 8 r ,  n  . . .  1 0 7 ,  I  o 6 i l l u n .  3 r c l
I l ( )3BO.r l l '1" ,1o \ ' ! lot tbt l l t ' l ' f  t ,  l t l laMeTp Kopl lyca c d1i .6.Jr  ,*  0, '43 y coorBe'rCTBy.
r c l t l e i i  I I O B o p o r l t o ' . t o n a c r r r o i i  r y ' p 6 l r l r r , r  l o  c / r i , , 0 , 3 5 ,  c n H 3 t r r b  n p n -
\ r e p H o  i l a  l 0  %  M a c c V  T V p ( l r t r r b t  l t  H e c K o " , ' l b K o  y J t l r t u I H T h , ; K a B H T A r U r O H H b r e
i lo r ia3are . i i l t ,  l l o , r rvqer r r r r , r i i  o i lb r l '  ) /Ka3btBaer  na ,  l te .ngc- i io6 ,pas l rocr .u  Hc .
I Io .nb3oBal l l l t l  B  l le l toTop l ) lX  C i lVqaf lX  npOneJI ' lepHblX.  OCeBblX l l  A t la fO.
u  a . r l  b r rb tx  r l ,pC ln  i r .

PaAua.nsHo-oceBbre  ryp6un s l

I - la  pa  l le rp  b t  p  a ; t r ta . i t  b t to -oceBu x  rypOgH pa3JrHt {H brx  rH noB B 1uHpoKoM
j l l rana3oHe I Ian( ) ,poB - -  o ' r  45  ao  700 rv r  npHBeAeHur  e  ta6n.  9 .6 , 'a  pasMe.
pr r i  l ra  f lL IC.  L7 .  Or t tocHTe/ rn l lu l i i  AHaMeTp no oc f lM;  HanpaBJrnrc1116X

I- loxagare.nu Maccbr ryp6xH '  '  ' ,  '

I  Ip  r r  r rpoer(TnpoBaH nr . r  nr {pos. , reKTpocraHrIHu*- .qd
A€"rt lrr l ,  o6utvxr Maccv r i 'p6rrHbr H orAe.rtbHbrx :eei ia.c

O(trrrarr  i \4accal  occabtx noBoporno-JIonacr lJbtx ry 'p6t t l . t t ' t  c  6eroHgoft '
' r vn6 t t t t  t t c t i t  xavrcpor i  coc ' l ' a I l J t t le ' l ' :

C' l '  . :  \ ,12(Dt  - j -

. l ; t c c : t ,  D  |  -  t l oM I ' l t t a .nu t t t t t l i

n a n o p  l y p 6 n u u r .
Ecrnr l  ryp6uHa t tMeer  c raJ lb l l y lo

B e p x t t e - T y . , ' r o M c l ( y r c  f 3 C  I I a  p l t c .

Gl'||1,,* r= 0,3G1'"

r . r  o6ulan Macca ryp6rrrrur

0 ,8) t ' t  (H* .n .  +  G,o)o ' * .  (9 .3)

I l {a i \4erp,  M; Hrrrarrc -  Maxcuua"nrHuf i

ci" + cii'l -.
Macca pa6ouero KoJIeca ocesof i  Typ-

6u t t s t

c i l r rpaJ IbHyro  KaMepy (c t r . ,
3 . 7 ) ,  T o  M a c c a  K a M e p b l

/0

5

Hanpnt r€pr

a F u

/4 *i",6v!l

/940 /950 7980 1970
fodtr

9.9. HgueHeHse vlenruofi
tytrOult no roAaM

'  - ' '  '  ia.nuioficTaJrbHoH cnHp

(e.4)

(e.36)0 t -
/9J0

Macca AHaroHaf lbHbtx  noBopoTHo ' f io '  Dr
nacilrbrx rypoHH Ha io--ts % Bbtuer i l i l . l , ,,
qeM oceBbtx, a Macca pa6ouero KoJIeca
Ha 25-40 % 6o.nrue.

O6uafl  Macca paAuantso:ocesutx ryp6HH co
ryp6Huuoir  xanrepof i  cocraBJI f ler :

cfo ,= '-  235 (Dt - l -  0,8) ' 'u ( /J*, , , .  l -  20,0)0'2

3Aecu Dr  -  I ' toMHFIaJ Issr t i t  / \HaMerp ,  M;  Hr " r r "  -  MaKcuMaf lbHb l f i
I r a n o p  r y p 6 t { t - t b t ,  . /

E 'cn  n  
"  ryp6Hua HMeer  6eron Hyrc  typ6uHrry ro  r<ar t reBy (uanpuuep,

I - ln f l snucxan fAC) ,  To  ee  Macca CBl .  -  AoJrxHa 6ur tu  Bbrqre t {a  H3 3Ha-
qe r " rH f l  ,  r r o r yqe t {Ho ro  I I o  ( 9 .4 ) .  Op t teHT I {poBor tHo

GSl'*"- 0'2508i';

l taBJreH Prf l  BOAbI

( p r r c .  9 . 3 )  i ,  r o
o/u '
paurarsno-ocesoi. i  ryp6nuu npw6nuxeHHo

on pe. [e . [  f l  eTCf l  3aBHcHMocTb]o

C.B-o,,*.,: (0,55 -;- 0,65) Di.. (9.5)

e . 3 .  n o A 6 0 p  P E A K T H B H b I X  T y P E H H  n O  n P H B E A E H H h f M  n A P A M E T P A M

B xaqecrBe r{cxoAHbrx ycJroslr f i  3aAa}orcai  Hp -  pacqerurui  Hanop;
H" r * .  -  Maxc l r l ranuur r f t  Hanop i  Huut r  _ -  MHHnuan lHr r f i  Hanop;  Np -

rpe6yevarr  pacr{erHan MoulHoc'rb ryp6uurr  u V -  a6conmHan orMerKa
ypoBHf l  n14)KHero  6neQa.  Heo6xoAHMbte  AJ I r  pacqeroB napaMerpbt  n ip ,

rrpe .,
a6o-
AA I{.

o

X i l lO  npo l13Bo j ' l l l T t  I ' lO  Cne {y rcU{ l lM
rr/tge
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Qio ,  o  r i  Ap ,  r \ lo )K t ro  6pa. ib  no  ra6n.  g .2 - -g .b ,  r ro  6o , r lee  noJrHbre  AaHHbre
) 'c f  a l ra i l ,n i l  Barorc ' r  i l ( )  \ / i l r . rBepca,rrbHbrM xapaKTeprtcrHKaM Typ6HH COOT-BeTCTB),'rcil{r.tx 1 H nOB.

Pacqer npoH3Bo.rrr.rrcfl B cJre4yloqefi nocne,u,o,pareauHocrn.r,
I f "n 

r1'p6uHrr eu6rrpaercR' e ocHoeH -*Tb-ii;ilfl.
2' Pac'ietnrtt i  pacxo.i{ .r irp6rtnur Qp (uau6onrnri l?iT onr)eAe,/rf ierc'r r ( )  3 i r i l a r r r r o i i  \ l c ) u t r r o c l n  / / r ,  c  r r o u o u l a r c  ( 2 , l 0 ) :  

'  . " ' 1 "

(e 6)

[ f n A 6 n n  n n f , L ' t n t ! n u ^ ! v  d . ! a 6 r ' . t  - ^  * ^ , ' ^ ^ A ^r t vwvvp ptvot\tiLqor.u.^ tiLlliJUuit iriJ f LijudyueHHoiJvi na.pa,Mempclnl I O t
{  q . ? l

6. OcHoeHsre pa3Mepsl  ryp6r.rHbr onpeAe"rrrrrorcf l  no D, Ha ocHoBaHHH
orHocr r reJrbHbrx  pa3MepoB,  npHBeAeHHbrx  B ra6nuqax,  onHcaHl . t f  x
u ,  H3 :eprexax  ryp6uH AaHHoro  ru r ,a  ( . * .  pHc.  9 .6  v  g .T) .

7. Macca ryp6unlt onpeAe,rrflercrr no npu6.nuxeHHbrM Qoprr,ty"naM,(9 .3) -  (9 .5 )  n i lH  no  aHar ronaM.
B. fJocne nrr6opa \yila ryp6HHu H Or-rpeAeJreHufl D r ta n i lo 3aAaHHbrM

Np H HanopaM Ho, H"un" H..H*^n no.r te3Ho BbIAeJIHTb HcnoJlb3yeMyp
3oHy rnasrtoi i  yH.HBepca.ntuof i  xapaKrepHcrHKH. Ens groro ssr,rHinn;or
Tplr  sHarreHHfl  tx i  , [ ,J ln Bcex rpex HanopoB:

I  Iocxr.aurir l -) , .qr. r '  ReAer*r r{a no.rrroe 
?lIplT,, le ryp6rrrrrr,  ro !\ , l e r rb l ue  o I rT r r r l a , ] l b r ro fo .  o6 r , , r q i l o  r r pHH] tMa toT  l l f l n  noBOpOTI . tO , , r r onacTFrb t xryp6urr r1 ,' ' (),87 -{.1,t), rqr paAsa;bgu.n..o,i;*rtt. 

,#5iii l ' ., 
O g_-0,g2,

3 .  / - [ r ra r reTp , r r ' 1 l6 r r t s , r '  D1  rm\o . , [ r r r ( ] r r  r r i ,  f 5 ,35 j l

.  r t l )
l l  t t ,  |  =, ;= ;  n,' '  

V  l rp

l ? t  r  ( c

flrna*c

nip

Prrc .  9 .10.  Hcnorusye l ra t  o6-
.4acrr, xapaKrepr.tcrHKH ryp6n-
H b I

: 280 cr'1.
(ra6n. 9.6). l - lo (9.8)

A ; r n  l l a - i l l a , : T b l l o - o c e B b t x ' r y P 6 r r u  p a c l c f r - t b r i i * r r j 2 1 1 u g n g r t r r r , r r i  p a c x o l t
Qin ,  ei  r ra . rrrnrnrr  5 , ) i , -noro 

; .an.ae rr  nrnu, i io[* i ; - ' idr#A,, , , " , . r )  B.rro.Boporr i ( ) ' , ' rorar 'T 'rr , i r  r ' ) 'p6rrrrni  Qlr . .  o6r,r , r rro nur6rr-paci i ; - ' i i ,  1, . .nonni i ,or rpe j leJ r  r re I l  b r \  i to t l ) / c r r rv ro t i  n t , t coro i :
r ro \ , r \ /  3naqer rnro  xo t ( t t !n r l r . reuTa
n  r a 6 . n .  9 . 3 - - q . 5  y x a a a n b r  A B a  g r r a U t

r{ a xoAt.trcrr u r{Tep rioJIfl uuefi.

I ,B no t9.7?,Pr,  no ra6n. g.  I  npr.rHH-
. r  i l rJaMeTp,, ; .
, t  t1 onpe/ lerneTcn no cpol tvry,"ne

D  
l (

rbu lyro  qacTb

KAI {  3TO ' ]CHO
CI{ HX{ACTCfl  I , I

()' (  I )____-_- _,:-_:_ .( ' ) , . -  /  I l- r l ' r  
l r

({,) 7)

(e.8)

I \poir,r  t .  ' t ' () fr),  
i ( ,ni l  f f  , ,rr .r . ,  i l?.]xo,t l i l . r  :3i la- 

nt,rn

r l c t n te  
-  Q i / i  n ,u , , , , .  I  I o  ( 2 ,  l 0 )  Bb r r { . nc r ' l l t oT  pac -

xo , ' [  Q r r , , n , . , ,  ( s t t aue t l l l e i r ' t  t l  d r l n ru l c r ) ,  1
1'O I'JIA

n l  Q/ / , , ,  x  1a6 '
Vl /i"a,,a : ---;---::=

"  I  I '  H " n , , .

Bu,rncnu.e eHaqeH t rc  n _ r i9 ,  (g . ,g) ,  _  n
l-, Dr.rnLil lr b 5 H a qeH Ite tl. nu 

ly,ol r,, l lp Hy.g4ffi uxa fi uLyro cHH XpOH Hyi0rLp ,  3 r raqe i r r re  xoro l lo r : i  onpe j le / r f f ,o r ' , io , (U.  i ) , ,
_ . i l_ Aonverr, ir \ra '  os'.ot i  orcacbrB i 'uirrrt ' i i i

( 7 .13 )  c  BBcr len l re \ {  Ko3(F0uu l ie r r ra  3ar raca  no

f lo,nyuert t ' tbte ror lKH HaHocffT Ha yHHBepcaJrbHyro xapaKTepHcrHKy,
KaK noKa3al lo I {a pHc. 9.  10,  v c vtx noMoru,bro BbrAeJrrror HcnoJrb3yeuy-ro
3OHy.  3 ra  3oHa o f ta lHr {eHa i l vHt l f lMt4  A,  b ,  C ,  d ,  e .  Xoporuo,  ecJrH
o6,nacru BbrcoKHX KnA r{eJrHKoM pacno,'ro}KeHa BHyrpH l4cnoJlb3yeMofi
3 0 H b t .

Paccvo rpu t r  HecKoJ lbKo  r { t r c roBb rx  npHMepoB.

Hpur"rep g.t.  f lo;to6pars ryp6urry A,,trr cneAyrorqnx yclonufi :  f fp :  70 MBr,
H p : 9 5  r * ,  H * " n " :  I l 0  i v i ,  o r M e r K a  H B :  2 5 0  r * r .

P e  ru  e  r  14 e  '1 .  f lo  ra6,n.  g .G npHr*rMaeM rvp6nHy po l lb .
2, Pacqerrir ,r ir  pacxolt ro (9.6) npH \ == g0 o/s

70 000 ^^ ,Qp -- ffit.l-^q 
: 83,4 v3,/c .

f l l lunr ruaernr  cor"nact to  ra6n.  9 .6 .  Qin  :  1 ,05 v3/c . .
3 .  Anarve ' rp  ' r1 ,p6urr r , r  r ro  (9 .7)  

"n \ t ,i Y f : '

D t : { H : 2 , 8 b  v .
y  t , 0 5 / 9 5

fl .  ra6n, 9,1 6epervr 6nnxafiu:nf i  so:rreHrnarypHr, lr t  4uauerp D1
4. Ens par' l rra.rrbr.ro- 'cenori rvp6u'sr nin: ni on,, ZS o1,luni

75 tt6n  :  
f f : 261  o6 luua '

, ,  - - ' l r '  l '  l l  t ' ; : .
t L  - : - '  -  - - ; i - .

L . t l  i

np r lBe ;1e r r r - r a f l  qacToTa  nL
par i repr . tcraKtr  ryp6rr l rsr .

I IaXoAr . lTcn
(7 ,14) .  [1pu

r y p 6 H u

no Qopuyne
STOM C,leAyeTyr{rrrbrBarb,  qTo ; l ia, . i

__,_EEr<ryEff i

J T O  C B R 3 A H O  C  T C I { .  q T O

H a n o p e  H  >  H r , n  r o r f a ,

n  l a 6 r .  9 . 3 - 9 , 5
I T
t l
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,f 9,,t I tlod1op peaKmusHux rngpdun no nptrce\eHHbtti napar|tempa,rt r53B. r l l r xa l i rua f l  cHr rxpoHHar {  r l ac ro ra  Bpa lue tJHn  no  (g . l )  ns

IrHN{aeM n :  250 o6/ruuu.
- 250 o6lr'trH (p .- Z4). llpu-

3,35 r ' r ;
---3,695

5.  Aonycrr4Maq Bbtco. ra  orcacbrBaHuf l  H s  no (2 .  lg )  np l t  o  =  0 ,13 ( ra6a.  g .6)
t t  k6 -  l , l  coctas. r r f le r :

f ,  25017 s -= ,,  .-  
nm 

__ I ,  I  .0, lJ .  9b : _ 4,3 u.
6. Octrosrrr,re pa3i\teJ)r,r .rYp6usr,r no ra6,t.  g.0. :

GBU : 2,35 (2,8 -+- 0,g)2'5(t00 + 21yo,z _-, lb3 r.
; \ ' l : rcca 1la6o' tcrr t  Ko. : tcca rro (g.5)

Gf l  , ,  .-  0,6 .  (2, g)u --,  I  3,2, .r .

I t rarv lerp ocer ' i  HarrpaBf lq lou{HX nonaroK Do :  l ,2 .g ,S _ 10,2 r r r ;
rHaMerp KaMepbl  pa6ouero KoJreca Dn :  0 ,973.9.5  :  g ,2T u i
/ lHaMerp  Kopnyca  pa6oue ro  KoJ reca  dx . c rb :0 ,3b .8 ,S  _  2 ,g7  u ;
' r o  )Ke  uHJ rHHnpHqecxo f t  qac rn  dx :0 , J .8 ,5  -  2 ,b5  r r l ;
nr r rcord or  ocef i  noBopora lonacref i  h ,  -  0 ,21.8,S -  l ,g  u ;
u t , rcora orc f lCbrBdHHrr  ycrar roB() , r ra f l  (c .  l0B)  Hsr  _  _4,0 + l ,g  +  0 ,S.8,6  _

- ,  - - 0 ,4  M ,
7 .  A {acca ' r y116u r ru r  no  (9 .2 )  c  6c ' o r r r r o f i  r yp6Hr r r ro i i  r r avepo i i

6 fn : .  l , l 2  ( 8 , s  - l -  0 ,8 )2 ' 5  (13 ,0  l -  6 ,0 )0 ' 3s  , . . .  g27 ,g  r .

l- lo (9-3) Macc:r p;r6o,lero Ko.rcca

G;i- :  0'25 '827 '9 --= 207 t '

l lpxrr,rep 9.3. Onpe,leJlHTb noKa3areJlr,  ecJru Anrr yc,roBr.rf i  npnuepa g.2 npnMeHHTb
ropHsot-rranbHyro ryp6nHy c KancynbHbrM arpefaroM.

P e u e r{ H e. Pacqerntrfi pacxo,rt coxpaHrercrr, e : 520 us/c,
r lo ra6n. 9.4 6eper'r ryp6nHy n/lKl6 

" 
Qin : 3000 .rr lc. HaxoAHM AHaMerp

no (9 .7) :

Dt :  l  /W- .2 ,4  M.
v  3 ,0v  t 0

f lpuHl-ruaeru 6nnxafiuruft HoMeuKJrarypluf i  Dt :  T,s u (ra6.n. g. l) .
I Io  ra6.n.  9 .4  n io :  ITS o l luun H no (9 .g)  HaxoAHM:

' :  ! 5 f  n'# :73,8 
o6luuu.

E"nuxafiuiaf l  cHHXpoHHan qacrora Bpau{eHHrr no (9. l)  n":73 o6lmun (p : g0).
/ {onycrnrusf l  Bbrcor? orcscr r rBdr ' . rn  (cu.  ra6n.  9 .4)  np"  o- :  2 ,0  n  ho:  l , l5  no

(7. l3) cocraBrrf ler:

l R 0
H s - .  l o - # - l , l 5 . 2 , 0 .  l o : . - t 3 , 2  n .

t\l ,

flpnr,lep 9.2. flo.ro6pan Beplf Ka.mHyro lyp6HHy AJrfl cJtenyloull.lx yc.nonHri: ffp ,_:  45_ A{Br ,  Hp:  l0  u ,  H*^n"  _-  13 M, . rorMerr (a  HE i= . , ,1g0 M. .  
, : .

P e  ru  e  H H e.  t .  f to  ra6.n.  9 .8  nn6Hpaeu;Vpo; r ;V.nh iS; ; , ,  .  
, . ,_ , . ,

2. PacqerHr,ui pacxoA no (9.3) nplr r l  _ gg i t i  
-

Qo -- m#fua : b2o u'/c,
f lo ' ra6" r .  9 .3  a . ' rn  Q ip  :2300. r r l c  o :  r .2 .  f rpHHuuaeu ko-  I , rs .  B  erux  ycr ro -R r r f l  x  n o  ( 7  . l 3 \

H _ -  r n  180f / 5 :  , r - g 0 0 - - -  l , l 5 . l , Z : : 4 , 0  M .

( - ,n r rae iv  sa ray6 .neu l r c  T \ /p6ur ru t  np r {eMl teMbtM.
r .et t6.ryet t t le,  T.  C.  \ 'ge, ' lH ' iutb l lonyCTHMytO BbtCOT!
r rJee  

^3naqer r le  Q ip ,
, J .  / l r ra r {e rp  r v l l 6 r r r r r , r  no  (9 ,7 )

Ecnn rpe6ooanocr 6ur
I{ r, to MoxHo 6nr.no 6ur

yMeHbulr . t rb 3a-
npHHr r rb  MeHb.

8. i  rur .

(p 88)

+  i \ l

t ) ' . : ' /  H : 8 , 6 b  r r r .
] t  z r o Y  l t )

I - l o  r a 6 ' r '  1 l  I  I 1 J ' ) l l l l l l t l i t ( ' I t  6 . l r r i l < a i i  r r n r i i  r ( J I r e r l < . , t a . l . t , p l . t  t r l f i . 1 H a M c . r p  t ) l'1 '  LIacror i r  Bparr(r ' r r r f l  ro (9.7) rrpr,  ip , .  rg0 o67r,r , ' , , ,  r ruo.r .  g. i r

u __. l9oy'F"  - -  -gS- :  67,0 o6/vuu. .  
' r l

Bnu>xa f iL la r r  cunxponuar l  r rac ro . ra  Bpau(e l rH l  no  (g . l )  ng  :  6g ,2  t l 6 / r r ,u r r r[ - l p r r ru r l . rae l r  n  -  6g ,2  o6 i  u r rn ,
i ) .  / - (onYCT l t i l i | ' r  t i l , l c ( ) l l r  o t . c i t ( . t r r  t Ja i l t . t  , {  6 t , t , . r ya  onpc j l c , {eHa  B  n .( i  ( ) c r r r tn r r r , r c  

l )a3 l i . l ) l , r  
. 1 . ,1 ,1 i61 r r r  

r , r  ( r ro  . ra6 , : r .  g .3 ,  puc .  g .6 ,  o  t r
I l l r l C ( r l i l  i l t n p i l  B . l i t  l ( r l q c T ( )  a n n a p a T a  b 1 1  . _  Q , 4 2 . g , S  _ . 3 , 6  N { :

- _ 4 , 0 _ _  l g , 5  - F  l , g  = =  _ 2 1 , 7  u ,
A.nn ropusorrranuuoi i  ryp6Hnur onpeAeJrtrcuHM qBJrrrercrr  HH3

(g t r .  p r r c .  6 .19 ,  a ) ,  ca r l y6ner rue  Koroporo  noa  yponeHb nuxnero  6 reQa
- .  -  13 ,2  Nr  coc raB l . t r :

-13,2 -  7,5 :  _20,7 u,
T,  e .  l t eMHoro  Mer rbu re ,  r teM AJ tn  Bepruxa .nuHof i  r yp6 l rnu t .

pa6ouero KoJreca
c Yrtero:v Hs :2  ( H "

c .  I  4 5 )



l ; j  t l l r t ) , i o l t  r t t t i l t t i t r t r  n l )u  npor t i t t t t t l ) u iu t tu t t  e t tdpEnercmpocn tau tq r t f i I l n  q

(e e)

Ar.raMeTp cTpyr . r ,  vMlro>xr{e
AHaMCTI)A pa6orrer '0  r io , f ieca

WH,

u  H :  l

(e .  t0 )

f ) , 1 .  O C O B F . l l l l o C T 1 4  l l O l t G O t r A  K O U L U o B H X  T y p E H H

\ l i r , , l l , l l i l l t  i lp l i l ] t ' , r lc l l t r2 t i l  r tac . foTzt  Bpa| | (e i l  t . t f l  Kot ] i l foBHX , rVp6t { i l  
AJt r r  H ==. ,

I  r r  r r  D  ,  I  ( t . r r .  l ) l t c .  2  6 )  c o c . l . i t n . t l r , . r :

tr1 ,,rrc .- (0'1!_a9.!JLy!!E: 
3g +- 40 o6l*uu.

,,)
d d -

^  t t 4 r t

Q  =  z . - i - q ,  I ' 2 g t l  .! ( / 4 r ,

3;tecr '  zc -  qncJto crpyi i  (con,r)  i  c !"  -
r {  p a 3 A e r r . r B _ i l p a B y r o  r r r t c r b  H a D l  x B a I p a T
( c v .  p H C .  2 , 6 )  -  n o J r y r n r M :

/ I , n n  n p H B e A e l r n b r x  r r a p a M e r p o B  D t  . , .  I

wr" (#) ' :  8 ,42 , (# ) '

() ,. ' 2"{ ( !L) o?,t I

Q; - - -  
* , "  /

BupasHm npHBei(erlrsr i i

Q ; .

' l 'Or7lf l  
AJrf l  eCeir r l , l tdl lrrrr l

pacxoA oAHOfO COnfla:

: , 3 a /  d .  \ 2 ." "  \  D r  I  
, (9 .10a )

(e .  |  1 )
qTo t ' tponycKrraf l  cnoco6-
qncfloM conJr (crpyfi) zc.
n  l )onycrc ra  r l  c r roco6r roc : r '1 ,

S o .n1 Oco1euuocmu nod1opa rco&uoabtx mypiun

Haunyurune gHepferHr{ecKHe noKa3are/tH noJIvI{atorct l
I I O I I I E I {  H 1 4

155

d c _  I  _ _ _ l-T l :  
r o  -  18  '

npH or-

( e .12 )

70

60

50

oAHaKo AonycKa lorcu  H 6ont rune 3HaqeHHR (ao  l17- . l18) ,  a  HHorAa,
ecfiH Hanop oqeHb BeflHK HJIH rvroulHocTb MaJra, to d"lD, Mo)KeT 6utr
H 3r - raqHreJrbHo MeHbue (HanpHMep 1 /30 ' -1  140) ,  q ro  npHBoAHT K yBeJIH.
I ]CF IH IO A I IAMCTPA V  K  C I {H}KCHHrc  I {ACTOTbI  BPAt l lCHHf l .

o6f nun

+ 6 I l0 tZ /+ 16 18 .20 trlc

Pl rc .  9 .11 .  V ln tBepca , ' rb l ran  xapaKrepHcruKa  KoB luoBo f i  r yp6uHLt  (oAHoconJroBa f l ,  qHcJ ro

ronac re f : r  l l a6c l , r c ro  xoncca  l8 )

i  
'  XapaKrepHCrHKa Ha pHc.  9 .1 I  Aaer  3HaqeHHf l  Q i "  AF,n  yc .noauf t ,

coorBercrByroulH x (9. 12) .
3san ni vt Q| Mo)KHo onpeAerrHrb no (5.39) xoaSQnqueHT 6rtctpo-

xoAHocrr.r KoBrrroBori ryp6nurr:

f ts:3,65 (39 i-  4o) l /  i . : , ' .Wn.

f lpn nolHoivl orKpbtrnu MoxHo npnHflrb rl : 88 +87 o/0. TorAa

t7,: (245 =.-258)1,/1(+) . (e.ls)

[,uanasoHbr /?" Arrn Haw6o,nee BbrroAHbrx orHorueHHf dclDL no (9.12)
npuBeAeHn e ra6n.  9,7.

Ha ocHoBaHHH H3Jro)KeHHoro Mox{Ho pexoMeHAoBarb cf ieAyrcunfi  no.
ptt, [oK no,u6opa r(oBluoBbrx ryp6uu.

+0

JO

20

t I  f

\j
t I
IO

\
. Es
t l

tJ
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R

I
R F

I

EN

70' rq

60

d l
;Q =907.
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IJ

70
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a t l F



r56 ITod6op mgp6un np, npoeKmupo,aHuu eulpoeneKmpocma,UurJ l f n , 9

7 'a6m4a  g .7

.rrrn r1,p6,r,rr,r 
| 

." 
I 

,,, 
l l  

,,,, ryp6,, ' ,r 7c, T;
OlrHocon.qona f l
J[ay xcon,rooa n
Tpexconnoa a n

u eru pexcon,' toBa f l
I . l lecl ucrtrrnclsa s

t 4 - 2 3
20-.34
26- 40

32-47
38-58

l .  f lo  sanaFIHbtN4 pacqerHbrM 3HaqeHt . rRM Moul t {ocru  Np H Hanopa IJ  t )Bbtt l tc l f lerc l l  pacuelr l , r i i  pacxoA Qp no (9.0),  KnA rrpHirHMaer:cf l  q : : : : :-  =  0 ,87-+{ ,88 ,
2 '  [1o  xapaKrept tc r ] tKe  pHc.  9 .  I I  o r rpeAef l r re rcn  pacqerHoe 3Har . reHHe

Qi. u HaxoAflrcn trHaMerpr,r pa6or.rero Ko,'reca D, p,nA, pas,rrnuHoro qHcfla
c o n r  ( c r p y f r ) ,  z .  n p t r H H M a e r c l  p a B t { b t M  l ,  2 , -  8 . , . : '

D t - t [ -  q =
V ,"e;"V 4

. r [ ,n t l  / i i  , , , , r  t l i txo , l l t l l ' c r l  coo ' l 'Berc ' l 'By]out . te  qacroTbr  Bpal l leHi ln :

AHaMerp  c rpyH

( e .15 )

AHaMeTp COnJra

d" r r rn^  x  l ,Bd" ;

uapyxuul i  AHaMerp pa6oqero KoJreca (uu..  pnc.  2.6)

DHap-:  D rn,*  a,
rAe

s ..= (2,8+-3,0) d..

4.  Bu6Hpaercn  KorJc . r 'pyKr I tBHaf l  Qopnaa
[Ipr,  3ToM peKoMeHAyeror HcnoJrb3oBarb

(s l . l6)

(e. r7)

(e. t 8)

' ryp6uHu (cr ' r .  pr . tc .  3 .  l8) ,
qepTexH aHaJrOrOB.

s  e .4 I Oco6ennocmu rnd1opa KoewoBu)c mgp6uu 157

I lprrr lep 9.4. I loao6parr_ xoBuloBylo ryp6HHy MoulHocrbro Np : 125 MBr, npH
pacqernoM uanope Hp :650 t -1 .

P e ur e l{  H e. l .  
- f lo 

(9.6) onpeAe"If lercf l  Qp npH 11 - 0,88:

^ l2*ry-==- : 22.J uslc.vp: TsTl65iloB6_ : .z,o

/  4 . 2 2 , 3d -  -  1  /  -"  
V B,  14.6.  o ,9s l l l9"81 sso

2,  J l . \a  Qi  -  0 ,022 r ' rs /c  u  n i  :40 o6 i r ' lu r r ,  r ra f i lenHbrx no pnc.  9 .1 l ,  onpeae-
f lRrorcr r  Dr  H n p ,nn pa3rut l lb lx  zs  ( ra6a,  9 ,8) .

Ta6auqa 9.8

H nc .no  con l  zc

D ,  r r o  ( 9 . 1 4 ) 6 , 3 4 ,45 3,63 3 ,  l 5 2,57

Hau6onee  6 .na ronpHnTHbrM no  pagMepaM H n  f lB . r rqe rc f l  BapHaHT c  zs :6 .  Ean-
xai i ruaq cHnxponHaf l  r tacrora BpaueHHn no (9. l )  n"  -  428 o6lmnn (p :  l4) ,  I Ipu-
HHMaeM ns -  428 o6/r* lsu.

C ueasrc coxpaHeHHs orrrHMaJrrHoft npnae4euHofi '{acrorbr BparrleHuf, yMeHbulaeM

AHaMeTp:

Dr :  2,57.396.91429 -  2,4 u.
3. OcHonnHe pasMepu ryp6r,rHur:
AHaMerp crpyn no (9.16)

:0 ,207 r t l .

/
ycnoBHro (9. l2);OrnoueHne dslDl :  0,20712,4 : l l l l ,6 coorsercrByer

AHaMerp conna no (9 .17)
d c o n r r a  x  l r 3 d s -  0 , 2 7  U ;

Haovxuuf i  rHaMerD oa6oqero Roreca no (9 18)
.  a  r  -  -  -  -  -  \ -  -  -  - /

,  a - 3 , 2 . 0 , 2 7 - 0 , 6 6 u ;

.,. Dsas -,2,4 + 0,66 - 3,06 r,l.
4. KoudpyKrnBHar $opua - BepruKarbHarr co cnnpanbHbrM

puc. 3.21).
. fipnruep 9.5. I-lo,qo6pars KoBruoByto ryp6nHy Mou{Hocrb}o ilp :

pacqerHoM Hanope Hp = 700 u.
P e ru e H H e.  l .  l lo (9.6) npn I  -  0,88

NOABOAOM

1500 xBr

(cu.

npr

I 500
Q p - 9 , 8 1  , 7 0 0 . 0 , 8 8

- 0,2S vs/c .

2.  [1o xapaKrepucrnKe pHc.  9 . l l  l , tn  n iion" : 40 o6lr'lr.lH r,r Qi. : 0,02
zs :  I  l l o ry r lggy '

Dr: 
{#^:0,6e 

ru;  ̂ :  
W: 1534 o6fuur,

t'18/c [plr



'18 . 
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L l a c r o r a  B p a l r l c l n l n , r p e 3 i \ t e p H o  B b r c o r ( a E .I - l l r r rnHrraeM n == lS0 o6/un l t ,  t lo  (9 .15)

npH 3Tolvt

B  j l an r rou  c " r r vqac  , l r lD ,  . , ,  i l t 26 ,6 ,  r .  e .  N te t rb l l t c .
4 .  Ko l l c rpy r ( ruBHan  r f rop l l a  -  o / tHocon f loBa f l .

, t , : .c-  l : :__ ____l  qeTOB:

r r ro  3 rJa r t J r re , r rbHo  te th r i l e ,  r re t , r  no  xapaKTepHcr r r i c  p r rc .  g . l  L3 ,  f l o  ( 9 . t 6 )

r _ / 
--4l-p5-

a c = = l /  % = = 0 , 0 5 3  v .
v  3 ,14  . t .  0 ,981 / r :83  n0

t t e i l t  I l o  (9 .12 ) ,  , l r o  ,Uopyc1 .HMo.
r o p H 3 o r r r a " r t b H a s  ( c u .  p t r c .  3 . l g ) .

s .5 .  PEXHMFIb t r l  rpAOH K pA6OTH THAPO3JIEKTPOCTAHT{HH

PexHr. lHbrr i  rpaQr.rK pa60rbr f3c,  orrpe/ leJrnrcuur? H3MeHeHHe r{anopaIf  Mot{Hocrr . t  B npouecce 3Kcn/tyarar l \H, f lBJrf leTcl  OCHOBOk ann noA6oparyp6HH. Cyr,rMapHal j \ , toulHocr j ryp6HH .ru* iury Xi lo HasHaqaercrr  B co.orBercrB H l{ C ycra H oB"rreH Horr r'routiroctbro r3c ffr.r, "-d;p;;;; ;;o;;

L_ _ :^l:.ynorare BoAHosHepferHrrecKHx pac_

E ru" =: iVy6rl4n.r. (e. l  e)

I tlo

Puc .  9 .12 .  Pex l l r n r s r f i  r pa r l r nK  pa -
F ' n - ,  ,  ^ , ' ^ < , , . -  r a r / -v \ r r n l  l J l , v i l H  r  J \ _

H : ,  Zn( , - .2116 -  l l , ,n . r .  (9 .20)
oruerxa  BepxHefo  6ueQa zn6 . ,npeAeJInerc t  3aroJr rc r reM tsOAO.xpaHl l , r lHU{a I I  t raxoAHrcrr  Mex(Ay o.rMerKar\1}r  FIny [ r ,op'rurbHbrf i  r ro/1.nopHsrf i  ypoBeHb)_H yMO (ypoieus rvreprB;ro o6ter i , r ,a) . '6 i* . r^,  r r r r lK-Hero 6ueQa Zp6 3dBHCur B ocHoBHoM or pacxo iLa Qr^ i i , 'n i* . ruBJrf lercrr

3a BI ' lCH I \ , IOCTbfO

zn(s :  /  (Q'o),
nprt:.-Y 

_. 
pocfoN,t Q"o floBbrluaercfl zn6,

I  lorep H hno, nlglop UHoHaJIbHbr x ia4pary pacxoAa,,  3aBHcnT or,u, , . ' rnHbr BoAoBoAoB IOC H pa3MepoB ux ceqeHlt f i . '  
- - - '  -

f lp" arHHorl or.MerKe Zs6 r-ro (o.z-oj .rd; pacxoAa, r. e. c yBerr'.qeHi leM cyMMapHof i  Mou{L tocrn  ryp6, { I  -EM,  Hanop,cHi tx {aer .n .  6Ouin t ,B n A  p e x H M H o r o  r p a Q r r x a  p a 6 o r u i  r o c - n o K a 3 a H  H a  p u c .  g . i 2 . - " - i 1 "  ,

,f .e,6 | c t1.u.*tt p rtrtrc xa.pdgm(. p r tcm u Ku napa nnanb ao pa\omanulu )c mg p6ua t59

m

I Mr..,,,
I

X : dQl)N, (e.23)

9 .6 .  CYMMAPH b IE  XAPAKTEPHCTH KH NAPAJ IJ IEJ IbHO
pAEOTATOUIHX Typ6HH |HAPOSJTEKTPOCTAHUHH

Monlnocrn I -3C paBFta

lVrec

cyMMe uoqnocreft pa6orarculnx arperaToB

(e.22). - \ ] , t l' -  
/  |  / v ^  -

- d

I

rAeJ - MoulHocrb ryp6uHtr, I  ren - KnA reHeparopa.
I-Ipu groM. pacnpeAeJreHHe H^arpy3r{H MexAy orAeJrbHbrMH ?rperdrTaMH MOXer 6uru pasilHrrHbrM. Onm-uualzbHoe pacnpe\eneHi HaepasKu,maKoe, nplllynopqrl cTtt!il4apHotil pacxo) ecex mgi1uu .uuHu.n4alzeH urtucpednurt KnI urueem uau6onuwee sHaueHue.
o6urnu noKa3areJleM ycJlosHfi pery/rnpoBaHnrr MorqHocrp flBJrflercff

npoH3BOAHaf

npHr{eM x Ha3brBaroT o T H O C H T e Jr b H br M n p H p o c T o M.OnmuualtbttohtT pacnpe1eneHun HaepgsKu 
"tibi 

orptioko',,4u coom*em.
cmBffm 

,w_^&so 
omuocumetta*otx g scex azpeeamos.

l\osQQHuHeHr noJlesHoro 4eficrnHn reHeparopoB HgMeHfiercs MaJro,nosToMy peuarcu{ee sHaqeHHe l lMeror xapaKTepHcrHKH ryp6HH (OragH'Bar'or BJ[rflHHe H noTepH B BOAOBOAaX). nnn mgp6un c odunarcoe-omtLxa-

w 
onmuJyra,ltbHbtrvt acrtosue Jil coom*e mc@

W aemdg pa1omanulu.t4u mapouHot4u.
3ro npaBr ' ro no3'o,rrrer r rocrpol . r rb cyMMapHyro xapaKTep HcrHKyBcex ryp6l i l l  npH i lapaJIJIeJIbHoi i  p.a6ore arIeraroB, a coBMeu{eHHe erof txapar{Tep}rcrr4KH c pe}KrrMr-rbrM rpacpuxorur pa60rur f3c Aaer BosMo)KHOCTb

BbrsBHrb Auana30H pelKr.rMoB p.a6orul  ryp6raH rra Aasnof i  r3c.  ,1
[ Ipou{e Bcero crpoHrcf l  .nuuei iua

n o c r o n l r c r B e  H a n o p a . 3 s a n  r H n  l
ee nuHef i r ryr . .c MouIFrocrHyro xapaK,
p  H c .  8 .  I  5 ,  6 ) .  H a  p  H c ,  9 .  1 3  e r o  x p
npaBH/ry npr.r  napaJrJre,nluoir  pa6o,
ryp6uFraMr.r  AoJr lKHa pacnpeAeJrrrrbcf l
cTpoer rHf l  xapaKTepHcTHKH,  COOTBe
I-ty lKf{o yBerr{qLrrb B 2 paza a6cr{ucc
pa3oM, l lof lyqaeM l<pl toyto 2,  t toKasbrBa_ro[ lyb,  KaK H3MeHri loTcf l  Kn.A,KOrAa napaJrJreJrsHo pa6oraror ABe ryp6HHbr.  vne.nHqne a6c(accbr KpH.
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i l ,Tr,1rtrj '  , l ' i . i t ; ,"o'nyt{rrrvr 
xapaKrept'tcl 'r 'rKy rrpH pa6ore rpex ryp6nn

CyuvapHan ypaKrepHcrHKa no3Bo,rr f ler  noryrruTr pnA Balr{Hbrx AJn3Kcn"ryarattt i l ' i  f3c BblBoAoB' fTpexle 
".aio"c 

ee noMorqrrro BbrflBJrr-

- B KoopAHuarax H kr >// (pnc. g. lb) xapar{repucrnKa o4Hofi ryp-
6untt 3aHurvlaer o6"nacrr, orpanuqeHHyro AByMfl JrHHHfrMr4: I - onpeAe.-
Jrnrouylo npereJrbHyro MorrlHocrb ryp6uuu u 1' - QurcHpyroqyrc orpa-
FIHr{eHHe MouIHocru ryp6tlubt B coorBercrBHH c HoMHHantHor? MorrlHocrblo
reHeparopa. B erofi  o6"nacrn pac-
no"rararcTcff  JTHHHH paBHbrx Knn
\ n H" (uro6rr He ycJrolKHflrb qep.
TelK, nocJreAHHe He noKasaHu).

Cyvnaapnan xapaKTepHcrHKa
AJrrr naparJreJrbHo pa6orarcrrIHX
AByx,  rpex  v  r .  A .  ryp6aH na
ocHoBa l r  HH rrpaBH'Ira paBeHcTBa
Harp.v3oK nar iAercs yABoeHHeM,
yrpoeHHeM H r .  A .  a6cqncc  BCex

EN
t 13

N2

Nr

roqeK Aar r r ro lu  pexHMa.  _  I tgnp" -  c  Np ZNp JNp
Iuep, rot{l(a A' c q : 92 o/o 

ig: pnc. 9.15. I-locrpoeH'e cyMMapuofr*excuya;pa6ole / lByx ryp6uH nepeMe- ; f f ; ; ; ; ; ' " rp_ro.epHcrHKH
crHTCr l  B  A" ,  a  i lpH pa6ore  rpex
ryp6HH . -  B  4" ' , .  B  p$yJrbrare  cyMMapHaf f  xapaKrepHcrHKa AByXrypdan 6y,ae'r o.paHu'{e}ra J'HHH nunb .2' , '  rpex rypbuH .i- s-t i;, brfrvti
orMerHTb' qro Qopua^xpxBblx npu groM laslaeinercs. 3ro HarJrflAHo
BITAHO no JrHHlrH T: 92 o/0,  noxasaHHofi  4.nn AByx n Tpex ryp6HH.^

T O q e K  A a r r r r o | u  p e X H M a .  H a n p H -  C

nopb/ npuv86 825M

M
F ? )

800

Pr'rc'  9'16' Srcnlyaral laoHHafi HanopHo-pacxoAHag xapaKrepucrnKa ryp6uH fOC

6  I ( p n " u e H x o  l .  I . l .

ocrb ryp6Hu fOC s rer{eHHe HHrep-
r cyuMapHoft xapaKTepHcrHKe Ha
tHocrH' Xi l11 T - nojnoe BpeMfl.
rccMaTp HBaeMb!.e., napHaHru rypO"H-.  

-  r . . e s v I r e r , y .  , D l , f . n a  n  l  D l  
. l . y l

MOIKHO HCnOJTI'"ol

(e,24) 100

nt/c

KOr&2 Hano

mt- urct,--

att atz a4 
T

vp Ni Jq ZNp
ABe i rpu

0 n m u ua Jt o t ot e,tou u p a60m o t ngp1tln

cyMvgpJ-an oxcnrrliararrrygffj-_*apgs9 "*OtbTrarorq,x ryp6HH, ocHosor l  ee- sgrrercf i  gKCnJryaTaqHoHHaR HanopHo.MOrr lHocrHaR (*ur.  pHc. g.r)  HI,H HanopHo-pacxoAHaf l  (*rr .  pHc. g,2)
xapaKrepHcrHKa npH 3aAaHHbrx D n n,  Cnocb6 . .  ?o."p; ; ; ; ; ,  no f r raB_Hof i  yHHBepca, ' rsFro i r  xapaKTepHcrHKe on 'car {  B  $  g .6 .
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B i r l c t . tT I> l  o r c l c l ' lRa l l l l t i  l l " .  I ( no r re  To ro ,  I aHa  F (pHBa f l  y , poB f re f i  Bo j rb r  B  H I { -i l { i i t ' ' ) l  i r t  c ' r j r r '  ( z , t ; , )  r r  r , , ' , c r ' , r oe i , l ,  r i i ; i r i i r , r 0 ,  onpe reJ l f l r o rq r , r e  I f  a r6o ,q r ) r J r ' t odc r r r ' ' 1 " '  i l l r I r ( r  ( ) 1 ' . \ r r l l ' l i \ '  oc i l  r t a i l i r zu ] , . l J i l o ' t c r . o  a i l na  l ) a ra  1 i , 1 l 5 t i l i r r i  , , , ' .  n - ,l i O ' f O i ) l ) l e  t ; ( - , , ' t Y r i e i l t ) t  I l . t  S t r l l ) i l i t i e l l i l r i

i-
I
I
i r
r 7 l

l l
I
(

" . , ' ,  , '  Z r r , : ,  , '  H ,  ,  i ) r ;  / ) (  .

l . l t r  , t t i  I ( )

A B T O , \ { A T I 4 3 A U H f l  ,  M O H T A X  1 4  S K C N J I } A T A U I 4 R  T Y P 6 H H
I O . I .  C H C T E M b I  A B T O M A T H T I E C K O I ' O  P E F Y J I H P O B A I I } I f l  T Y P E H H

B rr  l l  o t  tecce e Kc r l , l ,v  a ra t l tu r  Heo6 xoi l r t l ro bcyiugttB/r  f l  . f  r ,  n) ,c K, l  r .pe rara,r l  l r i1 f i r11 '1 ' .  t \ l ' ( )  oc ra t t i ln t i r t ,  n r i \ , r f l t f r r r r  pa3BuBaeN4-y to  Motq l rocrb  B coor -I le . rc l 'B l l l l  ' l t l i l o  c  l la rp t ' c l (o i i  t to rpe6u ' re ,ne i i , . rynoo ' ' i  Han l {q 'Hbp, r  pacxoAoMBo, lb r  r r . tH  Haf ropo] {  Fra  f3C.  Bce eru  onepauHH ocy ; (e . re ; i , rc rca  c  no-\ l c )L r l r ) to  c r rcTe\1r ) r  aB 'o r , fa . rHqecKoro  peny ; l t tpoBaJI t f  .  ryp6HH,  _ I {OTOpafI rp  r t  r roD\ ra , r rn ' , j l : ' , ,poq : :1 . : Ip . fa ra  noA HarpysxoA oOecn 'eq i  ru . ,  noA. [ep .) iarrrc 3ai la ' r ro i i  r {ac.1 'o1'br BpauleH Hf l t  
-  

n03Bo/r f ler  
-  

ocyutectgarr iorpe6r 'e r , toe  o l r r r r r la .nbuoe pacnpe, teneHne r {a fpysrH Me}KAy padorarcu lHMHTVI)6 l l t la l l l J  l l  co3 i laer  B03r \4o iKHocrb  6urc rpb f i  oc raHoBKrr  ryp6HHF, r  B  aBa-l l t t i i t t t ' t x  ) ; c ' n o B l l t l \  ( r r c P e r p c r ]  t o , r l t r t t t t r ( o B ,  r t p e r ( p a r t l . t r r c .  r r o , r r i : r r r t( : r , t a 3 r ( u  n  A t l . ) .
l l p r r  pacc \ {o . f  poun l  r io r rc rp) . rx r t l . r i i  rVF6 l r r r  ( rn .  4 )  6 r , lno  orMeqet ro ,qT( )  l l i j \ i e l le t t i le  oTr i l ) l )n . i l f l  HanpaB. r t f l tOU{erO ant lapaTa,  I {3MeHeHHe yr f laVCI ' i l l l oR l i l l  ' l onacre i i  pa6ouerc l  KoJJeca B no tsoporHo-J Ionacr r {b rx  ryp6H-I f  U l \ ,  t l ! l e tUCt t l i l e  H f , , ' i l r t  I r  O ' t .KJ tOHI . tTe , [ f l  (

I lO l t lTCf l  f i l ; l paB .n i l qeC l i l r . \ i l t  CepBOIV IOT
quBaeTCn no ; . l aqe ty t  r tac . ; ra  no i l  Bb lco l ( l
crc \ la  aBTOl rar r . tqecr io ro  pe fy / r r {poBa
jlO.:I){i l la Bt(.r 'rK)qaTs yCrpoliCTBa .{Jrf n

npeAe. ' teHr t f l ,  I r  c  e  p  B  o  M o  r  o  p  o  B ,  . ry ,s ign .s rx  c . ruexa l r r . r31roM r rpH-Bo 'a 'a  ' lonaro l i  Ha- l jpaB ' lu lou{ero  annapara .  Bce rp t t  qacr t 'ao*a , , r ,e r rb r  r \4e-;6. ! , ) ,  co6or i :  ,LIHU n l (J!  _ MacJror lpoBoAarur b, ,  H-f  ,  
.Ki"" i ,  

ccpBoMo-ropbr ---  r {ac", ' ronpoBo. lavl l  A H 6 r . r  inrol i  o6parHoi i , isonr,{  oc t ' i lononr r r r € . r j b i l o  c r r .  1 2 2 ,  6 6 ,  6 7  l ) .  
-  - I
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PHc. I0. l '  Cxeva cHcreMbt aBroMaruqecKoro peryJrHpoBaHlrR ryp6r.rHlr

Mac.noHanopHaf l  ycraHoBKa

A' [acnoHanopHar  ycraHoBKa (MHy)  cocrour  H3 cJrHBHoro 6axa I
( p l r c .  10 .  I  ) ,  sa t t oJ I I I € t t t t t o r ' o  MacJ ro ru  Ao  ypoBur ,  r r oKa3 r r rBaeMoro  nonJ raB-
Kol lb lM yKa3areJ leM 2,  o6tevr t {b tx ,  o6srqHo BHFrroBbrx,  MacJ loHacocoB J
c sJleKrpoABHrare,r l f lMI' , I  4 u xorna 5 (rtaacnoBo3AyruHoro aKKyMyJratopa),
xoroprrrt  npuMepH_o Ha 213 zanoJrHeH clKarbrM Bo3AyxoM 14 Ha"l lS vacioi ' .

Bo Bpellq pa6orsl cHcreMbr peryJrHpoBaHrrf l  MacJro noA AaBJTeHHeM
H3 Korrra 5 sa6wpaercfl..no rpy6e H sror xe pacxoA no Apyfori rpy6e
Bo3Bpauaerct  B cJIHBHof i  6ar< L f lononHeHue MacJra B KorJre ocyqecr-
B,[f lerctl HacocoM, xotopt't i t nepeKal{HBaer ero H3 cJrHBHoro 6axi B Ko-
reJr;^ypoBeHb MacJra B KorJre BHAeH nO MaCJroMepHoMy crexny Z.

O6rtqno Hacoc pa6oraer B npepbrBHoM pe)KHMe c nepenaAoM AaBaeHHrr
0,2-0,3 Ml- la:^npH Ao_crHxeHHH HHIKHeFo ypoBlrn B KorJre H cHH)KeHHH
AaB,rrerrr{ f l  Ha 0,2-_0,3 MfIa nporHB HOM.HHa,[bHOrO 2,5- 4,0 ^ni
6,3 MI-la c noMourbto peJle AaBJreHHn P,n, BKJrroqaercn gJreKTpoABnrareJrb
H I IaCOC l{al(ar{HBaer Mac.[o B KoreJr Ao ypoBrrf ,  npH xoroporra AaBJIeHHe
noAFIHMaerctI Ao IIoMHHaJIbHot'o (ycraHonJreHrroro). f loc"ne grorc PL
AaeT HMnyJIbc  I Ia  oc ' raHoBKy Hacoca.  O6parHu l i  xaanav 6  3aKpbrBaeTcf l
t4 pa3r 'py)Kaer Hacoc or eoaAef icrsHs AaB,neHHrr Mac,[a.

f lpeayctarpHBaercl l  Bo3Mo)Kl ' rocrb pa6orsr Hacoea r{  B HenpepbrEHo1r
pex{} lMe'  / lJ I t I  qero c i lyx i l {T nepenycxt lo l i  Ki la naH, nepeKJr1cqatoqHi i  Ha-
nopt ts t f ; tTpyq jonpoBoA l ta  c ,nHB npt . t  AocrH)Ker . rHr r  B  Kor , r re  BepxHero  npe_
Ae. [a  i laB/ re r r ] r i l ,  I - lanuqne Mac,noBosAyr r rHoro  aKKyMy/ r r ropa noBbr -

( i+

,  i lHg i
J l

I

I
I
I,i
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l l - r i ' l ' ' f  l l a ' ) ' l ea i l l oc rb  
l ) aa )o t ' F , r  RCe i i  c r r r r c \4b r  pe ryJ I t . t poBar r . {R  . r \ . p ( l l r r r t  

ri t  c i l l t ) t ( i t e T , t . l ) e a ) \ . e l l \ . t o  ) l ( J r r l r l ( ) t , . f b  l t ; l c o c o B ,
. \ r ; l  l )  I i  a  \ j  a r :  , - i ( J ,  i . r  i r  o l ) , o  i i  y  c r a  H 0 B  I i  *  B l t , , l l o q i i e roc l l oB l l b l e '  e ( '  I l o l i a : l ; l Te ' l  t t :  t l f i L ' , c t t  i * , , r , " 0  i ,  I r x  ! { r t c . r yo ,  t o t r r l i . r . , r r r r r ) c  . i a t s .. ' l e l t l l c '  I I a r r l ) r l \ l e p '  ' \ \ l l I '  8 ' l ' 4 t )  '  ' , ; ; c " ; o r r a r r o p r r a f l  

\ , r r - a r r o D i i a ,  r ^ r r , r ( ) .tqat {  o- l r l l l  r l i l c ' ]oBO3; l } ' l l l l l i : l f i  
- t io re . l  lan i j ryn. f l .Tqp)  o6r ,e : raou .g  ' j r  ( :  r to .i\ir'ira.rbrrbrrr ilaBrerrrerr 4 ,\,ilra i,i0 ,l;;i;',i;1, m nvzo.zt;'rj _ ABa rror.rrao6r i{nrr  o6lerrorr  20 ^rB c TeM x(e HoMr.rHaJIbHbIM AaBJreHHe[,r .

,,u. j."t1li'tu$.rt#rtrcrBeH rrocrb ltrri;, Ha 
":i i;;;;;ilHBarcr .1Ba

I ip l ;11rrbix nj)c; l ) :c l rarpr pesepruut l ,  a Ha ca.vtbrx
cocl l  c r let i r , ruei i  , r r i i t ,  

HTeJIbHoror Tperbero Ha-
f lpo , ru r rLaer r rocrb  ,  "eqeK.

Seii;::: l,lo"' (+o ;x"fffixflf?Iifffii,i;;
C oanurr xor,,roj\,r 

l,Oi 2,S-;^4a0; b^,_61 g,0; 10,0; 12,5c rei,rrn. xorrauu . : . . ro,o;-,d0,6i, "zi;01,"i2,,6," go,o
I , lNrerorcf l  A, lHy, paccqHraHHbre Ha AaB/reHHe O;g. M;r .

Ko, roHxa ynpaBJreHHs

I(o ' i rorrxa vnr)aB.ruurrr ,  r r . , , r r r .  xonorrKa perynoropir-Jnpe^erof i ; ie i - -co60i i  BCCI; \ r ,  a 10)r i r r r r i i  J-rrer; \ , rctr . ,  ( :o, tcp)Karqrrr i
p a c n l l c ; ( e . : r c ' I l I I l  I I  l ) ( , r . ) , . i r r r l ) ( ) B z . t t r 1 , r .  O c r r r l r t r r i , *  nr \4ac ' r ' r z r  (p r re  .  r { r  1 ;  

' r " , , i , , . . ' , r . . ' 1 ,  
r ' ,1a8r r r , r f . i  l i ' .nor r } . , r {co6crner t r to  t r : l  : to , , lo . r . l l n  K i t  B  c  , ,1n l , l , r t  p i t r l c . r lHr . t : , ,r  D  xopr r . r .c i r  j / .  i l  r (o f ( ) l )o l  lepe l : \ le r r la tc t .c r l  3oJ IoT l

i : l ' ; : i rr : , i ; i l l l i ] , i ; : ; , , ' l i ,  ' . rrr:r  - ' 'JC r(ataRr{rr Bbrco'roir rr*14Horo \r(. ,r ,rrt , i r .
Bo.1 l - l  rc f l  vac.To r r3  t io1. .1a 

/ locTH 3o," Io ' r l l l i l i ; l  t l ( ) . l -
r p \ ' 6o i r  / -  coe l l t r r n i o r t , r r  l ' l f l 'H  l { l ' l } t ( l l t l , l  l l ( ) , r l ( } c1 ' l l
coe^ t r rHeHnr  c  rp r ' 6a r r r r  . ,  

t : l t - 1BK t t  B  l i f ) p l l \ ce  / ' 3
Topr teBr) re  n ,4c111la ] l r  3o. . r (  

OMoTopaM, I  JocKo, ' tb t iv

o,u uluf,;*.,f 3'ffi i:il | -',, ;ii;B 0 3 \ r o x i r o c . r b  e r . o , c r ) c r e u t 0 r i '  c p a B r r  r i e n u n o  ; ; ; ;  y " . , , , 1 , , . n , .I t t l r - ra  : ]o . ' lo t 'L I I t l i  l t i l \o - l t ' r ' c r  g  cpeAr reM noJ lo lKerJ r . rH,  o6e f i i - r raBr i r rr repeKpr)r ' l -b l  l l  ' le lB" lerr l lu i l  r1t5 '6a,x A , 'F i i  u 'aoorBercrByrourr , rx nor,rocr,rx
:;,i.iill';';lJllll, li';'lj'.l,ll'i,';I,.1:':!ll'f n''oI i,.p*3* vac.na 'o sa3c,p:r\,r ,r3
'Ior'(''r '(''o.r")i'r;rI'r r:r:,,rrr 

':iiti 
,ilTt?,i,till;,,'J,li j#f-":ri'lJijiri]l;;i;

I IO" lo, ic l l l l t l  '  r '  t 'Pi ' ( ra l l  I IOJoc-t  b c€pBorvroropon .z l  auur i in i ,n t r . .u c . r . '1, .

l"ll,, ' l,l l., ' l,i: ' 'r,:",', '.d,,i 'J':,i:,11itnzlc']fer, a rpv6a H norrocrn 6 -- c rpr,6ori r
I l , P l l l ( ' l l l ,  i l ( ) . | '  \  r ' l l  I l ( , \ 1 .  c o . ]  l A B i t e M t . r '  r . r a r \tr() irrr'ori()\r rBriraerr''r B'i)a,,;:",T;',;x;':T#tlttt;f:frilfiitrJiij,,*?tl*i,13

r r  : l r r i r . ) b r ' a r r  r r z r r r r ) a r . r r r r l r , * r r i i  a n n a p a r , ' n p r n -  a r e u { e H H t . r  3 0 , r r o T r r r ( a  B H r r 3I l r r r r l ) i )R ' r l t r to ru l l i i  i r l l r l i r l ) r r  I '  ( - r i r . ' 1 . ,  u ' i ' *p t ' t r iu .n .  q ;M f t r ; ; ; ; ; '  c r re ru ,e r { re

$  t o . t l C' u c m e tu.t't aB mo.lt a m Ltu e c Ko eo p e e !/ n u p o s a H u n uulpu rt tl roo

3OJrO'rrrHr ia,  ' feM 6btCrpee ABtr faercf  r roplUeHb cepBoMoropa, TeM 6UCrpee
r {sMer r f leTcr r  oTr (pr , rTHe ryp6uur r ,

LIacro rpe6yercn orpauuul t rn uawlonbrxyro cKopocrb cr \ , reuleHHfl
cepB( ) r . to ropa Ha 3ar {pbrTHe r {  r {a  o r r {pbr r r re .  3 ro  loc ruraerc f l  o rpaHHqeHt reM
cr ' re lqel i l r f l  3oJtorHr.{r ia I  or  cpeAHefo no,no}r(eHt.r f l  c  noNloulbrc } ,nopoB,AOn_y_cr iarcu{rrx pef y/rHpoBKy.

Vcrpof icrna aBTorr,{arHqec-
KOfO pery / rHpoBaHHf l ,  H KO.
JToHKH ynpaBJreHHf l  MOrYT
6srr t  BecbMa pasHoo6pasHlrMr , r
KaK  no  KoHCTpyKTHBHOMy pe -
ueHHIO,  TaK u no cxeMaM.
B ocsonuoM oHH pa3AeJrrrorcn
H a A B e  r p y n n b r :  f  H  A  p  o  M e -
x a H H r { e c K H e ,  H C n O J I b _
3yr.orqHe MexaHHqecKHe SJre-
MeHTbr, H 3 Jr e r{ T p o r H A-
p a B rr H rr e c K H e (Ofp),
ocHoBaHHb le  Ha  ,HCnoJ Ib30_
BaHHIT Sl reKTpHqecKHX ycT-
pof ic rn .  B Hacror t r ree BpeMf l
3.rre r( ' f  l )o f  I  rAp a B"ri l rqecK He pe_
ryJI l  T 'opbr  i lonyq l { . [  [ . ]  uan6o,nn-
rL ree  l ) i l  c  t r  l ) ocT [ )a  HeH r {e .

I - l a  1 l r c .  I  0 , 2  n o r < a s a r J  B l r e r r r -
r l l l l t  B I t ; t  J re r i l  f )O r .H / l paB . ; ' rHqe_
c r i o t ' r )  l ) ( a t ' v . i l r n .o l ) a  ( J fP )  co -
( lTOt l l . l [0 f  O H3 7191;X 3. ;191191- tTOB:
r r r  r i  i r r l r i t  : . rexrpoo6o p r ,4ona l  r  lu r
u  rn - ' l poMexaH l tqecxo i r  Ko . r t oH-
rc t  v  l rpa B, ' reH v lg .  O6a 3JreMeH_ra perv"n.qropa r"{oryr ycra_ i{.!,1,1;?",[?":::l;"r1]i",;:,X,l,Ho1 

*,fit
r r?B., 'nrBarbcf l  r ra 3Har{r4re/rb- J ip. i i " """ ' r ,
r roM paccTor r i l t lH  4py f  oT
.qpyra  (Aonornr reJrbr ro -  o  pery / rHpoBaHHn ryp6uH 'u .  [47 ,  zz ] ) .

K aBToMarHqecKoMy pelv. t rnropy npeAbrrBJrnrorcf l  oqeHb BbrcoKHerpe6oaar l r l f l  ro l { r locrH H^vygc1'nareniHoct iu ( .qonyc*aeMarr HerryBcrB Hrerb.i locrb He npeBhi l r raer 0,05 g6 no orrnoneHur.o uacrcl f t r ) .  
- '

M a ; l  r < a  r ( o , q o r r  K r . r  y n p a  B " r r e r r  H  n l l r l p e r y J r n r o p a B r { J r } o -qae l  o6osr raqenne rHna,  ,un l r i , re i r  R  o , ru i  p l , ,  Ar rn  r .HApoMexaHHqecKHX
I iNH 3 fP  A . I I f f  3 ,T ICKTPO.HAPABf lH I ]ECKHX,  H  XAPAKTCPHOI 'O  

PA3MCPA.  B  XA.qecTBe XapaKTepr . to fo  pa3Mepa . ( , r rn  1i l r . tMaeTcf i  At{aMeTp fJraBHOrO 3OJTOT
r\ lacJronpono4on).  KoroHxa yi lpaB/rr
a ct \4el j I {btM f i8, [ r reTCf l  TO,[bKO r , r raBHbl

19?br co c,ne4), ' louMMrr AHaMerpar\{r .
250 MM ( I -OCT t240S.S i f  .



r  o t ) .4  t i t tU) . \ i  0  t t t  u . i0  I ( t t . t t , , t toH n t i , l t c  t t 7Kctt.t rJfl ntarun mt/p6uH I I-. 'r. l0 s  t 0 . r I Ctrcntenot anmurtamurccKoeo peegnuponanun mqp6un t67
I  I l ) l r ) l e l ) b r  . \ r a J ) o r i  p e r \ ' . r f l T O p O B :  p r \ 1 . 1 0 0  _ _

r r0 r l )  r ' . : r i l u r ro ro  : ro ' ro l . r r r j r (a  I00  l , r l r ;  3 f  p .150  _ ,
, :Utir  , ,1i , ' ip 3(), ' ro.r. i l  I t i i i l  I  ,- ;0 M j\1.

f  I , ITPONICXA I I  I IqCCK I I  i i .  APIA.
gJre KTpOf r rAp a B,'l II qec t( t,t ii,

oco6enHocru  ycrpor ic rB  aBToMaTHr{ecKoro  peryJr ,poBaHHn
rroBoporHo-JronacrH brx  ̂ ryp6nn

' rp i '6e .60 ,  
xc .c r t io  coer l i l reHHoi i  c  nopuHej \ , r  4 ,  -  no l '  nopueHb (c rnr .pn( : .  - t . 6  n  4 .7 ) .

iJ t t .nc ' r t lut< I  I toABCII Iet t  I (  putuary 5,  xoropsni  oArryrNr r{oHrtoM cBf3aH
c rpc)( . r ( ) l , r  o6parHof i  cBf l3rr  pa60uero r{oJreca 

'ocpK, 
a ApyrnM KoHUOM,

I l i l  Ko' t ( ) l ) ( )1,1 I l14eerct l  po/ lH_I( .  np14x(HMaercf l  npy)KHHorl  x xf  Preorr . rHef iHOUy
I (y r ' Iaq t iv  xo i r ' t6 t t r ra lopa , ( ( ,  I lacaxer+roMy i ra  eanHK o6 ia ruon 

" i i l i ' 'O14 nOBOpaql4BarorueMycr{ BMecre c r{r.t1\{, f lpocpn,rrl xy"rra uxa noKa3aH HA
Iera , i ln  KK.Tpoc 0CPK npHKpen/ reH x  rp1 '6e6 o ,  ,  e ro  . r . , r { .n re  paBHo
cMeuer r l { ro  nopurHr {  cepBoMOrOpa pa60uero  KoJreca.
^ ._  I ]p r ' r  paBr roRecHoM no.qoxeFr r . r r . r  cHcreMbr ,  KaK noKa3aHo rJa  pHc.  10 .8 ,
3 P l (  i la\o. t r . r rcrr  n6,rusrr  cpe/rHero noi lo)r{eH}{,r .  nt ; ;  . ipuororop Ha-
I IpaB. r l t l to t l {e ro  a l l r lapa ' fa  cMecr l l " r rc f l  r ra  3aKpbr r r . re .3 ro  nu tsgano noBopoT
Ba.t i lx i i  6 no qaconoi . i  crpeJtKe, BN,leCTe C rrei i  noBepr.ryJrcf l  KK, uro,- iu*
Br i i l l ro rro cro npoQrrnro,  r rpr . rBe"rro x o-nycKaHr.rrc KoHua pbrr lara S c, io,ni_
xrr i ia.  BI I I I3 c\4eLL[aercf l  I ' t  3oJIornut< L Ma-c.rro noAAaBJreHHeM H3 KorJIa MHy
nor la , r lae l 'B  Tp1 ' ( t5 , ,4n ,  a  rpy6a E 1r ,  coeAHHf le rc t  co  cJ IHBHurra  rpy6onpo-
Bo, l to l l :  i l op t t le t tn  4  ABLI raeTcf l  B I I t t3 ,  r roBopf_ur rBaf l  Bce J ronacrH paOoubro
l io ' r le ( 'A  l ta  3aKp l ) l r l {e  (yve l tb t t leL t t ' te  y rJ Ia  cp ] .  F Io  KorAa noprueHb ABHXeTcr r ,B} le( : ' , fcr  c , r - rM r lepeMeqaercr rr  rpy6a DD H rpocoM cicpx noAHHMaer
l (o l l c r l I  pb l t l s ta  5 ,  Bo3Bpau(a t t  3oJ IorH14r (  / 'n  cpe4Hee noJrox(eHHe.  Taxnu
o6p asoll, K a x{AoM )/ noJloxieFl H Io cepBoMorop a Ha n pa BJrrr rcu{ero a 11 napara
orBe_qael '  onpeAereHHoe noJIo)KeHr4e cepBoMOrOpa pa6overo KoJreca.
Tpe6yevran xotra6HHaropHaf l  3aBHcHMocrb ocyqecrBJrf lercf l  Sopruor inpo$nnn Ky" raqKa xou6uHaropa.

O.u,Ha xo neo6xoAHMo eqe o6ecner{HTb Bo3Mo)KHocrb rr3 MeHeH H fl xou6lr -
uaropuof i  3aBHcHMocrH B coorBercr
BepxHocr l4 Kyrar{Ka xopr6uuaropa
pblr{ara 5, npHAaercH raKafl, Qbpt
K( saonb BaJrHKa 6 c nououlbro BHH
rov6unaropnof i  saBHcHMocrH (<npo,
sxa KK no Hanopy Mo)Ker 6rtr l  aBToMarH3HpoBaHa ,  r r r  qero HcnoJrb-
3yercr ycrpoftcrBo' H3Mepfllotqee Ha..nop craHr{HH n sosAeficrBy}orqee Ha3f leKrpr{qecxul i  npHBoA, csseaHHufi  c BHHToM 7.

A'ra noeo-qorHo-Jloracrl{btx ry p6un np HMeHnercr gJreKTporHA p aBJrH-qecKat (3fPK) HnH rHApoMexaHHI{ecKan KorroHKa ynpaB/re HHr'  in lnni

oco6enHocrH aBToMarHqecKoro peryl 'poBaHHs KoBrr loBbrx ryp6nn

B r (oBr r roBbrX ryp6uuax 6r rc r .poe )Mer r r r rJJ€HHe pasunnaevof i  Mour -{locl ' l t ,U,OC'l '1.i l 'aeTCfl CMeUe[rHe,v 4eQ,rreKTopa __ OTKJIOHHTeilf hilH OTCeKa-l 'e ' ' ' l t l  ( l ' l 'p- \ r l i ,  a 3aKpblr l le I ' i rJI t l  npolrcxoAHT N,reAJreHI- to c l lenbto yMeHbue-r i l r r r  r ' i l ; I f i ' rB .nnr recr ro fo  ] , i tapa  B no l tBoAf lu {ey  rpy6onpo_BoAe.  Ha orxpbr rHel r t - ' r l ' 1  \ lo iKer  c r {e lua ' f  bc t l  3 l l i l qHTeJIb lJo  6r , rc ipee,  
'  

Han6onee pacnpo-( '1 ' l )4 i l0 i l i l i r f l  cxe  iv la . ,  pe f \ ' , / rnpc)Rar r r r f l  r<onuosb ix  ryp6HH noKa3aH a  Ha
l ) l l c '  l0 '1 '  f . r r t t l l - tb t r i  so .n i r r r r r . r r<  f3 ,  cBf l3ar - r r ru r r i  .  uy ia tuor ra io"o , *  sJ re .t r ' lc l l ' l 'o \ '1.  Bocl l l l l l l { l t r {arcu{ l l i \4 or l i . r to l ' teH}4e r{acrorbr Bpau{eHHff ,  ynpaB/Jf ler
cel l ) l lo\ l r ) ' lopo\4 orceKa' l 'e" [ f l  ] ,  or  KOTOpOfO r iAer o6parHan cBf l3b K ga:

,
I

l i

B f loBo por rro. , ryon a cr t i  brx
B . tono.nHeHr{e K ycrpof icrnal , r
, {ntor l lHi \ {  anI IapaTo]\ , r ,  r (oTopbte
r o r c r r  y c r p o i i  c r n a  p e
p a 6 o q e r o  r ( o . r e c a .  ( '

r t ' p 6 u H a x , ' o c e g b t x  v t  r l t , t a f o F I a J I b n b t x ,
pe fy / rHpoBaHHf l  u  ynpaBJreHr . t f l  r . ranpaB-
a HaJror l . rqHbr cX€M€ pr{c.  I0.  I  ,  nolaBJrr  -
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I i , n i { l ) o D a | l i l u , ' l O I l a C t e l i
I ror \4or l l t r tc  3TI r . r :  1 'Crpor ic t .B . i loJr ; r i r r ( )  o6e-
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Prrc l0 3. cxel'ra peryJrHpoBaHHfl noBoporHo-ronacrHbrx ryp6HH

cr rer { r {Bar r )c f l  aBroMarHqecKoe oc \u IecTB: lSHHe xou64Haropno l i  saBHcvr -\1 ( )c l  r l  ( [ r  r -  r r .  @, ,H)  cor / tacHc p ' l t c .  g .12 .  , ' . , '  i  :
I l p r r l l l t l l l i l l a " l b l r a . t ]  g x e y a  p e f ' v . r u p o B a l l . r , { ' f l o n a c r e r t  p a 6 o u e r o  K O r r e c aI r ( )Ka3a i la  I IA  l ) l l c '  i ( J .3 .  Oprar ' r r tv  pacnpeaef le t tH tL ; : r rocna f lB" r r r re1 .gr  3o-'1 ( ) '1 ' l r l rh .  p ; r i ro r ]e rc )  I io ru t ra  3P l ( .  Or r  cocro i r r  r . rg  ao , roo i r r  uxa  I1  r (opr r l , t :a  2 .I (  t ' pc ; t r rc i i  i l o , ' r ( ) ( " t ' t r  \ l i l c . , , to  l lo , , [  l l a3" , r tc11e[4  1o / t t ]o /1 ] t rcg  oT,  Kor ,na  A l l l ] r .

i l  l l c p x l l t l t t  I l  I l l l i K I l t l t l  l l o . l o c ' l ' l l  C O C i l l l l l e l l l ) t  C ( )  C J l t . t B t i ' r r l t u t  r p y 6 0 l p o B o j t o ; \ 1 .
i l . r V r r \ i t \ r  r r  6 i r r i v  U L I \ , - .  ( ) . r  3 p  t i  n . t v r _ , l B a  r . p v 6 o n p o a o , * a  , , i ' , ; " ,  ; ; ;l l ( ) . : l t l r ) - : l i lL l l l lc  \1 i l (1.- l ( )  I i  \ , l i lc , : l r )nJ)rre\ lHrt t i r '  , '1,  t<, ; . r , l i . ' i ; t i i  o6r, tq i lo YCTai laB., , . i l { -
I i l l 0 ' t ' c f l  i l i r , : l  l  o i r 0 i ) r i To l t o \1 .  ; l aJce  ) , t i t c
. ' t l ) r : r '  I J  . - l l ) \  I ' i r  r tBe  ' r ' l l r , 6 t , t  

, 4 , ,  r f  / i
i l i ) , ' t ( ) ( :  I ' i I  D : t . ' l i l  I I  t l l ) i t i l 1 ; 1 1 r ) t t t t t r _ , t , l i  B \ t ( , ( , -
. . l i l t  l  l l  l i { } . : i  { r 1 . ' . 1  l )  l l i l  . l  I l r l 1 r 1 1 l } l ( ' U  4 '  C ( i
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1 6 6 l  n  rn r t :  t  Q r  t t  r t  3Q u  t  t ,g ,  . r to  H n t  ( :n tc  t t ,9  K(  n .u  /L t  i l  t  t l  t  (  u . t r  tn  t  l  n  ( )  u  r t ! t ' t .  l ( . i R  t n  t ] A l  ^ , ,  ^ "  ^ ^ , ^  ^ ^  , .  ̂ a , .  - .
t v i  un i r  aL i Jn -  i t au  pu  u i . t r o y

tB.r l f leTCrr nO Cler\ , ie i l l , lpaBJI i lqrrCKOrO
lepBolroTopa J,  SO.rroTFtHKa4 c . [poc-
)a KII n pbrqara 7:,: Pa6or3 cncrerv-lbr
Hrr  i lo, Ioxet i l4eM JIOnacTel i  pztdoqefo

. i p 6 r r  r r a  x .

Baercn  B 06xo, l  rvp6uHbr .  f loc f le  ro ro  KaK 3aKpbr rHe ryp6HHbr  npeKpa.
Irlaerctl, K"rIa flall FIaqHHaeT rVreIJreHHo Bo3Bpar.i laTbcfi B HcxoAHOe noJlo-
x(eHIIe (s*.  o l r6rraaer)  H qepe3 7.r .  n saKpbrBaercf l  noJrHocrbro.  'nef icreHe

xoJrocToro BbrnvcKa npHBoAHT K
roMy, qro H3MeHeHHe pacxoAa Tpy-
6onponoAa H,uer no Kpnnoft  .1,  T.  e.
3HaqHTeJIbHO MeAJIeHHee, r IeM npH
oTcyTcTBHH XOJTOCTOTO BbrnyCKa
(xpuaan 2).  CooreercrBeHHo yMeHb-
ruaercfl dQldt, a cJreAoBareJrbHo, H
rHApaBJrHqecKHft yAap. O.resHAHo
KJranaH xoJrocToro BbrnycKa noJI-
)KeH OTKpbrBaTbCfl TOJTbKO npH 3a.
KpbrrHH ryp6uurr H TeM 6onrure,
qeu 6onrure xoA turoKa cepBoMo-

LOpa HanpaBJrf l lorqero annapaTa.
I-lp" orKpbrrHH ryp6uulr KilaflaH
ocTaeTcrr 3ar(pbrTbtM.

XapaxrepHbrM pa3MepoM xoJro-
cToro BbrnycKa rBJrfleTcfl ero AHa-
M e ' r p  D  ^ . r  ( p n c .  1 0 . 5 ) .

Pr. rc .  10.5 .  Xo,aocro i i  nr , rn1 'sr r  rv l l6 r r  r r r . r Pl rc ,  10 .6 .  Pa6ora  xo , r roc ro ro  Bbrny -
c K a

I 0 . 2 .  M O H T A X  T Y P E H H

Yc,ronnn [{ottra)Ka KpynHb]x ryp6nn rrMeror cBoH cneqnrlavecxne oco6euHocttt .
[Ipc >x1e Bcero I(DynHbre ryp6unl,r Bcerra npoeKTHpyrorcfi H H3roraBJrHBalorct HH,q,rIBH-
A]/AJrbl lo, c yqeroM Kor{KperHbtx rpe6onaHufi rnApoeJreKrpocraHrlHH, a cJreAoBareJrBHo.
N' lOryT l ' lMeTb B SHaqH' re , {Uuo l " t  l r tepe H HHAHBHAyaJrbr rb re  KOHCTpyKTHBHbTe peureHHr ,  r rTO
rpe6yer H coorBercrBytoulero noAXoAa K Hx MoHraxy. Kporrle roro, KpynHble ryp6nHu,
I(aK npaBllJIo. Ha SaBoAe-H3roroBHTeJre noJIr{ocrbro He co6upatoTcrr tr ,  TaKHr\t o6paaot\, t

t( t4
, 2

P t t c ' .  i ( ) .  +  .  ( - . t  e t r ; i  J )c  f  \ , . r t  r r  [ ( ) r r i r  n  r r r l

Xo"rocr l . le D butycKt. f  r1,p6uu

r ro , l0 t r lb tmuE

r f J

--{._-

/ l s 7O^',I tb/mue

I i oB I t IOBt , t x  r y1 :6 l t r t

B lrer<oropbrx c.r \ /qasx,  r (orAa BoAa r(  Typ6HHe noABoA urcf l  no rnrrHl l l : l r l  rp r '6onpoBoi la l l ,  I ' l y )K l ro  o6ecneqnr r , 'gogruo lKHocrb ,  6 l rc rporo  3a-i ipblTHt l  I Ia l lPaR'rnlo[ let 'o annapaTa, I {e B[, l3blBaf l  npt  t to* 3HaqnTe/tb-IJoro rr . rApaB,, ' l14qecr(oro ) , rapa. f locxonlxy tHnpaBJt|rrecHt. t r"r  yAap npo-I Iop t r . r ro r ra . [e r r  cKopocT.u  r13Mer{eHr{ f l  pacxo lm de ld t ,  ro  i rn r  y \ l€ r rb r r re r r14r ]
) ' . lapa  r r \ / ; r ( r ro ,  r i l - r ' r i r r , r  l )acxo ; l  y  rpy6or rpoBoAe u3Met r l .11cr ]  MC, i t . , t0 r r r re€ , ,
: , , : y  

r r3 : \4cr r , re ' r ' c r r  o1 ' r ( l ) r , r ' r . rc r  ryp6r r r r , i ,3 . r . i l  p ro r ( r ro  / loc , r . r r rv , r . r ,  \ , ( , , r .a ro11.
t . . O I {  X O . I O C T O f O  B l : t f l V C K 2

x o ' l o c r o i ' i  n s l n ) ' c K  ( p r r c '  1 0 , 5 )  c o c r o r r  H 3  K o p n y c a  / ,  r r p  l c o c l  r r * r c -\ ro ro  r {  oT 'Bo. '11 ' ,O ' , r  cnr f l )e r , r r r r . {o i i  KaMepbr  r . r / IH  or  r . tanopr {oro  rpy60r rp ; ; ; ; ; ,i l  t13  l i , ra r ra r ra  2  : t r t . r \ , rc fpor , l  0* . , , ,  \ r r (pcn . [eHi lo r .0  I Ia  r i l l .o t<e- , ,J  .  i . ) r , ; ; ; ; :3 o q r r b t \ t  r r o p r r r r r e l r  , / .  I i e p e v e r q e t r n e  K , , r a t r a t r a  o c \ , u l e c r B , r r l e r c n  r . r r l l l ) a B . r r r r _qecl i t l \1 cepBOlloroport  5 c I loMoLI. lbto 3o, ' Iorn vxa 6,  K Ko.r-opoMv rroj lBe-AeHbr  rpv6onpoBor lb r  7 ,  B ,  g  o :  MH)r .  vnparnen l re  KJra i la r ro r \ , {  ,por r3 ,Bo' ' l r r rct l  r t l ro i r  10,  coei l t { l tc t t t tof t  c peryrHpyrcrqni \d r(o,rrbrroira sanpaBnf l -r o U i e I o  i t r  r i . p a r a  . f  
)  p 6 ' r r r ) r .  I ( o r - l a  I r a n p a B J r n r o u t n f i  , n n u p r r .  3 a K p b t B a .e  I ' c ' l '  l i " la  t l i l  I I  \o ' i l oC l 'o l '0  B t , l l lVCI ia  CMeUIaeTCf f . . l ta  OTKpbtTHe.  t lp r , r '  t t3*t ] ( ) - l l l r . 6 1 l ; 1 C I ) I l ] i l C T C ' l t I e p e 3 r p y : 6 y t I n ' n * * u r i 6 r , e $ .

( , r r c ' c r r ; r  p , 6 ' r a c ' r  c . r e ; t  y r o i u n v  o 6 p a o r , ,  ( p ; .  r 0 . 6 ) .  K o r A a  r { a r p y 3 r ( a' t ' r ' 116 t [ ts t  noc ' f ( - ) t l l l r la ,  I ( . , ' ra f la r {  3aKpbr r .  np"  y* . " i rL ; - ; ; -  r ra rpysKHB r lpouecce sa t {pbr rn f l  HanpaBJr r rou ,ero  annapara  (s* .  
"  

y *a" ru raercn)r i . - rzur iu r  o r r i l l b rBacr .c r r  (s , . , ,  vBeJrnqt4Baerc f l )  r . t  qacrb  pacxoAa c6pacsr , -
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r70 ABtnj.tranrusa\ufl, .uoHmagtc u aKcnngama4uf, ngp6u_H I f "  t n

r loHraiK I la f3C npe:craB.' I f ler co6oti  l r  3aBepuarcu{Hfi gran rexno"rrorgtrecKoro uHKJar r 3 r o T 6 5 1 . 1 9 1 1 1 1  q .

Llpesnut, ta l i l ro nax<rrr , r r r  r rB.rr rerc f l  r r  ro,  r t ro I ' toHTaxt{bre pa6orbl  ryp6HH BcerIa rectrocBR3arrbr  c Bbrno.rre. ' ter l  crporrre. ' rbHr, lx  pa60r no 3AaHHIO r3c.  c uanr,o AOCTrr lKeHr '\ laKcl l ) la" lbt lo i i  r tpol t :BOJII re" IbtJocrr ' {  Tpyna I i  coKpau{elr r f l  BpeMeH}r,  l reo6xoAl, r  Nroro l , . r , l3BO ' la  i l r l ) e ra roB  I -3 ( l  n  3 l i c i l . l \ ' i l r au t t to '  pa3 l )a6a t ' r , r  sae rc r  Kor \ , t n rexc r ru r f i  npoeKr  op ra r rn -r r l l l l l l  c rpo l l re ' ]  l ) l Jh l x  I I  l \ l o l i r ax ( l l l ) l . x  pa6or .  f l p l r  9 rc ) r \ { ,  r (aK  foKa3a . r r  o f rb r r ,  r ra t . t 6o . lec
rLl l t l rcx ' r t tu l l l ) l l i  ' l  B ' i l tc l 'c t t  t tapa, t . ' re. ' Ibnoe npoBerenrc cr l )or{Te. [bublx t . r  r r tc i t i ra>xpl)r . \  r )a6or.l l b l  no ' l l { e l t l l e  i \ t o l l raxa  r t  p6 t i l l u l  I (p \ r f l } t t r t l t l t  6 .110 t<ar i l t ,  c6op l i a  l (o rop r , r  N  oc \ ,p Iec . rR . . r r c rc , ,
t t ; l  c6 r l l t r t r t l i l , t  \  i l . ' l o i l ( ; t . 'U l t \ ,  r ro t i ; t  R  npc ,1 ( , .1  ; t  x  6 , , t o t i ; r  l l t ( )1 ; r , r1 ,11 .1  ( ,1  r l ( . 116 \6 . . [1 \ l t . l ( , ( , t , t )o l t_

P r r c .  1 0 . 7 .

. /  -  c r a , l b l t a l  o 6 . a r r r . t o n r < a :  ?  _ .  p a c r n > t ( t ( a  c  T a n p e n a M f j i  A ;  _crp) ' r ra  o rRec l ;  - /  oceBaf l  c rpyua;  .5  _  o rsec  u  f . ia -q , i Jc  n rna ino"

R  t n  q 1
y  t v . e  j A l n u n r n r y n  m , n 4 t r u/  7  t v i . i  i  L u r r v  i ,  o l i  P v 4 1 .

1 7 l

l (aK noKa3aHo l ta pHc. 10.7.  3areM 6erorruponaHlre nporonlKaercf l ,  npH 3ToM craJlbHan

o6nHrloBKa oAHoBpeivreHrro cJry)Kur H onaJ'ry6xoi i .  Taxof t  cnoco6 o6ecnequBaer HaAex'
r r y16  r rn .n r (y  o6JHL(oBKH B  6e roH.

6 o l u l u l r u c r B o 3 a r ( , ' I a i l H b r x q a c r e i . i y c r a H a B , ' r H B a e r c f l H p a c K p e n , r y f l e r c q B L U T p a O a x '

npercraBJlnroudnX coSol i  no, ' rocru H nycrorr- , I  ,  ocraB,rreHHble B MaccuBFIoM 6eroHe. Onpt

xoporuo  BHArJb t  Ha  pHc .  3 .1 ,3 .7 ,3 .17 .  B  u rpa6ax  Ha  cneqHaJrbHbtx  noAKf ia ! . ]Kax  Bb lc raB '

.n nrcTcn c faTopf ibre r(o i toHrr  br  H onopi lbre r(o.nbua, o6,nHuoBKa KaMepbl  pa6oqero KoJIeca,

r { ( ) ro l ) r f l . pac r r r r t tBaerc r r  ra , ' rpenaun  (pa r 'axa  c  AByMr  B} | r r raMH,  HMercu lHMH npaBy to  H . r l e '

nv ro  pc : r r ,6 r r )  u  pacnrpaerc r r  AoMKparaMH H K , r r * rb f l r {H .  Ba>xr ro  o6ecneqHTb npaBHnbHocTb

\ ' ( ' f ; t i l o i l t i i l  o ' r i l ( ) c i l r c ' l  r , i l o  oc t . t  a fpe raTa ,  npaBH, r lb l rocTb  oopMl ) l  H  pa3MepoB (oTKnoHeHHf l

i l ( )  , 'U t ; | \ t { ' r l ) \ '  , , t ( , , t ) t i r r r , r  6 t , t  l l ,  l t  I I I ) ( ' , r [ c . r l  ; lX  / t o l l yC t i ( ) t t )  ,O ' t ' l tC ' rO l (  t l  f oJ ) l l : ]O l l f  i l J l l ) l lOCTH nOBepX-

r r o c - r ' c i i  ( r r l r n l t r n r c l t ,  l l t r x ( u c r o  H  B c p x u c f o  o n o l l u b r x  K o " t e q  c ' r a r o p a ) ,  I I a A e ) K I l o c r x  p a c K p e n -

.10i l t r i l  nccx Vcr i l l toR, ' re i l i l r ) rx r racTef i .  3arc l r  npotr3BoAqT TuIaTeJ' IbHylo 3aqHcTKy, HaceqKy

t r  r l l ) o ) l l , r  r l i ) ' r ro r le l ) xuoc re t i  pa r ree  y , ' roxeHuoFo  6e roHa,  oqHcrKy  MeraJ InHqecKHX noBepx-

n()ct 'c i i  ( )T t i l )z tc l in n px(aBt i lnn:r  r . r  Tor ' lbr{o noc,qe 3Toro npHcrynaroT I (  6eroHHpoBaHHIo

Irn 'p:r ( t r , t  ( ) 'x"qa; t r<a l tJTpa6Lroro 6erolra) .  Tuta ' re.rsHoe Bbrno, tHen14e nepeqHc.[eHrtbtx MePo'

npl{ r r i 'n i i  t teo( lxo, ' l l i \4o,r , .qf l  o6ecneqeHr ' r  r  t raAe}KHocrH 3aAeJIKtI  gaKJIaAnbtx t tacrei { .

Oco6c rn to  ( ) rBe t ' c t  Be t rHo f i  onepar l l t e i : i  f iBJ ' r f l e rcR  c6opKa c ra rbnbrx  cnHparbF Ib l x  Ka-

rrre l l  ,  Ff t r  I -3C nclcr5rrraror  orAe, ' Ib l rbre cetMeHTbt o6o, ' Iot rKI{ ,  H3roroBJIeHHbte H3 nt lcroBoft

craJrr i ,  t (oropr)re r ra 3aBoAe npoxoAf lT roJrbKo KoHTponbHyp c6opKy, H qacro He Anq

Bcex r \ rp6Hs. Montax cnHpaJrbHor l  xarureprr  ocyulecrB" ' Iqercf l  B ABa 3Tana: c6opKa cer-

r \4eHroB l ta  sJ re r (TpocBapoqHbrx  npHXBaTKax  H  oKoHr raTeJbHar r  cBapKa.  o6uqgo  c6opKy

cnHpa .n I t  BeAyr  e  LByx  HanpaBJreHHsx :  oT  3y6a  H  o r  BxoAHoro  ceqeHHs.  c r l t x  npoHsBo-

AHTCfl  f ta Cpe.U,r{ef i  CeKuHH -  3aMbrKarcqeM 3BeHe, Ha KOTOpOM BbroHParcTcq Bce norpeu-
Hocr r . r  ( cNr .  pHc ,  6 .4 ) .

Oco6oe BHLlManHe o6pauaercf l  Ha Kar{ecrBo cBapKH, o6ecneqeHne npor{Hocrn cBapHbIx

LLTBOB, OrCyrCrBrre MeCTHT-,rx AesOpMaUHft H OC,rya6JreHHe MeTaJrJra, Bbl3bIBaeMOfO Harp€.

soiu.  BucoKoe Kaqec' fBo cBapHbrx rrJBoB Aocrnfaercr  coorBercrBeHHori  pa3AenKoft  cBapu-

BzcMrrr . \  Bcr l )n( , ' r r . rcroB (V-o6paerrarr  roJrrr (Hrrof i  ao 20 MM H X-06pa3Haq npH TonrqHHe

6oree 20 rvrr ' l ) ,  npr. t i \ , renenHeNr KaqecrBeHHbrx g. [eKTpoAoB H crporuM noMep]KaHHeM pe-

)KnMa 3Jer(TpocBapr<tr ,  Bbrcor(otr  KBaJIHcFnraquei i  cBaprqHKoB (x caaprce cTaJrbHbrx .cnH-

Pa., r lb l lb lx t ia; \ lep IOnyCKarcTcn ToJIF,KO cBapU{HKl ' l '  HMelolUHe CneUl laJIbHoe yAOCTOBepe-

rrue).  Oco6r,re Mepr)r  r reo6xoAl4Mo npHHr. i l \4arb npH cBapKe BHcoKonpor{r{btx,  HH3Kore.

rHpoEarr l rbrx craJrei . i  ,  KoTopbre Hc[oJrb3yroTcs B cnHpaJrb]rbrx KaMepax npH 6oJIbtuHx

pa3Mepax H Hanopax (oco6slr l  pexuM no roK)/ ,  sJreKTpoAbr H3 aycreHnruol i  npoBonoKH
t r  . r l l ) . ) .

, I l  n c r  r i a u . r n n  n cFrwr  / ,  , r v , r  . y - " , , r  Kaqec rBa  cBapHb lx  r xBoB npHMeHqroT  pe f {T feH0cKonHro ,  npocBeq-HBa-

nr ie r ; r l r r , ra- . [vrraN,rH (ncno.nsayercr  paruoaKTHBHbrf t  H3oron Ko6a, ' Ibra -  cnoco6, Tpe-

6yrourrr i i  co6, 'uol lc l rurr  oco6brx rrpzBHa'r  nperocropoxuocr l r ) ,  a raKx<e yJrbrpasByKoBoft

r {ero; I ,  i {apn,r iy  c coBpeMerrHrnMH c[oc06aMH rrcnoJrb3yror crapbrf i ,  Ho AocraroqHo HaAex(-

nr ' r i , i  c l roco6 npoBept(H nJIorHocr}{  cBaprrbrx ruBoB c noMorr lb}o Kepocr{}ra:  BHyrpeHHIoIo

noBepXi lOC' lb l l lBa OI(pal [ I I . IBalOT MeJIOlv l  I {  nOCJ' Ie BLICbIxal . lHt{  Ha } tapy}}(H} ' lO nOBepXHOCTb

l( '14i1\ ' ' f  ' r l ) r rnr( ! r ,  r rpofrr rTr l r r { r r r0 r (epoct i l lo t ! { ,  t {epes 2-3 q npoH3BoART ocMorp:  ecJIH
l la Bi l \ ' r l )erntei {  f loBcpxi locTi . r  o6HapyxeHrrr  f I r ITf{d Kel)ocr . rHa, LuoB HMeeT f lenroTHoCTtI ;
L l l ou  H t , t ; l y6nn t  t . t  3aBap l {Ba to r  c r roBa ,

I ' l r l c , r c  oKo l r r ra r r r rn  cBapr (H  cnHpa , ' rb r ro i l  r yp6 r i l tHo f t  KaMepb t  ee  6e roHHpy loT ,  npHqeM
Dep.xi l roro no, [oBr ' r i l ) f  Hr{orAa noKpbrBaror cner lHansrroi i  npoKJIa, I ,Kof t ,  qro6bt  HS6exarb
r ' r cp r ;u l r l n  na rp \ ' 3 rc {  r ra  6e roH (c l r .  p r r c .  6 .6 ,  a ) .
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K  B l ) I c \ t r l l , l  ] t  t l a c r f l t t  r y p 6 l t u I ) r  o r H o c n r c r l H a n p a B . ' r t r r o l u u f i a t r n a p a r .
pa6o'ree Ko.:reco, r la.r r  r(pbrrr lr ia 'r1,p6ltrtr ,r  c t?lnpal l ,r t troi l lnM, no,rtu14nrltrKoM r.t  Mexa"
t tn3uov nprJBora nanpaB. : rnro l l rero  annapar .  K l ra , rar ly  ux l ia r i i r i r ;xa ) , ixe  vcranoB,r ( ,uH
3r r i ' l a ' l l l l t c  ' l ac r l l  I I  c rPOl lTC, lb l l l n ( )  I ( ( ) l l cTpVK l t l t t t  3 ; ' t i t r r l r l  I : 3C 'R t , l 'Bc i l c i l r t  i t a  n r r r co t l t e  ( ) t ,
l i c ' i - l i l l ,  r )61 ,1  ' l l l { - t  1 '71 ig  c , \ l ( ) t t t t t l ) o t } ; t  r r r r r  ( ) cnoB lu ) l c  Kpapr ) r  i \ t ; 1p l1 r ' r { ) r ( )  3a , : r  1 . .  r t . r ( )  n ( . } : rp ( } ,1  i r ( ' l
ncc r i l  ] r r ) i l  f ; r ) r i  l r ' | 6 t t r t t ' t  v l (nV i l i l c i l i l r , r11  r r  6 .1 ( - ) t ( l t  r . t l t .

f  l r . rp r t . l o t r  ) l ( . r l  r ' z r iH i l  : ? i t  l t i ( . 1 t1  ( ) . r  t i { r l t r j . l . p1 ,  1q111 , , ,  TyL r6 l t t t t , t .  Ec .a l t  l l 11 ) tg tcc  l i ( ) . . 1 t ) t [ ( ,
) r r '  ; 1 1 r g y y . y  1 c ' f  t i v o ' t  ( ) t ! \ ' ( . l i a r  r u l o  | ; r 6 o ' r c f ( )  I i ( ) , . t c c ; l  ,  l { i l l i  l , l  p l t c .  l . Z ,  g , ' l  5 ,  3 . I 7 ,  l r i  l a r ; r t _
l l ; l l / ) l  (  \ 'C ' l  z l  l l ( )R I i l l  l l ; i l t l ) i l f J , l f l t ( ) r I t t , \  , t o i l a . t  ( ) t (  r l i r  t t d laMt . t  R0  n r - t i ; i lC i i  I l n iK i lC fo  l (O , ryb1 .1 i l
3arcr t  \  cr : l l l ; l  u , ' t t tBi tc lc l  n l )o\rc;+l \ 'T 'o,r l ' toe r)noJ)r ioe r(c) . lhr [o,  b i ioro j ro i r r  Kpcpr lcf l  no, , t .
1 r i i l i l i l l r ' ' :  i l  l l ; i l t r l r  11 ;1J r l ) i i l | . - r  r i l ( ) i l l i l r " . i t  ( ) i l a ' roK .  o , l l t a l<o  r t i t c ' l . o  npoNte ix l ,To r t l l o fo  t (o , , t  L I l f l  l t c r
I i  l l o , f  l l J l l l l l l t l I i l l  K l ) l ' I l f l r c f l  t r cnoc l ) c . { c rBe i lHO B  I (pb i l I lKe  ryp6 l rHr r r  ( cu .  pHc  3 .7 ,  31  15 ,
3 l7) .  B src l t t  c . ' I \  r tae cr 'at la, ra B r iparep onvcr iarcT pa6ovee I (oJIeco,  a 3areM 1,*a yarr-
r ra . . ' i l rBa ro r  Kpr r l ru r iV  r r ' p6 l r r i r ' r ,  n Ion ) ' cKar r  B  o rBepcrHR BepXHl te  uan$u l  HanpaBd l f l l ou l l r x
.' l Oflir I 'oli.

I la  r l l rposJeKTpocraHul4lo orAeJbl lb lMH ,4eraf l f ,MH ( tonacrr ,  qacir r  t iopnyca,  nopulenb
c t 'DBo i \ l o ropa ,  p l , l qa rH ,  cepbnr ,  o6 rexare . l r  I r . np ] ' r l r e )  ,  nog ro r { \ ,  npe , lBapr r re . i 1bno  1z r
l i r ) l l r a "KHo i i  no , lo t t l a r ' l xe  f l f  o t {3Bo ; ln rc r  c6opxa  pa6o . ld ro  KoJ Ieca  H  npoBepKa r r . r ' r aBnocr r r
l l  , rc f r i ( )crr r . 'uJI I l r ic f i l r f f  M( ' - \a i l i l . -nra noB() l )ora; : lof l i rcrc l . i  n) ,Te! \ , r  l l0 ;1ar l i l  Mac, la n() ,11 rre6r} . rb.
u r l ! \ l  j l a B . i r c l n t e l t  0 , 2 - - 0 , , 3  . \ l l l l r ,

t {106 t ' t  
) : c ra l l oB l t  t ' b  c r t c \  t ' c ' f  l . l t t c  vTe t r  I i n  r r c l j e . r  ( roc , l nne rnn  1  \ ,p .To r '1 r , l r1 '  , : ro i r r ; r c t . i  i i  ,

t ' t i ( l l l a t t t t b l c  pa6o , t i l t : ^ t t o , t cc i t  n ( \ . ' lB ( . l t t  a to ' l - ( : u  o6 l t3 i t  t ( . . l t , g r l t r , t  \ , .  1 t j l paB . .1 t r t ( , ( :  l ( ( l \ t y  1 ( t  l r r i r t i l t j t r jrac. : to i \ {  B Teqenue 24 ,a.

Vq t t rb tnaq  coBper {c } l l t l , l t '  r ' l t c6ona t t t t n  K  oxpauc  o l<py>r ra lo r r t c i i  cpg ;11 ,1  .  l } r r r , r JJ11e
V l  t \ t l K l t  l \ l a C , l A  C t t l t  f A I O T C t f  I t ( ) . ' t ( ) i l \ ' C . f t t I l t , t i \ t I I r

OcHos t tb l [ t l l  o r l peAe .Tn touur in r  cpa r ropz r ; l u r  J , l r  n r , r6opa  cnoco6 f l  yon raxa  , r  B .n f lK )1  c l
ra6apnrs r  KpaHa H  r (oHcrp \  r i r t r r r r i  .  pa6oqc re  xoJcco  ruo )Ker  ) . c . ranaB, l lBu l rbc l  R  Nparep
Tr l l6 t iHu Brtecre c Ba,rot \ t  ITJI I  or ic . tbuo.  I r  rorrA coe, [ r ] [ re.nr je c Ba,rro i \ t  I r  1rr : r , , ru,r r , , , ,TC1 R l { l ] ; l -
repe '  3a rR ixxa  6o , t roe  cp . la t t t l eno ro  coe , i l fHe t r r r .n [ )on3Bo j i r rTCf l  c  ro rn rb r ] r  K ( ) r r r l )o , . r t y
I l \  \ ' r ' 1 .1  l lHe l l l r f l ,  T .  e .  IO  Cr l )o fo  o r rpe le .xcHt r ( ) fo  \ j c l t , l I I f l ;

K  p r , t l uxa  r l ' p6 l t t t l , t  o6 t , t , i l l o  Yc  fauaB, ' t i lBaL :TCf l  B  no , t l t oc rh to  co6pa l t t ro l {  B I . t j l i :  ,  l t o

\ r (  r ' ( ) . r ( ) ; \ r  , r ( r ' r r , i ncx  r - . rpv r r  ( c iu .  t 3S  1y ,
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Ji l  l ( ' ) t  n l )on3BoIt tTCi l  r (penJlcr jHe KpbtuJl f l t ,  ) 'cTi l r raBJI I . tBaroTcf l  i lanpaBnrtrcuHi"{  no. I , -
uJ i l nH i l l (  l t  r r cxa l l l l 3Mbt  npHBo, [a  J lonaTo t (  Hanp i - lBJ ln rouero  annapaTa .

. \ lot t ta;xt t t , te p i r60rut  3aBepuarorcf l  c t r rTrreu r lopuynnpoB, Koropbte f lBJrf l rorcf l  Bax{-
t l  b l l l  . I r ) l i \ ' \ lL ' i l ro l1 ,  l reooxol lHMblM AJIrr  npi leMKr. t  ryp6nHlt  H arperaTa B SKcnJIyaTauHp.
B rr f lc ' r 'n( , )crn,  ( l )o l )NtyJrrrpbr cocraBJls lorcn Ha r i3MepeHHrr 3a3opoB pa6oqero Ko, ' reca,  Bep-
Ti lKA. lb l locTi l  Bi l " la,  TopL[cBbrX 3a3opoB H oTKpbtrr4a HanpaBJIqroulHX I tof laToK npr pa3-
.n l l t l  I lo l l  r ( ) . i lc  LtrToKa cepBoMoropoB, Ha Yro.n vcTaHoBKH nonacref i  pa6oqero KoJIeca.

i loc,r r .  3; r r lc l )utcnHn Motrraxa ' ryp6r. r r r r , r  r r  rct tcparopa npoBoAtrcrr  nycKoBbre Hcnbl-
ratr l rq arperara,  B pe3yJIbTare KoTopblx B reqeHrre 72 u npOtepf leTCs pa6OTocnOCo6-
f tocrb u coorBcrcrBHe napaMerpoB ocHoBHblM rapauruf inbrM noKa3areJrsM f taal .

10.3 .  3KCn"hyATAUH'  TyPEHH

3alaqef i  sKcnJIyaralr t lH Typ6HH f lBf l f lercrr  HaH6oJree eSQexruBHoe
Itx I ICnOJIb3OBaHHe Ha rHApOgJreKTpOCTar-rr IHH, r . rx rexHHr{ecKoe oocf iyx{H-

nPe^r,crasJrf lercf l  B BnAe cyMMapHbrx xapaKrepHCTHK Typ6HH (CVt.
pHc.  9 .16) .  l lp ,a  cocraBJ leHHH raKHX xapaKrepHcruK Ha rHApoeJreKrpo-
craHul4t lx peKoMeHAyercf l  BBoAHTb KOppeKT[rBbr no AaHHbrM HzT]pHbrx
l ' lcnblraHIIr i  ryp6uH. 3ro no3BoJrf ler  yror{HHTb KoM6HHaropHbre KpHBbre
noBOporHo-J ionacrHbrx  ryp6r , rH,  yqecrb  orKJroHeH Hf l  XapaKTep HcrHK
or / te . lb l tb lN T \ ;p6HI t ,  a  HHorAa H npHHf lTb  Bo Br rHMaHHe pa3 i lHq le  B  fH-
/ t l )aB, r i l tqecKHx norepRX B BoAoBOAaX pa3HbrX Typ6HH CTaHUHH (3TO MO-
X(eT  I1 \ ' l € 'Tb  MeCTO,  eCJ I l l  AJ lH t la  BOAOBOAOB f leonHHaKOBa H i lH  HMeIOTCf l
p a : l B e T R . n e r r H  r r ) .

I - l  a ; t e  x  I i  o c r b  f l B r t f l e r c n  o q e H b  B a x H b r M  n o K a 3 a r e J r e M T y p 6 H H ,
! l p l l t - { t ' } l  - a ] 'O  f lOF I f lTHe  BKJ I IOqaeT U€J Ib i r l  p f lA  O I IeHOK.  HaH6O" , r i i l ee  3Ha-
q e r r H c  i l \ . { c l o r  . c J r e A y } o u { H e .  P  a 6  o r o c  n  o c  o  6  r r  o  c r  b  - p a 6 o q e e
cocro t l t l l l e  ' lVp6 l r r rb l ,  coorBercrByro tqee ycrar roBJ le r rHbr ru  rexHHr lecKHM Tpe-
6onaHr f  f lM no  Mou lHocrH,  KnA,  BH6paqHH,  t r ryMy,  nporeqKaM H lpyrsu
n o l i a 3 a r e J r r M .  I - l  e l r  c  n  p  a  B  H  o c r b - n o r e b f l  p a 6 o r o c n o c o 6 H o c t r ,
Koropat l  }4oxier BblpalKarbct l  JIH6O B HeBo3Mox(Hocrr . {  pa6oTbr -  n o Jr  -
lr bl ] l i  o r K a 3 (HanpHrr,rep, BbtuteJl H3 crpoa rranpaB/rrrorqtft no1w1n-

s  1 0 3 l
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1 i ) . : c t ( ) i ' c t i  p a . i , l l i g t t l , t c  i r o . t t i L l e c . ' f B e H H b t e  I i p t { T e p H L I  H a , q e ) t { H o c r t , I  I 4 l .
. - i , t : t  ' , ( . toBI r i i  I - : -X ,  L i r rpor io  r i c r ro . rb3) 'e rcR TaK r - rag t tnaer \ , {u r i l  x  o  s  cp  cp  l r  -
n  r r  t ;  r i  r  r  o  r 'o  g  l l  o  c  t .n  / ( r ,  Koropbr i : r  r .n f l  Typ6HI {  onpeAeJrnerc f l
B i ) t l )  i t  ; i i ( .  i l  i l  c I I
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, /  . l  / .  MOHTe (AOnOnHUTeJrbHOe BpeMf l ,  3aTpa"

:  r '  /  qeHHoe Ha peMonr.Apyrux qacrer l  arpe-
faTa, Har ip l iMep noAnnTr{r . tKa, He BKJrro-
I{aercf f ) ,  CyrUr ' , ta 6epercf l  sa Aocraroq-
Fro  AJr r rTeJrbHoe BpeMH T (Ue Mel ree
roAa).

f  nApaBJr r . tqecKr{e r i /p6tn{bt  r r  r ; , ' r  l  }or-
c f l  n p o c T b r M i l  B  S K c n J I ) / a T a u H r t  n  B e c b M ?

1 r , ( / ' ,  , , , 'n  - i  lnor , , ,  -1- .  /n . r ) :

3- rec b  l rypa,  l r io i r ru  -_- -  Bper \4 f l  pa6orbr  coorBercrBeHHo B Typ6nLIHoM
IJ Ko) ' lneHCaTOpr lo} l  pe) ' l {HMe;  tpe, ,  -  BpeMf l  HaXO}KAeFI} ,1 f l  B pe3epBe
(no . l r r a f l  f o roBHoc rb  K  pa6o re ) i  l neu  -  BpeMr r  ; { axoxAeHHr {  Typ6HHbr  B  pe -

I\\
't'

P r t c .  10 .8 .  ,Uec ra  r i aRr . t ran r {o r r } J r ) r . x  t i aAe) "K I - l b lV l l {  MaUJHHa i \ l l l ,  I {  I I p l {  6na '

fa3pvuJeHI I i i  occn r , r r  r vp6 r r r r  fOnp t , l t lTHb lX  \ rC . r l oB t l t l . \  l . lX  l (O3(Pq l t { -

(),eT ra)Ke Br,,,r. c o:i,r aKo B #;i:il,'i''JXT';;#-:X'#;#Ll,,f;l?;
Bbrr i le 'n f to l r  r (an t r ra r t l ( )n t . to l ,1  l {  a6pasunnoM H3l_ toce ,  oH Mox{er  cHH) t {a rbcr l
, '1() [], !) tt n !t )t(..

14 :  s o c r  ) ,  p 6 t t  u t , t  Bbr3brBa
. '1€, l i ( : ' I iJ i leu B3RCltJCt"r  i l  brx B uoj le I taf to(
: r l l l l l l l , l l l  i l  I i a B l , l T a L ( H O f t t { t r t r v t  *  B 0 3 ,

Ocen l te  noBOporFro- . ronacr t {b te  r r' f i r r t i to r rHbt t r {  
pa3p) 'L I teHi l r r r r ,  } ioTopbt (

I laorc r r  r ra  ru ,nsr ro r ' r  (<naxyyvnof i> )  r
I I I ) r r r jet i  3ona 1 y nxo, i tHoi i  xpoiwxlr
T( r r (a  l rp r r  6ourbLUHX yrJ rax  araKn.  H
-\ '  ubr\o. l l ro i i  l ipovrKrr  c l lacrxrrpeFtr . rev
I) \ . ' i r reHi l ro no. ' iBepfarcTCfl  r { i tofAa KaM
r)cir  i loDoltora x(JnacTci i  r t  ropueBrrt€
n l )o I  B , l : , 111 ' t ' c i l ' l ' a t i  l { i t 3b tBL te rv l 3 f l  u IeJ I (

I i  p i l . l l t c " i b i t o - o c e B I ) t x ' r v p O r i r { a x  r r a 1 1 6 0 , [ b u e M y  K a B l t r a r { H o r { r r o M y
I I  ; i l o -  

"  
i l i ) . l ,Bc l ) ) l i c i l a  t l i l t " l ' 1 ,  J l o f t z t c t ' e f i  ( <uaK \ / y i uua f l 2 )  pa6Oue fO  t i o , ' I eCa ,

l l i l t t r l r ' i ( r ; r t e r r r i a ; r  r i , ' r i r i r i i . ' t i  D r . t x o ; l u o i i  t i p O l , t K e ,  I I  B H ) ' T p e l { H f l ' , n  q a c . t b  i l J { } t ( -
, i i  r  o  ( ; r ) ( ) . - l i l .

i  I trrurcrrBrroc'r 'r, 1q' o'r i '11 lfr. '11tff i t i ' i i i l ,  r.f
3' II , r.r) irrro rj\a Be c r,Irn ir r,relijil f'fr-ffffifrfrjf

; t  
-  

.  . , , i , \ ' : : : , , : : , l i l . l . r : r . _ l f

l r rn  nr tnntnt t t t f l  m t tn6Ur- l
v , l , > . -  , ,  _ : ,  

r  
_  _ _ .  _

175. F  t n  D l
) r  , l t . r . r /  |

OHa santtcHr oT cBof icrB Typ6HHbI '  ycJIoBHfi

6orur, oTMerKH HHx<Hero 6neQa H BeJIH.IHHbI

La Hs yBe,r'IHt{l iBaeTcfl cBepx AonycrHMbIX

eKcnJryarauHH (pexl tua pa-
Hri  oco6eHH0 onacHo, Kor-

npeAeJIoB) H OT Marepuaila.

Prc,  I0 .9 .  A6pasunHr, t f t  HsHoc lera .nef i  paAHanbHo'ocesof t -  ryp6uHu

Bulcor<yro KaBHrauHol rHyro cror tKocTb HMetor  aycreHHTHble,  Hepx(a-

BercuHe N{a. , ' royrJ lepoAHcTbre,  xpoMr. rcTble  cTa.J IH,  noJIy t lH811114g t I tHpoKoe

np14MeFreHHe AJrr r  H3roroBJreHH;  J IonacTei l  pa6oqHX KoJIec ryp6vH (Ha-

npr4Mep,  cra , Iu  00Xl2H3A c coAeplKaHHeM 12_J4 % xpoMa u l -3  u /o

Kofi urr+ cBapKoii MeroAoM B3pblBa. t$all+';;;;;l;;a.

J laMV,  O6nala lo i l lHMH cBOf iCTBaMH pe-  .  , .
;;";: ff o ..pte3Hbre rpyAHocru cBtr3aHbt erqe.c e6gcne:9g.gey',4o9$1'
r6qHo HaAe)KHoro cUenJIeFIHtl c MeTaJIJIoM (aLrg3Hh) npH npocToft tex-
H'6hbrnn '  uaneceHttq [30 ] :

' % " 6  p ' a  s  H  B  r r  o  e  B , o  3  A e  r i  c T B  L I  e  c o A e p l K a u l y x c f  B  B o A e ' H d '

+lof lob, 'oco6eurro xBapu,eBbrxi  Bbr3btBaer qpe3Bbtqaf iHo HrtreI IcHBHblpi
l isHoc Tvp6t.r l { .  t laute c 3rHM nereHLIe\a npHXoAl. t rcf l  BcrpeqaTbct l  Ha Ae-

' ' ' ' . . .' p l lnaur . roHHblx  
f3c ,  coopy)+(aeMblx  Ha fopHblx  peKax '
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H ACOCbI

l , t a o a  l l

O C F I O B I . I b I  I ]  N A P A M E T P b I
u  lJHAbr  I  HACOCOB

I

HACOCHbIX YCTAHOBOK

I  I . I .  I J A N O P b I  H A C O C H O f t  Y C T A H O B K H

I I p l + r u u n H s J l b n ? f l  c x e M a  l t a c o c H o i i  ) / c r a H o B K H ,  n p H B e A e H H a n  H a
pHc.  | .1 ,  6 ,  f lo r (E3brBaer ,  t t ro  l ra3r . raqeHHeM Hacoca RBJI f le rc f l  npeo6pa-
3OBirrrHe noABeAerrHOi{ K HeMy 3HeprHLI OT npr{BOAa B rHApaBflHrIeCKyrO
3r.ref)  f r r r ,o nepeKaqriBaeMot ' i  )KHAriocTH.

Pacclro ' rpnu rHApaB/rHr lecKylo cxeMy HacocHof i  ycTaHoBKH
(pr rc .  11 ,1 ,  a ) ,  npr . rMerJuMyro  K HacocaM r lo6ono BHAa.  OcnoeHstMu gJ Ie-
i \ , rerrra14i l  ycTatroBI(r . {  f lBJI f l ro ' fcf l  r rdcoc, r iMerourt i r ,qea naTpy6Ka: BXoAHof, I
(ncacr , rB i l rou lu f i )  - -  ceqenr . re  / - /  u  nurxoAHor?  (Hanopr ru l f i )  -  ceqeHte  2-2 ;
no i tno . r t , r r r (n r i  (ncacurnarc r r tn r : i )  rpy6onpoBoA  ̂ B v .  HanopHbr f t  rpy6onpo-
Bo.rt l l  .

Bt , t , tO.t t i r rcr  c.r te; lvtou-(ue noKa:Jarer ' ILI  ycraHoBKH.
C , ' r a ' i  n  r r  e c  K  n  i i ,  n , r  r l  r  e o  M e r p  H  t { e c K  I {  I ? ,  H - a n o p

Hacoci lot i  ) 'crar{oBKr.r  H"r ,  M, npeICTaBJrf leT coooft  pa3HocTb oTMeToK
B BepxH€lt  2, ;6 I , l  B HH)Kl leNl Zr,6 6a}Cef iHaX, t .  e.  BbtCOTy,- .Ha I{OTOpyp
nOjltl l l  l\{AeTC tl X{ l 'Lll{oCTb :

I  t t . .  : ,2n6 -  , , ,0.  I

t t ) t i(.-tl.uldtna4u8 ntu P5 tt u l l ' . t .  l 0

( l l ' l )

noAAepx(HBaeTcfl
7 . 1 ,  6 ,  T o  c r a r a -

Ec , r r r  ) r (nAKocr r r  r ro ; r ia€ fc r  B  pe3epByap,  B  KoropoM
r r 3 6 b n ' o r r r r o c  I a B . n e i l H e  l ) ,  I l a ,  r ( a l (  n o K a 3 a H o  H a  p H c ,  I
q e c K r l i r  r r a i l o o  l ) a B e r - t :

Ll 
",  

- ,-  Z r,6 - zra *
p

p g '
( l l . i a )

r j (c  l )  i l , i to ' r ' t iOcTu r r0pct iar i l tBacMoi i  i r ( r , r / {Kocr t r ,  i<r ' / , r , {3 ;  g  - -  ycKopeHHe
CBoax) , : i r r ( ) t ' ( )  na, [e l  I { t r ,  i r , , t ic i .

C , r ' ; r  1 ' 1 1  t J  e c  l i  a  f l ,  t t  " ; l  I I  I ' e  o  N , t e r p  I { r t e c  K  a  f l ,  B  b t c . o r  a
B C z l  c h l  t . i i . l l l  I I  t l ,  l t . r l l {  l l p 0 c l ' o  R I L I  C o T a  B C a C b l B a l { I , 1  f l  H s -
B b t c o l ' a  ) ' c l i l n o B l i n  I l a c o c a  I r a l  , v l ) o B i r e \ , 1  B  F r H X ( H e M  6 a c c e f i H e  ( p r r c .  I  l . l , a ) .

l f  a r i , / l  c l r r 1  e  B o  B x o A t r o M  n a r p y 6 K e . 3 a n w r x e M y p a B -
I {eF IHe  EepuyJ la r t  ( 1 .8 )  a , t n  no ro t (a  Mex (Ay  AByMr r  ceqe l { r { r rMr . r :  noBepx -



t / 6 Ot u i ' t r iHbtL  ne l )e .vcn t  pu  Hacoc t lh t .y  r l c tnaHl lox  u  e t tdo t  L toc7co l I I ' . t .  I  I

l l o c l ' r l  iK I l ; l l i o c r l l  I l  I I I I ) r i r r e r {  6acce i iF re  - - -  ceqe i l i l e .M  H  E  I I  ceqe i l i l eM  l - 1 .
Pacno ro ) f i n \ , r  n , i r ocKoc lb  cpaBHer {Hn  0 -0  r ra  o rMerKe  H  6 .  t r , nn  AaHuurx
Vc . t oe l t l i ,  I I ) { e f l  B  B I I I \ , ,  qTo  r Ja  noBepXHocTLr  H  E  nz6s rTo r {Hoe  AaBJ IeH l l e
paB l i o  H l , . n r c  p *d lpg :  0 ,  Z r rd :  0  t 4  u r r , . j  - -  0 ,  cq } {Ta f l  c [ r  :  dz :  l ,
n o . - i V q a e l l :

o : #  + H , + + * h o " ,

Puc .  I L  l  C . reua  l r acoc r ro f i  \ , c l t r r r onx , r r

r , 1e  l t t lC .9  - * -  nbe3o l l e rp lqecKar r  Bb rco ra ,  coo rBe rc l ' u ) ' x l qa f l  AaBJ Ie t i n ro
t l o  B . \ o , l t l o \ 4  ceL le l l l l l l  l -  l ;  l t n "  - -  r l t i t paB i lHqecK l t e  noTep i l  Bo  BCacb rBan -
u le \ r  r p1 'SonpoBo te .  O ruo ; i  a  Ha ) {o l t nM:

+:=--(4, r+ h"") ( l  r . 2 )

f l r l . ' t r  L I l t . ; l t t ,  t { t ' ( )  / ) r  l ) g  - : : .  0 .  3 ro  yKa3b rBae r  na  F taJ I I I q t l e  B  ce r {e t t nn  I - l
B a t i v t r r a  / / r r  ( l ) i l c .  1 . 6 )  -  B  a  r i y ) ' M M e r p  t r q e c r < o r , i  B b r c o r b r
T ] C i ] C I I I  I I A I I I I  ' I  I t  A C O C A :

( I i . i l ' '

. \ 6co . r iK ) t ' t t ( i c  . t i 1 t j ' r c r i i r c  B  ) r ( r r l l r ( oc ru  npa t ( ' t ' nqec t c t  He  MO) f i c r  6n t t t ,
( ) ' l  ] ) l l l ' \ a ] ' c . - l l > l l l , l l l  ( / r n  )  0 ) , ' r a r <  I i a r i  r r 1 . , r r  e r o l , r  n p o t . t c . \ o A l r T  p a 3 p b t B  c n . , t o n r -
I I o ( -1 ' l l .  ( . r c . i osa i c , -u , l t ( . r ,  co r ' . i t i ] c r ro  (1 .3 )  g ro  coo rBe rc rn \ , ' e ' r  r ' l t e6ooa rn r i c )

l I  n ' ' : !  Par., l l \E'

\ \ r ' l  l  .1  l Llanopot uacocttoti gcmaHosKu r79

F Ia  ypoBr re  iuopn  pa , rM =  0 ,1  M i la ,  r .  e .  Hn{  l0  u .  f l o4c rannnn
3ro  3 t . taqeHl re  s  (11 .3) ,  f lPHXoAHM K BbrBoAy,  q ro  reoMerpHqecKaf l  BhrcoTa
BCaCbrBaHrr f l  Hacoca AoJrxFra  6ur rn  o fpaHHqeHa 3HaqeHl . reM H,  <  l0  M.
3ro eax{nsf i  g.nn npaKTHKH BbrBoA.

, [ ,  a  s  J r  e  H  r r  e  B  H  a  n  o p  H  o  M  r r  a r p  y  6  x . e .  C o c r a B H M  y p a B -
HeHHe EepHynnH AIr f l  noroKa Me)KAy ceqeHHflMw 2-2 H'cso6oAHof i  noeepx-
I-rocrbro B BepxHeM 6accefine 86. f lnocxocrb cpaBHeHHfl 0-0 coxpatr4w
Ha orMerxe  H E.  VqHrursar r  napaMerpbr ,  noKa3aHHbre  Ha cxeMe pHc.  I  l . l ,
p "a lg { :  0 ,  uu6 :  0 ,  noryqaeM:

P ,  + H ,  I  u 9 .  - r +  _ lp s  + f t : H " , * h " .

3lecl  hr ,  - -  r r r j tpaBrlrqecKr.re norepH B Hanopr{oM
Orcrola r4cKoMoe ^taBJIeHp{e

P t ,

[)g

rpy6onpoBoAe.

( l 1 . 4 )

nbe3oMeTpHqe-

oHeprur? xn4-

I . l a  p r r c .  l l  l ,  r i
cxo i i  u r , rCO' r ' r : l  p  r lpg

l - l a n o p  I r : i c
t i o c ' t ' l t  I l  B t , t x 0 . : i l t o \ 4

n . - -  P ,  - l -
f)g 

I

l l oAcranr . rB  B (1  l ,5a)
,[ _v qtrM

I I O K A 3 A I I b I  f C O M C T D I I I ] C C K H C  3 I I A I ] C H H f

u  p , l  pg .
o c a H paBeH pa3r{ocrr.r yAeJrbHbrx
c . t  r r  Bo  BXo I IHOt \4  e t  na rpy6xax :

, ,2
_ ' 2  _ L h

9 r  I  ' ' l l

I  H , , = e . : - - o t . i ( 1  1 . 5 )

( } r r ' , , rac l to  ( l  1 .5 )  n3  onpeAe/ reHt . tn  yAeJr t r ro i r  gnepf  HH )KHAKocrH,  AaH-
r'tot'r-r t l $ I . | , car:4ye'r, ttro Hunop H, M, noKagulaem uuc/teHHoe BHaqeHue
Jrtepeuu c 0ttcot1,t.qx, t(otnopoe no/tAtteenr .uacca, npomeKatouqeil ucu)rcocmu,
cootttqcnt(:n?zqrcLupn cu/te Beca B I IJ, npouedtuun qepn Hacoc u no)asae-
iv&f l .8 ou.rodnort  nalnpy6orc (n Hanopuurf i  rpy6onpoeoa).  B rexuH.recxort
c l {cTe\ le eAr.rHr.r l I  r ranop noKa3brBaeT 3HaqeHHe gHepfr . rH B Kr.c.M, noJlyqae-
tvtot i  xax<Auru I  I { rc Beca xrdAKocrn,  r roAaBaeMbrM B BbrxoAHoft  narpy6or
H acoca.

I4cnorssyn Bbrpa lKeHHe yAe, r rHof i  oHeprHH (1 .4 )  t4  npHHHMas co-
r , r tacHo cxeMe I {a  p } rc .  l l .1  z r . :  zz :  Hr ,  no .nyvaeu cJ leAy}oqHe Bb lpa-
x e F l l i l t  i t , n i l  e r  H  e z  n P H  d , :  l :

H,- t -+ ,  c1=: f t  f  H ,++ ( l l . 5 a )

3HaqeHr . r r r  p t lpg  no  (11 .2 )  H  p r lpg  no(11 .4 ) ,  no -

e 1,,: -- (4, + + *h,") -r ,v, +
ul
ns

ul
2 9 '

€2-: (ri., - H, - + 
-l h,,) t n, +



r80 ocnonnatt n0p(t.u('ttt pbt HacocHbrx I/cmaHoeoK ,. t lrt lot tracocae l t  / t .  I  I

l l ,  6 e p n  r r . \  p a 3 H o c T b  B  c o o r B e r c r B i l r r  c  ( 1 1 , 5 ) ,  o n p e r e J r H M  H a n o p :

jHu- r -  1 r , , , , r .  I

r le  hw H o  - -  noKa3aHHf l  MaHoMerpa
Ha B_brcory rroAbeMa nepeKaqnsaeMori

I - l a n o p  H a c o c a  c o r r r a c H o  ( l  l . S )  H

H  - h n r - l H r i Z . , . o *  
W ,

d
J

u . 2 I Mouhnocmb Hacoca I8I

( l  I  . 6 )

H BaKyyMMeTpa,  nepecr rHTaHHbre
}KHAKOCTI, I .

( l  l . 5 a )  p a B e H :

3tecs l ' tno,  :  l tu"  . - -  l t r ,  - -  c ) ,Mluaprrbre f  I , tAp aB, I t lqecKHe r rorep! {  no
^1 . : r i lHe  r r  ] l ec r r . t b l €  Bo  BCacb rBa roue i \ {  i l  B  r r anopHoM Tpy6onpono j l ax ,  i l TaK ,
H( t t top Huc0c(1 pa1eH L- t l .1 ' t .ve c tnentLtqecKo?o Hat?opa u. 'eudpaon14t ,0K1.y
t lontepb B ceit lu ui?.t t  nt pg6otttr tooodax.

i - l ocxo . t l : r ( \ , ,  Ha r (  n3Bec r r ro  r r : . r  r u . r t paR . r t r {K I r ,  np t r  r l , l l l l r , . l eu r r roM
' l i l l l i l i e l l l l l l  I l o ' r c l ) l t  ( i t t c c l ' t ' t t t , t c  I t  I I o , t , r l u n c )  o 1 l ) ( r . / l ( r . r t 1 t o l ' c l r  r l r r , p t r l , " r r q i i

It . -..-I I i 
'--

T, e.  i ' le3l{aql{Te"r lbHO orJIHt{aercf l  or  nbe3oMerpHqecKoro I IepenaAa.
Ecnl t  l iacoc ycraHoB/reH c noAnopoM (cvr,  pr . .  i i .  t ) - l i "  . ro BxoAHoM

narp \ '6xe  HMeerc f l  H36bt ro r {Hoe AaBJreHHe,  TO Hanop Hacoca onpeAe_
i l f l c . ' r ' ( : f l  l t o  t r o r i a l l a i l r . l f l M  i ( B y x  M a i l o M c T p o B :

H :  / r r ,= h* ,  - f  zr .z  *  
u i ;=oi  

.  6  |  .T a\

3Aecr l tr ,  H l t*z - ,o^"lrurr,  *r"o-
i v reTpoB,  np t . rcoeAHHeHHbrX K BXOAHOMV H
H a n o p F r o M V  n a r p y 6 x a M ,  n e p e c q u r a u H s r e  H a
BbrcoTy rroAbeMa nepeKar{Heaetvrof i  } r {HAKO_
crI , l ,  z  zr_z-_ pa3Hocrb orMeroK ycraHoBKr.r

( r  1 . 7 )

t t",

r l  9 t

I I . ; I I I

n p r r q e l t

L , ;  : ,  Q l  F r ,
I ' . l c  L ' | i  - -  cPe . l f r f l r r  oKo l )OCTb  reqeu r r l r :  Q  - -  

l ) i t c . \ o  \  t 1  F i  _ ._  r r , , l oLL l s , i i t :  ce  _q e l i n r  r p 1 ' 6 o n p o B O - 1 a ,  ' f o  f t , . , o "  n  ( 1 1 . 6 )  r v r o l r i r r o  B b r p a 3 r . r r r  u e p e a  Q :

/ 1 , ' o r : ' / I ^ L )  C '
\ -  zgf  , .  , l

/1, ,o,  :  K"Q'.
Kax  c , / re rver  n3  npr rBeAer rHbrx  coorHoruesur t ,  K"_  KogQQHr{HeHT

conpor l {BJ IeHun rpy6onpoBoAa (ceru) ,  3aBacf l rqn f i  ron iKo or  reoMerpHr{rpr '6onpoBoi l  a (el ' raverpbt,  r r t tHbl)  H nHAoB ycraHoBJrer.rr . rbrx,qono/rr ' r {Te,rrb-
Hbrx  conpor r - rBJreHHH (aagnrxxu ,  BeHTr . rJ r r {  u  np . ) .

B  pesyn l ra re  noryqaerc f l  .qpyroe  BbrpaxeHne Hanopa,  Heo6xoAnMor-o
-t" I I f l  o6ecneqelruf l  noAaqu Q Ha idHnyto cerb (nosroMy oH o6o3HaueH H.) :

r-

l _ _ l

I H c : H r , - j  K . Q t .  I
3 a s r c r \ r o c r r  ( 1 1 6 )  r r  ( i l . 6 a )  r { a 3 r . , r B a r o r c f l  x  a  p  a K r e p , c r . r . r -

I t  o  l : i  c  e ' r  r r .
F I :u t r i l )  uacoc i l  n . r \ rc l l r ( \ r . c l  r , i i : rn ( ) \ r ( , r .1 lo r t , , t , l ,  u l )ncoc . ,1 r ,u r f r€ , r ,u , t i \ , r  r i  Bnr_

\ ( ) J r l o M ) '  I I a r p r ' 6 t i t  .  t t  l l i l t i \ ' \ ' 1 1 t l c ' t  i l o l r  / l ,  \  ( : ' r a 1 ( ) I l , i l e 1 g b r I , 1  1 i r  I ] \ c ) j l l o l lnar i ) t ' 6 t<c  (Pr i c : .  t  i . z l  I I c r i c . ' r  , ' r * , .1 , . , , ' i i r l r i ' r '  r ' , oa  r rp r r6opa  ,po . r [ \ , r ] i : r i o r
o r l i l ) l ) i l ' l l e l ' l  r pex \ ( ' ) . ' l r )R l , l r  I ( l ' i ; 1111 ; i 3 .  13  l , g .1 ) , 1 r , ' r ' a l e  t ' p l i 6 ' , a ,  co ( , i l u r r t r o ru ; r r r

) , .11 'n l ' l l ] ,  
i r r . l c r  ] :u r . - ) , l r r c r ia  i r r r , r r i o ( . r r , ro ,  a  D  T [ )y6xe  r (  BaKvy i rMerpv( ' \ ' . lCT  I l : . t \ o ; l i l t ' bC r i  Bo - j . i \ , , \ .  Ta r i t t : r . r  r i r i l t a " t o l l ,  BaKyy I t i / t eTp  n ( ) t i i : t 3 t ) tBaeTL ra r i \ ' \ ' \ r  B  1 'O r r i i e  l  P r  r i " poBo , ' l a ,  r i  r i r i . r i r r p0 f i  o i l  I l p r r coe j l i l r r e r { ,  a  } , {A I IO -\ r e r p  . -  - t a n . ' l c l l l l L l  c  r r o r j l l a g r ( o i i  n i l  I l r : r c r i : r . y  e f o  y c r a l o B K I r  i n , . , , .  I _ l c r r o _

cJ ) ( r . ' t c1 'Bc l i l t o  i t o  o ' t ' ( ' r t ( ' ' f a \ t .  np i l r t ( , . i ( , t i l i l : t l t  t (  E t r t coTe ,  I I axo / l t . t . t .C i l  I j t r c t t o -l l t ' l ' l )  t  I , t t . r .  t i  t  t  f l  I lep( \  11 a , ,1 ,  C() :J , ; la  nat , i r t  t r t  i i  I  I  aCoCC)\4 :

rAC Pr H Pz -  AaBJIeHHfl  Bo BXOAHoM H BbIXoAHoM narpy6xax no (  I I ,2)u QJ.!, a ur H uz - coorBercrBylorr(He cKopocr,H
f lpn  H3BecrHoM AaBJTeHHH Hacoca Haro i  Hacoca cor racHo (11 .7)onpeAeJrfl eTcfl 3aBHCHMOCTbTO

H  -  P l p g .

MaHOMeTp0B.
I a e J r e t { t r e  H

17398-72 ArrR cxeMbr
BbrpaxeHHeM

a c o c a  H ,  P  n o  | O C T
pHc.  I  1 .1 onpe4eJreercr

D _ - n  -  |I  -  Y z -  P t - T

Pnc. 11.2. VeuepeHHe Hanopa,
H acoca

( t  1 . 8 )

( l  I  . 6 a ) ( l  I . B a )

( i l . e )

11.2 .  MOr{HOCTb HACOCA

Ba>xnsr rv r  napaMerpoM,  xapar ( repH3yroxr ,M pa6ory  Hacoca H Hacoc-uoi i  ) /crarroBKr.r ,  r rBrrr{ercrr  n o A i  , r  i  (pacxoa) , i "a*6.r"  Q, T.  e.o6r,cNa )Kr ' i r ' t r (ocrr . r ,  r roAaBaenaol i  FracocoM B Hanopuuri  narpy6ox B eAHHHITyRl roNJe r r r r ,  I lo ; taqa Q H3Mepf le rc r r  s  i l l c ,  v t l c  unu Mr lq .( lor ' ,nztcno oir  p( ' i t ( ' . i re lu{rc Harrop f l  npercraB.rrrer co6oi i  yAenbHyro
3 i {c l ) r r l lo  t r  i l ; r< / l J .  ( , , le l toea le .nu t tb ,  o6uran noJre3Haf l  Mor {Hocrb ,  coo6-Ir laex4atr  r racocol , r  t toAaeaeMoti  >KI{ / , lKocrH, f f* ,  Br,

N,,, : pgQ/V.

[1t Ft I

a i *  
-  

*  
-  i 1 . , ,  t  H ,  _ t_2 , , . , , , 3lecr '  [ r  -  n.norr 'ocrb [epeKaqHnaeuof i  ]KHAKocru,  xr /vs;  g *  ycKo-penr rc  cno604uoro  naAeuHf  ,  ta lc2 ;  a  -  noAar {a  Hacoca,  , r r7d .



t82 ucrt, tBrl t tr t '  t laptr.rt t ' i l r l . tbt.  tTttcoctl t t t^ i  ! lcm(IH()B1K tt  BuAu. t .rQL.o('00 I l - . t .  I  I

I - lc  BCrr \ rc)rur iocrb,  f ror l )e6, , I f leMaf l  r {acocoN,r /V,
13  i i i r cc rce  cVuecrR\ ' ru ' [  r ro t .ep t r  3Hepf i lU ,  Koropbre
r t r r t ' r r ' t o I t  n o , l c 3 t J o r ' o  . l c i i c r . n i l f l  l t a c o c a  1 l :

rr ep clAaerc rr )K r.rAKocr].r .
y r{r.{Tbt B a rorcrr r(o3QQH-

( l l . l 0 )

l ' l c u o " r b 3 y r r  ( l 1 . 9 )  n
V O U I I I O C T b  I I A C O C A  / V ,  I < B I ,

InR .ntcroi i  no; t r , r  1 l
n p i l r - l H M a e T  B r r i t :

f i p n v e p  l
r i  i l  cTOi l  Bo, l .b l  ,

P e u l c l r

( l  L  l0) ,  r rar iAeM {ropvryny,  o i lpe^err l routyro
Freo6xoAHMVro AJrf l  efo npr. lBoAa:

I  n , -  P IQH I
| ' " - T m d [  I

( l  r .  r  r )

1000 xr lvs,  g  -= 9,81 r ta lcz u Sopnayna MouIHocrH

l lpnr t rep.  11 .2 .  Onpe, ler r t rb  i \ ro ldr {ccrb Haccca,  nepeKaql {Baou{ tno ny, ' rbny;
t {ocrb nv, rbnbr  p  :  1200 Kr /n3,  noAal {a  Q :  l l0 l )  .n /c ,  Hanop H :  60 i t i ,  11 - -=

P e u r e H r r e .  f l o  ( l l . l l )

r ,  9 , 8 1 0 f f/V : ,  __ 
r_,

l . l .  O n l : , 1  l , T l  i r )  u . l : r ( , ' l o c t b  H a c o c a  ; T , . { E
uanop H . .=  -15 . r r ,  ' l l  :  75 9A,
ru  e .  I * lo  (1  1 .1  la)  l . :n  Q . - -  9- ,62 

"4 , r .
^ r  g , g l  , 0 , 0 2 . 4 5y y 5 _  , - _ _ _ _ - l : 1 1 , 8

( l  I  .  I  I  a )

yc,noenr.. i :  noAa(ra Q : 20 n/c

xBr .

n J'l OT'

70 oi6.

A i :
t 2 0 0 . 9 , 9 t . t , 1  6 0 :  I  l l 0  x B r .r 0 0 0  0 , 7

I  1 .3 ,  BH. I [b t  HAcocoB

O6rq l l f i  2Har ' t t t3  ) , :c .noBu i i  pa6orr , t  rJacocot3 nor ia : lbr3aer ,  r r rg  B H gx
l lo , l ) { ie } l  oc \ /u [ecTB. ; I t i ' l 'bcn o( lven oueprr le i i  Nrex{ j ly  )Kt ry t t toc ' rbrc  l {  Kat i t . r i \ t -
, l l l 6 r r  . ' l B l J lK \ / t t t t t \ t c t t  p i , l 6 ( )q lN , t  ( ) p ra l r o i \ r ,  l i  r ( o1 ' opoMy  noA l l oAn rcn  e r re [ ] r r r n .
i J r r , l < rn ,  T t {noB  t r  t i on ( : ' 1 ' l ) \ 'K r . ( t r i i  t . t acocoB  r . tMee rc l  o rpoMHoc  I { o ,1 l t qec ruo ,
I I o  l l o  l l C n O . : ' l t ) 3 \ ' C \ 1 o ) l V  I I p l l l l l ( l l J 1 1 r  - r E r i ' g ' p 1 3 1 1 "  B C e  O t i l {  B  O c H o B H O N 4  M O r V T
( ) 1 , 1 1 ' b P a 3 . d e . l e L l b r  r i a A l l a  B l t , q a :  o  6 ' b e  M  n  t , r  e  r {  n  p I  F I  a  M  t {  q  e c K I I e .

06r ,e l rH bre Hacocbl

i l l ' t ;1111s-nocrvnaTe. ' Ib l ' loe i lB I i )KeHHe (xo l1  s) ,  l . r  AByX KJranaHoB:  BcacbrBaro-
t l le  r - r - r  ,?  t t  t tanopt loro  4 . l lp l tBoA K n.nyHl r (epy or  gJreKTpoABHrareJr r r  Mo)Ker

s \  l l . 3 l Bu)ot HacocoB t83

6rtrs ocyulecrBJleH nocpeAcrBoM KpHBorrHnHo-uaryHHoro MexaHH3Ma-
Korla r- lJtyH)Kep ABHX(ercf l  BnpaBo, o6ue, KaMepbr r(  nospacraer,  AaBJre_HI ' te B Hel i  naAaer H B Hee BcacbrBaercs x(HAKocrb H3 HH)KHero BoAoeMa.
f lpt t  erovr BcacblBalou{Hf i  KJIanaH orKpbrBaercg noroKoM BoAbr.  Kax'ToJrb-
KO I{anpaB/ le l - lHe ABHX(eHHfl  nJryHxepa H3MeFrHTCfl ,  Orr  nor. iAer BJTeBO H
FIaqHer yMeHb[ larb o6lept KaMepbt . ( ,  ncacsrBa]otqHr? K,, ' IanaH 3aKpoercf l ]

Slltllg:_li l irie'r BbrrecHnrbcf rr3 KaMepbr qepe3 HanopHbtfi, xnanau'.
rpy6y nocrirnae;'.6r;;' *'"a*o.t H, p aB-r t . 4 L '  t '  eu

tttt i t nd.zsl4. CaercBare,rlbHo, ecJIH qncJro uHKJroB B MHHyry cocraBJrfl€T 12n,
ro  cpeAHrr f l  TeopeTHqecKaf l  i loAaqa
TAKOIO HACOCA COCTABHT:

n ttdz
Yct ' .  rcoP 

-  -4 -  
"

t  L t l

60 ( l l . 1 2 )  8 u ; * ,
ocp

rg--:r
l -  .  = . - l
t - - - l
t - - - - - - l*u-

OArra  H3 oco6eHHocre l i  TaKoro
Hacoca cocTot. t r  B TOM, qTO noAaqa
OCY U{CCTBJI f l  CTC f l  TOJIIIK AMH (NVJI bCH-
py roqan ) ,  npHqeM Qva rc  a r Ja r { ; r e rb -
H o  n p e B o c x o l l H r  Q . p  , ( p u c .  l l , 3 ) .

l l o p u J L r e B o r i  H a c o c
, 1  B  y  c ' f  o  p  o  H  H  e  f  o  A  e  f t  c  T -
B  r {  f l  ( puc .  I  I : 4 )  coc roHr  H3  uH-
J r r . rHApa  I  N raMerpoM d ,  BHy rpH  Ko -
T O p O f o  c o B e p u a e T  B O 3 B p a T H o - n o _
cT ) /naTeJ rbHoe  AB l t lKeH  He  nop rxeHb  2
co  l r l oxo la  J .  Ha  \HnHHApeHMero r -

Puc.  I  1 .3 .  l l , rynxeprr t r r i  r racoc

fi

0 /
0dopomur

Puc. I  1.4.  f loputrrenof i

KJlANAH

Hacoc ABycropoHHero Aeficrsprq



184 Ocuoenwe napa.uempu HacocHbtx ucmaHolorc u eu\ot Hacocol l f ' t .  I  I

( t1 . t2a)
_ r.dz n

Qco: 2 - ; -  2r t
- -J lect  n -  qacrora BpauIeHHf,  o6lvt tu.
I l r a Q p a f  ) r e r r r r r r l i  F r a c o c  ( p n c .  l l . b )  o r J r n q a e r c r  r e M ,

qro oH Hivreer rrr6x1,1s Ar,raQparMy /  (peeuHa HJrr . r  r ipope3HHeHHaR rXaHr),

A - A

--lt
6 - 6

-'ln

Puc.  I  1 .5 .  LuaQpar l , reuuru i  Hacoc P n c ,  I  I . 6 .

KOTOpafl 3a cller Bo3BparHo-nocrynare,rrbHoro ABHX(eHHrr rirroxa 4eoop-
MHpyercn Ha xoA s r . r  H3MeHqer o6reM KaMepbt K, uueprqef i  Aea KJranaHa:
BcacbrBarorqufi 2 vr HaropHbtfr S.

lu e c re p. 
"l:11_ 

H a,'c o;,qii?$Jpz"_gffi;:d)i pa6oqau opraHoM
;o Hacoca flBJrflrorcf ABe ruecrepnH'"1 vt 2, pSel,rbrqeHHbre e rcopnvce 3

tt lecrep e H H u f i n,s-c.9,tci; lxJnz.^gri i l f f i i
3Toro Hacoca flBJrflrorcr ABe ruecrepnH'"1 vt 2, 

'paeMipaeMbu{eHHbre n rcopnyce 3^  , , ^ ^ ^  - . ,  - ^ * - , ^  - -  l -  
-

c  Heuo. r lb l i iHMr i  paAi {a i - IbHbIMH H TopUeBbrMH Ba3opaMH. ITpu Bpal leHHH

,B :  CHCTeMaX'  cMa3KIC.

KaKrr.uHe, BeAoMbre / n 6j" IIoMerqeHHrte e x6pnyc'4';,pac:rovxa (ceueHr,re'
A-A)  Bbr roJrHeHa raK,  q io  easop Mex(Ay KopnycoM H BHer rue f t 'noaepx-
Hocrbro MaJ'r .  BnHrsr HMeror cneuHaJrbi lyro Qopr, , Iy peel6sr (4eranl  A),
nplr  r ioropoir  o6ecneqrrBaercf f  HenpepbrBHoe KacaHHe Me)KAy conpf l ra lo-
I -TI} IMI, ICf l  NOBCPXHOCTflM], I .  E.NATOAAPf STOMY MCX(AY TPC6HNIT,1U BHHTOB I , I
I topn"vcoM co3AarcTcf l  rpH rpyrtnbt 3aMl{Hyrbrx nonocrer l  q, ,  a;  ,  ,  , ;
b,  b;  .  .  . ;  c,  c ,c nep_eMeuarculHxcf l  npu BpaqeHHH BHHT.B no
crpeJrKe cJreBa r{anpaeo. xr.rAKocrb H3 BXOAHOnO nhrpy6xa BIT uep* or-
BepcrHr B Kopnyce flonaAaer K BHr{TaM, ganoJlHffer noJlocTt4 cr, b, c,

s  r  1 .31 Budot Hacocoe 16F,.,

/lenaaa A

Pnc. 11.7.  Buntosor i  Haco

Brtnycxalorcr BHHroBbIe Hacocbl H c AByMfl BHHraMra (4nyxel.luronrfe),:
oHH HeCKOJIbKO npoqe TpeXBHHTOBbIX H MOryT HCnOJrbsOBaTbCfl. AJrff,
nepeKarrKr.r 14 HecMaSbrBaIorrlHX it{HAKOcTefi. ; ,

I-IpHneAeHHbre cxeMbr Aocrarorrso' u'at"nsAHo xapaxTep.Hsylor np.EH-
IrHn o6teusux HacocoB. Paasunaeuufi o6tertanuput Hacocinru HanoD
TeoperuqecKu HHqeM He orpaHHIIeH. OH easHcHT or yctntrr, Koropoerrfi 'd:
xer 6strb co3AaHo Ha pa6oveu opraHe, H or nporrHocrH efleNaeriron{'-B



$.
!86 ocuosHate napavet?Lpil HacocHbt.v t/cmeHo*orc u ou\ot ,acoco. I l n .  l l

AHHaMH.tecKHe Hacocbt 
I

B l r t t {atut tqect( t {x Hacocax )Kr.rAKocrb ABr.{)Kercf  noA cr.rJIoBbrM eo:Aeir-
CTBI IC I , I  B  KA) . {CPC,  I , IMCFOUICI?  NOCTOf lHHOC COO6qCHHE C BXOAHbIM I I  Bb IXOA-
I ' rb l l t  narpy6xal tu.  K alrHaMHqecKLrM orHocHTcf l  orreHb 6ontruaf l  rpynna
.r lonacrHblx HacocoB, I I \ , lerc l l l t . tx  ruHpoKoe npHMeHeHHe, a raKlKe BHXpeBbte,
c rpy f iHb le  H Apyr t te  Hacocb l .  PacCuorpHM npHHqHnHaJrbHbre  cxeMbr  He-
r {oTopbrx  H3 HHX.

A - A  * 1 6

l [  .

t --_>l h

Pnc. I1.8.  Cxerr la ueHrpo6elKHoro Hacoca

l*

, r I  o  n  a c r H  b I  e  H  a c o c b r  o c y u l e c r B J r t r o r  n p e o 6 p a s o B a H u e  g H e p -
I.HII 3a cqeT AHHaluHqecKoro B3aHMoAeficrnug MeXAy noToKOM xlrAKocTH
H ilonacrsMH BpaqqpUeroctl pa6oqero KoJIeca, Koropoe fr,Bilf leTcf HX
pa6ovnvr opraHoM. K HHM orHocffTirr  ueHTpo6exHrre,  oceBbre, Araro-
HAJIbHbIC  HACOCbI .

I I . " _ r p o 6 e x n r r r l  H a c o c  ( p u c .  l l . 8 )  c o c r o l r r  H s  p a 6 o u e r o
KOJreca l^c xpt rBonHHef iHr tun J lonacr f lMa,  HaCalKeHHOrO Ha nan 2,  w
r(aMepbr J, n xoropofi  pacnoJrafaqlcl pa6ouee.KoJreco. Bo,qa rocrynaer
B nacoc qepe3 exoAHoir narpy6ox @n 4 x ueHrpa.nnnori qacru pa6bvero
Ko.rreca v nu6pacbrBaercf l  H3 Hefo B cnHpaJrbHyro KaMepy - oreoA 3i
nepexoAflxryro B r{opori{Hir aHsoysop (HanopHuft narpy60r< Hn.

Pa6oqee l ioJ leco Bpauaercn B HanpaBJreHHH n,  r rpH oroM )KHAKocrb
VB.r le l (aerc f l  r ' Ionacr f l iv l l l  l r  or6pacbtBaerc f l  I (  nepHsepuu (sro  nocny)KH/ro
oc r ' l oBaHr reM r - t a3b rBa rb  raxo f i  Hacoc  uen rpo6exus tu ) .  . [ , nHauHqecKoe
Bo3,{e f ic rBHe.r lonacref i  Ha noroK npr ' rBoAHT K ToMy,  r {To AaBJIeHHe B Ha-
nopHol l  narpy6Ke H n 6y4er  6o.nrure,  qeM AaBJreHHe Bo BcacbrBarou{eM

s  r  r .3 l Bu)ot Hacocos

r rarpy6xe BI f  ,  T ' .  e .  raxof i  Hacoc co3Aaer  Harrop,  xoropt r f i ,  oqeBHAHo>. ' .
AOJrX{eH 3aBHCerb or qacrorbr 'Bpax{eHrf l ,  KoJreCa. B O6UteU, qeu 6o.urue
qacrora Bpar{eHr . r f l ,  reM 6onture H co3AaBaeutr f i  Hanop.  f lpnro4 Hacoc3. ,
MOXHO OCyrI leCl 'BHTb HenOcpeACTBeHHO OT Baila SJreKTpoABHraTeJIf l ,  qTct,
BecbMa y4o6Ho.

o c e n o r : r  H a c o c  ( p n c .  l 1 . g )  c o c r o u r  H s  p a 6 o u e r o  K o J r e c a  I
c BTyJIKOit a, -ua _Koropofi yxpenJreHo HecKoJrbKo pa6ouux Jronacrefr 6
(ux.vracno 4-6).  Ban 2 npatslaercf l  B noArrrunHnKarS u4, npurrey r{HX- - ,
ttuft noA[IHnHHK oilupaercfl Ha paAHaJrbHo nocraB,rteHHbre JronarKr.! 1

Pa.t 0 cpm ra q u4 u nd/t u ytc noc o

i1----i-i- ,-r--l

I&7,

A A

q

J^.

PHc. 11.9. Cxeva oceBoro Hacoca

(peuerxy)  - raxHa3brBaeMufte br  n p a B.r r  f l  roq uf t  a  n n a p ar , : ,5 j
Pa6oqee KoJreco H BbrnpaBJrnrorqufi ,-annapar pa3Merqe".r . r' =pyooui'bu
xopnyce 6, no Koroporrly sa6upaercfl H orBoAuTcrr BoAa, n.pdria,ti"rd
Matl HaCOCOM. :i - 

,;,-.1!.,:ii-xr",iiMafl HacocoM. - .:r _.i.:r,:Lfiirffiififi
B oceerlx Hacocax Qopuy nonacrefi pa6ouero,Ko.rreca u nsinpa;ifffI'ffi

tqefo ailnapara, raK )fie KaK ll xapaKrep ABHIr{1HHfl BOAbr, yAo6HO npeai,ilir
craB,rlf lTb B BHAe I{aJIHHApHTIecKHX ce,reHlari. Taroe ceqeHue c pannvj::.,.
coM r noKa3aHo Ha pr.rc.  I  1.9.  3Aecn xe AaHa pa3BeprKa STOfo ceseuui- , ,  . , .
Pa6oque JIonacrn 6 ysuxyrcs B HanpaBJreHHH n.3axeaulsaduai  

" lot i , ' " ' ,BoAa noAxoAHT K HX BxoAHbrM KpotvrKaM, HMeff HanpaBJIeHHe ABHx(eHHgrtl
6nHsxoe K oceBo-\{y (nyHxrupHbre i lHHHH co crpeJriar'tr), u .l iooa""i,
KpoMoK oHa nu6pacbrBaercrr ,  HMefl  K
BHHToBbrv nuuuntt), o4uaxd, lpori4a
para 5,  no1a onf l rb npuo6peraer 6nns
cnoco6crByer yMeHbr.i leHHto rHApaBtrlrq
trop, pasnunaevrurf t  HacocoM.,



,;t,}:

B u x p e e o li H a c o c (prEc. l r. r0) cocro'r ue paboueno xo.ryeca /I I  Kopnyca 2 c Ko.rrbueBbrM KaHaJroM, iaMerorqi lM nepeMbrq Ky S,KoporxuenpnMorrrruefinot:., 
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188 Ocuoenorc napailempu HacocHbtxgcmaHoeoK u eudot Hacocoo [fn. I I

ffi 
l l. l l. CrpyfiHufi Hacoc (exex-

PHc. I I . l0. Cxerrla BHxpeBoro Hacoca

2
7

afi ee ABnrarbcfl or BxoAHoro orBep-

c.  I  I . l  l )  or ; r r {saercs ,or  Bcex pae-
Her noABHX<HbrX uacrefi, a pa6ounla.
Hacoc cocrour us rpy6onpono4a / ,

Knaccnr$ HKat\Hs BHAoB HacocoB

o6uras cxeMa xnaccuQHKawrH HacocoB no np,Hu'ny 4eftcreuR, noeH.4y cH,rroBoro nos4erlcrBHfl Ha xHAKocrb, no pofrre ae;;-;;;p;;;";;opraHoB H r ro  eaAy pa60vHx opraHoB noKa3aH a  Ha pHc.  l  r .  r2 .K  u e u r p o 6 e l K H b r M  H a c o c a M  o r H o c f l T c f l  K o H c b n b H b r e ,  A B y -c r o p o H H e f  o  B X O A a ,  M H O r o c r y n e H q a r b r e  u  A p .r , u  a r  o  H  a  J r  b  H  b r  e  J l o n  a  c r  H  b r  e  H  a c o c b l  o r r H q a r o r c f  o r .paccMorpesuux Bbl I r Ie oceBblx TeM, qro HMelor HaKJIOHHbTe ocH ycraHoBKH
"ronacre f i  pa60vero  Kor reca  ( * r ,  p i l c .  13 .1b i .  3p ; ;a ; ; ; "  Bo3Ayxo-norbelrHl ' r r (H, CO3Aaror noAbeM BOAbr no rpy6e si  cq6r 

"nya*u 
cx{arofo

Eaod

:--\
t+

$ r2.r I KuneaamuKq nofiTo*a s naftfrctriitbfic itarocax r69

/70 npunqung deicm1un

o 1oedeftcm- /lo gopue
pa6ovuz

dOuefteHUf,
opeato6

Fr-rc. l1:12. K.naccrsnKtqns HacocoB

f  t t a o a  1 2

PAEOqHfrnPouEccJIONACTHbIX HACOCOB

rz.t,  KHHEMATHKR noToKA B JronAcTHbrx HACOCAX

, PaccuorpeHHble cxeMbl JlonacrHbrx HacocoB noKa3brBalor, rrro ocHog-, :
He gHeprHH OcyulecTB,rrseTcfl 3a clreT
3pe3 Bpaqarcqylocs perxerKy ilona-,-. ,
)Ayer, rrro oAHHM Hg ocHoeubrx 6aj<_,
orax HacocoB, flBJrrercfl crpyxryph
(eficreaer\a Mex{Ay xrAKocrbro H Jro_

!uueuu+ecxue

Pomopnue ,'
(6Pa4'a1v61751151s

CJ

*
s
€
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4,,
v

6udg, pa6ouua oororbo



190 Pa5o,tuti npoqecc nonacmHa)c Hacocoa l r n  l ? '

nacrRMH pa6or lero KoJreca. CyrUectneHHoe 3HaqeHHe uMelor KHHeMaTH-.
qecKHe noKa3aTeJrH: BeJ[rqr,rHbr H HanpaBJreHHfl cKopocTefi, ycKopeHHff,,
Qopvrr  rpaexropuf i  ABr.r)KeHHfl  (nunuu roKa).

trsuxeHHe xHAKocrH B npeAeJrax Bparqaloqerocfl pa6oqero KoJreca
M o x { e r  p a c c M a r p r . r B a r b c r r  K a K  c y M M a  A B y x  A s u x e H r . r f i :  n e p e H o c -
H  o  r o  -  B p a l q e H H e  H  o  T H  O c  H  T  e J I  b  H  O  t  O  =  n e p e M e [ e H H e  O T -
HocttreJlbHo caMoro pa6ouero KoJreca. O6osHaqHe BeKTopbr coorBer-
crB) ' roqprx cxopocref i  u H w, noJryqHM BeKTop a6cof l rornof i  cxopocrH:

v - r f w .  ( 1 2 . 1 \
Orctola Rureriser, qro aHalrus KuHefiat?ruKtt nomoKa B n.pe)ettax

pa5oueeo Ko/teco He(:oco ,lto?t(:cnt 1ttsltltoottnlbcft t.t(t tlocnlpucnttlt nupu/t/tclto-
2 p a.L't.Jrto? CKo pOC n\e Ii.

t l ro6ur  nocrpouTb napaJIJ Ie rorpaM-
Mbr  cKopocrer? ,  Heo6xoAHMo 3Harb  Qop-
My r{  pa3Mepbr pa6oqero Ko,qeca r . r  efo
orAeJrbHbrx ,{acrefi B [peAeJrax nporotl-
Horo  rpaKra  ( reouerpun nporounof i
r racrH pa60qero xoneca);  KpoMe roro,
AoJrlKHbr 6urrs gaAaHbr ycJIoBHn pa6orbr
Hacoca. PaccuorpHM HeKoropbre ocHoB-
Hbre cf iyqaH.

I I e H r p o 6 e x H b r e  H a c o -
c  b r  (u r r ,  pnc .  11 .8) .  , . [ , sHxeHHe B
pa6oueu KoJrece 6nusxo x nJrocKoMy.

Bce pa3ivrepbr,  onpeAeJInFourHe npororrHyro qacrb pa6overo KoJreca, v3-
BecrHbt,  npf iqeM BeJIHtI I , rHbr,  orHocnUprecf l  K gxolHof i  r (poMKe Jrona-
cre f i ,  HMeror  r rHAeKc l ,  a  K  Bbrxo4Hor i  -  HHAeKc 2  (pnc .  l2 . l ) .

HanpaBJIer-rHe "rronacref i  pa6ouero KoJreca onpeAeJIf lercn yrJroM &
Mell(Ay I{acareJlbHotl x JIonacTH, npoBeAeHHofi g cTopoHy Ter{eHHR )r(HA-
KocrH, H HopMaJIblo K paAHycy. I I IHpuHa Jronacref i  pa6oqero KoJreca
onpeAeJrf lercf l  3HaqeHHflMH bt H bz.

VcnoeHq pa6ortr  Hacoca 3aAalorcr AByMn napaMerpaMH: noAaqef i  Q
H qacrorof i  npaqeHHR pa6overo KoJreca n,  o6luuu,

HanpaB,reHHe cr{opocrn npH Bxo1e Ha pa6ovee KoJreco saBHcHT or
ycnonur l  noABoAa. B Hacocax npH oceBoM noABoAe nepeA BxoAoM Ha pa-
6oqee KoJIeco MoxHo npHHrrTb, qro a6conrcrHan cKopocrb v l  HanpaB/IeHa"
no paAHycy, r .  9.  a,  :  90o (pnc. 12.2).  B srnx yc.rroaunx cpeAHee sHa-
q E H } I C  C K O D O C T H

rAe xosQQu[HeHr l r t  (  I  yuursrBaer crecHeHue, BbrgbrBaeMoe Jrona-
cr r r l \4 r r .  OxpyxHar  cKopocrb  Ha BXoAHof i  xpouKe,  t t l3aBHcHT or  D,  u  n :

L t I :  nD 'n160 '  (12 '3 , '

I  f lpuHnrsr  cr ' reAyroqHe o6oeHaqeHug: BeKTopbI v,  u,  w,  coorBercrBeHHo I{x Mo-
I)" ' l l {  u,  u,  @.

Puc.  12.1 feouerpun pa6overo xo.
Jreca ueHrpo6exHoro Hacoca

(r2.2>

,s I2.l l KuueuamuKa nomoga I rTonnam.Phrf phrnnnv

(cvr.

OrHocHreJrbHyro
npaBJreHHe.  Ton4a,

cKopocTb @2 MOX(HO
KaK 3TO CJreAyeT H3

Bbtr lHcJIHTb,

pwc. 12,1 vl
CCJIH SHATb EC
12.3,

@z: -=t--S--t--=- .nD2b2rp2 sln B,

B nepnou npn6nuxeHHu npHHHMarcr  B ,  :
coBttaAaer c HanpaBJreHHeM BbrxoAHof i  xporvrxl l

( t  2 .4)

6r,  t .  e.  HalpaBJreHHe rcrs
Jron acrn (n gelicrBuTeJrb-

t 0

L O

Pr". 12.2. flapa.n.nenorpaMMbr u rpe: puc. 12.8. flapa.n.ne.norpaMM H rp€:yronbHHKH cxopocreft Ha BxoAHori xpor,l- yio.nruux crcopoc'refi 
";;i";;;t 

*p#,ie .xelpa6ouero KoJIeca uenrpo6exHoro Ha- iaooveio KoJreca qeHrpo6exgofo .Ha- .
coca

l:fi*._.;T:^::::.T.ipg:lln_ol.Hue,yrna AB,, Koropoe yqurbrBa.r;",_,',,,;, ,np' np.eKr'poBauvru), vves. ABa BeKropa uz H wz, Mox{ 
- 

;ffit;iir..' ,.liul
napaJIJIeJIorpaMM HJIH rpeyroJrbHHK BbrxoAHbrx cxopoctefi s Hafit i l  s;K:l.. ' i i . , i ;
TOp^V2 H  y fOJ I  c [2 .  , , r , u , . , . j , , , ' , . i '. v y  

- r 2  n  J  t v . t r  W Z .  u  . _ ^ 1 .- 
3nls iasrtaeprr pa6ouero Ko.rreca H Sopry nonacreft t Atrrfl AaHHbrx::';,:,1:f,,ffi ":f l#;-ufi"1,"f ft {i:l,.f ,T?,yn'#.1ir'-,'m,l's.l,x;il'+.;*,3ffiHHM npoBecrn rpaeKropYy aqgo,/rrorHoro'lr"*."il 

-;;i{t;r;. 
1: iilii ' r-',,fl,

Qoprraa noKasaHa ia puc. 12.4. Kax nu!"o 
"ip".y"*u, fuotoue Korreco,,,.:.,,r..::..tu.g.:,:::t^y-1""aer npoxoAsulufi qepe3 Hero noroK *",qro."". 

',-:'","1;,,,,..,,,,,*,
r roKa3are/reM saKpyrreHHocru noroKa fln.[flercfl rIHpK y!!\ro.,] g ,;;,;,i;;i;-

{5'2)' Koropafl n AaHHorur cflyqae Mo}I{er 6rtru npeAcraBJleHa Bbrpa>KeHHeM: ,.::r i. i ..,:,
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O  c  e B  b r  e  H  a  c o c b r  ( c n . p l r c .  l l . 9 )  o r . n u q a r o r c f l r e M ,  q r o y  H H x
B npeAe,rax pa6overo KoJreca x(HAKocrb B ocHoBHoM nepeMeqaercf l  B oce-
BoM HanpaBJreHHH. AHanire KHHeMarHKri  r roTor(a npoHgBoAnTcf l ,  KaK no-
Ka3aHo Ha pHc. 11.9,  AJrr  orAelrbHbrx i luJrHHApHrrecKux ce.reHHfi  paAHy-
coM r.

Huercrcs ABe oco6euHocru, Koropbre cJreAyer yquTblBarb.. npu no-
crpoeHHH napaJrJreaorpaMMoB HJrvr rpeyroJrbHnKoB cropocrefi oceBbIX
HacocoB:

l) oKpyx{Hbre cKopocrH Bcex rorreK .nonacrert pa6ouero KoJreca Ha
AaHHoM uHJrr.rHApHr{ecKoM cer{eHr{H paBHbr rr onpeAeJlrrrorcg qacrorori Bpa-
uleHHR t1.  H paAHyCOM r Cer{eHI,r f l :

U r : i l 2 : U = = 2 n f n l 6 0 ; (  r  2 .6 )

Fz* 4

Puc .  12 .4 .  Tpaex ropHs  a6co .n rc r -  Puc .  12 .5 .  f l apaa ; re .no rpaMMbl  H  rpe -
Horo ,u.BHxeHHfl )r{HAKocrrt B pa- yrorbHHI(H cxopocrefi n pa6oueu Ko-
6oqeu KoJrece ueHrpo6ex<Horo Ha- "rece oceBoro Hacoca

1 , . .coca

2) oceBbre cocraBJrrtoune BeKTopoB a6conrcruoft 14 orHocnTenlHori
cKopocref t  reqesvrr  Bo Bcex ror{Kax AaHHoro qHJIHHApHIIecKoro ceqeHHg
AoJrlKHbt 6rnn oAHHaKoBbt:

u, sin @1 : tnJr sin Fr' : oz sin dz : tcr2 sin pr.

Ecnu i lpHHflrb paBFroMepHoe pacnpeAeJIeHHe oceBblx KoMnoHeHT
cKopocref i  no cer{eHnl,o.  To

Ui  S ind i : co rS inF i :  
f f i ,

(12.7)

rle D - AHaMerp pa6overo KoJreca; dr, - AHaMerp BTyJTKH; rp - KooQ-
QuuueHr crecHeHHff  Jronacrf lMn, ! ,  < l .

f locrpoeHue napaJrJreaonpaMMoB r{ rpeyrorrbHuKob cKopocreft n pa-
6oqeiu KoJrece oceBoio Hacoca noKa3aHo Ha pHc. 12.5.  Ha exoAHoft  rporr , t -
xe l  cxopoc'rb r /  onpeAeJreHa no (12.6).  CuutaR, r ITo Ha BxoAe noroK He
3 a r ( p v q e t l ,  f r : 0  H  c r r : 9 0 o ,  n o  ( 1 2 . 7 )  n o f i y q a e M :

4Q
f l
v l  -

"  (D?- a3"),p ( 1 2 . 8 )

s 12.21 0cuoenoe oHepeemuqecKoe UpaHeHtE tonacmuux Hacocos 198

l7o u H ul c_TpoHTcfl napa/rJreJrorpaMM H HaxoAflTcfl aLH Fr. Ha nrrxo4:
Hofi xpoune 2, cqHrafl Fz : 6r, onpe4e/rflror no (12.7)'ar' i  crpoflr rr8:.r
paJIJIeJIOTpaMM nO u H az. ri:'.,

12,2. OCHOBHOE 9HEPTETHqECKOE YPABHEHHE JIONACTHbIX HACOCOB,

Buue 6snn paccMorpeHbl coorHollreHnfl, xapaKTepll3yrorrlge KHHe-
MaTHKy rroToKa n paooveM KoJrece. Tenepr np[rcTVnHrVr- r paCcMoTpeHHIO
AuHaMHqecKHx H oHeprerarrecKux noxagatenefr.

. Ans Haxoll(Aervfl cnnoBoro BsauMoAer?creus Me)KAy JronacrflMg pa-
6oqero KoJIeca H nporeKaroqefi xaAKocrbro HcroJrbsyeM ypaBHeHHe Mo-
MeHra KoJIHrIecrBa ABHII{eHHfl e Soprr,re (5.14) Ans o6t-enaa jfuAxocrg, or-
paHHqeHHoro oioftavu pa6ouero KoJIeca n KoHTpoJrbHbrMH noBepxHo-,
crflMH I vt 2,',npoBeAeHHbrMH no BxoA-
HbrM H BbrxoAHbrM r<pouxau lonacreft
( p " . .  1 2 . 6 ) .  B  y p a B H e H H H  ( 5 . 1 4 )
A -  noAar{a Hacoca; p- nJrorHocrb
nepeKar{Hsaervlof t  }KHAKOCTH, npH-
qeM

u u r t :  0 , 5 D 1 u l  c o s , o l ;

uzurz : 0,5Dra, cos a2.

Mopreurtr BHeTuHHX cHJr orHocn-
reJrbHo ocn 0-0, 4eficrnyrcqux Ha
nrr4eneHHstfi o6reu xHAKocrH, cJra-

d 1

Z \-..

I
I
I
\

!t

ratoTcf H3 MoMeHTa, nepeAaBaeMofo pHc. 12.6. K nunoly ocHoBHoro ypaBHe.
JIOIIaCTflMH UaCOCa M, H MOMeHTa HHs JronacrHoro Hacoca
cI{JI TpeHHrr, Koropufi ue yqHTbrBaeM.
cunrt AaBileHtfl, HopMaJrbHbre K orpaHur{HBarorquM noBepxHocTrM. He
AarcT MoMeHTa orHocHTeJrbHo ocK 0-0, TaK KaK nu6o HanpaB;eHbl K uegmy ,'. :,.9
(noeepxHocrH. I ! z), nu6o rrexar B MepuAnassofi nrio.*o*H 6;;; '-1 

' 
l

Hocrn o6o4os). TaxHvr o6paeolr, cyMM
crByrqrqzx Ha nsr4eneHHufi o6teu xn;
MoMeHTy M, nepeAaBaeMoMy >r{r{AKocr

M -- pQ (0,5D2u2 cos dz -

I4cno.rrgyfl noHflrHe IIHpKyJrffrtHH 
THAKocru n Qopnre (12.b), HMeeil:.i'..o.i:.

Ha EjKOAe B pa6ouee KoJreco fr : nP{l.cos'dr. n Ha sbrxoAe 1''- =,- ,,....,. ,: n D 2 u 2 c o s @ 2 ' T o r / q a e u p a x e u a e 1 t z . . d 1 " o , . h o n p . a . ' u " " " " r a x :

M - # t t , - f r ) . (12.ea)

bIBaeT, qTO lyt1lyteHftl, p@WTel4bili,, .tuacc080t4a pacxoau u ug,fireHeHub
?Hma cKopocmu,
oqHM xonecou .rvl, H.r"r, H yr"rroryro
)flyqaeM ceKyHAHyro gHeprulo, T. e.

/  K p u s q e H r o  f ,  H .

0
I
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MOU{HOCTb, r{oropyro pa3BHBaer pa60qee Ko.rreco, Bo3Aef iCTByf l  Ha xHA-Kocrb ,  o r tpeAe. rneMyro  npoH3BeAer rHeM l fu la ]  :  H .u /c  =  A>x lc :  B i .Ecnlr  np] ' rHrrrb,  
, : to sHeprln,  .n_e_peAaBaeMafl  pa6oquM KoJrecoi \ {  N{acce,cool'BercrByrouefi cr.rJre Beca B I H, rrporeKarou{efi uepes Hef; yHAKOCTH,

paI lHa Hr,  To Moulr locrb,  noJIyt{aeMat }KHAKocTbro, no ar{aJrorHH a t l l .g jcocraanr pgQH,r,  Br.  f lpupa isueas o6e uoulHocrz H l rcrroJrb3yf l  (  l2.g),n o . n y q a e M :
h4c,t : (DpQ (0,SDru, cos crz _
- 0,5Dru, cos ar) : ggeHr,

or l ( ) : Ia ,  ! I I I t lb tRaf l ,  r ITo 0, \D(r )  : - , :  4  -  oKpyxgtar l ,  T .  e .  nepet toc la f l  c t (o .pocrb,  r rpHXoAHM K-BbrpalKeHHrc Anf l ,  T  e  o-p e  r  H q e  c  K o r  o  r r  a  n  o-p a  H a c o c a  H r :

H, : 
! {rrorcos az - utatcos ar), ( r 2 . 10 )

I r r r l r  no (12.9a)

H,=# ( f r - t r ) .

flonyueHulte Qopuynu, rpeAcraBJrflroqae co6ofi o c rr o B r-r o ey p a B H e H L r e  H a c o c o B ,  H l r \  y p a B H e H H e  3 f i n e p - a ;I lp l lNler l l lMbl  K r ' Ior laCTIIblvI  I {acocapt , t to6ofo BHAa. Onu HMetor oqelu 6o.nl-uoe npaKTr.rqecKoe 3Har{eHr.re, TaK Xaw )arcm cgnsb nexdy meopemuue-
cKu.I't HAnOpO.Lt u KuHe,MamuqecKurtu noKaslmennlilu tlrmorca ltcudrc,ocii,
npomeKarourert qepn pa6ouee Koneco.

Burue orMer{aJrocb, r{To o6rtqHo a, 6nuexo x g0o, T. e. l, : 0, vlsypapHeHun ?knepa cJreAyer,  qro reoperHqecKHt r- ianbp 
"r .o.u 

onpeAe-Jrflercn B ocHoBHoM npoH3BeAeHHflMH roln nnu urun coi or. 4e* i l;;;;.3TH _np.olr3BeAeHHff ,  reu 60nlu:e H TeoperH,{ecxHf i -  
"anoo.Aeficrs,renrHrrfi Hanop H, pu.u*iuero'i- ' ;;;;;"1"6yo., MeHhueTeopeTHI{eCKOrO 3a CIIeT THApaBJIHTIeCKHX noTept B CarufOU pa6OUentKoJIece, a raKlKe B SJIeMeHTax noABoka H oTBoAa.'Ec.utt r4ApaBilvqecKge

norepH COCraB. l f ror  hr ,  ro H :  H, -  f t r .  BaoAn noHflTHe 
-rHApaBrHrre_

cKoro I(n, [ .

rlr,: 
+ utrrvr r l.- 

#F,

( l 2 . l 0 a )

( 1 2 . 1 3 )

r lOl lrq2gY '

( r 2 .  I  l )

(12.t2)
3finepa (12.10) Hrn4

C T B H T C . I I b H O T O

H _ H,\,,

..  ̂  9gp.*ynu (12.12) coBMecrHo c ypaBHeHHeM
(12.10a) no3BoJrf ler  Haf iur  Bbrpax{eHur{ ;*Jtr t  Ae i l r
r r a n o p a  r . r a c o c a :

+ 
: 

{ {rrorcos ,,z - utatcos ar)

s 12.31 Pectcuu pa1omw flacoca u gcltosuf, rwdo6un peilcuil06 t9s

HIIU

H  o  t r l  1 1 \
t r .  

: @ ( r z - r r / '

flr4pan.na,recxHfi KnA HacocoB cocraB/rrrer
(ueHaruue 3naqeHHr Anfl MaJrbrx Hacocoe).

I n :

I2.3. PEXHM PAEOTbI HACOCAw vciloBvtf noAoEHt PEXHMOB ' .' ,

a!'w2v /

/,/,/
d,?

u l

/ \ -
2 l / ' \

/ l

I

PHc. 12.7. HsueneHHe pe)KHMa pa6orsr tracocoB
croRHHofl qacrore Bpau(eHHfl

B 3aBHCHMOCTH OT noAaqH IIpH no:

l l  \ .

1d,= 
30"

I t'  a . )- \ \ | /--{

/ - - -
Jontr h u

b) 
omPuoa

Jlorlacrefi pa6overo KoJIeca. flpn nocrorHcrBe n Ber{Top u coxpaHrer
cBoe sFrarreHHei ng#uJ xapaKrepH3yror BeKTopbr vl, xoropH6, KaK
BHAHo as (12.2) \  (12.8), npono..puuoHarrbuu Q, 

""aeri l  
q'p _ coorBer.: .

crByer MaJIoMy Q, a HHAer{c sttty - 6olturouy.
Ha nxo4e n pa6oqee Koreco H3MeHeHHe Q nueunaer r.rsMeueuue ber. ,

pl_u_It 
" 

ero^HarpaBJreHHfl Fr. c yBefiHrreHuevr Q yroJr p, yne"nnqHBaercfl...
KorAa yroJr Ft MaJr (ycnonaa u'r) H KorAa on- sen;ri'1yc"rror^^ i,,r1:,
BoAa BXoAHT noA..HeKoropblM yrJroM r nxo4nofi KpoMKe'aonacrg, rrroBbrsbrBaer MecrHbrft orpun-noroxa (cos4aH:.re BHXpeBon .o"ri1 

" 
np"ro4r,

K yBerHtIeHHIo rHApaBJIHqecKHx norepb. flpu MaJIbrx pacxoAax eoHa'or.pblBa. pac.noJlox{eHa c trtnrHoli cropoHbl Jlonacreri, flpH 6onruroM.--c pa6ouefi. florepu Ha BxoA 6ylyr not*uouanbHbr, ..,rrni pr;;;";.;
ecrr' yrorr p1 6nHsoK K yrrry sxoaHoft KpoMKH noria.rrr-ip;t, lg.i),';;npHlltepHO COOTBeTcrnyer v".- 7 *  ' ' :

7 Jontt
/ omptr0a
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vcnoe,s,  npH Koropbrx FL: 6,  u nore pH Ha BXOA n pa60uee K.f lecoM H 2 H H M a i l b H b r ,  H a 3 b r B a l o r y c J r o B  H f l M  n  6 e s y l a p H O r o  B X O -

Ha nrtxoAe H3 pa6overo KoJIeca c yMeHbueHHeM pacxoAa yMeHbrxaercaH yfo/r a-2 BeKTOpa vz,3ro npun'AHT, KaK B'AHO H3 napa/rfle/rorpaMM'Bcxopocrel i ,  x Bo3pacrar{Hro oKpyxHof i  KoMnoHeHTbr cKopocrH v2 cos a2, H BbIXOAHOfi  uHpKyv' I f l l lHu 12, qro Aor)KHo BJILtrrrb H He [orep H, Lt  LIa t la-nop Hacoca.
Brtno,ryHeussui aHailrr3 noKasbtBaer,,{To. t lcnonun pafuomot ltonacmHoeoHococ1' n7' e' eeo po.Jt{u'nt, onpe)enntomcn e ocuoeuoA,t, Aenaruu napa/t/re.oo-epa.M.,t,s crcopocmed, m. e, sH,qeHuttlvtu c( H B. np; coxpaH eHUHae/t): d u p pectcur\bt cttttmatumcn KuHe.tutamwrccKt) no0o6uotttu.
B csnsH c 3THNI noAo6Hbte pelK,r'rbr HHorAa Ha3brBaror H g o r o H a JI b -H b I M H .

flp lreeleH Hoe. o n peAeJIeH He no3BoJrff er Aarb MareMar'qecKoe Bbrpaxe-H H e  y c J r  o  s u f l '  n  o A  o 6 u s  p e ) K H M O B  p  a 6 0 t r i  
" a c o c a ,I{OTOpoe cBo,4HTCf K AByM COOTHOIUeHHffM:

l) orHorueH'e cxopbcrefi B coorBercrBe'Hbrx ToqKax i Aonx'ocoxpaHflTbCff nocTorrHHbrM:

o i t  _ l l ' l l  _ u ) ' t
liz triz ,; 

: const;

2) coorBe'rcrBeHHble yrJIbI napaJrJreJrorpaMMoB cxopocreft AoJrxHbr6ur r  paBHbr :

d i r :  d i z ,  0 i r  :  0 i r .

(t2.t4)

( r  2 .15 )
OrcroAa BbrBoArrcfl KHHeMarHrrecKHe ycJroBHfl nolo6us pex(HMoBpa6oru HacocoB. KaK orMeqarrocb, ycnoenn pa6oru ;; ; i l  *ory'  6r*r3aAaHbr B BHAe sHaqeHr.rfi noAaqH Q n uacrori,upurri;;;;";. 'H;;or;;t;

Qopr"rynu (12.2), (12.3), noiy-uuum

V,rHrHsas coorHorrreHHe (12.14), npnxoAHM K cneAyrculeMy ycJroBuro:
q i i  _ u i l ,  Q r  n r
u lz  -  

, *  '  
T ; - :T ,  : '  

i
. 'Koropoe H Aaer oKoHI{areJlbHoe ycJIoBr{e KnneMaruqecKoro noAo6ugpexHMOB Ailn AaHHO|O Hacoca:

Qr
a r ,\C'

nt
n2

Qln :  const,

Tnn Jro[acrHoro Hacoca onpeAeJrfeTcff
npoTor{r{of i  qacru,  a B ocFToBFIOM _ pa6ouero

(12.t6)

Qopuoft_-(reorr,rerpnefi) ero
KoJreca. Hacoco,t, c eeolilempu.

R  r r  o l
Y  r . . v  t

D ^ ^ , - . . . .  - - E - - ^ -  . . ,  -rewulTi Fa,aomw fiaeoca u gcltoeun nodo5un pelffu,tl,O8 Is7.

qecKu nodo6nofi npomottHort raacmato npe\cma1nfl,nm co1oti Hatocbt oynoeo'' 
'

muna, xapaKTepH3yrou{Hecfl cJreAyroulHMH COOTHOTTTeHHflMH (pnc, 12. 1):l) orHorueHHe coorBercrByroulnx pasMepoB AoJrxHo 6uru noeroffH-
HbIM:

Dt i  b i r

f r : f r : " 1 : c o n s t ;
2) Bce coorBercrBeHHbre yrJrbr AoJrlKHu 6urn paBHbr:

6 i r  :  6 ie .  (12 .18)

llycrr HMelorcfl ABa Hacoca c reoMerpurrecKn nogo6uori nporouHofiqacrblo' T. e. 'oAHoro r[na, Ho c pa3flHrIHbIMH 3HaqeHH nvV'D, H Dz(s4ecr np HH HMarorcfl coorBercrByroqu,e AHa Merp br, r{ a irp HM€p, BbrxoAHbrg
pa6ouero roleca), c noAarravrH Q, u e, y qacro"a*rr1 

"iu,rt.i'*^ 
n, H fls;

Ann HHx, Hcnorrb3yn re x(e Sopnay"'rri '(12.2) 
" Clz.gl,'nolluu.",

ari _ Qr nDzbz
orz nD1b1 Q2

Ur! 
: llDfit 60 _

urz 60 f iD2n2-

- Cor.nacHo (12.7) rIpH noAo6au pe)KHMoB o6a orHoueHgfi AoJrx{HbI6rrrr paBHbr:

Qr / Dz \z 2rni ,n^ Qr_ :T b  \ E )  : .
uznz npl nzDB

_B p$yabrare npHXoAHM K o6qefi sopvry're K'Her\{arHqecKoro no-
Ao6us pexHMoB:

t o ,
|  

" g :  
Co I lS t .

r l
( r2.  te)

Ht : 
I turrorl cos dzr - tlnuttcos arr)qrr.

Dfit
Dz t l z '

Qz

(r  2.20)
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flycru napaMerpbr H3MeHHJrHcb Ha nzt ez w D, (tun Hacoca ror x{e),
uo no,4o6He^pex{uMoB coxpaHsercfl , nns nosHx 

-sHaqeHHfi 
napauerpoB

ypaBHeHHe 3finepa HMeer BHA:

Hz : 
)-{urror2 

coscr2z - uztaztcosarr)r;rr.

nggfo.nl*v pg-{Hrybr no4o6uu, ro Aorr)KHbr yAoBrrerBopsrbcfl ycao-
BHn (12.14)  H (12.15) :

d z z :  d z l  H  d t z :  d t t i

UZZ azz UtZ orz_ ' : _ :  - :
UZL AZt Utt Un

( t2 ,2 t )

(12.22)

npeo6pa-

(12.25)

(12.26)

npHHHMaf l  1 l r  :  Iz ,

nzDz
ntDi

tr4cnonosyn coorHoureHHe (12,22), ypaBrreHue ( 12.zl) uoxHo
3 O B A T b  T A K :

H z : + ( #) '  
(ur+rtcos ctzl -  urtartcosai l)  qru, (2.23)

Fepn orHorrreHne (12.20) w (12.28) u npHHHMafl,  rrro npH noAo6Hux
pexHl,rax coxpaHflercf l  H rnApaBnuqecxufi  KnA: qns = qfr,rnolyqaeM:

'  
H r  l n l D i l z
w : \ - M ) ' ( t2.24)

HafiAeuHan cBff3b MelK4y lr.?nopaMu, rracroraMn Bparr{eHug u AHa-MerpaMH ,gl6_o_vux KoJrec (12.24) c yrreroM ycJroBgfl iHueuargrrecgoro
no\o6ns (12.19) noenorrffer sanuiam b6rqHe Sbpuynn nolo6lrs pexHMoB
pa6orlr Hacoca:

KPorr,le
noJryqaeM:

ro fo ,  Hcr ro r rb3yn Qopuyny  ( l  I  .  I  l )  H

#:(f) ' (#) ' ( t 2 .27 )

__ 9op"yrlbl noAo6vn (12.25) u (12,26) ur,,reror oqeHb 6onnuroe BHarreHHe,
TaK KaK no3BoJlf lrOT nepecqHrblBarb napaMerpbr, onpeAe/rf l IorqHe pa6ory
HacocoB,  HX XapaKTepHCTHKH npH H3MeHeHHH qacrorb t  BpatqeHHf l  n ,
a raKxe nepecl IHTblBarb Ha yc/ loBHn Harypbr xapaKTepHCTHKH HaCOCOB,
noryl{eH H ble Ha. MoAeJI bHblx_ _ycraHoBKa x, qro oco6en go Bax{Ho AJrfl Kp y11-
Hbrx HacocoB. f lpH sroM KnA^H_a]ypHoro Hacoca MolKer nepecqHrbr-
Barbcf l  c MoxeJrH no Qopr, , ryne (8.18) npu e :  0,6.

:(#)'(#)' ' lHL

H2

12,4.  KOSOOHUI4EHT EbICTPOXOAHOCTH

Bunre 6ur.no noKagaHo, rITo Hacoc[
no4o6Hue) rr,toryr tsbrnoJrHflTbcq pa3fiHrt
por{cfM AHana3oHe r{acToT BparqeHHfl, n(
AoBareJrbHo, IJrn roro qro6u xapaKT
KaKHe-TO nOKaSaTeJrH, npHBeAeHHbre K €
O4Huu H3 TaKHX noxagare nefr, uHpoK(
HacocoB, rrBJrffercfl roe$QprqHeHT 6u

S 12.41 RoeSSu4udnm ilwcmioxodnocmu Hacocd lgg-., -.-- -.- . .:..'.-.'+;;l:'i#ft;,

K o e Q S u II H e H r 6'br c r p o x
c o c a  f t s - r r a c T o T a  B p a I I I e
n o A c l  6 s o r o  H a c o c a ,  H M e F o
r t r o  n p H  H a n o p e  H : l  M o

llycrt AJrfl KaKoro-To Hacoca H3Becr
Ct{HTaeTCf nOAarIa' COOTBeTCTBYIOU{afl OIITHMaJIbH0yly peX(HMy_, npH H'a11:.,1,,l-f i.,:6o'nuueu KllA). Tpe6yerca onpe4e.rrrarb ero xoeQ$Hu6eHr 

'6r,"tpo*o4. 
,, .,,..

P ,  ^ ^ -HocrH' xotopuli coJJIacHo rpHBeAeHHoMy onpeAeneHuro coorBercrBver
napaMerpaM: ,: l_Dr^, (4uauerp pa6ouero xo.rreca), H : I  M, Ql:.: 75 nlc :, 0,075 n3/c.

H  I  n \ 2 /  D t \ z .
r i-: \a/ \-D;) ;

n / D \ 3
: - l _ l

n s \ D r l

f lo ( t2.25)

no (12.26)

t lro6rr HCKJrrOqurb D", nepBoe ypaBHeHHe BOsBeAeM B Creneiir
H 7 / z  /  n r a l  D \ a- r - :  

\n" /  \z ;  )  
.

H pasAeJrHM BTopoe ypaBHeHr{e Ha HoBoe. flonyuunr:
a  -  |  n ' \ 2

0,075nuT:  \ ; - i  '

OttlgAuJrrreM roeQQuqHeHT 6ucrpoxoAHocrH tls (yuHrunaeu, qro
U / 6TE: a,65):

l lr:- 3,65 +#

,r

3/2

(12.28)

_3rq...o Q __ e na3/c, H - s M, n * B o6lvrus.

[""r-tt:^1r.,]:^l:i:"lqgi:{ig.Tl ns nBrrnercn BaxHbrM yAerrbHbrM
lifff trf:i " I:1ops:,.Y3:i?*1':g11'-v.'.' B KaqecrBe d;;;*r
::l 

-:, 
: T?. Ij.^".11...{u 1 n el c a rr b H o cr b ero ro nn n u g uren ;- ;; #;; ;^ ;5fr

H? " : 
n" 

^o#"oiJ^'*' : : :^ #'l:T:T . lti 1 1 I 6 o n e e c v 'qe crB e H H H x n a p a -
ff I 

p" r"i:J3.1 
: ::i,:j,:::l, ^: 1^.:oly :11 1. * H n, n o Aa,r y H " u n o fr . 

^n;;ffi 
:

lo"frio'n;;;;;ip#;.p;:
S V € T  T I . ; I n  l f A a . ' ^  a  F f a n n r r r " o n  r r  r r n ^ r , ^

r c . y a n  I E P I I -

:{n#* :: :"":1 J 1 f :y:pj,,y.,:.:: ig fll,{ " 
p a_B rr H,r H br x n o r H n y, eo p uenporor{Horo rpaKTa H KOHCTpyKI{HH HacocoB 
-c 

6.rrusxn*' ;;;;; i ;;;;:;:
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ns 60-80 nn- 72n /20-z+o ?+0-350 +00-800

lz/ut Jro-2r+ zr+ - /r8 /r8 - /r3 /r3 - /r / 7r0

50 70 /00 lr0 200 J00 +00 500 200 or/uun 6)

,?*';.l'f ',?'rt?j1'r:?tt0r'ruueHra 
6ucrpoxo4Hocr' Ha $opuv pa6ouero

crpoxoAHocrH 3Ta pa3HHua coKpar.4aercff, a uHpHr{a pacrer, AaJree Ko-
Jreco nepexoAHT B AHafoHaJrbHoe H oceBoe.

KosQQnuHeHr 6rtcrpoxoAHocrn BJrr{rrer 14 Ha KIIA Hacoca. O6rqgri
xapaKrep erof i  3aBHcHMocrH noKa3brBaror KpHBbre Ha pnc. 12.8,  6,
H3 KOTOPbIX CJICAYCT, qTO MAKCI,IMA'bHbIC KIIT, COOTBCTCTBYIOT AWANA.
3oHy rt, : 140+'220 o6/r',rHs, npnr{eM cyrqecrBeHHoe BJrHflr{He oKa3brBaer
noAar{a Q, r ,  e.  pa3Mep Hacoca. C pocroM Q yBerurrusaercf  H KnA.

I2.5. AEHETBHTEJIbHbIfI XAPAKTEP- NOTEKA E-PAEOTI€/\+ I(+JFECE

Oco6eHHocrl  reqeHIi f l  B ABuiKyuter lcn per i lerKe nonacref t  npH ee
cH, ' loBoM 83aHlvtoAef icrsLi l t  c noroKoM )KHAKocrH 6rtna paccMoTpeHa
a $ 5.9.  Tana 6uro noxa3aHo, I {To cr.rJroBoe sosAerlcrBrre Me)KAy x(HAKo-

90
o/o

50t-
+0

,/

__z 72

. 30 65 200

6 tt/c

ns

s 13.r I Budw nondcmHux Hacocoo 201

cTblo H Jrorracrblo Bo3MoxHo JrHrrb npH HaJrHtrHH qHpKyJrflrlHH BoKpyr.
nonactn fr, [(crtr. (5.40) ]. CneaoBareJrbHo, B npeAeJrax MexJronacrrroro
KaHaJIa paooveno l{oJreca AoJr)KHa cyilIecTBoBaTb HepaBHoMepHocTb pac.
npeAeJreHua cxopocreft H AaeneHzr?, TaK KaK sAecb Ha ocpe4HeHurrfi

CNC I IHAJIbFI bIC.

H a c o c br o 6 ut e r o n p H M e H e H H fl npeAHa3HaqeHbl fl,nr.
nepeKaqKH quctofi BoAbt (4onycxaercfl ue6onuuoe coAep>KaHHe npnuecefi ,

loToK HaKJraAbrBaercfl u,HpKyflf luHoHHoe ABHlKeHue.
i lpHuepHufi xapaKrep reqeHr.rr B pa6oueu KoJrece ueHrpo6exHoro

Hacoca noKasaH Ha pr{c. 12.9: a - HanpaBJreHHe JrorracrHofi  qHpryna-

Pnc. 12.9, CrpyKrypa noroKa a pa6ouev KoJrece qeurpo6exHoro Hacoca 
,. .
: _ l  .

rl l lu f" v pacnpeAeJreHHe AaBJreHHfl Ha Jronacru; 6 pacnpeAeJrenHd.;.
oTHOCHTeJTbHbTX CKOpOCTefi e MeXJrOnaCTHbrX KaHaJIaX U S - pacnp€,{,e-,i:,
JreHr{e AaBJreHrrk sa HeKoropoM paAHaJrbHoM ceqeHHH. BosAeficrBue Jro-': r
nacTHoro qllpKyJIffI lHoHHoro TeqeHHfl 'Bbr3bIBaeT crlH)KeHHe 0THOCHTeJIb;.,-, ' ,. .
Hofi cxopocrH y pa6ouefi ctopoubl ronacTu 14 yBeanqeHHE Hl,TbrrrbHoir,:,: j 'r i :-
cropoHe, o6patHofi HanpawreHnp BpauleHHs" 9to cosAaer nepenag Aas: , i:, ;J-
neHufi, npeoAoJlesaevrHfr ycHJrHeM, pa3BHBaeMbrM npHBoAoM.il i l , npeoAoJlesaeNrHfr ycHJrHeM, pa3BHBaeMbrM npHBoAoM. I 

; :,,".;;;:;;, j1.,
Ba>xHrru 4nR pa6oru Hacoca flBJrflercr HepaBHoMepHocrb pacnpe-, ,, ..,,,r.

T

AeJIeHHfl AaBJIeHHil H, s qacrHocru, Tor Qaxt, rITo Ha ru.nnHofi ctopdue',t,:iiif
Jlonacrn, oco6eHHo Ha BxoAHoM yqacrKe, co3Aaercfl AonoJlnute.nigoe-,,']..:i,'f

.  

" . r i  

! \  
- :+  

t ^
.  

. .  ; ) , - . : . 1
-  - . :  j i  

: .  1 ; .

I  a  a a  a  I 3

KOFICTPyKTIHH JTOnACTHbTX HACOCOB

t3. t .  BHAbt JIOnACTHbTX HACOCOB

t{Hcno BHAoB JIonacrHbIX HacocoB, BbrnycKaeMbrx npoMbrnJJIeHHo-
€TtrIO; Olle+b 8€JI*fKO; U e fie.rmfO 6eA
Mo)KHo pasAeJrHTb Ha ABe rpynnbr:  Hacocbr o6qero npHMeHeHHflH HaCOCbI
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FIo He afpeccrrB.l :r1,_l.rreparypa BoAbr He Bbrrre 70-100 "c) .  I4x r.r3ro-roB"rrnror ceputllo^ cng4yroulax napaMerpo_B:_ noA?y? or l,S ab SOOO n7c,nanop or 5 Ao 700-800 M, MorqHocm oi 0,b lo lb00 xBr. K ernvr Haco.callI orHoctrcfl ca€4y1sx1t{e BHAbt HacocoB: KOHCOJIbTIbIe, AByCTOpOHHeToBXOAa, BeDTI{ l (aJIbHble oceBble,  AHaroHaJlbHbte u MHorocryneHr{arbte.[T^o_c-nerH]re. np]'r j\,reHflruTcfl AJrn noflyqeHHs BbrcoKoro Hanopa, npeBoc-.xoArrulero I00_120 v.
c n e , . H a J r b r r b r e  r r a c o c b j  M o r y r  p a s f l H _ r { a r b c r  n o  p o A yrrepeKa'{Hsaeuol:t )l(}{AKocrI'I, no cnoco6y ycrairoeiu nu6o no napaMerparvr.Hanpl l luep, 

-Hacocbl '  rpeAlta3HaqeHHbre AJrn nepeKaqKn xgAr(ocref i ,  co-Aep)Kau{rtx 6o.nbrloe Ko.rrrrqecrno a6pasHBHbrx ,{atr,{u (rHgpoinec' c rBep-
AbIMH BK,nruqeHHflMI'l: npyHT, necoK, 3oJIa, rrrJraK, H3MeJIbqeHHafl 'pyaa), I-rpyHroBr,t. ru.:::ll 

4n1 rrepeKaqKH Qera,nrHbrx H Apyrnx earpdefrinr,*xH,4Kocrefi - Sexa,rllubte Hacocbl; AJrfl nepeKaqr("' ini*"uu.*i u*trBHbrxxHAKocrefi - KncJrorHbre Hacocbr n Ap.
K cneuza'lbHbttvt orHocffTcfl rlacocbr, npeAHa3Haqe'Hbre Aflq orKar{KHBoAbI u3 CKBaIKHH HIIH u]axr, - cKBa)KHHHbIe Hacocbl H noapyr**o,a9JreKTpOHacocbr.
K cneunaJlbHbtM MolKHo orHecrH TaKxe Hacocbl, napaMerpbr KoropbrxtsbIXoAffr 3a npeAeJIbI, yKasaHHbre Ailf l HacocoB boftr"-ni""u"uHgfl:

'craHoBoK, rHApoaKKyMyJrr{pyroulHx
brx cHcTeM KpynHbrx TenJroBbIX greK_
Merb orreHb 6onruyro Motr{Hocrb,
HX, KaK npaBHJIO, HHAHBt4AyaJrbHo.
r{eHHbre AJrs noAaqH BOAbr B napoBbre

l jo l f : !_{o")KHbr 
pa3BuBarb oqenb srrcoxHf i  Hanop _Ao iOOo_S.boo Myt [)duot'a'rb Ha BoAe c reMneparypofi ao 160 oC 

u Bbrrrre. KouAencarHbreHacocbl ,  [peAHasHaqeHl lbte nJrs oTKaqKH KoHAeHcara, AoJrxHl i  pa6oraioB yc/'roBHnx rny6oKoro BaKyyMa c reMneparyporl ,oifr an i io'.c izgl.
t3.2.  KOHCOJTbH btE r- tAcocbl

Puc. 13.1. KoHco.urutrrl qeurpo6exurrri Hacoc runa K

f lpuHr tun Hai lbHan cxeMa KoHcc

f T L l M 6 n T r t  l r n \ r / r ? ^  - - - - - - - - - - -  -  F

rto 14, x xorbpoly're-nei ofnep*u e ri;d;d;;;T"";XX.ffl:ffi.X## ,t i;:;;.
Hs cnupa"rrruofi K.aMepbr (so nauorr.rx nu.o.rl BoAa noaroa#ln'il;:T ;BHeIIIHIoI. rpy6xy)' 3ro acxnrcqaeT 

"ottor*"ocrb 
npoHHKHoBeHfifl Bo3-

f il L?,, "i" f ? X:tJ^.9.?,9.? :^. :1 jg{. g3 c u "" i H H r s arn r H B a ercn H a x H pr H o ftf 3#",#"TJf,;;:il:tr*.9.::,oj:L:1"^+;;il*ilffi ;?.:1,0"fi HIHT,?
I(pbrruKa IO. HsecKafl noATflX(Ka

1E

/J

/ItiMocrH rvrolKHO_,, c,HtrB Kpblr.rrKy 5, usnneur pa6ovee KOJIeCO ,1, He npoHS-

Kax npaBHJIo' KoHcoJlbHbIe Hacocbr nocraBflgroTcfl B KoMnJIeKTec oJIeKTpoABHraTe.rreM, cMoHTHpo_B_aHHbre Ha oo,qi,t' 
"aHrolt 

paMe(p'c' l3'2)' Ha_nopHsrfi nrtpyoo_ry En";r;.rt .o crrprparrb'ofr xau6poftr ' rox{er r l .Bopaq'Barbcs Ha- g0" u yat*uu"HBaTbcf l  npH MOHTa}K.



Koucmpgrcquu nondcmHux Hacocor

B Jrro6oe H3 qerbrpex noJrolr{eHHfi (Ana ropH3OHTaJrbHblx H ABaKaJrbHbrx) .
l l l u p o x o e n p H M e H e H H e n o f l y q a r c T r v r  o  H  o  6  J r  o  r { H b I e  K o  H

H b r e  H a c o c b r  u a p x n l ( M  ( p n c .  1 3 . 3 )  , o r t r r T q a r o u l f l e c s r e M ,

r3.3. HACOCb| ABycTopoHHEro BxoAA

B'euHuri BHA Ha_cqca ABycropoHHero BXoAa rHna A no*a3aH Ha
pwc. 13.4. BxoAnoft BIT u uanoprirtfi, H,il narpy6n" np.a.trrrr"ro, .o-
6ofi elHnylo JIj'IryIo AeraJIb BMecre c Kopnyconr'/ 

" 
ooop"ii*s nunanr.vt 2

u 3. Taxran,t o6paeou, BcacbrBaro- 
^ .,., t

rr{Hfi H Hanopuuft rpy6onpoBoA
noAxoAflT K HaCOCy ropHsOHraJrb-
uo. KpuruKa Hacoca 4 KpennTcs
K Kopnycy 6onraun (oceaofi
pasteu).

Paspee Hacoca rHna A no
ocfi Bpar.qeHHfl noKa3aH Ha
puc.  13.q.  3Aecr  /  -  xopnyc
Hacoca,  2uS -onopHbre J lanbr ,
4 - creiuHarr KpbrrxKa (crurx He
BHAeH, TaK KaK OI- I  SaCJIOHeH
nanolr). Pa6oqee KoJreco 5 uaca-
xeno Ha ropn3oHTaJrbHbri,t aan 6.
Kaua.nrr b coeAuuflrorcrr. c BxoA-
HbtM narpy6xotr,t, tr BoAa noABo- PHc. 13.4. BueruHsfi BHA Hacoca' .o"f ii.

AI{Tct x pa6oveMy KoJIecy c AByx cropoHHefo BxoAa runa D, ' ,,.
cropon (orcrc4a Ha3BaHHe (ABy-
cropoHH_ero nxoAa>). Hs pa6oqeFo Ko/Ieca BoAa en6pacnBaercg B cnn. .
panruufi orBoA 7, no KoropoMy oHa noAaercfl n uanopHuft narpyoox.
Ba.rr orlupaercfl Ha noAIxI,InHI{KH I I u na oAHoM KoHrre Hrvleer u.yqry 12 .,

tfa. I3 s 13.31 Hacoc'ot dagcmopouueeo exoda

BeprH-

c o J I b -
qro pa-

Pnc. 13.2. KoHco,ruuslfi Hacoc c sJreKTpoABHrareJreM

6oqee KoJreco / xpennrcn HenocpeAcr,BeHHo Ha KoHerI Bara
BOro sJreKTpoABHrare/rr. 3ro HCKJrrOqaer geo6xoAHMOCTb
CTBCHHbIC NOAI.UHNHHKI,I HACOCA H COCAHHI,ITCJIbHYIO UYQTY U

2 QnaHqe.
HMerb co6.

NO3BOJIgCT

4
5 / 0

Pnc. MoHo6noqnlrfi Hacoc rnna KM

ipL5.^::^(rrcr. 
orBepcrHfi n crynur{e H B.roporo ynrrorurrryqero *onuqu).

rf cBfl3H c 3TIIM 3Aecb npHMeHeII npocrofi canrHHrc4 6ee BoAflHoro saMKa.
Cnupanlust f i  xopnyc S orr lur  sruecre c sxoaHriv BIT u r i inopH"r* t t i
narpy6xaMH.

Puc. 13.5. Hacoc ABycTopoHHero BxoAa rnna E



Koncmpgrcquu /tonacmHbtx Hacocos l fn. I3

Nrn coeAHt le l lHt l  c  Ba, r loM 3JIeKTpoABHraTeJI l .  f lOcxo/ tbKy caJIbHHKH I
yn. r rorHf l lo r  r ro ; locr r r  b ,  B Koropbrx  Moxer  6ur . ru  AoBof l ;Ho r f lv6oKHf i
tsa l (yVM, To o l l l ' {  c t la6>xeHl t  BoARl{bnvr  3aMKoM. [ loAnoA BoAbt  x  ianbHl-

O' r . l r tq t t rc , ' Ib tu , rMu oco6et t t tocrRMl{  t racocoB Tr . rna, I {  nBJr t ' t lo rc f l  I tor ITH
n 2 pasa 6orbt l la t {  I roAaqa I ro  cpaBl - reHr . r rc  c  Kor{coJrb} rbrMH npg Tex ;11e
A IJa i \ { e rpax  pa6oue ro  KoJ Ieca ,  ypaB l l oBeu le r - tHoc rb  oceBbrx  Ha rpy3oK  pa -
6c lqero KOJreca,  qro o6.nerqaer
pa6ory f loArx] inHr.rKoB, Bo3-
l \ l0Xt l lOCTL I l3BJIeqet { t . t f l  pa6O-
qero KoJIeca c  I laJ ' IoM 6es r re-
o6xcl21r r r \ tocrr. l  orcoeAl.t  r  ter r H rr
noAXoAnqHX K  HaCOCy  rpy -
6onpono4oe.
I 3 . 4 ,  O C E B b I E  H A C O C b I

f l puu r l l r n r ra rbHar r  cxeMa
oceBoro  Hacoca  f r oKa3aHa  Ha
p r i c ,  I 1 . 9 ,  o c H o B r J b r e  e r o  o J r e -
MeHTbr  xopouo BHAHbT Ha
p H c ,  1 3 . 6 ,  p a 3 p e 3  B e p r ? r K a / r b .
i io ro  oceBofo Hacoca . [aH Ha
pHc.  13 .7 .

s 13.41 Oceeorc HACocbt 207

Pa6oqee Koneco Ilacoca cocrouT H3 BTyJrKu I, nonacrefi 2 (ux qncro
or 4 Ao 8) u o6rexare.nn 3. Pa6oqee Kofleco Kpenurcr 6o.ntaun K HH)K-
HeMy QnaHuy Baila 4, nonoxeHHe Koroporo Suxcupyercfl AByMs noArur{n-
HHKaMH: HH}KI-IHM HanpaBJIf l lolrIHM 6, pac[oaox(eHHbrM B cTynHrle Bbli l
npaBJrf lrourero annapar-a 5 (ero nonarxn 5 nuAHrr Ha pHc. l l .0), H Bepx-

Puc. 13.8. fopasoHra.nnsufi  ocesor? Hacoc runa Oll f-2201

' P Ha BOAfiHoH CI\{a3Ke H r.rMeeT aHrHooo/teBble
(ApesecuocJloucrbrfi n,nacrux) BKJIaAbrrJrH, nepxunft MolKer 6rirn KaK
c BoAflHok, "rarc r{ c r{acJrnnofi.cMagxofi. B nocneAHeM cfiyqae oH BbrHo-

206

t2

7

jl .",,

P r r c  l j J . 6 ,  O c c u o f l PHc.  13.7.  Ocenoi i rHna OI IB
cI'lTcR 3a npeAe,/'Ibl Kopnyca. ts rlecre BbIxoAa BaJra HMeercs cantnVw 12,
Q,ryaHt{enr 13 san H'acoca coeAnHffercrr c Fa/roM .qB4rare4fl,
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Vro,ry ycraHoBhH , ' Io l lacref i  pa6ouero KoJreca Mox(er 6urrr  pa3rurrHbrM
B 3aBI ' lcLIMocrH or rpe6yet l lbtx noAaqH Ir  r - ranopa. CyUectRyror ABa rHrra

npl ' . lBoAa , ' rof lacrer l  pa6overo Ko,/ ' teca, pacrroJloxeHHoMy BHyrpu srynxvt I ,
np'oxoAHl qepe3 no.flocTb BaJla.

Puc. 13.9. I-opueoura,lbHr,rri xancynrHrrr.i arperar c oceBbrM HacocoM

Oceette Hacocbr HcnoJlb3yrorcrr  npH cpaBrIHTeJIbuo trHgKoM Hanope
(ao l5-25 r'r) x 6o,nturofi no,ua'{e.

B s r n y c x a r c T c f l  H  f  o  p  H 3  o H T a  J r  b  H b r e  o c e B b r e  H  a c o  c b r .
Ha pHc. 13.8 noxa3a+ ropusoHra.urssrf i  Hacoc runa Onf-220f. 3Aecr
I^ - p^6oqee KoJreco AHaMerpoN{ 220 ctt; 2 - aal;:rpaBJrrrorqufi annapar,
3 - S-o6pasuar BcacbrBarouar rpv6a c uera.nnu.recxori qacrbro 4,
rlepe3,xoropyto npoxoAHT BaJr, onHparcrrlufics Ha noAurlanHr.rK 5 u uue-
rouurl Ha KoHue MyQry 6 lnn coeAHHeHHfl c BaJroM ropu3oHTaJrbFroro
sJIeKTpOABHrareJl n 7. lTonaqa Hacoca peryJrupyercfl noBoporou ,uonacreft
paOouero KoJIeca, xoroprtii ocyqecrBJrflercs rr,rApaBJrHrIecKHM (naac"rln-
Hrtna) cepBotvtoropoM. Taxue Hacocbl HcnoJrb3yrorcff IJtr HanopoB .(o

eQQexrunHlr npH or{eHb 6o.uuuofi
noAaqe,  HanpHMep 100 -250 u3/c,
H  n p H  H a n o p a x  l o  1 0 - 1 2  v .  T a x H e
HacocHbre afpefa'r 'br npeAnoJrafaeTcfl
LrcnoJIb3oBaTb AJrf l  cHcTelubr nepe-
6pocxl.t  qacru croKa peK Cu1upu n
pai roHu CpelHer i  AsHH. Ha pnc.  13.9
[oKa3aH npoeKT uacocsofi  crarrrtuH
c KancyJrbHbrM afpefaToM, cocTof l -
I IHM us pa6ouero KoJ,eca /  4nauer-
pou 5,0 na, BbrnpaBJrr lou{ero a[na-
pa"ra 2 rr o6rexaeuofr no4oli Kan-
cynur 3,  Br{yrpH xorotr io i r  pa3Meqa-
eTcfl gJreKTpoABHraTeJrb.

He ypanneHr4n (12 .  10a)  BHIHo,
qTo ecJrH HanpaBJrrrFou{HM annapa-
ToM co3Aarb uupKyJrrrrluro It B
cropoHy, o6paruylo Bpalr1euHlo pa.
6o,{ero Ko/reca, To Hacoc . Mox(er
pa6ora tu  H B ycJroBnr rx  f r r0 ,
T. e. KorAa noroK sa pa6ouuM KoJre-
coNa 6nusoK K oceBoMy. R erou cJry-
IIae pagBurlrf i BbrnpaBJrsroqufi anna- J
par He ipe6yercn.

r3.5.  AHA|OHAJTbHbTE HACOCbT

Ha pHc .  13 .10  noKa3aH AHaro-
Harrnrtfi Hacoc noBoporHo-Jronacr-
Horo l'Hna c AHaMerpor\4 pa6oueno
xoneca) n 2,0 M paccrrnTaHsurfi Ha
uanop 30 M. OcHoslruMr.r ero qa-
cl'RMrl rBJrrrrorcfl pa6ovee KoJIeco,
cocroflrrlee Hs nonacreft I, yKpen-
JIeHHbIX B() nrvnxe 2, Baila 3, Ha-
npaB/rrroulero noAuurrHuxa 4, pac-
noJrox(eHHoro BHyrpH o6rexarena 5,
roropuft onnpaercfl Ha xopnyc 6
qepe3 BbrnpaBJrfltoruue JronarKu 7.
Orno4 BoAbr ocyutecrB/rflercfl Ko-
JreHoM 8, K KoropoMy npucoeAn-

ca"ntsnx 9 u 6not< no/{rrlanHHKos 10.
t lucno nonacrefi  y KpvnHbrx AHa-
roHaJIbHbrx HacocoB 6.-9, y r\{e,rt-
xux-(D < 100 o,t) qncJro nonacrefi

7-10 M. 3a pv6excv HMeriorcf f  noAo6Hue HacocHbre vcraHoBKH c Ha-
Hrercff Hanopurui rpy6onpoBoA.

K JIOH II bIM p a3MellteH Hel\.{ Ba ila, H O B a JI pI 3JIeKTp OAB H I'aTeJIb p a CnOJr a f a }OTC rl
co cTopoHbr oTBoAriu{efo BoAoBoAa.

H a x , r r l n r i l p l n \ r e l r e H r { e  o c e B b t e  n a c o c b t  t 4  B  B H A e  r o p H -
: l  o  r r  r  a  r  h  H  b t  x  r (  a  n  c v  J r  b  r {  b r  x  a  f  p  e  r a  r o B .  o n u o c o 6 e s H o

Puc. 13.10. Ar.raroualuHurf i  Hacoc



s r3.7 | M uoeocmg ne Hqamue Hdcocbt

2t0 K ouc ntp gxtluu /totmc mtlblx Hctcocoo I f t t .  I3

rueHbue. f ,ua{ 'orraJrbFrbre rracocbr,  oco6eHI{o MeJIKHe, BblnycKalorcf l  H c

)KecrKHM 3al{penJ[eHHeM JIOi laCref i  (npone,rrnepHble).

Kax  BHAH9 t43  pHc.  13 .10 ,  AHaroHaJIbHbIe  Hacocb l  no  Ko l \ {noHoBKe

noxoxg Ha oceBbre, ocHonHoe oTJIHqt. te cocrol lT B Qopue pa6ouero KOJIeca.

13 ,6 .  BEPTHKAJIbHb 'E L IEHTPO6EXHITIE HAC'OCbl

OcHoeH brrvr  r  r  n peru{) 'uecrBa M r.r  BeprH KaJIbt l  bt  x i leHTpo6exs ut  x HacocoB

f lgu' I f  IOTCfl  I \ , teHblUHe pa3N,lepbl  B nJIaHe r lO CpaBIJeHHI0 C fOpH3OHTaJIb-

rrbrN,rH t . t  ]Ao6crso KoMnor{oBr{r{  /Ug HeKoropbl .x rHnoB HacocHblx cral{ '

u r r r i .  Sr r r  npe lMy[ \ecrBa oco6eH] ro  cy tqecrBe l lHb l  AJ I t I  Kp .vn l lb lx  HacocoB.

P H c .  l 3 . l  I .  B e p r u K z J r b i l t r l i i  u e r r r p o 6 e i x r t u l i i  H a c o c  T n n a  B

14 rroAyueK 11.

13 .7 .  MHOTOCTynEHqATbIE HACOCbI

B MHorocrvneHqa'rbrx Hacocax nepeKaqHtsaelvlafl xiHAKocTb nocJleAo-

BareJrbHo npoxoAuT r{epe3 HecKo_JIbKo pa6oq}Ix Ko/lec' cTyneHefi. Ec.npl

Kax(Aafl cTyneHb co3AaeT Hanop H 1, To pa3Bl{BaeMblfi Hanop Hacoc.a npu

z cTyneHflx coc.TaBLIr H -

H :  zHr ,

2

D H, r4trrv, ecJIH Bce KoJIeca oAHHaKoBbI,
I

H a  p H c .  1 3 . 1 1  A a r {  P a 3 P e 3  n o
rrrna B. ! ,ual terp pa6oqero KoJIeca

KpynHoi \ iy  BepTHKaJIbHOMy HaCoCy

D - 2,09 trt, a AHaMerP BxoAHoro

Ann Ml{orocryneHqaroro Hacoca rp4^onpeAeJIeHHII xoe$QuUHeHTa
6ucrpoxoAHocru pa6ouero KoJreca ns no (12.28) noAcraBJlffIor IIe noJIHbIfi
Hano-p H uacoca, a Hlz (np" oAHHaKoBbIX ronecax) wilvI H1- Hanop
nepnofi  cryneHH.

Puc.  13.12.  MHorocryneH'
qarutft cexuuorruutfi Hacoc
(rueuunfi aH,a)

pasAeJrHrb Ha ABa BLIAa: ceKIIHOHHble, HMerouu4e Kopnyc c TopueBbIMH
pagbeMaMu, H HacoCbI, lrMeFoIUHe o6utufi Kopnyg H3 AByx .Iactefi C oC€:
BbrM pa3reMoM.

v i u v l i v t t L r i  u r a ' J

JI  l lTy lO Cnu p aJIF,HOMY
f locxortxy ceqel l l {c
Bbt3btBaer 60,rltL-tne

nepex0Af luyro B HanopHbIH
3aMlil ' ly1'Oe, ro BHyTpeHHee
MOI \ IeF ITb l ,  A . [ f l  BOCnpHt lT I t f l

r (aMepy 2,
( 'n  I l  pa, ' I I I  He
! r3rur6arout ie

narpy6or.
AARJICFIHC
K O T O p b I X

ycrpaHBalorcf l  MOLIIHble pe6Pa 3.
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Puc. 13.13. Muorocryneuqarutf i  cercUnouHt t f t  Hacoc (ocenof i  paepes)

3aMbtKarcqHX ceKr1uf i :  BXoAHoir  4 c BxoAHblM naTpy6Kow Bn H BblxoA'
Hoft  5 c HanopHbrNt narpy6xorvr H/7.  B 3aNtbIKatoulHx cexuI4f lx,  cr t lHyrblx
6onravu 6, pasueuteHbr caJrbrrHKH: BcacbIBaIouHPI I c BoARHbIM SaMKoM
r.r HanopH brk' g H noAuHnHHKH 7. Bat rr,ty$roft 10 coeluHflercff c BaJIoM
3.1€i(Tpo7]BHi-aTeiiri. Oces;ie i 'Cvifi 'r ir i r ia KaXiAOI"{ KOfieCe HaCOCa ypaB!{O'

Ber.ileHbI (ltn,Ietorcn no ABa yIIJIOTHe-

MHHHMVMA THIDABJI} I I IECKHC NOTEPH H

o6ecnequru oceBofi nonxoA iloroKa K pa6oqeMy KoJIecy (6es 3aKpyrKH).

HHn H pa3r 'py3oqHble ornePcrrn),
Bsrnycxalorcn ceKIIHoHHbIe Hacocbl

H C HeypaBHoBeuIeHHbIMH pa6OqI ' lMH
KOJIeCaMH, IITO yMeHburaer nporeqKH
14 ynp0uaeT KoHcTpyKIIlIp. B eToM
cJryqae oceBoe ycHJIHe fnApaBJIHIIeCKI4
ypaBHoBeuHBaercR c noMo[lblo cneur-
aJrbHoro AHcKa-nf lTbl ,  HacaxeHHoro Ha
BAJI .

Plrc. 13.14. Jlorracrutr" l  oreoA MHo- Baxulttr t  SJIeMeHToM MHof,ocTyneH-
rocr) 'ner{ 'raroro Hacoca (ceueHun r{aTofo ceti l . lgoHHgl'o HacOCa f lBJIf leTcfl
A 'A u 6-6 noxasaHbr  Ha puc.  13.13)  oTBoAf l r .UHf t  annapaT,  qepeg KoTopbr f l

BoAa nocrynaer K BxOAHo\4y orBep'
cruro pa6oqero KoJreca cfie.[yrcqeft crynenu. OcHoeHoe Ha3HaqeHHe

M noeocmg ne flttambv Hacocu 2r8

M H o r o c r y n e H r l a r b l e  H a c o c b l  c  o c e B b I M  p a g b .
e M o M, HMerolllue JrHTofi Kopnyc r.r3 AByx noJroBrIH, BbrnoJrHflroTcfl B pa3-
JIHTIHbIX QOPTT,TAX. BHCUHNfi BI,IA OAHOTO H3 TAKHX HACOCOB NOKA3AH.
Ha pnc. 13.15, npoAorrbHbrr l  pa3pe3 -  Ha pr.rc.  13.16. Ha BaJry I  :na-

o?tn &uo A

Puc, 13.15. Muorocrynesqaluni Hacoc c oceBbrM pa3beMoM (eHeruHr.rr l  BHA ycra-
HosxH)

caxeHbr r{erbrpe pa60uux KoJreca 2 (ue$rpexcryneHqarbrfi Hacoc), Ho
B OT.rrI{qHe OT CeKqhOHHOfO HaCOCa }tX BXOAHbIe OTBepCTLtfl HanpaBAeHbl
B rrporHBonoJrolKHbre cTopoHbr. x(raAxocrl H3 BxoAHoro (npuevrHoro)
narpy6xa Bn nonaAaer B noJlocra b u Bo BXoAlIoe orBepcTre pa6ouero
KoJreca nepnof,r cryneHH. n,anee xuAKocrr, nrr6pacbrBaercq B cnnpaJrb-
Hrrfi oreoA v Kara,rrorr,r (/ B KpbnxKe Kopnyca noABOAHTcff K BxoAHoMy
n , l r E t A l . \ / i ' T , r t r : / l .  t r a ( n r r a F n  v ^ n a l r q  p . n n n n #  ^ . F l t n a l t r r  D o K n r r o a  v n  n a ^ n  - n a i r - a f l  ,  ,
v r p v y v r  r r r v  y q v v a v l  v  r \ v r l v v q  p r v y v r r  v r  J  r r v r r r r .  r  q v v a L U  r \ u d r u \ - v  r y v l g u n

cryneHH xpafiHee rrpaBoe, H K HeMy )KHAKocrb noABoAHTcfl no BHeuuefi ,
nepeBoAHoft  rpy6e IJT (xol toruo BHAHa Ha pHc. 13.15),  sareM KaHaJroM. 

' '

K2 x pa6ouerr,ry KoJrecy qerBeproft cryneuv, cnrpa.nsHr,rfi orBoA Koroporo ,,.,1,"jr . - - . - . - - r . y v . ' ^ . ' . . | : ' ' { . ;

nepexoAHr B HanopHbrfi natpy6ox Hn. Cxeua ABlrlKeHr{fl xHAKocrH.,; '";
noKa3aHa Ha pHc. 13.17. OcHoBuoe npeuMyrrlecrBo raKoFo pacnoJroxeHuf,{.ff i
pa6oqHx KoJIec cocToHT B ToM, rITo npH tIeTHoM tIHcIe cTvneHefi OHo .(aeT':
ypaBHoBeIIreHHyro cr4cTeMy, y KoTopofi ocesaq cocTaBJrflrorrlafl oT rlrApoi:
AHHaMHT{eCXOiI Harpy3KH MaJra, qTO O6rerqaer pa6ory noAur{nHHKoB g
(p"..  13.16). Kopnyc Hacoca cocrour H3 AByx roJroBHHr 

"H*"un 
onop:'ui. '

ttoft 4 H KpbttxKn 5, coe4HHeHHbIX 6onrauu. Hacoc HMeer ABa caJIbHWRai.,:;:
BcacblBarouluit 6 c BoArrHbrM 3aMKoM H Hanopuurl 7. CoeAuHeHHe c sJreK-
rpoABnrare.nflMn ocyqecrBJrflercfl uySrofi B.

BrrcoxoHarropHbre 6-8-cryneHqarbre rtHTareJrbHbre
KoHcrpyKrIHH HMeror ABe BHerrrHHe [epeBoAHbre rpy6br
Barb Hanop 6o.rlee 800-1200 rr,r npu 2900 o6/rvruu.

B paccMorDeHHbrx KoHcrDVKIu.rRx MHorocrvn
pa6oque KoJreca oAHHaKoBbr. Ho B HeKoropbrx cJryqaflx pa6oqee KoJieeo
nepBofi cTyneHH ycraHaBnHBaercfl .qpyrofi $oprrlu, HanpHMep c AeofiHnru
BxoAoM. 3ro 4enaercn B ocHoBHoM AJrn yryrIUJeHwr, KaBHTauHoHHbIx no-
xagarenef i  Hacoca.

Koncmp gruluu nonacmHux Hacocoe Ita. I3 s 13.71

M  H 0 r o c r y n e H
K a 3 a H  H a  p u c .  1 3 . 1 2 ,  n a
r.{Meer qerbrpe pa6ouux
rbrpexcryneHl{arbtf i) .  OH

q a r u f i  c e K q H o H H b I f i  H a c o
puc. 13.13 aaH ero npoAortbnbl f i  pa3p$.
roneca 1, HacaxeHHbIX Ha odqufi BaJt
cocroHT H3 TpeX OAHHaKOBbIX CeKqufr' 3

c no'
Hacoc
2 (ue-

H AByx

Orno4nquft  annapar cocroHT H3 AByx cucreM JlonaroK: HanpaB. l f l to '
urux 1/, pacnoJrox<eHHbrx HenocpeAcrBeHHo 3a pa6ouuru KoJIecoM (ceu.
A - A  H a  p H c ,  1 3 . 1 3  v ,  1 3 . 1 4 ) ,  H  o 6 p a r H b r x  / 2  ( c e u .  6 - 6 ) .

A ffi-r+ffi-/5

Hanpa1,nnnulue
.n0namKu
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I3.8. HEKOTOPb,IE SJIEMEHTbI KOHCTPYKIIHH JIONACTHbIX HACOCOB.
', . | : :

P a 6 o q e e  K o n e c o  s n J l f l e r c f ,  o c H o B H b I M  g J r e M e H T o M  H a c o c a ,  T a K  K a K  B  H e M i

npoucxoAlrr npeo6pa3oBaHue gHeprHH, nonyqaeMofi or AsHra'renfl,, B gHeprnro flepei

KaqHBaeMofi xr.rAxocru. Oopua pa6ouero KoJreca saBHcr.rT or ero xosQ$Hqr.reHra 6uctpo-','.1.
xoAHocru n H HgMeHrrercrr B coorBercrBuu c puc. 12.8, a. Pa6o.rne Koreca oceBux Ha-.
cocoB o6H.rHo r.IMeror orreMHbre Jlonacru, Koreca qeHrpo6exHblx rracocoB, KaK rIpdBHJIol ,,,:

ueJrbHoJrnTure (6ponsoBbre, qyryHHbre, cranrune). flocxo.rrKy ornocnTeJrbHafl cropocri ",:',t 
;

o6rexaHus xuAKocrbro pa6ouero KoJreca BecbMa BenilKa; To c qenbro yMeHbrrreHus=:t,::i
ruApaBrurrecKux norepb a lroBbuu€HHfl KnA oHH AoJIXHu 6rrrs iulare.rrrHo o6pa6o-',ri;:li

' i !+: t' '7"

TaHbt H HMerb rnaAKyto noBepxHocrb. .,t/22,. - . i;: i /-
,/&a. -aT\* ', ...')';!-.

Oopnrsr H pa3Mepbl .nonacreft t{ 
V ,Z !I=u i

pa6ouero Koreca onpeAeJrrrrcTcq rHA-
poMexaHHqecKHM pacqeroM r.r gKcne-

pnueHranrHoft orpa6orxofi.

fian.neHue B noJrocru MexAy
pa6ounu KoJrecoM u KopnycoM
(puc.  13,18,  a)  oKa3brBaer  cyu lecr -
Bernroe Bf iHqHHe Ha pa6ory  Hacoca.
B roqrce ,4 Aae.rtenr.re raKoe xe, KaK
B cnHpaJr l r ,  r ro  no uepe npH6JrHx(e-
lu.rfl r( roqKe 6 AaBJreHHe B noJlocrn 6y.uer naAarb 3a crrer sos.ueficrsxff qeHTpodelKHbrx

cr4Jr, Bbr3brBaeMbrx Bpau{eHueru xHAKocrH B sasope. 3ro BpaqeHLIe rBJlflercfl cneAcr-
BHeM yBJlerre l rHt  ]KHAKocrr t  creHKaMH pa6ouero KoJIeca.

f lycrs Ha pa, luyce r  (puc.  13.18,6)  oxpyxr{af l  cKopocrb BparqeHr.rs }KHAKocrH u4,

Hs MexaHr.rKH H3BecrHo, r {To npu TaKoM ABHXeHHH BogHHKaer ueHTpocrDeMHTeJIbHoe
ycKopeHHe 4,  onpeAeJrqeMoe BbrpaxeHHeM

d hc . j' 3 i -
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Puc. 13.18. , [an.neHHe B 3a3ope MexAy Bpa-
ualoulHMca pa6ouulrl KoJrecoM H KopnycoM
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Ec.rru Bo Bpau1elroulelicx

AaBJreHHfl dp Ha cJroe dr

Vs (13.3)  BH/Uto,  t t1 'o

creft u, (r).  Ecnu npuHfl ' rb,
yr"torofi cKopocrbro (ox(, To

xHAKOCTfl BbrAeJrHTb KOJTbUO

c yqeroM (13.1)  paBHo:

,12

d D :  o i !  d r ., t r

( 1 3 .  l )

paAHycoM r, To H3MeHeHHe

(13.2)

3Aecr p - nrorHocrb )r(HAKocrH.
_ Hnrerpupya (13.2), Mox(Ho safiru nepenaA AaBJreHHfl MelKAy AByMfl paAHycaMH
R1 H R2:

Pz -  P i (  13 .3)

nepenaA AaBJrei lHn saBHCHr OT 9ntopbr OKpyxl lbrx cKopo.
rrTo )KHAKOCTT, Bpau{aeTcs KaK TBepAoe TeJIo c noctoRunofi

(13 .4)A4 : 0)r1't,



216

,rAe o : 2nnl60 - yrJroBan cKopocrb pa6ouero roneca.
Vs (13.5) crleAyer, qro snropa AaB/reHHfl B sa3ope npeAcraBJrser co6ofi napa6o.nonA
BpauleHnf l  (puc.  13.18, -a) .

Puc. 13.19. Bs.u,ur ynJrorHeHnr'r pa6ouer-o KoJreca

V n . n o r H e t {  H  s  p  a 6 o q e r o  K o J r e c a .  l l e p e n a . q  A a B J T e H H R  M e x A y  r o q -
xoir 6 (puc. 13.18, a) u nxolHbrM ceqeHHeM MeHbue r{anopa H, paszuaaeMoro pa6o-
qHM KoJrecoM, Ha AHoo no (13.5), oAHaxo gror nepenaA ocraercr BecbMa 6oruruuN,r.

flpousneleu Ko.rrHqecrBeHHyro oueHKy. Ilycru D2 : 270 uu H Ds* - 100 r,,1r,,r,
I l anop  / t  : 90  M  H  n :2900  o6 luuu .  3 ro  rae r  o  - - - 300  l l c ,  f l puu r l r r l an  no  (13 .0 )
to*  -  150 l /c ,  no (13.5)  no; r5 ,qssy,

A  L t  1 5 0 2  t A  i . r q  n  r , r o \LH ne.=  2  €h  
(0 ,1352 -  0 ,052)  ,= -  I8 ,0  u .

cneAoeareJrbHo, nepena.q AH Mex(Ay roqrcofi E H sxoAoM cocraBHT:
LH -  90  -  18  :72  r , r ,

B srHx ycJIoBHflx cepleeHoft npo6nenrofi f iBJrflercfl ycrpofierno ynJrorneHHH MexAy
KopnycoM H BpaqalouluMcs pa6ouHl,r KoJrecoM.

Vn.norseHan pa6ouero KoJIeca BcerAa AeJIarcTcs ure.rreBbte, r. e. 6ee HenocpeA-
crBeHHoro rpeHllff Mex,[y rBepAbIMH ynJrorHfl]orqHMH gJreMeHTaMI.t, Ho ceqeHHe n xoH$u-
rypauHs sa3opoB usr6uparcrcr  raKHMH, qro6sr cBecrH Ao MHHHMyMa neperoK Hg Hanop-
uofi no,rocrH Bo BcacbtBatou{ufi narpy6ox, onpe4e.nxrcu1nfi o6teunufi KnA Hacoca.

Pasrlt '{HHe BHAbt ynJlornesufi noKagaHbI r.ta pHc. 13,19. Cae,4yer orMerHTb, qro

flpoctefi urHMql:r ssssotat
ycraHoBJrenHbre B.Hacocax Hh pHc. 13.1

Hanpunrep,VNJIOTHEHHC
aHHoe Ha  pHc .  13 .19 ,  a ,  npuueHr . r r t l o  B  Hacocax  Ha  

- | -nc .  
l g .S .

Cne.lr'er orNtert'rrb, rrro crertKn ynJlorHeHr.rrl - gro oAHa Hg qacrefi l{acocoB, no.(-
Rcpx (e r r r - r  b t x  AoBcJrbno  r . r r r reF tc r rBnoMy r . t3 r rocv .  pa :pa6or rca  3a3opoB npoHcxoAHT ga

c' lc  r  6t ' lc ' t l )oro , r [BI I>xenr{ f l  xcJAr(ocrr . r  B 3a3ope l t  oco6eHuo 6ucrpo,  ecJIH B nepeKa-

s 13.81 Hexomopote a/teileHmu KoHcmpgvquu /tonacmtrbtx Hacocos 217

qHsael\4ofi xr.tAriocrH coAepxHTcfl AalKe ue6o.nuuroe KoJrHqecrBo a6pasunHltx qacrHII.

VqHrutsaq 9To, ynJIorHeHHq 6onrurefi qacrbro Bbr[oJl]rflrorcff co cteMHbrMH KoJrbqaMH,
KOTOpbre MoxHo 3aMeHflTb.

VpanuoneurHBaHue ocenofi cHJIbI pa6ouero KoJreca oAHocropoHHeto BxoAa (qu.,
HanpHMep, puc.  13. l )  o6ecnequBaercq co3AaHHeM pa3rpy3oqnbrx orBepctuf i  n Broporo
KoJlblla ynnorHeHHs. B sror,I cJlyqae gnlopbl AaBJreHHfl Ha npaByrc H neByro CTopoHbr
noqrl.{ oAHHaKoBbI H oceBoe ycHJrHe npaKTnqecKr.r paBHo Hynro. 3ro o6.neruaer pa6oty
noAIIMnHHKOB, HO B TO )Ke BpeMg ycnox(Hffer KoHcrpyKrlHto caMoro Hacoca, a MaBHOe
norITH n 2 pasa Bo3pacraloT nporerlKu r.I3 Hanopuoft no.nocru Bo BxoAHyrc, T. e. yBe-
rHrlHBalorcs o6teuHrte norepH. B cnssu c 9THM r{acro BocnpHH}tMaror oceBoe ycHJIHe
CNEIIHAJIbHbIMH THAPABTHT{ECKHMH YCT.
poftcrnauH (6apa6auur, qHcxu) rnu noA-
rrrHnHHKaMu (cu. [29]). npu eroM Me-
xaHnqecKue norepn 6yayr 6o.nture, Ho
BO MHOTHX CIyqasX 3TO noKpbrBaeTcff
yMeHbueHHeu o6ren,tnux norepb.

C a.n r H H K H tBJrflrorcfl oqeHb
B X(HbIM H OTBCTCTBEHHbIM 9JICMEHTOM

HacocoB u rpe6yror x ce6e Hau6o4rurero

BHHMaHHfl  B npoqecce sKcnnyaTaqHH.

Kax 6ur.no ycraHoBneHo npu paccMorpe-

HHH KoHcrpyxunft  HacocoB, caJrbHHKH
6Hsarcr o6lt.rHbte, KorAa AaBJIeHHe B
ynnorlrfl loulerl no,nocru Bbrrrle aruocQep-

HO|O, H BaKyyMHbre,  KofAa B ynnoT.

unrcu1eft noJrocru MolKer 6urr paspexe-

Hne. B noc,[eAHeM cJryqae npHMeHflrorcrr

caJIbHHK14 c BoAf lHbrM 3aMKoM (ctr r .

Koucntp grcquu rlonactnHbtx Hacocor l l t t .  13

f loAcrasnqf l ,  au no (13.4)  e  (13.3) ,  noryqaeM nepenaA Hanopa,  Bbr3brBaeMbrf i  npa.
U-(eH IIel\{ }KH.IKOCTH :

,
A H . ^  : P z -  P t  -  

o ;  
l 1 ' 2  -  p ? \

ps  
:  

E  \R ,  - -  r r  / '  (13 .5 )

! , .rrn sasop a npH r"[aAK]tx Topt{eBbtx noBepxHocrrx pa6o'tero KoJreca o6uluuo npu-
HHI{ArcT:

0),* :  0,5O, (13 .6)

d l' g

Pnc. 13.20. CnHpalrnrrft oreoA ueHrpo6ex.
H O r O  H A C O C a :

c  -  npoAonbHoe ceqeHHei  6  -  nonepegHbt€  c€ . .
I ICH H ' l

p r r c .  l 3 . l  u  1 3 . 5 ) .
B npe4e"nax caJIbHHKa ruel ixa sara o6xara caJrbHHxoeor i  Ha6Hnxof i ,  I {  3Aecb Bo3-

MoxeH ltecrHltfi H3Hoc. Oco6eHHo onacHo, KorAa c BoAofi nonaAapT a6paennHne rracr'qbr.
C ueaurc o6nerqeHuf, peMoHTa BaJIa, a raKx(e AJIfi cHHxteHHr HHTeHcHBHocTH HgHoea
B Mecre npoxoAa qepe3 caJIbHHK Ha Bail Hacax(HBaercff 3aull{Tuan py6awKa, Koroparl
H3roroBrqercfi Hs Hepx(aBeloulefi cra.nu. Taxaq cHcreMa npnMerleHa B Hacocax Ha
pHc. 13.l rr 13.5. Py6aruxa Hs Hep)KaBercu1efi crailr4, KaK npaBuJro, craBHrcr Ha Bany
B MeCTe pacnoro)KeHHq caJIbHHKa H OnlIpaHHfl, .Ha noArrrHnHHK cKoJIb){eHHf, C BO:
Asnor l  cMasxoft  B oceBbix (pnc.  13.7)  H BepruKanbHrrx (puc.  lg. l l )  sacocax.

O r n o A bI H a c o c o B [pHHHMaIor BoAy, nu6pacunaeiryro pa6ovurrl KoJrecoM,
Il orBoAHr ee K HanopHoMy fiarpy1xy unu K Konecy cleAyroqefi cryneHr.r B MHorocryneH-
qarbtx Hacocax. XuAxoctr nu6pacunaercfi Hs pa6oqero KoJreca c 6o.nrruofi cKopocrb1,
as-20+40 ulc, T. e. KHHerHqecKafi gHeprnrr ee BbrcoKa. oqeur Ba)KHo r{cnoJrbsoBarb
gTy sHeprHrc H npeo6pasonarr ee B gHepruro AaBJreHlrs. 3ra gaAa'{a H peuaerc f, nprl

Karr 6u.no Br.rAHo npn paccMorpeHuu KoHcrpyKrlHfi HacocoB, npnMenrerc, ABa
BHAa orBoAoB: cnnpa.nrutrrf 14 c HanpaBnflIoulnM annaparoM.

Oopr'la cnnpaJlbHoro orBoAa noKa3aHa Ha puc. 13.20. Pasuepu noflepeqHqX c€.
qeHHfi nu6upamcff TaKHM o6pasou, rrro cpeAnf,fi cKopocrb xHI(KocrH no ornoAy cb-

f"/ \^
\L)



2rg Kaeumauun o Hacocdx

xpaHrrercf f  noqrr . t  nocroqHHor?.  KoHeqHaq qacrb orBoAa Me)KAy ceqeHnf iMlr  7 n I
npe.XcraBJIf ler  co6oi t , tnQrlysop,  no AJIHHe ,(oroporo cpeAHrrg cKopocrb te, leHHq y6bt-

Baer,  qro no3Bor ' r  qer AonoJIHr{TeJrbtro npeo6pasonart  r tacrb KHHerHqecroi i  sHepnl l r t

B  3 i l ep fH to  AaBJ ' teH l r f .
LLI l rp l rHa orBoAa b, ,  06r l rno 6o"qsure uHpr{r{bt  pa6o,rero r(oJreca b2 (cu,  TaKx(e

p u c .  1 3 . 1 ,  I 3 . 5 ,  I 3 . l l ) ,

B oreoAax c HanpaB.rr f l rcrru lNl  annaparoM (ot l .  puc,  13,14) BoAa H3 pa6oqero KoJreca

nonaAaer a aHQQysopHbre,  pacurHprrorqHecf l  KaHaJrbr,  no . r tnHHe Koropbrx cKopocrb
nJIaBHo y6t tnaer,  qro no3Bonrrer  npeo6pasosaru KHHerHqecKylo gHeprnto B gHeprnto

AaBrrel l t { f l .  B CCCP rar(r re orBoAbr npr. rMeHarorcrr  AJrE ceKUHoHHbrx MHorocryneHqarbrx
I lacocoB. Hexoropsre sapy6ex<Hrre rpupr ' rbr ,  HanpnMep <3y"nsuep> ( l lJnef iqapnn),  Bbrny-
cKaroT H oAHOCTyneHqarbre Hacocbr c HanpaBnrrrcrr IHM annapaToM.

I - n a o a  1 4

KABHTAUldf l B HACOCAX

14.t .  f lEJTEHHE KABHTAUHH t4 AOnyCTHMAfl  BbTCOTA BCACb|BAHH'

B S I  1.1 6ntno ycraHoBJreHo, qro npu pa6ore HacocHoft  ycraHoBKH
.qaBJreHtre Bo BXoAHoM narpy6Ke Hacoca MolKeT 6urr HH3KHM tr qacTo
sAecb BO3HHKaer AOBOJTbHO Ury6OKHft  naXyyrtr  KpOVre TOrO, KaK nOKa-
3aFIo B S t2.5, Ha rbr.[bHoft cropoHe ,ryonacrefi Bo3HprKa.er Aono,rrHHTe-rrb-
I IOe rroHHXeHr.re AaBJreHVn. B HTOne B HeKOTOpOfi  UaCrH pa6oqero KOJreCa,
B OCFIOBHOM BO BXOAHOfi ,  a6COnrcTHOe AaB/reHHe B nOTOKe MOXer CHr, t -
)KaTbcrr  Ao AaBJreHHfl  HacL,ruleHHbrx napoB xHAKocTH, npH KoTopoM
BO3HHKaeT RBJTeHHe KaBIdTaL\V|A.

@uguqecKar r  npupoAa KaBHTauHH,  cBf l3aHHar  c  naAeHHeM AaBJreHr{ f l
B noToKe Ao AaBJreHHrr HacbruleHHbrx napoB )KHAKoCTH pa -(  pn.  x
H o6pa3oBaHHeM pa3pbrBoB cn;ror.uHocTn Teqevnf, ,  -  KaBepH, 6ur,na pac-
cMorpeHa B S 7.  1.  I - lar . r6onee BaxHbre Bo3Aef ic ' r 'Br{ f l  KaBHTaUHH; yBef l r , r -
I {eHHe r } rApaBJIL IqecKHX norepb,  Bo3HHKHoBeHHe rnyMoB u  EH6pa i l ,H f j r ,
HH'I 'eHcHBHbri I  LI3Hoc noBepxHocTef i  yKa3brBaroT Ha rreAonycTHMocrb
KaBHrar{Hr.r  r rpH HopMaJrbFrof i  pa6ore r{acocoB. Vcnonueu oTcyTcTBHfl
KaBHrar. lHH cofJracHo (7.2) f lEJrf lercf l  Tpe6oBaHHe, rrTo6br B npeAeJrax
IIpOTOIJHOfO TpaKTa a6COnIoTsOe AaBJrer{He 6UnO Bbrr.i le AaBileHHrl Fra-
cbrrueHHofo napa xHAKocTr.r :

P ^ t  )  P r .  x .

TpyaHocrb 3ar(Jnoqaercf l  B HaxolKAeHHH ToqKH i ,  n xoropof i  AaBJreHHe
6yaer rvrr i r r r {MaJrF,HbrM, r . r  B onpeAeJreFrHH caMoro AaBJreHHrr par.  B csgsH
c 3Tilr\{ KaBHTarlrioHI-rbre Kpr.rTepHH onpeAeJrrrloTcrf SKcnepHMeHTaJIbHbrM
n\ / ' t ' e l r , r  (no lpo6uee c rv r  I17  l ) .

[onycruman BaKyyMMerpuqecKaf l  BbrcoTa BcacbrBaHHs

flpoue eeAeM cJleAyrourull onbrr. E y4eu cryneHfl Mr4 cHHX{arb AaBrreHHe
BO BXO,IHOM narpy6Ke Hacoca, T. e. yBefluqr.rBarb Ho; noMep]KwBAfl
nocToflHHbIMH noA?,{y Q H rracToTy Bpau1eHHfl (cfloco6br ucnrrrasHs Onn- ,,,
caHbr l $ 15,3). [Ipu KaxAoM HB H3MepfleM Hanop H, MorrlHocro ff. Iu K n A q .  

'  I
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,_..9rq9rr'a rpaQHK u3MeHetun yKa3aHHbrx BeJrHrrHH n__QyHrqHvr or Hr
(pHc. I+.1). Ao HeKoroporo sHaqeHHfl H" rorrKH H, N u n 6yayi
JIoxr4TbcR Ha ropH3oHTaJrbHyro ilHHHto, ,r1g yKa3brBaer Ha orcyrcinne
BilHflHHn 

-H". 
Ho c uexoroporo 3Haqewun H" Bo3HHKaror flBHbte orrno-
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Prc. 14.1. onpe4eneHHe KpHTa'lecxori BaKyyMMerpnuecxoft Bbrcorbr BcacbrBaHns Hacoca

H e H H f l ' . . K O T O p b l e  [ l p O f B J I f l ] O T c f l  c p a 3 y  B  B H A e  p e g K O r O  C p b r B a
( p u c .  l 4 , l , . a ) ,  i l y Q o  n e p e A  c p b r B o M  B o 3 H H K a r c r  n f l a B H b r e  H s M e .
H e H H n  ( p n c .  l 4 . l , 6 ) .

Cprra H HgMet-teHHn napaMerpoB BbrgbrBaprcf l  Bo3HHKHoBeHHeM B Ha.
c o c e  K a B  H r a r \ H H  ( n _ s r o l r  r u o x ( H o  y 6 e 4 u r l c n  H ' n o  A p y r H M  n p H -
sHaKaM: rroflBJreHHe cnequouqecKoro rxyMa B BHAe TpecKa, ycHJreHHe
nu6p auuir, Bo3 H H KHoBeH LIe HHreHcHBHbrx yJrbTp a3ByKorrt* *o"ri.6;;;f i i :
3 r o  n o g B o J r f l e r  y c r a H o B H T b  3 H a q e H H e  K p H r z , i e c x o f i  B a K y -
y M M g r p  H q e  c  x o  r i  B b r c o r b r  B c a c b r B  a H . u f l  H l p ,  B b r r r r e"  .  1 ,  r r  a v  v  r \ v  f l  . o . D r L u  t  D r  t ,  u a  u b l t s  a H . H f l  t l i . ,  B b I I I I e

LOJOp"O_" 
"rr. 

Hacoce Bo3HHKaer KaBHTar\Hfl. Bnola Hexoropslfi 3anac

2  +  6  l u

a) n[P!&s '

q e c K y r o  B b r c o r y  H X o " .
3uas HEo", ycJroBHe orcyrcrB Hfl KaBHrauHH

CTABHTb COOTHOI.UCH HCM
B HaCOCe MOIKHO npeA. ?
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H, -( H$on
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f lory'lsHHtll i pesy"rrrTar noKa'blBaer, qro c noBbrrrleH'eM TeMneparypbl BoAbI ,[o-IIycrHMafl Bbrcora BcacbrBaHH, v6lrsaer.
Ecnu 6rr a6co'zrcrua" or*."*, HE 6rrna Bbrrrle, nanpHMep +400 M, To cor.rracHo(14'4)  AonycrHMaf l  Bblcora BcacbrBaHHfl  yMeHbuJuJracu 6ur na 400/900:  0,4b u.

KanuraquoHHurf i  sanac HacocoB
tlacro B KarrecrBe KaBHTau'oHHoro I(plrrepHt Hacoca Hcnofib-.3yercff raK Hasbreaeprtrri K a B H r a r{ u o H H br ft. e a n u .- Lh:,- ;;;;-BbrBaroirrHrl Hs6r'rrox a6co.rlrcrHofi y4e.rrruofi ,n.f."" ,,i";;;" Bo BxoA_HoM narp y6xe rr a coca orHoc'rerr bHo y4.no"o,r ;;;i, ;;il 

^ 
o"ip ua,.ns euoftAaBJreHHeru Hacblu{eHHbrx napoB X(HAKOCTH:

CornacHo (14.1) rcaeumaquu s Hacoce ry 6gdem, ecnu eaKaalil.tutempu-
uecKafl gbrcomo. Bcacbt^aHufl He npeBuw.aam dongcmu.tuoeo 3HaqeHHff.

Hcnonr_syn Sopr'ryny (l 1.3) Ann aaxyyrrrnaerpuuecxolt Bbrcorbr Bca-
catBawua H", MoxeM nepefiru_K neoMerpHqecKoii (craruuecxoli) Bbrcore
BcacbrBaHus .H,  (cr" r .  pwc.  I  l . l ) :

Taxurta o6pasoira, qmo1bt ttcK/uoqurnb KaRuma4urc I Hacoce, Bbrcoma
Bcacbt&QHun doncrcna 6otma oepaHuueHa. B coonlnemcnxlutt c Qoplugttoti
(  1 4 . 3 )  .

o6ur*ro HXo" Aaercff AJtfl HopMaabHoro aruoc$epHoro AaBJreHHe
Ha ypoBHe Mopfl H Ailn xoJroAHofi noAu I -< BS'C. C noBbr[reH]reM or-
MerKH MecrHocrH arvocQepHoe. AaBJIeHHe cHulKaercfl corJracHo puc. 1.5
Ha Aparu. I-Ipu6,rrraxeHHo no (1.2) rrroxrro cr{HTarb:

rAe v - a6co"nmrsas orMerKa ypoBHr{ B Hr.rxHeM 6accefiHe, u (anrue
ypoBHfl Mops v > 0, Huxe - v < 0). Ecnu nepeKaqHBaercfl Harperafl
XHAKOCTb, TO AOnOJIHHTeJIbHO CJIeAyer yqHTbrBarb v AaBJIeHLIe ee Hacbl-
rr leHJrbrx napoB po,* [Ans soAbr p".n :  f  ( t)  rcna Ha puc. T. l l .

nnn 6onee o6qero cJlyqafl c yqeroM orMerKH ycraHoBKlr r{ TeMne-
parypbl )KHAKocrH Bblcora BcacbIBaHHfl Mox{er onpeAeJrsrbcs no Sopl,tyne

34ecr putlQg - Bbrcora a6co,urorHoro AaBJreHHfl. Bo BxoAHoM na-rpy6xe.

Lh > Lhooo.

flpono4n HcnbrraH'r Haqoca np' ilocroflHHbrx noAaqe H qacroreBparqeHHrr' HO npH HsMeHfleMoM KaBHTaqHoHHOM 3aflace lrroro nrox<tro
SaABHIKKQ4), crpoar xpllnue ugMene_

rrrur.r or Lh auanoru.rHo rp"rnr-:"a
KoAr4Tcfl Lh^p, a nae4eunent xoed6u.
r r . r B a e r c f i  H  A o r t y c r u u r r f i  

^ x a -

IOu.
I  KABHTAI] .HH B HACOCE MO>I{H^ YINA!?-

craBHTb cooTHoIUeHHeM 
rrrv rrH,-A-

OrcrcAa

2. fTo puc.

H,: H, * ft +hu" -( H ?"

I n, =< r/fon - # - h,". I

- h o " - LParu

( t4,2)

( r  4 .3 )

(14,4)

:  ( P ^ r  r g \  _  P p . *
\ p g ' 2 9 /  p g

S +h,.) ,

( r  4.5)

' ( t4.6)

APatnr V
pg 900 '

H, =( H,o" --fp': l:
pg

- L
2g

Cor.nacuo (14.6), ttmo6ot B Hacoce
uecry4il Kaaumaquounoui sanac 0 o nncen

ycrarroBr{M cBffgb MexAy Lhasn w
BercrBlru c ( l .B)

He BoaHuKa,tta Kaaumaquf, fiarcmu-6otma fonowe dontlcmu*oed. '
errcorofi BcacbrBaHvtn Hr. B coot-

flpxrrlep t4.1. OnpeAeJrHrb AonycTr.rMyro BbrcoTy BcacbIBaHHfi KoHcoJrbHoro Hacoca
.4nr Koropono cofJracHo xapaKrepncrHKe Ha pnc. lS.2 npu noAaqe Q:4g a/c?{on:7,0u',
flepexauHnaercr xonoAgaq BoAa H BoAa c reMneparypofi 70 oC. A6co.nprnaq orr{erKd
HH)KHero 6accefiHa (HE) V : 0.

I lo4cunraHo,  l ro_ l .ns  Q:  48 a le  ar :  3 ,0  u lc ,  ho" :  l ,b  ru .
P e ur  e  H H e.  l .  I - lo  (14,3)

f f , ( T , o - r i % - t , b : s , r  u .
/ tJIq BoAbr c reMneparypoft 70 "C pn. >r :  30 xf la, C,neAoaare.nsuo,

p r .  x  3 0 ,  1 0 3

lr= 
== 

mod-'g 8-T : 3'05 t'r'

tn2
Hr (  7,0 -  

15;E- 1,5 -  3,05 :  2,05 rr l .

f f  -H , -h , " -#
V,rurHnas (14.6), HMeeM:

# - H , - h o " - f t 5 ) L h y o n ,

Pa7 _: Parn J_ 
pI

p g p g ' p g

VqHrHna a pr lpE no ( l  1 ,2) ,

#:#
orKyAa corrracHo (14.b)

noflyqaeM:

(r, *

f lo ( la.a)

(t4.7)
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3ro o6ru uit sup, Qop.r'ry,r sl, yr{HTbrBa}oulair, H arMoc6ep Hoe AaBJreH He,rr reMrreparypy, H cnoficrea nepeKar{Heaei\aofi xH4XOCTH.
Kanuraquounrrf i  3anac Lhoon ygo6nee H,on, TaK KaK ero gHaqeHue

He 3aBHcrrr or reMneparypbr BoAbr H or paa^' I  B sopruryny (14.s) He Bxo-
AHr cKopocrb ur. Cne4yer roJrbKo HMerb n nuayl \rr; [n l_ ,ro no cy-IllecrBy He (3anac) ilporHB KaBHTaII-Ur{, a npeAeabl{o AonycrHMoe 3Harre-HHe. <3anac> 6yAer, ec/rH Lh > Lhrc*,

orueruivr, qro HMerorcs rpu QEyrt 3anHcH ycnoararl orcyrcrByrr
KaBHral {HH BHacoce:  np f l  M af l  (7 ,2) ,  orHocf l r r {ascs HenocpeAcrBeHHo
K r o q K e B o s H H K H o B e H H f l  K a B H r a q v t 4 , H  K  o  c  B . e  H  H  b l e  ( 1 4 . j )  a  ( 1 4  o ) ,
oTHocnulHecs K BxoAHoMy narpv6ry Hacoca. B npaKTHKe llcnonrsvrorct
o6e Qcpvryrrbr Arrs onpe4eneHrla Bbrcorbr ecacrreiHHn _ ( la.di ' ; i i4 gj
B 3aBHcHMocrH or Toro,  AaHbr JrH 3Haqeuun HXo" wnu Lhoon.

r lpnr ' rep I4.2 '  onpeAe, ' t ' rb Aonycr*Myro Bbrcory BcacbrBaHH n AJrf r  oceBoro , ,acoca,
A, lH KOTOpofo cof f lacHo xapar(repHcrHKe Ha pHc. 15.2 npu noAa,re Q _ 5,2 u3/c (noAa
*ono3lu:.] 

l l l : f 
- 12,0 r"r. A6corrorHan orMerxa HE * SOO M, hsc: 0,5 u.P e u e H H e.  f f ,  Haxo4nr,r  no ( la.g):

W: lo ,3  -  # :  to ,o  ru ;

l / ,  (  10,0 -  12,0 _ 0,5 _

14,2.  NEPECqET NOKA3ATEJIEft  KABHTATII4H NPH H3I} IEHEHHHr{AcToTbr BPAUIEHHf HACOCA

flo.noxHM, qroAJItt KaKoro'To n HsBecrHa BaKyyMMeTpHqecKafl Bblcora
BcacbrBaH un HXP, Tor la

S 1a.21 II epecvem ko?dsdmtteri Ka6uma4uu

To AJln uonofi qacrorbrBpaqeHHn nr MOX{HO 3a[HcaTb:

(+) =- 9(v\ '\ p g l r  p s \ n )
Honortay nepeilaAy AaBIreHHn6y4er coorBercrBoBarb Apyroe ,ru, 

' ' '.,,1

;;;:;;";"iin iti;
pg

K p _  p n . x \ / g \ 2 _  p u , ,
p s  /  \ ; )  : f f - H f f  - ! #ps p g :

OrcroAa

H ' ; l :  P a r u  - ( P ^ r u  - F l K p  p n . x \  / n r : , 2p s  \  p s  " B  - l * + ) ( j l \KP -  f f )  (+) ' -  + ' .  ( r4 .u) ' , . ipg
pg

Kaeuma4un B Hacocax [fn. 14

orKyAa

Io , -o  # -Lhnon-ho" -+ f - . ( r  4 ,8)

HopMaIbHoro 
?ryo.q:qHofo AaBrreIHn p^r*lpg: l0,BnoAnt  I  (  35 'C pn.*- lpg:  0,3 u.  b  Hrore no (14.10)

rlfP : t0 - (10 - HNr) (+), .

,..?;; :?:#H.#?:,,HffiTril.,i uH 
Ann 4onycruuori BaKyyMMerpH.

nns
no4Hofi

PacnpocrpaHfln
HMEEM:

Ah*or:  Lh__ (  nr  \2. n o  
\ 7 /  

.

A T \ /  Q q D r t ^ r | r , ^ ._.,J raupic i4[v locTb H Ha

(r 4. r3)
AOnycrHMbte 3HageHIIr,

(14.12)

Hacoc AoJIx{eH 6lrru. ycraHoBJlen rar(, qro6ri oer lonacrefi pa6ouero KoJreca 6atnaHa 2,8 M HHxe Hb (c-noATonJrer{r.rerra),
I4e Lp*plpg - Kpr.rrHqecrufi

Hafi4eu, KaK H3MeHfleTcfl
ou.ro"ii;;r,;;;;" J"?.:l:^r.T^ lul"raquoHuuft sarac nbn H3Mesewnr- r -  - - v r . r u r .  \ , L r r . r l A u f l U  O I I D € f l F . n t r I r u r n  / l  A  d . \  

- : - - v - ' 1 r . ronpeAerreHaro (14.5) rr"".u,ru."i
Lh^,: (# - + +: ^{:o +4P pg

vI
2g

u6 " ffilfoin",aei;;; ff ff# " i13' Xlt*#:#:,": L. lI :,? - c Kop o crbov .oA,{{r'oM rrarpyoKe Haeo.,.-T?:?:I9,"^r ;i;, 
"";;oo?* ;#,iro*#f;f:t 

' 
#"?;?2i."i::t-^o"' a crle.qonaren,rio , H uzrrDonon,H^,ro,? ?,r-fi Hti:v. .i u .,oil, " ;;;iu ;;;;: f i:if 

';H 
I;, f,,;#: ":t LT.i:.1Id;-IIofiytlaeM: qacroTbr Bpaulenu.fl . ni,,

P n ,  x
nal
r5

0 , 3  :

== 0,3 u;

-2,8 u.

L p _
pg

Par*t _ HIP- - E

r]PCACTABJIf l  CT CO6Ofi AONOJIHHTC/IbHOC AHHAMHqCCKOC
HHf l  Ha yqacrKe or  BXoAHor.o  narpy6xa Ao o6nacrpr

/ t , {  n \
\ r . i . i / ,

noHHX{eHHe AaBJre.
n pa6oueM KoJrece,

a t ? l ' + r r \ r l

eoeAerlcrsHe noroKa nponopuHoHaJrbHo r(BaApary

a n

u t  u '

_  P n , x
pgps
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efo cKopocTH I ) ,  A
noAo6Hq  pe lKHMoB

nocKo. , ' rbKy ^ ]J^nn / Ia r rHofo  Hacoca npH coxpaHeHHr . l
c o r r r e r c r r o  ( 1 2 .  l 4 )  c  y q e r o M  ( 1 2 , 3 )  r r M e e M  
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14.3 .  KABHTAUHOHHbI I ; t  KOSOOHI .THEHT 6bICTPOXOAHOCTH HACOCA

OAHa H3 oco6eHHocrer i  Kos$QHqHeHra 6rrcrpoxoAHocrn /?s rro (12,28)
cocroHT B ToM, t ITo Arf l  noAo6Hbtx pel t {HMoB Hacoca AaHHoro THna oH He
H3MeHflercfl. 3ro cnoircrBo MoxHo HcnoJrb3oBarb H AIrfl noflyrleHvfl, Ka-

A t n p r  _ l n t \ 2 _  H 1
T E ; : \ n ,  ) : 7 ; '

OrcrcAa

Ahnp : kH,

npuqeM \i ln noAo6Hbrx pexHMoB k co-
xpaHfleT nocTorHHoe 3HaqeHHe. c,rreAo-
BareJrbr{o, rroAcraBuB B (12.28) Lh*p
BMecTo H, noflyr{r.rM Ko900HUHeHT, Ko-
toprrfi raKlxe 6y4er o6,naAarl cBoircrBoM
HeH3MeHHocrH npH no4o6uu pexnMoB.
C qenup 6onrruero,  yAo6craa B gHaMeHa-
reJrb BBoAflr  Lh"el l0.  TorAa noi lyqaercrr
Bbrpax<eHHe AJrf l  xoeQcpnuHeHra:

x o r o p u f i H a 3 b r B a r c r  K  a  B  H T  A  q H  O  H  H  b r  M  K  O S Q Q  u  i t  H  e  H  T o M
6 r r c r p o x o A H o c r H .

KoeQfuuaeHr c,  npeAnoxeuHrrr? npo+. c,  c.  pyAnenlrM, HMeer pRA,
Bax(Hbrx AocroHHcrB. I-lpex4e Bcero, KaK y)Ke orMeqaJrocb, AJrff no-
Ao6Hux pelKHMoB oH nocroflHeH. Kporrle roro, AJIfl JlonacrHbrx HacocoB
pa3Hbrx THnoB c Her\ , reHsercn MaJro.  

-  
Tax, AJrn pexHMoB, 6.nHgxLIx K on-

1HMa.1b^1biM. .y^ ̂HacocoB c xopoluHMH KaBHTaUHOHHbTMH noKaSareJrfl Mr.rr
C -  900-+l  100; y HacocoB, HMerorqnx Hau6o.nee BbrcoKHe KaBHTauHoH.
HbIe l (aqecrBa, L 4ocrHraer 1300-1500. TaxHvr o6paeorra,  KaBHTaqHoH-
19tfi xos$QuuHeHr 6ttcrpoxoAHocru no3BoJrfler He roJrbKo onpeAe/rurb
Lh,*r, Ho H orteHHTb KaBHTa\HoHHbte Kar{ecrBa Hacoca.

Ans noBbr[reHHfl KaBHTarrHoHHbrx KaqecrB HacocoB, yBeflHqeHHrI
4onycrunaotl BaKyyMMelpuuecxofi Bbrcorbr BcacbrBaHnff,: cHH;11eHHfl ,q,o-
nycrHMofo KaBHTaIIHOHHOfO 3anaca npoHSBoAHTCfl COOTBeTCTByTOqafl
v rycrvvr l \ .1  r rPUruLlnur  u  lPdK' l 'a ,  b  OCHOBHOM paOOIIeFO KOJIeCa.  lU l f l
3TO|O pacuHpfltorcf l  npoxoAHbre cerreHl.I f l ,  cHHX(aeTCff CKOpOCTb nOTOKa,
yMeHb[raerc f  KpHBH3Ha nUnUf t  TOKa,  T.  e .  npHHHMaIOiCf l  Mepbt  AJt f l
i loBL,ruelrHfl r.aBJrer-rHrr B npororrHoM TpaKTe. B Hel(oropbrx cflyr{afx
npt' i l \ ' leHnHCT Cner(HaJrbHbre ycrpoftc.rna, no336;gIon\H€ AOCTHTIb ry )Ke

Budu xapa.rcmepucmuK Haco coe

IIeJIb. Taxuu vcrpoficrnou flBJIffercfl pa6ovee KoJreco 4eHrpo6e)KHoroH a c o c a c  n p e A B K r r o q e H H b r M  r r r H e K o M  ( p u c .  1 4 . 2 ) ,  x e c r r 6 .
cBfl3aHHbilvr c pa60qHM KoflecoM H BparqarcqwMcf. c rofi xe yr"rrb"ofi cro.pocrbro. lUnex, npeAcraBnrrculuti co6ofi AByx- t4rrri Tpex3axoAHbrri,
BHHT' yBeaHrIHBaeT AaBJIeHHe Ha BXoAe B KoJIeco u noBblulaeT 3HaqeHue ,
KpHrHqecKoro KaBr{TauHoHHO|O xoeQsauHeHra 6ncrpoxoAHOCTr{ ,uo
(14 .  15 )  Ao  C :3000- -5000 .  

^ '  '  - - - - ' r  
,  .

f  t t a o a  1 5

XAPAKTEPHGTHKH J IOTIACTHbIX HACOCOB 
I -

15 .1 .  BHAbr  XAPAKTEPHCTHK HACOCOB 
. ,

B npoqecce npoeKTHpoBaH'fl HacocHbrx ycra'oBoK BaxHbrM granoM. .: i
f lBJlflercs no46op HacocoB,. onpeAeJIeHHe Hx ianos, pa3MepoB, ocHoBHbIx
napaMerpoB, ueo6xo4uuofi MorrlHocrH ,qsHrarereii, a rixx. peueHHe
BOnpOcOB'  CBH3aHHbIX  C  yCJ IOBHf lMH yCTaHOBKH HaCOCOB,  B  gHar IHTeJ Ib -
uofi creneHu 3aBzcflurHx or Aonycrenraofi Bbrcorbr BcacbrBaH"".;, i i" i l ;-
uecce sKcnryarauHH ueo6xo4utr,to o[peAeJrHTb san6o.nee Uenecoo6Das-HbIe pe)KHMbl 'HcnoJIb3oBaHHR HacocoB KaK no norpe6nnevrof i  

""upi"" ,TaK H no HaAex{HocrH H AorroBeqHocrH pa6orrr, or{cn/ryarar{r{oHHbrM
ycJroBHffM H 3arparaM. ,[,rs peujeHr,rfl Bcex STHX 3aAaq rpe6yrotc" lo-CTATOI{HO NOJIHbIC AAHHbIC O CNOIICrBAX HACOCOB NPI{  PASJTI, I I IHbIX PC}I{H-Max vx pa60rlt. jru AaHHbre npeAcTaBJrflrorcfl n Qopnre *upu**p;;;;;
HacocoB

B pesy/lbrare paccMorpeHHs ycronnfi pa6orn JronacrHbix riacocoB "l

l^lj,,, 
l2jrr.no,,y.l:"o"n^.I^o-:^qrir ocnor"i,e ero napaMerpr,r: Hanop, i

s 15.11 225

Pprc. 14.2. Pa6o,iee KoJreco rrerr-
rpo6exHoro nacoca c npeIBK.i lo-
qeH Hb l l \ t  u iHeKot l r

I
I

( i 4 . i 5 )

iloAar{a, KnA H Ap. r 3aBHcrr or Qoprury " 

-puffi;;"il";;;,J,i 
, lriacri.r (pa6ouero xo.rleca) u or pelKnr,ra fa6orur. 

, 
i

KoHxperHbre saBHcHMocrH napaMerpoB Hacoca or pex,Hvrl pa6orlr,, ;.,;;inpeAcraBJIfleMble o6rttlHo n rpa$uvecxori Qoprrae, HagbrBarorcf x 21,p a, R-., '..,.i,r e p r{ c r H K a M H H a c o 
I 

u;j.1lri l . l lcr 'K' Aarorcn Arrn Hacoba,',;, i , j
{1L"91o_:lI_1-,(onpe4erleHHar Soprraa H irasuepu .nporcuHofi .racrg), r,,,.r
upL rrocroflrrHou rracToTe BpaqeHgg. :., . '  .,-,:. i ,?$l

B KaqecrBe rp'Mepa Ha- p'c. lb.l noKasaHa xap?rlup w,cr,xdlsg'-; ' , i i ; :d{tpo6exuoro KoHco/rbr{oro Hacoca runoB 6K-12 
"-bfudi"il;Jt=-,i1,;:pi; f1f9^ yflyyy_H BHerrrHeM AnaMerpe pa6ouero Korreca , D - .264 vru. ;,;, '.iiH u iu I, u ;;; p; ; ;. ;ffi * ffiffi fi J.iT ;?'",::Hi;#J,::1 _ilfl,,- r;i i

H , - T , . l y ' ,  H E o "  B  s a B H c H M o c r H  o r  n o A a q '  a .  p e x o M e " ; ; ; ; " ; ' " i ' , . ,  , , , : J



I l 'a .  l5 s 15.21 Teopentuaecrcue xapdKmepucmuKu tonacmHu)c Hacocor

0 0,8 1,6 2,4 3,2 4,0 4,E 5,6 u3/c
|  |  |  |  r  |  |  I  |  |  t  t  t &

t 0  4  E ,  1 2 ,  1 5  2 0 - ; ; ; ; w

Pnc. 15,2. Xi:paKrepr.rcrr{r(u o..uo.o 
"u.o.r^""n 

a otr2-l l0 (n:4gs o6luuu,
D : l l 0 0 n r r u ) '

f iz= 90"

{if1*:^6jr.:T.I:lolb3oBaHH, oHo cHa)Kaercn Ao T5_TT %, O6br,{Ho
;:, ;5ij:,T,?, ::'u lp uE tI ra Kon, qro6br a-,;;;;;; #"(rrA' Iro'##"iil.:He npeBbruaJro 5-8 o/o.

Ha pHc. 15.2 
lpj{a3aHa yHHB€pca Jr,b'afl xapaKrep HcrHKa oceBoro

2+

20

/2

28

76

r rq v rLw. r. , .  L lruKa3aHa vH,B_epca JI.bHafl xapaKTep HcrHKa oceBofo

[3:::i"lil'"9,::,]t9"ioi :': !88 o6tvmi B-;;;;-;"";;;"'r Q, H
;ffj".j.#l"If i:r.,". !n, ,R3.j"I"brx ,yMoB y.ru"or"";#;; f,oL'.
3:::::*:,f':,1 0l^1^r .,'b;;; e':' +;;'6 i;ffi"llo lfi1'ffi:.|#
#"';'# 3l; *Y #l: | :':, . it"-:ili p o B a I 9c o * or'uio' n orri' f 'l'ol. iil;ItnA r;;;ilJp;;;;#T<n6novxa>).  HyxHo'  o6parars

o/o BHHMaHHe Ha oAHy oco6eHHocrb
srHx KpHBbrx: npu e : 0 pasnu-
saevrrrfi HacocoM Hanop cocraB_

t l l _ H  f l  E l - i i i i [  ,  f 1 ! , u n  r r r e r B 0 - B 2 r r l ,  c y B e / r H q e H H e M
201 l-trzlfl1rnTlz'Fl-il1'u IgAaqH q,,nan!p 6ntrpo naAaer,
,tl ffifH-#--fza KpHBbIe H - t; Q) 6nuexw 11,o 

F , nirr.naynr,_ Io ua yuacrKe e :
,rl , -_: 1,_6*8,2 uslc oin peero i_".-
o | 

'i 
l-,'d, l-,fT]ffi ylalorcs BBepx, nplluertr qeM

6onrure p,_r6u ero cMeuleHuen 
E 

r 
fr g:l:T.-. _ Aanee c pocroM AtL s !_l i l-iTIT]-iT,l i l l]20 pasnanaeuufi Hanop niaaer.Ori

r r  r  l  l t p l ' .  s o u a  f l B / r f l e r c s  p a 6 o q e r l
3 2  + 8  a / c  '  , I a c r b r o ,  

. .  x a p t u n - r " p " -
l l t . ,  t5.1.  XapaxrepHcruKa uelrrpo6exHoro c ' t  H K H (cel tvac npHHrro Aa-r racoca r r rnoB 6K-12 H 6KM. l2 '  Barb  He BCIO XapaxrbpacruKv.  a
HaHeceHbr r.{3oJrHH wu Kflrr nr\r,rrar, - i i .t^-9-ee 

pa6ouyro eony). Siecr
cocraBrrner 87 % p.-il1"^|,;d "oiiliro",,;:il#:i;#"ff*#LX.3;
loKa3arrHaf l  yro,r lqenHOfi  ,nunwef i ,  puanonufaercf l  B npeAe.[ax yf / roBo T  ( p . :  - l - 2 "  A O  g :  _ g o .

.,, H# Hg;i';#5ff ;'f, lx'#.;,' H:;,, :: u :! ̂  i._:i, :.y !, .! t' oo " 4 o n v -
r{ro M H H H M a rr b H o e 3 H a q e H H e ujt,, i#ti; 

" 
# 

t9' 
;:' ; ;,HX'J#"- rl?d?yBef iHrrnBaercf l  H AocrHraer I  ZI |+ 

" .  
CnuaoBare/rbHo, cor.JracHo ( la.g)Bblcora BcacbrBaHua H, < 0, r{To yKa3brBaer Ha Heo6xoAHMOCTb Sarnv6.

l;;[:roif;i.t" 
Korleca rIoA vponeHr HE - HHxHero' 6accefiHa (i*.

MonrHo."i 
"u.oca 

Ha xap_aKTep'cr,Ke He noKagaHa, Ho Ang xaxAoft

f,tT,T:"ft 
tovxH, sHan H,'Q H r, ee MolKHo Bbrs'crrr{rb no +ot;t;;;
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I5 .2 .  TEOPETHqECKHE XAPAKTEPHCTHKH J IONACTHbIX HACOCOB

v2 rr<90'!

p H JIHlKeHHble saBHct ' tMocrH,  xapaKTepH3yrorqHe HgMeHeHHe noKa-
PA6OTI I  HACOCA, MO}KHO YCTAHOBHTb HA OCHOBAHHH YPABHCHHf lH nocrpoeHHeM TpevroJrbHHKoB cxopocrer i .
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[1pr.rvev,  qro noror{  npr{

r r r  - -=  90" ) .  TorAa no  (12 .  l0 )
BxoAe Ha pa6oqee Ko/reco oceBof i  ( f ,  ._ 0,

TeopeTHqecKHf t  Hanop Hacoca

l_l __ il2U2 COS rl.r

' - -  g - '

Tpeyro,rrbHHK BbrxoAHbrx cKopocref i  noKa3aH Ha pnc. I  E.B, a,  oxpyx-
Hafl KoMnoHeHTa a6conrcrHorl cKopocTH U2 COS d2 : uzu gaBHcHT OT
noAaqH Q w yrna BbrxoAa Br,  xoropur l  ynpourenno MoxHo npHHffrb 6nus.
KH\,r  K yr / ry BbrxoAHofr  qacru nonacrer? 6r.  f lo (12.4)

@!: --'..--g----;--
nD2b.2tltrsin B2

H H3 Tpeyfo"rrbHHKa CKOpOCTef i

O2tt :  l l ,  -  UJ2 COS Fz :  Uz - ,*-g6ctsl3,'
f i oAc ras t tB  Ha r i aeHHbre  3HaqeHHf l  B  HcxoAHy to  3aBgcgMoc rb ,  no f l yqHM:

H,: +- r*r ,g?.teB,.

lej:{oMy saKoHy, -npHr{eM ecJIH Fr ( 90o, to MaKcHMyM Jre)KHT B ToqKe . 1
0 , 5 Q , " n "  ( p n c .  1 5 . 3 , 6 ) .  

J  
; .

TeoperHuecKue xapaKTep HCTH:xH noryqerrbr 6es y,{e]a norepb, no. ,,,,:
SToMy oHl_ AoJIlKHbl orJll{qarbcfl or AeficrBHTeJrbHbtx. nns cpanHeHun
Ha pHc. 15.3,_ d AaHo conocraBJreHHe reoperurrecKux uanop"bft  H, i '
rvroulHocrHofr /v, xapaKTepr.rcrHK c 4er?crnltrenlHrruH H n'N npn no-
crof lHcrBe r{acrorbr tspaqeHHff .  Pasuocrb __H, 

-  H noKasbtBaer rHApa:
BJIHIIeCKHe nOTepH, a pa3Hocrb ff - ff, - oHeprerHrrecKHe. Vire- 

'
p e c H b I 3 H a I { e H H ' I H a [ o p o B 4 n a o 6 e H X X a p a K T e p H c T H K n p H H y J I e e o f i n o .
Aar {e  Q :  0 .  Qopuyna (15 .  l )  Aaer :

Hro: u?zlg,

a ilo Aeficrelrrennuofi xapaKTepncrHKe

Ho: knu\l2g, (15  3 )

( r  5 .  t )

p e T H r { e c K y r o  M O r r l -
a c o c a .  O n a  n o t ( a g r , r -

HsMeHrrercf l  no napa6onu.

npHr{eM AJr'. ueHrpo^6e}KHbrx HacocoB kH 1nusKo K eAHHHr.le. Taxuu
o6pasovr, rJrr Q = 0 Aeficrs'renr'r*t Hanop rpaKr'qecK' 

'B 
z fisiMeHbrrre reoperHqecKoro. flpn 6onrruux gHarrefHsx a pacxo)KAeHHe ,

MeHbrxe.

I5.3.  9KCNEPHMEHTAJIbHOE ONPEAEJIEHHE XAPAKTEPHCTHK HACOCOB

XapartepucrnKn HacocoB nonyqaror nyreM rrcnbrraHr.rft oradnbHbrx
HarypHblx o6paeqoB, a ecJIH HX pa3Mepbr H Tpe6yenaaa MorrlHocrb cJrr{[r-

: const H, HaKoH_e_q, ecrr' F, 2 .90' (nonaErl" uotoiii;;, rJ.p-*,q;,
c pocroM Q Hanop H, sozpacrdel, Kasanocl 6rr, 9To Aaer'rorro*Hocrb

N, : pgQH ,. '= 1,oQ ! (r3 - -=g+ cts g") .g \ ' tr(Drurw,,

f locne npeo6pas oeaHuia noryqaeM :

KoM BeJIHKH. To nyreM I{enbITaHr.r.q feoMerpI4qecKH noAodsuX i"ro.{€jiefi;
B nocneAHeM cflyqae norvqeHHan Mo/derbH an xapatT,epHcrr.rKa nepecqt4 -
rbrBaercs_Il 

I Typ H bre ycrroB H rr no Qop rrayrr a M no To6u n' (12.25) u 1iz.zo;r .
rrpHHIIHnHAIIbHan CXeMa creHAa AJIR CHffTHfl XapaKTepHcrHK HaCOCOB

noKa3aHa y3!". 15.4 (6onee no.qpo6Ho cu. [26,76]). 3iecr I _ 
"u.oiz - HanopuHfi lpv6onnoBoA; 3 - repuerNuHtrft 6ax, qacrHqHo 3a-

nonHeHHtrfi soAofi (yponeHt 
-BOAbi J(OHrpo"nHpvercr no BoAoMepHoMy

creKJry 9): 4 - BcacbrBarou\vtir,rpy60nponol. ' Taxuu o6pason,1, froJr1r:.I laercfl 3aMKHyratl cHcrenaa, pa6orarclqaq Ha nocTofHHoM b6tertre ao4ir..
Hacoc IiMeer rtpHBoA or lanaucHpHoro oJrer{rpoAnurare.nr d, noruo}"--t
lolrlero H3MepflTb Kpyrfl[tHfi MOrdeHT Mxp. Ea._naHcspHufi _aJreKTpoABH=
rare,rlb or"[Hrlaercfl TeM, qro ero crarop onHpaercfl Ha ]-IoAIXHnH wKH A
H Mo)Ker noBopar{HBarbcfl. K craropy Ha Kporrrurefme b npHKpenJrega
rrarrrKa AJrfl rHpb c. crarop ypaBHOBemeH rporHBOBecoM d. TIpi puoo"e
porop crp eM HTcfl noBep Hyrb crarop_ B n_porxBo noJrox(Horta u anp anjreuar'

N r : P u'rQ -

Oopvy.rra (15,2) npeAcraBrrf ler co6ofi  r  e o
I I  O C T r r  y r o  x  a  p  a  t i , r c p  l t ( : T t . r  r { v  r r
Bae'r, r{To Mou,noctu .M, B 3aBHcr{MocrH ,it e

n2
Y

Ho 9ToMy nperrfiTcrByer Harpy3Ka P, H. MoueHt M*n BbrqHcrsercg no:
Qoprrryne

M*o : Pr, (r:5.4:
fAe / ' -  nJIeqO, M. '  i '

Ann ro.o qro6st HMerb Bo3MolKHocrb HgMeHflTb qacrory BpaIIIeHHS,qacTo IIpr. lMeHRroT greKTpoABHraTeJrb nocToflHHoro toxa. .  :

U2
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t{acroty Bpau{eHI'f n n H3Mepflror raxoMerlJoM HJrr{ cqerqgKoMl I Morrr.
Hocrb M, s*afl Mxp H n) Bbrr{Hcflf,ror no Qbpnayne

n/ : M,.r,oll1000,
r A e o - 2 n n l 6 0 ;  N - s x B r ;  M ^ p - - B  H . r u r ;  o - B l l c .

Pageagaer\,rlrii HacocoM Haltop HaxoAHTcff no noKa gaHHrM MaHo.
uerpa h* H BaKyyMMelpa II" !ir."(ll.T)1. floAa.ra Q onpe4errrercq
c noMolllbrc MepHofi aHaQparMbt 6 (noxer raKMe HcnoJrbsoBarbcs MepHoe

6yerrayro qacrory Bpar{eHr.rr no Qopuy.rrarr,, no4o6ran, npHBeAeHHbrM
B  r f l .  1 2 .  

-  f  r r \ / A v v { r / r r  r r l

K a g H T a r { H o F r r r a r  x a p a K T e p H c r H K a  H a c o a u ' ,cHHMaercfl Ha STOM xe creHAe ts coorBercrBHH c npHHuHnoM, HgJroxeH.HbrM B rfl. 14. vcraHasJr,Baercfl xaxofi-n iao pex{HM, H np' saKpbrroMBeHTHae 8 noc'ne,uoBareJlbHo cHl{Maprcfl TorrK H ilpH ynennvlrBarou{eMcflBaKyyMe s 6axe 3 uag ypoBHeM -BoAbI. Baryy,unr co3Aaercr cnerl,aJrbHbrM ,Bar(yyM'HacocHbrM arperaroM I0_, Baryyu vrr.u.orBarorr(ero narpy6xa
fl^"^jlYtgl:l:" naxyyr'auerporllB. U tdi"..'.u 

".nrrraHrrfi 
saABHxK ofi TpacxoA rroAAepxHBarcr nocroflHHur,,r. 

^ 
flo 

"uno.p."";; Ar" KaxAoropex'Ma crpoHTcn I(pHBafl HsMeHeHHfl napaMerpoB, noKasaHHaf HapHc. 14.1, H no Hefi ycraHaBJraBaercfl r(pr4TnqecKoe 3HaqeHHe Hf;p wnuKpHTHrlecKoe sHaqeHI'te KaBHTarIHosHoro arnrar--&,,;.^"'^'

I5.4. 3ABHCHMOCTb OOPMbI XAPAKTEPHCTHKH HACOCA OT ErOEbTCTPOXOAHOCTH v r

Teoper'vecxufi aHaIrHz ($ r.s.2) noxdgrsaer, qro BHA xapar{Tepu.crHKH Hacoca cvqecrBeHHo sanhcHr or Qopnao, proon.rolilon..a u Apy-rHx rlactefi npororlHoro rpaKTa H Ao.nx-en H3MegflTbcff B gaBHcHMocfHor xoeQ0lluueHra 6ucrpoioAHocru n,. Cene;-".f,i[ A";_;i pa6oueno ,KOJreCa H fts noKa3aHa Ha pl{c. r2.9,- a Ha pHC. Ib.5 4au BHA COOrnet-

S 15.41 Saaucu.uocmo $opuot xapaKmepacnuKu HACOCA Ohl eeo ilorcmpoxo'nocmu 231

Pnc. 15.5. B.nussne 6lrcrpoxo^rrocrH Hacoca Ha Qopuy efo xapaKTepHcrHKH

rn'r.rMaJrbntrx Kl I l{ cyxa€Tcs. HgMeHeHHer r  -  ' - ; ; ; ; ;  
; , - " " ; :^ : - " 'n rvraJrb l rb lx  I \ l lA  cyxa€Tcs '  HgMeHeHHe

fr#.:""fl:13iff;:i":, ̂9?ly:^:pr,:111'o,'r"o.," N . y.,"*o*oAHbrx

conrro unu rpy6xa BeHrypu). [epenaA hq Hsuepflercr anssepeHrlHaJrb-
HbrM MaHoMerpoM, a pacxoA BbrrrHcrsercfl no Qoprrlyne

Q : C l/Ta,
r,ue C -_ xoeQQHIrHeHr pacxoAoMepa (HopMaJrbHbre 4uaQpanMbr H conJra
Moryr npHMentrbcf l  6es rapHpoBKH, ecJrn oHH ocyulecrsreHrl  B coorBer-
CTBHH CO Ci lEL(HAJIbHbIIV{H NPAEHTAI\4I , I ) .

P a c x o A H a n  x a p a K T  e p ' H c r H K a  H a c o c a  o 6 s r , { H o

H q. KoaQQuuHeHT noJle3Horo AeficrsHn Ailf l qucrofi BoAbr Bbrr{HcJlnercfl

r l  : 9 , 8 l Q H l N , (  r  5.5)
Ecnn Bo BpeMn HcnblraHnl i  ne yAaercn Aeplxarb qacrory BparqeHHrr

nocroRHuof i ,  To t toJlyqaeMbte napaMerpbr nepecqr{TbrBarorcf l  ua rpe-

D ' , n  l q . A  C - ^ , , ^1  ' r ! .  r  r / . T .  u ^ L l v r a  L  r  c r - r A d  A J I  x  L f i x  t A H  x a p a K  l ' e p H c r H K  H a c o c o B

Ettcoxan
6ircnpoco1uocmti

-__..-..{)

HacocoB norpe6nseMafl uoulHocri Henp€pbrB'o yBeflHrr,Br.# "J"011croM Q, a np'u Q : o ouu r i l""*unona.^B'nr.o.u* cpe4Heft 6ucrpoxo4-HOCTH H3MCHCHHC MOU{} 'OCTH C POCTOM A . ,U"OU"" ,  MCHbI IJHM,  A  NPH
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$ /6./  l Hacoctuu aepeeama Hacocttbtx cmantquil u gcmavoeov 286

AJIt lHe BaJIa I l  I lo l 'pe6oBa.ryo vcraHoBt{Tb IrpoMCx(yTor{Hbrr i  noAUrr.rnlr14K.Bl txo.4sof i  narpv6ox Hacoca uepes KoHr.rqecKnir  nepexoA coeAHr.rer{  c rra-nopHbl l \ {  rpy6onpoBoAort  ̂ l l ta^ lerpovr l , l  M, Fra KoropoM )fcrar ioB,neHArrcxoer r r i  3arBop (Hacoc  nycr {aerc f  rp r {  3ar {pbr rou  sarnope) .

S)
s

f150

()
o,)
(!

tr.(u
<)' o

. :
3 .

. Q 'ri
c t '
F.

o "
.  ( t ' i :

a .
.  o l, J < :

,  
. C ,

' .  
t (  . l

( g .
tr(.,
( t ! r

E

Pnc.

cHa6x{eHHf l
H  APYTHX,
KOropbre He
HO H B STOM

_ / 5 A  _
cTar{uHfl C BepTHKanbHbtMH OCeBbIMI{ HacocaMH

;, A;; ;;;" f 59 j:;"d"-ffi i J' ;il"#T;: " Hffifr3il,"??i.T
oobrqHo HcnoJrb3vrorcn 6onee Me"nKHe HacocHbre afperarbl,oKa3brBapr 60nsruoro B^HtrHH^ Ha crpoHTeJrb'yro qacrb,

iQtr, +

Iq )
d

a
t f ,

6l
(o

U

0.

s
R

16 .  l .  HacocHas

cJlyqae Ba)KHo nrr6parn Hau6oJree Ue.rreioo6pa3lrbre BHIbr H



236
lIo06op Hacocol

PHc '  l o  3 .  HacocHaq  c raHuHf l  c  Bepr 'Ka . r rbHbrMH ueHrpodex 'b rM '  HacocaMH

l 6 . 2 . X A P A K T E P H C T H K n c E T w H o A K T H t I E c K A , ' l n o A A q A H A c o c A

, 
I t, 

,, .'::,,;;t'rlt,

xaparcmeprcm,Ka cemu u earcmuuecrcan no\arta Hacoca

;"H'}il:'r'r?,J T.i,Xff :: ;|fr:i;Hrb 
cnoco6nr a x vcra HoB K,r (orverx a)

Ocuonsurr t r  l rcro4nlnlrr  Aar{HbrMr4 AJtr  noa6opi  HacocoR cJrvx{arrpe6yevan cyA4MapHar  noAaqa fp r . -oa i " i i ' runup.  1 - lpu  oroM craBgrcs

Ifa. 16
t37

r4e /1 H di - ArrHHa
s$Qauueuru norepb

(":-&(I^,a+)e,  +),
H AHaMerp yqacrKon rpy6onpono4on; L;

Ha TpeHHe no AJTHHe H MecTHbre.
u ( t

IJ

l t, rcm

a)

Pnc.  .16.4 .  XapaxrepncrnKu ceru
nolon)

u a e :

Pnc. I6.5. Onpe,qe,rreHHe gaxruve-
cKoro. pexHMa pa6ortr Hacoca

H

(rpy6onpo.

s r6.21

/  2+0

3aAaqa Harlru onruuanuHrrf i  BapHaHT HacocHor.o o60py{oBaHr.rs (*rno-pa3Mepbr' xo,rHuecreo), y/ioBJlerBopnr.oull,trf i yc.rronuarr,r SKcnJryaTauraH,

ffif il?T# # " iT6 1i;: 
-* u n ",u ; ; ;;;;;,ii"i^ "i.,,;;" ;;; H 3Aep xe K

KH CeTH,  HanpHMeP,  38 CqeT H3Me-
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l fn. l6 $ I(; .3 | H o ne u rcnarn lJ p a Hacocos 239HCHHfl  AJIHHbT TPY6ONPOBOAA HJITI H",  6YgCr NPHBOAIITb K H3MEHEHHIOQaxruvecKof i  no,qaqlr  
'q,p- l -  

np,  r {pe3Mepr{oM yBerrqerrLrrr  fJ* no/ laqaMoxer vnacrb r . t  Ao ui 'ny (ecnH i" ,  >, ' i i ' |  o) .

I6 .3 .  HOMEHKJIATYPA HACOCOB

Ann Ka>KAoro BHAa Hacoc.oB_.rpeAycr,rarpHBaercfl BbrnycK oilpere-\{epoB, coot.BeTcrBvroulux rpe6yeunry arunr:6fr,n npeAc.r,an.rf,er co6oli r i o r,,t e H i, a r y p y

L:. il#:iiffi:,,f ','#iffiJ;L T :lffi ,. .', ;x t.
3Heprr,*o. 

3l(culyaraLryI4' BKJIIoqafl pacxoAbl 
"uln.ntpJ-L ue/Iblo no,'yl{eHHt{ HaH6onee BbtroAHofo peIUeH14 r crperuflTcflp a cul Hp HTb Bo3l\{o}(Hocrb Hcno,rtbgoBaH wn Ka>KAoro Bblnyc*aeMoro rHno-pa3tvrepa Hacoca. Oro AocrHraeTcr{  HecKoJrbKHMH nVTr{MH.l  '  pacurrpeHue 

o6nacru Hcnorrb3orur,ro" 'no 
'u,  " ; : i .  

AonyqeH'e6onrruux orxnose'vfi o, onr.r*uJr'Horo pex'Ma B HeKoropbrx npeAe-/ lax t tenecoo6pa3Ho, Ho npH ci IHtr tKoM 6onuruux oTKJIoHeH Hrx naAeHHeI(nA cratIoBHTca croJlb 3HaqHTeJrbHbtvt, rrro cro'luocrb Hg6rtro,I 'o
|' :i:flj:H#'ftT;J*l#: J " " 

FI a er n p eB br rxa rb n on yq r. 
" 
y,o s xo s orrrH io

2' HsMeueH-He yrJra y.iuno"n, ,rronacrefi pa6ouero KoJreca oceBbrxr'r AHa roHa.rrbHbrx Hacocoe no3BOJrfl er H.noJrbrorirro ;;*o;' rHnopa3MepAi ln , r {oBoJrbHo uHpoKofo AHa[a3.Ha pacxoAoB H HanopoB. l  aK, Hacoc
3#.? fiil'!*$#jj:i, i"r:::y: {:r1leBKH rronamen or +2Ao -B.
H AIrn *,u nopo,*!i . 

i iff;,?';1';; ;f,,J,f i.t'di:'#;|;l#: o, 0 v'lc
3. B qei l roc. ,6exnrr i -"uio.r*-r l rnoB (,  h,  B ( .0i ,  puc. IB. l ,  lg.b,l3' I I) ms .qonor""reJrbHoro cMeu{eHHfl xapaKTep HcrLrKH B ocHoBHoM

il! fiXl?l{" T#;:':".:,-":^flI; I"u^"i a 6 ito .,. o K o n e c ay.f s ; ;f uu;, ;l! ; ;"i ffi ;, il3il "i"ffi d'ffi 3f ll,:":l,.J., ?3x ly _f;
ff ii;-'* l!' ,!3 #' 

;f;;oo", K sHa,rur-enbHoMy cHHlKeHHro K'A
l locronsKv 

- corr lacHo (15;^l )  _l l loo nponopu'oHaJr,rH r{BaAparyoKpyxHofi cxopocru, ro MoxHo npuwnia cjeayt<l,rlylo npu6nuxeHHy}ogaBHcHNrocrb 
AJrn onpereJreHHf l  i .o^r " 'v  

vur \

trro6exsoro Hacoca Tr,rna
12I\.96) nor{asaHa rra pHc.
xoAHoil AHaMerp 452 MM,

12A-g c o6roqxofi Korreca (rptnu l2[-ga u
16.6. 3Aect HopMaJrbHoe KoJreco trMeer Bbr-o6ro.rxa fiZn.gu1 - Bgb MM rr Uii:fi1f

t [o6r :  H (Do6r lD)2

__--lgorqa npa o6ro.rxe KoJreca Heetrcoxofi
npHMepHo B cooTBeTCTBHH c orHouIeHHeM

Puc.  16,6.  XaparrepH-
cTHKa Hacoca c o610,r- +o
xoil pa6o'lero Koneca

355 rt'rrta' coorsercrBeuHo AoBoJrblro cHJrbHo cHH)Karorcfl rranop .f/ H uonl-Hocrb ̂v' crueqeHan no KfI.[, H noAar{e 
".r.n"ffi;;;#;irn BaKyyM-MerpHqecKar Bbrcora BcacbrBaHuff HIo" npu;rofi *u no4urle He 

"1""-
I{flercfl. 3ro o6tflcHteTcfl TeM, rrro ycflo
BI ' lg  BXOIa  HA Da6oucp r .n  r ranr l  n t r r r  ^ ( -^ , ,  anv  ^ v v  ^ L v s r v v v  r i y . r l  L ' l J t f  U . 1 -  t u

Ke coxpaHflrcTcff.  i4
C y.r{eroM o6roqxa pa6overo KoJreca 80

xax.uufi runopaeMep Hacoca HMeer He_
cKoJrbKo (lee H[rH 

-Tp\4) 
cveqenrrbrx lto ,r0

::j:.9".-"anopHo-pacxoAHbrx xapaKrepH-
:T.1* Ecnu 6paru rorrbKo HX i;*;;;;_
,qyeh,tbte o6nacrw HcnoJrbgo BaHHn, To
MOX{HO cqHTaTb, rrTO raX4Ufi THnOpa3-
Mep Hacoca B noJre Q, H' noKf)brBaer

t't/c

soo us/,l

6rrcrpoxoAHocrr.r
u6.2)

CHHX(ACTCg
IHaMeTDOB

HeKoTopyrc o6nacrt, orpaHHrrenHvrc 
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(wacocbr rHna bj,-'riio" AHaMerp pa'overo Ko.rreca

I(polre Toro, o6slqHtt AorroJrHtrreJrbHo yKa3btBaroTcf AHaMerp pa6o_:o o.?g:l"o saxHo, ecJrH npurern"ercf l  Hacoc,larpr 'rBaercl o6pesxa pa60uead- *ona.u, H rracrora

lACOCOB:
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P r r c .  1 6 . 1 2 ,

360 720 /++0 J600 Q , v 3 / q

r -1o : ,13HKra r ) /pa  oceBr ) rx  ropH3OHTa. r tbHbrx  HacocoB o f

7200 u' /u)  H no HarropaM or 2 Ao 12 v.  BsrnycxarcTcr r . r  6o.ree KpvnHbre
ropl i3oHTa.rbHble r loBopoTHo-JIonacTHbte Hacocbr,  Hanpr: t rv{ep Of i i .ZZOf
c  pa6or {HM r {oJrecoNl  Ar . iax , re rporu  220 cM (cM.  pHc.  tS .d) .

I6 .4 .  NAPAJIJ IEJ IbHOE COEAHHEHHE HACOCOB HA OEIUHf t
TPYEONPOBOA

EcnH Ha 94Hy JrHHuro napa.rrJrer,rbHo npHcoeAHHflercf l  HecKoJrbKo
HacocoB (pHc, 16. 13, n),  ro pocxoa B nuHuu paeen cgrt4yi le no0a4 Bcex na-
panne'xbHo pa1omarcwtLtx HQCocoa, a Hanopbi, paasuede.Mbg Bcer4u Haco-
ce:ttu, 6ydgm npaKmuLtecKu oAuHaKoilbt. Oro'5rgflgBHe no3BoJrRer nocrpor.rrb
c y M r \ 1  a p H y r o  x a p a K T e p H C T H K V  n i l n  B c e r l  r . D v n n h r  n 2 -
pa.nJle, ' IbHo pa6oratoulHx HacocoB 

r  J ----- -

H a  p u c .  1 6 .  1 3 ,  6  n o x a s a r {  n p o c r
Bl t . r r rcqaloTCt{ ABa OAri l la l (oBbrx Haco(
H r* ,  crporrrcn yABoeHrre\{  a6cur.rc<
AHa,ronl iqHo reQopMripyercf l  J.r  t4Hvtf l
\ { a H I I e  H a  T O ,  q T O  A J I f l  A B y X  r { a c o
r r c n o . [ b 3 o B a H t r f l  p a c r r r r r p f l e T c r r  n o  (

+n
I
I
I

0 ' 0 0 )

Pnc. 16. 13. t IapaJrrreJrF,-
HOe COeIHl reHHe H aCOCOB
t ra  o6nlu i r  rpy6onpono4

s 16.41 Irapannenouoe coeduueHue Hacocoe fla o6uqutl mpg6onpoao0 245

8 t  S tzAr+z+J

a)

flrbcfl QaxruuecKnft pacxoA, no4a-:
oqeHHr.r HacocoB Ha napaJrJreJrbHyro
Ka cerr.r H": f  (a) (p"i .  16.14, b;. ,
ioraer oAr{H Hacoc, ho pacxo4 ei,-
!*r*r. llpu nocrpoeur.ru LynauapHoft ,xapaKrepr4crHKH rpynnbl npousBoAuJrocb yABoeHHe, yrpoegn6 pacxo4a :'

:{T:9.-11!g!u; .lo_QaxruuecKan cyMMapHan noAaqa c yueronr xdpaxie- u
pHcrHKH cerH 6y4er yBerruquBarbcn MeArreHHeei Qrr, > 2:a;.-5roi"nin":u 

'
noHRrHo u o6rncHtlercfl xpllnusHoft xapaKrepHcrHru ceiu. OuenHlH6, ,qeM Kpyqe noAr{HMaercrr  xapaKTepHcrHKa CerH, T.  e.  qeu 6o"ntue norepH, , ,
reM MeHbutuit sQQexr B r{acrH yBeflHr{eHHR pacxoAa 6yner AaBarb na-
PAJIJICJIbHOC NOAKJIIOqCHHC AONOJIHHTCJIbHbIX HACOCOB. .  :

Eusarcr cJryqau, KorAa npH napaJrJreJrbHoM coeAHHeHHH soo6qe
HeJIb3f l  pa6orarn OAHHM HJIH AByMfl  HacocaMu, a HaAo BKJrroqart  6ont-

Pnc .  16 .14 ,  Pacxon  B  rpv -
6onpono4e npH naparr",rei l-

Hort pa6ore HacocoB

uyro rpynry. HanpHMep, I  ycnoBHflx, roKa3aHHbrx Ha pHc. 16.14, 6,ToJIbKo npH napaJlaeJlluot? pa6ore Tpex HacocoB pexinrrrHar ro.rxanonaAaer B peKoMeHAyeMylo Aflfl HCnOJrb3oBaHws, o6na6Tb, a npu pa60re
AByx HacocoB H TeM 6onee oAHoro pexHMubre TorrKH Jrex<ar sHdrrgierrHo
npaBee peKoMeHAygMol o6nacrH, qro He6raronpHqrHo u no eHeprerH.qecKHM (Hnexnrl L(nA) H no KaBHrarIHoHHbrM ycJroBHflM (6srcroo n^_
AaeT HE"") 

\  -  r :  ---

PaccuorpHu cnyuafi, KorAa Anf, napaJrJrensuofi pa60ru noAKJrro.qalorcfl paaHbre Hacocbl. Ann groro cHa.Iara pae6epela oa"" qacrgrrfi
BOnpoc.

I J O f l O X < H M -  q T o  v n n R p l t L  p .  6 q w a  r a l r  ^ T A n a ' r ' A  E ^ h ,  -  r - :  r  ^  r  F \- _ _  J  y  v q r r v  r r v v l \ r t l E ; n n t ,  l l t _ r l l i b l t t ! r , ! e . ! . { : q  l n l , I l l  l t 1  l i _ ! !

P .tll: J ::^o^Y" * n ola'I a H a co ca cH H x a er r^,' g Z' o ;; ;^ ii :":' ii ;:;.AaJIbIxe ypoBeHb B 6axe IIoAHHMarbcr 3a cqer 4elicrnun Hacoca He6y4er. A ec.na noAaBarb Bgr4y s 6ax o" apy.oro HcrorruHKa, To ypoBeHbMoxer noAHflTbcfl Bbrrrre Hg:', Ho, Hecvrotpa Ha ro ,rro Hacdc 6y,u,erpa6oratr' BoAa rlep* Hero 6yaer ABnrarbca n oopat"o* ;;6;r"eHHr.r -
H a c o c  p a 6 o r a e r  B  p e ) K n M e  n p o r H B o r o K a .

Bepne'rcff K nocrasnerlnofi saAaqd. nycru napa;I/rerbHo coeAgpf,IorcfiHacocbr c Da3HbrMH HaropHbrM_H xapaKrepHcruxau^ HtH Hd-6";. ro.roj.O'IeguaHol Ailn 
".nopb, 

H < H r e:o cy1rMapgafl xapaKrepgcr'KaHr*, onpeAeJrHrcfl cyrrav_HpoBaHHeM noauu "(a6cuucc) *ulaoro Hacocanpu AaHHoM Hanope. Ho Ha yqacrKe H 2 Hrq:i_(nenG- 
"tu*" 

-al

Hacoc Ne I 6y4er pa6orarr B pex(HMe nporHBoro*ll g'p..vnorare cyM-

8p20712+3
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r\{apHafl KpHBaf noAar{H nofiAer 
{gBe: H_r_ (cyuMapHafl noAaqa 6y4eri\relrbLUr' i loAaqH oAHofo Hacoca J\b 2). Her{6fiecob6pa3HOCrb patioru

B npei lerax sTOfO yqacrr{a AByMf Hac.ocaMH cOBepIr IeHHO OqeBHAHa,Hacoc i\ le I ualo orKJrlor{HTb.
kIs npHBeAeHHoro paccMorp eH'fl, cJreAye,r ,,paKTHqecKH naxHnfiBbrBoA, r{ro Ha napa/t/te/tbHgto pa60my cnedgem 

'no)rcno,tumo 
monbKoffLaKue HacocbL a KOm7pbLx pasoueaeuorc naiopot 1nuateu (paerr,rep HlH

noAarra gHaqeHHrI He uueer).
Cpe4nufi KnA rpynrbr naparr-

JreJrbHo pa6oraroqnx pasJrnqHbrx Ha-

P u c .  1 6 . 1 5 .  P a 6 o r a  n a c o c a
npoTltBoTor(a

Hza.= o
H /a=o

Puc.  16.16.  f lapa.nnentHoe coeAHrreHHe
pa3Jrr{qr{btx HacocoB

B  P e x H M e

COCOB HAXOAI,{TCf l  I , {CXOA'I  H3 COOTHOIUCHH'I ,  NPCACTABJInIOU{C1O CC,6Oftc"vMN' rapHyro  Mor r r r rocrb  Ka)KAofo  Hacoca A ecbf i  npynnbr  no  (  I  I  ,  I  l )

13 t(oTopoN,r n1 -
C)rcrcAa

r r r rcJro pa6o'rarcu1ux HacocoB.

1 1' l c P  -

-Qr-
l l t

Ec,ryn napar / reJrbHo coeAHHf l rorc f l
coxpaHf l e r c f l ,  a  noAar {a  IQ ,  :  f f iQ ,

oAHHaKoBbre Hacocbr, To KnA
rAe m- rrHcf lo HacocoB.

16.5.  NOCJIEAOBATEJIbHOE COEAHHEHHE HACOCOB HA OEII INf i
TPyEOnPOBOA

Ilpra nocJreAoBareJrbHoM coeAHHeHHH Hanopurrf i  narpy6ox nepBoroHacoca (nepnof i  cryneHn).  coe4uHrrercrr  c BxoAHbrM narpy6xou BToporoHacoca (e ropor l . , c ryneHbro)  u  r .  A . ,  KaK noKa3aHo r ra  pu^C.  16 . lZ .  Ha oc-HoBaHIiH AaHHofi  cxeuu BHAHo, qro npH nocireAoBareJrbr loM coeAHHeHHHilacocoB nponacKaeilue BCe/4U HACOCAIilLt pacxodu'pasHbt, d, Hutnoi p;;; i

\ ] n .
4 \ t
m

\l
L)

(  r  6 .4 )

s 16.51 lTocae,ooame/tbHoe coe,uueuue HacocoB na o64urt mpg6onpooo0 247

,!#(: 
":i:o 

(:u^ :: I2?,:.::. ! y:::a (cry ne H e ri) oro np a B H/r o n 03 B orr n er; :,? TI#. # t"T Tf X; I f IJ,. ::.*^ .ii' lll'l ; ; ; "".A " ffi ; ; il ; U:;;fr ffi:;'';;;;#L J o  h r ' ^  t A  l c l ;;.;;,;;;;il ffi?'"J;cocoB H,, r,l r ,  n, na], i^a i lHHwn o6rrrprn -ol,^^^ rr!"!,a,Iz,XuT^::::i:^q:'^l"F;e;"i+;;-ff "i'?;":;il:::'#';"Jl;;:Hli'Hl,l;*::::':l':".::*T;il'.'ftfih'{;i:.l;;ff fl :?il'#HXMoxer 6urr onpeAerreHo 
".*oa"--;;- ;;,ff#;,t#"T"irl,lJ.[? ifi::i;

PEQ (HrF Hil = pgeHt r p1e?z--ToTG=- -ffi++H;--
l000t1sp t0oo41 r 1000?, '

H3 KOTOporo

- i
I I

cJIeAyeT, qTo

(  16 .5)

oAHHaKoBb lx  Ha -
:  f f iH ,  fAe  m-

Ecna ttocJreAoBareJrbHo coeAHHseTcrr
cocoB, ro KnI( co_xpaHffercfl, a o6rqHfir {HcJro  nacocoe H H '_  Hanop Hacoca.

HCCKOJIbKO

uanop- H,,

PHc. 16.1.8. Cyrrlrrrap Hafl xa-
paKTepHCTHKa HacocoB IIpH
nocneAoBaTeJrbHOM coe.[H.
l tplrrrrt

["'S'#r:#T"#:f""T:ln'I^':::,..-".r:g::l-Hcnorrb3yerc'rBnpaKrrKe,ffi,ri;i"':'";::ff i#Ti,,g-":;-+it;+:;il'";#.To?'lo"if 'ffi :
;:,#,1i:l?,i"1:.5..;mlllin"#;,Hil#x.r""Til.1X"JT,##;pasBuBaeuuli uacocnofi ybrauonxoft.

S,filXi?,ylT:.:y".f:_:^+fY, * Kopnyca H Apyr'e qacr' HacocoBfJffi l',#L ;';,:l fff: j : i -,.: ji I t:*;. 64ff _; ;"i#; ;ffi' Jiffi:;'i T I . T,: fl TT t il';l*l *, "" f:.: ; : f *'ffi:," " fl' ;T f X ; ;'J :"Jf J',[ J.' ,i J. f,i ;",# fl i I": * i j*:j'^- ::?i"J " # un',Xi"'Jn""i
X:::H: 

n o rp a H HqH B a er BosMox{H ocr' no.nuo#, ;,!nT""T; l"o.

Prrc. 16.17. l loc"rerosa_
TeJIbHOe coeguHeHae Haco-
coB

HacocoB. AHHeHHq
oruetulrr, qro Ailn pa6oru npH nocJreAoBareJlbHoru coeAHHeHHHMO",H. Hcno/rb. .BaTb saiocu pas/r 'qHofo Hanopa, no noinoJrbKy npo-
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xoAf lu{Hf i  pacxoA oAr.rHar{oB, To 3T}t  Hacocbr.  AoJIxHbMMeTb 6nHexHe
no 3l{aqeHHfM pacr{erHbre noAaqtr ,  T.  e.  Hx pa3Mepbt AoJrxHbr 6rrru
lnuzxtt.

r6 .6 .  noPf l . [o  K  noA60PA HACOCOB

I4cxoAsuvrr  AaHHbTMH AJrr  noA6opa HacocoB cJryx{ar:  pacr lerHbrf t
pacxoA HacocHof i  ycraHoBr{H t4J1r4 HacocHof i  craHuHH Qr. ,  ee cxeMa,
Br{Jrrcqafl pa3Nrepbr BcacbrBa}ouux H Hanopl{brx Tpy6onpoBoAoB, cTaTH-
qecKrrr? Hanop Hcr,  pacr{erHar noAaqa HacocHoro arpefara Qp. l loA6op
rracocoB BbrnoJrHrrercf l  B ABa sTana: Bbr6op BHAa H THnopa3Mepa Hacoca;
onpeAe, ' reHHe Qaxrnuecxux noKaSaTeref i  HacocHoro arperaTa

l .  B u 6 o p  B H A a  H  r r . r n o p a 3 M e p a  H a c o c a  n p o x 3 -
BOAHTCfl C nOMOUIbp no,rrefi UOUeU XJraTypbr. flpe4napr.ITeJlbHo HaxOAI,ITCfl
pacqerHbrf i  Hanop Ho. Drna sToro Ha ocHoBaHwH saAaHHbrx_pa3MepoB H
cxeNrbr rpy6onpoBoAoB BbrqHcJrflercfl KooSQHTIHeHT Kc [a,nfi Hepa3-
BerBrTeHrroro rpy6onpoBoAa no (16.1)]  H onpeAeanrorcn pacqerHbre
i loreprr  f tno".  p i lo Qopr,ayne

l 'nor .  r :  K"Q ' r .

Pacqerunr i r  Hanop BbrpalKaercr Qopr ' rynof i  corJracHo ( l  L6)

H o : H " r * h r o r . n .

Bua H Tunopa3Mep Hacoca ycraHaBJrHBarcTcn c noNrorubio noJIr
coorBercreynulei-r  HoMer- iK/rarypbr no (pacqerHof i  ToqKe> c KoopAI{Ha-
raMrr Qn r . r  Hn. HyxHo, qro6sr pacqer l larr  roqKa nonaJla B pa6ouyto
o6nacr r  KaKoro- , ' ru6o runopa3Mepa.  Ecnr {  oHa oKa3btBaercn  BHe pa6ouer l
o6,racru,  To cJreAyer BHecrr{  r r3MeHeHHr{ B cxeMy FlacocHof i  ycraHoBKH
} I J ' I H  H A C O C H O f i  C T A H U H I ' I ,  H A N P H M C P  H 3 M C H H T b  K O J I H q C C T B O  H A C O C H b I X
n r n o r r r o R  T  e  O -- '  r  - -  \ u '

2 .  O n p e A e , , ' r e H  H e  S a x r H r { e c K H  x  n o K  a g a r e J I e f i
H a c o c H o  r o  a f p e r a r a  n p o H 3 B o A H T c r r  c o B M e u I e H H e M  x a p a K T e -
pr icrHKH Hacoca r . {3 coorBercTBytouefo KaTaJrofa H xapaKTepucTHKH ceTH
(rpy6onpono4a) cord'racHo pprc.  16.5.  B peey"rrrrare HaxoAurcr AHaMerp
pa6ouero Ko.rreca AJrrr ueHTpo6ex(Hoto Hacoca HII,, i /foJr ycTaHoBi(:H J-Ior-ta-
crel i  4rrn oceBoro H Ar laroHa;rbHoro Hacoca r tpH ycJroBHH, qro6bl  Sarcru-
qecKafl noAaqa Qd, 6rrna 6nvtsra K pacuerHofi Qu, ycraHaBJIHBaIorcr
3HaqeHHr QaxmuecKoro Hanopa Hf i , -  KnA, Morr lHocr l l  ABurare/ t f l  [no
rpacpr.rxy vIrH no Qopuy"rre ( l l . l1)  l ,  Aonvcrnuof i  BaKyyMMerpHuecrof i
Bl) lcorbr BCacF,rBaHri f l  Hxu" HJ:-H AonycTHMoro KaBHTauHoHHoro 3anaca
,,-\/?.1,,rr, rro rioropbtM Bbrqr{c,qt{ercfl AonycrHMafl Bbtcora BcacblBaHHfl H,
r o  ( 1 4 . 3 )  r r , r H  ( 1 4 . 8 ) .

I lce r teo6xo4rrH,rr , re ra6al)nrFrbre,  ycrar-roBoqFIbte I {  npHcoeAHHHTeJIbHbte
pa3\ lc l )b r  I Iacoca,  a  Tar ( ) t (e  noKa3a l 'eJ l t . t  Maccbt  AatoTcf l  B  l (aTaIorax  Ha-
C O C O B .

lf i6.6 i iiopn1orc no66opa Hacocoa 249

l lpnrrrep 16. l. flo4o6parr Hacocbr AJrn
pHc.  16.3,  y  Koropof t  pacxo.n Q,1s:  14
HbrMH rpy6onponoAaNrH AHaMerpoM no
4" ,  :4^Q,0 v ,  pacr {erHaq noAaqa Qp : '
6re$a 630 r'r.

HtM

70

60

Ha-cocrloft cTaHuHH THna npuBeAcsHoft na
M3/c, KoJrHqecrno arperar6n 4, co'cranb-

I-,1_ 
",^ A.rrunoft 1250 u, craruqecKuli  Hanop

3,5 na3/c, a6co.nnrHafl orMerKa HHx(Hero

NrxBr

2600

2200

1800

1400

pacqerHbre norepr.r

Q, u$lc
ft.nor, M
Hc ,  u

0=lJ6ttuu

40

| 000

.<t
o  t . )

o t l

Srn

R

PHc.  16.19.  K npuuepy 16.  l .  XapaxrepucrHr(a Hacoca H cerH

P e ru  e  H H e.  l .  Bsr6op BHna H Tnf ropa3Mepa Hacoca. '
a Onpe4e.rreHne pacqerHbrx !gle_p!. I{nn rpy6tr d = l- ,1 u nprr xosQfHqHeHre

uepoxoBaroc rv t  n  -  0 ,012  ?u :0 ,0165  (no  cnpaeoqHxKy  t48 l ) .  f l o  ( 16 .1 ) ,  
- 6es  

yqe ra
MecTHbIX I I ( - ) l 'e l lb

f ,  l 6  . 0 ,01  65  .  I 250
Ac  -  -AWI6 - :  I , ub i

h  -  r  n2 -  r  nA e r ,2  -  re  A , ,
" I ! O T .  p  

' t  ' r C Y P  -  r  t v v ' u t u  -  r v r v  r Y r '

6) PacuerHr,r r l  Hanop Hacoca

Hp :  Hc, *hnor.  p :  40 + 13,0 :  53,0 r ' r .
n) t lo HoMeHKrrarype (pHc. 16.10) pacqerHar roqKa Qo:3,5 u3/c H Hn -- 58,0 rlr

i;l1il:t 
n pa6ovyro o6namr Hacoca 1000 B-4i63, n :500 o6luHH, xorof-nfi x npu-

2. Onpe4eJrenHe cpaxrnvecrux napaMerpoB Hacoca,
a)  Buunc.neHnn xapaKrepHcrHKH ieru no ( l  l ,6a) ,  K 

"  
:

H c :  H " r *  1 , 0 6 Q 2 .

o 1 ,0  2 ,0  3 ,0  3 ,5  4 ,0
q  l , l  4 , 4  g , g  1 3 , 0  1 7 , 0

40,0 4l  ,  I  44,4 4g,g 53,0 57 ,0

1 ,06 :
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6)  i iaxo ix ; ie t t t te  cpaxruqecKoro pex l rMa pa6orur  Hacoca.  B xara lore + 6epeM xa-
paKreprrcr r r iv  l l f l coca 408- lO,  rz :500 o6 luuu,  rcoorBercrBytou{ero no4o6piHuouy,
l l  l l z l l t oc l t l t  l l ; t  l r ee  xapaKTepHcr t r r ( v  ce r r r - i l o  n .  ( a ) ,  KaK  noKa3aHo  Ha  pHc .  16 ,19 ,  To , t  xa
Qp , 3,5 rr3ic ncxi l l r^MexAy r( l) l rBbrr\{r Ann D - 1360 rurrr H 1320 ivrv. C nexoroprru
3anacot\r 6cpe:rr D : 1360 rrrr, , t .

f iepeceqeHHr xapaKTepf icTHK
55 u, KnA 4 : 84 %, xann-
erreKrpoABHrare.rs 2500 xB'r,

o)  @axruvec r (He  napaMerpbr ,  onpeAener ruu re  roq ro f t
Hacoca  l t  ce r t r :  no faqa  Q6_ : -3 ,9  V3 /C ,  HanOp HQ:
raunonHur i r  3anac  Lhaon :  I  1 ,5  r {  Bo j ( ,  c r . ,  Mou{Hocrb
f l p o n e p x a  n o  ( l  l .  I  I  a i  l a e r :

t r q  t a r t  . r  t A  I  - l  A  a  u  u 4  ^ \ r ^ 1 1 6  i r r ^  1 ' l  1  I - I ^ . .  ^ - ^ - -r r q  y r r v .  r v .  r  r v . v  f l  r r q  L n L ; t v r E  y n L .  - r  ,  .  l .  L  L P n  c , l u M  r t g a u b t $ a K J l q a x

Itlr:Ht4fl H KaMepa pa6oqero KoJIeca BcerAa sano;rHenbr BoAofi H HHKaKHX
onepaqnfi nepeA 3anycKoM npoH3BOAHrb He HylKHo. oAHaxo raKafl.
ycTaHoBKa Hacoca He BcerAa Bo3MoxHa. B ocesrrx Hacocax oHa MOxeT
,4nKroBarbcq H KaBHTaI{HoHHbrMH ycJroBHfMH, TaK Kar(  y HHx no (14.8)
IIACTO H, 1 O.

2 . 3 a , r r H B K a  B c a c b r B a r o u { e f i  i l H H H H  r r  K o p n y c a
H a c o c a  B o A o I i  n e p e A  3 a n y c K o M  ( p u c .  1 7 . 2 ) . H a x b n q e
BcacbrBaroqeno rpy6olpoBoAa ycraHaBJrHBaercfl n p H e M H br fi K Jr a -
n a H IIK. f lepe4 sanycKoM BoAy saJrnBaror lH-6o qepeg HanopHbrfi
rpy6onpoBoA (rorrKa B), i lLr6o qepeg orBepcrue B cnuparrH roqKa- (A).

Prac. I7.1. VcraHoBKa Hacoca c noAnopoM

Puc. 17.2. flpuervrHufi KJranaH Anfl'sanuBKr.r
Hacoca

B MeJrKHx Hacocax, oco6eHHo npH BpeMeHHofi ycrauoBKe, HanpHMep
B ycJroBrrflx cTpoHTeJrbcTBa, HHOTAa HaCOC saJrr{BatoT BpyrrHyn, qepes
BopoHKy' ycTaHoBJIeHHylo B orBepctuu A. f lpu saJrHBKe Bax(io O6ecne-
tIHTb Bo3MolKHoeTb BbIxoAa BogAyxa E-q Bcex- ToqeK BcacbrBaroqefr Jlnlrtrlt
r.r Kopryca (HanpuMep, npr{ saJrHBKe B roqKy B n ro'rxe H cneAyer or-
Kpbrrb KpaH w sailvBKV npoHSBOAHTb AO TeX trOp, noKa H3 Hero He noTe-
IIer BoAa). Ec.rru rAe-'HH6yAb ocrarcTcfl (BosAyrlrHbre MeuKH>, To rr nocJre
3ailuBKr4 HaCOC qaCTO He sanycKaercrr, T. e. He noAaer BoAy B HanopHbrfi
i l i j l i i v ( t ( t i i .  i i I t H  B K . n - K l r i e H H H  I i R H l - r l T P . n t I  v i - t l r ) r n . ,  u e . - a . a  5 ' n r , r F r . |  r r f r r r r r n r r t 6 ^ a

no'i6p"'o 6;.p;;iil- ;;;fr;; ;;;;";;;'ii '. 
- ss vrvr v'v'4"^': "^

Vcnex. ganycKa gaBHcHT LI or roro, HacKoJrbKo xopouo 3'aKpbrBaercg
npHeMHbIfi KJIanaH. Ecnu nporerlKu BeJTHKH, To rpyAHo o6ecne.rgTb '
IOJIHOe yAaJIeHHe BOsAyXa I{3 BCaCbIBaIOqerO TpaKTa HaCOCa, qtO ,ga-
TpyAHfeT -3anycK, a HHorAa npocJo AeJraeT HeBo3MOX(HbrM ssJrHBX! :
H a c o c a . 9 t o 6 r r y M e H b I x H T b B e p o f l T H o c T b 3 a c o p e H H f l I , I n o B p e > r a e h l l i
KJranaHa, ne_peA H?rM craBurcs, saqHTHafl cerKa HJrH nepsopupoBaHgBrft

Loxyx .C. KoHcrpyKUHn apueMHoro KrranaHa Moxer 6tr i t :p isnH,rHort ;
flpocrefiuuu flBJIflercfi orxsguofi xnanag, MeraJrJruqecxfft HJrw: tIg

ru : e.ff$ jl{ :2460 xBr,
f Io (14.8) i laxo;lrrrvr r, ' lon),cKaer\, t) /ro BblcoTy BcacbrBarrHfl ,  corna$ro (1,2)

A P u t " -  v  - 6 3 0  - - ^ ' ,
P g  

= m o : m " u ' t  M '

. [ , .nn ocacsrsaroqef iJpy6r , r  lNaa (pnc.  lG.3 uoxno npHHrrrb  hac:0,S u, . (nn xo.no.4Hof i
B o A b r  p , , . n l g g :  0 , 3  u .  f l o  ( 1 4 . 8 )

H s : 1 0 , 3  -  0 , 7  -  l l , 5  _  0 , 5  _  0 , 3 :  _ 2 , 7  v r .
) ' ' c rar ronxa Hacoca BHAHa ua Drrc .  16.3 ,

I - a u c a  1 7

SKCnJryATAtlt f l  JronAcTHbrx HAcocoB

t7 ,  t .  3AnycK JronAcTH btx HAcocoB

Koneco Hacoca, Bparqarcqeecfl B BoBAyxe, cogAaer Hanop, paBHbrfi H,
M Bo3A. cr. B nepecrrere Ha BoAy sTgT Halr6p 6y.q,er oqeHb MaJr. Hanpuuep,
ec.nH no xapaKTepHcrr.r_KaM H - 2444 M, TO, nOCKOJTbKy SJTOTHOCTb
lo^3Ayxa rpHMepHo s 800 pa3 MeHbIIIe, qeM BoAbr, Hanop coiragnr Bcero
0,03-0,08 M BoA. cr. Taxuu o6paeou,. ecnH Kopnyc H BcacbrBarou{arr
JIHHLIf HaCOCa 3anOJIHeHbr BO3AyXOM, TO nOCfle BKfiIOqeHHfl 9/TeKTpOABH-
fareJrs Hacoc 6yaer cnoco6eH norHflTb, (f loAcocarb> Bonv Bo BeaebrBa-
iol{yro JrHHHro Bcefo ua 3-8 cM, a raK KaK Hs oouunofrpe*rra.t jto
3HaI{eHHe' To BoAa He 3anoJIHHT Kopnyc H pa6ouee KoJIecO H He 6y4er
rocrynarb B Ha.nopHufi narpy6ox. Hacoc He sanycrHTcff. orcpAa cJre-
Ayer I{pe3BbII{atlHo saxHtlfl BbrBoA: lnn moeo qm'odbt lronacmHbtrt flacoc
n D U  R K . J I n u p H l l l l  . q n p K f l r n n A a r t c n r n z t  n d  a n A t r n H t .  ^ ^ a  ^  - ^ a ^ ^ - * .  - , ^ . , A-  - r  - -  - .  .v1tvv, )wewtroeJof t  r ) l t tp t rv t tLuJaa. . l t  ! .+  fLL lnUJg {L|_TULIAU| |LO alLwt_t -
rcocmb e uanopnoui nampg5orc, neo1xoduil,o ganonvumb ilcuAKocftTbp eeo
scacbrcanq!/n nuHltto, KaJtepA u pa1oqee Koneco. Bce ucnoJrbgyeMbre cno-
co6st 3a[ycKa JIoI]acrHbIX HacocoB cBo,4flTcfl K ocyqecrBJleunp groro

'ocHoBHOro rpe6otsaHHtl. LIacro npHMeHflrorcrr cJreAyro[lHe cnoco6bl
3 a n y c K a .

1 .  V c r a H o B K a  H
VpoBHr{ B Hrrx{Hevr 6accer lne

-
\J

L

NK

J I
N
J l - ' ,,@'-1

I
I

-J

6)

o)

a c o c a  c  n o A n o p o M ,  T . € .  H H X ( e
HE (y  s roM cryqae H,  10) , ' raR noKa3aHo

"  IJact lc t t  occBt) le r t tna <o>, (o l l ) )  u qeHrpo6exHbre BeprnKanbHble rHna <B>. Ka-TaJ ro r -c r rpaBo , rH l . t r ( .  UL{HTHXnr r rHerp reuaru ,  M. ,  1970 .
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Tfl>KCJIbIX YCJIOBHflX -H TPYAHOAOCTYNHbIft AJI ' I  OCMOTPA H PCMOHTA. STOT
KJIANAH CO3AACT AO6ABOI{HOC CONPOTHRJIEHHC, I ITO BbISbIBACT HCO6XOAH.

7 2 3

Puc. 17 .4. f lpttnuHnnaJrbHaf, cxeMa Bo-
AoKOJrbueBoro BaKVVM-HaCOCa

Pnc. 17.3.  HacocHaq ycraHoBKa c Ba-
KyyM-HacocoM ArR 3anycKa

3al{pblBaercf l ,  oTxpblBaerct l  BeHTHJIb .B u BxnpqaeTcf i  BaKyyM.Hacoc BH,
npr{coeArlHeHHbl i i  K BepxHef i  roqxe cnupaJlpt .  I - lo Mepe or i<i t r rg Bog}qyxa
BaKyyM B noJIOCTH BO3paCTaer H BOAa nOAHHMaerCf l  BBepX nO BCaCbrBa-
rcrqeli JIHHl.u.t. I(orla Becb nporor{Hb1:r rpaxr 6y4er no.risocrbp sanoJr_
I IeH BoAof i ,  t43_ BaKyyM'Hacoca BH sMecro Bo3Ayxa HaqHer nn6pacsr-
Barbcfl BoAa. i loc,re sToro Mo)KHo BKJrrcqarb gJreKTpoAButareJrb I,I orKpbl-
Barb 3a.ABH)KKy 3. Hacoc HaqHer p_a6orarb 14 6yaei noAaBarb eo4y B Ha-
nopHrrr i  rpy6onponoa. BeHrnnn ^B saxpusaeics H BaKyyM-sacoc BH
orKJlloqaercfl, f lpouecc 3anycKa noryr{aercrr BecbMa npocrbrM, Ho rpe.
6vercs .r,ocraroqHafl I 'epMeruqHocrl ecefi cHcreMb;. Bper,ln san,r, 'cxa (ba-
rorlHeHHn) onpeaeJlrercfl o6teuovt BcacbrBaroqeft nuilun H npog3Bo4r.r-
TeJrbHocTbto  BaKYVM-HaCOCa.

Ann sanycxa HacocoB Moryr npuMeHrrbcfl ToJrbKo cneugaabHbre
BaKyyM'Hacocbl, Koropble He 6osrcfl nonaAaHHn B HHx BoArr. Han6oJree
txHpoKo Anq eroft qeflH Hcnoflbsytorcfl BoAoKoJrbueBbre BaKyyM.Hacocbr
H sXeKTOpbr.

B  o , q o K o r r b  u e s o i r  B  a  K y . y M  -  H a c o c  ( p n c .  r r . 4 )  c o -
croHr H3 UHJIHHApHT{ecKoro Kopnyca I c nJIocKLIMH 6oxoerrMg creHKaMtr,
B KoropoM eKcueHTpHqHo noMerqeH Bpanlalouluftcn 6apa6au 2 c nonar-
ralt lt J. Butcora 6apa6awa It /ronaroK nOrITH paBHa Bblgore gHJTHHApH-

B  1 7  t l n  - , -
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qecKoro Kopnyca '1, uro o6ec.ne'InBaer MHHHMaJrbHbre 3a3opbr no Toprrg:BbIM NOBCPXHOCTflM. B 6OXONOft CTCHKC HMCIOTC.fl ABE KAHABKH _ NPOPe3N(Ha qeprex{e noKa3aHrr vepurru), coo6rqarorqnecfl . ,py6rann" 4 H 5,,flepea ru ny:loy_"_ 
-Igl'vc Ba KyyM- Hacoca s arr HBaror HeMHoro BoAbr..KorAa 6apa6an ? uputtla6rca, JronarK' saxBarbrBaror soAy H nal- Aefi-crBHeM ueHrpo6exHofi c'rrbr oHa Bparqaercr; BHyrpeHH 

"n 
paafric

KO/IbqA BPAII ICHHfi  OTTPCACJIf lCTCf l  NOJIO}KCHHCM KAHABOK.
l l p l l n i { un  pa6o ru  BaKyyM-Hacoc

rpHqHoMy noJro)KeHwrc 6apa6ana 2

)fo BbrxoAflT r43 BOAbr, _ MaKCHMaJIb-
noKa noJrocrb W Asvr>r<ercf BAoJIb

rHBaeTcfl  H OHa 3anoJlHfleTcrl Bo3Ay-

v M e H b rrr a e r c n, A a B rr e H H e B 03 A { _x a XXU. l#.1' Y 
uJ u""?yu 

;;J"H l" gn 'rpy6xy S. Taxuw o6pasovr, BoAoKo,rr(eeoft BaKyyM_Hacoc pa6oraerno 
JIII_qH_ny o6reusoro Hacoca.
5.Aor{o/rlqenofi eaxyyrrr-Aacoc oqeHb npocr, He HMeer KJranaHoB,H co3Aaer BaKyyM' AocrarorrHuft 4nn noA"6va BoAbr na g-g ilAn;Hero He onacHo, ecJrH Bo BcacbrBaroutyrc rpy6xy 4 6vKr; noiuluro BoAa;:i,r' e' oH BnorIHe npHI'oAeH ArIff sanycKa .rroriacrHrrx iacocor. r!i""c";l*i,HbIM ero HeAocrarKoM flBJrflercfl io, rITo oH Moxer pa6ora$ ToJtbxo:l

a6p.asunHux sx.rrc.reHHft (necox)1,
euofi HacocoM BoAbr, rax ilar 

"i;B BaKyyM-Hacoc.  :  . .
BbrnycKalorcfl HoMHHaJIuttofi, [oA8. i.
MorrlHocrbro or 2 rc gb xBr. ,
K.T o p), cxeua KoToporo noKasa*a
fcs tr A[If CO3AaHr{fl Bar(yyMa, He-, '  *^- '.c,var.,n truaubrualotl{efo fpyOOnpOBOAa H. ,
raqe * .oin"f;;;ri".' ilti;r?#r#:,
,aeMafl, crpyfl yBJreKaer c co6ofi Bo3_::
crByer KaK BaKvyM-Hacoc.
pesnuvafiuo y4o6en AJrrr sanycKa

ABHxyulHxcR vacreft, He 6ourcn
py H rracrnrl necxa. Oro oco6eHgo
.necocon) H Ailfl, o6nqurrx Hacocubrx
rcfl, 3acopeHHafl BOAa.
:a BaIKHO ycTaHOBHTb A O rI y c r H-
p br r  y rc s a AB H >K x y.  perua_,

)Ma KpHBoft ugnaeueHHfl MorrlHocru.
Hl.rsxofi H cpeAnefi 6ucrpoxoAHocrrr
orrlHocrb Bogpacraer. ! 'nn raKl{x.
lKpbrryro 3aABHx(Ky HJrLr saxpnrrur?,
JreHbr Ha HaropHou rpy6onpoBoAe:
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V 6srcrpoxoAHbrx oceBbrx wnt AaaroHaJrbHbrx HacocoB npu Q - 0 uoul-
Ilocrb Mox(er 3uaqHTeJIbHo npeBocxoAuTb rpe6yerrayro AJrfl pa6ouero pe-
x{HMa' Kportae roro,  Ha HanopHof i  xapaxreprcruKe grux HacocoB HMeercr
nepeJloM, B npeAeJlax l (oroporo Hacoc pa6otaer Hecra6nnrHo. B csssu
c orMerIeHHbIMH oco6eugocrgMH TaKHe Hacocbl ,  KaK npaBvt i lo,  3anycKa-
PJcr npH onopox(HeHHou rpy6onpoBoAe H B HairanrHnft  MoMeHr r{anop
Ho:0.  f lo r ' repe yBerHqeHHtI  qacrorbr BparqeHnf l  H ganoJrHeHHr rpy-
6onposo4a Hanop Bo3pacraer Ao rpe6yertaoro, nocfie qero orKpbrBaercff
3arBop r1[IH BKJlloqaercfl cuQouurrfi BoAoBbrnycK Ha nepxonofi qacru
BoAoBoAa. Taxt lu o6pasout,  nycK oceBbrx w nwaroHaJlbHbtx HacocoB HMeer
cneuuQuqecKHe rpyAHocrH.

r7 .2 .  pETyJ IHPOBAHHE nOAAr tH J IOnACTHOTo HACOCA

f iHpoBaHHq noAar rH.
l .  P e n y i l H p o B a H H e  s a l . B H x x o f i  H n 1 4  A p o c c e .

JI H p o B a H H e M - oAHH us uau6orree rxupoKo Hcnorrb3)4eMbrx cno-
co6on peryJI HpoBaHHfl noAaqr{ Jroflacrrrbrx Hacocog. CocroHi oH B ToM,
t ITo, yMeHbLuaf l  orKpbrrHe 3aABrr>KKH, ycraHoBJreHuoft  Ha Hanopnof i  nn-
HHH, CO3AaIOT AOnO/ll{HTeJrbHOe conpoTHBJIeHHe H 3a CqeT STO|O H3Me-
l:^rol xapa_KrepHcrHKy__ cerH. c yqeror{ eroro sxoAar4r.rft B soprr,Iyny
(16.-l) xoeSQHu-HeHr Ko Molr{Ho npeAcraBHrb cyrrluofi r(" : ;(r; +-l- (.nqo, nAe__(rp - xoeQQHIrHeHT, yrtHTbtBarcqfif i norepd B rpy6o-
npoBoAax' a ,Krroo - AonoJIHHTeJIbHbte norepu, co3AaBaettaste eaAeux-
xoir' TorAa xapaKrepHcrHKa cer' onpe4enuicn sopnaynoft

H c:  H 
" ,  

*  K""Qt *  KrrooQt. ( r7 . r )
KoeQQuI{Het{r Kr"oo pacrer c yMeHb[IeHHeM oTKpbrTgrr. Hgr\aeHeHge

xapaKTepHCTHI{H CerH H noAar{H Hacoca c  HSMeHeHHeM OTKpbrrHf l  3a-

3aTpa ' ra  3HeprHH,  B OCHOBHOM Ha npeOAoJIeHHe AOIOJIHHTeJTbHOTO CO-
nporuBJreHHH ( . ro"  Q, .

R  I ? D 1 t - t ^ -  _ireeyttuposauue nodaqu nonacmHoeo Hacoca

psc' I7.b. pery.rrHDoBaHHe no,uaqu saAeHxrorr (apocceaH.pOna ltUCrvt)

_  
2 .  P e r y i l L I p o B a H H e  H 3 M e H e H H e M  q a c r o r b rB p  a t r 1 e H  H r r  H  a  c o c a .  E c . n H

BpaqeHHn no xapaKrepHcTHKa Haco
HHe qacrolbr BpaqeHrr 4o 0,9ren, C
xapaKrepTgrHI corrracHo (12.25)
(pHc. 17.6). B pffiA/tbmame n/tanh
nossonnern n/ta.BHo uzileHfr.mb pacxod

llpaxtuuecKoe ocyqecrBJleHue sroro BecbMa sQQextuBHoro cnoco6apefyJrHpoBaHHrr 
_ 

noAaqH Bcrperraer 60"rrruue TpyAHOCTH, nocnoJrbKy.Haa6onee ' ' IHpoKo Hcro/tb3yetttri 
'u 

*u.lru. npHBoAa ac'HxpoHHblri

Pnc.  17.6.  PerynnpoBaHue
rAeHHs Hacoca

s-=100%

.Qroxc

A  0 - n 4  f i s

s=/00% s

noAaqH HSMeHeHHeM gacToTbr Bpa.
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3.rreKTpoABHrareJrb pa6oraer i lpaKTHqecKH c nocrof lHHof i  qacrorof i  Bpa'

rqeHHr. CyllecrByrculue ciloco6br H3MeHeHHfl qacrorbl BPalrleHI'Ir acHH'

xpoHHbrx gJteKTpoABHrareJref i ,  ocHoBaHHbte Ha HSMeHeHHH qacrorbl

3NCKTPHTICCKOTO TOKA HJIH I , ICNOJIb3V}OII IHC NPHHUHN TIOBbIIUCHHOTO CKO"TIb-

}KCHI , I f l ,  NOKA F IC  NOTYTIHTH IXHPOKOfO PACNPOCTPAHCHI ' I f l .

I4ueercs Bo3Mo)|{HocTb H3MeHtlTb rIacToTy BpalqeHI'ls Hacoca npu

nocroflHuofi qacrore BpaIqeHHn ABHraTeJItl nyTeM yCTaHOBKH Mex(Ay

rracocoM r{ ABHr-areJreNr rHApaBJIHqecxoii Hflvr gJIeKTpOMaTHHTHOfi pe'

rVJnrpyervor i  vyQrsr cKo.nbxeHun. OAHaxo 9To raKxe BbISbIBaeT ycJlol t<-

Pr rc .  17 .7 .  l )e r \ ' . nu l )oBa t lHe  noAaq l i
N E D C N V C K O M

P u c .  1 7 . 8 .  P e r y r r r p o B a l l n o  l r o A a q H
r . r3NreHcHHe\ l  g ro , ' rnc i i  I l up t ( vJ Inu l rH

Lra ' r r , r , '  r ,  1 r f l . \n^ \ r lqLr r ra  \ / ^TqLr . . , ' ' ' . r r .  rznr ' r ra  'nnrn  n  uvrhrax  uMelnrcg l  u  no .
r | v I r r l v l l J A v y v ] l \ c l r ^ r t v J ' U t q l r v U l \ l | ' l \ H v l r l v r v r v '

noJrHHTeJIbHbre norepr.r  3Heprr. tH.
ConocraBHrb 3r.repreruqecKne noKasareJln o6oux cnoco6oB peryJIH'

poBaHHn noAaqu MoxHo nyreM cpaBHeHHn MoulHocTH npH ApoCcqJIHpO'
BaHl r r r  (pnc .  17 .5)  u  r {3Mer - re r rHH qacrorb l  BpaIqeHHf l  (puc .  17 .6) .  B  nep '

A t  a  ; ^  - n ^
H ( l M  t ' l l  v L { ; l e  M t  t ! i l  H ( l ( :  t  h  l . t : < M P H H e ' t ' ( ' l t  i l t l  . I t  } 4 t I } 4 t 1  / v  -  d  t 1 t ,  t t l L r u u l Y t  r J r r c r  v n r r '. L . v . l ^ v . { . - _ - _ _ - l -

)Kaercfl c yMeHbrueHHeru Q ropaa4o 6lrcrpee 3a cqer cMeqeHHfl. [tvtHVH N

peryJrHpoBaHHfl MolKer 6srru qeaecoo6pa3HbrM no gHeprernqecKuM noKa'
3areJrrM ToJtbKo A"rrfl 6brcrpoxoAHbrx HacocoB, y Koropblx c yBeflHqeHI'leM
[oAar{H MoulHocrb cuHXaeTcfl. Hyxuo, oAHaKo, yI{HTbIBaTb, rlTo c oT'

R  ' ,  a \y  t t . u  I
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I(pblrHelvl 3aABHxKt4 317 QartuuecKar noAarra Hacoca BogpacraeT I{ oH
nonaAaer B pelKHMbI C XyAIIJHMH KaBHTaTInOHHbIMH noKa3are JIflMH.
PerynupoBaH'e noAaqr4 nepenycKoM r{cnoJrb3vercr peAKo, r4HorAa npu.
nycKax 6ucrpoxoAHbrx HacocoB. 

' '

4 .  P e r y J r H p o B a H H e  H s M e H e H r { e M  y f J r a  } c r 8 . :.  H O B K H  J r O n a c r e f i  p a 6 0 q e r o  K o f l e c a  M O X ( e r  o c y q e -  , . + '
crBJlflTbct roJIbKo B oceBblx H AuaroHaJrbHbrx .xoBoporHo-JlonaciHrrx . ,,:

: Hacocaxr llMeIoIIIHx MexaHH3M' o6ecnequnarcrqufi gogfrroxuocTb r,r3Me-,,,.:'' I{srb yroJl aonacrefi Ha xoAy. Stor cnoco6 pery/rupoBaHHr, KaK nu4H-o ;,
H3 xapaKTepHcTHKHt HanpI'IMep' Ha puc. 15.2, nosBonseT nJraBHo H3Me. '. i
HgT-b pacxoA, Ho B orpaHHqeHHoM AHana3oHe.

D .  H e  r y J r  H  p  o B  a  H  H e  l r s  M e  H e H  H e M  U H  p  K y  J r  r r  q r {  H. ,  I I o r o K a  n e . . p ^ e r 4 . B X O 4 O M  H a  p a 6 o q e e  K o J r e ' c o . y b ; ; :
. 1:.:"i 3:::f.1i?:19^l)_l9rylry3_.r, ur9 r4sMeHeHHe BxoArron-,r;p*in"-

rIHH l, 4onxHo HsMeHerb pasBusaeMrrft HacocoM 
"anopl 

d;;;:;tffi;
MOX{HO HCnOJrb3OBaTb AJrfl peryJrHpor
noKasaH Ar.raroHaJrrunfi Hacoc Qupur
nepeA pa6ouzvr KoJrecoM / pacnono>r
:rou1nft annapar, JronarKn xoroporo 2
xonrqa 3. flonoporoM KoJrbrla,S ivro
noAaqy_ npu coxpaHeHan AocrarorrHo BbrcoKoro KnA.

6 j  P e r y n H p o B a H H e  n y r e M  H g M e H e H H f r  r r H c , , , ap a 6 o r a ro rrl H x H a c o c,o n. hpu napaJrJreflbHoM coeAHHeHr{H He-cKoJI bK H x H a cocoB noAa Baeurtft p a cxoA Mox{Ho p eryJr Hp oBarb H3MeHeH HeMrIrIcJIa pa6oraul{Hx HacocoB (y ocrauosreHHbrx 
"acbcou 

tua"ru*Kg HalranopHbrx JTHHHflX AOJrx{Hrr 6rrrl saxpurrr). Kax 6y4er npH ,"o* 
"r_MeHflrbcrr pacxoA, MOIKHO npocJreAHrb no pHc. 16.-14. 'faroft 

cnoco6peryJlHpoBaHHfl YAo6eu; IIo Aaer roJIbKo cKatrroo6pasHoe 
"a*a*b""unoAaBaeMoro pacxo4a. flpaBAa, efo MoxHo HcnoJrbgoBarb s xoI\,r6HHatIH"

c ApocceJlHpOBaHHeM, qTO nO3BOJIHT [OIyrrHTb f iyr lrxHe gHepfeTHqecKHe
IIOKASATCJIH.

I7.3. YCTAHOBKA JIONACTHbIX HACOCOB

,i B npouecce npoeKTnpoBaHrrs :
Aax(g npH perrreHHH BorrpocoB o r
r r a a K * ^
f l E ( J L J z \ ( J l l 1 4 M ( l  V r l , | ' l ' h l l l z ' l - I -  n g ' '  t F n A F r n D t

. e  
t , . r A  

r l / v v L r . c r <

BHcHTj,r{aAexuocrb Lrx pa6oru. llpe>
THnopa3Mepa HacocoB n I4X rryrcJra,
B COOTBCTCTBHH 9 UCO6XOAUMbIMH PACXOAAMH H HANOPAMH, NPHqCMoco6oe BHHMaHue AoJrx(Ho 6srrr o6paiqeHo'Ha npaB'/rb"uin y".r r'Apa-
BfiHTIECKHX NOTCPb,

Eoniluoe 3HaqeHHe HMeer nu6op Bbrcorbr ycranoBKH Hacoca orgocg.TeJrbHo ypoBHfl BOAbr B HH3oBOM 6-accefiHe, r. e. Hr, onp.auo"euorl no
$oprrrynarvr (14.3) HnH (14.8). 3Haqenus fffon H i,hoon' HaxoAsrcrr roxapaKTepHcrHKe Hacoca, npHqeM yqHTbrBaeTcfl HaH60,n?e' *a6nuronpr.rfiT.
uslfi pe)r{HM.

9  1 1 p , ' o . t c l t t < o  f .  1 1  .
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:::T:':i:i::.?.^::.1,1{;*r.lt .l,9pocl,b Bo BcacbrBaroqeM rpy6onporoa.

i; ; ;;; iliu; ;';;'i.a # ffi :R n n t  u r n 6 r - r  r r ^
r  y J  v v r r y \ . r -Bo^r(a, qto6t't Ite co3Aaua'fb Aono/IHHTeJIbHblx MecrHbrx norepn'. Edny

ycrar{aBJrHBaercfl npueuHufi KJranaH

I4s npuueAel ' l l lb lx Qopirryn Bl . r / rno,  , t to l l . ,3aururr  o,r  r rorel lb Bo Bca.cbl l larcu{eh nnuuw hr" .  B cnl3t t  c 3 ' f l tM c u,e/rbro yBef lHqeHHf H, v ct ig-}KCHHq, OIIACHOCTH BO3I, I I , IKI ]OBCII I , , f l  I (ABI, ITAUI, I I I  CJIEAYCT BCCTAA NO BO3.MOXHOCTT'I  yMeHhuarb norepr.r  Bo BCaCbrBaroruerrr ' rpyoonpoioae. D,ntnsToro \nHHa rpy6onpoBoAa ro.rlxHa 6srrr MllvrMail inoli (uro o6,rrerrr'TH 3a[J ' ,CX Hacoca, nocr(oJrbKy yMeHbuHr o6teu gangnaer\ , to l |  BOAbI HJrH

rpy6onpoBoAa.
HaAexuocrr padorn u JrerKocrbganycKa Hacoca B gHarluTeJrrHoft Mepe

6) E 
3aBHcflT OT KaqecTBa nporfftaAKH Bsa-
cbrBarcqero rpy6onpoBoAa. Ilpexge

lL., 17,9. Ilpox.rra,qga BcacbrBarou{ero Bcero Heo6xO4i.ttrl9, t{to6si BcacbtBato_rpy6onpono'aa H npHcoerHH€HHe K IqHII rpy6onpoBoA 6rrn noJlHocrbroHacocy HanopHoro rpy6onpono4a feD
HE

BaKyyI\{  H qepe3 Hen,rrOTHOcTH B C
xoropsrfi He roJrbKo Bbr3brBaer cr

,oBoA8 Aorr)KHa 6slru taxofjr, qrcl6u
]AytuHbre MetuKH),  /J.nn grofo r{orr-

Kar( no*a3aHo Ha pHc. t7 e', a. EJ?lrf3"#;':o:;fi; ?T";;i:,\oi.{,u8,To npu 3a'nHBI(e B uepxHell qacrpt ocraHeTcf BogAyIIJHafl noJlocTb, Ko-TOpaf l '  KOrAa pa60uee Ko.rreco HaqHer Bparqarbcr,  pacul{pHTC',  nepe-Kpoer Bce cerreHHe H He Aacr BoSMOXHOCTH sanycrHTb IIaCOc; nprl 3a.nvcKe c noN{orr-tbro 32sr,r5r}d-Hacoca 6;,'4er npour:cxoa"ro 
-*anJII,itsairHe

Bo3Ayxa, BbrAe,rrrrcu1erocfl Hs BoAbr B npoq'ecce pa6oru,- r{To TaK)KeMO)Ker npHBeCrH K_ (CpbrBy> H npeKpaqeHnrc noAaqH.
Hanopnuft rpy6on'poeoa wa :pa6oty--"uaoca, 

BJrHser BHarrHTeJrbHoMeHbure, Ho nocKoJrbr<y QaxruqecKi
l .po ,  AHaMerp  r ranopHoro  rpy6onp
BercrByrou{HM o6pasou, CpeAuss c}
cocoB AocrHraer 6-7 r , t lc l  a B Han(
cocraBJrrer 2-B u/c. C ue/rbro cHHx
nopHoro narpy6xa craBHTb KoHHrr
y r r r o r v r  l 0 - 1 2 "  ( p n c .  l T . g ,  o ) .

s 17.41 K r o r r ) n r r n n u u r t f l  t t  a R n n n , , n , , . , s t , , ^ . - ^ -vrrtLe.w w qvpL4nL+anoau utH,uc Hacocog 259 ', ,",
: ;

17.4. KAtsHTAI.IHOHHbIft TI ABPA3HBHbIfl H3HOC HACOCOB

JTonacrHbte Hacocbt f lBJIttorcfl BecbMa AofifoBeqHbrMH MaurHHaMH
3^ 

np# HopMaJIbHblx yc/IoBHsx sKCnJryara\HH Mofyr pa6oraffi 6o.rreezu-3u ner. o4Haxo B npaKTHKe HepeAKO BcTpeqarcTcff cflyqaH, KorAa
H a c o c H 3 H a u H B a e T c f l 3 H a q H T e J I l u o 6 r t c T p 9 . e H I I e p $ x a x l r r e 1 _ 2 r o ; ;
npHXoAHTc ' {npoH3BoAHTberoKanHranrHuf ipeuor r } .Taxof iH3Hoco6r r . IHo
Bbl3blBaercfl KaBHTaqHeft u a6pasunuurtr soiAeficrszeM TBepAbrx npuMe-
cetl, coAepxalIlHxcfl B neperauraeaeMofi )KHAKocrH, HJIH coBMecrHbIM Hx
Aeficrnneu.

Xors npH ycraHoBKe Hacoca npHHHMaeMat Bbrcora BcacbrBaH,q
HaxoAHTC fl' Lr3 ycJIoBHfl OTCyrcrBHfl KaBr4TaquH,-npH AJrHTeJrbHofi p a6ore
HHorAa o6HapyxflBaercff AoBoJIbHo HHreHcusHrifi xug;'tuqsonnur 

"e"oc,roropufi Moxer tBJlflrbcfl cJIeAcrBHeru AByx .pynn $u-*ropour Bbr3br-
BaeMbIx ycJIoBI'If iMI{ sKCnJIyaraqHH H CnssaHHbrx c xa,rectsoM Hacoca.

K  3 K c n J r y a r a r I H o H H b r M  Q a x r o p a M  K a B  H T a r \ u -
o H H o r o HsH o c a orHocsrcrr Bce np'qrHbrr'n pgey,rrbrare*orofor*
Qaxruvecxuft  BaKyyM Bo BcacbrBaroqeM narpy6re'al id i -6onrue HrrH
QaxruuecxHtl xaeuraql{oHHufi ganac (1a.5) Menbrrre, qeM AonycKaeMbre.o6rtqno gro o6tsc'sercg noBbIIrIeHHbrMH rHApaBJrHqecKHMH norepflMrl .BO B.a.brBaroueM Tpy60npono4e no cpaBHeH'ro c pacqerHbrMH sHaqe-Hufl 'MH (uacrHuHoe 3acopenae npHeMHori cerxu, yBennqeHHoe conporgB-
JreHHe KJranaHa, MecrHbre HapyII 'eHHff ncacHnarcqefi nwnu*t) 

"nil "a*,uro SaxrnrrecKoe sHaqeHue H, 6onuue Aonycrr4Mor.o 1uanpvr,,rep, ypo-BeHb B HHxrrerra 6acceliHe cronr HHlKe, uer,,r npeAycnaorperio). boHaiir,fi;"
erH _Qaxropbr JrerKo nyreM H3MepeHHfl Bar(yyMa Bo BcacbrBaroqeM IIa-rpy6xe Hacoca H cpaBHeHHfl  ero c 40nycinnasru no xapaKTepHCTHKe
Ailn TO|O }Ke pacxoAa.

f I  p  r u  q  H  H b r  K  a  B  v r a  r I H  o  H  H  o r o  H s  H  o  c a ,  c B f l s a H H b r e
c KaqecTBOrvr r{acoca, npof BJIrrroTcfl B TOM, r{To nac[opTHble ero KaBHTa-
I I I ' {OHHITIe XAnA:/(Ttrnwr1.uwt'- t f4on AL. r . r r r r  t t  B  ,  u t t A o n  n s  u U e u l I e q H B a t O T  O T C y T C T B H f l
KaBHrauHH. Kax H3BecrHo, KparHrrecKHe sHarreHHfl H, H It-;;Fi;:
Jlstorcfl B pesy/Ibrare cTeHAoBbrx HcnbrraHufi npu pagBirofi KaBHTaqr{H
H ycraHaBJrHBarorcs To,rxofi cpbrBa (ctur. pHC. 

'14.i). 
Ho B orAeJrbHbrx

y::.:?i--1?_ry:3', Moxer sapoxAarbcn paHbrxe H, He npo"ufr;;; il! '!sMer-rcnkrr{ r\r tA H ApyfHx noKa3areJlfix Hacoca,..BbIStlearl ycropeuHuftuecrunrpl H3Hoc. nosrrueHsnft KaBurarruo""o,fi-;;;;;';;*;*' ;il;i: _jBarbcs H orAeJIbHbIMH 4e$exraun HsroroBJreHufl rrtrrr Moltr*u 1"afo-u, 
',..,,

Hocra, ilepeKocbr, ]B€JrHrreHHbre ga3opbr H rlp.). . . :,.i..onacHuun o6nacrsun no ycnonurna KaBHTar\HoHHoro H3Hoca .fl'. -.,;lii
JIflIorcfi TaKHe' B l(oropblx BosHHKaer uau6onee rny6oxHri ru*VV". ,"itii
B qeurpo6exnbrx Hacoiax (pHc. 

ii:iq 
I'iro nxo4Hue yqacrKg no- ,:,,,.?i

nacrefi pa6overo Korreca c ru.rrrsofi ctdpo""- /..,-;;?6J"r1"" noBepx. ,,:
l99To BxoAHono o6oAa B u easop ynnoiHnrcqefr *p6n,'ir" C. B sas6pe ?pa3BuBaercn oco6an Qopua KaBHrarrHH, raxlHadri;ti l";i,urun.iil l '
BhISHBaeMafi MecrHbtMH orxHMaMH noroKa, rAe cogAaeTcfi AonoJptHTeJIb.Hoe noHHxeHHe A,aBfleHH8.

gr
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Pnc .  17 .  10 .  Mecra  nau6onee  f iH reHcHBHoro  H3Hoca  qeHrpo6exHbrx  HacocoB:
A, B, C - xaeurar{HoH Hono; i4.,t:.A11.4?:tj.agp;l.s;U!ry-d.H0

Pxc.  l7 . l l ,  Mecra uau6o. r :e  r .u{Ter{c l lBr ro lo  r . I3r roca oceBbrx HacocoB:
A, B, C, D, t _ xasHrar{Honuoro; iElitir.trT--l.r?;:+-i+,i-tpp-*-*t:ngy;q,F{

x x x x x x x

Hegcmod+uean pa6omd Hacoca

KOTOPrIE CBOAflTCg K TOMY, tITO6bI CHH3Hib AO MHHHMYMA BP;;;- P,] '

*::,:-:T-Tl3-lI9Il? gndcHlrx p exunaa x, tro Bos Mo>KHocrH yBer Hqurb

rz.s.i'HbycToftrrHBAfl pA60TA HAcocA
' [ ln Hopttla'nsHoti gKcnJIyara[HH HacocoB H HacoeHbrx ycraHonox rpe6yercs o6ecne.'lnrs ycrofiqHByro pa6ory cucreMbr Hacoc-rpy6onpcro,u. 

-oro 
,"urrrj u"t no.nu .ny_qafiHux BoSMyudeHnfi, xotoprte Moryr BbtsbrBalber paSnHqHb,vH nFHtil.tuauH (npelreHHoe

H3MeHeHHe norpe6.naevoro pacxoAa, conporHBneuHS H np.) ,  p i*r"  Ac. , r?r{eH EesBpa-
rrlaTbcfl K r.rcxoAHoMy.

s i7 .5 j 261

Ecnu nepeKaq'BaeMafl HacocoM )r{HAKocrb (noaa) coAepxstt gep-',,'.
r b r e  q a c r H r l b r ,  T o  o H H  O K a 3 b r B a r o r  a 6 p  a s H  B r { o e  ( H s H a r u i l _ r , ,
B a rc u e e) B o 3 A e fi c r B H e Ha oJleMeHrbr Hacoca. hOpasu""rit -',
H3HOC B OCHOBHOM 3aBHCHT OT COAepX(aHHfi B BOAe HaHocoB, oTHOCHTeJIb.
t to f i  cKopocrH'B Hacoce H noKa3arenn a lpasueHof i  H3Hal rHB?€MocrH:
Marepraila. .i,,

Karc noKa3blBae'r onblr SKcnnyarauHa, B qeHrpo6ex(Hblx Hacocax,,' :., ,,.i,-.(pHc. 17. l0)-naH6o.nee HHreHcuBuorolr a6pasunioMy H3r{o.y nonr.ffiffi; 
l ',.:.,i.

i.:^1Tl^Br6_""_.ry_Korreca y BxoAHofi xpbvrxu a v Ha BbrxoAHo"$;;;;;; ,1.'c pa6ovefi croponsr. fionaAanne rBepAbrx rracrr.rq npHBoAH, n d"irpoili,..,,r.,i
r'r3Hocy (paspa6orxe) ynrrorHflrorrlHx 3asopoB.'B oc.rrr*-;;;;;;i,,;;i i3(p uc. 17 . I l) H a u6onee usreuc'BHoMy aop as HrloMy H3 Ho.y nogr.ffiffi;'it1iffi
BxoAHbIe xpoMKH a rL BbrxoAHble yqacrKn b .nonacreft pa6ouero xoneca,'l,ll,-:'..*,

,*"o"r6;;";;;;pr* ;: 
' iljr

I

*^"l,lll.j^o^.1^ylj:,: IgK_ocrbro rBepAbre qacrnubr Bbr3brBalor e,qe oAHy 
, ,: i):l

dil;il;f i
:x^nll-o]4T K ycKopeHHoMy MecrHoMy HcrHpaHHro Baila. c qe;;; 1,.

QartHuecxnfi xasl'IrallroHHnfi sanac lcnusrnri BaKyyM 
"o 

u.uJrlffiil; 
'

narpy6re). 3ro MolKHo cAeJrarb yMeHbrrreHneM H_'*prrrlu;;d-;ffip;
Bo BcacbrBaroilIeM rpy6onpoBoAe.

Eonruoe gHaqeH'e HMeer MarepHaJI, H3 Koroporo HgroroBJreHbrpa60uue opraHbr: HaHMeHee erroeK cyryH,. rlyque.Bcefo np6THBOCTOHT
KaBI' lTauHoHHOMy H3HOCy Hep)I{aBeIO[Iaf l  craJrb. orreHr, xnnorrrvr^ va-
BHrauHoHHy_ro u a6pasunHyrc- crolixoctb HMeFor ;.*;;;pr*-;;;ilu.oi
t4 pe3HHa. ?tn MarepHaJIbI Moryr HcnoJrb3oBarbcfl AJrrr garrlgTbr craJrb.I"lblx SJIeMeFIToB. flpe4"rloxeH psa cnoco6on HaHeceHHfl 3arrlHTHbrx no-xpurnfi Hs no'r'MepHbrx MarepnaJros: nu6o n Qopue rnu-*,iluKx, Koro-
D a f l  H a H O C H T C C  C . f f O t r M  R  I r p n r n  r r t - t r , ^  I r r r r E w M A d ^ n h  * . . e ^  -  r ^ - - -i  -  v  i i vw i iv . i iDr - rv  jY i i f i r , iu i i ' i r v ic i ' i jUr5 ,  i iL lOO B QOpMe OKpaCKH.

9:::::::I _Ig-{A"ocrb cocrour B o6ecneqei,H nporrHoro cKpenrreHnn
(aAre3HH) nol{pbITHfl c MeraJIJIoM. 3ro 3aBHcHT H or cocraBa noKpblTnfl,
I ' I or cnoco6a ero HaHeceHHfl, LI or KaqecrBa noAroToBKH nogepxgocrHr
flpn nrrcoKoM coAeplr(aHua B BoAe aOpasrurri* ou.r"u cJre,qyer npHMe-
HfTb CNCI. IHAJIbHbIC NCCKOBbIC HTIH TPYHTOBbIC HACOCbI.
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Paccuorptlru pa6ory Hacoca u rpy6onpoBoAa np' HeHsMeHHoM sHaqeHHH crar'r{e-cKofo Hanopa (so!,a noAaercf l  B 6o.nsruoft so,(oeM) s npoBepgu, 6y4er.nH ycrofiur.rB pe-x<uu P, onpeAe'rsrcuruft QaxrHqecKyro noAaqy Qo (pnc. 17.r2, a). coerctr.rM BpeMeH-Iioe )/Be"IHqeHHe pacxona Ha AQ. l lpn eroM.Hs nospacrer' ,  Hanop l /  cHr.rsgrcs, co3Aacrcspa3Hocrb HanopoB A'H, uanpaBJIeHHas nporaB ABHIKeHHfl BoAbr, Koropafl  6y4er yMeHb-LIJarb ee pacxoA t ' t  sosAelicrBoBarb Ha BogBpaulerJHe pexHMa B HcxoAHyrc rouxy p,
KaK roKa3aHo crpeJrKaMu. Ec.na pacxoA BpeMeHHo cHr.rsnTr Ha AQ, ro AH 6yaei Ha-

q
6)

A

QlQ2

6) 
Qe 'Qs

4
Pnc. 17.12. vcrofiqHBbre H xeycrofi'{HBue pe}KHMbr pa6oru Hacoca. flounax

npaBJIeH no ABH)KeHHIo XH,{KocrH, qro npI{BeAeT K yBenHqeHHIo pacxoAd, r. e. l( Bog-Bpar)/ K i .rcxo.u,Hofi  roqxe P, KaK noKa3aHo crDenKaMI{. Hs npone_IeHHo!.o u*unri^BHAHO' rrro peltcu'+t P, onpedenarct4urt fiaxmuuecrcgrc nodaug no ptuc. 17. t 2; u, fl6_/rfl,e mcfl gcmoduuoot,u.
PaccuorpHM renepb AJIs rex xe.ycJroBHri 6orcrpoxo.ulrrrt i i  Hacoc, xapaKrcplrcrr.r(a

Koropofo l lMeer neperu6 (cu. pl lc. 15.5) H npoBepHM ycroirur.ruocrb pexHMa p, nor<agarr.Horo Ha pHc,  17. r2 ,6 ,  veennqui l r  pacxoA Ha aQ.  npn , "0*  pr . rHsaer \ . { r r f i  ; ; ; ;Hanop ff  aospacrer 6onrrue, ueM Hs, cosAasulrf ics nepenaA AH - '6yAer HanpaBneHno reqeHHro XH,4KOCTH H Bbr3oBer eqe 60nrruee yBeflHtreHne pacxoAa. pu*u" ,.';;;;boSBpalr{arbct K HCXOAHOMy H, KaK noKa3aHo crpenxaMH, 6l2er o"*ro"r""cg OT HeroAo rex nop' noKa He AocrHrHeT ToqKH P, nepecevet{Hff KpHBuix I/  H Hc,Ecln yueur.tuHrb pacxoA na AQ, To co3AaBuuftca nepenax L,H 6yAer HanpaBneu npln, ABH)KeHtlF+KR{KesrH. rro Bbr*tqBet Aaluneltutee yMeHbuteHne pacxoAa, T. e. npHBeAer r( cMeu{eHI{K,
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s 17.51 Hellcmofrrluedn nn.6omn'!n?,'Fh
. . 9 . e v v q z0tt

pexxMa B TorrKy p2. [Ipone4eHHurfi alailva
uegcmodauB u carlonpouasonbilo c.ilet4aemcn

Hs auanwea MoxHo cQopuy.napoBarb r{
j-F";fl !t a, xoropsrfi ."".rn' .' 

"ui,no"o*
' ,'."'i:.:1i.: f

|,,!.!fty.ut^otfi_,rua npu gcltosuu,, qm,o e ilauuog'il,17a cemu co6atodaemcn gc/toshe

[OKa3bIBaeT, '{TO pefiCUJt p tta
ttu6o o P1, nu6o o p2.
I ( p H T e p H f i y c r o f i r r H s
KacareJrbnbrx K rpruru .I/ H

moqKe nepeceqeHus xapa,mepucmu, aoroi#

puc. 17 .12 , 6

( t7 .2)ffi.W.
Paccuorpnu 6o'nee c"uoxuufi cayuait, KorAa cncreMa o6.na4aer eu{e u eMKocrbro(puc' 17'12, e) '  I4s nepxuero p€epByapa aa'upaercf l  nocrosHHbrf i  pacxo4 Qu, a ypo-BCH' B P..EPBYAPE H CTATH'ICCXHI, HANOP MO.YT HSMEHflTbCfi B sABHCHMOCTH OT COOT.HorleHnfl MelKAy noAa,refi Hacoca e u pua*o4o* Qo.llycru pacxoA Qn nonaAaer B soHy nepern6a *upu*r.pncruKu (rouxa p). floaoxHr';noAaqa HeMFroro yBenuquracu. Oro n'THHHH Hs, tro,,a'ua yBenHr{Hr." u*jofo'jtl: X ffi"l 

tt":"JHffi:tYr1ffii 
l"T#Hefiuteuy pocry ypoBHfl B p$epByape. Tax 6y4er npo4onxat,bcfl Ao rex [op, no*axapaKreprrcrnKa Hs ue Aocrr.rrHer rolKu /. 3au* noaaqa A > A;"lpou.", B p$ep-Byape npoAonxaer pacrH' KpHBat Hc no*nn*rura", Ho orpbru*"ari'o" *rpu*Tep'.crHKH Ha.oca H pe)KHM nepecKa*HBaer ,,o xapaKTep[cT'Ke Hacoca ns A s B (npusrol{ AeficrBylor I{ cunbl aHepquu), rAe noAaqa Hacoca Q ( Qr. l'enepr ypoBeHb B pe.sepByape noHl{}Kaercff H pex(HMHat roqKa ABr.r}Kertg no xapaKTepHcTHKe uacoca, no*aHe Aocrr.rrHer TorrKH C. 34ecr onsrb npoacxoAHT cpblB pelKr{Ma H oH nepexoAaTB TOIIKY D, N XOTOPOfi Q ) QU, qTO BbIsbIBACT POCT YPOBH, B P.,EPBYAPE H ABHXCHHEpexuuHoft roqK' o'r D x .4. rlocne eroro npoqecc tyou" norrop"r".". Tu*", o6pa_,3oM' pexHMHaff TotIKa HelpepbrBHo ABrxercfi no yuua"*aM xapaKTepHcrHKH DAcBr.,BCAD, npoxoAf, qepes Heycrofiuunyro roqKy r. npu eroM ypoBeHb B pe3epByapeHsMeHflercfl or VH Ao VB, a iroAaqa _ or et rc Qp.ero upesnrr,rafiHo HHTepecHoe ,BJIeHHe, Koropoe HagbrBaror. n o M lt a ]K, npeA_:

;::::;1.:::f :#l"J: 
Sopr,r asrorore6aH'n, *pufiru ne6aaronp""""ii* A;rr pa6onr

llorunax Moll(er Bo3HHKarb H B ycraHollo-* c qeHrpo6ex(nbrMl{ HacocaM'. llo.rroxuu,uMeercfi c'creMa' noKasaHHafl Ha p'c. r7.r2, 
', 

ninu." norpe'aaeMHft pacxo4 QgTaKoB' q'ro pexHMHat rogKa P aexnr Ha BocxoA.sqefi vacrH, xapaKTep'crrlK' uacoca H.
3:":"i:1-::I-t"og:"uu' 

raK *'* .4u.o aHlae> dLalae, r. €. vcroB,,p n7 e\ uorAvs,r'rDvpnsr.-x. rroJIo)KHM, pex'M cMeulaerca BnpaBo, rlTo_co[po;";o;;;.;-;;;:qeHHeM noAaqH Hacoca Q n pocroM ypoBHrr B pesepBy ape. Jrtruin .Hs-no4nn*aercfi,
Aocr'raer roqK' l' noc'ne qero npo'cxoAHT 

"por" 
puxuMa H nepexoA ero a touxy B,pacnonoxeHHyrc B rreBoM r{BarpaHre xapa*repH.r"*, (cu. puc. to.ts). Tenepr pacxo4 QHAer qepe3 r{acoc n o6parHyro cropoHy tr ypoBeub B pesepByape 6ucrpo naAaer. pe-xHMHafl TorrKa cMeuaerc, o.t B x C. gaaar ongTb 

.npo"a*oo"T 
HgMeHeHrIe pexuMac C Ha D, nocae qero ypoBeHb B p$epByape pacrer, qro npHBoAu? K cMeulerr1npex'Ma or D x A' lanee npoqecc noBToptercq. cogAaercs a*ToKone6are.nrHrrfi npo-

ff? ;:,r;:ropoM 
noAaqa Hacoca HsMeHnerc n or es xo Qo; ; ,;;;;"ii.r.o"rape _
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LIro6ur us6e>r<arl rB.rret lr f l  noMtraxa, He)r(eJrareJrbr 'ro pa6orart I Ia BocxoAnrqeft
qacrr{ xapar(repHcfl i l (r{ rracoca, r le,J^l/  laQ> 0. 3ry o6.ryacrs HHorAa HasblBaloT Heycrorl '
qrrsol 'r ,  xorn, ec.frtr  ycr 'roBue (17.2) yAots.rrerBopflercrr Bo Bcex roqKax xapaKTepucrl lKH,
crrcre\ ia H 3Aecb 6yaer pa6orars ),croftquso,

l n a e a  1 8

cn EUHAJTbH bt E HACOCbI

18. I .  TPYHTOBbIE HACOCbI

lpyHronbre Hacocbr npeAHa3Har{eHbr Aafl nepeKaqKH nyJlbnbl - cMecH
BOAbr C npyHrorr,I (panilue HX Ha3brBaJrH (3eMJrecocbr>). oHn HclloJlb3yloTcfi
AJrf  pa3pa6orKH r{apbepoB H KoTJroBaHoB, HaMbrBa nJroTHH H .qaM6 (rH-
AporexHHr{ecKoe crpoHreJrbcrBo, fopHoe AeJIo),  TpaHcnopTa rpyHTa A
noJre3Hbrx HcKorraeMbrx (pyaa, yroJrb),  AHoyf/ry6f leHHfl  (no4urt f t  TpaHc-

tln nopr), 3oJIoyAaJIeHHfl Ha renJIoBbIX

J

sJreKTpOCraHrIHrrX W Ap,
Oco6eu nocrrl KoHcrpyK uHH rp yl"l -

TOBbTX HaCOCOB OnpeAeJIf l IOTCt Ha-

u n l 7

Puc.  18.1.  f  pyr r rosbr f i  Hacoc rHna fp

. / , IHI {HEM, 6o, rnurorO XOJIHI{ECTBA TBCPAbIX:  qacTHI I  B [epeKAITHBAeMoI?
BOAe,  qTO CO3AaeT HHTeHCHBHOe a6paSUnHOe BO3Aef iCrnUe,  H HeO6XOAH-
Mocrbro o6ecneql . r r r ,  nponycK AoBoJrbHo r {pynHbrx BKf l ror leHHr l  ( ranrx l r ,
KaMHH) ,  Ko ropb re  Mory r  nonaAarb  c  rpyHTOM (AononHureJ lbHo  cM.
l l 5 ,  6 3  l ) .

fpyuronor? Hacoc ' r r . r r r : r  fp l \Jr f l  JrerKoro pex(HMa pa6orbr noKa3arr
Ha p l rc .  18 .1 .  O6rqaf l  c ro  Ko\4nor ronKa aHaJror r4qr {a  o6r rquouy KoFrcoJrb-
HoMy r racocy  (cv r .  pLrc .  13 . l )  v r  oco6eHHoc ' rH Kor rc rpyKUHH r (eJ IHKorv t
onpeAeas lorc f l  yKa3ar rHbrMr ' r  Bbrue cneqr ' rQnqecKHMH rpe6onaH14f lMH.

l r  / t .  rd

a

6
I

6 9t0
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Pa6o,ree Kolreco / uueer orHocHTeJ
3-4 fionacru, rrro AHKTyercfl Heo6x
npoxoAHOe cer{eHHe. MaccHsHHft
npHeMHyrc KaMepy c noqTH nocTo,

r KoJrecoM r.r AerarrflMH Kopnyca vcTa_H3roroBJreHHbre H3 HgHocoycroliutanofi
lJrbHHKa I na san 9 saAeri 3arrlHTHafl

: l ln*u, r(oropafl saMeHflercfl np' H3Hoce. Ansy*."or.i lo *on"uu.ru,TBepAbIX rIacTH(, nonaAaIoIrIHX B noJIOCTb

Pr.rc. 18,2. fpyHroaufi Hacoc rHrra fpT

fpyHronof i  Hacoc rHrra fpT, paccq'rarurr f t  Ha rsxe.rrrr? pex{HMpa60rsr (pHc. rg.2), or.rr,r{aercfl^ 
^oon.. 

HaaeNHOri saularofi 3a csernp'MeHeuwn l .eof iHoro Kopnyca. oc 'osHbre Aera.rrH 3TO.O Hacoca Te xe,rrro H rpyHl 'oBofo Fracoca Jrefr{ofo pe}KrrMa (pIc.  lB. l ) ,  uo 
""-y"p" 

Hecy-uero Kc)pnyca 2 BcraBJrer{ AonoJrr-rHreJrbHr,l i jr- ,rurr',;";,"n 
" 

*bpnv c .3,ni lor 'o conpnrarculnf icn c 3au{HrHbrMH AH.KaMH 6 u T.  f  a*n no b6i ;=; ; ;

4

h
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pa6ovee Ko,[eco /  nparqaercrr  B cnlroulHof i  earqHrHoft  o6onoqxe
,neHrrofi l lg H3Hocoycrofi,{prsoft cralrl.

Hecnorpn Ha 3auIHTHbre Mepbr,  pa6oune qacrH rpyHToBbrx

H3TOTOB.

HacocoB

f l rM

/cc
80

50
' i u

30

20

TI--I

60 80 t00 200 +00 600 /000 2000 +000 8000 Q,Ml /c

20 /00 200 f 00 /000 zooo e, n/c
Pnc. l8.3.  HoueHxlarypa rpyHroBbrx HacocoB

AoBoJIbHo 6srcrpo H3HauHBalorcf l ,  oco6euuo npH Tr,r)KeJrbrx pex(r{Max
pa6orsr, nooroMy nperyorrarpHBaercfl Bo3MoxHocrb nerxoii puuoop*,
HX u cMeHbr H3HocHBII lHXcf l  qacref i ,

HoueHxnarypa rpyHroBbrx HacocoB corJracHo rocr g0Ts_Ts
(-ql t .  18.3) nPerycrr larpHBaer BbInycK HacocoB c (HopMarrbHbrM) npoxoA-
HbIM CCIICHHCM - THN fP H C (YBCJII{qCHHbIM) NPOXOAHbIM CCqCHHEM -ran fpv. Bsrnycxaercfl HecKoJrbKo runoB rpyHToBbrx HacocoB Anflpa3f lHr lHblx ycnonuf i  pa6orr t  no HHTeHcHBnoci l i  a6pasunHoro nos4eft-
CTBHfl :  OAHOKOPNYCHbIC JICTKHE, CPCTHI, IC C QYTCPOBKOI? H3 PE3HHhI -
I 'rHAeKc P unu us a6pasaBHofo MarepnaJr a Ha opraHHqecxofi cBfl3Ke -
HHAexc K; Tfl)KeJrbre AByxKoprycHbre _ HHAeKc T.

Mapxa rpyHToBoro Hacoca eKnrotraer 6yxneHHoe o6osna.reH'e r 'naI{oHcrpyKuHH' pacrlerHble 3Har{eHHq o6tel\anori no.qaull, l ,ts/u, H Hanopa,M, a TaKXe qacToTy BpaIrIeHHr. A
AHaMerp pa6ouero Ko,[eca. ! {nnnw'
Hacoc Arrn rrerK'x ycrroB"t p"6oioi^i

_ _fIp.aycMorpeHHbre rflopalyegg rpyHroBbrx HacocoB ror(pbrBarorAHara3oH no noAaqe or 40 rc 12 b00 rr,1s/.r H no 
"unopr*tor 

lO_iB Ao70-100 r'1. ":J
* f i :  B xaranofax H CnpaBoqHHKaX BcTpeqalorcf l .H crapbre MapKrr  npyHTo-BbIX HacocoB.  ByxeeHnoe o6osHaqeHue rHna aHaJIorHrIHo onHcar{HoMv

,tooo/go aooo,/eo I

$\-i+ fzroo/zl

L too/+0

s r8.r I fpgumodote flacocu 267

B'IIIIe, Ho BMecro noAarr' H Ha1gpa B MapKe^yKa3brBaroTcrt pa3Mep __AHaMerp HanopHoro narpy6xa, AeieHsufi ha zt:;i;.".rrii,n rog66'_u'eHr 6u*poxoAHocr' no (12.28), 
-a!"&"rin 

iru tOf 
- 

ii;il##"p
HtM
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+0

30

20

/5

t0

8

o

6  8 t 0 d0 +0
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20
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tooo q,nTv

J00 Q,n/s

Pnc. lB.4, HonreHxnarypa necKoBbrx HacocoB

l0lpv-8 _- o3Haqaer lHaMefp-_HqqopHoro narpy6ra r0.2s: 2b0 MMH zs : 80 (coorne,rcrByer fpy AOOi+O;. 
' rJv.q ' \ t ' ' ' !u

, - ̂ I!.^ :^tl-t:-Tf ?.y! : :llt ":yece 
fi ,'. o4.p * urrr H x Merr K H e q a cr' rrbr(necoK' pa3r{pooreHHafl pyaa Hrrr4 rrrJraK, rvleJrKafl 30/ra H 

"p.1,-"p].:

//, xB r

2000 
f'

'"; | ';l

';!z= l,J00 u ,
,_Lnf = /2t0n--

tl

>< .f

,y'' tl f*.'

J

nl ttl

1 t
j +
1o

u 2000 +000 ! ,nt/u

f#f 
"L?;U;r*aparrepr{crnKa 

rpyuroBoro Hacoca fpT 4000/71,

MeHffIorcfl necKoBble Hacocbr' Koropbre no KoHcTpyKrtrI{H noxox{H HEt Ho:cocbl THna fp 'nerro-ro pex{t{Ma' so HuenT MeHbuIHe pagMepbt n Jrer*o
!??9op"rrfi xbpnyc. Flonier""u"ypu necKoBbrx HacocoB no focT gagB_TT
NOKA3AHA HA PHC. I8 .4 .  KAX BHAHO, 3TO B OCHOBHOM MEJIKHE H COCbI

60 80 /00 200 d00 600

80 /00 ) 200
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c Agat ra3oHoM noAaI{ } .1  or  6  Ao 1200 r tas / ' I  u .Hanopoe l0-60 r ' r '  f lpeAycMo-

TpeH BbtnycK AByX rHI loB necKoBblx  HacocoB:  n  -  C OCeBblM BXOAOM

r.r f lE - c 6oxosstNa BxoAoM.

cbtBaH un Hf,o". Mox<t-to orMerHTb' I{To' HecMorpfl  Ha 3HaqHTeJIbHble pa3-

r \ lcpbr ,  K i lA s ' rgro  t tacoga AoBoJIb l lo  I - lH3OKr J IHl l lb  HeMHOrO npeBbILUaeT

60'%,  u to 'o6r - , r icFr r reTcf l  BbrHyx{AeHnof i ,  He6naronpHf lTHOir  no rHApaBJI I ' , l -

qecKI ' l t ' l  ycJ IoBt ' I f lM Qoptuof t  npoToqHono TpaKTa'

I- lp" nepecqere napaMerpoB rpyHroBoro Hacoca Ha ycJIoBHa pa6Orlt  Ha nyJlbne

nprrHnt\raercr, r{ro cpeAHrrf l  nJroTHOCrb nyJlbnbl Pcp. u SaBHCHT OT OTHOCHTefi luotl  oStelt '

noi i  l (ol l \enrpaqt ' t I I  rBep;1r,rx rppaxuHii:
( 1 8 . 1 )

n1e rzls - o6rert Bcex coAep*r*"::"r;YrTJrY:;*nu; rzu - o6rqnfi o6reu nvJrbnbt.

I-locxo.nsry nJlorHocrb BoAbI pB : I t/tt't3, to

PcP;  n  :  8rB (Pr"  -  l )  +  t '  (18 '2)

3Aecs prs - nJrorHocrb rBepAblx qaCTHIl' COCTaBJIsloqafl ,[nfl lpy]lTa OKOJIO

2 ,5  r / u3 .
Cpe,UHnn nJroTHocTb ny,rbnbr cocTaBJIfleT Pcp. n : 1,15+- 1,20 f/rtl3 (npe4e;rsnoe

uner{rbr (noapo6nee cM. [63 u 69]):

Hn:  n^ef f  a ;
Q n :  Q ;

^ f  hH Pcp.n  ̂ l
. l V n - - : 1 - -  t r .

" R \ P s

3lecs pa - nJrorrrocrb BoAbl; lt l tt ler- nonpaBoqHble xosQrluuueHTbl AJIfl Hanopa

u Kl lA.  f lpupo4a srHx roaQQuUuel l roB cocroHT B ToM' I ITO npH HaJIHI{HH ycKopeHnt

nyJ Ib i Ib lBo3H} {KaeTAonoJ I I lHTeJ IbHoeABHXeHI ,eT , I ) I (eJ Ib IxTBepAbIxqacTHI loTHoc I {TeJ IbHo
.)KHAI(ocrH. 3ro npnBoAHr K H3lueHeHHIO cHJIOBoro sosAeficTBllfl I l coSAaeT AOnOJIHI'ITeJIb'

Hbre noTepu. B urore Hanop cHl . lxaeTcs,  a nOTepI{  Bo3pacTalot '  3HaqeHuA xoeQQH'

UtreuroB 3aBHcf l r  oT pqAa QaxropOn, HO OAHHM H3 OCHOBHbIX tBJI teTCg KpynHoCTb'

f { . rn  ge , l l i o ro  fpyHra 'd13  t r l t , t  t r l oxHo  npHHHMara  k7 :  I  n  kq :  l ,  Ann  KpynHbIX

rppax l r l r r i  f paBHf i  kH  :0 ,85 ,  f t r  - -  0 ,95 '

coorsercrBegHo Ar,r f l  nynbnbr lepecTpaHBaeTcf l  H XapaKTepHcTHKa c€r l t  Hs.s,  M:

H c . n : H t  H " r * h o ,

r  ( i 8 . 3 )

$ /8./  l fpgumoeorc nacocbt 269

r1e Hs1 - reoMerpnqecxnfi  Hanop (pasHocrl oruerox), Mi ht- noreplr npg ABHSeHHH
nyJrbnbr no 'rpydonpoBoAy, M,

Oaxruqect<an no,4aqa onpeAenrercfl roqxofi nepeceqeHr{s ctr.reqeuuori no- (18.3)
xapaKrepucrHKH rpyHroBoro Hacoca co cl'teuleHHoft no (18.4) xapaKrepr{crl.rxofi ceTR.

Oco6oe BHHMaHHe HyxHo o6parurr Ha npaBunbHoe onpeAeJreHue .uonycrr{Mofi nu.
corbl BcacblBaHHfl (reor'terpnvecrcoi.l) Hlon, Ha xapaxrepHcruKax rpyHToBblx rracocoB
/(aercn JIHHHn Hfon , noryr{eHlrafl B pe3ynbrare ucnbrr anufi na BoAe, T. e. npu pu : I r/u}.
Ec.nH p xtllltt(ocru yBennqHBaerctr, To AHHaMHrrecKoe noHHxeHHe AaBJIeHHt AoJrx(IIo
Bospacru, a cneAoBareJlbHo, AonycruMarr BaKyyMMerpHqecKafl Bbrcora BcacbrBaHg" /4:[
AJrn nyJrbnbr AoJrxHa cHHsHTbCfl.

f lpu pa6ore Ha BoAe B MoMerrr  Bo3nHKHoBeHHq KaBH-
TaqHH AnHaMHqecKoe noHn)KeHr.re AaBJreHHq B pa6oueu ro-
Jrece ornocnTeJrbr{o AaBJIeJ{Hfl Bo BxoAHoM narpy6xe co-
CTABfl'ICT:

h H  _  P a r u  _  H I p  _  P n .  n .  I" " A H H  p g  " s  p g

Ens HopManbHoro arnrocSepHoro AaBneHHr H xo-
noAHofi BoAbr MoxHo npnnflrb:

Pa tu_  Pn .n  -  l 0pg ps

LH onr: l0 - f/fn.

flpH nepeKaqtrBaHr.rH nyJrbnbr, ecJru cquTarb ee sa rrxe.rryrc xra,rixocrb co cpe,(nefi
nJroTHocTbro Pcp.u, nonyqHM B M BOA. Cr.:

LH,on,.n : 4P ( ro - r/fo) .
P n  \  u /

OrcrcAa, [ocKonbKy

//Xo - I0 - Ai'lagn ,

nonyqaeM Anr nyJrbnbt B nr. BoA. cT.:

H : : , : 1 0 - r y ( r o - n l o \ .'  
P s  \ ' "  " B  l '

Pacnpocrpat{fls gTor pesynbrar H Ha ,qonycrrrMyro BaKyyMMerpnrrecKyro Bbrcory
nc rck ln t  Hu  g r  r r n  n \ t u  ga l l  r l nn r r r r  r \ r  naha^ t r  a^o  l o  

"  
- ^ ;  ^ -  \ .  

-
L e e ' .  y v I r N ' J a t J  r r u y w w a v r q  \ D  t v r  D v A .  t e t . / r .

H{:i : to - elP.u ( ro- /Jaon\
Ps \  ; " " / .  (18.5)

flpu nepecqere xapaKTepucruKn rpyHroBoro Hacoca Ha nynbny HoBafl lrllnf,H$:i
crpourcs no $opr'ry.ne (18.5),

BaryyrtluerptrqecKafl Bblcora BcacbrBaHur rpyHToBoro Hacoca, nepeKarruBarorqero
nynbny HB.\, B orJtnqxe or (11.8), sarucilr tl or garuty6JleHrfi BcacbrBaplqero fpydg.
npoBoAa noA ypoBeub ft."rr, (pac. 18.6). Bupaxar Ha.n B M,BoA. cr., nonyqaeM:

Ho.n: H H, * ft""nnry .+* ft"o.

Pnc. 18.6. K onpeae.neHr{Kt
AonycruMoft ssrcorur Bcacbr-
BaHrrs rpyHToBoro Hacoca

(  18 .4) (  t  8.6)
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3lecu h"c - ru.npaB.rrH(recKr{e norepH Bo BcacbrBaroueM rp1*6onponoA€, M BoA. cr.,
Bt(. ' rrcqarr nepenaA AaBJrern.tf l  Ha i lxoAe, Heo6xo.[Hi\rblf i  Inf l  BcacblBaHHfl rpyHTa.

!,onycrurtan Bbrcora BcacbtBarlHt HSon l loJt5rv2gt.t  no (18.6):

(  r  8 . 7 )

. i  l . rn  r tc r i " l lo r tc r t l tn  r ( i tB i lTar ln i l  l ]  rpy i lT ( - ) lo i \ l  l t i l c r rCC ; ' [ ( ) , ' l i t i l to  co f i , ry to l i tT  uCf l  ] cJ loRl lc

/ i .  < / /Aon.

11 , r . r11 '11 .11nr , tL l  l ) c3 ) ' .T r , r ' i l l b r  i ro r i ; r3 r , rR : l ro . f  ,  , r ro  B  yc ra i l oB I (ax  c  rpy t lToBI ) lM l l  l l acoc i l i \ { l l

J l ( ) l r \ , c r l t \ t i t i l  r l r , t c ( ) ' r ' i l  r ' i c r c r , rB i l r r r ! r  ( : uu i r ( i l c ' l ' c l  OCo6c l l l l o  Cy tqcCTBe l l l l o ,  I (o fAa  SaCaCl ' tB i l '

r rnc rpvl t ra r rpor. r3uol l t r  fcrr  c  5o. ' r r , r r . ro i i  r " ry6unbr.  B cBf l3H c grHM uaxo,I lRT npHMeHel l l le

pa3.1 l r ( ru lne crroco6br,  no3Bo,qf l loulue l roBbrcnrb AaBf le l rHe Ro BcacbtBarouleM Tpy6onpoBoAe.

I{  r rn iu orHocHrcf l  ycra}{oBKa cneuuaJrbubrx a}KeKropoB Ha KoHue y rpyHToSa6opHoro

t ion t ra  ncaCr r rBs ro r {e  ro  rpy6onposo la  ( cu . ,  HanpHr {ep ,  pHc .  18 .17 ,  a ) .

3r l r r l rcr t luurJbr iu cnoco6otr  npeTtorBpau{eHHn KaBHrauHH f lBJIqercn norpy) l {Hat l  ycra '

I IOI I I (a rp) ' l lTOROrO HaCOCa Hl l ) l (e OTMeTI(H noBepXHOCTH BOAlr l  .

1 8 . 2 .  T J I Y 6 H H H b I E  H A C O C b I

Hacoc l r ,  cneuHaf lbHo  npeAHa3HaqeHHbte  AJ In  noAaqg  BoAbI  Hg  cKBa '
x t r t r  r r J r4  LL IaxT ,  Ha3b tBaeMbre  CKBa)KHHHbIMH,  HCnOJIb3y tOTCf l  AJ IR  BOAO-

cHa6x{eHr r f l ,  noHH}KeHHf l  ypoBHf l  rpyHToBbrx  BoA,  ocy IUeHHf l  KOTJ IOBa-

HoB, ApeHa)Krrbr)(  ycraHoBoK. Han6onruree pacnpocTpaHeHHe HMeloT
ABe cr,rcTeMbr cKBax{HHHbrx JronacTHbtx HacocoB c TpaHcMHccHoHHbIM BaJIOM

cryneHr{aTofo),  KoHcTpyKTHBHo BbInoJIHeHHOTO TaKHM O6paSOVt,  I ITO efo
Mo)i(i io oiiycTriTb B cKBaiKHHy, II - OfiOpHOH '. iaCTH C giieKTpoABltfa=

TeJreM, pacnoJrafaeMofi  Ha noBepxHocTH, H I  I  I  -  HanopHofo rpy6onpo'
BOAa H TpaHCMHCct4fl, - BAilA, npOXOAffUIerO BHyTpH Tpy6bM Onupa-
Ioulerocfl Ha npoMexyTor{Hbre HanpaBJIfl rorrlHe noAlUHnHHKH. c nououbro
gTOrO AJTHHHOfO Baira OCyUIeCTBJTfleTCfl npHBOA HaCOCa. caU saCOC BMeCTe
c npHeMHori  cerKof i  /7 norpy)Kaercf i  noA ypoBeHb BoAbl B cKBaxHHe.

Ha pHc. 18.7,  6 AaHa I(oHcrpyKIrHn rpexcryneHrlaroro Hacoca.
Ka>xAan ceKr. lHff  cocrouT H3 (eHTpo6exHoro pa6ot iero KoJIeca / ,  Haca-
)KeHHoro Ha BeprHKaJIbHbi l? BaJt 2t  Kopnyca 3,  nHyrpH KoToporo HMeeTctt
pa3AeJrflroulHrl o6rexarenl 4 c BKJraAbrr.rreM, I{epe3 KoTopbli l npoxoAnT
BaJr. Mexly KopnycoM t4 o6rexare,neu pacnoJrararcTcfl f ionaTKH Ha-
npaBr ' t r r roulefo annapara 5,  no Qopue f ioxoxHe Ha npHBeAeHHble IJa
pr ic.  13.14, cHHlKaroulrre Ao HyJIf l  qHpKyf i f lqHlo noroKa, cogAaBaeMyp
pa6oqHM KoJrecoM. 3ru JronaTKH f lBJrrrroTcf l  oAHoBpeMeHHo pacnopKaMH
Nrex(Ay KopnycoM 3 u o6rer{areJreM 4. CexqHH coeAHHsIoTcfl c noMoulbto
6o,nron l r  r r r f rHJreK.

(paHnrue rra3brBaJrHcb apre3HaHcKHMH) rr c norpyixHbrM gJIeKTpoABIira-
re.rreM (,Qonee noApo6Ho cM. t57 l) .

g a ; " 1 , 1 . \ ' ; ; , 1 ; . ; i _ . ^ ' , j . . r ' - . . . , . , . - . , . , " ' . * . . o a 1 . . ] r u $ . i ! l ] ] ; h 1 t : F r r + : j l + 4 { r - # s # : , r | b i q ' 1 ; . i . ' $ $ g $ f f

H bI M,r,,q ###1i;. #.it'.J3..#ff ffi#tffi$ffiEW#ffi"TJl'l'qEcTeft 
(p"c. 18.7, a): I  -  co6crBeHHo Hacoca (ueurpo6ex<Hono, MHoro-

r \  l R  9 1
J  . v , -  I f,ngdunuote Hacocbt Ti

Slennpod1uaamelo

Pzc. 1s.7. ;CiiraiiciHiibifi iiacoe -+e *rrFaneluucir.ronsuu 
BaJroM ,..

c BoAflHofi cMa3r<ofr. t lro6lt HcKJIIoqHTb norraAaHHe necKa B [oArrJHn HHKH,
I(  HHM nOABOAHTCfl  r rHcran BoAa no Tpy6e 10.

ocnosHular,r oJreMeHraMH BepxHerl- oropHorl qacrH (pac. lg.T, df lBJI f l IOTC' BbIXOAHOC KOJICHO, K KOTOPOMY CHH3Y NOAXO'HT NOCJICAHCE
sBeHO HanopHoro rpy60rpoBoAa, a B ropH3oHTaJrbHoM Ha[paB/r elvrwMOX(er npHcoeAprHflrbcfl orBoAffrrlufi 

.uanopHbrft rpy60npoeoa, nunpa"-
nnrcqull noAIxHnHux II w canauuw l2 

" 
oqenn nri,rirHna'ynoptrnli noA-I IJHnFIHK l3 c uac.nluoi i  saHHof i  14,  KoropbrH BocnpHHHMaer Bec Bcex

Bpall l,arcil{Hxcfl qacrefi Hacoca H cyMMapHoe rHApaBJrHr{ecKoe, oceBoeycHJrHe. Ha nepxHeM KOHtte Baila yKpenJreHa nryQri tS ano .o..qHHeHHfl
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c BaJroM Beprr.rKaJrbHofo sJreKTpoABHraTeJIf l ,  KoTopbtf i  KpenrrTcf
K SnaHuy 16.

I{eHrpo6e}KHbre cKBa}KHHHbre Hacocbr c rpaHcMHccHoHHbrM BaJroM
rtna I{TB _npeAHa3HaseHbr niln q,vcroft xo.noAHofi no4tr, coAepxaqeri He
6onee 0, I  % MexaHHqecKHX npHveceri.  I- lpeaycMarpr.rBaercrr cnerlua,rrb-
Hoe H3roroBJreHHe HacocoB Arrf l  arpecurnuoft BoAbr (Huaexc A) H Ailn
noBbrujeHsoft reuneparypbr (uH4exc T). XapaKrepHbrM pa3MepoM rracoca

l f , i l

/+0

20 J0 +0 60 80 /00

Pttc.  18.8.  i lo t r rcrrx, rarypa cKBaxHrrubrx r{acocoB c TpaHcMHccHot. lHbrM BaJroM

f lBJrflercff MHHHMa,/'rnHufi .[HaMerp tpy6u, n Koropylo oH Mo]Ker 6uru
onyuleH. ' i - faK, Hacoc UTBS MolKer 6urn onyu{eH a rpy6y AHaMerpoM
8X25:1200 r t ru .  KpoMe roro ,  B  MapKe yxaehnarcTc f l  noAaqa H Hanop.
Hanpuuep, Hacoc UTBS-63-80A -  AHaMerp 200 r ' tm, noAaqa 63 us/u,
Hanop 80 rrt A"ns arpeccHBuofi noAu.

Hs Hor 'aeHKrrarypbr HacocoB rHra qTB (pue. 18.8) BHAHo, qro npeAy-
cMorpeHHble rl4nopa3Mepbr HMeror AHana3oH noAaqu ot 4 ao 1250 r"r$/q,
HanopoB or 25 Ao 200 M, npHqeM AaHHa rpaHcMuccHoHHoro BaJra Lo/rx{Ha
6urrn He 6o.rree 100 M (|OCT 14835-75).

CxsaxHuHbre Hacocbl  c rpaHcMHccHoHHbrM BaJroM AoBoJlbrro cJrolKHbr,
lpe6yrcr oqeHb ri l{areJlbHoro MoHTaxa (ue4onycrr,rMbr nepe/roMbr ocn
rpy6sr,  nepeMeureHnr H Apyrue aeQerrsr) ,  fny6r.rHa ycraHoBKH AoJr)KHa
TOrr_H.O OnpeAeaflTbcf KoJrHqecTBoM cTaHAapTHbIx 3BeHhg

It,,B r.t , l :aT e'Jr e M". oTJrr{qaroTcrr TeM, qTo y Hr.rx AJIfi npHBoAa npHMeHeH
anexrpolsr i rare.nr,  Koropbrr l  naxoAHTcf l  r roA ypoBHeM BoAbr.  HacocHag
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ycraHoBKa,  nor {a3aHHaf  Ha pHc.  18 .9 ,  A ,  cocroHt  l . tg  co6crBeHHo Hacoca

Prc. 18.9.'Cxsaxuqrlsrft Hacod c norpyxHbrM eJreKrpoABHfdr€Jl€M:j

s t8 .21 lng6unnote Hacocbt
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/,6 2,5 + 6,3 /0 /6m

Pttc lS'10. Hoiueuxnarypa cKBax(HHHbIx HacocoB c norpyxeHgbrM eJreKTpo.
ABH r' trTeJIeM

:::,,:':::,,T::1.T,..::p-.::1'..^.xi{ll-_c _norv(oubro Mysrbt 7, HanpaBrrrr.
' v , - ' r v  r r r ' , ! { u r r r r n n , . n  n a  E L r A x t l u l 4  g M a 3 K e  H  H O A I f l T H H K  d ,  B O C n p H H H M a -
rou{pr r:r oceBoe vcHJrHe.

t^ns o6ecneqenus AoJIroBeI{HocrH pa6orbr raKoro arperara Heo6-xoAHMo HcI(JIIoql! ' ITb Bo3Mox{Hocrb nonaAaHHfl B3BeIUeHHbIx a6paeunHilxriacrl'iu B sJIeKTpoABHrareJIb. C etoli I{eJIbro g/IeKTpoABI,IrareJIb Banw-Baercfl rrHcror;i BoAori, 
^Koropafl orAenflercfl or nepeKarluBaeMofi MaH-)KerFIblM ynJIorHeHHeM 9. rlpuueHnrorcfl H Mac/roHanoJrHeHHbre gJreKTpo-

ABlrraTeJIH.
f"ny6HHHble Hacocbt rvtna 3L(B c. norpyxHbrM oJreKTpoABHrare/reM'npeAHa3HaqeHbr 

Arfl rrucrori xono4Hofi eoaii Ho npeAy.*rrf"-*6;;;-;
MoAHQuxalr]f l.t4, paccqHTaHHble Ailn pa6orbl' Ha xHMHrIecKu aKTHBHoli
BOAC H C NOBbIIUCHHbIM COACP)KAHI{CM TBCPAbIX EIACTHiI.

,^,. I?t I 
a Hacoc a BKJIIolIaer: M.H H HMantsurl AH aMerp o6caaHofi KoJroHHbr(cKBaxHHbl), MM' yMeHbIxeHHrtfi n 25 pae, B r(oropyto lrroxer 6srrb onyrrleFrHacoc, rolaqy, MS/.r,  H rranop, M. Hanplrnrep, ei igt +-Css-270 - cKBa-)KI.IHnslt: t  uacoc c-norpylt{HbrM^sJreKTpoABHrareJreM, MHHHMaflt  Hstf i  A;;-Merp cKBalKHHbr 14x25:  350 uu,  noAaqa 255 us l , t  H Hanop 200'M.

6 t8..e l H nrnr* nl i  nnnttt t  t  t t  t  t  t l  i  t  f i t  t6t t  tJ t  I  E h Defr ^A^a ntt t ,  t  t  17. '  y r.-  rr J. v 3w* w t.e tLt t .  yvv t t  Lqft at ' '  *
q,R
a t v

Houesx.rtarypa HacocoB rHna SIIB corJracHo IOCT 10428-79, noxa3aH-
Hafl, Ha puc. 18.10, npelyqurarpHBaer 6onuuoe qHcJro runopa3MepoB
c AHanasoHaMH noAarIH or 0,63 Ao 1000 vr$/.r H HanopoB or 20 Ao 400 n
Aalxe 500 rvr, AHaMerpbr cKBaxHH or 100 Ao 400 ul,,r.

I8.3.  HACOCbI THAPOAKKYMYJIHPYTOqHX SJIEKTPOCTAHI{Hf i

ft lpoat,KyMyrr.rpyrorr\He eJreKrpocraHr{HH (|AOC) npeAHa3HaqeHbr
AJr r r  BbrpaBl i l rBaHHf l  rpaQuxon Hafpy3Kr r  sHepfocHcreM.  f lpprHr rHn pa-
6ortt |ASC cocroHT B ToM, qro B Hor{Hbre r{acbr, KorAa norpe6.neHue
srel{TpoSl lepl ' l l l I  yMel- lbLuaercf l ,  BKrroqarorcrr  r {acocbt H nepeKar{HBatoT
soAY H3 l l t tx{ t {ero 6acceftHa B Bepxunr l ,  a B AHeBHbte qacbr nHKa Harpy3Kr. I
BKJIroqanrctl 'ryp64ryl_l u cpa6arbrBalor eoAy H3 BepxHero BoAoxpaHHJrHqa.
Taxupt o6pasor '4,  |AOC nor lb lo norpe6nner 3JreKTposHepfHro, a AHeM ee
reHepHpver .

FIa |AOC yc't 'aHaBJIHBalorcfl Hacocbr HHorAa or{eHb 6onlurorl Morq-
I{ocru H BbtcoKoro Hanopa. CrpeuureHrre yBeflHrrHTb Hanop o6tncnneTcfl
TeM, qro 3ro no3BoJlrer yMeHb[rHrl o6reubr nepeKa,{HnaeMofi H aKKyMy-
nHpyeMofi  no4rt .  B csnea c reu qro Hacocrr  IAOC, KaK npaBHJro, r{Meror
yHHKaJlbllble napaMerpbl, oHH npoeKTHpyroTcfl H H3roTaBJrHBarOTCfl HH-
AHBVlyaJIbHo H B 3ToM orHo[reHHH aHaJrornlrHbr KpylHbrM Typ6unau.
I,lccne4on aHHr, rt cHflrue xapaKTepucrnK grnx HacocoB npoH3BoARTcfl
Ha MoAeJIfrx, H napaNlerpu (KtIA_u Ap.) nepecuarbrBarorcfl, Ha ycJroBuf
Harypbr no soprr,rylr€M^no1o6un. Bu4sr H KoHcrpyKrIr{H HacocoB, ycra-
HaBJIHBaeMbIX Ha |AOC, TaK >Ke KaK w rrapaMerpbr Hx, BecbMa paauoo6-
pa3Hbr.

Ha puc. lB. l l  noKa3aH Beprnr{arrrHnf i  Hacoc |AAC BantAer I I
(OPf) c pa6ouuM KorrecoM AHaMeIpol4 4l l0 MM H crreAyrcqvwu ilapa-
MerpaMH: Hanop 33_0 rvr, noAava 65,5-rur3/c, qacrora npaqerius, BTS o6/iwtt
H MolqHocrn 230 MBr. Ban Hacoca HMeer HanpaBJrsrorqnri noArrrnnHnx 1,
t ' | r h A n t r 6 t l l r t r 3 n ' . ^ ' ' , , , ^ i , ' t l ^ ' f f | f f ' ^ o - ^ -

Jr \Pwrr ' / rLnf r : f , , rn  .c ,  rvrvu4n\Jn r \PDru- I r \Er  n l rLJAr l l l r f l I l I t - r ,  UgPgAaKJIJdI{H OCgByKt

Hafpy3Ky qepe3 onopuuft KoHyc ̂Ha .crarop. Hacoc HMeer cJrox{Hyro .
cncreMy ynJIorHeHHfl c KoJIbIIaMu 3 u 4, cuerqaeMbrMr4 B oceBoM HanpaB-.
JTeHHH C UeJrbrO ycrpaHHTb onacHocrb nx noBpelr(AeHHfl npH pa6ore ,
arperara B reHeparopHoM pe)KHMe, KorAa BoAa Hs noJrocru pa6overo
KOJreCa HaCOCa OT)r(aTa CX(aTbrM BO3AyXOM.

Ha |AOC BHaHAeH (Jlrcrcerr,r6ypr) ycranoBrreHbr AByxcrynenqarbre
Hacocbr ABycropoHHefo BXoAa (puc. lB.12) MorrlHocrbro no 6g MBr u
qacrorofi Bpaqeuun 428 o6lwuu, palnuBarorqHe Hanop 268-282 u r1
o6ecnequBaroulue .noAarry 23-20,7 ue/c. MexAy Ko.recaMn nepnofi / :
u nropofi ctyneHefi Hacocbl HMeror HarpaBJrflrorque annapard .2, xbropbre',,,
roABoAfr .BoAy. x KoJrecy ABycropoHlrero BxoAa 3 aropofi crlrr€HH. ;.
Cnupa,rrr 4 cw.a6>xeHa crfl)KHbrMu HanpaBJrflroIIIHMH nonarxauu. inpana '
noKasaHa uysr* 5, Koropafl HMeer ue6ontuylo KoBtrroByro ryp6ilny.
c nououtrb srofr ryp6nnu pa6ovee Korreco Hacoca nxonoCryro pacKpy- ,
r{HBaercf Ao clrHxpoHuofi cKopocrH, noeJle qero MoxHo BBecrH B 3a-
t(enJreHHe Benr(br uy$rsl.
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B Aarrrror ' r  r racoce, paccqr i raHHoM Ha Hanop 26g-2g2 M, HcnoJrb-
3oBaHbl  ABe c ry [eHI ' I '  a  B  l lacoce,  noKagaHHoM I la  puc .  lB . l l r  npH Ha-
rrope 330 r 'a -- Bcero oAHa..cryneHb. 3ro n coorBercriun c t iS.gi r 'o."o"-
HoM 3aBHcHr or oKpyxHofi cxopocrH pa60uero KoJreca. B neprorr,I  cf iyrrae
D =-  2 ,32  M r r

tr2: "' ' '3# 4'L - s2 r,ttlc;

c I I I I T a I  l ? u :  l ,  f l o r y r J a e M :

+: f f : r ca  M.

I ruc .  18.  I  L  Bel l r r r (a . f l l , l t r , r i i  nacoc I IAOC Ba,nr , ler< I  I

$ /8.s1 H aacw eud poarcrcg u g nu p g nt4u x e il Kffi p o c mau t1 uil. n?

PHc. 18.12. fopueourarrnr,rf t  AByxcryneHqarbrf i  Hacoc IAOC BnaHAeH

Taxuu o6pasona, Ailfl rpe6yervroro Hanopa Heo6xoAHMo 6uno npeAy-
cMorpeTb ABe cTyneHH.

Bo nropoM cryr{ae (puc.  l8 . l l )
n . 4 , l l  , B T 5  6 n  EUz,: -- j-O--- :6UrT MIC

H 
u& 8o,zr  ^A^

E - - T : i J d i J  
t v t '
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ilob. lf;Jfl;,, Bcp r rrxa'nr"rr'rn

$ /8.3I H acocot eu| po arcrcg il g nu p U nqu x 0 ne Km p oc man4ufr
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18.4.  CTPyfrH btE HACOCbT

ttr I

St Oc
PHc.  18.  15.  fHApan.r ru-
qecKaR cxer{a crpyirrro.
ro Hacoca

qeHHrrMH I - |  H^ l I - I I  npoHcxoAHT noJ IHoe Bbrp_aBHHBaHHe cKopocrer i
AByx noroKoB: Q. -  pacxoA conJra (crpyu) 14 A -  noAarrH, nocryna-
rcuefi- B rpHeMr{yro r(aMepy I7K qepe3 sx6a;{oft nirpy6ox nn, g."eue-
Hl.rr . r  / -1 enropa cxopocref t  cocror.rT H3 AByx VrracTKoB:

a c : - p ;  u L : t r t ,t  x , c -  l c

r ' / t e  / .  -  r r J rouaAb  ceqe r r r { r r  c , f py r r .  B  ceqeHr . rH
p oR I  t t ' tJ  a :

Q * Q c| /z_ _E;.

) ' c t 'a r roBr rM ueKOTopbre  coor r rouenHn.

I I - I I  cKopocrb Bbr-

S ra.t1 Cmpgilnote Hacocbt

t l a p e n a A  A a B J r e H r r r r  B
I I I C H A f l

n p e A e J r a x  K a M e p b r  c M e _

AH,*. .  : ' (  t  8 .B)

Hal?AeI\4 c noMourblo ypaBHeHHf KoJIHqecrBa ABH)KeHr.rfl, ganr4canHoro
4flf l yqacrKa KaMepbr cMeuetkrfl. Me)r(Ay ceqeHuflMw I-l u'II- l/. [t;xo:
Af l l l iaf l  ceKyHArtan Macca ] I {HAKOCTH ;  , , , . , ,

m - p ( Q " + Q )

28t

P z _ P t
pg pe

( r8.e)
(cuuraevr r/rorHocrb x(HAKocreri e" H Q _o4HHaxonofi). Ec.nu x(e yrIHTbr-Barb oceBble cocraBJIfltolqne ssaHraoALficrsHq Mex(Ay )r{HAKocrbro H
creHKaMpI l(aMepbI (xartaepa I{HJIHHApHI{ecKaf ; cHJrbI TpeHHfl -He yql.rrbl-
BalOTCfl), To nofiyrrHM:

gQ"ac * pQu, - p (Q. + A) u2 - Fo. 
"(p, 

- pr).

floAcragnflfl croAa Bbrparyre_H Hn A'tfr, cr{opocrefi u peurafl ypaBHeHHe , .orHocu'TeJrbHo nepenaAa (lg.g), HaxoAHM: 
\ -- J L - ,1,.

6 2  ^ r
A I f  v g  2 f ,  [ ,  I  t  o  r 2  f ^  /  n  \ r ' r  ' i
AHn.. -, J" 2fc I', 

.---t _ /_g\, _ /c ( r r Q \21 
,1

2sE7 ;  l '  
-Fn . , . - t .  

\  Qc  /  
-T ; ( t  +T ; /  l '

L l c J

( 1 8 . 1 0 )
C uenurc 6onlueft o6utH9g1H lr_eJlecoo6nasqn R.pn,r.r,  rpa 6aan4D,_r4n

Flb lx  napaMerpa:  
uuuvrr t  ADC.  wsrPaolv l t rP-

e o M e r p  H  q e  c x u f r  n  a p  a M e r p  s ,  o n p e A e J r f l e v r u f t  o T -Ho[reHHeM nRou1a4efi ,

s : F*../f", ( r 8 . 1 l )

Q, rrpeAcraBnnroqnft co6ofi or-

6espasuepHbre 
"r, 

ji:;:?

( lB.  r3)

npHr{eM BcerAa s ) l ;
p e x H v r H l r r t  r a p a M e r p

HO[reHHe pacxoAoB,

8 : Q/Q",
Vqurs.rnafl , .rrro ac: e"l f  

"  
H noAcra BJrnfls  Lr  q n (18.  l0) ,  nonyuaerur- : ' -

AHn.  " :+*  [ ,+ q'-  *  t t  +- ty l
f ro "^^  h^Ah"h^^- - - - -o -  - -  "  

l_ lucocoM corJ racHo ( l  l .b ) ,  npeAcra .
:epruft B BbrxoAHoM cerreHlun it ' i_ttt
lepeKarrHsaeMofi xuAKocrr.r. OAHaxo
rxoAaTcfl HAeailHsrpoBaHHbrfi nanop
rH yAeJrbHbrx euepruli e2 B ceqeHHH
Meil{eHufl. 3Haqenue H".".ro noJry-
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w t LE wUU/tOnOte nuLULOt a t  / t ,  t 6

q l lM I I3  (18 .13) ,  4o6annB_t {  npaBor l  qacr r4  pasHocrb  cKopocrHbrx  HanopoB
B ceqe i l t { f l x  I I - l l  y t  I - l :

H r , - - . - :  
o ;  

|  2  ,  s - 2  oH . H r - t F L ; - r G T 6  q - - * f t  + a ) ' ]  .

QaxrHqecxHfi  Hanop crpyf i r ror-o Hacoc a H 
" , , ,  

6y4er,  KoHeqHo,
t re iv l  r {Aear rH3HpoBaHHrr f i  no  (18 .14) ,  TaK KaK H3 HerO HyXTHO
norepr . r  B  np l reusof i  KaMepe hr , , * ,  B  l (aMepe cMeueHHf l  h* , " ,  B
3ope hnu,p4t:

LI 
", 

,, -- IJ 
". 

rr. ,Jr - 11,,. 
" 

- lt,r, 
" 

- ft.q"d@.

' o ) t r u 1 i l 2 3

PHc. 18. 16. TeoperNuecKne xapaKreprcrHKu crpyfiHoro Hacoca

3 a e HcLIN,Iocrb ( I  8._!4) no3BoJlf l  er npoaHaJrH3r.rpoBarb xapa Krep HcTHKH
crpyf iHbtx HacocoB. f lpex4e Bcero ono rrcHo noKaabrBaer,  qro paBBHBa-
eivsrfi crpyfiurrM HacocoM Hanop nponopqHoHaJreH all2g, T 

,e; 
lanopy l/",

c l{oropblM noABo(I4rcr BoAa K con,{y, TaK KaK t) :q V ZEH".Kporrre
Tofo,  Hanop Hr,n 3aBHcHT oT reOMeTpHrIeCKOrO napaf, , tetpa S H OTHOSH-
Te,/ ' rbHofo pacxoAa g.

H a  p H c .  1 8 . 1 6 ,  a  A a H b r  x a p a K r e p H c r H K H  l , . l . r s :  l , S ; 2 , 5  u  4 ,  K o r o -

, 'rc. r,.ur :, l++ #h qz -* rr + q)']

( rB . r4 )

MeHbtue,
BbIqecTb
AHQQY-

( rB .  r 5 )
i,L)

a).5

0.6

0.+

( 1 8 . r 6 )

C qe.ntrc oI leHoK a6co.urcrHbrx sHa'reHHfi Ha puc. 18.16, 6 nocrpoeuur
. r (pHBbrel_coH,A\  AJr f i  s :  1 ,5;2,5 H 4,  OUU nOKaSbIBatOT,  I ITO HaHBbtC-
ruufi I(flA paglorrox{eH^B-cpe4Hefi qacrn xapgrlrepucruKn r{ MaKcHMyM
ero HeBeJrHK. Ann s :2 , ,5  v  4 Ic .n.v ' r<c:  0 ,27- . -0,85.  Or l l  gHaqeHgf
I { n n  \ r r r r r r l r D o r ^ T  T n  r r  i ' nr \ r  f  A  J  a r r  I  t j , rDcr r \ r r  r  v . . / rD I \w l ru rsp ta  na  Lry l t r l l l t r f l1119 l lu ruKu l t  c  pa3f lHr {Hb lMH
cr(opocrr iNrr{  ( r . ra } 'Aap).

Ec.nu crpyi'rnr,ri 'r l lacoc ucnoJrb3yercfl AJrrr BoAocHa6xeHHfl Hltlt oxJra-
xAet{trf l, To noJre3FrbrM flBJleercfl cyjvrMapHrtfi pacxoA Q * Q., nocryna.
rcuinii s ceqenve I I I- l I I, r.r rorAa Kn.U, 6yaer Bbrue.

s 18.41 Cmpgilnote Hacow

crpyfiHufi Hacoc (exexrop) no cBoeMy ycrpoftcrn_y- BecbMa Jrpocr..:
H AOCTyneH AJIfl HSTOTOBJIeHHfl B MeCTHbTX yc.nonunx. Hyxuo, oAHaXCj,' ,
HMerb B BHAy, rrro Aaf o6ecne'{eHHs xoporuefi ero pa6bTbr rpe6yercr
np a B Hn bu ufi noA6op p aelaep oB H TlqareJrbHoe Lrs roroBJreH r{e. Lyqecrneu.
Hoe sHaIIeHHe HMeIor QopYa conJla, paccrorHr{e or co[Jra Ao KaMepbr cut!.IueHHrr. 6ooua npHeuHofi xartaeprr, Qopua auQQysopa iaono/rHHreJrbHoc M .  [ 1 2 , ' 1 6  ] ) .

Puc. I8.17. f lpnuepbr KoHcrpyKrryru crpyfiHrrx HacocoB (exexropos)

Ha qHc. 18.17, a noKa3aH S>KeKrop Anfl cHcreMbr rexHHqecKoroBOAOCHA6}KCHHfl MOII(HO|O ATPC|ATA THAPOSNCKTPOCTAHIIHH: BOAA B BOAO-c6opuux sa6upaercn Hs HH)KHer-o oieqa, a n conJry noABoAHTcrr ,,o

;8{?6ET:ot 
AHay:fpoM 100 vnr ws dn"prno"or *Jr.'pil c HaropoM

Ha pHc. 18.17, 6 
'-npe4craBJreH 

rnApo3JreBarop _ olxeKrop, npeA-Ila3HalleHuntfi 4nr BoAoorJIHBa npH npoxoAKe uaxrnrrx crBojior. ITo4o6.Hble rHApogJIeBarOpbI Moryr npHMessrtcs vr riln orcacbrBaHHfl nyJrbnblH3 npH'MKOB' UraxT LrJtH npH pa3pa60rxe MeJTKHX rpyHTOB ,qJrn onycKHbrx.K O J I O A I I e B  ^ J  - - - - ^ r ' r

Ha puc. 18.r7, d noKasa* el*eKropnufi rpyHrcsa60pnuft HaKoHeqHHKnnaByrlero BeMcHapsAa e rpyHroBHM uacoeori.-E;c-;ilil".dil-#pe;

\
r \
\ (a

l-

I I

\br

283
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narpy6ox ^1 no KoJrbr{eBofi nonocru 2 nolnoAHTcfl K KOJTbUeBOfi U\eiln 4
H co3naer sxeKrHpyrouee AeficreHe Ha noroK, nocrynarcrqHft rrepe3
HacaAoK 3 s xaprepy cMerxeHHrr 5 u Aanee s aHSQy3op 6.  Conno 7 no-
Bbr rxaer  HHTeHcHBHocrb  paspa6orKH rpyHTa.

flpuueueHue sx{eKrupyrorq?rx ycri6ficrn Ha BcacbrBarcrr{Hx rpy6o.
npoBoAax ycraHoBoK c rpyHToBbrMH u o6uqsbrMu HacocaMu no3BoJrf ler
yMeHbuHTb BaKyyM Bo BxoAHoM narpy6xe H TeM HcKJrroqHTb BosHHKHo-
BeHHe KaBHTAILHVI, a raKxe MO}Ker CJryxHTb cpeAcTBOM yBeJrHqeHHfl AO.
nycrtrMofi nlrcoru BcacbrB aHHfl .

r8 .5 .  yCTAHOBKH BAKyyMHOTO BOAOnOHHXEHHf l

I . tn noHxx{eHrt t t  ypoBHr r 'pynrosrrx eoA, B ocHoBHoM npH crpouTeJrb-
crBe' a raK){e AJIff noAaqH fpyHrosofi BoAbt AJrfl xo3flrtcreeHnlrx qenefi
Hcnoab3ytorcf l  ycraHoBKH BaKyyMHoro BoAonoHH)KeHHn. Cucreua Ba.
KyyMHoro BoAonoHH)KeHHfl  (pHc. 18.18, a) cocrour H3 HrnoQHnarpov H

I)rrc.  18.18. Vcralonra BaKyyMrroro Bo/(onour lKcrmrt

(cral lu l re ' rpy6sl ,  nep$opHpoBarrHbre H 3au(HureHHbre cerKof i  s xoH[eeof iqacrH'  rorpyx{aeMble B rpyHT HI ' l>Ke ypoBHn rpyHToBblx noA),  Ko/r .
J lexropa '  K KoropoMy np}{coeAHHfl  rorcf l  r lJrarrraMH urno+unbrpbt H
r racocr ro i i  no lonaxyy ivno i r  yc rar roBKH RBy.  f lpu  pa6ore  B 'By  s  nor_
JIeKrope co3Aaercf  BaKyyM, qro Bbr3brBaer noAbeM BoAbr n ur.uoQuJrbTpax
H LlcreqeHHe ee B KoJIJIeKrop, H3 Koroporo oHa eur6pacsrBaeTcn Ha g.;IHB

S la.o1 0pnuSm

B IIHpKyJIfiqHoHuufi 6ax H orryAa BbrreKaer Ha .' 
'L ' ',Y,1:i..,.iriit,

loAa nepeKaqrBaercfl ns unpr(yJrrrrluori. ,.
Aaerc'{ B HanopHo-Bar(yyMlvto xanrepy,pa3Ae/IeHHVIo neperopo4xofi 6 rua HanopHoe H u^naxyynari6e Bbrae'reH'fl.] '{s Hanopuoro orAe/IexHfl BoAa qepe3 cofiJra o-.B nu6pacrrBaerc, B Ba- 

']!
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crrHB 
_19q.. cnHBHyro BopoHKy

AocroHHcrBaMH cr.rcreMbr naryynrHofi BoAoor-
{aqKH ffBJrflrorcs npocrora u'" uo6uno"-o.ru.
oAHaxo oqeBHAHo, qro Bbrcora noAbeMa 

""niiraxofi ycraHonxofi He npeBbrruaer Z_B rra. Bu-
nycKanrcr ycraHoBKH yBB-2 y V_QB;3, .Koropbrenrnnu l /n4r t t - r  t ra  r^Far , . ,  AE - -9  1 - -  t t  e t  t  ,  \r r r rq r rDr  r rq  r rL rAar r .y  . to  M_ l t I  ( l z ro  i l l  c l  ,  MaK_cuMaJrbHuft tsaxyyrr,r 0,07S MlIa' (naxyyna*."p"_qecKafl Bbrcora BcacbrBaHus 7,S rrr) qnixynsqu-
osHuii Hacoc 6KM-12 uoulHocrbro lS xBi *'.

18.8. OPJIHOT

SpnuQr, r.rJru Bo3Ayx
cocronT Hg BeprnrantHoi
Bo3AyxonoABoArulefi rp y
HbrMH oTBepcTHffMr.r B K(
xoorAeJrure"rys 3 14 BoAo
noAteMHax rpy6a onycKz
x<eHHs noA ypoBeHb Bo,n

f, x'I'f ::,1?i_"?ji::."on3^ll yg: ̂! 1 I 16n a cbr B aercn r{epe3 orBep _
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:' #; " X"J' T ,., : :f :i 9i 3'3^,i, :-6^'^'::y ::T n oa'. *, ;.-;;;; il ;; u'' * v"#cl4r4 Ha Bbrcory H x sosAyxoorAeJrHTeJrro.

* [ IoApo6uee cM: B.

ffi;:rr 
ycraHoBKH yBB.2M. fpnroptes,  K.  C. Eoronro6os.
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B HHIKHeM, BXoAHoM ceqeHHH Tpy6br / AasfleHlre BoAbr cocraBJrfler
?gll n, a AaBJreHHe cro,rr6a or'ryJrbcHH psM. cp g (H" + H), rAe pru. cn -
cpej(nrrn nJrorr{ocrb sMyJrbcHH. OqesaAHo, rrro gMyJrbcnf,  6yaer noA.
HI' ltr larbct no rpy6e / - ecnnbrBarb, T. e. 6yAer o6ecne.IHBarbcff noAaqa
BoAbr K Bepxr{eMy BbrxoAHoMy r{oHuy rpy6tr  I ,  ecnu

9H,r)  0e".  ""  
(H 

" + H).

3,qecr hno, -  fHApaBJrHr{ecKHe norepn n rpy6e / .  Qopuy"na ( lS.  lZ)
noKa3brBaer,  qro c yBeJrHqeHHeM rpe6yeuoro Hanopa spnuQra Hi lv l
Bbtcorbt noAbeMa BoAbr Heo6xoAHMo yBeJrHrruBarb earny6neHHe BxonHoro
OTBCPCTHfl  NOA YPOBCHb, TAK KAK 4NN O6CCNCqEHHf YAOBJICTBOPHTCJIbHbIX
ycnonHfi pa6oru nJlorHocrb oMyJrbcHH He Moxer 6nrt cJrHr.xKoM uanoft.

AaeneHHe Bo3AyXs pnoan 3aBHcHT or fln H onpeAeJrsercr Qopr"rynofi

Psosn:  PEH,  *  LP,

OrcrcAa MolKHo oflpeAe/ruTb
I

H  :  H . . l
I T  \\

H , U

Ao 20
40
60
80

1 0 0

Hanop opJrnQra:

Peu.  cp
-  r ) - h , , n , . ( r 8 . r 7 )

( r8  lB)

rAe Ap - norepn e rpy6onpoBoAax or KoMnpeccopa H B pacnbrJrureJre.
Kax noKa3brBaer onbrr, uau6onee BbrroAr{bre ycJroBHr pa6orur 9p.

{IqT_a, xapaKrepli3yroulHecfl orHocnre,nrHofr rny6nHofi rorpy)r{eHHrr
H'lH H orFrocureJrbHbnvr pacxoAoM Bo3Ayxa Q".r/Q, rAe Q"." - pacxoA
Bo3Ayxa npH arMocQepuorrr AaBJIeHHH, gaBHcflT B ocHoBHoM or Hanopa:

HnlH Qe,  a lQ

3--2,5 1,5-2
2,0 3,5-2
1 ,5  5 -5 ,5
1,2 6,5-7
1,0 g-g

vcrpoftcrno sp"uuQra upeeenuafiuo npocro. on He HMeer noABr{x(-
rrbrx qacreir H noroMy He 6oHTcR nonaAa:,J.,ufl, B3BerrreHHbrx qacrHq. 9p.
,ruQr oco6eHHo yAo6en AJrn noAteMa BoAbr H3 cKBax{HH, npvrreM cKBa-
)KHHa MOX{er 6l, lrt MaJroro AHaMerpa. Ero Mox{Ho JrerKo co6parb Ha
crpor.rreJrbcrBe, HcnoJrb3oBaB AJrfl noAarrH Bo3Ayxa nepe4nuxHofi r(oM-
npeccop. K He4ocrarKaM spnuQra cJleAyer orHecrn ueo6xoAHMocrb
6o.ryruroro sarny6neuun rpy6rr  noA ypoBeHb, a raKxe cpaBHHreJrbHo
tntsxvi4 KnA, xoroprrfi no aHeprHH noABoAHMoro cxaroro Bo3Ayxa
o6srqHo He npeBbrr.r iaer 40-50 o/0,  a no 3arpare gJreKTpogHepruH c yr{eroM
norepb B KoMnpeccope cocraBJr rer  l5 -25  0 /0 .

r t - ^ a ^  -r  u i t u  Y  J t  4 e  r t L S e  p  m b t , u

O6PATHMbIE |HAPOMATIIH H bI

f  a a o a  1 9

XAPAKTEPHCTHKH OEPATHMbIX | -HAPOMAI I IHH

19. I .  HA3HATIEHHE OEPATHMbIX THAPOMATIJHH H YCJIOBHq
UX HCNOJIb3OBAHH'

Pa6ota |AOC B ocHoBHoM cocrour Hs AByx rlHr{JroB: pe>Kr.rMa saprpa,
KorAa BoAa H3 HHx'(Hero 6accefisa noAaercfl B BepxHnfi,^ w pexal,aa pag.
pflAA, KorAa HaKorJreHHafl, BoAa cpa6arunaercff H reHepHpyercfl euepinn,
Heo6xoAfiMafl, AJrfl noKpbrrns rpd6uxa Harpy3KH eHeproorcreMbr.

B f A3C Moryr Hcno/IbooBarbcf pa3rurrHbre cxe,rau o6opy,u,o BaHHg.
BoeuoxHa ycrarloBKa pa3AeJlbHbrx HacocHbrx u ryp6HHHbrx arperaroB,
TaK Ha3brBaeMafl  r I  e r  br  p e x M a ru H H H a f l ,  c x e M a. '  gacro
ycraHaBJrHBarcTcf pasAeJrbHbre Hacocbr H Typ6asrr c o6qlru npHBoAOM
or oAl{oro ABHrareJlt-reHeparopa, TaK HagblsaeMaq r p e x M a IlI.H H-
H a f l  c x e M a .  H o  H a u 6 0 . n e e  r r r H p o K o  H c n o n b 3 y e r c s  A B y X M a -IrI H H H a fl c.x e M a, cocrorrr{afl r.r3 ABHrareJrfi-reHeparopa u o6pa-
ruuofi fHrpoMaIIIH-I{bI (nacocory'pduulr), cnoco6iiofi piOo1-u"o kr KaK
Hacoc' H KaK Typ6usa. f l,eyxuaurHHHAfl. CXeMa KOMnaKrHa 

" 
,"pao1,o;MeHYblUHx3aTpaTHao6opyAoBaHHeI , IcTpoI4TeJIbHyIoqacTb.

Hanop npu pa6ore B Typ6t'tnHotvt pex(r.rMe BcerAa Megb[re, rreM B Ha-
cocHoM' TaK KaK B nepBoM tfiyqae norepH B BoAoBoAax BbrruTaloTcff
H3 CrarHrrecKo.ro Hanopa (2.5), a Bo BTOpOM cflyqae onu 106arn"ora"K HeMy (11.6). 

Jn.a,i"u:prr_blro, pacueriue Haropbr o6oux pexffiMoB
, ,9llyi ll:lltu. o6H.rHo rAgc pa6oraer s nu.o.HoM pex'vre 6onruee-' 'tIHcJIo rlacoB' lIeM B ryp6uHHolr,t, 14 MaKcHMa JIbHafl, noAaqa HacocuoropexHMa MeHbrrre' 

-:-.^T l-r:IgA 
ryp6zHnoro. coornercr.BeHHo pa3fiHrrHbr

H MorrrHocrr.r. Bo MHoTHX cryr{aflx 3a nepuoA uHr(Jra |AOC oruerxpr BEet HB HsMeHflIo'Tcff' r{To npubo4Ht x nepbMeHHocru I{ Hanopa, r,r BblcorblBcacbrBaHrrfl H, o6parHrurux rHApoMarxHH (40nonHrrreJrbHo cM. [], -6,  34 l ) .

I9.2. NPHHIIHN OEPATHMOCTH THAPOMAruHH H OCHOBHbIE
NOKA3ATEJIH HACOCHOTO H TYPEHHHOTO PEXHMOB

Ha pHc. I9-1 noKasaH QparueHr paur4arrbHo_oceBofi ruApoMarrrr.rHbr,cocrosuefi ug peuerxn. uanpanJrflrorrrux JroraroK H /roracruri puOo*.aiKoJreca (xpovrxu I u 2) c yr.rrair,ru 6r H oo. 
-no.*;;;*y-; 

o6parHr'rofirHApoMalrl ' lHe noroK I{3MeHser HanpaBneHze, To 3Aecb HaBBaHHfl KpoMoK
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(BXO, t l ia f l )  l l  (BbrxOAIJa f l )  HeI ]p ] {eMJreMbr .  vc"uoBHnacR o6ogHaqar t  ux
ilr i i leKCai\, i l .{ I n 2, i lpt.tqeM / scerAa 6yaer coorBercrBoBarb BXoAHoii
Kpo]\rr ie B r) /p6HriHor,r  pexir . rNre.  B onrsuaJrbHoM pex{HMe Ha KpoMKax 2
AO.I I ) l iHo yAoB.rerBopf l rbcf l  ycJIoBHe 6esy4apHoro BxoAa B HacocHoM pe-
)rir.r\{e w 6nusKoe K rropMaJrbHoMy BbrxoAy - R Typ6HHHoM. CoorBercTBy-
IorI( l1e Tpeyrorrbl l I IKI . l  cKopocTei i  LJrf l  paBrrbrX oKpyx{Hbrx cKOpocTef i
r r  ( )Ar rHar (oBbrx  pacxoAoB noKa3aHbr  Ha pHc.  19 .  l .  3Aecu raK)Ke AaHbr
T l l0 ) / foJ I r , r rHKr r  cKopocre i r  Ha KpoMr(ax  I ,  fAe  B Typ6HHHoM pexHMe
AOJI iKHO ) 'AOBJIerBOpt{Tbcf l  ycJroBrre 6esy4apuoro BxoAa; a B HacocHoM -
I Izr  I lpaBJIel lHe BbtxoAIIoi t  cr(opocTH AoJr)KHo coBnaAaTb c ycTaHoBKoft

HanpaBJrflrorrlHx JronaroK (6es-
y,Uapuuf i  BxoA ua nonarxu).  I (arc
BTTAHO Tpe6yeMbre ycJroBHn onTH-
MaJrbHocTH B nepBoM npH6JIHXe-
HtlH yAaercfi yAoBJreTBopHrb npH
H3MeHeHHH HanpaBJreHHfi  Bpaqe-
HHff  pa6oqero KoJreca u Hanpa-
BJreHHf TeqeHHf npH coxpaHeHHH
I{ACTOTbI BPAIqCHI{fl.

Onpe4eJrr.rrvr, KaKoBbr 6yayr
coorHorrreHHf Hano-poB AJrs 060ux
pelKHMoB. Ann sToro 3anHueM
ypaBHeHHe 3finepa (5. l9) g.rrtl
ryp6nuHoro pexuMa

H ,.L :[lurrrr cos crr- uru, cos ar)

r ro (12.13)  Aarr  HacocHoro pelKHMa
l\, ,H 

" 
--:f (urarcos ar - uzozcos ar).

KnA ryp6uHHoro H HacocHoro
Bbrpalr(eHHfl B cKo6Kax paBHbr.

u2 Ur

Pl rc . '  l9 .  l  .  T1tc5 ' ro . ' r t ruuc l  c r<opoc ' re f i  pa-
AI ta"nb lo-cccnc i r  c6p2 '1 , tn ,a ' '  r r i / lpoMauHl tbr

U 7
tgpDuHHbtu

PeJ{uM

u2 7L7

3Aect 11, v I*, - rHApaBJrHr{ecKHe
pex{HMoB. Als npHHsrbrx ycJroBHr?
C yueroM gToro HaxoAHM orHo[reHue

H rr lHr:  { r1n.

OHo noKa3brBaer, qro npH figMeHeHI,tH r4 HanpaBJIeHHfl BpaIrIeHHg
H HanpaBJreHHfl TeTIeHHR X{eCTKOJTOnaCTHaR FHApOMaIIIHHa O6naAaet
cBoficrBou o6paurMocrn, Ho Hanop, pa3BuBaeMbrfi B HacocHoM pexnMe,
r\{eHbrue, qervr B ryp6HHHoN{ (ecJrn B cpeAHeM npuHrrTb KnA oKoJIo g0 0/0,

ro" HHIH, : 0,8). MexAy reu, xax 6uno orMeqeHo, npu pa6ore FAOC
Hanop B HacocHoM pelKHMe AoJrxeH 6brTb Bbrr[e, rreM B Typ6HHHoM. Cfle-
AoBareJIbHo, npu nod1ope o1pamuuofi eu}po.turaluuHbr orteAycm ucx^Aumb
u3 HA\ODA, neO6XOdUlil.OeO npL HACOCHO.I4 peilCLJile,

Aua"nng pa6or{ero npo[ecca JronacrHbrx HacocoB, a raKxe Sopnaynu
(15.1)  noxaeuBaror ,  q ro  pa3BuBaeMbr f t  Hanop saBHcHT or  p f f , [a  Saxropon,
Qoprru ! r  pa3N,repoB pa6oqero Kof leca, B ToM qucJre or yrJroB JIonacref i :

( le .  r )

Hac ocu dt i.

Pe.HuM

S 19'21 fipunqun o6pamu.*tocmu eu\po.MawuH u ocHosHbt noftasameltupeilcu.uoe 2gg

Qoprrlrr 4 p€sMepoB Bcero npororrHoro rpaKra, pex(HMa pa6oru, T. e.
or n H A. O4Haxo oATIHI'I Hs ocHoBHrrx dlaxropoB r{BJrrrercfl oKpy}KHarr
cKopocrb pa6o_uero KoJreca h. C yrreroM iroro pa3BHBaeurrft nonicrHofi
rHApoMaruHuoti Hanop B o[THMaJIbHoM pe]KHMe npuS,uuxeHHo Mo]r(Ho
Bbrpa3Hrr Qoprvrynolt

H n :  knu?125. ( te.2)
3Aecr, kH - r<osQQuql{eHr Hanopa, xoroprrfi saBugrr or Kos+OH.

I{HeHTa 6SrCrpoxoAHocrH ./?"u B HaCOC,HOM pexHMe, OnpeAeJreHHOrO AJrffonruMarrbHbrx ycnonufi (uarcnvyu KnA) no (12.29). 3Ha.reH un' 
'kg

AaHbr AJrfl HacocoB H HeKoropbrx o6tr
flp raae4eHHbre AaHHbre noKasbrBaror,
H o6paruuue rnApoNrarrJuHu 6nugx
nopa kH 3aKoHoMepno cHr.,rx(aercfl.
I{TO, OqeBLTAHO, OTpaxaeT BJIHgHHe I
Qopuy"rrofi (19.2),-ocHoBHan saKoHoMepHocrb npoflBJrffercs AocraroqpoIIerKo H Moxer 6rtft BbIpaxeHa npH6nHxenu6fi gMnHpHrrecxoft 

Sopju y " n o f i r - : . . .

flstt

kn: 7'2e- ffi '

npuro4uoft g.iln BecbMa unpoKoro At4ana3oHa nsn.
flepexo.4n K npnBeAeuuor:r rracrore BparqeHH ^ ii, no: I w Ann D r : I u ucnoJrb3yfl (lg.2i, nofiyqaeM:

n:. .  :  nDt
!n 

f4 rw
wi lH

- '  8418
I t , l , ,  :^ 4  

I E '

( 1e.3)

(5.34)  Ana H^:

nDi

CneAosareJlbHo, }nry odecnerteHun mpedgeuoeo Hanopa I Ha,cocHornpecffu.r4e /tonacmHan eu1pon4atauHa )onnc;na uuemo \ocmamorro i*iiiiiosH,aqeH,ue npueedeuuort qacmomu spat4eHun flir*, , 
- 

. ,:.,
XapaxrepHblM noKa3are"trena ryp6uirHoro pexurura o6parHuofi rnqpo-.MarrHHbr nBrrnercn K g_1Q.Q u u [e_I r 

=6 
n cr p t i  x o A H o c' i  l rflsm onpeAeJrfleuufi no_ (5.38) rr19a (5.89) Arrfl HoMuuh.nruofi uoqnocru r

u pacrrerHoro Hanopa. Ha pr.rc. lg.3 aano noJre H, ftrr, Ha roropio,r-na-
HeceHbI TOTIKI'I' cooTBeTcTBytolqHe o6patHurnt fnlnorvrarrrHHaM nqnA
coBpeMeHHux |AOC. I-lpHneAeHHbIe AaHHbte noKasbrB;b;, il .o lr'n"G.

(  1e.4)

HH€M Hanopa f lsr Bo3pacTaeT' npHrIeM OTMeqeHHafl gaKoHoMepHOCfb

* f lpu HcnoJrb3oBaHuu (19.4) aJrq AuaroHanbHbrx rHApoMarxHH ni cnegyer orHocuTb
K BHer.uHeMy Ar{aMerpy pa6oueno Koreca, a He x D1 no pHc. g.Zt

l 0  I ( p r rn , re r r r<o  I .  H .
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s t  
w '  I  r . a . . t .  v e [ tn.  19

Hec\Iorpf l  Ha HeKoropbr i r  pa36poc roqeK BbrrrB"rr f feTcf l  or{eHb qeTKo. op"-
eHTIIpyncb Ha loJlbuHe LI3 HCnonb3yeMbIX 3HaqeHHfl  nsr,  gaBHcHMocTb nsr
oT Hanopa r \ ,1o)KHo npeAcTaBHTb cJreAyroulHMH Qoprvrynarr lu:

( r  e.5)
n p r . r  H > 3 0 0  M

Ko:$f l r r  rureHr
CTA B.I] f l ( 'T:

6srcrpoxoAr{ocrH Hacocr{oro pexnMa nsH o6blqHo co-

t rs ,  : ' (0 ,85  +  0 ,95)  r t r r . ( l  e .5a)

7

' 0 rE

n / 1

n 7

0 80 80.100 /50 200 J00 400 600

Pnc
n0pa
>KHMC

r r  no (7 .12)

7 6 9 7O 75 Z0 zS 30' +0. 50 60 o6/t1u+

i9.2. SanucnMocrb xoacilcirluuelTa Ha- puc, ry.3, 3aeucHr{ocrs KogeeH-
or 6rrcrpoxoAHocrH B HacocHoM pe. qHeHTa 6stcrpoxoAHocrn coBpeMeH-

Htrx o6parur,tbtx rHApoMaruHH or Ha-
nopa

Koerf$rar(HeHr KaBHrauHH Ai ln ryp6HHHbrx pexHMoB o6paruuslx
rr4ApoMauHH 6JrH3oK K 3l- laqeHHfiM o AJrn Typ6HI{ aHaJrorHqHof i .6rrcrpo.
xoAHoerH H coorBercrByer rpasHKy pHe. 7.8.  OaHaKo npu onpe)eneiuu
)ongcmu.u.oti Bbtco.o'tbt BCacbrcdHun IJs, offL Komoport Baeucum u om,JilemKa
acmaHoBKrr. o6pantu*toti eu)pouawuHbt, peuarct4ee SHaqeHue u|ietum
HACOCH\T peiflUJvtbt.

Ann srHX ycJIoBHiI KaBlrraulroHHbre noKasareJru Moryr 6nrr oueneHbr
l{cxoAfl H3 c/relyrc[r,Hx coo6paxeHHfi.

3anuueu BbtpaxeHae Ailn onpeAeJreHurr Bbrcorbr BcacbrBaHufl H,
A.I I f l  KPHTHI{CCKHX YCJIOBHI? NO (14.8)

Hr :#  -  Lh lo -hu" -W

o -  Hacocbt

-f -odpamdutre

I eudpouau.LuHb/

n r ; / 0 -7

?00

t00
60
€0
40

ZO

H,

$  / e , J  I u n p g o g l le  f {ue nu p uJ l te  I  t  L  lJ  u 6 v  u P ut  t .  LL / |LUL L t  4v P v /  tL ' 'w e ' '

f lpHpaen HBafl npaBbte qacTu, HaXoAHM cBtl3b MexAy Lhwp Lr oxpl

(  1e.6)

I ICPC3 KABHTAUHOHHbIft

o*p: +t++.
C nououtblo (14.15) Lh*plH lv loxHo Bblpa3urb

KoeQQHqHeHr 6ucrPoxoAHocru C:

Aft*p Io (rfQ)ott
E_:_r^__V_

vtilvl, yqLITbIBafl
no (12.28),

Bbrpalr{eH fie Ailn KosS+LIUHeHra 6ltctpoxoAnocrH Hacoca

( r e . 7 ) :

B ur.ore B coorBercrBuu c (19.6) nonyuaeM QopMyJIy AJItt oKp:

' r r p :  
# * A o n . ,  

( 1 9 ' 8 )

B KOrrCpOfi

YTIHTbIBACT
(nxo4uste,

HMes s

Ao n orr H H'rerr bH bre il;:; I:: {rBc acbrB a roqeM rp y 6o n pii;:l
no AJrr.rHe, Ha nonopot).
sHAy sHarIeHHe C - 1100, npnxoAurrt x $optvty.ne .':

-4/3
on :d6*Ao" . , ( 1e .10 )

KOTOpas nO3EO"rrseT OrI,eHI4Tb -qnar{eHue TOaQQHII,HeHTa KaBHTaI{HH B Ha'

c o c H o M p e } K H M e . I I p u o n p e A e J I e H H H A o n y c x a e v I o f t B b I c o T b I B c a c b I B a H H f l
no (7.13) pacqeTHblrl xoeSQ-uqHeHT KaBrrar\utl os. p HaxoAurcfl ro 

'

(7.14),  npuqeM ko :  l , l  +1,2,  Ho AJrn BblcoKoHanopHblx rHApoMauIHH '

(tt > a00 r'r) 3anac yBerurluBarcr Ao 1,5-2,0. f lonyuaeu: '

0H. p : koorr.

KosQQuuHeHT KaBHTaqHH B Hacocubrx pex(HMax o6parHMbIx rH,{po:'11'- ' ' ; ;,:
MauHH ycraHaBJrHBaercfl nyreM HcnbITaHHtl MoAeJIeft Ha KaBHTa[HoHHoM -';,, ' '
creHAe c yqeToM norepb Bo Bcacblearcrttefi rpy6e. KoeQQuUHeHrbI KaBH'' : ,
TaUHH AaroTcfl Ha xapaKTepucTnKax o6pau'lMbl_X lHApoMauHH' H B 9T0M ,- I

cayqae Her neo6xoAHMocru HcnoJrb3oBarb (19.10), pa3Be roJIbKo AJIfl.
OUeHKH ypOBHfl KaBHTaUHoHHbIx KaI{ecTB 4aHHOfi rHApOMauIHHbI. 

" ,

l 9 . 3 . 0 n P E A E J I E H H E n A P A M E T P o B o E P A T H M b l X r H A P o M A l I I H H
no oEoEIIIEHHblln nOKA3ATEJI'M 

', 
., ,, :

flpu noA6ope o6opy,u,on aHHr |ASC o6urqHo saAalorcn__cJleAyroque,:;i::-:,

PaCqeTHblH' l 'yPul ' l t t t lUl 'U PelKnJv' ra ! ! r .  pr  Md.nvn- ' : : "  : . ' . :  : .
l f t  HacocHoro bexuua Ho , , . -n;  H- , ; - .  MOII I : : '  - .  . ' l

noKagareJln: Hanopbl - paeuerHuft Typ
ua.nnHuft n MHHHMaxbHbIft HacocHoro pexnMa H*.*^*", U",urt, MoIq:: ' " ' . ' i ' i
HocTb afperaTa B TypOHHHoM peJKIIMe lvi. r, o'rMerKI{ HE. flo arHM

l0i

( l e . l  l )  ,



. X  n  n n  p  t n  o  n t  t  r . r r  t '  e . ,p t+v, t . . t^u uu purnu,r{blx eUO pOrl4AUlUH l l-n. l9

AaHHbIM c y l {eroM npHBeAeHHblx B S 19.2 o6o6uleHHux noKa3areJreirMo)KHo onpeAeJIHrb napaivleTpbr r.ra[poruraruHHbr. pacqeitr npOBoArrTcrrB c{eayrcqeM nopnAKe,
I .  I lO H,.P HAXOAHM PACIICTHbIf i  PACXOA TYP6HHHOTO PC)I{HMA:

Q r . o  -  N " ' '
,  (  19.12)

rAe r l r_ :  0 ,9- :0,92 H I .  :  0 ,g7+{ ,9g.
2. f io (19.5) B coorBercrBr.rH.l lr .o 

"axoAHM 
KooOOHr.tHeHr 6lrcrpo-xoAHocrH /?8r  u  no  ( lg .5a)  t7sn .

3 '  onpe4enneu pacqerHoe sHar{eH'e r ipHBeAeHHori  qacrorbr Bpaqe-
tv.+),  npuqeM KooQQHqHeHr f tn nrr-
AeHHOMy nsH.
: t l in (uacrora BparrteHun ryp6uH-
(oBa, p-a3JrHqHe Ha[opoB He vqHTbr-r4 ryp6r.rHHoro pexuila eir:

Q i , : /  
n s r ,  

\ z - l:  
(Tssil/ 'r" '  (re'r3)

5' Hnen Q'.p'no ( lg. l2) u ei, ,  no (g.7) HaxoAHM Ar{aMerp pa6oueroxoneca D 1.
6' onpelenneM qacrory Bg3TgHHf, nuApoMaurnHbr c noruoqrro (g,g)vt npHHHMaeM 6'rrnxafiruel sHat{eHLIe, coornercrByloqee cHuxpoHuofiqacrore BpaqeHuff no (9. l) .
7 ' fIo n,n (n' 2) w ni, (n. 3) HaxoAHM npr.rBeAegnufi pacxoA Hacoc-Hofo pexurra Qi" u QaxruvecKyro noAaqy Q". o,

n ' - i  n t "  \ 2 .V I n :  l :' n - t 3 , 6 5 n ; H / '

Qn.'.p : Qi,o?lf H,*r,

( re .  t4 )

( l e . l 5 )
nPHj{e[  Hn,cp :  0,5 (H".*r"*"  *  Hr.*r") ,

8. flponepnertr, nepexiiGier nti' oapur'Mafl, rHAp_oMarxHHa rpe6y_eurr f i ,AHana3oH Hanopbn LH^ B nacocgorr l  pelKHMe /y '" , ""* .  _ H*,*^n.flonvcrnr{oe 3HaqeHHe ornorbrir" jdj4. li .rr".ar oi rHna r'Apo-Maurr'rHbr ns', onpeAeJreHHoro Ailn cpe4iero *ianopi. np"o""*ur"o ,ru
;lr?l:it "ocrb An n p a AH a ilbH o' oceBbIX r HAp oMa uI H H n peA-cta arrn ercrr Qop.

ffi<0,07n3"25 ( l e . l 6 )

""ff## ;ff:J:#":XJuna3oH 
6onnrue, ro crreAyer, npr{MeHnrb ruApo.

9. onp'eaen::y_;;;ycr'Myro Bbrcory BcacbrBaHHn Hr. .Xns Frscoc:Hofo pexHMa npu6,rruxeHHO HaxoAHM 3HaqeHHe norepb 
"o "Juarrnarcqeri

Tpy6e r .nn Qn.cp H BbreHcrrneM nol  no ( ig . 'd j ; " ,  sareM no ( lg . l0)  H s*a-

s |e.31 O n p e d e tt e u ue na p atr e m poo o 6 p amu.tlbtx e ud po'u awu u

qeHrde orr. PacqerHufi xoe$$uuueHT KaBHTaUHH os. p
f f ,  nnuHcJrf leM B coorBercrBau c (7.13) no Qopuyne

H , : - oH. nH t.  
"r '

6eperrr  no (9.1 l ) ;

r 0 - # ( l e . l 7 )

Otcqurutnaeu ,H, corJlacHo PHc. 7.9.
flpune4esunfi Bbrrue pacqer no3BoJlfler npoaHaJl-HgupoBarb BJIHflHHe , "

Hsr,aeHeHns (vnenuueuua HilLr yMeHbueuHn) {ge$StlqueHra 6ucrpo'' I 
"

xoAHocrn nsr Ha napatuerpbl rHApoMaI[HHbI no (19.5). ] ; , . : :
Cneayer HMerb B BHAy, .rro Har.r6oJree HaAexHbIe AaHHbIe noryqalorcf, ,+i;

npg pacqeTe napaMeTpoB o6paruublx rLIApoMaru[IH no Hx gKcneluMeH', ,. i ,; i
z6Anrr^mrr?orr  n r r r r r rarr r ra rar . , ,Trr . 'nLr1.  l I4ATecI  I ' { t , ] I {p  Onrrarro ' 'a , - , ' ,

npH pacqeTe napaMeTpoB o6paruublx rLIApoMaru[IH no Hx 9KcnelHMeH;. , , : , : , ; ' ;
TaJrbHbrM xapaKTepHcTHKaM, onHcaHHe Koropblx Aaercfl HH>Ke. OAsaxo ".,
AJrr npeABapr.rreJrbrrbrx npoeKTHbrx npopa6oroK, KorAa elqe Her onbITHbIx ', ,_;.i.1;.
xapaKTepHcrHk, AaHHbIe, noflyqeHHble no o6o6qegHblM noKa3arenfM'j,,.,, i : i l ' , i ,
TaK )Ke KaK H HMerouluecff aHaJrorH, Moryr 6rtrl BecbMa noJlesHbl"H:ii,.ffiTaK )Ke KaK H HMerouluecff aHaJrorH, Moryr 6rtrl BecbMa noJlesHblMn'l-i.ii,rig;11i,

fl,niinmefrlig,tg OnpeAeaHrb napaMerpu o6paruvofi ruApoMauHHbI g.nr cne,4Yontnx'i:.r1':ri;lr::
ycit jshn.'Hanopsi pacveruufi typ6uHHnft Hr.p: 100 M, HacocHble Hn.MaHc: l16 u; ,,-,,.-.., i ,-
Hs.,uw, - 94 rr.r;  MoulHocTb arperaTa n ryp6uHHou peXHMe Ns.1 -- 200 MBt, 96. 

' '  '  =i . ' ' .

MerKa HE + 200 u.
P e r u e H n e .

2. KoaSSHIrHeHr
no (19.5)

no (19.5a)

3. flpuee4eHHarr qacrora BpaIrIeHHt:
no (19.3)

ftn : I ,2r-221/SOO == 0,'8;

no (19.4)

l .  PacxoA no (19.12)

.1  20c 
-^ -

Qr. p : o3l nffiArr .dtr J 226,1 nn'/c.

6ucrpoxo4Hocru:

1550
nsr: 

ffir 
: 245,6 o6lruun;

frss : 0,9.245,6 : 221,0 o6/r'rr'rn.

nir:84,8/lffi - 94,7

4. Ilpnseaesunfi pacxoA ryp6nHHoro pexnMa

.,, | 245,6 \2 I
vlr: \9,6-t047 ) [ffi2=

5. .[,uaruerp pa6overo KoJreca no (9.7)'

o6/trmtt.

no (19.18)

0,'b49 M3/c.

!  9 ,4  rq .

6, 9.acrora Bpaqenun no (9.8)
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f IpHHNuaercn 6.nuxaf iuraf f  cHHxpoH' 
z. noaruu 

-"r.o.*o.o 
pex'ruia 

'#jtr,5l,nf'l)r,t,Glt50 o6lrrrsH (p : 40).

Qi" : (#5h)':= 0,46e "'7.'
CperHu f i  Hanop  Hu ,  cp :  0 ,5  ( l  16  +  94 )  :  l 6b

Q,r..p :  0,409 '6,4' l /m :
8.  I - lponepxa rpe6yevoro,nHana3oHa HanopoB

#t < o,oz .2210,26 -
t r H ,  c p

t r o  ( 1 9 . l 0 )

no (19.  l l )  nnn ho

n o  ( 1 9 .  I 7 )

f f s : 1 0 - '

Kpgeooan xapdKmepucmuKa aonacmuod eu|pouauuuot

AHaMeTpa I Ip14 noclTof lHHolvl  oTKpblTHH HanpaBJIf lo i l {ero annapara).
flpot sroM ycaoBHe noAo6ufl pexHMoB npeAcraBJrfleTcfl coorHoureHueM

Qln - const

H, CJIeAOBaTeJTbHO, KaXAbrfi Jryq, npOXOlnUlHft qepe3 HaqaJIO KOOpAHHaT,
xapaKrepH3yer ceol i  pelr(HM (HanpHr' , rep,  Ha KalKAoM nyqe coxpaHflercn
r(nA).

Ifn. 19
onRs 1e.4J

M .

1 7  |  , 7  u 3 l c .

B  HacocnoM pexHMe no (  19 , lb )

0 ,269,
PasHoc rs  HanopoR AH, -  -  I 16  _  g4 , :  22  u .( r ,a l (T t . t r tecKoe 3HaqeHHe oTHOUJeHHg

LH, 22'0
F " - t : f f 0 : o ' 2 o 9 q o ' 2 6 9 '

Tpe6,veuuf i  AHanasoH HattopoB o6ecneqHsaercq.

,p"03' 
"??:r";i,, 

"o:?tT,: ',-" ' E,'-A," pacxoAa 17t,7 vslc norepH Bo BcacbrBaroureft
n o  (  1 9 . 9 )

^  0 . 7Aoss :  
f r  :0,007;

f r  _  (221 ,1 )4 /3on :'-T4ffi- + 0,007 : 0,216;
- l  I-  l r l

o s .  p :  0 ' 2 1 6 . 1 , 1  :  0 , 2 3 8 ;

?on

f f i  
*  0 ,238.  I05 :  to  -  0 ,22 _ 24,gg _ _ 15,2t  M.

ry
+n

c

a 
" ' \

\w \
\\
\

g ' \

ry

+q

0 n

@
m n

4 -n

Ec'ru 6st oKa3arocb .HyxHbtM yBenHqltrb Br,rcory. BcacbrBaH'f l  (nonucHrr oTMerKyvcfaHoBr{H rHApoMauuHur), ro cneAyer npHHrrb *oiooru"t; ;"; ; , .} : ; ; ;oAHocrn MeHb.u. r r i r , , {eu aarc i  eopr" ryar i ' ( lg .s i . ' - '

19.4 .  KPYTOBAf l  XAPAKTEPHCTHKA JIONACTHOfr  THAPOMAII IHHbI

I_lpune4eHHoe paccMorpeH'e noKa3brBaer, qro q6patuuue, r'Apo-MaIUHHbI pa6orarcT B LxHpoKoM Ananasone pexHMoB. Ol-*r*b H o6brqHbreHacocbr MOryr npoxo,{HTb ruHpor{Hfi a,udnagoH pex{HMOB, HanpHMepecrlrr npl,I^1qol::llnrcqnrcn or ceru s/reKrpoABurare/rb, rroA AerlcrBHervr
porHBoTOKa, a nocJle gTOr-O H3MeHFer
)AHr B ryp6uHHufi pexlrM. TaxNu
auHH B ruHpoKorl o6nacru pexHMoB
IKH 3aAar{y,
t ' 6  h A A r ' ^ r ' " ' .  - - ;  - : - : : : - - : - :  : i  -rHApouarrHHbr au.r;;i;;*;ffi;;l! " ffi lJ?i H'*iH XXTTp H c r  H K a '  noKa3aHrra '  Ha pHC. r9.4.  o ia nocrpoeHa B KoopA'Haraxre (uacrora BpaueHl{n) u Q (pacxoA parHaJ{b}ro-ocenoft MauruHbr AaHHoro

Pnc. 19.4. Kpyronax xapaKTepHcrHKa paAHanbHo-ocesofi  rHApoMa-
IUHHbI

,tlexav rrr * 
"' 

ue*ip ir,,'n,, p r oou u n,' rnr 
t 
p ex u;fii; ";'r 

x'rtf, i[;: ";e,*E p;
T O p M O 3 H b r e  p e x H M a  ( e n e p r u n  3 a r p a q r . r B a e r c f f ,  a  n o n e g n 6 f i  !
pa6otr  uer) .

Bce socel\an pexHMoB peaJrbHo cyqecrByroT ToJrbKo B ycTaHoBKax,
fAe Hanop Mo)Ker 4efictnonarb c o4Hoft HJn4 c Apyrotrr cTopoHbr, H.anp.HMep

'nnp



296 X aparcme puc nluKu od pamu.ttotx eu, po,,uaauu Ifn. I9

l JpHrrHBHbrx srreKrpocraHqlrsx (n3C), B lA3C, B Koropbrx orMerKa
BE ncerAa Bbrue orr\,rerKu HF, r.  e. Hanop HMeer oAHH gHaK, Bo3Moxgbr
, lHlr lb OAHH ryp6uHHufi pexuM, ABa Hacocnbtx H ABa ropMo3Hbrx pelr{HMa.

I 9 .5 .  BHAb I  OEPATHMbIX  THAPOMAIUHH U  HX YHHBEPCAJ IbHb IE
XAPA KTEPHCTH KH

HaH6oaee  r IHpoKHe  npHMeHeHr . r r  B  |AAC B  Hac ro r ru l ee  BpeMf l  noJ ry .
sHJrH p a.\H a JI b H O - O C e B br e o 6 p a r H M br e f  r .r  / I  p o M a-
r r  H  I I  b I  ( O P O ) .  H r r l e e r c f l  I l e K o r o p o e q u c J r o ' f A 3 C e r c  r . v a  r o  L r  a  I  b -

Hueg cBg3b Mex,[v MollrHocrbto l / .  xBr qaernrnfr Rn*!TrArrr,+s n
o6 / t t u , ,  H  MoMeHrop r  Ha  sany  M ,  *H . " ,  

s r s r { v ' r r ' r  ' e '

/ /  -  Mnlg,SS
H HcnoJlb3yff Qopuynu MotrlHocrn, MolKHo onpeAeJruTb coorHor.ueHutr
MexAy npHBeAeHHbrMr.r  napaMeTpaMH.

S 19.51 Bu\ot o1pamuuwx eu|po.udrauv u ux gHueepcdlrbHue JcapaKmepucmurcu 297

Ann ryp6uHHoro pe)KHMa

Ni :  9,BlQiI ,  i  M;:  
n 'u1"i  -

n I

9,55.9,8rQi t '1 ,

tt'l

orKyIa

n '
Mi,  :93,7 iL r t , .

n I
( r e . 18 )

o6/uul

7Rn

lopuocrute peJtcuMbl
/€0 -

%
90

80

70

60

-700 -800 -500 -400 -J00 -200 -160

' 
lopuolat,te pe,ucu/vb|

( p e ec u,+.r t r np o mu 0 am o r a)

Q"QJ|7V , zo-24

f'qfr
Pqc,  19.5.  VHunepca.nsHan xapaKrePHcrnxa OPO rHApoMauHEbl



298 X aparcmepucmuKu o1pamu,uatx eudpouawun
[fa. I9

Ann HacocHoro pex(HMa

A r '  9 ' 8 l Q '
N 1 :  * " :

'4n '

s 19.51 Budot o1pamuuotx eudpouawuu u ux uHu*epcdnb^ue

, C rreJrbro 6onturefi HarJrflAHocrn Ha puc. 19.6
TOJIbKO AJIff OAHoUO oTKpblTt4fl, Ao: Collst. 3Aecr Ua
ni npeAcraBrreHbr saBHcHMocrH ei : f @if 

" 
Mi

BbrAeJrHTb HeKOTOpbre oco6bre TorrKH. 3rO nion _
BeAeHHafl rracTora ryp6nHuoro pexHMa, fli p^r, _
BpaueHHf l ,  OruoueHvt  e

&o"." - 
f l! 

-pasr
f l lonr  '

Aarcqee xoeQ$HuHeHT pa3roHa, rBJrrercs BalKHbrM
paAHaJrbHo'oceBori  o6paruuoft  _ru.qpoMauHHbl f rpaon
xo4HocrH H !.nn nsr : 140+

H _

Q: Q;D' t/E : e;Dz 4.
n I

A:g nDs.
tt1

nocrpoe*", *o"r;ffi

orKyAa

uocrpoeHbl KpHBbIg :: . ,1,.1;;

o6qeft ocn opAHHar ' '
: h @i). flo.negnor '', , i
onTHMaJrbHafi npH- . :
pa3foHHas qacToTa

(  l e . le )

noKasareJreM. Ann
saBHcHT or 6rrcrpo-

(1e.20)

, rr '
M t ^ : 9 8 , 2  j _ .

nt l ' ( l 9 . l 8 a )

'" " r1." H'{}i l,? J i} i #:;' fi : L; ;. ili iii. fthi o o p A H H a r a M p e x u p, H o n
..o,f,X"X3tfrfr',|ff:,1*.ff"#J;il'fthfi noKa3aHbr Ann ysxoft 3oHbr

r 'nn Hacoc'blx pexun,,on ug'ga TecHono- pacnoJroxeHr4fl  nprnrrrr or-Kpbrr,n an rrpeACraB'rb HsMeHei ge Kne-n qrbpr,,,e-;;;;;HHrl Hey,no6no.f losrouy 3Aecb H3MeHeHHe KnA- ;; ;6^ ,  BHAe orAerrbHoro rpaQuxa
l,"; jJg] '  

orBeqarcuero onrHManbHbrM orKpbrrunM HanpaBnrroqero
' Koop,uHHarbr onrHMaJrbHoro 

{p6unHoro pex utta 6nu3KH K , i  on, ==: 85 o6lvuw r.r Ai :  s"6-0 
.!" di; ;  ; ;cxoa Qi B ocHoBHoM 3aBHcHror  orKpbrrHrr  HanpaB/r f l roqero annapara 

-x  npHMepHo nponopq'OHa-.'IeH ao. ooynl_.'_po.ro-*-;i ; '; ' i::: 'f^yyo., oo Hc*p'Brrrrorcn H Qipe3 Ko naAaer' 3ro eax"r r, 
:10-g:n "*r', 

p34Ha/r bHo.oc'eerrx o6p aru vrrx
rliru{Uli;"?*}T::,l"Ti;'i'tr;';*,,:y?:iffi'fo1,u,:0iapaxre
iil i,io X; "' i il"iiff ;d: o " o b i*r e ("uiivZ;;' I5 " ̂ "'ofi #l,fi f ',11k ;#

c yureu'ueriver'r ii < ni on, n <l6nacru ryp6lrHnbrx pexHMoB nDH-
;:fl:ffir#"p€cxoA rr3MeHnerc' HeMHo.o, ,nno ii ao n;r.__ro. [,a"rree ipuBpau{eH,s,.lftT!:l{;{bli.:T'1ffi lu.r:.$;;#ir";:lxoAflrcfl ropn{o3Hr're pexaoni, 

"nH'rr* "agriraervrbre p u il-? * ,, n p o_
; {"; ; ;r"r^&i" j[:T:?.Bp au{aercn B Ha cocHoM ua np aaneH gH, a p acxoA
K rz1 : -go+-g5 o1luuu n":.:l-"iero 

6reQa n Huxuuir). ilpu noAxoAe6 rr c r p o v o oI I u 9 1 r r_c r a H o B ",, iq{:T,'# "ffi l' b? La .fr ;f,ffi ; rtffivBe'rrHqeHHH ni s'roM )Ke 
"unl:::l-tl"{,"'"ipotrlrr'Ha nepexoA'r B Ha-cocurrr? p.*rfi,,!,y:y_"_1-, 
"oprrroHsrrl). fr..o raK)Ke uuerorcn cBoH. oco6essocr' . Ji.uuuvr orr{pbrrH i4 a; : ,sll6f**ipgxoasr orreHb 6nasxo,

i'#"';,"##:f,t'.,ff ;,f?"'tri:Ti,?"#:ffi,X1:!:;!fi.;i"":::?::.\i.
n m K n h r f f i t t h  ! t ^"""'eltwet'LL4c n'utLpu'/tnrculeeo AnnApAmA lilAnl',nUrri 

"';-;;:;;;Ar'(fr;;6
'''ltot4Hocmb paduanouo-oceeort ;,ii;A;;'i rrdpounoulltHbt.
Ir ,,1i1?T#il,,ff*'"' *u*i"'vi' Knli';;"'BercrByer Qi : s20 ntc

-250 io6/vruH ftprr" :  l ,b -+-I,7,
T. e.  3HaqHTeJIbHO. MeHbue, r IeM
y ryp6nn coorBercrnynuleli 6tr-
crpoxoAHocrH.

B o6.nacru ryp6uHHciro pe-
)I(HMa c yMeHbrxeHHeM ni or ni,o^r,
npuee4eHHsrfi MoMeHr Mi Henpe-
pbrBHo Bo3pacTa()T H JrHrrrb npH
OTHOCHTeJIbHO iVraJIbIX gHaqe-
HHflx ni ua,autaer y6trnart. C ne-
P9IOAo* B pelr{HMbr nporr{BoroKa' A r l  

,  - ' -  -  -  
L  - - -  - - -  " r  -  " : -  D r r n  l O  A  D o a * ^ ' , , ^ -  . . ^ . . ^ - - - - - -  -tvr r Aotso/rbHo obrcrpo y.nnaer, ;;;' ;;;;_;.;-;;,ff;;, 6FUT;;;#;ff??;Aocrufafl cBoero MHHHMyMa B 

"-r-"'

"ou[u^?g_FL|^l--::y: .A. ITHHHI a,o nepeceKaer Beprnxarrb ei - 0.

::.,":*,.i:11]l: " {,!A I Igg"ocr' " *.:oQo;;;#;;";;;;;";;;;
Il-"p I T{t: 1 T, : iP i ":tf lt:.lt-. I ev4o 6 n o. IInn i'oto ; #i"; ;A; ;
fT.i f  : l  " I" '- '-15.1:, i  i ,y^y^--_p*u. x oaH y lo r;;-; u' i i l I . , , ,
l;:t# 1{^^ j*:_ 1p-"llTllx sia,reHtfi oacrorfr 

"iu,,ru"" i 
,n"yn" 

srla,
p n c r lr K y .AJrfl npHHffrbrx sHa'reHHfi qacrorbr nlauleuH ' 

'n-u'- 
iri:,y::f:3^I:ry.:.1 _ol np,gB:{eHHlrj ^I3p$aerpoB nponsBoAr{rcs c n6:,Morrrbro Qopvry"rr nono6un'(s.84) H (s.ssi.' d-l.rynbrare nonyqaeM:
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orKyAa
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Yutt tstnaR, rrro

s 20.r I P ad uanouo'ocelue o6 p amunote eu) pouautuHbt

f  n  a o  a  2 0

KOHCTPYKUHH OBPATHMbIX |HAPOMAIIIHH

20.1. PAAHAJIbHO-OCEBI'IE 0EPATHMbIE THAPOMAIIIHHbI

Ha sauepilarcUeftcn crpoHreJlbcrBou 3aropcxofi |ASC lpllMeHeHbl

o6p aruuHe p aAr4aJrbHo - oceBbre rHAp OMaIXHHbI MOITIHOCTbIO )4UO mIJT _nP.H
;;;; i,; 

-95 
io, putpu6oraHune H H3roroBrIeHHbIe fiM3 (puc. 20.1).

OOq6e xoHcrpyxrlansoe pelxeHne 6nusxo K -paftvraJlbHo-oceBblM ^Tlp:
0"i l*  f .* .  prd.  S.tS, S. iZ1. Pa6oqeeKorteco /-Auauetpor ' l  D1 :  6,3 M
c ceMblo JronacrfMr{ H3roToBJIeHo Hs HepxaBeloqeft craJIH, HanpaBJIflIo'

1r1gft  arrnapaT srrcorof i  bo :  1,15 u,  ot i tocUteJlbHaf l  BI tcoTa 6o:0,18,

c 1OBOpOTHbIMI,1'HanpaBJIflIOIqlIMH lOnatrauH 2, BaJI THApOMaIxHHbI 3

OnHpaercq Ha vacnqHntt:I HaflpaBJlsroquft rnoAIxHnHI{K 4, yKpenJIeH-

Hurft s rvroulHoft KpbrrxKe 5. l lpuno4 HanpaBJltIoqux JlonaroK ocy-'
MH cepBotuoropanau 6.
6parulr,ran ru4ior',talxuHa |AOC Poays,q'II
teAyIoIIlHMH napaMerpaMu: - Hanop 354. rtr,
ve 270 MBr u pacxoa 85 Ms/c, B HacocHoM
| !I noAaqa 67 uslc, qacrora BpaIqeHHn

Ta1nuqa 20.1

ocHosHHe AaHHbte no paAHanbHo-oceBHrrr  o6paruublM THIpOMagIHHaM

301

a B ryp6l lHHor 'a pe)KHMe

rAe nH I l  f l r  -  qacrora BparqeHHr; Hr H HH - Hanop B ryp6HHHovr
H HacocHoM pex{HMax. Haxo_[.HM: r.43C

3aropcxan H KaftugAopcKafl
Hyuannapa
JIaAuHrroH
Dafiua Dautra
Epen,ru

?a ranav raa  t t  L l o t l r r r q -
! rO r  VyUnsz  { l  l \ q t r u r ^

AOpCKafi
Hyrrrannapa
JlaAnxrron
Eafiua Eauta
bpeuu

Crpau a

cccP
f lnouns
CIIIA

coPIo
oPf

foA

l l 2
528
n4

621,3
247,3

Hacrora
BpsuleHHt
n, o6/uutt

150
375

112,5
429,6

125/150

- 1 5
*50
_7,6
-54,0

'  '  "  - / Hf t t r :  uaf i  V T (19.22)

.np-" oAHHaKoBofi qacrore BparqeHHfl,  nH: f t t ,  ecJrH npHHflTb H^lHr:
_ l,_06. AJrrr AaH,Tori xapaxrepHcrHKH noflyr{HM AuanasoH nir, frasirrn95- - 1 03 o6lrr,rrag. Kax BHAHo, oH Jrex(HT Bbrrue onrHMyM a Ailf, rypO'"""oro
pe)KHMa, qro npr{Bor}rr K cHHxeHHrc KflA. Oro ssnrrercrr-oanofi us
oco6eHuocrei i  xapaKrepHcrHK paAHa/rbHo-oceBbrx o6paruurrx rHApo.
M A l U H H

o6ecne,{Hrb coBnaAeHHe onTlrvly}oB no KnA ts HacocHbrx H ryp6nH-
Hblx pe>KHMax, KaK BHAHo ras (19,22), Mo)KHo npHMeHeHHeM,^qsgrarbnefi.

.reHeparopoB c paa,rHuHofi .racrorofi npauleHun t4 1txn, Taxue AByx-c Kop ocrHble AB H rar.eJIH - reHep arop br ycraHoBJreHbr Ha HecKoJrbKr.rx rASc
(uanply_ep, _,H8 |AOC Asa-CntH ; [ I lnefiuapun, nn : b00 oO7r"i
ftr : .375 o6lv.utt). Ho nocxojibiq/ oHti Hivi€ror 6or:lririzelpaslaeprrr, 6onee
BblcoKyto croHMoCTb H XyA[IHe SHepferHrlecKHe noKa3areJII'I, oHH npH.
IvIeHflrOTCf peAKo.

o6rrqHo r{acrora Bparr{eHl4q e o6oux pex{HMax oAHHaKoBa - t111 : ft.1,
a onrHMarbHble 

. ,ycf loBHq pa6oru crpeMflTcf l  o6ecnequrs paepa6otroir
coorBercrnyrculef t  Sopvu nporoqHoro rp a KTa o6p aruuofr  ru4poMauHHbr.

Crponrcn
t974
1973
I 983

llpoext

6,3
5,0
8,4
4 ,8
9 ,4

Ilpo1oacrenue ma6n. 20.1 '

Hacocnufi  pex{Eu

H"' $
a)

=
ct

-

FI
E

?rr

x
c)

cl
E

\r

206
230
343
294
700

97
428
93

631,7
187,8

170
50

3 1 4
36,7/50,9
2201341

Typ6uxnuf i  PexHM

x
c)
(t
E
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Koucmpgrc4uu o6parnuilbtx eu| pr naruun I ln. 20

Pa6oqee KoJreco / uueer BHeurHr.rfi AHaMerp Dt N 4,4 t"t H BHyrpeH-
uufi D, x 2,4 M (DzlDt - 0,55). Oruocr.lreJrbHafl Bbrcora Hanpannr:'
rcUero annapara 2 b0 -'=- 0,108. Ha uol{sofi rprturKe J yKpenJIeH Hanpa.

o
L

a)
o.
t-
(!

cr)

=

L

F

\o

C)

(!

i|
r\t

A

o
6l

, U

. O .
I

BJIrrrcUHfi tro.[IrrHnHHK 4 c uacnsHof,r cMa3Korl. flplreo4 x HanpaBJI 
': 

,. -ir,,),,

Puc. 20.2. PaAuanrno-oceBaq o6paruuan rHApoMauHHa |AOC Poayna-l l  '

IoLl{t4M JIOnaTKaM OCyUIeCTBJIeH HHAHBHAyaJTbHbTMH uHJrHHApHrrecKHMH
cepBoMoropaMH 5 Ans, Kax(AoI? JIorarKH. fIo4nnrHHK 6 onupaercfl Ha,:
Morrr,Hbrfi craJrbHori Ko:f-yc 7, nepeAarorqHft Harpy3Ky Ha xpuuxy. floa '
^ 1 ^ ' ; ^ t -  - - 1 - - - ^ - ^uuoAUM Paooqet'u KuJtesa HMeercfl llPusl'gpHaH RO/I0gTb, Hg K0r0p0fi
qepe3 c6pocHrre rpy6br 8 yAaJrflercn Bo.4a, nporeKaroqafi rrepeS He.,
nf lorHocrH HanpaBJrf l roqero annapara npf l  KoMneHcaTopHoM pexHMe;
CtanrHan cnupaf lbHaf l  KaMepa conpnraercf l  c oqeHb r t roulrr tuu nof,caMg
cTaropa,



Koncmp !/tit;ttu o6 panxurt4btx eudpouaruun f  r . -  d ^
l t  . / 1 .  z u g 20.21 I uaeouattouwe o6 pamunote eu| poriaunHbt

B ra6n '  20' l  npune^eHbt / IaHHbte no HeKoropbrM paApraJrbHo.oceBbrM

3:flil;Hly #i1""*1T;,:f ;I$'uS" il;;;;;,p, nBrrnerc' oA*on us
i : [l#r'' l#.;' X"fl I* i"m?t /r ua"'i"o "' "' b p.ffi ': 

; ffiH,[,J;
f lp" paccN{orpeHHr.r xapaKrepHcrHK pa*uantHo-oceBbrx o6paruuuxr'rpouauiHH B $ lg.5 6rr,rro orMeqeH', Uro npLl COXpaHeHHH qacrorbr

Pac 2p,3 Cxeua o6panrrrrofi parHanbHo-oce s o fi . :ro B_oporHo_.ion a c"ib*" 
-'r 

ri p o, u -uraHbr (OpOnfl)

805

+l

cocraBJrf lr t  l2- lO, KaK y o6uuHrrx 1
porHbre nonacrw 2, HMeroulHe HcKpHB
xHMe ycraHaBJruBarorcfl TaKHM o6pa

ra6oqero Ko;reca JronarKu 2 noso-
wuueft) vt Blvrecre c,JlonacrffMH I ,,i i,,,cocraBJlt{IOT JIOnaCTHYIO CHCTeMy HacocHoro KoJreca. flonopor Jronarox 2 -:.,i..

ocyqecrBJrffercfl cepBoMoropaMn J c uexarl
J IONATKC.

flpone4eHHbre MoAeJrbHbre HccJreAo
MarruHe (pHc. 20.3) coorBercrByrorrluM
a raKlKe Qoprvrlr npororrHofi .Iacrn Mo)Kn
no KtlA u n ryp6r.rnHoM, H B HacocHo:

20.2. AHATOHAJIbHbIE oEpATHMbtE rH

. flepnne Ar{qlo{arrbHbre o6paruuur
s 1957 r. Ira |AOC A,uall-Eex s KaHj;
34 MBr, qacrora BparrIeHH, gi,+ olti,
AoBoJrbHo rxrpoKoe npHMeHeHHe Ha fA,

tr KarrecrBe npHMepa .Ha pttc. 20.4 nr
c Ar{aroHarrruofi gppqlunrofi rur4poMar
ut{KA-ErraHcKo) (IICCP) a"us fAbC ti
y:Tpy rHApoMarrHHbr crreAyrorqHe : .Hano
I  ? A  R  n R  l - , , , , .  _  ,Lvvrv \-,v/rvrn', ' .  tuurr{Huu'r 'b B TypoHHHoM pgx{HMe 50r3 MBr, f loAaga -,.
l o7  t u f l c  

vv ' v  l ' Lu

Pa6oqee KoJIeco I TwavrerPorr,r 5,0 rvr HMeer 8 noeoporHbrx .nonactefi,ycraHoB/reHHbrx noA yrnou 450 K ocr{ BparqeHHfi. BiryrpH' XOpnyca i

OcHosHHe AaHHbre no AHaroHaJlbHbtM o6paruuurrr rxtrpoMaurnnaM

rASC CrpaH a

Ta1auqa 20,2

Hacocnufi  pe)KHM
q J g

3.<
.ra E

o
(!

5 s
F
o b (

c,

B
d

x

tr
E

t

c)
tsr!
a

96
A N, u v
24

25,5 r

72

Hcnauun
f  noHus
flnonua

Hcnauun

CCCP

I 964
r 969
I 969
r980

npo-
CKT

r 5 0
277
240
88,2

107,1

74
136
90
25

42

49
.J-

l 8

l 8

82
87
48
25,5

54

72
l a o

94
25

20,6

1
t 8

45

fe,JPHtto Dlt DnFnua^-. , v  f  q v u , c : r y  n w t 6 L y

Typ6nHurrft
p e x H M
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P_uc. 20.4. !,u aroHa,urH an o6parnMafl rH.[poMarrJHHa rAOc Jlnnroscxa
Maoa

s 20.2l fiuaeouattonwe o6pamunote eud poilawuflu

q.
s

tit

unnzto'1,

a

il
<g
E
o
a
F{

J4

rlt
o
E
!t
F
tlt
o.

\o
o

rit
o

{
Ei
$l

o
,<
cl

!4

o.)
F
X
(g
o.
<\l

X

r,r)
Oc\

o

A

ss
Kt

q

ct
a .
s

tJ

f ,s :  -9,2 M. LBepxy HaxoAHTCfl  CLIHXpOHHbTfi  ABHraref lb-reHeparop 7
c noAnf l rHHKOM 8, onHparoqHMcfl  Ha Hecyu{yn KpecroBr.rHy 

'9.  
r ip,

pa6ore B -Typ6HHHoM H HacocHoM pexnMax AoJr)KHbr BbrAep)KHBarbcs
cBoLI KoM6HHaropHbIe 3aBl4eptMoerlL o+pege,Jlnr€Hllfe onTHMa,rtblfo€ csc\T.
HOUeHHe MelKAy yrJroM ycTaHoBKH JronacTef i  pa6ouero KoJreca H oTKpbr-
THeM JIOIaTOK HanpaBJIf l t iOLqerO annapaTa.

XapaxrepHcrHKa AHaroHaJrbnof t  o6parHrrrof i  rHApoMarrnr{br  B
BeAeHHbrx napaMerpax (MoAefl\  Dr: 300 rurr, I)  6urcrpoxoAHocrbro B
6r.rHHorrl  pex(IrMe oKoJro 360 o6/uHH AaHa Ha pHc. 20.b. Kar sr.rAHo,

npLr-
ryp-
AJIR

b
q')
*  t t

HnN/go ' lu
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II{ee Ko/rbuo HanpaBJrnroulefo annapara 4 pacno,no}KeHo cBepxy, 2, 5 _cHllsy' K cratopy 7 npHMblKaer KpyrJrafl cnHpaJrb 8, coeinnenHafl cHanopr-rbru rpy6onpoBoAoM.
Ecnw rpe6yercq 6orrilrea q'crro cryneHefi (3-b); ro nplrxoArrrcrrorKa3brBarbcfl or peryJr'poBaHr,rfi MorrlHocr' H ocyulecrsn"rl bA;--;

FlacocHoro pex{rrMa (puc. 20.5, a) rp:py_erc,n ni oKo/ro l l0 o_6/nrvH H npl3roi\{ n rvp6unHoru pe}KrrMe (perg.^20.5,6) KnA cHugaercn rc g4 d/0.
Ho ero c'eofrcrso roJrbKo 4aHHori npororrHofi Qoprr,rrr.

20 .3 .  MHOTOCTYNEHqATb IE  O6PATHMbIE  THAPOMAI I IHHb I

ycraHoBrreHo 8 o6parHubrx qerbrpexcryneHrrarbrx rHApouar-il;;r#
HocTb to  no  I 50  MBr  c  nvaMeTnoM na6hup .n  v^n . , ' ^ , i ' i  . - - ^iff ;'j, #% |I or.{P: 

" :^ry: rylp 9 y n u oi;*ero r( o/r e. ;_]{I !,;e r;; " ;ilt04T-1070 r lp1 uamote upiur."il; 600;6i;;;:-fi; iAbd'5;#tHcno/rbsyrorcfl nffrr.rcryneH'rairre o6paruuue rnAponaar"""i 
"pT;aI,nopax 1256-l2BT u. 

-nopax 1256-l2BT u.

n - - ^  n n  trnc.  zv.  t  .  uoparHMaf l  rHApoMat:r ruHa |OHE

c"ne4yer HMeTb B BHAy, t{To npHMeHeHHe AByxcryneHqarblx H M'oro.cryneHqarux o6parHMblx rHAPouautHFI no3BoJrf leT He ToJrbxo ooecneq'Tberrcoxr' i l 'r Hanop, Ho H cHH3Hrb rpeoyerriou-aurnyone"iie'rio ycaoBlrrrMycTpaHeHHH KaBr. . rTauH tr .

s
$

) tri
I

Puc.  20.6.  f ,eyxcrynet l rarar r  o6parHl laa f l r^poNtarr rHHa
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20.4. AByXKOJTECHbIE OEpATHMbtE THAPOMAUIHHbI

Burue 6u,no orMeqeHo, trro co3AaHHe o6parHrr,roft rHgpoMarrruHbl c oA-
HHM pa6orIHM KoJIecoM, pa6orarorrlHM H KaK Typ6HHnoe, H KaK HacocHoe,:l
cBflsaHo c 6onruHMH TpyAHocrrMH, KaK B qacrH onrHMaJrrsofi Qoptr,tu'
nporollHoro rpaKTa, TaK H s HeodxoAuMocrn H3MeHeHHf, HanpaBrenl{f,
BpaIIIeHHfl npH nepexoAe ws rypluHHoro pex{HMa B Hacocnttit tt o6parHo;',
3ru rpy4Hocrn Moxno pa3perrnrb, ecJru nepeftrn ua o6parnMyro ruApo-
MauHHy c AByMfl pa3AeJlbHUrr,ru pa6oqr{MH KoJrecaMH: HacocHbIM Lr Typ-
6Nssrru. Crporo roBops, 9ro He o6parauan rHApoMauHHa, a rp-ex-
MarrHHHafl cxeMa, oAHaKo oHa KoHcrpyKTHBHo peuaercrr B BHAe eAUnOfi
o6paruuoft rHApoMarxnHbr.

8II
,? IO Koncm p y rctquu o6 p amuuotx eud po nlautuH l fn. 20

a

\:e:a\ - :
' " / .

I-lpnn,teponr rqxgft AByxKoJlecsoir o6parnlrofi ru4poMaur.rHbr sgnsercs 
' i '

KoucrpyKrrar |OHE, npe4noxeHHafl HHx{. IocneAe.ueM H npoQ, M. Hex- , :
Jre6a s LICCP. Cxerr,ra ee noKasaHa Ha puc. 20.7. K Ba/ry / npuxpenrreua
no.nycQep a 2, nwy"rpu Koropofi sa ocpr 3 HacalKeHbr ABa pa6ounx KoJreca -
HacocHoe, 6ontuero AH.aMerpa, 4 u rypQHHHoe 5. HanpaBJrrrrculHfi an.: ,
napar sAecb AByxptAHufi: Hnxsufi rpye 6 - c noBopoTHbrMt{ JronaTKaMH : '

Ailn typ6uHnoro KoJIeca, nepxunft 7 - c x(ecrKr{Mu AJrq Hacocnoro.',,, '; .
I Ip" pa6ore tpe6yeuoe' pa6ouee KoJIeco ycraHaBJruBaercf l  npornB co-,, , , : , : ,
orBercrByroulero H.itlgg:Jrflroulero anrapara nyreM noBopora sa ocn.3r'..1.:.,,

KoHcrpyKIrHs |OHE BecbMa cJIoxHa. C qenrrc yMeHbrueHurr rHAF8.;.:i..1;r,r
B.IIHqeCKHX noTepb rpe6yercn orlKarHe BoAbr H3 npocrpaHcrBa, MexAy,:1Ii;
xprrunoft H nonycQepofi.

.AnyxxoJrecHa_fl_ o6paruu_an ruApoM.aur.rHa - H3ox{Hp cogAaHa $np.' 
, ,

votl <Arenle-4e-lllapl,I_H) _(lltenqapun). Ontnsufi o6paserl c Hanoporr,r,
.3-95 l,r, MolqHocrbro !0 MBt rpollle"q srtcnJryararruor{r{bre HcnbrraH,,tl .:: :
Ha |AOC Po6ueft n 1968 r. 3to no3Bo;rnJro paspa6oraTb H npeAJroxnrb :,
H3crx{Hpbr AJrfl pasrurrHbrx [AOC.

Ha pHc. 20.8 roKasaH H3oxup ans fAoc or-Ilftor, paccqurannufi
Ha cJIeAyIotqHe napaMerpbl: Hanopbr 610 500 nt, qacrora BparqeHgfl:,,,.,:
428 o6lrtHH, Mollr-Hoerb 300-250 MBr, noAarra 42,4-5-1,.5 lrs/c. gggsg=:.,Li;:,i;
HbIMH rlacrflMu KoHcrpyKqHH flBJrfleTcfl san I c pa6ovnMu KoJrecaun 2,4, ";.1
typ6nnHblM H 3 - HacocHbIM, Hanpan"narcqufi bnnapar c noBoportrunaa., d,,,,,i i.
JIonarKaMH 4 r1 cnHpaJlbHafl xarraepa 5. K sacocHoMy ronecy 3 noga ri."'
noABoAHTCf nO nCaCUnarOrqeft rpy6e 6, a or rypdr.lHHoro ro.neca,oi-' '-,:, '
BoAllrcfl no orcacunarcqefi rpy6e 7. Borc or HacocHoro KoJreca noAaerci' :
B q ! H p 3 | b H y l o K a M e p y n o K a H a n a u 8 . . B a n I H M e e T A B a n o A I I I u n g u x a 9
u 10. O6a xo.rreca 2 u 3 yacax{eHbr Ha BaJr }KecrKo H Bpaqalorcs BM€cr€ ,;
c Hnrlr, a AJrfr. BKJrroqeHHr HJrH BbrKJrrolreHurr rero r{JrH HHoro pa6ouelo
KOJreCa CJryxar . rlHJrHHApHrrecKue earnoprr // u 12, nepeMerqaeMbre
cepBoMorop?yH 13 u 14. fJpw pa6ore n ryp6unHoM pex(r{Me sarBop I/.:, ,3aKpb IT 'a12- - !TKpb IT(ngne49Bq) ,npr r_pa6oTeB-Haeoe I roMpe} I f f iMe .
saKpbrr sarBop 12 H orKpbrr 11 (nrn,q, cnpana). KoHcrpyKrIH; nony-qaeTcff AocTaToqHo cJroxHag.PHc. 20.8. O6parHuan rHApoMauHHa Hsoxnp
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3' I l rrxropos f.  B. hApoAll taMHqecKafl Teopurr peueroK. - M.: Bncuas rrrKoJra.1968 .  -  368  c .
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