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KoHcrpyxqHH H pacqer qeHrpo6exnux HacocoB BbrcoKoro AaB-
J r e H n e .  M r . r x a i i n o s  A .  K .  u  M a n l o r u e n i o  B .  B .  l l i . ;
<MaruanocrpoeHr.re), 1971, 304 crp.

KHura coAepxr.rr cncreMarr.ttrecKoe H3Jro)KeHHe teopltu, MeroAoB
fHApaBflHrrecxoro r.r MexaHuqecKoro pacqeroB Ueurpo6exHbrx Haco-
coB BbrcoKoro AaBJreHuq. B Heli rparxo onricaHbr gonefinrue rou-
crpyKIlHH MHorocryneHqarbrx uenrpo6exHbrx HacocoB AJrff ocHoB-
HbIx orpac.neft nponaurrrJreHHocrn, ux ocHoBHbrx y3JroB LI 4etanefi.

@axruqecxzft uarepual, Teopug il npeAJraraeMbre MeroAbr
pacr{eTa ocHoBbrBaloTcf Ha coBpeMeHHoM onbrTe oTeqecTBeHHoto
HacococTpoeHLrfl H AaHbr c yrreToM noBbrueHrzti TexHHKo-gKoHoMHqe-
cKHx noKagare.nerl HacocoB, yBefiI.rqeHuff MorqHocrr,r HacocHoro arpe-
faTa, co3AaHHfi HOBbTX TI{nOB HaCOCOB B COOTBeTCTBHH C paSBHTHeM
cMex(Hbrx orpaclefi rexHr.rKr.r u yBeJrnrleHr.rfl cpoKoB HenpepbrBHoft pa-
6orsl uacocoe 6es reKyrqeno r.r Kanr{TaJrbHoro peMoHToB.
r B KHure yAeJreHo oco6oe BHr.rMaHHe paccMorpeulrro MeroAoB no-
Ao6us B npuMeHeHr.rn K HacocaM, TaK KaK MaKcHMaJrbHan yuuQu-
Kauur H Tunnsauvfl Ltx Moryr 6ntm AocrurHyrbr nyTeM r.rcnoJrbgo-
BaHLrs, u 4a.ntHerlurero pa3Burrufl gTHx MeroAoB. Bonpocst KoH-
crpyupoBaHiln H pacqera pa6oqux oprarroB MrrorocryfieHqarbrx qeH-
rpo6exuux HacoceB paccMarpHBarorcs npnMenr.rreJrbno K HacocHoMy
o6opygonanurc \nfr renJroeHepreruKu, ropuopy4uoft, yro.nruofi,
MeraJrJrypruuecxofi , ueQrn Hofi np oMbItuJIeH Hocrpr.

Ksura npeAHa3HarieHa Ailn r.rnlr(eHepHo-TexHr{qecKr.rx pa6or-
HHKOB HaCOCOCTpOHTeJTbHbTX SaBOAOB, npOeKTHbIX H HCCJTeAOBa-
reJrbcKux opraHu3aqnfi, upoexrupyroqux Hacocbr H npou3Bo,4crBa
c HcnoJrbsoBauHeM HacocHoro o6opy4osaHnr. Ta6n. 24, Hrrnr. I57,
6u6n. 6 l  Ha3B.

PeqeHseHr KaHA. TexH. nayr A. I(. Tnulenxo

Pe4axrop KaHI. rexH. Hayr< B. @. Peu4arcoa

s-3-6
188-zo

f l p e  r 1 u c . n o B H e

conpeueHHoe pa3BHTI,e TeIIJIooHeprerr.ir*r BbrcoKHX H cBeDxBbr-
coKHX rlapaMerpoB napa, aroMHbrx craHquft, HeSrflHofi, ropHopyaHofi,
yroJIbHoI?' MeraJIJIyprHrlecKoft H xuMuqecxota npoMbrrrJJreHHocrg cBs-
3AHO C I IPHMCHCHHCM PA3IHIIHbIX THIIOB I ,THO|OCTYNCHIIATbIX UCHTPO.6exHux HacocoB rx'poKoro Ararra3oHa [otaq H raBJreH'fr.

Tonlro AJI' renJlo3HeprerHKI4 co3ftarorcfl H HaxopfrTcg B aKcnJrya.TAITII4 UCHTPO6C)KHbIC HACOCbI C AABJICHHCI\4 HApHETAHHfl 2OO; iOOH 400 rcf lcuz H eAHHH.rHort MorrHocrbFo g000; Ii 000;"ib'000 rcam.Vrny6neHHe lrlaxr B yroJlnuofi , .op"opy.qFroa nporrruruJreHHocrH
Tpe6yer yBerarreHWn AaBJreHHfl HarHeraHHq tl€H,rpo6exsrrx HacocoB,HcnoJrb3yeMbrx AJrfl BOAOOTJTABa.

Aua.noruqHar Kapr,lra HMeer MecTo B ocraJrbHbrx BeAyrqr'x orpac_
JI f lX NPOMbIIXJICHHOCTI, I  -  

PACTYT AABJICHHC H NOAAqA NITAUCNACMOTO
HacocHoro o6opyAoBaHHfl .

I lepexo4 Ha noBbIIIIeHubre napaMerprJ, HHTeHca6uxarl Hfl H rorBJre-HHe HoBbrx npoueccoB H npoH3BOACTB CTaBflr nepeA npoer{rHbrMHH a yq H o- HccJI eAoB areJl bc K pt M H op ra H a3 arIH fl M 14 r,r u acoCocrp or.pen bH brM HsaBOAaMr,r 3aracy co3AaHHf HoBefiuero o60p yroBaH'", orBeqaroulerorpe6oaaHuau co-npeueuuofi Hayr{H 
" 

,e**r*ra. corlu""e-i 
"rrnya*KpyIIHbIX rr AHep|OeMKHX MarrrHH rpe6yror perrreHrzfl rle,ryofo Koivrii,lieKcaBo[pocoB' Kacarour'xcfl pacr{era H xoHcrpy upoBaH's, HacocHblxarperaroB' a raKx(e HX gKoHoMHrIHocrH H HaAexnoCru B gKcrlJry aTarIHH.

^, I_l*Baroqeecfl ycKopeHHbrMr{ reMnaMH npoHBBoAcrBo HacccoBBbrcoKHX napaMerpoB ocrpo Hyx(Aaercfl B ClerrHaJrbHor? Jrr4Teparypero npoeKrr{poBaHaro, pacrrery, npoQrnapoBaH'ro paoovzi-'opfaHoB
ueHlpo6ex{Hbrx HacocoB BbrcoKoro AaBJreHHfl.

B npeAJlaraen'lofi KHHre cAeJraHa rorrbrrKa o6re4nun* H3Jrox{e-HI4e reop'I ' '  pacqeToB u KoHcrpyI{poBaHHs HacocoB.
rrpeAHcJroBHe H rJr. 1-7 uanacauu A. K. Muxaftaonnrna, rn. B_l l  -  B.  B.  Ma.rrrcrueHKo.
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I 
HasHaqeHHe, napaMerpbr r\ ocHoBHbre cBe,qeHns

r o Hacocax, npHMeHseMbrx B TeIIJIOgHepIeTI{Ke,
ropHo-uaxruofi 14 HefiraHofi npoMbrruJreHHocrn

S l. [IpnHqun Aeficrnus, KJraccu$nxaqun fi o6nacrn
npHMeHeHHC HaCOCOB

fu,u,potua[rHHbr l^rrfl. rro-[beMa H [eBeMeur.eHI4g xnnrocrefi Ha3br-
BaroTcfi HacocaMr.r.

Hacoc npeo6pasyer MexaHr.rqecKyro oHeprnro npr{BoAHoro ABr{ra-
leJrrr B fHApaBrHrrecKylo sHepfHro flepeMerqaeuoft HacocoM )KHAKOCTH.
B Hacocax, raKHM _o6pasou, nponcxoAuT npouecc, o6parnrrfi npo-
qeccy B rr4Aporyp6uuax.

Pnc. l. Cxeutr qeurpo6exuoro (a) u oceBoro (6) HacocoB:
/  -  xoneco;  2  -cn l rpa .nruu f i  o rBoA;  J  -  nanpannzrcquf i  an lapar

CvtttecrnvTor n2.?.[HrrI{LItr TI,InKr rrqnnn..,E . ' rrrr^Drr,.rrrrr rr '^ urrv dD- J  _ - - - ' -  
J  

- -  . r s v v v v e t  v v r t v s r r u r r v l r r  r r J  r t t l ^  t t D -

,rfllorcfl o6relaulle 14 JIo[acrHbre.
B o6reuuux Hacocax aHeprrif l coo6ulaercs HenocpeAcrBeHHo

nosler"rcrBHeMla6overo opraHa Ha rpaHenoprr.rpyeMyr,o cpeAy rrpH ee
BbITecHeHHH. B JIonacrHbIX Hacocax npeo6paeoBaHue MexaHuqecxorl
sHeprHr.r B rHApaBrHqecKyro npoH3BoAHTcq Bpaqarcqr.rMcs KoJrecoM,
cHa6xeuHbrM Jrorracrfl Mr{.

Taxuu o6pasonl, Ha cHJIoBoM B3ar.ruo4elicrnnu Jlonactu c o6reKaro-
IrIHM ee IIoroKoM ocHoBaHbI JronacrHbre Hacocbr - ueHTpo6exHge
H oceBble. Pasrla,IHe 3THX THnoB HacocoB gaKJlroqaercfl B xapaKTepe
cHJIoBoro B3aHMoAeficreHq JIonacTLI H noToKa H B HanpaBJIeHHH Teqe-
Hliti IIoroKoB: B qeHrpo6elKHblx Hacocax [oToK X{HAKoCTH }IMeeT n o6-
JracTH JrolacrHofo KoJreca paAwailbHoe HanpaB/IeHHe H nepeMeqaercfl
B noJle Aeficrnur ueHrpo6ex{Hbrx cHJr; B oceBbrx Hacocax noroK }KH/{-
KOCTH napaJrJreJreH ocH BparqeHHfl H nepeMeqaercfl B noJre Aeficrsllq
|HIIDOIIHHaMI4qeCKH X C.W.n - BOAI{ l  Kztntttr lx nnt,r RQ2tn\ir^rIAi. to,rp.r.rw rrrr-- - I  - - - - - - - -  . y v s r r r r . v A v r r v r s r r r r
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ToKa H peLuerKl{ JIoIIacrHoro I{OJIeca. Ha puc. I npe4cTaBJreHbr cxeMbr
qeurpo6elKHoro (a) ^ oceBoro (6) uacocoi. Kax isHrpo6exH ufi, rax
H OCegOfi HaCOCbr COCTOflT tr3 Kopnyca H cno60Auo 

-aparqaoxrerocrr

B FreM JronacrHofo Ko"leca. l lpu Bpail{e}rHH KOJreCa B noroKe }KHAKOCTH
BO3ijri i{aer pa3Hocrb AaBJ-renufi lo o6e cropoHbr xax4ofi Jro[acrH H,
CJIeAoBaTeJI bllo' Bo3 H 14 KaeT cH./'IOBoe 83a HMoAefi cre ae rtoTOKa C JI ottaCT-
I I t ' lM I {OJICCOM.

Pl lc.  2.  XapaxrepacraKa qeHrp<-r6exHofo rracoca

oueeu4Ho, u'ro yAeJrbHoe np,paueHr.re sHepruta noroKa )KHAKocrH
B JIOTIACTHOM KOJICCC 3ABHCI, IT OT CXOPOCTCI? NPOTCKAHi,Tf i  I iOTOKA,
cKopocrH Bpau{eFrHfl KO"rreca, efo pa3MepoB rz soplltr, T. e. or cor{era_
r{Hf l  KOHCTpyKUHH, r{HC.rra o60poror H noAar{H-nacoca. l lpn nocrogH_
HoM tlHc.ae o6oporon NaxAor? [oAar{e Jro[acTHoro Ko,,Teca coorBercr-
Byer onpeAe/reHuHi l  Haf lop.  3anucaMocrb Hanopa or noAaqu rpasu_
secKa BbrpalKaercf l  n.nansof i  xpunor l  (puc.2).

o6nacrl nprlx{et'eHHfl l{eHrpo6exnii* rnorocryreHqarbrx HacocoB
BecbMa o6uuprta: AJII 6strosoro lI rrpoMbru,rreHrroro BoAocrj a6xeswi,
B i i i ' ipKyilrrr(rrorri lbrx, r 'rr,trare/rbrrnx, eeTeBrrrx n /{pyrltx yeTaHoBI{AX'r'enJros/leKrpocrailuri lr 

(T3C), n r,re./rnopaur{tt, ren,' 'rbqrHnaui,ir, B BoAo-o'rJItlBax, n 6yilta>xttotl i, I 'ol l l loAo6r'rnaroriieii, n,relarryprrrqecKoir, XHMH-qecror l  npoMbrruJrerrrrocrr . {  n , r .  A.  Xapar i repuan oco6errrrocr.n srof i
f l ) v n n b l  I l a c o c o n  -  n ' f l I n c L r r A n L r r r \  r \ . r 4  n r  r ^  r t n  n ^ r r , ,  , ,  e ^.  r  v . 4 i v v r i r \ v r r r r r v  [ r c l r . / , D t u  l l u / . \ c t L t l l  I l  u u J l b t u l l e  I l a l l o p b t .
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Coeperr,renrrbre r(errrpo6elrHbre Hacocr)r rrMelor. uoAaqy Ao 5000 ntla,
N'rorqHoc'rb lto 30 000 KBtn, AaBJreHHe r{at'neraHun rc 

-450 
rcf I cuz H

r{r.rcro o6opo'ron Ao l5 000 B MHHyry.
FIacocr,t nBilntorcrI ocHoBllbrM MalruurHbrr\,{ norpe6ureJleM o/rer(-

' r t l f l e l . t p n l ' t t l r  R  I l g a - T n g r r r a r r  p r l a r r o  c ) n 0 / ^  o . r r . - K - - ,  - ^ ^ * ' ^ r "  - r a r / T h n
" f  ^ ' , . , .  r r q v r v r r L r + v v  D y v r r t t r  a v  / v  D l r r y q \ J O , r , O I D A E l V l V f f  J r / r L , n r y L r -

3l{epftrr{ no'rpe6.rrrrel 'cfl HacocaMr.r.

S 2. OcHoeHbre rexHrrqecKHe napaMerpbr HacocoB

ocHosHur{H rexHr.rqecKHMH napaMerparvru, xapaKTepH3y}orqaMH
pa6ory Hacoca, f lBJlflrorcfl: Hanop, noraqa, norpe6.naenras MorrlHocrb,
K. rr. A., rlzc,tro o6oporoB Ii Bblcora BcacbIBaHHfl,.

lloAaqa A [peAcraBJlser co6ofi o6reu ]Kr4aKocru, no.AasaeMor?
HacocoM B eAHHHuy BpeMeHH, ?r Bbrpa)Kaercff n nslu, uslcerc, nlcerc,

Hanoporu H Hasrrsaercfi f lpuparqeHue ruApaBruqecKofi eueprHn,
noryrraeMoe Ka)KAbrM Kr.rJrorpaMMoM )KHAKOCTH, npOXOAsqefi qepes
Hacoc, r. e. pa3Hocrb yAeJlbHbrx oHeprnfi xu4rocrr{ Mex{A} BC?cbrBdro-
xrHM H HarHerareJIbHbIM narpy6xaMu Hacoca, Lr Bbrpax(aercfl B Mer-
pax cron1a nepeKarrHeael,rofi x<HAKocrH. o6oeua,Iur,r yAeJrbHyro
aHepralo )KHAKocrH B HarHerareJrbHoM narpy6xe (puc. 2)

E n :  P n  4 - 2 . . 4 -  L
T  

- r . * r  
T E

H yAeJrbHyro auepraro Bo BcacbrBaroqeM narpy6xe

t r - P u - L " - t ZL B -  
?  

- r . e - T  
j [ t

t(e Pu, Z* H Cn- AaBJreHile' oTMeTKa H cKopocTb xl4AKocTH B HarHe-
rareJrbHon,t uarpy6xe;

- pu, zs H ca - To >Ke Bo BcacblBaloueM narpy6xe.
Hanop Hacoca

H -  Er - -  E ,  :  Pu-  Pa *  b , ,  -  2 \  
t z ' - t?

1, 
t \zn - te) -f --E-

Mot4ttoctnb, ilorpe6nseuas HacocoM, o6uquo HsMepflercq B KHJro-
Barrax. flo.[esHoft MorrlHocrbro N, Hacoca flBJrtercf [pupaqeHHe
sHepfHH, noJryqaeMoe xHAKocrbro, npoxoAsu{er? qepe3 Hacoc B eAH-
H H U y  B p e M e H H ,  T . e .

Nn:  #  KBm.

c"reAonareJrbrro, rrorpe6,rrfleN,rarr rracocou t'{ourrocrb paBrra

N -:y- KBm.tuzn

Botcoma BcacunaHutt npeAcraBJrfleT co6ofr pa3i{ocrb orMeroK ocg
Hacoca zs. o rr cso6orHofo ypoBrr rr z L >KLrAr(OCrlr B pe3epByape BCaCbr_
BaHLrrr (crur. puc. 2):

l?,, == Zo. o - Zt.

ITplr rlepeKaqHBaHHI{ Kt4 rIf lrqnX )KHAKocrer? Hacoc pacrroJrox{eH
HH)KC YPOBHfl  XHAKOCTH B PC3CPBYAPC BCACbIBAHHfl .  B 5rOVr CTVqAC
Bbrcora BcacbrBaHr{fl craHoBrzrcfl orpt4rlare"ryruofi H Ha3brBaercs noA_
nopoM. Brtcora BcacbIBaHpIs !x,- 'ea>KHef i i i i t i f i  rexuaqecxl l f i  , ,onu-
3areJlb pa6oru Hacoca, B l{eKoropblx cryqaflx f lB.rrf lrorqar?cr ocHoB-
HbIM KpHTepHeM BO3MOIKHOCTLI UCnOJrb3oBaHHfl AaHHO|O Hacoca B KoH-

o6osHa'r'Na BeJrHqHHbr, orHocflurHecfl r( HarypHoMy Hacocy, qe-
pe3 Q, H w N .  TorAa cor.rracHo ypaBHeH,n^a no4o6 

" ,  $:  const ;H
FO, 

: const;

Q : 0 , 0 7 5 1 t  * ;, l s

H - i i . r r _ L \ ' .
\ n s /

tr4cxnrc,rafl oTHOrreHHe "nuuerlusrx pa3Mepoe 1,, noJryqHrvr
r fA

ns -  3,65n +.
H +

O'rsouenue nonesnor?
cTaD4f ler  co6of i  K.  n.A.

6

MorrlFrocru Nn K norpe6nnetroft N rpeA-
Hacoca

m -  N n  I Q H' l  -  
A/r - t  1 v . t { c



H nancuudnlHsiu quc/roM odoporon flB/rsercfl 3000 odluuu npu
rracrore 50 eq.

flpu HenocpeAcrBeHHoM coeAr,rHeHHH Hacoca c naposori ryp6uuofr
trucro o6oporon HacocHofo ryp6oarperara Aocri lraer 5000-15 000
B I,U.{HyTy.

T l r - -  -  e

AJrf l  ur l ' t 'a ' l 'eJlbHblx n KOHAeHcaTHbIX HacocoB npl4 3aAaHHoH IIo-
Aar{e H rIHcJIe o6oporon npHHlrMa}or Mr.rHr{MaJrbHo noslao)KHtlfi tx,
TeM caMbttrr o6ecner{HBafl MHHHMaJrbHoe Ko"[HqecrBo cryneHefi uacoca.
O6orqno He peKoMeHAyercf l  npnr\4eHflTb JronacrHbre Hacocbr c n, I
< 50, rtoroMy tITo Koreco B 3ToM cryl{ae craHoBgTcfl  qpe3MepHo y3-
KI.IM I{ MAJIOSKOHOMHT{FILTVT. / [NN 3HAI{HTEJIbHbIX NOAAII CJICAYCT NPilME.
Hrrrb Hacocbr co cpaBHnreJrbHo 6o"lturuu n, (80-100) c ueJrbro yBeJrH-
I I C H H f l  K .  N . A .

P p l t t e q  n n r , r r l - I I I \ / r I I p p  \ / n g R l r p n u r r  n r r { n c H T p n L r J n  H  n n n \ / u r p r \ , t  r r r -- - , , ' " " ^ J

rop  Ha oAHy c ryneHb:

4

H i: 
( 3'65n lf8-\3
\ r ' - l

PasAerHn rpe6yeuuf i  norssrf i  I Ianop Fra Hanop, co3AaBaen,rr , r i i  o1-
Horl cryneubro, rroryqaeM qr,rcJlo cryneueri r-racoca.

S 3. Ooprrrsr JronacrHbrx KoJrec pas.nnuHofi y4e.nrHofi
6urcrpoxoAHocrH

Bylerra HcxoAHTb rrs ottpeAeJrerrHbrx H r]er.r3MeHHbrx gHaqeuur? A
H H, I.{3r\4eHflr ro,rrbl(o qlIcJIo o6oporoe n. Torga n, i lponopqrdor-ra,qerl
qucJry o6oporon n.

I-loslrueHue quc,'ra o6oporoB, KaK npaBHJIo, BeAeT K yMeHbruer{Hro
pa3MepoB Lt Beca Hacoca, ecJrH Tpe6oBaHHq no ycJroBHflM BcacbrBa-
HHfl  He JIHMLITHpoBaHbI.  B aronr c i lyr{ae noBbl[ ieHue ns Hacoca gKo-
HOMHI IECKH Bb I |OAHO.

Hanop Hacoca B nepBoM npu5nnxeHau rrponopqzoHaf leH KBaApary
or<pyxHor? cKopocru Ha BbrxoAHoM AnaMerpe D, pa6ouero KoJreca.
flpn Her.r3MeHHoM Hanope Hacoca oKpyx{Hafl cKopocrb KoJreca uz
opHeHTHpoBoqHo ocraercfl nocroqHuofi. CneAosareJrrrHo, c yBefii i . ie-
HHeM qr4c"[a o6oporon BsrxoAHoft 4aarraerp KoJreca D, yueub[raercrl.
BxoAHofi AHaMerp KoJreca D L onpeAeJrflercr B ocHoBHoM noAarrerl
HACOCA W ilHl]]b HE3HAIIHTCJbHO YMCHblIlACTCff C YBCflHIICHHCM 

IIHCJIA

o6oporon. Taxau o6paaou, yBerlrqeril4e ns BeAer K yMeHbIxeHHIo or-
D"

HOIIeHI'If l -=:.
l)1

Qoprrru padounx KoJIec. Ha puc. 3 noKa3aHbl Soprr,ru pa6ouux
KOJIeC HaCOCOB C OAHOCTOpOHHt4M BCaCbrBaHHeM, COOTBeTCTByTOqHe pa3-
JrHqHbrM 3r{aqeFrasM /zs. 3Aecn yKaBaHbr Arana3oHbr ns pnn pa6oqrx
Kor ' rec qeurpo6elKHbrx,  AnafoHarbHbrx H oceBbrx nacocoB. Mo>xuo nc-
no,'rb3oBarn pa6ouae KoJIeca c ns HHIKe 60 u BbrIrIe 800, oAnaKo yl{a-

8

gatl t t t , l l i  l la plrc. 3 AI ' lar la3oH f lB"rrf leTcs nalr6onee ynorpe6uTeJrbHbrM
AJrf l  HaCOCHbIX yCTaHOBOI{ C HenoBoporHbrrvrH JronacTflMH KO.[eC.
J]tn rer ) 600 pa6ouee Ko,' Ieco craHoBnrcr oceBbrM nponeJrJrepHbrM

KoJIecoM. Taxunr o6pasou, 
-n" 

B ocHoB-
Hbrx qeprax onpeAenfler eopuy pa6ouero
KO,[eca Hacoca.

6U , I JU 45A 800 n5

Puc, 3. Oopnr,r pa6ounx KoJrec c pa3r'urr{HbrMn ns

VIe puc. 3 BHAHo, rrro pa6ouue
BarrHeM MOfyT npLrMer-rflTbcs Jrr,IIub B
HbIX  HACOCAX.

Pa6oqaq xapaKTepncruKa Hacoca.
KpHBbre H-Q, 1/-Q, r l -Q HacocoB

I
4

c/ 7-

T \
t-/

\4 n B ' A  /
B--<.- -\._

l) --1-
\

I
- n
z c  5 0  7 5 * %

Up

Puc. 4. Oruocure.lbr{bre xapaKTepr.tcrtrKr.r HacocoB
I ip l tB l ) rx  A,  B,  ( ) ,  D:  / -==800,  8 :450,  C:3S0,

ycrorlvunoli pa6orsr

}KCTIFIbI IVI I {  HA PHC. q.  I IO MCP-C YBC.IHIIEHHfl  NS KPABbIC QYHXUUfiH .= lt (Q) n N : f , (q xax 
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nonopaurzBarorcs BoKpyr orrt4 Ma,Tb-
Hoft rotIKH no qaconoft c_rpeJlKe. V qeurbo6exuux HacocoB c Ma,rrbrM ns
I(pHBbIe H-Q o6uqso 6ltealor cpaBHHre,TbHo rr"[ocKrrMg H cJrerKa noA-
Har\'rarorcrr IIo Mepe npu1nvt]KeHHfl K TOrrKe H_y_,ueeofi noAar{H. V i{enrpo-
6e>xr'tt,tx HacocoB co cpeAI-II4M t1.s r{pr.rBble n-q troffnit*urra" 6onee
I{lryro. B o6"rlacrvr,Me}r{Ay 50 u T0% orruMarrlnorl lroAaqH Bo3Mo)KHa
rrevcror lq uBaf l  pa6ola.

Kpr'rnHe Il-Q Ar.ranorra,qbnbrx FracocoB c 6onrurnu n, noAHHMalorcfl
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KO"'IeCa C ABycTopoHHHM BCaCbI-
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oll ' l ' l lMaJllrl lol i t lo)\aqu' p.a6ola grttx IracocoB o6br.trro 6treaer neyc.r.. i i-qreeofi. Crenettl neycroliqaeocrl4 
.H rurrpHrra 3oHbI ueycrofivgBocrg sa.BI'ICflT o'r KoHcTpyKIIHII l lacoca. Terra He MeHee crleAyer ug6erars vc-

uoJIb3oBaFII{ f  HacocoB c nr}  250 npg roAaqax s '50_70o/o HoNrr.r-
uansHoli. B KpyrrHbrx Hacocax, rAe-60nlluyro poJrb Hrpaer Bbrcora
BcacblBal{I{fl, a raK)Ke Bo3r\,rox(Hocrb Bp_eAl{oro BIIHflHHfl ny"urcaqufi
norol(a, 3ollbl raK[x noAaq c/reAyer ng6erart y Bcex HacocoB c Jrlo-
6ltiull gHarleHHflMH ns TaKI4x noAaq.

I(ax noKa3aHo Ha puc. 4,  KpHBbre K. rr ,  A.  HacocoB c Ma/rbrM ns
TaKlKe flB"rIslorcr cpaBHI'lreJlblto nJlocKHMH, H3 rlero cJIeAyeT, qro
Hacocbl sToro rl/-na o6naAarcT Bo3Mox(Hocrbro pa6orart [prr pa3flr4rr.

l-o"-*u3*X.,"11,:...i:Ii:1 .{q1-Bble K' n'4. Haiocoe c 65not"t ns
\tLs --? Lvvl L.n.rrarulux uoJlee Kpyro no ooeHM cropoHaM or rorIKH
orrrHNfaJrbHofo K. n. A. 3ro ofpaHHrrr4Baer o6nacrn npHnre*reHufl r,aH-HbIX HacocoB' cBoAfl ee, K cpaBHHTeJIbHo ysKoMy Ar4ana3oHy [oAaq.

Kpunue Moil{Hocrra (cira...pra. 4) uacoco"u . MaJrbrM ns Kpyro noA-
HHMaIoTcfl or ror{KH uynenofi [oAaqII Ao roIrKH MaKcl{MantHofi"noAaqiz.
l loarouy H_eo6xo4'Mo npaB'JrbHo rri6"pu"o a"r.u, enb r,Jrfl gr,x Ha-
cocoB, qro6tr He Ao[ycKarb reperpys Kr4 B Cryqae cHHX(eHUn O6qero
corlporHB/IeHl4fl ceTH HHx(e pacqerHofi senlrqnHsl. C yBeraqeHueM ns
ollacHocrb neperpy3Kr,r ABHfaTeJrfl rIpH 60nrruax noAarrax yMeHb_
IIIaeTCfl ' OAHaKO BeJIHTIHHbI MOIIIHOCTLI H OCeBOTO AaBJIeHHfl npH HyJIe-
soft noAar{e 3HaI{HTeflbHo flpeBocxoAflT' HX 3Har{eHHq npu pac,rerHofi
noAaqe. Cle.qyet Hs6erarn HcrIoJIb3oBaHHfl HacocoB c'6onrurrarr,r ns
npa uanofi noAarre vrnkr x€, ecJrH 3TO npHxoAHTCfl AeJrarb, Heo6xo-
Ixyo nu6nparb ABHrare,/Ib, croco6uuft air4epxuBarb raKr.re yc/roBr4fl
pa6oru.

Ec,ra Morr1Hclcrb HacocoB trpw MaJrbrx ns r{pyro noAH'Maercs,
TO y HacocoB c f ts:200 naoqHocTb npHMepHO nOCTOflHHa B rrrHpoKoM
AHana3oHe [oAaq _{ y HacocoB c fls },- 450 nrouHocrb rraAaer c yBeJrH-rIeHHeM noAaqH. lloerovl' npn nycKe oceBbrx HacocoB HeAonycrr,rMo
3aKpbrBarb 3anBr4)KKy, TaR KaJ( IIpH Uynenofi noAarre uoqnoirl HaNrHOro Bbr[re o[rrHMaJItUOfi. Hacocsr c MaJIbIMH ns ryqrue nycKarb
c HyJreBofi no[a\Lr. 

Ioa nepefpy3xofi uacoca nounnraroi pa6ory B pe-
x<HMax Q > Q.o,n. OAHaro- AIrn ABwrareurfl pex{r.rM 

"a.o"u 
Q > er;^He BCerAa fBJrflercfl neperpysrofi. 3anac MoulHocrH ABHrareJrfl Fre-

o6xoAllruo nn6.Hpam rrcxoAfl rr3 MorrtHocrHoa 
' i ipaniip,u.r"n" 

Ha_
coca. Orr ueo6xoAaM A/rfl HacocoB
HacocoB c 6o,'ltruwMr4 ns. flo xpne
BaHHflX K 3anacaM IpOTIHOCTH SpMi
Hbrx y3/roB y HacocoB c 6oalurunaa
I U C H H ' I  H A N O N 2  t t  Q r r I J A  1 \ [ ' I  I T I - I V  N N  1 4- r -  "  r Y r q d r u l ^  r L \ J A o

xolil.rMo npelycnrorperb c6pocHue ycrporicrna.
rr3 paccMorpeHHoro noHsrHa ueo6xoAI4Mocrb nocrpoeHHr, v vcilo[rb-

3oBarras rc.naccnSwKa\r4r4 Tro ns,

^_,,I:T:t:1jl iv 
cryneHb. Fia pHc. E noxasaHa BeJrHqHHa Hanopa

ci'yireHri Hacoca npr pasJrr4qHoM ns. pac,rerHHft Haflop pe3Ko cHH.
l 0

ff,.:.f",:pr. {:"T:::Ti" :,, ^^IroeHUreHHan cKopocrb BparqeHr.r,r
fl :;i;T:fj,, I "v::i1: f ,1 ̂ "- ̂ : ep rr'r K a rr b H oM " ;;;; i^,"' ifrffi ;
I t,,:y.j,tj:.y,r,i.,"^ . " Tl 3 Ltl. B p e M s B K p y * b, *, i u. o. u * : 

^ 
; ; ; r,i#*,;.rt fl Iol yMeHbIxHTb crollMocrb H v cr ason'nt r, r_,a

I_In ^ nrzn^h ^^a_ __ _ 
ycT:tHOBorIHbIe pa3l\, Iepbt ,ral<Hx n,taruuH.

5tj"".go:l;Jll3l3:.,{:i::^-".g_ffi il;,i";T#f ili'?"1",.1H_y:.:# po"y cryreHb, rrp, pa3rr'qrbrx ,ruo.n"o ; ,,:i;;,";;ir;;;n a  p u c . 5 ,
llycxonofi xpyraqnfi MoMeHr.

Heo6xo4uvro raKlKe paccMorperb
B3aHMOCBg3b MeX{AY n, H rrycKoBbrMH
ycJroBr4f lMu Hacoca.  Ha puc.  6  npn_

BeAeHbr KpHBbre n -4-
U 

- 
Mn ' [ocr- 

5oo
poeHHbre AJrfl [ycKa npri 3aKpbrToNr
HafHeTaTeJIbHOM K,naI]aHe Hacoca.
Srvt KpHBbre orHocrrcfl K pa6ovau
KoJrecaM, zso6paxeHHbrM Ha pac. B.
r repBafl luTpHXOB afl Kpr4Bas rroKa3br_
Baer 3aBHcrzMocTb Me)KAy rIHcJroru 250
o6oporon H r{pyrfluIHM r\,roMeHToM AJrs
HacocoB rrpu oTKpbrToM HafHeTa_
TCJIbHOM KJIAIIAHC.

750

3ra KpHBafr, AJrn HopMaJrbHbrx
suaqeHari nH H M, npu6nuxaercs
K xpunol i  nycKa npn saKpbrroM
HaTHeTaTeJIbHOM K,rIarIaHe HacocoB
C ns  :  770.

Kax [paBHJro, o6parubre HarHe_
TATCJIbHbIC KJI AN AHbI H ACOCOB .4OJIX(HbI

u (tu 500 n5

Puc.  5.  [ {anop cry i leHu HacocoB
c pa3JiurrHbIMH ns

(o-r ipynrrute uJl I  or , rcor<oo6opoTuble l ra_cocbr;  6-Hacocu cpeAHHx 
" ipr i r " ip i i i f

orKpblBarbcfl' npex{Ae qeN{ Hacoc AocrHrHer rloJli{ofo rtucJla o6ono-TOB. Eng, HacocoB c 60.urru'rr rzs Bax(HOe 3HaqeHHe 
"r.., ff i ;;orKpbITHfl o6paruoro HarHeraTeJIbHoro KrranaHa. He.soau-parao,"oaorKpbrrHe Bbr30BeT VpesuepHr,lf i nycxonofi MOMeHT H He o6ecnequrAOcrHlKeHHq ycrauonxoii pa60vero rrr4cJra oooporou 

^^i 
io.o.rr*lo.[ox{eHHoro [ycKoBoro MOMeHTa ABHfareJrfl. bOpur"o,fi narHera-rC.NrUSIf i  KJIANAH AOJIX(CH OTKP'IBATbCfl  NPCX(AC, qCM HACOC AOCTH..Her qacJra o60poron, rroKa3aHHOfO nepubr? rurpuxonofi nuuweir Hapt'tc. 6. Ha srori )r{e Ar{arpaMMe npano4n rcfl Lr npn6nwxa""u" BTopaflIXTPI4XOBAg KPHBAfl KPYTflIIICTO MOMCHTA ABHTATC/Ifl NPI{ 3AI(PbITOMHarHerareJrbHoM KJranaHe. Il"noqaAb Me)r(Ay araMlr AByMfl rxrprrxo_BbIMH KpHBbIMI{ i lpoilopqHoHa.ribHa KpyrflrqeMy_MoMeHTy, KoropbrMMOlr(Ho pac[oJraf aTb Anfl, pa3roHa Hacoca ao rp"e6yaro.o'r;rnu o60_poToB.

HesaencHMo or npo6nenabr nycKa He,rrb3fl AorrycKaTb A,rrrrTe,rbr,rytopa6ory Hacoca npH 3aKpbIToM l.rarFreTareJrbFroM r{Jrarar{e. Ecnu noAaqa6y4er 3rraqr'ITeJIbrro yNrerrbneHa no cpaBrrerrrrro c pacqe,ilrofi, TO srrep-r 'n,  coo6t laeMaf l  x l r lxocr,r . { ,  npr.rBeAer r(  (3anaprrBaIrHIO)) pr x Apyr14M
l l



HelKeraTe/lbHbIM renfioBbrM tB/reHHflM. To,rHo raK x{e qpesMepHoe
HcrloJlb3oBaHue Hacoca rrpa MaJroli no4a.le MoN(er BbrsBarb ycraJlocr-
HbIe flBJIeHHtr or pa/.raJlbtrofi callr B BaJrax HacocoB co crrHpanrHoir
xauepor?.

Pa6ora Hacoca npn o6parHoM BpaqeHr,rn. f lpH o6parnou reqeHrru
)KHAKOCTH Hacoc 4ef icrnyer KaK ryp6wua. Ha puc. 7 uso6paxeHa

'D TnozT+tuTm'/T
I l(puSal uoneamo? npu HopManb
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riHcro o6oporon. HeodxoAr.rMo rar{)Ke npeAycNrorperb npeAoxpaHH_
Te"[bHoe yctpoficrBo, npeAy[pex{Aaroqee Bo3r\{o}KHocrb nycKa nB|fa-
Te.[q B ycJroBaflx peBepcr,rBHoro rrHcJra o6oporon

B rex eprcreMax, rA€ pa6ouwft Hanop 
"rio.o 

pacxoAi,ercfi B 3Ha-qr4TeJIbHOli Crenegr{ B BH.(e norepb Ha rpeHr4e, KaK HanpHMep, B KOH-
IeHcaUHoHHbrx cHcreMax UHpKyJrflr{HH BoAbr, craruqecxuir Harrop
CUCTCMbI, HMCIOIIIUftCr AJTfl BPAUICHHfl B O6PATUOIT HANPAB.,I CHHHI
o6srqno HeBeJrr4 K.. Ecnu r4s AByx HacocoB, ycraHoB/reHHbrx napaJr-
JIe.IIbHO, OAI{H pa6oraer HopMaJrbj{o, a rpyrol:r npaKTHr{eCKH nporly_
cKaer Bcro [oAaqy nepBoro B o6parHon,r HanpaBdrreHHr.r, ro,rrvqaerv{oe
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B pe3yJrbTaTe pa3foHa qHcJrO 
s x raao6oporon 6y4er cocraB,/'rr{rb $ t 
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Pnc. 6. I(puer're 
+-fi; 

,urocoB c pa3rIHqHbrMH ns (HarHerarenrHufi KrranaH
saxpur)

3aBHCr.rMOCTb pa3fOHHOrO rrHCJra O6OpOrOe npz o6parnou BparqeHHr4
or /ls. f lpo6nevrbt peBepcuBlroro BparqeHu r f lBlrf l,wrcs oco6eHHo Ba)K-
Hbrr\,rH B cHcTeMax, cBf3aHHbtx c HaKonJIeHHeM rHApOgHeprHH, Ha-

600

Pnc.7. Kpunaa pa3roHHofo qHcJra o6oporon HacocoB c ns Anrf l ,  rouex D,
C, B, A, coorBercrBeHHo paBHsur,rn 80, 350, 4b0, 800

npr.rMep B BoAoxpaHHJrHrrIax, Kor.[ax, pe3epByapax u 6axax 6onruol i
eMKocrI{.  B raKHX cncreMax craruqecxfi f i  Haflop, HMeroulwftcn AJrf l

crrLITbIBaTbcr raK, qro6rr BbrAep)KHBarb MaKcr.rMaJrbHoe peBepcr4BHoe

l 2

\ E l /  i  I  I  Ii lpoa3BoAHrb nycK HH3Ko- S; V |  |  I  I
HanopHbrx HacocoB c Ma.[brM 

\ o---_77-ffi
f t t t n  n n r tr r r . rcr roM o6oporon npno6par- 'o 'no 'o ' f |o l l r t f : {# t ' ;Xu,XXX' ! "cucmeHbt
HoM HanpaBJIeHLII ' I  Bpaqe- pvc. g. fronp-anouuuii  xoeQQuuaeHr pa3roH-HIIf l .  OAHaxo oro npI,IBoAHT Horo qncJ,ra o6oporoB B 3aBHcHMocrH or cra_
x 6onruroMy nepeHanpfl)Ke- rr.rqecKofo Hanopa cHcreMbr
Hr4 ro eJreKrpoo6op yAoBaH H fl .
f lvcxoeoft ronqclx Mox(Ho oc"na6urr nyreM cBoeBpeMeHHoro oTKpbrrgrr
sarnerareJlbHoro KJIarlaHa raK, rrro6lr sacoc cpa3y x(e Haqafl pa6orarl.

Ec"nu crarr'rqecxur? uanop cucreMbr, HMerorIuficn rnfl ,iopurro.o
BpaqeHHfl, MeHbrrre o6ulero Hanopa Hacoca, To AJrfl npu6nuxeHHoro
o[peAeJreHHn Qarcravecxorl penepcaeHofi cKopocrtr cne.qyer noJrb_
3oBarbcq floIIpaBoqHbrMr4 xoa+QnqHeHTaMr.r, [pr{BeAeHHbrMH ua pHC. g,
npHMeHflff ux K 3HarreHrfl.Ml B3qrbrM uz puc. T.

S 4. Bnr6op Hacoca Arq eKcnJryarar{Hu
HacocHaff ycraHoBKa cocToHT Hg Hacoca H BHerrrHelt cerra. Hacoc

no46apaercn r,Jrn 3aAaHHbrx pa6ourex v.r&"ri sueuHeri cer', r. e.no rpe6yeuoft noAaqe, Haropy, reMfleparype, a raKx(e no xapaKre-pt4crHKe..nepeKaqanaeuoft )r(HAKOCTH (XOpposrar?nocrt, Bfl3KOCTb HyAeJrbHbrr? sec).
floAa'ra Q 

'u 
Han op H A.JIX(HbI coorBercrBoBarb xapaKTepHcr'Ke

corrpoTaBJreHHfl eHeuuer? cerH, cocToflrrlefi us cprcreMbr rpy60npoBo_
AoB I{ apMarypu. IIprE sToM Hacoc AoJI)KeH o6ecne,{Hrb MaKcHMa.rrbHo
tsosMo)KHyru noAaq)/ Ailfl 4auuoft clzcreMbr, Vqurbtgafl BggMo)KHbre or.KtoHeHI'If l xapaKTepncru(Lt Hacoca npH figroroBfle.r4fi, Hanop cropeKoMeHAyercfl nu6uparb Ha 2-40/o Bbrrre Hanopa, rpe6yeroro 4n"npeoAo/reHHfl conporHBfieHwfl. ceTH.

..onpaaan"nn Hr^ gnn npocrefiueft cHcreMbr (crvr. puc.2), cocrof-IIIefi Hs AByx pe3epByapoB, ceru H Hacoca. f lonaras cnoficrea'o6rer<ron,

l 3
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Bkf l roqeHHbrX B ceib,  3aAaHHbiMH, odoguaqHxa AaBJleHhf i  Ha CBO-
6oAuue noBepxHocrw I  u 2 xu1Krf ,cr l l  B pe3epByapax ptH pz,  a or-
MerKH arux rroBepxHocrer? zL Lr zz. ConporuBJreHr.re BcacbrBaroillero
rpy6onpoBoAa o6osuaquyll hrr, a HarHerare/rbr{oro h.". f lp" saAaHuofi
= - ^ - - t - - - - -  f }
nu.hrqrr4rypaL\nA n pasMcpax scl '14 AJrx / (aHHU|u pauxuAa vc MUI 'y ' r '
6rrrr  paccrrnTarust  h*,  y hr, .  Tor4a, o6oeHaqnB rrepe3 Ern E, aHep-
fHro B KoHr{e w HaIIaile ceTH, noJryqHM AJrff SHeptHH B KoHTpoJrbHbrx
cerreHHsx y HarHerareJrbuoro 14 BcacbrBaroqero narpy6xon Hacoca

En:  E,  I  h* , -  +
r r r a r 0 c
D u :  E L - -  f l u r :

v

rAe cs r4 cH - cKopocTH B KoHTporbHbrx ceqeHHflx BcacblBaroqero
H HafHeTaTeJrbHofo narpy6xon.

OrcoAa rranop, norpe6/rseMbrr? cerbro,

I I , : E n - E u

H r : E z - E t * h * r * h * r ,

f u.qp an.n Hl{ecKoe cotlp oru BJIeH He u{ crer{br rt p ott op qrroH ar b H o r(BaA-
pary cr(opocTefi Lt, cJreAoBareJrbHo, r{BaApaTy pacxoAoB:

hr  :  EQ' ,

TaK )Ke,  KaK H pa3HOCTb CKOpOCTHbTX HanOpOB.
C"[eAosareJlbr]o,

H " :  r y J  z z - z L + E Q ' .

fpaQnuecKr4 3aBr.rcrrNrocrb H, or Q ntrpaxaercfl napa6onofi c Bep-

urauoft B rorrKe P':-!t 
* zz-zr Hd ocn Harropon (cnr. pr4c.2). Ha-

l .

HOCfl Ha TOM )Ke rpaQHr{e XapaKrepHcrHKy Hacoca I7-Q, noryrrr.rM
B ToIIKe A pelKHM, yAoBJIerBopflrorqHfi ycJroBHlo MarepHaJrbHofo
H SHeprerlrqecKoro 6a"ryauca ctrcreMbr, T. e. ycraHoBHBruHficfl pex{HM
pa6orbr Hacoca B AaHHofi cr4creMe.

flo napaMerpaM Q w H s pa6ouefi rorrKe xapaKrep H:THKH noA-
6uparor Hacoc, npurreM [pzHvMaror 6rH)Katntnf i ,6onnmuft  AHaMerp Dz
pa6oqero KoJIeca, yxasauuttfi Ha xapaKTepr.rcrnKe Hacoca. I lpoivre-
)KyrorlHble 3HarleHvs, Dz npl{HHMaroTcff i io cofJlacoBaHHrc c 3aBoAoM-
v 3roroBHTeJreM. Bce 4a.ntuefiuae pacrrerbr neo6xo4nuo BecrH no
Beirr.rqHr{aM Q H H, orBerraoxrr4M IIpHHflroMy Hapyx(Hor\,{y AHaMeTpy
pa6ouzx KoJrec D, Lnn AaHHoro rracoca.

rlpr eu6ope Hacoca Heo6xoAHMo npHHHMarb Bo BHHMaHHe Bbrcory
BCaCbrBaHHf uacoca .l/r, BerHrrr4 Ha xoropofi 6eperca ro rpaQuxy
QyHruar? H, :- I (A) c yrreroM sosx{oxHbr? MaKcuMa.nlHoft noAaqn
Hacoca (n ycJroBr{flx oKcrrJryaraur,u4). y ueurpo6e)KHbrx HacocoB
c MaJrbrM H cpeAHr{M /?s Bbrcora BcacunaHut -Il, He 3aBHcHT OT Hapy}K-
Horo AHaMerpa pa6ouero KoJIeca. Vseru.reuue Bbrcorbr BcacbrBaHus
Hacoca AaHHoro rI{IIOpa3Mepa Moxer AocrHraTbcfl cHH)r{eHHeM r{HCra
o6oporon. i lepecuer Q, H, N, H, B3rrbrx H3 xapaKTepHcrHKH, Ailf l ,
HOBOTO qHcra O6OpOron ilpoH3BoA4rcfl, no sopvyJraM no4o6un, Bbr-
BoA r{oropbrx rrpHBoAt4TCfl B r.n. b.

S 5. Tpe6oranr4fl, npeAbflBJrfleMbre K HacocHoMy o6opyAonaHr{ro
BbICOKOTO .qaBfleHHq

. IIpou3Boi,crBeI{Itafl rapal{Trdfl rracoca saBrrcrrr or pa3"rrurrHbrx
Qaxropon. Pasnuqaror npou3BoAcrBeHHyro rapaHTnro KoHcrp yKr\HH,
cBfl3aHHyIO C H3|OTOBJIeHHeM HaCOCa, H npoH3BOACTBeHHyrO lapaHTHFO,
o6ecneqHBaeMyro coorBercrBylorrluMH 3ailrHrHbrMH ycrporlcrBaMH
B ycrar{oBKe. l lpousnoAcrBeHHafi rapaHTr.rfl KOricrpyKuHH Hacoca
onpeAeJrf eTcff:

g) MexaHr.rqecKHMH vr fr{ApaBJr?rqecKHMH KaqecrBaMu Hacoca;
6) repMerzrlHocrblo H HaAelKr{ocrb}o gKcnJryarat\HH B pa3rgrrHbrx

pelKuMax pa6orrJ,

IlJIU

rAe

t r - P r
" 1 -  y

c;
*  z t +  + .

- reoAegr.{,recxufi }raflop Hacoca,
-- conporr{BJleHrze neefi c}rcreMbr=-  - - - f  -  - - - ,

O6osHa. raq  Hr :  zz  -  z t
h * :  h * ,  *  h * ,

IIOJIyTIHM

H, : ry*H,+#+h* .
florpe6Hlrfi e cncreMe no.nsufi Hanop H, cnaraercff H3 cJreAyroqt4 x

cocTaBJrflroilII,Ix:
Pz=,Pr - pasHocrH AaBJreHr4fi e xoHue 14 HarraJre cacreMbr, Bbrpa-

?
xeHsorl B Merpax cron6a xHAKocrH;

- feoAe3Hr{ecKofo Hanopa;

- pa3HocTH cKopocTHbrx HanopoB B KoHue H HarraJre cH-

CTCMbI;

h* - rHApaBJIHqecr(oro conporHBJIeHLIf i  crrcreMbl, HCKJIroqarl
Ll , l r ' rr \nI  I  U L V U .
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I lpousnoACrBeHHafl rapaHrHfl Moxer npeAycrraarpHBarb raKx(e
3au{uTy Hacoca:

a) npr Marrofi uarpysre;
6) or KaBHTaTIHH npn ue6onlurou noA[ope;
n) npH llpeBbrrrreHur-r ErHCJra o6oporoe I{ Aorri/crll}"ioio KoHe,.iiioio

AABJICHHfl.
O6ecne'IeHHe MaKcHManruoIi rpol{3BoAcrneHsor? rapaHTHH Aocrg-

raercfl npH pa3pa6orxe Hacoca. /J..nn nlrrareJrbHoro Hacoca BHaqaJre
rlpoH3Bo 4rrcn nu6op.. Tr4na KoHcrpyKrItrH (cnupa.rllnrut 4eyxKopryc.
uufr wnw ceKuuoHHsrr? oAHor{opnycHufi uacoc). flnyxxopnyctrufi fHn
KOHCTpyKTTHH nHTareJrbHoro Hacoca HarueJI rrrHpoKoe pacnpocrpaHe-
HHe B oreqecrBeHHoM HacococrpoeHHH AJrn 4anneuafi cBbrrrre
150 rcflcnz.

B oruoureHun ceKrIHoHHoro Hacoca
HHe B ToM, qro npu BbrcoKHX pa6ouux
loqHofi npor.r38o4crneur-rofi rapaHTr{r{.
AaHO.

rracTo BbrABHraeTcq yTBepx{Ae-
AaBJIeHLIflX OH He HMeeT ,U,OCTa-
3ro yrBepxAeHne He onpaB-

Pagenrrae ceKr{t4oHHbrx HacocoB 3a py6exona HacroJrbKo npo-
ABHrryJrocb Bnepe4, 1ro 3ror rr.r[ MaUHH HaAex{uo pa6oraeT npv AaB-
rreHHH ao 450 rcf lcuz.

Pacqer v Ko.HcrpyupoBaHue KoprycHbrx crflx(rrbrx urrr4nex (uau-
6o"uee yxenuruurl e.remeHr xoHcrpyruzu) ocyuecrBJrrrorcfl TaKHM
o6paeorra, qro Aax(e npkr MaKcHMaJrbHbrx neperpy3Kax noJrHocrbro
o6ecne,raBaercr repMerurrHocrb Kopnyca.

Cexunoltl ' tuft l lacoc co cTrrx{nbrMu IIInu/rbKaMH npu rre6o.nruon
H3Hoce yn.norueHuft 14 pa6ovux opraHoB o6ecnequBaer TaKyro x{e
npoH3BoAcrBeHHyro rapaHrvra, KaK cnzpantuufi AByxKopnycuurl
Hacoc .

KoHcrpyKru4n kr pa3Mep pa6ovux KoJrec, JronacrHbrx orBoAoB,
pa3fpysoqHoro ycrpoficrna, pa3Mepbr noArxH[HHKOB, a raKx(e T]rrr
H_ KOHCrpyKuHs yn.norueuuft Baila flBJrflrorcfl Bax(HbrMH Qarropauu
o6ecneqeHHq npoasBonerneusofi rapaHTr{r.r Hacoca.

Pasuepu poropa Hacoca npu oroM HMeror oco6oe sHaqeHue.
l{nrtHsutfi ronxnfi Bail rrHTareJrb}roro rracoca npora6aercn 3HaqH-
TeJIbHo 6o.ntue, qeM Koporxvii u roncruri.

Hacocu c JIHTbIMu pa6ouuvu KoJIecaMr.I Ha Heo[THMaJrbHbrx pe-
xaMax 6yayr 6o,ree rryBcrBHreJrbHbr n aa6paqHoHHoM H aKycrur{ec-
KoM orHoureHuu. KoncrpyKuHH ceKur.roHHbrx nrzraTeJrbHbrx HacocoB,
uau6oaee pacnpocrpaHeHHbre B rlexocnoBaKarrr u <Dpf, npeAcraB-
,/'Iflror co6oli l0-1G-cryneurrarbre Hacocbr c rrncfloM o6oporon Ao
3000 B MHHVrv.

Tarau 66paaor, ueHrpo6ex(Hbre Hacocbr AJrfl BbrcoKux ,q,asnenufi
AOJI}KHbI:

, l) yAoBJrerBopflTb ycJroBHro HaAelr(Hocrr{ H Ao;rroBequocrn B pa-
6ore;

?) 6urt sr(orroMurrHbrMr.r B 3KcnJryaraqau;
3) 6url yAo6uuull B MoHralKe H .AeMoHTalKe;

l 6

4) o6na4arl MHFIHMaJIbHbTM KoJluqecrnou Aera,ryefi H Hx B3ar.rrvro-
SaMeHf e[,rocTbro:

S 6. oaxroprr, onper.ercnrrlne KoHcrpyKr{Hro H BflHcrorqHe
na pa6ory Hacoca

R e c n e n e 6 o i t g n q  n e 6 r , r r e  L r a r i ^ r r n D  o 4 n r ' ^ r , m-  - - - - - r  r t q v v v v D  J c l - E  r l L r l r  u l

ropoB:
l) nu6opa partuor{aJrbHoro rr{na r(oHcrpyr(qrr}r
2) KaqecrBa rr3roroBJreHufl ;
3) npaBuJrbHoro MoHrax{a;
4) npaBnJrbHoft aNcnlry arat\HH.
Kaxlufi r4s yKasaHHbIX QaxropoB oAHHaKoBo BalKeH: HeBbrrroJrHe-

HHe O,4HOrO H3 HHX Breqer 3a co6oli [pexAeBpeueHutni BbrxoA [r3
crpgl  Hacocrrofo arpefara.

flpz usroroBJleHH H rlacoca Heo6xoAzMo npoHsBoAHTb xaMH.recxHrl
aHailH3 H MexaHHlIecKHe HcTIbITaHI'tg MarepHaJIoB, aAyrrlHx Ha H3ro-
TOBJeT{ue rracoca, H npotsepflTb oKoHqareJrbrryn reprr,roo6pa60rxv
Aeraaeft. Cra"ul HMeer pa3rzrlHbre QnsuuecKze ceofrcrsa B saB1cw-
MOCTH Or pe)KHMa TepMoo6pa6orxH. .rlerapoBaHHafl CTaJrb 6es repuo-
o6pa6ou(H I'IMeeT xyAIrII{e Mexariurrecr{He KaqecrBa, qepr o6rrxHoeeH-
Hafl yurepoAHcrafl craJrb. f loerouy npH arr60pe MarepHaJroB AJrf Ae_ranefi Hacoca ueo6xoArzMo roqHo yr(a3brBarr ieprooo6pa6orxy, Koro-poft- AoJrx(Ha noABeprarbcfl AeraJrb.T r  ̂ , , -^'  \=nrPUUe.dlhIbre Hacocbr BblcoKHX AaB,r IeHwh gon>xl{b l  L{MeTb xopo-uree KaqecTBo pa6ouax noRepxHocrel? nonacrHbrx Ko"[ec H oTBoAflrrIHXycrpot icrn,  I le l l t ' rx<e 5-6- lo x"nacca qrrcrorbr.  B 6onr,urr i ,atu" c/ry-I{ACB 3TO AOCTI4fACTCfl JII4TbCM i]O BbINJ]ABJIfEMbTI\,f MOACJISM.

Aera'[qx'I  HacocoB npncytq sbtcoxuft ypouaoto rorrHocrH B r.r3roroB-
Jler 'rHr'r '  a yII . [or i le]rr.r f l  tr  pa60vlre opfarrbr HacocoB r.r11ercT Ma.rrbre
AOnycKr.r,

orqHe r{oHCTp yr{rIH}O rvrHofocTv[eFI-

yleHflMr.t qepe3 3a3opbr yfr irroTHe-
orueHuf i ;

rApo[f lTy H KOHUeBbre yn/roTFreFrHflporopa Hacoca H HX FraAex{Han pa6ora;  
-

5) repMerr.rqHocrb Snairuesbix coeAaueHaft :

ciieAyioiilHX ,i)ar-

Hacoca;

{
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6) npeAoxpaHer-rure rracoca or rrepeKocoB Bc/reAcrBne reMneparyp-
rrbrx 

,  
pacruupeuui t ;

i I Ter\,tneparypHbre pacuHpeHHf orAeJrbHbrx qacrefi poropa H Kop-
i lyca Hacoca H Hx KOMrieHca\Hf i

8)  o6ecneqeH. r4e  nR6nr r - r  r rA?^oa d ' ,a  ! :4D l r rq r r r ' ! ' .

12) 6esonacFrocrb gr{cnJryar a\HH Hacoca.

, Ocuonrtnie noJroxeHHq reopHn H nnApaBJrr.rqecKxrt
H pacqer pa6ouHx KoJrec HacocoB

S 7. Teoperuuecxnfi Hanop JronacrHbrx HacocoB
2 ^ - ^ , , ^ i +rcrAa.r t rn rcuPl{14 Jtu l lac ' l ' f tb lX HacocoB f lBJI f leTCf HCCJIeAOBaHHe

erepnoo6MeHa rr cr.rJr B3arIN,roAeirctelrf l MelKAv JlonacrrrbrM KoJlecoNl
H TIOTOKOM.

B reopnu H B pacqeruof i  [paKrr iKe npoeKrupoBaHuf l  ueHrpo6ex-
HbIx I'I oceBbIX HacocoB noJrb3ylorcfl pa3,'IHr{HbIMti MeroAaMH, xa>x4ufi

CootsetcrBl'Ie rporotlHofi qacru MarrruHbr pexnt{y ero pa6orsr o6ec-
nel{HBaer ycJroBHq Ailf l ycTaHoBHBrrrefocf ABH)KeHHg noroKa: a6co-
Jrr'oTHoro - B nporo,{Hor? qacTH Kopnyca H orHocHTeJIbHOrO - B JrO-
TIACTHOM KOJICCC; B STHX YCJIOBI.IflX AO"[X{CH 6rTrI AOCTHTHYT T,,,AX'Taxofi  pelxr.rM HasbrBaercf l  pacqerHbrM. To,r lno npH ycraHoBnBrxeMcfl
ABI'I)KeHI'II4 MOX(HO paccMarpHBarb 3aAarry o pa3AeJrbHoM HcC,leAOB aHHH
rloroKa IIo 3JIeMeHTaM JIonacTHbrx Ma[Ir.rH, A6connrHoe ABHX{eHHe B JIo-
nacrHoM KOJIeCe HeycraHoBIlBIUeeCfl, TaK KaK AaB.,'reHHe B .rrro5oft
TOTIKe KOJIeCa B HeIOABLIX{HbIX KOOpAHHarax Merrsercfl uHKrHrrecKI4

flpanaeuzM ypaBHeHqg Eepuya.rru K Hacocy Arq orHoc,re/rbHoro
ABHX(eHHfl sJIeMeHTapHozi crpyfixn Hecx{I.IMaen,rorl Manoefl3r(ori )KHA-
I{OCTII:

P  ,  r D 2 - r f  ,

T  
- l - - n g  t z :  c o n s t .

B ceqenuH ,l-l ^ycTaHoBtrBrleecfl ABH)KenL{e __ a6co.nrcr,uoe HorHocHTe,'rbr{oe (puc. 9).
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HanuureM ypaBHerrHe Eepuy.n,,rv Arrfl yqacrxa t _

f  + zt* : :+:+tz*+$e*.
L4g rpeyroJrbr{rrr(a cxopocrefi  (pac . 10, a)

a?: c? + u? - 2up6.
[poueae4ev noAcraHoBKv B  y p a B H e H H e  ( l ) :

P t t - , c l
T  

- r . t - T . T g _

Et
o

P)t | - , cx

; - r - { x t - n ; -
6 - E

E,

9_ PaecuorpHM cxeMy cHJIoBoro B3aaMoAericrnur noroKa H KoJreca.
tr4avreneHHe MoMeFIToB KoJIHqecrBa ABr.r lKeHHq Ailr  ycraHoBHB[rerocr
I foTol {a  B J Io [acTI IoN{  I {oJ Iece Q :  co l ]St ,  tL  = :  const  oT ceqel r r f l  I - - t
Ao ceqerrun 2-2 (crv. pr.rc. 9):

A 4 , : n  I J  r c , , d e
L2-2

I4avesenue MoMeHTa KoJIHqecrBa ABHIKeHHfl B Ko,rrece ypaBHoBe[JH-
Bae-TctI Kpyrgrl \ l lM MoMel]ToM Ba"[a rracoca r.r NroN,ler{raMr{ TpeHilf l  M,,r.u
H M n*r"

M " :  M r c p  M , , t . d -  h I , r n ,

fAe Mur.0 H M,r*, -  MoMeIlr rpeHlrf l  AHcI{oB I(oJIeca H IuoNteHT Tpe-
HI4n B IOAUHnHHI{aX H CaJILHHKaX HaCOCa.

)6:

( l  )

J rc,, dQ I
1 - ' 1  j

- ucuT -
g

Puc.  9.  Cxetra Ar ln l r (eHu, no-
ToKa B {eurpo6exHoM KoJrece

r4e E, H E*- eHeprr4rr rroroKa no crpyfixe
B ceqeHaffx I_l H x__x.

flpnpauleHne oHeprur{ B cer{eHr sx I _ I
H  x - x

t r  -  P  - i l xcux - t l t cu t
" x  " l _  g  

_ .

CoorsercrBeHHo npupaqeHue oHeprrn
no crpylixe Arrfl ceqeHtrfl I_I H 

'Z_2

/ t '
H r : E r - - - t r  - u 2 c u 2 - tL L - -  - - * .  ( 2 )

oop^ayna (2) rroKa3brBaer, qro np'paqeHr{e y4enrHorr oHeprr4r{crpyrlK' H; nponopqr.oHaJrbHo HsrvreHeH'ro ee MoMeHTa cKopocrrr
!6es yvera rHApaBrHqecKHx norepb). caeaoBareJrbHo, Hanop Jronacr-HoIo Hacoca, gB.r I f l f lcb SHeofeTl , IqeeKrrM nr l . | r l r rarra^ i .
KHHCMATHqCCKHMI,I NAPAM''PU*' ;;;;;; ;-{;;;J."*' 

.TTPtrAtrJTXCI'CH

Ans nepexoAa or^ ctpy,?K^, K? BceMy noroKy ueo6xo4aMo B3flrbcpeAHHe MoMeHrbI cKopocrrr (rc)ro IIo HaqaJrbHoMy H KoHeqHoMy
CCqCHHIO TIOTOKA:

H m. cp: + I7c)r,p - (rcr)r,rl : H -fZhno^.

l /
'29 4

a) u' czu c2u *

0)

Puc. 10. TpeyroJrbHHKH cxopocrefi  qenrpo6exHofo KoJreca:
a -  \a  BXoAe;  6  -  r ra  r lL lxoAc

Bnaecro BbrpalKeH'f l  
Jrcrde BBeAeM ocpeArrersuft  no

MOMeHT CI(OpOCTpr:

( rc , ) ,p : J rc,dQ

Tor.l,a ypaBHeHae H3MeHeHr.rq r\.{o},{er{Ta KorHr{ecTBa ABH)KeHirfi
B KOJreCe npr{HHMaeT BHA

Mr-  pQ[Vc, ) r ro -  ( rcu)  r ,01 .  (4 )

vpanueHue (4) crpaBeAJrHBo A/rfl nrc6oft peruerr{H (epaqarorqeficq
H HenoABuxHofi).

Ens Bparqarcqeftcs perxerKr.r

coMr :  pQco l ( rc r )zcp  -  ( rcu) r r r l ,
fAeTaxuv o6paeou , gHafl cKopocrt4 B rpaHHrIHbIx ceqe HHnx JronacT-HOro Ko,Teca, MOX(HO noryr{r4Tb H3MeHeuue y4e.rrlHofi a"apuu"r,Iecxoft

?::tl1i"f"#:3::: 3^j-'j: j.-9' -l1Top n * * oa;#;;; oroMvi#""*"i"-;;;p;;"";il.
K r ) ? ' l u  E r  t r n n 4 l r m r r ^ r ,

- - - - - - " v r :  

: 4  : r v

flonyvr'vr ero x(e ypaBHeHHe paccMorpeHr.reM H3MeHeHHs MoMeHroBKoJIHqecrBa ABH)KeHI4fl B Hacoce.-Bsrlendu o6tepr )KHAK9CTH B KoJrece

noAaqe

(3)

aMr -  N ,  H

lloc4e noAcraHqrr{!l grraqeHurt
noAo6noe ypaBHeHuro (3):

nolTy!{aeNI }rpaBHeHHe,

# 
--- 

| l{rc,)rcp - (rc,,)r,rl : H tn. cp. (5)

2 l
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, H ̂ up= U+)hn^, 
cKlle MeToAhI oTriCKaHHfl cBfl3H leoMeTpnl{ KoJIeca c KI{HeMaTI4 Koil
Tft)TOKA.

O6ntquo orpeAeJIeHHg H, npow3BoAldrcff nyreM rrooJreMeHrHoro
n3MepeHHfl  MourHocrer?t  Ni l  N *.a,  Nn*,  H Nr,
fAe _ _ ffu - MorrlHocTb Ha Bajry Hacoca;

N-rr.a - MolrlHocrb' 3arparlHBaeMafl Ha AHcKoBoe TpeHHe B Hacoce;
Nr*, - Moll lHocrb' 3arpaqHBaeMafl Ha rpeHHe B noAIxHnHHKax

H  C A J I b H H K A X ;
N e - TnqpaBrrrr{ecKas MorrlHocTb Hacoca.

Orcro4a

H r :  ' ! "  ,
r ( Q * q )

Tar< eKcreprdMeHTaJrbHo onpeAeJrflror reopernrrecxHfi Hanop H,
H 3areM rocfle ilpffMofo orrpeAeJrenun H: I (Q) B ncflbrraHwflx Bbr-
r{HcJrrloT rHApaBJrHqecKHe norepH B Hacoce E hno*.

H, - f f laBHaq xapaKTepl ' lcTHfia Hacoca, cBflgaHHafl,  c oAHofi
cropoHbl, c [apaMerpaMH Hacoca Q, H, Nu c4pyrori cropoHbr, c reo-
yerpplefi uacoca, Heo6xo4uuoft AJrff noJryqeHufl ia,qaHHrri e,'H, N,.
Paccuorpr{M Bo3AeftcrsHe JroflacrHoro KoJreca Ha noron. Afiq'pacrrera
AaHbr napaMerpbr Hacoca Q, H, n (a). HaxoAHM TeoperH,recKr.rfi Ha-
nop Hr: 

g- 
(q" onpeAeJrfleM no crar'crr.rrrecKr{iu ̂ qaHHuu).

Brr6op THna H pa3MepoB KoJIeca B ocHoBr{oM oflpe.neJrfier KoHcrpyK-
qurc Bcero Hacoca.

VpanueHue

I?c)z - ?cu)'l

TeopetHuecxufi Harrop H ̂ . ,r, corJracHo ypaBHeHHrc (5), ecfb rurpae-
fluqecKafl sHeprHf , nepeAaBaeMafl Ka)KAOMy r{HJrorpaMMy )r(HAKOCTr.r.
I aKHM oOpa3oM' ocHoBHoeJpaBHeHHe /IoflacTHblx HacocoB no/ryrreHo
NPHMCHCHI{EM YPABHEHI{fl ECPrrY"rrNU H YPABHCHHfl MOMCHTOB KOJII4-
qeCTBa ABHX(eHHfl ,  Mn VCTaHoBHB[Ierocg f loroKa R r{2nnnA Tonno-, , -
qecxzrl Hanop Hm.-cp rbx"o nonvu"r; *.;;ilff;;;; 

.,,"ifi;;

H3MepeHHeM no"rlHoft auepruH Ha BxoAe H BbrxoAe Hacoca c noMorrlbro
rpy6ru flnro:

Ann cBfl3t{ I{[IHeMartIIct IIoroKa B l(oflece rr ero c]opu npeAJro]Keubr
ABe ynpoueHHbre TeopeTHqecKHe cxeMbr:

l. Ann.Iacrofi perxerr{H KoJreca ueHrpo6ex{rroro Hacoca cpahlailb-
HbrM nepeMeilrerrHeM rroroKa HcfioJrb3yercfl crpyftHar reopHfl Srtnepa.

2 r l -nq  nenr to t ] r  ner r ro . rvu  w( rn l . 'q  r rnApr , r . '  r rq r ( i " .q  r r  n^aDl r r r  n6na-r L r .  . L v s . v v q  v v v p v r  v  l r q v v v q  v  V L L D u l l v r  r I E y \ - -

Menr.eHr{eM noroKa - o6rexaHue KpbrJroBoro npo$un-a (reoprar Xy-
KOBCr(O|O), n XOrOpOft n repBOM nph6nu]'i\e]H:,1.r npene6peraror B3aHM-
HblM BJII4tlI lHeM nonacreft KoJIeca. Paccnaorpr.rr{ yKa3aHHbre reoperHqe-

S 8. TeopernuecKafl cxeMa 6ecroneqHoro r{HcJra nonacrefi
fernrr f i r ra<r rpnnrrd Cfr  nona\
\ - .  r J  .  v v r , ' . ' |  v  | | v | v t ' g ,

PaccuotpHM cxeMy ueHrpo6elKFroro KoJreca c 6ecroHer{Hbrrvr rrHcroM
nonacrefi. I- lpe4noJrox(HM, rrro crpyrixr.l noror(a Bo Bcex roqKax
Me)KJronacrHoro. npocrpaHcrBa KoJreca npH BpaueHHH HanpaBJrerrbr
no KacarenrHof i  r (  JronacrH (puc. l1) .  Tawas cxeMa ABH)KeHHfl  Aaer
3JIeMeFITapHOe npeACTaBJIeHHe O KLrHeMarHKe IroroKa B KoJIece H no3-
BOJrfleT OnpeAeJrHTb COSAaSaeN,rlrrl
H a n o p H a c o c a .  \  \  \  \

I lycrt 3aAaHbr pa3Mepbr KoJreca \ \ \ \
Dr,  br ,  Frn,  noAarra Q H uucno o6o- \  \  \  \
poroB n Hacoca. flo cxen{e 6ecroHe.r-
Horo rrucJra .nonacrefi crpyfiru noro-
Ka Ha BbrxoAe HalpaBJreHbr noA
yrrroM Frn(puc. I l). CneaoBareJrbuo,
@z* (uopuanrHan cocraB/rffrcu1an)
noryqaercfl Lr3 ypaBHeHHfl Hep a3pbrB-
Hocru (no4auu)

Q  :  n D , b z \ D z @ z n ,

rAe U, - xoe$Ququeur cr€cH€HHfl;
@zr ,  :  cz* ,

Pnc. I l. Cxeva ABH)KeHr.rq noroKa
B KoJrece upH 6ecxoseqsou r{Hc"[e

nonacrefi

r r  0 )
1 7 ^ : -' g

//onanxa

ABHIKeHHf l ,  T .  e .  y r (a3aHHoe VDaBHeH
KaKHe QopMbr H pa3Mepbr KoJreca Heo6xoAHMbr, qro6u npH 3aAaHHbrx
noAaqe H cKopocTn BpatqeHr,rfl Hacoca Q ^ , noryrrHTr rpe6yeMbre 3rra-

Crponnr rpeyroJlbl{HI{ cI(opocrefi Ha BbrxoAe Hs r(oJreca (cu. pnc. I 0,6),
HMefl Frn w rroAcr{HTblBafl ttz.

Onpe4ennena ro rpeyroJrbHnKy

c.L ta :  L r2  ,Jdr r , .

f lo4cranHB c2a"' B ypaBHeHHe reoperHrrecKoro Hanopa (3), paccrrH-
TbIBaeM TeoperHrlecxuli Harlop tlo cxeMe 6ecxoseqHoro rrucfla nouactelt:

Cocrannsrcqafl BbrxoAuofi cxopocTl c2s* - He ocpeAHer{Hag no
BblxoAHoMy CgqeHHIo BeJIHTII{Ha, TaK KaK ttg cxeMe 6ecrone.rFroro qucra
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BbrxoAe KoJreca. TaKr.rM 
' HanplrMep, rrq qacrnoro cryIIaR pacrlerHoir cxeuu decxoneqnofo

yiiHocrr noroxa, uoxuo 
IrI'Icra ronacreli MeeM

OHeqHorO qHCJla Jlona- r2cu2- : ,l.ro __ ___3_ .
eJIeHHe orHocrrreJrbHblx 2nb,\1\tg l'"^'
t 6urs cuuuetpuvuslv CoorsetcrBeHlro reoperlluecxufi nanop I1.- sMeer BlrAroro asauuogeficrnur
repa6ouefi ."opo""i 

"o- 
H, * : :: | ,l,o - ,_-9- .- ( r,- \.1 .

I|fi uveet o6parur,tfi xa- 
g L "' ' 

- 
2nbz{'w,"'- \tc')rJ i (9)

,ro.lonacTHoto KoIeCa, cpaBHI.IM gro ypaBHeHHe c yparueuneu (8).
auanaer uanop (pea;Ir'- TorAa AJrfl pac'rerHoii cxeuu 6ecrosequoro qHcra,ronacrefi uueeu
:rxofi cxeue 3fiaepa), npu h:0

il;;; ;;#;"i;;ilr+i:',iH:"ffffiif#T{H"."'Tll"f;'": t rz - ra h ':E*tu''
,'rqercq HecoorBercrBueM Teoperr.rtrecxofi cxeuu o6rexagui 6ecxoues_Horo rrHcra .nonacrefr pea.,rrHbfi 

"apr;;; ;A;;;;;" *o".""o"o u".nu ^",ffj#&",10#",[*:",:HffiA"^;fl:Tff"::.ff""1"r1? 1,X.J,.,:?;:T:1I ;lonactefi ro,reca uenrpo6exuoro Hacoca. uerxll; ra, i n k.

$ 9. B.rxnnne KoHeqHoro qucna 'onacrefi 
"r";JTt""#J#. 

crleayloque npreM' y'{era nonpaBKH Ha KoHe'tHoe

Ha Hanop Hacoca l. Vuer nonpasxl{ Ha ocHoBe crarrrcrnqecKr.ix aaHHblx.
Paccuorpuu pa3r,qH're cnoco6u yuera Brrr4s'nfl KoHerrHoro qrc"ra ^ -?:^Tt:6::::lHhIe 

ronpaBKu Ha ocHoBe pa3r'I'qHbrx rurore3
.'roracrefi Ha reoperl{qecK'fi uanop io'neca r/,' I4ccre,qyeu ypagne- " "5]"};";-;#;;rH 

Ha 6ase reoprrr peueroK (rovuoe peuenue no-HHe Bpalqaroqefict pe,uerKl' ']IonacrHoto ro'rbca: 
- npaBKH Ha 6ase ieopuN perxeror{ Meercfl ToJrbRo A,,rr ueHTpo6exHoro

f" : kf' - 0 - k) iQ + ( - k) %,fi(j', (T) KoJIeca c .noraprQr'rHuecxoit,.Ilgnacrbro nocroqssofi urupzHsi;. B 6onr-
rrt HcrBe npl-16rrrxeHHbtx rrpHeMoB yqera xoHeqHoro qncna .nonacrefirne l-', n f" - ullpxynqurlt noroKa Ha BxoAe r] BbrxoAe peuer(H; cqlTalor MoMeHr cKopocrx Ha BxoAe B xoneco paBHr,rM wynn: (rcu) r", :ft g 0,l:0,2 - xogQ$HrrlreHr npo3paqHocrr.r perxerKfl; : 0.

I - Ito:Q+r{HeHr HyJIeBoro pexnruai ,. ,Mouettr cfiopocrn (rcu) r"p =F 0 ue paserr Hy,rro y qeurpo6exHux
/a - aKTI'IBHblfi paAl.ryc peu,erl(u. MHorocryneHqarblx HacocoB, y HacocoB c 6oioesr noABoAolr xHA-IIp t.lveuure,rsuo K perxerxe ifexipo6exnoro KoJreca ypaBHeHr{e Kocrr.r.

TeoperfiqecKoro Hanopa Bbtpaxaerca Qopuy.norl 
-' 

PaccMorpHlvl HecKoJIbKo npx6,ruxeuHsrx cxer{ onpeAeJreHgr no-

Hr:  l - - r '  o  (D r / - - '  ,  - ' ,1 .  ,  
npaBKI ' l  Ha KoHeqHoe qnc 'no lonacref r '

-F' 
; 

': 
V [?c,),- (rc)i, 

,r 
I 
X.._"]:_Yu. Ilonparxa H,* - .(l 

'f i l n , 'BoAHrcn rpr.i pacrrere

rAe , 
n"' uqI-ITaIor' qro nonpaBKa 1I p*na KoHeqHoe quc,ro nonacrefi
saBncrzr or .lracna ,ronacreii, yrJ,roB d,roracru, * *,. A. TaK A

\! - {tc,lt* (rc,)r' nonpaBKa o6uqso npuMeHflercr n.ryp6oxor,rnpe"S"pocrpoeHhu npr-
MeHNreJ'rbHo K rracrbrM pe[erxaM (zr1 l0).

I'le ypaaneHnx opaqaroqeficr pettrerKr.r nyrev npeo6paeorauua t 
7-I cxenra. flonpaeri nso4urcr'uf alnien:;,fr paAgyc ra Koneca.nonyqaeM Cvutaor, uro ia6ovax rracrb KaHaJroB q;"til4il";6';;;;

f" -l ' :(l -fl [2nrla- ia_ f']. 
I AUJr?KHa orpaHHqaBarbcs cpeAHI'lM paAnycoM BbtxoAHoro cerleHrs,
I llliliBla Ha aKrhB:/.brfr p-aAuyc HeBen[Ka Anl ua,rtrx /rr H sHaqlr.

oe'*sr@ J.r3aBlrcHT
urHH 3HaqeHHe Li :' i; - rl '"i i l i i i"-'e 

'14"w'a J^''au'ttbr^ Ma' I or p-,- (pttc, l2).
llonparra Cro,qo,l u_Mafi se,nr, Cro4o.na npeAno)Kn Jl yqnrbl Baf b

H, :H 
; :?  

(  -h)  
l * .@-2;A-Ut ,X] ,  (S)  ,  

oceBof t  BI Ixpb B 
- t "*nonu. t - "J* '  

KaHar ' re H isecru nor ipaaxy ua
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BeruqHHy o'i 'xnotleHufl otnochte"rrrnofr cKopocru Aa'. Vqer eauqHprri
n n A D A F n  ^ R ^ . . . - -uucrruru u,nxprr ts rleHTpOOeX(HOM KOJ-teCe ilpHBOALIT K VMeHbIXeHLItO
yrJla BbIXoAa noToKa l3z n K yBeJIuqeHIaIo a2. Crogo.tra npe4Jro)KtrJr
Lw 6pars  nponopqHoHaJrbHo 'u2 t  T .  e .  L t l ) r ' :  xuz ,

floAc.lnraeM clleAHroro BeJrr.rqr.rHy rrolrpaBr{H L,ruro na BbrxoAe, 1'. e.
r f n l l r \ q D r r r r  M u  f ) c r n n l r c ' n t l r , r D a d  r r n ' r . n r l  n I \ r r n n r - r , r r o r r L r r n r . \  D r r v h d  n r r n / r
I r v r r y q u l r J  ( v L . 2 .  I  q v v l Y l q r l t r r D q l r  I l v r v I \  v l I l v U ( r l \ - d r I J l ' I r J l \ J  D l ' I / \ I ) ) 1 , ,  W l l P g -

l\eJu.rM rtr.rpKynrruuru ro l(oHrypy ABC. VIarcnboyeM cpoprrly"'ry C'l'oxca,
ro xo'r 'opori r tnpriyJrnuHfl no saMKHyror,ry Kou'rypy paBHa rpol3Be-
/ leHIi lo rI i l ] 'eHci lBrroc'r ' i l  i la f l roqaAb:

f  *  2 o F .
rAe ̂ F - rriloual,u ABC.

3uaqeuue qup r<yJrr,L\uH Ha yqacrxax AB u BC paBrro nyrrru, rar{
Kar{ KoHTyp reprreHAHKyJrf lpeH i lAHHfM ToKa:

f  ec :  t rLur r ,  T .  e .  f iacn :  T t ;  r ,

L
.Br'90)

l a t  f l

Puc. 12. Cxeua nonpaBr(r{ Ha ra

r^ >r" n n e

, 2nr,
L 9  -  - ,

- z

Ma.fi3e,rb ycoBepureHcrBoBar MeroA yrrera KoHe{Horo qucJra .,,1o-
nacreil Crolonu, npe,quoxur pacqer nonpaBKx ,r. Heo6xoal'tvo noacqHTarb nJoqaAb KoHTypa ABC. Hopuatu ns

Pae'cuorplu onie4enenue nonpaBKr.r x 1ro npeAJroxesnp Mafi- rosex A u C x,tuuuqu toxa lrB.rrslorcq raKxe 6uccexrpucaui yr.non ,4
sutl. PaccuorpHM noroK B .rroracrHoM xoJlece c qncrolr4 Jonacrefi z, u C,

IoroK B xorece rsn'ei- flpa6.nuxeuuo 3aMeHfleM rpneo.nnHefrHuft rpeyro,rrnux ,4BC

twnax <\\ 
r-'Bz ce, cyl{Yofi AByx rloroKoB tlpnMoJlHHefisrtu'

<\ V:-f- (Puc.- t3): Tor4a

!ffi#r ,.";l#"T?'J'1"';"#,1#ft zF: t,coslt,s,nS:!,,n8,.
0uxpn KoJrecoM);

6) noroKa orHocuTeJrb- [lpu6nuxeHuoe 3r]ar{eHne
HO|O BHXpff C yt.noBofr cxo-

82 , /  \ \  \ \ -  ^  l \  po . r "o  
' .  

no "o " ru  
"o r ,n "_  

^  t o  ^  r r ,  . -R  _  ns inpz , , .' -  
\ f  

' : \ - - ' \  
I  \  

pocrbto o nporxB Bpaqe- Ao"r:  of  s inp,:o+si-r?- z-  ez,
\ \  \  V  \  H I . l t  KoJ leca .

Maf isert  paccMarpr,rBaer A,^,  n s in 132 . .  n s in B2
Mex(roi lacrHoe rrpocrpaH- Awcp: '# u,  u x -"? '

CTBO KAK SAMKHYTbII I  KOH.

W:rJ ryp, B KoropoM Bo3Hr{Kaer Cnegoaarerlno, 'Ier\.r 6orrre [3r, reu euavnreJrbHee Brrr.rsHge Ko-
naocxufi orHoc rerbHbril ' HerlHoro .rI{cJIa Jonacreft. TaxHu o6pasov no Cro4o.ne-Mafiseln

Pfic, 13. CxeMa [oroxa B MoxronacTHoM Ka. BHXpb c MaKcI,IMa,IbHbIM gHa-
sar're xo,reca 'renuen,t Aal,nr* -B^- cepeAnne car:c2a-_ La"o:ur- # _81&rr;

KoHrypa (pnc. l3). IgFz z
Paccuorpuu fi3MeHeH e cKopocrr.r a_', no urary 

-lt 
B Mex,Tonacr - ^ -,, l, nsinBn\ czm

#r"Y#-'J; fi1"..1,.T;,ffii't"1ffiff;#*"Ka1:,1.L 
A orHocl'Irerlb- czu:u2\t ----" )-ET;'

l. floror 
t"_i._i,3ir" 

crpyfinufi (auaurornvuo cxeue 6ecxoseq- floacraaue c-2! BMecro c2!6 B ypaBHeHlie (9), no;ryvaeu reoperp-
Horo qHcJIa ,'Ionacre[). secKlrfi Hanop 11, c yverou KoHeqHoro quc]ra .nonairefi no ixeue2. Bexrop cxopocru orHocl,ITetbHoro Buxps nepneHAr.tryJrrrpeg Cro4o.nu-Mifiae,iia:
us;errlporexanaa (exeua nloexoro noroxa).

3.  Cyr ' l r * lapul r f i  norox Ha BbtxoAe I - rs  KoJreca HMeer HepaBgoMepHyro H_: l l r3( t_ t ts in  F ' \ ._  a _1, . r  I
snlopy cl(opocrH ro2 B MexJronacrHoM npocrpaHcrse (cu. puc. l3). g t 

-\ ? l- zrrrtr tgfu \' 'UILJ'
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Conocragrgs c ocHoBHbtM ypaBHeHHeM (8) oparqaroqeficq perxerr(lr ) nonpanxa llr$lrefi.qepepa Ha KoHertHoe quc.no aonacrefi. 3ra no-
"IonacrHLlx 

MalxI'lH' HMeeM npaBxa yquTblBaer BJrI-ISHI.Ie KoHeqHoro rIHcJ'Ia ronacreft Ha Teopern-
. I qecKxfi Hanop B SaBHcr.'lMocTLI oT Harpy3Kr.{ na noflacTb. fl$,refiAepep

r( : ui to : ,"$;tgT; ; noJlb3oBancs cxeAyIoqItMI.I paooqHMl.r rlnore3aMn .(pwc. l4).
l: flepena4 4anreunfr ua e.4uriuqy .q,rHnu cpe,4lrefr vHnti onacrr

,".: r', (l - tr sin pt) 
. nocroqxeH B MepI.rAIiaHHoM ceuenui (przc. 14, a).' ' \' z ) 
' 

2. B6nusu sbrxoaa xo,'reca pacnpeAeJreHr.re cxopocreft u nastenufi,
fpaQrzuecxn noflpaBr(y Hanopa Ha KoHeqHoe qrc.ro,ronacrefi no 

HepaBHoMepHoe (pu' 14' A' BbIpaBHHBaHIze orHocHTeJIbHbIx cKopo-

c.",,i.''":_M,n""",. ;....;" "pe ;,',;;';;;ia"""" "p""b," i;; _ o :fifo3e" rH:#:ft$aSiJJTe?:glXXT;:T gojbr"#fl#,J#??#bp:?:
Jlonacrl4. yBeJluqnBaercff Ao 3HaqeHafl Ha rbrJrbHort cropoHe (npuHu-
Maercs 6es Aoxa3areJrbcrea). f loaroMy AJrr cJryqar (rc,)r: 0 l lQ.nefi-

r. .{epep npeAJraraeT Bbrpa)KeHHe AJrfl TeopeTHqecKofo HarroDa

H

H - - , ' l *'  I  t p '

rAe

p - 9 :  l :

J  |  |  r ,
_ .  - - - LI J l. s: ) rdl-crarrqecxnfi MoMeHr JmHlrr.r roKa no Jrorracrn (pttc. 14,a).

a )  E l  t r l
prc. 14. cxeMa rrollpaBxq Ha (oHe,rfloe qlbno nolacrefi 

flonpaoxa p Ha KoHeqHoe quc'tlo ronactefi SaBI'IcIrr or crarlqecKoro
ni, n4r"ll"p.ni-'- MoMeHTa JIHHI-IL roKa. Taxuu o6pasolr, yAnfiHAfl ronacrb H yBeJrrrq[-

, Bar{ s, MoxHo no flQrefiAepepy yMeHbunrb p.

u Hr- e, flpr6,rnxennocrb fionpaBr(r{ Cro4olu-Mafise,rr Ha Ko- IIo ll$lefr4epepy 3HarIeHHe reoperuqecKoro Hanopa

HeqHoe r{}rcro Jonacreri gaKJrrcqaercfl B cJreAyroqeM: u (,t / I \ f_2.. a ..t
l . TpyaHo roqHo orpeaeJrurb JrHHlr.{ roKa orHocureJrbHoro Brxps "'-- 11;/ Lr,o 

- 
l;rr. l,n rct; 

- lrc,h ) '
B MCXJ'IONACTHOM NDOCTDAHCTBE KOJICCA.

2. Ornocure,rrurrfi olzxpl paccMarplBaercs B saMKHyroM Mex- , T.e. [npu conocraB,'IeHulr c ypaBHeHI.IeM Teoper].IqecKoro uanopa (8)l
JronacrHoM npocrpaHcrBe, qro BecbMa ycJIoBHo, Tar< KaK s Aefictsu- L p
TeJIbHocr[ Ha Bxoae I.I Bbrxo1e JIoIIacrHoro KoJreca creHor Her. K : | + D- i

3. f lonpaexa oceBoro Bltxptr orHeceaa x urr-, Mafise,rr curraer, Irrro &,so HanpaB"'teHa no Jronacrl r.r paBHoMepHa Ha Br,IxoAe, qro rapKe , i: b"rprtgpr-^i ri: 16.
ycr'roBHo, rar rax 6eg ofoBopox cqtlTaercfl, qro ycJIoBI,Ir BxoAa B Ko-
Jtece He BJIHslor Ha yCJIoBLlt Bblxo,qa noTol{a I.I3 KOJIeca. Pemerxa fl,nt_-c'xlyua'. -(rc,) r 

== 0 uoxno rpaQHqecKH npeAcTaBHrb saBrrcl,r-
IIpHHIrMaerct HenposparlHoft (fr : 0).3ro npetnonoxesne uoxet 6urr , Mocrn H,:f (d) i 'yverou nonpaBKlr Ha KoHerrHoe qnc,,ro roracrefi
npI.IMeHeHo roJrbKo x qacrofi peuerKe. .{nr pe4xofi perxerKri sro npeA- I no n$"'rel4epepy'n no Cro4o;leigaftse.nn.

; flo'loxeHl.ie HeBepHo 
,- flonpaBKa fl$'rrefilepepa Aaer yAoBJlerBop rrreJrbHoe coBnaAeHr-re4. C.ruraercx, rrro yurbr aonacrefr u noroKa cornlqaror (pr,: c onbrroM 4,rn xo.nec c'n"-_< iSO, 

'C 
ro"rarrir",-a"."yr"r"" 

"rar4.: pzn). Ho AJtn ororo Hyxno, vro6u yron Jronacrr{ pr, coxfain,r . flpo4;reu}re r,ronacrr.r Bo BcacbrBaHr.re H r.rsMeHegre crarxqecKoro Mo.gHaIIeHI{e ua 4ocratovuorl A,'IHHe ronacrll, qro 3aBI{cr.IT oT BogMox- ' uenra r,tHHIlH Tolia s He u3Me6rer nonpaBKy Ha KoHeqHoe qucJto
Hocrll npooll"'I l lpoBaHHt It onPeAenqercfl ulot. IIDoOIrtHpoeaHre no- ,'tonacrefi g He yseflyyunae" H,, xar npFjiInn;"aer lruqoreea n@r;tnacrHoro KaHa.'la Ha BbIxoAe Moxer cKa3arbct Ha xo:Q$nqHetlr-e- ro. Aepepa, .. fl-p-ruia f/,, nony'vexuao' ,*"n"p 

""uiraJrbHo, 
6ngxeMoxuo c'rurarl, qro Anq qacrblx peuerox nonpaBKa Cfolo'ru-Mafi- i K npnrr,rofi ,rI,, no"ryudnHoii i nonp."*on 

- -Ctdali"r-mafir.r". 
u"nrrrurhHu \: .rnrarb' eru aJrt {aulb' l . l  PculeloK r l9l lParrKa lToAoJlbl- lvlat|-  )  K npf,MOR flr ,  nOJIyqeHHoii  C nonpaBKOfi CTo,[Otbt-MafigeJlr,  qeM

serq AocraroqHo xopouo coBnaAaer c onbIToM. q nonpaexofi flQ,reir4epepa.

r22
t P r t i
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I(ax usnecTHo, ^JrorapnQuuuecKar Jronacrb - 9To Jro[acTb c rro-crosHHbrM yfJroM B.. flpunreHss pacqerHyro_ cxeMy c. c. pya".uu,
noAcrrHrbrBaeM xoaQQHrrHeHr rpo3parrHocrH k (pwi. 15, a) u ioeQ4ru_

12rrHeHr aKrHBHoro paA'yca u" : -ft (pnc. 15, a, 6) Arrfr saAaHHbrx
napaMerpoB Jronacrefi:

+ 
- orHorrreH,e paA'ycoB Harra 'ra H KoHua nonacrefi;

z - rtv.cnlo "uonacreri;
13r, F, - yrJrbr nonacreft.
KoeQQHuHeHr rpo3parrHocrr.r k flBJrflercs QyHxrluefi rpex napa-MeTpoB

k :  h ( + , r ,  B )

3ru napaMerpbr yAaJrocb o6leAanr.tTb H rTotrfRecTtT r{ nE!\/ lut.- - I -  - - -

a

h:  n l (+) ,  ,  p , ]

0,04

q03

q02

llocrpoeHHe napaMerpoB k u

qecKax KoopAHHarax k : f  (+)
KoopAHHarax - U* : | (B) H U*

, "  - -

U-n H& puc. 15 AaHo B Jrorapasrrlu-
2
o

AJrfl pasrarrHux B H s o6HrrHbrx

roeQrpuqneHrou &
yrrHrblBarb nP4

40/ 402 403 404 405 42 43 q4 45 q0. qah/a)

KoHeqHoe rrHcJro .nonacreli no

0,/

IIHCHT N a.IHocrH ft
qro B 6o.nluruscrBe ,rf,u*""recKux cryqaeB

0)
Pvc. 15. fpa$rarn Arrfl onpeAerreHu.n_non-pal_11 na

\ - .  \ J .  ryAHeBy:

BHAHO,
MOX(HO

€v

F)npeue6pevt. KoeQQH[HeHr k npuxoAurcfl
h :  f ( + ,  , ,

i  6 - r p a



pact{ere HacocoB e MaJrbrM rrHcroM Jlonacrefi. vqer roafi$HqHeHra
O T l T r t D r r n  r n  ^ n w r t ! t ^ ^  1 ?dRip iE i i u iu  pa l i dyca  UH i l pO i I3BOAl IM I IO  pHC.  i b ,  A :

un- n(+,  z,  P):  +.
q a c r H o f o  c r y r r a f l  

* : 0 , 5 ;  z : 8 ; ' F z : 2 0 o ;  A r :  6 , g b .

I  A / t a r z n r r i " a  - ;  ' , , , 9 ,  * r r + a ^ a  * - - : - ^ : - - - - - a! .  r , r q A \ . f r r v r a . . / l . D f l . D l n  I  n A p i l t J J l n g g c l ( H 1 4

6exuoro lracoca AocTHrHyr 1Jrtr ft, :
Ha puc. 17 rroKasaHbr 3r{aqeHur{ K.

cocoB c oIHOCTOpOHHT.TM BCaCbrBairHeM
AHaMerp nxo4l-roft BopoHKH KOJreCa).

14 no"r lHnrf t  K.  n.A. I IeHTpo-
I  50 :250 .
r r .  A.  oAHOC' , ryneHqaTbrx Ha-

p a 3 r r . r r { H b r x  n s  H  D o  { D o -

o/
/o2

/00 |

Ens
Ann

< 40"
qacrbrx pereroK (z>_6) c JrorrarKawt4, y Koropbrx 0r u 13, (

NPHXOAHTC'I YTIHTbIBATb NONPABKY TOJIbKO HA AKTHBHUfi PA.
IIHOCTH E :a r

FN

U

Pnc .  17 .

a -

85

K.

D o

lUU 13U 'IUU +1U bUU 800 675 ng

Qp a

Puc. 16. Cnogur,lf i  rpa$ux H, c pa3rurrHbrMn rro-
npaBKaMH Ha KoHer{Hoe q}Icr'Io nonacreft

Ta xprr,r o6p aeorr,r, AJr fl Jrott acrHbIX p elxero K ueHTpo6exHrrx HacocoB
peKoMeHAyercfl AJrfl pacr{era reopeTHrrecKoro Hanopa H, ucnoJrb3o-
B^ar! nonpaBKLr Ha aKrHBHurl pa4kryc ra IIo croAone-Mdfi3eJrFo r4 no
C. C. PyaHeny LrrrH rrorga-exy l lQ.'refiAepepa ua roaQQnqueHr npo3-
pal{HocrH le, ecnvt uer o6o6qeHHbrx orrbrrHbrx Aannux.'Hnxe npnBo-
AHTcq cno4uufi rpa$ux H. - Q c yrreroM norrpaBoK Ha KoHerrHoe
r{HcJro .nonacreri 

'^oreca, ' 
npa4no)KeHHbrx pa3rHrIHbrMH aBTOpaMH

( p n c . i 6 )

S 10. Bu6op u pacqer ocHoBHbtx paaMepoB
qenrpo6exHoro KoJteca

HcxoAuuMH AaHHbTMH nprz nu6ope H pacqere ocHoBHbrx pasMepoB
teurpo6ex<Horo KoJreca flBJrflrorcfl napaMerpbr Hacoca H: e, 

^If 
,.

I.'ns o6ecneqeHvfl. aahaHnbrx ycnonnfi 
-no 

noaaqe, Hanopy H Bbrcore
BCaCbrBaHns ueo6xoAHMo nu6parl rrHcJro o6oporon Hacoca, qeM H on-
peAeJrflrorcfl rHn KoJreca H efo 4s. flpu ntrSope qr{cJra o6oporon ac-
1 / / 1 n a T  l r -  n r n r r r r n r r r r r r t^iiA7i i irr LiitrAyrutii i ' i^ (juuuPal{(eHl{It, yqHTbIBaf THn V HCXoAHbIe
AaHHble np HBora' npeAHa3HaqeHlloro AJllqp4!4ejgr,Urr B ycTaHoEKe,

l. l lpH HcnoJIb3oBaHHvr pa6ourax opraHoB Hacoca c 6onrruHNftr ns
H NPI,IMEHCHHCM NPHBOAA C COOTBCTCTBYIOIIIHM qHCfiOM O6OPOTOE PAS.Mepbr Hacoca yMeHb[IaroTcfl .
32

n. /I. oAHocryneHr{arblx HacocoB cnr'rpaJlbHoro rHna pa3J'r}rqHblx
t t ,  u  Do :

> 2 Q 0  u u ;  6  -  D o : 2 0 0 - : - 5 0  i l , t t i  s  -  D o :  b 0 + 1  0  t w * t

H u t t a o  n h r r D n . r r ' 6 ^ -i i { i ryr€ t iprrn,r4ki i 'cr i  i jb ioOp i4 paCrIeT OCFIOBHbIX pagMepOB l lOt laCT_HOrO KoJreca qeHTpodex{Horo Haeoca.
rrepeA BbroopoM ocHoBHbr* qu?y:p!! Ra6ouefo KoJreca orpeAerrfrorrrrApaBJrr4qecKyro cxeMy Hacoca (uHino crynenerl, cxeMy x6neca l^rtcryneHH, npr{HrrHn pa3fpy3KH OCeBOro AaBJre,rrHn uucocaf. gHa.Ian;

nu6upant qHcJIo ciyueil6lt, ecJIH rpe6yerr,trnr Hanop Hacoca BSJTHK

H, no [lqtnen7epepy

H, no Ctno7one-
tloueenn

3 Mrxaf i .non A.  K.  u lp. 33



A,'rn oAHoro Koreca H pacueruufi n, <--40. Hau6o"rree pacnpoCrpA-
ueugurr? c"rryvaft Mr{ofocryneHr{arofo Hacoca - [rzrareJlb]Ibre, uaxr-
Hbre, cr(Bax{r.rHHbre 14 ApyrHe Hacocbr.

B cnyvae noBbrrxeHHbrx rpe6onauprfi no Bbrcore BcacbrBaHr'rf l (na-
cocbr KoHAer{carHbre, AJrfl nepeKarlKu cx{H}KeHHbrx ra3oB H Ap.) npu-

N %  /
100 7;777

xoAHTcfl cHHxarb ,ILlcro o6o-
poroB KoJreca nvt6o BbrrroJr-
HflTb CXeMy AByXnOTOTTHOTO
HACOCA HJII,I HACOCA C KOJIC.

BaHHq . Vlrarc, npor.r3BoAr.rM
nn6op qncila cryneHefi Ha-
coca:

Bn6pae MoulHocrb Lr rr{[ ABrlraTe,Tr.
r r n V n  n r r r  r ^l , r L ^ w A n D l E  r r d p a i v r e l p t ) I  H a C U C a .

Pac,ierHas noAaqa r(o,[eca (uacoca)

o I(oHqaTeJIbHO VTOTIHfl etvl

o
llo

ff
;)) l)\i,:;lj ,:i) :\\:S.L\\i\|\SN %
/  / /Y//,  . ' ,1 , ' ,  ,  !  i  F

r/Ie Tu - o6renrsnfl
Hbrru (puc.

r A e  Q p  :  1 , 0 3  - +  1 , 0 8 , P a c -
qerHafl noAarra Hacoca (B 3a-
BHCT,TMOCTH OT npUUarOft
cxeMbr Hacoca) ; i - rIHcJIo

cryneuefi  Hacoca.
flp orep xeM BoBMo)r{Hocrb

IIOIYI{eHHfl HeO6XoAI'lMofi
BbICOTbI BCACbIBAHHq HACOCA
H npaBuJrbHocrb nu6opa
rHApaBJrr{qecKofr cxeMbr Ko-

Jreca l-f i cryneHH c oAHo- HrrH 4BycropoHHrrM BcacbrBaHHeM:
4

H,: Ho_(, 5P)' .  '0,
n n t r  H  - P 6 - P ' .

" a  i r  ,(
po - dapovrerpHrrecKoe AaBfieHue;
pn - AaBJreHHe yflpyrocrn rrapoB nepeKaqfisaeMofi )KHAKocrI{

npn pa6oueft reMneparype.

Ans HacocoB ABycropoHHero BcacbrBaHufl pacqerHarr no4uou $.
I . .ns npeABapHreJIbHbIx pacqeloB npHHI{Maror Cr :800-1000. '

l{cnonrsyn crarucrurrecKHe AaHHbre, K. n.A. I{cnoJrHeHHbrx Ha-
cocoB (puc. 17) u oueHHBafl Ac,noJrHHTeJrbHbre noTepH no nu6paHHor?
rHAp aBJrHrrecKoft cxeMe H acoca (yreura Mex{cryneHHbre, qepe3 p asrp ys-
KV oceBoro AaBJreHHfl, v Ap.), onpeAeJrrreM norpe6ngeMyro MorrrHocrb
H rrpoH3BoALrM nr,r6op ABr.rrareJrfl:

r i vOfI1v _ jon Kgm,

0 70 /40 210 280 350 420 490 n

Puc.  18 .  EaraHc ruou lHocru  HacocoB pa3Hbrx  r?s :

, l  -  uexasuqecKue norepu;  2  -  norepu B KoJrece;
3  -  norepu Ha AHcKoBoe rpeHue;  4  -  o6 teuubre  no-
' repu;  5 - ruApaBrHqecr (He norepH B Kopnyce Hacoca;
5o  -  r ro repH B Kopnyce y  Bep ' rHKaJrbHbrx  HacocoB:
56 - norepH B noABoAe K Konecy (4eycropounufl

nxo4) ;  6  -  noreguaq Mou lHocrb  Hacoca

f/l.e

34

TeoperuuecNlrri Hanop r(o/reca
eHqarbre qeHrpooe)KHbre Hacocrr).

f ,

A J I L I  f l  t i :

rAe Te -  rHApasnuqecxHrl  K.  n.  A.
B nepeou nplt6.ruxeHltu re npHH?rMaeivr rro crarHcruqecKHr\.r AaH-HbrM 6anaHcosoro pacnpeAe ileHr4fl rrorep b B Hacocax pa3Hbrx tls(puc. l8) .  3areu rrpHcr) / raeM K onpeAeJreHuro ocHoBHbrx pasMepoB

KoJreca: Dt,  Dr,  br ,  du^,  z t4 K nocTpoeHuro ero Mepr4AHaHHoro
CCTIEHI,If .

Bxolurruu pa3MepaMr.i KoJreca flBJrrlorcfl BXoAHofi Araaner p D t H
AHaMeTp Baila uacoca d* faauerp BaJra paccr{HTbrBaercs ro vcJroBHroo6ecneqeHrq Heo6xoA,Morr- _npoqHocrH H nporu,6i ;;;;;; 

"l 
l"rrrurn

norpe6.rrneuoft MorrrHocr^ N u cKopocr' BpaureH,r Hacoca n (in-.- l0i.
f lpu atoM nporn6 sana BcJIeAcrBrie aeficiBufl rronepeqHbrx cprJr, Bo3-
HI{KaIOilIK 

" 
pex{IINIaX, OTJII4I{HbrX OT pacqerHbrx, He AOJrX(eH npeBoc-

xoAHTb 
;* 

- roJroBHHbr MrrHHMaJrbHOro 3a3opa B yrrJroTHeHHflX.

K..-,Ir. A., oflpeAensetrlrf i no cTaTHcrHqecKHM AaH_
l8) c yr{eror\,r Ao[oJrHr]TeJrbHbrx o6renanlrx^no-

onpeAe-
KpHrH-
v ( \  t l ! r r ,

norpe6-
Hacoca.

TJ
t 1

l.la

Xns MHorocryneHr{arbrx 
.ueHTpo6exHsrx HacocoB ycJroBgeru,

Jrsrorrlr4M pa3Mepbr BaJra I, u dr, o6lruuo sBJrflercs pacqer HaqecKoe rrHcro o60poron (r"rr. g). IrzaMerD DacropHori erv,ryxH
y:::g:"I{lr:Hr{1roro Hacoca d,*eas.trc, o, ir"u*.ip u 

"iii"i,,'nnenaoiz MourHocrn // Lt npuuarofi KoHcrpyxtunHofi cx.rii
B rrpeABapHTe,rrbHor\{ pacuere npHHtrMaroT

dr*  :  ( l , l  + -  l ,ZS)  d" .

Bu6op BxoAHo.o Ar,raMerpa KoJreca Dr. pauee orpaH,qr.r Barr.cKopocrb rroroKa Ha BXoAe B r{oJreco Ao sHa.{eHrrt co {'2_.4 uliei.Ct{Hranocb' rITo yBerHIIeHHe co BbrgblBaer yxyAlxeHae Bcacbrnarouleft
crroco6Hocrtl H yMeHbueHHe rla Hacoca. coo6paxeHHe O BtrTH'lHHH a_
Ha K. r. A. Hacoca He BbtAeplKLIBaer I<pLtrHr<H, tax KaK HacOc *u*ur:
Pa60raru E rur{poKoM AHanasoHe eKopoe+efi nparile Hflfl -npa cooTBer-crByloilreM yBerHrIeHHH Co, o6ecneqHsaq tpaKT,qeclr{ rle : const:

c o -  Q  -  n '
3*

1 -  1 lo1' ln l f le -  o6rr lur t  K.  n.  A.  Hacoca.

.JO



l4l,letorcq peKox4eHAaulrH rro nu6opy BXoAHoro AHaMerp a D t rro
C ' l ' 2 T l . . I C T L I U p C t < l { N , I  I I 2 T J L T L I T \ r  r l q r l r r n r r p  I  1  l .

r r q V v U v U  t t  l r

Ipaunnaaercr, rrro BXoAHorl [oroK 6ecqnpKvJrffuHoHHufi (c,,,
: 0_J H qro BXoAHan KpoMKa rronacrerl rrMeer a"iuer] n;:' 

\: i4

CooreercrBeHHo noryqaeM Bbrpax(eHHeDl

rAe (or - cTaTl'tcrtr,{ecKI4fi

:  KorV 2gH ,
xnarhrtru rr Lrprrr 4  \ ' , _  Q 2 2  . - 2 n 2

ru  t ) t .
J L

Bnelena 4"un
Merpy sxoAHoft

paBrra rrJroilIaAn BXoAHoro cerreHur KoJreca Fo :

D'o: n? - a?*

y406crea rroHsrHe AHaMerpa, sKBHBa,[eHTHOfo r.Ha-
BOpOHT{H KOHCOJTbHOTO HaCOCa D 0, f l /roqaAb Koroporo

t'l \2nJ

n 2s0 onm Df u'

Puc. 19. fpaSnx 3aBucuMocrr{ t', ,?n

u ul o"r nf;

orrpeAeJrrlouluM QarropoM Bbr-
6opa D1 nnnnercfl BbrcoTa Bca-
cbIBaHHrI, troSToMV B3aHMO-
cBf l3b D L H K. rr .  A.  Hacoca
orxoAar Ha BTopofi n.nas. 3ro
noAPo6uo H3Jro)r{eHo B r.rr. 6.

Ec.nH Bbrcora BcacbIBaHHfl
He flBJIffercfl AoMHHHpyroulerl,
en6op DL rrpor.rgBoAl{Tcr ns
ycnonnr? o6ecne.Iennf rlmax Ha-
coca. Tax KaK xapaxrepuofi
cKopocrbro, oilpeAenqnu1efi no-
TepH B KOJreCe, gBJIfleTCfl OTHO-
cHTeJrbHag cKopQcrb c!r, Heo6-
xoAHMO I4CCJIeAOBaTb BJrI{fl HI{e
D I Ha BefluqnHy (!) y flone

r T . e .

orHocI4TeJIbHbIx cxopocrefi B Ka*anrax KoJreca AocrarorlHo cJIox(Ho.
flpu orreHKe (Dr: f @r,t) cquraeM, qro pacrpeAe;reHue a6co.nror-
Hbrx H orHocHTeJrbHbrx cxopocreri Ha BXoAe B KoJreco paBHoMepHo.
llp" paccMorpeHHH rpeyro/rbHHKoB cr<opocrefi (crur. puc. to) nra.u,uo,
rrro oTHocHTe/IbHafl CKOpOCTb Ha BXOAe .UOnacrefi KOJIeCa 6Ontrne,
rreM Ha Bbrxo"4e Ko.reca. Taxslr cr6paso[4, r]oroK B Konece AH++y-
aopHsttZ B a6co.nrcruont H B oTHocHTeJrbHoM ABlIlr{eHHH. VrrHrH-
Bafl , IITo orHocIrreJIbHbre cKopocrn BHaqHTeJrbno 6onrure a6co.nrcrHttx
(u ) c), norepu B KoJrece B 3HaqurenrHofi creneHn saBucqr or AHQey-
SOpHOCTI4 nOTOKa p UOT BeJrHrr HHbr u)1n1in. cne4oBareJrbHo, KpHTepHeM

t01

AJrr_nu6opa D 1 nnnaercfl ycJroBue MHHr{MyM& @y
VIg BXoAHoro rpeyroJrbHr{Ka cKopocreft-(puc. 10) c yrreroM crecHe-

HHfl rrpoxoAHbrM Ba.rroM noryqaeM gHarIeHHg cxopocrefi

ct^:+al t ,
L grn

Lt1_ #''Dr,

t\? cynl ut- cKopocTl4 TorIKlt B.xoAHoft KpOMKI{ JIOnaCTH KoJreCa.
36

(#)' rr --r (+)'fr: o
flyrena HecJrox(Frbrx rpeo6pasonaurafi nonyuaerrr QopuyJry AJrfl pa3-Mepa exoAHofi BopoHKH KoJreca:

k o  =  3 , 6 - : 3 , 9 '

37

Do: Uri[+,

/ r \ r r r r  r r vAvvH  r r v  vvAvy / r l f l  I  L r v \ - r u .nL rE td . l l r l l | l !  x tD ruup< l  J \  D l  I

nosroMy Heo6rscutrl,r A[rn MoAeJrHpoBaHHfl, U pas6opa Qrzsrauecxor?
KaprHr{br noToKa B KoJrece. Bu6op D, recuo cBs3aH c AByMfl rroKa-
3areJrflMH Hacoca: Bbrcoroli scacsrsauun H, H K. rr. A. q. v roH4eU-



Onpege-rreHue Bbix-oAHhlx pasMepos padouero Ko,Deca. BuxoAiii,inaii
pa3MepaMH KOJreCa UeHrpO6exHoro Hacoca flBJrflrorcfl HapyxHur? 4ua-
yeTp Dr,  ntrxoTiHof i  yron .nonacref i_Br,  nuxoAHaf l .  uHpHHa xoneca br.
onpe4enenlre D, [pr.r H3BecrHoM' H, i lpolr3Bo,rlTT)fl, C nOMOUrbro oc-
HOBHoTO ypaBr{eHHs rcoperr4r{ecKoro Haftopa (8}. IIp* onpeAeffenru l},
H HCTTOJTbSOBaHHH ypaBHeHHfl (8) HeO6xO4uuO 3Harb BeJrHrrHHbr p;
tt b, xoneca, a raK)Ke nu6parl rrHcJro ,tonacrer? Ko,neca z. 3atev BBecTH

{'

Puc.  2 l .  Tnnsr  nonacrer i  qeurpo6exHofo Ko_
J ICCA:

a  -  [ ] ,  . i  ! ) 0 ' ;  , j  - -  f l " . - -  9 0 o ;  a  _  1 3 ,  )  9 0 o

AeJrfercf yfJroM l3r. MepvAHaHHaF., cocTaBJrflrorrlafl cKopocTH cyn upl/-
nocTy[aeHHH noTor(a Ha JrorracTn KoJreca yBeJrHqHBaeTcfl BcJIeAcTBI4e
CTCCHEHHfl  CCqCHI4f l  J IOIIACTf lMH 14 DABHA

t ,

(:- - 
cl"'

uLm - 
4rr 

,

r A e  l l l r :  i -  = ' d l  ^  - K o 3 Q Q H I r i l e H r c r e c H e H l ' I r H a  B x o A e .
nD1 sin B1

IJns o6ecne'{eHLIs 6esyAapHoro noroKa Ha JIorlacTH KoJIeca
nOJtyTIHM

tg l3r,o : 
t,tr'l' 

.

l lpu npoeKrHpoBaHHH AonycKaror Ha pacgerHoM- pexuMe yro/ I
araKu A0 : 3+- l0o, 2 B cretlnaJibHblx cflyqaflx Io 25":

A l 3 :  l 3 r - . _ l 3 r , o .

A.nq o6ecreqeHHfl orrruMaJrbHoii BcacbrBarourefi cnoco6nocrH B pflAe
HccJreAoB anufr l44l per(oMeHAyercfl BbrnoJlHflrb B Hacocax nxo4Hotl
yroJl  noroKa [3r,0 :  l6+- l9 ' .  C yqeroM xoeQQHUI' IeHra crecHeH'f l  Vr
rr yrJra araKn .nbnacluofi yron BXoAa pt o6stuuo Ioflyqaerer paBHbtM

Fr -  l8+- t5" .
38

( n . ,  n r r ^  l A  ^ \  P v n n t r . r a  l t ^ A \ r r . r ,  t n - a n , r a r l  : r r \ n c . f q  n t l n r l a r n r t . l r a A t r t - r 6 n n l -
\ \ - i v l  .  P r r L .  t w r u ) .  . L . { 1 ' \ r A I l D r \ -  A y v I Y r r \ r r  d r v r l q v r v r r  r \ v c r v v q  r q v r r v g r v J r \ v r r s r v v t l p

uefi qacrblo B o6nacrll noBopora noroKa HB oceBoro HanpaBJIeHHq
B paAHaJrbHoe. Hopua.rrruoe K l {arpaBJIeHHIo noTOKa CeqeHHe f  ,
IrMeer Qopnry roBepxHocrr.I BparleHHfl (puc.20). Koropyto i lpH1JrH-
x{eHHo 3aMenflro'r 6oxoeofi noeepxFrocrb}o yceq€H.rroro Kor+y€a c o6pa-
syroqeri &, r.r oxpylKHocrbro, HMetouefi uenrp Ha sxoAHoft KpoMI{e JIo-
nacrtl.Ans Hoprr,ra/rbHoro cerleHufi f 1c Uenrporvr D up w o6paeyroqefi &t

noflYI{ l ' IM CKoPocTb BxOAa

"  Ln t  nDypb l

Ans 6ecqvpKyJIfluHoHHoro noroKa
l ^  - n \  r . n h r r n r r d r r r r n a  ^ n t r a y r t t n  l / n  n d n o

\ l '  tu- \J  )  lv rEPr lArrann\- rE rvE:EnI lE t \ \ - rdrL\ .cr

r p oQr.rJr r.r p yercfl c IIJI aBHbIM HSMeHeH HeM

cKopOCTH c0 Ha BXOAe B CKOpOCTb Clnx
nepeA nocTynJIeHHeM Ha JIOTIaCTb KO-
Jreca. flepeHoclHafl, cKopocrb npH BxoAe
Ha ,[oracrb B ToqKe D,cp

J\D t nnfl
u1: _6_0_ .

OrnocureJlbHafl cKopocrb noToKa

@t Ao nocTynaeEKs. Ha JIOnacTH KoJIeca
noryqaercfl KaK reoMeTpLlqecKaf pa3-

Hocrb e v u1. HanpaBJIeHHe (l j i  onpe-

nonpaBKy Ha KoHeI{Hoe qI.IcJIo Jro[acrer?, nocrpor{Tb rpeyrod'IbHr{K}l

Bu6op BblxoAHoro yrJra
.nonacrefi Br. Buxo4Hor? rpe-
yro/rbHr.rK cKopocref i  (p"c.
1  n \  ^ - -
r u /  u l l P c A c J l H e l c H  ' l P e M H  

B e -

J I H q H H a M H :  C 2 ,  L L 2 1 ( i l 2 .  B U U r e

6lr.no 3aAaHo roJrbKo oAHo
ycJroBHe, Bbrpax{eHHoe oc-
HoBHbrM ypaBHeHneu (8) na-
cocoB llrf l, H r*. Taxutr o6pa-
soM, nu6op ynJra 13z Aocra-
Tor{Ho npou3BoJreH. Bogulr-
KaeT BOnpoC, MOIKeT Jrrl
BbrxoAHofi yroJr JrorracTerl
6srrr  nu6paH MeHb[re,  paB-
H[,rM r4JrH 6oJrbrue 90'. 3ru
Tp tr Bo3MolKHocTH COOTBeTCT-

Ha[I I\Jrn rpex pa3HoBHAHocreIi .nonacrett noryqaercfl pagJrlqHofi KoH-
QHrypartHr.r (puc. 2l). An, nonacrefi c 0, ( 90b xaHarr AJTHHHee ra uiraeer. . ' ' ' ' " . ^ ^ ^ * .Mei{bnii. iH cpeAii?iH yfoJr pacuHpeH4f qK', qer\,{ y ocraJrbHbrx AByx Qoplur,nolacrel i .  f lpar<rnKa r loKa3brBaer,  qro 6onnuoe pac[HpeH He KaHana
Hex(e.Ilare"rlbHo, conpoBolKAaercfl orpbrBoM noroKa H erzxpeo6paso-
BaHHeM.  Oopvnr  KaHaJroB,  nor (asaFrHr - , re  Ha pnc .2 l ,6 ,  B ,  i ,p l , , ro4no,
gnn o6parHoro HanpaBJreHHrr rer{eH Htr , ' r ' .  e.  AJrrrryp6uu, rA€ bororoe
cy)KeHHe npHBOAHT K yryq[reHHro xapaKTepHcTr4KH nOTOKa, a yMeHb_
ITIeFIHe AJIHHbI KaHaila K yMeHb[reHuio norepb Ha TpeHue. t{ro Kacaercfl

I t  -  
c 2 " * l l 2

r I r o .  - -  

" -  

.

3 9

' $

\

Puc. 20. K nsr6opy BXoAHoro
yraa Jronacru p1

T
I
I
I
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Taxuu o6pasorvr, rpu HeH3MeHHoM Al4aMetpe xoneca D r, uzt'teHf,f,
yfoJr pr, uu yNreHbr.ilaeM HJrr{ yBeJrHq?lBaeM cocTaBJlffIotqyn cKopocTII
C2u * '  a  CJI€AOBaT€JIbHO'  H,  * '"* -ijac.n 

orpHM rpeyrorrbHuK cKopocrefi Ha BbtxoAe (puc. 22) Arr.!
I ' r rNA ' r  N l rL IH2I {ORI IX  NA3MCDOB.  HO C DA3TI ' I I IHbIMV TVNAMH J IOI IACTEf i ,
l \ v v r \ . v  - * . . .  

r  
- - - _ _ f  ,  L

H3o6pa)KeHHbIMt4 Ha PHc.  2 I .

c2oo

czu6

c2, t

KoJIece. floerouy B IIeHTpo6e)KHbtx iracocax floqri.r Hci{Jrr,orilireJlbFro
npHMeHtloTcg KoJIeca c JronacTfl.MH, 3afHyTblMH Ha3aA.

fIE4pan"unrlecKHft K. n.A. grHx KoJrec Bbrrrre BcJreAcrBHe 6onee
6.naronnucrHor? rhonur,r  KAHA.nA (N, lenr. lnnc nurhrt rvqonHoerT.  : r .A: . j rA nA^ ^ r " "  - r - r ' ' - - -  ^ - ' t r r J - " r ^ ' - - , ^ -

_ ^  \  - -  ^ ^ ^ e ^ _KUJreCa 9d n B ucuueHHUc'r'14 rjcJreAc'l'rj}{e O't'HUgr4't'eJl.bH() MeHb[Iero
lpeo6pa3oBaHHf cKopocTH B AaBJreHr{e B oTBoAflUIeM ycTporlcree Ha-
coca. O6u.Iuo y ueHTpo6exsux HacocoB 3HaqeHHfl BbrxoAHoro yr.na p,

p

q75

q5

0 0,5 /,0 t5 cr,_

Puc. 23. 3asucr.rN,rocro Fr*, Fu*, Fn*, p*

oT czu@

HaxoAf'rcfl B rrpeAeJrax 14-35'. f lpHBeAeM eure ABa rroKa3are"[fl
(KaqecTBa> rIeHTpo6ex{Hofo r(oJreca :

Prc.  22.  
' fpcyro.nl , l lHK 

c l (opoc' ref i  l la  Bblxo1e
nonactef i :

o - F z a  ( 9 o o ; 6 - F z 6 : 9 o o i

KOJreca AJIf i  pa3JIl l r lHblx TI ' lnoR

a - l 3 r u  ) 9 0 o

flpuuuvrafi IIocToflHHbIMI4 floAaqy H I{HCflo o6oporon' BbIpa3I'IM CO'

CTaBJIf l Ioi l fyO cKopocrH C2u* qepe3 yroJl 13z:

c z u * - u 2 - f f i

Irlcc.ne,qyeu BJII4flHLIe yrJla 13, Ha TeopeTl'lqecKHli HaIIop H r*
u Ha KO3oQHUHeHT peaKuHH. 

.?
P*3l__f f i ,  .

flo,qpo6Ho BbIBoA BbIpa>KeHHfl AJrfl p"o I4SJIolKeH B pa6ore 1271'

Ha pnc. 28 Lanat rpaQIrKH 3aB,ct'IMocrefi 
zgfl ' * 2gH a * ZEH n *- T ' - T ' - 4

C q , ,  ̂

H p * o r t r ( r . e .yf/ ra p2).  Hanop Hr* npoi lopul{oHaJleH c,2,at .

I(oa$SuuueHr peaKItI4l 'I p* JII4HefiHo 3aBI4cHr or

H r'* u2c2u *28 n c2, *
--;-7- : ---------------- - 2 - _

uil2s gL; t t2 '

L , l  ^ ut t  
l t *  P t t T *

uil2g ullzg '

! : - _  c 2 ' * ( z -  c z u * \ ,
- = - - ; - - - l t

u$/2g t't:2 \ uz /

xapaKTepH3yeT noJrHoTy HCrrO,/Tb3OBaHHfl ! .Ha_

czu *
U2

C o ^

1 fV H3MCHflCTCfl

UHH 66Jrbue noJIOBLIHbl, a KOJIeCa C f lOnaCTflMH' SarHyTbIMH BnepeA'

,*a1gt KO3QQHIfLIeHT MeHb[Ie noJIoBHHbI. SKoHoMHI{Hee o6n1yrc qacrb

Harropa noJIyqaTb B BHAe !,dB.r-i€FiHff HeiiocpeAcTBeHHO B JIOIIaCTHOI\rt

40

cocraB/rr{er crarHqecKaf l  qacrb Hanopa. o6e o.rHocHTe.[bHbre BeJrH_
t I I ' lHbl  nO3BOJIt lUl '  IOJIHee Bblpa3l4Tb I (aqeCTBel lHyl io KapTHHy Bnt4f , ,H4t l
yr f la  13 ,  Ha Hanop Hacoca.

Be"[H.IHtta , t ,-
ut l2p

H n * ui
ufl29

or eALrHHqbI rlp 
" ff 

-. 0 (lJ z : 0) Ao Hyrlr np
" r -

4 l



F{a ocHoBaHr.r.r onbrrHo-crar'crr,rqecK,x AaHHbrx Mo)r{Ho Aarb c,rre_
,/ lyrorr lHe peKOMer{Aar(Hrr  i lo nr,r60py y_rnoe B, KoJrec ueHrpo6e)Kr.rbrx
FracocoB pa3r l r rHbrx 6ucrpoxoAuocrel i :

ru.  (  100; F, {  80.;
100 < n,  (  200; F, --  2b.;
tt,2 250 -;- 400; 13, __< 20o.

yeMo
r(pyrH3Hbr xapaKrepHcrHr<u H - a u 60,ryi luue 3Har{euur B, ar" no-
"ryqeHHfl MaKCHMa"TOHOfi eHepfoeMKocrH (6esoruocurentHd K rn,u*)Ko,'reca 3aAaHHOrO AHaMerpa (nocKoJrbKv Hanop BospacTaer c vBe.nu_rreHHeM yr/ra pr) .  Ecnu no406uux rpe60eaHr.r f i  Her,  bn60p B, npolus-
BOAflT NO YCJIOBHIO NOJIYI{CHHfl  MAKCHMAJIbHO|O K. N.  A.  CbCAHCCTAT?I.
crl'IqecKoe 3HarIeHHe OnrHMaJrbHoro BbrxoAHoro yrJla uaxo4Hrcfl B IIpe-
AeJIax 22-23" BHe 3aBLICLIMocTH or 3Harre"u, i, ts3l. fr" yBer,rre-
HHfl Hanopa Hacoca yfoJr B, uoxer 6um ynenuveu ao 2g-300"6es sHa-
TIHTE,T IbHOTO 

YXYAI . I ICHHf l  K .  N .A .
Huxnavr npeAeJroM AJrfl KoJreca gKoHoMHqHofi KoHcrpyKur4u flB-

Jlsercs yroJr l3z :  17+. l5 ' .
Bu6op nuxo4Hofi unpnHbr KoJreca bz. Mepn4uaHHyro cKopocrb

Ha BXoAe MolKHo Bbrpa3uTl vepes fto:

co:* l rod.
J  ! r 0

C.rreAoeare, ' IbHo, cKopocrb BXoAa c0 H3MeHrercf l  npoflopqHoHaJIbHo
I

;a  
npH 3aAaHHrrx  Q u n .  PexoMeHAaUHrr  ro  npoeKrHpoBaHuro MepH-,ao

AHaHHoro cerreHuf l  c nocroqHHorl  cKopocrbro cmt:  cof lst  He noryr lgra
pacnpocrpaHeHHq noTOMy, qro norepH B KOJreCe OnpeAeJrflrorcfi orHo-
/ a r r T 6 n L r Y r r r r Y turrrLrrDn-Drrvr '  \-r \vpur-rxMn (ai1 d He cKopocrfMkr cal.  IaKHM oOpasovt,
o6ecnet{eHhe @trnin H2 BXoAe Jlolacr}I x{eJIaTeJIbHo He roJIbKo c rorrKn
zpeHafl, yryqrxeHufl Bcacbrearculeli cnoco6ncrcru [44 ], Ho TaKx(e Anfl
o6ecneqeHHff IuHHHMaJIbHblx norepb B KaHara* ^oneau 1*"""*aJrbHafl
cKopocrb u)1* rro a6co"urcrHoft senHrIHHe o6ecnequBaer H MHHHMaJrbHvro

auQQysopHocrb KaHa,r roB KoJreca 
" - \*t* I

A n n  K o / t e c a  c  o c e B b r M  B X o A o M  d u , r : 0 ,  D r : D o ,  c r n t : c o

Tarrau o6pasou, Bbrpax(eH 
"r lrq,F 

c HeKoropbrM xoaQQHr{HeH-
TOM OnpeAeJIser oTHOCLITeJIbHyFo cKopocrb BXoAa Ha Jrol]acrH KoJreca.

ffSl.lly".J::":p,i ::!11 : !, ood.n.urBarb r\rr.rHuMarrbHyro cKo_
uurz,vAv ' '  , ' \ r . / r .Ld uZminr .1. .  €.  nppl  3aAaHHbIX noAaqe e,Hanope H u npuHsroM olrHMaJIbHoM sHar{eHHH yrJra B, crperr,rHTbcfl ,

K MAKCHMAJIbHO BO3MOXHOMY AVAI4CTPI  BbIXOAA d,  U, . , ,64O"U'CJIbHO,
K MHHHMaJTbHO BOsMOIKHOTVy b,  (c r^u) .  Teoper ,qecKoe o60ano"urr "a
TaKO- L9 rrpeAJrolKeHr.r,fl dasupyerca :ia Ro/ryr{eHr.ir.i MaKcHMaJrbHoro
xoaQ0aqr'reHTa pear{uHH KoJreca p r.r MrrHHrr.ra.r lruoft anopoalr (o6ecne-qeFIHe MI4HHMaJIbHblx norepr) npH i locrynd'IeHnr.r rroToria B oTBoA
H a c o c a .

vxaeaHHoe npeA/tox(eHHe He noA*penJif leTcfl  cBfl3bro c rz.s l{  KoH-crpyKuHefi sacoca II  no3rol,{y f lBJrf lercrr ci lopHbrr\{.  Baxuefi l i l rpr -p;;TepI reM n l t6opa D,  Re.nnel 'cn I Ipa l (THI(a  HacococrpoeHpr f l .  Ha ocHoBa-
Hrrr4 o6o6ureuHq oIIbtrHbIX AaHHbIX AJrtr oAHocTyrreHrraTbrx HacocoBco cnHpaJrbHbrM orBoAoM peKoMeHAyercf nur60p b 2 npon uuo4n,roB 3ABHCHMOCTI,I OT 11":

b  - ,  i l Tt - t c a z V  - ,  
t

rAe

kuz: O,o+ (rffi) 
'

Lh - nDon -- 6 0
d

o5'qHo y HacocoB ruHpHHa b2 MeHbue np'r  orBoAe C HanpaB_
JI f l  IOIqHM ANIAP ATOM 

.NO CP ABHCH H}O CO CNHP AJI  bHbIM OTBOAOM. H CITANO.
Bax{Ho  npH nu6ope  b2  noJ rb3oBaTbcs  AaHHbTMH Hacoca_aHa, , , ro ra  c  Bbr_COKHMI4 TCXHHKO-SKOHOMHIICCKHMH I IOKA3ATC JI f l ,MI4.

Brr6op qHcila .nonacrefi KoJIeca. Bnr6op-u".nu .nonacreli pa6oueroKOJIeCa CyqecTBeHHO BJIHTTeT Ha xapaKrepucruxy. ,  K.  n.  n.  H Bczc}.r_BaHne rpoeKTapyeMoro ueHrpo6exHoro Hacoca.-
onruua'nbHoe qHcJIo,ronacreI? o6ecne,{"Bue, noJryqeHHe KaHaJIa

AOCTATOqNOfi  TNUHbI NPH HAHMCHb. 'CM BO3MOX{HOM CTCCHCHHH NOTOKAHa BXoAe z HanMeHbrrrLrx norepsx B Me)K.rroracrHbrx KaHa,[ax. ,I lonacr_
uoft xauaJr KoJreca xapaKrepHsyercfl yrnonofi qacrorort perxerKH +a ,
'r lonacTHblMI'I yrJlanru p, ra Fr, yfJroM oxBaTa JroracTH B ,n^rrro'{ro,3aKOHOM lI3MeHeHI4fl npoxoAHbrx ce.IeHlrrl r{aHaJra H COOTHOueHHeM
BXoAI{oro r.r BbrxoA}roro lruaMerpoB Korrec u !". O,ro npHBoAHr K orHo_'  

D Lf i n .
^n  ko

OrHocureJrbHafl cKoDo
AHaMerp JronaroK xoneca D n)

{ c 3 + O12
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pony Meurruzx :- onrzuanrHrrr i  cpe4Hurl yro/r .nonacrpr r{eHrpo-
6exuono ,ron""u"# [.[aHe ero no pe3yJrbrarar,r o6c,ueAoBaHHff 6oll-
uoro TIHCJIa BbICOKO3I(OHOMHT{HbrX Hacocoe r(ore6.lerca or 80 lo 150".
cocranuu pacqerH)/ro radnug5r, coAeplKalqyrc qLicjjo ;ionacrea z,

nnug lF I JL lA  \ / , \  n r \ 'D r r { t  / { ^D i l  d i ^FAn  r i r ^ t r+ l  ^  ti lY t ' r t  i i rD ic  ! ' v , |Lw lJ f i77  LUsAdru iu i i  TOiAa,  KOfAa 
' . iHCJIO 

ROnlCfe l i ,  6y4yUf t
M H H H MaJI bH bIM' o6ec n eq u B aer H eo6xo4uM yro, yuroB yr,o H a np aB/r eH Hocrb
noToKa. Ans sToro rpe6yercn onpeAeJreHHas qacrora peruern,u Ko-
Jreca, KoTopafl MolKer 6nrt BbrpalKeHa orHorueHHeM +!- , r,[e t -

8 6 0 .  

- - - - - - ' -  
t ! / r n '  

^ A v  " g a n -

: 
, H z- r{HcJro nonacrerl. B pffAe uonorpaourt t2Tl npeA-

Jlaraercfl rlopvy"tra Ann onpeAeJIeHHr HanBbrroAsefiruero rrHc/ra Jro-
nacrefi KoJIeca z BHe 3aBHcHMocTH or pa3Mepa H /rs Hacoca:

z - 6,5 +L:L+ r'n ( F' t 13, \ .'  
K z - , ( r  

- - - \  
2  ) '

f ^ - ^ ^ ^ ^ -vvr r \JLr  aD. i  rcnnE p . luqe l 'HU|o  t l14cra  J IonacreH no npeAJIaraguof i

Qoprr'ry.ne c r{Hc.IIoM .nonacreft I(oJIec qenrpo6e}KHbrx HacocoB BbrcoKo-gKoHoMHtIIIblx xoucrpyxquft pa3Hbtx ns rroKaabrBaer HecocroflTeJrb-
rrocrb rrpeAJtaraeuofi $oprr,ry.rrrr. Haxe npHBoAr{Tcfl pacqeTHoe lr 4efi_crBrrreJbr-roe qHcJro.nonacref i  HacocoB pas.nuunsr i  ns (ra6n. l ) .

H ^

uuKa3aHO Ha pvc.  z+. Ha yKa3aHHOM pl , rcyHre uso6pa)KeHbl KpHBbre
K.  r I  .  ,1 .  [eHTDo6ex<g l ' t x  l {aeocoR nrerTr r r r r r , t rv  ,  r r  nod*nh^n h  ^

I  z Qrp/ty,
Puc.24.  I ( .  n '  r .  ueHTpo6e;xr r l ' rx  r racocoB pa3rn ' r I r , rx  /?s  B 3aBrr -

crrx,rocrrr or yrJlorlolo rJarl l  ( l lerucrr iu) KOJIeca:
I  

:  
n r : 4 0 0 + 3 0 0 ;  D z : 3 0 0 , i l , u ; 2  -  n s : 4 0 0 - : - 3 0 0 ,  D 2 :  l l 6 . u . r r ;

'  3 - n r : 2 5 0 + l 8 0 ,  D 2 :  1 l - 6 ^  
1 t . + t ; - e - n r ' : l B 0 + l 3 0 ;  D r : 1 1 6  r r , r , ;

5  -  , r :  1 0 0 : 6 0 ,  D z  :  3 0 0  , r t n

cpeAHHfi yroJr Jrorlacra B rrJraHe ecp Lr yr.rroeor? 111ar peuerKr,r +-
(ra6"rr.2). Vrcnorrb3yfi rpa+HK puc.24 Lr ra6'L 2, naoxHo onpeA"ri{;hqHcJro Jrorracreri p a6ouero KoJreaca BHoB b npoe Krr{p yeMo ro qenrp o6ex_
HO|O HaCOCa rO- 3HaqeHHsM -rtr 14 cooTBercrByroqHN{ rmax Hacoca
3aAaHHoro ftr. OAnospeMeHHo onpeneJlffercff cpeAHee 3r{aqeHr{e vf., ia
OXBATA JIONACTH HACOCA B I IJIAHC.

tl
%
90

Ta6ttu4a 2

9rc.no
J I O T I A T O K

z

Vrnonorl
u la r  J IO-
nacrefi
t  ,e .n :" 360

z
a epa)

Cpe4unf i  y ro r r  J ronacrn  B nJraHe 0ro  s  epa\

fm-1-r --
80  |  so  I  t oo  I  r r o  I  r on

I r 
ruu 

I rru I  r . /u |  180 | 140 | 150
L l l

Vrnoeor t  ruan peurerK,  0 rp / t  
Arn

225

MOCTH OT yrJrOBOfO rxafa perxeTKr.r KoJreca k
ge/t

60

45
40
36

8
I

l 0

g,08

t leHHtt K' tI. A. (eHrpo6exuux HacocoB coorBercrByror gHarreHr,rfl M l,o
t ge,rB n[.r€/{€JI ax | ,2-2,2. C vBeJIr,rrleH veM ns Hacoca q,rax crueuraercq B cro-
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b ,  - ; ^ -  . . ^ - , , . . - . - - ^ ; ^  - - - : - - ^ - - :  hbiOop HapyiKiioro AHaMeTpa Koieca iJz. OKoH,IareJIbHbrf Bbrdop
D, t<oneca npoH3BoAHrcfl nocJre Bbr6opa BeJTHqHH Fr, bz n z. 3arerra
no ocHoBHoMy ypaBHeHHIo (8) reoperHrlecKoro Harropa onpeAeJrfltorcfl
no[paBKH Ha KoHerIHoe qHcro JIoIIacTefi KoJIeca f o, k H i 14 gareM BbIxoA-
Hori AuaMerp l)2. B Aantsefiureu npz nFroOHJrHpoBaHHH Mepr{,q,r4aH-
HOfO CeqeHHfl H Jrorracreft xoneca BbrxoAHofl. LWaMerp D, HecroJrbKo
KoppeK-THpyeTcs B CBg3H c Bo3Mo)KHblM yTorIHeHHeM BeJIHqHH b z
H Fr. OxoH.JareJIbHbIe pa3Mepbr yrorlHffrorcfl npn BbrnoJrHeHHH Bcero
KOMrrJreKCa npoeKTlrpoBaH[fl Hacoca. B n HTeJIbIIoM Pacrlere D
BblOHparoT no oIIblTHo-cTaTHcTHqeCKHM AaHHbnt I  I  J. AJIf l  MHorOcTyneH-
rIaTblX IIaCOCOB C / i ,  :  50-- 120 nrOXnO LICIIOJIb3OBaTb CJIeAylOUue QOp-
M) ' l  s t :

u z : d r J l W  H  D z : t t t z

rAe A,'If l  [peABapHTeJrbHbrx pacrleToB

f f i z : r e , 2 ( # )  l .

t r4^rax, ,  npor.r3BeAen em6op Dr,  Dz, bz,  z,  T.  e.  onpeAeJreHbr BHeru-
HHe oqepraHr.rfl pa6ouero KoJreca. BunonuuB scKH3HyrO npopa6orry
H KOMIIOHOBKy HaCOCa, yTOtIHflIOT nepBoHarraJrbHoe 3aAaHr{e u npr4cTy-
narcr K oKoHrrareJrbHoMy pacqery H npooHJrHpoBaHHro pa6ouero ro-
Jteca LI Hacoca B ueJroM.

S 11. I lpoexrnpoBaHr{e MepHAnaHHoro ceqeHnfl KoJreca

Ilpo$nnnpoBaHne MepHAHaHHoro ceqeHufl npor.rsBoArrrcfl. nocJre
nu6opa ocHoBHbIX pasMepoB KoJreca Ao npoQHnrapoBaHr{fl Jrorracrefi.

Brr6op Lt npoQunnpoBaHr.re MepHAi4aHHoro ceqeHufl npor{sBoAffr
c yqeroM JryquHX o6paerlon Hacocon coorBercrByroqux rlst no46rnpan

_ _ _ _ 2  ,  Z _ManunMaJrbHU rJUsMUlKHbre paAHycb|IaK, qloobl ooKoBble cTeHKI4 Ko-
Jleca 6tlnu nJIaBHbrMH.

Kpurepufi  2ns lnocrpoeHr4fl  MepHAHaHHoro cerreHu f l .  -  paBHoMep-
Hoe HgMeHeHHe rrpoxoAHbrx nJroxla4efi . llpone4err,r npu6lHx<eHHo Hop-
MaJIbHbIe ilI4HVVt, \ilf qefo BrrLICbrBaeM OKpyx(HocTr{, KacaTeJlbHbre
x 6oxoeHM creHKaM KoJreca . I4s rreHTpa oKpyx{Hocru B ToqKH Kaca-
HHff CTeHOT( IpOBOAUM paAHycbr, a B yfoJr Me)KAy paAr,rycaMr4 Bnr.rcbr-
BaeM Ayry .  3ra  .uyra pacnoJro)KeHa HopMaJrbHo K JTHHHTM roKa (puc.  25) .
f lo g.ruHe cpeAHefi crpyrixu o6rr l{Ho crporr rpaQuK r4sMeHeHr.rf l  rrJro-
ulaAetl. XelareJlbHo, tlTo6bt Mepkr[uaHHoe ceqeHl,te 6u.no TaKHM,

JIeHHT noroKa c oceBoro Ha pa[Lra/rbHoe HanpaB/reHHe pacryr Ouctpee,
H€M H a paA]glalrbrloM yr{acrKe xoaeca.SnaqHTeJrFrroe yBeJrrreHue rrJro-
UIaAI' I  nxogHoii  qacrH KoJIeca Aaer Bo3Mo)KHocrb HMerb MaJroe pacrxHpe-
HHe nocJre rroBopoTa noToKa B paAHaJrbHyro qacTb MepHAHaHHoro ce-

a . ,  - ^ ^  a ^  - .  . . . ^ ^qei iHH - i 'Civ i  UUJlee,  qTo OOJI i r i i iCe yBeJiHqei i i ie  l i i io iJ iaAi i  AO I iOBOpOTa
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i tol '4i ieHCi' ipye'fCA l l3r\ ' lel l€l{I I€NI npoXOAItblX u.rtclqaAeli  BCJreAC,r.BHe OT-
HOCHTC,TIbHO 6OII,UTCTO CTECHCHl{f l  I , IX .{OilACTflX{I, I  HA BXOAC KO/ICCA.

Pa4llyc K.pHBli3rtbt BHeruFIero o6o4a Ko,reca Heo6xoAHMo Ae/rarb
I(aK MoxHo 6o'ui lue, TaI{ KaI( el 'o yrvreHb[IeHHe BeAer I( yBe.[HrIeHHIo
cKopocref i  na o6olg  14 I (  Bo3HI , lKHoBeHHIo o1 ' l lh rnHkr l r  u  Rrrer rn ! .u^  t ,q-
Brrrau,oHHbrx qnneHlrir .  C,re4oeur.no"o, ;-  ; ; ; ; ;" ; ; ; ; ; ; ; ;" ; ;
rrpeAbfl BJrf l  rorcr rp u rpe6oBaH Hfl :

l .  f l . [asHocrl r{3MeHeHHfl npoxoA-
Hbrx n.nouaAefi B KoJrece. I

2. Bogvoxuo 6onturufi  pa4uyc Kppr-
BHSHbr BHetuHefo o6ola.

3. I(ouryp KaHarra B r4epuAHaHHoI,r
C p I I A I J L I I , I  t ' l o l r \ r \ r a u  T T \ r a r n c  D r  r n n  n , r d h r

H v r \ v r y r u r r A J  \ - t L n  D D I t r \ J . . / l . F l l l  I  D

i loAo6HbrM KOHTypaM KOJTeC aHaJrorHq-
Hbrx t?s, noKaSaBIXHX BbTCOKHe rHApaB-
JrHrIecKHe cBoricrBa.

Pasnnepu MepriAHaHHoro cerreHHfl
B3aHMocBr3aHbr c ns. VeenuqeHLre ns
conpoBo)KAaeTcfl yMeH b[reH HeM OTHOr.ile -

D"nus # Korreca (cu. plzc. 3). llpu orr{o-
U1

ruer{Hr,r 4:- ra"ee l,O noBepxHocrb Jro-n 1
rracTH, ecJIH pacnoJro)KHTb ee ToJrbKo
B paAHaJrbHofi rracTH KoJreCa, 3HaqH-
TeJrbHo coKpaqaeTcfl ,  yAeJrbHaff Ha-
rpy3Ka Ha Hee yBellrrrr4BaeTcfl ,  cHr,r lKa-
IOTCfl KaBHTaUHOHHbIe KarIecTBa HaCOCa,
yBeIHrrHBaroTcq rHApaBJrHrrecKr.re roTe_
pLt B KoJrece. lloaronry r(e.necoo6pa3Ho
yBeflHrruTb noBepxHocrb nonacreft ,  p?c_
Lturrararr krx He ToJIbKo B paAHa/IsuotZ
qacTH KOJIeCa, HO H B MeCTe nepexoAa
[oToKa oT oceBoFo K pa[rranbHoMy Ha_
rrpaBJreHHro, qro TaKlKe npu6,nuxaer JronacrH K ocH HaCOCa. flocneA-
Hee yMeHblxaer BerHtII4Hy oKpy)KHbIX, a cJIeAoBaTeJrbHo, H orHocH-
TCJIbHbIX CKOPOCTCft NPU BXOAC NOTOKA B KOJICCO, qTO BCACT K YMEHb.IIICH.HTO THAPABJII]qCCKI{X NOTCPb U YJIYqlxCHI,II0 KABPITAUHOHHbIX
cBollcrB KoJIeca. BttHoc noBepxHocrz Jronacru s o6racro ,rio.na"r"
HanpaBJreHHf, rroroKa c oceBoro Ha pa!.uanbHoe IpHBOAHT K HaKJTOH-
Iotuty pacnoJlox(eHHIo BxoAHoIl KpoMKIl ro orHotrleHHro K ocH KoJreca.

rfi1fi
v /-8r I
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Puc. 25.  l locrpoeuHe MepuAnarr-
HorO celreHlrr KOiieCa 'i rpa,:i l lX
H3MeHeHHn nnou la4n  F ;  B  3aBK-
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4noliHofi Kpr{Brr3Hbr rro3BoJrfler npo{in.nupoBaTb ueHrpo6exHbre Ko-
rreca c t ls  :300:350 H BbrxoAHof i -  rpouxof i ,  napannantHof i  ocu,
IIpII HaKJIOHHOM K OCII HaCOCa pacnoJrox{eHHr.{ errxo4Hori KpoMKH,
T. e. npl'l AI{aroHaJIblloM_ _HalpaBJreHr.IH rroroKa B KOJIeCe, n, nnoxer 6rtrl
AoBeAeH ao 450-500. tr4cnonr,goBa-Hue ronacrefi 4eofiuofi KptiBlisHbi
B Ko,lecaX MaJIblx /?s I]O3BOJIfleT IIOBITICIITb HX KaRI,ITatIUOHUile CeOIl,
c rBa (nper  D r )  100 uu) .

S 12. f lpodu.unpoBaHue KoJrec c qHJrr.rHApHqecKHMH flonacrqM[

V xo,uec Ma,rrbrx ns+ Koilec c D z {-70 tuli l  \enecoo6paeuo BxoAHyro
KpoMKy d'Io[aCTH BbIIIO,IIHflTb napafiJle/lbHo OCLI HacOCa B paAr.ranrnbft
L r a n . n l r  r z r r  n 6 ^ o  Q  - ^rqvr r r  r \v r ' ruua.  r - ,  r4 r \ r r^  LJryedx^  J ru l lag l 'b  Ha BceM I IpoTf l )KeHi lH l IpH-
o6peraer qr.rrruHApHr{ecKyro Qoprury (prac. 26).

6ee_orpltesoe o6rel{aFlHe B IUI,tpoKoM Auarra3orre rroAaq. flp" repe^{eH-
Hoit ro.null ' IHe Jlonacr'I l pel(oMeHAyercfl corJracoBbrBa'rb ee c roJr'{uuofi
AHcKoB KoJIeca, su6upaeMblx no coo6pax{eHnsM TexHoJrorHH npoH3-
l9{:i:1 " 

np oqHocr u..f,nn rlorlacrt l c III4/r rIHAp u vecro fi noBep x Hocr bro,
Oolra3yrurqaa Korop-oH IIapaJiJreJrbHa ocH r{o,,Teca, 4nQQepeHr{rraJrbHoe
ypaBHeHHe cpe4neft JrnHLrr4 JroracrH B rrJraHe unreei'eHa (puc. 261

tg 13 _ !,,ts ,

orKyAa c/reAyer
cm

Sinp

dS

0 - dr
-  + a  Q/  r B  l J

Rz
I
I
i,

Pacqer JronacrH npotrgBoAnTcfl e ra6-
"rtlr,{-Hort Qopnae, gareM, no.lyulre 0 :
: f (r), crpoflr cpeAHroro JrHHLrro Jro-
nacrr,r rro roqKau. flo4po6Hoe nocrpoe-
Hr4e H pacr{er npHBeAeHn n pa6ore [27 ] .

Oueprauue r{HJrr{HApu.recxort Jro-
rracrn MolKHo BbrrroJrHHTb 6onee [po_
crbrM cnoco60u.

J7 52

Frt. 27; lpafiuw lZ, sin F, cm
H O B QYHXrtNl.r AJrHHbr cpeAHefi

JIWHHI4 KaHaJIa KOJIeCa SrSz

llpo0u"rrHpoBaHHe IrHJIHHApLIqecKori Jronacrrz ocyqecrBJrrercr
c ueJrbro o6ecneqeuus MHHHMyMa r]|,rpaBiluqecKr4x noTepb B MelK-
JIonacrHbIX KaHaJlax Ko,r'Ieca. 3ro BblloJlHsercfl nyreM [JIaBHoro, 6es
MaKCHMyMOB H MHHHMyMOB, HsMeHeHHs OTHOCt4TeJrbHOrl CKOpOCTH
2T.@tAo @z n rpyHxqzLr ArrHHbr cpe4uer? TTHHHHKaHa[ra SrS, (pnc. 25_
27).

TonquHa .,'rorrzcrH 6 nu6zpaercn nocrosuHofi nu6o ToHb[re ro
KOHIIaM C VTOJI]IeHHeM

Buaqane [po'3BoJibHo HaHocl{Tcfl cpeAHflfl Jrr4rrr4ff JronacT' c yr-
JraMr.r Ha BXoAe 13r tr Ha BbrxoAe 02.

flo"rry.renHHri KaHaJr MelKAy AByMfl JronacrflM vt AG 14 HE npo_
Beprrercfl, i l  B gena o6ecreqnBaercq nJIaBHOe H3MeHeHHe rrJroqaAefi.

TarHu o6pasonr, r(aHaJr, Koropbrr? HenpepbrBHo nap**oa"" o, 
"*o4-HOro ceqeHHfl K BbrXoAHOuy (puc. 26), npoeKrHpye,rcfl B coorBercrBr{H

C SAKOHAMI4 TJIfl HCIIOABI,I>KHbIX KAHAJIOB. Vqacrxn .nonactefi CHu DG paccMarpHBalorcff I{aK HeHarpyx{eHHbre, H Bcrr Jronacrb cocTaB-
JIflercfl H3 Ayr oKpyx{Hocrer?. Pa4rayc Kpr.rBH3Hbr Jroflacrn He ro.n],.e,'
HsMeHqrbcs cxa,{xoo6pa3Ho, noTorvry rrro raxofi pa3pbrB ;;rfr;t;;
HOCTH MOX{CT NPHBCCTH K PA3TqqHbIM SOPTUAN,T TCqCHHfl  B NO|PAHHII .
r{oM c.ro€ H cooTBercTBeHHO K noTepflM.

S l3' rlpo$n.nupoBaH'e KoJIec c npocrpaHcrBeHHr,rM' JronacrqMn
B pa6ouHx KoJlecax HacocoB 6o"nrueri qacTbro HeBo3Molr{Ho uJrHHerteJrecoo6pasHo ykaJrfrb BXoAHyro KpoMKy H3 30Hbr noBopoTa B pa_

AaalrbHyro qacrb KoJreca. 3ro B rrepByrc oqepeAb oruocurcs K r{a-
cocaM 6o.nturux ns c orHorreHueM + < l,b u c JronacrflMu ABorisofiuI
AIJ'D'\rnbr. fruaJlu'nLrH'e cooopax{eHl4e OTHOCHTCA K HaeoeaM epaBHH- .
::*+:.Pi,?!r\^!::.y_*ggpxnpocrpaHerBeriHJrosopnryuuefu ronbso

I juc. 2b. Pa6o,{ee KoJreco Hacoca c
H c BXoAHbtMH KporlrKaMn Jronacrefi,

IUIJTHHApHqecKHMtt JronacTrMH
napaJrJreJrbHbrMr.r ocH KOJIeca

B nocJreAHee BpeMq per{oMeHAyercff KpbrJroBofi rlpooH/rb JronacrH,
oSeenequearcq+u? nraxeuvaJrbHyro gxoHoMr,rqHocrb H Jryrrmue aHTra;
KaBrraurloHHbre KarrecrBa. cooreeTcrByroqnu npo$u.[eni (oAeBaeTcfl>
CKEJICTHAfl AYX{KA JIONACTH. PCXOVICHAYETCfl YTOJIIIIATb BXOAHYIO
L n r . t T \ t l f \ t  r l n  n 4 ^ T r r  ^  t r ^ r y  r A  - -  ^ 1 - - - -  -  /rrt ,vrrrr\J ' rvrrsrvr rt  \-  r{E/rf , ,r t . l  r lu/ry 1trH}1}l  l lPUq)14/1fl ,  OOgCIIerIHBaIOUlefO

nioanoft yqaciox aonaciu. 65;;d;;;;;;'%"*r"## H;#*,Hffi:coB HMeer u'Jr'r{Ap[qecKyro o0prury B paA'a/rbHoM yqacrKe KOJreCa. 
,

f loerovry nporpn"rrnponaltub noitacru ycJro>l(lrrc,rcfl r.r BHeqaJle npot-rs. i
BoAHTcr nocrpoeHr4e rroBepxsocrefi ToKa B Ko,{ece.48
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BosHr.{Karoulee npu nepexoAe noror(a or oceBoro K paAHaJrbHoNry
nanpaBnenHto HeoAHopoAHoe noJre cKopocreft cos4aer gHaquTeJrbHoe
pa3,'tHqI{e B ycJloBt4nx ABHx(eHHr x{I,rAKocTH H cooTBeTcrBeHHo pa6orur
,ronacrHofi cl lcreutr B6"tu3H BTy/rKH H O6OAa ?a/.HALbHO-OCeBOTO KO-
reca. 3ro HCHJtIottaer Bo3voxHocrb npHlvreHeHHfi aiicideiiiaprioft cxeivrbi
c ocpeAHeHHeM cKopocrefi xax no oKpyxHocrH, TaK H no HopMaJrbHoMy
ceqeHHrc noToKa, Koropafl onpaBAbrBaer ce6s npHMeHHTeJrbHo K pa-
AHaJIbHbtM KoJIecaM c uI4/II4HApHr{ecKHMH JronacrflMll. B Hacroqulee
BpeMrr l\Jrfl pa[HaJrbHo-oceBbrx KoJrec HaxoAHT [rHpoKoe npHMeHeHHe
cxeMa ocecuMMerpHrIHofo IIoroKa, T. e. cxeMa 6ecxone.IHoro rIHcJIa
,ro n acreft , on p aBAaBIxafl ce6s rrp HMeH HTeJI bHo K p aAHaJr bHbrM KoJrecaM.

XortsrtelnD nrtnfi-  - t -

xu0xocmu

Pnc. 28. Cxeua ABH>KeHr..rfl >KHAKocrH B npo[eJrJrepuoM KoJrece

3ra cxenaa npr.rBoAur rpexMepHylo saAauy o6rera*vf,, JronacrHoit cu-
creMbr K AByxMepggfi, r. €. K saAaqe ABH>KeHHfl x(HAKocrr.r no noBepx-
Hocru BpalqerrHs. f loser flercfl, Bo3MoxHocrb AeJreHHfl noroKa n o6nabru
KoJreca Ha orAe/rbHbre crpyH noBepxHocrflMr.r ToKa, L{Meroillr,rMH Sopuy
noBepxHocrefi BpauleHPrfl .

llocrpoeHue noBepxHocrefi ToKa B KoJrece. flocrpoum noBepx-
HOCTIT rOKa HeO6XOAHMO rrOTOMy, IITO B paSHbrX TOTIKaX IUHpLIHbI
HopMaJIbHoro cel{eHHfl Kofleca rtoryrlatorcfl pa3Hbre ylJrbr y nonacrefi.
I-loarolry rpe6yrorcx B AonoJrHeHr{e K BHerrrHHM noBepxHocTflM npo-
Me)KyrorrHbre noBepxHocTH BparrreHHfl. Jlyurue Bcero npoBoAHrb 3TH
noBepxHocrH IIo IIoBepxHocrflM ToKa. 3ro cTaHoBI{Tcfl BogMo}r{HbrM
6.rrarogapg runore3e, i lo xoropofi qacrzubr xHAKocTu n pa6orreM Ko-
Jrece ABHxyrcfl no noBepxHocrsM ToKa, r.rMeroxlr4M Qoprnry noBepx-
Hocrefi BparqeHur (n"rlocxnfi norox).

flpe4,rloxeHHafl rr.rnore3a flBlIflercfl crporofi ToJrbKo AJrr KoJreca
6es nonacreri. B 4eiic'rnlrreJrbrrocru Jroilacrr,r AeQopMr.rpyror noroK,
oAHaKo no rfirrore3e Ao[ycKaercfl, rrro Qopva noBepxHocrefi ToKa

mesa reM ToqHeer r{el{ 6nutxe pa6ovee KoJreco K pa[HailbHoMy KoJrecy!
H TeM 6onture out6Ka, 'IeM 6nIaxe Qoplvla KoJreca K oceBoMV (uanCir-
MaJrbHafl ouru6xa A"ns nponeJrJrepHoro ro.neca).

Paccl,rorprrM noroK B rpone.,'rJrepHoM KoJIece.
B HeM noBepxHocrb roKa -  qHJIHHApHIIecKaf l  noBepxHocrb,

Br,rAennu rouxnfi KoJrbrreBolt cnofi >KHAKocrH a6 oxono roBepx-
Hocra roKa. f lycr t  y KoJreca r{erbrpe JrorracrH (puc.28).

Paccuorpuu ceqeFrpre KoJreca nJrocKocrbro, nepneHAHxynrpHofi
K  O C A .

B eroli rtJlocKocru cnou xHAKocTH oxoJro noBepxHocrH ToKa noJrv-
rrHTcfl B BHAe TOHKOTO Ko.rrbr{eBoro ceKTopa. np, BpaIIIeHHH ̂Ona.u
co cKopocrblo o JIoIIacrb noBepHercfl H rrepeNrecrr.rrcfl H3 nono}Kenun I
B rroJrolKeHr,re I I (puc. 28). Konrueeofi >xu11xwit ceKrop nepeABHHercfl
nocTynaTeJrbHo H noBepHeTcf l  BOK-
pyr uexoropoli cpe4uefi ror{Kr{.
Jlonacru KoJreca 3acraBflT )KHAKocrb
rroBepHyrbcf l .  Taxupr o6pasovr,  npH
npoxolr{AeHHH r{epe3 r{oJreco rroBepx_
Hocrb roKa AeQoprr.llrpyeT'cfl BcJleA-
crBne sosAeficrsHq .nonacreri H Ha
BbrxoAe noJryqaeTcf HcKpHBJreHHafl
loBepxHocrb roKa. PaccuorpeHHoe
HcKpr4BJreHHe noBepxHocreft ToKa
cH.rrbHee Bcefo npoHcxoAr{T B OCeBbrx
Hacocax .

B paAHaJrbHoM KoJrece qacrr.rqbr
x{HAKocrr,r BcJreAcrBHe sosAer?cre}.rq
"nonacrefi nepeMecrflTcfl no paAuycy
vr ocraHyrcfl Ha rofi x(e noBepx-
HOCTH BpaqeHr4f l .

C.ne1onareJrbHo, runore3a coxpa-
HeHHfl rroBepxHocrefi ToKa B Br.rAe
noBepxHocrefi BpauIeHHs reM Tor{-
Hee, rreM 6.nux<e Qoprvra pa6overo
KoJreca K pa4naJrbnofi. OHa MeHee
Tor. IHa f i .nf l  oe-eBhrx Ko.nee Onuet n

v A r ! q r \ v

Bo Bcex cryqasx pacr{era KoJIec npHHflTa 3Ta fHrrore3a. OHa ucnoJlb-
Syercfl KaK Alrfl. paAHailbHbIX' TaK H AJIfl oceBbrx KoJrec.

BltqcHHla' cKoJIbKo noBepxHocrellr roKa ueo6xo4nuo ilpoBecr1rqepe3 MepHAHaHHoe ceqeHne KoJreca. B xaqecrBe noBepxnocrbfi ToKa
r4cnoJrb3yercfl Hapy)Kr{afl H BHyrpeHHffl nonepxHocrll (creHxn) r(o_
Jreca. f,ono.nHHTeJrbHL,rX nonepxHocreli o6uqHo npoBoAflT OAHy HnH
TPH' rITo AaeT B cyMMe TpH HilH IIfTb rloBepxHocreli ToKa. I(o.nuvecTBo
noBepxuocrel i  Tol(a 3aBI lc l ' t ' r  oT urr . rpr . r l r r , r  r (oJrcca r t  r t le6vevrof i  . l .or t -
HOCTH pacr{eTa.

llonepxuocru roKa B Me H A H H O M  C C I {
pyroTcfl B JIPTfiHH TOI(a.

Puc. 29. f locrpoeuue nunui.r roxa a,
0, c, d, e H Hopuaneri Ao s MepH_

AHaHHOM CeqeHHH KOJIeCa

Paan,terxy nltHl'tft ToJ(a B MepHIHaHrroll ceqerrHrr Ko/reca cre/{yer
rrarrarb c.,TeAyrorrlulvr o6_pasor\a. Ha HopMail er oo (plrrc. 2g) HyIKHO ,far(
n r , r6pars  l ' oq l ( l I ,  t l ' ro6 t , t  Me)KAy noBepxr roc ' r f l r vn l ' t .o r (a  lpoxo/ \1J1r
O I H H a K O B I : l e  D a C X ( ) n l ' t -  

' l - a r c  
t t A : , i  r t a  p v / \ r r a  n . r ^ r r , \ n  n n  d ^ , r , , ^_  - - . _  r  r i q n  r r ( 1  I J , \ ( / I { C  i J a u t i i J e A c J I e i i H e  c K o p o -

c ' re i i  c rn  paBHoMepHO, t reo6xo/u. rMo r roc. rpor . t - r .b  p f i / (  r ioJret l  oAHI la l<oeof i
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RJror{aAH. Ha HopMarrH 2-2 pacnpeAe/rfieM Toi{Kfi pABuoMepHo, rak
KaK CqHTaeM, qTO Cm IOCTOflHHO IrO IXl4pHHe KOJIeCa

B o6.rracru noBopora rloroKa rpyrHo yrBepxrarb, rrro cm pacnpe-
Aer'rfercrr paBrroMepHo rro Aasuofi HopMaJrv. B cropoHy Bbrny,r{JrocrH
nt'tHttf i ToKa AaBJIeHHe yBefiHlrHBaercrl, a cJreAoBareJlbHo, cKopocrb
yMeHbrxaercfl. D.nn yqera wcKp4BrreHTfl, rrpH npoBeAeHHH noBepx-
Hocreft roKa BBeAeM Bropyro pa6ouyrc runoresy, i lo xoropoft c,, J
: coflSt BAoJrb HopMaJrH K JrvrHHfl.M ToKa. ?ta runorega MeHee cnpa-
BeAJIHBa IJrfl paAHaJrbHOrO, rreM Arfl oceBoro KoJreca.

_ 3ra pa6ouan rullore3a noryLlnra [rnpoKoe rrpr43HaHue KaK rrpueM,
o6ecne.IHnarcu1ufi paBHocKopocruor? noroK B Mepr{AHaHHoM cerreHuu
KoJIeca. Taroe ocpeAHeHI'Ie cKopocrerl o6ecne,rHtsaer 6o.nee rrJraBHyro
r * r n n r r r r  n n  D d h v r r n  ^ m r r  r n  n ^ ^ ^ ^ : t  l f  ^ - - - ^ - o -  ^ - - ^ : - -  - -  -
Y v P r v r J  I r r J . D s P ^ , r r \ - r L I r t . r l w l l d . L r E r a  r \ r J r / l E L a .  I \ .  r r .  A .  r / l U f f a u ' l H U k l  U k l ( J l e M b l

IleHrpo6e>KHoro KoJIeca AocraroqHo BbrcoKrar?. Ilpeo6naAaroqee 6o.rls-
ITII,IHCTBO pyKOBOACTB peKOMeHAyrOT npOeKTHpOBaHHe JrOnaCTHbrX CH-
C'l 'eM llacocoB 'I 'OJIIrI(o B paIlIIOCKOpOCTI-IOM nOTOI(e, TaK KaK XOpOUIHe
pe3y/lbTaTI)l / loc'rHraloTctt JIHlrlb npu QopMaX Mep.HAHaH]roro ceqeHHrr
I(OJIeca, o6ecttequBarolrU4x Br)rcoKyro oArropo/(Hocrb MepHIHaurrbrx
cocraBJrnrourrx cxopoc'r 'ef i .

tr4rax, pas6unaervl BCe HopMaJrbr-rbre [oBepxHocrrr Ha paBHbre nJro-
qaAH, AJrr qefo AJrr.rHy orpe3Ka HopMaJrH Ao ueo6xoAHMo yMHoxHTb
ua 2nr*, r/\e rx - r(oopAHHara UeHTpa Tfl)Kecrr,t orpe3Ka.

Pacclrorpuvt Bonpoc o ueo6xo4rzMocrrr yroqHeHvfl nLrriuft, ToKa,
TaK KaK HOpMaJTH rrpH nOCTpOeHHH 3aqacTyro HenepreHAHKyJrspHbr
J I H H H f l M  T O K A .

Moryr 6trrn raKlKe c,[yrrau, KorAa rpyAHo npoBecrn HopMaJrH
K JtHHHfl.M ToKa (o6nacrr H3MeHeHHfl HanpaBJIeHr4r noroKa or oceBoro
K paAHannHouy). l{l.renrcq pactrerHbre MeroAbr flocrpoeHuff nr4lr4fr
TOKa B MepHAr,raHHoM Cer{eHHH JIOTTaCTHOTO KOJIeCa.

Buquc"ryl'lte.ursufi cnoco6 .Ila6uaua flBJrflercfl MeroAoM nocJreAo-
BareJrbHoro_ ilpu6,ruxeunn. flnn oueHKH ToqHocrH pacrrera no MeroAy
fiuduaHa 6atnu BbrnoJrHeHbr ABa KoJreca - c yroqneuuem H 6es yror{-
HeHHfl. O4uaxo pa3HHIIbI B KarIecrBe KoJrec He honyuuJrocb. C.ne4oua-
TeJIbHo, Her Heo6xoAHMocrH crpeMurbcfl K 6oarurutr yroqHeHHflM rrptr
nocTpoeHKld MepHAI4aHHOTO CeqeFrzf Lr rpH [poBeAeHHH ilLtHVru ToKa
H UOptr,Ia.Ueft.

vroqneHue BxoAHono n BbrxoAHono ynJroB ;ronacreft KoJreca.
Vlrvrcs roBepxHocrLI (.nuHura) ToKa, Mox{Ho npprcryrrr4m r< npoQuJnrpoBa-
HAIO nOnacreft. Bsaqa.ne Heo6xoAHMo yrorlHr4Tb, rAe HaqnHaercrr
H KoHqaercfl , 'ro[acrb, T. e. 3aAarb rlo,lox{eHl4e BxoAHott u nuxo4Horl
KpoMoK,ryonacreI l  l (o/ ' Ieca.

'  
R  n q  n r - u o r l r r r a n r  n r 1  r r  n n n . l tI  -  -  . . - q i - i a - r L r r u v r y r  r r y r r  r r p v w

H nepecqHTbrBarb BXoAHorl r{ BbrxoAnoft yr.nbr Jronacreli roneca.
Pacqer BXoAHbrx yrJroB BeAercrr Ann KalKAor? crpyftxu, T. e. AJrfl

xa>xAoi-i [rHHvtH ToKa. Haueqaercfl BxoAHafl KpoMKa no aHaJrorupr c Ha-
cocoM TaKoro x{e /?s. B ro.rxax nepeceqeHHfl BxoAHofi KpoMK}I H ilvr:Ht4fl
ToKa onpeAeJrneM (cuuraeu) ur,  crn,  ctu (ecnr.r  3aAaercr BXoAHarr
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flfipi<y.nri\uA, cu * 0)., flpouanoflllren nocrpoeHue nxoluoro rpe-
yfoJrbHHKa cKopocrefi (c^1, u)r H B1) 6es yqera crecHeHHfl JTOnaTKaMH
(c*.pnc. 10). ouepraHr.re BXoAuofi xpona{Jr a, e, (cn. pr.rc. 29) B Meprr-
AHaHHOM ceqeHHH Bblno/IHflercfl Tar(, uro6rr oHa npHMbrKaJra K AprcKaM
KOJreCa no Bo3MoxHocrr.r noA npfMbrM yfJroM. flpoexrzpoBaHHe JtO_
rlacrv o6"nerqaercr, ecJIH ToqI(y CIr ee oTHecrr.r HecrioJrbKo AaJrbli le o'r
ocz. Heo6xo4ulr,ro crpeMurbca, uro6lr Bce crpyfixu B pacqere o6ecne-
qHBailH o4uuaxostlft Hanop H**. I

tnn nocrpoeHrrr rpeyroJrbHr.rKa
cxopocrefi c yqeroM crecHeHr4fl. sa-
AaeMcrr [3r ) pi n onpeAerrneM xoeQ-
Qnqueur crecneHr4fl  (cvl.  plrc. 10.30):

nrr - r <)z' l ' [ -  t  - r r D r s i n F r '

f iopa4or( orrpeAeJret-rprfl N,, MO)K-
rro cBecTr.l K cJreAyroil(eNry:

l .  Onpelenlevr

Fi : arctg *-:I l  1 - C y 1

2. 3aAaelrcs

0r : Bi .+ Ap.

| u d  A

{ F z

Puc. 30. Cxerua sxoAnofi  H BbrxoA-
Hort xpouxu Jronacru KoJreca

3. CqHraeM 1lrr a 3arervr rpoBepfleM yfoJr p, c yveroM crecHeHHfl:

0 r :

4. YroqHseu yroJr araKl:

A F : p , - p i .

Pac.rer BbrnoJrHflercfl Arrfl Kax{4or? crpyfrxvr (a, b, c H r. A.) BXoA-
HOft KPOMKH JIONACTH H |IOBTOPgCTCq HCCKOJIbKO PA3 C H3MCHCHHCM
noJrolKeHufl nxoAHoli  KpoMKH JIOnaCTH. pacno,rolKeHZe SXOAHOfi
KpoMKH 3aBHCHT Or rpe60sauuft pacrrerHoro SaraHHn H ft ,  Hacoca.

i l ,ns r(eHtpo6elKHblx HacocoB Ma/rbrx /?s c orHocHTeJIbHo qacroft
.uonacruor? peurerroft Ko.[eca (rz, g 120) 

-xe,rare,rrno 
Ha exoAuoft

:  const .
Jr arar{H ilo crpyfrl<av A

.,i lns ueHrpo6exsux HacocoB 6o"rrlrr 'rx ftr. c orroc,TeJrbHo <peA-
xofi> JrorracrHort peurerxofi xoneca (n, > 20d) ycJroBHfl BcacbrBaHr.rrrpl  rHApaBflHt{ecKHe noTepH B Mexf lonacTHbrx r<inanax cHJrbHo gaBt{e.qr
or rrepaBHoMepHOCTlr  Cr(Opocr l r  u) t  Ha nxo4rrof i  KpoMKe Ko/reca.
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f loaroruy peKoMeHAyercfl BbrrIo/IHflrb no crpyfitau Ha BxoAHofi xpot,rxe

#tr :  const i  u)r i :  (0,g-i  l , lb) u)tp.tS Fr
Pacqer xax4ofi crpyfiru rpou3BoAurcfl Ha I;;HH u
I(oppexrr4 poBKa BbrxoAHoro yrJra JrorrarKr{ F,no fopnay"rre

H , : - te) 11,,, -
2nbgg2 tg p2

--'- (rcu),pf

O6nrqHo rrpHHHMaror:

1 le -: 0]ann qacrofi peruerr<u).

? F^rn - ^[3, (noroK rra ebrxoAe KoJteca noA yrJrora 0J.3. ,'o : ,'\Un,
rAe

U n : t -  
n s t i t F z

4. KoeQ$aqueHr crecHeHr
no Qopvy.rre 

q,eHr t"tnt""" tPz '1oto'uo"reJIbHo oqeHuBaerc'

! ' z : l - -  = 6 1 t . t- xrDz sin B, '

o6uquo
r f z : 0 , 9 5 + 0 , 9 .

IlocrpoerrHe npocrpaHcrBennofi Jronacru KoJreca. Ann ynpoueHr{fl
pacqeroB -np H oKoHrraTeJrbHoM orrpeA_eJreHHr,r BbrxoAHbrx pasuepoB KO-
,rreca ]Ao6uo 3aAaBarbcfl 3HaqenH6nn B, H HaXOAr.rrb 4 Gr--*o.r.""o
BXoAHT B Uni . | l r ) .

OrcrcAa BbrreKaer cJreAyroq'fi nopflAoK pacqera:
1 .  3a4aeucr  Fr .
2.  HaxoAunr

Heo6xoAr tuo  xo l r ( lopn lno  oro6pa3r rb  r roBepxHocr .b , r ronac . r . r ,a
I{eKo' fopylo Apyrylo loBepxHocrb,  I (oropar{  B orJrrrqHe or roBepxHocTrr
JIOIIACTI, I  fBJI fETCf PA3BCPTbIEACI\ ,TOI1 NOBCPXHOCTbIO, I (OH$OPIVIHOCTb
oro6paxeHHfl  o6ecnequsaer paBeHcrBo yrJroB Jrorracl . l r  Ha l rcr l ruHof i
noBepxHocrH Tor{a H rra nu6paHHori  noBepxHocrH, Ha r{oTopyro / ro_nacrb oro6paxaercf l .

I(povre paBeHcrBa yrJloB, xoHQopMuoclb o'r 'o6pax<eHrrfl o6ecrre-qaBaer noAo6He s, , r reMeHTapHbrx Q"iv i ,  Ha o6eux no'rup**ar"" ,  npH_veu xoaQQHrraeHr noAo6kt q He MeHflercfl rrpr.r rrepexoAe oT oAHOli TOr{KH
x 4pyroft. ceqeHHe Jrorracru noBepxHocrbro ToKa He AoflycKaer roJ,ry_qEHHfl  HAfJI f lAHOfi  NPOCXIfH!,  TAK KAK I IOBCPXHOCTb TOKA HC PA3BO-paquBaeTcfl B [JrocKocrl. C erori ue,,rbro noBepxHocrn Tor{a, f lepece-
Karcul{e florlacrb' oro6paxaForcn Ha KoHllqecr(yrc \rJrH rrH,lnHAprrqe-
cKyro rroBepxHocTb.

B KarrecrBe no-BepxHocrr4, Ha r{oropyro rpe6yercn oro6pax<arr
Jronacrb,  y406Ho 6parr  r IHJrHHApHqecKyFo noBepxHocTb, pa3BOpaqH_
BaeMyrc B nJrocKocrr  (pHc.3l ,  a) .  i lpou,. .c xouQop*noio '*oopa*e-
HHfl, BKJIIOqACT:

l .  Bu6op A'aMerpa xonQopnrHoro uH/rHHApa u nocrpoeH'e Hapa3BeprKe uHJrr.rHApr.ruecxofi noBepxHocrH coornercrayrculefi xoopaa_narsofi ceTKr4.
2. f locrpoenze. KoopAHHar cerK, Ha noBepxHocrflx roKa (xo_uou4ax) "nonacrefi xoneca.

KOHOT.TAOB Ha p a3BeprKy rIHJr HHAp a.
)My KoopAHHar Anq o6eHX rroBepx_
rzAr.raHHbre nJrocKocTH qepe3 Kax{-
epecerleHl4[ C KOHOT4AOM H uHJIHH-
MepHAHaHHbrx n, tocxocref i  ( [ ,  I  I ,

I-lpz npoBeAeHHH Bropotl cacreiubr rrapa/r"qe.ryeli ueo6xo4umo o6ec-
IIeqI4Tb YCJIOBl4fl XOH$oprr,rHoCTpI. \_/r{HThrR_2q u,n^ A-.^ A-.-

" ..Too_i,.ryy purnor.pnyo ..rni";-;;;;L#; nu*"u-"^"*ii. U, 2,;t vr r. A.) c rraroM L^L u Ha KoHor4Ae c rxaronr A/; 1n.per"""'i,,i .,,arj(pnc .  31 ,  a ) .
I(oHsop^aHocrb BbrnoJrHeHa, ecJrH o6ecneqe'o no4o6'e sJreMeH_

TAPHbIX NPf lMOY.OJIbHHKOB CCTKH NAPAJIJIC NCf i ,  U MCPI, IAHAHOB KOHOH.
AoB H r \vrnrrApa, r .  e.  l to pac. Bl ,  a

# : 
*' AS --- RAqu; As : r,pLrpn; A,rpn - L,tp,,;

=;: f ;  Lt : f t  r , r . (r  t )
Tax xar rce Mery1ercfl np' nepeAB'x{eHr.r' no Mepr4AHaHy noBepx_Hocrl'l ToI(a (puc. 31, a), io rr 

'A/' 
tar<xJ--eeflHr.rlrHa n.r'F*,rart,ar*9To npHBoAHr K roMl, qro paBHoMepuofi eerKe ;rp;;"-;;?'1i;

TOT x{e Hafiop.
npor.r3BoAHrCfl

#r ,

A n :  i  -  * " l P '  '

3. Onpe4en aev rl.
fIoAo6Hue pacqerbr npLr xoAurcn npo14 3BoAr.rrb HecKoJrbKo pa3.

Ec.nu BbIXoAHafl KpoMKa He JIe)KHT Ha rrzJrHHAplr,recxofr norap""ocrr,r,
To no406nuli pacuer npor{3BoAtr:f l Arr'., xaxaolt atpyanr.'

floc,ue onpeAeJreuun- B, H rz, KorAa I4MebTcr Bce sJreMeHTbr, or-
peAeJlflroque MepHAHaHHoe cerleHHe Ko./teca, cra_BrlTcfl, gakaqa I]o,],ry-rIeHHfl Qopulr /ronacrr.r c olpeAe.rreHHbrMr{ 13, 

" 
l3r.

HM,4 noriutt"*7 sa1,,,a peruaercfl

I . I  BbIXOAI{OMY Y|JIAM HI. IKAKHX NPHHI. IHTIHAJIbHbIX
H I- IKACT.

HoMy
rpyAHocreri He sos-

f lpu npo$unupoBaHlrH
nprrxoArrrcf l  npu6erart K
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KOJreCa c npocTpaHcTBeHHbrMH JronacTflMH
cnoco6y roHQoprvruslx oro6paxeuHfi.
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noBepxHoc'rr. l
parJreJrerl Ha

T a x  K a K
cpopnle,  r .  €.

TO efo MO)KHO

I I I , IJ IHHAPA COOTBCTCTBYCT HCPABHOMCPHAfl  CCTKA TA.
noBepxHocrH roKa (xonou4e).
ypaBHeHHe (l  l )  cnpaBe4rruBo B au$Qepenuua.nlHofi
B BHAC

d t r- d L : R '

npouHrerpupoBarb u rof lyrrurb 3aBucuMocrb I  :  f  (L) .
Jeu

EcrecrgenHo, .rT9 ypaEHeHiae cnpaee4.nuno "rrrrrun AJrfl AairsoioyqacrKa KoHHqecKof i  nonepxHocrH Ll .  I .ns.  Apyfofo yqacrKa 6ya.,
Apyroe 3HaqeHHe yrJra ( I .

Ha nparrnKe o6tr,IHo orpaHHqr.rBaorcfl Teru, rrro cTpoflT rvreJn(yto
cerl{y MepHAHaHoB H napan"ne.nefi, rrro Aaer Aoc,raror{Ho TorrHbre pe-
3yJrbrarbr npH npaKTHrrecKoM BbrnoJrHesuu oro6palKeHHs.

MeroruqecKHe yKasaHnq no BbrnoJrHeHnro xonsopuHbrx oro6pa-
xenufi. l . Paguyc qHJrHHApa oro6pax(eHufl R nu6upi.r." 

-u". 
.uur-

CHMOCTH OT pa3l\Iepa KoJIeCa H TOJTbKO JrHtrrb lzs coo6paxeunfi yao6-
crBa npaQauecrvx pa6or.

v.q,o6'o asr6upa* sHaqeHr.re _R Apo6uuu, uro6lr paccroflHrre
MCXAY MCPHAHAHAMN UHJIHHAPA AS 6bINO I{CJIbIM I{HCTOM (P"'. 31, A)

n p u  A , p : 1 0 . ;  A - S : f t n ;  R :  t t o t

2. Ll ^ paccrorH'e MelKAy napaJrJreJrflM' ur,rJrHHApa He cBfl-
saHo c_ AS, noaroMy nsr6upaercfl rrpotr3BoJrbHo.

3. HatlaalHble roI{KH nocrpoeHur Jroracrefi Heo6rr3are,[bHo H Aa]Keu e y 1 o 6 u o s s t 6 H p a r b H a s l l x o A H o f i x p o n , r x e ( p n c . 3 | , 6 )
Vao6no nrt6part Haqa.[bHbre roqKrr nocrpoeHHq Ha npoAo,r]]KeHr.pr

BbrxoAHoft  xporuxu nonacref i ,  HalpHMep, n ceueuu pr o -  o ' (pHc. 31,6).
4.  f lpu pa3MerKe orpe3KoB a, '1,  ua^i lHHVH ror{a (pnc. s i ,  a)  

"y*n'oIIoJr bsoBarbcfl Sopvry"rrofi

N ^ L: -T rro.

l lpu SToM HeO6XOAHIVIO BbrrroJrHHTb HecKoJrbKo npu6nuxeHHbrx
pacrreroB, TaK KaK CHaqa.na ueo6xorHMo 3aAarbcfl rcpH paccuwrarn A,l,
sareM npoBepHTb rcp r.r BHoBb paccqHrarr A/; 1,U6O nO Qopnry,rre (l2j
noryrrurb cpa3y )Ke rorrHbrfi pasuep orpesxa A/.

5.  PaglaerHe orpe3Kn L[ ,  na nHsu"x (nonepxuocrnx) ToKa a,
b, c (pT. 31,6), Mox(Ho npr{crynHrb x oro6pax(eHHro nwnufi roKa
:i l?|q:pMYyto 

paaBeprKy rturrHHnpa. Ilpu ororu opr{eHrr{pi/rcrcn
Ha I{aMeIIeHHoe B nepBolvl npn6.uuxeHHu noJlo}KeHue BXoAHofi xpourvt
JIONACTI,I KOJICCA.Pi'ic. 3r. cxenra xouQoprrruoro oro6paxeHus .nonacru:

4 -  roBepx 'ocrb  roKa u  xon(popnnuuf t  qu .znnnp;  
.6  

-  pa3BeprKa J rouacr '

nnr^HHrerpHpoBaHHrr ypaBHeHHn ueo6xoAHMo Bbrpa3r{rb saBr,c'_*otl!^ 
At :.!^l') nn^ o6phivrollrux noBepxHocrefi ;;;-i;;uou4on).

.tr,C,IIH NPHO/IH)KCHHO 3AMCHI{Tb IIOBEPXHOCTb KOHOI4AOB YqACTKAMIKOHHqecKofi noeepxHocrH, ro petxeHue'4aQsepeuuHaJrbHoro ypaBHe_
HHf r{MeeT BHA

-  AL s in U.
2

. q .s ln  
2

rAe ro - paAlryc, c KoTOpOfO
G - yroJr KoHyca.

5 6

6. . Vcnoene' KoTopoe neo6xornMo Bbrrro/rHr4Tb npr.r Bbrrrepqg BaHHH
nwuwft [epeceqeHHfl noBepxHocrrl ToKa 14 Jronacr]r Ha ronQopnrHoft
pasBeprKe qHJ[rHApa, cJieAyroti lee: xouQopnuo oro6pur*u.uu" JrHHLrfl
nepeceqeuua (cperH' ' . .  J luHHf nonacru).c BXoAHbTM r{  BbrxoAHbrM yf_
:uy" f:-.1-^]1: AorrxHa 6srm naaeHofi 6es neperu6oe lirr.ru 

"p,
H Fl noryrreHbr paHee pacuerou).

p119Nuu yr/rbr l3r n Fz vs rorrKn A (puc. Bl, 6).
I lnaeuocrb Jronacr,r H orcyrcrB"e n.per u6os Moryr 6urs o6ecn

7. B 3aBHCHM_ocrH oT r.x'p,Hbr Ko/reca npoQu,rrupyror rpH vrJr.
nsrb crpyeK (nonepxuocrer l  roxa).

t--t- I \
r l l \

i t l
l l

t l

/  - ' +

HatlHHaeTCA QTCTIeT;
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I7p^ npoBeAeHHH. crpyeK Ha ron$opnauofi-pasBepr*e ufiJrr.rHApaue"necoo6pa3Ho npoQa.rraponarl ux TaKuM o6pasoru, .rro6lr BXoA_Hafl r{poMr(a "rre)Ka.ra n o4uor? Mep'A'auuofi ono.no.r" (oi-, ti, ,i.Pacrronox{erHe nxoAHofi lF;y Jrorracr ' ,pHxoAnrc, Bapb'poBarb,o6ecnequnas 
Tli-1l:yrrfi pacuerHrrfi ,u,.d" HsMeHeHHn a : f (s)no crpyfixau. Crpevnrcs raxxe noryrrlrrr panHufi 

"r" 
noori pannuiiyrofi oxBara Jrglacru 01 no crpyfix.afu o,, b't, Ct H T. A. pacnonoxeH'e

sxoAuofi KpoMKH rrorracr' s oAHori *"b'iiii"Hofi nnocKocr' o6.ryer_qACT TEXHOJIOTHIO H3TOTOBJICHHfl I,I XONTPOJIfl CC H B HEKOTOPbIX CflY.qaf lx o6ecnequBaer xopotr lHe aHT,KaBuiauuoHHbre Kar lecrBa Ko,[eca.OqeuKa Kaqecrna npoQ wnlpo_

I- Iocne nocl 'poel l l l l  I \4el) tunarrr , rX cpe3oB Jronac.r ' r r  r reo6xoAlruoT I P O J 4 3 B C C T H  N P O B C P I { Y  C T C C H C H H ' I  I I O T O I ( A , [ O i l A C ] ' , I M H .
I(oe{rt| l lruuenr creoteu rr rr

r p -
flie

. 6) -Har{JtoH nlrxo4uor? KpoMr(H
(pr. .  32, 6).

r A e A - y f o J r  M e ) K A Y

_ pHc.  B0) .

B MepHAHauuort f i/rocKocTH

MepHAHaHHrTMH cpe3aMa w crpyfiroft (onr.

1 - + ,

BaHHr "rlonacra Ha ronQopunofi -C .0_ l t!

7 * |1,1. .
Z t

0r - ro/rq,Ha rroracrr. no oKpy)KHoCrH pal'y.ca r (cvr. puc. 30).r.nn KoJrec c ur'rJrrHApr.{qecK}rMr{ "[o[acrflrv*r (cu. plrc. -?0r\

s i n  p z '

Enn KoJrec c npocrpaHcrBeHHbrMrz JronacTflMu

d
( J - -

tB F' sin T- '

rn/l

={
\

a)a) 6)
Puc' 32' I(c;ppexrupoBKa BxoAHbrx H BbrxoAHbrx r(poMoK Jroflacr,,

AHarpaMMe
Ha roHQopunofi

l;ff#rl*'_:";:l?,9:i,nrlg:,g MeHee 60o no AByM npHqHHaM:

: u3:f;J ^i ",+p^'i :^ Ll' ? " ] :^ 1^i1^ "i' ; i vo'". ",. ;il; ;T;lTffiff ;
;"lp"T"^;*?:"_,.jku r, seo6xo t i t';;;;;;;;#: .iJ;."ffi#;Hau6onee rpyAHbre.

cerKe qH/rHHApa npoH3BO,AHTCfl no Mepr{ArraHHbrM cpe3aM ee. orue_
:AHaHHbrx cerleHnr? c Jlonacrbro Ha'eM TOTTKH nepeceqeHHfl nepeHocsTcfl
lHyto npoeK{Hro KoJreca. paccexas
)Ke/rerHbre JronacrHbre ceueuza (a;,
ru (puc. Bl, d), noflyqalor cerreHHfl

"1.: 

y:lIA1H-HoM ceqeHHH Korreca.
.Dr^ uptrsuu Ha MepI,IAIzaHnotZ npo_

Ko cr H r{ e p r e x{ a, a trr HLub co B M e ,ue n oi t H':tti31 #;, i;#f flT:o?;#.T:Hbrx cpe3.B Molr(Ho cyAr{rb o KaqecrBe npo6nniipil;il'^lronu.r*.PaccroqH,e Me)KAy cpe3aM, rro crpyr?xe AoJrx{Ho H3MeHflrbcfl MoHo_T9HHO. OTCTYNJICHHE OT MOHOTOHHOCTH CBHACTCJIbCTBYCT O HCNJIAB.HOCTH J IOIACTH.

MeroArr HcnpaBJreHr,rc flon acru Ha xonsopmnofi AuarpaMme (pae_
3:ili""#"#:!:^). ,.nulg% :ulpJATg""o ,os" Hlator npn npo Sunu-poBaHHH Korrec ..c tL, : 300-:350. flpuvenr #tt;,;.;;; ;;##;;Hapyx(Ho f i  c rpy f i xa  c ,  KoToDaf f  I IDH nnorhqrTnr lnE l ru ' r ,  nn  n r , , , ^ ^h^ -

llponepo'f'rnrfi pacqer c*opocrefi u moueHToB cKopocrefi s rorece.flponepxa "[o[acrH H noToKa B KoJrece nporr3BoA HTcfl no xaxAoftcrpylixe or BxoAa K BbrxoAy nocrpoeHrzeM rpaQrzxa HsMeHeHH' xa_
paKTepHbrx Berarruu (rcu)*,  Bn ,n,  t  I  t

r . rq onnpnA ,^: : : : " :^ , ' ' " , : ' ; :^ tJni  
u)* ;14; 

t ,qTl '  Tp H B'  ueo6xoAuMbl
^:::: -- ',rp'-;^uui-uiIHE (!)* U (rCu'1*,JlX paCC*Or'fan"e AaeT npeACTaBJIe_HHC O IIJIABHOCTI4 H TOJIUIHHC .TONAC'IN . ** AiCT TIPCACTABJICHI,IC O CTC-neHu AaQ$ysopHocru KaHaJroB KoJreca. MoueHr cKopocra (rc,,)*xapaKTepH3yeT soeAericrBHe "rronacrH Ha noTOK.

VECTI4qCUUE (rC)-  OT BXOAA AO BbIXOAA KOJICCA XAPAKTCPHO T,JI .Hacoca' cHHX{eHr.re (rcu)* .- AJrfl ryp6n'i* no.ro"HHoe (rc)* _nnr _uepa6ouero pexurr , ra.
Onpele.rreHue xapar(TepHbrx Be,rrHqHH HaqgHaer\d c npoBepK' cKo_pocTrr cm r,Jrfl Hopr\,raJIbHbrx ceqeuafi, napnantrK!"r_IflpHbrx K "rrHHprrMTOI{a.
Bno4Hvr crecHeHHe

t , r : #
KoaQrpaq,elrr 'tr-r onpe4e,rreH c ,,oMou{b'o NorrQoprrruori cerxH ,o Fr.

f I c , n o o  , n ,  
C r , ,

*or/itru wq : 
sinE i '13 TpeyfeJlblr[r<a cKopocl'eii, ' t 'ax xax i lo cxeMe
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6ecKoHe,rHoro qHcJra nonacrefi efo
Qopuy.ny

C u * : 4

8  6 4

Puc. 33. fpa$uxra cxopocrefi  H
MoMelrroB cxopocreft no crpyfixau:

a - r-pa{r lrx t t  ut.  8, 
t  I

t n ,  c t n  '  
; 1 g  F  

,

t _ o  
n o  c r p y f i x a u ;  6  -  r p a $ u w u

rcu  no  c rpy f ixe  brb ,

MOX{HO IIOCTpOr.rTb, I{CnOJrbSyfl

|  (rc)p.
c*- ]sT,-

flo no.rryqeHHbrM AJrs AaHHofi crpyfiKz BeJrHqr.rHaM crpo.r{M rpaSHK
r.r3MeHeHHr BeJrHqr4H (!), 0, C* BAOJTb AJrHHbr CTpyfiKH (ArAr; bJri
c tcz  no  pHc.  33 ,  o )

Ao sxoAa Ha Jrolacrb MoMeHT cKopocrn rroroKa (rcu)0,

o,epa

/  / 0 8  6  4
oz bl

aJ

2 / ///0
bz cl

fu *[
6)

4  2 /

t atu

b2

tr49-sa Hailwrrr yrJra aTatu npn BXoAe Ha Jrolacrb [oflyrraeM pac-
qerHoe yBe"rHqer{He (rcu)p

Ha nuxo4e 
^tr

(rc,)z: # { ec)r*.

3rA *e.nrtq,r, no)t('r l erpesr giepyp neeepx*eeie , Moi<fie erpol.Tr, n€ff;iTb, riPrftffi-1ae-
yl{er Ko}Ieqlloro qHcJIa ,'Io[aToK- -cuuxaer (rcu) r,, I veruyro ee noiepxnocrl 3a cpeAH]o]o; Mox(Ho rrpuHqrb ee s-a pa6oryro

; flocrpouB KpuBbIe na ptc. 33, 6, cae4yei o6parnTb BH4MaHrIe Ha I noaeitxnocrl. fiocrponr o.qiH 
"peg'n 

neo6padav roJrulr.rHy rrorracru
paBlroMepFrocTb tr3MeHenHff  BeJIHqHHbT fCu,

I(pr.rean rcu AoaxHa rl3MeHflTbcfl n4aBHq,
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Hanpuvrep, KprrBaf l ,  I  Ha pnc. 33, 6 nloxa reM, qro Jronacrb cprJrbHo
r{afpy}Ke}ra Ha Bxo.u,e }I BbIXoAe (6onnurue H3MelIelrHtI rcu), H B sTHx
Mecrax MolKer 6url orpblB IIoToKa, a IIa BXoAe elqe H KaBHTaIIHI.
Cpe4rrraii x(e yqacroK JlonaclH MaJIo at(THBeH. I(plleas 2 .uyuue, Tar(
KaK ltaeT paBHoMepHoe H3MeHeI{He fcu IIa crpylixe. xenareJlbHo

nocrpoHrb Ha sroM fpaoHKe 3aBHcHMocrb pr 
" + AJrfl oueHKH rJraB-

HOCTH JrOnaCTrr. xenareJrbHo He6oJlbuoe H [JraBHoe yBeflr4qeHHe
(!)* - KoHoy3OpFrblir KaHaJI.

f lparrnuecKu B Hacocax 6o.nlrtefi qacrnto KaI-IaJIbI KoJIec AHQ+y-
3opHbre H (!,)@ y6unaer I( BbIXoAy.

B AerlcrBI,ITeJIbHocrr.r BcJIeAcTBHe BilvIfl,Hvrr, KoHeI{Horo r{HcJra JIo-
nacreri KpHBafl, rcu Ha BbIXoAe 6ya,er 6onee noJlorol?. Ha BxoAe He

e -  - - -  ^ , , ^ - - , , ^ ^ e
MUIKeI  Ubf  Ib  UIad ' i r l .UUUP4sn\ r l  \ J  r rPsvvPc lJv IJarLvLrL  L . r rUpL. r t - IZL l  I4 t \  l1 'a ra

Jrorracrb He Mo)Ker cpa3y Bo3AeIlcrBoBaTb Ha IIoroK, rIo3ToMy KpH-
Bafl. fcu noftAeT 6o,'lee IIJIaBHO.

B cpe1Hefi rracru clpyfir<u orKJIoHet{Hrr AeficrBHTeJIbnofi seruquHtr
MoMerrra cKopocrpr or pacr{erHorl He 6yaer. 3ro x{o)KHo o6rqcHarr
HAJIHTIHCM OTHOCHTC.NbHO|O BHXPfl .  B CPC4HCft  I IACTH MCX{.TIONACTHOTO

KaHaJra orHocr4TeJrbr{brft B}{xpb AeqlopMHpyer 3rtopv cr(opocTerl, Ho
cpeAHroro BeIr.IrIHHy cKOpoCTH FIe H3MeHfleT,

I4gveHeHHe rcu Ha BXo,4e H BbIXoAe HeMeHHT orHocuTeJrbHyro cKo-
pOCTb (l6, l{TO BHAIIO I43 TpeyTOJIbFIHKOB BXOAa I{ BblXOAa.

Pa6oqufi qeprex KoJreca. fIpoQznrzpoBaHHe pa6oqero Kolreca
3AKAHIIHBACTCfl BbITIOJIHCHHCM qCPTC)KA, NO KOTOPOMY MOX(HO CACJIATb
JrorracTb.Ilonacrr Mox{Ho cAe,rlaTb ilo Mepr.rAHaHHbrM cpe3aM . I\nn gToro
Heo6xoAHMo rro cpe3aM cAeJrarb ura6,'IoHbr I{ ilocraB4Tb ux rroA coor-
BeTCTByTOUIHMH yrJraMU. oAUaXO sTOT CnOCO6 npOH3BOACTBa npHMe-
HfleTcfl peAKO. o6r,rquo BbrnoJrrif lroT nocTpoerilre MoAeJrbr-rbrx cpe3oB.

Mepra1naHHylo npoeKuHro c MepHAHaHHbTMH cpe3aMH pacceKaeM
psAoM MoAeJrbHbrx nJrocKocrerl I-9, nepneHAr4KyJrflpHbrx K ocH Ko-
Jreca r4 pacroJro)KeHHbrx Ha paBHoM paccrosHrrn (pnc. 34).

PaAuycw rol{eK nepeceqeHnr MepHALIaHHbrx cpe3oB r.r MoAe"rrbFrbrx
lJrocKocTeft 1-9 nepeHocHM Ha cooTBeTcrByrorqHe A,lepHAHaHbr rIH-
rHHApHrrecKorl  pa3BeprKn (cru.  pr4c.  3 l )  r r  MeprrArrarrbr rrJrarra Jronacra
(puc. 34). l lo"nyuamcx IrHHHr4 repecerreHnfl f loBepxHocrz /ronacrn
c MoAeJrbHbrMr,r IIJIOcKocr-sMH. 3ro Hso6pa]KeHHe JrorracrH aHarofr.rqHo
fopH3oHraJrf lM B reofpasnuecxux Kaprax. , I lonacrn nso6pax{eHa pf l -
AOM Cpe3OB, Koropbre O6paSyrcr ee pacrrerHyro rroBepxHocrb. Heo6-
xoAHMO Tenepb HaHecTLI Ha qepTelK TOJIUIHHy JrOlaCTId, T. e. nOCTpOHTb
cpffibr pa6oueri H rbrJtbHoft ee croporr.

I no3ToMy B Ka)KAori ToqKe [epeceqetlr.rf l rraxoArrr BeJrurrnrry o'
I

(puc. 34), To"nrqHHa o orKraAbrBaercff no oKpy)Kr-roc'rrrr r(oropan nepe-
QeKaer cpe3 B AaHl{olt Toql(e. Cpesr' l rblJlbtlofi cropottbt AeJIator

6 t
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t i lrpHXoBofi ruHuefi. KoHUrr "rronacrn Ha BxoAe saKpyr"rtfror. Ha ert-
XOAC JIOi lACTb NPOTAqHBACTCfl .  CPCAII  NCPCKAJIbIBATT HA BATMAH H
OTTIPABJIflI.OT I] MOAC.i'IbHbIIi 4CX, HO CKAJIbIBATIIIC C/ICAYCT NPOII3BOAIITb
B ycaAoI{HoM MaclilTa6e, rITo6bI yr{ecrb ycaAKy rvreraJrJra rrpg JIHTbe.

S 14. O6reuuue
O6renaHue noreprl

HeHr.Itx Hacoca.
B qeurpo6exulrx Hacocax uleJreBbre yreqKu
a) B ynJrorHeHHH pa6ouero KoJreca r\,{e)KAy

I,I BcacbrBaHrfl, qr (pnc. 35); 6) n ruexcryneHHoM
pflAor\{ pacrroJro}KeHHbrMH CTyneHf Mrr
M H O f O C T V n e H q n T n I .  o  v r c . ? ^ ^ a .  D \  o  - ' r -

J  
_ _ _ - -  v  r r q v v v q ,  D l  D  t  r r A _

paBfi HrrecKoM pa3rpy3orrHoM ycrpofi_
cTBe HaCOCa qH. I (ax noreprr  3HeprHr,r
yTeqKH 4r,  Qz, Q, He paBHOrIeHHbr,
nosToMy Hx npHBOAfT K sHeprHH
OAHOTO Ko,rreca. cyuuapHaf eerH_
qHHa yTeqeK, rrpr,rBeAerJHafl K noAar{e
u Ha[opy oAHOfO r(oJreca, oflpeAe_
Jrfler o6reuHtrr? x. tt. A. nacoca

To: q=
a + I q '

Ha yrevRH Qr, qz rpararrcfl pa3-
Jrr.rqHafl BeJrHqHHa sHepruH, rrponop_
r{HoHaJrbHas Hanopy, cpa6arnrnae_

noTepH B HaCOCe

- 9TO yTerrKH Bo BHyrpeHHr,rx qeJreBblx y[JroT_

MOMy B ynJroTHeHHH.
Vreqxa B ynr' IorHeHHI{

I J  ^  - ^ ^r rq r r \ - ,P ,  r t rPx t r l \ {b lk l  t s

noTeHqHa.rrbHoro Harrop a

"l
Puc. 35. Cxeua yreqeK B ynnorHe-
Irurx KoJreca qenrpo6e>KHofo Hacoca

pa6oqefo Kor'reca Bbrpax(aeTcq Qoprvrynofi

Qt : Vf ,V 2gho (t 3)
y["rroTHeHHU hs, onpeAe/rr leTcfl  r lo BeJIHT{HHe
JIOIIACTHO|O KOJICCA

BO3HHKATOT:
o6"rracrlrc HarHeraHHfl
ynrrorHeH[W q 2 MexAy

yr"ronol:r cKo-

H p : T
u no H3MeHeHHrc AaBrreHLrn pz -  pt  B na3yxe KoJreca (pac. 3s):

h u : -  H , -&- !L .' 1 t
I

na3yxe c nocrof lHHort
D O C T F . T O  f r )  :  

0  
l r . n n n n  t ' m n r , , , ^

I  r - - - - - :  - - - J { c  
2  f l \ v r A a  l r E a t \ d  q l  M a T f ' c l  l l  T { e Ha pacnpe-

tipu ABHxeHHH )Kr{xKocTH B

AeJreHr,re cKopocrefi n nasyxe)

tL,== H,,- -;i fi - ({l )']
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XuAxocrb B ra3yxe uoxeT He r{Merb oAr.{Haxosofi Ailf l  Beex qacTuu
. , , .  - ^ - ^ . o .  ( D

! t l tv l jvn ul lupucl t r  0)cf f  :  
2 

.  IJa)KHo'  I ITO X{HAKOCTb B na3yxe Bpa-

r{aercfl H B Ka}KAOri rOqxe r4Meercq cocraB/rflrorqaq a*. flnn asapuft_
Horo H3HoCa yrurorHeHnn (yreuKa 4r BeCbMa nenuxaj-pacnpeAeJreHr.re
cxopcrcrefi B na3yxe Mox(eT coorBercrBoBarb SaKoHy cufl : 'const,
H rofAa r{arop, repaevufi B yr"[orHeHHH, eupaxaercd- Qopuynoft

L  L r  u l  / R r \ 2 f ,  / R u \ z fns:  np-  ,e i  \ i f J  L t  
-  ( l# )  J '

B.rHquHe yreqKH Qr Ha pa6ory qenrpodex(Horo Hacoca. Burue
npHBoAHJIacb Qoprvryna (13) nenuquHbI yrerrKH rrepe3 rrleJreBoe yfiJror-
HeHHe pa6ouero KoJreca.

T)  ̂  ^ ; ,raLurvrurpHM beJr14rrr4Hbr, tsxoAfuu{e B 3Ty QOpMy/ty. cxeiua uerH

epeqHofo ceqeHnff rrleJrH B *tuz;

'U 
B /,4Jvt,;

torHfl rorqeft lqenn pa6overo KoJreca.
OpHeHTHpoBot{Ho, I {To A[1f l ,  ns:  60--  f  50 ha :0,6 f f ,
cp rreHrpo6exHoro KoJreca.Arq -1r- :  150- i iso u npeA.

BapnTeJrbHbrx pacqerax npr,rHr,rMaror hs : 0,gl/.
rJbroop o1 3aBHcHr or KoHcrpy'KrrtrH nacoca. palnanrHufi saeop 6,

:_l:Aygt 
nlr6zparb MHHHMaJTbHbTM rrpH ycJroBHH OSecne.reHnfl HaAelK-

HOH C6OpKLr H pa6oru 6eg N,reraflrHrrecKoro KOHTaKTa BpalllarcrqHxcfl
H HeIOABHX{HbIX gJTeMeHTOB HaCOCa.

Ha,ru6op 3a3opa 6, n"nuarcr cJreAyroulue Sarrophr:
l. ToqHocrr H3roroBJreHHr H ilpr4lnr,bre AonycKH B r{oHcrpyKr{Hr.r

Hacoca.
2. o6ecne,{eHHe ueo6xoArauofi x{ecrKocr' KoHcrpyKrrHH Hacoca

c ueJrbro HcKJrroqeHHs BJtHfl,HVrfl HecHMMerpnuuori 4elpbprraauHu npk-
coeAuHeHHbrx rp y6onpono4on.

3. I ipora6 poropa, Bbl3blBarouufi He_o6xo4HMocrb yBerurreH Hfl, sa-
3opa B MHOfOCTy[eHqaTbrx Hacocax" o4HaXO n conpeueHHbrx KoH-
CTPYKIII4flX III,ITATCJIbHbI.X HACOCOB UA6NrckACTCfl TCHACHI{Hfl K YMCHb.IIeHHIO paAHaJIbHbIX 3a3opoB B VnJTOTHeHLTLX Aa>Ke rrpH BOsMOX{HOM
MCTAJIJIHIICCKOM KOHTAKTC.

4. PaguanaHbre cuJrbr, 4eficrnynq[e Ha porop Hacoca Hg-ga He-
CHMMCTPHH I IOTOKA B CIHPAJIbHbIX OTBOAAX NPH HCONTHMAJIbHbIX PC.)KHMaX pa6oru. ?rv cnnbr Mofyr Bbr3brBarl nporu6 Balra, qro Heo6-
xoAHMo yrruTbrBarb npu ntr6ope Be/rHqHHbr 3a3opa.

crarucrnqecr,fi aHanus saaopon B ynJrorHeHuflx HacocoB noKa-
sbrBaer cJreAyr.Jil iyrc 3aKoHoMepFiocrb.

i t nn KpynHbrx HacocoB (noaa,ra 6o.ryee
3a3op B yrrJroTHeHHH KOJreCa

6r= k  * r ,
64

0,5 ilslcerc) pa4ua"rrrHufi

T '  e '  npH A,aMerpe yn/rorHeHws 1.44 sagop o*oro 1uu. i lns HacocoBtdaiibix pa3MepoB ora peKoMeH rarr.fl. HerpHroAHa, raK KaK no eop-
U!;e,X"?,"1T:::,::.T, iij,l.-:3,?Lu'p.^or.nAyerc, d r : 0,3 +-
c K r{ e,," ;; ;;;;' 

^;;o 
:;: ;: #; ; T: tr H ;:' :,T',;:X:::::

oHH MaJro o6ocuoBaHbr H ne yrr,TbrBar, ,nori,"* Qaxr^opon. orHoclr_
TeJrbHoe yBe/rr,qeFr'e 3a3opoB B ynrorHeH'flX HaCOCO" 

+ 
Ma/rbrx pa3-

MCPOB flBJIflCTCfl OAUOfi II3 IIPHI{HH HAPYlxCH}Ifl NOEO6U"N'IIPH MOAC.TIH-poBaHAH MaUTHH pa3Hbrx pa3MepoB.

-^-P 
- 

TosQ+Hrrr.reFrr yrer{Kr4 r{HJrHHApnqecxoft ue.[H Bbrpa>xaercf lcpopvrynofi

r r  _  I
' t. l '  

r  r  S  r

T. I [ - cy'rnra xoaQ0'ru4eHroB norepb Ha o6reraHae ocrporlKpoMKI{ npu BXoAe B II{eJIb, a raKx{e noTepb Ha rpeHr.re no AJI}rHe qe"uu /.
_onrrrHurvrrryreM ycraHoB/reHo, r{To. y KoJre^ca, pacroJrox<eHHoro KoHrreH_rpHI{Ho orBepcrHro yrrJrorHer{Hfl (sasop 6r'He MeHfleTcfl), norep H Ha_ropa B KoHueHrpHqHofi urz"rrau4puq6crort Ue/rH c Bparqaroqefics
NOBCPXHOCTb*O MAJIO OTJIHqAIOTCfl  OT NOTCPb HANOPA B HCTIOABAX<HOft
I IHJ IHHAPUqCCNOI1  U{CJ IH  TEX }KC PA3MCPOB,H B  IPAKTHqCCKI , IX  PACqCTAXMox(Ho paccMaTpuBarb Bpaularculyrocf l  i l {e, rb KaK HenoABH}KHyr.o.

lvtto 
xoaQQuqHeHroB.. noiep s Heno,4BH)KHofi r{r,r.n H HAp HrrecKofi ule.n rEBbrpax{aercr Qopnlynorl

IE-  E, " t+- ,, r\u4

fAe  u r :  0 ,5 ;  ( , , , :  l t  -  twnnAR. [uuec ru  f r  t - rq f t , t r ^  r , , n  n , ,  n
z  

^ v v r \ r r r r  y u A r t  J L  
, , \ s / l n  b  / v I , J y L .

f locne noAcTaHoBKH 3Haq eHHfl R* eoprr,ryJra npHMer BHA

l r - r
l-J b 

- 
bd.Y

" 
-I::t0zqueHr 

rpeHprfl ?'" 3aB'cr4r or p_e)KHMa reqeH'fl B xlerr'.Ailr MaJroBfl3Krrx )KHAxocrer? (n uacocar. o^6,qe.o Ha3Haqeuan) pd;;TerreHr'rfl B trl:{rn ryp6y,rreHrHUfi. B npaKTHr{ecKx{ Da("irer_2,. nnT.r=
HHMalo r  fu  :  0 ,04  

i  - -  i r u€v iq ' r l  i i y i i =

Ann ynJrorHeHuir xonec o6rrqu'x pa3MepoB D, ) r00 uu,
qeJIH -h:0,12+-0,15. 

KoeQQHqHeHr yreqKr4 rat<ofr  u{e/ra
J l e r c f l  B  n p e A e J r a x  F : 0 , b + 0 . 6 .

5  M H x a l l n o n  A .  K .  H  A p .

, L lr -m; ;  p

AJIHHA

rcone6-
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V Hacocoe Marrbrx pa3MepoB (Dn { 100 nu) A/rHHa qeJru peKo-
I\,IeHAyercfl B npeAeJrax + : 0,2+0,25.

vq,r'sa", u1o_ yr"u*{'q B ynJrorHeHHH KoJreca He MoAeJr'pyerc,
npH lepecrlere' peKoMeHAyercfl i lpH yMeHbIxeHHH pasMepoB Haryp-
Horo Hacoca no cpaBHeHnro c MoAeJrbro yBeJrHqHBaTb Tnuny ,rrcni'1.

Vserlrqenae AnuHbI IIIeJIH I ynennuHBaer conporr.IBJreHne ee, a cJre-
AoBaTeJrbHo, npHBoAr{T K yMeHbrrrenaro VTeqKH. Ho rar KaK yBerur{e-
HHe 

fi> 
o,zs Aaer HesHaq'reJrbHoe yMeHbrrreu'e xoeQ$Hrr'eHra

yreqKH F, yBeilHrreH 
"" + > 0,25 }reqeJrecoo6pasHo, nocKoJrbKy

3HaqHTeflbHo Bo3pacraer inuua Hacoca. o6rr.rHo AJTHHa rrreJrH Bbr-
6upaercr B 3&Blictiiviocrti or KoricrpyKlrr*i kt KoMrroHoBKH Hacoca.

llo rexunKo-3KoHoMuqecKurut coo6pax{eHzflM npu BbrnoJrHeHuH Ha-
COCA C IIHJIHHAPHqECKHM YNJIOTHEHHEM KOJICCA AJIHHA IqCJIH / HC
AO/IX{HA 6Urr MCHEE 20 UU rA XOEQQHIIHCHT YTCIIKH HC AOJIXCH 6SITN
6onee p =-< 0,65

I4cno"ntsyr cpeAHecraracrurrecKue 3HaqeHHr
H Ap., paccMoTpuM 3aBucHMocrb orHocnTennuorl
i ldeJreBofo yfrJIoTHeH[rs oT ns.

OruocnreJrbHas yreqKa B o/o Moxer

Ea:W.rc1%,
Bee4eu 3HarIeHHfl BeJIHTIHH:

p  -  0 ,6 ;  ho=0 ,8H ;  6 :  # ,
npHqeM

rAe ks : 4,5,
HCT CTCCHCHHfl

Hecro.nlxo
Dn = Do, rar

llo4cranuu

I CJreAoBaTeJIbHo, orHocnTeJlbHafl
2

HAJIbHA N3. HNXC NPHBOA'ITCf l  SHAqCHHff  TO, BbITIHCf lCHHbIC AJI f lnpHBeAeHHbIX BbIIIre coorHorrreHHft B ynJrorHeHuflx HacocoB pa3Hbrx /2s:
ns 60 80 100 120 140 160 180 200
u n  0 . 9 5 5  0 9 6 3  o q 6 g  n q 7 9  n q 7 (  f ' 0 7 7  n o ? o  / t o a- t - ' -  v t v .  I  v l r . r  v r J v

66

TTD u - D o : n o l l  n ,

l lparraueeKu )/ Ma,/IbIx HacocoB pr u 6, Sonlrue pacqerFrbix, ciie-
AOBareJrbHo, H 6ontrue yrer{KH . I,Is-sa npoxoAHoro BaJra y pa6ouHx
KoJIeC MHOrOCTyIIeHqaToro Hacoca yBeJIHtIfiBaeTCfl D r, a c,, ' teAoBa-
TeJrbrro, H Bo3pacra.ror yrerrKH. floarouy noJrb3oBal.bcfl soprray"rrofi (15)
AJIfi orHocHTeJlbHoli yreuxu npH pacqere MHorocryleHqarbrx HacocoB
Lr HacocoB MaJrbrx paSMepoB He peKoMeHAyeTCfl.

Ha puc. 36 H 37 npuBoAflrcfl onblrHbre AaHHbre no H3MeHeHHro
o6reuHoro H o6qero K. n. A. B 3aBHcHMocrH or orHocnTeJrbHoro ga-
3Opa B yII/IOTHeHHH KOJIeCa H B i\,IeX{CTy[eHHOM ytIJIoTHeHHH MHOTOCTy-
IleHqaroro Hacoca MaJIoro lzr. 3xcnepLrr\ireHT noxa3brBaer "rlprner?nv-ro

3aBHCHMOCTb yKa3a H Hbrx BeJI HrIH H.
B.r lusune yreqKH Ha pa6ory Ha-

006

N E  E
JurJ

94

Q I

4
72

7q5
66
59

BeJrr.rqr.rH 6r, D* I
BeJIHqHHbT yTeqKH

6url BbrpaxeHa Qoprr,ry.nor?

/0 23 40 9l
lb.rn-'l
l l r r ' "  /

Pnc. 37. 3anucutrocrb K. n. A. Hacoca
oT oTHOCHTeJTbHOTO 3a3opa B MeXCTyneH-

qaToM ynJroTHeHI{H

Puc. 36. 3asHcuruocm o6reusoro K. n. A.
oT oTr{ocHTeJrbHOrO 3a3opa B ynJroTHeHHH
KOJIeCa MHOrOCTyneHqaTOrO HaCOCa C

n s :  7 0
(14)

rrro AoBoJIbHo 6flHSXO K AeftCrgureJrbHocrH, KOrAa
[poxoAHbrM BaJrOM.
noBbIIIreHHoe 3Har{gHHg fto xouneHcHpyer AorryqeHHe
KaK B Hacocax Dr,)  Dr, .
Bce sHaqeHufl Berr.rrruH n Qopnryny (14) H noflyqr,rM

Es:  - *  v r .  ( tb )
,T

coca He_ofpariHrrHBaercf o6renauuull norepflMH. vreqKa Qy rrocry-
rlar B o6nactn BcacbIBaHun pa6ouero KoJreca c 6o"nrrut,tMu c*opocrrr*lu
H COOTBeTCTBeHHO C 6OnrUOfi Kr{Herr{qecxofi eueprueft, }x}AruaeT
ycJIoBHr o6texaHaq BXoAHbIx KpoMoK nonacrer? KoJreca, Hrureq raH-
ferur{aJrbHyro H MepHAHaHHyrO COCraBJrflrOUlyro cKopocrH. TaHreu-
uHaJIbHafl cocTaBJrf rorqaf yTeqKH 3aKpyrrHBaeT noToK no 3aKoHy
fcut : const. iviepn4]/.aH:f,afl, cocraBJrflrourafl yreqKH BxoAHT BO BCa-
cblBaloillylo BopoHKy KoJIeca nonepeK ocHoBHOrO nOTOKa H OTX(HMaeT
ero. OIeHLIM orn_ocureJlbHylo BeJrHrrHHy KaHeruqecxofi oHep rHH yreqKg
(ee rraepzAua]Huoir cocraBJrflroulefi), ecJrH KHHerHqec:Kafl, sHeprHfl oc.
HoBr{oro rloroKa e o6nacrr4 BcacbrB aHvrfl Hacoca

a KuHeTHrIeCKafl, SHepfHfl yTer{Kr4

tr

rAe
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oruourelrHe r{Hrreru.recxor? slreprrH yrerrKr.r K oHeprHH
F l l - t / a L f E l  4 l r t r r r r  n ^ ' t 7 " i ' r ,  hs v q v u r u q r r r r r l  t r u J r y  1 H , l v l  I t  } J n A e

-fu- - q p'hu2g
4 -  

- = -

[o4cvurbrBaeM gro orHoule]rue, yquTbrBafl , r{To

q
a 

:  'u i  l lz  :0,62 * 0,36; 2gh, = l6H .

Hs Sopnryntr

D o :  k o

noToKa Ha

il6)

nyreM npeo6pa3oBaHas
Myrry

nOflyt lHM

flo4cranHrrr 3HaqeHHfl

kt noAcraHoBKH sHar{eHr.{ f l  ks:  4,5 B Qop-

r-0 -

"D3
3

cs - 0,06 V@.
BbrrrHc.reHHbrx BerHqEH B Qoprvry"rry (16):

4Q

(ffi)"
rAC C = 0,3 (NP'U PACIICTC C BbIIXCNPHBCACHHbIMI,I 3HAIICHI,IflMH P,ho, c i .

Taxupr"o6pasou, y HacocoB Ma.nbrx r?.s orHoc'TeJrbHafl BeJrHqHHa
3HCPTHH YTCIIKI.I BO3PACTACT H YXYAIIIACT YCJIOBHfl BXOAA N PA6OVCCKoJreco. llocneAcrB'fl OrX(HMa itoiora cneAyuque:,

a) vBerHrr'Baerc-q corporprB,rreHr{e *pr, il.ry-ij.,reHfiri iioroKa B Ko_
JICCO;

6) yBefiHrr'Baercfl cKopocTb Ha BxoAe, T. e., yBeJIHqHBaroTcs no-.T e p H . r r p H [ o c T y I I J I e H H H [ o T o K a H a J I o n a T x a x o n e c a ;
n) yxy4ruaercfl BcacbrBa'orrlafl croco6Hocri;r;;; B cBff3a c yMeHb_

IIIEHHCM IIPOXOAHOTO CCI{CHHfi 14 YBCTHqCHHCM CTOPOCTCfi HA BCACbI.
B A H H H ;

D ycKopflercfl Haqa/ro KaBzrar{Hr.r.
B;''nnne raHreHrl'alrnolz cocraBJrflroulefi yreqKn. flpH npo-xo)r(AeHHH qepe3 yr/rorHeHr{e Ko/reca yrerrKa q, ipuo6peraer or{pyx_

HYIO CKODOCTb.  DaBHvlo  nn . l roF l r rgA ^ r . r . r \ r .uz r r^ ; i  O)D, ,,1  ___ ssr r r rs  v ra l / ] l r rn rJ r r  t r \ vpuL ln  l luJ leua 
_Ha AHaMerpe Do, H He3aBucHMo or noAaqr4 yreqKa BHocHT Bpa-IqeHHe B OCHOBHOTI norox Ha BcacbtBaHuw KoJIeCa. 3ro np""oa"T K CHH.)KEHHIO HAIOPA HACOCA. OCO6CHHO 3AMCTHO B/IHSHHE YTCIIKH HA MA.JIbIX Harpy3Kax, IITO BblpaXaeTCg B SHaIIHTeJIbHOM eHull{eHlrn knu-
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S O I 1  H a n o o a -  f T n a n n e ^  R n K n v q v , ; ' A r f v F  n n T n r { a  r r ^ r . , T \ r n a n r r r a , ' ,  r r m ^ , , , . ^ . - ,_  I  - - -  _  _ I -  _ _ ^ _ r  - - . - f  r r v v r  
J . r r c r f i J r l { E r t  J  f  E : y l a \ , n

He cHHX(ae'r K. n. A. Hacoca.
Mepsr 6opr6u c yre,rxofi., cnumeuue Be.aLtqLtHbt lJmeuKu y Ha-

cocoB MaJIbIX ftrl

CJIOX(l loCTb H3TOTOBJIeHHfl ,  a TaKXe BO3MOX(HOCTb nyJIbcaI{HH I IOTOKa
B ynJroTHeHr.rH.

2. VeernqeHr.re uepoxoBarocru rroBepxHocreri yn"norueuHfi
l ^ , , ^  o o  ^ . - \  r r -  -  -  J

\Pr4t- .  oor ' r t t - ) .  . r ra l lu t rePXHoCTH yI IJIOTH€HHH KOJIeCa HaHOCHfCn peaU6a.

YTETIKH B OJIATOIIPI I f lTHOM HANPABJICHHH I IO OC]JOBHOMY I IOTOKY
(pu9. Q9,r). KoucrpyKrrrrn c raxoft ude/rblo rrMeer pn1 n.io.rurKoB:

l .  VAlauenae yrJrorHeHr.rs.
2. CnoxHocrb H3roroB/reHHfl
3.  Ma"nsl f i  ocenof i  3a3op, T.  €.  orpanr.rqennan noABHxrrocrr  KoJreca

a -- (z-'-3) 6r.
c'pyn B yrrJro'.I 'rrcHHH (puc. 38, a) roBopaqHtsaerc' l,pux(Abr, l)ac.ruHpsercfl H BbrxoAHT CO 3HaqHTeJrblto ueusureft cKopocrblo.

.,^-I::,rX^r'rar\,reHfler 
pacnpeAe/reH'e AaBrreHHfl B 3asope uexAy 6o-

Kutsbiivi i. i  creiiKaMH KOrleCa H KOpnycaMn'.. fJpH ABHX{eHHr{ )KI{AKOCTH
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B 3a3ope or nepHQepHH. r( UeHTpy napa6ofloHA AaBJreHHn Hapyuaercfl,
AaBJIeHLIe HsMeHflercfl 6oflee pe3Ko, rreM B cryr{ae orcyrcrBufl yrerrKuj
fla4eHue AaBJIeHIdq B nasyxe 6"naronpaflTHo c roqKl{ 3per{rrfl yMeHb-
[reHHfl yrerrKr.r B yn/rorHeHHH KOJreca. o6paruan KaprHHa ua6,nrc-
AaeTcfl B MelKcTyneHHOM yIIJIOTHeHWH, rAe yTeIIKA 4z I.IMeeT npoTlrBo-
noJrolKHoe HarpaBJreHHe or ueHrpa K nepHQepun. HsHoc ynnorHeuufi
3HaqHTeflbHo BJIHser Ha pa6ory Hacoca H co[poBoxAaeTcfl cHH]KeHHeM
noAaqH' Hanopa H K. n. A. npl/. yBeflHIIeHI{H noTpe6nseuoli HacocoM
Iuol{HocrH. B uHorocryneHllaroM IreHTpo6exHoM r{acoce Ha xapaKTe-
pHCTHKy Il K. II. A. OKa3brBaroT BJTHflHHe pa3Mepbr 3a3opoB yunorHeHufi
KoJIec H MelKcryrleHHblx ynJlorHev,uft. MaxcuvaJrbHo AonycTHMHfi sa-
3op npu HsHoce ynJrorHeHur? uox<Ho peKoMeHAoBarb npu cHH)KeHHH
f {  r r  ' T  L r q n r r r . , s  u o  6 n n a n  ( O A  n n n  ' F r , \ 6 , , ^ , , , . , u - . - ^A .  ^ r q v v . v q  r t u  v v . / l L g  i J  / U  A J  L n  y  l t r r l V l . F f g H f l n  I l U J f € ( - a ;

61
Di = o'oo3'

AJIfl Mer(cryrreHHbrx yrrJrorHeHnfi

61-il; < 0,004.

f lpu 6onlureu LI3Hoce Heo6xoAHMo cMeHHTb vnJrorHuTeJrbHbre
KOJrbua.

S 15. Pacqer ruApaBJruqecKoro pasrpy3orrHoro ycrpoficrna

I{ensro pacrrera rBJrflercfi onpeAeJreHHe purrapo" rHApaBJrHqe-
cKofo pa3fpy3orrHoro ycrpor?crna, o6ecnequBalorrlux gKoHoMHqHyn
H Ha,4ex(Hylo pa6ory cHcreMbl ypaBHoBer.ur,rBaHr.{ff oceBbrx cHJr MHoro-

cryneHrraToro Hacoca. 3xo-
HOMHqHOCTb H HaAelr{HocTb
pa6oru ycrpoficrna B rrep-
Byro oqepeAb 3aBHCflr or Be-
JrHrrr.rHbr ToprloBoro 3a3opa
bu4 Mex(.qy pa3rpy3orrHbrM
AHcKoM H noAvruxolt nsrbr
(perc. 39). C yrt,reHuleHHeM
sasopa ba yMeHbuaercn
yreqKa rrepes cHcTeMy pa3-
fpySKH OCeBOTO AaBJreHVF,. H
NOBbIIIIACTCfl 9KOHOM I,IqHOCTb

PHc. 39. ( pacvery rr.rApaBrnrrecKoro pasrpy- ,u.o.i. B;; ;; 
"lu*" 

yu.-
3oqHoro ycrpoftcrna Hacoca .lruut,le_qFT.!<, .!!]a^!r!1crb ide_

TaJrJIprqecKoro KoHTa KTa Bp a-
ularcIqHxcg u HenoABItxHux uactet?, qto MolKeT npnBecru K cepbe3-
Hofi aBapuvr, cyqecrsyer HecKoJrhKo cnoco6os pa"*"ta cncreMbr
LHApaBnHqecKoro ypaBHoBeurilBaHr.tf, oceBoro ycr,unn B Hacoce.
f i n l a r r n u t  l r f r d  r a  r h a u  r r - , , ( ^  - ^ ^\rr-r€i51vE n'&lsll Ra rPcxr l iaHUo.,-Iee pacilPoeTpAfieHHblx.
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l .  A. A. f iopraxnri peK6Mesayer
pa3MepaM ruAponf l ru L,  br ,  Droo,
LcJtH oHa oKa3brBaercr{ or.rtn,Inoll
: (0,001-:-0,00 D1 2tu. , peKoMeHAyercfl H3MeHHTb pa3Mepbr H no_
BTOpHTb pacqer.

2. K. l lS"nefiAepep crruraer paquosaJrbHbrM no au6paHHbrM pa3-MepaM Dnor, Du pa3rpy3oqHoro.AHcI(a H bu4 orrpeAeJrflTb ueo6xo-
,qHMbIC PA3MEPbI IIHJII4HAPHqCCKOI? APOCCCJIHTY,UiCNi il{CJIH L--;";,( p u c . 3 9 ) .

3. Hau6o.rree pau'oHaJrbHbrM rrBJrflercfl cnoco6 pacqera, KorAa
_n9 l?u_..rHbrM 

pasMepaM ur4JrHHApuqecrorl rrlerrr.r Dnr, I , br, eu6paH:HoM)/ roplroBoMy 3a3opy br\  H HapyxuoMy paA,ycy pa3rpy3orrHoro
AI'rcKa Ruap onpeAeJrrror ouyrper-rHurl paAuyc R"n : + H3 ycno_
BH" paBrroBec,fl oceBbrx cu', ,4eficrByroxr'x Ha porop . D,n, npeA.na_faeMOrO BapI4aHTa pacrlera cocraBJleHbt HOMOfpaMMbr, no3BOJIflIOrqHe
3HaqHTeJIbHO COKpaTHTb 3arpaTbr BpeMeHr.r Ha orbrcKaHHe onTHMaJrb-HOrO BapHaHTa.

PASHOACCHC OCCBbIX CI,IJI, ICftCrNYUIUIX IIA POTOP, III\,ICCT IUCCTOr r p H

A :  F ,

rAe .4 - cyMMapHOe OCeBOe ycHJrHe, Aeficrnyrorqgg Ha poTop H Ha-rrpaBJreHHoe B cropoHy BcacbrBaH's. onpe4ener^e A 
"t;-BeAeHo B rJr. 8;

F - oceBafl cuila, Aeficrnlrcura" Ha.. pa3rpysovurrfi AH.K. Lns,snr,opbr AaBJreHHfr, uso1paxesHofi na pal. 3g, ocen)in cuna FonpeAeJrflercfl no Qopuyne

F - - 1 ' 6 \ ( B 2  - L D  D  \ ,
Y /  \ ^ \ H A p  |  ' \ 4 4 p r \ 6 H  /  

. 1 -

RZ,- sR?rln Lp,,
B ropuoBor? u1e.nn,

L p r :

L l r r
3  L \ -

+ (l -t 2rp)
rAe Lp, - nepeflaA AaBJreHr.rfl

cpopvryae

(17)
onpeAeJrflevtrrl no

rAe Lp - no,nHsrfi ttepettaA AaBJreHr.rfl B cr{crex,re ftrApaB,,tprqecKoli pas-
i-p y3iilr ;

F  - ! _ , ! , _ t r  r rb r - n O ; - r r t B o . r i

r _ L,t \R nop - Ru,,) Ru, R2,,
b9 _ --___-___t.-_ _r_ -.- !_ t

2 h , , ,  R , o p '  R T r o p  
r b d v r

( l  8 )

( l  e)

1 l' I I



L

Br t4 E, - xoeSSnur'reHtbl iadpdnnuqeekoio eonpoiuilfieHhq lJIatr'
I (HX I IHJIHHAPHIICCKHX I , I  TOPUOBIIX qCNCfi ;

E* - xoa$QzuueHT conporHBJIeHHr Ha BxoAe B IqeJIb;
(f - orHorrreHHe noTepb AaBJIeHHR Ha BXOAe B TOpUOBylo

uleJrb K noJrHoMy rlepenaAY AaBJIeHHff B UIeJII{;

l * 8 "
q -

t  r ( R r o ,  -  R r r )
(20)

2b*

f loAcraerqs ypaBHeHHff
cJrolKHbrx npeo6paaonasufi

rAe

- U  - f a

B :  7 t t

d - ( 3 ! e )

m - n6?"; n

(18) H (20) B ypaBHeHue (17),  noc"rre ue-
noryqaeM

/ 7 1  :  n  J -  A f  / 9 1 \, r o  I  l , - t  \ - . /

* E * ) ( l + a * 2 a ' ) - -

+ a' - d) (a' + Eu,)l;

o - l v l
a'

t - L r K'v - 
2but t

- 0 Q t a '

4 t :  € :
D"roe 

'

- + ;  c
bi

a: #,*
BeepaevrepHbre BeJruqHHbr (o6oanaueHHble c qeprol{xofi) noJIyqeHbl

nyreM AeJTeHHR a6conmnux enaqeHnfi Ha a6co.nrorHyrc lxepoxoBa-
Tocrb creHoK ropuoeofi rrte"uu K.

floAc1aeHe 6espa3MepHble BeJIuTIHHbI B ypaBHeHHe (19), noflyrlgM

I  - -

: + LD,op;

* a - d ) ;

t2A
- - '
nLpD'il '

(22)

(23)

(24)

(25)

rrle/rb

cIIo-

(26)

E z : c a Q - 0 * a ' * E * .
f lo onbrrHblM AaHHbII\{ xoeQQnuHeHT norepb npu BxoAe B

npHHHMaercf l  paBHbIM E"" :  0,J.
Paccrurorpuu pe[IeHHe 3a4aqfi ynoMflHyTbIMH BbIIxe TpeMfl

co6altu.
l .  Vs  ypaBHeHHn (21)

nb\ , :  c r  +  p

Hcxouy'ro no nepBoMy cnoco6y BerHt{I 'IHy
CCJIH H3BCCTHA 3ABHCHMOCTb

r - .I (t?,,.\.
72

nOflyIIHTb'

(27)

bu4 MolKHo

7Q

nnn rnaAnoir uerrH

1 -tvet. ul -

( r , t + f  2 r o g  + ) '
C rde.nlrc noBF,rrrreHufl co[poruB,rreHur ropuoBofi utenu Ha noAyuKe

nsTbl HHofAa BblnoJIHf loTcf KoJrbueBbre npflMoyroJrbHbre KaHaBKIT
pa3MepoM 1,6  X 1 ,6  n* t  H  [ ra roN, r ,  paBHbrM TaKi (e  1 ,6  uu .

B aron cryqae

++ -f-)' ro-4

I t I "ygf i  [ypanHeHue^ (26) l ,  rocrpoeHHbrx B KoopAuHarax 1," ,  bL.
KoaQQuupreHrbr a v p HaxoAqr rro HoMorpaMMe (puc. 40), nnru HcJtHB
npeABapHreJrbHo y tr d no QoprrlyJraM (24). VrerrKa r{epe3 rHApaBJrHqe-
cKyro rrflTy oflpeAe/rflercfi o6slqnuu cnoco6ou:

_r--- ; -
Qs: ,p.F -li 2s -)P"

/  ? '
I

rAe W 
-- 

;;= 
- NoaQSHqHer{r pacxoAa qepe3 u{e,,tb;

y E z

F : nDrnb* - nJlorltanb BXoAa B rqeJlb.

l - K l
?tn:  2 Lr . , .  , t  |  0 ,34a Ot  (1

r n A  V  - -  n  n 1  t ,  t t  D o r r t o r r r r o  n r  r n n  n r r d A 6 ^ d  - ^ ^ ' l ' r r t r ^ ^ r " '
r A v  I \ l  - -  v r v r  J r L J r L .  I  L u L I l f l L  E l - c r l l r w . i l n , r l f - l L I r  r P A q r I t Y E L f \ l l  ,  A J I } l  Y C I U

AocraroqHo naf i ru rorrKy repeceqeHHf rpnnof i  [ypanueHue (27)1 H

d 2,5 2,0 1,5 10 q5 0 -0,5 -/,0 -15 -2,0 -2.b -a.

Pr.rc, 40. Honrorpauua pacrrera fnApaBflHqecxofi nrrbr



KoaQ$rauHerrr E, Liln u{eJrH c KarraBKaMrr BbrqucJrfleNr no Qop-
Nryile (25), npuHHMafl

C  *  \ "  D u a P_ ,u* _T_

2. flo nropoMy cnoc^o6y u H3BecrHbtM Du, Du, Dnap H bu4 olrpe-
AerrfleM no SoprrayrraM (24) A u d n no HorrlorpaMMe puc. 40 xos$$z-
uHeHTbI cr H F. Aanee HaxoAHM BeJIH.IHHbT C w m. 3aAanaqcr, o4Horl
H3 BeJIHrIuu L nnu br, , t loMolrrblo ypaBHeHHfi (19) u (22)-(24) na-
xoAHM Bropyrc (b,  wnu L).

_3. l lo rperne_My croco6y u H3BecrHbrM_pa_3Mepau l, br, Dn, Rnap
u Rrn HaxoAHM R"n, H 3HaqeHHr dr,  *  h C. VpanHeHue (21) coorner-
crByer npnlrori B KoopAHHarax q,, p. Ecnu nocrpouTl rpaQuxn p :
-  s  / - \  ^ , , ^ , , ^ , , , , , . ,  s  ^  ^^ - . . ^ -o -  - . , . . , . J+: [ \e) Aiif i. pa:ji i i , i. i i ibix :j i ia'{eiihi4 @ c ceTKoii i i- ldHa-ld, Ha KoTopbix

A coxpaHner nocroqHHoe 3uaqeHHe, To rorrKa nepecerreHHr npnuorl
IypanueHue (21)l c coorRercreyruuefi ea4auHofi BeJrurrr4He d KpH-
eorl P == f (d) Aaer r{cKoMoe 3HarreHue y. Ha HoMorpaMMe pnc. 40
nocrpoeHbr trrHHHH p : I (a) aln sFraqeHurl d H A, BcrpeqarcilIuxcrr
B npaKTHKe npoeKTHpoBaHHq ueHTpo6exstrx MHorocryneHqarbrx lra-
cocoB. B cnyvae, ecJrr{ npqMag AB, npoBeAeHHafl rrepe3 KoHubr orp$-

K o B  p : r y v r : 7 , n "  n e p e c e K a e r c f l  c  x p u e o r ?  B :
: ,  f  (o) AJIf l  AaHHoro 3HaqeHnff U, 3To o3Hal{aer, rITo HeBo3Mo}KHo
o6ecne,{HTb paBHoBecue oceBbrx cHJr poropa rpu nu6pauubrx r.rcxoA-

Hbrx pa3Mepax pa3rpy3oqHoro ycrporl-
crBa. B 3roM cflyr{ae cJleAyer yMeHb-
ulr{Tb b* unu yBernqur:o Rnap H noBTo-
pHrb pacqer.

S 16. MexaHuqecKr{e norepu
B HaCOCe

MexaHE.IecKHe norepn R Hacoce co-
cToflT H3 IrOTepr" sa TpeHne B KoHUe-
Bbrx ynJIoTHeHHflx pa3flutlHoro Tldfia,
B noAur4nHHKax w H3 TaK Ha3blBaeMbrx
AHcKoBbrx norepb. B Hacocax cpe4uefi
n vLrr/l b | | | \Jrl tvlu | | (ttt,,L I yl Ay\ Ln \JDDrtr rru r trp 14

f lBJTflIOTCf OCHOBHbIM BHAOM MeXaHHr{e-

cKHx norepb. lIoA AucKoBbrMH norepflMH noApa3yMeBalorcfl norepr4
?HeprHH Ha rpeHue pa6oueli )r(HAKocrH c BpaqarcqnMcfl KoJrecoM.
Cxevarn3r{pyeM ABH}KeHHe xnAKocrr.r B nasyxax, BbTAeJIHB o6rervI
x(HAKocrH AByMfl rrHJrHHApHrrecKHMH noBepxHocrflMn (puc. 4l).

Vcnonne paBHoBecrifr sliA€./'ifi€Moro o6renna cBoArircfi K paBeii-
crBy MoMeHroB cHil TpeHHff Ha Bparqarcqeficn r{ HenoABI{x(Hbrx cTeH-
Kax. Movegr rpeHnn cBfl3aH c HaJrHrrHeM orHocuTeJlbHbrx cxopocrefi
x(HAKocrH Ha o6eux creHKax. AonycrnM, r{To ocHoBHafl Macca )KHA-
Kocrn B rra3yxax .4BHxerefl c noerofttuoft yrJloBoft eKopoerblo o*.

74

Prac. 41. Cxeua ABr.r>KeHHfl )KHA-
KOCTH B na3VXaX HaCOCa

l lp" oroM AonyqeHnrr HgMeHeHI4e cKopocrn . l , l lvteeT MecTo JIHlrIb B oqeHb

y3KlIX cJIof lX s6nusu creHoK. Als sqsxofi  cMaqHBaeuOfi XHAK6STH

y TBepAbrx cTeHoK cKopocTH XHAKOCTH IIpHHHMaIOT 3HaEIeHHfl,  paBHbIe

oKpy)Kr{blM cl(OpocTflM CTeHOK KOJIeCa H Kopnyca' T. e. u. I I  o.^  
Hanp"*eHl te  TpeHHf l  Ha cTeHKaX MolKHo Bblpa3nTl  QopuyJIaMH:

Ann HenoABH)I{Hofi creHxtt

r r  :  C f iuz ;

AJtr noABHlKHofi creuxu

r z  :  C r p  ( u  -  a ) ' ,

r4e c1 -  xoassHuHeHr rpeHHfl  )KHAKOCTpT no cTeHKe Kopnyca;
f  - -  vnarhAr,r r r r , rArrT Tncr j r rFr  ) ,KrInKocTH no CTet lKe KO/IeCa:
\ J Z  ! \ v J Y Y r r q r r v r r ^  ' f  - ^ ^ " "

a - cKopocTb )KIIAKOCTI'I .

3HaqeHus aJIeNIeHTapHbIX MolvleHToB cIrJI TpeHHfl

I dM r : 2nrz drr ' ;
\  dM z :  2f t r2 drr  ' '

l lo yc.noBllfM paBHoBecnfl nolyqaeM cJIeAyrcuIHe paBeHcrBa:

d M r :  d M z  v [ r u  x r :  T 2 '

LtJrt4
C r a " : C z @ - u ) ' .

PaeAert te Ha uz H npeo6pa3oBaB' noJlyquNt

[.,
fd, + t/e,

Taxuu o6paaou, oKpyx{Han cKopocrb xHAKocTH B na3yxe a 3a'

BHcHT or  C,  H C z .
PaccuorpuM'I 'PH cf lYr laf l :
1- C - - C = 3'ro o-c,Haqaer= qTo rrreDoxoBarocrb creHoK oAHHa-r .  " l  " 2 .

KoBa. TorAa [oJlyqaeM cJIeAyIoqHe CooTHO[IeHHf cKopoCTeH:

trns pagcMoTpeHHoro cayqatl )KHAI(ocTb B na3yxe BpaiqaeTcfi

c no"rrosr,IHnoft cKopocTbto KoJIeca Hacoca, T. e. a paBHa cpelnefi

BeJrHqHHe MelKAy cKopocTfMH CTeHOK KOJIeCa V Kopnyca na3yxH

i{acoca.
r

2 
t=l : 0. 3rO npe4e,nrHufi Clyuafi, O3HaI{arcUHfi, qTO cTeHKau '  
C "

KoDnvca Hacoca gHa*ri4TeilbHo fiofiee iiia,4Kaff' ' iel{ ilQBePxrioerb creHKii

r<or.6a. AHa.noruqHurfi crryqafr B0BFil{K8CT RpH 0pefipeHI{ll efcflKI4
r(o.reca. A.ns paccMorpeHHoro cf lyqan

(28)
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nocrre noAcraHoBt{H B $opnlyny (32)
IIOJIyrlaeM

PaccuarpuBafl grr,r cryr{au, npHxoAHM K BbrBoAy, rrro rlefiecoo6-
pa3Ho yMeHbluarb rpeHue Ha o6eHx creHKax. VueunueHrae Tperrnfl
Ha oAHoir ug creuoK MaJrorleJrecoo6pasHo.

Ec"nH yBerr4rrnm xoaQ{uuuenr rpeunfl ua oAHofi H3 creHor, o6ulnft
xoeQQHqHeHr rpeHHfl Gr Hg pacrer 6ecnpe4eJrbHo. B npe4e.ubHoM cJry-

vae (npra pe3KoM BospacraHHH rpeHHfl,HaoAHoft
H3 creHoK, HanpHMep npn ycraHoBKe pe6ep,
M_oMeHT TpeHHfl Bospacraer MaKcHMyM B 4 paza).
Heo6xoAlttr,to yrorlHHTb, rrro Bce BbtBeAeHHbre
KOJIHTIeCTBeHHble COOTHOTUeHHg OTHOCSTCfl K CJIy-
q a ro ryp 6yneurHoro p e)r{ HMa rerreH r,r fl x(HAKocr r.r
B na3yxe Hacoca. llonepxHocrb rpeHnfl MolKer
6rrrl sarnosuofi. B erou cayqae n Qopnaynax
IIosBHTCfl COS ct, fAe C[, - yfoJl HaKJIOHa CTeH-
xu. B qacrHocrt, Arrfl, ttnJruHApuqecxoft creHKH

dM : 2nra az dlpG,;
M :  2nGrazf  p l .

nns xona6uuupoBaHHofi creuxu (puc. al)

M - ?crrrprt?r+ b/).
I{ununApuvecrufi yqacroK yBeflHrrnBaer rpenne, qro Br{AHo vrs

nocJreAHefi Qoprr,ryrH. VqurbrBafl 3ro, HapyxHufi o6o4 KoJreca AeJraror
ToHbrre. Xns roryqeHnfl KoHKperHbrx peKoMeHAaquri no nu6opy oqep-
raunfi 6oxoestx na3yx Hacoca Heo6xo4uMo BbrffcHnTb, KaK BJrr.rrrer
reoMerpur na3yxn na xoe$$Hrrr.reHT:

3ror Bonpoc MHoroKparHo r4ccJreAoBaH sKclepHMeHTaJrbHo. B oa-

H r t t - I  H v t s r  t l z l ' t - M t t ' t ' r l P H H l l n 4 \ /  r ' l t \ / u z H t

? u t : ] u i f z : 0 .

Ha ocHoBaHHLI l,t3yrleHus noAoduoro poAa onbrToB noflBuJrucb cJre-
n v n I I I u p  n c I { o M e H f i A u u u  n n  n r - r 6 n n \ f  n u p n r q H r r c r  / . T A L I ( \ v  r , q a v v . - r  R  n a n -

A J  ' v . t " v  v r l r r v r \  l r s r J  / \ r t .  -  r r v H

78

G r :  *

Pnc. 43. Cxeua onpe-
AeJeHHq ct Bparqarc-

uerocrl AHcKa

n 2nG1
vf : -5--

Bvto or{epeAb peKoMeHAyeTcf l  yMeHb[ lHTb noBepxHocr l l  rpeHHn B na-
gyxax. llpaxnaqecKu oro cBoAvtrcfl, K y[.{eHbrIIeHHIo 3a3opa & I\re>*<Ay
creHKaMH KoJreca [r Kopnyca Ao pasMepoB, 5lulxux K pa3MepaM no-
rpaHnrrHoro cJrofl y creHKH Bpaqarcx{erocq KoJreca. Aa.nrHefiruee,
Aax(e TeopeTHtIecKoe, yMerIbIrIeHHe ilonepeqHbIX pa3MepoB na3yxH

Cr,
2,4
2,2
10
1,8
IA

t4

J '
hL

40
qe
q8
q7

a6

45
0,4

0 0,0/ 0,03 a^f 4/0 4/5

Puc. 44. 3aencr.rMocru C,
I

npHBoAHT K yBerHqeHHrO fpaAHeFrroB

420 425 a/2R2

o r  R e u U f u

or(pylKrrbrx cr<opocrer)r # ^,

cJIeAoBareJIbHo, K yBeilHrreHHro Hanpfl)KeHr.If l TpeHlafl Ha creHKe. Xapax-
Tep 3aBlIcr,IMocrH

cf, :  *suu
- ^tDiui

Mox(er 6urr npu6;twxreHHo oIreHeH cne4yurlefi rcpunofi A (p*rc. 44)
. - , r  o r l { ^c r re . IT l - r {nno ?2?. ,n2  R f l r?vxp  

d  
r , ,e  , - ,  -  n r? ]u rpn  r {q r -n l /ak r r '' .  _  . ._ "J  . ^_  2R,  , ^ *^  r

R, -  paAHyc ALrcKa.

C"resa or roqKr.r 0,01j' '*c HMeer Mecro yBeflHqeHue Cy sa cqer

d a ayBerurreHHn rpaLreHra cKopocrz 7i . CnpaBa or rorrKH 0,01 fr; 
yBe-

JrHqeHHe cf1 H.(eT 3a CrreT yBeIHrreHHfl nJrorqaAH TpeHHs. PaccvorpHu
nore cKopocrefi s6nwsw Bpaqarcqerocr AHcKa (c,ur. pnc. 43).

l. l lepeonaqaJrbHo paccMorpHrvr noJre cxopocreli npu BpaqeHHH
AHcKa B 6esrpaHnqHoM o6teue x{HAKocrH. l lpoqecc rer{eHurr )f iHA-
KoQTH p6nuEpl AHcKa MolKHo IIpeAcraBHrb cJreAyrcur,HM o6paeou. KorAa

7 9

/-rtadxue 0ucxu

Uepoxo0anorc ducxtt

6.t04 I /05

i;;tTq:



x(prAKocrb 3a cqer rpeHHf npHo6peraeT oKpyxHyro cocraBJrsauyrc.
oHa crpeMHrcfl yfiru or IreHTpa. 3a cqer erorl"resAeHr{r4H pasBpBaercr
paAuanrHufi rroroK e6nusw \r4cKa, unaercIlluri HeKoropbrr pacxoa q.
rroAcacuBaHae Ha Heno4eNxuofi creHKe KoMneHcr{pyer gror pacxoA.
?ra cocraBJrsau{as cKopocrr.r oqe'b Maila, KaK rr pacxoA pauna'rbHoro
noToKa.

2. PacClraorpnrvr nofle
(c , '1 .  pnc .  45) .  Tax  xe ,

cxopocrefi rrpn BpaqeHHH AilcKa B KaMepe
KaK rpu BpaqeHr4n e 6egrpaHuqHou o6renne

lxHAK_ocrH, HMeer Mecro pa1aailburrfi no-
rox. Becb rroroK B 3a3ope Mox(Ho ycJloBHo
pa3AeJrHTb Ha:

l) rrorpaHaqsufi cnofi c pa1aarrbHbrM
pacxoAoM, ABux(yrr(ufica c yuroBofi cxo-
pocTbro o;

2) flApo noroKa, B KoropoM r{Meercfl
TOJTbKO j)r(py)r(Hafl cocTaBJrsK)uaff cKo_
pocrtr. Ipuueu noroK ABu)r(ercff c ilo_
crosnuoli yr.rronofi cKopocTbro ailc. Xa-
paKTepHbIM flBJrflercfl Tor Qaxr, qro norox
B na3yxe He xaoTHrIeH, KaK KaXeTcfl Ha
nepntrfi B3rJrflA, a BnoJIHe ynoprAoqeH.
3ro ornocuTcfl B ocHoBHoM K orKpbrTbrM
cnHpaJrbHbrM KaMepaM HacocoB.

Ha puc. 45 npr{BeAeHa npnHrr Hnlailb_
Hafr, cxeMa pacnpereJreHufl cxopocrefi cu
14 cr B na3yxe Hacoca H Ha BbtxoAe vg
r{oJreca AJrg- crrHpaJIH OTKpbrTofo THila.
trns cKopocrefi cu u c, xapaxTepHa nJraB_

coca H Ha BbIXoAe H3 KoJreca HoCTb H3MeHeHHfl, Ha gCeft AnUHer OT TOII-
xn A Ao rorrKu ̂ 8. llpeunayulecrBoM orKpbr_

TbIX cnupaJrbHbrx KaMep flBJrflercff To, rrro pa4na"rrinsrrl pacxol q,
nxoAsurafi B cIIHpaJIbHylo Kalvtepy, HeceT sHaqHTeJIrHuri 3anac
3HeprHH 3a cqeT cKopocTH au, rITo B HeKoTopblx clyqaflx npHBoAHT
K yBeTHIIeHI{lo Harlopa Hacoca, a c/IeAoBareJrbHo, H ero K. n. ,a. Ao-nOJIHI4TeJIbHbiM npel{MyIl(ecTBOM flBJIfieTcs TaKx(e TO, UrO O6parutrfi
parrarrilrrui noroK y Heno4nHxHOfi CTeHKH Kopnyca Hacoca, BbrxoAfl_
urHfi H3 cnHpa.nsuofi KaMepbI B na3yxy, BbrFiocHT Hs cnnparn qacrHubr.
ABH)I(ytqHecfl c MaJIbIMH CKOpOCTflMH F,6nHSLr ee creHox. Tarunr o6pa-
3oM' npoHcxoAHT cBoeo6paaHlrri (orcoc) norpaHl,rqHoro cJIofl co cTe-
HoK cnHpaIILr B na3yxy. f lpae4a, 3To HecKoJIbKo yBernrruBaer MoMer{T
AHcKoBoro rpeHHfl. OAuaxo noJIox{HTeJIbHoe BilHgHHe orcoca norpa-
HHqHoro cfloq na ycroliqHBocrb noroKa B cnnpaJru 3HarrHTJi"aa BJrHfl-
HHq AHCKOBO|O TpeHHrr. Pal.ua,rrrgslri noroK, CXOAsUiAi? c oSezx
creHoK KoJIeca' o6.n aAaer 3H aqHTeJIbH brMr.r cKopocrl u* o u. flon a4aH z e
er-o B noJrocrb cnHpaJrH npHBOAHT K BHxp_eo6pasosauHrol r{acrr sHep_
rHH nplr gToM pacrpar{HBaercfl, oAHaKo o6ulaq aHepru, rroroKa B cnn_
paJrr{ Bce xe yBe"nHrrHBaercr. 3axpuran crrHpaJrb He Aaer BO3MOX{-
80

Puc. 45. Cxeua pacnpeAerre-
HHs cKopocrefi  n na3yxax Ha-

HoCTlt  paAl laJibi- lOlvIy i ]oToKy, HeCyqeNIy OnpeAeJIeHI ly io qacTb 3Heprl{ l l
AHcKoBoro rpeHHr, nlrr?rn B cnupa,'rb. I-lorox 3Tor Hara[rKtBaercn
Ha cTeHKy, noBopaqrrBaercf l ,  r rpu sToM Tepf ler  3Har{HTeJIbHyto qacrb
^ * ^ ^ . o .  D  - ^ ^ ,  ^ e  - , ^
LE( , , t ry l  JnYyr  nn .  JAt rLD Ht r  .H4U. / I ruAc[ t r rUn ] ' lL l rU, / rDsUIJ( r rT ,1 I } r  9 r l t rPr  nn  An '

cKoBoro rpeHus, KaK B oTKpbrrof i  cnupai lH, rAe paAuanrnuf i  r roroK
ceo6oAHo B)ioAr4T B cnHpaJrb. l lpeurrayurecrBa orxputrofi cnHpaJrH
noATBepxAaloTcf sKcnepHMeHToM H BbrpalKarcTcf B noBbrureHHH Ha-
nopa H K. r .  A.  Hacoca. l lpune4eHHbre Bbrrue coo6pa>xeHuf l  noArBep-
x{Aarorcfl urnpoxofi HoM€HKararypofi HacocoB o6ulero Ha3HaqeHlif l
THila A, MA, KoHcoJIbHbrx H Ap. OanaKo B MHorocryneHrraTbrx ueHTpo-
6exuux Hacocax AJrfl TenJrogHeprerrKvr, uraxrHoro BoAoorJrvBa, B lro-
rpyx{Hbrx Lr ApyfHX ruHpoKo HcnoJrb3yercf 3aKpblToe coqJreHeHHe
pa6ouero KoJreca H orBoArulero ycrpoficrna (o6uuuo HanpaBJrflrorrlufi
annapar). Aocruruyrbre 3HarreHus K. rr. A" MHorocryneHrrarbrx Ha-
cocoB oqeHb BbIcoKH (80-83%)  npu f l r :70- : -90 ,  qHcJ Ie  c ryneHef i
l2-16 u BbrxoAHoM AuaMerpe KoJrec 400-500 uu. 3ro Aaer npaBo
crrHTarb, uro aQQeKT orKpbrrorl cnupailv (orxpuroe coq.neHeHHe cnH-
pailr4 c pa6ouuM KoJrecon) usyueH eule HeAocraroqHo e o6uervr Mexa-
HH3Me eHeproo6MeHa KoJreca H orBoAqqero ycrpoficrBa Hacoca.

OrHocureJrbHafl BeJrnqHHa norepb Ha ,qncKoBoe rpeHue. MoueHr
AHcKoBoro rpeHHfl BbIpalKaercff Qoprnry.uofi

M -  Cpprbco2,

rAe CS - xoeQQraqveHr, yqr.rrbrBaroulnfi rpeHHe Ha AByx cropoHax
AHCKa;

r -  pa4Hyc AHcKa.
llpu pa6ore Hacoca Ha Br3Kor? xuAxocru MolKHo nonacrb B rrepe-

xoAI{yFo o6.nacrl HJrH [a>xe e o6racrb JraMHHapHoro pex(HMa TeqeHurr.
Koarhrf rprr lHeHT TneHurt  nnw na(ore c ner. i lhHhrMrr : r . r , ; rpel \^u Hrr .n-

f - - - - - - - - "  ' r  - " " "  - - r ' -

coB noBbl[Iaercfl npu6nusl4TeJlbHo ua 200/0. l4rl'etorcr AaHHbre, npaBAa
MaJIo cHcreMarHgHpoBaHHbIe, rroKagbrBaroulue 3aBHcuMocrb xoaQ-

{ruqr.reuta rperr  un Cs or +,  Re n orrrocHrenlrroi) i  uepoxoBuro.t"  {' z . u ' l )

(c*. pHc...44). B r(erroM ualnto1aeMafi KaprfiHa 3aBHcHMocrH C7 or
s K

Ke, 2D ^ n HanoMHHaeT

i I ,n q nrr ncrrer2 Mrrr r r Hocrr,f

Soprr,ry"rroli (A.ns no4sr)
,ry

rAe

KpHBbre Huxypa43e AJrf l  rer{eHuf l  n rpy6ax.
I I u c l < r ) R n r n  T n p H u c I  l \ t n x { L r r r  n r ) n L e r \ E l q , r . L . r c !

:  0,00 tzuBDZ r. c,,

f t
@ 2 - D r n n .

Oqeuuvr orFrocuTeJrbHyr.o Beflr-rr{HHy norepb Ha AHcKoBoe rpeHHe:

nD2n .
6 0 '

c  1 -  N " ' ' o  -v m , o _  
N e

0  M r r x a i i . n o u  A .  K .  r r  A F . g l
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nOJy I {HM

nep Borvr npH6JrHlKeHHH

tuz = llrg4.

n  _  6 0  t ' z s H
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BenuqHHa orHocnTeJrbFrbrx norepb Ira AHcKoBoe rpeHl{€ ep.4
o o

looe.. u -- ' ' t 'Qn) 3!=1;9^2i'u' ' W.
n2n2.1000QH

Tax r(aK
3  /  3 \ 2r,r:\#) :(#)':(+#)',

TO OKOHI{aTeJIFTHO 
B

0,12.3600 .TStt ,  {2g) 
2

looe_. a:ff irff-o/o:

H , :  
H
rle

tm .  d

3naqeu I4e em. a 1. i ln f l ,  :400 HecxoJlbKo npeyMeHbueHo (cna. Hraxe):

ns 20 50 100 200 400

Em. a B o/o 162,5 26,0 6,5 1,0 0,4

flpn z, € 20 ro.nrxo 3a cqer AHcKoBoro rpeHnfl K. n. .(. Hacoca
cHalKaercfl Ha 60% H 6o.nee. floerouy y qeHrpo6ex{Hbrx HacocoB
yKa3aHHbrx ns o6uturi r. n. A. Hacoca He npeBbtlrlaer 20-250/0.

Meponpn sTns no yMeHbrrreHnp AHcKoBoro TpeHIrn
l. VvessrueHr4e HapyxHoro AuaMerpa Ko.neca D z. t{ro6u KoM-

IIeHcHpoBaTb yMeHbueHue Hanopa, cBf lSaHHOe c yMeHbIxeHLIeM Dr,
yBeJrHqHBaror yroJr BbrxoAa F, LrJru rrpr{MeHfflor pa6ouee KoJreco
c 66"rrlurHM r{HcJroM Jrorracreir (8-9 elrecto 6-7). VseflH.reHl{e qncfia
.nonacreft npr.rBoAr{T K gHarruTeJrbHoMy crecHeHuro noroKa Ha BXoAe
B KoJreco. tlro6u H36e)Karb sroro, craBflT BcnoMorareJlbHbre (Ha nu-
xoAe xoneca) r(oporKue Jrorracrn. f lpz groM HopMaJIbHbre rro AaHHe
.NONACTH TICPCAYIOTCfl  C KOPOTKHMH.

2. f lpuueHeHue cneqr{aJrbHbrx noHcrpyxuuf i  HacocoB, HanpuMep
HacocoB c orKpbrTbrMH pa6ounuH KoJrecaMH. !,ucxoroe rpeHue sB-
Jrf lercr  npurrnHor?, Ko'r 'opaf l  ofparruqHBaer npHMeHeHHe qeurpo6ex-

E2

i iblx I{aeOCoB ii i{3Kt4x rls, TaK KaK itx t{. r l. A. oqeHb MaJI. I{enecco6-

pa3HocTb IIpI{MeHeHHfl MaJIOSKOHOMHIIHbIX HaCOCOB HH3KHX ns 3A-

BHgHT oT MHorI4x rexHHKo-aKoHoMHqecKHX [puIIHH. BaxHeliruunan

noKa3aTeJrflMr4 flBJ-tfi-roTcfi cpoK paSori,i iiacoca, ciio>KHocTb KoicTpyK-

r1t4r4, Bec ycTaHoBKH, ycJIoBHa o6c.ny>xtBalr7fl' Hacoca H T. n. Ang cra-

UHoHapHbIx ycranOnon o6ltquoro Ha3HaqeHufl '  pa6oraroqux 3000-

4000 t u roa, rpaHulra gsaqenHfi /2s JIeIKHT He suxe 50.

S 17, fn1panlnqecKne norepl{ B Hacoce

fu4pas.nqqecKge noTepu B HaCoCe Mo)KHo npeAcTaBHTb B BHAg

AByX KaTeropufi :  norepl l  TpeHu f l  npu ABHx<eHHH )KHAKocTH B KaHaJIaX

rtDororlHofi  r{acrn Hacoca H BHXpeBbIe norepH, cBfl3aHHble c orpblBoM

nbtora npH o6reKaHHH pa3rHt IHbIX gJIeMeHroB pa6ouux opraHoB Ha-

Puc. 46. Otpnnuoe o6'rexaHue ronacrel? KoJIeca
tIa neperpy3oqHblX vt neAofpy3oqHblx pex(HMax

H  H e f I O I ' P y S O I I H b l x  P g ? r a n l u a A .  \ - , r U P a 5 y I L . r l r { a n L . - r  . D  l Y r s r - r L  \ . r r  y D r D a  r r v d r u L r u

3anoJIHeHa x(HAKocrbr.o, He yqacrnyroulel? B nocrytlaTeJIbHoM ABHX{e-
Hur4. BHeusss rpaHurra 3oHbr orpblBa neycrortuusa. VIg 3oHbI orpblBa
BbrAeJlflroTcfl B troToK H yHocfTcfl BHxpH, KHHeTlIqecKaf 3Heprl4fl Ko-
TopbIX paccenBaeTcs. Tarue )Ke no XapaKTepy noTepH Ha aHaJIorHq-

r ^ r n d  n n r r  n n ^ T \ 7 n  n a u U U  r r f \ . n f \ l / 9 |  l I q  l l ( \ l - I  9  c T u  I I A -
f l b f ^  P t r l | ' A n L V L A ' / \  D t J J n f f  f \ 6 l f \ J l  l r y r r  I I v \ - r  J  

r r d r v r r r r r r  r r v t v r r q  r r s

npaBJrf l r ,oqero annapara Hacoca. Bzxpenste norepu, cBf l3aHHble c pe-
)Kr.IMoM pa6oru Hacoca, LIMeloT MecTo TaK)Ke B CnHpaJIbHoH KaMepe.
Ha pexuMax HeAorpy3KH cKopocrb IIoroKa B cnl' lpaJlu yMeHbuaercf '
B TO BpeMrI I(aK OKpy)KIIafl COCTaBJIflIOUafl noToKa H3 KOJIeCa Czu yBe'
JIHtIHBaeTcf l  B cBf l3u c POCTOM HANOPA H NPU YMCHbUICHHH I IOAAqII

Hacoca. Tarnu oSpasou, noroK Hg Ko/leca c 6o.nn[J0ft cKopocTblo czu
nocryrraer B cnnpaJrb,  rAe npoucxoAHT ee cHH)KeHHe Ao MaJIOf i  CKO.
pocrn ccn. I - lpeo6pa3oBaHHe oHepruH I lpolrcxoAHr q o6pasonaHHeNl
buxpef i  pr  c Aa.nrHef iunv pacceruHeM Hx gHeprHH. B pexuvte l tepe'
tpy3tf l {  ct(opocTb i lo ' roKa I{3 I (oIeca I \4eHbi l re cKopoc' l ' l {  B ropaoBl lHe
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a * , - A :  - - -  f lcIiI{pa.r-iI i . b- pe3yJlbrafe HMeet' Mecto oipbinHoe odrexauue rr3brKa
cn4pailH. VxasaHHble Bbtue norepu MHHHMaJrbHbr B onrr.tpraflbHoM
pexHMe H Bo3pacralor npH orr(JroHeHr4flx or Hero. I4gNaeHeHHe yKa3aH-
nbrx norepb Mo)KHo Bbrpa3aTl eopvynofr

h,  :  k (Q -  Q), ,

rAe j  -  eKcrepHMeHrannutrf i  xoe$SuqueHr.
onpe4e"rreHae k npeAcraB.nser 

'co6oli 
6onrrune rpyAHocru B

cBfl3H co 3HaqHTeJIlHoft ycJloBHocrblo npH BbrAeJreHHH BgxpeBbrx
norepb lr3 o6qero 1anasca rrorepb
B Hacoce.

Kportae BHXpeBbrx noTepb, 3aBHCs-
rrlHx oT pex(HMa pa6oru Hacoca, HMe-
roTcf BltxpeBbre noTepH, He 3aBHcfltqHe
or Hero. 3ro nuxpeeofi cJreA 3a Jrona-
crrMH KoJIeca (xoHqentre JrottacrHbre
norepu),  BHXpeBbre [orepr{ ,  cBs3aHHbre
c H-epoBHOCTfrvrH rroBepxHocTH KaHaJroB
pa6ouHx opraHoB,  H Ap.

V.rurHeaq, qro AJIfl pacqera rrorepb
Ha TpeHHe TaK X{e, KaK U Llrfl, pacqeTa
BHXpeBbrx noTepb, oTcyTcTByroT HaAe)K-
Hbre MeroAbr, B rrepBoM npu6nuxeHr.rH

Puc. 47.  PacqerHaq xapaKrepn-
cTHKa HaCOCa

MOX(HO CrIHTaTb, IITO nOTepH Ha Tpe_
HHe t IponopqHoHaJrbHbr  KBaApaTy noAaqH Hacoca:

' 
hmP : ffiQ''

F  n A  l n  -  a t z r r n a h t r r r n  r t F ^  - ,  , , ,  , y ,  - , ^ ^  l - - L - - - - - -  -L  / \ v  , ' e  r r \ L r r \ - p f l l v t E n  r  d d l D H b l l l  K U J q J ( p I I U H e H T .

l locrpourvr coBMecrHuft -rpaQux 
^ruApaBrnr{ecKr4x 

norepb (nvxpe_Bbrx H norepb Ha rpeHHe). MraHuMyM noTepb _ B 30He onrHMaJrrHoft
n n n O l l l t  H  ^I , V A ( I ' r I .  L I A ,  W V N I J t r A H H Y T  I I O J I Y q C H H O H  3 A K O H O M C P H O C T H  T H A P A B T H q C .
cKHx .[orepb crpor.rM HanopHyro xapaKrepHcrHKy Hacoca H - Q(puc. 47). lugpaBflHqecKue rlorepH onpeAensrcrcs oKcnepHMeHraJrbHo
nyreM cocraB"[enws 6anaHca norepb H MorrlHocru Hacoca.'CocrasneHHe
6ananca MoulHocrn B Hacoce saKJrroqaercff B cne4lrlsueM. tr4ssecrHtr'MexaHHqecKHe noTepH B caJIbHIIKax v noAurHrrHH]Kax, AHcKoBbre Ho6reusue norepH r,Jtfl pe)KHMa MaKcHMaJrr,Horo K. rr. A. cne4ona-
TeJIbHo' MoxHo onpeAeJIHTb Ailn pex{HMa MaKcHMaJrbHoro K. n. A.f HApaB.,rrHr{ecKHe [OTepH B Hacoce. paccuorpnu rnaccHsnKaur,i lo
H o6ogHaqeHne [orepb B Hacoce. 

r  - - -  -^----- '^Y

N - MorrlHocrb, noABeAeHHaff K Hacocy:
N N*' - BHCIIIHHC TIOTCPI'I  (B TIOAIIIHNHHKAX H CA,IbHNNAX);

IV6 -  BHYTPCHHAC NOTCPH 1UA TPCHHC AHCKOB KOJIECA O BOAY,
KOTOpbre HHorAa yAaercff qacrHrrHo BoccTaHonrarr)

Ko.neco coo6uraer )Kr4AKocrH, norrasuefi Ha BHerxHr.re ero AucKH,sHeprHro. l lorox H3 na3yx cMeuHBaercfl  c noToKoM CnHpaJr kr B STOM
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fipunuilni{AnbHAq bo3Mox(Hocrb soccrAHoBJreHun norepb ud f,uexonO€
TpeHHe; N, - fHApaBJruqecKaq MorqHocrb, T. e. MoulHocrb, coo6-
Ir leHHarr KoJrecoM xl4AKocrLI:

[ I  n  n n  r ' . t ^ 6 m n  f t d r r r ,  ^ ^ K n - '  '
l Y  n  

-  r t \ J J l E : o n a n  l v l r J l t { F t u L r  D ,  \ J r t P g A E . r r n E l v r d n  l r L / r \ ( l J ( r  r c . . / l n l v l ( r  P c l r - , r \ J l  D l

Hacoca Q u  H;

y1 _ /i - (/Vn*, -i* N,r) _ N,
' | - -  

N  N
N o : q I H ,

N,: (Q + q)  ̂ tII ,

T o n : N -  Nn*,

Q-t  q

N r . n : Q y ( H , - - H )  -

rcf alcerc;

K.  11 .  A .  HaCOCa;

-  BHy rpeHuu f i  r i .  r r .  A . ,  T .  e .

K.  I r .  A.  HaCOCa 3a Bbrr {eTOM
BHeuHrrx  norepr  (sueruHHe no-
TepH o6l r ' {Ho HeBeJTHKH H He-
xapaKrepHbr  AJr f l  Hacoca) ;

-  o6u l l r i r  r \ , lexarruqecx l r i i  r { .  n .  / \ . ;

-  MOUIHOCTb,  3aTparrHBaeMaf l  HA
yTer{Ky;

- fHApaBr' lHqeCKatl IvIOUIHOCTI)
Hacoca;

- o6terr.rslrf i  K. l t .  n. Hacoca

(a"ns oAHocryrreHr{aroro Ha-
coca);
tHApaBJ[rqecKHe noTepH B Ha-
coce;

r raApaBJrHqecxuf i  K .  n .  A .  Ha-

IVn

Nn
' l  -  

N

- QrH
QyH

N
l /

l Y n

^  _ Q y H r - Q y ( H r - H )  _tle - 
eTF1^

' l n r r t t *  
n K n - a n " n  a ( r t r t t l ,  , ,  r r

I  ( l  n  r l  l v r  v \ JP  c r Jv  rY l  t  v v l 4n  r r  n  .  r  l  .

rl :

coca ( tns oAHocryfreHqarofo
Hacoca) .

A .

\ u \o \ r '

W _  N n
/ 1 ^ . l l  A /
v y I I . f  t v e



oo l 'u nna R.ntrrrcerufi

HacocoB
n, |  CrJA" |  n iFDrarra l  r r r  t fv  r tnanai in , ' rn
l r s v  r v r  v r  D r t A r r  r r l ' r / a  

J L I l , l r l . l t , f  I '

S 18. KoncrpyKq'u H Ha3HaqeHHe orBoAf,rr{Hx ycrpoficrB

flporovHylo qacrb Kopnyca Hacoca o6pasyror KaHaJrbr, orBoArulr4e
H noABoAsrrIHe pa6ouyro x(HAKocrb K KoJrecy. oreoA xHAKoCrr,r or
KOJreCa ocyqecrBrsercq pa3rHrrHbrMH KoHCTpyKrrHflMH OTBOAflrqux
ycrpoficrB, KoTopble AoJI)KHbI, Bo-nepBbrx, o6ecnegurb ocecgMMerpHrr-
urtfi noroK xuAKocrt{ Hg pa6overo KoJreca, cogAaBafl TeM caMbrM vc.,To-
BHfl ycraHoBHBlrlerocfl oTHocuTeJrbHoro ABHx(eHHn s o6nacrz roneca,
BO-BTOpbrx, rrofacr.rrb MoMeHT CKopOCTH U npeO6pa3oBarb KuHerr.rqe_
cKylo sHeprHn noroKa, BblxoArri lIero u3 Kofleca, B sHeprHFO AaBJreHHfl
c oTBoAOM nOTOKa K BbrxoAHoMy narpy6xy t4ilr4 cJreAyrcqefi cryneHH
Hacoca.

cyrrtecrsyrcr ABe npHHuHnHaJrbHo orJrnr{Hbre KoHcrpyKuHH Kop-
nyca: l) KaHaJIbI^.nporouHoft rlacru BbrnoJrHeHbr HenocpeAcrBeHHo
B TeJIe xopnyca; 2) KaHaJIbI BbIrIoJIHeHbr orAeJrbHo, B cner.lnaJrbHbrx
AeTaJIflx - JIonaroIIHbIX I{ cnnpaJrbHbrx orBoAax. C rHgpannu,recKofi
TOIIKH 3peHHff KaHaJIbI npoTorlHofi qacru BbrnoJrHgrorcn AByx rrrrroB:
cnHpaJrbHbre H JronacrHbre (pnc. 48, a) HenocpeAcrBeHHo B TeJIe KOp-
nyca (vau1e BcrpeqarcTcq KaHaJrbr cl[paJrbHoro rHna); Lr B KarreerBe
OTACJIbHbIX sJICMCHTOB - c.[}IpaJIbHoTo H JlonacTHoro THnoB. flpuH-
rrHnHaJrbHofo pa3rHrrHfl n synxur.rf lx sTHx AByX TUnOB Her. pagrr.rrrHe
3aKJlloqaercf B KoHcTpVKTHBHbIX H TexHororwqecnr,rx oco6prrwrrnrcrr'
C r'ApaBrr,,{ecxofi tbu*a 3peH}rs .n"puni";* ;;;"d;;;;i;;
Mo)Ker 6rtrs npHAaHa 6onee conepureHHas o6rexaeuaa eopnra, oAHaKo
KaHaJrbr eFo MaJroAoerynHbr MexaHH,recrofi o6pa6orxe: Hx Qopua, pas_
Mepbl H tlHcrora noBepxHocrH o6ecneqHBarcT'cr HenocpeAcrBeHHo B oT-
JIHBKe. Jlonacrnotl rnn Kopryca Hacoca, BbrflorHqertnrif i o6H,{"o B BHAe
orAeJIbHbIX HanpaBJlflIoult4x annaparoe (puc. 48,6, e), uueer KaHa/rbr
rlprMoyronsHofi Qopuu, i lpucnoco6.neHHoft AJrfl MexaHHrrecKo fr o6pa-
6otru, Ho npHHr\kti lHarlbHo MeHee 6.naronpusrnofi B rHApaB/rHr{ecKoM
OTHOUICHI{H.

Bc.negcrnue roro, r{To Ha rHApaBJrHrrecKHx csoftcrsax KaHaJroB

B6

coBepnieHcrBa rexHoJIorHI' t  JIHTbfi .  Ci iHpaJrbi ibie orroAbt o6na4arcr
3HaqHTeJIbHblMH KOHCTp y I (TI IBHbrMH I . I  TeXH HKO-3KOHOMHqecKHMrr  npe-
HMyUeCTBaMH B MaTOKO/reCHbrX HaCOCaX (pHC.  48,  A) ,  J ronacrHbte or -

l - - - ^  t o  E \
nuAbr \p l4c.  +o,  u)  AuMl, lHr4pyur rJ MHOr'oc ' fy I IeHqaTbIX Hacocax,  fAe
oHH HMeTOT pfA KOHCTpyKTHBHbTX npeHMyrqecrB. oyHxr luH, BbrrroJr-
u o a i r l r a  / \ T D n n / 1 f , t  n n h 6 [ a t d r n r n d  r r n r r ^ 6 n . r t r t t r r ^ f t
r r 4u rY rp ru  v  lDvAv lY r t  v r r y \ .A rv r / l . a r f \ , , t  \ . . n  n \ . r l a \ - r  P  y  nL \ r l t r l / l  r l aL l .  Lc l .

B oAHocry[egqaroM Hacoce gakaqv orBoAa 3aKrFoqaorcf l  B ToM,
qro6sr:

a) co6parr x{HAKocrb, BbrxoAsulyrc H3 pa6ouero r{oJreca, H Ha-
npaBurb ee K BbrxoAHoMy narpy6*y;

a) d) o)

Puc. 48. I(oHcrpyxrnBubre cloprr,rsr orBoAoB:
a -  cnupaJ luus l f i ;  6  - ,nonacrHof t ;  d  -  KoJ Ib I {eso f t  c  } ranpaBJIgrou IHM annaparoM

6) npeo6pasoBarL' r(HHerurrecKyro oHepruro BbrxoAflrqero ug Ko-

rreca rroroKa 4;! B noreHrrr4arbHyro 
Pii: Pz 

. f locxo"nrxy npe-Z g J T
o6pasonaHne KuHeruqecrori gHeprHH B noreHqHaJrbHyro npoz cxo-
T t r l r t  n  r r r t , T A n o r t t t  . - r a r r q r r o i  r t T E n n a  d D n d a r ^ d  ^ K ^ ^ - ^ " ^ , , " ^
A r r r  v  r r v r v y / r r v r r r t  u u A q l L f r  v r D v A q  n D J t n W r \ - . r r  \ J \ J g r e l I E Y E r l n E  M n t l n M y M a

erHx norepb. IJ.ns sTofo Heo6xoAHuo npeo6pa3oBarb MoMeHT CKOpOCTH
Ha BbrxoAe KoJreca K, c raKHM pacqeroM, uro6u B BbrxoAHoU narpy6xe
MOMeHT CKOpOCTH OTCyTCTBOBaJT.

B uHorocryneHrraroM Hacoce orBoA H noABoA K cJreAyrculefi cry-
neHH o6re4uHeHsr. f loarou.y, KpoMe yKasaHHbrx $yHxrrufi otHocry-
neHqaroro Hacoca, sa4auefi orBoAa MHorocryrreHqaroro Hacoca rrB-
Jrrercs noABoA xHAKocrH K cJreAyroulefi cryrreHr{.

S. 19. BJtHcHr,re orBoAa Ha pa6ouyro
xapaKTepHcTHKy Hacoca

Hacoc pa6oraer c pa3HbrMH [oAaqaMH, H B gaBr.rcnMocru or rrpo-
nycxHoli cnoco6HocrH orBoAa HMeror Mecro pa3Hbre noTepH Ha STHX
pelKHMax. florepn B orBoAe cocraBJlflror 3HatrHTeJrbHyro qacrr norepb
B HaCOCe. TpyAHO TOTIHO Or-(eHHTb norepH co6crseHHo B OrBOAe, TaK
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KaK KOJTeCO H OTBOA B3aHr\,rOCBfl3aHbr H noTepH B OTBOAe MOryT BO3r{H-
Karb H3'3a rlecoorBercTBHfl onTHMaJIbHblx pelKHMoB pa6oTbr pa6oqero
KOJreCa r.r oTBoAa.

flpu ar{crepal,teura,ryrHorl oqeHKe norepb cocraBJlflercfl 6ananc
3HeprHH Hacoca. Mero4uxa v pe3]/JIbra"t-. i- fai,aHcoBbix i. icniiraiiafi
HacocoB ng4po6_Ho_ paccMorpeHbr B coBercKHx H 3apv6exsux r4cc.[e-
AoBaH.Hfl x 127 , 8, 5i j. i lp" paccMorpeHr.ur danauca MoillHocru Ha-
coca (puc. 49) rvroxHo cle/rarl, c.neA)/r.ourue BbrBoAbr:

_s_ %
0onm

Pnc. 49. Ea.nauc MourHocrr.r Hacoca MaJrofo /151
l l -n - noJ'e3Hafl MolqHocrb; Nr. n 

- Moll lHocrb rHApaBnHqecKHx norepb;
Na-roprr,rosrar Mou{Hocrr o6pa'r;-uix roKo.B; . ly 'r-noulnocrb yreqeK; N ̂ p.0-IriotqHocrb norepb 

", o".;";;;#ff 
Tt 

"ff;;*f"ulHocrb 
rorepb i--rio.q-

-_ ]l y:l_r"lqecK,e ra o6renaHbre norep' He HMeror MHHHMyMa, a Hx(rrrrucl.l 'r 'eJrbHafl, BeJIHTTHHa yMeHblxaercff c yBerilqeHHeM no,4aqH Ha-
coca;

2) rr 'rApaBJr'rrecK'e norep' HMercT MHHHMyM B onpeAeneHuofi 3oHe

2. oreo4rr pa3Jr.ruuofi nponycxuofi cnoco6uoqrn H HeH3MeHFroe
pa6ouee Korreco (prac. 52).
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Ha puc.  51,  a  npuBeAeHbr  pe3yJ lbrarbr  ucnst rasuf i  Hacoca cnH-
paflbHofo THrra c TpeMfl BapLraHTaMI4 JrorracrHbrx KoJrec, oT"rtHqaro-

urnxcr  r rHcJroM nonacre i i  u  yr raMu 13r  u  13r .  MepHAMaHHoe ceqeHHe

npaKTHqecKH He H3MeHf lJ Iocb.  Toqxt l  I (pLIB l tX I I  -  Q c  t l , , ,u . *  ' rpex

Bapl raHToB xoJ lec , texar  Ha oAsof i  npnvor l ,  Hz3Lr iB?enrof i  J IyqoM or-
BoAa u npoxoAt tu le f i  uepe3 Hat lar to  Kooi rAt iHar .  Ha p i ' i c .  5 i ,6  I rpu-

BeAeHa xapaKTepHCTHKa qeHrpo6exHoro Hacoca AI , taroHaJIbHoro
THna, I , IMelourero sxoAHoIl AHaMerp 305 Jvt/ i l  vt , tonactuofi  oTBoA

(nr: 320).I4cnsrraHbr rpn JronacrHbrx KoJIeca, HMeIoulHX oAHo H ro )Ke

MepHAr4aHHoe ceqeHue,  Ho pa3Hyro npoQuJIHpoBKy nonacref t  (pasHrre

yrJrbr  13r  u  Br) .  TouKH KpHBbrx Bcex rpex BapHaHroB KoJIec,  coorBer-

Nu1
TT;

o/

50

/50

Puc. 50. fn4panauuecKue florepH a pa6oueu KoJIece II orBoAe:

Nr- ru4pan. t rHqecKar r  MoqHocrb  Hacoca;  l y 'n - r t rou lHocrb  r r rApaBJI l rqecKHx norepb

B Konece; No^u- 
";SH"fi^r:#t1"JilT.;;.;:':o:,:.::""A"; 

N, ,z- Mor*-

crByrourHe l*u*, JrelKar Ha flyqe JlonacrHoro orBoAa. Tanuu o6paeou,
yfoJr HaKJroHa Iyqa cnHpaJrbHofo LIJrH JronacTHofo oTBoAa H ero Be-
Jrr,rrrHHa 3aBr4cHT OT npoilycKuofr cnoco6uocru orBoAa H or nsr60pa
N,racuna6os H Lr A npu nocrpoeHHn xapaKrepucrHKu Hacoca. J-lyu
BCerAa coxpaHser cBoe ceoficreo npoxoAl,ITb rIepe3 ToqKH qrnu* Ha
xapaKTepHcTHKax pa3Jll4qHbtx pa6ovHx Korec, pa6orarcil lHx B oAHoM
orBoAe. 06 gTorvr cBuAereJrbcrBylor BbI[renpHBeAeHHbre aKc[epHMeH-
TaJrbHbre pe3yJIbrarbl.

EcnH [poBoAurb HcrrbrraHua pa6oqero Ko.[eca B oAHoM H ToM )Ke
oTBOAe npH nocJreAoBare.nlHofi o6peexe KoJIeca ilo BHerrHervry AHa-
Merpy, oKa3btBaercf, r{To rot{KH T,nu*, coorBercrBy}olt1ue xaxAofi
o6peexe, TaKlKe Jre>Kar Ha ryr{e orBoAa. Sro osHaqaer,  qro KaK Harrop,
TAK H noAarra yMeHbrxalorcfl n o4uofi nponopq[r4, a r.rMeHHo:

Qr D? Ht D?

Q , ' - 6 ? ;  H , : E '

I4srueueHHe noAaqr.r nponopu"o"uroro nruopary orHoneHHfl Ar:a-
MerpoB Mo)Ker 6r,rrr o6tqcHeHo reM, r{To KaK pa1ralrbHafl cocraB-
./rf l loulaf l  cKopocTH }ra BbIxoAe, TaK H n/roulaAb, nepneHAHKyJrf lpHarr
x eroft cocraBJrrrouleri ,  MeHslorcf l  np f l  Mo npoflopqHoHadtr bHo ALraMerp y
pa6ouero KoJIeca.
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..flp HueHeH lE€ 3Toro n p aB HJI a AJr fi onp eAeJreH Hf, EeJt urIHH bl Heo6xo4r.t-uofi o6pesx' Ha _rrpaKr'r(e BecbMa Hecrrox(H". ni;;no,io*"r, sroxapaKrep'cr'Ka H - Q, coorBercrByloqafl Har{aflbHoMy A'aMerpy

n -- 5800 o6/uul

TorAa BerHqrura rreo6xoAHMoro yMeHbueHri f l  Ar{aMerpa pa6ouero
KOJIeCa 

I I

1)r, ' --, /1f. t z 
- 1 H,, \.2

D z d  
- \ a ; )  = \ - F ; )

Sror MeroA 6urn rrpeAlolKeH EepxepoHou Bo @paHuuH I53l  r r
uo3)Ke uaii ieJi i i j i{poKoe npi{MeHeiiHe B Apyrrix crpaHax. l i lupoxo
HcnoJrb3yeMoe B uacocHofi rIpaKrHKe [paBrIJIo t I 1 rJracHT, qro npn
o6pesNe pa6ouero KoJreca roAarra naAaer nporopuHoHaJrbHo AHaMerpy,

i l  , / v

x6m 40

lTsl

300

200

/00

/25 Q,u3/,t

00 /20 /80 240 300 Q,1/cex
a)

Ptlc '  5 l '  cetut tste xa!)aK-TepI ' !c ' r ' rK* ! racocoB c pas. , i i i r i i iL iMi . i  KuJecaMH:
a  -  n s :  2 1 0  + 2 4 0 ;  6  _  n r :  8 0 0  + 3 2 0

pa6ouero KoJreca, npeAcraBJreHa xpunofi  AB. Tpe6yeuan pa6ouanTor{Ka o6osHa,{eHa 6yxnofi c, rlpo^noA,r'r ,r"ro' oi ;;;. ' u,uuunoKOopAHHar Ao nepeceqeH'r r  c  xpunof i  AB e roqxe D (pr . .  f f i , ; ) .
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0
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80

H
L/

/8

Puc.

0

52.

50 /00 /50 200 Q. u3/,/

CeoAHaq xapaKTepr,rcrHKa Hacoca c orBoAaMr4
pas,nuuHofi nponycxHoft cnoco6Hocrpr

a Hanop -  nponoprrHoHaJrbHo KBaApary AuaMerpa. OAHano, KaK r to-
Ka3brBaer olbrr, neo6xoAHMo HecKoJrbKo yBeflHqHTb AHaMerp no cpaBHe-
HHto c pacqerHblM I i  ]  ans roro,  uro6nr KoMneHcr4poBarb 6o.nsuee no
cpaBHeHHro c pacqeTHbrM yMeHbrxeHHe noAaqH"

IIpa Hc[oJrb3oBaHvH MeroAa EepxepoHa raKoro yBeflHrreHHr He
rpe6yercx.

flpH paccMorpeHuu pe3yJrbraroB ucnurasafi oAHoro pa6overo
r(oJreca B pa3Hbrx no nponycxnofi cnoco6nocrH, Ho oAHorHrrHbrx no

JrHIq^vHa reoperHqecKoro Harropa Hacoca onpeAeflrrerct pa6ouuu Ko-
JrecoM r.r He saBHcr4T or orBoAa. TaxrEru o6paeou, Qopua xpunofi H - e
B O6.nacrH onrr{MaJrbHbrx noAarr onpeAeJrrrercfl B ocHoBHoM rHApaB-
JrHqecKHM14 noTeprrMH B oTBoIe. Ouu 6ya)/T oTHocHTeJrbHo MeFrbrur4tltpl
rrpH yBeflHqeHHbrx onrHMaJrbHbrx noAaqax B <6Ontu.totrtn orBoAe, H
coorBercrBeHHo B (yMeHbueHHoMr orBoAe oHH 6yAyr orHocnTeflbuo
MeHbTHMH^ npH MeHbrrJHX Onr[MaJrbt{btx noAaqax. I-loerouy KpH.
Ban H '- Q AJIn orBo4a 6oaruoft nponycrsofi cnoco6Hocru f,BJrf,ercf
6onee no.norofi H HMeer MeHbuyro Benuqr{Hy Hanopa npn rfy,Jteeofi
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noAaqe. Hanop B
HL, IMI I  CCqCHI I f lMH
pa6ouero Ko,rreca

TOrrKe qnrrx AJIfl OTBOAa C yBe,[HrIeHHbtMH npoxoA-
6o,nlue, qeM Hanop rtpu arofi x{e noAarre gToro }Ke
c (HopruaJrbHbrM) oTBoAOM.

.f
I
R

a)
Puc. 53. K pacuery o6peaxn BHeruHero ,quaMerpa KoJreca

Ha pwc. 54 npzBeAeHbr xapaKrepucruKu Hacoca c oAHrrM pa6ourau
KOJTeCOM B TpeX pa3Hbrx cnHpaJrbHbtx oTBoAax. Bce roqKr.r c lnrax.rre>Kar
Ha o4Hoft xacare.nluofi.
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Pnc'  54.  Despasrueplraf l  xapaKrepHcrr4Ka Hacoca c rpeMn cn' -
paJrbrrbrMH OTBOAaMT4

Ha pr ' rc.  55_npt ' {BoAttrcf l  3aB}tcr lMocrb Hanopa Hacoca npH HyJresof i
noAaqe 4.nn pa6orbr KoJreca B pa3Hbrx orBoAax.'Hanop l/o eupalKaercfl
B npoUeHTax orHocHTeJIbHo Hanopa Hy/IeBoft noAaqu rrpn (HopMBJrb:

92

T- r,

HoM> HcnorHeHHlr Hacoca (pacuerHbre pex{Hr\,rbr KoJreca H orBoAa coB-
na4aror). Ha ocu a6crr.ucc or.rro)KeHbr [oAaI{tI B Tor{Kax 1ru* B IIpo-
r{eHTax or onrr.rManssofi noAaqH Hacoca (HopIua,/IbHoro) HcnoJIHe-
r t l r d
n  r L t t  .

Touru, Bssrbre uA pHc. 54, J lo)Karcf l  Ha rpa$ux puc. 55 nne
gaBHcHMocrH or roro, xaxofi Hg orBoAoB B3flT B KaqecrBe HcxoA-
|Jnrn

l lo pesyJrbraraM aKcnepHMeHTaJrbHL,rx I4ccJIeAoBaHul? tvtoxso cAe-
JraTb cJIeAyIOUHe BbIBOAbI:

l .  Pa6oque Ko,'reca B Hacocax c i locrof lHlrbrru orBoAoru Aalor pa3-

Hbre Harropbr 3a cr{er H3MeHeH}.rr yr/roB nonacrer- i  H rxHprlHbr KoJIeca.
Ho ecJn{ Ha xaxAoft xpueofi
H - Q orMeruTb roqKy In,.*,  To
oHH JIOIKaTCfl Ha npflMyto, Ha3bI-
BaeMy0 ryrloM oTBoAa, H IIpOXO-

AfluIyrc qepeS HarIaJIo KoopAHHar
uJIr4 s6nusu Hero.

2. f lpn paccMorpeHuu HcIIbI-
ra:nuft oAHoro KoJIeca c pa3HbIMH

orBoAaMH MO)KHO OTMerHTb, r{TO

A[rf l  y3KHX OTBOAOB HMeeM MaK-
cHMyM K. rI .  A. rIpH MaJIbIX IIOAa-
qax H 6o.nee Kpyryl,o KpLIByn Ha-
nopa. I l lupoxue orBoAbI HMeIor

T,nu* npH 6o.nuuux noAarlax vr

noJroryro KpHByto Harlopa. klsN{eHttf l  orBoA, Mo}KHo I ' l3MeHflTbQop-
My xapaKTepHcrr4tu H -Q, pelKHM I*o*, Qor^ H ryl{ orBoAa.

Oqens qacro i lpH Hcr lbrraHHrx HoBoro o6pasua Hacoca He t toJly-
qaeTcf l  rpe6yerraaf XapaKTepLtcrHI(a.  B elou CJIyqae Heo6xoAt lMa Ao-
BoAKa Hacoca. Hau6onee 4oporol i  H rpyAHo noAAarcuef icq H3MeHe-
HHflM TIACTbI.O HACOCA f lBTfCTCfl  OTBOA, XOTOPUII1,  KAK TIPABHJIO, f lB.

Jr f lercr  KopnycHor t  Aeranrro .  Eutno 6ur  y lo6Ho,  ecJIu  6s pa6ouee xo-
Jreco I,oMHHI4pylotqplM o6paeornt BJtuf lJro Ha Soptuty xapaKrepH-
crHKH H - Q, rax KaK oHo AoBoJrbHo "IIerKo MolKer 6url  H3MeHeHo.

OAsaxo ra ta f l  Bo3MolKHocrb oqeHb orpaHl tqeHa.  3a c l {er  pa6ouero

KOJIeCa MOIKHO He3HaqHTeJIbHO MeHflTb Ha[op B y3Kolvl AI]ana3OHe
H3MeHeHHfl  nOAaIIH I IO f lyr{y oTBOAa.

Ke RcTpeqaeTCsI 3aAaqar XOrAa TOrrKy t l*a4

coca HaAo nepeMecruTb B o6nacr l  MeHbUIHX noAaq, T.  €.  onruMa,r tnust lZ
K.  r r .  A .  HaxoAurc f l  B  roqKe Qr  H Qt  )  Q ' "a  (puc .56) .

Pa6ora orBoAa, Kar( HettoABHXHoro KaHaJIa, onpeAeJrrrercr ycJlo-
F. r , fq r f iL {  r r , ] .C l I I t  n r rTor {2  I l  r ) ' r 'Ron l {oTonh lP xanaKTFnl l?v IoTcat  nRvM9l. . _  -  _ r  " - _  - - _ r  _ - ^  -  _ r  - - _  J  - "  _  _ . -  ^ _  J  - . - - -

BeJTHqHHaMH: KoJrHqecrBoM x{nAKocru, rocl 'yf laroulef i  B orBoA H3 pa-

6o.rero KoJreca Q, I .r  MorueHTor\,{ cKopocrH sroft x(prAKocrrt Kr, T. e.
BeJI.H.{HHofi a6contorHori cKopoc'rH Ha BbrxoAe H3 l{o,[eca c2 ]I  ee Ha-

npaB4eHHeM HJIH yr f loM cr2.

,.  
. ,  f lpunuMafl paBHoMepHoe pacnpeAeJleHl{e ct(opocru no BxoAHoMy
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Pnc. 55. H anop Hacoca AJrfl Hy,renofi
noAaqu c orBoAaMH pas"nuuuor i  nponycK-

Hofi cnoco6Hocrn



ceqeHt.rro orBoAa H Bbr6r4par rpaHlrrty prexAy oTBoAoM u pa6ourarr.l
JrecoM tax, uro6bt cKopocrb 3a KoJrecoM BbrpaBHflJIacb, HMeeM

0 K "crn: -,t*:f; i  cs,,: r^ ;

KO.

l o a ^ - c r n  - -  l - . - a .  r 7 - c ? . . : -  r ? .  - - l  l (  a  \ 2 - r ? l! 6 u J S  - ; *  -  - q i i  
K _  ;  

' 3 *  v J i i i  - T  ! ' i u  - '  
Z  i  i  D _ r ,  i  

- i - , i \ Z i  
I

;l,,-;; uo.o.,i,o,-
Horf cKopocru Ha HaqarbHoM paAHyce cnwpailr4 roi

br -  ur . rpHHa cnuparrkr  Ha paAuyce r0.

rt -:5800 o|/auu

20c

?f 50 75 /00 Q,n?/,/
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XapaxrepucrHKa Hacoca npn Qsa1 ( Qr

Bnugy roro, rITo cKopocrb BbrxoAa Hg KoJreca cs orrpeAeJrrercfl
pa3MepaMH Hacoca H ero qHcJIoM oSoporon, i8 os flBJIflercfl a6conror-
Huu 6espasMepHbfM KpHrepHeM orBoAsrqeFo ycrpoficrBa HacocoB pa3-
Hblx /?s. Taxupr o6pasour, ycJroBHH BxoAa B orBoA onpeAeJrflrorcfl yfJroM
a6conrcrsoft cKopocru aB. Baxua He a6conrcrsag BeJTHTIHHa cKo-
pocTr{ cs, a yfoJr BXoAa 03, xapaKTepr,rsyroqHfi KHHeMaTHK}' X(HAKOCTT.T
i{a BXoAe B crrHpaJrt. vro"u o, xar 6u flBJrflercfl KpHTepr{eM Kr.rHeMa-
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n nadnuorr  r rnrp.p  u  ornone-  a , r lH l l lb  o  xaDal {Tepe H3l l teHeHI ' I t l  noTepb
E '  

H C r L r \ - r - 1 \ . l Y l  
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I

B CBrr3LI C LI3MeHeHI',IeM pexHMa pa6oru Hacoca'

Teoperr.rqecKHfi Hanop npy- ycJroBHH 6eCquptiyJlf I{I{OHHoro roroKa

H a B x o A e n p a 6 o u e e l t o J l e c o K t : 0 o n p e A e J l ' I e T c f l B b I p a x { e H H e M

H,

noAaq rlpH orIpeAeJIeHHI4 H
tg s, I4cKJItoqaeM, TaK KaK 

o
krc-ga Hailvlqafl. BHXpeBbIX '

3oH pa6oqee KOJIeCO pa6o-

TACT HC NOJIHbIM CCqCHHCM.

Tax xax IIPH I{3MeHeHHII

noAaqH Hacoca MeHflIOTCfl
ycJroBHf BXOAa B OTBOA, T. e.

tg cr, a tB aa oIIPeAe-

JI ' IETCfl BCTHI{HHO i4 +, MO}K-
A z

Ang n : const npu onpeAeJIeHHoM Macrlra6e H. lo1yqaeM ToqKy

nepeceqeHl l t l  Kpzul t f  tg o,  u Hr:  aKz (pvc.  57).  O6nacrb MaJIbIx

Ho cAeJIaTb BbIBOA,

Ka)KAOfO OTBOAa
ByeT oIITHMaJIbl{oe

qTo AJIfl
cyqecr-

3 I I A q C H I T C

Puc .  57 .  I ( p r reu re  H r :  f  {K r )  L r  t g  a r :

' =  I  ( * )  I l a c o c a

ts o, : f (t) v qro ora
BeJTHTIHHa nBJIf leTCq XapaKTepl4CTHKOfi  OIITHMaJIbHoTO pelKHMa

pa6oru orBoAa v Ha3blBaercf l  ryl{oM orBoAa.

Onlrrtt IIoKa3bIBatoT, qTo He Ba>KHo' r{elu co3AaeTcfl MoMeHT cKo-

pOcTH Ha BxOAe B oTBOA - nOABt4)KHbll\{ HJII,I HeTIOABH)KHbIM OpraHoM.
T ) - ^ ^ . ' n m h r r f , f ,  r . z r r n n a r . . . r r ; n r r E l l . \ /  . ! . q n  A I r ' . T P n I d 1 T l , { l ' { I ' {  I A A A O C A  n V T e M  n O I -
r  <[Lt - tvr \ . ,  I  PnlYr  r \vyyvr \  - -  ' -  J

pe3KH Hapyx(Horo AI4aMerpa pa6orlero Korleca (puc._ 58). t lt lQpofi I

b6os"uueHt xapaKrepHcrIlKrI Hacoca Ao noApesxu, quQpofi 2 - nocJle
I t i ( ^ . - ^ , , , , . , . '  f l  n n r r  n n n f l a D I / a  r r t r t o r r t 4 A . r ' n c I  n n  n \ / I J \ /

l l 0 A I J e S K f l .  l Y l a n u n r u y l v l  I \ .  l . t .  A .  r I P n  r I V A H v u r \ v  L T Y T L U + q v r v , r  r r v  r r J  L J  '

I4s npHBeAeHHoro rpaQuKa BHAHo, r{ro B KoHKperHoM Clyqae noApe3.-

xoli xo.neca HeJrb3fl coBl,{ecrzTb roqr(y oIITHMaJIbHoro K. II. A. c rotlKofi

saAaHHoro pe)KHMZ Qsoy.Ornog I , IMeer cJIHIxKoM 6onoruyrc nponycK'
"-1 -crb 

+ HaAo, qro6bt JIyq HoBoro orBoAa npolrle,rlHyro cnocooHo, ,\,
QsadTHqecKoro no4o6ufl noroKa B HenoABHxHoM KaHaJIe - OTBO.[,e. PeX<Ult

Hacoca, KaK H3BecrHo, orpeAeJrflercs orHorxeHHeM 
#. 

Ann xapaK-

TepIlcrHKH rHApaBrHr{ecKr.rx rroTepb B Hacoce uMeeT Mecro HeKoTopbrft
pexHM, xapaKrepnsyeuufi MHHHMyMoM rorept (cru. pllc. 50), y Koroporc

1": r,i!,., .
Kar orueqaJrocb, norepr.r B KoJrece He HMetor qerKo BHpaxennoro

MHHHMyMa. KO.neCO JrerKo npHcnoca6nngaercg K pexHMy Hacoca
B orJII4tIHe oT orBoAa. Peqb HAer He 06 a6coaprHnx gHaqeHl{tx noTepb
9+

S 20. Pacqer cnnpaJlbHbIX orBoAoB

Cnupa.nlHbtf i  orBoA AoJI) I (eH o6ecreql ' lBarb BLICoKHiI  I ( .  t1.  A.  (npe-
^  z -  ^  ^ - ^ ^ ^ K " ^ ^ - t  \  r r  r r r r a r r -  n  n ' r . l r l \ t t l  n r - r r r - r #  n A \ z l r l / f  ( a n f l -
o u P a S u b a r c J l b H y r u  L r r \ - r L v v n v L r  D i l  I l  r l l Y l u r  u  v r r  I  r r r Y r q u r u r r p r r r  l J L , r r r r r l r r  v v e

na,qarollufi c facuerHof,r BerHrIHHoii Ar, KoTopaq Bblquc/lf leTctt no

AaHHbIM TeXHHqeCKOTO SaAAHVP.i

n {1\e Qn
/ L t -  

3 o g  H
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BenuqHH a A, aennercn pacqerHbtM 3HaqeHHeM ryqa orBoAa H HMeer
auHefiHyro pq3MepHocrb. C pocrou ns Bospacraer h A r.

Ha pHc. 59 preo6paxeHa cxeMa cnr4paJrbHoro oreoAa. !,axe npu
3MnHpHrrecKoM rroAxoAe K pacqeTy crrHpaJrH BHAHO, rrTO pa3Mepbr
r t n r r f \ 4  n r r  n A n n r r t t r r 4  \ r / t r r r  r u d ^ ^ r tL r r r r y q d r r r  v v v | f t r r ^ 4 I T \ r I A A \ J L l f r  A w . / r / r \ t l D l  y E ) v J l Y l n / I t I a l . b u l l  c  y t s e J l k [ -
qeHHeM ee yfJra oxBaTa (ps,  TaK XaX pa6oqee Koreco noraer Bo.nv DaB-

'l / J r t t ,  n m A a A a
/ t 9 1  u t t t u v v u

\ T.---
u l - - \
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/  ) t /  ' l
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B cnyuae, I(orAa ruup ltud cn l.rpaJr r.I r{3MeHfl ercn nporop u}toHafi br-ro
paAHycy b : ar, ililH:,1'.fl, ror{a [peAcraBrfler co6ofr apxHMeAOBy
cnr4paJrb:

a  e s - t p o
<- ;  

= tm- :a( r  - r r ) '

Qopnra cnrparr r  saBl rcr l r  or  BHAa Qyuxunrr  b :  f  ( r ) .  t lacruqt r

>KHAKOCTH IIpH BbIXoAe lI3 KoJIeca 6yAyr orHcbrBaTb ci lHpaJrbHbre i lHHHrr.
ToKa. Ec.nz BbIIIo,TIHHTI creHKy KaHaJra no o4nofi  prc Jtr4HHfr, ToKa, To
noryrr l4Tcfl  cnr{paJlbut 'rr? oreol. Haqa.no arofi  creHKH HaXOAHTCfl Ha

paAl{yce r,  :  
4 I I  o6pas1,s1 TaI( Hagr,reaen,rsrf i  (rr3brK crurpaJpr>.

t{n

ttron6o,or
l oo

olzo

O L

OrpaHnuuBaloxlafl crenKa oxBaTbrBaer yroJr
raKLIM o6paeon cnr.rpaJrr{ npr.rcoeAr.rrrf lercr

cp g 2n. I( no"rryveHnoft
4u$cpysop usru'r u anop uufi

HoMepHo no sceft oKpyx{Hocru. B aroM cMbrcJr cnupaJrr{ rax c6op}rHKa
) I {HAKOCTH.

..I ' Icno"nrayfl paHee npHBeAeHHbre Bbrpax{eHus AJrfl cs,nt cvu n tg or,
uafiAeu ypaBHeHHe ilr4Hrrt roxa )KlrAKocrr.r B orBoae (pui. 5g):

narpy6oN.

B orBoAe Her H, no cyuecrBy, MoNreH't  cr{opocrtr  K,  npeo6pa3oBaH.
VuesrrueHae cKopocru c2 fioflyqaercfl ga cqer i lepexoAa qacrurr )KHA-
Kocrr . r  sa 65"nlruHe^paAHycbr.  Cnrapa,r l  He BcefAa npeo6pa3yer cKo-
pocrb B AaBJreHrie. 3ro saBr4cr.rr or ee pa3MepoB. B elrcorouanoputrx
Hacocax, y Koropblx oKpy)Knbre cocraBJrflForrlne cKopocra cu 6onuutue,
a cm Malrbre, cerreHr.rs cflrrpaJrH noryqanrcf MaJrbrMH H npeo6pasoBa-
HHe BblxoAuoli cKopocrll I{o.[eca cD B cnr{pa.,rru i lpaKTHqecKH He [oJry-
rraercf  .  v nzsxoHanopHbrx Hacocoe, nao6opoT, MepHAHaHHbre cocraB-
JlrlorrlHe cl(opocrH cffi B}JTI4KLI, II rrpeo6pasoean!,te cz B cnHpaJIH l\,{o}Ker
6url 3HaqI'ITeJIbHbIM. flpan4a, B cH.[y Ma.rrbrx snaqeFrnfi a6conrorsux
cxopocrer? orrrocr.rreJrbrras BeJrHqr.tHa npeo6pasoBaHHf cKopocrH kr
R ATOM E. I IVTJ2FI  1 i | . f2N2

l lo4aua )KHAr{ocrH r{epe3 ceqeHrre s (pnc. bg)

o |ua
Puc. 58. X apaxrepucrHKr.t

40
Qr

Hacoca npfi noApe3Ke

tt2

20/0 u ,l'1"/'/

KOfleca

tgar  -

* '+ : l *0 , .
I,Iurerpupya B rpaHHrrHbrx ycJro-

Br4flx (r - r3 npvt eo - cpr), no.ryqaeM

a
K

Q s - 9 0
2n

Lar .

b : Const uueeu rurocKyro cnHpa"rtb, r{
co6ofi norapuSMuqecKyr,o cilHpaJrb:

n
Y s - - -

Tax Nax pacuernuf i NOTOK B ci lHp anw paccNraTpriBaeTcfl
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fita$QepeHquaJrbr-roe ypaBHeHr4e noAaqr.r x{Hltr{ocTu
HMeer BHA npH Kr :  0
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Pnc. 59.  PacqerHal  cxeMa cnu-
paJrbHoro oTBoAa

Dr j  qacTHoM cJ-iyr lae IIp-rI
JIWHHfl TOKa npeAcTaB"rtfeT
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PacxoA qepe3 ceqeHHe s onpeAeJrflercr cyMMHpoBaHHeM:

Q r :  ( z b ,- - .  ar .ri
# 

- Aoilq nr.rraroqefi oKpylr{Hocrr4 crrapaJru. Tor4a rrponycKHat
cnoco6HocTb cnr.rpaJrr{ onpeAeJrflercfl ypaBHeHrzeM

r

Q . -9 '  I  b  r . .
K r '  2 n :  )  , ' o ' '

f g

o6uqso npH npoeKTHpoBaHHH Heo6xoAHr\,ro 3Harb MaKcr.rMa"nlHuft
ra6apHrHsrfi paauep cnHparH. flooroMy pacqer Haqr.rHaror c orpeAeJre-

gs/2tr
HHfl MeCTOnOJTOx(eHvrfl, Lr pa3Me-
poB pacrrernoro (xonqenoro)
ceqeHHfl  cnHpaJrH.

B uacocax co cnHpaJrbHbrMH
orBoAaMH c n, ( 100 pacqer-
HOe CeqeHHe CnHpaJrur yAaJreHo
or HarraJrbHoro Ha vroJr 860'.
Be"rluqusa AoJrH 

-nurarcqeft

oKpy)KHocrH cnHparrH -h

I

TeJIL,l-lbII!I '  TaK Kal{ Tot{l{Oe onpeAeJle]|ote A.] 3aTpyAHI'ITeJIbHO l.I3-3a
IloJrorocrH KpHBoir n -- Q r eoHe c MaKcurvlyt\,ror\ 'r K. n. a,. CpaeneHue
pegyJrbraroB pacqeroB r . t  HCrrbrTaHHri  noKa3blBaer,  qro npH npaBH., ' tb-
Hotr  sH6ope ceqenuir  cnlrpanu A" u Arrn coBnaAaior.  Ans FracocoB
c MaJrbrM tx, peKoMeHAyeTcff BBOAHTb ItonpaBKy Ha cy]KeHr,re cnH-
nA.nv t  A^^-  = .0 -951 ^
. r  - - - - -  - - . L t L  -  - r - - ' - - 1 -

PaccnlorpHM pacqer KoHueBoro ceqeHr.r f l  cnlrpai lH. I4 l leercq pf lA
^ - ^  ^ ^ 1 ^ ^ciiocoooB orrpeAeJ-reHiif i pa3MepoB KoHueBoro ceqeHHfi.

l .  OueHHeael,{  3HarreHr.re cpe4uef i  cKopocrH KoHueBofo cer{eHHr
cnHpaJrH:(34)

^ K r 3 0 9 H l
L ' r t  r n  a'vr fcP fr le n fcP

I-l,roulaAr KoHeqHoro ceqeHHr

(35)

(36)F - Qq'
cu  sp .2 [ t  

'

4945
0,875

60 90 /30 200 o5

PHc. 60. Yron oxBara cnupaabHofi xauepur
B 3aBHCHMOCTH OT ns

yMeHblUaercfl c yBerHrreHHeM flr, o6ecnequsag ycJIoBHfl 1IJIaBHOTO
conpfl)KeHHfl crrHpaJrbHofi qacrlr orBoAa c Ar,r+QysopoM (pnc. 60).

flo sa4aHHbrM napaMerpaM Mox(Ho noAcrruTarb BerHrrHHy pacqeT-
uofi nponycxHoli cnoco6nocrn crupaJru

npu 3ToM rrpnxoAHrcfl 3aAaBaTbcfl paAHycoM rcp crrrpailH.
Anq HacocoB MaJIbrx ns xapaKTepHo oTHocr.ireJrbHo y3Koe KoJre-

co + I,t MaJIbIft AllaMerpalsHrtfi pa3Mep -9** cnHpaJr w. f,na raKHXo s ' D 3
HacocoB yrrpoqeHHaf oueHKa KoHrleBofo ceqeHHf cnHpaJrH AoBo"rrbHo
rorrHa [Qopr'ry.rru (35), (36) ].

2, B npeABapI{TeJrbHbrx pacr{erax npHHr.rMaror r{oFrrleBoe cerreHHe
B BI4Ae Kpyra paAHyca p. B arorr,r cryl{ae HHTerpaJr "r-rerKo Bbrrrgcfiflercfl:

p -s .4 '+ { r rosT , (37)
rAe

onpeAe"nkrB Hs BbrpalKeHun (37) Beflur{HHy p, Mox{Ho 3areM B3flTb
"ttto6yto paBHoBerIrKyIo IIo nJIouIa4I-r Sopnay ceqeHHfl Ha rJra3. Kone,rHo,
r h t t  A n n r f ,  , t n a R - r n w t r r r n  |  -  -rrplrr er\_lvl  f lE\_rv^\rAntvrw l lpvEltrpYlrD 5tr. / Ir , l  . l l , tHy I, lH' lel  paJla l lu qop-

Myrre (34).
3. lIIHpoKo npl4MeHflercr B pacr{erHofi nparrnKe rpaQo-aH arrLtrr4-

.Iecxafi cfloco6 pacrrera u nocrpoeHufl KoHer{Horo H npoMe}KyrorlHbrx
ceqeHHfi cnHpaJrH. Pacqer Har{HHaror c err6opa HaqaJIbHoro AHa-
I\terpa Ds v HaqaJrbHofi rurapHHbr crrHpann br:

bs :  b,  I  (0 '02-:-0,05) D2.

3axoHou H3MeHeHI4g 6oxoertx creHoK cnnpaJrH gaAar,orcff Ha ocHo-
BaHlrH BbriroJrHeHHbrx o6paeuon HacocoB c BbrcoKHM K. rI. A. o6tr,rHo
yroJr creHKH cr^pan^ ) rJraBHo HsMeHflercrr B 3aBHCHMOCTH OT

oxBara cnHpaJ[r  u AocTHf aer B KotreqHoM ceqeH HH 10_ 13.
6 l ) .

A ' : #
1

f r z c n :

u nu6parb no puc. 60 sHarreHae Ao/rH rrzTaroqeli oxpyxHocru cnr.r-
(DcparrH zi .

I

rns noAcqera HHrerparra 
I+ dr waKo BHaqafie HaMer'rb Qop-

f g

My KoHeqHoro ceqeHHfi crrHparrrr. @oprray.ny (34) Mo}KHo HcnoJrb-
3oBarb B AaJrbHefiueu A/rff rrpoBepr{H.

ocJre HcnbrTaHHf Hacoca MoxHo npoBepl4Tb COOTBeTCTBHe BeJrH-

Q s . I r I e . Q - n
2n 30g H

uuwan A, 0:  - i - ,  nOJIyqeHHOH
A z

no AaHHbtM ptcnbtraHHfr, BeJIHTII4H e Azrn :

{ b: 
J ; 

dr , Bbrtr4c.reusoli no pa3MepaM crrHpa.nlr. BenHqHHa ,4, onpe-

AeJr;Lrcn no 3Har{eHHrM Q vr KrAJrf  onrHualtHofr  roqKH. cOnna4e-
HHe A, n Azrn c roqHocrbro Ao g-s% uoxHo cr{Hrarb yAoBJrerBopH-
98

yrJra
(puc .

7* 99



f,a"rrtnefirunfi pacr{er BeAercr cJreAymrr[uM o6pasona.
flo napaMerpar\{ Hacoca Q, H u n [oAcrrr.rrbrBaercfl rrponycKHarr

crroco6rrocrr cnrrparur Az : I:- -L,rAe Kz - -:*-.@oprrayny (S4)
z t L  1 \ Z  -  

A \ e  L  !

npeAeraB.nrreM B BHAe, ]Ao6uov g;ln rpasHrrecKoro zHrerpr4paBaHHn:

Aa __ i1^ bi * bt*r hr.3!_- \ z  
2  " , 1  g s

Pacqer cBoAHM B ra6r.  3.
Pacc*nrraB KourteBoe cerreHr,re (pnc. 62),

HeooxoAHMo HaMerHTb lpoMe)Kyror{Hbre.
I4x. ue rroAcquTbrBarcT rro BeJrrqlrHe HHTer-
paila (34), a HaMer{aror nponoprlnor{aJrbHo
IrJrorqaAH KoHerlHofo cerleHHfl

t r _ t rr  l - r  r c
Qt

Q r c ,

cr{HTafl, qTo nJiotllaAb rrpoMex(yTorlHoro
ceqeHHfl nponopqr{oHaJrbHa yrJry oxBaTa
AaHHO|O CerreHl4fl  cpl.

Pacqer cerIeHHIl no Qopuy"rle (34) Aaer
HecKOJIbKO 3aBbrIIIeHFIble pa3MepbI, rleM
pacqer rro Qopuy.ne (38), no Koropoft
o6rrqHo crrrlTaror nJIouIaAIl npoMex(yror{-
HbIX CCIICHI,Ifi CIII,IPAJII,I. 3rA PA3HI{[A,
oAHaKO, MaJIa V B SKCrrepIlMeHTe, KaK
npatsr{Jro, He o6Hapyx{HBaeTcfl .  C roqNu
3peHr4f rr{ApoAr,rHaMHI{W cy}KeHHe [oToKa
K KOHTIeBOMy CeqeHHrO MO)KeT JIHTIIb yry,r-
r r r r r r l  n a 6 n - - t  n r r a l r * r a r o n h d  n m n n  r  ^  ^ o t ,  a / ^ r ,
u r r r D  p q \ J v r J  A r l w v r J o \ J y c r  \ J r - c ) \ J A c r ,  l c r A  l \ a l \

caMa cnHpaJrb rrBJrflercfl rracrHr{HbrM AHsoy3opoM H HeKoropoe cy)Ke-
HHe crlupailrl JrHLItb yrytltxllT noJre cKopocrefi rua BbrxoAe H3 cnupaJru
r t  ^  n n  E n  h ^ h  - - ^  -  - . - l ^ - t ^ - - ^ ^ -  a \ - ^f r ,  r - . . r rEA\JDarEr i rD. r - tL r ,  yJ ry  r r r i l y t r  yuJ IUts 'nx  IJ2 lu / {a  l l ( , tuKa IJ  A l4qr r {y lJup .  c2 IU

cooopalKeHHe HaxoAr.ir noArBep)KAeHHe H npH H3yrreHHH [oToKa
B KOJIeHaX, rAe IrOA)KHM BHyrpeHH,erz CTeHKH KOJreHa 6.narOnpraflTHo
cKaobrBaercfl Ha ycJroBt4flx ee o6rexauun (Her oTpbrBa noroKa).

Pr.rc. 61. Vrol creHr(u cnu-
pa""rbHbrx ceqeHHfi gcn (ceqe-

uwn 1-8)

Ne
T O q E K

(38)

To6nu4a 3

i
\ - r  ^ ^
/  t  at, !

0

f o r r o L , , r o  Q
u o  1 0 1 1  u o  u

x,!tp.o,,

V HacocoB c /rs
lqero I{3 cilHpailH,
pacKpbrrHf l  8-  l2o,

< 400 KHHerHqecKafl aHeprtrf l  rroroKa, nocryirarc-
npeo6pa3yercf l  B guoSysope co cpeAHHM yrrroM
Bbrri lrc"[eHHbrM no nprrBeAeHHbr]u nJloulaAflr\ ,r .

Puc. 62. I( pacuery KoHequoro ceqerrus cnupailv

S 21. Pacqer JronacrHbrx orBoAoB

,I lonacrgble orBoAbr, LrJrH, KaK rlacro HX Ha3blBator, HanpaBJIf lrourue
ailnapaTbI, npHMeHf roTcfl  fJIaBHbrM o6pasou B MHorocTyleHr{aTbrx
Hacocax c nr l  120 u B oAHocryreHqarbrx Hacocax c ns) 250+-500.
Hanpannrrorqufi  arnapar B BHAe guQcpysopHofi perrerKu pa3Meuaercq
MerKAy KOJTeCOM H OTBOAOM CTTHpaJIbHOIO HJrH r{OJIb[eBOrO THna KaK
sJIeMeHT, p a3f p yx{arcuH fi H acoc oT p aAHalTr bH brx cr.r Jr. ll ailp aBJrfl roqHrl

L-t r
r"l$ ""L

Puc. 63. Cxeua JrorracrHoro orBona

VBbIC TC,

2 3  4  5  6  /

cq KorbueBbtN,r nepeBoAHbIM KaHaJIOM
ci , -  c i  p

all[apa'l 6eo cl6pa'urblx I{aHaroB ycraFraBJrHBaercr B noc/reAHeft cry-
neHpr MHofocry[eHqarofo Hacoca, KorAa r ]eo6xoAlrMo, HarrpHMep, Bbr-
rloJrHi,lTb cMeuIeHI-rbIIl OT OCr{ I{Or'IeCa O1'BOA }KHAKOC'|LI.

FIa pnc. 63 uso6pax{er-ra cxeivra ,qoilacrlroro orBoAa c KOJrbuetsbrM
rrepeBoAHbrM r{aHa"[oM.

AHa"nornrrHo crrr4paJrbHoMy B Jro[acrHoM orBoAe r{eo6xoAnMo co-
6parr x(HAr{ocrb rr rroABec'rr4 ee r{ c,/ 'reAyroqeMy KoJrecy, i lpeo6pa-

l 0 l

t



,
hm

3OBal 'L,  r { r rHerrrqecKy}o sHepfHro B 3Heprurc AaBJIeHl. lg,  yMeHbrxnTr,
rvror\reHr cr(opocrrr  Kz Ao Be/rHqHHur Kr.  I (oHcrpyKTHBHoe HcnoJIHeHHe
J ' IONACTI IFJ IX  OTBOAOB ONHCAHO B f J I "  9 .

B rnnrrqHorvr i lonacrHoM orBoAe MHofocryrteHt{aroro Hacoca
/ t u r l n  A ? \  r r n  \ t / r r n  \ r ^  n n  n r r n  D r  r [ 6 n r ; T L  T n r r  r r r r . ) , . T v . t .  n a h t r r r i i  -  r f l r r -
\ p r r v .  v u /  l \ l v / r \ f l v  

J L r ' r v u f f  
v  D D r A v t r r L L u  r l t r r  

J  
f q e r r \ q r  t r v y p D r r ^  v r l r l

paf lbHini4 (2-,7),  Koropbrr? BbrnoJrHf ler  re )Ke QyuxUun, qro H cnH-
ilaJ-ib B cnHpaJrbHoM orBoAe; Bropofi - J-ioiidCTFioft Auoftysopiibii?
\ /u2cror {  ( . '1 -4 \  R r {n ronnr \ ,T  r rnnHcyon l r r  ocr loRr {o t r  nnpo6ncaoR2HIrp^ J t

cKopocrHoft eueprHH B noreHUHaJrbHyro, H rpernfi (5-6) JlonacrHoft
rIoABoAfrrlurl yuacroK (o6parHbrfi noABoAfluIHft Kar{aJr), o6ecneur.rBaro-
u{HH paBHOMepHbrrl noABoA )KHAKOCTT{ C saAaHHOfi rIHpKyJrfUHefi BO

BcacbrBarouyro BopoHKy pa6o-
qero KoJreca cJreAyroillefi cry-
I IeHI{ .

B cnHpaJrbHbrfi yqacroK
)Kr.rAKOCTb nocTynaer H3 pa6o-
qero KoJreca. Xapaxrep reqe-
HVfl, HA OITHMaJIbHOM peX{HMe

H pacqeT cnHpaJrbHoro yqacr-
Ka HanpaBJrfroulero annapaTa
14 cnr.rpaJrH cnHpaJrbHofo oTBoAa
AHAJIOf I{T{HbI, XOT'I BO3MYilIC-

HLre noToKa npH o6rerauuu
HAI{AJI bHbIX YqACTKOB JION ACTEfi

H a n p aBJr fl ror.rlefo an n ap aTa 3Ha-
qlrreJ'rbFlo crrJrbHee, qeM npH o6TeKaH14l.I oAHoft .nonacrH crlHpaJIbHoro
orBoAa. ocHoeu brM H KoHcrp y KrHBHbrMpr p a3Mep aMH JronacrHofo orBoAa
flBJrri lorcfl BXoAHorl AHaMerp Ds, BbrxoAHori AHaMerP Dn,, qucJro Jro-
Ilacreft (xaHanon) zn. u, l i lprpHr{ a KaHaila B pacrrerHoM cer{eHHI4 bs H
yf,'rbr JloIlacrer:{.

I4cxoAHsrMH AaHHbTMH AJrfl pacr{era JronacrHoro orBoAa flBJlflr,orcr:
0 - pacxoA qepe3 JroracrHofi oroo4 6es VreqeK B nepeAHeM

yrrJroTHeHr.r r.r KoJreca;
K -  t r r r ] r , { au ' r a  r i r a r t n r t n . ru  r r . )  E rLT \a r t r t a  ua  r r t \ no , r ' q

r  \  2  ] \ r v l u v t l  r  v I \ v I J v v r  r r  I t q  p u r n  v A v  r r 9  I t v v l v v q .

DB npHHuMaercfl B 3aBHcHMocrH oT AHal{erpa JlorracrHoro Ko-

"reca .D, no 3Mnr{pHr{ecr{HM AaHHbrM. Belnqnua onrHMaJlbHoro ga3opa
MexAy pa6oqH[,r KoJrecoM r.r JronacTflMr{ o'rBoAa or]peAe,[rreTcf MHHH-
r\{yr \ roM rrorepb B 3a3ope H rpe6oBaHHeM no BbrpaBHHBaHHrc nyJrbca(HH

Puc. 64. TpeyronsuHK cKgpocrefi  ua BXoAe
B JronacrHofi orsoa

FaAna.nluAs H oKpy)KHafl coct'aB,rrflrculHe criopocru Ha BXoAe
B JIOTaCTHOft OTBOA paBHbr:

csu: f i t

r,ue K" - 
g

\e (t)

3HaqeHHs cKopocrerir 4aHsr 6eg yqera crecr{errHfl Jror-racrrrMr.r or-
n n f i d  l n r r n  A / \
.cr\rAa, \P rlL. w:r I .

Vron noroKa Ha BXoAe

u's - arctg :Y .
uzLl'

O6osHa.rurr{  qepe3 Us -  xoaQQuqueHr crecHeHHR noroKa rona-
cTf lMH OTBOAa.

TorAa coorBercrByrourrle 3rrar{eHr.rfl

,: l :  - g!-. q,::arcts l,^"3m - 
Qr 

' - '3 
*{r,

B Hacocuofi npaxrr4Ke Jro[acrn orBoAa ycraHaBJraBarorcfl c yrJroM, 
qt

66.nluruu or, t. e. c HeKoropbrM yrJroM araKr. Vrol ycraHoBKH Jro-
rracreil orBoAa peKoMeHAyercr nu6uparb raK, qro6br

lgcLen - ; . r  tg a '

rAe p :  1,05--1,2.  Meuslr IHe 3HaqeHHfi  p,  nut6Hparorcr AJrs MaJrbrx /?s.
C yr"rlor'r cr,a.? peKoMeHAyercr BbrrroJrHflTb BorHyryro qacrb JrorracrH

co cropoHbr crrHpaJrbHofo yqacrKa (puc. 64), a roJru{HHy ,lonacrH
orKJraAbrBarb co cropoHu 4HQSy3opHofo yrracrKa. BxoAHofi yuacrox
- n - ^ ^ - ^ f t  h r  r n r a  n r r f , A n 6 d  w n  n ^ h t r j - r " t t t t ^ ^  t r ^ ? ,  ^ -

r / r \ J r r a L l E r r  . c r D l r l v r / r n . n E r L l l  l l v  . i r v r  c l p r l q j t v l r r y t r L n \ J r l  L r r r l p a J L n .

BeeAenuervr xoaQQuqHeHTa F, KaK noKa3aJr orrbrr, o6.nerqaercs
npoQunupoBaHHe 4aQQysopHoro yqacrKa JroracrHoro orBoAa.

T ) ^ _ - - - - - - _ _ ^  / |
DeJtKr{r4Ha An. o B pacqe' t 'HoM ceqeHr. In JIOlacTHoIo oTBoAa BbI-

uLf  r -ncrA' r ' r f  cr  r tn  l t l r  qnnr :Jvr  r -  A El  nnr , rnq nr-unr \ r  n , r "n. . ,  r ra  r f  nr ,  9s Is r r q v r v I W c l l  u  v r r r r H q r r u r r v r v r  v r u v A L .  L L y r r  
z n  

_  I

n _ awBnL -  
nDSb s ,

Ds --  (1,02+-l ,05) Dz

/ r r  n c r  r r o . t m n 1 1 6 o . ^ r / r t L r v  r r o n n n n D  n  n  . z  I  ( A \
\ 4 \ v r r r  r + v r r  r  

H v v L r r \ t r u l A  l l c t l v L v u  v  , r s  :  L v \ J l .

MaxcHuaJrbHaf l  BeJrHrrHHa paAnaJrbHofo ga3opa npHHuMaercf l  4-
5 ,uu.  Bxo4nalr  rurrpnua br rrpHHHMaercf l  HecKoJrbKo 6o.t t rue b,  uz-ea
BO3MO)KHOfO CMCUICTIHf KOJICCA OTHOCHTCJIbHO JIONACTHQfO QTBOAA
b:t :. b, )- (2-+-4\ ,wu,
l0?

Paevep cnl tpaJlbr. loro yqacrr(a r iaHaJra JronaclHoro orBo/(a B rrrarre
Bbrl{r.rcJrfeTCfl f lo Qopnry"rre

' 2 n
f . r  - -  l l  lg  a ' , )

" - t > 1 l lt ' r

,  0  l t , ( r t  I
lQ  4 . ,  . :  - ; i .  ! '- -  ' t  I l  g  l l / r ; 1 t l , . t
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La.nruefiuruir pacqei .ryonacrnofo oisoAd cbqdaH c eudopoM ero
KoHcrpyKrusHoll cxeMbl, tIHcJra KaHaJroB, pa3MepoB HarraflbHoro ce-
r{eHHfl aussysopHoro yqacrKa. 3xcnepuMeHTaJrbHo ycraHoBJreHo on-
THMa,/IbHOe IIHCJIO KaHaJIOB JTOTIaCTHO|O OTBOAa MHOTOCTy[eHrIaTbtX
u q n n n n n  -  7  - -  I  I - f  r r n n n  n n - a ^ - ^ l '
r r q v v v v u  p l .  

O  
t \  v .  r r r L d l v  . / l v l l c l r - l E f l  l l P f l f L r I l V l O . E f  L l l  l l ( J  I  n A P ( l t j . l L n -

qec K ra r\,1 r.r KoHcrp y KTHBHo-Tex HoJrOf Hr{eCKHM COO6p aXeHH fl M. A.il g .rrO-
IracrHrrix orBoAoB c HenpepbrBHbrMr4 KaHaflaMl,t  MaKcr4Mantuttf i  K. n. A.
n o - n v I T t r H  n n u  h ^  -  h ^  r  p  T T n D r  n g n r r a , r . L r r t r \ / T  r . a r r a u r r l r  6 ' n r t o r r r u ^ ,  r r  r l D 4 n ,- ^ " , .  J  - - - . .  . . r  ^ ^  , " i ,  " : J t  , ,  . ^  t , " "  r v r l l v l v r  v v a v l l r r r r ,  v r l r r J n v t y l  I \  A D c t A _

parHoMy. PeNoneHAarrHf hz : b, oco6eHHo )KeJraTeJrbHa, KaK noKa-
3AJra irpoH3BoAcTBeHHas rrpaK-
rtr<a 127 ,  35l ,  npn orHocu-
reJrbHo He6orburHx pa3Mepax
npoxoAHbrx cerreHHfi KaHaJroB
( b e :  1 5 - : - 4 0  r w n ) .

B xaqecrBe npHMepa Mox{Ho
COCJIATbCfl HA BbINOJIHCHHbIC
BHI4I,If r4ApoMarueM u ero
Vxpauncxuu Qu.nHaJroM HccJre-
AOBaHHs CTyrreHefi IIr.rTaTeJrb-
Hbrx, [raxTHbrx H ApyfHX Haco-
coB B AI{aIIa3oHQ ft":60+- 140
c K. rr. A. 78 82%. tr4sroroe-
JreHHbre v 9KcIIJryaTr{pyeMbre
KOHCTpyKTIPTH HaCOCOB C rrHC-

JroM cryrreHefi 8 16 z 1zaver-
poM KoJrec 250-450 nn r4Meror
JroracTHbre oTBoAbr c Henpe-
pbrBHbrMH KaHaJraMH (6-8) npu
HAIIAJIbHOM CCqCHI, I I4,  6NHSXOM
K r{BaAparHoMy [37, 36].

Hues peKoMeHAar\Hu rro nu6opy qHcJra KaHaJroB kr pa3Mepa hr,
oKoHqaTeJrbHo onpeAerqeM pa3Mepbr pacqeTHoro ceqeHnf . x.nn sToro
npH npuHflrotvr Zn.ono $opuy,rre (39) onpeAeJrseM r,, a 3aTeM H.aXoAHM

he = (ri - rr) cos ar.
@opuy"rra (40) roryrlaercfl H3 paccMorpeHuff .nuueliHrrx coorHo-

rrreHHfi  B pacrrerHoM ceqenuu (pac. 65).
Vro,{Hse* h, H r, nyren,t npon6pxn cooTBercrBufl zn. o v h, =. br.

f lpr nporpnnrapoBaHrv au$QyeopHbrx H noABoAsrq,HX KaHaJroB or-
BOAa AOJr)KHbr 6Um H3BeCTHbr KHHeMaTprrreCKHe yCJTOBHfl rrOTOKa B Ha-
qAJIC I,I KOHUC KAHAilA. HA'IATbHbIM CCqCHHCM AUQQYSOPA fBJIflCTCfl
pacqerHoe cerleHue cnupaJlbHoro yllacrKa. I4ssecrHtl raKxe MepH-
AHaHi iaf f  Cm Li  OKpy){(Haf i  Cu CocTaBi i f r ruqne utrupucrr4 n KUHeuHUM

cer{eHHH auQQysopa. Be.rlH.rHH& cm Ha BbrxoAe Lt3 rroABoAfftrIHX Ka-
FraJroB nu6o paBHa cKopocTH BXoAa B KoJreco , nw6o HecKo.[bKo MeHbrxe
A A  n K o ^ - o r t r r o o -  A  R 0 A  t r r r t n  r r n r r l + \ r r ^ n h y y n ^ m ruL,  \ . / \J \ - \ - r l rv-1rr .D( l .n  - r -v  /v  -n 

J  rv  r \ \JnLyJyJwyr l \ - rLr  D l ly f r  . r rJrvrE11Er lnn f ld-

npaBJreHnfl noToKa oT paALra"rrbHoro K oceBoMy. Be.nauHHa cu co3Aaer
uexoropufr rroJro)Kr{TenlHufi MoMeHT cKopocru Ha BXoAe B pa6ouee
Ko/'reco cJreAyloqeli cryneuu:

Kt :  (0 ,01_+0 ,03 )  Kz .

Ocraroqsstfi nronteHT cKopocru (t 6"uaronpEflTHo cKa3brBaercs Ha
KpyTH3He ripHBof.r H - Q n soHe MaJrbrx noAar{ H B Her(oropbrx cJry-
rIaflX tlpI4BOAHT K yJIyq[IeHI4Io o6rexauufl BXoAHbrx KpoMor nonacreft
pa6oueio KoJIeca 3a cqer yMeHbrxeHHfl. @r H yBe,'rHr{eHHfl p1n.

CoaepureHcrBo auQQyaopHbrx KaHaJroB orBoAa onpeAe,/Tflercn roaQ-
Qnqueurou [cr]oJrb3oBaHtfl, Kr{HeruqecKofi aHeprur{ noToKa. Ecnu I
cflIzpaJlbHafl rlacrb orBoAa o6ecnequBaer onrlrMaJlbHbre ycr'roBHfl pa-
6oru pa6ouero Koneca, ro 4rzQQysopHan r{acrb onpeAeJrfler ruApo-
AuHaMHqecKoe coBeprxeHcrBo "rroracrHoro orBoAa KaK npeo6paaoBa-
TeJrfl KHHerurrecNoft 3HepfHLr B norenuuaJrbHyro. Han"nyuruae yc,'ro-
Br4fl npeo6paeoBarrr{fl 3HeprHH o6ecneqnBaror rpflMoocHbre AuQSy-
3opbl. B conpenleHHblx l{oHcrpyKrluflx JronacrHbrx orBoAoB rrpHrrrrbr
creAyrcrque orrTrrMaJrbHbre cooTHotrreHHfl :

a)  ocpe4tteHutt f i  yroJI  paclxHperu{rr  nrrQcpysopa (prno, Br)rr{ncJrerr-
nr, t t l  ro 3KBHBaJIerrrHoMy I{oHycy, o6uqno npHHHMaercf  paeHbnvr
7-9".

1/ Ir -1/ I"
Q e r c t : 2 a r c t g  

'  n  
;

6)  yrJ ibt  l lacrrnpeni . rx 4raQQVqopa B AByx rr3auNrHo rreprreHAHKy-
JItlpHblX IIJIOCI(OCTflX 9U : 4-+-7", (ph : 6+-72", qTO COOTBeTC:IByeT

+:2,s+-B v  +-  3-+4.

[)rrc. 65. Pac're' i ' l ran cxcMa cnupanlrrof i
rracTH JIonacTFIOfO OTBOAa

(40)

-  _ - r  - n - ' . -  
r  

- ^  
r  ,  v  r v r  r l r g g v l Y l  v ' , r ' y  q l | D

gufi yqacroK JlonacrHor'o orBoAa. Onurou ycTaFIoBJIeHo, qro gar{oH
HsMeHeHHf CnHpa.nsriott qacTu He B,rII4fleT Ha BeJIHqHHy OIITUMaJIbHOII
noAarrH u K. rr. A. cryreHr.r qeurpo6e)KHofo Hacoca I331. f loerolry
r T l \ T , t ' c D A / i T L r L r v n o D t n ^ n 4 v h 4 ^ Y l n m r t n n n ^ n ' r n r r i ' d ' ' < ' '' ^ 1 " ' r r r u u v r r r D r ^  y a r r Y r \ - y a ^  y c r \ - : s r r r u r v  L E ' l E ; f l r r l l  y A U v t l L ,  U Y t r P l l n r J a l b

cnHpaJlbHyro qacrh I {aHaJIa npf lMo nponopqHoHaJlbHo yrJ ly  g ,  oxBara
c e r { e H r . r f l  ( p u c . 6 5 ) :

(,;- 
") 

vl

HbrMH ft4l 'paB[r[r{ecr{HMr{ r(aqecTBaMH.

peKoMeHAyeTcfl  Bbrno"rrHflTb B rpeAeJrax

Cpe4Hul i  paAuyc

+ = ft-. 22. lloaopor Ka-

HecI(oi lbKo yxyArxeH-
r(pHBr.r3Hbr

360"

'tjaJiia B Iiiialie peiioMei{Ayercfi BbrIIoj-IHfiTb c ue6t-l.rlurofi xourilysop,
HOCrbro. l lpo$u.rrrzpoBaHHe orBoAa BbrrroJrHflercq no AByM npoeKrrHflM:
rrJraHy H pa3BeprKe no cpe4ueft  i lHHkrvr.  Ha puc. 66 [oKa3aHo H3Me-
HeHHe [JIorrlaAI4 ce.{eHufi KaFraJroB JrorracTFroro orBoAa. floAsoAsrrlHfi
KaHaJr BbInoJIHeH C O6eCneqeHHeM OCTaTOqHO|O MOMeHTa CrOpocrrn.

1 0 4

f  -  _ 1 .  -
t  6 i

v b

1 0 5



\ i
\ l  l l

l t . ;

B Hac'I 'oflu{ee Bpe}.4tt Ini.tpoKoe
rrac'r 'Hbre oTBoAbr oTKpbrToro Turla
cry nHbr MexaHHqecroi i  o6pa6orxe.
reqHBaror K. rr .  A.  80-82%.

n 2 c n n r ) c ' l ' l r r r { p H l , l p  n n - n \ / u H - n I t  n ( r -

(puc. 66),  KaHaf lbr  Koropbrx Ao-
Hacocur c rar(HMH orBoAaMH o6ec-

A f l

2.  i ip rE npHHfroM 2r .o  paCC' iHTbiBaior
r3

f g

t ^  - ^  i ^ ^ - ,  .  / o d \
n tLg t Iu  qJUPIvry. / rd lvr  \ ( )J ,

n (a0). f lyreu noc/reAoBareJrbHbrx pacqeroB yror{Hfl Ior 3HaI{eHHfl Be-

J IHi IL IH h*  r ,  V Zn.o c  I IeJ Ib lo  no lyqeHHf l  pacqeTHofo ceqeHl4f  ,6nue-

Koro K coorHoureHaio l is = br.ou PffLe ?icci ieAoBaii?' ; i  l I2, 1'4] Coo6-

ulaeTcfl  o AoCTLIIKeHHH BbICOKHX K. n. A. y HacocoB' JIonacTHbIe oT-

BoAbr KoTopbtx BbITIoJIHeHbI c cooTHouIeHHflMH hs : (0,6+-0,8) br. 3ro
h ^ ^ r y y r r h r r m r  n a r / n r f 6 u n 4 r r T r I r  I - l r \  l . \ r n I I A T L I n l \ t \ /  / - a l r a -

A a e ' l '  l J U S M U d l n U U I b  P 6 r L | - r - l f l P r l  
r  D  H \ - I \ v l Y r v n A q q r r r r  

r r v  y u \ '  r L r  r r v r r r J  ! u f  v

Hr .no :  hs :  (1 ,0+-0 ,6 )  b r .
3.  Vr .nu pacul4peHHf iHQQysopHl tx  KaHaJIoB 9b 14 tph,  a  ra I { }Ke

coorHotueHr. r r  nrou la / te f i  io -  ar {a , ' ro fuqHLI  orBoAaN, t  c  r tenpept , tBFILI iMI I
'  

f g

KaHaJraMn. AuQQy3op Hbre KaH aJrbr peKoMeHAyercn BblIIoJIHrrb rtp rMo-

ocHbrMH. OnrnluaJlbHble Al.{alvlerpaJlbHble pa3l\ ' Iepl, l  AHQQy3opHblX I(a-

HaJIoB 
D=n :  1 ,3  - :  I  ,5 .L)s

4. Ko"rrsqesoe 6e3JlonaToqHoe rpocTpaHcrBo oT CeqeHus 4-4 lo

cer{eHuq 5-5 AoJrxHo HMerb r<oHQysopHocrb 4-60/0 AJIf l  BbIpaBHII-

BaHLrf l ,  rroroKa npH rloBopore (cru. puc. 63)'

5. . I lonacru [oABoAnulHX KaHaJroB paccql lTbtBalorcr aHarorr lqHo

paccMorpeHHL' IM THr laM orBoAa:

f  , =  f  n ,  f  t :  ( 0 , 0 3 - - 0 , 0 5 )  f  r .

Cxopocrb BXoAa B JIoIIacrHofi iloABoA

c5^:=*- - ' .  cn" :  - [u-
Y5"D5b5 

t " l t t  
-  

x(Ds 
'

llpn o[peAeJIeI{I4H yrJla ycTaHoBKH Jloflacrell noABoAa clb Heo_6-
xoAHMo yrrHTbrBarb crecHeHHe rroroKa H yro/I araKvr (ctt. pHc. 63):

tg as - --lt tg a+'
v4

fAe ea H ut - Ko3QQHrlr.reHTbr crecHeHI'rfl H yrJIbI .,'IoIlaroK B coorBer-

cTByIOrr I .HX TOqKaX.

6. LIacno Jronacreri  rroABoAflxIHX I(aHaJIoB o6ttqso npHHHl\,Iaercf l

paBHbrM qHcJIy  J lonacref i  a t l$sysopHblx  KaHa"roB:

Z n . c :  Z 4 - 1 ,

KorbueBoe 6eg,ronacT Hoe npocrpaHcrBo HaqI.IHaercq H 3aKaHtII{Baercfl
ro;;;

cqHrarb, rrro B KorbqeBoM npocrpaHcrBe He nporcxoArr u--"-"'--- I naHranl'nervroL[T '-:T:I:,:I'"-13-,"".""

Pnc. 66. Hanpasrsloutuf i  annapar orKpbrrofo runa

S 22. Jlonacrnue orBoAbr c KoJrbI{eBbIru npocrpaHcrBoM MexAy
JronacTflMr{ AH(iloy3opoB H noABoAfluIHx KaHaJIOB

i(oHcrpyKTrrBHo H TexHoJroruqecKn gror rHII oTBoAa 3Har{HTeJrbHo
npoue B JrHTbe rr MexaHrrqecKofi o6pa6orxe Jro[acrHbrx oTBoAoB c He-
npepbrBHbrMr.{ KarraJraMu (crr,r. pHc. 63). O6e cHcreMbr Jrorracrefi (aHQ-

$rvsopulre v noABoAflu-\He) Bbrrro.rHrruorcrl [.noct{HMH. Kax npaBH.]'Io,

I itpo6u,'l poBaHfie J,ronacrHoro orBoAa yKa3aHHofo rhna npou3- , Maercfi
|  - ^ - , , - ^ - -  - ^  ; - ^ - -^ -^^

cKopocTH.
I {upxy.nnqHf l  Ha BbIXoAI{btX aJIeMeHTaX loraTol (  noABoAa np l lHLI -

r rPuq,r.,r  r lPuj 'al ln vrDUAa yAa.rannurv rnra uPw4o- |  r  _ rn nt:n n2) re.BoAxrcfi no npeAJraraeMofi Hlixe MeroA[Ke: '

^ l. Vuc.ro .no_nacrefi gutptpysopuux KaHaJIoB npltHltMaerct ue 6on_ee ; .Il,uaverp KoJTb(eBoro KaHara Ha rxo.4e e pa6ouee r<o;leco
8-10. flo uu6poanycruuecxru rpe6ooanunu xe;rareabno, vm6u I - 

n/-jr

a:.j^i:^! l: .l:^:j :y:-^1":ii:.1-?':.:11^:u eAI'IHI{uv AoJIXHQ I D": (s,t : +,0)'l/ } .
oTJrr{rrarbcff Qr qr4c,1a Jronacrefi pa60qero Ko/teca,

1 0 0
1 0 7



Jlonacru rroABoAa HHorAa eHxoAqr B KoJrbuesofi raHan, qro no-
Bbrr.ilaer Kpyrlt3Hy xprnofi H - Q n soHe MaJrbrx iloAarr r.r B HeKoropbrx
cJryqaflx yBe/nlqHBaer Hanop pa6ouero Ko/reca. B gToM cflyr{ae
KoHqeBbre aJreMeHTbt "nonacreli floABoAa AoJr)KHbr o6ecneqnBaTb Ha
BXoAe B KoJreco Secqupr{yJlsr-tuosHufi rroroK, T. e. au = 90o.

S 23. JlonacrHofi orBo,q c 6esflonacrHbrM au${ysopHbrM
npocTpaHcTBoM

Cresru 6egilonacrHoro ansQysopHoro npocrpaHcrBa (puc. 67)
Bbrrro.[Hflrorcfl KaK flpoAoJlxeHHe creHoK pa6overo KoJreca. Onu Moryr
6urr f lapaJrJreJrbHbrMr4 vrJrr4 HMerb graSQysopHocrb B MepHAHaHHoM

CCIICHUH. @OPTT,TA CTCHOK BJIHf lCT HA

cocTaBJrfl roulYrc cKopocTr.r c/n:

- .  r f i i_ v3m_r;6;

Pacqer nogodnori KoHcrpyr{rrr.rH rrpori3BoA.rrrcrr c/reAyrorrr.Hr\.r o6-
pa3oM:

l .  OnruuanbHbre ocrroBrrbre pa3x,{epr, l  6eenonacr l loro AHQQy3opa:

h - / - t ^ .  D 4 -  1 4 5 : l A F" 4  " 4 ,  D . ,

tr4grrreseuze orpyxHofi cocraBJrrro-
rqefi cxopocru cu n 6eznonacrHoM AHQ-
Qysope c napaJrJreJrbHbrMH creHKaMH
MOIKeT rrpoucxoAr.tTb ToJIbI(o rro 3aKoHy

Cutf I : COnSt;
n H

f z: 2fl -5::- '
Ieo)

Onurssru nyreM ycraHoBJIeHo, rrro
Pnc.67. I( pacuery rloracrHoro Hegaevcr,Mo or-Sopr'rl l  creHoK 6eero_
orBoAa c 6eg,'ronacrHbrM AHQQy-

3opHbrM npocrpaHcrBoM nacrHol 'o npocrpaHcrBa oKpylKHag co-
craBJrflrou\afl cr1 yMeHbruaererr o6paruo
nponopqHoHaJrbr{o  paAnycy r i .  TaK KaK

oKpy)KHan cKopocrb Ha BXoAe HMeer petuarcu1ee 3HaqeHHe Arrf l  npeo6pa-
?oR2:quc r<rrqerHrreexol? aT{enfav RnoreT{rl I , Ia.nhH\/Io Mn}KHonurrrerr- urn^ -  - ^ ^ - r

e$SexrHBHocrb 6esronacrHoro auQQysopHoro npocrpaHcrBa 3aBHcHr

B OCHOBHOM Or ero paAr4aJrbHOrO pa3Mepa 4. npUKTHKa noKa3brBaer,
t 3

rrro orBoA c 6eenonacrHbrM lzQSysopHbrM rrpocrpaHcrBoM, o6paso-
BaHHbrM napaJrJreJrbHbrMu creHKaMH, Aaer nyuururi K. rr. A., qeM c pac-
r.xuprroilrrMncfr, creHKaMH. 3ro r4Meer Mecro AalKe rofAa, KorAa 6e3-

s 6esilonacrHoM npocrpaHcrBe 3aBr4cHT or yrJra noroKa Ha BXoAe oB.
Onrnua.nbHoe npeo6pa3oBaHr4e sHeprHr{ Aocrnraercfl npu palkrarrb-

Hbrx pa3Mepax 
t  

:  1,4+1,6.  f ia.nruef i ruee ) 'Bef lHqeHHe pa1ualrb-

Hbrx pa3MepoB ox{HAaeruoro eQQeKra He Aaer.
flporrae>xyroqHafl cryneHb c JrorracrHbrM noABoAoM, ycraHoB,/'teH-

HbrM rrocJre KonbueBoro 6ee,uoracTHoro 4r-rQoysopa, uso6pa>xeHa Ha
pr {c .  48 ,  67 .

l 0 B

2. Kortqeeoti ilepexoA IrreiKA),' lurl$y'sopoi,r Lr iioracrHbrrvr rroA-
BoAoM BbtnoJII{fercfl c rrer(oropbrnir c}/x(eFrueNr. l- lnorr]agb BXoAa B Jro-
rracrHori rtol(BoA

Fs :  (0 ,94  - :  0 ,95)  Fn ,

rge ,Fn : nDaba - f lJrorqaAr) BbrxoAa r{3 r(orTt,qeBoro au$Qy3opa.
3. Jlonacruoti rIoARoA paccquTbrBaercri arJa,rroraqHo onHcaHHbrM

Bbrrrre KOHcTpyKuprfl M:
f+  - -  (0 ,9 - :0 ,95)  , f2 ,

fAe

I ' z : Z "  ! * , -  f l , D u c , t t .' r lJ(0

[upI(yJI lUHn rra BXo1e B J]orrac'r 'uor) i  l r (upto. / (  fo = . f , , .
Crcopocrl BXoAa B nolacrnoli rroAnoA

,- ___q__.w s r t t  -  

" D t b r ' l t ; '

bs: (0,94 - : -  0,96) b3; cE,, :  - , - . , - . -
J u u S

Vro"n HaKJIoHa rTonacrr.r noABoAa

c45 : arctg +t '
w 5Il

-'ilrcno 
"qonacreri ilo,4BoAa r.ta eAHrrr-rqy Aor.Tlxrro oTr'n4qarbcf oT

qHcJIa "ryonacreii pa6ouero Ko,[eca zr. o : z t 1.
Buxo4unre a"rreMeFrrbr,nonacrer? noABoAa npor lu,rnpyrorcf l  onu-

caHHbrM BbI[Ie cuoco6ou:

' C cd6-  a rc tg  
f f ;

f ,: -: (0,01 -:-0,02) I'r;

vml  -
2nrft1
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l 'n,upan.nnqecxnfi pacqer BcacbrBarou.Hx ycrpoficrn
HacocoB

S 24. KoHcrpyKrHBHbre cxeMbr H HaBHaqeHHe
BcacbrBarcqHx yctpoficrn

BcacsrearcurHM ycrpoficrBoM Hacoca Ha3brBaercfl yrlacroK nporotl-
Hoft qacrH or npHeMHoro narpy6ra Ao BXoAa r pa6ouee KoJreco l-ft cry-
neHH. Ecnu Hacoc BcacbrBaer )KHAKocrb HenocpeAcrBeHHo Lr3 orKpbl-
rofi eMKocra, To BcacbrBaroqee ycrpolicrgo BKJlroqaer Becb yrlacroK
oT eMr(ocTH Ao KoJreca.

I(oHcrpyKuHr BcacbrBaloqero ycrpoficrBa oKa3brBaer cyrqecrBeH-
Hoe BJrHrrHr,re Ha pacnpeAeJreHne cKopocrefi nepe4 BXoAoM B KoJIeco.
Bc.negcrnHe aroro crpyKTypa il cocrosHne noroKa 3a BcacblBarcil l l{M
ycrporlcrBoM orpa>Karorcfl Fra K. n. A. H KaBr.rraquoHHofi xapaKTepH-
crHKe Hacoca. B"uusnue BcacbrBarcilIero ycrpoficrna oco6enso sa-
MerHo cKagbrBaercfl y Hu3KoHanopHbrx Hacocos 6onruoro /?s.

lloAnoAsque KaHaJrbr HacocoB AoJrx(Hbr o6ecneqnrr:
l) H3MeHeHHe cKopocrn )Kr{AKocrr{ or 3HarreHufi go BcacbrBaroueM

rpy6onpoBoAe Ao cKopocru npu BXoAe B KoJreco rto BosMoxHocru
c MHHHMaJTbHbTMH nOTepsMH;

2) paBHoMepHoe HJn{ ocecuMMerpr{rrHoe roJre cKopocrefi nepe4 xo-
JrecoM, Heo6xo4HMoe p;rn co3AaHHfl ycraHoBr,rBuerocrr orHocHTeJIb-
HOrO ABH)KeHHfl B KOJIeCe.

B npaKTHKe HacococrpoeFrHfl npHMeHflrorcfl ABe KoHcrpyKTLrB-
Hue QopMbr BcacbrBarorrrero ycrpoficrna:

l. Ocesori noABoA o6lrquo xoHSyeopHoro runa (puc. 68, a).
2.  Eoroeof i  noABoA (puc" 68, 6,  a) .
Bost\,rox{Hbr ABa BHI.a xoncrpyruufi 6oxoeoro noABoAa:
a) cuvrrrrerpuvHufi (ro.nrqenofi) no4eoA o6lr.ruo 6eg MoMeHTa cKo-

pocru Ha BXoAe B KoJreco (puc. 68, a);
6) noJrycrrHpa"rrlnlui noABoA, cosAaroqnfi orrpeAeJreHHuft MoMeHT

B f i iApaB/r i iqecKo[{  o lHouei i i ru.  I - Ip l t t " teHeHi ie BCacbiBaioi i ie io i ioJieHa
c MaJrbrM paAHycoM KpHBHsHbr (puc. 68, d) rvro)Ker npuBecr l r  K or-
pbtBaM l{  nofBJIeHHIo (MepTBbrx> 3oH.

B Hr.rsr(oHanopHbrx Hacocax xoH$urypauHfl  BcacbrBarcrr{ero
ycrpottcrna LIMeer Oonturee 3HaqeHHe, r{eM B BbrcoKoHarropHbrx.

Eoxoeoe BcacbrBaHl4e npl4MeHflercfl y qeHrpo6elKHbrx HacocoB
c ABycropoHHHM BCacL'rBaHHer\{ rr y npeo6na4aroulero 6onruruscrBa
MHOrOCTyrreHqaTbrx H cneqilaJrbHbrx HacocoB AJrfl pa3JrHr{Hbrx oTpac-
"ueft npovbrrrrJreHHocrr.r (puc. 69). l loqru BCe rHnbr HacocoB c npoxoA-
HbrM BaJroM l lMenl 6oNosoe BcacbrBarou{ee ycrpof ic lno.

-;$m
Pnc. 68. I(oucrpyxruBHbre Qopurr noABoAoB

Cuurr,IerpHrlHaf Qopua 6orosoro BcacbrBarculero ycrpoficrBa rracTo
BcTper{aeTcfl B rpyHToBbIX, rrrJlaMoBbrx, MHolocTyneHr{aTbrx Hacocax.
CnuuerpHn B pacnpeAeJreHHH cxopocrefi y raxort $oprvlu Bca-
cblBarouero 1'crpoftcrna npaKTHrrecKH He noryqaercr. Vqacrox
KoJreca nporuB narpy6ra nuraercq no paAr4ycy 6ee oxpyxnor? co-
craB,rrsrouefi. 3HaqurenbHo xyx{e nHTaHHe KoJreca co cropoHbr, rrpo-
ruBonorroxHofi narpydxy (p".. 68, e). f lpu o6rerauHu Barra o6pa-
gyrorcfl (MeprBbre)) 3oHbr. llo o6euvl cropoHaM Ba,ila noryqaercr
r r A n  o D r r n  f , t a n r r n a  n n  I a  n t z n n n n - o r - t  \ r t t t t r t n  d m t t  n A r r nnsycr f rnv lvr \ -yr lv \ .  l lvd lu Lnvyv\- rsr l  . rT\nAA\Jr- r l . r ,  wvyLJrv.E ' t / rE:n.nuE | l iPal r { t r -

HHeM caMoro Balra. CneAoeareJrbHo, cr{MMerpuqHuft noABoA co3Aaer
HepatsHoMepHoe rro,rre cKopocreli, vro npHBoAr4T K cHr{xeHlr}o K. n. A.
OAsaxo npocrora el'o II3roroBJIeHHff rlacro AeJraer )KeJrareJrbHbrM npt-
MeHeHLre TaKOTO THna rroABOAa.

flpuueueHr4e noJrycnupaJrbHoro noABoAa B Hacocax c i lpoxoAHbrM
BaJIoM cnoco6crByer yJIyq[IeHuro o6rexaTLrr, Baila H [or'ryqeHHro oAHo-

fi noABoA npuMeHflercr B KoHcoJrbHbrx H y 6o.nrruuHcrBa
THrroB BeprnKaJrbHbrx HacocoB. Ann HacocoB c oAHocropoHHHM Bca-
cbrBaHHeM KoHHr{ecKHfi oceeofi noABoA rBJrflercfl npocrefiur{M H npeA-
I ]OIITHTEJ-TEIHhIM IJI ' I  ND],IMEHCHI4'I  THNOM BCzEFTBAIOIIIC.I.O VC.'TNOfiCTEA.

J  - ^ f

Ou o6ecnequBaer cra6nnusauaro noroKa H noABoA ero K KoJrecy
c paBHoMepHor:r no ceqeHHro cKopocrbro. Ha nropoM Mecre cror.rr cy-
)KnBalotr1eecq r(oJreHo 6orluroro paAuyca (puc. 68, a). Arn HacocoB
c n, g 100 Mo)KHo cqurarb, qro o6a runa noABoAoB paBHoIIeHHbl

l l 0

npH BxoAe B KoJreco.
Onruua.nbHafl, BeJrr.rrIHHa sxoAHoI? qupKyr'tflrrnLr xHAKocrn,

coeAaeaeNaorl noJrycnzpaJrbHbrM noABoAoM, B3aHMOCBfl3aHa C Be.nH-
quHof i  noryr {aeMoro Hanopa,  aHTHKaBHTaqUOHHbTM SaracoM SHeprHH
Ha BCaCbTBaHHH H C fHApaBJTHqeCKHM K.  n .  A.  HaCOCa.  f lpaxruKa Haco-
cocrpoeHHq cBr.tAereJrbcrByer, qro Hacocbr c noJrycnHpaJrbHbIM noA-
BOAOM HMCIOT BCCbMA BbICOKHE TEXHHKO.SKOHOMHI{ECKI,IE NOKA3ATEfiH
H He ycryrlaror tro K. n. A. H BcacbrBaroqert cnoco6nocru HacocaM c oce-
BbrM noABoAoM,

I t l
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f lcr-rl{rb cJIeAyIouHMt'l {raxropaMll:
l. Cra6uJIH3aIIHeii noroxa fl3bIKoM noABoAa, qTo npIIBoAHT K ycTofi-

qHBoMy o6reNannru BaJra Hacoca, rrpr4qeM TorIKa pa3BeTBJIeHHfl rlo-
ToI{a He cMe[laercfl t.t ocraerctl y f l3bIKa. OnpeAe.neHHaf BeTHIIHHa
BxoAHor:r uHpKyJrfluur{ noroKa .rIoKaJII{3yer BJIHflHHe BHXpeBoft goHst
\ /  Er r t  nq  r r r \n r luaAl , In r ' I  nnu  o6rer<a-
J  

p s a r s ,  r r v v r J  
B

Frr.ru efo rrorol(oM. Et AaHHoM cJIy- ,iia
qae o6pa3yeMafl  (MeprBaf> 3oHa ,nn
cTalHJIbHA I,I HC flBJIflCTCfl HCTOI{- 

IUU

HHKOM AOIIO,THHTeJIbHbIX noTepb.
2. V.rryuureHneM yc"rlonuft exoAa 75

IIOTOKa Ha JIOIaCTI{ KO,leCa 3a

cqeT:
a) HeKoroporo YMeHb[IeHHfl

yrJra ara]K]?. noroKa Ap nprr no-

crynJreH[Ir{ B KOJIeCO;
6) cI{H)I{erII{ l  BXoAlioiI  orl lo-

cr.rreJlbHofi cxopocrr4 (D11 tITo IlpH-

BOAI4T K yMeHbIIIeI-IHIO 3HarleHI'Ifl
c)

a;
j vr au$$ysopHocru noroKa B

r{aHaJlax pa6ouero KoJIeca.
Ha pHc. 70 Aaercr npeAcraBJIeHI'Ie o xapaK'repe_ H3MeHeHHfl

onruMa.[br{brx guaqettrt i i  yrJla roToKa tla t}xoAe Ft" (xptnan 1) kr
KaBHraqHoHHoro roecpQuqueHra C (xpunan 2) n 3aBHcI{MocrH or BXoA-

50

25

0

/5 00

100 0

500

2 / 0 /-c,/u,

Pnc. 70.  BxoAnof i  TpeyroJlbHHK cKopo-
creii c qrrpr(yJrrruneii noroxa H 6es rtee l 'I
BJrr.rflHne nxolHofi qupKyJlfiqt4r Ha xa'

paKrepucrnKy BcacbrBaHHff  sacoca C

,1)

Puc.  71.  Cxcnna o6r 'et<at t t t r t  u iu la l I J IOCKOI IapaJ IJ lcJ Ib l l l r lM I IO ' rO l ( (JM C UI IpKyJ IJ I I {HeH
u 6es rtee:

6 - f  < 4 f i R a o i o -  f  ) 4 n R c r n

sori qup K y ilflr\Hr4, co3AaBaeMoft noJI ycrup aJI bHblM rIoABoAoM (r<oefSn -
.  C , , ,  \

uuer { r  |  - -#1 .
Csuxeuna'n6t.po B noJIyc[HpaJIbHoM rIoABoAe H B Ko,[ece o6rqc-

HfleTcfi OTCyTCTBT.TeM B[XpeBbrX 3OH rrpt{ oOTeKaHHfi BaIIA, yMeHbrIIe-
rrHeM yrJra arar(H [r o'rrrocHTeJlbrloft cl{opoc'fH at. fTpu o6reranuH Baila
II,TOCKT4M TTOTOKOM C (erPr(yJrf qr4eft o6pasyeTcfl (MeprBaflD 3oHa, eclrH

6)

8 Ml rxa f i .noe A.  K .  r r  Ap . l l 3



i i i ipi(yr- i f i i l i roHHb[i noroK (puc. 7 i)  f loArrHHflerc,
BeHCTBy :

f  q  4nRao,
rAe  R-paA l ryc  Ba i la ;

] o - cKopocTb n,'rocKonapaJrJreJrbHoro noToKa.
flonvcnnpa/tbHbIM noABoAoM R rroroKe o6ecne,IHBaercff ivioi'ieHT

cr(opocl l r ,  r .  e.  r . rMeer Mecro o6rexauue c r{HpKynnqaef i .  Taxuu o6pa-
3oN,I, ec"u{ , l} 4xRuo, noilyr{aercfl o6rexinie BaJra 6es nuxpeiorl
30HbI .

S 25. Ana;us pa6oru norycnuparbnoro noABoAa
tr nu6op ero paaMepoB

Ha pnc. 72 nowasaH rpaQHK H3MeHeHHff [JrorqaAeli KaHaJroB B no_
JrycnHpaJrbHoM no4no4e: a) or BXOAHOTO narpy6xa Ao cerreHHfl gH;
6) usueueHr.re rrrrorrlaAefi or ceqeH'n o ao ..u.it"" s. K;H*pl*r"u"u"

f i A i \ A v ^ [ r t n f r n  A A r r A r r t r d  d  u ,  Or ruyL l \ \JAn\J r \ . ,  \ -E ' lE Iay I } r  B- t I t  O -  yqac ' l 'O t {  ( ) ' l 'CeqeHHf l ,  g  -  n  AO BXOA-
HO|O narpy6xa Hacoca, fAe rrpoHcxoAHT nJraBHOe H3MeHeHHe cKo-
pocrl4 ai Ao cKopocrH urr. Cxopocrb Bo BxoAHoM na,rpy6xe u6.r orrpe-
AeJrfercf pa3MepaMH BcacbrBaroqefo rpy6onpoBoAa, xoroptrft pac-
CIIHTbIBaeTCfl  I4CXOAF. H3 Bel ' IHI{HHbI AOnyCTLIMbIX t rp.paBJIkrqeCKHX CO-
nporlrBJreuuit.

B ce. Ieuuvt o-o noA yrJrov 45" K HanpaB,,reHHlo noroKa Bo BXoA-
H9r narpySxe o6H,{HO ycraHaBJrHBaercs fl3brK, cra6H.[Hsupyr.oqHfi
o6rerauae BaJIa H npenflTcTayroulur:r cu cm
rrocTynJleHHro )KHAKOCTH B HanpaBJreHr.tH cu,p c,,,

Cn EF qH
C e,/e nun

a)

cJreAyrouleMy Hepa-

rrpHMeHfleMas
u 6 .

Bxod AB

Puc. 72- fpaQux ,r3MeHeHrrfl nnouaAefi KaHaJroB B noJrycnupaJrbHoM noABoAe

cu

r cn
crro

BoM HanpaBJreHHu. Tax, HanpuMep, A/rfl // ceqeuuu no?1oda
oAHocryneHrrarbrx HacocoB Tnna D npu- Pwc.74. fpaQar cxopocrer? e ce-
MeHff IOT nJIaBHyI 'O, pa3BUTyIO B OCeBOM 

qeHHflxnor lycr l l4par lbHoronoABoAa

HanpaBJreHHl _QOpMy cnHp aJrbHofo y.{a-
clKa (pnc. 73). B MHorocryrreHr{aroM Hacoce crr.rparbHaq qacrb
o6yxwsaercfl B oceBoM HarrpaBJIeHHH H pa3Br{Baercfl B paLHaJrbHoM,
neDneH I I I , IKV- I Iqn  Hr )n f  nc I '  t f  a1r - t ' . . )_ _  _ I -  _ _  - - . - r . ^ " , , .  v v r r  r r q L v v u .

PacqerHuu ceqeH'eM clzpaJrbHoro yqacrKa noABoAa rBrTqeTcf l
ce'reHne 4.  Ha pac. 73 pacueiHoe ceireHae o6osHaqeuo g.  Anl-  roro
r r rn6r - r  r rn tJn ' r . r rn r r r r -  r r  ra^^ 'yndr  ^^ , r - , ,^ r v v u r  r r I / r r v r J r r n r D  ^  P a L Y s r y  n  r r P U q J r l J r l l P U b a l t I { t u  I I O / I y c n H p a J I b H O f O
noABOAa, UeO6XOAT{MO 3}rarr} pacqerHyro rroAaqy noluoea O u cpeA-
uufi uoueHT cKopocra Kr. tlpeArroJraraercr, rrro r{epe3 cer{eHHe 4 1'Sy
B Ko,,leco nocryraer rroAaqa + llpaxruvecKH (pnrc. 74) uepes ce-
qeHHe- 4 lpoxoAuT MeHbIIre, qeM Iro,IIoBI4 Ha noAaqr4, a ldorvfeHT cKopo-
cru ftn 6o.nlrue, qeM cpe4uuft MoMeHr cKopocru kr. TorAa A"rq ce_

I
r A e  d ( ,  H  K o : F ( r ,
n n p R < 9^ . \ -  r  -  - .

Pacnpe4e.rreHr{e cxopocreft
KoHy cur : const. TorAa
qepe3 ceqeHrre 4-4,

4 5
Ce qeau s

D)

cxeMa TaKOfO noIycnHpaJrbHofo noABoAa, uupoKo
B ueHrpo6exsrrx Hacocax, ueo6pax(eHa Ha puc. TB, a

/ 2 ?
^ V

0

Q+ : cQ,

B ceqeHfifrx 1*4 frprrr{r.rturaeNI Ilo 3a"
Ko"rIHr{ecrBo )KnAt(ocrrr ,  r rpoxol l r r t lef l r

a) d)

Puc. 73. Cxeua noJrycnupaJrbHoro noABoAa: .
a  _  c e q e H ' e  n o A B o A a  B  n r a H e ;  6  _  u e p u 4 H a H H b r e  c e q e u r l s

l 1 4
I+

l r 58*
Q + : ( e dr - I(LAt,t.



i; iHrerpan, xapaKr_epHsynrq'fi nponycxnyro cnocodHocm ceqe-
nun 4 (8), uveer ,ruHefisyro pasMepHocrb.

I-lo ycJroBrzrM KuHeMaru.recxorb no4o6an BxoAHar rrupKyJrsuufl
noroKa nponoputroHaJtbHa noAarre Q. cneaoBareJrbHo, MO)KHO noJrv-qr.rrb ypaBHeHHe cBfl3rr l lns, f  , .  O v. A.,:

ripoxoAnolo BaJIa du onpe4e;iessr npeABapHre"rrsHsiriru pacueiduu nprd
scKH3HoM npoeKTHpoBaHHH u nu6ope KoHCTpyKraeHofi cxeMbr Hacoca.

2. rlpoQu"rrHpyeM xapaKrepHoe ceqeuu€ 4-4 (s-s) roABoAa no
3HarieHuro Aon, Bbrvr{cJre[rHoMy no Qop-
r\iT\/ rrtr 

^ . nctt aococa

" - ,A p E :  i  * ' a , '
;" 

'

D,nn aroro eu6upaeM oceBbre pas-
Mepbl  noABoAa bo H 3aKoH H3MeHeHHf l
br : f ?,) (puc. 75) ro BbrrrorrHeH-
HbIM KoHcrpyKrlufl M Hacocon. 14urerpu-
poBaHr.re i lpoBoAr4M rpaQo-aHaJrHrHqe-
CKL{M cnoco6ou, cBoAfl pacqerbr sra6n.4.

3. HaueqaeM ripoMe]Kyror{Hbre ceqe-
rrnf l  ( l -1,  2-2),  y Koropbrx 3rraqe-
nun A r; nponopqHorra/rbribr oxBarbrBae-
uofi 4yre, orcrlnTbrBaen,toir or r3r;n(2
rroABoAa:

Ap i :  
#  

ono ,

d , a-;-'--;-
P  A p n

a
A P n '

2n

.  a _
A r n

Ap+:Urf+

ApE: urlf+

I
I

Ann 6o"[truuHcrea rroABoAoB c
D, >.- 2rJ0 uu rrpuHr.rMaFor MeHbrrrne
r]O npHBeAeHHbrM 3HaqeHilf lM ([ -

r' 1 -
6 + - 8

2n

pa6ouurr,rn KoJrecaMH AHaMerpoM
3HarIeHHf fr, veu [oAcrIHTaI]HbIe
1 -

V ;  F : 2 .  O 6 u q u o

a  n p p r  o L : H F : 2

f t :

I
()
L

3 xcnep u Met{TaJl bHo ott p eAeJIeHbI orrrrzNraJl bHbre g Fr arreHy fl nxo4uo fi
U}IPKYJ'If l I I I I I ' I  I IOTOKA. IIPU MCIIbIII{X SHAIICHHflX MbI I IOTYqACM O6Y-
>xeHHuft noABoA c 6OnturaMH cKopocrf lMtr H rrorepsMH Ha BXOAe B pa-
6o.ree KoJIeco.

oopuyna Arrf l  Aro pacuerHofo cerreHufl 4(s) HMeer BHA

Prrc. 75. i(  pacuery ce,qeuvn 4-4
rror'r ycI] trpaJr bt{oto noABOAa

rroABoAa.
H AHax{erpy BXOAHO|O
npoQunupys cer{eHprfl

Arf l  pacqera pa6oqero

w 3aTelu BblqeprIHBaeM cIIHpa,'IbHyro qacTb
4. flo HverouleMycr cflHpa,'rbHoMy yqacrKy

narpy6xa nu6upaeM pa3Mepbr Bcero rroABoAa,
no rpaQuxy, l . rso6pa)KeHHoMy Ha pnc.72.

5. Haxo4ul,r BeflrzrruHy l"r, Heo6xoAHMyr,o
I (OJICCA:

l lo oKcrrepaMeHTadTbHbrM AaHHbrM leo :  1,6+-3,0.
cnI.Ipar'IbHbIX noABOAoB MHofocryrleHlrarbIX HacocoB

h P : 1 ' 8  - +  2 ' 2 '

(11)

I.nn [o,'Iy-

(42)

2nl - -^  r - 6 - : - 8 A r n

$ 26. Cxeua pacqera no.nlicnirpaJrbHoro rroABoAa

- Trpu lpoeKrrz poBaHur4 Hacoca 3aAaHbr noAarra H, nogarta e u qucJro
o6oporon n. flc'cne nu6opa KoHcrpyKr'euofi cxeMbr 

"a.6.u 
rpr4-

C - T V f I . 2 e T \ i T  I {  n  q / a r J A ' r \ /  a n r r  n  o K ^ r r r r -  n  h n ^  r , ^ h
rruvaLi  J  Lr  v  r icrvv ' l r r^ '  wpi .  d i - lu . t i ,  I i  

' l -uM qI4cJIe K pac-qery noABoAa . Ann r{oJrec ABycropoHHero BxoAa paduernaf noAaqa
0paBHa -q .-

l .  Ans HacocoB c oAHocropoHHHM BXoAoM

3uaqeHue ko nulvrqSgTcn B l.apngr4Mosrrr or r'na H KoHcrpyKurr'
Hacoca lcrrr.  QopMyrrbr @I) w (42)].  Bxo:iuori  4ualrerp Dt 

" 
l"ur.rp

l l 6

N9
L

s-t> '
4
0

Bi * Bi*r.
_ - - - - - o -

z

8 , 1 -  8 , , ,
- 2 -

s 27. BJTH'HHe BcacbrBaroqero vcrpoficrBa Ha padorv
qenrpodexHoro Hacoca 

' Y

Bo BHtr'll{lu4porrlaue npoBeAeHbr Hcc,,,reAotsaHprrr BJrHfl FrHfl BXo4.
uot l  qapxYnn\uu I IoroKa Ha xapaKTepncruKH H aHTHr(aBHTa[HoFrHbre
KaqecrBa qeurpo6elKHbrx HacocoB [Bb, 84], Onurtl, l  Bbrno/tHrr,rrHcb

1 t 7

Ta6,tut1a 4



B MoAeJIbHoIi cryneHn MHofocryrreHqaroro Hacoca H B rIeHTpo6ex(HoM
iiacoce HopMarrbsof i  xoHcrpyKrrHra (puc. T6) c nr:70: lb0 .q.ns Ha-
cocoB cnHpaJlbHoro Lr ceKuHoHHoro (c nonacrHbrM orno4orra) THrroB.
Bxo4uar rrnpKy/rnr{Hfl roroKa co3AaBaJracb nonoporuoft peurerxofi
nepeA KoJrecoM cryneHu uesrpo6ex{Horo Hacoca H cMeHHbrMr.r KoH-
crpyKuHflMH noJrycrrHpaJrbHbrx noABoAoB y Fracoca HopMaJrbHofi xos-
CTDVKTI.HI, I .

Onursl noKa3aJIH, rITo Hacoc c orrrnMa.nluort BeJIHT{HHofi sxoAHor?
I IHPKYJIf lUHH I IOTOKA NCPCA KOJICCOM HMCCT TYquIYIo 3KOHOMHIIHOCTb
I.r BCsCrrrBaroulyrc cnoco6Hocrb AalKe no cpaBHeHHro c paBHoMepHbrM

Plrc. 76. Maxeruuft Hacoc AJIfl HccJreAoBaHHrr nxo4Hor? qr4pKyJrffru.rrd noroKa

6ecr1u p x yJI r ur4oH HbIM rroro Koru, o6ecrreq r{B aeMbIM oceBbrM KoH HqecKr.IM
narpy6xovr (cn.  puc. 68, a).

B pa6orax [33, 351 ycraHoB.rleHo, rrro yBernqeHHafl BXoAHafl ur{p-
Ky/If l l IHfl rIpHBoAHr x o6reraHHro BxoAHbrx yqacrKoB nonacrefi c 6ont-
ILHMH yrJIaMH araKll H K AOTTOJIHHTeJIbHbIM rroTepflM B JTOnacTHOM KO-
Jlece. CHux<aercfl K. n. A. H yxyAruarorcfl aHTHKaBHTarIHoHHbre Karre-
CTBA.

I- l^oa, yrJroM araKu Ap nouHMaercq pa3Hocrb F, - Fo,
F / T e  8  .  -  v r n . n  H A K . r r - ' t r A  v r a u a  n  r - r J ^ , - n  a  r r A r \ r a , , ' n q  n n  r r 4 t r ! , T \ r r  r r  n  r z n \ / \ z -

r I  J ' - - -  J u r v r Y r v r r r q  r ' r v r l q v r n  r \  \ _ r n y J [ \ -

HOCTH BXOAa;

Fo 
-  yroJl  f ioroKa npH BXoAe Ha J lonacrb B orHocHTeJIbHoM ABH-

}KCHHH.

Vro,r araKr4 Ap nono>xHre/rbHbrfi, xor4a F, ) Fo (cu. puc. 70). flpu
IOJIO]KIITeJIbHOM yfJle aTaKH noToK o'rpbrBaeTcfl co cTopoHbl ru.nlHofi
noBepxHocru Jronacru,  a npa orpur lareJrbHoM (Fr.(  Fo) -  co cro-
poHbr pa6ouerl noBepxHocrr.r JrorracrH, T. e. yroJr araK]a BJrHf eT Ha pe-
}KHM NOTOKA B MC}KJIOIIACTHOM KAHAJIC KOJICCA.

3rT
Ecln  o6osuaqHrb qepe3 Do:  krV 

f  Ananrerp BxoAa B Jronacr-

Hoe KoJIeco, To oKpylKHaq cocraB/Ir lrcqafl  a6co.lrnrHofi  cropocrq BxoAa
3__

B Korreco 6yler i lponopuuoHa./rbHa BbrpalKeHvrc V Qnr.
t i 8

!,ef icrnnreJrbHO,
n

C u L , n  * -  V  Q n '
u0

: l

H BXoAHaf l  uHpKydrr f fur r l  r r l tonopqr4o l raJrbHa nbrpa lKeHrr ro  l /  Qzn:
J

|  - . r  f )  ^ ,  1 , ' O 2 ' "
" u I " l l  

-  
l '  Y ,  ' e

UJlH

I - r :

r1e a - xoaQQHrrHeHr exoAuorl
Pasnlep pacr{erHoro cer{eHHr

npeAcTaBtrTb Bbrp a}KeHHeM

o

A-V,  Q 'N,

uHpKy, ' r f  ur tH.
noJrycnHpa,/'IbHofo l loABoAa lvto_)KHO

A' ^ p 4  -

r4e an - onbrrHufi xoaSQuqueHr.
E,ns m-KanantbHoro rroABoAa (nonacrHorl no4eo4)

APE:  o ' # '

f locNonlKy A pE rrponopquoHaJrbHo BXoAHor,ry Ar.raMerpy D o,

rAe kp - xoe$QuqueHr pacr{erHofo cer{eHur;

h " _ o n .' ( r

3NAqCHUfl BXOAHOft UUPKVJIf lUHH T1 H .I I .HAMCTDA CCI{EHHfl BXOAA
AaIOT BO3MO)KHOCTb HarHcarb ypaBHeHHe cBf l3H yKa3aHHbrx BeJrHr{HH
L r  \ / n r I t l  t r g l r  r T r \ L t a  / t r r l n n r r r a n r  r r ^ r t t  ^ r / n h n ^ 6 "r i  J  i  n i u  i r ' c i r \ d i v r - 1 c i  v i i ' i v L i ' i i u J i b i - i u r r  U n U P U U l i , i  i i U i U K a  i l p I / 1  I l O C T y n i l e H H H

B KO.[eCO.

Ann <6esy.uapHoro) BxoAa

i g i 3 r -  - ! ^  ,L L L  -  u u l

r4e 6ea yrrera crecHer{Hfl loror{a npoxoAHbrru BaJIoM

,_  _  1L_ 4  |  ? r r - , ^2 .U 1 - :  _ o  : - = '  u  V  V f l  ,-  
- l - \ 'nuT Jr, R6
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3xcnepaMeHTaJrbHoe H3yrreHne BJTHTHHq BxoAuofi qrapKyJrflrrur.r Ha
xapaKrepHcrHKy H BcacbrBaroqyro ctroco6Hocrb Hacoca Aaer BosMox{-
HOCrb nofiyqurb HopMarHBHbre AaHHbre 4nn xoaQQnqaeHros BxoAHor?

L

/500

t000

500

0

XapaxrepucrHKa Hacoca
CKHM

75  !C0  Q,n3 /v

c noJrycnilpaJIbHbrM r{ oceBbIM NOHr{qe-
noABoAoM

, i n r n ? , r ,  A A  ^ ^ ^ e ^ . . . , ^ ; . A  ^ ; ; ^ . , - - - ^ - J -  ^ - . - - - - i , - - - -  Iara r \ r r  ap ,  r ruvu t rnnu  la  t rncu t r r c r4  c tpy l { l (e  ( y  nOKpb lBa I .OUeI .O  A I ICKa
xo"rreca).

onrunaanbHafl BeJrHrrHHa BXoAHori uupKyJrffr{riH noroKa, [oryr{eH-
Hafl ollblrHblM rIyTeM, rIo3BoJIfleT npeAJ'Iox(HTt, c,'reAyloique peKolvreH-
AaI\Hrr AJIfl nOABOAflITIHX JIOnaCTHbrx KaHaJroB, rroJrycilHpaJlbHbrx rroA-
BOAOB H BXOAHbIX a, I IeMeHTOB KoJreC C nr:60+-150:

g) ars pacqerHoro ceqeHr.r f l  noABo4rr i l {ero Kar{ara kr :  l ,g-+-2,5;
6) AJrfl BxoAHoro yrJra Jrorracra KoJreca

l3t : arctg t ,275ve
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f loAc laeJrr r f l  3uaqerr  Hn H 11

tB l3r :

ctt r ,  ct ,  nocJle ynporr tenuf i
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HMCCM:

1,275
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rAe r fo :  1,0- i0,85 -  xoeQQHr{HeHr
BAJIOM;

ko : 4,5' -3,8 - xoaQSHrrHeHr
a : 0,3-:-0,6 - xoaQ$Lrur4eHr

cTecHef{r.rf l noToKa [poxoAHbrM

BXOAHO|O Cer{eHHfl  KOJreCa;
nxo4rroli unp Ky;rr \HH.

rl"p"y,{sqkH c, gxoAHers ee,rerrHn *r, paeqerHoro eeeeaas noAsoAa #,,
a rax)Ke vfJroBoi xapaKTepr.rcrr.rKr_r noroxa npu nocryn,nenvt o x6-
neco [33 ].

Bcacunarculan cnoco6Hocru Hacoca y!,ryquanacb rrpH gaMeHe oce_
Boro KoHr.rqec(ofo narpy6xa -1 no,lycnupa;rlHslru nogeo4ou 2 (pac. TT).
KoaQQruuenr C,u* yae,rfivuac s sa l5-250/o B OnruMa,rrbHofi 3oHe
noaaq, rrTo coorBeTcTByeT 3HaqeHgrM a:0,3_.:_0,6. vseJr.rqeHHe
xos(bQartaeHra C o6rsCssercs 4ryun {axtopau}ri yMeHhr[eHueM
urr H yBerHqeHr-reM yrra pt noToKa, floc(onbKy yMeHbrxaerc, yron
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5 #"At#fl"T.x1t"Br{HHeMoAeJIbHae 
xoppe(TrpoB(a 

I U*"1*".:JrvaqaeBABeroq*r, 
qepe3 KoropbreaorxHa npoxoar.rr' xapaK-

B cBf lgH c arrrr \ {  Bcraer Bof lpoc o 'epecqere pa6oqrrx opraHoB r lxapaKTepHCT[K HaCOCa:
a )  n n w  n n 6 r r ' F A  L r q  r \ a D r r r , -  ^ A ^ ^ ^ ^ ^ - - .
; (  

r  v  r r q  l r q r r r D r / 1 '  ( / w L r P u  I  d A  ,i  
_ , !  

I / qu r ru rn  \ JvL rPU I  a .1 \  ,

|  . , , . ,91^ry:".nepeKal{ueAHuu pa3rHrlHbrx no Snsauecxurvr ceoricrearu
x a g r o c r e f i ;  

r  -  v v v r r v r u q r Y r

f lpaxrnna lrpoeKT]rpoBanll t  ] I  npou3BoAcrea HoBoro HacocHoro 
' |r  . '4strr!Ln4^ JldwDnx^.

o6opylonaHtfl. H MoAepHH3ar{HH cyrqecrByroqero cKJraAbrBaercfl Hg
HCCKOJIbKHX 3TANOB.

l11l-A3ll^Y."-._lgeparypa, yse,ruuufi se", .lisaeHne ynfy"o"i, I { _ __ _l Puc. 78. reoMerp'qeckoe noAo6re
I:f:i.":!:1::-T1:YoIl xrAKocru r KaK rraB'brfi napar,,reri dr'" pr"- 

L- _- -- '---r B Hacocax

HecKoJ'IbKI.Ix 3TarIoB' S 28' Vc.nor[c reoMerplqecKoro lt K[HeMarlqecKoro no4o6nll' 3arag'rux npeAcraBnqer npoexrnofi opra'fi3alrun tt*"T.-n:-t19.t B p"t-.!rf-u_1!rr paccMarprrBafl pa.ory a'yx ,acocoB pa3HorosaAa'fie c noApooHblM HsJIoxeHL-eM napauerpuuecxnx' xo'crpy-xquoR- pu"""f,u'ip, -pasHbrx qficnax .o6oporbn, 
Mbr MoxeM ycraHoB'rb He-Jt&rl^"H#fJ:"auro'Hblx 

rpe6onanr.rft x 
-cos4aeaeuouv 

niio*ror,rv iiii'p-IJ r.;a"o;";- ;;;;;,";",ili-. u 
"oor""r.."yn,urx roqKax

2. KoHcrpyKrop, np'crynafl K HcnoJrHeHHrc TexH'qecKoro rpo-
eI(Ta, HMeeT:

yroIIHeHHble I '{ cofJlacoBaHHbre ocHoBHbre TexHHrrecKHe napaMerpbr ;Hanop Hacoca H e u cm. \epeKaqr.rBaeMofi xu4xocTn;
noAaqy Hacoca Qn us lu ;
rrHcJro o6oporon Hacoca n B MHHyTy;
Bbrcory BcacbrBaHHn Hs B JW Cm. nepeKaqHBaeMorl )r(HAKOCTH.
llp" repeKar{HBaHr.r' K'nflur'x xli lxocrefi rpHBoA;i." 

-6"r"uu-

qera H npoexTr.rpoBannfl BcacbrBaHun Hacoca Ao,rxsi 6uri couaco_oana oen-n.runa noAnopa cBepx AaBJreHHfl ynpyrocrr-r lapoB nepeKa- 
padoqfix opraHoB: B rorlKax AuA',BuB'ur.n. (p[c.28) cKopocrnqfisaelrofi xuAKocrlr. HaIIpaBneHbl B oaHy cropoHy n no a6co.rorsofi 

"eniin""" 
nponoprr'o-

3, onpegernercn nprHIrHnHa,,IbHa, KoHcrpyKTHBHa, cxeMa Ha_ 
HaJIbHbI, T. e.

cocHoro arperara, a uMeHHo: "L: "u cA ll cA,
a) roprsoura,lsnoe r.rJrt BepruKaJrbnoe [cfion6eHrre; "* 

: 
"* 

, ca ll ca,.
o,, r,lApaB,'I,qecKat cxeMa uacoca (qeHrpo6exnufi' ocesofi, aux- Taxoro p-o..a noAoorre Ha3brBaercq K[HeMarrrqecxrM r{ r{Meer Mecrofuu,,;i.oono 

Hnr'r MHorocrvrenvarslfr, o4no- nau ,qavxnoro'rnurt 
ffiil*fd"H#iir*n*fonoloog-un,ooo uw pa,a yctonuft,

4. BuRcnaercn, lrMeercs Jr{ aHa.rornqHsrft Hacoc arq salrMcrBo_ Iioa- 
"u-o"nji"riirJinii, 

,rnl.,rr"* 
"p"""""*.*"r* "*"u.u" 

,,o""=
pa3MepoB pa6ovux opraHoB HacocoB:

BoavoxHocrb noJryqeHns xafaxrepncrirru Hacoca roJrbxo gKc- n Le
nepHMeHrar'IbHsrM nyreu o6xonHrca AocraToqHo Aoporo, a B pfAe ^:T;. (48)
cJryqaeB HarypHhre llcnrtiaHlq HeBo3MoxHbI
nocreti I pa3MepoB 

-ltacocoo. B pn.le c,ryvae eutax co6,tro4aerct ,IHlIIb npu6.tuxeuttoe reo-xoAttMo 3Harb xorr 6u opHeHrnposo,{Ho ncn ;
ThpyeMoro nacoca. B paiue'ruou saAaHurr yKa: :xoe no4o6ue ,qocrr{faercr roJrbKo Ans HacocoB
t22
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B 3a3opax;
B pa3Mepax Jrorracrefi 14 pffl,a ApyrHX

sJIEMCHTOB HACOCA;
o \  n m ^ n r r dD l  v r \ - r  J l r . / r g n n l t

coca:
B qiicToTe noBepxHocTH o6rexaemblx opraHoB Ha-

U iragHafl oTHocr.rTeilb:Hatr uepoxoBaTocTb.
lonopfl c6 ycJroBuffx Kr4HeMari,iqecKor=o no1ollf l AJrs BHyrpeHHr4x

roqeK Hacoca' Mbl BnpaBe cQopMyJlupoBarb ycfioBr4fl KuHeMarr.rqecKoro
[oAo6af Ha fpaHHII?X, nprqeM B noHflTHe ipaHHII Hacoca BxoAqT He-
[oABHX(Hbre creHKH, rr/rouraAr.r cerreHr4fl [arpy6KoB w Bpaqanqeecfl
pa6oqee KoJreco:

, a) Ha He[oABH]KHbrx creHKax ycJroBue KHHeMarHrIecKoro noAo6ng
C n : 0 ,

: rpaHHrle (CreHxe);
3a xapaKTepHyro cKopocTb Mox(Ho
)Ae c;
:oJreca Mox(Ho au6part oKpylr(Hyro

vrrar, ycJroBr.re KuHeMarr.rqecKoro no4o6Hn Ha rpaur{rlax l{Meer BHA

:- - const HJIH 
ct - ', 

.u tt1 tt2 
-

Tax r (aK

B pacuere H nocrpoeH'H npororrHofi qacru pa6ouero KoJreca rreH-tpo6exnoro Ilacoca ortpeAe,[tlrctr{ul,rr.r nBrqrorcfl BxoAnorl lt BbrxoAHor-r
TpeyroJrblrHKr.r cr<op ocrerl.

B ccor'ercrB''i c saKoiioivi r{ri'eMarrrqecKoro flono6'ff (:i .:
-  const)  y4o6uo Bblpax{arb rDevfo JrbHwKw cxonoerp# p 6aa^)^ ' :1^^
Hori Qopne, orHocn nc-e exo4"qrae"u 

""" 
.*op;;il;;;;r;i##ffifiJt

nepeuocuoii cKopocrH. 3ro Aaer BosMox(Hocrr y no4o6r-rux MaurHH
HCKJIIOqHTb H3 PACCMOTPCHPI '  qI , ICJIO O6OPOTON H PAsMCP MAII IHHbI.rlpz paccMorpeHHH rpeyroJrbHHKoB cxopoireli n 6espaeuepnofi sopnaecraHoBl' l rcf l  fcHo, qro He3aBHcaMbIMH napaMerpaMH, o[peAeJrf lrolqr.IM'
KHFIeMa'u' lqecKyIo xapaKTep,cr 'Ky noroKa B Ko.[ece, f lBJIf lroTcff JIo-IIACTHbIC YUIbI Fr ?r F,. ITig BXOAHO.O TPCYTOJIbHWKA KOJICCA C PAAH.
aJrbHbrM BXoAoM tB Fr :

u L

cm7: uttgl3r : 
# nDrtg l3r.

I- lpuuuHaMH HapytrreHr4fl
a) HapyuleHne no4o6an
6) HapyueHne noAo6nq

(44)

Mepu4rzaHHyro cKopocrb cml MolKHo [oryrrnTb raKge Hs ypaBHe_HHfl. nOAaqH Hacoca

Oxou.Iare.r lbHo

Q r - Q o
;d-;fr - cotrst '

vcroere 
#: co'St MoiKer paccMarp'Barbcfl KaK xapaKreplr-

cl 'rrKa pa60rrr rracoca. Tax Kar( 3TO yCJTOBHe cBfl3ar.ro co cpe4ueft
cl{opocrblo Ha BcacbttsaH}IH Hacoca, f io/I f l  cKopocreft g ce,IeHpfx Bca-

cmr :  
4  .  Q=
,T D?

I4s yp.azsesnrl (a$ u (4b) no,ryqaeM

# rDrtB l3r :

l locne npeo6pasoBaHHfl
a ' 2

;f l- f id tgl3' '

TaKn^,r o6paeonr, Bbrpa)KeHne (45), f lBJrrrflcb r{pr.rTepHeM KHHeMa-
:i:.^:I_"^1"- -!:!?!"! B Hacoce, B ro )Ke BpeMn orpeAe,Trer vr.rroBvrc^<rPaKrePltc' I ' t lKy BXoAHofo r loroKa KoJIeca, a raKX(e npe4ctaur"u,co6oft (yAerrbHyro) noAarry (no4avy e oespaenaepuort +"p*i:-

S 29. Ycnosue cnJroBoro no4o6un B Hacocax
Vc"nonze ct4JloBoro noAo6us B Hacocax o6srqrro orrpeAeJrrre'r.crr ,f ls-KOCTbIO nepeKa'{HSaeA,tOH )KLII(KOCTH.

(45)

4 . Q
f i n 2

" lt, = 
+, 

cz= 
&, 

Ltl

c r .  __q .
u 1  n t D i '

= n1D1, uz= frrDz,

C, 0^

u2 nzDi

Ha noABoA X(r{AKOCTH K HaCOCy.

l lpn ocTaHoB,'teHHoM Hacoce
l l t r a '  t l  ] t  I t  n l t r  Y n  E

r v v r \ f l r l  v r v l f ) I \ - ! i l  .

HaKJraAbrBaeT ycJroBr{e

ycrroBlre 
#: coflst repfler Susu-

xapaKTepvcrl/lK HaCOCOB
Vc.[osue noAo6uq no

)KUAKOCTS x.

Qopmy,rrupyercn B BHAe
_  ^ ^ -  ^ +
-  I  t  t t  |  \  |

Ira pa3Hbrx
Bf3KOCTH

P a -  c d
^ \ L  +  -

v

b nepecqera

(46)
f lns HeroABrrx{Hbrx ycrpoiicre ycJroBufl I(HHeMaraqecKoroiloI.06usI{a rpaHHrIax Mox{Ho cQoprvry.rrzpoBarb raK:
cpaBHHBaeMr,re noroKn no4o6utt ror.[a, KofAa

oAl.rHaKOBbI.

124

Lnn
TYtIHM

pa3ru'{Hblx 3Har{etruir  c w d
3HaqeHr.rr  Re:

Re-  +_conS t

IIO BXOIIy r.r rlbrxo/ly KoJTeca ilo_

(47)
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I

g 'qe

0.7

q5

At
4z

oqeenAHo, r{To R,e sasHcHT or r{Hc.rya o6oporoe n Aa}KIAJIE cAHor.o
I{ TO|O X{e HaCOCa, r. e. ycJroBras noAo6Hq no Re QamHuecKH He Bbr-
noJrHflrorcq. oxasbrBaercfl, oAHaKO, qro npu pa6oie uacoca Ha BoAe,

KaK npaBHJro, noTepl{ conpoTr.tB-
r-IeHr.rfl He saBr{cffT or Re. tJ6-
Jracrb pa6oru HacocoB c coorBer"
crByrorrlnMr.r Re Hocr.rr HasBar{ue
vvlraL.rn ab'l 'oMoAe.[bHocTH (4.[q
Re ) 106 xoeQQruueur corpo-
THBTeHHq )t SaBr{cHT oT napa-

r ,uerpa f (pac. 79).

C BJTHflHHeM Re npHXoAHTcff
crruTarbcs rrpu paSore Ha BflgKHX
)KHAKOCTflX.

S 30. Vcnosue no4o6nn no KaBnrarlnn

floAo6ze ro KaBLrra\HH xapaKrepu3yercq eeru,ruHorl

Ans noAo6Hux HacocoB I{ npa KHHeMarHqecKH noAo6uux pex'rvraxypaBHeHua (49)'  (q9, E? Aorr)KHbr 6srrr cnpaBeA/rHRbr. Taxzu o6pa-3oM, ypaBHeHHn 
J19,.. !q9)j_.!5a Moryr xapux"epu3oBarb pexuM pa_6oru Hacoca. Ho rar KaK np, npoeKT,p osau'u Hacoca 3aAarorcfl e, Hkr n' HeH3BecTeH AHaMerp Ko.IIeca Dr3cno,[b3oBaTb ara BeJIHrrtrHbr AJr.rIcr{creMar*3a\r4r4 HacocoB TpyAHO. lloeroruy ryque cocTaB'rb coor-HoIrIeHHe' B Koropoe He BxoAHT AHaMerp D, xoneca Hacoca. Taxun

COOTHOIIICHHCM flBJIfl ETCfi

, , : t_YgJ. (58)
H 4

, BupalKe.HHe (s3) npHroAHo AJrfl HacocoB c nro6or? )r{HAKocrbro(c "rrro6uM ?), eqrr 6pa* e n e4r.runqax o6renra (ntkiij'r"A u rvr cm.nepeKarrHsaer\aoft )Kr,IAKOCTH.
Benuuuuy, o6paruyn f l r ,  MO,*HO Ha3Barb xoaQ@uq'eHroM Ha-rlopHocrH' Hexoropble aBTopbI -llpeAJrararor HcrroJrb3oBaTb AJrn cr4-

creMar'3aur.r, BerH'HHy --: 
"-a, 

cr{Hrar, r{ro oHa y4o6Hee

l e  /  n  \ 2 l T
L \i000/ J

ns no-cJleAyloqeMy coo6paxeHgn. l lp" Ma,rrbrx 'aroDax H ,.enuv n .npn donbrr,x Harropax 
-H 

uan n,. oro u;;r;-";;;;"; ;.ffp#ildlHHe. KoeooaqneHr.j{angpHocrt4 
" 

y4o6eH ,.r, qro oH H3MeHflercflnpo[opuHoHaJlbHo H. OH TaKX{e JIVque coorBerc.fR\/A1. t, r,,,^ n!,
o6oporon, raK xax 6onbru'e H csnsan"-. 6-;;;;. 

i ' t  - i i ' ici iv

S 31. O6teuHure n MexaHuqecK[e norepu
npH MOAeJTHpoBaHHH

Ha r. II. A. Hacoca cyqecrBeHr{oe B,rr}rf lHge or{a3brBarcr o6teugrreH MCXAHHIICCKHC NOTEPI{ .  PACCUOTPUM I43MCIICHHC KIX B YC/IOBHflXMOACJIHPOBAHHfl .

rge nzDz HMeer pasMepHoerb

HOCTb CKOpOCTHOTO Hanopa
rlro6rr BbrpaxeHue 

#*
BBCCTI,I 3HAIICHHC IIJIOTHOCTI4

oNr. *. 
doF 

: const.

BupaxeHae Ailn o6tevnoro
B BHAC

r l o  :

Kf ' l l lnATA r,t{n t \nr ' ,nr.r a n2D2! : ! ' - r 4 i r q r q  L r r ' v p v L i i ' i ,  d  - r g  _  p a 3 M e p -

B /vl.

: collSt craJro 6eepasuepHbrM, HyxHo

nepeKaqasaeMofi >r<H1Kocrw p :

2,6 3,4 4,2 5,0 log Re
Puc. 79. I(oeQ$uuueltr conpou.rsneHr.rn l,

IJ  3ABI, ICHMOC 
T

r H o T R e r {  
( .

01 -- fu=!" unvr o; -

2g

pntD6

4

0
nDg

(48)

(40\

(50)

(51)

(52)

rae  Hu-  Hr - - -  Ha[op  Ha BcacbrBaH?rH Hacoca.
Qopuy.rra AJrfl o.1 Mo)Ker HMerb pa3fiHrrHrrft nu4, Ha qro yKa3brBaer

3HaMeHareJrb, Bbrpa)Karo[{rlr i 3Har{eHHe KHHerHqecxofi enepruH.
Ecnn pelKuMbr pa6orr,r o6ozx cpaBHuBaeMbrx HacocoB He xapaK-

TCPH3YTOTCI flBJICHLIflMI4 KABHTAI\1414, TO KABHTAII1,1OHHOC NOAb6UC
M O I K H O  H e  \ / u L I T L r E t q ' n L  T a u r r ^ ,  ^ K n ^ ^ ^ , .  ^ ^ e  - - -u lps tp '  r  q r \ r r rv r_ . \Jwyarvru ,  r rpn  uuuJr ruAgHI ' I {  ycJ IoBHH,
BbrpaxaeMbrx Qopnay"rrauu (43), (44), G7), saKoH rr{ApoMex aHH-qecKoro no4o6un B Hacoce HMeer Mecro, H ero MoxHo garlgcarb raK:

-* _ const:n'u'

/V - coflst i

-.- coflSti

:  COflSt.

( - r t ^ - a r ^ r r r ^ r r  r r n  
H  

-  ^ ^ - ^ L  Y Yvvur r r ' r r ' ( - r '  r ' !E -FO" -  uul l l t  i iagl ' IgpHo. "rToobi  cAei iarb eio

6espasnepHbrM, r,yx(Ho BBecrr4 MHolKHTerro 29, TorAa 9To Bbrpaxerrne
6yaer HMerb BrrA

2gH , - ^ - , , . 1-am : cotl{ilr

t26

r{, n. A. rvro)KeT 6r,rrr npeAcTaBJreHo

o
7 J - '
Y I Y

o6tevnrrx f lorepb

q : pf l/Ishu

O6utee Bbtpa)Kerr t4e /Urrr

t 2 7



io*patre,r"" non.tpy^"tun,io noaio"" ;--;;iffituno"io';;;;;
R  v n - n r ) r l { A r J T , r g . ! .  r z n a r h r h r , r r r r , l a r r r L r  \ r r a r r r z r r  L r q r r r n L r  r r  i r n r ^ r r r  K t r - ' , -

J  - - -^"  r \vry /y / r r r+rrvr r  I  ur  J  r  v l r \ r t  r rq  r  J  yDr r r  lv lwl { rJJr f r  \ , rJAJ r

paBHbI: l le :  l ln.

Ecnu rpHHflrb 
fi- 

: 1", ceqeHue IIleJrH rrpH MoAeJrHpoBaHHH
rponop(HoHaJlbHo f, : L'f*.

Hanopu, TepseMbre B yrrJrorHeHkrr,x, HsMeHrrrorcfl nponoprtuo-
HaJrbHo H3MeHeHr4rO Hanopa npH MoAeJrHpoBaHHW:

h a . n _ _ \ z  ( n n \ z

f u * - ' u  \ r " )  '

CoorsercrBeuHo

Q n  - $ n f u l / q ; - t s l n
q "  

*  
P " f  

"  
Y  T t * -  

t '  
n r '

T. e. B paccMOTpeHHbIX ycJIoBHflx o6tentHrle [oTepH npH MoAeJrr4poBa-
HHH H3MeHflrcTCf B TOM )Ke OTHOrrIeHt4Vr, IITO H'nOAar{I4 MOAeJIH H Ha-
rypb^r.

C.[eAosareJlbHo, npH coxpaHeHHH orHocHTeJrbHbrx BeJTHTIHH 3a-
3opoB H ryp6yneHrHoro pexuMa B HHX

I to . ru :  To .u .

o4uaxo B AeftcrBareJrbHocrn rp_yAHo o6ecnequm ycJroBne reo-
M e r n H u p n k n l . n  n n n n 6 r , r s  p  T r A l r c r . l a  

d n  
*  X  f ) ' n r r n . . r . r ' n a n r u r r i i  o 4 o n n. r v A v v r r , ^  r { v s r r r ^  

0 ,  
- r '  t v .  v  r  r l v v r l  t v d l D l l D l l ' l  o c t J \ . r y

,  
* 

6o,rrue aHaJror'rrHoro 3a3opa B Harype 
+,- - - - - ^ -  - - -  /i lo3't 'oMy yrerrKH MoAeJrbHofo Hacoca oQJrbrxe yreqeK HarypHoro:

4,* _, &_.
.  Q r /  Q r '

O6rrquo npl,t MoAeJrHpoBaHLu4

I |u.  n)  \o.  u.

MexaHuvecKurl  K.  r t .  A.  Hacoca Mox(Ho npeAcraBr4Tb B Qopue

\ n : I  - + '
n n a  A /  A /  |  A /r A L  t y , i l  -  J v  n + c  

- r  l v  m p , d  
-  l v r E ^ 4 t l r r . r t r u t \ n c  l l u l e p n  I J  H a c u u g ;

-Nn* r -norepr {  B  noAuHnHVKax w caJ lb r {HKax;
N ̂ p.Q -  noTepH FIa AHcI{oBoe rpeHHe;

N - MoulHocrb, rroABoAr,r.Maff K Hacocv.

1 2 8

Paccruotpr, tu h3MeHeHlre noTepb Ha AHcKoBoe rpeHr{e npn MoAe-
JrHpoBaHuu. flpuH?rMaeM Koa+QnqueHrbr conporr-rB neuufr uaiypsr C,,
Lr MOAeJTH cf, OArrHaKOBbnlr. TorAa

N  u r p . o . n  _  
C f  ,  g n  ̂ u  /  n r ,  \ 3

N n , p . d . ; :  c i  p * *  \ ^  )  ,

T. C. MOII IHOCTb NOTCPb HA AI, ICKOBOC TPCHIIC I IPH I \ , IOACJIHPOBAHH}I
I r o t r t A l l o a T n c  n h n  n n  ^ Y r r r n  r r  ^  -  . ,n r r v r L r r / r L r L ^  r r y \ , r r r \ - r y r { r l u n a r r r D f l ( J  H J M c H e H } I l 0  I I O T p e o J I f l e M O H  H a C O C O N I
MouIHocrH. CoorsercrBeFll{o oTHotxeHHe MouUJoclH rrorepb Ha AHcKoBoe
TpeHHe K MolIIHocrH' orAaBaeMoIl KoJIecoM noroKy, coxpaHflercrr
rlocroflHHbIM. t{ro I(acaercfl norepb ua rpe}rrre B noA11114lirr{r(ax rr
caJIbHpIKaX, TO OHH I IpH MOAeJrHpOBanr. lH rr3i \ rerr f l rorcf  r rponopuHo-
HaJIbHo H3MeHeHHrc r{I '{cra o6oporon, rIo3TON,ry o6rqlrf i r,rexaHHqecxl.gi
K.  I I .  A.  Harypbr HecKoJrtxo 60,r t lue NrexaHHqecr{ofo r( .  r r .A.  ruoAe,r l r .

Bce pa6oqne opraHbl HacocoB, f loclpoeHi]bre ] r , , r r i  nepecqqTaHsbre
no Qopvy;lau no4o6un npH ycdrroBtur paBeHCrBa rra[p2s,ryyqec6oro,
o6tevrroro 14 BHyrpeHt-refo N,{exaHuqecr{ofo l i .  i l ,  A. ,  He3aBrrcgMo or
pa3r\{epon o6na[aror OAHHM r.r_TeM xe ns Lr no4o6Hr-,rvH fHApaBrHr{e-
CKHMI4 XAPAKTCPUCTHKAMH. TAXUVI O6PASOII ,  f t ,  IVIOX(CT f lBJI f lTbCf
KpHTepHeM v olpeAeJrflTb 3aBacr{Mocrb r\,re}KAy . xapar(TepHbrrrrpr Sop-MaMH pa3rHtIHbIX TI4rIoB JlonacrHbrx HacocoB (r teurpo6exHlrx,  oce-
BbIX H BHxpenux) ^ k\  rzApaeruqecKuMr.r  xapar{TepHCTHKaMH.

ns s,BJrfl,ercfl ocHonoft 4.ur nor yqeH Hfl rHI\p aB,rrur{ecKH x xap a r{Tep }r_
crr.rK_ r{aTypHbrx HacocoB rro pe3yJrbraraM zcnurauaft uole.rreri.

Haxoueq, n, f lBJiflercfl cpeAcrBoM AJrr cHCTeMarHgar\Hrr TexHHKo-
3KOHOMHTIeCKHX AaHHbIX HaCOCOB. ns noAcr lHTbrBaercf l  KaK qHCJIOBaff
xapaKTepucruKa THna Hacoca ro efo lapaMerpaM Ha pe]KHMe orrH_
MaJrbHofo K. t r .  A.

Paccuorpnu xapaKTepHcrHKy Iracoca_. Moxuo onnene r ! . r , ! .L , ,
Arrr pasHbrx pex{Hnadn Q r nocrporzru rpaQr. a;. 

"p;.. 
;i."?;:;;;"';:

HaqHHaercfl c HyJrfl H pacrer, I B O6.tacrn IIeperpy3r{H yxoAllr e 6ec_
KoHerlHocrb. Taxaq KpuBarr nor)/qaercs y nrc6oio nu'ao.i. Jrrn6o-fi

Fi:::j:]a:i::y:!pi:_o_', pa6orarr npu .rrrc6oM ris (or 0 ao oo1.
-v iAdtr i iJx - I r I IUHaiJ le.h i l te '  qTO ns He N{O)K€T XapaKTepA3OBaTb HaCOC.
Ho oueHnBalor pa6ory Hacoca no BeJrHrr HHe ns r[rtr 3oHbr pe)KHMoB
c MaKcHMaJrbHbrM K. r .  A.

KoeQQzuHeHr ns MolKHo HcnoJrb3oBarb KaK xpurepuft Anr cH-
CTCMATH3A\HH MATCPHAJIOB NO HCiIbITAHHflM HACOCOB.

c noMo'rblo ns MolI{Ho oIIeHHTb Bo3MoxHocrb HcrroJrb3o BaHHfl
MOAeJTH A/rr KoHr{peTHofo 3aAaHr4fl .  HanpHl,rep: 3aAaHbr napaMerpbr
HACOCA Q, H, rZ. I4UCCTCfl XAPAKTCPHCTHKA MOAC,ryU C KPHBbIM A Q;-f i  *,
Qr-T, Q*-ftr. Paccir,torpHM Bo3MolKHocrb 14 cnoJrb3o BaHlflMo/re"rrH AJrfl- 4 f l 6JqAdn"Dr   yu l tu }J ] {n  Ha ' l ' ypHo fo  F lacoca ,  I l o  AauHb i l \ t  Q ,  H  v  n  i l oA-
CIIHTbIBACM

ns ntpe6- 3, 65 
ff,

I  M r r x a f t n o s  A .  K .  r r  A p . t 2 9



Hauoclrrvr rpe6yenaoe 3HaqeHr.re /?s Ha KptrBylo /?s MoAeJIH, I,r nOJIy-
rrr.rM MoAensuufi pexHM c napaMerpavu H n, Q^, Ah*. Tenepl Heo6-
xoAr-rMo onpeAeJIrzrb Macrxrad MoAeJIHp oBaturfl, no Qopurynau (49)-
(52).

He .uro6as roqKa MolKer yAoB/rerBopuTb lpe6yeuttla ycJIoBHflM.
Heo6xoluMo raK nogo6parb MoAeJIb, vto6rt pacverHrtfi pexuu 6u.n
r,6nusu orrrHMyMa MoneJrH no K. r I .A.  I I  Lhr.

Onpegenlrrr.r rr,racuna6 nepecqera.
I4veeu H* H* Q*, Qr, f ln, frn fr D*,

n  D u^ -t v -  
D n r -

r .  e.  Macura6 nepecqera Mox{no I lor lyqr l rb H3 $opvry;r  (49)-(52).
PaeeHcreo xoaQQaltHenroB nor(a3brBaer npaBHJIbHocrb rtepec.{era.

LIro6u ilpoH38ecrH o(eHKy

Soprur xapaKrepr.IcrnK pa3r{blx Ha-
cocoB, Jryque Hx nepecTpoI4Tb
B OTHOCT4TeJIbHbIX KOOpAI4HaTaX.
flpurr,rerr,r gHaqeHLIfl Hor*, Qor^,
N or^, fton^, I 3a eAHHI4Iry H no-
crpoHM oTHocHTeJIbHbIe xapaKTe-
pHCTHT{H AJLA paSHbIX HaCOCOB.

Ha puc. 80 rroKa3aHbl rr.Iro-
Bbre orHocHTeJrbHble pa6ouue xa-
paKTepHcrHKr.I HacocoB pa3rHtI-
HbIIK ns.

Cpanuunar orHocHTeJrbHble
xapar(TepHcTrrKH, Mo)KHo:

l .  OueHIarr  KpyrH3Hy Hanop-
HOkI XAPAK I ePl4g' l  14 nh n beJrr, lLrr4Hy

Hanopa H nplr  Q, paenoM nyJno, no cpaBHeFnzlo c BeJIHtIHFIofr  Hanopa
npn onruua.ntHofi roAaqe, qro BalKHo npi{ pa6ore Hacoca B cucreMer

2. Oqennrl KpyrH3Hy xpanofi MoIIrHocrH H ee MaI(cHMaJIbHyIo
BeJrHqHHy; npoH3Becrn ntr6op ABLIrareJIs, oueHHB MolrrHocrb npr
eaxprnorl 3aABHN(Ke AJrfl nycKoBbrx ycJIoBHri HaCoCa.

3. l lo orHocuTe.ryrnorl xapaKTepucrllKe AJIfl HsBecrHblx Q, H, n
nocrpoHrb opHer.rrHpoBot lHylo xapaKrepHcTHKy npoeKrvpyeMoro Ha-
coca, AalKe ecJrH tlrporo rIoJIHocTbFo He coB[aAaeT c ns Aaunofi orHo'
caTe,rr bHor:i x ap axrep r4crz Kr.r, rrro BaxHo np r,I TexHu,recKofi paspa6orxe
Hacoca.

S 32. BilHcrrre orHocnreJlbHofi uepoxoBarocrt{ n pasMepa
-  - , , , , ^ ^ , , , , I i

n a  a  n  t t t r n  E . l t n 9 c l  . n n  n  h -  t t -  t t -

Kax lrpaBHJro, rHApaBJrHrrecKI4e rrorepu B Hacoce He gaBllcnr or
Re (4"rrr Re > 106 I4Meer Mecro aBToMoAenruuft pexuM pa6orbl Ha-
coca). B uacocax npeo6naAalor BHxpeBble IlorepH, cBssaHHble c AHQQy-

130

TOfAa

i r-;-
i/ 3!! fln - fiu

Y  Q u '  n n  
-  

r 7 n

HH

H, '

IJ

/80

Pnc. 80. Ornocule,nrsste xapaKreplr-
CTLIKI. i  HaCOCOB pa3flHrIHbrx t?s

n5: 650

SopIIbIM noroKoM n pa6outtx opfat'tax. 3lo rroATBep)fiAaercfl ar{aJItI3oM
3aBICHMOCTT.T fr4ApaBJrr.rqecr(oro r(. n. A. or uepoxoBarocrH noBepx_
Ilocl' l l  rpoToul{oli qacllt. Cp an n ltre"rt btl bte l.tcl l)tra t{ g fl I{ acoca c rIoBeDX-
r locrblo - / ,  nut tonnett t to i i  B or,rrHBrie,  r r  r roBepxHocTbro 2 nocne ra*ui t r i -
' IecKOri  o6pa6oTxtt  l lso6palKeubr r ' ra pr{c.  Ut.  Mar(cr.{N{a,rrr , r r r r i i  K.  r r .  l t .
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a lJ t0 75 /00 /25
Puc. 81. CpanHr.rTeJrbHbre r.rcnbrraHufl Hacoca Ao r{ noc,rte

'{ecxori o6pa6orxw (5800 o6/uun)

Q, at/q

M C X A H H .

yBerHI{tulcfl r{a 20/0. AHanoruqubre p€sy,r161s,.o, c Bo3pacrar{I,teNr
K. n.  A.  Ha 2-6% noryr{eHbr npu AoBoAKe H HcnbrraHHflx HacocoB
pa3f lHrrHbrx KoHcrpyNqlr f i  u 3aBoAoB.

lrApaulu,{ecxur i  H nonutr f i  K.  n.  A.  HacocoB Bo3pacraer
v B e . n I 4 I I e H I , I , n 2 Q n [ A n 2 u A ? . | / 1 q Q m ^ n R . n n n ' , - n ^ ^ ^

i iur r i i \ / iJu navvL€i .  J i ( j  iJUDl iUi - i : r iC. i  Ci . i  
' i 'e i \ , i ,  qTO npU

n p H
oALr-

HaKoBori TexHoJrofr.{H tr3foroB-
JreHrrf l  tdoAeJrbHofo H Haryp-
I J r \ r r \  L I  q  r l r \ nn  D  n r r rnn  r r f  ^r r  uLvLvD  v  r  [ \ _ rL f l  r  ( ; J I  -D r l  4 ] l

uepoxoBaTocTb yMeHbuaeTcfl
c yBerHrrer{Hervr pa3Mepa Ha.
coca.

Ha plrc.  82 npuBoAnrcrr  Pnc'  82.
I ( .  r r .  A .  J ryqur4x  o6paeuos r ra -

I
o/
/o

d t

75
100 200 J00 nq,Htr

I ( .  n.  ,q,  Hacoca B 3aBuctrMocr l r  or  Dr7



l I  pa3Nrepa paccMorpeHHbrx Bbrue HacocoB. Ilorepu MoruHocrn ueHTpo-
6exHr,'tr HaCOCOB B 3aB4CHr\{OCTH OT tls npHBOAfTCfi Ha pHC. 84.

f lp l r  l laxo)KAerrnr.r  o6ureu 3aBucl . r r \4ocrr  L l r f l  HacocoB Tle:  f r (D)
A,rIf Kax{Aofo oflpeAeJlflJl lrcb rL", Tln : fn h.\, Tlu : f , (n.\. Kpzsah

2a
tnn

FN

0 /00 - 200 300 - nq uu
B 3aBucr.rMocn or Dq

ryquHX 06pa3rloB

0 70 /40 2/0 280 J50 420 ns

Puc. 84. llorepu MorrlHocru Hacoca B saBr.rcr-rMocrn
oT /?5i

Puc. 83. f lr4pan.nuuecxHfi r. n. A.

rHApaBrrHqecKHX K. rl. A. Te : f, (?o)
rBJrflercrr JrofapHQMHqecKofi Kpr.rBofi .

$ 33. CrcreuarH3aquf l  H HopMarHBHbte AaHHbre
.(.r1fl rI4ApaBJIIrqeCKOrO paCqeTa HaCOCa

Teopran pacrrera pa6or{Hx opraHoB Hacoca He HMeer AocraroqHo
BblpalKelrsoil cBfl3H c BeJIHrIuHoft rHApaBJrHr{ecKHX norepb. l loerolry
ocHoBHbrM nyreM onpeAeJleHnff fr 'rApaB/iHqecKofo r{. rr. A. B 3aBHCH-
MOCTH OT ns, pe)KHMa pa6Ortr  H pa3Mepa r jacoca npu ero pacr lere H
t|poel{TI4poBalILIlt f lBJIfle'rctl o6o6tLteilt.te II cHc'r'et\4a]'H3ar{Ha oilbrrrrbtX
AAHHbIX.

I-lpu HcnoJIb3oBalIHH onbITHbIX uopil4arr{BFrbrx A,rarepHaJIoB ueo6-
xoAHMo, qro6lt npoel(rHpyer,rr '1fi Hacoc xorrr 6rr n o6ulprx qepTax 6bur
noAo6eH nporortrny Anq npaBu"rrbHoft oqeHKH Lr cocraBJreuws 6anagca
norepb B nporouuort  qacru.

OqestlAHo, qro noAo6lle IIe Bcex oJreMelnoB racoca or(a3brBaer
cyqecrBeHHoe BJrr . r f lHHe Ha rrorepH, e oco6eHHocTH Fra rHApaBrHqe-
CKIIC.

- HopuarHBHbre AaHHbre AJrfl rnApaB.,'ruqecKoro pacqera rreHTpo-
6exnux HacocoB, npeA,/'Iaf aeMble pag.rrHrIHbIMH aBTopaMH, pa3Ho-
o6pasHrr H HocflT HHorAa rrucro onsrrssrit xapar{Tep.

Ap" nl t6ope cucreMbl 6espasnepHblx HopMarr4BHbrx rapaMeTpoB
Heo6xoAHr\{o HMerb B BHAy, rrro c noMorqbFo sTrzx napaMerpoB ofipe-
AeJrf l rorcf l :  a)  xapaKrepHbre cxopocru;  6)  xapaKrepHbre pa3Mepbr;
e) yrJrbr H Apyrue 6espaaMepHbre BeJrHr{HHbr.

C.[eAoeareJrbHo, Ailf l  noryqeHufl 6espaenrepr{brx napaMerpoB He-
o6xoAzuo nrr6uparb ABe Berrzr{irHbr, rr3 Koropbrx oAHa HMeer pa3-
MepHocrb cKopocrH, a Apyrafl. - AJIHHbI. 3ra eAuHHrIHbre Be",'tHr{HHbI
AOJrX{Hbr 6trrl cBfl3aHbr c [apaMerpaMr{ Hacoea H, a H n. vr.rlu t4
Apyfr{e 6espasuepHbre 3Jrer\{eHrbr Hacoca r,rof yr HenocpeAcrBeHHO
cJry)Kr.rrb IIapaMerpaMr.r.

f lo4o6HsIfi aHa.ru," rocrDoel{14fl cHCTeNr '2o-2^,rtrTlr{'!p- !-!!1 !rD^qlrr

C. C - F var uu o ; 
-trin_r;o 

":", *=u or nn*;;;d-; ;;;; ; ;;" r;;;iffi ;
cucreM napaMerpoB ( . ra6n. 5).

I .nt t  I  cncrevsr 6eapaaMepubre l lapaMerpbr cKopocrer? nonyqaorcs
no qjoprr , {yJre 

+:a 
c coorBercrByrourHM t{HAeKCoM, a napaNrerpbr

pa3MepoB noflyr{alorcfl no Qoptr y"" 
+- 

: ft't. raK)Ke c coorBeTcrBy-
roilIHM HHAeKCOM.

O nsr6ope eAnr-rr4r{Hbrx BeJrHr{HH rvrox{Ho cKa3aTb, r{To napaNrerpbl
no I cucreMe coorBercrBytor orHo[reHuflM aJrer\,reHTon pa6ouero Kofleca
r r A o l \ o e l  r z  n z n a / \ r / r r n #  n r r ^ n  ^ m r t  r tr r q v v L ( r  r \  v r \ y J ^ n \ . r f r  \ _ ^ \ J p \ J \ _ L t r  t . L Z  y L  A y t A N t t r l p y  1 5 I > l X e ) \ d  l J 2 .' l - T ^ ^ ^ r  

.  I T  ^ , . ^ - ^ - - , -i  iai iaMcri ibi  i  i  cr icreMbi COOTBeTCTByK)T oTnogeHHflM TeX )Kg
sJIe lv IeHToB K cKopOCTI . {  BXoAa ao V npuBeAeH}Iox, ly ,qHaMeTpy BXoAa Do,
I I I  cncrer \ ra  napaMerpoB Aaer  Bo3MolKuoc ' rb  c_yAHTb o B, r rHnHHH tL ,
Ha pasMep Fracoca. f lapanrerpbr cxopocrefi  y I 'u I I I  crrcreru coBpB.
AarcT.

%

HacocoB
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Hec.noxHbrM rloA6opou noryqeHa Qoprrayna
or Do: 

Te : i  + o,o8sb lg Do.

I-lpu nepexoAe or MoAeJIbHoro K HarypHoMy
noJrb3oBarbcff cneAyrcqefi Sopnay.nofi:

3 - a n o 4 -

ArIfl \e B 3aBLTCUMOCTH

Hacocy peKoMeHAyeTcn

1e. u
rle. n

I + 0,0835 lg Dq*

-I: ,'!'tu',i!I'tfil-
: l+0,0835 tg D,a)
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I + 0,0835 lg Dqn
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n v - n  ^ . + | D o f T  - ^ _ ^ . 9 t a n l T
ns:3,65 lv f  -  3,65 (2g)n l -D; l  

-  3,65(2g) 'L* l  (55)
H 4

[Io.nyuenrrtre coort-tonrerrrrrr eAr{r-n{qubtx BeJIIITII 'ut noATBepx(rlta]97
paBr{onpaBllocTb o6el.rx CllcTeM 6eepaaiuep}lbIX nap_a-N'IeTpoB. VIs

ypaBrieirHfl (54) cBr3r.r eAHr{r.IerrblX Beruqrln II t1r, (55) IIoJtlru3sxl
COOlnot i let{uf l  CooTReTCrBylolql ' lX napa\ ' leTpoB I  l t  I I  cuCrent:
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Taxnn o6pasovl ,  pa3t\{epHbte napaN'{eTpbl  Bcex TpeX cl . lcTeM cBR-
n r t t t d t t r t

5d i l b l  LU \ /  I  . F l \ r r l - lE17v r tLLvLvL

D  -  
P D n :  m D n :  k D o .

Ha ocuoBaHHH o6pa6orxu onblTnbtx AaHHbIX no HacocaM pa3ruq-
HbrX 3aBoAoB C. C. PyAHenuu nocrpoeHbl rpaQuxu LI3MeHeHHfl  oT-

AeJrbHbrx 6eapasrueprrbrx napaMerpoB B 3aBHcHMocuI or ns(cnr. ra6"tl. 5).
Cncreuarrr3aullfl H roAcqerbl rIpoI,I3BoAvIJIvtcb A,nfl cJleAyrouux

napaMeTpoB Hacoca, xapaKrepI43yloulHX MepHAHaI-IHoe ceqeHLIe pa-
6o.Iero KoJreca:

i  r - r . ^ - . - ^ - ^ - - , , - . i - :  - , , ^ - , , ^ i "  F r
l .  r r P l 4 t l t r l \ c H . H b l v t  t t r \ U A r l t J n  A n 4 M s I P  r \ \ . , J l t r L a  u 0 .

2" BsrxoAsoft  1 laaruerp no cpeAHeH crpyuxe Dr.
3 .  BuxoAHaR LxHpHHa b  D,
4 .  Cropocr r  BXoAa uo,
5.  Ot<py>xHan cKopocrb BbtxoAa uz.
6.  Mepu4uar-rHan cKopocrb BbtxoAa aznt.
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I lonyueHHlte peKoMeHAat\Hr4 MOryT uCnofib3oBarbCfi frpr4 TeXHLt-
r{ecKoM pacqere vr  npoeKTHpoBaHHr.r  Hacoca. Hau6onee noJrHo peKo-
N{eHAyeMbre Hopr\,rarHBubre AaHHbre AJrfl qeHrpo6exHbrx HacocoB cnH-
paJrbrroro rurna rpHBo^rrr  M. A. Af iseururer?H I l  ]  u A. 14. CrenaHoe
t5.3 l

/(2,iKvu
Kcz

n o
U O

4 7
00
q5

0,4
n ? 5

43
425

a2
/7'tn
0,/6
0,/4
0,12

a/0
0,09
a08
0,07
q06
q05

lll)4

403

0,02
50 60 80 /00 120 t60 200 250 J00 400 i00 f00ns

Puc. 85. I(pnntre pacqerHbrx xoeQQuqpreHToB AJrr KoJrec rleHr-
po6exuurx HacocoB cnupaJrbHoro rr,rna

Ha puc. 85 u 86 nprznoAflrcrr Kpr{Bbre pacqerHbrx Koo0Quttl.reHroB
Ann HacocoB pa3flHr{Hofo ns. M. I. Af.lseHr.xreliHol,r o6o6ueHtr H
clIcTeMaTLI3HpOBaHbI COBpeMeHHbre KOHCTpyKIIr4t4 HaCOCOB CrrHpaJrb-
HOnO r4na 4"un ueQrqHofi npoMbrrx/reHHocrH flo npeAJlaraeMbrM fpa-
r h l r x n r u r  n a r J r t F t I J L I t l  T r a n q r \ r o ' r , n . ' D  n o 6 n r r a n ^  r l - f , ^ , ^ o  '  n  n r r h A  n , ,v v r r v v r ^ u r r \  r r q v q t r r v  I  v v D  v o v v a L l  l J  n l J . / I I - t C l  Y l  r - ! ! y ! P l r J ! Y !  D  5 4 , 8 n -

a r n " ^ a . a r t  r \ T  t 1  r " ^ . r r r r i  - ^ ^ t " ^ - ^ ^e r r r r r v \ . r r r  v r  , e S  r v r v l n f r \ , ,  r r P v r r J D E \ - l n  I ) D T \ J U P  I  t r U l V l C l P 4 l e u K 1 4 X  S J l e M g H ' l ' O I J

npororrHort  qacr l r  Hacoca.
Cucrel , raragar\Hf l  npoHBBeAeHa no I  cucreue 6e3pa3MepHbrx napa-

MerpoB c orHeceHHeN'I Bcex pa3MepoB K BbrxoAHbrM ycJroBr.rsM pa$oqero
136

Ko.[eca (u, u Dr). I_lo 3rofi ]Ke cficrer\,re Bbrno,ryHeHo o6o6uterure pacqer-
Hbrx NoaSQr.rqrreHroB A. vL CrenaHonur,r. l lpocrora n lAo6crno
I cHc'revur napaNre'rpoB 6aslrpyrorcrr  Ha cBf l3H ocHoBHoro ypaBHe-
Hr,rfl (6) HacocoB c BbrxoAHbrr\{H aJrervreHTaNrur r{oJreca,

Paccnrorpr . rNr ,  KaK roJIb3o-
BaTbcf i  Hop\ , , raTHBrrbrMH Aar{Hbt-
tt ,{r.r  lpu er,r6ope sJreMeHToB npo-
roqHof i  r {acrH Hacoca.

I- lo H3BecTHbrM noKa3aTeJsM
Hacoca H, Q, /V [oAcqHTblBaeM
n,. Onpe4e"rrreM AJrf l  pacqerHo-

80
C h
/ U

A N

6n

40

30

lrg
N E

-A.oe

An2

he

Ktt
K

lrp Ec,
Irp

- 1 7 2

-0 ,1

40 60 80 /00 /50 300 tls

Puc. 86. Kpunue pacrrcrrn,rx xoeQ-
rfir,rrlHeu'rcln ,qJrr orBoAoB n noABoAoB
qelrrpo6ex<uux nacocoB cnr.rpaJrbi{o-

fo THna

Puc .  87 .  Cxeva  ocHoBubrx  pa3Me-
poa pa6ouefo r(oJreca

-O t l
|  - t  '

I
I
l/7 1

/00
/40
/20

1 a J
/s .<
' t A <

/ 4 ;
/2s

"i// v'
a ^
d \ '
q

6

t00
90
80
70
O U

50

40

fo ns Tni l  Hzcoc_a H_cpeAI.t I4e 3rtaqeHt.t f l  K. rr.A. , f |u, 
Tto, T, I IO rpa.

Quxau pvc. 82-84. Pac,rerHsre noKa3areJru rracoca:

Q ^ : 9  
r r  H

\ o - i  
f l p :  

* ' ' '

f lo cxeMe ocrroBrr_brx pasMepoB (pHc. 8T) rr pacqel'rrbrM xoa(leu-
rrHeHraM (.r .  pHc. 85) Bbr6HpaeM eJreMeHrbr MepHAHaHHOfO CeqeHHfl
K o J I e c a  n p u  D i :  D ,

D ' z : X r r S ,

D" - no, n7' .
l iplr r]alrkrLrw+ npoxoAHoro Balra AHa[,{eTpoA,r do

D,: lfdilTE ,
- Dq.

h

tne Da,r6
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du onpe4etrercrr iro ycJloBasnr o6ecileqenHfl Heo6xoAuruofi xecrxo-
crr{ Ba"ra H Kpkrrt4qecKoro t{HcJra o6oporon poropa Hacoca (crr,l. rn. l0).

BrtxoAHas wwprHa

h  - k 'u 2  -  t \ a Z

tffr
K p o M K H  K o J I e c a  b r :  K ^ # .

ns c uHJrHHApr4rrecKI4MH JIOrIaCTsMrd
D''napa / IJ IeJ IbHo ocu ,  T .  e .  
f r :  

l ,

c rpaHcrBeHHbrx r ronacrer i  +a1 (puc.  87) ,  FA€ D|-  AHaMerp
nxoAnofi KpoMKH rro cpe4Heii crpyrlxe.

lloerouy A.rn KoJrec c rruJrHHApHrIecKHMr.r JroflacrflMr.r

Dr :  Kor ItH
n

A,nn Ko,/Tec c i lpocrpaHcrBeHHbrMu JroilacrrrMr.r

'feJIt{MH, y,{on"rietnopdroulavH rpe6oeauaav SxoHoMurluocrn, ncacbf-
Banvrfl,, u Heo6xoAr{Myro Qopvty xapaKrepncrrK H-Q H /y-Q, KoH-
crpyKTop rracro craJrKHBaeTcfl c ueo6xoAHMocrblo HeKoroporo H3Me-
HeHr4fl nu6o [apaMerpoB Hacoca, nu6o reoMerpuH ero pa6ovHx
opfaHoB.

Paccrraorpr.rM HeKoTop ble HeNroAeJrbH bre H3MeHeH Hfl feoMeTppr H Jrona-
crr-Ioro KOJIeca.

t f  - _  _  _ _ _ ^  _ _ _ _  -  E  -  - _ _ _ _  -  -  _trSMeHeHHe MepHAHaHHOTO CeqeHHf, r ieHTpOOeXHOrO K0"[eea npn
nocroflHHoM BbrxoAHoM AuaMerpe Dr, Ir lueercs qeurpo6exHufi Hacoc

H ero xapar(repvcrrKa. f lepecrpaHBaeM
MepI4AUaHr{Oe CeqeHHe KOJreCa nO 3aKOHy
paBHocKopocrHoro noroKa c Ao6asreHr.reM
crpyf ixu y rroKpbrBauqero Arrcr(a 6es
H3MeHeHHr npo$u.nHpoBKH JrorracrHof i  pe-

ttF
n

Il luprua nxo4uofi

Y HacocoB MaJrbrx

KpoMKa BbrrroJrHfleTcfl

BXOAHaS

Anfl npo-

D t :  K r , ,

f ,

U t  -  
A D , l

ItH .
n t

ttH
n

=t*

Puc .

f locne roro xar HafiAeHbr ocHoBHbre pa3Mepbr, [por,r3BoAuTcfl nu6op
yfJla oxBaTa JIoriacTH B Irr 'IaHe:

Q :  KpKrrKor.

Enn npocrpaHcrBenubrx nonacrefi onpeAeJrfl lor yro/r oxBara
sueulreli JrrrHHLt roKa

(Pi : K,prKrrKa,

H coorBercrBeHHo enyrpeHuefi JTUHHH ToKa

(pz : K,prKurKor.

S 34. HeuoAe.nbHue H3MeHeHHfl pa6ouux opnaHoB HacocoB
vt Hx xapaKTepHcTHKH

K"{acca.{ecKoe MoAe/rHpoBaHHe Kar{ ocHoBa 6esexcnepuMeHTaJrb-
Froro npoeKTnpoBaHr.rr HacocoB He BcerAa Aaer )KeJraeMbrfi pesynbrar
AJrfl KoHcrpyKTopa. flpa ecxusriort npopa6orxe BbrqcHflercs, rrro
MoAeJIbHsIe pa6ouHe opraHu ueo6xoAr4Mo KoppeKTHpoBarb: H3MeHsrb
pa3Mepbl sxoAHofi BopoHKH npu HaJrHtrr4H rrpoxoAHoro BaJra y npoeK-
THpyeMofo Hacoca, H3MeHflTb MepHAHaHHoe ceqeHne (Dr,  D2 u br)
KoJIeca I{ r. A. LIN4eq gKcrepHMeHTaJrbHo olpa6orar{Hbre pa6oune opraHbl
Hacoca B Heo6xoAr,rMoM AJrfl npoeKTHpoBaHHfl AHana3oHe ns c rroKa3a-
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rxerKu v Dz (prac. 88). KuueiraaruKa noroKa Ha BxoAe
yroJrbHHK cxopocrel i)  HecKoJtbKo H3MeHflercf l  3a cqer
oxpyxHorl cocraB"rrrrouleft 4o6ae.nenuoft crpyirxn (pHc.

Al3i > AFt, (Dt;' at.

Cre,uosareJlbHo. Bo3Mox{Ho FIel(oropoe vxvlttreHr.re aFrrHKaBrira-
UI4OHHbIX KAIICCTB HACOCA.

88. Cxervra Io6aB,[eHurr
crpyfixu y KoJreca

Prac. 89. Tpeyro.nuux cxopocrefi
crpyHKorr

c 4o6aueHHoi l

KoJreca (rpe-
yBeJrr.rqeHHfl
8e):

:  cons t  ro  3 I (B I Ino-

(56)

c1rn :  const ,
1le I I3l\ le I{ FI bl lvl

Paccrvrorpr.rM H3MeHeHHe napaMerpoB Hacoca.
llo ycJIoBHro paBr{ocr(opocrHoro rroroKa c;

TeFrrIHaJrbHbrM cer{eHHflM cTpyeK

a; Fo D;'

Qu 
:  

f i ,  
=E;

0 ;  / o o Y
l " l .

Q u  \ D o l  '

l D ; \ '
Q rn,,, : Q on,,, l, ,, /

Tal i  KaK I Io r{ar{arbr-roMy ycJroBHro D z :  const,
F 2. ,= const,  Bbrxcl / tHor i ' r 'peyroJrbl ' l r { r (  cr(opoc' t ' r r i i  oc ' rae' lcn

t 3 9

It i' *1

N
t:\
a
s
l l

s

I

I

a
$
l l

E
$

N
c)

s
$
I I
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S



fi Hanop, co3AaBaeur,rfi KoJrecoM, raxxe Heueueseu (H : const)
npH nponopql4ol-larTbHoM H3MeI-leHHH MepI' lAI4aHHOrO CeIIeHHq KOJIeCa,
orBoAa v orrHMa"[luofi [oAar{H. xapaKTepr]crTKa CIIHpaJrbHoro
r \ ' r . E l r \ I T ,  D L r h t r \ r e a , T . n o  r h n n r l r r I r r r uv  L  u v A a  u u r H q l r \ ( r L  I  u / t  y r v y t t l J  I t u r y L r r

, i

0 r ,  l b
f r :  K ' ,  J  1 'd ' ;  Ap:

t o

rAe K2 - MOMeHT CKOpOCTH Ha BbrXOAe Us KOJreCa. I-IO ypaBHeHrrro

-

trgncq, rroaroMy A.rs r(oJreca i\le 2 cnupa,ulur,rfi orBoA yr,a r.reo6xo.
I  n ^ \ "

Ar,rMoro Ha BeJuIqHHy I ; :  I  .'  
\ L ) o  /

BnH s H r,r e 4o6aBJleHr,r q erpyfi xn Ha H3MeHe H r,re aHTH KaBHTaqH o H H oro
xoeSSuqHeHTa C. AurnxaBuTarlr . roHHr,rr ' r  3anac aHepfH H Ha BcacbrBaHHV
Bbrpax(aercfl r i lol lvy"noli

/  o .  \ '(56) noAaqa Q'or* H3MeHflercfl nponopuuoHaJrbHo 
l# l

Kz :  cons t ,  TaK KaK H :  cons t  ,  Kr :  co f ls t  ,  \e :  co l tS t .
f loaroruy nJIox{aAII pacr{erHoro H rpoMe}Kyror{Frbrx ceqenuft cnupaJru

AOJr)KHbr H3MeFrfTbCrr nponopqHoHaJrb-

a ;  l o n l "rro noAaqe o r r. e. I D; I .

*.ort Kz:ff i- x,,

Pac,{erH nr fi n ap auerp ctt r.rp aJrH

^  ( o o Y
:  A p  

\ , ' /

, ,
C; i*';

L l t - h t # * h r * .
L6

crpyr lxn noAaqa yBerar{HBaercf l  3a

vrqrBaeTcfl Mepu1ktaHr{oe ceueu rae) .

n:5800 o6/nutr

r i

t
t o

bI
BJICHHI,{

(ynenr

llpu 4o6a
|  ,  l o

l D o l 'HeHHf I  o .  I

" sl,
I

CI{CT H3MC.

l lhr

A'O:

06

Puc .  9C.  Kpneure  H-Q,  N-Q
Hacoca i rpu 4o6ani leHuw crpyf ix l r

y KoJIeca

Aer 6onee nod'roror i  (puc.  90).

fIorpe6"rrfleMafl

T A K  K A K

N ' :

CoorsercrBcn no
H I I e  / 7 s :

Paccuorpr4r\,{ H3MeHeHI{e Hanopa Ha-
coca.

Hanop H:H ' ,  TaK KaK Kz:cons t ,
Tz : const npra .qo6aBJreHr{H crpyfixn
rr coorB-ercrByroqeM r43MeHeuuvt A, cnH-
pa,Tr{ .  Hanopnan xapaKTepucrwxa 6y-

Hanop H cnrecrurcs B pelKnn{ c noratre frt O-;.

H 3 M C I I C -

0 2 0 4 0 6 0

Pnc. 91. XapaxrepucrlrKtr Hacoca c rls

/00 /20 Q,nr/q

170 c 4o6aa,reHuen

l 1 ' ,  -  , ,  * .
I)g

Ha prlc. 9l [peAcraB"'reHbr xapaKrepncrHKH ucnlrrasuli Hacoca
c Lra6oqHMH KoJlecanlpr Jrl's I u 2. Koreco "rve 2 orJrprqaercs or Koreca
N f o  

. f  
n n 6 q p  n o r r t : n r i  n . n t r r r r ? r z n #  n  r / a n r r n r r a r r r r n t r r  ^ ^ r r a y r r r r r  l o o r r n ,  n o D L r n  -u  r i  r  A v v u u d l v l r r r v r l  u r  y J  r r r \ v t t  D  r v r v y r r A r t q t l l l v l v r  L v f  \ . I - l I l t r  \ J c r I \ \ J n  y c r D r t \ _ r  -

cKopocrHoro noroxa).  HesHaqHTeJrbHoe orKJroHeHHe aKcnepr4Meu-
raJrbHbrx KpI{Bbrx or pacqerHbrx (6o,rree Kpyraf l  KpHBaf l  H-Q B 3oHe
neperpy3otlHbrx pelKHMoB) o6racmreTcr reM, qro cnr4paJrbll lr ir orsoA
B ueHrpo6e)KHor\,r Hacoce npa HcnbrraHar{ Ko,Tec Nb I vt 2 He H3Me-
1 4 0

Maxcaua,rrblraf l  oKpyxHaf l  cKopocrt  4o6aenenuor l r  crpyf ixu u0 :
nDon i  _  D; \  ,: -z;:-- | yne",tlrueulre cKopocTr.i ttponopUuorraJrbHo ;:- | (crnr.

O U  \ ,  r  I  I  U o I  \ - - ' - -

puc.  89) .  
\

Veerr.rqeHHe orHocHTentuorl cKopocrr.r T.u Fra nxo4uor? KpoMKe
J IONACTH

. ' , :  t / ;7  r ; ,1
,!)1 V 

-i+E

Tan xar(  BXOArrarr  cr(ol)oclb co --  const,  L 'o
@r Do
* , =  D r '

C"ue4onareJrbHo, yBerHr{eHHe aHTHKaBr.rraur.ior{Horo 3afiaca Lh'
nporopqHoHaJrbHo:

MoulHocrb HsMeHr.rrcn nponopuHoHarrbHo (*) ' ,

#-+#(;:) ' : ,v
B OnTriN4a/rbrroM pe)Kr.rMe

Ltt, i on Y
Ar' = 

\-o; /

20 40 60

crpyfixa y r{or'reca

l 4 l



t

tlp, cMeudeHr.ru oniirrrrranbHoro peNraiua ua nenuvuny noouu" 
faHrHKaBuraqrzouHlrrl xoeQQuqHeHT c', yMeHbrxaercfl. paccuorpHvr

H3MeHeHHe C.
l loAaqa A H aHTuKaBaraqaosslr f i  sa[ac Lh nponoprr , r roHaJrbHbr

/  , \  o  r  I  '

I  D ^ \ '
l ' l
t  r ) .  t  '

Q ' = Q

Lh' = Lh

CoornercrBeHHo

a  _ n  \ /t : l f t  a t  X  - . - -  t - n l a X  n

3

- r  D o - D o '  - n. : U I n a x - n - '  
3  

:  L m a X
IJg

D ; ,

H CMeCI'r4' , fCtr B C't 'OpOily N,lerrbtultx i loAaq Ha BeJrItqHHy LTJTLI HA

i  P, '  \ '
B C J I I , I L I H I I V  I  ^ A I .'  

\ D o l\ / '
Otrrtru rlo u3MeHeHl.rro MepnAuaHr{oro ceqeFl[.rrr JronacrHbrx KoJrec

r a n n n n  n r t [ r t n t  t l n  r l , l ^ n ^ ' ) v  ^  1 1  l q n  a A n
I I y \ , r f r \ - rAn l I l ' I L . f , ,  t t ( I  ! - r c rL \ - r Lc l . ^  \ -  , I s  - -  t . 4 rw -L ,u rv .

B KarleerBe npnMe.oa Ha pr.rc.  9 l  npHBoAHTcr{ cBoAHa-q xapaKTe-
pHcrHKa ucnuraHurl JrorracrHbrx KoJrec N'e I vt 2 B Hacoce c fts :
: 170-- 180. Ionacrrroe KoJreco J\tb 2 noJryqeuo t4s KoJreca Nb I
[yreM Ao6an.rleurzH crpyfiKn no 3aKoHy Cmt : const (pannocxopocr-
uori norox). Pac.reruas rroAarla KoJreca AoJrlKHa 6ama yBernquTbcff
ua 250/0.

B oTrur{r,re or pacrrerHbrx peKoMeHAaL\Lrtt yBerHr{HTb rlpoxoAHbte
ceqeH14 q crtHpaJIbHofo orBoAa Hacoca AJIfl lacnr,Irauufi c Ko,i'IecoM
J\lb 2 He yAaJlocb, [oaroMy o6a I(oJIeca 6sr.nu rrcr]brrarrbr B oAHoM
cnHpaJrbHoM oTBoAe.

llo csoAHofr xap aKTep HCTHKe Mo>KHo cAe,rr arb c,'reAyrculue BbrBoAbr :
l. Onrunta"ubHafl. noAar{a yBeflHrlHJracb B coorBercrBtrrr c pacrreT-

HbTMLI npeArtoJro)KeHr.rrMH no Qopuy"rre

2. onruua.ubr{oe 3FraqeHr4e ns Tar{)Ke f lepeMeclH,[ocb B cropoHy
6onrruzx t loAar{ Ha BerII t{H}rv FrecKo"rrbKo 6onrruyro, qeM npeAfloJra-
faJlocb IIo pacrJery, TaK KaK r-rai lop u€ct{o., ' Ibl(o cH}I3HJCfl nO
T t N ' | E l L I A I J I , | I N  F  N q N U A T r \ ] \ i f

y u v  r v r v r r r .

3. Be.[H.IIrlr3 Cn,o* yxlel{bixr.rJlacb HecKoJrbr(o l{enbtue, qex,r [peA-
roJraraJlocb rro pacuerHofi cpopny"rle (57).

4. Hauop Hacoca c Ko,recovr J\b 2 B crvreu{eHnor? Qon* HecKoJrbKo
yMelrbIxHJIcfl BcJIeAcrBHe roro, r{To cnHpa,rrHlrfi orBoA ue 6tr.lr H3Me-
HeH B coorBercrBttr c pacqeroM H, TaKHI\iI o6paaol,t, oKaga.rtcfl Heo[TLI-
MaJrbr{brM (o6yx<enur,ln,r) Anfl KoJreca J\le 2.

Hltxe IIpHBoAgrcf orrbrrbl c o6yx<errtrel,r r ' Io[acr]Iofo KoJIeca ro
saKoiry paBl{ocl iopocTHoro rol 'oKa (yAa"nert t re crpyl ixu),  Bbrno"rrHeH-
HbIe C KOJICCOM n, : 360.

Ha puc. 92 npHBoAr4Tcr cBoArrar xapar(TepHcrHKa ucnuraHur?
rorracrHbrx KoJrec Ne l '  H 2' B ueHTpo6exHou Hacoce. O6a roneca
HcrrbrraHbr c OAHHM H TeM X(e CluparbHbrM orBoAor\4. AHanu3Hpyfl
c B o l [ t { v t o  Y a n g T { T c n u e r w r r \ r  n u r .  0 9  R r ^ \ r z l r n  n r a n o m r  ^  r n  n ' r n . a r , ^- - - n ^ ^ J  ^ -  ^ r r r r , r  i , , ^ " .  v 2 .  r \ r v 1 r \ l r v  L , q l - t j ( r r D  \ - . J - l g A Y l L i l r r . y l E

BbrBoAbr:
L Orrruua"nbtrafl noAarla o6yxerrrrofo rior,reca ,, 

,
CorflaCI{o PacI{eTI-lbIM npeAno,[ox(ettLI fTrt Q,,u,,, : Qon,,, (

\

a;
Qo

, (57)

Q o n , r :  Q u n , , r ( # ) ',
T. e. C-u* yMeHbuaercr. Onruiua.nbHoe 3HarleHr.re C cMerrlaercf B

cropoH)t 6onlurnx roAaq Ha 
A;

BerHrIHHy 
Qo 

.

PaccuorpHM yAa/'IeHI4e crpyfixu KoJreca (saxou paBHocKopocrHoro
noroxa) .

_ - ^ z - -r ru (:ooopalKeHHflM, aHaJIofHr{HbrM - paccMorpeHHoMy paHee cJIy-
varc 4o6aBJreHHr crpyfixn (crur. puc. 89),

r .  A.

flo"nyuaeM Te x{e 3aBHcuMocnr, ToJrbKo AJrfl cJlyqafl yMeHbrrreHnfl
napaMeTpoB Hacoca

nlr: ,rf i .

AHrHxasHraqnonsufi xoaQSraqHeHT C HecKoJrbKo yBerHrrHTcfl
aHaJrorHr{Ho paHee paccMoTpeHHoMy

ylv1eH biUHr'l aCb

D ; \
o, I142

a  _ - n\ /  l n a x  -  \ /  n t a x

l4.3



[ IHJraCb no cpaBHeHtrro c HopMaJrbHbrr\{ KoJrecoM, r. ITo noATBepx{AaeTcfl
pacqeTHbrx4H npeAnorox(eHHrMH.

n:5800 od/uun

Paccuorpuvr cJreAyrourue ycJroBr{fl: HapaueHue rrapy)KHoro Ava-
MeTpa D, npu b z : const H F, : Const . )tu yc;oBplq JIeTKO BblnOJI-
nuMbr B npaKruKe AJIf l  f ls :  100.-250. l4s rpeyroJrbHrrKa cKopocref i
Ha tsbtxoAe (ptlc. 93) cJle/{yer, r{ro L.nfl rprrNcapoBaHHoro pe)<LIMa
(no4aua a) npoilopuuoHaJlbHo BbrxoAHoMy AHaMerpy D z yBerHrra-
E r  a r n . n r r c r  r r r a n \ / r r r r t t r c l  t - I i r t l r r l r ' r f , -  r - r . r  a L r v r r n o  l  r r  n t r a \ a l J r r r r c t  q 6 o n n r n ' r . r r n r i
D q t v r v / r  v r \ H J l r r r r u / r  v r \ v y v v r  u  r r q  u u r l \ v l , \ v  r r q  r l  r r y v ! r \ r - \ r r l r  s v L v r ' l t v l  l l v r l

cr(opocrH czu. Hanop JlorracrHoro KoJreca yBeJrr4quTcfl, rrponopuHo-
/  p " \ :

Ha,'rbHo \-il
Taxzu o6paaon, npH Haparsleuuu D,

t t s Y:aK
lhr

f=q

0 .50 /00 /50 200 250 Q, u3/,/

Pnc. 92. Ceo4ttan xapaKTeprrcrr{Ka Hacoca c yAaJrerrHerrr crpyrixg y KoJreca
c /zs .: 360

4  H l  n n n  R  L I r ) R n N ,  n r l r l , l r f  t  n L L r . '  r \ r  r 1 a \ r l r r n r ^  n '  n n  ' r ' r r '  E ^ dv r r  r  r r r r r q s r u r r v r v r  I J v I I \ ( r r v l v  V O n m  I r W J f  y ' l n J I L l l  I - l E : -

cKOJIbKo 6o"rylure pacqeTHoro, BcJreAcrBHe Toi'o r{To cnupa.nrHsrfi
orBoA He H3MeHHilCn pr,  TaKr{M o6pasou, ol{a3a/Icf l  pacl l rupeHHuu 4nn
o6yxeHuoro KoJreca.

O6o6utas o[btr rr pacl{eTHble flpeArroJro]KeHufl, Mox(Ho orMergTb
xopouee coBnaAer-rrre 3KcnepHMerrra H pacrrerHsrx sopMyJr. 3ro Aaer

parype paccMarpHBaercf l  KoppeKrnpoBKa xapaKTepHcrHKH HaCOCa
nyreM noApe3KI'I HapylKHoro AuaMerpa JrorracTHoro KoJreca 6es H3Me-
HeHHfl OTBOAa nbiu KOHCrpyaooeaH"a r(eurpo6elKHbrx HacocoB
x{eJrareJrbHo Hr,rerb xapaKrepHcrHKy u pa6orrHe opfaHbr Hacoca-aHa-
Jlora AJIfl Hel{OToporo yBer'IHqeHHf Hapy}KHorO AHaMeTpa JIOIIacTHoro
KoJreca (npu r \ i r r { r r r1N{aJrbrroM n3MeHerrHtr  noAaqH a H at{aqHTeJIbHoM
yBer r rqer r r r r r  r ra r ropa I I \ .

l4+

ns
400

300

200

/00

2

l h
t-l

I A

/0

/l

C1

H ' : Q - const. (58)

./Jr* const C2, -contt

Pnc. 93. Tpeyro.nr,HzK cKopocrefi  u cxeMa HaparqHBaHHr Ar.raMerpa Ko.leca

D,ng coxpaHeHf l f  onrLIMaJIbHofo pe]KHMa Qon*:  cof lSt  Heo6-
xoAr.rMo nepenpooHJrHpoBarb cnHpa.nlusrf i  orBoA:

(5e)

Taxuu o6pasor i , r .  naDar\ i rerp cnrpai lvI  A'p yMer{brxaercr npH }rapa-
UICHHH AHAMCTPA KOJICCA.  PACCVIOTPHM I I3MCHEHHC AHTHI {ABHTAUHOH-

Horo  xoaSQnuaeHra C l .nn  qacrbrx  peueroK c  l r :60- :200,  xorAa

nposparrHocrb peuerr(H ue yMeHbuaercf l :  
;  > L VsenuqeHr,re

(r{acToTbr) He H3MeHfleT cTpyKTypbr rroTor(a B perxeTKe (Qor^: coflst),
TaK KaK SXOATtOfi nOTOr( He 3aBHCr.rT OT BbTXOAHbTX yCnOnnrl KOJreCa.
ns npr4 r{apailIeHuv Dz yMeHbrxuTcfl no Qopr',ry"rre

ft ' ,

Ha puc. 94 uso6palxeHbI xapaKTepHcrrrr(r l  r racoca c Jronacrnbrr \ , rLr
KO.recaMH, B KOTOpbTX I IpOr.r3BeAeHO HapaUeHHe Hapy]KHOfO AHa-
M e r p a  D z  \ i 0 7 ,  i  1 7 ,  

' t 2 5  
n t n )  T r p H  b z :  i 3 , 5 - :  1 4  n n :  c o n s t .  i 4 c n u -

TaHHfl, BbrrroJrFreHbr B oArioM Ir roM xe c[Hpa/tbHoM orBoAe, qro npH
pa3Hbtx AI4aMerpax JIorIacrFIbIX KoJrec o6ecneqaBa,'rocb 6onpuurlr

D "
sanacoM ;.: . ITpu r.rcnr,rrar{rrrr KoJleca D z : 125 r4n npgrlJrocb

l teMuofo noAnranurb r3btK c[HpanH co croporrbr c[HpaJrbHof i  Kal , tepbr.

l0  A4uxaBrrop  A.  K .  H qp .  145
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TaNut' , t  o6paeov, I ICIurlrarrIrrI  l rpoBeAeurrr co c/reAylorr luMH orKJIoHe-
HUnt\4V 01' pacqe'r i lor? cxeMbr:

a)  cnrpanbHbr i i  orBoA B ucnbrraHHsx He HsMeHrJrc f l ;

6) yMeubuarocb orrrorrenue ff ;
- \  o  - . ^ - lE j  J iu r l  r i u i i au i i i  i \ u / i eca  Pz  I i pH  l {aparqeHI ' l a  AHaMeTpa  Uz  He-

C I { O J I b I i O  V B E . N I { q I , T B 2 ' . i l E C .  T 2 ' K  I ( 2 K  R T - I N r ) N H I ' T I -  L I  2 N q T I I A L I I ' A  r r / ' \ N O ^ M u_  
J  r r q H q u + v r r t r v  s r v l l q w l r l

c yrJlolvl Fz: const He flpeAcraBllJlocb Bo3Mox{Hunr. JIonacrLr KoJreca

0 20 40 60 80 /00Q.u3/ , t

Puc. 94. CsoAHrie xapaKTepucrr.rKu HacocoB npn Hapa-
ulr.rBaHHr.r Ar4aMeTpa KoJIeca:

I -  107; 2 - 117; B - l2E; Ar - l2S iuu (pacueruan)

HapaurtrBarlrcb rro KacareJrbHorl K Jrorracrr.r B TorqKe D 2. Aua"[Hs
I'lcII bITa HHli no xa g a JI xop otrree coB rraAeH r,re p e3 y/r braToB gKcrrepuMeHTa
c pacqerHbrMr{ npeAnocbrJrr{aMr4 trpg ycJroBHH yrrera orKJroHeHHijr
sKCnepHMeHTa OT pacqe.fHori cxex{br.

Taxal. l  o6pa3oM, npeAJIaraercf l  npH Ha[rHqr4H Hacoca-aHaJrora
ripoti3Bo,qHrb cJieA'vioi i iy io pa6ory rr-o i lepenpo$rzrrzpoBaHHr,o pa6ouux
o p f a H o B .

f lpe,tno,roxnM, rreo6xoAuMo yBerHrrulb Hanop npH LrMercureMcrr
Hacoce-aHa,i'rofe, a noAar{y H a[TuKaBurauHoHHbrr? KoSQQHIIHeHT c
Hacoca-aHaJrora ocraBHrb 6es H3MeHeHHff. AO IIepecrrera Hacoca-
aHaJlora Iro H3BecrHbrM Qoprr,r,ri;rav (a.9)-(52) Heo6xoAgr\jro rrpeABapg-
T C J I b H O :

I. ,{ocrporrrb t\{eptlA}{aHnoe cer{eHl4e, coxparrflf l  bz : const f iH6o
coxpaHfla nJIaBI{ocrb r{3Merrerrr.rr rrJrorrlaAer? cer{eHr.rfi srrxoAa KoJre-
ca nDzbi t\ rrecKoJrbr(o yi\{eHbruafl b;, npoAJrHTb MoAeJrbrrbre cpe3bl
Ioracreii c Dz Ao Dr, coxpaHflrr yfJrbr Jrorracrefi Pe : Qonst,
140

Puc.95.  l lepecuer xapaKrepl{cr l rKu no pacqeruof i  nolaue u Bbrcore BcacbrBaHnf l

Mope;rnpoBaH'e Hacoca ' 'o pacuernofi noAaqe H Bbrcore Bcacbr-
BaHI'|f l . B npaxrHKe MoAeJIHpoBaHIIrr qacro Bcrpeqatorca r(er-rrpo6ex-
Hbre Hacocbr co cMeurer{HbrMr4 orrrlr i\,IyMaN{H no K. n. A. H BCaCbrBaH4ro
(pac. 95).  B Hacocax c ns < 130-: t50 r(paBarr r , rnrrr4MaJrbHoro aHTH-
KaBI ' ITaIIHoHHoro 3araca fhrco yMel]buaeTcq c yMeirbueHtreM [oAaqH.

B Hacocax, y KOTopbrx AoMHHHpyroutr,rM ycdrroBueM flBJIffeTcfl
o6ecleqeHue rpe6yenaofi Bblcorbr BcacbrBarrlrf l "H, 

(er<ononglr{Frocrb
oroABHfaercfl Ha eropof.i nlan), rpH nlr6ope Fracoca_aHa,,,rofa /.Jrfl,
nepecl{era peKoMeHAyercfl pacqerHbrrt pexllu Qp nr,l6uparb rro onTr4-
tturt,:',.::lT_-y.:1r::"ono BcacbrBaHHn A/:1n1,n : it (Q) u.,rH c,,,u* : ls (Q).

lv\oAe/tHpoBarrHe per{oMerrAyercq rpor.r3Bo/Irrrb cnerryroqdrui 'o6-
pa3oM:

4. llporlsnecrH or(oFrqare,t sl.r r,rii
Jrofa Fra ycJroBHfl FraTyprrofo Hacoca

$opH,ry.rraM

{ropnay"rrav

nepecqeT tr3N{eHerr [ rofo Hacoca-aHa-
no $opvy"rranr (49)-(52) nepecrrera.

lts

400

2 ++
I  lepecrpourt crHp?.rbHbrf i  orBoA no pacr{erHbrr,r

D ,  D ,  , ,  /  n  \ g
o "  :  

4 ;  A P  =  O ,  ( ; i )

T J o r t a ^ r r r r - o - .  v  o  n  4  r ' T n  hi i s p c { ' - i i i i c i i D  ^ d p d i \ i c p i , i c i ? i K y  H a C O C a - a i i a j l o f a  l - I O

' /  ^ '  r  t  3

Q '  - Q ;  H '  - n ( 1 !  \ ,  r r . : , , . / D ' \ '  .
\ I-)' ' I
\ - - - l  

I  " '  
' \ . " r /

tv
x0n
2 0 r

/0
rl
o/
/ o

60

40

20
0

d h
11

|t5

I
500

n

I  -  
t r t00 125 Q,n3/q't 

Q poru

i lacoc'al laJIof c xal lal irept ' tctt ' t t<ol. i ,  yAoBJrerBoprrru-
)/cJroBil f l \4 BCSCrrrBitr i l l f l  /1.nf l  3n.4aHrtof i  i lo/ta,{ i l  Q,u,rw

60

40

20

a) no4o6paru
tqeri rpe6yeMr,rM
n,por,  (pnrc.  95);

l 0 *
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n:5800 od/nun
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6) xosrf$HrrHeur riepec,rera onpeAeJirrL no iroAariaM Hai..*.. ..
H acoca-a Ha,,r of a rpr nstuea: nst 

trP' tl 
I ::i:T^:ll ]]- 1 I l"99l"x Korec c pa3rxqribrMl n", rMeiounMu

^ - n3 I oAHHaxoBoe gHaqeHHe BbrxoAHoro yr,ra pr, nocrpoeHbr s eyux{nljQpac' t  _ "Eua .  |  -^^.r , . r , , . . .  .  ̂ . ._ ^  _-_--___ cme

i  " '^' rpaMMa A"'If l olHocTy[eHqaTblx l lacocon, o1'luMa./rbloe 3HarrerrrreqropMyJrar4 (4y)-(bz) ;

O 
: 

ffi,t 
I xoerlsuqHenra noAaqlz &g , to rovxu r''roxarcr rra flprr,,ryro Jrn[rJno,

. n) nepecurrarb pa3Mep6r Hacoca-aHarrora no noryrreHHoMy-Ko3o- AT_ffY?Htf.HJ":#;ff":)-n,"*J"tlbfi?#":;:#illl;f;l:?QHr{HeHry },. ̂ r.r n.ocrpourl xapaKrep[crrnKy Harypbr no HsBecrHu; ];;;;"' 'r;'e 
c,vui'e, 1,"7" no""po"n"u' xapaKrepxcr'"^ H=.a !?,y1l I f;"5;;l;"":";10"*rff;2u"!;;o-oT_""peAe'eHl1' Beit4"Lt'bt uz

il;"If""$?Tffi;";fffJ;x?on;:""rT##.*I;-}:i!,,=I;,fl.*.J'l1]ixflp*#lr,'i^"jI],Sl.l.1]ffi
pyxHoro anaMerpa ^o,u." ,i-o-'.^ip_""-uiil;u'^ #;.*d;fi.;;: i ;3"tul,ftTp:"1,?;1"#?ll#*:llpe4.naraeusrfi cnoco6 MoaenupoBaHl.It ro noAaqe Hacoca-aHanoraqa H r{HcJ'ryo6oporoe ne,{ c nocneAyr,oqr" 

"r"."u""ui""il- 31ffi"il;f$"r"rj,r"#,ffi,y*n)lill:pyxHolo AliaMeTpa KoJIeca HeoAHoKparHo npoBeprnca B HaCOcax ,un""u y"r" 
"o,"o4a 

p 
" 

' np. (no4_II nOKa3a.'I XopotllHe pe3ynbTaTbr. -^<-^ -,^-^-.^--^ _ _^z-
,' g"'p*'""il"i.*'"""iu*#p7.'"*n-pa6o.rxx Kojrec pailnrqH.brx_rr. I ilXtff"##flTil?."rrp,i3i::,11t?_BaxHeftuftfi BUBoll. rBJsroqliicr o6qru 4.nr pa6ovnf xo,rec6;;;;;ffi;""";:#;,,-,-i1,1"" 6hrrb noryqeH ," "o"o Qr#"rl'lr% yT""1v'X;y:i::lg:l^*:l::i'^:p
::1fi:",'.,1::f:lg:;:"^i::"*'*::?{::":""::i::r";d1ftii #J'ftilX71".1?i:';;#lI'fri-- ,,noAaqe, -BbrpaxeHu ar s 6espasuepuori QopMe, npar<rr,iecxr.r nociosusa ;;:J;I:-6X' 

'-:"-:::j,::,:,:::i.i:. ,,,,yaAr'asL^n 
"y:,_y"I" trbrx prc. 96, 4aer euaqeHr,t, e x eA,'Ig nn6oro 3HaqeHrg BblxoArloro ytJ'Ia l-l cooTBeTcTBeHHo .]Itoooro ns. B :1, Frr.rc u r\, ̂.T, ^r , , R EID,,",,

?::,::l:,T'l"l:,:y':::l:J-::*t";p;""I vp;;;";;; ib;;;d; r i"ff:";il'"""1J il##*;,"'::,1- o,'"T:lXff"Ho'H:i, 
,nns 

crvqan Q :0 r'r rr :0' 
yidt*"*:'-er-orBor',ql'IarpaMMa

r Ha pHc. 97 onpeAeJrfler B3I.HM}_ n tH 0  A  c - t r  -  n  ^ . . , F  A c J l H e l  B s a I ' l M O  u r t
0.675 +- 0,685, (60) r iB_r3b 

pa3Mepon 4.rrn pa3Hbrx /?s. 
u'

U 2

t ;  I  TaKHM o6pasou, u3 HoMorpaMMbr
L E  I  . ^ - - -  A ^pac. 96 Mo)Ker 6urn nocipoeHo

rAe ,2 -.oxpyxHas cKopocrb Ha BbtxoAe pa6overo Ko,reca. Arr / 6o,nruoe Korr{qecrBo allaroauu. a 41 42 gl43 44 E
cKouellHoa Kpof\'lKx BblxoAa Korleca uz 6epercq Ha nwaverpe Duo: no,4o6Hux nocrpoeuHofi ua ptzc.97, Px,c.96. E$pasMepaBre xapaxre-prcrgKlr

o3. + o?" I u, crleAoBare,'IbHo, repaar aa.nrer- oa'o"'vn:n:TY.:.l:ll?^"91-,L:l (c) arn
nur-3#; (61) i ";6o.nee 

yuneepcaniir"a. ro"i^-,i, 
pas'rrunux vraor B,

3ro BbrpaxeHHe cnpaBea,rfiBo AJrr txHpoKoro at4anasofta /xs BnJ,rorb ] 
oreeuanuHe Apyrul\l 3Haqe]IrtM 

fr, Pnataa"oral ta nplvori,
Ao oceBbrx HacocoB. He6onu
rje6nhnia,L,6 ^:::^.:l119l.lln _or vpaaneuza (60), I :_99:l:t:lsyoqeft xapaKrepr.rcrrrxe orBoAa, paccqrrrauuofi sa re xeHa6,1r'oAaeMbre Ira flpaKrl{Ke, o6rscHa}orcs reM, qro'tiyr.uu" noiu.i, I sHaveHraa ir";pr, 

"-5;;;;";;;;;r";"6,i;;d"":"i:ffiil;;'lJt"#;pa6oqefo KoJ'Ieca 'rexur Ha xapaKTeplrcruKe JreBee Be;lf lqr-rHbr, r orBoAa rrenrpo6exnoro ru"n"r'"i i .""r"
n ^  n r , U A u U ^ ' }floryqeHHoi pl.t t-tcflr,tTaHIrI.I Hacoca Ha 3aI<lhrro* 3allBrv(g, Rcre,E_
crBHe rlnpKynqufix yre'{eK B ynJrorHeHr.rrx xoaeca. Kpoue roro,
?{-I9 ]i "" 

)Ke pa6o'{ee r(oleco Moxer nMerb pasnurrHyn BeJrr{qr.rHy
AetcrBHTeJbHofo Hanopa nplr saxpurori 3aABrxKe B pa3,,l[qHbrx
o' f  Bot ,  x  aVarq."  ^ . .^ .

A r r t E D r t  n  r r l r 6 r r r  r r t a n m  L Iv  r p v A  
J l v r \ . f l . D l . L l a s ; t  D E r ' r n y n f l y  I l  0 .

Harropa
V. H2o6ono'r  arrrunnrrr , r f i r , ,,  * - _ - - r - ^ '

Ecnu KoacpQraqr{eHrbr

1 4 8

H 9 o
" - 6

o ,u;

U,/ 9L U,J U,4 E

H_.r:,^.: :1::- i :_:, : l ,o 
, .  r_rurvrurpaMMbr pHc. yo. I lpr4 AaHHOri BeJrHq14He

Pz \narrP?rMcP, zo )^TotrK[ Tn,ux Arq pa3HbIX ns .[e]KaT Ha cooTBer_
CTBYIOqCIZ ITKIHHLI 25".  EON6'C BbICOKHM SHAI{EHHflM NS OTBCqAIOT
MeHbrrrHe 3HaqeHr.rfl yrJroB a, (nontrrl OTBOA C XapaKTepr,rcTuKon AS.flpruan, coeAHHsroqafl HaqaJro KoopArrHar c rorrKoli r1,n,," Ha oAHOrii lprrMofi (Fz : 25"), npoxoAur raKx{e qepe3 roqKy qmax r-ra Apyrorl

r l ) :
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lipnmofi (F, : 200), K-oroplfl cooTB€fcrByer drip€xe.rlei{Honry ctrBoAy
c xapaKrepHcrr,rxor? Art. trnn paccMorpeHHfl Bonpoca o BnuflHur4
pa3rHIIHbIX KoHcTpyKTHBHbIX aJreMeHToB ueurpo6elKHbrx HacocoB
Ha noJroxeHHe pe)KrrMa c Tmax yAO6HO noJrb3oBarbcff napaMeTpoM

g , v

n 4

n ' l

n c
- t -

n l

0 26 56 84 /t2 /40 /65 /96 22+ 252 tls

Puc. 97. (oeQQuuueHrbr noAarrH r.r Hanopa HacocoB B 3aBucr.rMocu.r-or ns H p2

noAo6Hq rro noAaqe, HasHeaeMofi HeKoTopbrMr4 aBTopaMH <yAenruofi
noAa,reft)). 3ra BeJrzqr4r{a sBflseTcs 6eepael,lepHofi:

n - a
n D s '

oHa r{HcJreHHo paBHa noAaqe Hacoca Ha oAHH o6opor npw I.uaMerpe
pa6overo KoJreca, paBHoM 7 ,u, H xapaKTepr,r3yeT (npofiycKHyro cro-
co6gocrr,) Hacoca.

TeopernqecKafl xapaKrepHcrHKa ueurpo6elKHoro Fracoca npeA-
craBJlser co6ofi rlpflMylo nnHvtro, HaKJroH xoroporl onpeAeJrrrercfl

pei lnnuHr{ nolepru l la[opa s t tef t .  3ro Br{y] 'peurnre noreptr  r l t / IpaB-
nuqecxor)i 9I-reprI.{t.t B FIacoce.

2

I  al(Hi\,{  oopa3oM, ABZI I- lacoca Mof yT Ir i \ le ' Ib oAr. i l taKOBbre 3Hilr{eHIIf l
m  r r n  R e I I r { u L r I { t - I  L I ) .  t t r l n e . n r - u n t ?  r n r l 2 u t { ) )  r \ r n T - \ / . r .  n r n r / u 2 T k n c l  t r n \ / r .' f  

l n a x r  
,  

J ^ v e ^ v ^ r v r ^  ' L  . s ^ D v "  A l '  J  L
_ T )o'r' Arryfa. iJeJ]Hiri,rria (yAeJibHoH lro4aq'.l>> us I\Jtfr. iloAooHbrx HacocoB

ocraercr nocroqHr- ior i  Br le 3aBHcHMocrr{  o l  pa3x,{epa Hacoca. BsHlv
Toro, qro Arfl Aaur-roro 4uarr,terpa D, H qr,rcr'ra o6oporon rra[op lvte-
n x E I L n  I J E L D I V I A  M C I / I U ,  r r J l v r E n E f l r r E  / r s  r f  \ J L n \ J I ' I 1  L , l V i  I I P L J y t U , / ! ( J A r l  I  5 d  L Y c : I '

(yAeJrbHoft noAarrl l> Dr. Taxue H3r\,reHeHHr B orBoAe, KaK Harrpr.rMep,
yMeHb[reHHe yrJra pacl{pblTll ln crl l jpailH, yMeHb[reHHe ee npoxoAHbrx
nJroxlaAeft , ynenuqeHHe KorHrlecrBa .[oflacrefi uanpaBJrfl roxlero arrlra-
paTa, npI4BoAflT K ylvleHnureuuro Dr. Bnrz4y Tofo, r{To Hanop Hacoca
flBJrsercfl pe3yJlbraroM B3aurr,rsofi pa6oru pa6ouero KoJreca l,t orBoAa,
Harrop B ToqKe qru* otrpeAerle ' rcq xapal{repzcruxor i  Hacoca. Pa6oqan
TOqKa C Tru* rrpH Bbr[IeyKa3aHHbrx H3MeHeHfiflX CABHfaeTCfl B CTO-
poHy Menbul[rx loAar{  r{  yBei l r {qer-rHblx HanopoB. C apyrol i  croporrsr ,
ecJrr.r ) 'BeJrHrIHBaercfl BbrxoAHaq uupHHa pa6ouero KoJreca b z UJIH
sxoAHofi Ar4 aMeTp D 0 HJru yMeHbilaercfl qHCJro "ronacrefi orBoAa,
yAeJlbHarr noAaqa c touNofr r1,no* yBenHqHBaercfl, Ho He B coorBeT-
crBHH c yBerutlerrueiu irpoxoAHofi nnouragm pa6oqero KoJreca Ha Bbr-
xoAe BBI,IAy rofo, uro pa6oqee KoJIeco qBrrercfl ToJrbKo oAHHM sBeHoM
B nocJreAoBare.nruofr qenu KaHaJroB or BXoAa Ao BbrxoAa Hacoca.

Pa6o.Iee KoJIeco c ylleHbrueHuofi olrrr,rMaJrrnori noAaqefi B npn-
MeHeHHH K AaHnoMy orBoAy MolKer 6um noJryqerro nvreM oAHoBpe-
Mer{Hofo yMeHb[reHufl npoxo4nofi nJroulaAr{ Ha BXoAe H BbrxoAe H3
pa6ouero Ko,neca. 3ro 3Har{r.rr, qTo MepHAr,raHHoe ceqeHHe pa6ouero
KoJreca AoJrx{Ho coxpaHrzTb roAo6ue nepBoHaqa"rrt,uouy. B pe3yJrb-
TaTe STO|O TOr{Ka Imax CABHHeTCfl B CTOpOHy MeHb[rHX noAaq H Ha-
nopoB Ha BeJIHTIHHy, KOTopas Mox(er 6url o[peneJleHa Hg c,'Ie[yrcrrlnX
coo6paxeupt fi: ecJIH Mepr{AHaHHoe cerreHHe KoJreca yMeHblruTcr B oAHoM
H ToM )Ke npolopuuor-raJrbHoM orHorrreHru f < 1, ro noAaqa npu Imax
6yler npn6nwznreJlbHo paeHoft I 1onefi BeJrHqHHbr orrrHMaJrnuofi
noAaqH. Ho BBHAy rofo, rITo orBoA ocraercfl TeM x(e car\4blM, BeJIHT{HHa
loAarrH rIpH ln,o* yMeubtrruTcfl He npolopuaoHa.rrbHo f , a Ha He-
CKOJIbKO MCI]bI I IV}O BCJII , IqHHV.

E c.t lt n p e4no,tr o)Kltrb, uro rta4p aBJr Hqec Koe coflp orn BJr er.r H e H acoca
pacnpeAeJrflercfl nopoBFry Melr{Ay pa6our{Nr KoJrecoNr H orBoAoM.
To xoeQQHr{HeHT H3Mer{eHHfl orrrr.rMaJrtHofi noAaqr4BeJrHrIpIHofi  et lxoAHofo vf, ta a6oqero KoJreca. I lo.uoxeHue roqKu

Tnrax H, CJIeAOBaTCJIbHO, tX, HaCOCa OlpeAeJIfleTCfl B3aHMOAetiCfeZe[4
pa6ouero KoJIeca u orBoAa. I4uesno oro B3anMoAerlcrsue olpeAeJrfleT
BerHrrHlry '  MHHHMaJTbHbTX noTepb Hacoca. ooprraa xpueoft  H-Q
$pe{qflncrcs cyMMalHblMH rvl[paBJrrrqecKr4Mr4 norepsMr4 jl Hacoee-
Boeraoxarr l<oru6arrauur.r pa6ouzi opfaFroB - (y3Kr{fir, o:.eoA H <<tJrH-
poKoe) pa6ouee r(oJreco HilH <urnponufi> orBoA H (y3Koe) pa6ouee
I(o/'Ieco. Bealtvo4et/tcrslle pa6ounx opraHoB qenrpo6e>KHoro Hacoca
IIeJIb3f l  I Iy ' ra ' rb c IpocceJrrr l lyrorqrrnn Aer lcrBr ieM nceft  cHc'r .eMbt,  ot tpe-
1 5 0

f,,

3r.a seJlra+t4Fr€ 6n++s+;e x HpeAJ+ot<essoft €emraHonr

1

f , z :  f z  .

f r lt l

q

r5 l
f^o uecxoJIbl(o nterisure f-,  I . t .  rro-BI.rnHMor\4v. 6o.nee r.rrrrF)r<Frt
I  v a  ,  v I



Tar<, nanpr{r\ ,rep, rplr

f  , i : 0 , 8 3 3  H  f  , r :  0 , 8 1 6 .

Harrol t  t lacocoB c yMerlbrxeHrrbrM MeprrAuaHrrbrM ceqelrHervr Ko/Ieca
R i ioen- i i  ' f r - ' ru  r<p ' I l  r r r r rynEra.nrrmnrrnrr ra i i  Fn

; ; " ; ; ;; ; ̂
;' 
; ; iiT t; ; ;;;;. *;'#;;; i ;;, Ii ;il''; "L;;.fril,1,i I

oi lTr4Ma"rr l r ror? nolaue Q. l lpu Hyne i loAaqH, KaK BHAHO Ha pHC. d6,
r(pHBbre II-Q HNreror reHAeHrrHro K nepeceqeHHrc B TorrKe, nexaueft
JreBee ocH opAHHar.  Taxuu o6paeou, KpHBbre H-Q MOryT 6Url
npoBeAeHbr Fra fJra3 prs o6qerl roqKH rrepe3 oAHy HMerou{yrocfl H oAHy
o6utyro rot{Ky. Taxorl MeroA, oAHaKo, He rrpHMeHr{M AJIff KoJIec HacocoB
c Ao6aereuHofi crpyrixofi BBHAy orpaHnrreHurl, r{aJraraeMbrx nponycK-
uofi cnoco6uocrbro oTBo.[a.

Xorq ns HacocoB c KoJrecaMr,r c yMeHbrxeHHbIM MepHAHaHHbrM
cerreHHeM HHIKe raxosofi y HopMaJrbHbrx HacocoB, Hanopbr y sTHX
HacocoB B ToI{Ke qrnax HH)Ke HalopoB HacocoB HopMaJIbHoro Hc[oJIb-
3oBaHHfl' TaK KaK B (ruHpoKOM) OTBOAe TOI{Ka T,nax CABHfaeTcfl B CTO-
poHy 6onlruHx floAaq 14, cJreAoBareJrbHo, MeHbrxHx HanopoB, qeM
cJreAoBaJro 6u ox(HAarb, r{cxoAfl H3 pacqerHbrx xapaKTepHcrHK pa6o-
r{efo r{oreca. 3ror Qaxr raKx{e MOX(HO yCTarrOBHTb IIO HOMOTpaMMe
pHc. 96, Ha xoroport orMeqeHbr roqKr.r rrerbrpex pa6ounx xonec. tr4s
HoMofpaMMbI BHAHO' rrro Bce TOI{KI{  J lox(aTcf l  Ha JI IaHHIO 9z:27o,
|IpHqeN{ ToqKH, OTBeqaForque pa6ovuu KoJIecaM c yMeHb[IeHHbrM
MepHAHaHIIbIM cel{eHHeM, HMeroT 3HaqeHr4fl rroHr{}r(eHHofo xoeQQu-
uHerrra Hanopa H yBe,lHrrerrHofo roeQQHrIHeHTa noAaq[. X,nn rofo
'{ro6st olpeAeJlI{rb xapaKTepr,Icrr4KH pa6ouero KoJreca, pa6orarcxlero
B AByX pa3Hbrx orBoAax, Mox(Ho rrpr4MeHr.rrb re )Ke paccyx(AeHHfl.
rrlrH e]'oM r.rcxoAHM r43 flpeAno/to)KeHl{q, rITo fI4ApaBIHr{eCKHe noTepH
Hacoca pacnpeAeJrflrorcr rropoBHy Me)KAy pa6ovaiu KoJrecoM H oTBo-
AoM. Ec"ttlt l ,tMeercr xapar{TepHcrilKa HcrrbrraHur pa6overo KoJreca
B -OTBOAe HopMar'Ibr-rofo Hcfro,TFIeHHf , TO B HaCOCe C OTBOAOTTA e f paa
6o"tlurltu, qeM oTtsoA FIopMaJIbHofo rIcrroJIHeHHfl, onrgMaJlbHafl no-
Aarra Qon* 6yler e f paz 6o,uture, rreM B uacoce c orBoAoM HopMaJrb-
Horo HcrIo,lIHeHr4r. Ins roro qro6sl oilpeAe/Il4Tb Harrop n Hosofi onrlr-
uantsor? l roAaqe, rreo6xoAHMo onpeAeJrHTb 3HaqeHHf q H tp Ha Ho-
Morparvrx,re pnc. 96 ans orBoAa HopMaJrbHoro HcrroJIHeHun (roura A),

Bucora BcacbrBaHvA H KaBHTauHq
B HaCOCaX

finuxeuue ]Kr,rAKocrH or noBepxHocTrr ceo6oAuoro ypoBnfl Ao
nocrynJlentlf l noroKa n pa6ouee KoJreco Hacoca ilpor{cxoAHT 3a cr{er
Ha.{arnHoIl noreHuHanlHor? aHeprHr.r nepeKar{Hsaeruori }KHAKocrH.
PacxoAoBaHHe iloreHlraa.uluoti aHeprnn xHAKocTH Ha rroAberu BoAbr
BO BCaCbrBarOUyn BOpOHT(y KOreCa tr  noTeprr  sFrepr i lLr  Ha npeoAone-
rJHe conpoTuBneuufr. BcacbrBarouero rpy6onpoBoAa BeAyr K yMeHb-
lreHnro 3anaca noTeHunaltsof i  oHeprHH )KHAKocTtr  H npt i  H3Becrr{brx
ycJIoBHflx K KaBI{TaULII4. feouerpuqecxoli ssrcoroir BcacbrBaHtrfl Ha-
coca flBJrrrercf pa3Hocrb orMeroK ocH KoJreca u cno6oAHoro ypoBHfl
B pe3epByaPe, H3 KoTopofo x{H.4KocTb BcacbrBaeTcfl:

h ,  :  Z o  -  Z r .

OnpaHuueHt{e reoMerpuqecxofi Bbrcorbr BcacbrBarrrif l  cBfl3aHo c Ka-
BHTaqHOHHbTMH TTBJTeHHflMH. flpO6.nerua KaBHrar\HH KaK Qar<ropa,
ofpaHHqHBarouefo Bo3MoxHocrH npH KoHCTpyHpOBaHHr.r  rHApOMa-
ti iHl{, BIIepBble Bo3H-}{KJIa B Harlaile XX eexa B cBfl3n c noBbrrrreHtreM
o6oporHocru BHoBb co3AaBaeMbrx HacocoB a ryp6urr .

f laaluefiuree pa3BHrHe KpynHbrx coBpeMeHHbrx rra4poryp6uH 14
HacocoB txJro rro rryrH yMeHb[reHHf krx ra6apvroB H Beca 3a cqer
IIOBbIIIeHHfl n 14 )rBe"rlI4IIeHHg yAeJIbHbrx Hafpy3oK Ha JronacrHbre
perrrerKH rHApoMaur,rH. EcrecrseHHo, B sTHX yCJTOBHflX OTTaCHOCTb
KaBHTaUHoHHblx qnretrHil H Hx nocJleAcrBHfl cyri lecrBeHHo VBeJTH-
TIHBAIOTCfl .

" 2t -
/ - 3

Toqxa
,Tex(HT Ha flpqnrori, coeAHHfllou{efi 3Ty TorrKy c roqrotl A, no IIHHHH
Fz : const. TorAa Be,'rHr{HHa xoessuuueura Hanopa U on-peaeJrflercr
uo nepeceqeHHFo npau^of i  A-4,  c nprnaof i  er  :  const,  onpeAeJreH-
t to t r  pacqe ' roM + i  ==  f  q .

I (aeuraqun f lBJ l rercr  f t4ApoAHHaMHqecKHM f lBJreHHeM v 3aBHcHT
or r l4ApoAI4HaMHl{ecKHX Kar{ecrB Ma[rHHbr 14 Qnsuuecxux ceoftcrs
)fil{Ar{oeru. I(alarar(l4fl Faqn}raercr npr{ rral\ettl;Tll A2BfleH}rrr AO grra:
qeHr4f ,  paBHofo HJtLr Merrb[refo ynpyfocrH FracbruleHHofo napa, Lt
conpoBolKAaercf l  HapyuJeHHeM curotrrHocTu rroroKa u o6pasoBaHneM
KaBepH,  HarroJrHeHHbrx napoM. KpOVre r (aBHTar l r , rH,  o6y inon, r reHHof i
cHHlKeHHeu o6ulero AaBJI€HLIq BcacbIBaHHt , HJrH BcJIeAcrBr,re yBefiHqe-
Hr4fl  AaBJIeHHfl yI]pyfocTH IIapa r{aBHTauHoHHbre qBJreHLrf l  MOryT
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BoSHHr(arb raKlKe rpH eHHxeHiru MecTHoro AaBJieHHfi  no npHtrHrraM
AHHaMHT{eCKOtO XapaKTepa.

Ha prrc. 98, a-a nor{a3aHbr Bo3Mo}KHbre pafiouu MecrHoro no-
I l I { ' i ] /P l - I . I , tq  I I2FI I ICIJLIcI  r {  1r2CN(-2Y

Xapaxrep KaBHrar{r{H saBHcHr or pf lAa Sarcropoa, Koropbre sa-
qacryro rpyAHo ycraHoBuTb. Haupauep, cqHTaror, rrro KaB:aTawfl,
Molr{er 3apo}r{Aarbcr H3 Me./'rbr{afitstux rAep rasa vilvr fiapa npH ycJlo-
n t t t t  n n n hD r r r r  L \ J l r P n n \ J L t l l J l ] E n r a } l  n / \  L  I \ P U L u t r . t n D l I v I / l  E J E E : t t r E f l n b l l v l n  l d L l y l l l c l t u z l  ,

HaxoAflru.HMucfl  B )KHAKocrH. 3ra (rAepHafl> KoHuenuuq 6stna Bbr-

S 36. MexaHHsN,r KaBHraqHoHHoro H3Hoca MarepnafloB
H MeponpHnrHq no yMeHbuIeHHlo KaBHTaUHH

R  n l r g r { T t r r ( p  r I { l l n ( ] M 2 r n r I r { o c ' r ' n o { a H I I s r  r l o c ' r ' o q F l H ( )  I r ( ) R r - r r I K a c ' f  l - t e o 6 -. . . 4 1 - . I - " - ^ . . . , .

1 ^  -xoAt.rMocTb ooflee rrallelKHor4 Saullrl 'br AeraJreri l i . l l lpoMaffl ir-i, noAtsep-
x{eulrbrx .(eiic'rsltto I(aBuraunH.

C eliouopnlqecroii To'{rc.r 3pen}rrr I.rHorAa uerer:oo6pa3Ho, FIaTIpII-
t  ^ - K ^ ^ . ,  -  \ r n f i n n r r l r v  r / 4 n r r m . r r r r r r r  . r ^ r ^ ^ ^ r r r r n f r  t r r r ' 1 6 r t

t v r c p r  A \ r l r y L l \ a l D  y r l v w r  J  n  J L J r w . D r r I n  I \ c l D r r r a r \ r r n  J l v l E P E r r n w r r  r r n r L , r r -

cHBrrocTr{ KoHAetrcal'r-lr,rx H Kpyil}rbrx oceBbrx r{acocoB. I-lpu 3Torvl
AOpOfOCTOflrrlHir peMOHT paCCMaTpHBae'rcfl r(ar( r{er.r36e}KHocTb.

q ' /  

o ) ^ t * t  
6 , )

Puc. 99.  XapaxreplrcrHKa KoHAeHcarHoro Hacoca c pa3rrrr {HbrM noA-
nopoM Ha BcacbrBaHHH

PHc. 98.  Mecrnoe norrnlxeHue AaBJreHHq Ha BcacbrBaHr.ru l racoca:

a - B  K o J r c c c  c  r l r J r r r r A p u q e c K H M H  r ' l o n a c r f l M l r ;  6 - s  K o J r e c e c n p o c r p a H c r B e r - r H b r M r . r
J I O r r a c r f l M r r ;  d  -  B  M c p H A r r a i l H o M  c e q e n u u

ABHHyTa Ail f l  O6rqCHeFrHq pasrlrrrHbrx Qoprtr KaBLITaTIIIH, KoTopbre
BO3Hr.rKaJ[r BO BpeMf HCnbrTaHUfi,  sa OAHOM H TOM )Ke HCnbrTbrBaeMOM
[peAMeTe npu oArrHX H Tex )Ke ycJroBnfl .x.

Hg ulr{erournxcq cBeaeH[ri o KaBflTaarH nBcrByer, qro Bo3Ht{KHo- B uacrogqee BpeMq cqt.ITaror, tITo KaBr.ITauHoHHoe pa3pyueHlle
BeHue r{aBrTarl}rn npn orcyrcrBur{ cpaEHr..rreJlbHo 6olrlrHx <aAepl , MarepaaJra npo[cxoaHT rrg-3a MexaH]rqecKoro Bo3AeftcrB, fl, .^aB'.tll_
rpe6yer oveHr Hri3Koro AaBJeHnn (sHauu'relruo Hfixe AaBreHuq
yflpyrocrr{ Hacbrr{eH'oro napa). B ro xe BpeMr Bo3HHKHdBeHr-re Ka- 

py'olrero noroxa Ha MarepHaJI'
I(aarraquonnue noBpofiAeHHr npH HarrjqHr.t craq[oHapHbrx xa-Bxraurjfi npl-| AaDJlen]jr-t, 6nusxoN( r AaB,reHr.rrc ynpyrccr[ HacbruleH- Bnraqr{oHHbrx no,rocrefr Ha o6rexaer,.rbu rere Moxr]o o'O"""i"ii-pu"_

Horo napa' yKa3blBaer Ha npflcyrcrBl.Ie grl'Ix taep pylxeHlreM orAeJIbHbIx nepe{Bl-Irarorqlxcr ny3brpbr{oB B xBocre Ka-Heo6pa6oraHnan BoAa' coAepxaqaf,' flrpa' raKxe Moxer BbIAep- ir6prr-"r, rle 6duapyxenu MaKcHMaJrbHbre noBpexaeH[E (puc.- say.xlBarb pacrtfl{Baloure HanpexeHl'ifl ' IJ,nranuuuft n!6qecc paspyrueHfir oAHkx KaBepH t,l o6iaaonanu'a
Taxnm o6pasou, no <ngepuofir reoprfl pa3pbrB crrrrotrrHocrr.l ro- HoBbrx 3acraBr,r'e, '.on"eiriiri luo""o;i; ;";;y;;";pHbr Ha o6re-TOKa BO,4bt npH pa3J'tr'IrlHbrx ,q,aBJIeHLtf x 3aBI'tcIiT oT paSMepa { xoJlr{- xaerr,rofi nonepxnocru. 3ra KoHuen{rq caqsbrgaeT cTeneHb noBpoKAe_q e c T B a ( q A e p ) ' a T a K x e o T c K o p o c T x n p o x o x A e H u q l x u e p e s o 6 n a c r n I . I H ' c I a B J I e H I - I e ' n ' ,

au[oHHof o rloBpexAeH I.It 3aB].tcH'f TJIaBHbIMqenul.lH Mo)KHo cKa3arb' qro He cyuecrByer onpeAereHHoro AaBJIe- o6pasolr or BeJIITqI,IHbI AaBreHlrfl, npr.r KoropoM nporcxoallT pa3py-
Hl4fl ' ltpt4 KoropoM fioflBJ'Itercq KaBI'ITauIifl; ee SapoxAeHHe t,l AaJIb' IxeHI.Ie KaBepH, npuqeM or BeJIHquHbI 3Tofo AaB"'IeHI.lt raKxe gaBlIcHT
uethuee paseurue recHo cBq3aHo c MoreKynqpHbrMl,t EBJIeHI.IflMr.i Ha
noBepxHocrH conpnxocHoBeHr.rt. 

npoif,xeHHocrr' pafioHa t{aRel*tsr-

fpyra" xoHrre'n4,.rs 3aK*oqaercq B roM, ,rro Ha sapoxAeHr.re H pa3. 
"-#:]:#J',H"??{",}"il"#:;?T'ff:F.XT#;::'""#1X[:i#"#:1BHTIIe KaBLTaUHII ol(a3tlBaer BTI.IqHI-Ie o6r'er'l nosgyxa unv fasa' Marllqecxu ocylqecrBJltercs xaruraquefi n pa'6ouer* (orece. KaBr,I-pacrBopeHHoro B nepeKaqrBaeMoll cpeAe' TaIrHt sogHr,lxler BcJreAcrBfle r,roMegeHt.tg fioAnopa B Hacoce (creneun
ero norpyxeHH8).

a/
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f lpu onpeAeJrensofi  creneHu norpyx{eHr4fl  noAaqa B Hacoce He
lI3rIeHtlercf l .  B To x{e BpeMs Hacoc Mox{er pa6orarr npl, t  pagJrnqHbrx
Haropax.  Ecnn Hacoc pa6oraer  B Teqer{He cpaBHure.nrHo He6onruoro

.{aJrocb.
B o6oux cJtyqaflx cKopocTa TeqeHr,rf l  )KHAKocrH, npoxo4nqefi

qepe3 Hacoc, 6lrnlr oAHHaKOBbTMH, HO AJtr- TOTIKI,I  A a6CO.rrIorHoe
AaBJIeH I ' ie '  t lpeBbllxaroulee AaBJIeHHe ynpyrocrl4 napoB, cpaBHHTeJIbHo
6o.nee BbrcoKoe, BcJreAcTBHe qefo yqacrKH KaBHTauHLI B oroM cJryr{ae
6o"rree KoporKHe. Co 3HaqHTeJrbHbrM pa3pyueHueM, cJreAoBaTeJrbHo,
Be"II I I{HHa !.aB"reHlafl  nptr pa3pbrBe noJrocrerl  BJrufler Ha creneHb no-

KaBHTaUHOHTTbTX yAapoB
o6pasou c ycraJrocrbro

onpe,D,eJreHHbrx gHaqeHws,x L,h. Tat< xax H3MepeHHbIe I,I o6pa6oraHHbre
3HarreFrr,rf l H, Q, N u n Moryr AaBarb HeKoropbre orKJIoHeHHfl, KpHBbre
ernoerr  rnK qro6r, r  t rHc. [o roqeK- .nex{AII l I4x no o6e cronor+r, t  xa>r<nor?- ^ r  - ' -  -  -  - - - - ,  - -  - r  -

BpexAeHHf l .
Paspyruerrr{e Marep HaJtoB rroA BJnrsHHeM

rrB", ' t feTcf npoqeccoM, cBfl3aHFIbrM r,r laBHbIM
3THX ]VIATCDI4AJIOB.

flo oIIbtrHbIIu Aa[IHbrM pa3rHrrHbrx HccJleAoBare.ryefi qacroTa yLa-
poB nprr KaBr{rarrHrz rone6nercr or 600-1000 eq yo 25 000 eq, LrHreH-
cl{BHocrb yAapoB 3aBHCr4T OT AaBJreHVfl, kr cKopocTH noroKa. !,an"rre_
Hwfl' AoxoAflr ao 300 rcf lcuz, oAHaKo MecrHbre (ToqerrHbre> AaBJreHHf
I\ 'IOfyr f iMerb, oqeRI,IAHO, 3HaqHTerbHo 65.rrluue 3HarleHHfl.

S 37. KanuraqnoHHbre HcrrbrraHus

KaeuraquoHHbre Hc[brraHufl npoBo Aflrcfl, Anfl, noilyqeHar xapar(-
TepHCTI'IKl{' KoTopaf r1oKa3blBaeT 3aBHCHMOCTb tIOAaqH, Ha[Opa H
Ii. n. A. or BaKyyMluerpltuecxort Bbrcorbr BcacbIBaHI4fl Huo* H1t4 oT
AHTHKABI{TAIIHOHHO|O 3ANACA BCACbIBAHHfl A,h. TAW KAK T,JIT KA>KAO|O
Hacoca r{ pex{HMa efo pa6oru I4MeeTcf MaKcHMaJlbHOe 3HaqeHHe Huo*,
BbI[Ie KOTOpOTO HarrHHaercfl KaBHTar\Hf, HCtIbITaHHfl SaKrIOqaIOTCfl
B OnpeAeJreHHH KpHTHrreCxOr? serrarrHHbr Hro* HJtLr Lh. B 3aMKHyrbrx
ycTaHoBKaX HSMeHeHHe Hron ocyi l IecTBJlf leTcfl  pa3pelKeHHeM HaA
Bep xHHM _ypoBHeM x{t.rAKocrH B pe3epByape c i loMorqbro BaKyyM-Hacoca
(puc. 100). B orr{pbrrbrx ycraHoBKax LT3MeHeHHE Hron lo.t".aer."
3AKDbITHCM

Puc.  100.  Cxeua c reHAa AJr f f  KaBuTar ruoHnbrx
ucnt r rasv f i  HacocoB:

. /  -  Hacoc ;  2 -e .nerc rpoABurareJrb ;  3 -cqerqnr i  o6o-
poroB;  4 -4u$Qeper rquanrnu i i  MaHoMerp ;  f  -4ua@-
parMa;  6  -  necH;  7  -  r r , rauor r re rp ;  8  -  4pc l raxHaa
rpy6a;  9  -  vaxonaKyyMMerp;  I0  -  so4 f luo f t  Deo-
cTar ;  I l  -  y rcasarcJ tb_  ypoBl { f l i  /2  - , repr r lo r , r -c rp :
-13 - nrrrarculuir rpy6onpono4; i4 - Bos4yurrrt ir l

rpy6onpono! , i  l5  -  6 t tu :  !6  -  s .4bMoHacoc

6)

KpHBoti,  H BerHI{HHbt HX orKJIoHeHHIl 6lr"nlr oAHHai(oBbrMr,r.  I l l tpHXo-

Baercf l  pa3pe)KeHHe repeA BXoAoM B HaCOC npH COXpaHeHHH feoMe-
rp Hr{ecKofi sHcotbl BcacblBaHHfl. O6pa6orKa pesyJrbraroB l,IcnbrraHnrl
3aKaHr{HBael 'Cfl  rrocrpoeHr,reM KaBHTaUHOHHbTX XapaKTepHCTHK.

H 2  n  r ) n q  n n n a r r l r  a r n r r r r r n  ^ $ r r  r r  , ,  A  l -  - -  - -  -  -  f  f^ ' - ^ ' " r " r  r r v A q z ( r r  r t r v l l \ r l t r L r n  . r r  1 1  .  I l .  A .  u r  I J € J I k r q l l H b l  A n  H i l n  O T  f r " o * .

Jlnr. aroro na rpaQuKe no ocn a6cuucc orKJraAbrBaror anaqeHnfl ti;,
a-no ocH opAHr lar  nocJ leAoBa' feJrbHo,  c  cooTBeTCTByTOUIHMH UIKaJIaMH,
H,  Q,  l /  t {  q  B r rpeAeJrax H3MepeHHbrx BeJrHr{Hr{ ' (pr i .  l0 l ) .  3areu
rro  AaHHbrM npoToKoJra HaHOCf lT TOTIKU H,  Q,  N pr  11,  noryqeHHble npH
1 5 6

BOH BepTHKa/ IbHOH J I ,HHeH OTMer {a }OTCf l  KpHTHT{eCKHe 3HaqeHHf l
BerHrrHH aHTHKaBHTauHoHHofo garraca BcacbrBaHIt f f  L l4 H Lh,.

, I IHHUeft  Ah11 orMeqarcT 3r{ar{eHHn, fA€ ropHsor- l raJrbHbte yqacTr(H
KpHBbrx Q, H, t  "  

r l  nepexoAf l r  B BeprHKaJrbHbre, r .  e.  Q, H, f f  r , t  t t
pe3Ko rraAaroT. Ec,rru cHHlKeHHe Kpunurx H u lV nponcxoAHT rocTe-
l leHHO, TO 3a Ll t ,  npHHHMaTOT 3HaqeHHe, rpH KOTOpOM Hanop HJ\H

I C (
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" ;"pJ"";; ;;;',l"tl#*;A;l;ii;J";;o;;?t;-'if:S'a"rTa.;,'ffi;;;
ryf 

- 
f T-ll lff-I l-T-l 

-T--fr-T--T--T-rr-- eupaxeHxoft ToqKH KaBfiTaII[oHHoro cpblBa, rlNeercrr JlHrrb nocTe-
{#i neHHoe cHnxeHne Kpr-rBbrx H-e u 11.
{.'"ffiffiffi"iffi B racocax gtoro tuna yr.reulureHue 1 Ha6ro.4aercn eue Ao 3a-
4
ljl-fl-Tlif*l-fl]-1--lt-i-ffiffi MerHoro CHII>KeH ut. xpusofr.fl-Q. Iloarouy yMeHbreHre n flBrqerct

- u , # t t l. " . " | | | | l | l h , W 6 o . n e e g a A e x g n M X p n T e p I , I e M o q e r r x u n p z 6 ; l z x e H I - I 9 K y c J l o B I - I ' M

il{r";; fl_f]'ffi ffi KaBrlrarrun, *eu cnukesie xprooii II-Q.
50t '" f1--1-I I--1- hvT-ft--r-#50 | tu r r--rl Tl- lr=T-ffi?Af L +J-+4-f+l-f++-+-+*t tt ,.or r br flpu arou xaguraquosuslfi l]lyM Moxel re rroriBrrbur, HecMolp'I
J r L  ̂  L q L l  f l  l l l l l l l  l l l l l l l l l l  H a  r o ,  q r o  K a B I . I T a U I . I H  M o r r a  p a 3 B l r r b c q  H a c r o J , ' r b r { o ,  ' r r o  r . r 3 - 3 a  n a A e -

z / r ? " M H H f l I { . I . A . l - I J I H B o 3 M o x H o c T H K a B } l T a r l } , l o l l H o I o l I 3 H o c a p a 6 o t a r l a .
r , M c o c a c T a H o B t 4 T c , { 3 K o I t o M x q e c I ( ] I t t e g s t r o A g o i I '
' W # i _ - ] P a s I I - r q a q B I I p o g B J l e H I , R x K a B u T a u I I l I v l I a c o c o B c p a 3 J I I l q H b 1 ^ { I { ' ? s
, r  / r  t r  |  r r r r r r l l l . L  l . L l . l  . l  I  B b t 3 B a H b t  o c o 6 e u u o c t s u u  K o H c r p y K 4 l t n  u x  p a 6 o v u x  t i o a e c .4  6  L o  t z  t +  t t  n i i i  E r . , ^ - ^ ^ ^ _B xoaecax c MaJIbrMr.r ns Jronacru o6paeyror orqerJ'Ir{Bo Brrpa)KeH-

Puc l0l. KanarartuonHat xapaxrepucrr.rKa Hacoca nufi pa4ua.nrnuft xagal, A,rnga Koropoto 3aBnc]lr or yt,' loD JlonacrH,
Hx qncJla lt orHo eHllfl D, x D 

".l^o^1{-o:l I "u 
on"trHble xaPaxreplrcrl'lKH Ha pacrrerHoe qlcJro o6opcron floc,re roro KaK aaBJeHHe Ha BxoAe B r{oJTeco (o6uvHo c ttr,'lsHofi(ecJI H oHo He npeBbluaer r 2 pasa creu.4osoe 'Izcro o6oporon), crponr croponbr BxoAHblx KpoMoK ,'roflacrefi) craner paerrlru AaBJleHhto [apo-

KpI'IByIo Kp HrHqecxux A.h*o1unx H!!* ri AonycrriMbrx l,nu", iau'n22I o6paaosaH[r, npu He6olluor,.r yve"r.e"uu Hanopa ll yBerr.rqeHuq
t!/t.c no.u,avu o6,racts c AaBr'reHI.IeM, paBHIdt{ AaBJreHrto napoB, ouenr, 6ucrpo
50 r /r,r pacnpocTpaHr.rTcE no Bceft u[pr.rHe KaHara

flpu AaJrbHefi[reM naAeHr4H AaBJreH?rr HarHeTaHvrfl, [oAaqa He Bo3-
401 srl l I I I I I \i.-, I I I pacraer, raK KaK pa3Hocrb Aannenafr, r(oropan sacraBnrer BoAy

q7. I I I I I I--71---1----5 | ABtrarbct Ko BxoAy B KoJreco, He Moxer 6o.nee yee.nu'rnrrcr. }ra
3 0 F 8 0 r 2 0 udon Da3I{OCTb Ol1Dene,nf leTcq IaB,neHHeM nene[ ] lzCOCoM LI  I I rR. I IeHI, IervT n2-

n e U X  r  I  - r - - -

f l  poB IIo BceI? ruHppIHe KaHaJIa rueir{Ay /ronacrrri\,rr.r rra BxoAe B I(oJIeco.
20 | 60F /0 g .B xo,necax c 6o"rrruuntr txs KaHaJr Me)KAy Jronacrr{rvru 6oJree trrupo-

KHir H KopoTKHI?. l loarouy rpe6yercfl 6o,rl iuee naAeHr{e Haropa H
/0F40 6o.nee 3HaqHTeJrbHoe yBerurreHue noAaqu, qro6br AaB/reHHe rrapoo6-

pa3oBaH[fl pacnpocTpaH]lJlocb Ha BCIO Urr{prrHy KaHaJra, Bc"rreAcTBHe
0-L 20 # - - n = 6 2 1 7 3 ' 7 - _ J - - - ) - ] 4 q e r o c H H x e H I , e r p w o f t H _ Q n p o H c x o A I - i T H a 6 o d l r r r o u A n a I I a 3 o H e

l/ | | I | | | | I I I noAarr, noKa He Hacrynur xaen.raqaoHnnfi cpue.
0 " .*rT:r-*:x"1""ii""::3J:-:'ffI:,"-'3r;#yl"+u,T :-""^11:

Tr'rc; fot Sfleprerriqec(a xapaxrepr.tcrr(a lracoca ' xeHI-Iu Hanopa, Bcer,qa MeeTcg rlacTb ceqeH[fl KaHa,'Ia, n roropoft
AaBJreHHe 6oulure, veu AaBreHue napoo6paeonanur, n rroAaqa He-

u

4
l l

- n = Cln$t

l l/

HarlopoB B saB*cuMocrH or noAaq, BeJIHqHHbI KoTopblx onpeAeJIHJIHcb
HCrrbrTaHilflMH t4JIr4 nepecqeToM. 3rv KDHB

npepbrBHo Bo3pacraeT, Aa>Ke ecJrr4 KaBHTar\Hf ycreJra pa3BHTbcfl .

3H€pfeTHqecKyro xapar{TepHCTHKy Hacoca
n#t Q (puc. 102).

Xapamep cHI'IiKeHHr KpHBbrx H-Q npn KaB'rarrr{oH'brx Hcnbrra-
HHflX SaBHCHT OT QOpM pa6oqero KoJreca, T. e. oT ns. v nonacTHbrx
KoJIec c MaJrbrMH 3HaseH4flMr4 n, (Ao 100) xpreBbre f/--e, rlu tV no.rrH

B MaJrbrx

SHAI ICHUC NPH

Hacocax c MaJIbtM[ ns qJIeH
' )  tr

r,rMeer peualouee

w?
onpeAeJreHHH ycJroBtrf. i KaBr{Tarlr.rr.r, a q,IeH 

+ He

HMeeT CyUeCTBeHHOTO 3HaqeHr.rf l .  B oTflr.rqHe or sToro B Hacocax
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c 6o,rlruuMla ftr, npr{6rH}Katorrluxcfi K oceBoMy rlrfly, qJreH
,

U R . I I g e T C f l  O C H O B H I ) l M -  , l  
C ;  

l l r . \ . i t e e r  R T n n n r ' . T A ! - r A r ! ! r . 1 o  o ! r i ! ! ! . \ ! ! ! ! ^
9 n  

r  v r r v r l l l v L  d ' f f  C r ' 1 r v f l . ( l E .9 ^LH

eHeprr.rH

9

2  saur l c l lT  oT  Hanona  HACoaA (v  e . , , enoRrTF  nL , , ^  nT  r r ' ^  nq  ^A^nn-n - \
z g  

f  
-  - - - - - -  - - -  

\ - ^ t  ^ v e L v L ' v ,  v L  r r r v u r q  v v v y \ J l v D l ,

a TaK)Ke oT r{Hcra Jronacrefi KoJreca. oH yrueribuaercfl npH yMeHbue_
HHH Hanopa (unu qHcJIa o6oporon) H ynenHqeH:zH qr4cila flonacrer?.
B Hacocax c MaJrbrMH ns MaKcHMaJrbHar noAaqa npu gaAaHHoM noA-
nope Ha BXoAe Mo)Ker 6rtrl yBeJIHqeHa nyreM yAareHr{fl qacrefi ro-
nacrefi KoJreca co cropoHbr BXoAa H 3ar{pyrJreHr4f KpoMoK; trpH sTOr\{
Bo3pacraer rIJIoqaAb BXoAa' H cKopocrb cL yMeHblrraerct.

f lo4aua, cooTBercrByroilrar pelKr4My KaBHTauHoHHoro cpbrBa MHo-
focryneHrraTofo Hacoca, onpeAeJrf ercf l-ft cryneHbrc. Tax KaK
y MHorocryneHqarbtx HacocoB KaBr.rraUHfl HaOJrroAaercfl o6srrrHo
roJrbKo n l - r i  cryneHH, cHH)KeHr.re KpHBrtx H-Q H T y HHX Bbrpa)KeHo
r\,reHee orqerrHBo, r{eM B oAHOCTytreHqaTbtx Hacocax. Kax oTMer{a-
Jrocb, cHr{x{eHHe KpflBbtx H-Q H T Mo)r(er rJarlarbcr Ao AocrHxeHuf
AaBJIeHHfl rlapoo6pa3oBaHI'Ir Ha BXoAe B KoJIeco 3a cqer BbrAeJIeHHfl
Bo3Ay xa HJI H JIerKo KH n fl IIIH x Sp a xq ui,r us rtep eKarrHeael,rorl x{HAKocTH .

Peuraroulee 3Haqetue r\Jrfl IroflBJreHH fl, KaBHTarrHr{ B Hacoce HMeer
He a6coJllorHa fl BeJI H.ILIHa yAeJr bHofi ru4p aBJr r.rqecKofi enep ru?r noro Ka
nepeA HacocoM, a npeBbIIUeHHe ee HaA eueprHefi HacbrrrleHHoro napa
x{HAKOCTH.

flpenrrrueHue yAeJrbHorl eHeprurr x{HAKocrH npH BXoAe B Hacoc
HAA AABJICHI]CM HACbIII ICHHbIX NAPOB 3TOfi XHAKOCTH, NPUBCACHHOC
K OCH HaCOCa, Ha3bIBaeTCf aHTHKABVITaEHOHHbIM SanaCOM gHeprHH
BCaCbrBaHHfl.  ou O6O3Har{aercf l  Lh u Bbrpax{aercff B 14 Cm. [epeKa-
,{HeaeNrol l  xHAKocrH.

llnrare.ubHble H KoHAeHcarHbre uacocbr renJroBblx gJreKTpocraHqHfi
BcacbrBaror BoAy c reMneparypofi  cBbrrre 100'c H3 3aKpbtrbrx nuTa-
TeJIbHbIX emxocrefi, rA€ LlMeercfl napoBafl [oAyruKa c IulauuvraJlbHbrM
AaBJTeHHeM HacbrrrleHHoro ilapa npH AaHHofi TeMneparype rr.rrareJrb-
uoli no4tt. B aHaroruqHbtx ycJIoBunx pa6orarcT Hacocbl, nepeKaqr.r-
Barorlne ropflr{He neQrenpoAyKTbr H cx<H)KeHHbre ra3br.

- B arou cryqae A"rq o6ecrerreHur 6ecKaerararrnoHHofi pa6oru He-
o6xo4uuo HMerb cro"u6 xHAKocrH (no4nop) HaA ecacrrnarouleft Bo-

oHxof i  Hacoca
Lh^rn 2 Lhaor.

Aonlrglr.rN{tt BeJrHqHHa aHTHKaBurarrHoHHoro ganaca
BCACbIBAHI,If l

Lhao, i . :  ,Q Lh i ,

a 
-  l , l5 + 1,3 -  xoaQQHqHeHr 3araca, ycraHaBJrueaer\dHf i  rex-

HHqCCKI, IMH YCJIOBHflMI, I  HA HSTOTOBJIEHHC HACOCA B 3A.
BHcHMoclH or rHrra pr ycJloBlrft ero pa6orur;

Lh, -  Be/ lHqr. tHa aHTr, i l (aBHTaUHOHHO|O 3anaca 3HepfHH BCa-
cblBaI{Hs' cooTBeTcrBy}oulafl nepBo[{y KpHTr.rqecKoMy
pe lK l rMV KaBHTatTHH (cv .  Dt rc .  l0 l ) -

x.ns snttJlacneH'fl BeJIarIHFrbr n"tr*lurrui,#""oro 3arraca sHep-
rHr{ BcacbrBaFrl.rf l ueo6xo4nuo onpeAeJrprrb a6conmsoe .[aB,rreHHe
BcacblBaHrrfl p o, 6apotrerpHrrecKoe AaBJreHHe p6 tr 1rg12"oBtrrb AaBJIe_
HHC HACbIUICHI{bIX NAPOB NOAABACMOfi  XIT4XOCTI, I  PN T\JIN AAHHO;i  TCM'
neparypbr.

Anraxanuraqrao'Hufi ganac aHeprHH BcacbrBaln.rfl

A,h : Po .)- 5 -- p,
y ' 2 9  1 "

rAe po - a6coJrrorHoe AaB,neHr.re Ha BXOAe B HaCOC S rcflu2;
c0- cpeAHfl f  CKopoCTb Ha BXoAe B HaCoC, B cer{eHr.pr rpy6O_

npoBoAa, rAe H3Mepflercfl AaBJrerrHe, n .ulcerc:
_g 

-  ycKopeHHe ca"f ibr  r rx{ecTr{  B nlcerc2.
-bc.nu. p o 6o.rlrure arvocQepHoro AaBJreHrrfl (no4nop Ha BXoAe

B nacoc),  To
r)

L,lt - LH, * 
Po -. ttn -l ;g'  

?  '  2 9 '
rAe LH t - as6rrrorrHoe AaBJreHr,re Ha BXoAe B Hacoc, BbrpalKeHHoe

B ]W CM. NO,4AEACi\,IOI1 }KI{AKOCTH H NPHBCACHHOC K OCI4
Hacoca (r<o.rleca),

P o  :  ^ l  L H ,  *  p u .

*1,-rs

r  r  * ^ , --f , . / lgf l

Ec.nu p0 MeHbrxe arvocQepHoro AaBJreHHfl
n Hacoc),  ro

A6conmuoe AaBJreHHe Ha
C/ICAYIoUHMH CJIA|AIONIHMH :

IJUUft _
r t  B a K  -

2g
- Lhuon'

S 38. Vcflosuq noAo6nq no KaBnraqnlr. KannraqnouHufi
xoeS$n qr{eHr ducrpoxoAHocrtr

(paspexeHue Ha BXoAe

c!
c ) , ,  ,
-8

BCaCbrBar{HI,r  HaCOCa po BbrpaMaeTcr l

T\ r- , t?,
A t L n . a - f l s -  

W  
,

L h _ + _ H u o * _ f +

t1e H^.*  -Pa-Pn *  - t6  A
r-- + _F _ Lh _ BaKyyMMerpuqecr(ar Bbrcora Bca-

cbrBaHHr Hacoca (paspe>xeHHe Ha BXOAe n Hacoc), BbrpaxeHHafl B Jvt Cm.noAaeaei\aor? )KHAKOCTH H npHBeAeHHafl K OCH Hacoca (6es rrorepb
Bo BcacbrBarcilIeM rpy6onpono4e).

f ionycruuan nanyyrterpr4qecKaq BbrcoTa BcacbrBaHHfl

l-

rAe

r60
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rAe H 6 - 6apouerpurrecKoe AaBJreHue B n4 cm. x{trAKocrt{;

E nr.d -- rr4ApaBJrr.rqecKr.re norepr4 BcacbrBarouleft [ruHwt4 B il cm.
)KHAKOCTH.

Buecro a6conrcrHoro IaBJreHufl p c
BbICOTV BCACbIBAHHf :

H r : H 6 - + -

rAe H, : h, * | nr.d - rrpuBeAeHnarr BbrcoTa BcacbrBaHuff B oT-
Jrr{r{He oT h, - reoMerpH.IecxoI? BbrcoTbl BcacbIBaHHfl;

Huon: H6-+ -  BaKyyMMerpnrrecKas Bbrcora BcacbrBaHHfl .

HcnrnaHra rola.hbHoro Hacoca qacro npousBoAkrrcs. npIl qacre
o6oporon, orJrl{rrHoM or qucJra o6oporou HarypHoro Hacoca, H MoAeJIb-
Hufi Hacoc HMeer pa3Mepbr pa6ouux opraHoB, oTJrurrHbre or pa3MepoB
pa6ouHx opraHoB HaTypHoro Hacoca, rrro cBfl3aHo c [epecqeroM Ka-
BvTauHoHHbrx xapaKTepvrcrkrK MoAeJrbHoro Hacoca H oqeuroft KaBH-
TauHoHHbrx KaqecTB HaTypHoro Hacoca.

Bocno.n13yeMcfl KaBHrarI[oHHbrM xoeQSHqHeHToM

P o , t Z  P n
1, 

-r'Tp - 
,t

O1 : :  COflSt.
co

E
r{ro5sr MoAeJIb H Harypa HaxoAHJrLIcb B noAo6snx KaBuTarruoHHbrx

pex(HMax, Heo6xoAHMo, .rro6H xoe$QHqHeHT o, [oAcrrnTanHufi 4.nn
MOAeJTH H HaTypbr, 6SIJI O4HHaKOB: Or, : Otri

- Hslu H6- 
T- 

ru"
0 r :

rAe Hr - !L-- v

B erofi Qoprr'ryne 83flro orHo[reHHe KBaAparoB oKpy]t{Hbrx cKo-
pocler?.

Ha BXOAe B HaCOe qaeTo BBOAST

o
n a

_ LT-  r t o a v - - 6 T  t.E

t .
t

I
I
I

T T t ^ ^ ' . ' ,  - '  '  - ^ - ^ e , ' -
\ t  \_ry lvry / rDr  r lVA\J\JL lx  t l t rJ lbSH

BeilHrlHH, yJlyqtl larculHx Kar{ecTBo
r l c i l oJ tb3oBaTb  / In  onpeAeJ IeHHf l

Hacoca  c  KaBHrar ruoHHor l  ToqKH

U 6

2g

3 p e H H q .
Paccnrorpurr,t xoaQSr.iqHeHr KaBHrauHH

s  _  
(Ho_  Hr )

c2
2g

Hu_ry

Bu6op. n Qopnayne (.62) B
B HaCOC (SO BCacbrBafoulHfi
Bo-nepnlrx, AJrs ee onpeAeJre-
Hl,rf Hyx{Ho SHaTb AVr aMeTp BCa-
cbrBarouero narpy6xa, Bo-BTo-
pbrx, H3MeHeHHe AHaMeTpa naT-
py6xa Hacoca xax 6lr QuxrunHo
H3MCHffCT KABT4TAUI,IOHHbIC KA.
r{ecTBa Hacoca, TaK KaK H3Me-
Hflercr o. I(porr,re Toro, no Ta-
KoMy o rpyAHo npoBoAHrb
cpaBHeHHf HaCOCOB pa3Hbrx

2. Tova rpeAJrox(r4Jr

pax(eHl4e cL: vw,

KaqecTBe cKopocTr.r c
narpy6ox) nsrsueael

6
4n
ttV

(62)

cKopocrH BxoAa
PflA HeyAo6crB.

xoucrpyxqufi (xoHco.ntHbre, c rpoxoAHbrM BaJro* u Ap.). Ans ryp6HH
6rtn cAeJraH pqA npeAiloJrolKeHr4ft rro nu6opy cKopocra , no Qop-MyJre AJrff o.

l. oemuHrep npeAJro)KHJr B Kar{ecrBe cKopocrz rp HHrrb oKpyx(-
Hyro cKopocrb ut Ha tsxoAe B KoJreco paAHaJrbHo-oceBoro TH[a. Oop-
MyJra no sToMy npeAJrolKeHHro npHHr.rMaer BHA

Ho-  H ,
u u :

u-l

2g
TTnI4HqTL C2 Cr {nnncr r .- - I 9 - - . . . . - ^ ' - r

H n - H ,
T. e. Cu : -:-11-:,

/00 250 400 /15

PHc. 103. 3aencnrr{ocrb oH H Gq or tL3

B Sopnay.rre (62) Bbr-
rAe H - BeJrHq.HHa

1 4 )  r " 3 )  '
\ 2 9 / ,  \ 2 9 / *

: HO _ TIPHB€ACHHOC 6APOUCTPUqCCKOC AABJICHHC;

,, ., / co, \r | 3aAaHHat, H' - H" - xapaKrep r.rcrr,rxa, saBHcqIr1ar or pacnono-
rIo-n E:\na-na,,|\Zi) , I )KeHfiq ryp6[H no orHoueHuro K ypoBHro HHxHero 6reQa. 5ra rpop-rAe 

] r'
il: ,-T" 4' ] B QgpMydy BxoAqr roJIbKo BHenHLre xapaKrepr.rcrr.rKri Marrlr-rnbr.

B pesy.nlrare rrlupoKoro HcrroJrh.3osaHr.rs xbeQQuur4elTa Toru o,
I4rax, norssyncl xoa$$n[neHmM KaBr.rrarlnr-r o, uoxHo uafin-r I HaKonteH 6o;Iruioft crartcrn'recruftf Marepuan no o" 4lr pasnui

encoty ncacr,raanut Hsni'H"rn MoAen[ u Harypbr. uaurnu (ocenux HacocoB LI rypoufl. Kirarmecxoe^ i""rafi""- o,
Oopvy,ra flepecqeTa npr.I MoAerr.rpoBarrr.r c yqeToM KaB[raU[oH- crnbHo n3MeHteTct B 3aBHcHMocTu oT ttr3 Marrrr.tHbr. V 6ucrpoxo4ruf

Horo [oro6ls aulrlH on len[x (tar xaxrr,Ial Hanop t/), y BbrcoxoHanopHirx (rllxo-
_!LJQ, * @"D,)u . |-o4t.tt*) MarII{H o,i r',rar. Tarhu o6iaeor'i,- <r" ,.""""et"!- ot lorux
(lh-Hi:01'D\;i i *or9! eauHlllbr Ao'e.[uHHu, t. e. 6d;rrure'qeir 

" 
LOO pa" lprl,.-iOdj.

162 I no Bert{tlllHe o,, rpyaHo cyaxrb o KaBHraqHoHHbrx ra'i.ct",'ii 
"""o.6.I  l * t A or u o



Hbrfi, TaK KaK &rr H3MeHfleTcq no BxoAHofi KpoMKe, BMecTo oTHocr.t- I " 
_- f /^ - +d R \L r , r  _  /  \V ,  / r ,  r t s  p t . / .

i t  r n  I
no: hoV -A rs rpopuy,tr noao6nn. Cropocrr BxoAa B KoJreco c0 I 

cneayrcueli nepecrauoBKori qrreHoB ypaBHellrrr, noryr{nM

Molr(Ho Br,rpa3urb no Qopuyle no4o6ua I h 60 hm'"v"'r 
I Dl _ _:Y_ . ,rn7 .

r ^  a  I  B  r - - -  r L  n t $ B r '
. c s : i : - V f  e n z ,  I  3

T. e. c'opocrb Ha Bxoae B KoJreco nponopuuoHarbH u"y' w. flosrouy ' 
,n^ 

- 4tt 4z (tg pr)

Bo3bMeM B QopMyJre o 3a cKopocrb Bbrpax(eHze T a""

rpaQHKI.i 3aBr.IcrrMocrr.I naa6o,ree ynorpe6areuux roeipQnuuentoa
KaBurarun on rr 6q or n, (pnc. 103). fpaQnxu noryqeubr nyreM , n- ,.,. n
o6pa6orxn xpr.rrHr{ecKHx gnaqennfi o Arq pa3rHrrHbrx xoucrpyx[ufi C : l:!--:" ) : 1000
r.r fasvepoa nicocos. Ec.nu o, nacoca ouure crarncruqecxofi xpliebfi o' i ^ ^^ 

\ oq /
SHarrr4r Hacoc B KaBHrarrHoHHoM orHorrreHHH xy)Ke o6rrrrHnx rbncrpyii: i !!" .c.q 

: 0,02.

H a c o c a H I - { x e c r a r u q e c x o f i x p n r o f i , r o u a c o c s r a B I , I r a u l l d H H o I ' { o r H o - u u a c , ( y K o T o p o | o B
ueHIIn flyqlxe HacocoB cpeAHero ypoenr, JHe qcerAa noBbrrrreHrroe I a Ecc0].
gHaqeqfie o,, o3Harraer, qro Hacoc nJroxo BbrnoJrHeH, rax rax 6unaror I lyreM npeoopa3orauna $opruy"ru (63) Ionyvaeu
TaKHe KOHCTpyKTHBHbTe rpeooBaHHfl (npOXOlHOli BaJI, yBeJrHlreHHe
ronulriHbr Jronacr Ha exoae ri ap.), yvir'xoropux npuBoAur K noBbr- IronulriHbr Jronacr Ha exoae ri ap.), yqer Koropbrx npuBoAur K noBbr- , t 3

,uu"iro J". rpi4"* 
"""**toct,, 

o" o, ns npeAcraBrrser npaKruqecKr.r c, -= fjl\ 
21 

1 ze .to \v I
npar,nyto ,ru*,rt6. A.ns Hacocos cpeAHnx KaBr{raqloHHbrx KaqecrB " - 

\ 4n ) 
' 

l-4- ) tST; '
u \ 4 , /

na rpaQr.rn (pnc. 103, ttuunn a-a). O,rean4no, rITo MoxcHo rlpoeKru- norb3ylorcfl rarxiaquorriun xo:Qeuqueuroru C.
164 1 6 5

flo:rouy aJIfl HacocoB 6uro npe4roxeuo B3trb BMecro cl{opocru c I poBarb Hacoc c /rs He MeHee rofi, ,rro floJryqaercfl B TorIKe [epeceqe-
orl{ocareJlbHyto cKopocrb Ha BxoAe ror. Oxasa,rocr, rITo AJrr caMbrx ] wna npnnoft a-a c fpapr.rKoM &, : f ("")".faxtlr*r o6pasoNr,-;; ;a-
pa3gblx HacocoB xoeQQuqaeur o,, MaJIo l-I3MeHtercg: i veHlzau n"ll o,, HaxoAHM MaKcHMar'IbHo Ao'ycruMoe rro xaBurarr IH .qr4clro

H"-H, ] 9?9!9t99 uacoca. 
-vitax-, 

KorAa 3aAaHbr Q, f1 r.r HVxHo nogo6paru

| "*.*:^:99lgTg: i-, I{g-6"" no,,rb3oBarr,cn rpaguxou Aan o,.
1 

| Paccuorptlt ' ,I rIpHBeaeHHyIo nuure Qopuy.ry Kpxrepltq KaBHraur.lr29 | ueHrpo6ex<nb.o ,ia.o.u t 1i"r""ri"ri"5'"i." 
'-"r"";y-";";;;;;ffi;;

o4raro orrpene,rurb cr(opocrb ro,r rpyAHee, raK KaK A,,rr aroro ij:o:Y;Ei^Y"fi:?":3jJ.:"l"J.t-.1*T?fi"1-i^:.1?!-o*::11 lloAgvArlaAv vrr l ,LAlJrlrrD lAvPvLrD wt rPrAns€' ra^ ^a^ AJ'r 
--erur-y (cu. puc. l0). f logcranrzr 'a r Qopuyay (62) n raveciae 

"nopo"r" 
n.Hyxna nporpa"rupoBxa Ko,'Ieca H yller cKopocra nporexaHur H oKpyx- i :;;;#;"J D^ Dv^n,,^,,

nofi cxopocru. He[ssecrHo raxxe, KaKotr AHaMerp npr"or" ." ilt.i$- 
I cKopocrb so sxorHoii Bopo]II{e Ko"Ieca c0' a Mepl'IAHaHHyto cxopocrb

re,rrnofi cxopocrlr &rr MoxHo B3srb Beruqr.rHy, xapar{repr.roytoulyto
cKopocrbn H;l+xoAe B Kor'Ieco' AHaMerp Bxo,4Horo cerleHl{s Koreca Pe aq..ypaBHeHue cr,: f (Q, n, tg pr) orHocfiTeJrbHo D, c no.

Di h: y \ . 'v ,  I  ,o^.. ,  / .3" 0  * 0  
I  . 1 7 _ ( 6 0 ) r .  

c i u ,
I  a  / , m  h Z  ( + r t  Q ,  \ 2

oo: H'-{"  .  " . :Vw"y' 'ut , (#) '
(Qr\ 3

2s I 
"".t#?lpasyeru 

Qopuy'ry 4;rn rosQQu4Neura oq' BBeAfl roatbfr'I-

n

floAc'rer oo cno)KeH, Ho saro B BbrpaxeHne pgs, oq BxoArr roJrbKo
napauerpuueckue AaHHbre 

""x",.,qet*o"o 
sdii*u#. (pniu-uecxHe I nVA<c (U run"1r , (69)

::1::.1.T 1:-1?1I911Y.".1.y." :T":A-a.l:::..:.i:":,1J:.9.9t?:iY I,o.

unfi, rar KaK y Hero 6ofiee aHcoxoe r"u*u"ir" (H"-H)"o. Ecnit'o, ' KoSQQaqleur C' MoxHo Bblpa3llrr uepes xoaQQH[HeHr KaBura-

oo = 0,02. !,aa onpe4e,renur n. Hacoca npn AaHHHx H a Ho-H,
xyxuo,Hafiru o,l AJrr pacqeTHoto.cn]qll Il IIaHecTlI 9Ty BennquHy ' B Hactosuee BpeMr npl,l oueHr(e KaBurauuouHbrx Kaqecl,B Hacocos



BsaurrocBfl3b xoaQ$HuHeH.roB oq v o'o cJreAyroilIafl: = 1000 - -  1300. ,  Koar f$uuneHr cr  H3Merr f lerc f l  B 3aBHcHMocrr , r  or
Qopusl nxo4uofi  KpoMI{H nonacreir,  KpHBHgHbr HX r.{ r{HcToTbr noBepx-
Hocra H pa3Mepa Hacoca.  B pacverax ) /uer rb i i jcu i ie  C1 i , iHofAa onpe-
n o n c l l / \ ' F  D  C q D r )A U d i , - i ' - v i  i )  o a , , i i C l i i v i o c f  i i  o T  i i S h ' i e H e H i I f l  f  H A p a B / l u q e c l ( o f o  K .  I l .  a . :

Ci  :  C ,3 -'t1e

-B uacrogr.l9_e_ppevrn AJrfl MHorocryrreHqarbrx HacocoB c fls : g0-:
- :120 no  BH[41{ l i rapo iuaue nor ryqe l rb r  3HaqeH vrn  c , ,  :  lbOb - :1700.
Ans uHeKoueurp^o6exnofi KolgTp yKt\HH 1-rl cryreH, MHorocryreH_r{aroro Hacoca Cn :  8000--4000.

S 39. Pacqer Mr.rHHMaJrbHor-o aHrnKaBHTar{HoHHoro sanaca
SHepfHH Ha  BCaCbTBaHHH

_ Me>xry I  u I I  pexu'raM' , 'o KaB,Tar{uousor? xapaKTepHcrHKe pa-
6ora Hacoca cBr3aFra c rBJreHrrf lMH nr i6par iaz I r  KaBHTauHoHHono
pa3pyueuun pa6oqux opraHoB. Ornae.ra,roin, r{To AdTa KoHAeHcarHbrx
HacocoB AonvcrHMa pa60ra B o6nacra MelKAy I  a I I  pe)r(HMaMH.
Bc.ne4crnae raanlrx ixopocreri H HanopoB eQQexr pasnnror? KaBH-TaUHH 14 su6patlnu cKa3brBarorcf c,ua'6ee. o6lr,{Ho' ga pacqerHorft
KABHTAUHOSHSIfi PCX(I,IM IIPI,IHHMACTCfl PC)KHM I. ANg PU'U!,U A';,;
BOCTIOJIbSYCMCq Oi lPCACJICHI]CM I ]OJIHOfO AHHAMHqCCKOfO I IAACHI, I f l
TABTTCHUr NO YPABHCHHIO ECPUYrr. r r  H T,JI I  OTHOCHTC/IbHOpO ABH}KCHHfl
OT BXOAHO|O CCIIEHHfl  AO TOI{KI , I  X C MHHHMYMO1VI AABJIEHHfl  ( ' " ; .
104, a-,B).  Toqxa x HaxoA'rcs Ha exo4uof,  npo**. .  

- i i *o i i . r 'Ha

3HCPTI, IH HA BXOAC B I(OJICCO

,  H  - H
U n : :

a /

/  Qr t2  \3
t i _ t

\  , ) -  I
\ - 6 /

c q :

/  Enr

I ----

\ 4 n

fAe /c --. cortst.
CrpyxrypHo Qopuyna / i ln o 'n noyolua Qopvyne l \nr .  oq,  raK KaK

BMecro xapaKTepHofi cxopocrr,r c0 B3flTa cr^. I4znecrHo, rITo B Haco-
gax pa3JrHqaFor ABa KaBHraur4oHHbrx pe>KuMa: I u II KpHTUqeCXUit.
I xpHTHqecKI'If i  pexnlr oTHocHTcf K noflBJreHr{Io nepBbrx npH3HaKoB
B,rruflHHfl KaBlrrarlHH Ha xapaKTepHcrr{Ky Hacoca. f lpaxruqecKH Ka-

/ - _ n I Q

H_ Bbrpax{eHHe Arq c crpyKrypHo noxo)Ke Ha BbrpaxeHHe rJrfl ns,
I4uor.qa AonycKaror pa6ory Hacoca Bo I I KpHrHqecKoM pexuMe.
v raxoxoAHbrx HacocoB rpyAHo pa3AeJrurb r  ;  I I  rpuruuecKue pe-
}KHMbI.

/ - ^ ^ - - ^ - ^ - - ^ - . , - ^  / . \  / -  T - r -  - - - -  r  -i-iriJiijc'i 'c'i ' i jeHiio u. u. r'yAHeBbrM npeAJlox(eHa QopMy/ra AJIfl onpe-
ACJICHHg MHHI{MA,rIbHOrO AHTI4KABHTAUHOHHO|O 3,ANACA SHCPTVH HA
BCACbIBAHHH: 

4

\  L I  /

. rAe Q s nslu; n s o6lnua, HI.reM qepe3 .r. uocraBuM ypaBHerre Eepry,rar.r B ornocr-rreJrbsoM
npn yc,roiulz,.rro pa6ovee KoJIeco Hacoca He l,tMeer Bo BcacbrBa- ABnxeHHI.l Arq yqacrKa O-x (ptzc. 104):

t O f r f  p t i  R n n ^ u r z a  r - r t " t r r v n l T L t r \ F n  D a  n a  ' r .  a  n i . r  o z r r r r r d ^ r r r ,  1 r  A n n ,| J v r v r r r \ v  r r H v r \ v A r r v r  v  u q d r q t  r .  L .  r r y q A r  n a \ - \ - f \ r l  y  \ J w . / r E  L l r r l t l L l I ' a
t l a u m n r r 6 A \ r / t r r  r v  r r ^ ^ n  ^ n  n  n n  n r  ^ - - ^ - - ^ - - - - -  nr { v r r  I  y v v v / T \ n . c r l A  f l a \ - \ r L \ - r D r  r r v r / r y ' l E f t D l  L J I g A y M r \ n t r  U P E A H f , l e  S H a q g H n } t  U I .
y paAHaJIbHbIX KoJIec c uI4JIHHApHTTecKHMH Jronacrf lMLr H c BxoAHofi
f  n n n , r r z n #  n n  n o ^ T y r  n o n q  I  n a n L r r n r "  n ^ r r  f 1  -  Q n n  .  O E ' n  f T  - -  ^  ^ e ^ , . , , - ,' L f v r r r r \ v r r  u r v l l c a \ - l r r t  r r q y q v r d r \ - r l l [ r . F l \ . / ( l  \ J r - r l t  t / l  -  ( ) V L , - - ( ) U \ J | .  A J f ] f  p a U U Y y l / L

KOJIeC C paAHaJrbHbrMH JIOnacTfMH kr C BbTABHHyTbIMH npocrpaHcTBeH-
HbrMH yqacrr(aMH Jronacrefr Bo BcacbtBaroqer? BopolrKe Ko/reca cr :
t 6 6

f - t  + : H 6 - h , o - h n . (64)

VIz ypanHeHnfl (64) nenpaBu.,,rbHo AeJrarb BbrBoA, rrro ArTfl yMeHb-
[ iCHI4 f  KABI ITA I IH I , I  I ICO6XOAI , IMO YMCHblUATb CO H TCM CAMbIM ABTOMATH-

t-t *:1. u2 ^ ,oi2 ,i2r'r - L - -r-- - -=1- -- ltl J_ 
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Ang ynpouleHHfl sAecb s€ yqreHbl noTep[ H pa3Hocrb

Ha yqacrKe Ox:
o o o

c:  u i  f tJ '

H " - -  H - - . . t  - L  . '  -  : '- - u  - - r  
2 9  2 9  2 9

Px Lr rr cl '1- *?
- -  : t i 6 - i r s -  

r _ -  g .  .
6 " 6

a ? _ r ?
Be,rH. I IaHa#fBJI f leTCf lAonoJIFI?ITeJIbHbIMcFIH}KeHHeMAaB, ' Ie .

Hr4n 3a cqer o6reNasufl  "f ionacrH.
O6osHaqHi\, t

t '*-t? - ^ *?
e g  

- ' v  
2 9

Bespasvrepuurr i  NoeQQuqIzeHr ?,  xapaKrepH3yer BerHr{HHy cHH-
x(eHun AaBJIeHI'If l . KoaQQuuHeHr fu sasncllr or: a) SopusI nxo4Hoir
KpoMI(H II xapaKTepa noBepxHocrl{ / ' Ionacrll ("rronacrl Ao/IX{Ha 6url
r , ' raAKof i ,  6eg ocrpbrx yrJIoB, n.nanuaa);  6)  crecHeHur noroKa U :

:  I  -  ut  
,  ;  B) yrJra araKrr noroKa Al3.^ -  n D s i n F '  '  J

flpn orcry[JreHHvI or onrHMaJIbHbIX yf, ']oB arar(H noroKa l, pac'rer.
Taxuu o6pasoiu,  MHHHMaJIF,Hoe AaBJIeHHe B ToqKe x

^2 "",9L . - _ H 6 - H , - + -  t : *
Y - o - o

Ec" ' r r  o6ogrraqttvr
i i 6 - H r : H t ,

^2 -".2
, 1  U 1  W l  r r
Y.Y - Lt I  1 I  --- IJl l

n 
:  I IJ--rg -  ,u , rn = ^,1 ,

yAeJrbrrar aFreprLIfl rroror{a Ha BXoAe B Ko,rreco. TorAa
(67) 6yae'r HMerb BLIA

rpynna qJIeHoB ypaBHeHHfl,  He SaBHCSIIIHX OT nOJIOIKeHI'I f l

TOqKH .T;
rpy[I la rureHoB ypaBHeHHfl,  onpeAeIqeMbIX noJIo]KeHHeM

TOqI{H X.
x AoJr)KHa JlelKarb Ha BXoAHOfi KpOMKe KOJIeCa, TaK KaK

oxpyxnor? cKopocrt l  u r -  HaHMeHbIxafl  Bo exoAuoll

2

Ec"nu ror{Ky I cquralb coBnaAalouleft c touxofi x, so le>xaurefi
He FIa Jrorracru , a n1nusH Hee, To tIocJIe [oAcraHoBKI.I B ypaBHeHHe (65)

(67)

r A e  H r -
ypaBHerrHe

,7
2g

OTMETOK

/A6\\"",/
Px
,\'

I+ :Ha-H , -$ *

r A e  A -

6 -

Toqxa
B C J I I i q H H A

fAe

dl

Puc. 104. I(  pac'{ery L,h^11, ' .

a -  cxcMa pa6or r , t  r l c l rTpb6c>x l ro ro  Koreca;  6  -_ .axo4 l to r i  tpeyro lb l l l ' IK  c l {opoc te t? ;  e  -  cxcMa- 
o6'reratrt t f l  r l I l txoAIIol i  xpott l t<lt  JIonacru

BopoHKe KoJreca, a BeJTHtIHHa cKopocrH @_ya exo4Ho_fi KpoMKe JlonacrH

B nepBoM npu6"tuxeHl ln nocTofHHa. Ha puc. 104, 6 ueo6paxeH 
' fo

BxoAHofi TpeyroJlbHHI( cKopocreft .
l lo reopeMe KocHHYcoB

w?,: cZ + u'o - 2 uscscos oc, (66)

cosd -=  j q .  
"1  *  ^ .4  . .H . -  p ,
e ; * L  * 4 t 1 1 - L ,  

( 6 8 )

ocraercs nocroflHHbrM Ha BxoAe B KoJreco (yuacrox o-l), r. 
". i Hs ypaaueHtR (68) sraHo' I(aKHe cocraBJlsnqte cxopocrlr (c,

(rc,)o : ec,),; il.'fl"'l-;"'1"%#%11";"##f#lJ;#fJ"Xffi#fli#ifft#1
uocuo: u{uL, , HOM OTHOUIeHT.T}r TOrrnH Ha nXOArOil XpOUXe paCCMOTpr-rM ABe TOqX}i:

rloc,'e noacraHosrcr B vpaBHeHIIe (66) crenver, qro An' vqacrKa i"fJ#tt*&"#*""HX1'#?0"'X""J""i;of ,"-d|}]iffXff ;X-fJ i
O-1 , oco6enno onacHa B cnyqae, ecnn noABo.q cogAaer MoMeHT cKopocrl

"7 
d "? 

,r, u?, .l nepeA r(oJrecoM. O6Hqno 6oree onacHa B KaBlrraulroHHoM orHoureHH[

i - - ;  +  E: la+ l ,  
-  

zr  ,  HaPyxHar roqKa 4.  f lpu euno,rueuun pacqera npoBep or  o6eroqrH.

tq.9
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B cayqae noABoAflruero ycrpoficrsa
pacqer BeAyr no HapyxHor? roqr{e a c

Hacoca c MOMeHTOM CKOpOCTLT
AOnOJrHHreJrbHofi nponep xofi

E l Y r r n u n t l  o n n n r r r / r r  r r ^ f t ^ ^ ^  n a , L ^ -e r r vA r r v r r  uvHv f r . r r l r r  J \ \ _ r . , l gLc l  f I \ J  
W l . , p -

ra€

BH yrpeHHef i  Tor lKu 6.
Paccrutornur,r Rw6on n2?r\rpnnFr-  

l -  
- - -  -

I \ !Vf ie

cs -:u4---,
Di - d,,,

fAe  co  =  c r .
O6lrqHo cl He3HaI{HTeJIbHo or,rr i lqaercr oT c0: a) 3a crler Kpr{BH3Hbr

noABoAa; 6) sa cqer rofo, qro ceqe:H]/ 'e I  He coBnaAaer c ceqeHr{eM o.
Cropocrz B ceqeHzr.r I

ut * #or; a?: c? + u?;

3HaK npu6nr:/^sHreJrbHoro pa-
BeHCTBa CTOHT nOTOMy, IITO

TOqKa a KpoMKU MOX{eT 6rrrt
Ha AlraMerpe, oTJrL{rIHoM or Dl.
Bnqucnsepr Aft:

29 L^h - (l -i-. 1,) c? + ?vt?:
-  ( l  - l -  2 r ) f 1 \ '  '  , Q '  = - =  +\ -  , - - , \ n /  

( o ? _ a l r ) ,  I

* ^ (#)'"'n?. (6e)

d (^h)

I4s Qoprtay"rru (69) BblreKaer, qro HaAo crpeMnrbcrl pacnoJrararb
BXOAHyIO KpoMKy Ha BO3MOX{HO MeHbUeM AHaMerpe, 6nusxou x D1.
Ilo.crpozn rpaQrax A,h: f (ct, Ltr) A/rfl pa3Jrr4rrHbrx AHaMerpoB BXoA-
Hoft ropoHKH KoJreca (puc. i05), npr4xoAuM K BbrBoAy, uro a) rr,rnnr.r-
MyM Lh rro,4HaMerpy nxo4Horl  BopoHKH D, OUeHr n.rranHul:r ,  , .  e.
CCTb MHHHMAJIbHAf l  3OHA SHA'ICHI, I f i  A,h NO D,;  6)  YBCi l I . I I ICHVC AHA.
Merpa nxo4Holi BopoHKH D L yxyAuaer KaBHTauHoHHbre KarrecrBa
HACOCA MCHbIXC. qCM VMCHbII ICHHC N' I4AI\ ICTOA EIONHOI1 BODOHKH.

o n r u u a,ry b H oe r n u u. 
" ". 

a, u *.tp ;D, ;";; ; ; ;il; 
- 
uiiii, 

""ec 
K H,

no er{crpeMarrbHoMy sHaqeHnro QyHxqan L,h:  f  (D?),  , .  e.

Fifryw?', y xrz /

, + r ^ - -  l ^ '  - - .\tropMyily Airfr, ieo MbI nor-IyLLailH HecKoJIbKo paHblxe H3 cooopalKe-
guf't ytuP't4M)/Ma cKopocrlz wt. Tax KaK RxoAsorz Azaverp

D?: nZ + a?,,
rroAcraBuM B ypaBHeHHe (69)

29 Lh- ( l  + [ )  (+) '* ]  + ?,( : - \ '  n ' r '  '  n /  rL \2 ,z1z -
\ n / Di) 

r ^ 
\-60-i 

rr lro-1- ^ 
\To--/ 

rL u6r,

29 Lh: ̂ (#)',*o? lr r- + (+)= (+)' ffil * t u?,
06osHaqIaNa

[ r  r  l * ] "  (  4 _ \ ,  (  6 0 \ ,  Q '  I  / )
| '  - --T- 

\ " i  \ ; ) Tisl : n' '
L  , ,  " O J

Ec"nu noAcratsHTb B ?\z orrrr.rMaJrbHoe sHavenne Do us Qoprrry"nrr
( 7 0 ) ,  r o  3 H a q e H L I e  L z :  I  +  + .

TorAa MuHr,rMaJrluuir uunua- gHeprHH Ha BxoAe B KoJIeco paBeH

Lh -* l ,  (+)" n'D|u I1u2,.2 9  \ b u /  
v  '

Ecnu Hcrror'rb3oBarb Qopnrynlr (70) [Jrr D o, noryr{HM

2 1 . + o
(2g Lh)^,n : l.t(l + l)T * " 

i er\* * t"u?,;
2 0 .  1 5  3

o6osHaqraN,r

6 t
k; - l/'

2gl h
H 2

ceK?

,li'2. lfon. lf ut

Pnc.  105.  fpaQux 2gLh:  f  (D?)

, ,I  
- 3

s - 2 u r ( t + 2 r ,  ' "  
, .

2 0 .  1 5  3

s  / n 2 \ -
<Doprr.lyny Mo)KHo3anHcaTb B BHAe

, n r / 4  \ 2  Q '  n ( n  \ 2 - ^ n .+ h) \;/ @ieY- 
tu \rd-/ n';

^ A  ^  l - ? L /  4  \ e  /  6 0  \ 2  0 2D o : 2 - T - \ ; J  \ ; )  f r ;
, o  /  t 1

Do:  koV  * ,  (70 )

2

( A h ) n , n  - s ( $  + x $ ;

l lpousneAeM pacqer at{Tt{ t (aBI{Tart}rorrnono r<oecfrcfrrrr l t reHTa Cr A,, l f
pf f la s i taqeHlrr i  fu l . l  /e , ,  ( ra6n. 6).

3

n J / e { c r ( + )  - .

t70
t 7 l



Heo6xoAunao orMeruTb, qro 3HaqeHHr I H
KpHTHrrecKonrlr pe)KHMy KaBHTa\r4H. pac,rertr

ho coorBercreyror I
B[OJrHe CofJracyroTcfl

Ta6Ltu.uo 6

sAcunteuiirrx napoB B 3ToM o6teiue, T. e. AaBJIeHIIe B 3oHe Kasv:.ar\r4w
HHx{e 1aBileHLrtfl. napoo6pasoBaHufl. Ha pnc. 106 rrso6pa}KeHa xapaK-
Tepr icrHKa Hacoca, pa6oraroxlero npH pa3JrHr{Hbrx AaBJreHHfx Bcacbr-
B A H H q .

OrpaHa.rHMcrr paccMorpeHueM pelKHMa Qon^, coorBercrByrouero
\ n a L f f , f . r 1 \ / t q 7 r r - r r r r r i T \ r  v  T l  n  v t r q n . n n r r  A h .  r ) n n p l T c n q o ' n  \ f i u t f v r \ r e r T r - r J 1 1 F r
M q I \ 9 I l l Y r q s r u r r v f t r  I  

^ . .  ^ ^  .  A r

3HAI{CHUC AFITHKABIITAUHOHI-IO|O 3AI]ACA 3HCPfI , I I . I  BCACbIBAI]Hf l ,  COOTBCT.

h n c t

0, 15
0,20
0,25
0,30

4,57
4,38
4,25
4 , 1 5

0 , 0 1 3
0,01  6
0 ,019
0,021

1375
n76
1040
941

nsrft  3anac HII)Ke MHHHMaJIbHo Heo6xoAuMoro rta BeflHrIHHy Lhn,

AOCTaTOTTHyto AJrf OTqyTHMOfO BJrllrflHvtf, Ha XapaKTepHCTI4Ry HaCOCa
(uanpuuep,  cFrHlKeHI{e HaropHof t  xapaxrepHCrHKH Ha BerHuHHy Lt r I
vr i lw, cHH)KeHHe K. rr.  A. Ha BeJILIT{HHy Aq). HanOpHot:t  xapaxTepHcrl l-

co crarHcrl lqecKI4MH AaHHbIMU no UeHTpo6exHrtM Hacocana. BupaxeHHe
c _ 29Af tnr rn
D - --f He 3aBI'ICHT or l'Iil a cJIeAoBaTeJIbHo, He gaBLIcHT or

(Qn') 3

Hallopa. l lpoxo4Hofi nan yxyAuraer KaBtTauuoHrrbre KaqecrBa Hacoca.
He o6sgare.nluo ntr6uparr  xoeQSurraeHrbr BxoAa ko:4,g8 --4,25.
Hexoropoe yBeJrHqeHHe ko Io sH-a.{eHras ko :4,5 Aaxe ueo6xo4zlr,ro.
IIpn aroM MbI rlepeMeuraeM 3oHy HcrroJrbsoRaHHfl, Hacoca sa 6o"nruree
3HaI{eHHe noAar{H. ,IIonactHble KoJIeca, He paccqI,ITbIBaeMbIe Ha aHTH-
KaBHTaUHOHHbTe ycJroBHfl, He AoJrlKHbr HMerb ko2 4,3. l lpr.rHHMarorcfl
3HaqHTeJIbHo MeHbuHe 3HaqeHHg ho :  3 ,7 - .3 ,8 .

Pacqer cAeJraH /.nn o6gtIHbIX KoJrec r.r He orHocuTcq K KoJrecaM,
KOTOpbre paHo HaquHarcT KaBHTHpOBarb kI LJtfl, r{oTopbrx pe}Kr4M cu
[o noAarlaM cHJIbHo oT.r'rHrlaercg or pex(klwa C1.

Benuuuuy MHHHMaJtbHoro aHTHKaBHTarIHoHrroro ga[aca oHeprHH
Ha BcacbrBaHuv qacro [oACrJHTbrBaror no dopuvne

Koft Tenepb craHer KPI4Bafl H

OA. Tevrneparypa Hacbl-
rI leHHbIX napoB, cooTBercT-
Byrouafl  yMeHbueHHoMy Aa-

I sJIeFrHro B 3oHe KaBIITaIIHH,
'  

6yAer HH)Ke nePBoHaIraJIb-
soft renlneparypbl Ha BeJIH-
t IHHy A7.  EcnLI  Hacoc pa6o-

TaeT HeKoTopoe BpeMfl B yKa-
3aHHOM BbI[Ie (CHH>KeH14e
LH) pe)KHMe KaBrrarryrr4,

TO K Ka)KAOMy KHJIOTpaMMy
)r(HAKocrH, nporeNanur,eft
rrepe3 30Hy KaBHTaul4r4, 6y-

s
H

.a
0 Qon.:COnst

0l

A L
u  t r t t

Ah--

r lh

n h t

Pnc.  106.  XapaxrepracrnKa Hacoca c  pa3rHrr -
I lbl l \ , l  AaBJIeHHeM BCaCbIBaII l l f l

A^lz:?r,+*^r+

Aer rroABoAr4Tbcr Lh KKalt. BenH,rHHa Lh rBJrflercfl pa3Hocrbro
Me)KAy TeurocoAepx{aHl4eM }KHAKOCTH B nepBoHaqaJrbHbrx yCJroBHfx
h ^ h r r n  n l l t r d r r T r l l n n Y r n F n  n d D r T A D n n T t d  r t  D  r r n  n r  Y v  \ : ^  f i n  n Y r d v
I P M V A r r . r r A . l v r n ' 1 E L A \ J i . \ J  y q D n w D E \ - 4 ' l  r r  D  n ( J r J D r A  J L J r \ J r l n l l A  I t P n  A d , b J l V -

HHH, Ha Lhu MeHbrrreM [epBoHaqaJrbHofo. Tarlrtr o6pasoH,r, H3MeHe-
HHe TenJrocoAeplKarrHfl BbrpalKaercn Qopuy"nofr

Lhf : c, L,T,

f,(e C; - T€IIJIOeMKOCTb >KI4AKOCTH.

VpanHeHue reflroBoro 6anauca Kax(Aoro r(H,rrorpaMMa ]KHAKocrH,
npoTeKaroqefo qepe3 soHy KaBLITaqr4u np r.r Ha"rrHqrrr.r TepMoAHHaMHqe-
cKofo paBHoBecHf,

D,nn HacocoB cpeAHHe 3HarreHufl
Marc rc f l  paBHbrMH I r  :  i , 2 ;  Lz :
hz  :  0 ,085 .

xoa$QHrIHeHroB Lr H Iv, npuuu-
0 ,3 .  X ,nn  MaJIbrx  t l s  ?vr :  7 ,4 ;

S 40. Tepmo4uHaMnqecKHfi xpnrepnfi KaBHrar{uH

flocxo;llry KaBHTarLus conpoBoxAaercrr napoo6pasoaanueM, oHa rAe r, ( I _ Bec napa, o6pa3ybrqerocq Ha KaxAbrft KfiJrorpaMMgaBHct,rr or cBoiicrB BcacbrBaeuofi xult<ocrn _ ee AaBreHI,Iq, TeM[e_ nporerarculeir xuAKocrt.t;parypbr, cKp6110ri Te[J'ror6r, napoo6pasoraHln h rerrroeMKocrn.' 
ii*"u b6paeor, ycr'roBr.re Bo3Mo)r(Hocru KaBrrrarl{[ _ fiepeAaqa 

L - cxpural ren,rora napoo6pa3oBaH'r.

xo,lfiqecTBa ren,ra, panuoro cxpurofi ren,rore napoo6pasoraHHR, or floacrasfis B ypaBHeH]Ie (71) snaueuun ,, : 
+, 

| = 
+,BcacbrBaeMofi )Kr.rAxocrlt.orpyxaoueft cp"ae. fiepeai.ra renJra or rroJryqr.rM

xIjAKOCrr.r x oxpyxaroqeri cpe.[e Bo3Mo)KHa B TOM CJryqae, ecrr-r reM- t V"Lb VvL -_ Vt) ua Lh,
nepa,iypa xriAKocrr.r e paco,rarpunaevou o6reue Bbrrxe reMfleparyphr -T:-f 

" i: *.-r:n,
172 n3



rae V - odreM;
a - yre.nrunfi o6reu (aHAercoru e o60sHa,reHa xufrxoctb,

a uHAeKcoM u_nap).
nns AaHHoro Hacoca , pa6oiirorlero ,,p,u nocrorHHbrx gHarreH'flx

'IHCJ-Ia o6oporon H noAaqH npH nepeKaquBaHr.rr4 pagJrHrIHbIX xu,qxocrer?,
BeJrHrIr'rHa 

+ 
: B sensercf napaMerpoM, Ofipe,ueJrflrorrr.HM ererreHh

PA3BHTHfl, *UIA'U'I"; B ONPCACJISCTCg SKCXCPHMCHTAJIbHO H HA3bI-
BACTCq TCPMOAHHAMHIICCKI4M KPHTCPHCM T<ANUTAryUU. A6COTTTHAfl
BeJIHqHHa B easucHT oT IIpuuarofi  ro"uuqectseHHofi orIeHKH creneHg
pasBurafl, KaBHra\HH. lloc.neAHrcrc MoxHo onpeAeJrflTb no yMeHb_
ITIeHHIo Harlopa HilH K. rI .  A. Ee qucneHHoe 3HarreHl,re Mox(Ho r loAcr{H-
raTb ypK H3BecrHblx Qtzst'tvecKux ceol?creax x(HAKocrr{ rro BeJrHqH-narM a,h, u ahs. B pr4e o6"nacrefi rrpuMeHeHr{, HacocoB Moxer 6uru
i lOTYIICHA 3HaIIHTe,IIbHafl sKoHoMI,Ifl cpeAcTB, ecJIH Hacocbl 6yayrpa6orarr npr (pefyJrlpyeuofi>, r. e. 

^orpaHHqeHnorl 
ao HgnecrHoft

cTeneHH KaBHTaIIHH. Bu6clp KoflLlqecrBenHofi Befir.rrrr4Hbr aHTHKaBH-
rar ruoHHoro 3arraca npuBoAarcq B KHr{ re  tb3] .

7 Cn.nu, AeficrByprque Ha porop Hacoca
, H Hx ypaBHoBeurHBaHHe

S 41. Ocenue cr.rJrbr B qenrpo6e)KHbrx Hacocax

Oceeaq rHApaBJIHqecKas cIIJIa ecrb cyMMa HeypaBHoBe[reHHbrx
cr4rr,,4eficrnyrculux Ha porop Hacoca B oceBoM HanpaBJreHr{H.

Pa6oqee KoJreco oAHocropoHHero BxoAa c [poxoAHbrM BaJroM HJ:H
6ee Hero noABepraercfl sogAeficrBuro oceBoft curirr, TaK KaK noBepx-
Hocrb ero ocHoBHoro AHcKa, HaxoAqlqerocfl rlo.{ ,{zB;lteHHeM HarHera-
HHfl, 6o.nture aHa.[oru,rnoft noBepxHocrH noKpbrBarouero AHcKa.

Pr.rc,  107.  Cxenaa pacnpeAeJreHuf l  . [aBJreHuf i  ua BHeuHHe rroBeDx-
Hocru KoJreca qeHrpo6exHofo Hacoca

, .ILanaeHNe, .aeficrrynulee Ha o6a .4ncxa pa6o'rxx xoJrec ueHTpo-
6exnux nacocor, HeoA[HaKoBo, noroMy rITo xrrAKocrb, 3aKJInqeHHa,
MexAy AlcKaMn pa6ouero- KoJreca H creHKaMH Kopnyca Hacoca, Bpa-
ulaerc.s, u AaBJ'leHHe, AetcrBylouee Ha AnaMerpe ouxola pa6overO
Kor'reca, gHaq[TeJIbHo Bbnxe, qeM AaBJIeH[e y BTyJTKH pa6overo xoneca,
KaK noKa3aHo Ha DHC. lu / .

,II.ua uopva.lruoro cocrosHHr yrIrorHeHHq, npeue6perar a,nunuteu

xercs c yuoeofi cxopocruro, paurofi nor'roBlrHe yraoroi cxopocru
BparqeHxr xoleca. I4cxo4x Hs npuHrrbrx aonyqeHufi oceBar cHJra

(i2)

l-Ierlcter4TeJrbHafl oceBarr cwila Hecr(oJIbKo MeHbue, qeM no
r lpHBeAeHuof i  QopMy/re (72).  VuestureHue oqeBotr  cpr lbr  BbtsBaHo

t75



P  -  P r -  P , , .

ilns Ko/reca c oAuocropoH-
HHM BCaCbrBaHr.IeM U npoxoA_
HbrM BaJroM npHHHMaeM BeJrH-
rrHHy ocenofi cuJrbr, HatrpaBJreH-
Hoft B cropoHy BcacbrBaHzfl,

P- f t (n? , -d i lHer ,

rAe 4_" 
- ocpeAueHHuft craruqecxarl Harrop B Jvt;

H s : 0,6f/ p.rrfl ns < 60 z
H s : 0,8H AJrfl lz, :< 200.

OceByro cuily B KoHcorbHbrx ueurpo6ex<Hbrx Hacocax peKoMeH_
Ayerct onpeAe/Isrb Ha ocHoBaHl4il SKCrrepHMeHTaJrbHbrx HccJIeAoBa-
ttuit, npoBeAeHHbrx Bo BHrlvrrra4pootaae- Ee ,.eJrlzqu-' rr r<! L
: 60 +-300 BbrqucJrflercfl rro qopr,ly,rre

P - koTH *(n?, 
- d?,).

2. flepenycxorra yrer{KH, npoxogaulefi qepe3 ynJroTHHTeJrbHbre
KOJrblla, O6paruo Bo BcacbrBaHHe. B erou cflyqae ruroxlaAb cer{eHHfl
pa3rpysovHor? rpy6xu Ao/rx{Ha 6lnn He MeHee, qeM a 5 pag 6ontue
nJrouaAr.r 3a3opa Me>r(Ay yrrJrorHeHHeM KoJreca v KopflycoM Hacoca
(puc'. 109, 6). Tax KaK pa3rpy3orrHas rpy6xa rrpHcoeAr.rHsercfl K Bca-
clrearoulerl KaMepe, To caJrbHI{K Ha HarHerare.ntHoll cropoHe Ha-
xoAHTCs noA AaBJTeHHeM BCaCbrBaHUq.

8o 6cacar6ap -
qui hampg\ox,

s)

Puc. 109. Cnoco6rrpa3rpy3KH ocesor l  cuJrbr B oAHocryneHqarbrx Hacocax

BCIXHBAHHI, I  OCCSOfi  CHJIbI  K.  TI .  A.  HACOCA CHI ' I }KACTCff  HA 4-6%.
f lpu pa3rpysKe rro rryHKraM 6 n e co cropoHbr ocHoBHoro AHcKa Ha
TOM )Ke AHaMeTpe, qTO H CO CTOpOHbT rroKpbrBalouefo, BbrrroJrHfleTcf
VT. I IOTHEHHC.

4. Vcrauoexof i  paAHaJIbr{bIX pe6ep Ha ocrroBHoM Aucr(e r(o, ' reca
,  ( p u c .  1 0 9 ,  a ) .
'  TaKoe ycrpor lcrno qac' fo l tpr . {MeHflercf l  B Hacocax, neper{aqrrBa-

louIHX 3arptl3HeHHbte )KHAKocrH, rAe ocHoenoii eaAaqefi 3rHX pe6ep
fBJIflercf npeAoTBparrleHHe npoHHKHoBeHHf B3Be[reHHbrx qacrHu

H3I\4CHCHHCM KO"TIHIICCTBA ABH)KEHI,Ifl IIOTOKA, KOTOPrIII NOCNE IOCTYN-JreHHfl B paLl,ranbHyry. qacrb pa6ouero KoJreca noBopaquBaerc, Ha gb..
BenHtIHHa ocesoli caali, nosHuxaroulefi Bc/reAcrBue. r43MeHeHufl

I l  - A T T n q E l  n a l - r r t o  r n T n  r r os s v ^ v l l l r / r  r l v t v n q ,

P,,: k 1 Qc^,
g v v ' z

r A e  k < l  - o n s r r u u f i  x o s 6 6 u u u e H r .
KoeQQHqHeHr k ynre"'uaercn c yBe,[HqeHHeM ns 14 craHoB'Tcff

npu6"nris'reJrbHo paBHbrM eAr,rH,qe AJrfl MaJrbrx ns. oaera"-irnu p",
4eficrnye'r B HanpaBJre,HHH, rrporuBo[oJro)Kr]oM BCacbrBaHr.Iro. ilnno{HocryrreHqarofo ueurpo6ex{Horo Hacoca c npoxoAHbrM BaJroM cyM-
Kat- -- , 

'1 
, 

' iMapHafl 
oceBan cH[Ia

a

I(oer!+l,ttlreHr oceeori cHJH ho saeucwr or ns H orrpeAeJr serc. tis , l:l"op MexAy ocHoBHLIM 4ncrov pa6overo l(oJ'leca H KopnycoM Ha-
rPaQxKa (puc. 108). coca.

Paerpyexa oceiofi ca.iru pagrpygorrHLrMr ruapaBd,r'rrecKr.rMr, .yc- PasrpyeouHue pe6pa uoryr 6url cxoHcrp ynpoBaHbr raK, qro
rpoficraaitlu Hrr-r Bocnpfsr]reM MeiiH[,recxu1r cndco6ou aonp"*ai"" xon-eco-6yAer noJ'IHocrblo I.i,'Iu qacruqHo pa3rpyxeHo.
c norep.flMn. 

lvuva^tna 5. Bocnprarueu ocesofi cu,'IH ynopHbrM no4uununrou.

TepH Ha TpeHLIe B ynopHoM noArrII[gI{Ke. 
- TaK KaK 3aTpaTa Mol4HocTH B SToM ctyqae MfiH[MaIbHa BcJIeAcTBIle

cpaBHnreJ'rbHo Ma,'roro Ko3QQrjur-reHTa rpeHr,ri ynopHbrx noAlrr.rnHr.rKoB.
Bctxoe ycrpoftcrBo AJIfl cHull{eHlrt oceBoro AaBJIeH}Is Korec$ 42' Pasrpysxa oceBblx clrJt B oaHocryneHqar'x Hacocax r c oAHocropoHHr.IM BcacbrEaHr.eM corpoBolKAaercg reMu n,r,o lr'brMr.

""f":fff"t';*il"""S;?:it#""""roM 
Hacoce uoxer 6urr vpanno- *"if;T":;""Tn"H;?u?il1t#"#:ffiT* 

X;j;#'ili'"; pa6ovnx
. l. ll-p-HrrleueHueu pa6ouero xoJreca ABycropoHHero BcacbrBar.r'fl 1:']-t: :419:t9i?,t1"- BxoAa c npoxoAHblM BaroM, r. e._B c,'Iyqasx,
(pnc. 109, a). KorAa Hacoc IlMeeT .[Ba _car'lbHHl(a, pacnofio]KeHtue no o6eu:vr cropo-

li ' 
HaM pa6oqero xo,reca. B yxasar{Hbrx cryqaflx AaBJreHHe BcacbrBaHuq

50 /00 t50 200 250 o5

Puc.  108.  ka B oAHocryneHrrarbrx Hacocax
c pa3,4r.rqHbrMH /?s
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He Bruner  r {a  Bef lHqHny oceBoi r  cHJIbr .  Ha pa6ouee KoJIeco KoHcoJIb-

HOrO HaCOCa, yKpe[JIeHHOe KoHcoJIbHo Ha BaJIy kr Hl{e}ouee OAHH

caJtbHIrK,  oKa3btBaer  BJIHnHHe AaBJIeHI , Ie  BcacbIBaHHq.  KpoMe HeypaB-

HoeeueHuol i  cu. r rbr ,  i loKa3aHuof i  Ha pHc.  107,  HMeercg e i l le  oceBag

cnila, paBHafl npoH3BeAeHHrc nJIOXIaAH BailA i loA caJIbHHKOM Ha

pa3HocTb MexAy AaBJIeHI4eM Ha BCaCbIBaHUH H aTMOCQepHblM AaBJIe-
, . ron,  C.nr 'nonare.n t .Ho-  .?Ta c ,u .na Moxer  le f ic reonarr  nu6o B HanDaB-t l  I I V l Y r .  v u r v A v v  v r r v  t  v  -  

I

rrreHHu BcacbrBaHlIfl pa6ouero KoJIeca, ecJIH AaBJIeHue BcacbIBaHHg
6o.n nrue aruocQepHoro AaBJIeHI,I n, nu6o B npoTHBorIoJIolKHoM Hanp aB-
JreHHu, ecJrH AaBJIeHHe BCacbtBaHLIf  MeHbUe arUOCQepHOro.

S 43. Pasrpyaxa oceBblx cI{JI B MHorocryneHqaTblx Hacocax

VpaerronerxHBaHHe oceBofi cHJrbr MHorocryrIeHI{arblX IIacocoB
rlpoH3BOAHTCs B OCHOBHOM OAHITM H3 TpeX MeroAoB:

l  .  f lpuueueHue pa3rpy3or{Horo 6apa6aHa, Koropbtf i  npeAcraBJlrer
co6ofi yAJrHHeHHoe ynJIorHeHHe UHJIHHApHTIecKoft rpopuq, Bpau1a-
rculeecff BMecTe c BaJroM MelKAy pa6ounu KoJIecoM nocJleAHefi cryneuu
H pa3fpy3oqsott  xarraepof i  (p"c.  l l0,  / / ) .  PasrpysoqHrl l i  6apa6au
B aToM cJlyqae BbIrIoJIHfler ABe Syuxqun: yMeHbuaeT AaBJIeHI'Ie Ha
ca,TbHHK h ypaBHoBeIxHBaeT oceBylo cl{JIV. Ban SaxpenJlfleTcf B ynop-
HbrX noAtrrHnHHKaX TaKHM o6paaou, qTO6bI npenflTcTBoBaTb nepe-

ABHXeHLIIO pOTOpa B OCeBOM HanpaBJIeHLrH.
Ann yMeHbueHufl yreqKn B pa3rpy3orlHylo KaMepy MexAy Bpa-

tqaroulHMcn 6apa6aHoM H HenoABu>ruofi nrynroft pa4ra[Iburtrlt sasop

AeJranr Bo3Mox{Ho MeHb[IHM: 0,2-Q,3 . t t t t  Ha cropoHy.
Vpanuoneut lBaloulaq cui la pa3rpy3or lHoro 6apa6aua paBHa pa3-

HOCTT4 CHJr AaBJIeHI4fl Ha TOpIIOBbIe noBepxHocrt4:

P-+ (aZ -d?^ )p ,
O6osHa.reHufl coorBercrBylor pHc. l l0, I  I .
l lpoxoAnoe ceqeHue rpy6xu, orBoAsutef,r yreqKy H3 pa3rpysounoft

r r d r ' ^ h '  r  r r o  D ^ o ^ L r D a u r r a  r r  f , r r  E r  a r u r l { r \ n . n l -  I J I t e l r r l r n  I I 2 R . I T e I { I , q  I I n . n X { H r )
r \ a l v l g y D r  n c r  D r v q L u l u q l l r r v  r r v l r r

6srrr-n 5 pas 6onlure nJIotqaAH 3a3opa 6apa6auA Fa, qro6u orBoAl4rb

X{HAKocrb 6es 3aMerHoro rtoBbl[IeHI{f l  AaBJIeHHfl B pasrpy3oqHoft

KaMepe. I- lo46opoM AHaMerpoB d6 v d6p MolKHo cHt43HTb BeTHtIHFIy

oceeofi  cHJIF,t Ao .nrc6oro gHaqeH?lf l .

HopMaJIbHoro pe)KHMa Hacoca. l lpu yMeHbrIeHHI{ noAaqn Q < Qon*
ypaBHoBerrrHBaHHe HapyuaeTcf H Bo3HHKaeT OCeBafl CWilA B CTOpOHy

BcacbrBaHnfl,  a npu yBeflLIqeHHH noAaqu Q ) Qor* oceBar cvi la

Mo)Ker r.r3MeHHTb HanpaBJIeHHe u .aeftcrsoBaTb B cTopoHy, I IpoTlIBo-

noJIolKH yro BcacbrBaIJ HFo.
f locxo" l t ry pa3rpysouutt i i  6apa6au He Aaer IoJIHoro ypaBHoBe-

[IrrBaHHtr oceBbrx cHJr (J-tfl BCeX pe)KHMOB pa6Ori'i Hacoca, iieoSxoAliinio
ycraHoBurb paAHaflbHo-ynopnuft UapHI(oToAIIIHTIHHK vrrtr ynopHufi

rroArrrHnHHK cerMeHTHoro rtltta 4eofiHoro AefiQrPufl ,

1 7 9

, l
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2 flpnveHeHrle u'lipan'nn'lecxofi natn {puc' I10, l1i)' 
^ 
lli.exav Ha pNc. I10, /, e,qdbneniie Ha Hanop'oM catLHrrd paEHo rio,rrioMyrn4paa'nx'recxofi ntroft u noarItrHI'IKoM (neno'4anxnofi arylxoft arur"irr, co3AaBaeMoMy nacocoM, yMeHbrxe'HoMy Ha Be,,r'r{r.rHy*op*I:l 

:::^t']^:jt^1t-T...9^i1"^"i^i'3?L'- AaBreHr.r.s oAHofr cryreH'. B eronr cJrv.rae rrr cH'xeHr.rc rraB,ea'qLLJ',  PvrwP'qLvLa ADr^ErL' 'vA DJrlrT nncrvr ULEDU," ureJrDr , '"rE, 'u'  Ha car' IbHHK ueo6xonlluo npl.IMeuqrb pasrpysovHoe yc"pol"tuo,-xo-oceeofi saaop yMeHbuaerct' qro B'eqer ga co6oft yMeHbIxeHIre '4aB'e- ropJi'"or*"" cocroqrb r.r3 Bparqaoqerocs 6apa6aHa r.r HenoaB'xHoliHufl B pa3rpy3oqHofi (aMepe, u porop npeKparqaer 4aatnefiuree nepe- ;;;;;;.
ABHxeHI.Ie' 

, HrrnA*,reHa RnnrRo rr.eRdf- -^--- 
-B 

erofi cxeve Ha3HarIeH[e 6apa6aua cocror.tr B pa3rpy3Ke AaB,,Ie-KorAa oceear cfina poropa HanpaBJIeHa BnpaBo, oceBofi- 3a3op n"r" riu-"untn"*, a He B ypaBHoBerxv BaH[r.{ oceBoro aaBreH'q, no-H a q H H a e T y B e I [ q [ B a T b c g ' B p $ y J I b T a T e I I e r o y T e q K a B p a 3 I P y 3 o t I - , ? n n M v 6 ^ ^ ^ 6 4 n ' ' ^ < ' ' ' ' ' ^ ' ' ' ' ' ^ . ' ^ - -a€r v r rslAd " P".'l{::-'- ; sroM] 6apa631- Moxer nMerb ne6o,rr,urofi rrzaMerp.Hyto KaMepy yBeJrliqlrBaercr. flponcxo4rr nepepacnpe.qeJreH[e .qaBJre- 
', -'-' l i" 

n,. l rn r A _a_-.._^
cxeMaMH peueHr.re. 34ecl ocyrqecrnJrrercr, c oguofr cropon;r, va_Becvs ' 14 Aa"IbHel?uee nepeMel4eHle poropa npeKpalqaercs' crr.rrrHoe cHr.rxeHr.re AaB,'reHHr y HanopHoro caJrbHr-rxa, c apyrofi cro-3' I4gvenesue pacno"'IoxeHl'1fl pa6ovux xo'nec' : poHbr, yjpoqeHue KoHcrpyKrr'r.r.. nepeBoA*r,rx xaHaroB KopnycaB xoncrpyxulnx MHofocryneHqarblx HacocoB ycraHoBKy pa60uux li"'il". o.q"u*o HeAocrarxoM srofi cxeiuH .sBrsercq Harriqlie nepe-Konec oAHocropo'Hero Bxoaa BblnoJ'IHfllor AByMq nyrtMfi: naAa MelKAy atl 

"'noirennei 

-aiynu"""ru, 
a raKxe 

""oo*o,q*rJ[rol ' Pa6o'IHe xoJleca o'qHocropoHHero BxoAa Hacax Balorcfl Ha-BaJ'I' npi""n"u"" pa3fpy3oqrroro ycrpofic.rua, rari r(aK aaBJ,rerHe Ha rra[op-ycraHaBnHBalorct BxoaHbIMIr BopoHKaMI.r B oAHoM HanpaBJIeHI.lH^ I.t ttuft ca,rrHrx parno no,roenHe noJrroro AaBJreHnfi, co3AaBaeMotocJre.4yror apyf 3a apyroM B noprAKe Bo3pacraHllfl AaBJeHuq. uceBas HacocoM.
cHJIa B 9TOM CJ'l yqae BOCnp I'rH riMaeTcfl p a3IHrIHbtMl' tHAp aBJrI{qeCKI'tMH
ypaBHoBerxxBaroq[Mk ycrpoficrBaMH (pHc. 110, 1, a).' 

2. Pa6oqne xoreca'Haiaxnsarorcs Ha Bar, npnqeM oAHa rpynna $ 44. Pa,4uallusre cnJlbl B Hacoce
Ko,'Iec HanpaBreHa BxoAHbIMH BopoHKaMH npornBonoJloxtHo HanpaB- r flaa,leH]re B orBoAsrqev ycrpoficrre uexrpo6exHoro Hacoca pac-
"IeHIaro 

BxoAHblx BopoHoK apyrofi rpynnu' npeAeJleHo paBHoMepHo Ha Br,rxo.(e r.r3 pa6oqero ro.neca ronrxo saocegue cu'nlt o6eHx rpyr[ pa6ovnx xo'nec B3aHMHo yp3^"-19^Y oil"irrnuror pexuue, Ha rroaaqax MeHee onrnMaJ,rbHbrx aaB",reHue
HlnTfiT-J3I"' ,11?;,1,,*;i;';"?",",1'iXi:;:t,l'#",X1,'"1,""TT?:: i""n"pu"o'o'' orBoAe Ha nepu6ep'" Koneca craHoB,,rc, HepaBHo-

;i;J"ffidf"'.;"";"ff;:H'#:iff"ffi;f'":'"1"J'$tHffi;##. , .-"1',1.0_"1;1,'"1J r*""::.1L",.::*o-"::::"o:'l._1,1x n-pear'rAvrrlrN'{

MepHbIM H BOSpaCTaer or Harlarbrjoro cerieHHf AO I{OHeqHOrO. B erolvr
cryqae cnupal l l rurr l  orBoA pa6oraer r iaK gu6$ysop. B c,ryqae,
KOfAa Hacoc paOoraer c no4auer?, So"ri luiefi onriava"rrtHoft, AaBJreHHe
D  f r n l t h  ^  F r  i r ^ r 'D LrrnPdr/rDr-rum ulltuAe yMeHbilIaeTefl OT HAqaJIbHofo K I{CIHCqH9NIy
ceqeHHro cnHpa.nu. cnapauuuurl 0TBOA B 3TOM (:flyqae pa60taer raxt r .n r r rh r rann L f  -  h r , ^  f  t  tr r v l ' Y r ' J  u v y .  r  r c r  P f r L .  L  r  r  l l P h E e A e H a  S a B H c H M o c T b  K o g Q Q H u H e H T a
peaKr{HH CnHpaJrbHoro orBoAa or pe}KHMa HaCOCa, nocrp6euuan nope3yJrbraraM Hcnbrrar{ t r f i  .

noJtoxeHHe Moxer 6HTb rr3MeHeHo c ueJrbro l{cnoJrbgoBaHHg HerrerHoro
qrjcJla pa6oqux KoJrec oAHocropoHHero BxoAa.

Bosnuxarcqar npfi sroM oceBas cHJra ypaBHoBerxaBaercs AaBne-
HHeM xrrAKocrH, ,qeftcraybrqefi Ha BaJrbr I{ npoMexyroqHbre BTyJrKr-r,
I.IMeroql-le onpeaer'reHHr,re pacqeTHble allaMeTpbr.

Ha prc. ll0 rroKa3aHbr rnnoBhre cxeMhr MHorocryneHqarux Ha-
cocoB c oAHocropoHHHM BcacllBaHuena pa6ouux roaec.

KaxAufi THrr KoHcrpyKuHr4 r.rMeer cBoH [per{MyrrlecrBa 14 HeAo-
craTKH, H OT Bbr6opa rofo H[rH UHO|O paCilOJrO]KeHHs pa6OqHX KOJTeC
,u","", 

"ur"oi'"-r-'ril;;;a;';;i""";;;;;;;;'d.i;-;;;;;;;: 
uz u) 10 t54/0*,

HbIe 3a3opbt ynnorHeHnfi poropa n Kop[yca Hacoca, AaBJIeHI{e Ha PIrc ll l.3aBxcrMocru xoeQQrqrlerra peax\ug pcn
ca bHt4Kt4, c"'roxHocrb or.lr.rBKtr Kopnyca Hacoca, ra6apHru uacoca o, _=_!L_

Ha pnc. 110, / ,  6 cryneuu Hacoca pacrroJrolKeHbr raK, qro oAHH
caJIbHHK HaXOAHTCfl nOA AaBJTeHHeM BCaCbrBaHnfl,, a Apyforl rrOA AaBJre-
HI{eM, paBHbrM cyMMe AaBJreHHrl l-f i cTy[eHa u AaBJreHHrr BcacbrBa[vfl,.

HeAocrarxorvr arori KoHcrpvKuHH sBJrflercfl To, rITo BoAonpoBo-
Afu{He KaHa.rrbr Mex(Ay cTyneHrrMH r{MeroT,Soniluyro AJTHHy H Haxo-
ATITCq OAr.rH HaA ApyrHM. Taroe pac[oJrox{eFrHe KaHaJroB vcJrox(HfleT
OTJIHBKy Koprryca HaCOCa H 3aTpyAHfleT Or.rr4CTKy KaHaJTOB OT npr4-
fapa v 3eMJrH.
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+ ,  i  i
KosQQuuHeHr peaxqdH cnHpAnrnoio orbold ecrL othoixeiri l6

cpeAHero crarHr{ecKoro Haropa B ropJroBHHe cilHpaIrr K cpeAHeMy
crarurlecKoMy Hanopy Ha BbrxoAe I{s KoJIeca. Orcyrctnue cHMMerpHH
B pac[peAeJIeHHH 4anneuuri B clzpaJrbHoM orBoAe Ha pex(HMax,
OTJIHTIHbIX OT ONTHMAJIbHO|O, NPHBOAHT K BO3HHKHOBCHHTO PATHANb-
t r ^ i i  ^ r r  n t  t  - o r 9 r ^ - n t r t ^ r r r n , l i  t t a  n A n o ^ T r r r  r a  y r n  r ^ A ^  r t
n \ - | r r  L r rd l J : r l t  A \ - r I \ - r  DJ f \ Ju+ { - f l  f l c t  r / I \ , r I I c t L r . r lD Ig  A \ , r l / IELa  n  DAJ I  f f  aL ( ; l LA .

orrTr.rrvraJrbHori c,H.[ra HaIlpaBJrena B cTopoHy
rrpH noAaqax, 6oatulrx onTHMaJIbHOrl  ,  CHna
f  t t l l n n l < r t l ' r  u t ( " r ' n  ( . r r r r n r  n r {  l n r r n  I  I  O  l r  , f , \v r r r r H L r u r r r  

\ H r r ! .  r  L L r  w _ u t l .

f lpn noAar{e MeHee
y3KOr? qacrH ci lHpai lH;
HaIIDaBJleFra B c ' r 'o l lo] ly

a) f)

Puc. I13. Cxerr. lu AByxBHrKoBofo cn'par,rbHoro orBoAa:
a - Alrf l '  MHorocryneHqarbrx HacocoB; 6 - c o6ulanr 4aQoyeopor,.r

vron, xapaKrepusyroqraf t  HanpaBJreHHe paAHaJrbHof i  cHJrbr,  He-
cKoJrbKo H3MeHqercfl AJrfl pa3rl4rrHbrx ns. I.ns HacocoB C ftr: 120 ._
300 npII Q < Qon^ yroJr q (ueurpa"'rrnufi yroJr, orcr{HrbrBaeMbrr?

' t t

0
n 6

Pnc. Il2. Hanpaa.ueune u BeJrr{q[Ha paAr.raJrbHbrx cr.rJr
s ueurpo6exHbrx Hacocax cnupaJlbrroro rr,rna npH pasJrHq-

Hbrx 
i; 

:

u  -  l 2K  30 ;  n ,  :  300 ;  6  -  l 2K -24 ,  f , s : 240 i  a  -  8K -18 ,
B s :  1 8 0 ;  a  -  8 K - 1 2 ,  n s : 1 2 0 )  a  -  8 K - 6 ,  n r : 6 0

r\rolKer 6srrl BbrpalKeHa H3BecrHofi Qopuynofi
I  n  \ 2 - l

R _ K B  l l  _ _ r j r _ _ l  l y H D r b . ,  r c | ,-  ' r \  
L  Q o n m l  J

t < '  -  r r ^ ^ J - r { . r r r r ? t n  f i m  n  ^  n t r n  - r  r r ^ j "  n  r r E t  r
r  Ac  . r \R  n  \ _ r J r { , rPn r { r l sn  r  ya .A r ra l rD r rw r r  L r l . . / lD l  .

Maxcl.rlvraJrbHoe 3HaqeHr4e pa1railbll'afl, crl,na AocTLIraeT r,lnngu
n n  r o r r  n a D r r L r v  u r r I n  R 6 a u o t t  n n r r r r r o  n r r r n i i  n n  n o r r r t  h 4 [ r r ^
r r \ , r A q a t  y q D I l D r r a  r r J J r I v .  u v J r r L J r I  v l l l r I l Y l a J l D n U n  l r \ J A C L 1 f l  

P A A n O . . l l D r l a , ) a

cHJra paBHa HyJIro HIlt4 ol{eHb MaJIa.
HanpauerrHe paAHa,, ' rbHof i  cHJrbr 3atsr, rcHT or BerprrrHHbr noAaqH.

r 8 2

@ n
.I

a)

Puc. l l4. cnoco6u pasrpy.KH paA,aJrb'brx cHJr B Hacoce:
a -  oAuocryneHqaroM;  6  -  uuorocryneHrraroM

f lpa o6pesKe Hapy)KHoro AuaMerpa pa6or{ero KoJreca paulaJtbHan
cHJIa nepecrlHTbrBaercfi npolopqHoHaJlbHo KvOv _rrawerD^. z n^rau4
AJrn nepecq'rasscl l i  orJbr nponopuro"rnr iu '  *ruaprrv* 'o"u""6i . ,

R-otrt e-D3.
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v sexoropbrx xoHcrpyrqurl ueHrpo6exHbrx HacocoB (xou4eHcar-
Hbre, 6areputre H Ap.) B Kar{ecrBe orBoAflulero ycrporicrna npaMe-
I r d A m ^ d  - - - . - ^ - o -n / I \ - I \ ' . n  r { n r l r r r n A y n . l E L l \ c l . n  r \ a r v r g P a  L  I I ( J L l t . , } l n n u n  1 1 1 1 g t t \ l 1 l { b t u  { - t r L f g H l 4 f l .

Kar iroKa3brBaror pe3y/rbraTbr HccaeAoB aunn, MaKcHMa ilbHafl pa-
n.vanbHafl. e-H.na Bo3H14Ka-er B Hacocax c u,rIJIr{HIpz,IecxorZ xauepoft ua
o[THMa"[bHoM pe)r{HMe. flpa noAarre 6olee 0,\Qon* pal'r4a[rb]Hafl,
cLli la HanpaBJreHa K qeHrpy rIoA rreHTpaJrbHbrM yrJroM oKoJro 40",
orcr{HrbrBaeMbrM or ocu, rrepneHAur<y.nnpHofi K ocn auQQysopa.
f lp"  roAaqe MeHee 0,1Qon^ yroJr yMeHbrraercf l  Ao 3HarreHaf l  b- lS' .
PaAaarlHaq cwJra B lracocax c rrHJrHHApraqecrofi xanaepofi Mox(eT
6lrrl Bbrpa)KeHa aualoruqsor? Qopnry.noli

R" : Kn-nl YHD'b' rcf '
\UTLTfL

PalnansHyro cHJry, BosH14KrxyFo B oAHocryneHrraToM Hacoce,
MolKHo ypaBHoBecHTb, I{ctloJrbsyfl B l(aqecrBe orBoAflrrlero ycrpor?crsa
JlonacrHoft ornoA B BHAe HanpaBJrsroulero annapara krrrw AByxBr4TKo-
elrfi crrupaJrbHllri orsoA c o6ulktM aaQ0ysopoM. flpuueHafl AByxBt4r-
xoeHfi cnapansusrft orBoA, Mbr pa3ABaHBaeM rroroK,. nocryrraroll lufi
H3 JrorracrHoro Korreca (puc. l l3, 6). f lnyxsurxosH.fi cnupanluuli
orBoA, npHMeHqerrltrrt B MHorocryrreHrra'rbrx Hacocax, Heo6palKeH
Ha pr.rc.  113, a.

sblx nropori noJrycrlHp?!kr cMerqaercr no orHorxeHHr.o K f3brKy
nepeof i  noJrycrrnpai l r4 ua 180".  f lpuueHeHze AByxBHrKoBoro c[HpaJrb-
Hofo orBoAa c o6ulur,r arzQSysopoM He Aaer 100%-Hofo ypaBHoBerxr4-
BaHHfl paAllaJrbHbrx cr4JI BcJIeAcrBHe roro, rrro rlyrb, npoxoAlEvruri
)KHAr{ocrbro B KaFraJre I-2-3-4-5 (pnc, l14, a), r,rMeer 6dnnruyro
nporsiKer{Hocrb,  qeM nyrb no KaHaJry 1 ' -2, ' -3 '  (c,ue4oBare.[brro,
AaB"rreHrre B rrepBo[,r KaHaJre FrecKoJrbI{o ntrute).

B MFIorocryIIeIIqaroM r{acoce cnupaJrbHoro rr-{rla paAfiaJrb]rbre
ctr", 'rbr, AeftcrnyroilrHe Ha porop Hacoca, ypaBHoBeuHBa[orcfl noBopo-
Tot\{ crlHpanefi cMex{Hbrx Jlorracrubrx KoJrec Ha 180' orHocnTeJrbHo
n h t ' h  I ^ . . ^  1 1 A  < \Al iy i '  Apyi 'a (prc.  I  l+,  o)  nKoo noJIHocTbr.o pa3rpyx{eHHbrM Bapuar-rToM
AByxnr r rKoBoro  orBoAa (puc .  113,  a ) .

B arona cryr{ae paAuaJrbHbre cHJtbr, ,u,eficreyForque Ha KaxAbre ABa
Koi'Ieca, Aaror panuoAel'tcrBylioulyro, paBHylo HyJIIo, 14 npHBoAflTcfl

8 l(opnycHble AeTaJIIn

I (opnyc f lBJrrercf l  ocuoBHbrM y3Jrox,r  Hacoca. Ero I {oHcrpyI(qrIn
onpeAerreTcrr rpervrr ocHoBHbrMI,I Saxropavrrr; AaBJIeHI,tei\,t, TeNtnepa-
rypofi H ceoficrBaMr.r nepeKaqr-isaeNroii >KIlAlioc'r 'r.r.

Ann MHorocryrreHrrarbrx ueHTpo6e>xultx HacocoB Bbrcor(oro AaB/re-
Irtf l, npeo6"rla4arculee pacilpocrpaHerrrre FraurJrrr rprl TIIna l(orrcrpyli-
uHH KOp[yCa: CnHpa,rnusr i r  Kopnyc c pa3'ber\4oM rro ocl l ,  cel(r(uor i l r l , i l i
H Asortuor i  xopnyc.

S 45. CnHpa.nuHuft ropnyc

Cnnpa"nrnue Kopi lyca (pac. 115, a) Ml-rorocryneHl{arblx HacocoB
npeAcraBJrflror co6ofi oTJTHBKH cnoNuofi Nopo6uaroii Sopur'1. FIe-
I IOCpeACTBeHHO B OTJIHBKe BbrnOJIHfIOTCf KaHaJIbI  LJr f l  IOABOAa kr

orBoAa )Kr4AKocrrr or pa6ouero KoJreca, rrepeBoAFrbre r(aHaJrbr Ailn
no/{BoAa }Kr.rAriocT}r or o4noli cryfleHr.r r( apyrori. CoeArrHeHr.re cry-
neHefi MelKAy co6ofi MolKer ocyu{ecrBJrrrbcfl c nol,rorl{b}o nepeBoA-
nrtx rpy6, Koropbre nu6o Ha Q"naHuax noAcoeAur-rflrorcfl K Kopnycy,
nu6o npHBapHBarorcr.  f lepeeoAHbre rpy6sr 6o.nee 6.naronpHqrHbl
B |HAPABTI4IIECKOX,I OTHOIIICHHI,I NO CPABFICHHIO C NCPCBOAHbIMI,I KAIIA.
JIaMI4, oAHaKo oHH Bbr3brBaFor yBenr4r{eHue ra6apHTa Hacoca.

l lpn npoeKrHpoBaHHV cnupaJrbHoro Kopnvca Heo6xoAunao o6ec-
TCqI,ITb B03MO>KHOCTb i lOTYI{CHHfl B OTJIHBKC AOCTATOI{HO ETICOXOIl
Tor{HocrH (o6uuHo 2-k xnacc rovuocru) H qricrorbr BoAorrpoBoAsrrruX
KaHaJIoB. B rpyaHoAocTynHbrx A"lt f l  3arr lrcrKn Mecrax peKoMeHAyercr

5 f lape cH,rr c r", ' rerroM, paBHbrM paccT'ofHHto MexAy ocflMI,I  KOJreC.

B CpaBHeHHH C paCCrOflHHeM MeX(Ay OCqMr,r KOJTeC peaKrIHH Onop Hacoce rJlyrrrarca. O4Huur u3 ocHoBnsrx rpe6osanar:r sBJrflercfl TaKlKe

Cuupanlnue Kopi lyca, KaK t tpaBr{Jro,  HMeroT ropr,r30HTa,rr luut i
pa3beM B rrJrocKocrn, i lpoxoAflrqeli uepe3 ocb r{acoca, I{To Aaer Bo3-
Mox{Hocrb pas6uparl, co6aparl v KoHTpo,/rr,rpoBarb cocroflHHe BHy-
TpeHHHX BoAolpoBoArrqr4x KaHaJroB Hacoca 6ee AeMoHTax{a rpy6o-
ripoBoAoB Ha Mecre gKcrrJryar aL\AH. if.nocru-rcrb pa3beMa ylli-IorHfl ercfl
npoxna4xorl ronuluuofi 0,5-l *t*t HJIH ga cr{eT Mera,'rJlHr{ecKoro
KoH'taKTa ri l{areJrbno o6pa6oraHHbrx nnocxocrert KpbrIUKll I u Kop-
nyca 2.  B [ocJreAr-reM c, / ' ]yqae npoH3BoAHTCfl  ura6pelrue HJIH npHTHpKa

r 8 5



conptrKacaounXcrr f l/rocKocreft . Heo6xoAnrvroe ynJrorHflIorrlee ycHJrHe
co3AaeTcf l  unHJIbl(aMII ,  ycraHoBJIeHHblMtr Ha nJIocKocrH pa3beMa.
I f  ^ ^ ^ e ^ . . , . ^
n  f l a \ - \ . r \ - c l ^  f ) f , l \ _ w A w l  \ J  A < r . D . / t E n n l l  ,  \ / L u v g n l l ( J  I  u p x y t r t s t u l { l { b l x ,  p e K O M e H _

Ayercfl npHMeHflTb KoJInar{KoBbre ralircr LJrfl rxrrHJteK nJrocKocr6
pa3'beMa. IIol Ko.rraqKoBbu\4H rafiwavu ro.nlKHhr 6slrl [poKJIaAKlr
r{3 MrrrKofi cranH.

I ipn Ha.nvqvn pa3ber,{a npt. teMnbrr i  r r  HanopHbl i l  narpy6xu Hacoca
or"fi l lBarorcfl B r{opnyce rracoca. K HeMy nptJtr4Tbr raK}Ke onopHbre
Jtarrbr H Kopbrroo6pasnlre xpourureliHsr A,'rf r{penJreHr.rfl KopnycoB
I IOAIUHIIHHKOB.

2

6)

Puc.  l l5 .  Tunsr  KopnycoB MHorocryneHqarbrx  HacocoB

187

B Kopnyce npeAycMarpHBalorcr
oTBepcTHfl Ailn norHoro onopolKHe-
Htr4fl, HaCOCa. B KpbrrIKe Kopilyca
AoJrlKHbr 6urs aHaJroruqHbre orBep-
cTr4s, AJrfl BbrnycKa Bo3Ayxa. Ha
KpbruKe peKoMeHAyeTcs oT.rrHTb
cTpeJIKy, vKa3brBarouyn HarrpaBJre-
HHe BpaqeHvfl poropa Hacoca.

HaH6onee rroAxoAfl rrluM MarepHa-
JIoM AJrfl c"noxuofi oTJTHBKH Kopnyca
rBJrrercfl ceplrfi qyryH, o6.naAarc-
uIHir )Kt'rAKoreKyqecrbro. OAHaxo
npH AaBJIeHHH HafHeTaHr.rfl CBbrrue
50 rc l lc t tz uyryHnbre Kopryca npu-
MeHflr.oTcf AoBoJIbHo peAKo, TaK KaK B STOM Cryr{ae TOJIUIHHa CTeHKH
Kop nyca Aocrr { raer  HeAol rycr r rMbrx sHaqeHHr i .  f lpaxruKa noKa3brBaeT,
r{To ttpK yBerHqeHHH T0JTXIHHbT CTeHKH CBbrrrre 40 un o6pasyercn
llopHeroerb MeTa.-/I.[a. B raK],1.x- c-r]vrIArrx KoDrr\-/ca H-2cnc.-.'R .!Tr!L.rpq:_ l  ^ r q l v v v u  v t d l r t D q _

rorcfl H3 yfJrepoAHcrofi craJrw. I,lsroroBJreHHe KoprycoB H3 Hepxa-
BerorrIHX cra.neri HJ|H )\pyfr.rx MarepHaJroB Bcrper{aeTcfl peAKo, JrHrrrb
AJrfr CrrerlHaJrbHbrx HacocoB.

Pacqer Ha npoqHocrb cnupaJrbHoro Kopnyca. Kopnyc MHorocry-
rleHqaroro Hacoca cIIHpaJlbHoro rrna npeAcraBJrfler co6ori cJroxHVro
AeraJrb, cocrostqyn r4s o6onoqex pasnuunofi Qopulr, rreJroro p"-aa
pa3fiHrrHbrM .o6pasoru Hafp_y_)KeHHbrx H SaKpenJreHHbrx nJracrHH npo-
H3BOJrbHOli QOpVnr H T. n. I4cno.ub3oBarb foroBbre cxeMbr pacqera AJrfl
Bcex cflyr{aeB He npeAcTaBJrflercfl Bo3MoxHbrM. B xaxAoM oTAeJrbHoM

Tb HA OTNCJIbHbIC
SJIeMeHTbI,Koropbre c H3BecrHbrM npu6.nuxeHneM Moryr 6url pac-
CI IHTAHbI .

f lonurxu HcnoJrb3oBarb o6lrqsue Qopuy"nu, npr4MeHseMbre AJrfl
PACqCTOB KOTCJIbHbIX COCYAOB, NPHBOAflT K PC3VJIbTATAM, HC COOTBCT-
crByrorqHM noflyr{aeMbrM n 4eficrnureJrbHocrn t461.

llpu pacrrere no[epeqHbrx creHoK Kopnyca, 0.[aHqee nJrocKocrn
pa3beMa H Aqyrux 3reMeHToB Moryr 6lrru HcnoJrb3oBaHbr pe[reHHfl,
norylleHHrte A. H_. Ay*o"Hbtt\4 AJIfl KoJlbueBbrx n"[acrHFr, ycr.rJleHHbrx
paAHa/rbrrbrMH pe6pairau I l7 ,  18,  l9 l .

Puc. I  16.  Pacqeruoe ceqeHHe cl rH-
paJrbHoro oTBoAa



Hau6on.nurylo cJrolKHocrb npeAcTaB.[rrer pacrreT Ha nporrHocTbcnupa,rnHori oreoAsrIIefi KaMepbr. MeroA sTOr:O pacqera AOBO/rr,Hono4po6Ho paspa6oraH M. ,A.  pylacou t461. O."aJonrr ; ;  ; ,  ocHoB-r-rbrx loJrox(eHHflx ero (puc. i  l t t ) .

,, ̂ .,,*1:::,y,?j 
tn:t.,.: 

i:l : 19l ll B crrup arrrz BosHrr Karor B Mep HAH au -vvf L,r.rr r- , 'a '"vvrtbtt t t lMLT pa3MepaMH (pacqeTHoe ceveHlae).tr4ueuuo B gToM cerIeHpIH H npoBepglorcf l  Harp-r l} t<eHlrf l .  M.e'.nrrnn-,noHailpnxeuafi o6pa3yercn B 3oHe ropoo6parno.d- Fr;;; np["-""',, ' '

o*:-+,
PK'J 3

Ens xpyrrKHX rvrarepHaJroB (uyryH) aKBHBa.reHrHbre Hanpf l )KeHHrr
onpeAeJIfltorcfl no reoprlt l npeAeJrbHbrx r{aIipflx(eHHbrx cocroqHHr:r

C a r c e : G t - V 0 3 , (7s)
T r  T I A  1 t  - -  O e Z  

-  n r l J n r r r a f t t r a  n n a r a I o  n r l  r t r r n ^ T rf A U ' -  
O i  

v r r r v l l v r r r l v  r r y u A \ - . , I c t  r I P w : I - l \ J L l l ' l  L l P l r l  P a L f t f l t \ t r n 1 1  t l

K npeAeJry nporrHocTH rrpH c.x{arulr.
ooprraynu (73)-(79) nofiyqeHbr Arrff cryqar <qncrorl cnupaJrr.r>

rIpH rlocrogHHoll ToJIxIHHe creHKH. B gacocax c[trpa,rH o6tr,{Ho r.rMelor
yx(ecrorreqHrr B BHAe pe6ep H[ru yroJrilIeHHfl creFrKr4 y KopHeBofo
n A I J A L I I ' q T J r r a . n r ' n n . ' n a # n m o , ' m A n L I r r ' ^ l T 4 r h d \ T / n l t T ' d n n n \ t ' ' ' ' . < ' , 'L L r v r r r r / r .  r r v J r v r v r J  A L r r L I D r l r v / r D [ - D I g  f l d ' r r y . n . / T \ E . F f f r . - l  A L I J I . d \ I i l b l  L | D I I D  f f n d a E

pacrlerHbtx.
Onpele"rreHne Hanpr)KeHufr s cnupaJru rrpoH3BoAr4Tcfl, AJrfl MaKcH-

MaJrbHoro AaBJreHHf , coorBercrByloqefo uanopuor? xapaKTepHcrHKe.
Onpe4eaam Hanprr)Kerrr.rf l B cnupaJru nprr relaponpo6-e seuenecoo6-
pa3Ho, TaK KaK CHCTeMa Kpen/reHHfl  3auryueK Hapyuaer ycJroBHfl
Harpy)KeHHs Kopryca.

3anac nporrHocrr rro i lpeAeJry reKyqecrH r,Jrfl KopfiycoB H3 rrJra-
cr lcr{Hbrx MarepuaJroB peKoMeHAyercf l  npr{HHMaTb f t r  :  l ,Gb +- I  ,9.
I.nn KoprrycoB H3 xpyrrKr{x MarepHaJroB, pa6orarourux Ha pacrfl>KeHHe
u uzru6, Aeficreure"ntHtrri npeAeJr rrpoqHocru Mo>l<IIO OlpeAeJrHTb no
BbIpa)KeHHI.O

os - hpor. p -FLu6r. u,
fAe

I.Ae

fAe

paAHaJrbHbre Harrpf l  x(eHHfl

oKpy)KHOe Hanpfl ).(eHHe

o z :  o r u  I  o 2 p - ,

r-Ae a2u - V6u -- 0,682p 
* ir$;

,  __
K : r /  1 2 ( l  _ p r )

f s  a _  r:  
?; i  F :  + 

- napaMerpbr ro pr4c. 116.
3ToM ceqerrHH MeptrAHaHHbre Hanpfl)KeHHfl

0 1  - c u * 6 u ,

cru: t,S2p + j/+,
o ,p  :  p  +(o,or  W + #1 r ,5a)  ;

\  rzaF l

(73)

(74)

q.

B

L- :  
o t t  -  j

'uP - 
OO -,, 

* 
t t\tt -

Ca

o p l o u

Sanac [porrHocrrd rto 4er?crnareuruolry npeAeJry rporrHocrH pe-
L r \ n t a u r r \ z a T n o  n n r r r r r r l i 4 m ?  1  a t r  O  nr \ v r v r v r r A J v l v ^  r r l r r r . f l r l t v r ( 1  1 f , ,  I L g  -  I ; ( ) t J : r J r v .

ocenaq AeQopnaaqus crrtpa[ru noA 4eficrnnev AaBJreHHfl Moxer
6ur l  onpeAeJreHa rro BbrpalKeHuro (puc. l lG)

A-nlrTro-rt#.*,, .
HapaAy c rlpoBepKoft to.nuaHbl Kopnyca ueo6xoAr.rMo ocyulecrBgTb

npojepKy rporrHocrH rrrrr.rJreK no pa3beMy Kopryca
Pacqer [rnHJreK no pa3beMy Kopnyca. 

-l l lnurrrxlr, 
coeAnHarolrrgeB,ce.IeHLIH 0 : 0 Qopvy,rrtr Anfl olpeAeJreHufl Harrpaxeuuft:

C1u -, - orp :  1 , IPF ;

6 z u :  I , B I p * i r q ;  6 z p : 1 , o 4 p  - E -

3t<sl lBarettrt t l te l lanptl)KeIII I f l  AJrrr rrJracrlrqr,rbrx MaTeplra/roB onpe-
AeJIrrForcf l  no TeopuH (srreprur,r SopNlonsMeFreuLr_fl)):

czp: p +

(75)

(76)

BCPXHIOTO I,I HI4}KFII.OFO IIA

irg
[IeHHfl, B Hacoce. Kporr,re Tofo, Ha rIrIIH.[nxu AeficTByeT ycHJIHe, ueo6-

Pac.rerHoe ycHJIHe Ha II ITIHJTbKH

p l . ? " t : D , - L p ^
:  i  i  i  i  . 2 ,

rAe P r : prrru*F - ycHJrHe, ypaBHoBeuHBaoqee ctrJtv raB"[erulq
Ha BepxHroro qacTb Kopnyca, B rcf ;

P,,,,ax - MaKCHMaJTbHOe pa6ouee AaBJret{r{e B Hacoce (onpeae.rrfiercq
uo pa6over l  xapaKrepucruxe) a rcf lcnz;

I
2

189
1 8 8

0 trca [(o, - sr), * (o, - or), * (o, __ or)r] (78)



F - i lJrouaAb ropH3oHraJrbHofi npoeKrIHH BepxHerl qacru
KOpnyca,  ̂ofpaHHqeHHOfi  KOHTypOM pacnoJroxeHHfl  r r rnH-
' IeK,  R Ci42'

Pz -*'' paonFr^- yc:P.[r]/,e, o6ecneqaBarouee AaBJreHr.Ie Ha n"rro-
IqaAH KoHTaKTa, Heo6xo,lluMoe nJIfl repMernrrHoeru coerra-
HeHIt f l ,  B rcf ;

Par, - KoHTaKTHoe AatsJIeHI{e, o6ecne.iHBaloqee repMernrlHocTb,
B rcl ' lcnz Inpu yurorHeHr.r14 Ba cqer MeraflrzqecKoro
I{oHTaKTa Psnn : (a.-5) P*ux, rlpfi ynJIorHeHr{H napo-
Hnroeori npoK/raAxofi- psn,t: (2,5-.-B) p*u*i

Fr^ - nJioqaAb cTbtKa s cilL. 
-

3aAaeascb KoJrHrrecrBoM H ArzaMerpoM unHJreK, rrpor{sBoArr npo-
BepoqHblfi p acve'r uTIHJI bKH o6uqslnru MeToAaun. flporrHocrb rrrrrgJreK
AoJrlKrra 6urs npoBepeHa npu IaBJreHLl4 ruAporpo6ir.

l lp, BbrcoKHX AaBJrerruflx H TeMneparypax HaAelKHoe ynJrorHeHge
nJrocKocrH pa3beMa qacro 6rrsaer rpyAHo ocyqecrBHMbrM. Kporvre
TO|O, TeXHOJIO|HqeCKI4e TpyAHOCTT4 IIOryqeHHff B oTJIHBKe TOTTHbIX
pa3MepoB H elrcorori q[crorbr noBepxHocTH AJrr{HHbrx BoAonpoBoAfl-
IrIHX KaHaJIoB, XapaKTepHLIX !.Jrfl BbIcoKoHanopHbrx HacocoB, Bo
MHorHx cayllarx AeJIaIor qenecoo6pa3HbrM [pr{MeHeHHe ceKrlHoHuorl
KOHCTpyKqHr.r Kopnyca c JroflacrrrbtMr.r orBoAaMH, AOCTynHbtMH AJrfl
MexaHur{ecxorl o6pa6orxz.

S 46. CexquoHnufi xopnyc

-Kopnyc T.aryit KoHcrpyKrrHH (puc. lrs,6) npeAcraBrrfler co6ofi
Ha6op cexuuli 2, xpuruex 

-ecacrrBaH:as, 
I u uarneianras J, coe4nHeH-

Hbrx Mex,uy co6ofi crs)KHbrMH rurruJrbt<attu 4.
I(puurxn BcacbIBaHHs Lr HarHeraHafl sBr-rrarc-q 6asoenrruu Aera-

Itfl'MH Hacoca. B KpbIIxKax BbIIIoJIHeHbT coorBeTcrBeHHo npuenauufi
H Hanopuuli narpy6xu. Cotnaectuo c KpbruKaMH orJruTbr onopHbre
Jranbr, KoropbrMH Hacoc Quxcl't pyercs Ha syH4aueutuofi frJrHTe,
H Kopbrroo6paanue rcpoururefiurr r[rf l no4uunnr4KoB. K KpbrlrKaM
HA I i INHJIbKAX NOACOCAHHfl I .OTCf i  KOPIIYCA KOHIICBbIX YIIJIOTH CUU\T.

Cerquu KpbrrxKu rreHrpHpyrorcff Ha rrHJrHHApHqecKHX saroqKax.
Vn.norHeHue cTbIKoB lfo)Ker ocyqecrBJlflTbc g, nu.6o 3a crrer MSTaJIJIH-
r{ecKoro KoHTaKTa yrrJIorHflroul{x noqcKoB, nw6o npH rloMotqu
cneuHanbHbrx yrr,rorHHreJrbHbrx ycrporicrn. .Iuqe Bcero npHMe_

Ins ropsrreBoAHbrx HacocoB (ao 200'q ynJrorHureJrbHbreKOJrbUa
. y r r r  L r ru l j J l l r ru rcn  l4s ' r ' epMOcToI4KoH pe3HHbI .

KoHcrp y KIII'I fl crbl Ka ce xqu fi AoJr x(H a rr p eAyr p ex{Aarb Bo3Mo}r(H ocrb
pacKpbrrHfl efo npH 4ericrnuu BHyrpeHliero Aanneuus (puc. l l7).
Haa6onee npocrblM qBr.sercs coeAuHeHHe c gHeurHeri garo.rxorl
(pHc. ll7, a). coeAnneHHe c <sy6ouu (puc. ll7, 6) oo.neJ ycrofiuHeo
K pacKpblTllIo crblKa, oAHaKo BbrnonHeHlle ero SaTpyAHHTeJrbHO.
I IPH BbICOKHX AABJICHHfX B HCKOTOPbIX Cf lYqAgX NPHMEHSIOT COCAII .
HeHHe c  BHyrpeuHer l  saroqxof i  (puc .  l lT ,  a ) ,

f l,ns yMeHb[IeHHf, pac[eHTpoaku cexqHfi npr.r c6op Kax H pas6op-
Kax Hacoca coeAHFreHr.re Hx npoH3BoAHTCfl O6UqUO nO HanprxeHuofi
nocaAKe.

llp, ynJIorHeHHH crblKoe cexunfi 3a cqer MeraJr,rrHr{ecKoro KoHTaKTa
ynfiorHqroqHe loflcKr.r .4oJrx(Hbr 6urt crporo [epneHAHr{yJrspHbrMH
K OCH HaCOCa u HMerb qHcrory noBepxHocrH v 8-v g,  Koropas,
KaK npaBuJro, .4ocr?traercs npurupxoli cneupraJrbHbrMH npHTHpaMH
BpyrrHyro LtJrH Ha CTaHKaX.

Heo6xoAHMoe yrrJlorHflroil{ee ycu,,THe c03-
Aaercfl cTflx(HbrMu rurruJrbxauu. B ropflrreBoA-
HbIX HaCOCaX CTflX{Hble ITInHJIbKH AOJL'KHbI TaKX{e
BOCTTpHHHMaTb ycl/l[rf in or reMneparypHbrx Ae_
Qopn,taqufi ropuyca. CrsxHbre urrHJrbKH AoJrlK-
HbI paBHOMepHO pacnoraraTbcfl no oKpyx{HocrH
Ha MHHHMaJTbHo Bo3MolKHoM AHaMeTpe. He pe-
KOMeHAyeTcfl nponycKarb HX qepe3 BoAonpoBo_
AqrqHe KaHaJrbr.

Kpuurxrr Hacoca H3roroBJrqrorcfl nu6o Jrnrbr-

HtrrH MarroJrernpoBaHHoli craJrH. B uecrax y[Jror-
ueuurl cexquri Ha KpbnxKax MolKer 6rrrt npe-
AycMoTpeHa HarrJraBKa HeplKaBeroxlr4MH s.rreKT-
poAaMH AJrfl rrpeAynpelKAeHHfl pa3MbrBa nprr
BO3HHKHOBCHI,IH HCIIJIOTHOCTH B CTbIKC.

Cexuuu Lr3roroBJlrrorcfl JTHTbIMLI LtJrH KoBa-
HbrM?r. MarepHa.n cexqufi  -rryryH HJIH yrJrepo-
Avcrafl  cTaJrb. B oco6o orBercrBeHHbrx Hacocax
ceKrIHH HSrOTOBJrsroTcfl  H3 rroKoBoK HeplKaBero_
uefi craJrr4.

I4uor 7a AJI fl B btcoKoH an op H bIX H acocoB n p HMeH fl r.or 6 au Taxvrp oB a -
HHe cerqntt. CeKrrHq H3roroBJlrercff Hs BbrcoKoKaqecrBeHHoro Ma-
Tepwaila c orHocHreJrbHo He60,ryuuofi ro.nutaHorl creHKH. flOnepx
ceKu,HH Haca)KnBaercr 6a:g-/.z>x r{3 yrJrepoAncrofi cra[rt. fIpHueHeHHe

KaIIeCTBeHHbre MaTepHaJrbr.

JlHBarorcf Jro[acrHbre orBoAbr, Koropr-,re QHxcr,rpyrorcf or nponopava-
BaHHfl, rurnQrauH HJrw BHHTaMI,T.

B ore'recrseuHori  l rpat(ruKe HarJUrH pacrrpocTparreHHe qerbrpe pa3.
HoBHAHocTH JronacrHbrx orBoAoB (pHc. l lg) .

T T ^ - ^
" 'rL'rraulr lble o' l 'Bo/{bl '  ts Koropblx AHQQy3opHbIe o'rBoAq111t.{e I(aHaJlbt

coeAHH_e_H^bl nepeBo[HhIIr{u c o6parnrrvn noABoARurrMLr KaHaJraM}l
(p l rc .  I  I8 ,  c ) ,  r rs foroBJrsro ' l ' c r r  B BrrAe oArrof r  . r r r ro i r  AeTa/r r { .

d)

Ptac. I  17. (oHcrpyxrlun
crbrxoB cexqufi  Kopnyca
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O6parnue fioABoAq t e KaHa"'lbl Mofyr 6r,rTb pas4enetu c oroo- ll lnHrbKtt h3 npoKara 6es lporoura noBepxy He,rlsn. O6pa6orra
qqultrMn KaHaJIaMr, 6eg.lonactnuu KoJIb[eBLIM npocrpaHcrBoM Heo6xoAuMa altfl. yqaner tl noBepxHocrHofo cnoq, B KoropoM qacro
(puc.  118,6) .  Bcrpeqalorcs 1e$emu.

Kasa,rsr 1N<prpysopHnx orBoAoB Moryr 6Hm gunonHeHu n o4noli Paeqer Ha flpoqHocrb xpuuex ci:r4ronur,rx HacocoB npor43Bo,4grcfl
AeraJn, a o6patHue noABoAtuue KaHa.JIbI B Apyroii colpqraeMoft , 19 Mero,(uKe, arra,rorfi'{Hofi MeronHKe pacqera cn}ipanb}trrx KopnycoB.

gera;ru (pr.rc. I18, e). OcraHosl-IMct Ha ocltoBHhrx rroJroxeHr.rrx pacqera lra npovuocts-,ttpy-
B nexoropux KoHcrpyKlll{f ix, rax BaxHefiuHX l{op[ycHF,rx ,4eraleil cexqaogHhrx HacocoB.

qaule Bcero npr.r nepas6opHou poro- Ilponepo'rnufi pacqer npoqHocrn cexqxfi MHorocrvneHqarHx Ha-'q 
,/r\\ pe, npuxoAr.rrcr npuMeHtrb p_a3teM- i cocoB. Cexqr.IH xopnyca MHorocryneHqaroro sacoci noABepxeHbr

=/T\1, \X Hbre JronacrHbre omo4u (prc. I18, a). AelicrBlrro BHyrpeHHero AaBneHHr p (prc. I19, a). I{au6oaee xarpy-
--f-----L- ' n I ' uoe noJIoBHHKH npu coopKe coeAH-

a) HflI,OTCfl MelKAy CO60flr C nOMOITIbIO
crffx(Hbrx [InzJIeK unpt 6onron. flpu
pa3beMHofi xoncrpyKlrl l l ,t nonacrsofi
orBoA BbrnoJrHfleTcfl AByx- krltkt qe-
TbrpexKaHa.rrbHbIM.

Ann cHH)KeHI4fl rlorepb B Jlonacr-
Hbrx orBo,u,ax Heo6xoArzuo o6ecne-
tIHTb BbICOKYIO qI,ICTOTY LI TOIIHOCTb

auQQyaopHbrx KaHaJIoB, B Koropblx
cKopocTH noToKa AocTI4faIoT MEKCH-
MAJIbHbIX BCJII , ITIHH.

Marepuan JrorracrHbIX orBoAoB
,o,o-rpu.i." 

"".";;;ap;;nri;-p;;- 
I Puc. I le. PacqerHa' cxe^'ra ce*qr{}r

HOCTH, JIHTeHHbTX KaqeCTB, KOppO-
guoHnofi 14 aposuonnofi crorixocra.
ft;';;,ff#"ffi;;;";;:i'^;il | I:fl*ij"*:"":::.:..1::-1tr:::j:{1"1 Iv-!:H', ,BHvrpH xoropori

2X13.
crsxHr;e unr.rJrbKn flBJrflrorcr ) 

o: 2**b ,*, h - 6;
Pnc. I18. Tr, lnu JIoII 2crHblx oTBoAoB \-r ' -r , .T\nmE L,.rrr ' .r /r 'c ' , trr  ^Drr^rvrL^

oAHr{MH Us nau6oree Harpyx{eHHbrx

4era.neft uacoca. I,Igrotosrsrorcq o"" oo"uto'it-i;&il'y'";;p;A; ' p : !+ - paBHoMepHo pacrpeaeJ,reH'an rrarpy3xa or naBrre-;rErrlr Md"

'io',r"" "i iop*er "oa,i 'in'iffi, i l"Jl'Ho;"fJ#,,i"0"1,'l,lT"jil"-:"r"::iif1;'$lii"1,;61.o saqeu.ren
BbICOKT.TX CXOpOCTflX nOTOKa, OTJ'Iu- |  W"".""*
Barorct HB neoxasercuefi craau 

rrL^vA'de AaHItbIe Anq pacqera:

ToB,'rrrbcfl us cra 14 40X n.nu Apyrnx JrerxporJaunorx cra.nefi (uanplt- "';';:r:--::{ '

Mep,  -  r rapauerp s l /c , l r .
[rnHrbKH Ao,rxeH 6Hrs npt.IMepHo paBeH KosQQlll[eury ,runefinoro
p ac,,,rpeHr.n MarepHaJ'ra Kopnyca. Ha unn,rrxe peKoMeHAyercr rpe- ,,",,T.3ll:'""t",[. =.:3.:.p.1.:.:::: i-"-t:-111':1. 

B 'ecre sarqeMneHn t

AycMorperb Hanpaonrnqnli notcox nepeA pear6ofi u,ru cpeAHoto "-li-ilY-"^.--t]'-1 lr.ur o ceqeHHfl orlpeAeJlfleM:
qacrb ee sunorH'"ro 6o,rruero Ar.raMerpa'no cpaBHeHr.ro c AHaMerpoM ,,.:r'I"TF?:;ff;, 

r3rl6alol4ero MoMeI{'r'a B paAHarLIIoM llanpaBrle-
pesr6u. 3ro npeaoxpaufler pesr6y or noapexgenvfi npfi sarf,xxe

Anfl xo.'IoAHoH HerrparrbHou tsoAbI 4efrcrayer AaBneHlie, coorBercrBylorte" nrno'py 
'i-i'",rilnutrtll'"t""

npll cpeAHI'Ix cKopocrffx noto*r,lll: pac',rer cerqxu npori3BoAurcq no o6lqefi reoprtlr uLul.tHApuqecKorlMeHfleTCq qyryHHoe r..rJlr..l craJrbHoe n6nrnnz- p ,,--^^--^ffi;""i1";t##" #;;";,';;;: I :9?1.?1Y ^-"...*-"::.:'.".:^o-"^:":11:l^-"1:':'-:pxHN*aercs ioporxr'rn

pe3bobr. JTo npeaoxpaHfler p$boy or noBPexAeHI4I,r rlpl-I !
AJlHHnbtx u[[JIeK, VroJlI{ennaq cpeAHf,g qacrb yMeHbllaer raKxe u _ | s'rrgl.chr0l.l-cosrBl.sh:lf i l
Bo3MoxHocrb  cKpyqNBaHHq unI - InbKH np l {  3aTtxKe.  l43 foroBJ ls r6  " ' , -AF 

'  
coa ! i t . l ;1 lT ] ;1 - . - ;
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HI{TeHcHBFlocrb H3rlI6aro[iero MoMerlTa B or{py}KHoM HattpaBJreHuH
n rcl . cnlcn:

Mr :  lLMri
HItreHcHBHoclb IlepepegbrBarouer? cuJrbr B paAna[rbHoM HanpaBJreHr.rg
e rcflcia:

e, : 4 . sin 0/'cos f_/ * lh_F_/_'ch 0/ .

MaxcuirlaJIbHble Harrpfl)KeH14s B urrJr14HApH.Iecxoft qacru ceKrrt4H
B paAHaJrbHoM HanpaBJreHr{H B rcflCrUz

omax:  #  ++
3anac npoqHocrtt Irpu pacrflx(eHnn AoJr)KeH rraxoAHTbcr B ripeAe-

J IAX

6p- -  1,8-;-3,0.lXp:  
ourrr*

3a pe4ruM HcKJIIoqeFrHeM Bce ceKuHH MHorocryfleHrrarbrx uacocoB
BbIrIoJIHflIorcfl c rocroflunorl To,'rrr{HHoft creHxn H3 oAHoro MaTeprraJra,

Prac. 120. cxeua crrxHoli rxnHJrbKH ceK(r.ioHHoro Kopnyca

cKoro KoHTaKTa, HeO6XOAT4MO IIpOBepHTb CeKUHTO Ha AOnycrzutrr l
yro{ pacKpbrrHq crbrKa, He Hapyuarouluri  repMerHrrHocrlr.

Pacqer crcxHblx uInHreK. MHuurrranbHoe pacrrerHoe ycuJrr4e,
4eficreyruu{ee Ha crrxHble IIrnHJrbKH, eu6upaercs H3 ycJroBus o6ec-

IlepeKaqHBarorrlHx roprqrre x(r.rAKocrt4, crflx{Hble IuluJIbKH,4OJr}KHbr

&lltttt ' ttr,ta.nbHoe ycljnHe ua ttrnH,rrbKe, Heo6xoArtnroe A;Ir, coxpaHeHrrfl
I 'epMerHqHocrrr r,rex{Ay ceriqtrqMtr, paBrro ycnJrr.lo, Aelicrsyrculer\4y
ira i i i lbt ix i {y rrei lnet .arrrrn nptr  Aats. t terntrr  r . r rApol l l to6rr :

Piriiri : * @?, - D'i,,) p,,,,,

I 'Ae Dcp cpe4ulri i AHaMerp ynrortrHTe./IbHoro crblKa KpbtrlKH H
ceKrIHr.r;

-Dr,, 
- /{ l ' laMe'fp IleHTpaJIblloI'O O]'BepCTltu KllbltxKH IIarHeTarrHs.

PacrgrHealou{He uarpfx{et lHf B Te" ' Ie t t tmt,rrbKr.r  or  ycHJIHrr p^tnl

0 P  -  
P r t r i '-  

'  r .J854'

Pac'rerHoe Hanpfl)KeFlr4e 6porn AOJTXHO nrt6uparlcn Hg ycJIoBHfl

op ^< Opacu: ot * oscm < Iol*.

HanpaxeHne B rrrrrnJrbKax ot or pa3Hocru TeMrrepaTypHbrx pac-
unp^eH u fi orp eAeJrq ercr cJreAyrouunr o6p aeonr.

OrHocnreJrbHoe yA/rHHeHHe Kopilyca v runuJreK

\ En : qn (tn - trr);

Eut : dru (t* - trr),

rAe tcp -
t * H  t u , -

TorAa
6t : (en - t,,,) E,r,.

HanprxeHl' leM 01 rIpeABapHTeJrbHor? 3aTflx{KH rxrruJrbKH o6rrqHo
sa,4alorcfl i Cro : 35tJ -r400 rcllcnz .

VcnoeHoe lo[ycrrMoe Hanpfl]KeHue lo)r, npnHHMaercs B 3aBH_
cIdMocTI4 OT MaTepkIaJIa IXlr4JreK:

Cranr 40 40X 30XMA
Iolw a xflcuz 2600 2800 gS00

vcvnue or npeABapHreJrbHor? sarslr(Ka rrrrr'/rbKH

Kpyrqu{Hr? uoueur AJrfl npeABapHTe/rbHor? sarr}r{KH Mo}r(Ho o

reMrreparypa oxpyx<aroqeft cpeAbr B oC;
reMreparypa r(opnyca H rx[HJrer( (onpe4e.nfleTcfl Ha
ocHoBaHHr.I  orrbrrHbtx 4anusrx).

M _ P"oryrdrp . s * lt", drpntrtKp - ---r-.nrrn$ 
t

nAe__p : 0,2 - xoe$Snrrr4eHr rpeHun.
Kacarensuue Hanpffx(eHpif B Tcfle rrrrrH/rbKH

4  -  l 6 M x e
" - < - - - - l i - l

nd\

l 3 * r n E
r v d



l lptree4ell l loe IIaIlpqx(eHHe B TeJre rr,,HJrbKH onpeAeJrflercfl nooueplerH,{ecxoft TeopHtr i lporrHocrfi

on" {4;Ti}
3anac npoqHocr, IIo ',peAe,Ty reKyqecrrr Ao/rx(eH Jre)r(aTb B nDe-

a..,
Ae/IaX f i r  :  =L -  5- : -  10.'  ono

Vro,ry 3aKpyqfi BaHHr rrrrrnJrbK].r

B nexoropbtx t(oHcrpyl(I{Hflx rracocoB ynrorr.rerrue crbrKoB ocyu{e-
CTBJIf lCTCf l  6CS IPOI(JIAAKH 3A CqCT MCTA,[" [HI{CCKOIO KOHTAKTA. hP'
STOM Hapr/ .y c MeraJIJI t {saUlte l? AoJIx(HbI 6r , ru TaKX(e o6ecneqeHbr Brrr-
COKAfl  TOI{HOCTb IT I { } ICTOTA O6PA6OTKPI YI IJIOTI. I f l IOU{HX CTbIKOB.

BnyrpeuHraf i  Kopnyc, o6paayro ut f r  npororrHyro qacrb Hacoca,
rvrulKcl nMe'r'b cJteAyruurHe Kot{crpyI(THBI{bte pa3HoBIIAHOCTI{ :

I .  BHyrpeHHufi  ropnyc cocroHT us or.qe.nbHbrx cexuuf i ,  B Koropbrx
pa3Mer{arorcfl Hepa3beMHbre JrorracrFrbre orno4sr (cl,r. pHc. l5l). cex-
IILIH COeAHHflroTcfl Apyf c Apyroru rrrrH.rrbr(aN[r H rler{rptrpyroTcf Ha
SaToqKax. BosMoxHo coeAHHeH He HecKoJrbKHX ceKuufi a.rr unrilrprpr coe-
AHHHTeJIbHbIMH LrJnI4JIbKaMI4. Vu"uorueHue crbrKoe cexquft ocyii iecrB-
JI f  CTCf l  AHAJIOTII I {HO YIIJIOTTICI{HIO CTbIKOB B CCITUTIOHHbIX HACOCAX.
VnnorHqloulee ycl{rue co3Aaercfl, ga cqeT AaBJlerr}rr rlacoca . Tawan
KOHCTpyKrrHf l  BHyrper{Hero Koplyca Hau6onee [prreMJreMa A, ' rs paS-
6oprroro..poropa, B Koroporr,r pa6ovne r(oJreca nocax{eHbr c noABr,rxHofi
r rocap.r<of i .  cexquH BHyrper iHefo r(opnyca paccqr.rrbrBalorcf l  Ha npoq-
FIOC'Ib AI{AJIO|HIIHO CCKI{ I , I f lM CCKIIHOHHbIX HACOCOB C TCM OTJIHI{HCM,I{ro cHra AaBJIeHHfl' Ha ceKIIIlrc 4eficrnver cHapyx(ra. f lonepovuur? pac-qer^npoH3BoAHTcf l  A/r f l  cer((HH [epBori  cryneuH.

2. Buyrpennrafi Kopnvc aHaJrorar{eH npeAbrAyilreMy, Ho Jrorracr-
HbIe orBoAbI cocroflT H3 AByX ITOJIOBHH H HMeror pa3beM B nJIOCKOCTI{
ocH l racoca.

3.  BHyrpeHHurl  xopnyc r4Meer pa3beM B nJrocKocra ocH Hacoca H
cocrollT I43 AByx OTJIHBOK' B Koropblx BbrnoJrr{eHbl BoAonpoBoAflxlHe
KaHaJrbr (..*. pr4c. 150). o6e rroJroBHHKH Kopnyca coeAHHsrorcfl
Ivlexqy co6ofi c l]oMolrllto 6onroB vrJILr [rnHJreK. Vrinorse""a nro.Kocrr.r
pa3beMa ocyulecrBJlfleTcfl 3a CrreT MeraJrJrHqecKoro KoHTaKTa HJ\H npl
noMorrlH [poKJraAKH. vn"norusrcqee ycH/rHe co3AaeTcf AaBJreHHeM,pa3Br.BaeMbrM HacocoM.

,  f  PtyrpeuHurl  Kopnyc ceapno"uuroi l  (cnapHoxonauuf i ) ,  cocrof l -
urHH 143 AByx no"IIoBHHoK c pa3beMoM rro ocr4 Hacoca. O6e no.noBr.rHKr.r
noryqaFoTcfl cBapxoft "rrnrbrx H.nr4 KOBaHbrx 3aforoBox, o6pasyrcuHx
MexcryleH Hbre 4ua+p a rMbr, Mex(Ay Korop brMH yCTa HaBJr HBarorcfl p a 3b-
eMHbre JIonacTHbre oTBOAbt.

Hapxgy c MHHIaMaJIbHbIM Korr.rqecTBoM Hapylr{Hbrx crbrKoB, Ha-

#*:5i:T,ig.{ :::"_1 ir AaBrreH HeM, AB yx_Kop nycHas KoH crp y K rrHR

:::":^:,M{g:r 
nocrbro H3roroB,rreH r.r n no cp aBH err rrrc c oAHoKop n yc-soE cexqaouHotl. OAnaxo coo6paxer{Hfl er,rcoxofi HaAe}KHocrH H rex-

I . I  l I  W  l I  f \ o D n n n ^ r r ^ ^ - r 'r r r r r \ r r  v \ - r \_ , r r c rL r rvL r '  b  u l r cu? raJ Ib l l b IX  c f l yqa f l x  rpeOyru r  npHMeHeHH,
AByXr(opnyci lbrx l tacocoB.

/  l e r e  n  u  F l r - r  \ r r n a r r r r ^ F ^- v ' q v ^ r ^  p t ' J  L  I J U n ! ' r E ' r  \ r  l \ u P l l y u a r  H e t I O C p e A C T B e t l H O  C O I I p I { l ( a c a t o .
ulHecfl c nepeKaqHBaeMofi xn4xocrbto, o6ut,rrro n3foroB/tRtor H3 6o.rree
KaqecrBeHHbrx MaTepr. ta/roB, r{Qwr rrapyxrrr , r i r  Kopn}.c.  Lnn fracocoB,

(#:+*)

AABNCHHCM HACOCA'  HA BHEI I IHCM -  I I IT IHJ IbKAMI4 KDCNJICHHg KNhI I I IK I '
H arHeraH nn. B Mecrax yrrJrorHeg nrt rop n ycHbre a."!, 

" 
ooiiu" o'r-n,1u1g,

noHcKH, Han"[aBJreHHbre crofirav K gpo3uu MarepHaJIou. B or.qeJlbnbrx
cryqaHx npHMeHflercfl a3orHpoBaHHe HJrr| xpoMHpoBarrHe yn/rorHsro-
ulHx cTbtKoB.

e - ! F
Vro.n 3aKpyrrnBalvrn ulr4JrbKn Ha I noe. rvt

g c -  P' traE,
AoJrxeH 6rrrn MeHee AorrycruMono fqo ]  :  2o.

Pacqer pesn6tt crflx{Hbtx rrlrtHJreK [poH3BoALrrcfl g6H.rgrrlag MeTo-
AaMH Teoprru <Aera"ryeft MarrrHH).

S 47. ,(eofiHofi Kopnyc

KoncrpyKTI'IBHoe HC'roJIHeHHe MHorocTyrreHqaroro Hacoca rrucro
ceKIII'roHHoro rHIIa rpI{ AaB/reHr4r.r HarHeraHilfl Bbrrre 200 rcflcnz u
TeMrreparype rrepeKaqHBaeMort xuAxocrn 60.nee 150" c cssgaHo C pfl-
AOM rpyAHocreft. B,erux cryrraflx npHMeHflercrr AByxKoprycHaq KoH-
crpyKr{Hf Hacoca (cu.  pHc. l l5,  a) .  ! ,nyxxopnycHaf l  KoHcrpyKur{s
Hacoca BcTpeqaeTcfl TaKX(e B Hacocax, [peAHa3HaqeHHbrX AJrf nepe-
I{asuBaHVn CI'IJIbHO arpeccr4BHbrx H[rw B3pbrBoonacHbrx xnAxocreft.

f IOu 3ToM Konnvc  cncrn l t 'F  ue  l re r l r r r r r r rnF^  f  , ,  D , , r 'FhA*  oI  _ _ _  _ _ _ r - - J  r r q y J z r \ r r \ r r \ J  r  r L  D n J r p ( i . c r . f l t r r u  z
Kopnyca.

Hapyx<Hufi Kopryc npeAcraB"rfler co6oft xosaHuri Lrrrt nurofi
no.nslfi UHJIHHAp' BHyrp14 Koroporo ycraHaBJruBaercs nuvrpeuunli
Kopnyc. K napyxHoMy Koprycy npr{BapeHrr sxoAHori u daiopHufi
narpy6xrz, oropHbre Jranbr. B .uurona HapyxHoM Kopnyce Jranbr H ila-
rpy6xra lroryr 6rrrt or/rHrbr coBMecrHo C ropnycoM.

c o6oux roprloB Hapyx<uufi Kopryc iaxpunaercfl KpbrrrrKaMr{.
Taxuu o6pasonr, rroA noJrHbrM nepe[aAoM AaBJreHHfl HaxoAflTcff Bcero
ABA CTbIKA B UIOCKOCTH, TICPIICHAI, IKYJIf lPHOft  r  OCI4 HACOCA: BHYTPCH-

,.tuor,' fr o'.0ffi ; ;i';;;;d;";;il;
M o ) K e T I ] D o I , I 3 B o n p I T h c g 6 e a I I p ^ f o H ' F ' ! z ' | n n n ^ n ^ n t I Y t l ' h n ' ' < ^

HbrM KopnycoM u BHerrrHH
uex4,Y Hapyx(HbrM KOpnyCoM rr xpnurxofi HarHeraHzfl. vnn

npoBoAoB, rrro oco6eHHO BaXHO A/rfl KpyrrHbrx HacocoB. EcrecrBeHHo,
eTHx CTbIKOB' KaK IIpaBHJIO' OCyUIeCTBJIgeTCfl M€TaJIJIHTIeCKHMH [pO-
KJIAAKAMH. VNNOTUgI0uICC YCHJIHE HA BHYTPCHHCM CTbIKE CO3AACTC'I
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I l  epe [iaq HBarcull! x fop fl q yKl BoAy, BH yrpeH H Hfi Kopilyc H3foToBJrfl eTcfl
r r3 rrepx{aBe}()rr te i ' {  HJrr . r  yf / repoAHCTori  cTaJrrr ;  IJr f  arpeccHBr{brx ) I {14A-
r iocrei t  -  t l3 cneunai lbrrhtx / refr . rpoBaHHbrx craJlef i .  Mareplran l ! ,nr l
i ia l )yr , i i i io io i {o l i r ryca -  o6ur.rHo cra.rrb 2A unt 30. B nexoropbrx cJry-
qaf lx i tapyiKrrbre Kopf lyca H3roToBJrrr toTcf l  t rS ceporo qyryHa.

Pacqer Ha npoqHocrb Hapyx-
Horo Kopnyca. B KaqecrBe pac-
.leruou cxeMbr l lJrfl Hapyx(Horo
r(opnyca rrprrHrrMaelcf l  AnuHusni

Puc. 121. Pac,rerHbre cxeMbr Hapy)Kr{oro Kopnyca H KpbrruKr{ HarHeraHrrfl:
a - KoHcrpyKrIHr Kopnyca u KpburrKn; 6 - pacqeruafl  cxeMa KpbIIuKu

ToJrcrocreHrlbrr? uHJrHrrAp l, HaxoAflrrlufica noA AericrBueM BHyrpeH-
Hero AaBJTeHH n p (pnc. 121, a).  ?ra cxeMa npuroAHa B cryqae

t> 5 V'  R*s H s) 0,2Run.

OnpeAe.neHue Hanprx{eHuft e rere Kop[yca Heo6xoAuMo npon3Bo-
AHrb npu pa6oqeM AaBJTeHHH r4 AaBJTeHHH ruAponpo6u.

L I ^ - ^  E " t ' ^ n  Df lanpffx{eHlre B cTeHKe Kopnyca Ha BHyTpeHHeM paAnyce Keu
cocToHT r43 oKpylKHofo Hanps>KeHprs

flpane4eFrHoe rran p rrx(er+re
SopnaouaMeHeHHfl) :

orrpeAe/ lneTcrr  f lo TeopHlr  (3Hepfrr t r

1 /
oi l "1.

paAr.rvce R.,, .^r  L s r

v n p : v I / -  -  \ t  |  /  \ o

t(ur - uil- -f (or - oil '  t (oz -

I{arrpn>xern{e B c,reHr{e r(oprryca i la BrreuneA{
oltpeAeJrsercfl ar-raJrorHqHbrrvr o6paaorr:

n I { n \ / x t I . I n r f  I  r  C  n  n  c r  \ r l a l r r f  a. . . . 1 .  J  , . r r \ L r r r r L

p2

o r - 2 p  
" : : l  " - .R'ro, - Rin

Hanp.rxeHrae B oceBou Hanne*nAurru l t  paBHo Hai ipf fx ieHgio Ha
BHyrpeHHert  creHKe Kopryca;

pa/l\nalrbrroe Ha [prx{eHr.re

o s :  u r l i , ; r I l -  f # " ' )  r r t ) L r  g : [ l , u p i  o r - 0 .
r( i ,op _ I l i , ,n \  ( ,  /  

-- , ' --  ' -

3anac [pol{Hocra IIo npeAe/ry rer{yqecrrr orpeAe.rrf lercf l  H3 Maric}r-

t ro,

Ruap

Run

I
2

tu ,  - f  t r ,  
*  Ruapln

i , d . , R u a P '
t -i -f - Kaap l[l -D

, !  Ken

reMneparypa or(pyxaroqerl cpeAbr B oC;
KO9Q-OI4UI,ICHT TCIIJIOOTAAIIH OT CTCHKA KOPNYCA K OKPY>KA-
rculef i  cpeAe B KKanl+i l r .q"Ci
Ko30+H.UHeFrr^ rerrJlonpoBoAHocTH creH KH xop n yca
s  r c r c a / t l u . q o C .

paAr4yce Ru, cocroflT:
nvca i la  B l ry rper r i leM

HanpflxeHHf B oceBoM r{a[paBJIeHHH oT cHJIbt AaBJIeHHf Pr, .4et?crny-

C , 2 - _  t  = P *  = t '-  N ( R | , r - R ? , ) '

r \ a n u c n L u r | l - r l  u q n n c I l r p L r I , I c r  n q n l r r \ n ^
r  v A t L v v L u  r r v .  v  r + 9 . . l J  t t t t r v L L t l t ^  t  t r q s r r v r  v

oa = -P,
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CoornercrBytorrlue reMrrepaTyp Hbre
noBepxHocrH uHJrHHApa Kopilyca

Hanps)KeHI{g Ha HapyxHori

_t aE (t6,, - taap)
u l :  ? - / l  - " )-  \ -  r - r

o $ - o 1 :  o { : o '

cyvrr,{rapyfl cocraBJrflrouHe reMnepaTypHblx Hanpf >Keuuit c cooTBer-
cTByr.oulHMH COCTaBJTflIOUIHMH HOpMaJIbHblx HanpflX(eUUft, nOflyI{I4M
cylvlMapHble COCTaBIflI,OIIIHe, [O KOTOpbIM OnpeAeIfleM IIpHBeAeHHble
Hanpflx{eHHfl B coorBercrByrorrlHx T'orrKax. l lpu HarpeBe MaKcHMaJIb-

6) z)

PHc. 122. Tunst SnaHqen KopnycHbrx 4era.neil

H bre Harrp rr x{eH H fl rr a BHyTpeuneft noBep xHocTH Kopn yca yMeHbrxaroTcfl .
Ha ocsoBaHnr.r noflyqeHHbrx npHBeAeIrHbIx Hanpffx(eHlrrl onpeAe/rfleM
3arac rtpot{Hocru IIo npeAeJIy reKyl{ecru, Koropltt? 4onxeH 6url paBeH
1 , 7 - 1 , 8 .

Pacqer Ha npoqHocrb KpbrrxKr{ HarHeraHnn. KpmurKa HarHeraturr 2
\ f , r r v .  

L u ^ ,  w l  t  r s r r r u r u u r v u + s , r  r v l / v q  i r r r r v r v  r \ v y r r J v q  v v  v r v y v r r s r

HarHeraHHf , f lBtlf l .ercfl oAHoit ug orBercrBeuHeliruax AeTaJreli. Hapn4y
c BbrcoKoH ilpoqFlocrblo oHa AoJIIKHa ooJraAaTb ,4ocraTorlHon xecrKo-

Mepno paci lpeAe.neuuof i  Hatpy3Koft  or  AaBJreHHn p, pasBuBaer\roro rra-
cocoM. I-loneper{Hoe cer{eHHe lrJIacrHHbr LIMeer cJro]KHyr.o Qoprnry. Pas-
6usaeN,r ero Ha pf lA nprMoyro,rbHbrx yqacrKoe (pHc. 121, 6).  I l InHi lbKH,
ilpH)ti i i ivi?Ioii i i . ie Kpbii i i i iJ. ' K KopiiyCy, p&Cilo,i iO)fieHbi nO OKpy)+(HOCTH
paauyca R,,,.

-SanaeHr4e cer{eHue KpIIITIKLI pfAoM npfl N.rovroJlbHHKoB, RF.rqHcrgeM
reoMerpprqecKue QaNropsl ,  ueo6xoAnMbre AJIr  onpeAe/reHHfl  Hai lpsxe-
Hrrfi. Pac'{er yAo6Ho rrpoBoAHra s ra6nuqnofi Qopri,re (ra6n. 7).

I 29, ( f )  |  29 ,57
' t t  

I  
t "

1:r0l l ,3
J i l

Ocr Y'  npoBoAr.rucr l  r rpor i3BoJrbrro r ia ner(oloporvr yAaJrelrHr.r  L
o|roprda r(pbrii lr{I,I. vAaneuHe ocr4 Y o'r ]" ollpe4eJrrrercfl Bbrpax{eHrreM

^ .t2
V : - ' _ - '

. t L

Tel rso i t [e lpHpoBarr f ie  Kpbr [ rer (  Bbrr rorHeHHbrx r {acocoB r ]oKa3aJro,
qro MaKcr.IMaJrbHbre Hattpf l ]KeFIHfl Bo3r-rHKalor B patioue ror{KH K
(puc .  121 ,6 ) .  Toqxa  B  uvee r  MaKcHMaJrbHoe  nepeMeueHHe  npH F ra -
fpy3Ke.

Ens
ycHJrHfl,
x u P

I4sru6arcrrlHri MoMeFrr B pa1ualrbHoM cerreHnu r(pbrrrKu

M - Pr rR , , ,  P ,TpRnp  I

2 n 2 n 3

Vro"tt noBopora ceqeHHr r{pbnxrgr

9 - 4 -Ela

pacqera HattpnxeHHfi B TeJre KpbnxKr.r AoJI]KHbr 6rnn H3BecrHbr
cx<HMaroque rpor(JraAKy Prp (S 48) H pacrflruBaroulHe urnHJrb-

crblo, TaK KaK rro Hert ueHTpl4pylorcfl AeraJII{ BHyrpeHHero Kopflyca,
rHApaBJrHqecxor i  pa3rpy3Ku. Vcunux, 4ef icrnyrcqae Ha KpbuxKy,
Aocruraror I 000-2000 n. Kp uurKH i{arr{eraHtfl. o6urquo H3roroBJr rrror
lr3 noKoBor( yr/repoAHcroH cTa/I14.

B xaqecrBe pacqeruofi cxeMbl npuHsra I(oJIbIleBafl nJIacrLIHa, onep-
Taf l  no cpeAHeMy paArrycy npoK/ laAKH Rrp k Harpyx.(eHrraf  paBlro-
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I - iarr6o"nb[ree paclnntBaroulee trarrpR]Ke[rHe B roqxe K

op:+ _ft
Pa1uanbHoe nepeMeu{euHe rorrr{lt B

U a :  Q Z n .

PaguanbHoe Harpflx{eHne Bo Q"rranqe KpbrrxKH

3P,.'t (Ru.t - R"p')
o r - - * - .

BlrqHc.[qer\,{ 3Har{eHHfl cp, or H UB AJIf l  pa6oqefo AaBJIeHHg H
AaBd'reHlrf l  rr .r ,{ponpo6u. PexoveHAyeMbre 3anacbr nporrHocrr.r no trpe-
AeJry reKyqecrH: rrpH AaBJrer-rHH ruAponpo6sl 1,3-1,5, npn pa6oveu
AaBJTeHHH 2-3.

AonycruMan Ber'rHqHHa pa1ualrbHoro nepeMerqeHufl TorrKH'B onpe-
Ae,'rf lercrr BeflHrrHHofi 3a30pa B uHJruHApuqecror? ApocceJrHpyroqefi
ule,'rH nepeA rHAporrflrofi. l lepeMeuleHr.re rorrKn B npH AaBJreHHr4 rnApo-
npo6u He AoJrlKHo npeBbrruarb 2/rpaauaJrbHoro 3asopa B rqeJr4.

l lpnr pacr{ere onpeAeJrflercfl raK}Ke oceBoe repeMerrleHue xpafiHefi
Tor {K} r  SnaHua ( rouxa A)

L I A : Q ( U n - U a , r r ) .

!,onycrlrMafl BeJTHtIHHa oceBoro nepeMeureHilf l TorrKH A ne AoJrlKHa
npeBbr[rarb rapaHTHpoBaHHorl BeJrHtILrHbI o6xarun MeraJrJrurqecKori
yrrJrorHflroqefi [por{JraAKr.r Me}KAy xpuruxofi HarHeraHufl u Hapyx{-
HbrM KOp[ycoM.

S 48. Q.naHrdenue coeAnHeHr.ts H Heno.(BHXHbre
ynJroTHsnrqne cTbrKH

fl.nn roAcoeAHrrer{Hrr BcacbrBaourero H Hanop}roro rpy6onpoeo4on
B I{opnyce Hacoca npeAycMorpeHbr coorBercrByrorque narpy6xt4 c lkr-
TbrMH QnaHuauu. BcnovoraTeJrbHue rpy6o[poBoAbr coeAHHflrorcfl c Ha-
cocoM qacro nplr rroMouru cBapulrx Q,raHueBbrx coeAuneuufi.

Moryr 6nns pacrpocrpaHeHbr Ha HerroABuxHbre ynJlorHflIorrlne crbrKu

llponepoqHufi pacqel Q.raHqeebrx coeAusesnfi Mo>Ker 6urt Bbr-
noJrFreH pa3JrHr{HbrMH ciloco6air,ru [43, l]. B Hacrofulee BpeMfl B Hacoco-
crpoerr H H Hau6o"ry luree pacnpocrpaHerr He no/ryq[Jr MeroA npeAeJrbFrbrx
Harpy3oK, pa:pa6o'raurrsrrlr e qKTLI Hrvi. 14. VL flo.nsyHona. Pacqer
{l.naHuenbrx coeAuueuur? BKJrroqaer e ce6s:

a) onpeAeJreHI4e Hecyr{efi cnoco6Hocrn QnaHrlen; 6) npoBepKy
nJrorHocrn Q.naHueeoro coeAHHeHHfl .

202

Hecgryan cnoco6nocmo Saauqee
Paccuorpnu BHaqaJre Hau6olee npocrofi rpr.rMep S.nauuee, H8-

rpyx{eHHbrx AByMr ycHJrHrruu (ycunneM 3arrxKu 6onroe a peaxquef i
onopu).  OcrauoBnMcf l  Ha rpex uauOonee paclpocrparreHHbrx runax
Qnanuen: cso6oAnuf i  (pnc.  122, a),  c r tHJrHHApHqecKHM BoporHHKoM
l ^ , . ^  |  o o  < \  - ,  ^  , ^ 9 -  , - , ^ , f , - , . ^ x  l ^ - . ^  1 . ) c )  ^ \
\ P r 4 L .  t . . L ,  V l  n  u  I 1 , [ J H Y I L r t r U I t U n  r r r E l l l a u n  

\ P n u .  I L L ,  t J 1 .

f lpe4enruan HarpysKa (uecyqan cnoco6uocrt)  ua @laHeq
P"k  -  l ,7q tKhzor ,

rAe rp - xoeQQHIIrIer-rr IIpoI{HocrtI {irarrqa, oc,ra6ner{rroro orBep-
c ' r r . r f l r \ ,4r{  , ( , ' r r  6orroB. A;r f l  ceo6o4nrrx $nal l r (en (1-rp1s. 122. a)

t ' - I  -  2 d
D u a p -  D  '

AJrr x{ecrKHX Q", ' rarrrreB (p"c.  I22,6,  e)

Q  :  0 ' 9 ;

K -  xoeQQuuHeHr,  eanlrcnulur l  or  pa3MepoB S.nauuen.
B AeficrnHTeJIbHbIX ycJroBurx Ha Q.rlaueq 4eficrnyer pflA ycunufr,

npl4Jro)KeHHbrx Ha pa3rur{Frbrx paAnycax (puc. 122, el :
P |  -  peaKur.rr  npoKJraAKr4;
P6 - ycurfie oT 3arflX{xu 6o.troe;

Pz H Ps- cocraBJl f l roxlr4e ycwJrr4f l  or  ruApocrarnqecKoroAaBJre-
HHr,, npuvel,r P, rrpuJtolxeHo tto cpeAHeMy AuaMerpy
rpy6onpoBoAa, z PB- nocpeAnHe MelKAy ycwi lunwLl
P r  H  P z .

3ru ycunHs Moryr 6rrrl npr.rBeAeHbr K oAHorMy g noMorqbro HecJrox{-
Hbrx npeo6pasoear l raf i  (e HarreM cryqae oHH npHBeAeHbr x P r) :

D  - D  r  D  I s  I  D  I r
r n p :  r z - f  t t  

h  
f  t t  

t ,

Ho rax xax

no/tyqaeTcfl ,  I ITO

D  - D
t  n p -  r  z

f l ,  Ae cTByrorIIHe Ha x(ec'fr(HH aHeu, of lpeAeJrf lroTcq no
A}KCHHf lM:

Pz: nDSp;
ps: n (n? - ni l p;

Pt :  P6 -  r r  ( l  -  \ )  D2tp,

z|i,, Irt;,1;

l , t  :  0 ,5 ( / r  I  l r ) ,

+o,bPs ( t  - r  
* )  r  P,+

Po -. -T
r /4E
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Z - ITHCJIO 6OJITOB;

. duo BHyrpeHHHft AHaMerp pe3b6br B c.tut;
Io6l - ycJroBHoe AonycKaeMoe Harrpfl)KeHr4e B 6onrax B rcf lcnz;

D - AHaMerpbr irpnJrolKeHflf l coorBercrByruurnx ycwnnfi B clvt;
'r l : 0,1 - onlnHsrfi l ;oeQ$uqueHr ynpyrocrn S.taHueaoro coe-

N IJ IJPIJ LT CIA r r r r v r r r r r r .

f loc,rle noAcraHoBKH noryqeHHbrx sHa,{eHr,rr? H npeo6pa gonauuft
Bbrpa)KeHr.{e np hBeAeHHoro ycHJrH fl, rrpHHHMaeT BHA

_ xoln r,P,p: -;-rp I  Put,
rAe

,  t . t \ l ( D a - 2 l r 1 z  I  t
r D : ( l - -\ t : ) l \ = o o : ) - + l J + o ' 2 t r ' r t n D t : o ' \ D n '
Beluqurra rpuBeAerrHoro ycwi lvn He AoJr lKHa npeBocxoAurb / lo-

nycruMoro, T. e. AoJr)Krro co6;rrcAarbcfl ycJroBue

Drnuua nJlet{
I r : 0 , 5  ( D 6 -  D ^ ) ;

1 2  . =  4 , 5  ( D 6  -  D  - - -  s ) .

B xaqecrBe I-racqerrro!-o /Irra\,rerpil rr1-r61;;13;11<rr D,, preriol.rer;Ayercs
rrpl4HuMarb ee Hapy)KHF,rr l  4Hauerp.

To,rulltrra ceo6oAHoro S"rrauua

h r :  0 , 5 8 d 6
z  loa l

r1'l( [o,p | '

Ta6,tu4a 8

rAe

,t- r a2::t-2

PerouelrAyeMbre ycJroBHbre AonycKaex,tF,re rranprr lKeHHs B rcf  1cuz
AJrfl QnaHuen ilpr.rBeAenbr B ra6n. B, a Lnfi (io,rros (unHnex) --
e  l a 6 r .  9 ,

P,p 4 l ,7rpKhz Io,p) ,

rAe [o,pl - yc.,'toBHoe AonycKaeMoe Hanpfl)KeHr4e Ailn
B rcf lc.,ttz .

Tonulnrra )Kec'rr{oro $,rarrua onpeAeJrflercfl vt3 Bbrpax(eHuq (80)
nprr  cAeJral lHbrx Bbr[ ie AonyqeHHsx:

(80)

cpnaHrla

T e v n e p a r y p a
cpe4r r  n  oC

uTlrJr  b 15,
C r . 3

I  1 3 0
I 080
I 040
970
750

Craa r '  20 ,
C t . 4

1280
1220
I 1 6 0
I 060
8 1 0

h  -  0 , 6 1

D 6 - D - s

d6

IR #( '++o'7u #*) 1 4 1 0
I 340
r 260
I  i20
880

1530
1400
1350
1220
930

KoaSSauHeHr K Arrn )KecrKHX ctl.rauqee:
c BopoTHr4KoM

K - r + ulo -, 1+( r - .'#) + i'
c xoHH.recxor? ruefixofi

n p r  i Z i o

K - l  +  ^  - +  l 2 # L ( r -  D a - - D - s  ) + *D 6 - - D - s l  D  \ ^  D 6  I '  h z

n p H  i ( - i n 20
100

1020
970

I 400
I 340

2400

2050
I 850Da h 2

,  / L 2-r 
\-r-u- 

- #)
rAe

Hu4

A - s
- yKJroH xoHHqecxorl urefiru; Anq S.nauqen c AuaMerpou 6olroB MeHbrrc 24 utvt

6envrec  c  v t IFToM f lnnntRr t r r r r^ r . \  rznqrhrhur r r rau 'T4  n .- - r J - - - -  -  
J  

- -  v  ^ ! v . r T r r f ' r r r { ! t ! t r l q  v .

!,lrarr,rerp 6olron B rr,rn 12 14 16 lg
Koatl$uqueHr C 0,4 0,5 0,G 0,7

Be/ ' rHqHI tb l  [gqb l

20 22
0,8 0,9
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Ta6ttutla 9

o,u1/= -  Kpr4THqecKoe 3HaqeHtre yKJroHa.
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LonycxagMble Hanprx{eHufi AJrn JIHrbrx SaaHuen npuHr{MaForcq
paBHbrMH 80o/o suaqeur4r?, npHBeAeHHbrx n ra6n. 8. Ans Marepr{aJroB,
He yKa3aHHbrx s ra6n. 8,  uoxHo npuHsrb

roqt_+
I T  - - . , ^ - ^
A. / r l r  ]Yrarvy I1 raJr (JD,  nE y  narc r r - rnDr^ .  rJ  I  auJ t .  J ,  AUI IyunaE:Mue Har rPxdrg f ln t r

lcrol €
oT

2

lTnomuocmo Qnanqe*oeo coeduuenun
Vnno'rHqrcurHe crbrKr4 Mo)KHo pas6Hrr,

r.ra ABe rpyllrrbr:
a) ynJro'r 'HeHur,

ToJrbKo 3a crreT ycnilun 3arflx(Ku 6o.uron;
6) ynJlorHeHr4fl., B Koropbrx K ycuJruro

garflx(Ku 6onros Ao6asnrrercfl ycHJrHe or
AaBJreHHn pa6ouefi cpegu.

XaparrepHofi oco6eHHocrbrio yrrJror-
IreHufi nepeofi rpyrrnbr sBJlsercg ro, rITo
nplr 3aTflx(Ke 6onroe H orcyrcrBt4r BHyr-
peHHero AaBJreHr.rfl Ha npoKJraAKy Aeficr-
ByeT MaKCr.rMaJrbHoe ycHJrHe.

fepnreruqHocrb Qnauuenoro coeAHHe-
HHfl He 6yaer HapyueHa, ecJrn BbrnoJrHr-
r.oTcfl ycJroBHfl:

P o D  P ) p ;  P n p > -  P T r ,  P 6 >  P p ,

rAe P0- ycr.{Jrne sarfl}r<Kn 6o,nron;
D *1'np y"ci,ifirie, HeooxoAtiMoe AiTn ii.fi&cTz-.i€cKon ,4eQopMalina

rrpoKJraAKr{ npH garfl}KKe 6o"nron;
Pno- ycHJrHe, .qer?creyrculee Ha npoKJraAKy npu pa6ore;

L"T 
J

P np - yrrJrorHflroqee ycHJrHe, seo6xoAuuoe AJrfl o6ecnerreHr.rs
repMerurrHocru npn pa6ore;
ycHJrHe n 6orrax npH pa6ore;
ycvr[rre, co3AaBaeMoe AaBJTeHHeM pa6ouefi cpe.ubr.

rreo6xoAuruoe Ailfl nJracruqecxofi 4eQopnrauuu rpo-
ocHoBHoM 3aBHCHT OT THila H MaTepHaAa npOKJIaAKH.

AerlcrgHrenultorYt uupHI{br npoKJIaAxn b0 B pact{er BBoAHlcf l  rreKoropafl
eftfexrnBnafl unpnrra b. D,nn orpeAeJlenus b npuMeHfllorcfl caeAyro-
LUHe COOTr{OUel lHf l :

[ .noc_Kr{e f lnoK.I r2 / I  I { t { :

n p r r  b u 4 l  c . + t

I r p H  b o )  |  c , u

sv6qarue npoKJra AKH:

r p w  b < l c n
L  t \  I  ^ - .

r p n u 2 L L J W

rAe z-qncJro sy6uon;
co -  HaqaJrbHaf l  rxHpHHa sy6uon Ao o6xarur (puc. 123, e).
VAentuoe AaBJreHHe Ha npoKJraAKy qo, ueo6xoAr.rMoe 4.nn o6ecne-

r{eHHfl uracrHr{ecxofi AeQopuaunn MeraJrJlHrrecKHX npoKJraAoK:
I IJ IOCKHX

/ '  + o i 2 : - \ o - .? o : \ t  o o  /  1 )

sy6uarux

Q o  :  4 c r .

3Ha,{eHras 6r Hau6o"nee qacro npr.rMeHreMbrx MarepHaJroB Ann
npoKJraAoK npr.rBeAeHbr HHIKe:

Ans rrapo-lrurroBbrx npoK/raAoK Q o Mox(eT 6sn'n onpeAeJreHa no
sMn HpHrrecNori Qopnay.rre

b  - -  bu ;

b : l,'6;

b  -  Z C r i

t zco
u : ----_ s

v bocyqecTBJIfleMbIe

o )
Puc.  123,  Tunu npoKrraAoK
,nJrs Q.nauuenux coe4uueHlrfi

P 6 -
P p -

)'cH.nue,
K.rIaAKH, B

_ n ^ _
U I '

M a r e p n a n
9 n

g g t-

X

(!
F

o7 s rcl/c.u 1500 | 1810

B
MeTaJrJrHrrecKue rrpoK/raAKH: nJrocKHe (puc. I a) H sy6uarue

TponHbrx MaTepHa.rroB, Harrpr{Mep, napoHHTa, KJIHHfepr{Ta H T. n.
Vcanue, ueo6xo4aMoe AJrrr [,Tacra,recxofi aeQopuauuu npox ilaAKH,

Pi,p :  nbD,rqo.
T ) ^ - ^
DcJ l t rAc ln l4c  l rePeKOca  o r ropHbrx  i l oBepxHocTeH v  H3 fHoa  (pJ IaHU,a

npoKJraAKa c>Kr,rMaercf l  HepaBHoMepHo no utrpHHe. f loarovy BMecro
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HapyureuHe repMernqHocru Q.rraHueBbrx coeAzneHuft nporacxoAHT
B ]'OM C.[yqae, ecJrH noA AeficTBHeM BHyrpeHHefo AaBJIeHr{fl ycHJrHe,
Aefi crnyrculee rra npoKJraAKy, cTaHoBr.rrc.a paBHbrM :HyJIIo. MuHuuann-
Hoe lCu.r1y.1g Ha IIpoK-rraAK)/, ,qeficre;rrcqee B'pa5o'rux ),cJroBl{,qx, H9
Ao;IxHo 6strl MeHbrrIe

F.'IP : nbD','q '

VAenrHoe AaBJrenre Ha rroBepxHocrH KoHTaKTa q: xp. Pero-
MeHAyeMbre 3Har{eunn xoaQQHqueHra Sarraca .r npHBeAer-rbr B ra6n. l l

t T n A n t t t t n  
l ,t  wvJ9w9 tq  t  t

flrocxas
3y6uarar

VsenH,{eHHe 3HaqeHHs KoeQ$uqfieHra x Anrfl, Q.uaHuen rpy6onpo-
BoAa AeflaeTcq H3-3a Bo3Mo)KHoro H3rr,r6a caMHx rpy6onpoBoAoB.

Ann sy6uarrrx npoKJraAoK

b = z c o .  
: ,

Vcunne Pr, co3AaBaeMoe AaBJreHHer\,r pa6oueri cpeAbr,

1 , 5
3,0

P p :  * n \ p .

(D.na uurr

1 'n n npoxna4ru

Pac.{erHoe ycr.rJrue B 6o.nrax $.naHUeeoro coeAHHeHHfl P6 nplt
pa6ounx yc/ toBuf lX npt. I l l t . tMaercf  paBHblM HaH6oJIbrIeMy H3 AByX cJIe-

AyroulHx 3l laqeHHIi :

Pa:  P ' r 'o  |  ( l  +  0 ,5n)  Pp;

P a : P o - 0 , 5 ( r l - 0 , 2 \ P p .

l lo to.nyqeHHoMy ycr.rJrHro o6u.IHltI{ cnoco6ou onpeAeJlrercfl AHa-
MCTP KUIH :.i.HCTO 6O,'ITON S.TTAUUCBO|O COCAI'IHEHI'If l '  HCO6XOAHMOC AJIfl

o6ecrreqeHl{n repMerll l{HocrH npr pa6ouux yc,IIoBHflx.
A  - -  -  -

f \ H a J t Q f  n q H b l M  U I I U U U U U M  w l U r  y  I  v D l r D  P G I L L ' I  r t l a l l D r  r r p v l \ r / r a A -

Krr cTbrKoB KopnycoB HacocoB, SJIeMeHTbI y[JIOTHeHHfl pa3beMa
14 Ap.

B gTltx cryqaflx rrpr.rxoAHrcfl yqHrbrBarb AonoJIHHTeJIbHbte Ha'
fpy3Kr.r, K KoropblM B nepByl,o oqepeAb cJIeAyeT oTHec.TH cHJIy AaB-
JICHHf .

S 49. Oyn.qaueHrHaq nJIHra

OcHoeHtre rpe6on aHtfl,, npeAbflBJrfleMble K nJIItraM: o6ecne.{vBarb
)KecTKocTb rr rIpaBHJIbHocTb SlaxcaUuvr Kopnyca, He co3AaBaTb npe-
rrflTcTBnri rrpu gKcnJIVaTaUHLi 14 yxoAe 3a HacOcoM, npoqHo coeAu'
Hsrbcn c QyHAaMeHroM.

Hacoclr AJrr xoJroAnofi BoAbr ycraHaBauBalorcfl Ha Kopblroo6pas-
HbrX Jrnrbrx HJIH cBapHbIX rJIHraX (puc. 124, a,  6) .  O6uqHo Hacocbt
kr rrpHBoA MoHrHpylorcfl sa o6uefi QyHaaMeHTHofi nrHre. Hacoc H
.-s,rreKTpoABltraTeJrb ,vcTaHaB"[rrBarcTcfl ua o6pa60TaHl'lble onopHble no-
Bepxrrocrlr rrJrHTbr r.r Kpeilrrcq K ner?. I{eurpoBl{a Hacoca tt gJIeKTpoABL{-

faTeJrf LI KperrJreFnre lrx ocyqecTB/IflIoTcf I{a 3aBoAe-I{3roToBHTeJIe.
Kax npaBrrJro, oJIeKTpoABHraTeJIb noAIIeHTpoBblBaeTcfl K Hacocy
c nor{oulbro npoKJIaAoK.

I- iprr  3naqHTeJlurrof i  pa3rrHrre rro Bbrcore Ao orropl lb lx I roBepxlrocrei l
rar ltacoca V. npHBoAa Ha nJIHTe npeAycMaTpuBalorcn ryu6lr HilIL
CNICTIHbIC CTOfiKH.

B lracocax, nepeKaqt{Barot I IHX ropttqHe x{HAKoct 'H, Heo6xoAHMo
co3Aarb 6naronpurrrbre ycJIoBHtI l.Jttr rettJtoBoro pacttrf ipeHVfl,.

Vcunue or 3arflrulaHtfl,6onron Po Ao.nxHo 6brrb 6o"nrure oArroro
H3 SHA'IEHI, I f i :

Po7 P*rp:  nDrrbqs;

Po2 P.r., * (0,9 + n) Po.

I-Iol AeficrspteM BbrcoKofi tevneparypbr Mox(er npousofiru ocJra6re-

v ^ r w r . r v  
\ v r v  |  ' u f  I  o .  ^ \ v v y / Y / r r r - \ r l v t l r  , r  u u t a t t L J t / r u I l

HHH pacgera peJraKcarlurl $"rrauueBoro coeAHHeHvrfl npLr srrcoKofi TeM-
neparype.

OpueurupoBoqHbre 3Harrelrtf n npuBeAeHbr HH)Ke:

npH6JrHlKarorcrl K ropt13oHTanluoIl r.[ocKocrH, npoxoAsqefi qepe3

ocb Hacoca. (pyHAaMeHTHbre rrJrr4Tbr raKHX HacocoB LIMeloT BblcoKH
ryu6u, Ha Koropbre ycraHaBJlzBaercr Hacoc (puc. 124,e).  Tyrta6u
MO|VT 6trrn cbeMHbrMll.

Ans yMeubi leHun pacueHTpoBKH
Jranbr Kopryca co cTopoHbl npHBoAa
mnor{KaMH c 3a3opo*r 0,03-0,07 uu,
B cropoHy ceo6oAHoro KoHua Ba[ra,

14  Muxar ' l r oe  A .  K .  u  np .

arperaTa np14 HarpeBe r{aeoca
SHxcupyrcl 'c f l  nonepeqHblMH

Kopnyc Hacoca pacurHpnercn4400 400 425 450 475
0 0 ,5  1 ,0  1 ,5  2 ,5

500
4,0

525
6,0

nnn roro .rro6lr yqecrb gTo flBJreHHe, B pacrrer BBoAHTcflAONOJIHHTCJIb.

T ^ - . - ^ -

r s M r r c P . l l y y i r  r - l r c A b l
B - L
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B rynn6ax nJIHTbI MoryT 6rtrt o6pasonaHbl no.noCTH Artn noABo,4a
oxJrax(Aarcqeft BoAbl.

B nJrlrrax 2*Jrr MHorocry[eHqarblx rlacocoB ceKqnoHHofo rnrla
n.r .^rrArrn\rATeer nr ierrveMornerrr  o6na6oraHHbte HarDaBJIqlo i l rHg r IogcKH

^ J v -  
- r - - -  - - I - -  - - -  

I  '

l .rrq o6rerrieHus c6opxN u pa36opKll ceKIIHfi Hacoca.
oyHlarr,reHTHaf nJIHTa C HacocoM, KaK npaBHJIo, npt MoHTax{e

ycTaHaBJr?rBaercrl Ha 3aKJIaAHyI.O Qyn4arrleHrHylo_ paMy. B HHlKHeft
r  rAFa" r r r  t  K r  r - r  nha r r \ r r r r r n ' r . f ' r a r : r - t  a6 r tq6a . r , s t - r I J r - lA  f l f I t \ l f t ' - f twv l

I A U I n  l l J l y l l D l  A ( , | , / I . l X \ n f , [  L , D I r D  r r P U A J v r Y r v r y v r r D r  v v y q v v r s r r r t u r v  r r v r v u + q A r \ r r

AJrf l  ycTaHoBKH Ha KJTHHOBbTe npol(JIaAKLI H [pHJIHBbI C OTBepCTHflMH

AJrf l  6oi lToB KpeIIJIeHHfl n/IHTbI c HacocoM K 3aKIaAI-IbIM qacTfM.

f lprn rrpe3MepHo 6o,nturnx pa3Mepax HacocHbIX arperaToB cToH-
Z  - - ^ P -  r h r r f i A v l r r t t

Moc'Ib oor] leH i lJ-tHTbI npeBbii i iaeT 3aTpaTbi Ha JcTaHOiJKy r i  i i i i?l i 'oHi()/

npg MOHTaxe 1HLLIBHLYaJIbHbIX IJIHT noA Hacoc H npHBoA. B TaKHX

cfiyriaflx Hacoc u aJreKTpoABHrareJIb ycraHaBJlHBalorcfi Kax(IbIIl Ha

cs6efi  paMe. B npaKruKe oreqecrBeHHoro HacococrpoeHl' l f l  o6rque

SyH.UaveHTHbre nJrHTbr rrpHMeHsrorcfl AJIn HacocHbIX arperaToB c SneK-

TpoABHrareJIflMH MoIrIHOCrbIo AO 500 rcAm.

+ J c o I

iio

A lv

@
+ +

lT\-\t -l-7-

_-_-_\ \f/

I
I

I

Pnc. 124. Tunst Qyu4arueHrHbrx nJrr.rr
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I Aera.nn poropa

S 50. Porop n c6ope

Po'op MHorocTyneHqaToro Hacoca npeAcraBngeT co6oft orAe.nluurlKoMnJreKrH'fi y3eJr, cocroflrrrvtft vts sani 2, pa6'n*-*ona.? uurqrr-HbIX BryAox 1', pa3rpy3oqHoro jucKa q i ip|rnx MeJrKlrx Aeraneft,3ar(penJr€rrrrbrX ,Ha Banry (puc. l2S\. 
"r

paBrrJrbHoro B a KoHcTpyKrIHH H TeXHOJTOTHH HSTOTOB/re_HHfl POTOPA H OTACJIbHbI

crn BpaueHnfl. flp, oroM MoN{eT ol{agarbcq, qro or6a.naHcuponaHuufi
porop npu pa6ore c 6o"uee BbIcoKHM tIHcroM o6oporoe r.r3-3a sosHHxlro-
BeHI4g Aorro.IIHIITeJIbHbrx ALIHaM!,lqecKr.rx nnnru6os [,ro]Ker c'w'eq\Lrq
p as6ana u c u p oB aH r-r uv . B .r 

" 
r 
"'. 

i;; * 
-p;ilp;t 

ft}n ffi ;; 
";;il;;;;sarblx HacocoB peKoMeHAyercr 6anancupoBarb npa rrnc.rre o6oporon,

6rr.rsxoM r pa6oueuy, HHorAa e co6creeHHbrx onopax Ha Mecre aKc-
n  n \ r d r o r r r t t r  J - T ^ - . r , - - r t r r o  d  r y n  t r m ^ ^ 4 ^ . t r t ti l i tya ' l 'aqi ' l i4 .  / - iu i iyc ' l ' i4 f t la i ' i  i ic i i l 'poOe)KHaf i  Cl iaT& OT HeypaBHOBeII IeHHOfO
poropa He AoJrx(Ha rrpeBbrruarb l -2%o seca poropa t1] .

Hau6onee 6naronpuflTHbre ycJroBur AJrs o6ecneqeHuq ypaBHoBe-
rrreHHocrH co3Aaer raK Ha3brBaeMafl uepas6opuar KoHcrpyKr{Hs po-
Topa, npH rotopofi pa6oune KoJIeca nocalKeHbr Ha BaJr c HarffroM.
Tun nocaAKH saBucrlr or qHcJra o6oporon r-r reMneparypbr nepeKaqa-
saeilaofi )KHAKocrw u svt6upaercf c raKHM pacrreroM, uro6sl npH pa6ore
He o6paeoBaJrcr 3a3op Me)KAy BaJroM H crynuqefi pa6ouefo KoJreca
noA AeficrBHeM _ueHrpo6elKHbtx cHJI H TeMneparyplroro pacrxupeHrrfl.
C6opr<a H pas6opxa raKoro poropa, KaK npaBnJro,  i lpoH3BoAurcs
c i loAorpeBoM pa6ounx r(oJrec, Ban poropa Hrueer crynerrqaroe
yMeHbrrrer'rHe AHaMerpoB nocaAor{Hbrx noBepxHocrefi noA KoJreca
(pnc .  125,  6 ) .

-  Hepas6opuul f t  porop ycao)KHfler KoHcrpyKuuto,  c6opxy H pa3-
6opxy MHorocryneHqaroro Hacoca. f loerony oH Harreil pacnpocrpaHe-
HHe B r{acocax c qHcJroM o6oporon 6onee 3000 B MHHyry. l lpu MeHb-
Irrktl o6oporax npeo6"na4aloqee pacrpocrpaHeHr4e nolyrrufl paa6op-
Hufi porop, B KoropoM pa6ouue Ko"rleca i loca)r(eHbr Ha BaJr no cKoJrb-
gsqeft r4Jrr.r nJrorsofi nocaAKe (puc. 125, a).

Pa6oqae KoJreca, pa3rpy3o,{usrfi Ar4cK H BryJrKa HacocoB, pa6ora-
roulHx Ha xoJloAuofi BoAe, B oceBor\,r HanpaBJreHHH QUXCUpyTOTCfl Ha
Bally rafixoft; B Hacocax, nepeKaqHBarorrlHx foDflrryrc BoAy, Mex{Ay
KOMrrJreKrou pa6orrHx KoJrec H BTy/r yopt -pa3fpy3orrHoro AwcKa npeAy-
cMarpnBaercq ropuonurl 3asop 0,5-l utvt Ailn KoMneHCauHH pa3-
HOCTr{ TeMneparypHofo pacrrrHpeHHf BaJra u pa6ouux KoJrec.

flpu pa6ore Hacoca qepe3 ropqbr cryrrnrr pa6ouux KoJrec Ha BaJr
nepeAaercfl oceBoe ycn,[He, AocTHraroilree AecflTKoB TOHH. llp" He-
nepleHAHKyJInpHocrIl TopIIoB noA Aer?crnneM oceBoro ycvJrtfl BaJr Mo-
xet 6urb Ao[oJIHLITeJIbHo tr3orr{yr, rrro Mox{er npgBecrg K pae6anau-
cHpoBKe poropa. l loarouy ropUbl pa6ouzx KoJrec o6pa6amrBarorcq
g_relteHAnKyJrflpHocrbro 0,01-0,02 u*t npH rrHcrore noBepxHocrH

r l /  r ^ s r v r  aLL t r t r  r  Vy r { \ JD  . f f \ - 4 . / l f t J

Mox(H_ocTb fleperoKa nepeKarrr4BaeMoft xugt<ocrz no BaJry.
npelKAeHHfl

cMflTuf TOpr. loB cTvnHq [pHxoAHTCfl [epeAaBaTb efo or HecKoJrbKHX
pa60qr4x Ko.rree Hilw Aa*(e KainAoro D oTAeJIbHoGTn (pne, lpb, a),
Ha nany nporaqHBarorcff KoJrbr{eBbre xaHanii l i , r Koropbre Vctdl{68-
JruBarorcfl pa3reMHbre yropHbre KoJrbua. JInn o6;rerqeuuq c6opxu
o6e [oJToBHHKH yAepx(HBarcrcfl crrr]KHbrM KoJrbrloM. Vnopirriu
KoJIbUa BxoAflT B 3aror{Ky crynur{br pa6oueno KoJreca H $lrrcHpy-
rorcr B neft.

cnr HaAexHan pa6ora Hacoca. orcyrcrnne nn6piuil,-;;.tu Hs_3a
::11it^:.".::y,:1::^.1_y,p-ofopa np.u ero BpaqeHr{r{ nBrrsercs oAHHMH3 ocHoBHbIx  vcJ IosHI i  Honvc  n . ' . t *  t ta {nm, , ' , , ^^^^^  11  - - -  

r  vA4r r r {v r

T:q9:1","oty'{..;;;il;;";;';;.;;;;ft ffi:',f ;,',;'ffJ.'L'J##:l:
cHpoBKI ' l  oTAeJIbHbIX , - I IeT2.ne f i  nnrnna I I  r ! . !L r4 r f  t z t taa , , -n !=  4= - - , ,co6 p a H H o n o p oro p a .''A il il,i,; ;i"u; Hil#i, p #;; " 0""1.ffi:"l'00"""#BOAHTC' Ha cneu,aJrbHbrx craHKaX, o6u,rHO npH noHHxeHUOri . i iop-o_
2t2

PHc. 125. KoHcrpyxqus poropa Hacoca
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ElaH pa6ouue KoJIeca H3roroBJrrrorcfl c KoporKHMu crynnuaM1, To
s co6pauHoM porope MexAy HHMH ycraHaBJr HBarorcfl. AHcraHuHoHHbre
Bry/rKH.

B co6pauHou porope Aorrx(Ho 6url [po'epeHo dsegue pa6ourrx
noBepxHocrefi , Koropbre He /Io/rxHbr npeBbrrrrarb cJreAyrolrlux BeJIHqr.rH
B J,4i4:

Vnnoruesua pa6ouux KoJrec 0,0S_0r0S
M a v n n r r n o - u L r a  r r n  E  d r r ^ Y , r , ,r rvr r r rDrL J r r r rv  I  r lgr ln t l  .  u ,  uo_u,  uy
Brynxu KoHqeBbrx ynrorueuufi O,OS_O,O+
TopqonannoBepXHocTbpa3 fpy3o I I l l o | oAncKa
llleftxu BaJra noA no4urHnunxn

Euesue npoBepflercf l  r tpu_ornyqeHr{brx H garrHyrbrx rariKax po-
Top a . Hs I\aeH eH He BeJI HII I4HbI 6uenun cB HAereJIbcrByeT o Herrp aB HJr bHo
BbrnoJrHeHHbrx Topuax Aera.nefi .

I4groroeneHI'te poropoB BblcoK_oo6oporunx Hacocoe rpe6yer 6onr-
uofi toquocrll t4 TilraTeJlbHocrn. Oanai<o npuMeHeHile BbrcoKux rruceJr
o6oporon [pHBoALIT K yMeHbrrreHzro AzaMerpa pa6ouHx KoJIec v \Lrcila
cryneHet?, qTo He roJIbKo cnoco6crByer noeurueHrlro HaAex(Hocr2 pa-
6orsr Hacoca, Ho rr o6nerqaer o6pa66rr(y poropa.

S 51. Ba.n

Ba.r qeilqercs 6asosofi Aeraabro poropa, r(oropar npr.r pa6ore Ha-
coc_a noABepx(eHa Aefi crB HIo 3Ha KorepeueuHoli uarp ye r<u. M-a rcuMaJrb -
Hsrfi AHaMerp Earra nu6upaerca B Mecre nocaaxi pa6ouux KoJrec,
AaJrbrxe x o6ouu KoHuaM npoHcxoAHT CTyneHrraroe yMeHbrxeHHe Ar{a-
Merpa AJrs ycraHoBKH BryJroK H lpyrnx 4eranefi poropa. f locaAoqHbre
pa3Mepbl BaIIa BblcoKoHarropHbrx HacocoB BbrnoJlHflrorcfl no 2-3-rrlv
KJraccy rorrHocrH. vcryn BaDra Ann vnopa pa6ouux KoJrec .qorxe"
6uru BbrnoJrHeH crporo neprreHAuxynrpHri oci. l Hacoca. ocn urnoHoq-
HbIX na3oB AoJIX(HbI Jlexarb B nJrocKocTr.r, npoxoAsrqefi qepe3 ocb
BaJIa. B uHorocryneHqaTblx Hacocax urnoHorlHble na3bl peKoMeHAyercfl
pacnoJrafarb nooqepeAHo c o6eHx cropoH Baila Ailfl yMeHbrrreHr4fl
Iuc6anasca poropa.

lllelixr'r Baila noA rtoAIxHrIHHKr{ cKoJrbx(eHufl noABepra}orcfl rro-
BepxHocrHoli saxanxe. !,nn wx o6pa6orKl{ npuMeHflrorcfl AoBoAorrHbre
onep arIH r,r : H ap yx(Hoe xoH H H roBaHHe lIJrH c ynepQznuurH aa o6p a6orKa.

B KarrecTBe BaroroBo:r^ Arrfl, BaJloB npuueunrorcfl npoKar wJrH no-

SexrocronHro Aflq BbrflBJreHr.rr cKBbrrbrx 4eQerroa.
/-+!rA rr.rr LrrLr.D./rEI1n'1 f 'd../rut' .u.1uuua, IlelJeKaqI{BaIou,Hx xoJIoAHVIO

BoAY, Mox(Ho peKoMeHAoBarb cranr 40, 45 u.rru 40X. A.ns roprue-
BOAHbIX HacocoB MarepHail Balra AoJIX{eH COXpaHflTb CBOH MeXaHHqe-
cKHe cnoficrea I]pH reMrreparype [epeKarrzuaeuoft N(HAKOCTH H HMerb
1?tQQ":rIIeHr rrj4Hertuoro pacuupe HHfl , MaJro orJrnqabqnfi cs or xoeg-
qr}1 rtHeHra .rrHHeH Horo p acuHpeHHrr MarepHaJra ApyrHx geranefi poropa.
[I.ns BaJIoB n l{Ta'refl bn I)t x t{ acocoB txH poxo np 14 MeHfi ercn craJr b 40 X OA.

Banr, t  HacocoB, nepeKaqr{Barcur lX af  pecct{BIrbte iKr.rAKocrLI ,  N,rof  yr
Ir3roroBJIffTbcfl lts o6rt,IHbrx MaTep'IIaJIoB, IIo c saulttrofi BaJIa BTyJI-
r(aMrr H3 r(oppo3r,roHttocroti l(oro Marep rralra.

Onpe,qe.nenne xpnruuecxoii cKopocrH Bpau{eHHc poropa. Ban
Hacoca AoJrlKeH 6um paccqHTar-r raKHM o6paaona, qro6rr o6ecne.rHrr
n a ^ f 4 d n t r r r r r r n  n t l A r t T I n n r l  A n n  l ,  n a n O f r T I I f \ , . \ t l e . n L  n T n I I T n T t  r r A  r t a n n n r t -
A \ ^ v t C r I l , J ' 1 ' n J I \ - '  r r y v a r r v L r D  v l v  t L  r  q H q r r r r r P v D q r u  v r L J  r L r D r r L  n L A v r r J -

crr{Mbrx ae$opnraMft, HapyuarcilIux ycrolluunyrc pa6ory poropa . nns
BbrcoKoo6oporurrx MHorocryneHqarbrx HacocoB BTopoe tpe6oeaHae
rracro flBJrflercr onpeAeJrglorrrnM npn asr6ope pa3Mepa BaJra.

IIoa aeficrBueM co6crseHHoro Beca v Beca HacalKeHHbrx Aera.nefi
ocb BaJra HMeer orrpeAeJreusufi crarvqecxufi nporu6. f lpu BpailreHun
Barra, AalKe npH Tulare.nlsofi 6anaHcHpoBKe, BcerAa HMeer Mecro oc-
raroqHufi 4uc6araHc, BbI3bIBaIoqHfi AorIoJIHHTeJIbHyto Harpy3Ky Ha
BaJr or 4ef,icrnun qeHrpo6ex<nofi cHJIbI. Kpoue roro, lpvr pa6ore Ha
porop 4eficrnyer pqA rLIApoMexaHHqecKLIx cHJI B paAHaJIbHoM H oce-
BoM HanpaBJreHnrx. l loa Aeficrezer\a srHx ct4Jr ocb Baila noJryqaer
AorroJrHurenlusrfi Ar.rHaMurlecxufi nporu6, xoroptrir 3aBHcLlT or cKo-
pocrr4 Bpau{eHufl BaJra.

l lpu HeKoropoNr 3HaqeHI4H cKopocTLI BpaueHlrr  AHHaNrHqecxHfi
nporu6 Aocrnraer raKr4x Berr.rrruH, qro BaJI craHoBr4Tcq AHHaMHqecKH
HeycrofiuHBbrM Lr uaqr.lHaer nu6pupoBarb. B groM cryqae o6rrqHo
qac'r'ora Bo3Myuarou\efi cHJrbI coBrraAaer c qacrorofi co6creerrHbrx I(o-
neSasuit poropa; r.r Hacryrraer pe3oHaHc. Cxopocrb Bpauetrfl, Baila,
cooTBeTcTByroulafl Bo3HHKHOBeHHFO pe3OHaHCa, Ha3brBaeTcfl KpHTHqe-
cNoir cKopocrbro BpaueHvfl .

l lpnr BpauleHr.ru poropa rvroryr Bo3HHKarb KpHTHrrecKHe cKopocru
Bbrc[rux [opgAKoB, BbrrrncJleHr.re Koropblx cBfl3aHo c 6o.ryuirr.rMpr rpyA-
HOCTflMH AaX{e npH HCrrOJrb3OBaHHkr ynpOUa}OlIIr.rX IIpeAnOCbrJrOK.
n  - -  - n r r ( ,  E n r r r r d  n ^ ^ n ^ f t  r z h r r ^ t r r r ^ ^ t t ^ f t
AJLtr  r tP r rvJt rL lY\Enf lur  L '  wrrPEAEJIEr1rrn .D r  wywl . r  ^P f r  r  I - ' lELr \ (Jr r  Ln\ /P\JL r  n

BparrreHufl MoxHo BocnoJrb3oBarbcr peKoMeHAarrueri A. Vl. Crena-
FroBa t531.

AuanHe pacqerHblx AaFIITbIX noKa3brBaer, r{To Blop af l  :xptTtqecKafl
cr(opocrb rrpuMeprro e 3-4 pa3a npeBbruaer nepByro.

OnpeAe"rrer'rHe rrepnori xpnruuecxofi cr(opocrrr BparrleHrrfl poropa
Moxer 6uru npoHgBeAeHo pa3Jn{qHbrMH MeroAaMr.i, orrucaHur,rMr.I KaK
B cnequa.nnuori [44, 60, 53], rax H o6ulerexnu.Iecxofi  JraTepaType.

Arn npocrefirunx cflyqaeB Harpy3KH BaJIoB ltojryqeHbr aHaJrHTHr{e-
cKHe Bbrpax{eHufl. Arrfl. Kparuqecxoft cxopocrH BpaueHufl t531. Eo.nee
BbrcoKyro TorrHocTb onpeAeJreHHfl KpHTHrrecKor.I cKopocTH BparqeHHfl

B

aHailvrr'.recrufi lvreroAbl.
lparluuecKoe orpeAeJreHHe KpLrrr4,recxofi cKopocrr4 BpaueHHfl Aaer

Ynl ln r r rL rA naDt / r fL .Fbrn t , r  nnr r  n rn6n l ]  nver lc  L rqFnt /enr r  [ r  r tn r |n  E l ' l  nq  nr /Tpnt. t v u v u r r v  
f  v J J J r P I s r u r  L r y I r  r ' I  . Q / v t r ' r r  \ - / t t r i r r Q r  r I r + t  

l d J s t J l t  t f  ! " J l f t , I ,  H k n g l E +  l f J  + ? r t l f

HcnoJtb3o BaHHfl, necKoJrbKr4x nocJreAoBaTeJr bHbrx n p H6nuxertu fr . B ra.
U F n r n R p  k n r t , n t r u p n r r n r ?  n r n n n o r t t  E t n a r r t a t t l t c t  l . t t " r t t i l r r i l t l l a , n \ F c t  t r d r t d d  n h r '  r ' A 4  

pofi uenrpo6exHue cHJrbr AJrfl np?rHqrofi ynpyrofi JIHHHH BaJra ypaBno.
FeruHBaIoTcf CHJIaMH yrpyfocTH H BaJr HgxoAHTcf, B paBHOBeCHH.

2 1 6
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B xaqecrBe nepBoro npu6.n'lKeH'f, riln ynpyrofi JTHHHH Balra npu-HHMaercfl' KpHBafl craTHqecKHX [porH60s nor a'enarB'eM BecoBbrx Ha-
fPysox. D,ns STO|O B MaCrrITa6e^Atutg M, ,oroaoo"BzeM nytrn,,\/ Erna(puc . iz', a). Beca 4eranefi poropa .u"u"'"., ;;'.il;;;;"ilil,r"'i?_
:ty.r-1Ly:j 1o:1" npHrrox(eH:i.e er:r.x Harpv3oK coBMeilraercs c roqxofirryrrr'ru^ltleHnH yckr,rHfl or Beca yqacrKa BaJIa. Bec Baila c KoHcoJltuolino"nyuyQrofi BaMeHrror cu.rrofi, HanpaBrressofi 

" 
;;;t";j;," npor""o-norox(Hylo HarlpaBJIeHIzIo 4eficrnan ocHoBHbrx rpy3oB, TaK KaK TorrKH'tc[reHHH 

nepnori KpHTr4qecxofi cxo-
a x .
lrpaMMa MoMeHToB. Ha BepTHKaJrb-
lrqHe cuJrbr r,r peaKUHH OIIOp B Mac-
:. l?p_, e), yAaJreHuorl Ha BefiHrrHHy
Hfl, H r, npoBoAHM Jryqu B Haqaflo
)JrriocHoro paccToflHHfl nu6apaercaI'r3 ycJroBHfl. noilyqeHHfl npHeMJreMoro uacurra6u lulora""o", 

-

Mu :  M7MLHL.

llapa"rrneJrbHo coorBercrByrour,M fl yqaM AHarpaMMbr cHJr npoBoAHMJTHHHH AO nepecer{eHHfl C BepTHKaJrflMH rrepe3 TOTIKH npHJrO)r{eHHflcoorBercrByrou{Hx Hafpy30K. Mex4y nepruxi.rrbHbrMH JtHHUflM4 npo_xoAflurHMH qepe3 onopbr, rrpoBoA'u OrpbsoK npflMoii, napannenrnsrfi
3aMblKaloureMy Jlyqy AHarpaMMbr cr.rJr. 

-f locrpobHHuri. 
ranrau oOpusonanepenouusrft MFroroyfoJrbHr.rK AaeT 4Uarpaurvry MOMeHTOB. Hapnc. 126, 6 ona o6osHarreHa urpaxoBof i  nunaert .

_ 
l lonyqeHHyr.o AHarpaMMy npHBoAHM K oAHoMy, uaH6o.nee qacro

BcTpeqarcureMycr Ar4aMeTpy nana dno, D^nn gTOfO B TOrrKax, coorBeT_crByloli lHx H3MeHeHHro ceqeHHfl Baila, f lonyr{eHHoe gHarreHqe MoMeHTa
AOJIX(HO 6UtI YMITOX{CHO HA OTHOIUCHHC MOMCHTOB HHCP ITHI4:

M n p t - M i * : m ,
d2np

--5-
d ;

2578 _

U
' l
\ t l
t . l
4 l

0 l
5 l

Ap=12,5 xf /cn2 l=30 nn

h= /00uu'--

'.----j1

"-.-'--2'
t /  - /

3ru 3HaIIeI{Hfl  r tpHBeAeIlHbIx MoMeHToB oTKJraAbrBaeM Ha coorBer-

::i#Sr:^:.:l:l.1Tl-T_ _CoeAuHHs nonyqeHHbre roqKu orpe3KaMu
I lf*1* :.:t #:.i :f l:_.I :l* y ro A H a I p a u u yn,' o * u " *, i p r; . "t 24" ;T ;

rrf l rocrpoeHufl ynpyrori i lr4HHH BaJra B I{eHTpe Tfi}Kecrn xaxAofi

216
Ur : 21Ms,

Y L I C . uxeMa pacqeTa BaJIa



rAe

Ma
MsrMoMrHrH,

M?crna6 nporu6oa.EJ np

Btr.rHcneHHe Kpr{rz,recxor? cKopocrn BpaueHufl
ynpyroli TTHHHH Baila npoH3BoAHTcq no ra6.n . lZ.

r A e  P - "rtfio - co6c'r 'BeHHar qacrora xo.ne6au tl l i  B I lt:erc
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6P2 --
n

I
qr, 

)
0

x !_ (!!-\' ,r,
Q t  \ a r  /

Paccvrorpum no4po6nee Br,rqucJIeHHe 0P2. tr4cxoAHuntu AaHHbttvIH
fBJrfroTcfl qepTelK poTopa H ynpyrafl ilvrHHfl Bail.a, noJl_y_rleHHafl IIpH

rpaQo-ananHiu.recKoM pacqere BaJIa Ha Bo3Ayxe (puc. !20). Bltquc.ne-

HHe r.rHTefpaJroB ocyilIecrBJrf ercfl ra6.rlplqHlttvt cnoco6oM (ra6"rr. l3

G r c l
Z rll.t4

g . l } a  cu
Gg.l02 rcl-cu

GA" .l1a rcl'ctt)

68,4
25
150

102,6
153,9

13,2
3
t 8

2 ,4
0 ,4

I  1 , 4
l 6
96

,10 ,9
10,5

4 , 7
5
30
l r 4

0,42
2  t 0 3 , 0
8970,0

OrcroAa

n -' "Kp  - - - o6luun.

Benuquna yrlpyrux cHJr B ynJrorHeHurrx saBucr,rr or nepenaAa

u l4). Pag6ueaeM BaJr Ha yr{acrKr.r c paBHbrMH AHaMerpaMH. B rpa0rr 2,
3 u 4 (ra6n. l3) saHocHM coorBercrBeHHo AHaMerp, AJIUHy H Bec Ka)K-

AO|O yqacTKa BaJIa C AeTa"nflMH poTopa, ycTaHoBJIeHIibiMI'l Ha HHX
(p"c.-126, a). Pas6vsaeM BaJI Ha paBHbIe yqacrKu (n HaureM cflyrlae
i : 20). B rpaQax 2 u 3 (ra6n. 14) sanucblBaeM rpaHHIIHbIe 3Har{e-
uus ln q p^rlf l AaHHoro yqacrKa BaJra, B3flrble ue rpaS 3 n 5 (ra6,rr. l3).
Cpe4Hnn Harpy3Ka Ha yrracrKe

Q t p :
Q t l t  *  Q z l z *

B rpaSe 6 (ra6n. 14) sanucaHbl crarurlecKhe lrporn6lr 4nn ueHrpa
r z o \ r r n n F n  r r t r q F ^ r r . )  ( t ' r t l o  I t A  a \ 'I \Cl . {T lAl . , r  L ,  J  acrv l '  r \Cr  \y I rvr  Lav,  v l .

Ut : z1Ms,

r$e zt - nporr.l6 B (eHrpe yqacrKa, B3flTblfi H3 enlopbl nporu6oe;
Mu - M4srqra6 nporu6oa u0 rpaSnuecxoro paeqera.

?,t 9

Vqactxa  aara

no.nyrrlyQta

".p*""" 
py6aurxa

pa6ouue KoJIeca
r ' A p o n f T a  , : : :
s a A H s n p . t l u * * . u . : : :

c
e x f

G
q :  

I
s xl/c,u

3,52
0,74
l ,  l 5
1 , 2  I
2,47
4,42
0,59
0.8

,[,ns AByxonopHbIX BaJIoB MHorocryneHqarbrx HacocoB c KoHcoJrb-
H bIM yIIaCTKOM CylqecrByr,or aHaJr HTHTIecKHe MeTOAbr On p eAeJreH H fl Kp H -
rH.recxof i  cKopocrH BparreHuq 15 l .

KpnrnuecKafl cKopocrb BparqeHnc c yqeroM ynpyrnx cr{Jr, BoB-
HHKanil(HX B J/rrJrOTHeHHsX pOTOpa. BC,te4Creue cTarprqecKoro [po-
ru6a Balra, norperuHocrefi rd3roroBJreHng, c6op KH u r. n. porop MHoro-
cTyneHl{aToro Hacoca pacnoJraraeTcfl SKcrIeHTpr.rqHo ocH pacTorrKH
yrrJrorHf ror]IH x Koirerl. BosHHxaForrlaf HepaBHoMepHqOTb p acrrpeAeJre-
HHfl AaBJIeHUfl B KOJIblIeBbrX Ule.rrqx poTopa np14 sKcrIeHTpHr{HOtur ero
pacnoJrolKeHHH sBJrflercfl npuuuHoft BoSHHKHOBeHHfl yrrpyfHx cHJr
B yrrJrorHeHHrx, KOTOpbre, B cBoro oqepeAb;'r\,rox(Ho paccMarpHBarb KaK
pflA npoMex(yTor{Hbrx orop x{HAKocTHoro TpeHHq.

EcrecreeHHo, qro KpHTr{qecKafl cKopocrb BparqeHHfl TaKorq MHoro-
oflopHoro BaJIa 6yler 3HaquTeflbHo Bblrrre pacuerHoft, no.nyuenuori

I
2
4
5

6-17
l 8
l 9
20

Ba.n,
))
)
)
)
))
)
)

1 0 , 2
I  1 , 0
I  1 , 5
1 4 , 0
13,0
12,5
I  1 , 5
I  1 , 0

l q  4

17,8
14,4
32,4

l 4  1 , 4
I  1 , 5
19,2
5 .9

68,4
13,2
16,6
39, I

349,2
50,8
I  1 , 4
4 ,7

AaBJreHr.rfl. Ha qeJrr{, pa3MepoB uIeJrH, lpopMbr yrrJrorHeHHfl, sKCr(eHTpH-
rrHrera w pF^ra ApyrHX saxro_pou. Igopgrr4qecKoe onpeAerreHHe yilpy-
rrrx cHJl ,  r rpHBeAeHHoe e pa6orax [3,  24j ,  nowa3aJro. ]qro Be.nHqr4Ha
rHAPOAraHaMr.rqecK'Hx cHil coH3MepHMa c cwrraNrkr yflpyrocTH Baila.

Codcreerrrrafl r{acTora xone6auHft poropa B BoAe

2 t 8

p* _ tiEE tTDt. - ) . t I v |
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q
n rf/c.tr

3,52
3,52
0,74
0,74
0,86
0,86
l ,  l 5

i,+t
4,42
4,42
0,86
0,86
0,91
0,91
0,80

Qcp

s xllcrr

3,52

2 , 1 3

0,79
1 , 0

3,44

2,64
0,87

0,86

i ,00

0'6

0,22
0,29

0,93

0,64
0,25

0,24

l , 6 g

0,6

0,54
l , 3 g

'3,'24

214
1 , 5

0,54

=
d

3

12,5

7,4
6 , 1
416

12,75

7 r 5
I  1 , 0
11,75

41
o ,

: l
i l

+ t  '
r l r

N I - f
V l  N

I l  r' - lT
* l -

v l
l l

e l
= l"o

ilI

2

3

4

t 7

l 8

l 9

20

I + t +
5,0
9 ,4
8 ,4
6 , 0
7 , 5
6 ,9

b,5
5,9
5,6
8 ,8

10,4
4 ,0
8,5
5,9

I , 0 0

0 , 1

1 , 0

0 , 1

6

F
Q

2

o

,
0,0
0,2

0,2
0r7

314

1 , 3
0,2

3r7

2,0
0rg

I
2
3
4
5
6
7

8

14,4
14,4
14,4
14,4
14,4
14,4
3,0

I  1 , 4
4r5
117
l , l
7 r l

1 3 , 6

13,6
13,6
1 3 , 6

2 160

750
9 1 0
730

1 , 0
0 , 1
0,2
0,7
1 , 7
3r2
-1r9

6,60,00 , 1

cyuuapyx BeJrHqr.rHbr B rpaoe 8, noryqaeM DpH6rHx(eHHOe 3Ha-
rreHHe r.IHTerpaJIa: 

n

|  - !J-  ( ! t \  d* =61.6.
J  Q t  \ U r  /
0

Ec.nu Ha ynJlorHfl Ioulux r loBepxHocrrx Hape3aHbl KoJIbqeBbIe Hilw
BHHTOBbTe KaHaBKH, TI,IApOAHHaMLIqeCI(He CLIJIbI B ynJIOTHeHHfl X yMeHb-

ruarcrcrr. Koa66HrIHeHr pacnpeAeJleHllofi x(ecrKocrH B sroM cflyqae

Kf r " " :0 ,7Kn .
r  ^  -  - - .  - ^ Z -  1 A

JHarIeHUfl  rpalpbl  .J  3aHMcTtsOtsaHbt 143 ' t 'auJt .  l4t .  r rPusyMMhPobart

3HaqeHI{q fpaQbr 4,  [of lyqaeM rrpr ]6JrH]KeHHoe 3HaqeHHe HHTerpaJra:

J o (*)' or - Go 2oo.
0

l lpu BbrqI4cJIeHHH 6Pz npHHHMaeM MaKcHMaJIbHoe 3Har{eHHe Qrp
(cu. n ra6n. 14 rpaQy 4).

Onpele.rrr.rB co6crBeHHylo qacrory KoilelaHufl poropa B BoAeP*,

Kar noraaailr4 pacr{erbl H onbrrHbre HccJIeAoBaHHfl, B MHorocryrleH-
qarbrx Hacocax c HanopoM Ha cryneHb B npeAeJTax 100*300 ru fl44p.0'
Ar,rHaMHqecKHe cuJrbr cyulecrBeHHo yx(ecroqalor poropr .'_t:

n':f" - (2,5+ 3,5) n'*uia,
221

crKa, To oHo c HeooJrbtrrorl notperuHocrbro orHocHTcfl K yqacrKy, H8

3a3op B rqeJrH 6 no4craBJrgeTcff B c.t4.

IIecKofi cHJIbI B u.eJII{ or aKcrIeHTpHUHTera npeAcraBJrfler co6ofi rrpfl-
I\ ' tyro JIHHHFo. Hax"noH 3Tofi npflMorl .gaBHcHT or Be.rlrlr luHbr paAHaJrb-
HOio 3asopa H fafiLilHbi iiieiiH H oiipeAer-ifrercff yr.noBbjM Ko3ooHqHeFr-
ToM ct. I-lpH o6ltqultx IIpHMeHffeMbIX B HacococrpoeHuu coorHorrreHuflx
I t n ' r t z r r r t  n r . r l r u d r l  a  -  n  l Q  . . - 9 -  -F r v u r l r r v  M y r L r l t t  r D  w  -  v r  r L ,  -  

A . / r t l  J r r J r v t f l t r n n n  P a 1 u u r | r , t . l t ,  K U J l g g ;  q  - -

: 0,11 - \ i ln ArrHHHorl u{eJrn Bo BryJrKe r?rAponflTbr.

n

220
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[.{s aloro cile,u},e.r, qr.o rlr6xrrri nan rto pacqery r{pHTrrqecxofi cxo-
pocl' l l  Bpalqettl l f l  l \ lo)t(er crarb x(ecrr(r.tM npu pa6ore B rracoce. V,Ie1
l ' l lAPo/u' l l lar l l lqectotx crrJr  Aaer B03MolKI{ocrb Ao6urr ,cg gHaqHTeJb-
l lo|o yMerrbuei lnf l  / l t {ax,rerpa Ba,na 6es uapyueHi l f l  r ropMa,rrbuof i  ycror i -
'r ltscli i  pa6o'rr,r po'ropar rl 'ro BeAer rre roJrbr{o K cr{H}KeHH}o Beca MalrHHbr,
Iio II I( I loBbllt leHllto I(. It. A. 3a cqer cogAal{Hr 6o"uee 6naronpaflTHbtx
ycilulJntl rJXoAa B paooqee KOJIeCO.

Oaxropu, BJIHf l IoI l {He Ha KoHTuqeeKvH} cKonocrh Rna ! ! rFH!r<!
poropa Hacoca. ocroeHoe unrr^iii 

"; 
*p;;ru..nv, ;;"pJ;; ,#;:

rrleHtrfl poropa Mr{ofocryneFrqarofo Hacoca oKa3brBaror rHApoAr{Ha_
MHqecKI4e cvJtbt B lqeJleBblx ynJrorHeHtrflx, Koropbre MoxHo paccMarpH-
BaTb_ KaK npoMex{yTor{Hbre olopbr.

Kpove roro, cyuecrByer eqe (e.nuft pa4 SarropoB, He yqurbrBae-
MbIx npl4 pacqere H Bltrfllorrlux e rofi LrnH uHoft rr,tepe Ha BeJrr4qr.rHy
Kpr.rruqecxofi cxopocrr.r BpaxleHHfl .

ocenrre cnJrbr, leficrey-rcukre Ha BaJr poropa, TaKX(e cnoco6crByror
noBbIIUeHHIo xplaruuecxofi cKopocru. l lpuuena 9TO 6o.nee orrrerJrr4Bo
npoflBJrsercs AJrfl BanoB c HHsKr.rMH Kpr,rrHqecKhr[HcKopocrflMH Bpa_
UICHHfl .  KAX NPABHJIO, 3TO NOBbITI ICHHC HCSHAqHTCTbHO.

floAuranuaKu poropa raK)Ke Mo_ryr oKa3brBarb BJrHflHr4e Ha xpl-
rHrrecKy'ro cKopocrb BpaueHHfl. l l lapuxonoAuHnHHKr.r 6onee ilpeA-
IIOTITHTeJIbHbI c TojKH 3peHHfl AOIOJTHHTeJTbHOTO BO3Myrqaroulero
AeficrsHq Ha BaJI. l lpl l Hcno,rnsoBaHtr noArxHnHHKoB cKorblKeHgq
Heo6xo4Hr,ro BbrnorHqrb onpeAeJreHHbre ycJroBns t5g I AJrfl npeAor-
BpaueHHf nu6paqau, csqsaHHofi  c BpaueHHeM MaCJTf lHOfO KJrHHa.

Xecrxocrb onop TaKlKe riBJrflercs HeMaJroBax{HbrM QaxropoM cHH-
xeHr.rfl nu6parluw Barra.

flpu nepeKaIIHBaHI4[ roprlrrax x{HAKocrefi ueo6xo4uMo yiruTbrBaTb

Iy^ejl-:tx:HHe 
MoAyrIn ynpyrocrH c noBbrrrreHr4eM reMreparypbr. 3ro

ocooeHHo 3aMerHo AJrfl yrJrepoAucrblx craneft.

l s o C 0-150 250 400 500

C yqeroM HSJIoxeHI{bIx Bbltue v UeJIolo
pa6ouyro cKopocrb Bpat{eHHfl.  Bai la cJleAyer

AJrf l  >KeCTKOTO BaJIa
> rtt6xoro )

pnAa ApyrHX Qaxropon
nu6uparb raK:

n <_O,8nrcp I
l , 3 n a o  t  1 n 1 0 , 7 n , 1 p  t t

Pacqer BaJroB HacocoB Ha crarr.rqecKyl.o npoqHocrb u BbIHocJrH-
Bocrb. Hapn4y c nponepxoli Banra Ha AkTHaMHuecKy}o ycrot?uunocTb
AoJIIKeH Bbrno.[HflTbcf irpoBepor{Frrtf i pacqer BaJIa Ha craTarlecKyIo
nporlHocrb H BbtHocJrHBocrb noA AeficrBHeM MaKCHMaJIbHo Bo3MolKHbIX
HarpysoK AalKe npu KparKoBpeMeHHoM rix 4eficrBrr.

IIpu oroM npr4HuManrcfl Bo BHHMaHIze c/IeAyroqHe Harpy3KH:
1. Bec pa6orrHx KoJrec H ApyrHX Aeraneit, HacalKeHHbrx Ha BflJI:
2. PaAuanrHbre yclltHfl,1eitcrnyrcilIue FIa porop BcJIeAcrBI.Ie He-

paBHoMeprrocru pacnpeAeJreHnf l  AaBJIeHHn I Io nepuQepuu pa6ouero
KoJreca. OrrpegeleHue 3THX ycnnl t f i  onHcalro e r . / r .  8.

3.  Ocesoe ycrrJr l re po'rol)a,  MeroA ot tpeAeJrerrut f l  r {o loporo onuca}r
B rrr. 8 (pnc. 126, ttc).

4. I{eulpo6e}KHar cnila, BO3rrHKaroilrar lr3-3a ocraroqrrofo Alrc-
6anasca pa6ovux r(oJrec noc,'re 6anancupoBriu. Benr{qiIHa eroft cpl"rrbI
Mo)Ker 6url npu6nux<eHHo onpeAeJreHa ro $opmyne

C  -  1 , 1 1 . 1 0 - 6 G r f e  r c f  .

rAe G - Bec pa6ouux Ko"rec B Ke;
e - gKcqeHTprirruTer pa6ouux KoJrec B iL.M. .-:

3xcqeHrpHrrHTer A/rn pacr{era npr{HHMaercr paBr{brM noJroBHHe
paAuaJrbHoro 6ueuun pa6ouero r{oJreca ro Hapy)KHoMy ALIaMerpy.
LonycruMbre 3Haqern{r e B saBncuMocrr{ or Hapy)Kuoro AnaMerpa pa-
6oqux lioJrec nprBe/tern,r [r LIx(e:

D" s tttu
e B rtrl4

[o 300
0,075

300-500 500- 1000 r 000-2000
0, l0 0,  15 0,20

E. 106 s rc l - lcuz Z, l0 l ,96 l ,TS 1,40

vuenlureHHe MoAyJrfl yrrpyrocru cnoco6crByer yBeruqeHHro npo-
ru6a H cHHx(eHHro Kpr.rrarrecrofi cropocTrr BpaqeHH fl, Bana.

Ec.nu B Hacocax KoHueBbre ylJrorHeHns BbInoJrHeHbr c usrroft
CAJIbHHKOEOII  HA6UEXOfi ,  TO HX MOXHO PACCMATPHBATb KAK AOIIOJIHI, I -

5. Kpyrnulul)i uoveHr, nepeAaBaeuuuir BaJror\{ Hacoca,

M  n p  : 9 7 3 , 6

oH SaBI4Cr.rT OT pelKHMa pa6Orbr HaCOCa, TAr< I(aK nol 'pe6,[qeNraq MOUI-
r{ocrb y'y' saeucnr or noAarrn A.

N .
n '

TCJIbHbIC OTO
rrecKyro cKopocTb BpaqeHHs.

HOC COCTOflHHC POTOPA. AHANHS YIIPYTHX CHtrI,  BOSHHKAIOIIIHX B YNJIOT-

B cBfl3u c reM r{To BeJIuI{HHbr Kpyrfl i lrero rlroMeHTa, ocenofi H
pa4Iaa"rrruofi HarpyBKI4 3aBVcflT or pelKHMa pa6ort'r Hacoca, pacrrer
BaJra Ha npor{HocTb cJreAyeT [poH3BoAHTb A/rf AByx cJrvqaeB:

a) HyJreBafl rloAarla;

f lo BbIrIHcreHHbIM A"rIr arHX cJlyqaeB Harpy3Kanl crpoHrvr gnropbr
usru6aloqtlx MoMeHToB, i lpHr{eM BaJr paccMarpr{Baercfl xax 6anKa r{a
n R \ / 1 r  T l r l n n g v  r r l t T . n 1 / l r z A L r L I t c r  f l  q r - r J A . I . L r L r r \ , f  I , I  r J g n n \ / a r , z q r r t r  I r r t t l  l 9 A  a \

t  ^ r q r r J r r r v r r r r q t r  l J s v  r v r r r u r r Y r r r  r r u r y J e r \ q r Y r r r  \ H r r L .  L . 2 v ,  v l .

Orrop H r,re p ea KuH l,I I.I an rop bt usr H6atoulr4x MoMer-rro B o n p eAeJrf ror-
e q  n 2 3 n e . n h i l o  n . n f I  I - I n r l ' ) v 1 1 c ) I t -  I l M e l n l r r u x  r r o c ' r , o s r r r r r n r )  1 l  n o n p t u r A r r t l n r l

r  
-  - . a - ' - - - -  -  - - - -  

I "  J  
- - -  - - t

(yc l lnue  or  guc6a. r ranca)  HanpaBJreHr . re .  F Ia rpy3Ku c  noc ' ro r {HHL, rM
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HeHHflX' IIOKa3bIBaeT' 
_tITo npH OtIpeAeJIeHHbIX yCJIOBHflX TpeXilIeJIe-

E I A A  \ 7 n  n n r r r n  r r r r ^  ^ - ^ ^ ^ 1 ^ ^pvv  J  r r r ' r v r  r lEnr ls  L r rvLuuu l  uycr '  I JUSH14KHOBeHHIo AonoJIHHTeJIbHbIX BO3-
Myrqarcrqrx ycwnHfi, 4eficrByrorrlux Ha porop lzgl. floerorr,ry B Bbrco-
I {O I r  2  r r nn  r J  L l ' t a  L r  t  nn r . !  4 r  w  n  n  A  n  nn  
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uleJreBbrM ynJIorHeHHflM pa6or{Hx Ko/rec.
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HanpaBneHHeM pa3J'lafarorcq no AByM B3aHMHO lrepneHAnKyJispHblM IHafl.p-asnellldrM X U g. I
Maxcuua,ttsue lHaqeHuq | | lnocaa*a pa6o-

q u . x  K o r e c  H a  I  l l a r u q u e  H a  B a n y

R',". :, l/nll al 1a"; I ^ | -+-l r. \ ' n r x  -  t /  r \ r  r , \ s  r , \ c '  
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M a r e p N a . n n a . n a  I  j r -  l o  I  n  I  l F j = - l F  I  E

^ AeficrBHfl HeypaBHoaeueuHofi cNrbr.

: :*,qi 'T' . |y3J:::9y.:: '" ,Aj". l , 'orocTyneHIIaToIo"".""""; . ; |
" ty [ " l :1 ] " l1 luparrep(puc.  126,e) .  I  v"n"po4 ' rc 'a"c ' ,n"  I  16 |  , i  l , i  l , i  I  i ;  1 ,3  |  3B peey.rrrra'e coilocraBJleHas rrepTelKa Baila c gnropaMu MoMeHToB
onpeAeJrsrorcfl HaH60Jree olacHbre pacqerHbre ceqeHHfl.

I.Ianprxeurr onpeAen'prc' no rfiopuv"rav: i flerrpoaa'uaa cra* | 13 | 13 | i3 | l? | 13 I ll | 3
r { 3 r , 6 a r c u u e  ^ - M ^ u *  |  , : , t  | t i l i i l i z l r i  l i 6  l ,"": 

--V- ' 
t | | | | | |

ApacrafuBal lou(t re (c>r l ruaur lue) op:  
^F

KpyqeHrrr I : Lernax C yverou nyJlbcaqrt AaBteHHg Ha BbrxoAe as pa6overo xo,teca- 
ll(r HaCOCa' a TaKxe OnI'ITHIIIX AaHHblx AJIF KaCaTeJIbHbIX HanpaXenUft,

*"j:.:l:"-l_tgtrsrg|.us Vl u Vln cnenyer onpeAenflrb c yqeroM nepeneHHas cocraBrqlorlaq

""rX9.l::ii^:-.:g:nq uroHorrHuMa nisaur.r,'orsepir;;;; ; ;. i,.-"-"' r" : 0,25t^,
_- - 

Sxguga,resrHr,re Harrprlr(eHus onpeAer,rrrorc'I rlo aHepreruqecKofi Ir,"reopr'Ik npoqHocrl.t: tAe r^-ffi- nocrorHHas cocraBJrrrbu{aq KacareJ'rbHbrx Hanpqxe-

, "o"i#l J; T#"*l"S##f,' 
*ere B a JI a u a n po tnocrr)'

a 3anac rpoqltocTtr - no [peAe,,Iy TeKyqecTlt:

n,:#. n':$#,,,"r,

,{onycrauue 3HaqeHHfl xoeQt[Hqueuror nr npr{BeAeHbr a ra6r. 16.
Ec"ru.. a pesynlrare pucveio Ha npoqHocrb nr noryrllrrcg 6orbrxe n": - 

b-=f:L3HaIleHIr[, npxBeAeHHbJX s ra6a. 16, pacrreT Ha sbrHoiJl|aocrr raxux 6r"+{,rt^BaJroB nporr3BoAurr neqe;recoo6Dasuo.

P -l!9lriTo" cnyqae Bar paccql.ITblBaercr Ha BbrHocJ[lBocrr, no 3anac npoqHocrr.r npu coBMecrHo]vr 4eficrruu HopManbHbrx rr Kaca.
MaKcHMarbHori Hafpy3xe npn 1000 uHKJrax u3MeHeHrs. pacqer se- re,rbHbrx uanpnxeHufi
Aercr  raKxe Anq AByx pexHMoB: e:0 r  e :  e*"" .  i

fJepeMeHnas cocragrqr.ottrro ttrr..n, rgve-HeHr.r;-'Htp[4a rrrbrx Ha n:--*L--=-
npaxeuufi 6a paBla cyMMapHoMy HanprxeHlr1g or nerr6a: 

" V n'r -t 
"i

Ta6au4a 16

M.
o a _ i :

llocrosHHas cocraBJrfl rorrlafl

, f @' v (

om HopMa/rbHbrx Hanpfl)KeHr{ri

fionyctnuufi sanac ilporrHocru AoJrx{eH 6urt B npeAeJrax n -
:  1 ,8+ -  2 ,5 .

Knarhrhur rup l r r r r  ranrJTTFr r rnAr rw: . l  r r t rTnqr r ra r r r , r#  b  u  b  Dnr rdr r r ra
. r v ^ r $ v r  v o  r l  t v T ,  D t L r L A f L r r W

a6conrcrHbrx pa3MepoB BaJra Eo H st, KooQQurlnenrbr, xapaKTepu3yro.
r t lHe BJIHqHHe cocrocHHq noBenxHocru F.A-IA R u aovur\rATnrrvr  t ruv i la arr- -  -  -  - I -  

: ' ' - ^  r  " r '  
t + . r r r v . 4  \ l / o '

H 1!t, 3aHMcTByrorcrr Hs cnpaBorrHofi JrHreparypbr [50, 43, 521 nns
Kax(Aoro KoHKpeTHoro cflytrafl pacqera.
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pa6oqee Koteco qBntercr ocHoBHbrM opraHoM Hacoca, B KoroDoM | ,. 
qaMe,pa xoneca

npo'cxoA,r npeo6pasosaHue ue*uH"qe_cno'fi r;.p.;" ;p;;"a;;"i;: | ffl*nill_flliiTo";";0il". . ?:3r.raj:396

S 52. Pa6oqne KoJreca
P l r s r r t ' p r  . - [ o t t 1 ' c r t t l l u t e  o r K . j l o l l e l l t r n

B  A o n f l . \  H a p y x i H o r o

! 1 : i 11 . : i y ' 5Hepr } t1onepc rcauuraemof i )K I , I . 4KocT I , I . f I po rovna lvac r r | ^ ^ ; " , " ; f f i i l " ' " : ' ' . : .
; , ; ; ' :  I  L u " p n n u ; ' ; ; f f i . . . .  .  .  0 : 0 0 r - 0 : 0 0 t

COKHC TOqHOCTb I I3IOTOBJICHH'I  U TIHCTOTA I IOBCPXI{OCTCI? qBTgIOTCg !  
IXAI JIONACTH:

saxHefiu,IrM vcJIoBIreM noJrv- | un Bxore 0'003-0,005
. | ' Bhrxo,qe 0.005-q008

venun rpe6yeuux napauerpoi. I r"r"rr"i^r'i'"acm o,ooz-o,ooe
B BbrcoKoHanopHbrx Haco-

Bu6op MarepuaJla pa6oqltx I{oJlec Aofl}KeH npott3BoArtrbcr c yrle-

:il'l"T1i:gTif::1:,::. I ""*";;;;;;;i;;ril"",-;; 
'M;;;**;;;;;.'i;;i;;;';;;"p;,;;

:::i,:,l.Tp":l:9*.'111" ig*p^1- | i;;*;;A;."*iu"ui" rpe6yeruyro npoqHocrb pa6ouero *o,reca 
'c 

y"e-BarorlHM nucxotvt (Ouc. 127. a'1.
B;;;;;;;;:;'r;; ;;;J: I rou reMneparvpHbrx uanpaxeurfi. Kos$tpuureuru .nnHeftHoro pacrutr-
q'e Ko,eca r[Tbre. I peHr.ifi Marepr4aJroB conpflraeMbrx aeranefi ao.lrxHsr 6url npu6.nnsl-

B or'qe'nsuux cayqatx npn- 
| 

*'orl"o 
itlllTir?IJ; xapaKrep'cr'Koi*rB.r cercc crofixocrr. r"rare-

t"lecn.. ;;;5;i;;;:'1i?;4. "-""-"" | :l!-"4:{;.Ht.*-xoppo3uoHHr'rx 
ceoficre uoa" 

"^:l^oi1?-l:^i"T#i-npitiiii"duc,l --g--,., 
'-'p;;"'{;; 

-;;;:I'""o.o""y- | rerb pH, xapartepreylou-1uti xonqenrpau }o IroHoB BoaopoAa 1271.

A \ \\ \ rreHqarbrx HacocoB r'sroroBJrr- ! c noBbl[eHl{eM TeMnepary!}'I Blar'I noKa3aren" qH yygt*1T:lj
rorc, c yAJrrrHeHHot cryn'ueii, ; IlepexaqlBaeMas xuaKocrb ABuxercfl B I(aHaJIax pa6oqero Ko"leca
qro Aaer BogMoxHocrb u36e_ | c nrrcoxyMn cKopocrsMr'I. flogToMy Marepl'IaJl KoJrec AoJIxeH o6aaratY

)KaTb np HMeHeH Hs AHCTaHUAOH-
xopouef i  crof iKocrbrc nporHts opo3HH.

;;;i-;;t;;;.^cffi;,iil;;;_ i -^_I,":g^":": ,::::.^.9:g:.1T^.X.:""1",."""'f?[T'T,?lll'1:1"^:.i1_j"1;;;;";"6;;;.'-;d;;d;; i y#:ii:.:.::^:'..:^"3)X",:fS:X ff1i1i.T.13.I:-IT^"I-"i:^":::,.^":11125I l  u qyryHoB rvrapKu Ct{18-36. Vs.6poneu qaue Bcero Bcrpeqarcrcr
KOJIeCOM,  f lBJ I f  f lCb OAHOBpe-  I  

-uv  L  'L  r l ' u+v  vv \

MeHHo rpr4 6burbHoft qacrbro, I narpAl..ll:9l.l9?:.P^l;.9j- 19^t^:,Pl .1T1 t^0^11:
i OcHosHbre HanpffxeHr.ir B pa6oqeM KoJrece co3Aarorcfl noA Aeftcr-rn6o npdBapfBaercr K KoJre-q 

ii.-tifr ii6;;-;;;;;$;;;_ ; llgy l_":Ipg**'oy or,r. .r.,rr opreHrrpoBoqHoro onpeaereHH_q _Ha-
PDc. t27, pa6oqee xoneco KoB nepeKarluBaerraori xr,r4xocrr_r 1 npaxeHnri uoxer 6brtr t{cno,rrgosaHo BbrpaxeHne as pa6mu [l I

n o B a / I y u n o H o l { H b r r l  n a 3 B c T y -  ,  o  = 2 I . 1 0 - a H  r c f l c n z .
NHUC PA6OqC|O KOJICCA BbINOJIHf lCTCg HC HA BCIO AJI I ]HV.

Henepne'lrxy,rap'o"'u 'op'ro; .i;t;;u"'-;r?;;;io *or""u 
"" I . _ -P.:::,:. lotf_o.g::= \f"*' L1::':L1^f6p#i ,Ioj"",^nu.ll:u'1:"ff

AorxHa npeBHuarr o,or-0,0y'.i;. p;";;;;"^ir;;;;;;d;;;; # S3rojKeHbI B Knrrax M. H. fttoscxoro [59] s B. o' Psca [45]'"'--""- ."*-"'1;:;; 
B o6oux cryqanx HanpqxeHrr B re,'re ocHoBuofo,qrcKa onpeAerq-Bepcrr-tr B cryn[ue KoJreca B;tnoJlHrerct no 2-uy x,'Iaccy ,rc,anwLr n. .r_^^ ^ _,,,_^., -^__^_^,,. n_,,_^i,gucrora iosonpouo4"tq"x;;;;;;;-i;;;";;;;;";;;;;; St"l "^ynT,oI 

vcunttit, co3aaBaeMblx Irraccoti eonameft' fipr'rver'r
6o.nruoe BJ,rHnHre'Ha oe,r'""ny ;"Ap;J;;;;; ;;;;p;. il;d;: I P:-1:..1T"":t:::ii::-:::y:p:_"1"1:-"^113' ifT?"X11:::.-TlT11irinu"iiie"; ;6;";;;a;; -;;#;; 

i i:_+.yy^".: 9:::=:^".Ttr-":i a.i1i.i^.I"1:_l:.1: l-lg:1yft ::::.:-
^vJrEL u vz_vu Au v.t_vo f iJtacca oe3 KaKI,tx_JIuoo | ^ ,  .

roucrpyrruenux rsuesenufi npxBoa1rr K rroBbrrrreHsro *. 
";';.';; 

, :lllt,!t 
--"1"""o crynenefi) c noctossxofi ro,rrqnnoft cryneHll ,x

pa6ouax Korrec ocyuecrBnsercq rrr6o c"'recipuoft o6pa6orrofi rso- ( coeAnH_eHl:l^: 
l1_.:{ ".y.i:"."t_.^ _ - __..rHyrbrMu HanrJrbHriKaMr.r, n"."""r"o."""ri;;;il;;;;-'i ii"r"ir'^" i Ar" npocrpaHcrBeuHofi ,ronacru c nepeueHuoft roJlurl'rHofi ToJI'

BanoM Ju6o ru4poa6pasnonori o6pa6otxofi [4]. | 9Yly npncoeAlrHeHHofr Maccbl ni B i,114 Ha yqacrKe rt - rFr nprr-
OpueHrxpon6.ruui gHu"enlr" iJny"t";oi 

'ot*JronenHfi.,:Dadlreoos 
J 6.rlxenuo onpeAerqeM no BllpaxeHnlo

pa6ouux Ko,'rec He AoJrxHbr npeBbmarb cneAyroqnr eHaqdAfifi.: 
' 
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rAe D - uopMaJrbHas roJru1uHa JronacTlr;
l, h - AIIHHa ].I Bbtcora vrracrKa Jronacru.

BcnouorareJrbHbre serr.rqnHbr AJrfl pacrlera cBoAflTcfl
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..A.rs ynpoueHHfl, B pacrrer BBeAeHbr cyMMbr r.r pagHocrr{ Hanps}Ke-
HHfi :

S j : O i t | _ O r i

D t : C U - C r t .
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: 0Dpa6r nPlIMeM \-r'

o',0: 0 u oio- 100 rcl/c,uL.

TorAa so : 100 H ;lo : tOO.
onpe4e"rruu cyMMbr H pasHocru Haflpflx{eHur? Ha rpaHHue l-fi

cryneHH:

I
I

=

r r  (
l S e

*i- o

AuanoruqHbIM
A L I c K a  ( t : 0 ) . 3 r u

o6pasou npoBoAHM pacl{er
pacr{erbr YAo6no npoH3B0AHrb,

AJrrr HenoABHx(Horo
norbsvf lcr  ra6n. 18.

Ta6au4a 18

0

I  1 , 9

I  0 0 , 0 0

l  0 0 , 0 0

324,34

86,21

7  4 , 0 0

- 3 7 , 7 7

6 , 8 9

1  3 , 0 0

1  8 1 , 0 5

0

0 , 7  0 4

U

9 ,  l 5

0
- 6 4

l4e rpaunrlHblx yc"uonufi FIa BI{euHeM AHaMerpe AHcKa

[ (  -  0 n - o n r

cn  l I  
'

rAe on - 3aAaHHOe Hanpflx(eHHe Ha o6oAe (n Haurem cilyqae or, : 0)i
cnt-  Hanpf lKeHHe Ha o6o4e npl4 nepBoM pacr{ere (co:  t t t roo) i

6nrr - Hanprx(eHne Ha o6oAe npu Bropold pacqere (ol - 0).
f lo r<oaQQnrrueHry K onpegeJlfleM BeJIHTIHHy oKpylKHoro Hanpfl-

>KeHHrI Ha CTyTIHUe AHCKa:

6 to : oio * Koio.

flo QopuyrlaM (81) paccqurblBaeM AHcK rlpr ycrloBuflx

o + 0, oro : 0, o'to
u

ctl f 0, oro : i 00, O,o.

!,nn pacrrera ueo6xoAlrMo orpeAeJll4rb AeficrnureJlbHble paAHafl b-
Hbre Hanps>KeHLIfl Ha crynHue pa6ouero KoJIeca. Ans aroro crpoHM
rpaQux saBHcHMocrH paAI{aJIbHoro Hanpsx{eHufl or BeflHITHHbI Ae-
Qoprr,rarluu (pnc. 128, 6).

BerH.IHHa 4eSopnral\r4Lr pa6ouero KoJIeca H Balta
A  e ,  I  I t

A : E  _ 8 ,
o[ + brc,

51 :  ss-  aG;  Dt - - ---l;-; ors * PP
E p . *

cKopocrH BparqeHHfl ;

nepeMerqeHHe BoJto-

KOH CNJ1OII IHOIO BAJIA.

/{eQopuaqHH BaJra Lr AVcKa onpeAeJrseM Arfl sHaIIeHufi Harrpflx{e-
r . ru f i  nc rn \ /upr r r rk ry  R r rn t r I I k I l t v r r l I ,Tx  nRVx n2cqerax  IJo  aruv  r r2 r {Hr - lM- . . r ^ - J . . r - - . - . _ . . . . . . ^ ! r 6 t . l r r r v . . l l

crpouM rpaQHr 3aBHcHMOcrH r(oHTaKTHoro Hanpf l )KeHuf l  or  Harrrra.
l lpu cro.nuggqefi nocaAKe A : 0.
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Uq

A D - - - O 7 A r . - '
v ,  r  s v l ,

*l - *, r Ac,r n:. - t-). -r An-, l - - l  u l - u L  I  4 u L .

rlo.nreyncr 3aBHcHMocrsMH (81) H nocJreAoBareJrbHo
or o4Hort cryrreHr.r x gpyrori, noryqaeM Hanpflx(eHHfl Ha
oooAe Ar{cKa npH 3aAaHHbrx Hanpflx<eHr{sx Ha cTyrrl l l le.
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Telr,rrreparypHr,re .neQoprr,taqHrr oT' nepenaAa reMrreparyp MelKAy
KOJIecol\,I I. l  BaJlot\{ A/ (onpeAeJlflercfl onbrrHbrM ny'rerra) Aaror BeJrHqHHy
HAT' I fA  B L- ' | I :

L.1 =,- .  (ur .  n -  crr)  ,Ltr , r .

r I  ^  i , .  . . . . .^
/ iei icTBii ' i '€; ' ibi ioct i iai ipf i iKeHHe B 3ToM cJ-ryqae oI]peAe"rrf leM H3 rpa-

cprrxa puc. 128, 6 (o,o ---. -132 rcf lcuz).

MHx . [onacrf lx.  Sr l r  AaHHbte Heo6xo4n]vro npr.rHurvrarb Bo BHuruaHr.re 'npH
onp_e[eleHuu npHBeAeHHol i  eenHquHF,r 6oxoeof i  Hafpy3KH.

Maxcuua.[bHoe npHBeAeHHoe Hanpf l ]KeHHe olpeAe/r f lercr  no Teo-
pHH (sHepfHtr  lpopMor.r3x,{eHeHr{f l>.  3anac npoqHocrH ro npeAeJry re-
I(yqecrt . t  o6srqgo i lpr . rHur\ , taet 'cf l  paBlrbtr , t  t r , .  - - .  2,0-:-3,0.

E  F R  D a a n n r r a n u r r r - r f i  n r r r v
U I  r r  A I r  V I r

PasrpysoqHufi AHCK cJryx{r4T LJrr BocnpHflTHfr oceBofo ycnnvn
poTopa. PasnH.raFor ABe pa3HOBHAHOCTH AHCr(OB: CO6CTBeHHO pa3-
rpy3ol{Hbr l? 4ncx (p"c l?9,  a)  l r  pasrpy3oqr-rr ,u"r  grrc l {  c (rr , ' r r rHApnqe-
cNori  nry"uxof i  (pHc. 129, 6).

PasrpysoqHtrf t  AHCr( HMeer co6cr-
seHHsrf t  y i lop Ha Ba,ty,  K Koropor\4y
oH npHx(HMaercr l  rar ixof i .  Ans rrpe-
AOTBparqeHHf nepeToKa )KHAKOCTH nOA
AHCKOM Ha BHeUTHeM Topr(e efo npeAy-
cMaTpLrBaeTcrI CneqfiaJrbHoe yil"rroTHe-
HI4e. C ror? >xe qe/Ibro -nono,IHlrfi nas
B AI,IcKe BblnoJrHflror o6liqno He Ha

t) 0 100 132 ptf/cv' lq ,, 
201ct' Bcrc AnHHy cTynr,rrlbr. B rauaexax 4lrd) q i e"i*oau ioia'"nu 

-aonil;;";;;;" 
*;_

Prc. 128. cxeua pacqera pa6oqero KoJreca lra npoqHocrh AycMorpeHLI neo6xog,utrlue pa4r-rycu
3aKpyr.neuufi, TaK Ka:r' HailHqHe ocrpbrx

Ec,rn pa6ouue Koneca IocaxeHbr Ha BaJr c npeABapuTenlHbtM ytJIoB Bbl3hIBaJIo noflBJIeHHe ycTa,locT- Puc. 129. KoHcapy(quq pa3.py-
HaTflfoM A', ro o6 1aa Ber'rnqr-rHa HaTtra HLIX TpeIqlH tI noJ'IHoe pa3pyueHHe 3oirrloto aucKa

N H C K A .
A :.4' * Ar, Pa6oqafl ropuoBae noBepxHocrb AHcKa Ao,rxHa 6unrr crporo neo-

no lrcfi ollDc.ttcrgercq o'^. 
l leHAxKyJIspHa ocI,I '  / l ,onycrrvat l lelleplleH^IlKv.lspsoc'rs 0,02--

" ';^"*-:-::::-:::";.";:"^:: '^....-. 
0,03 tt , a q.ttcrora trotrcpitroc'rtr V7- v8.flo tloptrlyla' (81) pacc'{}rrblBaerct aI'IcK np'' EPaure'ru ArIfl Pa6onas rroBepxHocrb no.qBepfaercfl repuoo6padorre, rBepaocrb

AeictBHre"'IbHoi'o 3HaqeHI.In paaHaJlbHoro HaflptxeHut u npor'r3BoJrb- 4onxHa 6urr He MeHee .rerr ua 5b 
"A;";u 

;;6t;";;; oonbrue rBep-Horo sHarreHx, oKpyxHoro HanpqxeHr.rs Ha crynuue 4ncxa pa6o. locrr.r pa6overi nooepino"rn noaylrKr.r nrrbr aJq yrreHb[reH]rn Bo3-qero KoJIeca: MoxHocru ga,.wpalrtr npn MeranJruqecKoM KoHTaKTe 3THx r.eranefi
o',0: ' 1g2 4p,rr', oio: s00 nrpn'. B npouecce pa6orll ' 

h, hoorn\,.^,,,,.,;! -,,^.. -^..^..^flepe,u c6oprofi poropa pa3 f p y3ovrr r,rii 4ucx pcrioMclrAycl.crr crartr-
flpu arou onpeAerflercfl ,4ericrarre.nrHoe 3HarreHne oKpyxHoro qecrn or6alasclporarr [31]'

'., 
" 

p ql<g-u,u-fl,-a+ireu on srn i) t;""
ani=aefiar'er.rrerrnux pa4r.ra,r6uoio u-oxpyixnbio nin!.iixtrafi. 3ru nyftcaIlllrr AaBJIeHI.Ifl n ropuonoft Iqenx L BpaqeHut A cKa.

,{

r

flo AasHbrM oKoHqareJrbHori ra6nlrusr H TalilvrLrbr BcnoMoraTe.[b-
Hbrx Be, ' rHqHH crpoHNl  tpa+) t4K pacnpeAe.neHn_q HanpsxeHt4f i  B AHCKe
P  a \ J U Y t r r  u  r \ u / r u u a  \ P  n L .  r  a o ,  6 )

3xcnepuMeH,Ta.rrbHbre AaHHbre t45I cBuAererbcrByroT o roMr r{ro
r r a  n ^ r r n o r r n f t  f i r r d r t  n d h 6 [ 4 4 6 ^ d  n t t n  n n '  ( . A  0 , / ^  r r d F ^ r t ^ r r r t  n m  t r ^ ^ ^ '  t
nc f  v .L f r vL r r r v l I  A I rL I \  r I tH ( .ACr l ; I L t r  L r r \ \ , r . . / I \ - r '  .UV  /V  r rA r  PJJ I . | , r l  Wr  l v lC lLLD l  . / l u -

nacrefi,,30.%'ee i lepeAaercfl Ha rroKpbrBaroqurl AHcr(, a l0 20% xonr-
neHcHpyeTcfl BOSHHKarouIHMH IIOTeHrIHailbHbrMLr HanpffKeHr{flMrr B Ca-
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TpyAHI4TeJIbHo. f loerouy Ha npaKTHKe Bbri lo, 'rHqror crarHr{ecKr.rf i  pac-
qer pa3r'py3or{Hofo AHcKa, a BJrHfHr4e nvJrbcaut{r{ H r jrr l la Apyr-r4x
r l r R  x ' r o n o f l  \ / u L r n L I F r  q " . " . a  q  n n a r a r r r r a r t r  ^ n n m n n m ^ - h' r - " ' - r " "  J  r . r r u , v u L r L / r  r r u \ , . r \ \ r r r r \ - l Y l  \ - \ _ r \ J r D r - l L l D y r u l { l l A  J d l l a u u S  l l f J U r { -

H O C T H .

t rnq  Dacqera  paccMarp t rRa.eM pa3rpy ,3sqp15sf !  i t l { cF i  (p l rc ,  lB0 ,  c )
I(aK Aera.rrb, cocroflntyFo H3 AByx qacreft: co6cl.Ber-rFlo AtrcKa / pr uH-
J IHr {ApHqecr (or i  BryJrK} . r  2  (puc .  130,6) .  l [ r rcx  paccNrarpr rBaro , r  r iaK

2 3 1



KpyrJryro nJracrHHKy, onepryrc no BHyrpeHHeMy KoHTypy r{ HaxoAf,-
[lylocfl noA AeficrBHeM nonepellHbrx cHJr. B"nusHHe UH/II4HApuuecxofi
BTYJIKH YIIHTbIBACTCfl  MOMCHTOM MO' BCTHIIHHY KOTOPOTO HAXONHM
rr3 ycJroBHf coBMecrHocrl{ 4eQoprrlaqufi Aucxa H BryJrxtr. Bry"nKa pac-
cMarpHBaercr Ka'K noJry6ecxouequan rpy6a.

B pa6ore [43], cor,rlacHo Noropofi pacqerHbre QopuyJrbr r,rMeror cJre-
.u,yroutnrl Br.rA: yfoJr noBopora FropMaJrr.r 3JreMeHTa Ar,rcKa H ero npoH3-
B O N H 2  ' I

o : C r r  + + * o ' ( r ) ;

rAe

o ' ( r )  # [ u ' ( ) n # u ' ( * ) ]
e),, (r) : -+# | o' (T) + #, (+)l

nporn6 AHcKa

w - c r * c , 12

2 *  Cr ln  r  *  Q l  ( r ) ,

fAe

rD( , )  t uno l r ( * )  * l ; l "o  ( ; - ) ]  ,
HHTeHcHBHocrb Hs rta6arourt4x MoMeHToB

M, : ,  ( * '  +  r ,  | )  '

KoaQsurrneurur /e , k' Lr h" B 3THX Soprr.ry,rax r{o}Klro oirpeAer'rr{T'b
no rpaQzNy,  npHBeAeHrroMy n  pa6ore  t431.

U,unzHapHr{ecr(afl )KecrKocrb AHCKa
Eltt r - -  

n1 l  -  PL" ' ;  
'

PaccuorpHM npuMepHr-,r f i  xoA pacqera.
f locrosusrre CrH Cz MolKHo orrpeAeJIHTb u3 fpaHrrrrrrbrx ycnoelr f i .
Ha Hap)ilKHoN,r paAayce (r : rn) Lwct< Mo)KHo cr{HTarb cso6onusrrvr.

c.,'IeAoBaTeJI bHO,

M,:,n- D [o' + rr 9l .
L  ' ,  r J

Ha BHyrpeHHeM paArdyce Mr:r ,  -  0.  VIs aroro ycJroBHR

C r :  f  ( M ' ) ;

M,- , ,_ -D[* ' * *+ ]  ,

f lo4cras,nflf l  sHarresus r$ u r)' n peuas coBMec'rHo ypaBHeHvr HH-
- - ^ ^ . - RIeHCi iBi iocTH H3rHoaioi i lHX i l ioMei iToB B paAHaJ- ibHOM HaIIpaBJIeHHH,

[oJrvqaeM
C t : f ( M , ) t 4 C z : f ( M " ) .

Ann onpeAeJler-IrIf l MoMeHTa Mo natuucJlHM yrJrbr noBopora HopManH
Ha BHer[HeM H BH)/rpeHHeM paAHyCe BTyJTKH,

?33

M , : D ( !  +  u o ' \'  \ r  /

d)

Prc. 130. Cxeua pacqera pa3rpy3orrHofo Ar,rcKa 
' l

cxeua nonepeqHbrx Harpygor, AeficrByrorrlux Ha AHcK, npHBeAeHa !
Ha pr4c. 130, a. Be"ru,rr.rna npHBeAeHHofi Harpy3Kr.r

-  I  p 2 * p - 2
Qr : -T Qo -l;: I 

-,

rAe Q o - AaBJIeHHe flepeA ropu.onofi uIeJIbIo npH MHHI{MaJrbHoM sHa-
qeHIdH ee (onpe4e.rrsercfl r4s rnApaBJruqecKoro pacrrera
pa3rpysorrHoro ycrpoficrna) n rcflcnz;

rprqeM I'  /s  
* ,  . , r * , " .^  

" ; " " " " " - - " -  
, r - ,^v,^ , , , ,^ r ,  h :  h '  :  h"  :0 .  IPacvet .lncxa o6uquo npo[sgoAurcq no verojtnke, ug.noxrcI roufr
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Bueurrrrii paAryc Bryrr(, (o,,yrpeuurzfi pa4,yc 4rcxa) I .""lfffXT"it."l"fXt$p:?Tffi;i"i#"JoT'T;r 
no 

rBHvrpeHHeNv
{ , - , , : c t r+ l : rg ; .  

|  . 1 , :b . r * (2 , , , . - ; i - ! # , i )
BHyrpeuxuii paAayc BTy,IKI'I i  u*u""aJIeHTHoe Hanpfl)KeHrie olpeAeJrnercfl no reop ! '.r (3Heprrrl.r

r, I  =._ _ rt | , ,_ i  AopMoH3MeHeHHfl):v u H  ' -  -  - o F -  
rR n  ,  .  - r . ,t J U t  i  _  , /  o i * o i * o r o z .u n p :  J

. -  L t t  !
t ' ]\e D r ' ' '  

l t(= *,1 
- I l l ir l l trap tjqecKa'I xecrKocrb BryJ'IKt ; , ts HaueM c,ryqae

ft J 
IEP- napaMerp. j ot- o'i I o'l; az- oi'

y "r{ I Ko:QQrlurieHr 3arraca npoqHocru no npgAeJ'Iy reKyqecrr.r per(oMeH-
orly- i oy#;;;;;;;;;l z n r r a r r t t ^ t " t6ecxoseqnof i  rpy6sr ,  r .  b .  npr . ,  y . , runrr ,  vro ;  

^ , " ' - '  
n , :  S_rb.

L > 2 , 4 5 1 [ E R .  ;  S s 4 . B r y . n x u
Pa:r' lepu, 

-Bxoaflulf ie B AaHHbre BbrpaxeHr.rfl, nplrBeAeHbr Ha i ocHosHoe Ha3HaqeHr.je BTyJroK - [peaoxpaHqrb Ban or Koppo-
pwc.  130,  a,  6 . ' guLr, gpo3llu u lenoca. Cyuecrnyer 6o"'Ibuloe pa3Hoo6pa3ne BTynoK

f lpupaauunan 3HaqeHHfl yfr 'IoB noBopoTa HopMaJIr{ Ha BHeITHeM r,r no Ha3HatreHr.rto H *o*crpyxt"unot" npnsxarau'. 
-Elal6oree 

orBercrBeH-
BHyrpeHHeM paAHyce 

^BTyJIKI.{ Or,? : $,:.,, onpe4e;rneu Mo, a no HbrMu qBrflrorcq BTyJTKH BaJra B SoHe KoHqeBbrx yn,torneuufr uacoca,
HeMy _ nocrosHHsle c, w cr. 

-. 
B gaBr.rcl.rMocrr.r or rl{na ynJ,IorHeH].rfl MeHf ercq H Ha3Haqerire BTyJroK.

Ilporrz6 AIzcxa na.rlo6ou pa4uyce r f lpu uarrux caJrbHr.r(oBbrx yflf lorHeHlaqx BTyJ'rx{ cJ'ryxar Arq
n , n f7 , ^ . npeAynpexAeHHs [3HOca Bana Ha6 sxoft. BHnoJHqrorcg taxHe

ll:Lt-|Lt 2 iUz In r-FO(/). , niyniu c uaAKoft qt, 'rHHAp1qecKoir rroBepxHocrbro, o6pa6oraxHoii
c sHcorofi creneHbro rrHcrorhr noBepxuocru (y7-y8). A;rr noen-

lloctoqHHaq C, onpe4eanelcl Ns yc,roeufi 3axpen.lleHafl AucKa. 11reHr,rfl r.r3HococroftKocru BTynoK putiouro noi"p*Hocrb r.lx AoJrxHa
Ar.rcK onnpaercs Ha BryrKy no nuyrpeuueuy xdurypy (r': rr), HMerb BbrcoKyro rBepAocrb.
cJleAoBaTeJ'IbHO,

a,:,, - o; *"'P;Il^J."fJ"x;"fi[::.xH,H'l#ffiT]'iili;fffi"iil#ir;H-oTcnAa

.. - l. ,1 , - ,, \ :ffi1":::,T*?";?""?#'.ry"",ilil,f,"f"""fr1","HffiT",flii: nn:t -3 :  . ._  
\Lr  2 

- |Lztnrr ) '  
MeHryeMbre pa3Mepbr xasaiox l ,6x 1,6 r ,u i  uaro*r3,2. t tu .

Brylxn ua eany Qnxcupyrorcfl rfirroHKallv. B ocegoM HalpaBJre-
onpe4entte rporu6u,Ha paAl.r^ycax 14 n rs, flpo}epfr,er,,r nlrpQyeop- Hvr| oHr4 3axHMaroTcr rafrx'a'uN sata. [nn npeaorBpaqeHHs npore-

ttocrl ropqoeoft qe,r u (ptc. 130, a): qeK )Kr{AKocrK no.4 ary,'rxofi npeAycMarp}rBarorin cnerjua,rrHue yn,ror-
LU - g,E_ U,a. Hesrzs. Ec,nu xoHcrpyxquefi poropa npeAycMarpvBaercq nepeaaqa

oceBoro ycr.rJrr.rfl or pa3rpy3ot{Horo a[cKa Ha BTyJrKy, ro pasMepbr
KOHTaKTI.lp ytoUefO

/vlaKcliMar'lbrrhre Hanptxe u, Bo BTyJIKCHanpgxeltrg go grvaxe ' npeaotgpatlarr cvsrlie roplla nry,rxr. Pasuepu co6crgeHHo nry,trlr

o.:+.64". ::':l3if:?"::"r;i## ;ffii::*'" 
xecrKocr' no4 ̂e';icrrNeu

hi /[,rr o6.ner.leu n rrsrorbareirra lr ycraHoBKlr nry.rxn c o6orlx
-Hanpaxexltr B Al.IcKe rro BHyrpeHHeMy KoHrypy (r : rr) or ,,s- KoHqoB ee BblnorHrlorctl nocaAoqHHe noncxn gnruoft 15. 25 ,Un.

fr!6a BHyrpenuaa pacroqra Bryr'IK[ Ha ocraBueficrr AJTHHe abrr]o./rHsercs

_h 6M,, u 6M1 
c AHaMerpoM, Ha 0,5-l r, l l  npeBbruanuluM AaaMerp ea,ra. Bry,rxrr

6'; -- I -"lf ; a' i : +. "# . IIa BaJI, KaK ltpaRrlJlo, Irocaxent,t lro crio,rbsqrrteii IocaAKe. -

,?4 2:j5



MarepHaJI BTyJIox.stt6upaercfl B gaBacr4Mocru or Hx HasHaqeH'fl.
Xopouryro asHoiocrofixocri HMeror BryJrKH Hs repnnoo6pa6oragsoft
Hepx(aBeloqefi craJIH. Ans noBblureHHq r.{gHococrofirocrs BTyJroK Hg
o6uqHltx MarepHai loB r IDHMeHcerccr r 'n, .a. . , . r r^ . ,Tr ,6d *Ann
(asorupoBaH He, 6op ap on i"ii 

" ;.- o ll lfi ffi;#."t" rir?il"TXlX:
KoM H ap.) una HanJIaBKa rBeprbrr,r cnnaeortn (crenngToM. conuaf,rrnrr,r)

oAuun,' H3 npocrbrx cnoco6os ssrq.t." $oili;;;;;;ff;;;;:rrecKHrvr cnoco60u c HaHeceHHelvr cJroff ToJiiripiHo-ft a,2 utt i2g1.

S 55. Coe4nunreJrbHbre uy$ru

B HacococrpoeHuH uau6onnuee pacnpocrpaHeHae rtoryrrnfl u ABaTHna coeAHHHTeJrbHbrx uyQr: yrpyro-[a"nrue"ne u sy6uar;;d.
VxagaHHste rHrlbl coeAHHI'ITeJIbHbrx MyQr o6naAaor Bax{HbrM AJrfi oKcnJryarauu'KallecrBoM - B H3BecrHblx npeAeJIaX 4Onycxaror pacrleHTpoBKy cnapnBaeMbrx BaJroB.I(poue roro' oHH AonycKaror oceBoe nepeMerr{eHr.re oAHofo H3 BaJroB.

MexAy TopuaMH nO.riytr,rySru HMeercfi 3a3op a, Koropbrfi su6u.
paeTCff B SaBHCHMOCTI'I  OT BeJIHqHHbI BO3MO)KHbIX oceBbrx nepeMeqeHrafi
BAJIOB.

Paeuepu ynpyro-narrbrreBtrx ul,Qr nnr6Hparurcx ro fOCTy.
Ilonyuy$ru Quxcupylorcs Ha BaJry rirroHKaMra. B oceBoM HanDaB-

_ Ynpyro'naJIbqeBbte nry$ru B Hacocax, KaK npaBrrJro, npHMeHflrorcfl Ar.q MoulHocrr.r
4o Q00 rcem. !,nn coeALII{eHHq BafloB Kpynnbrx HaCocoe npunreHnmcn syduatge uy$ru.
3y6varsle uySrr'r..npllMeHffIorct raxx(e AJrfl Mar'rbrx Mou(rrocrefi, xoiAa npHMeHeHHe
ynpyfo-nanrqesotl uyQftt He>KeJIareJrbHo (Hanprzrrlep , AJlfl ueQrnnux 

- 
Hacocon).

c  yu roTHeHHeM.

- 
3y6uartte n,ry$tu o6uquo 6anaHcupyrorcff rHHaMr.rqecKH. B csqsH c arHM AoJr)KHbr

oblTb ooo3HarleHbl B3aLIMHoe noJlox{eHHe 4eranefi rrryQrur H HyMepaqus 6onros no
oTBepcTr{rM.

KoH, B STOM cayqae npeAycMaTpHBaeTcf crleUHaaluut? garrluTHbrri xo-z) 
v'rJ rgv lr/vAJ eMq r y!!q!r Lz rucr{ra./rDrrbru saulr4lHbtl,t Ko-

xvx. xoropuff xpenrrcq x no rnqnrlqxy Hqcoea (pse. l3l, e), Gfi g- 
""- 

I3rrcoelu re'nb'He Myoru MacJIa Ii3 r{oxyxa ocy recrBJlte,rcn IJo c.lrlleHoft tDv6e.
V n n r r n n - r r o ,q r lpJ,,-,- irarlbr{eBbre uysrsi (pnc. l3l ,  a) cocroffT H3 ABVX IIOJIV_Myqn, Hacax<HBaeMbrx Ha 

-crap 
HBaeMbre rurrr,- B 

"i""a 
rffi";ft")r6,

KP CNSTCR NAJI bIIbI C S"TIACTHIIHbIMH 6YQCP ArrAA. E YQCP A HsIOTOB,TI gIOTCf

ff::::^1li^p.:T"oBblx Ko'Ieu I{rIIr B BHAe qelrHoft pesnHoBofi nry.nrcu.He3 H HoBbre oyQep a ycra H a B/r HBarorcrr B orBep crHfl jp yro fi non yrr,r yqTbr.
236

CoeAnHureJrbHbre_uy$ru _B HacocHoM arperare 3aKpbrBarcTc fl, sa-
UII{THIrM Ko}KyxoM. Ec,ra sy6qaras uy$ra cMa3brBaercrr }KHnr{or? enan-

S 56. MoueHr conporHBJreHufl H nu6op eJreKrpoABHrareJrf,

lrycxonlre _xapaKTepHcrHKH Hacoca TecHo cBflgaHbr c KoHcrpyK-
[uerl poropa. Huxe npHBoAffTcff ocHoBHbre rroJro)Ke]rurr no onpeAeJre.
Hprro MoMeHTa COIpOTHB[reHl/,f l HaCOCa U err6opy npHBoAa.
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3"trexrpoABHraTe/tb AJrfl npHBoAa Hacoca nu6upaercfl no MaKcHMarb-
uori norpe6nneuor? uoulHocrlr, Koropafl Moxer 6url onpeAeJreHa no
Qoprr lyne rr

N,: mzffi;rt KBm,
r , (€ e,  :  i ,05--  i , i  -  xoacpci luqueHT 3anaca;

t 1  . .  -  M ]4HHM2. / IbHO AOIyCTI {MOe 3Har {eHHe K .  I I .  A .

200

H a  o c H o B a H H I I
a fpe faTa

oi lbr l 'Hbrx  AaHHF, lx  Haqa. I Inust f i  h , loMeHT TpoI 'aHIJ f l

fAe  Mnonr :  973 ,6  e f

M  o  . , ,  Q , l l  M , , u , , ,

-  HoMuHa"ryrHlrr? Nrox'{eHT Ha

A t s 1 1 l ' a ' t ' e J l H .

BaJry 3/reKTpo-

r{r.rcJre o6oporon

500

/,lo

=4

1,lxp/t

\<

<.

/,lc v
nx

A }

Y
H
\

, rOO 
0 ,2000 

n ,od /nuu

Pprc.  132.  Cxeua pacr lera MoMeHra conpornBJreHHff  poropq(nraxonort
naoueHr poropa Hacoca, 3anoJrHeHHoro no4ofi, GDz x 20 rcllkttz aJreK-

rpoABr.rare.'rerra ATD-800) A"

nocJle nu6opa 3JIeKrpoABurareJrri npoBepflrorcfl ero nycKoBbre
XapaKrepHcrHKH, I . .Jrr  qefo cTpoHrcf l  rpaSux saBHCHMocTH MoMeHTa
n r | T T t - \ r \ T ' I . r I f  r I A U I - f  d  a n t a 6 n o T 4  n T  ^ r / n  h n  ^ m r t  D h n r r r n  r y  ^  l ^ . - ^  l  O r )  ^ \v v r r y v r r r u r r u r r f r t L  q t  

P U r q r q  v r  \ - ^ \ J y \ - r L r r I  D y a r r \ E ; r l r l n  
P U r u P c r  \ P n u .  L o z ,  u ) .

Moveur col tpol 'HBreHuq arperara npH pa6oqeNl
orpeAeJrflercfl t lo n0rpe6nneMoft MoilIHocrlI

A l

X4, - 973,6 -:J Kf t4.

VIs HaqaJra KoopAr ' r r rar crpouTcn napa6o, ' Ia M =, ln l ' ,  Koropaf l

AOJIX(Ha npOXOAHrb qepe3 noryqeHHylo roqKy c KoopAHHaraMH n, M,
TaK KaK COCTaBJIf l IOUIHe X' IOMeHTa COnpOTHB, ' IeHI ' l f  I ipO[OpqHOHaJIbHbl

KBaApary qHcJIa o6oporon.
I4srr lepenufl  IroKa3aJIH, qro B Hatra, ' Iuusrir Mor\reHT KpHBafl MoMeHTa

corrpoTHBJreHHf l  pe3Ko oTKJrOHferCf l  or  napa6orr r .  Han6oree 6, tH3Ko

K AeficrBHTerbr{or:r nprz6"nuxaercf l  $oplta xptreori  Ha grotvl yqacrKe,

nocrpoeHnorl c.neAytouruM cnoco6otr,t .
Ha rpaQHK HaHocHTcf l  AorroJrHnTeJ ' rbHaf l  roqKa c  c  KoopAHHaraNIH

1 7 ,  :  0 , 3 1 2 ,

M ,  :  0 , 0 3 M n o - .

Toqxu Mo tt  M, coeguHfltorcr xpunofi ,  Qopvra rcoropofi  AoJIIKHa
6rr r r  no4o6ua Qopr i , re  xpueof i ,  taso6pa)KeHHof i  I {a  pHc.  132,  a .  B uecre
nepecerreHHf l  ocyu{ecrBJ l ferc f  nJ IaBHoe co[ Ip fxeHHe AByx KpHBblx .

Ha nycxosofi  MoMeHTHofi xapaxrepHcrHKe yKa3brBalorcf l  3Har{eHHfl
MaxoBofo MoMeHTa poropa Hacoca,  3ano/ lHeHHofo noAof i ,  THI I  H rapa-
Merpbr sJre KTpoABHrareJlfl .

/v
xfr

/'l
rtn

/00

0 \

PacqerHbrM lyreM nocrpoarr rpuryo M, - f (n) qp$BHqafino rpyAno. no3roMy Ec.nu g cocrag HacocHoro arperara BKJIIoqeHbI fHApoMyQ,TbI, pe-
H a o c H o B a H I , t l , l n o J ' I y q e H H b l x 9 ( c n e p I , M e H T a . n b I I b I x A a H H b I x c T p o ' T n p I , t 6 ' g x e H H H e r p a . A y K T o p l , l J ' l l , l A p y f H e a I p e r a T b I ' n p x n o c T p o e H u
(blqecKne 3aBr.rcuMocrr, nosBorrroulxe c Aocraro,ruofl roqfioc,rbro noryvrrr xaprfuy pilcr"i< on, .qo.,ixul, 6uro y*rarror.H3MeHeHI'It corporr,BreHllq Eacocroro afperara B nepuoa nycxa' 

[Iagecev sa o6urzfr rpiqnx (puc. 132,6) xpwsue MoMeHTa co-
I{eHrpo6exuuri Hac-oc Moxer 6urr nyqeH n pa6ory Jrurrrb B roM nporr.rBr,reHnq , 

"pyr"u1.io 
i"oruiiru np"uoai. iaccuorpuu cnyuafi

c,ryqaeJ ecJII.l Kpyrtuuft MoMeHT npHBoAa Bo BpeMF Pa3foHa arperara pi6orr racoca npf orxpnrofi nanopnoii sa4"rxxe u adxpurov o6-
6yAer 6o,rlue MoMeHTa conporltB,'IeHlls HacocHofo arperara, paBHoro parHoM xJrarraHe, ua roropnfr Aeft"ruy", crarr.iqecxoe AaBJeHsecyMMe MoMeHToB rpeuna pa6ovux KoJec, no,qrxnnHl-tKoB, caJIhHr,rKoB, ; cuc1.eue H",,,,
MoMeHTa, nepe.4aBaeMoro pa6o.rnuu KoJrecaMH Hacoca, I.I MoMeHTa, glrc,ro o6oporos, np]r r(oropoM llpoficxotrt.,r orKpbrrHe o6parHoro
pacxoAyeMoro Ha ycKopeHl.Ie Maccbr xl.IAKocrr,r B cl.IcreMe rpy6o_ KJrarraHa.
npoBoAoB.

finr nocrpoenuR rpaQr.rxa npuHl.IMarorcq y3.noBbre rorrKlr, coor- nr: 
r-u *'

BercrB y r,or-t I-,Ie: | / +
a)^.Haua.n rrrovy MoMcHr).' nycKa arperara (rporauue c rlecra, V n,,t

tr -- o);
6) uouuxa,rlxor,ry qn-c,r y o6op_oroa AB[ralenr fl : flnon. " 

no pi6o,refr xapa'xrepicrrne,
MoueHr, reo6xoAr.nrsrfi Anx coo6qeHrar ycKopeH].rs Macce x[AKocrH C.ne4oearellxoj s ,ou*e ,a na"'i,*aeicq noJlaqa xHAKocrH. no_

n rpy6onpoao4e, noxa He 6y4eu npuHlrMarb Bo BHIiMaHue. Koflnlaqcfl B cr4creMe x[AKocrb troryrraer ycKopegue. Heo6xol1ruruft

t l

0
4-.,

/4n I

I
c l
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YCKOPfl}OUII4I I  MOMEHT 3ABIdCHT OT A./ IHHbI,  AI4AMCTPA TPY6ONPONO AA H
BPCI\{CHH NYCKA. I - IPU6NH)KCHHOC I , I3MCHCHHC YCKOPflTOTICpO MOMCHTA
MO)KHO nory.{Hrb,  coeAHHHB OTpe3KOM nparraol i  TorrKy .4 c roqxoft  E,
KOTOP A f  COOTBCTCTBYCT HOMHH AJIbHOMV KD VTf l  I I ICMY MOMCHT}/  TIPI4BOAA.

Ha ocHoBaHarr noryr{eHHbrx AaHHbrx Mo}KHo onpeAerlr.rrb BpeMfl
rrycKa HacocHofo afpefara.  xnn elolo crpor{M rpioax HsMeHeHHe
ycKopflIor.Irero MoMeHra Mor* (puc. l\z, o), *oropufi, a ceoro oqepeAb,
3aBr4crrr or ycKopeHHrr sana, pa6ouux KoJrec, yysiu *'poropu ripHBoAa,

vcxoparoilr,f i  MoMeHr rovxH, Bpaularcul'efr6n BoKpyr oc',
M"n :  JE '

MoMeHT HHeprrHH B Ke. cercz . u;

- yrJroBoe ycKopeHr{e s I cercz.

Mn,n-# +rcru.
I4urerpHpoBaHHeM Mo)KHo ro,irryqarb BpeMfl, ueo6xoAuMoe turn

AOCTH)KeHHfl HaCOCHbTM afperarou nrc6oro qr{cJra o6oporon:

S 57. KoHr{esHe ynJrorHeHnc

A"rrs yn;rorHeHtfl, Baila Hacoca B Mecrax BbrxoAa ero H3 Kopnyca
IrpeAycMarpHBarcTcq KoHueBbre yrrJroTHeHll{fr,, oCHoBHOe Ha3HaqeHHe
KOTOpbTX COCTOHT B:

a) npeAorBpauleHHI4 yreqeK nepeKarrueaeN,{ofi }KHAKocrH H3 Hacoca;
6) HeAolyueHHr.r norraAaHufl BosAyxa B Hacoc npn pa6ore nocJreA-

Hefo c pa3pex{eHr4eM Ha BXoAe;
n) o6ecneqeHnu oxJIax{AeHHfl Baila npH nepeKar{HBaHr,ru ropflrrHx

xr44xocreft AJrtr [peAyrrpex{AeHHrr HafpeBa ueer( Barra B r]oAmHn-
H H K A X .

KoHueelre ynrrorrreHHr Moryr 6r.rrl pa3AeJreHbr Ha B rpyrrnbr:
l) yn"rrorHeHufl c l,rqrxof,r caJrbHHxoeoii ua6lrnxofi;
2) y[JrorHeHr.rfl ule"reBoro rr{na;
3) ropuoBbre yflrrorHeHnfl .
Bsr6op roro HJrt4 HHoro Thlra y[JroTHeHr{f l  ocHoBbrBaercx Ha Ae-

TaJIbHoM H3yqeHHH Bo3Moxcrbrx ycnonHi i  pa6oru,  r{orrc ' rpyKurrrr  r ra-
coca, AocryrrHocru 4.na o6c"nyx{HBaHafl 14 T. rr.

B Haeoeax e fu,{paB.luqecrori pa-cfp]/3Kofi oceBoro yc4JttrF, a6a
KOHr.IeBbrX ynJrorHeHHfl pa6orarcr I]pr.rMepHo npH oAHHaKOBbrx AaB-
JIeHHflx, qro AaeT Bo3MolKuocrb BL,ITIoJTI{H'Ib ux c o6eltx cropoH Ha-
coca oAHHaKoBbIMH. 

' lat<ue 
ycJIoBHfl Moryr 6lrrn odecne'{eHbr raKx{e

B Hacocax c cHMMerpHrIHbrM pacrroJrox{eHHeM pa6oulrx KoJrec.  Ecnn
HeBO3MOX<HO HCnOJrb3OBarb OAHHaKOBbte yr.rrorHeHHfl, KoHCrpyKUHfl
r.rx AoJixua 6urt raxonofi, '{ro6tr o6ecnequrb MaKcHMa/rbHyto 

-yuraQu-

KarIHlo 4era,ner?.
VnilorHeuHq c

ynnorHeHHn).  Osu
nasrxoii ca.[sHllxosofi na6Hexofi (cannuaxoBbre

fr+
$
fi
!

$.
t
f,
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T

l0 vn.norHeH'n kr onopbr

rAe J --

Tor4a

rAe

r A e  p -

r ,  L -

GD2
4g
N d n

n '  d t

,  GD'
t * :  - i {

n

n' ' x

f

r
- 0

t{Hc.nostre srrarreHun t* JrerKo n9ryrr: rorcfl ruero4ona rpaQr4qecKoro
r{HrerprrpoBaHHff ,  orrucaHHbrM e pa6ore t6 l  l .

Ans HcrIoJIb3oBaHr4fl. aroro Bbrpax(eHr,rfl ueo6xo4r,rMo o[peAeJrgTb
Maxoeof i  MoMeHT arperara:

GD2 - co? + tGD? * + GD.2,. _f GD\ru,,

GDZ -  J , .49-  + pnrnL.49 rctuz,

rrJrorHocrb Balra B tftt4 b ---F-;

paAHyc 14 !JTHHa BaJra B j4,

GDZ rc:  Jz.49 - G
o

b

r?.49 - GDZ rcf trz,
f lBJrflrorcr sau6o.nee npocrbrMH c rorrKu gpeHHfl

t  u s r r v v r r r v l r l l v t v  E \ J l + \ J i l , ylKLrBaHvn. La,rIbHHKOBbre YII-
/i : 

? 
- Da,4uyC uuepll,Iu (npusnvaercq qO ouursuu &au_ 

JIorHeHHq flBJIsIoTct caMblM paclpocTpaHeHH

,.*,",. 
"- . n d D L t D ) | 4 ' ' l [ p [ A a B n e H n I 4 n e p e A c a J I b H l I K o M r c | d r c | | i 2 r u o r t p y , x l r o a . c x o p o c r ' l

"",#ifi:Hi."*exru 
uvQnu H npl.rBoAa onpeAeJrlrorcr no KaraJrolr(- j *r5:lg BryJrKH Bana *-t}-;T;;.- 

'-' i-" " e"t'r"''

i";]yili-.::.r{^c1?rrbrx xapaKrepr.rcrrrx noKa3brBaer, qro Hak- I "o"lt"TJffo"1"o,f:."i331-t"BHble 
cxeMhl carlbHr'IKoBbrx vnnor'eHltfi

D6

gff:,gf':ig:jl:,"*^I::1y.:.1:{l:-n1"I-"_1:"o!" 
"*"'o''"."io^n}; 

! ""T"?"JpX;;""fi;i,ii;" r ycraHaBJrrBa,orc, Konbqa hs M'rxoft3aKpbrrofi HanopHoli 3aABHXKe rru o6parnou KJranaHe, 
""ni"tii.i"i'n ",,i,i;"*'''?: 
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noAxfl4r\ 'rarcTcfl rrax{r.rMHofi3ryn xgft 3, npH sroM Ua6AeKa npH}KHMaercg
I( Ba"rry' yrr'rroTHrrrr efo. Ans o6ecneqeHHfl ryquero npHJreraHHfl Ha-6unxl t  K BTyrTKe BaJra 4 onopHnre noBeDxHocr '  uaxuugof i  RTrlr ! r t ,
, r(opryca carbHrr{a BbrnoJrHerbr co cKocoM noA yfJroM s_ioJ*',;;;:T ' r rKa. r rH (puc .  l38 ,  a ) .

lAe pr -  xoaQQuqueHr rpeHHn ABHIKeHHT (npu el lcoxor? qH-
crore- _noB-epxHocrH BryJrKH Lr Hoeofi Ha6uexe pr _-
:  0 , 0 2  + -  0 ,  1 )  ;

Vz :  0,05 -  xoaQSurIHeHr rpeHHr noKor;
d, l, s - BeJrr.rrruHbr no pHc. 133, a B .Lt.

f lpu AaBJIeHLIII nepeA caJrbHHr(otvr Ao 5 xflt,ttz A,'tr yndrorHeHtrfl
AocraToqHo rreTbrpex KoJrer{  ua6texw. l lpu eospacraHal. i  AaB, iTeHpin
KOJrHrrecrBo KoJreu ua6usxv Heo6xoAr.rlvro yBerHr{r4Tb. He peKoMeH-
Ayercfl i lpHHr.rMarb qHcJro Ko/reu 6o.qee ceMH, TaK KaK B 3TOM Cryqae
Bo3pacraer HepaBHoMepHocrb pacnpeAe,/ ' leHHfl  AaBJIeHHfl  MelKAy or-
AEJIb I ]b IMH KOJIbT \AMH,  T ITO NPHBOAHT K  HHTCHCI , IBHOMY H3HOCY BTYJ IK I I
Ba i l a  v  Ha6Hexr . r  Ha  yqac rKe ,  r rpHJre fa rcqeN, r  K  uaxn l lHo f i  BTy . [6a
C A J I b H H K A .

To.nuluna Ko"rrbr{a ua6nsxv s nrr6npaercn B 3aBucr,rMocrH or AHa-
Merpa B'ryJrKH Bai la d no Bbrpa)KeHHrM [61]:

t : liV - 2.nfl BaJroB c AlraMerpoM Ao 100 ntn; s :

AJrfl BaJIoB c AHaMerpoM cBbrrrre 100 .u,u, rAe s u d - B ,urr.
f lo"nyueunurt  pasrv{ep ceqeuus ua6uBKH oKpyr.rqercf l  Ao 6nw>xaf i -

rxefo craHAapTHofo pa3Mepa.
Vclr"rrHe 3arfl>xKH caJrbrirr<a tl ]

(D' --- d2) pu rc|,

c) ^-

+ v d -

f  : K - }

I-lpu npaBurrbnori pa6ore
AOJrx{Ho npoTeKarb Hapyx(y

caJrbHr.rKoBOrO ynJroTHeHHfl r lep$ Hero

TOPAfl CJIY>KI4T NJIfl CMASKH
HeKOTOpOe KoJrHqecTBo X(T4AKOCTH, KO_

BbrAgJrrloqerocf npH TpeHHH. Kax rrpaBHJrO, qepeS caJIbHr.tKAOJr)r(Ha

rAe K :  1,4 .2,0 -  NoaQQuuHeHr,  yt l l4rbtBanquf i  HepaBHoMepHocrb
SaTf }I{KH OTAeJrbHbrX KOJreU.

Pa6oqaq AJTHHa HalKHMHofi ery.rKH cai lbHrrKa npr.rHHMaercs paB-
Hofi  2,5-3,0 rrrHpuHbr KoJrbua wa6unwu. 3asop Mex{Ay uaxuusof i
nry.nxofi r,r BparqaFculHMcfl BaJroM He AoJrx(eH npeBbrrrrarb 0,7-I nu
Ha AHaMerp c reM, qro6u npeAorBparHTb npoAaBJrHBaHHe Ha6UP.r<U.

Ec.nu Hacoc pa6oraer c pa3pexeHHeM Ha BXoAe, ro Me)KAy Korb-
uaMH ua6nsxu ycrarraBJruBaercfl rroAnopHoe Ko"rrbuo 5 (puc. lBB, d).
f lo cnep.neHurc sarlopHafl )KHAKocrb noA us6srroqFrbrM AaBJTeHHeM noA-
BoAHTcfl K KoJIblly. Taxum o6paso1,l co3Aaercfl rHApaBJrHqecxufi 3a-
TBOp, npensrcrByroulHft npour.rKHoBeHHlo BosAyXa CHapylKH B HaCOC.
3anopHafl )KHAI(ocrb MolKer noAaBarbcfl .uu6o or rrocropoHHero Hcrorr-

H saxuvruoli ervrxofi vcraHaBJruBaercfl 2-3 KO/IbUa ua6usxu.

o)
e)

Puc. iBS' Traurr KoHcrpy*rrr.rrt canru'KoBbrx yn.norHeHufi:
'4 - ttosnoA 3anHpalour"X,.fitlff'? 

3;,BlTt,.";##o?il'ip.il';ti"," - noo"oo oxraxAaro-

llo4po6Ho np,firr,n pa6oru caJrbHr.rKoBoro yrrJrorHeHr,rfl paccMo_
rpeH B pa6ore 1271. Be"ruquua Hax(HMHoro ycHJrHr. Ha caJrbHr.rK
AoJrx{Ha 6nrrr Mr4HHMaJrnsofi HcxoAfl H3 ycJroBurl b6ecnaua""" ,pCIye_
uofi repMerHr{HocrH.

t

; iii,-;;;;;;
tulu."' 

" 

-*opo*"";;;"ti;;,

I I e D e R  a f l c l l I . z ' A  I T r - u L r a  ^ T D A h ^ m '- .  
i ; ^ : : _ - . : : . _ : " , : , , " r v  

v r D \ - y L r  y r T L  v t I J v A n t ' c t |  I J  A p e H a > K .

I:SLgrb rp eH Hn B ca.rr bn, n. nn6"r."' oi,fr 6np.s.r.",
)KeFrrto t-27l

t

Top ble AoJIIKHbI n p eAorBp aularb non aAaH He Ha p ylKy rrep eKarrHeaelao fr
cpeAbL B sroila cflyI{ae K Ko/rbuy or irocropoHriefo i4eroqHLIKa IroAEo-
AHTCF' xr.rAKocrb, no Qusuuec_xHira ceor?crBaM noAo6Hag nepeKaqHBac"
rraoir  c AaBrreHHeM p :  (1,25-1,3) po. f lpra aroM r{acrb sanopHof i
}I(HAKOCTH npOXOAHT B HaCOC, a qacTb npocaqHBaercq Hapy}{{y, Mex<4y
KoJIblroM Lr sanHpaeltoft noJlocrbro ycraHaB/rHBarorcfl ABa KoJtbqa
Ha6ueKw. l lpn rr31\{errnrorqef icn BeJr r . rqt . i r ie p,  r ra rHHlr{  r roABo/ la

Hacoca.
n f r m t t n a\.r r r JAa

l 6 +
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N,:, ff-.ffr, (r 'u'1- r) KBrn,

no Bbtpa-
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3anHparoqefi xll.(Koctl.r qerecoo6pasHo ycTaHogl.rfb pery,lrpy1614rrfi | nparrarr n_onaAaHne ee r pa6ouylo noJrocrb Hacoca. ,[,osorlHo Ha-
KJIaJlaH. 

| 4exno pa6orator ynJIorHI{reJ'IbHr,re Konbua d us xpyr,roir pg3t.tHbr.
Ec,rlr 4anneuue nepeA ca!'IbHI.IKoM npeBbrrxaer l0 rcf lcnz, neo6xo- | Ko,rrua- 9, conpnKacanq[ecn c nepexaqr4Baeuori xrqxocrt'to, no,r-

AI'l-Mo 
-rlpeAycMcrperlr 

pa3rpysKy. B oTAenbHbrx clyqaflx pasrpysKa { )KH-bI 6tITb BbIno,'lHeHbI }13 pe3}tHbl cl]eUHaJb]ri,rx ilrapoK: TepMocl.or-r-
BblnorHflercq r npu 6onee HLrsKHx ,qaBJreHr.rsx. Hau6o.le-e oac'lloo- | xofi, MacJlo6eH3ocrofiI(oft H T. n.
crpaHeHbl cJ'IeAylolq[e ABe cxeMr,r pa3rpysxr.r: I Ar" nyquero orBo.4a renJ'Ia or BryJrKH Bana K oxna)xAaelroNry

1;lJ.:p-".1:.1::-y^cyvcra'€BnxBaerc'apocce'rpyrcuaqBry,Ka6.Bwnwtapu- I ::l^1v:L.:*:.YY-j::ly.^.:::uiY1.:.191"-11 'L'1"-:{1 vcraHaBrIII-
Lefllf ure,u c BasopoM 6,2-0,3 nn np"ft;;;';i;;;;;;;;;;""'fi";;;iii;;- | nanl J'raryHnbre, 6ponsoaue HJrH arrnMrlHreBbre Ko.rbr.(a.
XT,**,Tf {3 AaBrIeHIrt B nonocrlr, xy,4a orsoAarci xaAxdcr" trepet' 

"unign*iu 
I Ox.naxAaeMbre caJrbHrrxoBbre ynJrorHeH[r HaAexHo pa6orarcr npu

\p, r ,  ror ,  . r r ;  . ,^J, ,  . , . , , - , ,^^_, ,  t<A rono / r -
,.r-lijoit :gyl*M y$a'aB.,rxBaerc,r Bu'roBofi uMnennep z, xorcpuft no,n I 

*"::l1lp-t 
-i:f,:*"-*']""":ri 

xLAKocrr.I 150-180' c.

: | . 1 " ' " l ' I I : ] " ? y : : 1 . x l ' I x o c T I ' o T c a n b H ' ( a ' c u x a n A a n , t e n l e n e ! " a n . i " a i 1 " i " | T [ n " c a n r , H l t r o B o f I { a 6 I , l B K( p x c ' l 3 3 , ? ) . y n I o T g e g t { e c I M n e J I I e p o M # " ; ; . ; i i " ; ; 9 ; ; ; ; ; i i i : ; ; ; 1 i j x o a o a r r o f a o 1 u ( r e u n e p a r y p a 4 o { i 0 d . c 1 n p u l l r i r r n
oicyrcuyiofnorepr*ng"*"-"" . -pu! ipf f : " , - - , , "" ' [U!uMx9t l t , IM'T.aKxaK]; ; ; ; ; i " ; ; ; i ; ; ' ; ; ; '##; ; ; ; ; " ; ; ; "$, i i^ ; :bf ;1i i i , ; "+i , i ' l i i#f i | l ;

Ctrlxesle larneulr nepe4 
"-innio'nr 

ipn pa6ore rMne.rrnepa I B nape c nepe(aqllBaeMofr BoAoi Moxer n'brsbriair gr;xtp;n;;;"J"xj; K.;i;;;'ii:
t ^,,t ,it | .fus ropsqefi Eoabl sau6onee no,qxoarlqrrMr-r rearrorca acoecro-rplrpurcifue uuypu.

Lp : :{ff- 6p ltrz, I npltMentlorcfl Taxxe trrHypll c ac6ectosbnlr-r cMecrMn, coAepxau1xrtlt, xpove ac66ira,
lgiau I rDadttr, cBltgeIl q rDvrue seuecrna. -[[rq roDrqefi BonEr rirbxxo nern.e"n""r.. ."-lgi'au 

| 1Pa$tr, co_tlneu^fi rpyrxe- Beqe{tea_. .(,ra ropauefi BoaEr Mo)nHo pexoMeuroBarb Ha-
rae i(: r,2 - xoa(boxq'eHr Haropa; i *::t3j;t":""9]Y19-"198;f.l1l',-l*9.:::"-l:1l::.::.1-"-I"yjll1y1 +6giTl.n; -;;;il;;;;";-"1'pl!*" ,"n*n"pa; I xflhti,?1??"""". fl,li"l,ip"x*g'i; B#JF-",.p":1:y::oJ-':":.#r.,::::::""'..r:r::;, ,"- _"1y9 !"""4o" uapelxu uurorrepa; I ifiii;,Y,i,?T.,X}'"fl##"'.t,ffi%iffiJ[:"*1;:"ff:g,f"T,#;J::Xff3'.ff3:#;tu, au - ln Ha u AyaMerp [Mnen,tepa (pxc. 133, a):

,,,!r.^^6 ,, i np4 pa6oTe Ha roptqeri BoAe ltMeer llpocanessar I, Dporpao{qeHHaq ac6ecroBaqu .._ oKpyxHa{ cRopoclL sa [EaMerpe du,
f HaouBxa, uMercuar BlneTeHRyro B trprAr_r MeIHyro linx narynsyrc npooolor<y (run

CyulecreeHHo ycrloxHflercfl KoHcrpyKuurr caJrbHuKoBoro ynJror- j -e^qfl"iit*

l"j"*":1.:"i,?-.;l:t::::::lLg -.41_-Tl;;;;;;;;;;;",p;;; 1 """* i""Jifflm"*r"",* 
xopouo pa6oraer {oM6r,s,poBa'Ha, Ha6trBKa c pesr.

xunxocref' Llacrl nepexauunaeuof xt'l4xocrd rcfaptercs 
" 

; ;;a; I 
*",.;""tiflii"p"*"onuuo*"* 

roprqBe seQrenpoayxr!,r, nprMer{rrorc, carb-
I a p . a J | e r K o [ p o t l U X a e T H a p y x y q e p e 3 c a J I b H I , I K o B o e y n I o T H e H H e . | u l x o e l e I r J l B { a I , 3 a i t o l ' 4 ! r u - [ e s o { q o a l i l c u x r x x u c e P A e q H g K o M I l n I l c n p e c c o B a .rlpoucxo.4Hr raxxe HHreuir-s"6" uitur"nioi*u;;;-;"d;il;:'-A;; i ::l_p::.:y g:._gr:rll-11 rx1p""6 ;p;;;oil;;;;';;;;;ffi;;" #;;:"#:
lffi#*T*":i1.^::1- ff:::ii..:lo^1.lo11T1 oxrax.ren'e cili. i #ffr,Xfi",ff ,l1i,:;ffiit#."t*eH3'rei rrponnacra' It saror'rnrei - ranbKa
:lf"::#:"1"_"::1j^ 

oyill:1.19 cnoco6ctnyer raKxe orpaHu{e- i 
""- iifii#ff&,#"iiXiil'n.onu*n npr pa6ore o6pa3yer cMa3ErBalouryo rne'ry,HIiIo ren,'IoBoro noroKa or Kopnyca Hacoca K Koprrycy ca.nruuxa. I xoropdr yMeqburaer u3Hoc Bry.rrKr n ciroin*o""ti-iiri,i. 6;"ffiffid';;;;illi;

flpertrcTByer pacnpocrpaHeHl-rrc renJra no Bany. f :^" l::T::_iryP11T" g%-:1"3-tra6reKx,rar<. xax n npou.ranou_-cjlyuae cH;rxaercq
Ha'6o,ree pacnpo*paneHHur*,r u npo*uu. sBrrerc, HapyxHoe ] ;"lfi?T,ffn.':.;Xj,1t,,",*::"f"pJf#jff"oJ::1ff.::Ily":l:*:*:1.3:y.lfrox'axAeHr{e ci,o"i,nu ipil. i-{1 ii 

'6;;;;#;;""'#r;"5ilil# 
I mffi:iJfffid'#:"*:x.:ilff1,:,1i"1iHxr,"d;i,illffl;3,fiilfil6#i:liiiilfqiapyxfi xop[yc caJbHlrxa, orBoAlrr rracrb renJra m nero. ,Il,.nR i coou. cu_asurairq'ne ciroicria;;rdar.;;;;-t1;;;i-p";i;it;;'5.4-ii.'e.

'nyvruetl ren,roornarlu peKoMeH.qyercq BbrnorHflrb pe6pa ua xopfrce r "" "#"9i*i* "-1::.::..:t".i-"^";'lf^1."ljy::lri^fl_"lirr :9 :yeqesr.reM pa3pesoB
caJIbHI.IRa. 

- ,-vvr4 'q ^vr'JL! 
] nu 90'. IIIuyp Ha6uBIct E Hecr'IoxrroM npflcnoco6neHnn p-""p.t;;;;;;;d;;:;;

Hn'rencufrnxaqua oxJlax.[eHgfl roc?Hraercc nvreM nnrM.q, / cneq[Baloque nor''Ifi oxDar BTytRI{ eaaa Kolr[a 
"!9Y2\\ 

Ms yn-norndnufi, ila6o-
116u -rn^.  

"  
- , ,^-^KoN46HHI4poBaHHoro oxrralKreltl l  (puc. 183, e). nrynxa I 'b ;;;; '";- ; ;;;d;p*".n"no o6xarb.

roroBJlgerct Ii3 ,LByx qacrefi. B Hefi npe,qycuorpeiu oraepcrua 4nr i .""-9y.::-lro-Boe 
yn-norreHre Moxer 6Hrb BbrnonHeHo u B DuAe n-axera Ha611gx1r.'oABora H ornoga dxrax4aro"r"r x'ra*i,i?ir, ;;;;;';;p;il;;;#; I #:p"T"*XT l,fl";:":jifl'"f:i,:i"".H:"":y%T::::""*::":.g:1y" L;i!g

"'." u.p.i-"i"u"""".,i""*;;;;: I [11"1fi-crl{e, a apyraq rlacrb qepe3 orBepcrllt a xopnyce n arylxe a eoie l 3areru ;4;nrd;;t"x-;;;;;, o"s n"p""o"o" rorrrrsBaercs BDvqnno.. cllre, a Apyraq qacTb qepe3 oTBepcT]It B Kopnyce H BTyrKe B goHe 3areM BryJIIQ ornycxaercr rn 6eg nep"rocos ;,oirr"nuaiics npu";]-.
Jlr'IqccKoro KoJ'IbIIa nona,4aer -o4 Ery.rlxyl o ui ee us- ynJorHeH[q rrleJreBoro trnna. Tnau"rrr,a neaocili M caJrbHrr*o-

:fPi:,.:11"A":::-_ " _:l-Lll:"- Kopbno' flpu raxofi KoHcrpyKrlrn ' Bbrx yn.notueuufi EBrrrercr ua.nuft cpox 
"ny*Or, 

' 
neo6xoruuocrnHeo6xoruuo o6parnrr BHr.rMaHHe Ha'o6ecneq6Hr.re aoJ*"or"ofi'*ilt- i *moitrnoio-yloa; Gfi;;;;;h.;;dil;j;ilpffi;ffi;;-tl1::I:iiLlii- 

- pa6oru npr oKpyxHbrx cxopocui sune zl-sli'aiiif,. ii';";;;
3:"1.^,":::y:.:l:"_'^1.11:l:.y::^"T11ii9":3"r" lcero ncnorrb- I ;-il; ;';;";;#6;;;:'il"ffiff- ";fi; i""pii,{"l,Jii^;;"":?,";."In*"-:*#:i j?I..lT:1;:"y_T_"-g49lpoioA", oxnaxaaeMbre 1 lg A"julolo rr.rna, o.rHa.ris *on"'py*q"t'no;;;;;il;-"'il;;;;

noJlocr[ Aon)I{Hbt 6brrb HaAex{Ho y[d'rorr{eHbr c reu, uro6u npe4or- ' Bo.qhr np[BeAeHa ua puc. 134.
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flpuHqHn padoru ynJIorHeH uit. saxiloqaercff B ApocceJrupoBaHr{H
AaBJIeHHfl B IIHJII'lHApHI{ecKLrx rqeJrflx, rrpoMex{yrorrHona or6ope H rroA-
BoAe 3anHparcqefi xnAKocrLI. VnnorseHufl. TaKoro Turra yAoBJrerBo-

g

+
I
I

P=20xf/cnz

AaB.neHr,re B xauepe 6, 6,raro4apfl qeMy I. ' lcK,'rroqaeTcfl Bo3ruolKHocTb
BbrxoAa ropnueft BoAbr Hs ynJrorHeHLIr. LIacrr xo/ro,4Horo KoHAeH-
cara, npofiAq r{epe3 cryfleHqaTyrc rrlerb, cMe[rrBaercq c ropqqeir
eoAofi, nporue4ruefi qepe3 pa3rpy3oqHyro uleJrb, H orBoAHrcfl B Ae-
aaparop. Apyran qacrb xoJroAHoro r(oHAeHCara npoxoAlrr  qepe3

AJrHHHyro cryneHqaryro UeJrb H orBoArrrcrr B KaMepy ,6, coe,qnHeHHy[o
c  r (o l r t re r {caroDoM.  HeeHaqr t re rbHaq qacrb  KoHI reHcara-  nno! r rennrRs- - - - r - " - '

r{epe3 KoporKyro Hapyx{Hylo ureJrb, orBoAurcfl B 6eeuanopuyro eM-
Kocrb. nnn npeAorBparueHHr nporeqeK BoAbr no BaJry npeAycMorpeHo
soAoor6ofisoe KoJrbrro.

B ynJrorHeHuf lx noAo6soro runa orcyrcrByer conpHKocHoBeHue
Bparqalouluxcr Aeranefi . !,o,uronerrHocrb pa6orsr yrrr'rorHeHun onpe-
AeflfeTcq 3po3HoHHbrr\{ H3HocoN,l ynroTHRIOrqilX BTy., ' lOK: HeIOABtrx(-
sofi, 2 u Bpauarctqefics 3. CoornercrByr,ouluNr noA6oporvr Marepr.raJra
3THX 4eranefi AOJIroBeqHocrb pa6orsr ynJrorHeHprfl r\{o)Ker 6urs Ao-
BeAeHa Ao AoJrroBeqHocrH ocHoBHbrx AeraJreir uacoca.

BenuquHa pa;1.Va[rbHoro 3a3opa B rqeJru eu6rrpaercr paeHofi
0,25-0,3 tvtitt, qro Aaer Bo3MolKHocrb npeAorBparuTb corrpHKocHoBe-
HHC HCNOABHXHbIX H BPAU{ANUHXCfl  ACTA,NCfi  BCJIEACTBHC CTATHIIC-
cKofo lporu6a Balra H o6ecnequrt Mr.rHHMaJrlHSrfi pacxoA qepe3
rqeJrb. Heo6xo4vMafl. AilHHa ureJrH orrpeAeJrflercf pacrreroM no nepe-
naAY AaBJreHHfl.

Ans yBerurreHur conporuBJreHHfl ureJrH Ha Bpaqarculefica BTyJrKe
MOIKHO Hape3arb KoJrbueBbre KaHaBKH l ,6x 1,6 nn c uaroM 3,2 nlvt ,
rrro yMeHbrrraer yrer{KH npHMepHo Ha 30%. oAHaXO Ko.,'rbUeBbre Ka-
HaBKI4 MofyT cJIy)KlITb npHI{I4Hoft sogHLIxHoBeHHf AonoJrHHTeJrbHbrX
Bo3Myxlaroqux rHAp oAt4 HaM Hr{ecK I4x cHJr, cnoco6crByroulux noBbr[re-
HHro  nn6paqnn poropa.

MexasuqecKne norepu B ynJIorHeHHflx ureJreBoro rzna cyilrecrBeH-
HO ]rHX{e noTepb B caJrbHt4xax. oHu onpeAeJrsrorcfl rpeHr.reM Bparqarc-
u1eficn BryJrKrr o BoAy:

N , , ,  , , -  
6 ' l ' l o - 4  

p L ^ n , , , R | ^ b f  r c B m ,^ ' u | ' U  -  
4  Y " o 5 u f ' c p -

/Rt

rAe Re : 3+y - qucrro Pefino"rrgca;\,
b - s a s o p  B  q e J r H  B  h t .

oHrleBoe ynJIOTHeHUe II IeJTeBO|O THna

t ) H T e . n s [ { o  n n 6 o r n t r ' r r  n n u  I t c F t  n A r J r r r r  n n  ( A  l z F . l n r r 2  T r  T A r r n a h o m ' n ^  n ^ h n
f  _  _ _ _ _ - -  A v  v v  , v r  t  w J l L  r r  r L r v r r t \ . y c r r  

J p \ ,  I r f ; p g _

Kaqr4IJaeMOH )KHAKOCTH AO Z0U- U.
B xopnyce, l  xouueBoro y[ / IorHeHHr Br- , r [oJrHeHbr r , r3oJrupoBaHHbre

^ _ 1  _  _  tt \aMcpbr i lpuMelKy' tuqHbrx ol 'oopoB. b KaMepy / I  TIoABoAI{Tcf l  xoaoA-
l r r ' r f t  KorrAencar c AaBJTerrr4eM, na 0,5--1,6 tcf lcn2 npensruaorr lHM
246

neqHTb r(oHueHTpHrrHocTb 3a3opa ,  MVHHMaJIbHy IO BeJ IHT{HH 6ue*tus.
pa3HBHbrX r{acTHq B X{HAKOCTH.

ocHogHgIN{ HeAocrarKoM ynJlorHeHutl qeneeoro rHna tBJqercfl HaJrHrIHe nocrogH-
Hblx yrer{eK nepeKaquBaeMoH H 3anHpatt )uqef t  xu4xocrn.  CrDentneuue vMeHburHTr '
yTeqKH npIdBe,'Io X Co3AaHI'lIo ynJIoTHeHHq C nJIaBatioulHMH riontqayN (pnC. 156).
flpn cooreercrBytouteu no46ope MarepHaJra napbr noABHlKrroe Ko,rlrrr.lo - BTVJTKa BaJIa
v [ I o T H e H U e  t I A n F ) k H n  n a 6 n t . s a ' r  n n u  A r n r r . r l r r r  r v  / r r , ^ 6  - . .  A A  . , t  - , . . ^v r r l J J , ^ r r D r ^  L ^ w p t r L t  ) r / |  l \ u  \ v  n  / u g \ ,

Pacqer qeJleBoro ynJlorHertHr l  cBoAlrrcrr  r (  onpe/{eJreHrrrc rrpore-
qeK i lpH SaAaHrrbtx pa3Mepax uerH H rreperaAe AaBJreHlr f l  .  ILns
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pacqera Moll{er 6rtrl HcnoJIbSoBaHa HoMorpaMMa, nocrpoeHHafl Ha oc-
HOBaTTHH ypaBHeHufr Aswxe]c.ufl )KHAKOCTH B KoJrbUesorl uleJrH.
_ Topqonue ynrorHeHuc. Topuonue yrroTHeHfiq npeAcraBJrflIor
6onlruyru fpynny c MHoroquc-JIeHIIbTMI,I r ,oHcrnlr!{Tua!r!-!rrrr .  orrnbt"
u,oa'o,r i"  ,  t i i ,  4i ,  l0, b6l.  

v r ^1"'ut 'uLt 'Lr l  PCrrn'D'A-

B ropuoBbrx yurorHeHilsx vn.rroTHsanlaf l  noBeDxHocrb paeno-
Jrafaercf l  B n,rrocKocrH, rrepneHAHKy.nnpuofi  K ocr.r BpaqeHr{f l  Hacoca.
Vttloruenue cci/rqecrBfirercf rvie)KAy rienoABnx*rofi Z 14 Bpaulato-
uerlcq ./* 4eralnrau, Koropbre npH)r{HMarorcf Apyr K Apyry npyx{H-

a) 0,t

Puc. 135. Cxenaa ropuoBoro ynJrorneHne

rroir  J (prrc.  135, a).  B FreKoropbrx KoHcrpyKrlusx yrrJrorHeHwfi  Lnn
c)KarHq KoJIeu l{cfioJlb3yercfl TaKX(e cHJIa AaBreHl,tf l yflJloTHsrorqefi
}KHAKOCTI,I.

Bpaqaroqeecfl Ko,rrbuo 3aKpenJrsercfl Ha BaJIy Hacoca, a Helro-
ABHX{HOe HMeer BO3MOX{HOCTb rrepeMer{eHHrr B oceBoM Ha[paBJIeHHH.
Cyuteclnyor rat()Ke KoI.IcrpyKrlr{H c noABH)KHbrM B oceBoM HalrpaBJre-
Hrnr BpaxlarcUltrMcf Ko,rrbrloM.

vn"norueune HeiloABHX{Hbrx orHocuTeJrbHo Apyr Apyra 4era.nefi
ocyqecrBJlflercfl KoJIbuaMu 4 us pe3nHbr unu nniirnradcir. fIoAeHx-
usrii B oceBoM HanpaBJreHHLr s.rreMeHT rreHTpHpyercfl B Kop[yce no
pe3HHOBOMy Korrbrry r{pyfJrofo ceqeHHfl, 6.naro4apn qeMy noflyqaer
HeKoropyro cno6o4y opHeHTatp4vt no noBepxHocrn x<ecrKoro gJreMeHTa.

Paqcuorpul,r 4ericrBue oceBbrx cHJr Ha noABnxurrfi B oceBoM Ha-
ITpaBJIeHHH s.r leMeHT TOpr. lOBOfO yrrJrOTHeHHf,  BbITToJIHeHHOIO C rHA-

Baxsefiruefi xapaKTepr.rcrurorl ToptloBofo ynJIorHeHHR flBJIfiercfl

xoeQQuql{eHr ypaBHoBeIrIHBaHHfl

K-+ :+ ,
r4e f : 

+ 
(d'no, - dil- nno*uoo, Ha xoropofi 4eficrnyer AaB-

JIeHLIe po;

F  -  
* (d? , "0 -  d? , )  -n r rouaAb KoHraKra  B ) / r l lo rHeHHH.

T

B 3aBI4CHMocTH OT a6conrcruoro 3HaqeHHfl P o u rpe6oeauufi,
rrpeAbflBJrfleMblx K CTe[eHH repMeTLItIHOCTI4, IPHMeHflIOTCR ABa BHAa
yrrJrorHeuui,t:- 

a) r 'r4ApaBrruqecKH pa3rpy)KeHHble (K ( 1);
6)  ru4pan"nuqecKH Hepa3rpyx(eHHble (K > i ) .
I {sMeHeHrae xoaQQnurreHra ypaBHoBerIHBaHHs,nert(o Aocr l4raerca

u3MeHeHHeM ALIaMeTpa d0 (puc. 135, 6).  Onstr  noKa3blBaeT'  I { ro Be-
JIHIIHHA KOHTAKTHO|O AABJICHHfl AOJI}K}IA 6STTI 6O,TIUTC Uil I I  PABHA
po l2 .B  npo ruBHoM cJ l yqae ,  KaK  i l paBu / l o ,  HMeeT  Mec ro  noJ IHa f l  no -

Tepfl  repMeTHqHocrl4 yuIOTHeHHfl.' 
PaSrrleprr yIIJIoTHlIre.nlsOfi ilIeJII4 IIpH lI3BecTHblX do, K w b

c Aocraroqsoflr AJrf l  npaKTuqecKrrx ue.nei i  ToqHocrbto Moxcto npl lr t t trb

dnop : 2bK * doi dun : dnnp - 2b,

rAe h - uupuHa yrrJrorHnTeJrbHoro norcr{a (o6r' tutIo 3aAaercf l  B 3a-

, BHcHMocrH or AuaMerpa na,rra). Ans AplaMerpoB He Meltee
:: 80-100 ,rzz [IHpHHa rlorcKa npHHPIMaercr 6-8 ntt,  Lnfl

fri AHaMerpoB Ao 50 nn - 2,5-3 .u.ut.
f lpnuuuan npu6nvr>xeHHo rpeyro/tbHylo 3nrcpy pacnpeAeJIeFIHfl

AaBJreHHf B UIeJTH 14 BOCITOJTb3OBaBTUHCb ypaBIJeHlleN'l  paBlloBecHf,

MO}Krro Iral lHcaTb I lblpaxiel{ue AJItI  YAc.rtbl lofo AaBJlel l l l t l

P ,, r - + po (d1,, * d noodun -l d?* - zd.|)
P s d : - d2")

PoPo

f (d',",

B pa3rpyxeHHbIX ynJIorHeHHflx MexAy KoltraKrl ' {pytoul l lMrl

BepXHocTflMH o6paSyercx )KHAKocTIlaf l  nJIeHKa ro.nuluHott I-7

f lpn TaKHX TOHKHX nJIeHKaX TpeHHe cyi l IecTBeHHO oT,, ' IHr{aeTcfl

no-
rYLK.

OT

'VpanHeuHe paBnoBecHfl  :

p o f - p a d F * P r p t T : 0 .

cwila rpeHr4rr o6 yn.aorHrrroult4r? eleuesr T s carra
MaJrbr no cpaBHeHnro c cr.rJraMH rHApocTaTHqecKoro
ypaBr'reHHe paBHoBecHrr npr,rHHMaeT BHA

TpeHHro TpaHHIIHbIX cJIoeB alcop6upoBaHHbIX MoJIeKyJI )KHAKocrH.

cruofi  nJreHKH o6ecne,{I4Baercf l  repMernr{Hocrb yrtJlorHeHHs.

Vt{url tsag Ro-qMox{Hble rexHo.l lof[qeeKue nofpeuHoert4 npH H3-

roroBJreHr4r4 14 e6opKe yl lr- IorueHafi,  r<oaQ'{ 'zqi ie}IT ypaBHoBeii j l iBai i i i f r
npHHHMaror c HeKoTopbrM 3anacoM no orHoIrIer{HIo K KpHTHqecI(oMy.
T t  - -

A J I X  A a b . J l e i l n n  l J b t [ t c  ( ) - l v  N r  l a , J y L  r r P r l r r f i l v r c r r \ - , l  r \  \ - , r r J r J T \ J r \ r r J ,  c r

AJrs AaBJrenuf i  MeHbue 6--8 rc l lcnz K :  0,65-.0,? '5.
249

Ha npaxruKe
or rrpylKr.rH Pnp
AaBJreHHfl .  Toua
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Pa6ory ropr{oBbrx ynJrorHeHufi
Tglb yAoBJrerBopure.nluoli, ecJru
(0,2-10 ci lTl , i \ .

Ans o6atqHbrx uenefi
yTer{Ka He npeBbrrrraeT

Topuonl le y[ / ' IorHeHHf qvBcrBHTeJrhHhr r {  TRpnn,. r '  r ro^Trrrra '
Aepx{auHMcr B nepeKarrHna"ep.rofi *^*4"-o.rln 

^ -16;ffi 
1iffi 

"r*;.;or*
qacrHu B yrrJrorHHTe_/rbHyro ureJrb Mox(Ho BOCnpelsrc,rBoBarn no4auefiqircrori 3an'parcuter.r NuaKocr, or nocropoHHero I4CTOTTHHKa B 30Hy
YNJIOTHCHHfl .  3ANNPANUIAN }KHAKOCTb OAHOBPCMCTiHO C,{YX{HT AJTNOXJIAXACHH' V''JIOTHCHHfl, qrO OCO6CHHO BAXHO A/Ifl TOPflIICBO/{HbIX

cru.  B raNori  r {or{crpyr(uuH yrer{r(H 3anuparcu{eu xt lAl(ocr l l  npaKTII-
r{ecKH orcyrcrBy}or. Lns orBoAa renJla npeAycMorpeHbt cneuuaJlb-
ur,re rp y6rlarble xoJIor:ttIJI bH I'I KII.

Inof isoe ronrroBoe vn.r lorHeHlte Sonee l {or tnat(THo B oceBot\ t  Ha-- v r - - - - -  J -  - - -

npaBJreHHH rro cpaBHeHHro c ynJIOTHeHVflMt4 C ApOCCeJIbHOH Ule/lblo.

B ro )Ke BpeMn HeAocrarKaMH ero f lBlf l torcr 6o"[truaq cJloxHocrb
11^! rnr !1 \ / ! { t t t^ t t  tA r r ( )RhurreH}r r . re  rne6oBaHHg t<-  c6opl {e  I I  3 I ( -c l IJ Ivarat tHI '1 .l \ v l l L r  l /  J  r \ r - \ r r  -  

r  - - -  - -  -  - - - ' - - ' J

f lp  vne4eM HeKoroPble PeKo-
MeHAaTII{ t r  AJrf l  KOHCTpylrpoBa-

HHr  rop l .oBb tx  yn . l t o lHen l t t l  .

flo,qsoA xLIAKocrlI K I{eJIH co
cropoHbr 6o.nuurero AHaMerpa fl B,'If l er-
cq 6onee npeAloqrureJlbHbtM, TaK KaK
B 9TOM Cryr{ae yMeHbLxaercs nporeqKa
qepe3 ynJlorHeHHe H npoucxoAHT oT-
6pacunaHue TBepAblx qacruu,  I {axo-

Af uIHxcn B nepeKaqnsaeN{ol ' i  xHA-
KOCTH, OT ynJIOTHqrculHX noBepxHo-
crefi.

Xectxuii HenoABHIKHslii aleuenr
ynJIoTHeHI4f i  Bblr loJ lHgercg,  KaK npa-
Br,rJro, r,r3 TBepAoro MarepHana. I-loA-
srlxHurft B oceBoM HanpaBJIeHI,II.I SJIe-
MeHT Lr3foToBrfleTcq H3 TBepAOfO Me-
Taili la H HMeer nxnefixy v3 6o.nee
Mr rxo ro  MarepnaJ la  ( rpaQura ,  6poH-
su). 3lo no3BoJIfler yBerHr{HTb ero
npoqHocrb i l  coKparHrb pacxoA / lopo-
Focrof lurux MarepHaJIoB. Bx.nef ixa
ocyxlecrBJr flercn gnoKcHAHofi clto.uofi
c Ao6apxoti ornep1urer.r.

T J ^ . - t r r r z t t . t i i  D  / \ ^ d D . r t r t  t J q n n r D -
I  l v A D l r a I r D l l r  D  v v ! D v l Y r

JreHuu gJreMeHr UeHrpHpyercfl B Kop-
nyce no SJIacTIltIHoMy crarHr{ecKoMy

Pnc. 137. f ieofiuoe roprloBoe ynJrorHeHHe

ynaorHeHr,{rc, 6.naro4apfl rleMy oH no-
Jryqaer HeKoropyro cno6o4y opueHTarrnu no noBepxHocrn )KecrKoro 3JreMeHra. Pexo-
MeHAyercr 0, l- l,0o/o -safi, paAnaJlbHbrfi uarRr ynpyroro KoJrbrra, qro coorBercrByer
oceBoMy AaBdreHHrc 0,3-0,8 rcflcivt!. Ec.nH noAsuxunrfi .B oceBoM HanpaBJreHr.rn 3Jre-
MeHT yflJrorHsercfl cl,r,lrQoHauu, ueu6paHaMpr I,TJIH 4rza$parnraMu, To cHJra rpeH!rfl
npaKTHqecKH oTcyTcTByeT, oAHaKo npH pacqeTe Hafpy3oK Ha ynJroTHeHHe AoJr>KHbr
6url yureHbr ynpyrne xapaKTepI-IcrHKH 3THX sJIeMeHroB.

fepMerusauHq HenoAe[txHorl qacrfi ynJlorHeHHq ocy[(ecrBJrqercq o6srqHuu
cnoco6ov, [ocpeAcrBoM pe3HHoBbrx ynd'IorHttoulnX KoJleq, npoKJIaAoK I,r3 3racrHqHbrx

MOXHO Cr{?i-
KANCJIbHOI?

HacocoB. KOUCrpyKuHf raKofo ynJrorHeH r4fl npvBeAeHa Ha pHc. 136.B qu.nuHApur{ecKort qe"rrrz repeA r(
ApocceJrHpoBaHHe AaBJTeHH n LO Po. ,no cBepJreHHlo B KOpnyce, ronaAael
yrrJIoTHeHHfl nOABOAHTCfl 3arrHpar{
Ha 0,5-l ,0 rcI-lcuz npeasluraloxlHrv

fi^,:,tp;t-t-^T:rylnl:_ _5.{o nonaAaer B rpy6onpoBoA pa3rpy3Kg.

Puc .  I36 .  TopuoBoe  yn i l o rHeHle

C Hefi orBornics rerrrro, 
"",a.r"il,ri.." ;;il;;6;il^y,i;;i.Ij,iill:

Ang o6ecneqeHzg no/ IHoI i  B, ,e l l lser i  ' .FnrrA,n, , 'u^r . ,mrr  nhn^dh
MexAy yrrJroTHeHHeM H KopnycoM noAlIrHnHHKa 3ar{pbrBaeTcs pa3beM-
HbIM

ilpuxarne ilorBnx(Horo aJreMeHTa ynJrorHeHHfl K HerroABIr>KHoMy ocyuecrBJrflercq

Arrr  paBHoMepHoro pacnpeAeJreHHf npHX(HMHoro ycHJIrr f l  peKoMeHAyeTcf npHMeHsTb
6-8 ue6oJrbrxux npy)Kr.rH. CyurraapHoe ycHJIHe or npylKHH Aod'r>KHo ua He6o,ruruyrc
BeJIHTTHHy npeBbu.uarb cHJry rpeHHa noABr,tx(Horo oJleMeura o6 ynaorHrrouee KoJrbuo.
flpy>xnnrr, pa6orarculne n uer?rpqJIbHbrx xnnKocrflx, 14gr'oroBJrstoTcrr H3 yr/repoAncrbrx
H MarorernpoBaHHbrx cranei l .  ! ,nn xHnaurrecKH aKrnBublx x l . r4xoctefr  npHMeHfl rctcq
n n v x { u r i L I  I r ?  v r . n F n r l r t u o r a f r  e 1 ^ 2 . . n v  c  n o t < n k r . n u F M  n p a i l r r n i i  r h r n n n n  n r n r ^ r r  n  n r ^ T r r a ^ -

"5d;l;;py*;;;;i'6;;;;;p''i"n-r' "";;;'n x i8i{5i,'x iii{ii^,i#. di'z#iitM5Asi,
f ,onycxaeubre Hanprr>KeHHrr KpyqeHufl AJtf l  npylKHH peKoMeHAyercf i  npHHHMarb He
6onee 3000 tct lcru!. B cneuuaJlbHbtx KoHcrpyKrlHflx npH)KHMrroe ycurue co3Aaercs

25t

t6A1 yrer{eK r{ rapoB 3anr.rpaoqefi xr.rAKocTH.
B uexoropbrx xoHcrpvxuuqx. ;; i l ;;;^;;" r{pF!^a.^,!^_-,z-^^-,, o,,,- _ _ _ _ _ I -  _ _ - . - " f  ^ r f  r ^  r r v y v u r v r v / n r _ t \ . r l v f  I , l  f , r D i -

i l o . n H I ' T L  n g Q r r - \ / o r z r r  ^  r A i , ^
FJU^y \- rrvrvr\/rqDru r4eJtH, IIpHMeHflloTcfl ABOIIHb.Ie fOp:uoux:.y:{g]l.l rr . flp urrrep ra Koro ynrrorReH r,r, np HBeAeH H a p Hc. 1 37 .

u" "A' :.y:i:J :::T : .Tp I y:! -ra Ko ro y n rr orne H r,r, n p HBeAe" ; il-;;. i g
Oauo vn.noTHpr""ro . 'ooi -o, , , ' , . -* ' ;^ : : : : . : " ' - : : '^Y^ ' : : "1 ' "  

-o f ' ' ; r : rL '  4d/ . r

, , ; : ; : , , t  - - :^^^^- :_:_y_:"DvAun'r f ; r  
r rur lv{_ l  n Hacuca H Sal l l fparcqef i)K uAKocrH, Bropoe n p e n fl TcrB yer BbrxoAy H ap y)Ky 3 a n Hp arcrqe# x<ra4xo -
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ilTtllttt J.t"tu*" 
erlacrHqHoro srleMeHra uena6pauu, cr.I.nb$oHa, 4ua6parrr,ru

Ana nperorBlsu{e}luq npoBopaquBaHHfl noABnx(Hbre eJreMeHTbr Surcr.rpyrcrcnunoHKaMH, noBoAKaMH, n p y)KuHauu lr Ap yrr{Mr.r y.rpoiicrrrri;;;6;."*;uBaroqr.rMucno6o.qy oceBbrx neperueqeirnfi,
naHooJlee orBercrBeHHbIM MOMeHTOM npfl KOHCTpyrrp oBailililToprloBoro y[JIorHe-

;X[J,"tTT"i"iX",o" [ffi:lT#i"'0,?"Hdriij^6^-i*.:y::I:_.9T v_cnonan pa6orsr
M a rep u an n a p br rp e H H r aon *." o o.;" *; ;";il;;;ffifi ;76"J#;"" #f?ilti.#i :q'afl 'x' Marepua"rlbl.nap TpeHI'Is Mo)KHo pa3AeJrr{Tb HcxoAfi rig x'Muqecrori axruBHocrr{cMa3blBaloutlx csoficrs cpeAbI. Ha ocn_o_saHHrl gKcnepHMeHTaJrbHbrx 

AaHHbrx s o6'.rHori
;ff?dd:* 

Bore xoporuo-pa6oraer napa rpeH'r irinu 2xrB (HRc s0) _ rpaeur

o.nolllrh*:ff:H#t""f,aHt4H 
H H3foroBrreH Hn nap rpeHu, ueo6xoAuuo yrrr4rHBarb prrA

l ' Marepuan AoJIxeH- olnagart Aocratoqsori croftxoctsro no oTHorue'nro

":fr'f';":H';:o;J.?H;Si#:uI4oHHbIe 
H rpo'IHocrHbIe xapaKrepr.rcrr.rK u, o6naAart

""."3;*?#Merp 

ynrlorHnloul'x noBepx'ocrefi seo6xoA'Mo BbrnorrHrrb Mr4'ilMarrbHo
3' Konruo ug 6o'nee rBep.4oro MarepHaJra BbrnoJrnrercs c 6onrruefi pa4uanruolitutlptlttoft pa6o.rerl nonepxnocrn, qeM KoJrbuo H3 MfirKoro Marepna na. papna1tbHafl,

il,1:l#i3r#fouu 
H3 MtrKofo Marepl{ana nu6r'rpa;;;'B saBr{c'Mocr}r orA}raMerpa

!,uanrerp ynrrorletlfl B .twJu. . . . 29__60 60_100 100.._200l l l u p n H a  x o n t q a  B i l J t , .  .  .  .  .  .  i _ 4 -  
" S _ S  

4 _ T

4' v,qenrH"tu.{:_Tg"Hs B rrape rpeH'fi AoJr)KHbr 6urr nnesuue Aoflycrr.rMbrx.
fJ#"' "#ffiT " tLi tf i,lrl i i* v n, o "i e n "'r u o'n oi n " u;;; o 6;* ;' ;;;; #;. " " " *,a -

5. tlucrora noBepxHocrefi AoJrxHa HaxoA'Tbcff B npeAeJrax g_l l K.rraccoB.otxloseuue or nJrocKocrHocrr4 He AoJrlKHo npeBblilrarr 0,3-0,6 urc. Kax[paBr{Jro,noBepxHocrlr napbl rpeHuff npurqp1rytcrundo"pvo"lio Ha nJrr.rrax , ntr6o Ha cneug-aJrbHbrx npr.rraporrHbrx craHKax f+g ,.

ToD[ogr te  vn . r loT l rpHt r  s  n6nonor  Fr -------- i r ivi i ,- i i i  i rv./raAa' l '  i i€.tr ibiM pflAoM npel{MyIIIecTBnepeA CaJrbHHKOBbrMtr yrrJroTHeH WflMH:
l. MuHprMaJrbHbre yrerrK' H norep' Morrr'ocT'. MoueHr rpeH'fl

^ n  2  - (  
" r o r - , 1 ,  

\  . ,i v t m p : - E - n l  _ f f i l f b P o ,
"  \  r l t a p - r i *  / '

rae f : 0,05+-0,3 - roaQQHrrHeHr rpeHrlf,;
^b 

-  [ rHpHHa nof lcKa;

S 58. Vnrornennn pa6oqux KoJIec

KaxAan cryrreHb MHorocryrreHrlaroro Hacoca HMeer B cBoeM co-
cTaBe ABa ynJrorHeHHfl: nepeAHee ynJrorHeHHe pa6ouero KoJIeca H Me)K-
cryneHrroe y[JIorHeHI]e. b KopnycHbtx AeraJlflx Hacoca ycraHaBJIH-
Balorcfi HenoABHlKHbre yrrJrorHHTeJIbHbre KoJIbua. Mex4y ynJrorHH-
' reJlbHbIIvIyI l tul lut l ,alrYrvr P4uLr.rvr^ r\ \JJTEL vr l lv./rDr{cuurr LJUPdrJycrL}l  \ /rJrnnA'

puqecKas KoJrbrreBafl uleJlb, B Koropofi npoucxoAHT Apocce/IupoBaHae
AaBJreHHfl nporeraroulefi )KHAKocrH. Vn.norHHreJrbHble KoJrbqa, KaK
npaBr{Jro, Br,rHTaMH KpenflTcr K KopnycHbrM AeraJlau. f lpu 3ToM seo6-
xoAI4MO rrpHHHrvrarb Mepbr K npeAoTBpailIeHHro caN,rooTBHHr{HBaHHfl

ynJroTHeHr , re  paoor reno KoJreca;  e ,  dc  -  MexcTyner { r {b re  ynroTr reHHf

BHHTots B npoqecce pa6otu. Bo ug6ex<aHue ptsrn6a S"rraHua yflrorHfl-
rcrqero KoJrbua IIo BHerrrHeMy AHaMeTpy ero peKoMeHAyeTcs BbrnoJrHHTb
ynopHrrii 6ypr ruapHnofi 2-4 tttw.

Ec.uu ynJrorHuTeJrbHbre KoJrbua ycraHaBJruBarcTcrr 6ee xpenJreHprfl
BHHTaM?r, To BMecro S,nanua BbrnoJIHflercfl ue6onnuroft 6yprnr.
Ko"nnuo ycraHaBJrl4Baercq B Kop[yce ilo ueno,4,nuxuofi nocaAKe Ll

Qnncupyercrr BHHTaMI4 or npoBopaqnBaHufl. Ana.nornrrHbrM o6paaou
ycraHaBJrnBarorcfl KoJrbrla Mex(cry[eHHbrx yn.norneuufi .

f inuua u1eJru B ynJlorHeHnflx saBuclrr or pflAa Qaxropon: reoMe-
rpvrr4 nporouuofi qacru cryneHu, Mex{cryneHHoro paccrosHr{fl, Tex-
HoJIorHrIecKHx BogMox{Hocrefi v3roroBJleHufl, H T. A.

P n - cwJra oT Ko
BToMaTurrecKafl pa6ora, He rpe6yrculan cnerraaJrbHoro yxoAa

o n .in.ifr";;;';'6;;;il Bara, pa-6orocnoco6Hocrr npu BbIeoKHX oKDvx<Hr-rx . . , .nn^n, 'ev
A  r r  )  

- ' - . r J  v r \ v Y v v l . 7 l ^ .
4  M a t t l r r r r r a  n a K ^  ^ ^ ^ z  ^

. .  ; : "1:"_, .w 
ta.vayy7.rbr ,  usuueHHo npH BbICOKHX AaBJIeHHflX.

(putc. 138, a). B uacocax BbrcoKoro AaBJreHr.Ifl A/rn yMeHbureHnfl o6r-

ynnorHeHnf,.
f ) n r r n t r r o n a r t r r a  \ / r r  n r r , r l r a r r r r a  t \  r z n  a L r n L r z n l , r  / n r : n  I  ? R  6 \  - n o L r r r r a a r
v A r r v u + v s l v s v v  

J  
r r v r v r l l v l l l r v  v  I \ v u D r H D I \ v r Y l  

\ P r r v .  
L V I J ,  V l  I M D I j J q V I

xoetDQHIfHeHT conporHB ile*un ru,e/rH H o6ecnequBaer MeHbrIJee Bog-
MyrqeHHe ocHoBHoMy noroKy Ha BxoAe e pa6ouee KoJreco. Eo"nee 6"naro-
npI4RTHIIe yeJIoBHfl, I\Jrs, ocHoBHoro fioroKa o6ecnequBae'r ynJrorHeHHe
c_HaKJIoHHbIM KosbrpbKoM (pnc. 138, e),
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[nyxuleneBoe yrurorHeHHe c BHesanHbrM pacuHpeHHeM xleJrH
(puc. 138, a) r rpuN{epHo ua20-30% cHI4)Kaer nporeqKu rro cpaBHeHuro
c oAHorrreJreBbrM ynJIorHeHHeM. Hecnrorp n Ha 6onee BbrcoKyro cJrox{-
r{ocTb r.r-?foToB.IreFil4fl , B Hacocax rll HpoKo np HMeH gloTcq TpexqeJreBbre
ynJrorHer{Hfl (pr.. 138, d), Koropbre o6ecnequBaror 6onee sHcoxufi
xoeSSH qHeHT coll p or I{BJreH H r . OAua xo rp exil{eJreBbre VTTJIoTHeH vfl rrp tI
orrpeAe.,'reHHbrx ycJroBHrrx MofyT cJlyx{H'rb HcToqHHKoM AonoJIHHTeJlb-
uofi nu1pa:3uvt poropa BcJieAcrBHe Bo3iiI4KHoBeHIdff 3HaqHTeJrbribix
rHApoAHHaMHqecKVx cHJt B uleJrflx ynnorueuufi I231. B raxux cJry-
qasx AJrr yMeHbLreHLIfl nu6paquH peKoMeHAyercfl yBerHrrfiTb pa4nailb-
Hrrfi pa3r\,rep cpelHefi uleJII{ lo 0,75-1,0 nru.

MexcryneHHbre yrrJrorHeHl{fl, ga peAKHM HcKJIroqeHHeM, BbrrroJr-
Hflrorcrr nu6o oAHouIeJreBbrMH (petc. 138, e) , nu6o AByxrqeaeBbrMu
c ycrynonr (pHc. 138, r ' r ) .

Marepna,n ynJrorHHreJrbHbrx KoJrerl AoJrxeH o6naAarl xopourefi
aposrzonHofr H KopposHouHofi crofixocrbro H crofirocrblo nporr.IB 3a-
LHpaHvr, B nape c Marepua/roM pa6ouero KoJreca npu conpllKocHoBe-
HHH Bpauaroulnxcfl. H HenoABHlKHbrx Aeranefi unu nonaAaHnn B uIeJIb
MeraJIJIHqecK14x exrrc.IeHlzft .

fl.ns rryryHHbrx H craJrbHbrx pa6ouHx KoJrec ynJIorHHTeJIbHbIe
KoJrbrra Moryr 6urr HororoBJreHbr H3 rryryHa Ct{ 18-36. nns pa6ouux
KoJrec H3 craJru 2Xl3 y[JrorHHTeJrbHbre KoJIbIra qacro HgroroBJlflIorcr
H3 repMoo6pa6orannofi craJru 3X13. Pasuocrr rBepAocru coilpsrae-
Mbrx Aera.nefi AoJrlKHa 6urr nopsAKa HB 50.

Vn,noruureJrbHbre KoJrbrra Hs craJru lX18H9T HMeror xopouyto
sp03HoHHylo crofixocrl, Ho nJroxo conporHBJrflrorcfl gaAHpaHHIo.
Eponsonbre KoJrbua, Hao6opor, rrpH xoponrefi coflporuBJlfleMocrn 3a-
AHpaHHro HMeror MaJryro AorroBerrHocrb pa6oru H3-sa gpo3tloHHoro
pagusrna. Xoporuo conport4B/rrercfl 3aAHpaHHro craJrb Xl7H2 rrpld
AocraroqHo glrcoxort AorroBer{Hocrla.

nns noBbrrueHHfl apost4onHoft crofixocrz yurorHI,ITeJIbHbIx KoJIeu
Hs yr.,'repoAucrofi H Hepxaneroqefi craneft MolKer 6um peKoMeHAo-
BaHo cy"rrrQnlHpoBaHHe HX )KHAKHM HJrI{ TBepAbIM cnoco6ottl.

tlyryHHue yn,rrorHHTeJrbHbre KoJrbrla peKoMeHAyercfl LI3roroBJIflTb
H3 HH3KOJrefr.rpOBaHHOrO xpOMOM rryryHa C UapoBHAHbIM rpasutou,
xoroplr fi o6"rraAaer 6o.rrrueli KaBuTaur.roHHo-gposuoHHofi ctofi xoctnro,
.rer\d o6nqHufi cepufi qyryH.

cTpy l iu l r f lx  HacocoB l (op l t ) 'ca  noAuunHI I I (oB tp t t r<ct tpy lorcr  B Kopi l ) 'ce

no ut4.r lHHApHr{ecKofi Pacrouxe.
nns MaJIbIX H cpeAHHX FIaCoCOB B KaqeCTBe _paAHaJIbI {b lX Onop

rrpyMeHfrorcr r. i lapHr(o- n po/ruKonoAlr l lnHtiKl l .  OcHoeHltNt HX rlpe-

HMyUecrBoM rBJIf l lorcf l  MHHr4NraJrbHbte i lorepl i  i ia r i lei iHe, i ieSo;i ;-

uue pa3Mepbl ,  J Ie fKaf l  cMeHa w cnoco6uocTb luHor l l . \  noAtuHnHplKoB
n ^ ^ n n i ' r r r i a r o m L  r r a  r ^ n L r z r r  1 l  9 . f i L l 2  n L I J I - l f l  I J l - )  L {  O C e R I - I e  V C I 4 . n H q .

K a l l E n n l f  D L r L f f y r l n r l l v l c r l D  f l v  r v d r u r \ v  r r u r v t  J  - - - - - - - - - -

C1{asxa noA111HnHHKoB Kar{eHufl npHMeHnerctt KaK KoHcHCTeHTHafl,
TaK Vr )KHAKafl C nOMOUIbIO CMa3OqHbIX KOJIe('

f lpu 6o.nsruux oKpv)KHbrx cKopocrnx pa6orocnoco6Hocrb IUapHKo-
noAuHnHHKoB pe3Ko cHLI lKaeTcn. Kpoue roro,  npLI pa3pyueHuu noA-
[rHrrrrHKa, KaK npaBHJIO, npoHcxoAHT pa3pylxeHHe poTopa Hacoca.

floarouy AJrr orBelcrBeHHbrx HacocoB B KaqecrBe paAH-aJI^bHbIX onop
qacro rrpr4MeHffrorcfl rroArxr.rflHHKLI cKoJIb)KeHl4fl (plac. 139), Koropble

l lo , [uunHuK Ha'
npr.IHyAHTe.nsHofi

^ - - ^ ^ - - ^ - q

cMa5KUl,1

' c aon".""gr"e "a-"q" npomes"or"r go"oc"",e noA'ons"*o= , "'olpf;lf*"#13fi#jF'#;aa'fiH/ffirolfur"ru"run BaercrFKnaAbrur-
Bbre onopbr. I( xopuroo6pasHbrM KpoHurefiHaM Kopnyca Hacoca 

". 
a"iinor;;;": CjT ipo"op"u""unn" s*,,raAo,Ill dHxcupyercn n xop-

KpenrTct Kopflyca IoAIXI.]nH,IKOB, B KOTOpbIX yCTaHaBnI'IBaIOTCq rIOA' ) nvcp rru.,lutl rnrqe.'(HM rnrsrtnou 3. MaC,rO OT MaCnOCHCTeMbt nOIBO-

S 59. l lo.qurnnHnrn npII , I  I IpaBHJIbHOH )/CTaHOBKe IL sKCi lJtya ' . raL\An 14lv lcKr l  l rPaKr nYcuKn

urHnHI'IKl.l. flpH coopKe Hacoca Kopnyca noAul,InsuKoB per]nup.olov: 
i il;;";,fiepy a 

" 
noc"yn"er K BKJlaAb[xv. Arfi pery,lr,rpoBaHHfl

HbIMH BHHTaMI'I Moryr nepeMeqaTo,"l 
l-ni-o-"-19-"11: l9-p^"91{I5I^i-T.!' I *o,"H"""tua Macna npeaycMorpeHbr crreura.rlbHble apoccerbHr,re uafi-

Hofi K ocr.r Hacoca. llocne roro KaK porop aafiuer nyxuo_e^nofT.I1:, ;;; 7.'-(;.d;;;-."'fl6"i"i'"bl-r{flr{rrr(oB ocyqecrBnqercr qepeg
Kopryca noAtrrrnHrKoB +r.rKcr.{pyrorcfl urnfravr, B uexoropnx xou- 255
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cMorpoBoe or(Ho 5 ua c,rrHBHoM rpy6onpoBoAe. 3anrep reMneparypbr
BK.rIaAbIIxa npoH3BoAHrctr repMoMerpoM conporHBJreHr4rr 4, trns- ia-
Mepa reMneparypbr MacJra B orBepcrHe Ha cflHBHoM rpy6onpoBoAe,
?2  I . nL r r ' nA  r t n r ' t 6 . t r n f ,  R  *n  a r , ^h  A - . ^ -ur rvv  r r l / vv r \vn  Lr r  rv r \J . . r \c r  vD l rD yu IaHUbJteH p ' l ' y ' l 'Hb lH TepMOMeTp.
'  f BKJraAbnwr noAuHnHHKoB, earurue 6a66uroi E-gg LtJrH E-l '6,
MOryT ycTaHaB/ruBaTbefl B pa3beMHoM KOpnlrce KaK rro qI{JIp{HAppr,-ie=
cxor?, raK H \9 cQepuuecxofi pacroqKe c Harrrorr,r. Anfl ryrruero
ci{enJreH}i n 6a66nra c BKJIaAbIIxeM B [ocJreAHeM BbrnoJrHflror npoAo/rb-
Hbre HJIv4 nonepeqHbte Ila3br (JracrorrKnH xBocr>. LlgroroBJrflrorcfl BKJIa-
Ab-rrrtE' KaK npaBHJIo' Hg yrJlepo4Hcrofi craIIV. tlyrynuue BKJraAbrrufi
ooJraAaror cnocooHocrbro norJroqam nr6pa[trto, oAHaKo gailHBKa VX
SHar{HTe.nbHo cflox(Hee, qeM cTaJlbHbtx.

n nwsa noAruurrHlrKoB cKoJrbll(eH Hfl

L -  (1_ I  ,5 )  d . .

Bcrpeuarorcfl noArrr-rrrHr{Kr,r c o,rHorreHrreM *, t, Ho B eroM
cryqae rpyAHo o6ecne.rHrt paBHoMepHyFo HarpysKy noArxr.rnHr4Ka
Bcrre4crBHe nporH6a sana. IIpu + < I napyuraercfl HenpepbrBHocrb

d .  
-  r r

MacJr f luof t  nneHxu H3-ga VTeqKH MacJra.
Benuquua Ar.raMerpa"rrlnoro sasopa B roArxHnHHKe nu6upaerca

B 3ABIICHMOCTH OT AHAMCTPA BAJIA I4 NPI, IBCACHA g tA6T. 19.

Ta6nu4a 19

,1.( lrarraerp aa,ra
B J||.+t

3aaop Ha c ropoHy B , r r4

nepxu u ft

[Iaflcfl qacrb ee BocrrpuHuMaercr yrropHbrlr noAur.irrHriKotlr. f lp, nepe-
Kaqt{BaHHH xltAxocrefi c HeAocTaToqHbrr\,rH ctvta3brBaiotrlHMH ceori-
crBaMH Hrkr c a6pasunubrMn BKJrrorreHHrMLI AJIfl Bocnprnrvfl oceBbrx
ycunui,t qacro HcrroJrb3)/ercr pa3fpy3oqHslri 6apa6au, He o6ecneqH-
naroulufi no"rrHoro caMoypaBHoBe[rHB atrfl,. Ocraro'{Hoe oceBoe ycnnHe
]'aKlKe AOJTIKHO BOCTTpHHHMaTbCf yrropHbrM noArrrrrrrHHKOM.

'50-80
80-120

120-180

0 , 1 0 - 0 , 1 9
0,16-0,24
0,24-0,36

0,5-0,09
0,08-0,12
0, l2-0,lg

CMasxa noArxHnHr4KoB cKoJrbx(eHug ocyqecrB/Iflercg xHAKHM Mac-

Pnc. 140. I(oucrpyxuHrr ynopHoro noAurHnHHKa nHTare/ 'rbrroro Hacoca
Qupmur BopruurroH

noM npHHyaHrenbHo or MacJloHacoca IIJIL c noMorn(bb cMa3oqHbrx Ko- Hauoonee HaAexsofi npH npaBrrnbHoM t43fo.r.oBr'reHr.rl,t l.r c6opxe
'ne4' B noc,regxeM cJlyqae Ar'Is oxnax{AeHut MacJIa B Kopnyce noA- sBJlsercs ynopHar rrflTa c caMoycraHaBJtr.rBarorlr,rMr4ct cerMeHTaMr,r.
rrrHnHr4Ka nperycMarprBarorcr cneqHaJrbHbre KaMepbr ,rn6o rpy6va- Vnopriar nara ,{olxna cMa3brBarbc, MacroM noA AaBreHleM.

. T b I e x o J o A I , I J I h H I l K I - I ' K o I b q e ^ B a f , c M a 3 j a n p n u e n r e r c l 4 a a o x p y ; i < u u x 9 J r . a : ' l a p r r r l f g a s o p g n o a i x a n t I I ' x e n p I , l I I I - l I ' a e T c g p a s I r r r I . , t 0 , 2 _ 9 ' j | j j ]
eKopoerefr mefixn B i@ JnopHbre cerMeHrhr t43ror
ocyqecTBnsTbcfl Ma
nHoo c caMocTotTelbHhrM npllBoaoM.

-n ^rnoiocryneHrrarbrx Hacocax c c'MMerpurrHbrM pacnorroxeH'eM 
""*ff1*##ifl;Y,ffif:fl11il""il,i#fif il#"T"""'f"X#f i:Ii{l}'fi&"?X'i;pa6ovnx KoJIec I.I3-3a HepaBHoMeDHoro zeubca ynn6tueu[ft eoslq- yrperc,r B cerMeHrbr! rrro npe,4orBparnr Baarrpatrnc aera4er.{ [poressgg {acrg,

Kaer HeypaBHoBeureHHafl oceBaq cvJra' AJls Bocnpllt-Tx-t xorDP!fi lo1' Ha puc. 140 npr.rBeAeHa KoHcrp yxrl.rBHar cxeMa noAuurrHn6oBoroxeu 6urr upegyclaorpeH ynopnufr nog'nruuHtr. B'uengropux 66uvnux y3Jra rurrarenbHoro nacoca Qnpun Bopruxrron. B 4annofi KoHcrpyK-KoHcrpyKlltltx MHorocryneHqarbtx HacocoB ttrApaBJtHrrecKafl nrra pac. U"" o6te4xnenn a o4rn yei,,i onoprirfi /; t";p;;t t;"AurHnHHxr.lcqnrbrBaercrr He Ha noJrHoe ypaBnoBer!fiBaHl.re ocegofi cl-t,lru. Ocras_ H MacJroycraHoBxa. Mac.n'onacoc ,l' co"l"",irininon ;yqrofi coe.{!t-
o<4

lZ Mrrxaanos A. K. ,  ap. 2Sz



Hflercs c BaJroM Hacoca. B xopnyce noAulunHr{Ka npeAycMorpeHo npo-
crpaHcrBo AJIfl MacJIa 4. K HeMy noAcoeAnnfleTcfl MacJlooxna4urenr 5
nJlacruHqaToro THna. B 6o.rrlrrruHcrBe KoHcrpyKrufi unorocrynenqa-
Tbrx HacocoB .4rq BocnDvflTvrfl HeypaBHoBerrreHHoro oeeBolo )/e!!nl,{fl
f ln I , IMFTIc l ln ' t .ncI  l lF ta n2f l r re  nr- rJn- \ /nnnl r l rv  nt r r r r r  nr l l / l 'nonrr r - r i i  r r r rnw;r  l rLr rn-

t  v A . r r r  A p  J  
t r t t  t L l \ L ^ 4 r L  

t r s A t r q o ^ u ^ l v  
-

ynopustft vrJILr I.Ba yflopHbrx uapHKorroAruHnHHKa, o6ecneqHBarorrlHx
BOCrpHrrTHe HeypaBHoBerrreHHoro ycr4lrr4fl B AByx HanpaBJreHr.rffx.
Vnnnrrr - r# nnrr r r rut r rJr rw nanr l r r r r r r r - l t t t ra ,Trr rc t  u t r  t tanrr r r t tur r  nn^t tnnn r rnrr r r rd
u  r r v l r \ L D t t r  r r V A I I r r r r l r r r r \  y q v v l r r l u l ! q v l v 4  [ q  D U d l l l z r l . f l J  v v \ , . f r r J r I \ J  

J t - r t . r ' L Z L t l '

r{oTopoe Mox(eT Bo3HHKHyTb rrpH MaKcHMaJIbHo AonycTHMOM HSHOCe
ynJroTHeHHfi rpynnbr pa6oqHx KoJrec, HanpaBJreHHbrx B oAHy cTopoHy.

Pac.Ier noAtuHnHHKoB cKoJrbx(eHns 14 ynopHbrx nffT AoBoJrbHo
roApo6Ho H3rro)KeH B KHr.rre flHoBcKoro M. H. [59] u Ap.

B ueroropbrx KoHcrpyKunflx MHorocryneurrarbrx HacocoB npeHMy-
ulecrBeHHo BepTHKaJrbHoFo THna npPIMeHflrcTcff noAruHnHHKlI cKoJrb-
)KeHHfl , cMa3brBaeMbre KoHcHcTeHTHofi cMa3Koft !IJrH nepeKarrr.rBaeMofi
xHAKOCTbTO. Kar npaBlrJro, TaKr.re noArulrnHr.rKH pacnoJrafatoTcfl
BHyrpH Hacoca.

KoHcIacreHTHaff cMasKa rrpuMeHflercfl npr{ oKpyxHbrx cKopocrsx
Ao 7 ulcerc, ecJrH rto ycaoBuflM gKcnJryaraUnn AonycKaercfl nonaAaHrre
cMa3KH B nepeKarrnBaeMyro xrrAKocrr. floAaqa cMagKr.r npor.rgBoAnTcfl
or MacJIeHoK aBToMarHqecKw r4rrr4 BpyrrHyro. OrsoureHue AJrHHbr BKJra-
Abrrua K AHaMerpy AJrs noArrrHnHHKoB c KoHcr.rcreHTHoft cMa3Kori Bbr-
6Ilpaerca B npeAeJrax 1,8-2,5 I391. Cyr'ruapnnfi pa4ua.nrHufi 3asop
npHHHMaercs B npeAeJrax 0,08-0,12 uu.

B noArxHnHHKax, cMagbrBaeMblx nepeKaqHBaeMofi )KHAKocrbro,
rIpHMeHflroTcs pe3HHo-MeTaJrJrr.IqecKLre, MeTaJrJro-rpaQr{THbre, Jil{rHo-
Qoneaue, reKcroJruroBbre r{ Apyrue BKJraAbrrxu. I(oHcrpyx[Hff noA-
rxurrHHKa AoJrx{Ha o6ecne'ruBarb HaAex{Hyro cMagKy. /J.us groro Bo
BK,/TaAbIIxaX BblnOJIHfltOT CneIlHaJIbHbIe' qaqe BCefO CnHpaJIbHble' Ka'
HaBKH. Heo6xoAHMo npeAycMarpaBarb cneunaJrbHbre ycrpoficrBa tto
AOnOJrHHrenrHOfi OqHCTKe BOAbI, npeAHaSHaqeHHOfi AJrfi CMa3KH, HC-
noJrb3yff cHJrbr r{HepuHH npH p$KoM H3MeHeHHH HanpaBJreHHff noroKa
H ll,eHTpo6ex<sue cu.i'Ibr.

nns xoJroAHoft so.(rr sau6onee npr4eMneMbrMu flBJrrrorcfl peanHo-
MeraJrJrHqecKue BKJraAbrurH, KoTopbre HMeror ur.rgxHfi xosQQuqHeHT
rpeHHq, .4evnrlupylor nn6paur{oHHbre BosMyrrleHus npu pa6ore, 4o-
rycKator ue6o.nruue HeroqHocru B ueHTpoBKe. B gaBHcHMocrH oT
ycronnfi pa6orlr H KoHcrpyKrrHH noAIIIHnHHKa B peguHo-MeraJrJrfirre-

pa3flr.rrrHyro TBepAocTb AJrs yMeHbIxeHHfl conpoTHBile}lafl, TIJIaCTHqe-

iroft 4eQoprvraUun B soHe MecrHoro KoHraKra. Mo4ynn ynpyrocTn AoJI-
xeH 6brrb no BogMox(Hocru BbtcoKHM, tITo Aocruraerctl JIerHpoBaHHeM

" ^ " ' ^ " '  v r t r r r r r r ^ - 6 ^ n r r y r r t a ^ r r n f i  n K n  q A a q r w r r ? l  Y n n n -
c l ' a J l 1 1  1 1  t _ L r u ' l D E r L r D y r u u { s ; r l . J 1 ' f l l v l r l f \ \ r - l \ - y l Y r r r a v L r \ v f r  v v y q v v r r \ v . ^ .  J L v r v

uHe pe3yJrbTaTbr AaeT a3oT-rlpoBaHlie MeTaJIiili-.iecKoro 3fieM€HTZi napbI.
R wnueelRtr noTIII IHnHHKoBOrO MATCDHAJTA DCKOMCH.IIVCTCfl TIDHMCHflTb

;p;i;;;;;;;;;""".n"*", nnu"t*Lcc' H r. n. nni ytenoureHHn H3-

al I
I I

Pnc. 141. Orxnuuoe yctpoficruo:
/ - n o n n o n  v . l e t a r  I I - o r a o n  M a c n a

HaTsr.

100" C, npHMeHeHr{e pegHHo-MeraJrJrHqecKHx BKJraAbrrxefiBCTpeI{aeT
6r-rn'r.nnnnvurv r  t /  vr  vr r a n r - r r i  t . l c r l l ' r n \ t n r r n n + o r ]  r r a - e q  n  n n w n r ] , t . A r r  n n n r r r . ' E r r ' r r u r r n ' n u  u

r + v e r u r r r  
I J J A r r v v r v a l  

r r u  J q  t l v I v A v f I  I v t l d J v l t y \ r D v r L \ r l v v l t l  r l

cTapeHHs pe3HHbr.
Anq raKHx yc"nonuli conpflraeMbre noBepxHocTH noArrrlrrrHHKoB

"nyqIIIe Beero i i3roroB"rrflTb H3 pa3HopoAHbrx MaTepr.raaoB, HarrpHMep
MeraJrJra H nJracrMaccbr. ConpnraeMbre noBepxHocru AoJr)KHbr HMeTb

258

Hoca noAruHrrHHKoBbIfi Marept.IaJI UeJlecoo6pa3Ho pasMeqaTb Ha Bpa-
ularcqeMcf BaJIy, a AILfl. sTOrO OH AOJIXeH HMeTb IIpOtIHy[O OCHOBy.

B pflAe roucrpyxquft rrpHMeHflrorcfl cneIIHaJIbHble orN{HMHbre
ycTporlcrBa, KoTopble Ao onpeAeJleHHoro qucra o6oporon Bocnpr4HH-
MaroT oceBoe yct4JILIe poropa v oToABHraIor pa3rpySounltli AHcK oT
noAyrxKH. Ha puc. l4l npHBeAeHbI ABa runa raKoro ycrpoftcrea.
B oAHolr,r cryrrae (pnc. l4l, a) or)I{HMaloqee ycHJIHe nepeAaercq Ha

p qepe3 paAHaJrbHo-ynopHble IxapHKorIoAIrIHnHHKH, Bo BTopoM
.  ^  r r t

Orx<unaHoe ycrpol?crBo pa6oraer cJIeAyIoulHM o6paeou.
pr4 MaJrbrx qHc.rrax ooopoToB ycI{JIHe oT IIpy}KHH z rlpeBbrrrlaeT

oceBoe ycI{JIHe poTopa H oToABHraeT porop r{epe3 lxapHKonoAIxI,InHHK
(cerveurHbrfi) 3 B cropoHv HarHeraHufl. B HepadorarorrleM Hacoce
porop npnlKar K noArxHnHHKy 4, zasop,4 nu6paH rroJrHocrbrc. IIpu
BOSpaCTaHI4I4 rlr.rcJra o6opoToB H oCeBOrO y3hrlrr4fl. npOHCXOAHT nepeMe-
qeHr,ie poTopa B cropoHy BcacbrBaHprfl Ao Tex rop, noKa He HaqHeT
HopMaJr bHo p a6orarb ruApon flra . HoAruunn u x (no1rr r H nH Lr Kousrft gucx)

17*



4 c;tyxur ArlI..orpaHlrtleHur rrepeMerqeHr.rfl poropa B cropoHy HarHe- | S 60. Vaer rn4pannrrecroft pa3rpysKu oceBoro ycrlnrlc
TaHVfl nOA Aer:rcTBHeM CJvqafiHbrx vchr[r\fr.." ,cisa noo"o"r"uo"."., K konn\/.\/ | Olra us xoncrpyxqHri rrrApontrbr npeAcraoneHa ua pwc. 143, a.^ o p n y ' c 1 ^ o T x I , l M H o r o y c T p o n c T B a n o A c o e A I ' H s e T c q K X o p n . I - J t r t . ' ' ' - - -' - r . . r  ' J  I  l r ^ . , .  - . ,noAIIrHnHrKa. Cspyrororopia K HeMy noAcoeAHHsercn Kopnyc Macno- | .':'1^^y 

"J1uruP5ly*. !::lPl"9l-tyy^^{1"^11{^l--1_i1i91"_1_{-t9fiHacoca xJ'rr{ rpriurra. orxuuHoe yitp,inJtfr ;;";;;;;;;;;;;;; I noayurxofi rl{Aporlflrbl 2 npr.r pa6ore nacoc_a o6pasyercx ropuoar'Ift sa-
no,u. raB,,eHl,eM. i 

"op, 
B KoropoM yMeHbuaercs AaB.lteHHe, 9acrl no.ngoro Hanopa pac-

orxuuHoe ycrpoficrao p€KoM€H, I xoAyercr B KorrbueBoft qLUIrHApLIqecKofil(!11: 
191"op3t 96ti._Y:l:"

Ayercr nprrMeHrr" 
" "uao""", 

*oro- | MexAy AsJMq BTyrKaMx rl{APonsrbt: uenoAsl-lxHofi 5 u npaqan-
pbre no ycnoBl"" u*anryr"urr"" I uefica 6. Pasrpysovusrfi aucK I.I BpaulaIouaqcq BryrKa Q[Kcupyrorcq
rrpeAHa3HarreHbr AJrf qacTbrx rrycKoB
H OCTaHOBOK, JrH6O B HaCOCaX Typ-
6onpuno,qa, fAe oHH AoJrx(Hbr AJIH-
reJrbHoe BpeMfl pa6oraTb npH noHH-
x{eHHoM rrr4cfle o60poToB.

B o6Hqrrux KoHcrpyKrlt4sx Ha-
cocoB 6es or)r(HMHoro ycrpor?crBa
AJrfl OrpaHHrreHHs rrepeMeqeHHff po-
TOpa B CTOpOHy HarHeTaHHs noA
AeI?cTBHeM clyrlafisux yc4lvrir npH-
MeHflror ynop poTopa c yKa3areJreM----:w MeHHru.l' yilop poTopa c yKa3aTeJreM

8u0A$ongmur) oceBoro cABHra (pnc' 142)'
(  ropuy Kopnyca noArxHnHHKa

noAcoeAHHflercf Kopnyc / ynopa
poropa c paLwailbHo-yilopHbrM rra-
pHKOIOAITHnHHKOM 2,, BO BHyTpeH-- r t 7 6
HIOIO O6Ofirray KOTOporo sanpecco- i
BaHa ynopHafl BT1r.1112 3, Orpannuz- ', a)
Baroqaq repeMeqeHHe poropa. IIpu i
pa6ore Hacoca Mex{Ay iopU-arr,rr.r na-
i la v BTyaKI' I  o6pasyercn 3a3op no- f  e"..  143. Vser -:4rpalnt4,tecxofi  pa3rpy3r(H

Prc. 142. yrop poropa c yxa3are- pgl.Ka 2. ,tli ' I oceBoro ycI'tJIUt
.,reM ocisdro iasrri C ynopor'r poropa coBMerrleH yKa- | 

- - 
A

3areJrb oceBoro casHra. B.xoDnv- |
ce 1 nnQpeaepoBano oKHo, 3aKpLIBaeMoe xouyrou 4. flo rparrta 6xria I na ra,ry o6rirefi lrnosxoii. Kpyrroft rafirofi uepee nryrxy caarnura 4
HaHeceHH ABe plrcKll' Ha ra"ry npfi c6opKe Hacoca HaHocrrcs rpu ' Ar4cK u Bpar!,aouascs BTyJrKa npuxlrMarorce K ycr)/[y oa,ra. Mex4y
Ko,rbUeBble pucKH. I TopuaMr.r crynr.rrlbr pa6o'rerc Koreca nocreAHefr cryneun H Bpax{arc-

Cpe4naa pncxa 6 yKa3blBaer noJ'IoxeHue poropa npH ]rnope I urdn"r Brynxu npeAycMorpeH 3a3op Anr KoMneHcaq[n reMneparyp-
lrsl.fiy3ovqoro In.r.a R
nflTlr 3ra pHcKa AoJrx{Ha coB[aAaTb c pHcKaM]4 Ha Koplyce. Hklfl >r<kr(r(ocTH no BaJry r.rMeeTcf ABycTopoHHee ynJrorHeHne pe3HHO-

B yrropHyro BTy,'rKy.
Puexa d onpeAeJreer rroJrox{eHue poropa npn AorrycruMoM HBHoce

i-IiAporrfiTbr, paRHoM 1,5-2 n*t.
Topeq Kopnyca 3aKpbrBaercs cbeMHofi KpbltrKofi, KOTopaff cHr,r-

r . 6 ^ a ^ -  ^  ^ l - . -  -ry rarLn r rpn nsMcpEHr l r l  qncJta  oooporot  Hacoca TaxoMgTpoM. Ann
cMa3KH yrlopHOI.O nOAITIHTIHLIKa AOCTaTOqHO Ka[eJIb MaCJIa, KOTOpbre
npH pa6oTe noflaAar,oT Ha Hero oT ocHoBHofo rroAuHnHHKa.
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ror{Ke ycraHaBJ[rBaercs B HanopHor? KpbrrxKe u Quxcl,tpyercfl Ha-
KHAHTTTM $nanueu 1, Teqent4e )KH,u,KogTn II0 rIoQaAaqHgH rroBepxHoerH
npeAynpex{AaeTcrr pesHHoBbrM yutoTHHTe,nBI{btM KoJlbu0M,

l loAyur*a ruAponflrbr 2 rleHrpupyerefl Ha HanopHorl KpbrruKe H
tpuxcl.tpyercfl ulnHJrbKaMH. Bo HBOex{aHue nepeKoca noAyuxa onH-
paeTcfl Ha KpbrrxKy AByMfl KoJrbueBbrMr4 6ypruraMr.r, BbrnoJrHeHHbrMH
no BHeurHeMy H BHyrpeHHeMy Ar.raMerpy.
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. Cyulecrnylor KoHcrpyKrHBHble pasHoBHAHocrH ruAponffTbr,. B Koropbrx pasrpysoq-
nuft Ancx PI Bpaqanula.flcs ntynxa BbrnoJrHeHbr B BHAe o.qsoli Tetain. pbxe BcTpe-qal'oTCs KoHcTpyKUYH' rAe noAylIIKa rl 'IAponflTbl H HenOABI{x{Hafl BTyJIKa BbInOJIHeHbr
r(ax oAHa AeraJrb. VInorIa pa3rpy3oqsur?.(r.rcx vnnpaercrr He Bo BTvJrKv ea:yuuy_a 4.
a B pa3pe3Hoe saxJraAHoe KoJrbqo, KaK 3TO nOKa3aHO Ha pnC. 143, 6. nhoia.o; ff i;;
BTyJIKH AoJIx{Ha 6ltft nn6paHa c raKHM ycJroBHeM, qro6u He npoucxoAr.rJro'anr"i""
erc noA 4eficrnneu oceBoro vcvtntr4g-.

B Hexoropbrx Hacocax. 
_ur.rnr.rsapuqecKas ApocceJrupyroqa, qeJrb pacnoJraraercff

nocJle roPuosoli (cna- puc- 153). Taxax xonctplixuug 6onee HaAex<Ha c roqKu speHnt
HcKrloqeHHn napoo6pasoBaHtfl, B soHe rl{Aponsru npn [aAeHr4v 1.aBIIeHnfl. Ha Bxo,4e
B HaCoC.

' I(onctpYKItns fuAponflTbr c nocrosHH.brM conporuBJreHr.IeM B Br,IAe qr.urgHApHrrecxofi
591luenoft qeJIu nocrte ropuonoft uterrn (cu. pui. 153) yuenlmaer npore.rxil Ha l0-150/o no cpaBHeHHrc c o6uqsofr KoHcrpiKqu'en ruap6n'"i"i l[uc. {ii,';f.'

An" yBefl H qeH Hfl conporuBJreH r4s rrr{Jr HHAp rdqecKofi 4pocceJrr.rp yto-
ueri qeJru Ha Bparqarcueftcq BryJrKe Moryr bnrr HaHeceHbr KoJrbue-
Bble KaHaBKH c pa3MepaMH l ,6x 1,6 nn kt  [ raroM 8,2 ni l ,  Taxue
Kary^"5," yMeH brfiaror yrerr KH qepes uHJr HHAP urrecKyro illeJrb np HMep Ho
Ha lJO7o no cpaBHeHHro c uraAKofi u1entrc 1571. BenH.ruHa faauans-
loJo 3a3opa B ur.rJrHHApHr{ecKofi xo.nlueBofi qeJrH fHAponsrn 0,25-
0,3 un .

Han6onee HarpyxeHHofi
rpy3orrHbrft Ancx, MeroArra
B TJI. 9.

flpu oueHb 6orburux gHhr{eHl4sx oceBoro ycr4nrr4fl ero craparorcfl
pa3AeJrHrb H nep_eAarb c BaJra^ H3_ pa3rpyso.rHHrl AHCK AByMs ynop-
HbrMr{ KorrbrraMu 2 (puc. l!9, 6). VpqguoBerrruBatoIquft 4uci pasAerreH
Ha pa3rpy3or{Hbre BryJrKy 6 H lvrcx 3. tlacrl oceBoro ycvilnn,4eficrnyrc-
xlaf Ha BTyJIKy' nepeAaercfl r{epes BHyTpeHHee ynopHoe KoJIbIIo,
a qacrb ycl/.lrl/.fl, Aer?crByroqero Ha -pa3rpysouuufi Rrack, nepeAaercs
l f  A  R . 2  n  f f A n A a  D L t a r r r r r a a  r r n  r ?  y r a  \ / - ^ ^ - - , . ^r iq DsrL TsPsJ Drici j- i i lEc i \vJrbi{u. d/ i iUPiibie KUJIbqa BbIIIOJ-IHflruTefl
pasbeMHbrMH H3 AByx nO/roBHH. Topuonne noBepxHocrH ypaBHoBe-
uHBalolllefi BryJrKH H Ar{CKa nsr6upanrcn raKoro paSMepa, qro6br
,(erlcreyrculne Ha Hr.rx oceBr,re ycinun 6srnu npHMepHo paBHbrMH.
nnn fapaHTHH pa3Ae/reHnfl oceBofo ycHJrHfl B pasrpygoqHoM Ar{cKe
BbIrroJrHeHo oceBoe cBepJreHHe, 6naro4apn rreMy pa3rpy3oqHafl
BTYJIKA H AHCK HAXOAflTCg TIOA OAHHM I,I TCM )KC ICPCNAAOM IAB/IC.
HHfl,.

Vn.norHeune Mexqy pasrpysovHofi ory.nxofi H AHcKoM ocyq,e_ I
cTB"'IteTCt ynaor
cerreHqt Me

. ynnorHerueM 4. B ocegoM iranpagrenru aucr u gryrxa Qr;xd{pyK\rcq
A[CTaHqr{oHHbrMr{ KonblaMu.

yp aBHoBerrrHBaH He oceBoro y cHiIHfl, Bo3MolKHo ToJI bKo AJrfl HOMHHaJIb-
HOrO pex(HMa pa6orbr Hacoca. l lpu ApyrHX pelKHMax Bo3HHKaer He-
I I n O D L I r \  t t A r r I A t t t I r \ A  r . \ n A D l . \  A  \ I n T . f  f t T - f A  t z n ' n l \ 1 1 a \ A  D r \ n r | l l I r I J t J i t 4 A T n d  t t n n  h r r r  r i t
J  y q u l r v e v u v l l l l v v  v v v s v v  

J  
v f r d l l r v t  l l v r v y v v  u v v r r y l l l l r l l v l q L r U / a  

J  
f f \ J H f f D l l Y l

l l ua l - l l 14  l l f l  v l  l \ t r l v l  i l dLULa .

PasrpysoqHlrfi AHCK HsroroBJrsercr Hs crailv 2Xt3, noAyruKa
rrflrbr - Hs cTaJrkr 3X 13. ?ru cranu noABeprarorcrr TepMoo6pa6orxe
H o1r-ra(atoT B-brcoKofi 3posHoHHofli crofiKocTb-ro. Tnep.qocrr 3THx
AeraJrerl AoJrlKHa orJrHrrarbcfl He MeHee r{eM Ha HB 50.

l4uor1a ua pa3rpy3oqHoM AHcKe H rroAyrxKe nsrbr npeAcMarpH-
BaIOT CMeHHbre KOJIbqa H3 BbTCOKOKaTTeCTBeHHO|O MaTepi la i la.

Hexoropue KoHcrpyKrHBHbre pa3HoBHAHocrH ysJra rHAponnrbr
Br4AHbr H3 pa3pe3oB HacocoB, onucaHHbrx B rJr .  11.

AeTaJrbro rHAponfTbr flBJrseTcfl pa3_
pacqeTa ero Ha npoqHocTb npuBeAeHa

B HeKoropbrx c[errnaJrbHbrx KoHcrpyKrrHflx ypaBHoBeurr.rBaHHe
oCeBOfO vCI4JIufl ocvlilecrR.[ceTcrr nraFnvenurrr.rnr F.qttq(q.-'rr^, I

(prac' l4.B,"e). Eapa6a""ni.r*"n 
"u-"un""u-"d"*;;'ri Q""-.i,iGil" iB OCeBOM HanpaBJreHHH rarixauH Baila. Mex4y 6apa6anbu n HerroA-

eHxHofi BryJrKoft o6pasyerca KoirbrreBas rqeJrb c sasopoM 0,25- I
n A J

v,J ttrt Ha cropoHy, B xoropofi yMeHbrrraercff AaBJreHr.re. flo"nHoe



l l , peryn pyroqero pa3rpysoqHoro ycrpoficrBa. B HeKoropbtx KoH-
l | (oucrpyrqnu HacocoB BbtcoKono AaBJeH[q I crpyKqnrx ceKIrIroHH]'Ix HacocoB rlpuMeHlercq I.tHAI'lBHAya,'IbHafl

pa3rpy3Ka pa6oqux KoJIec c  noMolub lo  Atsyc l 'opoHHel 'O KOJIbqeBUI 'O

3a3opa v  oTBepcTI4I i  B OCHOBHbIX AHCKaX pa6OqHX KOJIeC TaK,  KaK

B o.II ,HocTyneHr{aTbrX Hacocax KoHcoJIbHoro r l ' Ina. OcraroqHoe oceBoe
n  AAn  h  i , - r r  i r a  d4  ^6F  d  \  f  f ,  n  h  r r L r i  F  t r r  q  f 1  L f  I 1 l ' \  f t l \  t l f  I I  I , [  n  U  u  -

y c n J L n c . ,  K a l \  l r P d t ' y L , l l \ ) ,  E w L l l y n n n l v l c r f - r \ - ^  J  
r r v P n u r l v r  u q l J r r r \ v r r v A | ! r r r r r r f r

xorr,r. l lpra Hanope Hacoca cBblrle 150-200 ,, I leJlecoo6pasHocrb 3roro
Bl1-Aa paSrpy3KI4 BbI3bIBaeT COMHeHHf H ilpeAnoqreHHe oTAaeTcfl
pa3rpy3oqHoMy AHcKy.

CexrlnogHag KoHcrpyKuHfl Hacoca roqru noJlHocrbto HcKflIoqaer

$ 61. Ocxorxue KoHcrpyKTuBHbre cxeMbt HacocoB BoSl\{o}ltHocrb npI'IMeHeHIrfl uepas6opnoro poropa. Pa6ouue KoJleca

I{eHrpo6exune Hacocbr Bl,lcoxoro aaBneHnq, xaK rrpaBuro, Bbr- 
o6rlrno ycrauooJlegbl Ha BaJIy no noABHXHofi nocaaxe f '

norHrltoTcg MHorocTy[eHqaTblMH, i MHorocTyneHqaTbre Hacocbr cn[paJrbHofo Tltna MeHee pacnpo-
CyrrecroeuHstn oral.rt{t eM pa6o.Iux opralloB MHorocryneHrrarblx I ctpaHe"ot n 6reqecrseuHotl npaKTr4Ke, qeM ceK[,qoHnbre. flpuuennrorcn

HacocoB tBJTteTct HaJIuqHe npoxoAHoro Bara. 
'l'a( 

xax axo4noft I out rJlaBHblM o6pasou Anfl 6onbunx noAaq.
AI4aMerp pa6oqero KoJeca SaBHcIrr or BeJII{tILIHbr no,qaqH, To qncJlo i B Hacocax cnhpaJrbHoro rnna ypaBHoBeuHBaHfie oceBoro ycr.{J'IHff
cjyneHeli onpeAer'Igercg He roJIbKo Be,[t.rlrHofi Hanopa, Ho H noAatlefi. Aocrr,rraerct, xaK npaBl{,'Io, cllMMgrp]IqHblM pacnoJro)KeHr{eM Bopo-
.U,.ta o6ecneveuna 6laronpraruux yc,noaufi Bxoaa npt-I oAHHaKoBoM nox pa6ovux xo,rec n nporunonoJloxHbre cropoHbr, BcJIercrBI{e qero
Harlope Hacoca qrc,lo cryneHefi.qolxuo 6url reu 6o.lrbue, qeM MeHbrxe npeAnoqrr..rrerbHo qerHoe qHcJo cryfleHefi. B uryvae HeqerHoro rrHcJa
no,(aua. MaxcuuarrbHoe rl[cro ctynenefi ropngogTaJlbHbrx HacocoB ctynenefi pa6ouee xo,reco l-fi cryneurl BbrnoJrHqerct c ABycropoHHr..rM
15-_16, s Beprr.rKanbHbrx nacocax gocrlraer 25. BxoAoM, rtro HapffAy c ypaBHoBerxrjBaHr,reM oceBoro ycr.rJrnr Aaer

B oteqecrseHHol'.{ u aapy6oxtrou HacococrpoeHr.ru uan6onruree BosMoxHocrb yee.nnuurr Bbrcory Bcacr,rBaHr{ff Hacoca. flpu su6ope
pacflpocrpaHeHr.re noJryquJr.r aBa runa xoHcrpyKrtnn ueHrpo6exHr,rx cxeMbr pacnoJroxenun pa6ouux Korec crpeMflTcq o6ecnequrl l,,rngn-
HacocoB: cnupa,rlurtfi n cer[uonsufi. flpu cpaaueuun o6olrx rHnoe MarbHoe AaBfleHHe nepe,q KoHqeBbrM yurorHeHr4er{. B 6o,nlurxncrge
HacocoB Heo6xo,qHMo yrlHrblBarb pxA $axropos, ocHoBHbrMu fi3 KO- /, KOHCrpyKrlUfi ynlOrneUUe HaXOATiTCq noA AaBJreHr.reM oAHofi cryueHH.
Topblx tBJtsrorct: 3KoHoMHtIHocrb, HaAexHocrb B pa6ore, TexHo- | Ec,ru B ct{ny psAa o6croqterscrs KoHrIeBoe ynnorHeHr.re AonxHo
r'loluqHocTb I.l3roToBr'IeHHff, BecoBble u raOapHTHbIe xapaKTepHcrlrKr-r, ] pa6orarr rIoA AaBJreHIteM, Ber[qltHa Koroporo npeBbrrxaer Aorrycrtr-
TpyAoeM_Kocrb MoHTaxa, peMoHra, 3Kcnryaraqnn H Ap. il rr,rue 3HarreHHs (cu. rt. l0), ueo6xoAur,ro fipe,qycMorperb pa3rpy3Ky

Haa6o.nee pacnpocrpaHeHHblM MHorocryneHqarbrM rracocoM B ore- t 
vrrJrorHeHHff.

uecrrgHHoft IIpaKT[Ke sBr'Itgrct Hacoc ceKql{oHHoro rllna. 
- 

[nnxeHHe xnAKocrr.i MexAy cryneHsMr,t ocyqecrBnflercq ,Tfi6o

_Mex.qy xpblIrlKaMta BcacbIBaHI,It I,I HarHgraHlrfl pacnonafaercff no nepeBoaHbrM KaHa"rraM, orJr]rrbrM B Kop[yce uacoca, ru6o no nepe-
Ha6op cerutfi c JronacrH6tMI.I orBoAaMu, B ue;rol.r prAe rracocoB no.quriu rpy6ar'a. OrsoA xr-taxocru or pa6oiux Korec ocy lecrBnrerct
tonacrHble orBoIbI I{ cexul,Iu BbInoJIHeHbt B BI,IAe oAHofi orrtlBKr,r. cnlpa.qbHErMl orBoAaMH. ,II,,nR yueHuureHxt paa[aJrbHbrx cltJr, Bo3-
Kpnuxra Haco_ca cerqwl coeAHHtrrrcq MexAy co6ofi crgxsuul{ HnKattll{nx BcJreacrBue HepaBHoMepHocrn pacflpeAeJleuxfl Aalre*ul.
IrrrIH.4bK&MH. B csqsn c reM, qro e 6oJrrnHicrge xoncrpyxquft no oKpyxHocrH pa6outx xo,rec, clsuxrj) inrpilefi orAenbHbrx cry-
Iracro He yAaercs pacnoJloxllrb crtxHbre u[I,rJIbI(r.I BHe rroABoAtuefo nenefi,(o,lxnu 6url cueqenu orHocureJrbHo Apyr apyra B oKpy)KHoM
II llanopHoro narpy6KoB, qenecoo6pasuo yMeHbrxr.rrb x AHaMerp HanpaBreHnu. Clreulesue cnupa.nefr cae4yer eu6nparr raxuu

ecneqI,ITb MI,rHr{MaJrbHylo BeIHrrl-rHy HeypaBHo-
HOe_CrecHeH[e gxoAHoro narpy6xa Hacoca, geueHnoro MorrteHra or paAHarlHHx cHa, AeficrgvK)rll,Ix Ha saa.

LeKrlrrr{ Kopnyca ueHrpHpyrorcfi ,qpyf c ,qpyroM Ha rlr{Jrr.tHApriqe- .[nyxeaxo.qune cflwpaaw AJrs yMeHbrueHrfi paAr{anbHbrx cHJl
CKHX KOtbUeBbrX notcKax (cM. rr. E). B MHOrOCTyneHqarbIX HaCOCaX HarXrLl OfpaHr,rqeHlroe [pl,rMeHeHue

K KpbIUKaM Hacoca Ha garorlxax [orcoerl-IHqrorcg Koonvca 
' 

rg-ga rIDe-3MeDHoro veroxgeqEq orJIr.rBKH KoDrvea.
KoHrreBbrx ynnorHeuufi, KoHcrpyKrrrr Koropbrx on'caHbr s rJi. io, bl"i" 

""'".*"e'd;; 
;pt;y,rlecrc Hacodo; cn"parrbnoro rnna

H Ko-pnyca noA[lI'InHHXoB. gBJlterct HaJII{q]rre topl.IgoHTaJrbHoro pasceMa Kopnycar nogBo,tgK}-
Hau6oaee pacflpocrpaHeHHbru cnoco6ou ypaBHoBerxr.rBaHr,rr oce- Illero npor.r3BoAHTb ocMorp H peMoHT iacoca 6es irirrio"r"*" 

"pyoo-Boro ycHJll'ls poropa tBJl.sercs npnMeHeHre ruApaBJluqecxoto caMo- npoBoAoB. Yn.norsesue nJrocKocrr pasteua ocydtecrBrqercr napoHH-
264 ?6s



ToBorl ilpoKrraAKofi To/rurHHori 0,b- | un. B orAeJrbHbrx cryrraflx,
flanpHMep AJIg ropflIIeBOAHbIX HaCOCOB, ynJrorHeHHe ocyqecrBJlffercfl
3a cr{er MeraJr/rHrrecKoro KoHTaKTa 6eS npor i la/:Kr4, B groM cryqae
iiiiocKocrH pa3'beMa ruaSpnr Hnu nprrupa-ror. vnnorusrculee ycioiie
co3Aaercfl IrrtIHJIbKaMU, pac[oJIoXeHHbrMH nO nJlocKocra pa3beMa.

Kopnyca rroArrn{fir{riKoB Kperirircff I fi;ranilalvr Koprryca . r\nsBocnpHttrKfl ocrarorlHblx oceBbrx ycwnuit, bosHzxarcrrrgx Hs-ga He-I4AeHTHrIHocrH yc.nonufi BXoAa B caMMerpHrIHo pacnoJlox{eHHbre
pa6ovue KoJIeca, HepaBHoMepHocrH HgHoca ynnor"errufi, uerorrpocrg
I'I3rOTOBJreHHfl pa60uux opraHoB H r. A., npe4ycMarpuBaercs ABycro-poHHnri pa[uailbHo-ynopHufi rxapaKorroauHnnnur nu60- ynopuufi
ITOAI.IIHIIHHK CC|MCHTHOTO TVilA,

Porop MHorocryneHrlaroro Hacoca cnfipaJrbHoro T1rna o6rrqHo
BbIIIOJIH'CTCq B BHAC CAMOCTOffTE/IbHOrO Y3JIA.B raqecree npr4Mepa Ha pnj. 144 npuieAeH npo{oJrbHufi paepeeqerbrpexcryneHqaroro Hacoca o6ulero HaSHaqeHns 38200 x +, np'aa-HaSHaqeHHOrO AJrfl lepeKarrHBalhrfl qucrofi BoAbr c TeMneparypori
ao 80" C.

tlyryHnufi Kopnyc 7
Mexqy co6ofi rrnHJrbKaMH.
rosorl npor.ua4rofi.

cocrouT . Hg AByx uacrefi, coeAHHeHHbrx
llnocxocrb pa3beMa yrrJroTHflercs napoHH-
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HMeIor xJronqaro6ynrax-
cryneHbr,o nPeAYcN,roTpeH

rnApaBJrul,recxHr? sarBop, BoAa K KoTopoM roABoAHTcs or l-f icrv-
.  ^  r v A r

nry.nxofi 8.
HHKoB ocyilIecrBJrflercs Hax{r.rMHor? pasreuHorl

Y NJIOTHCHHfl PAoOUNX KOJICC OCYIIICCTBJIflIOTCfl UCJIbHbIMH VTIJIOT.
H fl IoUIH M H KOJI bIIa MH v p asbeMH ltrrau 4a a$p arMa M H 4, ycrauosneH H Hrur HB Kopryce. Vn.no,rHrrrorrrue KoJrbrla B-fi '; 4_ft cryni""-i *r{,T<e Bbr-
noJrHeHbr pa3beMHbrMH.

Ca.nlHuxoBbre ytt,, 'roTHeHr{s S poTopa
Hyro Ha6unxy. B yurorHeHuu nepea i_r i

onopauu poropa Hacoca cJlvx(ar nBa nonrrrznHr,{KR vAutrtruct t
u 9. I(opnyca no4urznHnKoB xfeuarcn * Anarrrril il*;;,i;;;";
Koplyca Hacoca. nnn Boclp HflTr4fl, HeypanHoBerxeHHoro oceBoxo
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ycwnwn..poropa Ha oAHoM Kor{qe BaJIa trPeAycrr,roTpeH paAuanbHo-
ynopHufi IxapHKonoAIxHnHHr 9. floarriunuixu HMeror Bo,qflHoe oxJra-xAeHHe n KoJrbueByrc cMasKy.

ilpu noBblmeHHu napaMeTpoB Hacoca npH HoDMa.JIhHoM Ko,.,..Tnr.r!r=.
THBH'M HcnoJIHeHHH qacro 6 

I -- ' ' | '  ' rvr^vrvJ r\ '

rrEE.i_r,_r _ 
bglaer rpyAHo o6ecneqHrr nJloTHocrb,

Jrr"r\rrnr,.rrr{n^ Iru'epxHocreH. laK, HanpHMgpr B :H?cocgx cnHpanb-
HOIO THrlA, nepeKaqHBaIOIIlHX XOJIO_.IIHVIO BOrrv_.: v're nnI,I ?!eE! !ra,r!r!!_
nopnAKa 100 rcl I cuz nrrorHocrb inot*oJrf'pu'.rl"r';;a;;-.*;
c 6onnruuu TpyAoM. cerunos*rre 

"ucocri-"r.qux"o 
pa6oraror npn

p,rf/cnz 6o.nee B,_bIcoKI{x AaBJIeHHtx.

/00

ilas HeKoropbrx orpacJrefi Ha_
faf---f}-=---f poAHoro xoeqrfcrga, B qacrHocrur
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AByXKOpnycHbrx HacocoB

ocHogssrrtr HeAocrarKoM AByxKopnycHbrx HacocoB fl,Bnqercfl. To,
IITO MCTAJIJIOCMKOCTb H TPYAOCMKOCTb Hs|OTOBJICHH'I HX HA 25-30%
BLII I Ie,  qeM OAHOKOpn)/CHbIX I {aCOCOB TeX >Ke na^drr^di inh Tz^^. ,^
nnrt . l t r r tut rz, -Dnrtr  r r r r^na nmrrna"n#'  - - ; , - -^  f : : - - - ' -y--Y"^ ' - : t fy*= furL ' '. r r r .  . v A r r r r q r \ v u v u  f . n L f l v  v r J r r E r l E r 1 l  A J t ' i r n . 4  b a l l a  y  A b y x K o p l l y c H o f o  H a _
coca Ha l0-l5o/o 6onrrue, rreM v o.rlHoKoDnvcHoro.

S 62. Hacocu,q.nn ropHo,qo6brBaroqefi nporusr[rJreHHocr'

BucoroHaropHbre ueurpo6ex(Hbre Hacocbr B ropuo4o6rrearclulef,r
npoMbIIIrJIeHHocrH rlpt4MeHnlorcfl rJraBHbrM o6pasovr B cacreMax 11raxr-
Horo BoAoorJIHBa H rI{ApoAo6H.{I,I. ConpeueHHbre cxeMbr BoAooT/rHBa
rpe6yrot npHMeHeHHfl HaCOCOB Ha pa3rHrrHbre noAaqH c Ha[opoM
ao 1000 ,u.

l{.s'sa Haniaq.vrfl. B nepeKarlneaeluofi BoAe AoBo/rbHo 6onruroro
KO.lIHqeCTBa TBepAbIX qacrHu npe,qnoqrHTeJrbHbrM fBJrflercfl cnHpaJrb-
Hufi rrrn HacocoB 6es ye.na raApaannqecKofi pa3rpy3Ka, rorbpsrfr
TaKX(e 6Onee npHcnoco6neH K gKcrrJryararlHH B yinonunx [raxr.
oAHaxo rpe6oeaHltfl cosAaHnfl BbrcoKoHalopHbrx HacocoB c BbrcoKHM
K' n' A'' TeXHOJIOTHIIeCKI4e yCJIOBHfl I'ISroToBJIeHHfl npHBeJIH K TOMy'qro ceKur{oHHble HaCOCbr noryrrHrH npeo6.na4aroqee pacfipocrpa_
HeHHe B ropnoAo6unarcqefi npoMbrrrrJreHHocrn

-rlapanaerpbr r{ Tnnbr HacocoB AJIg ruaxrHoro BoAoorJrH Ba H ruApo-
ao6pun onpeAerreHu fOCTorrr 10407-63 (ra6n. iO).

B o6HtIHoM HcnoJIHeHI{H ocHoBHbre AeraJrH HacocoB H3roroBJrsrorcg
H3 ceporo qyryHa. Eq{" Hacocbr npeAHasHaqeHbr AJrfl nepeKaqr-
BaHHfl' xHc.nofi uraxtsofi BoAbI, To ocHoBHbre AeraJrr4 Hx HgroroBfiq-
IOTCf, H3 BbrcOKOJrerHpoBaHHOrO XpOMOHHKeJIeBOTO JrHTbfl.

Hacocu runa Mc ycJroBHo pasAeJreHbr Ha ABe rpynnH: HopMaJrb-
HyIo H BblcoKoo6oporHyro. flpu pasAeJreH HW ytrrrbtsaiicw 4ea Qaxropa:rrucJro o6oporon H BbrcoTa BcacbrBaHufl HacocoB.

_ flpHnaep ropHsoHTanbHoro Hacoca ceKrlr.roHHoro
o6oporHolt rpynnu npHBeAeH Ha pnc. l4T. TIo,qauHofi300 rcl-/cnz npn reMreparype nepe*uir""ue"o

AHoKopnycHoM Hacoce Bce crbiKn cerqrfi flB.IIffIOTC' BHCUIHI{.
MH H HAXOAflTCf l  NO

TI,INA BbICOKO.

cxeMe BbrnoJI-

KOJrrqecrBa crynenefi. B AByXKOpnycHoM HaCOCe HMeercfl oAr.rH,EHCruHHI? CTbIK, HAXOAflIIIWfICg TIOA NOJIHbIM NCPCIIAAOM AAB.,IEHI4fl}Me)r(ny HapylKHbrM KOpn5rggN{ rrl r<puluxofi HaiiieraHrifi, qro RoBbr_rrraeT Ha,4eX{HOCTb W 6egonacuocrb gKCnJIyaralLI}I TaKHX HaCOCOB.
. - nns nH.*Bkra.aIrHH TeMllepar)/pHbrx neperocoe, BbigBaiiiibix HepaB-.

HoMepHbIM nporpeBoM oAHoKopnycHblx HacocoB, np[xoAr{Tcs yBeJrH-qHBATb AHAMCTP CTflX(HbIX IIINHJIEK, TOJITITHHY CrCHbr CCXqUfi H T.A-

"v r ! ^ . re rv r l r  vv r \ r - ( . rn .  vsAr { f rx  r rpEA\ ; ra5J lxe ' l '  goUOH OTJfHBKy,  B  KOTOpOE
BbrnoJrHeHbr KaHaJrbr JronacrHoro oTBOAa. cerqHr u6nrpupyrorcfinpoMexyrotIHbIMI'I AHCKaMH. Crttxtl cexUuft yrrJrorHfftorcfl KoJrbqaME
,o3 pesHHoBoro ruHypa Kpyrfloro ceqeHHfl cpe4Hefi rBepAocTu, fieranw
KOPNYCA COCAHHqIOTCfl BOCCMbIO CTff>KHbIMH IINHJIbKAMH.

t 1 ^ _ ^  _ru'!'up cocroHT H3 BaIIa, KOMnJIeKTa pa6ouux KoJIeC, Aeta"neftrHApaBJrHqecxofi pasrpySKH, 3arqHTHbrx nrynor<. Bce 3TH' AeraJrncrsrHBalorcr Ha BaJIy xpyrnofi rafixot?. Pa6oque KoJreca noca)KeHbr.
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i l IeJleBble, rJIaAKHe. Vnnort{HTeJIbHble Koabqa ycraFraBJIr.rBaroTcfl B npo-
MelKyTorrHbrx AHcKax H cer(uHf lx no npeccoBof i  nocaAKe.

B HanopHofi rpuilrKe r(penflrcn HenoABHlKHbre AeraJrpr rnAp aBilw-
rrecKofr  pa3rpy3KH. BoAa pa3rpy3KH rro cneuHaJrbrrorvty rpy-6oi lpo-
EIOAY oTtsOAHTCfl B l iaMepy ilepeA CaJIbHHKoIvl cTopoHbt BcaCbtBaHHfl,
KoH uesrle y rIJIo'rHeH Hf H acoca HMenr Mrr r r(yrc ca,,'r bH r.r KoB yro H a6 HB Ky.

Porop onHpaercr Ha ABa AByxprArrbrx paArranbHbrx cQeprrvb-
cKI{x tuapHKonoAuIptnHIIKa, r(oropbre ycraHoBJreHbr B KpoHrxref iHax
no cKoJIb3sIqeIi nocaAKe. BsyrpeuHHe o6ofiMbr nonunrrHHKoB x(ecrKo
KpentlTcfl Ha BaJIy. UMa3Ka IIoArxHnHHr(oB r(oHcHcreHTHafl. Mecra

1 8  i \ l u x a f i n o s  A .  l ( .  l  a p . 273
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HapnAy c ceKqHoHHblMtI Hacocar\4ll B ropHo4o6stnarcqerl npoMbrtl-
JreHHocTH gKcnJIyarHpyeTcfl AoBoJIbHo MHoroql.lcneuHstli napK Ha-
cocoB cnnpaJrbr{oro r4na, B Ka,IecrBe npHMepa Ha pHc. 148 noKagaH
naenp? vr lec,ea l0H8 x 4 c-  nonaqeft  500 i l ,31q w HarIoDoM 760 i l . .- -  -  -  -  

l -  
-  -  -

tlucno o6oporoe Hacoca 2900 B MI{Hyry.
Kopnyc Hacoca llMeer pa3beM IIo ocLI B ropHsoHransuofr n"rlo-

cKncrr,r.  Hanonswfr u RcachrBammvtft narnv6rtz oTJIHTbI B HHx(Heft qacrw
v r \ v v l  - . - ^ r  J  - ^ ^ - -

KOpnyca. BoAa r.r3 BcacbrBaloulefo narpy6xa no i loJIycrlHpaJIbHoMy
noABoAy noAaercr r xpafiHeMy JIeBoMy pa6oueMy KoJIecy, or Koroporo
no crrnpaJrbHoMy orBoAy r{ nepeBoAHoft rpy6e roAaercfl x xpafiHenay
npaBoMy pa6ouerr,ry KoJrecy. Aanee no repeBoAHbIM KaHaJIaM BoAa
rrocJleAoBareJrbHo nocrynaer r pa6oql.lM KoJIecaM S-tt u 4-fi cryneHH.
Vs [ocJreAHefi cryleHn BoAa nocryrlaer B HanopHltfi narpy6oK Ha-
coca. f lpn raxoft cxeMe oceBoe ycHJrHe AoJI)KHo 6nrrr ypaBHoBeureHo.
OcraroqHoe HeypaBHoBeueHHoe yct4JIHe Bocilpl4Hl,tMaercfl AByMfl pa-
Ar.raJrbHo -ynop Hbrr\{H rxap H KorroArrrn n H H KaMH. I(op n yc B 3oHe nep eBoA-
HbIx KaHaJIoB l{Meer rexHoJrorfiqecKue oKHa, KoTopble B pa6oueu
cocroflHHH 3aKpbrrbr sarJryrxKaMH. r{epes 3TH oKrra npoH3BoAr{Tcs
KoHTpoJrb H 3aqucrKa BHyTpeHHHX BoAonpoBoAflrrlux KaHa.rIoB. B sa-
rJryrrrKax BbrrroJrHeHbr oTBepcTHfl AJIfl o[opo)KHeHHfl HScoc?.

Kounnexr AeraJreft poropa B oceBoM HanpaBJrer{Hr{ Ha BaJry QHxcH-
pyercs AByMq sailIHrHbrMI{ peer6onsrMn BryJrKaMrI. Sruun BTyJIKaMU
ycTaHaBJrHBaercfl rpe6yerrroe rroJro)KeHr{e pa6ouux KoJrec orHocH-
TeJrbHo BoAorrpoBoArulux KaHaJroB Kopnyca. Pa6oque KoJreca noca-
x{eHbr Ha BaJr rto cKoJrbssqeft nocaAKe. Vn.norueHua pa6oqux KoJrec
na6upuHTHbre Me)KcryrreHHbre, oAHoxleJreBbre. Vn.norHr.rreJrbHbre KoJrb-
ua 3-fi tt A-frt cryrreHu, a raKx(e Me>KcryrreHHbre 4raaQparMbr BbrnoJrHeHbr
pa36eMHbrMH.

I(oHcrpyKurrfl HacocoB AorrycKaer npHMeHeHHe AByx rnrroB KoH-
I{eBbIX ynJrorHenufi: c usrxoft caJrbHnKosofi Ha6zsxor? 14 MexaHurre-
cKoro ropuoBoro yrrJrorHeHHrr. l lepe4 KoHrleBbrM ynJrorneHHeM co cro-
poHbr 2-i4 cryneHr.r npeAycMorpeHa pa3rpy3Ka ApocceJrupyroulefi
xo.nsqenor? uleJrbro. BoAa pa3rpy3Kn orBoAurcrr K I-Pt cryneHn.
B Kopryce BbrrroJrHeHbr KaMepbr Ailn oxJralKAeHHr ynJrorHenuft.

Onopanu poropa cJryx{ar ABa floAtxr.rnHnKa cKoJrbxeHHfl, c rrpH-
HyArITeJIbsofi cnlagxoft. nng cMa3KlI Ha KoHue BaJIa Hacoca cMoHTH-
poBaH caMoBcacbrBaroulHfi rrlac.uoHacoc.

rofi nayQrorl.

IzcnoJrbSyroTcs Hacocbr o6qero HasHaqeHr.rfl , npeAUasHaqeHHbre AJrr-
nepeKarrHBa[Hfl, .rHcror? BoAbr, Moropecypc HX pa6oru B arHX ycJro-
BLrflx MaJI. iToerouy Heo6xoAr.ruo cogAarb cnerluaJlbHbte Hacocbl,
6uclpoHgHalrluBarcquecfi AeraJrH Koropbrx AoJrxHbr 6url r.rgroToB-
.t ' i€i ibi H3 opo3HoriHo-, Koppo3HoHHocroftrux MarepHaJroa. Ans yAo6-
cTBa SKCnJIyaTaULII.r )KeJlaTeJrbr' lo npHMeHeHr{e noAunnHl.n(oB, cMa3br-
BaeMbrx rtepeKaqugae\4oH xtrAl(ocrhtQ. [",rn KoHrteBblx ynnotuer.rr.tft
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cJreAyer npuMeHflTb cnerruaJrbHbre rl{rrbr l{gHoco)rcroftqugofi caJrb-
ri lrxosoii ua6tsxn c noBbr[reHHor? 4onroBeqHocruo nu6o ropuoBble
YrIJIOTHCHHN.

S 63. Haeoeer A.rrs He$r-+uoft npousrurJleHHoeT!{

fT-n q Herhr q uo fr n noMr-rrlr-nFr{ r{ocru R Hr cro rrrrTep Rn eMn Rr'rn.vc K2 erc ar_ _ _ r _ . , , - 1 - _ _ - ^ - J _ - ^ _ : - _ ' .

cepHr cner.luaJrbHbrx HacocoB rtna UHl50 Ann 3aKoHTypHoro sa-
BoAHeHHfl c no4auefi i50 Mzlrt H AaBJTeHI{eM HarHeraHr.rfl i00, i25,
150, 175 u 200 rctlcnz. Bcs, cepus xoporxo yHHQHqr.IpoBaHa, r.rsMe-
HeHHe napaMerpoB AocTHfaeTcfl 3a cqeT rlpocToro HSMeHeHLIfl, rfHcila
cryneHef i  .  , ,  , :  , ,  j

T{nunr .nrr r : rTr tcr  nr tnrrar l  u ,T,q nLrr r r r in  n l l r r / r r ta \ r " t rTr t , . r rarF.- t  r rq l t \ f \Fq Forr r r r r -I \ v r r v r  l J  J  r \ q r r r r  r  v y r r J v r r  r  q c l s l r v r  v  v A r r v I r . v I / r r J  v l r v r  v  l l q v v v q  v v r \ u r f r

oHHOro THna c oAHocTopoHHHM pacrroJrox{eHneM pa6oqux KoJrec H
I'HApOnflTOfi, BOCnpHHHMaForrlerl OCeBOe yCr{JIHe, nOKa3aHa Ha
p H c .  1 4 9 .

onoparrru poropa cJryx{ar [oAtxr][HHKH cKoJrbxeHHq c rrpHHyAr.r-
TeJrbHort cMasKori. Bx.naAuuru QHrcHpyrorcfl B Kopflyce rroArxl4nuu-
KoB no cQepuuecKoft pacroqKe. Hacoc HMeer orlKHMHoe ycrpoficrno,
BbrnoJrueHHoe ro o6pasuy, rrpHBeAeHHoMy Ha pr{c. l4l, a, Ha cso-
6o4uou KoHrre Balra Hacoca Kpe[HTcfl caMoBcacbrBaloulaft uacnsHnft
Hacoc.

Kopnyc Hacoca cocrour H3 na6opa ceKuuft, KpbrueK BcacbrBanufl
H HarHeTaHVg., COeAHHfleMbIX C TIOMOIqbIO BOCbMH CTflX{HbIX UInHJIeK.
Kpsrurxn orJrHrbr H3 yrJrepoAucroft craJru 2511, ceKrrl{n BbInoJIHeHbr
Hs rroKoBoK craJrn 2X 13. Vn.uorseHr{e crbrKoB ceKqufi ocyqecrBJrflercfl
3a cqeT MeraJrJrr{qecKofo KoHTaKTa ynJroTHflr.orllHx noflcKoB cerunfi.
B xaqecrBe AonoJrHrireJrbHbrx ynJrorHeH ufi s crbrKax npeAycMoTpeHbr
p$HHOBbre yrrJroTHHTeJrbHbre KoJIbrIa,, ,

B ceKrrHsx rto Hanpflx(eHHori nocaAKe BcraBJIeHbI JronacrHble
orBoAbr H3 xporrrncrorl crailw, KoTopbre QurcupyroTcfl oT npoBopa-
IIHBAHHfl UHJIHHAPI{qECKHMH TUTUQTIAN/IH.

Aeranu poropa ilocaxer{br Ha BaJr rro cKoJrbgflrqefi nocaAKe.
Pa6o.rue KoJreca H pa3rpygorrHbrft AHcK r{sroroBJreHbr IIs craJIH 2X13.
Topuu crynuu pa6ouux KoJrec npnreprbr Apyr K Apyry so us6exaHue
neperoKoB BoAbr no BaJry. Pa6o.ree KoJreco 1-fi cryneHl{ HMesr noBbl-
rxeHHyro BcacbrBaroqyrc cnoco6nocrtr, ocraJrbHbre pa6ovne KoJIeca

t L e  l r + v v r v s v r v  
J l r d r v l l l v l l r r / l t  

l r y v A r l q v l l q f v l l l r v r v  A s L t L  I / * " .  l r J v r l r r t

usrxori caJrbHnKoeofi Ha6ueKu MapKH Af-1" l[enesoe ynJIorHeHHe
npeAHa3HarreHo ,Aflq pa3rpygKH caJrbHHKa c oTBoAoM BoAsr e 6esHa-
nopHyro eMKocrb npr{ AaBJTIHHH Ha BxoAe B Hacoc 25-30 rcilcnz.
flpu HopMarrbHoM pe)Kurr're pa6oru (4annenue Ha BxoAe 1-6 rcf lcuz)
pa3rpysKa Mo?Ker 6irrl orKJiioqeua. iTpr padore i iacoca c paspe)i(e-
HHeM Ha BXOAe npeAyCMaTpHBaeTCs noAaqa BOAbI Ha CaJIbHHKU Ailn
r lP t rA(J rnPa i l leHnx r ruAUUUa t 'USAy] ta  E  f iauv t - .
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B lracoce Mox{er 6rrru ycraHoBJre}ro kr ropuoBoe ynJIorHeHLIe
(crur. pHc. 136). B oroM ci lyl{ae HcKJlloqalorcf l  norepH, cBflsanHble
c pasr 'py3KUl4 ca l tb t rnKa.

Hacoc c eJreKTpoABHrareJreM coeAuHflercn sy6uarorl  uy{lroi i .
l I  

" , f . ^ ^  
n R , ' . n P ,  t r 6 ^  w n  ^ r r ^

v l r l g u u r u q v  r  v r i l r r  r r A t t r r r v r  t u q v s r v r Y r

Hacoc JIarraMH, orJrHTbrMH BMecre c KpbrrxKaMu BcacbrBaHuf ri
HarHeraHHq, onHpaercf l  Ha QyH4aueHrHyro nJIHTy. l (opnyc Ha
rrJrHre Qraxcupyercfl nByMfl ur4JrHHApHrIecKHMH nonepeqHbrMu rrrruQ-
TaMH, yCTaHaBJIHBaeMbtMH B JIalaX KpbtrXKH BCaCbIBaHUfl.

.  BxoAHof i  narpy6ox Hacoca HarrpaBJIeH ropH3oHTaJrbHo, Hanop-
usrri - Beprr.rKaJrbHo BBepx.

Ha saAFreM noAluHnHHKe Hacoca LlMeercfl BHgyaJIbHufi yxa3areJrb
oceBoro noJrolKeHHf poTopa.

Mac"noycraHoBKa arperara cocronT Hs pa6ouero MacJloHacoca,
ycraHaBJrnBaeMoro Ha cgo6oAHolr KoHrre BaJIa, nracno6aKa c Bcrpo-
eHHbrM nycKoBbrM MacJrflHbrM SJreKTpoHacocoM, MacJIooxila4uTeiln
MX-4, AeofiHoro MacrrsHoro SH.nrrpa Ol[M-32, npe.qoxpaHl{reflbHoro
KJIanaHa, rpy6onpoBoAoB c eanopuofi aprr,rarypofi.

f lo cneuHaJrbHoMy saKasy Hacocbr rrarra IIHl50 Moryr KoMrJIeKro-
BaTb_cfl cHHxpoHHbrMH gJreKTpoABI{raTeJIflMH.

Oco6yro rpyrry BbrcoKoHanopHbrx Hacocos npeAcraBJlflIor Ha-
cocbr, npeAHa3HarreHHbre AJrrr [epeKarIHBaHHr HeQrenpoAyKToB c reM-
neparypori 350-400" C, B nepByro oqepeAb KpeKHHr-HacocbI. nns
arHX ycnoeuft Hacoc AoJrx(eH HMeTb noJrHyro BHeruHroro repMeruqHocrb,
6rns Mafl orryBcrB HTeJrbHbrM K 6on nruuv reMnep aryp HbrM p acilfip eH Hfl M,
rpe6onarn MaJro BpeMeHH Ha ocMorp vr peMoHT. Han6o.nee noJIHo
sruM rpe6onanuru coorBercrByer AByxKopnycHafl KoHcrpyKl1ufl,
r z r r ' n r - r n a d  u a r r r  n a  u a u 6 r t  r r r - r ? r a a  t 1  q / r r r h r \ n . n f r t r L r a u r r a  r t  7 r q  L r q n n n n E t  , n q r r r t t r r r
r \ v t v H q / t  l l q u d t q  l l q r r v v d l u u v v  

l J q v r r y v v r y q r r v r r r r v  A s r r r  r r q v v v v u  l q r \ v r v

THna. llpnnuunuaJrbHoe orJrurlr{e arux HacocoB gaKfiIoqaercfl B KoH-
crpyKqr{H BHyTpeHHero Kopnyca. PasrlaqHbre THnbI BHyTpeHHero
Kopnyca no4po6uo onucaHu n pa6ore t I l. Mrt ocraHoBHMcrI B Karre-
crBe npuMepa Ha AByx HaH6onee pacnpocrpaHeHHblx KoHcrpyKllusx.

Hacoc 5H5 x 8 npeAH.asHaTIeH AJrfl, nepeKaquBarvrfl HeQtenpo-
AyKroB c reMreparypoft Ao 325" C. llapaMerpbl Hacoca: noAaqa
70 u3lu, Hanop 680 z, qucJro o6oporon 2950 B MHHliry, roAnop Ha BXoA-
HoM narpy6xe (cnepx ynpyrocrH napon) 6 Jvt.

LnyxxopnycHofi BocbMucryreHqarbrfi Hacoe 5H5 x 8 (pHc. 150)
H -nllpanrHoro tuna; Hap-y*Hbifi KdFny-3
npeAcraBJrfler co6oft roeaHHfi rrntv.JrHToft uunuHAp I{3 yrJlepoAncroft
craJru. B .nurou Kop[yce onopHbre.Jranbr H natpy6xu otnnrbl BMecre
c KopnycoM, B KoBaHoM.oHH [pHBapnue. OuopHbre noBepxHocru Jlatr
pacrroJrox(eHbr B ropugouTaltuo-ft .rrJroeKoern, npoxo4nru.efi qepe3
ocb Haeoea. Ouxeaqus Kopflyca Ha nJrnre ocyrqecrBJrflercfl AByMff
lonepeqHbrMH uHJIHH,rlprrqecKHMn urtndraMH. ycTaHoBJreHHbrMI4 B Jra-
ltax co cropoHbr rrpuBoAa. BosMoxr{ocrb pacrunpeHnff Kopryca B oce-
E\rIvI f lal tpidr,Jtvi lnn (-uSAatrrux AttyIvlx lrPUAv.,rbl lbl luvr rrr l l \ .rnlraruvl E nnln-

neft qaqrn Kopnyca. BxoAHofi H Hqnopuufi rrarpy6nu HanpaBrteHbl
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BeprnxanrHo nbepx, .iro ioslaer 6naioripudrHbid ye.rroBHn Anq Brl-
xoAa ra3oB H3 HaCOCa. B snx<uefi .racru Kopnyca HMeercfl orBepcrHe
n  I I 9 9  n n n n n I L L I A L r l t q  L r a n n r i a  D C ) r r ^ r  r 6 n ^  ? r n  r i r r r r n a " a ' P '  - - ^ ( - - ^ - s -
r - \ r , ' ^  e L ^ v r v , r r ^ r v r r r r / r  r r q e v v q t  u a r \ y . o r r \ , r E  A L r n f l . l g L n u n  r r p u u l l u l 4 .

f  " n n r , t r ^ o  r r a t t r r t r u r r r  r r o r  r r n  6 w r ' ^v  rvy r+vD t rayJ{n f r ,Dr . (1  ALrPr rJU ocr r1 'PDrE 'd .E lux  KPb lurKaMh l l cac l r lBa-
. - , , -  n  ,  1 r - - - _
Hnn r I4 i- tai 'He'ral i i4fr '  zI.  ,vIIJIOTHeHHe CTbIKOB OCyqeCTBIqeTCfl MeTaJI-
JI HqecK HM H n p o I{JI a.ll, KaM H 7 . V nnotH gtoulee y cv nr4e co3Aaercrr ufi r{Jr b-
KaMH KperrJreHHfl KpbrrxeK K Hapyx(HoMy Kopilycy. B KpbrrxKax
p?ctt-o.tTdrarcTef KoHqeBbIe ynJlorHeHhrfl., K Hr,rM }I(e Kpensrcfl KpoH-
[rTer?Hbr Kop[ycoB noArxHnHHKoB.

,IIHroli qyryHHblfi nnyrpeHHLrfr Kopnyc .1 cocrour Hs AByx noJroBr.rH,
coeAHHeHHbrx Mex(Ay co6oft [rnHJrbKarr,ill. -BuyrpeHHHrl xopnyc ueH-
TpHpyercq Ha saroqKax KpbrrrreK BcacbrBaHnfl, i l  HarHeraH Hn. npu pa-
6ore Hacoca BHyrpeHHHr? Kopnyc Haxojr.rrcfl noA AerlcrBueM Hapyx(Horo
AaBJreHr{fl, co3AaBaeMoro HacocoM. cnna AaBJreHHs cosAaer Heo6xo-
AHMoe ynnorHnloqee ycHJII{e no nJrocKocrz pa3beMa. 3a c.rer cpJrbr

cqer qr4pKy./'rf lrrHH ynJroTHHTeJrbHoft X{HAT{OCTH. Kporue roro, B pac-
TOTIKY KOPNVCA [O,I[ CAJIbHHKI4 TIOMCIII.ArcT II.HJIHH,tr.OHI{CCKVIO K2MCN\-'
c oebnuci"rtw creHKaMlr- R r<oT onor? rrr.rn,. \ /  rrrr, .r i .  ; ; ; ' " ;" ; ; , ; : :_  f  _ _ l :  _ _ _  _ _ _ - - - - _ - , - _ - ,  - - _ - _ f  _ - -  q . - f  r r J  v / r v r q l r \ A q r \ , r q < l r l

BoAa.
onopavu poropa cJrylKar noArxHnHHKH cKoJrb)KeHHfl 6 c xo.nbue-

BoIt cMa3rofi . Ocrarol{Hoe HeypaBHoBe[reHHoe oceBoe ycHJrr.re BocrrpH-
HHMaeTCfl AByMf pal.r4anbHo-ynopHbrM?r uapHKonoArrrHrrFrHKaMH.
B Kop[ycax I]oAtxHrIHHKoB BbtrIoJIHeHbr KaMepbr A/rfl oxJlax(Aarouefi
BOAbr.

f lpu reper(aqHBaHur.r  cepHHcrbrx HeQrenpoAyKroB BHyrpeHHroFo
noBepxHocrb Hapyx(Hofo Kopnygq. peKoMeHAyercf l  noKpbrrb Hepxa-
eeroqeft craJrbro, coAepN{aurefi 18% xpovra pt 8o/o Hr.rr(eJtr. Taxofi >xe
craJrblo HaAo noKpbrrb H urocKocrb pa3beMa BHyrpeHHero Kopnyca.

Mera.nnv qecKHe npoKJIaAKLI H3roroBJrsrorcfl H3 oToxx(eHHoro
aJrroMHHr4fl , ir{qrxofi yrJrepoAncroft HJrH He-p}KaBer,oulefi cranu. Tnep -
Aocrb npoKJraAKH AoJrx{Ha 6brrb naeHee l/^B 100.

Ha HeQrenepepa6aruBaroxrnx 3aBoAax AJrfl neqeft TepMuqecKoro
KpeKHHra r4cflo.rrb3yrorcfl KpeKHHf-Hacocbr rHna KBH, repeKaqHBaro-
urr4g. coJrflp, \{a3yr rrpH reMneparype 400" c. Moau$uxarlura HacocoB
3Toft cepHI{ HcnoJIb3ytorcfl B xunruqecxoft npoMbrruJreHHocTH AJrfl
lgpgK3.ryBaH|dn clKHx<eHHbrx ra3oB 14 nporraFra c reMneparypofi Ao
100" C. Hacocn aror? cepur.r xopouo yHu6HrrrapoBaHbr MexAy co6oft.
f lapauerpu HacocoB npnBeAeHbr B "ra6n.- 21.

Tadnuqa 2l

Mapxa r racoca

o€
rc,
ro

c o -
14 ci

O
t'-
ro
ro
F .

o

I')
ro

c.r

r!?

F-

IrJ

I laparrrerpu HacocoB

4 o o l 4 o o l l o o

2 s l s  l z g 6 0  l z G o

rrpoBoAy oTBoAHTcrr Bo BxoAHoH naTpyooK. IIJ
npHMepHo s 5 pas 6ontue rJrorqaAu KoJrbrl,eBofi

floAaqa s usl't
H a n o p  ;  i ' .  .  :  :  :  :  .
!,anneuue Bo BXoAHoM na-

rpy6xe s rcl/cuz
Mr.rnuuanruufi no4nop cBepx

H O M H H A J I b H A g

MI, IHHMAJIbHAf l

l luc.no o6oporon B Mr.rHyry
f l nnnaA  nda i ro. . v r y v v y r 4 ! l Y t q a  t Y t w u _ \ f l v t y l D

B K6M:

70
660

160
D+D

70
660

180
743

t20
743

4-6 l - 1 4 t7-21

pa3rpy3oqrar, rqeJrb. XuArocrr ws KaMepbr pasrpysKn no
<4fl,

6o- naoli xl.rAxocrfl s oC:
eMnep aTyp a flepeKar{HBae-

npH yBeJrHrreHHH ilIeJrH U3.gA I,ISHOCa 4era"nefi

orrlaAb ceqeHHfl rpy
r[eJrl{ AJrff TOrO, qTo6br

Aa'BJreHHe neDe.It caJrb-

70
2970

45
_JD

2960

165

HHKOM I,I3MCHfl.rIOCb HC3HAIIHTCJIbHO.
Ha pHc. 150 nona3aHbl roplroBbre ynJrorneHrrff 5 AsofiFrofo rr.rna

c noABoAoM ynJIorHHTeJIbHofi x(HAKocTu, ycraHoBJreHHbre BMecro
usrrofi caJrbHt4KoBori Ha6HBKH. Tpyulueca napbr oxJraxAarorcrr 3a
?80

HOMHFIAJIb l . lAf l  .

npH 3anycKe
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Hacocsl KoMnJreKTyrorcfl acHHxpoHHbrMH 9JI€KTpoABLIraTeJrflMH
BO BspbrBO6eSOnaCHOM HCnOJTHeHLIH.

Hacoc ycraHaB/rnBaercn Ha cBapHoLI QyHAaMeHTHoH paMe, B Ko-
ropof.r rpeAycMorpeHbr noJrocrn Ailn BoArIHoro oxJIax{AeHHfl.

L  ^ -  - ^ ^ 1 ^ ^
.D glt t lSl4 (- ' l t rMr I I ' I 'U' l 'PtrUUIlaHIl lC HaAt!?ttHL/UIn l l t i r l t l t r I t-x UrtPtrAtr i / Ixtu-

rqtrM AJrfl HacocoB AaHHofo rr4fla, \ilfr yMeHbrrIeHHf qHcJIa cTyneHeii
B KpeKr,rHr-Hacocax rHna KBH HcnoJrb3otsaHbr pa6oque opraHbl
c  f l s  :  55- -75 ,

hu p"c. 151 s KaqecrBe npuMepa npI{BeAeHa KoHcrpyKltufl AByx-
KopnycHoro BocbMHcryreHqaroro Hacoca KBH-55.180 c. r. c rHApo-
n f l T o f i .  :  , : r  , , : , i

HapyxHnfi Kopnyc KoBaHbIfi c npHBapHbIMH narpy6KaMrI,
Harr paBJreHHbrMH BeprHKaJrbHo BBep x,,I4 oflop HbrMI4 JIanaMH. B uUxHeft
qacrr{ Kopnyca npr4BapeHbr HanpaBJrflrorqple AJIfl AB}x,, npoAoJIbHbIx
rrnoHoK. Topeu cropoubr HarHeraHl4s 3aKpbrBaercr{ HdnopHofi xputu-
Kofi, B Koropofi pacnoJrolKeHbr AeraJrI{ ruAponsrbl. Crux HanopHofi
KpbrrrrKH 14 Hapylrffioro Kopnyca ynJroTHfleTcff MeTaJIJIHqecKoft ilpo-
xnaAxofi. K Hanopuorl KpbrrxKe noAcoeAuHfltorcfl KpoHlrlrefiu noA-
rrrHnHHKa H Kop[yc KoHueBoro ynJIoTHeHwfl,,

BnyrpeHHHft Kopnyc sBJrrercfl caMocrorreJlbHbrM y3JIoM, co-
crofltr lHM r43 poropa, Ha6opa ceKur,rfi c sanpeccoBaHHbrMH Jlonacr-
HbrMH OTBOAaMH H COeAr{HeHHbrMr{ Me)KAy CO6Ofi CTflXI{bIMH IIITII{JIb-
KaMr4. Crtrxu cexuufi yrrJlorHflrorcfl 3a cqer MeTaflrl{tlecKoro KoHTaKTa
B ynJIOTHflrOtrIr4X nOflCKaX TaK x{e, KaK V CTbIK UeX.[,y BHyrpeHHI,lM
rr Hapy)KHbrM KopnycoM. Vn.norHnloqee ycHJIHe coaAaercr cunofi
AaBJreHHfl , pa3Br.IBaeMOrO HaCOCOM.

Jlonacrubre orBoAbr rleJibHoJrnTbre. Ha nuxoAe u3 o6parnux noA-
BOAflnIHX KaHaJ-rOB lrpeAyCMOTpeHbi JiOrracTii .(.rTff iiHKBIiA?iiHli 3a-
KpyrKr{ x(HAKocrHHa BxoAe n pa6ouee KoJIeco nocJleAynu1efi cryfleHu.

Pa6oque KoJIeca nocaxeHbl Ha ;sa.n no ryroft nocdAKe. nnn cHs-
THfl, KoJrec Heo6xoAHMo ocyuecrBJrsrb I{x noAorpeB. Pa6oq'ee Ko-
Jreco l-ft cryneHr-r r,rMeer pacuupeHHyro BxoAHyIo BopOHKy, B KOTOpOfi
ycTaHaBJrr.rBaeTcfl oceBoe npeABKJrrorreHHoe KoJIeco AJrn yJIyquIeHHfl
BcacbrBarouefi cnoco6uocru Hacoca. Ocranrune pa6ouue KoJIeca
HMeror oAHHaKoByro npororrHyro qacrb. B Mecrax ynJIorHeHufi ua pa-
6oqux KoJrecax npeAycMorpeHbr gaxlr{THbre KoJrbua. Oceeoe ycI4JIHe

Ml{aq4 n4llbr l(o4ec rrepeaaelcs IIa BaJI gepe3 cgoH JnopHble KoJlbual
Mex4y ropuoM crynurrbr npeAbrAyr[ero KoJreca H yrIopHbIM KoJIbLloM

KoHqesHe ynJrorHeHurr Hacoca 4nofiuue, TopuoBoro runa c rtoA-
BoAoM ynJrorHflrouelt x(r{AKocru. B KpeKuHr-Hacocax npuMeHflercn
l,{,qrKoe ca"rrbHHKoBoe yrrJrorHeHpre c rroABoAor,{ yllJloTl{grcIlleft xo;toA-
sofi (rerraneparypa 70-100" C) x(HAKocn{ or rlocropoHHero Hcroq-
HHKa. K gaxuuuofi nry-uKe caJrbHHKa noABoAHTcg BoAa A.III ox.[axne-
HLrfl, H cMbrBa nporeqeK HeQrenpoAyKroB B ApeHa)K.

tl)nonauu norona cR.[rrt<rrcq flRA nolrrrrl{nHHKa cKoJIbxeHfif l e Ko.JIb-
ueeoft cMagxofi. Bxna4bnlln ycraHoBJleHbl B Pa3seMHoM Kopilyce
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noAIxHnHHKa no c$epravecxoft pacTorrKe. Ha Kopnyce noAfiHnHnKa
co cropoHbr cso6oAHoro KoHua BaJra cMoHTLrpoBaH MexaHntrecxuft
vKa3aTeJIb oceBofo noro)KeHHq DoToDa.
J  

- -  
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Hacoc c a-rrer{_rpoAB14raTe._rreM .COeAuH-rrnfe-q ynpyrc-na.nrqenofi
uy$rofi. My$ra HMeer npoMelr(yrorrHyro BTyJrKy; rrro Aaer Bo3MolKHocrb
cHsrt no.rryuydry 6eg AeMoHTax€ Hacoca.

Hacocsr A.ns ropflrrux uefrrenpoAyKToB oTnocflTcn K rlucfly cne-
UHaJibHbix THiioB HaCoCoB' iIpH npOeKTHpOBaHHli KOTOpbIX B KaiKAOtrf
KoHKperHoM cfiyrrae Heo6xoAI{Mo yrlHTbIBaTb psA cneUnSHrIecKI4X
rpe6onaHufi u ycnonufi. OAHrau Hs Bax{Heftmnx tpe6onaHttfi t< HacocaM
AJrfl ropflrrHx ueQrenpoAyKToB gBJlfercfl To, gro B noABLIx{Hbrx
coeAHHeHHflx FracocoB, conpuKacanulnxcfl c nepeKaqusaeil{ofi cpe-
Aoir, He AoJr>KHo 6urr HcKpeHHfl

S 64. Hacocu ,qJrfl TenJroeHeprernKn

VIs Bcero usoroo6pastfr uenrpo6ex(Hbrx HacocoB, ttpr{MeHfleMbrx
Ha T3C, MHorocryneHtlarble Hacocbl Hala6o.nee noJIHo npeAcraBJleHbl
B AByx rpynnax: rIHTareJIbHbrx 14 KoHAeHcarHbrx Hacocax. f ia4urvr
Kparl(oe onl4caHne HacocoB orLIX rpynn. Bo.nee no,qpo6Hue cBeAeHr.rfl
no HacocaM Ailn rerrJrooHepreruKu npuBeAeHbr B JruTeparype 127,
5 3 ,  3 1 ,  3 7 1 .

lI nrarenbH bre Hacocbr. flnrarenbHbre Ha'coctr npeAHa3HaqeHbr AJr r
ilHTaHLtfl rrapoBbrx Kor/roB T3C. I(ax npaBr4Jlo, arr{ Hacocbr rrepeKa-
IIHBAIOT OTHOCHTCJIbHO ITC6ONTUNC KOJII4TICCTBA BOAbI IPU BbICOKHX

AaBJIeHHI{ H reMreparype. C pocroM Morrluocrr{ rypboarperaroB
BO3paCTaIOT TaKX{e MOUIHOCTb npLrBOAa H napaMeTpbr rrr.rTaTe/rbHbrx
HacocoB, ycJrox{HfleTcfl Hx KoHcTpyKr\ufl., Mouluoctr npHBoAa nu-
TareJrbHbrx HacocoB Aocruraer AecflTKoB Tbrcffrr,KHJIoBarr. floerouy
nHTaTeJIbHbre HacocHbre arperaTbl qacTo oTHocflT K lIHcJrv ocHoBHoro
aHeprerHrrecKoro o6opy,uona:nurfl, TOC. ,' .

I( xoHcrp y KrlH H rr HrareJr bHoro H acoc a np eAbrr B Jrfl rorcfl cJr eAyroque
ocHoBHbre rpe6on arvrfl:

1,. flo.uHas BHe[rHfls repMernqHocrb H orcyrcrBue neperoKoB
, BO BHyTpeHHHX ynJrOTHHTeJrbHbrX CTbrKaX.

2. VAo6creo c6opxu-pas6opru, eKcnJryara\r4w H peMoHra.
3. O6ecneqeHHe cno6oAsoro reMneparypHoro pacrxnpeHHr

Hacoca 6ea napy[reHl{fl ueHTpoBaHHr. H AuHaMnrrecKarr ycroftuunocrb
poropa Bo BceM Auana3oHe pa6oru.

4. ila.ureJlbHar sKenflyarffiIz-r (ne rvreree rl0Q00 u) 6es saMer{br
ocHoBHbrx Aeranefi H 3aMerHoro cHHx<eHHfl napaMerpoB.

I(oucrpyKuufl Hacoca MaJro 3aBprclrr or THna npHBoAa. B rnure [271
rtpHBeAeHbr AocraTorrHo no,qpo6uue cBeAeHHfl o6 oreqecrBeHHbrx
ryp6ouacocax. PaccvoTpHM HeKoropbre rl{nbr nHTareJrbHbrx gJreKTpo-
HacocoB H ocHoBHbre TeHAeHIIHI{ B'KOHCTpyHpOBaHHI4 HX.

IIap avrerp br n LITareJr bH brx aJIe KTp oH acocoB orp eAeJr s rorcfl fOCTortr
- - - . - ^  , - t '  - - - a -  a ' t - ,
/,JOJ-OD kr rrpuBeAeHbr ts TaoJr. zz.

3ru napaMerpbr npHBeAeHbr AJrfl cuHxpoHuofi cl<opocru BDdrrlgHHq
3000 o6luuu.

Hacocrr o6ecnequBaror HaAex{Hyrc pa6ory npII saKpbrrofi uanop-
uofi gaAer.Ix(Ke H rrepenycKe BoAbr ao 30% onruuanruofi noAaqn rrepe3
JnrHr.rrc pequpKyJrflrluu. KpyrHsua HanopHofi xapaKTepncruKr.r B pa-
6o.rell AHana3oHe roAaII He npeBblrlraer 180/0. I(oncrpyKutrfl HacocoB
[peAycMaTpI.IBaeT Bo3MO)KHOCTb aBTOMaTI{qeCKOrO KOHTpOJrrr,  ynpaB-
f leHHq, 3aIqHTbI H CLI|HaJIH3aTIHH.

nns KorJroarperaroB c AaBaeHHeM rapa 140 rcflc*f H Bbrrrre
B CCCP o6qenpuHsrofi rrBJrflercrr AByxKopilycHafl KoHcrpyKrrHrr
nurareJrbrrbrx HacocoB. I4s scex runoB HacocoB no fOCTy 7353-65
JrHrxb lracoc n3250-180 BbrnoJrneH o/{HoKopnycHbrM. trnn r(or.ro-
arpelaroB c AaBJTeHHeM napa 100 rcllcJrtz u Hv)Ke ilpuMeHflrorcs nH-
rareJrbHbre Hacocbr o6uqnofi ceKuHoHHofi xoscrpyKrIHH B oAHoKopny-
cHoM r.rcrroJrHeHuu. flurareJrbHbre Hacocbr LrMelor oAHoTH[Hyb, B sHa-
'{HrenrFrofi Mepe yuuQaunpoBaHHyro KoHcrpyKqHro.

B raqecrBe npr.rMepa Ha pHc. 152 npuneAeH pa3peg nuTareJrbHoro
Hacoca n3580-185.
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n3720.200/180
n3580-200/185
n3500-180
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n3250-180
n9270-145
n3150-145
n3r50-56
n3r00-56
I r9bb-,5ti
n335-56

219012030
219012030

1975

t975
1580
1580
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4s0014540
405013740
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1640
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845
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232
l b E
t07
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160
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100;  l t iO
1 0 0 ; 1 6 0
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80
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70
66
63
50

cTyneHH !.ilfl yMeHbrueHr,rfl rpe6yervroro reoMerpHrrecKoro noArropa.
onpeAe/rerrHoro KofluqecrBa BoAbr or npo-6. Boguoxnocrb or6opa

MelKyroqnofi cryneHu.
B cegsH c reM, qro [HTareJIbHbre Hacocbr rlacro pa6otaror rrapaJr-

JIeJIbHo n o6l1yrc cerb, HanopHarr xapaKTepl4cruKa r,rx AoJr>Kua 6nnl
cra6u"nsuofi eo BceM AHana3oHe pa6o'ru,r.
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B r(oBaHoM UHJIttHApHI{ecI(oM rtapy}KHox'{ I(opnyce'H3 yrJIepoAH-
croii craJrH, K r{oropoMy npHBapeHbI narpydxtl, onopHble JIanbI II
HanpaBJrrrroult{e unoHI(H, pacnoJlaraercf nuyrpeHnnfi Kopilyc c po-
TopoM. Aeranu 3Toro caMocrorreJrbHoro y3JIa LI3roroBJteHbI ltx xpo-

- : - :  - - ^ -  - - -  - - ^ - 2  t - ^ - , - -
Ml4C'l 'O14 HePlKaberuU{en crd,trn. lJ 'rbl l \  Nrtr. l r \Ay l 'nyrPEflrrratvr n rraPy,1$,nbrrvr

Kop nycoM yrrJrorr{sercn sy6qarofi I\[eraJIJII{qecKofi npo KJIaAxofi . Cru r
Mex{Ay Hapy}KHbrM KopnycoN,r H xpnurrofi HafHeTal{Hf ynJloTHfeTcfl
nJrocKoft MeraJIJIHqecKofr npoxna.qrofi .

IIoAsoA BoAbr K pa6olreMy KoJIecy l-fi cryneHu ocylqecrBJlflercfl
noJrycnr4pa.,'rbHbrM noABoAoM. Pa6oqee KoJIeco l-I l cryneHLI HMeer
noBbr[IeHHyro BcacbrBarouyrc c[oco6Hocrl, ocraJlbHble KoJIeca HMeIor
o.[HHaKoByro nporoqHy]o qacrb. Ko.neca iloca]KeHbl Ha BaJI no cKoJIb-
ssuefi nocaAr{e. Mex4y ropuoM pa6oqero KoJIeca rocaeAHeft cryneHH
14 TopuoM BryJrKI4 ruAporlf lrbl npeAycMorpeH reMreparypHtni sa3op.
Vn.rlorseH u n p a6oq HX KoJrec ABy xrqeJleBble c B He3 arIHbIM p acuHp eHHeM.
Anq l-f i ctyneHr.r npr4MeHeHo oAHoilIeJreBoe ynJlorrreHue. Ocesoe ycH-
Jr r.re H acoca Bocn p 14 H HMaercq rHAp ort nrofi, o6uqHoIl KoHcrp y K I\Hr4.

KoHueeoe yrrJrorHeHue Hacoca ilIeJreBoro rana c [poMe)KyroqHbrM
noABoAoM gaflHparouefi xuAKocrLI. B Henoropblx runax nuTareJrbHbrx
HacocoB cepr4H ll3 npHnreHflrorcs ylrJrorHeHt4r. c Ir,tqrxofi caJIbHHKoeor?
Ha6usr<oft.

Onopavru poropa cJrylKar noArrIHnHHI(H cKorb)KeHuq c npHHy-
Aurenruofi cIr,tagKofi. I(opnyca roAuHnHHKoB peryJlHpoBorrHbIMH
Br4H'raMr,I Moryr flepeMeuarbcfl B nJlocKocrl4, rlepneHAHKyJInpuoft K ocLI
Hacoca, AJIfl ueHrpoBaHHfl poTopa II craTopa.

B sapy6exnofi npaKTHKe 6o"rtsuruncreo nl4TarerbHbrx HacocoB
c AaBJreHueM Ao 200 rcllcnz suno.uHflercs oAHoKopilycHbrM. flpu sroM

-  o  - -  l r - i  l a l  T Y -  l F oI IHCJIO CTYTICHCH TAKhX HACOCOIJ  AOC' I ' I , I I 'AC r lA  PHC.  ID.J  I IO.

KagaHa xoscrpvxuHlr Hacoca TaKofo THna.
(-eKrIHOHHafl KOHCTpyKULIfl CyilIeCTBeHHO ynpOUIaeT KOHCrpyKqHrO

y3Jra or6opa )Kr4AKocrH or "rrro6oft cryreHn. Kopnyc Hacoca coeAu-
Hrercfl MorrIHbrMI4 cTrlKHbrMH rrr[HJIbKaMLI, cogAalorrluMu rpe6yeuoe
ynJloTHflIorqee AaBJreHuIe B cTbrKax v BocnpLIHHMarorrlHMr4 TeMrrepa-
TypHbre yckrrrrfl,. Cexqun u,eHrpHpyrorcs Me)KAy co6ort no BHyTpeHHHM
3aroqKaM. Crurru ynrorHflrorcn roJrbKo ga cqer MeTaJIJIHT{ecKoro
KoHraKTa. Veer rHAponsrbr Hr\,reer rIHJrr4HApuqecKyro uleJrb nocJre
ropuonofi ApocceJrupyroqeft ule/ru. Taxas KoHcrpyKuufl MeHee qyB-
crBHTeJrbHa K rraAeHHro g.aalreHrfl. Ha BcacbrBaHr4u Hacoca. Pasrpy-

Ilper qncre cryneuerlr 6onee 9-10 Her(oropbre $apvru npHMeHflror
AOnOJrHHreAbHyro rr.rApocrarHqecKyro onopy B cepeAr.rHe Hacoca.
T T t r u . t r r r t - r r o  n L r r a d  ^ v a r f , 4  ^ o r r n t u ,  n  n n  h r  r  f l h r t n n  f t A t t ^  1 F . A
r  r H r r n r + r r r L r L q t r D f r u ^  L n L r v l s  r a ^ \ J r r  v r r \ J y D r  r r P r r D E ; A E I 1 a  I l c l  P r l L .  

l d ' t .

T J n r r  n r r n t t a  r r d n n ^ ^  d  d n  f i d ^ ^ ^ d  a A r  r t r " ,i i i j l t  i iycKe i iacoca Ui iOpa f ibf i7 ic iu i ' i  vUbi . iHbi l t ' r  i iOAi i iHi iHHKOtui  CKOJib-
' t t a c l r u q  u A  p n n q r r n f , r  n t / r e e r { a  T l n u  n a 6 n ' n o  t r a r r a r r ! 4  r r . \ y r  n o r e r n n o u a r rr  ^ I r  r ^  y  q v v  r  v  r r q v v v q  r r v A  A v n L  I  D 4 u l y l

Hanopa oAHoft cryneHn oropa Harrl lHaer pa6orarn KaK fuApocraru-
qecK?IIi noAIrIHnHrII{ 6.naro4apa qeMy noBbI' ' Iaercs Kptrr*qecKoe
TIHCJTO o6oporoe poropa.
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Kogqeeue y[JIoTHeHHfl Hacoca - caJIbHHKoBoro T]Ina c pa3BH-
mr r r f , r r  r lo r ra r . '  q , . r i l  n  no  r rv  n4 \ r l r rAr r r tc r  Or rnnevw noron,  g IR- ITcrTnrcgr  no  n-
l f l t l l Y l r l  n q l ' / r u y q r Y r r l  A l r t t  v / \ r l q r r r A v  " y "  " - - "  

^ ' v n

, r , r ' n r y r ' z r r   r r ^ r r  \ v ^ t r r r d  ^  n n r r u l / n ! r , , . A n r ^ r : n #  n n , r a a r r n f r  7 T  n g  e \ r a ? . v v I
Ll-Lfll l fl ff l\rl \-.r\vr/l.lJ.ZT\\-'cl rr /I v rry rrrr J Arr I vur urrv rr

BaJra npH rrycKax H ocTaHoBax HMercTcf AonoJIHHT€ilbHbIe CMa3Oq-

"rra 
gg;rbrr..?_.

HacococrpouTerbHbre QrzpMbr OPf BbrrlycKal.or nHrareJlbHble Ha-
cocbl B oAHoKopnycHoM I4CRO.nHeHHH C AaBr-ieHIieM. HafHeTaHHfl i io-
pfl^Ka 400 rcflctytz. EcrecreeHHo, B aToM clyrlae A.rtfl yMeHb[IeHI'tn
qr{cJra cTyrreHefi IIplIxoAHTcf
npHMeHflTb 6oJlee BblcoKue qHc-

Jra o6oporoB nopflAKa 4000-
6000 o6lnuru. llpo4o.rrbHblfi pa3-
pe3 noAo6uoro Hacoca Quptr,tlt
KSB npHBeAeH Ha puc .  155.

Ornnrue H3 xpoMucroft cra-
JtLt KpbIIXKH BCaCblBaHHfl. V Ha-
fHeraHHf H KoMnJIeKT CeKUHft
coeAHHflrorcf MelKAy co6ofi
CTfl )KHbIMH II]N I,IJI bKAMH . CTITXU
ynJrorHflrorcrl 3a cqer MeraJI-
JrHqecKoro KoHTaKTa. cexql ln
us xpoMHcrofi craJIH LIMeTT
Hapyx{Hbre 6asAaxu LI3 yrJle-
poAHcrofi craJrH. Hacoc I{MeeT

ABa npoMe)KyroqHbIX or6opa
>KHAKOCrtt.  BoAa K 1-f i  CryneHH
noABoAHTCfl C nOMOUIbIO KOJIb-
r reBofo nonBora.  Kax loe oa60-

I

qee KoJIeco llMeeT HHAI[B[4-

AyaJIbHOe ynopHoe KoJIbI{o Ha
BaJry. Pa6o.rHe KoJreca HMeIoT npHBapHbIe yr,/'loTHtll,olllue KoJIbua.
B Hacoce npHMeHeHo KoM6HHHpoBaHHoe pa3rpy3or{Hoe ycrpoilcrBo,
cocrofulee H3 AByx 6apa6auon. IIpHueu ropeu Bropofo 6apa6ana
H noAyrxKa rrffrbr o6paeyror roplloByto ApocceJlHpytoqyrc ueJlb
(saeop 0, l5-0, 17 nn). Pasrr,rep roplroBofi ilreJII{ ycraHaBJll,lBaercfl
yflopHofi nflToft, Ko'ropafl BocnpHHHMaeT raKxe ocraToqHoe oceBoe
ycHJrHe. Taxaa KcfHcrpyKur.rfl y3Jra pa3rpy3KI,I HaAe)KHo pa6oraer
Ha Bcex pe)KuMax Hacoca; B neft [IcKJrroqena BogMo]Kr{ocrb MeTaJIJILIqe-
cKoro KoHTaKTa B ToprloBoflr ule.nu. ocrarorrHoe oceBoe ycI{JrHe 3a-
AaeTcf KoHcTpyKTopoM. AJrfl KoHTpoJIfl efo BeJIHqHHbI npH SKCIIJIy-
ararIHH Hacoca npeAycMorpeHo cIIeqHaJIbHoe reH3oMerpHqecKoe
KOJTbIIO, BCTpOeHHOe B KOpnyC [OArxl{[Hl.lra. B nepBofi IUTJIHHApH-
qecKoft rqerru ApocceJrupyercfi npHMepHo 700/0, B ropuoBoft * l0%
H BO Bropofi qUnnHApHqecKoft ulenH 200/o rroJrHoro nepenaAa AaBJreHHrr
Ha pa3rpysor{HoM ycrpoficrne. B Kopnyce noAUrHrrHwKa, Ha Ba;ry,
nr.t  n'FrtnrtrrLr nf 'rr tEln'IrJnrrt r{nltTTt p.AfIz. \ /n.nqrrrtrt  nAtl  arrA'Iruq nr.rrr-rr i  nlrFrr
v v  v r  v r v r r u r  v ^  v  r r v r r +  r v r ^  v ^ ^ v + .  A r ^ v ^ L

AJrfl 6anaucprpoBKu poropa Ha Mecre oKcn/ryarauur. KoHueeue

Pr.rc. 154. Cxenna fr.rApocrarHrlecKoro noA'
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yn/roTHeHl4fi poropa - topuoBofo rHna. <Duprtra HenoJtbsyeT l4x Ha
AaBJreHHrr Ao 43 rcflcnL, flpel MeHbrxtIX AaBJreHHflx npnMeHflrcrcr
caJIbHHKoBbre ynJIorHeHHfl, tpv 6ortrultx - ynJIoTHeHHs c nJraBalo-
rrlr{MH KoJIbuaMH. Ilepe4 ynJIorHeHHeM ycraHoBreH .na6uplrHrHslfi
Hacoc, roroprrfi o6ecneqzBaer qupKyJlflrruro xuAKocrr,r no rpy6e
xoJroAHJIbHr4Ka. Ta-realui o6pasor,ui, Ha ynIoTHeHEe nocTynaeT ox.rla]KAeH-
HarI nepeKarIHBaeMaq )KHAKOCTb. onOpantu poTopa fBJrflrorcfl noA-
rxr,rnHHKH CKOJTbIKeHHTI C npI{HyAI,IrenrHOfi CMaSKOrl. Bx.na4uuru
rocax(eHbr B Kopnyc no cQepuqecrofi pacroqKe.

CyulecreeHHo ycJIox{Hflercfl KoHcrpyKr\Hq rrHTaTeJrbHoro Hacoca
nprl BKJrroqeHI4H noAorpeBare"ryefi <n pacceqKy>. B arov cryqae rH-
rarenlHufi gacocHnit afperar cocrollr, KaK rrpaBr{Jro, H3 AByx
HacocoB: [penBKJrr,oqeHHoro v fJraBHofo. f,raeHsrfi uacoc ycTar{a-
BJn.tBaercfl sa noAofpeBare,IlrMl{ v pa6oraer c AaBJTeHHeM Ha BxoAe
70-130 rcf  lcnf  npr.r  reMneparype noprAKa 400-500" C. Ecre-
cTBelrHo, LJl'. TaKHX yC.rroeuft saxHefiUlplru rpe6oeauaenr rBJrffercrr
o6ecneqeuue gueuHeii repMerur{Hocru. f loarouy raKue Hacocbr Bbr-
rroJrHfl rorcq AByxKop rlycHbluu. Oco6o cJlo)KHorrd noryrralorcr KoHue-
Bbre yurorHeHlar. lllupoxo pacrpocrpaHeHbr Ailfl raKr4x HacocoB yn-
JIOTHCHI,Ifl C IIJIABATOUI4MH KOJIbqAMH, B KOTOPL'IX [PCAYCMOTPCHbI

orBoA x{HAr(ocrLI H uupKyJrruufl oxJrax{Aanqer? BoAbr. flpurvrep r(oH-
cTpyKTHBHOTO HCTTOJIHeHHf HaCOCa TaKOTO THrra npHBeAeH Ha
p u c . l 5 6 .

Ans npeAyilpe)KAeHHfl BbrxoAa rreper(aq14saeNrofi )KHAKocrH
r.r3 ynJrorHeHufi Hapyx{y npeAycMorpeH pffA eo4oor6oftHtrx KoJreu.
flpocrpaHcrBo sa yuIorHeHHflMH 3aKpbrro KpbrrxKaMr.r.

B oreqecrnesHofi npaKTr{Ke Hacocbr raKoro THna rxupoKoro pac-
npocTpaHeHHf erqe He noIyrIHIH.

KorrAeHearHble Haeoebl. Orrn npeAHa3HaqeHbr AJrf orKaqHB aHrfl.
KoHAeHcara ws KoHAer{caroc6opHura c reMreparypofi Ao 60'C u
iloAaqu ero B Aea3parop. B Hexoropbrx cryqaflx aru Hacocbr Moryr npn-
MeHrrbcr B KarrecrBe KoHAeHcarHo-6ofi.nepHbrx tr nepeKaquBarb
KoHAeHcar c reMneparypoft 4o 120" C. Bc.reAcrsae rny6oKoro BaKy-
yMa B KoHAeHCaTOpe AaXe IIpH OTHOCHTeJTbHO HraSXOft TeMnepaType
KoHAeHcar HaxoAHTcfl B cocroflHvrfi, 6nusrol,t K KlIneHHIo. lloarouy
KoHAeHcarHuft Hacoc pacnoJraraercs HHX{e ypoBHs KoHAeHcara
B KoHAeHcaroc6opHHKe, TaK KaK cosAaercff onpeAeneHurrfi reoMerpu-
.recxufi nolnopr Vuurunafl pacnoJrox(eHHe KoHAeHcaTopa e HHxHefi
rlacrH typ6oycral-IoBKH H crpeMJIeHHe cHI{3HTb crpoHTeJrbHbre 3arparbr

cKoro noAnopa rpr4HuMar.or paBHoft 0,5-2,5 n.
K NoHAeHcarHbrM HacocaM npeAbflBJrflrorcfl cJreAyroutae ocHoBHbre

'nn o6nu q tr rr o .
r  y v v v p q l l  I r l t .

l .  O6ecne'IeHue HaAelKHofi n 4onroBeqHoft pa6oru npi4 qacrnirgofi
I ( a P , V I T ^ I I V U  l j I A  R Y N N A  R  I J E N N N

2. orcyrcrnue noAcoca BosAyxa B cncreMy qepes uepa6orarcquft
Hacoc.
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3. HaAexsas napaJrJrenrbHafl, pa6ora B o6ulyro cerb, npoeToTa
peryJrHpoBaHHfl.

r n ^ r  ^ n n n  A  t
i iapaMeTpbr r(oHAeHcaTHbr;\ HaeocoB onpeAerrfleT i uLi buuu-b4.

OcuosHlrre [aparvrerpbr r(pynHbrx .BeprHKaJrbHbrx HacocoB npHBeAeHr,r
n ra6.n . 23.

Ta6':tuqa 23

T s n  H a c o c a

KcB200-210/6
KcB300-160/a
KeB475-2aSl5
KcB475-160/4

I Io4ava
a

s ua /, t

200
300
475
475

H a n o p
H

B h l

2r0
160
245
160

n  ^  - - ^ -r  ruAl lupr
H" n
B T I

( H e  M e r r e e )

2,5
2 ,7
214
2,4

. r .  c M r r e p a r y u a
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/ s " C
( H e  6 o l e e )

120
8 0 ; 1 2 0
80.  t20

80
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B Y o
( u e  v e u e e )

68
68
70
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1<
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E

o
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f  r i
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: '  F i r

Ir)
:  , r - i i j  ,

: C )

f I p H r r , r e q a H H e .  t l u c . n o  o 6 o p o r o n A f l q  B c e x  n a c o c o B  1 4 5 0  n  M H H y r y .

D.ns ryp6oycraHoBoK MotrlHocrbro Ao 100 Mom npuMeHflrorcfl
orHocHTeJIbHo He6orbruHe KoHAeHcaTHbre Hacocbr c ropHSoHTaJrbHbrM
pa3beMoM. KoscrpyKTHBHoe HcrroJrHeHHe HeKoTopbrx THnoB TaKHX
HacocoB orrucaHo B pa6ore 1271.

A.rts ]Ao6crna KoMrroHoBKvr kr yMeHbueHur r]Jroura1rr, saHuMaeMofi
KpynHbIMH KOHAeHCaTHbIMH HaCOCaMH, rrpHMeHfleTCfl BepTHKaJrbHOe
r,rcnoJrHeHHe, npHrreM pa6oqee KoJreco l-ft cTyneHH pacnoJraraercfl
B HH)KHefi qacru Hacoca, I{eM HaH6oJIee no.rrHo rrcrroJlbgyercq BeJIH-
qr4Ha pacnoJrafaeMoro feoMerpHrrecKoto noAnopa. Ans o6aerqeHnR
A{f,CTyna K l-ft CryneHH B Hr.r}r{Hefi rracrH Hacoca r.rHofAa rrpeAycMar-
h  r r h  ^  r A 6

P rrDar t j r  u  I  DElv l .nDl t r  nPDl tu l \n  .

Hacocuuir arperar cocronT t4s Hacoca v aJreKTpoABHrareJIfl,
Koropblft Kpennrcfl Ha (SoHape) Hacoca. Coe4raHeHue BaJroB Hacoca
H e-rreKrpoABHrareJrs ocyuecrBJrffercfl yrpyro-naabqeBofi MyQtrorl.

B KaqecrBe rrpr.rMepa KoHcrpyKTHBHoro Hcrro,rrHeHwfl, Ha puc. l5T
npHBeAeH _ pa3pe3 KoHAeHcarHoro AByxKopnycHoro BeprHKa"rrbHoro
Hacoca KcB475-16014 crruparrbHoro rtna.

Hapyxnufi cBapHoft Kopnyc ,1 ssnsercq 6asoeofi AeraJrbro Ha-
coca. B BepxHert qacrH HapylKHoro Kopryca HMer.orcs onopHbre
Jrarrbr, B cpeAHer? qacru npHBapeH Hanoprrbrr l  narpy6or(. B HH)KHer?
r{acrr.r K Topuy Hapy)KHofo Kopnyca noAcoeAuHflercfl. [rwTafl, Kpbrrxr(a 4
BCACbIBAHH

cbrBaroulHrl narpy6ox u rHe3Ao AJrff HHX{He|O nOA[rHrrH]f-]Ka.
B uapyxHoM Kopnyce Kpent4rcff BHyrpeHHnft nurort cflHpaJrbHbrfi

r<onnve 2  ( - r la rncr r r ru f t  ua  nr t \ / v  rTr r  n r rp r - ru  TJ-n^r t^^ - '  i ^^n  n t , ^- - - r ^ ' J  v , ^ r - r { r r r r  J \  r r v u r v p r r r r .  l r d r v \ . I \ \ - I L l D  
P a J D E J Y I 4  y r l r / I v l -

Hfercfl napoHHToBor? npoKJraAKOft. o6e nO,aoBHHbr BHyrpeHi{efo Kop-
lyca coeAHHsroTc-q rrrnH.rrbKaMr.r. Kortqeebre cTbrKr.r l,{e>KAi/ BHi/TpeH_
HHM V HapylKHbIM KOpnyCOM yrrJrorHflrorcrr r{pyfJrbrMH pe3HHoBblMH
KOJ-IbNAMH.
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Pnc. 157. I(oH4eHcarHufi neprnxantHsrii Hacoc KcB475-160/4

Porop 3 Hacoca npeAcraBJlfler co6ofr orAeJIbHbIfi c6opouHufi
gJIeMeHT. Pa6o.rue KoJIeca nocalKeHbr Ha BaJI Ha ilrnoHKax, nonapHo
BXOAHbIMH BOpOHKaMH B npOTHBOnoJIOIKHbIe CTOpOHbI AJIfl ypaBHOBe'
fitvBaltfl, oceBoro ycklilHn. Ha BxoAe B pa6oqee KoJIeco l-fi cryneHu
ycTaHaBJrHBaeTcfl npeABKJrrorreHHoe oceBoe KoJIeco AJtfl noBbIuIeHHfl
nceer"rRArorrrefr ctroco6HocrI{ Hacoca. Pa-6oqlte KoJIeea l-fi eryneHu
;;;il;;;;; 

"-- 
i"-;;;u;;"''i" 

".p*oo6pa6oraHuofi 
craJIH zx ts.

Pa6o.rue KoJreca npoMexyroqHblx cryneuefi qyryHHble.

Onoparr,tn poropa cJlyx{ar ABa noAIxHnHHKa: nepxutlf i - onopHo-
ynopHnfi 7 vr :aux;e0z.ft - onopHufi 5. CaeoeHHble paAnaJlbHo-ynopHble
urapuKonoArrrHnHHKH AJrfl BOCTpHflT[Ig OCTaTOqHbIX OCeBbIX yCUnnir
u s-eca poropa ycraHoBJIeHbI a Kopnyce noAIxHrIHvKa H Qnrcnpylorcfl
B HeM TopuoBofi KpbrrxKori. B xopnyce pacroJloll(eHbl raKx(e MacJIflHaR
BaHHa I{ [oJIocTH Ailn oxJla]KAaroUeft BoAbI. Bpaularoulafcn BTyJIKa
c snHroeoft uapesxofi [oAaeT MacJIo Hg BaHHbI K noA[IHnHHKaM.
HuxHprft pe3uHo-MeraJrJrHqecxuft rroArxHnHHK cMa3blBaercn nepeKa-
qr4BaeMbrM KoHAeHcaroM, xotopufi noAaercfl or l-fi cryneHl,l Hacoca.

Vn.norHeuze poropa 6 ocyqecrBJrrercr MflrKofi caJIbHHKoeofi
Ha6uerofi. Ha uepa6otarcueM Hacoce K rHApaBJILIqecKoMy KoJIbuy
caJIbHHKa ITOABOAI{TCfl KOHAeHCaT OT nOCTOpOHHeIO HCTOTIHHKa AJIg

coBAaHHfl rr{Apo3arBopa npoHuKarcqeMy cHapyx(u Bo3Ayxy. B Hacocax,
[epeKarrHBarcrrlHx ropnuHfi KoHAeHcar, B caJIbHHKax IIpeAycMoTpeHo
cnerlHaJrbHoe oxJIaxAeHHe.

VAanesue Bo3Ayxa I43 BHyTpeHHHX nonocrefi Hacoca ocyqe-
crBJrflercfl B Bo3AyrxHoe flpocrpaHcrBo KoHAeHcaropa rlo c[erlHa.nlHofi
rpy6xe c BerrruJleM.

Illuporo npHMeHflercr raK)Ke (roplxKoo6pasnAm KoHcrpyKql,tfl
Ailn KoHAeHcarHbrx HacocoB. HapyxHufi Kopnyc npeAcraBJlfler co-
6oir AeraJrb, B roropofi pacnoJraraercn nuyrpeuHufi Kopnyc. Bca-
cbrBarculH ri narp y6oK BbrnoJIHfl ercfl coBMecrHo c Hap y)KH brM Ko p n ycoM.
<fopruroo6p asn afl ) KoHcrp y Kur{s o6ecneqHBaer 6o.nee 6r aron p H f rHbre
ycJroBl{f AJrfl repMerilrlHocTu Hacoca.

Texnnxo-gKoHoMHqecKoe cpaBHeHI,re MHonocryfleHqarbrx HacocoB.
TexHnxo-gKoHoMHqecxufi ypoBeHb HacocoB xapaKrepu3yercr rreJrbrM
pfl/ loM {rax'ropoB: oKorroMntrHocrb, croHMocrb, FraAex(Hocrb H Ao/rro-
Ber{Hocrb pa6orrr, peMoHTonpuroAHocrb, yAo6crno B 3KcnJryarar\uu

C yrreroM 3THX noxasarererl npoH3BeAeM cpaBHeHHe ocHoBHbrx

Hacocu A.ns ropno4o6rrnanulefi [poMbnxJreHHocrr.r rro sKoHoMHrr-
Hocru HecKoJrbKo ycryna_ror JryqrxuM sapy6eNuuru o6paeuau. Tar,
Hanpr.rMep, Hacocbr runa MC no K. rr. A. Ha 3-4% yerynareT aHafl0.
ruqHbrM rro KoHcrpyKrIHH HacocaM Qnpusr Halnerg OPf. Bucora
tscacbrBaH?rfl TaKx(e MeHbue, qeM y Bapy6exHrrx HacocoB. 3ro onpe-
.rteJrrrercfl rJraBHbrM o6pasor\a rer\a. r{To B Hacocax rr.rna MC pa6ouee
KoJreco l-fr cryneHu BbInoJIHeHo o6uquuv, KaK AJIfl Bcex ocraJrbHbrx
cryneHeft. B Hasronqee BpeMfl paspa6atbtBaercn Hosslft |OCT <Ha-

Zvo



cocbr rreHrpo6ex{Hbre ceKuHoHHbreD (sgar\deH fOCTa 10407-03),
B KoropoM ocHoBHbre flapaMerpbr oTerrecTBeHHbrx Hacocon,6y4yr npl,t-
BeAeHbr B coorBercrBHe c rapaMerp aMH, AocrHrHyrbrMH B uuponor?
IIpaKTHKe. 1

Ann ropHo4o6uearoqeft rpoMbrrllJreHHocrr{ enponeficrue Qupvrsl
RhInVeKAIOT- ?2 nenKI,IM I, ICK.nrnuprJlrAl\ t  rrrcr- l . \Ll  nAr{rrrt .rLrrr^rn Tuflq-  - - - -  

J  
- -  - - - -  -  t

Lns erzx ycnoeuft rrrupoKo HcnoJrb3yercff KoHcTpyKuHfl c cHMMeTpHrr-
HbrM pacnoJrox{enneM pa6ouux KoJrec (fAP). ;

B eapy6exHbrx ceKIrHoHHbrx Hacocax c oAHocropor{HHM pacrroJro-
x(eHHeM pa6ovnx KoJrec rrpH Hanopax 40',150-200 ,d oceBoe ycr.rJrr{e
qacro pa3rpyx{aercfl 3a cqer BbrIIoJrHeP.vfl.' nepeAHr4x H Mex(cryfleH-
Hbrx ynJroruesuli pa6ouux KoJrec oAHoro AHaMerpa H cne(naJrbHbrx
pa3fpy3oqHbrx orBepcrr{fi e ocHoBHbrx Ar,rcKax pa6ouzx KoJrec. He-
cMorpfl Ha raroft MaJrooKoHor,tt,t.rHrrfi cnoco6 pagrpy3Ku, K. n.A.
HacocoB ocraercf Ha BbrcoKoM ypoBHe 3a cqeT npr.rMeHeHHfl BbrcoKo-
aKogoMnrrHori npoTorlHoft qacru

Hacocn rr.rila I{H150 a.rrq HeQre4o6unarcqefi rpoMbrrrJreHHocru
IIo cBoHM TexHHKO-9KOHOMr.rqeCKzM nOKa3aTeJrffM He yCTynaOT ryr{rxHM
sapy6exHuu o6pasuau HacocoB, npe.qHagHaqeHHbrx AJrfl orux qenefr.

Ha Hacocbl, npeAHagHarreHHbre g.i ln pa6oru B TexHoJrorHrrecKHX
yclaHoB Ka x ueQrenep ep a6arbrBaroqefi 'npousltrrJreH Hocrn, : p as p a6oras
|OCT,12878-67, coAepxaqufi napaMerpbr, KoHcrpy'xrunHbre cxeMbr,
TexHHqecKLIe rpe6onaunn Ha HSroroBJIeHI,Ie, HcnbITaHHe H nocraBKy
HacocoB

ocHoeHne napaMerpbr no foCTy 12878-67 sa BbrcoKoHanopHbre
Hacocbr AJrfl HeQrn, neQrenpoAyKroB, cx(r4>KeHHbrx ragoB H Apyrux
cxoAHblx no Bs3Kocrr4 H sosAerlcrBnro Ha Aeranu HacocoB xH4xocreft
npI'rBeAeHbI s ra6n. 24 (tervtneparypa [epeKaqr.rsael{ofi >Kr,rAKocrr.r
or -30 .qo f 400 "C).

Ta6ttutp 24

B pesynrraTe Bun0"rHeurnq 6onuunX ercnepnvreHrd.nrHo-HecJle-
AoBareJrbcKrrx pa6or H coBeprxeHcrBoBaHHfl TexHoJrorHH H3roroBJre-
HHfr, yAaJIOCb pe3KO IIOBbICLITb 9KOHOMHtIHOCTb OTerIeCTtseHHbiX nHTa-
TeJ-IbHblx HacocoB. 3HaqeHiln K. . i i .  A. Bbir io; i i ieHFibrx HacocoB, Iro.rTy-
qeHHbre rrpH npoMbIrxJIeHHbIX l,IcnbrraHHfl,x, Ha 2-30/o npeBbrrrrarcT
err ruouLr{r w rr n \/crqrrrtR ntrrrrrr-rp I-O(lTon,l 7343-4.4 Qrrnrrnrrr.ru-

r  r r .  r r .  A .  t

HOCTb nOqTI4 BCeX THIIOB BbI[yCKaeMbIX [HTaTeJIbHI]IX HaCOCOB HaXo-
Avrrcr, Ha ypoBHe flyrlruux sapy6exuux o6pasqoe. flonroBeqHocrb
pa6oru oreqecrBeHHbrx HacocoB raKx{e npu6.nnxaercfl x rpe6yeMoMy
ypoBHro. HeAocrarKoM HacocoB flBJrflercfl 6onee BbrcoKafl MeraJrJro-
eMKOCTb rr TpyAoeMKocTb H3roroBJleHr.rfl. 3ro 'rr6ycnosneHo 

AByx-
ropnycuofi KoHcrpyrquefi Hacoca.

B uactosqee BpeMfl ocHoBHbrM HanpaBJIeHHeM onbrruo-KoHcrpyK-
TopcKHX pa6or no nHTareJrbHbrM HacocaM flB.rrqercfl crpeMJreHHe
npr,rMeHr.rTb oAHoKoprrycHyro KoHcTpyKrIHro ceKIIHoHHoro THna AJrfl
6o.nee BbrcoKnx napaMerpoB, ?rcnoJrbsyfl rrpl4 3ToM HMerouruficq onur
sapy6exHux HacococrpoureJrbHbrx $Hpru, rJIaBHbrM o6paaov OPf.

nng noBbr[reHl{r HaAex{Hocru pa6omr nnTareJrbHbrx HacocoB He-
o6xoAuuo cogAarb HoBbre MarepHaJrbr AJrrr npoTorlHofi uacrH, Koropbre
o6na1anu 6u sbrco KLIMH apo3HoHHbrMH Lr Koppo3HoHHbrMH Kar{ecrBaMn
u 6atnu 6rr croflrxt4Mn rrporuB 3aAHpaHHfl, npu conpuKocHoBerwr Bpa-
u1aroxlnxcfl AeraJrefi c uenoABHlr{HbrMu. flp uueHeHHe raKHX MaTep HaJroB
rro3BoJruJro 6rr yMeHburuTb 3a3opbr B ynJroTHeHHflx, rrro npr.rneno 6u
I{ NOBbIIIICHHIO SKOHOMHqHOCT?I HACOCA.

KonAeHcaTHbre Hacocbr no scacneaoilIer:r cnoco6socru v 3KoHo-
MLIqHOCTH, Kat( kI rrHTaTeJIbHbIe HaCOCbr, He yCTynarOT IyqruHM 3a-
py6exHunn o6pasqau. i lpnueueHne npeABKJrrorreHHbrx oceBbrx KoJrec
no3BoJruJro noBbrcuTb AoJrroBerruocrb pa6oru pa6ounx opraHoB l-fr
n r t r r t 6 r r r r  D  r r ^  n n  D r r d v  r r o ^ 6 r r r r r r n i i  r r o D r t m o r r t r t r  E n  ( n n n  A n n n  t t  ( - l n t t o r r n
L r  

J  
r l r ; . F r r r  f ,  JL r / r \ JE rn . - l z \  

' 1 ( l . \ e l  r l ' 1n \ r r I  nqD( r l  ( l qn r r  A \ J  L , , \ JVW- \J \ JVV  ' 1  .  \ - /AnqAv

B psAe cflyrraeB ua6.nrcAarorcfl MexaHHqecKHe paspyrrreHHfl oceBbrx
KoJrec, npuuuHoft KoTopbrx, rto-BHAHMoMy, flBJrffrorcg ycraJrocrHbre
pagp yulettfl, vs-sa nyJrbcauuH AaBJreH Hfl . llosrrueH He AorroBeqHocrr
pa6ouux opraHoB l-f i cryneHn - oAHH H3 ocHoBHbrx i lyrelZ noeHueHHfl
AOflrOBeI{HOCTH BCefO HaCOCa.

BHyrpeunzr? xopnyc crrupaJrbHoro rrna y BeprnKaJrbHbrx HacocoB
yBerHrrr,rBaer BecoBbre H ra6apuruue xapaKTep ucrLtKH HacocoB.
Ilepexo4 K ceKqr,rouHo ft KoHcrp yr{rru r.r BH yrp eHHero Kop ltyca rro3BoJr HT
cHHsHrb MeTaJrJroeMKocrb Ha 20-25%. O4HoupeMeHHo Moxer 6urr

.{,onycrr -
uufi

K 8 B T T T 8 . .  , i  :
quoHuuf, ,

Sanac '

Ahaon '.
B JI4

T H n
H acoca

K .  n .  l .'u;otf n
( H e  n e H e e )

yBeII.rrIeH K. n. A. HaCOCOB.

Hncl20-750
HTC200-700
Hnc200-700
H1-560-500
Hn560-500

^ ^ _  r y p H M e q a H u e .  l l a p a l r e r p u  H a c o c o B  n p u B e A e n b r  A n s  c K o p o c r n  B p a q e n u r r
2950 o6l,uutl  H BtaKocrB nepeKaqusaeirof i  xHAKocTLr 0,01 cu?lcerc.,B sasHcr,trr4ocru br napa-
MeTpoB HacocoB (4ae.nexua HarHeraHHt, TeMnepaTypbt f lepet<aqusaeuoft '  x<HAKocrrr u r.  f i , )
lOCTou onoBapHBarorca THn KoHcrpyKrIHH E Marepr.aJI .ocuoBubrx'geralef i  HacocoB.
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I  
A. H. pacqer Ha npoqHocrb KpyrJrbrx xorbqeshrx nracrln,.  noar(pe,ref iHlrx pan[aJr,HbrMtr pe6pavn. Tpy{hr BH|M. BHn. XXIX. M

I Bl,t fM, 1961.
I lu. ll y x o B fi bI il A. H. 06 onpe,4e,nerruu rracro'rbr co6crBeulbrx Kore6arr{ft l<Dvr-

JiHx r.t (o,th(cBbrx flracrr,rH, vcIJreHHL,lx oaIuaJrbH!,rMH pe6paMu. Tpy.qbt BHi-t-,
Bun .  X  XX  I I I .  M . .  B IZTM. -  1963 .

, 19. , I [yxoIrrbrf i  A. FI. pacrqxerre Kpyrrbrx n Ko.,t i , t leDbrx r lJracr lr .  vcltJret,_t H6rx paAr{anErrbtMn De6paM[. Tovror BHI4I_lfnIpoMauJa. B6,n. XXXV. M.,
B H lzl Hf ultor,ra ur . 1965.

: 20. n"l,:-1-"1 A. K. ,peyJrbrarburccrenoBaflrift B o6,,racrl-l nprMelreultll BoAbr(xolo1uofi u roprvefi) B iaqecrBe cMa3xh noaullnHfit<og cKorr,xeur.rr Hacoco'.
c6. (onHT KoncrpyxpoBagrh, tr3toroBJ'reHhH H 3r{cn,1yaraufiu MHorocrynerrqarr,rx

Jrxreparvpa : 21. "1ifiTjyt',ft:"3",*,{;61X'#"lf"TJ#I}"9i1#I*"llf;,,". ,rr^"
1. Afi3e,rrrrreriH M.a. I{€xrpo6Ar*nLreHacoc'irrrHeorr'ori rpoMr:rurres- 22.RiT;ft1; t*tf: 

tn;"?l#;ntnn"6u'"un""rr 

";;r;";;;;;, """"""^ xocrl.I. M., focronrexuslar, i9b7. uacoiax. M., Maurr.s, 1963.
2 6acaraeB I.. I4.. C r.r ir e r b H x r< o I B. f l. f lpoexrxpoeauue r p$ynb- 23. "rlorir a nn ti ,q. n. i iniiteno-n"e Hacoclr rrrna cBn-220-280 ryp6oycraHoBKrrr']ru sKcnepl'IMeHraJrbHblx xccJreaoBaHr.rn rp"li-"ili.n]"]i. oceBoro No.reca ^, cBepxBErcor{ux -napaMerpoE. -5";p;;;;;";;;"';;:-i9i"5, iG";loquHM mroueHueM. Tpy.[bl fnl{, J231, cfr.qpouaurnrocrpoe- z4' 119t1IIi A. A. Pacqsr (pnruvecxoro vuc.na o6oporoB { ycnoBrrr o6ecleqe-nMauuHocrpoentlet, 1964. nlr rruaun'recxoit ycrofi,uo6clr poropoB Bbrcor(oganop1brx rurDaBJrlqecKlx

Y..1_11I _A: {. Onpeaeaenue KplrTr.rrrecroro qucJra Mausfl c yqeroM cltr, so3lrsxaoulsf a yn,rorxeurxx. n3n'eprouaruuiroctpoer,ter,
yqeroM ctln, aornuxa-rcirqnx r yn4orienmx. CE. .n;po- __ 1958, I.lb 4.
6ocrpoeuuer. BhI[. 5, M., miuru3, tgSZ. 

--- ---"- 
25 "rI o u a x I n A. A. Vc,roanr nolo6za npr uccJreroBau[rx qpo[eccoB xasrra-

.1p" -Y_:i:T!o" Bonpocbl reoprr, rexronorrr r 060. 11ft-I1--Ioa"Lo* ruipa snrqect(,lx. ]\{^aurnH. Tpyabr JInH, J',1,r Zld. nirjporvarurro-
Jou IIIJIIT(pOBI(lt_pa6Oqx_x opraHOB [eHTpo6exsbrx HacO. ^^ cJpoeHue]. m.-Jl.-, maurlr3, 1961.
3 I " t ;  P*S, t  T IX-V l t  { . , , .B l f l rh f -upouaur ,  1967.  z t i  J loMaKuH A.A. , f  opr l iaxaHrH C.  A .  I4ccre toeaaue r  o rpa6orxar-D. q'. n UlHetrAepoBnq P. M. PacqeTH Ha [poqHocTb lTy-qe-Hli ,nryr4lerbEolo Eacoca c-B€pxEucoxoro AaBresxr x Typ6oycTaHoBKe4 aru ruo_crpoea uer, 

-1966.

IrH q- P.-I4. nonbluentle xaanraufiogno.3pos11oggofi -- Maurtus, 1961.

l'i',,,1'l;;'tltlHBTX?;"tni,n: r 
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"' jl&T"xIu A'A l{eurpo6exuueroceBhleracochr.M.,(Mauru'ocrpoe're},
)Irl'txoBble ynJlorHeHu s. VlsA. 2-e. M., d,taulnocrpoe- I ?q. MaKapoB f. B. yflnorHrre.rbEbre ycrpoicr-Ba. M., (MarunrocrpoeHne,, 1965.29 .  Manbr ruxu f l  E .  B . ,  f  op6ea i<o 'c .  c .  p " i l ; " i - i l , i ; ' ;b l rxoBErx

8' Bo*rauescrufi 4. A O rr4paa,rl,tecxnx florepqx egeprnr{ B perrrerxe ^^ 5.aMep nnrarerbgltx- Hacoc*. .ei"pi.tn*r' id6i, ' i ;" i 'Pr 
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"" '
ia npofier,lepnofi Typ6xHbI. Tpyftr BllfM. Bun. 24. 3u marloueHKo B. B. BrrqHue nolpgqxu padouero xo,reca flurare.,rbHofo

.. Eacoca cexuroHnoro rIIrIa. {3seprerBxr, 1964,_N! 4.)o3uoltuo-Mexatuqecxat npoquocrb MeraJrrroB. M.-JI., r 31. Manloruetxo B, B.,Mu x i-*.rr o^s A, (. oiuogsoe sacocgoe o6opyAoBa-
3MerHHevrrnor'eH"Eparqaroqxxc'BaJroE.M.,Mau. 

" t ! . t l i : iT"TiTo' iT""Y.o'at '€: iyl ; lnut. . . ,  rapaaKoB-
cl*nf i  U V Da.uer

3MerHHe vIInorHeHI' Epalqaloqxxc' Baro' M , Mau' 
' 32' 

{## i.r: f.: "r;J;X 1 ,^r";fu:a"!t ir*,m"it 
",f;'- ]Jro"f"i": ?."u., ll ' ro'1 v6eB f. A.. Kyxun l. M. vnaonreuna Bparqarcrqrxcr Baroa. M,, ^- -d,;'p;dt;&o"'"i.un"o"ffo'""iii". il"i-".'!. li., 

-ru.iiiirz*air,'i6'o+.

l o l H ^ , I * 3 , . : - l 9 9 6 . ( - " ^ | 1 " " ' ' : ^ . . - ^ ' : ; ; - : . : . - * . - .rz' I oprliaxasrs C.A.,,[araaer A. I'I. Hexoropue Bonpocu pacqera Eoro Msorocryreuqaro.o nacoii nlg'not 6"tii,iiit,ii":rf."fpy]#'Eur.ftl. e"n.. t rpoexrrpoBaHrr rofpy)<Hbrxrener(rpoHacocoB. TpJjbr;inu, m':at. iil1po- 24. M., Mauiae, 19b9.I MaruqsocrDoeHllet' M -JI., cMauuu6crpoeuuer, iS64. , 34' Muxafiaos A. K. Bnrssue +opMbr Bxoanofi xpoMr(!.r JrorraroK r(oreca Ha
I 
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o; a 14. B. I'fuvepiuue cropocteh u a*ietu+l a xaneae raop"ra*oure"o xapa{repr.{r{Ky aefirp€fufl€r€ uacoca. Tpy4or bl4f6. Rbrn, xxv. M.,
: :."-T-1l3la ,nacoca. rl4cc.neaooaare r1rspovauruur. fpyru e1it!1. [fu. 
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