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A6y Pafixou 6epYHH H B WI)'lIllO- n p OH3BO}l CTBCI lllO:-'1 npermpasr ua 
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3 aIllHTa COCTOH1 C}l 5 Ma rTa 200 9 r. B /1.(- 'laCOB aa aacenauna Pa.30 BOro 

cneua ananrpoaannoro cosera K 0 15 .2 8 .0 1 np n YlH cTHT)'Te ) H ep r eTHKIl H 

3BTOMaTHI\H A ll PY3, no anpecy: 100 125, r , TawK<:HT, yn, <1> . Xorosa es a, 29 

C nacceprauaeti MOIKHO 03uaKOM ln r.C}{ B 6H6.'lIiOTCKt: J.1I1CTltTYTa 

3Hcp r eTHKH II 8HTOl\IUTHK H AI I PY3. 

Aaro petpepar pasocnaa « 2. '-1 » ll HBapSi 2 009 r. 

Y 'IeHbIH cexperaps 
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xaananar TeXH Hl.JeCKH X nayx O.X. I1lliHa3apOB 
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Oli UJ,MI XAPAKTEPHCTHKA ,[l,MCCEPTAIl,lUf 

A I(ryanhH o cTh pa60Thl. Il pofinessa nossnuen as 3 $ ¢ eKTI1BHOCTH nponason­

crn a H norpcrinena s 3H epI1U1 aanaer cx axryansa oii H Ba J1<HOH BO acexr MHpe. B 
HailieH pecnyfiua xe saep rocoepeseaac B saepro ea xax orp acnsx 3KOHOMHKH TaK­

iK e HBJlHeTCSI BaiKHeHnUlM Ilpl10pHTeTOM ee p a.3BHTHli . 

O .ll.HI1MH H:l naaoonee aneproexrxax orpacnen pecnytinaxa 51BJUIIOTCSI cens ­
CKOX0 351i1cTBe HHa5I 11 He¢Tera.30Ba5I orpacna . O THH4I1TeJlhHa51 oc06eHHOCTb snep­
ronorpetineaas cenbCKOX0 3llHCTBeHHOH H aerpr erasoaoa orpacneii 3aXJIlO'WeTC5I B 

TOM, 'ITO 6 0n hiliall ero '1aCTh rrpI1 XO.ll.I1TC5I aa HaCOChl II Ha COCHbTe cra auaa . 
113 Bhl pa6aTr,lBaeMhlX B pecrryfinaxe oxorro 50 Mnp.ll. . xBr -x/roz; anexrpo­

aaepran 60nee 8 Mnp.ll.. «Br-a /ro» HnH 6 011ee 16% TpaTHTCJi aa noxpsrrae Harpy ­

30 K HaCOCHbl X CTaHl.J.l1M, cyxrxraprraa YCTaHo BlleHHa5I MOll\HOCTh KOTOpbl X COCTaB­

naer 3,75 MJIH. KBT. C noxtouu.ro HaCOCHblX CTRHUIfH B aacr oantee BpeMlI opoura­
erca 2,4 sora. ra 113 4 ,3 MnH. ra opouraesru x sexrens . Eacerona o s ccv a nacocau u 

Jnepexas ns acr cs OKOllO 59 MllpJl.. M n OJIl1BHOH BO)J.bl. CpeD.HjHI nnana O,ll.HOr l HHT­

KlI. aanopnoro rpye onposona HaCOCHbl X CTaHl.(HH pecnyfinnxa aa 40 n CT aospocn 
n O'H H B 2 ,5 paaa, COCTam lB 2 7 80 Merpo B. 

OC060M cueundinxoti lIaCOCHblX 11 KOMlJ p CCCOp HblX crammn HeepTCra.30BOH 

(n paC11H snns ior ca znnnmue rpy ooupoaonst H BblCOKl1e naanenas. Hanpaaep, 
.nmlHa uedrrenponona nacocno it CTa Hl..\HH MecTop o iK.neHllll KOKJlYManaK npesu ­
maer 80KM, J.\llHHa MarllCTp anbHhlX r a.3011pOBO/ \OB pecrry611HKI1 np eusnnaer 
13000KM. H aCOCHhle CTaHUI1H, nepes asn naro nnse BOJJl' IlJISI HY)j(JJ Byxapcxoro 
ncdrr encpepae ar smaioure ro sasona Ii Y ,L(n «Mytiapexuedrreraa» HMCIOT JUHlHhl 

r pyoonpos ozton Don c e 4 0 KM . 3 a nocnens ne 11 HeT zunma xiarncrp ansnu x rpy­
o On p OBOi.\OB p CL:lly 6 JIH Kl1 YBCJ1IftlHnaCb s a 6 % H nponomsaer paCTH . 

DOCTOllllllOC YBcn H'1CHl1e .amm bl 11 cr apeaae Tpy6 0np OBO.l.\OB n p HBO,ll.HT K 

CiK erO.D.HOMY y Bcm1'1eHI1IO sarpar aneprua . Taxoe 3Ha'1HTe J1h HOe rrorp etinenae 
3JJeKTp03Hep r m :l HaCOCHhThm CTaHU1l 5lMli. npunaer np0611eMe aaeprocoepexeaas 
aa HHX cr aryc OC06 0H BaiKHOCTH H arcryansnocra. 

CTeneHb 113TIeHHOCTH rrp o 6Jre:-:Ib1 3Ha'1HTen h HbIH s totan B C03.ll.aHHe MeTO­

.nOB pcrYJIHpOB3Hl111 11 On TI1MI13aU llH peiK HMOB uacocnu x CTaHl{I1H BHeCJIIi ys euue 
Y 36eKHCTaHa. B I1HcTI-n y Te aaep ren rxa H aBTOMRTH KH AKalleMHH aayx Y 36eKH­

cr aua, B HHCH l1yre CAH I111PYI H B Taurxenr cxoa HHc n rryr e apparaunn H Me­

mropauna C 19 6 0 - x r O.D.0 B npononxr ca HCCJJellOBaHH5I perynupcaana a Ii onTHMH­

3alJ,IIl1 peiKHMOB 3JICKrpOllp HBO.nOB, rrO/lBOJ(lI11\HX H OTBO,ll.lI11\I1X KaHanOB H IlH­

TaJ<HUHX 3JIe KTpH'1e CKHX CCTeH opoc nrensusrx HaCOCHhI X CTaHUHH. 

3apy6eiKHhlMH Y'lClIbIMH B M OCKOBCKOM 3H epreTw l c cK OM HHCTI1T)'Te, Moe­
KOBCKOM HHiKeHepHo-cTpoHTcnbHoM HH CTHT)'Te, Poc ca iicxoja rocyztapcrne nnoxr 
ynasepcare r e npaponoofiycrpoacrna, POCCHHCKOM rocynapcrseaaov yaa nepca­
TeTC HeepTI1 II rasa H zrpyrax aenyunrx HHcTI1Ty rax MHpa nposonanucs accneno­
BaHJl5I n o o rrTH MH3aUl m PCiKMM OB pafiorsr HaCOCOB H HaCOCHblX cTa HUHH OpOCH­

r ensns ix CHCTe M H Man1crpanhHbl x a edrrenposonoa. 
A Han1l3 HH o cTp aHHoH 11 OTe'1eCTBeHHOH mrrep arypsi noxaasisaer , '1TO BO­

n p o cy norepa oneprna B JV i liHilbIX nanopnu x rpy 6 0 n p a Bo n a);: n ac o casrx cran u n f 

He YJ.(en~ Jl OCb ,ll.OCTaTO'1HOrO BHHMRHHlI , BBHn y OTHOCHTeJlhHO HH3KOH: CTOHMOCTH 
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an cxrpo s u ep r n a . rIpcllblAYlllJlM I1 II CCJICLlOllaTCJl li M If PC)f{HMOll lIaCOCHhlX CTUHlllfH 

B OTlT lI MIU aUI101l11hl X Mo,ueJUIX He CTaBIUJaCh sanaxa yxera 1I3MeHCHII JI norepn 
aneprn a rrpa npeononea nn n mpaBJII1'lCCKHX c o npOTHB:IClIHH ,1l!JHlIHhI X s ano pnux 
Tpy60np OBO.llOB. HnUHlMH HCCJICn OB3 HHlI M Il OhInO ycra uouncao, sro IlOTCpH 

:.lHcpn1H R uanopuu x 'rpyfiorrpcsozmx HaCOClIbJX CTaHUHH COCTa lJm lJOT 3Ha' lII ­

TeJl!.HYJO Bem l'lHHy (OKO J10 40% 01' o611U1x noreps), n p lfqCM C YBcnlftJc HHcM zinn­
Ilbl uanopnu x rpyti onpononou YRcJIIlqlfBaeTCJI HX nons. Il03TOMy cymecr sy rourae 
MO.l:\CllH lie 0 Tpa)f{3 IOT nonnofi Kap TI1Ilhl PC)f{ I1MOR pafiorta 1I3COCII LIX cTaHUHM C 

.!lJIHHlI.hIMH rpyoonpoaonaa n H ).\OJl)f{Hhl OhlTh yro-nrcns t. 
Cnenyer OTMCTl tTh , 'ITO B OCIlOB Il OM paccv arpnaana cs anexrpov exanaue­

CKl1e MCTOl1bl perynapoa anus PC>KIf MOII p a6 0 T hl IIaCOCII!.IX CTa HIlHil . Ha H3COCIlbJX 

CTaHllHlI X C llJlHlIHhlMH nanopa u n a rpyoonpouonaan. rne npc oGJHl;J.aIOT rnn pas­
Jlll'lCCKl1e nOTCp l1 oaepra n, ua narn mrnsn Hy)f{HO ynerurn, ocofioe BHHM3H11e na 
oucprorunpaamorecxoe pery nnposanae p e)J(II MOB, R TOM '1l1cne a CTOPOUY yscna ­
'jeHlIlI n On a'l l1 HaCOCIIOH CTaHllHI1. Taxne IICCnC,IIOBaIlHlI B nOCTaTO'1II 0 ii CTcnCII H 

ewe HC n p OBOI\I1J1 I1Cr,. 

C B1I3b nllcccpTauHOHHOH pa60l'b1 C TCMa THY CCKI1MII lI JIall11M I1 I-IMP. ,[(II C­

CCPTaJl110 HHall pa60T3 ssmonaeua 8 WOlBc n :TRHH C epYHi111MCHTaJlbHOH II PO­

rpaMMOH OT-IDS «tI>OpMaJIWlll llI111 B3aHMOCBll3 11 ane xrpov exa nusecxax H r nnpo­
MCXa lll1' l eCKI1X ncpexounsrx npoueccoa B ofinacra :m c p r CTI1KIi» IHI 2007-20 11 ro ­
.ilhl, C focy;J.apCTBCHHOH Hay'l llo-TCXHlIqCCKOH IIporpa!\I MOH n-nn-1 3«Hccneno­
sa nae H pas paeiorx a cr pyiitn,ix HaCOCOB .!lJI5! II M n op T03aMc UJ,c HI1J1 uempoceaou,ix 
H3COCOB BO Bc n OMOraTCJIb Hhl X CI1CTCMaX H8COCll h iX II I"HJ1PO) JICKTPHtI CCKIIX CTaH­

llllih> aa 2006-2008 ronhI H C PlI.l:\OM X03J10rOBOpllhlX pafior, BblllOJltlJlCMhlX 11 

IITTI1 «BO.l:\onO ~lbCM IlHK» H T alllfTY, 

em HCCJ1CllOBmmii. JJ.eJlb1O nnccepr auaonnop pacoru sanstor ca reope­
TlltleCKue II 3KClICPllMCHTUn hll h!C IlC ClICnOB311 11 11 If paspafiorxa HaYYlI O­

060CHOBaHHhiX aue p ro coeperaro umx p e)f{HM OB p a6 0 TLl uacccoa H HaCOCHbLX 

cramuni C .nm1HHbIM I1 1 p ytio n p o no n asn r . 

3 an a'lH HCCJI CnOllaIlHH, B blnOJIIlCIJIlC lfOCTlillJ1CllHOH llCJIH CB}f'l aHO C p eu re­

IIl1eM cnC,'\YIOllUIX aanas: 

p asp afic rxa MUTCM 3TIl tI CCKHX :\10 11C.'lCH , anro p ursro a paCLJCTa Il o rrraa a aaunn 

PC)f{HM OB patioru, 0 6 CCIIC ' lH BalOlllH X CII H)J(CHHe 3Hcpro noTpc6JICIIHlI n aco c ­

HLIX CTa HUJi H, 0 6opy,n OBaH HLIX UCII1'p06 e)f{lthIMI1 OCHOBHbl M H H CrpYHllbJMH 

s c n o a o r ar en su s i a n Ha COCMHI 11 J1J1HItHblMH a ano p nuan 'l p y60n p OBO)lMlII; 

paap afiorxa on ep rocoepcr ato urax c n o c o tion H CpC.nCTB p cry n npo aan a a pexa­
:11013p a6 0 Tbl HaCOCHblX CTaH I.:(HH; 

paspador xa ClJOC0 6 0 B H yCTpOHCTB nOBhlWCH l1l1 3KOHO:\IH 'lHOCTH pa60TLI Ha ­

cocnsix CTaH UIfH, ofiopy n o san n u x ,nJlHHHL1MH HanopHL1M lI rpyfionpoaonaxra ; 
p aapafiorxa 0 6 0 CHOBa llHlI H TCXHHtI eCKHX pemCHIlH no y npaarrem no s cn oao r a­

TCJll, lIbIMH l l p Clla)f{HLL\ 1Ii CIl CTCMaMI1 upa aBapJ1HIIOM oTKmotIeHHI1 3n c KTpO ­

3UCp l"l1H C IIC n OJ1L30 llaHI1CM :m cp l"l1l1 CTOJI 6 a )f{ U.nKOCTH u anopuor o -rpytion p o ­

son a II caxoperyna pyiouurxca crpyiin u x naCOCOB; , 

pa3pU60TKa nocneuosar em.a o-napann em.noti CI1CTeMbl crpy iiu srx lIaCOCQR ;V)}l 

BcnOMOI, JTCJlbHhlX cacr exr HUCOCHbl X CTUUIlI1H H YTHJII 13allI1H n o rryru u x He cP ' 

UI f1.hIX r330B, 

paspatiorxa rr OC.'l ea OBaTCJJhHO- n apa 'l n CJlLHO H CHCTCMbI C'lP y HH hI X Ha COCOR .'lJJJI 

ncnovorerensusrx CIfCTeM HaCOCHbl X CTaH l.lI1H H y n i Jll13al\JfH nonyraux HC4I ­

T}l HbIX ra30B, 

MeTO,llbl HCCnC J10 BaHIiH. Hcnonssouau sr TCOp HJI H M eTOllbJ pacxera 311CK­

Tp03Hep rC TIIl.JeCKHX Ii m .npaBJIHtJCCKHX CHCTCM, MCTO,llLJ MaTCMaTll'tCCKo r o MOJ1C­

JIHpOBallHH, M eTO,ll MI1 HHM a KCa 11 MCTOn neonpenenenustx MHOJKHTenCH Jla rp an­
)Ka. Ilpa MaTc :vrarutICCKOM MOllCJll i p OBa HHll I1CnOJlb30BaJlCll MCTO}J ue nrpansnoro 
KOMIT0311111101lHOro nnaaa ponaaas 3K cncp HMCIITa . M CTOn bJ pacxera, 1l0Jl YLICHIlbl C 

na OCHOBe ~Ia TCMaTH'l CCKHX MO;J.cn cM H a'1rOpHTMOB YllpaBJlCHHJI npose peuu na­
fioparopasmn II aarypnusrn 3K cn ep HMCHTaJIhHbl MI1 I1CCJlc.uOBam UThI I1 na .uCHCT­

ByJOlllHX HaCOCHLIX CTaH llJ1 J1X. 

OCHOBHblC HaV tI Hbl C n o nO)J(CII HlI , BhlHOCHMhl C ua 3aUlIiTY: 

1. O m li MaJl bH brC PC)f{HMhl 3ltCp r On OTp e6 JIeHHlI H MeTo.n bl pacnp C,IICJlCHlUI lIa­

rpY3KH arpcraros Kpy nHhl x 11 Ma%IX HaCOCHbl X cran uuti C ,n:I I1Il HbIMli HBnopHLI ­

M II rp ytionposonaa a, 
2. MaTCMaTH q CCKHC MO.l:\CJlH 11 anroprrr sor pacner a :H1Cp ror H,IIp aBJ1H' l CCKIlX pe­

)f{HM OB pafiorsi HaCOCHbl X CTaHl\HH otiopynonanas»; .!lJII1I1HbJMH uanOpHhIMI1 rpy­

fionpoaonava. 
3. 3Hepr o cGep c r alo LUHc cnocofisr H cpencrsa pc ryn apos anns pe>KHMo H patiorst 

Ha COCHblX cTaHlJ,HH C )l.IllIHHLIMH Han o p lIbIMIi Tp y 6 0 n p oB o.na:lIH . 

4. Cnocof OTKa' IKH ,llpeH8)f{HbIX BO,n 1i3 3,1\aHHH u a COCHWX CTaH I1HH C I1c n OJl!>3O­

BaHIlCM 3HCPrllH cronfia JKIl.uKOCTH aanopnoro Tpy 6 o rr p oB o ,lJ.a , B T.LI. npn nonnoa 
noraurenna 3J1CKTp0:mcprI1H. 

5. Caa operynn pyronnreca crpyjinsre HaCOChl H n OCJlC.l:\OnaTCn LIIO­

napanncn sa u c CHCTeMhl CTp y MHhlX IlU COCOB nns nacocnu x CTaIlUIiH CCJlhCKOXO­

311 ~'icTBCH HO M H HCcPTCra3 0 Bo i{ orpacneii , 
H avtJHa ll HOBH3Ha , H a OCHOBC ooo 6 LUc m lH IIc cJlCn OnaHHH 11 pa3p u6 0TOK no 

o n TII MH3aUli l1 H ynpasneiuno pCJK IIM a ~lH p a60Thl .l:\JJ» 3H cpro c6cpe)J(cHHll ua Ha ­

COCHLIX crauua s x , a TaK)f{C p a3p a6 0 TOK H n cc nen o s an a f aaro p a , nonyseau C,'l C­

,IIYJOlllHC nayxasre pe3YJJbTBTbl : 

paspatioraau HOBhl C MaTcMaruq CCKHC MO;J.CJIH, aJlI 'OPHT MbJ pacxera H onpene ­

lICHh l o rrr uuan sn u c aneprornnpaumm ec x a e PC)J(HM bl p a6 0 TLI HaCOCOIl H aa­

c o c n u x CTaHUHH C }l,mmHblMIl lI an Op Hb l MH rpy fioup o ao ztau u ; 

anepesrc p as p ao o r au u MCTOIJ:hl II cp encrs a oneprocdeperaiotnero p eryn a p osa ­

Hill! p e)f{IlMOB p afio ru HaCOCHblX CTaHl.ll1H B CTOpOHy Y lleJlHq CHHH non a -or, OC­

HOBaIlIlblC na n p nuua rrax CHHJKCHHlI noreps o a ep raa a uanopnsrx rpy fion p o­

aonax; 
060CJlOBaH HOBL1H cnoco6 OTKatl KH npCHa)f{HLIX BOll C HCIlOJlb30BaHHCM no­


rennaam.aoii 3HCpr l1H crorifia )Jm ,nKOCTH nanopsoro Tpy60rrpoBona CTa HUHH H
 

cassoperynap ytounrx c s crpy mrsrx HaCOCOB;
 

060CHOBallLI napax.erpsr, no KOTOphlM npOH3BO}:IHTCll ynpaanenae pCJKH:vra\l1l
 

YTIL'lH3allIlH nonyrnsrx HeepTHHblX r a30B C nosro m uo CTpyHHhl X n acocos;
 

s n ep au e paspatio rau \ leTO,n pacsera pe)KHMOBIlOCnC.l:\OBaTCnbHO­


n ap ann en sno n pafiorst CHCTeMbl CTpyHH.hl X nacocos )l J1S! HaCOCHbl X CTaHlll1H
 

CCJJbCKOX03Hikrn eHHOH 11 t1CcPTer a3 0BOH orpaCJJCH.
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H a)"'lH Wl H n p alCfH'iCCKal1 3I1U'lIlMOCTh p e3YJlbTUTOB I1CCII eJlQ.llilli.!:!ii 3aKJ1lO­

s aer cs B TOM, LJTO Hc n OIlb30 BaH II C PC3YJlbTaTOB llCCIIC,UOBam1i:f ABCT B03MOlKHOCTb 

rmaaapoears n OTpc6JJCHHC ancxrpoanepnra, n p Oll3BOAlITb Oll-CHI<)' Kal.JCCTBa J KC­

nnyar auna :lHcprOfliAPUBJlIILJ eCKo ro 060pY,lJ,OBaHllJ'l, ouenuaau, 11CTOYHilKil n OTC­

pa aa eprnn H cnocofiu I1X CHlllK e lllUi aa ,UCUCTBYJOll\l1X HaCOCHblX CTaHlIHlIX. H c ­

nOJIh 30BaHHC paapaoora unsix MCTOnOB orrrasmaainm 11 yn p aBJICHl1 l1 pC lKHM a~llf 

na HaCOCHblX cra nuaxx 1I03BOJlHT B YCJlO BHlI X axcnnyaraunn II na CTaA I1H npoex­
TllPOB8H II 1l npaxremrrs otiocnonuuuue pCKOMe HAaUIlJ1 n o CHH)i,CH I1IO nore ps 
aneprnn BO BCCX :m CMc IITax HaCOI:J1bIX n8I1UHH. Bnenpeune ancprocfiepcrarourax 
MCTO,l:\OB OTKU'iKH Ap CHa lKHbIX BOA 113 ·l .LJ,aUllH HaCOCHblX CTaHlll1H H caaoperynu­
PYJOWH XCli crpyamax HaCOCOB o 6 CCnC'lIIT lla,uCJi\HYJO pafiory HaCOCHOH cra an aa, 
a T. I.J. npa aaapa ilmax OTKJ1IOLJeHlUlX 3J1CKTp03Hcp nm. Pa3paOOTnHHblH MCTOJl, 

yrHJIJnaUHH norryr usrx Hcepn lHblX raaoa []031l01lHT pauaouansno ucnomoosars 
npapozursre 3Hep r c n l 4 CCKHC PCCypCbI. 

PCaJIH 3aUHJ'l pCWJ'ThTaTOB pa60TbI. PC3YJlhT8Tbl H8y<IHhLX lICCJlc.uOBaHIII1 no 

aae proctiepcxeamo saenpenu ua HaCOCHblX crauuaax .L!.)KH3aKCKoro KaCKR)la.. B 

y aCTllocru : 

1. Bee Tpl1 HilCOClIhlC naHUI111 xacxana )lJJ>I noasnneaas HMCJi\1I0CTIl Ii 3<jJepCK­

THBHOCTII OTKaYKl1 zipeaaaouax BO,n ccuaurcun cTpyaHbIM Ii HaCOCaJlUI, Bb1l10:J­

HCHHhIMI1 B c o o rneTCTBHI1 C narenraau J\~J{~ I DP 04305, IDP 0 4 411, FA? 00180. 

2 . .L!.nll HaCOCHblX CTRHUHH Ka CKa'l8 paapafioran 3J1rOpIITM uneprocf cpcraroiuero 
ynpasneuas PCiKHMaI>111 pafiorsr HaCOCHhlX CTaHUI1H nocpencrnov 1I3MCHCHI111 

'lIlC!la patioraroumx Ha COCHhlX arperaros 11 aufiopa a anfionee 3KOIIO/llHl.JHOrO lIX 

COYCTamUI. Paapafioraua srf !>ICTO,Q 1/03BOJUleT oficnyaosaaioutevy nepconany na­
3HayaTh p e';lO-1 Mbl C ~llll ll1MaJJ bllblM lI nore pssnr anexrposaeprua. 

3. Jlpoaezteua OnTllM I13aUllH PCiK llMOB pafior s r .ll.i K1l3aKcKHx HaCOCHbIX CTallll-liH 

JJ.IJJf CJly tIaCB pacnpenenennx HB1llY3K a MCJK.uy A ByMH II TpCMlI arperaraa a , 
Ileperrycxxu e YCTPOHCTBa LVIJ'l 3K OHOMW IHoro pcryna poaatms PClK HMOB 

paspaoor auu H aaezipenu Ha HaCOCHblX cr antmsx «Yxxapa» Ii «Kemerex» Haso­
Hllc Ko ro Bll!IOJ'lT8 H Ha COClI OH crau nu n «Cup-Ilapss » Hasrau raacxoro BlIJlORTa. 

PC3YJlbTa Tbi HCCJ1 cJJ.o Ba ll a H n o fl hl OOp y On Tl1MaJJb HOI'O KOJIHYCCTBa l Hl TOK 

u an o pnsix 111y6onpollo.n.o B n PIlWITbl I1HCHIT)'TOM « Y3L!.aRcynrrOHI1Xm > n pn npo­

CKTHp OaamH1 HacocHOJ'1 c r a a nan «Maprysop» Haaaura ncxoro sanoara. 

Cav operyn npyioutaeca crpyriuu e HaCOCb] xpoxre n aCOCHblX ,ll)K1l3aKCKoro 

KaCKB,Zla BIIC.n.PCll hl IlU Ha COCHbl X craa u asx «Hanax- l », «Tenaxypran», «CbIP­

L!.apbll» , «Ma prysop», <U h H 11-Kyp raw) H aMaH r aH cKoI 'O BIHlOlI Ta, «Tauil'pac», 
«b03 -Cy» Taurxeur cxoro BHJIOJ'lTa , « P al1111-XaKCIlT- 2 » AH,'ll1iKaH c Ko ro BI1Jl0 51Ta, 

«)]yCTJInK N2 5 }> Kauncaztapsancxoro BHJI05lTa, «Cy BJIIi)} H «Xav sa» Caaapxauzr­
cxoro nanosra H ill' . 

PC3YjJbTaThl HCCjJe,iJ,OnaHHH no pa3pa6 0TKC CHCTCMhl crpy llnsix H aCOCOB nns 

YTl1JIll3aUlIH nonynnax HeepT5IHbIX ra10B n c n on s ay ror cn B Y).U1 « M y 6ap CKHcepTC­

raa», 
O JKHn a CM aJ'l 3KOHOMII'lCCKUJ'l 3<jJepeKTI1BHOCTb 01' an ezrp eaax PC3YJlbTaTOB 

nuccep r aua o rm o ri pafioru B Mac m r a6 e c eIlbCKOX03J'likTB CHnOH II Hc <jJTe r a30BOH 

o r p acneii Y 36cKI1CTaHa, o n penenc n saa rryresa c p a BH CH 1Dl 'i H CT hl X Jl,HCK OH ­

T I1PYCM hlX Jl,OX O.n.OB, COCTaBnlleT B c p CJJ.HeM sa n 5lTb JlCT 4 ,7 MJlP.u. CY ~I B ron B 
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ueaax 2 0 0 7 ron a. 06IIUIM nonrsepaorennu a y npaBJICHH5IMH HaCOCHbl X cTaH UHH, 

J Hep r CTHK H 11 CBH311 :l KOHOMI1'ICCKlil'1 J ep <jJCK'I' OT y JKC BHC,nP CHHhl X p a3 p a60TOK B 

nepecscre ua I.\CHbI 200 7 rona COCTaBJlllCT OKOJlO 10 0 MJI H. CYM B ron, 
A!!P.o o aUHJI pa6oTbl. OCHoBHble pesyns-rar sr ,nI1CCCPTallHOJlUOIl patiors: 

A OK!Ja.lI.h lB CL111Cb H o6cYJKJJ.aJJl1Cb Ha: !>lclK,nYHapOJUIOH uaYYHO- Te XIl11yeCKOH I\OH­

epep c HUHH « CoBp eMcHHhIC npodnexrsi rH.up03HeprCTlIKI{ )} ( T a WKcHT, 19 9 7 r .) , MC­

)lQ)'Hap 0)lHOH HUY LJHO-Tc XIDl t l eCKo ll KOHepCp CHl l/1H ({COBPCMCIlHhlC n p 06rrc MhI 

TCXHH'iCCKllX nayx» (T aw Kc HT, 1999r.), :'lClKJlYllap o .nn o H Ha)"l'Ho -TeXH'lIYeCKOH H 

n p aKT'lI 9 CCKOH xoadiepeana u {(ABTO~raTH3alllHl -99» ( T aw KeH T, 19 9 9 r.) , p ec ny6­

nHKaHCKOH Ha)"lllOH KOH <jlCpeHUHIf «Craaynaposaaae saeprocriepexenas B pbJ­

HOtlHOH 3KOHOMllKC» (Taiuxenr, 19 9 9 r .), aa BCCpOCCllitcKOM COBClllaH HH TliLlPO­

3HCprCTI1KOR (Cav apa, P OCClliI , 2 0 0 0 r .) , na Hay YHO- n p aKTHLJeCKHX xompepeauaxx 
«MOJIO! I,ClK b B pa3BHTHI1 aayxa H TCXIlHK H) (T am KeHT, 2 0 0 1, 2 0 0 5 , 2 006r.), na 
aayaao-npaxr aaecxoii KOHepep c Hu lIH {{ITP06 J1CM hl 3HCpreTl1KI1» (TawKcHT, 

2004 r. ) , na MeJi\JJ,YHap0Il,HOH HaY'IHo-H~XIl HI.JCCKOH xoudrepenuaa «Y c TOHl.JllBOe 

pasmrrae H 3KOJlO rHLJCCKH 6c30nacHoe <jJyHKllll o HHp o BaHl1c JJlCprCTHKll Y30eKI1­

CTaH a : nepcnexruast H npofinexn.r» (T aw KCIIT , 2 0 0 5 r .) , p c c n y 6JIHKaHCKoH Hayl.J ­

HO-npaKTHI.JCCKOH sonrpcpeuua» «11!lTCrpaUIUI uayxa , o 6p a30 BaHHSl If npoaaaozt­
CTBa» ( T aw Kc HT, 2 0 0 5 r.) H .np . 

Hays a sre cexnrn ap sr n o paccsrorpeamo nncceprauaoa aon p a60ThI rrpoao­
L\HJllICb Ha p aCWl1p eHHOM 3a Ce,1.\aHHl1 xadienps: «Hcnon saoaan ae BO,nHOH snepraa 
Ii nacocnsrx CTaHUl1ih ) Tauncerrrc xoro 'lIHcTHl)'Ta npparaua a H ~tenHOpaU'llll 

(TI1J1M) (T aW KCHT, 200 7r. ), pacunrpennoxr aacenarum Kaepc,np hI JlCTpB,ZlllUHOH­

HblX Ii B0 300HOfl jJJ'lCM hIX HCTO' IHHKOR 311epI'IHf MOCKoBCKOro oueprerasecxoro 
liHCTlH YTa (r exna-iecxoro ynuuepcarera) (MOCKBa, 200 71'. ) , II U 3aCeL\aHHIl xa­
epC,nPbI «Funpore xs nuecxoe 11 3H Cp r eTl1 l.JCCKOC CTpO HTCJIbCTBO» <1>aKyJl hTem 

auepreruxecxoro cr poar em.cr sa Iicnopyccxoro Haunonansnor o rexnauecxoro 
YI IH BCpcHTcTa (MHHCK, 200 7r.) , II U ccsnnrape Hncraryra 3 Hep r cTHKH Ii A BTo Ma­

TIlKH AH P Y 3 (Taunceirr , 2 0 07r.), aa CCMI1Hap C lIHCHlTYTa Hl10 ({C AHl1ylPH» 

(TawKeHT, 2008 1'.) H Ha Huy tlHo -TCXHII YCCKOM COBell\aHHH O A O « Y 3Jll11Vln c <jJT­

r83» (Tamxeirr , 200 8 r . ) 

O n y 6 m l Ko Ba HHo cTb PC3VJlbTa roB pa60 TbJ. O CHOBHhlC PC3YJlbT3Thi 11 nono ­

lK CHJ151 naccepramrouuoa patior u I13IJOlKCHbI B 49 ony 6 !lHKOBaH HbIX pafiorax, H3 

KOTOp hlX 34 iKypHaJlbllble cr ar s u , 7 In0 6 p CTCIlJ1il, 1 nonesuaa Mo,ncnh. ]7 crareli 
o ny 6J1HKOBaH hl B PCepCPllpYCMblX iKypHanax 3up y 6 eiKHbl x crpaa: POCCHII , EeJ10 ­

PYCCHll, Hnnepnaanos . 
CrpvKTYpa H 0 6 b CM pa6 o Tbl . Ilnccepranna COCTOHT H3 Bae,neHHSl , ceu a 

rnas, 3aKJ1lOtICHHJ'l, CI1I1CKa HCn 0 J1b30 BaHHoH mrr epar ypsr, B npa noaceaasx n pen ­

CTaBJIeHbl aKTbI BHe.nPCllH$I pC 3y .'1bTaTOB nccn enos an u f B npOH3BOJl,CTBO, n c n on s ­

3ycMbl e B znrcceprainra [] aTCHTbl, OTIHCaHHll MeTOJl,HKH I1c lIhITaH I1H, npIlMe HJ'lCMOH 

armaparypsi H TOl.JIIOCTH H3McpeHH H aarypau x J1 sx cn ep a sr en r a ns a srx J1CCJJ en O­

BaH I1M. J],Hc cep Tall,IlR COCTOIiT 113 2 22 CTp aHl1U KOMn blOTcp Hor o TCKCTa, 113 KOTO­

psrx 4 4 p n c y axa H 34 Ta6JIPll\hl. I lpnnoacenna npen crasn easr n a 31 crpana u e . 
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OCHOBIIOE COll.EPJKAHUE HllCCEPTAQIU I 

Bo BRe,llCHHI1 060ClIODbi llUCTCll axryans xoc-n, pafiort.r, I~ CJlb 11 3UJla 'lIf f1C­
CJlCnOBaHlIM. TIoKaJaHa Hay'lHaH HOBIl3Ha llllcc c p' l aUII OHliOH pa60T!>1 II rrp l1BC.!IeHhl 

ce OCHOBUbJC nays nsre nO JIOiKCIlIISl , xor opsre BhlHOCSlTCSI ua saunrry, 

B HCRnoii rnaBC OCRCl1.leIlO CORpCMCfJHOC COCTOn J-III C 3KCIl JIy aTalJ,1l11 Ii onep­
rOlloTpc 6J1CHH H nacoc uu x CTaHUJlii Y 36eKII CTalla, npnaenen aH a'lH3 COCTOll HHH 

3Hcp r o c6 epeiKeH li1i 11 OfITU MWl aI.(llII PC)KHMOB p a60Th I JlaCOCJlbl X CTaHIlllH, a TaK ­

iKe aHaJUl3 n p HMCHSlCMhl X cnocofioa p c ryJlll p OnallHSI p e)f(I1MOB p a6 0 ThI lIaCOCOB II 

HaCOCHbIX craauua , KaK xpyna srx n OTpc6111"CJICH 3Jl CKrp03HcpnHl. 

0 61>eKTOM I\ CCn c,nOBaHHSI .!IIICCepTaUIIOHIJOM pa60TbI llBJlSlIOTCll uacocu H 

HaCOCHhlC CTa HUllH CCJlh CKo x 0 3HilCTBCJlHOH 1I llcqnCr3.30BOH orpacneri. Fpana ueit 
H3Y 'iCHlISl 0 6 b CKTa uccnenos ann s usrcrynacr nnuna Tpy60n p OBOJIU - pacca ar pa ­
sarorca aacocn a e CTaHl\1I11 C W111 1l0 H HallopHblX TPy6on p OBO./lOB 60Jlce 300!>1. 
TIpe.!lMeTOM IIC C nC./lOl~aHI1H SlBJllllOTCSI pe)f(UMhl /I bl Gp aHHhlX HaCOCOB !I HaCOCHhlX 

CJ:aIlUi1H. O CIlOBHOH HarrpaB!1CIIHOCThlO Hccnc.nOBaHHH SlBJlSleTCH B nepsyro O'lC­

PC!!" 3J1 cp roc6 c p e)f(CII JlC, II 111,1'1exaroruas OTCIQtl 3 3KOHOM J~leCKaH 3<P<PCl\T i1&HOCTb 
06bCKTa IICC.'1e)J.OBaH II SI . 

B nucceprauua n p OaH am l3 I1p OnaHI>I :m c p r CT1\4CCKl1e xapexrcpncraxu 23 
lIa1l60JIcc xpynuux Ha COCIlbIX CTaHIIJlll Y 36eKHc-rall a C .ll!1l IHHbIMH rpyfionposo­
.Ila r.11I C I.(CJlbJO on pene neuua COOTIIOW CHlIlI norcps :Jllepnm B 3JlCKTpH'leCKHX ce­
THX, :JJIcKrp0.ll Dli raTc: rll x , uacocax, lIan Op Hblx TPy60 npoBo.llax l-1 acnouorarcn s­
IIhlX CHCTCMax HaCOCHblX CH 1HU.HH. bblJI Bbl'IHC.'lCIJ KTI) { 'rpyfionpoaonos II Kn.u 
uacocnu x CTaHl{II H. C pc,lI,lIcapHepMc TIf'lecKllc n Cm i'lJ1l1bl K11)l 'rpytionpononoa 
p accMaTpHBacMhIX llaCOCHhLX c TaUIlHH cocranana 71,4%, Jal)l IHlcocoB - 84,8%, 
K Il)l 3neKTpo.ll Bu r aTcJ1c H - 95,6% 

TIpo Be.1I.ellHblH ananm 31l epronoTpc6nellllll , Il0 3BOJIUJl cnenars BhIBO,n, <rro
 

60JlhIlIllC 3Ua'leH II Jl noreps 311Cprull coor aerc rayio- Te M cTallUl u l M , B KOTOp hlX
 

6 0JIb UJe .lln liHhl aanopnsrx rpy 6 0 llPODOJlOB II r e o Mc TP l1lJ'eCKlle nano psr,
 
B nepcnexr unc 3HcpronOTp c 6JleHlle uaCOCIlbLX cTaHuliH 0YlleT lJey KJIOHHO 

paCTII. 31'0 camano C TCM, 'ITO see anoas BBO,nllM hl e 3CM JIIi 6 Y2l:YT opourar scs 
TOJlbKO c nosrouu.ro HaCOCl lhIX CTalJl \HU, II pH4CM a CBo eIIII C HODbl X MaCCI1BOn c o ­

npaxceao He TOJlbKO C 1I0.llbC:.IOM UpO CIITCnbHOH nonu , J10 H ec n ep CMCUleH11eM Ha 

3HatlliTCJlb Hhi C p aCCTOSlHHSI OT BO,!lOIl CTO'lHHKa . 

B He<pTCfa30HOH II CC.'1h CKOX0 311ifcTBCHHOH or pacns x YBCn Ii'iCHIIC s ucpro­
lIorpe6 .'1CIlJlSl CBH3au o co CTapCHIICM TPy 6 0 n p OBo .n.OB II , COOTBeTCTUCHHO, ysena­
' ICH IiCM KOJ ep<pIIUIICHTOB fH,np aBJIHlJ'CCKOro Tp CHHH 11 noreps aaeprna no ,!lJIliHC. 

O llHll.'.1 113 llal16 0 n c c nepcnexruensrx HarrpaIL'lC W I H .nJlSl aueproceepex cuaa 
B 311Cp rCTJIlI CCKUX CHCTcMax HSJllleTCSI OnT1I:\1II3al\1UI P CiKIIMOB pa6 0ThI xpyrnu.ix 
I1o TPe 6 HTe J1CH no h'P IITCP HIO M HHHM H3aUHII pacxonon 3n c KTpo:m c p n m II ronnana, 
T.C. s irepro- 11p ecypc o c6 ep c iK ellHSl. 

3 a.n.a'l ll OITTI1Ml fJ aUI1H B 3 HeprCTHlJ'eCKII X CHCTClII ax 1\ xosmnexcax ycneura o 
peuraiorca MCTOllaMH aeonpcnenennu x M HOiK JlTeJICH Jlarp aaaca, sapaauaomurx 
IIC4I1CJlCHll ii, mHlcffllo r o \I u cn llHcHHar o n p o rpaMr.m p o Bfl IlHH, MHHHMaKc a, MHO­

r OKpI1Tep l1aJIb HOH OITTII MJ13aUHII II lip . OHII HaUV1I1 Olpa)l(CIlHC B TP y ,na x )l.A. Ap ­
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aaxtacue sa, B.A . B CHli Ko Ba, B .M . r OpUJTCHIlD, B.r . )f(ypallJleBa, X .<1l. ¢ aJ blJlOBa , 

P .A . 3 aXII ,/lOBa, T. X .H ocbIp o s a , X.IO. lOIJ.!la WeBa, T.n . Can uxosa, K P. Annaesa 
a np. 

/lIISI HaCOCH blX CTIlllllllH B uacrosuiee Bpe~lll lIaH60JlC c r JIy 6 0Ko npo paficra­
JlbI sonpocu onTMMII3al.\IUi xpyrunax CTaHl.\IIH o OOp y .nOB3 HH bI X OCCBblMli nacoca­
/ti M II CHHXPOHHhl MII 'm eKTP 0 ,UIIIIlWI CJISlMH. B ,UHccepTum llf npIIBc.nCII !IHTep aryp ­

Hhl H anamn p a6 0 T B .11 . B MccapHOIlOBa , 5U I. fH IJ36ypra , ill .X. P UXII:vIORa, O.~ . 

rJlOBal.\KOr O, Ii.C. Jleau osa, M. MaMa.QiKaH ORa . 

Meroau On Tl1MI13a w m nacocmrx CTaJl l.\IIH otiopynoaaanux ueirrpofieac­
HhlMI1 HaCOCa \1I1 H aCllHx p OHHblMII :m CKTp O,lI,BHmTeJHl MU paapafior anu B ~ICHbUJCH 

CTe lIeHH. B OCJlODHOM oro caasano C TeM, lJ'TO )~O nenaaae ro Bp CMCHH HC fi srno 
B03~lOiKHO CTH pe rynnponars HX p t:)I(IIMbl. 

B ,llliCCCpTa UHH npos eneu nureparypnu ti 0 6 30P 110 MCTO,/laM pery naposa­
H1UI PCiKU:vIO B H anepro cfiepcra tourcro 0 6 0p y ,nOBaJlHSI lIaCOCllhIX crantntll . P a6 0 TbI 

T.e. Kasranoaa, A.A . Xaurauoaa, x.r. Kapua oaa, 11.R )loBraJnoKa, E.11 C OKO­

rra nocsaurcuu lIUlp OKOMy BII CJlPCfllllO II reuaeuuaa pa3BI lTII II perymrpyesn,rx 
snexrponpa eonos npOMbIIll !I CHHblX II CeJIbCKOx03S1i1CTBeHHhIX yCTaHoBOK H MIl O­

rocxopocruux nsararenen . OrMCllCJIO, 1JTO pesepa 3 11cp r o c 6 cp c )!\CIIIHI Op OCH­

Te n bHblX HaCOCHhl X CTaHUHIt CBH3aJIllb'H C npllMcHeHHcM pcryJmpyeMLlx 3nCK­

rponpa aonos COCTaBJUI CT B CpC,nHCM 10%. a B OTJlCJlhHblX CJIy1JllSlX,nO 1S%. 
13TopM r naBa nOCBHIUCHa paspafiorxc orrnnram.n ux 3I1c p r ofHllp aIL1H'lC­

CKIIX p e)l(HMOB xpymrsrx lIaCOCHhlX cTaHUIIH, OnnlMaJII>HOMY pacnpcaeneamo na­
rpY3KII MC)f( .ny arperar aaa ~llL1blX liaCOCHhI X crauunii II llJIl I HHHlO rapudra na 
anexrpoanepnuo na Bhl 6 0p On Tl IMaJIh HOro KOJIII lJ'CCTBll aanopnsrx TPy60npoR"' · 

non uaCOCHhlX cT aH I~HH . 

Ilpn lIC CJIe,!lOBaJIH H :3HCp r o3epepCh.'TH BHOCrn IIaCOCflhlX CTa HUHH O.llHHM 113 

lla)l(HeliwlIX epaKTo p OB HB)JSlCTCSI BhI6 0p On Tli M <lJ1b HOr O KO!Ultl eCTBa Ii ,nHaMeTp o B 

II a lTOp HbIX Tpy 6 0np OBOJl,OB. Hanopuu e rpyfionponorn.i CTaHOBHTCH nee 6 0 JIee 

M II HHhIMH , CPC.llHHH llJIHlla nocr a rna 2780 MCTpOB. 113 aH aJIH3a :m cp ron o -rpe6 JIc ­

HHll BH.1lHO, 'lTO OCHOBllbIC 1I0TCp H 311cp nm npO HC X On~ B aanopnu x 1p y 6 0 1lp O­

sonax nacoc uu x CT aHu n H H COCTllBJIHIOT o oncc 42% 0 '1 0 6 m H x noreps, 
3 1'0 CBH3anO C TC ~I, ' lTO I10ll.a BJBlIOlUce 60Jl bWI1HCTil0 CCJlbCKOX0 3I1HCTBCH­

HblX HaCOClIhlX CTaH UIIH B Y 30 CKHCTlillC 6 bUI 0 Il 0 CTp OCIlO no 199 1 ro na . .uo 3'10 1'0 

Bp CMCHII D.JISI CCJlbCKOX0 311ilcTBeHHblX n OTP c6 l1'ren CH, cyinecrsoaan JIbr01'HhlH r a­
Pllep aa 3JICKTp 0 3HepnIfO. C TOIlMOC l"lt I KET .'I COCTaBJISlJJa 0,0I py6., a TO DP C~UI 

KaK .llPYfHM IlOTpc6J1TCJlHM J KB T.'l anexrpoanepran 06XO,rUIJ1CH B 0,04 py6. 

3'1' 0 npaaeno K TO:.l Y, 4TO norepa 3n eK rp0 3H Cpl'l1ll H 3 npCO;lOJICHliC ran­
pasmrtecxoro TpC HIiH B nanopuu x rpyoonposouax HC IIMenli ,/lOJI)I(HOr O 3BatI CHIUI 

npa TeXHHKO-3KOHOMH'lCCKHX pacxerax , B peaynsr ar e 6 bl!IIi cymecTBCHHO 3a HII ­

iKeHbI KaK ,l(HuMe-rphI aanopu srx rp ytionpoaonoa , TaK H KOn HtI CCTBO I1X HII TOK. 

3a OCHOBy 1'CXHHKO-3KOHOMH'ICCKor o 060CHOB8111lH npansro ycno snc MI1­

HHMyMB npasezrearu,rx 3aTPaT. B pacxer ax, npa aene nnux B zraccepraunu onpe ­
)leJ1S1JlIICh MllHIlM aJIh HhI C rrpasenennu e 3aTP aTbI HaCOCHbl X CTaIlUIiH .!V1H CTaJIb ­

Hh lX Tpy 60n p OBO).(OB Pll3JIli 4 Hbl X .!lllaMeTP OB B ueuax sa 3n CKlpOJH Cp l' IiIO II 

CTPOliTCJIbCTBO uanop utax rpytiorrpos oaoa na 1991 roll. 11 CJlO)f( I1BW I1XCSI sa 2006 
r Oll: 
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rzte: Z - Kon WICCTUO nanopnu x Tpy60IIpOllO.uOB; 111 Ii a - CTOHMOCTlI hlC 

K03c!JepHl..\IICHThr, 3aBHCRIl..\MC OT M8Tcp mUJa Tpy 60 npOBo.ua; d - .unaMeTp TPYOO­

nposon a: c - TapI-HIl ua anexrposucpn uo : .umi 1991 rona COCTUBJHICT 0,0 I py6 ., 

ll1UI 2006 r ona - 34,5 CYM; (/ - OT'lHCnCHHR fIU soccrauoanenu e 11 peMOIIT TPy60­

npo son a, xc r opue COCTaDJJSlIOT 4.6 % .u:11I xanop u u x r py fi onpoaon oa LIIU1MCTpOM 
no 2500 M~I H 3,3 % ocn cc 2500 ~IM . 

Pacse ru. npcsezrea usre B nenax 199 1 nOKU3UJ1 H, 'ITO HaHMCHLllJI l e sarparsr 

ofiecne-m aan aci , npa O./lHOH umxe rpy ti onposona, PaC'lCThI, npo aen em ru e .n.nH 
cnoaonunuxca nell 2006 r ona, xorna CTOIiMOCTh anexrpoaa epr u n B OTHOCI1TeJTb­

HblX CJUIHHUax npCBblCHJIU B 2,46 pasa CTOHMOCTJ, nanop a srx Tpy60rrpOBO,llOB, 

YKaJblBalOT HU uenecoo ti pasuocrs (.-rpOHTeJTbCraB oUnp. HUCOCHbrx CTBHIlI1H C ua­

nop HhlMII' rpyfionpoeonaxtu .uHa~lcT p o:o. 1 ao 2500 ~I~I - n syx HHTOK, a .'l li aMCTp0M 

60nee 2500 MM - Tp CX HHrOK (rafin una I ). 
113 Ta6 J11iUbl B11,!1,HO. ' I T() ecnu 6 bl HaCOCHblC CTUHlllIH npoexrupoaanucs H 

CTP0II!IHCb CCHt I8C. TO KOIl ll'-lCCTBc\ Tpy60npORo.n.OB HCOOX01\ll MO 6bJnO 6b] yBC.'II!­

'InTI> B 2, a TO n Il 3 pasa. A TIlK KaK 3TH craauua Y)Ke nOCTpOClI bl , TO 3TltM Ii 06 1>­

acuserca, 'ITO OO.'lhIUali ' IBCTh anepru u 'ICPll CTCH B r pytionposon ax. 
PaC'IeT noxas arencji Tpy 60upOBOl\OB. 

Tafinnua 1 
PaCqCT­ P - anMarepa- i 

1000K I d, MM 6 , % 11 Za P I em Jlbl H r on a1 I a+P 

199 1 1,4 0,365 I2,59 I 110 4,6 1,18 4,89 1,85 I 1600 3,44 6,36 2006 2- 0,171 
I 

2,85 0,317 199 1 1.54 1T py6bl 1600­
4,6 1,85 4,89 1.18 CTaJIbHbJe 2500 5,90 2006 210,9 1- 0,562 

3,12 0,269 Icssnue I 199 1 4,89 1,69 1 3 3 1,85 . 1,46 
2500 2006 7,02 ' 12,9 - 0,683 3 

,lJ,.TU1 CYll\CCTBYIOIl \Ii X HaCOCHhlX cranua ti cr om, Kap.uIi HaIJLHbIC MCpbl, KUK 

CTpOln eJTbCTBO ,UOJlOnmITCIIbllhLX IIIITOK rpyfionpo eon oa ncrpeti yer OLJCHb 60nb­
UII1X IlH uecTHun ll . Il oarovy OClIOBHoe BIII1MaHJ1C na Haw B3f JTlI}.{ aano y nen sr s 

CHH)KeIl HIO JlOTCpb snepr u u B nanopnsrx 'rpytion poson ax II Bhl60py OITTl1MaJlhllhlX 

pe)KHMOBsxcnnyar aua a CTaHIlI1H. 

PaCC~OTpliM OTITHMaJILHblH sap aaur pa cn pen enen ns ua r pyso x MC)K.lJ.y u a­

COClIhlMll arpcr ar aa a , npnnxa aa Kpr1Tepm1 MlillHMyM CYMMapHblX aueprosatpar 

OnHOBpeMeHHO pa60TalOIl lH X nac ocusrx arperaros . 

9 

n pC,'I.CTaBUM 1l0nH Yl0 OIlTH!llIn BUH.OHH)'lO Mo.ueJIb HaCOCHbIX CTallJ\lliL )],.1J 1I 

JTOrO paccv orpaxi HacocHYIO CTaII UIUO, ua KOTOpOH YCTllH OBnCHo 11 HacOCHblX ar­
pcrar os, HMCIOUULX B03!110)KHOCTb perynaponaa ns . 3a.'I.a'la COCTUHT B onpeziene­
llIiH Hal1llh Il 'Ol\lI eilw cr o pacnpcneneana HarpY3KH C yqCTOM noreps MOUlHOCTH. 

113neCTHblMII lI BJI HIOTC~ MOlllHOl"TIIhIC XapaKTCpl1CTI1KH naCOCOB Nl QJ H CYMMap ­
naa nozraxa IIBCOCIIOH CT3HUHH Qc. M HIIHMH311pyeM norp efineane ancxrpoaaep­
rna H3COCHOH CT3HUl1efi 33 BpeMH T. 

r 
(2) m m 3 o. " = I N,(Q,(t))dt 

Y paBIICHlie uen eaofi cPYHKUllll (3epcjJCKTHBIIOCTH) 6y.n;er cnenyrouuru : 
NH = NJ(QJ -I N2(Q7J + .... -I N'(Q"}-. mill (3) 
rue NH - cy MMapTJall nOJlC3HWl norpetins essaa MOl..QHOCTb HBCOCllb\X arper a-

TOB. 
B KaqCCTnC ypaaaenafi CB1I311, OIIHCbIB31OUlHX TeXIIOnOr J1lleCKHH rrpo ucc c, 

au crynsr MOIlUJOCTHblC x apaxrepacrnxa arperar o a N.(QJ. B Ka4CCTBC orpauu-re­
lIIUI B sane paBClICTBa BblcTy nacT 6aJIallCOBOe ypallllclI l1e MOIllHOCTII : 

2,- 1'1', - N - Nfl = 0, r ne J.: N, - MOl.L!HOCTb. 1l0TpC6.IJ IlCMlUI In ;)nCKTpocCTII : H 

N" - cyMMapHbJC no repn MOll\ 1I0CTIi B sa coce, :m eKTP0iJ,Bl1raTCnC, vp y ti onpoeone 

11 3JlC"JPIi QCCrm X CCTSIX. 
O rparmLJCHIIC n o nonasc 3M aHIIor o pacxon a BOZUJ HaCOCHofi craa ua eii : 

Qc = Q", r.UC Q"- rp efiy cssas nona-ra rracocaon CTUHUIHL 
Orp anasenus B BH)lC uepancncrn npencr aaneusr B cn enyiouieii qlOpMC: 

H ;' $ H, ::; H :; 0 5. H, 5. H m... ; 0 5.Q, 5.Qm"" 
Ypasueunext orrn oa nsamrx nacocuoti crarnma 6y.ueT q)Y IIKll lI ~ Jla rpanaca, 

xoropas nOKa3blBaCT 3a13I1CI1MOCTb y n paunsesrsrx nap aacrpos CI1CTeMbl 01' u e.1J11, 

BblXO)lHL1X 11 Hey npaBnllcMbix napawerpon . 
(4) <P = (N1 + N2 + .... + N,.) + A(J.:N;- N}/ -Nil) = 0 

rne A- ueonpcnenenusi i! MHO)KHTCnb Jlarp aux a, 
I1CXO,llSl 1131'01'0, qTO i». -NIl - NIJ = 0 MIl HIlMYM epYHKUI1H Jlarpaiosa (4) Ii 

uene son ql)' HKUIIII (2) counanaior . Il ocne j\llIpQlcpcHUllpoBaHI111 cjJYllKUHIl 11a­

rpaiosa no nepc ~1cHHbIM QI> Q2 . .... QIl , 1l0J I~eH O ycn oaae nal1BbJr o.n.Hcln ncro 

pacnpenenennn HU1-pY3Kl1 ~ lCIK.n.y lI aCOCHblMII arpcr aran u : 

aNI c3N2 aN. 

cQJ = aQ2 =.,.= cQ. = idem (5) 
1_ aNIJ 1- aNII 1_ aNII 

aQ, aQ2 eo: 
aN I - aN n _ OTHOCH­rne -- - OTHOCIiTeJIbHbll1 npapocr MOIl\HOCTH arperara; -Q, 8Q, 

TeJTbHblH npap ocr nor eps MOll\1l0CTIL 
nOl1CK OnTHMyMa npoaenen no p a3pa6 0TaHHOMY an r oparsry B cr asnapra oti 

nporp axe ae Maple 7 H n axer e npaxn anastx 33"l a4 Optim i zati on Tool box 3.0.1 
CHCTC~1b J aer owar usana n MaTc:o.faTll qeCKlI X paCLJ eTOn M A T LAB 7.0.1. 
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AIlaJIH3 pe3YJIbTaTOB n OKalbIBaCT, 'ITO naaasrronucanree pacn peneneu ae 

Harp)'1KH nponcx onar B TOM CJ1y4ae, xoma npapoci n OTpe6JIHeMOM. MOll.lHOCTIi Ha 

rrpnpocr n oaasn HBCOCHOH CTaHlJ,11l1 0YileT O~HHaKOBbI H WI 51' scex arperaros . 
Ilo nonysena oti aaxonoa epxocra nposeneua OTlTUMII3BlJ,H~ pacnpen en ea as 

HarpY3KII MC)J{ny arperar aa a HaCOCHblX CTaHUHH J.()IOn aKcKoro xacxana, ofi opy ­

1l0BaHHblMil BXO~HbIMI1. Han paBJIJllQlJJ.HMH armapar asia . 
Peurenae 3a~atIII On TH!\IH3aIJ,llll OhUlO OCyll.(CCTBrreHO .ll .'1H cny xaen pacnp e­

llCi1eH H~ narpysx a Me)KL\)' LlByM}! 11 'rp eMJ'I arperaraxia . Ha p uc. I-a Ii 1-6 npen­

CTaBJlCHO Tpex MepHoe rparpn-recxoe Il306pan;eHHe onpen cne mts 3llCpro3epepeK­

TllB HOCTI1 npa pa crrpezienean u uarpysxu MClKLlY .!lByMH H TpeMl! arperaraxm . Ilpn 
pacnpeneneaan HarpY3KI1 MelK,uy ,nnYMSI arperarasra cinoseuae norpefinea aa 

anexrpoaaep r an COCTaBl1J10 B CpC,ll,HCM 3,1%, MelKLlY Tp eMJ'I arper arasra - 4,2%. 

Lt •• 

.N ~ '/ ~-So "" 
~~; 3 2 

.3€ H , hi 

a) 
L ~. 

6) 

3 0 nr , ....~ 

o 

PHC. 1. Tpexjacpnoe rpaqnsuecxoe rtpencr aanea ae OnTI1MaJIbHOr O pacnpenenea aa 

HarpyJKI1 MClK,LIy .II.BYM~ (a) If rpesrs (6) arperarana . 

TIp OBCLlCHHblC paC'lCThl II axcnepn xtetrrs t 11a pane xpynnux HaCOCHhIX 

CralIIJ,HH noxaaa nu, '!TO li3J10lKeHHbIe npamurrrsr pacrrpenenenn s HarpY3KI1 M e)l(~Y 

HaCOCHblMI1 arper ar au n 06CCnC'l J1BaJOT oxon o 5% 3KOHOMHH 3J1eKTp03HCpn ll1. 

11 
B y cnoBIHIX PhIHOqHblX OTHOllleHHH B CenbCKOM X03HHCTBe pecny tina xa B 

CBH3H C n OBCCMeCTHOH LleHTeJlbHOCTbIO epepMepCKI1X X0351HCTB CYllleCTBeHHO B03­
paCTaCT porn, l\IaJIbIX HaCOCHblX CTaHIJ,Il H, 

Mansre HaCOCHble CTalllJ,HH OOW lIIO 060PYLlOBaHbl HeCKOnbKHMJ1 PalHO­

TIITIHbIMH aacocaxor C aCI1HXpOHHbIM :>nCKTpOnpHBOLlOM, pa60TalOJURMU HHLlI1BH­

AYaJIbHO HJlH n apaJIJIeJIbHO n a HHTKY aanopuor o rpyoonposone C 3aLlBHlKKaMH C 

PY'fHbIM I-IJIH aBTOMaTWICCKJ1M ynpaaneanesr. 0 11 11 lJall.(e scero pa60TaJOT aa paa­

BCTBJlCHHYJO cert, Tpy6onpOR01\OR C 60JlbIU HM t.JHCJIOM OTBOLlOB; KpOMC roro, 

OHH ca!>lI1 Mo r yT 3aJIHTbJRUTbC>I 0'1' xpynasrx Mar HCTp aJIbHbIX nanopasrx Tpy60­

npoaonos. M aJIblC nacocasre CTaHIJ,HH )J.OJD!\Jlbl 06ecnCYl1Tb nOTpc6J1TCJIeH CTpO­

r o 3a,naHHhIM KOJlI1t.JCCTBOM so ru.r, nOJ\aBaCMOH non onp enenennuv .uaBJICHHCM. 

Bona J\OJIlKHa 6bITb uonana B crporo oup C;.J,eJICHHOe BpeM5I, rrpa JTOM mrrepaan 
nJl aHI1pOBaHI15! nOTpc6rreHJ15! B OTJIH'U1C 0'1' xpyrnrsrx CTaHIJ,HH, H3Mep5leTC5I CyT­
Ka~ 1l1 H ,L\alKC -racaxm , 

3aLlaqa COCTOHT B onpenenenan onmv ansrroro pacnpenenea us HarpY3KH 
:-IClK,uy HaCOCHhlMH arperaraxm H COCTOJlHH5I 3an op IIOH apv arypsi nacocnsrx 
CTaHlUIH, 06eCn eQIlR aJOll.lHX MunHM)'M y n en su o r o pac xona Jne KTpO:)HeprHH aa 

3UL\aHHbIM HIITep BaJI BpCMeHH: 

~ -0 Z JW(Qj,H U36) ,QH j(H J S),M) . 
W =L.., 1 ~ mlO (6) 

1=1 ;;i Q; 
npa cnenyrounrx orp ana-rcrmsx : 

J _ 

o,=I Q; ;Qj = QlIJ (H w) ,S ,H u>fi, ); 
lr 

H; ::; H ; ::; H ,' :0 ::;S ; ::;1;0 ::;H j ::; H TOZXj ; 0::; QJ ::; Q",,,,, ) 

rzre S - orirocnrensnoe OTKpbITHe 3a,ll,RIl)KKJ1 j -ro aacoca (S == °COOT-

BeTcTByeT nOJIHOCThlO OTKphITOH aansaxxe); Z - nepesreaaaa, xapaxrepasyio­

mas COCTOHHue nacoca (z == 0, ecn a S == 1, nacoc orxrnoaea II z == 1, eCJIH S == 
0, nacoc BKnlO'!cH); Qc - cy MMapHaH nona-ra rpynma nacoc nsrx arperaros npn 

napaJIJlCJIhHOM COCLlJ1HCHJ1Hj -nacocoa; H... - MaHOMCTpHqeCKHH Harrop HaCOCHO­

ro arperara; H.36 - n cpCMCIlHl,IH li36h1T0'4HLIH nartop npa sanarxe HaCOCOB 0'1' 

KPYTlHhlX nanopn srx Tpy6 onpOBOII.OB; QHl H"J - epYHKUl10lt aJIhHM 3aBIlCHMOCTh, 

onpenensroruas nonaxy j - r u ar perara npa MaJlOMCTpH4CCKOM Hanop e H..." B CO­
OTBeTCTBIlH C pa6oyei1 xapaxre pncnrxoa nacoca; Hmw., Qma:x _. MaKCHMa1JbHhle 

nanop H pacxon r-ro nacoca. 
BHCJlPCHHC npennosceancro MeTOila OnTI1Ml1'3aUHH ira MaJIblX HaCOCHbIX 

CTaHJJ;HHX n03BOJIHeT nonysars 3KOHOMlI q eCKHM 3epepeKT aa c-rer CHHlKCHH5I pac­

x on a 3JIeKTpo3HeprHH na nozraxy BO,L\bl 11 OnTHMaJIbHO pacnpenernrrs aarpysxy 

Me)l(LlY HaCOCHbIMH arperarava. 

TpeTh'U Jl aBa IlOCBHlJ]eHa paspaticrxe saeprocfieperaionnrx MeTO)lOB pery­

naposaaas If y npaBJleHJ1 J1 pelKJ1MaMI1 pafotsr HaCOCHhlX CTaHIJ.HH. Pac CMOTpcHbI 

aaeprormrpasmrsecxae OCHODhl pcryJIHpOB aHHH pelKHMoB pa60TbI HaCOCHblX 

CTaHl\HH C )lJlHHHbU',m TPy6onpoBonaMH rrpa HCrrOJlb30BaHP.P. perynapyenoro 

anexrponpasona, cnocof perynnpoaaaaa PClKHMOB pafiorsr HaCOCHbIX CTaHIJ,l1H 
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nepenycxoa J1 MeTO.n. ynpa an eaa s p C)I( HMaM If aa HaCOCHhl X CTaHIUUI X C Ha COCHbl ­

Ml1 arp crar axm, pa6 0 TaKlUUiMI1 napannem.no IIU 061lU1M nanoprrsrti Tpy 6 0np OBOn . 

KaK rtoxasan nrrr eparyp usiil ananaa Hau 6 0 n ee nepcnesra ansril c TO"IKIi 

3p eHlUJ oacpro- II pecypcocoepexeuaa "ICTO,lt ynp aBn CHIDJ pC)I(HMaMII pafiors r ua­
COCHblX CTaHIUIH CRll'3aH C u p HMcnCHIfCM -racroraoro perynnpouaana onexrpo­
npnnona. 

Ilapaverpu nanopH hlX rpytion posonos npa HX 6 0 n hWI1X lIJIH HaX CYlllCCT­

BCHHO BJ1lli110 T aa P Cjj(IIMbI aacocnoil CTan~1i 11 npa pery rnrponaana ee pafiorsi. B 
JlH CC CPTa~HH onpenenserc s 0 6 JJaCTb npnueaenas xacrorn o-perynapyea oro 
3JJCtnp On p HBO,'l a n o 3HCp r OrlinpaB.IJIf'ICCKHM napav erpaja aanopm,ix 'rpyfionpo­
BO.n.OB HaCOCHbl X CTaHUI1i1. 

Hanopnas xapasrepacraxa uerrrpofi ezcnoro nacoca, patioraroutero na na­
nopa sm rpytionpoaon C n c p eMeHl lO ii 'laCTOTOn BpalllCHHJI, onacsmaercs ypasne­
HlfeM : 

( 
\' 

.. - S .0 ''-{ = H , -.!!...-J _ H (7) 
tI" 

rne H - uanop B HaLJaIIC rpyrionpo eona; ,.,,, - lIoMHHarrhHwH xanop nacoca: 
S - KOJepepHl\lICHT r unpanna s ecxoro COn p OTIfBII CHHSI uanopnoro rpyoonpoeo­
na, QH- 1I0MI1 HaJlbHM nonas a nacoca, 

Xapaxrepncruxa Tpy6onp o Bo.n;a onacsrsaerca 3anHCHMOCThIO: 

H = Il l' + S · Q l (8) 

rne Hr - rcoaerpa-recxaii uanop. 
C OBMCCTHOC pemennc ypannenall OTHOCHTeIlbHO pacxona naer 3aBI1CH­

MOCTb no.ua'1l1 aacoca OT ' l a CTOTW BpamCHlHI anexrponaurarens: 

0= j 0~Y -'7 ~p (9) 
- ' , I - '7..r 
rn e Q - OTIIOCHTCJlbllall nonas a, T.C. <j>aKTI1'lCCKaM nozrasa aacoca, orne­

cennas K ero HOMJIHaIIbU0My 3Ha'leHlHO; '7m,,- KI11J, rpyrionposona, T.C. ornoure­
HIiC r COMCTp l1lJCCKOH BblCOTbl rrorrsesia K Mallo MeTjJl1 'lCCKoMy aarropy, 

n o ypaBHCHmO (9) 6 blIlH pacc-nrransr 3a BIiCHMOCTU, a na p HC. 2 nposencuo 
rp adnrs ecxoc H3M CHeHlIC OTHOCHTC.rlbHOM nonaun uacoca OT ero OTH OCl1TeJIb HOll 

'laCTOThI nparneana .n;nll P a3JIM'lHblX 3Ha'JCHHH '/"'1" AHaIII13 KpHBblX n OKaJ bIBaCT, 

'ITO JlHIleiiHM 3aBI-ICHMOCTb IDMCHCUHSI rrona-m OT sac rorsi epauteuas nacoca na­
fimoztaercs TOJIb KO npM llmp = 0, T.C. npn pa60TC 6C 3 r COMcrpW I CCKOH BWCOThI 

nom.ea a. 
Ananora -uro nonyuena 3aBIf Cl-lMOCTh 113MCHCHHJI OTHOCHTCIIb Hor o nanopa 

OT OTHOCIITCJIbHOH 'laCTOTbT spauienaa: 
_ _ ( _ ) (;;)2 - '7 
H= H r+ I+ H ,- . "" (10)

1-'7,,,,. 

1'.n;C Ii H HI'- COOTDCTCTBeHHO O'rnOCHTC,l bHbI C aanopsr ~laHoMcrpH LJCCKHi\ 
( OTHCCCHHhI H K JloMlmaJIh Ho MY 3Ha'lClIli10 nanopa nacoca) 11 r c o McTp H'ICCKHH 

( o THeccHHbIH J( HOM HlIaIIbHmlY 3H a'lCHHlO reoa erp as ecxoa BbI COTb! nozrsea a). 

I 1 ,~ ~I - r- ' 
o" 1,2 1' -- , - ' 
F; l ' ­g r- -l
 
~ o,s J --- 1_

5 0,6 L -- , -j ,§ I , - - -- I 

o@ 0 4 ''~-- I 
0,2 _I_ II - ­
°0 - --' - -- I
 

0.2 0,4 0,6 0,8 1,2 

OIUOCI1TC..'U,Hl1I 'l llCH JTlJn 

1__°-=--D,15 ---.- 0,3 ~----o::t5 :::e=-o-:6'l 

Puc . 2. l13MeHcHHc n o .n;a 'l l! nacoca 01' sacrotsr spaurenna 
anexr ponsararena npa p a3J1I1'iHWX aua-renasx Kn.n. rpyfionpo eona 17mp 

On penenser cs q a CTOTa spa mea aa perynnpycv or o anexrponpa sozta C u.e­
Jlb lO o 6 eCn e\ICHI111 rpc6 y c Mo r o p C)I(HMa patioru nacoca. C OBMeCTHoc peuren ue 
y paBHeHJ1 11 uanopnoit xapasrepacr a xa nacoca (7) Ii rpy 6 0 npon o.n.a (8) OTHOCH­

TeJlbHO 'laCTOT!>! BP UlllCIII1l1 llaCT ssipax euue: 

1l =IlH . Jl~r +(I - rl~J ( QQ y (I J) 
t: ! 

P a60 Ta uacoca C 'laCTOTOi i s pamemsa, onpencnaex roii ypaaaenaeu ( I J), 
ofe cne-msacr n OWlCp )KaHHe M llHHMarrb HhlX 3HaQCHHi i n anopa ua BhI XO.n;C nacoc­
HOH ycr aaos xn BO scexi .n;Han aJ OHC 113MCHCHHll ec nonaxa , H, CIICJJ.OBaTCJJ hHO, npu 
MIiHliMa.rIbHo H norpefinscn oa MOlIlIIOCTH. Flpaseneaasre B ,ltHCCCp TaUHlI pac-rersr 
n OKaJ bJDalOT, 'iTO perynapoaanne p e)l(I1!110 B pafiors; arp eraros Marrbl X HaCOCHblX 

CTaHUHH B COOTDCTCTBIIH C 3aBH CliMOCTblO ( II ) JI0 3BOIllllOT YMCHb lllHTb n OTCpl1 

anexrpoaaeprun B 3n eKTp0JJ.D1IraTcIIliX ,[(0 10% H B rpytionpoaonax n o 5%. 

,upyroH cnocof perYlmpoB311Hll patiorsi aacocno ii CTa H ~HH 3aKJII0'laCTCll' B 

TOM, ' lTO npOH3BO,!!,HTClI nepcnycx ' I3CTli pacxozia jj(1I.n.KOCTII 1I3 oznroro nanopnoro 
rpyfion poaona B npyroil. KOTOPblC 0 6'bC.n;HWI IOTCll' MC)KLlY cofioii C n OMOlT(blO II C­

penycxaoii Tpy6w c npoccensuua yCTpOHCTBOM . 

I-1ccn e.n.OBaHl1l1MH 6blJIO y CTaHOB.IJCHO, 'ITO aa HaCOCHblX CTa HlUUlX, 0 60p y ­

,r:rOBaHHbIX .n;B)'MlI II 60Ilce napannensno pacnoncoxeunu u n lIJIUHHbl MU HHT KaMH 

aanopaoro r pyfionpo s orta, 3HCproTH'lCCKH BWr OjlllbIM H llBIDl KlTClI pe)l(H Mbl C pas­
HOMCPHOH 3alp Y3K OH uanopns tx rpyfionpoaonos , r .e. npn OtlHHaKOBhIX nonaxax B 

HUX . H a yposa e H30 6 p CTCHHJI ( n aTCHT UZ NQ2373) l-'I1l1 HaCOCHhl X cTaHl\HH pas ­
pafioraao 3Hc p r o c 6 cp er alomee nepenycxnoe y CrpOI1CTBO. 

A HarrH3 epaKTU'le CKHX P C)I(HM OB na pane u aCOCHbl X CTaHl\HI1 nOKaJ aJI, 'ITO 

pasaoa epnyro 3arpY3KY aanopusrx rpy60npoBOAOB He s cerna yziaer ca o CYlllCC'J'­

HIlTh. 
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I10 Tep H s nep ran npu lJO,l:\Uq C pas u o r o xorrasecr sa )l(H )lKOCT H rro ilByM mrr ­

KaM uanopnoro Tpy60np OBOL\a C Hc n on b30 Ba HI1eM neperrycxuoro yC Tp o i1cTBU 

(pHC . 3) scerna 6y.uyr MCllhwe film paaau 1I0 TCP 5lM npa nonaxe 'roro jj\e KO.'1H ' I C­

CTUa )l(]UlKOC·!1t 6 e3 nepcnycxnoro ycrponcrsa. 

3 31\6 .: 

u 
PHC. 3, Cxes ta n O,UKJIIOq eHll 11 uanopaux Tpy 6 o n p OBOL\OB C nepenycsn u v yC Tp OH­

CTBOM. 1- nacocnsre arperaru; 2 - IlH,UHBl1n y an bHble s anopaue rpyrionposonu; 
3 Ii 3-a - ofinme ua nopuue rpy60JlPOIlOAbl ; 4 - .m1cKO Bhlll 3UTBOP; 5 - rtepenyck-

Hall r pytia: 6 - llp OCCeJlhHOe ycrp oacrao; 7- AH<pMalloMerp. 

,iln.ll ocy iuecranenns paanoaepnoti 3arpy:JK 11 uanopnux rpyfi ortpoacnoa 11 

perynapoaaaas 1I0,ll,U4H nacocnoa CTUHUl!I{ 6 LI!1 pU3pa60TuH H 3aruuweH nares­
TOM UZ .N'!! 4380 cnocof H3!'-!eH eHI1.II n p Ol-lJBO,ll,HTellb HOCTJ1 HaCOCHoii CTaHUI1H . 

CYIIlHOCTb ero 3a KJIIO'IaeTCli B TOM, 'ITO n p 0 I13B0 ,'1HTC.II nepenycx uacra p aCXOL\U 

)Kl1L\KOCTI1 H3 0 .'1II0ro uanopuoro rpyconponona B npyroii , KOTOp blC 06'be,nl1H5IIOT­

cs :-'IC)K)ly COOOH C noaouruo nepenycxuoil TPy6bl C JIPocce.1LllbThl ycrpOHCTBOM. 

Perymrpoaaaue nona xu ocy u ~e (;T RmI CTC.II rryrcv U3MeHCHH5I raztpaannsecxoro CO­

npOTH BJICHH.II l.\p0CCCJIhHOrO yCTpOHl"Ba, a BeJIWHlIla H3MC HCIIll1l noztaxa orrpene­
JffiCTC.II n o nOKaJaIHH1M JlI1QlMaH OMcTpa. H3M ep 5llOruer o nepcnan naBJlCHH5I B na­
pannem.aux uanopnux rp yrionposonax B MeC Te YCTallOBKH ncpenycxnoii TIJy6bl. 

O CH0I31IOe npnaunnaamnoe orna uae cnocofia p eI)'JmpOBaHH.II nepcnycxon 
OT '1aCToTHo ro perynaposan aa anexrponpasona 11 pe rynapoaaa a s nanpaansro­
l l\HM anrrapar oxi na axon e 3a KJlIO"I aCTCii B TO:-'I , "ITO B ,lI,aHIIOM cay -rae pery napos a­
HHC n p OIlCXOllIH B CTOpOHy y sen useu a» n OJ:\a tm HaCOCHOH CTaHUHH . 

jlJffi p eryrra poaa a u s n O,ll,U'lH HaCOCHoii CTaHUIlH Hcnonh3YCTC.II HaJH1'lUe n e­

penan c e .naBllCHH.II B s a v anax 0 6ruHX n an opiuax rpy tionposo a o s n ac o c n o il CTaR­

u n a , B0 3HHKaIOruUX UCJIe,UCTBHe pasau x n o r eps B Tp y 6 0 rrp OROL\ax . Ilpn 3aKphlTL IX 

npoccens uux y crp o ncr s ax, xor n a JIC 6 YJleT o cyruCCTB.!IlIThC.II n eperrycx 110 rr cp e­

rryc x u oii 1'Py 6 c 113 O,llH Or O o fiutero a anopn oro TP y 6 0 l1p oBOna B a pyro ii, K3)j(1Jhrn 

HaCOCHbI H arperar 6y.ne-r pafiorars ua CBOH lIan OpHhiH TP y60I1pOBOJl. CYM Map HIDl 

n o n ax a Ha COCH oH cran u a a 6y.nCT pasna Cy MMC pacxozto n )l(H.nKOCTJ1 B KaiK JlOM 

a arropnov 'rpy fion p o uon e. Ecna ~poc ccnhHoe y CTp OHCTBO rrOJIHOCThlO OTKp hITb , 

TO I13MeHHTCli xapaxrepacrnx a CCTH. a, cn en o narem.n o , 113MeHlITC.II p a6 0 tllfe TO,-\­

KII HaCOCOB (pac, 4). 

I ·r,M 

Q .M·'!C6 0 402 0 o 
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2 0 

5 0 

6 0 -1 I I i 

4 0 

3 0 ~ ! A=-=r '\ ~ ~" 

P I1C. 4. C n o co6 perynuposanas 1I0,ll,a4 11 l IaCOCn OH CTUHUIlli nepenycxo» , 

PaCX O~bT lIaCOCIIhlX arperaron npa 1I0 JI II OCTb IO OTh'P blTbIX HnH saxpsrrsrx 
!lPOCCCll bHbIX ycrpoitcraax 6y.1lYT 1lBJI.IITbCH L\Hana30HOM peryn aponanna nonax». 
CleM 60JTbWC pasmma B pacxonax jj\H,TI.KOCTl1 B lJal10PHblX TJJy60npoRO,ll,UX (UpH 

saxpsrrux ,lIP OCCCJlhHbIX ycrpoiicr eax na aanopnux TJJy 6 o rrp OBO,ll,UX), TCM 60Jlb­

me 1\Han a30 H peryn nposaxns . 
l13Mc HeIl llc 1T0tla1.J1i na 3a.nUIlIlYIO BeJI I1' lll HY no 1I0 Ka3 aHHHM ,ilI1<pMaHOMCTp a 

o cymc CTBJI.IIJOT no CJ1 C.lI.YIomeH 3aBHCI1MOCTH : 

t>Q=O {HJ - H,) (1 2) 
_mu , H - llQ . 

J 

cue i\Q . Q - H3M CHeHH e lI o .ua'JU llaCOCHOH cr anunn HCKOMOl: H MaKC l1­max 

ManhH O BOJ!-.IOjj\ HOC; H I. H~ , H; - JlOKU3UIlI1i1 tJ.IHj lMallo MeTp a npa aaxp s rr oxi, IIPO­

MC)f()T O'CJHOM H OTKp bl TOM npoccensuosi ycrpoiicrae. 
T aKI1M oopaaov, npn paamrs ustx pacxonax B 'rpytionpoaoztax CyMMUpHblC 

nor epa aneprna HO rrpC O,ll,OJlCIIHe CI111 ·rpeHI1.11 S uanopnstx TPy60rrpOBOJlax rrpa 
3aKp bIT hIX ztpoccensau x ycrpollcr sax 6Y.llY T ucerna 6 0 JlhUJe , ' i eM nor epn rrpa 
rrpOTeKOHl1l1 'roro iKe pacxona )l(Hl\KOCTI1 npn ncpenycxe, T. e. npn nOll110CTb!O OT­

xpsrrsrx npoccensnsrx ycrpoacrsax. Ilpn 3T OM onpenencno, 'ITO aaep r ocficpeacc ­

Hue MOjj\CT COCTaBJl lIT h OT 5 1\020%. 

,l].anc c B fJIaBC paccvorpen CWC O,ll,11H MeTOl\ Yllp aBJIClIH.II p e)l( I1M aM H, KOTO­

phl ii OTHOCHTC5I K HaC OCHhIM crnu uasv, u a KOTOp bIX nsa Jl fion e e aaco c u u x arpe­

r ara napannem.n o c o en n n en u nocp encr s o a HH;nHBHJly an bHblx narropustx TIJy6 0 ­

npoaoztos B 0 6 umi1 (puc 5). CYUJ,HOCTh MeTOL\a 3aKJIJO"I aCTC.II B TOM, 'ITO lTp I1 p e­

rynn p oaana n p ejj\I1MOB patioru nacocnoa CTaHIJ,1111 1I0 CpeJlCTBOM l13MeHellHll ' m c ­

rra p aoorarouiax HacOCHbLX arpe r aros HC0 6 XO,ll,HMO Bhl6HpaTh naaoon ee 3KOHO­

MH'IHOC I1X CO'I CTa HJ1e . 
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Qe Qe 
Fe Fe 
Vc Ve 

Puc , 5. CXCMa nO,lI,KJIlO'leUIiSI uacocasix arp erar on
 
E MarHCTpailhllblM aa nopusis, rpy60 I1pOBO,LJ,aM.
 

Ilor cpa narropa onpenenmorcs pacxonauu aa cociu,rx aiperaron H MCCTHbI­

Mil conporann enasn a npn CnllJiHHH IIOTOKOB n o q,opMYJJaM, n p lIRetlelIHblM B 

urecr oa malic tJ,l1ccePTaUI1H. 

Pacxersr pe)f(fP.,IOB pa6 0TLI HaCOCHhlX arperaroa 6Lmn npOIl3Rc.o.CIIW nns 

scex B03MOIKHhLX BapHaHT06 no.ncnoueuua HaC:OCOB JIll aanopnsre r py o on poso ­

ALI. b hln ll paccuar ansr n OTCpl1 nanopa II MCCTe COC,.'{llJICHlili HH)J,IlBI1)1YaJlhHbIX 

'rpy fi o np oa on oa B 061UHH 11 orrpeneneasr sarp ar sr MOIl\HOCTIl i ra npeon on enae no ­

TePb B MeCTHblX COIlPOTI1B.TlCHl1lIX B KaJKtlOM HacoCHOM arper ar e, 

O CII0 81l1>lC PC3YJl b1aTbI p aC'I eTOB npencraaneuu B 'rati n nue 2. 

Ta6JIH1ta 2 
COllOCTIIB.IJCm IC norep s n an opa B Kp eCTOBIiHe 

. . ~- ' r - o- . .. ...... -- .... _- - . . . . . ...... . ...., " e, - "'If-\'""'."'.:''V 11''I\,o 

N!! 
K!! 

Pa6o­
r aio-
I.U. l1e 

arp e-

CyM-

MUp HUli 

nonasa, 
MJ/C 

n OTCp H n arropa, 

M 

3 aTp a' llfBaCM!'..liMOI.U.1l0CTh, 

illT.'1 
Hacoc I Hoco, 2400B 
160 0 B 2 5/4 0 

H ac oc 

160 0 B 

Hacoc 2 40 0B 

25/ 4 0 Beero 
rar sr - 10/4 0 rr Sl MOH COKOB. - 10/ 4 0 n p Sl. Mo ii OOKOB. 

1 1(2) ,3 3 8 ,2 - 0,04 0 2 1 -4,4 77,8 73,4 
2 1(2) ,4 3 7,9 -0, 3 5 1,27 -3 7 ,0 460 ,7 423 ,7 
3 1,2 ,3 4 5,6 0 ,53 0,2 3 60 ,2 80 ,6 20 1,0 
4 1,2,4 4 53 0, 19 1,21 2 1,8 429 ,6 4 73 ,2 
5 I 5(7 ) 2 9,0 1,0 1 3 78,5 37 8~ 
6 6 29 ,6 0,0 8 30 ,6 30,6 
7 5(7),6 53,9 0,24 1,62 83 ,0 556,3 639, 3 
8 5,7 5 3 ,6 0,9 8 3 39 , 1 678, 2 
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B uenon , KaK noxassraaior pesym.r ar sr pacnerou ncrepn uanopa H aarpar u 
MOI.U.HOeTH H, cnenosarensno, 3aTpaTLI 3n CKTpOJHCprHIf na I1X npcononen ue B 6 0 ­

KOBOM aacoce BO MHoro paJ npeasunator aHanOD I 41lbl C BCJIlI411Hbl .nml nacoca C 

rrp liM bIM npOXO,D,OM. Pa3HI1u a B aa cprorror pcfinemnr COCTIl BJ1lIeT ,.'{o 6 %. 
Hcxons 113 3TOr O, C.nCJlaH BblBOll 0 TOM, 'ITO tl a HaeOCHbl X CTaHUHlI X C rra­

pannensuo pa60TalOlUl1MH lIaCOCHbl MH arperar axia aneprocoeperaronraaa pCIKH­

MaMH 6y,nyr TaKIl C, xorna pa60TalOT UCHTpaJILHblC lIaCOeHLIC arperar si. 
Y'II1Tblllall , 'ITO HUeOCHblC ar perarm B npouecce 3KcI IJ1yaTBlm H ,.'{OJllKllbl 

51,lTb 3arpYIKCHhl p aDHOMCp nO, npennosceno npn patior e ozmoro arp erar a BKJIIO­

'1aTl. UCHTp aJIhHhlH nacoc, npn pa60TC tlBYX arperaron 6 0 KOBhl e nacocu , 
Il poseneaaoe MaTCMaTl i 'lCCKOe Mo.n.eJlHpOBaIHi C nerno B OCIIOBY aaepro­

cfieperarouiero anrop ar sia ynp aBJICH11l1. On COCTORn H3 Ta6m1U 11 HarpYJ0'lHbIX 

nnarpaso r, no KOTOphl M n Cp eOHaTJOM BbI6 11p aCTcli HaH6 0JIee JKOHOMH'InOC C0 4C­

TaHHC nacocnsrx arperaros, xoropu e n e06XOtlH MO BKJIlO'l IlTh rrpa Tp c6y CMo il 80 ­

nononas e. 
3 Kc nJlyaTaUI1R W H C B 2 000-200 6 ronax n o paapafioran novy <L'l r OpI1TMY 

ynpaBJICm111 n03BOJIIlna C~ KOHOM llTb ~O 3% norpefinseu oii ::lJ1C"'"TpOJHCp rJfH. 

l ICTBCPT3lI r JlaBa n OCBSlUICHC p CjKl1MaM CTpyHHblX nacocon scnoncrarem­
HbI X rrpenaacnstx CIlCTCM CeJlbCKOX0311HCTBeHHbl X HaCOCHhlX CTaH I~HH . 

3n aHIlli CTUllilllH H3-3a sarnyfineanoro HX nonoaccan s , H8..,lli'l llll neyerpa­
HHMhl X TCXHOJIOr Ii 1.J eCKl1X n p OTC'iCK, a 1aKIKC B03~.10 :JKHbIX nOBpclK,l\ cHHii II 3BapHH 

nonaepacenst 3aTOfl n CHlUIM. Ocofienao ocrpo 3TOT s onp oc BCTaeT rrpa ytlaCTI1R­

WI1XCSI B nOCJlCtlHCC apcMlI OTKJUO'leHl1lIX JJl eKTP03 Hcp r HII. 113Bcc r cH paa cepscs­
HblX aaronnea mi 3tlulm il CTal-JUlfH, Bhl3BaHllblX BHC3alf HblM noraineaaea anexrpo ­
oucpruu. ,D,nll OTK84KH HeOOXO,LJ,IlMO liMC, b aJIbTCpUaTIIBHhlH HCTO'fHHK :H1ep rH H. 

B xas ecrs e lrCTOlJHIi Ka snep r u a apenaxnsrx CI1CTCM rrpennosceao IfCnOJIb­

30n3Tb JHCp n lK) cron fi a IKli,'lK OCru nanopnoro TPyoo n pOBO,LJ,a Hac OCHOH CT3HUliIl 

n o n aTeHTY UZ K!! 362 6 , a B KaqCCTBCycrp oticr na OTKaYKp. - CTPYHHblC HaCOCLI. 

n p CHMym,CCTRO crpyiin o ro n acoca JaKm OliaCTCli D TOM, l ITO pa6 0lJHM opra­

HOM lI DJlSleTCJi IKlillKOCTb Ii rtepenaxa :m ep r l1li BcaCblBaCMOMY noroxy oCYI.U.ce!'B ­

JISlCTCSI 6 C3 HenOCpCtlCTBCHlIOH 33TlxITbl MCXRIHl liCCKOll U 3n cKTpl1'l CCKOii 311CprHl1 . 

CY I.U.1I0CTI, npenncx cn uoro cnocoiia pa 6 0TLI zrpenaaoroii CIlCTeMbl nacoc­

HhlX CTaHU.lili eXCMll Tl1' lH O rtpen cr annea a na pHC. 6 . ,l(pella:JKHhlC IIO~bl CKan.rIH Ba­

IOTCli B .np eHIDKHoM KOJlO~ue . Bona In aan op nor o rpyri onpo sona cm m aCTCSI xepes 
nO.llBOtlll I.U.YIO TPy 6y Ii n o crynaer B non ocr s caaoperyn npy iomeroca CTpy»1I0ro 

aaco ca. Il on ~elicTBH eM p aspsx cuas, cosnanaea o r o BO acacsraaiouicti xax epe 
crpylirroro n acoca, llPCHa)f(HhIC so nsr y .lJ,3.Jl l1JOTCS! IB n pea axnor o KOJIO.nu a D 

as aax axrepy aacocnoii crau uan, Ha HaCOCllbIX CTaHlIIl Sl X, ofiopync aana u x Jl:n IlH­

HblMl1 rpyoo np o son aa n npa noraineaaa 3JIcKTpo :JHep rIlH B03MOIKHa 01Kal IKa 

.nPCHalKHbIX BOn cau operynapyromanacs CTPYHHhIMIl HaeOC<L'\111 B TC'lCHHt: 3-18 

cyrox. 
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PIIC. 6. )lp cHa)KHlUI CHCTCMa 311aH Hll HaCOCHblX cTaHUHH :
 

1 - ,QPCHa)Klihlfi xononeu; :2 - HallopllwH rpytiorrpoaon;
 
3 - n O,llBO,ll,llmall -rpyoa; 4 - CTpyHHhlH Hacoc; 5 - aBaHKaMcpa.
 

)lJJ.l1 uacocusix CTaHllHH, ofopynosannux mrsxoaanopnsur« HaCOCUMlf e 
!\l3JlblM OTHOWCIII-f eM pafiouero H narneraexroro uanopoa, 6bJJ1a paapafiorana Ii 

3aWIlI11('HU naTeHTO),! na noneauyio MOAC.'Ih N2 FAP 00180 nocnenosarensno­
napanncnsaax ClfC TeMU COC,nIlHCIlHbIX cr pyiinsrx HUCOCOR (pHC. 7). 

PH C. 7. IlOCJIC,nOBUTC.J1bHO-napXIJICn hllall 

CIlCTeMa coemrneuaa CTpYHHblX uaCOCOB. 

1 - C-rpy J1HbIH a acoc nepaon crynena; 
2 - CTpyHHb lH aacoc s ropon cryneun; 
3 - nOll ll OJl,lllllllH aanopnsni tpytionpoaon; 

4 - sc acstsarounol narpyfiox nepnoii cTY­

nean: 5 - scaciasato unrk narp yfiox nropoil 
crynean; 6 - MarHCTpaJIb llbl H rp ytionpo­
non. 

r 
:\ 

)l.'ll! nonaun pa6o'fefl IK lln KOCTH CTpy HHI.1M H HaCOCaM I1 rrepaoii cryneua 11 

BTOp On crynesu rrpenycaorpea no.uBO)VIl1 ~I1H nanopnu a 'rpyfionpos on . B o sea­
Cbl BaJO/UllH narpyfiotc crpyilnoro aacoca nepsoii crynemr nocryrraer or xas asae­
MaR 113 lIPCHU)K!IOro xonozma IKH,!{KOCTb. Han op HL1H narpyoox CTpyUHOro xacoca 
nepaoli cryne nu COCnl1HeH n o cpeACTBOM rpytionponona C BCUCbI Ba IOlll,HM uarp yfi­
KOM CTpy HHOro nacoca STOp OH CTY n CHll . Hanopnsrii narpyfiox CTpyH HOro aacoca 
BTOpO H cryneua COC.LlHHCH Tp y6o n p OBO}]OM e anauxav epoil. 

TIPIl onopoaoreanu aancpnoro 'rpyfiorrpoaoztap a 6 o 'm j.f nanop nacoca 6y­

nCT 113MCm lTh CR. Ilpn YM eHL1ll CHHH nanopa, YM CHI.1lla eT CSI 11 CKOp OCTh HCTeQCIIl1 S1 

)KHl\KOCTIl 113 COmIa crpyitnoro tracoca. C 0 3,1l.a;'IYTClI y CJlOSHlI, xorna nacoc lie 
CMOjj\eT orxasuean, n pCHa)KH )'lO son y B n OCTaTO'IlI0 M 0 6 b eMC. 

B CBlI3H C 3T HM npcsenensr HCC.'l enOBaH Hll p a60TW H H3MeHeHHll OClIOIl ­

HhlX napasrerpoa ctpyiiaux HUCOCOBnpa JI3MCHeHII H y He ro paeoxero uanopa. 
Ilonyuena OCHOBHalI 3aBHCHMOCTh nns onp cncn enas xapaKTCpHCTHK 

crp yanoro uacoca npa nep ejaenaoxr PC)KHM C pafi orsr: 

(QB+IJ" (flB )'\ 2(~~. -2'J 
2 Qp , + Qp ,c / 1_ Jh (13)H H = LlH !'1F/:
 

FK )- 'l( FJ.: -1)'.F:
I
L 

F;. ( r, r: rc 

rne: H" , &" - nanopsi HarHeTaeMblH 11 pa6 0 'lI1 if; Qp , QH • QI/- pacxonsr 
p a6 0 q lfH, BCaCI,lBaCM bl l1 H cMclllaHHhlH; FK , Fe: - nnoinaa a CCqeHHlI KaMcp bl 

CMe1lleHIUI 11 corma: Ah - cYMlIIa ncreps nanopa B conne, npaessaoxi KOH<pYJope, 

xaxrepe CMCW CHHlI, nllljJcPYJope II perynnpyioutev opraue. 
.LLl11 n p o n OJ1)KCHIDI JepQICKTI1BIIOli OTKa'lKH npa CHH)KCHHH patioxero aas ­

neuns upennc x eao IlplnleHlITb paapafioruunue HaMll KOHCTpYKlllIH caxroperyna ­
P)'lO/UHXC}I crpya nux HacOCOB C 3Il aCTHqllb l M connoxr (rrareur UZ N~ IDP 043(5) 
11 e perynapytot neii I1rnOH (nareur UZ N~ TOP 044 11 ) (pHcyHKH 8 119). 

J If 

i 1& 
P HC. 8. Cav operynnpytournjica CTp y HH blii nacoc C 3naCTH'1Hbl M connov . 

I - MC'l1lJ1Jlll ' leCKall 'IaCTb conna; 2 - anacru-maa ' laCTI. cann a : 

3 - nJ1YH)KCPhl C OOUlHM WTOKOM; 4 - COTlnOBbI H narpytiox; 
5 - scacsraaroumii narp ytiox; 6 - npYiKlma; 7 - KUMep a c!\!eW ClIJ i ll . 

~/ ,~ 

P u c . 9. Cavoperynapyrounra ca CTpyHlIbl H sacoc C HfJlOM. 

1 - COnJlO ; 2 - n on BHIKHal! OCL; 3 - nopm eHh ; 4 - npY?KHHa; 

5 - aanopusra n arpy ri o s : 6 - BcacL1BaJO/UHM narpyfiox; 

7 - PCrYJ1HpylOm8ll nrna; 8 - xasrepa cxreurenas. 
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Ilpa CHHjKCHHH pafios ero nanopa aa Ha COCIIOH CTaH UllH n poHCXO)lHT as­
TOMaT H'leCKOC YM CHblllCH HC n JIOlUa.nH nonepcsnoro ce-renna conna B On ROM CJIy ­

'lac aa c'lih cyJKeHHR 3JIaCTll 'laCTH conna, a B npyroxt aa Clr eT B Be.nCHHR nr­
'IHOH 

lIb!. 31'0 npHBC.neT K YBeJIHl l Cm Ho CKOp OCTH liCTC'ieHHR 113 nero pa60'lcR JKHjlKO­

('"TH II BOCCTallOBJ1CHlilO OTCaChIBalQW IIX cnoco6HOCTCH crp ytinoro uacoca. 
B lJ,I1CCCpTaUIlI1 npaseneusi pacver u fl O p aJ p a6 0 TaHHo il MCTO;UI Ke casso­

perynap ytoutnxcs crpyfimax HaCOCOB, YCTa HOBJIClIHbIX ua HaCOCHLI X CTall l.IMRX 

«PaI1lIl -XOKeIlT- 2» A n.nliJKaHCKOH otinacrn Il « llaAaK- ! » H aM al/raBCRo H OOJIaCTIi . 

n JU lUl J'n aBa nocssuieua n p lIMe llc m llO CHCTCMbl CTpy HH LI X H aCOCOB B rp y­
6 0 npOBOAHbl X CIiCTCM ax Hc qn Cra:lOBOH OTp aC!IH. 

Flpofinena YT I1J1Ji3aU1Ul CJKHT UCMbl X I10 1l) 'T llbIX lle£i!nlHblX rason M ra30B 

BbIB CTpll B3HI1 11 na Hc£i!Tc r aJOBbiX MeCTOp OjK.nCHMlI X B nocnena ue ronu CT3U OBI1T ­

ca see 60nee axry ansuoa . Heo6xo!IlIMOCTb YT\1n H33UH I1 nonYT\1LIX 1'3.30 B 0 6 y ­

CJIUBJHi BaCTCR KpOMe 3KOHOMH'ICCKJ1X IIHTc peCOB ClUC 11 n p cn OTBpalUCHllCM 3 KO­

noruxcc xoro 3arp1l3HeHIDI . 
T aK na MCCTOP 0 JK!IClIl1ll KOK.nYMaJlaK 1I0 n YrHbIH raa 113 Hc £i!TlI HOH ' l aCT11 

MCCTOPOJK.nCTlHlI C)KHraeTC~ na £i!aKCJlbHhIX y CTa HOBKaX. no 2004 rona 06b eM 

cx araea oro raaa JlOCTHraJl 1,6 MJlH. TOHH B ron, 
npCJlJIOiKCTI HORbl 1i M CTO.n ) 'THJ1In 3lUlI1 1101l)oTHbIX lJe £i!TlI llblX r aJOB npa 

110MOlllH paJpa60TaHHOM no nar e trry N~ FAP 00 180 n OCJICJlOBaTCn bHO ­

l1apa.'lJIC!lbllOH CHC1'CMhl crpyiiuu x HaCOCOR. 
I-Ia M eCTOp OjK,llCIlHII a xcruryaru py icr c a xerupe BblcoKoHunopHhlc TCXIIOJlO­

r H'IC CKlIC I Il1HHH 110 n.U4H r as a C r asono r o Mt:CTOpO>K,1:ICHHR, o cr am-u u c JIHIIHll 111l3­

xon anopaste . Ha f :a jK,ilo ll JIH Hllll YCTaI IOB.JlCHhI n pocc enn nns n OIIm KCHHR ;raBnc­

HlIK r as a C I I ,R- 12 , 0 Mfla zro 5.7 Mfla. I fpennaraercs BMCCTO .ap o c ceJIR y cr au o ­

<lIITL !IBa n ocnc.no BaTcnbllo - n ap anIle,'lbHbIX c r p y n n u x n acoca c 0T6 0PO~1 n o n y r ­

noro t1e lpnm Or o r as a, Hcnonssys eCTCCTBCHH)'1Q 3H cp rmo p afi o x er o r asa H 3JKCK­

Il1pYIQlUYIO c noe06110CTb, CTpyUHbl H n ac o c np01l3BCJlCT CMClllCHlIC n p n p onnoro n 

nonyt noro rasa n C03.II.aCT s a sux one -rpetiy evoe naBJlCHHe .llJllI MaruCTpanhHo ro 

TJly6o n pOBo.aa (p u c . 10).
 
3 -t
 

PI1 C. 10. n OCJIe.nOBaTCJIb Ho-n ap ann en bHlUI y CTaHoBKa CTPYHHb lX HaC OCOB ua 

TCXHOIlOrl1'leCKOH JII1HHlt MeCTOp OJK,!l,ClIHlI KOK.llYMaJIaK . 1 - Bc ac blBac Mbl ii ne£i! ­

TllHo ii res; 2 - p a60"II1M aKT HBlibl ii r as ; 3 - CTpyHHbI C HaCOCbI; 4 - MaHOMeTPb!. 
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)J,J I ~ YTl iJIU33.I\HH norryr a oro s edrr arroro rasa npennaraen snr crtocofiov : 
ner nnxaxoro OTp lUIUTCJlbllOrO B03.nCHCTBHlI HU oxpyscatouryto cpeny; 
HC TpC6yCTclI sarpar .nonomllnCJIL HOH oneprnu H3BHC; 

)l,JllI TpaHClTOpTUp OBKI1 I1CIIOIlh3YCTCJI CY~CCTBYIOWlI H rasorrpoaon: 
HeT Heo 6xoW1MOCTH S oficnysomarotnexr nepconane. 

P aJ p a60 TaHa MeTo.nI1Ka pac-icra CTpYHHhlX xacocos II pH HX nocnenosa­
rem. ao-napannensuo ri pafiore. CYlUHOCTb MeTO,1:II1KU saxmo-racr ca B TOM, 4T O 

CTPYHHbTll aacoc ncpaoli crynenu nonxen paasnaar s n pOMe)I()'T041l0C n ann CIIHC , 

xoropoe onpeaenserc x OTITI1MaJlbllblM pacxonosr BCaCb lB aH HlI C I1CTC~l bl CTpy HHhl X 

n aCOCOB B ueJ10M . 

B p C3YJlbTa1'C lic cn C,11,OBaHIfH o npCJ]CJICHO, 'ITO rrpn nocnenoear ens no­
napaJIJIeJl bHOM COCJmHeHlHl II CCKon b Kl IX CTpyHHbIX HaCOCOB, pac-rer ax nporox­
HblX sacrea npo H3BOJl.HTCJI 113 ycn OBI1J1, ' lTO K0 3qJllm u u c HTb l scacu saaaa HaeOCOB 

onpenensxrrcs n o cnenyiouieti 3aBIlCI1MOCTI1: 
n- I 

Qs + L Q/' 
q = 0 (14) 

Q/'" 
11- 1 

rne: QfI - acacu aaesrsn! pacxon nepsoii crynemr; LQp - cyMMa pa50'IIIX 
o 

pacxonos ua BCCX npezrsnryunrx cryn eas x; Qf" - pa6 0 ' lH ii pacxon na n-oH C1'y ­

n CI IlI ; 17 - n o p snxcasra HOMCp CTyncHH COCAI111CHHK CTpy HH hlX n acocos. 

Paspafioraaa MeTo,nI1Ka n o p acs ery KOH£i!llryp alUll1 conna crpyauux naco­

COR. Ilonyseas: 3aBIICI1MOCTIf, n03BOJIRIQW I1C o n pCJICJIJlTh M HHI1:-'Ia.lJbHhle :m alJC-

HHK PI' , lJa4H HlUI C KOTOphlX csep xasy x o n st e COM a Jlaaans n o cp aBHCHHIO C cy­

PB 
JKHBaIO lliUMIIClI c o nn axr a 06ccne4HBaIOT ny-uune xapakrcp n cnrx a c rpytinsrx lIa ­

COCOS. 

O n THMaJIhllOM CTCn e HI1 pac u mpc nnx COOTBeTCTBycT MaKCHMYM OTHOruCIIHJI 

I1M nynb co B 1I0 TOKo n cnep x au y xcao ro Ii c)rA<I1Ba lOl UCrO CR con en : 

!n =QpVCI + Pf'C l}~1 - PB (FCI - ~:' ) (15) 
Ie QpVc + PpcFr: 

m e Qp - p ac x on -rep ea co nn o ; V - CKOpO CTb; pi' - jIaBJICHl1e TOp~ IOjKe IlH lI 

pafiovero n OTOKa nep en COn JIOM; PB- CTaTH 4CCKOC !IUBJ1 elln C ac acs raaenoro no­

TOKa aa COl1JIOM ; Fct - TIJIOlUaAb sux omroro CC'leH l:IlI c o nna ; FC' -mn outam, spa­

TH'leCKOr O CelJCHItR c o rn ra , 

Onpeneneno, ' \1'0 .nJIR y c n OBRM: MC CTOPOJK,1ICH l:IlI K 0 K.llY MlLl aK OII THMaJIb ­

F 
HbIM lI Bn RCTCR csep x asyxo ao e COlTJIO J! aBaIDI co CTen CHblQ p ac m a p enns -fl.= 1,13 

Fe­
Pa3p u6 0 TaIlHlUI CI1C'J'eMa cr pyiiusrx H aCOCOB npaasra ztrrs liCnOJIb30B aHHlI B 

Y,urr «Myfiapexaedrreraa». 
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I U ec Tag LlaBa UOCBgUlt:Ha p as p ac o r x e MaTCMaTll'leCKI1X Mo .n.errd i PCilCllMOB 

pa6 0ThI HaCOCHhlX CTaHUHH II TCXHI1KO-3KOHOl\n I':lCCKHM pacs erass. 
ITP" BC/.WHa lIlaTeMan f'lCCKaSi M0l-IeJl b p e)KlllllOB pador sr HaCOCHbIX n aHlUl H, 

otiopyn onam u.rx napann ensuo paoor mounuaa HaCOCHblM Il arperar axnr np a CO­

C,1lIIlICHIHf HeCKon bK IIX M Hlm R ~aJlbHblX aanopnux TPy 6 o npOBO,llOB B OOI ll,IIH. 

P aCC!\{OTpeHU CIICTCM a MJ n paaaornrmsrx lIa COCHbl X arperaros, n O,'LKJIIO­

YCHllblX nocpeztcrsov I1B Jl.MBI I,1ly an hHblx nanopnu x TPy 6 o rrpOBOl-IOB K O Jl.HO~IY 

ofiutexry. B sepxuesr 6 bc !p e Ha COCIIO H craa unu 1Il1leCTCll B0 ,110BhIIly CKHOC coop y ­

)l{ emI C, na KOTOp OM YCTa HOBJICHbI nepcropaacuearoume 11II1Thl. Ilpa nonas rsr x 
unrr ax nonasa UPOH3 BO;UrrCll non r Op ltJOHT BOllbl s epxa er o Ob e epa, a np n ony­

urearrsix - n p OHCXOp,lIT Uep CJIHB QCPC3 3aTBOp . 

Ycrauonamuancs p eilmM rpyrmsi HaCOCHblX arpera roa, p a6 0TalOl1 [11X na­

pannensuo na o 6 !U1I i1: Han Orl/C, rH rpytio uposon, C )"iCTOM 3aUIIC HM OCTIl reoxer ­
p l1'lCCKOH Bbl COThl norrsexia OT pC iI\HlIl a rrepennaa scpea rmrr sonoaunycxnoro 
coopyacenns II HH/.lI1B1i,I ly a l h HbI X noreps nanopa npn CJl l1ll HHlI nOTOKOB D Me CTe 

cocmmeana, MO)!(e T 6 blTh onncau CHCTCMOH ypasaemia cnen yiou iero llHJ(a: 

H .J =- H r + All d(Q,) + All M,(Q, ); i = 1.../1 

Q, = t {QH,(H,J } ; 

(16)
N o = 

/,1

f{9,81.Q, ' fl"'}. 
,-I 'IH, ''l:)I ' 

T 

3,. =- f N,dl , 
Q 

rne 11."i - 1Il3HOMeTPH'lCCKIfH ua rrop i - 1'0 uacocu oro arp erara; Hr - reoxier ­
pa s ccxaa Bhl COTa nozrsexra aonu; til(,- norepn xan opa, onpenenaesru e COCTaBOM 

p a6 oTaIO w HX arperaros 1I COOTBCTCTB) 'lO ll\I1M peila l Mo M CJIHg JllUl rr OTOKOB B ua­
-rane oourero aanopnoro rpytionponona; Nim;(Qe) - !PYIlKUlfOHM bHall 3aIlI1 CH­

MOCTb noreps a an o p a B o 6 1u eM n an o pao xr r p y o o rrpo s on e OT p ac xon a BO,11hl ; Q.. ­
1I0 }la LJa i-t o uacocao r o arperara; Qe - cysotapnaa n ona-ra rpyn nu lIaCOCHhl X ar ­

p e raroa ; QHl I1"J - lj:!YIIKUHOHaJ1hllall 3aBH CI1MOCTh , onpenensroinas n o n au y i-t o 
arperara rrpn a an o p e 11...., B COOTBeTCTBI1H C pa60'le H x ap aKTc p llCTIIKOH n acoca; 

TJIfj - K IT ll i-ro n ac o ca ; 'lJ i - KIlJI, i - r o :m eKTp 0 /.lBI1I 1iTeJIll . 

Ilor epu nan o p a W e; orrpenenaiorca pacxoztaxur n a COCHbl X arper aros II Me­

CTHbJM I1 con por u an en a s na rrp n Cfll1llHHH n OTOKOB. I1pn HaJIll'H111 n OTOKon B 0 6 0 ­

l1X 6 0 KOBhlX TJ>y 60n p OBOl\aX KpeCTOBI1HhI C paCXOLla1>11f QI 11 Qn ~le CTHhle conpo­

rasn eaas p accIlHThl BalOTc ll 110 3an HCI1MOCTn: 

a) 60Ko Bble arper arsr N2 I, Ns n: 
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, [ Q, - (1+ Q('.IlJ]2 
C = M (I ,o) = 1+(Q(I'''l.~)-_{Q(~) 2 Q(l lI)'	 Q,I.•) 
- e ( L. ) 0 F	 [ 0 )Q

P2' 
V 2 

" -0 I ll' ) ' 4 - l+ .::-'~ I . Ql1.0)
Q(I..) Q, (17) 

_2(QOI)2 '[1 + (Q\ 0' 1l )2 ~ . cos a.O~ J
o. F;1.o) Q( I.. )
 

5) CPC/.lHI1C arperar u '/'(2 2 .., Kg n-I
 

1+ Q2.... I 
, ,M;';r l =1+(Ql...n--I)- -
(Ql....,,-I)- Qe~C (~ •..k l )
 

~ Qc Q,
 
2	 ( 0,75+0,25 Q; ..n-1 )1 

" Q. 
(18) 

, [1+(Q.Jl] )1_ 2( Q2~''' ' I ) ' F;,. Q, 2 ' (~' - l -cos c 
o. F; (I+ ~, ) o... ..-1 

rne Ql,m Q}. ..n·;' Q" - cooTBeTCTBCHII O, pacxonu il\HL\KOCTH lI p aTOKOB K 

xpecr onnae n o nenov y HJlIi npanony 60KOBbl M OrneTBJleHI111M. no cpen ua « rrpo­
xo~aM H pacxon B 06W.CM Tpy oonpOBO.l.\e; F(I.n)I Fr - nnou razm nonepe-nroro ceue­

Hllll 6 0 KOBblX OTBeTBneHIfH 11 ofiiuero aauopnoro rpyco npoaona; ex - yron OT­

BCTBJlCllll11; p - n n OTIIOCTh iK HlIKOCTIi; Vc - Cp Cl\HSIH CKOp OCTb llBl1)1(C lI lIll )l(11.llKO­

CTH B 0 6IUeM r pyfionpoaone; Ll P(I,I,J, Ll Pa. ..n-I ) , - 1I0 Te pH nan opa npa CflIDI Hlfl1 

nO TOKon na OOKOBbI X OmCmJlCHHllX Ii na cpenuux IlPOXO}lax. 

B cnyuae CCJIH KaK OH- n If6 0 urpe rar na 6 0 KOBOM OTReT BJICHIIH He pafior aer, 
nor epn nanopa p a CC' llITbIBaIOTCli no Ip opMyn aM Mll BLlTll)KHOrO rp oiina xa: 

;: = APi1•• ) = I+.(Q II.IO ) .~) _ 2(-:~. COSa 
" clL. ) V2 Q F f1 F	 ( 19) 
~ c (1,11) ~ (1•• 1 

2 

11 J1,; =M... _ 
I) = 1-(1~l .....n'lJ )_2(Q(",...JI-IJ)2F Fe -cos c 

e (L.•o- 1) V 2	 (20)
L -o0 Qc (2 •...•• •1) 

2 

¢ YHKu n OHaJIhHbl e 3aBlfCHMOCTI1 QJJ;(H",J, LlH(QJ a TaK)l{e 'l;(QJ xanatorca 

oT06pail\eHHm-flf !p aKT HLJeCKIlX p afio -rax xapaKTCp HCTlIK HaCO CHhlX arperar o s If 

n artop u o r o rpy ri onp o sona (Q - H, Q - 17 H Qe- Hr). ITPH llCCJIe.nOBaHlfH Ii p eure ­

Hl1lf CHCTCMbl y paBHeHHH (16) IIa KOMI1blOTepe ct)YHKI~HOH aJIbHhIe 3aBllCII MOCTH C 

,llOCTaTO'IHOH TOq llOCTblO I1HTep n OJJllpYJOTCH rrpn rr OMOUJ:H HHTep n OnJilll10 HUOH 
!POp My JlhI Hsroros a. 
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B .n.lI CCe pTaU~lI1 n p UB C,Il.CH 06D\I1 i1 anropnrxr p aC'-ICTa MaTCMaTll 'lCCKOH MO­

nenn 1I o cyutecTBneHa rrposepxa TO'lHOCTH pacs cr a. 
,Uancc B rnase n p HBe,Il.CHO MaTCMaTH'-ICCKOC MO)1,CJIllpOBaH llC c aMoperyJIl'l ­

p yJOl UI1Xcst crpy iiustx llaCOCOB II cro OCHOBHble PC3YJlbTaTbI. 

n pouec c hI , n p o Hc xo.nHlllllC B llpOTO'IHOH 4aCTH ca~10pc ryJmpyIolllllXCH 
ClpYUHblX HaCOCOB, onucaua CJJ C.uy10 111CH ca cr esroti B3auMo38BHCHMblX y p aB Hc­

ImH. ODl I Cbll3alOUJ.l\X YCTIlHOBHBWHHCli PClKliM p a6 0 Tbl nacocon lUIli KlUK)lOH i-oit 

HTcp aurm: 
0'2 
- I' 

H + llh +(3(1' )" F l . L g 
H CI 

(QIJ +1)2 (QB)< .(F"-21 
2 lQp Q/> r.. )P--(-- 2-+ -(- )2­_J_ FK r"r: F" 

F - - - 1 · ­
'n ~J ~ ~ 

Qp = J 2gl.1 f/ p . 'Pc, . Fe!
 

Q 2 0 2
 

t1 h =)' . I' +C. _ 8 +
<'c 2 -n ( )2 -.F · 2g .Fk· - Fc" . zg 

Ci 

o 2 Q 2
 

... " _H +" H
,,= ,,' 2 '= K ' - - 2 

F" · 2g ( ; : ) .2g 

l21) 
(", = Fcl 'S 

}{0 3<peplll\HCHTbl MCCTHblX co n p o n m neHIlH ';H, (:~ B p eryJJHp yIOlllCH arne H 

3J1aCTWUlOM conne nepCMCHHbl - OH lI 3aBI1 ClIT OT OTHOCHTcnbHo r o saxpsrrna co­

rum S . 
B Ka 4CCTBC MaTe},laTH'-ICCKOH Mo)~enH J).J1st p cmeHIDI .!laHHo i! 3a)Ia4 H Bbl­

6pana nonnas KB3,np aTH'-I HlUI MaTeM aTH'-IeCKBli Mo .ncm >, KOTOpIDl YCTaH aBn l1BaCT 

3Ham IT H'lCCKYIO 3aDIlCHMOCTb uenesof epy HKU1U1 OT napau erp on: 
YT = ! (Xj,--., X J . (22) 

3Ha'-le llHlI S MCHlieT Cli B rrp C)1,ena..x OT 0 )1,0 1, O)1,HaKO, npn saxpsrr aa conna 
fiorree '-IeM na n OJlOBu HY pacxozi pa60Qc fi )KH,llKOCTH pesxo YM eHbIlJacTCR H3- 3a 

'lp e3~lepHblx nor eps , n03TO!l\Y rpaHH'-IHbTMH ycnoBmrMl1 npmJ}lThl 3Ha'-leHHll S 1 = 

oH S n = 0,6. 
AnR onpc n CJICHIi 51 K0 3 epqmu llc HTo B MaTCM aTH'lCCKOH MO)l.CJIH epOp Ml1PYeTCli 

~IOPM a..'1b ll lUl CUCTeM a Jl1lH eHHbI X y p asueu a it BH,lla : 

nb =c, (23) 
r )1,C a. _ HHlpo p Mau IIOHHaq MalpHu a; b - Ma-rp Hu a npam-rx 'iaCTCH ypaBHe ­

HliH ; C _ ~aTp H ua HCKOMbIX K03epq>nUHCHTOB MaTeM aTH'leCKOH MO)1,cnl1. 
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l1HepOp MauUOllHlUI MalpHlla H xiarpnua npassrx sacr eti ypas ueaa a onpe­
.!lCJUilOTCH rr o MaTp H'lHblM Bblp aiK c lIHlI M : 

a = f l f ; (24) 
c = f l Y) (25) 
rne f - MalpHua HC3aBllCI1MhlX p erpc CC110 HHbl X qlyHKUHH , KOTOPaSl :IoiO)KCT 

6bIT b nocrpoena aa OCHOBe 1I0PMllP0BaHlIOH :Ioi3lplUl,bI HCXO)1,HorO nnaaa x B co­
OTBCTCTBlfH co CTpYKTypOH perpcccuon nsrx rpy H KIlI1H, BXOllll lU HX B MaTe­

MaTHtICcK YIO :IoiO)lCJlb. 

I1CKOMbIC K03lVcllHl.\HellTbI ~ I O.!lCJm b naxonanacs 113 peuieuaa cncreasr na­
HCHHhl X y paBHc HHH (23) . I lponcpsa MBTe :loiaTl14ecKo i! MOLlem 1 ua a,neKBaTHOCTb 

rrp0 113Bo)l,l1J1aCL rryrexr c o n OCTaBn CHI151 3KCn ep J1MCHTanbHbl x Ii TCOpeTH'lCCKHX 

3HaQ CHHH ueJICBOH epY flKU I1H Y:Ji 11 YT, 

,lJ,n51 peruemrs CI1CTCMhI y p aan cHHH (23) 6blJl I rp u Mc Hell IlTCP3U11OHHhI H MC­

TOil Taycca C BBe)1,CHUCM K0 3tPepl1lUl e ll10B MCCTHblX conpor a snena f 0 BhI'lIlCJIH ­

TeJlhHblM npo uecc . B xasecrse I1CXOilHOr o nnana .u.1H Bb I60pa MOMCHTOB BBOllU 

K03<PtPIIllHCHTO B MCCTlIblX COllpOllfBnCHHH 6 b!!! Bhl opaH oproroaansasrii uen­
-rp 3JlbHbrn KOMIl03HUU OHHblH nnau (OlJ,Kfl). E ro pea.nH3aU I1H rrpezmonaraer , l ITO 

B ofinacnr l}laKTOpHoro npocrpascraa, <pOp },IIIPYCTCH Ma-rpHua nnaua sxcncpa­
MCHTa X, cortepzcau tas NoCTpOK, H )l,JJll KaJlI ].I.oH i-oli crpoxu M8-rpHUbl paccsar u ­
saerca YCTaHoBHBUlliHCSl PCjJ(IlM p a6 0 TLI caaoperynnpyiounrxca CTPYHHbIX naco­
COB H onpenensercs 3Kc n ep HMCHTllJ l bHOC 3H84CHHe UCJlCBOH !jJYHK!.lHU Y.' i' 1l0CJle 

m :OH'la HHJI 3KCITCpH:IoiCHTa nonysaercs Ma'lpnua Y:J. 
noCJIC nOClpOCHH Sl II npOBCOKn MaTeMBTlf'leCKOH M O,!J,cnH ua anexnarnocrs, 

onpencnsna cs HCKOMbIC OIITHM3Jl hHble napawerpu - - MOMCHThI naona B urepa­
l..lHOHHbIH Hbl'IHCJTl1TCJlhll bIH npouecc K0 3q,QlllUHCIITOR conpOTHBJICHH H COIl Jla. 

Orrrnnansuue napa aerpu BbPlHCnll.rII1Cb KaK B HOpMl'lpOBaHHOM B11 ,!J,e x", TIll' Ii B 

HMellOBaH HbIX cnnmmax x", II B :n o H TOIJKe onpenensnacs OIITHManh Hhl e Tcop e­

Tlfll eCKHC II oxcnepawenr ansnsre 3113l I CHHll u en CBOH cjJYHKl.\llIi Yr'" H Y:/. BeJlH ­

'{HHa Yr'" p aCCl l\1Th lB a CTCH C rtoxrouisro MaTCMaTIl'lCCKOH Mo.neJlll, a Y3 * onpene­
JllIeTC5I onsrr ns n« nyr ex H3 pacxer a YCTallOBHBWcrOCll p C)l( HMa pa6 0TbI cassope­
rynapyiouierocs crpy jiaoro nacoca. O nnlMaJIbHhlC rtapasserpsr x '" au -racnanacs 
ll3 pemerras CHCTCMh l JIHHCHHblX y p aBHcHHH , KOTOpaSl l!lO p MIlp OBa..'1aCb na OCHOBC 

n OJIYlleHHblX K03<pepIll\HeHTOB MUTeMam'lCCKOH MO.!lCJllI b. ;::r;anee rro JlIaTeM aTH­

Ir CCKOH MO;lCJlH Bhl'IllCJI ll n HCb OnTHMaJThHOC TeOp CTUlJeCKOe 3Ha4CHlIe tPYHlU\HU 

Yr"', TO'lKa x*nenopx apyerca X"' -7 x" Ii m pacs era peiKHM3 onpenensnacs Y.:>"'. 
A ,D,CKBaTHOCTb MareMaTlltleCKOH MO)1,em l npoacpsnacs B orrUIManh HOH TO'lKC ny­
TeM con OCTaB,1eH1i1i Benli 'l llH YJ* ]oj y.r"' . 

OCHOBHbl e PC3YJlbTaTbi M aTe:-.laTHlleCKo H MO,ll en H cavoperynapyrouiaxcs 
ClpYHHbIX nacocoa C J1r JIOM H 3J1aCTH'l Hbl~1 connoss npencras nema COOTReTCTBCU­

HO na pn cynxax 11 H 12 B BRD,C 3aB HcHMo CTd i nanopa nacoca HHOT OTHOC ~lTenb-

noro or xpsrraa corrrra S npa cr o c au o peryna p o a an n n , 
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16,0 J - I l r i L ~ 

,	 : : ::~ f ~
f	 ':::~ ! ~
 
Q. 6 ,0 ~ - - - I L - - 1- - ­o --I --	 ~ 
~ 4 ,0 I--~-- ··- I .-L I -- 1 - ­

2,0	 I . I I I - __ --.: - , __. -1 

0,0 L - .--·1 ·- -- ,- , - .- : - , , - ,-, - ---\- - - .i 
0,0 0. 1 0, 2 0,3 0 ,4 0, 5 0,6 

Cr c ueu i, 0 1'H OCliTeJltJlI o r o r a xp i.rr n a co nna S 

-+- 1- Hp-2 4lt 2 · Hp -2 1M --.-3 - Hp- 18M ~4 - Hp= I SM : ~ - - - - - - - - - ------- ._ ­

PIIC . I I . 3aB Ii C Ii~IOCTh H3MCIlemUI a an op a HII c aaoperynapyiourerocs 

HrROH crpylinoro n acoca OT OTIiOCHTeJlhIlOrO aaxpsrrus conna S 
Jl,Rjf Pa3JIlllfHhIX paOO'l11X a anop oa Hr­

16 ,0 -- - -1- -	 r- ­
1a.o ---I 

.i	 12,u
 

10, 0
 
fl 
o	 

8, 0 
~ 

6 ,0 

4,0
 

2 ,0 ,.-­ j- , 

.s 
~ 

-±0,0 . ---, -l 
0,0 0 ,1 0 ,2 0,3 0 ,4 0 .5 0,6 
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P I1C, 12, 3aBl1CHMOCTh l13MeHeHHll Harropa HHcanoperyn apyro urcroca 

J,'1aCTH'lHhIM COI1JlO M crpyanoro n a co c a OT OTHOCHTCRhlIo ro aa sp sr r n s c o nna S 
,lJ,JUI pa3JIH'lHbIX paOOlfHX a an opon HI" 

3 KOHOMH'l eCKl1C p acx er s t npOBO,lJ,l1JIJ1Ch HHTerpaJIhHO .L\JUI aacocnux.cramtaii 

Y36 eKHcTaHa, u a xor opsrx B03MOlKHO snenpeaae rrpe,TJ.JIOlKeHHhIX aaeprocfiepe­

ralOlIUI X p,13paOOTOK, a TaKlKe onpenenancs OlKH,lJ,aeMhlJ1 3KOHOM W l eCK J1 J1 3¢¢eKT 

OT CH!-I)KeHHll Bbl6 p o COB aarpasa aromax BeUleCTB B arnocoepy. 
O lK H.L\ae Mall 3 KOHOMH 'le CK311 3 ¢ cPeKTllBH o CTb OT BHe,lJ,pCHlUl pC3yJIbTaTOB 

,lJHCCep Tal\HOHHOM pafio'rsr B lIlac w rao e c en h CKOX0 3HJ1CTBeHHoii H HecPTera30BOR 

o r p acn ea Y 36 eKHCTaIHl , o npencnensa a nyress cpasaenaa 'U1CThIX ,lJ,I1CKOHTUpyC ­

MblX ,lJ,OXO,lJ,OB, COCTaBJIlieT 4,7 M.l p ,lJ,. CyM B ron . BbI ' IIJCm~HHhlj;j J1H,lJ,eKC ,lJ,OXOp:HO­

CTI1, noxasan, 'ITO npe)J..JlOlKeHHhIC Mcp o rrp llllT1111 llBIDIIOTClI npJ10hJJlhHbIMll . 
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B CeJlh MOfi r .'laBe npHBC,lJ,eHbI peaynsrar si a aryp n u x II ascnepaxreuran un.rx 

n ccnenoaaaa a npC,LlJIOlKeUHhl X an ep r ocfiep er aiouiax MCTOP:OB ynp a an en a s pelKH­

\IaMH pafiorsr HaCOCHblX CTllHUHH. 

DpaBHJJh HOCTh p as p ari o ran u ux MeTo.L\OB p ac s er a H 3 cP¢ eKTHBHOCTb ripen­
JJOlKe HHbl X 3Hc p r o c 6 c p er UIOll\I1X MCPOllPIUlTI1H ObJnI1 rrpoaepensr Ha TYP Uhl MH 11C­

I1h1TaHHllMH n a u aco c rron CTaUl\HH «Yxxapa» HaBo HHc KOro BHJlOllTa. 

fIpu I1pO BC.L\eHllH HCllbITaHHH neperryc xnoro ycrpoitcrsa YBCJlH 4 e llHe no­

.a:a'l ll HaCOCHOH CTaHl\HH COCTa BHJI0 B Cp C,lJ,HeM 15%, CHIDKeHI1e ynensnux s a ep ­

rosarp ar - 6,5%. 
C On OCTaBllCHHe BC,1J1 4 I iH CHHlKeHHH y ,lJ,CJJbIlOH M OIlIHOCTH rro p e3YJlLTaTa\1 

aaryp a o r o 3Kc n ep II McHTa na a aco c a o ii craa u a n «Yxxapa: Ii TeOp eTH'leCKJIX pac­

'lCTOB na xoxmstor ep e n p en CTaBJl CHO a a p HC. 13. 
Cpasnenae p C3y .'1bl'aTOB MllTCMaTl1' l eCKOr o MO;;,eJIllpOBaHHll II rtarypasrx 

HCCJlC,lJOBaITIlR ,lJ,aJIO 6 J1U3KOC l IX COana,lJ,cHI1C (pacxox ne nne B ::>KCTPCMaJIbHbIX 

'r o s x a x lIC npe s u cnno 6 %), ' ITO n OJ{TBCplK,lJ,acT a,ueKB<lTHOCTb pa3pa60 TaHHbIX 

~laTeMaTlilfeCK lIX ~lOneJIeif accnertyesu,rx UPOllCCCO/l lIJlOCTOBepHocTb MCTOlIHK 

MO,llCJlllpOBallllll H narypusrx a ccnenoeanaa. 
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Puc. 13. C OrrOCTaBJl eHHe BCJ1IfIllill CHH)l( CHlill Y.llCJlhH0l1 MOIllHOCTH 

n o p es y n sr ar a a aary p a o ro axcnep u aenra a a HaCOCHOH CTa Hl\IiH 

«Yxxapa» II reo pera-recxax p aClfCTOB na xosmsrorepe. 

Tatoxe B Ce,lJ,h MOH rnase n p u s en east pesynsr ar sr natioparopaux H aaryp ­

HhlX llcnblTa HllH CTPY J1 J1bIX HaCOCOB. 

P e3YJlbTaTLl n p OBC,lJ,CHHhIX excnepaa caransnsrx accnenosaaa rl Ii pac s eros 

rrpasen ensi u a p n c . 14. PaCXOlK,lJ,CHlie 3Ha'leHHH B axcrpesrarrsnsrx TO'lKaX COCTa­

BI1]] O MCHee 5 %, 'ITO .naJIO B0 3MOjKH OCTb rrOJIY411Th XOp OIll)'lO CXO.llHMOCTh pe­

3YJlbTaTOB HCCRe,llORaHu H. 
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PUC . 14. P e3ynbTaTbl c o n OCTaBn e Hll ll TeOp en -lT..JeCKHX 11 :l KCn epI1M ClITaJ1 hHhlX 

HCCJlCJl.Oa aHl-lii crpyjiuoro Haco e a ua ncp cMCHHhle p C)I(IiMhI. 

pe3ynbTIlTbl TCOp CTII'-1CCKHX pac-ieroa cr pyjinoro nacoca ; 
PC3YJlbTa Thl na6 opaTopHor o 3KCllcp HM eHTa. 

Bsina n p Oa C,Il,CHU CTaTlICTll' l CCKall o6pa60TK ll pC3y n bTaToB HarypllblX ncnu­
TaHIli1 CI-lCTCMhl CTp y HHhlX Hae o COB 11 YCTallOBJlCn llOBCPHT CJIhHbl H lmTepBaJI 

IlpH HJt~mCMoro 3HaT..JCHIUl HCT HHJlOM a enlt'U1Hbl no Kp l1Te p m O C ThlO.lJ.CHTa . 

Pe3YJJh1 aTbl lICl lhITaHllf:i CTpy HHhl X HaeOCOB n03BOJlllIOT cnenars Bhl RO)l, 0 

n paBltJJh HOCTJ-I Bb16paH Hhlx 1<03¢l}lHl.l,lteHTOB Mc cn n ,IX c o n pO nll3n CH11H, ncnons­
3YCMbiX npa l>IaTCMUTllT..JCC KOM Mo,Ucn Hp o B3HHIl caMOpcrYII Hp YIOlUI1XCli CTp yfi.HblX 

HUCOCOB. 

3AKJIlOqEHHE 

B p C3y IlhTa1'C npoBc,UCHH f,lX It CClIe,TJ,OBUJlH H Cl}lopMy m -lpOll aHbl ()ClIOBHhIC pe­

3YJJhTaTbI 11 nuao nu : 
1. A u aJllITI1'-1ccKltil 0 6 30 p COCT OR-Hllli PC)I( IlMOB 3KCTIn yaTaUllIt Il 3 Hcp r on o Tp e6n e ­

IlH ~ naCOCllblX cranua a KaK KpyTIHhIX nOTpe6JucJJc f1 '3 cocr ane 3Hcp r cTl fLi e cKoH 

CHCTeMbl n03BOJII1!J yCT aH o DHTh , <lTO OHIt He B TIo .rIHo li Mep e OTBC"l aIOT CO­

Bp CMCHlIhIM, pblHO'lHhl M Tpe 6 0 BaH liHM :lHcp r o c 6 c p c)I(eHll ll. O CHOBHbl l\! na­
npaaneuuea pemeuas 0 6 03HaQCHHOll n p 0 6 I1CM bl HU COBp CMeIlHOM 3Tan C JJ,OJJ:IK­

HO CTaTo onTIlMaJ1bHOe ynpaanena e 11 p erym t p OHaHIie PC)Kl-IMOB ::JKcn n ya-raUHIt 

Ll,JlH MIlHHMH3aUHI1 uoreps snepr un 80 scex :Jn CMeHT3 X aacocasrx CTaHunfi.. 
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2. l-1cXO,ll,51 113 roro, QTO OnTI1Man bl lOC KOJm 'leCTIlO HHTOK a an op noro Tp y 6 o Ilp OBO­

na na HaCOCHOH CTaHUIHf 3aBIlCI1T aT COOl'II0 111CHH5I 'raparpa na 3I1CKTpltQCCKYIO 

aneprmo 11 CTOIlMOCTll nanopau x Tpy 6 0 n p o n01l 0B, onpcnen eao , ' ITO J1hrOTHhlH 

Ta P I1<p ua anc xrp oaacpnuo llnll ccuscxoxosaiicr aeuuu x ncrpefiur eneii. cyuie­
CTBOBallI1l1lJ1 B Y 36eKHCTaHC ,Il,O 1992 rona, npuscn K TOMy. '-ITO norepn anex­
rpoaaeprun aa n p CO,!l,OJICHIlC ranpasmrs ecxoro TpCll ll~ D uanopnsrx rp ytionpo ­
BOJ.l,UX HC HM CJII I ,aOJDKlIOro 311aT..JCHHH npa Te XHIt KO-3KOHOM I1'-lCCKIlX p aC1IC1'a.X It 

B PC3YJJhT3TC 6 hl Il ll cy l11eCTBeHHO 3aHR)I( CHbJ Ka K JIUaMcTp hl aanopa srx Tpy60 ­

npO BOJ~OB , TaK H KOnH 'ICCTBO HX HllTOK . B HUCTOlHuee apev s fiom.uraa '-IRCTb 

TIOTepb 3HeprHH Ha HaCOCHblX CTaHUIlHX npIlXO,1lHTCli na nanopuu e rpytionpo­
BO,1(I>I . 

3. Paspaficr aasi l\I CTOIlhl OnTI1 M li3aUI Ul anepro norpcfineaaa 11 pacrtpcnenea na na­
rp ysxn arpcraros xpyrmu x 1I sramrx HaCOCHhl X CTUlIUHH C u eH1'p o 6 c iKH bl Mll 

nacocasnr 11 )l,.TlIIII HbIMH nanopnsnrn Tpy60I1pOBO,ll,a~11 . OnTlIM I1'JaI~HOHH blC ~IO­

nena peineasr MCTOnOM M l tlHlMaKca H MCTO,1l0M ueorrpeneneau ux M I-IO)l(!fH.'J1 CH 

Jla rpaaxca, n p ll'I CM aa Kp liTeplfi1 n p HlIlI1 J\lHJUIMYM c)'MMap Hbl X oneproaarpar 
onnospeaenuo p a60TaI OIlJ,llX HaCOCHhlX nrp erar os . 

4. Ha	 HaCOCHhlX CTaHlllHI X HCOUXOll.IlJ\ICl, B n epB)' 1O osepen s, H3MeH.II.Tb TIO,l.13 'l)' ua 
arperarax , HM CIOIWl.X MCHhl11lla OTHOCI1Ten bUbln npnpocr MOIl\HOCTI1 ua BCCX 

TUKlfX arperar ax onn oapev cano. Il ocne 'roro KnK B03M OiKH OCTh I1X pCl)'JIHpO­

BaH lUI ac-repnaer ca, CJIC,Il,YCT nepexornrn, K arperarav, llMCIOIlIUM 60.JlhUmii 
01'HOCIITe!lbllhI H npa pocr MOIl\HOCTH. Y Ka:3aHHWC npnnuunu pacnpenencnna 
narpysxa 06eCnC'IHT ,UO 5 % 3 KOHOMIDl 3IleK TpO J HCpnm. 

5. Bsiaanena ofinacrt,	 n p HM c lIcHIUI pery na pyestoro 3JlCKTp ou pUBOn<1 I-IU nacocnsrx 
CTa HUI IJlX C ,Il,n1l11HbIMH rpytionposonaau J 10 HX 3HCproJl1,llpallml l JeCKIlM n apa ­

MeTp a.\l . O n p C,Il,CJICHa 3alHlCHMOCTb 113MCHCflIUl '-I<1CTOTbl npauietnss lIaCOCIIOI'O 

arperara, KOTOp IDI 06CClIe'l ItBaCT nonaepacan ne MHHI1Ma.;I hHbIX 3HaQCHT-llr Ha lTO­

p a nacocaott naIlUlII1 BO ReCM naanasoue 113MCHeH lI lI CC uozia-m, 6!laroLl,ap~ 

'leM y aneproncrpefinea ae aac oca yxiensuiaerca ,UO neofixoruoaoro MHH IlMyMa. 

6. Pa3p U6 0 TUH c II o c06 perymrpouanaa, Clll1iKalOl1111H norepa aneprnn ~ Tpy6o­

nposonax HaCOCHbl X CTa / JUIIH sa cxc r YCTaIlOBKH nepen ycxnoro COOp y iK CHItJI. 

OcHOBHOC npIIIIUllIIlIaJl bHO C OT!l Il'III C cnocofia perynnponaa as nepcnycxo« OT 

npyrax 3aKJI I04aCTCJI B TOM, 'ITO B }I at IH OM crryx ae pery nnposaa ae nporrcxomrr 
B CTo p OHy ynCJJI1T..Je HIiH nonaua Ha COCHOM CTaH l\I1I1. Perynuposana e pe)l(ltMOB 

pafiorsr OCYll\eCTBn5lCTC51 aa C'-IeT 113MCHCHI1H nuipaana s ecxoro COn pOTliB.1CHHJI 

.nPOCCCJlb HOr O ycr poacr aa , ycr anouneu uoro H <1 neperrycxe. ITP H COOTBCTCT­

BYIO UJ,ItX KOl-mOHOBKax lIaCOCHbl X CTaHI ~ll il aneprocfiepezcena e MO)l(eT COCTaB­

J1HTb OT 5 ):(0 20%. 
7. Paspaooranu MaTCMaTH'ICCKa SlMOn cn b H MeTO ; l YllpaBJI ClIll.S1 pC)I( HMaM I1 nacoc ­

HE.IX cTaHUlI H , YMcHbrualOI111lH norepn snepruu na Ha COCHh lX CTaH1IHHX xa KO­

ropux HB3 Ii 60Jlc C H aCOCHblX arperar a pafiora tor uapannem.ao. ITPII 3TOM o n ­

p ell:CJHlIOTCJI norepn nanopa B Kp CCTOBIlHC H sar par u MOIl\HOCHI n a npeonone ­
IIl1e nor eps B :>.ICCTHbIX conporn sneua xx B Ka)KJlOM uacocn osi arperare . Paspa­
6oTaHHb/il l-ICTOil n 03BOJlHT oocnyacna arouicu y n Cp COHaJ1Y Ha3Ha4 aTh PC)I(HMb l 

C MRHltM UJl b Hhl MH rtor epasm 3J1CKTp 03Hc prn ll 11 3KOHOMH Th no 3% norp efinse­
MOH sn ex rpoaaepran . 
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8. Pa3p a60TaH	 cn oco f y npaaneu as pe )l(HM a ~m acnosrorarcn ernax npenaaca ux 

CHCTeM naCOCHLIX cr amnul , !l TOM '!HCJIC npa nOJlHO:\1 1I0raIllCIIHH 3JIeKTpO­

anepnrn. Cnocof ocyuiecrunscrcs KUK .IlJI ll BbICOKOHanopHhLX, TaK H ,llJI R HH3­

xoaanopasrx HaCOCHbIX CTalllUl l1 nYTeM IICnOJlh30BUHIUI nOTCHUHaJlhHof! 'lHep ­

n IH cTOJI6a )l(H.IlKOCTH nanopa oro nonoaona CTUHUHI1, a B Ka'leCTBC yCTpOHCTBU 

NUl ero peanaaauan HcnOJl h3YJOTClI cavoperynupyroumecs crpyllnsre HaCOChI If 
ax n OCJIenOBaTeJIbHO-n Up aJlJICJIbHhIC CI1CTeMLI. 

9. )lITll nedrre rasom.rx Tpy6oHpODOJIHblX ClICTeM, B KOTOPblX Cy tUCCTBy lOT IIOTOKI1 

npHpOJUIOro H HI13KOHUnopHor o nonyraoro neqrrs noro raaa paspafioraaa CHC­

TCMU 110CJl e,!lOBaTeJl bHO -napan J lt~JIhHOrO COe.llHHeHlU1 crpyihuax HaCOCOB ,llnll 
YTI1n l13aUI111 aedrr xnoro I11'3a. C lt CTeM3 crpyan ux HaCOCOll lIBJI.IlCTCli ansrepna­
lIBOH JlOpOrOCTOllUIHX ,llO)lm Mll hiX xov npeccopa u x CTUHUHH, npa :nOM HeT 

HHKUKor o OTpHllUTeJILHOrO B03,lleii cT1J1I1l na oxpyacaiouryro cpeziy; uerpeoyerca 
sarpar ,!lOnO.'lHlITC!lhIlOH 3HepnIH H3BIIC. no pmpafiorauuso« MCTOlll1KaM onpe­
.IlcncHbl onrnnansuu e KOHCTpYKIUII1 crpyan ux lI aCOCOD lIJIl'! ycnOBI1H yrnnasa­
Ulm nonyrnoro HClpnllloro rasa MeCTOp0)j(JlCHHSI KOKJlYMan3K 

10.	 PC3y.1LT3ThI pafiorsi BHCJtPCHhI B npaxruxy J"CnnyaTal\HH pllna lJaCOCHblX 

cra nuari. BbmOJIHeU/l bIC KOMIlJICKCHhlC axcnepaa enransnu e uccnenoaanus 
1l0.llTBep,llHJIH a,l:\CKBaTHOCTb paspatioraaasrx MCTO,llOB H MaTeMaTI1'1CCKHX MO­

J:lCJJeH. 

I I .	 O iKlfJJ;aeMall 3KOHOMH"leCKaR JcjJ¢CI\n18HOCTh OT BlICApCIIIl l'! pesynsra r on 

i\IlCCCpTaUHoHHoH pafior s: Il M3cw T1I6e censcxoxoaaficrueanoji 11 uedrreraso ­

BoH orpacncii pec nyonnxn, onpCIlCJICIIHall IlYTe ,\\ cpaauenux 'lI1CThlX nIlCKOH­

TI1PYCMhlX JIOXOnOB, COCTUS:I lIeT B cpennext 33 nxn, ner 4,7 :'-l 'lpn. CyM. Bhl'H1C­
nCHllhlH HHneKC ,nOXOJIHOCTH 1'1= 9, I > I, nOK33hIBaCT, lITO lIpeJJ;JIO)l(CHlI ble Me­

ponpaxraa jjBJUIIOTCl'l npH6hlJlhHblMl1. 
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I C)J.JfllKa.¢aHnflPHJ lOKTOPIIJJ.llMl1iLllapalKaCIIDLTllJI<l6I:QP.-XowOlLB..A.
 
OS 14 OJ _ lallc~a_lllJlllillilP1UI3 ~l alK~ryauapmuU1llC.l>c:lm '!l~a
 

«Y..;.< yJLK)'ll)'PJIlt . _ J{al:~JUU laCQC craHnW!)JaJllilU'uepm~_~
 
I1UI.-XQlliU1JiI!U!>' M aB 3Y~w~CIUUUi(
 

PE310MECII 
TaRH'l (3U f MYXl~I) cymap : 3Hep lIDI 'f e :KaIIJ , sueprus HCTe-h~IOJ1I I , aacoc CTaH­

UUlI.JlapU, Hacocn ap, K,yByp!lap, c aMap an OpJUlK , aur xonarn , OllTHMIf3alllUI , pO CT­

naui, 6 0 UIK,ap IlW , M aTeMaTUK ~{Q)len .
 
T aJJ;l\llKO T o6'LCKTJla p lI: 31l ep r CTl tK Tli3UM TapK1l6Hllant HUpJlK lICr ebMOll 'I W 13P ­

)laH 6yn r au KIIUIJIOK, XY)I(aJIHrH sa He¢ T- r a3 nacoc na nac oc cTaHUlUlJI ap u . 

IIIIIHHIIHr MRK c aJlll : UllCcc p TaulUl lILUHHHHr MaK,CMII Y3) 'I I K,)'llypn a uacoc sa
 
aac oc cTanUHll1l apHH llJlMIlH JKHx,aTllaH acocnaHraH :m ep n u l Te)l( OBl lll Hill XO­

.naT:Iap UHH lla3apHH sa TaJKp u 6 lU1,a T3,llK,HK, KI UlUllJ .
 
TaJ\KIIKoT ycynn ; 3JTeKTp O::lHCp reTHK na rIlllpaBJUlK TIl3l\MJlapH M aTe ~IaTHK MO­


lleJlJTam ycynn, ~mml M aKc ycym: x,a.\1JJ.a Jl arpaHlK flll HoaUIlK, KynaiiTH.pyfilllm ap
 

ycymJap ll , 3K c n c p llMCIITIIlI I>tapKa311H KOMn 0 3Hn n Oll J!o i i HXallaW ycyna. Mar e­

MaTUK MOUCJ1JJaIIJ nacoc CTaUUl!}!JTaplUl a Jl a6 op aTop li Si TaJlK,IIK.OTn ap lIlla sa aMal l ­

uaru YCKYllallap.lla TeKw n p lUIH:6 Ky p llJTraH.
 
O JUlH raH lIanlnUl;"Iap aa y JIa p HItHT RIIOIJUlrn: 60CIlMJ1Il Yl)'ll K.yBypJlap 6 11J1aH
 

lKltx,03.'l aHraH uacoc sa nacoc CTaHUillIJTapHHlm r 3HepronUlpallJIHK HIll xonarn a­

p l! yq)'ll MaTeMaTl I K Mouen , Xltc 0 6 JlaIIJ anroparva sa u m l lMaIl um XOJl aTJIap lI
 

IIU111a6 ' fHKlUIrdH; nacoc cram lH lI JIap HHlIlIr 6 0 CHMllll K)'llyp: taplla )I(Y"lJlaJlall ysa­
1'1U1lHU OWHpuw r a K,ap aTl lJlraH llCpO¢ HU KaMafm lpJIlUra ac u cnallr all sneprus 
rexomu mil x onaTn ap ll1ll1 pocrnaui ycynnapu sa )l(j l x,0 321apl1 1ll1111a6 'lIlKllJl r aH; 

CTaHUlUl.JlapHII 6 0 c m Ulll K,yBypnapll,llam CYIOKJlllK YCTYHl1H 1I lIOTCHlJ,m lJl suep­
ms cunan x,aMn a Y3-Y3HHII p OCTJTOBlUl OK,IiWlll lIac o cnap Aall epo ii;lanaHllO AP C­

lIaJK cyBn apllHli 'l1lK,ap II O OJIlIW ycynu acocnanran: OK,II MJ1II uacocnap epAaM HJ~a 
lIe¢T ra anapuuu y n u IIl3aUI1}!HaI.Illlam imt XOJl aTn ap HH II 6 0 WK,ap H W llap aMeTp­

nap a acocnauran; K,IIWllOK x y )f(alJl1 r1i na HC¢ T-ra3 c o x,aJIap llUHHr nacoc CTaH­

u m m ap M am OK,lIMJl l1 HaCOCJl3p Y'IyH xersra-xer - rrapa.rr.n en IIUl xOJlam ap mm 

x,lIco6 JJaw YCYJm apl1 IIw n a6 'lUK,lIJJran.
 
AMaJlIIH axasmaru: TaJlK,HK.OT HaTH)I<anapl1,llaH epOH,uanaHHW 3JTeKTp sueprus
 
UC1 C1>MOllUHU p eJKaIlaWTJilpllW, 3HeproruupaBnHK )I(ux,03JlapHHH yHYMJlJil mnna­

T1UJHWH, aMalJJlam K,HillllOK, XY)l(anliI11 ea HC¢T-ra3 nacoc cramnrsnapna HC­


p o¢Jta p ~taH6aHr a s a yrrapnn KIDol aHTlip Uill ycynnapa ra fiaxo 6 epUlll IIMKOHlIliU
 

6Cp'Ul II. 
T all o n K 3TIIUJ n a p lUK3 CH aa ca~mp lliJ.OpJlHnl: saeprns TeIKaMK o pllllK 6 y lJIilJa 

l CJ 
HJTMllii 1i31laHUllIJIUp san csanapn sa Y3-Y3I fi1 H pO CTJJOB ll1 OK,IlMnll lIaco l ap n 

H aMa1ll1U1. AH)111iK OH, CaMap KaHJ\, HaBoRH, K aw Kau ap e BHJlOHTHHllr Ba )KU33aJ{ 

KaCKaJlll 20 AaH OpTliK, Hacoe CTaHlUiSlllapl1Jl.a T3,ll6 HK, 3TUJllll 1. HeepT ra3JlapllllH 

YlHJlI13allllll K,IIJlIiW 6 yiiwla T3,llK,HK,OT HaTl1)1(anapllAaH «My6apeKHe¢Tra3}) 

YWK c HJJ.a x.aM epu ii,U,anaHH.il a51 IITH . YImmn Uill HaTU)I(aJ!apIiHR T3,ll61liC. 3THlUU aH 

KYfWlaCTICiH c ocp q,OHUa 4,7 MllpU. Cy t.iHH TawKlUl 3T lUI,ll . H acoc cTaH UillIJT apll, 

3H epreTll Ka Ba anOKa 6 0 W K,ap Manap H TOMOHl1Jl.aH T3,ll6l1K. 3T HJlraH 1I1ll HaTHlK a ­

nap~1 65'11H'la Ta c,llH K)l aIl1dH HK,THCO,U,IiH caMapa.nopmlK HlliUlT3 100 MJlI1. CyMHU 

TalIIKJl.n 3T,llH .
K,yJVl a l m m (q,oHJt.am u m m) c oxacu: K,HllUlOK, Ba cyn xy)l(aJll1r11, aeqrr-ra3 

co x,aCH, ::mcKTp 3Hep reTIlK a TH3HMH. 
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PE3lOME 
J1lICCCPTaJ.l llfl X o x.HQBa B.A. ll ll Te~ v <OHcp r oc6eperaJollllle PClKll~I ['1 pa60Thl
 

HIICOCQB Ii n llCOCll bIX l.-m HIlHH C iI JmHHbl~t11 Tp y 6 o ll p o Bo n a.\ !H»,
 

IIIl COHCKaIm e Y'l e n oi! CTell e HIi l!Ql<lopa TCXHIl 'lCCKHX HIIYK
 

110 ClI CIlH a.% 1I0 CTIl 05.14.01. «3ncprenl'-lCCKlIC C lIcTe~lI,l II KQMlIJICKCh] »
 

K.:"IIO'ICBblC CJJOBU: aneprccfepeacenne, auepronorpeonerrae, uacocasre CTaHUIiU, ua­
COCh!, nanopuue Tpy6onpOBO,!lhJ, :l cPqlCKI11BHOCTb, peiKllM, OITJ11.\U13aUIUl, perynaposa ­
nne, ynpaanea ae, MaTeMa1l1'1ecKaJl Moue.rlb. 

06b C""Th1 HCCJJ e;J.OBlUIIIH: uacocu II HaCOCHbIe CTaHUIlJ I l: CJThCKOX0 1J1ik m CHHOH II
 

aerpreraso sof OTp aCJICH KaJ< OJl.HH 113 KpymIeHWHX norpecnrenen anex rpoaacpraa B
 

cOCTaBe 3HeprerHLJCCKOJf CI1CTCMbJ.
 

Ilem, pafiOTLI : TCOp C'IJil' l CCKl IC H sxcnepaaeirranuruc accnenosasax H paapafiorxa
 
HaY' lH D-060CHOBaHHbIX 3Hcproc6cp cr m o lUllX p eiKml OB aacocos H lIaCOCHb lX CTIUIllHH e
 

,iJ,JUlHHbIMH 'lp y 60npoBoJl,a\lH.
 

l\ileToJl b l IICCJJCJlOBll IllISl: Me-f O)lb1 ),\aTCMaTIfllecKoro MouemfpDBaRllil ::lIlCPreTIl'lCCKILX
 

H rn.npaRlJII 4eCKHX Cl1eTe M, MC'IOn MHlIIlMaKCa II Me'IO,U aeonpcnenemu.ix Muoacrreneii
 
Jlarparrxa, Me-fOll. UCHTpa'lhHOJ'O Ko),\n03I1UHoHHoro TIJIaJillPOBaHIDI 3KCnCpIIMCfITa
 

Me'IO,!lbI paC'I C1'3, nposepeuu Jla60p aTo p n hlMJil II mlTypIli.IMH 3KCIlCpIThl ei rranbllblMH
 

HCC.fJC,llOBaHHJlMU H3 }.leHemylOlllHX nacocnsrxCTaIlUlIHX.
 

IlOJI) "ICHHblC peJy.'IJ,TllTbI II HX 1108113113: paapaforaas: MaTeMaTIl'leCKHe ),1011CJlII,
 

anropmsa; pacuera H orrpcnenemr OnTHMaJl bHble :)HcprornnpaB.Jll!'lcclGle PC)f{UMhl pa­

6 0Thl HaCOCOB 11 nacocasrx CTaHUJrn c .'llll1HHbl MII JlanOp HbLl\lII rpyoonposonaaa : paa­

p aGoTah"b1 Me'IOitbl II CpeJlCTBa aneprocfieperaiouiero peryna posanna peJiCUMOBpa6o-rbl
 

HaCOCHbLX CTdHl J,llM, OCn OBaHHhlC na upannanax CHlliKeHIUl TIOTep b oncpnra B nanop­

I lhlX 'rpyfiorrposonax; 06OCHOBaH cn o co 6 OTK3'lKH npenazotux BOll C HCnOJ1h30B:lHJileM
 

n OTeHUl1aJTbHOll ouepraa cronoa iKlI,llKOC'I1l nanopuoro TPy60npOBOJla cramma II ca­

MOperyJJ I1PY10IJl llXCJI crpyiorsrx lJaCOCOB; 06OCIlOBaHbl napaaerpst, n o KOTOPbL>,l npo­

H3BO,IUITCli ynpaanerrae p eiK HMIDom YTI1J111JaIlliH Hc<jr NlHblX ['m OB C novoun-ro CTpyH­


HblX JlaCOCOB; paapatioraa ),ICroU pacsera PC:lKl1MOBllOCJl cn OBaTe.JII,HO-rrap a l n en bHo H
 

pa6 0ThI CHCTe ~lbJ crpylimax l raCOCOB lll[}l censcsoxoaapcraemrux Ii HCtPreraJOBblX Ha­


COCHhIX CTaHuID1 .
 

IlpaKTIt'ICCKa H 3U3'1I1MOCTb: HCIIOllb30Ulu m e pesynsraroa II ccneUOBaHHH zracr 003­


MOiKH OCTb nnanuposar s norpefinenne 3J1CKTP03Hepn-lH, upomsozum, ouenxy KaQCCTBa
 

oxcnnyarannu ancproranpaana -recsoro ooopyno sanaa, OLleHl1BaTb HCTOl lHHKH nOTCpJ1
 

oaepran H cnocotisr 11.'( CHlliKeHHSl sa ,JeHCTByKlUUIX lIacOCHbLX CTaHllHSIX CeJ!hCKOXO­


3J1HemCHHOH H neqrrerasouof O'ip3CJ1eH.
 

CTCIlCHb 8HeilpCIlH" II ::JKOIlOMll'I CC"' UI 1 !j>!j>C""IBIIOCTb: Pe3YJlhTaThI Ha)"lHblX He ­


CJlC.n:OBaHM no 3Hep roc6 epe)l<CHI1lO II ca~mperynHpYlO1IJ,IleC ll eTPy ii HblC Jl3COCbl BHe­


.n:PCHb[ 60nee '1CM H3 20 HaCOCHbLX CT"dllIU-UlX HaJ\ l3HraHCKOro, AR.n,IDKaH CKOro, CaJ\1aP­


KaH)lCKOro, HanoHik Ko r o , K au IK3,llap hHHcKoro lUlJlOJITOB II )J,)I{ H3aKCKo ro KaCKa,na, HC­


C.fJC,l:\OBaHUJI n o YTlillm a Ul1H n on Y fH blX HecPTSlHbLx raJOll lienOn b3YIOTcll B v,nn «My­

6 apCKRecPTeral ) . O:>KH,uaeMbl H 3KOH0M!1'lec KJrn 3cPtPeKT COCTaBillieT 4,7 MJlpU. C)'M II
 

rou . n O,zrrnep iK,JleHHbIH V n p aRJIeHI151Ml i HaCOCHh lX CTaJIUHH , 3Hepr eTln <Il 11 CB1I3H 3KO­


HO~1J11 IecKm1 3¢cPeKT 01' y A<C RHCnp CJI}lhtX pa3pa6 0TOK COCTaB..'Ul eT 100 MIDI. CYM II r OJl.
 

0 6.:13CTb np lf ~ICllCHlUI : ceJIbCKOC Ii BOJJ;HOC X0311HCTBO, lle<jrre raJOBllil orpacJ1b, 3.neK­


Tp03HepreTH'lecKaJl CI1CTeMa . 
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RE SU ME 
Thesis c r v. Khokhlo\' on a scientific degree competition or the doctor of sciences 

in technical specialitv 05. 14.01. « Power systems and complexes» 
~ub j ect «Power saving operating modes of pumps and pumping stations with long pipelines» 

Key wor ds: power saving, power consuming, pumping stations, pumps, pressure pipe­
lines, efficiency, a mode, optimization, regulation, management, mathematical model. 
Subjects of the inquiry: Pumping stations and sets of agricultural and oil-and-gas 
branches as one of the largest consumers of the electric power in structure of a power 
system. 
Aim of the inquiry: theoretical both experimental researches and development scien­
tifically-grounded power saving modes of pumps and pumping stations with long pipe­
lines. 
Method of inquiry: methods of mathematical modelling of electropower and hydraulic 
systems, a method of a minimax, a method of Lagrangian uncerta in multipliers, method 
of the central composite planning of experiment. The methods of calculation are 
checked up by laboratory and natural experimental researches at working pumping sta­
tions. 
The results and their novelty: mathematical models and algorithms of calculation and 
optimum powerhydraulic operating modes of pumps and pumping stations equipped 
with long pressure pipelines are developed; methods and sets of power saving regula­
tion of operating modes of pumping stations based on principles of power waste reduc­
tion in pressure pipelines are developed; the way of drainage water pumping with use of 
potential energy of a column of liquid in the station pressure pipeline and self­
regulating jet pumps is proved; the parameters of management of passing oil gases re­
cycling modes with the help of jet pumps are proved; the method of calculation of 
modes of serial-parallel operation of the system of jet pumps for pumping stations of 
agricultural and oil-and-gas branches is developed. 
Pract ical value: use of the results of the researches will enable to plan electric energy 
consumption, to make anestimation of powerhydraulic equipment operation quality, to 
estimate the power waste sources and ways of their reduction at the working pumping 
stations of agricultural and oil-and-gas branches 
Degree of embed and economic effectivity: the results of scientific researches on 
power saving and self-regulating jet pumps are introduced at more then 20 pumping 
stations of Namangan, Andi7J1aI1, Samarkand, Navoi, Kashkadaria regions and of the 
Dzhizak cascade; the results of researches of passing oil gases recycling are used in 
UDE "Mubarekneftgas'' . Expected economic efficiency of the thesis results averages 
4,7 billion sum a year. Confirmed with Administrati ons of pumping stations, power and 
communication economic benefit of already introduced results makes up the about 100 
million sum ill a year. . 
Sphere of usage: agricultural and water industry, oil-and-gas branch, electrical power 
system. 
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