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YAK 628.1:621.311.21+621.65/69

PekoMmengauHH COCTaBJeHB! Ha OCHOBe 0GOGUIEHHsI OTEyecT-
BEHHOro ONBITA NIPOEKTHPOBAHHS W THApPaBJHYECKHX PacueToB Ha-
COCHHIX GJIOKOB, BOAHHIX TPaKTOB H THAPOTEXHHYECKHX COOpYKe-
HHil, BXOASAHIHX B cucTeMB oxaaxaenuss TOC u ADC. Ilpu co-
craBjenns PekoMeHAamuii GHIH HCIOJAB3OBAHLL PE3YJbTATHL MHO-
FOJIETHHX THAPABJHYECKHX HCCJIEROBAHHH HACOCHHIX GJIOKOB, Ha-
NOPHHX TPYGONPOBOXHBIX CHCTEM H Pa3JHYHBIX PHAPOTEXHHYECKHX
coopyxenufl, Buinonnesnnix Bo BHHUI mm. B. E. Bexneneesa
aoktopom TexH. Hayk B.B. HyacaesbiM, nnkenepamu T. B. Mmyk,
H. A. Yeprkosoil, B. P. Mepu u Aap., a taxxe NpPOeKTHHE MarTe-
pHAJB HHCTHTYT2 ATOMTEIIOdNEKTPONPOEKT.

Pexomengamin npefHasHaueHb! AJS HHIKEHEPHO-TEXHHYECKHX
pabOTHHKOB, 3aHMMAIOUIMXCA pelleHHeM npobieM TEeXHHYECKOTo
Bosocuabxkens TIC u AIC.

PexoMenAauMaMH cieilyer PYKOBOJCTBOBATLCS! NPH NPOEKTH-
POBAHHH CHCTEM TexXHHYeCKoro BojocHabxenmss TIC u A3C u
HPH BHIOJNHEHHH THADPABIHUECKHX pacyeTOB HACOCHHX O6JIOKOB
(T. e. 6.,10KOB LUHPKYJISHOHHBIX HACOCHBIX CTAHIHH, COBMELIEHHHIX
C BOJONPHEMHBIMH COOPYJKEHHSMH), HAlOPHBIX H CJAHBHHIX TPY-
GONpOBOAOB, Y3JIOB CONPSKEHHS CJAHBHBIX TPyOONpPOBOAOB C OT-
BOASIIIAM KaHAJIOM H T'HAPOTEXHHYECKHX COOPYIKEHHI Ha OTBOASA-
lmeM KauaJje,

@ Bcecolo3HHii  HayuHO-HCCIE0BaTebCKHI
HHCTHTYT THApotexHukH uM. B. E. BepeneeBa
(BHUMT), 1983.



NPENUCIIOBHE

ITpupocT NpoH3BOACTBA 5JEKTPOSHEPTHH B IPEACTOsILIME TOMbE
6yJeT NpOHCXOAHTh B OCHOBHOM 3a CueT lepHOro ropioyero, ruJpo-
SHeprHH M HCHOJb30BaHHSl YrJefl B BOCTOYHBIX paHOHaX CTPaHHL
B 1985 r. noas BbIpaGOTKH 3JIeKTPOIHEPTHH HAa aTOMHBLIX H THApPAaB-
JIHYEeCKHX 3JIeKTPOCTaHUHAX cocTaBHT okojo 30% !, a B emponei-
CKO¥f 4acTH CTPaHbl OCHOBHOH NPHPOCT NPOU3BOJCTBA 3JIEKTPO3IHEP-
FHH HaMeuyeHO NMOJYYHTH 3a cyeT cTpoHTenbcTBa ADC.

[MpeaycmoTpeno Taxkxke HauyaTh OCYILECTBJIEHHE NPHHLIKIHAIBHO
HOBOTO HamnpaBJieHHsl B LEHTPaJH30BAHHOM TelJIOCHAGKEHHH Kpyn-
HBIX ropojoB. Peub HAeT O CTPOHTENBCTBE HECKOJBKHX MOLIHBIX
ATOMHBIX CTAHILHII TeTIOCHAaGXeHHs, KayKAash H3 KOTOPBIX CMOXeET
HaJleXKHO 00eCneynTh TEMJOM TOPOZ C MHOTOTHICSYHBIM HaceJeHUEeM,
He 3arpsA3Hsia NPH 3TOM OKPYKAIOLULYIO CPeny.

Peinenue 3THX 3ajjay npeanoJjaraercsi BHIIOJHHUTb 3a CYET ofle-
pexamoLlero CTPOHTENbCTBA ATOMHBIX 3JEKTPOCTAHIMHA MOUIHOCTBIO
no 4—6 mau. kBt ¢ 3Hepro6iokaMH eIHHHYHOM MOLIHOCTBIO 1 —
1,5 man. kKBt B eBponefickoil yacTH CTpaHBl H Ha YpaJjie, cOOpyxKe-
HHS TelJIOBLIX 3/JEeKTPOCTANUHA MOILHOCTBIO Mo 4 — 6,4 maH. KBT
Ha HeAedHUWTHHIX BHAAX TOIJIHBA, B NEPBYI0 oyepelb NOTOYHOE
CTPOHTE/IbCTBO MNblieyrodbHbuiXx 'PAC ¢ 3HeprobsokaMu MOLIHOCTHIO
no 500—800 MBT, B cocraBe Drubacrysckoro H Kancko-AuHHCKO-
ro TOIVIMBHO-3HePreTHYeCKHX KOMINIEKCOB, a Takwke CypryTckux
I'P3C c sneprobiokamu epunnyHoil Moutoctbio 800 u 1200 MBT Ha
NOMyTHOM Tase.

Pa6oTel HHCTHTYTa ATOMTEN/IOZJEKTPONPOEKT N0 BHIGOPY H pas-
MEIeHHI0 IIoanoK HoBbix MomHBIX TIC m ADC, HameuaeMbiX
K cTponTtesbeTBY ¢ 1980 mo 1985 rr., nokasanu, uto cHCTeMBbl TEXHH-
YeCKOTr0 BOJ/IOCHA0XKEeHHs] 9THX 3JEKTPOCTaHUHi OyAyT BBINOJHATHCH
B OCHOBHOM N0 OOOPOTHOH cxéMe ¢ HCNOJb30BaHHEM B KayecTBe OX-
Jajuresneft BOJOXpaHHJHIL HJIH OalleHHBHIX TrpajAHpeH O6oJbIIOH
NPOH3BOAMTE/IbHOCTH [35].

Hesasucumo oT .BHa OXJajuTess, B NPaKkTHKe TeXBOAOCHalxe-
HHSL 3JIeKTPOCTAHIHHA ¢ KPYNHBIMH 3Hepro0JOKaMH CJIOXKHJach H
onpasiana cebs OgouyHas cXemMa MNOAAYH LHPKYJIAIHOHHOH BOJABI
K KoHZeHcaTopaM TypOuun Hacocamu OIIB u AIIB.

1 Marepraan XXVI cwvespa KIICC. — M.: H3a. noanruueckoii JHTEpaTypH
1981. =223 ¢.
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IIpu GuouHo! cxeMe KOHIEHCALHOHHAS YCTAHOBKA KakIOH Typ-
6uHbl o6ecneynBaeTcs LHPKYJASUHOHHOH BOJOH TOJNBKO OT <CBOHXY,
NpHHAJJIeKaIUX 3TOH TypOHHe IHPKYJISUMOHHLIX HaCOCOB, KOTOPHIE
paboTaloT KaXAbIH Ha CBOH «MOTOK» KOHJAEHCAaTOpa, MO CBOeMYy Ha-
HOPHOMY H CJHBHOMY TpyGonpoBoiaM. BJiouHBle LHPKYJSIHHOHHEIE
HacoChl, CPYNNMHPOBaHHbIE B OJHOM 3JaHHH HACOCHOH, He HMeEIOT
MexAy co0oil HHKaKMX TeXHOJOTHYecKHX cBsidefl. Biounas cxema
NOJiauu LHUPKYJSLHOHHONH BOJABI oOecneynBaeT HaAeXKHOCTh H IKOHO-
MHYHOCTb CHCTEMBI, TAK KaK OTCYTCTBHE apMaTyphl H Pa3BETBIEHHOH
CeTH TPYOONPOBOAOB CBOAMUT K MHHHMYMY THADAaBJIHYECKHE TMOTEPH
B CHCTeMe.

YuuteBasg OTMeUeHHBIE 00CTOATENbCTBA, OJIOYHYIO CXEMY CleayeT
CYUHTATb OCHOBHOH cxeMOil TexHHYecKoro BopocHabxeHHss TIC u
AS3C GoJapuoil MOLHOCTH.

Pekomenpauuu paspabatbiBanuch B KomniekcHoit aGopaTopuu
TexHHueckoro BopocHabxenusi TOC u ASC BHHMMIa npu yuactuu
HHCTHTYTa ATOMTEINI03JeKTPONPOeKT, PeKoMeHZaUHH CoCTaBJeHb
HokTopoM TexH. Hayk B. B. IlysinHeBrM (pasgensl I—V) u unxe-
HepamMu O. II. Ocnanoseiv (BI'TIM AToMTeniosJieKTpOmpoekT) H
H. H. Cuzoseim (JIOATIII) (pasmen VI u.npeauciosue). B paGo-
Te yuactBoBaau mnHxenepe T. Bb. Mmyx, I'. M. Baragumuposa
texuuk T. H. MakcumoBa (BHHHTI) u nnxkenepnt A. I1. Ilerpos
u B. B. Bupsuexk (JIOATIII).

O61iee PyKOBOACTBO OCYLUECTBJSAJA 3aBeayloulii Jia6opaTopHeii
KaHza: TexH. Hayk M. M. Makapos.

IIpu penaktHpoBanuH PekomeHpauuil ObliH yUYT€HBl OT3BIBHI,
NosiydeHHble OT [JIaBHOTO THAPOTeXHHKAa MHCTHTYTa ATtOMTenJo-
asektponpoekr P.T. Munacsina u I'nasuoro cnennanncra C. JI. 3uc-
mana, ot I'naBuoro ruaporexuuka JIOATIIIa E.B.Top6auesa, ot
H. 0. [naBHoro mHxkenepa uHctutyTa 'mapomnpoekt um. C. 1. JKyka
U. A. XKeatsimea u or T'smapHoro uHxkeHepa CKB Jlenruapocranb
H. M. [epkaua, a Taxke jfomnosHuTespHoie sameuanus C. JI. 3uc-
MaHa, NPOCMOTPEBIIEro PyKOMKCh NMepex H3JAaHHeM B MeyaTH.



PexKoMeHAalHH N0 OPOEKTHPOBAHHIO

Munncrepcrso M THAPABIHYECKHM pacueTam
SHEpreTHKH HaCOCHbIX GJOKOB H BOLHBIX 1 06—82
H TPAKTOB CHCTEM TEXHHYECKOro BHUUT
anextpuukanun CCCP BojlocnaGxenus TAC u A9C

Goabuofl MOUHOCTH

1. OBILHE NOJIO)KEHHUA

1.1. Hacrosiune Pekomenjauuu npejHasHayeHbl AJst HCIOJb30-
BaHUsI NIPH TPOEKTHPOBAHHH CHCTEM TEXHHYECKOTO BOJOCHAOKeHus
TAC u A3C 6Gospiuoil MOLIHOCTH H NpPH BBINOJIHEHHH THApaBjHye-
CKHX PacueroB HACOCHBIX GJIOKOB (OJIOKOB LUMPKY/JALHOHHBIX HACOC-
HBIX CTaHUMI, COBMELIEHHBIX C BOAONPHEMHBIMH COOPYXKEGHHAMH),
HaMoOpPHBIX H CJAHBHBIX TPYyOONPOBOLOB, Y3J0B CONpPSIXKEHHST CJAHBHBIX
Tpy6ONpPOBOAOB ¢ OTBOJASILIMM KaHAJOM H THAPOTEXHHUECKHX COOpY-
JKEHMH Ha OTBOJsILLEM KaHaJe.

1.2. PexomeHpaluu pacnpocTpaHsioTcs Ha THAPOTeXHHYECKHE CO-
OpYKeHHsi H BOJOBOJBI, BXOJslHe B COCTAB CHCTEM TEXHHYECKOTO
pojocHaGxenuss TOC u AIC:

HacocHble 6J0kH ¢ nacocamu OIIB u IIIB;

HanopHsie Tpy6ONpPOBOAH,;

CJHBHble TPYOONPOBOALL;

y3Jibl MECTHBIX CONPOTHBJEHHUII 11a HANOPHOM M CJIHBHOM Tpy6o-
HNpoBOJAX;

CJHBHBIE KOJIOAIBI;

cu(dOHHBIE KOJOAIbI;

THAPOTEXHHYECKHE COOPYXKEeHHSI 1ia OTBOAAILEM Kaliaje: BOMO-
NMPONYCKHOe coopyzkeHHe (/I0Kep, akBelyK, TpyOa), compsaralouiee
coopy:keHue (rnepenan, ObICTPOTOK), KONILEBOE COOpYKeHHe (IeK-
THPYIOLLEe COOpY:KelHe, BOJIOC/AHB, CTPYepacnpe/iesuTe/bHOe Coopy-
JKeHHe H Ap.).

Buecennl BcecowsHbiM oprena Yreepxaenst BHU oM
Tpynosoro Kpachoro 3namenu uM. b. E. Bexeneena Cpok
Hay4YHO-HCCAeA0BATENbCKUM pemrerne Ne 6 Baepemm
HHCTHTYTOM THAPOTEXHHKH or 16 uwoaa 1982 roaa 1 K:!la Tan
uMenn B. E. Beneneesa, i H COIJacOBaHbI 1983pr
Bceco3HBIM NPOEKTHHIM HHCTHTYTOM ¢ I'naBuannpoexTOM :
ATOMTENN03MeKTPONPOEKT Munsnepro CCCP

(43}



1.3. Tlpu npoeKTHPOBAaHHH H THAPABIHYECKHX PacyeTax MepeyHc-
JIGHHHX B 1. 1.2 THIPOTEXHHYECKHX COOpPYXKEHHH H BOJOBOJIOB JaH-
HEIMH PekomeHnauusiMu HeoGXOJHUMO IMOJb30BATbCS COBMECTHO C
«HopmaMH TeXHOJIOTHYECKOTO NPOEKTHPOBAHHS TENJIOBLIX 3JeKTPH-
YeCKHX CTaHUMii U TenyoBeIX cerefl» [38], cooTBeTCTBYOMMMH ria-
Bamu CHull u 1pyrdMH HOpMATHBHBIMH JoKyMentamu [37, 46, 47,
50 — 52, 54, 55].

1.4. Tlox cucremoll Texuuuyeckoro ojocHabxenus TIC u AIC
NOJpPasyMeBaeTcsi COBOKYNHOCTh THAPOTEXHHUECKHX COOPYKeHHI, BO-
JIOBOJIOB H YCTPOHCTB, ofecneunBaioliX cHabKeHHe 3HEProGJOKOB
9JIEKTPOCTAHUHIT TeXHHYECKOH BOJOH B HeOOXOAHMMOM KOJHUECTBEC H
HaJJexKallero KauecTsa, a TakXKe OTBOJ OT 3Heprob/OKOB H OXJax-
JleHHe LHPKYJIALHOHHOA BOJBI.

B 3aBHCHMOCTH OT HCIIOJNB3yeMBbIX HCTOYIIHKOB BOJOCHaOXKenHs
H Crnoco0oB OXJaX/AeHHs] UUPKY/ISILHOHHON BOABI CHCTEMa TeXHHue-
cKOro BojocHaGxeunst MoxeT ObiTh [1, 38]:

1) OpsSIMOTOYHOH — NPH HE3aMKHYTOH LHDPKYJSLUHH BOABI, T. €.
OpH BBINYCKe HAarpeToil B KOHAeHcaTopax napoBblX TYPGHH BoAb! 00-
paTHO B BOJOMCTOUNIMK (peka, KaHaJj) HHXKe MecTa Bojo3abopa;

2) 06opoTHOIT — IpH 3aMKHYTOH LUMPKYJISUHH BOJBI C HCIOJAbB30-
BaHHEM /IS OXJax<[eHHsl BOJAbl BOAOXPaHM/IHLI-OXJaAHTenefl, rpa-
nupeH, 6pri3raapHbiX 6accefiHoB;

3) KOMGHHHPOBAHHOI — IPH HCMOJB30BANNHH JBYX NMpeNbIAYUIHX
criocoGoB 0TBOAA H OXJAXK/IEHHs LUPKYJISIHOHHON BOJBI.

Bri6op cucTeMBbl TEXHHYECKOTO BOZOCHAOMKEHHsI MOJKeH MPOH3-
BOJMTHCS COINIACHO YKa3aHHsIM, npuBefeHnsim B [38].

1.5. Xapaktepuble 0COOEHHOCTH THAPOTEXHHYECKHX COOPYKeHHil
U BOJOBOJIOB C DACIOJIOKEHHBIMH HAa HHX Y3/J1aMH MECTHBHIX COMNPO-
THUBJIEHUI ONpejeNsloTcsi cXeMoil TeXHUUYEeCKOro BOJAOCHAOKeHHs, KO-
Topasi Moxer ObiTh [1]:

a) ¢ LeHTPaJbHOH HACOCHOH CTaHLHeH — Boja M3 HCTOYHHKA BO-
JOCHAGXKeHHsT TOAAeTcsi LHPKYJSALUHOHHBIMH HacocaMH K (pPOHTY
MAaLIMHHOTO 3aJla MO MaricTpasJbHbIM HAMOPHBIM TPYOONPOBOJAAM,
H3 KOTOPbIX OXJa)K/aiouiasi BOAA MOABOAHTCH K KOHJEHCAaTopaM ma-
POBHIX TypOuH, NPHUYEM THI H KOJHYECTBO HHPKYJSUHOHHBLIX HACO-
COB, @ TaKxke cXeMa HX MOAKIIOUEHHsT K MariCTpasbHbIM HaNopHBIM
TPyGONPOBOJaM ONpefedsioTCst TpeOyeMBIMH DeXHMaMH TNoxaul
BOJbI;

6) c 6/04HOIl HAcOCHOH CTaHUHell — BOJAAa HAa KaxAbll MOTOK
KOHJEHCAUHOIHON TPYNNbl 3Hepro6JoKa NOJaeTcsi OTAE/NbHBIM Ha-
IOPHBIM TPYGONPOBOAOM H OJHHM LHPKYJISIHOHHBIM HacOCOM;

B) HamNoOpPHO-CAMOTEYHOH — BOLA H3 HCTOYHHKA BOJOCHAOMKeHHS
nofaercss NUPKY/ISHHOHHBIMH HAcoCcaMH [0 KODPOTKHM Hamnop-
HBIM TPyGonpoBoiaM B HaNoOPHBIA 6acceiiH, pacloOOKEHHbIH Ha Bbl-
COKOl OTMeTKe, H3 KOTOPOro OHa NOCTyNaeT Ha 3Heprob6JIOKH caMo-
TEKOM II0 HAMOPHBIM NOJBOAAIIMM TPYyOONPOBOAAM.

Ilpu BEIGOpe cxeMbl TexHHYecKoro BogocHaGxeHns TIC u ADC
CleAyeT DYKOBOACTBOBAThbCsl YKa3aHHAMH, NMpHBeldeHHHIMH B [38].
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1.6. OCHOBHBIMH 3/IEMEHTAMH CHCTEM TEXHHYECKOTO BOJOCHaOXKe-
Husl TOC u ADC, nMelolHUMH TO WJIH HHOe HasHaueHHe, SBJIAIOTCA
CAeAYIOlIHE COOPYKeHHMsI, BOLOBOJALI, YCTPOHCTEA H Y3Jbl MECTHHIX
CONpPOTHBJ/IEHHH Ha BOJOBOJaX.

Ilodso0awuii Kanas — OTKPHITHI KaHnaJ (caMoperyJupyloluiics
HJIH HecaMoperyJHpylouuiics), mo KOTOPOMy BOJA H3 HCTOYHHKA

Mo 1-1
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Puc. 1. Cxema HacocHoro 6joka ¢ Bpaulaioueics CeTKOH ¢ Hapy:KHbIM
[OZBOAOM BOAH (MOJ3eMHasA 4acTb). PasMephl ZaHbl B MM.

BOJIOCHAOXKEHHA TMOABOAMTCA K UMPKY/SLUHOHHOH HaCOCHOH CTaH-
LHH.

Hacocneui 640k — cexuus (6710K) BOAONPHEMIIONO COOPYIKCHHA,
COBMELIEHHOTO ¢ LHPKY/IAUHOHHOA HACOCHOH cTaHLMeH, IO KOTOPOl
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OCYILeCTBJISIETCS MOJABOJ, BOJABI H3 HCTOYHHKA BOAOCHAGKEHHS HJH
H3 MOJABOASAILIEr0 KaHaja K IHPKYJSLHOHHOMY Hacocy (puc. 1).

Hanopneui Tpybonposod — Tpy6onpoBoA, NpeiHa3HaueHHbIH AJ1s1
NOABOJAA OXJaxkjalouiel BOAB OT IHPKYJISIHOHHOTO Hacoca K KOH-
JIEeHCATOpy NapoBoii TypOHHBI, HamopHoMy 6acceiiHy HAH K (QPOHTY
MAIUUHHOrO 3a/1a 3JeKTPOCTaHUMH (MarucTpajbHblii TpyOonpoBon).

Kamepa 3adsusxcex u o6paTHblx KAQNGHOB — COOpPYXKEHHE, B KO-
TOPOM Ha HAMOPHBIX TPyGONPOBOAAX YCTAHOBJIEHH OOpaTHHE KJa-
NaHbl H 33JBHXKKH, a TakkKe COEJHHHTE/bHble TPYObl (NepeMbIuKH)
C 3aJBHXXKaMH, CJy:KallHe JIs MEpeKJIOUeHHS LHPKYJISUHOHHBIX
HacoCOB C OJHOTO MaruCTpaJbHOTO HaMoPHOTro TpyGompoBoda Ha
JNpYroil npi pa3iHYHBIX pexHMaX paboThl cHCTEMBl H B aBapHHHBIX
caIyyasx; IpHMEHseTCsl B CXeMe TEeXHHYeCKOro BOJOCHAGXKEHHS ¢
HEHTPAaJILHOI HACOCHOH CTaHLHEH.

01800 —uacTh HanopHoro TpyOonpoBOAa, ciay:Kamas 115 H3-
MEHEHHS MPOJI0JbHOrO HaNpasJeHHs TpybonpoBoaa.

Koaeno — otBog ¢ yraom nésopota 90°.

Hanopneui 6acceiin — coopyKeHue, ciayKaulee /s CONpPSKEHIs
HamnopHBIX TPYOGONPOBOAOB HHUPKYJISLUHOHHOA HACOCHOM CTaHUHH C
OTKPBITEHIM KaHAJIOM HJH ¢ CAMOTEUHBIMH TPYGOIPOBOLaMH.

Causroli Tpybonposod — Tpy6GONPOBOJ, CJaAyXKallHil I8 OTBOAA
UMPKYJISUHOHHOM BOALI OT KOHAEHCaTopa NapoBOH TypOHHBI B OT-
BOASIIHA KaHaJ.

Causnotl koaodely — yCTPOHCTBO (COOpY:KEHHE) HJsi CONpsixKe-
HHS CJTHBHBIX TPYyOONpPOBOAOB C OTBOASIIIIHM KaHAJOM.

Cudgponnei konodey — BOJOCAHBHOE YCTPOHCTBO C pPa3BHTOH B
JJIHHY NepeNHBHOIl CTeHKOH Ha OTBOAfALLIEM KaHaJje, ciayxKallee .5
NOoJAepKaHUS HeOOXOAHMOro YPOBHS BOJBl B CJHBHBIX KOJOALAX C
LeJbI0 COXPaHEHHs YCTOHYHBOTO JOMYCTHMOIO BaKyyMa B CJIHBHOWH
CHCTeMe KOHJEeHCAaTopa NapoBOil TYpOHHBI.

3akpetreul orgo0Aull KAHAA — NMON3EMHBIN XKesie300eTOHHBIH
KaHaJ TPSMOYroJbHOrO IIONEPEYHOTrO CEUEHHS, PacloJOXKeHHBIH
BI0Jb (ponTa MamuxHOro 3an1a TIC.

Coopyxenue nepexaroweruil — ycTPOHUCTBO [JIST TePEKIIOUEHHS
pacxoja BOAbI C OAHOrO 3aKPHITOrO OTBOAAINErO KaHaJja. Ha Apyroi
(napaJiensHbi).

Orkpoireui orgodaujuil Karas — KaHaa JJjst OTBOAAa OT MalllHH-
Horo otxaenenust TAC uan ADC uarpeToii B KOHACHCATOpPax Napo-
BBHIX TYpOHH LHDKYJ/ISILHOHHONH BOABI B BOJOTOK HJIH BOJOEM, HJH BO-
NOXPaHHJ/HIIEe-0XJIaJUTeMb HJIH K HCKYCCTBEIBIM OXJIaJHTeasIM
(rpanvpHH, Opbi3ranbHbie GaccefiHbl T. M.).

Bodonposodsuiee coopyrcenue — COOpPyMeHHE Ha TNepeceyeHHH
TpacChl KaHaJja HJH TPyOONpoBOja C €CTECTBEHHBIM HJH HCKYCCT-
BEHHBIM INpensTCTBHEM (peKoi, oBparoMm, KaHaJ/OM, AOPOroii), NpH-
yeM NPONYCK BOJbl MOXKET OCYLUECTBJSITbCS HAaJ NpensTcTBHEM (akK-
BeNYK) HJIM MoJ npenstcTBHeM (Awokep, TpyOa).

Conpszatouwee  coopyscerue — COOPyXKeHHe JJ1s1  CONPSKEHHs
CMEeXHBIX y4aCTKOB OTKPBITOrO KaHaJjia, PacloJIOKEeHHBIX Ha PA3HBIX
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YPOBHSIX, CONpsiKeHHe 6beoB MOMKET NMPOH3BOAHTHCS MOCPEACTBOM
nepenaja, GLICTPOTOKA H T. I

Konyesoe coopyixcenue — coopyxenHe Ha KOHLE OTBOASILIETO Ka-
HaJja, cayxKaiee AJs CONPSKEHHS ero ¢ ecTeCTBEeHHHIM BOJOTOKOM
HJIH BOZOEMOM, a TakKXke ¢ BOJAOXpaHHJIHLIEM-0oXJ1aauTejeM ¢ obecrne-
YeHHEM BHIIOJHEHHs1 TPeOOBaHHiT OXpaHBI OKPy2KalolleH NPHPOXHOH
cpenbl B 30He BbIIYCKA Harperoi HUPKYJASUHOHHON BoAnl (93KeEKIHs)
HJAH C CO3JaHHEM YCNOBHH pJs BBIIYCKa TeMJIOH BOABl LIHPOKHM
(pOHTOM B NMOBEPXHOCTHBIE CJIOH BoAoeMa-oxjaaautessi (anddysop
HJIM CTPyepACNpesesIHTeIbHOEe COOPYXKeHHe).

1.7. TIpuusTble 0003HAUEHNHSI H ONpe/leNTeH s .
a— BHCOTA TNONEPEYHOro CeYeHHS ONMOPHOH GankH, M.
Qc — BHICOTA CIKATOIO CeYeHHS OroJOBKa BcacHBaiouied TpyOnl Hacoca, M.
Aa——pasuom‘b OTMEeTOK BepXHHX TO4YeK BXOAHOTO OTBEPCTHA H CHKATOro
cedeHHs] OroJIoBKa BcachBalolled TpyOw Hacoca, M.
A — cyMMapHasi BbiCOTA IIONEPEYHHIX 3JEMEHTOB COPOyZAep:KHBaiolleh pe-
HIETKH, M.
b — MpHHA KaHaja no AHY, M.
bnp — BeJHUHHA TPOCBETA MeXAy CTEPXKHAMH COpOyIep:KHBaioulel pe-
HIETKH, M.
B — wmpuna xanaga no Bepxy, M.
By.c — mupuHa Bpawmaouieiics CeTKH, M.
¢ — Ko3(GHIHeHT, YUHTHIBAIOWHKI BAHMAHHe KapKaca Ha IOTepH Hafopa
B COpPOYyAep:HBalollell peLIeTKe.
Ca.r — KO3 HUMEHT, YUHTHBAOWHAA YCJAOBHS TNOAXONA BOABI K BCacHBaw-
weft Tpybe Hacoca.
d — anameTp TpyGel WIH TpyGONpOBOAa, M.
dy — AHaMeTP KAMHSH, M.
dor — AHAMETP NMPOMBLIBHBIX OTBEPCTHH, M.
dnys — AHAMETP NY3HPbKOB BO3AYyXa, M.
dp.» — NHAMETP PACTOPHO-CBSI3HBIX 3JIEMEHTOB, M.
&£.— YCKOpeHHe cBOOGOAHOro majieHus, M/c2,
h—ray6HHa BoAH (B KaHaJe, Ha pucGepme), M.
ha — rayGuHa aspHpOBAHHOIO II0TOKA, M.
hip.c — moTEpH Hanopa po Bpamawoimeiics ceTke, M.
hx — MecTHBle TIOTepH HAIOPA B KOJieHe, M.
hy.n — noTepn Hamopa Ha COeAHHEHHe IOTOKOB B KaHaje, M.
hi — notepn Hanopa Ha TpeHHe B TPYGONpPOBOJE, M.
hyw — MeCTHble TOTEpPH HAIOpa, M.
hp — NOTepH Hamepa B COPOYAepiKHBawllell pelleTKe, M.
hcy — NMOTEPH Hamopa Ha BHIXOAE H3 CAHBHBIX TPyOONpPOBOJOB, M.
h+p — ruApaBaHUecKHe TOTEPH B TPyGONPOBOAE, M.
hys — MeCTHHIE TOTEPH Hamopa B y3je, M,
Ah — xapdTallHOHHBI 3amac Hacoca, M.
H — wanop, M.

6 "
Hg ="y — MAapamerp, yuHTHBaloWHil GapoMeTpHUecKoe JAaBJjeHHe BO3AyXa, M.

Hy » —reojie3nyeckass BbiCcOTa, M.
Hy — BhicOTa KOJIEHA, M.

Hac -
Hn= 1 ~— [1apaMeTp, YUHTHBAIOWHH JaBJjeHHe napoo6pa303aﬂnﬂ, M.

Hy.n — notepu Hamopa B BOJONPOBOJSINEM TPAKTe, M.
Hc x —ray6una BOALl B CETOUHOM KaMepe, M.
Hg — BeicOTa BcachiBaHHSL Hacoca, M.
k — KO3 dHuuHenT, YUHTLIBAIOWHIT SacopeHHe pelieTKH HJH Bpaliaiolleil-
€ CeTKH.

)
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by — KOI(GHIMEHT, YUHTHBAOWAN THI KAMEHHOTO KpemeHus pucbepMmbi
TpH ONpeAesieHHH KPYHHOCTH KaMHS.
j — ko3 dunuenT GOopMH nonmepeuHOro ceyeHHs KaHaza.
[ — YKJOH AHa KaHaJja.

if — YKJIOH TpeHHs.

{ — pnWHa TpAMoll BCTABKH MeXKAY CMEXHBIMH KOJEHAMH H OTBORAMH, M.
Iy n — AJVIHA BJHSHHS MECTHOTO CONPOTHBJEHHS, M.

Iy — paccTofiHHe MeXAY IBYMS NONEPeUHbIMH CEYeHHAMH KaHajla, M.
loc — paccTosiHAe MeXJY OCAMH BXOXLHOTNO H BHIXOLHOTO (JiaHUeB ysja, M.
lcr — IIHPHHA CTEPIKHS COPOYAEpPKHBAIOWeH pelIeTKH, M.

l; — pnvMHa OPSAMOJHHEHHON BCTaBKH MEXKAY CMEXHBIMH KOJEHaMH H OT-

BoaaMHu yana (i =1, 2, 3), m.

L — BHcOTA copoyaep:kuBaollefi pemieTKH (mox BoAOM), M.

Ly — nJuHA KOJeHa, M.
Lyp— BJHHA HanopHoro TpyGoONpOBOZa, M.

m — K09 hHIHEHT OTKOCa.

m’ = 2]/1 +m2,

M — nyckoBoit MOMeHT 3JeKTpojBHrarens, Hm.

N — K03 (AIHEHT HIEPOXOBATOCTH.

71; — KOJI4eCTBO TOPH3OHTAJIBHEIX 5JIEMEHTOB Kapkaca COpPOYAepXHBaw-

el pelleTKH.

P — nasaenune Bo3ayxa, Ila.

Pyac — NaBlieHHe HACHIIIEHHOTO BOASIHOTO Tapa, [la.

Q — pacxoj KHAKOCTH HJIH mojnaga, M%/c.

Qu.c — pacxoA BOAM, NMPOXOAsuiell depe3 HacoCHB GJOK, MY/c.

Qx — pacxoi BOAH B OTBOASIEM KaHaje Nnepei y3ioMm, M3/c.
Q.o — Pacxoi BOAB B OTBOASAIIEM KaHaje 3a y3joMm, MPfc.
Q¢ — Pacxon BOAH B CAHBHOM TpyGompopone, m%/c.

R — paznyc KPHBH3HB OCH KOJieHa HJH OTBOAA, M.

S — TOMIHHA CTEPKHS COPOYAEpXKHBaIOWleH pemleTKH, M.

{ — TeMnepartypa BOAM, °
T — NpoAOJKHUTEIbHOCTD paGoThl HACOCHOTO arperara, 4.

1 — HanpspKeHHe (aJexTpHYeckoe), B.

U — CcPeJHSS] CKOPOCTh B AOMEPEYHOM CEYeHHH BOJHOTO NMOTOKA, M/C.

Ugon — CKOPOCTb BOJbL, AONYCTHMAaN AJs KpelueHust pucGepMul, M/c.
Ux — CPeIHAS CKOPOCTb BOJH B CJHBHOM KoJoaue, M/c.
Usk.n — CPEAHAN CKOPOCThH BOJH B OTBOJASINEM KaHale 3a y3/J10M, M/c.
Uxp — KPHTHUECKAsT CKOPOCTh THAPOCMeCH, NpH KOTopoii obecmeunBacTcs
TPaHCHOPTHPOBaHHe BOAOH BO3AYIUHBIX NY3BIPBKOB, M/C.
Uo — CKOPOCTb BOAB B OKHEe mepej ceTOYHoii Kamepoil, m/c.
Ve — CPEAHAS CKOPOCTHL BOABL B CHKATOM CeYEHHH OroJioBKa BcachiBaoleil
Tpy6H Hacoca, Mfc.
Uen — CPENIHAS CKOPOCTb BOABI B CJIHBHOM TPyGoNmpoBoje, M/c.
0 — KO3 QHIHEHT KHHETHYECKOH HEepPTHH.
Cor — YroJ MOBOPOTA OTBOAA, rpal.
(p — Yroji HaKJOHAa COpOyAep:KHBAlOHlell peIleTKH K rOpH3OHTY, rpai.
f — yroa1 u3MeHeHHSI HANpaBJeHHS TeWeHNUs B y3je, rpai.
Bx — OTHOCHTeJbHAA WUHPHHA [AHA KaHaJja.
Ber — K03bduUKEHT DOPMBI CTepiKHeH copoylepiKHBalollell pelieTKH.

J s
— OTHOlIeHHE CKOpPOCTeH.
K.n

0 — MUHHMaJbHO JONMyCTHMOE 3ariyGjleHHe BEpXHEH KPOMKH BXOZHOTO
OTBepCTHS BcachiBaooulefi TpyObl MOJ HaHHH3WHKI ypOBeHb BOABI, M.

v — yAeabHHH Bec Boan, H/m3.

A — Ko3hdHIHEHT TpPeHHS.

1 — KI1, nacoca, nacocrnoro arperara, %.

0 — yroa MexAy NJAOCKOCTHMH, B KOTOPHIX pAacClOJIOKeHBl KoJieHa HJi
NpOCTHE Y3JH, Ipap.

§ — ko3 dHIHEHT CONPOTHBIECHAS.



Cs.c — KO3 QUIHEHT COMPOTHBJIEHHS BPAILAIOUIEHCS CeTKH.
Ex — KO3(pPHIHEHT MECTHOrO CONPOTHBJIEHHS KOJIEHAa HJH OTBOJAA.
§'x — K03 (DHIHEHT MECTHOTO CONpPOTHBJICHHS KOJIeHAa NpPH TEUEHHH XKHA-
KOCTH B oﬁpan—xom HanpasJiICHHH.
Ci.n — KO3 UIHEHT CONPOTHBJAEHHS NPH COeAHHEHHH BOJHBIX IIOTOKOB B
KaHaJe.
Tm — KO3 (HIHEHT MECTHOTO CONPOTHBJICHHS.
Cp — KO3((HUHEHT CONPOTHBJIEHHS COPOYAEPKHBAIOLICH pPEIIeTKH.
Ccx — KO((PHIHEHT MeCTHOrO COMPOTHBJIEHHS Ha BHIXOJe H3 CJIHBHOTO
TpybonpoBoza.
Cys — K03()(HIHCHT MECTHOTO CONPOTHBJIEHHS ysJja.
Zca — PA3HOCTb OTMETOK HaMBHICIIEH TOYKH CJAHBHOH JIMHMH KOHJEHCaTopa
H HaWHH3LIEro YpPOBHA BOAB B CJAHBHOM KOJOJLE, M.

2. HACOCHBIE BJIOKH

OcCHOBHbIE CBEAECHHS

2.1. HacocHumlii 6J0K sIBJISIeTCS OCHOBHBIM KOHCTPYKTHBHBIM 3J1€-
MEHTOM COBMeLeHHOH € BOJONpPHEMHBIM COOpPYMKEHHeM HaCOCHOMH
CTAaHLHH, KOMIOHYeMOH H3 HEeCKOJBKHX HAacOCHBIX 6.10k0B. BriGop
KOHCTPYKIHH HacocHoro 6Ji0Ka (H3 MOHOJHTHOTO HJH cO60PHO-MOHO-
JINTHOTO :Kesle306eToHa) JOJIKeH NPOH3BOIHUTLCS C YYETOM YCJIOBHI
CTPOHTEJIbCTBA, BO3MOMKHOCTH NOCTaBKH COODHBIX 2Kes1e300eTOHHBIX
3/IEMEHTOB, H3TOTOBJAEMbIX 3aBOAaMH MHHSHEpPro, ¢ yyeToM HMelo-
UIKXCSl B HAJIHUHH CTPOHTENBHBIX MAaTepPHAJIOB, MEXaHH3MOB H TpaHC-
HOPTHHIX CPEJ/ICTB.

2.2, KomnoHoBKa HacocHoro 6Jsoka goJKHa BBIOHpaTbcHd B 3a-
BHCHMOCTH OT CXeMbl TeXHHYECKOro BOHOCHAGMKEHHs 3JeKTPOCTaH-
LHH, THIA H NPOH3BOJUTEJbHOCTH HaMeyaeMblX K MPHMEHEHHIO LIHp-
KyJISILHOHHBIX HACOCOB, THIIOB, Pa3MepPOB H KOJIHYeCTBA B OJHOM Ha-
cocHOM OJioKe BpallalOIIMXCSl CETOK, a TaKxke C yueTOM THIA THIAPO-
MeXaHH4YeCKOro H NOABEMHO-TPAHCIOPTHOrO 0GOPYHAOBAHHA H IpY-
THX YCTPOHCTB, KOTOPble OYAYT YCTAHOBJIEHE HA COOPYXKEHHH.

2.3. Bribop THNOpa3MepoB UHPKYJSUHOHHBIX HAacOCOB CJeLyeT
NPOU3BOAUTbL MO YHHBEPCAJbHBIM XapaKTePUCTHKAaM HACOCOB Ha oOC-
HOBE 3aJlaHHBIX HaNIOPHO-PACXOAHBIX XapakTepUCTHK H — Q cHcTe-
MBI JJI BceX PeXKHMOB 3KCIJyaTalHH HAacoCOB C Y4eTOM HPHHSATOH
¢xeMHl TexHuueckoro BojocHaGxenuss TDC n ADC u ycaoeuil 3a-
IyCKa HacocoB IPH HX NapaJiieapHOl pabore.

Ilpn sTom cienyer MMeTh B BHAY CJAeAYIOLIEe.

B cxemax TexHHYECKOTO BOJOCHAGKEHHS C LEHTPaJbHOH H 6/10Y-
HOH HACOCHBIMH CTAaHIHSIMH HOpPMaJbHBII Hamop H LHPKYJISIHOH-
HOTO Hacoca (NpH 3apsAXKeHHOM cH(OHe) cjaraeTcs H3 Teoje3Hue-
CKOJf BBICOTH NOADbEMa BOABl Hr. , PaBHOH Pa3HOCTH OTMETOK YpPOB-
Hell BOABI B CJHBHOM KOJIOALe H B CETOYHOH KaMepe, H H3 INOTEpPb
Hanopa Hy 4 B BOJONPOBOJsILIEM TPakTe, BKJAIOYaIOIleM B ceGs Ha-
TNOPHHIH M CAHBHOH TPyOONpOBOABI H KOHJEHCATOpP NapOBOH Typ6u-
Hel. ITpn aTom norepn nanopa Hy, x B BOLONPOBOASALIEM TPakTe cJja-
raloTCsl H3 NOTepb HaMopa: Ha TPeHHe MO JJHHE HANOPHOI'O H CJHB-
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HOro TpyOONpoOBOAOB, Ha MPEOAOJEHHE MECTHHIX CONpPOTHBIEHH,
PAacnoJIOXXKeHHHX Ha HAlNOPHOH H CJAHBHOH JIHHHMAX, H B KOHJEHCaTo-
pe napoBoH TypOHHBHI.

B ciyyae HamopHO-CaMOTEYHOH cXeMbl T€XHHUECKOTO BOJOCHAG-
JKeHHs reofieaHyecKasi BbICOTa MOAbeMa BOAbl [y z pPaBHA PasHOCTI
OTMETOK YpPOBHEH BOAbI B HAllODHOM GacceiiHe H Nepej BCachiBalo-
meii TpyOofi Hacoca, a morepH Hamopa Hpm B BOJONPOBOASIIEM
TPaKTe PaBHBI M'HAPABJIHYECKHM MOTEPSIM B HalOPHOM TPyGomposoae
H BOJOBBINTYCKHOM COOPYIKE€HHH.

BesqnunHy noTeph Hamopa B KOH/E€HCATOPe NapoBOil TYypGHHBL
cJelyeT Ha3HAyaTbh MO 3aBOACKHM TMADABIMYECKHM XapaKTePHCTH-
KaM KOHJeHCaTopa C yYeTOM BO3MOXKHOIO ee yBeJHueHHs Ha 10—
20% mnpH 3IKCIIyaTalHH BCJEACTBHE 3aTPsI3HEHIS KOHJEHCATOPHBIX
TPyOOK.

2.4. Pexum pa6oThl HHPKYJIAUHOHHOTO Hacoca onpefessiercs Tou-
KOfi mepeceueHHsi HaNOPHO-PACXOAHBIX XapaKTePHCTHK Hacoca H —
— Q u BopomnpoBoasmero tpakra (Hr o+ Hp ) — Q, NOCTPOECHHBIX
B OJAHOM MacluTtadle.

2.5. BricoTHOE n0JI0XKeHHe LHPKYJISALHOHHOTO Hacoca A0JIKHO Ha-
3HAYaThCs TAKHM, YTOOBI MPIi JIOOLIX BO3MOXKHBIX peXHMaX paGoThl
Hacoca B HeM He BO3HIKaja KaBuTauus. Il BHIIOJHEHHST 3TOrO
ycnoBusi Tpebyercs, 4yToGbl BRICOTa BcachiBaHHs f,, paBHas pasHo-
CTH OTMETOK OcH pabouero koJjeca UHPKYJSLHOHHOTO Hacoca i
YPOBHSI BOAbL Nlepej BcachiBalolleil TpyGoi, He mpeBblliaia AONYCTH-
MYIO BeJHUHHY Hon NMPH BCeX BO3MOXKHBIX pexKHMax pabOThl UHP-
KYJISIHHOHHOTO Hacoca.

2.6. Tlpu napaJnelbHOM BKJIOUEHHH HECKOJBKHX (7) WHPKyJs-
LIHOHHBEIX HAcOCOB Ha OAHH HANOPHBIH TPYy6ONpoBOA PAaGOUHH PEXKHM
Hx palboThl onpejeJsieTcss rpaduueckHM crnoco6om, myTeM IoCTpoe-
HHSl B OJHOM MacliTaGe HAaNOPHO-PACXOAHBIX XapaKTePHCTHK n mna-
paJiiesnbHO paboTaoumux HacocoB  — XQ 1 HaNOPHOTO BOJAONPOBO-
asimero tpakra (Hen+Hpn)—ZQ [48, 53].

2.7. Tlpn nycke HUPKYJSIIIHOHHOTO Hacoca Ha MyCTOH HamopHbIi
prﬁOﬂpOBO}l reoje3snyeckKkasi BbICOTa noabemMa BOABI HMCET MAaKCII-
MaJibHOe 3HaueHle Hy g yake, PABHOE PA3HOCTH OTMETOK CaMOi Bepx-
Hell TOYKH CJIHBHOH JIHHHH KOHJIEHCaTOpa M YPOBHSl BOJAbl B Kamepe
yucToH BOAb. IT09TOMYy HeoOGXOZMMO NHPOH3BOAHTH IPOBEPKYy 3a-
NycKa HHPKYJAUHMOHHOTO Hacoca NPH YKa3aHHOM YCJIOBHH MNyTeM
HaXOX/JEHHS TOYKH flepeceueHHsi HaMOPHO-PACXOAHOH XapakTepH-
CTHKH Hacoca [ — Q H XapakTepHCTHKH HaIlOPHOTO BOAONPOBOJSA-
wero TpakTa (M. waxe + Ao n) — Q.

CuaepyeT HMeTb B BHAY, 4TO HAaNOPHO-PacXOJHasi XaPaKTePHCTI-
ka H — Q mupKyJAIHOHHOIO Hacoca OCEeBOTO THMA COCTOUT H3 Hepa-
6ouero (mayajapHOro) u paGouero (OCHOBHOro) ydacTkoB. IlepBeril
Y4acToK IpeAcTaBJser co6oi v-06pasHylo KPHBYIO C KPYTHIM Iaje-
HHEM H NOABEMOM ee BeTBeil, a BTOPOH yyacTOK HMeeT (GopMy miaaB-
HO OmycCKaloulelics KPHBOH, MpHYeM Mepexoj peXxuma Hacoca C Hepa-
Gouero yyacTka Ha paGounii H o6paTHO coBepllaeTcsi ckaukom [27].
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JKcnyaTalus OCeBOr0 Hacoca Ha HepaGoueM yyacTke ero xa-
paKTepPHCTHKH He JIONMYCKaeTcsl, TaK KaK CBf3aHa C KaBHUTalHef, He-
ycroitunBoii paboTofi Hacoca H ONMACHHIMH JJISl COXPAHHOCTH Hacoca
BHGpALMOHHLIMH sIBJIeHHsIMH. [103TOMY HamnopHO-pacXofHasi Xapak-
TEPHCTHKA BOJONPOBOSILEro TPAKTa He N0JKHA NepecekaTh Xxapak-
TePHCTHKY Hacoca Ha HepaGoueM yuacrke. ’

2.8. Heo6xonHMO 1IPOBEPSATL YC/IOBHS 3aycKa LUHPKYJISIHOHHOTO
Hacoca, paboTalouiero napaJiesbHo ¢ APYrHMH LHPKYJSLHOHHBIMH
HacocaMH Ha OJAHH HamopHhil TpyGonposoa. s obecneyenus Bo3-
MOXKHOCTH TaKOro 3amycka LHPKYJSLHOHHOTO Hacoca OCEBOro THIIA,
HAIOPHO-PaCXOAHAs XapakTepHcTuka  —Q  BOAONPOBOASLIErO
TpPaKTa He JOJIXKHA IepecekaTh XapaKTepHCTHKY 3allyCKaeMoro oce-
BOro Hacoca Ha ee Hepaboueil yacTH.

 Hpn npoexktnpoBannn GJOYHBIX IHPKYJISLHOHHBIX HACOCHBIX
CTaHIMi cJaefyeT npeaycMaTpHBaTb Mephl IO IIPeJOTBPALIEHHIO pa-
GOTHl OCEBLIX HACOCOB B ONACHBIX PeXHMax B CJHYyuasix BHE3AMHOTO
OTKJIIOUEHHs1 3JiekTponsurarteneil. IIpy 3ToM cielyeT YYHTHIBATb,
YTO BOAA MNOJ HANOPOM, PABHBIM Pa3HOCTH OTMETOK YDOBHeH BOAHI
B CH(OHHOM KOJIOZlle H B BOAONPHEMHOM COODYXKeHHH, HaUHeT Teub
B 06paTHOM HampaBJeH!H H, NPOHAS Yepe3 Hacoc, HAUHeT BpallaTh
ero porop B oGpaTHYIO CTOPOHY, NpHYEM YacTOTa BPAIUEHHS MO-
JKeT NPeBHICHTb AOMyCTHMYIO BesqHunHy. Kpome Toro, Ha cayuait
OCTaHOBA 3JIEKTPOJBHraTelsl JOMKHA NpelycMaTpHBATbCA OGJOKH-
POBKa C 3alpeToM Ha TOBTOPHOE BKJIOUEHIIC JIEKTPOABHTraTeNs Jo
MOJIHOrO OocTaHoBa poTtopa [27]. Pacuer pexuMoB BpalleHHs H ycJo0-
BHI 3amycka nacoca Hajnoxen B [21].

2.9. 3anyck UMPKYJSIHOHHOTO Hacoca MNOBBILIEHHOIO Hamopa
(runa OTIB3-185 n OIIB10-185) momKeH NPOH3BOAHTLCS NPH yc-
JIOBHH CO3]laHHs MPEABAPHTENLHOIO BaKyyMa B KOHAEHCATOpe C TNo-
MOIBI0 BaKyyM-Hacoca HJIH 3XKeKTOpa, Tak Kak 3amyck Hacoca 6e3
CO3/laHHsl TIPEJIBAPHTEJbHOTO BaKyyMa B KOHJEHCATOpe CONPOBOXK-
naeTcsl Pe3KHMH KoseGaHHSIMH NaBJeHHs, H Hacoc, Monanas Ha nep-
BOi 4aCTOTe BpPAlLUEHHS] B HEYCTOHUHMBYIO 30HY XapaKTeDHCTHKH, pa-
GoraeT ¢ HejonycTHMbIMH BHGpamusamu [48].

CocTaBHbIE 3J1EMEHTH HACOCHBIX 6/10KOB

2.10. Hacocubiii 6J10K COCTOHT H3 MOA3eMHON (IIPOTOYHOH) uacTH
U HajA3eMHOl yacTH (Hag3emHoe crpoeHue). CxeMa HacocHoro 610Ka
fipuBesieHa Ha pHc. 1.

2.11. B noxsemuyio (HpOTOYHYI0) YacTb HacocHoro 6/i0Ka BXO-
AT cJeAYIOlUHe COCTABHBIE DJIEMEHTHI:

Bodonpuemuuk — BXOJHAs YacTb HAacoCHOro 0/10Ka, B KOTOPOii
pasMeniaiotcsi paoure H PEMOHTHBIE 3aTBOPH, a TaK¥Ke COPOyAep-
JKHBAIOIIHE DPEIIETKH.

Kax nmpaBwio, Ha BXOZe B BOJOIIPHEMHHK C/IeyeT NpefyCcMaTpH-
BaThb 3a6panbHyl0 Ganky (CTeHKY), NpefHa3HaueHHYIO JJis 3ajep-
KaHHs KPYNHBIX NJaBalOLIMX TeJ H JIbAa, a Takxke AJs NpeloTBpa-
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HmeHust o6pa3oBaHus JbAa BHYTPH HacocHOH. Ilns npenoTBpauieHus
NONafaHUs BJIEKOMEIX HACOCOB B BOJONDPHEMHHK, TNOCTeAHHH cHab-
JKaeTcs JOHHBIM moporoM BeicoTo 0,5 M. Ilaswel Anst peMOHTHBIX 3a-
TBOPOB, yCTpaHBaeMble B OblUKaX BONONPHEMHHKA, DPa3MeEILaloTCs
B HayaJie BOAONPHEMHHKa (lepel COPOYHEep:KHBAIOLIHMH peLIeT-
KaMH).

IIpu BO3MOXHOCTH NOSIBJIEHHSI B HCTOYHHKE BOJOCHAGKEHHS 1J1a-
BaIOLIEr0 Mycopa, nepej BOAONPHEMHHKOM (B I'CJIOBE NOIBOMASIIETO
KaHaJsla HJH aBaHKaMephl) MOJIe3HO NpelycMaTpHBaTh 3allaHb, KOTO-
PYIO CJEAYET YCTaHABAMBATH HOJ HEKOTOPHIM YIVIOM K HaNpaBJEHHIO
TEeUeHHs] BOJBL. ¥Y[aJieHHe 3a/epPIKaHHOrO 3alaHblo MaTepuHana cie-
JLyeT OCYIIECTBJSATb MyTeM TPAHCIOPTHPOBAHHA €ro KaTepaMH HJIH
HHBIMH CPEJICTBAMH K YyYacTKy Gepera, rie H0JKHO ObITh BLIOpaHO
H TNOATOTOBJEHO MECTO 751 NMOLABEMa H BHIBO3KH 3TOr0 MarepuaJa.

Huxusss xpomka BepxoBoit 3aGpanbnofi 6aJKH BOIONPHEMHHKA
JOJIZKHA HAXOMHTbcs He MeHee ueM Ha 0,3 M HHXKe oTMeTOK: 1) HaH-
HH3I1LEro YPOBHS BO/BI, ITOJIOKEHHE KOTOPOTO ONMpejessieTcss B aBaH-
KaMmepe C YYETOM BBICOT BOJIHBI TNOHHXKEHHS HeyCTaHOBHBILETroCs pe-
JKHMa H BETPOBOH BOJIHBI, I 2) HHXKHeH KPOMKH Jbla, oGpasyloile-
rocst mepeji Coopy:KeHHeM (B aBaHKaMepe).

C uesblo yJayyLIeHHs THAPAaBJIMUYECKHX YCJIOBHH paboThl Bpa-
LAIOUIXCS CeTOK M HCIOJb30BAaHHA OJHOTO KOMILIEKTa 3aTBOPa B
KauecTBe Kak pabouero, Tak H PEMOHTHOI'O 3aTBOPA, BCIO BHICOTY
BOJONPHEMHHKA PEKOMEHAYeTCs NepPeKpPeBaTh CEKUHOHHBIM 3aTBO-
poM.

Cerounasn kamepa — Kamepa, B KOTOPO# OOLIYHO yCTaHaBJIHBAIOT-
csi OHA HJAH JABe JIGHTOUHBle BpallaloOlIHecs CeTKH, MOCPeACTBOM
KOTOPBIX OCYLIECTBJSIETCS OYHCTKA BOJBI OT MEJIKOro copa H APYTHX
MeXaHHUeCKHX npuMecei.

CerouHass KaMepa COCTOHT H3 TpPeX MOCJe0BaTeJbHO PacHoJo-
XKEHHBIX gacTel:

KaMepsl I'DPS3HOM BOABI — HEMOCPEACTBEHHO ICpej Bpallalouei-
Csi CETKOH;

BHYTPHCETOUYHOM KaMephl — IIPOCTPAHCTBa, OrPaHHYEHHOro TO-
JIOTHHLIAMH BpaLIaomeics CeTKH;

KaMepbl YHCTOH BOJbl — OTKPHITOTO BOJOBOAA, MOABOISLIETO BO-
Jly OT Bpallaiouieiicst CeTKH K BcachlBaloleli Tpy6e HHPKYASIHOHHO-
ro Hacoca.

Mpumeuanne. PasMepnl ceTOYHOR KaMephl AOJIKHB HasHAuaTbCs HMCXOAS H3
HEOOXOAMMOCTH CO3/aHHs PABHOMEPHOrO paclpeneIeHHs cxopocreﬁ B BOIHOM I10-
TOKE mepel INOJOTHHILIAMH BpallalOIIHXCs CeTOK M Tmepeld BcachiBaoulell Tpy6oit
LHPKYJAHLHOHHOIO Hacoca.

Bcacetsarowjan tpyba (nodeod) yupkysayuoHHO20 HACOCA — KO-
JleHyaTast KoH¢py3opHasi Tpy6a miM KaMepa BCaChIBaHHS, CJyKalias
ISl TIJIaBHOTO #3MEHEeHHS MOJS CKOpOCTeH BOABI NpH MOABOJE ee K
paboueMy KoJjecy Hacoca.

Npumeyanne. Besikine H3MeHEHHs!, BHOCHMbIE B THIOBYIO KOHCTPYKLHIO BCachi-
Baloulet TpyGn HJAH 3aMeHa INocaefHeil BcachBaloulell TpyGoi Apyrofi ¢opMi
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caenyer 06OCHOBLIBATh MaTepHaNAaMH 3KCNEPHMEHTANbHBX THAPaBAHYECKHX HCCHe-
ZoBaHHl B JaGOPAaTOPHH H COIVIAaCOBHIBATH C 33BOAOM-H3TOTOBHTEJEM HACOCA WJH
¢ HecTuTyrom BHHUUTuapoman.

Lupryasayuonnoelii Hacoc — HACOC OCEBOTO HJH JHATOHAJBLHOTO
TUma, oGecrneyHBaOIMA MOZauy OXJaxKAaollel BOAB K TEMI006-
MEHHOMY 0GODYAOBaHHIO 3JIEKTPOCTAHLHKII

Mpumeuanne. LlupKyJasuuonHE Hacoc cieayer NOAGHpaTL TAaKHM o6pasoM,
uToGH XapaKTepHCTHKA HAaNOpHOro BOAONOABOAMALUEIO TpaKTa IMPOXOJH/JAa B ONTH-
MaJIbHOH 30He XapaKTepHCTHKH Hacoca, 4To ofecneuyBaeT MaKCHMaJIbHOE 3Haue-
zg]e KIT[ nacoca B paGoueii Touke H TpeGyeMblii KaBUTaUHOHHBLI 3amac [26, 27,

2.12. B HaJ3eMHOH yacTH HacocHOro 6/10Ka pa3MellaloTcs:

COPOOYHCTHAA MAIUMHA C TPAHCMOPTHBLIMH CPEICTBAMM;

NOJbeMHBle MEXaHH3MBbl paGouHX ¥ PEMOHTHLIX 3aTBOPOB;

9JIEKTPONPHUBOJAE H MeXaHH3Mbl BpalaOLIUXCS CETOK;

NPOMBIBHBIE YCTPOHCTBA BpPAILAIOMIMXCS CETOK H IPOMBIBHBIE
JIOTKH;

HHPKYJAALHOHHBI! HACOC C 3JIEKTPOJABHIaTe/IeM;

HOLBEMHO-TPAHCNIOPTHOE 000pYyLOBaHHUE;

PEMOHTHBIE IJIOLIANKH;

9JIeKTPHYECKOe, BEHTHJISILIHOHHOE I Jpyroe o60pyaoBaHHe.

2.13. Copoyznep:kHBaOLIHe pPeLIeTKH, OOBIYHO YCTaHaBJIHBaeMbIE
B Na3bl pabouHX 3aTBOPOB, H3rOTABAHBAIOTCS B BHAE OTAEJNBHHIX
IJJOCKHX CeKLHH, Kax/4ash H3 KOTOPEIX COCTOUT H3 PaMBl, BEPTHKaJb-
HBEIX CcTepxKHell o6TekaeMoro npoduJs, pacnopHO-CBASHHIX (monepeu-
HBIX) CTepxKHeH H Jp.

Copoynep:XHBalolHe pelIeTKH JOJKHE YAOBJAETBOPATh CJIENYIO-
MM TPeGOBaHHSIM: NPOYHOCTH H YCTOHYHBOCTH, CBOGOJHOTO MaHEeB-
PHpPOBaHHS B CNOKOHHOH BOAe, 3((HEKTHBHOH OYHCTKH C IOMOIIBLIO
COPOOYHMCTHON MAIIHHBL.

Jns yerpaneHHss onacHOCTH 3aGHBKH COPOY/IePIKHBAIOIIUX pelie-
TOK WYyrofl u JboM (UAe cyllecTBYyeT TaKas ONacHOCTb) HeoOXOonu-
MO NpefycMaTpPHBaTh NOJBOJ K BOJONPHEMHMKY TEILIOH BOJAB HJH
YCTPOHCTBO 3/1eKTPooGorpeBa peueTox.

2.14. TlpumensieMasi JJisi OYHCTKH COPOYAEPKHBAIOUUX PeLIeTOK
COPOOUHCTHAs MAallHHAa, NepeJBHramuiascsd N0 pejbcaM BIOJIb BO-
JlonpueMHOro (ppoHTa COOpyzKeHHs, cHabXKeHa CHeLHaJbHBIM OYHCT-
HHIM YCTPOHCTBOM CKPeGKOBOro THIA, IOCPEICTBOM KOTOPOrO COp
HEepHOJAMYECKH CYHUIAETCS CO CTepKHe# pellleTKH H BHIIPYXKaeTcs B
TPaHCIOPTHOE CPEeACTBO, HCHOJb3yeMoe 1Jis Noc/jefylollero yaalje-
HHS copa 3a Npefesibl COOpPYKeHHs.

TIpu He3HAUNTENBHBIX 3aCOPEHHSAX COPOYAEPIKHBAIOLIUX PEIIEeTOK
(nanpumep, B 060pPOTHOH CHCTEME BOJAOCHAGKEHHS C IpaAUPHIAMHE)
OHH MOryT mepuHoauyecku (1—2 pasa B roa) BEIHHMAaThCs H3 Na30B
H OYHINATLCA BPYUHYIO. B 3THX yCJOBHAX IKCIIyaTalHH COPOOUHCT-
HOl MallMHH He Tpebyercs.

2.15. PaGoune 3aTBOpH, NpeJHA3HAYEHHbE MJSI IPEKpalleHus
JOCTyMNa BOAB K LHPKYJAUHOHHEIM HAcocaM, JOJIXKHH YJAOBJIETBO-
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PATH CEAYIOLIHM OCHOBHBIM TPeGOBaHHSM: IPOYHOCTH H YCTOMYH-
BOCTH, cBOGOJHOTO MaHeBPHPOBaHHs B CHOKOHHON BOJe, BOJAOHENPO-
HHUI[aeMOCTH CaMOro 3aTBOPA, a TakKXKe IO NepHMETPY CONpsiAKEeHHs
3aTBOpPA C YaCTSMH COOPYXKEHHSI.

2.16. PeMOHTHBIE 3aTBOPHI NpeJHA3HAYEHB AJIsT IPeKpalleHHs
JIOCTyNla BOAH B BOAONPHEMHUK B aBapHHHLIX CJaydasx H NPH HeoO-
XOJHMMOCTH OCYLIECTBJIEHHSI PEMOHTa COPOYJepKHBAIOLIHX PeLIeTOK,

9

Puc. 2. Tunp BpallalOWHXCA CETOK
a—c¢ A060BBIM HOABOAOM BOAbI, 0 — C HapY/KHbLIM NOABOAOM BOAbLI.

pa6ouux 3aTBOPOB H APYTHX 3JEMEHTOB NPOTOYHOH YacCTH HACOCHOTIO
6710ka. OHH JOJNIKHBI YJOBJETBOPATH TEM Ke TpeOOBaHMAM, YTO H
paboune 3aTBOPHL

2.17. Bpamawomascsi ceTka — BOJOOYHCTHAs JIEHTOYHAs] HJH KO-
HyCHasl ceTKa, NPHBOJANMAs BO BpalllaTeJbHOE NBHXKEHHE 2JIeKTpHUe-
CKMM MOTOPOM H ouHlllaeMasi OT COpa HeNpepbiBHO HJH NMEepHOAHYe-
CKHM TH/DaB/JHYeCKUM NyTeM (IOCPEJCTBOM TaK Ha3bIBA€MOIO «BO-
ASTHOTO HOXKay).

TIpOoMEILIJIEHHOCTBIO BHITYCKAIOTCS JIEHTOUHBIE BpallaloliHecs
CeTKH JABYX THNOB (puc. 2): 1) ¢ no6oeim nogsogom Boabl (TJI) n
2) c HapyxusiM noasogoM Boasl (TH). Tunopasmepsl Bpamamouiux-
Csl CeTOK, onpezessieMble WHPUHOH Bp ¢ HX IOJOTHUIL, HMEIOT TaKkHe
HOMEHKJaTypHble 3HaueHus: 1,6; 2 u 3 m.

ITpu nprMeHeHUH BPalaIONIUXCS CETOK C JI0OOBBIM MOJBOAOM BO-
JABl co3paiotcst HanOoJsee G/MaronpHSTHBIE ¢ THAPaBJIHYECKOR TOUKH
3peHHs1 YCJOBHSL AJS TOABOJAA BOAB K LHPKYJSLHOHHOMY Hacocy,
TaK KakK JABHXeHHEe BOJAbl Ha BCell AJHHe HAcoCHOro G6joKa copeplua-
eTcs B 0JHOM HanpasJeHHH. OfHAaKO BO3MOXKHOCTb nepebpacriBaHHUs
BpalLalOLIMMHCSA CeTKaMH COPa, HEMOJHOCTHI0O CMBITONO € HX IIOJIOT-
HHL, B KaMepy YHCTOil BOAbI OTpaHHYHBaeT 00.1aCTh HX NPHMEHEeHHs
H Jesaer 3TH CETKH IPHFOJHBIMH JIHLIb AJSI HCTOYHHKOB BOAOCHAG-
KEHHS C OTHOCHTEJNbHO HeOOMbIIHM KOJHIECTBOM COpa.

Bpamaromecss ceTKH ¢ HapyXKHBIM MOJBOXOM BOJB 06/1a4aioT
npumepHo B 1,5 pasa Gonpliefi NPONYCKHOH CIHOCOGHOCTBIO, ueM
Bpalllalolnecs CeTKH C JOOOBBIM NOABOJAOM BOJBI, H JIHIIEHH! CIO-
cobrocTH nepebpaceiBaTh COP B KaMepy YHCTOH BOJABI, UTO JAenaeT
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HX TMPHTOAHBIMH JJisi NPHMeHEHHs NPH HANHYHH B HCTOYHHKE BOJIO-
CHaOXeHHs 3HAUHTEJbHBIX KOJHUYecTB copa. HemocraTkom 3Toro TH-
[la BpPAaUIAIOHIMXCH CETOK SBJSIETCS HEYNOPAJOYEeHHOCTb TEUEHHH BO-
JABl B CETOYHOH KaMepe BCJEICTBHE KOCOTO INOAXO0JAa CTPYH BOABI K
NOJIOTHHIAM BpallalolleHcsl CeTKH H Pe3KOro HX NMOBOPOTa BO BHYT-
PHCETOUHO} KaMmepe, Bhi3biBalomero c6oi TeueHuit H 0O6pa3oBaHHe
BHXPEBHIX SIBJIEHHH Mepei BXOAOM BO BCAchlBalOILyl0 TPyOy LHPKY-
JISHHOHHOTO Hacoca.

Bpamaonsecs ceTku ¢ BHYTPEHHHM HOABOAOM BOALI 06JaAaioT
TEMH 3Ke JJOCTOHHCTBAMH, YTO ¥ CETKH C HapY>KHBIM NOJBOAOM BOJHI.
OpnHako HacocHble 6J10KH, 060py/OBaHHbe TAKHMH BPalllalollMMHCSA
CETKaMHM, HMEIOT 3HAUHTEJbHO Xy/[IUHe THApaBlIHYeCKHE XapaKTepH-
CTHKH, 4eM HacOCHble GJIOKH ¢ BpallaloIHMHCS CeTKaMu ApYrHX TH-
noB (TJI u TH). ITosTomy npHMeHeHHe BpallaiollUXCA CETOK C BHYT-
pPeHHHM NOABOAOM BOJbl B Ka)X/IOM KOHKPETHOM cJyuyae TpebyeT
CHenHanbHoro 060CHOBaHHS.

2.18. C uenpio yBeauueHHs pabGouedl IJIOLIAAH, XKECTKOCTH H
NPOYHOCTH NOJIOTHHIL BPalLalOLIeHCsl CETKH ee paMKaM HHOTAAa NpH-
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Puc. 3. Tlpopuan NONMOTHHIL BpaLlalOHXCA CETOK H3 PaMOK Ipo-
CTPaHCTBeHHOH (HopMuI
a — npH3MaTHYecKu#; 6 — 3yG4aThill; 8 — LHAHHAPHIECKHII

JaloT HMJIMHADHYECKYIO HJH TPH3MaTHYeCKyio GOpMY, BCIAENCTBHE
4ero MOJOTHHIA CeTKH NpHOGperaloT WIH MHI006pasHbli, HIAH 3y0-
yaThifl, HIH LUPKYJAbHBIH npoduasr (puc. 3). I'mapaBinyeckue xa-
PaKTEPHCTHKH HE3aCOPEHHbIX BPAaLIAIOLIHXCS CETOK C PaMKaMH 3THX
(opM He3HAUHTENbHO OTJIHYAIOTCS OT TAKOBHIX JAJIsS BpAalLaOLIHXCSH
CETOK C MVIOCKHMH PaMKaMH.
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IMpoctpancreennas ¢opma paMoK yJyumiaeT NPOYHOCTHLIE Xa-
PAaKTEPHCTHKH BpPAallaIOLHXCS CETOK, OJAHAKO OCJOXKHSIET NPOMBIBKY
PaMOK TIPH MX 3aCOPEHHH.

2.19. JInsi oGecrniedeHHsi pPaBHOMEPHOIo paclpefiejieHHsi CKOpo-
cTeit BOAB MO BbICOTe paGouyMX MOJOTHHIL BpalllalOLMXCs CETOK C
MJIOCKMMH paMKaMH peKOMeH/yeTcsi IPHMEHSITh Nepenajlnie CTeHKH,
H3TOTOBJseMble H3 IIBeasepoB Ne 16 B BHJAe pelleTOK C TOPH30H-
TaJIbHBIMH CTEPKHSIMH, PAClMOJOKEHHBIMH Ha PAacCTOSIHHH NOpPSAKA
5 u 10 cm apyr ot Apyra. [lepenafHbie CTEHKH MOTYT YCTaHABJIHBATDb-
cA: a) MeXAY MOJOTHHIAMH BPAULAIOLINXCSI CETOK C JIOOOBBIM NOJ-
BOJOM BOAH H 6) HeMOCPeACTBEHHO 32 MOJOTHHILAMH HJH B BHIXOJ-
HBIX OKHaX BPaUAIONIHXCS CETOK ¢ HAapYKHBIM NOABOAOM BOJBI.

3a cuer yCTaHOBKH NepenajiiblXx CTEHOK MOXKET OBITh JOCTHTHYTO
paBHOMepHoe pacrpejeleHHe CKOPOCTeH BOABI MO BHICOTE Bpallaio-
HIHXCH CETOK, PAacCMOJOXKEHHBIX KaK B He3arnyOlJieHHBIX, TaK H B
3ariyGJeHHBIX CEeTOUHbLIX KaMmepax, Giarojgapsi yeMy HMeeTcsl BO3-
MOXHOCTb HCIOJNB30BaTh HOBble, 00jlee IKOHOMHYHblE KOMINOHOBKH
HACOCHBIX GJIOKOB ¢ 3arayGJeHHBIMH CceTouHbiMH Kamepamu [18].

Mecrono/sioxkeHHe W pa3Mepbl JeMeHTOB MepenafHbiX CTeHOK
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Puc. 4. Cxembl HpOMBIBHOIO YCTpoiicTBa Bpallaiouieii-
csl CeTKH

a— ¢ J0GOBHIM NOABOAOM BOALI; 6—c¢ HapY/KHBIM MOABOJLOM
BOXAHL.

1 — o6Bsi3Ka paMKH; 2 — CHTO; 3 — HanopHasi TpyGa; 4 — mpo-

MBIBHOE OTBEDCTHE; 5§ — pacTexaTenb; 6 — BOAAHOR HOXK; 7 —
JIOTOK.

CleyeT onpele]siTh SKCNepHMEHTAJbHBIM IIyTeM NPH NpoBeAeHHIt
n1a6opaTOPHBIX FHAPABAHYECKHX HCCIEJOBAHHI HACOCHBIX GJIOKOB.
2.20. ITpombiBHOE YCTPOHCTBO Bpaliaiouiefic CeTKH C HapYKHBIM
MOABOJOM BOJALI BHIMOJHAETCS B BH/le FOPH30HTAJbHOIl HamNopHOt
JABIpYaTOd NPOMBLIBHOH TPYObLI, Pacro/ioXKEHHOI M03aau NpoMblBae-
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MOI'0 MOJIOTHA (BbILIE NOJIa MALIMHHOTO 3aJja), B KOTOPYIO BoJa No:
naercsi nof HanopoMm 20— 30 M k3 TpyOompoBOoAa, MHTaeMOro OT
LHEeHTPOGEKHOro Hacoca HJIH OT HANOPHOH JIHHHH UHDPKYJSIIHOHHBIX
HacocoB (puc. 4). Tak nasniBaeMblfi «BOJSHON HOX» CO3JaeTcd 3a
CYeT pacHIHpeHHs CTPyeK BOAbI, BHITEKAIOWHX H3 OTBEPCTIH MNpo-
MBIBHOH TpyOBI, IPH yJape CTPYeK O TOPH30HTAJbHYIO IJIACTHHKY
(pacTekaTenb), pacloJOXEHHYI0 Yy OCHOBAaHHSI OTBEPCTHH, mapaJ-
JI&NbHO OCH NPOMBIBHO# TpyObl. [IpOMBIBHOH pacxof BOAbl peKOMeH-
Ayetcsl npUHHMaTh paBHbIM 20 — 30 J1/c mpH JuaMeTpe NPOMBIBHBIX
OTBepPCTHH dor = 5—8 MM H Iare pacroJioxeHHss OTBEPCTHH IO
IJHHe TpyOn 50 MM.

IlpombiBHOE yCTpO#CTBO Bpallarolleicsi CeTKH ¢ JOoOOBBIM NOA-
BOJIOM BOJAbI, C IeJbIO IOBbILIEHHs] HaJeXHOCTH CMblBa copa C Io-
JIOTHHLIA, CJeAYyeT KOHCTPYHPOBaTb M3 ABYX NapaJlJefibHBIX TOpH-
30HTAJIbHBIX HANOPHBIX NPOMBIBHBIX TPYO, pacroJioKeHHbIX BO BHYT-
pHCETOYHOH KaMepe Ha pa3HBIX YPOBHfIX TakuM 00pa3oM, 4TOOLI
co3/laBaeMble HMH «BOJSIHble HOXKH» BCTPEUaJHCh NMOJ HEKOTOPbIM
YIJIOM Ha OYHIlaeMOM MOJOTHHIE Bpallalouleficsi CeTKH NPHMEPHO
B OJIHOH TOYKeE.

2.21. CMpIBaeMblil ¢ MOJOTHHLILA BpallaoLleHCsi CETKH «BOASIHBIM
HOXKOM» COp NajaeT BMecTe ¢ NPOMBIBHOH BOJOH B JIOTOK, pacroJo-
JKEHHBIH Tlepe] NPOMbIBaeMbIM ITOJIOTHHINEM BpallaloLledcs CETKH
(Ha ypoBHe moJia HaJ3eMHOro CTPOEHHA), H TPAHCIOPTHPYETCS IO
HeMy BOJO#l 3a NpeJeJbl COOPYKEHHS,

KOHCTPYKIHH H KOMMNOHOBKH HacOCHbIX 6JOKOB

2.22, CocraB 3/1IeMEHTOB HACOCHOTO GJIOKA H HX KOMIIOHOBKA 34-
BHCAT IVIaBHBIM 06pasoM OT NPHHATOH CXeMBl TEXHHYECKOro BOJO-
cHaOxkeHHsA. TIpH NMpHMEHEHHH CXeM TEXHHYECKOTO BOJOCHAGKEHHSs
¢ OJIOYHOH H ueHTpaanoﬁ HAaCOCHbIMH CTAHIOHJAMH B COCTaB HacCoOcC-
Horo G6JIOKa BXOJST: BOJONpPHEMHHK, 06OPYAOBAHHBIH COPOYIEPIKH-
BaIOILUMH pelIeTKaMH, CeTOYHasi KaMepa C BpalLaOLIUMHUCS CeTKa-
MH, BcachiBaouias Tpy6a HUPKYJISNUOHHOIO HacoCa H caM UHPKYJsi-
IIHOHHBIH Hacoc.

B cnyyae xe npuMeHeHHsI HAIIOPHO-CAMOTEUHON CXeMbl TeXHHYe-
CKOTO BOJIOCHAGXKeHHsI ceTouHasi KaMepa B COCTaB HacocHoro 6Jioka
MOXKET He BXOJHTb, €CJIH BPaIIAIOIIHECs CEeTKH YCTaHABJIHBAIOTCA 3a
BOZIONPHEMHHKOM CaMOTEYHBLIX BOJOBOLOB (mepel BXOAOM B NOCJHE/-
HHe), KOTopble NOAAIOT OXJAXK/AAIILYI0O BOAY H3 HanopHoro Gacceii-
Ha Ha KOH/EHCATOPHl MApPOBHIX TYpGHH.

Caeflyer uMeTb B BHAY, UTO pellaiolilee BAHSHHE HAa KOMIOHOBKY
HacoOCHOro 6JI0Ka OKa3bIBalOT (popMa H pa3Mepbl CETOUHOH KaMepHl,
KOTOpble Ha3HaualoTcsd B 3aBHCHMOCTH OT THIA M KOJIHYECTBAa Bpa-
LIAIOHIHXCSl CETOK, YCTaHaBJHBAeMbIX B OJHOM HacocHoM OJioKe.

Nlpumeuanne. OcHOBHBE CBEJEHHS O KOHCTPYKIHH COPOYAEPIKHBAIOLIMX pelle:
TOK H MEXaHHYEeCKOro o6OpyI0oBaHHA J/Isi HX OYHCTKH H NOABEMa NpHBeAeHH B [43]
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2.23. Pasmepsl U ouepTaHHs MOA3EMHON YacTH HACOCHHIX GJIOKOB
JIOJIXHBI oGecrnieunBaTh IJIAaBHHIH NepPeXoi BOAHOro IOTOKAa B Kaxk-
JoM OJIOKE OT CeyeHHs! BXOJHOTO OTBEPCTHs BOJONPHEMHHKa K ceye-
HHIO BXOJHOTO OTBEPCTHs BcachiBaioulell TPyObl HHPKYJSLHOHHOTO
Hacoca, NIpH MOCTENeHHOM HapacTaHHH CKOPOCTH TeYeHHs MO JAJIHE
3TOTO yuacTka.

2.24. KoHCTpyKUHA u pa3Mepbl PyHAaMeHTHOH IJIUTBI JOJMKHBI
obGecneyuBaTh NPOYHOCTb OCHOBAHHSI H YCTOHYHBOCTb COODYIKEHHS

/—/“A\\

[T

Puc. 5. Cxema HacocHoro 6jioKa ¢ Bpamuiamonieficd ceTkoli ¢ J0GOBLIM MOJ-
BOJIOM BOAH (BepTHKaJbHBIl pa3spes).

NPH JONYCTHMBIX OCa/KaX KaK MO BeJHUHHE, TaK H MO CTEneHH Hx
HepaBHOMEDHOCTH.

Ilpu craTuueckoM pacyeTe HAaCOCHBIX GJIOKOB Ha MPOYHOCTDH CJle-
IyeT pYKOBOACTBOBaThCsd YyKasaumsmu riaBel CHull 11-31-74,
on. 13.25 — 13.27[50].

2.25. Ilpu cpaBHHTeNbHO HeOOJbBINOH NPONYCKHOH CMOCOGHOCTH
HacocHoro 6iaoka (Qu o =7 — 10 M%/c), monyckaioueii npHMeHeHHe
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OJHOH Bpalaloulefics CeTKH ¢ JOGOBBIM WJIH HapYXHBIM TOJBOAOM
BOJIbl, MOTYT NPHMEHATbCS KOMIIOHOBKH HacocHoro GJioka, H3oGpa-
JKEHHble nHa puc. | (Bpalaroulascs CeTKa C HAPYXKHBIM NOJBOAOM
BOAB) M Ha pHC. 5 (Bpallaioliascs ceTKa ¢ JoGOBBIM IOABOLOM
BOJLbI) .

2.26. Ilpu G6a0YHOM CXeMe TEeXHMYECKOro BOJOCHAGKeHHs, Kak
NpaBHJIO, HA ONMH LMPKYJSANHOHHHH Hacoc cileayer nmpeiycMaTpH-
BaTb OJIHY BPalaioOliyloCs CETKY.

B cinyuae e npumeHeHHs KPYIHBIX HMDPKYJSILHOHHBIX HaCOCOB
(Q =10—20 m3/c) u oTCyTCTBHsI B HACTOsilllee BpeMs Bpallaio-
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Puc. 6. KomnonoBka uacocsoro 6/0Ka C IByMs Bpalllaio-
LIHMHCS CeTKaMH

a—c no6OBHIM MNOABOAOM BOABL; 6—c HapyXHBbIM MNOABOAOM
BOAbl; 6 =~ C HAPYXKHBLIM H A06G0BLIM MOJABOJAAMH BOXbI.

HIHXCA CeTOK TaKoil NMPONycKHO#M CNOCOOHOCTH, KaK HCKJoueHue, [0-
nycTHMO NpHMeHATh [16, 17, 36] KOMIIOHOBKY ¢ ABYMSsI BpallaiOllH-
MHCS CeTKaMH B OJHOM HacocHoM O/10oke (pHc. 6):
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a) cxeMma HacocHoro OJ0Ka ¢ ABYM# BpallalOlUUMHCA CETKaMH C

J1I060BBIM NOABOAOM BOJb (Qu. s = 10— 16 M3/c);
6) cxema HACOCHOTO OJioKa C [BYMsl BpallalUHMHCS CeTKaMH

¢ HapYXHBIM NOABOJOM BoAH (Qu 6 = 15 —20 M%/c);
B) cxeMa HacocHoro 6/10Ka C ABYyMsl Pa3HOTHIHbIMH Bpallaiouiu-

Micsa cetkaMi (Qus = 12— 15 m3/c).
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Puc. 7. YerpoficrBa 11s npeloTBpalueHusi BHXpeoGpaso-
BaHHH B KaMmepe YHCTOA BOAH

a —~ FOPH3OHTaMAbHBIl KO3bipeK; 6 — yToJMILeHHe OGOKOBHIX CTEHOK
(60KOBbLIE ULEKH)

! — kaMepa WHCTOR BOAB; 2 — KO3bIpEK; J— UiexkH; 4 — ceTka.

C Uenblo YCTaHOBJIEHHS ONTHMAaJbHBIX OYePTaHHA H pasmepos
OTHEVBbHBIX 3JIEMEHTOB HpOTO‘IHOﬁ YacTH HacoCHoro 6JiokKa peKoMeH-
AYETCA NOJABEPrHYTh HCC/ICAOBAHHAM Ha I‘H/IpaBJIH‘IeCKOﬁ MOJeJIH B
J1a60paToOpHH 3ampOEKTHPOBAHHBIH HAacCOCHHH 6/0K. OKOHuaTesnb-
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Hbli BEIGOp KOMIOHOBKH HacOCHOro 610Ka ciefyeT Aelarb Ha oOC-
HOBE TEXHHKO-3KOHOMHYECKOTO COMOCTABJEHHS BO3MOXKHBEIX JLJIS
NMPHMEHEHHS] B JaHlILIX YCJIOBHSAX BapHaHTOB HACOCHOTO GJI0Ka.

2.27. Tlpu HanuyuH Nepe/i BXOAOM BO BCaCHBAOLLYIO TPYOY IXHP-
KYJISIHHOHHOTO HAacoCa KaMepbl YHCTOM BO/b ee MIHPHHA He JIOJIKHA
CYLIECTBEHHO OTJIHYATLCS OT IIHPHHBI BXOJHOrO CeYeHHS BCACHIBAIO-
uleft TpyOH, a AJAMHY KaMmepE! YHCTON BOABI CJiejlyeT NPHHUMATb MH-
HAMAJBHO JONYCTHMOH 10 KOHCTPYKTHBHBIM WJH THJIPAaBJAHYECKHM
CcOOOp aKeHHSIM.

Ha GoxkoBoli cTeHKe KaMeps! UIHCTON BOABI cleyeT npeaycMaTpH-
BaTh YCTAHOBKY JIECTHHILLI LIS ’
ofecrneyeHHs NOCTyNNa BO BCa-
CHIBAOLLYI0 TPYOy LHPKYJIsi-
IHoHHOro Hacoca. I nuna xa-
MepH YHCTOH BOJBI JOJKHA
Ha3HayaTbCsl € Y4YEeTOM JaH-
HBIX MOJEJBHBIX THJpaBiuye- — z 5
CKHX MCCJIEIOBaHHI HaCOCHOTO % /
6710ka B 1aGopaTOpHH. <&

Hns ycTpaHeHHS BO3MOXK- —— c
HOCTH BO3HHKHOBEHHsI BHXpe- .
BHIX BOPOHOK IIepei Bcachl-
Batomiell Tpybofi UHPKYJsiIH-
OHHOr'0 Hacoca, NpHu IpHMeHe- -
HMH Bpallalomencss CeTKH ¢ A-A J
" HAPYXXHBIM BOJABOAOM BOJbI V¥
JKeJaTeJbHO BOBCE OTKa3aTh-
cf OT YCTPOHCTBA KaMepHl 4H-
CTO# BOJAHI. S

2.28. OnacHoCTh BO3HHK-
HOBEHHSI BHXDEBBIX $IBJIEHHH
B HacocHOM OJIOKe U Tmojcoca
BO3AyXa B LHPKYJSALHOHHBIH
HacoC BO3pPacTaeT ¢ yBeJHue- Puc. 8. Pbrﬁovaammnoe YCTPOHCTBO THINA
HHEM CKOpOCTell BOJB H C v-06pasHOf CceTKH ¢ PHIGOOTBOAOM

. I —nas; 2 —rayxas KpHiKa; 3 — cerka; 4 — oOT-
yMeHplleHHeM IJyOHHB BOJABI paKarenr Mycopa; 5 — pu60OTBOA.

B ceroyHolt kamepe. [Tosromy

Hau0oJblIasi BEPOTHOCTb 06pa3OBaHMA BUXPEBBIX BOPOHOK M JKIYy-
TOB CYLIECTBYE€T IIDH MHHHMAJbHBIX YPOBHAX BOALI B CETOYHOIl Ka-
Mmepe.

Jlast mpeaoTBpalleHHs ONAacHOCTH ofpasoBalus BHXPEBHIX BOPO-
HOK NepeJl BXONOM BO BCacChIBaWILY0 TPY6Yy UHPKYJISLHOHHOTO Ha-
coca MOMUMO HajjJexkalllero 3araydJ/eHnst BcachiBaoiueld TPyOH 1o
HaUHH3IIHH YPOBeHb BOJBI B CETOYHOH Kamepe clelyeT DPeKOMEHMO-
BaTh YCTPOHCTBO B Kamepe yMCTOH BoAb [16]: oTKM/HOTO KO3BIpbKa
(puc. 7,a) uau GOKOBBIX LIEK 3a CUET YTOJLIEHHS CTEHOK KaMephl
}ZbILHe 7Ber)XHeﬁ KPOMKH BXOHAHOTO OTBEPCTHsI BCAachIBamolleH TPyGhl
(puc. 7, 6).
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2.29. TTpn 3a6ope BOAB H3 BOJOTOKOB H BOJIOEMOB, HMEIOIIHX Dbl
60x035HCTBEHHOE 3HAYeHHe, JAJIsl NPEeAOTBPalleHHs] TPaBMHPOBaHHS
u rubejium MOJOAM pHO MOIYT HPHMEHATbCS pPHOO3aMMTHBE YCT-
poficTBa, pasMellleHHBIE Tlepe] BONONPHEMHBMH COOPYXKeHHsAMH [52]
HJH B CaMHX BOJOINPHEMHHIX COOPYXKeHHAX (B CETOYHBIX KaMepax).

PoiGo3aimuTHEIe YCTPOACTBA JNOJIKHBL OBITH PAacCUHTAHBl Ha CO-
XpaHeHHe TOJbKO TeX MOpojJ pEO, KOTOpble HMEIT IPOMEICIOBOE
3Hauenne [17].

2.30. IIpu cpaBHuTEabHO HEGOJBLIOH NMPONYCKHOH CIOCOGHOCTH
HacocHOro 670ka (Qu 625 M3/c), B CETOYHOH KaMepe MOXKeET ObiThb
pasMelleHo prl6o3amHTHOE YCTPOACTBO B BHAE v-00pasHoil NJIOCKO
CeTKH C T'HAPaBJIHYECKOH OYHCTKOM U ¢ pribooTBOofOM (pHC. 8).

C uenpl0 OrpaHHYeHHs] BBICOTHI CETKH H CO3JaHHS CTaGHJIbHBIX
YCJOBHH A ee 3KCIJyaTalliH, CeTOYHYIO KaMepy BLITOJHO Nepe-
KPBITh TOTOJNKOM, PAclOJIOKEHHBIM Ha OTMETKE HAaMHH3LIEro YPOBHS
BOJBI B ceTouyHoil kamepe (pue. 8).

TNpumeyanne. Onucaune ceryaToro puGO3alUHTHOIO YCTPOHCTBA H METOAA €ro
FHAPABJHYECKOro pacueTa npubeieso B [57].

2.31. B nacocHbix 6J0Kax O6OJBILOA IPOMYCKHOH CIOCOGHOCTH
(Qus = 10—20 M3/c) uesnecoo6pasHO NpHMEHsSITh PHIOO3aLUTHBIE
YCTpOiiCcTBa, pa3MelleHHble B CETOUHBIX Kamepax. PekoMeHayoTcs
c/aeLyiolHe IPHCNOCOGEHHble K CYIIECTBYIOLIHM THIAM H -KOHCT-
PYKLHAM BpallalOLIUXCsl CEeTOK phrI6O3aluTHHE yCTpOHCTBa:

JKpan-ykpolTiue — B HacOCHOM 6JI0Ke, 0GOPYAOBAaHHOM BpaLialO-
IIeHCsi CEeTKOH C HapyXKHBIM NOABOAOM Boibl (pHC. 9). D10 pHIGO3a-

V224 T

Puc, 9. Pri6ozaumuTHOe YCTPOMCTBO THHA <«IKpaHa-YKPHITHS»

1 — paspeapHas cTeHKa; 2 — OBLIUOK; 3 — BpallaOLLanca ceTKa; 4 — Ka-
Mepa YHCTOR BoAbl; § — KaMepa IpS3HOH BOABI;, 6 — 3KPaH—YKphITHE;
7 — pui6oc6opHas KaMepa C pPhIGOMOABEMHHKOM.

IIHTHOE YCTPOHCTBO, pasMelllaeMoe B KOHLE KaMephl I'PSA3HOH BOMbI,
BKJIIOYaeT B cebs 9kpaH, puGOCOOPHYIO KaMepy H PHIGONOABEMHHK

[8].
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Pm603au4ummu nodsemMHUK — B HACOCHOM OJIOKE, o6opynoBan-
HOM Bpamaiouieicss ceTKO# ¢ Jo60BHM NoABoAOM Boab (puc. 10).
9To pHGO3amMUTHOE YCTPOHCTBO pasmelnaercs nepei BEPXOBHIM To-
JIOTHHILIEM BpAUlAloOUIeiCsl CETKH H HMeeT IUMPHHY, PAaBHYIO UIMpHHE
KaMepHl TPsA3HOH BOAbL. Ero OCHOBHBIMH COCTaBHBIMH 4acTSMH SIBJS-
IoTCA: pBI60COOPHBIH KOHTEHHep, CHaGXKeHHbIH MEeXaHH3MOM JJIs ero
nepeMelleHus, H YCTPOHCTBO AJs 4 5
npHeMa H TPAHCNOPTHPOBKH pHI- a4
6at [9]. T lx%

IIpn npoexTupoBanuu prGo- 3
3alUTHHX YCTPOHCTB, AJsi 060c- —

\%,
TR

HOBaHHSA BO3MOXHOCTH NpHUMeHe-
HHUSL TOTO MJIH HHOrO THIa prbo-
3allUTHOrO YycTpoHcTBa H AJA
HA3HAYeHHs! €ro ONTHMAaJbHBIX
OuepTaHHH U PasMepoOB JAOJKHEI
HCTI0JIL30BaTbCs MaTepHaJibl 9KC-
TIePHMEHTAJbHBIX HCCJefOBaHHH
H 3KCIJIyaTalHH ONBITHHIX H ce-
PHAHBIX (NMPOMBILLJIEHHBIX) 006-
pasloB  9THX  pHIO0O3aLIUTHEIX
YCTPOHCTB, OCYLIECTBJICHHBIX Ha
Aeuc'n;ylomyx 3JIEKTPOCTAHIHSX, PHC 10. PeiGo3amurHoe YCTpOHCTBO

Hna «pbi6O3alIHTHOIO NOJBbEMHHKA»
B npoekre pbiGo3auHTHOTO P - .

1
I
1
]
]
o S
e
]
1
]
|
\

LS LTSS

\
.
N

Z"

e == e e e e e o

l-—spamammaﬂcx ceTKa; 2 — gouTellHEp
yCTpOHCTBa 10JIKeH OHITh paspa-
6otan cnocob y/JasleHHss MOJOIH
poi6 u3 cosznapaemoll pre6o3a-
LIMTHBIM YCTPOHCTBOM 30HH ee
CKOIJIEHHS Tepej Bpallamleics

(nyﬂx'mpou *[IOKa3aHO €ero BEpXHee noJoxe-

niie); 3 — MeXaHH3M mnepeMeLleHHs KOHTedi-

Hepa BAOJL CETHATOrO NOJMOTHA; 4 — YCTpoH-

CTBO AAf HNpHEMa H TpPaHCOOPTHPOBAHHSA
pPHIGHL.

CeTKOH, a Takxke crnocob pajbHef-

LIEr0 TPAaHCIOPTHPOBAHHS CNACEHHOH MOJIOAM phib M3 ceTOYHOH Ka-
Mephl 06paTHO B MCTOUHHK BOAOCHAaGXKeHHs.

Pexkomenpauun no THAPABJIHYECKOMY pacyeTy HacCOCHbIX 6a10K0B

2.32, PacuetHble pacxoibl HaCOCHOTO 6J0Ka Qu ¢ ONPEReNsIOTCs
nofavell HHPKYJASHHOHHOTO HACOCA TPH €ro PacueTHLIX Hamopax.

2.33. Pacueruble ypOBHH BOABI NMepef HACOCHBIM 6/10KOM ompefe-
JIIOTCA € Y4eTOM DPacroJjloKeHHs LHPKYJSLHOHHOH HAaCOCHOH CTaH-
IHH: Ha Oepery HCTOYHHKA BOJOCHAOKEHHS IJIH Ha MOJABOMASILIEM
KaHaJe.

FuapapanyeckHe pacyeTsl NOABOASLIEr0 KaHajJa AOJKHBI ONMpe-
JIETUTh MOJIOXKEHHST (OTMETKH) CBOGOXHOM MOBEPXHOCTH BOAMI Iepes
HUPKYJISIIHOHHON HACOCHOHM CTaHLHell NMpH YCTAHOBHBIIEMCS H He-
YCTaHOBUBILEMCsl PEXHMaX TeYeHHs, a TaKke YCJOBHsI IPONYCKa
wyry (AbpRa) W BHINAJEHHS HAHOCOB B KaHalle M .B aBaHKaMepe
H Ap. DTH pacueThl ceAyeT BHIOJHATb, PYKOBOACTBYSCh YKa3aHHS-
mu TYuH MC3C-108-59 [54, c. 42 — 54]. I1pu a3ToM pacxox BoAbl B
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110JBO/IsILleM KaHaJie NPUHHMAETCsl PaBHBIM MaKCHMAaJbHOH Pacyeér-
HOH Mnojaye HUPKYJISUHOHHON HACOCHOH CTAHIMH.

Brrunciends: rHApaBIHYECKHX IOTEPD B IOABOJSLIEM KaHaje Clie-
JIyeT NPOHM3BOAHUTL No (dopmyaawm, npuBeaenusiM B 1191-80/BHMUNT
[47], ¢ yueToM pexxuMa TeueHHsl KHJKOCTH B KaHaJe H XapakTepa
MPOTHO3UPYEMOH IIEPOXOBATOCTH €0 CTEHOK.

ITpu pacuere KanHajoB ¢ GETOHHBLIMH CTEHKAaMH, PEXKHM TeyeHHs
B KOTOPBIX MOXKET COOTBETCTBOBATH KaK KBaJpaTHUYHOM, TaK H Iepe-
XOJHOM 06/aCTH THAPAB/JIHYECKOrO CONPOTHBJEHHS, BbIYHC/ICHHS KO-
spduuuenta lllesn pekoMenayeTcs BHIIOJHATH N0 GoOpMyJaM, MpH-
BefleHHBIM B [3].

I'mapasanyeckue pacueTsl HeyCTAHOBHBLUETOCS ABHXKEHHSI BOJIbI
B IIOJBOASILLEM KaHa/ie NPH BHE3aNHOM yMEHBbIUIEHHH HJIH yBeJuye-
HHH Pacxojia Bo/lbl, noTpebasieMOH HUPKYJISIHOHHON HAaCOCHOH CTaH-

uﬂeﬁ, MOXHO BBIIIOJIHATE COrMJIAaCHO YKasaHHAM, IDHBEAECHHLIM B
[53, c. 251 — 254].

HeoGxoauMO NnpoH3BOAHTb TaKKe NMOBEPOYHBbIE THAPABJIHUECKHE
pacueTsl NOJBOASIIErO KaHa/la NMPH PeXHMax TeYeHHs], COOTBETCTBY-
IOLIMX Pas3’HYHBIM ouepeAsM BBoja MmouiHocTH TAC uau ADC npu
€e CTPOMTE/LCTBE,

2.34. las GeperoBoil UMPKYJASILHOHHOH HACOCHOM CTaHLMH pac-
YeTHbIMH YPOBHSIMH BOJbl SIBASIIOTCSA: CpPefHuil (Haunbosee NpoAoJ-
JKHTEJDbHBII [0 BPEME@HH CTOSIHHSI), MAaKCUMaJ/JIbHLI H MHHHMAaJbHBIH
pacueTHble YPOBHH BO/Ibl B HCTOYHHKe BOJOCHAOXKEHHSl Y MecCTa BO-
nosabopa.

2.35. Ilpu pacnojoxenny UHPKYJSILHOHUONH HACOCHOH CTaHHMH
Ha caMoOperyinpymouemMcs noABoAsileM KaHajle MaKCHMAaJbHBIA pac-
yeTHBI{I YPOBeHb BO/ABI Nepej HACOCHON cTaHUHell caelyeT CYHTATDL
pPaBHBIM MAaKCHMaJIbHOMY pacdeTHOMY YPOBHIO BOJAbl B HCTOYHHKE
BOJOCHAGKeHHS, a MHHHMAaJIbIIbIil pacyeTHbIi YPOBEHb BOAbLI OIpe-
AeJsieTcsl pacueToM NpPH NMPONyCKe MO NMOABOASLIEMY KaHaJjy MakCH-
MaJIbHOTO PACYETHOTO pacxojia BoAbl [54].

Npumeuanne. Iloag camoperyaupyomiHEMcs NOABOASHIHM KaHajloM NOApasyme-
BaeTca OTKpblTblﬁ KaHaJ, noBbillleHHE YpOBHA BOAbI B KOTOPOM IIpH NpeKpaue-
HHH 3a6opa BOABl HACOCHOI CTaHuHell MOXeT JOCTHraTb MaKCHMAaJbHOH OTMETKH
YPOBHS BOAB B HCTOUHHKe BojlocHaGikennsi (6e3 c6poca BOAB H3 KaHaja).

2.36. Ilpu pacrmono:keHHH IHHPKYJASIMHOHHON HACOCHOH CT2HIHH
HAa HecaMoperyJupymlileMcss TNOABOAsUIEM Kahaje MHHHMaJbHBI
pacueTHBINl YPOBeHb BOJLI Nepe; HAcOCHOi cTanliuell onpejenasieTcs
OTMETKOH mopora BoAocOpPOCHOTO COOpPY:KEeHHs, KoTopas paBHa OT-
MeTKe YPOBHS BOAbI MpH NMPONYyCKe MO NMOABOASILEMY KaHANy MaKCH-
MaJbHOIO pacyeTHOIO pacXoja NpH PaBHOMEPHOM pexHMe, a Mak-
CHMAaJIbHBIH pacueTHHIH YPOBeHb BOJbl OMNpee/sieTcss HanmopoM Haj
oporoM BOAOCOPOCHOTO COOPYXKeHHs (BOAOCTHBA), KOTOPLIH BBHIUHC-
JIfeTcs Ha OCHOBe YKas3aHuil, npuBefieHHbIX B [46] mpu c6poce Bce-
IO MaKCHMaJIbHOIO pacyeTHOro pacxofa BOAbl MOABOAALIETO KaHaJa
yepe3 BogocOpocHoe coopyxeHHe (BOZOC/HB).
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Hecamoperyaupylouuiics MoABOASLIAN KaHAJ NMPEACTABJSIET CO-
60#1 OTKPHITHIN KaHaJl, NOBhLILIEHHe YPOBHS BOJAbI B KOTOPOM onpefie-
JISIETCSI OTMETKaMH NOPOroB BOAOCOPOCHBIX COOPY:KEHHMH Ha HeM, H
IpH npexkpalleHuy 3abopa BoJbl HACOCHOH CTaHLMeHd OHO OTPaHHYH-
BaeTcsl OTMETKO#H, obecneunBawliefi c6poc BCero pacxoAa BOALI ue-
pe3 BoJocOpPOCHbIE COOPYIKEHHS.

2.37. Onpepesienne NonepeyHblX pPa3MepoB U MJOLIAJH OTBEPCTHH
BOAONpUEMHO!l (BXOAHOH) wacTH HAcOCHOro 6J0Ka cJedyeT BBINOJ-
HATb COIMacHO yKa3aHHsiM, NpuBeleHHbiM B [50].

Ler

({2l eddds

Vi 7z
Puc. 11. Copoyaep:kHBaomas pemerka
a -~ CXeMa pAacroNOXKeHHs pelleTkH; 6 — dopma cTepKHeRl peIleTKH.

2.38. Tlotepio nHamopa fip, Ha coOpoOylepXKHBaIOUIeH peLIETKe
(puc. 11) crnenyer onpepensiTe NyTeM BHIUHCJEHHH 1O (opMyJam:

2
hp = kcp "2“", (1)
B S \L6/ _ Ie b,,,,) , 0
gp = CBCT (m) (2,3 b—np + 8 -+ 2,4 -l-;r- sin ag, ( )

rjle v — cpeAHsiA CKOPOCTH B NOIEepeyHOM CEYeHHH BOJHOrO NOTOKA3, paBHas yacr-
HOMY OT JAeJE€HHf pacxolla BOAM @ Ha NOWaAb cedeHHs £, NepekpHl-
BAaeMOT0 pelueTkofi;
Tp — KO ODHIHEHT CONPOTHBJEHHS pPeIIeTKH;
k — Koo @uIMEHT, YUMTHBAIOMHUA 3acopeHHe pemieTkH W paBuuit 2,0 (mpH
30% s3acopeHHS pelueTKH);
g — ycKopeHue cBOGOAHOIO IajeHHS;
S -— TOAUIMAA CTEPXKHA DELIeTKH;
le¢r — INHPHHA CTEPXKHA COPOYAEPKHBAIOILeH pemeTKH;
byp ~— BeJIHUHHA MPOCBETA MEXAY CTEPIKHAMH pPelleTKH;
(tp — YroJl HaKJOHA CTepKHeil pelleTKH K ropusonty (puc. 11, a);
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Ber — KO3 duinent, 3aBHcAmEE or (GOPMH RONepetyHOro fIpoduas CclepKHS
pellieTkH, onpejenseMuit no taba. 1 u puc. 11, 6;

Tabruga 1
3navenusn kosddunuenta .,
dopma note-
pemoro e | @ b ¢ a | e | s
pemreTkd
Ber 0,50 0,37 0,32 021 0,18 0,15

¢ — KO3(pUIHEHT, YUHTHIBAIOUIHI B/HSHHe Ha NOTEpH HaNopa MNONepedyHHX 3Je-
MEHTOB H KapKaca pelleTKH, BHUAC/JAeMH Mo dopMmyse:

1 .
A\
(+1)
L — Bricora pemwerku B cBery (puc. 11, a);
A — cymmapHas BHCOT@ NONEPEUHHIX 3JeMeHTOB:
A = mdp,y+nea; (4)

1y — KOJIHYeCTBO PACHOPHO-CBSI3HBIX TOPH3OHTAJABHBIX 3JIeMeHTOB (BHICOTON dp.s);
1y ~— KOJIHYECTBO HPOMEXVTOUYHBIX OMOPHHX 6asok (BeicOTON a).

Ilpu onpenenenun notepu Hanopa hAp:

a) PEKOMEHAYETCs ¢ HeJbl0 NOJYyUEHHA HaHMEHbUIHX MOTEepb Ha-
rnopa Ha pelleTKe BbIAEPKHBATL TaKHe COOTHOHIEHHHA MEXAY paszMme-

(3)

¢ =

cT
ﬁ”””" pamu S, ler H by bap = 1,6 1
7/ S B T ’ fr
I T | $=4s
- B -——ia) —t ey

. /_er@ﬁ'é@ _,_y [ 6) He peKoMeHAyeTc Ha-
7 ey aRva 3HAuaTh WHPHHY CTEPKHA lcp
b ivd MeHee 45—50 MM, a BEeTHUHHY
§ “\5/ 4 4t R npocBeTa MeEXAy CTEepXKHAMH
4Ly V. AR
[/ 4V. 4R bup menee 30 MM H OoJjee
P // T 100 mm.
1 7 - + Mpumeuanne. Pacuetnl npouno-

CTH 1 oGorpesa COpOYAEpKHBAIOILHX

a,mfe IJIACHO TIONOKEHHAM, H3J0XKEHHBM

Pre. 12, Tpadux ana onpeaesieHHs B [43]

OPHEHTHPOBOYHOH TPONYCKHOH C€10co6- 2.39. BmiGop tHRAZ Bpa-

Comoert or s cenkn w sarnyGaennn  WLAIOLUXCH CETOK i Ompeseiie-

CeTKH MOA MHHHMaJbHbIfi ypoBenh po- ~ HHC HX DasMepoB IpH 3ajlaH-
Al He, . HBIX pacxojiax BOAbL H MHHH-

MaJIbHBIX YPOBHAX BOJBL B Ha-
COCHHEIX 6JI0OKax peKOMeHAyeTcsi MPOH3BOAHTL NPH MOMOLIH OPHEHTH-
poBoyHoro rpaduka (puc. 12):

Q ":f(Hc. k)5
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rae Q— pacxol BOXH, NPOXOAAUIEH CKBO3L BPAIAIOILYIOCA CETKY;
He¢.x — riiy6una BoAM B CeTOYHOf Kamepe (IpH MHHAMAJBHOM YPOBHE BOAH).

I'paduxk cocrasnen B CKB Jlenruapocrtans ¢ yueToM yKa3aHHHE
raass CHull 11-31-74 [50] npu caeayomux yCJIOBHSIX:

a) CKOpOCTh NPOXOXKAEHHS] BOLLI CKBO3b SiUEHKH CHT Bpallalo-

meiicst cetku npuusara pasHo#t 1,0 m/c npu 30% 3acopenust nojoren
CEeTKH;

6) pasMephl AY€EK CHT B PaMKax II0JIOTHA BpallalONIeACsi CEeTKH
TPHHATH PaBHbIMH 35X 5 MM npu anamerpe npoBosiokd 0,7 — 1,2 mm.

B coxpauleHHOM HaHMEHOBAHMH BPALIAMMIUXCH CETOK OYKBH
«H» u %J/I» yka3blBalOT COOTBETCTBEHHO HA HapyXHHH U J06OBOH
NOZABOX BOJH! K ceTke, a undpu 1500, 2000 11 3000 o6osHavaloT -
PHHY NOJIOTHA CeTKH Bg. ¢ B MM.

Tlpn npoeKkTHPOBaHHH BOJONPHUEMHBIX COOPYKEHHMH C TpHMeHe-
HHEM JIByX BPalaOIIHXCs CETOK B OJHOM HacOCHOM GJioKe mpo-
NYCKHYIO CHOCOOHOCTh KaXKAOH BpallaloneHcsi CETKH cjaenyeT ompe-
nensars no rpabuky Q = f(He.x) (cm. puc. 12).

Tlorepss Hamopa Ha Bpamawuleficss cetke hg ¢ MOXET GLITh BbI-
yHcseHa no gopwmyae:

U,
kg, o= k‘zs. c Z%v (5)

rlle v, — CKOPOCTb B OKHe Hepen CeTOUHOIl Kamepoil;
g — ycKROopeHHe CcBOGOMHOrO IafeHHS,;
k — KoaddHUAEHT, YUHTHBAIOWHA cTeneHb 3acopeHHsl Bpaulamwuleficsi CETKH
4 paeunuit 2,0 (npm 30% 3acopeHHsi CeTKH);
§o.c — KO3(p(HUHEHT CONPOTHBJEHHS Bpallalowieficd ceTKW, paBHHA 1,3 — Aas
CeTKH ¢ JIOGOBHIM NOABONOM BOZB H 2,0 — 471 CETKH C HAapYXHHM NOA-
BOJIOM BOJBL

2.40. [lonyctuMasi BHICOTA BCACHIBAHHS IHPKYJSIHOHHOIO HACO-
ca Hj yon, Onpepensionias HeoOXonumoe 3arjybienne ocu pabouero
KoJleca Hacoca, MOXeT OBITH BHIUHCJIEHA NO caexyiouel dopmyne:

Hsnon=H6.M—Ah—Hny (6)
P .
He = —;;- — napaMeTp, VYHTHIBaWWHil abcomoTHOe MUHNMaNbloe OGapoMerpli-
o.M
yeckoe (arMocdepHoe) naBjeHHe;
Al — KaBHTAIMOHHBIA 3aNMac NpH MHHHMAJBLHOM YpOBHE BOLH B CETOU-
HOH Kamepé, BeJHuUMHa XKoToporo GOepercs u3 paboveli yuusep-
canbhoil XapaKTepHCTHKH HAcoca;
Hac "
Hy = -— napamerp, YUHTHIBawuHil ZasjeHHe napoobpasoBaHus NPH MAak-

1
CHMaJIbHO BO3MOKHOII TesMieparype BOAR B CeTOYHOIT KaMepe,;
P-— naBnenue BO3AyXa;
Pyac — naBjieHHe HACHIIEHHOTO BOASHOIO 1apa;
Y — VICJIBHHIH BeC BOJHL.

HNprmeuanne. 1. 3Hauesus napamerpa He.y 119 pasiHuHBIX BEICOT Hap
ypoBHEM MOpS IpHBelleHH B Taba. 2.

26. 3§Ia‘IEHHH napaMetrpa Hn 48 pasiHuHOfi TeMIepaTyps BOIB { YKa3aHhl
B Taba 3.
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Tabauya 2
3navenus napamerpa Hg , B 3aBHCHMOCTH OT BBICOTHI HajJ ypoBHeM Mmops!

BeicoTa Hag
ypOBHEM MODT, 0 500 1000 1500 2000
M
P
Hé_Mz(Y—){,_M,M 0,97 0,41 8,86 8,34 7,85
Ta6auya 3

3HavyeHuss mapaMmerpa H,; OpHu pasivyHOi Temneparype BOjAbI f

t°C 0 5 10 15 20 25 30 35 40 l 45 50

0,995 | 1,258

n

P
H = *;ac, M | 0062 {0089 |0,125]0,174 ] 0,238 | 0,323 | 0,432 | 0,575 | 0,752

2.41. OrtMerka ocu pabouero KoJseca LHPKYJSLHOHHOIO Hacoca
VOH poaxHa HasHauaTbCsl TaKoH, 4ToObl IeHCTBHTEJNBLHAad BHICOTA
BcachBaHus H, npu caMblX He0JaronpHATHBIX YCJIOBHSX KCIIyaTa-
HHH UAPKYJISIHOHHOTO Hacoca He NpeBbICHJIA BEeNHYHHB Hj nop, BBI-
qucJ/eHHOH no dopmyae (6).

3uauenune H ciepyeT BHIUMCAATH MO (opmye:

Hsz VOH‘—‘ V'VBc.K.Mtu (7)

rie VO —otMerka ocH pabouyero KoJeca NHPKYJALHOHHOIO HACOCA;
V¥B¢ x.mun — OTMETKAa MHHHMAJbHOTO YDPOBHS BOABI B CETOUYHOH KaMepe (iepen
BcachBawulefi Tpy6oit Hacoca), BHUHCASeMasd [0 Qopmy.e:

‘02 —«»vg

v Be. k. wun = VY Bas, i + _aa—ég’ﬂ — e (8)

rae V¥Bap mur — OTMETKa MHHHMAJBHOTO YDOBHS BOJBI Iepe]l HacOCHOfl CTaH-
LHell (B aBaHKRaMepe);
Uas — CKOPOCTb BOJB! IlePeA BXOJIOM B HacOocHbH 60K (B aBaHKa-
Mepe);
Uc.x — CKOPOCTb BOAH Iepel BXOJOM BO BCachiBawllyio TpyoOy;
Shy — cyMMa HOTepb HANopa B OTAEIBHHIX 3JIeMERTaX HacOCHOro 6Jo-
xa (oT aBaHKaMepH A0 BcachiBaoomieff TpySH Hacoca).
B cayyae HUDKYJSIHOHHON HaCOCHOH CTAaHIHH BeNHUHHY XAy MOXKHO BHI-
YHCAATE HO dopMmye:
2

vC.K.
ZhM=C'2—g;‘+hP+hB,c, (9)

rae § — K03 (HLUHEHT CONPOTHBJEHHS, YUHTHIBAIOUIHA FHAPABJAHYECKHE CONPO-
THBJICHHSI B BOJONPHEMHHKE H CEeTOUHOH KaMepe H paBHBIH:

0,5 — 0,7 — npn 1060BOM MOABOJEe BOLB K BpaluamolleHcs ceTke;

1,0 — 1,2 — npu Hapy>XHOM NOABOJe BOAH K Bpamlaimedcs ceTke;

1 Ykasaunbie 3HaueHHst napamerpa Hg.n TOJydYeHBI IpH BeJHYHHe aTMocdep-
HOro JnaBJeHus, Ha 3,59 MeHbluefi HOpMaJbHbIX 3HaueHHil atMocdepHoro aasJe-
HuA 1) BAHHOH BHICOTHI MECTHOCTH Haj yposHeM mops [45, ¢. 46]
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hp —noTeps Hamopa Ha COpOYIepKHBAOUlel pelleTKe, BHUHCAAEMAs 1O
dopmyne (1);
hy.c — MOTEpsl Hamopa Ha Bpauldloilefic ceTKe, BHYHCJAAeMas 10 (opMy-
Jae (5).

2.42. 3arayb/iende O BepxHell KPOMKH BXOJHOTO OTBEPCTHS Bca-
chiBalolied TpyObl IOJ HaHHHU3WMHA YPOBEHb BOJHK B CETOUHOH Ka-
Mepe, NPH KOTOPOM HAYHHAIOT BO3HHKATh BHXPEBLIE BOPOHKH H 3a-
cacbiBaHHE BO3JyXa B LUPKY/SIHOHHBIH HAcOC, MOXeT GbiTh BBIYHC-
JeHO (npH OpPHEHTHPOBOUHBLIX pacuerax) no dopmy.ae [16]:

8= CorUe Va-c—“"' Aq, (10)

rJe U¢ — CPeAHssl CKOPOCTh BOJHOIO INOTOKa B CXKarTOM CeYEeHHH OroJioBKa BCa-
coiBaouieli TpyOHt;
¢ — BHICOTA IKATOro CeYeHHS OTrOJIOBKA BcackiBawliel TpyOh;
Aa — pasHocTe OTMETOK BepXHell KPOMKH BXOMHOrO OTBePCTHS H BepxHedt
TOYKH CKaTOTO CEUEeHHsSI OroJIOBKA BCacHBamoileil TPyOHl;
Cpr ~— KO3 }HIHEHT, YUHTHBAIOUHA YCAOBHA MOAXONAa BOAH K Bcacusamouleil
Tpy6e nacoca H pasublil 0,55 — npH 1060BOM 10ABOJAE BOAB K Bpallaro-

wefica cerke; 0,75 — mpu Hapy:KHOM HOABOAE BOAM K Bpaulaiomeiics
ceTKe.

3uaueHHe 6, NOJYUEHHOe TyTeM BbIUHC/AeHHH 1o ¢opmysae (10),
Heo6XOMHMO YTOUHHTH TPH NPOBeAeHHH Jab0opaTOPHbIX THApPaBAHYE-
CKHX HCccJeloBaHHi HacocHoro 0Ji0ka.

2.43. OcHOBHble THJpaBJHYECKHE XapaKTepHCTHKH HaCOCHOro
6/10Ka ciaeiyeT OnmpelessiTh SKCIEPHUMEHTAJbLHBIM NMyTeM NpPH IpoBe-
JeHHu JabopaTOPHBIX THAPABIHUECKHX HCCJAeJOBaHHH HA MOJIEJH
HacocHoro 6/10Ka, pacCyuTaHHOR Ha ocHoBe KpuTepHs ®pyna u BH-
TIOJIHEHHOH B AoCTaTOuYHO KpynHoMm Maciutabe (1/5—1/10), uto6w
MOJIYYHTh 3HAYeHHS] yHcaa PeHHOJbACA, COOTBETCTBYIOLLHE aBTOMO-
JeJbHOH 06sacTH.

TIpu mMomenbHBIX HCC/EeROBaHHAX HAacoCHOro 6Ji0Ka nojJsexar of-
peaesieHuIo:

a) mpomnyckHasi cnocoGHOCTb HacoCHOro 6/i0Ka H NOTEPH Hanopa
B HEM;

6) OTMETKH YpOBHelH BOJIBl B BOJONPHEMHHKE H B KaMepax rpsa-
HOH H YHCTOH BOZBI,

B) pacnpejesieHHe CKOpPocTell B BOAHOM NOTOKE B Pa3JHYHBIX ce-
UEHHUSIX CETOUHOM KaMepbhl H BO BXOJHBIX CEUEHHsIX BCachiBaooLlei
TPYObl M KaMephl pabouero KoJjeca LHPKYJASIIIHOHHOIO HAcoCa;

T) YCJOBHSI BO3HHKHOBEHHSI BUXPEBBIX BOPOHOK Iepejl BXOAOM BO
BCACHIBAIONLYIO TPYOy LHPKYISLHOHHOIO HAcoca H Ap.

2.44. B npouecce BHITOJHEHHS HCCJAENOBAHHH ONpeLesAOTCA Oll-
THMaJbHEIE C I'HAPABJIHUECKOIl TOUKH 3PEHHST pa3Mepbl H OUePTaHHS
pa3HYHBIX 3JCMEHTOB HacocHoro 6/0ka (BOJOIpHEMHHK, Kamepa
T'PSA3HOI BOJBI, KaMepa YHCTOH BOJAH H T. 1.), a TakxKe otrpabaThiBa-
I0TCSl MEPOTPHATHSA: a) N0 YCTPaHEHHIO BHXPEBbIX BOPOHOK, obpa-
3YIOLUIHXCS Nepesi BXOJAOM BO BCACLIBAIOULYIO TPYOy UHPKYJISLUHOHHO-
ro Hacoca, 6) no obecneyeHHI0O PAaBHOMEDHOIO pacmpejiesieHHs1 CKO-
pocTefl BOABI [0 MIHPHHE H BHICOTE NMOJOTHHIL BpPaLlAIOLIEHCs CETKH,
B) mo ofecneueHHI0 PaBHOMEDHOIO pacnpejeseHHsi CKOpOCTel BO
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BXO/IHBIX CEUEHHSX BcachiBawoileli TpyOnl u KaMephl pabouero Koseca
HHPKYJISIHOHHOTO Hacoca H Jip.

2.45. Tlpn pasMmemieHHH PHIGO3AMHUTHLIX YCTPOHCTB B CETOYHOMH
KaMepe THApaBJIHYeCKHe JabopaTOpHBIE HCCJICLOBAaHHSI 3THX YCT-
poficTB cJjefyeT BHINOJHATL, HA (parMeHTe BpallalOUIeHCs] CETKH
npH coGJI0JEHHH HATYpPHLIX CKOPOCTeH BOIBI, PasMepoB PaMOK H
SIYEEK CHT, [IPHYEM HCCJAENOBAHHS JOJIKHBI IPOH3BOAUTLCS C HCHOJb-
30BaHHEM B ONMBITaX MOJIOAHM PHI6 MO METOJAHKE, YUHTHIBAIOLIEH Mo-
BEJEHHEe MOJIOAH B TEeKyIed BOJe H BO3MOXHOCTb OLEHKH TPaBMH-
poBaHHsl ee Bpauiawmeiics ceTKo.

3. HATIOPHBIE TPYBOMPOBO/1bl

OCHOBHbIE CBEJEHHS

3.1. B nanopusix Bogonposoaamux jaunusix TAC u ADC rugpas-
JIMYeCKHe NOTEepH CJaralmTCs H3 IIOTePb HANOPa B HAHOPHBIX H CJIHB-
HBIX TpyGonpoBogax (oOwuHo B mpepenax 2,5— 5,0 M) U B KOHIEH-
cartopax naposbix TypOuH (oGwiuHO nopsiaka 5,0 —7,0 M), npuuem
riaBHyio yacts (60 —80%) ruppaBiauuecKHX MOTEPb B HAMOPHBIX
Tpy6onpoBoAax COCTaBJAIOT NOTEPH HAanopa Ha MECTHBIE CONPOTHB-
JIEHHS.

3.2. MecTHble THAPaBJIHYECKHEe MOTEPH B HANOPHBIX TPyGONpoBo-
Iax BO3HHKAlOT B apmatype (o6paTHble KJanaHbl, 3aJBHXKH) H B
(acoHHbIX yacTsix (TPOHHHKH, KOJIeHa, OTBOJH). BeaencTeue Muoro-
YHCJEHHBIX H3MEHEeHH#l HanpaBjeHHsl Tpacchl HamopHOro Tpybompo-
BOJa Kak B TOPH30HTAJbHOH, TaK H B BePTHKAJbHOH NJOCKOCTAX
HanGoJsiee 3HAUHTEJNbHYIO YacThb MECTHBIX THAPaBJIHYECKHX NOTEph
COCTaBJISIIOT MOTEPH HaNopa B NOCJEJ0BATEJbHO pPacloJIOKEeHHbIX
KOJIeHaX M 0TBoAaX. [103TOMy KoJIeHa H OTBOJABLI HAMOPHHIX TPy6o-
NIPOBO/IOB JXEJATeJbHO BHIIOJHSTH NJIABHOTO OYePTaHHsS, H NOTEPH
Hamopa B HHX CJelyeT BBIYHCJISATb C YYeTOM B3aHMHOTO BJIHSHHS
Apyr Ha apyra.

3.3. OcHOBHBle CBelcHHS H yKa3aHHs IO pacquy H KOHCTPYHPO-
BaHHIO HAMOPHLIX TPYGONPOBOAOB, KOTOPHIMH CJIeJyeT PYKOBOACTBO-
BaTbCH NpPH NPOEKTHpoBaHHH, MoxHO Haiitn B OCTax, MBH u B
[13, 28, 43].

KoMnoHoBKa HamopHbix TPYGONPOBOAOB

3.4. OcHoBiibie 0COGEHHOCTH KOMIIOHOBKH HAaNOPHEIX TpyGompo-
BOAOB JAJISI CXeMBbl TEXHHYECKOTO BOJOCHAGKeHHS C LEeHTPAJIbHON Ha-
COCHOJ CTaHIHell COCTOST B CIEAYIOLIEM.

Hanopubie TpyGONpoBOAbL, HAYUIHE OT OTJE/BHBIX IIHPKYISUHOH-
HHIX HacocoB, cHabyKeHB OGPATHBIMH KJ/alaHaMH H 3aJBHXKKaMH,
NpHYEM BCe HAMOPHLIE TPYOONPOBOAB B KaMepe MepeKJaIoYeHHil,
0GBbEeNHAIOTCH B MarucTpajbHble HanopHbie TPyOOnpoBOAH (He Me-
Hee JBYX), NOABOASIIHE BOAY K (POHTY MAalUIHHHOTO OT/AeJeHHS
aJIeKTpocTaHuuu (pHc. 13).
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Marucrpajibible HanopHble TPYOONPOBOAL TPACCHPYIOTCH Id:
panneapHo (POHTY MAUIHHHOTO OTJEJIeHHSl 3JeKTpocTaHuuH. Ot
KaXJOro MarucTpajbHOro TPyGOIpOBOAA OTXOAAT BETBH AJISI MOAA-
yM OXJIaXJaouiedl BOABI Ha KOHJAEHCATOPH NMapoBHIX TypOHH. Pery-
JIHPOBaHHE HJIM NPeKpallleHHe I[0Ja4YH BOJALL B KOHJEHCATOP OCYy-
mecTBAsIeTCsl 3aABHXKKAMH, PacloJIOKEHHBIMH Ha OTBETBJEHHAX (B

=

A<V]
i-
(R e

ey A= Y TE

Puc. 13. PacnusoxcHHe HanopHHX TpyGOMpOBOAOB NpH CXeMme
TEXHHYECKOTO BOOCHA0XKeHHS C IeHTPaAbHOH HaCOCHOH cTaHiHeil.
ITnar H npomosbHH paspe3

! — nacocnast CcTaHIHA; 2 — HANOPHBIA TPYGONMpPOBOA; 3 -— MariHCTPaNbHBIY

TpyGONpOBOX,; 4 — aBaHKaMepa; § — DOABOASAIIHA KaHaJ; 6 —— KOJOHEl AJis

3alBHXKeEK; 7 —— oOpaTHble KJanaHe; 8 -— KaMepa 3ajiBHKeK; 9 — Jopora;
10 — K03710BO# KpaH.

MaluMHHOM oTAesieHun). Ias oTBoja Bo3ayxa H3 HamopHbix TpyGo-
NPOBOJOB NpeAycMaTPHBAIOTCS BO3LAYXOOTBOASIHE TPYOHL.

B kamepe 3aaBHXKeK M OGpPaTHBIX KJaNaHOB yCTPaHWBAlOTCS Iie-
PeMBbIYKH, NOCPEACTBOM KOTOPHIX MOXET OCYILECTB/STHLCS NepeKJIIo-
YeHHe IHPKY/JIALHOHHBIX HAaCOCOB C OJHOIO MarHcTpaJjbHOro Tpy6o-
nposofa Ha apyroil. IlepeknioueHns moJKHH 00€CmeYHBATH BO3-
MOXKHOCTb Iponycka He MeHee 50 % pacueTHOro pacxojaa BOAH Bceil
UUPKYJISIHHOHHOR HACOCHOH CTAHLMUM IO MarucTpaibHBIM TPyGoIpo-
BOJAM B cayyae aBapHH Ha oJHOM H3 Hux [51].

3.5. OcHOBHBIE OCOGEHHOCTH KOMIOHOBKH HAMOPHBIX TpyGompo-
BOJOB JJisi CXeMbl TEXHHYECKOro BOJOCHaOXeHHs ¢ 6JIOYHOH Hacoc-
HOM CTAHLHEH COCTOSIT B CJEAYIOILEM.
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Puc. 14. Pacnosoxenne HanopHslx TpyGonpoBogoB npu Os0YHON CXeMe TEXHHYECKOTo BO-
pocHabxenns. Ilnan u npoaoJpHEE paspes.

1 -~ BAaCOCHA® CTaHUHS, 2 — apaHkaMmepa; 3 -— nanopusii TpyGonpoBon; 4 - 3aKpuIThie KaHadw; §-—
CMOTDPOBLIE KOJMOAHBI; 6 — Zopora; 7 — KaHaa oGorpesa.



TTozaua BOAEI OT KaXKAOTO LHPKYJISIHUOHHOTO HAcOCA HA KOHJEH:
caTop napoBoil TypOHHEL OCYHIECTBJSIETCS 110 HHIHBHAYAJbHOMY Ha-
NOpHOMY TPyOONpPOBOAY, Ha KOTOPOM OOpaTHHI KJalaH H 3aJBHXK-
Ka He ycTaHaB/HBaloTcs (puc. 14).

Jlns 3amoJiHEHHSI BCeil HAamOPHOH CHCTEMbl BOJOH NPH 3amycKe
LHDPKYJAIHOHHOTO Hacoca MOXeT HCIOJNb30BaThCs NYCKOBOH 3Kek-
TOP.

3.6. OcHoBHEBIE OCOGEHHOCTH KOMIIOHOBKH HaNOPHBIX TPy6ONnpoBO-
JIOB JJISl HAIOPHO-CAMOTEUYHOH CXeMBl TEXHHUYECKOrO BOAOCHAOKEHHS
cJeAYIOmHe.

Ot KaxJ0ro UHPKYJSLHOHHOTO Hacoca BOJa IOAAETCS B HAIOP-
HBifi 6acceiflH MO HamOPHOMY TPyGONPOBOAY, KOTOPHIH CONpSTaeTcs
¢ HamnopHeiM O6GaccefHOM IOCPeACTBOM CH(MOHHOTO BOJOBHINYCKA
(puc. 15), cHabKeHHOro aBTOMATHYECKHM BO3AYIIHBIM KJIaNaHOM

L2 I

Hoax

w8

Puc. 15. Pacnojioxenne BOAOBOJAOB H COOPYMKeHHH IpH HamNoOpHO-
CaMOTEUHOIl cXeMe TeXHHYeCKOro BOROCHAGXKeHHS

1 — nopBopsAmuil KawaJ; 2 — COPOYAEpXKHBalollas pellerka; 3§ — LHPKYJSLH-

oHHHII Hacoc; 4 — KnalaH cphiBa BakyyMa; 5 — CHOOHHBIE BOJAOBHINYCK; 6 —

HanopHeifl Gacceiin; 7 — Bpauaioniasicsi cerka; 8 — Bof03aGOpHOE COOPYXKeHHe;

9 — caMmoTeuHBII BOXOBOA; I0 — KoHAeHcaTop; I/ — cAEBHOA TpyGomposoj;

12 — otBojsmuit Kawaa; I3 — KOHIEROe COOpYXKeHHe; [4— cTpyeHanpaBisio-
masa gamGa; 15 — Npys—OXJaqHTeNb.

JAJiS cphIBa BaKyyMa B CH(OHE NpPH OCTaHOBKe LHPKYJISIHOHHOI'O Ha-
coca W TIpeOTBpAllleHHs ABHKEHHS BOABI H3 HanopHoro OaccefiHa
B 06paTHOM HampaBJeHHH (NIPH 9TOM OTNajAaeT HeoOXOAHMOCTh B yC-
TaHOBKe 00paTHOrO KJanaHa M 3aJBHXKKH B HauaJe Tpy6OnpoBoza).

Tloasox oxaaxpatolieli BoAb 113 HanopHoro GaccefiHa K KOHAEH-
caTtopaM HapoBBIX TYPOHH OCyLIEeCTBJISETCS N0 CAMOTEYHBIM TPYGO-
NPOBOAAM, B T0JOBE KOTOPBIX TNpeaycMaTpuBaeTcsi BoA03aGopHoe
COOpY2KEeHHe ¢ aBapMHHEIMH H PEMOHTHBIMH 3aTBOPAMH, COPOYAEPIKHU-
BaIOIMMH pelleTKaMH M BpauaiomuMucs cetkamMu [30, c¢. 5 —12].

IIpumeuanue. JIns oTBOAA BO3AyXa H3 caMOTEUHBIX TPYGONPOBOJOB MpeiycMart-
PHBAIOTCH BO3AYXOOTBOAsALIHE TPYOHI.

3.7. ITonpox Tensofi BOAB K I'PAAHPHSM OCYLLECTBJSIETCSH CTaJb-
HBIMH HamopHbLIMH TPYGONpPOBOJAaMH, a OTBOJ OT TPafiHpeH OXJaxK-
JleHHOM B HHMX BOJbI NPOH3BOJAHTCS 3aKPBITHIMH 2Ke/e300€TOHHBIMH
kananamu. Ilpu noasoje Tenao# BOAH K IPajUPHAM JBYMS MarucT-
panbHBIMH HaNOPHBLIMH TPYGONpPOBOAAMH MOJaya BOJBI HA KaxKAYIO
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PPAZHPHIO JOMAKHA OCYIECTBAATLCA OT KakAOro U3 HHX. Takum e
06pa3oM AOMKHO OCYLIECTBAATHCH H NPHCOeAHHEHHe FPAJHPHH K OT-
BOJISIHINM BoJoBojam [55, c. 16].

BomooTBozsiie KaHaJbl [ONYCKaeTCsi pa3MeliaThb [O CXEMe,
ofecrneunBamlled MoCJe0BATebHBI NPONYCK OXJaX<JeHHOH BOAbBL
TpaH3HUTOM uepe3 BojgocGpocHble 6accedHBl TpajupeH, NpHYeM BHYT-
pH Kaxzoro bacceiiHa cleqyeT mpeaycMaTPHBaTh YCTPOHCTBO JOH-
HBIX yroy6aeHnfi B BHJe CEKIHOHHPOBAHHBIX BOJIONPONMYCKHBIX Ka-
HanoB [7].

PeKOMEHAAUMH TIO FHAPABAHYECKOMY pPacuetTy HanopHbX TpyGomposoaos

3.8. TI'mapaBanyeckne pacyeThl HamoOpHBIX TPYyGONMPOBOAOB CO-
CTOAT M3 PacyeToB IO ONpefieJIeHHI0 NMOoTepb Hanopa B TPyOOIPOBO-
Jlax NpPH yCTAaHOBMBIIEMCS TEYEHMH JKHAKOCTH H M3 pPacyeToB TH/-
PaBJHYECKOro yAapa IpH Mycke H OCTAaHOBKe LUPKYJAIHOHHBIX Ha-
cocoB. PeaysbraThl pacueToB NOTepb Hamopa NPH yCTAHOBHBLIEMCS
TEeUeHHH JKHAKOCTH B HAaMopHOM TpPyOomnpoBoJe HCMOAb3YIOTCS:
a) npH onpejesieHHH pabouero Hamopa LUPKYJISLHOHHBIX HACOCOB;
6) TpH TeXHHKO-IKOHOMHUECKHX pacyeTax no 000CHOBaHHIO BhIGOpa
ONTHMAJbUOr0 BAPHAHTA lanopHoro TpyGonpoBoja H B) NPH pacye-
Te THAPAaBJIHYECKOro yjlapa B /UIMHHBIX HamopHLIX TPpyGompoBoaax.

PesysbraThl pacueta BeJHYHHBI THAPABIHYECKOrO YAapa HCIOJb-
3YIOTCS NIPH pacueTe HANopHoro TpyOoMpoBojia Ha MPOYHOCTL H AJIS
Ha3HaYeHHs MPOTHBOYAAPHBIX MEPONpPHATHIL

3.9. l'uxpaBnyuyecKHe NOTepH B HAMOPHBIX TPyOonpoBoAax caara-
I0TCSl M3 MOTepb Hamopa Ha TpeHHe Mo JJHHe TpyGompoBoja H H3
noTepb HaNopa Ha MPeojloJieHHe MECTHBIX CONpPOTHBJIEHHIT B OJHHOY-
HBIX CONMpPOTHBJEHHAX ((DacOHHBIX YACTAX H apmaType) H B y3jax:

B = & hy+ 5 by 5 iy, (11)
rae fizp — CyMMapHHe THAPaBJIHYECKHE NMOTEPH B HANOPHOM TPYGONpOBOXE;
Sh; —cyMma TOTeph HAnopa Ha TPeHHe MO JUTHHE NPAMONHMHEHHBIX Y4YacT-

KOB Tpy6GonpoBoAa;

Shy — cyMMa IOTEpPb HANOpPa B OJHHOYHHIX MECTHHIX CONPOTHBJAeHHAX (da-
COHHBIX HacTAX H apMaTtype);

Zhya——cynma 7I0Te€Pb Hamopa B ya3JaX, COCTOAUIHX H3 NOCJeA0BaTeNbHO pac-
NOJIOXKEHHKIX Ha OJH3KHX pacCcTosiHHAX ApYr OT JApyra OAHHOYHBIX
MECTHHIX CONPOTHBJIEHHIT.

3.10. ITotepu Harmopa Ha Tpenue Mo AJHHe TPyGonpoBoja cleny-
eT ONpeAe]siTh C yUeTOM pexXHMa TeueHMs KHAKOCTH B TPyOonpoBo-
Je W XapakTepa HIEpOXOBATOCTH €ro CTEHOK, PYKOBOACTBYSCh B OcC-
HoBHOM ykasanuamu I1 91-80/BHUUTL [47].

TNpumeuanne. Tak Kak HanopHbie GETOHHBIE H CTaJbHble TPYGONPOBOAH pabo-
TAIOT IVIaBHBIM 06Pa3oM B mepexojfHoi 0GJAacTH THAPABJIHYECKOrO CONPOTHBJEHHS,
TO NPH THAPABAHYECKOM pacueTe TaKHX TPYOONPOBOAOB DPEKOMEHAYETCH HCIMOJMb-
30BaThb 3aBHCHMOCTH H YKa3aHHs, NpHBEJEHHHE B [2].

3.11. TloTepn Hamopa B OJHHOYHBIX MECTHBIX CONPOTHBJEHHSIX II
B y3JiaX MECTHBIX COHpOTHBJIeHHﬁ, COCTOALLMX H3 IocJea0oBaTeJbHO
pacno/JIoXeHHbIX Ha GIH3KHX paccToAaHHAX APYr OT Apyra HECKOJib-
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KHX MeCTHBIX CONMPOTHB/JEHHH, cjaefyeT omnpeleaate no dopmyae
Beiic6axa:

PR (12)

rae §m — KoapHUHEHT MECTHOrO CONPOTHBACHHT;
U — CpeHsAs CKOPOCTh B CeueHHH TPy6OnpoBOAA, PACMONOKEHHOM HHXKE IO
TEUECHHIO 32 NAHHBIM OJHHOYHHIM MECTHHIM CONPOTHBJEGHHEM HJH 33 Y3-

JIOM MECTHBIX COTIPOTHBJEHHI;
g — YCKOpeHne cBOGOHOrO TaNeHHS.

3.12. Tlotepu Hamopa B OJHHOYHBIX MECTHBIX CONPOTHBJEHHSX
caefyeT onpefesTth 0e3 yuyera X B3aUMHOTO BJAHSIHHS APYT HA Jpy-
Tanpu pacCTOAHHUAX MEXKAY CMEXKHbIMH MECTHBIMH COIIPDOTHBJIEHHAMH

1=y, rie lpy — ANWHA BIHSHEA v

MECTHOIrO CONPOTHBJICHHS], 3aBHU- 14~

csllas or BHAA CONPOTHBJIEHHUA B

pexHuMa TeUeHHA KHAKOCTH B 12

TpyGonposoJe. /
Hpumeuanye., Beanuuna /[y5; Mo- 10 i

JKET ONpPEeAeAThCs IKCHePHMEHTANbHBIM / t

NyTeM MPH BLINOJHEHHH JIaGOPaTOprIX 98 ;

IHAPABJHYECKHX HCCAEAOBAHHN HJH U3

cupasouHoit auteparypsl. JAMHY lsi &

AJIST KOJIeH H OTBOAOB MOXKHO NPHHH- a6

Matb paBHoit (12—20) d, rae d — nua- /

Mmerp TpyGomposona [24]. 04 /
3.13. UncnieHHble  3HAueHHA / /d
KO3((PHIHEHTa MECTHOTO CONpo- o %
THBJCHHA MAJIsI OAHHOUYHBIX MECT- 7 / '/.Rﬂd b
HBIX CONPOTHBJIEHHH (3aABUXKKH, _% | |
obpaTHble KJalaHel, HOBODPOTHI, 90 60 P a°
KOH(py30pH, AuGMdY30pH, TPOH- Puc. 16. Tpaduk tx = f (Gon, R)
HHKH H 1p.) OpH {Z>lsa MOXKHO VIR OIMHOUHKIX KOJIEH NpH R =

NMPUHUMATL 1O PEKOMEHIaLHsM, =0, d, 2d, 3d.

npuBeleHHHIM B [22, 32].

3.14. Yucnenusle 3HaueHHsi K03(GHIHUEHTa MECTHOTO CONPOTHB-
JIEHHSI JJIsi OTBOLOB NpsiMOyroJibHO# (R = 0) n uupkysbHO# (popmel
{x TIPH YIJe MOBOPOTAa dor<<90° M pajHyce KPHBH3HHL OCH OTBOJA
R = (0=-3)d moxHo onpenensith mo rpaduky x = f(aor, R), npu-
BeJeHHOMY Ha puc. 16.

Tabaruya 4

3hnaveHus xo3(P(PHUHEHTA MECTHOro CONPOTHBICHHN [y ANS
CBapHbIX KOJEH

R d 2d 3d Ipumeyauus
: 0,41 0,22 0,20 Puc. 17
K 0,45 0,28 0,33 Puc. 18
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Ilaist cBapHBIX KOJIEH, H3TOTOBJIEHHBIX M3 OTAEJbHBIX CEIMEHTHBIX
3BEeHbEB COrJacHO puc. 17 u 18, 3HaueHus: Ko3dpduuUeHTa MECTHOTO
CONpPOTHBJIeHHS §y NpuBeReHbl B Tabu. 4 [15, 48].

088 2
VK i AL
72Vl 152 T
> S i e
S 3 W u
:‘\3 - < X
L o/ 05)
5
2
_d

Puc. 17. CBapHhle Ko/IeHa H3 HECKOJDbKHX 3BEHbEB.

3.15. Jls obecneuendst MHHHMaJIbHBIX [OTEPb HANMOPa B KOJEHaX
HalNOPHHIX TPYy6ONpPOBOJOB H PaBHOMEPHOro pacmpeleseHHsi CKOpO-
CTeH BOABI 3a HHMH, KOJeHaM peKOMeHJyeTcsl NPHAAaBaTh JJIHITH-
yeckyio ¢opmy (puc. 19), KoTopasi xapakTepH3yeTcsl BeJHYHHOM OT-

]
'w i g
< AN
4 ,? o
/ 30
d‘ Jb 1 02
X
LY
N\ 30°
\
d 125°  285°
Oy

Puc. 18. CsapHaoe KoJieno u3 5 3BeHbeB.  Puc. 19. ®opma xosena 6e30TpHIBHOTO
npoduas. Ry = (1,0—12)d; R.=
R2= (1,1 — 1,4) d; Rs = (3,5—40) d;
Hy = (19—20)d; Ly = (2,8—3,0)d.

HOLIEHHs1 JJIHHBL KoJeHa Ly K ero Bmicote Hy, pasuoit 1,5—1,7,
NpHYEM C LeJbl0 YyNPOILIEeHHS H3rOTOBJEHHSI KOJEHA ero ocepasl Jiu-
HHsl alNNpOKCHMHPOBaHAa TPeMsi AYraMH OKpyxHocTeii mo 30° Kax-
las ¢ MOCTOSHHRIMH PajMyCcaMH KDHMBH3HH [6]:
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Puc. 20. ®opMH y3J0B, COCTOAWMX H3 ABYX NPAMOYFOJbHBIX
Kosnen (d = 100 M, loc = 1,38d):

a — z-o6pazuas; 6 — r-opasunas (DPOCTPAaHCTBeHHaA); 6 — n-oGpasnasd,



R =(1,0—12)d, R, =(1,1 —1,4)d u R; =(3,5—4,0)d,
rae d — auamerp TpyGomposoja.

KoadduuuenT MecTHOro CONpOTHBIEHHS YKa3aHHOTO KOJEHa
HMeeT TaKHe YHCJEHHBIe 3HaYEeHHS:

Tx = 0,05—0,10 —pu TeyeHHH BOABI B NpPSIMOM HAMNpPaBJIECHHH;

'«=0,07— 0,015 — npu TeueHHH BOJbI B OGPATHOM HAIPABJICHHH.

pumevanne. Haumenbume 3uauennss Cx # §'x COOTBETCTBYIOT HaHGOJBINHM
(rpanuusbIM) 3HauYeHHSIM Ry, R: H Rs, a nHauGojbuine 3HaYeHHR (x H G'x OTHO-
CATCA K HAaHMEHBLIIHM (PpaHH‘«IHbIM) 3HAYEHHAM TE€X XK€ paAHyCOB KPHBH3HBI.

3.16. Ilotepn Hanopa B y3J/ax, COCTOSIIHX H3 PaclOJOXKEHHBIX
Ha OJH3KHX PacCTOSIHUAX [ APYT OT JApyra HEeCKOJbKHX MECTHBIX CO-
npotuBiennit (/<lgy), CAEAYyET ONpeNesiThb C YYE€TOM B3aHMHOIO
BJIHSIHHSI CMEXKHBIX MECTHBIX CONPOTHBJICHHH (6e3 BbleJEHHS TO-
Tepb HAIopa Ha TPeHHE. 10 AJIHHE NPSIMOJHHEHHBIX YYaCTKOB Hamop-
Horo Tpy6BonpoBoia BHYTDPH y3Ja).

Y3nel, cocTosiliiHe H3 HECKOJbKHX KOJIEH HJH OTBOJAOB MOTYT
O6BITh IPOCTHIMH H CJAO0XKHBIMH. IIpocThie y3/ibl COCTOSIT H3 ABYX HJIH

9=90°‘
—s
LS 1
iy,
5’2@ 3 oyr=00°
K y
I — T A ‘930:
I 8=90
L4 = e ———08=180°
g . —~—
2+ l \..\_—'- TP e e B S AT
. - = s EE L SRS
Z . ." b, — Pt
] ,p/
N LS
T N
A

J 6 7 8 9 7
g 1 2 J & loc)d

l
Puc. 21. Tpadux -’;y3=f(—§9, ﬂ) a8 Y3108, COCTOSIIMX U3 XBYX npaMO-

YrOMBHBIX KOJEH

& q— KO3(DHUHEHT CONPOTHBAEHHS Yy3Ja; CK—KO.'-)Q)QJHHKEHT CONpPOTHBJEHHUS KOJIeHa.

y3

TpexX OAHMHAKOBBIX KOJECH HJH OTBOJOB, PaCHOJJIOXKEHHBIX B ONHOMH

HJIH Pa3HbIX NJOCKOCTAX.
IIpocThie y3.bl, cocTosfliMe H3 JABYX KOJIEH HJH OTBOAOB, MOTYT
uMeTb z-obpasuylo, I'-o6pasnyio u Il-o6pasuyio ¢opmu (puc.20),
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NpHYEM B KaX/JOM y3je Takoil (OPMBI MOKET H3MEHSITbCH TOJBLKO
paccrosinbe [ MeXAy CMEXHBIMH KOJIEHaMH HJH OTBOJAMH.

ChoKHBIE y3JIBl COCTOSIT H3 [BYX HJIH TPEX OJHHAKOBHIX MPOCTHIX
y3JI0B, 3aHHMAIOMHUX TO HJIH HHOE OIpejesieHHOe NPOCTPAaHCTBEHHOE
MOJIOXKEeHHe OAHH OTHOCHTEJBHO JAPYroro, npHieM B Ka’KAOM TaKOM
y3Jie MOXKET H3MEHSAThCS TOJABKO PACCTOSHHE MEXAY CMEIKHBIMH IPO-
CTHIMH y3aMu [

3.17. Tlorepu nHanopa hy; B IPOCTOM Yy3J€, COCTOSIIEM H3 ABYX
NIOC/I€JOBATeIbHO PAaclo/0KEHHBX KOJIeH, 3aBHCAT OT PacCTOSHHSA
MEXAY CMEXHBIMH KOJIEHaMH, OT yIJiia H3MEeHEHHSI HalpaBJeHHs Te-
YEeHHST XKHJAKOCTH B y3Jje, OT yIria MeXAY NJIOCKOCTSIMH, B KOTOPBIX
PAacnoJIOXEHE! KOJeHa, IpHYeM 3HayeHHUs Ay, MOrYT OBITh KaK MEHb-
ute, Tak H GoJiplie apudMeTHYECKOH CYMMbl THAPABAHYECKHX NOTEPh
B OAHHOYHBIX KOJI€HAX.

BesnunHa Ko3(QHUHEHTa MECTHOTO CONPOTHBJAEHHS Gys AJS Y3-
J0B z-006pa3nol, I'-o6pasnoit u Il-o6pasnoii dopm, cocToAIMX H3
IBYX NPSIMOYTOJAbHEIX KoJieH (R = 0) MoxeT onpeJessaThcs MO Mpej-
CTaBJIeHHOMY Ha puc. 21 rpaduxy [17]:

l
Cys =f(-§gy 0),

rae loc — paccTOSiHAE MEXAY OCAMH HOABOASINEIO H OTBOASILErO YYacTKOB Ha-
nopHOTO TPyGonpoBoAa; 6 — yroi MexJy IJIOCKOCTSIMH, B KOTOPBIX PacIOJIOKEHR!
Konena; d — nHaMeTp HanopHoro TpybonpoBoja.

Yucnennsie 3HaueHHs Kod(pouuHeHTa {ys Aasd y3jaa z-o6pa3Hoit
(GOpMBI, COCTOSILIETO M3 ABYX OAHHAKOBBIX YroJb4aThiX OTBOAOB
(R =0) ¢ yrmamu nosopoTa aor = 90° 60° u 30°, naun B BuAe rpa-
¢uueckoit 3aBHCHMOCTH (pHCc. 22):

1
Ly =f ("}c: “o'r)-

4
] d T dpm 90 ] ]
1 . .»J.ﬂf}:lz ° d::= 5[]: i
N R ST~ G a0
Lok l [ —l—'xf; -
' ¥ l i {
2 /~>QM 4t
i I
1REDA4 s T
A T R | |
077 D o i s 5 s e 1 |
0 1 2 3 4 i G

4
Puc. 22. Tpaduk ys =f(-§9, aor) st z-00pasHoro yasaa,

COCTOALIEr0 H3 ABYX yroipdaTtblX OTBOJOB.

3.18. Yncsennsie snauenHss Ko3pPUIHENTA MECTHOIO CONPOTHE-
JieHus Gys AJs y370B z-o6pasHoi, I'-o6pasHoit u I1-o6pasnoit dopwm
(0=0° 90° n 180°), cocTosiHX H3 [ABYX OAHHAKOBBIX KOJIEH LIHp-
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KyJBHOI'O OUEpTaHH$, & TakXKe AJs JABYX aHAJOTHYHBIX Y3J0B ¢
0 = 45° u 135° mpeacras/ieHn Ha puc. 23 B BHAe rpadukos [23]:

ﬂ‘z gya §=0° { [
e 90 ac,,;go"g §-180°
20 125 BT T

—nT ] o Y

16
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0 1 2 Rd O 1 2 Rld 0 1 2 Fkjd
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Ex 1S l |
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20125 - ,’:\‘Agzw
| %f‘
16140
12 H15
1 5
08110 /
A s\‘ 3 % \ 1
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Q4 105N <. \t \'\(Z s
’ > T - “> =
== 47 TN
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g 1 2 rRd 0 1 2z RA

l
Puc. 23. I'padux Ly3=f (%, 71-) A Y3J0B, COCTOSIIUHMX M3 JABYX

HUHPKYABHBIX KOJjen

1 i 4
I 7 =0; 2="7 =2; 37 =6; 4~~0LHO KOAEHO; 5—ABa KOAeHA,



R 1
bya=f (';{, 7).
fne R — paauyc KpHBU3SHH OCEBO/ JIHHHH KOJ€Ha; [ — pacCTosiHHe MEXIY ABYMs

CMeXXHHIMH KoJieHaMH; d — JHaMeTp TpyGonpoBoAa.

Npumeuanve. TIpogosbHnfi npoguab KojgeHa ¢ R = 0 uMeeT NpAMOYrOJbHOE
ouepTaHHe, NpHYEM AJMHA KaXJOro €ro BHEWHEro mJjeya pasua 1,5d.

3.19. 3nauenus xospduuuenta Lys ans yanos z-o6pasuoit u II-
o6pa3Hoii (opM, COCTOAIIMX H3 ABYX OAHMHAKOBHIX HHPKYJALHBIX OT-

Tz Sus

i~}
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22
gﬂ 30 17

R 1
Puc. 24, I'padux {y3 =f (am, B 7) IAs Y3A0B, COCTOfUIHX

7o w0 60 Lo 90
J &0 20 5 780

#3 JABYX OHPKYJbHBX OTBOJOB C YrAaMH NOBOPOTa 2op = 0-+-90°

- R . L . R ! -, _.._R._ . .L . ____R._... . L_ .
1_.2.=0, =)y Fem om0 = =2y & =0; =8; 4 !-1, 7 =0;
R . 2 . R l -........-m-‘_l_ PR B S, .L—--
bty =2y 6 ], e == T R =2 =0 s R =9, =2
R _o. ,l___
g =2 =g.

BOJOB C YIaMH MOBOpOTa dor = 60° ¥ 30° npusenens B Taba. 5
[23], a Takxe Ha puc. 24 mas aor = 0-+90° [24].
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Puc. 25. Tpadux {yy = f (—E’ 6) A8 Yy3ja, COCTOSIILErO M3 ABYX KOAeH O6E30TPLIBOYHOrO INpOo-
uas (Ry =Ry =1,125d; R; =38d; Hy=198d; L, = 2,95d) npu § =0°, 90°, 180°.



‘ Tabauya 5
@Haue;mn KOS(hpUUHEHTA MECTHOrO CONPOTHBJCHHA [y, AAS Y3J0B z-06pasHoil u
I-o6paznoii ¢opm, cocToAmMX H3 ABYX HHPKYJAbHBIX OTBOAOB

g o« R ld dopMa
or V qd 0 2 4 6 12 yana

o leo |1 0,40 044 | 045 0,42 038 | z-06pas-
9 0.26 030 | 036 0,35 026 Has

o | 30 |1 0,04 0,10 0,12 0,17 0,12 | z-o6pas-
2 0.04 011 018 015 0,08 nas

0 0,45 0,68 0,80 0,88 0,84 |TM-o06paa-

120} 60 | , 018 025 0.30 0.35 0.38 iy

Tpumeuanue. aor — Yrosi NOBOPOTA BOAHOrO [0TOKA B OTBOAE; P — yroa Hs-
MEHEHMS HaNpPAaBJIEHHS TEUeHHs JKHIKOCTH B y3Je; R — pdaHyc KPHBH3HB OCEBOH
JIUHHH OTBOJAA; [ — pacCTOAHHE MeXAy CMEXHHMH OTBOAAMH; d — AHAMETP TpY-
6onpoBoAa.

o —" -.\‘

\

..

2 ——
70 s, R=0 Zggzgd
Zom— g 2d
Fv—— 24
bo—— 3d 5d
5 x'——m (1:33)d 47

y b 0 —m—wy1125:38)d 494

\

-

N
B ——

T_.._—-.-—--.

7 30 60 90 120 150 8° 780

Puc. 26. Tpadpuk GTys = f(0) ans ysna, cocrosmiero H3 ABYX
Koaen Ge3 mpoMexyTounod BctaBku ([ = 0).

3.20. Yucjennnle 3naveHusi KO3 @HUHEHTa MECTHOTO CONPOTHB-
JeHHs ys 118 y3a0B z-o6pasHoii, I'-o6pasuoii u I1-o6pasnoit Gopm,
COCTOALHX H3 JBYX OAHHAKOBBIX KOJieH 0e30TPLIBHOTO (3J/JIHNTHYE-
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Puc. 27. Tpadukn (yy _.f(d ; d) ISt ABYX Y3.10B, COCTOSIIMX H3 TPex KOJeH, pac-
IOJOMEHHBIX B OJHOH NMIOCKOCTH
L

[— =0 2— ""_2 g~ f; o 6; 4—0AHO KOJEHO; §—ABa Ko/MeHa; 6—TPi KOneHa.



CKOro) oueptaHusi npu R, = Ry = 1,125d u R; = 3,8d (puc. 19) Aas
Hbl Ha pHC. 25 B BHJE rpauyeckod 3aBHCHMOCTH:

[
bya =/ ('E’ 8)
rae I—ILJIHHH npﬂMOﬁ BCTaBKH MCHKIY CMEXHBIMH KOJEHaMH.

Mpumeuanne. 3Hauennss Ko3hQHUHEHTA MECTHOTO CONPOTHBJEHHS MJs OMNH-
HOYHOTO KOJIeHa YKA3aHHOTO OYEPTaHHA TakKoBe: {x == 0,07 u T'x = 0,08

3.21. Xapakrep H3MeHeHHS 3HaueHWH Ko3(p(PHUHEHTAa MeCTHOro
CONPOTHBAEHHUS {ys AJSA y3J1a, COCTOSILIErO M3 ABYX OAHHAKOBHIX KO-
JieH Wad npsimoyrodpHoro (R = (), uau UUPKyJbHOro, HJIH 6e30T-
pHIBHOTrO ouepTaHus, npu [ = 0, B 32aBHCHMOCTH OT BEe/JHYHHHI yrja 0

Eus 1€
.._z‘!. ys Zf — M_l_‘f —
s 7_!7 d 6
36 |45
32 -émi.
28 .s,g’t\
A \X?
\,/\ N ,\5//
. R
— N2
0lo :
g 7 Rl 0 7 Ald 0 7 R

R I 1
Puc. 28. T'padugn Lyy = f (—E’ d—l. 7%) IAg y3aa, COCTOSILIEro H3 Tpex

KOJIEH, PacnoJOXKeRHbIX B PasHuX naockocrsx (6 = 90° 8 =0)

1—-%—;—0; 2——%—:4; 3—%—-:8; 4-—-04HO KOJeHO, 5—jBa KoAe€Ha;, 6—TPH KOAeHa.

MEeXAY IJIOCKOCTSIMH, B KOTOPBIX PacHOJOKEeHbl KoJeHa, MpeacTaB-
JieH Ha puc. 26 B BHJe rpaduka Ly, = f(8).
3.22. Uncnennvle 3HaueHHst KodpdUIHEHTa MECTHOrO CONPOTHB-

JeHHSl {ys A9 ABYX Y3JI0B, COCTOSINIHX M3 TPeX PacIOJIOXKEHHBIX B
OJHOM TIJIOCKOCTH OJZHHAKOBHIX KOJIeH TNpsMoyrosapHoH (R =0) H
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A ! i
uHpkyIbHO# (R = d, 2d) ¢opwm, npu 7% =0,2,6mn _da=0 H 8, B

. R
3aBHCHMOCTH OT 3HaueHHH mapamerpa 7, AaHb [23] Ha puc. 27
B BHJe IpaduyYecKHX 3aBHCHMOCTEH

R 4 1,
Lys zf(g’, =z 7,-),

rae /i — AJHHA NPAMON BCTABKH MEXJAY NMEPBHM H BTOPHIM CMEXHHIMH KOJeHAMH:

I3 — pyivHa NpAMOH BCTaBKH MEXKJy BTOPHIM H TPETBHM CMEKHHMH KOJCHaMH.

Ha puc. 28 npeacrasien Taxoi e rpaduk [24], moctpoenubiit
JJis1 aHaJOTHYHOTO y3/1a, COCTOSIIErO H3 TPeX KOJIeH, PacloJOXKeH-
HBIX B pasHbx miockoctax (6 = 90°, g = 0°).

3.23. s y3710B, COCTOALIMX H3 TPeX OJHHAKOBHIX OTBOJOB C yI-
JaMH MOBOPOTA aor = 30°, 60° 90°, pacHo/IOKEHHBIMH B OJHOH MJIO-

o ;

¥ : . Y4 A
K1/ NS Ay I W R b 2N LA
» PR Rﬁdﬂ \' 7"
48 | e =
40 1o .

35 |-
30

L 1
Puc. 29. Tpadukn Ly =f (B, % - %) ANS  y3aa, COCTO-

AI1ETO H3 TPeX OTBOXOB NPH f = ag;

__-l?..v ,_.19.... —_ lﬂ_-_.._—--
7 _‘;_0, -2 .=0; 2....“_0, 24 3 R =0, 4 =8; 4 R =1;
l?__. R.._.lﬂ_... R._ é__.

-2 =0; 5 =1; ~==4; 6——=1, =8,

CKOCTH, 3HaueHHs Ko3(h}HIHEHTa MEeCTHOrO CONPOTHBJIEHHS y3na

{ya IPH B = dor H 71 = 0; 4; 12 npeacTaBieHs Ha Tpex rpadHkKax
(puc. 29) Buna [24]:
R 1
Cys'—'f(B, 71 'di)-
Ananornynsie rpadgukn nocTpoens Ha puc. 30 IS MIOCKHX y3-

JIOB, COCTOSILIKX H3 TPeX OTBOAOB (ctor = 30°, 60°, 90°), npu p =
48



!
=360°—aor u 7 =0; 4; 12.

3.24. Yucnennbie 3HauyeHHss KO3()(HIHEHTa MecTHOTO CONpPOTHB-
JeHHs Ly, AJsi ABYX THIOB ILIOCKHX Y3JOB, COCTOSIIMX H3 UETHIpPeX

R
OJHHAKOBBIX OTBOJAOB (ator = 30° 60° u 90°) npu =0, 7 = 0, 1,
14 L
4 =0;4;12u 5 =0; 4; 12,
ne rpadukos [24]:

1
73 = 0; 4; 12, nauwi na puc. 31 B Bu-

Lyo = [(dor).

3.25. Uncnennsle 3HayeHHs] k03P (HUMEHTa MECTHOTO COMPOTHB-
neHust Gy AJIsi CAOKHBIX Y3JI0B, B COCTAB KOTOPBIX BXOAST ABa O/LH-
HAKOBBIX MPOCTHX Yy3Ja z-06pasHoli (OPMbLI, COCTOAMIHX U3 JBYX

Loy -
M
4§
40
3
30
25 e —
20
I
N

4

30

4 ¢ ya
9060 JOd, 0090 60 dd, 0 90 60 dd, 0

L 1
Puc. 30. T'paduknriy; = f (B, %, 7‘, -ﬁ-) IAs y3aa, cocrosiie-

ro H3 Tpex oTBojoB npH B = 360 — a5;

___-I,__.~ — l’__.- = l’_- .y l‘.‘~
1 =0; 7__0, 2__.13 =0, _J =4 3_7!___0, .71__3' 4__‘;__], _E._o.
s R _ . L . R )
F—— =:1, —=4; 6—-——d =1, i =8.

NPSAMOYTOJIBHBIX KOJIEH, 1 NIpsiMast BCTaBKa MeXAY HUMH, NPHBEIEHbI
na pHc. 32 B Bule rpaduka

!
cyg =f(2-y 6)1
rae l——paCCTOHHHC MEZXKAY OCAMH CMEXHBIX 2-06pa3Hle Y3J10B;

0 — yros MeXAy NJIOCKOCTSAMH Z-OGpasHbiX Y3JIOB.

3.26. I1ns omnpejeJieHHsi THADPABJHUYECKHX CONPOTHBJIEHHH pas-
JMYHOTO POAA apMaTrypnl (3aABHXKKH, oOpaTHBe KJamaHel ¥ Ap.),
(acoHHBIX yacTell (IIOCKHE H IIPOCTPAHCTBEHHBIC PAa3BHJIKH, KOHDY-
30pH, AH(GOY30pH H T. A.) H adpaUHOHHBIX YCTPOHCTB HAMNOPHBIX
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Tpy6ONPOBOJOB MOMHO NOJb30BATHCS YKA3aHHAMH, H3J0KEHHBIMH
B [4, 31].

3.27. T'uapapanuecKkHe pacueThl CH(OHHOrO BHIIYCKAa H3 HaNop-
Horo Tpy6onpoBoja B HANOPHBIH 6acCeliH U KJanaHa JJis aBTOMAaTH-
YeCKOTO CPHIBA BAKyyMa B CH(OHe cJelyeT BBIIOJHATb, PYKOBOJACT-
BYSICh YKa3aHHSIMH, NIpHBeleHHbIMH B [39].

3.28. Tlpu pacuerax rHApaB/JHYECKOTrO yJ1apa MOXKHO PYKOBOJCT-
BOBAaTHCS YKa3aHHSAMH H 3aBHCIIMOCTSMH, NPHBeAEHHBIMH B [32, 56].

&
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! e
1 2 3 4~ 5 6 7 8 d

l
Puc. 32, T'paduxu Ly; =f (7, 0) IAsi CHOXKHOrO y3iaa, CoCTO-

A11ero H3 IBYX 2-06pasHbix y3a0B (loc = 2d).

4. Y3Jibl CONPS)KEHHUSA CJHHBHBIX TPYBONIPOBOAOB
C OTBOASALLHM KAHAJIOM

OcCHOBHBIE CBeiCHHSI

4.1. ConpsizkeHue CJIHBHOH JIHHHH KOHAEHCATOPOB C OTBOASIIIHM
KaHaJIOM OCYILIEeCTBJ/IsSeTCA MOCPELCTBOM Y3JI0B, COCTaB H THII KOTO-
PBHIX 3aBHCHT OT THIA OTBOJSLIETO KaHaja (3aKPHITHIH HJIH OTKPHI-
TBIH), K KOTODOMY NPHCOEAHHSIIOTCS] CJAHBHBIE TPyGONPOBOABHI

C uespl0 2KOHOMHH 3aTpaT 3HEPrHH Ha COGCTBEHHBIE HYXK/bI
T3C u A3C, KOHCTPYKLHH YKa3aHHbIX Y3JI0B JOJIKHbI Ha3Ha4yaTbCs
TaKMMH, 4YTOOBI CO€JHHEHHE BOJHBIX NOTOKOB, BHIMYCKae€MBbIX H3
CJAHMBHBIX JIMHHI KOHAEHCATOPOB, C NMOTOKOM B OTBOJfLIEM KaHaJje
COBepIIaNoCch ¢ MHHHMaJbHBIMH THAPaBJIHYECKHMH TNOTEpPSMII

4.2. TlonoxkeHHe KOHAEHCATOPOB MO OTHOLIEHHIO K YPOBHIO BO-
A6l B OTBOASILIEM KaHaJje JOJKHO ObITh TaKHM, YTOGbl BHICOTA CH-
¢oHa (T. e. BeIMYHHA BAaKyyMa B caMoil BepxHeii TOYKe CJHBHOH
JHHHH) Obla nopsaxka 8—9 M, HO He NpeBHLIaJa JONMYCTHMOH
(0 yc/a0BHSIM BO3HHKHOBEHHS KaBHTALMH) BBICOTHL NPH JIO60OM
BO3MOXKHOM peXKHMe 3KCIJIyaTallH.
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PacueTHble 3aBHCHMOCTH H pEKOMEHIALHH JIs1 ONpeAeseHUs
BBICOTH cH$poHa npusesenbnl B nn. 4.15—4.19 wuacrosmux Pe-
KOMeHAauui.

4.3. Ha cauBHbiX TpyOONpoOBOJAaxX HE pPEKOMEHIyeTcsi YCTaHaB-
JHBATh 3aJBUXKKH M JApPYrHe 3alNOpPHO-PeryJHpyIollHe YCTPOHCTBa,
a Takxe ¢acoHHBe YACTH JUISl OTBOJAA W TpHeMa BOJH H ApYyrue
YCTPOHCTBA, CO3Jal0lHe BHXPEBbie 30HB B NOTOKE H JONOJHHTENb-
Hble THApPABJIHYECKHE CONPOTHRJIEHHS B TPyBOmpoBOAaXx.

4.4. Tlpu HaJAMYHH Ha SJAEKTPOCTAHLHU 3aKPHITOFO OTBOASLIErO
KaHana CJHBHble TPYOONPOBOAB OT KaXJAOr0 KOHIEHCATOpa BHI-
BOJSITCSI HEMOCPeACTBEHHO B 3aKPHITHIH KaHasm WId B CJAHBHON KOJO-
Jel Moj ypoBeHh BOAB B HeM. IIpH 3TOM BBICOTHOE MNOJIOKEHHE H
KOHCTPYKIIHH KOHIIEBBIX YYacTKOB CJHBHBIX TpyOOnpoBOIOB WK
CJIMBHBIX KOJIONIEB JIOJIZKHBI Ha3HAauaTLCS TAKHMH, YToOH 6bljia yCT-
paHeHa OMAaCHOCTL NPOPHIBA BO3JYyXa B CJUBHBIE TPYOOIPOBOIL TpPH
BCEX BO3MOXHBIX pacxojax W YPOBHSIX BOJAbl B OTBOJSIIEM KaHaJje.

4.5. Tlpu BbiNyCKE B OTKPHITHIA OTBOASIIMI KaHAJ CAHBHBIE
TpyOONPOBOAB OT KaxK/OTO KOHIEHCATOPa BHIBOJATCH B KOJOAEL
nmof yposeHb BoAu B HeM. [Ipu BuiBoje CAHBHBIX TPY6ONPOBOLOB
MO YPOBEHb BOJIB B OTKPHITOM OTBOJSIIEM KaHa/e, Ha KOHIE CJHB-
HBIX TPyGONpPOBOIOB CJAeRyeT MpeaycMaTpPHBAThL OTKAIOYAIOIIHE YCT-
poficTBa. '

4.6. C 1ennio co3naHHsi YCTOHYHMBOIO TH/PaB/IHUECKOTO PEKHMa
B CJHBHHIX TpyGonpoBojax, uto HeoOXoAHMO Aas obecneyeHHs yc-
TORYABOI BHICOTHI CH(POHOB, HAa OTKPHITOM -OTBOASILEM KaHaJje cie-
Ayer TpeaycMaTpuBaTh CHMOHHBII KOJOAelU, cOo3ZaBaeMBI C IO-
MOUIBIO OOLEro N5 BceX dHepPro6JOKOB 3JIEKTPOCTAHIIMN BOLOCJHB-
HOro yCTpOHCTBAa B BH/Ie Pa3BHTOH B IJiaHe NepeiHBHOH CTEHKH.

NMpumeuanne. Tnyxas nepejuBHasi CTEHKA HCKJIOYAGT BO3MOXKHOCTH DETyaH-
POBaHHsI BHICOTH CH(pOHA HA KOHJAEHCATOPAX, YTO IIPH HEKOTOPHX YCJIOBHAX (Ha-
npEMep, NpH GOJBIIHX PAcX0faX M BHICOKHX YPOBHSIX BOAB B OTBOAMUIEM KaHa-
Jie) MOKeT NPHBECTH K VBEJHYEHHK) HANopa IHPKYJIAUHOHHBLIX HaCOCOB.

4.7. [lns npenoTBpallleHHsl OMACHOCTH cpbiBa cudona (U3-3a Bbi-
NeJIEHHS] M3 UHPKYJSLHOHHOA BOJBl BO3AYyXa H CKOIJIEHHS €ro B
BEpXHell YacTH CJHMBHOH JHHHH) JAHaMeTp CJHBHOro TpybGomposojaa
PEKOMEHyeTCsl Ha3HayaTh TAaKHM, YTOGBl CKOPOCTL BOJBl B CJHB-
HOM TpyGomnpoBoje 6biia Obl He HHXKEe KPHTHYECKOH CKOPOCTH, NpH
KOTOpOil obecneuHBaeTCss TPaHCNOPTHPOBAHHE BOJON NY3HIPHLKOB
BO3AyXa B HHCXoAslleil BeTBH cubona [58].

KOHCTPYKUMS M KOMNOHOBKA Y3/IOB COMNPSIIKEHHA CAHBHBIX TPYyGonposoaos
KOHJEHCATOPA C OTBOAAWIMM KaHAaNOM

4.8. KomnoHoBka 1 KOHCTPYKUHS Yy3Jia CONPSXKEHHS CIHBHBIX
TpyGONpPOBOAOB C OTBOASIIMM KaHAJIOM 3aBHCSIT B OCHOBHOM OT TH-
na yana (co CAIUBHBIM KOJOAUEeM HJH 6e3 Hero) M OT THIA OTBOXS-
L1ero KaHaxa (3akpbIThIH, OTKPHITHIH).
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Tabauya 6

CxeMbl CONMPSIKEHHS! CAHBHHIX TPYOGONMPOBOJOB ¢ 32KPHTHIM OTBOASIIHM KaHAJOM
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4.9. CxeMBl BO3MOXHOH KOMIIOHOBKH Y3JIOB CONpSIXKEHHSI CJIMB-
HBIX TPYOONpPOBOJOB KOHJAEHCATOPA C 3aKPBHITHIM OTBOASIIIHM KaHa-
JIOM M TeOMeTpPHUYecKHe MapaMeTphi Y3J0B IpejCcTaBjeHb B TabJ. 6
[59].

4,10. ITpu npoeKTHPOBAHMH Y3JIOB CONPSIXKEHHsI CJAHBHHIX TPy0o-
HPOBOAOB C OTKPHITHIM OTBOASIIIHM KaHaJOM INPSIMOYTOJIbHOTO ce-
YeHHs CJIMBHEIE TPYOONPOBOJAH MOTYT CONPAraThecsl ¢ 6eperoBoi noj-
HNOpHO#M CTeHKOH KaHa/jla HeloCPeACTBEHHO WJIH NOCPEACTBOM CJHB-
HBIX KOJIOAIEB.
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Tabauya 7
CxeMbl CONpSKEHHS CAMWBHBLIX TPYOONPOBOXOB C OTKPHITBIM OTBOJANIKM KAaHAJOM NPAMOYIOJBHOIO CEYEHHS
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CxeMbl pas/IHUHBIX KOMIIOHOBOK Y3JIOB CONPSI>K€HHSI CJOHBHBIX
TpyGONPOBOJAOB KOHJEHCATOPA C OTKPHITHIM OTBOASALIMM KaHaJOoM
NIPSIMOYTOJILHOTO CEUeHHS H IeOMeTPHUeCKHe IapaMeTpel 3THX Y3-
70 TpuBefeHsl B Taba. 7 [59].

Anajiornusble cXeMbl KOMIIOHOBOK YNOMSIHYTBHIX Y3J0B MOTYT
6biTb HCIOJIb30BAHB B.CJAyuae NPHMEHEHHS] OTKPLITHIX OTBOASMIMX
KaHaJIoB TpaneleHaaJbHOro MONePeyHoro CEYeHHs.

PexoMenaauuy N0 THAPABIAHYECKOMY PacyeTy Y3JOB CONPSKEHHS
CJAHBHBLIX TPYGOMPOBOJAOB C OTBOASALIHM KaHAJIOM

4.11. TuapaBaHYeCKHE PACYETH Y3J0B CONPSIXKEHHS CJAHBHBIX TPY-
60npoBOJOB C OTBOASIIHM KaHaJOM BKJIIOHAIOT B ceGs pacdeTh:

a) noTepb Hanopa Ha BHIXOJE H3 CJIUBHHX TRYOGONPOBOAOB fcyx;

6) morepsp Hamopa B OTBOASIILEM KaHajle Ha COeIHHEHHE BHIXOAs-
Iero H3 CJHBHBIX TPYGONpPOBOJOB BOJAHOIO MOTOKA C TPAH3HTHBIM
BOJHBIM TIOTOKOM B KaHase Ay m, BEJHYHHY KOTODBIX HEe06X0XHMO
3HATh IPH NOCTPOEHHH MbE30METPHYECKOH JHHHH (B 3aKPHITOM OT-
BOJASLIEM KaHaJje) WIH KpHBO# CBOGOAHON MOBEPXHOCTH BOAH (B OT-
KPHITOM OTBOASLIEM KaHate);

B) CYMMapHBIX NOTEPb Hamopa B y3Jie /ly;, N0 BeJHYHHE KOTOPBIX
MOXKHO OLIEHHBATL THAPABJIIYECKHE JOCTOHHCTBA pa3JHYHBIX Ba-
PHAHTOB KOMIIOHOBKH Y3Ja.

Jln51 BLIYHCJICHHS BeAUUHH Acx, M o B Ays CTyKaT HOpPMYILL:

v'.’
hep = Ley 2};“ ’ (13)
h = ‘Ui' i1 14
K. 0 Ke Dl 2g 4 ( )
2
v
hys = :ya ;gﬂ ) (15)

rae Lea, Cwon, Lys — KO3OHUHEHTH MECTHBIX CONPOTHBJEHHH, COOTBETCTBEHHO, Ha
BLIXO/ie H3 CJHBHBIX TPYOOIPOBOAOB, Ha COEANHEHHE BOIHBIX
NOTOKOB H y3Ja;

vx.u~cpezmm CKOpOCTb BOJAHOroO IOTOKa B OTBOAALIEM KaHaJje

B CCUEHHH HEHOCPC}ICTBGHEO 3a Y3JIOM;

g — YCKOpeHHe €BOOOAHOrO najeHud.

3HaueHHss KO3(D(PUUHEHTOB MECTHBIX CONpPOTHBJACHHHA ey, Cxn H
Tys 3aBHCAT OT BeJHYHHBI KO3(pduuueHsTa B, PaBHOTO OTHOILUEHHIO
CKOPOCTH BOJBl B CJAHBHLIX TpyOonpoBoaax vm K CKOpPOCTH BOJIbI

B OTBOAALEM KaHalje 3a Y3JOM Uxgp (Bo = ), HOT KOJHYeCTBa

vKn
ONIHOBpeMeHHO paboTaloluX -CJAHBHBIX TPy6onpoBojoB (OAHH HJH
nBa). [ast yueta 3THX YCJIOBHH NPHHATHL ClelylouiHe 0603HaueHHs:

npu pabore 00HO20 causro2o TpYbGonposoda

Cea i — AASL BOAHOTO [OTOKA, BBIXOASALIETO H3 {-TO CJHBHOTO TPY-
6onpoBoja (i =1, 2);
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Tab6ruya 8

3HaveHUs KOIPPHUHEHTOB CONPOTHBICHHS Y3J0B MOXKIIOUEHUS CAHBHBLIX TPY6 K HamopHomy kamany TAC

[Tpu paGore oxuoit TpyGul

[Mpu paGore xByx 1py6

Homep
CXeMbl ’ 12 ”
(r26a. 6) CK_ n Cox ; Ck' - - Ccn
1,008 1) 2 0,871 2 2
I 0,245 (ﬂﬂ.) 1,050( o ) — 1,932 0,485( v"") 1,003( ”“") —0,253 1,025( "C“) —1277
Uk. n Uk, n V- n Vkon Vk.n
0,856+ 2 0,172+ 2 2
1 0,156 (< 1722 (=2 1051 | 0276 (—2 1,862 (—2)" _ 0582 1,393 <L) — 0,703
Uk.n Uk. n V. n Uk. nt Uk, n
1,1964 2 0,821 2
lia 1,224 (;’C“ ) 0942 (j’ - ) —0575 | 0810 (,f”’ ) 1,081 ( Yen ) —0315| 1,135 (1’9‘-) — 0,964
K. 1 ] K. 1 Uk.n Uk.n
0,9316 2 ) 0,933 2 2
116 0,540 ( Yer ) 1,088 ( Jex ) — 0,482 0,7( "’“‘) 1,181 ( Jex ) +0,126] 1,919 ( "’”‘) — 0,663
Uk. n Vg Uk.n Ug. n Uk, n
0,9440 2 0,905 2
[ls 0,403 [ —<a 0815 (&) 1,141 | 072 (< 0,901 [—<2)" _ 0,055 | 0,883 [—<%)" — 0,796
Uk Uk. n Uk.n Uk, n Uy, n
1,063 2 0,712 2 2
v 0,395 [ —c 0791 [—1)" _ 0935 | 0,733 (-—2x 0,814 [—2)" 1 0,056 | 0,785 [—<L) — 0,719
Uk.n Ugonn Uk, n Uk, n Uken
0,939 ] 0,287 2
v 0,256 [ —<t 0,084( Yer )" 0,283 | 0530 (-‘—’ﬁ’l 0,370 (=22} 0,160 | 0,254 [—2)" — 0,939
Uk.n Ug.n L Uk n Ux.n




09

ITpodonscenue maGruyee 8

Tipu paGote oanok Tpy6u

Ipu pabore asyx Tpy6

Homep
CXeMbl ; B .
(rage. 6) . m Sea S n Cen Cen
1,179 45
VI 0625( ""‘n) 1,701 ( ) —1,306( 0981 ( "“") 1 814( ”"') —0,392| 2,037 (;"K—‘in)’ — 1,682
n .
—6,92+2,704 21 4 | _0,941—0,516 21
VII Uk, n V.
+0,114 (_"&)2 +1,27 ( Jex )
] k. <n
—-5,922+2,606 ~ | ~261240, 851 x .
VI Uk. . .0
+0,055 < ) +0, 907( °“n)
_10914+1,119 ex 11,469—8,819 _U°% 4
IX Uk.n Uk, l;
v, \? Uen
+1109 (;_) 2054 (72
K. Il
—| —6,586+-4,531 v.."ﬂ -
X Uk, P x.2n
—0841 ( ) —0,538 (_2.)
Uk,

* Mpu et < 3,09
Vk.n

** [Ipn 28 < 2,06.
Uk.n




x ;i — AJISL TPAHSHTHONO NOTOKA B KaHaje MpH paboTe CAHBHO-
ro TpybonpoBoaa;

+ e

’:y3 = Lea i Qo | CK. n.i Qx o (16)
rae i =1, 2 (B cOOTBeTCTBHH C HOMEpPOM paGOTAIOIEro CAHBHOrO TPyGOIpOBOAa);
npu pabore 08yx causHbslx Tpybonposodos

C’m—zum BOAHOI0O HOTOKA, BBIXOAAILErO H3 NMEpBOro HalOpHOro
Tpy6ONpOBOAA;

{”¢x — AJIS1 BOAHOTO MOTOKA, BBRIXOASILErO I3 BTOPOrO HANOPHOIO
Tpy6GonpoBoAa;

{'x.n— AAS TPAaH3HTHOTO BOJAHOTO NMOTOKA B OTBOASIIIEM KaHaJe;

. ' y Q + Q
C‘Y‘»’ = (Qm + ccll) QKC:E + Cx. n Q:n ’ (17)

rie  Qeca — PAcXoOX BOABI B OAHOM CIHBHOM TPYGONpOBOAE;
Qx # Qg — pacXoAH BOAH B OTBOASILIEM KaHaje B €ro NMOMEepeyHBIX CedeHHSX,
B3ATBHIX NEPEeA y3J0M H 3a Y3JIOM.

Mpumeyanne. B ciayuae npHcoeAMHEHHS O/JHOrO M3 CJAHBHHX TPyGONpoBOAOB
K TOpUY 3aKPHITOFC QTBOAALIEro KaHaxa, ¢opmyaa (17) mpespalnaercsi B TaKyio
Qopmyay: , ,
mo_ .__.Q..C.J_’_,Mr' an’ (18)
y3 T e Qg e Qo
rae Qo Q"o — PACXOAB BOAM B nepBoM (TopueBOM) H BTOpoM (GOKOBOM)
CAHBHBIX TpyOonposojax.

Zy 4
g g, 9
ne » o
“ / /1 (g w vt
.4
35 Ha 150 /3 vl
/ N % x
2 v mo 7 25
2 75} A A o A
15 ]
15 - oy 7 b / /
w0 g, %3 1 s
5 — + + X
L LV 00510152025 308, 0 12 3 4 5 6p,

0123 45 bfy

I

Puc. 33. I'padukn nas onpenenenus Cya, L Cw B 3aBHCHMOCTH OT OT-
Vea

Houienud cxopocrel B = 7 /ISl 3aKPHITOrO OTBOASINEr0 KaHana MpH pabore
Kn

a—oxxofi cauBnofi TpyGn; 6 — HBYX CJAHBHBIX TpyG;, 8 — NpH TOPIEBOM MNOABOXC.

4.12. 3nauenns Ko3¢(HUUHEHTOB MECTHBHIX CONPOTHBJEHHH Cex i,
Eex 1 87cn, a TakKe L. g ¥ {wonr AJS AECATH KOMIOHOBOUHHBIX CXEM
y3/aa conpsKeHHsI CJHMBHBIX TPYGONpPOBOJOB C 3aKPBITBIM OTBOASA-
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3HavenHs KOI)DHUHEHTOB CONPOTHBICHHS Y3J0B NPHMbIKAHHS CHHBHBIX

Tabauya 9
TPY6 K OTKPBITOMY NPSIMOYTOJAbHOMY OTBOAAILEMY KaHAaNy

IMpu pabote 1BYX TPY6

1%
(24

"

4
[

7

K, It

hid=2,0

hjd=2,5

hld=3,0

0,9128,2—0,654

0,9583,2—0,114

0,1378,2+0,262

0,1983,2-1-0,202

0,1808,2-4-0,253

0,9938,24-1,034

0,9218,2—0,914

0,2058,240,138

0,1798,2-1-0,134

0,1618,2-1-0,055

1,0298,2—0,824

0,9908,2—1,079

0,1488,24-0,416

0,1228,2+-0,318

0,1098,240,237

1,5718,2—0,488

1,449,2—0,978

0,1718,2--0,354

0,0148,241,681

0,0868,2+0,211

0,8578,2—0,674

0,9258,2—1,19

0,2158,240,416

0,1658,3--0,271

0,1308,,2--0,069

0,2208,2—0,186

0,0803,2—0,192

0,1408,3+0,189

0,1238,2+0,039

0,5293,2—0,399

0,3533,,2—1,352

0,094%,2--0,158

0,0948,24-0,158

0,0403,2—0,014

Tpu pabote oaHoft TpyGs
HoMmep cxemur 4
(raba. 7) 13 K. 1
< hjd=2,0 nid=2,5 hjd=3,0
a
1 6 |0,9833,2—1,468 |0,0483,24-0,072 | 0,0598,2+0,161 | 0,0948,2--0,092
B
a |1,3598,2-0,356 |0,1508,2+0,191 | 0,1208,24+-0,137 | 0,0178,2-+-0,145
I
6 |0,7878,2—0,432 |0,1518,340,482 | 0,1278,7--0,289 | 0,1008,2--0,098
\Y% 0,2573,2—0,305 - 0,0948,24+-0,078 | 0,6308,2--0,122
[lepsas Tpy6a
0,34937,2—4‘),%33
Vi —  ]06138,2—0,937 | 0,0758,2+0,114 | 0,0458,2--0,018
Bropag Tpyoba
0,6228,2—1,068

mwHM Kanajom (tabu. 6) MOryT ObiTh BBIYHCJIEHBLI MO NPHBEJEHHBIM

B Ta6J/1. 8 (opmyaam, B KOTOphle B KadecTBe apryMeHTa BXOAUT KO-
Uex

spduUHERT B, = 5 - [59].

3nauenns ko3pQHUHEHTOB MECTHBIX CONPOTHBJEHHH y3na {'y,
7ya 1 U'ys ISt TEX Ke NeCATH KOMMOHOBOUHBIX CXEeM y3ja MpH-
BeJleHbl 11a pHe. 33 B BHAe TPadHKOB Ly = [(By).-

Fpaduki noxkassBaIOT, YTO HAWIYYLINMH C THAPABAHYECKOH TOY-
KH 3pelusa SBAAIOTCA CONPSIKeHHs CJAHBHBIX TPYGONMPOBOJOB C 3a-
KPBITHIM OTBOASIIHM KaHaJoM Ho cxemaM V n X, T. e. IOCPe/iICTBOM
TOPH3OHTaJAbHBIX AH((Y30pOB ¢ MaJabiM HEHTPaJbHBIM YIJOM pac-
mupeHns (ue Gosee 10°).

Komnonosku yznos no cxemam III u IV cymectBenso ycrynaior
B IUAPABJANYECKOM OTHOLIEHHH y3jaM ¢ Auddysopamu (cxembl V u
X). Cxemnl II n 1V, B KOTOpHIX CAHBHBIE TPYOONPOBOABI MOACOEAH-
HAIOTCS K IOTOJKY 3aKPHITOFO OTBOASIIErO KaHajla, XapaKTepH3y-
JOTCSl TIOBHILEHHBIMH NOTEPSIMH Hanopa H BO3MOXHOCTBHIO CKOMJIEHHS
BO3/lyXa B BepxHell 4acTH KOJIeH, YTO MOXKET BHI3bIBaTh HapylleHHe
ycTolyHBoli paboThl C/AHBHOH JIHHHH KOHAEHCaTopa.

4.13. 3naueHnst Ko3¢pEdUUHEHTOB MECTHBIX CONPOTHBAEHHH Ceu i,
Uen M §ca, @ TaKKe L H {'xn A5 HETHIDEX KOMMOHOBOYHBLIX CXeM
y3Jla CONpSixKEeHHsI CTHBHBIX TPYOONPOBOJOB C OTKPHITHIM OTBOAALIMM
KaHaJIOM TPSIMOYTOJBHOTO H, OPHEHTHPOBOYHO, TpamneLeHAaJbHOTO
HONEpPEeYHEIX cedeHHH (Taba. 7) MoryT ObiTh BBIYHCJEHBI I10 NMpPHBe-
JeHHBIM B Taba. 9 dopmyaam [59].
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3HayeHis KOS(ULIEHTCS MECTHBIX CONPOTHBJEHHH y3aa L'y, H
t”ys TIPH OAHOBPEMEHHOjI PabOTe OANOLO H JBYX CJAHBHBIX TpyGompo-
BOAOB JJIsl BCEX INECTH KOMIIOHOBOUHBIX CXeM y3Ja NpeACTaBJeHbI
Ha puc. 34 n 35 B BuAe rpadukoB Gy = [(Bo).

paduxy nokaseiBaloT, 4TO HAHJAYHLIHMH ¢ THAPABJIHYECKOH TOY-
KH 3peHMsl SBJISIOTCH COIIPSXKEHHS CAHBHBIX TPyGONMPOBOAOB C OT-
KPLITBIM NPSAMOYTOJbHBIM OTBOASILINM KaHaJOM IOCPEACTBOM HHIH-
BHAYaJdbHbBIX AHGOY30pOB ¢ MaabiM yrJjoMm paciuupenuss (cxema V)
1 o0beIHHEHHOTO AJfl ABYX CJHBHBIX TpybompoBomoB auddysopa
¢ NojABOAOM BOABI noj yriaom 45° K ocum OTBOAsHIEro KaHaja (cxe-
ma VI).

KoMNOHOBKH y3710B ¢ NpHMeHeHHeM c6opHOro Kene300eTOHa
(cxempt 11 11 I11) o6s1a1210T HECKOMLKO XYAINMHMH THAPABAHYECKHMH
XapakTepHCTHKaMH, 4eM y3Jibl ¢ AHddy3opamu.

ITpn BeIMOSHEHHH KOHHEBBIX YUacTKOB CJAHBHBIX TpyOONPOBOIOB
B BHAE LHJHHADHYECKHX BOJOC/HBOB, PacnoJoXeHHbIX B OOueit
aBankamepe (cxema lV), ruapasianueckiie NnoTepn B y3Jie CYLLeCT-
BEHHO BO3PacCTaloT MO CPaBHEHHIO ¢ ApyrumMi cxemamii. Ilpu 3toM B
aBaHKamepe HeOOXONHMO IpeaycMaTpHBaThb YCTPOHCTBO pPa3jiesn-
TeJbHOH CTEHKH MeXAy OroJIOBKaMIl IIHAHHAPHYECKHX BOMOCJIIBOB,
YTOOB HMCKJIOUIITH 3aTeKaHHe CTPYil BOABl H3 OAHOTO OrOJIOBKA B
ApYyro#.

ITpu Takoil KOMIOHOBKe y3Ja OTiajaer Heob6XO/UMMOCTb B IIPH-
MEHEHHM 3aMopHO-OTKJAIOUAIOUHX YCTPOHCTB Ha KOHIAX CJHBHBIX
TPy6ONpPOBOAOB, YTO CNOCOGCTBYET a’pauui BOJHOrO MOTOKA H AP.
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4.14. TuppaBauueckuii pacueT BOZOCAHBHOH CTeHKH CHQOHHOIO
KOJIOJ1a CJefyeT BHIIOJHATL 10 (opmynam, npuBeleHHEM B[ 46].
Joist co3panus Ha BRIXOJE M3 CJHBHBIX TPyOONPOBOAOB HAaJEKHO-
ro «THAPABJHYECKOTO 3aTBOPA», YCTPAHSIOLIETO ONACHOCTh NMPOPHIBA
BO3AyXa B CJUBHbE TpPYyGONPOBOABI M cpbiBa CHGOOHOB, OTMETKa

60 di Uzs
L) D20’ 5 LAY dhozg | =m
50 s ? W v G e
" ! / e f ma
¥a / ] s wa / 403
40 ., / //
f / iia / /
30 /// 0o / /é: g/zrp ta. j/
/ lila / g /
RENE/ ARV
kg i
10 // /W"?J // / /%L

ﬂfu,

0 2 4% & 8 Wo 2 4 6 & 10 ¢ 2 4 6 8 10 12

Puc. 34. Tpaduku aas onpenencHus T'y; B 3aBHCHMOCTH OT OTHO-
. Uea

weHHs ckopocteit f, = — JAJS OTKPHITOTO NPAMOYrOJIbHOTO OT-
K.Nn

BOAAILEro Kanana (npu paboTe OJHOTO CJAHBHOTO TPyGONpOBOAA).

B -
b wa|[15]}1f i b,
¥ {/m /M / " s 2 =30
f[) 7 P / f f
720 ! 757 / la /
40 Nivian - N A
e 5&13 / /
G/ S U Y

/ /
b 1] 7 Mif / / 72’7 v
/4

. 1
g 2 4% 6 8 0 2 4 6 & w00 Z & 6 8§ 10

Puc. 35. Tpadpuxu ans onpenesnenus $”yy B 3aBHCHMOCTH OT OTHOLIe-
. Uea

HHsL cRopocTedt fo = 5 AJIst OTKPHITOTO TNpPSAMOYT'OJIBHOrO OTBOAS-
K

ulero KaHana (npu paGoTe ABYX CJAMBHBLIX TPyGONpOBOAOB).

B

rpeGHs BROJOCAMBHOH CTEHKH CIOHHOTO KOJMOHUA AOJXKHA OBThH
HE MeHee YyeM HAa 0,3 M BBIIIC OTMETKH IIOTOJIKa 3aKPHITHIX KaHAJOB
WJIH OTMETKH BEPXHHX KPOMOK BBIXOJHBIX CEueHHH CJAHBHBIX Tpy6o-
IIPOBOAOB NDH CONPAXNKEHHH NOCACAHHX C OTKPBITBIM OTBOAAUIHM Ka-
HaJoM.
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Onpeaeaenye ycrofiyuBoit BHICOTH CHoHA

4.15. Tlop BhicoTON cH(OHA KOHAEHCATOpa NOAPa3yMEBAeTCH Bbl-
paxeHHas B MeTpax cronba KHIKOCTH BEJHYHHA BaKyyMa B caMof
BEPXHEH TOYKe CJAHBHOH JIHHHH KOHJEHCAaTopa.

Bricota cudona 3aBHCHT OT aTMOC(EpHOro HaBJieHHS, T. €. OT
BBHICOTHOH OTMETKH pAacIoJIOXKeHHsI KOHJAEeHcAaTopa HajJ YPOBHEM MO-
ps, oT KoseGanuii aTMOCGhEPHOrO AaBJEHHS, OT IOJOXEHHUS YPOBHS
BOJABI B CJIHBHOM KOJIOALE, OT MOTEPh HANoOpa B CJAHBHOH JIHHHH, OT
JaBJeHHs napooOpa3oBaHMsi NPH JaHHOH TemmnepaType Harpetoi B
KOH/IEHCATOPE OXJaxK1alolieil BOAb H psaxa APyrux HakTopos.

4.16. asa nasnauenus npu npoektnposanun TIC u ADC ycroii-
YHBOH BBICOTH CH(OHA KOHJeHCATopa CJELYET ONPCAEJIUThL Npejlesb-
HYI0 BBICOTY cudona, NpPH KOTOPOl He NPOHCXOAHT apoobpasoBa-
HHS1 BHYTPH JKHJAKOCTH MPH BCEX BO3MOMKHBIX YCJOBHAX 3IKCIJlyaTa-
LHH.

s oGecnieuenns ycTodunBOCTH cH(pOHA HEOOXOAHMO, UYTOGHI
JaBJeHue B CaMoOil BepXHeji TOUKe CJHBHON JHHHH KOHIAeHcaTopa Obl-
JIO HECKOJIbKO Gosbuie (Ha 20%), ueMm nasjenHe nmapoolpasoBaHHS
npH AaHHOH TeMmepaTtype BOAbL. [IpH 3TOM AOJKHBI IPHHHMATbHCS
BO BHHMaHHe caMbieé HeBBI'OJIHbIE YCJOBHS IKCIJIyaTallHH, @ HMEHHO!

a) MHHHMAaJbHOE 3HAYCHHE aTMOC(HEepPHOTO AaBJIEHHS;

6) HauBBICIIAs TeMmepaTypa HarpeTofl B KOHJ/IEHCAaTOpe OXJaxK-
napuieii BOJBI;

B) MHHHMaJILHBLI YPOBEHb BOAbl B CJAHBHOM KOJOILE.

MuHuManbHBe 3HaUeHHs napamerpa GapomeTpryeckoro (aTMo-
ctepHoro) nasaenusi Hs, y 415 pasyiH4HONR BBICOTHI MECTHOCTH HaJ
YpPOBHEM MOpS NpHBefeHbl B Tabu. 2, a B Tabn. 3 ykasaHbl 3Haue-
HHS1 napamerpa napooGpasoBanus Hy npu passnyHoil TeMmepartype
BOIHI 1.

4.17. Ins OpHEHTHPOBOUHOrO THJPABJIHYECKOTO pacyera cHdOHa
KOHJAeHcaTopa MoxXeT OnTbh HCHOJb30BaHa cJaeaylowmas dopmyna:

2
.. . v Uy
Zen=Hg y - Nhp ¥ by —12H, 2 <1 (19)
. 20 2g
rae Zen —— PA3HOCTb OTMETOK HaHBbiCHIEH TOYKH CJAMBHON JIHHHH KOHJEH-

caropa H HaAHHH3INEIO YPOBHS BOIB B CJHBHOM KOJ04UE€;

r
Hg, uw= (T — TapaMeTp, YUHTHIBawminil abcosoTHOoe MHHHMAaJbHOe OapoMmerT-
6.M

puueckoe {(aTmocepHoe) 1aBleHHE BO3AYXa;
Zh v Zhy -— noTepH Hamopa Ha TPeHHE M HA MECTHHe CONPOTHBICHHS B
cauBHoM Tpybonposoe;

Hac -
Hp = 7 — HapaMmeTp, YYHTHIBAOWMIL NaBjeHHe napoobpa3oBaHHA HPH

MaKCHMaJIbHO BO3MOJKHOIl Temmeparype BOABI B CETOYHON Ka-
Mepe;
Ucn H Ux — CKOPOCTH BOJAbBl B HauBLICUIEH TOYKe CAUBHOHR JHHHH KOHIeHCa-
TOpa H B CJAHBHOM KOJONLE;
g — yckopenHe cBOOOAHOrO maaeHHA,
P — naBnienne Bp3AyXa;
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Pyac — 1aBieHne HAacHILEHHOrO BOASHOrO mapa;
Y — YACJBHBII BeC BOABL

IMpumeuanus: 1. Bprmcienine noreph Hamopa Ha MECTHbIE CONPOTHBJAEHHS
Fhy chaemyeT BHINOJHITH B NPEATNONONKEHHH NOJHOTO OTKDHITHA 3aJABHAKKH Ha
cAMBHOM TpyGonposoge (NpH HAJIHYHI TAKOBOH).

2. BoJiee TOUHO® ONpEAE/CHHE BEJIUYHHBL Zcy; MOXKeT OHTh CHENaHO HA OCHO-
BE JAHHBIX 3KCHCPHMEHTAALHBIX liCCJIQ}lOBaHHE?I, BBINOJMIHEHHBIX HA ,neﬁcmy}omux
TAC u ADC nun B nabopaTopHiL.

4.18. BhicoTa Zc; 3aBHCHT: OT notepp Hanopa (Zf+Zhy) B
CJUBHOMN JIMHHH KOHIEHCATOPAa; OT CTeNleHH FepMeTHUYHOCTH MOABOAS-
HIeH M CJMBHOI JIHHUI KOHJEHCATOpa; OT YCJOBHH 3KCNJIYyaTallHH.

Buonsnue nepBoro ¢akropa MOXKeT NPOSIBUTLCSA B TOM, 4YTO € POC-
TOM TOTEPb HAnopa B CJAWBHOH JIHHHHM BeJIHUHMHA BakyyMma B cudoHe
nonusuTcsa. Takoit xe 3¢@dexkT BeI3bIBAeT 3acachbiBaHHe BO3AyXd ye-
pe3 HEeNJIOTHOCTH COeIHHEHHH W apMaTypbl HaNOPHOTO H CJIHMBHOIO
TpyGONpPOBONOB, NPHUCM TONAAaHHE BO3AyXa B 30HY BakKyyma IpH-
BOJIHT K CPBHIBY HJH K yMeHbUIEHHIO nocaeniero. Hanuune Toro uau
HHOTO (haKkToOpa H CTENeHb ero BJHSIHHS Ha 3HAYCUHE Z¢;x 3aBHCAT OT
cxeMmsl BonocHabxenuss TOC uau AC.

Taxk, mpu cxeme BoaocHaOXKEHHS C HMEHTPAJbHOH 1aCOCHOH CTaH-
IIHeH Ha OTBETBJEHHSX HANOPHBIX TPYOONPOBOJOB H Ha CJHBHBIX
TpybonpoBojax yCTaHaBJAHBAIOTCA 3aABHXKKH H JApyras apmarypa,
BBI3BIBAIOIHE TIOBBIIIEHHE TIOTeph Htanopa B Tpybonposoaax H HaApy-
Iajouide repMeTH3alHio MocjaefHHX (H3-3a HEIJIOTHOCTH COeJiHHe-
HUH TPyO H HerepMeTHYHOCTH caMoHl apMaTyphl).

[Ipu GaouHofi cxeMe BOROCHAGXKeHHsI 1A HAMOPHBIX H CJIHBHBIX
Tpy6ONpoBo/laXx OTCYTCTBYIOT 3a/(BHXKKH H Jpyrasi apMartypa, BCJAek-
CTBHE Yero noTepH Hamopa B TpyOGonpoBojax HMelT MHHHMAaJbLbHOE
3HaYeHHe ¥ HCKJIYAeTCsT BO3MOXKHOCTb MONajlaHus BO3AYyXa B 30HY
BaKyyMa uepe3 HEIJIOTIOCTH B COeJHEeHHsiX TpyO ¢ apMaTypoil H B
caMoi apmarype.

Ha 3nauenmne z.; M Ha ycTOHUHBOCTL paloThl cHoHa OKa3biBa-
IOT BJHSHHE KOHCTPYKUHSI H KOMIIOHOBKa CJHBHBIX KOJIOAUEB, a
TakKe cTenelb NOATONJEHHS IOCJHEHXHHX €O CTOPONB OTBOASAUIETO
kaHaJsa. [Ipy 3ToM ueM MeHblUIe MOTEPH HANOpa B y3J/€ CONPSIKEHHS
CJHMBHBIX Tpy6 KOHAeHcaTopa C OTBOASILUMM KaHa/JoM, TeM OoJblue
BeJIHYHHA Bakyyma B cudone.

4.19. OnpejesnieHHe KPUTHYECKOH CKOPOCTH Uyp, MNPH KOTOPOM
obecneyuBaercst TPAaHCNOPTHPOBaHIie BOAOIl NMY3blpbKOB BO3J1yXa B
HHCXOJsillell BeTBH CH(OHA, MOXKET BHIIOJHSTHCS COMJIACHO PEKOo-
MeHAauuaM, nanpumep [19, ¢. 51 —56], a TakKe Ha OCHOBe AaH-
HBIX 71a60paTOpHBLIX H HATYPHBIX THAPABJIHYECKHX HCCJCNLOBAHHI.

Kpurtuueckasi ckopocTb ABHIKEHHSI THMAPOCMECH Uyp B CJAHBHOH
JIUHUHM KOHJeHcaTopa 3aBHCHT OT BeJHYHHBE Bakyyma, IHAMeTpa
BO3/YUIHLIX MY3bIDBKOB H APYrHx (akTopoB. Tak, COranacHo JaHHBIM,
npusenendsiM B [19], npu BakyyMe mopsinka 7—8 M, HE3HAYHTeNb-
HOH KOHUEHTPAIHH BO3[yXa B BOJle H JHAMETPe BO3AYLIHBIX NY3HIPhb-
KOB dyy; = 0,008 M KpHTHYECKasl CKOPOCTb NMOTOKA Uxp HMEET BEJH-=
ynHy nopsaka 0,7 —0,8 m/c.
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5. OTBOASAIIHA KAHAJI U COOPY)XEHHS HA HEM
OcHOBHbIE CBECHHSA

5.1. OTBoasiHA KaHaJ OGBLIYHO MPOEKTHPYETCS B BHAE OTKPHI-
TOTO BOAOBOJA, CJAYKAUIEro JJis OTBOJA LUHPKYJISHHOHHOH BOJBI OT
TAC u A3C B HCTOYHHK BOAOCHAGKEHHS HJH B OXJaAHTEb.

5.2. OTBOAsIlIME KaHAJbl OGBIYHO TNPOEKTHPYIOTCSI B 3EMJISTHOM
pycie 6e3 KpemjeHHsi AHA H OTKOCOB WJIH B PYCJE C Pa3JHUHBIMH
THNAaMH OOJHIOBKH (Kese3oOeronunasi, rpaBuiiHasi). BwiGop Tuna
Kanaja JOJXKeH OGOCHOBLHIBATHLCS B IIPOEKTE TEXHHKO-IKOHOMHUE-
CKHMH pacyeramu.

5.3. B npoekTe OTBOASINIEro KaHaJa MOTYT HpPelyCMaTpHBAThCH
cjelylollHe pacloJ/IOKEeHHBIE Ha KaHaje THAPOTeXHHUeCKHE COOopy-
XKeHHs:

a) BOJOMPOBOASIHE COODYXKeHHst (aKBeAYKH, AIOKEpHl, TPYyOHI);

6) compsraroiiie coopyxkeHHsi (mepenajsl, GLICTPOTOKH);

B) KOHIEBOE COOPYXKeHHe (3KeKTHpYIollee, BOLOCAHBHOE, CTpye-
pacnpenesuTeNbHOE).

5.4. BoxonmpoBoJsiiie COOpYy:KeHHsl Ha OTBOAsILIEM KaHaje ycT-
pPauBalOTCA Ha NepeceyeHHsIX TPacChl OTBOJSILEro KaHaja C ecTecT-
BEHHBIMH II HCKYCCTBEHHBIMH NpensiTcTBHsiMH (peka, KaHaJ, OBpar,
jopora u T. 1.).

Bononposozsiine coopykeHHs MOFYT ObITb CJAEAYIOIHX THIIOB:

akeedyk — COOPYKEeHHE B BHIE MOCTAa HJH 3CTaKalbl C JOTKOM,
MPOJIOXKEHHBIM HAaJ NepeceKaeMbiM HM NpensiTcTBHeM (pycJo peki,
oBpar, KaHaJ, Jiopora H T. I.);

droKep — cOOpY:KeHHe B BHj€ HalOPHOro BOJOBOAA, MPOJONKEH-
HOTO MOJ NepeceKaeMbiM HM MpemsaTcTBHEM (PYCJO pEKH, KaHaJl,
Jopora M T. IL.) ;

Tpyba — coOpyKeHHe JJisi NPONyCcKa eCTeCTBEHHOIO0 HJH HCKYC-
CTBEHHOIO BOJOTOKA TOJ 3€MJISIHO# HAachilblo, B KOTOPOH pacloJo-
¥EHO PycJo KaHaJa.

BriGop THIA BOJONPOBOASIErO COOPYXEHHS IMpPON3BOAHTCSH
c yueroM TOmOrpaHuecKHx, THAPaBJIHUCCKUX H T'MAPOJOrHYECKHX
XapaKkTePUCTHK NpPensiTCcTBUs (peka, KaHaJ), reoJIOrHYeCKHX H THA-
POJIOTHYECKHUX YCJOBHHl CTPOHTEBLCTBA COOPYXKEHHS H APYTHX YCJO-
BHUH.

OnucaHne KOHCTPYKUHIl BOJONPOBOJSIINX COOPYKEHHH H yKasa-
HHSI AJ5i UX TIPOEKTHPOBaHHs NpHBeleHs B [12].

5.5. Conpsiramoiue COOpPYyKeHHSI Ha OTBOASILEM KaHaJje yCTpaH-
BAIOTCSi B MECTaX KPYTOro INOHHKEHHS pesbeda MECTHOCTH IJIST CO-
IpSIKEHHST ABYX CMEXHBIX YYacTKOB KaHaJsla, PacHoJIOXKEHHBIX Ha
Pa3HbIX YPOBHSX.

Comnpsiraiouiue coopyKeHHsi MOTYT ObITh CJAeLYIOIHX THIIOB:
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nepenad — OJHO- HJIH MHOTOCTYNEHYaTOe COOPYKeHHe C cocpe-
JNOTOUYEHHHIM MajeHHEeM BOJbI, B IpelesiaX KOTOpPOro coBepllaercs
raienie H3GbLITOYHOH KHHETHYECKOH 3HEPTHH BOJHOIO NOTOKA;

66lCcTPOTOK — COOPYXKEHHE B BHAE JIOTKA C NPOJOJbHHIM YKJIOHOM
GoJiblile KPUTHYECKOTO, B KOHIIEBOH YaCTH KOTOPOTO OCYLIECTBJSIETCS
ramenne H30LITOYHON KHHETHYECKOH 3HEPTHH BOAHOIO MOTOKA.

BriGop THDA CONpSramouiero COOPYXKEHHsI IPOH3BOAUTCH C yue-
TOM TONMOrpadHyecKHX, reoJIOrHIECKHX, I'HAPOre0JOTHYECKHX U APY-
THX YCJIOBPIﬁ CTPOHTEJILCTBA U 3IKCIJyaTallHH coopy)KeHuﬁ.

5.6. KonieBbie COOPYKEHHS CJAYXKaT AJIS CONPSIKEHIs] OTBOMsS-
UIMX KaHaJOB C €CTECTBEHHBIMH BOJOTOKAMH H BOJOEMaMH, a Tak-
e C BOLOXPaHHIHILAMH-0XJIa ATEJNSIMH.

Tunel U KOHCTPYKUHH KOHUEBBIX COOPYKeHHH BHIOHpAIOTCA C
yueToMm cHcTeM Texnuueckoro BogocHabxeHuss TIC u ASC u «Ilpa-
BHJI OXpaHbl NMOBEPXHOCTHHIX BOJ, OT 3arpsi3HEHHsi CTOUHHIMH BoOJa-
MH» [44], cornacHo KOTOPHIM BBIYCK HAarpetoi BOJHI B €CTECTBEH-
HBIH BONOTOK HJIH BOJOEM KOMIJIEKCHOTO Ha3HAYeHHsi He NOJKeH
BBI3BIBAThL TNOBHILIEHHS TEMIEpPaType BOAB B HeM Oojiee uem Ha
3°C nerom 1t 5°C 3umoit. Cobmionenne 3Tux TpeGoBanuil Hapyiaer
€CTECTBEHHBII O1I0JIOTHUECKHIT PeXHM BOAOeMa B NONYCTHMBIX mpe-
neaax [35].

KoHueBble COOpYKeHHsI MOTYT OHITh CJEIYIOUIHX THIOB:

DoxexTupylowee coopyicerue — COOpyKeHHe, B KOTOPOM C LEJIbIO
PE3KOro CHHXEHHsI TeMIepaTypbl BOJAH B NMPHOPEXHOH 30HE BOjoe-
Ma KCIOJIb3YeTCsl MPHHIHI 2XKEeKUHH JJsi HHTeHCHOHKAaUHH INpolec-
ca mepeMeLINBaHHSI HArPETO# B KOHAEHCATOpax NMapoBHIX TYpGHH BO-
bl ¢ GoJjiee XOJIO/HOM BOXOH BOMOEMa. DMKEKIHSA MOXKET CO3AaBaTh-
csl TyTeM YCTPOHCTBa Ha KOHILE OTBOASIMICTO KaHaja BOJOCTHBHOTO
nopora [40] nuan myTeM BHIIyCKAa HArpeTOd BOABI B BOJOEM Hepes
JIOHHBIE OTBEPCTHS Noj HanopoM [14, 34].

Bodocausnas crenka — coopyxenne Ha KOHLE OTBOZASILIETO Ka-
HaJjia B BUJE BOJOCIHBHOH CTEHKH C Pa3BHTHIM ()POHTOM.

‘Crpyepacnpedeauressroe coopyicerue — COOPYKeHHe, BO3BOMH-
MOe Ha KOHIle OTBOASILEro KaHaJa AJs obecneyeHHs paBHOMEPHOTO
(6e3 mepemennBaHHS) BHIIYCKa HarpeTofi B KOHAeHCATOpaX Napo-
BBIX TypPGHH BOJB B BOAOXPAHHJIHIIE-OXJAAITEND.

IIpu BBIMyCke HarpeToii BOXb B MEJNKOBOJIHYIO YacCTb BOZOEMa
pacTekaHue Temro#l BOJBI MO HOBEPXHOCTH BomoeMa (6e3 mepemelny-
BaHHs) MOXeT ObiTh 00ecleuyeHo NMyTeM NPOCTOrO PACIIHPEHHs KOH-
LeBOro yyacTKa OTBOASILLETO KaHaJja.

CrpyepacnpeseinTeqbHOE COOPYIKEHHE MOXKET BHIIOJHSATLCSA B
CJACAYIOUHX BApHAHTAX:

a) ¢uapTpylouias namb6a — coopykeHHe B BHIAe AaMObl M3 Ka-
MEHHO! HabpOCKH;

6) CKBO3HOE 3arpaxjieHHe — COOPyXKeHHe CKBO3HOH (ruGkoi
HJH KeCTKOH) KOHCTPYKuuu (Halpumep, B BHIAE TMOABEUIEHHOrO Ha
nonjaBkax nep@OPHPOBAHHOTO NOJIOTHHIIA HJH B BHIE JKECTKOH
pelleTyaTol CTeHKH).
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IIpn ompeneneHHbIX TOnorpadHYeCKHX H APYTHX NPHPOIHHIX Y-
JIOBHSIX KOHIIEBOE COODYXKEHHE MOXKEeT COBMEIAThCs C CONpsrai-
LIHM cOOpYyXcHHEM (mepenaf, GuCTPoToK). IIpH 3TOM UHpPKyAsIUH-
oHHasl Boja Oy/AeT HacHILATbCA BO3AYXOM B Ipefesiax COOPYXKEeHHd,
YTO YJYUIUNT CaHHTAapHOE COCTOsSIHHE eCTeCTBEHHOrO BOJIOTOKAa HJIH
BOJIOEMA B 30HE BBHINYCKA B HEro UHPKYJALHOHHOH BOJBI.

IlpH NpoOeKTHPOBAHHH NPSMOTOYHBIX H OOOPOTHBIX CHCTEM TeX-
HHYECKOI0 BOJAOCHAOXKEeHHSl 3JIeKTPOCTAHIHH co cGpocoM Harperoi
LHPKY/ISLHOHHOM BOJBI B €CTECTBEHHBIE BOAOEMbI H MPOTOYHBIE BO-
JOXpaHUJMILA ciaefyeT BHIGHPAaTh TAaKOH THI KOHILEBOI'O COOpYKe-
HHSl, KOTODBIf MoOKeT ofecneyHBaTh HHTEHCHBHOE INepeMellHBaHHe
c6pocHOll TemJoi BOJBl C OCHOBHOH MAaccOf XOJOJHOH BOJALI B BO-
JloeMe Ha BO3MOXKHO MEHbIIEeM IO JJIHHe H IVIOIaJH yYyacTKe aKBa-
TOPHH, a NPH Heo6XOJHMOCTH — OXJaxAeHHe c6pocHOil BOAL H 060-
ralleHHe ee KHCJIOPOAOM 10 NOCTyIVIeHHs B Bojoem [l1]. Drtum
Tpe60OBaHHAM OTBEYAIOT: 3MKEKTHPYIOLIee COOpPYKeHHe; KOHLEeBoe
COOPYKEHHe, COBMEILEHHOe C CONMpPATAIOIHM COOpyKeHHeM, H Gphi3-
raJIbHbIH BOAOBBIYCK.

ITpu npoexkTHpoBaHHH OGOPOTHEIX CHCTEM TEXHHUECKOTO BOMO-
cHaGXeHHsl 3JIeKTPOCTaHUHIl €O cO6pPOCOM HarpeToil LHPKYJISLHOH-
HOH BOABI B 3aMKHYTBHIE H HaJIMBHBIE BOJOXPaHHJHIIA-OXJaJHTENH
THII KOHLEBOTO COOPYXEeHHS! cjaefyeT BHIGHPAThb ¢ Y4eTOM TOro, 4TO
OHO JIOJIZKHO CO3[aBaTh YCJIOBHS MAJsi HHTEHCHBHOIO OXJaXKAEHHS
TEIUION BOJBI 32 CUET HCNaPeHHs ee ¢ aKBATOPHH, JJIsl Yero BHIMYCK
HarpeToii LHPKYJISIHOHHON BOAbl CJAEAYeT OCYLIeCTBJSITh B MOBEpX-
HOCTHHIE CJIOH BOJAOXpaHuJHIa 6e3 nepeMellHBaHHSI ee C OCHOBHO#
Maccoii XonoAHOR BOABl B Bojoxpanmauule [11]. Dtum TpeGoBa-
HHSM OTBEYAlOT: BHIMYCK Ha MEJKOBOjibe;, BOAOCHHBHAsl CTEHKa;
cTpyepacnpefesuTenbHoe  coopyxkenHe (¢dbmabTpylomas namba,
CKBO3HOE 3arpakjeHue).

PeKoMeHAaLHH MO0 THAPABJIHYECKOMY pacyeTy
OTBOASILIETO KAHAAA M COOPYIKECHHil HA HEM

5.7. Haznauenne mpojosibHOTO YKJIOHA AHA OTBOASILErO KaHaJd,
(GopMbL H pa3MepoB NONEPEUHOro ceyeHHsi KaHajla MPOH3BOAUTCS HA
OCHOBE pe3yJIbTATOB 3KOHOMHYECKHX H THAPABJIHYECKHX PACUETOB
10 OnpeJeseHHI0 MaKCHMAaJbHBIX CKOPOCTeH BOjBl B OTBOASIIEM Ka-
Hajle NPH BCeX BO3MOXKHBIX IKCILIYaTalHOHHbIX peXHMax ero pa-
6oTHI.

Ilpu ruapasJuecKOM pacueTe KaHaJoB ¢ OETOHHBIMH CTEHKaMIt
u ¢ GeToHHOH OOGJHIOBKOH, KOTOpble MOTYT paboTaTh Kak B KBajipa-
THYHOH, TaK H B IepeXoJHoil 06/1acTH THAPAaBAHYECKOTO CONPOTHB-
nenus, koatdduuuent llesn pexomenayercs BHIUHCIATH MO Hopmy-
JaM, npHuBefeHHbIM B [3].

5.8. B 30He pacnosioXeHHs BOAONPOBOASIIHX, CONPATAIIHX H
KOHI[EBOTO COOPY:KEHH{i B OTBOJANIEM KaHaJjie YCTaHaBJIHBAETCs He-
paBHOMepHOe TeueHHe BOJALI, MPHUCM C I3MEHEHHEM pacxoja BOMbI
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B KaHaJe KpHUBbie MOjHOpa MOIyT HEpexoAHTb B KPHBBHIE Cmajxa U
Hao6opoT.

ITocTpoenne KpuUBBIX CBOGO/JHOM NOBEPXHOCTH BOABI B KaHaJe
NpPH 3TOM CJeAyeT NMPOH3BOAHTb HAa OCHOBAHHH PacyeToB 1o Gopmy-
JaM ¥ yKasaHusM, npueegednsim B [53, ¢. 104 — 121].

IIpM OpHEHTHPOBOYHEIX pacueTaX, NOCTPOEHHe KPUBHIX CB0OGOA-
HOH TIOBEPXHOCTH BOJHOTO NOTOKA B OTKPHITHIX HPH3MaTHYECKHX
KaHaJlaX MOXHO BBINOJHSITh HA OCHOBAHHH PacyeToB IO CJAEAYIOLIeH

dopmyJre L

1 a@Q2 7
= i— if[(h2 - hi)(l - gb3 hxhg)]’ (20)
. BA2m b Qnf 1 B + m’)4/3
T e § I e = N — -
IS e T YT Ry BT (mﬁx-i—l pac

CTOSIHHC MEXKY ABYMSA [NONEPEYHBIMH CEUYECHHAMH KaHaJja ¢ I‘JIyﬁHHaMH BOAH /14 M
hy; b—mmpuHa Kasana no AHy; m — Kos(duuuent ortkoca; m’ = 2V 1+m?
[ — NpOAOJBHEI YKJIOH AHA KaHana; i; — YKJOH TpeHufl; @ — pacxoj BOAH B Ka-
HaJe; o — KO3((HUHEeHT KHHETHYeCKOii SHepruH; g — ycKopeHHe cBobojHOrO na-
AenHsl; Ay — KoaddruHent umepoxosaTocTH; j— Kosddunuent ¢opMmbl nonepey-
HOro CeyeHHsi KaHaaa.
[Tpu BuiuncaeHuu no s1oil Gopmyse 3HaueHHs KodpdHULHeHTa |
M YKJIOHA TPEHHS iy MPHHHMAIOTCS PaBHBIMH HX cpejHeapH(pMeTHYe-
CKHM 3HaYEHHSAM B HauaJbHOM H KOHEUHOM CEYeHHSX yyacTKa KaHa-
N . St . lo, -+ io,
Ja qauHoit [, T. e. j= "o H ij= ———11. Jl19 NocTpoeHud
Bcefl KpHBOH MOJANOpAa HJH CMaja B KaHaJje BBIYHCJIEHHS CJeAyeT
HAYHHATH C CEUEHHS] C H3BECTHON riyOHHOH (riyOUHBI BOABL: Hepes
BOJIOCJHBOM, HOPMaJibHAaS, KpHTHYECKas) H HATH OT HEro BHH3 (no
TEUEHHIO) HaH BBepX (HaBcTpeuy TeUEHHIO), 3ajaBadch IJayOuHOR
BOJbl B CMEXHOM CEYEHHH W onpeaenss no dopmyde (20) aauny
pacyeTHOro yyacTka KaHaJja /. BHNoJHHB nocsejoBaTe/bHO 3TH olie-
palHH HeCKOJIbKO pa3 H NPOCYMMHPOBAB BHIYHCJEHHBIe 3HAUCHHS I,
NOJYyYHM [JHHY Bcell KPDHBOH NMOANOpa MJH chaja.

5.9. OcHoBHble pacyeTsl BOAONPOBOJASLIHX COOpY:XKeHHui (axse-
AyK, AIOKep, Tpy6a) MOXKHO BHINOJNIHATH, PYKOBOACTBYACH YKa3aHHs-
MH, TIpHBeJeHHbIMH B [12, c. 346 —352] u B cnpaBouHOH JHTepa-
TYype.

Mpumevanns: 1. B [12, c. 59 — 61] nMelorcs yKasauus o ruAPOTEXHHYECKOM
pacyere COOpYJKeHHH Ha KaHalaX, KOTOPDHIMH MOXHO DYKOBOJCTBOBATBCS IpH
NPOEKTHPOBAHHH THAPOTEXHHUECKHX COOPYIKEHHI Ha oTBoAsiuHxX Kanadax T3C u
A3C.

2. TlpH rujpaB/iHyecKHX pacueTax AKBeAYKOB JIJIsl NOCTPOEHHS KPHBHX CBO-
GonmOi 1OBCPXHOCTH B JIOTKE aKBe/yKa MOXeT HCHosb30BaThes Qopmyna (20).

i Qopmyna (20) nonyueHa nyTeM HCNOJAL3OBAHHS HECKOJILKO BHIAOH3MEHEH-
HOrO MeToAa NPHOJIHIKEHHOro HHTErpHpoBauus JAHG(EPEHIHANLHOTO YPaBHEHHS
YCTAHOBHBLUEIOCST HEPABHOMEPHOrO ABHIKEHHs JKHAKOCTH B OTKPHTOM NPH3MaTH-
yeckoM pyche, H3JOXeHHoro B [29].
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5.10. Ilpu BHIMOJIHEHHH THAPABIHYECKUX PACUETOB CONMpAralomux
COOpYXeHHH (mepemnajbi, ObICTPOTOKH) MOKHO PYKOBOJACTBOBATHCS
yKa3aHHAMH, NpUBefeHHbIME B [53, ¢. 163 —158].

5.11. T'uppasnuyeckuit pacuer OBICTPOTOKOB CJeAYeT BBHINOJIHSATH
C yueToM aspalHH BOJAHOrO IOTOKAa, KOTOpas HauyHHaeTcst NPH CKO-
poCTH ABHKeHHS BoAb v = 4 M/c. Onpejesnenue rayOHH a3pHPOBaH-
HOr'0 BOJHOTrO IOTOKAa Ha OBICTPOTOKE PEKOMEHAYETCsl NMPOH3BOJHTH
nytem BHIYMCICHHH N0 ¢dopmyae [41]:

v—4
by = (1 + ~0,696v — 1,201 )’l’ (@1

rje 1, — ray6HHa aspHPOBAHHOTO BOJAHONO IIOTOKA Ha GHICTPOTOKEe; /i H U — rJay-
6HHA H CKOPOCTb HEeaspHPOBAHHOIO BOAHOTO IIOTOKA B TOM 2Ke JIONIEPEYHOM ceye-
HHH OBICTPOTOKA, NMpHYeM IVIyOHHBI /i B pa3/IHUHBIX TIONEPEYHBIX CedeHHHX OLICTPO-
TOKa MOTYT BHIUHCJSITBCA MO ¢opmydae (20).

Gopmyaa (21) cnpaBeasuBa NpH Ko3p@HIHEHTe LIIEPOXOBATO-
CcTH Ay = 0,011 — 0,017 u v = 4,1 — 18,6 M/c.

5.12. Ilpu pacuere KaMeHHBIX KpelJeHHA pHcOepM Nepenanos
H OGBICTPOTOKOB JJISI ONpEJeJeHHs] KPYITHOCTH KaMHS$, HCIOJb3yeMOro
JJISl KpelJIeHHsl, PEKOMEHAYeTcs MNOoJb30oBaThes (hopmyJion i:

Ugon = kxd2'3h0’2, (22)

Ijie Ugon — AONYCTHMAst CPERHssT CKOPOCTh BOAB HA BepPTHKAJNH BOJHOTO MOTOKA,
M/c; dx — AHaAMeTP KaMHs, M; fi — ray6HHa BOJHOro IOTOKA Ha ydyacTKe KpenJe-
HHsl, M; kyx — Koa(duuHeHT, 3HaueHHs KoToporo mpusefeHb B Taba. 10.

Tab6auya 10
3HaveHus Kod¢dduuHenTa &, aaa pa3nHYHbIX THIOB KaMEHHOTO KpenjeHHus

Tun xpenieHis ky XapaxkTepHCTHKA KpemjaeHHs
Kamennas uabpocka 3,4 —
Kamennast oTMocTKa:
paccTpoeHHas 5 MocTtoBasi ¢o caaGbiM YNJIOTHEHHEM

KaMHf H YaCTHYHBIM OTCYTCTBHEM
PaCKAMHHBAHHS.

nucnpasHas 10 MocTtoBass ¢ XopoireH pacKJIHHKOI
KaMHfl, POBHOH TIOBEPXHOCTbIO H
Xopomeill yTpamMOOBKOH KaMHs Ha
NOJICTHAAIOLIEM cJoe.

Pacuer ycTOHUYHBOCTH Kese306eTOHHLIX WJHT plcbGepm Hepena-
JOB H OBICTPOTOKOB DPEKOMEHIYeTCsl BLIIOJHATb PYKOBOACTBYSICh
YKa3aHHSIMH, NPHBeJIeHHBIMH B [33].

5.13. KoHIleBEIE COOpPY:KEHHsI PEKOMEHJyeTcsl NMPOEKTHPOBAThH Ha
OCHOBE HCIOJIb30BAHHS METOJA aHaJoroB, T. €. NyTe€M Ha3HaUYeHHS
OCHOBHBIX THJIPABJAMYECKHX NapaMeTpoB H reOMEeTPHUECKHX pa3me-
POB NPOEKTHPYEMOIO COODPYIKEHHSI MO aHaJOrHH ¢ KaKuUM-JIubo Io-

1 @opmyna (22) nosyueHa nyTeM MarTeMaTHueckoii o6paGOTKH HAHHBIX 3KC-
nepHMeHTanbHEIX HccaenoBanuii H. A. Bakonunoii [10].
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CTPOEHHBIM WJIH 3alPOEKTHPOBAHHBIM COOPYIKEHHEM, CTPOHTENbCTBO
H 3KCIJIyaTalus KoToporo O6yAyT NPOHCXOJAHTb B aHAJOTHYHHIX yc-
jgoBusAx [14, 34]. Ilpm 3ToM OCHOBHBIE NMapaMeTpHl H THApaBJHYe-
CKHE XapaKTepPHCTHKH IPOEKTHPYEMOTO COOPYXKEHHsI HOJIKHBI OIpe-
AeAATbCH IKCHEPHMEHTAJNbHBEIM IyTEM, Ha OCHOBE pe3yJ bTaToB Jia-
6opaTOpPHBIX THAPABJAHYECKHX HCCJCAOBAaHUH Ha MOJEJIH COOpyxKe-
HHA.

Ipumeyanne. TIpH COBMEIIEHHH KOHIEBOTO COOPYKEHHSI C CONpPSAralolHM CO-

opyXeHueM (mepenan, ObLICTPOTOK) CJ€AyeT YYHTHIBATb YKAa3aHHs 10 THAPABJH-
4eCKOMY PAacuyeTy CONpSralomux coopyxenuit (mm. 5.10, 5.11).

6. HACOCHbIE CTAHILUHN U IJIEKTPOHACOCHOE OBOPYIOBAHHE

OcHOBHbIE CBEJEHUS

6.1. ITpoekTHpOBaHUHE HACOCHBIX CTAHLHI JOJKHO BECTHCh B CO-
OTBeTCTBHH ¢ TpeboBaHusAMH «HOpM TeXHOJOTHUECKOro INPOEKTHPO-
BaHHS TEIJIOBBIX 3JEKTPHUECKHX CTAaHUUMH H TENJOBHIX CeTei»,
BHTIT 80 [38] u rsnaBut CHull 11-58-75 «3/eKTpOCTaHIHH TEMJO-
Bhie» [51].

ITpoexT no/ikeH copep:KaTb pasfies MO OpPraHH3alHH 3KCIyaTa-
IHH H PEMOHTa, paspabaThiBaeMblii B cooTBeTcTBHH ¢ k[IpaBunamu

18000

00| _ 6000 6000 __|3000 5000“_|_g@0 6000__|

J9000

Pyuc. 36. KommonoBka yHH}HIHPOBaHHOH HacOCHON CTaHlIHH (To-
pH30OHTANBHEIH paspe3 Ha oTMeTKe 0)

1 — 31eKTPOABHrATEAH UHPKYJAALHOHHHMX HacocoB JBIA  260/99-20-24Y

(3 1mT.); 2-—Hacocei noxaporymenusi 20A—I18X3 (2 mrT.); 3 — Hacocsl He-

OTBETCTBEHHMX moTtpebureaeit 600B—-1,6-100-0 (2 mrt.); 4 — mkadm ynpas-

JeHns; 5 — MOHTAXKHBIE NPOeMbl H XPAHHJHULE 3aTBOPOB; 6 —BbE3x B HA-

COCHYIO CTaHIHIO.

TeXHUYeCKOH SKCIJAyaTalliH TeMJIOBBIX 3JIeKTPOCTAHIHH H ceTefi»
(B wactu skcnayatauuu) u «HMHCTpyKuHelt Mo NPOEKTHPOBAHHIO Op-
raHu3anud H MEeXaHH3alHH PEMOHTAa oéopy,uoaanna, 3M1aHHH H CO-~*
OPY2KEeHHH Ha TEMJIOBHIX 3JIEKTPOCTAHIUAX» (B YACTH PEMOHTA).
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6.2. IlupryasiuHoHHBE HACOCHBIE CTAaHUHH NOJAYH OXJIaXjalo-
Hieil BOJAH B KoHAeHcaTopul TypOun ADC ciaeayeT OTHOCHTb KO BTO-
pPOH KaTeropuu CcelcMOCTOHKOCTH.

6.3. IlpH npoeKTHPOBAHUHM HACOCHBIX CTaHUHUIl, B LEJsAX COKpa-
UIEHHST KaNHTaNbHBIX 3aTpaT U IJIOWAaJyu 3acTPOHKH, CJACAyeT cTpe-
MHTBCSI K OJIOKHPOBKE COOPYKEHHH, T. €. K Pa3sMelleHHIO B 31aHHAX
HHPKYJAALHOHHBIX HACOCHBIX CTAaHUHH HACOCHBIX arperaros CHCTEM
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Puc. 37. Beprukaabiusii pazpe3 1o oCH HACOCHOrO OJjoka.

1 — noazeMHas 4acTb:; 2 — Haf3eMHOe CTpOCHHE;, J — UHDKYJIRIL-

oHHBIT Hacoc OITIBI0—I853I" (3 mr.); 4 — BcachBajomas TtpydGa

UHPKYAALHOHHOrO Hacocda; 5 — ppawatoutasacs cerka TJ-3000

(6 wT.); 6 — pelieTKOOUYHCTHAs Mamuuva PB-300 (1 wr.); 7 — xpau
MocToBOil rpysononbeMHocTbO 205 T (1 wr.).

TeXHHYECKOro BOJOCHAOMKEHHSI HEOTBETCTBEHHBIX mnoTpebHTesnei
(an1s A9C), npoTHBONOKAPHBIX HACOCOB H APYroro HacOCHOro 060-
PYAOBaHHSL.

Ilpumep pasmelienust HacocHoro o0OpYLOBAaHHS Pa3JHYHOTO
Ha3HayeHHs B LHPKYJALUHOHHOH HAacOCHOH CTAHUHH [Jsi 3HeprobJio-
ka ADC npusened Ha pHuc. 36 u 37.

6.4. KoMnoHOBKA M KOHCTPYKIHS HAaCOCHOH CTAHUHH JOJIXKHBI
oGecneynBaTh MAaKCHMaJbHYIO HHAYCTPHAJNH3AUHI0 H MHHHMYM TpY-
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n03aTpaT TpPH ee CTPOHTEIbCTBE, a TaK:ke HOPMa/jbHble YCJIOBHS
OOGCIYyKHBAHHA H PEMOHTA.

6.5. KoHcTpykuusi BOLONPHEMHOIO COOPYKeHHsI JOJKHA obecre-
YHBATh PaBHOMEDPHBIH NOABOJX BOABI KO BCEM YCTAaHOBJEHHHIM B Ha-
COCHOH CTaHIHH arperataM ¢ MHHHMaJbHBIMH T'HAPaBJHYECKHMH I10-
TEpsIMH.

6.6. Cnenyer, Kak npaBHJO, IPHHHMATH BOAONPHEMHHKH 3aKPHI-
TOro THma ¢ OOGCJAYXHBaHHEM HX H3 MAaIUIHHHOTO 3aJa HacOoCHOI
CTAHUMH OJHHM MOCTOBBIM KPaHOM.

6.7. Bxoanasi yacTb BOJONPHEMHHKA [0JKHA OblTh 0GOpyHOBa-
Ha JByMs pSilaMH Ma30BbIX KOHCTPYKUHHA C Le/bio pasMelleHHs
rpy6GblX COPOY/IEPXKHBAIOIIHX pPeLIeTOK, 00eCHneyeHHsT BO3MOXHOCTH
OTKJIIOYEHHS ¥ OCYIUeHHs1 6JI0Ka HAacOCHOH CTaHIUHH B MpOICCCE IKC-
TIyaTalHH 151 PeMOHTA.

6.8. OnpexnesieHne MIaHOBLIX raGapHTOB HACOCHOH CTAHUMH CJe-
IyeT MPOH3BOANTbL C YYeTOM MOHTaxHo# miomaaky. Ceo6oanbie
NMPOMEXKYTKH MEXIY HACOCHBIMH arperaTaMi CJelyeT HCIOJb30-
BaTh B KauecTBé MOHTaXKHBIX NPOEMOB I XPaHHJHILA 3aTBOPOB.

6.9. ITpu npoekTHpOBaHHH HAA3E€MHOTO CTPOEHHSI HACOCHOH CTaH-
LIHH CJIeAyeT CTPEMHTbCS K MaKCHMaJbHOMY HCMOJb3OBaHHIO THIHO-
BBIX CTPOHTEJNbHBIX KOHCTPYKLHH, AeTajeil U 3/1eMEHTOB.

6.10. BricoTy HaA3eMHOro CTPOEHHSI HAaCOCHOH CTAHIHH CJIefyeT
onpenessiTh H3 YCJOBHSI obecreueHusl BePTHKAJbHON BBIEMKH BaJa
HACOCHOTO arperata uepe3 LIaXTy CTaToOpa 3JIEKTPOJABHraTesd.

ANEKTPOHACOCHbIE arperatbi

6.11. THn 1 KOHCTPYKUHS UHPKYJSHHOHHBIX HACOCOB, IPUHHMAaeE-
MBIX K YCTAHOBKE B HAaCOCHOH CTAHIMH, NOJIKHBI NIPH NPOUHX PaB-
HBIX VCJOBHAX 00eCneyHBaTh MHHHMAJbLHBIH CTPOHTENbHBI 00BEM
3JaHHSl 1 MHHHMaJpHOe 3araybgeHne (yHIamMeHTa HACOCHOH CTaH-
LHH.

6.12. Tlpu BniGope HacocHOro oGopyaOBaHUs NpEANOYTEHHE cJe-
yeT OTAaBaTh, KaK NPaBHJIO, BEPTHKAJbHBIM HAaCOCHBIM arperaTam.

6.13. Tlpn BbIGOpe HACOCHBIX arperaToB IIPEeLNOYTEHHE CJELyeT
OoT[aBaTb arperataM, HMeIOIIHM TPH TNPOYHX PAaBHBIX YCJOBHSX,
HaHOOMBIUNH TOJ0BOH CpeJHeB3BElIeHHbH KOI(p(pHLUHEHT NOJEe3HOro
JeHCTBHS.

TonoBoit cpeanessBelieHHbIN KO3(DGHIHEHT NOJE3HOrO NeHCTBHS
onpeaesnsercs no dopmyJe: ’

T+ Tot. .. 49T
Nrox = n , (23)
I
i=1
roe Nroy — FOJ0BOIl CpelHeB3BelleHHbIl KOo3((IIHEHT I0Je3HOro NefcTBHA
HacocHoro arperara, %;
N1, N, - . ., i — KO3b(HUHEHTH ToMe3HOro mefictBust npu 1, 2,...,{ pexumax
paboTel HacocHoro arperata, %;
Ty, Ts, ..., Ti — NpOAOKHTENLHOCTD PAGOTE HAcOCHOrO arperata mpu 1, 2,...,¢

pexumax paGorsl, 4;
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n
ZTi-—onax NPONOJIKHTENbHOCT, paloThl HAcOCHOro arperata 3a
= rou, 4.

6.14. HacocHble arperatbl, ycTaHaBJHBAaeMble B IHPKYJSIHOH-
HOH HacCOCHOH CTaHUHH, NOJXKHE, KaK NpaBuao, obecleuyHBaTh pe-
TYJHPOBaHHE NOAAYH OXJaxjawile#i BOAbB B 3aBHCHMOCTH OT ce-
30HHBIX KoJle0aHHH ee TeMmepaTyp B BOJOUCTOYHHKE H rpaduka Ha-
rpy3kH Typ6oarperaros.

6.15. J)Kectkononactubie Hacocusie arperathl tuna OB uan OB
IPH COOTBETCTBYIOUIEM TEXHHKO-IKOHOMHYECKOM OOOCHOBAHHH MO-
TyT NPHMEHSATHCS B CJAEAYIOLUIHX CJyuasx:

IJIst TenJOPHKAUHOHHBIX 3JEKTPOCTAHUHA C HEeHTPaJbHBIMI Ha-
COCHBIMH CTAHUHAMH INIPH YCJOBHH HX paboTel B JIeTHHH NepHom C
HOMHMHAJIbHBIMH pacXoJaMH napa B KOHAEHCATop HJAH OJH3KHMH K
nemy (0,94m%, < My < JJ7oV,);

/ISl KOHJ€HCAIHOHHBLIX TEeNJOBBIX 3JIEKTPOCTAHLUHH C NPSIMOTOY-
HBIMH CHCTEMaMH TeXHHYeCKOTO BOAOCHAOMKEHHA: NPH HANOpPax UHP-
KYJSALHOHHBIX HAaCcOCOB MeHee 15 M M MHHHMAJbHBIX TeMIepaTypax
BoAB B HcTouHHke 6 — 8°C; npH Hamopax UMPKYJISUHOHHBIX HACO-
coB Gojiee 15 M ¥ MHHHMAJbHBIX TEMIepaTypax BOJABLI B HCTOYHHKE
9—13°C;

JUISl KOHAEHCAUHOHHbIX TeNJIOBBIX H aTOMHBIX 2JIEKTPOCTAHUHH C
OGOPOTHBIMI CHCTEMaMH TeXHHUECKOTO0 BOAOCHAOXKEeHHsI: NPH HaNo-
pax HHPKYJSLHOHHBIX HACOCOB MeHee 15 M H MHHHMAJBHBIX TemIe-
patypax oxsaxzaaiwouleii Boasl Boitne 13— 15°C; npu Hanopax uup-
KYJSUHOHHBIX HacocoB OoJiee 15 M H MHHHMaJbHBIX TeMIepaTypax
oxJaxaamwei soas Boiue 18 — 20° C.

6.16. IIpH TeXHHKO-3KOHOMHUECKOM CPaBHEHHH BapPHaHTOB CH-
CTEM TEXHHUECKOro BO}.IOCHaﬁ)KeHHH C TIOBOPOTHO- H XKECTKOJOIacT-
HBIMH HacOCaMH CJCAYCT YUYHTHIBaATh pa3JjiHiHe B IJHEPreTHYe€CKHX
napaMeTpax H JKCIJIyaTalHOHHOH HaJeXXHOCTH HaCOCOB.

6.17. Ins uCKJIIOYEHHUs BJHSIHUA TeMmMmepaTypHbIX aedopmanuit
HalnopHoro nmaTpyb6ka Ha HACOCHBIH arperar cjeiyeT, 0 BO3MOXKHO-
CTH, pacnojiaraTb NOOCJEAHHA KakK MOXHO OaHXKe K 3aJHeH cTeHe
HacocHoll craHuuu. [IpH HEBO3MOKHOCTH BHINOJHEHHS 3TOI'0 YCJO-
Busi, BO u3bexaHWe nepexkoca BaJja HacOCHOroO arperara, cJaeayer
NpeAyCMaTPpHBaTh YCTAHOBKY TeMIepaTypHOro KOMIleHcaTopa Ha
HANopHOM mnaTtpybke Hacoca mepejp y3JaoM €ro 3afe]KH B 3aAHION
CTE€HY HaCOCHOI CTaHUHH.

6.18. B coorBercTBUH ¢ «Hopmamy TexHoJOrHueCKOro npoeKTH-
POBaHHS TEMJIOBBIX JEKTPHUCCKHX CTaHUHH M TeNnJOBHX ceTel» [38]
KOMIIJIEKTOBAHHE MEXaHH3MOB COOCTBEHHBIX HYMK/J 3JEKTPOCTAHLHH,
B TOM UHCJ€ U LUHPKYJSUHOHHBIX HACOCOB HOJKHO OCYILECTBJATHCS,
Kak NpaBHJO, aCHHXPOHHBIMH KOPOTKO3aMKHYTBIMH 3JIEKTPOJABHTra-
TEJSIMH 3aKPHITOTO HCNOJHEHHS (XapaKTepH3YyeTCsl CTeMEHbIO 3alllH-
Thl 000JIOUKH), OOLYBaeMBIMH HJH C 3aMKHYTHIM IHKJIOM BEHTH-
JISTHHH.
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Crerenb 3alUThH 3/JEKTPOABHTATENeH HHPKYIAMHOHHBIX HACOCOB
JIOJI’KHA COOTBETCTBOBATD:

IIPH YCTAaHOBKE 3JEKTPOABHIATeJsl HACOCHOTO arperata B Hal-
3eMHOM mnoMmeulennu — JP-44;

IIPH YCTaHOBKE B «KaMepax-koJjojauax» — JP-23.

IMpu BHIHYXKAEHHOM NPHMEHEHHH 3JIeKTpoaBHTaTtesell ¢ ¢as3HbiM
pPOTOPOM CTeleHhL 3allHTbl KoJiel cjexyeT nmpuHAMaTh JP-54.

6.19. Bce ssexrTpoaBuraTenH JOMKHB oOGecneynBaTh pPasBopoT
MexaHH3Ma JBa pasa MOJAPSIA H3 <XOJOAHOrO» COCTOSIHHSI HJIH OAHH
pas. H3 «Tropsiueros CcOCTosinis (mocJe JTHTeJbHO paboThl ¢ HOMH-
HaJBHOH Harpyskoii) TpH HANpPsKEHHSIX HA 3aXKHMax 3JCKTPOIBH-
rarenefi, pasubix 80% u 100% oT HOMHHANBLHOTO.

6.20. DnekTpoiaBHraTesNil HACOCHBIX arperaToB  MOIIHOCTBIO
200 kBTt u BHilic J0JXKHH NPHMEHATBCA HaA Hanpsixkeane 6000 B.

6.21. DaexTpoasuraTenn MomHOCTHIO A0 5000 kBT oKkl obec-
neunsaTh 10 10000 nyckoB 3a cpoK CJayKObl; MOHIHOCTBIO Gosee
5000 kBt — 10 7500 nyckoB 3a CPOK CAYKOHI.

6.22. KpaTHOoCTh HauaJbLHOTO MYCKOBOTO MOMEHTAa 3JIEKTPOJABHTA-
Tenst (Muyex/Muox) HOMKHA OITh He Mmenee 0,6--0,8.

Kpartnocts Makcimasapioro spamaioumero MomenTa (Myae/Muox)
JoJkHa GeiTh He HIXKe 2,0--2,5.

BeanunHel MOMEHTOB MOI'YT OBITh CKOPPEKTHPOBAHBI C YYETOM
peaJbHOrO MOMEHTa CONpPOTHBJIEHHS MeXaHH3Ma NpH INHTaloHmeM
Hanpsixenun 0,8uyqy-

Yuer THAPOMEXAHHUYECKHX NMepexoaHbiX Npoueccos

6.23. ITpn npoekTipoBaHHH HACOCHBIX CTAHUHH I CHCTEM TEXHH-
uyeckoro ogoctaGxkenust TOC u AIC cienyer yunThBaTh riuapomMe-
XaHHYeCKHe IepeXxojHbie IPOLECCHl, CONPOBOXKLAIONIHECST pPe3KHM
yBeJHYEHHEM THAPOANHAMHUYECKHX HArpy3oK H BHOpauu#, aeficTBy-
IOIHX HA HACOCHBIE arperaThl H 3J1eMEeHTH HAaCOCHBIX CTAHLHA M CH-
CT€M H B HECKOJbKO pa3 NPEeBLIIIAIOUIHNX CBOM 3HAYEHHS B CTALHO-
HapPHBIX pexIliMax, a HHOTAA H CBOH /IONYCTHMbIE 3HAaYEHHS.

6.24. Caeayer yuuThIBaTh, YTO NPH IKCIJIyaTallMd HACOCHHIX ar-
peraTos clicteM Texuuueckoro sogocuabxenuss TOC u ADC moryr
BCTpEYaThCsl CJEAYIOUUE BHAB OCHOBHBIX MEPEeXOJHBIX NPOLECCOB.
IIpn nycke arperaros:

TPOraHHe M3 COCTOSIHHS MNOKOS, HAa6op HOMIHAJABHOH YacTOTHI
BpallleHus;

pa60’ra NIPpH MOHHXKCHHBIX HANopax B NpOUECCe 3amoJHCHUA NMOA-
BOJSILIETO BOJOBOAA;

NOBbILICHHE HaMopa NpH 3anoJHeHHH BOJSHOTO NpPOCTPAaHCTBA
KOHeHCAaTopa;

pa6GoTa npu NoBHIUIEHIIBIX HANOpax B MPOLECCe BHITECHEHHS BO3-
lyXa U3 KOHJIeHCATopa;

pabGoTa NpH NOBHLILICHHBIX Hanopax Ha NOATONJIEHHBIH O6paTHHIR
K71anaH (A1s NeHTpaJbHBHIX HACOCHBIX CTAaHUHH NpH paboTre ABYX H
6oJjiee arperaToB Ha OGIIHH BOZOBOJ); )
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MOHHZKEeHIe Hanopa nocjie phiTeCHeHus BO3AYyXa H3 KOHAEHCATO-
pa, 3apsiaxa cH(OHHOrO yCTPOHCTBA M BHIXOJ Ha pacyeTHHIA peXHM
paboTh.

Ilpu ocranoBke arperatos:

OTKJIIOYCHIIE 3JICKTPOABHraTessi OT CeTH H CHHXKeHHe YacTOTHI
BpallleHHsT B TOPMO3HOM HACOCHOM peXHMe J0 MOMEHTa CMeHBl Ha-
NPaBJICHHS ABHIKEHHS BOJBL;

peXHM MnpoOTHBOTOKA, B KOTOPOM I[IpH HaCcOCHOM HanpaBpJ/JICHHH
BpalleHHd arperara IOTOK JIBHXKETCSl M3 HANOPHOW Ha BCachiBalo-
LLYIO0 CTOPOHY Hacoca;

TYpOMHHBIE peXxum, B KOTOPOM HAacoc packpyunsaercsi B obpar-
HYIO CTOPOHNY N0 MOMEHTa JOCTHXXEHHS YaCTOTHl BpaUleHHs, COOT-
BETCTBYIOLIEH HaNopy;

PasroHHbIfl pexKUM, NPH KOTOPOM YacTOTa BpallleHHsi arperarta B
ob6paTHOM HaNpapJeHHH TpPeBHILAET HOMHHAJBHYIO H KOTOPHIH CO-
[POBOXKAAETCS 3HAUUTEAbHBIM yBEJHUEHHEM HAarpy3kKH OT UEHTPO-
0ekHBbIX CHJI, ANHAMHUYECKHMH BO3JeicTBHSIMH HebGaJsaHca Bpallalio-
IHUXCS MacC ¥ JIHHaMIT9eCKHMH BO3JACHCTBHSMH OT HeCTalHOHAPHBIX
ABJeNnHi, nabaojaemMblx B NPOTOUHOH YacTH arperara;

TOPMO3110H TypOGHHHBIH PEeXHM, 3aKaHUlBAWIIHACA HOCJe 0J-
HOTO CTEKaHH$ BOABI H3 CHCTEMDI.

6.25. OcHoBHOE BHHMaHLe NpPH HPOEKTHPOBAHHH CJAEeAYyeT YAe-
JATH TAKAM BH/AaM NEPEXOJHBbIX MNPOIECCOB, KOTOPble OKa3HBalOT
HanGosiee neGaaronpusTHbie BO3AEHCTBHS 11a paboTy HACOCHBIX ar-
peraTos K CHCTEM TeXHHUecKoro BoaocHaOxeHiis. K TakuMm BHAaM
HepexoAHbIX NPOLECCOB B IIEPBYID ouepeib OTHOCHTCS pabora Ha-
COCHBIX arperatoB MPH MOHIKEHHBIX H MOBHILIEHHBIX HAMOPaXx.

[Tox paGoToll HAacOCHLIX arperaToB NpPH TNOINHXKEHHBIX Hamopax
cjaefyeT NOHHMAaTh HX OTHOCHTEJLHO MPOAOJKHTEJbHYIO paboty
(6osee 15— 20 ¢) c HanopamH, MeHbUIHMH HanopoB, AONYCKaeMbIX
TeXHHYECKHMH YCJOBHAMH (NpH NyCKe JONyCKaeMbie Hamopbl CO-
CTaBJAMIOT, KaK IPABHIO, HE MeHee 7 M).

Tlon paGortoii HacoCHBIX arperaToB INpH NOBLIIEHHBIX Hamopax
cJleAyeT NMOHHMAaTh HX pabGoTy B pexHMaX, NPH KOTOPHIX PEXKHMHASA
TOYKa HaXOAITCH Bblille pabouell 30HB XapakTePHCTHKH Hacoca.

6.26. Cokpamieniie BpeMeHH palOThl HACOCHBLIX arperaToe IpH
[NOHHXKEHHHX Hamopax MOKeT ObiThb AOCTHTHYTO NMpHMEHEeHHeM cJie-
JMYIOUHX MepOnpHATHH.

A. ¥Ycranoska oGpaTHOro KjaamaHa B Hauyaje TIOPH3OHTaJbHOrO
yuacTKa HOJBOJSILIETO BOJOBOJAA AJ51 COXPAHEHHSI €r0 MOCTOSHHO
3al0JHEHHBIM BOAOH MJH obecleueHHs BO3MOXHOCTH €ro 3amoJmHe-
HH Tiepe]l NYCKOM BCIOMOTraTedbHBIMH Hacocamu (puc. 38). Cie-
JyeT YYHTHIBATDH, UYTO YCTaHOBKa OGpaTHOro KjallaHa, jaimonias 3Ha-
YHTEJbHOE COKpalleHHe BpeMeHH DaboTH HAcOCHOIO arperara NpH
NOHHAXEHHBIX Hanopax, HMEeT H DPAJ HELOCTAaTKOB, OCJOXKHSIOUWIHX
ycsoBus paGoThl cHCTEMbI TEXHHYECKOTO BOJOCHAOXKEHHS, a HMEHHO:
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YCHOXKHEHHE CHCTEMBl, CHHIKEHHE HAaJeXHOCTH CHCTEMBbl H3-32
HEJ0CTaTOUHOM HaJeXHOCTH CaMOro KJjamaHa. H THAPaBJHYECKHX
yIapoB, BO3HHKAIOUIHX NPH €ro 3aKPHITHH;

TIOBbIIIEHHE THAPABJIHYECKOTO CONMPOTHBJIEHHS CHCTEMBI 32 CUeT
YCTaHOBKH 0GPaTHOTO KJanaHa;

OTpHUATEJIbHOE BJHSHHE HA YCJOBHS IycKa Hacoca HHEpIHOH-
HOTO Hanopa Macchl BOAH B TPYyOONpPOBOAE, KOTOPHIH B CyMMe ¢ reo-

5

Pruc. 38. Cxema cHeTeMBl ¢ 06paTHBIM KJanaHOM

1 — nacocHuift arperat; 2 — noaBoAfIMKH BOAOBOA; 3 — o6paTHblit KaamaH; 4 —
3aMOJHCHHBIT YYacTOK NOABOAAILErO BOAOBOAA; &5 — KOHAEHCATOP; 6 — CAMB-
HOH BOJOBOZ.

METPHUECKHM HamoOpOM MOXKET MPEeBLICHTh MAaKCHMAaJbHBIH Hamop
YCTOHUYMBOH XapaKTepHCTHKH HACOCHOTO arperara;

HaJifyHe BO3JyXa HA yyacTKe MeX/Jy HaCOCHBIM arperatoMm H
o0paTHBIM KJ/1anaHoM, Tpe0ylollero CHeUHaJbHbIX YCTPOHCTB IJ4
ero yJaJieHust Npu NycKe; B NPOTHBHOM cJyuae NOCTyNJeHHe BO31y-
Xa B KOHAEHCATOP MPHBEAET K JONOJHHUTENbHBIM AHHAMHYECKHM Ha-
rPysKaM Ha ero KOHCTPYKLHH, YBEJHYEHHIO T'HAPaBJIHYECKOTO CO-
MPOTHBJIEHHS M YCJOXKHEHHI0O PpalbOThl OTCaChIBAIOLIETO 3XKEKTopa;

OTCYTCTBIle peKoMeHJaUHH Mo BBIOOPY NpaBHJILHOTO MecTopac-
MOJIOKEHNsT 06paTHOro KJanana U HeoOXOAHMOCTb COOPYIKEHHS Ka-
Mep AJst apMaTyphl.

b. BuimosHeHne HauadbHOrO Y4acTKa BOAOBOAA TPHIOAHSITHIM
nasi popcHpoOBaHHOTO MOBbLIIEHHSI HANOpa Hacoca cpasy ke MNocie
ero nycka (puc. 39). ¥YcTpoiicTBO NpHIOAHATOrO HauyaJbHOTO YYyacTKa

s

i

Puc. 39. Cxema cHCTeMbl C NPHNOAHATBIM HayaJbHBIM YYacTKOM
TIOJBOASILEr0 BOAOBOAA

1 — nacocumit arperaT; 2 -— MOABOASIMIHIT BOAOBOA; 3 — NMPHAOOAHATHI yua-
CTOK NOABOASALLEIO BOAOBOZA; 4 — KOHAEHCATOp; 5 — CJHBHOA BOAOBOA.

BoAoBoAa, pekomenayemoe BHHMUruapomaui, MoXeT CylIeCTBEHHO
06JIErTHTh yCJIOBUSI NycKa HACOCHOTO arperata Giarogapsi ObICTpo-
My MOBBILIGHHIO HANOpa B HAYaJbHBIH MOMEHT H NEPeXOAy PexHM-
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HOW TOuKH B pabouyid 06/1aCTh XapaAKTePHCTHKH HACOCA yKe uepes
10 — 12¢ mocse ero nmycka. OgHako NpakTHYECKOE HCHOJb30BaHHE
9TOTO pelIeHHs CYHECTBCHHO 3aTPYAHACTCA H3-3a 3HAYHTEJIbHOTO
YCJIOXKHEHHsT TNPHCTAHIHOHHOIO y3Jia 3JEKTPOCTaHLIHH H npobJe,
BO3HHKAIOWHX IpPH MNPOKJaAKe HONbE3AHBHIX KOMMYHHKaUH#H K Ha-
COCHOH CTaHHHH.

B. IlpeaBapuTenbHOe 3ano/HeHHe TOPH3OHTAJABHOTO YIaCTKa MO~
BOJZSIIEro BOJOBOJA C NOMOMIBI0 3KeKTopa BOASHOTO IPOCTPAHCTBA
KoHJeHcaTopa. [laHHoe MepONpHATHE OCYHIECTBHMO NDH CJEAYIO-
UIHX YCJIOBHAX:

ecJIH Pa3HOCTb OTMETOK HH3a KOHJEHCaTopa M YPOBHSI BOJAH B
cudOHHOM KOJIOALle paBHa HJAH O60Jblle PasHOCTH OTMETOK Bepxa

3

Prec. 40. CxeMa npeaBapHTENbHOTO 3alOJHEHHS C NMOMOLIBIO 3¥KeK-
TOpa BOASHOIO HPOCTPAHCTBA KOHJAeHCATOpa

1 — nacocubiil arperatr; 2 — 3alOJHEHHBI YYacTOK NOJABOASLIEr0o BOJOBOAA;
3~ 3aMOJHEHHBIl YYacTOK CJANBHOIO BOZOBOAa; 4 — wonjexcatop; 5 — cudon-
sl xKoJaozen.

HOABOASIIETO BOAOBOAA II YPOBHSI BOAH B BOAOIPHEMHOH KaMepe
HaCOCHOHW CTaHIHH, T. €. Jis == h; (puc. 40);

ec/lH PasHOCTh OTMETOK BepXa MOABOJSILIEr0 BOJAOBOAA H YPOB-
Hsl BOABl B BOJAONPHEMHOH KaMepe HAaCOCHOH CTAaHLUHH MEHbIIe HJIH
paBHa Be/JHUMHE BaKyyMa, CO37aBacMOro 3KeKTOPOM BOJASHOIO Npo-
CTpaHCTBa KOHAeHcaTopa, 1. €. hy < 1, (pHc. 40).

Ecan hy > h,, caeayer oueHHTb, HACKOJABKO OBJIErIaTCsi YCJAOBUS
NycKa HACOCHOTO arperaTta IpH YaCTHYHOM 3alOJIHEHHH MOJBOAS-
IEero BOJOBOJA.

EcaH KOHCTPYKUHSI CHCTeMbl HO3BOJISieT OCYLIECTBJSITh INpeJBa-
pHTeJNbHOe 3aMoJiHeHHe NOJBOASILEro BOJOBOAA, TO BpeMs BO3JAeH-
CTBHSI Ha JiomacTH pafouero KoJieca HACOCHOTO arperata MakKCH-
MaJbHBIX THAPOJHHAMHUECKHX HArpPy30K NpPH IIyCKe Pe3Ko COKpa-
1aeTcss H IpPakTHYECKH COOTBETCTBYeT BpeMeHH Habopa arperatom
HOMHHAJBHOH YaCTOTH BpallieHHsi, T. €. npuMepHO 4 — 5 c.

Cienyer yYUTHBATh, YTO [JISI CHCTEM TEXHHUECKOro BOAOCHabxke-
auss TOC u ADC 6Goaplioii MOUIHOCTH XapakTepHH GoJipliie o6be-
MBI 3aKJIIOYEHHOr0 B HHX BO3AYyXa, TO3TOMY, B LeNAX YJAyUIIeHHS
YCIOBHH H COKPalleHHs BPEMEHH 3alO/HEeHHs BOMOH TMOABOAALIAX
BOJOBOJIOB, XKeJaTe/JIbHO MpejlycMaTpHBaTh YCTAHOBKY OoJiee MOLI-
HBIX 9KE€KTOPOB BO/SHOTO IPOCTPAHCTBA.
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I'. KomnierroBanne UHUPKYASAHHOHHBIX HACOCOB ABYXCKOPOCTHBI-
MH NPHBOJAHBIMH 3JIEKTPOJBUTATESIMH JIJIsi 00€CIeYeHHsT BO3MOKHO-
CTH NyCKa Ha NepBoii (MOHHIKEHHO!) YacToTe BpalleHHs .

B naHHOM ciayyae 3amoJiHEHHE OINOPOMKHEHHOrO MOABOJSIIETO
BOJOBO/JA OCYIIeCTBJAsieTcs: NpH paboTe HACOCHOTO arperarta Ha
NEepBOH yacToTe BpAllleHHS € NEePexoAoM MocJe 3alOoJHEeHHS BOJO-
BoJla Ha BTOpyl0 (pacueTHylo) uactoTy Bpaulenusi. PabGora nacoc-
HOTO arperata Ha MOHHXKEH-
HOH YyacToTe BpallleHHs MO3BO-
JsieT 3HAaYHTeJbHO O0O6JIeryuThb
NpOTeKaHHe MepexOAHBIX Npo-
L[€CCOB BO BpeMS ero mycka.

6.27. CokpamieHne Bpeme-
HH paboThl HACOCHBIX arpera-
TOB NpPH TNOBLIIEHHBIX Hamo-
pax MoxeT ObITb LOCTHTHYTO
NpHMEHEHHEM CJeAYIOHX Me-
PONPHATHH.

A. ¥YcrpoiictBo xoaocrtoro
BojOBbINycKa (puc.41). Ipu-
MEHEHHEe XOJIOCTOrO BOJOBHI-
nycka NO3BOJISIeT MNOAAEpPNKH-
BaTb YCTOHUYHBHIH peXHM pa-
60THl HUPKYJAIHOHHOTO HACO-
ca B TIpoilecce €ro mnycka.
I'mapasiinueckoe cONpOTHBJIE-
HHE XOJIOCTOTO BOJAOBHINYCKA
noabHpaeTcsa TakuM o6pasoM,
4yTOObl HAamop, pa3BHBaeMbIH
NpH MapaJjejbHoll paboTe Ha
KOHEHCATOP H XOJIOCTOH BO-
JLOBBIITYCK, H€ BbIXOAHJ 3a
npejessl paboueii 30HBL Xa-
PaKTepHCTHKH Hacoca.

Puc. 41. CxeMa CHCTEMBl € XOJIOCTBIM B. VcrpoiicTBo KaanaHoB

BONOBLINYCKOM BbIYCKAa BO3/yXa H3 KOHJEH-

! — HHPKYJAAUHOHNDBIE HACOCH; 2 — NOABOJASI-

lgHe BOAOBOAH; 3 — cauBHbe BOZOBOAM; 4 — CATOpa Typﬁﬁllbl (pHC. 42)

e s = onocton moncemmyex. | Buaroniaps  Gosee  GrCTOMY

YAa/lleHHI0 BO3JAyXa H3 KOH-
JleHcaTopa BpeMs paboThl HACOCHBIX arperaToB B HEyCTOHUHMBBHIX pe-
JKHMax MOXKeT GbITh COKpAalileHO B HECKoJbKo pa3. [liomans BeIXOA-
HOTO cedyeHHS KJalaHa OmpejessieTcss B 3aBHCHMOCTH OT 06beMa 3a-
KJIIOUEHHOTO B CHCTeMe BO3/yXa M NPOH3BOAMTEIbHOCTH LHPKY/IALH-
OHHBIX HacocoB. CaeayeT yuuThbiBaTh, UTO JaHHBIH cnocol obJjerye-
HHSA POTEKAHHS MepPeXOJHBbIX NPOLECCOB MPH MOBLIIIEHHBIX HAMOpax
OpakTHYeCKH He TpeGyer MONOJHHTE/bHBIX KaMHTAJbHBIX BJOXKEHHH
B CHCTEMY TeXHHYECKOTO BOJOCHAOXKEHHsI M YCNEUIHO MOXKeT IpH-
MEHSITbCSL B COUETAaHHH C JPYTHMH MEpONpPHSATHAMH,
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B. ¥YerpoiicTBo BecTOBLIX TPY6 /IS BHINYCKA BO31YyXa M3 MOMABO-
ASLHX BOAOBOAOB (pHC.43). JTo pelnieHHe Hejecoo6pasHO NpHMe-
HAThb JJIfl CHCTEM TEXHHYECKOro BOJOCHAGKeHHs, HMEIOILHX NOoABOAM-
ILHe BOAOBOAK GOJILIIOH NPOTSKEHHOCTH H, COOTBETCTBEHHO, 3HAYH-

xt A

Puc. 42. Cxema CHCTEMHW € KJanaHOM BHIIYCKA BO3AyXa H3 KOHIEH-
caropa TypOHHBI

{ — wacocuniit arperat; 2 — noasomiuil poxoBox; 3 — KOHAEHCATOP; 4 — CAHB-
ot BojaoBoa; 5~ KJAanpaH BbIHYCKa BO3AyXa.

0o
—
P

-

)
Lo

-

Puc. 43. Cxema cucrembl ¢ BectoBoii TpyGoifi na noasoifileM BoO-
nosoje

1 — nacocuniit arperat; 2 — HOABOASILHI BOAOBOX; J — KOHAEHCAaTOp; 4 — CJHB-
nofi BOAOBOA; 5 — BecToBas TpyOa; A — och, MamMHHOrO 3ana.

J

//
1 A j 4 )
< |
R—

Puc. 44. Cxema cHcTeMBl ¢ NMYCKOBO NepemMbldKoil

I — nacocHplll arperart. 2-— NOABOISULHIY BOAOBOA; 3 — KOHIEHCATOP; 4 — CJMB-
Hofl BONOBOZ, § — NYCKOBas lePeMbluKa; 6 -—— 3anMopHbii opran.

TeJbHbie 00LEMBl 3aKJAIOUEHHOI'O B HHX Bo3lyxa. BecroBbie TpyOn
cJelyeT pasMellarh, N0 BO3MOXKHOCTH, BOM3I ocl A riaBHOro Kop-
fyca 3J1eKTPOCTaHUHUH HJAH 3Heprobnoka.

I'. ¥YerpolicTBO MyCKOBOH nepeMBbIYKH MeXKAY NOABOAS UM H CJIUB-
HBIM BOJAOBOAaMHu (puc. 44), TIpuHIMT nycKa Hacoca ¢ HCHOJb30Ba-
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HHeM NycKOBOH mnepembluky, npeanoxenHnii BHUHruapomam, 6an-
30K K NPHHOMNY Oycka Ha XoJioctofi BoAoBhnycK. IIpn 3amosiHenun
KOHJeHcaTopa TypOUMHBI HacTh pPacXoja, N04aBaeMOT0 HHPKYJSLHOH-
HBIM HAacoOCOM, IO NYCKOBOH NepeMBIYKe C NpeJBapHTENbHO OTKPHI-
THIM 3alOPHbBIM OPraHOM MHHYSI KOHJEHCATOP OTBOJAUTCS B CJAHBHOH
BOZOBOJ. TCM CaMBIM CO3JAIOTCS YCJOBHS AJS1 MOJAACPXKAHHSA CONPO-
THBJIEHHH KOHAEHCATOpa H Hamopa Hacoca B HEOOXOAHMBIX mpeje-
Jax, uto 6yler cnoco6cTBOBaTh 00J€rYeHHI0 peXXHMa paboTel Haco-
COB B MpoLecce 3apsilkKH KOHAeHcaTopa M CH(OHHOro ycrpoiicTBa.
ITocne BbixoAa Hacoca Ha pacueTHHIl pexHM paloTH 3aMOPHBIH Op-
raH Ha IyCKOBO/ NMepeMbluKe 3aKpbhiBaeTcs.

K HepocTaTkam AaHHOH CXeMBbl MOXKHO OTHECTH YCJIOXKHEHHE CH-
CcTeMbl TEXHHYECKOTro BOJOCHAGXKeHHs, TPYAHOCTH C pa3MelleHHeM
NepeMbIYKH B IpeAeaax MalMHHOIO 3aja H HeoGXOAHMOCTb, B CBf-
34 C 3THM, ee HAPYXKHOH NMOA3EMHOH NMPOKJIaAKH, a TaKXKe yBeJHue-
HHE 10 CPaBHEHHIO ¢ YCTPOHCTBOM XOJIOCTOrO BOJAOBHIIYCKA J10MOJ-
HUTEJABbHBIX KalHUTaJbHbiX BJOXEHHH.

TpensaputesnpHoe 3anojHeHHe YacTH o6beMa CHCTEMB € MO-
MOLIBIO 9IKEKTOpa BOJSIHOrO NMPOCTPAHCTBAa KoHAeHcaTopa. Ilpeasa-
PHTEJIbHOE 3alOJIHeHHEe CJEAyeT OCYLIECTBJATb C IeJbI0 YMEeHbLe-
HHSA o0beMa BO3[yXa B CHCTEME H, TEeM CaMblM, COKpallleHHsI BpeMe-
HH [POTeKaHHsi MePeXOAHBIX NPOIECCOB B HACOCHOM arperaTte MHpH
3apsiike KOHJIeHcaTopa.
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