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Jlek1.1 Oouwgue éonpocel, onpedenenus, mepmunono2us, Kiaccupuxkayus, 0CHOGHblE
npu3HaKu

IIpuMeHeHHEe yX€ HMMEIOIIMXCsS CTAHJAPTHBIX PELICHUH B XOJ€ IPAKTUYECKONM HHKEHEPHOU
JeSITeIbHOCTH TO3BOJISIET CYILECTBEHHO COKpATHTh o0liue Tpyapo3aTpaTsl. He HykHO, Hampumep, B
MOJTHOM OOBEME BBIMOJHATH MPOEKTHO-KOHCTPYKTOPCKHE pPACYEThl, MPOBOJIUTH (PyHIaMEHTaIbHbIC
TEOPETUYECKHUE U HKCIIEPUMEHTAIbHBIEC UCCIICJOBAHMUS.

Ho nmst Toro, 4ro0bl HCIIONIB30BaTh HAKOIIJICHHBIE YEJIOBEUYECTBOM 3HAHUS U OIBIT, HEOOXOAUMO
IPUMEHSATh €AMHYI0 TEPMUHOJIOIHI0. Beb 00bEKTHI U siBiIeHUs (WK 1po0iieMy) HE0OX0AMMO BHauae
pacro3Harb, KJIacCH(PpUIUPOBAaTh M TOJBKO MOTOM, IO TapamerpamM, IMpHU3HAKaM, CBOWCTBAM H T. II.,
COIOCTaBUTh C UMEIOIIUMUCS PELICHUSAMMU.

B obmem cnygae wmawwna (machine - ¢pany., nam.)— ycmpoiicmeo, 6vinonHAOWee
MexaHuyecKue O08udceHus O npeoOpasz08amus >SHepeul, Mamepuailos u uHgopmayuu, MNOITOMY
pa3nuyaloT MallMHBl  JdHepeemuyeckue, pabouue (TEXHOJIOTMYECKHME U  TPAHCIOPTHBIE), U

unghopmayuonnvie. B nucuunnuae OI'M u I'TI paccmarpuBarotcs sHEpreTHUECKHE MAIIHHBI.

T'uopaenuueckue mawunvt (I'M) - ycmpoiicmea, cryscawue 0 npeobpazosanus
MEXAHU4ecKol 3Hepeuu 8X00H020 36eHA 68 IHEPZUI0 NepeMeuiaemoil HeuoKocmu (3mo
2UOPOHACOCHL) UNU 018 NPeoOPA308aAHUS CUOPABIULECKOU YHEPIULU NOMOKA HCUOKOCMU 8
MeXaHUuuecKyro IHepeUI0 8bIXOOH020 36eHa (2udpoosueamei).

CymiecTBYIOT pa3juyHbIE CIOCOOBI KIACCU(DUKAIIUN (M3 KOHCTPYKTHBHBIX OCOGEHHOCTEI,

IOpUHLANA ASHCTBUS, HA3HAYEHUS U T. J1.). HaHpHMep, Io 61/10)/ HpCO6p83y€MOﬁ OHCPI'vH B I'M. I[eno

B TOM, YTO MCXOJSl U3 TEOPUH TUIIPONPUBOLA, npupawjerue TuapodHepruu B ['M moxer
MPOUCXOIUTH 33 CUET KHHETUUECKOHN U (MJIM) MOTEHI[MAIbHON COCTaBJISIFOIIUX.
Jlns paccMOTpeHHUsl 3TOro BOMpPOca BOCHOIB3YyeMCA ypaBHEHUEM bepHymm s

MOTOKA peanbHOU (BSI3KOM) KUIKOCTH, mpoxoisuiei dyepe3 ['M (ypaBHeHue OanaHca

HHEPTUN)
2
pl Ucpl
1 2 Ceuenue 1-1, Bxon B TM: Z, +—+aq, =H,.
r pg 2g
s ' 1ApO-
z—Z | MAarvHa o 2
Z1 |1 Ceuenne 2-2, Beixox u3 I'M: Z,+ Pr +a, 2 _ H,.
. - errr — - —— Yo Pg 2g
IDIOCKOCTE CPABHCHIST
Puc.1

rae Hy, Hy,- mosHbIe Hamops! moToKa B cedeHusx 1-1 u 2-2 COOTBETCTBEHHO

Zy,Z, - TreoMeTpUYecKHe BBICOTHI (T€OMETp. HAIOP) - XapaKTePU3YIOT SHEPTHIO TIOJIOKEHUS,



Py Py
— , - [Ib€30OMCTPUICCKUEC BLICOTHI (HL€3OMeTp. Hanop) - XapaKTCPU3YIOT SOHCPIUI0 JaBJICHU
rg rg
2 2
chl ch2 o o
29 , 20 - CKOPOCTHBIE BBHICOTHI (CKOPOCTHOH Hamop), rae Ol,,0L, - 0Oe3pasMepHEI KO3(puIUEHT

Kopwuonuca, yuuteBarommii HEpaBHOMEPHOCTH pacIpeleNieHHsi CKOpocTel (OTHOIICHHE NeHCTBUTENHHON KHHETHYECKOU
SHEpPIruu MOTOKA B JAHHOM CEUEHMU K KMHETHYECKON SHEpPIHU TOro K€ MOTOKAa M B TOM K€ CEUCHHMHU, HO NP PAaBHOMEPHOM

pacmpeneneHu CKOpocTeil)

2
. D,
3IICCL 7+ i - nomenyuaibHasa CoOCTaBJIArOIIasA yl)efleOM 3Hep2uu nomoka, ¢ r - KHHETH4YECKadA COCTABJIAIOIIAA.
o 2g

[Toatomy paznuuaror OI'M:

| - 2udpoounamuuecxue (nonacmuwie), oOeCTICUUBAIONIME IPUpAICHUE IOJTHOMN
PHEPrUM KUIAKOCTH B OCHOBHOM 3a CYET M3MEHEHHS €€ KUHemuuecKoul
COCTABJISIIOLIEH (LIEHTPOOEKHBIE U OCEBBIE HACOCHI, THIPABINYECKHE TYpPOUHBI U TIP.);
l-cuopocmamuueckue (06vémmusle), obOecreunBaroNIie MNPUPAIICHAE OJHOM
DHEPrUM JKUJIKOCTH B OCHOBHOM 3a CYET M3MEHEHHS__ €€ nOMmeHUuaiIbHou
cocraisitonieil. [Ipu stom: mpeoodpaszoeanue nepzuu npoucxooum 6 pesyibmame

ezaumodoeiicmeus padoueii cpeovl ¢ padouum Op2aHom 6Hympu padoueii Kamepol..
[lon paboueti kamepoii nonuMaetcst npocmparcmeso enympu OI'M, oepanuuennoe
padbouumu nosepxHocmaAMU Oemasel, NepuoouyecKu U3MeHswee ceoli 00béM U

NONnepemMeHHO coodwarueecs ¢ MeCmamu 6xo0d U 86ixo0a pabouell cpeowl.

Jlnst mosicHeHusl MpUHIMNA JAEUCTBUSL cHadana obpartumcs Kk mpocteimeit OI'M -
TUAPOLUMINHAPY, YCTPOWCTBY, COOOIIAIONIEMY BBIXOJHOMY 3BE€HY MOCTYHaTEIbHOE

JIBIDKCHHUE:

. hnOpulHﬂ o

b~
O

Puc.2

1,7-BcachIBaronine KiamaHel; 2-OpLIeHb; 3-MIIHHID; 4,5-HarHeTaTeNbHbIe KiIanaHsl; 6-npuBof; /7, L1/ - mopiiHeBast ¥ IITOKOBAsI

BBC}IH CUCTEMY O6paTHBIX KJIAaITaHOB M MEXaHHYECKUU npuBOJ, IIOJYYHUM

MOPITHEBOM HACOC IBOMHOTO JEHCTBUS (TaK Ha3bIBAEMBbIN MOKAPHBIN HACOC).

HpI/I NepeMEeICHMN OPpUIIHA BIIPaBoO, 00BEéM momocTu 1 YBEJIMYMBACTCA, AAaBJICHUE B Heit YMEHBbIIACTCA; OTKPbIBAA
KJanaH 1. )KI/IZ[KOCTI) us3 BcaCLIBaIOHleﬁ MarucTpaimn HaAYHET 3aMo0JIHATh MOPUIHCBYIO MMOJIOCTh (HITOKOBaﬂ yMeHLIHaeTCS[). HpPI
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JABWKCHHUU TIOPHIHA BJICBO — B IOJOCTH II mauyuHaercs POCT HAaBJICHHUSA W OTKPBIBACTCA KJlallaH 4, KHUIKOCTH 6yZ[CT
BBITCCHATHCA B JIMHHUIO HarHCTaHUs. HpI/I 9TOM O00BEM IITOKOBOHM IOJIOCTU YBCIIMYUBACTCA, HaBJICHUC B Hel nagacrt,
OTKPBLIBACTCA KJlallaH Tu JKHUJKOCTHh U3 BCAChIBAKOLICTO pr6onp01aoua, MOCTYNACT B NOJIOCTH 111.

OO6muM npuHIHIIOM paboThl M060it OI'M sBsiercs:

-gblmecHeHue JHcuoKocmu pabOYUMH OpraHaMU W3 3AMKHYMO20 00véma - padbouei
KaMephl;

-YyuKIu4ecKkoe u3MeHeHue o00bEMO8 PpabOYUX KaMmep TMpU JBIKEHHUU 3BEHBEB,
dopmupyronx pabodre oTceK (MOPLUUOHHAS U HEPAaBHOMEPHAs 110/1a4a — My IbCallns);

-nepuoouueckoe nookaouenue k cucmeme (T.e. TEpPMETUYHOCTb BXO/1a OT BbIXO/Ja, TOT/1a
Kak jjonactHble I'M - mpoTouHBIE).
CaoiictBa OI'M

K o06uwum ceoiicmeam o6vemnvix mawiun, KoTopbie 0O0YCIOBICHBI MX MPUHIUIIOM JEHCTBUSA U
OTJIMYAIOT UX OT HACOCOB JIOMACTHBIX, OTHOCATCS CIETYIOIINE:

1. Huknauunocmsv paboueco npoyecca W CBsi3aHHAs C HEW HEPABHOMEPHOCTh mnojauu (eé
MOPLUUOHHOCTB, - MoJjaua 00bEMHOT0 HacOCa OCYIIECTBIISIETCS HE PABHOMEPHBIM ITOTOKOM, a TIOPIUSIMH,
Ka)/1ast 13 KOTOPHIX COOTBETCTBYET I10J1a4€ OJJHON pabodell KaMephl,

2. I'epmemuunocms Hacoca, T. €. TOCTOSHHOE OTJIEJICHHE HAMOPHOro TpyOOmpoBoAa OT
BCACHIBAIOIIETO (JIOMACTHBIE HACOCHI TEPMETUYHOCTHIO HE 00JIAat0T, a SBISIOTCS MPOTOYHBIMH).

3. Camoecacwiganue, T. €. CIOCOOHOCTH 0OBEMHOT0O HAacOCa CO3/1aBaTh BaKyyM BO BCACHIBAIOLIEM
TpyOOTIpOBOZE, 3aIOTHEHHOM BO3/JYyXOM, JOCTATOYHBIA I MOJBbEMa JKHIKOCTH BO BCACHIBAIOIIEM
TpyOONpOBOE 10 YPOBHS PAaCHOJIOXKEHUs Hacoca. BricoTa BcacklBaHUS KUAKOCTH MPHU 3TOM HE MOXKET
ObITH OOJIbLIIE MPENEbHO AONMycTUMOM. JlomacTHble Hacochl 0€3 CHelMaNbHBIX MPUCHOCOOIEHUIN He
SIBIISIFOTCS] CAMOBCACHIBAIOIIIUMHU.

4. JKecmkocmb xapakmepucmuku, T. €. KpyTU3Ha €€ B CUCTEME KoopAauHaT Hamopa H (unu
JlaBJIeHUs p) 1o nojade Q, 4To 03HAYaeT MaJIyl0 3aBUCUMOCTH MM0ja4M Hacoca Q OT pa3BMBAEMOro UM
naBieHus. MneanpHas 1momada COBCEM HE 3aBHCHUT OT JIaBJIEHWsT Hacoca (B TO Bpems, Kak
XapaKTEPUCTHKH JIOTTACTHBIX HACOCOB OOBIYHO MOJIOTHE).

5. Hezasucumocms Oagnenus, cO31aBa€MOT0 OOBEMHBIM HAcOCOM, OT CKOPOCTH JABH)KEHHUS
pabouero opraHa Hacoca U CKOPOCTH JKUAKOCTH. B mpuHuume, npu pabore Ha HEC)KUMAEMO KUAKOCTH,
00BEMHBIH HAcOC, OO0NAMAIOIMIMK HACATbHBIM YIUIOTHEHHWEM, CIOCOOEH CO037aBaTh CKOJIb YrOJHO
BBICOKOE JIaBJIEHHE, OOYCIIOBJIEHHOE HArpy3koil, NpH CKOJb YrOAHO MAaJIOM CKOPOCTH JIBUKEHHUS
BBITECHHUTENCH. J[1s1 TIONMyYeHUs BBICOKHMX NaBICHWH C TIOMOIIBIO JIOMIACTHOTO HAacoca TpeOyroTcs

OOJIBIIINE YaCTOTHI BpalICHUA KOJICCa U OoJIbIIIME CKOPOCTH KUAKOCTHU.



5
Knaccudukanus, mpeacTtaBieHHass Ha pHUC. 3, TMO3BOJSET MOJYYUTh oOIIee

npeacTaBJICHUC O MHOFOO6pa3I/II/I MalllMH JaHHOT'O THIIa 1 o01acTu uUx IMPUMCHCHUA, HO
HC ABJIICTCA HHU GHHHCTBGHHOﬁ, HU OKOHYATCJIbHOM. I[EUH)HGﬁIHYIO CTPYKTYpPHU3aALIUIO

6YI[GM OCYHICCTBJIATD 110 MCPE OCBOCHUS MaTCpHUaila.

OOREMHARIE TUTNOMATITUHRT

N nenemelaeMocmi NaANULX Kaue
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Puc.3 Knaccudukannonnas cxema OI'M

B 3aBucumocTH OT TOTO, MEHSET JM CBOE MPOCTPAHCTBEHHOE IOJIOXKEHHE padodas Kkamepa B Ipolecce padoTsl,

OI'M penstcs Ha JBa Kiacca: gozépamusie (CM. puc.l) (pabouas kamepa Henoosudicua) U pomophsle (padouas Kamepa
NOO0BUIICHA).

[lo xapakTepy ABWXXCHHS BXOJHOTO 3BeHa Bo3BpaTHble OI'M pasnensiior Ha mpamoldeticmeyrouiue (C 6036pamHo-
nocmynamenbHuiM IBIXKEHHEM BXOITHOTO 3B€HA) U 6a/1bHble (C BPAILATEILHBIM JBHKEHUEM BXOJHOTO 3BEHA).
BanbHble IeATCS HA KpUGOWIUNHbIE U KYJ1aUKO6ble.

KynaukoBble Topa3/iess0TCA HA aKcuansusle (puc.4) (yroia MeXIy OCbIO BPAIlleHUs NIPUBOAHOTO 3JIEMEHTa U OChIO
pabouero oprana ot 0° 110 45 %) u paduansusie (yroxn or 45° 10 90°).

ErA
Y o

.- i
[~——

Mol

h=d 1g, f h

a) 0)
Puc.4 Paouanvnvle u akcuanvhvie kyraukosvie OI'M (a u 6 coomeéemcmeenno): 1 nacnemamenvHulil KIANam, 2- YuiuHop
3-npvorcuna; 4-ecacwisarowuii K1anau, S-nopuiensb, 6-npusoo.

@D @) fUUU" =

Puc.5 Pomopnvie OI'M: a, 6- wecmepénuamvie ¢ 6HEWHUM U 6HYMPEHHUM 3AYenIeHUeM,; G- BUHMOGbLE, 2, O
- naacmuHyamsie 0OHO-08YKPAMHO20 OEUCMBUS, €, JiC ~AKCUAIbHO-NOPULIHEBble ¢ HAKTIOHHLIMU OUCKOM U OJIOKOM.

N
=
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B portopHbIx paboume kamepsl nepemewjaromcs, a padOdWe OpraHbl COBEPIIAIOT BpaIIaTEIbHOE (POTOPHO-
BpaIlaTeIbHOE) WM BPAILATEIbHO-TIOCTYNATEbHOE (POTOPHO- MOCTYMaTenbHOE) ABMKEHHE. OTCYTCTBHE BCACBHIBAIOIINX U
HAarHETATEeNIbHBIX KIIAlaHOB B POTOPHBIX HAcOCax SBISETCS OCHO6HOU KOHCHIPYKMIUGHOU OCOOEHHOCHIbIO, KOTOPas
OTIIMYAeT UX OT MOPILIHEBBIX THAPOMAIIINH.

PoTopHo-BpamaTejbHble HACOCH! PA3JEIAIOT JaJiee IO KOHCTPYKIMU BBITECHUTENEH (pabodunX OpraHoB - MIECTEPEH,
BUHTOB, IIJIACTHH, [IAPHUKOB).

IlnacTuHYaTBIe MAINHHBL (3AMKHYmMble usMeHsieMble 00bEMbI 06pa308anbl HYMPEHHE NOBEPXHOCMbIO CMAMOpPA,
HAPYIICHOU NOBEPXHOCBIO POMOPA, MOPYEGLIMU NOBEPXHOCHAMU U OBYMA COCEOHUMU NAACTMUHAMY, COBEPULATOUWUMU
0OHOBDEMEHHO C BDAUAMENBHBIM U 6036PAMHO-ROCMYRAMENbHOE JUICCHUE, NEPEMEWAIOMCs 60KPY2 HEKOMOPOL OCHL).

Ilecrepennble OI'M gHewnezo 1 eéHympennezo 3aueluieHUs (napa 3ayenisiowjuxcs YuruHOpUYecKux uiecmepen
nomewjena 6 nIomno obxeamuiearwull ux kopnyc. B xopnyce, 6 mecmax éxooa uwiecmepén 6 3ayenienue u bixo0d u3 Hezo
UMEIOMCSL KAHATbL, Yepe3 KOMopble 0CYuecmeisemcs noosoo (8cacviéanue) u omeoo (Hacnemawue) JHuOKOCmu).

Bunrosbie OI'M (pomop umeem gopmy eunma, Komopwiii 00HOEPEMEHHO BbINONHACH PYHKYUIO GblMecHUumens, d
JACUOKOCTb 8 HACOCE NePeMewaemcsi 6001b 0Ceil PAUEHUsL BUHIMOE).

PoTopHo-nopuiHeBbIe HACOCH! 110 PACIIOIOKEHHUIO PabOUNX KaMep AEIATCS Ha paduanbHO- U AKCUAIbHO-TIOPIITHEBLIE.
Paboune kamepsl MX 00pa30BaHBI MOBEPXHOCTSMH IHMJIMHAPOB W IOPIIHEW, a OCH IMOPIIHEH MapauleNbHbl ocH OioKa
[WIMHPOB WK COCTABISIIOT C Heil yrou He Gosee 45°.

AxcunajgbHo-nopmHeBble TuapomammHel (AIIIM) nanee moxmpasnernsiorcst Ha mayHycephple (OecmiaTyHHBIE) U
nopuinesvle (ATYHHBIE).

HopmueBsie AIII'M (maryHHbIe) monmpasznerstorcss Ha [M ¢ HakaonHbiM Ouckom WM ¢ HAKIOHHBIM 0J10KOM
UUTUHOPOE.

OI'M Taxxe pa3fensioTcs Ha MAIIMHBI C PEryJupyeMbIM M HEPETyIupyeMbIM padbOYrMHU
o0BbEMaMu.

OCHOBHBIMH CBOWCTBAMH POMIOPHBIX HACOCOB, BBITEKAIOIIUMH W3 CHEIMU(PHUKA HX padodero
mpolecca, U OTIUYAIOIIUMU UX OT HOPUIHEBHIX, SBIISIOTCS CIeIyIoIIne:

1. O6paTuMoCTh, T. €. CIIOCOOHOCTHh THAPOHACOCOB PabOTaTh B KAa4eCTBE TUAPOIBUTATEIICH
(rumpoMoTOopoB) U HA0O0pOT. [TopITHEBBIE HACOCHI ATOM CIIOCOOHOCTHIO HE 00JIAIAOT.

2. Boabmas ObICTPOXOIHOCTH. MaKCUMAIIBHO AOMYCTHMbIE 3HAYEHHUSI YAaCTOTHI BPAIEHUS IS
potopHbIx HacocoB N=2000...5000 o6/MuH, NpHYeM HWXKHUI Mpenena COOTBETCTBYET OOIbIIUM
HacocaM, a BEpXHH - MasibIM. /{71 MOpIIHEBBIX HACOCOB 3THU 3HAYEHUS B HECKOJIBKO Pa3 MEHBbIIIE.

3. CnocodHoCcTh padoTaTh TOJBKO HAa YHCTBIX (OTQMIBTPOBAHHBIX M HE COJEpIKaIUX
aOpa3suBHBIX M METAIMYECKUX 4YaCTHI[), HEArpeCCMBHBIX W CMAa3bIBAKIIMX KUAKOCTAX. OTH
TpeOOBaHUS K KHUJIKOCTH OOYCIIOBJIEHBI MajbIMH 3a30paMH B POTOPHOM HAacoce M TPEHUEM MEXIY
00pabOTaHHBIMH MO BBICHIMM KJIacCaM TOYHOCTH M YHCTOTHI MOBEPXHOCTSMH CTaTOpa, poTOopa M
BBITECHUTENIEH.

Ecnu mepBble 11Ba CBONCTBAa POTOPHBIX HACOCOB SBIISIOTCS MX IMPEUMYIIECTBOM, TO TPETHE
CBOWCTBO OTpaHMYMBAET MPUMEHEHHE 3TUX HAacocoB. PaboTa HAacoCOB Ha BOJE HE IieJecoo0pas3Ha, Tak

KaK BOJIa BBI3BIBAET KOPPO3UIO U BEAET K OBICTPOMY U3HAIIMBAHUIO paOOYMX OPraHOB.



Jleku. 2 Bazoevte nonamus mexanuxku

Paboma - L, 1 /pwe =1 Hm/c mMepa NCUCTBHUS CUJIbI, 3aBUCAIIAS OT BEJIUYUHBI
CUJIbL, €€ HANPABJIEHUS U OT MEPEMEIICHUS TOYKH IPHUIOKEHHUS.
L=F¢ (2.1)
Yzenoeaa ckopocme - o, pao/c, npupamenue yria noBopora 3a MpOMEKYTOK BPEMEHH;
w =27 (2.2)
Kpymawuit momenm — M, Hm, - BemnunHa, XapakTepu3yolas BpalaTeIbHbIN
abdexT cunbl mpu  JeWcTBUM €€ Ha TBEPIOE TEJIO CO CMenieHueM (IJIeYOM )
OTHOCHUTEIBHO PACCMaTPUBAEMOM OCH.
M=Fr (2.3)

Mownocmeo, N, 1Bm= [/]xc/c (n.c.), - pusnyeckas BenTuynHa, U3Mepsemas
OTHOIIECHUEM TMPOU3BOJUMON pPabOThl K MPOMEKYTKY BpPEMEHH, 3a KOTOPBIH OHa

BBITIOJIHACTCA. B MexaHuke npy ycTaHOBHUBIIHMXCS pexnmax N=L/t:

(2.4)

BpallleHUE N=Mw; (2.5)

MOCTYNAaTEIbHOE BU)KECHHE N=FtA. (2.6)
dusnyeckre CBOMCTBa U paboune mapameTpbl pabodeit KUJKOCTH.

B nonsiTHE <GKMAKOCTB» BKIIOYEHBI BCE Tela, MJISI KOTOPBIX CBOMCTBEHHA
TEKY4eCTh - CIIOCOOHOCTh CUJILHO U3MEHSTh CBOIO (hOpMY MO ICUCTBUEM CKOJIb YTOJIHO

MaJibIX cui (T.e. rasel Toxe). PabouuMm TenmoMm (cpemoil) B THAPABIMYECKUX CHUCTEMax

SBIITFOTCSL  KanejibHvle XUIKOCTH, XapaKTePU3YeMbIC BBICOKUMH, 110 CPABHEHUIO C
razaMu, 00bEMHBIM MOYJIEM CXKATHUS U BI3KOCTHIO.

Kanenvnvie sicuokocmu omauuaromes om opy2ux mem, ymo 8 Majiom KOJIudecmee
noo Oelcmsauem NOBePXHOCMHO20 HAMAICEHUS NPUHUMAIOM chepuyecKyro hopmy, a 6
O0ILULOM - 0OBIYHO 0OPA3YIONM CBOOOOHYIO NOBEPXHOCHb PA30eld C 2A30M.

B OCHOBHOM MNpHUMEHSIOTCS MHUHEpajIbHBIC Macia, MPEICTaBIISIONNEe COOO0U
KUJIKAC TUCTHLIATHI (KOHICHCATHI-TIPOIYKTHI TIEPETOHKH, pa3IelICHUs KUJIKUX CMecei
Ha OTJWYAIONIMECS IO COCTaBy (pakIHH), 3arylmieHHble mapaguHOM, ILEPE3MHOM U
JIPYTUMHU TBEPABIMH YIJICBOJAMH, a TaKKE JKHIKOCTH Ha OCHOBE OPTaHMYECKUX H

KPEMHUUOPraHMYEeCKUX COEAUHEHUMN (T. H. cuHTeTH4Yeckue macia). OCOOEHHO MIUPOKO
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MNPUMCHAIOTCA CMCCH MHHEPAJIBHBIX MACCI, IMOJYYCHHBIC CMCIIMBAHUCM MAJTOBA3KHUX

HEe(TENPOAYKTOB C BHICOKOBSI3KUMHU KOMIIOHEHTAMH (3aryCTUTEISIMU).

OCHOBHBIMHU TIOKa3aTeJIIMH JIJIsi OLICHKU KadecTBa paboveil >KUJIKOCTHU CIy>Kat
BS3KOCTHO-TEMIIEpaTypHble CBOICTBAa (MUHHUMAJIbHAsE 3aBUCHUMOCTb), XUMHUYECKas H
busnueckass  CTaOMJIBHOCTH  (JIOJITOBEYHOCTh),  AHTUKOPPO3UITHBIE  CBOMCTBA,
arpecCUBHOCTh MO OTHONIICHUIO K PE3UHOBBIM YINIOTHUTENbHBIM ACTaNIIM (HaOyxaHue,
ycajJka - OCOOCHHO OT «CHUHTETHUKH»), CMa304yHas CIOCOOHOCTb, BCIIEHHMBAEMOCTh
(pacTBOPUMOCThH Ta30B, Hajguuue Bojabl - MyTHeeT yxke npu 0,008%, omHOPOAHOCTH
MHOTOKOMIIOHEHTHBIX KUJKOCTEH), a TAKKE OrHECTOMKOCTh U TEMIIEpaTypa 3aMEP3aHUs
(mpuMep HEBOCIIIAMEHSIOIICHCS )KUAKOCTH: BOJAHO-MACIsIHHbIC dMyibcun (40% BoIbI)).

OCHOBHBIE MEXAaHUYECKUE XapAKTEPUCTUKHU ((hU3UUECKHUE CBOWCTBA):

IVIOTHOCTh p (KF/M3) - Macca M XUIKOCTH, 3aKII0YEHHASA B eUHUIE 00BhEMa V-

OJ1s1 0OHOPOOHOU HCUOKOCTIU  p = % ; (2,7)

yAeJbHbIN BeC Y (H/M3) - Bec G equHMIBI 00BEMA V JKHIKOCTH:

y=3: 28)
o .

CHCUMAECMOCHb-CBOUCTBO JXUIKOCTA W3MEHATH CBOM OOBEM MOJ JIEWCTBUEM

2 .
JaBlICHUs, Xapakrepusyercs kodpduuuentom B (M7/H) 00beMHOro cxatHs, KOTOPbIH

Hpe,Z[CTaBJIﬂeT C060i/JI OTHOCHUTCIIBHOC U3MCHCHUC O6’BeMa, HpI/IXOI[HIHeeCﬂ Ha eI[I/IHI/IHy
NU3MCHCHUA JaBJICHUA, T. €.

1 AV

N i

’ Vi, Ap

(2.9)

rgic 3HaK <«» O6y0J’IOBH€H TEM, YTO IMOJOXHUTCIBbHOMY IMPUPAIICHUIO OAaBJIICHUA P

COOTBETCTBYET OTPHUIIATEIILHOE TIpUpaIieHne oobema V,

AV
7 — OTHOCHUTEJIbHOE U3MEHEHHE 00beMa 5

1

Ap =p,—p, -U3MEHEHUE (IIPUPALICHUE) ABJICHUS, JEHCTBYIOMIETO HA KUJIKOCTh;
AV =V, -V, -U3BMCHCHUEC 00BEMA JKUIKOCTH IIpU U3MCHCHUU JABJICHUS HA Ap,

V1 u V,- HavanbHbI 00beM KUIKOCTU MPU aTMOC(HEPHOM JIaBIICHUHN B 00BEM

PN UBMCHCHWH 1aBJICHUA HA Ap.
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Benuuuna, obpatHas f, Ha3bIBAETCA 00BEMHBIM MOOYIEM YRPY2OCHIU KUTKOCTH

IIPU BCECTOPOHHEM CYKATHUU:

==, (2.10)

Kanenbnbie KUAKOCTHU SABJIAIOTCA YIIPYTUM TCJIOM, HOJUYUHAIOIHUMCA C HCKOTOPBIM

npubmkeHrneM (st gaBnenuit 1o 500-800 kre/cm?) 3akony 'yxa:

AV _4p

= (2.11)

st mpumepa: nipu nosbiiieann aapneHus Ha 0,1 MITa (1 atm) 00beM BOJIbI YMEHBIIUTCS BCETO
mumrb Ha 1/20 000 wacts, HO Tipu 40 MITa Boma Ha 2%, Maco Ha 3%.;

643KOCHb - CBOICTBO KUIKOCTH CONPOTUBIISATHCA CIBUTY (CKOJIBKEHHIO) €€ CIOER
(nepopmaumu caBura) - Haubojee BaKHasg XapaKTepUCTHKA JUIsl pacuera u
npoektupoBanusa kak OI'M rtak u Bcero OI'TL

MexaHu3M BO3HUKHOBEHUS BSI3KOCTU OOYCJIOBJIEH TE€M, YTO MPU TEUEHHUH BSI3KOU
JKAJIKOCTH BJOJIb TBEPAOW CTEHKH CKOPOCTh JIBHKEHHUS €€ CIIOEB B pE3yJbTare
TOPMOKEHUS TOTOKA pa3IM4Ha, BCIEICTBUE YErOo MEXAY CJIOSAMU BO3HUKAET CHJIA
TpeHus. BenuuunHa 3TOM cunvt xacamenvho2o Hanpsaxcenuss T onpenensercs u3

YPaBHCHU, BBIPAKAIOMICTO 3aKOH JKUAKOCTHOT'O TPCHUA HrroToHa:

T=pF—; 2.12
MGy (2.12)
rae  p-kod(d. TPOMOPIUMOHAIBHOCTU- KOA(. JMHAMUYECKOW (WU aOCOIOTHOM)
BSI3KOCTH KHUIKOCTH;
F- muomazas paccMaTpuBaeMbIX COMPHUKACAIOMIMXCA CJIOEB JKHAKOCTH (WM
CTEHKH);

du
4, TPa/IMEHT CKOPOCTH- N3MEHEHHE CKOPOCTH, MPHXOJISIIEECS HA ETUHUILY
y

JUTMHBI B HAIPABJICHUU HOPMAJIU K CTEHKE, T.€. XapaKTE€PU3yeT MHTCHCUBHOCTD C/IBUTA
JKUJIKOCTH B JJaHHOM TOYKE;

u- CKOPOCTb ABHIXCHUA ) KUIKOCTHU:
Y - pacCToOdHUE MCEXKAY CIOAMH XHUIAKOCTH, HU3MCPCHHOC IMEPINCHAUKYIAPHO HAIPABICHHUIO
JABUXXCHUA XKUIKOCTH.

Junamuueckuti  ko3¢h. e6a3k0cmu | HUCIeHHO paseH cune mpenus T,
passusaiowelicsi Ha eduHuye nogepxwocmu F npu epaouemme cxopocmu, pagHnom

eounuye.

M:I* 1 (213)
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B cucreme CU umeer pasmeprocts H cex/m? (1 H cex/m?=10 13 - Iyaz- Hyaséuns Kan Jlyu Mapu, dpanyysckuii epay u dusux).

Kunematnueckasd BA3KOCTb V.

v=E2 ¥ (1cCm=0,01Cm=1mm*/c=10 x?/c.) (2.14)
p

Raeumauuﬂ - (l)I/ISI/I‘-ICCKI/Iﬁ mpoueccCc MCCTHOI'O BBIACICHUA U3 KUJAKOCTH B 30HAX
ITIOHMKCHHOT'O HaBJICHUA eé IIapoB U I'a30B (BCKI/IHaHI/Ie )KI/I,ZIKOCTI/I) C IMOCIICAYIOIIUM
Pa3pyHICHUCM (KOHI[GHC&HPICﬁ IMapoOBbIX MW CMbIKAHHUCM F3.30BI>IX) BBIACIIMBIINXCS
IMapora3oBbIX ITIY3BIPBKOB IIPU IIOIIAAAHHWHW HX B 30HY IIOBLIICHHOI'O OAaBJICHUA. 210
Pa3pymicHuc COIIPOBOXKAACTCA MCCTHBIMH T'MAPABIMYCCKUMHU MHUKPOYyAapaMH OOIBIIION

YaCTOThI 1 BBICOKOI'O YPOBHA YAAPHBIX HaBHeHHﬁ.

Masnenue - p, Ia=I1H/M?  (kec/em®,  wm. cm.)

pm. -Tapamerp,

XapaKTEePU3YIONINH CHIIOBOE (MEXaHWYECKOE) B3aUMOJICUCTBHE YaCTHUI[ >KUJKOCTU
(MakKpooOBEMOB) Jpyr € JIPyroM W C OrpaHUYMBAIONICH HMX IOBEPXHOCTBIO (npeden
OMHOWEHUS. CUNbL OA6IEeHUA K nﬂou;adke). ba3oBeIM sBISIETCSI OCHOBHOE YpPAaBHEHUE THAPOCTATUKU

p=p.tpgh
BekTtop paBiieHHs HanpaplieH 10 HOPMajid K BHYTPEHHEW MMOBEPXHOCTH.

Paznmuuator atmocdepHoe, BaKyyMMETPHUUECKOE, MaHOMETpPHYECKoe (M30BITOYHOE)
abCOIOTHOE.

CooTHo1leHue MCKAY CAMHHUIAMU JaBJICHUA

Eounuya uzmepenus lla oap Kkec/em? MM pm. cm. MM 800. CH.
1 10° 1,02+10° | 7,502+10° 0.102
] 5ap 10° 1 1,02 7,502« 10° | 0,102« 10
1 Kec/em? 9,805 +10* | 0,9807 1 735,6 10*
1 mm pm. cm. 133 1,33+10° | 1,36+10° 1 13,6
1 MM 600. cm. 9,807 9,807 10 7,35 107 1

[Ikambl TEXHUYCCKUX MAHOMempos TPAIyHpPyIOT B CIUHUIAX U3ObIMOYHO20
JaBJICHHS, YTO Ba)KHO IOMHHUTH MPU pacyeTax.

3 . o o

Pacxoo (nooaua) - Q, m’/c (1/mun) — 00BEM paboUCHt KUIAKOCTH, TTPOXOIAIINAMA

gepe3 JKUBOC CCYCHUC B CAMHHUIY BPCMCHU (Kommecmeo sewecmed, npoxoosiujee Hepes HCUBoe CeyeHuUe 8
eOuHUYy 8peMeHuU).

Pexxumbl TeueHust paboyeil )KUIKOCTHU:
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JIAMUHAPHBLIL - CIIONCTOE TE€YCHUE 0e3 MepeMenInBaHus YacTHUIl )KUIKOCTH U 0e3

MyJIbCAIMH CKOPOCTEN U JaBJICHUH (OTCYTCTBYET MOMEPEIHOE MEPEMEIIEHNE KUIKOCTH),
Re <Re,;
mypoynenmuulii — TEUYCHHE, COTIPOBOKIAIOIIICECS] MHTCHCHUBHBIM
HepeMeInBaHuEM XKUAKOCTU M MyNIbCallUsIMU CKOPOCTel U naBieHui, Re >Rey,.
Kputnueckoe uucino Peiinonbiaca Re,, XapakrepusyeT rpaHully Iepexoja OT
OfHOTO pexuma k apyromy (mma rmankux tpyo Re,,=2200~2300); Peorcumvl 3asucsam
om 853KOCMU, NJIOMHOCIU U ouamempa mpyoonpoeooa (2uopasiuieckoco paouyca,).

0151 mpyob Kpy2no2o ceveHust
Re=—; (2.15)

o151 mpy6 (KaHai08) HEKPY2l1020 CeyeHusl

Re= T (2.16)

A%
II€  u-CKOPOCTh OTOKA XKUJKOCTH;
d - BHYTpEHHUH JUaMeTp TpyOOIpoBOIa;

v- KHHEMaTU4YEeCKUN KO3(. BSI3KOCTH.

S o o o
r =—-TUJPABINYECKUN PAIUYC CEUECHHS MOTOKA, MPEACTABISIOMUN COO0MH

OTHOIIICHHE TUIOMIAN S CEYCHHS MTOTOKA K CMAaYMBAEMOMY TIEPUMETPY J, .

[Tpu pacuerax pacxoaa Q mpu JI. pexxumMe MoIb3yIOTCS BRIPAXKECHUEM

n g d
=———Ap. 2.17
Q=15 vy L P (2.17)
o 64v

Beens wekuii kosgpuyuenm conpomuenenus k:—d u mpeobpasosaB (2.17)

u

OTHOCUTEIHLHO MOTEPh JaBICHUS Ap , TIOTYyUHM:

Ly Q@

Ap=rA——=—5 2.18

raie L -giuHa BHYTPEHHErO CeYeHUsl pacCMaTpPUBAEMOT0 y4acTKa
Q-pacxoj1 )KUJIKOCTH Yepe3 JaHHBIA TPyOOIpOBOI

f -momage cedyeHus moToka;
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64

(X -k03(. conpotusienus: 1 JI. peskuma A = R_ , C y4ETOM JIOTIOJIHUTENbHBIX (PaKTOPOB (MCKaKEHNE CECUCHMS,
v

OXJIaXX[IEHUE HapY)KHBIX, COIPHUKACAIOMINXCA CO CTEHKOW CIIOEB) A= R—; st T. pexuma Juid THAPABIMYECKH TIIAIKON
c

Tpy6bI (IIEPOXOBATOCTH CKPBITHI IaMHHAPHBIM rparmasbv cioem) A = 0,3164Re % )
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Jlexy. 3. TeueHune BSI3KOM KMIKOCTH B 3230pax.
Tedenue BsI3KOI KUAKOCTHU B 3a30pax. FHILpOCTaTI/I‘leCKI/Iﬁ HNOJIIUITHUK U €TI0 FPIILpOCTaTI/I‘leCKI/Iﬁ pacycerT.

TeyeHue >XUAKOCTU B KAMWUISIPHBIX MIEJISIX MOAYMHSETCS OOIIMM 3aKOHAM
TUIPABIIMKH, & KPUTHYECKOE Ynciio PeitHolb/ica 00BIYHO COOTBETCTBYET
Re:u—j:1000+1200, (3.1)
riae S - BeJIUYMHA IIeNH (3a30pa);
U ¥ v -CKOPOCTb T€YEHUS U KO3(. KHHEMATHUECKOMN BA3KOCTH KUIKOCTH.
Pa3zMepsl ke mienu s B ruapoarperatax He mnpeBbimaior 10-15 mxwu, mostomy
MOTOK >KUAKOCTH JJII PAacCHpOCTPAaHEHHBIX YCIOBUN pabOThI (IaBICHUM U BSI3KOCTEH
KUJKOCTH) HOCUT OOBIYHO JIJAMHUHAPHBINA XapaKTep.
Ha pwuc.3.1 mnpencraBineHa TUNOBas cCXeMa TEUYEHUS KUIAKOCTH IIOJ
JEeUCTBUEM Mepenaja JaBICHUS Ap=p,—p, MEXAY IBYMs MapaieIbHbIMU TUIACTUHAMH,

HaXOJIAIIMMHUCS OJTHA OT JIPYrod Ha TaKOM PACCTOSHHUM, YTO OOpa3ylOT KaNWJUISIPHYIO
1IejIb pa3MepoM (BBICOTOM) S.

L

7277772777

L R

LN

Puc.3.1.

JlomycTuM, 4YTO pa3Mep IUIACTHH JOCTATOYHO BEJIHK, YTOOBI CUHTATh IOTOK
JIBYXMEPHBIM, U YTO PACHPEICICHUE CKOPOCTEN B CEUCHUU MEKIY IUIACTUHAMU UMEET
napaboIMYECKU XapaKTep, COOTBETCTBYIONIHI JJAMUHAPHOMY TEUCHUIO.

PaccMOTprM HEKYI0 BJEMEHTApHYIO YacTUIy d XUJIKOCTH, HAXOISIIYHOCS Y
HIDKHEW TuiacTuHbl. Cuile, BO3HMKAIOIICH TOJ JCWCTBHEM MEpernaaa AaBlICHUS Ap,
MIPOTUBOJICMCTBYET HANPSDIKEHUE CIBUTA T, JCHMCTBYIOIIEE HA HUKHIOK ITOBEPXHOCTH
(mmockocTh) dX; Ha BepXHEH MOBEPXHOCTH HANpPSHKEHUE CIBHUTA JICHCTBYET B 0OpaTHOM
HAIPaBJIECHUU, TOCKOJBbKY CJIOW >KUJKOCTH, TPUIETAOIIEN K JOTOW ITOBEPXHOCTH,
JBIDKETCS CO CKOPOCTHIO, OOJBINEH, WeM 3Ta dYacTuia. B CBSI3M C yMEHBIICHHUEM
rpagueHTa ckopoctu Ou/dy, HampsbkeHuWe caBUra Ha BEpXHEH IUIOCKOCTH CJIIBHMra
MEHBIIIE, YeM Ha HUXKHEH, Ha OECKOHEUHO MaJlyl0 BeIMYUHY d7.

N3 ycnoBus paBHOBECHS AEUCTBYIOIINX CUII UMEEM

dpdy —(t —drt)dx = wdx . (3.2)
150301

dpdy —dwdx =0, uiu d_pzﬂ (3.3)
dx dy
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HpI/IHI/IMaSI BO BHUMAHHCEC, YTO

T=pu—; —= , cm.. 2.6,
“ o (c )
MOXXHO HamnucaTh
dp d’u
2 , 3.4
yelire (3.4)
HNuTerpupyst 3T0 BeIpaXE€HUE NBAXKIBI 11O y, HAaXOJMM CKOPOCTb ITOTOKA KUIKOCTH 1.
_ldy +C,y+C,. (3.5)
,u dx 2

[TocTOsIHHBIE MHTErPUPOBAHUS ONPEACIAIOTCS YCIOBUSAMHU PAaBEHCTBA HYJIO CKOPOCTEU

S
Ha TI'paHHUIIax MMOBEPXHOCTHU IINIAaCTUH), T.C. I Y=+ — 3HAYCHUC Cl CTaHOBUTCA
2

2

1dps
paBHBIM HYJIIO U C, =————, OTCI0J1a
Ldx 8
2
L[5 _ e (3.6)
2ul\ 4 dx
MakcumainbHasi CKOPOCTh MOTOKA Umax UMEET MeCTO NpHu y=0 1 paBHa
__ls'dp (3.7)

b =70 4 dx
Tak kak CKOPOCTB ITOTOKA YMCHBIIACTCA COOTBCTCTBCHHO CTCIICHH BCIIMYMHBI S, TO
pacnpeiesieHie CKOPOCTeH MO CEYEHHIO MOTOKA Oy/IeT MapaboIMIecKuM.
CpGIIHHH CKOpPOCTB IIOTOKa

Unmax

y=-2 (3.8)

Jist ciyyasi mpupanieHuss ckopoctu dU, COOTBETCTBYIOMIETO MPHUPAIICHUIO KOOPINHATHI

_1 dpjo 2d
( #J(dx ;y g 1 dps’

. > Ladps (3.9)
s 3udx 4
2

BBuay TOro, 4ro maBJ€HME YMEHBIIAETCA 110 JIMHEMHOMY 3aKOHY, T'PaJIUEHT

AaBJICHHUA paBCH

1d
dy (du = ——pydy) uMeeM
p dx

dp _bP—P (3_10)
dx L

Torza y=— L PPy S (3.11)
3u u L 4
rac L' JJIMHA LICJIU B HaHpaBHeHHH ABUXKCHUSA ITOTOKA KUJIKOCTH.
PaCXOI[ KUAKOCTU qepe3 eI[I/IHI/II_[y JJIMHBI €I B ITJIOCKOCTH, HepHeHI[HKy.TIﬂpHDﬁ
K IUIOCKOCTH X), PaBEH

1 p-p, s _(p—p,)s
e e (3.12)
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Jnst upuHbBl W €N B TJIOCKOCTH, MEPHEHANKYJISIPHON K MOTOKY, pacxoja MpH
JaMUHAPHOM TEUYEHUU PaBEH

0= (pl %) )S3W _ Aps*w _ Aps*wg (3.13)
1240 12uL  12viL '

a repciaa AaBJICHUA

ap=220, (3.14)
gws
rinc w - IMAPpHHA IICJIW B HAIIPABJICHHUHU, IICPIICHIUKYIIIPHOM K AIBUMXCHHUIO ITOTOKaA
JKUJIKOCTH,
ap _p—p,
dx L
uwHyv -KOB(b. ,HHHaMquCKOﬁ 1 KMHEMATUYEeCKOH BA3KOCTH,

-I'PpaJUCHT AABJICHUS 110 JJIMHC IS B HAIIPABJICHWU IIOTOKA,

Y U g- YIAEIbHBIM BEC U YCKOPEHUE CUJIBI TSIKECTH.

2

[IpupaBHsiB oOlee BBIpAXKEHUE TMOTEPh Ap = ﬂ—%?—_g g?— (em.. 2.18) k

BeIpakeHuto (3.14) u noacrasus U=Q/f u f=ws, moyunm
24y 24
A="r=". (3.15).
us Re
[IpuBeaéHHbBIC pacYETHI MPOBEACHBI B MPEAMOIOKEHNH, YTO BI3KOCTD V JKHIKOCTH
B IICJIM MMOCTOSHHA, TOTJAa KaK B JICHCTBUTEIHLHOCTH OHA 3aBUCHT OT TEMIICpaTyphl M
JABJICHUS JKHIKOCTH, SABJISIOIINECS BEIMYMHAMH ITEPEMEHHBIMH (M B OCOOCHHOCTH TPHU
CBEPXBBICOKHUX JABJICHUSX ) TI0 XOAY TCUCHHS KHUIKOCTH.
[ToCKONMBKY M3MEHEHHUS BSA3KOCTH KHIKOCTH B IIEIM HOCSAT CIOXKHBIM XapakTep,
NPY NPAKTUYECKUX PacuETax BBOIAT CPEAHEE 3HAUCHUE BA3KOCTH
v, +V
v, =-1—-2 (3.16)
cp 2
IJIe Vi M V, - KHHEMaTH4YeCKasi BA3KOCTh JKUAKOCTH IpH (DAaKTHYECKUX TeMIIepaTypax U
JIABJICHUSX HA BXOJE B IIEJb M HA BBIXOJIC U3 HEE.

Teuenue yepes meab ¢ NOABUKHON CTEHKOMH.

XapakTepHbIM U THAPOCUCTEM SBIIACTCS TaKXKe TEUEHHUE KUIAKOCTU TOJ
NeHCcTBUEM Tiepenaaa AaBieHust Ap=pi-p, MeX1y AByMs IUIACTUHAMHU (MIOBEPXHOCTSIMU),
YIAJIEHHBIMU OJIHA OT APYIOW Ha PacCTOSIHUE S, OJIHA U3 KOTOPHIX HEMOJIBH)KHA, a BTOpast
nepemMeniaeTcsi OTHOCUTENIBHO MEPBOM CO CKOPOCTHhIO » (CM. pHUC.3.2) OTHOCUTEIBHO
HEIOABMKHOM MIIACTUHBI. B COOTBETCTBUU C 3TUM B PACCMOTPEHHBIX BBIIIE YPABHEHUSX,
ONMKCHIBAIOUIUX JBUWKEHUE SKUAKOCTH, JOJDKEH OBbITh YYTEH TMEpPEeHOC KUIKOCTU
JBUKYLICHCS MIIACTUHOM (C YIETOM (PPUKLIMOHHOTO JBHUKEHUS KUJIKOCTH).

Bocnpousseném ypaBaenue (3.5)

u:——7+Aly+A2. (3.17)
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AN B AN Y AN RN Y Y Y
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WA
P11

W

r YN ¢

Puc.3.2
Jlist paccmaTpuBaeMoro cirydas PpUKIIMOHHOTO JIBIKCHHS KUJIKOCTHA TPAHUYIHBIC
yCJIOBHS OyayT

u=0 mpu y:—%; (3.18)
u=+v IpH y=+§, (3.19)
ra¢ v - CKOpPOCTb JABHXCHHA IINIACTUHBI, KOTOpasd MOKCT 6BITB BEJIMYMHOU

MOJIOKUTEIPHON WJIM OTPUIIATEILHONW B 3aBHCUMOCTH OT TOTO, COBIAJACT JIM
HaIlpaBJCHUE JBIDKCHHSI TPAHWIBI C HANpPABICHUEM TEUYCHUS JKUIKOCTH WIIN
IIPOTUBOIIOJIO0XKHO eMy (puc.3.3)

Y L

AN NN NN N NN R N N N Y

)

b

DN ENNSSIENEENIEN ’5?

1:'1.:51:'2 qu:%
Puc.3.3.
C y4eToM rpaHUYHBIX YCIOBUM MOXKEM 3aMUCATh
2
ld_pS__Al £+A2 =0. pu y:—i (320)
udx 8 2 2
151
2
1dps” | 45,4 —sp mp y=+s (3.21)
Mdx 8 2
OTtcrona Haxo QUM
2
A=+l Ldps 40 (3.22)
2 wudx 8 s
B sTom ciyuae
1 2
uz_d_p S__y2 iﬂiﬁ (323)
2udx\ 4 s 2

OO6uuit pacxon (yTeuka) KuUJIKOCTH
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%

O=w Iudy (3.24)
v
WuTerpupys u mpou3Be/si COOTBETCTBYIOIINE MTPEOOPa30BaHMUS, TOTYIUM
3
dp vs
= : 3.25
© [ 12dx 2 JW ( )
d_P __ PP
HpI/I I[MPUHATOM YCJIOBUU, YTO I'PAAUCHT OABJICHUA p = —L IMOJIYYHUM
X
PPy 2y, 3.26
0= [ 2ul 2 }W ( )

TeueHue yepe3 KOJIbUEBYIO IEJb.

PI/IC34 Pacuernas cxema
Pacyer yreyek depe3 KOHIICHTPUYCCKYIO KOJBIEBYIO mmenb  (puc.3.4)
pacCUMUTHIBACTCS TP JaMUHAPHOM TE€UEHHMH IO BhIpakeHHio (3.8) ¢ 3aMEHOM IIUPHUHBI
e W=xd, rae d - cpeTHuiA qTuamMeTp IIeIu:

3
0= 7dAps (3.27)
12L
CpeI[HI'OIO CKOPOCTB ITOTOKA JKUJIKOCTH MOKHO IIPCACTABHUTH BBIPAKCHHUCM
L=2-2 (3.28)
mds  f

rae f -momans cevenus meny;
[MonacraBuB B ATy hopmyny 3HaueHue Q uz Gopmyist (3.27), moyuanm

Aps’®
= : 3.29
Her 12l ( )
Otcrona nepenaj J1aBieHUs
12 ul
pp = 2t (3.30).

N
Benuuuny pacxoma (yTeUkH) >KUIKOCTH dYepe3 IIedb C YYETOM JBMXKCHUS
UMIMHAPA (MOPIIHA) MOXKHO onpeAeauTsb (cM. hopmyny (3.13)) Tak:

O=u, MS—ﬁd(lAp;L ?J (3.31)

Bausanue IKCUeHmpuiHocmu uieiiu.
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Puc.3.5. Pacuetnas cxema.

YyuteiBas, 4T0 a0CONIOTHAs BEJIMYMHA 3a30pa S B pacCMaTpPUBAEMbIX arperarax
HUYTOKHO Majia 0 CPaBHEHUWIO C BEIMYMHAMH JHAMETPOB IUTYHXKEpa W IWIUHAPA,
MOJKEM MPHUOJIMKEHHO HamucaTh (cM. puc. 3.5)

a=R+ecosp—r=s(l+&cosp), (3.32)
II€ @ - BEIMYMHA PAIUATILHOTO 3a30pa IS TI0JI0KEHUS, COOTBETCTBYIOIIETO YIIIY o ;

€- DKCIICHTPUCHUTET;
e 9
&=— - OTHOCUTEIbHBINA SKCIIEHTPUCUTET;
)
s = R—r - BeIMYMHA PAJUAIBHOTO 3a30pa MNPHU KOHIIEHTPUUYECKOM PACIIOJI0KECHUU
TUTYHXKepa U [UINHIPA;
R u I - pannycel HUIMHIIPA U TUTYHXEpA.
BrisienuB 351eMEHT 3a30pa MUPUHON rd@, 1 paccMaTpuBasi €ro Kak IOCKYIO 1IENb,
MO>KHO 3amucaTh C ydeToM ypaBHeHus (3.14) BepaskeHHsI 1711 DJIEMEHTapHOTO pacxo/1a

3
dQ =uardp = lAé)ZL rdg zle—st3(l+gcos¢>)3rd(p (3.33)
HpOHHTerHpOBaB, IIOJIYYHM pacxod KUIKOCTH 4CPC3 3a30D:
Aps*rf ; mdAps® (( 3/ 3/ 2
= l+ecosp)dp=""N+ e’ )]=0 1+ ¢ 3.34
leﬂL!( co)colzﬂL(é)Qc(é) (3.34)

rae Q. - pacxoj mpu COOCHOM PACTIOIOKEHUH TLTYHXKepa.
YyuTeiBasg, 4YTO MaKCUMaJbHOEC 3HAYCHWE OKCICHTPUCHTETAa e  PaBHO
HOMUHAJIBHOMY paJHaIbHOMY 3a30py S, MO’KHO HaIucaTh
0 = 228p7s” s _ 2,50, (3.35)
12uL
rae Q,-pacxoj KUIKOCTH MPYU MAaKCUMaTbHOM 3HAUYCHUHU KCIIEHTPUCHUTETA.
Ortcronia mepena 1aBJIeHUs 11 MAKCUMAIBHOTO DKCIIEHTPUCUTETA
s (336)
N3 cpaBaeHust BoipakeHus (3.27) u (3.35) BUIHO, YTO PacXxo]l yTeUEK >KUIKOCTH
Py MaKCUMaJbHOM AKCICHTPUYHOCTH IUIYH)KEpa W BTYJIKH TIPEBBINIACT B 2,5 pasa
pacxoJ Py KOHIIEHTPUYHOM UX TIOJIOKECHUH.

I'mapocTaTudecKril OIMUITHUK

B BBICOKOOOOPOTHBIX HACOCAX U TUAPOMOTOPAX MPUMEHSIIOTCSA TUAPOCTATUYECKHE
OMOpHBIE TATHl (MOJUIMITHUKK), B KOTOPBIX cMa3Kka 3¢ (EeKTHUBHA MPHU CKOJb YTOJHO
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MaJjbIX CKOPOCTSX, YTO OYEHb BAKHO, HAIIpUMEpP MpH Iycke rugpomoropa. Cmaska B
THX TMOAIIMIHUKAX oOecrneuynBaeTcs IMoJaued B 3a30p MEXAY TPYLIUMUCS
IIOBEPXHOCTAMH JKUJIKOCTU IIOJ TaKUM JaBJICHUEM, IIPU KOTOPOM BHEIIHSAA Harpyska
YPAaBHOBEIIMBACTCS CUJION JABJICHUS JKUAKOCTH M OJHA U3 CKOJB3SIIUX INOBEPXHOCTEU
BCIUIBIBACT, TEpsAsd IIPU OTOM KOHTAaKT € JApyrou. buaromaps sTomy IpencTaBiIsAeTCs
BO3MOJKHBIM BOCIPHUHATH MAacCJISIHOM IUIEHKOW OoJiblline Harpy3ku O€3 KOHTaKTa
METAJIINYECKUX [TOBEPXHOCTEN.

y

[

/

A\

Puc. 3.6 Pacuernas cxema

B  OonbmumHcTBEe  KOHCTpykuuid I'M  ruzgpocrtatndeckue — (IUIABAIOIIME)
MOJIIUIHUKY (TSATHI) MUTAIOTCS OT pabodeil cpeapl 3TOM MaluHbl 0€3 MPUMEHEHUSs
BCIIOMOTaTEJIbHOTO MCTOYHWKA AaBieHus. [IoANSATHUK MpeaHa3HayeH JJIsi BOCTIPUSITHUS
Harpy3ku OT CHJIbI pabouero AaBJeHUs )KUAKOCTU p; Ha TUTyHXKep 3 quametpom D.

Jlnst pa3rpy3ku TOJBMOXKHOTO 3JieMeHTa 3 (TutyHXkepa) u3 pabodero HuiInHApa
Hacoca B KaMmepy 4 K CKOJB3SIUM CchEepuuecKoil M TJIOCKOW TMOBEPXHOCTSAM dYepes
OCEBBIC KaHAIbl 2 TUTyHXepa 3 W omopHOro OamMaka | MOJBOAUTCS KUIKOCTh TOJ
JIABJICHUEM P, YCHJIME€ KOTOPOM CO37aeT B 3a30p€ MEXAY MOJMATHUKOM M OIOPHOMU
MOBEPXHOCTHIO )KUAKOCTHYIO TUIEHKY, BOCIPUHHUMAIOIIYIO BHEIIHIOK HArpy3Ky.

Jnsg  HaxokaeHus TpaAueHTa [JaBJICHHUS I PacCMaTPUBAEMOM  IUIOCKOM
KOJIBIIEBOH TIeNIU B (PYHKITUU €€ TeKYIIero paauyca I mpeodpasyem ypaBHeHue (3.14):

& _120vy (3.37)
L s wg
[ToncraBuB 3HaueHne W=2zr u L=dr, mosryuanm

dp =622 ar (3.38)
s g
HNHuTterpupys 3To BhIpaK€HUE B UHTEpBae OT I, 10 R,: HaxoquMm naBieHue:
R
p=6 LI _g Qv R (3.39)
msTg; ms’g r

Hcxoas U3 W3BECTHBIX TPAHUYHBIX YCIOBUM JABICHUS (npu r=r, oasrenue P=p;, a npu
r=R dasnenue p=p,), ypaBHEHHUE PaAcX0/a KUJKOCTH UYepe3 TIIOCKYIO MIETb IPUMET BUJT



20

3
0 =L"P§e (3.40)
6yvin —
rO

rpy30HOI[’BCMHOCTL IMOAIIHUITHUKA OIMPCACIINTCS 110 BBIPAKCHHUIO

R
F=p,m’ +I p2rrdr (3.42)

[TonctaBuB u3 ypaBHeHudd (3.3) u (3.4) 3Hauenus p u Q u mpousBens

HHTCTPUPOBAHUC, IMOJYUYHMM BBIPAXKCHHUC I pacucTta Ipy30loaAbEMHOCTH KOJIbICBOIO
Ir'maApOCTaTUYCCKOI'O IIOAIINITHHUKA:

R 2 2
uﬂQV]/Ilnﬁrdr:pzﬂ R —r,
]/'0

_ 2 ol
F=pm + =5 J S| % (3.43)

P =P R (3.44)

e p; U Pz - JaBJICHUE, Pa3BUBAEMOE HACOCOM, M JIaBJI€HUE B KaMepe OIOPHOTO
Oammaka.
Pacxon MoxeT ObITh BRIYHMCIIEH IO YpaBHeHUIO (3.4) (3.7)

[TpupaBHsiB pacxon (YT€UKy) KHAKOCTH Yepe3 TOPIIEBYIO IIETh K Pacxoay depes
KalUUSIPHOE OCEBOE OTBEPCTHUE B IUTYHXKEpE, BBIYMCISIEMOMY MO ypaBHeHUio (2.13),
NOJYYMM ypaBHEHHE JUIs ONpeecHus quamMeTpa d oTBepCTus:

(P —p)d* _ ps’

1280, R (3.45)
rO
TOTZIa
128p,s°L
d= — (3.46)
6(p, — py)n =

o
HpI/I pacdeTax nocJeA0BATCIIbHBIX U MapaUICJIbHbIX THAPABINYCCKUX COHpOTI/IBHeHI/Iﬁ CJICAYCT YUYUTbhIBATh, YTO B

nepBoM ciaydae Q=0Q;=Q,=...=Qy, a Bo BTopoM Q=Q;+Q,+...+Q.
Taxoke cirleyeT IpUHIMATh BO BHUMaHUE BIMSHUC HArPEBa Ha OIS IaBJICHUI B TOPIIEBOM 3a30pe€.
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Jlexi1.4 Oowan meopusn 00vEMHBIX 2UOPOMAUIUH

O606mennas cxema OI'M. OcHoBHBIE paboune mapameTpsl. KnuHematndeckne cooTHOIeHUs. [ eoMeTpraeckuii
pacxon (Ipou3BOIUTENRHOCTE). Paboumii 00peM. MHaMKaTOpHAs quarpaMMa, HHANKAaTOpHas padoTa. TeopeTndeckuit
KpyTsmuii MOMeHT. YTeuku. [ mapaBimmdeckue notepu. Mexanmdeckue notepu. Oomuit 6amanc noreps 1 K11/ o6peMHBIX
THAPOMAIINH

OOBEMHBIE MAalIMHBI COCTOST W3 TOM WM WHOM (opMmbl pabouux Kamep
(npocmpancmeo 6 yununope, enaouna mexcoy 3y0bsiMU UECMEPHU, KAMEPA MeNCOY
NAACMUHAMU, BNAOUHA MEHCOY GbICMYNAMU UHMA U M.N.) U BBITECHUTENEHN (IIOPIICHB,
3y0 LIECTEPHM, IJIACTHUHA, BBICTYN BHHTA), KOTOPHIMU MPUHYIAUTEIBHO H3MEHSIIOTCS
00BEMBI Kamep (00bém padoueil kamepel).

-B Hacoce NpU pabdouem xoje (IIUKIIE) MPU MEPEMENIEHUH BBITECHUTENS 00BbEeM
paboueii KaMepbl yMeHbUiaemca U 3a0JHABIIAS €70 KUIKOCTh BBITECHSIETCS;

- B eudpoogueamesie TIpU pabouem XOH€ KHAKOCTh, TOCTYIAOIMAs B padodyio
KaMmepy, yeenuuueaem ¢ 00bEM, BBI3bIBAS IEPEMEIICHUE BBITECHUTENS (TIOPIIHSA,
TUTYHXKEepa, IPYyrux pabodynx OpraHoB, OTPAHUYMBAIOIINX 00BEM paboyueil KaMephl).

Pabounm o6wéMoMm (Vo mim Q, M CM3)) HA3bIBAIOT 00bEM HECKMMAaeMOH KUIKOCTH,
mogaBaeMoud HaCcoCOM WJIM NMPHHUMACMOU THAPOABUTATEIEM, IIPU OTCYTCTBHUH YTCYCK, 34 OIWH
000pOT MJIM OJHH X0/ BeAYLIEero 3BeHa Hacoca UJIU BeJ0MOr0 3BeHa THAPOABUIaTesl.

Pabouuii 06vém SBISETCA OCHOBHBIM IMapaMETPOM OOBEMHBIX MAIIUH, KOTOPBIH MPUBOIUTCS B

TEXHUYECKOM JIATCPATYPC KaK TJIaBHBIM.
I[pyrI/IMI/I OCHOBHBIMHU IIapaMETpaMu ABJIAIOTCA:

HOMUHANbHAS wacmoma epawjerus, N, ob/cex, ¢t
HomuHanbHas nooava (pacxon) Q, M3/cel<;
HOMUHAIbHOE OaslleHue Ha BBIXOJe (Ha Bxoae), p, 1a,;
HOMUHATbHAS MowHocmb, N, Bm;

Kpymawui momenm (0nsa momopos), M, H m.

K03 puyuenm Hepasnomeprnocmu nooadu, o, %;
noanwiit K11/, n, %;

euopomexanuvecxkuit KII/, ny, %;

obvémnntit KII/, 1o, %;

Xapaxkmepucmuxa 2uopomMauiutvl — QYHKYUOHAIbHASL 3AB8UCUMOCTNL MedCcO) eé
ONpeOeeHHbIMU napamempam Npu HeusMeHHviX opyeux napamempax (B T.4. BA3KOCTH
U TUIOTHOCTH KUJKOW Cpeibl). XapaKTEepPUCTUKU MOTYT OBITh TMPEJICTABICHBI B
rpadudeckoil, TAOJTUYHON UK aHATUTHIECKOMN hopme.

OOBIYHO JUISI HACOCOB (PYHKIMOHAIBHBIC 3aBHCHMOCTH OIPEICISAIOT OT JaBJICHUS TIpU
MIOCTOSIHHOM yacToTe BpaiieHus N=const: pacxoma Q=f(p); monesnoii momHocTH N,=f(p); 06BEMHOTO
3,=f(p) u monuoro y=f(p) KI1JT .

s TuApOMOTOPOB (DYHKIIMOHATBHBIC 3aBUCMOCTHU OTIPEJIEIISIOT:

ITpu Ap=const: n=f(Q); Q=f(n); M=f(n); n»=f(n); n=f(n);

[Tpu Q =const: n=f(4p); Q=f(n); M=f(n);

['paduueckast 3aBUCUMOCTh U3BMEHEHHUS AaBJCHUS OT BPEMEHU WJIU TIepEeMEIICHUS
pabouero oprana B 3aMKHYTOM 00beMe, TOTIEPEMEHHO CO00IIIaeMOM C BXOJIOM U
BBIXOJIOM HACOCA HA3bIBACTCS UHOUKAMOPHOU OUAZPAMMOIL HACOCA.
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Ha ©puc. 4.2.a wu3o0paxeHa uHOukamopHas oOuazpamma  WJEaJIbHOTO
OJTHOITMJIMHAPOBOTO TOPITHEBOTO0 HACOCA, B KOTOPOM OTCYTCTBYIOT YTCUKH U KIIAITaHbBI
(pactpenenuTens) HE UMEIOT MEPEKPHITUH (OTCYTCTBYET 3ama3/bIBAaHUE OTKPBITHS |
3aKpBITUS KianaHoB). [Ipoliecc BcachlBaHMs TAKOTO HAacoca MPOTEKaeT Mo JUHWH ab, a
BbITeCHEHMsSI - 1O JuHMHM CO. IlpW ycloBHMM OTCYTCTBHSI YTEUEK M IMPAKTHYCCKON
HEC)KUMAEMOCTH JKUJKOCTH KpPUBBIC TOBBIIICHUS M CHIDKEHHS JaBiicHHs DC u da
pacnosaraioTcs BepTHKAIBHO.

p c p
,
dJd| a b
Q] ¥ O
< ! 5 <
h=2r h=2r
a) 6)

Puc. 4. 1.
Ha puc. 4.2.6 npexacrtaBieHa auarpaMma Hacoca, OTpaKkarollas 3ara3jbIBaHUe

Cpa6aTBIBaHI/IH KJIAITaHOB 1 HHCPHHUOHHOCTD JKUAKOCTH B IICPCXOAHBIX IIPpOLCCCaXx.

[Tnomane HHANKATOPHOM JUArpamMmbl BeIpakaeT paboTy, COOOIIAaEeMyI0 KUAKOCTHA MOPIIHEM 32
onuH o6opor Bama. [lojenuB miomiaap Ha X0 THOpiiHA h=2r, mojaydyuMm cpeaHee HHIAUKATOPHOE
JIABJICHUE pj, ONIPEACIIIEMOE BhIPAXKEHHEM

Pi :peak +pHa2 (4 1)
I'AC Peax=PoPsc U Prg. ~COOTBETCTBCHHO CPCOHCC II0 HHI[HKaTOpHOﬁ AuarpamMme
SHAYCHUC Pa3PSAKCHHUA (BaKy'YM&) B WJIMHAPC HACOCAa U JABJICHHUC HAIrHCTAHUA.

MOIHHOCTI), nepeaaBacMad XUJAKOCTH OT MNPUBOAHOTO 3BCHA YCPE3 IMOPIICHBL, Ha3bIBacMasd
I/IHI[HKaTOPHOfI MOIITHOCTBIO, OTIPCACIIUTCS BBIPAKCHHUEM

Ni:piShn (42)
rae  S- paboyas TUIOMIAAh TOPIITHS;
h=2r- ogHOCTOPOHHUI X0 MOPIIHS;
Pi-MHIUKATOPHOE JIaBJICHHE;
N-dacToTa BpalleHHUs Baja ( MM BO3BPATHO-IIOCTYIIATECILHOTO JBUKCHUS).

Yacmomoii pawenus N Ha3bIBaeTCs BEIMUYNHA, PaBHAs YUCIY 10/IHbIX 0O0POTOB 3a eUHUILy Bpemeru. [log
HOMUHAJIFHOM 9aCTOTOH BpallleHHs TOHUMAETCS] HANOOJTBIIIas YacTOTa BPAIIEHHS, IPX KOTOPOH THAPOMAIIIMHA T0JDKHA
paboTaTh B TEUCHUE 33JAHHOTO 3HAUYEHHMS TTOKA3aTels JOITOBEYHOCTH C COXPAaHEHHEM ITapaMEeTPOB B MpeJieiax 3alaHHbIX

HOPM.

Homunanvnas wacmoma epawernus (06/MUH) TUAPOMOTOPA :

O.ion
— Znom 4
nno.w %4 ( 3)

o

. 3
e Qyuon - HOMUHATBHBIN PAcX0/1 JKUIKOCTH, M /C;
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Yacmoma  eépawenus  eana  2uOpoMOmopa  YEeIudUueaemcs  Npsamo
NPONOPYUOHATILHO pacxody dcuokocmu. Ilpu yeeruuenuu nepenada OaeieHuu npu
HOCMOSIHHOM Pacxo0e HCUOKOCMU Yacmoma 8pawjeHusi YMenbulaemcs u3z-3a yeeaudeHus
00veMHbIX ymeueK (nomepu).

O6vemnan nooaua nacoca - oTHoOIIeHHE 00beMa M0/1aBaeMOoi paboueit KUAKOCTH
KO BpeMeHH. Pazmmuaror Tteopetmueckyro Q, (MmeambHyIO, T€OMETPUYECKYIO), H
paxtuueckyro Qg (peanbHyro, >(dexTHBHY0) Hojadd Hacoca (A THUAPOMOTOpa -
TEOPETUUECKUHN U PAKTUUECKUI pacXO/Ibl).

TeopeTHdeckas Moaya Hacoca il pacxos (M°/c) THApoMOTOpa

0, =V,n (4.4)

HomuHanpHy0 mnojady ONpPEAENAIOT MPU HOMHUHAJIBHBIX 3HAYEHHSIX YaCTOTHI
BpallleHus1, pabouero ooObeMa U 1aBJICHUs Ha BBIX0/1€ (TIepernajie 1aBIeHui ).

Ilooaua orcuokocmu  ygeauuueaemcsi NpaMoO  NPONOPYUOHATLHO — YACHoOme
spawenus eana nacoca. C ygeruyeHuem 0asieHus Ha 8blx00e npu NOCMOAHHOU Yacmone
epawjenus nooaya Hacoca ymewvuiaemcs. Imo 00vbACHAemcsA yeaudeHuem ymeuex
pabouelti xcuoxocmu.

dakruueckas mnomada Qg Hacoca MeHbIIE TeOpeTH4ecKol Q,, Ha BeIUYHHY
00BEMHBIX TOTEPD Qyom:

Qm:Qd)+Qnom (45)

[Tox 06vemubIMU HOMeEpAMU B HACOCE TTOHUMACTCS YMEHBIICHUE (PaKTHYECKOH To1aun Hacoca BCICACTBHE:

yTEYEeK U IepeTedek pabouei KUIKOCTH Yepe3 3a30phl B pabounx kamepax (u3 pabouetl noiocmu 6 Hepabouyro uiu

6 ammocghepy), AQy;

HCIIOJIHOI'O 3aIIOJIHCHHA pa6otmx KaMep U COACPIKaHUA BO3/1yXa B pa60qeﬁ KUIOKOCTH, CKATHUA pa60qel71 KHUIKOCTH,

nehopMarny eTanei Hacoca, OMpeIeNIIONINX pa3Mep ero pabounx kamep (MPUHATO HA3BIBATH YCA0GHbIMU ymeukamu), AQ;

[lomaua y  OonbpIIMHCTBA  HacocoB  HepaBHOMepHa.  Koaddwunuent
HEPAaBHOMEPHOCTU TNOJAUYM ¢ OIPEIEsAeTCS KaK YJIBOCHHOE OTHOIIEHHE Pa3HOCTU
MaKCUMaIbHOTO Qmax 1 MUHUMATBEHOTO Qpin 3HAUYCHUI MMOJJaYM HACOCa K UX CyMME:

5:2(Qmax'Qmin)KQmax"'Qmin) (46)

HepaBHOMEpHOCTH MOJ1auu HACOCA BBI3bIBAET MYJIbCAIUIO AABJICHUSI, B PE3yJIbTATE
KOTOpPOW BO3HHUKAET BUOpAIMs SJIEMEHTOB KOHCTPYKIIMU HAcOca U TUAPOIPUBO/IA.

[lon none3nonn  MOIIHOCTBIO Hacoca W NOMPeNIAEMOU  MOIIHOCTBHIO
2UOpoMomopa TIOHUMAETCS TIPUPAIICHUE THAPABINYESCKON MOIIHOCTH MOTOKa paboueit
YKUJIKOCTH B THAPOMAIIINHE

Nabtx. nacoca— Nax. Mmomopa =QAp1 Bm (47)

rie Q — momada (pacxoa) ruUIpoMalivHbl, Ap — TpuUpalieHue IaBJICHUS B
rUAPOMAIIINHE.

[lone3nass MOIIHOCTH HAacoca YBEJIWYUBAETCA MPSIMO  MPOMOPIIMOHATBHO
YBEIIMYEHUIO JaBJICHUS.

Ilompebnsiemyro  HOMHUHAIBHYIO  MOIIHOCTh Hacoca W  IhhekmusHnyio
HOMUHAQJIBHYI0 MOIIHOCThH 2uOpomomopa (Ha €ro Baldy) ONPEAENSIOT M0 U3MEPEHHBIM
BpalarneMy MoMeHTy M 1 4acToTe BpalieHus N:

Nex. nacoca— Nebtx. Momopa=M a)=M27m, Bm (48)
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rae M - Bpamaromnii MOMEHT; @ - YTIJIOBAsi CKOPOCTh; N — 4aCTOTa BPAILCHHUS.
Teopernueckuil 6pawiaouiuis MOMEHm 2uOpPoOMoOmopa

= Nsxuuomopa = QAp = VOnAp = K)Ap , (HM) (4-9)
meor 0} ) 27m 27
B rHI[pOMOTOan HaHpaBHeHI/Ie BpamaIOHleFO MOMCEHTA, CO31aBacMOIro J1aBJICHHUEM

XKUJIKOCTH, COBIAJaeT C HAMpaBJICHHEM BpAIICHHS €ro Baja M SBISETCS MOMEHTOM,
COBEPINAIONIMM TIOJE€3HYI0 paboTy. B Hacoce Bpamarommii MOMEHT, CO371aBacMBbIii
JaBJICHUEM >KHJIKOCTH, HAIlPaBJICH B CTOPOHY, TIPOTHUBOTIOJIOKHYIO BPAIICHHUIO €ro BaJa.
DTOT MOMEHT IPEOJI0JICBACTCS MPUBOJISIINAM JBUTATEIICM.

[IpeoOpa3zoBaHue sHEPrud B OOBEMHBIX THAPOMAIIMHAX CBA3aHO C OOBEMHBIMU
(0OOBeMHBIM  T),), MEXaHUYECKUMH (MEXaHWUYECKHH T),) U TUAPABINYECCKUMU
(ruppaBnuueckuil 1) norepsamu. KII/[ zudpomawiunsl XapaktepuzyeT CTEIECHb €€
COBEpUICHCTBA U MOKAa3bIBAET, KaKas 4YaCTh CYMMapHOW MOJABOAMMOMN 3HEPTHUH IOJIE3HO
UCIIOJIL3YETCs B MAILIUHE.

Hoanvim KIIJ[ ruapoMaliviHbl HA3bIBA€TCS OTHOILICHUE MOJIE3HOW MOIIHOCTH K
noTpeOIsIeMO:

N, ~ Newcsiomopa _ N,

BbIX.HACOCA 6bIX. 4 . 1 0
N, N N ( )

6éxX.Hacoca éx.momopa 6X
[ToncraBnss B dhopmyny (4.10) 3Hauenus: montHocted U3z dopmyn (4.8) u (4.9),
MOJIy4aeMm:

77:

_ Mo
Momopa OAp

3nauenus KII/I coBpeMEHHBIX MOPIIHEBBIX HACOCOB NP HOMUHAIBHBIX PEKUMaX
cpaBHUTENBbHO BBICOKH: 1 = 0,86...0,89. 3aBucumocts KIIJ[ Hacoca or naBieHus Ha
BBIXOJI€ P MOCTOSIHHOM YacTOTE BpallleHUs IpUBeieHa Ha puc. 4.1.

3aBucumocts KIIJ[ ruapoMoropa OT 4YacTOThl BpalleHUsS NPU ITOCTOSHHOM
JIaBJICHUM MIPUBEACHA Ha puc. 3.2, B.

[Ton zuopomexanuueckumu nomepsamu (0OBIYHO UX OOBEAUHSAIOT) B
TUAPOMAIIMHE TOHUMAETCsl CyMMa TUJIPABIMYECKUX U MEXAHUUYECKUX TMOTEepb.
['unpomexaHuveckne TMOTEPU YMEHBIIAIOT 3¢hghekmusnsiii BPAMAOIMINA  MOMEHM
TUAPOMOTOpPA U MOJEe3HYI0 MOIIHOCTh Hacoca TO CPaBHEHHIO C TEOPETUYECKHUMH
napamMeTpamu, BCIIEJCTBHE BO3HUKHOBEHHUS CHJI TPEHUSI TPHU MPEOJOJICHUU padoueit
JKUJIKOCTBIO MECTHBIX THUJPABIMYECKUX COMPOTUBICHUW UM CHJI TPEHUS MEXIY

INOABUXHBIMU ACTATIAMU U KUIKOCTBIO.

Otnmnuue Hacoca OT ruapomMoTopa, € 3TON TOYKH 3pCHUA, 3aKJIKYacTCd B TOM, YTO IJId
ONpCACIICHUA MCXAaHUYCCKUX IMOTCPb B HACOCC TCOPCTUYCCKYHO MOIIHOCTD BBIYUTAIOT U3 MOIITHOCTHU Ha
BaJly HacocCa, a B MOTOPC MOIIIHOCTL HAa BHIXOAHOM BaJIy BBIYUTAIOT U3 TCOpCTH‘ICCKOﬁ €0 MOIIIHOCTH.

(4.12)

Hacoca

_9
=S¥ (4.11)

T'uopomexanuueckun KII/] ruipoManive pacCUUTHIBAIOT MPU UCIIBITAHUN:

n — Nmeop.Hacoca _ V:,Ap (413) n _ Mu&\ft.,womopa _ 27Mu3,mwomopa (414)
M.nacoca N M T M.momopa I/OAp

B8X.Hacoca usm.Hacoca meop.momopa
rae — M,,;, - A3MEPEHHBIN BPAILIAIOIIUNA MOMEHT.
3aBucuMOCTh rusipoMexannueckoro KII[ oT yacToThl BpalieHUs pUBEIAEHA Ha

puc. 3,2, 1.
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[lorepu nodauu nacoca xapakrepusyrorcs 00vémuvim KII/[ 1, 101 KOTOPBIM
MOHUMAETCS OTHOIIIEHHE PaKTUYECKOW MoJauu HacOCca, U3BMEPEHHOM MPHU ONpeIeICHHBIX
3HAQUYCHUSAX JIABJICHUSI HA BBIXOJIE, BSI3KOCTU pabouell KUAKOCTU U MPOYUX MapaMeTpax,
BIUSIIOIINUX HA 00ObEMHBIE TOTEPU, K €r0 TEOPETUUYECKOMN Moaaue:

7, =2t (4.15)
0,

C yBenuueHueM JAaBICHUS Ha BBIXOJIE NpPHU IMOCTOSHHON 4YacTOTE BpallleHUs
oobémubIl KIIJl Hacoca yMmeHsbImaeTcs. s MOpIIHEBBIX HACOCOB, MPUMEHSIEMBIX B
ruaponpuBoaax 1,=0,96...0,98.

[Tpu mpueMo-cAaTOYHBIX MCIIBITAHUSAX TOIMyCKaeTcsl paccuuThiBaTh 00bEMHBIN KIIJ] Hacoca mo
dbopmyne

_ QH()M
770 - (4. 16)
0,
rac QHOM - UIBMCPCHHAJ I10JJa4a HaCcoCa IIpyu HOMUHAJIbHOM JaBJICHHH Ha BBIXOAC HACOCA,

Q, - U3MepeHHass Tojaya Hacoca MPU MUHHUMAJILHO BO3MOXXHOM JIaBJICHUH Ha BBIXOJIE Hacoca
(mpu peXUMe XOJIOCTOrO X0ja) (3HAYCHUS MOJIaYd HAacoca JIOJDKHBI OBITh 00S3aTEIBHO MPHUBEACHBI K
OJIMHAKOBOM YaCcTOTE BPAIIICHHS ).

OO0beMHbIe TIOTepU  (YTEUKHM  KUJIKOCTH) THUIPOMOTOPA  COOTBETCTBEHHO
YMEHBIIIAIOT YUCIIO 00OPOTOB MO CPAaBHEHUIO C PACUETHBIM, MO3TOMY odvemustii KIT/]
2u0pomomopa TPEACTABIICT COOOM OTHOIIEHUE TEOPETUUECKOTO O0BheMa >KUIKOCTU
Qumsiomopa=Voll, TOABOAMMOrO K €ro pabodmM D3JIEMEHTaM B €IWHUIly BPEMEHHU K
(paxTudecku nogapaeMomy 00beMy Qg omopa -

— Ouvonape (4.17)

0.Mmomopa Q(p'mmupa

HpI/IHI/IMaﬂ BO BHUMAHHC, YTO
Qm. Momopa:Qd).Momopa —A Qmomopa (4 18)
r1ae AQomopa ~-OOBEMHBIE IOTEPH B TUAPOMOTOPE,
MOKHO HaImtMCaTb

-1 AQ,uomopa
77()Jmmopa -1
Qt[)..womopa

O6beMHbIe TTOTEpH (YTEUKH >KMJIKOCTH) B TMAPOMOTOpPE OTIMYAIOTCS OT YT€UEK B HACOCE TEM,
YTO MOTEPU, 0OYCIIOBICHHbBIE HEJ03AMOIHEHUEM KUJKOCThIO pabounux KaMmep, B MOTOpE MPAKTUYECKU

OTCYTCTBYIOT.
Honnviti  KIIJ]  eudpomawunsl  npeocmasisiem  coboi  npouzgeoeHue

2UOPABIUYECKO20, MeXAHUYECK020 U 00vémuozo KI1/]

_ _Ap Ni Q(i’_NSblx
77_77877‘”770 - pi N(:x Qm - Nsx

(4.19)

(4.20)

Ha puc.4.3, a) u 0) mpuBeaeHb NPUHUUNHAIBHBIE TpadUKA 3aBUCHUMOCTH
MPOU3BOJAUTEIPHOCTH HAacoca OT 4YHCJIa OOOpPOTOB N W Tepemnajza MaBJICHHUS Ap s
CJIy4yaeB OTCYTCTBHUS YCJIOBHBIX YT€UEK M TaKOM >KECTKOCTH KOHCTPYKIIMI Hacoca, Ipu
KOTOPO# 3a30pbl NP MOBBIILICHUH JAaBJICHUS HE U3MEHSIOTCSL.
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Q 4 Q4 }
Ap=const ~ IQ T fz':'(s‘ ________
W=const 1 \&H R—\\
3 n=const

n=const W=const
V=const &1

f oty
4_n0.,| YHCIIO DEDPDTCIB 11 TEPETTAN TARIIEHHA .&5 TEPETAN TARIIEHHA ﬂ.g
-2 N a) &) E)
I, p=Comst]
M=const
Tt 1] 1 .;
1] nl ﬂJ .ﬂ Tturmn A
T tmCTIo ofopoToE o TEMIEPATVA HHIROCTH

Puc.4.3. O0bEMHBIE XapaKTEepUCTUKU HAacoca

[Tpu moBbIIICHNT TIepenaaa JaBiaeHus GaKTHICCKas MPOU3BOAUTEIHBHOCTh TAaKOTO
Hacoca Q, TOHMXaeTCs MPaKTUYECKH JIMHEWHO. B cooTBeTCTBHM C 3TUM JIMHEWHOU
OyZeT Takke 3aBHCHUMOCTh OT AP BEIUYUHBI YTEUYEK KUAKOCTH A Q, 00YCIOBIICHHBIX
nepenagoMm AapieHus. C apyroil CTOpPOHBI, TaK Kak 3a30pbl MPU U3MEHEHUH 000POTOB
MPAKTUYECKH TIOCTOSHHBI M, KPOME TOTO, CKOPOCTh TEUCHHS >KHIKOCTH UYepe3 3a30Pbl
(CKOpOCTh yTE€UEK KUIKOCTH) 3HAYUTEIBHO OOJIBIIE CKOPOCTU CKOJB3AIIKUX Tap,
oOpasyromux paboune 3a30pbl, BEIMYNHA YTEUCK KUIKOCTH depe3 3a30pbl A Q; mouTH
HE 3aBUCHUT OT 4YHucja o0opoTroB HacocoB (cM. puc.4.3, a). IIpu uymciaax 0060pOTOB,

MEHBIINX Ny, HACOC HE OyJIeT pa3BUBaTh TPeOyeMOTro Nepenaaa 1aBIeHUs.

HpI/I IIOBBIIICHHUHN YHCJIa O60p0TOB BaJIa HACOCa MPOMOPHUOHAIBHO YBCINYHUBACTCA KOJINYCCTBO
KHUIKOCTH, npoxonﬂmeﬁ qepe3 MoABOAAIIME KaHaJlbl W y3C€JI paclHpCACsICHUA, a CJICIOBATCIIBLHO,
COOTBETCTBCHHO YBCIIMYUBACTCA COIIPOTUBJIICHUC (HOTCpI/I Hanopa). O‘-ICBI/I,Z[HO, npu IMOCTOSIHHOM
JaBJICHHUHU KUJAKOCTH Ha BXOAC B HACOC MOXKECT OBITE AOCTUTHYTO TAKOC KPUTHUUYCCKOC YUCIIO O60pOTOB,
npu KOTOpOM B HACOC HC 6y,[[CT MOCTyIIaTh IIpU AJAaHHOM HOABJICHUHW Ha BXOJAC Tpe6yeMoe JIA
3aI10JIHCHUA pa60q1/1x KaM€p KOJIMYECTBO KUAKOCTU U IIPU ﬂaﬂbHeﬁmeM IOBBIIICHUHN YHCJIa O60pOTOB
MNPONU3BOAUTCIIBHOCTL HACOCA HE 6y,7_'[eT INOBBIIIATHECA HIIHN 6y,HCT JaXXEe CHHMKATBCA. HpI/I qucjiax
O60pOTOB BBIIIC HCKOTOPOTO KPHUTHYCCKOI'O 3HAYCHHSA HACOC pa60TaeT B KABUTAIMOHHOM PCIKUME (B
pEeKUMeE TOJOJaHHUS).

N3menenune o60bémMHOro KIIJ[ Hacoca mnpakTUYecKM HAaXOAMUTCS B MPSIMOM
3aBUCUMOCTH OT mnepenaja aaiaeHus (cm.puc.4.3. B). IlockosbKy TeopeTnueckas
MIPOU3BOUTENHFHOCT, HAcoca MPHU OECKaBUTAIMOHHOM PEXKUME BCACBHIBAHUS MPSIMO
MPOTMOPIMOHANIbHA YHUCTYy ero o000poToB [cM. BeipaxkeHue (4.1)], a aOcomroTHas
BEJIMUYMHA YTEUEK >KUAKOCTH MPHU TPHUHATHIX YCIOBUAX 3aBUCUT JIMIIL OT Teperaja
JABJICHUS KUJKOCTU U MPAKTHYECKU HE 3aBUCUT OT YKCIia 000POTOB Hacoca, OObEMHBIN
K. I. 1., Hacoca ¢ yBEJIWYEHHUEM uHuciia 000pOTOB B HEKOTOPBIX Mpeseaax, B KOTOPBIX
coOmro1aeTcs 0€CKaBUTAIIMOHHBIN PEeKUM padoThl, oBbImaeTcs (puc. 4.3, r).

Opnnako mojo6Hoe noBbiieHne o0beMHoro KIIJ[ v nmpou3BoAUTEIFHOCTH Hacoca
OyZIeT IPOUCXOAUTH JIUII JIO ONPEEICHHBIX 3HAUCHUH 000POTOB, MPU KOTOPBIX YTEUKHU
, 00YCIJIOBJICHHbIE HEI03aloJHEHHEM paboyux Kamep Hacoca, OTCYTCTBYIOT WJIM CTOJIb
MaJibl, YTO OIIYTHMO HE M3MEHSIOT MPOU3BOIUTEIHLHOCTU Hacoca. [Ipu 6osee BHICOKHX



27
yuciaax OOOpOTOB YCJIOBHBIE YTEUKM CTAaHYT NPEBAIMPOBATH HAJ OCHOBHBIMHU, U
MOCKOJIBKY C YBEIMYEHHEM 4YHClIa OOOpPOTOB OHM OTHOCHUTEIBHO BO3pACTarOT, TO
O0BEMHBIN K. II. 1 Ipu 3ToM noHmxkaercs. [lonmxenune oobemuoro KII/1, nabmonaemoe
IpU TOBBIMIEHUH O0OOPOTOB OOYCIOBIEHO OOBEMHBIMU TOTEPSIMH Ha BCACHIBAHUU
(xaBuTanuei). Jlo obopotos N, BenmunnHa KIIJI. onpexnensercs yreukamu yepes 3a30p B
pe3ynbrare mnepenaaa AaBiaeHUS. (OYEBHJIHO, ONTUMAJbHBIM JUANA30HOM YHUCEN
00OpOTOB B 3TOM Ciy4ae SIBJISIETCS JUana3oH OT Ny 70 Ny.
Obpamumocmsb- TPUTOAHOCTh MAILIMHBI JUJIs1 paOOThl KaK B Ka4eCTBE HAcOCa, TaK
u ruapomoropa. I[lockonbky I'M - ycTpoiicTBO, mpeoOpasyroliee MEXaHHYECKYIO
SHEPIrHUI0 B TMAPABIMYECKYIO U Haobopom, TO Teoperndecku I'M oOpaTuMbl. HO U3 3a
KOHCTPYKTUBHOTO HCTIOJHEHHUS 3TO He Bcerjaa Tak: K HeoOpatumbiM oTHOCsTCS M ¢
CaMOJICUCTBYIOIIMMH PACTIPEICIUTENBHBIMA KJIallaHAMHU, a TaK )K€ aBTOMAaTHYECKHE
HACOChI IEPEMEHHON MoJauM (KOrja CUrHal JaBJI€HUS Ha BBIXOJIE YIPABISAET MOJaYei).
B OonbuminHCTBE XK€ ciayyaeB OOBEMHBIE HACOCHl U TUIPOMOTOPHI OECKIIANIaHHOTO
JNEUCTBUS SBIIAIOTCS OOpPaTUMBIMM MAallMHAMHU, YTO IO3BOJISIET MPUMEHATh 0€3 KaKoi

h1%(s0) I[Opa6OTKI/I HJIK IICPCMOHTAXKa B KA4CCTBC HACOCAa U MOTOpPAa OAHY U TY JKC MAIIINHY.

O,HHOfI N3 XapaKTCPUCTHK HaACOCa SABJISICTCA 6AKYYyMMEMmMPUUECKasa 6blcoma 6CACbI6AHUA,
onpeacisieMasa Kak BbICOTa BCACbIBaHUA, IIPU KOTOpOﬁ obecreynBaeTcs pa60Ta Hacoca 0e3 U3MEHEHUs
OCHOBHBIX TEXHHMYECKHX ITOKAa3aTelaeH M BRIUMCIISCTCS B O6H.[€M CJIydac 11O BBIPAXKCHUTIO (CYH_[GCTBGHHO

3aBHCHUT OT BPEAHOT'O IPOCTPAHCTBA):
2
uBX

- 2
P Pg

pBX +p

TA€  p,- NaBJICHHUE OKPYKAIOIIEH CPEIbl;
Pex- NABJICHHUE HA BXOJIE B HACOC;
P-TUTIOTHOCTD KUJKOU Cpelibl;
Ug- CKOPOCTB KHUJIKOM Cpejibl Ha BXOJE B HACOC;
g-yCKOpeHHE MajeHUs
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Jlexu.S I'uopouununopor u nosopomusie 2udpoosuzamenu
Haznauenue. Cxembl. Koncrpyknuu. VYcunusa. Psngel TumopasmepoB. Pacuersl pa3smepoB, HpPOYHOCTH U
YCTOMUYHBOCTH.

I'mppounnuHap — OOBEMHBIN TUAPOABUIATEIb C OrPAaHUYEHHBIM BO3BPATHO-
ITOCTYNATEIbHBIM JBHKEHUEM BBIXOJHOTO 3B€HA OTHOCHUTENIBHO KOPITyCa.

FI/II[pOI_[I/IJII/IHI[pOM HaCTO TaKXC HAa3bIBAIOT l’lOGOpOI’I’leZiZ 2udp0c)6ueameﬂb C O0Z2pAHUYEHHbIM
yeaom noseopoma BbIXOOH020 36€Hd.

B 3aBUCHMOCTH OT KOHCTPYKLIHMH padoyell Kamepbl T'MIPOLMIIMHIPHI Pa3JEsoT
Ha TOpPIIHEBBIE, IUTYH)KEPHbIEC, TEJIECKONUYECKHE, MEMOpaHHbIE M CUJIb(OHHBIE.
Haubonpimee mnpuMeHeHne B OOBEMHBIX THUIPONPHUBOAAX TMOJYYUIU TOPIIHEBHIC

THAPOIHUIIMHAPHI 6narozlap51 HpOCTOﬁ KOHCTPYKIIMH U BBICOKON HAACKHOCTH.

[TopirHeBBIM Ha3bIBAIOT FHAPOLMINHAP, B KOTOPOM pabodne KaMepbl 00pa3oBaHbl pabOINMHU TOBEPXHOCTSIMA
KOpITyca B MOPIIHS cO MTOKOM (puc. 5. 1), B mummagprdeckoi pacrouke kopmyca | HaXOAUTCS MOPIIEHB 3, )KECTKO
coeqrHeHHbIH co mTokoM 4. I1ITok 4 mopIIHS BEIXOANUT HAPY)KY U CoequHsAeTCA ¢ Harpy3kod. Takoit ['L] mmeer aBe monocTh:
nopuinegyio A - yacte pabodell KaMephl, OrpaHHYCHHYI0 pa00YMMH MOBEPXHOCTSMU KOPITyca U MOPILIHS, U uinokoeyio b -
gacTh pabodeil kaMepsl, OrpaHUYCHHYIO paOOYNMH OBEPXHOCTSIMU KOPITyca, MOPIIIHS, KPBIIIKY U IITOKA. J{J1s ycTpaHeHus
Hapy>KHBIX yTeueK padodel sKUIKOCTH M0 HEMOABWKHBIM U MOABIKHBIM pa3zbeMaM (COeIMHEHUIM), a TaKXKe BHYTPEHHHUX
nepeTeydeK KUIKOCTH U3 OJHON paboyel MOJIOCTH B IPYTYI0, yKa3aHHbIE pa3beMbl TePMETU3UPYIOTCS TIPH TOMOILIH
YIJIOTHUTENIBHBIX KOJIell (MaHXeT U TpsizechEéMHEKa) 8, 9, 10, 11 u 12.

[EN

2 3 4 5 6 7

RN AN

A 1 1 b 1 9 8

[TpuHuun pa®oThl MOPIIHEBOTO THAPOLMINHApPaA ciaeayromuid. [Ipu coenqunenun
MOPIITHEBOM MOJIOCTH A ¢ HAIIOPHOW JIMHUEW MOPIIEHb 3 CO MTOKOM 4 IMOJ JIeHCTBUEM
CUJIbl JaBlieHUs] paboueil >KUJIKOCTH IMEepEeMENIaeTCs BIPABO, BLITECHEHsS pab0ovyro
YKUJIKOCTh 13 MTOKOBOM nosioctu b. Ilpu moaBoie padodeit )KUIKOCTH O JaBJICHUEM B
MoJ0oCTh b mopiieHp co MTOKOM, MOJ ACWCTBUEM CHUJIbI IABJICHHS, MEPEMENIACTCS B
MIPOTHUBOIIOJI0KHOM HampaslieHUU. JKUAKOCTh pa3BUBACT YCUIIME, IPEOI0JIEBAIOIICE
TpEHUE, TUIPABINYECKOE COMTPOTURIICHNE BBITECHIEMOT0 00bEMa 1 BHEIIHIOK HArpy3Ky,
MPUJIOKEHHYIO K IITOKY 4.

O6paTI/ITL BHUMAaHHUC Ha KOHCTPYKTHBHBIC OCOGCHHOCTI/I, 06CCHCHI/IB8.K)H_II/I€ BO3MOXXHOCTH
ImoaBoda M OTBOAA pa60qel71 KUIKOCTH B KpaﬁHHX MOJIOKCHHUAX — BIIAJWHY B JOHBIINIKC KOpIIyCca U
BBICTYII-yIIOp Ha IOPIIHE

[TopurHeBbIe HWIMHIPHI Pa3ACIISAIOT M0 CACAYIONIUM MPU3HAKAM: 10 HAIPABJICHUIO
nercTBUs paboyel KUIKOCTA - HAa MIJIMHIPHI OJHOCTOPOHHETO W JIBYCTOPOHHETO
JICUCTBUS;, IO YHUCIY IITOKOB — HA LWIMHIAPHI C OJHOCTOPOHHUM M JABYCTOPOHHUM
IITOKOM; IO BHUJY BBIXOJHOTO 3B€HAa - HAa LWJIMHAPHI C MOJBMXXHBIM IITOKOM U
MOJIBUKHBIM KOPITYCOM.
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B 1munuHOpe OOHOCTOPOHHETO JEWCTBUS ABWIKEHHE INTOKA IOJ JEHCTBUEM
naBieHus pabodeil KUIKOCTH BO3MOXKHO TOJBKO B OJHOM HarpaBiieHWd. B oOGpatHOM
HaIlpaBJICHUU MOPIIEHh CO IITOKOM II€PEMEIIAECTCS IOJ JACHCTBHEM BHEIIHUX CHIL,
HalpuMmep, CHIIbI TPYKUHBI, CHJIBI TsKecTH (Beca) W T. Hd.—PasHoBumnocts ['1]
OIHOCTOPOHHETO AEUCTBUA - TuIyHx)epHbIM ['Ll. IIpenMyiecTBo — BBICOKOM TOYHOCTH
00paboTKu TpeOyIOT TOJIBKO OTBEPCTHE B KPBIIMIKE W INTOK (mUryHxkep). HemoctaTok —
MaJiblii X0J1 U HEYCTOMUHUBOCTD ILTyH)Kepa (TOJILKO O[HA OTI0pPa).

Cnenyer 3aMeTUTh, YTO IUTYHXXEP M MOPHIEHb - TOXKJIECTBEHHbIC TOHATHS, a
pa3HHIlA MEXJIYy HUMH - B KOHCTPYKTHUBHOM OGOPMIICHHM: JIJISi MOPIIHS XapaKTepHO
cootHomenue D/L>1, st mnymkepa D/L<<1 (D u L - nnaMeTtp ¥ JjIMHA TOPIIHS ).

OOBIYHO BBIXOJHBIM 3BEHOM IMJIMHJpA SBISIETCS IITOK, peAKo — kopmyc. B
MOCJIETHEM CITydae ITOK HUIUHIPA )KECTKO MPUKPEIUISIIOT K 00BEKTY, a MOJBOJ U OTBO/I
paboueill KUAKOCTH MPOU3BOJAUTCS JUOO dYepe3 MOJible IITOKH, JUOO MpU MOMOIIU
rMOKUX PYKaBOB.

JI1st IMIIMHIPOB YCTAHOBJIEHBI CIIEYIOIINE OCHOBHBIE MTAPaMETPhI U Pa3MephI:
HomuHanvHoe oasnenue p, (MIla);

duaMemp NOPULHA D, (MM)-rﬂaBHMﬁ rapaMerTp, o KOTOPOMY CO34aX0TCs TUIIOPa3MEphI LIWINHIPOB;
ouamemp wimoxa d, (Mm);

X00 nopuiHs L, (MM) u

macea yununopa m, (kxr).

Panpl  HOpManpHBIX JAMAMETPOB IMOPIIHEM W IITOKOB TUAPOLMIMHIPOB
ycranaBnuBaeT ['OCT 6540 - 68.

KoHCTpykIMs NOPIIHEBOrO0 LWIMHAPA COCTOUT M3 Kopmyca 10, mToka 7 ¢
nopiHeM 9, kpolliku b, BTynku 4, nemmndepa 8, rpszecbeMHUKA 3, OMOPHOTO KOJbla 2 U
npoymuHsl 1. I'epMern3anust NOpLIIHSA OCYIIECTBIISIETCS ABYMsSI MaH)XX€TaMH, a IITOKA -
PE3UMHOBBIM M 3alIMTHBIM KOJBLIAMH, YCTAHOBJIICHHBIMH BO BTYJKE 4, U MaHKETOM.
['epmern3anus  HENOABWKHBIX  COCIMHEHHUHM  OCYLIECTBIACTCS  PE3UHOBBIMHU
VIUIOTHUTEIBHBIMU KoOJIbIIaMU. CoeIMHEeHUE KPBIKU 5 ¢ KopmycoM 10 - pe3rboBoe co
CTOTIOpHOM Taiikoi 6. Pabouas kMAKOCTh B MOJOCTh b IUIMHIpaA MOABOIUTCS dYepe3
oTBepcTHE B KpbIIKE 11, a B monmocte A - depe3 oTBepcTHe B Kpblmke S. [{umuHap
KPEMSAT C TOMOIIBIO MPOYIINHBI | U MIApHUPHOTO NOAIIUIHUKA 12.

Pacuem ocnoenvix napamempoe.

PaGoune miomann S, u S, (v°) mOpmIHEH WIS LHIMHAPOB C OXHOCTOPOHHHM

HITOKOM OIPEAEIIAIOT 10 (opMyJiaM:

2 2 2
S = 7D u S, _xD°-d") (5.1)
4 4
Teopernueckoe ycuine Ha MTOKE 0e3 yuéra CUjl TPCHUSI K MHEPIIUH:
F=ApS, aTouHee F=p S —p S, = %(ApDz +p.d*) (5.2)

dakTHUECKOE YCWIME NPEOA0JIEBAET CTATHUECKYIO (TEOPETUYECKYI0) Harpys3Ky
Fem , CHITy TpEeHHS B KOHCTPYKTHBHBIX d1eMeHTax F,,, u cuiry unepuyn R,
Fpaxm =Fem + Fup + Ruu (5.3)
Cuna TpeHMs 3aBHCUT OT BUJA YIUIOTHEHUA. (11 OWMIMHApPA C PE3NHOBBIMU
YIUIOTHEHUSIMU

Fupy =fmDbo,z (5.4)
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f — kooppuyuenm mpenus cronvorcenus (1=0,1...0,2),
b — wupuna xonmaxkmmnoeo nosicka yniomuenusi;
O« — KOHMAKMHOe HAnpsajceHue;
Z - yucno Kozey.
Cuna uHepIUu ABUXKYIIUXCS YacTell BO3HUKAET MPU YCKOPEHUU U 3aMENJICHUU
JBI>KEHUS TOKA. B 0011em ciryyae
R.,=ma (5.5)
M - Macca JABIXKYIIMXCS YacTell, mpuBenEHHAs K IITOKY, BKIIIOYas Maccy padouei
HKUJKOCTH;
a — yckopenne, a=2h/t? .
PacuéTtHas ckopocTh mITOKa 0e3 yuéTa yreuek padouyei KUAKOCTH:
v, _9 (5.6) wm v, _Q (5.7)
Sn Sm
[Ipu nocrosincTBEe pacxonoB A ['L] ¢ oAHOCTOPOHHUM LITOKOM D, > Uy,
[TopuiHeBOM TUAPOUMIUHAP € 3aJaHHBIM COOTHOIIEHUEM IUIOIIAAEH MOPIIHA |
IITOKA HAa3bIBAIOT U] PepeHITnaTbHBIM THIPOLMINHIPOM.
Teopernueckass MOIHOCTH ['T]

N, =Fo=(p,S, —pmSW)v=%(ApD2 +p,d*)v (5.8)

IMOJIC3HaA MOIMHOCTb THAPONMMIMHIAPA
N=F 4axm0=Nn (5.9
3nas uz ycroeuil mexmonocuueckou onepayuu eépems nepemewjenusi wmoka i, eco x00 h u
passusaemoe ycunue Fgpuam, onpedensem nonesuyro mowmocmv N, Oanee, npunumas Kaxou-iuoo
napamemp euoponpusoda 3a 0azoeviti (pacxoo Q, Oaerenue P, ouamemp D), oonozmauno
paccuumuléaem ocmanvHule. cxoouvie ypasnenus (YnpouwéHHo):

2
N:Fd)alcml):an U:? ng Q=US S=7ZI4)

Pacuém yununopoe na nPOUROCM BHITIOIHAIOT 1O OTASJIBHBIM 3JIEMEHTaM, OCHOBHBIMH U3 KOTOPBIX SBJISIOTCS
LWJIMHAPHYIECKUH KOPITYC H IITOK.

[puHsTHIE B MH)XCHEPHO MPAKTHKE COOTHOIICHUS THaMeTpoB mToka u nopiss d/D=0,3...0,7. CooTHoIIeHHE
JUTMHBI X012 K auamerpy h/D<15

Pacuér mrroka mpu h/D<10 mpou3BOASAT MO BBIPAKEHHIO:

E,... A4AF,.
wmora = = (5.10)
SWmOKa ﬂ.dm
Ipu cootromenun h/D>10 I'Ll, paGoTaromiuii Ha cxkaTHe, HEOOXOIMMO POBEPATH HA YCTONYHBOCTD MPH
TPOIOTBHOM H3rHGe:
n*EJ
F_ . =k (popmyna Ditnepa) (5.11)

rae Frnax — pa3pyIarolas CKAMaroIas HarpysKa,
K — koa¢durnent, 3aBucsiuii ot crocoba 3anenku kouos I'L. Ecnu asa mapuupa, To k=1, eciam oaun, To kK=2;
E — MOJIy/Th YIIPYroCTH MaTeprana; as crama E=2,2 10™ ITa (220 T'Tla);
J — MOMEHT MHepIHH KoJbla (cTerka kopryca I'LT), J=n(d,’- d,*)/64;
L — o6mas amuHa '], ¢ BELABHHYTHIM IIITOKOM.

DeMeHTBI THAPOIMIHHPA, paboTAaIOIHEe HA PACTSKEHHE, PACCUUTHIBAIOT HA IPOYHOCT 0 JTOMTyCTUMOMY
HAMPSDKSHUIO pacTsbkeHus [o].
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HanpsxeHnue B cTeHKe HUIMHIPA:

d’+d?
Cones = g g7 P (5.12)
TonmuHy CTEHKH MIIMHAPA OTMPEISNSIOT 0 Gopmye Jisma:
5. > ? -1 (5.13)
TomnmuHa MIOCKOTO JHA MIIHHAPA OJHOCTOPOHHETO EHCTBUSA
5, >04d |2 me (5.14)

o]

Jlonycmumble makcumanvHbvle HanpsdiceHus 0as cepoeo wyeyna 25 Mlla, ons eévicokocopmuozo
40 Mlla, ons meou u bponsel 42 Mlla, ona cmanvrozo aumos 80...100 Mlla, ona kosanuou
yenepooucmou cmanu 100...120 MIla, ons necuposannoti cmanu 150...180 Mlla.

K runponmnuHIpaM MperbsaBISIOT CISIyIONIHe TpeOOBAHMS:

MOPIIHY U TUTYH)KEPHI IO/ CTATHIECKUM YCHIIFEM JOJDKHEI INTABHO (PaBHOMEPHO) MepeMeIaThCs Mo Beeil umnHe
Xo01a;

HE JOIyCKAaloTCs OOKOBBIE HATPY3KHM Ha IITOKAX; 3TH HArPY3KU MOTYT IIPUBECTH K OBICTPOMY HU3HAIINBAHUIO
YIUIOTHEHUH, TOPIIHEH 1 paboyveil MOBEPXHOCTH LIMIIMHAPA;

HApPY’>KHbIC YTCUYKU pa60qel71 JKUIAKOCTH 4€Pe3 HENOABUIKHBIC YIINIOTHCHHA HE JOITYCKAKOTCS;
Ha MOJABWIKHBIX MOBEPXHOCTAX JOMYCKACTCA HAJTUINC MacCIITHOM IUIEHKHU 0e3 KaHJ’IeO6p330BaHI/I${;

BHYTPCHHHUC NICPCTCUKU JKUAKOCTH U3 O,Z[HOI>‘I MOJIOCTH NUJIIMHAPA B APYT'YHO JOJKHbBL OBITh MUHHUMAJIbHBIMH H HE
JAOJDKHBI IIPEBLIIIATE HOPMY, YCTAHOBJICHHYIO B TCXHUYCCKHUX YCIIOBUAX,

pa60qne IOBEPXHOCTHU ,I[eTaJ'ICﬁ OUIMHApPA JOJIKHBI OBITH H3HOCOCT017H(I/IMPI, KOppOSHOHHO-CTOﬁKI/IMH NI UMETH
3aIATHBIC MMOKPBITHA,

JJIA IIPpEAOTBPpAICHUA NOoMTalaHusA IrpA3d U IbUIK B TOJIOCTU HUJIMHAPOB H€O6XOZ[I/IMO MNPUMCEHATH I'PA3CCHEMHUKU.

Mamepuanwi, ncrionszyeMble pu u3rotoBneHuu I'L{: kopnyca (Tuip3sl) - CTadbHBIE OECITOBHBIE TOPSYEKATaHBIE
Tpy6sl mo 'OCT 8732 - 78%*, cranu 35 u 45 nnn neruposannbie ctamu 30XI'CA u 12X18HIT, amomunuessi cas [16T;
wmoku - ctanu 40X win 30XI'CA; nopwnu - ctanu 35 u 45. Odpabameieaiom: BHYTPEHHUE TIOBEPXHOCTH KOPHYCOG TI0
TOJIF0 JIOMYCKOB HE, mapamMeTp 1mepoxoBaTOCTH MOBEPXHOCTH Ra=0,1 MKM TOIy4aeTcss XOHUHTOBAaHUEM HMJTH PACKaTKOH
HIApUKaMU WIH POJIMKaMM; HApYKHYIO TOBEPXHOCTD WiMOKaA - TIO TIOJIO JIOIyCKa e8, mapaMeTp IIepOX0BaTOCTH
noBepxHocTel mToka Ra=0,05 MxM; HapyXHYI0 TIOBEPXHOCTb NOpUiHs - TIO TIOJIIO JIOITyCKa e§, TTapaMeTp HIepoXOBaTOCTH
noBepxHocTel nopmHs Ra =0,8...0,4 MxM.
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Jlek.6 Ynnomnumenwvnuvie ycmpoiicmea

OO6mue cBefeHus. YIUIOTHUTENbHBIE  YCTpPOWMCTBA  NpeAHA3HAYEHBI IS
o0ecreueHnsi TePMETUYHOCTH COSAMHEHUI THAPOYCTPOUCTB C IENBIO MPEAOTBPAIICHUS
WM YMEHBIICHUS] YTEeUEK JKUJIKOCTH 4Yepe3 3a30phl B COCIMHEHMSX, a TAKXKE 3aIUThI
BHYTPEHHUX MOJOCTE M THAPOYCTPOMCTB OT NPOHMKHOBEHHSI YACTHI] 3arpsi3HEHUH,
BJIaT'M W BO3JyXa U3 BHEUIHEH cpejibl. YIUIOTHUTEIBHOE YCTPOMCTBO B OOIIEM ciiydae
COCTOUT M3 pPabOYMX OJJIEMEHTOB CONPSITraeMbIX JETale COEIWHEHHH (Hampumep,
30JI0THUKA U KOPITyCa), YIJIOTHUTENS M BCIIOMOTATENbHBIX JeTaliel. YTIJIOTHUTEIEM
Ha3bIBAIOT JIETAJIb YIUIOTHUTEIBHOTO YCTPOMCTBA, HAXOIAILIYIOCI B KOHTAKTE C
COMPATAEMbIMU JICTAIIMHU U MPETSATCTBYIONIYIO MEPETEKAHUIO pabodeil KUIKOCTH Yepes
3230pbl MEXAY 3TUMH JAETAISMH. YIUIOTHUTENb, MNPHU MOMOLIM KOTOPOrO KOHTAKT C
COMpATAEMbIMU  JICTAIIMH  JIOCTUTAETCSI B peE3ysbTare JACHCTBUA YNPYTHX CHII,
BO3HMKAIOIIUX TPU €ro CXKaTUW WM U3rude, HazbiBaeTcs ynpyrum. lIpocTpaHcTBO B
YIUIOTHUTEIBHOM YCTPOUCTBE (COMPATraeMoi AeTain), NpeJHa3HaueHHOe ISl YCTaHOBKU
VIUIOTHUTENS, HAa3bIBA€TCS MECTOM YyCTaHOBKM. K BcmomoraTeiabHbIM —JE€TalsiM
YIUIOTHUTEIBHOTO yCTPOMCTBA OTHOCATCS J€Tajid, OOeCHeUMBAIOIINE HOPMaIbHYIO
paboTy YIJIOTHUTEINEH (3alUTHBIE, HA)KUMHBIE U ONIOPHBIE KOJIbLA U JIP.)

Jia npenoxpaHeHus: pabOYUX IOJOCTEW THUIPOYCTPOMCTB OT IPOHUKHOBEHHUS
YacTUL 3arpsi3HEHUI, BJIark W BO3JyXa W3 BHEIIHEW cpeabl NpeIHa3HAYEHBI
IpSI3€ChbEMHUKU U NIBUIbHUKHU.

VYIJIOTHUTENM pa3iensaioT 1O BUAY OTHOCUTEIBHOTO IEepeMElIeHus - Ha
YIUIOTHUTENN HEMOJBUKHBIX U MOJBUXHBIX COCAUHEHHI; 110 HANIPABICHUIO JEHCTBUS
yhnpyroi nedopmanuu - Ha aKCUajgbHbIE (TOPIOBBIE) U paUaIbHbIE; IO KOHCTPYKUUHU -
Ha YIUIOTHUTEIBHBIE KOJIbIIA, MAaHXETbl W TMPOKIAJAKHA, MO  MaTepuaisy - Ha
HEMETaJUIMYECKUE (HampuMep, pE3UHOBBIE) W METAUIMYECKHE. YIUIOTHUTEIU
MOJBMKHBIX COCIUHEHUM KIACCUDUIMPYIOT HA  YIUIOTHUTEIM BpallaTeslbHOTO,
BO3BPATHO-TIOCTYIIATEILHOTO U KOHTAKTHOTO coennHeHnil. HoMeHkiatypy nokasarenei
KauecTBa PE3MHOBBIX KOHTAKTHBIX yrutoTHUTENeH ycranasnusaetr ['OCT 4.17 - 80.

K  mokazarensM  Ha3HaueHWs, OMNPEACTSAIONIMM  00JlacTh  MPUMEHEHUS
YIUIOTHUTEJIEH, OTHOCITCS pabOTOCIIOCOOHOCTh B cpefie pabouel >KUIKOCTH, WHTEPBAI
pabouux Temneparyp U JaBJICHUMN >KUIAKOCTH, TUANAa30H OTHOCUTENbHBIX MepeMenIeHUuN
(IMHEeMHAsT CKOPOCTh, YacTOTa BpalleHUs W T. M) JOMyCKaeMble Cwibl Tpenwus. [lpu
HU3KUX TEeMIlepaTypax 3KCIUTyaTallud YIUIOTHUTENEeH HaOMI0JaeTcsi ycaaka pe3uHbl U
MOTepsI STACTUYHOCTH YIUIOTHUTENEH, MPU BBICOKHX - CTApeHUE PE3UWHBI M ObICTpas
noTepst AaCTUYHOCTU. CKOPOCTh OTHOCHUTENILHOTO MEpPEMENIEHUs B YIUIOTHUTEIbHBIX
YCTPOHCTBAaX 00YCIOBIMBAET TEMIIEPATYPY B 30HE KOHTAKTa YIUIOTHUTENS U TEM CaMbIM
BIUSET Ha (DU3UKO-MEXAaHWYECKHE TNOKa3aTesld pe3uHbl. lIpu yBennueHun CKOpOCTU
NepeMENICHUN TeMIliepaTypa B MECT€ KOHTaKTa YIUIOTHHTENIS C CONpAraeMoi
MOBEPXHOCTHIO YBEJIMUUBAETCS.

K mokazarenssM Ha3HAuY€HUS! YIUIOTHUTENICH, OMPEAENSIONIUM T€PMETHUYHOCTD
COEIMHEHMS, OTHOCSTCS CTENEHb I'e€pPMETUYHOCTH M KOHTAaKTHOE HampsbkeHue. Beioop
CTENIEHU TEPMETUYHOCTH THUIPOYCTPOMCTBA ONpPENEISETCd €ro Ha3HAaueHUEM B
TUAPONPUBOIE M BAXXHOCTBIO 3aJlay, BBIMOJHSAEMbIX TUIpONpUBOIOM. KoOHTakTHOE
MEXaHMYECKOE HANPSKEHHE B YIUIOTHUTEIHHOM YCTPOMCTBE C YBEIUYEHUEM JABJICHHS
paboueil JKUJIKOCTH YBEJIMYUBAETCS, OJJHAKO MPU 3TOM H3-3a HAJUYMS YIUIOTHUTENEH B
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NOJABMKHBIX COCAMHEHUSX YBEJIMYMBAIOTCS CHJIBI TPEHHs, a B HEMOJBHKHBIX
COEIMHEHMSIX BO3HUKAET BO3MOKHOCTh BbIJJABJIMBAHUSI YIZIOTHUTEIIEH B 3a30D.

K mokazatensiM Ha3Hau€HHUS, XapaKTEPU3YIOUIUM KOHCTPYKIUIO YIUIOTHUTENIEH,
OTHOCSITCSL JIOMYCKA M pa3Mepbl yIUIOTHUTENS (mpeccopmbl), OTKIOHEHHUS OT
reoMeTpuyeckod (OpMbI CEUYEeHHS M B3aWUMHOIO PACIIOJIOKEHHUS [OBEPXHOCTEH
YIUIOTHUTENEHN U T. 1.

K mnoxa3zarensMm Ha3Hau€HMs, XapaKTEPU3YIONIMM CONpsTraeMble JeTalu u
TOYHOCTh COOpPKH, OTHOCATCS BHEIIHUN BHUJ TMOBEPXHOCTH COIPSTAEMbIX JeTanen
(Hanpumep, Basia, IITOKA U T. [.), MpeJeIbHbIe OTKIOHEHUS Pa3MepoB, HIEPOXOBATOCTh
MOBEPXHOCTU U TOYHOCTH COOPKH.

KauecTBO pe3MHOBBIX YIIPYTUX YIUIOTHUTEIECH 3aBUCUT OT (PU3UKO-MEXaHHUUECKUX
noKasaTesieid BBIOpaHHOW pe3rHbI (OTHOCUTENBHOE YIUIMHEHUE NIPU Pa3pbiBE, TBEPAOCTbD,
UCTUPAEMOCTb, OTHOCUTENbHAsE oOcTaTo4yHas Jedopmauus cxkatus U 1p.). Kpome
nokKaszaTeled Ha3HayeHus, OO0JbIIOE 3HAYEHUE HMEIOT IMOKa3aTeNd HaJAeKHOCTU
(Hampumep, pecypc, CpOK CIyXObl, CpOK COXpPaHSEMOCTH M [p.), a TaKxKe
HYKOHOMUYECKHE MOKA3aTENHN (CTOUMOCTBD U JIp.) YIUIOTHUTEIIEH.

Obecneuenue cepmemuynocmu  2UOPOYCMpPONUCmME  YNAOMHUMETbHLIMU
Konbyamu. YTJIOTHUTEIBHOE KOJBIO - pPaJAUaIbHBIM MM  OCEBOW(TOPLOBBIN)
VIUIOTHUTEIb B BHJI€ KOJbLA, IPUMEHSEMbIA B TMOABUXKHBIX W HEMOJBUKHBIX
COEIMHEHUSX, TePMETUZUPYIOMNNA 3P (HEKT KOTOPOTO CO3/AETCS B PE3YJIbTATE CHKATHS.

B ruapoycTpoilcTBax HCHONB3YIOT PE3UMHOBBIE  YIUIOTHUTENbHBIE  KOJbIA
KpYTJIOro, MpsSMOYTOJIbHOTO, OBaibHOIrO M [1-00pazHoro ceuenuii. Haubonee mupokoe
pacnpocTpaHeHHEe B OOBEMHBIX THIPONPUBOJAX IMOITYUMWIH YIUIOTHUTENbHBIE KOJbIA
kpyraoro ceueHusi(I'OCT 9833 - 73%*), xoTopble mNpeaHa3HAYCHBI JIsi pabOTHl MpHU
naBiaeHur 1o 50 MIla B HemoaBMIKHBIX coeqWHEHUSIX M g0 32 Mlla B mOABHKHBIX
COCIUHEHUSX B cCpelax HEePTSIHBIX JKUIKOCTEM M BOAHBIX HMyJbcuil. CKOpPOCTbH
OTHOCUTEIILHOTO TEpEeMENIeHUs] JAeTalled YIUIOTHUTEIbHBIX ycTporcTB mo0 0,5  M/c.
Martepuan yIuIOTHUTEIBHBIX KOJIEL - PE3UHOBAsE MACIOCTOMKAsT CMECh.

Ha puc. 6.1 mokazaHbl CX€Mbl MOHTa)Xa PaJHAIbHBIX YIUIOTHUTEJbHBIX KOJIELl
Kpyrjaoro cedeHus. JUisg pasmenieHus yIUIOTHUTEIBHOTO KOJbLA B H3JCIHU
MPEeayCMaTPUBAIOT MECTO YCTAHOBKHM - KOJIBLIEBYIO KaHaBKY OINPEIEICHHBIX Pa3MepoB.
['myOuHy KaHaBKH BBIOMPAIOT TaKOM, YTOOBI KOJIBIIO OBUIO 00XKATO MO TMOTMEPEUHOMY
CEUYECHUIO Ha ONPEJICTICHHYIO BETUUYHHY.

OO6>xatue olleHNBaIOT KOY(PHUIIUEHTOM MPEABAPUTEIHHOTO CKATHS (B MIPOIIEHTAX)
e = (d-h)100/d, rme d - ngmamerp ceyYeHHS KOIbIA B CBOOOJHOM COCTOSIHHH.
Koadhdumuent npenapuTeabHOro ckatusg OObIYHO HpuUHUMAKOT paBHbIM 10..35 %.
KanaBky BbINONHSIOT mupuHOM b, npubnusurensHo Ha 20...25 % Gomnbireld quamerpa d.
[TapameTpsl MIEPOXOBATOCTH MOBEPXHOCTEH COMPATAEMBIX JETaNe BHIOMPAIOT MCXOS
U3 HAa3HAUYEHUs COEAMHEHUs: JJIs HenmoaBMkHoro Ra=1,6 Mkwm, nns nmoaBuxHOro Ra=
0,20 MKM.

Ha puc. 6.1, a noka3zaHo YIUIOTHUTEIBHOE KOJIbLIO, YCTAHOBJIEHHOE B KaHABKY
compsraeMor jaetranu. llpum MOHTa)xe YIJIOTHHTEIbHOTO YycTpoictBa (puc. 6.1, 0)
VIUIOTHUTEIBHOE  KOJBIIO  TOJBEpPraeTcss CKaTuil, TMpU  KOTOPOM  BO3HUKAET
MEXaHUYECKOE KOHTAKTHOE HAIPSKEHUE 6.
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[Ipn neicTBUM BBICOKOTO [JABIEHUSA pPo KUJIKOCTH YIUIOTHUTEIBHOE KOJBLO
HAXOJIUTCS B MECTE€ YCTAHOBKU B COCTOSIHUM JIOTIOJIHUTEIBLHOTO CKATHS MOJ J1eUCTBUEM
KOHTAKTHOTO HAIPSDKCHUS W JIaBJICHUSI )KUIKOCTH (6 + po) (puc. 6.1, B). IIpu Gosbiiom
3a30p€ U HEKOTOPOM JABJICHUU P>po YILIOTHUTEIBHOE KOJIBIIO MOXKET BBIJIABIMBATHCS B
3a30p W paspywarecsa. 1A MpeaoTBpallleHns pa3pylLICeHU YCTaHABIMBAIOT 3aIUTHBIC
KOJIbIIa U3 OoJiee TBepaoro Marepuaia (puc. 6.1, r). 3aluTHBIE KOJIbIIA YCTAaHABIMBAIOT
B HEMOJIBUKHBIX COCIUHEHUSX Npu p=>15 MIla, B NOABWXHBIX - Tipu p>10 Mlla.

JI1st MCKITIOYEHUsT Cpe3aHusl KOoJIell MpU cOOpKe U3CNIUd B KOHCTPYKIUU JeTaneu
pelycMaTpHBaloT 3axomHbie  dacku mox yrmom 30° (puc. 6.2). Ilpm cGopke
PEKOMEHJIyeTCSl CMa3bIBaTh TPYIIUECS TOBEPXHOCTU YIUIOTHEHUM TOHKUM CIIOEM
CMa304HOr0 MaTepHaIa.

OceBble (TOPIOBBIC) YIUIOTHEHUS (puc. 6.3, 6) 1O CPaBHEHMIO C PaJHAIbHBIMU
(puc. 6.3, a) UMEIOT CIEAYIONIMI HEIOCTATOK: MPU PACKPBITUU CTHIKOB COEIUHEHUI
IIPEABAPUTEIIBHOE  KOHTAKTHOE HAIPSDKEHUE PE3KO YMEHBIIAETCS, U TepMETH3alus
COEIMHEHHUI HapyIIaeTCs.

JUis TepMeTH3aluu HEMOJABM)KHBIX COEIMHEHUH, paboTalolMX IpU BBICOKUX
JABJIEHUAX paboyell KUIAKOCTU, NMPUMEHAIOT [I-00pa3Hble YIIIOTHHUTENbHBIE KOJIbLA
(puc. 6.4). BHyTpH KOJblla 2 YCTaHOBJIEHBI JIB€ CTaJIbHbIC TapelbyaThle MPYKUHBI 3 C
maiioon 4, a cHapyu - cTanbHOE 3amuTHOE KoJblo 1. [aiiba 4 npenHasHavyeHa AJist
o0zeryenus noadopa NpyKHUH € 3a1aHHOM yJIeIbHON HAarpy3Kod B MECTE KOHTAKTa U JIsl
orpaHudeHus Aepopmaliu IpyxKuH.

3ammMTHOE KOJIbLIO | MpenoTBpaliaeT BbIIABIMBAHHME YIUIOTHUTENS B 3a30p MpPH
PACKpBITHH CTHIKA.

Obecneuenue 2cepmemuunocmu  2UOPOYCMPOUCME  YHIOMHUMETbHBIMU
Maunxycemamu. YTUIIOTHUTEIIbHAS MaH)KeTa - paJualibHbIi YIUIOTHUTENb B BUAE KOJbLA,
UMEIOIIMIA BBICTYyHAlOIMe pabouue 3JIEMEHThl, B pe3yJibTare U3ruba M MpuKaTus
KOTOPBIX K COINPSATaeMOM MOBEPXHOCTH 00ECreYnBaeTCsa HEOOXOAUMBIN KOHTAKT C HEM.
VYIJIOTHUTENbHBIE MAaHXKEThl NPUMEHSIOT [Jis TepMETU3allMi  BpallaTelIbHbIX U
BO3BPATHO-TIOCTYIATEIbHBIX COCUHEHUN.

Ha pwuc. 6.5 mnoka3ana cxema apMHpPOBAHHOM YIUIOTHUTEIBHOM MAaHXKETHI,
MpEeJHAa3HAYEHHOW [JIsi T€PMETU3alMH BpPAIAIOIIMXCA BaJOB THAPOMAIIMH. MaHxkera
COCTOMT U3 Koprmyca 1, kapkaca 2, ryOku c pabodeil KpOMKOW M TpPYXHHBI 3.
Mertamnnuueckuii Kapkac MpUAAET KOPIYCY MAaHXEThl OINpeiesieHHyl0 (opMy U
ecTkocTh. Haxxkumuas (OpacnerHas) npykuHa 3 TpeJHa3HayeHa [JIs CO3JaHus
paguaNbHOTO YCUJIUSI Ha TyOKe MaHXeThl M MPWXKaThsi ee¢ padoueld KpOMKH K Baity 4
rUApOMalInHbl. B MaHkeTax ¢ HaXKUMHOW MPYKUHOM KOHTAKTHOE HAINPSKEHHUE JIETKO
peryiupoBath MoAOOpoM ycuwius TnpyxuH. [Ipy HeZocTarouHOM  KOHTAKTHOM
HaIpsOKEHUU U OOJBIIOM pajuaibHOM OMEHHMM Balla YBEJIMUYMBAIOTCSA YTEUKH padoueit
KUJIKOCTH. [IpM TOBBIIIEHHOM KOHTAKTHOM HAMpPSKEHUM Pa3BUBAIOTCS MPOLECCHI
TPEHUs1, U3HAIIMBAHUS U CTAPEHUS PE3UHBI B pe3yJIbTaTe HAarpeBa.

TunoBble MaHXXETBhl TpPEAHA3HAYEHBI 11 pabOThl B THUAPONPHUBOJAX TPHU
n30bITouHOM nasienuu 10 0,05 Mlla, okpykHON CKOpOCTH paboyelt KPOMKH MaHKEThI
10 20 M/c u Temmeparype ot -50 10 +90 °C B 3aBHCHMOCTH OT IPYIIIBI PE3UHEL.

PaboTOoCOocOOHOCTh MaHXEThl 3aBUCUT OT ULIEPOXOBATOCTH  COMpSIraeMoun
NOBEpXHOCTH Bayia. Pabouas MOBEPXHOCTh Baja JOKHA OTBEYATh CIIEAYIOIIUM
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TpeOOBaHUSM: TBEPJIOCTh MOBEPXHOCTU TpeHus 1o mkaie Cynep - PokBensia He MeHee
HRC,30 (ecnu matepuain Basia He o0ecrieunBaeT TpeOyeMol TBEPAOCTH, PEKOMEHIyeTCs
B 30HE KOHTAKTa Bajla C MAaHXKETOW YCTaHaBIIMBATh MEPEXOJHYIO BTYJIKY). [lapametp
HIEpOXOBAaTOCTH TOBEPXHOCTHM Bajna He Hiwke Ra=02mxkm ¢ noclenyronmm
MOJIMPOBaHUEM (HE JOIMYCKalOTCS PUCKH M JIpyrue Ae(eKThl); JOMYyCK pajauaibHOTO
ouenns He 6onee 0,15 MKM.

TpeOoBaHMs K pacTOYKE B KOPIIYCE TMAPOMAIIWHBIL: JIOIYCKAEMOE OTKIOHEHUE
nuamerpa otBepctus H9; mapameTp IIEpOXOBATOCTH MOBEPXHOCTH HE HUXKE
Ra=1,6mKxm; 1OMyCK COOCHOCTH OTBEPCTHSI MO MAHKETY OTHOCUTEIIBHO OCH BpAIlCHUS
Baja He Ooiee 0,2 MM.

VYIJIOTHUTENBHBIE MaHXEThI AJI1 TEPMETU3aLNN NTap BO3BPAaTHO-MOCTYNATEIBHOTO
JIBH>KEHUS UMEIOT PANl MPEUMYIIECTB MO CPABHEHUIO C YIUIOTHUTEIBHBIMU KOJIBLIAMMU:
MEHbIIasl IIUPUHA pabodeil KpOMKH 00YCIIOBIMBAET MEHBIIYIO CUITY TPEHUS.

Ha puc. 6.6, a nokazan KOMIUIEKT IIEBPOHHBIX PE3NHOTKAHEBBIX YIUIOTHUTENEH
JUIsL TepMETHU3alUMy IITOKOB W UWJIUMHAPOB M THUIPOYCTPOMCTB, pabOTaromuX MpH
naBieHUH padouelt xuakoctu 10 63 Mlla co ckopocThi0 BO3BpAaTHO-NOCTYNATEIBHOTO
NBUKEHUST MeHee 3 M/c B cpelne HE(QTAHBIX >KUIKOCTEH M BOJHBIX 3MYJIbCUUA MpH
Temmeparype ot - 50 1o +100°C. B cocTaB KOMIUIEKTA YINIOTHEHHS BXOAT MICBPOHHbIC
MaHXeTbl 2 W 8, HaxxuMHOe 1 m omopHoe 4 Koybla. Yucimo MaHXKeT, BXOASIIUMX B
KOMIUJIEKT YIUIOTHEHHUSI, 3aBUCUT OT IMAMETpa IITOKA U JTABJICHUS pab0odeil )KUIKOCTH.

Ha puc. 6.6, 6 mpeacrtaBiieHa cXxe€Ma YCTAaHOBKM IIEBPOHHBIX MaHXET 3 JyIs
repMeTH3aly IITOKAa 5 THAPOLMWIMHAPA. PEeryaupoBaHue 0CEBOro CKaTUs MaHXKET IpU
MOHTaXe 00€CIeUrnBaeTCsl OrpaHUYUTENbHBIMU IIaii0damu 6. IlleBpoHHBIE MaHXKETHI U
KOJIbLIA U3TOTOBIIAIOT U3 TKAHH, BYJIKAHU3UPOBAHHOM C IBYX CTOPOH PE3MHOBOW CMECHIO.

OceBoli pa3sMep MecTa YCTAHOBKHM CIIEIYET BBINOJHATh IO MaKCUMAJIbHOMY
pasmepy H ymmornenus. Tonmmua K orpaHuyuTenpbHBIX A0 10 TOKATHS
VIUIOTHEHHUS M TMEPBOHAYAJIbHOE TOJKATHE O YIUIOTHEHUS YCTaHABIMBAIOTCS B
3aBUCUMOCTH OT IIUPUHBI U YMCIIA MAHXKET.

Ha puc. 6.7, a nokaszaHa KOHCTPYKUHUSI PE3MHOBOW YIIOTHUTEILHOW MAaHXKETbI
('OCT 14896 - 84%*). Mamxera mnpeaHa3Hau€Ha IJIsi TEPMETU3AIMNH 3a30POB MEKIY
UWIMHAPAMU U MOPIIHAMU (IUTyH)KE€paMu, IITOKaMH) B TUAPOYCTPONCTBAX C BO3BPATHO-
NIOCTYIATEJIbHbIM JBHKEHHEM BBIXOJHOTO 3B€HA IIPU CKOPOCTH OTHOCHUTEIIBHOIO
nepemenieHus e 6onee 0,5 m/c, naBnennu xxunakoctu 0,1...50 MIla, Temneparyp ot - 60
10 +200 °C. PesuHOBBIE MAHKETBI H3TOTOBISIOT B mpecc-hopMax, mapamerp
nepoxoBaTocTd (HOpPMYIOIIMX MoBepxHOCcTel koTtopbix Ra = 0,32 mMxm. Ha puc; 6.7, 6
NOKa3aHa yCTAHOBKA MAHKEThI JJI1 T€PMETU3AIMU IITOKA. Y TUIOTHUTEIBHOE YCTPOMCTBO
COCTOUT U3 paboYMX MOBEPXHOCTEH MTOKA 5, Kopiyca 1, yIJIOTHUTEIbHON MaHXeThl 2,
3aIIATHOTO KOJbIla 3 13 (TOPOIIACTa U CTATBHON KPBITIKY 4.

Obecneuenue zepmemuynocmu 2uOpoOycmponucme de3 ynpyzux yniomuumeseil.
['epMeTHYHOCTh BHYTPEHHHX COEJMHEHUN TUNA KIamaH-ceqyio (B KamaHax W
KJIAMIAaHHBIX PAaCHpeiesIuTeNsAX), KOPIyC - OOKOBbIE KpBIIIKA (B IIECTEPEHHBIX H
IUTACTUHYATBIX MOTPYKHBIX Hacocax), oOecrneuyMBaeTcsl TIIATEIbHOM MEXaHMYeCKOH
00paboTKOI conpsAraeMbIX MOBEPXHOCTEHN U CO3IaHUEM MX CUJIOBOTO KOHTAKTa.
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HapyxHple KaHaJIbl B KOpIlycax THUIPOYCTPOWCTB T€PMETUZUPYIOT C MOMOUIBIO
3aIPECCOBKM B HUX IUIAJIKMX CTAJIbHBIX LHJIMHIPUYECKUX 3ariylleK C IMOCIEeAYOIEen
YEKAHKOM [0 JUAMETPY 3ariyIlieK.

BrICOKyIO CTeneHb TepMETUYHOCTH 00ECIIEUNBAIOT CBapKa M Maika Hepa3beMHBIX
COECIMHEHUN.

['epMETUYHOCTP  NOABMKHBIX  BHYTPEHHHUX  COECAUHEHHUW TUIAPOYCTPOMCTB
00€ecCIeunBaroT ABYyMsl CIIOCO0aMHu:

YMEHBIIEHUEM 3a30pOB B MOJABMKHBIX COEIMHEHHUSAX /10 MUHUMyMaA (3...5 MKM),
HalpuMep, TepMEeTU3alusd COCOUHEHUN TaKWX Map, Kak 30J0THUK - KOPIYyC B
pacupenenuTensX ¢ UWIMHAPUYECKUM 30JI0THUKOM, OPIIEHD - HWJIUHIP B NOPIIHEBBIX
Hacocax U TUApOMOTOpax U T. 1.;

CWJIOBBIM KOHTaKTOM THIATEIbHO OOpabOTaHHBIX COMNPSTraeMbIX MOBEPXHOCTEW,
HalpuMep, TEepMETU3alUs COEAUHEHHMI TaKuX IMap IUIACTUHYATBIX HACOCOB, Kak
IJIaCTUHA - CTATOPHOE KOJbLO (MOJKUM IUIACTUH OOECIeurnBaeTCsl JIaBICHUEM
AKUJKOCTH, TOJBOJAUMON B Ia3bl poTOpa), OJOK LUIMHAPOB - PACTIPEACIUTENbHBIN TUCK
B aKCHAJIbHO-TIOPIIHEBBIX HACOCaX M THUAPOMOTOPAX C TOPLIOBBIM pacHpeeIeHUEM
(070K IWIMHAPOB MOKUMAETCA K PACHpEelesIUTEIbHOMY AMCKY CHUJION TNPYKUHBI U
JIaBJICHHUEM KHJIKOCTH).

Ha puc. 6.8 noka3zaHa KOHCTPYKTUBHAsI CXeMa KOHTAaKTHOTO OCEBOTO (TOPLIOBOTO)
YIUIOTHUTEIBHOTO YCTPOKCTBA - JUIsl TEPMETH3ALMU BPAILAIOMINXCS BaJOB IMAPOMAIINH,
OPUMEHSIIOIIETOCS] MpPU BbICOKOM fAaBieHuu (no 2 MIlla) paboueil Xuakoctu BO
BHYTPEHHUX MNOJOCTSAX. OCHOBHBIMHU 3JIEMEHTAMU SIBIIAIOTCS BTYJKA §, Bpalllarolieecs
YIOPHOE KOJbLO 7 W HEBPAIIAOIIEECs OMOPHOE KOJIBLO 8. BTyika 8 %KecTKO 3aKperuieHa
Ha BaJly | THJIpOMAaIIMHbBI, €€ OCEBOE MEPEMEIIECHHE OTPAaHUYEHO KOJIBLIOM 2. YTIOpHOE
KOJIBLO 7, YCTAaHOBJIEHHOE BO BTYJKE 8, MOXKET IEPEMEIIATHCS BJOJIb OCH BTYJIKH.
['epmeTu3anus coeAMHEHUs] HAXXUMHOTO KoJyiblla 7 C BTyJkoM 3 oOecrneynBaercs
PE3MHOBBIM YIUIOTHUTEIBHBIM KOabLOM 5. IloBogok 6, BXOoAsdmuii B ma3 BTYJIKH 3,
MpeHa3Ha4YEeH Ui Tepeaadyu BpalleHHus OT Baja | kK ymopHomy Kouiblly 7. OmopHoe
KOJIbLIO 8 yCTaHOBJIEHO B Kopmyce 10 ruapoMaiivHbel U OMUPAETCS HA YIUIOTHUTEIbHOE
KOJbIO 9, obecneumBaroliee KpoMe Te€pMETH3alMu CThIKa CAMOYCTaHABIMBAEMOCTb
OMOPHOI'0 KOJIbI[A 8§ MO OTHOIIEHUIO K KOJbIy 7. OmOpHOE KOJBIO (PUKCUPYETCS OT
BpanleHus: WTUPTOM (HAa PUCYHKE HE MOKa3aH). YTMOPHOE KOJbLO H3rOTOBIEHO W3
M3HOCOCTOMKOM CTaJi, a OTIOPHOE KOJIBIIO - U3 OPOH3HI.

PaGoure TOpHOBbIE MOBEPXHOCTHM  KOJEL  JOJKHBI HMMETh  MapameTp
epoxoBaTocT noBepxHocTu Ra=0, ! mxm. Jlonyck mnockoctHoctu He Oonee 0,5 ... 1,0
MKM. [IpuHIMn pa®oThl YIJIOTHUTENBHOTO YCTPOWCTBA 3aKJIIOYACTCS B CIEAYIOLIEM.
[IpenBapuTenbHOEe MOJKATUE YHNOPHOrO KOJbIA@ 7 K ONOPHOMY KOJbIy 8
oOecnieunBaeTcst MpyxuHo cxatus 4. Bo Bpemst paboThl rHAPOMAIIUHBI K YCHIIHIO
NPYKUHBI T00aBIsieTCsl 1aBlieHne pabodeil *KUIKOCTH, Haxoxsuieiics B kopnyce 10 co
CTOPOHBI NIPY>KUHBI.
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Puc.6.1 Cxema monmasica pa()uafzbnbzx YHIOMHUMENbHbIX KOJleYy KP)Y2l020 CeYeHUs.
a - 6 c60600HOM cocmosiHuu, 6 — nocne YCMAHOBKU, 6 — noo aaeﬂenue/w; 2 — C 3auummHsbiM KOJ1bYOM.

i

Puc.6.3 Cxemwvl ycmanosku yniomuumenvHoix Koaey:
a — paouanbHelx; 6 — 0cesvix (MOPYesbIX).

Puc.6.2 Cxemvl 3ax00HbIX hacok 8 KOHCIMPYKYUAX:
a — Kxopnyca yununopa, 6 — wmoxka.

v, /R

Puc.6.4 Cxema yemanosku I1-o6pasnozo konvya.
Puc.6.5 Pe3unosas apmupoanuas yniomuumenbHas

Mardcema Ois spawarouuxcs 6anoe.

1 2 3 4 6

%//ﬂ N0 7/27722

Puc.6.6 Lllesponnvie pe3urnogvie yniomHeHus
a — KOMRNJIeKm YRAOMHUumenell,— yCmaHo8Ka YiomHumenel npu cepmemu3ayuu Wmoxda.

= O\ e DD

Puc. 6.8. Ocesoe (mopyosoe) mexanuuecxkoe

Puc. 6.7. Pe3uHoBas yIsiOTHUTENbHAS )
YHnjaom-uumellbHoe ycmpoucmeo ons epawerusl 6aioe

MaH>XXETa YMCHBIICHHOI'O CCUYCHU S
a - KOHCmpyKyus, 6 - YCmaHo8Kka npu cepmemu3ayuu
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Jleku.7 ITopuiHeBbie HACOCHI U PUMEHSIEMBIE PACTIPEACIISIONINE YCTPOMUCTBA

ITo KoHCTpyKITMK HanboJiee MPOCThIMU (1 MEepBBIMHU UcTOpudeckH, |l Bek 10 H.3., C
JEPEBSHHBIMU TOPITHAMU U KOKaHBIMH KJIallaHAMU) SIBIIIOTCS 0OBbEMHBIC TTOPITHEBBIC
HACOCHI C pYYHbIM TIPUBOJOM, IPUMEHSIEMBIE JIJIS1 BHIMOJHEHUS AJIEMEHTAPHBIX (DYHKIUN
— MepeKavyKu (TPaHCIIOPTUPOBKH) KUIKOCTH 10T HEBBICOKHUM JIaBJICHUEM.

PaccmoTpuM ABYXIIMIMHIAPOBYIO THAPOMAIINHY (cXema oJHoumIMHApoBoid OI'M
MIPUBOJIUJIACH PAHHEE).

% F
—_— —~—
MI b |
<—I_ _|—>
o b {CY e\ YU N SO R
[ | a |
117777777777 777777777777 o /TT777777777777777777777
\—/
[77777

Puc.7.1 JI&RvxumunuHOno&nil NONUHEROT HACOC (NOMCADHBIIL)

Ycunmue F, co3maBaeMoe Ha phlyare, dyepes3 IUieYd @ U D phIlUua)XHOTO MEXaHHU3Ma
nepenaércs Ha mToku (mopmHu). be3 yuéra moteps Ha TpeHHe, OHO OyIEeT paBHO CHUJIC
naBlieHus paboyell KUIKOCTU Ha MOpPIICHb (MPOU3BEICHUE TUIOMIAAN B3aUMOJCHCTBUS
S u naBneHus p):

Fb=Spa (7.1)

Pabounx xkamep B maHHOUW KOHCTpyKiuu ABe. Mx paboune 00bEMbI Vi 3aBUCIT OT
wiomaau nopirHed S u xoxaa h. Cymmapusiii padounii 006EM V, (Z - yrciao padoumnx
Kamep):

V,=2V,=2 S h, M (7.2)
CYMMapHaH rmogayda 3aBUCUT OT 4YUCJIa ):[BOf/'IHBIX XO0OO0B B €AMHUIY BPECMCHHA n.:
Q=V;n, m/e (7.3)

JlaBieHue U moj1adya JUMUTAPOBAHBI «MOIIHOCTHIO» PYKH.
pmmep: mpu D=30 ymm, N=100...120 0gotirbix x0008 6 murymy, onure xooa 30 mm, nooaua cocmagum:

Q_27Z'D2

2
O, o0 = 2%0,03-% =7,06-10" 0" /c =421/ mun

hn

2
O 0= 2%0,0}% =8,48-107 " /¢ = 5,091/ mun

Jlnst mostydyeHust 60oJiee BHICOKMX 3HAUYCHHM TI01auM, TaBJICHUS U YIYUIIEHUS IPYTUX
napamMeTpOB MPUMEHSIIOT MeXaHuyecKuii npueoo. 13 HepOTOPHBIX 3TO MOTYT OBbITh
HPSIMOJICHCTBYOIINE THIPOMAIINHEI (Hanpumep, ¢ naposbim NPUEOOOM),
KPUBOIIMITHBIE U KYJIaYKOBbIC (C aKCHATbHBIM WJIH PAUaIbHBIM PACIIOI0KEHUEM
BBITECHUTENICH U Heno08uMCHbIX pabOUNX KaMep OTHOCUTENIBHO OCH MIPUBOJIA).
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HaunOounee pactipocTpaHeH NPUBOJ KPUGOUWUNHO-UAmYHHBLIL. PaccMOTpUM
KMHEeMaTUuKy U npuHiun aecteus OI'M ¢ KIIIM.
3a ouH 000pOT KpUBOILIXIA (KOJEHBAJA) MOPUIEHb COBEPILIAET BO3BPATHO-
NOCTyNaTeNbHOE IBUKEHUE (IBOMHOM X0, puc. 7.2), yBelIn4YUBas U yMEHbIIas
reOMETPUUECKHU 00bEM, OTPAaHMUEHHBIN MOPIIHEM, CTEHKaMH [IMJIUHAPA U
TOJIOBKOM C yCTaHOBJICHHBIMU B HEMl CaMOJEICTBYIOIIMMU KJIallaHaAMH.

1 2 3 / 4 / 5
"""" |
"""""" \@;L_
|

I
JTT777T TN 7777
h:I2r h=2r 6

Puc.7.2 Oonoyununposwiit nopuinesoil nacoc ¢ KpugoOWIUNHO-UWAMYHHLIM RPUBOOOM U KINANAHHBIM
pacnpeoenenuem:. 1-KpuBOMHIT, 2-ATYH; 3 —[IUIUHAP; 4-TIOPIIEHD; 5, 6 — KJlarlaHa HarHeTaHUs U BCAaChIBaHUS

Texymas (MrHOBeHHAs ) mogada Qe ABISICTCS QYHKIIUEH CKOPOCTH TOPIITHS:

QTCK:DS (7.4)
CKOpOCTB MOPIIHS €CTh MPUPAIIEHUE €ro IMyTH (X0/1a) TI0 BpeMEHH!
v=" (7.5)
dt

Xoj TOPIIHS MOXHO paccCYuTaTh, BBIYTS W3 HadainbHOW KoopauHatel (BMT)

OTHOCHUTEIBHO TOUYKU ) CyMMY IIPOEKLIHI KPUBOILINIA U IIATYHA HA OCh EPEMELLCHHUS:

x=(r+R)-(r cosy+R cosa)=r(1-cosy)+R(1-cosa) (7.6)

J[nvHBI 1mIaTyHa, KPUBOLIWIA M TEKYIIUE YTJBl W3 TEOPEMbI CUHYCOB CBS3aHbI
BBIPAKEHUEM:

R
—=— (7.7)
sin y sina
Tekymuid yroJi moBOpOTa KPUBOIIKIA P 3aBUCUT OT YIVIOBOW CKOPOCTH @
y =t (7.8)
VYrioBasi CKOPOCTh MOKET ObITh MPEJCTABICHA KAK:
dy
w=— 7.9
0 (7.9)
C y4€TOM BBIIEU3IIOKEHHOTO, CKOPOCTh MOPIIHSA MOXKHO IIPEACTABUTH B BUJIE
dx  dx dx 1r
=—=—=a)—:ra)sin +——S]I12 7'10
” dy/ 2 (sin 7+ —sin 27) (7.10)
@

CrnenoBarebHO, CKOPOCTH MOPIIHSA MEHSETCS 110 3aKOHY CHHYCOHIBI M ITOMYCHHYCOUABL. [1pn mpuOmmKEHHBIX
pacuérax, MOCKOIbKY R>>r, (GyHKIIUS CKOPOCTH MOXET OBITh IPUBEACHA K BHIY

L =rmsn 4 (7.11)

Takum o06pa3om, U3MEHEHHE TEeKyIIel (MTHOBEHHOW) MOJa4y MPOUCXOIUT TAKKe
10 3aKOHY CUHYCOMW/IBL:
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Qume=0S=r @ sin y S (7.12)

Ha puc. 7.3 oroOpaxkena myabcarysi TEKyIIel moiaun, KOTOPYIO OIICHUBAIOT depe3 KOdPHHUITUCHT

QmeK
HAOAPHeCMAHIUE
/2 /;\.m _

Puc.7.3 I'pachuueckoe npeocmasnenue 3agucumocmu mexkywieii nooauu (ckopocmu) om yaia

HEpaBHOMEPHOCTH II0/Ia4H O:

5, = % (7.13)

0
MuHuManbeHas nojaya paBHa HYJIH0, MOCKOJIbKY Ha 4yacTH xoxaa (cektop oT 0 1o
0 o
180") e€ Her (TaKkT BcacblBaHHE€). MakcuMallbHas *e€ MoJada COOTBETCTBYET YIIIy
II0BOPOTA KPUBOIIUIIA B 270°:

0. =ra)sin37ﬂS=ra)S (7.14)
Cpe,Z[HH;I [noaayda, 3aBuUcCsIIas OT pa60qer0 O6T)éMa N 9YaCTOTbI BpameHHH:

0, =Vyn=2rS

2z
Takum 06pa3om, TSt HOPITHEBOTO HACOCA OJHOCTOPOHHETO JAEHCTBHS
5, =m Q1S _, 3y (7.15)
0
Qop 2rS —
2z

Y IBYCTOPOHHETO Hacoca HEPAaBHOMEPHOCTH MOJa4H YK€ CyIIECTBEHHO MEHBIIIE.
[lomaua oGecmeunBaercs AByMsl paboOYMMHU Kamepamu, CJeJI0BaTelbHO, MpeHeOperas
IJIOMIABI0 IITOKA, CPEAHIO Tojaadyy W KO3(PQPUIMEHT HEPaBHOMEPHOCTH MOYKHO
MPEICTaBUTH KaK

0, =2y =45 716)u 5, =Zm G _ “"i} -2 -157(717),
a QCP 4I”S27
T

[ToMmuMO mpHMEHEHUsT HACOCOB MHOTOKPATHOTO ACHCTBHUA, APYTMMHU CHocOOaMu
BBIDABHUBAHMS  NOJAa4M  SBJIFOTCA ~ IPUMEHEHHWE  BO3AYLIHBIX  KOJIIAKOB
(TMaPOAKKYMYIIATOPOB), MU PepeHIInanbHOr0 NOPIIHS U T.1I.

4
_

<W‘|I
|
—
— W
| |
/7777777777777 7777777777

Puc.7.5 Bo3nyumsslii kKomnak c
Puc.7.6 uddepenunansHbIN MOpIIESHb

HYJIBCEH_II/UI Imoaa4m OKa3bIBACT CYHICCTBCHHOC BJIMSAHHC Ha CTaOMIBHOCTHh BCEH
TMAPOCUCTEMEI, @ BO3ZHUKAIOIIUE ITPHU 3TOM PE30HAHCHLBIC ABJICHHUA MOT'YT eé PaspyuiuThb.

Pacnpeoenenue paboueii scuoxocmu
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B 00BEMHBIX THApPOMAIIMHAX JOJKHA OBITh MPEIyCMOTPEHAa BO3MOXKHOCTH HE
TOJILKO TOOYEpETHOT0, HO M CBOEBPEMEHHOI'O COEIMHEHHUs padouux Kamep ¢
MarucTpajiiMi BBICOKOTO M HHM3KOrO JIaBJIGHHUs [UJIsi TOJABOJIa W OTBojAa pabouei
KUJIKOCTH. DTa 3ajjaya peIIaeTcsl WM BBEACHUEM B KOHCTPYKIIMIO JOMOJHHUTEIbHBIX
y3J0B U DJIEMEHTOB, WJIH OCOOBIM KOHCTPYKTHBHBIM HCIIOJIHEHHEM JeTajei,
oOpa3zyromux padodre KaMephbl.

Pacnipenenenne npuUMEHSIOT: KiIalaHHOE, KJIAMaHHO-30JI0THUKOBOE, KJIAlaHHO-
IeJIeBOe, MUINHAPUISCKUM (marnda) Wi MITOCKUM 30JJ0THUKAMH.

Jns  HeporopHbix mopmiHeBbIX OI'M  mHMpOKO NPUMEHSIOT — KJIanmaHHOe
pacnpenenenue Ha 0asze camodelcmeyiowux KiIamaHOB, OTIHYaroNIeecss OO0JbIION
HAJICKHOCTHIO U JIOJTOBEUYHOCTHIO, a TAK)KE BHICOKMM 00beMHbIM KII/I.

Puc.7.7. Kymna4ukoBblif Hacoc ¢
KJIATIaHHBIM pacIipe/ieJICHUEM.
.- 1-BcachIBaroIMiA KiIanaH;

2- HarHeTaTeIbHBINA KiIalaH,

Kpome TOro, Hacocel ¢ 3TUM pacmpelieIeHueM CBOOOJHBI OT THAPABINYECKHUX
yAapOB M KOMIIPECCUM KUAKOCTH B LWJIMHJIPAX, a TAKXKE MPUTOAHBI JJIsi pabOThl MpU
BBICOKMX TEMIIEpaTypax U JaBICHUSX.

3aTBOpPHI CaMOJICHCTBYIOIIUX KJIAMMAHOB (MI0CKUe, KOHuuYecKkue, cghepuueckue)
MOJHUMAIOTCS B HAIPABICHUU, HOPMAJIbHOM K OMOPHOW MOBEPXHOCTHU MOJ JICHCTBHEM
MOTOKA JKUAKOCTU (Tepernaaa AaBJICHUM) M OIMYCKAIOTCS Ha ATy MOBEPXHOCThH O]
JIEVCTBUEM IIPYKUHBI.

MomHoCTh, 3aTpayuBaeMass Ha TMPEOJIOJIEHUE COMNPOTUBIEHUSA KIJAMAaHOB,
npeoOpasyercs B Terwio (AN=4pQ).

Jnsi cHUXEHUsI CONPOTHUBIICHUS (IMOTEPb JABJICHMs) MPOXOJHONW KaHaN JOJDKEH
ObITh MakcUMalbHO OoybiuM. OaHAKO, YBEIMYECHHE JUaMeTpa MPUBOJIUT K
YBEJIMYECHHUIO Macchl (MHEPLMOHHOCTH), @ YBEIMYEHHUE 3a30pa CKa3bIBAETCA Ha JJIMHE
xona. CrnenoBaTenbHO, 00JIbIIIe BpEMEHH TpeOyeTcs Ha MepeMelieHre 3aTBopa.

3ana3/bplBaHUE K€ 3aKPBITUS W OTKPBITUS KJAMaHOB TIPU BO3BPATHOM H
MOCTYIATEIFHOM XOJI€ MOPIIHS MPUBOJUT K OOPAaTHOMY OTTOKY KHUIKOCTH B CTOPOHY

HU3KOTO JaBJieHUs U (WJIM) HEJ03AMOJIHEHUIO pabouux Kamep.

}KI/I}IKOCTB BO3BpalIacTCsA IIYHXECPOM Ha Ha4vaJbHOM YaCTH HAarHETaTEJILHOTO IIYTH BO BCAaCBIBAIOUIYIO Maructpalb,
NpUYeM 3aras/piBaHnue OyaeT TeM OoJbIIuM, YeM OoJibllle Macca KiianaHa. BBuly 3Toro Macca BCachIBaIOIIEro KiiaraHa rmpu
BBIOpaHHOMW YacTOTE BpAlllEHHs] HAacoca ONpeesseT TpeOyeMblil MOANop Ha BCachlBaHMH. ECIM 3TOT MOJAIOp OrpaHUueH, TO
CJICAYET B 3aBUCUMOCTHU OT MACChl OTPAHNYUBATH JOIIYCTUMYIO 4aCTOTY BpallCHUA Hacoca. JIJ'[H YMEHBIICHUA 3a11a31bIBaHUs
HEOOXOMMO MaKCHMaJbHO yMEHBIIATh MacCy KialaHa, a Takke YCHJIMBATh €ro MPUBOIHYIO MPYKHHY M YMEHBIIATh
BCIIMYUHY XOJia; OAHAKO OJOTO MOXCET YXYAIIUTH 3allOJJHCHUC MOWINHAPOB XHUIAKOCTHIO U B OCO6CHHOCTI/I HaCcoCOB
CaMOBCACBIBAIOIETO THIIA.

Bnusune na HaJAC)KHOCTH 3aIllOJIHCHUA ITPU XOA€ BCACBIBAHMA OKA3bIBACT 3aIlla3/IbIBAHHUC OTKPBITHA BCACBIBAIOIIIETO
KJ1anaHa, 0COOEHHO TpH OOJIBIIOM MEPTBOM MPOCTPAHCTBE HACOCA M MaJIoM pabodeM oObeMe.
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JIBr>keHME ¢ OTKPBITUE HArHETAaTEIbHOIO KJAallaHa pPAacCUUTHIBAKOTCA 11O

YPaBHEHUIO PABEHCTBA OOBEMOB KUIKOCTH, BBITECHSEMOW MOPIIHEM U MPOTEKAIOLIEH
yepe3 KaHalbl KiianaHa (KOJIbLEBYIO 1IETh):

IThu /%ZSHUH—SKUK (7.18)

rae Il - nepumeTp Ki1amnaHa no KOTOpoOMy IPOUCXOAUT TE€UEHUE KUJTKOCTH;

h - BeIcOTa IOTHEMA KJIaMaHa;

M - K03pUIIMEHT pacxo/ia KiiaraHa; MOKHO puHuMath u=0,75;

Sy U 0, - TUIOIIAJIb U CKOPOCTh MOPIIIHS;

S ¥ 0, - TUTOIIA/Ib U CKOPOCTH 3aTBOpA KJlalaHa.

[Ipy W3BECTHBIX YCIOBUSX MOXET BO3HHUKHYTh CTYK KJIallaHOB, BBI3BAHHBII
ylapaMHl UX O CEIJI0, B pe3yibTaTe KOTOPBIX Y3€J paclpeleeHUs] MOKET BBIUTH W3
ctposi. CTyk KJarnaHa, Harpy>K€HHOTO MPY>KUHOM, 0OBIYHO BO3HUKAET MPU COBIAJICHUU
COOCTBEHHBIX KOJICOAHUM TOJBIXKHBIX €r0 4acTel ¢ BBIHYXKJICHHBIMH KOJCOAHUSMU
(mynbcarueit) JaBIeHUS KUIKOCTH.

3a kpuTepuii 0e3yapHoi padoThI KilaraHa 00bIYHO MPUHUMAETCS

c>mo? (7.19)

II€ C - )KECTKOCTb IPY>KUHBI;
M - Macca KJanaHa;
(- 4aCcTOTa IyJIbCALIMM JTaBJICHHUS.

BeposTHOCTh MOSIBIIEHUS YKa3aHHBIX J1e(DEKTOB B pabOTe KIanaHOB MOBBIIIAETCS C
YBEJIIMYEHUEM YacTOThl BpalleHusi Hacoca. [Ipu pannonanbHOM moadope mapaMeTpoB
KJIaraHa - yactoTta BpatieHus Baia 10 6000...8000 o6/muH.

CKOpOCTh TEYEHMS >KMIKOCTH Y€pe3 BCACBIBAIOLIMM KJIAllaH CaMOBCACHIBAIOIIMX
HAcOCOB BbIOMPAIOT MpUMEpHO 1,5 m/c, Aj11 MamoBA3KUX Macen - 10 3 M/c.

MainHa ¢ KJ1alaHHbIM paclpeiesieHueM HeoOpaThiMa U He JJOIYCKaeT U3MEHEHUE
HaIlpaBJICHUS BpALICHUS.

C uenpr0 ycTpaHEHHsI HEIOCTAaTKOB IPOCTOrO KJIAIIAHHOIO PacIpeiesieHUs], B
MOIIHBIX TUAPOMAIIMHAX MPUMEHSIOT KJIAaMaHHOE pachpelesieHue, MPUBOJUMOE B
JBHUKEHHE MTPUHYIUTEIBHO.

[IpumenstoT TaKXe
KYJIQUKOBBIE ~ HACOCBI ~ BBICOKOIO
naBnenuss  (mo 50 MIla) ¢

3

>5 4 30JIOTHUKOBBIM  PACIPEICICHUEM.

3 KoHcTpyKkTHBHAS XEM TaKoI

\ Puc.7.8 KynaukoBslit Hacoc OHCTPY a cxema aKoro

Q C 30JIOTHHKOBBIM Hacoca TIIOKa3aHa Ha puc. 7.8.
N =1/ pacTpeRencien PacnpenenurenbHblii 30JI0THUK

L™ - KOPIIyC;

Q 2 - 301I0THHK; CBA3aH C IIPUBOJAHBIM BaJIMKOM
3 - mopIIeHs; Hacoca C IIOMOIIOBKO IIIIIOHOYHOI'O

4 - 3KCLIEHTPUKOBEI Baj-; J|
-JIpeHa)KHast TI0JI0CTh

A
%

coequnenus. IloaBoa KUAKOCTH OT
pacupeaeauTeIbHOTO 30JI0THUKA K
a OWIMHIPAaM ©W  OTBOJ W3 HHUX
OCYIIECTBJISIETCSI  4€pe3  JIUTHIC
KaHaJIbl KOpITyca Hacoca.

N
\\}
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Jlek1. 8 Pomopnuie paouanvno-nopuinesvie OI'M

PPIIOI'M - ruapoMamuHbl, B KOTOpPBIX padouMe KaMmepbl MEepEeMEIIAITCs, a
paboure opraHbl Y4acCTBYIOT BO BpalllaTe€lbHO-TIEPEHOCHOE JBIKEeHHE. [Ipuuém, yron
MEXIy OChIO BpalleHHs paboynMx KaMep M OChIO0 MepeMelIeHHs padoyuX OpraHOB
(BeITecHHUTENEH) cocTasisier 90°+45°

KunemaTtnueckoi OCHOBOM MAaIllMH JAaHHOTO THUNA SBISIETCS KPUBOIIMITHO-
IIATYHHBIA MEXaHU3M, MPeoO0pa30BaHHBIA TaK, YTO HEMOJBUKHBIM 3BEHOM SIBJISICTCS
kpuBomnn 1. [{unuaap 3 Bpamaercs ¢ MOCTOSIHHOW YIIIOBOM CKOPOCTBIO (01 BOKPYT OCH
O, a maryH 2 BpamjaeTcsi ¢ MEPEMEHHON CKOpOCThi0 BOKpYr ocu O,. PactosiHue e
MEXy OCSIMH — SKCIIEHTPUCUTET (COOTBETCTBYET pa3Mepy KPHBOIIHIIA I).

[Topurens 4 OyneT coBepiiaTh BO3BPATHO-TIOCTYNATENLHOE TIEPEMEIICHUE C XO0M
h=2e, a pabouas kamepa OyJIeT MOOUYEPENHO YMEHBIIATHCS U YBEIUYUBATHCS (Uepe3
kaxpie 180°), 4TO MOKHO HCIIOIB30BATH JUIS 3aCACHIBAHHS H BHITCCHEHHUS YKHIKOCTHL.

Puc 8.1. Kunematmueckas cxema OI'M ¢ paauaibHbIM pacrioOKCHUEM IUTHHIPOB: a) OJHOMOPIIHEBAs, & MHOTOMOPIITHEBAS

Bcee BeiBenennbie st KIIIM knHeMaTHdecKue 3aBUCUMOCTH CITPABEIJIMBBI U IS
CXEMBI 3TOT0 HacOca, MO3ITOMY CKOPOCTh MTOPIIHA .

17 le
L =rw(sin ¥ +——sin 2¥) = ew(sin ¥ + ——sin 2 8.1
(siny +-—sin 27) = ew(sin y +——sin 27) (8.1)

B3sB HecKoIBbKO 3Be37000pa3HO PACTOJIOKEHHBIX ITUIUHIAPOB (puc.8.1.0),
MOJYyYMM KHHEMAaTHYECKYH) CXEMYy MHOTOINOPIIHEBOrO Hacoca C paguaibHbIM
pacmoJioKeHUEM IMIJIMHIPOB. B o01eM ciiydae MUIMHAPOBBIA OJIOK UMEET Z MIJIUHIPOB
(ot 5 10 9) muameTpom d, CMEIIEHHBIX OMH OTHOCHTEIBHO JPYIOro Ha yroj 360%z.

Kunemartuka KIIIM coxpansieTcs, €cinu BeIEHUE IMOPIIHEN OCYIIECTBIECHO C
MOMOIIBI0 CTATOPHOTO KoJjbIa 5 (puc. 8.2), paauyc R koToporo paBeH JjiMHe MIaTyHa
npexHenl cxeMbl. [ 3TOro MOpIIHM 2 CBA3BIBAIOTCSA MNPYXKUHOW 3 CO CTATOPHBIM
KOJIBIIOM, OCh KOTOPOTO CMEII[eHAa OTHOCUTEJILHO OCH BpallleHUs IUJIUHAPOBOro OJioKa 2
Ha BenuuuHy €. Och 1 MOXHO HMCMOJB30BaTh B KAYECTBE PACTIPEICITUTEIHHON A
(LIMJTMHIPUYECKOTO 30JI0THUKA).

[TopmiHM MOTYT TakKe MPUKUMATHCS K CTAaTOPHOMY KOJIbIY JE€UCTBUEM
HEHTPOOEKHBIX CUJI, YCUIIUN MPYKUHBI, IPYTUX MEXaHUUYECKUX YCTPONCTB, a TaK e MpHu
MOMOIIY CUJI AABJIEHUS )KUJIKOCTH BCIIOMOTATENIBHOTO Hacoca (Hacoca MOJIMUTKH).
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Jia  obecrnieueHuss HAAEKHOIO BEACHUS NOpPLIHEH CWiIa HPWKHMa HX K
CTaTOPHOMY KOJIBIy JOJDKHA IIPEBBIIATH CYMMApHYK CWIY HPOTHUBOACHCTBUS,

ClIaraeMyro us:
a) CWJIbI TPEHHUS MOPIIHS B UUIUHAPE;

6) CUJIbl MHCPLHWH ITIOPHIHA B BO3BPATHO-IIOCTYIIATCIIBHOM IBHIKCHUU,

B) CWJIbl OTPHULATCIBbHOIO JaBJICHHA Ha IIOPIICHD, BOBHHK&IOH.I@IZ

B 30HC

BCAaCbIBAHUA B pE3YJIbTATC 06p8,30BaHI/I}I BaKyyMa 1101 ITIOPIIHCM.
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Puc 8.2 KoHcTpykTHBHasA cXe€Ma POTOPHOIO PaJuanbHQro Hacoca

[lopmHM BCTymaroT CcO CTaTOpoOM  BO
(GpUKIIMOHHOE B3aUMOJICHCTBUE, OTPHUIIATEIHLHO
BIIMSIONIEE Ha KpyTAmui MomeHT. [loatomy
1e’ecoo0pa3Ho TPEHUE CKOJIbKEHUS 3aMEHUTH Ha
TPEHUE KauyeHUsI, BB POJUKOBBIN MOIAIIUITHUK,
o0oiiMa KOToporo OyAeT cleoBaTh 32 POTOPOM.

[Tpu MPUMEHEHUU YUTUHOPOBO2O
30Jl0MHUKQ  PACIPENEIECHUE  OCYIIECTBISETCA
4yepe3 BHIIIOJHEHHbBIE B #anghe OKHA, C KOTOPbIMU
MIpU BpallleHUU OJI0KA MOOUYEPETHO COCTUHSIIOTCS
paboune Kamepbl 4epe3 OTBEPCTHS B JOHBIIIKAX
HUIUHIPOB. Yepe3 oceBble KaHABl ATH OKHA
COCOUHAIOTCSI C BCACBHIBAIOIIE W HarHeTarolleH
MaructpaismMu (ais  Hacoca). [lpu mepexone

LUAJMHIPOB 4Ye€pe3 HEUTPAJIbHOE IIOJIOKECHUE
(ropu30HTaIbHOE HAa CXEME), OTBEPCTHE B HUX
JIOHBIIIKAX  [IAPUHOMN k  mepekpbiBaercs

YIUIOTHUTEIBHON 4YacThiO (MIEPEMBIYKOMN) IIUPUHOHN S

(s> K).

[IlupuHa mEpeMBIYKH TO/DKHA OO0ECHEUnTh
HaJI&KHOE OTCEKaHWe KaHAJIOB OT IWIHHIPOB H
Haa&KHOE 3aMojHeHne pabounx Kamep. DTo ycioBue °
BBIPKAIOT YIJIAMHU TIEPEKPHITUSA @ U & MEKIY OCAMH
COOTBETCTBYIOIIUX %

NUWJIMHApAa TIpHU  IOJIOKCHHAX,
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Puc 8.3 KoHCTDVKTHBHAA CXEMaA DETYIMDYEMOTO
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Puc.8.4 PacuéTHbIe cXeMBI
pacnupenenutensHoi nands PPITH
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MOJTHOM OTCEYKE €ro OKHa OT OKOH & W 6 B Hayajie (CIUIONIHAs) U B KOHIE (IITpHX-
JIMHUS) TIepexoia WIMHAPOM 30HbI IEPEMbBIYKU.

BBCPXY: =01 T,
BHU3Y: 0= 0110,

TJI€ @1 U 01 — YTIIbI YIPEKICHUS; @, U J7 — YTIIbI 3aI1a3/IbIBaHUs.

Hapyxusiii  aumamerp  mamdsl
3aBUCUT OT  KOJUYECTBA  OCEBBIX
OTBepCTUd a4 W 6 W ux auamerpa d,
(ckopocTh MOTOKA JUISt
CaMOBCACBIBAIOIIMX HacocoB 3...4 M/c,
B I'M c mognutkoii — 10 6 m/c). Pazmep
OKOH  BcachlBaHUS  BBIOUpAIOT U3
YCJIOBUSI HEPa3pbIBHOCTH MOTOKA MIPHU

CpeHEN CKOPOCTH TIOPIIHS HE BBIIIEC
2,2 -2,5wM/c.

r b
Puc.8. 5 OnopHo-pacnpenenuTensHas nanda PPITH

Pacuér mandsl Ha mporub ot aeicTBus ycunuid peakuuu N BBINOJHSIOT U3
YCIIOBUSI MPEJOTBPAIICHUs 3aKIMHUBAHMS CKOJb3ALIEH mapsl “porop-manda”. andy

paccMaTpuBalOT KaK  KOHCOJIBHYIO
Oanky,  TNpuHUMAas  JOIYyCKaeMoe
HampspkeHue Ha u3rubd o=80... 120
Mlla .

GI/I?: = I\\/IAI;3 S [GI/B]

rae W-MOMEHT CONpOTUBIICHUS,
WX = leymax

ﬂd4
J=— - MOMEHT UHEpPIOUU
32
KpPYIJIOIO CTEPKHS.
Hns YMEHBIICHUS cuil,

JEUCTBYIONUX Ha Landy, MPUMEHSIOT
THJIPOCTaTUYECKYIO pa3rpy3ky. Jlis
TOTO HA  TOBEPXHOCTH  IHAmQbl

14
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Puc.8.6 Cxema pacnpeaenurensHON Harbl ¢
TUIPOCTATUUECKON pa3rpy3Ko

BBINIOJIHSIFOT KaHaBKU (KPYTrOBbI€ WJIM HEKPYTOBbI€) COEIMHEHHbIE C TOJIOCTSIMU

BBICOKOI'O MJIM HU3KOI'O JaBJICHHA.

Juametrp nandsl MOKET ObITh MPUHSAT MO SMIUPUYECKOMY BBIPAKEHHUIO, UCXOS

D, =k/q* +biq (8.2)

u3 pabouero oobEma:

rone  k=0,206 u b,=1,31 qus gasnenunii no 7,5 MIla
k=0,04 u b,=1,5 ma nasnenuii 1o 15 Mlla
Jnamerp HMIMHAPUYECKON HANPABIIAIOLIEH CTATOPHOI'O KOJBbLA MPEABAPUTEIBLHO

MOKET OBITh IPUHST KaK
D, =2R=0,075¢> +b i/q

(8.3)

roe  b,=6,9 npu gasnenusx go 7,5 Mlla;
b,=7,8 npu naBiaenusx g0 15 Mlla.
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[Ipu BbIOOpE MJIMHBI KOHCOJIBHOW YacTH OOBIYHO BBIAEPKHUBAIOT CIEAYIOIINE
cootHomeHus (puc. 10.1): €,~(2...2,5)D; €,~(1,5...1,9)D; b=~(0,3...0,4)D.
Benmnunna nepekpoitus m=s-k=0,03D...0,05D.
MeHee pacnpoCTpaHEHO paCIpEeAeICHHE C IOMOIIBI0 IUIOCKOrO 30J0THHKA
(puc.8.7).

PannanbHO-MIOpIIIHEBBIE HaCOCBHI n
TUJIPOMOTOPHI M3TOTOBJISIOT MOHIHOCTBHIO 710 3000
kBT u BbIIIE ¢ pacxogom xxuakocta A0 8000 i1/mMuH.
Hacocbl 3TOro THma MajbIX pa3MepOB BBIMOJHSIOT
ansa gasiaeHud po 100 Mlla.  Beimyckarores
MPEUMYIIECTBEHHO pEryIMpyeMbIMH,
MHOTOPSIAHBIMU (710 IIECTH), MHOTOIUIUHIPOBBIMU
(B omHOM psiny oT 5 10 13 munuHapoB). Bo3moxHa
Majiasg yactota BpamieHus (10 5 o0/MuH), BBICOKUMI
KkpyTsammii MoMeHt (6onee 5 kH m). Pecypc no 40
000 49acoB (40000/24uaca/365mmeit =4,56 rona). HO TPOMO3JIKHM TIO

CpaBHCHHIO C aKCHaJIbHbBIMHK MalllMHAMHU TOU XK€
MOIIIHOCTH. Puc. PPIIH ¢ HakJIOHHBIMH CTaTOPHBIMHU KOJIbLIAMU
M DaCIDENENEHUEM IUIOCKUM 30JIOTHUKOM

CpeI[HHH TCOPCTHUICCKAA IMMPOU3BOJANUTCIIBHOCTD

3a oauMH 000pPOT MPHUBOJHOIO Bajla W3 pabodeil KaMepbl TeopeTHdyecKu Oyner
BBITECHEH 00BEM KHUJIKOCTH:

g = =" (8.4)

2

rae f = . IoIaab mopuids; h, d,- Xox mOpIIHS 1 ero JuameTp.

C yuérom Toro, 4ro xoa mopuiHs h=2e , cyMMapHOe H3MEHEHHE OOBEMOB
pabourx KaMep 3a OJIMH 000POT, Ha3bIBaeMoe pabouuM 00BEMOM THAPOMAIITHHEI,

e (8.5)

q=).9,=q,z=
i=1

I7i€ Z — 4ucio pabounx Kamep (YUCIIO MOPIIHEH, YUCIO HUTUHIPOB).

Takum oOpazom, cpeaHsii pacuyéTHass (TeopeThyeckas, TIeOoMeTpUuyecKas,
ujcanbHas) Moa4a OMMCHIBACTCS BBIPAKCHUEM:

0, zqn:m’2 zﬂzd—zeza) (8.6).
2 2 4

B perynupyembIx Hacocax M3MEHEHHE JKCIICHTPUCUTETA BIHSICT HAa BEIUYHHY U
HampaBlieHHe TmnoAaund (e€ peBepcHUpOBaHUE), TMOITOMY IMPH UX PACCMOTPEHHH,
HCTIONB3YIOT TOHATHE omHocumensvHulli  (0e3pa3sMepHblil)  sKcyenmpucumem e,
m3MeHsaomuiicas or 0 g0 +1 W OpencTaBISAIOUIMI  OTHOIIEHHWE  TEKYILEro
IKCIEHTPHUCHUTETA €0 K MAKCUMATBHOMY €,

L (8.7)

e

max
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B stom ClIy4dac paCuCTHYIO IMoaavdy OIMCBIBAIOT BBIPAKCHUCM !
2

QT = qMaxen = Tze‘uaxew (88)
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Jlexy. 9 PaBHOMEpPHOCTh MOIAYU, EUCTBYIOLINE CUITBI

CymmMmapnas Tekymasi (MrHoBeHHas) mojada Q. MHOTOKaMEPHOM THAPOMAITHHBI
CKJIAJbIBACTCS M3 TOJa4 pabouyux Kamep, COBEPIIAIIIMX PadOuMil UK B JaHHBIM
MOMEHT:

O, = qum ) (91)

rme N — 9YKWCI0 UWIMHAPOB, COCAMHEHHBIX B TEKYIIHH MOMEHT C IOJOCTBIO
Harueranus, N=(z+1)/2;
Quei - TEKYIIASI TOJ1a4a I-TOro MOPINHS, ¢, . =0v, . f;

Umexi - CKOPOCTH HOpHIHeﬁ - MCHACTCA II0 3aKOHY CYMMbl CHHYCOHUIBI H
. le .
HOHYCI/IHYCOHI[I)I (8 . 1) L= ea)(sm Y+ EE Sm 2]/) . THockonvky e/R<0,08...0,09, mo MODICHO

npunumame U, = = ewsin V.

CJIeIOBATEIILHO, Opec = D i O =€ (O _siny, + %%Zsin 27.) (9.2)
i=1 i=1 i=1

Tak kak 1o OKpYXHOCTHM OJOKa UMUJIMHAPOB pPACHOJOKEHO Z IMOpPIIHEH, TO
oOpa3yeTrcsi Z CIBUHYThIX N0 (a3e 27/z KpPUBBIX MOJAa4u OTAENbHBIX MOpIIHe. U3

) ILr . . le .
BbIpaxeHus (8.1) v=rw(siny+ b 2y) =ew(sin y + Sz 2y) CHEIYyeT, 4TO MOCKOJIBbKY

OJIHOBPEMEHHO JIEWCTBYET HECKOJIBKO TMOPIIHEH (3aMbIKATENeN), kadcowiii u3 Komopwvix
npurumaem yuvacmue 6 npoyecce HacHemarusd 6 medeHue Kpanikozco npomesNCcymKad e6pemenu, u nooava
Kasc0o20 Hocum Ouckpemmwlii Xxapakmep, PAaCU€THas IMojada >KUJAKOCTH HACOCOM OyJleT
IYyJIbCUPYIOUIEH.

Ha puc. 9,1 a npuBeneHsl pacueTHble rpapuKu KoJeOaHUN MOJa4Yu KUIKOCTH C
YUCJIOM UIUHAPOB Z=5 1 Z=6 B HyHKIHH yTIIa y=t.

av,

! wiss 4
chogvaafm”%
948%
S
§ &
S .
g 3
]
z=5 7° =
1061% av )
100% 7t
Bpemn
838% 8
3 &
]
é > 1 L
27l z=6 0 ZE Z 3% g 7°
z a) 4 2 4

Puc. 9.1 I'paduku xonebanus Moaun U JaBJICHUS KUJIKOCTH paJHAIBHO-
MOPIIHEBBIX HACOCOB

[Tpuuem, yem OOJIbIIIE YUCIIO MOPITHEN, TEM MEHBIIE OyACT aMIUIUTYIa U OOJIbIIIE
4acToTa MyJbCallui ToAauu. B pe3yrvmame konebaHue CyMMApHOU nooayu NOpuiHel
(omKOHeHUe Om CpeoHe2o0 CYMMAPHO20 3HAYEHUs) COCMABUM — OMHOCUMENbHO
HeOONbULYIO BETUYUH).
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Jnst  OAHOPSAOHBIX HACOCOB C YETHBIM UHCIOM UMJIMHIPOB YHUCIO IHK,
npuxozsIieecs Ha yroa moBopota 180°, paBHO UHCITy LHIMHAPOB, a JUIS HACOCOB C
HEYETHBIM YHUCJIOM - YABOCHHOMY YHCIY LIJIMHIPOB. AMIUIMTYJAa MyJbCallid Moaauu
IIPY HEYETHOM YHCIIE IIMJIMHIPOB Oy/IeT COOTBETCTBEHHO MEHBIICH, YEM MPU YETHOM.
HepaBHOoMepHOCTh  (Iy/ibCcalluio) ITIOTOKA  OIEHUBAIOT  KOA(DPHUIIMEHTOM,
XapaKTePU3YIOUIUM OTHOIICHUE U3MeHeHUs TEKYIEro pacxoja (aMIUIMTYAbl BOJHBI -
MTHOBEHHOMU M0J1auu) K CPEAHEMY €T0 3HAUCHUIO:
A= irax ~ Din _ 2(G e~ Goin) (93)
9. 9 ax + D rin
Omax ¥ gmin-MaKCUMalIbHOE M MHUHUMAJIbHOE 3HAUYECHHUS CYMMapHOW MTHOBEHHOM
M0/1auu;
0cp=(Qmaxt0min)/2 - cpenHee 3HaYEHHE TTOAUH
Jns omHOpsAIHOTO Hacoca:

- IPY Y€THOM YHUCJIC IUIUHIPOB A = 2sin’ 21 ~ iz (9.4)
z z
.2 T 1,25
- IPY HEUYETHOM YHCJIC TUIHHIPOB A = 2sin P (9.5)
z z
B MHOTOPSIHBIX HACOCAX O/t NOAYYEHUS. MUHUMAIbHOU NYJIbCayuu TATAHIPHI
360

CJIEJIyeT pacrojarath co cMenieHueM (a3 Ha yroi z— :
z
Konebanuss momauu (6creocmeue uHepyuu, ynpyeocmu HCUOKOCMU, HATUYUSL
2UOPABIUYECKUX CONPOMUBIeHUL,) BBI30OBYT KOJIeOaHUS JaBJICHUS HA BBIXOJE, MPUIEM HX
aMIUTUTY/Ia MOXKET 3HAYUTEJIbHO MTPEBLICUTH Kosebanus noroka (puc. 9.1, B).
CornacHo Teopuu THIpOyAapa:

dp:%dq (9.6)

rae  dp u dg — u3MeHEHUE TaBICHUS U PACX0/1a )KUIKOCTH;
p — IUIOTHOCT;
S — IUIOILAb CEYECHHUS;

E}’l
a= / —2 — CKOpPOCTh paclpOCTpaHEHUs 3ByKa B TPyOOIPOBO/IE, 3aII0OJITHEHHOM
0

KUAJKOCTBIO;
E,, — npuBen€nHBIN 00BEMHBIM MOLYNIb YIPYTOCTH KUAKOCTH U TPYOOIIPOBOA.

B Touke konTakTa (puc. 9.2, a) BO3HMKaeT HOpPMalbHas K IOBEPXHOCTH
CTaTOPHOTO KOJbIla cuiia peakimu N. Pa3inoxum e€ Ha oceByro cocrapisoniyio F (600

Puc. 9.2 PacuétHble cXeMBI paguaIbHO-IIOPIITHEBOTO Hacoca
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ocu nopwiHs) v TAHTSHIIMATBHYIO T, (nepnenouxynsapuyio ocu nopuins).

HopmanwsHas cuiia peakiiuu N OpuKHUMAaeT TOJIOBKY MOPIIHEH K CTaTOPHOMY
KOJIbIy, Harpyas €ero M pacupeneiuTelIbHyl0 Handy; a Takke ONpeessieT BeIUYUuHy
TPEHUS] M KOHTAKTHBIX HAIPSHKEHUN Ha TOJIOBKE IUIYHXEpa W IMOBEPXHOCTU STOTO
KOJIbLIA.

OceBas cocrapigonias F, U3 ycaoBusi paBHOBECHsI MOPIIHS, paBHA 1O BEJIMYKUHE U
oOpaTHa 1Mo 3HaKy anreOparnyeckoi CymMMme CHJl, AEMCTBYIOUINX CO CTOPOHBI MOPIIHS IO
ero ocu. B ynmpoméHHsIX pacuéTax MOKHO OTPaHMYUTCS TOJIBKO CHJION JaBieHus F,
(600bwe Oeiicmsyiom: na npudxcamue - Oasienue, NPYHCUHA, YEHMPOOEHCHbIe CUIbL;

NPOMUBOOCUCMBYION —OMpUyamenbHoe OdasileHue, UHepyus, MpeHue). Yeuwe oasrenus
HCUOKOCMU P HA NOPUWEHb YUIUHOpA ouamempom d, COeOUHEHHO20 8 OAHHbLL MOMEeHm ¢ pabouell NOJOCMbi0 HACOcd,
HANPAasNeHo o €20 OCl U PAGHO (NPU HYIE60M NPOMUBOOABNICHUL)

7id*
F,==

p (5.)

TanreHuanbHas COCTaBIAWIMIAA T B 2UOpOMOMOpax SBISICTCS UCHMOYHUKOM
Kpymawe2o Mmomenma M, a B Hacocax CO3MaET MOMeHm, NPensmcmeyouul
NPUBOOHOM).

N3 puc. 9.2 cnenyer, yTo:

T=F tga  (9.7) u N=—2 (9.8);
cosSx
e siny . (e . ) )
Tak kak —=-—",TO « =arcsin| —sin y |, B 3TOM CIIy4ae:
sin R
. e . F
T=F ptg[arcsm(E siny)]: " N = p

cos[arcsin (% sin y)]

[Ipu Gonee TOYHBIX pacy€rax Cuja JABJICHHS JOMOJIHSETCS CUJIAMU HHEPIIHH,
TPEHUSI W JIPyTUMH CcoOcCTaBisiromuMu. Hampumep, nmpu pacuére mycka THApPOMOTOpa
00s13aTEBHO CIIEIYeT YYUTHIBATh YTOJ TPEHHS @, Toraa dakThuuecKkash TaHTeHIIMadbHas
cocrapistrorast T'= Fotg(ato).

Cpenunit meopemuueckuu momenm Ha Bairy PITOI'M HaxoauTtcst U3 BhIpaKEHUS:
Ne_ &0 _tpWo_,

w w w
rae W- xapakTepHsiii 0668M. W=q/(27)= [(nd?)/4]-2-¢'z/(2n)= nd*-ez/2.

MrHoBeHHbI€ (TEKYIIHNE) 3HAaYCHHUsI MOMEHTAa M1 IIpU MOBOPOTE HA yroi y=mt

3aBUCAT OT MTHOBEHHOTO 3HAYEHUS IIeYa p:
MT= T P

M =

rae p=e+R-x;
X - meKywas Koopounama nopuiHs, x=(e+R)-(e-cosy+R cosa,).
Y4uuTheIBas1, 4TO
R/e=siny/sina

p=etR-(etR)+(ecosy+R cosa)=e[(cosy+e-cos2y/(4R))+ R/e - e/(4R)]
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CyMMapHbIil (pe3yJbTUPYIOMNN) TeKyIuid MOMEHT M=M;+My+...+M;+...+M,,
rae  N- 9Yuciao MOPUIHEH B MTOJOCTHA HATHETAHUSL.

B peanpHbix koHCTpyKuuMsAx PITH nopiHu cHaOxeHbl chepruyecKUMHU roJ0BKaMu
(cMm. puc. 9.2, 6), MOATOMY KOHTAaKT CO CTaTOPHBIM KOJBI[OM MPOUCXOIUT B TOYKE &,
CMEIICHHOW OTHOCHTEIBHO OCH IUTyH)Kepa Ha BenuuunHy D. B HeidtpanpHbIX (Ha
BEPTUKAIBHON OCH HAcOCa) MOJOKEHUAX MOPIIHS TOYKA @ KOHTAKTa OyJIeT HaXOIUThCA
Ha OCH ITOPIIHSA, @ B IPOMEKYTOUHBIX - HA HEKOTOPOM YAAJIEHUU OT OCH.
[IoCcKOJIBKY TOYKa KOHTaKTa @ IIEPEMEIAETCS, WCKA3ZUTCS CHHYCOWIAIBHBIM 3aKOH
JBUKEHUS] MOPLIHSA (HE3HAYMTENIbHO, OOBIUHO ATHM IpeHeOperaror). bonee BaxHO
noJIokeHue LeHtpa cdepsl. [lmeyo oTrcuuThIBaeTCs OT paguyca, OMUCBIBAEMOIO 3THM
LIEHTPOM.

[lopmienp, U3-3a OTKIOHEHUS TOYKHA KOHTAKTAa OT OCM M HAKJIOHA MOBEPXHOCTH
CTaTOPHOI'O KOJbIla, OyI€T NPOBOPAaYUBATELCS (IBUKEHUE IO CIIUPAJIN).

Baxnpii Hemocrarok PIIOI'M -  cpaBHUTENBHO BBICOKOE KOHTAaKTHOE
HaIIpsDKEHUE, @ IPUMEHEHUE THAPOCTATUYECKON pasTpy3KU HEBO3MOXKHO.

Pacuem paouanvho-nopuineeozo nacoca c yanghoswvim pacnpeoeieHuem.

[Ipenyiaraercst cienyromas MOCIENOBATEIBHOCTh pacyeTa, METOAMKY KOTOPOIO
MO>KHO PacpOCTPAaHUTh TAKKE U Ha HACOCHI HHBIX THUIIOB.
O6BIYHO 3aaeTcs yacToTa BpamieHUs N, dddekTuBHasd (moae3Has) nogada Q,,
JaBJICHUE HarHeTaHus p, v sennuuHa K11 #.
1. Io 3anmanHoi »¢d¢exTHBHON mnogaue Q,; ompenenseTcs TeopeTudecKas
(pacuetHas) momauda Q,,,.
0,=2* ®
o6
Bennuuny oo6wemnoro KIIJI #, nns paccMmarpuBaeMblX HAcocOB — JJIA
HOMHUHAJIBHBIX YCIOBUM MPUHUMAIOT #,=0,96...0,98.
2. Wcxons W3 3aaHHOWM 4YacTOTHI BpallEHHs N, ONpeAeNstoT padbouyuil 00bem
Hacoca (
g=2 2
Jliis mopiHeBbIX (TUTYH)KEPHBIX ) THAPOMAIIMH U3MEHEHHE pabodeil kamepbl 3a OJIUH
000pOT ONUCHIBAETCS BbIPAKEHUEM:

2 2
q:ﬂzz:ﬂd hZ:”d 2ez (3)
rne f,d —mromane nopiiHs (UUIKMHAPA), U €r0 AHAMETD;
h - X011 mopiHs, h=2¢;
k
y4 - CyMMapHOe KOJIMYECTBO MOPIIHEH BO BCEX PANaX, z=) z

i=1
[Ipn omnpeneneHud 3HAYEHUW MApaMETPOB, BXOISIIMX B ypaBHeHHe (3)
VUYUTBHIBAIOTCS. KOHCTPYKTHUBHBIE OCOOCHHOCTH DJIEMEHTOB, OO0pa3yromux padouyro
KaMepy U JaHHBIC IPAaKTUKH. B 4acTHOCTH, YKHCIIO IUIUHAPOB Zj B OJTHOM PSAyY (B OTHOM
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IUTOCKOCTH) BBIOMparoT oT 5 g0 11 (Bmusier Ha amamerp nopruas d). Ymcno psmos K

MAJIHUHAPOB - OT OJHOTO J0 TPEX U PCAKO - 0 IIATH.
([nst Manme ¢ HECKOJIBKAMH IUKIIAMHU Pa0OTHI 3@ OJIH 000POT, TIPH OTpeeIeHnH pabouero 06bEMa 3Ty KpaTHOCTh
HEOOXOTMMO YUHUTHIBATh )

3. Hanee u3 ypaBHeHus (3)onpeaensieTcs JuaMmeTp MOPIIHS :
d- |29 _.%4 (4)
7 zh 7T zZi
rae i= g - KOHCTPYKTHBHBIN mapametp (00brano 1 =1...1,5).

Beruncinennoe 3HadeHue d OKpyrsercs A0 OMKaMIIero 3HAYCHUS 10
neiictByromuM ['OCTawm, a 3nadenue h - 1o Gkaiiiero 4eTHOro Ynciia MUJLTUMETPOB,
oOecrieunBasl MpPU STOM MHHHUMAJIbHBIE PACXOXKACHHUS TPEeOYeMOro M MOJYyYEHHOIO
3HAYEHUH (.

4. Ilpu pacuere ceyeHUs KaHAJIOB B pachpenenurene (uange) UCXOIAT U3
JOMYCTUMOM CKOPOCTH TMOTOKA >KHJKOCTH BO BCAaChIBAIOLIUMX KaHAJIaX, KOTOpas IS
CaMOBCACHIBAIOILIMX HACOCOB 0OBIYHO BBhIOMpaeTcs paBHou 1,5 - 3 m/c.

5. Jmamerp D,, pacnpenenntenpHoii 1angel BBIOMPAETCA W3 YCIOBHM
CUMMETPUYHOTO pa3MEUIeHHs] KaHAJIOB U MPOYHOCTH Landbl Moj JeHCTBUEM OOKOBOM
Harpysku Fy. Ilocie BeIOOpa nmpoaonbHbEIX pasmepoB {1 u o, IPOM3BOJMMOIO UCXOIA U3
KOHCTPYKTUBHBIX COOOpakeHU, 1amnga nmpoBepseTcs Ha MPOYHOCTh U JedOopMallnio 1Jis
JAHHOU HArpy3KH.

6. Ilpu mpoexkTupoBaHUU OJIOKAa LUIUHAPOB HEOOXOAMMO OOECHEUUTH 3aIEIKY
IUTYHKEpa MpU KpailHEM BBIIBUHYTOM €r0 IMOJIOKEHUH, YTOObI YCTPAaHUTh BO3MOXXHOCTh
CMATHS LMIMHApPA TNOJ JeWCTBUEM OOKOBOM CHUJIBI M O0ECHEeUUTh TEePMETHYHOCTD
coelUHEeHHUs. MuHUManpHas BeJIMYMHA 3aJelKM L TopmHsS B BBIIBUHYTOM €rO
NOJIOXKEHHUH JIOJDKHA ObITh He Menee L> (1,5...2)d.

B cooTBeTcTBUHU € ATUM JJIMHA HWJIMHJpA (T1yOMHA PACTOYKH B pOTOPE)

L,=0,1d+h+(1,5...2)d (5)

CnenoBaTenbHO, AJIA CXEMbl LMUIUMHIAPOBOro OJOKa, MPUBEICHHOW Ha puc. 2,

BHEIIIHUN JuaMeTp 0JI0Ka IUITUHIPOB
D,=D+2 L, +0,6d (6)

7. O0mas niuHa nopiHs L, TulyHXepHOTro TUMNa JOJKHA ObITh TaKOM, 4TOOBI OH B
YTOIUICHHOM TIOJIO’KEHMH BbIcTynan u3 mwiuHapa Ha (0,1...0,2) d. B cooTBeTcTBUU C
ATUM JIJIMHA MTOPIIHS

L,=h+(1,5...2)d+(0,1...0,2)d=h+(1,6...2,2)d (7)
8. Pamuyc cdepsl rooBKY MIIyHkKEpa 00BIYHO TPHHUMAIOT
r=(1,5...2,5)d (8)

[Ipy mpOEKTHPOBAHUU TUAPOMOTOpA MO 33JAaHHOMY 3(P(HEKTUBHOMY MOMEHTY
Mbh¢ Ha ero Bamy M 4yacTOTE€ BpalleHUs N CHaYajla MOJICYUTHIBAETCS TEOPETUUECKUN
MOMEHT.

3nauennie KII Myex 00buHO BhIOMpaerca paBHbiM 0,85-0,9. Jlanee BbiOMpaeTcs

pabouee TaBJICHUE p U onpeAensaeTcs padbounii 00bEM MaluHEI (.

_ 27M 9)
p

Pacuér npoumnx mapameTpoB TrUIPOMOTOpA MPOU3BOAUTCSA TaK K€, KAK U pacuér
Hacoca.

q
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Jlexy.10 Bvicokomomenmuule 2u0pomomopul
Paouanvuvie OI'M mnozokpamnoeo oevicmeus. Ilnockuil KyIiucHwiil MeExaHusM.

[Ipy HEOOXOAUMOCTH MOJYYEHHUS OOJIBIIOrO KPYTAIIEr0O MOMEHTA HPHUMEHSIOT
BBICOKOMOMEHTHBIE THAPOJABUraTENd — TUIAPOMOTOpbl I'M MHOrOKpaTHOTO NEWCTBHUS C
npOQUIFHBIMHA CTATOPHBIM KOJBIIOM | B Buae MHOTOrpanHoi (10 10) 3Be3bl.

B 3aBucuMoctu ot nmpoduiist 3TOro Kojblia Kaxaeli u3 nopiiHeit 3 ['M coBepiaet
32 OMH 000POT IMUIUHAPOBOTO POTOPA 2 HECKOJIBKUX JTBOMHBIX XOJIOB.

CyMMapHbIii 00bEM, BBITECHSIEMBIN MOPIIHIMU Takoro I'M ¢ 4uciioM MUIMHAPOB
Z COCTaBHUT 3a OJJUH 000POT:

2
Zqzikzh (10.1)
4

rae K - KoJIM4ecTBO XOA0B MOPIIHS 332 OJJMH 000POT IHIHMHIPOBOTO POTOPA;

h=a-6 - BenmuunHa xo/1a.

Puc.10.2 Cxema pasrpy3ku HOpIIHEH THAPOMOTOPa OT
i TaHI'€HLIMAIbHON COCTABJISAIOIIECH CUJIBL
JIaBJICHUSI KUAKOCTH

Puc.10.1 Cxema BHICOKOMOMEHTHOI'O THIPOMOTOpa
YeTBIPEXKPATHOTO JICHCTBHSA

Kpytsammii Mmoment I'M mMHOTrOKpaTHOrO aeiictBust B K pa3 Oosblie, (MM YUCIIO
o6opotoB B K pa3 menbiie). [1pu nepemnaze qaBieHus MEXIy BXOI0M U BeixoaoMm ['M Ap
0e3 yuéta KIIJ[ oH cocTaBurt:

X (10.2)
2r

CymMapHbiii 00bEM MOXeT uMeTh OousibliuM. CreoBaTeNbHO, W KPYTAIIUAN
MOMEHT MOXET OBITh BRICOKUM - [20...150 KH*m.

[umuHapEI MOKHO YCTAHOBUTH B HECKOJIBKO PSJIOB (110 TSTH).
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JUis  yMeHbIIEHUS CWIbl TPEHUA MPUMEHSIOT POJUMKA HA MIOJIbYaThIX
nonmunHukax (puc.10.2): B uumnauHape Bblippe3epOBaHHBI Ma3bl, B KOTOPHIE BXOJIAT
CyXapH, HECYIIHE POJIMK, B CBA3HU C YEM YCTPAHSETCS BO3MOXKHOCTb ITPOBOPOTA.

KpuBbie, ouepumBaromme pabouMe YacTH HANPABIAIOMIUX CTATOPHBIX KOJIEIl
ONpEAENAIOT 3aKOH MEPEMEIICHUS MOpPIIHA. XOpOLIME CBOMCTBA 00ECIEUnBAET
napabOJMYeCcKuid 3aKOH, apXUMEJoBa CIUpaldb (TOYKA PAaBHOMEPHO JBHIKETCA IO
PaBHOMEPHO BPALLAETCS P=0l()

PaguanbHO-nOpIIHEBOH HACOC HA 0a3e MeXaHU3MA C IIATYHOM 0eCKOHEYHOI
JJTAHBI

KunemaTuueckoil OCHOBOM MHOTHX HAcOCOB (B YAaCTHOCTH, YCTaHABJIMBAEMbIX B
TUAPOCUCTEMAX MPOTSHKHBIX CTAHKOB M B TSKENBIX JOPOXKHBIX M CTPOUTEIBHBIX
MallHAaX M YCTAHOBKAaX) CHYKUT IJIOCKUNA KyJIUCHBIM wMexanu3sm (puc. 10.3, a),
MPEACTABIISIIONIMN CO00M PacCCMOTPEHHBI paHHEE KPUBOUIMIIHO-IIATYHHBIA MEXaHU3M,
B KOTOpOM JiiuHa matyHa R 6eckoneuno Benuka (yron a=const=0). Kpuommn 3 sToro
KyJMCHOTO MEXaHW3Ma HIAPHUPHO CBS3aH C MOJ3YHOM (KaMHEM) 2, CKOJIB3SIIIMM B
Ipope3u KyJIuchl 1, mranra (ITok) 4 KOTOpoi HECET MOpIIeHb S5 HUINHApa 6.

[Ipu Bpamenun kpuBomuna 8 BOKpyr ocu O; momyH (kameHb) 2 Oynet
coBepuiaTh BMecTe ¢ ocbio O KpHBOILIMIA BpallaTeabHOE JIBUKEHUE BOKpYr ocu O; u
OJTHOBPEMEHHO IEpEMEIIAThCA MO BEPTUKAIM B MpOpe3e Kyaucel 1, mpuBoas ee, u
CBSI3aHHBIM C HEW 4epe3 IITOK 4 MOPIIEHb 5 B BO3BPATHO-IIOCTYIIATEIBHOE JBHIKCHHE
BJIOJIb TOpH3OHTaIbHOM ocH. [lepememenue h xymucbl 1 (M COOTBETCTBEHHO MOPIIHS B
IAIHHAPE) TIPH ITOBOPOTE KpHuBoLIHMa Ha yron y=180° paBHO mepeMeleH o IpoeKun
naJibla MOJI3yHa 2 HA TOPU3OHTAIBHYIO 0ch (N=2r); Takol e MyTh COBEPIIACT MOI3YH 2
B KyJiice 1 1o BepTukaiu.

N3 nOpuBeNEHHOW  CXEMBI
CIEAyeT, 4YTO IOpLIEHb S IIpH

o P NOBOPOTE  KpHWBOIIMIA 3 U3
1 Z‘. (v

! [ | HEUTPAIbHOrO0 (TOPU3OHTAIBHOIO)
a | MOJNIOXKEHHST B HAMpaBJICHUU

N 4 56 CTpPEJIKM Ha YIOJl Y COBEPIUMT ITyTh

o
X
a X=r-a=r-rcosy=r(1-cosy) (10.3)

a) I7Ie X - XOJ MOPIIHS MPU MOBOPOTE

Puc. 10.3 Kunematuueckas cxema KyJIUCHOTO MEXaHU3Ma
KPUBOLLIHNIIA HA yroJ y=ot;

I - IMHA KpuBowmuna 1.
B cooTBeTcTBHM C 3TUM TEKYIIAsl CKOPOCTh MOPIIHA 5

v, :J&:%:ra)siny (10.4)
Texymas mojaaya |y, )KUAKOCTH OJHUM ITOPIIHEM
g, = fv, = forsiny (10.5)

CrnenoBaTenbHO, TEKyIlIasi CKOPOCTh W COOTBETCTBEHHO IOJadya MOPIIHS
OMPEEIISITCS 3aKOHOM CHHYCA. Y CKOPEHHUE MOPIIHS B LWIMHAPE ONMPEICIUTCS KaK

a):&uf%:d;t” =rw’ cosy (10.6)




55
He Hapymas KHHEMAaTUYECKON CYIIHOCTH, TOCIEIHUNA MEXaHU3M MOXHO
npeoOpa3oBaTh B PEANbHYIO TUIYH)XKEPHYIO Mapy, CXeMa KOTOpPO# MpejCcTaBlieHa Ha puC.
10. 4, a. Tlom3yHn 2 ucxoanoi cxemsl (cM. puc. 10.3, 6) 31ech npeoOpa3oBaH B MIOCKYHO
HANPABIIAIONIYI0 CTATOPHOTO KOJIbLIA 2, BPAILAIOLIETOCS BOKPYT HEMOABIKHON ocu Oy,
Ha KOTOPYIO OMHPACTCS CBOCH MPSIMOYTOJIBHOW, TPUOOBHUIHON B CEYCHHH TOJOBKOH 1
(cooTBeTcTBYET Kynuce | MCXOMHOM CXEeMBI) IOPIIEHD 5, BXOIAIMNN B MIIHMHAP OJ0Ka 0,
Bpanjatouierocs Bokpyr ocu O;. M3MeHeHHEM MOJOXKEHUS! MOCIeAHEH OTHOCUTEIHHO
ocu O; perynupyercs mnojayda Hacoca.
BBumy SKCIEHTPUYIHOTO

OTHOCHUTEIHHO poTopa 6

Y aCIIOJIOKCHHS CTaTOPHOTO
,‘\‘\\Q/ o KOJIbLIA 2 C IUIOCKMMH OIlIOpaMu
&};’(ﬁﬁ\\\ 4\ uiymxkep 5 OymeT COBEpIIATh

BO3BPATHO-TIOCTYIATEIbHBIE
JIBWOKEHUS B  IIWIMHApPE, a
IJIOCKask €ro roJioBKa Oyner
nepemMeniaTbCsi (CKOJIB3UTh) IO

S AN =
TR
/

YANX 7

e

Pric.10.4 CXeMbl 2JIEMEHTOB HACOCA C IUIOCKOI HATIPABIISIOICIT IIJIOCKOH HaHpaBJBIIOHlefI
CTaTOPHOI'O KOJIbIa CTaTOpHOFO KO HBI_[a
(COOTBETCTBYET JBH>KCHUIO

MoJI3yHa 2 B Ipope3u Kyauckl 1; cm. puc. 10.3, 6).
B cooTBeTcTBUM C 3TUM OTHOCHUTEIBHOE MEPEMENICHHUE X, TEKYIasi CKOPOCTh ¥ U
YCKOPEHHUE @ MOPUIHS 5 B IWIMHAPE IPU e=cONSt onmuuryTcs:

X=Pmax-p=e(1-cosy) (10.7)
U=19¢%=ea)sin]/ (10.8)
a)=&z8¢%=ea)2cosy (10.9)

OTHOCUTENBbHBIC TIEPEMEIICHUS X1 CKOPOCTh V1 M YCKOPEHUE TOJIOBKU | mopiiHs 5
10 HAMPaBJISIONIECH 2:

X1=esiny (10.10)
v, :J&:%:—ea)cosy (10.11)
o :&:L&:%:-mz sin (10.12)

B3sB HECKOJIbKO LUJIMHIPOB, PACIOJIOKEHHBIX PaJHAIbHO U PABHOMEPHO IO
OKPYXHOCTH, IOJIyYMM CXEMY IOPIIHEBOr0 HACOCa, MEXaHU3M KOTOPOTO IOCTPOEH Ha
0a3e KyJIMCHOIO MEXaHHM3Ma C IJIOCKOM HampaBisitoniedl (¢ maryHoM OeCKOHEYHOU
b)) (puc. 10.3, 6). biok 6 OHIMHAPOB TMOCAKEH HA IWIMHAPUYECKYIO
pacrpeenuTenbHy0 Handy 8, depe3 OKHA @ W D KOTOpO MPOU3BOIUTCS IMUTAHHE
LUIMHAPOB Hacoca.

Jns  obecriedyeHusi CaMOBCACBIBAHMSI HAacoca CTAaTOPHOE  KOJIBLIO UMEET
JBYCTOPOHHME IIJIOCKHME HAIPABIIOMIME, MEXKJIY KOTOPBIMU ITOMEUIEHBl IUIOCKHE
rojoBku 3 mopmHs (puc. 10.3, 6). C uenpio yMeHbUIEHUS TPEHHS 3TUX TOJOBOK O
IJIOCKUE HAIPaBJISIONIME CTATOPHOIO KOJIbLIA PUMEHEHBI POJIUKOBBIE OTIOPHI 7.
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Benymum 3BeHOM (BOAMIJIOM) B 3TOM HACOCE SIBJISIETCS CTAaTOPHOE KOJIBLIO C
IJIOCKUMHU HampaBSIONMMU 2, Bpaiaronieecs BOKpyr ocu O, KOTOpoe dYepe3 y3enl
IUIOCKUX HAMNPABISIONIMX MPUBOJUT B CHHXPOHHOE BpalleHUE HSKCUEHTPUYHO

YCTaHOBJICHHBIN IIMJIMHIPOBBIN OJIOK 6.



Puc.10.1 CxemMa BEICOKOMOMEHTHOTO THIPOMOTOpA
YEThIPEXKPATHOTO JEHCTBUSA

1 ’ | ©

Ve
s

\‘lﬁ. |

Puc.10.2 Cxema pasrpy3ku HOpIIHEH THAPOMOTOPA OT
TaHI'CHIMAIBHOMN COCTABIISIIOLIEH CHIIBI

JaBJICHHSA )KUAKOCTH

1

N
S
\\,' \\\ e

AN
oSN

\‘.;Q!‘l?:'\._\' ~NE :o
WISV

e
o o S o
Puc.10.4 Cxemsl 371eMEHTOB Hacoca ¢ IIOCKOH HaIpaBIIIONIECH

CTaTOPHOT'O KOJbIa

57
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Jeky. 11. Pomophnas akcuaibHo-nopuiHesasn Zuopomamiuna
Obwue xapaxmepucmuxu, NPUHYUNUATbHbIE CXeMbl, KUHEMAMUuyecKue
COOMHOULeHUS

Pomopuaa axcuanvno-nopwnesasa cuopomawiuna (PAIII'M) - mawuna, y
Komopoii pabouue Kamepvl 6pPAWAIOMCA OMHOCUMENbHO OCU pOmopa, a ocu
nOpuiHell unu NJYHIHCEPOE NAPAINENbHbL OCU 6PAULEHUA UIU COCIMABNAION C Hell Y20l
menvuwe 45°. Hacochbl ¥ THAPOMOTOPBI C AKCHAIBHBIM MM OJHM3KOM K aKCHAILHOMY
pacIoJIOKEHUEM  IWJIMHIAPOB,  SBIAIOTCS  Hambojee  paclupoCTpaHEHHBIMH B
THApaBIMYECKUX  cucTemMax (rumpomnpuBonax). I[lo  wywmciny — pa3sHOBHAHOCTEH
KOHCTPYKTUBHOTO WCJIOJHEHUS OHH BO MHOTO pa3 MPEBOCXOIAT MPOYHE THIIBI
TUAPOMAIITHUH.

DTH HACOCHI M THUAPOMOTOPHI MONYYIIH IIHPOKOE MPUMEHEHHUE eIe B KOHIIE
npouwioro croiietus Ha (uore mMHorux crpaH (Poccus, Anrmus, CHIA, Snonus),
MIPUYEM HCTIOJb30BAIMCH OHHU JJISI BBITIOJTHEHUS HanOo0JIee OTBETCTBEHHBIX (PYHKITHH, KaK
HaIpuMep, yIpaBjieHUuEe KopadiieM U ero BOOPYKEHUEM.

OHu ob6naodarom HAULYYWUMU U3 6CEX MUNO0E 2UOPOMAUWUH 2abapumamu u
8€COBLIMU  XAPAKMEPUCMUKAMY, OMAUYAOMCA  KoMnakmuocmoto, evicokum KII/],
NpU2OOHbL 0151 pabomvl NPU BbICOKUX YACMOMAX 8paujeHus u 0aeleHusx, obaaoarom
CPABHUMENLHO MAOU UHEPYUOHHOCHIbIO, A MAKJCe NPOCHIbL N0 KOHCMPYKYUU.

Oco0o0 cienyeT OTMETUTh HUX 6bICOKYIO IHEP20EeMKOCHMb HA eOuHuyy eecd
(ynenbHbINA Bec). B 3aBUCMMOCTH OT KOHCTPYKIIMM U BEIWYUHBI paOOYero J1aBlICHUS
yAEIbHBIE BECa PETYIUPYEMBIX HACOCOB C PYYHBIM YIIPaBICHHUEM ITOJa4YeH HaXOMATCS B
npenenax 3 - 10 krc/kBt (Oombliee 3HaY€HHE OTHOCUTCS K HacocaM, pa0OTarolmuM Ha
OoJee BRICOKHX JaBJIeHHsIX). B Hacocax e ¢ BeICOKOU yactoToi Bpamenus (N = 20 000
00/MHH) SHEProeMKOCTh nocturaeT 12 krc/kBt. Bec HeperynupyemMbIx HacoCOB WM
THIPOMOTOPOB PABHON MOIIHOCTH MEHBIIIE PETYIHPYEMBIX B 2 pa3a; COOTBETCTBEHHO
yIeNbHBIH BeC (T. €. MPUXOIAIIMNACS HA €AMHUILY MOIIHOCTH) HEPErYJIHMPYEMbIX HACOCOB
HaxoauTcs B mpenenax 1,5 - 5 krc/kBt, BecoBoe npeumyiiecTBo rTuipoOMOTOPOB ITOTO
THUIIA 110 CPABHEHHIO C DJIEKTPOJBHUTATENIEM cocTaBiisieT OT - 80 pa3 s masoit o - 12
pa3z nis 00bIION MOIIIHOCTH.

OCOOEHHOCTBPIO PACCMAaTPUBAEMBIX MAIIIMH SBJISETCS OTHOCHUTEIBHO MAaJbli
MOMEHT WHEPIIMHM BpAIIaIONIUXCs YacTel, Y4TO WMEET CYIIECTBEHHOC 3HAUYCHUE IpHU

HCIIOJIB30BaHHUHU UX B KAYCCTBC TNAPOMOTOPOB.

BaxxHpIM n1apaMeTpoM /I MHOTHX CITy4aeB IPUMEHEHHS SBIIAETCS TaKKe PUEMUCTOCTh (ObICTpOIeiicTBIE) Hacoca
IPU PEryJMpOBaHMH 110/1auu. VI3MeHeHue 1mojauu OT HyJIeBOH 10 MaKCHMaJIbHOM OCYIIECTBIAETCS B HEKOTOPHIX THIIAX 3THUX
Hacocos 3a 0,04 ¢ 1 oT MakcUManbHOU 10 HyseBo# - 3a 0,02 c.

Haubonee pacrpocTpaHeHHOE YHWCIO IWIMHIPOB B aKCHAJIBHO-TIOPLIHEBBIX MallMHAX paBHO 7-9, nuameTpbl
[WJIMH/POB TMAPOMAIINH (HACOCOB, THIPOMOTOPOB) OOBIYHO HaxonsaTcs B mpenenax orl0 mo 50 mm, a paGoune o0beMBI
MalluH - B Opeaenax ot 5 go 1000 cm®. MakcHManbHbii YroJi MeXIy OCSIMM IMJIMHAPOBOTO OJIOKa M HAKJIOHHOM IIaiObI
00BIUHO paBeH B Hacocax 20° u B rugpomoTtopax 30°.

YacroTa BpallleHHss HACOCOB OOIIEMAIIMHOCTPOMUTENIHLHOTO MPUMEHEHHs1 cpepHeld MmomHocTH paBHa 1000...2000
00/MMH; 4acTOTa BpaIlleHHs] THPOMOTOPOB MOXET OBIThH BBIIIE PUMEPHO B 1,5 pasa, ueMy HaCOCOB TOH k€ KOHCTPYKIIMH H
MoIIHOCTH. YacToTa BpalieHHs MMOJOOHBIX HACOCOB B aBHAIMOHHBIX ruapocucreMax o0brgHO paBHa 3000 - 4000 o6/muH,
OJTHAKO B OTJAEGNBHBIX CIydYasX IPHMEHSIOT HAcoChl CO 3HAYMTENLHO OojblIiel yacToTOM BpameHus. [lo gaHHBIM
MHOCTPAaHHOM II€4aTH W3TOTOBILSIIOTCS HACOCHI C MakcuMaibHOW — wactoToil Bpamenus 20 000 m 30 000 o6/MuH u
MHUHUMaJIBbHOU —5...10 00/MuH.

Jis crienuanbHBIX IIeJeld CO3[MaHbl Malora0apUTHBIE HAcOCHl Ha paboumit oovem ( =0,7...1 cm®/06 (mmametp
nopuiast d=5...6 mm, xo1 h = 4 mm, quamerp 6roka B = 20 MMm); mojaua TaKOro MUHAATIOPHOTO HACOCA JIOCTUTAET (3a cuer
GobII0l N) 20 1/MuH mpu p = 20 MIa (200 krc/cm?).
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Hacocsl 1 THIPOMOTOPBI C aKCHAIBHBIM PACHOJIOKEHUEM LWIMHIPOB MPUMEHAIOTCA Npu AaBieHusix 21 - 35 Mlla
(210 - 350 kre/eM?) peke 1pu - OoJyiee BBICOKHX IaBICHHSAX [Hacochl moaavedd g0 400 JI/MHH 4acTO BBITYCKAIOTCS Ha
paboune nanenus no 55 Mlla (550 KFC/CMZ)]. MOULTHOCTh YHUKAJNBHBIX HACOCOB, BBITYCKAE€MBIX Ui HEKOTOPBIX OTpaciel
MPOMBIIUIEHHOCTH (U151 TPOKATHBIX CTaHOB U 11p.), nocturaet 4000 - 4500 1. c. (moxaua xo 8700 1/mMun) u Honee.

Hacocel ¥ TrHIpOMOTOPBI 3THX THIIOB UMEIOT BBICOKUN 00beMHBINH KIIJI, KOTOpBIi mjsi OONMBIIMHCTBA MOJENCH
JIOCTUTacT MPH ONTUMAIBHBIX pPeKUMax padoThl 3HaueHuit 0,97 - 0,98. MHorue 3apyOexHbie (GUPMBI rapaHTHPYIOT JUIS
HacocoB ¢ monaueit 130 - 150 n/mun oovemusii KII/1 npu nasnenun 35 Mlla (350 KFC/CMZ) He menee 0,99. O6mmit KITJ]
9TUX HACOCOB cocTapisieT npumepHo 0,95.

Paznuuarom  cudpomawiunsvt  (cuopomomopst U HAcocvl) C  HAKIOHHBIM
YUTUHOPOBBLIM OJIOKOM U MAWUHbL C HAKIOHHbIM OUCKOM, TIOHUMAash TOJ TEPBBIMU
aKCHATBHO-TIOPITHEBBIC THAPOMAIIIHNHEI, Y KOTOPBIX 0Cb 8€0ye20 36eHa U 0Cb 8PALeHUs
pomopa nepecekaromcs (cM. puc. 11.1, a), u mog BTOPHIMU - aKCHATbHO-TIOPIIIHEBbIE
THJIPOMAIITUHBI, Y KOTOPBIX 0Cb 8€0ye20 36eHA U 0Cb 8PALeHUsl pOmopa CO8naoarom, T.
€. Y TaKHX THAPOMAIINH BEAYyIIEe 3BEHO U POTOP PACIIOIOKEHBI HAa OJHON OCH (CM. puC.
11.1, 6).
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Puc. 11.1. Cxembl akcHanbHO-TIOPIIHEBBIX HACOCOB

[ToMUMO yKa3aHHOTO, CYIIECTBYET MHOIO JIPYTMX KOHCTPYKTHUBHBIX Pa3IMuUi,
OJIHAKO OHM OOBIYHO HE  SABJSIOTCA  MPUHIMIHAIBHBIMA M TPEACNIbHbIC
XapaKTePUCTUYECKUE BO3MOXKHOCTH BCEX MAIIMH 3TOr0 TUMa B OOJBIIMHCTBE CIIy4acB
PABHOLICHHBI.

OcHoéHble KunemamuuecKue COOMmHOMWEHU

KunemaTtnueckoi OCHOBOM aKCHAJbHO-TIOPIIHEBBIX T'HUAPOMAIINMH  SIBIISETCS
BUJIOU3MEHEHHBIN KPUBOUIUITHO-IIATYHHBIA MexaHu3M (puc. 11.3, a), mununap 8 B
KOTOPOM IIpU MOBOPOTE KPHUBOULIUIIA 2 BOKPYT OCH | coBeplIaeT BMECTE CO IITOKOM 5
MEepEeMEIICHUSI B BEPTUKAJIBHON TIUIOCKOCTH (B IUIOCKOCTH 4YepTeXka), JBUTAsICh
napajieIbHO caMoOMy cebe M COXpaHsisli OceBoe TMosiokeHue ImToka. [lepemerenue
NOPIIHA 4 TP MOBOPOTE KPUBOILIMIMA 2 HA yroy o=wt Oyaer

x'=R-Rcosa = R(1-cos0) (11.1)
rae R - qimnHa xpupomumna.

O4eBHIHO, YTO TMOJHOE TMEpPEMEIICHHE (XON) h MOPIIHS B LUWIMHIAPE IIpU
moBopote kpuBommma Ha yrom o= 180° cocrasur h' = 2R. Ha 910 xe paccTosHHe
MEPEMECTUTCS HWJIUHAP BMECTE C MOPIIHEM B TUIOCKOCTH YEPTEXKA.

Cxema NpPUHUUNHAIBLHO HE W3MEHMTCS, €CJU IJIOCKOCTh BpAllleHUs KPUBOIIMIIA
MOBEPHYTh (HAKJIOHWTh) BOKPYI BEPTUKAJIBHOM OCH Yy OTHOCUTEIBHO MPEXKHETO
HOJI0KEHUS Ha HEKOTOPBIN yrou B, menpmmii 90° (puc. 11.2, 6). B sTom cityuae cxema
MpPEBpaTUTCS B MPOCTPAHCTBEHHYIO, a CIEJOBATEIbHO YUIUHOD, IJISI COXPAHCHUS
MpeXHEeW KNHEMATUKHU TOPIIHS (1151 00ecriedeHUsl OCEBOTO MOJ0KEHHUS IITOKA), Q0NHCEH
nepemewjamuvcs 8 NPOCMparcmee no IUNCY, TPEICTABIAIoONEMY cO00H clie]] MPOeKIUU
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LIEHTpa UIapHUPA, CBSI3BIBAIOIIETO KPHUBOLIMII 2 €O INTOKOM 5, Ha IUIOCKOCT,
NEPIICHINKYJSIPHYIO K OCH LIWJIMHAPA

[Ipu 5TOM NIEpeMeIEeHUE TOPIIHS

x=xX cosp = R(1-cosa) cosp (11.2)
rje /8 - yroj HaKJIOHa IUIOCKOCTH BPAIEHHsI KPUBOIIIHUIIA.
3 4

! 2 = '
\ R

o =

AT -
Al

rtane L

t ( ]
‘ h % Puc. 11. 2 KunemaTuueckas cxema akCHaJbHO-IIOPLUIHEBOTO
\ 4

i ] Hacoca
S+ x a)

BBugy TOro, 4ro mnepeMelieHue IUIMHApa 10 MNOJ00HOW TpaeKTOpUH
MPAKTUYECKH HEOCYLIECTBUMO, 3Ty TPACKTOPHUIO 3aMEHSIOT OKPYKHOCTBIO, OIMUCAHHOMN
paaguycoM R, 4TO BHOCHUT B pacueT Mo JaHHOW ¢Gopmylie HEKOTOPYIO HETOUYHOCTH
(HapymraeTcsi, BCJI€ICTBIE BO3HUKHOBEHUS KOJICOaHUM ITOKA 5, CHHYCOUIaIbHBIN 3aKOH
MepEMEILICHUS TTOPIITHS).

B34B BMECTO OJTHOTO IIUIMHAPA HECKOJIBKO U Pa3MECTUB UX PABHOMEPHO I10 KPYTy
C pacHoJIOKEHUEM OCE mnapayieIbHO OCH 0OJIOKa LUMUIMHAPOB 2, a TaKKe 3aMEHUB
KpuBomum auckom 6 (puc. 11.1, a), ocb KOTOPOTO HAKJIOHEHA OTHOCHUTEIILHO OCU OJI0Ka
2 na yron y=90°-f, MOMyYUM NPHUHLUIUATIEHYIO CXEMY MHOTOMNOPIIHEBONH MAaIIMHBI
(Hacoca MM MOTOpa) MPOCTPAHCTBEHHOTO THUIA, BBITECHUTEIN KOTOPOTO BBITIOJIHSIOTCS
au00 B BHUJIC MOPIIHEH, CBA3AHHBIX C HAKIIOHHBIM JIUCKOM C MTOMOIIBIO IITOKOB 4 (puc.
11.1, a), mubGo B Buae cBOOOIHO MOCAKEHHBIX ILTYHKEPOB 2 cO ChepHUISCKOM TOJIOBKOMH,
KOTOpbIE€ MPUKUMAIOTCS K HAaKJIOHHOMY JUcKy & (puc. 11.1, 6) ¢ moMonipio npyxus 1
WJIU JaBJICHUS TOATUTOYHBIX HACOCOB.

[lepBble MaIIMHBI MOJYYWJIM Ha3BaHWE AKCUAIBHO-TOPITHEBBIX THAPOMAIINH C
HAKJIOHHOM JTIOJIbKOW WJIM HAaKJIOHHBIM IMUIMHIAPOBBIM Oiokom (puc. 11.1, a), BTopsie-
aKCUAJIbHO-TIOPIIIHEBBIX THUIPOMAIINH C HAKJIOHHBIM auckoMm (puc. 11.1, 6). K stum
OCHOBHBIM JIByM THUIIAaM MOXHO OTHECTH NPAKTHYECKU BCE CYIIECTBYIOLIUE
KOHCTPYKIIMU aKCUAJIbHO-TIOPIITHEBBIX [ M.

KOHCTpYKTMBHO B aKCHMaJlbHO-NIOPIIHEBOM MAIIMHE C HAKJIOHHOM JIFOJIBKOW OCHU
MIPUBOJIHOTO Bajia ¥ OJIOKA HWJIMHAPOB PACIOJIOKEHBI MMOJI YIJIOM Y APYT K JApPYyry, a B
MalllMHAaX C HAKJIOHHBIM JUCKOM 3TH OCH COCTABJISIIOT OJIHY JIMHUIO.

B mamunax nepBoro tuma (puc. 11.1, a) nopurHu COeIUHSIIOTCS C MIPUBOIHBIM
HAaKJIOHHBIM JUCKOM C TIOMOIIBIO MIapHUPOB (ITOKOB) 4 (cM. Takxke puc. 11.3, 0).
OceBoe ycunue TOpIITHEH, BOCHIPUHUMAEMOE OT MPUBOAHOM HAKJIOHHOW IIaObl 5,
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npeoOpa3yeTcsi, BCIEJICTBUE HAKJIOHHOTO €€ PAaCIOJIOKEHUS, B KPYTSIIUA MOMEHT,
KOTOPBIH 3aTeM uepe3 Kap/laHHbIE IIAPHUPHI 6 IEPEAACTCS Ha LICHTPaJIbHBIN BaJl.

MaivHbl 3TOr0 THNA HA3bIBAIOTCA TAK)KE MAIIMHAMU C MEpeladyei KpyTAIIEro
MOMEHTA Ha HAKJIOHHYIO I1ai10y.

KpyTsinii MOMEHT B TaKMX MAalllMHAX CHUMAETCsS HEMOCPEACTBEHHO B MECTE €r0
BO3HUKHOBEHHS, T. €. - C IPUBOTHOM HAKJIOHHOM 1Iaii0bI 5; HA MOPIIIHM 3, KaK 3TO OyJeT
MMOKA3aHO HUXE, 3TOT MOMEHT HE nepenaetcs. Uepes MOpIIHU B 3TOM CXEME MepeaeTcs
Ha OJIOK IWIMHAPOB 2 JUIIb MOMEHT OT CWJl TPEHHUS W HUHEPIUU (YCKOPEHHUS WU
3amensienus). [losromy mopumiHM 3 CKOJNB3SAT B UWIMHAPAX 37€Ch MPAKTUUECKH 0e3
MOTIEPEYHBIX HArpy30K, W WX (QYHKIIMA B ATOM CIydae CBOASATCSA K TepMETH3aIluU
LUUJIMH]IPOB.

brnaromapss 3ToMy (aKTHYECKH YCTPAHSIETCS W3HOC TOPITHEH W IMIMHAPOB U
oOecrieunBaetcst Boicokui Mexanndeckuit KI1J| mammuel, a Takxke XOpOIIH MyCKOBOM
MOMEHT TIpU paboTe MAIIMHBI B pekUMe rupomMoTopa. OQHAKO YIIIOBOE PACIOIOKEHUE
MPUBOJAHOTO JHWCKAa W 0OJIOKa IWIMHAPOB W COOTBETCTBYIOIIEE €My paclpelesieHue
JNEUCTBYIOIIUX CUJI B TIPUBOJIHOM MeEXaHU3ME TpeOyeT MPUMEHEHHUS MOIIHBIX ONOp U
MOJLINUITHUKOB KaYEHMUS.

i}
. TTTTHTTe
-}

y [ 7
Puc. 11.3 PacueTHple cXeMBI ITODIITHEI HACOCOB C HAKIIOHHLIMH: IUCKOM (a): HHIHHIDOBELIM OJIOKOM (0)

KoHcTpykTuBHO BeAkas MammuHa J3Ttoro Ttuma (puc. 11.1, a) wumeer
MHOTOLMJIMHPOBBIN 070K (6apabaHn) 2, MOPIIHK 3 KOTOPOTO CBSA3BIBAIOTCS MPU TTOMOIIU
IaTYHOB 4 WJIM MHBIX CPEJCTB C HAKJIOHHBIM TUCKOM (IIaii0oii) 5, BBIMOIHSIOIIMM B
ATOM CXEeM€ POJIb KPUBOIIIKIIA PAHEE PACCMOTPEHHON MPUHIUIHAILHON CXEMBI (CM. pHC.
11.2, 6). Yron y Hak/loHa 5TOr0 JAWCKA OTHOCHUTEJIHHO OCH IWJIUHIPOBOro OJIOKa
orpeneNsieT ISl JaHHOTO JuaMeTpa OJoKa BeJIMYUHY Xoja h mopiiHs, a cieqoBaTebHO
U PAcUETHYIO (T€OMETPUYECKYIO0) MToAauy Hacoca.

CunoBasi 1 KWHEeMaTH4eCKasi CBSI3b IIHJIMHIPOBOTO 0JIOKA 2 ¢ MPUBOHBIM BajioM 8
OCYUIIECTBIISIETCS C MOMOUIBI0 PA3IUYHBIX MEXAHUYECKUX CPEICTB, 00ECIEeYMBAIOMINX
npUOIMKEHHYI0 CHHXPOHHOCTD (PaBEHCTBO) YIJIOBBIX CKOPOCTEH IHJIMHIAPOBOTO OJI0Ka
u Bana. Haubonee pacmnpocTpaHeHa CBSI3b C IMOMOIIbIO JBOHHOTO YHUBEPCAIBHOTO
KapJiaHa, KOTOPBI 00ECIeYnBaET MPHU COOTBETCTBYIOIIEM BBITIOJHEHUH MPAKTUYECKYIO

Puc. 11.4. PacueTHbIe CXeMBI aKCHAIEHO-TIOPITHEBBIX
HACOCOB C HAKIIOHHBIM JHICKOM
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CUHXPOHHOCTH YTJIOBBIX CKOPOCTEH BEAYIIETr0 U BEJOMOTO (LIMJIMHIPOBBIA OJI0K) BaJIOB.

B mammuax BtToporo Tuma (puc. 11.1, 0) mnopmHu (TUIyHXKEphI) 2
HEMOCPEACTBEHHO OIMUPAIOTCS Ha HAKJIOHHYIO IIail0y 3 depe3 cdepuyeckue rojloBKU
win Oammaku (puc. 11.3, a), a pa3BuBaeMoe HMHU IPU 3TOM YCHJIHME BpalleHUs
nepeaaeTcsi B pe3yibTaTe CKOJBXEHUs NOpPIIHEH MO HAKJIOHHOW maibe Ha OJIoK
nIMHAPoB. KpyTsammii ke MOMEHT B 3TOW MalllMHE NepeaaeTcs 4Yepe3 MOPIIHU
HEMOCPEACTBEHHO Ha IWJIMHIPOBBIA OJIOK W Jajiee Ha IEHTPaIbHBIA Bajl. B momoOHON
cCXeMe Iepeayl MOMEHTA MOPIIHUA paboTaloT HA 30 U JTOJHKHBI OBITH IO TPOYHOCTH
paccuuTaHbl Ha MEpEJaBAEMbld UMHU MOJE3HBIK MOMEHT W MOMEHT MOTEpPb, T. €.
paccuuTaHbl Ha MOJIHBIA MOMEHT. B yacTHocTH nnuHa { 3a1eNKu MOPIIHENH B IMIHMHAPAX
(cMm. puc, 11.4, B) nmomxHa OBITH TakOH, YTOOBI OBUIO yCTpPAaHEHO 3alllEMJICHHE UX M
o0ecrnedeHo A0MyCTUMOE HalpsKEHUE CHKaThs MaTepuara.

O pacnpedenenuu: OOHMM 171 000UX KOHCTPYKTHBHBIX Pa3HOBHIHOCTEH
paccMaTpUBaeMbIX MalIUMH SBIIETCS Npeoliajaroniee NPUMEHEHHWE TOPIIOBOrO
pacrmipenenenuss  pabouedt  kunkocTH. [lockoNbKy UMIMHAPOBBIK OMOK 2 Yy
paccMmaTtpuBaemoro Hacoca (puc. 11.1, a) Bpamaercss (IUIUMHIAPHI TEpPEMEIAOTCS
OTHOCHUTEJIbHO KOpITyca), YIPOILIAETCs paclpeiesieHue >KUIKOCTH, KOTOpOoe OOBIUHO
BBITIOJIHSIETCS] YEPE3 CEPooOpa3Hble OKHA a U b B pacnpeneanuTenbHOM 3010THUKE, | 1
KaHaJlbl (OTBEPCTHUS) 7 B JOHBIIKAX IUIMHAPOB OJIOKa 2 (Ha pUCYHKE KaHal 7 MOKa3aH
ycioBHO). [Ipu paboTe Hacoca Topel MWIMHAPOBOTO OJ0Ka CKOJB3UT MO MOBEPXHOCTH
pacnpenenuresnbHOro 3o010tHuka (puc. 11.1, B). Ilpum 3TOM HUIMHAPHI MOMEPEMEHHO
COCAMHSIOTCS C OKHAMHU g WK D 30JIOTHHKA M Yepe3 HUX - C MAarHCTPAJIIMU BCAaChIBAHUS
1 HarHeTaHus. [I0BEpXHOCTU TOPLOB PaCHpPEENUTENsT BBIMNOJHSIIOTCS MIOCKUMH (pHC.
11.1) wim cpepuueckumu. [IpenmyiiecTBOM NOCIEIHEr0 TUMA SBISETCS TO, YTO OH HE
TpeOyeT TOYHOIO COBMAJEHUSI OCEH CKOJIB3SIIIMX MOBEPXHOCTEH, a TOMYyCKAaeT HajJudue
HEKOTOPOW HECOOCHOCTU (MEepEeceueHUsi 3TUX OCeH), Yero He JOMyCKaeT IJIOCKUU
pacnpenenurenab. OQHAKO MOCIAEAHUNA OOJAAAE€T CYIIECTBEHHBIM MPEUMYILIECTBOM,
3aKJII0YAIONIEMCS B OTCYTCTBMM  HEOOXOJUMOCTHM HWHIMBHAYaJIbHOM MOATOHKHU
MMOBEPXHOCTEU CKOJIbKECHUS.

B HelTpanbHbIX (MEPTBBIX) MOJOXKEHUSAX LUUIUHAPOB (B BEPXHEM U HHIKHEM)
oTBepcTUsl 7 B IOHBIMIKAX MUIXHIPOB (puc. 11.1, B) mepekpbIBatOTCs HUKHEN U BEpXHEN
nepeBajJbHbIMU  (pa3[eIUTEeNbHBIMA)  MEPEMBbIYKAMH,  PACHOJIOKEHHBIMU  MEXKIY
pacrpeneuTeIbHBIMU OKHaMU a W D; IUpHHA S MEePEeMbIUYeK HECKOJIbKO IPEBBIIIACT
pasmMep otBepcTHii 7 (>5).

[IpumMeHeHne HAcCOCOB C HAKJIOHHOW Joibkod (cm. puc. 11.1, a)
MPEeANOYTUTEIbHEE B OTKPHITOM KOHTYpPE M MIPH BBICOKOW YacToTe BpaieHus. Hacocsl ¢
HAKJIIOHHOM mmaitboi (cm. puc. 11.1, 6) UMeEIOT MpeuMyInecTBa MPU OYECHb BBICOKHUX
NABJIEHUAX M OBICTPBIX MpOLEcCax NEPEeKITIOYEHUs, KOTOpPbIe 3[eCh OCYUIECTBUMBI
Onarozaps Majoi Macce epeMelaoIXcs IPU 3TOM JIeTajlel y3ia peryiupoBaHusl.
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Puc. 11. 2 KunemaTnueckas cxema akCHaJIbHO-IIOPLUIHEBOTO
Hacoca

Puc. 11.4. PacueTHble cXeMbl aKCHAJIBHO-TIOPIITHEBBIX
HAaCOCOB C HAKJIOHHBIM JUCKOM
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Jlexus 12. Paccoznacoeannocms 6 3aKOHAX nepemeuieHus nopuLHsI.
Beeoenue oezaxcuana

B AIII'M ¢ HakJIOHHBIM OJIOKOM TIpU BpaIllEHHWH pOTOpa IIATyHbI OyAyT
nepeMeniaThCsl He NapajljIeIbHO OCH OJI0OKa, a COBEPILATh KayaTeIbHOE (K0JIE0ATEIbHOE)
JBHYKEHHE.

[Ipoekuuss OKpYX HOCTH, Ha KOTOPOW pacCIOJOXKEHbl Ha JUCKE LEHTPHI
ceprueCcKUX OINOp MIATYHOB, Ha IIOCKOCTb, NEPHEHIUKYIISIPHYI0 OCH LUIMHIPOBOTO
0JI0Ka, MpEeACTaBIseT COOOM NpH HAKIOHE AUCKAa Ha yroyl y#0 3JuMIC C MalbIM
paanycoMm I (3aBUCHUT OT yIJla HaKJIOHa 7).

Puc.12. 1 Kuaematnueckas cxema PAIIT'M ¢ HaKJIIOHHBIM OJIOKOM:
a) i cavyast Da=Da.: 0) mnga cavuast Da>Da.

HenapaninensHOCTh Ocell IITOKOB M OJIOKa OTpa)kaeTcsl Ha 3aKOHE MepeMeIIeHHs
HnopmHs T.e. Ha 3akoHe moxaun (mpu 0° m 180° MakcMManbHOE paccoriacoBaHUE, PHC.
12.1,a).

Jlns  yMEeHbIIEHHs pacCOIVIaCOBAHUS BBOAUTCI Oe3akcuan - juamerp D,
OKPYXHOCTH PacnoJiokeHus: onop (cdep) MaTyHOB Ha IUCKE JeNaroT 0oJblle JuaMeTpa
Ds OKPY>KHOCTH PACTIONIOKEHUSI OCei mopiiHei B 6ioke D,>D;; PanonansHoe pereHue
k=D ,D;=2/(1+cosymax)-

Kunemamuxka u ounamuxa AKCUA/IbHO-ROPUIHEBDBIX MAWUH

Tounoe aHanmuTHueckoe omnucanue kuHematuku AIII'M mpeacraBiser coOoi
CHUCTEMY JIOCTATOYHO I'POMO3JKHUX BBIpaKEHHUM. MCIIOIb30BaHUE ITUX 3aBUCUMOCTEMN B
NPaKTUYECKUX paCUeTax (VUumvleds, Hanpumep, GIuUiHUe HA KUHEMAMUKy Oe3axKcuaid,
KOHEYHOU ONUHbL WAMYHO8, Y2N080U ACUHXPOHHOCMU YUTUHOPOBO2O OJI0KA) SIBISIETCS
Heleaecoo0pa3HbIM. B OONBIIMHCTBE CIIy4aeB JOCTATOYHO YUUTHIBATh CHHYCOUIATBHBIN
3aKOH JBWKCHUSI TOPIIHS, COTJACHO KOTOPOMY MpH yriieé HAaKJIOHA YHOPHOM MIaiObl
y=90°-f nepemenienre nopiuHs h HaXoaUTCS Kak:

h=x=Rcosp(1-cosa)= Rsiny(l-cosa) (12.1)
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rae R=R;=Dy/2 — paguyc okpykKHOCTH [IEHTPOB IIaTYHOB B HAKJIOHHOH mIaiioe.
CuuTasi, 4TO yrJIOBBIE CKOPOCTH Baja W OJIOKa OJUHAKOBHI W HEU3MEHHHI (T.C.

®1=w,=C0NSt), BBIpa)KCHHE JJIT MI'HOBEHHON CKOPOCTH JBWKCHHSI ITOPITHS B IIJIUHIPE
MPEACTAHET B BUIE

Vomu=0OXIAt=R -siny-sina. do/dt=R ; cw-siny-sina (12.2)

rae o=+t — TeKyluid yroja MOBOPOTa IUJIWHJIPOBOIO OJIOKa OT TMOJIOXKEHUS,
COOTBETCTBYIOIIErO HAYay ABUKECHUS pACCMATPUBAEMOIO TTOPIIHS.
MakcuManbHbIN X0 MOPIITHS

Nmax=2 Rysiny =D siny (12.3)

MakcumalibHas CKOPOCTh MOPILIHS OyaeT HaOI0AAThLCS Py yrile moBopora a=90°
u 0=270°

DomH.maX:w'Rﬂ'SinV (124)
(Ob6biuno, omHocumensHas cKopocms npu Henpepwvlerol pabome 3-3,5 m/c, npu nepuoduueckoii pabome—5 m/c)

Y cKopeHne NopuIgs

I =dvomddt=d*x/dt*=R 1°Siny-CoSa. da/dt=Rg-a)2-siny-COSa (12.5)

MakcumaabHOe YCKOPEHHUE TIOPIIIHS OyaeT HabIoaaThCs IpH yriie moBopota 0=0°
u a=180°

Jomu max—=F w’ Rysiny (12.6)

3HavueHNE MAaKCUMaJIbHOTO YCKOPEHUS HEOOXOJMMO OTpaHWYMBaTh B XOJIE
MPOCKTUPOBAHUSL JJII  COOJIOJEHUS YCIOBUS HEPAa3phIBHOCTH TOTOKa pabouei
JKUJIKOCTH, KakK BO BCachIBalollleM TPYyOOMPOBO/JIe, TaK U B caMOil paboyelt kamepe.

PacueTHas mpon3BOIUTENHHOCTh HACOCA MPUOMIKEHHO MOTYYUM U3 BHIPAKCHUS:
z-d*-z-n-2-R-siny

4

rne R - paamyc OKpY>XHOCTH IIEHTPOB IIIaTyYHOB Ha HAKJIOHHOW Imaibe. B
NPUOJIMKEHHBIX pacdeTax ero NPWHUMAIOT PaBHBIM PaguyCy PaCIONIOKEHUS OCH
uuHIpoB 61oka Rg=Dg/2, Torma:
r-d>-z-n-D,

4

Opeop =41 = (c HaKIOHHBIM OIOKOM) (12.7)

-1 (C HAKIOHHBIM OUCKOM) (12.8)

Qmeop =q*n=

Jleitcmeyrowue cunnt

Ecin B 30He HarHeTaHusl pa3BUBACTCA CPEAHEE NABIICHUE pP,, TO HA MOPIICHD,
HaXOJAIIUNCSI B HEW, JNEUCTBYET YCHIIUE FpK=p2-f, kotopoe B AIII'M c_HakJIOHHBIM
0JI0OKOM miepeAaéTcs yepes MaTyH MOpIIHS U chepruyecKue ToJIOBKY IIaTyHa Ha I1aioy.
B Touke KOHTaKkTa TOJIOBKM IIaTyHa W IMAaiObI 3TO YCHUJIME PACKJIAJBIBACTCS HA JIBE
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COCTaBJISIIOLINE: PEAKINI0 MIaii0bl Fyk, HampaBIeHHYIO MO HOPMalIM K MOBEPXHOCTH
Iali0Bl; peaknuto maioel Fry, HapaBIeHHYIO BJOIb IIOCKOCTH MIa0OBl (HOPMAIBHO K
OCH BpAIICHHS BaJla);

Fn=Fpk-cosa (12.9)
Fn=Fsina (12.10)
OTH COCTABIISIIOUIME HMIPAIOT PA3IHYHYIO POJb
pu paboTe ruIPOMaIIrH:
FNk — onpeacisiCT yCuine, BOCIIPHMHHUMACMOC
ynOpHBIMI/I INOAIIHUITHUKAMHA 1 MOMCHT TpeHI/IH;
F 7« — onpenensieT KpyTsInuii MOMEHT: B MOTOPE
- CO31acT KDVTHHII/Iﬁ MOMCHT Ha BBIXOJHOM Bally; B
HAaCOCEC - CO31a€T MOMCHT COIIPOTHUBJICHUIA JIJIs1 BXOAHOI'O BaJia.
Pa3BuBaembInn OJIHUM IMOPITHCM MOMCHT

OITMCBIBACTCIA BBIp&)KCHI/ICMZ
M=F el = wd*p, ‘Dysinasingl8  (12.11)

Puc.12.3 Pacuernas cxema |

rae lg - tuieué npevictBus ycwmnus Fr, OTHOCHTENBHO OcH
Bpamenus, |y = Singp-D /2.
MoMeHT Ha Bally MpeacTaBiIsieT col0oil cymmy
MOMEHTOB, CO31aBa€MbIX KaK BBICOKUM, TaK U
HU3KUM JIaBIICHHUSIMH.

Puc.12.4 Co3gaBaeMblii MOMEHT

B cxeme ¢ HaKJIOHHBIM JUCKOM B TOYKE KOHTAKTa IUTYHKEpa U HaKJIOHHOM IIaiiObI
yeunue b, MOXKHO Tak:ke NMpPEJCTaBUTh B BUAE JIByX COCTABIIAIOIIMX: PEAKLHUIO JHMCKA
Fnk, HampaBIIGHHYIO 1O HOpPMalld K IOBEPXHOCTH JIMCKA, pEaKIuio Jaucka Fry,
HaIpaBJICHHYIO BJIOJIb TIOCKOCTH, HOPMAJILHOM K OCH BpallleHUs BaJa.

Puc.12.6 Co3naBaeMblii MOMEHT 12)
Fr=F - tgy, (12.13)
Mi=rd*p, ‘Dytgy,sing/8

(12.14)

Puc.12.5 Pacuernas cxema |l

HOCHGHOB&TGHBHOCTB pacyeTa OCHOBHBIX
napamMeTpoB aKCI/IaﬂLHO'HOpHIHeBOﬁ TUApPOMAIInHbI



67

[Topsimox ¥ mOCHEAOBATENBHOCTh pacyeTa OCHOBHBIX IAapaMeTPOB aKCHAJIbHO-
MOPUTHEBBIX MAIWH C IJIOCKUM pachpeaenuTesaeM OyayT TEMH Ke, YTO U 'y paauaibHO-
HNOPUIHEBBIX MAIIKH.

Juametp mopmrHs d Hacoca OPUEHTUPOBOYHO MOACYUTHIBAIOT 10 Gopmyiie (4), HO
COOTHOIIICHUE X0/Ia MOPIIHS U €r0 IuaMeTpa BEIOUPAIOT 00BIYHO B TIpeenax 1=1...2.

Jlns pacdera nuamerpa d mOPIIHS THAPOMOTOPA, HCXOS U3 €ro paboyero oorema
g (pacueTHOro pacxoja 3a OJUH 000POT), UCHOJB3YIOT IPAKTUUECKOE BhIPAXKEHHUE

d=(14..15);—1— (10)
z*1gym,

r7Ie Y- YroJI HaKJIOHA IIaiobl;

No- 00BveMHbIN KITJ] rugpomoTopa.

JuameTp mopIiHs TUAPOMOTOPA, UCXOAS U3 KPYTAILIET0 MOMEHTa M MOKHO
TaK K€ pacCUUTHIBATh MO (popmyiie

d=(2,7...2,8)3\/ - M (11)
2Py = P8 My
1€ Py U Pen - JABJIICHUE B HATHETATEIIbHOM U CIIMBHOM I1OJIOCTAX FUAPOMOTOPA;
Nuex- MEXAHUYECKHHM K. IT. 1. THIPOMOTOPA.
PekoMeHyeMoe 4HClIO TUWIMHIPOB THIPOMOTOpPA BBHIOMPAIOT U3 MPUBEACHHOIO
psna:

Pacxon Ha onuH 060p0’[ B CM3 Jlo 100 100-250 | Cspie 250
PekoMeH1yeMoe 4ncio MUIHH]IPOB Z / 9 11

Jlnst  ynydineHusi yCJIOBHM TIOJBOJA JKUJIKOCTH B UWIMHAPHL guametrp Dj;
OKPY>KHOCTH, Ha KOTOPOU PACIIOI0KEHBI OCH ITUINHAPOB, TOJDKCH OBITh MUHUMAJTBHBIM.
OnHaKo TpU 3TOM HEOOXOAMMO COXPaHUTh ONTHUMabHYIO0 ToiimuHy (a=0,2d) cTeHKH
MEXAYy UUITUHAPAMH, 4TOObI OblIa 00ecTeueHa )KeCTKOCTh IUIMHIPOBOro OJI0Ka.

[Tpu pacuere 6510ka HA TPOYHOCTH CIAEAYET CTPEMUTHCS, UTOOBI )KECTKOCTh €TI0 BO
BCEX HaIpaBJICHUSAX ObLIAa MPUMEPHO OJWHAaKoBa. [Ipm pacyeTe >KECTKOCTH IUIMHAPA
HEOOXOAMMO YUYUTHIBATh TakKe JCHCTBME BHYTPEHHEro [IaBIIEHUS B COCEIHHUX
ATUHAPAX.

Huametp D; OKpYKHOCTH LMIMHAPOBOIO 0JIOKa, U HAapyKHbIA quamerp D, Gioka
BBIOMPAIOT (paccuuThIBAIOT) 1O (hopMyiam

D;=(0,35...0,4)d z; D,=D;+16d (12)

OTH COOTHONIICHUS NPUBEIACHB W3 pacyéra, YTO TOJIIMHA CTCHKH MEXIY
HUIMHAPAMHU cocTaBisieT a=0,2d, a TONIMHA CTEHKH MEXKIY 3epKajJoM IMIWHApa U
HapYKHOU MOBEPXHOCTHIO HUIKMHAPoBoro omoka b=0,3d, rae d-nuamerp numuHapa.
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Jleku.13. Mexanusm kapoannoit ceasu. Tunwl kapoanos.

B OonbIIMHCTBE KOHCTPYKIMH aKCHaJbHO-TIOPIIHEBBIX HACOCOB C HAKJIOHHBIM
OJIOKOM KHHEMaThueckass M CHJoBas CBSI3M BEAYIIET0O M BEIOMOTO BaJIOB
OCYILECTBIISIIOTCSI ¢ MOMOIIBIO oauHapHoro (puc. 14.1, a) unu nBoitHoro (puc. 14.1, 6)
KapJIaHOB.

[lepBbIil THUN KapAaHa MPUHATO HA3bIBaTh CUJI06BIM. OOBIYHO BBITIOJIHSIET
OJTHOBPEMEHHO (YHKIIMH CHJIOBOM U KUHEMaTUYECKOU CBsI3H,

Bropo#i THN NPUHATO HA3BIBATh HECUI08bIM: OCYUIECTBIIAET KUHEMAaTHYECKYIO
CBs3b, OYyIyud HArpy>KeH JIMIb MOMEHTOM TpeHus OJIoKa LWIMHIPOB, a TaKXKe
MOMEHTOM UHEPIIMOHHBIX CHIL.

OpuHapHblii  (acuHXpOHHBIM) KapaaH (puc. 14. 1 a) mnpencraBisier coOoi
YHUBEpPCAIbHBIA MIAPHUP C JIByMA CTENEHAMH CBOOOJBI, OOECIEeYMBAIOIIMIA
BO3MOKHOCTh T€pejaul BpalleHUs] MKy ABYMs BajlaMH, OCH KOTOPBIX MEPECEKAIOTCs
MO/l HEKOTOpHIM yriioM. PaBHOMepHOE BpalieHHe BXOAHOTO Bajia |, CBSI3aHHOTO

P2, w,

Puc. 14.1. Kunemamuueckue pacuemHvle cxeﬂ?bz KapOaHH020 MeXaHuMa
rpuOKOBBIMH IMOHKaMu 9 (puc.14.2,a) ¢ mwIMHIPOBBIM OsokoM 5 (puc.14.2,a),
npeoOpa3yeTcsi 37eCh B IOCTYMATEIbHOE JIBH)KEHHE MOpPIIHEW B LWIMHApPAxX OJoKa.
Takoe mpeoOGpa3oBaHHe ABUKEHHS MPOUCXOIUT NPU MOMOUIM CBA3aHHOW C OJIOKOM
yepe3 KapJaH 6 HaKJIOHHOM (kavaroleincs) maiiosl (qucka) 2 ¢ mapHUPHO 3aJEIaHHBIMU
B Hell miaryHamu 8 mopiiHeidl 4. BxomHo# (mpuBomHO#) Ban 1 (M COOTBETCTBEHHO
HUIMHAPOBBIN OJIOK), @ TaKKE YIOPHBIN JUCK 2 BPAIIAlOTCSA 3TOM CXeMe BOKPYT Pa3HbIX
OCEM, HAKJIOHEHHBIX OJIHA OTHOCUTEJIBHO APYroM Ha yroi Y. BO3MOXHOCTH BpalleHus
TUX JeTalel BOKPYr pa3HbIX Oced oOecrneynmBaeTcs HAKJIOHHBIM JUCKOM 7,
KayaroUIMMcsl MPU BpalleHUM Baja BOKPYr ocedl 6 mnard, MOMENIeHHBIX BO BTYJIKax,
YKECTKO 3aKPEIUICHHBIX HA YIIOPHOM (HAKJIOHHOM) JHUCKE.

bnarogaps npuMeHeHHMIO TpPUOKOBBIX IINOHOK LWIMHIPOBBIA OJIOK HMEET
HEKOTOPYIO BO3MOKHOCTh CAMOYCTaHABIMBATHCS (BBIOMpPATh MEPHEHIUKYISIPHOCTD
MOBEPXHOCTU PACHPEEIUTENS OTHOCUTENBFHO TOPLIA HUIMHAPOBOTO OJI0KA).

Pacnipenenutens B OONBIIMHCTBE CIy4aeB BBIMOJHSETCS 3a OJHO I€JIoe C
kpbimkoit 10. TlepBoHavanbHBI NPWKAM OJIOKa K PACTIPECTUTENI0 00ECIIeYMBACTCS
npyxxuHoi 8. Bo BpeMst pabOThI TUApPOMAIIMHBI OJIOK MPUKUMAETCS K PacipeiesuTeNto
TMIPOCTATUYECKUMH YCUIUSAMHU. biarogaps Haau4noO KUHEMAaTUYECKOM CBSI3U YIIOPHOIO
JUCKa 7 € TOJOBKAMM IIATYHOB 3, OCHO6HAA YaCTh MPUIOKEHHOIO K Baly | BHEIIHEro
MOMeHma 3aTPavyuBaAETCs HA MOBOPOT JUCKA Y€pe3 aCUHXPOHHBIN KapJaH, BBUIY YErO
MalIMHbI 3TOTO TUIIA HA3bIBAKOTCS MAIIMHAMH C CUI06bIM KAPJAAHOM.
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Jlexi1. 14 Pomopno-naacmunuamule 2uopomauiunbl

[Mnacturgaras (mmbepHas) ['M (THAPOMOTOp WM HACOC) — 3TO poTopHas ['M ¢ MOABMKHBIMY dJIEMEHTAMH B BHIIE
poTopa, COBEPINAIOIIECTO BpAIIaTEIFHOE JBIKEHHE, W IUIACTHH (mabepoB), COBEPIIAIOIINX BpPAaIIaTENbHOE M BO3BPAaTHO
MocTynareJgbHOe IBIDKeHHE. [Ipu 3TOM BEITeCHSeMBle OOBEMBI 3aMBIKAIOTCA MEXKAY IBYMS COCEIHHMH BBITECHHTEISIMHU
(TmacTuHAMH, IIOMETEHHBIMA B paJHaHHbBIe IPOPE3HI BPAIIAIOMIETOCS POTOPA) M MTOBEPXHOCTSIME CTATOPA.

ITo gucmy k0B paboTh 32 ouH 000poT Bana paznmdaioT [1I'M oJHOKpaTHOTO WM MHOTOKPATHOTO (IBYX-, TPeX-,
YEeTBIPEXKPATHOTO) AeHCTBHA. Hacochl OHOKPATHOTO NIEHCTBHUS BBIIONHSIOT KaK PEeTyIHpyeMble, TaK U HepeTyInpyeMble, a
HACOCHI MHOTOKPATHOTO — HEPETYINPYEMEIE.

Hanbonee mpocThiM HAacocoM IUIACTHHYATOTO THIIA SIBISIETCS HACOC C IBYMs IUIACTHMHAMU 3 W 5, TOIBIKHO
MOHTHPYEMBIMH B OOIIEM CKBO3HOM paJHalbHOM Ma3y poTopa 7. DTH INTACTHHBI 00pa3yloT ¢ HOBEPXHOCTSIMU poTopa 7 u
CMEIIEHHOTO OTHOCHTEITBHOTO HETO Ha BEIMUYKHY e ctatopa 1 ¢ ocbio O, 1Be ceprnoobpa3Hbie Kamepst a u b.

7 i al? 3 b

-
\ \
65 1 4
z) 6)
Puc 14.1 IlpunnunuansHas (8) pacueTHas (0) cXeMbl JBYXIIIACTHHYATOTO Hacoca
IIpu nmoBopoTe poTopa 7 oTHocuTeNbHO ocu O; B HAIIPAaBJICHUHU CTPENIKH, 00bEeM KaMephl a Hacoca, COSTUHEHHOTO ¢
BCACBIBAIOIICH MONOCTBIO 6, yBEMMYMBAeTCs, a Kamephl D, coelnHeHa ¢ HarHeTaTenbHON MOJOCTHIO 4, YMCHBINACTCS, B
COOTBETCTBUH C YeM MPOUCXOAUT BcachiBaHMe (Uepe3 KaHat 0) U HarHeTaHue (depe3 kaHal 4) xuaxocTu. [Tockonbky poTop
MMeeT IUIOTHBIN KOHTaKT C HIDKHEH 4YacThio ctaTopa 1, OZHA M3 IUIACTHH 3 WM S5 B JIOOOM IIOJIOKEHUH POTOpa OTIEISET
BCACBIBAIOIIYIO IIOJIOCTh OT HAarHeTaTeNbHOW. [ BO3MOXKHOCTH PaAMaNbHOTO IEpEeMeIleHHUs IJIACTUH U OOeCTeYeHUs
KOHTaKTa (IUIOTHOTO) CO CTaTOPOM, IIACTHHBI PACIIMPAIOTCS MPYXKHUHOM 2, OPKATOTO K cTaTopy 1.
PacyerHas mojaya Takoro Hacoca OINpeNeNseTcs IUIONIAbI0, OTPAHWYCHHON IIACTHHAMHM, CTAaTOPOM U POTOPOM.
Jnst cniydast yria ¢=m/2 ¥ NpUHUMAsL INIACTHHBI OeckoHedHOo ToHKMMHE (D=0) ruiomanes S HaXouM Kak

Sz%(Rz—rz—ez)+2-R-e (14.1)

N

rae R u r — paguycsl craTopa u poTopa

€ — DKCIICHTPHUCHTET.

3a xaxxaplii 000pOT BEITECHSETCS IBa 00bEMa COOTBETCTBYIOIIMX 3TOM IUIOMIATH, CIEIOBATEIHEHO, TEOPETUICCKas
nomayva 11 [1I'M ¢ 6eCKOHEUHO TOHKUMH TIACTHHAMU:

QTZZBSn:2Bn %-(Rz—rz—ez)+2-R-e (14.2)

rie B — mmpuna potopa
N — yacToTa BpalleHus Bajia
Yarem 00beM, 3aHUMaEMbIN TUTACTUHAMHE, OH PABEH PaBEeH q’=4Bebn, rae b — tommuna mmactusel. Torma:

Q; =Bn %(R2 —r?—e?)+2e(R-b) (14.3)

HOCKOJ’ILKy TEKylasa IUIoIanab 3HAYUTCIIBHO U3MCHACTCA MO YIJly IOBOPOTa, TO HepCMGHHOﬁ o yriry mnoBOpoOTa
poTopa ABJSICTCA TaK K€ IoAada. HyJ’II)CﬁL[I/IH OrpaHN4MnBacT 00I1acTh MNPUMCEHCHUS NAaHHBIX MallWH - B OCHOBHOM, IJid
BCIIOMOTI'aTCJIIbHBIX IICJ'[CfI (CMa3Ka, IOAIIMTKA U T.H.).

I[J'IH CHWIKCHUSA IMyJIbCAllUU MOJAAaYU IMPUMCHIIOTCA HACOChI ¢ HECKOJIbKUMHU IUTACTUHAMMU. OO6b1uno 8-12. HpI/I 9TOM
YMEHBIIACTCA ﬂCﬁCTBonmaH Ha IJIaCTUHBI TAHITCHIIMOHHAA HArpys3Ka.
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Puc.14.2 Cxema MHOTOIIIIACTHHYATOTO HACOCA C THIPABIMYECKIM MOHKUMOM TUIACTHH.

Hacoc cocrout m3 Bpamaromerocs poropa 2, B paAHANbHBIX IIpope3ax KOTOPOTO TOMEIICHB IUIACTHHBI
(BBITECHUTENH) 1, M CTATOPHOTO KOJIBIA 3, OCh KOTOPOTO CMEIICHA OTHOCUTEIBHO OCH POTOPA HA BEJIUUUHY e.

[MuTarne ocymecTBIsIETCS Yepe3 ceproodpa3sHoe OKHO a (7Sl JaHHOTO HAIPaBJICHUS BpAILlEHIs), BRITCCHEHHE Yepe3
okHO b. OKHa BBITIOHEHBI HA GOKOBBIX KPBIIIKAX HACOCA.

IIpu naHHOM HanpaBJICHUU BpAIIEHUS MTOJIOCTh MEXAY 4 U 5 INIaCTHHAMH YMEHbBIAeTCS.

OxHa pacroJyiararoTcsi TakuM 00pa3oM, 4ToObl P JFOOOM IOJIOKEHHH POTOpa MEXAY HUMH HaXOJUIAacCh XOTS Obl
onHa miactuHa. OOBIYHO TPUMEHSIOT MOJIOKUTEIBHOE MEPEKPBITHE (IOJIOCTh MEXK/TY IIACTHHAMU OTCCUCHA, H30JHUPOBAHA OT
OKOH), HO TaKoe, YTOObI U30€KaTh KOMITPECCHUH.

TonHoe ycTpaHeHHe KoMIpeccuu npu & = [3 (HylleBOe NMEPEKPBITHUE, @- YTOJ MEXKILY OKHAMH BCACHIBAHUS M HATHETAHUS; [3-

YTOJI MEXKITY JBYMS CMEXHBIMH TUIACTHHAMH).
[I:TOTHOCTD KOHTaKTa IUTACTHH CO CTATOPOM TOCTHTACTCS IPH MOMOINH MPYKUH U MPOYHX MEXAaHMUECKUX CPEICTB,
JIABJICHUEM JKUJIKOCTH W/uiu KaHan h Ha puc 16.2

PacuetHas IMPOU3BOANUTCIIbHOCTD.

Homyckast, yto TomuuHa miactiH b=0 u npeneOperas usmeHeHueM paboueil BbicoThl h (mpuummas h=2e) mpu
IOBOPOTE pPOTOpa Ha yroi a (B MpeAenax KOTOPOTro IUIACTHHA HAaXOAMTCA B KOHTAKTE C BEpXHEH IepeMBIYKOil)
MaKCHMAJIbHYIO PAaCUETHYIO 1101a4y MOXKHO BBIPAa3UTh Kak:

Q,=2-n-R-h-B-n=2-n-D-B-een=w-p-h-B (14.4)

e D- lnameTp pacTouku craropa

B — mmpuHa poropa (IyIMHA IUIACTHHEI);

@=27N-yTI0Basi CKOPOCTD;
p=D/2 - paccrosiuue oT neHTpa faBiIeHUs paboueil BEICOTHI IUIACTUHBI 10 OCH BPALICHHUS POTOPA.

N — 4ucio 000pOTOB
C y4eToM TOJIIIMHBI S ¥ YKCIa Z TUIACTHH CPEIHSIS TEOPETUIECKAs M0/1aua ONPEIEIAETCs KaK:

O,=2-B-en-(m-D—-z-5) (14.5)
CHmkxenne MPOU3BOAUTCILHOCTH TMPOUCXOJUT U3 3a H606XOI[I/IMOCTI/I KOMIICHCaIIun o0beMa IUIACTUH npu
YTaIUIMBaHUU UX B IIPOPE3N POTOPA.

B HCKOTOPBIX HacocCax ITOJIOCTU Hpope3eﬁ MoJ, IJIACTUHAMHM TIOCIIEAOBATEIBHO COCAUHSIOT C HAarHeTaTEeIbHOM U
BCACBIBAIOIIICH JUHHUSAMH — JOIOJHUTEIbHAS ogaua MMpAMOYTOJIbHBIMU TTOPUTHAMU.

O,=2-n-D-B-e-n (14.6)
HpI/I OAHOCTOPOHHEM Bpalll€eHUU POTOPA HACOCa MJIACTHHBI HCHGCOO6paSHO YCTaHaBJIMBAThL 11O HEKOTOPBIM (100-
150) YIJIOM K paauycy, Onarojapsi uemy yJydIIaloTcs YCJIOBHS MX PaOOTHl (yMEHbIIAETCs 3aKIMHMBAHUS IUIACTHH B Ma3y).

Cuutel TpeHUS! BEI3BIBAIOT MUHMMAJIBHBIE U3TMOAIOIe HanpshkeHHs (Yroj HakJIoOHa = yriy TpeHwus). B aTom ciydae (koraa
MMEIOTCS HAKJIOH U HeT JJONOJIHUT. IT0JJauH)

z-S
O,=2-Ben|\m-D———- (14.7)
cosa
O - yroJl HaKJIOHA IUIACTHH K Pajanycy;
Punc.16.3 CxeMa HepeBEpCUBHOTO INIACTUIHOTO Hacoca

PaBHOMEpHOCTH 11014

HpI/I pacyeTax OBLIO MPUHATO AOIMYLIECHHUE, YTO pa60qaﬂ BBICOTa h mmacTHHE npu IpoxoJe €1 BCEro y4dacTka
MEPEMEHHO paBHa 2e. B HCf/iCTBI/ITGJ’ILHOCTI/I, OTO CIHPABCAJIMBO JIMIIb [JI1 MITHOBCHHOI'O (CpC)IHCFO) MmojokeHus. B O6HI€M
CJ1y4ac TCKYIICC 3HAUCHUC h/ OIMUCBIBACTCSA BBIPAKCHUCM:
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h"=p—-(R-e) (14.8)
R- paguyc craropa,
e- 9KcIeHTprcuteT (cM. puc 14.2)
Kunemaruka [II'M nocTpoeHa kak M KHHEMAaTHKa MOPIIHEBBIX — HA OCHOBE KPUBOLIMIIHO IIATYHHOTO MEXaHU3Ma.
[Ipn 3TOl KMHEMAaTHKE MEpPEMEICHNE PA00YEro 3IEMEHTa COOTBETCTBYET IIPHUPALICHUIO IIEPEMEHHOTO pajinyca B Mpeaenax
OT Pmin A0 Pmax, (TPEICTABIAET COOOM paccTOSHHE OT OCH, MPOXOAmied uepe3 meHTp O IIACTHYHOrO poOTOpa, 10
OKPYKHOCTH KaCaHHs INTACTHH CO CTaTOPOM)

o =Rcosy +ecos(180—y) =Rcosy —€CosQ o
R'=RcosA—ecosp—(R—e)=e(l—cosy)+ R(cosy —1)

Y- yrou (TeKymiei) Mexay eHTpoM ctatopa O, TOUKO# KacaHUs € M OCBIO BpAIlEHHs POTOpa.
y=cl- TEKyIIUi1 yroJ MOBOPOTa POTOpa OT HEHTPaNbHOH (BepTUKAIBHO) OCH.

VuaureiBast, uto €/R OTHOCHTENBHO Majo, yroia y=0, a COSy=1, HOMyCTHMO NMPUMEHSTH BHIPAXKCHHUE. R/=e(1—cosq>).
CrenoBatenpHO, Kak U 'y poTopHO-niopiHeBbIx OI'M, mofada u3MeHseTcs 110 CHHYCOHJAIbHOMY 3aKOHY.

Iyabcanus mojadd TEM MEHBINE, YeM MEHbLIE 3HAYCHHWEe 2m/Z (HEYETHOM YHCIE IUIACTHH PaBHOMEPHOCTh
TIOBBIIIACTCS ), HO YBEIMYCHHUE YHCIIA TUIACTUH CHU3UT BEIHYHMHY nofadu (16.5-rabapuTsl IIacTiH)

Jns  CHWKEHWs TIepemnafoB TMOAa4d, OOYCIOBIEHHBIX HM3MEHEHHEM pabodell BBICOTHI IUIACTHHBI, INPHMEHSIOT
npodummpoBaHie HAMPABIAIOMIEH CTaTOpa HA YyY4acTKe MEX/Iy BCAChIBAIOIINM W HarHETAaTEIbHBIM OKHAMH IO OKPY>KHOCTH,
OTIMCHIBAEMOH M3 IIEHTPa BPALIEHHUS POTOpa.

PaBHOMEpHOCTH MOJAaYM HapymiaeTcs TakK € TeM, YTO YacTh BBITECHAEMOH JKHAKOCTH pAacXoIyeTcst Ha
KOMIUIEKCAllMIO €€ CXKaThsl 10 pabodero maBieHHWs B KamMepax INPH MPOXOAE WX U3 ITOJIOCTH BCAChIBAHUS B IIOJOCTH
HarHeTaHus. [Ipu 3ToM OOpaTHBII MOTOK M3 IOJIOCTH HAarHETAHMs BBI3OBET BBICOKHE «3a0pOCHI» NaBJICHHS B Kamepe H
MyJIBCALlH IABJICHHS HA BBIXOJE Hacoca.

Ot KonebaHWs MoJayMl W yIapHbIC SBICHUS (0OYCIIOBICHHBIE OOpAaTHBHIM ITOTOKOM W3 IIOJIOCTH HAarHETaHus B Kamepy)
MOXHO YaCTHYHO CHHM3HTH BHINOJHEHHE HA IEPEBATBGHON ITEPEMBIUKE IEICBUIHBIX MIPOPE3EH MaJoro CeUeHHsI — JOCTUTAECTCs
IUTaBHOE COEIMHEHNE KaMep U MOJIOCTH HAarHETaHMS.

Harpy3ka ruactus.

B GonbpIIMHCTBE KOHCTPYKIMH IUIACTHHBI IPIKMMAIOTCS K CTATOPy JAABJICHHEM JKHUAKOCTH, TOABEACHHOW IO ee

TOpew. Y Cuine MpIKaThs B 3TOM CiTydae
F=pbs, (14.11)
rre p-ZIaBlICHNE XHUIKOCTH B KaMepe I0]] HIKHEM TOPIIOM;

b 'S - mrHA ¥ TOMIIKMHA MITACTHHBL.

[TmacTHHBI, HaXOZsIIMECS B MOJIOCTH HArHETAHWA, OYAYT IOJHOCTBIO PasTPYKEHBI OT PagUalbHBIX CHI JIaBICHUS
JKHUAKOCTH. A IUIACTHHBI MK MOJIOCTSIMH a U b — 4acTUYHO.

I[Mpu pacuerax HArPY3KH OT JaBJIeHUS xuaKocTu cuny F npunumarotr F=1/3*pbs.

PerynupoBanue Npon3BOAUTEIFHOCTH M W3MEHEHHE HAMpaBICHHUS TOAaYl OCYIIECTBISIETCS COOTBETCTBYIONINE U3MEHECHUEM
BEJIMYMHBI U 3HaKa SKIIEHTPUCUCTEMA €.

OCHOBHOH HEJOCTATOK HACOCOB OJJHOKPATHOTO JeHcTBUS — OOJbIIas Harpy3ka JaBJIEHHUs KUAKOCTH Ha OCh poTopa
U Ha IUIaCTHHBI, (0TCI0]a 00IaCcTh MPUMEHEHHS THAPOCUCTEMEI C JaBiieHueM na 4-5 MIla)

Jl1s perynupyeMbIX MalliH TaKkke TPYIHOCTH BBI3BIBAET T€PMETH3AIMS CO CTOPOHBI TOPLIOB BEITECHUTEICH.

Ilo sToMy B mpakTHKe paclpOCTpaHEHbl HEPETYIHPYEMBIMH IUIACTMHYATBIE HACOCHI JIByKPaTHOTo (M pexe, -
YeTBIPEXKPATHOTO) AEHCTBHUSA, 0Onanatomye 6osee BRICOKMM pabounm oosemom 1 KIT/L.

IIpenmyriecTBOM SBISETCS YPAaBHOBEIIEHHOCTh PaJUAIBHBIX CHJI ABJICHUS JKUAKOCTH Ha IUTACTHHYATHIA POTOP.

Bbnaronaps 3ToMy mpuromHsl A paboTsl pu 0ojiee BEICOKOM (y HACOCOB OHOKPATHOTO JieiicTBus) naBieHuu (14
mIla u BBIIIIE)

Hacoc aBykpaTHOTO IeficTBHS (PaKTHIECKH COCTOUT M3 JBYX HACOCOB, Pa3MEIICHHBIX B OJTHOM KOpITyCe.

Hacoc cocrout u3 kopmyca 10, B KOTOpOM BBIIIOJHEHH KaHANbI (2)u okHa (3,6,7,9) nutanus (OOKOBBIE AWUCKH) H
cTaTop S5, MOBEPXHOCTh KOTOporo (acoHHOW (opmbl (TIpoduiie) BHIMOIHEHA TaK, YTO YYaCTKH KPHUBOMW, PacCIiOJIOKEHHBIC
MeXTy okHaMu nutanus (3,6,7,9), ABISIOTCS AyraMu KPYroB, ONMMCAaHHBIC M3 IIEHTPa POTOPA, a YUACTKH, MPUXOISAIIUECS Ha
9TH OKHA, BBIIIOJIHEHBI COIPSTAIOIIUMICS KPHBBIMH.

Ha Bamy Hacoca Haxomutcs porop 1, B ma3zaX KOTOpPOTO IOMENICHHI IIJIACTHHBI 4, MPH BpaIlIeHWH poTopa 0e3
JIABJICHVSI WJIM TIPH MajJlOM JaBJICHWU >XKMIKOCTH IUIACTUHBI 4 NPIDKUMAIOTCS K ITOBEPXHOCTH CTaTopa 5 MoJ ACHCTBHEM
HEHTPOOEKHON CHIIBI, MPH HAIWYMK JABJICHWS HA IUIACTHHY JOTOJHUTEIBHOTO JEHCTBYET CHIIa JaBJICHHUS >KHIKOCTH,
KOTOpast IMOJBOJIUTCA 4epe3 KOJIBLEBYIO MPOTOYKY 8 TOA TOPIH IUIACTHHBEL V3 NMPHBENEHHOW CXEMBI CIEAyeT, YTO TpH
BpallleHUH POTOpa IUIACTHHEI, KOMHUPYS (GOpPMY CTaTOpa, MBa)Ibl YBEIUYUBAIOT 32 OAWH 000pPOT 00BbeM Kamepbl (ABOWHAs
IITPUXOBKA) M JBAXKIBI €TO YMEHBINAIOT.
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Puc.14.4 a)pacueTHas cxema IUIACTUHYATOTO HAacoca; 0)ero XxapakTepucTHUKa

Bnarogapst KOHIEHTPUYHOCTH MEKOKOHHBIX YYaCTKOB KPHBBIX CTATOpa OTHOCHTENIFHO LIEHTpa BpallEHHs pOTOpa
NPaKTHYECKH YCTPAHSETCS KOMIIPECCHSI )KUAKOCTH MPH MPOXOJIE ITUX YYACTKOB IUIACTHHAMM M YMEHBINAETCSl H3HOC T.K. HE
MPOXOAUT MepeMEIICHHs TUIACTHH B Ia3ax.

VY4acTku, compsirarouiue KOHIEHTPHUYECKHE, OOBIYHO BBIMOJHSIOT TaK, 4TOOBI OBLIO OOECIEUYEHHO IMOCTOSHHOE
YCKOpEHHE IUIACTUH MPH JBIKEHUH B 11a3aX POTOPA U COOTBETCTBEHHO MOCTOSIHHOE YCKOPEHHE JKHIIKOCTH B KaHAJIaX.

OOBIYHO — MO APXUMEIOBON CITUPAITH:

19
p=rL+—a 8 (14.12)
[0

p U o- TIOJNsApHBIE KOOPAMHATH Mpoduis; I} - HaMMeHbIIHH paanyc HaNpaBILIOMIEH; V=CONSt — CKOPOCTh MepeMeleHHUs

IJIACTHHBI B POTOPE; M- YII0Bask CKOPOCTh poTopa. COOTHOLICHHE PATNyCOB PO cTaTopa I/l Ul YHcia IIACTHH Z

z 8 12 16

rrp | 1,15 | 1,27 | 1,34

Heobxonnmo obecriedeHne yeIoBHs LI 0,92

2
£1- HanOoJIbIIAs IJIMHA, BEICTYTIAIOIIAS U3 pOTOpa, £, - HANMEHbBLIAs JUTHHA, HaXOIAIIasics B azy.
st moMHO# ypaBHOBENIEHHOCTH PAIUANIBHBIX CHJI JABICHHE )KUIKOCTH Ha POTOP YHCIIO Kamep (YHUCIIO TUIACTHH)
JOJDKHO OBITH YETHBIM.
[IponzBoanuTenbHOCTH (0€3 yueTa TONIIIHEI) IPUOIIDKECHHAS:

Q=2mB(r,-,) = 2mB(r,—T.)

C y4eToM TOJIIUHBIL:

. (rz B I’l)bz
COso

2

Q =2Bh| z(r.—r2)

0L - YTOJI HAaKJIOHA TUTaCTHUHBI M POTOPY (HEpEeBEPCUBHEIE)

13°-15° - & 5685 mm

7°-8° - @140 mm

Pa3rpy3ka mactus:

JI71st yMEeHbIIIeHUS! CHITBI 1aBIIeHHs MJIACTUHBI CTATOPHOE KOJIBI0 €€ Pa3rpy’KaloT MyTeM pa3MEIIeHHUs B KaXI0M a3y
poTOpa ABYX CBOOOIHO MOCAKEHHBIX MJIACTHH, CKOLIEHHBIE KOHIIBI KOTOPHIX, MPUJIETAIONINE K CTATOPHOMY KOJIBITY MO JABYM
KpOMKaM, 0Opa3yloT ¢ HHM 3aMKHYTYIO KamMepy. JTa KaMmepa COEIMHSACTCS KaHaJOM MaJIoTO CEYEHHs C TMOJIOCTBIO MO
IJTACTHHOM.

Cpox Ciry>kOBI HECKOJIBKO THICSY YaCOB.

JlaBjieHne npy TOCIIEN0BATENBHOM MoaKIoueHne 2° Ha 140 atM. — g0 220 atm., o6mmit KIT/1 0,85 (s Hacoca
CpeliHel MOIIHOCTH).

Yucio 060poToB: s 6omnbieit momrHOCTH 500 006/MuH 1 P — 1o 140 aT™m.
s manoii u cpenaei Mmomuoctr 1500 — 3000 06/MuH (pacxon 1o 900 1/muH)
MuHuaTIopHBbIe Uil pakeTHbIX ycTaHoBoK 30000 06/mMuH — 11/MuH

T'uapomoTopst

27T,

F = h e B — paGouas ToJIIMHA IACTHHBI

OnHOKpaTHOTO AEHCTBUS: M = pfp



,0=E

2 2
Asyxxparroro neiictaus: \/] ; = PB(y, — ;) - 6e3 yuera Tomummmsr

M. =2 {ri-r)-(r.-r.pz]
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Puc. . CpaBHuTe/bHbie raGapHThl IIECTEPEHHBIX HACOCOB

paBHOIl TMOAAYH MNPH Pa3NHUYHBIX YHCJIaX 3y6beB

Puc. 122. CxeMel pasrpyskd IecTepeH OT CRJ JaBIeHHS KHAKOCTH
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Puc. 6. llectepennsiii Hacoc (MoTop) Tuma HII-10: 1- xopmyc; 2- purypHas mamxkera; 3- moamunHAK;4,13- Begomast u
BeyILas MECTePHH; 5- O0NT; 6- pEe3HHOBOE KOJBIIO; 7- KOJBIIO; 8- OTIOpHBIC KOJBIA; 9- MamkeTa; 10- mmactuHa; 11-
KpBIKa; 12- mrudr
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Jlexu. 15 Illecmepennvie cuopomamiunvl (Konoepammsie)

BBINONHSIOTCS € IECTePHAMHU BHELIHETO W BHYTPEHHETO 3alleIUICHUS.

HawnGonee pacmpocTpaHeHBl ¢ BHENIHUM 3allCIVICHHEM: Iapa CLEIUIIONIMXCS MEXAY COOOH IMIMHAPHYECKHX
IIECTepPEH, IIOMEIICHHbBIC B INIOTHO OXBATBHIBAIOIINKA MX KOPITYC, HMEIOIIMHA KaHaIbl B MECTaX BXOJa B CLEIUICHHE U BBIXOJA
U3 HETo.

HapnexHsI B 9KCIUTyaTallly, HUMEIOT MaJbIii radapuT U BeC, KOMIIAKTHEL
Hasmenne — 100 atMm., pexxe 150-200 at™. (xoTst ects 1 1o 300 at™m.). [IponsBoauTensHOCT (HU3KOE naBieHue) o 1000
J/MuH (CPOK CITy>KOBI 10 5 ThIC. 4acoB) yuciao 06oporoB MakcuMyM 2500 n 4000 o6/muH (ripu HeGoubIION Nogaye — 12000
n 18000 06/MuH) camoBcachIBalOIINE.

Ipu BpallleHUH IIECTEPEH JKUIKOCTh, 3aKIIOUCHHAs BO BIIaJAWHAX 3yObeB, MEPEHOCUTCS] U3 KaMephl BCACHIBAHUS B
KaMmepy HarHeTaHusl, KOTOpas 0Opa3oBaHa KOPIYCOM Hacoca i 3yObsiMu. [I0BEpXHOCTh 3y0beB, OMBIBACMBIC KHAKOCTHIO MO/
JABJIICHACM, BBITCCHSIOT MpPU BPAICHHM I[IECTEPCH OONbIIE >XUAKOCTH, YEM MOXET IOMECTHUTBCS B TMPOCTPAHCTBE,
0CBOOOKIAEMOM 3aCTUISFOLIUMHUCS 3yObSIMH.

B pesysbTate )KHUIKOCTh B KOTHMYECTBE, PABHOM PA3HOCTH 0OBEMOB, OMMCHIBAEMBIX ITHMH JBYMs MapaMu 3yObes,
BBITECHSICTCS B HATHETATEIBHYIO KaMepy.

[pousBoauTensHOCTh: K03 GuIMeHT nepekpbitis E=1, y IecTepeH OAMHAKOBOE YHCIO 3yObeB, 3alCIUICHUE
3BOJIBBEHTHOEC HOPMAJIBHOE.

MrHoBeHHas moja4ya Hacoca OymeT 3aBHCETh OT TEKYINEro MOJOKCHHUS TOYKH 3alCIUICHHUsI, KOTOpasi IIPH TIOBOPOTE

2

wecteper Ha yron f3 =— (Z — uncio 3y06beB) MEPEMECTHTCS U3 TOJNOKEHWS, COOTBETCTBYIOIIETO HAYally BCTYIUICHHS

ouepeHOi napel 3yObeB B 3alleIICHHE, 110 MPO(IIII0 OJHOTO 3y0a OT €ro OCHOBAaHHS JI0 BEPIIUHEL, @ BTOPOTO - OT BEPIINHbI
JI0 OCHOBAHUSI, IPOW/IS 3TOT IyTh 110 BBICOTE KaXK0T0 3y0a, paBHa 2m,
re M — Moayib 3yOOCHeTIICHH S

Q. =2zmbm’(Z+D

TouHOCTH (2-3%) pu Z=8/15 yron 3auemienns 20°

Ecmm 4ncno 3y6beB BeZOMOW LIECTEpHH HE PAaBHO YMCIY 3yObeB BeIyIIEH, TO MPH pacyeTax CIeayeT UCXOTUTh 3
JAaHHBIX BeIyILeH MIeCTePHH.

[Ipon3BOANTENBFHOCTD OpeNeNsieTCs JIMIIb NapaMeTPaMH 3aleIuieHus (KodGOUIUEHT NepeKphITH NPOQHIi) U He
3aBHCUT OT 00BEMOB BNaguHbl M 3y0a. [Ipy coXpaHEHHH yCIOBHi 3alleIUIeHHs JF000e YyMCHBIICHHE TOJIIHHBI MOCICIHETO
OyIeT CONMpPOBOXKIATHCS JIMIIb YBEIHMYCHHEM BpPEIHOTO MPOCTpPAaHCTBa Oe3 HW3MEHEHHs PAcYeTHOW MPOU3BOAUTENBHOCTH
Hacoca.

Eure oHa dhopmyna asst HACOCOB ¢ unciom 3yobeB Z=8/16

QCp =65(,, mbn

B ciygae HeoOXomumMocTH TOYHOTO ompenencHus Qr MoOdb3yeTcs H3MepeHneM (IPOKAYaHHOW) IMPH HYJICBOM
nepenaje u MaJoi CKOpOCTH

Jnis ycTpaHEHUs yTEYeK XHUIKOCTH W3 OMHOH KaMephl Hacoca B JPYTyH0 OOECIIEYeHO PAaBEHCTBO CTATHYECKUX
HAIlOPOB Ha CTOPOHAX BCACBHIBaHWS W HarHeTaHus. [l oOecriedeHUs MPUMEPHOTO PAaBEHCTBA CTATHYECKUX HAIOPOB
BCACHIBAHUSA U IT0JIaYH IPUMEHSETCS PACXOTHBII Oadek ¢ OOJBIION CBOOOTHOM MMOBEPXHOCTHIO YKUIKOCTH.

[ynscanus

HepaBHOMEpPHOCTh TOJAaYM MIECTEPHBIX 3HAYHTENHFHO IIPEBBINIACT HEPABHOMEPHOCTh TOAAYM HACOCOB TPOYHX
TUTIOB. MTHOBEHHAS 1T0/1a4a KHUIKOCTH IIECTEPEHHBIM HACOCOM SIBIISIETCS IIEPHOANICCKON (DYHKIUEH C MePHOIOM, PaBHBIM

27

= —— ®opma nepHoMIECKOii KPUBOI 3aBUCUT OT psijia (pakTOpOB U B MEPBYIO OYEPEND OT KO HIMEHTa MEPEKPHITHS

E.

IIpu HyneBOM AaBIEHUU U OTCYTCTBUHM KOMIPECCHH KHUIKOCTU BO BINIAJAMHAX: YaCTOTA IyJIbCALIUU IOTOKA XKHUJIKOCTU
paBHa 4HCITy 3yObeB BelyIIei IIeCTepHH.

Ammntyzna, (pasHMma Mexay HauOOJbIIMM M HAaWMMEHBIIMM MIHOBEHHBIM KOJEOAHMSAMH U MOJAa4aMH)

OIPCALCIIACTCA KaK:
2

T 2 2
a=?Ea) T 5

[ - mupuHa mecTepHu;
T, - DAIMYC OCHOBHOM OKPYKHOCTH IIECTEPHH;

E - xosdduument nepexprirus;
Z¥ @ -49ucio 3yObeB M YTI0Basi CKOPOCTh BEAYIIEH MIECTEPHHU.
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2
_ COS «
Ko3(pUIIMEHT HEPABHOMEPHOCTH O = LZST , O - yTOJ 3alEIUICHHS
B ciyuae, ecu E>1 HepaBHOMEPHOCTH MOJAYH 110 SMIMPUIECKOMY BHIPAKEHHIO
2,2
Z+13

dakTuueckass HEPaBHOMEPHOCTh IOJIaYMl 3HAYUTEIBHO IPEBBIIIAET PAcYETHYIO BCJIEICTBHE OOpAaTHOTO IOTOKA
paboueli )KMAKOCTH B KaMepe Hacoca IpH Mepexojie MX W3 IOJIOCTH BCAachlBaHHs B IIOJIOCTh HarHeranus. [Ipuuem srta
JIOTIOJIHUTENIbHASL IyJbCalusl TPH ONPENCICHHBIX YCIOBHAX MOXKET 3HAYUTEIBHO MPEBBIIIATh PACUETHYIO CTEIEHb,
HEPaBHOMEPHOCTH TMOAAYM JKUIKOCTH YBEJIMYUBAETCS YBEJIMUCHHEM KOI((GHUIMEHTa NEPEKPBHITHS M YMEHBIIACTCS C
yBeJIMYEHHEM uucia 3yobeB. OHaKoO IpH OOJNBIIOM YHCiIe 3yObeB 3aTPYAHIECTCS OTBOJ KUIKOCTH, 3alepToi Bo BnaguHax. C
YBEJIMYEHHEM YIJIa 3aLeIUICHUs] CTETIeHh HEPAaBHOMEPHOCTH YMEHBILACTCSL.

B MOMEHT BcTyruleHHs! B 3alleTUIEHHE O4YepeHOM mapbl 3yObeB MoJayu OOpBIBAIOTCS 3ameprast KHIKOCTh. B ToM
cilydae, eCliy 3arepTasi )KUIKOCTh UCTIONb3yeTCsl (OTBOJUTCS B KaMepy HarHeTaHus) HEPaBHOMEPHOCTh MOAAaYH YMEHBILACTCSL.
3anepThlii 00beM 00BIYHO Pa3rpykKaeTcs C MOMOIBIO MIyXUX KaHAJH3aIMOHHBIX KaHABOK HEOOJIBIION TITyOUHBI, BBIOIHEHBI
Ha OOKOBBIX KpBIIIKaX Hacoca. 3amepThlii 00bEeM, YMEHBUIAIOMIMICS NPH BPAIEHUH LIECTEPEH, COSANHSETCS KaHABKOW ¢
MOJIOCTBIO HAarHeTaHWs, a YBEIWYMBAIOLIMHCS C IUIOCKOCTBIO BcachlBaHHs (HEOOXOIMMO OO0ECHEYnTh MOJIOKHTEIBHOE
MEepPEeKpPBITHS B JI000E MOMEHT — pAacCTOSHUU MEXIy pa3rpyKarollMMH KaHaBKaMH BBIOMpAETCsl HAaMMEHBLIMM M3
BO3MOJXKHBIX, TP KOTOPBIX 00ECIIEYNBACTCS HAJISKHOE pa3/ielicHue KaHABOK TEKYIIIUM 3y00M).

S=lcosa

| — marosas JyIMHA JTUHUA 3aLCIUICHUS | I = 7iM COS o 0

- YTOJI 3aLeTUICHNS;
Juuna xanaBku h=0*sin o (mpaktuyecku h=1,2 m). llupuna npu yuce 3youos ot 10 go 17 a=(1,2/1,5)m. T'nybuna

mpu 10 < Z <17 u m < 3mm C=0,05m, npu m=4,5.

Harpy3ka noammmnanka
Haubomnee HarpyXeHHBIH y3€1 Ha HEro JICHCTBYIOT pagWanbHBIE CHIIBI OT IABJICHHS XHIAKOCTH HA IIECTEPHU H
MEXaHWYECKHE CHIIbI, 00YCIIOBICHHBIEC pEaKIMeH OT BPAIIafOIIero MOMEHTA.
[Tpn npubMIKEHHBIX pacyeTax:

F,=fAP

f — npoekiwms 6OKOBO# ILIOMIA M IECTEPHU
A - nepenan gaBneHuit
f=Bd
Jaet nexotopoe 3aBbitenue (15-20%), moCKoIbKyY IEHCTBYIO Ha TIOJHOE pabodee JaBlIEHUE, a HEKOTOPOE CpeHee
3HauEHUE, U JCHCTBYET OHO MO ayre ~ 270°, T.e. Harpy3ka 4aCTUYHO ypaBHOBEIICHA.
[TpUMEHSIFOT Ha MPAKTUKE IMITUPUICCKOE BHIPAKCHHUE:

F, =08APBd

O wmexanmuecknx cmiaax: Cuia pcakunM OT BpallalolIero MOMCEHTA YBCIWYMBACT pPAaJUAJIbHYHO HAIPY3Ky Ha
IOJIINITHUKE BC,I[OMOI>'I MMEeCTCPHU W YMCHbBIIACT €€ Ha IMNOAIINIIHHUKE Bez[yn_lef/i. Tor/:[a BCIIMYMHA paBHOI[CI\//ICTBy}OH.IeI\/'I
paanaJibHbIX CUJI, ﬂeﬁCTByIOMHX Ha BEAOMYIO IIECTCPHIO:

F . = 0,85APBd

JKecTkoCTh BasIOB TOMHKHA OBITH OAMHAKOBOH, U4TO OBI JedopMarus ux (¢ yaeToM AedopMariy moIrumHIKa) Oblia
MEHbIIIE COOTBETCTBYIOIINX PAAUABHBIX 3330POB MEX/IY HIECTEPHAMH U KOPIIYCOM (BEJIMYUHA MPOruda).

IIpn pacyerax BaJMKOB Ha CKPYYHBAaHUE YYHTHIBACTCS, YTO MTHOBCHHAs JCHCTBHUTENBbHAs HAarpyska (W3-3a
MyJIbCAIMH JAaBJICHUS U OT yIAPOB) MOXET 3HAYUTEIHHO MPEBHINIATh HATPY3KY OT CPEIHET0 KPYTsIero MoMeHTa. [loatomy
npexycmarpuBaercs 3anac (20-25%) npodHocTy.

Pasrpy3ky Banma OT AEWCTBHS OJHOCTOPOHHETO PAJHATBHOTO JABJICHUS JKUAKOCTH, BOSHHKAIOUIETO B CJIEJICTBHU
3alUpaHusl KHUJKOCTH, YaCTO BBIONHIIOT IyTeM IPUMCHEHHs HelepeceKalonmxcs (MepeKpelnBaroInXCs) MEeXIy cOo00H
paMaIbHBIX CBEPJICHUH B MIECTEPHSIX, KOTOPBIE OOECICUMBAIOT PABEHCTBO NABJICHUN B JIMAMETPAMHO IPOTHUBOIIOJIOKHBIX
ME)K3YOOBBIX BIIAJMHAX IIECTCPCH.

Bri6op mapameTpoB Hacoca.

B

Ipu oxpyxuoit cxopoctn mectepun U =10 +20wm/c u orHomennn — B npegenax 6 — 10 Hcmomb3yroT

SMITUPHYECKOE BHIPAKEHHE: m=(0,3+0,5), [QT (MM)

rre Q — pacueTHas rojiaya Hacoca B JI/MHUH.
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Jns yMeHbLIeHUsT rabapuTOB YHUCIO 3yObeB BHIOMpacTCs, BO3MOXKHO, MEHBIIMM (TP BCEX HPOYMX PABHBIX
ycnoBusx). IIpu 3ToM cHmXkaeTcsl Tak k€ BO3MOXKHOCTb 3alMpaHUs >KUAKOCTH BO BNAJAMHAX, HO TOHMIXKAETCS MPOYHOCTD
3yObEB M3-3a OAPE3aHMsI HOXKEK M YBEIMUMBAETCS aMIUIUTY/1A My IbCAllU PacXo/a.
Hlupuna mectepHyu (1urHA 3y0a) 00bIYHO He npeBbimaet 10 Moynei.
Ha mpaktike B Hacocax BBICOKOTO JaBJICHHs COOTHOIICHMS JUIMHBI 3y0a K JAWaMeTpy IecTepHH (HayaibHON
OKPY>KHOCTH).

C NOJIIMITHUKAMHU KQUCHUA. — = 0,5 = 0,6 .C NOAIIUITHUKAMU CKOJIBXKCHUA: — — 0,4 - 0,5

Bornpmast mmpuHa MeCTepHH — TPYAHOCTH TOYHOT'O U3TOTOBJICHUS — CHIKeHue o0bemuoro KII/I.

3aIoJHeHHUIO BIIaJAMH HIECTEPEHHOI0 Hacoca OyIyT MpensTCTBOBAaTh EHTPOOEIKHBIE CHIIBI, O JEHCTBUEM KOTOPBIX
JIaBJICHHE KUAKOCTH BO BIaJMHAX MOKET 3HAYMTEJIbHO MOHU3UTCS, YTO MPUBEAET K BBLACIICHUIO U3 )KUJIKOCTHU BO3/yXa U K
HAPYIIEHUIO TIOMHOTHI 3aMOJHEHUs BIAIMH KUAKOCTBIO. MCXOMIS U3 3TOr0 OKpYKHYIO cKopocTs orpanuuuBaior U =5+ 6
m/c (mms sxnmxocth Bs3kocthio =10 =50 rem)

3anosHeHUE MOKHO YIYYIIUTh, BBITOJHUB BXOJIHOW KaHAN B BHIE TU(dy30pa.

JJist HepeBepCUBHBIX MAIIUH KaMEPY BCACBIBAHUSI BBIMIOJIHAIOT ¢ OOJIBIIIMM YTIIOM OXBaTa, YeM Kamepa HarHCTaHU.
Kpyramuit MoMeHT Ha Bany mectepHoi I'M.

TeopeTnueckuii MOMEHT Ha Bally BEAYIICH MIECTEPHHU ClIaracTcs U3 CYMMBI COOCTBEHHOT'O MOMEHTA, 3TOH MIECTEPHU
M MOMEHTa BEIOMOW ILECTEPHH, KOTOPBIA MNepenaercss Ha BEAYLIYIO LIECTEPHIO C MOMOILIbIO 3aleIUISIONINXCS 3YObeB.
MrHOBEHHOE 3HAYEHME MOMEHTA OIpeelseTcs IPOM3BelleHHeM paBHOJeHCTByolel cun nepemaga napienus AP ma
MIPOEKLHH.

BAP

M=M.,+M.==-Cr'-x-x)

PacuerHOe 3HaueHME CpCAHCTO KPYTALICTO MOMCHTA:
M ; =APBm(d,, +m)
d y - AMamerp Ha4YaJIbHOM OKPYKHOCTH

Q

Yepes ynenbubiid 0obext W = —
2

M, =WAP

Cp CAHAA pacYCTHass MOIIHOCTb:

N:-2°Q,

B LHCCTCpeHHOﬁ MaliuHe q)aKTPI‘IeCKI/Iﬁ MOMCHT C YUYCTOM MCXAHNYCCKHUX IMOTCPh HA BAJTy:

M-

Jns nacoca: [\/| .-
17 iexn

0,7+0,85

Jist rugpoMoTopa M o M T 77MEXM

Ilorepu TpeHHS MMEIOT MECTO B HOJIIUITHUKAX, YIJIOTHEHUSX Baja, BPAIAIOMIMXCA LIECTEPHAX (BS3KOCTHOE U
MEXaHHYECKOe TPEHHE) U B OCHOBHOM, B y37ie, IPeAHAa3HAYeHHOM JJIsI KOMIICHCAIIMH M TOPIIEBBIX 3a30POB.

Mex. notepu — 10 90% TepsieMoil MOIITHOCTH.

Topuesble 3a30pbI.

Ilepereuxn MpONMOPIMOHAIBHEI TIEPENay AaBICHUS MEXIy MOJIOCTSIMH, T.€. C YBEIHMUYCHUEM IaBICHNUS HEOOXOIUMO
YMEHBIIIATh 3a30PHI, YTO TPeOyeT MOBHIMIEHUS TOYHOCTH U3TOTOBJIECHHUS. VIHaue MOXKET MPON30iTH 3aKIMHUBAHNE.

OCHOBHBIE YyTEUKH — Yepe3 TOPILEBBIEC 3a30PbI, T.K. HEOOXOAMMO 00eCIeunTh BOSMOXKHOCTE JIETKOTO BpamieHns. K
TOMY K€, IIECTEPHS MOKET CMECTHTCS, YMEHBIIINB 3a30PC OJJHOH CTOPOHBI U YBEJINYUB C IPYTOM.

Hcxons U3 3TOro, NPUMEHSIOT YCTPOMCTBO UII COBMECTHOTO YIUIOTHEHHS MHIECTEpeH IO MX TOpIaM — CHCTeMa
KOMITEHCAIINH.

JIBe TOABMKHBIC IUIABAIOMIME BTYJIKA M3 aHTHAS(HOPMAIMOHHOTO MaTephaja [aBICHHEM, IPIKUMAIOTCA K
TOPIIEBBIM IOBEPXHOCTSIM IIECTEPEH, MOJUKUMAasi MX K TOAOOHBIM >K€ HETOJABIKHBIM BTyJKaM. [Ipm HyneBOM naBiieHUH
MO/DKATHE BTYJIOK OCYIIECTBIISIETCS NMPYXWHAMH M BTYJIKH HOCAXEHBI B KOJIOJIBI KOPITyca ¢ MHHHMAJIBHBIM paJdabHBIM
3a30pOM.

[InaBaromyie BTYJIKH OZHOBPEMEHHO CITyXKaT HMOAMINITHUKAMH CKOJBKEHHS IS MIeCTepeH. (OJHAKO MPH BBICOKHX
JTABJICHISIX TIPIMEHSIOT UTOJIbYaTHBIE TOIIUITHUKN).

W3-3a HEpaBHOMEPHOTO paclpezielIeHHs AaBIEHUS B 3a30pe MEXIY AUCKAMU U IIECTEPHAMH BO3MOXKEH IEPEKOC
JcKoB. YTo OB H30€XaTh TOr0 MOXHO OCYIIECTBIATE TU(depeHIHATbHBIM HOPKUMOM — BEIOOP AMaMeTpa IO HKUMAIOIINX
MOPIIHEH WK pa3felbHBIM IMHUTAaHUEM Ka)KJIOTO MOHKUMAIOIIEro HOPIIHS. (IOJBOJ M3 COOTBETCTBYIOIIEH 30HBI OKPY)KHOCTH
MIeCTepHH). [l TOBBIICHMS [aBICHUS WM TIOJAYM JKMIKOCTH MPHMEHSIOT MHOTOIIECTEPHBIE (O MIECTH) HACOCHI.
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IMocnenoBarensHOE WM MAPALIENBHOE COSIUHEHUE B OJHOM KOPIYCE MO3BOJSET MOBBICUTH JABICHUE WM YBEIMYHUTH
T0/1auy, a TaK K€ MOJNYYHUTh HECKOILKO ABTOHOMHBIX CTYIIEHEN (IIOTOKOB).

Jlns  yMeHblueHHst InymMa W 0OOJiee IUIABHOTO BPALICHHS TPUMEHSIOT KOCO3yOble (CIMpAbHBIE) IIECTEPHH.

VMeHbIITaeTes BIUSHUE MOTPEIHOCTEN B mpoduiie 3yGa. J[iisi CHUKEHUS MyIbCAlMH HEOOXOAUMO 0BECTIEYUTE YCIOBUE, UTO

o661 npomssenenns. Btge =1;2t;3t u r.x., rae ¢ - yron nakinona 3y6beB. (¢ BHIOGMPAIOT TAKMM, 4TO ObI C/IBHT 3yObEB 110

0
OKPY)KHOCTH Ha TOpIIaX ILECTEPEH COCTABISLI ITOJIOBUHY Iara — oobrqHo 7+107) Koco3yOble — npuiaraioT oceBoe ycuiie K
TOpILY — TPeOyeT YIMOPHBIX MOIIUITHIUKOB.

Q=2z(,mBn

IIpu weGompmmx nasneHusx (7MIla) mpUMEHSIOT HACOCH C IIECTEPHAMH BHYTPEHHETO 3aleIuieHus — OoJjee
KOMITaKTHBI U UMEIOT MEHbIUe rabaputhl. [IpuHIMTI neiicTBHs TOT je. Beayias mectepHst — ¢ BHYTPEHHUMH 3yObsSIMH, IS
oTpeiesIeH s TIOJIOCTeH BCAChIBAHHS IIPUMEHSETCS CEPIIO0OPa3HbIN pa3AenTeIbHBIN 3JIEMEHT.

[IpUMEHSIIOT TaK *Ke CreHANbHbBIH Tpo(uIIb, TOra He TPeOYeTCsl pa3aeUTeNIbHbIN 3IEMEHT — TepPOTOPHBIC HACOCHIL.
Ipurogus! s padoter p 1o 14 MIla
Jns maneix momay N — 1800 o6/mMuna Q=100 in/Mun
Jlnst 60abIINX n— 1200 o6/mMuua Q=150 n/Mun



83
Jlek11.16 Bunmoenie nacocot

YBenuuuB yroa HaKJIOHA 3yObeB Hacoca ¢ KOCO3YObIMH MIECTEPEHKAaMH, MOJyYMM BHHTOBOH HAcoC, B KOTOPOM
YHCIIO 3yOb€B YMEHBIICHO OO 4YMCIAa 3aXOJ0B BHHTOBOH Hape3ku, oriandaioTcs BH HameXHOCTBIO, KOMIAKTHOCTBIO H
OecIIyMHOCTRIO B paboTe, paBHOMEPHOU MOAa4e KUAKOCTH. DTH MALIHHBI MOTYT paboTaTh M B PSKUME THAPOMOTOPA.

BunroBas I'M mpencraBnser co00H OIHY WIM HECKOJNBKO IMap 3aleIUIIOMINXCS BUHTOB, IUIOTHO MTOCAaXCHHBIX B
pacTo4KH Kopiryca (AByX ¥ TPEXBHHTOBOTO HCIIOJTHEHUS).

Hauboiee pactipoctpaHeHsl 3-X BHHTOBBIE CPEIHUN BUHT BEIYIIHA, OOKOBBIE BEJOMBIE (

6 5 4 1 2 3

N
ey

B

Puc 16.1 TpexBuHTOBOH HacOC (ABYX 3aXOIHBIN)

Hapeska omgHOTO BHHTa BXOIWT BO BIAAWHY APYTOTO, B pe3ylbTare 00beM MEKAY Hape3KaMH pa3[elIeHHBIM Ha
HECKOJBKO (Ha CTOJIEKO, BO CKOJIBKO pa3 JUTHHA BUHTA IPEBBIIIACT BEIMIHHY IIara Hape3Kn) MOJIOCTEH.

YacTs BOaIuH MEXITy BUTKaMHU, COCIMHCHHBIMU B JAHHBIX MOMEHT C BXOJHOW MOJIOCTHIO 3aIOTHSACTCS KUIKOCTHIO.
ITo mMepe mMOBOpPOTa BHHTOB 3TH BIAaIUHBI OTCEKAIOTCS OT BXOTHOH ITOJIOCTH H KHIKOCThH IEpeMEenIaeTcsl BRICTYIIAMHU BJIOJb
OCH B CTOPOHY BBIXOJTHOW KaMephl. 3a OJJH 000POT BUTKA )KHUIKOCTh IIEPEMEIIaeTCs Ha JUTHHY, PaBHYIO IIATy HApe3KH BUTKA.

IMocne BeIxoma w3 3amervieHus (yKe B BBIXOJHOW Kamepe) BBICTYIA M BIAAWHBI, OTPAHUYMBABIINAX «CIIEPEIN»
pabouyro Kamepy, Apyras rmapa OrpaHUIUTEIS BBICTYIIA M BIIAJAWH BCICACTBHE YMEHBIICHHUS 00beMa PACKPBIBIICHCS TTOJIOCTH
HAYHET BHITECHATH )XHIKOCTh M3 JAHHOW paboUeil kKaMephl B BEIXOTHYIO KaMepy.

ITockoabKY BBEICTYITBI Hape3KH BHHTOB B ATHX HACOCAaX, BHIONHSIONINE POJb IOPITHEH, ABIKYTCS HEIPEPHIBHO B
OJTHOM HAaIpaBJICHUW, pacyeTHas IyJbCalysi MOJadd B Hacoce, oOyCIOBIEHHAas KHHEMATHKOHW (IPU TOJTHOM 3allOJIHCHHU
Hacoca XUIKOCTHIO U HYJICBOM JIaBJICHHUH) IPAKTHIECKH OTCYTCTBYET.

[Tynpcanus HaOIFOJa€TCS IPH BRICOKOM JTaBJICHUH U O0YCIIOBIICHA CYKUMAEMOCTH YKUIKOCTH U OOPATHBIM ITOTOKOM B
MOMEHT TIepexoJla OdYepedHO pabodell KaMephl W3 MOJOCTH BCACHIBAHWS B IOJIOCTh HAarHETaHWsS (ITOCKONBKY €CTh
MEPUOTUIHOCTHIO COSTMHEHHUS pabovnX KaMep U IOJIOCTH HarHETaHMUs).

TpexBHHTOBBIC HACOCHI IOIYCKAIOT BRICOKHE YaCTOTHI BpameHus, goxoasmme 10 18000 06/MUH 1 BBITyCKArOTCS Ha
nmogady mo 15000 n/mun ¢ mpuBogHOH MomHOCTh 2000 J.Cc. (DaBleHHWE MpH MHOTOCTYIeHYaToM mepekpbitus no 20 Mlla

n,s =0,75+0,95)

ITogaua.

PacyerHas mojgava TPEeXBHHTOBOTO HAcoca 3a OJUH OOOPOT BeAyllero BUHTA (pabouwii 00beM) paBHA 00BEMY
KaHAJIOB, TI0 KOTOPBIM YXHJIKOCTh JBHKETCS BJIOJIb BHHTOB B IIPHENaX OJHOTO IIara.

q=t*F,
10

rne t — war BunTa, 00bIYHO { = — dH ;
d;,— HapYXHBII TUaMETpP BEOMBIX BUHTOB;
Fp — nomans ceuenus paboueit kaMepsl (HE3AITPUXOBAHO).

F,=F-f (162

2nd? D 1z ,d?

F =2
4 4 42

+D?) (16.3)
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rac F- Iomanb MmonepevYHoOro CCUCHMs paCcTOUCK KOpIyca
f- miomanb CCUYCHWA BUHTOB (SKIHTpI/IXOBaHO).
Pacuernas 1moJava npu BpalieHUH CO CKOPOCThIO N 00/MUH.

Q; =agn=t(F-1f)n (16.4)
Jlnst pacueros Q; =4,1dH3n (Fp =F-—f =:|.,24df| ) (16.5)

dy- IuaMeTp HapyKHOW MOBEPXHOCTH BEIOMOTO BUHTA
Pacuyer nmapamerpos.
B kadecTBe MCXOIHOMN BETMUMHBI HCTIONB3YIOT auametp dy u3 (16.5)

N- YaCTOTA BPAIICHHS BHHTOB
17 — o6wemnsiii KIJ (77,5 = 0,90+0,95)

Juns npyrux napaMeTpoB Hanbosiee paloHaAIFHO COOTHOILICHUE

5 1 10
DB =DH; DH :gdH;dB :édH;tzgdH

rne Dg u Dy BHYTpeHHHH 1 Hapy>KHBIH AUaMeTp Hape3Ku BEIyILEero BUHTA

VYcnoBue yrioTHeHUs (JieNeHre BXOIHOW TTOJIOCTH OT BBIXOJHOM COOJIOIAETCSI PU YCIOBHH:

L. =(.2+13)t

rae Lmin — ASTMHA BUHTA (C OJHOMECTHBIM IIEPEKPHITHEM )

{ — 11ar BUHTOBOM HapE3KU.

Yucno nepekpblTHid (CTyrneHel) BbIOMpaeTcst UCXols U3 pabouero aBlieHUs — Ha CTyneHb He Oosiee 2-3 MIla,
(uanp. Ipu 15+20 MIla L > (6-8)t.

3amac TMEpeKpHITHsT HAa KaKAOW CTymeHW BbeIOMpaercs paBHbIM 0,1, mosToMy oOmas uiMHa BHHTOB
MHOTOCTYIEHYATON MaIIHBI

L=(R+0t
rae R- ducio cryneHei.
JI71s1 KOMITeHCaUy OCEBBIX CUII IIPEJYyCMaTPUBAIOT Pa3rpy30UKH MOPILIHY Y TOPLIOB BUHTOB.

JIyiss BO3MOYKHOCTH BO3HHKHOBCHHsI KaBUTAIIMOHHBIX SIBJICHHI BO BCACHIBAIOIICH 30HE OCEBBIC CKOPOCTH pabodyeii
JKMJIKOCTH BO BIIAJWHAX BUHTOB JOJDKHBI ObITH HE Oosee 8 Mm/c
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Jlexu.17 Pezynuposanue 00beMHbIX MAUIUH.

PerynupoBaHue CKOpOCTH THIPOJBHIATENs B T'MAPONPHBOAAX OOBEMHOTrO THIA IOCTHIaeTCs M3MEHEHHeM pacxoja
HOCTYIAIOIIET0 B HETO JKMIKOCTH, JIHOO 33 CUeT M3MEHEHHUS ero paboyeil MoJoCTH, ITOoCIeHee BO3SMOXKHO B TOM CiIy4ae, €CIIH
B FHIpONEpeaade UCIOIb3yeTCs PeryIHpyeMblid IBUIaTeb.

Paznmuuaror 00beMHOE U ApOCCeNbHOE peryanpoBaHue. JIpoccensHoe MeHee SKOHOMUYHO, HO IIPOCTO B HCIIOJHEHUH —
KHUAKOCTh, HaTHETaeMas HeperyJaupyeMbIM HacOCOM, YaCTUYHO ITOCTYNAET K THIPOJBHUIATEINI0, a YaCTHYHO cOpachIBaeTcs,
MUHYIO JABUTaTelb B IIPUEMHBIH pe3epByap.

I'mapocucreMbl ¢ OOBEMHBIM DETYIMPOBAaHUEM HMEIOT JIyYIINEe IHHAMHYECKHE, BECOBBIE W OJKCIUTyaTallIOHHbIC
xapakTepuctiuku. Hambonbinee pacnpocTpaHeHHe IOIYYHI CIIOCOO M3MEHEHHUs pacxoja MOCTYIAMOIIEH B THAPOABUraTelb
KHUAKOCTH PETyIUPOBaHUEM IOJa41 00BEMHBIX HACOCOB, IS YETO ITOCIIEIHIE CHAOKAIOTCA MEXaHU3MaMH, PEryIHpPYyIOIINMHI
1o/1a4y OT MaKCHMAaJIbHOTO 3HAYCHHS 10 3aJaHHOTO 0€3 H3MEHEHHS CKOPOCTH BPAILCHUS MaIlIHEL

W3mensieTcs nim pabounii 00beM (JTMHEHHOE WK YTIIOBOE CMEHICHHE PeryIHPYIOIIEeTo 3IeMeHTa) Wi pabounii xox (Ta
YacTbh X0/a, Ha KOTOPOH MOPIICHb BEITECHSET )KHUIKOCTh B HATHETATENILHYIO JIMHHMIO).

Brtopoii cnoco0 00BYHO TpPUMEHSETCS I MAaIlliH ¢ KJIAMaHHO-IIEJICBBIM paclpelesieHHeM (9acTh KHUIKOCTH 0e3
JTaBJICHISI COPachIBACTCS BO BCACHIBAIOIIYIO HICTH).

Yame HConb3yoT 1-i criocob — H3MEHeHHe TeOMETPHIECKOTO X0/1a OpIIHs. B 4acTHOCTH, B aKCHAIBHO-MIOPIIHEBBIX
Hacocax M3MEHSCTCS yTol ) MEXIy ocsMHU GIIOKa IMIHHAPOB M BEIYINETo JCKa. B MopITHeBHIX (KaK U B INIACTUHYATHIX) —

W3MEHCHHEM SKCIICHTPHUCUTETA.

O caMBIX MEXaHU3MaX PETYIHPOBAHIS: PYIHOM, SIICKTPOMEXaHUIECKOH ¢ THAPOTIPHBOIOM.

s obecriedeHnst peBepca Hacoca WM AABJICHUSA B OJHOM HAIPAaBJICHUH IMPH ABYX CKOPOCTSX, WIIM JAaBICHHU B IBYX
HaIpaBJICHUSX MPUMEHSIOTCS THAPOYCTPOICTBA C IBYMS THAPOIMIMHAPAMHE, X0 MOPIIHS OrPaHHIMBACTCS MEXaHUIECKUM
OTPAaHUYUTEIICM.

B cny4yae HE0OXOIMMOCTH YCTAHOBKH U (PHIKCALINH PETYIUPYIOMIETO dJIEMEHTA B IPOMEKYTOTHOM TOJIOKEHIH (00paTHO
HyJeBas repegada) IpUMEHSETCS cXeMa ¢ TaHIeM MIIHHAPaMHU (TIOPIICHBKH KOTOPBHIX (PHKCHPYIOT PETYIHAPYEMBIil 2JIEMEHT
B COOTBETCTBYIOIIEM TTOJIOKCHIH).

Jis GeccTymeHUaToro peryiaupoBaHUs (HampuMep, MyTeM H3MCHEHUS ITOJNIOKEHHS IIONBKH HAcoca) IS CMEUICHUS
PETYIHMPYIOMIETO AJIEMEHTa MPUMEHSIOT CICIAIINE CePBOMEXAHMU3MBI (THIPOYCHIUTEIH) C JKeCTKOW 0OpaTHOW CBS3BIO, B
KOTOPOH KOHTPOJIHMPYEMOH IEepPEeMEHHON BENWYMHOW SBISETCA IIOJNIOKEHHE IOPIIHS CEpBOMEXAaHW3Ma, CICIAIICTO 3a
MepeMeIeHneM TUTYH)Kepa 30JI0THHKA. [IpW CMEmeHWH TATH YIpaBICHUS, CMEIIACTCS CBS3aHHBIA C HEH IUTyHXep
pacripenenuTens 30JI0THHKA, B PE3yIbTaTe YKUIKOCTh MOCTYIIAET B COOTBETCTBYIOIIYIO ITOJIOCTh THAPOIMIMHAPA, TTOPIICH
KOTOPO¥ CBSI3aH C PBIYaroM PEryJIHPYIOIIETO JIEMEHTA ITOJIOCTH.

Brnaromapst Hammuuio mudQepeHnnanTsHOrO phlyara OOpaTHOW CBSI3M, CBSI3aHHOTO CO INTOKOM MOPIIHS, TOCIEIHUMN
Oyzer “ciequTh” 3a MepeMenIeHUEeM THATH.

Astomaruueckoe perynuposanue (V-const mim P-const)

Just obecriedeHuss TIOCTOSHHOM TOJAadd HAacoca IPH W3MEHEHHWH YacTOTHI €r0 BPAIICHHUS IPUMEHSIOT PETYISATOP
(TIOCTOSIHHOM TI0a4n ).

Jlrompka Hacoca YCTaHABIMBAeTCS NPYXKHHOW perymsitopa B TONoKeHHH Qma . IlTokoBas monoca mumuHIpa
perynsaTopa COeIMHEHa HEMOCPEICTBEHHO C HAIOPHOW MAaruMCTPalbIO, a IOJIOCTh COCIMHEHA C 3TOM MarucTpaibio depes
30JIOTHUKOBBIN KJIalaH W Jpocceib. B HAOpHOW MarmcTpaid YCTaHOBICH AuapparMeHHBIH Apoccelb, MPUYEM INTOKOBAs
MOJIOCTh HIIMHJIPA PETYIIATOpA COSANHEHA C 3TONW MarkCTPalbIo epe] IPOCcCelieM, a IIOPITHEBas IIOCIIe IPOCCEs.

IocrostHHAs TMOmaYa COXpaHSIETCsS J0 MOMEHTA, ITOKA COXpaHSAEeTCsS IOCTOSHHBIA Tepernaj TaBJIeHHsS Ha Jpoccene,
nepenaj perympyercs HaTsDKEHHEM IPYKHUHBI 30JI0THIKOBOTO KiIalaHa.

C yBenmwueHWEM MOJaYd — TMEpenaj YBEIMYMBACTCA W 30JIOTHHK IIepeMenIaeTcss BIOpPaBO (ECIM YCTAHOBUTH HE
PETyIHPYEMBIH THAPOMOTOP — MOIYIUM HPUBO/ IIOCTOSTHHOM CKOPOCTH).

B npakTike pacmpocTpaHEeHBI CHCTEMBI aBTOMATHYECKOTO PEryIUpOBaHUsS ¢ 00pPaTHON CBSA3BIO IO JIaBICHUIO (CHCTEMBI
MPEJCTHFHOTO TABICHHUS).

B aToM cityyae BEIXOTHOE aBJICHUE HACOCA HCIOIb3YETCS B KAYECTBE CUTHANA IS ONPEACTICHUS UM TIOJJa9H JKUIKOCTH.

[IpuHIUIT: B HATHETATEIILHOM MOTOPE, B PETYJATOPE aKCHATBHO-TIOPITHEBOTO HACOCA BKJIFOUCH PETYISTOP MPEASIEHOTO
nmasieHust, L[S KOTOporo cBsi3aH ¢ HaKJIOHHBIM JUCKOM Hacoca. [Ipu IMOBBINICHUH JaBICHUS Ha BXOJE HACOCa CBEpX
BEJIMYMH, HA KOTOPYIO OTPETYIHPOBAH PETYIATOP, YCHUIINE JaBICHUS JKUAKOCTH, COKUMAs IPYXKHUHY, MEPEMEIIAcT MOPIICHb
peryisaTopa, KOTOpbIH uepe3 CBOM IITOK yMEHBIIAET Yroll ¥/ HAKJIOHA AUCKA HAcOCa, U3MEHASA TeM BEJIUYUHY €TI0 [10Ja4u.

IIpyxuna crpemurcs obecneunTh Qmax (MAaKCUMaJIBHYIO T10/1ady) M SBISIETCS UYYBCTBHUTEIBHBIM 3JIEMEHTOM
paccMaTpUBaEMOro peryysTopa.

B Hacocax ¢ mo00HBIM peryIMpOBaHUEM, M0Ja4ya MPH IOBBIIICHNH JaBJIEHHUs HA BHIXOZE M3 HAacoca CBEPX 3aJaHHOTO
(HomMuHaNIBHOTO) Py, YMEHBIIAETCS W NPHU HEKOTOPOM MaX (mpenenbHoM) Pra cHmkaercs no 0. B artom cimydae Hacoc
HOJJIEP)KUBAET 33/IaHHOE IIPEAEIbHOE aaBieHHe PMmax, pacueTHas jke 1ojada paBHAa yTE€YKaM JKHIKOCTH B B ITUTAEMOM
THIPOCHCTEME U B CAMOM HAcoCe.

Cratnueckas xapaktepuctuka Takoro HacocaQ = f () 6yner Bormszers cien. o6pasoM: B mpenenax M3MeHEHHS

masiienust ot 0 10 P,y Qr coxpansercst moctosaHoM. 1o qocTmwkennn gapieHus P, M07ada CHHXKAETCS 10 3aKOHY CHKATHSI
MPY>KUH MEXaHU3Ma PeryIHpOBaHUs, JOCTHTAs IPH P, HYI€BOTO 3HAYCHUS.

IIpu sxecTKO# MpyKUHE MOTydaeM KPYTYIO MPaBylo, a IPU MATKOHW 0oJiee MOIoTyIo.

OOBIYHO TPUMEHSIOT HACOCHI,

Prrax B PI!O.M ~ 40_80%

max
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Bemmuuna yrioa HakiaoHa KpHBOH Qg K OCH abIHCC COOTBETCTBYET IepMETHYHOCTH Hacoca. IIpu maBimeHHH Py (T.€.
(bakTHueCcKH HyJIeBOM nofaue) pabounii 00beM Hacoca paBeH 00beMy Qy; yTeUKe KMAKOCTH B HEM.
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