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BBEJAEHHUE

['mnpaBnuka — oOTpaciahb MEXaHWKH, W3y4aromlas 3aKOHBI PAaBHOBECHS W
TBUKEHUS KUAKOCTEH M pa3pabaThIBaromias CrocoObl MPUIIOKEHUS 3THX 3aKOHOB K
PEIICHHUIO TPAKTUICCKUX HHKCHEPHBIX 3a/1a4.

['uapaBnuky moapa3AessitoT Ha JIBE YaCTH: 2UOPOCMAMUKY U 2UOPOOUHAMUKY .
[lepBast n3y4yaeT 3aKOHBI pAaBHOBECHS JKUIKOCTEH, a BTOPAsi — 3aKOHBI UX JIBHKCHHUSI.

['mnpaBnuka 1gaeT METOABI pacdyeTa W TMPOSKTUPOBAHUS Pa3HOOOPa3HBIX
THJIPOTEXHUYECKUX COOPYKEeHUH (IUIOTHH, KaHAJIOB, BOJOCIMBOB, TPyOOIPOBOIOB
VIS TOJA4YM  PA3JIMYHBIX JKUAKOCTEH), TUApoMaiidH (HACOCOB, THUIPOTYpPOWH,
THJIpOIIepeiad), a TaKXKe JPYTruX yCTPOWUCTB, MPUMEHSIEMBIX BO MHOTHX OOJACTSIX
TexHuKA. OCOOCHHO BETMKO 3HAUYCHUE THAPABINKHA B MAIIMHOCTPOCHUH.

['mnpocucTeMpl, COCTOSIIAE W3 HACOCOB, TPYyOONMPOBOJOB U Pa3IMYHBIX
THIPOArPEraToB MIUPOKO WCTIOIB3YIOTCS B MAaITUHOCTPOSCHUU B KAYECTBE CUCTEM
KHUJIKOCTHOTO OXJIAXICHUS, TOITTUBOIIOIaYH, CMA30YHBIX H JIP.

bonpmoe  pacmpocTpaHeHWE B COBPEMEHHBIX ~ MAalIMHAX  MOJYYHIIH
TUApOTIepeIadl ¥ THIPOABTOMATHKA.

['uaponepenaun  mpeacTaBiAsiOT  coO0OM  ycTpoiicTBa Uil  mIepeaadu
MEXaHUYECKOW HJHEPTruu W TPeoOpa3oBaHUS MBIKCHHS TOCPEIACTBOM IKHIKOCTH.
['mnponepenayun, cHAOXEHHBIE CHCTEMAaMH aBTOMATHYECKOTO WM  PYYHOTO
yIpaBIICHUS, 00Pa3yIOT TUIPOIPUBOIBI.

Jis  pacdeta ®W  TPOCKTUPOBAHHSI  THUAPONPUBOAOB, HUX  CHCTEM
aBTOMATHUYECKOTO PETYJIMUPOBAHUS W JPYTUX YCTPOUCTB C THAPOMAIIMHAMH U
THIPOABTOMATHKOM, a TAaKXKe ISl IPABWIIBHOW X DKCIUTyaTallud, PEMOHTA U HAJAAKH
HY)KHO WUMETh COOTBETCTBYIONIYIO TOJATOTOBKY B OOJACTH THUIPABIMKA W TEOPUU

MaliunH.



Yacte 1

I'NJIPABJIMKA
1 O01ue cBeAeHUud 0 KUIAKOCTH
1.1 OcHOBHBIE CBOMCTBA KUIKOCTEM

dusnyuecKre Tella, COCTOSTHUE KOTOPBIX HAXOJUTCS B IMPOMEXYTOUHOH (aze
MEXy TBEpPABbIM M Ta3000pa3HbIM, HA3bIBAIOT XKUAKOCTIMU. JKuIkocTh oOnagaet
IBYMsI OCOOEHHOCTSIMM:

- OHa BeCcbMa Majo HU3MEHSET CBOM OOBbEM MpU WU3MEHEHHUM JIaBJICHUS WU
TEMIEPATyphl; B 3TOM OTHOIIIEHUH OHA CXOJIHA C TBEPABIM TEJIOM;

- OHa o00JlalaeT TEeKy4YecTblo, Onarojaps 4YeMmMy KHUIKOCTb HE HMEET
coOCTBEHHON (pOPMBI U TPUHUMAET (POPMY TOTO cOCya, B KOTOPOM OHA HAXOJUTCH;
B 3TOM OTHOILIEHUU OHA CXOJIHA C Ta30M.

PaccmorpuMm ocHOBHBIE (U3MYECKHE CBOWCTBA kKuAKOcTed. OmHUM U3

OCHOBHBIX CBOMCTB KHUAKOCTHU ABJISACTCA €€ IINIOTHOCTD.

Ke

IInomnocmuvio KUIKOCTHU P 3 Ha3bIBAKOT OTHOIICHUE MACCHI JKUAKOCTH M
M

K ee 00bemy V:
M
=—. 1.1
P=y (1.1)

HpI/IMeHHIOT CIIC OTHOCHUTCIIbHYIO IINIOTHOCTH JKHUAKOCTH 5, PaBHYIO
OTHOIICHHUIO IINIOTHOCTH KUJAKOCTH K IINIOTHOCTH BOABI IIPH 4°C.

KopoTtko paccMoTpum apyrue cBOMCTBA KUJIKOCTEN.
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CBi35b MCKAY YACIBbHBIM BCCOM ¥ U INIOTHOCTBIO PO JICTKO HaﬁTH, CCJIM YUCCTh,
g0 G=¢g-M:
p=". (1.3)
g
Temnepamypnoe pacwupernue. V3mMeHeHne oObeMa KHUIKOCTH B CBS3U C
M3MEHEHHUEM €€ TEeMIEpaTyphl XapakTepusyercss KodDPUIMEHTOM TeMmIepaTypHOro

pacmupenus [;, KOTOPbIl NPEACTaBIsAET COOON OTHOCUTEIbHOE U3MEHEHUE 00beMa

npu u3MeHeHuu temneparypsl 7 Ha 1°C u MOCTOSTHHOM JaBJIE€HUH:
1 av
V dT

By (1.4)

PaccmarpuBas koneunsle npupamenus AV =V -V, u AT =T —T,, nonyydaem:
V=V, -1+ B, -AT). (1.5)
Corcumaemocms. I3MeHeHne 00bEMa JKUAKOCTH IO BO3JECHCTBHEM JIaBICHUS

xapakrepusyercs: KodhPUIUeHToM 00BEMHOTO CHKATHS ﬁp, KOTOPBIN MPEICTABISACT

co00ll OTHOCHUTEIBHOE U3MEHEHUE 00beMa, MPUXOAIIEECs Ha €IUHULY U3MEHEHUs
JaBJIECHUS:
1 dv
ﬁp:—v-d—. (1.6)
p
PaccmaTpuBas koHeuHble npupameHuss Ap=p— p; u AV =V -V, , nonyqaem:
V=V;-{l- B, Ap). (1.7)
Benuuuna, oOpartHas koddduimeHty 0OBEMHOT0 CXKAaTHS KHJIKOCTH,
Ha3bIBAETCA MOAYJIEM YNPYTOCTH E.
Baskocms. COCOOHOCTH KMJIKOCTH OKa3bIBATh CONPOTHUBIIEHUE CKOJIbXEHHUIO
OJIHOTO €€ CJI0SI OTHOCUTENIBHO APYroro Ha3bIBA€TCS BSI3KOCTBIO. DJTO CBOWCTBO
MPOSABIISIETCS. B TOM, YTO B JKMJAKOCTH IPU ONPEIEICHHBIX YCIOBUAX BO3HHMKAIOT

KaCaTCJIbHBIC HAIIPSIKCHUA. Bs13k0CTh €CTh CBOMCTBO IIPOTHUBOMOJIOKHOC TCKYUYCCTH.

Ooee BI3KHE KUAKOCTU ABJIAIOTCA MCHCC TCKYYNMU, U HaO60pOT.



[Tpu TeueHUM BS3KOM KHUIKOCTH BIOJb TBepAon creHku (puc.l.1l) mpoumcxomut

TOPMOXKCHHUC IIOTOKA, O6YCJ'IOBJ16HHOG BA3KOCTBIO.
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Pucynok 1.1 — IIpoduib CKOPOCTH IPU TEUEHUU BS3KOM KUAKOCTH BJIOTb CTCHKH

KacarenbHbple HanpsiKeHUST B JKUAKOCTH 3aBUCAT OT €€ POJa M XapakKTepa
TEUCHUSI M TMPH CIOUCTOM TEYEHUH HW3MEHSIOTCA NPSMO NPOHOPLMOHATBHO
MOMIEPEYHOMY TPAJUECHTY CKOPOCTH.

Takum oOpazom:

du
T=pu—. (1.8)
dy
riae i - Ko3GPUIMEeHT TMHAMUYCSCKOH BSI3KOCTH [113].
Hapsiny ¢ muHaMUYecKoi BA3KOCTBIO 4 IPUMEHSIOT KHHEMATHYECKYO:
="~ (1.9)

Jo,

Enununeir wu3MepeHus KUHEMAaTH4YeCKOW BA3KOCTH  sBisietca  CTOKC:

2
cMm
1Cr=1—-.
c
Bsi3k0CTh KanenbHBIX )KUAKOCTEN 3aBUCHUT OT TEMIIEPATYPHl U YMEHBIIAETCS C
YBEJIMYEHUEM MOCEIHE.

Bsi3koCcTh KHUIKOCTEH OMPEeAeNsitoT MpPU IMOMOIIM MPUOOPOB, HA3BIBAEMBIX

BHCKO3HMMCTpPAaMMU.



Y4yer BHYTPEHHErO TPEHUS 3HAYUTEIBHO OCIOXKHAET HW3YyUYEHUE 3aKOHOB
NBWDKEHUS JKMAKOCTEM. B memsx yhnpomeHWss TOCTaHOBKM 3aJad W HX
MaTEeMaTHYECKOTO PEIICHHS CO3JJaHO TOHATHE UOealbHOll, T HEBA3KOU HCUOKOCHU.
NneanbHas )XUAKOCTh XapaKTEPU3YETCSI OTCYTCTBUEM KAaCATENIbHBIX HAMPSKEHUN U

HEU3MEHAEMOCTHIO B 00BEME.

1.2 Cuabl, feiicTByOIIHE B ;KUAKOCTH. JlaBjieHHE B KHIKOCTH

H(I/II[KOCTB B COCTOAHHHU IIOKOA HJIM ABHMIXXCHHA HAXOOUTCA IO I[CIZCTBHCM
Pa3iIMYHBIX CHJI, KOTOPBLIC MOXHO Ppa3JCjIuTb Ha JBC I'PYIIIbI — IMOBCPXHOCTHBIC U
MaCCOBBEI€.

MaccoBele CHIBI B COOTBETCTBHM CO BTOPbBIM 3aKOHOM HeroTona
MMPpONOpHUOHAJIbHBI MAaCCC XUAKOCTHU MJIH, JJIA OHHOpOI[HOi/'I KHUIKOCTH, - €€ O6T>eMy.

K HUM OTHOCSATCS cujia TSKECTH U CHJia HHCPLIMH.

AP

%
?////

AF

//—\
ﬂ

Pucynok 1.2 — Pa3noxeHne NoBepXHOCTHON CHIIBI Ha JIBE€ COCTABIISIONIHE

Tak kak MaccoBas cCuHja paBHa IPOM3BENCHUIO MAacChl Ha YCKOpPEHHE,
CIENOBATENIBHO, €IWHUYHAS MacCOBas CUJa YHCICHHO PaBHA COOTBETCTBYIOIIEMY
YCKOPEHHIO.

IToBEpXHOCTHBIE CUJIBI HEMPEPBIBHO PACIIPEIECIICHBI MO0 MOBEPXHOCTH WU IPH

PAaBHOMCPHOM HX PACIHPCACICHHUN IIPOINOPHIHOHAJIBHBI IINTOIIAIN 3TOM IMOBCPXHOCTH.



Otn cuibl 00YCIOBJIEHBI HEMOCPEICTBEHHBIM BO3JEHCTBUEM COCEIHHUX OOBEMOB
KHUJKOCTH Ha JaHHBIA O0OBEM MIIM K€ BO3JECHCTBHEM OPYTUX TeJl, CONPUKACAIOIINXCS
C JaHHOM *uaAKocThi0. [loBepxHOCTHYIO cuily AR, NEHCTBYIOLIYIO Ha MOBEPXHOCTH
AF (puc.1.2), MOXHO pa3IoXKUTh Ha HOpMaibHyl0 AP u TaHreHnuanbuyio AT
cocrapisomue. [lepBas Ha3pIBa€TCS CUIION JABIEHUS, a BTOPas — CUJION TPEHMUSL.

EanHnyHas moBEpXHOCTHASA CUJa, Ha3blBaeMasi HalPsDKEHUEM ITOBEPXHOCTHOM
CHWJIBI, PACKJIA/IBIBAETCS HA HOPMAJILHOE M KAacaTeIbHOE HAIPSKEHUSI.

HopManbHoe HampspKeHHe, T.e. HANpsHKEHWE CUJIbl JIaBJICHHS, HA3bIBACTCS
THIPOMEXaHHYECKUM (B clydae TOKOS — THAPOCTATHYECKHM) JABICHUEM, WIIH
IIPOCTO J1aBJICHUEM.

Ecnu cuna maBnenus AP paBHOMepHO pacmpeneneHa no miomaake AF , To

CpellHee JaBJeHueE onpeensiercs no popmyre:

p= AP : (1.10)
AF
2 'mapocraTuka
2.1 'mapocTaTH4yecKoe AaBjJeHHe U ero CBoicTBa
I'mapocraTukoi ~ HaA3bpIBAaeTCA  pas3iel  THIPaBIUKH, B KOTOpOM

paccMaTpUBAIOTCS 3aKOHBI PABHOBECHS JKUIKOCTH U UX MPAKTUYECKOE MPUII0KEHNUE.

Tak kKak B HENMOABM)KHBIX >XUAKOCTSX HE JIEMCTBYIOT KacaTeJIbHBIE CHJIBI,
MMO3TOMY, Ha HEMOJBWXHYIO JKHAKOCTh JIEMCTBYIOT TOJIbKO CHJIbI JaBJEHHS. Takum
o0pa3oM, B HEMOABUXKHOM KUIKOCTU BO3MOXEH JIUIIb OJUH BUJ HANpPSIKCHUS —
HaNpsHKEHUE CKATHUs, T.€. TUAPOCTATUYECKOE JABJICHUE.

['uapocratuueckoe naBieHue o0agaeT TpeMs XapaKTepHbIMU CBOMCTBAMMU:

- TUAPOCTATUYECKOE JIaBJICHUE JIEUCTBYET IO HOpPMalud BHYTPb OO0BbeMa

JKUIKOCTH,



- TUAPOCTATHYECKOE JABJIEHWE HE 3aBUCUT OT OPHUEHTHPOBKH IUIOIIAJKH, Ha
KOTOPYIO OHO JEHCTBYET, T.€. OT yIJIOB €€ HAKJIOHA,
- TUAPOCTATUYECKOE JABJIEHHME B TOYKE 3aBUCUT OT €€ KOOpAUHAT B

MIPOCTPAHCTRBE.

2.2 OcHOBHOE YpaBHeHHE THAPOCTATHKH

PaccmoTpuMm  pacmpocTpaHECHHBIN Cay4ald  paBHOBECHUS  KHJIKOCTH,
3aKJIFOYEHHOW B BEPTUKAIBHOM HWJIMHAPUYECKOM COCYJE, KOTJAa OHA HAaXOIOUTCS B
TOKO€ TIOJ] JICMCTBHEM CHJIBI TSXKECTH M BHEIIHETO JaBJCHUS Ha €€ CBOOOIHOM
MMOBEPXHOCTH, U MOJYYUM YPAaBHEHHE, MO3BOJISIONIEE HAXOJIUTh TMAPOCTATHUYECKOE

JaBJICHUC B JIFO0O0M TOYKE paccMaTpuBacMoro o0nemMa KHUIKOCTH.

Zy

Z

Pucynok 2.1 — Cxema 11 BbIBOZIa OCHOBHOTO YpaBHEHMS THIPOCTATUKU

Haiinem ruapocTaTuyeckoe MAaBICHHE p B MPOU3BOJBHO B3ATOW TOYKE M,
pacIooKeHHOH Ha riryouHe h.

Beitenum okosio Touku M (puc.2.1) snementapuyro miomaaky dF u moctpoum
Ha HEW BEPTUKATBHBIN IMIMHIPHYECKANH 00BEM BBICOTOM N M pacCMOTpPHUM YCJIOBHE
paBHOBecUsi g Hero. /s 3TOro 3amumeM CyMMy CHII, JEUCTBYIOIIMX HA
paccMaTpuBaeMbiii 00bEM B IPOCKIIUK HAa BEPTUKAIBHYIO OCh:

p-dF —py-dF—p-g-h-dF =0.



CokparuB Belpakenue Ha dF 1 neperpynmnupoBas 4ieHsl, TOIyYHM:
P=py+p-g-h=pg+y-h. (2.1)
[TonyueHHOE ypaBHEHHE HA3BIBAETCS OCHOBHBIM ypaBHEHHEM THIPOCTATHKH,
10 HEMY MOYKHO IOJICUMTATH JaBJI€HHE B JTHO00M TOUKE MOKOSIIEHCS KUAKOCTH. ITO

JABJICHUEC CKJIAABIBACTCA U3 IBYX BCIWYHH. TaBJICHUS pO Ha BHEIIHEH IMOBCPXHOCTHU

KUOKOCTHU U JAaBJICHUA, O6yCJIOBJ'IeHHOFO BC€COM BBIIICJICKAIIIUX CIIOEB ) KUAKOCTH.

HOBerHOCTB, BO BCEX TOYKaAX KOTOpOﬁ JaBJICHUE OAWHAKOBO, HAa3bIBACTCA
NOBEPXHOCMbIO YPOBHA. B AaHHOM CJIyda€ IIOBCPXHOCTSAMH YPOBHA SABJIAIOTCA
IrOPHU30HTAJIBHBIC IITTIOCKOCTH.

Bo3pMmem Ha HpOH3BOJ’IBHOﬁ BBICOTC I'OPHU30HTAJIBbHYIO IINIOCKOCTH CPAaBHCHMA,
OT KOTOPOM BEpTHUKAJIbHO OyJeM OTCUUTHIBATH KOOpAHUHATHI Z. O003HAUMM uepes3 Z
KOOpAMHATY TOYKH M, yepe3 Z, KOOPAHMHATY CBOOOJHOW MOBEPXHOCTH JKUIKOCTH U
3aMEHUM B IIPEIBIAYIIEM YpaBHEHUH N HA Zy — Z , TOYYHM:

2+L:zo+&. (2.2)
p-9 p-9
Tak xak Touka M B3dTa IMPOU3BOJIBHO, MOKHO YTBCPXKAAaTb, 4TO IJIA BCCIrO

paccMaTprUBaeMOro HEMOABHUKHOT'O0 00BbeMa KUJIKOCTH

Z+ P const. (2.3)
P9
Koopaunara z HasbIBaeTcs eeomempuueckou evicomou. BennmunmHa P
P9
HAa3bIBACTC  nbe3omempuueckou  evicomou. Cymma Z+L Ha3bIBAETCA

p-9
2UOpocmamuyecKum HanopoM.
Takum 00pa3oM, THAPOCTATHYECKUN HANOP €CTh BEJIMYMHA MOCTOSHHAS IS

Bcero oobeMa HGHOI[BH)I(HOﬁ KHUOKOCTHU.



2.3 Indpepennuaibubie YypaBHEHUS PABHOBECHUS KHAKOCTH

[Monyuum muddepeHnmanbHble ypaBHEHUSI PABHOBECHUS KUAKOCTA B 0OIEM

CJIy4dac, Koraga Ha HEC I[GI\/'ICTBYIOT HC TOJIBKO CHJIa TAKCCTHU, HO U APYIr'H€ MACCOBLIC

CUJIBL.
z
\
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Pucynox 2.2 — Cxema juis BbIBoa JU(GepeHIInaTbHbIX YPABHEHNH paBHOBECHUS KUKOCTH

B HenoaBMKHOW JKUAKOCTH BO3BMEM IPOM3BOJBHYIO TOUKy M (puc.2.2) c
KOOpAWHATaMU X, Y U Z ¥ JaBJICHUEM p. BbiienuM B )KUJKOCTH 3JIEMEHTapHbIM 00beM
B (dopmMe npsAMOYroJibHOTO Mapajiejienunena ¢ pedpamu, MapayieabHBIMU
KOOPJMHATHBIM OCSIM M COOTBETCTBEHHO paBHbIMH X, dy u dz. [TycTh Touka M Oyxaer
ONHOW W3 BepUIMH Napaienenunena. PaccMoTpum  ycinoBUsT paBHOBECHUS
BBIJICJIEHHOTO 00bema kuakocTu. [lycTh BHYTpU mapasuienenunesa Ha KUIKOCTb
JNEUCTBYET PABHOACHCTBYIOIIAsl MAccoBash CHJIA, COCTAaBJISIIOIINE KOTOPOH,
OTHECEHHBIE K eIuWHMIlE Macchl, paBHBl X, Y m Z. Torma maccoBbi€ CHIIBI,
JICUCTBYIOIINE HA BBIACICHHBIM 00bEM B HANpaBICHUU KOOPAMHATHBIX OCEH, OymyT
PaBHBI 3TUM COCTABJISIIOIIMM, YMHOXXEHHBIM Ha MacCy BbIICJIEHHOTO 00bema.

JlaBnenue p ectb GyHKIUS koopauHat X, Y u Z. Ilpu nepexone ot Touku M,
HarpuMep, K Touke N HM3MEHsIeTCsl JIUIlb KOOpJAMHAaTa X Ha OECKOHEUYHO MAallylo
BeIMUUHY X, B CBsA3M ¢ yeM (DYHKIUS p TOJIydaeT NMPUpPANICHUE, PABHOE YaCTHOMY

mudepernuany (0p/ox) - dx, moaromy aasienue B Touke N paBHO:

p+(op/ox)-dx.



BBI/II[y 9TOIr0 Pa3HOCTb CHUJI HABJICHUAI, I[CﬁCTBy}OIHHX Ha IMapaJuICIICIIMIIC B

HampaBJICHUU OCH X, paBHAa.

—@-dx-dy-dz.
OX

AHaJOrM4YHO, HO 4Yepe3 TrpaJveHThl aaBieHus Op/oy u Op/ozZ BeIpa3uMm
Pa3HOCTH CHJI JABJICHHS, NEHCTBYIOINX Ha MapajuIeNIeNuIe]] B HAMPABICHUHA JIBYX
IPYTUX OCEH.

Ha BeIfeneHHbIN Mapaienenunes] ACHCTBYIOT JIHMIND YKa3aHHBIE MacCCOBBIC
CHWJIBI W CWIBl JaBJCHUS, TMO3TOMY YpaBHEHHUS paBHOBECHs TMapajulelienuIeia B

HaIIpaBJICHUAX TPEX KOOPAUWHATHBIX oceH 3aIuIIeM B CJICAYHOLICM BUJIC.
op .
X -p-dx-dy-dz—a—-dx-dy-dz:o,

X

Y-p-dx-dy-dz—?-dx-dy-dz:0; (2.4)
y

Z-p-dx-dy-dz—%-dx-dy-dz:o.

Pasnmenum 3Tt ypaBHeHHs Ha Maccy p-dX-dy-dz mnapamtenenunena wu

MOJIYYUM:
p OX
p oy
Z_l.@zo_
p 0z

Oty cucremy auddepeHIuanbHbIX YypaBHEHUNW TUIPOCTATUKU HA3bIBAIOT

ypaBHEHUSIMU DUjepa.

JIns TpaKkTHYECKOro IMMOJb30BaHMs yA00HEE BMECTO CHCTEMBI YpaBHEHUIA
NOJAYYUTh OJHO DSKBHMBAJICHTHOE KM ypaBHCHHME, HE COJAEpIKallee YaCTHBIX
MPOU3BOAHBIX. [IJIS 3TOro yMHOXHM IepBOe ypaBHeHHWe Ha OX, BTOpoe — Ha dy,

TpeThe — Ha (Z 1, CJI0KUM BCE TPU ypaBHEHUS.



[Tocne npeoOpazoBaHus MOTYUHUM:

X -dx+Y-dy+Z-dz—£- @-dx+@-dy+@-dz 0.
oy 0z

p \oX

TpexusieH, 3aKIOYEHHBIH B CKOOKax, MpeaCTaBiIseT MOJHbIA auddepeHnman

JABJICHUS, TIO3TOMY MPECABIAYICC BEIPAXKCHUEC MOXKHO IIEpENMCaTh B BUIC:

dp

X-dx+Y-dy+Z-dz——=0
Jo,
WITH
dp=p-(X-dx+Y-dy+Z-dz). (2.6)
Ecnu npenmnonoxutk, 4To Ha >KUAKOCTh JAEHCTBYET TOJIBKO CHJIa TSDKECTH, U
HaIpaBUTh OCh Z BEPTUKAIBHO BBepX, TO0 X =Y =0, Z = — g u, clenoBareiabHO,
MOJTYYUM
dp=-p-g-dz. (2.7)
[locne unTErprpOBaHus OyIEeM UMETH:
p=—p-g-2+C.

[locTosSIHHYIO WHTETpUpPOBAHUS HaJIeM, IMOJCTABUB MapamMeTphl CBOOOIHOM

HOBEPXHOCTH, JUIS KOTOPOU IpH Z =Z; P = P, . [Tomydmm:
C=po+p-9-120.
[Ipu 3TOM
P=pPo+(z20—-2)-p-9 (2.8)
17001
P=po+p-g-h. (2.9)

[Tony4mnnu TO K€ OCHOBHOE YPaBHEHUE TUAPOCTATUKHU.

2.4 Ilosepxnocmu pagHozo 0aeeHus

3 BeIpakeHus (2.6) MOXHO JIETKO TOJYYUTh YPaBHEHHE IIOBEPXHOCTH

PaBHOIO AABJICHHA — IIOBCPXHOCTH, AABJICHHUC BO BCCX TOYKAX KOTOpOﬁ OJHMHAKOBO.



[Tpu p = const, dp = 0. OTcrona moyry4aem:
X-dx+Y.-dy+Z-dz=0. (2.10)
JlaHHOe ypaBHEHHE TPEACTABISIET CO0O0M ypaBHEHHE TIOBEPXHOCTH PABHOTO

JaBJICHUS.

PaCCMOTpI/IM HCCKOJIBKO YaCTHBIX CJIy4aCB PABHOBCCHA JKHUJIKOCTH U

YCTaHOBUM BUJ IMMOBCPXHOCTH PABHOTO AABJICHUA B KAXXJIO0M M3 3THUX CIIYy4acB.

Pucynok 2.3 — Ciiyqan paBHOBECHS KUAKOCTH

Ilpumep 1. KuakocTb HAxXOIAWTCS B PABHOBECHH B pe3epByape B IOJIC
JCHCTBHS TOJIBKO CHITBI TshKecTH (puc.2.3, a).

B atom cnydae: X=Y=0, Z= — g. OxonuarenpHo moixy4dum dz=const. Oto —
ypaBHEHHE TOPU30HTATBHOMN TIOCKOCTH.

Ipumep 2. XuakocTh HaXOMUTCS B PABHOBECHH B pe3epByape, ABUKYIIEMCS

TOPU30HTAJIBHO ¢ HEKOTOPHIM yckoperueM a (puc.2.3, 6). B atom ciiywae X= — a,
Y=0, Z= - g. [loxacraBisas naHHBbIC 3HAYCHHUS B YpaBHEHHE IMOBEPXHOCTH PABHOTO
JABJICHUS, TIOJYyYUM —a-dx—g-dz=0, wm mnocae HHTErPUPOBAHUS,

a-X+g-z=0.310 — ypaBHEeHNE HAKJIOHHOH MJIOCKOCTH.
YToJ HaKJIOHA TUIOCKOCTH K TOpU3oHTY: [ =arctg(a/g).

prwep 3. }KI/II[KOCTB HaxXOJUuTCd B PAaBHOBCCHMM B HIUIHMHAPHYCCKOM

pe3epByape, BpallalolieMcsi BOKPYT BEPTUKAIBHOM OCU C TIOCTOSIHHOM CKOPOCTBIO @



(puc.2.3, B). B atom cimyuae: X —w?-x, Y=0°- y, Z=-¢g. loxacrasmussi 3Tn

3HAYEHUS B YPaBHEHUE, MTOTYIHM: w? x-dx+w?-y-dy—g-dz=0.

022 2. y2
[IpounTerpupyeM H MOJYYHUM: > + > g -z =const 1580071

— -z =const. DTo — ypaBHeHue mapadoIouIa BpalieHus.
5 yp p p

2.5 IosHoe (aGcoT0THOE) H MaHOMeTpHUYecKoe (M30bITOYHOE) TABIEHHSI.
IIbe3omMeTpHuyeckasi BbICOTa. Bakyym

Ecmu paccMaTpuBaTh JaBJICHUC KUIAKOCTU Ha CTCHKY COCyJa, B KOTOpBIﬁ OHa
Haiaura, TO B HCKOTOpOﬁ TOYKE IIOJHOC THAPOCTATHYCCKOC JAaBJICHHUC 6y,HeT

BBIPAXKAThCS 3aBHCUMOCTBIO P = Py + 7 - h. C BHemHe# CTOPOHBI Ha CTEHKY COCyAa
IercTByeT atMocepHoe naBieHue P, . CrenoBaTenbHO, CTEHKA OyAeT UCIBITHIBATH

JaBJICHUE, PABHOE PA3HOCTU TOJHOTO THUJPOCTATUYECKOr0 U aTMOC(epHOro
naBnenuit.  [IpeBbilieHWe  naBieHUss  HaJd  aTMOc(epHBIM  Ha3bIBAETCS
MaHomMempuyecKum WA U30blmoyHbIM 0A6eHUeM:
Py=P—Pa=Po+p-9-h—p,. (2.11)

Ecau cocyn OTKpwIT, TO JaBlieHHME Ha CBOOOJHON MOBEPXHOCTU KUJIKOCTH
paBHO arMocepHOMY JaBlEeHHUIO. B 3TOM cllyyae MaHOMETPHUYECKOE JaBIICHHE
PaBHO:

p,=p-9-h.

HaBieHue p=p, + P, Ha3pBacTcd aOCOJIOTHBIM JABJIICHHEM, TaK KakK €€
3HAYEHUE OTCUUTHIBACTCSI OT AOCOIIOTHOTO HYJISI.

Ecnu Ha ypoBHE uccieayeMoi TOUKU K Pe3epByapy MPUCOECIUHUTH OTKPBITYIO
B arMmocdepy TpyOky (puc.2.4), To B TakoW TpyOKe >XHIKOCTh IOJHUMETCS Ha

HEKOTOPYIO BBICOTY h, OOMNBINYIO WM MEHBIIYIO TIYOWHBI BOJABI B pe3epByape B



3aBUCHUMOCTH OT TOro, Oynmer au P, Oosblie unu MeHsie pP,. Takue TpyOku

Ha3bIBAIOTCA NIbE30OMCTPAMM, ad BBICOTY h HBGSOMGTpH‘-IGCKOfI BEICOTOM.

Pa

>

p/pg

h=

Pucynok 2.4 — [Ibe30MeTp, MpUCOCTUHEHHBIN K OaKy

Ecnu abconoTHOE AaBleHUE B KUJIKOCTH WJIM Ta3e MEHbIIIe aTMOC(EepHOTO, TO

MMEET MECTO PA3PEKECHUE WIM BAKyyM. 3a BEIWYMHY Pa3pEKEHUsA, WU BaKyyMa,

MNPUHUMACTCA HCAOCTATOK A0 aTMOC(l)epHOl"O AaBJICHUSA, a BBICOTY crojiba KHNIKOCTH,

M3MEPAIOIIYIO BAKYyM, Ha3bIBAIOT BAKYYMMETPUUYECKOMA:

peaK =Pa ~ Pase
h _Pa —Pase -
P9

[Ipubopsl npeaHa3HAUECHHBIE I HW3MEPEHUS U30BITOYHOTO

64K

Ha3bIBAOTCA MaAHOMCTpPAMH, a BAKyyMa — BAKyyMMETPaMU.

2.6 Cunjia AABJCHHUS )KUAKOCTHA HA IVIOCKYI0 CTCHKY

Cuna noanoeo 2uépocmamutteCK020 0asneHus Ha NJ10CKYIO CMERKY

(2.12)

JaBJICHUA

Onpenenum  cuiny JaBiieHUs P KUOKOCTM Ha HEKOTOPBIA  y4acTOK

paCCManI/IBaeMOﬁ CTCHKHU, HAKJIOHECHHOHU K ropu3oHTy 1moJa yriomMm o Hu



OTrPaHWYCHHBIH KOHTYPOM, HMCIONIUM IUIONIaab, paBHyo F (puc.2.5). JlaBienue Ha

MMOBCPXHOCTH JKUAKOCTH pO .

Pucynok 2.5 — Cxema Juis onpesiesieHus: CHIIbI AaBJICHUS KHUJIKOCTH Ha IJIOCKYIO CTECHKY

BripazuM cHayama DJEMEHTApHYK) CHJIYy [JaBJCHUs, NPUIOKEHHYIO K
OeckoHeyHO Matol turomanke dF:
dP=p-dF =(py+p-9g-h)-dF =py-dF + p-g-h-dF .
Jlna onpeneneHus moJHON CUJIbl P MPOUHTETPUPYEM TIOJYYEHHOE BBIPAKEHUE

o Bceit wiomanu F:

P=p,-[dF+p-g-[h-dF=py-F+p-g-sin(a)-[y-dF.
F F F

[Tocnenuuii MHTETpANl MPEACTABISIET COOOM CTAaTUYECKUM MOMEHT Iuiomaau F
otHOCUTENbHO ocu OX W paBeH MPOU3BEIACHUIO ITOW IIOMAAX HA KOOPAWHATY €€

OCHTpa TAXKCCTH, T.C.

[y-dF=y;-F.
F

CrnenoBaTebHO:

P=py-F+p-g-sin(@) y.-F=py-F+p-g-h-F=p.-F. (213



CJ'ICI[OBaTeJ'H)HO, cuja IMOJHOT'O I'MAPOCTAaTHUCCKOIO0 JaBJICHUA X KXUAKOCTH HaA
IIJIOCKYIO IMOBEPXHOCTh paBHA NPOU3BCACHUIO IJIOIIAAN CMOYECHHOMU IIOBCPXHOCTH Ha
IIOJTHOC THAPOCTATUYCCKOC NABJICHHC B ICHTPC 3TOM IIOBCPXHOCTH.

Ecmu py = p,, TO cuia n30BITOYHOTO AABICHUS KUAKOCTH Ha MOBEPXHOCTh
OyJneT paBHa:
P=p-g-h.-F.
Tonosicenue yenmpa uz66imouH020 0asieHUsl.

Tax kak BHeIIHee [aBlIeHHE [ NEpeJacTcs BceM TodkaMm Iomaau F
OJMHAKOBO, TO €ro paBHOAEWCTByIOmas cwia P, Oyner npuiaoxeHa B LEHTPE
TshKeCTH Iutomanu F. /i HaxoXIeHUs TOYKM MPHIOKEHUS CWbl nasineHus P, ot

BeCa JKUJAKOCTM NPUMEHUM TEOPEMY MEXAHHUKH, COIJIACHO KOTOPOM MOMEHT
PaBHOJCHCTBYIOMIEH CHJIBI OTHOCUTENbHO ocu OX paBeH CcymMMe MOMEHTOB

COCTaBIAOINIHUX CHII, T.C.

F

Otcrona nony4vaem:

p-g-sin(a)- [y -dF
F

Yo = : = :
? p-g-sin(e)-y,-F Y. - F

X

rae J, - MOMEHT uHepuuu miomanu F otHocurensHo ocu OX.
YuureiBas, 4TO
Jy=Jdyo +Ye -F
x =Jxo T Ye :
(J o - MOMEHT HHEPLUH OTHOCUTENHHO IEHTPATBHON OCH), HAXOHM:
Yo=VYc T ‘]x'o'/yc -F. (2.14)

Takum oOpa3oM, TOYKa NPUIIOKEHHUS CHIBl P,. pacrmonokeHa HWKE LEHTPa

TSDKECTH IUIOINAnu cTeHKU. Ecnu naBieHue P, paBHO aTMOc(hepHOMY, TO Touka D u

Oyaer wneHtpoM pnaBieHus. lIlpm P, Bbime aTMoc(epHOro LEHTP [AABICHUS



HAaXOAUTCS MO MPABWJIAM MEXAHHKH KaK TOUKY NPUIOKEHUS PaBHOACHUCTBYIOIICH
aByx cull. Py u P,,..

Oniopwvl dasnenus.

Pucynok 2.6 — Dnropa 1aBieHus JKUAKOCTH HAa IPSIMOYTOJIBHYIO CTEHKY

B HEKOTOpBIX Ciaydasx AJIsl HArJISJHOCTH MOYXHO IOJb30BaThCS JUarpaMMaMH
pacnpenesneHus JNaBJICHHS 110 CMOYEHHOM TOBEPXHOCTH. Takuwe auarpaMMbl
Ha3bIBAIOT dMopamMu AaBieHus (puc.2.6). Jis ux mocTpoeHus JOCTATOYHO MPOBECTH
HOpPMaJM K CMOYEHHOW MOBEPXHOCTU M HA HUX OTJIOKUTH B HEKOTOPOM MaciiTade

OTPC3KH, BCIIMUMHBI KOTOPBIX BBIPAXKAIOT IIOJITHOC THAPOCTATUICCKOC JAaBJICHUC.

2.7 Cna JABJICHHUA KUIKOCTH Ha KpHBOHHHeﬁHbIe CTCHKH

Bo3bMeM MHITUHAPUIESCKYIO TTIOBEPXHOCTh AB W ONPEJISIINM CHJTY JaBJICHUS Ha
3Ty HOBEPXHOCTH B JIBYX CIydasx:

- JKUJIKOCTB PAcCIIONIOKeHa cBepXy (puc.2.7, a);

- JKUJIKOCTB pacroyioxkena causy (puc.2.7, 0).

B nepBoM ciydae  BeIIeIMM ~ 00BEM  JKHIKOCTH,  OTPAHWYCHHBIN
paccMaTpuBaE€MoOl  IOBEPXHOCTbIO  AB,  BEPTUKAILHBIMH  MOBEPXHOCTSIMH,

MPOBEICHHBIMUA Yepe3 TPaHHUIIBl ATOTO Y4YacTKa, U CBOOOJHOM MOBEPXHOCTHIO



KHUAKOCTH, W PACCMOTpUM YCJIOBHA €TI0 PpPaBHOBECHUA B BCPTUKAJIBHOM U

IrOPHU30HTAJIbHOM HAIIPABJICHUAX.

. Po 0 Po
1 1 C oy 4Py C D |4y
| e 7 |- —-
T PIE Py o
SN A - L
Pyl B -pr

B PsY
P

Pucynok 2.7 — Cxema Jy1s1 OTIpe/ieIeHUs] CHIIbI JaBJICHUS KHUJIKOCTH Ha [UIHHIPUYECKYIO
IIOBEPXHOCTH

YcnoBue paBHoBecusi oobemMa ABCD B BepTHKaabHOM HANpaBICHUU HMEET
BUJ:

Ps=pg-Fp+G. (2.15)
rae G — BeC BBIICIEHHOTO 00beMa KUIKOCTH.

VYcnoBue paBHOBecHs TOro e o0beMa B TOPU30HTAIbLHOM HaIpPaBICHUU
3aluIIeM C Y4€TOM TOTO, YTO CHJIbI IaBJICHUS XKUJIKOCTH Ha moBepxHoctu EC u AD
B3aMMHO YPAaBHOBELIMBAIOTCS U OCTAETCSA JIMIIb CUJIA JAaBJICHUA Ha IUiowans BE, T.e.
Ha BEPTUKAIBHYIO TPOEKIINIO MOBEPXHOCTH AB - F,. Toraa:

Pr=pog-Fz+p-0-h.-Fg. (2.16)

OrnpenennB BEPTUKATBHYIO U TOPU3OHTAIBHYIO COCTABIISIIOIINE MMOJTHOW CHUJIBI

IaBieHus P, HaluaeMm:

Korz[a KHUAKOCTH PACIIOJIOKCHA CHU3Y, THAPOCTATUYCCKOC JAaBJICHUC BO BCCX
TOYKaX ITOBCPXHOCTHU AB umeer Te Xe SHA4YCHUs, 49TO M B IICPBOM CJiIy4dac, HO

HAIpPaBJIEHUE €ro OyIeT NPOTUBOIOJOXKHBIM, M CyMMapHele cuibl Pz u P

OMpeNeNaoTcss TeMu xke (opMmylnamMu, HO ¢ 0oOpaTHbIM 3HakoMm. I[lpu »ToM mon



BennunHOW G cienyeT moHUMaTh Bec KuAKocTH B 00beMe ABCD, X0Ts 3TOT 00beM 1

HC 3aI10JHCH XKHUIKOCTBIO.

2.8 [ll1aBanue TeJx

OnvcaHHBIN BBIIIE TPUEM HAXO0XKAECHUS BEPTUKATIBHOW COCTABIAIOIIEH CUIIBI
JABJICHUS )KUJIKOCTHA HA KPUBOJIMHEWHYIO CTEHKY UCIIOJIB3YIOT JUJIS I0KA3aTEIbCTBA

3aKOHa Apxumena.

Ha TCJIO, MOTPYKCHHOC B J KUJIKOCTb, ﬂeﬁCTByeT BbITAJIKHMBArOmas Cujia,
HaIrpaBJICHHAsI BEPTUKAJIBbHO BBECPX, YUCIICHHO paBHaA BCCY JKUAKOCTH, BBITCCHEHHOM

TCJIIOM, U IPUIOKCHHAA B LICHTPC TAKCCTH ob0neMa HOFPY)I(CHHOP'I qacCcTH TCJIa.

A A
Fg2
I C
v L
/
B
BN 7
DA Fg

Pucynok 2.8 — Cxema 11 oKa3aTeNbCTBA 3aKOHA ApXuMea

[lycTh B XUJAKOCTh MOTPYRKEHO TEJIO MHPOU3BOJIBLHOM (Qopmbl oOBeMOM V

(puc.2.8). BeprukanpHast coctaBusiomas Py, CHIBl W30BITOYHOTO JaBIICHHS

KUAKOCTU Ha BCPXHIOKO HACTh ITOBCPXHOCTHU TCJIa HAIIpABJICHA BHU3 W pPaBHA BECY

xuakoctd B 00beme AA'B'BCA. BeprukanbHas coctaBisitomiasi Py, CHIIBI IaBICHHS

’KMIKOCTH Ha HIIKHIOIO 9acTh IMOBEPXHOCTH Teja HAIpaBjcHa BBEPX U PaBHA BECy
xuakocth B oobeme AAB'BDA. Orcroga cieayer, 4YTO BEpTHKaJIbHAs
pPaBHOACUCTBYIOMIAS CHJ JAaBICHHUS JKUIKOCTH Ha TENO OyIeT HampaBieHa BBEPX

Y paBHA BECY JKUJIKOCTH B 00beMe, pABHOM Pa3HOCTU YKAa3aHHBIX ABYX 00BEMOB, T.€.



Pa=Ppy —Pp =Gpcep=p-9-V. (2.18)
Cuna P, Ha3pIBaeTCs apXUMEIOBOM CHION MM BOJOM3MELICHHEM, a TOUKA €€

IMPUITO0KCHHUA — ICHTPOM BOJOU3MCIIICHMA.

B 3aBucumoctu oT cooTHomeHus Beca G Tema W apXUMenoBOH cuibl Py

BO3MOXHBI TPH Cl1y4das.

- G > P, - Temno ToHerT;
- G<P, - Teno muaBaer MO MOBEPXHOCTM B YAaCTUYHO IOTPYKEHHOM

COCTOSIHUY,

-G= PA - TCJIO IINIaBaCT B IMOJIHOCTBHIO ITOTPYKCHHOM COCTOSSHUH.

IInaBaromiee Teno IIPpHU KA4YKE MOXCET HAKIIOHATHCA B Ty WM JPYI'YIO CTOPOHY.
CriocobHOCTB CyJHa BO3BpallaTbCA B IICPBOHAYAIBHOC IIOJIOKCHHUC HA3BIBAIOT
OCTOMUYMBOCTBIO. Y CIOBHE YCTOI\/'I‘-II/IBOFO PAaBHOBCCHA IIaBAIOIICTO TCJIA 3aKII0YACTCA
B CICAYIOLIECM:. ICHTP TsKECTH TClIa JOJDKCH HAaXOIUTHCA HHXKE MLCHTpaA

BOOJOU3MCIIICHUA.

3 KunemaTtuka u ANHAMHKA KHAKOCTH

3.1 OcHoBHBIE NOHATHS

KunemaTurka ®UJIKOCTH CYIIECTBEHHO OTJIMYAETCA OT KHHEMATUKU TBEPAOTO
tena. Ecau otnenbHbIe YaCTUIIBI a0COIIOTHO TBEPAOTO Teja )KECTKO CBSI3aHbl MEXKY
co0O0M, TO B IBUKYIICHCS KUJIKOUW CpeJie TaKue CBSI3U OTCYTCTBYIOT; 3Ta cpeja

COCTOUT M3 MHOKECTBA YAaCTHUII, ABVUKYIIUXCA OAHA OTHOCUTCIIBHO I[perI)'I.

3amaueld KUHEMATHKH >KUJIKOCTH SBJISETCS OIMPENEICHHE CKOPOCTH B JIIOOOM
TOYKE KUJKOUW CPEJIbl, T.€. HAXOXKICHUE MOJIST CKOPOCTEH.
ChHavasia pacCMOTpHUM JABHXKEHHE HJCATBHOM >KUJKOCTH, a 3aTEM IEpEHIeM K

HN3YyUYCHHIO pCaJIbHBIX ITIOTOKOB.



TeueHnue >KHIKOCTH MOXKET OBITh YCTAHOBHBIINEMCS (CTallMOHAPHBIM) WU
HEYCTaHOBUBIIEMCS (HECTAIIHOHAPHBIM).
Vemanosusuwemcs Ha3pIBaeTCs TEUCHHUE KUIKOCTH, HEU3MEHHOE 110 BPEMEHH,

IIpK KOTOPOM JaBJICHHUC U CKOPOCTD ABJIAIOTCA (1)yHKI_II/ISIMI/I TOJIBKO KOOpJHHAT, T.C.

p="f(x,y,2); u="f,(xY,2);

@:0. auX :0. au_yzo auZ

ot ot ot E

B uvacTHOM ciydae ycTaHOBHBIIEECS TE€YEHUE MOXKET OBbITh PABHOMEPHBIM,
KOrJla CKOPOCTh KaXJOW YAaCTULBI HE U3MEHSETCS C U3MEHEHUEM €€ KOOpPAWHAT, U
I0JIE CKOPOCTEN OCTAETCSI HEM3MEHHBIM BJI0JIb OTOKA.

Heycmanosusuiemcsi Ha3bIBA€TCS TEUECHUE MKUJKOCTH, BCE XapaKTEPUCTHUKHU
KOTOpOro (WMJIM HEKOTOpPbIC M3 HHUX) SABISAIOTCA (DYHKIUSAMU KaK KOOPJHWHAT, TaK U
BPEMEHU.

p=FR(xyzt); U=F(xyz)

UccnenoBanne  yCTAaHOBHUBIIMXCA ~ TEUYEHUW  TOpa3go  OPoOIIE,  YEM
HEeyCTaHOBUBIIMXCS. B panbHeliem OylaeM paccMaTpuBaTh, TJIaBHBIM 00pa3oM,
YCTAaHOBUBIIIMECS TEUECHUS U JIUIIb HEKOTOPHIE YACTHBIE CIIy4Yau HEYCTAHOBUBIIETOCA
TEUCHUS.

Cnen ABWKEHUS OTACIBHOM YaCTULbI KUAKOCTH B MPOCTPAHCTBE HA3BIBAKOT
mpaexmopueu TBUXKECHHUS YaCTULIbl XKUAKOCTH. TPaeKTOPUU YaCTUL KUJIKOCTU IPHU
YCTAHOBUBIIEMCS TE€UECHUM SIBIAIOTCS HEU3MEHHBIMM 1O BpemeHu. llpum
HEYCTAHOBHUBUIEMCSI TEUCHUU TPACKTOPUM PA3JIUYHBIX YAaCTHUL, MPOXOISAIIAX 4YEpPe3
JAHHYI0O TOYKY NIPOCTPAHCTBA, MOTYT HUMETh pa3Hylo ¢opmy. [losTomy s
PacCMOTPEHUS KaAPTUHBI TEYEHWSI BBOJAUTCS MOHATHE JINHUU TOKA.

Jlunueii moka naspiBaetcs kpusas (puc.3.1), B KaxI0i TOYKE KOTOPOIH BEKTOP
CKOPOCTH B JAHHBII MOMEHT BPEMEHH HAIPaBIIEH MO KacaTelbHOU. B ycioBusx
YCTAaHOBUBIIETOCSI TEYEHUs JIMHHS TOKAa COBMAAAET C TPACKTOPUEW YaCTUIbI U HE

U3MEHSET CBOEH ()OPMBI C TEUCHHEM BPEMEHH.



Ecnu B nBHKyIIEHCS KUAKOCTH B35Th OECKOHEYHO Majblii 3aMKHYTBI KOHTYD
M dYepe3 BCE €ro TOYKM IMPOBECTH JMHUM TOKa, TO oOpa3yercda TpyOuaras
MIOBEPXHOCTh, Ha3biBaeMasi mpyoxou moxa (puc.3.2). YacTe MOTOKA, 3aKIIIOYCHHAS

BHYTpHU TPYOKHU TOKA, Ha3bIBACTCS 2IeMEHMAPHOU CIMPYUKOU.

V1

Y;
Vs 4

Pucynok 3.1 — Jlunus Toka Pucynok 3.2 - Crpyiika

[Ipn ycTaHOBUBIIEMCS ABWKEHUM HU OJIHA YaCTUIA JKUAKOCTH HU B OJIHOU
TOYKE TPYOKHM TOKAa HE MOXKET MPOHUKHYTh BHYTPh CTPYHKHM WJIM BBIUTH HAPYXKY.
TpyOka Toka siBisieTcsi Kak Obl HEMPOHUIIAEMOM CTEHKOM, a 3JIeMEeHTapHasi CTpyhka
MPEACTaBIAECT CO00I CaMOCTOSTEIbHBIN AJIEMEHTAPHBIN MOTOK.

[loTokn KOHEUHBIX pa3MepoB OyJeM CHauajla paccMaTpuBaTh Kak
COBOKYITHOCTb 3JIEMEHTAPHBIX CTPYEK, T.€. OyJIeM IpeAnojaraTh TEUeHUE CTPYUHBIM.
N3-3a paznuuusi CKOpOCTEN coCeIHUE CTPYUKHU OYyAYT CKOJIB3UTh OJIHA MO APYIro, HO
He OyIyT MepeMelInBaThCs OJIHA C IPYTOM.

Kusvim ceueHuem, WM TPOCTO CEUEHHEM IOTOKA, Ha3bIBaeTCia B OOIIEM
CJIy4ae MOBEPXHOCTH B IpeJesiax MOTOKA, MPOBEACHHAs HOPMAIbHO K JINHUAM TOKA.

[loToku mo XapakTepy ABUMXKEHUS MOTYT OBbITh pa3feieHbl Ha TPU TPYMIIbL:
HaropHbie, Oe3HamopHble U CTpyU. JKUBbIE CEUEHUS HAMOPHBIX MOTOKOB JIOTKHBI
OBbITh OrpaHUYEHbI CO BCEX CTOPOH CTEHKAMH, KUBbIE CEUEHHUS OE3HaNOPHBIX
MMOTOKOB — C OJTHOW CTOPOHBI BO3AYIIIHOW CPEJION, a )KUBBIE CEUEHUSI CTPYH — CO BCEX
CTOPOH JKUAKOCTBIO WJIM Ta30M.

HanmopHoe nBH>KeHHE XapaKTEPU3YETCS H3MEHCHUEM THAPOJIUHAMHYECKOIO

JaBJICHU BAOJb ITIOTOKA.



JIB>keHHe CTpyd MPOUCXOAUT MO HMHEPUUU TMOJ BIUSHUEM HadaJlbHOU
CKOPOCTH, CO3JJaHHOM JTaBJICHUEM WUJIA CHIIOHN TSKECTH.

Cmouennviii nepumemp. YacTb mepuMeTpa KHUBOTO CEUEHHs, oOpazyemas
TBEPABIMH, OTPAaHUYMBAIONIMMH TIOTOK, CTEHKaMM, Ha3bIBA€TCS CMOYCHHBIM
MIEPUMETPOM Y.

T'uopasnuueckuii paouyc. T'mapaBAudecKuil paanyc MpeaCcTaBisieT coOou

OTHONICHUE IIOIIAAHN )XUBOI'O CCUCHUS IIOTOKA K €r0 CMOYCHHOMY IEPUMETPY .

R =2 (3.1)

3.2 Pacxo/ U cpeHsisi CKOPOCTh

Pacxomom Ha3bIBaeTCsi KOJIWYECTBO KUJKOCTH, MPOTEKAOIIEH 4Yepe3 KUBOE
CeUeHHE TMOTOKA (CTPYHUKH) B €AMHHITY BPEMEHH. DTO KOJIMYECTBO MOXKHO U3MEPHUTH B
eAUHUIlaX 00beMa, B BECOBBIX €AMHUIIAX WM B €AMHUIAX MACChl, B CBSI3U C YeM

pasnnyaroT o0beMHbI Q, BecoBoil Qg 1 MaccoBelii Q)4 pacxojsl.

Jlnst sneMeHTapHOM CTPYyHKHM, HMEIoNe OECKOHEYHO Malylo IJI0IIalb
CE€UYCHHs, MOXKHO CUHUTATh HCTUHHYK) CKOPOCTh U OJMHAKOBOM BO BCEX TOYKaX
CCUCHHU.

JIJst MOTOKa KOHEYHOT0 pa3Mepa B OOIIEM CiIydae CKOPOCTh UMEET Pa3IM4HOE
3HAYEHHUE B PA3HBIX TOYKAX CEUCHUS, MO3TOMY PaCXOJ HAJA0 ONPEAEHsATh KaK CyMMY

3JICMCHTAPHBIX PACX0A0B CTPYCK.

Q=fu-dF. (3.2)
F
B pe3ynbprare 3TOro BBOAUTCS NOHATHE CPEHEN IO CEYEHHUIO CKOPOCTH:
_Q
Ucp - E ] (3'3)

OTKyJa

Q=u,. -F. (3.4)



OCHOBBIBASICH Ha 3aKOHE COXPAHEHUs BEIIECTBA, HA MPEANOIOKEHUSI O
CIUTOMTHOCTH (HEpa3phIBHOCTH) TCUCHHS W Ha YKa3aHHOM CBOWCTBE TPYOKH TOKa,
3aKJIIOYAIOMIEMCS B €€ «HENPOHMIIAEMOCTH», JUI1 YCTAHOBHUBIIETOCS TEYEHUS
HECKUMAEMOM >KHJIKOCTH MOXHO YTBEpKIaTh, 4YTO OOBEMHBIH pPAacxoa BO BCEX
CEUYCHHSIX DJIIEMEHTAPHOM CTPYHUKHU OJUH U TOT KeE:

dQ =u, -dF, =u, - dF, =const. (3.5)

OTO ypaBHEHME Ha3bIBaeTCd ypaBHEHHMEM OOBEMHOIO pacxoja i
AIIEMEHTAPHOM CTPYUKH.

AHAJIOTUYHOE YPAaBHEHHE MOXHO COCTaBUTh M JUISI TIOTOKA KOHEYHBIX
pa3MePOB, OTPAHUYECHHOIO HEIPOHMIAEMBIMU CTEHKAaMH, TOJBKO BMECTO MCTHHHBIX
CKOPOCTEM ClIeyeT BBECTH CPEHNUE CKOPOCTH. B pesynbrare:

Q=Ucpy - F1 =Ugp, - F, =const. (3.6)

N3 mnocnegHero ypaBHEHHs CIHENYET, YTO CpPEJHUE CKOPOCTH B IIOTOKE
HECKUMAEMOM )KMJIKOCTH 00paTHO MPONOPLHUOHAIBHBI IJIOIIAIM CEYEHUM:

Hopt _ Fa
ucp2 I:1

3.3 YpaBHeHue bepHywim ISl 3JIeMEHTAPHOW CTPYWKH WAeaTIbHOM

AKUAKOCTH

PaccMoTpuM ycTaHOBUBINIEECS TEUYCHHE WUCATHHON KUIKOCTH, HAXOSIICHCS
MOJT IEWCTBHEM JIUIITh OJHOW MAacCOBOM CHJIBI — CHJIBI TSDKECTH, U BBIBEJIEM JIJIST ATOTO
CJIy4asi OCHOBHOE yYpaBHEHHUE, CBS3BIBAIOIIEE MEXIY COOOU MaBleHUE B )KUIKOCTH U
CKOPOCTH €€ JBUKCHUSI.

Bo3bmeM onIHY U3 3JIE€MEHTApHBIX CTPYEK, COCTABISIOMNUX MOTOK, W BBIICITUM
ceueHUsAMU 1 M 2 ydacToK 3TOW CTpyHKH mpom3BoiibHOW miuHbI (puc.3.3). IlycTh

Imiomaab 1mepBOro CCUCHU paBHA dFl, CKOpPOCTBb B HCM Ul, JaBJICHUC pl’ a BBICOTa

pPacCIiogaOKCHUA HOCHTpAa TSKCCTH CCUCHMA, OTCUHMTAaHHasA OT HpOH3BOHBHOﬁ



FOpI/ISOHTaJII)HOI\/,I INIOCKOCTH CPAaBHCHUA, Zl' Bo BTOPOM CCUCHHUC COOTBCTCTBCHHO

dF,, U,, p, u Z,.

Pucynok 3.3 — Cxema 1151 BbIBoia ypaBHeHUs bepHyiu

3a OECKOHEYHO Mallblii OTpPe30K BpeMeHH Ot BBIICICHHBIA Y4aCTOK CTPYHKH
IIEPEMECTHUTCS B HOJI0KeHHe 1 - 2,

[Ipumenum Kk Macce )XKUAKOCTU B 00beME yUacTKa CTPYUKU TEOpeMy MEXaHUKH
0 TOM, 4TO paboTa CHJI, IPUJIOKEHHBIX K TEIy, paBHA MPUPAIICHUIO KUHETUYECKOU
SHEPrUU 3TOro Teia. TakuMH CUJlaMHM B JAHHOM CJIy4dae SIBJISIFOTCS CHJIBI TABJICHMS,
JNEUCTBYIOIINE HOPMAJIBbHO K MOBEPXHOCTH PACCMATPUBAEMOrO y4YacTKAa CTPYWUKH, U
cuna tsokectu. llomcuntaem paboOTy cull JaBJICHMS, CHIbl TSKECTH U U3MEHEHUE
KHHETUYECKOW SHEPTHH y4acTKa CTPYHUKH 3a Bpems dt.

PaGota cunbl fgaBiaeHUs B TIEPBOM CEUEHUE TMOJOXKHUTENIbHA, TaK Kak
HAMpaBJICHUE CWIbl COBNAJAET C HANPABICHUEM IEPEMEIICHUS, U BBIPAXKAETCA KaK
MPOU3BEICHUE CUJIBI HA MYTh!

(py - dFy) - (uq - dt).

PabGora cunbl naBieHUss BO BTOPOM CEUEHHE HMEET 3HAaK MHUHYC, TaK Kak

HAMpaBJICHUE CHJIbl MPSIMO MPOTUBOIOJIOXKHO HAMNPABICHUIO TEPEMEIICHUs, W

OIIPEACIIICTCA BBIPAXKCHUEM

—(py -dF;) - (uy -dt).



Nrak, pabota cun gaBneHust OyJeT paBHa:
p, -dF, -u; -dt—p, -dF, -u, - dt. (3.7)
PaGota cunabl TSAXKECTH paBHA W3MEHEHHUIO TMOTEHIHAIBHON JHEPTrUuu
MOJIOKEHUSI Y4acTKa CTPYMKH, MOTOMY HAJ0 U3 DHEPTUU MOJIOKEHHUS KUJIKOCTH B
o0beMe 1 — 2 BBIYECTH DHEPTHIO MOJOKEHUS KHUIAKOCTH B 00bemMe 1™ - 2°. TIpu 3TOM
SHEPTHUs TOJIOKCHHS TPOMEKYTOUHOTO 00beMa 1 - 2 COKpaTHTCs, ¥ OCTAHETCS JIUIIb
pa3HOCTh Hepruii 3meMeHToB 1 — 1" u 2 — 2°. Eciu y4ecTh ypaBHEHUE Pacxoja, TO
HETPYJAHO 3aMETUTh, UTO OOBEMBI a, CJICIOBATEIbHO, W CHUJIbl TSXKECTH SJIEMEHTOB
1-1" u2 -2 paBHBI MEXIy COOOI:
dG=p-g-u;-dF -dt=p-g-u, -dF, - dt. (3.8)
Torga pa®oTa cuibl TSHKECTH BBIPA3UTCS Kak MPOU3BENECHHE PA3HOCTH BBICOT
Ha cuty Tsokectr dG:
(zy —2,)-dG. (3.9)
UtoObl moJicUMTaTh MpUpAIICHUEe KUHETUYECKOW HHEPrHH, HEOOXOANMO U3
KAHETHYECKOH dHepruu oObemMa 1 - 2° BBIUECTh KHHETHYECKYIO 3HEPTHio 00bema
1 - 2. Ilpm BbUETAHWW KHUHETUYECKAs DSHEPTHsl TMPOMEXKYTOUHOTO ydacTKa
COKPATHUTCS, ¥ OCTAHETCS JIMIIb PA3HOCTh KHHETHUCCKUX SHEPTHM DIEMEHTOB 2 — 2° U
1 - 1". Takum 00Opa3oM MpHUpaIIeHne KHHETHIECKON SHEPTHH PaBHO:
(up” —u;*) - dG
2.9 '

CnoxuB paboTy Cui JaBJ€HUS ¢ paOOTON CHIIBI TSKECTH U MPUPABHSB ITY

(3.10)

CyMMY NPHPAIIEHHIO KHHETUYECKON SHEPTHH, MOTYYHM:
(up” —u,*)-dG
2.9 '

PasnenuB 3to ypaBHenue Ha dG, 1 Ipou3Bes COKPALICHUS, TIOTYIHM:

u u
Pr P2 fg—z,=2 L

p-g p-g 2.9 2-g




CprnHI/IpyeM YJICHBI, OTHOCAIMUCCA K IICPBOMY CCUCHHIO, B JIEBOM YacTH

YpaBHCHM:, a YWICHDBI, OTHOCAIINCCA KO BTOPOMY CCUCHHIO, B npaBoﬁ:

2 2
Zl-l—&%-u#zzg‘*‘&"‘i- (3.12)
P9 2-9 P9 2-9

IJi€ Z — TECOMETPUYECKUNA HAIIOP;

B MbE30METPUUECKUI HAIOp;
p-9g
42
o - CKOPOCTHOM HAIMop.
‘g

[TonydyeHHOE€  ypaBHEHHME  HA3bIBA€TCA  ypaBHEHUEM  bepHymnmu i

AJIEMEHTAPHOM CTPYMKHU UICATIbHON HEC)KUMAEMOM KHUJIKOCTH.

TpexuneH Buga

Ha3bIBACTCA IIOJITHBIM HAIIOPOM.

YPaBHeHI/Ie BepHYJ'IJ'II/I 3aIIMCaHO JUJIA JBYX IIPOMU3BOJIbBHO B3ATBIX CCUCHUM
CTPYﬁKH N BBIpAXaCT PAaBCHCTBO IIOJHBIX HAIIOPOB B JTHUX CCUYCHMAX. Tak kak
CCUCHM: B3ATHI IIPOU3BOJIbHO, CIICAOBATCIILHO, U OJIA JIF000T0 APYyroro CCYCHUs 3TOM

e CTPYUKU MOJHBIM HAop OyAET UMETh TO e 3HAUCHHE!

2
u
4 +L+—: H =const.
p-9 2-d
Utak, 014 wudeanvHoti oOeudcyweiicss HCUOKOCMU CYMMA mMpex HANnopos:
2eomMempuiecko20, Nbe3oMempuiecko20 U CKOpOCMHO20 eCb eIUYUHA NOCMOAHHAS

800.]1b CMPYUKLU.

3.4 YpaBuenue bepHyJuiu ISl MOTOKA peaibHOM (BA3KOI) JKHIKOCTH

[Ipn mepexone OT 3JIEMEHTAPHON CTPYUKH HWACATBbHOW YKUIKOCTA K MOTOKY

peaﬂbHOﬁ KHUAKOCTH, UMCIOIIEMY KOHCYHBIC pa3sMEpbl U OTPAHUICHHOMY CTCHKAMU,



HEOOXOMMO yYeCTh HEPAaBHOMEPHOCTH PACIpeACiiCHUs] CKOPOCTSH MO0 CEYCHHIo, a

Takke morepu 3Heprum (Hamopa). To W apyroe SBISETCS CIEICTBHEM BS3KOCTH

KUOKOCTH.
1
u 2
O y
/\ T— o %
1
7 A
2

Pucynok 3.4 — PacnonoeHue CKopocTeil B peaisbHOM MOTOKE

[Tpy OBUMKCHWHM BSI3KOH JKHIKOCTH BJOJb TBEPAOW CTCHKH, HPOUCXOIHUT
TOPMOXKCHHE TIIOTOKa BCICACTBHE BIHUSHUS BSI3KOCTH, a TaKXKe U3-3a CHII
MOJICKYJISIPHOTO CIICTICHUSI MEXIY JKHIKOCThIO W cTeHkou (puc.3.4). Ilostomy
HAWOOJIBIIETO 3HAYCHUS CKOPOCTh JOCTUTACT B IICHTPAJIBHOW YacTH IMOTOKA, a IO
Mepe MPUOIMKEHUS K CTEHKE OHA YMEHBIIACTCS IPAKTHUSCKHU J0 HYJIS.

HepaBHOMEpHOE pacrpenelieHue CKOpOCTed O03HA4aeT CKOJIBKCHHE OJIHUX
CJIOCB WJIM 9acTEH JKUIKOCTH IO JAPYTUM, BCJICJICTBUE YETO BOSHHUKAIOT KacaTeIbHBIC
HanpsDKeHUs (HApsHKCHUS TPCHHUS).

Kpome Toro, ABrkeHHE BS3KOH KHIKOCTH YaCTO CONMPOBOXKIACTCS BpalleHUEM
YacTHIl, BHXPeOOpa3oBaHHWEM H TIepeMelInBaHHeM. Bce 3To TpeOyeT 3arpaTsl
SHEPIHH, TIOITOMY YJAeIbHAs SHEPTUs IBIKYIIEHCS BSI3KOW JKUIKOCTH HE OCTACTCS
MOCTOSTHHOM, a TIOCTENEHHO PacXOayeTcsl Ha MPEOJOJCHUE CONMPOTUBICHHHA H,
CJICIOBATEIbHO, YMEHBIIACTCS BAOJb ITOTOKA.

M3-3a HepaBHOMEPHOT'O PACHPEICICHHS CKOPOCTEH MPHXOIUTCS BBOIUTH B

pacCMOTPCHUC CPCAHIOIO IIO CCUYCHHIO CKOPOCTH Ucp, a TaKXKC CPCAHCC 3HAYCHHC

y,Z[eJIBHOﬁ OHCPIuU )KUJAKOCTH B JdHHOM CCUCHHUMU.

2 2
Py Ucpy P, Ucp2

h+——+Q —— =2y +——+ 0 - +> h,. 3.13

1 0-g 1 2.4 2 p-g 2 2.4 Zn ( )




DTO W eCThb YypaBHEHHE bepHyM Uil TMOTOKA BS3KOW KUIKOCTUH. OT
AHAJIOTUYHOTO YpPAaBHEHUS JUISI JJIEMEHTAPHOM CTPYWKH UIACATBbHOU KUJIKOCTH

MOJNYYeHHOE YPAaBHCHHE OTIHYAeTCS wWieHoM Y N, , IpeicTaBisommM coboii

MOTEPIO MOJHOTO HAmopa, U KO3POUIIMEHTOM (, YUUTHIBAIOIIUM HEPABHOMEPHOCTH
pacnpenenenus ckopocterd. Kpome TOro, ckopocTu, BXOASIIWE B 3TO YPaBHEHHE,

ABJAIOTCSA CPCAHUMU 110 CCUYCHUIO.

3.5 'mapaBanyeckne norepu (001IMe CBEIEHHS)

[Totepu ynenbHOW »SHepruw (Hamopa), WJIHM, KaK WX 4YacTO Ha3bIBAIOT,
TUAPABINYECKUE TTOTEPH, 3aBUCAT OT (DOPMBI, pa3MepPOB pyciia, CKOPOCTH TEUCHUS U
BSI3KOCTH JKHMJIKOCTH, a HMHOTJa W OT aOCOJIOTHOTO JAaBjieHUs B Heil. Bs3kocTh
KUJKOCTH, XOTS W SBJISIETCS TNEPBONPUYMHON BCEX THUIPABIMYECKUX IOTEPh, HO
JIAJIEKO HE BCET/Ia OKA3bIBACT CYIIECTBEHHOE BIIMSHUE HA UX BEIIUUHHY.

[M'uapaBnuydeckre NoTepu 0OBIYHO PA3AEAIOT HA MECTHBIE TOTEPH U MOTEPU HA

TPCHUC 110 OJINHC.

2
Y- ;

m&

Pucynok 3.5 — CxeMbl MECTHBIX THIPABIMYECKUX COMTPOTUBIICHHUIA:
1 —3aaBwkKa; 2 — quadparma; 3 — KOJIEHO

Mecmmnvle nomepu sHepeuu OOYCIOBIECHBI TaK HA3bIBAEMBIMU MECTHBIMU
TUJAPABINYECKUMH COMPOTUBJICHUSAMH, T.€. MECTHBIMHM H3MEHEHUAMH (QOPMBI U
pasMmepa pycia, BhI3bIBaOIIMMU JepopMaliuio nortoka. [Ipu nmpoTrekaHuu KUAKOCTH

yepe3 MeCTHbie comportuBieHus (puc.3.5) H3MEHSEeTCs €€ CKOPOCTh M OOBIYHO



BO3HUKAIOT KpymHble BuXpu. [locineanue oO6pa3yroTcst 3a MECTOM OTPhIBA MOTOKA OT
CTEHOK U MPEACTABISAIOT COO0M 007IaCTH, B KOTOPBIX YACTHUIIBI KUJKOCTH JABUKYTCS B
OCHOBHOM TT0 3aMKHYTHIM KPUBBIM WJIH OJTU3KUM K HUM TPACKTOPHSIM.

MecTHble TOTEpU HAMOpPa ONPEEAI0TCA 1Mo hopMmyIie:
U2

thg-z.g. (3.14)

JlanHOe BbIpakeHUe 4acTo Ha3bIBalOT (hopmyioi BelicOaxa.

Pucynok 3.6 — [lorepu Hanopa Ha TpeHHE N0 ATUHE TPYOBI

Ilomepu na mpenue no oaune, - TO MOTEPU YHEPTUH, KOTOPHIE B UUCTOM BUJIE
BO3HUKAIOT B TNPSAMBIX TpyOax mocTossHHOro cevenus (puc.3.6), T.e. TmIpH
PaBHOMEPHOM TEUEHHUM, U BO3PACTalOT MPOMNOPUHOHAIBHO JUIMHE TPYOBI.
PaccmaTpuBaemble motepu OOYCHOBJIEHBI BHYTPEHHUM TPEHUEM B KUIKOCTH, a
MO3TOMY UMEIOT MECTO HE TOJHKO B IIEPOXOBATHIX, HO U B IIaJAKUX TpyOax.

IToTepro Hamopa Ha TPEHHE MOYKHO OMPEACITUTH IO CAeayIoIIeH hopmyie:

u2

I
hip =4 -— - ——. 3.15
TP d 2.9 (3.15)
Haunyio ¢dopmyiny oObdHO HaszbiBaloT (opmynoit Beiicbaxa — [lapcu, a
0e3pazMepHbIil K03 duImeHT A - K03pOUITUEHTOM MOTEPh HAa TPEHUE MO0 JUTUHE, WIH

ko3(ppunuentom lapcu.



4 Pe:kuMBI TeYeHUsl KHIKOCTH
4.1 PexxuMbl Te4eHHS KUTKOCTH B TPyOax

OnbITHI TOKA3bIBAKOT, YTO BO3MOKHBI JIBA PEKUMA TEUEHHS KUJIKOCTEN U Ta30B
B TpyOax: JIJaMUHAPHBIM U TYpOYIEHTHBIM.

Jlamunapreim HA3bIBA€TCS CIIOUCTOE TEUECHHE O€3 IMepeMElIMBAaHUSI YacCTHIL
KUJKOCTU U 0e3 mysbcaluii ckopocTelt u napnenus. [Ipyu TakoM TedeHUU BCE TMHUU
TOKA BIIOJIHE OMNpENestoTcss pOopMOi pyclia, IO KOTOPOMY TEYET XKUIAKOCThb. [lpu
JTAMUHAPHOM TE€UYEHUHU KUIKOCTU B MPSAMOU TPyOe MOCTOSTHHOTO CEYEHUSI BCE JIMHUU
TOKA HaNpaBJ€Hbl MapaJUIeIbHO OCH  TPYyObl, OTCYTCTBYIOT IMOIEpPEUYHBIC
MEPEMENICHUS KUAKOCTU. JIaMHUHApHOE TEUECHUE SIBIIAETCS BIIOJHE YHOPSAOYECHHBIM
Y [IPU MIOCTOSIHHOM HANOpe CTPOTO YCTAHOBUBIIMMCS TEUEHHUEM.

Typoynenmuvim HaA3bIBAETCA TEUYEHHUE, COMPOBOXKIAIOMICECS HWHTEHCUBHBIM
MEPEMENIMBAHNEM KUJKOCTH WU MYJIbCAUUSIMH CKOPOCTEW M JaBieHuid. Hapsany c
OCHOBHBIM TMPOAOJIBHBIM NEPEMEIICHUEM JKHAKOCTH BIOJb pPYyCla, MTPOUCXOAAT
morepevHbie  nepeMenicHust  (MepeMelIMBaHKs) ¢ BpalmIaTSIIbHOS JIBM)KCHUC
OTZIENIbHBIX 00BEMOB KUAKOCTH. DTUM U OOBICHSIOTCS MYJIbCAIUS CKOPOCTEH.

Pexxum TedueHUs TaHHOW >KUAKOCTU B JaHHOU TpyOe M3MEHSIETCS MPUMEPHO
MIPU OMNPEIEIICHHON CPEHEN MO CEYEHUIO CKOPOCTH TEYCHHS, KOTOPYIO HAa3bIBAIOT
KpuThdecko. Kak T1OKa3bIBAIOT ONbBITHI, 3HAYEHUE ITOM CKOPOCTH TMIPSAMO
MPOMOPIUOHATLHO KUHEMATUYECKOM BS3KOCTH V M OOpaTHO MPOMOPIUOHAILHO
nuametpy d TpyOBI, T.e.

1%
Ugp =K d

Bxonsmmin B 3Ty bopmyiy 0e3pa3MepHbIit ko3 punreHT

MPOMOPITUOHATLHOCTH K OJMHAKOB I BCEX JKUIKOCTEH W Ta30B, a TakKke s

MOOBIX JTUaMEeTpOB TpyO. OTO O3HAYAET, UYTO H3MEHEHUE pEXHMa TEUYCHUs



MMPpOUCXOAUT IIPpU ONPCACIICHHOM COOTHOHICHHWH MCKIAY CKOPOCTBIO, JHAMCTPOM H
BA3KOCTBIO.

_Ukp -d
.

k

[Tomydyenroe Oe3pa3MepHOE YHCIIO HA3bIBAETCS KPUTHYECKUM  YHCIIOM
Petinonpaca u o003HayaeTcs:

Ugp -d

Kak rmoxa3ssIBaroT OmbITHI, I TpyO Kpyrioro cedeHus Reyp =2320.

4.2 KaBuranus

B HekoTOpBIX chy4asX 0OpU JABWKEHUM KUIKOCTH B 3aKPBITBIX pyciax
MPOUCXOMSAT SIBJICHUS, CBSI3aHHBIC C U3BMEHEHUEM arperaTHOr0 COCTOSIHUS KUJIKOCTH,
T.€. C IPEBPAILCHUEM €€ B Map, a TAKXKE C BBIACICHUEM U3 KUJIKOCTHA PACTBOPECHHBIX
B Hell razoB. Hampumep, mpu TE€UEHUU >KUIKOCTU YEPE3 MECTHOE CY>KEHHE TPYOBI
YBEIIMYUBAETCSI CKOPOCTh U MajaeT AaBieHue. Eciu abcontoTHOe TaBieHUe IPU ATOM
JOCTUTAET 3HAYEHUs, PABHOTO JABJICHHUIO HACBIIICHHBIX MAapOB ATOM JKUAKOCTH IPHU
JAHHOW TeMIIepaType, WIH JIaBJIEHUIO, IIPU KOTOPOM HAYMHAETCS BBIICIICHUE U3 HEE
pPacCTBOPEHHBIX Ta30B, TO B JIAHHOM MECT€ MOTOKAa HA4YWHAETCd HMHTEHCHBHOE
napooOpa3oBanue (KUINIEHUE) W BBIJCICHUE Tra3oB. B pacmupsromnieiics dYactu
CKOpPOCTh OTOKA YMEHBIIIAETCS, a IABJICHUE BO3PACTAET, U BBIACICHNE AaPOB U ra3oB
MPEKPaNIacTCsl; BBIACIUBIINECS MAPbl KOHAECHCUPYIOTCA, a ra3bl MOCTEIEHHO BHOBb
PacTBOPSIFOTCHL.

DTO MECTHOE HApYyIICHUE CIUIOLIHOCTU TEUYEHHUsSI ¢ 00pa30BaHHMEM IMAPOBHIX U
ra3oBbIX Iy3bIpel (KaBepH), OOYCJIOBJICHHOEC MECTHBIM ITaJcHHUEM JIaBJICHUS B
MMOTOKE, HA3bIBACTCS Kagumayuel.

KaButanus conpoBokAaeTCsl XapaKTEPHBIM IIYMOM, a IPU AJIUTEIBHOM €€

BO3JEHUCTBUH TAKXKE SPO3UOHHBIM Pa3pylIEHUEM METAUINYECKUX CTEHOK. [locnennee



00BICHSICTCS TEM, 4TO KOHJCHCAIMA ITY3bIPBLKOB I1apa IIPOUCX0oauT CO 3HAYUTEIbHOMU
CKOPOCTBIO, HaCTUIIbI JKUAKOCTH, 3AIIOJIHAIOIINC ITOJOCTh KOHACHCHPYIOIICTOCA
ITy3bIPbKA, YCTPEMIIAIOTCA K €TI0 HCHTPY U B MOMCHT 3aBCPHICHUA KOHACHCAIUN
BBI3bIBAKOT MCCTHBIC YAaphl, T.C. 3HAUYUTCIbHOC ITOBBIIICHUC JTABJICHUS B OTACIIbHBIX
TOYKax. MaTCpI/IaJ'I IIPpHU KaBUTAIWUW pa3pymacTCsa HC TaM, I'’IC BbIACIIAIOTCA

My3bIPbKH, a TaM, II€ OHU KOHAEHCHUPYIOTCS.

[Ipu BO3HUKHOBEHUHU KaBUTAIMU 3HAYUTEIbHO YBEJIIMUUBACTCS CONPOTUBIICHUE
TpyOOIPOBOAOB U, CJIEAOBATEIBHO, YMEHBIIAETCA HMX MPOIMYCKHas CIOCOOHOCTH,
MOTOMY YTO KaBEPHBI YMEHBIIAIOT >KUBBIE CEUEHHUS! MOTOKOB, CKOPOCTh B KOTOPBIX
PE3KO BO3pacCTaerT.

KaBuranusi B OOBIYHBIX CIIy4asixX SIBISIETCS HEXKEIATEIbHBIM SIBJICHUEM, U €€ He
cleayeT IOMycKaThb B TpyOONpoOBOJaxX W JPYrux 3JieMeHTax rujpocuctem. OnHa
MOXET BO3HUKATh BO BCEX MECTHBIX T'MAPABINYECKUX COMPOTUBICHUSX, IJI€ TMOTOK
MpeTepreBaeT MECTHOE CY)XEHUE C TMOCIECAYIONIUM pACIIMPEHHEM, HalmpuMmep B
KpaHaX, BEeHTWISIX, 3aJIBUXKKaX, Tuadparmax u Jip.

KaBuranus MoXeT UWMETh MecTOo B TuapoMammHax (Hacocax U
THIPOTYpOMHAX), a TAaK)KE Ha JIOMACTAX OBICTPO BpAIIAIOIIMXCS TPEOHBIX BHHTOB. B
ATUX CIydasiX CJIEICTBUEM KAaBUTALUU SIBISIETCS PE3KOE CHUKEHUE K.M.J. MAIlIMHBI U
3aTeM [IOCTEIEHHOE pa3pylIeHUe ee€ JeTaneil, MOABEPKEHHBIX BO3JICUCTBUIO
KaBUTALIUH.

B ruapocucremax KaBUTAlMs MOKET BOSHUKHYTH B TPyOOINpPOBOAAX HU3KOIO
JaBJIEHUsT — BO BcachlBawIIMX TpyOompoBogax. B sToMm ciyudae ee oOnactb
pPacIpOCTpaHSIETCs Ha 3HAYUTEIbHYIO YaCTh BCACHIBAIOIIETO TPYOONPOBO/IA UITU JaxkKe
Ha BClIO ero mnuHy. [loTok B TpyOompoBojae Mpu 3TOM Jenaercs ByX(as3HbIM,

COCTOSIIINM U3 KUJKOU U MapoBou (as.



5 JlaMuHapHoe TeueHue

5.1 Teopus JaMHUHAPHOTO TeYeHHUH B KPYIJIBIX TPyOax

JlaMrHapHOE TEUECHUE SIBISETCS CTPOrO YHOPSAOYEHHBIM, CIOUCTHIM TEUEHUEM
0e3 mepeMelIuBaHusl KUJIKOCTH. TpeHHe MEXIy CIOSIMU JABMXKYIIEHCS XKUIKOCTH
ABJISICTCS €AIUHCTBEHHBIM UCTOYHUKOM MOTEPH SHEPTUHU B JAHHOM CJIy4ae.

PaccMoTpyuM ycTaHOBUBIIEECS JIAMUHAPHOE TEUYEHHE KUJIKOCTH B MPSAMOM

KpyTaoi muimHApudeckor TpyOe (puc.5.1) ¢ BHyTpeHHHM aumamerpom d =2-r1y.

UTOoOBbI UCKIIIOUHUTH BIUSHHUE CWIbl TSXKECTH M 3THUM YNPOCTUTH BBIBOJ, JOIMYCTHUM,
41O TpyOa pacmnoiokeHa rOpU30HTAIbHO. J[0CTaTOYHO AalieKo OT BXOJa B HEE, TJIe
MOTOK YK€ BITOJIHE C(POPMHUPOBAJICS, BBIICIUM OTPE30K JUIMHOM | MexX Iy cedeHusMu

1-1 u 2-2.
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Pucynok 5.1 — K Teopun 1aMrHapHOTO T€UEHUS KUIAKOCTH B TpyOe

ITycte B ceuenun 1-1 naBneHue paBHO pP;, a B cedyeHuu 2-2 - pP,. Bruay
MOCTOSIHCTBA  JUaMETpa TPYOBI, CKOPOCTh JKHIKOCTH OyAeT TIOCTOSHHOH, a

Kod(ppuLHMEeHT o OyAeT HEeM3MEHHBIM BJOJb MOTOKAa BCIEJICTBHE €ro CTaOMIHLHOCTH,

MOATOMY ypaBHeHHE bepHyun i BRIOPAHHBIX CEUEHUN TPUMET BU:

Pr P2

rae hip - moteps Hamopa 1o JUIMHE.



Otcrona

YTO W IOKa3bIBAKOT IIbE30METPBI, YCTAHOBICHHBIE B 3TUX CEYCHHUSX.

B noroke >XKHAKOCTH BBIIEIUM LWINHIPUYECKUNA 00BbEM panycoM I, COOCHBII
C TpyOOl M UMEIOLMI OCHOBAHMSI B BHIOPAHHBIX CEUEHUSX.

3anuiieM YpaBHEHHE pAaBHOMEPHOTO JBWKEHHUS BBIJEICHHOIO 00bema
KHUJKOCTH B TpyO€, T.€. paBEHCTBO HYJIIO CYMMBI CUJI, J€HCTBYIOIIUX HA O0OBEM: CUI
JaBJ€HUS U cuil conpoTtuBieHus. O003Hayas KacarelbHOE HANpsyKeHHE Ha OOKOBOM

MMOBCPXHOCTH NUJIMHAPA Y€PE3 T, HOquI/IM:
(py=p,)-7-r2=2-7-r-1-t=0,

OTKy1a
_Prp -t
2-1

T

N3 ¢popmynsl ciieqyeT, 4To KacaTelbHble HAPSHKEHHS B TIONIEPEYHOM CEUEHHH
TpyObl HM3MEHSIOTCA IO JIMHEWHOMY 3aKOHYy B (YHKUMU pajgudyca. OIopa
KacaTeJIbHOTO HaIpsDKEHUS TIOKa3aHa CJeBa.

BrIpazuM kacaTenbHOE HANpsKeHHE T MO 3akoHy TpeHuss HproToHa uepes
JUHAMUYECKYIO BSI3KOCTh M IMONEPEYHbIA TPaJHEHT CKOPOCTH; MPU ITOM 3aMEHUM

nepeMeHHoe Y (pacCcTOSHUE OT CTEHKH) TEKYIIUM PaTuycoM I

copy Qu__, Gu
a dy H dr

3HaK MHHYC OOYCIIOBJICH TE€M, YTO HalpaBjeHHE OTcueTa I (OT OCH K CTECHKE)
MIPOTUBOIIOJIOKHO HAIPABIICHUIO OTCcYeTa Y (OT CTCHKH).

HOI[CTEIBJ'I?DI 3HAYCHHUC 7 B NPCABIAYIICC YPAaBHCHUE, OTTy4YacM.

Prp -1 _ u du
21 dr’
HaiineM oTcrozia mpupanieHie CKOpOCTH:

_ Prp-r-dr
2-u-1

du =



[Ipy TNONOXUTENBHOM TMPHUPALICHUN pAaauyca IMOJIY4aeTCs OTPULIATEIBHOE
npupamieane (YMEHBIIEHHE) CKOPOCTH, YTO COOTBETCTBYET MPOQUIIO CKOPOCTEH,
ITIOKa3aHHOMY Ha PUCYHKE.

BoimonHauB HHTCTPHUPOBAHUEC, ITOJTYUYHM.

2-u-l 2
[locTossHHyl0 MHTerpupoBaHus C HaileM W3 YCIOBHS, YTO Ha CTEHKE IpHU
r=r, u=0:
2
. (
c=Pmrfo
4-pu-1
CKOpOCTB 1O OKPY>KHOCTH PaIHyCOM I
2 .2
Arg” —r
u=rPre r ) (5.1)
4. u-l

DTO BBIPAXEHHE SIBJISICTCS 3aKOHOM PACIPENEIICHUs CKOPOCTEN MO CEUYCHUIO
Kpyriiod TpyObl Tpu JiamMuHapHOM TedeHuu. KpuBas, wuzoOpaxaromas »>00py
CKOPOCTEH, sIBNIAeTCS Mapaboioi BTOPOM CTENEHHU.

MakcumanbHasi CKOpOCTh, UMEIOIAsl MECTO B LIEHTPE CEUECHUS

2
Umax = M (5.2)
4-u-l

[IpuMeHHM TOJIYYEHHBIM 3aKOH pACHOPENCICHHUsI CKOPOCTEeW s pacyera
pacxona. [lns 3TOro BbIpa3WM CHayajla 3JIEMEHTAPHBIM pacxol 4depe3 OECKOHEUHO
MaJtyto tiomanky ds:

dQ=u-dS.
3nmeck U ecTh QyHKIUS panuyca, a miomanky dS menecooOpasHo B3STh B BHIE

KOJIBbIIa PaiiycoM I' v mmmpuHou dr, Torja:

2
dQ = prp -(ro —rz)-z-n-r-dr/(4-y-l).
Ilocne HHTCIPUPOBAHUA 110 BceH miomaan IOoICpeYHOro CCUCHusd, T.C. OT

r=0mor=ry:



T-Prp e, 2 2 T-Pp 4
— . r _r .r.dr:—-r . 5-3
Q=5 (" =r?) SRR (53)

CpenHIo10 10 CEYEHUI0 CKOPOCTh HalIeM JIeJIEHUEM pacxoja Ha TUIOab.

2
f
ucp — Q 5 _ pTP 0 . (54)

CpaBHeHHME JTOrOo BbIpaXXEHHA C (opMmysnod nns  ompelneneHus U

MTOKA3bIBACT, YTO CPEAHSIS CKOPOCTh IPH JaMHHAPHOM TEUCHHH B 2 pa3a MCHBIIEC
MaKCHMAaJIbHOM.

JI7st Toy4eHus 3aKOHa CONMPOTHBIICHUS, T.€. BBIpaXEHUs morepu Hamopa Nip
Ha TpPEHHUE Yepe3 pacxod U pasMmepbl TpyObl, ompenenuM Prp U3 GOpMyJIBl AJIs

pacxoja:

8- u-l-
Prp ZM—4Q- (5.5)
7T'r0

Pa3pmenum 310 BRIpaXkeHHe HA p -, 3aMEHMB (L HA V-p U Prp HA hyp - p- 7,
a Taxoke mepeas or ry k d =2-r,, HaiigeMm:

Ptp _128V|Q
p-9 7r-g-d4 .

hip = (5.6)

[Tony4eHHBI 3aKOH CONPOTUBIICHUS NOKA3bIBAET, YTO MOpPU JIAMUHAPHOM
TEUEHUU B TPyOE KPYIJIOro CEYeHUsl MOTEps Halopa Ha TPEHHE MPOMOPIMOHAIBHA
pacxo/ly W BSI3KOCTH B MEPBOM CTENEHU U OOPATHO MPOIMOPIMOHATIbHA AUAMETPY B
YETBEPTOU CTEIICHH.

Panee ycioBunuch BbIpaKaTh MOTEPU HAINOpa HA TPEHUE YEPE3 CPEIHIOIO

ckopocTs. [IpuBenem 3akoH conpoTuBieHus K Buay hopmyinsl Beiicbaxa — [lapcu:

2
cp

|
d 2.g°

hp =4



i storo B (QopMysne 3aMeHUM pacxo]l MPOU3BEICHUEM 7-d? Uy / 4;
YMHOXUB W PasJenuB Ha U, W MEPErpyNIHpOBaB MHOXHUTENH, MOCIC COKPAIICHHUS

MTOJTYYUM

v | I
TP u,-d d 2.g Red 2.g d 2-9 &7

rae A - ko3 PUIUeHT noTeps Ha TPEHHUE AJIsl JAMUHAPHOTO TEUEHUS, PaBHBIM

2=

Re
3Has 3aKOH pacupeiesIeHns] CKOPOCTEN MO CEYEHUIO TPYOBI, JErKO ONMPEACTUTh
kod(ppuuuent Kopuonuca ¢, ydHUTHIBAIOIIUNA HEPABHOMEPHOCTh paCHpeeICHUs
CKOpoCTell B ypaBHeHUU bepHyIum, ans ciydas JIJaMUHApHOTO TEUYEHUS B KPYIJIOM
TpyOe. [lns sroro ciaywas o =2, T.e. ACUCTBUTEIbHAS KHHETHYECKAs DSHEPTHS
JAMUHAPHOTO TIOTOKA C MapalbOJIMUYeCKUM pacIipeneliecHHneM CKOpocTed B 2 pasa

MPCBBIIIACT KHHCTHUYCCKYIO OBHCPIUIO TOro KE IIOTOKAa, HO IIPpU PaBHOMECPHOM

pacupenesieHud CKOPOCTEH.
5.2 Ob6anTepamus mejei

Korma >kuaKocTh TPOHUKAET dYepe3 Y3Kyl IIelb, O0O0Opa3oBaHHYIO
HETIOJIBUKHBIMHM CTEHKaMH, Ha TPAHMIIE pa3jeia TBEPIOU U KUIKOU (a3 MPOUCXOIUT
afgcopOuMsl TMOJSPU3OBAHHBIX MOJEKYJT JKHAKOCTH, OOYCJIOBJIEHHAs CHUJIAMHU
MEXKMOJIEKYJISIPHOTO B3aUMOJIEUCTBUA. B pe3ynbTaTe 3TOr0 Ha MOBEPXHOCTU CTEHOK
oOpa3zyetrcsi (PUKCUPOBAHHBIA CJIOW JKUJKOCTH, OO0JaAaromuii OmpeaeeHHOM
MPOYHOCTHIO HAa CJBWI, a XMBOE CEUCHHE IMOTOKA B IEIM YMEHbIIAaeTcsa. Takoe
3apallliBaHue IEIU HA3bIBACTCS 0Oumepayuetl.

OO6auTepanuss UHTCHCU(PUIIUPYETCS OTIOKEHHEM Ha IMOBEPXHOCTSIX KaHaJIOB

CMOJI, PBIXJBIX CKOIUICHHH 3arpsi3HCHUU. OTH CMOJIUCTHIC BEIIECTBA W BSI3KHUE



BKJIIOYEHHUSI CIIOCOOCTBYIOT TakKe VYACPKAHUIO B IIEIM TBEPAbIX YACTHUII
3arpsI3HUTENS.

[Iporecc 3apamuBadus MU MPOTEKAET 0COOEHHO HHTEHCUBHO, KOT/1a pa3Mep
YACTHUI] 3arPs3HUTENS] COM3MEPUM C BEIMUYMHOM 3a30pa. [lomHoe 3apamniuBanue B 3 TOM
Cllyyae MOXKET MPOU30UTHU B TeueHue 1 MuH u MeHee.

HapammuBanue oOIMTEpallMOHHOTO CJI0S MPOMCXOIUT HE OECKOHEYHO. YeM
Jabllie 3TOT CJIOM OT TBEPJOU MOBEPXHOCTH, TEM PHIXJEE OH CTAHOBUTCS, TaK Kak
CBSI3b MOJIEKYJ OCNA0IseTCs, U YaCTUIIBl XKUIKOCTHU, OTPHIBASICh OT MOBEPXHOCTH
CJ10s1, BBITECHSIIOTCS U3 IIETIH.

TonmuHa cnosi, 00yCIaBIMBAIOIIETO OOJIUTEPAIUIO 1IETH, C YYETOM BIIHUSIHUS
3arpsi3HEHUN Maciia, paBHa 4-DMKM, B COOTBETCTBHU C YeM, TOJHAs OOJIUTEpaIvs
MOJKET HaOTIOAAThCS JINIIb B MEIAX MUPUHOH 8-10MKM.

XoTa 00JUTEepallUOHHBIE CJIOU UMEIOT CPaBHUTEIHHO HEOOIBUIYIO TOJIIUHY
(HECKOJIbKO MHKPOMETPOB), OHHM MOTYT 3aHMMAaTh B Y3KOH IIEIH CYIIECTBEHHYIO
YacTh TMOMEPEYHOTO CEUCHUS M, TEM CaMblM, 3HAYUTEIBHO YBEIMYHUTH €€
CONPOTHUBIICHUE U YMEHBIIIUTH PACXO/I )KUJIKOCTH Yepe3 IIEeb.

[Ipu obnuTepanum B MIEISIX WX 3a30pax JJIs CTparuBaHHUS C MECTa OJHOTO U3
9JIEMEHTOB, OOpa3yIONUX 3TH IIEIb WIH 3a30p (IUIYH)KEp 30JI0THHKA), TPEOYIOTCS
3HAUYUTENIbHO OOJbIINE YCWIMS, YeM mpu ee oTcyrcTBUU. [lorTomMy BO m3bexanue
BO3HHUKHOBEHHUS OONUTEpallMl HEOOXOAMMO, 4YTOOBI OJUH W3 COMNPAraeMbIX

9JIEMEHTOB HEIIPEPHIBHO HAXOWIICS B ABMKCHHUH (BUOpALIUS C MAJIOH aMIUTUTYION).

6 TypOyj1eHTHOe TeueHHne

6.1 OcHoBHBIE CBeAcHUA

Jnst  TypOyJEHTHOTO TEUEHHS XapaKTEpHO MEepEeMENIMBaHUE >KHUJIKOCTH,

MyJbCAllMM CKOPOCTH W JAaBlieHWH. PacmpeneneHne CKOpPOCTEM B MONEPEYHOM

CEYEHUU TYpPOYJIIEHTHOTO IMOTOKA CYIIECTBEHHO OTJIMYAETCsl OT TOro, KOTOPOE



XapaKTEepHO IS JIAMMHAPHOTO TEYEHMS. ECIM CpaBHHM KpPHBBIE PaCIpEICTICHUs
CKOPOCTEH B JJAMUHAPHOM M TYpOYJEHTHOM IOTOKaX B OAHOM M TOU ke TpyOe u npu
OJTHOM U TOM € Pacxoje, To OOHapy UM CYLIECTBEHHOE pasznuuue. Pacnpenenenue
CKOpocTel Mpu TypOyJIEHTHOM TEUEHHH OO0Jee paBHOMEPHOE, a HapacTaHHe
CKOPOCTH y CTEHKHM Oo0Jjee KpyToe, YeM IpHU JaMUHAPHOM TE€YEHUH, IJIsi KOTOPOIO
XapaKTepeH MapadoIMYeCKUil 3aKOH pacIpeieIeHHs] CKOPOCTEN.

B cBs3u ¢ atuM ko3 uiment Kopuonuca, ydauTsIBaroninii HEpaBHOMEPHOCTb
pacnpeneneHuss CKopocTeid B ypaBHeHMHM bepHysu, npu TypOyJIEHTHOM TEUYEHHH
3HAYUTEIBHO MEHbIIE, HEXKEIU NpH JaMHUHAPHOM. B OOJBIIMHCTBE ciydaeB Npu

TypOyJICHTHOM T€YEHUH MOYKHO MPUHUMATh @ = 1.

Pucynok 6.1 — CtpykTypa noToka npu TypOyJIECHTHOM PEXUME JIBUKCHUS

[Ipu TypOyJlEeHTHOM TEUEHHH >KUIKOCTH HEMOCPEJACTBEHHO Ha CTEHKE TPYObI
OOBIYHO MMEETCS JIAMUHAPHBIA MOTpaHUYHbIN ciiod (puc.6.1). DTo odYeHb TOHKHUI
CIOM KUIKOCTH, JABUKEHHUE B KOTOPOM SIBISETCS CIOUCTBIM M MPOUCXOIUT 0Oe€3
nepemMemMBanus. B ero npenenax CKOpOCTh KPyTO HApacTAaeT OT HYJI HA CTEHKE JI0
HEKOTOPOW KOHEYHOW BEJIMYHUHBI HA TPAHUILIE CJIOS.

TonmuHua naMUHAPHOTO CJO0SI KpailHEe HEBEJMKAa W MOXET ObITh HalJieHa 1o
dbopmye:
~30-d
Re1'

OcHOBHOW pacyeTHON QopMynol Mg MOTEeph Hamopa mnpu TypOYJIEHTHOM

) (6.1)

TCUCHUHU B KPYTJIbIX pr6ax SABJIACTCA Y7KC ITPUBOJAHMMA BbIIIC Q)opMyna, Ha3bIBaCMasd

dbopmyioit Beiicbaxa — Jlapcu 1 umeroias BUa:



u2

I
.E.Z-Q

htp =47

6.2 I'mapaBIMYecKH IJIajiKue TPYObI

Korna mepoxoBarocTh TpyObl HE BIMSIET HAa €€ CONPOTUBICHHE, TPYyOy

Ha3bIBAIOT TUPABINYECKU TIaAKON. I 3TUX ciiy4yaeB KO3OQQPUUUEHT A sBisieTCA

¢ynkuued smmpe uucna PeliHonbiaca.  CymiecTByeT psii  SMIMPUYECKUX U
MOJIYDMIUPHUYECKUX (POPMYJ, BBIPAKAOIIMX 3Ty (YHKIHUIO Il TypOyJIEHTHOIO
TE€YEHUs B THIPABIMYECKHU TJIAJKUX TpyOax:

- popmymna I1.K. Konakosa

Jr =1/ (1.8-1g(Re) —1.5)?, (6.2)
- popmyna bnaszuyca
Ar =0.316/4/Re npu 2320<Re<10°. (6.3)

K qUCy THUAPABIWYCCKU TJIAJKHX Tp}I6 MOXHO OTHCCTHU ULCJIIbHOTAHYTBIC
Tp}I6BI U3 IBCTHBIX MCTAJIJIOB, @ TAKKC BBICOKOKAYCCTBCHHBIC OeCIIOBHEIC CTAJIbHBIE
Tp}I6I>I. BOI[OHpOBOI[HBIe CTAJIbHBIC U YYTI'YHHBIC Tp}I6BI TJIIaAKMMH HEIb34 CUMTATDh,

TaK Kak OHU OOBIYHO AarOT IMOBBIMICHHOC COIIPOTUBJICHUC.

6.3 lllepoxoBaThie TPYObI

Ecou ans ruapaBnvuecku miaakux TPyO KO3 UIIMEHT MOTEPh HA TPEHUE
BIIOJIHE OIpenensieTcs YuciaoM PelfHonbaca, To AJId IEepOXoBaThIX TPYO A 3aBHCHUT
elle U OT LIEPOXOBATOCTH BHYTPEHHEH MOBEpXHOCTU TPYObI. [Ipu 3TOM BakeH He
a0COMIOTHBIN pasmep A OyropkoB IIEpOXOBATOCTH, a OTHOILIEHUE 3TOr0 pa3Mepa K
pamnycy (wmum  numamerpy) TpyObl, T.e. TaKk Ha3blBaeMas OTHOCHUTCIIbHAs

mepoxoBarocTs A/d .



Kak yka3piBamoch BbIllE, TpU yBEIWMYEHUHM RE ToNMHA JaMUHAPHOTO
MOTPAaHUYHOTO CJI0SI YMEHBIIIAETCs, MOATOMY JJIsl TypOYyJIE€HTHOTO MOTOKA MPU MaJIbIX
Re TtonmuHa namMuHapHOTO CJiosg OOJIbIlI€ BBICOTHI OYTrOpPKOB IIEPOXOBATOCTH,
MOCJEAHUE HAXOASITCS BHYTPU JAMHUHAPHOTO CJOsl, OOTEKalTCs IUJIaBHO U Ha
conpoTuBiieHUEe He BiUsA0T. [lo Mepe yBenuuenus Re tonmmua naMUHApHOTO COS
YMEHbIIIaeTCsl, OYTOpKH MIEPOXOBATOCTH HAYMHAIOT BBICTYIATh 3a MPENEIbl ClIOos U
BIIUATH Ha comnpoTuBieHue. I[lpu Oonbmux RE ToNIIMHA JTaMHUHAPHOTO CJOS
CTAHOBUTCS BeCbMa Majioi, a OyrOpKH IIEPOXOBATOCTH OOTEKAIOTCSA TYpPOYJIEHTHBIM
MMOTOKOM C BUXPE0Opa30BaHUEM 32 KaXKIbIM OYTOPKOM.

JIisi OpakTUYECKUX PacyeToOB MO OMPEACICHUIO COMPOTHUBIICHUS PEaTbHBIX

TpyO MOKHO MOJIb30BATHCSl YHUBEpCcalbHOU Gopmymoit A.J[. AnbTiryms:

Ar =0.11-(A/d + 68/Re)% : (6.4)
6.4 IloTepu B HEKPYIJIBIX TPyOax

Ha mpakTuke 4acTo NpuxoauTcsi UMETh JIeJI0 C TEYEHUEM B HEKPYTIIBIX TpyOax.
JIJ1s1 KOIMYeCTBEHHOM OIEHKHU BIUSHUS (DOPMBI CEUEHHS Ha TOTEPIO HANopa Kak Mpu
JTaMUHAPHOM TEYEHUH, TaK U NpHU TypOYJIEHTHOM, B pacueT BBOMAST TUAPaBINYECKUI

panuyc R, mnu ruapasiaudeckuid quamerp D .

Taxum oOpazom, ass m000i GopMbl ceueHus:

I u? | u?

Mo = A oo o8 g H
" 4R, 2.9 T Dy 2-g

(6.5)

[Tpu sToM K03(pPuLMEeHT A; ompenensercs Mo TeM ke (popMyiiaM, HO YUCIO

Re BeIpaxaercs yepes D-:

Re=D, -u/v. (6.6)



7 MecTHbBIE THAPABJINYECKHE CONIPOTUBJIEHUSA
7.1 O01ue cBegeHus

PaCCMOTpI/IM IIOTCPH, O6YCJ'IOBJ'I6HHI)IC MCCTHBIMH ruapaBIN4YCCKUMU
COIMPOTHUBJICHUAMM, T.C. TAaKHMH JJICMCHTAMHU Tp}/'6OHpOBOI[OB, B KOTOPBIX
BCICACTBUC HU3MCHCHHUA Pa3sMCPOB HIIH KOH(i)I/IpraLII/II/I pycCia HTpPOUCXOIHUT
HU3MCHCHHC CKOPOCTHU IIOTOKA, OTPbIB TPAH3UTHOI'O IIOTOKAa OT CTCHOK pycCjla U

BO3HUKHOBEHUE BUXPEOOPA30BAHMUSI.

OMnupuydeckas o01mas Gopmyiia CBA3M MECTHOM MOTEPU HAMopa U CKOPOCTHU

IIOTOKA.

u2

'ﬁ. (7.1)

hM :§|v|

[IpocTelimme MecTHBIE TUAPABINYECKUE COPOTUBIICHHUSI MOXHO Pa3AeianuTh Ha
paclIMpeHue, Cy)XKEHHE M IMOBOPOTHI pycia. boiiee CIOXKHBIE Cllydaul MECTHBIX
CONPOTUBIICHUN  MPEACTABISIOT  COOOM  COEOWHEHWUS WM  KOMOHWHAIUU

MEPEYUCIICHHBIX ITPOCTENUILLINX COTPOTUBIICHUN.
7.2 BHe3amnHoe paciiupeHue

[Ipy BHE3aTHOM pacCHIMPEHUH PYCia MOTOK CPBIBAETCS C Yria U PACIIUPSETCA
HE BHE3AIHO, KaK pyclo, a MOCTENEHHO, IPUYEM B KOJIBLIEBOM MPOCTPAHCTBE MEXKIY
MOTOKOM M CTEHKON TpyObl 00pa3yloTcs BUXPHU, KOTOPHIE U SIBISIOTCS MPUYUHOU
notepu dHepruu (puc.7.1). Kpome 3T0r0, 0CHOBHOM BUXPb MOPOXKIACT Apyrue, Ooee
MEJIKME BUXPH, KOTOPBIE YHOCATCS MOTOKOM. Takum oOpa3oM, MOTEpsi IHEPTUHU
MPOUCXOAUT HE TOJBKO B OCHOBHOM BHUXpPE, HO W MO JIJIMHE CIEAYIOUIETO 32 HUM

y4acCTKa IIOTOKa.
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Pucynok 7.1 — BHe3amHoe pacmmpeHue Tpyobl

Bripaxenue st onpeaeaeHus noTeph:
2 2
F U,

h o =l1- e S
pacu F2 29

(7.2)

Korna mnomans F, Becbma BeslMKa 110 CpaBHEHHUIO ¢ Iiomanso F, moreps Ha

pacuimpeHue:

2
T
pacut — 2 .
9
T.C. B JTOM CcCJIydac TCpsACTCA BCChb CKOpOCTHOﬁ HaIiop. TaKOMy CJIy4daro

COOTBETCTBYET MOABOJ KHAKOCTH MO TpyOe K pe3epByapy JAOCTATOYHO OOJBIINX

pa3MepoB.
7.3 IlocTenenHoe pacuiupeHue pycJia

[locTenenHo pacmupsomniasica Tpyba HazbiBaetcs auddyzopom. Teuenue
KUJIKOCTU B NU(P(Dy30pe COMPOBOXKAACTCS YMEHBIIEHHEM CKOPOCTH U YBEIUYEHUEM
naBiaeHusA. YacTuubl JABUXKYLIEUCA OJKUAKOCTHM IIPEOJOJICBAIOT  HApacTarollee
JABJICHUE 3a CUET CBOEW KHUHETHYECKOW SHEPruu, KOTOpas YMEHBIIAETCS BIOJIb
muddy3opa 1 B HAMpaBICHUH OT OCU K CTeHKe. CIIoM >KUAKOCTH, MPUIIETAIONINE K
CTeHKaM, OO0JIafal0T CTOJb MaJIOW KHHETHMYECKOW DJHEpruei, dYTo HHOrAa

OKa3bIBAIOTCA HE B COCTOJAHHHM IIPCOAOJICBATHL IIOBBINICHHOC [JaBJICHHUC, OHH



OCTAHABJIMBAIOTCS WM JaXe HAYMHAIOT JBUTaThcs oOpaTHO. OOpaTHOE TEeUeHHE

BBI3bIBACT OTPHIB OCHOBHOTO MTOTOKA OT CTEHKH U BUXpeoOpa3oBanue (puc.7.2).

Fi,up Fo,up

Pucynok 7.2 — BuxpeoOpa3oBanue B muddyzope

[lonnyio morepro Hamopa B aud@dy3ope paccMaTpuBalOT KaK CyMMY IBYX
cllaraemblX, MOTEPHU HANOpa HA TPEHHE U MOTEPU HAOpa Ha paclIupeHue.

BBIpEDKCHI/Ie JJIs1 oIpeAcJICHUs IIOTEPh HAmopa.

2 2
- l—Ta 1—% +k-(1—3j :L (7.3)
8-S|n(é) n n g

rie n=F,/F -crenens pacmupenus auddysopa;

hr

k =sin(a) - ko3 dunueHT cMArYeHHS .

7.4 Cy:xkeHue pycja

Buesannoe cyscenue pycna Bceria BbI3bIBAET MEHBIIYIO TOTEPIO SHEPTUH, YEM
BHE3AIIHOE PACIIMPECHUE C TAKUM K€ COOTHOUIEHHWEM Iulomaned. B stom ciyuae
noTepsi 00yCIOBIIEHA, BO-NIEPBBIX, TPEHUEM TIOTOKA MPHU BXOJI€ B Y3KYIO TPYOy U, BO-
BTOPBIX, IMOTEPSIMH Ha BHXpeoOpazoBanue (puc.7.3). Ilocnemnue BBI3BIBAIOTCS TEM,
YTO MOTOK HE O0TEKAaeT BXOJHOU YToJl, a CPhIBAETCS C HETO U CY>KaeTCsl; KOJbIIEBOE
K€ TMPOCTPAHCTBO BOKPYI CYKEHHOW YaCTH IOTOKA 3aIOJHAECTCA 3aBUXPEHHOMU

KHUIAKOCTBIO.



Pucynok 7.3 — BHe3amnHoe cykeHue TpyObl

ITomnas nmoreps Hamopa:

UZZ

cyae gcyofc ) ﬁ : (74)

rae  &ee = (L= Fy/Fp)/2 - koaddumment moreps.

[Ipu BeIXOZE TpYOBI M3 pe3epByapa AOCTATOYHO OOJBIIOTO pa3Mepa U MHpH

OTCYTCTBUH 3aKPYIJIEHHA BXOIHOIO yIiia, K3 GHUIMEHT CONPOTUBICHUS &), = 0.5

3aprrJIeHI/IeM BXOJHOI'0O yrijia MOXHO 3HA4YUTCIIbHO YMCHBIIWNTL IIOTCPH

Haropa pH BXoJie B TpyOy.

Pucynok 7.4 - Koudyzop

Ilocmenennoe cysicenue TpyObl HasbiBaeTcs KoH(py3opom (puc.7.4). Teuenue
KUJKOCTU B KOH(Y30pe COMPOBOXKAACTCS YBEIMUYECHHEM CKOPOCTH M TMaJCHUEM
naBieHus. Tak Kak JaBleHHE KUAKOCTU B Hauyaje KOHQy30pa BbIlE, YeM B KOHIIE,
MPUYMH K BOSHUKHOBEHHUIO BUXpeoOpa3oBaHUN U CPBHIBOB MOTOKa HET. B kKoH]y30pe
MMEIOTCS JIMIIb TOTEpH Ha TpeHue. B CBA3M ¢ 3TUM CONpOTUBIEHHE KOH(PYy30pa

BCErJla MEHBIIIE, YEM COMPOTUBIICHUE TAKOTO ke Tuddy3opa.



A 1Y) u,”
R = 2T |1~ |.22 7.5
i 8-sin(a/2)( nzj 2.9 ("9

7.5 IloBoport pycJa

Bnezannblii MOBOPOT TPYOBI, HIIK KOJIEHO 0€3 3aKPYIJICHUS, BHI3bIBAET
3HAYUTEIIbHBIE IOTEPU IHEPTUHU, TAK KAK B HEM MIPOUCXOAAT OTPBIB MIOTOKA U

BUXpeoOpa3oBanue (puc.7.5).

\
|
!
.

o |
i/ | 9 9
B N
b
Pucynox 7.5 - Koneno PucyHok 7.6 — 3akpyriieHHOE KOJIEHO

N

§K §06I_H:2§K §06m:3§ §06m:4§1<
Pucynok 7.7 — CxeMbl COeJUHEHUSI IBYX KOJIEH

[TocTeneHHBIN TOBOPOT TPYOBI, WIIM 3aKpyTIIeHHOE KOJIeHO (puc.7.6),
3HAYUTEJIbHO YMEHbIIIAET MHTEHCUBHOCTh BUXPEOOpa30BaHUs a, CJIEI0BATEIIbHO, U

COIPOTHUBJICHUE.

[ToTepro Hamopa pacCYUTHIBAIOT MO PopMyie:

hzgm)ﬂ — (76)



7.6 DKBUBaJIeHTHAA JJINHA

DKBUBAJICHTHON JJIMHOW HA3bIBACTCS TakKas JJIMHA MPSMOJUHEWHOTO y4acTKa
TpyOOIpoBOAa, MOTEPH HAMOpa B KOTOPOM paBHBI MOTEPSAM HAmopa B JTaHHOM

MCCTHOM COIIPOTHUBJICHHUU IIPHW OAMHAKOBLBIX pacxodax XUIAKOCTH, T.C.

i
2 2
u I, u
Em — =2
2.9 d 2.9
Orcrona:
S
|3=7M-d. (7.7)

Torpa oOimue moTepu Hamopa B TPyOONMPOBOJIE MOTYT OBITh MOJICUUTAHBI

CJeAyIoIIeM 00pa3oMm:

2
|
SR 0. B (7.8)

| 2
'E'Zg “E 2-0

Hpor =H_ +Hy =4

8 UcTeuenue AKUAKOCTH Y€pe3 OTBEPCTUA U HACAAKH

8.1 UcrTeuenne AKUAKOCTH Y€pe€3 MAJI0€ OTBEPCTHUE B TOHKO CTeHKe npu

MMOCTOAHHOM HAIIOPE

ManpiM =~ Ha3bIBAae€TCS  OTBEPCTHE, BEPTUKAIBHBIA  pasMep  KOTOPOTO
3HAYMTEIBHO MeHbIne Hamopa mnepen otBepctreM (10-d < H), duro mo3Bosser

CUUTATh AABJICHHEC BO BCCX TOYKAX 3TOIO OTBCPCTHA IMPAKTUICCKHN OJHMHAKOBBLIM.
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\
\
\

Pucynox 8.1 — McTeuenue ®HUIKOCTH Yepe3 OTBEPCTHE B TOHKOM CTEHKE

ToHkol, ¢ TUAPABIMYECKOW TOUKM 3pPEHHUS, CUUTAIOT CTEHKY, €Cld
BBITEKAIOIAasi 4Yepe3 OTBEPCTHE B HEW CTpysd KUIKOCTU CONPHUKACACTCS JHIIL C
KPOMKOM OTBepcTHs, OOpallleHHOW BHYTpPb pe3epByapa, U HE KacaeTrcsi OOKOBOM
TTOBEPXHOCTH OTBEPCTHUs, T.€. CTCHKY B KOTOPOW OTBEPCTHE MMEET OCTPhIe KPOMKH
WM CTEHKY MaJIOW TOJIIMHBI O, Hampumep, IJsi OTBEPCTUS KPYriaou ¢GOpMBI

0<0.2-d,. [Ilpn wmcreueHNn >XUAKOCTH HYepe3 OTBEPCTHE B TaKOH CTEHKE OymyT

BO3HHUKATH TOJBKO MCCTHBIC IIOTCPH HAIIOpPA.

HpI/I HCTCYCHUHN IKHUAKOCTH HYEpe3 MaJIOC OTBEPCTUC IUIOMAABIO (@g,

pacroioXeHHoe B TOHKoW cTeHke (puc.8.1, a, 0)), CTpys XKUAKOCTH Ha BBIXOJAE U3
OTBEPCTHSI  Cy)KaeTCs  BCJICJACTBUE  HMHEPIMM  YaCTHIl, JABWKYIIMXCSA IO
KPUBOJIMHEHHBIM TpacKTOopusiM. Ha HEOOJBIIOM pacCTOSHHUUM OT OTBEPCTHSA
(mpyMepHO TOJOBHMHA €ro JauaMmerpa) oOpa3yercss CKaToe CeueHHe, HMEIoIIee

MUHUMAJIBHYIO IUIOIIAAb (W, U BO3HUKACT NPAKTUYECKU NapajuIeIbHO-CTPYHHOE
nBkenne yactui. O003HAUMM ¢ /@y = &, KOTOPBIA Ha3bIBaeTCs KOA(DPUIUEHTOM

ckatust cTpyd. J{s oTBepeTus kpyrioi u kBaapatHoit popmer € =0.6 — 0.64.
OnpenenuM CKOPOCTh UCTEUCHHS U PACXOJI KUIAKOCTH HA TIPUMEPE UCTCUCHHUS

KUJKOCTU 4Yepe3 Malloe OTBEPCTHE B TOHKOM OOKOBOW CTEHKE pe3epByapa, MpHU



MOCTOSTHHOM ypOBHE JKUAKOCTH B pe3epByape (H =const). Ilpoanamusupyem 3TOT
npoiiecc ¢ mnoMmouplo ypaBHeHusi bepuymnu. IlpoBenem nBa ceuenusi: I-I1 — mo
MOBEPXHOCTH XHUAKOCTU B pe3eppyape; ll-Il — mo cTpye, B cxxatom ee ceuenuu; a
TaKke TI0CKOCTh cpaBHEeHMs 0-0, MPOXOAANIYI0 1O OCH OTBEPCTHS. 3alUIIeM IS

ATUX CEYEHUM ypaBHeHHEe bepHyiu:

2 2
o -Up Py oy Uy P)
+ +2; = + +Zy +Hporis:

2.9 p-9 2.9 p-gQ

ITycTs B 001IEM Cilydae JaBICHHE KUAKOCTH HA IIOBEPXHOCTH pe3epByapa Py ,
a Ha BBIXOJE U3 OTBEpCTUA Pi . Tak Kak pe3epByap MMeeT OOJIBIIOE MOIEPEUHOE
CEUeHHEe, CKOPOCThIO JKUAKOCTH B HEM MOXKHO mpeHeOpeub, modtomy U; =0 u

MOTEpH HATopa Ha TpeHue o creHku pesepsyapa H ;; =0. O6osnauum U, =U u

o, =a. Torna nomy4um:

2 2
Pr U | Pk +§0-u—.

P9 2:9g p-9 2-9

Otkyna

UZ\/(a+§o)_1'\/2'g'[H+(pH—pK)/(P'g)]- (8.1)

Pu — Pk
P9

A (o + 50)_1 =@ - KO3} UIUEHT CKOPOCTH.

O6o03Hauum H + = H, - npuBeAcHHBII HANOp Mepes OTBEPCTUEM, A

Torpa:

U=@-42-9-Hg. (8.2)
Urg =+/2-0-Hy. (8.3)

[Ipu uctedeHun BOABI, KOTJa UMEET MECTO TypOyJIEHTHOE TEUEHHE, MOXKHO

npunuMats @ ~0.97 —0.98.



PaCXOI[ KHUAKOCTU qepe3 OTBepCTI/IeZ

3aMeHUM Wc —> & Wq, a U - €ro 3Ha4YCHHUEM U3 IIPOLIIOro YpaBHCHUA, TOT 4.
Q:(o.g.wo. 2.g.H0:M.a)0. /2gH0 (84)

rae U =@-& - KOOPPUIHEHT pacxoaa OTBEPCTHS.

[Tpu yka3aHHBIX BbIIIE 3HaYCHUSIX @ U & 3HaueHne o = 0.6—0.63.

Ecnu mpocTpaHcTBO, KyJia BHITEKAET KUJKOCTh, TAKXKE 3allOJIHEHO JKUIKOCTHIO
(puc.8.1, B), TO UCTEUECHUE MPOUCXOIUT O] YPOBEHb. PacueT ckopocTn M pacxoja
MIPOU3BOJIUTCS IO TEM XK€ POpMyJIaM, HO B HUX

pH—pK:Hl_H2+pH—pK_ (8.5)

H0:H+
p-9 p-9

8.2 Ucteuenue AKUAKOCTH Y€PE€3 OTBECPCTHUC IIPHU IIEPEMECHHOM HAIIOPE

Hcteyenne KUIOKOCTH 4YEpe3 OTBEPCTUA IMPU NEPEMEHHOM  HAMOpE
MPEACTABISAECT 3HAUYUTEIIbHBIA MHTEPEC, TAK KAK UMEHHO OHO OOBIYHO HAOJII0JaeTCs
MIPU UCTEUEHUH KUJKOCTH U3 pe3epByapa, 0acceitHOB.

Kak mnpaBuino, mpu HUCTEUEHUH KUJIKOCTU YEPE3 MaJO€ OTBEPCTHE MPH
MEPEMEHHOM Hamope HeoOXOAUMO 3HATh BpeMsl YAaCTUYHOTO WM IOJHOTO
ONOPOKHEHUSA pe3epByapa.

PaccMoTrpuMm  pesepByap, IONEPEUYHOE  CEUEHHE  KOTOPOrO  SIBJISIETCS
MEPEMEHHBIM IO BBICOTE, OJHAKO M3MEHEHHE (2 MPOUCXOJIUT MEIJIECHHO, IJIABHO

(puc.8.2). Ilycte B mHE 3TOr0 pe3epByapa HWMEETCS OTBEPCTHE IUIOIMIAABIO .
JlaBiieHuE B 00ILIEM Cilydae: Ha MOBEPXHOCTH KMJKOCTH B pe3epByape Py ; B MecTe
BBIXOZIAa U3 OTBEPCTUS Py . Onpenennm BpeMs ONOPOKHEHUS pe3epByapa OT ypOBHSA

H; no ypoBus H,.



Hi

wo,Pk
Pucynok 8.2 — VcreueHune )KUAKOCTH Yepe3 Majaoe OTBEPCTUE MPU TIEPEMEHHOM HaIope

JIOIyCTHM, YTO B KAKOH-TO MOMEHT BPEMEHH YPOBEHD BHITEKAOIICH KHIKOCTH
HAXOIUTCS Ha BBICOTE Z. 3a OECKOHEYHO MalIblii MPOMEXYTOK BpeMenu dt, B TeucHue
KOTOPOTO YPOBCHB B pe3epByape OMyCTUTCS Ha BBICOTY 0z, U3 pe3epByapa BbLILETCS
SJIeMEHTapHbI 00beM kuakoctn dV =—Q-dz (3Hak MHUHyca O3Ha4yaeT, 4ro ¢
YMEHBIIICHHEM Z O00BEM BBITEKAIOIIEH JKHUAKOCTH yBenuuuBaercs). C apyroi

CTOPOHBI, 3TOT ke 00beM dV =Q -dt, npuyem, BBHIY MaJOr0 U3MEHEHHSI HAmopa Z

3a Bpems dt, Q MOKHO CUMTATH MOCTOSTHHBIM U OIPEICIUTH €ro 1Mo (GopMyJie pacxoa

[IpU MOCTOSTHHOM Hanope. Clie1oBaTeNnbHO:

-Q-dz=Q-dt,
NnIn
—Q'dZZM'COO' 29(2+M]dt’
p-g
OTKyja:
dt = — Q-dz |
P9

OmnpenenuM BpeMsi ONOPOXKHEHHWs pe3epByapa OT ypoBHa H; mo H,,
IIPOMHTETPUPOBAB NOJIyUYEHHOE BBIpaKeHUE B npezenax oT Hy no H,. Ilpumewm, uro

() = const mo BrICOTE pe3epByapa:



t__l}z Q-dz zzg(ﬂ_ﬁ) (86)
AR
P9

B ciydae nonuoro onopoxHeHus pesepsyapa H, =0, cienoBarenbHo:

220.H,  2.0.H, 2w

_y-wo-\/Z-g _,u-a)o-\/Z-g-Hl _Qmax.

(8.7)

8.3 UcTeuenue AKUAKOCTH Y€PE€3 HACAAKHU

Hacanku — 3T0 KOopoTkue TpyOKH, HNPHUCOEAUHSIEMbIE K OTBEPCTHIO B CTEHKE
pe3epByapa WU KOHIY TpyObl. [ ompeaesieHus CKOPOCTH MCTEUYCHHUSI U pacxoja
AKUJKOCTU Yepe3 HACATKU MPUMEHSIOT T e (POPMYIIbl, UTO U JIsl MaJIOTO OTBEPCTHS

B CTCHKC, HO KOB(l)CI)I/ILII/IeHTI)I B HUX UMCIOT JAPYTHUC 3HAUCHUA.

a 0 B
]
r pil|

Pucynox 8.3 — Tunsl HacaaKoB

IIpn BXO#me B HaAcaJOK CTPys MXUJKOCTM BHAUAJIE CYXAeTCSA, KAK M IpH
WCTEUYEHUN YEPE3 OTBEPCTHUE, A 3aTEM PACIIUPSIETCS, 3aNOJIHSS BCE CEUEHUE HACAMIKA.
Bokpyr cxaToro ceuenusi, 00pa3yroTcs 3aCTONHBIE 30HbI C TOHUKEHHBIM JIABJICHUEM,
B PE3YJIbTATE YETO MPOUCXOIUT MOICACBIBAHUE KUJIKOCTU U3 PE3EPBYaApa, U CKOPOCTh
TEUCHUS )KUIKOCTH B CXKATOM CEUECHUHU yBennuuBaercs. [loaTomy npu oamHakoBOM

HATOpe PacXoj KUIAKOCTH Yepe3 HacaJokK OyneT OoJblle, YeM Yepe3 OTBEPCTHE.



OntumanbsHas amuHa Hacanka | =(3-4)-d.

B TexHHKE MPUMEHSIOTCSA HAaCaKU PA3TUIHON (POPMBI:

- mwmuHaApudeckre Hapyxkuble (puc.8.3, a) (u=0.82) u mwmHIpUYecKne
BHyTpeHHue (puc.8.3, 0) (u =0.71);

- xonnueckue cxopsammecs (puc.8.3, B) (1 =0.946) u KoHOWAAIBHBIC WIIH

koHby30psI (puc.8.3, 1) (1 =0.98);

- koHnueckue pacxoasmuecs (puc.8.3, ) (1 =0.5).

8.4 UcTeuenue KUAKOCTH 4Y€pe3 00Jb10€E DOKOBOE OTBCPCTHC. BogociauBsl

Bonpmm Ha3pIBAalOT OOBIYHO OTBEPCTHE, BEPTHKAIBHBIA pa3Mep KOTOPOTO
MIPEBBIIIAET OJIHY JAECATYIO Hamopa nepen orBepctueM. llpu ncreuennn uepes takoe
OTBEPCTHUE YK€ HEJIb3s CUUTATh, UTO HAIMIOPHI IO €0 BHICOTE OJUHAKOBBIC.

Paccmotpum pesepByap, umeroniuii B OOKOBOM CTEHKE OOJIbIIIOE OTBEPCTHE,
pacCTOSIHUS BEPXHEM W HUKHEM KPOMKH KOTOPOTO OT ITOBEPXHOCTH >KUAKOCTH

cooTBeTCTBEHHO H; =const u H, =const, a naBieHue Ha MOBEPXHOCTU KUIKOCTU

U B MECTE BBIXO/a CTPYyH ojuHaKoBoe (puc.8.4).

Pucynok 8.4 — VcreueHue »)UAKOCTH depe3 OobIoe 60KOBOE OTBEPCTHE

BoimenuM B OTBEpCTMHM Ha NPOU3BOJBHOW TIIYOMHE Z OT MOBEPXHOCTH

AJIEMEHTAPHYIO IUIOMAAKY O MIMPUHOW X M BBICOTOW 0Z, ISt BCEX TOYEK KOTOPOM



AOIMYCTUMO CHHUTATh HAIlOP NMOCTOAHHBIM W PABHBIM HO =Z7. 9H6M€HTaprIfI pacxon
KUAKOCTH 4CPE3 TAKYIO INIOMIAJIKY MOKCET OBITH IMOACYMUTAH II0 (I)OpMYJIe:

dQ=pu-do-\2-9-Hy =pu-x-dz-\j2-9-2.

Torpa pacxon KUAKOCTH 4Y€pe3 BCE OTBEPCTHC.
H, y
QZJdQZM' /2-Q - '[ X-272.dz.
® H;

Pemenue 3Toro uHTErpasa BO3MOXKHO, €CIM M3BECTEH 3aKOH HW3MEHEHHS
IIMPUHBI OTBEPCTHUSA 10 BBICOTE.
Hanpumep, nns Kpyriaoro oTrBepcTus paauycoM R mpu MOrpyXeHUW LEHTpa
OTBEpCTUA Ha IIyOUHY /'
2 R?
Q=p-7-R°- 1—327 \J2-9-H. (8.8)

JIi1st IpsAMOYTOJIBHOTO OTBEPCTHS IIIMPUHOK D = const:
Q=§-u-b- /2.9.(H2%_H1%j_ (8.9)

YacTHBIM CIydyaeM HCTEUEHHUS JKUJKOCTU uyepe3 00Jiblioe OOKOBOE OTBEPCTHE
SBIISIETCS] BOAOCIHB — MPErpaja, yCTaHOBJICHHAS HA MyTH MOTOKA, Yepe3 KOTOPYIO OH

nepenuBaetcs (puc.8.5).

Pucynok 8.5 — Cxema BogocnuBa

BOI[OCJII/IBBI IIUPOKO IIPHUMCHAIOTCA B TCXHHKC KaK OJHH K3 OCHOBHBIX
9JICMCHTOB PCYHBIX THAPOTCXHUYCCKUX COOPY)KCHI/Iﬁ, a TaKoKC B KAa4YCCTBC YCTpOﬁCTB

IJI. UBMEPEHUS pacX0J0B KUIKOCTEH.



Jlnst u3MepeHus pacxoja KUJIKOCTEH MPUMEHSIOT OOBIYHO HE3aTOIUICHHBIM
BOJOCIIMB C TOHKHUM BEPTUKAJIBHBIM IIOPOrOM, YCTAaHOBJIEHHBIM HOPMAaldbHO K
HAIPaBJIICHUIO ITOTOKAa M UMEIOIIMM MPSIMOYTOJbHOE WM TPEYrOJBHOE OTBEPCTHE.
Takoli BOAOCIMB MOXHO TPUOIUKEHHO paccMaTpPUBaTh KAaK YaCTHBIM Ciydaid

UCTEUCHHS >KUAKOCTH depe3 Ooibinoe OokoBoe oTBepcTHe, korma H; =0, a
H, = H - BeicoTe XMOKOCTH HaJ MOPOrOM BOJOCIHMBA, NMpuueM H H3MEpsSIoT Ha
paccrosiauu | > (3—4)- H mnepen moporom, Tak Kak OKOJIO CaMOIro MOpOra ypoBEHb

KUJKOCTU HECKOJIBKO MOHUKEH.
9 /IBM:KeHHe )KUTKOCTH MO TPYOONpoBoaamM
9.1 IlpocToii TpydONIPOBOI
Bce Tpy6onpoBoibl MOKHO pa3iesIuTh Ha IPOCThIE U cloXHbIE. [IpocThiMu
SBJISIIOTCSI TPYOOTIPOBO/IBI, COCTOSIIIINE U3 TPYO OJUHAKOBOTO JUAMETpa U HE

HMCIOIINC 110 ITYTH OTBGTBHGHHﬁ, a CJIOKHBIMH — BCC OCTAJIbHBIC TPY6OHpOBOI[BI,

COCTOAIMMUEC U3 MPOCThIX, COCAMHCHHBIX TEM HMJIM MHBIM CIIOCOOOM.
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Pucynok 9.1 — PacueTHas cxema /sl onpeAeNieHus MOTePh HAropa B IPOCTOM
TpyOOIIpOBOIE



C ruApaBIMveCcKON TOYKM 3PEHHS Pa3IMyaloT TaKKe KOPOTKHE U JJIMHHbBIC
TpyOorpoBoabl. K KOpOoTKUM TpyOONpPOBOJAM OTHOCATCS TaKUE, B KOTOPHIX MOTEPHU
HaIopa B MECTHBIX COTMPOTUBJICHUSIX COCTABISIOT OoJiee 5-10% ot moTeps Hamopa B
MNpSIMBIX y4acTKax TPyOONpOBOJA, K JJIMHHBIM — TaKWe, B KOTOPBIX MOTEpU Hamopa
0 JUJIMHE HACTOJIbKO MPEBBIIIAI0T MECTHBIE TOTEPU HAIOPA, YTO MOCIEIHUMHU MOMKHO
npeHeOpedsb WM MPUHITH UX OPUESHTUPOBOYHO paBHBIMEH 5-10% oT moTepsr Hamopa
O JIJIMHE.

Paccmotpum npocToli kopoTkuii TpybonpoBoy (puc.9.1), cocrosmmii u3 psaa
MPSMOJIUHENHBIX YUaCTKOB U MECTHBIX COITPOTUBJICHUH, U MOJACYUTAEM B HEM MOTEPU
Haropa. J[Jis 3Toro BOCHoJib3yeMcsi MPUHIIMIIOM CJIOKEHUSI OTEPh!

Huor =H gra+Hypa +H o + Hypo + H g =
2 l, u? u? l, u?

l, u? u
_._+§1._+l._ _+§2._+l.__
d 2-g 2-0 d 2-¢ 2-9 d 2.9

=1
BrruriciieHne moteps Hamopa 3TUM METOJIOM OYEHb TPOMO3IKO M 3aHHMACT
MHOTO BpPEMEHH, OCOOCHHO €cCiIu TPyOONpPOBOJ COCTOMT M3 OOJBIIOTO YHCIIA
YYaCTKOB.
BrIpa3zuM B MOTyd4eHHOM BBIPAKEHUN CKOPOCTh YePe3 pacXo:
_4Q
Cz-d?

Torpaa, mocie npeoOpa3oBaHuUs MOTYUUM:

u

8-4

Hor =| ———
10T g 71'2-d5

e eTD I N

Beipaxkenne, crosimee B CKOOKaX, HA3bIBACTCS  COMPOTHBICHHEM
TpyOomnpoBoga u oOo3Havaercss a. Ilpu TypOyJeHTHOM peXHME [BIXXEHUS U
THJIPaBIMYECKH MIEPOXOBAaThIX TpyOax a=const. Torma ypaBHEHHE MOXKHO

3aIucaTh.

Hor =2-Q%. (9.2)

O0o03HaUYNM:



8-1 A 8 _A
2 5 NP M T T A
g r2.d® g-7°-d
re Ay - eIMHAYHOE CONPOTHBIEHUE TI0 JUMHE; Ay, - €IMHUYHOE MECTHOE

COIPOTHUBJICHUE.

Torpa:
HHOT:(Aﬂﬂ'ZI+AM '25)'Q2- (9.3)
Bemnannbl A4 ;; u Ay HaspBaroTcs 0000umeHHbIME Tapamerpamu. [lpu
pacuerax TpyOONpoBOAOB 3Ha4eHUs A ;; U Ay BBIOMPAIOT U3 CIIPABOYHBIX TAOJIHIL,

HOTCpI/I Hamopa B JJIMHHBIX pr6onpOBoz[ax MOTYT OBITh BBIYMCIICHBI

3HAYUTCIBHO npome:
H nor = Aﬂﬂ ) L'QZ’ (9.4)
rae L ~(1.05-1.1)
Nuorma mpu pacyerax MOIAB3YIOTCS OOOOUIEHHBIM MapaMeTpOM HECKOJIBKO

HWHOT'O BUA.

K2-_1_ (9.5)
Torpa:

L-Q?
HHOT:—R_QZ : (9.6)

9.2 HanopHble XapaKTEePUCTHKH TPYOONPOBOI0B

Jlns mepeMenieHus: XKUAKOCTA B MPOCTOM TPYyOOMPOBOJE OT €ro Hayaua Jo
KOHIIA HEOOXOJMMO HE TOJBKO MPEOA0JETh THAPABINYECKOE COMPOTUBICHUE, HO U

MNOAHATH XKHUAKOCTb Ha OIPCACICHHYIO BBICOTY Az = 22 - Zl’ a TaKXKXC IIPCOoaO0JICTb

uMeronieecs B KOHIE TpyOOIIPOBOAA IPOTUBONABIEHUE P, .



CocraBum ypaBHenue bepuymu ans cedenuit noroka I-1 u ll-11 otHocurensuo

MPUHATON TIocKocTH cpaBHeHus 0-0:

2 2

oy -Ug Py a;-Up P2
+ +2; = + +2y +Hpori-s-

2-9g  p-9 2-g  p-g

Tax kak B mpoctom TpybOompoBoxe U; =U,, a CIEJOBATEIbHO U O =05,

Harop, KOTOPhI HEOOXOAMMO CO3/1aTh B Hadaye TpyOONpoBoja NJisi NMEepeMeElIeHUs

OMPENIENIEHHOT0 pacXoja XUIKOCTH MO 3TOMy TpyoOompoBoay oT cedeHus -1 mo
ceuenus l1-11,
P _ P +Az+HHOT_1_2:&+Az+a-Q2. (9.7)

g

H nore = _
P9 p-g
[TonyyeHHOE ypaBHEHHE HA3bIBACTCS YPABHEHUEM HAIOPHOW XapaKTEPUCTUKH

TpyOoIpoBoaa, a rpaduK 3aBUCUMOCTU MeXAY H ;;o7p U Q, IOCTPOEHHBIH 10 3TOMY

YpaBHEHHIO, HAIIOPHOM XapaKTEPUCTUKONU TPYyOOIIpOBOA.
PaccmoTpuM cxembl pa3inuHbIX TPYOOIIPOBOIOB U COCTABUM JIJIsl KQXKIOTO U3

HHUX YPaBHEHHE HATOPHOM XapaKTEPUCTHUKH.
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Pucynox 9.2 — Cxembl ¥ HallOpHBIE XapaKTEPUCTHKH PA3IMYHBIX TPYOOIIPOBOIOB



a) IllaxTHBI BOJOOTIMBHBIN TPyOOIIPOBO/, IO KOTOPOMY BOJA M3 TIOJ3EMHOTO
BOJOCOOpHUKA BbInaeTcs Ha moBepxHOCcTh (pmc.9.2, a). Tak kak Py = Pk = Pa,
ypaBHEHHE HATIOPHOU XapaKTePUCTUKU TPYyOONpOBOa:

H=H,+a Q% (9.8)

0) ['opu3oHTaIBHBIA TPYOOIPOBOJ, MO KOTOPOMY HACOC IOJAET BOIY W3
OTKPBITOIO pe3epByapa B MapoBOl KOTEJ, U30BITOYHOE JIaBJIICHUE Mapa B KOTOPOM
paBHO Py, a H =0 (puc.9.2, 6):

H=PM L 5.02 (9.9)
p-9
B) IlIaxTHBIA TOXApHO- OPOCHTEILHBIA TPYyOOIPOBOI IO KOTOPOMY BOJa C

NOBEpXHOCTH mojaercss B 1maxrty (puc.9.2, B). Tak kak Py = Pk =P, @

H, =—H;, ypaBHEHUE HAIOPHON XapaKTEPUCTUKH

H=-H, +a-Q?. (9.10)

9.3 CaoxHuble TPYOONPOBOABI

Ilocneoosamenvroe coedunernue mpyoonposooos.
PaccMOTprM CITOXHBIN TPyOOTIPOBOA, KOTOPBIM COCTOUT W3 TPEX MPOCTHIX
TPyOOIIPOBOJIOB, COCIAMHEHHBIX TMocienoBareabHo (puc.9.3, a). CompoTuBIcHHE

Ka)/I0T0 paBHO COOTBETCTBEHHO 3, a,, aj.
Ha ocHoBanun ypaBHeHI/IH HCPA3PBIBHOCTH IIOTOKA paCcXoJd J KUAKOCTH I10
KOKJIOMY Y9acTKy TpyOOIpoBO/ia OMMHAKOB U paBeH Q, a moTepw Hamopa B HUX:
Hpori=a ‘le’ H or2 = a; ‘sz’ Hors = a3 'Qsz-
B cooTBeTcTBUM C MPUHIMIIOM HAJIOXKEHUS MOTEPh OOLIME MOTEPH HAIopa B

paccMaTpuBaeMoM TpyOOTpoBoOE:

Hor =Hpora+ Hpor2 + Hpors = (al +a, +a3)- QZ- (9.11)
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Pucynox 9.3 — Cxembl ¥ HallOpHBIE XapaKTEPUCTHKH TPYOOIIPOBOIOB, COCTUHEHHBIX
nocjenoBaTebHo (a) 1 napamiessHo (0)

Takum  00pa3oMm,  CONPOTHUBJIEHUE  CIOXHOIO  TpPyOOMmpoBOJa  MpH

MOCJIE0BATEILHOM COEIMHEHUU TPYO YBEIIMUUBAETCS U B OOIIEM Cllydae:
N
a=>a. (9.12)
1

Ilapannenvnoe coeounenue mpybonpoeooos.
PaccMOTprM CITOXKHBIN TPyOOMPOBOA, KOTOPBIM COCTOUT W3 TPEX MPOCTHIX
TPyOOIIPOBOIOB, COCMUHEHHBIX MapamienbHo (puc.9.3, 0). IlycTh compoTuBiIcHHE

Ka)K7I0r0 TpyOOIIpOBOZa PABHO COOTBETCTBEHHO d;, d,, Az, @ PACXOJ JKUIKOCTH —
coorBeTcTBEHHO Q,Q,,Q3.

Ha ocHOBaHuu ypaBHEHHUS HEPa3pBHIBHOCTH MOTOKA OOLIUN pacXoid *KUIKOCTU

10 TAKOMY TPYOONpOBOAY:
Q=0Q,+Q, +Qs. (9.13)

a MOTepH Haropa B KaKJI0M TPyOOIIpOBOJIE:

2 2 2
Hpora=a1-Q" Hporz =2,-Q" Hpors =2a3-Q3". (9.14)



[ToTepu Hamopa B KaxJ0M MPOCTOM TPyOOMpOBOJE, a Takke OOIIue MOTepH
Haropa B paccMaTPUBAEMOM CIIOXKHOM TpPYyOOMpOBOJE€ pPaBHBI PA3HOCTH MOJHBIX

HamopoB B ceUeHUsIX A u B:
Ha—-Hg =Hpori=Hporz =Hpors =Hpor- (9.15)

OmnpenenuM oOMU pacxo )KUIKOCTH IO TPyOOIIpOBOAY:

:\/HHOT.1+\/HHOT.2 +\/H170T.3 _

A \ a2 \ a3
1 1 1
= - H
ﬂal +11a2 +11a3 ror

Torga norepu Hanopa B paccMaTpUBAaEMOM TPYyOOIIPOBOJIE:

Q
(9.16)

)
1

1 1 )
H = Q7. 9.17
Ve as) o

Takum o0Opa3oM, CONPOTHBIEHHE CIOKHOIO TPyOONpPOBOAA, COCTOSILETO W3

HCCKOJIBKO IMPOCTBIX, COCANHCHHLIX TapaJIJICIIbHO, YMCHBIIACTCA U B 06HleM ciyyace:
-2

a=|>—1| . (9.18)

Tpy6onposoo ¢ nymesvim pacxo0om HCuoOKoCmu.

TpyOompoBoOM C TMyTEBBIM PACXOJOM KHJAKOCTH HA3bIBACTCS TaKOM
TpyOOTIPOBO/I, M3 KOTOPOTO JKHUJIKOCTh pa3laeTcs B psijie MyHKTOB 1O ero jumHe. [lpu
OOJBIIIOM YHCJIE TAKWX MYHKTOB MOXKHO C JIOCTATOYHOW TOYHOCTHIO CUUTATh, UTO

pas6op KHUIAKOCTH OCYIIECTBISIETCS. PABHOMEPHO C HHTEHCUBHOCTBIO ( = Q7 /I .
Paccmotpum o6mmit ciyuaid, korga B TpyOOmpoBOJEe KpoOME PaBHOMEPHOIO

nyTeBoro pacxona Q, =(-| mmeercs Takxke TpaH3UTHBIA pacxon Qr , 3a0upaembrii

B caMOM KoHIle TpyOompoBona (puc.9.4). Ilpu 3TOoM 00U pacxox >KHIKOCTH,

MOCTYMAloIIe B TpyOOIpPOBO/I:

Q=Qr +Qy =Qr +q-I.



Pucynok 9.4 — Cxema TpyOomnpoBo/Ja ¢ TPAaH3UTHBIM U ITyTEBBIM PACX00M

BriienuM Ha HEKOTOPOM PaCCTOSHUM X OT Havayia TpyOornpoBoga 0ECKOHEUHO
MaJIBI y9acTOK JUTMHOW dX, pacxoJl Mo KOTOPOMY MOYHO CUHUTATh IMOCTOSIHHBIM H

paBEbIM Qy =Q; + - (I —X). IloTepn Hamopa Ha 3TOM YacTKe ONpPENEIUM IO

cieaymwoleit popmyie:

L-Q?
H ror = K2
_sz [QT +q- (|—X)]

[IpunsaB, uTto mo giuuHE TpPyOOMpOBOIA K 2 =const, Torma MIPOUHTETPUPOBAB
MOJTydeHHOE BhIpaxkeHHe B npeaenax oT 0 g0 |, momydum oOimue morepu Hamopa Bo

BCEM TpyOOIPOBOIE:

[
I
HHOT:JdHHOT— QP +Qr - Q17+Qé7 =F-Q92=a-Q92. (9.19)
0
rre  Qn —\/QT +Qr Q7 + Qg - OJKBHUBAJICHTHBIM pPacxoJ B KOHIIE

TpyOOIpoBOAa, MPU KOTOPOM IOTEPU HAMoOpa MOJYYAIOTCS TaKue >Ke, Kak MpHu

TpaH3uTHOM Qp u myrteBoM Q; pacxonax.

Ecium  TpamsuTHBIi pacxon B TpyOompoBome orcyrctByer (Qp =0),



10 CunoBoe BSaHMOHeﬁCTBHe MMOTOKA C TBEPABIM TECJI0M

10.1 'uapaBanyeckuii ynap B TpyoonpoBoje

Pe3koe M3MeHEHHE CKOPOCTH JKHAKOCTH B KaKOM-JIHMOO CEUEHUH HAIOPHOIO
TpyOOIpOBOAA MPUBOJIUT K YCKOPEHHUIO WM K 3aMEJIJICHUIO IBUKEHUS KUJIKOCTH. B
pe3yiabTaTe BO3HUKAIOT CUJIBI MHEPIUHU, OO0YCIIaBIMBAIOIINE OBICTPOE MOBBIIICHHUE
WY TIOHWYKEHHE JTaBJICHUS B TTOTOKE, - MPOUCXOIUT THAPABINUYSCKUN yaap, KOTOPHIN
B OTJIMYHME OT KECTKOr0 yJapa TBEPABIX TN, SBJSIETCS YIOPYTUM, U IPU KOTOPOM
JABJICHUE PACIpPOCTpaHSIETCs BIOJb TPYyOONPOBOJA BOJIHAMHU, MOJOOHO 3BYKOBBIM
BOJIHAM.

PaccmMoTpuM  TOpPU3OHTANIBHYIO TpyOy, COEIUHEHHYIO C pEe3epByapoMm,
3aroytHeHHbIM Bosio# (puc.10.1). Ha koHme TpyOsl ycTaHoBieH kpaH. [IpeHeOperas
MOTEPSIMU HAMOpPa, MOXKHO CYUTATh, YTO JAaBJIEHUE B TPyOe MpHU IBHKEHUU KUJKOCTH

PaBHO CTaTUYECKOMY, T.€. BBICOTE CTOJI0A KUJIKOCTH B PE3EpPBYyape.
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Pucynox 10.1 — PacueTHas cxema K BbIBOY ypaBHEHHs JKyKOBCKOTO:
1 - pesepByap; 2 — Tpy0a; 3 - KpaH

[Ipy MrHOBEHHOM 3aKpBITHH KpaHa OCCKOHEYHO Majas macca JKUIKOCTH,
HETNOCPEJICTBCHHO Tpwierammas k kpany (Mexay cedenusmu -1 — IV-IV),
MTHOBEHHO OCTAHABJIUBAeTCS, W CKOPOCTh €€ CTAaHOBUTCSA paBHOH HYIIIO.
[Tpoucxoaut mpeoOpa3oBaHWEe KHHETUYSCKOM HSHEPrUM B  MOTCHIUMAIBHYIO,

MPHUBOAAINYIO K UBMCHCHUIO JIaBJICHUA.



CoctaBuM 1Sl 3TUX CEYEHHI ypaBHEHHE KOJIW4YeCTBa JIBUXKEHHS. CKOPOCTH B
ceuenun |-l paBHa cpegnelt ckopoctu B TpyOoOmpoBOAEe, a JaBICHUE —
TUAPOCTAaTUUECKOMY JIaBlIeHUI0 B pe3epByape. B ceuenun V-1V naBnenuwe paBHO
yAapHOMY JIaBJICHHIO, & CKOPOCTh paBHA HYJIIO.

ITomyuum:

2
(p_py)'ﬂ-.4d dt:(O—U)dm

7-d?

roe dm= -p-dl.

[ToacraBisist 3TO 3HAYCHHUE B YPABHEHUE TIOTYIHM
py —p=p-u-dl/dt.
OGo3naunm: dl/dt =c - ckopocTb ppoHTa yrapHOI BOJHbI JABJIEHUS BIOJb
TpYyOBI;
Py — P=Ap, - mpupaiieHue NaBIEHHs IPH THAPABIMYECKOM YIape.
Torma mocje MOACTAaHOBKH 3THUX 3HAYeHUH B (hopMyiy, moaydum (Hopmyny
JKykoBckoro:
Ap,=p-u-c. (10.1)

CxopocTb pacnpocTpaHeHus PpOHTA YIapHOU BOJIHBI 3aBUCHUT OT YIPYTUX

CBOMCTB JKHMJIKOCTH U TPyOOIIPOBO/Ia U MOKET OBbITh HalijieHa 1o hopmyiie:

c:\/E}K/\/ud-E}K. (10.2)
P 6 Er

rae E ., E; - MOLyJIb yIPYTrOCTH KUAKOCTH U MaTepuala TpyOOIIpoBoAa.

[lo cBoeMy 3HaueHHIO ¢ OJM3Ka K CKOPOCTH PACIPOCTPAHEHHSI 3BYKa B

HCOI'paHMYCHHOM o0Beme JKHUIKOCTH, T.C. C= C3B’ = /—}K . I[J'If[ HCOI'paHUYCHHOT' O

M M
o0beMa BoJIbl €35 =1430—, 1 cTaNnbHBIX BOAONPOBOJIOB ¢35 =1050 —1350 —.
c c



OO6pa3oBanue ynapHON BOJIHBI MOKHO OOBSICHUTH clieyromuM odpaszoM. [lpu
MIHOBEHHOM 3aKpbITUM KpaHA, YCTAHOBJIEHHOTO Ha KOHLE TpYyObl, XUAKOCTb,
3akmroueHHas Mexay cedeHusimu -1 — V-1V, ocranaBauBaetcs. Ilpoucxoaut
MOBBIILIEHNE JaBJIEHUS, YTO IPUBOAUT K CKATHUIO KUAKOCTH Mexay ceuenussmu 1-111
— V-1V u pacmupenuro TpyoOomnpoBoaa. B pesynbrare, 0cBOO0OKIAETCS 00BEM MEKITY
ceuenusmu |I-11 — I1-111, kyna sxuakocTs BIuBaeTcst co cpeHel CKOPOCThIO, paBHOM

CKOPOCTH €€ J0 yaapa.
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Pucynox 10.2 — Ctaauu ruipaBInyecKkoro yaapa
JIBrokymasics XKuUAKOCTh, AocTurHyB cedenus |l1-11l, ocranaBauBaercs, a

JaBJICHUE  MTHOBEHHO  TIOBBINIAETCSA. ODTOT  TPOIECC CO  CKOPOCTBIO ¢

pacnpocTpaHsieTcst B CTopony pesepsyapa (puc.10.2, a). B momenT Bpemenu t=1/c

BO BCeM Tpybomposone U =0, a nasnenne pasro py (puc.10.2, 6). Tak kak p, > Py,



BOJIa M3 TPYOOIIPOBOAAa HAUWHAET BBUTUBATHCS CO CKOPOCTBIO Uy, a TaBJICHHUE MaIacT
1m0 pg (puc.10.2, B). Io ucreuenuto Bpemenn T =2 -1/, HazsiBaemoro ¢a3oit yaapa,
BO BceM TpyOormpoBoje naBieHHe OyneT paBHBIM JaBICHHIO B pe3epByape pPg, a
cKopocTb —Uq (prc.10.2, r). B 3TOT MOMEHT HaUMHAeT MajaTh AaBJICHUE y KpaHa Ha
BenmuuHy AP, (puc.10.2, nx). DTOT mNpoumecc pacmpocTpaHAeTCs B CTOPOHY

pesepByapa co ckopocThio ¢. ITo ucteuenuto Bpemenn T =3-1/c naBnenue Bo BceM
TpyOOTIIPOBOJIE CTAaHET MEHBINE, YeM JaBJICHHE B pe3epByape, a ckopoctb U =0
(puc.10.2, e). IloaToMy B TpyOONpPOBOJ HAYWHACT TIOCTYMATh JKUIKOCTH CO
CKOpOCTBIO U,, a JaBiieHue OyIeT IOBBINATHCA [0 MAABICHUS B pe3epByape
(puc.10.2,%). Tlo ucrteuennto Bpemenu T =4-1/C xkumkocTs mpu ckopocTd Uy ©
IABICHUU [ JOCTHraeT KpaHa, HO TaK KAK OH 3aKpBIT, MPOLECC IOBTOPSAETCA
3aHOBO, T.€. BO3HUKAaeT KojeOaTeNbHBINM mpoliecc. Tak MpoTeKaeT MpsMoit
rUApOyaap.

B nelcTBUTENBHOCTH, BCJIEACTBUE TUIPABIMYECKOrO  COMPOTUBIICHUS,
KoJiebaHue JaBlieHHs B TPYOOIPOBO/IE — 3aTyXaroIINi IpoIiiecc.

Eciaun Bpemst 3akpbitst Kpana t; >T =2-1/Cc, To mpomcxomur Hempsmoi
ruApaBindeckuil ynap. [lpupaimienue qaBieHus Ipu 3TOM MOXET ObITh ONpPEIEICHO
o ¢popmyie:

Apy‘:p-c-u-tl. (10.3)
3

[loBbllieHWE JaBlEHWsT NOpPU  TUAPABIUYECKOM  ylape MOXET ObITh
3HAQYMUTENIbHBIM, MPUBOJIA K pa3pbiBy TpyOorpoBoaa. Kpome MoBbIICHUS AaBICHUS

ylapHas BOJIHA BBI3bIBAE€T KOJI€OAHUS TPYyO C YACTOTOM, paBHOM YaCTOTE BOJIHBI
c . .
ynapa f :ﬂ' Ecnu wacrtoTa BBIHYXKJEHHBIX KOJIEOAHWH COBHAAET C YacCTOTOMU

COOCTBEHHOT0 KoJieOaHus TPyO, TO BO3HUKHET PE30HAHC U MPOU30IMAET pa3pylieHue

TpYyO.
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Pucynoxk 10.3 — Komnencaropsl (a, 0, B) u racurenu (r) rugpoynapa

Haubonee  mpocTehiMu  cpeacTBaMHM  3alllUThl  TPyOONPOBOJOB  OT
THJIPABIMYCCKUX YIapOB BO BpEeMs IITATHBIX OCTAHOBOK SIBIISIOTCS 3arlOpHbBIC
YCTPOMCTBA, 00ECIICYMBAIOIINE MEJICHHOE MIEPEKPBITHE TIPOXOTHOTO CEUCHUS.

CHU3HTh BEIMYUHY THIPABIMYECKOTO yJapa MOXKHO TakKXe C IOMOIIBIO
KOMIICHCATOPOB WM KJIanaHHbIX racutenei (puc.10.3).

KommeHncaTop mpezacraBiseT co00l COCTUHEHHBIH ¢ TPyOOIPOBOIOM COCY/ C
YIPYTUM 3JIEMEHTOM, 00JIaJaroIIiM 00JIee BHICOKOH CXKMMAEMOCTBIO, YeM JKUIKOCTD
B TpyOompoBojge. PacmpocTpaHEeHbI MOPIIHEBBIE KOMIICHCATOPHI C MPYXKHHHBIM
(puc.10.3, a) m razoBbiM (puc.10.3, 0) ympyrum sJieMEHTaMH W KOMIICHCATOPHI C
pe3uHoBoi MemOpanoii (puc.10.3, B).

MemOpaHHBIE KOIICHCATOPHI 00JIAJal0T MEHbBIIeH WHEPIUOHHOCTBIO, TI0
CPaBHEHUIO C MTOPITHEBBIMHU.

B kadecTBe KJIaITaHHBIX TaCUTENICH MPUMEHSIOT MPEIOXPAHUTEIILHBIC KiIalaHbl
IPSIMOTO JICHCTBHSI CO COPOCOM JKUIKOCTH B armocdepy (puc.10.3, 1).

[acurenu ymapa yCTaHaBIMBAIOT B TE€X CIydasx, KOTJa BO3MOXHO CITy4ailHOE
MPEKpaIIeHUE Pacxo/1a KUJIKOCTH.

SIBNieHHME TUAPABIMYECKOTO yaapa MOXET ObITh M MOJIe3HBIM. Hampumep, B
HEKOTOPBIX  yCTpoicTBax  (TMApaBIMYCCKUE  TapaHbl, THIPOUMITYJIHECATOPHI)

TUAPABIMYECKHUN yIap CO30AETCSI UCKYCCTBEHHO. [ MIponMmIyJibcaTOp MPUMEHSIETCS B



Pa3IN4YHbIX YCTpOﬁCTBaX, B Y9aCTHOCTH, B THJAPOMOHHUTOpAX, HCIHOJB3YCMbLIX IIpU

ruapomMexaHu3alu I[O6BI‘II/I ITOJC3HbIX NCKOIIAaCMBbIX.

10.2 CBoboaHbIe cTPpYyH

CB0OOHOM CTpyell Ha3bIBAETCS CTPYSI )KUIAKOCTH, HE OTPaHUYEHHAs! TBEPIbIMU
CTeHKaMU. Pa3nuyaroT 3aTOIUIEHHbIE U HE3aTOIJIEHHBIE CBOOOIHBIE CTPYH.
3aTOIJIEHHOM CTPYEU )KUIAKOCTH HA3bIBAETCA CTPYS, OKPYKEHHAS KUJIKOCTHIO.

HesaroreHHOM CTpyel ®KUJIKOCTH HA3bIBAETCS CTPYsl, OKPYKEHHAS Fa30M.

HO;PHOC
|
|

Xo HavanbHblil ygacTok OCHOBHOM y4yacTOK

Pucynox 10.4 — Cxema TeueHHs CTpyH

Crpys, nomaaasi B Maccy >KUJIKOCTH, MOCTEIEHHO PACHIUPSIETCA U B KOHEUHOM
CUETE PACCEUBAETCS B 3TOM KUJIKOCTH.

HavyanbHbIM ceueHHEeM CTPYH CUUTAIOT CEUCHHUE, COBIAJIAIONIUM C BBIXOIHBIM
ceueHneM TpyOnl wim Hacagka (puc.10.4). Or Ha4yaJbHOTO CEYEHHS O TakK
Ha3bIBAEMOI'0 MEPEXOJHOTO CEUCHHUSI B CTPyE UMEETCsl 0co0ast 001acTh, I/ie CKOPOCTH
M0 JUIMHE TMOTOKA TMOCTOSIHHBI, - SIAPO TOCTOSIHHBIX cKopoctel. Hauunas ot
MEPEXOJTHOr0 CEYEHUs, CKOPOCTh BJOJIb OCH CTPYH YMEHBIIAETCA. YYacTOK CTPYH
MEXy HAa4YaJIbHBIM U TEPEXOJAHBIM CEUCHUSIMH HA3bIBACTCS HAYAJIbHBIM Y4YaCTKOM,

OCTaJIbHAaA 4aCTh CTPYH HA3BIBACTCA OCHOBHBIM Y4YdCTKOM.



Pucynox 10.5 — YacTtHsble ciiyyan JeicTBUSL CTPYH Ha CTEHKU

Paccmotpum ymap miockoit ctpyu o turactuaky (puc.10.5, a). Cuny maBieHus

CTPYH Ha TUIOCKYIO TOBEPXHOCTh MOYKHO OTIPEJICIIUTD 110 (hopmysie:
P=p o- u? -(l—COS(a)): p-Q-u- (1— COS(a)). (10.4)
rIe Q- Yroj HaKJIOHA IJIACTUHKHU K HAIpPaBIICHUIO TTOTOKA.
Ecmu mperpane mpuaate ¢opmy, obecrieunBaroniei moBopot crpyu Ha 180°
(puc.10.5, 6), To cua naBieHUs OyIeT paBHA:
P=2-p-Q-u. (10.5)
Ecim mperpazia mocTynaTelibHO TepeMeEIIacTcsl HaBCTpedy WIH IO CTPye CO

CKOpPOCTBIO V, TO CHUJIa OaBJICHUA 6y,Z[CT paBHa.

(u+v)?

P=p-Q- —p-w-UEVv)° (10.6)

10.3 O0Texkanue TeJa KUIKOCTHIO

Ecmu TBEPAOC TCIIO 00TeKaeTcss IMOTOKOM KUAKOCTH HWIM IICPpEeMCHIACTCA B
IIpOCTPaHCTBC, 3aI10JIHCHHOM HGHOI[BH)I(HOﬁ KHNIKOCTBIO, TO BO3HHKAKOT

IruapoadspPOJnNHAMHNYCCKHUEC CHUJIIbI BSaHMOHeﬁCTBHH MCXKAY TCJIOM U KUIAKOCTBIO.



my(du/dt)

I [c S

Pucynok 10.6 — Cuisl, AeficTByIoIIME HA TEJO, CBOOOIHO Maaloliee B )KUIKOCTH

Paccmotpum cBOOOAHOE MajieHHE TBEPJOrO Tela B HEOTPAHUUYEHHOM OObeMe
nokosimeiicss xuakoctu (puc.10.6). Ha omymieHHoe B KHAKOCTH TEJIO JCHCTBYIOT

cuna tsokectd Gp = pr -0 V¢ u apxumenosa cuna Py, = p-g-V;. Eciiu Gy > Py,

TO TeJO OyAeT omycKaThCs BHU3. [Ipu MOSIBIEHWH OTHOCUTEIBLHON CKOPOCTU MEXKIY

TCJIOM M JXHUJIKOCTBIO BO3HHUKACT CHUJIa COIPOTUBICHU .

2
R:C-F-pzu . (10.7)

YPaBHeHI/Ie JABUIXKXCHHA TCJIA 110 I[CI\/'ICTBI/IGM 3TUX CHJI MOKHO 3allMCaTh B BUJIC.

du -u?
mT'E:pT'g'VT_p'g'VT —C'F'pz =

=p-g-Vy- Pr_q|_c.g.P U
P

U3 YpaBHCHHA BHUJIHO, YTO HIagaromiec B KHUJIKOCTH TCJIIO BHAYAJIC ABUIKCTCSA

YCKOPCHHO, 3aTEM, C BO3pACTAHUEM CKOPOCTH, YCKOPCHHUC MMaacT 10 HYJIA.

du
[Tpu m =0 ckopocTs Tena:

2'9'VT_ P
C-F Jo,

UK = —1 . (108)

CKOpoCTh pPAaBHOMEPHOTO JBWIXKEHHS TeJda HA3bIBACTCS T'UIPABIAYECKOMN

KPYITHOCTBIO.



Ecimu nmomectuth TEIO B BCpTHKaHBHbeI IIOTOK, I[BH)KYHIHI)'ICﬂ CO CKOPOCTBIO

UK, TO OHO 6y,£[eT HaXOJUTBCA B IIOKOC OTHOCHUTCIIBHO HCIIOJABHI)KHBIX TI'PaHMIL

MOTOKA. Ty CKOPOCTh IOTOKA HWHOTJA HAa3bIBAIOT CKOPOCTHIO BHUTaHUsA. [lpu

CKOPOCT:AX IMOTOKA, IMPCBBIIIA0IINX UK , TCIIO 6yI[eT YHOCHUTBLCA BBEPX.

Pexxum oOTekaHusi Tejla KUIKOCTHIO, a CIENOBAaTeNbHO, U  (PAKTOPHI,

BJIUAIOIINC HA Cu UK, MOT'YT OBITH pa3siIn4YHbIMH, HO OCHOBHBIM OIIPCACIIAIOIMINM

KpPUTEPUEM SIBIIsIETCA YnciIo PeliHonbaca:

u-l u-d,-
Re=" ~=— 2P (10.9)
4 H
rIe | — xapakTepHbIii JIMHEWHBI pasmep (Jamie BCEro JIUaMETp

SKBHBAJIEHTHOT'O 110 00beMy mmapa, d,).

[To maHHBIM PKCIIEPUMEHTOB Il OoNbIIMHCTBA YacTIl pu Re <1 pexum

oOTekaHus JaMmuHapHbIM. Hanpumep, nraMuHapHbIN peXXUM yCTaHABIMUBAETCS B BOJIEC
6 2

npu U-d, <107 wm / C, CJIeI0BATEIbHO, OH BO3MOXEH NMPU 00TEKaHUU TEN C BEChbMa

MaJbIMU CKOPOCTSIMU HJIH IIPH CBOOOZHOM MaJeHUH Menbuaimmx gacTur] d <Llww.

JlaMHHapHBIA PEXUM TpEICTaBIsIeT CO00M HMHTEpec, Tak KaKk WMEHHO OH
YCTAHABJIMBACTCS B OTCTOMHUKAX JJI OCAKJICHUS WA, JIaMa W B APYTUX TOJOOHBIX
coopyXeHHsX. J[Is 3TUX yCJIOBHI, Ha OCHOBaHHWM HccienoBaHuii CTokca JUIs 1mmapa,
CHJIa COTTPOTUBJICHHS :

R=6-m-u-r-u. (10.10)

[MpupaBuuBas mnpaBbie dYactu ypaBHeHwi (10.7) wu (10.10), nomyuum

BbIpakeHUe ISl Kod(pPuilMeHTa ConpoTUBICHUS:

2
C.F.%:G.ﬂ-.‘u.r.u;

C-n-rz-%zﬁn-y-r-u;

124 24-v 24

C= = =—.
r-pr-u d-u Re

(10.11)



TypOyneHTHBIN pexuM oO0TeKkaHUsi HaAONIOAAETCs AJiA Tel C pa3IUuyHbIMU
dbopMaMU ¥ CTENEHBIO IIEPOXOBATOCTH IMOBEPXHOCTU IMPHU PA3JIMYHBIX YHUCIAX
Peitnonbnca. g pa3BuTOro TypOYJIEHTHOTO peXUMa KPUTHUYECKash CKOPOCTh
onpenensiercss mo ¢opmyse (10.8), a xk03pPUIUEHT CONMPOTUBICHUS 3aBUCHT OT
GbopMBI U HIEPOXOBATOCTH IMOBEPXHOCTU Tena. 3HaueHUs kKoddpduuuenta C ais
HEKOTOPBIX TBEPJBIX TEN:

C =0.38-0.44 - map ¢ riaagkoi MOBEPXHOCTHIO;

C=1-1.4 - yronb KyCKOBOIi;

C=1.1-1.5 - nopona KyckoBas.
10.4 IlonbeMHasi cWJIa U CHJIA JIOOOBOT0O CONMPOTHUBJICHUS

[Ipy HecMMMETpUYHOM OOTEKAaHUU TBEPJOTO Tejla MOTOKOM KUJIKOCTH
HAMpAaBJICHUE CUJIbI, JCHUCTBYIOLIEH CO CTOPOHBI KUAKOCTH Ha TEJIO, HE COBNAJAECT C

HaIPaBJICHUEM CKOPOCTH HEBO3MYIIEHHOTO TTOTOKa U . B 3TOM citydae cury MOXKHO
PasNoKUTh HA COCTABJIAIOLIME: MOABEMHYIO cuiy Ry = R-cos(a), HampaBiIeHHYIO
HOPMaJTbHO K BEKTOpPY CKOpOCTH U, ®W CHIy JI000BOTO COMPOTHUBICHUS
Ry =R-sin(a), coBmagaronryto ¢ HanpaBiIeHHEM BEKTOpa U, .

Teno, npu 00TEKaHUU KOTOPOTO IOTOKOM >KHIKOCTH CO3JACTCs IOTbeMHAas
CWia 3HAYUTEIBHO OOJIbINas, YeM CHjaa JIOOOBOTO COINPOTUBICHHS, HAa3bIBAIOT
kpeioMm (puc.10.7). BmepBwle parnuoHanbHyr0 (opMy KpbUia, ISl KOTOPOTO

R
R—y =50 - 70, mpennoxun npod. H.E. KykoBckmii.
X



Pucynox 10.7 — Cuiel, geiicTByronme Ha Pucynok 10.8 — O0tekanue
KPBLJIO, 00TeKaeMoe MOTOKOM BPAILAIOIIETOCs POTOPA TOTOKOM

B cootBercTBUM ¢ BeipaskenueM (10.7):

u 2

Ryzcy.p.p.%

u2
Rx=Cx'F'p'%

, (10.12)

rie Cy,Cy - KO3hOUIMEHTH COOTBETCTBEHHO IOJBEMHOM CHIIBI U CHIIBI

J1000BOTO COMPOTHUBJICHHUS,
F=Db-l - mmomans kpsiia;
b — mupuHa KpbLIa;
| — nuHa (pasmax) KpbuIa.

Koapduuuentsr Cy,Cy 3aBHUCAT OT Npoduiis Kpblia, MIEPOXOBATOCTU €rO0

MMOBEPXHOCTH U yTIJIa ATaKH .

[logbeMHyI0 CcHIly MOXHO MOJYYUTh W MNPU OOTEKAHHUHM CUMMETPUYHOIO
npoduiIs, HapuMep, Bpallarolierocs MUIMHApUYecKoro Tena — poropa (puc.10.8).
BcenenctBue BS3KOCTH KMAKOCTH BOKPYI POTOpa CO3MAETCS  LUPKYJIALMOHHOE

IBUOKCHUE JKUIKOCTH CO CKOPOCTBIO C,, KOTOpOE€ HAaKIaAbIBACTCS HA OCHOBHOE
JIBHXKEHUE CO CKOPOCTBIO U, , B p€3yJIbTATEe IPU YKA3aHHOM HAIIPaBJIICHUU BPAILICHUS

pe3yAbTUPYIOIIAas CKOPOCTh IO POTOPOM YMEHBIIAETCS, a HaJ POTOPOM

YBCIININBACTCA. Ecau mnomnHbIit Hammop B CCUCHHHU IIOTOKa OI[PIH&KOBBIFI, TO



BCJICACTBHUEC PA3HOCTHU PEIYJIbTUPYIOINX CKOpOCTeﬁ HaJg U 1104 pOTOPOM, HABJICHHC

P; TIPEBBICHT Py, M B pE3yJbTAaTe BOSHUKHET MOABEMHas cuita Ry = (p1—py)-F.

JKyKkOBCKHI J0Ka3all, 4TO MCTOYHUKOM MNOABEMHOW CHIIBI KpbUIA SABISETCS

HUPKYJISIUOHHOE JBHKEHHUE KUIKOCTH BOKPYT €ro Mpouis.

10.5 OcHOBBI THAPOTPAHCIIOPTA

YcioBue TpaHCHOPTHPOBAHUS TBEPBIX TEJ HAMOPHBIMH MOTOKAMH KXUAKOCTU
B 3HAQUWUTEIHHOW CTEMEHM 3aBUCUT OT yIJla HAaKJIOHAa OCH TIOTOKAa K TOPU3OHTY.
Haunbonee OaaronpuaTHo TpaHCIIOpTUPOBaHUE MO BepTUKanu. C yMEHBIICHHEM yTIia
HAKJIOHA OCH TMOTOKA K TOPU30HTY YCJIOBHS TPAHCIOPTUPOBAHHUS YXYIIIAIOTCS, U
Hanbosee TSKENbIe YCIOBUS TPAHCIOPTUPOBAHUS — HA TOPU3OHTAIBHBIX Yy4acTKax
TpyOonpoBoza.

['uapoTpaHCOpTUPOBAHKE TBEPABIX TEN MO TOPU3OHTAIM XapaKTePU3YyeTCs

IBYMsI CKOPOCTSIMU — TPOTaHUsA Upp M KPUTHUYECKOU Uyp . [IepByro CKOPOCTH MOXKHO

OIIpCACINTD nus3 YCIIOBHUA npcacIbHOro PaBHOBCCHA TBEPAOTO TCJ1a Ha

TOPU30HTAIBHOW CTEHKE!

2
Urp

Rx =Fpp mwm Cyr -F-p- =f-9-Vi-(pr —p).

rae f— ko3 uIMeHT TpeHus TBEPAOTo TeJla O CTEHKY TPYOBI.

Pemras YpaBHCHUEC OTHOCHUTCIILHO, uTP OJIy4YUM:

Up =.[2-0- pr _ V_TL (10.13)

rae Vq /F - xapakrepHbIil reOMETPUUYECKHUIA pa3Mep Tea;
Cy7 - k03¢ ¢dunueHt 1000BOro CONPOTUBIEHHS Tesa, YYHUTHIBAIOLIUM

BJIUSIHUE CTEHOK TpYObl Ha OOTEKaHUE Tela.



Kputnueckyto cKOpOCTh MOKHO ONPEACIUTh aHAJIOTUYHO CKOPOCTH TPOTaHUS
— U3 YCIIOBUS TPEIEIHHOIO PaBHOBECHS TBEPJOTO Telia MPH B3BEMIMBAHUU (OTPHIBE

oT CTCHKI/I) €ro rOpu30HTAJIbHOM IIOTOKOM.

2

u
Ry =Gy mm Cyp -F-p-—F—=g-V; -(pr —p),
OTKy/1a
P Vr
Ugp = |2-g-| E -1 —L . (10.14)
P F-Cyr

rie  Cyr - k03 uuueHT nogbeMHON CUIIbI, YUUTBIBAIOLINM BIMSIHNUE CTEHOK

TpyObl Ha OOTEKaHUE TeNa.

['uapoTpancnopTUpOBaHUE TBEPJAOTO IIUPOKO MPUMEHSETCS B TOPHOM,
CTPOUTENBHOM W JAPYrUX OTpacisiX MPOMBIIUICHHOCTH, B YaCTHOCTH, MJIs
TUAPOMEXAHU3AIMU OYKMCTHBIX M TOATOTOBUTEIBHBIX Pa0bOT MHpPH MOA3EMHOM U
OTKPBITOM CIIOCO0axX TOOBIUM MOJIE3HBIX UCKOMAEMBIX, JI TPAHCIOPTUPOBAHUS YT IS
B TpyOax OT IIaXT A0 MOTpeduTeneil, Ha 00oraTUTenbHbIX (pabpukax, MpU HAMBIBE

INIOTHUH U CTPOUTCIIBbHBIX KaHAJIOB.



Yactp 2

II'mpponpuson

11 O0mue cBeaeHus

I'mgponpuBox — 3TO COBOKYIIHOCTh YCTPOWCTB, MPEIHA3HAYECHHBIX I
MPUBEACHHS B JABWKCHUE MAIIMH W MEXAaHU3MOB IOCPEACTBOM THAPABINYECKON
sHeprun. OOs3aTeNbHBIM ~ 3JEMEHTOM  TUJIPONPUBOJAA  SIBISIOTCS  HAcOC U

TUJIPOJIBUTATETb.

Pucynoxk 11.1 — biok-cxeMbl THAPOTIPUBOJIOB

['uapaBinyeckas sHeprusi reHepupyercs Hacocom (H) (puc.11l.1), a 3atem
npeoOpasyeTcss B MEXaHWYeCKyro SHepruto ruaponsuratenieM (//]). YcrpoiicTBa
ynpasiaeHus (YY) mnpeaHasHadyeHbl I YIpaBICHHS IapamMeTpaMd IIOTOKa B
THJIPOJIMHUKA. TakoW TUAPONPUBOA HA3bIBACTCS HACOCHBIM. Pa3nyaroT Takke

MAaruCTPaJbHbBIA U AKKYMYJISITOPHBINA TUAPOTIPUBOIBI.



OcHOBHOE Ha3HauYeHUE TUIIPONPHUBOAA — MpPeoOpa3oBaHUE MEXaHUUYECKOU
XapaKTEPUCTUKHU MPUBOJHOTO JIBUTATEISI B COOTBETCTBUM C TPEOOBAHUSIMU HArpy3KH
(mpeoOpa3zoBaHue BUJA JBUKEHUS BBIXOJIHOTO 3BEHA JABUTATENs, €r0 MapameTpoB,
peryJIMpoOBaHue, 3alIUTa OT MePErPy30K | T.1.).

B o6miem ciydae B cocTaB HACOCHOTO THAPOIPHUBOJIa BXOAAT THApOINEpeaaya,
TUAPOANIapaThl, KOHIAUIUOHEPHI paboyel KUJIKOCTU, TUAPOEMKOCTH U TUAPOTUHUH.

['uaponepenaua — 4acTh HACOCHOTO THUIAPONPUBOAA, TMpeIHAa3HAUEHHAS IS
nepefayu JBWKEHHUS OT MPUBOJHOTO JBUTATENs K MalldHaM W MEXaHH3MaM.
[IpocTeitmias rugpornepesaya COCTOUT U3 HACOCA, TUPOIBUTATENS M THUIPOJTUHUM.

['mapoanmapatbl TPUMEHSIIOTCS JJIS PETYJIMPOBAHUSL TMApaMEeTPOB IMOTOKA
paGoueid >KMIKOCTH (MaBJIeHWS © pacxoja), a TaKkKe I H3MCHCHHS WIH
MOJ/Iep>KaHNsI HEM3MEHHBIM HaIMPaBIICHUS MOTOKA KUJKOCTH.

Konaunuonepsl paboueid KUAKOCTH (THAPOOYUCTHTEIH W TEIIOOOMEHHBIC
amnmapaThl) TpeIHA3HAYCHBI JUIS TIOJYyYCHHUS €€ HEOOXOIUMBIX KaueCTBEHHBIX
MOKa3aTene.

I'mapoemkocTy  (ruapoOakd, THAPOAKKYMYJISITOPBI) TpeIHA3HAYCHBI IS
coJiepKaHUsl B HUX paboyel KUIAKOCTU C IIEJIbI0 MCIOJIb30BaHUSI €€ B IMpolecce
paboTHI TUAPOIIPUBO/IA.

[Muaponuuum — ycTpoicTBa A MPOXOKICHUS paboue KUIKOCTH.

11.1 TlpeumyiecTBa U HEAOCTATKU T'MAPONPUBOAA

K OCHOBHBIM TmpenmylecTBaM THAPONPUBOJAA OTHOCATCS: BO3MOXHOCTh
YHUBEPCAIBHOTO TPEeoOpa3oBaHUs MEXAHUYECKOW XapaKTepPUCTHUKUA MPUBOJIHOTO
JBUTATENISI B COOTBETCTBUE C TPEeOOBAHUSIMH HArpy3KH; MPOCTOTA YMNPABJICHUS U
aBTOMATU3alllK;  MPOCTOTa  NOPEAOXPAHEHUsS  MPUBOJHOTO  JIBUTATENd U
WCIIOJIHUTENBHBIX ~ OPraHOB MAalIMH OT [MEpPErpy30K; IMIMPOKAM  JUana3oH
OecCTyneH4YaToro  peryJupoBaHUSl CKOPOCTH  BBIXOJHOTO  3BEHA;  OOJbIas

nepeaaBacMas MOIIHOCTh Ha €AMHUIY MAaCChl IPUBOAA, HAACKHA CMa3Ka TPYLIUXCS



MOBEPXHOCTEN NpU MNPUMEHEHWH MHUHEPAIbHBIX Macel B KauecTBe padodyux
KUJIKOCTEN.

K HenmoctaTkam rujiponpuBoaa OTHOCSTCSA: YTEUKU paboyel >KHAKOCTH uepes
VIUIOTHEHUSI W 3a30pbl; HarpeB paboueil xuakoctu; Oonee Huzkuii KIIJ[, dem
COMOCTaBUMBIX MEXaHUYECKHUX Mepesad; He0oOXOAUMOCTh 00ecriedeHus: B Mpolecce
AKCIUTyaTallu YUCTOTHI paboueil *KUIKOCTH U 3alIUThl OT MPOHUKHOBEHHS B HEE

BOJIbI; TI0’KAPOONACHOCTD B Cllydae MPUMEHEHUS roproueit paboueil :KUIKOCTH.

11.2 Hamop u AaBjieHHe THAPOMAIIMHBI

Hacocel u ruapoABUTaTClIi OTHOCATCA K THAPABIMYCCKUM MaAllMHAM, B
KOTOPBIX JKHUAKOCTb CIYXHUT pa60‘II/IM TCJIOM AJI1 BOCIPHUATHA WJIKM OTAAYHU
MEXaHMYECKOU OQHCPIruM, npuicMm i1 T'HmAPOMAIlWH 3Ta SHCPIUA BBIPpAXKACTCA HIN

HaImopoMm, Ui AaBJICHHCM.

2 5 Uz,P2 Us,P3 53
Nus CD < % CD NIIB
Ny Npg
1—o—h !
N N
a 0 0

=
Z

L

Pucynok 11.2 — Cxemsl runpornepenayn (a) u 6ananca MoutHoctu (0)

NHB




OnpenenuM Hamop WM JIaBJIEHHE HACOCa, BOCIOJIb30BABIIMCh YPAaBHEHHEM
bepHymnu Ui TOTOKAa JKMJIKOCTH MPU YCTaHOBUBIIEMCS JBM>KeHHH. [IpoBenem
ceueHnst 1 1 2 0 BXOJHOMY M BBIXOJHOMY HaTpyOkam Hacoca (puc.11.2), a Takxke

miockocth cpaBHeHus 0-0. Torna:

2 2
a- -u aq U
2 Uz - | P P +(Zz—21)-

Hy=H,_H, =
Tt 2.9 249 p-g p-g

(11.1)

2 2
pay-Uy pog-ty |

, ) (py = p1)+p-9-(z, —2).

Php=p-9-Hy =

(11.2)

AHAJIOTUYHO MOXKHO OMPEICIUTh HATIOP U JIaBJIICHHUE JJISl TUJIPOIBUTATENS.

W3 ypaBHeHMs] BUAHO, YTO MNpPHpAIlEHHE HANopa Hacoca BO3MOXHO 3a CYET
mo00ro W3 claraéMbiX ypaBHeHHMs. Eciu mnpupailleHHe 53HEprud B HAcoce
00yCJIOBJIEHO TOJIBKO BTOPBIM ClIaraeMbIM, TO OH HAa3bIBae€TCsl OOBEMHBIM, €CIIH —
MEPBBHIMU  JBYMSI  CJllaraéMbIMH, TO OH HA3bIBACTCA TUAPOJUHAMUYECKHM.
AHaTOTUYHYIO KBATH(PUKAITUIO IMEIOT ¥ THIPOJIBUTATETH.

B 3aBucumocTH OT THUMa Hacoca M TUIPOJBUTATENsl, BXOISAIIUX B
ruporiepesadyy, OHa MOXET Ha3bIBaThCA  COOTBETCTBEHHO OOBEMHON WU

TUJIPOJUHAMHYECKOM.

11.3 bananc momHocTu. KII/[ ruaponepenayu

[IpeoOpa3zoBaHre SHEPrHUM B THAPOMAIIMHE CONPOBOXKAAECTCS OOBEMHBIMH,
TUIPABIMYECKUMU U MEXaHUYECKUMU OTEPSAMH.

O0bemuble notepu MomHOCTH AN, oOycioBieHsl yreukamu AQ >KUAKOCTH
4yepe3 HEIIOTHOCTH.

I'mppaBimnyeckue mnorepu AN, 0OyCIIOBIEHHBIE  T'MIPABIMYECKUMHU

COIMPOTHUBJICHUAMH, OIIPCACIAIOTCA IIOTCPAMUA HAIIOPa B caMol MaIluHe.



Mexannyeckue norepu AN, - 3TO MOTEpH OT TpEeHUS B NOALIUIHUKAX U
YIUIOTHEHUSIX TUAPOMAIIVHBL.
bananc MOIIHOCTH HACOCOB U TUAPOIBUTATENIEH — COOTBETCTBEHHO:

Nyg =Ny +ANpo +ANy » + ANy = Ny + ANy,

Nﬂ_B:Nﬂ—ANﬂ.O—ANﬂ.F—ANﬂM:Nﬂ—ANﬂ’ (11.3)
rie Ny g - MOIIHOCTB, IOTpeOIIIEMast HACOCOM;
N, - mose3Has MOIIHOCTB HACcOCa,
AN - cymmapHBIe TOTEpU MOLIHOCTU B HACOCE;
N  p - TIOJNE3HAsA MOLIHOCTD TH/IPO/IBUTATEIIS;
N ;7 -~ MOIIHOCTb, notpedasemMast TUIPOABUTaATENIEM,;
AN j; - cymmapHbIe IOTEpU MOLIHOCTHU B THAPOJBHIATEIe,
bananc mMoiHOCTH rUaponepe1ayun:
Nyg =Njyp +ANy +AN ; + AN ;. (11.4)

OCHOBHBIM TEXHUYECKUM IOKa3aTeaeM rujaponepenaun spiserca ee KIII.

KoaddutinenTs mosie3noro AeicTBUS .

rUApoIepeaadn
N
n=—>2%5 (11.5)
N H.B
HacocCa
Ny
My = , (11.6)
N H.B
FI/II[pOI[BI/IFaTCJ'IH
N B
Ny =—2 (11.7)
N 4
FI/II[pOJII/IHI/II/I
N
Ny, =—2>. (11.8)



Torga KIIJI rugponepenauun

_ N 15
Ny g

n =Ng Mg MNi- (11.9)

11.4 Pabouue ;KHAKOCTH JJIsl THAPOCHCTEM TOPHBIX MAIIIHH

B runponpuBone pabovasi KUJIKOCTh — OJIHO M3 OCHOBHBIX 3JIEMEHTOB, €rO
pabouee Teno. OJHOBPEMEHHO €€ BBITOIHSIOTCS (YHKIIUU CMa3KH KOHTAKTUPYIOIIUX
MMOBEPXHOCTEM, OTBOJIA TEIIA, CPEAbI, OTBOAAIICH MPOAYKTHI M3HOCA U 3alIUIIAOIIEH
CUCTEMY OT KOppO3UH. B TOpHBIX MallMHAX B CBSI3U CO CTPEMJICHUEM MAaKCHMAJIbHO
YMEHBIIIUTh HMX pa3Mepbl Ha PabOuyl0 >KUJKOCTh 3a4acTylO0 BoO3jaraercst 3ajaya
CMa3bIBaTh 3yOuYaThie 3allCIJICHUS, PACIOJIOKEHHBIE MO0 HEMOCPEICTBEHHO B
pe3epByape aig paboueit )KUAKOCTH, MO0 BHIHECEHHBIE U3 BaHHBI, HO CMa3bIBa€MbIE
HAacoCOM, OTCOEJMHEHHBIM Ha BpeMsi OT ruapojsurareneit. Kommiekc ¢usnko-
XUMUYECKUX CBOMCTB pab04YMX >KUAKOCTEH NOJDKEH B ATUX YCIOBHUSX HAWITYUIIUM
oOpa3oMm oOecrnieurBaTh BBIMOJHEHHE KaK (QYHKIMA pabodyero Tena, TaKk H
CMa304YHOIr0 MaTepuana.

Haunbonee BaXHBIMH TIapaMeTpaMH, OIPEICISIOMMNMHA PabOTOCIIOCOOHOCTD
pabounx >KUJIKOCTEH, SIBJISIIOTCS BS3KOCTh W €€ 3aBUCHUMOCTb OT TEMIIEpaTyphl,
CMa3bIBalolliasi CIOCOOHOCTb, XHUMHUYECKass U  (Qusnueckas CTaOWIBHOCTD,
COBMECTHUMOCTh C MaTepuajllaMi THUIPOY3JIOB, YIUIOTHEHHH u TpyOONpOBOMOB, C
JAKOKPACOYHBIMU MaTEpHAIAMH.

['oBopss 0 CTaOWUIBHOCTU U JIOJTOBEYHOCTH [ MHUHEPAJIbHBIX Macell, Ha
NEPBbIA TMJAH BBIXOJAT YCTOMYUMBOCTh K OKHUCJICHHUIO, TEHOOTACIISIEMOCTH,
BJIArOOT/IETSIEMOCTbD, AHTUKOPPO3UOHHOCTD, CTEIEHb 3arpsi3HEHHOCTH;
CONPOTUBIISIEMOCTh OAKTEPUOJIOTUUECKOMY 3apakKeHUI0; JJISI SMYJIbCHM elle Hu
CTaOMIBLHOCTh CMECH.

Kpome mnepeuncieHHbix (HakTOpoB CIEAyEeT VYUYUTHIBATH TaKKe TaKHe

¢duznyeckre cBoHcTBa paboyed KUIKOCTH, KaKk KOI(PPUIMEHT CHKUMAEMOCTH,



yAeNnbHAs TEIJIOEMKOCTh, YACIbHAs TETUIOMPOBOTHOCTH, KO3(P(OUIIMEHT TEIMIOBOTO
pacIIMpeHus, TeMIIepaTypa BCIIBIIIKH.

Bsi3kocTh pabodeil KUAKOCTH CIEAyeT BHIOMPATh B ONTHMAIIBHBIX TpEeax,
TaK KakK CIWIIKOM Majias WU CIHUIIKOM OOJbINas BSA3KOCTh MPUBOJNUT K CHUKEHUIO
KII/I cuctemsl.

CHmKeHre BSI3KOCTH HIDKE ONTUMAJIbHOW MPHUBOJIUT K TOBBIMIEHUIO YTEUEK H
YXYIUIEHUIO CMa3bIBalOIIed CHOCOOHOCTH, a JTO CHWXKAaeT OOBEeMHBIM U
mexanndeckuit KI1Jl u nmpuBoauT K moBBITIICHHOMY HarpeBy. [loBEIIICHHAS BSI3KOCTH
yXyAIIaeT BCAaChIBAaHUE, YBEIMYMBACT TOTEPH JaBJICHUS B TpPyOOMpoBOJax,
MOBBIMIAET COTPOTUBJICHUE JBWKCHHUIO JETalei B JKHIKOCTH, YBEIUYMBACT HArpeB
AJIEMEHTOB THIIPOCHCTEMBI. B 3TOM ciydae CHIDKAeTCS THUIPABIMYCCKUN U
mexanndeckuit KIIJI; w3-3a HegoBcachiBaHUS BO3HUKACT KABUTANMS, IIIyM W
cumxkaercs oobemubiit KIIJ[. K stomy cnenyer no6GaBUTh, UTO TPU UYPE3MEPHO
BBICOKOW BSI3KOCTH 3aMeIIeTcsl paboTa W TajacT YyBCTBUTEIBHOCTH CHCTEMBI
YIIPABJICHHS.

BrI00p BS3KOCTH 3aBHCHUT OT THIIA HACOCa U pabOYero JaBICHUS B CHUCTEME.

[TockombKy BO MHOTHX MAaIlllMHAX pa0odasi KUIKOCTh THIPOCHCTEM SIBIISICTCS
OTHOBPEMEHHO W CMAa3KOW Ui TOAIIAITHWKOB, 3yO4YaThIX M IICMHBIX Iepeaad,
HEOOXOIMMO COTJIACOBBIBATH BS3KOCTh JKHJIKOCTH C TpeOOBaHWMEM K HEH Kak K
CMa3kKe.

[TockombKy THAPOCUCTEMBI pabOTAIOT B OOJBIIOM TEMIIEPATYPHOM JHANa30HE,
BOXHOE 3HAYCHHWE WMEET BSI3KOCTHO-TEMIIEpATypHas XapaKTepUCTHUKa pabouei
KUAKOCTH. OCOOCHHO Ba)XXHO ATO JJIS TOPHBIX MAIIWH, TEMIIepaTypa >KUIKOCTH B
KOTOPBIX m3MeHsieTcs oT -5°C (mmpu 3amycke B ceBepHBIX paiioHax) g0 +90°C (npu
paboTe B TSHKEIO HArPY)KCHHBIX YCIOBUAX TIYOOKHUX MIaXT). BA3KOCTh MHHEPAIbHBIX
macen mpu dTom m3MmeHsietcss B 80-100 pa3. Jlake B yCIIOBHSIX OJHOTO IIHKJIA
Bs3koCcTh m3MeHsietcsi B 20-40 pas. IlodTomMy miisi TOPHBIX MAIIH HEOOXOIUM

MePEeX0/1 Ha KUIKOCTU C MHAEKCOM BsI3KOCTH HE Himke 85-90.



JInsi TOBBIIEHUSI WHJEKCA BA3KOCTU UCIOJIB3YIOT Pa3JIMYHONM BSI3KOCTH
MPUCATKU. TIOJUU300YTENbl, MOJUMETAIUI-KPbUIaThl, BUHUIIONBI, OKTOJN. Jlydiiue
pe3yAbTaThl TOJIYYEHBl MNPH 3arylleHHuH Macell MOJIUMETaUl-KpblIaTaMH, HO 3THU
MIPUCAJKH B OOJIbIIIEH CTENEHU MOJBEPKEHBI JECTPYKIUH MTPU APOCCETUPOBAHUU TTPH
BBICOKHX JIaBJICHUAX. BO3HUKaIOIIME MpPH ATOM BBICOKME MECTHBIE [aBJICHUS U
CABUTOBBIE YCWIMS HU3MENbYAIOT TMOJUMEPHYIO MPUCAAKY MEXKIY ABMKYIIUMUCS
JETaNsIMA TPEIEH3UOHHOW Taphl, MOJIEKYJIbl MPUCAAKU Pa3pyLIAIOTCS, U BA3KOCTh
HeoOpaTtumo Tepsetcs. [Ipu a3ToM pabouast KUJIKOCTh TepsSeT B 3HAUUTECIHLHON Mepe
CMa3bIBAIOIIYI0 CHOCOOHOCTh, YMEHBIIAETCA TOJIIMHA W TMPOYHOCTH 3AIUTHOU
IJICHKW Ha MOBepXHOCTeW neraneil. [loaToMy mpu CHMKEHUHM BSI3KOCTH paboueit
>Kunkoctu oostee ueM Ha 20% XKUIKOCTH TOKHA OBITh 3aMEHEHA.

CxxumaeMoCTh pabouyux KUAKOCTEW B TMEPBYIO O4YEpellb CKa3bIBACTCS Ha
YCTOMYMBOCTH CHAEASIIUX TUIPABINYECKUX CUCTEM.

IIpu pabGoTe TOpPHBIX MAaIIMH Ha TPUMEHSEMBIX B HACTOSIIEE BpeMs
KUJKOCTAX, CBOOOJHBIX OT BO3/yXa, BIHUSHUE CKUMAEMOCTH HE OOHApYKUBAETCS.
Ho ¢ pactBopeHuem B paboueil KUIKOCTH BO3AyXa, €IIe XYyXKe, C MOSBICHHEM
My3bIPPKOB BO3/YyXa, MOJOXKEHUE H3MEHseTca. B mepBoM ciiyyae JKHMIKOCTb,
MocTynasi B JIMHUIO TOHWXKEHHOTO JaBJIE€HHUS, HAmpUMEp BO BCACBIBAIOIIYIO
MarucTpaib, TJI€ €CTh BaKyyM, BBIAEIAET U3 ceOs BO3AYX B BUJIE MY3bIPbKOB. Bo
BTOPOM CJlydae€ HCTOYHHKOM TIOSIBIICHUS ITY3bIPHKOB SIBIISETCS HETrePMETHYHOCTH
TpyOOTIPOBOJAOB BO BCACHIBAIOIIMX JIMHUAX, KAaBUTAIIMOHHBIC ITPOIECCHI B JIMHUSX
BCAChIBaHMS, OTCYTCTBHE COpPACBHIBAIOIIMX BO3AYyX HPOOOK MpH 3alOJHCHUU U
JOJIMBKE paboyeil KUIKOCTH WX BO3/IYX, OCTABIIIMICS B CHCTEME.

Hanmmume B kuakoctn 5% HepacTBopeHHOTO Bo3myxa cHuxkaeT Ha 10%
oowemusii KIIJ[ mHacoca mpu maBimenmm 20MIla. OcoOEHHO OIMACHO IMPHUCYTCTBHE
BO3/yXa B CHCTeME MNpPH HAIMYUHU B MHHEPAIBHBIX MacjiaxX Jaxe HEOOIBIIOTo
KOJIMYeCTBa BOABL IIpM 3TOM BO3HUKAIOT CTOMKHE 3Myibcuu (IIEHOOOpa3oBaHHE),
MPUBOMSAIIME K CHMOKEHMIO CMAa3bIBAIOMIMX CBOMCTB pabO4YuX KUIKOCTEH,

JAKOOOpPa30BaHUIO Ha TMOBEPXHOCTU THUAPOOOOPYJOBAHUS M HAPYIICHUIO €ro



HOPMAaJILHOU JesTenbHoCcTH. [loaTOMy Hapsiay C MepamMu IO MPEayIpexICHUIO
MOTIaIaHMsI BOJBI M BO3JyXa, B MHUHEpaJIbHBICE Macia HEO0OXOIUMO H00aBISATH
aaTuneHHbsie npucanku B kommuectBe 0.002-0.005%. Cnemyet, omHaKO, TTIOMHHTH,
YTO TaKWE IMPHUCAJIKH JIETKO OT(PHIBTPOBBIBAIOTCS (PUIBTPAMH TOHKOW OYHCTKH.

[lenooOpa3oBaHue, KpOME TOTO, XapaKTePU3YeT U CTENEHb OKUCICHUS Macia.
YucTeie MUHEpATbHBIC Macia, He OBIBIINE B KCIUTYaTaIliH, TIEHBI HE 00pa3yroT.

[Ipobnema cTapeHus Maciia — OJHA W3 HAMOOJIEe CEPHhE3HBIX, BO3HHKAIOIIUX
IIpH BBIOOpE pabodeii JKUIKOCTH I TOPHBIX MaliiH. Bo-IepBEIX, Mpoliece 3aIMBKH
U JIONMUBKH paboYelt )KUIKOCTH B YCIOBUSX YTOJBHOTO 32005 — OCHOBHON MCTOYHUK
MOCTYIJICHUSI B CHCTEMY 3arps3HEHUH W , CIIEJOBATEIIbHO, TIOPYH Macia; BO-BTOPHIX,
cOOp OoTpabOTaHHBIX Macell BeChMa CJIOKHBIA B TEXHHYCCKOM M OpraHHU3aIlHOHHOM
TJIaHE MPOIIECC; B-TPEThUX, CMEHA Macyia 0e3 MPOMBIBKH Y3JI0B U pe3epByapa He JaeT
yctoitunBoro s¢dexra. Ilocme onHOU-ATH CMEH pabOThl HSKCILTyaTallMOHHOE
Ka4eCcTBO HOBOI'O Macja IPAaKTHYCCKH HE OTIMYAaeTCA OT cauToro. IIpombiBKa
MacjlaMH THIPOCHUCTEMBI B YCIIOBHSX OYHCTHOI'O 3a00s NMPHUBEACT K OOJBIIMM €€
IIOTEPSAM, a IMPOMBIBKA SMYJIbCHAMHU JUIA Kpemneih — K J00aBICHUIO B JKHUIKOCTH
OOJBIIOTO  KOJHMYECTBA BOJBI, CHIDKCHHIO BS3KOCTH, OaKTEPHOJIOTHUCCKOMY
3apaxxenuio. [loaTomy cieayer paccMaTpuBarth pabodyro JKHIKOCTh Kak padouee
TEJ0, TOJJIeXKallee 3aMEHE IOocie OTPaOOTKHM MAIIMHOW MEXKPEMOHTHOTO CpOKa
TOJIBKO Ha PYJOPEMOHTHOM 3aBOJie, TIJE MOTYT OBITh CO3JIaHBl YCIOBHS IS
THIATEILHON U YKOHOMUYHOMN ITPOMBIBKH THIPOCHUCTEMBI U Pe3epByapa.

CrapeHne — pe3yJapTaT JACHCTBHS Ha pPadOdYyl0 JKHAKOCTh psAga INPUYHH
(U3UICCKOr0, XHMHUYECKOT'0 M MeXaHW4YecKoro xapakrepa. K ¢pusnueckum npuanHam
B TICPBYIO O4YEpeab MOXHO OTHECTH INPOHHKHOBEHHE B pab0Yyl0 IKHUIKOCTh
3arps3HEHUA B TBEPJOM, JKHJIKOM U Ta3000pa3HOM COCTOSIHUH, W3MCHCHHE
KOJMYCCTBEHHOTO M Ka4eCTBEHHOT'O COCTaBa MPHCAJOK 3a CYET MX JCCTPYKIUU H
oOpa3oBaHUs Ha KOHTAaKTHUPYIOIIUX IIOBEPXHOCTSAX COPOIMOHHBIX  IIJICHOK.
M3MeHeHne XMMHUYECKOrO0 XapakTepa — 3TO OKHCJICHHE YIJICBOJOPOJOB 0a30BOIO

MacJia M pa3joKeHHUE MOCIICIHETO MO ICHCTBUEM Pa3HOTO PoJia 3arpsi3HEHUE (BOIBI,



NPOAYKTOB W3HOCA) W PA3IOKCHHE MPHCATOK K MacliaM IMOJ JACHCTBHEM TeX Ke
3arpsi3HCHUN.

N3MeHeHns MeXaHO-XMMHYECKOTO XapaKTepa OINPENEISIIOTCS BO3AEHCTBUEM
MIPOIIECCOB TPEHMs, APOCCETUPOBAHUSA MPU BBICOKUX JMaBieHUAX U T.m. Ocobo
cleayeT TOAYEPKHYTh BO3JCUCTBUHE TeMIepaTypbl Ha MPOILIECC OKHUCIEHUs
MUHEpaNbHBIX Macen. VccnenoBanus nokasanu, 4YTO MPU MOBBIIIEHUH TEMIIEPATYPHI
Ha 10°C ckopocTh OKHCITICHUS TTOBBIMIACTCS B JIBA pasa.

AHanu3upys IpUYUHBI CTAPEHUS] MUHEPATIbHBIX Macel, MOXXHO OTMETHUTh, YTO
OKHCJICHUE YTJIEBOIOPOI0B 0a30BOT0 Maciia B MPUHIUIIE HE YXY/IIAET, a YIy4llaeT
€ro CBOMCTBA, TaK KaK MPHU 3TOM OKHUCIISIIOTCS T€ MOJIEKYJIbl Maclia, KOTOPhIE
00naa0T HanboJbIle KOPPO3UOHHON aKTUBHOCTHIO. [locie ouncTky Takoro macia
OT IPOAYKTOB OKUCJICHHUs (CMOJI) ITOKa3aTesId Ka4ecTBa €ro BO3pacTaroT, Tak KaK B
MacJie MOsBJISIIOTCA €CTECTBEHHbIE HHTUOUTOPBI KOppo3un. Bee ocTanbHbie GaKkTopHI,
CIOCOOCTBYIOIIUE OKUCIICHUIO, B TOW UM MHOW MEpe 3aBUCST OT HAIMYUS
3arpsi3HEHUN B JKUJIKOCTH, IPUYEM B JIETUPOBAHHBIX MAClIaX OKUCIICHUE TPU
HaJWYUU 3arps3HEHUN MPOUCXOAUT 3HAYUTEILHO OBICTpEE.

CkopoCcTh OKHCIIEHHMSI Macjia MOKHO 3HAUUTENIIbHO CHHU3UTh BBEJACHUEM
AHTUOKHUCIIUTEILHBIX Tpucanok. Takum oOpazom MoxHO B 10-20 pa3 yMeHBIIUTH
CKOPOCTb OKHCJIEHUSI 0a30BOT0 Macia.

B Toxe Bpems BBeJACHUE AHTUOKUCIUTEIBHBIX MPUCANOK YXYAIIACT
AHTUKOPPO3UOHHYIO CIIOCOOHOCTH Macen. [[ns monmaBieHus: mpoliecca KOpPpO3UH B
COBPEMEHHBIE Macjia BBOJAT aHTUKOPPO3UOHHBIE MPUCANKU. AHTUOKUCIUTEIbHBIE U
AHTUKOPPO3UOHHBIE TPUCATKU MOJIPA3ICIAIOTCS HAa TPYMIbI, U UX COYETAHUE JTOTKHO
OBITH CTPOrO cOAJIaHCUPOBAHHBIM. B TPOTHUBHOM ciydae BO3MOXXHO YXYJIIECHUE
AKCIUTyaTallMOHHBIX CBOWCTB Ja)XK€ MO CpaBHEHUIO ¢ 0a30BbIM MaciioM. [lostomy
HEJIOMYCTUMO BBOJUTh KaKyIO-JIHOO MPUCANKY B YCIOBUSX HKCIUTyaTallMM MaIlUHBI,
TeM OoJiee, YTO TEXHOJIOTHSl BBEJICHHUS €€ B ATUX YCJIOBUAX HE MOXKET ObITh

BBIJICpKAHA.



Takum o00pa3om, cocTaBiieHHE TpeOyeMoil KOMIMO3UIMU NPUCATOK U HUX
BBEJICHWE JIOJDKHO TMPOW3BOAUTHCA TOJIBKO Ha  HedremepepadaThIBAOIINX
MPEANPUATHAX. B THIpONpHUBOIE TOPHBIX MAIIMH CIAEAYET PEIIUTEIHHO MEPEXOIUTh
Ha JICTUPOBaHHBIC MacCIa.

Kpureprem mpuromHOCTH Macia K IKCIDIyaTallid OTHOCHUTCS €r0 KUCIOTHOE
9HCJIO, T.. KOJMYECTBO MIWLIUTpaMMoB enkoro kamus KOH, HeoOxomumoro mis
HEHUTpaIM3aIiy KUCIOTH B OJTHOM TpaMMe Maclia.

HauGonbpmryro omacHOCTh B THIPOCHCTEMAaX BBI3BIBACT OBICTPOE OKHCIICHHE
paboumnX KUIKOCTEH, TPOSBIISIONICECS B BUAC BOCIUIAMEHEHUS WU B3pbIBa. VIMEeHHO
3Ta OMACHOCTh 3aCTAaBIACT HWCKATh 3aMEHYy MHUHEPAIbHBIM MacjiaMm, CO37aBaTh
HETOPIOYHE CHHTCTHYECKHE KUAKOCTH WM OTHECTOMKHE CMECH TOPIOYUX U
HETOPIOYNX JKUIKOCTECH (IMYIIBCHH).

Bce xuakocTHm mOApa3AeNArOTCS Ha JIETKOBOCIUIAMEHSEMbBIC, TOPIOYHE,
TpyIHOTOPIOYME U HeToptoune. HedTsaHbie Maciaa OTHOCATCS K TOPIOYMM JKHIKOCTSIM.
Mo’kHO Ha3BaTh ABE OCHOBHBIC MPUIMHBI MOKAPOOTIACHBIX cuTyaruii. [lepsas, korma
pabodyass JKHIKOCThb, pACHBUIASACH TOJX OOJBIIMM JaBiieHueM (IpU  TMPOpPBIBE
TpyOOIIpOBO/a), TMOMaJaeT Ha  KaKylo-TMOO  pacKaJICHHYIO  IOBEPXHOCTb.
MunuManpHas TMoOXapoomacHash TeMIeparypa J3TOW IOBEPXHOCTH IS BCEX
MHHEPAJIbHBIX Macel JeXKUT B mpenemax 225-280°C, HE3aBHCHMO OT HX
TEMITepaTyphl BCIBIIKU. Y YUTHIBas TpeOyeMblil 3amac, BOJIU3U THAPOOOOPYAOBAHNS,
paboTaromero Ha MUHEPAIBHOM Macje, HE JOJDKHBI PacIojiaraThCsl OTKPBITHIC
noBepxHocTH, HarpeTsie 10 200°C u Oomee. Brtopas, Gonee BeposiTHas CUTyaIus:
nmapsl Macja, UCTapssiCh, 3aMOJHIIOT ONMPEACICHHYI0 €MKOCTh WIIM OTCEK, 00pasys
MapOBO3AYIIHYI0O CMECh C BO3AYyXOM. OpHEHTUPOBOYHO HWKHHUW Mpeaen
TEMIIepaTypbl BOCIUIAMEHEHHMsSI CMECH MOXXHO TpuHUMaTh Ha 25% HuKe

TCMIICPATYPhbI BCIIBIIIIKH.



11.5 Bbi6op patounx xKuJaKOCTEN N5 YroJbHOH NPOMbIILJIEHHOCTH

[Ipu OTKpBITBIX pa3pabOTKax BEPOSITHOCTh CO3/IaHUS TMOKAPOOMACHBIX
YCIOBUM 4pe3BbIYaHO Majia. OMmacHOCTh ke, Co3/laBaeMasi CaMHM MOKapoM, IpH
OTKPBITHIX pa3pabOTKax HE CTOJIb BEIMKA, KaK MPU MOJ3EMHOM.

[loaToMy B THUApaBIMYECKOM OOOPYJOBAHMM HAa OTKPBITHIX pa3paboTKax
UCIIOJIB3YIOTCS MUHEpAJIbHBIE Maca.

B moa3zemMHBIX YCIOBHSIX OCOOCHHO Ba)XHa B3PHIBOMOXKAPOOE30MACHOCTD
NPUMCHSEMBIX ~ MarepualioB  (pabo4ymx  JKUAKOCTEH, KOHBEHEPHBIX  JICHT,
JIEKTPUICCKUX KaOeseH U T.1I.).

PazpabaTpiBacMble B  HACTOsIIIEE BpEeMsi OTHECTOMKUE JKHIKOCTH HE
00s3aT€NIbHO ~ ABJISIOTCST  HETOPIOYUMHU. bBONBIIMHCTBO W3 HUX TOPUT TMpHU
OMPENICNICHHbIX  YCIOBUSX, KOTOpPble HE MOTLYT OBbITh pEATU30BaHbl IpU
AKCILTyaTalllH.

OruHecTolKHe XKUAKOCTH MOXKHO Pa3JIOKUTh HA CIEAYIONINE KATETOPUH:

1) OMYJIBCHUH «Maclio B Bojae», coaepkamue makcumyMm 20% roproumx
MarepuanioB. OO0bryHO OHU coaepxaT 1.5-5% muHepanbHbIX Macen ¢ J00aBKaMU
(omynscon: AKBOJI-3, BHUMMHII-117, 5911, BHUTOJI) u 98.5-95% BombL.
OMmynbcon 10O THIATEIBHO NEPEMELIMBAETCS C BOJOM, CO37aBasi 3MYJbCHUIO, B
KOTOPOM OH MPUCYTCTBYET B BUJIE€ MEJIKOJUCIEPCHBIX Kamleib, JIMOO0 pacTBOPSETCS B
BOJIC.

B 5TOl XKHUIKOCTHM THAPABIWYECKOW CPEIOM B OCHOBHOM CIIYKHT BOJQ, a
HEOOJIBIIIOE KOJIUYECTBO PACTBOPEHHOrO0 Macjia 00ECIEYMBAECT CMa3Ky W 3alllUTy OT
Koppo3uu. B 1ieom 3ToMy BUY KUAKOCTU NPUCYIIHU T€ K€ HEAOCTATKU, YTO U BOJIE!
BBICOKAsl KOPPO3UOHHAasi AKTUBHOCTb, HEBO3MOXKHOCTh HCIOJb30BAaHUS MpU
OTpULIATENIbHBIX TemnepaTypax. llo BHemHemMy BHIY 3SMYJIbCHM HAIOMHHAIOT
MOJIOKO.

2) IMYJBCHH «BOJIa B Maciie», coaepsxkamniue 10 60% roprounx MaTepraios.

Otu smynbcuu coaepkar ot 40 1o 45% Boapl. OHM COBMECTHMBI C OOJIBIIIEH YaCThIO



UCIIOJIB3YEeMOro 00OpYy/IOBaHUs, U UX MOKHO HCIOJb30BaTh BMECTO MHUHEPAIbHBIX
Macell. DTH XKUJIKOCTH COXPAaHSIOT MHOTHUE MOJOKHUTENIbHbIE KaueCTBa MCXOJHOTO
Macina, yJIy4IIeHHOTO BBEICHHEM aHTUOKHUCIHUTENbHBIX, NPOTUBOU3HOCHBIX U
AHTUKOPPO3UOHHBIX TpHUcagok. OIHAKO CMa304HbIE CBOICTBA Yy HHUX HIXE, YeM Yy
BBICOKOKQUECTBEHHBIX THIAPABINYECKUX Maceld. DMYJIbCUU «BOAA B Macjie» OOBIYHO
MMEIOT KOHCHCTEHILIMIO CIIMBOK, IJI€ Macio o0pa3yeT OAHOpoIHYK (a3y, a Boja
JUCIIEPrUPOBaHa B BUJIE MEJIKUX Karlellb.

YuuThiBass HECKOJIBKO OOJBIIMNA W3HOC MNpPHU MPUMEHEHUU ITOU SMYIbCHH,
(UPMBI-U3TOTOBUTENIN PEKOMEHAYIOT UX ISl TUAPOCUCTEM C pabOUYUM JaBICHUEM 0
14 MIla n MmakcuMaabHOU Temmeparypoi 10 65°C.

3) BOJITHO-TJIMKOJIEBBIE W BOJHO-IJIMIIEPUHOBBIE pabouue XKUIkoct. OHU
comepxkatr 30-60% BoxabBI, B OTIWYHE OT AMYJIBCHHA SBISIOTCS PACTBOPAMU B BOJE U
MO3TOMY  CTaOWIbHBI  OpH  JKCIUTyaTanud. B pacTBopsl  100aBISIOT
AHTUKOPPO3UOHHBIE, TPOTUBOM3HOCHBIC U AHTUIICHHBIE TPUCAKH.

BonHO-TIMKONIEBBIE  KUAKOCTA HMEIOT XOpPOIIME BSI3KOCTHBIE CBOMCTBA,
COBMECTHMBI C OOJBIIMHCTBOM MaTepHUaliOB, MPUMEHSAEMBIX B THapocuctemax. Mx
HEJIOCTATKH — BJIEKTPONPOBOJAHOCTh M TOPIOUECTh MPU COJEPHKAHUU BOJBI MEHEE
30%. [ToaTOoMy mpu UCTIapeHUH BOABI BOSMOXKHO 3aropaHue TIUIepUHA WIIHA TIIHKOJIS.

BoiHO-TIMKOIIEBBIE JKUAKOCTU BBIITYCKAIOT TOJBKO JIJISi CUCTEM OXJIAXIACHUS
(aatudpusel, TOCOJIbI).BogHO-TIHIICPUHOBBIE  JKHIKOCTH  MPUMCHSIOT  JIJIS
TUAPOCUCTEM MOOUJIBHBIX OOBEKTOB M CYAOBBIX THIPONPHUBOJIOB, a TaKKe
TUAPOCUCTEM, palOTaOIMUX B YCIOBUSAX BO3MOXKHOW IMOXApPHOM OMACHOCTH
(THAPOCHCTEMBI IOMCHHOMW TICYUH).

4) >KHIKOCTH, HEe cojaeprkariue Bojbl. Clo/1a OTHOCST XHIAKOCTH, COACpKAIINE
cioxubie 3pupsl GHochopHON KHUCIOTHI, NPOYUE OpraHuYecKue >(PUpbl Wik U3
CUHTE3UPOBAHHBIX YIJIeBOAOPOAOB. OHU SBISAIOTCS 3P(HEKTUBHBIMU OTHECTOMKUMHU
KUJKOCTSIMU, OOECIICUMBAIOIIUMH JIYUIIYI0 CMa3Ky, 4Ye€M >KHJIKOCTH, COJIepikallue
BOJy; MPUTOAHBI JUisi OOJee BBICOKMX pabOUYMX TeMmIepaTyp IO CPaBHEHHUIO C

MUHCPAJIbHBIMKU MacCJIaMH. MHoOrue CHUHTETUYECKHUE KHNIKOCTH HEC COBMCCTHMbLI C



MaTrcpuajiaMM ruapoys3JjioB U 0COOEHHO yrIJ'IOTHeHI/If/'I; OHM CaMM HJIM TPOAYKTBI HX

Pa310KCHUA TOKCHUYHBI. KpOMe TOIr0, UX CTOUMOCTB ‘-IpGSBI:I‘-IElﬁHO BBICOKaAs.

12 O0bemMHBIE THAPOMAIIMHBI

12.1 O6ue cBegeHUus

OOBbeMHO# Ha3bIBaCTCS THAPOMAIITHHA, padOUYH TTPOIIECC KOTOPOM OCHOBAaH Ha
MONEPEMEHHOM 3aloOJHEHUH paboyel Kamepbl JKUJIKOCTHIO U BBITECHEHUU €€ U3
paboueil KaMephl.

OCHOBHBIMHU 3JIEMEHTaMU 00BEMHBIX THAPOMAIIINH SIBISIOTCS pabouasi Kamepa,
IOJIBHIKHBIN AJIEMEHT (BBITECHUTEIIb) U PACIIPEICTUTEIb.

[log paboueit kamepoil MOHUMAETCA OrPAHUYEHHOE MPOCTPAHCTBO BHYTPHU
MaIllMHbI, TIEPUOIUYECKU U3MEHSAIONIEE CBOM 00BhEM M MONMEPEMEHHO COO0IIatoIeecs
C MeCTaMM BXOJa M BBIXOJAa >XUAKOCTU. Pabodasi kamepa COCTOMT U3 OCHOBHOI'O
(TOJE3HOr0), M3MEHSIOMIErocss BO BpeMs padoOThl, 00beMa U HEHU3MEHHOIO
(BpeaHOT0), KOTOPBIH OOYCIOBJIIEH HEOOXOAMMBIMH KOHCTPYKTHBHBIMH 3a30paMu
MEXJy KaMmMepoWl M TMOJBHXKHBIM 3JIEMEHTOM. BpenHbli 00beM MNPaKTUUYECKU HE
BIIMSAET HA pabouyuii mpoilecc 00HEMHON MAIIMHBI MPU MATOC)KUMAEMbIX JKUJIKOCTSX,
1 Ha00OpOT, IPHU CHOKUMAEMBIX KHIKOCTSX €ro BIUSHUE CYIIECTBEHHO.

[ToaBMXHBIN 3IEMEHT M3MEHsET 00beM pabouell KaMephl, a pacHpeaeauTelNb
MONEPEMEHHO COOOIIIAET €€ C MECTAMH BXOJIa U BBIX0J1a KUJIKOCTH.

[lo wuwcny pabouux Kamep THAPOMANIMHBI JENSATCSA HAa OJHO- U
MHOTOKaMEpHBIE, a IO KOHCTPYKTUBHOMY HCIIOJIHEHUIO TIOJIBMKHBIX 3JIEMEHTOB — Ha
MOPIIHEBBIE, IECTEPEHHBIC, MIACTUHYATHIC U BUHTOBBIE.

B cootBeTcTBUM C TEM, CO3alOT TUAPOMAIIMHBI MOTOK KUIAKOCTU WIIU
UCIIONB3YIOT €T0, UX PA3JEIAI0T Ha 00 bEMHbBIE HACOCHI U THAPOIBUTATEIN.

B o0bemMHOM Hacoce TMepeMEIICHUE KHUIKOCTU OCYIIECTBISETCS IyTeM

BBITECHEHHUS €€ U3 pabounx KaMep BbITeCHUTENSIMU. [lo mpuHIMny AeHCTBUSI, TOUHEE



[0 XapaKkTepy Mpolecca BBITCCHEHUS KUIAKOCTH, OOBEMHBIC HACOCHI Pa3e/IIOT Ha
MOPIITHEBBIC M POTOPHEIE.

B mopmrHeBOM Hacoce KHIKOCTh BBITECHSCTCS W3 HETOJBHKHBIX KamMep B
pe3ybTaTe JIUIIh BO3BPATHO-TIOCTYNATEILHOTO JIBH)KEHUS BRITCCHUTENICH (TOPIITHEH,
TUTYH)KEepOB, tuadparm).

B poropHOM Hacoce >XKHIKOCTh BBITCCHSCTCS W3 IepeMeniacMbIX padodmx
KaMep B pe3yJibTaTe BPalllaTeIbHOTO WM BPalllaTeIbHO-TIOCTYMATEeILHOTO JIBHKECHUS
BBITeCHUTENCH (IIIeCTEPEeH, BUHTOB, TUIACTUH, MOPIITHEH).

OObeMHBIII ~ THApOABHTATEIh —  3TO  OOBEMHAs  TUAPOMAIINHA,
npeIHa3HAYCHHAS I MPEeoOpa3oBaHUs SHEPrUU IOTOKA KHUJKOCTH B DSHEPTHUIO
JBY)KCHUS BBIXOJHOTO 3BCHA.

[To xapakTepy ABMKCHHUS BBIXOJHOTO 3BEHA OOBEMHBIC THIPOIBUTATEIIN JCIISAT
Ha TPpH KJjiacca:

THIPOIMIMHIPEl € BO3BPATHO-TIOCTYNATCIIBHBIM JIBHOKEHHUEM  BBIXOJIHOTO
3BCHA,

THJIPOMOTOPBI C HETIPEPHIBHBIM BpaIlaTeIbHbIM JIBUKCHHEM BBIXOHOTO 3BCHA;

MOBOPOTHBIC THIPOABUTATEIN C OIPAaHUYCHHBIM YIJIOM IOBOPOTa BBIXOJIHOTO
3BEHA.

B nmnpunHnume, Hacochl W THAPOABUTATEIM B3aMMOOOpATHMBI, OJHAKO
HETIOCPEICTBEHHOE MCIIOJIb30BaHKME HACOCA B KAYECTBE TMIPOJIBHTATEIISA, U HA000POT,
BO3MOJKHO TOJIBKO B HEKOTOPBIX MAlllHHAX.

PacnipenenieHne >KHIKOCTH B HAcOCaX MOXET OBITh aBTOMAaTHYCCKUM —
KJIANaHHBIM, WM [PUHYIUTCIbHBIM — MPOTrPaMMHBIM (OeckiamaHHbiM). B
THJIPOJIBUTATEIISAX paclpeieiICHUE )KUIKOCTH BCeTIa PUHYTUTEIBHOE.

[lpu OeckilamaHHOM pACHpPEACICHUM BO3MOXKHO 3alMpaHue JKUIKOCTH B
3aMKHYTOM IEpEMEHHOM 00BEME, a CJISI0BATEIbHO, M PE3KOEC M3MCHCHUE JaBJICHUS
KHUJIKOCTH B 3TOM oObeMe. [Ipu MOBBIMICHNN JIaBJICHHS B 3aMKHYTOM 00HEME MOKET

MPOU30UTH 3aKJIMHUBAHUE POTOPOB.



Ecnu paGouast kamepa ruipoMalliviHbl 3a OJIMH 000pPOT BaJjia TOJIBKO OJUH pa3
3aMOJIHSETCS )KUAKOCTHIO U OCBOOOXKAAEeTCs OT HEe, TO Takas MallliHa Ha3bIBAeTCs
MAIIMHON OJHOKPATHOT'O JEHCTBUSA, €CIU MPOUCXOAUT HECKOJIBKO IIMKIJIOB, TO OHA
HAa3bIBACTCS MAIIIMHOM MHOTOKPATHOTO JIECTBUSL.

XapakTepHbIi TEXHUUECKUU TMOKa3aTelb OOBEMHON THUIpOMAIIUHBI — €€
pabouuii 00BEM.

PaGounii o0beM paBeH cyMMe H3MEHEHUH O00BeMOB pabouux Kamep
TUAPOMAIIIUHBI 32 OAUH ee 000poT. OH MpeaCcTaBisieT co00 00beM HECKHUMAEMOU
UJKOCTH, BbIJIaBAEMON HACOCOM WJIM PACXOAYEMbIM THIPOMOTOPOM 3a OAUH 000POT
MIpU OTCYTCTBUU B HUX yTECUEK.

['mapoMamiuael ¢ U3MEHSEMBIM  pabo4uM  00BEMOM  Ha3bIBAIOTCS
pPEryJIupyeMbIMH, a C HEU3MEHSIEMBIM — HEPETYIHUPYEMbIMH.

B perynupyembIx rufpoManinHax OTHOIIEHUE TEKYIEro 3HA4eHUs padouero

ob0beMa (] K €ro MaKCUMaJIbHOMY 3HAUEHUIO (|, HA3bIBACTCA IapaMeTpoM

peryJIMpOBaHUs:
u, =39, (12.1)
qmax

OCHOBHBIMHM TEXHUYECKUMU TOKA3aTEIsIMUA Hacoca SIBISIOTCSA pabouuil o0beM,
nojaya, nasinenue, MmomHocTh, KII/ n yactora BpameHus.

[Togaua — 3T0 00BEMHBIN pacxo KUJIKOCTH Yepe3 HarHEeTaTeNbHbIA NaTpyOoOK
Hacoca.

Teopernueckas mojgada Hacoca:

Qur =0n "Ny - (12.2)

JlelicTBUTENbHASA TMOJa4a MEHBIIE TEOPETHUYECKOW BCJIEACTBUE YTEUEK B

Hacoce:
Qn =Qur —AQy. (12.3)
VYTeuku BEeAyT K MOTEPSIM MOIITHOCTH U olleHuBaroTcsa 00beMubiM KIT/T:
Q Q
Mo == : (12.4)

Qur Qu +AQy



Torna nonayva:

Qn =0n "Ny “MHo- (12.5)
JlaBneHHe Hacoca Py YHCICHHO PAaBHO TOJHOMY MPUPAIICHHAIO SHEPTHU B
HACOCEe MEXIy BXOAHBIM M BBIXOAHBIM maTpyOkamu. Tak kak mpu pabore Hacoca
BO3HHKAIOT MOTEPU  JABICHUS, TO JACHCTBHUTEIbHOE JABICHHE  MCHBIIE

TEOPETHUYECKOTO HA BEINUMHY TTOTEPH!
PH = Pur —APH- (12.6)
ITo aHanoruu ¢ OOBEMHBIMU THIPABIMYECKUE MOTEPH MOIIHOCTH OLICHUBAIOT

runpasindeckum KIT/I:

p
My =——. (12.7)
PHT

BrIx0oHasI MOIIHOCTH HACOCA OTPEICIAETCS KaK MOIITHOCTD IIOTOKA!
Ny =PH -Qn- (12.8)
BxoaHasi MOHIHOCTH OOJbIIE BBIXOJHOW HA BEIMYHHY OOBEMHBIX,

T'HAPABINYCCKUX U MCXaHUYECCKUX ITOTEPh.

Npyp = P Qu (12.9)
MH
[Tonwsiit KIIJ[ Hacoca:
MH =MHo "MH.r “MHM - (12.10)

3Has MOHOIHOCTh HAaCoCa M 4YaCTOTYy Bpall€HUA €ro BaJla MOXHO OIPCACIIMTDH

MOMCHT Ha €ro Baly.

My, = Np.s __ Pn -Qn _ (12.11)

Oy Ny 2-7m-Ny

12.2 MopuiHeBbIe HACOCHI

OCHOBHBIE AJIEMEHTHI TIOPIIHEBBIX HacocoB (puc.12.1) — mwmHap 1, mopieHs
2 u pacnpenenutend 3 W 4, TPH TOMOIIM KOTOPBIX ITWJIMHIAP TOIMEPEMEHHO

COCIUHACTCA TO C JIMHUEH BCaCbIBaHHA, TO C JIMHUEW HarHETaHMUS.



Tak kak MPUHIMI JCHUCTBUSA BCEX HACOCOB OJMHAKOB, pAaCCMOTPUM HamboJliee

MPOCTON OJHOIMIMHIPOBBINA HACOC OJHOKPATHOTO JICHCTBUS.

4
AT

Pucynox 12.1 — IopuraeBoit Hacoc

[Tpu nBWKEHWM TIOPITHS 2 BIPABO yBEIUYHMBACTCS 00BeM paboueil Kamephl B
uuiauHape 1, BcneacTBue 4ero JaBieHUE B HEM YMEHBIIAETCS, BCACHIBAIONINH KilanaH
3 OTKpBIBACTCS, M JKUIKOCTh BCACHIBACTCS B IIJIWHIP W3 TOMBOISIICTO MATpyOKa.
[Ipu nBM>KEHUU MOPIIHS BIEBO 00bEM paboueil Kamepbl YMEHBIIAETCS, JaBICHUE B
Hell BO3pacTaeT, BCACHIBAIONIUN KJIalaH 3aKphIBACTCS, a HarHETATeNIbHBIM KianaH 4
OTKPBIBAETCSA, U KUIKOCTb BBITECHACTCS M3 LIWJIMHIPA B HAarHETATEIbHbINH NaTPyOOK.
Takum 00pa3zoMm, HacCOC OJHOKPATHOTO JAECUCTBUA 3a OAMH OOOPOT KPUBOIIUITHOIO
BaJla OJIUH Pa3 BBITECHSIET XKUAKOCTh U3 paboueil KaMephl.

Ecnu amuHa mopiiHs MeHblne ero auamerpa, T.e. b < D, To Takoit mopiueHs
Ha3bIBACTCS TUCKOBBIM, eciau D >D - muymkepusiM. Kak mnpaBuiio, MIyHXepHI
UCIIOIB3YIOTCS ISl TIOJIYYEHUsI BBICOKOTO JABJICHUSI, IPUYEM, OHU MOTYT OBITh Kak
CIUIOIIHBIMHU, TaK U MyCTOTEIBIMHU.

[lo 4ywmcny UUAMHAPOB TMOPIIHEBBIE HACOCHI pa3AENAOTCS Ha OJHO- U
MHOTOIIWJIMHAPOBBIE, IO HUX PACHOJIOKEHHI0 — Ha HAcOChl C MapasuleibHbIM
pacIooKeHHEM OCeH MWJIUHAPOB B OJHOM IUIOCKOCTH (HACOCHI C KPHUBOIIHUITHO-
IIATYHHBIM MEXaHU3MOM U JKCIICHTPHKOBBIC), 3BE31000pa3HbIM WU V-00pa3HbIM
(paauabHBIC HACOCHI), @ TAKXKE C PACIIONIOKCHHEM OCEH IIMIIMHPOB NapauIeIbHO HX

ocH BpaleHus (aKCHalbHbIC HACOCHI).



[lo KOHCTpYKIMH paclnpeeiauTeNs pa3inyaloT TOPIIHEBBIE HACOCHI C
KJIAMIAaHHBIM PACOPEICICHUEM U 30JJOTHUKOBBIM.

Pabounii 00beM OJHOIMIMHIPOBOTO TOPITHEBOTO HACOCa OJHOKPATHOIO
JEUCTBUS OMpenenseTcs W3MEHeHHeM oObema paboudeil KaMepbl, BBI3BAHHBIM
nepeMeleHreM MOPIIHS 32 OAUH 000POT KPUBOIIUIIA!

_=-D*
4

rae D — nuametp moprHs; S =2-I - X0 MOPIIHS; I — paanyC KPUBOIIUIIA.

aH S, (12.12)

Pabouunit 00beM MHOTOLIMIMHAPOBOIO HAacoca MHOTOKPATHOTO JEWUCTBHS (C

OJIMHAKOBBIMHU ITUJIHHJIPAMH):

2
Uy =%-s-m-z-k, (12.13)

rae M — Yucio psiaoB UWIMHAPOB; Z — YHUCIIO HWIHMHAPOB B OJHOM PANY;
K — KpaTHOCTb JCHCTBHS.
Onpenennm AEUCTBUTENIBHYIO MTHOBEHHYIO 110J1a4y Hacoca.
JIns  OOHOUMIIMHAPOBOTO HAcoca OJHOKPATHOTO JCHUCTBUSI MIHOBEHHAas

TECOpETHYCCKad IMoaayva.

2
o="DP" ¢ (12.14)
4
IJie ¢ — CKOPOCTbH MOPIITHS.
Qb Qf
£ s g
S, S o

Pucynox 12.2 — I'paduku ojjauu NOPIIHEBBIX HACOCOB

[Ipu moBopOTE KPUBOIIMIA HA YTOJI (P CKOPOCTh HOPIIHSL:

C=wy -r-sin(p)=2-7-r-ny -sin(y), (12.15)



a MCHOBCHHAs 1ogayva.

2 2 2
: .D%:n _
Q== D™ -~ H . r-sin(p). (12.16)

W3 ¢dopMmynbl BUAHO, 4YTO CKOpPOCTh TMIOPIIHS W MrHOBEHHAs Iojada
U3MEHSIOTCS CHHYCOUIABHO.

I'papmueckas 3aBucumocth Q= f (@) wmmm, Q= f(t) Ha3wBaercs rpaduxom
nojiaur. J{JIs OTHOIMIIMHAPOBOTO HACOCA OJJHOKPATHOTO JACHCTBHS TpaduK Moaaun —
9TO noaycuHycousl (puc.12.2, a), cMeneHHbIe OTHOCUTEIBHO JIPYT IpyTra Ha YToJI 7,
JUTSL IBYXITMJIMHPOBOTO HACOCA OJTHOKPATHOTO JCHCTBHUS WM HACOCA JBYCTOPOHHETO
JCHCTBHSI — 3TO HEMIPEPBIBHBIC MOJYCHHYCOUIBI (puc.12.2, 0).

HepaBHOMEPHOCTh TOJa4M  BBI3BIBACT THAPABIMYCCKHAE YAaphl, OMACHBIC
BUOpallMi W HEPABHOMEPHOCTh JIBHIKECHHUS WCIIOJIHUTEIBHBIX OpPraHOB MaAIIIHH.

[TosTOMy cTpemsTCs BBIPOBHATH rpauk moaadu, mpuOIN3UB ero K npsaMoi Qcp .

KoaddunneHt HepaBHOMEPHOCTH:

_ Qmax B Qmin

cp

B -100%, (12.17)

e Qmax> Qmin - COOTBETCTBEHHO MAaKCHMaJIbHOE U MUHHMAJIbHOE 3HAUYEHUE

MTHOBEHHOH ITOIaYH.

Ta6muna 12.1 — KoahdunpenTsl HepaBHOMEPHOCTH 01a4H

Z 1 2 3 4 S) 6 I 8 9 10 |11
5 % |314 | 157 |14 |33 |5 14 |3 8 1.5 |5 1

Jlist OJHOLMJIMHIPOBOTO Hacoca OJHOKPATHOTO JNIEUCTBUA

7%-D%.ny -1 7-D%.ny-r
2 2

3HAUEHUs YpaBHEHUE, MONYYUM O =7 . AHATOTUYHO BBIYUCISIOTCS KOA(DPUITUEHTHI

IloncraBngaa »HTu

Qmax = u Qpip =0, a Qcp =

HCPAaBHOMCPHOCTH IJIs1 HACOCOB C pa3JIMYHBIM YHUCJIOM HUIMHAPOB.



AHanu3upysi 3TH [JaHHbIE, MOXHO CJeNaTh CHEAYIOWM BbIBOA. [l
BBIPABHUBAHUS TOJaYd I1€7I€CO00pPa3HO MPHUMEHSATh MHOTOIMIMHIAPOBBIE HACOCHI C

HCYCTHBIM YMCJIOM HWIMHAPOB.

12.3 PoTopHblie HACOCHI

K poropHsiM HacocaM OTHOCSITCS HAcCOChl, B KOTOPBIX BBITECHUTENIH MpPU
paboTe COBEPIIAIOT CIIOXKHOE MPOCTPAHCTBEHHOE ABUXKEHHE, HO OINPEesSIONuM
JIBIKEHHEM TIPU 3TOM SIBIIsieTCsl BpamateiabHoe. Hanbonee yacTo mpumeHsieMble B
TUAPOIIPUBOJIE POTOPHBIE HACOCHI:

paauaibHO- UM AKCUAJbHO-NOPIIHEBBIC, IUIACTUHYATHIC; IIECTEPEHHBIE,

BHUHTOBBIC.

12.3.1 PaananbHo-nOpPIIHEBBIE HACOCHI

Perymupyemslii paauaipHo-TiopiiHeBoi Hacoc (puc.12.3) coctout u3 poropa 2
C IMWIMHIpaMH, TUIYHXepoB 1, o0oimbl 4, pacmnpeienuTeI-HOTO yCTPOMCTBAa 3 ¢
MOIBOJIANIIUMHU M OTBOJISAIIUMHU KaHajdaMu 5 M 6, a TakkKe yCTPOWCTBA, C TIOMOIIBIO
KOTOporo oo6oiimMa 4 mnepeMemiaeTcss OTHOCUTEIbHO OCH pPOTOpa Ha BEIUYUHY
DKCIICHTPUCHUTETA e. PoJb pacmpenenuTenbHOTO YCTPOHCTBA BBITIONHSAET MTyCTOTENas
ochb [ C YIJOTHUTEIbHOM mepeMblukoil. Ha »sToli ocu 3akperuieH potop. Ilpu
BpaIICHUN pPOTOpa IWIMHAPHI CBOMMH KaHAJIAMH IIOOYEPEAHO COCAMHSIIOTCS C
KaHaJIaM{ BCAChIBaHMS 5 M HarHEeTaHUs 6, PacoOI0KEHHBIMU B IMyCTOTENO0M ocu. [Ipn
nepexo/ie HUIMHIPOB Yepe3 HEeUTpaIbHOE MOJIOKEHUE UX KaHaJbl MEPEKPHIBAIOTCS
VIUTOTHUTEIFHOW TEPEMBIYKON, W JIMHUS BCACBIBAHHS OTIEISACTCS OT HAIMOPHOM
JTTHUH.

[lepempluka AOMKHA WMETh ONTHUMAIBHYIO TOJIIUHY, HWCKIIOYAOIIYIO
W3MEHCHHE 3alepToro o0bheMa JKHUIKOCTH B IIWIMHIAPE TPHU BPAIMICHUHW POTOpa

(ToNIIMHA, MPEBBINIAIONIAS ONTHMAIBHYIO), YTO MPUBOIUT K BBIIICPACCMOTPCHHBIM



HCTAaTUBHBIM ABJICHHAM, HIKX BO3MOXKHOCTbL IICPCTCUKH KHUIAKOCTH U3 obacTn

HarHeTaHus B 00J1aCTh BCAaChIBaHUS (CJ'II/IIHKOM MaJias TOJ'II_HI/IHa).

Pucynox 12.3 — PapnanbHo-OpIIHEBOM HAacoC

a‘ (PGM(P
S
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Pucynox 12.4 — CxeMbl KOHTaKTa IUTYHXKEPa CO CTATOPHBIM KOJIBLIOM

JUtss ynydiieHus: yCIIOBUW CMa3Kd W CHIDKCHHSI TPEHUS TOPIIHS O CTEHKH
IAJIUHIPA, TOPITHIO COOOMAIOT MOBOPOTHOE JIBMKECHUE OTHOCHTEIIBHO ero ocu. Jis
ATOTO TOBEPXHOCTH CTAaTOPHOTO KOJbIIA, HA KOTOPYIO ONHUPAETCS TMOPIICHB,
BBITIOJTHSIFOT TI0JT HEKOTOPBIM YIIIOM ¢, paBHbIM 15-20° (puc.12.4, a), win IuIHHIp
pacmoJyiararoT MmMoJji TaKHUM JK€ YIJIOM K IUIOCKOCTH BpaIeHUs IMUIMHIPOBOTO OJIOKA.
[TockombKy TOYKAa KOHTAaKTa CHEPUYECKON TOBEPXHOCTH TOPIIHS B ITOM CIIydae
OyIeT CMeIIeHa OTHOCHTEIBHO €Tr0 OCH, TMOPIICHb MO JEHCTBUEM CHIIbI TPEHUS

6yz[eT IIOBOPA4YMUBATBCA B LHIHWHAPC. YtoO5I YMCHBIINUTL CKOJIBXKCHHEC T'OJIOBKH



MOPIIHS MPU MPOBOPAYUBAHUM, HEOOXOJUMO YBEJIHYUTH IJICYO MPUIOKEHUS CHUJIIBI,
94ero JOCTUTAIOT IyTeM BBINIOJHEHHUS rpuOooOpasHoii rTonoBku (puc.12.4, 0).

Jluamerp TOJOBKH (rpuOka) mMOpIIHS OOBIYHO BbIOMparoT paBHbIM (1.75+2)-d,
rae d — nuamerp mopiiHs. J[MHY HopIHs BeIOHparoT He MmeHee L=2-(e+d).

Bo u3bexxanue packJIMHUBAHUSA IUTYHKEPOB B LIWJIMHIPaX HEOOXOAUMO, YTOOBI
WX MaKCUMabHBIN X0 He npeBbiman 0.1 paanyca poropa. YacTo HacOC BBITOTHSIOT

C ABYMs WJIM TPEMS pssAaMU IINTYHXKCPOB JJIs1 YBCIIMUCHUS €TO pa60qer0 oonema.

Pabouwnii 00beM Hacoca:

2
Oy :%-z-e-m, (12.18)

rae D — nquamerp mnyHkepa; Z — YMCIO IUIYHXEPOB, M — YHUCIO PSAIOB

TLTYHKEPOB.

N3MeHss BEMWYHMHY M 3HAK JKCIEHTPUCHUTETA, MOXHO H3MEHSTh MOJady M
HapaBJICHUE TMOTOKA XUAKOCTH. [Ipr MakCMMaJIbHOM 3HAY€HUU SKCLIEHTPUCUTETA

€max 10Ja4a Hacoca MaKCHMaJjbHa, a MapaMeTp PEryJIupOBaHHUs.
e
U,=——, (12.19)

q
€ max

rac Uq - MapaMcCTp PCryIMpOBaHUA WA OTHOCHTEIbHBIN OKCOCHTPUCHUTCT,

KOTOPBIN MOXKET U3MEHSThCs oT 0 10 +1.
12.3.2 AkcHAJBLHO-TIOPIIHEBbIE HACOCHI

AKCHaNbHO-TIOPIIIHEBBIE HACOCHI, BBIITYCKAEMBbIE C HAKJIOHHBIM JUCKOM
(puc.12.5) wiM HaKIOHHBIM POTOPOM, COCTOST M3 poTopa 1 ¢ IMIMHApPaMHU,
TUTYHXKEPOB 2, pacTpeIeINTeIbHOTO YCTPOUCTBA 3, IPUBOIHOTO Bajia 4 U yCTpOHCTBA
JUIS U3MEHEHUS yIJIa ¢ HaKJIOHa JMcKa Wik potopa. Bo m3bexanue 3aKIMHUBAHUS
IUTYH)KEpPOB B LWJIMHApPAX MaKCUMajdbHOE 3HAUYCHHME YIila « JOJDKHO OBITh

paBHBIM 20-30°.
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Pucynox 12.5 — AkcuanbHO-TIOPIIHEBON HACOC

Ecmm a # 0, To npu Bpamenun poropa 1 miyHkepsl 2, IIAPHAPHO CBSI3aHHBIE
MaTyHaMH S ¢ HAKJIOHHBIM JHUCKOM 0, COBEpIIAIOT BO3BPATHO-TIOCTYIATEIHHOE
IBMKEHUE B NWIMHAPAX. YOamsisach OT pacHpeneluTeIbHOTO YCTpoucTBa 3,
TUTYH)KEPbl BCAChIBAIOT KUIAKOCTh, a MPHOJIMKAsICh K HeMy, - HarHeTaroT. [loaBox
AKUJKOCTHU K LIUIMHIPAM U OTBOJ OT HUX OCYUIIECTBIISIIOTCS Y€PE3 OTBEPCTHUS B TOPLE
poTOpa,  KOTOpBIE  TIONMEPEMEHHO  COCIHUHSIOTCA €  pacHpeleIuTelIbHBIMUA
MOJIYKOJIBIIEBEIMU OKHamMu /7 W 8, mMmerommumucs B pacnpenenurtene 3. Korma
IUTYHXEPbl JOXOIAT IO KpaWHUX TOYEK, OTBEPCTUS UWIMHIAPOB pPacIoiararoTCs
HAIMPOTHUB TEPEMBIYCK MEXAy OKHaMH / W 8 — JUHUS BCACBIBAHUS OTICISICTCS OT
JVMHUM HAarHeTaHus. Tak € KAaK B pPaJHAIbHO-TOPIIHEBBIX HACOCAX, 3aAIMEpPTHIN
pacrpeeuTeNIbHON MepEeMbIYKON 00BEM KHAKOCTH B IWIMHAPE MPU BpaIllCHUU
pOTOpa MOYKET HECKOJBKO M3MEHSTHCS, BbI3bIBas HETaTHUBHbIC siBieHUs. [loaTomy B
HEKOTOPBIX KOHCTPYKITUSAX B MIEPEMBbIUYKaX MEXITYy OKHaMH 7 U 8 JenaroT HeOOoIbIIne
KaHaBKH, YTO , OJTHAKO, YBEJINYMBAET YTEUKHU B Hacoce u cHmxkaet ero KII/I.

Pabouwnii 00beM Hacoca:

2
Uy =%- z-Dg(a), (12.20)

rae D - amameTp OKpy:KHOCTH, MPOBEACHHOMN Yepe3 OCH IIUIHHAPOB.



N3menss YIroja <&, MOKXHO MU3MCHATH MOAAa4Yy W HAIIPAaBJICHUC ITOTOKA JKUAKOCTHU

B Hacoce. IIpn o = a ., Nogada — makcumainbHa. [lapameTp perynnpoBaHus:

tg(«)
=, 12.21
tg(amax) ( )

AKCI/IaJ'H)HO—HOpHIHeBBIC Hacocel Ooiee KOMITIAKTHBI, 4YCEM paJaruaJdbHO-

q

nopiHeBsle, U uMetoT Oonbmuiit KI1/I, onHako oHM 4yBCTBUTEIbHEE K BUOpALIUSIM U

YUCTOTE pabodeii )KUJIKOCTH.

12.3.3 IIi1acTHHYATBHIE HACOCHI

[IractuHYaThle HAcoChl MOTYT OBITH OmHOKpaTHOro (puc.12.6, a) wu

MHOTOKpaTHOTro nevictBus (puc.12.6, B), OJMHAPHBIMH U CABOCHHBIMH.

Pucynox 12.6 — IlnacTuH4YaThie HaCOCHI

Hacoc oiHOKpaTHOro A€MCTBUS COCTOUT U3 poTOpa 1, OCh BpalleHHs] KOTOPOro

CMCIICHA OTHOCHUTCIIbBHO OCH CTATOpPa Ha BCIMYHMHY OSKCHOCHTPUCUTCTA e. B mnazax



poTOpa yCTAHOBJICHBI IUTACTUHBI (mHMOepnl) 3, THPrKMMaeMble K BHYTPEHHEH
MOBEPXHOCTH CTaTOpa JABJICHUEM KUIAKOCTU WM NMpykuHaMu. CKOJIb3sI 10 CTaTopYy,
IJJACTUHBI OJHOBPEMEHHO COBEPIIAIOT BO3BPATHO-NOCTYNATEIbHOE [BHKECHHE B
nazax poropa. Ilpm 3ToM ceprnoBuaHas MOJOCTh, OOpa30BaHHAS SKCIEHTPUUHBIM
PaCIIONIOKEHUEM POTOpa B CTaTOpe, paslielisiercsl IUIaCTUHAMU Ha KaMepbl, 00beM
KOTOPBIX BO BpeMs palbOThl HENpephlBHO MeHseTcsa. Eciaum o0bem kamep
YBEIIMYUBAETCS, TO MPOUCXOJUT BCACHIBAHUE >KUIKOCTH, €CIM YyMEHBIIAeTCAd —
HarHeranue. Bo u3bexaHue pacKJIMHUBAHUS IUJIACTUH B IMa3ax HEOOXOJIMMO, YTOOBI
MaKCUMAaJIbHBIN dKCIIeHTpUcuTeT He mpeBbiman 0.1 paxguyca potopa.

Pabounit 00beM MIaCTUHYATOrO HACOCa OJHOKPATHOTO JAEHUCTBUSL:

qy =2-e-b-(2:7-r-2-5), (12.22)

rae I — paauyc poTopa; Z — YUCIO IUIACTHH, O - TONIIWHA IUIacTHH;, b —
IITUPUHA KaMEPHI.

[InacTrHYaThIE HACOCHI OJHOKPATHOTO JIEUCTBUSL MOTYT OBITh C MOCTOSIHHOM
WM TIEPEMEHHOM Tojaueil, mpuueM B TMOCIEIHUX PETyJIUpPOBaHUE MOAAYU
OCYIIECTBIISIETCS TyTEM U3MEHEHHUSI SKCLIEHTPUCUTETA.

[Ipu omHOCTOpOHHEM BpallleHWH POTOpa HAcOCa IUIACTUHBI IEJIECO00pPa3HO
YCTaHABIIMBATh MOJI HEKOTOphIM yriioMm (7-15°) k pammycy (puc.12.6, 06), Garomaps
YeMy YJIYYIIAIOTCS YCJIOBHS HMX paboThl (ymeHbmaeTcs 3(G(eKT 3aKIMHUBAHUS
IUTACTUHBI B Ta3y). Takoe TOJOKEHUE TIUIACTHH IO3BOJIIET OOECICYUTh TaKOe
HaIpaBJICHHE JCHCTBUS pPeaklMy CTaTOpa Ha IJIACTUHY, IPU KOTOPOM CHUJIbI TPEHHS
BBI3BIBAIOT MUHUMAJIbHBIE HW3THOAroIue HanpspkeHus (Yrojl HAKIOHA TUIACTUHBI
MIPUHUMACTCS PAaBHBIM YTITy TPEHUS):

a=1g Fﬂ : (12.23)
R

B mmactuHYaTRIX HacocaX OJHOKPATHOTO ACHCTBUS POTOP M TOMNTUITHUKH
UCIIBITHIBAIOT OJJHOCTOPOHHUE CHUJIbI JIaBJIICHUS, YTO 3aTPYAHSIET CO3JaHUE HACOCOB,
pPaCCUMTAHHBIX Ha OOJIBINIME 3HAYCHUS NABIICHUS, W SBISETCS OJHON W3 MPUYUH UX

MaJioTo Ccpoka ciiyxObl. B Hacocax NBYXKpaTHOTO AEHCTBHS, Onarojapsi HaJIUYHUIO



JIBYX TMPOTHUBOIOJOKHO PACIOJIOKEHHBIX IOJOCTEN, POTOP Pa3rPyk’EeH OT CHUI
JaBJICHMS, a MOJABOJ XKUJIAKOCTH B KaMe€pbl W OTBOJ M3 HHUX IPOU3BOJUTCS 4Yepe3
TOpLUOBBIE OKHa crtaropa. OaHAKO, HACOChl JBYXKPAaTHOTO JEUCTBHS  —

HEpEryJINpyEMBIE.

12.3.4 lllecTepeHHBbIE HACOCHI

H_[CCTCpeHHBIe HAaCOCBHI BBIITYCKAIOTCA C BHCIITHHUM n BHYTPCHHHUM

3anericHueM. Ilocnennue 0oxee KOMIIAKTHBI, HO H3-3a CJIOXKHOCTH H3IOTOBJICHUA

IMPUMCHAIOTCA PCAKO.

NR

Pucynox 12.7 — lllectepeHHsblit Hacoc

Hacoc ¢ BHenranM 3aneriennem (puc.12.7) cocrout u3 kopmyca 1, B KOTOpoM
C HEOONBIIMMU TOPIOBBIMU U PaJAUaIbHBIMU 3a30paMU HAXOJIATCS B 3alICTVICHUU JIBE

OJIMHAKOBBIE MECTEPHU — BeAyIas 2 U BeJaoMasi 3 U IBYX TOPIIOBBIX YIUIOTHEHUH 4.



IIpu BpameHuu wiecTepeH, Koraa 3yObsi BBIXOJAT U3 BHAJUH, HPOUCXOIUT
BCACBIBAHUE XKUJKOCTH. 3aT€M KUIKOCTb, 3alOTHUBIIAS BIAIUHbBI, IEPEHOCUTCS 110
BHEIIIHEW ayre HIECTEPHSMU B HAIpPaBICHUM BpalleHUs, a Korja 3yObs BXOHST BO
BITQ/INHBI, )KUJKOCTh BHITECHSETCSI B HATHETATEIbHYIO JIMHUIO.

B miectepeHHBIX Hacocax, Tak K€ Kak BO BCEX HAcOCax C MPUHYIAUTEIbHBIM
pacrpefieieHueM KUJIKOCTH, BO3MOXKHO 3alUpaHue B TIEPEMEHHOM OObEME.
CyliecTByIOT HECKOJIBKO CIOCOOOB, HCKIIOYAIONIUX 3alupaHue >KUJIKOCTH B
HIECTEPEHHBIX Hacocax. Hawubonee pacnpocTpaHeHHBIM W3 HUX — pasrpys3ka
YKa3aHHOTO 00bEMa 3a CYET CO3/IaHUs CIELUAaJIbHBIX OOKOBBIX KAaHAJIOB 5 B KOpITyCe
Hacoca B o0OnacTu 3aiemieHus: 3yobeB. [lpm 3ToM cHUKaeTcss OOBEMHBIN a,
ciaenoBaTenbHO, U ntoJHbIM KII/ Hacoca.

Pabounii 00beM Hacoca MOXKHO ONPEACIUTh M3 YCIOBHS paBEHCTBa 00HEMOB

3y0a M BIIaJIUHBI.
qQy =2-7-2-m?-b, (12.24)
rae M — Moayinb 3y0a; Z —9uciio 3yObeB; b — mmpuHa 3y0a.

[IlecTepenHble HACOCHI UMEIOT MTOCTOSIHHBIN pabounii 00BHEM.
12.4 XapakTepucTHKA HAacoca

[Mon XapaKTePUCTHKON Hacoca OHUMAIOT 3aBHCUMOCTHU
Qu =f(py) Nyg =f(py) mw ny = f(py) TpHU MOCTOSAHHOIN YacTOTE BpaIlICHUS
BaJjia, IJIOTHOCTH U BA3KOCTH JKUIKOCTH (puc.12.8).

Teopernueckast mojada Hacoca HE 3aBHCHT OT JaBJICHUS, MOITOMY Tpaduk
Qut =f(py) - npamas nuansa. Takyro XapaKTepHCTHKY HA3BIBAIOT XKECTKOM, TaK
Kak MpH W3MCHCHWU JaBJICHUS TMOJa4a Hacoca HE HW3MEHSeTCS. AHAJIOTHYHYIO
XapaKTePUCTUKY MMEIOT BCE OOBEMHBIE HACOCHI, TOITOMY OHH JOJDKHBI CHa0XKaThCs
NpeJOXPaHUTEIbHBIME KJIallaHAMH, TPEAOTBPANIAOIIUMHI CIIy9allHOE ITOBBIIICHHUE
JaBIICHHUSI CBEPX PACUETHOrO BO W30EKAHHE MOJOMKH MAIIWHBI WM TPUBOJHOTO

ABUTaTCIIA.
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Pucynok 12.8 — XapakrtepucTtuka Hacoca

HelictButensHas mopada Hacoca Qu =Qu 1 —AQy 3aBHCUT OT JaBieHMS,

TaK KaK IIPpU €ro YBCIMYCHHHU YTCUHKH YBCIWYUBAIOTCA, ITOITOMY HGP’ICTBHTCHBH&H

xapakrepuctuka Qy = f(py ) He mapamnensHa ocu abcryice ¥ HEMMHEWHA.
ITpu naBnenun py =0 nonesnas mourHocTh Hacoca Ny =0, a MOITHOCTH Ha
Baiy paBHa Ny g =ANy  + AN . C yBenuuenueM naBieHust MOIIHOCTE Ny g

YBCIIMYNBACTCA IMOYTHU 110 J'IPIHGfIHOMy 3dKOHY, U POCT €€ ONpcACIACTCA B OCHOBHOM

pocToM none3Hoi Momuoct Ny .

P -Q y
KIIJI nacoca ny = —H_~H  pmeer we sBHO BBIPOXECHHBII MaKCUMYM,
Ny.g
0OyCIJIOBJIEHHBIN BIMSIHUEM OOBEMHBIX ITOTEPH B HACOCE.
3Ha4yeHus BCEX MapaMeTpoB NpHu MakcuMmanbHoM 3HaueHuun KIIJ[ macoca

Ha3bIBAOTCA OIITUMAJIbHBIMU.



12.5 CpaBHI/ITe.]'H)HLIe JAaHHBIC PA3JIMYHbIX THIIOB HACOCOB

[Ipu BbIOOpE THUAPOY3TOB MOXKHO OpPHUEHTHUPOBATHCA HA  CIEIYIOIIHE
XapaKTepHbIE OCOOEHHOCTH HACOCOB:

1. mecrepeHHbIe HACOCH Hanboee MaiorabapuTHbIE, HO OOJIbIIIE BCEX APYTUX
0ostcs 3arpsisHeHud. OCHOBHOM U3HOC UJET MO TOPLIAM.

2. TUTaCTUHYAThie HE OO0SATCA TPS3U, HO HEPETyJIHpyeMble W pabdOTarOT Ha
MaJlbIX pabounX JaBICHUSX.

3. paauaNbHO-TIOPITHEBBIE TIPOCTHI B  W3TOTOBICHWH, paboOTalOT Ha
CPaBHUTEIBHO BBICOKHX JaBlIeHUSAX, HO uMeroT Hu3kuil KI1J[ u Oonbiime pazMepsl.

4. aKCHAJIbHO-TIOPIIIHEBBIE MO3BOJSIOT MOJYYUTh BBHICOKOE JABIICHHE, BEChbMa
BBICOKOCKOPOCTHBI, 0O0JaJal0T MaJlbiM MOMEHTOM HWHEPILHMH, HO CJIOXHBI B
M3TOTOBJIEHUU U TPEOYIOT BHICOKOM TOYHOCTH U3TOTOBIICHUS.

5. DJKCLUEHTPUKOBBIE JAIOT OYEHb BBICOKYIO NYJbCAIMI0O M KAaK MPaBUIO
TpeOYIOT MOANOpP WM OYEHb HEBBICOKYIO BBICOTY BcachiBaHus. Kpome 3TOoro y Hux

Hu3kuii KI1/I.

Tabnuna 12.2 — CpaBHUTENbHAS] XapaKTEPUCTHUKA HACOCOB

o Macca
Makcumanpaoe | OOBEMHBIA .
Twum Hacoca nasiieHuE Pmax, KII Obmyuit KIIT Ha CIMHUILY
MIIa n MOIIHOCTH,
Mo Kr/kBt
1.ITnacTuHYaTHIA no 7 0.6-0.9 0.55-0.75 1.3-4.0
2.1llectepenHslii no 100 0.7-0.9 0.25-0.7 0.6-7.0
3.Pamuansho- 12-20 0.7-0.9 0.67-0.85 10-20
MOPIITHEBOM
4-AxcHanBHO- 16-32 0.95-0.98 0.8-0.9 3.3-7.0
MOPIITHEBOM
5.OKCLIEHTPUKOBBIN 20-30 0.75-0.95 0.68-0.75 2.7-8.0




13 O0bemMHbIE THAPOABUTATEH
13.1 T'uapomoTopbI

PaccMoTpyM mnpuHUUMI AEUCTBUS pagualbHO-NIOPIIHEBOrO TUapomMoropa. B
pe3yabTaTe JaBicHHsS padodvel XKUAKOCTH Ha mopmieHb (puc.13.1, a), B Touke B
BO3HHMKACT CUJIa PEaKluy CBs3M R, HampaBieHHe KOTOpoil (0e3 ydera CHiIbl TPEHHS)
HOPMAJIbHOE KaK K MOBEPXHOCTU c(ephl, TaK U K NOBEPXHOCTH OOOWMBI CTaToOpa B
Touke uX Kacanus. CienoBaresibHO, cuia R coBmajgaeT ¢ HampaBiI€HUEM paauyca
cTaropa, U ee JUHUA AeicTBUsA npoxoauT uepe3 Touky O,;. Pasnoxum R Ha nBe
cocrapisitonme P wm 7. Cumna P ypaBHoBemmBaeTca cuinod Py, T.e.

.d?2
P=Py=p, ﬂT acuma T = P, -tg(f) co3maeT MOMEHT Ha poTOpe.

€ .
[Tpu — < 0.1 ¢ HUYTOXKHOI MOTPEITHOCTHIO MOKHO TpUHATE tg(B) =Ssin(p).
p

Tornpa
'e _ OB _ 'OB | sin(ﬁ):w,
sin(B) sin(z —¢@) sin(p) OB
a Cujia
7-d? -e-sin(p)
T= : :
P 4.0B
MowmeHT Ha poTope:
M=T-0OB.

CrnenoBatenbHO, cuina 7' ¥ MOMEHT M W3MEHSIOTCS MPU BPAIICHUH POTOpa IO
cunyconnanbHoMy 3akony. [Ipu ¢ =0, =7, T =0,M =0, mo3ToMy HEnb3s cO3/1aTh
THUIPOMOTOP C OJHUM WIIH IBYMSI TTOPIITHSMH.

Cuna P 3HAYUTENBHO MPEBBINMIACT CUITY 1, TOITOMY BHYTPEHHIOIO TIOBEPXHOCTh
000¥MBI CTaTOpa W TOJOBKH TOPITHEH HEOOXOAMMO H3TOTOBISATH M3 MaTepuaia

BBICOKOM TBEPJIOCTH, a TaK Kak cuje I mpOTUBOACUCTBYET CHJIA TPEHUS, YKa3aHHbIC



MOBEPXHOCTH JOJIKHBI OBITH XOpoiio oOpaboransl. Hepenko BMecTO T0JI0BOK
MOPIIHEN yCTaHABIMBAIOT MOAMIUITHUKYI KaUEHUS.

[TpuHun necTBUS aKCUaTbHO-MTOPIIHEBBIX THPOMOTOPOB aHAJIOTUYECH.

B nmnacTuHYaThIX THAPOMOTOpaxX KPYTAUIMA MOMEHT CO3JAaeTCsi 3a CYET
Pa3HOCTH CUJI JABJICHMS KUJIKOCTH Ha IUIACTUHBI, oOpasyrolue padodyr Kamepy
rugpomotopa (puc.13.1, ©). B coBepmieHHBIX THApPOMAIIWHAX B KaXIOM Ia3y
pa3MenialoT He OJHY, a JBE PSIJOM PACIOJIOKEHHBIE IJIACTUHBI, YTO YMEHBIIAET
yTe4ukHu B MaminmHe U nobimaet ee KII/I.

B mectepeHHBIX THAPOMOTOpPaX MOMEHT Ha pPOTOpE CO3[aeTCsl 3a CYET
PA3HOCTH CUJI, ICMCTBYIOIIMX HA MOBEPXHOCTH 3y0a, HAXOAIIETOCS B 3alICTUICHUH, U
3yOb€B, BXOJAIIMX B MOJOCTH, OOpa30BaHHbIE BHYTPEHHUMH IMJIMHAPUUYECKUMHU

oBepXHOCTsAMU cTartopa (puc.13.1, B).
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Pucynok 13.1 — Cxembl THAPOMOTOPOB

Bo Bcex ruapomoTopax pacupeaeaeHue XKUIKOCTH — OeCKIIalaHHOE.



13.2 T'uapoOMJIMHAPHI U TOBOPOTHBIE THAPOABUTATEH

I'maporuauHapel — 3TO O0OBEMHBIC THIAPOABUTATEIM C  BO3BpAaTHO-
MOCTYIATENbHBIM IIEPEMEIICHUEM BBIXOIHOTO 3BEHA.

B ruaponunuHApE OAHOCTOPOHHETO AEMCTBHSA PabOuMil XOJ IMOPITHS

COBEpIIAETCS MO/ ACHCTBUEM aBJICHUS KUJIKOCTH, a BO3BpAT, €Clii Tpedyemoe
YCUJINE HEBEIIMKO, - IO ACUCTBUEM NPYKUHBI WU BHEITHUX CHUJL.

B rungpornunuHApax IBYCTOPOHHETO JEUCTBHS MNPSAMOW M OOpPaTHBIM XOIBI
MOPIIHSA  OCYILIECTBISAKOTCS  TMOJ  JCWCTBHEM  JABJICHUA O KUIAKOCTU. Takue
TUAPOLUUIUHIPHI MOTYT OBITh C OJJTHOCTOPOHHHUM IIITOKOM WJIH C IByCTOPOHHUM.

Ecaiu HeoOxoammo oOecmneuuTh XOJ, MPEBBINAIONIMNA JJIMHY KOpHyca
HWIMHPA, TO MPHUMEHSIOT TEJIECKONUYECKUE THUIAPOLUMWIMHIPHI, T.€. MUIUHIAPHI C
HECKOJILKMMH IIITOKAMH.

[M'uapouunuuapel ¢ peedyHoM mepenayed, mpeoOpasyronue MOCTYMaTelIbHOE
JIBUKCHUE IITOKOB B BO3BPAaTHO-MOBOPOTHOE JBWKEHHUE HMCHOJHUTEIBHOTO
MEXaHHW3Ma, Ha3bIBAIOTCS  MOBOPOTHBIMH  TUApoOABHUTaTenasMu. IloBopoTHBIE
TUAPOJBUTaTEId MOTYT OBITh BBIMOJHEHBI MO JAPYroM cxeme, HampuMep B BHJIE
MOBOPOTHOTO ImuOepa B IWiIuMHApe. I[IOBOPOTHBIE THAPOABUTATEIM IITUPOKO

MIPUMEHSIOTCS B pOOOTOTEXHHUKE.

14 TuapoannapaTtypa, BCoMoraTejibHble YCTPOHCTBA U THAPOJIMHUHA

14.1 Tuppoannaparypa

I'mppoanmaparamu Ha3bIBAIOT YCTPOWCTBA, CIHyXallue ISl YIPaBICHUS
MOTOKAMU KUJKOCTU: W3MEHCHUS WM NOJJACPKAHUA 3aJaHHOrO [AaBJIICHUA WU
pacxoja, a TaKkKe U3MEHEHUS HAINPaBJICHUS ABUKECHUS IMOTOKA.

['uapoanmapatbl COBMECTHO C TUPOMAIIMHAMU 00Pa3yIOT TUPOCUCTEMBI.



Cpenu Bcell Macchl THAPOAIIAPATOB MOXHO BBIJICIUTh TpU Hauboliee
XapaKTEepHBIX KJacca:

1. TmapopacnpenenuTenu, OCHOBHBIM HAa3HAUYEHHEM KOTOPBIX SBISETCS
W3MEHEHUE COTJIACHO BHEIIHEMY YHOPABIAIOIIEMY BO3IACHCTBUIO HAIPaBICHUS
JIBH>KEHUS OTOKOB KUJAKOCTH B HECKOJIBKUX TUAPOJIUHUSX.

2. Knamanel — ycTpoicTBa, CIMOCOOHBIE W3MEHSATH MPOXOIHYIO TUIONIAb,
IIPOMYCKAOIIYIO ITOTOK, MOJ €ro Bo3aercTBreM. OCHOBHOE Ha3HAYEHME KJIAIIAHOB
MOAJEPKUBATH B MOJIOCTIX TUAPOCUCTEM JABIICHUE )KUIKOCTH B 33IaHHBIX MpeJiesiax
HE3aBUCHMO OT MPOIYCKHOTO pacxoja, OrpaHHYMBaTh B OE€30MACHBIX Mpelenax
MOBBIILICHUSI [JIaBJI€HUSA, JOMYCKAaTh ABM)KEHHWE IMOTOKA B OJHOM ONPEACICHHOM
HaMpaBJICHNUMU.

3. Jlpoccenmn — peryaupyromMe YCTPOMCTBA, CIIOCOOHBIE YCTAHABIIUBATH
ONPEACICHHYIO CBA3b MEXIY IMEpPEenagoM MaBICHUS A0 W MOCIE JpOCCeNs U

MPOIYCKHBIM PACXOAO0M.

14.2 T'uapopacnpeneuTeu

I'mppopacnpenenurenu  pa3gensaOT MO TUIY  3allOPHO-PETYIUPYIOMIUX
3JIEMEHTOB HA 30JIOTHUKOBBIE, KDAHOBBIE U KJIAITAHHBIE.

3alopHbIA  3JIEMEHT PACHPEIACTUTENII MOMKET IPUBOJUTHCS B JBUKECHHUE
Pa3IMYHBIMUA KMCTOYHUKAMH JHEPrUH, MO3TOMY pAa3JIUYaOT PACIPEICIIUTENN C
MEXaHUYECKUM, THIPABIMYECKUM U THEBMATUUYECKUM YIPABICHHUEM.

KpanoBble pacnpenenurTenu B THAPONPUBOAEC TOPHBIX MAIWH HAIUIA CaMOE
HIMPOKOE TMPUMEHEHHE. B 3amOpHOM 3JIEMEHTE MMEIOTCS MPOXOJHbIC KaHAJbl JJIs
JKUJIKOCTH, a B KOPIyCE€, KPOME KAaHAJIOB, - COOTBETCTBYIOIIME OKHA I MOABOJA U
OTBOJA JKUAKOCTH K ruApoiuHusM. [Ipyu coBmageHnn kaHajaoB B KpaHE C OKHAaMHU B
KOpILyCE€ 4YEpe3 pPaCIHpeleNUTENb MPOTEKAET KUJAKOCTh, HNPU MEPEKPHITUM OKOH —

pacmpenenuTenb 3anepT.
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Pucynoxk 14.1 — KpaHoBsle pacnipenenurenu

KpaHoBble  pacmpeienuTeNd  MOTYT  BBINONHATBCS — Pa3TPYKCHHBIMHU
(puc.14.1,6) wnm HepasrpyxeHHbiMH (puc.14.1, a). B HepasrpykeHHBIX KpaHax
JaBJICHUE B KaMepe, CBA3aHHOW C JIMHHCW HATrHETaHWsl, HE YPaBHOBEIIHMBACTCS, YTO
NPHUBOJIUT K OJHOCTOPOHHEMY NPHIKATHIO MPOOKH, YBEIMUCHUS MOMEHTA JIJIS €ro
MOBOPOTA M YBEIMYCHHUIO YTCUCK.

[ToaTomMy Tipy GOJBIIKX JTABJICHUSAX IPUMEHSIOT TOJIBKO pa3rpyKCHHbBIC KPaHBHI,
B KOTOPBIX JUAMETPAIHHO MPOTHUBOIOJIOKHBIC TMOJOCTH COCIUHEHBI MEXKIY COOOM
KaHaJaMH.

30JI0THUKOBBIC PACIIPEACTUTEIIA TOTYyYWIH HAUOOJbIIEe PAaCPOCTPAHCHUE B
THIIPONIPUBOJIE OJIarojapsi MPOCTOTE WX W3TOTOBJICHHS, KOMITAKTHOCTH W BBICOKOU
HaJIe)KHOCTH B padoTe.

OCHOBHBIM 3JIEMEHTOM 3THX pacupenenuteiicii (puc.14.2) sBisercs 30J0THUK
1 ¢ mosickaMu ¥ THITb3a 2 ¢ MPOTOYKAMH.

[lpr cmemeHuy 30J0THHKA B Ty WM HHYIO CTOPOHY OT HEHTPAIBHOIO
MOJIO’KEHUST JKHJIKOCTh TIPOTEKACT dYepe3 pacHpeleuTeIh K COOTBETCTBYIOIIUM
THJIPOJTHHHSIM.

HemocTaTok 30JIOTHHKOBBIX pacIHpeneinTeNied — BO3MOXHOCTH IOSIBICHUS
obomurepanmu. JIJis TpeIOTBpAIlCHUs] 3aeJaHusl 30JIOTHHKA TIPU OOJUTEpaIruu
NPUMCHSIOT CHCIMAJbHBIC MEXaHWYECKUE M JJICKTPOMEXaHHUYECKHE YCTPOWCTBA,

coo6ma}0mne KOHC6&TCJ’IBHBI€, HHOT'Ja U BpalllaTCIbHBIC, IBH)KCHHUA 30JIOTHHUKY.
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Pucynox 14.2 — 3010 THUKOBBIN pacipeeanuTenb

Knananuele pacnpenenutenu (puc.14.3) npumeHSIOTCS, B OCHOBHOM, B
TUAPOCUCTEMAX, B KOTOPHIX HEOOXOAUMO OOECMEUUTh XOPOIIYI0 T€PMETHYHOCTD.

I[J'If[ 9TOTO SaHOPHBIﬁ 9JICMCHT BBIIIOJHAIOT B BHJAC KOHHYCCKOI'O HJIM HIapOBOIO

Al

KJIaliaHa.
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Pucynox 14.3 — Knananuslii pactpeaenuTenb

[IpeumymiecTBa pacnpeneauTeneii JaHHOTO TUIA — BO3MOXHOCTh pabOThI Mpu
BEChbMa BBICOKMX 3HAUEHHUSIX JABJICHUS, OOJIBIIONW CPOK CHYXKObI; HEAOCTATKUA —
3HAUYUTENIbHbIC YCUJIHS, HEOOXOAUMBIE JIJIsl YNpaBJICHUS, U OoJblliMe rabapuThl IpU
OOJIBIIIOM YHUCIIE TUIPOJIUHUIA.

Obpamnvle kranaHul.

OOpaTHble KJIamaHbl MpEJHA3HAYEHBI JJIsl MPOIYCKAa KUJIKOCTH TOJBKO B

OJHOM HaAIIPAaBJICHHUM. B 3aBucumoctu ot KOHCTPYKIHH 3allOPHOTO 3JICMCHTA OHMH



MoryT ObITh miapukoBbie (puc.14.4, a), konmyeckue (puc.14.4, 0) u TapenpyaThe
(puc.14.4, B). OOpaTHBId KIamaH, YCTaHOBJICHHBIM BO BCACHIBAIOIICH JIMHUU

Ha3bIBAIOT BCACBIBAOIIKUM WJIN IIPUCMHBIM.
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Pucynox 14.4 — O6patrHble KianaHsl

Oco0eHHOCTh 00paTHBIX KJIAllaHOB — HEOOJBIIOE YCHIME CXKATUS MPY’KUHBI,
IOPIKUMAIOIICH 3amOpHBINA 3JIEMEHT K Celily, U Oosbliasi IpOMyCKHasi CIIOCOOHOCTb.
OObIuHO TOTEpH JaBleHus B KiamnaHax He npesbiiaet 0.2 MlIla, a Bo BcachIBarommx
Ha TIOPSIIOK MeHblne. MHorma Juis yMEHbBIICHHS IOTEph IaBIICHHS B KIAlaHe
NpPYKWHY HE YCTAaHABIMBAIOT. 3aKPhITHE KJIAallaHA B OTOM CIydae MPOUCXOIUT IOJ
JACMCTBHEM CHJIBI TSKECTH 3allOPHOTO AJIEMEHTA, JJIA 4Yero KiamaH paclojiaraioT
BEPTUKAIBHO.

T'uopasnuueckue 3amxu.

Jlnst 3anupaHus MONOCTeH TUAPOUWIMHIPA B 3alaHHOM ITOJIOKEHUU TOPIIHS
NPUMEHSIOT yTpaBiseMble OOpaTHbIE KiIamaHbl — ruapo3aMku. CymecTBYIOT
THIPO3aMKH OJJHOCTOPOHHETO W IBYCTOPOHHETO JICHCTBUS.

OIHOCTOPOHHUE THIPO3aMKU TPUMEHSIOTCS [UIS 3alHpaHus IOPITHEBBIX
IOJIOCTEH CTOEK TUAPOKpereii mpu ux pacmope (puc.14.5, 6).

JIByCTOpOHHHE THIPO3aMKH HIMPOKO MPHUMEHSIOTCS B YrOJIBHBIX KOMOalHaX
JUISL 3alTUpaHus padoveid >KUAKOCTH B THAPOIMIIMHAPAX, YIIPABISIONNX MOJI0KEHHEM

KOMOaifHa ¥ €ro UCIIOJTHUTEIBHBIX OPraHOB B mpocTpancTBe (puc.14.5, a).



oL, -2 e

Pucynoxk 14.5 — I'ngposzamku:
1 — nnaBaronuii MopieHs; 2 — Kiamnax; 3 — Ipy>KUHa; 4 - TOIKaTeb

IIpy nmomade XKUIKOCTM B NPaBYH IMOJOCTh JABYCTOPOHHETO THAPO3aMKa
IUIABAIOIIAM TIOPIICHEK IEPEMENIACTCS BJIEBO W CBOUM TOJIKATEJIEM OTKPBHIBAECT
neBbl Kiamad. OJHOBPEMEHHO IO JEMCTBHEM pabodeil KUIKOCTH OTKPBIBACTCS
MpaBbll KJAMaH TUAPO3aMKAa, WU JKUAKOCTh MOCTYNAaeT B IITOKOBYK) ITOJOCTh
TUJPOLMJIMHIPA W CIMBACTCS M3 MOPIIHEBOM IOJOCTH THAPOUMIUHApA Yepe3
OTKpPBITHIN JIEBBIM KiamaH. C MpekpalleHrueM MoJlayu >KUJIKOCTH B THAPO3aMOK 00a
€ro KJjamaHa II0JlT ACHCTBHEM IIPYKHH 3aKPBIBAIOTCS, M KUAKOCTH 3alHUPACTCS B
obeux MOJOCTIX TuaponmanHaApa. [Ipwm momade >KUAKOCTH B JIEBYIO II0JOCTh
THUpO3aMKa MPOIIECC MPOTEeKaeT B 0OpaTHOM IOPSIJIKE.

Jlocuueckue knanambwi.

Jlornueckue knamanel «M», «JIN» npuMeHSAIOTCS B CXeMaX aBTOMATHKH JJIs

BBIIIOJITHCHUS COOTBCTCTBYIOIIUX JIOTHUCCKUX onepaunﬁ.
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Pucynok 14.6 — Jlorudeckue KianaHbl




Knanan «U» (puc.14.6, a) npenHasHaueH I MPOMyCKa XUIKOCTH TOJIBKO MPH
HAJIMYAM JIaBJIEHHS BO BCEX MOJBOMSIIMX TMAPOIUHUAX. [Ipn 3TOM NBYCTOpOHHUI
3aMOpHBIN KJIamaH HaXOJUTCS B HEUTPATbHOM MOJOKEHHH, U KUIKOCTh CBOOOHO
MPOXOAUT B OTBOAALLYIO TUAPOJINHUIO.

Jlormueckuii kmaman «WJIW» (puc.14.6, 6) mpeaHa3HavyeH IS MPOITyCKa
paboueil KUAKOCTU TMPU HAIMYMM JABJICHUS TOJBKO B OJIHOM M3 TMOJBOJSIIMX
ruApoauHuid. [Ipu 3ToM CBOOOHO MepeMeNiaromuiicss B KOpIyce KianaH 3amupaeT

JAPYTOH MOABOIATIINI KaHAJ.

14.3 T'napoxaananbl (PeryasiTopbl 1aBJIeHHS)

Perynaropsl naBieHus pa3geisioTC M0 HA3HAYCHUIO HA MPEJOXPAHUTEIBHBIE,
MEPEIUBHBIE, PEAYKIIMOHHBIE KJIAIIaHBbI.

IIpedoxpanumenvuvie knanamol.

[IpenoxpaHUTENbHBIN KiIaNaH OpEeAHA3HAYEH [JI1 OTPAHWYECHUS NABJICHUS B
MeCTe€ ero mnoAkideHus. [Ipy NOBBIIEHHMM JABICHUS [0 HACTPOECHYHOTO
MpeJOXpaHUTENbHBIA KjamaH cpabaThbiBaeT M COpAchIBACT 4YacTh JKUJKOCTH U3
TUJPABIMYECKOM CHUCTEMBI. JABIICHUE YMEHBINACTCA, W KJalaH, KaK MPaBHIIO,
3aKpbIBaeTCA. Takoil pexkuM paboThl KJlalaHa sIBISETCS 3MU30JUYECKUM.

B 3aBUCHMOCTH OT KOHCTPYKIHH 3aIIOPHOTO 3JIEMEHTA KJIAMaHbl Pa3AeisOTCA
Ha [IApUKOBBIC, KOHWYECKHE, TapeyibuaThle, IUIYH)XXEPHbIE, 30JOTHUKOBBIE U
MeMmOpanHbie. [IpuHUMNNANTBHBIE CXEMbl NEPBBIX TPEX THUIIOB MPAKTUYECKH HE
OTJIMYAIOTCSL OT CXEM OOpaTHBIX KJIamaHOB, HO B MPEAOXPAaHUTEIbHBIX KJalmaHax
MEHBIINE CEUEHUS MPOXOIHBIX KAHATIOB.

[IpenoxpanutenbHble KIamaHbl JOJDKHBI OTBEYaTh OCHOBHBIM TPEOOBAHUSIM:
BBICOKAsl TE€PMETUYHOCTh; JOCTATOYHAs MPOMYCKHAs CIOCOOHOCTH BO BpeMs

cpabaTbIBaHUsl; OTCYTCTBHE BUOPAIIMY 3alIOPHOTO dJIEMEHTA MpU cpadaThIBAHUU.
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Pucynok 14.7 — JIByxcTyneH4aTbIi KilanaH

[Tpu GOJBIIMX 3HAYCHUSX HACTPOCYHOTO JABJICHUS W pacxoja HeoOxoaumas
’KECTKOCTh MPYKUHBI KJIallaHa CTAHOBHUTCS HACTOJIBKO 3HAYUTEIBHOM, YTO OH MOXKET
MOTEPATh CBOI YYBCTBHTEIBHOCTH, T.€. CpabaThIBATh NMPH 3HAYCHUSAX JIABJICHUS C
OOJNBIIUMHU OTKJIOHCHHSIMH OT HACTPOEYHOro. B 3THX ciydasx, Kak MpaBuiIo,
NPUMCHSIOT  KJIallaH HempsMoro jaeWctBus  (AByxcTyreHdartbiii)  (puc.14.7),
COCTOSIIIMA W3 JBYX 3alOPHBIX 3JIEMEHTOB. OCHOBHOTO — KOHHYECKOro 3 U
JOTIOJIHUTEIIBHOTO — mapukoBoro 1. Ilpu MOBBINICHWH JAaBIICHUS IO HACTPOCYHOTO
IIAPUKOBBINA KJIAllaH, C)KMUMasi CBOO TIPY)KHHY, OTKPBIBACTCSI M COPachIBACT KHUIKOCTh
gyepe3 00BomHON kaHan 2. KoHWYeckuid KiamaH MPU 3TOM, 32 CYET BOZHHKIIETO HA
HEM TIeperaja JaBJICHUS, TaKKe OTKPBIBAETCS W COpachIBaeT OCHOBHYIO 4YacThb
k)uakoctd. Hamuuwe >KUKIEpHOTO KaHaita 4 B KOHHYECKOM KIamaHe W OOJIBIIOE
COINPOTUBJICHHE OOBOJHOTO KaHaja 2 WCKIIOYAIT KOJIeOaTeIbHBIC SBICHHS B
KJIaTIaHe.

Ilepenusnvie kianauvl.

[TepenuBHOM KIamaH MpeaHa3HAYCH I TOICPKAHKS 3aIaHHOTO JaBJICHUS B
MECTE €ro TMOAKJIIOYEHHUS 3a CYEeT HENPEPHIBHOTO CiMBa padodeld IKUIKOCTH.
[TpUHIIMTIHATBHO MEPEIMBHON KJIallaH OTIMYACTCS OT MPEIOXPAHUTEIBHOTO TOJIBKO
MOCTOSTHCTBOM CBOEIO JICHCTBUA. DTO HAKIAJBIBAET HA €ro KOHCTPYKIHIO PSII

TpeOOBaHUI: CKOPOCTh >KHJIKOCTH, MPOTEKAIolled dYepe3 KiamaH, AO0JKHA ObITh



HeOobImoi (He Oosiee 5-8 M/c); mpomyckHas CIOCOOHOCTh KJlamaHa JOJKHA OBITh
3HAYUTENIbHOW (paBHOW TOJa4e HACOCa), a YyBCTBUTEIBLHOCTH — BBICOKOW (3a cuer
npuMeHEeHHss 0Oojiee MATKOHW TPYKHHBI); 3amOPHBIA  3JEMEHT HE JO/DKEH
MOJIBEPraThCs KOJIeOATeIbHBIM SIBICHHSIM.

JInst TOBBINIIEHNST YyBCTBHTEIBHOCTH KjallaHa W CTAOMIM3allMH JaBIICHUS B
CHCTEME TI0CJIe ero cpabaThIBaHUs B KA4eCTBE IMEPEIMBHBIX Yallle BCETO MPUMEHSIOT
KJIaImaHbl HEMPSMOTO JICHCTBHUS.

[lepenuBHBIC KiamaHbl yCTAHABIMBAIOTCS Yallle BCETO IOCIE IMOJKAYHBIX
HACOCOB I COpachIBaHUS M30BITOYHOTO pPAcxojia U TOJACPKAHHUS TTOCTOSHHOTO
JaBJICHUS B TIOJIBOJISIIEM AaTPyOKEe OCHOBHOI'O HACOCA.

Peoyxyuonnvle knanawi.

PenykuuoHHBI KiamaH MpeaHa3sHadeH sl MOJJCp)KaHUS 3aJaHHOTO Ooliee
HU3KOT'O JIaBJICHUS pabouei KUIKOCTH B OTBOJMMOM OT HETO MOTOKE IO CPaBHEHUIO
C JaBJICHHEM B IOJABOJAMMOM K HEMY IIOTOKe. PenyKIMOHHBIH KjamaH, Kak Hu
NICPEMBHOM, TpU paboTe HOPMAIbHO OTKPHIT W OTIHYACTCS OT HEr0 TEM, YTO
MOJIZICPKUBACT TIOCTOSIHHOE JaBJICHWE JKUAKOCTH IO TIOTOKY TIocie ceds, a

MepeuBHOMN — 710 ceOsl.
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Pucynok 14.8 — PegykunoHHBIN Ki1anaH



Tak kak OTBOAMMOE AABJICHHWE JOHKHO OBITH CTaOWMIBHBIM, a pPacxoi depes
KJIalaH — 3HAYUTEIbHBIM, TO IO JTUM NPUYMHAM IS 3THX YCJIOBUH Hamboiee
MIPUMCEHHMMBI KJIallaHbl HEIPSAMOTO ICHCTBHUS.

Knanan (puc.14.8) cocroutr u3 xoprmyca 8, 30J0THHKA 7/ C JPOCCEILHBIM
KaHaioM 6 w mapukoBoro kimamaHa 2. (O0a 3amopHBIX DJJIEMEHTa MPUKATHI
npyxuHaMu 1 u 4. JKuaKkocTs TOBBIIIIEHHOTO JABJICHHS TIOJBOAUTCS B MOJIOCTh 5, a
MOHIKEHHOTO JIaBJIeHUsT OTBOAUTCS uepe3 kanain 10.

[TocTymaromas B KJIanaH )XUIKOCTh MOBBIIIEHHOTO AaBjieHuUs 1o kanainam 10, 9
u 6 MoABOAWMTCA K IMApOBOMY KiamaHy 2, W OH OTKpeiBaeTcs. [log paeiicTBuem
nepenaaa JaBJiICHUs] B IPOCCETLHOM KaHalle 6 OTKphIBACTCS 30JIOTHUK, W JKHJIKOCTD
U3 TOJOCTH 5 Yepe3 TICNeBON JIpoccellb, 00pa30BaHHBIA BBICTYIIOM B Kopmyce 8
KJaraHa W KPOMKOW HIDKHETO TOsSCKa 30JIOTHUKA 7/,IIOCTYMaeT B OTBOJSIIUNA
kaHan 10. Ilpm mnoBelmieHnM ngaBieHUs B KaHajge 10 cBepxX HACTPOCUYHOIO
YBEJIMYMBACTCS JAaBJIICHUE HA TOPEIl 30J0THUKA /, U OH TMPUIIOJHUMAETCS BBEPX,
JAPOCCENHPYST 3a30p MEXKAY HUKHUM TIOSICKOM M KPOMKOW KOJBIIEBOW KaHABKHA B
KOpIyce, BCIEACTBHE 4yero nabiieHne B kaHane 10 monwmkaercs. Ilpw moHmkeHun
naBieHUS B oTBomsAmeM kanane 10 mamaeT maBiieHWE Ha TOpPEI] 30J0THUKA /, W OH
NPYXKUHON 4 OT)KMMaeTcs BHHU3. 3a30p MEXAY IMOSCKOM M KPBIIMIKOW B KOPIyCe
YBEJIMYMBACTCS, a TIEpPeTaj JaBJICHHUS B 3a30pe€ YMEHbIIAaeTca. B urore, nmaBieHue B
orBomsmieM kaHane 10 moBBIIaeTCs 0  HACTPOEUHOTO. PerymmpoBaHue
PEIYKIIMOHHOTO JaBJeHHsS ocymiecTBisiercs BuHTOM 11. B mporecce paboOThI
KJIallaHa MIapUK 2 TIIOCTOSHHO OTKPBIT, M YacTh JXHUIKOCTH CJIMBACTCSA dYepes
OTBepCTHE 3.

PenykumoHHBIE KJamaHbl IMPUMEHSIOTCS B CXeMaX C  HECKOJbKUMU
MOTPEOHUTEIIIMU, TPEOYIOIIMMHU pPa3HBIX 3HAYCHUH MABICHUS, HO IHTAIONIUXCS OT

OJHOI'O Hacoca.



14.4 PeryasiTopbl ynpaBJjieHUsI PAcX010M

Jlpoccenu.

JIpoccenb npeacTaBisieT cOO0M MECTHOE PEryJMpyeMOe WM HEPETYITUupPyeMoe
CONPOTUBIICHUE, YCTAHABJIMBAEMOE Ha IYyTH TEUECHHUS JKUJIKOCTH C IEJbIO
OTpaHUYECHHUSI €€ Pacxojia, JOCTUraeMOro OTBOJIOM YaCcTH €€ B CIMBHYIO JIMHUIO, WIH
CO3/IaHUEM TIepernajia JaBICHHS.

[lo mpuHuUMy JOEWCTBUSA JPOCCENM PA3AEisiOT Ha APOCCENU BS3KOCTHOIO
CONPOTHUBIICHUS, TOTEPS HAmopa B KOTOPBIX OMPEACNSIETCS MNPEUMYIIECTBEHHO
BSI3KOCTHBIM COIIOTHBJICHUEM IOTOKY >KHIKOCTH B JUIMHHOM JAPOCCEILHOM KaHalle, U
— JIpOCCeN MHEPIIMOHHOTO COMPOTHUBJICHUS ¢ MaJlol JJIMHON KaHaa, MoTeps Hamopa
B KOTOPBIX OIPEACIIICTCS B OCHOBHOM MHEPIMOHHBIMU criaMu (e opMariyst oToKa

JKUIKOCTH U BUXPEOOpa3OBaHMe).

Pucynox 14.9 — JIpoccess BUHTOBOTO THUTIA

JIlpoccenu mepBOro THUIA XapaKTEPU3YIOTCS OOJIBIIONW JJMHOW U MallbIM
CEYEHUEM KaHajlla U COOTBETCTBEHHO HEOOIBIIMM 3HaueHueM Re, BcieacTBue yero
MOTEPS HAMoOpa B HUX B OCHOBHOM OO YCJIOBJI€HA TPEHUEM MPU JAMUHAPHOM TECUCHUHU.
OOHAaKO TMOCKOJBKY IIOTEpsA HAmopa B TaKUX JPOCCENSAX M3MEHSAETCS MPsIMO
MPONOPIMOHAIIBHO BS3KOCTU JKMAKOCTH, WX THUAPABINYECKAs XapaKTEPUCTHUKA
3aBUCUT OT TemIeparypel. llpumep maHHOTO THHa ApoOCCeNsl MPEICTABICH Ha
puc.14.9. B stoM gapoccerne COMPOTHBICHHUE PETYIUPYETCS] H3MEHCHHEM JITUHBI

KaHaj1a, KOTOPBIM B OJOTOM CJIy4dac CIYXHT BHHTOBAd IIPAMOYIOJIbHAA KaHaBKa.



BBuHUMBas WM BBIBUHYMBAS BHHT MOXXHO W3MEHUTh [UIMHY KaHajla a,
CJICJIOBATEIbHO, PETYJIIMPOBATh COMPOTUBIEHUE Jpocceis. OIHAKO OH MOXKET
MPUMEHSTHCS JIMIIb P CTAOMIILHBIX TEMITEpaTypax.

B  nmpoccensx BTOporo Tuma JaBJICHHE HM3MCHSCTCS  MPAKTUYCCKU
MPOMOPITUOHATIFHO KBAAPATy CKOPOCTH IMOTOKA JKUIKOCTH, IMO3TOMY HMX Ha3bIBAIOT
KBaJIpaTHYHBIMH. XapaKTEPUCTHKA TaKWUX JApOCCENell He 3aBUCHUT OT BSI3KOCTH B
pacnpocTpaHCHHOM €¢ Juarna3oHe. B yCIIOBUSAX MIMPOKOTO KOJICOaHHs TeMITepaTyp
OPUMCHSIOT APOCCENIM B BHAEC TOHKOM 1maiObl (muadparmer) (puc.14.10, a) c
KPYIJIBIM OTBEPCTHEM. ITOT JApoccelib 00jaJaeT MHUHHUMAJIbHOW 3aBHCHMOCTBIO
COIPOTHUBJICHHS OT BSA3KOCTH KHJIKOCTH. B HeM moTepu 00yCJIOBJICHBI BHE3AITHBIM
C)KaTHEeM TIOTOKA IIPH BXOJIE B OTBEPCTHE U BHE3AIMHBIM PACIIMPEHUEM IPU BBIXOJIC.

[lpu pa3paboTKe THAPABIMYCCKHX CHCTEM YacTo TpeOyeTcs ApocCcelb,
00TalaloUil  BBICOKMM THAPABINYCCKHM CONPOTHUBICHHEM H CTaOWIBHBIMU
pPacXOIHBIMH XapaKTCPUCTHUKAMU TIPpU KOJCOAHUAX BSI3KOCTH. Y IOBJICTBOPHTH
nosoOHble TpeOOBaHUSA OJHOM 1Iailbol HEeBO3MOXHO. IlosTomMy mnpHUMeEHSIOT
JAPOCCEN U3 MOCIeA0BaTeIbHO coennHeHHbIX a0 (puc.14.10, 6). PerynmupoBanue

TaKOT0 APOCCENs OCYIIECTBISAETCS MOI00POM KOJIMYECTBA IIaiio0.

]
)

Pucynok 14.10 — [Ipoccens nuadparMeHHOTO THIIA

CymecTByeT elle psjl Jpocceneil, peryaupoBaHUE KOTOPBIX MPOUCXOIUT
M3MEHEHUEM IUIOMAAU MPOXOAHOTO OTBepCcTUs. OHU OTIMYAIOTCA JIPYr OT Jpyra

(dbopMoOil MPOXOJTHOTO OTBEPCTUSI M KOHCTPYKIIMEH PETYIUPYIOUIEro 3JIEMEHTA.



PacnipocTpanenHbiMu sBJISIOTCS Mroiibdatbie (puc.14.11, a), meneBsbie (puc.14.11, 6)
u BTyJouHble (puc.14.11, B) npocceny.

V3MeHeHue MPOXOJHOTO OTBEPCTHS UTOJIBUATBHIX APOCCENICH JOCTHUTaeTCs 3a
CUeT OCEBOT0 IepeMelleHnus uribel. [IperMylnecTBo Jpoccenss — TPOCTOTa
KOHCTPYKITUH, HEJIOCTAaTKH — HEBBICOKAS TOYHOCTH PETYJIMPOBAHHS M CKJIOHHOCTH K
obOnuTepalii MPU MalbIX pacxojaX BCICACTBHE 3HAYUTEIBLHOTO IEepUMETpa
KOJIBLIEBOU ILEJIH.

[T1omage TPOXOJHOTO OTBEPCTHS MICIEBBIX JIPOCCEICH HM3MEHSICTCS IpHU
MOBOPOTE TOJIOW MPOOKH, B KOTOPOH HMMEETCs Ieib. Tak Kak TOJIIMHA CTECHKH
npoOKK Majia, MPOIYCKHAs CIOCOOHOCTh APOCCENs MPAKTUYCCKH HE 3aBHCHT OT
BSI3KOCTH JKHIKOCTH. B ImereBoM japoccesie He BO3HHMKAET OOJIMTEPAIMH, OJHAKO,
BCJICJICTBHE MAJIOTO CEUCHUS INEIH, PacXoJdbl Yepe3 JPocceib OOBIYHO HE BEIIHKH.
M3-3a 0JJHOCTOPOHHETO TOJIBOJA YKHJIKOCTH MPH OONBIINX Tepenagax NaBJIcHHUS Ha

Apoccelie BO3HUKAET OOKOBOE MPIIKATHE IPOOKHU K KOpITycy (BTyJIKe).
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Pucynoxk 14.11 - Ipoccenn

Btynounslif gpoccenb COCTOUT U3 JBYX BTYJIOK: HapyXHOU, ¢ (DUTYpHBIMHU
OTBEPCTUSIMH 11 MPOXOAA KUIAKOCTH, W BHYTPEHHEH, MEpEeMEHIAIONICHCS B
HapyXHOW. PerynumpoBanume pacxoma OCYHIECTBISCTCS W3MEHECHHEM IUIOIIAAU

(UrypHBIX OTBEPCTHM TOPIIOM BHYTPEHHEHW BTYJIKHM, HE HCHBITHIBAIONIEH OOKOBBIX



npuxatuid. Jlpoccenb odecriedynBaeT MUPOKUM TUAMa30H PEryJIupoBaHUs pacxojaa U
BBICOKYIO TOYHOCTb PETyJUPOBAHUSI, MAJIO YyBCTBUTEJIEH K OOIUTEPAIUY.

Jlenumenu nomoxa.

Jenmutenu mnpeaHa3HA4YEHbl ISl TIOJJIEp)KaHUS 3aJaHHOTO COOTHOIIEHUS
pacxonoB pabodei KUJIKOCTH B HECKOJBKHX MapajuieIbHBIX MOoToKax. Yare Bcero
BO3HUKAET HEOOXOJAMMOCThH Pa3JeIUTh PacXo]l KUJIKOCTH, MOCTYMAIONIUH K JIBYM
TUJIPOJBUTATENISIM, Ha JBE paBHble dYacTu. Hampumep, oT oaHOro Hacoca
OCYIIECTBIISIETCA TOABOJ JKUAKOCTH K JIByM THIPOMOTOpaM, MPUBOISIIUM B
JNBW)KEHWE TYCEHWYHBId XOJ MallnHbl. B 3TOM ciiydae i OpsIMOIMHEMHOTO
MOCTYNAaTEIBHOTO JBUKEHUSI MAIIMHBI HEOOXO0JIUMO, YTOOBI B KaXKbId TUIPOMOTOP,
HE3aBHUCHUMO OT Harpy3KH, MOCTYIall OJMHAKOBBIN pacxoa paboueil sKUIKOCTH.

JInss 3TOM 1enM 4YacTo NPUMEHSIOT [JEJIUTENb IMOTOKA HAa OCHOBE JBYX,

CHapEHHBIX MKy COOOH OOIIMM BaJloM, IIECTEPEHHBIX HacocoB (puc.14.12, a).
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Pucynox 14.12 — JlenuTeny noToka

CymiecTBylOT W Jpyrue BapuaHThl JenuTened motoka. Paccmorpum
BO3MOXKHYIO CXEMYy TOJKIIOUEHHUS] JCJIUTENss TMOTOKa K TUIPOLMINHAPAM
(puc.14.12,6). XKugkocth ¢ gaBieHHeM p U pacxoxoMm Q, moaBoaumas B KaHad 1,
MOCTYHAaeT B TOJIbIA, CBOOOJHO MEPEMEHIAIONINIICS B IUIMHIPUYECKON PACTOUKE,
nopiieHek 2. [Ipu paBeHCTBE JaBICHUI B THIPABIMYECKUX IWIHHAPAX 3 U 6 moTepu
JABJICHUSI HA y4YacTKaX CETH, MOABOASIIMX >KUJKOCTh K THAPOUUIUHJIpaM, OyayT

OJMHAKOBBIMH, KAaK B IAapalJICIIbHO BKIIOYCHHBIX TPY6OHpOBOI[aX. HpI/I PaBCHCTBC



CONPOTHUBIICHUIN NapajuIeIbHBIX YYaCTKOB PAacxoJbl B HUX OJMHAKOBBIE. B 3THX
YCIIOBHSIX Ha TOPIIBI MOPIICHBbKA 2 JEHCTBYET OJIMHAKOBOE JIaBJICHHUE,  OH, HAXOISCh
B PABHOBECHOM COCTOSIHUH, PacroyiaraeTcsi CAMMETPUYHO OCH KaHauna 1.

[lpn yBenwueHWM YCWJIMS Ha INTOKE OJHOTO W3 IIJIWHIAPOB, Hampumep 3,
JABIICHUE B 3TOM THAPOLMIMHIAPE YBEIUYUTCS HA BEIWYHUHY Ap, 4TO NPUBEAET K
HEPABEHCTBY JaBJICHWs Ha TOpPIaxX TMOpIIeHbKAa 2. BcrmencTBue 3TOro mopIieHeK
MEPEeMECTUTCS B HAIpaBJICHUE TUAPOIMIUHApPA 6, Apoccenwpys KaHal 5 w
YBEJIIMYMBAsE B HEM MOTEPU NABICHUS A0 Ap. B 3THUX yCIIOBUAX BHOBb HACTYIUT
pPaBHOBECHOE COCTOsIHME mTopIlieHbka 2. [Ipu BBIpaBHUBAHWM YCWJIMI Ha IITOKaX
TUAPOLMIMHIAPOB MOPIICHEK BO3BPATUTCS B UCXOIHOE MOJIOKEHHE.

HenoctaTok paccMOTpeHHOro JeiauTens — He0OOXOAUMOCTh U3TOTOBJICHUS €T0

3JIEMEHTOB C OYEHBb BHICOKOM TOUHOCTHIO.

14. 5 BecnomoraresibHbIE YCTPOMCTBA M THAPOJTUHHUHA

K BcmomorarenbHbIM — YCTPOWMCTBAM THAPONPHBOAA YCIOBHO  OTHOCAT
KOHJIUIIMOHEPHI pabouei KUJKOCTU, TUIPOEMKOCTH U U3MEPUTEIbHYIO anmnapaTrypy.

Konouyuonepoi.

Konauunonepst npeAHa3HAuYeHbl  JUIs MOJTYYEHUS HEO0OXOUMBIX
KaueCTBEHHBIX  TOKazaTenedl  paboueld  kuakoctu. K HuUM  oTHOCATCA
TUAPOOYUCTUTENHN U TEIUIOOOMEHHBIE anmnapaThl.

[uapoouncTuTenn ciaykaT sl OYUCTKA paboyed >KUIKOCTH OT TBEPIbIX
YacTHIl.

TBepaple YacTULBl YXYALIAIOT CMa3Ky TPYIIMXCS IMOBEPXHOCTEW, MPUBOIS K
WHTEHCUBHOMY HMX H3HOCY W 3aKJIMHUBAHUIO, 3aCOPSIOT MNPOXOIHBIE OTBEPCTUS
TUAPOAINAPATOB, CIOCOOCTBYIOT OKHCICHUIO M Pa3pyIICHUIO Maceid, MO3TOMY OT
YUCTOTHl paboueil JKUAKOCTH 3aBUCUT CPOK CHYXObl U HaJIEKHOCTh pPaOOTHI
TUAPOINPUBOJA. 3a CUET KaueCTBEHHOM OYMCTKU paboydeil KUAKOCTU JOJTOBEUYHOCTD

THIPABINICCKUX CHCTEM B 00OPYOBaHMS MOXKHO YBEIUYUTH B 2-3 pasa.



3arps3HeHHe pabOYMX JKHUJIKOCTEH THIPOCHUCTEM MOXKET IPOUCXOJIHUTH BO
BpEMs MIOCTABKU JKUJIKOCTEH, XpaHCHHsSI U 3allpaBKH UX B TUAPOCUCTEMY, B TIPOIIeCce
W3TOTOBIICHUS, COOPKH W UCHIBITAHHS JJIEMEHTOB THAPOCUCTEMBI, DKCIUTyaTalud, a
TaKKe 3a CYeT pacraja camoil kujakoctu. HauOonblee KOJWYECTBO 3arpsisHEHUU
MOTIaIaeT B paboumre )KUIAKOCTH B MPOIECCE IKCIUTYyaTAIIUHA THAPOCUCTEM.

3a cYeT M3HOCA DIEMEHTOB THIPOCUCTEMBI pabOYHe KHIKOCTH 3arpS3HSIIOTCS
HEMIPEPBIBHO CaMbIMH Pa3IMYHBIMA BHAaMU 3arps3HuTencid. Ilpm HarpeBaHum
KUJAKOCTEH BO BpeMs OKCIUTyaTallid YBEIUYMBACTCS KOJUYECTBO OCAIKOB,
BBI3BIBAEMBIX OKUCIIEHUEM.

3arps3HEHHOCTh BO3/yXa HMHTCHCUBHO BJIMSIET HA YUCTOTY paboUelt KUIKOCTH,
OCOOCHHO B HETEPMETUYHBIX THUIPOCHCTEMaxX. Bo3ayX MOKeT conepkaTh BIary,
aOpa3MBHYIO TbUIb, TTAPHI KHCIIOT.

ITbuth  ocemaeT Ha  MACIAHBIX  IUICHKAX,  IMOKPBIBAIOIIUX  IITOKH
TUAPOIMINHAPOB. Korjma ImToK BTATHBACTCS, HBUIb CMEIIMBACTCS C JKHIKOCTBIO M
oNaaacT B THAPOIMINHIP. 3HAYNTEIbHOE KOJIWYSCTBO IBUIH ¢ BO3JAYXOM IIOMaaacT
B THAPOCHUCTEMY B TeUYeHHE PAOOYMX IMKJIOB, BO BpPEMs HarpeBa M OXJIAKJICHHS,
BCIICJICTBUC U3MCHCHUS YPOBHS KUJIKOCTH.

TBepapie "acTUIBI pa3phIBAIOT MACISHYIO TUICHKY, YXY/IIas PeKAM CMasKH,
3aKyTMOPUBAIOT NN JAPOCCENICH U IPYTrUX KaHAJIOB MAJOro CEYCHHS. 3arps3HEHUS
MPUBOAT K 3aKIIMHUBAHHMIO JBHKYIIMXCS JeTaleld THAPO0OOPYIOBAaHUS, BHI3BIBAS
CKauKoOOpa3HbIe ABIKCHHS NpuBojaa. CHIBHBIC 3arps3HCHHS YXYIMIAIOT padoTy
30JIOTHUKOBBIX pacnpeaenuTesncii. Yem Bblllle KOHUEHTpALMs 3arpsi3HEHUNA B
KUJKOCTH, TeM OOJIbIIE CHUJIBI TPEHUS IUTYH)KEPHBIX Iap THAPOOOOPYI0BaHHS.

Tax kax 3azpsa3zHeHUe HCUOKOCMU 80 8peMsi pabomvl NPOUCXOOUN HENPEPBIGHO,
0J151 OUUCTNKU HEOOX0OUMbL NOCMOSHHO Oelicmayioujue ouucmumelu.

Paznuyaror Tpu NpUHIUITHAIBHBIC CXEMBl OYUCTKH pa00OYHX JKHIKOCTCH:

- mocaenosarenbHas (puc.14.13, a, 0, B);

- mapastensHas (puc.14.13, r, 1);

- (unmpTpanus BHe cuctemsl (puc.14.13, e).
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Pucynox 14.13 — Cxembl OYMCTKH paboyeil KUIAKOCTH

B nepBoMm ciiyyae BO3MOKHBI TPY BapUaHTA!

a) GWIBTP CTOUT HA Bcace Hacoca. [Ipu 3TOM Bech THAPONPUBO paboTaeT Ha
OUUILEHHOW KUIKOCTHU, a (PUIBTP HAXOAUTCA MOJ MaJlbIM JaBJI€HUEM. Tak Kak
(GUIbTp 3HAYUTEIHLHO YBEIMYMBAET COMPOTUBIICHUE BCACHIBAIONICH JIMHUHM, MOXKET
BO3HUKHYTb KaBUTAIUS, IOATOMY MPUMEHSIOT TOJIBKO (PUIBTPHI IPy00il OUUCTKHY;

0) ¢uaeTp cTomT B HamopHoW JmHMU. [Ipm 3TOM Hacoc paboraeT Ha
HEOUYUIICHHON kuAkocTH. Cam QuiIbTp JOJKEH OBITh pacCuMTaH HAa BBICOKOE
JaBJICHUE, HO JOMOJHUTENIBHO JJIsl 3alIUThl €r0 OT BBHICOKOTO JABJICHUS, MEpe] HUM
YCTAaHABIMBAIOT MPEAOXPAHUTEIbHBIA  KJIamaH, KOTOpPbIA cpabaThiBaeT MpHU
3acopeHuu PuiIbTpa,;

B) GuibTp ctout Ha ciuBe. [Ipum 3TomM cam GWIBTP paboOTaeT IMOJ MaJbIM
JaBJICHUEM, a Tepemnaj AaBJICHUS Ha HEM JOMycKaeTcs 3HaYuTesNbHbIA. OJHAaKo B
JAHHOM  Ccllydae HEMOCPEJACTBEHHAs OYMCTKAa JKUJIKOCTH B  THUJPONPUBOJIC
OTCYTCTBYET.

[Ipu mapannenpHOM cxeme (PUIBTPYETCS TOIBKO YacTh KUIKOCTH. Ilpu sTom
bunpTp pacmnonararoT Ju0O0 Mocae Apoccens, Ju00 Ha CIUBE MPEAOXPaHUTEILHOIO

KJIaIlaHa.



QunbTpaluss  KUAKOCTH  BHE  CHCTEMbl MpPENyCMaTpuUBaeT  Halluyue
CaMOCTOSITEJILHOTO OYUCTHUTENS, COCTOSIIIEr0 W3 JOMOJHUTEIBHOrO0 Hacoca H
¢dunpTpa.

[IpuHIMNINATBHO OTAEICHHE MEXaHUYECKUX MPUMECEN OT paboUnX KUJIKOCTEH
MIPOU3BOJUTCS IBYMS CIIOCOOAMU: OYUCTKOM B CHUJIOBOM Tosie ¥ GuiabTpoBanuem. B
MEPBOM Cilydyae OTACJIICHUE MPOU3BOAUTCA TOJ JIEUCTBUEM TI'PABUTALUOHHBIX,
LHEHTPOOEKHBIX, MArHUTHBIX © JJEKTPOCTATUYECKUX CWJI, a Takke Cul,
JICUCTBYIONINX HA YACTUIIBI PU YIBTPA3BYKOBBIX KOJICOAHUSX.

Bo BTOpOM ciiyyae mOpoUCXOAUT MEXaHUYECKash OYMUCTKA >KUAKOCTH, MpHU
KOTOPOM YaCTHIIbI 3arPSI3HUTENIS 3aJI€PKUBAIOTCS HA TOBEPXHOCTH (PUIBTPOBAILHOTO
MaTepuaia (IMOBEpXHOCTHBIC (GWIBTPHI) WM B TOpax NocieaHero (TayOWHHBIC
(bUILTPEHL).

OrcrauBaHue TBEPABIX W KUAKUX 3arpsi3HEHUNW OJMH M3 CaMbIX MPOCTHIX
CIIOCOOOB OYHMCTKH, IPOUCXOMAAIIECH IMOJ IeWCTBUEM Beca dYacTuil. B kauecTBe
IPABUTALIMOHHOIO OYMCTHUTENSI B MAallMHAaX OOBIYHO MCIOJIB3YIOT MAacCisSHBIN Oak.
BuyTtpu 0aka ycTaHaBIMBAaIOT pa3ACMUTENbHYIO NEPErOpPOAKY, KOTOpasi paszieiisieT
CJIMB Maclia OT BCACBIBAIOLIETO MaTpyOKa Hacoca.

OTCTOM B €eMKOCTSIX MMPOUCXOAUT MEIJIEHHO. Pe3epByapshl, B KOTOPBIX UMEIOTCSA
JIOKAJIbHBIC YYaCTKH HArpeBa >KUIKOCTH (JIpoccers, MecTa yTe4eK M T.II.), CO3JafoT
XYJUIUE YCIOBUS JJIsl OTCTAauBaHUSI 3arpsI3HEHUN.

Cpenu 3arpsi3HSOMMAX YacTHI] A0  65% cocTaBusioT (eppoOMarHUTHEIE,
MPEACTABIAIONIME COO0OM MPOAYKTHI HM3HOCA TUIPOArperaTtoB, OTICIUBIIUECS
3ayCEHHUIIbl, OCTATKU CTPYKEK U T.M. XOTA MPOAYKTHI H3HOCA, KAK IIPABUIIO, MaJbl O
pa3Mepy, OHU SIBJISIIOTCS KAaTaJM3aTOpaMU OKUCIEHUS MUHEPANbHBIX Macel U TeM
CaMbIM CHIXAIOT JIOJTOBEYHOCTh VY3JI0B M CPOK CHYXObl CamMOM KUJIKOCTH.
VYnaBnuBanue »5TUx yactull HauOonee SPPHEKTUBHO € TMOMOIIBI0 MarHUTHBIX
(bunbTPOB.

HwxHuil npegen KpymHOCTH yIaBIMBAEMbIX TakuM criocoOom gacturl 0.4MKwMm,

YTO HENOCTWXKUMO [l JIPyTuX BHUAOB (GUIBTPOB C OOJIBIION MPOMYCKHOM



CHOCOOHOCTBIO. AHaNM3 3arpsA3HEHUl, 3aJep>KaHHbIX MarHUTamH, IO0Ka3aa, 4YTO
Cpear HUX MHOTO HEMAarHUTHBIX YaCTHII.

XoTsa MarHuTHas GUIAbTpAlMs HE MOXET 3alllUTUTh KOHKPETHBIM y3€l OT
3arpsi3HEHUN, TaK KaKk INpH OJHOKPAaTHOM MPOXOAE KUAKOCTH BIOJIb HErO
3aJIep)KUBAIOTCA HE BCE Jake (DepPOMArHUTHBIE YACTHUILbI, 3TU (QUIBTPHI SBISIOTCA
HEOOXOJUMBIM JOMOJIHEHHEM K MexaHuueckuM ¢unbrpam. C nobaBieHueM
MarHuTHOro mojist 3¢G(EeKTUBHOCTH, pabOThl ceT4aToro (QuiabTpa BCIEACTBUE
KOAaryJUpYyIOIIEro JAeUCTBUS Ha TOHKOJMCIEPCHBIE YacCTULBI PE3KO BO3pacTaer,
O0COOEHHO B 00J1aCTH MEHBIIIHX, YEM Pa3MEPHI TUECEK.

MaruuTHast BCTaBKa Juisl GUIbTpa TOHKOHM ounctku (puc.14.14) npeacrapiser
co00if HaMarHWYeHHBIH CTEPKEHb 3, YCTAHOBICHHBIA BHYTPH TpyObl Ha
TEKCTOJIMTOBBIX pacmopkax 2. KOHIBI MarHuta MOKPHITHI IS HW3OJSIUU  OT

CTAJIbHOI'O KOpITyCa (1)I/IJ'IBTpa TEKCTOJIMTOBBIMH KOJIMauykaMu 1.

rps3b 2 1

Pucynox 14.14 — MaruuTHast BcTaBKa JJ1s1 QUIBTPa TOHKOM OUUCTKH

Henocratku Takoro BapuaHnra:

1. CkopoTh 00TEKaHHsI MarHUTa JOJDKHA OBITH HE3HAYHUTEIHLHOM.

2. YacTuIibl y CTEHKH TPYOBI MPOXOIIT MUMO.

3. [To mepe pocTa rpsa3u cujia MPUTSHKCHUAS YMEHBIITASTCS.

CrnenyeT mOJYEpPKHYTh, YTO JOTOJHUTENIBHBIN Mepemnaj JaBleHud Ha PuiibTpe
YBEJIMYUBAETCS MIPU HAJTMYUU MATHUTHBIX AJIEMEHTOB HE3HAUUTEIIBHO U MPAKTUYECKHU

HC pacCTCT 110 MEPC OCAKACHUA YaCTHUIl HA 9TOM JJICMCHTC.



Crnenyromas cxema, u3zoopaxkeHHass Ha puc.14.15, npeacTaBisieT MarHUTHBIN

OYHMCTUTCIIb C IMTOIICPCUYHBIMUA JUCKAMM.
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Pucynoxk 14.15 — MarHuTHbIM OYUCTUTEND C TUCKAMU

[Ipouecc pasgeneHuss KUAKUX HEOJHOPOAHBIX CHCTEM B POTOpax MO
JEUCTBUEM IIEHTPOOEKHBIX CHJI Ha3bIBaeTCAd LEHTpUudpyrupoanremM. OUHUCTKA B
LEHTPOOEKHOM T0JI€ paboUMX KUAKOCTEH Halllla MIUPOKOE TPUMEHEHHUE B TEXHUKE.
IIpn 3TOM BO3MOXKHO JIBa PEIIEHUS: CO3AaTh BPAlIaTEIbHOE ABUKEHUE KUAKOCTH B

HETNOJIBMKHOM Kopryce (THAPOUMKIOHBI) WM BpamaTh >KHIKOCTh BMECTE C

KopirycoM (TIeHTpUuyTH).
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Pucynok 14.16 — Cxembl TpyO4aroii (a) u TapensyaTtoit (0) ueHTpudyr

[lo HampaBieHWUIO JBWXKEHUS JKUJAKOCTH BO BpallalOIIEeMCcS POTOpeE

HEHTPU(DYTU MOKHO Pa3JaEIUTh HA TPU TPYIIIIHIL:



- TpyOuarbie (OYMIEHHBIA MMOTOK JBMXKETCS MAPAJLICIIBHO OCH BPAIICHHS)
(puc.14.16, a);

- rtapenpyartble (B IUIOCKOCTH, TEPICHIUKYJIAPHOW OCH  BpAIICHUS)
(puc.14.16, 6);

- mHEKOoBbIe ( MO OCTPHIM YIJIOM K OCH BpAIlICHHUS POTOPA).

JlocTouHcTBa HEHTPUDYT:

BBICOKAs TOHKOCTb OYHCTKH,

BBICOKAs I'PA3CEMKOCTD,

BO3MOXXHOCTb OTACICHUS BOABI U BO31YyXa,

MOCTOSIHHBIN Tiepenaj] JaBJIeHuUs.

Henocrartku:

- CJIOXHOCTb KOHCTPYKIIUU U MPUBOJIA;

- 0ombiroe gucio oboporos (5000-3000006/mun);

- MPUMEHSIOTCS TOJBKO B KaU€CTBE BEIHECEHHBIX OUUCTUTENCH.

Tuopoyuxnonwvt. JIns co3maHus MEHTPOOESKHON CHUIIBI TTOTOK KUJKOCTHA BBOIST
B BEPXHIOI 4YacTh TuaponukiioHa (puc.14.17) yepe3 kacaTelbHBIA KaHaJl, MOTOK
3aKpyYMBAETCA TMPU JIBIDKEHUU I[I0 CIOHUpPadd BHU3 BJOJIb CTEHOK, YaCTHIIBI
OoTOpachIBAIOTCS K MOBEPXHOCTHU CTEHKH, 4 OUMILICHHBIA MOTOK, O1arojaps HaJIu4duio
KOHYCHOM 4YacTH KOpIlyca, B HID)KHEH €ro 4acTH CXKUMAETCs, MOJIHUMAEeTCs BBEpPX

BAOJIb OCH M BBIXOIUT YCPLC3 UMCIOIICCCS B BerHeI)’I 9aCTH OTBCPCTHUC.

Pucynok 14.17 — Cxema rujponuKkiIoHa



JIoCTOMHCTBA:

- TPOCTOTa KOHCTPYKIIUU;

- OTCYTCTBUE JBWXKYIIUXCS JeTajeH.

Henocrartku:

- HEBO3MOXXHOCTh PabOTHI MPU 3HAYUTEIHHOM MOINOPE B JUHUU YUCTOU
KUIKOCTH;

- CKOPOCTb KHUJKOCTU JTOJKHA OBITh 3HAUUTEIHHOM.

MuHepanbHble Maclia, MPUMEHSIEMbIE B KadeCTBE pabO4YMX KUJIKOCTEH
TUAPOCUCTEM, SIBIAIOTCA UAJIEKTPUUYECKUMH KUAKOCTAMHU. [loaTOMy HUX MOXKHO
OUMILATh OT 3arpsI3HSAIONIMX YACTHUI[ B AJEKTPOCTATUYECKOM IOJIE€, UCIOIb3YS CHUIIBI
ANEKTPOCTATUYECKOTO MPUTSHKEHUS.

Ouuctka paboyYuX KUIKOCTEH B AIEKTPUUECKOM TOJIE — OJIMH U3 Hambolee
HOBBIX M MPOTPECCUBHBIX crocoOoB. Paboramu psiga ucciepoBaTeneil aokazaHa
BbICOKAs] 3((PEKTUBHOCTh OUYUCTKHU TOIUIUB U MAJIOBSI3KUX KUAKOCTEH OT TBEPJbIX

HaCTHIl U BOJBI.

Pucynox 14.18 — CxeMbl 3J€KTPOCTaTUIECKOM OUUCTKH:

a4 — C IIPOA0JbHBIM PACIIOJIOXKCHHUEM IJIACTHH, 6—c NONCPCUYHBIM PACIIOJIOKCHUEM I1JIaCTUH

3an$I3H$HOH_II/IC qJacTunbl, nepeMemasacb BMCCTC C JKHIAKOCTBIO, BCC BPCMA
TPYTCA O KUAKOCTH U, 110J] I[GﬁCTBHGM 9TOI'0 TPCHHUA I10JIYydaroT OTpHHaTCHBHbeI N
MOJI0KUTEIbHBIN 3apsan. Ecmu KUAKOCTD MPOITYCTUTHL MCXKIY ABYMS JJICKTPOJaMHU, TO
OTPHULATCIIBHO  3apsKCHHBIC  4YaCTHIBI 6y,HYT IIPUTAHYTBI K 3JICKTpOAY C

MMOJIOKUTCIIBHBIM  3apsi/IOM, a IIOJOXUTCIBbHO 3apsi’KCHHBIC — K JJICKTPOAY C



OTPHIIATEIBHBIM 3apsiioM, [IpoM30HACT 3JIEKTpOCTaTHYECKAs OYHCTKA KHIKOCTH.
TpynHOCTH TpH  CO3MAHUU  DIJICKTPOCTATHYCCKUX  OUYUCTHTENICH  BBI3BAHBI
HEOOXOIMMOCTBIO  yACPKMBaTh Ha IMOBEPXHOCTH OJICKTPOIOB  3arps3HSIOIINE
YaCTHUIIbI, TTOTEPSABIIKME 3apsAj B PE3yJIbTaTe CONMPHKOCHOBEHUS C AJIEKTpoaoM. [lpu
5TOM BO3MOXHBI JBa BapuaHta. mpoxoibHoe (puc.14.18, a) u mnomepedyHoe
(puc.14.18, ©0) pacnojoxxeHuWe IUIACTHH. B mepBoM ciydae BO3HUKAET
HEOOXOJMMOCTh  TIOKDPBITHUS  3JIEKTPOJIOB  MOPHCTBIM ~ MaTepUAIOM, KOTOPBIU
YMEHBIIAET OTPBIB YACTHI[ OT HHUX, HO CHWXaeT 3((OEKTUBHOCTh OYHCTKH H
3aTPYIHSACT pEreHepalfio JICKTPOIOB.

OurcTKa XUJAKOCTH B CHJIOBBIX IOJIIX HPHTOgHA JIMOO JUIsi paOOThI BHE
THJIPABIIMYECKON CUCTEMBI (TpaBUTALMOHHAS, IEHTPOOCIKHAS, SJCKTPOCTATHUCCKAs
OYHCTKA), TUOO KaK BCIIOMOTaTelIbHAS K MEXaHHUYECKOH (B MArHUTHOM TI0JIE).

Kak mpaBmiio, BO BceX THIPOCHUCTEMAaX MPUMEHSICTCS MEXaHHUSCKas OYMCTKA
pabouell KHUIKOCTH, T.C. OTICIICHUE B3BEIICHHBIX B JKUIKOCTH TBEPABIX YACTHII, C

TIOMOIIIBIO TIEPETOPOIOK.
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Pucynox 14.19 — Tunbsl MexaHn4eckux (GpUIbTpoB

OuibTp, B KOTOPOM (PUIBTPOBAHUE MPOUCXOAUT MPHU MPOXOKJICHUU padbouei
KHUJIKOCTH 4epe3 suehky HasbiBaeTcs cetdarbiM (puc.14.19, a). B 3aBucumoctu ot
Marepuana  QUIBTPYIOIIETO  3JEMEHTa  pa3iuyaloT  METaUNIMYecKue |
HEMETAJUTMYECKHUE CEeTYAThIe (PUITBTPHIL.

QOuibTpbl, B KOTOPHIX OYUCTKA MPOUCXOAUT MPHU MPOXOKICHUU KUIAKOCTU

qcpe3 1ciIn B (1)I/IJ'IBpr}OH_I€M QJICMCHTC, IIPHUHATO HAa3bIBAThb MICJICBBIMU



(puc.14.19,6). B 3aBHCHMOCTHM OT KOHCTPYKIHMH (DHIBTPYIOMIETO 3JIEMEHTA
pa3uyaroT MIACTUHYATHIE, MPOBOJIOYHbBIEC U IEHTOYHBIE (PUITBTPHI.

®uibTp, B KOTOPOM OYHUCTKA MPOUCXOAUT MPU MPOXOKIECHUU padbouei
KUJKOCTU uepe3 TMOphl (UIBTPYIOLIETO HJIEMEHTa, Ha3bIBAIOTCA MOPUCTHIMU
(puc.14.19, B).

Bri6op ¢punprpytoiero mMarepuana onpeaenaseT TOHKOCTh OYUCTKHU, CKOPOCTh
bunbTpoBaHUs, TUAPABINYECKOE COMpOTUBIEHUE. Pecypc paboThl PuiIbTpyrOLIEro
Martepuala omnpenensiercs o0beMoM paboyel KUAKOCTU ONPENEICHHOW BSI3KOCTH U
3arpsi3HEHHOCTH, KOTOPBIA MOXKET ObITh MPOMYIIEH Yepe3 MaTepuall J0 JTOCTUKEHUS
MaKCUMaJIbHO JOMyCTUMOIo mepenaia AaBieHus. [Ipu Oonbiioi 3arps3HEHHOCTH
pecypc paboThl puIbTpa YMEHBIIAETCS B COTHH U JaKe B ThICSYU pa3. OCHOBHBIM
HEJIOCTATKOM BCE€X ATUX (PUIBTPOB SIBISETCS YBEJIMUCHUE Ieperajia JTaBJICHUs Ha
(GUIbTpOdJIEMEHTE MO MEpe €ro 3arps3HeHusi B Impoliecce paldoThl, UYTO MpH
HECBOECBPEMEHHON 3aMeHE (PUIBTPOIJIEMEHTa MOXXET MPUBECTH K €ro pa3pbiBy U
CMBIBY OCQ)XJICHHOTO 3arpsi3HEHUS B THIPOCUCTEMY .

YMeHbllleHHE mepenaja JaBieHUsT Ha (UIBTPOIJIEMEHTE, TOBBIIICHHUE
TOHKOCTH OYHUCTKM paboyed KUIKOCTH, MNPEIOXpPAHEHUE €ro OT 3aCOpPEHHs W,
CJIIEI0BATEIHbHO, OOECIIEUCHHE CaMOpETeHEpallud MOTYT OBbITh OOECIEeYEeHBI, €Clu
CO3/71aTh YCJIOBUS, IIPU KOTOPBIX uUepe3 SUEHKHU MOBEPXHOCTHOTO (DUIIBTPOIIEMEHTA
OyIlyT IPOXOAUTH YACTHULIbI, pa3MEP KOTOPHIX CYIIECTBEHHO MEHBIIIE PA3MEPOB SIUECEK
«B CBETY». JTHU YCJIOBHS CO3/IaHbl Ha TUAPOJIMHAMUYECKUX (PUIbTpaAX.

[M'uapoaunamudeckue GUIBTPHI MOXKHO Pa3ICNIUTh HA JIBE FPYMIbI: (GUIBTPHI C
pa3/ieIeHHeM YacTHIl 3a CYET MOTOKA JKUJIKOCTH, JETaIN KOTOPBIX HE MEpEeMENatoTCs
B mporecce pabotel (puc.14.20, a) m GUIBTPHI ¢ pa3jeiiecHHEM 4YacTHI[ 3a CYET
JIBIKEHUSI TOBEPXHOCTH  (DUIBTPOIJIEMEHTa OTHOCUTEIBHO HEMOJBUXKHON B
poa0JIbHOM HamparieHun xuakoctu (puc.14.20, 6). Ilpu sToM QHIBTPOIIEMEHT
MOXKET COBEpLIaTh BpallaTeJbHOE, BO3BPATHO-TIOCTYIMATEIBHOE WM BO3BPATHO-

IMIOBOPOTHOC ABUKCHUC.
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Pucynox 14.20 — Cxembl THAPOAMHAMUYECKUX (PHIBTPOB

[Ipu mpocToTe KOHCTPYKUMH M OOCHYXUBAHUS (DUIBTPHI MEPBOU TPYIIIBI
HETMOJIHOMOTOYHBIE, T.€. YacTh XUJIKOCTH, OOOTalIeHHON KPYMHBIMH YacTUIAMU
MEXaHUYECKUX MpuMecei, cOpachiBaeTCs B BaHHY.

O6nactes npuMeHeHUs (GUIABTPOB MEPBOM TPYyMMbl MOTYT OBITh CUCTEMBI C
3aMKHYTOM LHUPKYJIAIHUEH XUJIKOCTH, B KOTOPBIX HMMEETCS MOAMUTOYHBIA HACcOC
MOCTOSTHHOM MPOU3BOJUTEIBHOCTH, COPACHIBAIONINN YacTh XKUJKOCTU HA CIIUB WM
CUCTEMBI TPOKAYKH HeACHUIIUTHBIX KUAKOCTEH, HATPUMEDP BOJBI.

Meton punbTpoBaHust cO COPOCOM YACTH KUJKOCTU B BAHHY HEJIOMYCTUM JJISI
MOJIHOTIOTOYHBIX CUCTEM OYMCTKU. JIJIsl Takux CHUCTEM HEOOXOAMMBI (DUIBTPHI C
MOABMXKHBIMU  QuiibTpodieMeHTaMu. KOHCTPpYKTUBHO JBUXKEHHE MOBEPXHOCTH
GunbTpO’NIEeMEHTa  OTHOCHUTEIBHO  HEMOJBIKHOW  KUAKOCTU  pean3yeTrcs
Pa3IMYHBIMHU CTIOCOOAMH.

Haubonee mpoctoii cioco0 3akiito4aeTcsi B IPUMEHEHUHN (QUIBTPOIIEMEHTA B
BUJI€ UWIWHJpA, NPUBOJAMMOrO BO BpalllaTeJbHOE JBHXXEHHUE OT IOCTOPOHHETO
MCTOYHUKA SHEPTHUU.

J171st OBICTPOTBEPCIONINX U B3PHIBOOMACHBIX KUIKOCTEN pazpaboTan GUIBLTP €
nHeBMonpuBoaoM. Ilpu  3ToM  QuUABTPO’IEMEHT  COBEpIIAET  BO3BPATHO-
MOCTynaTeabHOE ABMKEHHE. Takoe e NBUKEHUE COBEpIIaeT (PUIbTPOIIEMEHT MpH

€ro COCANMHCHUHU C CCPACHYHHUKOM COJICHOMIA.



KonebarenvbHoe nBrkeHUE (QUIBTPOITIEMEHTA MOXKET OBITh OCYILECTBICHO
PBIYKHBIM WA SKCIEHTPUKOBBIM MEXaHU3MOM.

TennooOMeHHbIE anmapaTbl — HArpeBaTeNM U OXJIAAUTEIU MPUMEHSIOTCS IS
MoJiep>KaHusl HOPMAJIbHOM TeMIlepaTyphbl padoueil *UJIKOCTH U yCTaHABIUBAIOTCH,
KaKk MpaBwio B ruapoOakax. OxjaauTenb BBIIOTHSIIOT B BHUJE 3MEEBUKA, IO
KOTOPOMY MPOTEKAaeT padboyas >KUJIKOCTh. 3MEEBHUK OXJIAXKJIA€TCsl TOTOKOM BO3/1yXa,
nubo Oonee XOJOJHOW KUAKOCThIO. HarpeBarenb mnepenaer Temio pabodeit
KUJKOCTU OT 3MEEBUKA, IO KOTOPOMY IIPOTEKAET TETLNIOHOCUTEb.

T'uopoemxocmu.

K runpoemMKocTsiM OTHOCATCS TUAPOOAKH U THUIPOAKKYMYJISATOPHI.
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Pucynok 14.21 — Cxema ruapoOaka

['uapobak mpenHa3HayeH JUIsl MUATAHUS THAPOINPHUBOJA paboydeil >KUIKOCTHIO.
Ero pasmepbl A0MKHBI OBITh TAaKUMH, YTOOBI KUIKOCTh, LHUPKYJIUPYIOIIAs B
TUAPOIIPUBO/JIE, YCIEBala OTCTOATHCA U OTAATh M30OBITOK TEIUla B OKPYXKAIOIIYIO
cpeay. st aToro oObeM Oaka MPUHUMAIOT PABHBIM JIBYX- TPEXMHUHYTHOM Mojayde
Hacoca. bak BBIMOJHAIOT CBapHbIM CO CBEMHOW BEPXHEW KPBIIIKOM, B KOTOpPOU
MMEETCSl OTBEPCTHE C MPOOKOM M CEeTYaThiM CHEMHBIM (PUIBTPOM [JISl 3AIUBKU
xunkoctu. B Oake (puc.14.21) ycraHoBJIeHa Teperopojka 3, OTACIAIONIas JTUHUIO
CIMBa OT BCACBHIBAIONIEH JIMHUM W NpPEeAHAa3HAYCHA JJIsI YCIIOKOCHUS >KUIAKOCTH M
YIIYUIIEHUS YCIOBUU €€ OTCTOsl OT yacTull. [IpuemMHubIit GUunbTp, yCTaHOBJICHHBIN Ha

KOHIIE BCACBIBAIOIIETO MaTpyOka 2, HEOOXOIMMO pacrojiaraTh Ha BBICOTE HE MEHEE



2/3 OT BBICOTHI 3IUTON KUAKOCTH. MHHHUMAIBHO JONMYCTUMOE PACCTOSIHHE MEXIY

JIHMIIEM PE3EPBYApA U HIDKHUM CPE30M noparomei Tpyoer 1: h=d,,, / 4.

B 0Oakax ycrtanaBnuBalOT (GUIBTPHl U TEIJIOOOMEHHBIE ammapaThl, a TaKKe
YCTPOMCTBO ISl KOHTPOJISI YPOBHSL JKHJIKOCTH, KOTOPOE BBHIIIOJIHEHO B BHUJE
CMOTPOBOI'O CTEKJIa UK ToIuiaBka. JJisi cMeHbl paboyel KUJIKOCTU U CIIMBA OTCTOS
0ak cHa0aeTcsi CIyCKHBIM OTBEPCTUEM C MPOOKOH.

Ecau ypoBenb xkuaxkocth B Oake B mpolecce padOThl TUAPONPUBOAA
KOJIeONeTCsl B 3HAUMTENbHBIX Mpejenax, TO Ha BEPXHEH KPBIIIKE YCTAHABIUBAIOT
oOpaTHble KiamaHbl ISl MPOMycKa BO3ayxa. YacTo BMECTO OOpaTHBIX KJIAlaHOB
YCTaHABIMBAIOT MPOOKY ¢ OTBEPCTHEM JIJIs MPOXoJia Bo3ayxa (canyH) (puc.14.22, 0),
MPEACTABISAIONINI CO00M MyCTOTEbIN OONT OOJIBIIOTO AUAMETPA, MOJIOCTh KOTOPOTO

HaOWTa IPOBOJIOKOH (ITyTaHKOM), CMOYCHHOW MacCJIOM.
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Pucynok 14.22 — YcTpoiicTBa st KOMIEHCALUH TABICHUS B eMKOCTSIX

VYerpoiicTBO 711 KOMIIEHCAIIMU  JIaBJI€HUST B TE€PMETUYHBIX CHUCTEMax
(puc.14.22, a) npuMeHsieTcs UIsl EMKOCTEH ¢ HEOOJBIITMMH MacIsSHbIMA BaHHaMH. OH
MPECTABIAET CO00 IACTUUHYIO EMKOCTh 1 B BUJie cuiiboHa.

['uapoakkyMynsiTop mpeaHa3HA4YeH JUisl aKKyMYJIUpPOBaHUSI SHEPruu padoueit
KUJKOCTU B CIydasiX SMU30JUYECKOM pabOThl Hacoca, HEPaBHOMEPHOHM Mojadyu
Hacoca, HEPaBHOMEPHOTr'0 pacxo/ia B TUAPOIPUBOIE.

B 3aBucuMocTH TOT TOro, Kak MNPOUCXOAMUT HAKOIUICHHE MOTEHIUATbHOM
SHEPIMM W €€ BO3BpaT, pa3/IMyal0T TPY30Bble, MPYXUHHbIE U MHEBMATUYECKUE

TUAPOAKKYMYJISTOPHI.



['py3oBoii akkymyssitop (puc.14.23, a) cocTouT u3 nuiauHapa 1, mopuiHs 2 u
rpy30B 3.

[MpyxunHBIN akkyMmyisaTop (puc.14.23, 6) oTiiM9yaeTcs OT TPYy30BOr0 HATHYUEM
npyXuH 3.

[THeBMaTHYECKHE aKKyMYJISTOPBI OBIBAIOT C PE3UHOBBIM pa3JICIUTEIIEM CpPEl
(puc.14.23, B)u ¢ pazmenureseM B Buje nopirHs (puc.14.23, r).

B mepBoM ciydae THAPOAKKYMYJISITOP COCTOMT M3 KOpmyca 2, YacTUIHO
3allOJTHCHHOTO CKaThIM Ta30M, YaCTHYHO — pabodeid KuakocThio. Jlmadparma 3
U30JIUPYET JKUIKOCTh OT raza, KOTOPBIM MOXKET pacTBopsATbes B Hedt. Lltymep 5
npeIHa3HAYCH JUIS TOIKIIOUYCHHS aKKyMyJIsATopa K THAPOJIMHUM, mtymep 1 — s
MOJ3APAIKN  aKKyMyJsiTopa rasoM. MeTammndeckas 1maiba 4 mpenoxpaHser
pe3uHOBYI0 guadparMy 3 OT NPOJABIMBAHUS Ta30M TIPH IOJHOW pa3psaKe

AKKyMYJIATOPA.
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Pucynox 14.23 — Cxembl akKyMyJISITOPOB

HenocraTok MOpHIHEBBIX aKKyMYJIATOPOB — HAJIWYUE CHII TPEHUS MHOPIIHS B
HUIUHApE. OTO MPUBOJIUT K 3aMeIJIEHUIO ero OsbicTpopeiicTBus. Kpome Toro
BO3MOXKHBI CKauKOOOpa3HbI€ ABMIXKEHUSI MOPIIHS, YTO NPUBEAET K KOJIeOaHUsIM

JaBJICHUS B ra3oBoit cpcac u B FHI[pEIBJIPI‘-IGCKOﬁ MarvucCTpaiu.
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Pucynox 14.24 — PacdeTHble CXeMBbI THIPOTa30BbIX aKKYMYJISTOPOB

Pacyer mHEBMAaTHUECKOr0 aKKyMYJATOPAa CBOAMUTCSA K OMNPEACIICHUIO MOJHOU
€ro €MKOCTH M TIOJIE3HOTO 00BbeMa JKUAKOCTH (00BEM JKUIAKOCTH, BBITCCHICMBIN

ra30M M3 aKKyMYJISITOpPa B IPOLIECCE €r0 Pa3psIKK).

Jlns monuTponHoro nponecca cxaTtus raza p-V " =const. (n=1-1.4)

Torpa:
1
v, =v, | P " (14.1)
Pk
Pa3nocth
1
AV =V, —V, =V, -| 1| P |" |, (14.2)
Pk
d OTHOIIICHUC
1
AV _ [ Pmax " _q (14.3)
VZ Pmin

rae AV =V, - Hone3Hslii 00beM KHUIKOCTH;
Vi, Py = P1 = Pmin - Ha4albHbIA 00BEM M HAYAJIBHOE JABJICHUE;
Vy, P = Py = Pnax - KOHEUHBIN 00BbEM U KOHEYHOE JABJICHUE.

OmpIT  moKazajl, 4YTO TMOJE3HBIM  00BEM  aKKyMyJsITOpa  MEHbIIE

KOHCTpYKTHBHOTO B 10-12 pas.



Tuoponunuu.

['uaponuHum mnpenHa3HayeHbl 7 TPOXOXKAEHUsT padoyedl JKUIKOCTH B
npoiiecce paboThl rujpomnpuBoga. B oOimeM ciayyae TUAPOJIUHUS COCTOUT U3
BCAChIBAIOIICH, HAIIOPHOW W CIUBHOW JIMHUK. Kpome TOro, B rHApONpUBOJIE 4aCTO
MMEIOTCS TUAPOJIMHUY YIIPABJIEHUS U APEHAKHAS.

BcaceiBaroimast AMHUSL CIYKUT JUIsl IOABEICHHST paboueid KUIKOCTH K HacoCy
u3 Oaxa.

YacTp JNMHUM TI0 KOTOpOWM pabodas KUIKOCTb JBIDXKETCS OT Hacoca,
TUAPOAKKYMYJISITOPA WM TUAPOMArucTpald K TUAPOJABUIATEN HA3bIBACTCS
HAOPHOM.

CnuBHasi NUHUS TpeJHa3HAYeHA JJIs ciuBa paboyed kuaAKocTH B Oak. B
CUCTEMAaX C 3aMKHYTOM UIUpKyJsinued pabodedl KUAKOCTH ATOT YYACTOK JIMHUU
OTCYTCTBYET.

[M'uaponunus, Mo KOTOPOM OTBOASTCSA YTEUKU padoueil KUJIKOCTH, Ha3bIBACTCS
JTPEHAXKHOM.

I'mpponuuust  ympaBiieHUsT TMpEeJHAa3HAdY€Ha Uil MOABOAA JKUAKOCTH K

rupoanmapaTam rugponpuBo/Ia.

15 YnpaBjeHue NpruBOJAOM M €ro peryjnupoBaHue

[Io cmocoOy ympaBiieHHs] TUIPONPUBOA MOXKET OBITh C PYYHBIM HIH
ABTOMATUYECKUM YIIPaBICHUEM.

PerynupoBanue cKOpOCTH BBIXOJHOTO 3B€HA THAPOBUTATENS B TUAPOIPUBOJIC
TOPHBIX MaIllMH OCYIIECTBISIETCS, KaK TMpPaBWIO, MPU HEU3MEHHOH CKOPOCTH

BXOJHOTO 3B€Ha Hacoca. B oluieM ciydae pacxoa ruJipoABUraTeNs:
Qq =Qu —AQ, (15.1)

rne Qu - mogaua Hacoca; AQ - yTeukd B TUAPOJIUHUM.



U3 YpaBHCHHA BHUIAHO, 4YTO pacxod TUApPOABUIraAreiid, a CJICAOBATCIbHO, H

CKOPOCTB €T0 BBIXOHOTO 3BEHA, MOYKHO PETYIHPOBaTh 00 m3MeHeHneM AQ , mubo

Qy - IIpu 3TOM CKOPOCTH BBIXOHOTO 3B€HA I'MIPOLMIIMH/IpA!

Uy =Qy 'TUI.O/F,ZI , (15.2)

THIPOMOTOpA:

Ny ZQg'Uﬂ.o/Qg- (15.3)

W3 ypaBHEHHS BHJIHO, YTO CKOPOCTH BBIXOJHOTO 3BE€HA THUAPOMOTOPA MOXKHO
pEeryaupoBaTh TaKXKe U3MEHEHHUEM €ro pabodero oobema.

Tak kak perynmpoBaHWE HAcOCa OCYIIECTBIISCTCS 3a CUYET H3MEHEHHS €ro
pabouero o0beMa, BCe CIOCOOBI PETYIHPOBAHUS MOXKHO pPa3JeiauTh Ha JiBa BUA!
JPOCCENHHOE — 32 CYET YACTUIHOTO COpOCa JKUIKOCTH U3 CUCTEMBI IIPH MTOCTOSTHHOM
nojave Hacoca, 00beMHOE — U3MEHEHHE paboyero oObeMa Hacoca Ui TUAPOMOTOPA.

JlpoccenpbHOE pEryaupoBaHUE DHEPreTUYSCKH MEHEE DJKOHOMHYHOE, YeM
o0beMHOE, Tak Kak npu Hem yxyamaercs obmmumit KIIJ rugpompuBoma 3a cuer
ymenbineaus: oobeMuoro KIIJI. Onnako, o0beMHOE peryiupoBaHue TpeOyeT Oosee
CIIOHOTO, a CJEIOBaTeIbHO W 0Oo0Jee JOpPOrocTosAmero o0OpyAOBaHUS —
PETYIHPYEMOTO Hacoca WM TUAPOMOTOpa. Kpome 3TOro CymecTByeT NpeneabHbIH

JMANa30H PETyIUpOBaHUA - N min / Ny max - [Ipp u3MeHeHuw ( aManasoH
perynupoBanus ckopoctu Bpauienus cocrasiser 1:500, npu usmenennn ¢, - 1:3,

MIPU OJHOBPEMEHHOM peryaupoBaHuM Hacoca u rugapomoTtopa — 1:1500. O6s14yHO, B
MPaKTUKE IUarna3oH perynupoBanus He nmpebimaet 1:1000.

Kak  mpaBuino, B TOpPHOM  MAaIMIHHOCTPOCHWUU  THAPOTPUBOIBI  C
TUAPOUMIIMHIpAMUA HMEIOT JAPOCCENIbHOE pEeryjJupoBaHHe, a B CXeMax C
THAPOMOTOPAMH TIPUMEHSIOT 00BEMHOE PETYIMPOBAHUE, HCIIONB3YS PETyINpyeMbIe

HACOCHI.



15.1 JIpoccenbHoOe peryjiMpoBaHue

HpI/I APOCCCIBbHOM PCTYIHNPOBAHUHU MTPUMCECHAIOT HACOCHI IIOCTOSIHHOM mogadu,
a PCryjJIrupoBaHUC CKOPOCTHW BBIXOAHOI'O0 3BC€HA THAPOABHUIATCIIA OCYHICCTBJIISACTCA
HU3MCHCHHUCM YTCUCK B IT'MAPOJUHHUH C IOMOIIBIO APOCCEIIA. I[pOCCCJ'II) MOXET OBITH
YCTAHOBJICH IMOCJICA0OBATCIIBHO C THAPOABUIATCIIEM UJIN ITaPAJIJICIIbHO CMY.

Tlocneoosamenvroe sxnouenue ()pOCC@JZ}Z.

HpI/I MMoCJICAOBATCIbHOM BKIIOYCHHHU APOCCCIIb MOXKCET OBITH YCTAaHOBJICH B

HarmopHON win ciauBHOW ruapomuHun (puc.15.1, a). /laBmenwe p,, co3maBaemoe

HacoOCOM, OMpEAeiseTCs] HaCTPOMKON IMEepeIMBHOIO KjalaHa W B mporecce padoThl

OCTacTCA MOCTOAHHBIM.

Qu

AQ

Pucynoxk 15.1 — [IpyHuunuanbsHas cxema Mocae10BaTeIbHOTO BKIIOUEHUS IPOCCENs U
THIPOJBHUraTeNs () U UX XapakTepucTuku (0)

bes ydu€Tta IMOTCPb HOABJICHUA MW YTCUCK B THUAPOJIMHHUMU  OABJICHUC

T'UAPOJABUTATEIIA.

Py =Pu —APp, (15.4)



a pacxoj
Q =Qu -AQ, (15.5)
rae  Ap pp - mepenajn gaBnenus Ha apoccene;  AQ - perynMpyemble yTeukwu
yepes MepeTuBHOM KilamaH.
Apgp=p-9-azp-Qp, (15.6)
rae A ;p,Qgp - COOTBETCTBEHHO CONPOTHUBIICHUE U PACXO IPOCCETL.
Pemas copmecTHo ypaBnenus (15.4) n (15.6) otnocutensro Q p u yuuthiBas,
YTO TIPU TOCIENOBATENBHOM COENUMHEHHMH nBurarens u jpoccens Qp =Qp,

MTOJTYYUM

P =P

Qy=m—1 "X
A Pgagp

(15.7)

U3 ypasuenmss (15.7) Bumwo, vro mpu Py =const um ag =const c
M3MEHEHMEM HATPY3KH HAa THAPOJABUTATEND ( P ;) aBTOMATHYECKH M3MeHseTCs U Q 7,

a CJICAOBATCIIbHO , U CKOPOCTb BBIXOJHOI'O 3BCHA.

Ycunne Ha BBIXOIHOM 3BCHE TUAPOLUINHAPA.

Pr =Pz Fg-nr-nu, (15.8)

a CKOPOCTh BBIXOJTHOTO 3BEHA!
uﬂ:Qﬂ-no/Fﬂ. (15.9)
Honcrasnss B popmyiy (15.8) snauenns p ; u3 ypasnenus (15.4), Ap p - u3
(15.6), Q - u3 (15.9) m yuuteiBas, uro Q p =Q ;, noTyuHM:
Py = lpH —p-g-agp '(Fg 'Ug/ng.o)mJ' Foa Ngr -ngwm- (15.10)
Kax Bunno u3 ypasuenns (15.10) P, = f(u;) sBnserca BerBbio mapaboibl

M-ii CTeNeHW C BEPUIMHOW mpH U j =0 m Py =max. Ilpu u3MeHeHHH & p



M3MEHSCTCA KpUBH3HA Mapaboibl, 4TO TMO3BONsleT Tpu Py ‘=const Mmoay4YHTh
pasMYHbIC 3HAYECHHUSI CKOPOCTH U 7, 1 HA00OPOT,

Ilapannenvhoe exnrouenue opoccers.
[Ipy mapanaeabHOM BKIIOYEHMHM JPOCCENS M THUAPOIABUTATEIS PaCXO]

IHOoCJICAHETO A0 Cpa6aTBIBaHI/I$I MIIPpEAOXPAHUTCIBHOIO KJIallaHa.

Qr =Qu ~Qup- (15.11)
[IpenebOperas moTepsMu JaBJICHUS B TUAPOJIHMHUN MOKHO 3aMKCaTh.
Py =Pu =APgp. (15.12)

TakuMm O6p330M, C USMCHCHUCM HArpy3Ku U3MCHACTCS OABJICHUC, Pa3BUBACMOC

HACOCOM, a 3HAQYUT, U €ro MOIIHOCTb.

Nyg=Pu Qu/my-

a Y §)
Px 11‘ | Dy | p
o | \ Pn //
iy APy
—1X \
S :
R - y
‘ “\\ / / ‘
Q R e N
ap A & N ; =
Qx /'/ SN 'iq
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— Qﬂp ==Q117 Q
et Qu -V

Pucynox 15.2 — IpuHiunuanbHas cxema napauieIbHOTO BKIIFOUSHHS JPOCCENsl U
rugpoaBuraTens (a) u ux xapakrepuctuku (0)



HOSTOMy Takas cxeMa OoJee 9KOHOMHYHA, 4YEM CXEMa C ITOCICAO0BATCIIbHBIM

BKmouenueM apoccens. [loxcraensas smauenme Qp u3 ypasuenus (15.6) B

ypaBHenue (15.11) u pemas ero ¢ yaerom paBeHcTBa (15.12), moay4yum:

(15.13)

Kak BuIHO M3 ypaBHEHHMS, 9Ta CXeMa PEryIUPOBAHUS MPH & zp = CONSt Takxke

He 00ecCIeurBaeT MOCTOSHHOM CKOPOCTHU BBIXOJIHOIO 3BEHA THAPOJBUrATENs MPU

NEPEMEHHON Harpy3Ke (M3MEHAETCS NaBIeHue P ).
Cornacno pasenctBy (15.12), noacrasnsas B ypasnenue (15.8) Bmecto p
sHauenue App w3 ypasHenus (15.4), B koropom samenum Qp  ero

snavenueM u3 (15.11), a Q ; - snauennem u3 (15.9), nomyumm:

Pr=p-0-az '(QH -F; 'Uﬂ/ng.o )m “Fangr-nim- (15.14)

U3 ypaBHEHHS BHHO, 9TO CHIOBAs XapaKTepucThka asuratens P, = f(u ),

TaK JXK€ KAaK IIPH IIOCIENOBATEILHOM BKJIIOUEHHH OPOCCENS M THAPOIBUTATEN,

ABJSETCS  BETBLIO  Iapaboiabl M- CTemeHd, HO C  BEPIIMHOM  IIpH
U 7 max :Qg 'Uﬂ.o/Fg (Qgp =0) u Pg =0.

V3MeHsisl CONPOTUBIEHHE IPOCCETS MOXKHO IOJYyYHTh CEMEUCTBO KPHMBBLIX

15.2 O6beMHOe peryaupoBaHue

OO0beMHOE perylMpoBaHUE OCYILIECTBISETCA M3MEHEHHEM pabouero odbema
WIM HAcOCa, WIN TUAPOJABUTATENIS, HIIM TOTO U IPYroro 0JJHOBPEMEHHO.
PaccMOTpyM  NpUHUMIUANBHYIO CXE€MY THIPONPUBOAA C€  OOBEMHBIM

perysmpoBanueM (puc.15.3).



[Ipn otTcyTcTBHM YyTeuek TeopeTudeckas mojada Hacoca Qu g paBHa
nosne3HoMy pacxony ruapomoropa Q. YuuteiBas, uro Qur =Qy -Ny, a
Quu =0y - Ny, HONYYHM!

Ny =Ny -y /0y (15.15)

XapakTEepUCTUKU TUIPOMPUBOAA NPHU PETYIUPOBAHUU YAOOHO BBIPA3UTHh B

3aBHCHMOCTH OT napameTtpa peryaupoBanus U. Torma npu  =U - (.
Ny =Ny Uy 'qH.max/(Uﬂ 'qﬂ.max)- (15.16)
Kax BugHo m3 ypaBenus (15.16), mpum m3menenmn U, Hacoca uactoTa
BpAIICHHUS POTOpa THUAPOMOTOpPA M3MEHSETCS IO JTHHEHHOMY 3aKOHY OT HYJS TIpHU
U, =0 1o makcumyma npu Uy =1. Ilpu wu3meHnenunm pabodero oObema
THAPOMOTOPA YacTOTa BPAIICHHUS] €T0 POTOpa M3MEHSETCS OT MUHUMAJIBHOU TpH

U ; =1 no 6eckoneunoctu npu U ; =0 mo runepbonnaeckomy 3aKkoHy.
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Pucynoxk 15.3 — [IpunnunuansHas cxema (a) 1 TeopeTHYECKUE XapakTepucTHKH (0)
THIPOIIPHBOJIA C 00BEMHBIM PErYJINPOBAHUEM

TeopeTnuecknuii MOMEHT Ha By TUAPOMOTOPA!

Mﬂ.T =Pr 'Qg/(z'”)ng 'Ug 'Qﬂ.max/(z'”)- (15.17)



Ilpr MOCTOSIHHOM JaBIICHHH P ;; ¥ NPH U3MEHEHHH pabodero odbema Hacoca,
M ;1 ocTaercs TNOCTOSHHOW BENMYMHON HE3aBUCMMO OT CKOPOCTH BpAIlEHHs
runpomoTopa. [lpu n3menennu pabodero oobeMa riAPOMOTOPAa MOMEHT HA €T0 Baly
OyIeT U3MEHSTHCS MPONOPUHOHAbHO U /; 110 TMHEHHOMY 3aKOHY.
Teopetnyeckuit MOMEHT Ha Bally Hacoca:
Myr=py G /(2 7)=py Uy Ay max /(2 7). (15.18)
[Tpu Tex ke yCIOBUSX OH M3MEHSETCS M0 JUHEHHOMY 3aKOHY IMPU N3MCHCHUH

U, Hacoca 1 0CTaeTcsi HOCTOSIHHBIM IIPU PETYJIUPOBAHUU THIPOMOTOPA.
TeopeTnueckass MOITHOCTh HACOCA!
Nyt =Pur My -0x =Pt N -Up - Oy max- (15.19)
[Ipy oTCyTCTBMM HOTEPHL B THUAPOINEpPENAYe OHA pPaBHA TEOPETHUYECKOU

MOIIHOCTH THIPOMOTOPA:
Nyt =Pgr-Ng-az=Pz7 Ny Uy dzmax: (15.20)
CHCI[OBaTeHI)HO, HpI/I N3MCHCHHUU U H MOIIIHOCTH HA BaJIaX MAalllUH U3MCHSICTCS

IpsIMO MPONOPIIMOHAIBHO M3MEHEHUI0 pabouero odObema Hacoca. [Ipu m3meHneHuun

U ; momHocTs He uzmensercs, Tak kKak N ;1 =Ny 1 =const. Ilpu atom U ; u n
W3MEHSETCS TaK, 4To
Ny 'Uﬂ "0 7.max =NH Uy - 0H.max = cConst.
CrieoBaTenibHO, NP PEryIMpOBaHWM N C TMOMOIIBI0 HAcoca W CaMoro

TUAPOMOTOPA TEOPETUUECKH MOYXKHO U3MEHATH YACTOTY BPAIICHHUS Bajla OT HYJISA 10
O0eckoHeuHOCTU. Ha mpakTuke MakcMMallbHasi 4acTOTa BpalleHUs Bajla THIPOMOTOpa

MMEET NPEJEN, TaK Kak ¢ yMeHbIICHMEM U ; yMEHBINACTCS W KPYTSAIIMA MOMEHT
M ;. Makcumanbnas CKOPOCTh BpAIEHHs OOBIMHO OTPAHMYEHA 3HAYEHHEM
U 7 min =0.3, cooTBETCTBYIOIIMM MUHUMAIBLHOMY 3HAYEHHIO MOMEHTA M 7 i

B ropHbIX MammHax peryJinupoBaHue, Kak MpaBuio, OCYECTBISAETCS TOJIbKO 3a

CYEeT U3MEHEHUs pabouero oobema Hacoca.



16 M'mapoamHaMUYeCKHe Mepeaavyu

16.1 O0uue cBexeHUA

IM'maponumHamMudeckue mepenadyd B OTIMYME OT OOBEMHOM mMpeaHa3HaueHa

TOJIBKO I NCpCaadr KpPyTAEero MOMCHTA. Ee ocHOBHEIE pa60qne QJICMCHTBI —

KOJIECa JIOIIaCTHBIX MAllKH.

Pucynox 16.1 — I'maponuHamMudeckas nepeaaya

MOIIIHOCTS OT TPHUBOIHOTO JBHUTATENS TOJIBOIAUTCS K HACOCHOMY Kojecy 1
(puc.16.1), npu BpameHUH KOTOPOTO MeEXaHWYeCKas SHeprus mnpeolOpasyercs B
TUIPABINYCCKYIO BCIEJCTBHAE CUIIOBOTO B3aMMOJICHCTBHUS €T0 JIOTATOK C KUIKOCTHIO.
B xosece mpoucxoauT npupaimeHne Kak CTaTHIECKOT0, TaK ¥ CKOPOCTHOTO HAIOPOB,
npudeM nociaeaauii cocrapisieT 20-30% ot moaHOro. 9TO BBEI3BIBACT HEOOXOIUMOCTD
B YAaCTHYHOM TMPeoOpa3oBaHWM CKOPOCTHOTO HAMOpa B CTAaTHYECKHA C IEIBIO
YMEHBIIICHUS TTOTEPh HAIMIOpa B CaMOM HACOCE M B HarHETaTEILHOM TpyOompoBoje 3.
Hamop mpeoGpasyercs B oTBoAe 2, Kyda >XHIAKOCTh TOCTYIaeT Tociie kojeca 1.
OtBox BemMoNHEH B BUjae Auddyszopa. U3 TpybompoBoga 3 KUIKOCTH MOCTYMAET B
noABoA TypOuHBI 4, TI€ MPOUCXOJUT YACTUYHOE MpPeoOpa3oBaHUE CTATUYECKOTO

Hamopa B CKOpOCTHOHW. B komece TypOWHBI 5 Hamop >XUAKOCTH BCIEJICTBHE €€



CHJIOBOTO B3aMMOJICHCTBHUS C JIOMATKaMU KoJjieca Mpeodpazyercs B MEXaHUYECKYIO
AHEPIHI0, KOTOpas uepe3 Bajd nepenaercs padoueil mamuue. M3 TypOunsl padbouas
KUJIKOCTh BO3BpAIlae€TCsA IO OTcackiBaromeld Tpydbe 6 B pesepByap, OTKyaa
3a0upaeTcsi HACOCOM [0 BCACHIBAIOLIEMY TPyOONpoBOAY /7, M BeCh IIPOIlIeCC
MTOBTOPSICTCHA.

B coBpeMeHHO# THAPOAMHAMHYECKON Tepenade OTCYTCTBYIOT TPyOOIPOBOIBI
W BCE YCTPOMCTBa s MpPeoOpa3oBaHUS CKOPOCTHOTO HAMOpa B CTATHUYECKUU U
o0paTHO, 3a WCKIIIOUYCHHEM pabodmX KoJiec, TTOMEIICHHBIX B OAWH Kopmyc. Takas
cxeMma BIepBbIe Obuta mpemioxkeHa mpod. Derrurrepom B 1902r mns mepemaum
OOJBIIMX MOIIHOCTEH OT MPUBOIAHBIX OBICTPOXOIHBIX CYAOBBIX JABUTATENCd K
rpeOHBIM BHUHTAM, TPEOYIOMIMM CPAaBHUTEIBHO MAJIBIX CKOPOCTEH BpAIICHUS U
OOJBIIMX MOMEHTOB, a caMa KOHCTPYKIMS TIONy4YWia TI03KE€ Ha3BaHUC

rugpoTpancdopmaTopa.
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Pucynok 16.2 — T'unporpanchopmarop (a) u ruapomydra ¢ Topom (0)

OCHOBHBIMH 3JIeMeHTaMH ruapoTpanchopmaropa (puc.16.2, a) sBusoTCS
HAacOCHOe Kojeco 1, TypOmHHOE Koieco 3 W PeakTop 2, >KeCTKO CBS3aHHBIA C
HEMOABIKHBIM ~ Koprrycom 4. Peaktop mpencraBiser co00W  HEMOABUKHOE
JIOTIATOYHOE KOJIECO aHAJOTHYHOE JIomaToyHoMy HA JIOMacTHBIX THIPOMAIIWH H

npeaHasHadyCH i1 HM3MCHCHHA MOMCHTA KOJIHMYCCTBA ABHXKCHHUA JKHUIAKOCTH,



NpOTEKAIOWEn B ruaponepenade.  bmarogaps — HaIMYUIO — peakTopa B
ruapoTrpancpopMarope MOMEHT Ha BeAyIleM Bajdy B OOIIEeM ciydae HE paBeH
MOMEHTY Ha BEIOMOM Bally, MO3TOMY THAPOTPAHCHOPMATOP MOKHO MPEICTaBUTH
KaK pPEIyKTOp C TIEPEeMEHHBIMA 3HAYCHUSMU TMEPEAaTOYHOTO OTHOIICHUS U
ko3¢ duimenta Tpanchopmaiiu MoMeHTa. [IpuyueM, U3MEHEHHE ATUX TEXHUUYECKHUX
noKa3zaTtenel MPOUCXOIUT IJIABHO, 0€CCTYIEHYATO.

CymiecTByIOT miepefaud, B KOTOPHIX HEOOXOAUMO U3MEHEHUE TOJIBKO
MepeJaTOYHOr0 OTHOILEHHSI TPU TMOCTOSHHOM IHepeaaBaeMoM MmomeHTe. OnHa u3
TaKuX THApoIiepeaad Obuta paspadorana B 1910r Ha 6a3e ruaporpanchopmMaropa, us3
CXEMBI KOTOPOTO UCKITFOUMITH PEAKTOP, U MONIYUIIH Ha3BaHUE — THIPOIUHAMUYECKON
MYQTHIL.

I'uapomydTa (prc.16.2, 6) cOCTOMT M3 HACOCHOTO KoJjieca 1, 3aKperyieHHOTO Ha
BeIyIIEM Bajly, TYPOMHHOTO KoJjeca 2, 3aKpeIIEHHOTO Ha BEJOMOM Baily, M KOpIyca
3 ¢ ymutotHenueM. Kak mpaBuiio, KOpITyc KECTKO CBSI3aH C HACOCHBIM KojecoM. M3-3a
OTCYTCTBHUSI PEaKTOpa MOTEpU HAmopa B TUApPOMy(Te 3HAYNUTEIHLHO MEHBINE, YeM B
runporpanchopmatope, a KIIJl BbImie: mpy HOMUHAIHPHOM MOMEHTE OH COCTaBIISCT
0.95-0.97 (npotue 0.87-0.9 B ruapoTpanchopmarope).

['mnponmuHaMuueckue — mepeqayd  OOJIafaloT  PSAOM — MPEUMYIIECTB:
BO3MOXHOCTh TIPE0Opa30BaHUSI MOMEHTHON XapaKTEPUCTUKHU MTPUBOJTHOTO IBUTATEIS
B COOTBETCTBHHM C TpeOOBaHWUSMH HArpy3Kd,; TMPOCTOTa W  HAJAC)KHOCTH
MPEIOXPaHCHUS TPUBOJHOTO JBUTATENSI OT TMEPErpy3Kd; CPaBHUTEIHHO BBICOKAS
KOMITAKTHOCTh TIPH  3HAYUTEIBHOW TIEpPEeIaBacMOi MOIIHOCTH, BO3MOXXHOCTH
OeccTynmeHYaToro peryJaupoBaHus CKOPOCTH BBIXOTHOTO 3BEHA.

B ruppoanHamMudeckux mnepegadax MEHEe JKeCTKas CBS3h MEXKIY BaJlaMH, YeM
B 00BEMHBIX, YTO CITOCOOCTBYET CIUIAKMBAHUIO MUKOBBIX HATPY30K M KOJIEOaHUM mpr
BpamieHuu. [ uapoguHaMUYecKue Tepeaadd KOHCTPYKTUBHO MPOIIEe OOBEMHBIX, H
MO3TOMY HaJIe)KHEe B dKCIUTyartanuu. OHU MeHee TpeOOoBaTeIbHBI K YUCTOTE padouei
XKUJKOCTH M €€ CMa304YHBIM CBoWcTBaM. Kpome TOro, maBiIeHHWE >KHIKOCTA B HUX

MCHbBIIC, YCEM B 00BEMHBIX nepcaadax.



K mHemoctatkam oOTHOCATCS: HarpeB paboueid >KUIKOCTH B IIPOIECcCe
JKCIUTyaTanuu; uHTeHcuBHOoe YyMeHbineHue KIIJ npu mneperpy3kax; yTeuku

KUJKOCTH, OCOOCHHO B aBAPUUHBIX CITydasX.

16.2 XapaKkTepuCTHKU THAPOMY(PT

XapakTepUCTUKHA  TpEJHA3HAUCHBI  JUI  OICHKH  JHEPreTUYECKUX U
OKCIUTYaTAI[MOHHBIX KAa4eCTB THAPOMY(T. Pa3iuuaroT BHENIHHE, YHUBEPCAJIbHBIC U
MIPHUBEICHHBIC XapaKTePUCTHKH.

Brewmnsisi xapaxmepucmuxa TPENCTaBIsSCT COOOW 3aBUCUMOCTh MOMEHTA,
momHocT W KIIJ[ OoT d4acToThl BpamieHWuss TYpOWHBI WM OT IEePEAaTOYHOTO
OTHOIIICHUS TIPY TOCTOSHHBIX 3HAYCHHUSAX YACTOTHI BPAICHHS HACOCHOTO KoJyieca U
BSI3KOCTH skuakoctu (puc.16.3, a).

Ilpuy s = 0 (i = 1) M = 0. C pocToM 3HAYCHUS CKOJILKCHUS MOMEHT
YBEJIMYUBACTCS M JJOCTUTAeT cBoero Makcumyma mpu S = 1 (i = 0). J{is moiaHoCThIo

3aII0JTHEHHBIX THAPOMY(DT B 3aBHCUMOCTH OT MX KOHCTPYKIMH M ... =(5+7)- M.

a 0 B
Nt M kn
M 1 M y=02 A
=0.5 ZAY
Ny y
=0.9
N~ N A
g Ny H2 \MH1
=
0 Nr.nom L i i(T])
(100%)(ny)

Pucynox 16.3 — XapakTepucTuku ruipoMyr:
a — BHEIHss, O — yHUBepcasbHasi, B - IPUBEICHHAS

YHM6€pCCZJZbHCl}Z xapakmepucmuxka B OTIHMYHUC OT BHEIITHEH npcacTaBJIsACT

coOoif 3aBUCUMOCTH MOMeHTa, MommHocTH W KIIJ[ ot i, n, wim S mpu pa3HBIX



JacTOTaxX BpamieHus Beaymiero Bajga n, (puc.16.3, 6). Ha 3Ty xapakTepUCTHKY
HaHOCAT nuHUM paBHbIX KII/I.

Ilpusedennas  xapakmepucmuxa  TpPEACTaBIAeT CcoOOM  3aBUCUMOCTHU
KO3(UIUEHTOB MOLTHOCTU Ay M MOMEHTa Ay, OT NEPENATOYHOTO OTHOUICHHS WIH

KII/[ (puc.16.3, B). OObIYHO OHA CTPOUTCS HA OCHOBAHMH BHEITHUX XapaKTEPUCTHUK C

ucnonb3oBanueM popmyi nepepacuera: N =4y - p- n*- D> M= AM P n’.D°
16.3 PeryiupoBanue ruapomy@t

PerynupoBanue CKOpOCTM BpalleHUs BEAOMOIO Baja IPU NOCTOSHHOU
CKOPOCTH BpalleHHUs] BEAYLIEro MOXHO MOJYyYHUTh ABYMSI CIIOCOOAMHU. M3MEHEHUEM
CTENEHU 3aIlOJIHEHMs padoveil MOJOCTH JKUJIKOCTBhIO WM BO3ACHCTBUEM Ha MOTOK B
paboueii monoctu (myTeM W3MEHEHHs yTia YCTAaHOBKH JIONMATOK pabodMx KOJec,

APOCCCINPOBAHUC IIOTOKA IHI/I6CpOM, HU3MCHCHHUECM OCCBOI'0 3a30pa MCKAY KOJICCaMU.

1 (i)
1 0 (s)

Pucynox 16.4 — MoMEHTHBIE XapaKTEPUCTUKU THAPOMY(PTHI

ITepBeIit, HanboIee pacmpoOCTpaHEHHBIM CIMOCOO, OCHOBaH Ha TOM, YTO TPH
YMEHBIIICHUH 3aMOJHEeHUs] padouell MOJIOCTU KUJKOCTHIO MPU BCEX MPOUYUX PABHBIX
YCJIOBUSIX YMEHBIIIAETCS PAcXo/, CIEA0BATEIbHO, C POCTOM CKOJIbKEHHSI CHUXKAETCS

3HA4YCHHUC IICPCIaBacMOro MOMCHTA.



[Ipu pabGore ruaApOMYyPTHI ¢ Kakoll 7UOO MAaIMHOW, HArpy304Has

xapaktepuctuka koropod My, = f (i), MOXXHO TONYyYNTH PEXKHUMEI, ONpeAesIeMbIe

toukamu 1-3 (puc.16.4).

Bo BTOpOoM criocoGe, mpu peryJiMpoBaHHH YBEIUYHBAIOTCS MOTEPU HAIOpa B
MPOTOYHOM YaCTH, YMEHBIIACTCS PACXOJ, YBEIHMUMUBACTCS CKOJBXKCHHE U CHUKACTCS
nepeaBaeMblii THAPOMY(PTOH MOMEHT NMPUMEPHO TaK K€, KaK MPH YMEHBIICHHUU

3amoJTHEHUs pabodeit OJI0CTH.

17 Caensimiue ruAponpuBoabI (THIPOYCHINTEIIH)

Crnedsiwyum HA3BIBACTCS PETYIUPYEMBIM THIPONPUBOM, B KOTOPOM CKOPOCTh
JIBUKEHUS BBIXOIHOTO 3BE€HA U3MEHSIETCS 10 OMPE/IEIEHHOMY 3aKOHY B 3aBUCUMOCTH
OT 3aJIaI0IETO BO3/ICUCTBUSI HAa 3BEHO yIpaBleHUs. BbIXOqHOE 3BEHO — 3TO OOBIYHO
IITOK TUAPOLUMIMHIPA WK BaJ THAPOMOTOPA, a 3BEHO YIPaBICHUS — YCTPOUCTBO, Ha

KOTOPOE MOJAETCS YIPABJISIIOMINI CUTHAIL.

3agaromee Hatunk Hpowme- VipasiseMblii _
YCTPOICTBO paccoria- KYTOIHOC 00BEeKT
COBaHUS YCTPOMCTBO
Ob6parHas
CBSI3b

Pucynok 17.1 — briok-cxema ciefsieii CHCTeMbl ¢ 00paTHOI CBSI3bIO

B OonbmmMHCTBE cly4aeB UCIIONb30BaHUS CHEASIIETO THUIAPONPUBOAA K
(GYHKIUSAM  CHEKEHUS J00aBISAIOTCA TakkKe (QPYHKIUM YCUJIEHUS YIPABISIIOLIETO
CUTHaJla 10 MOIIHOCTH, MO3TOMY CIEISAIIUI THUIPONPUBOJI YacCTO HA3BIBAIOT
rugpoycuwnteneM. Creadamuil TUAPONPUBOJ MPUMEHAKOT B TEX ClydasX, KOria
HEMOCPEACTBEHHOE PYYHOE YIPABICHUE TOW WJIM WHOM MAIIMHOM SBIAETCA IS

YCJIOBCKA HCIIOCHUJIbHBIM.



CreneHb yCWIEHHUS! BBIXOJHOW MOIIHOCTH THAPOYCWIMTEINS MO CPAaBHEHUIO C
MOIITHOCTBIO BXOJHOTO CHTHajla NpPaKTUYEeCKW HeorpaHuyeH. Tak, Hampumep, B
PYJEBBIX  THAPOYCUIUTEIBHBIX  YCTPOMCTBAX  KPYIHBIX  MOPCKHX  CYJIOB
obecrieunBaercs ycunenue 10 100000 pa3, a B HEKOTOPHIX KOHCTPYKIHSIX JIO
10000000 pa3 (351eKTpOruapaBINYCCKHE CUCTEMBI).

[To criocoOy ympaBiieHUs THAPOYCHIUTENN MOKHO MOJETUTh HA JIBA OCHOBHBIX
tuna: 0e3 0OpaTHOW CBSI3H U ¢ 00paTHOM CBsA3bIO (prc.17.1).

B ruapocucremax MamuvH B OCHOBHOM MPUMEHSIIOT THAPOYCHWIHTEIH C
KECTKOM OOpaTHOM CBSI3BI0 BBIXOJIa C BXOJOM, KOTOpbIE 00JIalalOT BBICOKOM
TOYHOCTBIO CIIEXKEHHUSI U YCTOMUHUBOCTHIO MPOTUB KOJIEOAHUM, MajIoi 3aBUCUMOCTBIO
CBOMX XapaKTEPUCTUK OT KadecTBa M3TrOTOBJICHUS YIPABISIIOUIUX HJIEMEHTOB,

BA3KOCTH KUJAKOCTHU U IIPOYUX (l)aKTOpOB.

T'uopoycunumens ¢ pviuadicHou cé:3vi0 (C 30JI0THUKOBBIM pacIipeesieHuem). B
HEM BBIXOJHOMY 3BeHy, ITOKy 6 (pmc.17.2), cooOmarwTcs JIBUKCHHS,
COTJIACOBAHHBIE C OMPEICIICHHOW TOYHOCTHIO C MEpPEMEIICHUEM 3BEHA YIpaBIICHUS,

TSATH 2, IPU TPeOyEeMOM YCHIJIMH BXOTHOU MOIITHOCTH.
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Pucynok 17.2 — CxeMa TUAPOYCUIIUTENS C 30JI0THUKOM

Jlis obecriedeHns CISKEHHsS BBIXOJHOTO 3BeHa 6 3a mepeMelnieHneM 3BeHa
yOpaBJieHuss 2 TPUMEHSIOT OTPHUIATEIBHYI0 OOpaTHYI CBS3b, IMEPEAAIONIYIO

ABWKCHUA BbIXOJHOTO 3BCHA HAa 3BCHO YIIPABJICHUA MJII YMCHBIICHUSA YIIPABJIAIOMICTO



curHana. JleficTBue 3TON CBSI3U CBOAUTCS K TOMY, YTO JBMIKEHUE 3BCHA YIIPABJICHUS B
CTOPOHY OTKPBITHS PACXOMHBIX OKOH pACIPEACIUTENsI 5 BBI3BIBACT JBIKECHUE
BBIXOJTHOTO 3BEHA, HAMIPABICHHOE HA WX 3aKPBITHE.

OOpatHas CBS3b B IAaHHON CXEME OCYIIECTBISETCS MOCPEACTBOM qud. phryara
7, OXBaTBHIBAIOIIETO pACIpEACIUTENIb (3BCHO yHpaBieHHWs) 5 ©  MOpIICHb
ruIpoaBurareias 3 co mTokoM 6 (BeIxogHOE 3BeHO). Ilpm mepemenieHun TATH 2,
CBSI3aHHOW C pPYy4YKOM YyIpaBlieHus, mnepemeniaercs Toukal auddepennumaibHoro
perara 7/, C KOTOPHIM CBS3aHBI INTOKH CHJIOBOTO THAPOIWIWHApPAa 4 w
pacnpenenutenss 5. Tak Kak CHIIBI, MPOTHBOJCHCTBYIONINE CMEIICHHUIO 30JI0THUKA
pacnpenenuTeNs, HECPAaBHEHHO MEHBINE COOTBETCTBYIONIUX CHJI, JCHCTBYIOIIUX B
CHUCTEME CHJIOBOTO TOpIIHSA 3, TOYKY 8 IITOKa MOXKHO paccMaTpuBaTh B Hadaje
TBUKEHUS TATH 2 KaK HETIOJBMKHYIO, BBHIY YETO TIEPEMEIICHHUE TSATH BHI30BET Uepe3
peruar 7/ CMeIieHe 30JI0THUKA pacupeneauTens 5. B pe3ynbTaTe mpu CMEIeHUH ero
W3 HEUTPAITHHOTO MOJI0KECHHS Ha BEIMYHUHY, TTPEBBIMIAONTYIO IEPEKPHITHE, )KUTKOCTh
MOCTYIIUT B COOTBETCTBYIONIYIO TMOJOCTh IMUIWHApPA 4, 9TO BBI3OBET MEPEMEIICHUC
nopiras 3 (a cileqoBaTEeNIbHO, W JIBIDKEHHWE TOYKHM 8 BBIXOJAHOTO 3BeHa 6) Ha
HEKOTOPOE PACCTOSHUE, MTPOTIOPIIMOHATFHOE TIEPEMEIICHHIO TSITH 2.

Ecmm nBwkeHne TATH 2 TpEKpaTUTCS, MPOAOIKAIONIUICS TEpPEeMeIIaTbCs
MOPIIEHb 3 COOOIUT Yepe3 phruar / 30JI0THUKY PACIPEACIUTENS S5 MepeMeNIcHue,
MIPOTUBOIIOJIOKHOE TOMY, KOTOPOE OH TOJTydall J0 3TOTO NP cMereHuu Tsru 2. [pu
ATOM PACXOJHBIC OKHA pacrpeaenuTens OyAayT B pe3yiabTaTe OOpaTHOTO JABMIKEHUS
€To IUTyH)Kepa MOCTENEHHO MPUKPBIBATHCS, CKOPOCTh MOPITHS 3 OyIeT YMEHBIATHCS
0 TeX TMOp, TMOKa 30J0THUK HE MPHUACT B IMOJOXKEHUE, MPU KOTOPOM OKHA
pacupeneauTelNs MOTHOCTHIO MIEPEKPOIOTCS M IBIDKCHHE TOPIIHS MpekpaTutcs. [Ipu
CMENICHUH 30JI0THUKA PACTIPEICIUTENSI B MPOTUBOIOIOXKHYIO CTOPOHY IBUKCHHUE
BCEX DJIEMEHTOB PETYJIUPYIOMIETO YCTPOWCTBA TPOUCXOIUT B  OOpaTHOM

HaIlpaBJICHUMU.
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Pucynox 17.3 - Cxema rujpOyCHINTENS C 30JI0THUKOM, PACIIOJI0KEHHBIM B KOPITyCe
CWJIOBOTO LIMJIMHJIpA

I'mapoycunurens ¢ 30JO0THHKOM, PAaCMOJIOKEHHBIM B KOPIYCE CHIIOBOIO
MWINHAPA COCTOUT W3 TuIyHkepa 1, mwmHapa 2 ¢ mnopmHeM 3. JlnuHa
nuddepeHIanbHOTO phliyara 0OpaTHOM CBSI3M B 3TOM CXE€MeE paBHA HYIIIO.

T'uopoycunumeny muna conno-3acionka coctout u3 comnen 1 u 4 (puc.17.4),
KOTOpBIC BMECTE C TIOJIBIKHOM 3aCIIOHKON 2 00pa3yroT Ba PETYIHPYEMBIX MIETCBBIX
JpOCcensi, U HEPETYIUPYEMBIX Jipocceiell 5 n 12, ycTaHOBICHHBIX HA MyTH MOBOA
KUJAKOCTH W3 TOUYKH 6, KyJa OHa TMoOJaeTcs OT Hacoca. VCmoaHUTEIbHBIM
MEXaHU3MOM THIIPOYCUIUTENS CITY>KUT TUAPOITAIHHAD 9.

Besi cuctema Hy)kHa It TOrO, 4TOOBI Ha BXOJE€ MOI OBITh HMCIOJIb30BaH
MaJIOMOIIHBIN AJIEKTPUUYECKUNA KOMAHJHBIM CHUTHAJd OT 3aJarolled >SJIEKTPOHHOU
anmapatypbl.  OTOT  CUTHaJl  MOJaeTcai Ha  OOMOTKM  MHUHHATIOPHOTO
AIEKTPOMEXAaHUYECKOTO TIpeoOpa3oBaTenss 3 B PE3yJbTaTe HYero IMPOUCXOIUT
OTKJIOHEHHUE 3aclioHku 2. Jlo ee OTKIOHEHHsS o0e apoccenupytonue BetBu A u B
MMEJIU OJWHAKOBBIE COIMPOTHBIICHUA W MPOMYCKAIM OAWHAKOBbIE pacxoxasl. [locie
OTKJIOHEHHUSl COMPOTHUBIICHHE COIJIA, K KOTOPOMY MpHOJIM3WIACh 3aCJIOHKA,
YBEJIMYMBACTCS W PACXOJ YEpe3 HEro yMeHblaercs. Pacxom B JApyroil BeTBU
Bo3pactaer. [Ipm »TOM BO3HMKAEeT HEPABEHCTBO MaBJIeHWM B Toukax A u B. Orta
pa3HUIIA JaBJICHUH BBI3BIBACT CMEIIEHNE 30JI0THHKA 8 IIEHTPUPYEMOTO NPy KUHAMU 7

1 11, 94TO B KOHEUHOM UTOT'€ IPUBOJIUT B JCUCTBUE THUAPOLIMIIHHIP.
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Pucynok 17.4 — Cxema ruipoyCHIMTENS THUIIA COILUIO-3aCIOHKA

Ecnim B Takoii cucreMe Ha BBIXOJE HCIHOJHUTEIHLHOTO MEXaHHU3Ma,
MPEeIyCMOTPEeH JaTduk oOpatHord cBs3u 10, To oHa OyaeT mNpeacTaBIsATh
AIEKTPOTUIPABINUECKYIO CIEAILYIO0 CUCTEMY.

OcHOBHbBIE KOHCTPYKTUBHBIEC PA3MEPHI COIJIA U 3aCIOHKHU:

nuametp comia d, <lmwm;

AIVMHA MUIHHAPHYECKOro y4dacTka comna d; = (3+4)-d;

nuametp 3acioHku | =(1+2)-d,.

T'uopoycunumens muna cmpyiinas mpyoka. OH COCTOUT W3 TOBOPOTHOU
Tpyoku 1 (pmc.17.5), x KoTOpoil dYepe3 IIAPHHP «a» IMOJABEICHA >KHIKOCTh OT
ucroyHuka nutanug. CTpys U3 coIUla «8» HampaBi€Ha Ha PACHPEACIIUTENb «C» C
JIBYMsI OTBEPCTUSIMH, COCIWHECHHBIMH C TIOJIOCTSMHU YIPABISEMOTO D3JIEMEHTa —
30JI0THHKa 2 BTOPOTO Kackaga Truapoycwintens. [locmemuuid ClayKuT s
YIPABJICHUS UCTIOTHUTEIBHBIM THApOABUTaTeNIeM. CpemHeMy MOJ0KeHuI0 Tpyoku 1

COOTBETCTBYET CpellHEe MOJIOKEHUE 30I0THUKA 2. [IoBOpOT TpyOKH BBEI3BIBAET €TO



CMCHIICHUC M AdaJICC BCACT K CMCIICHHUIO TMAPOABUIATCIIA. JIerkocTtn IIOBOpOTa H

MaJiad HWHEPpOUA TPY6KI/I MMO3BOJIACT YHPABIATH €€ JABHXXCHHECM IIpU IMOMOIIIU

MaJIOMOIITHBIX AIEKTpOABUTATEIICH (31€KTPOMArHUTOB) c OOJILIITUM
OBICTPOICHICTBHEM.
JloCcTOMHCTBA:
1. mpocToTa U3roTOBJICHUS,
2. HU3Kasi CTOUMOCTE,
3. crmocoOHOCThL paboTaTh B pa3HOOOPA3HBIX CPEIaX;
4. BBICOKOE OBICTPOJICHCTBHUE,
5. HEUYBCTBUTEIBHOCTh K 3arPSI3HEHUSIM JKUIKOCTH,
6. Maytass HTHEPITHUS,
7. MaJioe TPEeHUE MEXaHUYECKUX JacTeH.
a
5 1
Ot ucTouHMKa
do [MATAHKUS

K ruapoasurarento

Pucynox 17.5 — Cxema rujpoyCHIUTENs TUIIA CTPYIHAst TpyOKa

OcHOBHBIE pa3MepbI U MapaMeTpPhI:

AUaMeTp MpUEMHBIX oTBepcTHid 0y =2 — 2.5MMm;

paccTosiHIE MEX Ty mpueMHbIMU oTBepcTHsIMU O = 0.2 — 0.5 MM,

muametp comaa d =1.5—2.0mm;



mmHa comta 0 =150 —-170mm;

CKOpOCTh ucTeueHus xuakoctu U= 30— 40m/c.

Pabotaet npu gaBiaenusx p = 0.6-0.8MlIla, Ho unorma u no 15Mlla.
[IpuMeHsIeTCS B CUCTEMaxX aBTOMATHKH U B CHCTEMAaX THAPABIMYECKOTO

yrnpasieHus. MoxeTt paboTaTh B 3aTOILIEHHOM COCTOSIHUU.
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