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IIpeameT auCHUNINHBI

['uapaBaukoi (MEXaHUKOM JKUAKOCTU U ra3a) Ha3bIBAa€TCS HayKa O 3aKOHaX
PaBHOBECHUS U ABMXKECHMSI KHUAKOCTEH M CIOcO0ax MPHIIOKEHUS ITHX 3aKOHOB
JUISl pELICHUs MPAKTUYECKUX 3a7a4y. B ruapasimke, daine BCEro, pacCMaTpuBa-
€TCSl ABWIKCHUE IIOTOKOB >KMJIKOCTH, OIPAaHMYCHHBIX TBEPABIMU CTEHKaMH, TO
€CTh JIBIDKEHHE B OTKPBITBIX M 3aKPBITHIX PyClax, KaHajaX, TpyOOIpoBOJaX H
T.1. Takum 00pa3oM, MOKHO CKa3aTh, YTO B THIPABIMKE H3Yy4AIOTCS B OCHOB-
HOM BHYTPEHHHME TEYEHHs XUIAKOCTEM M PEIIAIOT TaK HA3bIBAEMYIO BHYTPECH-
HIOIO 3a71auy. BHenHo 3a1auy 00 00TeKaHUM TBEPJIOTO TeNa KUJKOCTHIO WU
ra3oM pelarT B a3POTHIPOMEXAHHKE.

HcTopruyecku CII0KUIIOCH TaK, YTO HAyKa O KUJIKOCTAX U UX 3aKOHaX pas-
BHUBAJAaCh IBYMsI PA3JUYHBIMU IyTAMH. [IepBBIN IyTh — TEOPETUYECKUM, OCHO-
BaHHBII HA 3aKOHAaX MeXaHWKU. OH NpUBEI K CO3JaHUI0 TEOPETUYECKON TUIPO-
MEXaHHMKH. DTO CTPOWHAs TEOPETUYECKas HayKa, MO3BOJSAIOIIAS PEIaTh CIOXK-
HBIE 3a]1a4¥, CBA3aHHBIC C PABHOBECUEM U JIBUIKEHHUEM YKUJKOCTEH, HO MaTeMa-
TAYECKUE MOJEIH, MOJYYEHHBIE METOJAMH TEOPETUYECKOW THMAPOMEXAHUKH,
IIOPOM IOJIYYarOTCS WIM OYEHb CIIOKHBIMU U TPYAHBIMU JUUI PELICHUS, WIN He-
JOCTaTOYHO TOYHO OTPAKAIOIIMMM PEAJBHBIE NMPOLECCHl B JKUAKOCTU. BTopoi
IIyTh Pa3BUTUSA HAYKU O 3aKOHAX, KOTOPBIM IOJYUHSAKOTCS KUIKOCTH, — JKCIIE-
pUMEHTaNbHBIN. FIMEHHO MO 3TOMY IyTH Pa3BUBAIACH THAPABIUKA. DTOT MYTh
IIO3BOJIIET C IOMOILBIO AMIIMPUYECKUX 3aBUCUMOCTEN pelaTh OYEHb CIIOKHbIE
3aJlayy, MpaB/a peuIeHus MOay4aroTCs NPUOIUKEHHbIE, MHOTHE AYMIIUPUYECKUE
3aBUCHUMOCTH HE SIBJISIIOTCS YHUBEPCAIBHBIMHU, & IPUMEHHUMBI IIPU OIPEACIICH-
HBIX KOMILIEKcax yciaoBui. O0a 3TH MyTH UMEIOT CBOM MPEUMYLIECTBA U HEJO-
CTaTKH, TO3TOMY COBEPLICHHO JIOTHUHBIM CTaJIO MOCTENEHHOE COMMKEHHE TeO-
PETUYECKON THIPOMEXAaHWKM W TUAPABIMKH. B HacTosmee BpeMs rpaHULA
MEXKy 3TUMU HayKaMU BECbMa YCJIOBHA, TaK KAK B TMJPABIMKE CTAJINA IPUME-
HATb METOAbl TEOPETUYECKOW THIPOMEXAHHMKH, YTO MPUIATIO0 €d JOTHYHOCTD,
CTPOMHOCTB, & B THIAPOMEXAHUKE CTAIM MCIIOIb30BaTh dSMIIMPUYECKUE 3ABUCH-
MOCTH W3 THAPABIHKY, TO3BOJISIOIINE YIIPOCTUTh MAaTEMAaTUUYECKUE MOJIEIN 0e3
BHECEHUS OLYTUMBIX [IOTPEIIHOCTEN.

OOBEKTOM U3YYEHUS B TUIPABIMKE SBISIIOTCS KUJIKOCTHU, Yallle BCEro —TaK
HA3bIBA€MBbIE KaIEJIbHbIE )KUJIKOCTH, TO €CTh KUIAKOCTH, KOTOPHIE B MaJIbIX 00b-
eMax MoJ1 IeUCTBUEM CUJI TOBEPXHOCTHOI'O HATSHKEHUS TpUoOpeTaroT cepude-
ckyto Gopmy. MHOTIa TEPMUH ‘“YKUIKOCTH” TPAKTYIOT IIUPE, BKIIOYAsl B HETO,
KpOME KaleJbHbIX KUAKOCTEN, U ra3bl. 3aKOHBI TUAPABINKH CIIPABEIJIMBBI JIJIS
raza B T€X ClIy4asX, KOTJla OH JBHJKETCA C MaJOWd CKOPOCTHIO (3HAYUTEIHHO
MEHbIIIEH CKOPOCTH 3BYKa) U IPAKTUYECKHU HE CKa3bIBAETCS €r0 COKMMAEMOCTh.



B Hacrosiiiee Bpemsi KMJIKOCTH HaxoJST OYEHb IIMPOKOE NMPUMEHEHHUE B
U3JICNIUSIX MAIIMHOCTPOEHHUSA. DTO CMa3bIBAaIOIIKE, OXJIAXKIAIOUIUE KUIKOCTH,
TOIUIMBA, pad0OYHe >KUAKOCTH BCEBO3MOKHBIX THIPOTIPUBOJIOB U, HAKOHEII, 00b-
eKThl 100619 (He(Th, Fra30BBIM KOHEHCAT, Boja U Ap.). [lo 3Toil mpuuuHe 3Ha-
HUE CBOWCTB JKMJIKOCTEH M 3aKOHOB, KOTOPHIM OHH MOIYUHSIOTCS, HEOOXOAUMBI
KaK M3TOTOBUTENISIM MAlIUHOCTPOUTEIBHON MPOJYKIIMHU, TaK U CICIUATIUCTaM,
3aHUMAIOLIUMCS €€ IKCILTyaTalue.

I'naBa 1. ®u3nvecKue M IKCIUIyaTAMOHHbIE CBOMCTBA KUAKOCTEH
1.1. Cuubl, aeiicTByOIIME HA KUIAKOCTh. /[aBieHHEe B X KUAKOCTH

B rugpasnuke, Kak MpaBWIIO, KUJIKOCTh PACCMAaTPUBAIOT KaK HEMPEPHIB-
HYIO CpeNly, OTBIIEKASICh OT €€ MOJIEKYJIIPHOTO CTPOCHMUS.

BcenenctBue TekydecTd (MOABHKHOCTH YacTUL) B JKUJIKOCTH JIEUCTBYIOT
TOJILKO CHJIBI, paclpeiielieHHble MO0 ee 00beMy (Macce) WM MOBEpPXHOCTH. B
TOYKE K JKUJIKOCTU MPUIOKUTH CUIYy HEBO3MOKHO. IIpoBenuTe MbICIEHHBIMI
JKcIepuMeHT. HaxxmMuTe ocTpueM MIUIBI HAa TBEPAOE TeNo U Bbl mouyBCTByETE,
YTO OHO CONPOTHBIISIETCS IPOHUKHOBEHMIO UIJIbL. [lonmpoOyiiTe BO31elCTBOBATH
TOH K€ WIJVION Ha MOBEPXHOCTH BOJBI WJIM MHOM XKUIKOCTH. Mria morpyxaercs
B JKHJIKOCTh OECHPENSTCTBEHHO, TO €CTh CHUJIY B TOUKE MPUIIOKUTh K KUJIKOCTU
He ypaanochb. TakuMm 00pa3oM, CHJIbL, AECUCTBYIOUIME HA OOBEMBI KUIKOCTH
U3BHE, MOJIPa3JIEsAI0T Ha MACCOBBIE U TOBEPXHOCTHBIE.

MaccoBble CuIIBI B COOTBETCTBUH CO BTOPBIM 3aKOHOM HbrOoTOHA mporop-
MOHAIbHBI Macce KUIAKOCTU WJIHU, AJI1 OJHOPOJHOMN KUAKOCTH, — ee 00bemy. K
HUM OTHOCSITCS] CWJIA TSPKECTU U CUJIa UHEPLIMH.

[ToBepXHOCTHBIE CUJIBI HEMTPEPBIBHO PACTIPEEIECHBI MO MOBEPXHOCTH KU JI-
KOCTU U IIPU PABHOMEPHOM HX PACHPENEICHUU MPONOPLUUOHAIBHBI IJIOIIAIN
ATOM MOBEPXHOCTH. JTO CUJIBI, AEHUCTBYIOIIME HA JKUIKOCTh, CO CTOPOHBI TBEP-
JBIX TeJ, Ta3a WK ApYyrux oobeMoB kuakocTH. Ilo TperbeMy 3akony HproToHa
TOYHO C TAKMUMH K€ CUIJIAMU KUIKOCTh BO3JIEHCTBYET HA OKPYKAIOIIIKE €€ Tea.

B o0mem ciayuyae nmoBepxHocTHas cuia AR, aeicTByromas Ha IJIOIIAJIKE
AS, HampaBiieHa MO HEKOTOPBIM YIJIOM K TUIOIIAJIKE, U €€ MOXKHO Pa3JI0KHUTh
Ha JIBE€ COCTAaBJISIONINE: HOpMaibHYI0 AF (NMEeprneHAuKYISIpHYIO IUIOMIAAKE) U
TaHreHIMaabHy0 AT (HampaBlIeHHYIO BJIOJIb IJIOMIAAKK). AF Ha3bIBalOT CHII0M
naBjeHns, a AT — cuJ10i TpeHus.

M MaccoBble, M TOBEPXHOCTHBIE CHIIBI B THAPABIMKE PACCMATPHUBAIOT B BU-
7€ €IMHUYHBIX CHJI, TO €CThb OTHECEHHBIX COOTBETCTBEHHO K €AMHUIE MacCChl
WIM TUIONIaJM MOBEPXHOCTH. ENMHMYHAsg MaccoBas CHJIa UMEET pa3MEPHOCTH
yCKOpeHHsi [M/c?], a eIqMHMYHAs MOBEPXHOCTHas B MeKIyHapOIHOM CHCTEME
equany (CH) — [H/m?] = [I1a] (mackans). [Tackans — oueHb Manas MOBEPXHOCT-



Has CUJia, O3TOMY YacTO MOJB3YIOTCS KpPaTHBIMU €d eIMHHUIIAMH U3MEPEHHUS:
xunonackaneM 1 xITa = 103 ITa u meranackanem 1 MITa = 10° ITa.

B naBHO u3maHHO#N nuTepaTrype MOXKHO BCTPETUTh €IWHUIYY HU3MEPECHUS
cucreMbl MKI'CC [krc/cm?]. B TexHHMKE 9acTO IMOJB3YIOTCS HECHCTEMHBIMH
eAUHUIIAMU — TEXHUYECKOU atMocdepoit u 6apom.

CBs3b 3TUX €IMHUII;

1 at =1 xrc/em? = 9,81-10% Ia;

1 6ap = 1,02 ar = 10° I1a.

EnunuyHas moBepXHOCTHAasl cuja, Ha3blBaeMasl HAIpPSHKEHUEM IOBEpPX-
HOCTHOM CWJIBI, PacKJIaJIbIBAa€TCsS Ha HOPMaJlbHbIE M KacaTeJbHble (TaHTEHIIM-
aJIbHBIE) HAIIPSKEHUS.

HopmanbHoe HanpsokeHue Ha3bIBaeTCS TMAPOMEXaHM4YecKHM (a B cliydae
TIOKOSI )KMJIKOCTH — FMAPOCTATHYECKUM) TaBJIeHHEM, WU ITPOCTO AaBJIEeHHEM
u o003Hauvaercs .

a TPy PaBHOMEPHOM paCTpPEICICHUU TOBEPXHOCTHOM CUJIBI IO TUIOMIAJKE
AF
pP=—
AS
KacaTtenpHble HanpsikeHUs! (HApsHKEHUST TPEHUS) T ONPEIeIISIIOTCS aHaJo-
TUYHO
AT
T= lim —.
AS—0 AS

1.2. DuznyecKkue CBOMCTBA JKUIKOCTEH

ILnoTHOCTB. [INOTHOCTH — 3TO Macca KUJIKOCTH, 3aKIIOUCHHAsI B €UHULIC
o0bema. B Mesxaynaponuoii cucteme enunui (CU) oHa usmepsiercs B Kr/M°,
JlJ1s1 OMTHOPOTHOM KUIAKOCTH

p:

<|3

Ecnu %&uaKkocTs HEOJHOPOHA B 00beme V, To 3Ta (hopmysia mO3BOJISIET BHIYKC-
JUTh JUUIb CPEAHEE 3HAYEHHUE IJIOTHOCTH, a4 UCTUHHASA IUIOTHOCTh B KaKOM-
00 TOUKE MOXKET OBITh ONpeIeSieHa Kak
Am
p= lim —.

AV 0 AV
3HaueHMs IJIOTHOCTEN JKUIKOCTEW BO3PACTAarOT IMPH IOBBIIIEHUU JaBJe-
Hus. Hanpumep, ninoTHOCTH Boabl ipu TemnepaTtype 0°C u3MeHsieTcst ¢ pocToM
nasnenus (ot 0,1 go 400 MITa) ot 999 no 1146 kr/m3. C poctom Temmeparypsl
IUIOTHOCTB KUAKOCTEN CHUXkKaeTcs. VICKIIroueHneM M3 3TOro MpaBujia SIBJISETCA
TOJIBKO BOJIa B quara3one temnepatyp ot 0 go 4°C: ee mIOTHOCTh BO3pacTaeT 1



nocturaer cBoero makcumyma (1000 kr/m®) mpu t = 3,98°C. Ilpu manbHelmem
HarpeBe ee TNIOTHOCTh CHUYKACTCS KaK U y IPYTHX KUAKocTed. IMEHHO 1o 3Toi
NpUYMHE TeMIlepaTypa BOJIbI Ha JHE IIyOOKHX BOJOEMOB 3uMoi Bcerma 4°C.
[Tpu octeiBanuu Bozabl A0 4°C HUPKYISIHS BOJIBI B BOJOEME IMPEKpaIaeTcs,
YTO MPEMATCTBYET IPOMEP3aHUIO €ro JI0 JTHA.
3HaueHUsl TUIOTHOCTEH HEKOTOPHIX IIMPOKO PACHPOCTPAHCHHBIX KHUIKO-

cTeil mpu HopManbHBIX yenoBusx (t = 20°C, p = 0,1 MIla):
* BoMa — 998 Kr/M°;

pTYTh — 13 546 xr/™m3;

He(Th HaTypanbHas — 760 — 900 kr/m>;

macia MuHepanbHble — 850 — 930 kr/m3;

OeHs3uH — 712 — 780 xr/m°.
YaeabHbIH 00beM. Y aenbHbI 00BEM — 3TO O0OBEM KUIKOCTA €IUHUYHOU
MaccChl, TO €CTh BEJIMYMHA, 00OpaTHAas TUIOTHOCTH:

*
*
*
*

v=—=— [Mkr].
m P
Tax y CI0KHMIOCH HCTOPHYECKH, YTO ITA XaPAKTEPUCTUKA PEIKO UCIIONb-
3yercs JUIs KanedbHbIX )KUIKOCTEeH, HO 0YeHb MIUPOKO IPUMEHSETCS IS Ta30B.

YaeabpHbIl Bec. Y OSIBHBINA BEC — 3TO BEC JKUAKOCTU €IMHUYHOIO O0BEMA:

G gm
— _ _ 3
Y= =~—=0p[H/n™]
V VvV
OTHOCI/ITe.]Il)HaSI IINIOTHOCTD. OTHOCI/ITGHBHaH IIJIOTHOCTBb — 3TO OTHOIIIC-

HUE TJIOTHOCTHU KUAKOCTH K IUIOTHOCTU JTUCTUIUTMPOBAHHOM BObI IpH 4°C:
§=_ P
Peoovi+4

Tak KaK pPgoon-a = 1000 kr/M®, TO BBEIMMCIATH OTHOCHTENLHEIE INIOTHOCTH
OYEeHB TMPOCTO.

Bce ykazaHHbIe XapaKTEPUCTUKH KUIKOCTEH MPAKTUYECKH XapaKTEepU3y-
FOT OJTHO U TO K€ CBOMCTBO.

[170THOCTB KHAKOCTH MOYXHO BBIYUCIIUTH IO BBHIIIETPUBEICHHBIM (POPMY-
JaM, a MOYXHO U M3MEPHUTh CIICIHAIBHBIM MPUOOPOM, HA3bIBAEMBIM apeoment-
pom. DTOT mpuOOP MOXO0XK Ha MOTUIABOK JJiA peidanku. ['myOuHa ero morpyxe-
HUS 3aBUCHUT OT INTIOTHOCTH YKUIKOCTH.

C:xxkumaemMocTb. C)KUMAaeMOCTb — 3TO CBOMCTBO JKUAKOCTH U3MEHATH CBOU
o0beM moj aeicTBueM naBlieHus. CKUMAaeMOCTh XapaKTEpU3YyeTCsl NBYMsI Be-
JUYUHAMU: KOdguyuenmom obvemHo2o cocamusi Bp U 00bEMHbIM MOOYIEM
ynpyzocmu K.

Koaddurment o0beMHOT0O CKATUS — 9TO OTHOCUTEIHHOE M3MEHEHNE 00b-
eMa KHJIKOCTH, PUXOISIIeecs Ha CIUHUIY TaBICHUS



1dv

Bp:_VE'

3HaK “MHHYC’ B 3TOM BBIPAKEHUHU BBEJCH JJIA TOTO, 4YTOOBI 3TOT KO3 hu-
9

IMUCHT UMCJI ITOJIOKUTCIIBHBIC 3Ha‘ICHI/I$I, TaK KaK HpOI/IBBOI[HaSI — BCEraa oOT-
dp
pHULATENIbHASL.
ECJ'II/I HpI/IHSITL, qTo Bp = const , TO MOKHO HpI/I6J'II/I)K€HHO paCC‘II/ITaTL 06’[:-

CM U INIOTHOCTD JKUAKOCTU IIPHU USMCHCHUU JTABJICHUA:

. Po
Vavo(i-B,-apf  p= ,
(1=, a)
p
rie Vo, po — 00bEM U IIIOTHOCTb KUIKOCTH IPU JaBJIEHUU Po;
AP = P — Po — U3MEHEHHE JIaBIICHHUS.
Bennuuna, oOpatHas ko3(d@uimeHTy OOBEMHOIO CKaTHsl, Ha3bIBAETCA
00BEMHBIM MOJYJIEM YIPYTOCTH

B, dv
OOBeMHBII MOAYNh YIMPYTOCTH HECKOJBKO BO3PACTACT NPH IOBBINICHUH
JABJICHUSI U HEMHOTO CHIDKAETCS MpHU pocTe Temneparypbl. OIeHUM CoKUMae-
MOCTh KaIleJIbHBIX >KHAKOCcTeH. [Ipm armocepHOM nmaBieHWUW ISl MUHEPATh-
HeIX Macen K = 1320 — 1720 Mlla. Ilpu nmoBeimenuun nasiennst Ha 10 Mlla
(mpubnuzurensHo 100 at) u3mMeHeHne 0O0beMa MUHEPATBHOTO Maciia COCTABUT
IPUMEPHO

1 __V-dp

AV =-V Ap _ —ﬂv =-0,0067V,
K 1500
TO €CTh U3MEHEHHE 00beMa JKUIKOCTH IMpPH CTOJIb CYIIECTBEHHOM HM3MEHEHHUH
nasieHust coctaBuino 0,67%. Ilo 3Tol mpuyuMHE B THUAPABIMKE OYEHb 4YACTO
XKUJKOCTh CYUTAIOT HECKUMAEMOM.

TemnepatrypHoe pacmupenue. TemiieparypHOe paclIMPEHUE — 3TO CBOU-
CTBO KMJKOCTH M3MEHATh CBOW OOBEM MPU U3MEHEHUU TEMIEpaTypbl. Xapak-
TepusyeTcs Koagguyuenmom memnepamypHroco pacuwuperus Pr [1/rpag], xko-
TOPBII MpeAcTaBiIsieT coO0 OTHOCUTENFHOE U3MEHEHHE 00beMa, PUXOoIsIIee-
cs Ha | rpamyc:

B, = 1 dv
" var

Jis Boasl ko3¢ (uuueHT [3; NpU yBEIMYEHMM TEMIIEpaTyphbl BO3pacTaeT
(mpu p = 0,1 MIla u usmenenuu temmepatypsl ot 0 70 100°C nmpubIM3UTENHHO
ot — 0,000025 no +0,000720). PocT naBneHus npu HU3KUX TeMIlepaTypax npu-
BOJMT K YBEJIMUEHUIO [3,, a mpu Temneparypax Boime 50°C — K ero CHUXEHHUIO.



JUis  GONBIIMHCTBA JPYTHMX KamelbHbIX KHUAKOCTEH C POCTOM JaBJICHMUS
B, yMeHbLIaeTCS.

B koneunoii opme mpu Br = const (mpu MajgoM U3MEHEHUH TEMIIEPATyphl)

V ~Vo(L+Br -AT); pr— PO
(1+By -AT)
rae AT = T — Top — u3sMeHeHue TemMIepaTyphbl )KUJIKOCTH.

W3menenne obbeMa MpHU HATPEBAHWH JKHIKOCTEH BEChbMa OIIYTHMO, IO-
TOMY €ro HEOOXOAMMO YYHUTHIBATh NMPU MPOCKTUPOBAHUU THUAPABINICCKUX
YCTPOKNCTB, B KOTOPBIX KUIKOCTH CYIIIECTBEHHO HarpeBacTCs.

Kamnaaspraocrb. Ha moBepxHOCTH pa3jena KUIAKOCTH U Ta3a JICHUCTBYIOT
CHJIBI TIOBEPXHOCTHOTO HATSKEHUS, KOTOPBIE CTPEMSITCS IPUIATh 00BEMY KU I-
KOCTH cepruueckyio popMy, HO CHIIa TSHKECTH HE TIO3BOJISET CAENATh 3TO, €CIH
KUJKOCTh HAXOJIUTCA B 3HAYUTEIILHOM 00beMe. DTO SIBIICHUE 3aMETHO TOJBKO,
KOT/Ia JKHJIKOCTh pacCMaTpHUBACTCS B 00bEME KAl WM HAXOJHWTCS B TOHKOM
Kamuuisipe win 3a3ope. CUilbl MOBEPXHOCTHOTO HATSKEHHS CO3/IAI0T B JKUJIKO-
CTH JIOTIOJTHUTEIIbHOE JaBJICHUE
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rae 6 — Ko3(QUITMEHT MOBEPXHOCTHOTO HATSXKEHUS KuJKkocTu [H/M];

r1, F',— paguychbl KpUBU3HBI.

B kanumisipax u 3a30pax 3TO JIaBJICHUE BBI3bIBACT MOABEM WJIM ONyCKaHUE
KUJIKOCTH OTHOCUTEIIbHO HOPMAJIBHOTO YPOBHS. JTO SIBICHUE HA3bIBACTCS Ka-
MAJUIIPHOCTHI0. JIOTIOHUTENIBHOE AaBJIEHUE HAIMIPABIICHO BCEra K IEHTPY KpH-
BU3Hbl MEHHMCKA. ECIIM JXHAKOCTh HE CMAyMBAET MOBEPXHOCTh Kamujuisipa, TO
MEHHCK UMEET BBINYKIYI0 (OpMY, U JIaBJICHUE OT CHJI MOBEPXHOCTHOI'O HATs-
JKEHUS COBMAJACT MO HANPABJICHUIO C aTMOC(HEpPHBIM JIaBIICHUEM — YPOBEHB
KUJIKOCTH B KalWUIsipe CHUXkaercs. Eciau KUAKOCTh CMayuMBaeT MOBEPXHOCTH
Kalmmuisipa, TO MEHUCK UMEET BOTHYTYIO (OpMy, U JOTIOJHUTEIHHOE JIaBJICHUE
OyJeT HampaBJIeHO BBEpX, HaBcTpedy aTtMochepHomy naBieHuto. Kak cruen-
CTBHE ATOTO — MOIBEM KHUAKOCTH IO Kanuyuisipy. BeicoTa nmogbema (omyckanusi)
YKUJIKOCTH B CTEKJISTHHOM TpyOKe BBIYUCISETCS IO (popMyJie:
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rae d — quaMeTrp Kanuuisipa [Mm];
K — K03 QUIMEHT, MHAUBUAYATBHBIN JUIS KAXKIOM KUAKOCTH [MM2].
Hanpumep, mas Boasr K= 30 MMZ; TUIS coupra kK=11,5 MM, Ui pTyTH
k=-10,1 mM2.
B >kuakocTHBIX mpuOOpax sl U3MEPEHUsI JaBJICHUS MPUMEHSIOT TPYOKH
nuameTpom 10 — 12 mM. B aToMm ciydae 3¢ exT KanuIsspHOCTH MaJIO OITYTHM.
B 3a3ope oauH U3 pagnycoB KPUBU3HBI CTPEMUTCS K OECKOHEYHOCTH, MIOATOMY



U JIOTIOJIHUTEIBHOE JABJIICHUE, U BBICOTA OTKJIOHEHUS YPOBHS IOJIy4arOTCs B 2
pasa MEHbIIE, YEM B KallWJUISPE.

BsiskocTh. BA3KOCTE — 3TO CBOWMCTBO KUIKOCTH COIPOTHUBIATHCS CIBUTY
ee cinoeB. [Ipy TedeHMM XUIKOCTU BJAOJb TBEPIOM CTEHKU CIIOM JKHUJKOCTH,
IIPUJIETAIOIINAE K HEW, TOPMO3ATCS CUJIAMU TPEHHUSI MEXKIY CIIOSIMH, TO €CTh W3-
3a Bsizkoctu (Puc. 1).
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Puc. 1. [Ipoduns ckopocteii pu L — Koaghpuyuenm ouHamuueckou
TEYEHUU BA3KON KUIKOCTHU BIOJIb gsazkocmu [Ila-c].
CTCHKHU

N3 3akoHa BSI3KOTO TPCHHUA HrroTona CICOYCT, YTO KAaCaTCJIbHBIC HAIIPs-
KCHUA BO3MOXHBI TOJIBKO B I[BH)KyHlef/'ICSI KHNIKOCTH. Ecau nmeercs IrpaaucCHT

CKOPOCTH €I1I€ ¥ B HAIIPaBJICHUH, HOPMAJIbHOM ILUIOCKOCTH PUCYHKA, TO CIEAYET
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Kpome Ila:c wucmons3yroT Takyloo eIWHMLY H3MepeHus, Kak Ilyas:
11T = 0,1 ITa-c.
Kpome koddduienTa tuHaMUYecKOl BA3KOCTH, B TEXHUKE IIMPOKO HC-
MOJIB3YIOT KO3 puyuenm KuHeMamuiecko 8s3K0Cmu.’

v=" ).
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B crapoii nutepaType MOKHO BCTPETUTh TaKUE €TUHUIIBI U3MEPEHUS, KaK CTOK-
cel: 1 Ct=1 cm?/c = 10 m?/c.

Wuorna B Ha3BaHUAX [L U V CIOBO “KO3PIUIUEHT” NJIsi KPATKOCTH OITyC-
KaloT, XOTS, B IPUHIIUIIE, 3TOTO JIeJaTh HE CIIEyeT.

C poctoMm TemmepaTryphl BSI3KOCTh KalelbHBIX XUJIKOCTEH OYEHb CHUIIHHO
najaet (1o PKCMOHEHTE), a Ta30B — pacTeT MO JUHEWHOMY 3akoHy. Hampumep,
npu HarpeBaHuu npecHoil Boabl oT 0 1o 100°C ko3dhULeHT KUHEMAaTHYEeCKOM
Baskocty mazgaer ot 1,79-10° o 0,29-10° m%/c, To ects 6 ¢ numHMM pa3. B
ATOM JK€ JTMAIra30He TeMIEPaTyp BS3KOCTh MUHEPAIHHBIX Macell U3MEHSETCS B



JECATKU U COTHU pa3. IIpy oTpunatenbHeIX TEMIIEpaTypax BA3KOCTh Macell pes-
KO BO3pacTaer.

N3MepstoT BSI3KOCTh CIIELMAIbHBIMU NPUOOpaMH, Ha3bIBAEMBIMH BHUCKO-
suMmeTpamu. [IpuHIUN nelcTBUS STUX MPUOOPOB COCTOUT B CPABHEHHH BpeMe-
HU HUCTEYECHUS 3aJaHHOIO0 KOJIWYECTBA MCIBITYEMOM M 3TAJIOHHOW JKUAKOCTEH
4yepes Kanwsp.

Crnenyer ckaszaTp, 4TO CYLIECTBYIOT KUJIKOCTH, KOTOPBIE HE MOJYUHSIOTCS
3aKOHY BS3KOro TpeHus HproTona. B xadectBe mpuMepoB MOXKHO Ha3BaTh IJIM-
HUCTBIE, IEMEHTHbIE, U3BECTKOBBIC U KOJJIOMJIHbIE PACTBOPHI, HEPTEPOLYKTHI
¥ CMa304HbIE Macya MpU TeMIIepaTypax, OJU3KUX K TEMIIEpaType 3aCThIBAHMS,
KpacKH, KJIEH, CMOJIbI, Pa3IMYHble OEJIKU, XKUPBI, CYCIIEH3UH Kpaxmala, jKea-
TUHA U T.II. DTO TaK HA3BIBAEMBIC HEHbIOMOHOECKUE WIA AHOMAIbHbIE FKUALKO-
CTU. JI11 HEHBIOTOHOBCKUX JKUJIKOCTEH 3aBUCHUMOCTBH KacaTEJIbHBIX HallpsiKe-
HUAW OT ITONEPEYHOTO IPaJUEHTa CKOPOCTH MOKET UMETh OAUH U3 CIIEIYIOIINX
BUJIOB:

ey OV ~ k(de "
T=T0 T Hpy dy’ 1= dy :

HcnapsiemocTs. VcnapseMOCTh MPUCYIIA BCEM KHUIKOCTSAM, HO B pa3Idd-
HOU CTENEeHH, TPUYEM OHA CUJIbHO 3aBUCHUT OT YCJIOBUMU, B KOTOPBIX HAXOJUTCS
KUIKOCTh. OMHONW M3 XapaKTePUCTHUK HCTAPSIEMOCTH SBISICTCS memnepamypa
KUNEeHUs Npu HOPMAIbHOM ammocgheprHom oasnenuu. Ho atmochepHoe naBie-
HUE — ATO JIMIIL YACTHBIA CiIy4all NaBJ€HUS B THIPOCUCTEME, ITOATOMY OoJiee
MOJTHOM XapaKTePUCTHKONW HCHApPSAEMOCTH SBJSCTCS OasieHue (Ynpyeocms)
HACBLIWEHHBIX Napos P,.,. YeM BbIlIe P, ,, TEM OoJiee JeTydas XuAakocTb. C po-
CTOM TeMIIepaTypbl OHO BO3PAaCTaeT, HO JJIs Pa3HBIX KUIKOCTEH B Pa3IMIHOU
crereHd. [loaToMy naxke cyxoul BO3AyX B KBapTHUPE 3UMOM IPU KOHTAKTE C
MPEeAMETOM, 3aHECEHHBIM C MOPO03a, MPU OCTHIBAHUM CTAHOBUTCS BJIAKHBIM, H
U3 HETO KOHJICHCUPYIOTCS KaleIbKH BOJIBI. ITO XOPOIIIO 3HAIOT JIFOAH, HOCSIIINE
ouku. OOpa3oBaHHe KOHACHCATa MOKHO HAOJI01aTh HA TOBEPXHOCTU TPYO, MO
KOTOPBIM MTOAACTCS XOJI0IHASI BOJIa, HA OKOHHBIX CTEKJIaX M T.II.

JI18 MHOTOKOMIOHEHTHBIX >KMAKOCTEH (CMecel) JaBJICeHHWE HACBIIICHHBIX
MapoB 3aBUCUT €II[€ U OT COOTHOIIECHUS 00HEMOB MApOBOM U kuaKon ¢a3. [s
HUX JIaBJICHUE HACHIIICHHBIX MApOB TeM OoJbllne, 4eMm Oosibiias 101 o0beMa
3aHsTa JKUJIKOCTBIO. B cripaBoYHWKaX Il HUX MPUBOIATCS 3HAYCHUS [, TPH
COOTHOIICHNH 00BEMOB TTAPOBOM U KUIKOU (a3 4:1.

PacTBopuMOCTb ra30oB B KHUAKOCTAX. PacTBOPUMOCTH Ta30B B KHUIKO-
CTSX XapaKTepu3yeTcs KOJMYECTBOM PACTBOPEHHOTO ra3a B CIAMHHIIC O00ObeMa
KUJKOCTU. JTa BETUYMHA YBEIIMYUBACTCS C POCTOM JABJICHUS U Pa3IMyHA IS
PA3IIUYHBIX KUIKOCTEN.

OTHOCHUTENBHBIA 00beM pACmEOPeHH020 2a3d MOYXKHO TOACUYHUTATH IO 3a-
KoHy ['enpu:
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V, " P
V:)fc pO
rae V. — 00beM pacTBOPEHHOTO ra3a, MPHUBEICHHBIN K HOPMAJIbHBIM YCIOBHSIM
(Po, To);
K — koa¢dutueHT pacTBOPUMOCTH;
P — TaBJICHHE KUJIKOCTH.

Hampumep, npu t = 20° C k£ uMeer ciaeayromue 3HAYCHHS:

—Boga — 0,16;

— MmuHepanbHbie Macia = 0,08;

— kepocuH — 0,127.

[Tpu yBeNMWYCHUM TUIOTHOCTH M BS3KOCTH MHUHEPAJIHLHOTO Macjia pacTBO-
PUMOCTB Ta30B HEMHOT0 CHUKaeTcs. C yBeIIMYCHUEM TeMITepaTypbl Ko puim-
CHT PaCTBOPHMOCTH TIOYTH HE MCHSCTCS, HO YYUTBIBATh 3TO MAaJlO¢ BIIMSHHC
HaJ0, KOrja >XHUAKOCTh pPaboTaeT B HIMPOKOM TEMIICPaTypHOM JHara3oHe:
HACBIIIEHHAS Ta30M YKUIKOCTh IIPH OJHOM TEMIIEpaType MOXET HavaTh BBIJC-
JSTh PACTBOPEHHBIN a3 MPU IPYroM TeMIIEpaType, 4To NpHBEACT K 00pa3oBa-
HUIO TIEHBI, KOTOpas HapyllaeT CIUIONIHOCTh CPEeIbl U MOXKET BBI3BATh OTKa3
IPUBOJIA.

B 0OBIYHOM COCTOSIHMM MUHEpaJIbHOE MacjiO HACHIIIACTCS BO3IYXOM B
TEUCHUE HECKOJIBKUX YacOB, HO €CJIM Macjo B30alThIBacTCs B Oake, oOpa3yeTcs
neHa. [lnomaas COMPUKOCHOBEHUS KMIKOCTH M BO3AyXa BO3pacTacT BO MHOTO
pa3. OTO MOXKET BBI3BaTh HACHIIICHHUE JKUJIKOCTH a30M B TCUCHHEC HECKOJIBKUX
MUHYT.

[Tpy yMCHBIIICHUU JABJICHUS Ta3bl U3 HACHIICHHON KUIKOCTH HAYHUHAIOT
BBIICIISATHCS, TIPUYEM JEIAl0T 3TO 3HAYMTEIIBHO OBICTpEe, 9YeM PacTBOPSIOTCS B
Hell. BBIACIUTHCS ra3 MOXKET B CYUUTAHHBIC CEKYH/IBI WJIH Ta)Ke JOJIA CEKYH/IbI.

1.3. Padoume »KMAKOCTH THAPOCHCTEM

PabGoune XuaKOCTH TUIPOCUCTEM JTOJAKHBI 00J1a/1aTh CICAYIOIIMMU CBOM-

CTBaMU:

1. Xopomue cMa3piBaomue cBoiictBa. Pabouas )xuaKoCTh TODKHA CO3/1aBaTh
Ha MOBEPXHOCTH TPYIIMXCS TMap MOBEPXHOCTHYIO IJIEHKY, MPEIOTBpaIllaro-
IIyI0 CyXO€ TPEHHUE.

2. MuHuMaibHasl 3aBUCUMOCTb BSI3KOCTH OT TeMIlepaTypbl B TpedyeMoM
AUANA30He TeMnepaTryp. BaxxHbIMU XapakTepucTUKaMu pabodeil KUIKOCTH
ABJISIIOTCS] MeMnepamypul 3aCmul8aHUs U 3AMeEP3AHUSL.

Temnepamypoii 3acmuvléanusi Ha3bIBA€TCsl HauOOJbINAS TeMIIEpaTypa, Npu
KOTOPOW TOBEPXHOCTh >KHIKOCTH, 3aJIMTON B CTAHJIAPTHYIO MPOOMPKY, HE
nepeMeniaeTcs Mpu HaKJIOHE MpoOupKU Ha 45° B TeUeHUE 5 MUHYT. JTa TeM-
neparypa XapakTepu3yeT KUJKOCTh C TOUKH 3PEHUS] COXPAHEHUS €€ TeKyue-
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CTH, @ CJIEI0BATEJIBHO, BOBMOYKHOCTH €€ TPAaHCIIOPTUPOBKH U CIMBA IIPU HU3-
KHX TeMIieparypax. Temmeparypa 3acTblBaHUsA padOyell MKUIKOCTH JOJKHA
ObITh Ha 10 — 17°C HMKe HaMMEHbILEH TEMIIEPATYPbI OKPYKAOLIEH Cpelibl, B
YCIOBUSIX KOTOPOM OyAeT paboTaTh THIPOCHUCTEMA.

Temnepamypa 3amep3anus — 3TO TeMIlepaTypa Hadajla KpUCTAJIM3aLlUU,
TO €CThb TEMIIEpaTypa, MpU KOTOPOH B KHUAKOCTU OOpasyercs O0Jayko U3
MEJIbYaNIINX KPUCTAJIIOB.

. OrnecroiikocTb. KUIKOCTh HE ODKHA OBITH MPUYUHOM BO3HUKHOBEHUS

WIN pacnpocTpaHeHus noxapa. C 3TOM TOYKM 3pEHUsl €€ XapaKTEepPU3yIOT
memnepamypamu 8CHbIUKU, 80CHIIAMEHEHUS] U CAMOBOCNIAMEHEHUSL.

Temnepamypa écnvluku — 3T0 MAHUMAJIbHAsI TEMIEpaTypa, IpH KOTOPOH
HaJ] TTOBEPXHOCTHIO >KHIKOCTH OOpa3zyeTcsi KOJMYECTBO Tapa, JOCTATOYHOE
JUJIS1 KpaTKOBPEMEHHOM BCIIBIIIKY TTPU MOSBIICHUU UCTOYHUKA OTHS (UCKPBI).

Temnepamypa 6ocniamenerus — 3T0 MUHUMAaJbHasl TeMIEparypa, Ipu Ko-
TOPOM KOJIMUECTBO BBIJIEISAEMOro0 Mapa HaJl MOBEPXHOCTHIO KUJKOCTH JOCTA-
TOYHO JJI MPOJOJKUTENBHOTO TOPEHUS MIPH MOSBICHUU UCTOYHUKA OTHSL.

Temnepamypa camosocniamenenuss — 3TO MUHHUMAJIbHAs TEMIIEpaTypa,
P KOTOPOM HAJl MOBEPXHOCTHIO KUAKOCTH BBIACISIETCA TAKOE KOJIMYECTBO
NapoB, YTO MX CTAHOBUTCS JIOCTATOYHO ISl CAMOIIPOU3BOJBHOIO BOCILJIaMe-
HEHUs 0e3 MOCTOPOHHETO UCTOYHUKA OTHS.

Bcerna temmeparypa BCHBIIIKHM HUXKE TeMIIEpaTypbl BOCIUIAMEHEHUS, a
TeMIrepaTypa CaMOBOCIIJIAMEHEHUSI — BbILIE, HO BEJIMYMHA UHTEPBAJIOB MEXK-
Iy 3TUMHU TEMIIepaTypaMH MOXET ObITh CAMOM Pa3HOM.

Macna Ha HeTSHOW OCHOBE UMEIOT TeMIepaTyphl BOCIUIAMEHEHUS MPH-
MepHo 180 — 230°C, a camoBocmiamenenust — 260 — 370°C u Boime. CuHre-
TUYECKHE pabouue KUIKOCTH MEHEE OIMAaCHBI B MOKAPHOM OTHOILICHUH, YEM
MUHEpAJIbHbIE Macia. B yCIOBUSIX AKCIUTyaTallid OHU HE PacHpOCTPaHSIOT
OTHSI, XOTSI B IPUHITUIIE OHU MOTYT ropeTh. MUHEpalibHbIe Macja IPu TEMIIe-
parypax Bbiie 70°C ciaeayer oTAeNsaTh OT BO31yXa XMMUYECKH HEAKTUBHBIM
ra3om (a30ToM, T'€JIMEM, apTOHOM U T.I1.) UM MEXaHUYECKUMH CTIOCO0aMHU.

. Huzkasi ucnapsieMocTb M pacTBOPUMOCTh ra3oB. He xenatenbHo, 4TOOBI B

COCTaB pa60qel71 KUAKOCTH BXOJUIIM JICTKO HCHAPAIOIMMUCCA KOMIIOHCHTHI,
HCIIApCHUC KOTOPLIX MOZKCET IIPHUBCCTHU K 3aryCTCBAHHUIO KHUJIKOCTH, 4 TAKIKC
CIIOCOOCTBOBATh BO3SHUKHOBEHHIO KaBHUTallUH HACoOcCa.

. BbICOKHIT 00beMHBII MOYJIb YIIPYTOCTH, TO €CTh KUJKOCTb JI0JDKHA OBITH

KECTKOM.

HeiltTpaJbHOCTh K NpPpUMEHSIEeMbIM MaTepHajiamM. MuHepajabHbIE Macia
OKa3bIBAIOT 0JIArOTBOPHOE BO3/ICUCTBHE HA METAINTMUECKUEe u3aeinus. Macis-
Has IUICHKA 3allMINAeT METaul OT KOPPO3UM U BO3ZHUKHOBEHUS MEXaHUYe-
CKMX TOBpPEXKJICHUW Npu TpeHHU. Ha pe3uHOBBIE W3AENUsA, B YACTHOCTH
YIUIOTHEHUSI, MUHEPAIBHOE MACIIO OKa3bIBaCT pa3pyliaromiee Bo3aenucTteue. B
pe3uHe MOoJ JIEWCTBHEM Macja MPOTEKAIT CIOXKHbIC (PU3MKO-XUMHYECKUE

12



npoiiecchbl (BHIMBIBAHUE OTIECIbHBIX KOMIIOHEHTOB PE3UHBI M 3aMEIEHUE UX
KUIKOCTHIO). [Ipr 3TOM M3MEHSIIOTCA Kak (PU3MKO-MEXaHUYECKHE CBONCTBA
pe3uHbl, TaK U 00beM YyIUIOTHEHHUs. Pe3nHa MoxeT HaOyxaTh, MOXKET J1aThb
ycaJKy. JTO 3aBUCUT OT MapKuU PE3UHBI U Mapku Macia. [lo TexHuueckum
YCIIOBUSIM JIONTyCKaeTcs HabyXxaHue pe3uHbl 10 5 — 6 %, win ycaaka 10 3 %
OT [IEPBOHAYAIBHOTO 00BEMA.

Mexanuyeckass U XUMHYeCKass CTOMKOCTb. Dusnueckas CTaOUIBHOCTH
YKUJKOCTU HapyIIaeTcsl MpHU JJIUTEIbHONU paboTe B YCIOBHUSX BBICOKUX JIaB-
JIEeHUW, BUOpalMil UM TIPU BBICOKUX KacaTeJIbHBIX HAMpPsHKEHUSX (MIpU Apoc-
CeJIMpOBaHUM). B pesynbTare 3TOro B *KUAKOCTH MPOUCXOAST MOJIEKYISPHO-
CTPYKTYPHBIE U3MEHEHHUS B KUAKOCTH (MexaHuueckas oecmpyKkyus), COIpo-
BOXKJAIOIIASICA MOHMKEHUEM €€ BSI3KOCTH U YXYJUIEHUEM €€ CMAa3bIBAIOIIUX
CBONCTB.

[Ipy yka3aHHBIX MEXaHUYECKUX BO3ACHCTBUSAX pa3pylIatoTCs JIMHHBIE Y-
JIEBOJOPOJHBIE IIENMOYKH, OHM “‘TIEPEMANIBIBAKOTCA MPU JIIUTEIBHOM ‘‘Ms-
tin”. OcoO6eHHO 3aMeTeH ATOT d(PPEKT B MACISHBIX CMECSIX C BSI3KOCTHBIMU
N00aBKaMH.

[Tox XMMHUYECKOW CTOMKOCTHIO NMOHUMAKOT YCTOWUYHMBOCTH KUJKOCTH IIPO-
TUB “‘cTapeHus’” (Xumuueckou decmpykyuu), IpOUCXOJIAIIETO B PE3yIbTaTe e
OKHCIICHHSI KHCIOPOAOM BO31yXa. B mpoliecce OKUCIEHHS U3 KUJKOCTH BbI-
najgaeT ocagok B Buie cMos. C pocToM TeMIepaTypbl MPOLECC OKUCICHUS
yckopsieTcs ( moBbIieHne Temnepatypsl Ha 8§ — 10°C npuBOIUT K YIBOCHHUIO
CKOPOCTH OKHCIICHHSI MacJia).

BonbIIMHCTBO MUHEPAJIBHBIX Macesl NP MOBBIIIEHUHU TEMIIEPaTyphl Jaxe
JI0 CPaBHUTEJIBHO HEBBICOKMX 3HAYECHUW U3MEHSIOT CBOW cocrtas. IIpoucxo-
JIUT JTUOO0 KPEKUHT-TPOIECC, COMPOBOXKAAIOIMIUICS YMEHBIIICHUEM CPEIHETO
MOJIEKYJIIPHOTO BECa M BBIIECIICHUEM JIETKO JETy4uX (pakiiuii, 1100 mporecc
NOJIMMEPU3ALUH, TIPU KOTOPOM O0Opa3yroTCs CMOJbI, OCAIKH, KOKCOMOA00-
HbIe BemiecTBa. MlHoTa mpoTtekatoT oba 3tu mporecca. C MOBBIIICHUEM TEM-
nepaTypbl 3TH MPOIECCHl YCKOPSIOTCS, MPU BBICOKOM TEMIIEpaType Macio
MOXET CTaTh HETOJIHBIM YK€ Y€pPe3 HECKOJIbKO JIECSITKOB YacoOB, TAK KAaK He-
0o0paTUMO MafaeT €ro BI3KOCTb.

Bbicokue Temiiopusnueckne XapaKTepUCTUKH.

Kak MO0XHO BbIlIe JOHKHA OBITH VOenbHAsA MENni0eMKOCMb HCUOKOCMU.
DTO KOJMYECTBO TEIUla, HEOOXOAUMOE JIJIsl TOBBILIEHUS TeMIlepaTypbl 1 Kr
*)uakocTu Ha 1°C. Y GOJBIIMHCTBA peATbHBIX KUJIKOCTEH U Ta30B yAeIbHas
TEIUIOEMKOCTh C POCTOM TE€MIIEPaTypbl PACTET: Y KUJKOCTEH HE3HAYUTEIb-
HO, a y Ta30B — CYIIIECTBEHHO.

Kak MoxxHO OO0JbINE JOIDKEH OBITH K03ghhuyuenm menionposooHocmu
paboyelt KUJIKOCTH, KOTOPBI paBeH KOJWYECTBY TEIUIOTHI, KOTOPOE MPOXO-
JIUT B €JUHUILYy BPEMEHHM uYepe3 €IMHUYHYIO TUIOIIAJIKy CKBO3b CIION Belle-
CTBa €IMHUYHOM TOJIIMHBI MPHU TEpernajae TeMIeparyp Ha €ro rpaHullax B
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1°C, To ecTh XapaKkTepu3yeT ClIOCOOHOCTh BEIIECTBA MPOITYCKATh, PACCEUBATH
terio. KoadduuueHT TenionpoBoAHOCTA C POCTOM TEMIIEpaTyphl pacTeT Mo
CJHEYIONIEN 3aBUCUMOCTH:

A=a-(1+0,012-7),
rae a — ko3 GHUIMeHT, 3aBUCSIIHIA OT TPUPOIBI KUIKOCTH.

Bricokne TermmoeMKOCTh U TEIUIONPOBOIHOCTh pabouei KUAKOCTH MO3BO-
JSIIOT U30eraTh 3HAUUTENIHHOTO HAarpeBa XUJIKOCTH B MECTaX T'UJIPOCUCTEMBI,
rJie IPOUCXOUT 3HAYUTEIHHOE BBIICICHUE TETIJIOTHI.

MuHepalibHble Macila MIOX0 MPOBOJAT TEIJIO, OHU YCTYNaroT B 3TOM OT-
HOIIICHUH >KUIKOCTSIM Ha BOJIHOM OCHOBE MPUMEPHO B 5 pa3, a TEMIO0EMKOCTh
MUHEpaJIbHBIX Macenl mpuMmepHo B 1,5 pasza Hmwke. [loaTomy mpu pabote B
OJIMHAKOBBIX YCJIOBUSIX TEMIIEpAaTypa MUHEPAIBHOIO Macliia B TUJIPOCUCTEME
npumepHo Ha 25 — 30°C BhlilIe, 4eM Y )KHIKOCTH Ha BOJTHOW OCHOBE.

9. Bbicokue M30JIMpYIOIIHME U AUIEKTPHYECKHe KadecTBa. MuUHepaIbHbIC
Macja, He COoAeprKalllue MpuMecei, 00JaaaroT XOPOUIMMHU JUAIEKTPUUECKH-
MU CBOMCTBaMH. DTO MO3BOJIAET MOMEIIATh B HUX JJIEKTpoarperarsl 6e3 jio-
MOJTHUTEILHON W30JAIMU TPOBOAHUKOB. OHAKO MHOTHE OCAJKU, KOTOPHIC
BBIICJISIFOTCSL M3 Macell MpU HEMpaBUJILHOM JKCIUTyaTaluu, 00J1ajal0oT OTHO-
CUTEIILHO BBICOKOW 3JIEKTPONPOBOAHOCTHIO. [[09TOMY HakoIieHHWE TaKuX
OCaJIKOB Ha TOKOIMPOBOISIIMX YAaCTAX MOKET BBI3BATh UCKPEHHUE U IOXKap.
Kpome toro, ciieqyer npeaoTBpamaTh MomnajaHie B MUHEPAJIbHOE MACIIO BO-
IIbl, KOTOPasi, KaK U3BECTHO, AJIEKTPONPOBOIHA.

10. ZKuakocTh U MPOAYKTHI ee pacnajaa He T0JKHbI ObITh TOKCHUYHBI.

11. [lemieBu3HAa M JAOCTYNHOCTb, TaK KaK pabodMe XKUIKOCTHU HCIOJIb3YHOTCS
OYCHBb IIUPOKO, U B OOJIBIIUX KOJIUUECTBAX.

I'naBa 2. I'mapocraTuka
2.1. I'mapocrarnyeckoe JaBJeHHUE U €ro CBOMCTBA

['mapocTatukol Ha3bIBa€TCA pa3jliesl TUIIPABIUKH, B KOTOPOM paccMaTpu-
BAIOTCS 3aKOHBI PABHOBECHUS JKUJIKOCTH U UX MPAKTUYECKUE TTPUITOKECHUS.

CornacHo 3aKOHY BHYTpeHHEro TpeHusi Hbl0TOHA, B HEMOJABMIKHOM KU -
KOCTH KacaTellbHbIe HampsokeHus T paBHbl 0, Tak kak dV = (. Pactsarusaroriue
HOpPMaJIbHbIE HANIPSKEHUSI, JaXKe caMble HE3HAUUTENbHbBIC, TPUBOIAT KUIKOCTh
B JBIJKCHUE, IO3TOMY B HEMOJBHKHOU JKUIKOCTH OHU TOXKE OTCYTCTBYIOT. Ta-
KUM 00pa3oM, B HEMOJBHKHOW >KHJAKOCTU JCHCTBYIOT TOJIBKO HOPMaJIbHbBIC
CKUMAIOIIUE MOBEPXHOCTHBIE (THAPOCTATUYECKOE JABJICHUE) U MAcCOBBIE CH-
JIBI.

['uapocTraTudeckoe AaBieHue 001aaaeT IByMs CBOMCTBAMMU:
— OHO BCETJla HalpaBJIeHO M0 HOPMaJIU K IUIOIIAJIKE, HA KOTOPYIO JeHCTBYeT (U3

CaMOTr0 OIpe/IeJICHUS JIaBJICHUS );
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— €ro BEJIMYMHA HE 3aBUCUT OT HAIIPABJICHUS, TO €CTh OPUEHTALUH TUIOMIA/IKU B
KUJIKOCTH.

JlokaxxeM mocneaHee yTBepxkaeHue. PaccMoTpuM paBHOBecue 00bema
KUJKOCTH B BUJE TETpadapa ¢ pedpamu, mapayuieIbHBIMA KOOPAUHATHBIM OCSIM
U cOOTBeTCTBeHHO paBHBIMU dX, dy, dz (Puc. 2). [lycTh B BBIZICIICHHOM 00BEeMe
NENUCTBYET €AMHUYHAS MAacCOBasl CHJIa, COCTABIISIONINE KOTOPOil paBHEI X, Y, Z.
O0603HaUYUM THAPOCTATUYECKUE NABJICHUSA, ICUCTBYIONIME HA TPAHU TETPadpa,
napajuiebHble KOOPIANHATHBIM OCSIM COOTBETCTBEHHO Py, Py U Pz, a TABJICHHUE HA
HaKJIOHHYIO TpaHb — Pp. OTMETUM, YTO BCE 3TU AABJIEHUS HAMPABJICHBI IO HOP-
MaJsiM K COOTBETCTBYIOIIUM IuIomaakam. [lnomans Hak1oHHON TpaHu 0003Ha-
guMm (S. 3anwimmeM ypaBHEHUE PAaBHOBECHS BBIICICHHOIO 00BEMa >KHIKOCTH
BJIOJIb OCH X.

X
N
y
Puc. 2. Cxema 151 JoKa3aTenbCTBa CBOMCTBA THAPOCTATUUECKOTO JaBJICHUS
+
dydz dxdydz

Py = p,dScos(n, X)+ pTX =0,

IJIe TIEpBbIC JIBa CJIaraeMbIX — MIPOEKIIUU Ha OCh X TOBEPXHOCTHBIX CHUJI, & TPETHE
— MaccoBasi CHJIa, paBHAsi Macce BBIICJICHHOTO 00bheMa KHUJIKOCTH, YMHOKCHHOM
Ha €IUHUYHYI0 MAacCOBYIO CHITy, HAIpPaBJICHHYIO BJIOJIb ocu X. Pazmenmum sto
ypaBHEHHE Ha TUIONIA/Ib TPAHU, HOPMAIBHOH K OCH X,

dydz

= dScos(ﬁ, i) . Toraa nony4yum

Px = Pn +pd?xX:O

ITpu dx — O TpeTbe cnaraemoe B ypaBHeHHH cTpeMurcs k 0, Torma p, = p,.

AHaNOrHYHbIE BBIKJIAJKH MOKHO IPOJAENATh €Ile JBAXK/bI, pacCMaTpuBas
paBHOBecHe 00beEMa KUAKOCTH BIOJIb ocell Y 1 Z. Toraa nomydnm:
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Py = Do

pZ = p}’l'
Taxum oOpazom, Py =Dy =D. =Dy

Tak kak pa3mepsl Terpadapa dx, dy u dz B3sTI IPOU3BOIBHO, TO M HAKIOH
iomaaky dS mpousBoieH, U, CIeI0BATENILHO, B TIPEeIie P CTATUBAHUH TET-
pa’zpa B TOUKY JaBJICHHUE B 3TOM TOYKE MO BCEM HalpaBlEHUSIM OyAeT OoJlMHa-
KOBBIM.

OTUM CBOICTBOM 00JIalacT U JBMXKYIIAsCS uacanbHas (JIMIIEHHas BS3KO-
CTH) KMJIKOCTh. B peasibHOM, TO €CTh BSA3KOW KUAKOCTHU, MPU JBUKECHUU OyIyT
BO3HMKATh KacaTeJIbHbIC HANPSIKECHUsSI, [I03TOMY JIaBJICHUE B PEAIHOM JABUXKY-
HIeics )KUAKOCTH 3TUM CBOMCTBOM HE 00J1a/1aeT.

2.2. OcHOBHOE ypaBHeHHe ruapocTaTuku. 3akoH Ilackans

[IycTh Ha HEMOABMXKHYIO KUJIKOCTh JICMCTBYET TOJBKO OJTHA MaccOBas CHU-
ja — cwia TsokecTr. CBOOOJIHASI MOBEPXHOCTh KUJAKOCTH MPECTABISIET COOOM
IJIOCKOCTH (pa3Mepsl paccMaTpUBaeMoOro oobema >KUIKOCTH HE COM3MEPUMBI C
pasmepamu 3emiu). Ha cBOOOJHYIO MOBEPXHOCTh JIEUCTBYET AaBJEHHUE [o.
Haiinem naBieHre B MpOM3BOJIBHON Touke M, pacmososkeHHOH Ha riayounHe h
(Puc. 3). Beimenum 0koJIO 3TOM TOYKM TOPU3OHTAIBHYIO JIEMEHTAPHYIO ILJIO-
maaky dS ¥ mocTpouM Ha HEil BEPTHKAIBHBIN IMIMHIPHYECCKHA 00BEM BBICO-

Toii h.
H A B

/

Puc. 3. Cxema a1 BBIBOJA OCHOBHOT'O YPABHEHUS TUPOCTATUKHI

PaccMoTpuM ypaBHEHHE paBHOBECHS OSTOTO 00beMa B BEPTHKAIHLHOM
HaIlpaBJICHUU:
pdS — pydS — gphdS =0.
CokpaTuB W TEpErpyIniupoBaB cllaraéMbie, IMOJIYYUM OCHOBHOE YpaBHEHUE
THIPOCTATUKH:
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p=po+gph.

[To 3TOMY ypaBHEHUIO MOKHO BBIYMCIIMTH JABICHUE B HETIOJBUKHOM KU I-
KOCTH Ha J1t000# riyouHe. Mbl BUIUM, 4TO JaBICHHUE B )KUJIKOCTU CKJIaJbIBACT-
Csl U3 JIaBJICHHSI HA BHEIIHIOK IMOBEPXHOCTh U JIABJICHHS, CO3/1aBAEMOT0 BECOM
BBIIIEJICIKALIUX CIIOEB KUIKOCTH.

BenmnuuHa po oAMHAKOBa ISl BCEX TOYEK O0BEMA KHJIKOCTH, MO3TOMY,
YUUTBIBasi CBOMCTBO TMIAPOCTATUYECKOIO JIaBJIEHUS, MOXKHO C(HOPMYIUpPOBAThH
3aKkoH [lackans: maBJjieHHe, IPUIIOKEHHOE K BHEIIHEH MOBEPXHOCTH KHIAKO-
CTH, NepesaeTrcs BCeM TOYKAM ITOH KMIKOCTH H 10 BCEM HAINPABJICHHAM
OAMHAKOBO.

Kak MBI BUAuM, C yBEJIMYEHUEM TIIyOHHBI MTOTPY>KEHUS JaBICHUE BO3pac-
TaeT IO JUHEHHOMY 3aKOHY U Ha JaHHOW IIyOMHE €CTh BEJIMYMHA MTOCTOSHHAS.
[ToBepXHOCTh, BO BCEX TOYKAaX KOTOPOW JIaBIIEHUE OJUHAKOBO HA3BIBAETCS NO-
gepxnocmoio yposers. Kak Mbl BUIUM, 3Ta MOBEPXHOCTh — IIJIOCKOCTb, ITapal-
JenbHasi CBOOOHOM MOBEPXHOCTH.

Ecnu oT IpOHU3BOJIBHOTO YPOBHSI OTJIOKUTh BEPTUKAJIBHBIE KOOPIUHATHI
tTouku M (Z) 1 cBOOOTHOM TOBEPXHOCTH (Zg) ¥ 3aMEHUTH N = Zy — Z , TO OIYIHM
Ipyryto (opMy 3alIUCH OCHOBHOTO YpaBHEHUS THJIPOCTATUKHU:

p+ gpz=py+ gpzy =const HIHN

z+ P _ const,

gp
rie Z — eeomempuyeckuii hanop (evicoma);
P nvezomempuyeckuil Hanop (svicoma).
gp

CyMMa reoMeTpu4ecKoro U Nbe30METPUUYECKOTO HAIIOPOB — 210 2UOPOCMAmU-
yeckuti Hanop. Takum o0pa3oM, THAPOCTATUUECKUI HAMOp MJisi BCcero oObeMa
HEMOABWKHOM KHUJKOCTH €CTh BEJIMYMHA MOCTOSHHAS.

2.3. JudpdepennnanbHbie ypABHEHUS PABHOBECHS KUIKOCTH

. Puc. 4. Cxema niist BeiBoAa audde-
PEHIMAJIbHBIX YPABHEHUI PAaBHOBE-
yz CHsl )KUJIKOCTH.
[Tonmyunm muddepenimanpabe
P__@Z LN ox YpaBHCHHS PAaBHOBECHS XKHUIAKOCTH B
dy X o0ILIEM Clily4yae, KOrja Ha Hee Jeid-
CTBYIOT HE TOJIbKO CHUJIa TSHXKECTH, HO
U Jpyrue MaccoBble CHUJbI (cuia
0 X WHEPIUHU TEPEHOCHOTO JBUXKEHUS).
B HenmoaBMKHOU JKHUIKOCTH BO3b-
y MeM MPOU3BOJILHYIO TOUKy M ¢ KO-

|
dz
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OpAVHATaMH X, Y U Z U 1aBJIICHUEM . Ha C COCYJIOM, COJEpXKalluM >XKHJI-
Cucrema KOOpAMHAT )KECTKO CBA3a- KOCTb.

BeigenuM B KUAKOCTH 3JEMEHTapHbII 00bEM B BUIE MPSIMOYTOJIBHOIO
napajuiefienuneaa ¢ pedpaMu, MnapajielbHBIMU OCSIM KOOPAMHAT U PaBHBIMH
dx, dy, dz. Touka M — onHa u3 BepiuH napamienenunena (Puc. 3). Paccmorpum
YCIJIOBHSI paBHOBECHS 3TOro oobema. [lycTh BHYTpH €ro Ha KUIKOCTh JEHCTBYET
pPaBHOJEHCTBYIOIIAS €AMHUYHAS MacCOBasl CUjla, COCTaBJIoNIMe KOTOpor X, Y,
Z. Torga MaccoBbl€ CHIIBI, IEMCTBYIOIINE HA BBIACICHHBIM 00bEM B Halpasiie-
HUU OCeM, OyAyT paBHBI 3TUM COCTABIISIFOIIMM, YMHOKEHHBIM Ha Maccy o0bema
KUJKOCTH.

Xpdxdydz — P dxdydz =0;
0x

Y pdxdydz — L dxdydz =0;
oy

Zpdxdydz — gﬁdxdydz =0.
Z

PaznenuMm ypaBHeHHS Ha MacCy BBIIECTICHHOTO 00beMa U IMepeiieM K mpeaeny,
ycrpemuB dx, dy u dz x 0. Torma B mpefese MmoyduM YCIIOBHSI PaBHOBECHS
KUIKOCTH B Touke M (ypaBHEeHUs Diiepa):

X_lé_pzo;
p Ox
p Oy
z-1%_g
p Oz

Ha mpakTuke BMECTO CHCTEMbI YpaBHEHUH yaI00HEE OJHO SKBHBAJICHTHOEC
ypaBHEHHE, HE COJAEprKalllee YaCTHBIX MPOM3BOIHBIX. JJOMHOXHUM ypaBHEHHS
Diinepa coorBeTcTBeHHO Ha 0X, dy 1 dz 1 clnoXKUM HX.

de+Ydy+Zdz—E 0—pdx+a—pdy+d—pdz =0;
pl ox oy 0z

de+Ydy+Zdz—d—p:O WIIH
p

dp = p(Xdx + Ydy + Zdz).

HOCJ’ICI[HCG YPAaBHCHHUC BbIPAXKACT U3MCHCHHC JIAaBJICHHA IIPH WU3MCHCHUU
KOOpAWHAT TOYKH.
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PaccmoTrpum vacTHbii cinydait. [1yCTh U3 MacCOBBIX CUJI IEMCTBYET TOJIBKO
cuna tsokectd. Torma X =Y =0, a Z = — ¢. Torga noigyyeHHOE ypaBHEHUE
MPUMET BUL:

dp=—gpdz.

[IpouHTerpupyem ypaBHEHHE

p=—gpz+C.
KoncTanTy mHTErpupoBaHus HaWJieM U3 TPAHUYHOIO YCIOBHS Ha CBOOOJHOM
MIOBEPXHOCTHU:

C=py+8pzp-
Torna

p=n+gp(z0 —2)=pm + gph

MBI OJIyYuIM OCHOBHOE YPAaBHEHUE THAPOCTATHKHU.

2.4. A0coI0THOE, M30BITOYHOE U BAKYYMMETPHUYECKOE 1aBJICHHUE.
IIbe3omeTpuueckas BoicoTa. IIpudopsl 11 U3MepeHus 1aBJICHUSA

[Ipu u3MepeHun AaBieHUs MOKHO B KaueCTBE Hadajla oTcyeTa OpaTh JaB-
nenue, paHoe 0. Torga usmepstHHOE AaBJIEHHWE Ha3bIBAlOT a0COMIOTHBIM. Eciu
KE IABJIICHUE HM3MEPSETCS OTHOCUTEIBHO aTMOC(EPHOro, TO TaKOE€ IaBJICHHE
Ha3bIBAIOT U30BITOUHBIM. TakuM 00pa3om,

Puss = Page — Parm -
MoxeT CayduThCsl Tak, 4TO aOCOJIFOTHOE JaBJICHUE MEHbIIE aTMOC(hepHO-
ro, HarpuMep, oA nopurHeM B mwmHape (Puc. 5). B aTux ciyyasx roBopsT He
00 M30BITOYHOM JABIICHUU, & O pPA3PEHCEHUU, 6aKyyme WU 8aKyyMmempuuie-

CKOM OdeleHUU.
I

hBaK
I
\
\

Puc. 5. BcaceiBanue )KUAKOCTU IOPIIHEM

YtoObl HE UMETH AENI0 C OTPULATEIbHBIMU BETMYMHAMH, BEIMYMHA BaKy-
YMMETPUYECKOTO JAaBJICHUS ONpPEAENAeTCs KaK pa3HOCTh aTMOC(HEpPHOro u ab-
COJIFOTHOTO JIABJICHMS:

Prax = Patrm — Pace:
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Kak BugHO U3 GOpMyIIbl, NPH Pase = 0 MaKCHMMAaJIbHBIM 3HAYCHUEM BaKy-
YMMETPUYECKOTO JIaBJICHUSI SBIICTCS JaBJeHUE, paBHOE atMochepHomy. CTpo-
r'0 TOBOPsI, a0COTIOTHOE JABJICHUE HE MOXKET OBITh paBHO (), €r0 MUHHUMYM — 3TO
JABJICHUE HACBIIMIEHHBIX MApOB XUIKOCTH, HO JUIA HENETYYHX KUIAKOCTEH dTa
BEJIMYMHA HE3HAYMTENIbHAs, TO3TOMY, B IIEPBOM MPUOIMKCHUH, JIOITYCTUMO
MPUHSATH Pase = 0.

Pus6 o
[Ibe30MeTpHueckas BbICOTAa —— MPEACTaBIsET cO0OMl BBICOTY cTosi0a
8P

JAHHOM KUIKOCTH, CO3JAOIIEr0 CBOMM BECOM JaBJICHHE ). Ee MOXKHO HE TOJb-
KO paccuuTarh, HO U U3MEPUTHh MPHUOOPOM, Ha3bIBAEMbIM MbE30METPOM, KOTO-
PBIN IpECTaBIsIET COOOM BEPTUKAIBHYIO CTEKIIIHHYIO TPYOKY, BEpXHUI KOHEIl
KOTOPOW OTKPBIT B aTMOc(hepy, a HIKHUM TPUCOEITUHEH K EMKOCTH, B KOTOPOM
usMmepsercs napienue (Puc. 6).
b IPUCOEIMHEHHBIN K 0aKy

s HpI/IMeHHH OCHOBHOC YPAaBHCHHUC

/\ i TUJPOCTATUKHU JJISl TIBE30OMETpPA, IOJY-

L YUM
X 1 P=p,+gph,,
o 1 rjae P — abCOMI0THOE TaBIICHHE.
- e
Torna

Puss = P — Pa = gphy,

a ITIbE3OMCTPUICCKAs BbICOTA

Puse
h, = :
gp
TJ1€ Puss — U30BITOYHOE JIaBJIICHUE B TOY-
Puc. 6. IIbe30meTp, KE MPUCOCAUHECHUS MbE30METpA.

O4eBuIHO, YTO €CJIK Ha CBOOOHYIO TOBEPXHOCTD MOKOSIIIECHCS KUIKOCTH
AecTByeT aTMoc(epHOe JaBlIeHHE, TO MbE30METPUUECKasi BBICOTA IS JIFO0OM
TOYKH 00bEMa paBHA TIyOMHE €€ PaCIOI0KECHHUS.

HcTopudecku CIOXHIOCH TaK, YTO JaBJIEHWE HMHOT/A 3aJal0T BBICOTON
cTosiba TOW WJIM WHOW XKUIKOCTH, XOTS MPABUIBHO OBLJIO ObI TOBOPUTH HE O
JaBJICHHUH, a O THE30METPUUECKOMN BBICOTE HIIM HATIOpeE.

N3BecTHO, UTO NaBiIeHUE, paBHOE OJIHOM (hU3M4YecKoi atMocdepe, co3maa-
eTcst cToJI00M pTyTH B 760 MM. BhIunciiuM ero 3HaueHue.

P =gppn =9,81- 13590 - 0,76 = 101325 I1a
JIJst co31aHms TAaKOTO e JTABJICHUS BOJOU MOTPEOyeTCst CTOJIO, BRICOTOM

10132
po P _ 101325 has
gp, 9.81-1000
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BakyymMmeTpudeckoli BBICOTOM hNga HA3BIBAIOT BBICOTY, HA KOTOPYIO MKHJI-
KOCTh IOJIHUMAETCSI BCICIACTBHUE PA3PEKEHUS:

_pBaK

gp
Tak Kak MAaKCUMAJIbHOE Prax = Parv, TO MAKCUMAJIBHBIE BBICOTHI, Ha KOTOPHIE
MOTYT TIOJTHUMAThCS JKUJIKOCTH 32 CUET BCAChIBAaHUS NP aTMOC(EpPHOM JTaBiie-
HUM, paBHOM lat, miist pryta — 760 MM, a ju1st Boabl — 10,33 m.
[Tpocrelimumu npubopaMu JJIsi U3BMEPEHUS BaKyymMa MOTYT CIY>XUTh Ba-
KYyMMETpHI, IpeicTaBleHHbIe Ha Puc.7.

h

BaK

p. Puc. 7. BakyymmeTpsl

hBaK
I

i pBaK =0p hBaK

JUist u3MepeHust HeOOMbIIUX AaBICHUN MOXHO MCI0JIb30BaTh U-00pa3HbIii
manomeTp (Puc.8).

~

Ecnu coenunutensHas TpyOka 3a-

IMOJIHCHA XUJAKOCTBIO C INIOTHOCTBIO P2,
TO

=

P

Pm = 9p1hy +gpoh;.
Ecnu B TpyOke HaxoauTcs ras3, TO €ro
IINIOTHOCTBIO H, CJIICA0BATCIIBHO, BTO-
PBIM cJIaracMbIM MOXHO TIpeHeOpeyb.

.
=1

Puc. 8. U-00pa3ubiii MaHOMETp
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Puc. 9. Hameunslii MAaHOMETD

P P2

ppT

JI1s1 u3MepeHust MalbIX NepenagoB
JABJICHUS] BOJBI MPUMEHSIOT JABYXKU]I-
KOCTHBIM Mukpomanometrp (Puc. 11),
KOTOPBIM B BEPXHEHN YaCTH 3aIIOJTHIETCA
MacJiOM UJIM KEPOCHHOM

n-p=gp,—p)h

bonee ynoGeH B moian30BaHUM Ya-
meuyHeii  mMaHometp (Puc. 9). Ecnu
IOUIalb Yalld BEJIMKa, TO TOIbEM
KHUJIKOCTH B TPYyOKEe MPaKTUYCCKU HE
WU3MEHSECT YPOBHS JKHUIKOCTH B dalle,
MO3TOMY HaJo (UKCUPOBATh TOJIBKO
ypOBEHB B TpyOKe.

Puc.10. uddepennmanbabiii
MaHOMETDP

Jns m3mepeHus: pasHOCTH JaBliie-
HUI B JABYX TOYKax HCHOJb3YIOT IU]-
(epeHMaIbHbIE  MaHOMETPBL, MPO-
credmuii U3 KoTtopeix U-oOpa3Hblit
(Puc. 10). Ecnu maHoOMeTp 3amojiHEH
PTYTBIO, @ COCIMHUTEIBHBIE IUIAHTH —
KUIKOCTBIO C INIOTHOCTBIO P, TO

pl_ p2 = g(pp’r_p)h

)}}

Re)
IS

v
(e

P:
Puc. 11. IByX>KUJIKOCTHBII

MHKPOMaHOMETP
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p JBYX>KUJIKOCTHBIM YallI€YHbIM Ma-
HoMmetrp (Puc. 12) npennasznauen st
M3MEpPEHUs JaBJICHUI BO3JyXa B MHTEP-
Baje otT 0,01 mo 0,05 MIla, To ecTb I
i ciyyas, KOTJa PTYTHbIe MpUOOpHI HE

& AT TpeOyeMoll TOYHOCTH H3-3a Ma-
Kepocun == JOW BBICOTHI cTOJI0A, a MpUOOpHI, 3a-
[IOJIHEHHBIE  CIIMPTOM  WJIM  BOJIOW,

Pryrs d

JOJDKHBI UMETh OYEHb OOJbIe Tada-
putel. KoHcTpykumss storo mnpubopa
MI03BOJIACT TIOJI0OPOM THAMETPOB TPYO-
ku d; 1 dy TOOUTBCS YCIOBHOM IJIOTHO-
ctu kujakoctu mopsaka 4000 — 6000
Kkr/m3,

Puc. 12. JIByX>KUIKOCTHBIN
YallleYHbII MAHOMETP
XKunkoctHpie TpUOOPHI MMEIOT OYEHb BBICOKYIO TOYHOCTh H3MEPEHUS
JABJICHUS, HO TPUMEHHUMBI TOJIBKO B CTallMOHAPHBIX, 1a00PATOPHBIX YCIOBUSIX,
JUTSI OTPAHUYEHHOTO JMana3oHa U3MepsSEeMbIX JaBJIEHUNA. ITU MPUOOPHI XPYIIKU
u rpomo3nku. Kpome Toro, pryTHbie mpuOOpHI €lle U TOKCUYHBI, & PTYTh —
KUIKOCTh YHUKAJIbHAS, IPYTON dKUJKOCTH C MOJOOHON MIIOTHOCTHIO B MPUPOJIE
He cymiecTtByeT. [lo 3TUM NpUyYMHAM B TEXHUKE IIMPOKO UCIOIB3YIOTCS MeXa-
HUYECKUE U AJIEKTpUUYECKUe MpUOOPHI i u3MepeHus aaBieHuil. Bo Bcex aTux
npubopax ecTh MO0 Moas npyxuHa, 1M00 MeMOpaHa, kKotopas repopmupyeT-
csl o1 JielicTBUeM JaBlieHus. Jledopmalust ynpyroro sjieMeHTa MEXaHU4eCKo-
ro npubopa mnepenaercd yepe3 MEXaHMUeCKU Nepeladyd Ha CTPENKy, KOTopas
MOKA3bIBACT BEJIMUUHY JIaBJICHUS HA MIKaJE.
B snextpudeckux npubopax 3Ta neopmaius ynpyroro 3jieMeHTa IpUBO-
JUT K CMEILIECHUIO IBUXKKA MOTEHIMOMETPA, YCTAHOBJIEHHOTO B MOCTOBOM CXe-
Me. CTperoUHbIi JIEKTPOnpUOOp (BOJBTMETP WM aMIIEPMETP) YCTaHABIUBACT-
Csl B 3TOM CXE€ME€ M UMEET IPaJyUpPOBKY B €AUHUIIAX JTABJICHUSI.

2.5. Cuiia 1aBJIeHUSA KUAKOCTH HA IJIOCKYI0 CTEHKY

PaccmoTpuM BOIpoC O CHJIE JABJIEHMS >KUAKOCTH Ha IUIOCKYKO CTEHKY
IJIOUIAIbI0 S, PACHOJIOKEHHYIO MO/ MPOU3BOJIBHBIM YIJIOM O K TOPU3OHTY H
OrpaHWYEHHYIO MPOU3BOJIbHBIM KOHTypoM (Puc.13). Kak u3BecTHO, cuiia xa-
pakTepusyercs TpeMs apaMeTpaMu:

— HampaBJIeHUEM:
— BEJIUYUHOM;
— TOYKOU IIPUIIOKEHUS.
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Puc. 13. Cxema AJI OIIPCACIICHUA CHUJIbI JaBJICHUA JKHUAKOCTHU
Ha IINIOCKYIO CTCHKY

JlaBieHre B Ka)K/101 TOYKE CTEHKH HAIPABJIEHO [0 HOPMAJH K HEH, CIe0-
BaTEJIbHO, W PABHOJCHCTBYIONIAS CHJIA JaBJICHHS OyIeT MepHeHIAUKYIIpHa
ITIOCKOM CTEHKE.

Ocpb 0X HampaBUM IO JIMHUH MEPECEUCHUST CTCHKH CO CBOOOJHOM MOBEpX-
HOCTBIO KHAKOCTH, a 0Ch 0y — MEpIEeHANKYISIPHO K 3TOH JIMHUU B IUIOCKOCTH
CTCHKH.

BbruriciuM sJieMEeHTapHYI0 CHJIY JaBJICHHS, MPHIOKCHHYIO K OCCKOHEYHO
MaJtoi miorniaake ds:

dF =p-dS =(p0 + gph)dS = podS + gphds ,
r7ie Po — AaBJICHHE HA CBOOOIHYIO MOBEPXHOCTH;
h — rmyOuHa pacmosiokeHus iomanaku dS.

JInist ToTydeHus TIOJHON CHUJIbI IaBicHHUs F MpoMHTErpupyeM MOJydYeHHOES

BBIPKCHHE 110 BCEH IIIOMIAIN S:

F :pode + gp_[hdS = poS + gpsinoc_[de.
S S S

[Tony4yeHHBIN MHTErpall MPeICTaBIIeT COOON CTATUYECKU MOMEHT ILJIOMIAIN S
oTHOCUTENbHO ocu OX W paBeH MPOM3BEACHUIO 3TOM IUIOMIAIM HA KOOPJIUHATY
ee nentpa mMacc (touka C), TO €CTh
[ydS=y.S.
N
CrnenoBaTebHO,

F = p,S + gpsinayS = pyS + gpheS =(py + gphc )S = pcS
rae he, pc — miyGMHA pacroaoKeHus IEHTpa MacC IUIOMIAAKM ¥ JaBJIEHUE B
3TOU TOYKE.
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Takum 00pazoM, nonnas cuna 0agneHusi HCUOKOCMU HA NAOCKYIO CIMEHKY
PAasHa npou3zeedeHuio naouaou CmMeHKU Ha 2udpocmamudeckoe 0asieHue pc 8
yeHmpe macc 3moi niowaou.

Cuny naBnenusi F MOXHO mpencTaBUTh Kak CyMMy ABYX cuil: Fo OT BHe-
HEro JaBJeHus Po U CUITbI Fx OT Beca )KUAKOCTH, TO €CTh

F=Fo+ Fx=(po+pc)S.

Ecnu naBnenue pp paBHO aTMOC(EpHOMY U JEHCTBYET TaKk e C 0OpaTHOM
CTOPOHBI CTEHKH, TO CHWJIa M30BITOYHOTO JABJICHUS J>KHIKOCTH Ha IIJIOCKYIO
CTEHKY

FI/I36 = F)K = gphCS = pC n30 S

Hawnbonee cioxHBIM SIBISIETCSI BOIPOC O TOUKE MPUIIOKEHUS CUIIbI JaBlie-
HUSl Ha IUIOCKYIO0 cTeHKy. Cuna Fo Oyaer mpuiiokeHa B LIEHTPE Macc IIOCKOU
crenkn C, Tak Kak JgaBlieHHWE Po JCUCTBYET Ha BCE TOYKU CTCHKH OIWHAKOBO.
Touka mpunoxxeHus cuibl Fy OTBICKMBAETCS MyTEM COCTABJICHHUS YpaBHEHUS
MOMEHTOB PaBHOJEHUCTBYIONIEH U COCTABIISIONIUX CUJ OTHOCUTEIHHO TOPU30H-
TaJbHOW OCH, HATPUMEP, COBMAAAIONIEH C JIMHUEH MEPECEUCHHS] CTEHKU CO CBO-
00/THOM MOBEPXHOCTHIO:

|:cyD = Idec
S

BBIpaSI/IM KOOpJ:[I/IHaTy TOYKH HpI/IHO)KeHI/IH CHJIBI yD 1 moACTaBUM 3HAUCHUSA CUJI
Fx udF.:

gpsina | y“ds

S —_vX

gpsinaycS VS

rae J, = _[ y%dS — MOMEHT MHepIHY MIomany S OTHOCHTENBHO ocH OX.
S
Y4autheiBas, 4To

Jx = "]xO +Yy é S
rae Jyo — MOMEHT MHEPLHH IUIOMIAJM S OTHOCHUTEIIBHO TOPHU30HTAIIBHOM OCH,
JIeKaIleH B MJIOCKOCTH CTCHKH U HpOXO}ISIHlef;I gepe3 €€ ICHTP Macc.
Otcrona, ToOUKa MPUITOKEHUS CHITBI . IMeeT KOOpIuHATY
JxO
yeS
Ecnu naBnenne po paBHO atMocdepHOMY, IEHTpP JaBlieHUs OyneT Haxo-
nuthes B Touke D. Kak BuaHO U3 GopMyIibl, Yp JIEKUT HUKE IIEHTpAa Macc IJI0-
maau S. Ecnu BHemHee maBieHWE Po > Pamu, TO PABHOACHCTBYIOIIAs OyaeT
ITPHUIIOKCHA BBIIIC T. Du HaO60pOT. TouHoe ee MecTo IMPHUIIOKCHHUA BBIYUCIIAIOT
N3 YPAaBHCHUS MOMCHTOB.

Yp=Yc +

2.6. Cuiia 1aBjieHUS )KUKOCTH HA KPUBOJIMHeiHbIe cTeHKN. [lnaBanue Teu

25



Ecnu moBepXxHOCTh UMEET MPOU3BOJIbHYIO (OpMY, TO TpeOyeTcs HaXOIUTh
3 cOCTaBIAIOIMIKX CUIIBI U 3 MOMEHTa. Yalie paccMaTpuBalOT HJIMHIPUYECKHE
U chepruyeckre MOBEPXHOCTH, UMEIOIIHNE BEPTUKAIBHYIO IIOCKOCTh CHUMMET-
puu. Bo3pMmeM nunuHapuydeckyro nosepxHocts (Puc. 14) ¢ obpa3yroieid, nep-
NEHIUKYJISIPHON MJIOCKOCTH PUCYHKA U OMPENEIUM CUJIY JaBJICHUS Ha 3Ty IO-
BEPXHOCTbH B JIBYX CITy4asix:

— )KMJIKOCTh PacIiojO’KeHa CBEPXY;
— JKUJIKOCTh PacCIlOJIOKEeHa CHUY.

Ha pucynke nokazaHa peakiysi CTEHKH Ha >KHJIKOCTb, KOTOpas, Kak H3-
BECTHO, paBHA CUJIC IaBJICHUS KUJAKOCTU Ha CTEHKY (10 TpeTbeMy 3akoHy Hbro-
ToHa). PaccMoTpuM ycnoBusi paBHoBecus o0bema xuakoctu ABDE, nexameit
CTPOrO HAaJl HMHTEPECYIOUIEH HAC KPUBOJMHEWHOM NOBEPXHOCTBHIO. Y CIOBHE
paBHOBECHS B BEPTUKAJILHOM HalpaBlICHUU

FB = pOSr +G1
rze Sy — TOpU30HTaJIbHAs NPOEKLUS CTEHKY;
G — Bec xuakoctu B 00beme ABDE.

VYcnoBue paBHOBECHS B TOPU30HTAILHOM HAIIPABJICHUHU 3aMUILIEM C YUETOM

TOT0, YTO CHJIBI aBiieHus Ha Tuiomaaku CD u AE paBHBI:

INITITIT SWITIE

: F
Puc. 14. Cxema a5 onpeiesieHus: CUIIbI IaBJICHUS KUJKOCTH
Ha WJIMHIPUYECKYIO TTOBEPXHOCTD

F: = (po + gphc)S..

[To BRIUMCIIEHHBIM cOCTaBISIIOIIUM Fr 1 F; HaliieM BeIWYMHY CUJIBI JaB-

JICHHUSA )KUAKOCTH Ha CTCHKY
F=\F2+F2.

HanpaBnenue cuibl JaBIeHUs Ha CTEHKY OMpeeNsieT yroi o
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a = arctg %
T

JInst Hax0XKICHUS LIEHTpa JaBJICHUS Ha IUIMHIPUYECKON CTEHKE HE0OXO-
JUMO JIOTIOJTHUTENIBHO OMpPEACNIUTh IMOJioKeHnue IieHTpa macc odobema ABDE,
MOJIOKEHUE LIEHTPA AAaBJICHUS Ha BEPTUKAIBHYIO MPOEKIUIO CTEHKHU. lleHTp
JABJICHUSI HAXOJUTCS M3 YpaBHEHUS MOMEHTOB. Eciau muiauHapuueckas mo-
BEPXHOCTh KPyToBas, TO 33/1a4a 3HAYUTEIIbHO YIPOIIAETCs, TAK KaK B 3TOM CIy-
4yae paBHOJICHMCTBYIOIIAS] CUJIbI JABJICHUS KUJKOCTH HA CTEHKY MPOXOIUT Yepe3
OCh UJIMHAPUYECKON MOBEPXHOCTH. J[€710 B TOM, YTO B Ka)XJ0M TOUKE MOBEPX-
HOCTH JABJICHUE HAIIPABJICHO O HOPMAaJW K CTEHKE, TO €CTh IO PaauycCy H,
TakuM 00pa3oM, HE CO3/1a€T MOMEHTa OTHOCUTEIILHO OCH, MPOXOJAIIECH dYepes
LICHTp BpalleHus. Torga u paBHOJACHCTBYIOIIAS CHJIa HE JIOJKHA CO3J1aBaTh
MOMEHTA OTHOCUTEIIBHO TOM K€ OCH, TO €CTh JOJIKHA MPOXOJUTH Yepe3 LEHTP
BpAILICHUS.

B cnydae, korna ®uJIKOCTh HAXOJUTCS HUKE CTCHKH, JABJICHUS B KaXJ0MH
TOYKE OyAyT UMETh T K€ 3HAUCHHUS, YTO M B IEPBOM CiIy4yae, HO HaIlpaBJICHBI
MPOTHUBOMOJO0XKHO. Cleq0BaTEeNbHO, ONPEACIATh CUIy AABICHUS HA KPUBOJHU-
HEWHYI0 CTEHKY MOKHO TOYHO TakK K€, HO HallpaBJIcHa OHa Oy/eT B MPOTHUBOIIO-
JI0’KHOM HarmpasyieHuu. Crneayer oOpaTUTh BHUMaHUE HA TO, UTO MPHU OMpeie-
JICHUU BEPTUKAIBHOM COCTABJISIONIECH CHJIBI BCE PABHO HAJIO0 BBIYUCIISITH BEC
kuakocty B o0beMe ABDE, xoTs Ha camoMm jeiie sKHAKOCTH TaM HeET.

[IpyuMeHEeHHBIN celyac MPUEM ONPENECIICHUS BEPTUKAJIbHON COCTAaBJISIO-

IICH CHJIBI JaBJICHHUS IPUMEHUM | JUIS BbIBOJIa 3akoHa Apxumena (Puc. 15).
A tl 7

Puc. 15. Cxema a1 qoka3arenbCTBa 3aKoHa Apxumena
[TycTh B KUIKOCTH MOTPYKEHO TEJIO MPOU3BOILHON (hopmbl 0oOBeMoM W.

Bo3bMeM npoekiuio 3Toro teaa Ha CBOOOAHYIO MOBEPXHOCTh KUAKOCTH U MPO-
BEJEM BJIOJb IOJYYEHHOW JIMHUM LWIMHIPUYECKYIO IOBEPXHOCTh C BEPTH-
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KaJlbHOM 00pa3yronieil. ITa MOBEepXHOCTh Oy/IeT KacaThCs Tella MO 3aMKHYTON
JIMHUM, JIeTIAIIEeH MOBEPXHOCTH TeJIa HA BEPXHIOK U HUYKHIOIO YaCTH.

Haiinem BepTHKaIbHBIE COCTaBIISIIOIIME CHJIBI JABJICHHUS KUJIKOCTH Ha
BEPXHIOI0 M HIJKHIOKO YaCTH MOBEPXHOCTH Tena. OHU OyyT paBHBI BECcaM >KUJI-
KOCTU COOTBETCTBEHHO B 00beMax ACBB’A’ u ADBB’A’. O6o3nauum ux Fy u
Fo. PaBHOJEHCTBYIOIIASA 3TUX IBYX CHII OyZI€T paBHA UX Pa3HOCTH, TO ECTh BECY
KUJIKOCTU B 00bEME Tella, U HApPaBJIEHA BBEPX.

Fa=Fp—Fy = ng

PaBHopelicTByIOIIAsl BCEX TOPU3OHTATBHBIX COCTABJISIIONIUX CUJI JIaBJICHUS
Bcerja paBHa (), Tak Kak BEpTUKAJIbHBIE IPOCKIIUH JIEBOW U ITPaBOM, MEPEIHEN U
3aJIHEN 4YacTeM Tejla BCErJa IOMAPHO PABHBI, U IMPOTHBOIOJIOKHO HAIPaBJICH-
HbIE TOPU30HTAIBHBIE COCTABIISIIOIINME CHJIBI JABIICHUS APYTr Apyra ypaBHOBE-
IIMBAIOT. DTOT BBIBOJ MOXHO MOJYYUTh U, HE aHAIU3UPYS B TOHKOCTSX TOpH-
30HTAJIbHBIE COCTABJISIIONINE CHJIBI AaBieHUs. Benp eciam Obl TOpU3OHTaIbHAS
COCTAaBJISIFOLIAsl CHJIBI J1aBJIeHUs He Oblia Obl paBHa 0, TO TENO MoJ ee ACHCTBH-
€M TOIUIBLIIO ObI B HEMOJBHMXKHOM KUIAKOCTH, IPUUYEM HE 3aTpadyuBasi YIHEPTHUU.
D10 03HayasI0 OBl HAPYILIEHNE 3aKOHA COXPAHEHUS SHEPTUU.

Takum 0OpazoM, MbI JOKa3anu 3aKOH ApXuMeJia, KOTOPBIN TJIACUT: Ha me-
710, NO2PYIHCEHHOE 8 HCUOKOCHb, OeUucmeyem GblMAalKUeaowds cuid, Hanpas-
JIEHHASl BEPMUKATLHO 8BEPX, YUCIIEHHO PABHAS 8eCy HCUOKOCMU, 8bIMECHEHHOU
Menom, U NPUNONCEHHAs. 8 YEeHmpPe MAcCC 00beMa NO2PYIHCeHHOU yacmu mena
(yenmpe 800ousMeweHs).

Crnengyer OTMETUTh, UTO LIEHTP Macc Tejla U LEHTp Macc oO0bema Tena B
oOmieM ciiydae He coBmanaroT. OHM COBMAAAIOT TOJBKO B CiIy4yae, Korja TeJo
MMEET PaBHOMEPHYIO IJIOTHOCTb.

Ecnu cuna nogaep:xanus (apXxume0Ba) MEHBIIE Beca Tejla, TO OHO TOHET.
Ecnu Oonblie, TO T€IO BCIUIBIBAET HA MOBEPXHOCTh. Eciu paBHa, TO TeNno Iuia-
BAET B TOJIIE KUIKOCTH.

JUist paBHOBECHsI MJIABAIOUIETO Tejla HEOOXOAUMO, YTOOBI LEHTP Macc U
LEHTP BOJAOU3MEILICHUS JICKAIU HA OJTHOW BEPTUKAIBHOU npsiMon. Ecin neHTp
Macc JISKHUT HUXKE LIEHTpa BOJAOU3MEIICHUS, TO PAaBHOBECUE YCTOMYMBOE, €Cln
BBIIIIE, TO — HEYCTOMYHUBOE.

I'maBa 3. OCHOBBLI KHHEMATHKH U JHHAMHUKH KHJIKOCTH
3.1. OcHOBHEBIE IOHATHSA

Kunemarnka »XMAKOCTH OTIIMYAETCS OT KHHEMATUKHA TBEPAOTO TEJA, Y KO-
TOPOTO BCE TOYKU JKECTKO COCIUHEHBI MEXJTy coO0i. B KHUIKOCTH YacTHIIbI
MOTYT NEPEMEIIATHCS OTHOCUTEIBHO JIPYT JIpyTa. 3ajaueid KHHEMATUKHU KUK O-
CTH SIBJIAETCS OIpEJIeSICHHEe CKOPOCTH B JIFOOOH €€ TOYKE, TO €CTh ONpeIe/ICHUE
OJISI CKOPOCTEM.
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B runpasnuke CymecTBYIOT MOHATUSI UO€AlbHOU W peanbHOU KUIAKOCTH.
Hoeanvbhoti 5XUIKOCTBIO HA3bIBAIOT A0CTPAKTHYIO MOJEINb KUIKOCTH, A0COMIOT-
HO JIMIIEHHON BA3KOCTH M HECKUMAEMOH. Peanbhas XUAKOCTb BCErAa pac-
CMaTpPUBAETCA KaK BSI3Kasl, a CAKUMAEMOCTBIO YaCTO MPeHeOperaroT.

PaccmoTpum nBUKEHHE MICATBHON KUJIKOCTH. B TakoW KMIKOCTH, KaK U
B HEMOJIBM>)KHOW, BO3MOXKHBI TOXKE TOJIBKO COKMMAIOIME HOPMaJIbHbIE HANPsIKe-
HUA, TO €CTh TMAPOMEXAHUYECKOE NaBieHuE. [[aBlieHHEe B IBHXKYIIEWCS UIe-
aJIbHOM KUJIKOCTU 00J1aaeT TEMH e CBOMCTBAMM, YTO M B HETIOJBUKHOM KU /I-
KOCTH: Ha BHEIIHEH MOBEPXHOCTH KUIAKOCTH OHO HANPABJIEHO IO BHYTPEHHEU
HOpMaJH, a B JTIOOOH APYroil TOUKE — 10 BCEM HAMpPaBICHUSM OJIMHAKOBO.

Tedenue >XUAKOCTH MOKET OBITh YCTAaHOBHUBIIMMCS (CTAllMOHAPHBIM) U
HEYCTAHOBUBIIUMCS (HECTAIIUOHAPHBIM).

Yemanosuewumces Ha3bpIBaeTCSl TEUEHHE, HEM3MEHHOE BO BPEMEHH, IPU
KOTOPOM JAaBJIEHUE U CKOPOCTh SBIISIIOTCA TOJBKO (PYHKIUSMH KOOPJMHAT, HO
HE 3aBUCAT OT BpEMEHU. /[aBlieHHEe U CKOPOCTb MOT'YT M3MEHATHCS IPU Iepe-
MEIIEHUN YaCTULIbI )KUJIKOCTH, HO B IAHHOW HEMOJBM)XHOM OTHOCUTEIIBHO pyC-
J1a TOYKE JTaBJIEHUE U CKOPOCTh BO BPEMEHHU HE U3MEHSFOTCS:

p:p(x,y,z); I7=V(x,y,z);
@:0. an_aVJ’_aVz
ot

"ot ot ot
B yacTHOM ciydyae cTalmOHapHOE TEUEHHE KUAKOCTH MOXKET OBITh pagHO-
MepHbIM, KOTIa CKOPOCTh Ka)XJAOW YacCTULbl HE U3MEHSETCS IIPU U3MEHEHUHU €€
KOOPJMHAT, U MOJIE CKOPOCTEN OCTAETCSI HEM3MEHHBIM B/IOJIb IOTOKA.
Heycmanoeuewiumcsi Ha3pIBa€TCs TEUEHUE JKUJIKOCTH, BCE XapaKTEPUCTHU-
KM KOTOPOTro (MJIM HEKOTOPBIE U3 HUX) U3MEHSIOTCS BO BPEMEHHU B TOUYKAX pac-
CMaTPUBAEMOI0 ITPOCTPAHCTBA!

p=p(x,y,z,t) S 4 =V(x,y,z,t) .

HccnenoBarh yCTaHOBUBIIHMECS TEYEHHUS 3HAYUTEIBHO MPOIIE, YEM HE-
ycTaHoBUBIIHEeCa. B ganpHelem Mbl OyjieM Yale BCero BeCTH pedub 00 ycTa-
HOBHUBIIHUXCS TEYEHHSX. [PACKTOPUU 4YACTHUI[ HPU CTAIUOHAPHOM TEUCHUH
HEU3MEHHBI BO BpeMeHU. [Ipu HecTauuOHApHOM TEYEHUM TPACKTOPUM YACTHII,
NPOXOJALINUX YepPe3 JAHHYIO TOYKY IPOCTPAHCTBA B Pa3JIMYHbIE MOMEHTHI Bpe-
MEHH, MOTYT UMETh pa3iandHyro ¢opmy. [loaToMy i1t paccMOTpeHUs] KapTUHBI
TEUCHMS BBOJAUTCS MOHSITHE TUHUHU TOKA.
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Vi Ve Jlunus moka (Puc. 16) — 310 Kpu-
Bas, B KaXJOW TOYKE KOTOPOH BEKTOP
CKOPOCTH B JTaHHBIA MOMEHT BpPEMEHU

V3 HaIIpaBJICH I10 KacaTeJIbHOM.

Puc. 16. JIunus Toka

vy

Ecin B JIBWXKYILIEHCS KUIKOCTH
B3SITh OECKOHEYHO MaJIblii 3aMKHYTBIN
KOHTYp M 4epe3 BCE €ro TOYKH IPOBE-
(g CTH JIMHHH TOKa, TO oOpa3zyercs TpyoO-
Tas  IOBEPXHOCTb,  Ha3bIBacMas
mpy6rou moka (Puc. 17). Hacts moro-
Ka, 3aKJII0OUYCHHAs BHYTPU TPYOKHU TOKa,
HA3bIBACTCA 271eMEHMAPHOU CIPYUKOU.

as,

Puc. 17. TpyOka Toka

B m060ii Touke TpyOKM TOKAa CKOPOCTU YACTHUIL KUJIKOCTH HAIIPABJICHBI 110
KacaTeJIbHOM, HOpMaJIbHAsA K TOM MOBEPXHOCTH COCTABIIAIOMIAS CKOPOCTH OT-
CYTCTBYET, CIIEI0BATEIIbHO, IIPU YCTAHOBUBIIEMCS JIBMKCHUN HU OJHA YaCTULA
KUAJIKOCTH HU B OJJHOW TOYKE HE MOKET MPOHUKHYTh BHYTPb CTPYHUKHU WJIA BBIU-
TH Hapyxky. Takum oOpa3om, TpyOKa TOKa SIBISIETCS KaK Obl HEMPOHMIIAEMOM
CTCHKOW, a JJIEMEHTapHas CTpPyMKa — 3TO CaMOCTOSITEJIbHBIN 3JEMEHTapPHBIN
IIOTOK.

Kusvim ceuenuem TOTOKA HA3bIBAETCSA MMOBEPXHOCTh B MPEAENAX MOTOKA,
IIPOBEJICHHAs HOPMAJbHO K JMHHAM TOKa. Eciu aneMeHTapHble CTPYMKH IpO-
XOJIAT MapajlieIbHO, TO KUBOE CEUCHHE MOTOKA OyIET MIOCKUM.

CmouenHviM nepumempom 1| Ha3bIBAKOT JJIMHY JMHUUA CONPUKOCHOBEHUS
YKUJIKOCTH C TBEPJIBIMU CTEHKAMU B TAHHOM >KMBOM CEYCHUHU.

T'uopasnuueckum paouycom Ha3bIBAIOT OTHOLIEHHUE IUJIOMIAAHN >KHUBOTO Ce-
YEHHUS [I0TOKA K CMOYEHHOMY NIEPUMETPY:

R =>.
n

T

T'uopasnuyeckuti ouamemp paBeH 4 TUAPABINUESCKUM PAIUYCaM:
D =4R..

Jlerko yoenuthcs, uto ais kpyrioro cedenus R, = 0,5R, a D, = D.

Yarme Bcero XUBOE ceueHne uMeeT GopMy Kpyra, HO eclid popMa cedeHus
WHas, TO B (OPMYJIbI TOACTABISIOT YKBUBAJICHTHBIN THAPABINICCKUN TUAMETP.

Paznuyaror HanopHoe U Oe3HanmopHoe TeueHue. Hanopuvim Ha3BIBAIOT Te-
YeHUE B 3aKPBITHIX pyciax 0e3 CBOOOJHOW MOBEPXHOCTU, a OE3HANOPHbIM —
TEUCHUE CO CBOOOJHOW IMOBEPXHOCTHIO. [IpM HAMOPHOM TEUYCHUUW IaBICHUE
O0OBIYHO BJIOJIH MTOTOKA MEPEMEHHOE, IPH OE3HAMOPHOM — MOCTOSIHHOE (Ha CBO-
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00/THOM TOBEPXHOCTHU) U 4Yaille Bcero atmocdepHoe. B qanHOM Kypce MbI Oyaem
paccMaTpuBaTh HATOPHBIC TCUCHUSI.

3.2. Pacxoa. YpaBHeHMe pacxoaa

Pacxooom Ha3bIBaeTCs KOMMYECTBO KHUIAKOCTH, MPOTEKAIOIICE YEpPe3 KHU-
BOE CEUYCHHE MOTOKa (CTPYHKH) B eAUHUILY BpeMeHH. KoinuecTBO KUAKOCTU
MOHO 33/1aThb 00bEMOM, Maccoi Wi BecoM. COOTBETCTBEHHO U PACXOAbl ObI-
BaroT 00beMHBIN Q, MaccoBwIil Qn 1 BecoBoit Q.

Jnst sneMeHTapHOM CTPYWKH, MMEIONIE OECKOHEUYHO Majble IUIOLIAIU
KUBBIX CEYECHUH, MOKHO CUUTATh CKOPOCTh KHUJKOCTU B JHOOOM TOUKE CeUEHUs
onnHakoBou. Torma

dQ =V ds; dQm=p dQ = pV dS; dQs= g dQm= gpV dS,
rie dS — mIomaab KUBOTO CEUCHUS CTPYHKH.

JIJIst TOTOKA KOHEYHBIX Pa3MEpPOB CKOPOCTh B PA3JIMYHBIX TOYKAX CCUCHUS
OyJeT pa3IMyHOM, MOATOMY PACXOJ| CIEAyeT ONMPEAeNATh KaK CyMMY 3JIEMEH-
TapHBIX PACXOJIOB CTPYEK

Q=[vds.
S

Ho 310 yncro teopernueckas popmyia, BOCIOIb30BAaThCA €i ISl onpee-
JeHus pacxoja npobieMatnyHo. OOBIYHO BBOJAT B PacCMOTPEHHUE CPEIHIONO
[0 CEYEHUIO0 CKOPOCTh MOTOKA, KOTOPYI0 MOXXHO HANTH MO MU3MEPSHHOMY pac-

X0y
ch = % , oTkyma Q =VcS.

OcCHOBBIBasICh Ha 3aKOHE COXPAHEHUS BELIECTBA, HA IPEANIOIOKEHUH O He-
Pa3pbIBHOCTH (CIUIOLUIHOCTH) MOTOKA U Ha CBOWCTBE HEMPOHUIAEMOCTU TPYOKH
TOKA, JUISl CTAlMOHAPHOIO TEUYEHMS HECKUMAEMOM JKMIKOCTU MOXKHO YTBED-
KIaTh, YTO OOBEMHBIN PacXo]l BO BCEX CEUCHUSX AIEMEHTApPHOU CTPYHKU OJIUH
U TOT XKe€:

dQ =V1dS; =V, dS; = const (B1oJib CTPYHKH).

DT0 ypaBHEHHE 00BEMHOTO pacxoja JJis SJIEMEHTAPHON CTPYIKH.

AHanornyHoe ypaBHEHHE MOKHO 3alUCaTh U JUIS TOTOKAa KOHEYHBIX pas-
MEpOB, OTPAHMYEHHOTO HEMPOHULIAEMBIMU CTEHKAMU, TOJIBKO CKOPOCTH CIIENY-
eT Opath cpeaHue

Q = V1 S1 = Vg2 S2 = const (Bosb moTOKa).

N3 nocnenHero ypaBHEHUs CIEAYET, YTO CPEIHHUE CKOPOCTH B IIOTOKE He-
CKMMAEMOM KUAKOCTH OOpaTHO MPOMOPLIMOHAIIBHBI TUIOHIAASM KUBBIX Ceye-
HUI:

Vepo  S1

chl _ S_z
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YpaBHEHUE pacxoa — 3TO YaCTHBINM CIydald 3aKOHA COXPaHEHHUs BEILECTBA
JUISl YCIIOBUM HEPA3pBIBHOCTH MOTOKA.

3.3. YpaBHenue bepHyu sl 3JIeMEeHTAPHOM CTPYWKH UAEAJbHOM KU /-
KOCTH

PaccMoTpuM ycTaHOBUBILIEECS TEYEHUE HJICAIBHOW KUIAKOCTH, HAXOMs-
HIEKCS MO JCUCTBUEM TOJBKO OJHOM MacCOBOW CHJIBI — CHJIBI TSXKECTH. BO3b-
MEM OJHY U3 AJIEMEHTAPHBIX CTPYEK MOTOKA U BBIAEIUM ce€YeHUusAMH | u 2 yya-
CTOK CTPYHKH MPOM3BOJBHOM JUTHHBL. [lycTh Iiomanau cedeHuit paBHBI 0S; u
dS,, ckopoctu B HUX Vi U Vo, TaBieHUs — P1 U P2, @ BBICOTHI OT MTPOU3BOJILHOTO
YPOBHS Z1 U Z3.
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3a GECKOHEYHO Mallblil OTPE30K
BpeMeHH Ot y4acTok CTpyHKH cMe-
CTUTCS B moyioxkeHue 17 —2°.

W3 MexaHWKH M3BECTHO, YTO pa-
00Ta cuJj, MPUIOKEHHBIX K TeIy, paB-
Ha  TPHUPANICHUI0O  KUHETHYECKOil

DHEpruu Tena. B maHHOM ciiydae K

2 2’ Y4acTKy CTPYWKH NPUIOKEHBI I10-

21 { BEPXHOCTHBIC CWJIbI JABJICHUS U Mac-
7o dG COBas CUJjla — CUJIA TSKECTH.

PabGora cun naBieHusl B MEPBOM
CEUEHUU TMOJ0KUTENIbHA, TaK Kak
HalpaBJICHUE CHJbI COBIAJACT C
HalpaBJICHUEM TEpPEeMEIIeHUs, BO

Puc. 18. Cxema 11 BeIBOAA BTOPOM — OTpHULIATENbHAs, a HA OOKO-
ypaBHeHHUs bepHyin BOM IIOBEPXHOCTHU CTPYWKH paBHA
HYJIO0 (BEKTOpa CHJIBI U CKOPOCTH

NEePIEHINKYIISIPHBI ).

Pabota cui gaBieHHs] B IEPBOM CEUCHHMM MOJIOKHUTEIbHA, TaK KaK HaIrpaB-
JICHUE CUJIbl COBMAJAET C HAIPABJICHUEM NEPEMEIICHHS, BO BTOPOM — OTpHUIA-
TeJbHAsl, a Ha OOKOBOM MOBEPXHOCTH CTPYWKM paBHA HYIIO (BEKTOpa CHUJIbI U
CKOPOCTH MEPIECHANKYISPHBI).

Pabota paBHa mpou3BEeACHUIO CUJIBI HA TIEpEMEIICHUE BJ0JIb HAMPABJICHUS
cwibl. Torna padoTa cuit naBneHus OyneT paBHa
P1 dSl V1 dt — P2 dSz V> dt.

PaGoTa cuibl TsDKECTH paBHA MU3MEHEHHUIO MOTEHI[MATBHOW IHEPTUHU TMOJI0-
JKEHHSI ydacTKa CTPYHKH, MOITOMY HAJ0 U3 DHEPTUM TMOJIOKEHUS KUIAKOCTU B
obbeme 1 — 2 BBIYECTH DHEPTHIO TMOJI0KEeHHUS B 00beme 17 — 2°. Tlpu aToM 3HEp-
rusi MOJIoKeHUsT oobema 1’ — 2 ocTaercsi HEU3MEHHOM, U OCTAHETCS JIUIIbL pas-
HOCTb 3Hepruii anemMeHToB 1 — 1’ u 2 — 2’°. YuuTsiBasi ypaBHEHUE pacxoia, mpo-
CTO 3aMETHUTh, YTO BEC 00OUX AJIEMEHTOB OJIMHAKOB

dG = ap V, dt d81= ap V> dt dSz
Torma paboTa CHIIBI TSDKECTH: dG(z1 — 2,).

[Ipu BBIUKCIICHUH TTpUpPAICHUS KHUHETUYECKOW SHEPTUU pacCMaTPUBAEMOTO
ydacTKa CTPYHKH 3a Bpems Ot, HEOOX0IUMO M3 KMHETHYECKON SHEPruu oobeMa
1> — 2’ BBIYECTh KMHETUYECKYIO 3Hepruto oobema 1 — 2. [lomyuutcs pa3zHOCTb
KHHETHYECKUX dHepruii 00bemMoB 2 — 2’ u 1 — 1°. Takum oOpa3om, npupaiieHue
KUHETUYECKON DHEPIUU Y4acTKAa CTPYUKHU PABHO

dG(sz - Vﬁ)

2g
W3 nosry4eHHBIX BBIPAKEHUN COCTABUM YPABHEHHUE:
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dG(v22 - vlz)

P1dSy vidt — pdS; Vo dt+ dG(z1 — 22) = 5
g

Pasznenum ero na dG

2 2
PP, VW
gp 9p 29 29

[leperpynnupoBas ciaraeMsle, IIOJIyYMM YpaBHEHHE bepHYIUIM I dleMEeHTap-
HOM CTPYWKH UICATBHOU )KUIKOCTHU:

2 2
zl+ﬁ+ﬁ:zz+&+—2,
gp 2g gp 2g

rJie Z — TEOMETPUUYECKUil Hamop (BbICOTA);

p .
— — MbE30METPUUECKUM HAOp (BBICOTA);
gp
v? 5
—— — CKOPOCTHOM Hamnop (BbICOTA).
2g
Tak kak ceyeHHus] CTPYWKH B35Thl IPOU3BOJILHBIM 00pa3oM, TO CyMMa 3TUX
Tpex HanopoB (H — monHbIN HAMOpP) €cTh BEJIMYMHA ITOCTOSIHHAS BJIOJIb CTPYUKU:
p Vv
H=z+-—+—=const.
gp 28
VYpaBHeHne bepHyIu MOXHO NEpenucaTh yepe3 yAenbHble Hepruu. s

3TOTr0 JOMHOXKHM €ro Ha (.

2 2

pn " §2) 2
Z, +—+— =9z, + =+ —=,
821 5 8z, )

A€ §JZ — yaciabHas SHECPrus MOJI0XKCHUS,

£ — YACJIbHas OHCPIrus JaBJICHUSA ):[BPI)KanCfICH KHNIKOCTH,

p
2
E yAEIbHAS KHUHETUYECKasl SHEPTUSL.
MBI BUIUM, YTO MOCJIEAHEE YPABHEHUE — 3TO YPABHEHHE 3aKOHA COXpaHe-
HHSI MEXaHUYECKOW SHEPTHUU.
Ecnu 3T0 ypaBHEHHE JOMHOXHUTH €IIIE€ U HA P, TO MOJy4YUM ypaBHEHUE bep-
HYJUIH, 3alIUCAHHOE Yepe3 TaBIICHUS:
2

.2 V.
P~ gpr, +P2+p22 »

gpzy +p +

IZie gpz — BECOBOEC JIaBJICHHE;
p — TUAPOMEXaHHUIECKOE JIaBIICHUE;
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pV ?
= JTUHAMHUYECKOE JTaBJICHUE.

[Tpoummtoctpupyem ypaBHeHnue bepnymiu rpagpuxkom (Puc. 19), Ha xoTo-
POM NIOKAa3aHO M3MEHEHME BCEX TPEX HANOPOB BJOJb AJIEMEHTAPHOU CTPYMKH.
JInHus N3MEHEHMS NTbE30METPUUECKUX HAIIOPOB HA3bIBACTCS NTbE30METPUUECKON
nuHuen. Ee MOXHO paccMaTpuBaTh Kak reOMETPUUECKOE MECTO YPOBHEW B Ibe-
30MeTpax, yCTaHOBJICHHBIX BJOJIb CTPYUKHU.

W3 rpaduka Xopomo BHIHO, YTO M3MEHEHHE IUIOUIAJM KUBOTO CEUCHUS
CTPYHMKHM NIPUBOAUT K 3aMETHOMY HW3MEHEHHUIO CKOPOCTHOro Hamnopa. Ilpu
YMEHBIICHUH TAAMETPA KUBOT'O CEUYCHMS B 2 pa3a CKOPOCTh BO3PACTAET TAKKE B
2 pasa, a CKOPOCTHOM Harop — B 4 pa3a. [Ipr ropu3oHTaAIILHOM PacCIOIOKEHUN
CTPYWKH 3TO MU3MEHEHHE NMPOUCXOIUT 3a CUET W3MEHEHUS ITbE30METPUUYECKOTO
Haropa. [Ipu pe3KoM CyXEHUHM JJIEMEHTAPHOW CTPYHUKU IbE30METPUUECKUN
HaIop, a 3Ha4uT U JABJIICHUE, MOTYT YIIaCTh HACTOJIBKO, YTO MOCJIETHEE CTAHET
MEHBIIIE aTMOC(PEPHOT0, TO ECTh BO3HUKHET pa3pexKeHUE.

a2 e Qﬂ
=1 i
- [Isezomempuueckas,”” -
: JIMHUS g
EE « | o / g
- =S g g
I e g
= e ERYSs
S, = g
— 3 = =
o r— E
3 3 T
N

Z

Puc. 19. I3meHnenue HanopoB BAOJIb CTPYWKH UACATBHOMN KUJIKOCTH

Ha mepBbiii B3I, COIJIaCHO ypaBHEHUs bepHyIiun, Ipu OYEeHb CUIIBHOM
CYXEHUHM CTPYHKU aOCOJIIOTHOE AAaBJIIEHHE MOXKET CTaTh U BOBCE OTpPULIATENb-
HBIM, YTO B IIPUHLIUIIE HEBO3MOXKHO. [[€JI0 B TOM, YTO NPU CHUKEHUU JaBIICHUS
B CTPYMKE 110 JABJICHHs HACBILIEHHBIX ITAPOB KUJIKOCTb HAYHET PE3KO UCIIAPATh-
Cs, U JIaBJICHUE OCTAHETCs IOJ0KUTEIbHBIM. HO B 5TOM Cilydae IOJIb30BaThCs
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YpaBHEHHEM bepHYJUIM y»K€ Helb3s, TaK KaK MPHU €ro BBIBOAE MCIIOJIb30BAIOCH
YpPaBHEHHE pacxoja, KOTOPOe CIPABEIIIUBO TOJIBKO IIPU YCIOBUH, YTO HE HaApYy-
IIAETCS CIUIOIIHOCTD CPEbI.

3.4. InddepenunabHble ypABHEHUS ABUKEHUS UI€ATbHOMN KUIKOCTH

B notoke uneanbHON XKUIKOCTH BO3bMEM TOUKY M ¢ koopauHaramu X, Y, Z
Y BBIJICIMM BO3JI€ HEE AJIEMEHT >KHAKOCTH B (hopMe IPsIMOYTOJIbHOTO Mapasuie-
jenurnena Tak, 4rooel Touka M Obina onnHoit u3 ero BepuuH (Puc. 20). Pebpa
napasuiesienuIea napauieIbHbl KOOPAUHATHBIM ocsiM U paBHbl dX, dy, dz. Co-
CTaBUM ypaBHEHHUE JBMKCHHS 3TOTO SJEMEHTa KUIAKOCTH. [IycTh Ha KHAKOCTH
BHYTPHU HETO JEHCTBYET PE3yJIbTUPYIOIIAasl €AUHUYHASI MaccoBasi CHJIa C COCTaB-
mrommu X, Y u Z. Torga mMaccoBble CHJIBI, ACHCTBYIOLIME Ha BbIICIICHHBIH
00BeM OyIyT paBHBI 3TUM COCTABIISIONIMM, YMHOKEHHBIM Ha MAaccCy 3JIEMEHTA.
[ToBepxHOCTHBIE CHIBI OYAyT paBHBI JABIECHUSAM, YMHOXKEHHBIM Ha ILUIOIIA/IA
rpaHey napaienenuIena.

’ |
N’ \r
s
@lex
pl M | N P oy
— 5 -
dy
O X

y
Puc. 20. Cxema 1151 BeIBoAA TudPpepeHIInaabHbIX YpaBHEHUN ABUKEHUS

UJeaIbHOU JKUJIKOCTH.

CornacHo BTOpoMy 3akoHY HpIOTOHa, ypaBHEHUs ABMKEHUS BIOJIb KOOP-
JVHATHBIX OCEW MPUMYT BH]:

= Xpdxdydz + pdydz —| p+ g_p dxjdydz ;
X

dv,
pdxdydz T = Ypdxdydz + pdxdz —| p+ —dyjdxdz
dy

= Zpdxdydz + pdxdy —| p+ g_p dzjdxdy :
Z
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[MpuBens momoOHBIC W pa3/ieiMB YpaBHEHHUS Ha Maccy 3ieMmeHrta pdxdydz,
MOJTYyYUM

W, 1o,
dt p Ox
dv

_y:Y_ld_p;
dt p Oy
v, _, 1o
dt p Oz

Orta cucrema quddepeHuanbHbIX YPaBHEHUN JBUKEHUS UI€aIbHON XKUA-
KOCTH HOCHUT Ha3BaHWE ypaBHEHUM Ouiepa. Bce WiIeHsI 3TUX ypaBHEHUN UMEIOT
Pa3sMEpPHOCTb YCKOPEHUN, @ CMBICII KaJKI0I0 YPAaBHEHUS COCTOUT B CIIEAYIOLIEM:
IIOJTHOE YCKOPEHUE YaCTHULIBI BIOJIb KOOPAWHATHOW OCH CKJIAIBIBAECTCS U3 YCKO-
PEHMS OT MAaCCOBBIX CUJI U YCKOPEHUS OT CUJI IABJICHUS.

OTH ypaBHEHHUs CIIPABEIJIMBBI KaK JJIsI HEC)KUMAEMOM, TaK U ISl COKUMAae-
MOM XKUJKOCTH, KaK I CTAMOHAPHOI0, TaK U HECTALIMOHAPHOI'O TEYEHUS.

JIns cTanimoHapHOTO TEYEHHUS! YMHOXKUM KaKJ0€ U3 YPABHEHHUM HA COOTBET-
CTBYIOIIIE TPOCKIIMU AJIEMEHTAPHOTO nepemenieHus, paBabie dX = Vidt; dy =
Vydt; dz = V.dt, u cnoxxum ypaBuerus. [lomyanm

Xdx + Ydy + Zdz 1 @dx +@dy + a—pdz =V, dV, +V,dv, +V,dv,.
pl ox oy 0z
BeipaxkeHne B ckoOKax — 3TO MOJHBIN Auddepeniuan aapieHus dp, BeIpakeHUs

B MPaBbIX YacTIX — AU(depeHInanbl OT MOJOBUH KBAJIPaTOB MPOEKIUH CKOPO-

CTHU:
2 V.2 2
de+Ydy+Zdz—d—p:d Vi a2 |4 q| Y ;
o 2 2 2
NN
dp V2
dU =—+d| —|,
p 2

rae U — cuiioBast yHKITUS.

PaccMoTpuM 4acTHBIM Cilydall 3TOr0 ypaBHEHMS, KOTA U3 MACCOBBIX CHII
nercTByeT Toabko cwia Tsokectu: X =Y = 0; Z = — g. [loxacrasisist 5Tv 3Ha4e-
HUS, TTOJIYYHM:

500041
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Jnst uaeanbHOM KUAKOCTH IJIOTHOCTh P = const, TaK KaK 3Ta )KUJIKOCTb abco-
JIOTHO HecxkuMaemasi. [1oaToMy mnpenpiaynee ypaBHEHHE MOXKHO MEPENNUCATh B
BHJIC
2
dlz+ 270
gp 28
p .V’
CnenoBartelbHO, Z+—-—+—=const, TO €CTb MbI IIOJY4YHJIH YPABHEHUE
gp 28
bepHyin 11t 3EMEHTaPHOU CTPYHMKH UACATIBHOU KUIKOCTH.

3.5. YpaBHenne bepHyJ/uin 1/ IOTOKA PeaibHOM KUAKOCTH

IIpu nmepexone OT 3JIEMEHTApHON CTPYMKH MIACATbHOU KUIKOCTH K ITOTOKY
peanbHOM KUIKOCTH, UMEIOIEMY KOHEUYHBIE pa3Mepbl U OTPAaHUYEHHOMY CTEH-
KaM{, HEOOXOJMMO Y4YeCTh HEPaBHOMEPHOCTb PaCIpeneseHUs] CKOPOCTEH IO
ceuenuto (Puc. 21), a Takke norepu 3uepruu (Hanopa). 1 To, u apyroe sBisieTcst
CJIEICTBHEM BS3KOCTH KHJIKOCTH.

Puc. 21. Pacnipenienenne ckopocTell B peajJbHOM MOTOKE

[Ipy IBUXKEHUH BSI3KOUW MKUJIKOCTH BJIOJb CTEHKH IPOUCXOIUT TOPMOKEHUE
ITOTOKA 3a CUET CHJI MOJIEKYJISIPHOTO CLETUIEHUS MEXKY MOJIEKYJIAMU KUIKOCTH
U CTEHKH, a TAaKXKE 3a CUET KacaTelIbHbIX HANpPSKEHUM B CaMOM >KUIKOCTH.
BcenenctBue 3TOro Ha MOBEPXHOCTU CTEHKH CKOPOCTb KUJKOCTH MPAKTHYECKU
paBHA HYJIIO, @ MAKCUMYMa JIOCTUTAET B LICHTPE MOTOKA (B 3aKPBITOM PYCIIE) WIH
Ha CBOOOJTHOM MOBEPXHOCTH BJAJU OT CTEHKH (B OTKPBITOM pycie). Kpome npe-
OJIOJICHUSI YKa3aHHBIX CUJI, YACTO PHEPTHUs TPATUTCS HA MEPEMEIINBAHUE KUIKO-
CTH, BUXpeoOpa3oBaHue, BpaileHue ee 4vacTtull. [losromy monHas ynenbHas
DHEPIuUsl ABWKYLIEUCS PEATbHON KUAKOCTH HE OCTAETCS MOCTOSTHHOW BIOJIb MO-
TOKa, & yMEHbBIIIAETCS.

N3-3a HEPaBHOMEPHOCTH CKOPOCTEW B CEUEHUU MPUXOIUTCS BBOAUTH CPEI-
HIOI0 CKOPOCTB IOTOKA Vp, @ TAaKXKE CPEeHEE 3HAUCHHE TIOJHOW YIEeNbHON 3HEp-
TUH.

[Ipexne, yeM NpUCTYNUTh K BBIBOJY YpPaBHEHUS, BBEJEM JOIMYyIIEHUE: OY-
JIEM CUUTATh, YTO B MpEJEiax pacCMaTPUBAEMBIX MOIMEPEUHBIX CEUEHUN MOTOKA
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CIIpaBCJINBO OCHOBHOC YPABHCHHUC THMAPOCTATHUKH, TO CCThb FI/II[pOCTaTI/I‘-IeCKI/Iﬁ
HaIlop B IIpCACiIaX CCUCHUA CCTh BCIIMUMHA ITOCTOAHHAA:

Z+£=COI’]St.

gp

JpyrumMu ciioBaMu, CYUTAE€M, YTO IMPU JBUKEHUU KUIAKOCTH OTIECIbHbIC
CTPYMKH OKa3bIBAalOT JPYT Ha JIpyra B MONEPEYHOM HANPABICHUH TAKOE )K€ JaB-
JIEHHE, KaK U CJIOU HEMOABM)KHOM KUJIKOCTH.

BBeneM noHsATHE MOIIHOCTH NOTOKA. MowHocmblo nomoka B JAHHOM Ce-
YEHUH Ha3bIBAIOT MOJHYIO YHEPTHUIO, KOTOPYIO MPOHOCUT MOTOK YEpe3 3TO ceye-
HUE B €JUHULLY BPEMEHHU.

Tak Kak B pa3IM4YHBIX TOYKAX CEUYECHMS IOTOKA CKOPOCTH PA3JIMYHBI, pas-
JUYHBI OYJIyT U SHEPIHM YacTUll KUAKOCTU. [lo3TOMY 3anmuimiemM cHavasia BbIpa-
YKEHUE JUI1 MOIIHOCTH 3JIEMEHTAPHOW CTPYMKH B BUJE MPOU3BEACHUS YIACIbHOU
ITOJTHOM YHEPTUM HA MACCOBBIM PACXO:

2
dN = gH -dQ,, = gz+£’+V7 oV dS.
p

MOIIHOCTh BCEro MOTOKA — 3TO CyMMa MOIIHOCTEW BCEX BXOIAIIMX B HETO
AIIEMEHTAPHBIX CTPYEK

2
N =p| gz+£+V— VdS:p(gz+£jIVdS+BjV3dS.
s p 2 P/ 25

Cpennsisi 1o CeYeHUIO MOJIHAS YAebHAas YJHEPTus

gH :izgz+l—9+LIV3dS.
pO p 205

[Tocneqnee cnaraeMoe yMHOXKUM U pa3iesiuM Ha chz U TIepeiJIeM K Haropam:

[vids V2 v
Hep = z+£+sTﬂ: 7+ P g
gp V5SS 29 g 29
[vids
rae o = SVTS — Oe3pazmepubiii kK03 dunmrent Kopuomnuca, yduTHIBAIOIIHAMA
cp

HEPABHOMEPHOCTh PaCHpPEAEICHNS] CKOPOCTEN MO CEYEHUIO NTOTOKA. Ecim ymHO-
KUTh YUCIUTEh U 3HAMEHATEh ATOTO BBIPAKEHUS HA P/2, TO CTAHOBUTCS IO-
HSITHO, YTO OL — 3TO OTHOIIEHUE JICMCTBUTEILHON KHHETUYECKOM SHEPTUU MOTOKA
B JJAHHOM CEYEHHHU K KMHETHUYECKON SHEPruu MOTOKA C TEM K€ pacxXoJiOM U B
TOM € CEYEHUH, HO TP PABHOMEPHOM PACIIPEAECICHUN CKOPOCTEN.
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[Ipu paBHOMEPHOM pacHpeAeIeHUN CKOPOCTEN MO CEUEHUIO MOTOKa o= 1, a
Ipy HEPaBHOMEPHOM o > 1.

Bo3bMeMm Ba ceueHus peaibHOro MOTOKa U 0003HAYUM CpeAHHE 3HAYCHUS
MOJIHOTO HAropa KUIKOCTH B 3TUX ceueHusiX Hepi 11 Hepo. Torna

Hcpl = Hcp2 + Zhn,

rae Xh, — cymMMmapHasi oTepst MOJTHOTO Haropa Ha ydacTKe MEXIy | u 2 ceueHH-
SAMH.

Hcnonb3ys BeIpakeHUE U1l TOJIHOTO HAIopa, NoJy4YuM

2 2
zl+&+oc1\/0p1 =2, +&+a2ch2
gp 29 gp 29

OTO U ecTh ypaBHEHME bepHYIIM U1l OTOKA PeanbHOM KUIKOCTH.

OTnanuuii oT ypaBHeHUs BepHYIIN 7151 3JIEMEHTAPHON CTPYUKU UACATbHON
JKUIKOCTH 3:
— €CTh CJIaraeMoe€, YUYUTBIBAIOLIEE [TIOTEPU HAIIOPA;
— UCHO0JIb30BaHbl K03 dunnentsl Kopuonuca;
— UCIIOJIb30BaHbl CPEAHUE CKOPOCTH IIOTOKA B CEYEHHUSIX.

YMHOXKHB ypaBHEHHME Ha (, MOJy4MM ypaBHEHHE bepHyIuM, 3amvcaHHOE
4yepes3 yACIbHBIE SJHEPTUH.

V2 V2

+2h,,.

+9gxh,,

rae gXh,— morepu yaenpHOM SHEPTUH KUAKOCTH.

Ecnu 1OMHOXHTH MOCJEAHEE ypaBHEHUE Ha P, TO MOJYyYUM ypaBHEHHUE B
JABJICHUAX:
2 2
pvcpl . chpZ
gpz; + P+ oy > =0gpZy + Py + 0y

rae gpXh, — NOTEpU AABJICHUS.

+gpZh,,

[TonyyenHoe ypaBHeHre bepHymm cipaBeJIMBO U JJIs Ta3a, IPU YCIOBUH,
YTO CKOPOCTBH €0 IBUKEHUS 3HAYUTEIBHO MEHBIIIE CKOPOCTH 3BYKA.

Takum 06pa3oM, OJHBINA HANIOP B MOTOKE PEaIbHOM KUJIKOCTH HE OCTAETCs
MOCTOSTHHBIM, & BCE BPEMsI YMEHBINIACTCS BJOJL MOTOKA, MPUYEM B OOIIEM CITy-
yae, HepaBHOMepHO (Puc. 22).

DHeprusl, TepsieMas HOTOKOM Ha Y4acTKE MEXIYy JBYMSI PacCMaTpUBAEMBbI-
MU CEYEHUSMU, HE UCUYE3AET, a MPEBPAIACTCS B TEIJIOBYIO. DTOT MPOIECC HEOO-
paTUM, TO €CTh TEIUIOBAsi SHEPTHs HE MOXKET IMpeoO0pa30BaThCsi 0OPAaTHO B MeXa-
HUYECKYIO SHEPTHUIO MOTOKA. TersoBas 3HEPrus BOCHPUHUMAETCS )KUJKOCTHIO U
CTCHKaMU. Y UUThIBAs 3HAYEHUSI TEILNIOEMKOCTEMN KUJIKOCTEN U BEIIMYUHBI ITOTEPh
SHEPTUM, MOKHO CKa3aTh, YTO HArPeB KUJKOCTH, KaK IPABUIJIO, MAJIO OILIYTHUM.

B ropuzoHTansHON TpyOe MOCTOSHHOTO CEYCHHS] T€OMETPHYECKUN M CKO-
POCTHOM HaIophl OyAyT OCTaBaThCsl HEU3MEHHBIMHU, a MaJeHUE TTOJIHOTO Hamopa
OyJleT MPOUCXOAUTH 32 CUET YMEHbIIIEHUS MbE€30METPUUECKOTO HANOpa.
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YMeHbIIIEHUE CPEAHEro 3HAYCHUSl TMOJIHOW YNIEJIbHOW IHEPTUHU KUJKOCTH
BJI0JIb TOTOKA, MPUXOJAIIEECS Ha €IUHUILY €ro JIUTMHBI, Ha3vléaemcs 2uopasiu-
yeckum YKioHom. VI3MeHeHue yIeabHOW MOTEHIMAIbHOM SHEPruu J1aBJICHUS,
NPUXOJSIICecs Ha €IWHUILY JJIMHBI MOTOKA, HA3BIBACTCS Hbe30MempuiecKum
VKoHoM. B TOpU30HTANBbHONU TPpyOE MOCTOSSHHOTO CEYEHUS 3TH YKJIOHBI OJIUHA-
KOBBI.
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Puc. 22. I'padudeckas wroctpanus ypaBHeHus bepuyiuu
JUIS1 PEAJIbHOTO MOTOKA

3.6. [lonsiTHe 0 rUAPABIMYECCKHUX NOTEPAX

[ToTrepu Hamopa (THIpPaBIMYECKHE MOTEPH) 3aBUCAT OT (OPMBI, pa3MEpPOB
pycia, CKOPOCTH TEUYEHUS M BSI3KOCTH >KUJIKOCTH, a MHOTJIAa U OT a0COIIOTHOTO
JIABJICHUS B HEW. BS3KOCTh XKUAKOCTH, XOTS W SIBISICTCA MEPBONPUUMHOU BCEX
TUJPABIMYECKUX MOTEPH, HO HAJIEKO HE BCEr/a OKa3bIBACT CYIIECTBEHHOE BIIHUS-
HUE HA WX BEJIMYUHY.

Kak moka3bIBalOT OMNbBITHI, BO MHOTHX, HO HE BO BCEX, CIIyYasiX TUIpaBInye-
CKH€ TIOTEPHU MPUOIU3UTEIHLHO TTPOMOPIIMOHAIBHBI KBAJIpaTy CpeaHeld CKOPOCTH,
MOATOMY B THAPABIUKE MPUHAT CICIYIOMUA OOUIMNA CIOCOO BBIPAXKEHUS TH]I-
PABJINYECKUX MOTEPD:
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TO €CTh MOTEPH MPOMOPIHUOHAIBEHBI CKOPOCTHOMY Haropy. Koaddurmment mpo-
MOPIIMOHATILHOCTH & HA3BIBACTCS KOduyuenmom nomeps WIA KOIDhuyuen-
mom conpomugienusl, 3HAYCHUsI KOTOPOTO JIJIsl JAHHOTO pyclia B IEPBOM TpyooM
PHOIMKCHHA MOYKHO CUHTATh TTOCTOSTHHBIM.

['unpaBnuueckre MOTepH MOIPA3ACIAIOT Ha MeCmible nomepu U nomepu Ha
mpenue no onuHe.

MecTHBIE TTIOTEpH HAMopa OOYCIIOBICHBI MECMHbIMU 2UOPABIULECKUMU CO-
NPOMUBNIeHUsMU, KOTOPBIE TPEACTABISIIOT COO0H KOPOTKHE y4acTKH TPYyOOIpo-
BOJ/Ia WJIM KaHaJIa, HA KOTOPOM CKOPOCTh MOTOKA M3MEHSETCS 10 BEIMYMHE WU
HAIMPaBJICHUIO, U OOBIYHO BOSHUKAIOT KPYITHBIE BHXPH.

[TpumepaMu MECTHBIX COMPOTHUBICHUH MOTYT CIYXXHUTh TOBOPOT, BHE3aTIl-
HO€ WIIM TOCTEIICHHOE CYXXCHHE, pacIIMpeHHe pyclia, 3aaBHKKa, auadparma,
buabTp U T.II.

MecTHble oTepu Hanopa onpeaestoTes no popmyse Belicbaxa

2
hM aM zg !

rae V — cpeaHss o CeYeHUI0 CKOPOCTh B TpyOe, B KOTOPOM YCTAHOBIIEHO MECT-
HOE COTIPOTHBIICHUE; €CIIH TUAMETp TPYObl, a 3HAYUT U CKOPOCTh, U3Me-
HSIFOTCSI, TO B pacyeT MPUHUMAIOT OOJIBIIYIO U3 IBYX CKOPOCTEH;
Ev — KOO (PUITMEHT MECTHOTO CONMPOTUBJICHUS, KOTOPBIA MPUOTMKEHHO MOKHO
CUHMTATh MOCTOSTHHBIM IS TAaHHOW (DOPMBI MECTHOTO COTTPOTHUBJICHUS.
[ToTepu Ha TpeHUE MO JJIMHE — ATO MOTEPU HATOpa, KOTOPHIE B YUCTOM BU-
JIe BOBHUKAIOT B MPSMBIX TPyOax MOCTOSTHHOTO CEYEHUS, TO €CTh IPHU PaBHOMEP-
HOM TEYEHUH, U BO3PACTAIOT MPOIMOPIIMOHAIBHO JUTMHE TPYObl. DTH TIOTEpU 00 Y-
CJIOBJICHbI BHYTPCHHHM TPCHHEM B KHIAKOCTH, TIO3TOMY OHHM HAOJIOMAIOTCS U B
TIIaKUX TpyOax.
[ToTepu Ha TpeHUE MO JJIUHE MOKHO BBIUYUCIUTD 1O 0011eH hopmyrie
2
th aTp 29 !

HO ynoOHee Kod(UIHEHT &, CBA3aTh C OTHOCUTEIBHOW ITUHOM TpyOH! I/d:

I
E.’Tp :7\,5

dopmyna st OnpeaeIeHUs MOTEPh HAIlOpa Ha TPEHUE MO JJIMHE IPUMET BUL:

h,=A——0:.

T d 2g
Ona Hocut Ha3Banue (opmynsl Beilicbaxa-/lapcu, tne A — xoagppuyuenm no-
mepb Ha mpeHue no OuHe U Kosgguyuenm Japcu.

42



3.7. Ucnosib30BaHue ypaBHeHUs1 bepHy/UIM B TeXHUKe

PaCCMOTpHNIHGKOTOpBK:TCXHquCKHG YCTpOﬁCTBa,HCHOHBBYKHHHGIBCBO-

eit pabote ypaBHenue beprysum.

Pacxogomep Bentypmu (Puc. 23) — 310 yCTpOMCTBO, yCTaHaBIMBAaEMOE B
TpyOOIIPOBOJIE U OCYIIECTBIISIONIEE Cy)KEHUE (IpOCCEeTupPOBaHUE) MOTOKA KU JI-

KOCTH.

AH

/3 W

|

Ah oo

PryTrs

7&4:

Puc. 23. Cxema pacxogomepa
Benrtypu

Pacxomomep cocrouT u3 IBYX
YY4aCTKOB — IUIABHO CYXaIOILIErocs
(comua) ¥ MOCTENEHHO PacIIUpPSIO-
merocs (nuddysopa). B y3kom me-
CT€ TIOTOKa CKOpPOCTh €Tr0 BO3pacTa-
€T, a JaBlieHue mnajacT. Bo3Hukaer
nepenaj I1aBJICHUN, KOTOPBIA MOXKET
dbukcupoBaThcs MO0 BYMS IMbE30-
MeTtpamu, Jub0 auddepeHraNb-
HbIM U-00pa3HbIM MaHOMETPOM H
CBSI3aH C PacXxoJOM. YCTAaHOBHM 3Ty
cBs3b. byneM cumrtarh, 4TO pacmpe-
NEIICHUE CKOPOCTEMd B CEUYCHMSX
TpyOOIIpOBOJIa paBHOMEPHOE, TOTJa
kodddumment Kopumomuca o =1,

3anuiineM ypaBHeHUs bepHyiu U pacxoga i IBYX CEYEHHM, YKa3aHHBIX

Ha CXCMC:

gp 20 0p 29

2
I

&+V—22+h ;

™ !

JIononHUM 3Ty CHCTEMY YPAaBHEHUH €111 IBYMSI:

2

V
h, =&—2;
" @29

pl_pZ =AH.

gp

Bripa3uM u3 ypaBHEHHs pacxoj/ia CKOPOCTh Vi U MOJCTaBUM €€ W JIBa MOCHIE-

HUX BBIpaXXEHUS B ypaBHEeHUE bepHyium:
AH +

Haitnem u3 aToro BeipakeHus Vs:

S ) 29

2
+E L
20 ™ 2g
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29AH
2 2
1+ Sz + &,
1

Otcrona 0ObEeMHBIN pacxojy

Q=V,S, =S5, 29 JAH =CVAH,

S 2
1+ 22| +&,
1
rne C — BenuuMHa, MOCTOSIHHAS JJIS TAaHHOTO PacxojJoMepa, KOTOpYylo, yallle
BCET0, OMPEACIISAIOT ONBITHBIM ITyTEM.

3nast C, MOXKHO 0 MOKAa3aHUSM bE30METPOB OMNPEICIUTh PACXOJ B JIIO-
00i1 TpyOe, B KOTOPYIO OYyJIeT YCTAaHOBJICH JIaHHBIN pacxoioMep.

Ecnu BmecTo nbe3omMeTpoB noaxiaoueH U-o0pasHblil nudepeHnnanbHbli
MaHOMETp, 3aIOJHEHHBINH PTYThIO, TO AH = Ah Ppr 7P .

p

TpyOxa monnoro nanmopa (Tpyoka Iluro) (Puc. 24) coyxut nis usmepe-
HUSI CKOPOCTH, HallpuMep B TpyOe.

B npe3oMerpe, KOHEI KOTOPOIo 3arHyT HABCTPEUY MOTOKY KUIAKOCTh MO I-
HUMETCS BbIIIE, YeM OOBIYHOM IbE30METPE Ha BEJIMYUHY CKOPOCTHOTO HAmopa.
DTO 00BSACHAETCS TEM, UTO KUJKOCTh MOMaBIIasi B 3TOT MbE30METP MOJHOCTHIO
OCTAHABJIMBAETCS, MOATOMY IPU O =1 MOXHO 3anucarbh ypaBHeHHe bepHymiu
JUIsl HEBO3MYILIEHHOT'O IIOTOKA U CEYEHMS, B KOTOPOM PaCIIOJIOKEHBI ITbE30MET-

pBI:

n vV _p
gp 2g¢ gp

Orcrona

TOorga

2(192 _Pl) .
p

|
L

T

0

Puc. 24. Cxema TpyOKH MOJIHOTO
Haropa
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— L) —
Crpyiinblii Hacoc (3:KeKTOp)
Jl_(/_ /7\9.5 Qe (Puc. 25) cocToWT M3 IUIABHO CXO-
JSIIEeTocsl Hacaaka A, OCYIIECTBIIS-
IOIIETO C)KaTHe IOTOKa, M TOCTe-
' Qe IEHHO pacumpsomeiics Tpyoku C,

YCTaHOBJICHHOW Ha HEKOTOPOM pac-
CTOSIHMU OT HacaJka B kamepe B.

Puc. 25. Cxema cTpyliHOro Hacoca

Bcenencreue cyeHus MOTOKA B Hacaake A BO3pAaCTaeT CKOPOCTh MOTOKA, a
JlaBJI€HHE B HEM U BO Bceil kamepe B cumkaercs. B Tpy6ke C ckopocTh moToKa
MIOCTENIEHHO CHI)KAETCS, a JaBJICHUE BO3pACTaeT MPUOIU3ZUTEIBHO /10 aTMO-
cpepnoro. CienoBaTenbHo, B Kamepe B Bo3HuKaeT paspexeHue, moja AecTBu-
€M KOTOPOTO0 KUAKOCTh W3 HUKHETO pe3epByapa BCachlBaeTcs B KaMmepy B, rue
IIPOUCXOAUT CIVSHUE U IEPEMEIINBAHUE IBYX IIOTOKOB.

Yame Bcero, nepBbIM MMOTOK — ATO MOTOK BO3/1yXa, a BTOPOU — KUJKOCT,
KOTOPYIO HEOOXOAMMO PacHbLIATh.

3.8. KaBuranus

TecHO CBA3aHO € ypaBHEHUEM bepHYIUIM Takoe SIBJICHUE KaK KaBUTALIMSL.

B HEkOTOpBIX ciydasx NpHU ABWKEHUM >KUJIKOCTH B 3aKPBITBIX pyciax
IIPOMCXOUT U3MEHEHUE arperaTHOro COCTOSIHUSA KUAKOCTH, TO €CTh U3 KUIKO-
IO COCTOSIHUSI OHAa NEPEXOUT B mapoodpazHoe. Kpome Toro, mpu 3ToM U3 KH -
KOCTH OYypHO BBIJIEJSIOTCS PACTBOPEHHBIE B HEHl razbl. OTO MOKET MPOU30NTH,
HaIrpuMep, NMpU OPOXO0KICHUH KUJIKOCTU Yepe3 MECTHOe cykeHue TpyObl. Kak
MBI 3HA€M, IPU 3TOM IMPOU3OUAET yBEIUYEHUE CKOPOCTH IOTOKA, U, COTVIACHO
ypaBHeHMs bepHyiu, ynager nasiieHue. Ecnu naBineHne nepes Cy:)KeHUEM pyc-
Jla MaJIo, TO, Majaasi, OHO MOYKET CPABHATHCS C JABJIECHUEM HACBILIECHHBIX ITAPOB U
JKUJIKOCTh HAYHET WHTEHCUBHO HCHApATHCSA. B MOTOKE XKUIKOCTH MOSIBUTCS
00JIbIII0E KOJIMYECTBO MEJIKUX IMy3bIPbKOB, KOTOPHIE, oNaaasi B 30Hy 0oJiee BbI-
COKOTO JaBJICHUS, HallpUMep, Iie TpyOa CHOBa paclIMpsieTCs, 3aXJIOMbIBAIOTCSA
(ra3el BHOBb PacTBOPSIOTCSA, a Mapbl KOHACHCUPYIOTCS). [Ipu 3TOM KUAKOCTb,
YCTPEMJISSICh K LHEHTPY My3bIpbKa, yIapseTcs cama o ce0sl U MPOUCXOAIT MUK-
POCKONIMYECKUE TUAPABINYECKUE YIAPBI.

DTO MECTHOE HAPYIIEHHE CIUIOIIHOCTH TEYEHHS ¢ 00pa30BaHUEM MAPOBBIX
Y Ta30BBIX My3bIpei (KaBepH), 00YCIOBICHHOEC MECTHBIM TAaJICHUEM JIaBJICHUS B
MTOTOKE, Ha3bIBACTCS KAGUmMayueu.
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[Ipn BOBHMKHOBEHHH KaBUTALMU 3HAYUTEIBHO YBEIUYMBAETCS COMPOTHB-
JeHHE TPYyOOIIpOBOJOB U, CIEAOBATEIbHO, YMEHBIIAETCA UX IPOIYCKHAs CIIO-
COOHOCTh, MTOTOMY UYTO KaBEPHBl YMEHBIIAIOT KUBBIE CEYCHHS] MOTOKOB, CKO-
POCTB B KOTOPBIX PE3KO BO3PACTacT.

KaBuTtanus conpoBOXAAeTCs XapaKTEPHBIM IIYMOM, a MPHU JJIATEIBHOM
BO3JICHCTBUM TAKXKE 3PO3MOHHBIM Pa3pyLICHUEM METALIMYECKUX CTEHOK. [leno
B TOM, YTO B LIEHTPAX 3aXJIONbIBAIOIINUXCS My3bIPbKOB JABICHUE MMOJCKAKUBAET
1o 1500 + 2000 at, a Temnepatypsl — 701000 + 1500°C. OT MrHOBEHHOTO pa3-
PYLIEHUS TUAPOCUCTEMY CHacaeT TOJNBKO TO, YTO 0OBEMBI, B KOTOPBIX HAOJIIO-
JAIOTCS TaKHe MapaMeTpbl, MUKPOCKONMYECKH Majbl, a PACHPOCTPAHSACH IO
XKUJKOCTU JaBJICHHUE U TEMIIepaTypa oueHb ObICTpo majatoT. Ho ecnu my3bipex
3aXJIOMBIBAETCS HA MOBEPXHOCTH TPYOBI WIIM THIpOArperara, TO BbICOKOE J1aB-
JICHUE W TeMIIepaTypa BO3JECUCTBYIOT HA METAJI M pa3pylLIalOT €ro, BBIKpAIIN-
BalOT. MexaHN4YecKoe BO3JIEUCTBUE COMPOBOXKIAECTCI XMMUYECKHM, TaK Kak B
PacTBOPEHHOM BO3AYXE MPOLEHT COJEpkKaHU KUCIOPOJa CYLIECTBEHHO BBIIIE,
YeM B aTMOC(EepHOM, TaK Kak KHUCJIOPOJ pPacCTBOPSETCA B JKHUIKOCTSIX Jydlle,
4eM a30T.

Tak HOBBIM Hacoc, pabOTAIOIMIUNA B PEKUME KAaBUTALIMU, MOXKET MOTEPSThH
MPOU3BOAUTENBHOCTD yKe uepe3 20 + 60 MuHyT paboThl!

SIBneHuEe KaBUTAUMU — BPEAHOE SIBJICHUE, HO B HEKOTOPBIX CIy4asX €ro
UCIIOJIb3YIOT, HAallpUMEp, B KaBUTALIMOHHOM pPETYJSTOPE pacxojaa, B KOTOPOM
najieHue JaBJICHUS 3a CYKEHHBIM CEUE€HHUEM TpYyObl IPUBOJUT K POCTY pacxoia
U MaJCHUIO JABJICHUS B Y3KOM CEYEHHUHU TOJIBKO JI0 T€X IMOp, MOKa JAaBICHUE HE
OIyCTUTCS 10 J1aBJICHHsI HACBIMIEHHBIX MapoB. [locie 3Toro cHWkeHue nasie-
HUS Ha BBIXOJE pEryisTopa He OyAeT CKa3blBaThCAd HA BEJIMYMHY AaBJICHUS U
pacxoza B Y3KOM CE€YEHHH, OyZeT MPOCTO yBEJIMYMBATHCS 30HA KaBUTALUU, 00-
jlee ”HTEHCUBHO TPOUCXOAUTH MapooOpa3oBaHue.

KaBuranus MokeT BO3HHMKAaThb B HAcOCax, 'MJIPOTypOMHAX, Ha JIOMACTIX
OBICTPO BpallatoUIUXCsi TPEOHBIX BUHTOB, BO BCEX MECTHBIX CONMPOTHUBIICHUSX,
IZIe NOTOK MPETEPIIEBAET CYKEHHUE € MOCIEIYIOUIUM pacIlMpeHUueM (BEHTUIIH,
KpaHbl, 3aJ[BUKKH, TUa(parMpl, >KUKJIEPHI U T.I1.).

KaBuTanuss mpoTekaeT Mmo-pa3HOMY B MPOCTBIX (OJHOKOMIIOHEHTHBIX) H
CJIOXHBIX (MHOTOKOMITIOHEHTHBIX) KUJIKOCTAX. B CIOXHBIX KUJIKOCTSIX, B KOTO-
PBIX CYILIECTBYIOT JIETKUE U TsDKEJbIe (PPaKIMK, 3TO SBJICHUE MEHEE SIPKO BhIpa-
KEHO, TaK Kak JIerkhe (Ppakuuy BCKUIAIOT MpH Oojiee BHICOKOM JaBJICHUU, TO
€CTh PaHbIIIE, & KOHAECHCUPYIOTCS MO3XKE TSHKEIIBIX.

JI71st XapaKTepUCTUKU MECTHBIX THPaBIMYECKUX CONMPOTUBIECHUN B OTHO-
[ICHUW KaBUTAIlMU MPUMEHSETCS Oe3pa3MepHbI KpUTEpPUi, Ha3bIBAEMbI YK C-
JIOM KaBUTALIUHU:

K= P — p2H.l'[. ’
pVi

2
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rae P1, Vi — JaBlieHUE U CKOPOCTh KUJKOCTH NEPE]] CYy>KEHUEM MOTOKA.
3HayeHue K, MPU KOTOPOM B MECTHOM COTPOTHUBIICHUM HAYWHAECTCS KaBU-
TalUs, Ha3bIBACTCS. KPUTUUECKUM YUCIIOM KABUTALMH Kip.
Kaxkue Mepsl 00pb0ObI ¢ KaBUTAIIMEH MOKHO MTOPEKOMEHIOBATh?
1. IToBbICUTh AaBIEHUE TEPE] MECTHBIM CONPOTUBICHHUEM P1 (HE JOMYCKATh
3HAYUTETHLHOTO Pa3psiKEHUsI BO BCACHIBAIOIIEM TPYOOIIPOBO/IE HAcOCa U T.I1.).
2. He nonyckaTh CHIIBHOTO HArpeBa *HUJKOCTH, TAK KAK MPHU €€ HarpeBE MOBBI-
1IaeTCA TaBJICHUE HACHIIIECHHBIX NTAPOB U MaJIa€T paCTBOPUMOCTH I'a30B.
3. He momyckath HachIEHUS KUJKOCTH Ta3aMH, TO €CTh HE JOMYCKaTh 00pa3o-
BaHME MEHBI HAa MOBEPXHOCTH >KUJKOCTH (ISl 3TOTO CIMBHYIO TPyOy THIIPOCH-
CTEMBI CJIEAYET BBIBOJAUTH BCET/IA MO YPOBEHB KUJKOCTH B OaKe).
4. He nomnyckaTh CUJIBHOTO 3arps3HEHHUS KUAKOCTH, TaK KaK TBEPJbIC YaCTHUIIbI
SBJISIIOTCS] KOHIIEHTpaTOpaMu JJ1sl 00pa30oBaHUs HapOra30BbIX MY3bIPHKOB.

I'naBa 4. OcHOBBI THAPOAUHAMHUYECKOT0 MOA00US

[Ipn wu3ydeHHH JBWKEHHS pEaJbHBIX KUIAKOCTEH BCTPEUAETCS MHOIO
TPYAHOCTEH MOTOMY, YTO Ha XapaKTep IABMKCHHS BIMSIOT MHOTHE (haKTOPBHI.
[lepBbIM 3TanmoM H3y4deHHs Mpolecca SIBISETCS OTOOP ONPEAEHSIOUUX 3TOT
nporecc (hakToOpoB, TO €CTh BBISIBIICHUE (DAaKTOPOB, BIUSAIONIMX HAa M3y4aeMbIil
IPOLECC, U UCKIIOYEHUE M3 PACCMOTPEHUSI T€X U3 HUX, KOTOPbIE OKa3blBaOT
PEHEOPEKUMO MaJIOE BIHUSHHUE.

Crnenyromuii 3tan M3y4eHHUsS — 3TO YCTAHOBJIEHHE 3aBUCUMOCTU WHTEpe-
CYIOIIEH BEIMYUHBI OT CHCTEMbI BBIOPAHHBIX OMPEICISIONINX MapaMeTPOB.
DTOT 3Tal MOXKET peniaThCs ABYMS MyTSIMU: aHATMTUYECKUM, OCHOBAaHHBIM Ha
3aKOHax (PU3HUKH, U SKCIIEPUMEHTAIBHBIM. [lepBbIii IyTh TPUMEHUM JTUIIb TSI
OTPaHUYEHHOTO YHCIIA 3a7a4 ¥ TIPU TOM OOBIYHO JIUIIb JJI YIPOIIEHHBIX MO-
JeNer SBJICHUN. OKCIEPUMEHTAJIbHBIA NyTh M3Y4YEHUs B NPUHLUIIE MOKET
y4ecTb MHOTHE (PaKTOpbl, HO OH TpeOyeT HayyHO OOOCHOBAHHOW MOCTAHOBKH
OMBITOB, TUIAHUPOBAHMS IKCIIEPUMEHTA, OTPAaHUYEHUE €ro oObema HeoOXOoau-
MBIM MHUHUMYMOM M CHCTEMATH3allUd PE3yJIbTaTOB ONBITOB. [Ipu 3TOM Yacto
OTIBITHI TIPOBOSITCSI HE C PEATBHBIMU SIBICHUSAMH, a C UX MOJCISIMH, TaK Kak
napameTphl peaTbHBIX SBJICHUN YaCTO ObIBAIOT HEYJOOHBIMU ISl X N3YUYCHUS B
naboparopun. Hanpumep, Hey100HO M3y4yaTh B J1a0OPATOPHBIX YCIOBUSAX TeUe-
HUE HEe(DTU B MArucTpajIbHOM HE(PTEIMPOBOJIC M3-3a €ro OOJIBIIOTO JUaMeTpa,
OOJNBIINX ¥ OYECHb MOIIHBIX HACOCHBIX YCTAHOBOK, MOYXAPOOMACHOCTH KHJIKO-
CTH U T.N. TakuM 00pa3om, HEOOXOAMMO TPHUHATH 0OOCHOBAHHBIC TTAPAMETPHI
MOJIEU. DTH 3aJlaud MO3BOJISIET PELIUTh meopus 2uOpoOUHAMUUECKO20 NOOO-
ous. I'uapoauHamMuyeckoe MoAoOue CKIAAbIBAETCS W3 TPEX COCTABIISIIOIIMX:
re€OMETPHUECKOT0, KHHEMAaTHIECKOTO U TUHAMUYECKOTO MO 00H.

l'eomempuueckoe nodobue, Kak HU3BECTHO M3 T€OMETPHUH, MPEANOIaraeT
PONMOPIUOHANIBHOCTh CXOJICTBEHHBIX Pa3MEpPOB U PABEHCTBO COOTBETCTBYIO-
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KX YTJIOB. B ruapaBivke 1moj reoMeTpHISCKUM 1O J00MeM ITOHUMAETCS 10,10~
Oue Tex MOBEPXHOCTEH, KOTOPhIC OTPAaHUYMBAIOT MMOTOKH, TO €CTh MOJ00HUE PY-
cell Wik KaHayioB. [Ipr 3TOM MOJXOOHBIMH JOJKHBI OBITH HE TOJLKO pycia B
npeseNax U3y4aeMoro y4acTKa, HO U HETIOCPEICTBCHHO Meped U 3a HUMH, TaK
KaK OHM OyJIyT OKa3bIBaTh BIMSHUC HA XapaKTEP TCUCHUS KHUIKOCTH Ha M3yda-
eMoM ydacTke. OTHOIIIGHHE JBYX CXOJCTBEHHBIX Pa3MEpOB IMOJAOOHBIX pycCel
HA30BEM JIMHEHHBIM MacITaboM U 0003Ha4YMM depe3 K. DTa BenudynHa O uHa-
koBa (idem) mis momo6HBIX pycen [ u II:

L, .
k, ==L =idem.
L
11
Kunemamuueckoe nooobue 03Ha4aeT MPONOPLHUOHATBHOCTh MECTHBIX CKO-
pocTeli B CXOJCTBEHHBIX TOYKAaX M PAaBEHCTBO YIVIOB, XapaKTEPHU3YIOIIUX

HAIIPaBJICHUE ITUX CKOPOCTEM:
Ve _Va VY _Va

ky =—=-">-= = =idem,

Vo Vi Wil Vi
rje ky — MacmTad cKopocTei, OIMHAKOBBIN NP KHHEMAaTHICCKOM ITO00UH.
Taxk xak

rae T — BpeMs, Kt — Maciirab BpeMeHH.

O4eBHIHO, YTO IS KHHEMATHUYECKOTO MOoa00us HE0OXOIUMO TreoMeTpH-
YECKOE IMOI00ue pycell.

Junamuueckoe nodobue — 3TO MPONOPLUUOHATBHOCTD CHUJI, AEHCTBYIOLIUX
Ha CXOJICTBEHHBIE 00HEMBl B KWHEMAaTHYECKH MOJOOHBIX TTOTOKAaX W PAaBEHCTBO
YIJI0B, XapaKTePU3YIOIINX HAIPABIEHUE 3TUX CHIL

B moTokax >KHAKOCTH OOBIYHO JCHCTBYIOT pa3HbIC CHIIBI: CHUIIBI JABJICHUSA,
BA3KOCTH, TsKecTH U Ap. ColOnoieHrne 3TUX NPONOpPLUUOHATIBHOCTEH O3HAayaeT
MOJTHOE TUApOAMHaAMHYeckoe momooue. OCyIIecTBUTH MONHOE MOa00HMe Ha
IPAKTUKE yIaeTcs AaJIeKO HE BCEr/ia, IO3TOMY YacTO UMEIOT JI€JI0 ¢ YaCTUYHBIM
(HenmoJHbIM) MoA00HeM, MPU KOTOPOM MPOMOPLMOHAIBHBI TOJBKO JIMIIL OC-
HOBHbIE, TJIABHBIE CUJIBI.

JlJiss HamOpHBIX TEYEHUH B 3aKPBITHIX pyciaX, TO €CTh JJIsl IOTOKOB B TPY-
0ax, B TUpOMAIlIMHAX U T. 1., TAKUMH CUJIAMU SIBJISIFOTCSI CUJIBI JTABJICHUS, BSI3-
KOCTH U uHepuuu. Ha KuIKOCTh MEHCTBYET TaKkKe Chjla TSKECTH, HO B HATOP-
HBIX [TOTOKAX €€ JIEHCTBUE MPOSBISETCS Yepe3 JaBlieHue: Pyp = P + gph, To ecth
OHa yYUTHIBACTCS.

Cumipl WHEPIMH OMpPEACNIOTCS TMPOU3BEACHUEM MacChl Ha YCKOpPEHHUE
F = ma, a ux oTHOIIEHNE B TIOJIOOHBIX MTOTOKAX PAaBHO MacITady CHUJI:

poot1 (ma), _ kpkzkl —kk2k2,
F FI | (ma) k2 p*V L
11 T
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rae Ko — Macmrad mioTHOCTEH.
Takum 06pa3oM, CUIIBI HHEPIUH POMOPLHOHATIBHEI IIIOTHOCTHU, KBaIPaTy
CKOPOCTH 1 pa3mepy L Bo BTOpoii cTeneHu, To eCTh IIOMann S:
2
F..~pV°S.
Cuibl MHEpLUU TPHMEM 33 OCHOBY U APYIue CHUibl OyJeM CpPaBHHUBATH C

2
WHEPIMOHHBIMU, TO €CTh C pV “S.

Taxkum 006pa3om, IJIs1 THAPOAMHAMUYECKOTO MOA00US TTOTOKOB HEOOXOI1-
MO, YTOOBI

F F )
——| =| ——| =idem.
pv?s), \pr?s),
DTO OTHOIIEHUE HA3BIBAIOT yuciom Heiomona n o6o3unauaroT Ne. [log cuoii F
3J1€Ch TOHUMAETCS] OCHOBHAS CUJIA: CUJIA IABJICHHUS, BA3KOCTH, TSIKECTH WIH JP.
To ecTh 3TO OOIIMI BU 3aKOHA THAPOIUHAMUYECKOTO TTOA00MS.

PaccMoTpuM Tpu XapakTepHBIX Cly4das BO3JICMCTBUS HA JIBHKYIIYIOCS
YKUJIKOCTh OCHOBHBIX CHJI Ml HAlJIeM YCJIOBHS MOJJO0MS TTOTOKOB.
1. Ha »kunkocTh ACHCTBYIOT JIUIIb CUJIBI JIaBieHUsT U uHepiuu. Torma F = ApS

~ ApL? 1 ycroBue rugpoauHaMHYECKOT0 000U IPUMET BHI:

Apz = Ap2 = Eu = idem,
PV PV,
rae Ap — pa3HOCTh JaBJICHUM WM MTPOCTO JABJICHUE,
Eu — Ge3pasmepHblii kpuTepuid, vucio Jinepa.

Takum o0pa3om, B 3TOM Ciiy4yae yCIOBHEM THAPOJIUHAMUYECKOTO MO00us
MIOTOKOB SIBJIIETCA PaBEHCTBO UMCENl Dijiepa, KOTOPhIE pPaBHBI BEJIMYUHE, MPO-
MOPUHMOHATBHOW OTHOIIEHUIO CHJI IABJICHUS K CUJIaM UHEPIIHH.

2. Ha »xuakocth AEWCTBYIOT CWJIBI BSI3KOCTH, JIaBJICHUS U HHepHuu. Toraa

F= u(d—V)S ~ vp(d—VJLZ ~ vpVL . YcnoBue ruijpoIMHAMUYECKOTO MOA00US

dy dy

IIOTOKOB TI0cI€e Aeenus Ha pV L2 mpumer Bu:

7)), ), =
— | = — U — =| — :Re=1dem,
VL/, \VL/y V., Vi

rne Re — 6e3pa3smepHblil KpUTepuid, Ha3bIBaeMbIN yuciom Petinonvoca.

CrnenoBaTenbHO, YCIOBHEM THAPOJUHAMUYECKOrO MOA00US reoMeTpuye-
CKU MOJOOHBIX MOTOKOB SIBJISIETCS PaBEHCTBO uucen PeliHonb/ca, moIcYUTaH-
HBIX U1 CXOJACTBEHHBIX CEUEHUM MTOTOKOB.

Uucno PeitHonbica — OCHOBHOM KPUTEpHUI MOA00USI HATTOPHBIX MOTOKOB.
3a xapakTtepHslii pazmep L mpu Bbrumcinennn Re mpuHUMaeTcs monepeyHbIi
pa3Mmep NoTOKa, HAPUMEpP, TUaMeTp ceUeHUs (TUAPABINYECKHUI TUAMETP).

N3 ompenenenus yucna PelHonbaCa BUAHO, YTO 3TO BEIUYMHA, MPOMOP-
LIIOHAJIbHAS] OTHOLIEHUIO CUJI HHEPIIUU K CHJIAM BA3KOCTH.
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3. Ha XuakoCcTp AEUCTBYIOT CHJIbI TSXKECTH, JABJICHUS W HHEpUHUH. Toraa
F ~ gpL® u ycnoBue ruapoiMHAMUYECKOTO MOA00HS IIOTOKOB IIPUMET BHUJI:
3 3 2 2
gp_2|_2 :gp—sz WIIN A I = Fr = idem,
pVoLY ) pV7L), L), \9b),
rae Fr — 6e3pa3mepHblil Kputepuit, yucio Ppyoa.
CrnenoBaTesbHO, YCIOBHEM THAPOJUHAMUYECKOrO MOA00US reomMeTpude-
CKH MOJOOHBIX MTOTOKOB SIBJISIETCA PaBeHCTBO uncen Opyna. M3 BbIBOIa BUIIHO,
yTo yuciao Ppyna — 3TO BEIMYMHA, MPONOPIMOHAIBHAS OTHOLICHUIO CHJIBI
WHEPIIMU K CHJIC TSHKECTU. DTOT KPUTEPUN BaKEH IMPU PACCMOTPEHHH 0€3-
HAIOPHBIX TEYEHHN B OTKPBITHIX PyCJax, IJisl HAMOPHBIX TEUECHH €ro MOXHO
HE YYUTHIBATb.
PaccMoTpuM /1Ba rupOIMHAMUYECKH MMOJOOHBIX MOTOKA UCATBHOM KU I-
KOCTH. 3alMIlIeM ypaBHEHHE BepHYyIUH 1JId ABYX CEYEHHM OJHOTO M3 MOTOKOB
IIPU YCIIOBUH, YTO FEOMETPUYECKAsl BBICOTA CEUYECHHI TTOCTOSIHHA:

4% vy
P N P Y
gp 2¢ gp 2g
Hcnonw3ys ypaBHeHue pacxona Vi1Si = VoS, uckmounM ckopocth Vi u, mepe-

I'PYIIIMPOBAB YJICHBI YPABHCHUA, IIPUBCIACM CTO K 6€3p33MepHOMy BUAOY:

ALYESs_p Ve pmp Vi[85 An-p)_, S5
gp 2gSE gp 2g g 2g\ S} pV; S:
2
2Eu=1—S—22.
Si

[IpaBast yacTh ypaBHEHHUS OJWMHAKOBA IS MOJOOHBIX TTOTOKOB BCIIC/ICTBHE
IrCOMETPUYECKOTO MOJI00Ms, a JIeBask — BCJICACTBUC JUHAMHYECKOTO MOJ00US, U
BCC YpaBHCHHUE OJMHAKOBO TSI TMOJOOHBIX MOTOKOB HCATBHOM XKUAKOCTH. Ta-
KHM 00pa3oM, JIJIsi 00eCIIeUeHUS THIPOIMHAMUYECKOTO 101001 HAITOPHBIX I10-
TOKOB HJI€aTbHOM JKUJIKOCTH TOCTATOYHO OJTHOTO TEOMETPHUECKOTO TTOT00MS.

Tenepp 3anuiieM ypaBHeHUE BepHYIUIN 11 OJTHOTO M3 HAIIOPHBIX TTOTOKOB
peanbHOM (BSI3KOM) )KUAKOCTH, MOJJOOHBIX THIPOAUHAMUYECKHU:

&+a1\ﬁ:&+a2v—22+§v—22,
29 " 2¢
rjae & — KodPUIUEHT NOTePh SHEPTUHN MEXKAY PACCMATPUBAEMBIMU CEUCHUSIMU.
[Tocne nmpuBeneHus 3TOr0 ypaBHEHUS K 0€3pa3sMepPHOMY BUY MTOTYyUUM
2
2(p1—2pz):2Eu=oc2 —a1—22+§.
PV Si

Yucno Ditnepa 0OIMHAKOBO I JUHAMHYECKH TOJOOHBIX ITOTOKOB; KO3(-
dbunuentsl Kopuomnuca s CXOJCTBEHHBIX CEUCHUH OJTMHAKOBBI U3-3a KHHEMa-
TUYECKOTO TOJ00MS TTOTOKOB, CJIEIOBATEILHO, OAUHAKOB OyaeT u Kodhduiiu-

50



€HT MOTEpb PHEPIUM &, a TaKKe Bce ypaBHeHHE. Eciu paccmaTpuBaroTcs Io-
NOOHBIE TIOTOKU B TPyOax MOCTOSIHHOTO CEYeHHUs, TO OyJIeT OJUHAKOB U KO3 (-
buueHT nNoTeph Ha TPEHHUE MO JJIUHE A, 0 KOTOPOM MBI MTOAPOOHO MOTOBOPHUM
HECKOJIBKO ITO3KE.

Wtak, B moJ0OHBIX HAMOPHBIX MOTOKAaX MMEEM PaBEHCTBO Oe3pa3MepHBIX
koad¢unuenToB u yucen o, &, A, Eu, Re u nekotopeix apyrux. M3meHenue
yucia PeliHonbAcCa, 03Ha4aeT, 4TO U3MEHNUIIOCh COOTHOILIEHHE OCHOBHBIX CHII B
MOTOKE, B CBSI3U C YeM yKa3aHHbIE KOI()PHUIIMEHTHI TOXKEe MOTYT HECKOJIBKO H3-
MeHuThCs. [loaTomMy Bece K03 PUIIMEHTHI caeAyeT paccMaTpUBaTh Kak (GyHKIUU
yucaa PerHonbACa, XOTS B HEKOTOPBIX MHTEpBAJIAX Ynciia PeliHOIBACAa OHU MO-
I'yT OCTaBaThCS MNOCTOSIHHBIMH.

[Ipn 3KCHIEpUMEHTANIBHBIX HMCCIEOBAHUSX U MOJECIMPOBAHUM HAIOPHBIX
TE€YEHUH B TaOOPATOPHBIX YCIOBUAX HEOOXOIUMO:

— obecneunTh reomerpuueckoe noaodue monenu (I) m natypsr (I1), BkiIroyas
YCIJIOBHSI BXOJIa ¥ BBIXO/a;
— coburoctu paBeHCTBO uucen PeitHonbaca: Re; = Reyy.

W3 BTOpOro ycioBUs MOXKHO TMOJYYHTh HEOOXOAUMYIO CKOPOCTh MOTOKa

IIPU SKCIIEPUMEHTE

L,v
Vi=Vy -

Livi

B uvacTHOM cnydae, eciu V| = V| CKOPOCTb IPU AKCIEPUMEHTE JOJIKHA
ObITh Oonbmie HaTypHOU B L /L | pa3. Ecnu npumMeHUTh MEHEE BSI3KYIO KHJI-
KOCTh WJIM Ty JK€, HO TIPH TOBBIIICHHOW TEeMIIepaType, MOKHO CHH3UTH CKO-
pocTh V.

Kpome nepeuncnennbix ocHOBHBIX KpuTepueB nomodbust (Eu, Re, Fr), B
TUAPABIUKE MPUMEHSIOT U JPYTHe KPUTEPUM JJIi OCOOBIX CIIy4aeB TEUYCHUS
KUJKOCTH.

[Ipu paccMoTpeHnH TEYEHUH, CBSA3aHHBIX C MMOBEPXHOCTHBHIM HATSHKCHHUEM
(mpu pacmbUICHUH CTPYHM Ha Kallulv), BBOIAT kpumepuii Bebepa (We), mpormop-
[IMOHAJILHBIA OTHOIIEHUIO CUJI TOBEPXHOCTHOTO HATSHKEHUS K CHUJIaM WUHEPIUU:

We= cL __o©
pVZ2L* pVZiL

[Ipu paccMOTpeHUN HECTAIMOHAPHBIX MEPUOIUUYECKUX TEUEHUM C Mepuo-
noMm T (Hampumep, TeueHue B TpyOOIPOBO/IE, MOJCOCAMHEHHOM K MOPIITHEBOMY
Hacocy) BBOAAT xpumeputi Cmpyxans (Sh), yIUTHIBAIOMIUI CUIJIBI HHEPIIUU OT
HECTallMOHAPHOCTH, KOTOphle INponopuuoHansHel Macce (pL®) u yckopenuro
(oV/0f), To ects VIT. CrnenoBaTenibHO, YCIOBHEM THAPOAMHAMUYECKOTO MOI0-
Ousi B 3TOM cUTyaluu OyaeT

oL’V L
pLViT VT

=1dem.

=1dem 700171 Sh = TT =1dem.
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[Ipu paccMOTpeHHH IBUXKEHHUS >KUIKOCTH C YYETOM €€ CKUMAeMOCTHU
(HampuMep, NBWXKEHUM IMYJIbCUI) BBOAAT xpumepuii Maxa (M), yduThIBaro-
M CHITBI YIIPYTOCTH, KOTOPBIE IPONOPUMOHANEHEI momanu (L?) n oobemHO-
My MoxyIro ynpyrocti K = pc?. [103ToMy CHIIBI yIPYTOCTH IIPONOPLMOHATEHEL
pC%L2. Ycnosre rupoAMHAMHYECKOTO ITOJ00US IIPH 3TOM

pCZL2 ¢z . vV .
— 5 =—5 =idem wm M =—=idem.
pvL V C

Kputrepuit Maxa oueHb Ba)KE€H MPU PACCMOTPEHHH JIBIKEHHS raza. Uem
ommxe M kx 1, Tem GoJblle BIMSHHUE C)KUMAEMOCTH raza Ha €ro JBHKeHue. B
NPUMEHEHUU K KUAKOCTSIM BMECTO uuciaa Maxa MHOTJa UCTOJIB3YIOT YUCIO
Kowu, paBHOe

I'naBa 5. Pe:xumbl ABHKEeHHUS KUAKOCTH
5.1. JlJamunapHoe U TypOyJIeHTHOE ABHKEHHUE JKUTKOCTH

Cy1miecTByeT /Ba peKuMa JBHXKCHUS XKUIAKOCTH — JJAMUHAPHBIN U TypOy-
JICHTHBI.

JlamunapHvim HA3bIBAE€TCA CIOMCTOE T€UEHUE 0e3 mepeMelInBaHus YaCTHUll
KUJKOCTU U 0e3 mylbcalnii CKopocTei u AaBieHui. [Ipu TakoM TeueHuun Bce
JIMHUM TOKA BIIOJIHE OMpenestoTcs (popMoi pycia, Mo KOTOPOMY TEUET KHU/I-
KOCTb, ITIONIEPEYHBIE NTEPEMELIECHUS KUIKOCTH OTCYTCTBYIOT.

Typbynenmuvim HA3BIBACTCSI TEUEHUE, COMPOBOXKIAIOIICECS HHTCHCUBHBIM
IEPEMELINBAHUEM KUAKOCTH U MYJbCALUSIMU CKOPOCTEN U JaBiieHUN. J[Brxke-
HUE OTHEJIbHBIX YaCTHUI] OKAa3bIBACTCSl IMOJOOHBIM XAOTHUYECKOMY JIBHXKEHUIO
MoOJIeKys Taza. [Ipu TypOyJeHTHOM TEUYEHHH BEKTOPHI CKOPOCTEH HMMEIOT HE
TOJIBKO OCEBBIE, HO M1 HOPMaJIbHBIE K OCH PyCJia COCTABISAIOIINAE, TOATOMY Haps-
Jly C OCHOBHBIM NIPOJOJIbHBIM NEPEMENIEHUEM KUIAKOCTH BIOJb PyCia MPOUC-
XOJIST TOTIepEYHbIe MEPEMENICHUS U BpalllaTeIbHOE IBUKEHUE OTIICIbHBIX 00b-
€MOB XHJIKOCTH. DTUM U OOBSCHSIIOTCS MyJIbCAIIMHI CKOPOCTEH U JaBICHUM.

[Ipennosio’xkeHUe O ABYX PEXKUMAX TEUEHMS JKUIAKOCTH BBIABUHYJ €IIE
.. MenneneeB. Aurnuiickuii yueHblii O. PeilHOJIb/IC ONBITHBIM MYTEM TO/I-
TBEPJIWJI €ro Ha crienuaibHOM yctaHoBke (Puc. 26).

VYcraHoBKa cOCTOUT U3 pe3epByapa 1, B KOTOPOM MOJJAEPKUBAECTCS MOCTO-
SHHBIA YPOBEHb KMJAKOCTH 32 CUET CJIMBA M3JIMIIHENH yepe3 00KoBOHM oTBox. B
pe3epByap BMOHTHpPOBaHA Mpo3padHasi TpyOa 2, pacxo ®KHUIKOCTH depe3 KOTO-
pyto perynaupyercs kpanoM 4. Han pesepByapom 1 3akperuieH 6auok 3, B KOTO-
PBIM 3QJIMBACTCS Ta K€ JKUAKOCTh, HO INOAKpameHHas. llogkpameHHas »xuu-
KOCTb 1O TpyOKe mojaercs Ha Bxon TpyOsl 2. Ilpu manoMm pacxojie *KUIKOCTU
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yepe3 TpyOy 2 moAKpanieHHas: CTpyiKa COXpaHsA€eT CBOE MOJOKEHHE B TpyOe, He
NEePEMENINBACTCA C OCTAJNbHOM KUIKOCThIO. [Ipu yBennueHuu pacxoga OHa
NPUHUMAET BOJIHHUCTBIA BUJ, TO €CTh MOSABISAIOTCS HEOOJBIINE OOKOBBIE BO3-
nerctBus Ha Hee. [Ipu panbHeiiieM yBeIMYEHUN pacxo/ia CTpyilka pa3MbIBaeT-
Csl M BCA KUIKOCTh B TPyO€ OKpAIIMBAETCs PABHOMEPHO.

Puc. 26. YcranoBka O. PeitHonbaca 1iist u3ydeHus
PEXKUMOB IBUKEHHUS )KUIKOCTH

PeitHoNb/IC yCTAaHOBWII, UTO HA MEPEXO0J] C JAMUHAPHOTO TEUEHUS K TypOy-

JIECHTHOMY OKa3bIBaIOT BIUSHHUE:

— CpeHsSI CKOPOCTh MOTOKA;

— XapaKTepHBIN JTUHEHHBIN pa3Mep CeUeHUs MMOTOKA (JuameTp);
— BSI3KOCTh KUJKOCTH.

W3 3TuX BENWYUH BIOCIEICTBUHM OBLI COCTaBJICH O€3pa3MEpHBIA KOM-

TJIEKC, YK€ U3BECTHBIM BaM U Ha3BaHHbBIN yncioM PeliHonbaca:
Re= E
%
YTO BIIOJIHE 3aKOHOMEPHO JIJIsSl TEUCHUST BA3KOM KUJIKOCTH.

Pexxnm TeueHHs KUJKOCTH OKA3bIBAET CYIIECTBEHHOE BIMSAHUE HA TU]IPaB-
JUYECKOE COMPOTHUBJICHUE W MOTEPH JIaBJICHUS, MOITOMY IPU PEIICHUU 3ajad,
CBSI3aHHBIX C JBUKEHUEM KUJKOCTH, CIEIYET MPEXKIE BCEro onpeaeisaTh Re.

Ecimn Re < Re,p, TO Teuenue namuHapHoe, eciu Re > Re,p, TO — TypOy-
neHTHoe. EcTecTBEHHO, UTO XapakTep TEUCHUS HE MOXET U3MEHSThCS TaK pe3-
KO, CYILIECTBYET ONpeeJCHHbIN auana3oH yucenl PeliHonbaca, mpu KOTOpOM
HabmoaeTcst nepexoanbiii pexum (2300 < Re < 4000), HO ero, Kak mpaBHIIO,
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HE BBIJICTISIIOT B OT/ACJIBHBIN PEKUM, a HHOTJIa TOBOPAT O Pa3BUTOM U HEpa3BU-
TOM TYpPOYJIEHTHBIX PEKUMAaX.

Bosznukaet Bonpoc: yemy paBHO 3HadeHue Re,? s Tpy6 kpyrioro ceve-
Hus Rey, npunumarotr paBHbM 2300, a 11t Apyrux Gopm cedeHus notoka Rey,
MOKET OBITh 3HaUnTENHHO MeHbIe (10 20). Ero 3HaueHus, B ciiyqae HEKPYTo-
ro CEYEHUs MOTOKA, CJIEyeT UCKATh B CIIPABOYHOM JTUTEpaTypeE.
5.2. OcHOBHBIC XapPAKTEPUCTHUKH JAMUHAPHOI0 ¥ TYPOYJIEHTHOI0 TeYeHNH

[Tpu namunapuom teudenuu (Puc. 27) B kpyrioit TpyOe pacrmpeicieHue
CKOPOCTH 10 KMBOMY CEUEHHUIO MapadoInuecKoe:

= ) — v
4»774L7 o

L Hau

Puc. 27. PacnipenenieHrie CKOpOCTEN B JAMHUHAPHOM ITOTOKE

Vz%(Rz—rz),

rne R — panuyc TpyOsI;
I' — pacCTOSIHUE OT OCH TPYOBI;
| — paccrosiHre OT Havama TPyObI;
h.p, — moTepu Hamopa Ha TpeHue 1o amuHe |.

Kak BuaHO U3 GhopMysibl, MaKCUMallbHAsi CKOPOCTh HAOIIOAAETCS B IIEHTPE
MOTOKA, Ha OCU TPYOBL.

N3 pacueToB moiIy4eHo: Vep = 0,5 Vinax.

Koadpunuent Kopuonrca oo Ha HadaapHOM ydacTke ly,q n3mensiercs ot 1
10 2. B nmkeHepHBIX pacueTax 3THM (haKTOM, KakK MpPaBWIIO, IPEHEOPETalOT |
NPUHUMAIOT o = 2. Bce mpuBeIeHHBIC BHIIIE 3aBUCUMOCTH TTOTYYalOTCs aHaATH-
TUYECKHUM ITyTEM.

JlnrHa HAYabHOTO ydyacTKa MOTOKa (ydacTka, Ha KOTOPOM (OPMHPYETCS
PO HIIh MIOPHI CKOPOCTEH MOTOKA) Bhrumcisiercs o popmyne [lumnepa:

liaw = 0,029 d Re.

BcenenctBue Toro, uTo Ha BXOJZe B TpyOy pacmpeneneHne CKOpoCcTeil paB-
HOMEPHOE, Ha HadaJbHOM YYacTKe TPYyObl HECKOJBKO OOJbIIIEe KacaTCIbHBIC
HAIPSOKEHUS B KUIAKOCTH. DTO MPUBOJUT K TOMY, YTO TIOTEpU HAmopa Ha
HayaJbHOM y4acTke Ha 9 % OoJblile, 4eM Ha aHAJIOTUYHOM y4dacTKe cPpopMUpo-
BAaBIIIETOCS JIAMHUHAPHOTO TCUCHHUS.
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[Ipu TypOyJieHTHOM TeueHuHu xkuakoctu (Puc. 28) Toxke cymiecTtByer
HaYyaJIbHBIA y4acTOK, HA KOTOPOM (GopMHUpyeTCs MpO(UIIb SMIOPE CKOPOCTEH.
Ero nnuHy MoHO moacuuTaTh 1o hopmyIie:

1 2
V o o V
S i@f‘; _ j_.—,,
—
1 2
L Hau

Puc. 28. Pacnipenenenne ckopocTeil B TypOyJ€HTHOM IMMOTOKE
e = 0,64 d Re%%,

[ToTOK MHAKOCTH COCTOUT U3 TYpOYJCHTHOTO SIpa U TOHKOTO MPHUCTEHHO-
r0 JIJAMUHAPHOTO CJIOSI, TOJIIIMHA KOTOPOT'O MOKET OBITh BBIUMCIICHA TI0 OJTHOU
u3 popmyi:

30d 64,2
o, = WIH O, =——--
Reé

JI_Rex/x

B nepBoit hopmyne A — 310 K0dPIUIHUESHT TUIPABINIECKOTO TPEHUS WU KO-
s punuent Japcu.

Jlyist onvcanus pacnpenereHus CKOPOCTe Mo CeYeHUI0 TPyObl CYIECTBY-
10T paznudHbie popmyiel. [IpuBeny onHy U3 HUX — GOpMyTy AJTBTIIYIIS:

R
lgR

V=Vl 1 -2

0975, 135

J

CBsi3b M@Ky MaKCUMAJIbHOM M CPEeIHEW CKOpPOCTSIMHU B TpyOe, Mo AJbT-
LIYJIIO, CJIEYIOIIAst:

Vinax =Vep (141352},

a ko3 dunment Kopuonuca

a=1+2065\.
Cpenusisi ckopocth coctaBisieT (0,75 + 0,9 )Vmax, IpudeM ¢ yBeauueHueMm Re
Vp pubmxaeTcst K Vimax:
—npu Re =2700 ch =0,75Vmax;
—npu Re = 108 Vep =0,9Vmax,
a kodppunmnent Kopuonuca npu 3tom usmensiercs ot 1,13 u crpemures k 1
npu Re — . B npaktudeckux pacuerax mpu TypOyJIEHTHOM T€YEHUH B TPyOax
0. OOBIYHO MPUHUMAIOT PABHBIM 1.
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I'naBa 6. MecTHbBIE U JIMHEHHbIE THAPABJINYECKHAE CONPOTUBJICHUS

6.1. OcHOBHBIE BHbI MECTHBIX CONIPOTHUBJICHUI.
Omnpenenenue ko3¢ PpuuueHTa MECTHbIX IOTEPb

B rnaBe 3 yxke paccMmaTpuBaJICd BOIPOC O pacuere MOTEph HAmopa Ha
MECTHBIX CONPOTUBIIEHUSX, TO €CTh TAKUX Y4aCTKax TPyOONpoOBOJa, I/i€ BCIEA-
CTBHME M3MEHEHHS pa3MEpPOB WU KOH(UTypaluu pycia, MPOUCXOIUT HU3MEHE-
HUE CKOPOCTHU MOTOKA, OTPBIB €r0 OT CTEHOK M BO3HUKAIOT BUXpHU. PaccmoTpum
MECTHBIE COMPOTUBJICHUS MOAPOOHEE.

[IpocTelimne MECTHBIE TUAPABIWYECKUE COINPOTUBIICHUS MOXKHO pasje-
JIMTh HA TPH TPYIIIBI: PACIIMPEHUs, CYXKEHUS M MOBOPOTHI pycia. Kaxaoe u3
HUX MOXET OBbITh BHE3alHbIM WM TOCTENEHHBIM. bojee CloXKHbIE ciydau
MECTHBIX COMPOTUBJICHUM — 3TO KOMOMHAIIMU ATUX MPOCTEUIIUX CONPOTUBIIC-
Hui. HammpumMep, B BEHTUIIE MMOTOK CHadajla UCKPUBILIETCS, CYXKAeTCs M, HAKO-
HEll, PACIIUPSAETCS.

[Ipu TypOyneHTHOM pexXume TeueHUs Kod(DPUIUMEHTHI nmoTeps & ompene-
JSIOTCSL B OCHOBHOM (DOPMOIT MECTHBIX CONIPOTUBIICHHM, a OT yncia PeiiHob -
ca Re mpakThuecku HE 3aBHCAT, IO3TOMY BEJIMYMHA MECTHBIX ITOTEPH IPOIOP-
MOHAJIbHA KBAJIPaTy CKOPOCTHU. Takyro 3aBUCUMOCTh Ha3bIBAIOT KBAIPATUYHOM.
3HaueHuss KOA(PUIIMEHTOB NOTEPh & HAXOJIAT B OCHOBHOM OINBITHBIM IyTEM,
XOTSI JUIsl HEKOTOPBIX MPOCTENIINX MECTHBIX COITPOTUBIIEHUI UX yIAETCs MOJIY-
YUTh TEOPETHUUECKUM IyTeM. lIpu pemeHun mpakTHUeCKUX 3a7ad 3HayeHus &
HaxoJAT B CIPaBOYHHUKAX, IJIe¢ OHU MPUBEICHBI B BUIE (GopMyi, TadauL, rpa-
(UKOB U1 pa3IMYHbIX BUJJOB MECTHBIX COIIPOTUBIICHUM.

Jly1st GONBIIMHCTBA MECTHBIX COMPOTUBIICHUM B TpyOOompoBogax mpu Re >
10° umeer mMecTo TypOyJeHTHAs aBTOMOJEIBHOCTh — MOTEPU HAIopa IPOIop-
IIMOHAJILHBI CKOPOCTH BO BTOPOM CTENEHU M KOA(POHHUIIMEHT MECTHOTO COMpO-
TUBJICHUS HE 3aBUCUT OT Re. B MECTHBIX CONMPOTHUBIECHMSX, A€ MPOUCXOIUT
pe3Koe M3MEHEHHE CEUYCHHS TPYOOnpoBOJa U 00pa3yrOTCs 3HAUYUTEIbHBIC BUX-
PH, aBTOMOJIENBHOCTh yCTaHaBIuBaeTcs U pu Re > 10*. Hanpumep, s BHe-

2
Sy
3allHOro pacuMpeHus tpyoomposona &, =|1-—| , rae S u S; — momaau
Sy
TpyOONpOBOJA 10 U MOCJE BHE3AMHOro pacuupenus. s Beixona TpyooInpo-
BoJa B 0ak Sy >> Sy, mostomy &, = 1. [Ipu nocTeneHHOM pacliupeHuu MOTOKa B

muddyszope kKodHPUIUEHT MECTHOTO COITPOTUBIICHUS
2

r7ie @ ; — KodhPUImeHT noreps.
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1
ITpu BHE3anmHOM CyxeHuu Tpyos! &, = —|1- S2 . dns Bxona B TpyGompo-

1
BOJ U3 O0aka S; >> Sy, moatomy & =~ 0,5.

[Ipn naMuHApHOM pEXKUME TEUCHUSI MECTHBIE MOTEPU OOBIUHO MAaJIbl IO
CPaBHEHHIO C TOTEPSAMU Ha TPEHHUE, a 3aKOH COMPOTHUBJIECHUS 00Jiee CIOKHBIMU,
4eM TP TYPOYIICHTHOM PEKUME:

h, = th + hBHXp ,
rae hy, — motepu Hamopa, OOYCIIOBJICHHBIE HETOCPEACTBEHHO JEHCTBUEM CHII
TpeHusl (BA3KOCTH) B JAHHOM MECTHOM CONPOTHBJIEHUHU M MPOMOPIIUOHAIIBHBIEC
BSI3KOCTH JKUJIKOCTH M CKOPOCTH B TIEPBOU CTETEHU; Nyyxp — TIOTEPH, CBA3aHHBIC
C OTPBHIBOM MOTOKa M BHXpeoOpa3oBaHHEM B CaMOM MECTHOM CONPOTHUBICHUU
WJIU 32 HUM U TIPONOPIIMOHATBHBIE CKOPOCTH BO BTOPOM CTEIEHHU.

Takum 06pazom, KOAHPUIIUEHT MOTEPh MPH JTJAMUHAPHOM PEKUME MOXKHO

MPEJCTaBUTh KaK CYMMY:
Ey = i + B,
Re
rie A u B — 6e3pa3smepHble KOHCTAHTHI, 3aBUCSIINE B OCHOBHOM OT (POPMBI
MECTHOTO COTIPOTHUBJICHUS.

B 3aBucumoctu ot 3HaueHus Re u ¢opMbl MECTHOTO COMPOTHUBIICHUS IO-
TE€pHU HaIopa MpU JAMUHAPHOM PEXKUME MOTYT BBIPAXKATHCS KaK JIMHEHHOM, TaK
Y KBaJIPATUYHOM OT CKOPOCTH 3aBUCUMOCTBIO, a TAKKE KAKOM-TO CPEIHEN MEXK-
1y HUMU KpuBoi. 3HaueHus kodpduurentoB A u B cnegyer uckate B cipaBou-
HUKE B 3aBUCUMOCTH OT BHJIa MECTHOTO CONPOTUBJICHUS U €T0 MapaMeTpPOB.

6.2. Onpenenenne kod3¢pduumnenrta Japcu

Kak ykxazano B riaBe 3, motepu Hamopa Ha TPeHHUE 10 JITTHHE TPYObl MOXKHO
nojcuyuTath 1o popmyne Beiicbaxa-lapcu:

| V2
hy =A——.
d 29
Pacyer moteppr Ha TpeHUE HE MPEACTaBISIET MPOOJIEM, €Cliu U3BECTEH KO-
s unuent Japcu. PaccMoTpuM noipoObHO HaXOXKIeHHUE 3TOro Kod(duimeHTa.
MHOTOYNCICHHBIE UCCIEOBAHUS OTEYECTBEHHBIX U 3apYyOC)KHBIX YUEHBIX
TIOKa3aJIif, YTO MOXKHO BBIICTTUTH 4 OCHOBHBIX CITydasl.
|. Bsizkoe conpoTuBJ/ieHUE (JJaMUHAPHBIN pPEXKUM).
Koaddumuent Jlapcu moxker ObITh HaiieH 1O MPOCTON GopmyIie, TOIy-
YEHHOW aHAIUTUYCCKUM ITyTEM:
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rae B — Tabnuuneiii kod@uimenT, 3HaYeHNE KOTOPOTO onpeaesercs GopMoit
cedeHus motoka. s TpyOsl kpyrioro cedenust B = 64, takum ob6pazom:

=
Re
Il. TuppaBaudecku riaajakue TPyobl (TypOyJICHTHBINA PEXKUM).

['mnpaBnuyecku TiagKue TPYyObl — 3TO TPYOBI, B KOTOPBHIX BEIMYHMHA BbHI-
CTYIIOB HIEPOXOBATOCTH HE BJIMSIET HA XapaKTep paclpeiesieHusl CKOpoCcTell u
Ha BEJIMYMHY MOTEPh HAMOpa (CTEKISHHBIC, IIETbHOTSIHYTHIE TPYOBI U3 IIBETHBIX
METaJIOB, BBICOKOKAYECTBEHHbIE OECIIIOBHBIEC CTAJIbHBIE TPYObI, TO €CTh TOIUIH-
BOIIPOBO/IBI, TPYOBI THAPOCUCTEM THAPOTIPUBOJIOB).

Il passuroro TypOysentHoro teuenus (4000 < Re < 10°) MOXKHO 1OJIb-
3oBaThcsa popmynoit brnazuyca
- 03164

Re0%

nau Konakosa
1

5
(L81gRe —15)
I11. JlokBagpaTuyHoe cONPOTUBJIEHHE (TYpPOYJICHTHBINA PEXUM).
OTOT pexuM HaAOII0JAeTCs, KOTJa TOJIIMHA MPUCTEHHOTO JaMHUHAPHOTO
cliosi O, MPUMEPHO paBHA BEIUYMHE DKBHUBAJICHTHOW PaBHOMEPHO-3EPHHUCTOM

HIEPOXOBATOCTH A,. 3HaueHus A, I pa3aIuvHbIX TUIOB TPYO MOKHO HaWTH B
CIIPABOYHOM JIUTEPATYyPE.

A=

st aToro pexxuma | 20 Ai < Re <500 Ai , rie d — muamerp TpyObl, MOXK-
9 €}

HO MPUMEHUTH GOpMYITy AJBTUIYJIS:

0,25
k:01(é1+§§j .
d Re

V. KBagpaTuuHoe conpoTuBjieHue (PeXuM TypOYJIECHTHBIN).

d
OT1oT pexuMm HaOmojaercs npu Re > SOOA—. HauGonee ynuBepcanbHa
3

dopmyna Ilpannrns-Hukypanze:

N

g% 7

€}
XOTSI MOKHO BOCIIOJIB30BaThCA U POpMyJIoi

0,25

A H

A=011 22|
1(0')
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KOTOpasi moyy4aercs u3 (opMyIibl Ui TOKBAIPaTHUYHOTO COMPOTHBIICHHUS, €CIH

npeHeOpeyYb BETMYNHON OTHOIIICHUS R’
e

CrnenmyeT OTMETUTh, UYTO CYIIECTBYET JOBOJBHO OOJBIIOE KOJIMYECTBO IM-
nuprIecKux (GpopMyn UIs onpeaeseHus: A, OCOOCHHO TpU KBAAPATUIHOM CO-
NPOTUBJICHUH, A Oojiee Y3KUX YCIOBHI MpUMEHEHHs (A7 ONpeneaeHHOro
TUTa TPyO U T.I1.), KOTOPHIE MOYKHO HAWTH B CIIPABOYHOU JTUTEpaType.

Kak BugHO M3 mpuBeaeHHBIX (Gopmyn, Mpu yBennueHUu Re ero BiusHue
Ha BEJIMYUHY A Bce OOJIbIle OCla0eBacT.

B 3aBepiieHne 3TOTO BOIpOCa CIIEAyeT OTMETHTh, YTO MPH pacueTe TH-
PaBIMUYECKUX MOTEPh MPH JTAMUHAPHOM PEXHMe, Koraa noTepu Ha TpeHue (Nqp)
3HAYUTEIBHO OOJIBIIC MOTePh HAa BUXpeoOpazoBanue (Nyup), HHOTAA MPHOETaIOT
K CJIEIYIOIIEMY MPUEMY: YCIOBHO MECTHBIE COMTPOTUBIICHUS 3aMEHSIOT SKBUBA-
JICHTHBIMH y4aCTKaMU TJIaJIKOW TPyObl U pacyeT THAPABINYECKUX MMOTEPh BEIYT
HE 10 peajbHOil, a paCYETHOM JITTUHE TPYOBI:

2
he04 bve
Re d 29
rae |, = lpaxr + loxs. 3HAUCHUS SKBUBAJICHTHBIX JIJTMH HAXOMAT SKCIIEPUMCH-

TAJIBHBIM ITyTE€M WJIH IO CIIPABOYHOM JIUTEPATYPE.
I'naBa 7. UcTeueHnne ;KUAKOCTH U3 OTBEPCTHH U HACAAKOB

7.1. UcTeyeHue Yepe3 Majioe OTBEPCTHE B TOHKOHM CTEHKe
NPHU NOCTOSTHHOM HaImope

PaccmoTpuM paznuyHbie Clydal UCTEUECHHUS >KUAKOCTU U3 PE3EPBYapOB,
0aKoB, KOTJIOB W T.I. Ye€pe3 OTBEPCTUA M HACAJAKU B aTrMocdepy WM B Mpo-
CTPaHCTBO, 3allOJJHEHHOE T'a30M WM TOM K€ XUAKOCThIO. [Ipn Takom mcreue-
HUW TIOTCHIIMAJIbHAS SHEPTHs >KUJKOCTU B OOJBINCH WM MEHBIICH CTereHu
MpeBpalllaeTcsi B KHHETUUECKYI0 dHepruto ctpyu. Hac, B ocHOBHOM, OyAyT WH-
TEepEeCcoBaTh JBa apaMeTpa UCTCUEHHUS: CKOPOCTh U PACXOJ] )KUIKOCTH.

[IycTh ®KUIKOCTh HAXOAMUTCS B OOJBIIIOM pe3epByape IOJ JAaBICHHUEM Po
(Puc. 29). B ero crenke Ha J0CTaTOYHO OOJBINON TIIyOMHE OT CBOOOIHOM MO-
BepxHOoCcTH Hp mMeercs manioe Kpyrioe OTBEpPCTHE, Yepe3 KOTOPOE KHUJKOCTb
BBITEKAET B BO3/YIIHOE (Fra30BOE) MPOCTPAHCTBO C JIABJICHUEM P1.

[Tycts oTBepcTHEe MMeeT GpopMy, ykazaHHyto Ha Puc. 30, To ecTh 3TO CBep-
JIeHUEe B TOHKOW cTeHKe 0e3 00pabOTKM BXOJHOW KPOMKH WJIM BBHITIOJIHEHO B
TOJICTOM CTEHKE, HO BXOJIHasi KPOMKaA 3a0CTPEHa C BHEUTHEN CTOPOHBI.
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Puc. 29. crteuenue u3 Puc. 30. cTeuenue uepes Kpyrioe
pe3epByapa uepe3 Majoe OTBEpCTHE
OTBEPCTHUE

YacTuupl KUAKOCTH NPUOIMKAIOTCA K OTBEPCTUIO U3 BCETO MPUIIEKAILETO
o0beMa, JBUTASICh YCKOPEHHO MO Pa3JIMYHBIM IUIABHBIM TpaekTopusaMm. CTpys
OTPBIBAETCS OT CTEHKH Yy KPOMKHM OTBEPCTHS M 3aT€M HECKOJBKO CKUMAETCH.
Humuaapuueckyro Gopmy cTpysl IpUoOpeTaeT NPUMEPHO HA PACCTOSIHUU OJHO-
ro AuameTpa OTBEpCTUS OT BXOJHOU KpOMKHU. IIprumHa coxatus cTpyu — UHEp-
UOHHOCTB JKUJKOCTU. Tak Kak pasMep OTBEpCTHS Maj [0 CPABHEHUIO C HAMo-
poMm Ho u pasmepamu pesepByapa, U CIIEJOBATEIbHO, €r0 OOKOBBIE CTEHKHU U
CBOOOJIHAs MOBEPXHOCTh HE BIMSIOT HA MPUTOK >KUIKOCTH K OTBEPCTHUIO, TO
HAOJII0JIAeTCs cogepuieHHoe cacamue CTPYH, TO €CTh HauOOoJIbIIEE.

CreneHb cxxaTus olUeHUBaeTCsl KO3 OUIIMEHTOM CKaTUs CTPYH

Gl
e=—"=|—|.
So  \dy

3anuieM ypaBHeHue bepHymnu Uit cBOOOAHON MOBEPXHOCTH (ceueHue
0 — 0) u cedenus cTpyH, re OHA MPHUHSIA HWIMHAPUIECKYIO Gopmy (cedeHue

1-1):

CkopocTthto xuakoctd B ceuenun 0 — 0 MoxHO npeHeOpeub. BBenem pacuer-
HBIW HATIOP

&gp
TOTAa

2
H = Z—g(a + &).
Otcrona
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2gH =o.2gH ,
\/74/

rae ¢ — KodpHUIHUEHT CKOPOCTH:
1

Ja+e

Ecnu xxunkocts uaeansHas, 1o £ = 0, a oo = 1, crnemoBarenbHo, ¢ = 1 H
CKOPOCTb UCTEUCHUS UCaTbHON KUJIKOCTU

V, =+20H.
PaccmoTpeB motydeHHBIE BBIPXKEHHUS, MOKHO OOHAPYKHUTh, UTO KO3 DUITHEHT

CKOPOCTH — 3TO OTHOUICHHC I[CflCTBI/ITGHBHOfI CKOPOCTH UCTCUYCHUA K CKOPOCTH
HIIG&]IBHOﬁ KHNIKOCTH

v Vv
20H V,
JelicTBuTENbHAsE CKOPOCTh MCTEUYEHHUSI BCET/la MEHBIIE HACANbHON H3-3a
COMPOTUBJICHUS, CIEIOBATEIIBHO, KOA(P(MUITMEHT CKOPOCTH BCEria MeHbIIIe 1.
Pacnpenenenne CKOpocTel IO CEYEHUIO CTPYM PABHOMEPHO TOJBKO B
CPEIHEN €€ 4acTH, a HAPYXKHBIM CJIOU KUJKOCTHA HECKOJIBKO 3aTOPMAKUBACTCS
13-3a TPEHUS O CTEHKY. ONBITHI TOKA3bIBAIOT, YTO B SIAPE CTPYU CKOPOCTh UCTE-
YEHUsI TPAKTUYECKU paBHA UJICATbHOU Vj, TO3TOMY BBEICHHBIM KOADPUIIUEHT
CKOPOCTH (p CIEAYET paccMaTpUBaTh Kak KOADPUIUEHT CpeHEN CKOPOCTH.
[ToncunTaeM 0OBEMHBIN PacXo/]

Q=S =&Syp+/2gH .

[TpousBenenue €¢ = u — korhduireHT pacxoaa. Torna OKOHYATEIHHO

2A
O =uSy\2gH wmm Q=S TP

rae Ap — pacdyeTHasi pa3HOCTh JIABJICHUM, MO JEMCTBUEM KOTOPOU MPOUCXOIUT
HCTEUYECHUE.

C10HOCTh UCMOJIB30BAHMS ATOTO BBIPAKEHUSI COCTOUT B TOYHOM OIIEHKE
koa(ddurmenta pacxoaa | Bumgno, uto

"= Q Q _Q
soq/ng SeV, Q;I'

DT0 03HavaeT, 9To KOd(PPUIMEHT pacxoja eCTh OTHOIICHHUE JeHCTBUTEIIb-

(P:

HOT'O pacxoja K ToMy pacxony (,, KOTOpbIi uMen Obl MECTO MPU OTCYTCTBHH

CKaTUsl CTPYH M CONPOTHBIECHUS. (J, HE SIBIIAETCS PacXOJOM HIEaIbHON KUI-
KOCTH, TaK KaK C)KaThe CTpyu OyaeT HaOMI0aaThCsl U I UIeaTbHOM KUIKOCTH.
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I[CI?ICTBI/ITGJII)HI)II?I pacxon BCCraa MCHbIIC TCOPETUICCKOTO QH u, cicaoBa-

TEJIbHO, KOO PHUIMEHT pacXxoda [ BCeraa MeHble 1 u3-3a CKaTus CTPYH U CO-
npoTtuBieHus. IHorna 6ombiiie BIusieT oauH GakTop, MHOTAA — JPYTOH.
KoaddunmenTsr €, &, @ ©u | 3aBUCAT, B IEPBYIO OYepe/ib, OT THIA OTBEP-
CTHS WJIM HacaJka, a Takxke, Kak Bce Oe3pasmMepHbie K03(PHUIIMEHTH B THAPAB-
JIMKE, OT OCHOBHOTO KPUTEPHs THIPOIMHAMUYECKOTO Mo00us — uncia Re.
XapakTep u3MeHeHus Ko3((UIIUEHTOB €, @ H | JAJIS KPYTJIOTO OTBEPCTHS
oT Re ,, HOJCUNTAHHOTO IO UI€ATHLHON CKOPOCTU UCTCUCHHS

ne — Vud _/20Hd
V )

u
A%

npejcrasiieH Ha Puc. 31.

W3 rpaduka BHAHO, YTO C yBelawmueHHEeM Re,, TO ecTh ¢ yMEHBIICHHEM
BIIMSTHUST CHJT BSI3KOCTH, KOA((HUIIMEHT ( BO3pacCTacT B CBA3U C YMEHBIICHUEM
ko3 puimenTa conpoTuBieHus &, a KOAPOUIMEHT € YMEHBIIAETCS BCIEICTBHE
YMEHBIICHUSI TOPMOXKEHHS KUJKOCTH Y KPOMKH OTBEPCTHS U YBEIUYCHUS pa-
JIMYCOB KPUBU3HBI TOBEPXHOCTH CTPYH Ha €€ y4JacTKe OT KPOMKH J0 Hadaja
WIMHPUYECKOr0 yJacTKa. 3HaueHUs KOd((UIUEHTOB (P U € MPU ITOM aCHUMII-
TOTUYECKU MPUOJINKAIOTCA K 3HAUEHMSIM, COOTBETCTBYIOLIUM HCTEUEHUIO UJIE-
IBHOW KUJKOCTH, TO €CcTh npu Re, — oo 3Hauenus ¢ — 1, a € > 0,6. Koa-
dbunueHT pacxoga | ¢ yBenudeHueM Re, cHauana yBenuuumBaeTcsi, 4yTo 0Oy-
CJIOBJICHO KPYTHIM BO3PAaCTaHHEM (p, a 3aT€M, JOCTUTHYB MakCUMyMa (Mmax =
0,69 npu Re, = 350), ymeHbIIIaeTCs B CBSI3M CO 3HAYUTEIbHBIM MAJCHUEM € U
pu OOJIBIINX 3HAYCHUSX Re, mpakTuuecku cTabuiIn3upyercst Ha 3HAYCHUU |

0,60 = 0,61.

— —
~N
0,9 AN ]
I ¢=1,(Re|
0.8 \</< p=1,(Re )
0.7 ,/ e+f, (Re )
0,6 / T$=
05 u=f,(Re,
0 4 ﬁ/"L:fl(Re\J
/
0,3
10 102 10° 104 10° 10°
Re, = 4 [2gH

Puc. 31. 3aBucumocts €, ¢ u | oT Re, 17151 Kpyriioro oTBEpCTUS
B TOHKOM CTEHKE
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B obnact Becbma Manbix 3HadeHud Re, (Re, < 25) ponb Bs3KoCTH
HACTOJIBKO BEJIMKA, & TOPMOXKEHHE Y KPOMKH CTOJIb 3HAYUTEIIBHO, YTO CKATHE
CTpyH OTCYTCTBYET (€ = 1) mu i = @. B 3TOM citydae MOXHO TOJIB30BaThCS Pop-
MYJIOH M3 TEOpEeTUIeCKOro penienus Brocra

156 125
W= R—82 +1- Re.
u "
JIig MajoBsSI3KMX KHUAKOCTeN (BOJbI, O€H3MHA, KEPOCHHA U T. I1.), UCTEYe-
HUE KOTOPBIX OOBIYHO MPOUCXOJIUT MpU OONBIINX yuciax Re, KoapduiueHTs
UCTEUEHHUS U3MEHSIOTCS B y3KUX mpenenax. OObIYHO B pacuer OepyTcs clieny-

1o1Me ocpeanennnie 3nauenus: (€ = 0,64; ¢ =0,97; u=0,62; £ = 0,065).
7.2. UcTeyeHue yepe3 HACAAKH

Buewnum yununopuueckum nacaoxom (Puc. 32) HazbpiBaeTcs KOpPOTKas
TpyOKa JUIMHOM, paBHOM HECKOJBKUM JuaMeTpaMm 0e3 3aKpyIJICHUS BXOJHOM
KpoMKkH. Ha mpakTuke Takoi HacaIoK 9acToO TMOJIy9aeTCs B TE€X CIydasx, KOTnaa
BBITIOJTHSIOT CBEPJICHUE B TOJICTOM CTEHKE M HEe 00pabaThIBalOT BXOJIHYIO KPOM-
KY.

Hcreuenne depe3 Takol HAcaJlOK B Ta30BYHO CPEAYy MOXKET MPOUCXOIUTH
nBOsIKO. [IepBhIif peskuM MCTEUEHUS TIOKA3aH Ha IMMEPBOM M BTOPOM PHCYHKax, a
BTOpO# Ha TpeTheM. IIpu mepBoM pekumMe CTpys Iocje BXojaa B HACaI0K CKH-
MaeTcsl MPUMEPHO TaK JKe, KaK U MPU UCTEUCHUH Yepe3 HACaJ0K B TOHKOW CTCH-
Ke. 3aTeM BCJIEJCTBUE B3aMMOJICUCTBHS CXKATOM YacCTH CTPYHU C OKpY’Kalolieh ee

7

—

1
Q;._—Jﬂ > 5 =
)
|

4

Puc. 32. UcTeuenune yepe3 BHEITHUN [UIMHIPUYECKUN HACaI0K
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3aBUXPEHHON >KMJKOCTBIO, CTPYs IOCTENEHHO PACIIUPSETCS 10 pa3MepoB OT-
BEPCTHSI U U3 HACaJKa BBIXOJIUT IOJHBIM CEYEHHEM. DTOT PEXKHUM HCTECUCHMUS
Ha3bIBAIOT OE€30TPHIBHBIM.

Tak kak Ha BBIXOJE M3 HAcCaJKa JUaMETp CTPYH PaBEH JUAMETPY OTBEp-
cTusl, To € = 1 U, cleaoBarenbHo, U = @. OcpeIHEHHbIE 3HaUeHUsI KO3 PUIeH-
TOB JIJISl 9TOTO peXUMa UCTEUCHHsI MaJIOBSI3KHUX >KUIKOCTEH (mpu 6onpinx Re)
ClIEyIOIHE:

n=¢=08;£=0,5.

B 3TOM peknMe UCTeUeHUs 110 CPABHEHUIO C UCTEYEHHEM U3 OTBEPCTUS B
TOHKOM CTEHKE pacxoj Moiydaercs Ooblle U3-3a OTCYTCTBUS CKaTUs CTPYH Ha
BBIXOJIE M3 Haca/ika, a CKOPOCTb MEHBIIIE BCJIEACTBHE OONBIIErO CONPOTUBIIE-
Hus. g BeIYMCIIEHUs KO3 PUIMEeHTa pacxoa npu 0€30TPhIBHOM HUCTEYEHUU
MOKHO PEKOMEHI0BaTh CIEAYIOLIYIO SMIMPUUECKYIO (popMyITy:

1

M:
123+ ——
Red

U3 hopmynsl cienyet, uto mpu Re — oo pL = p max = 0,813.

MuHuManpHass OTHOCHTENbHAS JUMHA Hacaaka |/d, mpu koTopoit mMoxker
peanu30BaThCA NEPBBI PEKUM HCTEUEHHUS], TPUOIU3UTENBHO paBHa 1. OnHaKo,
¥l TIPH JIOCTaTOYHBIX 3Ha4YeHUsX |/d He Bceria BO3MOXKEH 3TOT PEXKUM.

Haiinem naBneHue BHYTpH HAcaJka U yCJIOBHE, MPU KOTOPOM BO3MOXKEH
0€30TPBIBHBIN PEKUM UCTEUEHUS.

[IycTp HcTEUeHNE MPOUCXOAUT MO ACMCTBUEM JABIICHUS Po B CpENy rasa C
JIaBJICHUEM P2. PacueTHbIN Hamop B 3TOM cily4yae paBeH

H = Po— P2

gp
Tak KaKk JaBICHHE Ha BBIXOJC M3 HAcalKa Pp, B CY)KCHHOM cedeHnu 1-1,
TJie CKOPOCTh Goutblire, maBneHue P < Pp. [Ipu atom, yem Gonbine Hamop H, a
3HAYMT U pacxoa Q, TeM MeHbIle JaBiieHue Pp. PazHocTs maBnenuit p; — P1 pac-
TET NPONOPLHOHANLHO Hanopy H. 3anuiiem ypaBHenue bepHymiu u yoeaumcs

B OTOM:

b vy + (" _Vz)z,

gp 2g gp 2g 2g
I7ie TIOCJICTHUIN YJIeH YpaBHEHUS — MOTEPS HAropa Ha paclIiipeHue moToka, Ko-
TOpOE B JIaHHOM CITyyae MPOUCXOAUT MPUMEPHO TaK K€ KaK M MPHU BHE3AITHOM
pacmupeHun TpyoonpoBoia.
OTHOMIEHNE CKOPOCTEN

2
AV

"

1
V, g
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Uckntounm u3 ypaBHenus: bepaymim Vi ¢ HOMOIIBIO 3TOTO COOTHOIIEHUS U
3ameHuM V, = @+/2gH wn HallaeM NaJilcHUE TaBJICHUS BHYTPH HACAKA:

o1 1) ,(1
DL—Pp=9 8—2—1— . gpH =2¢ g—lng

[Toacrasus ¢ = 0,8 u € = 0,63, momyuum P, — p1 = 0,75gpH.

[Ipy1 HEKOTOPOM KPUTUYECKOM 3HauYeHWU Haropa H,, abcomoTHoe naBie-
HUE BHYTPH HacaJlka CTAHOBHUTCS PaBHBIM JIaBIICHUIO HACHIIIEHHBIX MMapOB, MO-
ITOMY

HKp ~ P2 — Pun WU HKp ~ P2 ,

0,750p 0,75gp
€CJIM MpeHeOpedb BEIMYMHON JIaBJICHUS HACHIIIEHHBIX MapoB. CieaoBaTeNbHoO,
npu H > Hy, naBiaeHue P; TOJKHO CTaThb OTPULIATENBHBIM, YTO OBITh HE MOJKET,
03TOMY O€30TpPBIBHBIN pekuM ucredenus npu H > H,, cTaHOBUTCSI HEBO3MOXK-
HBIM U, TPOUCXOJUT MEPEXO]T KO BTOPOMY PEKUMY UCTECUEHUSI.

BTopoii pexuM UCTEUEHUSI XapaKTEPUZYETCA TEM, UTO CTPYS MOCIE CHKATHUS
y>K€ HE pacIIupsieTcs, a COXpaHsieT HWINHAPUUECKYI0 (OpMy U mepeMeniaeTcs
BHYTPH HacaJlka, HE KacasiCh €ro CTeHOK. McTeueHrne cTaHOBUTCS TOYHO TaKUM
e, KaK U3 OTBEPCTHUS B TOHKOU cTeHke. ClieIoBaTenbHO, IPH Nepexoae oT 0e3-
OTPBIBHOTO PEKMMa UCTEYEHHUSI K OTPHIBHOMY ITPOUCXOJHUT YBEIUYEHHE CKOPO-
CTU M yMEHbIIEHUE pacxona. Eciny yepe3 BHEIIHUN HUIMHAPUYECKUN HACATOK
MPOUCXOJUT UCTEUCHHUE BOJIBI B aTMOC(EPY, TO

H,, = Pa :10,33 N
0,75gp 0,75

Ecnu npu BTOpOM peKUME UCTEYEHHUS] YMEHBIIUTh HANIOP, TO 3TOT PEXKUM
COXPAHMUTCS BIUIOTh JO CaMbIX MaJIbiXx H. DT0 3HAYUT, YTO BTOPOM PEKUM UCTE-
YeHMsI BO3MOXKEH IPH JII0ObIX Hamopax, a npu H < H,, Bo3MOXHBI 00a pexuma
HCTEUCHUS.

IIpu ucredeHun yepe3 UWIMHAPUYECKUHA HACAJOK MOJ YPOBEHb IEPBBIN
pexuM He OyJeT OTIMYaThCs OT OMMCAHHOTO BBINIE, HO, KOrja aOCOTIOTHOE
JIaBJICHUE MpH yBelnueHnu H ynaner 10 gaBieHMs HACBIIIEHHBIX MApOB, Mepe-
X0/ia KO BTOPOMY PEXKUMY HE OYyJIeT, a HaCTYIaeT KaBUTAIIMOHHBIN PEXUM, TIPU
KOTOPOM Pacxo]i MEPECTAET 3aBUCETh OT MPOTUBOAABJIEHUS P2, TO €CTh MPOSB-
nsietrcst apdexT cradbunuzanuu. [Ipu 3TOM, 4eM MEHbBIIIE OTHOCUTEIIBHOE TTPOTH-
BO/IaBJICHUE

14 m

p — & — Paeix ’
Po Pex
TEeM IHUpe 00JacCTh KaBUTAIMA BHYTPU HACAJKa M TEM MEHbIIEC KOAD UIIMEHT

pacxona L.
Takum oOpa3oM, BHEIIHUN LWJIMHIPUYECKUM HACAJOK UMEET CYIIECTBEH-
HbI€ HEIOCTATKU: Ha MEPBOM PEXHUME — OOJBIIOE CONMPOTUBICHHE U HEIOCTa-
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TOYHO BBICOKHM KO3 UIIMEHT pacxo/ia, a Ha BTOPOM — OUY€Hb HU3KHUI K03 du-
HUEHT pacxoaa. KpoMe Toro, JBOMCTBEHHOCTh peXMMa UCTEUEHHUS B Ia30BYIO
cpeny npu H < H,p, 1By3HauHOCTH pacxoja npu JaHHOM H M BO3MOXHOCTb Ka-
BUTALMU IIPU UCTEUEHUH I10]] YPOBEHb.

BHemHni HIMHAPUYIECKUN HACATOK MOKET OBITh 3HAUYUTEIHHO YITYUIICH
IyTEM 3aKpyTJ€HUs BXOAHOW KPOMKHM WM YCTPOHCTBa KOHMYECKOIO BXOJa C
yIJI0M KOHYCHOCTH OKosio 60°. Uem Oomnbliie paguyc 3aKpyrjieHHs, TEM HUKE
K03 (UILIMEHT COMPOTUBIICHHUS U BbIIe KO3 duimeHT pacxona. B npenene, mpu
paauyce, paBHOM TOJIIMHE CTEHKH, TAaKOM HacaloK MpHUOIMXKaeTcs K KOHOU-
JAaTbHOMY HACaJKy, WIH COILTY.

Konouoanvuwiii nacadox (conno), upen-
cTaBJIeHHbIN Ha Puc. 33, ouepuuBaercs npuodiu-
3UTETHHO MO (POpME ECTECTBEHHO CKUMAIOIICH-
Csl CTpyH U OJarojapsi 3ToMy oOecrieuyuBaeT 6e3-
OTPBIBHOCTH TE€UCHHS BHYTPU Hacajaka W mapaj-
JEeIbHOCTPYMHOCTh B BBIXOJIHOM €0 CEUYEHHH.
OTO MHPOKO PACIPOCTPAHEHHBIM HACATOK, TaK
KaKk OH uMeeT Kod(puIMeHT pacxona, OJIU3KUMA
K 1 u OueHb Maiyible MOTEpPH, & TAKKE yCTOUYH-
BbII peXXUM TeueHus 0e3 kaButauuu. [[ns Hero &
=0,03+0,1;, p=0¢ =0,96 + 0,99.

Jughgyzopusiii HACAOOK

(Puc. 34) — 5T0 KOMOMHALIUS COTIA U

& nuddysopa. JlobapieHHe K COILTY

mud@y3opa OpUBOIUT K CHUKEHUIO

JaBJICHUSI B Y3KOM MECTE€ Hacajka, a

CJIEIOBATENIbHO, K YBEIMUYEHHUIO CKO-

pOCTH M pacxoja >KUIKOCTH dYepes3
HETO.

Puc. 33. KoHounmaabHbIH
HacaokK (Ccorio)

1
&"E
=

1

LTI

uuiy

2

Kapuraung

Puc. 34. Jluddy3opHsiil Hacaaok

[Tpu TOM ke TUaMeTpe Y3KOTO CEUYCHHMS, YTO U y COIUIAa, U TOM K€ HaIope
nuhPy30pHBII HACATOK MOXKET JaTh 3HAYUTEILHO OOJbIIUi pacxon (1o 2,5 pa-
3a), 4eM COILIO.

OpHako, UCIOIB30BaTh TaKOW HACAJOK MOKHO TOJBKO MPU MAaJIbIX HAro-
pax (1 + 4 M), Tak KaKk ¥HA4Y€ B Y3KOM MECTE HAacaJKa BO3HUKAET KaBHUTAIIMSI.
CrneacTBueM KaBUTAIUU SIBJISICTCS OOJIBIIIOEC CONMPOTHUBIICHHE W CHIDKCHHE KO-
s dunmenTa pacxoaa (mpu OOJIBITUX HAMOpax — B 2 pasza).

Buympennuii yununopuyeckuii Hacadok — TpyOKa, 3aKperjieHHasi ¢ BHYT-
peHHEN CTOPOHBI CTEHKH. [[J1s1 HETO XapaKTepHBI TAKXKE JIBA PEKUMA UCTCUCHUS,
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KaK M JJI1 BHEIIHEro, HO B CBA3HM C TEM, YTO >KMJIKOCTh MPH BXOJE B HACAIOK
MEHSIET HalpaBJICHUE JBHKEHUS B OoJbliel creneHu (BioTh 10 180°), To cxa-
TUE CTPYH Mojydaerca Oosee 3HauyuTeNbHBIM (€ = 0,5), OoJplIe MOy4YaeTcss u
ko3¢ uimeHT conpotuBieHus & = 1, a koapPuIUEeHT pacxoja MEHbIIE, YeM y
BHemHero Hacaaka: u = 0,71.

I'naBa 8. I'mapaBiauyecknii pacyeTr TPyOONpPOBOI0OB
8.1. IIpocToii TpyOGONPOBO MOCTOSIHHOTO CEYEHUS

[IpocThiM TpyOONPOBOIOM HA3BIBAIOT TPYOOIPOBO,I MOCTOSIHHOT'O JTUAMET-
pa, eciu OH He MMeeT OTBeTBJIeHUU. IIpocThie TpyOONpPOBOABI MOTYT COEHM-
HATHCS MOCJIEA0BATEIBHO, TAPAICIBHO UK 00Pa30BbIBaTh PA3BETBIICHHUS.

Kunkocth NBHKETCS MO TPyOONpoOBOMAY Ojarojgapsi TOMY, YTO SHEPTHUS
KHIKOCTH B €r0 Hadajie, OOJbIIe, 4YeM B KOHIIE. ITO MOXKET OBITh 00ECIICUCHO
1160 paboToi Hacoca, MO0 Pa3HOCTHIO YPOBHEH >KUJIKOCTH, TUOO JTaBICHUEM
rasa (razo0ayioHHas MMojiava XKUIKOCTH).

[Tycth umeeTcst mpocToit TpyOOMmpoBOJ, mpecTaBieHHbii Ha Puc. 35. B
HEM MMEETCS PSJl MECTHBIX COMPOTUBIICHUH.

0 71 UM Z — TEOMETPHUUECKUE BHICOTHI
HayaJyia ¥ KOHIIa TpyOOnpoBoIa;
P1 U P2 — NaBIEHUS B DTUX CEUYCHHU-
AX;
Vi I, d — mmHa u gquameTp TpyOOIpO-

PO BOJa;
V — cKOpOCTh KUIAKOCTH.

3anumiem ypaBHenue bepHymm
IJIs TIEPBOTO U BTOPOTO CEUCHMS

Zp

Z1

S S S S S S

Puc. 35. Cxema npocToro z + L Zy + P2 ysh,
TpyGompoBoia &p gp

Tak kak TuaMmeTp TpyObl MOCTOSIHEH, TO CKOPOCTU OYAYT B 3TUX CEYEHUSX paB-
Hbl. PaBHBI OyayT u ko3¢ dunrentsl Kopronuca o = o, MO3TOMY paBHBIE CKO-
POCTHBIE HAIlOPbl B YPABHEHUU MOKHO OITYCTHTb.

BbIpazuMm mNbe30METPUUYECKHI HAMOp B HAYAJIbHOM CE€YEHUHU TPYOONpOBO-

gp gP
Benununny pi/gp HazoBeM NOTPEOHBIM HAIOPOM Hyorp, €CITH ATA BeTMYHHA

HCU3BCCTHA, C€CJIM KXC€ OHaA 3aJlaHa, TO — pacnojiaracMbIM HallopoM Hpacn. Pa3-
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HOCTb I'COMCTPHUYICCKUX BBICOT AZ = 73 — 71 BMECTE C INbC30MCTPHUICCKHUM HaAIlIO-
POM B KOHCYHOM CCHCHHUHN COCTABJIAIOT CTaTUYECKUI Harop:

H.,=Az+ P2 .
gp
3anuiieM MoTepu Harmopa B TpyOONpoBOie KakK CTENEHHYIO (DYHKIIMIO pac-
xoma Xh = KQ ™, rne K — conportuBiieHue TpyOoOmpoBoga ¥ M UMEIOT pa3HbIS
3HAYEHHUSI B 3aBUCUMOCTH OT PEKUMa TEUCHUS.
JIns namuHapHOrO pexxuma

o (43 )VE 641 VE B4y e VP B4VELe 4Q

sh=h, +=h

weer d 29 Red2g Vd d2g d? 2gnd?
128Vl
grd?
128vl .
Taxum 00pazom, K = =,a m=1
gnd

Jl1st TypOyIeHTHOTO peKruMa

| V2 | 16Q?
zh= hTP + ZhMeCT = 7“(5 + ZE.!MeCTj_ = }"(_ + EgMeCTJ% =

29 d 29n
I 8 2
= }\.(E + ZEJMGCT)W Q .
| 8 _
TO C€CThb K:7\/ _+Z(t'-’MeCT T,a m—2.
d gn“d
Taxum o6pasom, H o =H. +KQ™. Ilpu jnamMuHapHOM pexuMe — 3TO

ypaBHEHUE NPSMOi1 , a Ipu TypOyJIeHTHOM — napabouibl (Puc. 36).

Hoom H oo

momp riomp

:H[CH]
H[Cm
'\

Puc. 36. 3aBucuMOCTh TOTPEOHBIX HATIOPOB OT PACX0JIa KUIKOCTH
B TpyOOIpoOBO/Ie
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Ha pucyHnke mpuBeAeHbl KpUBbIE TOTPEOHOTO HAIopa sl 5 pa3HbIX TPY-
OOMPOBOJIOB TIPHU JaMUHAPHOM (a) U TypOyJeHTHOM (0) pexxumax TedeHus. Yem
OOMBIINN PacXo]] KUIKOCTH TpeOyeTcs moIaTh M0 TPyOOIpOBOLY, TEM OOJIbIIE
JOJDKEH ObITh MOTpeOHbIN Hanmop. CTaTUYECKUl HAMOp MOXKET UMETh U MOJI0-
XKUTEIbHOE U OTpHIaTelbHOe 3HaueHue. Ecimn Hi< 0, TO MOXHO HaOIr01aTh
JBIDKEHUE >KUJKOCTU CaMOTEKOM C PacxoJi0M, COOTBETCTBYIOIIMM TOUYKe A.
KpyTusHa kpuBbIX TOTPEOHOTO HAmopa 3aBUCUT OT K U BO3pacTaeT ¢ yBeiauue-
HUEM MECTHBIX COIMpPOTHUBJICHUH, JJIUHBI TPYyOONpPOBOJIa U YMEHBIICHHUEM €ro
IuameTpa.
KpuBas notpebHoro Hamopa, nocrpoenHas npu He= 0, Ha3zbiBaeTca xa-
pakmepucmuxou mpyoonpogooa.
[Tonb3ysick KpUBBIMH MTOTPEOHOTO HAINOPA, PELIAIOT CIEAYIOIINE THIIbI 3a-
Jay:
® 110 U3BECTHBIM pacxony Q, JaBIEHHIO HA BBIXOJE M3 TPYOBI P2, CBOMCTBAM
XKUJKOCTH (p U V), pazMepam TpyOOINpoBOJa, MECTHBIM CONPOTUBJICHUSIM, a
TaK)K€ MaTepualy M KaueCTBY MOBEPXHOCTH TPYObl HaxXOAST MOTPEOHBIN
Hanop Huorp;

® [10 U3BECTHBIM pacrojaraeMoMy Hamnopy Hpacn, JaBIEHUIO HA BBIXOJE U3 TPY-
OBbI P2, CBOMCTBAM KUIKOCTHU (P U V), pa3MepaM TpyOOIpOBOIa, MECTHBIM CO-
MPOTUBJICHUSIM, a TAaK)K€ MaTEpHaly U KaueCTBY IMMOBEPXHOCTU TPYObI HAXoO-
TAT pacxo )Kuakoctu Q;

® 110 U3BECTHBIM pacxony Q, pacnonaraemomy Hanopy Hyorp, JaBIEHUIO HA BBI-
X0J/ie U3 TPYOBI P2, CBOMCTBAM KHAKOCTU (p U V), pazMepaM TpyOonpoBoja,
KpoMe JHaMeTpa, MECTHBIM COMPOTHUBIICHUSAM, a TaKXE MaTepHally U Kaue-
CTBY MOBEPXHOCTHU TPYObI HAXOIAT qUaMeTp Tpyosl d.

8.2. CoenquHeHus1 mpocThIX TPYOONIPOBOIOB

IHocaenoBaTesbHoe coequHeHue. [IycTh Tpu TpyOBl pa3HbIX AUAMETPOB CO-
eIMHEHbI nocieaoBarenbHo. [IoHATHO, YTO pacxoj KHUAKOCTH BO BCEX TpyOax
OyJeT oAMHAKOBBIH, a 00111ast moTeps Hanopa OyAeT paBHa CyMMeE MOTEPh HaIo-
pa Ha OTAEIbHBIX YYacTKax:

Q=0Q,=Q;=0Q;

Zhy_n =Zh +Zh, +Zhs.

Takum 00pa3om, 7151 TOCTPOEHUS XapaKTEPUCTUKHU TaKOro TpyOoIrpoBoaa
HaJI0 CJIOKUTh MOTEPU HAMOpPA HA OTACIBHBIX y4acTKaX MPU PaBHBIX pacxojiax
(Puc. 37).

Tak xak B oOlIeM ciyyae CKOPOCTH B Haudaje U B KOHIE TpyOompoBona
pa3linyHbl, TO B BBIp@XEHHE MOTPEOHOr0 Hamopa JIOKHO BOWTH CllaraeMoe,
OTpaXkarolllee Pa3HOCTb CKOPOCTHBIX HamopoB. i TypOYJEHTHOTO pexumMa
TedeHus (mpu o = 1)
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M1, 2 3
I .d T.d4 VT d

373

Puc. 37. IlocnenoBarensHoe COeIMHEHHE TPYOOIIPOBOIOB

2 2
Pg 29

+3hy N =He, +CQ?% +KQM

IHapajuenbHoe coequHeHue TPyOompoBoaoB. [Ipeanonoxum s mpo-
CTOTBI, 4TO Bce Tpu TpyOompoBojaa (Puc. 38) nexar B ogHoi miockocTu. Ilycts
Hwm 1 Hy — monaeie Hanops! B ceyeHusix M u N. 3anumiem notepu Hamopa B OT-
JeNbHBIX TPYOOPOBOJAX:

>hy =Hn - Hwv; >hy = Hy — Hwv; >hs = Hy — Hw.
Otcroa nojiy4aeM CIeAyroUue O4eBUIHbIE COOTHOIIEHUS:
Q=Q+Q, +Qs;
~h,;=Zh,=Xh,.
J{nst momyyeHusl XapaKTePUCTUKU MapAJIIIEILHOTO COCIMHEHUS TPYyOOIPOBOIOB
HAJI0 CKJIAJIBIBATh PACXO/IbI PHU OJMHAKOBBIX TIOTEPSX HAIOpA.

“h
o 1 % Sh,th, Th,
M Q, YN N
Q " A4
Qs 3

\
Q
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[Torepu Hamopa MOYKHO BBIPa3UTh YE€PE3 COOTBETCTBYIOIINE PACXOMBL:
— m, — m, _ m
Xy =K\Qr; Xy =Ky0, 5 Xhy =K305.
Torzma MOXHO 3anucaTh CUCTEMY YpaBHEHUM

0=0+0, +0s;
Klle :Kzsz;

Kzsz :K3Q3m 5
13 KOTOPOMH, HapUMeEpP, MOKHO HATH Hen3BeCTHBIE pacxo bl Q1, Qz, Qs.
JlaHHBIN TOAXO0/ B PEUIECHUH 33Ja4d IPUMEPUM U TNPHU Cllydae, KOorjaa Tpy-
OOMPOBOJIBI HE CXOATCS B 0HOM Touke N, a momayda >KMAKOCTH OCYIIECTBIISCT-
Cs B pa3sHbI€ TOYKHU, HO C OAUHAKOBBIMHU JABJICHUSIMUA U paBHBIMHU I'€OMETPUYE-
CKHUMH BbICOTAMU.

PasBerBiennblii TpyOonposoa. Ilycts umeeM TpyOOnmpoBoOJ, KOTOPBIA B
T. M pazBetBisiercst Ha Tpu TpyOonposoza (Puc. 39).

H,A
D
2
! 3
E C
:T: E—
= B ~
E Q
A

Puc. 39. Pa3BeTBiIeHHBIN TPyOOTIPOBO]

ByIeM CUMTaTh, 4TO TH TPYOOIPOBOIBI COAEPKAT PA3INUHBIC MECTHBIC
COIPOTHBIICHHSI, UMEIOT Pa3HbIC IMAMETPHL. | €OMeTpHUecKue BHICOTHI U JAaBlc-
HUS B MX KOHSUHBIX CEUCHMSIX Pa3INUHbl. HanpaBiueHus IBUKEHUS KUIKOCTU B
TpyOax CUNTAEM W3BECTHBIMH.

Taxk ke, KaK ¥ JUIsl TapajuIeIbHOTO COSMHEH s, OY/IeT CIIpaBe/IBO YPaB-
HEeHUe 0=0,+0,+0;.

[IpeHeOperass pa3sHOCTBIO CKOPOCTHBIX HAIOPOB, 3allHIIEM ypaBHEHHsS
BepHyIIH 1715 BCeX TpeX TPyOOIpOBOIOB:

Hy :Zl+&+z:hl:HCTl+Klle;
gp
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Hy =12, +&+2h2 = Heo+ KyQy's
gp

Hy =25+ 22 + 3hy = H g+ KoQP;
gp

Taxum 00pa3oM, mostydaeM cucteMy 4 ypaBHEHHM ¢ 4 HEU3BECTHBIMU: Hy,
Q1, Q2, Qs. Hampumep, MOXHO peUmIUTh 3aJauyy OIMpEICNICHUs MOTPEOHOTO
Hanopa Hyerp = Hm 1 pacxonoB Bo Becex TpyOax, €ciiv 3aJlaH CyMMapHBIA pacxo
Q 1 U3BECTHBI BCE MMapaMeTphl TPYOOIIPOBOIOB.

Kak BUIHO M3 CUCTEMBI ypaBHEHMM, JUIsl MOIYYEHUs] KPUBOM MOTPEOHOrO
Haropa Il pa3BETBIECHHOIO TPyOONpPOBOJIa HEOOXOAUMO CIIOXKHUTh a0CIHCCHI
KPUBBIX MOTPEOHOT0 HAmopa i BCEX BETBEW MPHU PA3IUYHBIX OJIMHAKOBBIX Op-
nuHaTax. BumHo, 4To Ans TOro, 4TOOBI KHAKOCTH IMOCTYIana MO BCEM TPEM
BETBAM, HaJ0, YTOOBI MOTPEOHBII Hamop ObLI OOJbIIE CTATUUYECKOIO HaIopa
JUJIsL IEPBOM BETBH.

8.3. Ci10:kHBIE TPYOONIPOBOABI

CnoxHblil TpyOOIIPOBOJ COCTABISIETCS U3 MPOCTHIX TPYOONPOBOJOB C MO-
CJIEIOBATEIbHBIM U IMAPAJIICIBHBIM HX COCAUHEHUEM WIM DPa3BETBICHUIMU.
PaccMOTpuM pa3oMKHYTHIN CIOKHBIA TPyOOIIPOBOJI C pa3BETBICHUSIMU U C pas3-
Jlavyell )KUJKOCTH B KOHEUHBIX TOUKAX BETBEU, mpecTaBiaeHHbIN Ha Puc. 40.

D

Puc. 40. Pa3oMKHYTBII CIIOKHBIA TPYOOTIPOBO/T

MarwuctpanbHbiii TpyoorpoBoa pa3BerBisiercs: B Toukax 4 u C. XKuakocTtsb
nogaeTcs k ToukaM (ceuenusim) B, D u E ¢ pacxopamu Qg, Qp 1 Qk.

[TycTh M3BECTHBI PAcXOIbl MATUCTPAIN M BCEX BETBEH (MPOCTHIX TPYyOO-
MPOBOJIOB), 3aJlaHbl BCE MECTHBIC COIMPOTUBIICHUS, T€OMETPUUYECKUE BBICOTHI
KOHEUYHBIX TOYEK, OTCUUThIBaeMbIe OT YpoBHS M — N 1 H30BITOYHBIC 1aBIICHUS B
KOHEUHBIX TOYKaX Pg, Po U Pe. B 3TOM ciiydae MOTYT OBITh PEIICHBI CJICIYIOIINE
3a/1a4u:
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¢ 110 U3BecTHOMY pacxoay Q B ocHoBHOU Maructpanmu MA omnpenenstorcs pac-
xo1el BO Beex BeTBAX Qg, Qp 1 Qg, a Takke moTpeOHBINA HAmoOp B Touke M
HHOTp = HI\/Is
¢ 110 pacnojaraeMomy Hanopy Hpyacn onpenenstorces pacxoasl Q, Qg, Qp u Qe.
O06e 3TH 33a4n MOTYT OBITH PEIICHBI U3 CUCTEMbI YPaBHEHUI:
ypaBHEHUS PacxoI0B
Q=Qg+ Qo+ Qk;

ypaBHEHUS paBEHCTBA MOTPeOHBIX HanopoB 1t BeTBerr CD u CE:
m m.
Hep + KepQp = HerKeeQE

¢ ypaBHCHUS PaBEHCTBA IMOTPEOHBIX HAMOPOB I BeTBH AB u cioxxHOTO Tpy-
6omposoga ACED:

Herg +KagQs =Hep + KepQD + Kac (Qp + Qe )"
* ypaBHEHHs HOTPEOHOro HAIOpA B TOUYKE M:

Hy - Pw _ KuaQ™ +Hep g + K 15Qg -
gp

Conporusnenust TpyoornpoBoaoB K u mokazarenu cteneHu M ompenens-
IOTCSl B 3aBUCUMOCTH OT PEKMMa TEUECHUS KUAKOCTH.

Pacuer cnoxHbIX TpyOOIPOBOJOB YacTO BBIMOJHIETCS TpadoaHamuTuye-
CKUM CIIOCOOOM, TO €CTh C IPUMEHEHUEM KPUBBIX OTPEOHOI0 HAropa WiH Xa-
paKkTepUCTUK TpyOompoBoAoB. KpuByro moTpeOHOro Hamopa ajisi BCero Tpy0o-
IPOBOJa MOXHO MOCTPOUTH CIAEAYIOLIUM 00pa3oM:

1. CnoxHblil TpyOOPOBOJ pa30UTh HA PAJl TPOCTHIX;

2. TlocTpouTh KpuBBIC TOTPEOHBIX HAMOPOB C y4eToM H¢p IS KaXX70r0o U3 KO-
HEYHBIX MPOCTBIX TPyOONpPOBOAOB U 0e3 yuera H¢, (XapakTepucTukn) — aiis
NPOMEKYTOUHBIX yuacTKoB (Hampumep MA, AC);

3. CnoxuTh KpUBbIE TOTPEOHBIX HAMIOPOB /ISl BETBEH M MapajuieIbHBIX JTUHUH,
€ClIi OHM HMMEIOTCS, MO MPaBUIIYy CIIOKEHUS XapaKTEPUCTUK MapajuleNbHBIX
TpyOOINPOBOJIOB;

4. [lony4eHHYI0 KPUBYIO CIOXUTh C XapaKTEPUCTHUKOMN MOCIEA0BATEIbHO MPHU-
COEIMHEHHOT'0 TPyOOIPOBO/IA 110 COOTBETCTBYIOIIEMY MPABUITY U T./I.

PyKkoBOJICTBYSICh 3TUM MPaBUIIOM, MOXKHO MOCTPOUTH KPUBYIO OTPEOHOTO
Haropa Jijist 1ro00ro CI0KHOTO TPYOOIpoOBOia KaK MpH JIAMUHAPHOM, TaK U MPHU
TypOYJEHTHOM PEKUME TECUCHUS.

I'maBa 9. B3aumogeiicTBHe MOTOKA KHAKOCTH CO CTEHKaAMH

B HekoTopbIX cilydasx B TUApPaBIMKE YAOOHO HCIOJIb30BAaTh YpaBHEHHE
KOJINYECTBA JABWKECHUS, HAIPUMEDP, KOTAa HAJ0 PACCUUTATh CUILY BO3IACHCTBUS
JBWKYILErOoCs MOTOKA Ha Iperpagy Wik pycllo, HE pacCMaTpuBas MPOLIECCHI
BHYTPH ITOTOKA JKUIKOCTH.
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Jns MatepuanbHOTO Tella Maccoil M, JBHMXKYILErocsi CO CKOpOCThio V, u3-
MCHEHHUE KOJIMYECTBa JBYDKEHUs 3a Bpems dt BciencTBue cuuibl F BbIpasutcs
BEKTOPHBIM YPaBHEHHEM mdV =F dt,
rae m dV — npupaleHie KOIMYecTBa JBMKEHHUs, 00YCIOBIEHHOE UMITYIIHCOM
F dt.

[TpumeHuM 3Ty TeopeMy MEXaHUKH K ydacTKy mortoka (Puc. 41) c pacxo-
oM Q mexay cedeHusiMu 1 — 1 u 2 — 2 B yCIIOBUAX yCTaHOBUBIIETOCS TCUCHUS.

3a Bpems dt 3TOT y4acTOK cMecTHTCS B moyioxenue [’ — 1'u 2° — 2°. V3meHe-
HUE KOJIMYECTBA JIBM)KEHHUS OyJET paBHO Pa3HOCTH KOJWYECTB JBUKCHHUS 3a-

IITPUXOBAHHBIX YYaCTKOB TMOTOKa: pO (172 —171) dt. Wmnynsc cun —

(falS1 +292S2+5+17)dt,

pQv,
S
P1 51 R b al
v, [ rae G — Bec BCEro y4acTKa IOTOKa;
R — peaknus pycina.
1 , ! G Torna
: ,OQV2 P2 e
) 5 pQ (7, - Vl_) di=
(BiS, + 1S, +G +R)dt .
7 —
1o L S; - PV Coxparus Ha dt, momyanm

PQ(Vz —171):;7151 + 7S +G +R .

Puc. 41. IIpumeHeHne ypaBHEHUS
UMITYJIbCA K )KUJIKOCTU

Takum 00pa3oM, BEKTOp PaBHOJCUCTBYIOIICH BCEX BHEUIHUX CHJ, JIEH-
CTBYIOIIMX HA JKUJKOCTh B (DMKCUPOBAHHOM OOBEME, PaBEH T'€OMETPUUECKOM
Pa3HOCTH KOJIMYECTB JIBUKEHUS KUJIKOCTH, BBHITEKAIONIEH M3 00beMa U BTEKa-
IOIEH B HETO 3a €MHUIlY BpeMeHH. B 3ToM cocTout Teopema Ditnepa 06 uzme-
HEHHUH KOJUYECTBA JIBUKEHUS )KUIKOTO0 00beMa.

MOHO ypaBHEHHE IIEpenucarh Tak:

POV — POV, +R +G + piS; + p,S, =0
Y TIOCTPOUTH 3aMKHYTBI MHOTOYTOJIBHHK BEKTOPOB, B KOTOPOM HAIlPABJIECHUE
BexTopa pQV, Hamo U3MEHHTh Ha IIPOTHBOTIONOKHOE, TAK KaK €ro Hajo B BEK-
TOPHOM YPaBHEHHUH B3SITh CO 3HAKOM “MHUHYC’.

DTO K€ YpaBHEHUE MOKHO 3aMMCaTh B MPOEKIMUAX HA TY WIH UHYIO OCh.

B kauecTBe npumepa BBIUMCIMM CUJTYy BO3JCHUCTBUS MOTOKA KUJIKOCTH HA
nperpany. IlycTh kuIKOCTh BBITEKAET B aTMoc(epy U HaTaJKuBaeTcs Ha Oe3-
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TPAaHUYHYIO CTEHKY, YCTAaHOBJIICHHYI0O HOPMAJIBHO K OCHM IIOTOKA. B pesyinbrare
KHUJKOCTh pacTeKaeTcs Mo Imperpajae, U3MeHssl HanpaBieHue ABuxeHus Ha 90°.
M3BecTHBI MIIOIMIAb OTOKA S, TNIOTHOCTH JKUJIKOCTH P M CKOPOCTh MCTCUCHUS

V.
ITo Teopeme Diiniepa, yunThIBas, 4TO JABJIECHUE B CTPYE M HA CTEHKE PABHO

aTMoc(hepHOMY, MTOJTYIHM YPaBHEHHE B MMPOCKITUU HA OCh TTOTOKA
~F=-pQV=-pV3s.
CnenoarensHo, F = pV 2S,

I'naBa 10. HeycranoBuBuIeecs: ABUKEHHE KUAKOCTH
10.1. HeycTanoBuBHICeCS] ABUKEHUE KUAKOCTH B KECTKUX TPyOdax

Kak oTmeuanocs paHcC, HCYCTAHOBUBIINMCA (HGCT&HI/IOHapHI)IM) JABHXKC-
HHUEM KHUJAKOCTH HA3bIBACTCA ABHIKCHUC, IICPCMCHHOC BO BPCMCHU. HpI/I TaKOM
ABHJKCHHH WM BCKTOP CKOPOCTHU, U AABJICHUC ABJIAIOTCA (bYHKI_II/IHMI/I HC TOJIBKO

0
KOOpAWHAT TOYKH, HO U BPCMCHU, TO CCTh a— #0 u a—p #0.
4 ¢

BrigenuM B mOTOKE MACATBHON HECKUMAEMOM KUJIKOCTU 3JIEMEHT CTPYH-
ku juHo# dl u momianeto cedenus dS (Puc. 42). 3anuiiem ajs 3TOTo 3JIeMeH-
Ta CTPYHKHU YpaBHEHUE BTOPOro 3akoHa Hbpl0TOHA B MpOEKIMK HA HAINIPABJICHUE
KacaTeJIbHOM K OCEBOU JINHUU CTPYUKH.

P o
as&z

1 Y |

7 |

>

Puc. 42. Cxema 151 BBIBO/Ia YPABHEHUS HEYCTAHOBUBILETOCS TEUCHHUS

pdS —( p +Z—F|)d|]d8 + gpdSdlcosa = pdeIZ—\t/

500041

op dv
——dl + gpdilcosa. =p—dl.
o TEP P ar
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B BbIpa)keHUU HCTOJIB30BaHA YaCTHAS MPOU3BOJHAS OT JAaBJICHUS [P MOTO-
MY, 4TO OHO, KaK M CKOpPOCTh V, siBnsieTcsi GyHKIMEH AByX mepeMeHHbIX — | u t,
a ypaBHEHUE 3alMCaHO JUIsl OIIPESIEHHOT0 MOMEHTa BpeMeHu. B npaBoii yactu
ypaBHEHHMsI 3alMCaHa IOJIHAS MPOU3BOJHAS OT CKOPOCTH MO BPEMEHH, TO €CTh
YCKOpPEHHE, KOTOPOE PaBHO CYMME JOKAJIbHOIO (MECTHOTO) YCKOPEHHS, 00y-
CIIOBJIGHHOTO HECTAllMOHAPHOCTBHIO JIBUKECHHS, U KOHBEKTUBHOI'O YCKOpPEHHUS,
OIpeIesIeMOro FreOMETpHEN OTOKA, TO €CTh

dv. _ov 8V dl _ov Ry oV

dt ot al dt ot ol

Y4uThIBas, 4TO COS OL = — 0z/0l, T€ Z — BepTUKAIbHAS KOOPAWHATA, TIepe-
MUIIEM YPAaBHEHHE IBM)KCHUS B BUJIE
2
TP g P+ OV e M=o
p ol ol all 2 ot

WuTerpupys BIOJIL CTPYWKH OT ceueHus 1 — 1 go cedenus 2 — 2 B TOT ke (UK-
CUPOBAHHBI MOMEHT BPEMEHHU, MTOJTy4aeM

P2 Zy V2 5(v?2 P
L7 Pqr4 jazd|+j Voo (Y=o
p ol 2 ) o

501041

dl =0.

2 \y2 I,
Vs -V Iav
2 ot

1

Paznenum ypaBHeHME Ha U IEPETPYIIIUPYEM UJIEHBI:
p, V2 Py Vi +1'fav

1
E(pz —py)+0(z,—z)+

Zl+_1+_1 :ZZ+ —dl
gp 29 gp 29 g, ot
[TonmyyeHHOE ypaBHEHHE OTJIMYAETCS OT YpaBHEHUSI bepHyIUM TOJBKO TO-
CJICIHUM CJlaraéMbIM B MPaBOW YaCTH, KOTOPOE HA3BIBACTCSA UHEPYUOHHBIM
HANoOpoMm.

120v
h,, =—|—-dl.
gi ot
W3 ypaBHEHUS SICEH CMBICI HHEPIIMOHHOTO HANopa — 3TO PA3HOCTh MOJTHBIX
HarmopoB B ceyeHusIX 1 — 1 u 2 — 2 B naHHBIA (UKCUPOBAHHBI MOMEHT BpeMe-
HU, 0OOYCJIOBJIEHHAs YCKOPEHUEM MIIM TOPMOKEHUEM MOTOKA KUIKOCTH.
Jlis  HEeyCTaHOBMBIIETOCS TOTOKAa pEalbHOM KUAKOCTH HEOOXOIMMO
y4ecTb HEPaBHOMEPHOCTh PAaCHpe/esIeHUs] CKOPOCTEH MO0 CEYEHUIO MOTOKA U

notepu Hanopa. Ciie1oBaTebHO, ypaBHEHUE TPUMET BUL:

2 2

V
zl+&+oc1 —22+&+oc2—2+2h+hPIH

gp 29 gp 29
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Jnst TpyObl MOCTOSTHHOTO IMAMETpa JIOKAJIbHOE YCKOpPEHUE a = ry TaKKe

MOCTOSIHHO BJIOJIb TPYOBI, TO3TOMY I/IHepuHOHHHﬁ HAarop

_Lovh jdl_— —|1)=%|.

Ecnmu TpyOGompoBO COCTOUT U3 HECKOJBKUX YYACTKOB C CEUCHUSMH Pa3-
HBIX IIoImaAeit Si, Sy U T.4. (WM TpyOONpOBO MPUCOSIUHEH K IUIUHIPY, B
KOTOPOM YCKOPEHHO JBHKETCS MOPIICHB), TO WHEPITMOHHBIA HAMOP ISl BCETO
TpyOOIIPOBO/Ia OMPEASIACTCA KaK CyMMa HHEPITMOHHBIX HAIIOPOB BCEX OTICITb-
HBIX y4acTKOB. [Ipu 3TOM yCKOpeHUS Ha OTAEIBHBIX ydacTKaX OMPEASIISIOTCS
U3 ypaBHEHHS, MOJy4eHHOro auddepeHIMpoOBaHUEM YpPaBHEHHUS pacxoja Io
BPEMCHH:

N

Slal :Sz% :S3a3 ...
B YPaBHCHUC HCYCTAHOBHUBIICTOCA IAIBHKCHHUA KUAKOCTH B 3TOM CJIy4dac

HaI0 IIOJACTaBUTh
h H :hI/IHl+hI/IH2+hI/IH3+

MHepuuoHHBIN HAMOp 3alMChIBAETCS B MPABYIO YacTh YPaBHEHUS, IPUYEM
€ro 3HaK COBNAJAET CO 3HAKOM YCKOpeHus a. To €CThb IpH MOJOXKHUTEIBHOM
YCKOPEHUU MHEPLUHUOHHBINA HAMOpP MOJOKUTEJIEH U YMEHBUIAET MOJHBIA HAIop
N0JI00HO TMOTEepsSM Hamopa Ha MECTHBIX M JIMHEHHBIX compoTuBieHusx. Ho
MHEPUMOHHBIN HAMOp HENb3d paccMaTpUBaTh Kak OE€3BO3BPATHBIE MOTEPH, TaK
KaK IIPU TOPMOYKEHUHU IOTOKAa OH MEHSIET 3HAaK W yBEJIMYMBAET MOJHBIN HANop
BJI0JIb TIOTOKA, TO €CTh €r0 JEHCTBHUE MPOTUBOIOJIOXKHO ACHCTBUIO THIpaBINYe-
CKHX colpoTuBieHui. [loaydeHHOE ypaBHEHHE OTHOCHUTCS JUILb K ONPEJEIICH-
HOMY MOMEHTY BPEMEHH WUJIM K PaBHOYCKOPEHHOMY JIBHKEHUIO KUJIKOCTH. Ec-
JM )K€ YCKOPEHHE HENPEPhIBHO MU3MEHSETCS, TO U WHEPIMOHHBIN Hamop OyAer
HEIMPEPBIBHO U3MEHATHCS, U3MEHSSI BO BpEMEHU pacipeiesieHue HaropoB BIOJIb
MIOTOKA.

B kauectBe npumepa Ha Puc. 43 nmoka3zaHa TpyOa MOCTOSHHOTO CEYEHUS,
COeIUHSIONas 1Ba pe3epByapa. B TpyOe BO3BpaTHO-NOCTYMATENBHO JIBUKETCS
nopiieHb. Ha Puc. 43a nopiiens ABUXKETCS ClipaBa HaJE€BO CO CKOPOCThIO V U
yckopeHueM a. C TakuM K€ YCKOPEHHEM JBUKETCS U KUIKOCTh B TpyOe. Jlis
KXJIOr0 ydacTka TpyObl — BCAacChIBAIOIIEro (10 MOPIIHSA) M HAMOpHOro (3a
MOPIIHEM) — MMOKa3aHbl JUHUKM U3MEHEHUs NoHoro Hanopa H — H, mbse3omer-
pPHYECKHX HAIOPOB P — P, a TAKXKe MOTeph Harmopa XN, ¥ HHEPIIMOHHOTO HAIopa
Nuu B HEKOTOPBIN (PUKCUPOBAHHBIA MOMEHT BPEMEHH.

W3 pucyHka BHUIHO, YTO MHEPLUUOHHBIA HAMOp CIOCOOCTBYET CHUKEHHUIO
JABJICHUS U AK€ MPUBOJUT K BOSHUKHOBEHUIO PA3pPEKEHU 3 MOPIIHEM U BbI-
3bIBaeT 00Jiee 3HAUMTEIbHOE MOBBIIICHNUE JaBJICHUs Mepe]] MOPIIHEM MO0 CpaB-
HEHUIO C YCTAaHOBUBIIUMCS IBUKEHHEM.
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Ha Puc. 436 noka3aHbl Te€ e JUHUU, HO B MOMEHT, KOT/la MOPIIEHb JIBU-
KETCSI C TOW K€ CKOPOCTHIO B TOM K€ HANpaBJICHUH, HO C OTPULIATEIHLHBIM
YCKOPEHHUEM, TO €CTh TOPMO3UTCSA. B 3TOM ciydyae MHEPIIMOHHBIN HAIMOp U3Me-
HSET CBOM 3HAK, KOMIIEHCUPYET TMAPABINYECKUE MOTEPH, U THUJIPABINYECKUN
YKJIOH TaKe MEHsIET CBOM 3HAK Ha 0OpaTHBIM.

['uapaBandyeckre MOTEPU INPH HEYCTAHOBUBIIEMCS IBIKCHUU B 0O0IIEM
CJIyyae OTJIMYHBI OT MOTEPh HNPU YCTAHOBUBIIEMCS JBHKCHUU. JTO CBSI3aHO C
W3MEHEHHEM TPOGUIIA CKOPOCTEH MO CEYeHHUIO TpyObl. Tak MpU YCKOPEHHOM
nBKeHUH podk ctaHoBUTCS Oosee moHbIM (Puc.44), n kosddunment Ko-
puoINCca 0L YMEHBIIAETCS, a IPU 3aMEJYIEHHOM — 00Jiee BBITSIHYTBHIM, U O pac-
tet. Ha Puc. 44 mokazaHo HM3MEHEHHE paclpeesiCHUs] CKOPOCTEHN M0 CEYEHUIO
MOTOKA MPU YCKOPEHHOM JIAMUHAPHOM JIBUKEHUM KUJIKOCTU MIPU TPEX 3Haye-
HUsAx pacxona ( Puc. 44a —npu paBHOMEPHOM JBHXKEHHH, O — IPU YCKOPEH-

= H
. p
= Pl
e _ ~
N H e
= b T 2 2y
_ ] & % -
] o . -
N || 2 1 v 1
e A T - - -
T T —— FF,/" o
— N N J | N N —
,:7:{ Mopriens ! 5 p v ,:7:7:,
777777 g }O 777777,
a
ﬁl:
=N
" zh,  V*
< H . cg
D clee]  HT R H
AU Re frnrasd—
=  ITOTdrd -
S TN Y -
T = N T - o
] 2 1 D P
S gfp o I
§

Puc. 43. IToctpoeHune nbe30METPUUYECKUX JIMHUI U JTUHUN MMOJTHOTO HAopa
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HOM). Kak BHIHO M3 pHCYHKA, B HEKOTOPBIX CIIydasx B IMPUCTCHHOM CIIO€ IOTO-
Ka MOT'YT BO3HHMKATh JaK€ IPOTHBOTOKH.

B cirydae maMHHApHOTO TEUEHHUS ¢ TAPMOHUYCCKUM M3MEHEHHEM pacxoja

0 BpeMEHHM B 3aKOH Ilyaseiiist, OTpakarolluil MOTEpPH HA TPEHHE IO UINHE

128vl

Ry 7_ng4

Q, HaJ0 BBECTHU MOMPABOYHBIN KOAPPUIUEHT K, KOTOPBINA SABIIACTCS

2

. . _ od .

(yHKLIMEH KPYrOBOM 4acTOTBI M = v r7e ® — yrjloBas 4yacToTa KojeOaHHui
\Y%

KUIKOCTH C BA3KOCTHEIO V B TPY6C ANaMCTpOM d.

K Z

Puc. 44. 3menenue npo@uiist 3Mopbl CKOPOCTEH
MpY YCKOPEHHOM JIAMHUHAPHOM TE€UEHUU

[TonpaBouHbIi KO3 PUIIUEHT HAXOAUTCS 11O (hopMmyJe:
0
Kk=—+04.
2
[Ipy yBenMYeHUM 4acTOThl BO3pacTaHUE THAPABINYECKHX MOTEPb MOXKET

OBITh BECbMa CYIIECTBEHHBIM, IPUUEM Pa3IndUe MEXAY IMAPaBIMUYECKHUMU O-
TEpSIMU TIPU JIAMUHAPHOM U TypOYJIECHTHOM PEKUMaX TEUCHHS] YMEHbILIAETCA.

10.2. I'mapaBaun4yeckuii ynap B Tpydax

['mapaBiryeckuM yaapoM Ha3bIBaIOT PE3KOE MOBBILICHUE JABICHUS, BO3-
HUKAaIoUlee B HAIOPHOM TPYyOONpPOBOJIE MPH BHE3AMHOM TOPMOKEHHH IMOTOKA
KUJIKOCTU. TouHee, 3TO KoieOaTeNbHbIN MPOIECC, BO3HUKAIOIIUN B YIPYTOM
TpyOONPOBOJIE C KaleIbHON KUJIKOCThIO TPU BHE3AITHOM MU3MEHEHUU €€ CKOPO-
CTH. DTO ABJICHUE OYEHb OBICTPOTEUHOE U COCTOUT B UEPEIOBAHUU PE3KUX IO-
BBIIIICHUM W TMOHM)XEHUW JaBJIEHUS, CBSI3aHHBIX C YNpyrou aedopmanueit cre-
HOK TPyOOTIPOBOJIa U CaMO KHIKOCTH.

Teopus rugpoyaapa pazpadotana B 1898 rony H.E. )KykoBckum.

PaccMoTpuM mpocToii TpyOonpoBo 2 OCTOSIHHOTO AuaMeTpa d U JTHHOM
| mprcoeMHEHHBIN K HAIOPHOMY pe3epByapy | M MMEIOIINK Ha KOHIIE 3a/IBHXK-
Ky 3 (Puc. 45).
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Puc. 45. Cxema TpyOomnpoBo/ia Mpu THIPABIUYECKOM y1ape

[Ipy OBICTPOM 3aKPBITUU 3aJBWKKHW KHHETHYECKAsl DHEPIHsl BCEH MaccChl
KUJIKOCTH, JBIKYIIEHUCS CO CpellHEer CKOpocThio Vo, Mpeodpa3yeTcs B SHEPTUI0
naBiieHus. BeaeacTBue ynpyrocTy JKHAKOCTA UM TPYObI Yepe3 MajIblii POMEKY-
TOK BpEMEHH (THICSYHBIC IO CEKYHJIbI) ITOCIE 3aKPBITHS 3aABHUKKH TTPOU30M-
JIET IIOJIHAS OCTAaHOBKA U CXKaTHE OJIMDKAMIIIETO K HEll CJI0s KUIKOCTH MOoJ Aei-
CTBUEM CHJIbI HHEPUUHM OCTAIBHOM JIBWKYIIEHCS KXKUIKOCTH. PsSaoM C 3aaBHXK-
KOM JaBJIEHUE B JKMJIKOCTH MOBBICUTCS, TpyOa pacHIUpUTCA B Mpenesax yIpy-
roil gedopManuu, ¥ OT 33JIBIOKKH B CTOPOHY pe3epByapa MOMIET BOJIHA CIKATHS
co ckopocThio C. Korja ymapHast BojiHa JIOCTUTHET BXOJia B TPYOy, MOCIETHSSA
BCs OYJIET 3armojTHEeHa CKATOM KHUIAKOCTHIO, TaBJICHHE B KOTOPOU OOJbIIIE, 4eM B
pe3epByape Boziie Bxoja B TpyOy. EcTecTBEHHO, )KUIKOCTh YCTPEMHUTCS U3 TPY-
OBl B pe3epByap, u OT BXoja B TpyOy K 3aJBHKKE MONICT BOJTHA Pa3PEKECHUS C
TOH e CKOpPOCThIO C. /laBiieHne B TpyOe ymaaeT 0 BEIUYHUHBI, MCHBIIICH, YeM
OHO OBUIO 10 3aKPBITHS 3aIBIKKH. Korma BojiHa pa3pekeHHus JOCTHTHET 3a-
JIBYOKKH, UCTEUCHUE KUIKOCTH U3 TPYOBI MPEKPaTUTCS, a TaK KaK JIaBJICHUE B
TpyOe MEHBIIIE, YeM B pe3epByape, KHUIAKOCTh CHOBA YCTPEeMUTCS B TpyOy. lpu
ATOM BBIIICONMCAHHAs KapTHUHA SBJICHUS TIOBTOPHUTCS, HO YPOBEHb OTKJIOHEHUM
naBiieHust Oynetr MeHsblne. To ecth OyaeT HaOI0IaThCsl KojeOaTeabHbIH MPOo-
1ecc, IMpUYeM KoJieOaHHMsS 3aTyXalollhe BCJICACTBUE BSI3KOCTH KHUIKOCTH.
Haubonee Bbicokoe naBieHue B TpyOe OyneT HaOII0IaThCsl HEMOCPEACTBEHHO
Cpa3y MOCJe 3aKPBITHS 3aJIBHXKKH, MMOATOMY, C TOYKU 3PEHUST OIEHKH MPOYHO-
CTH TPYOBI, IOCIICTYIOITUE KOeOaHMsI HHTEpEca HE MPECTaBIISIOT.

CKOpOCTh pacpoCTpaHEHUs yIapHOI BOJIHBI

1

P, dp
K OF

rae p, K — mioTHOCTh 1 00beMHBIN MOAYJIb YIIPYTOCTH KUIKOCTH;
d, O — BHyTpCHHUI AUAMETP W TOJIIUHA CTEHKU TPYOOIPOBO/Ia;
E — Moaynb ynpyroctu marepuana TpyOsl.

Cc=
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PaznuyaroT monHbI M HENOJHBIN Tuapoyaap. [loanwiti cudpoyoap npen-
M0JIaraeT MOJHYI0 OCTAHOBKY KUIAKOCTH, a IPU HenoHOM TPOUCXOIUT €€ TOP-
MOXEHHUE J10 CKopocTu V1.

['unpoynap Ha3bIBalOT npsaMbiM, €clid (aza THUIPABIUYECKOTO yaapa
to = 2l/c menbIIe BpeMeHU 3aKkphITHs TpyOOIpoBoaa: ty < tiu. Eciu to > ti4, TO
yaap Henpsamou.

BennunHa moBBIICHUS JaBJIEHUS B TPYOONPOBOAE MPH MPSIMOM ITOTHOM
T'UIPaBINYECKOM yaape onpenensiercsa Gpopmynoit XKykoBckoro:

Ap = pVoC.
Ecnu ynap Henmonubiii, o Ap = p(Vo— Vi)c.
[Tpu HENPSAMOM THAPABINYECKOM yIAape MOKHO IOJH30BATHCS MPUOIMKCHHBI-
MU (HOopMyTIaMHU:

t
e ISt TIOJIHOTO yaapa Ap = pVyCe —2-;
3aK

® I HEITOJIHOIO y1apa Ap = p(VO —Vl)ct—o.
3aK
Kak M0XHO J€rK0 yBHUII€Th, HAUOOJBIIYIO OMACHOCTh MPEACTABISET Opsi-
MOW TIOJIHBIN THAPOYAAP.
Mepbl 60pbOBI C HETATUBHBIMH TMOCIEICTBUSIMUA THIPABINYECKOTO yJlapa
MOKHO c(POPMYJIMPOBATH CIECAYIOIIUM 00pa3oM:
® YBEJIIMYCHHUE BPEMEHU 3aKPBITUSI TPYOOIPOBO/IA, YTO MPUBOJIUT K HETIPSIMOMY
UApOYyapy,
® CHIDKCHUE CKOPOCTH JBWIXKEHMS KUJIKOCTH (MPH 3aJaHHOM pacxoje 23TO
O3HAYaeT MPUMEHEHUE TPYyObl OOJIBIIIETO TUAMETPA);
® YMEHBIIICHUE JIJIUHBI y4acTKa TPYyOOIpPOBOAA JO MEPEKPHIBAIOIIECTO YCTPOM-
CTBa, YTO MO3BOJISICT MEPEUTH K HENIPSIMOMY yIapy;
® YCTAaHOBKa BOJIM3U 3aJBH)KKU YCTPOWCTBA, COMBAIOIIETO MUK JIaBJICHUS
(MpeoXpaHUTENHLHOTO KIIalaHa, THAPABIMYECKOT0 aKKyMYJISITOpa U T.11.).
NHoraa uayTt Ipyrum myTeM — BMECTO CHMXKEHUSI YPOBHSI yIapHBIX JlaBJie-
HUU TTPOCTO MOBBIMIAIOT MIPOYHOCTH TPYOOIIPOBOIA.
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