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1. OHNPEAEJEHUE HAYKU «I'NAPOI'A3OANHAMMUKA».
HOHATHUE KUAKOCTHU

MexaHuka, sBISSACh YacThiO (PU3MKH, U3ydaeT 00IIrMe 3aKOHOMEPHOCTH,
CBSI3BIBAIOIIME MEXAHWYECKHUE JIBMKEHUS W B3aUMOJACHCTBHS TEJ, HAXOJs-
IIUXCSI B TPEX COCTOSIHUAX: TBEPIOM, KHJIKOM U razoo0Opa3zHoM. Pazmuunoe
COCTOSIHHE TEJI CIOCOOCTBOBAJIO PAa3JEICHUI0 MEXAHUKU Ha OTAEJIbHBIE 00-
JIaCTH.

B MexaHuke TBEpAOro Tejla paccMaTpUBAIOTCSA AOCONIOTHO TBEPAbIE
u 1eopmupyembie Tena; MOCIeIHNE, B CBOIO OYepe/lb, pa3ICsIOTCS Ha Tela
yhapyrue " miactudeckue. 3ydeHnem 3aKOHOB JIBUYKEHUST aOCOIIOTHO TBEp-
IbIX TEJl 3aHUMAETCs TEOPETHUYECKAsi MEXAHUKA, U IJIACTUYECKUX — TEOPHS
YIPYTOCTH U TEOPUS TUIACTUYHOCTH.

3aKOHBI ABWKEHHS KUIKOCTEW M Ta30B M3y4yaeT MEXaHUKa >KUAKOCTU
Y Ta30B, WA THAPOra30AMHAMHKA.

MexaHuka XUJAKOCTEH U T'a30B, TaK ke Kak W JApyrue o0JacTH MEXaHU-
KM, pa3lesiAeTCcsl Ha CTaTUKy, KHUHEMATHUKy U AUHAMUKY. YacTh rugpomexa-
HUKH, U3Yy4arollasi yCJIOBUSl PABHOBECHUS JKUJIKOCTEN HA3bIBAETCS THAPOCTA-
TUKOH. KnHeMaTHKa KUIKOCTEW U3ydaeT UX ABMKEHUE BO BPEMEHH, HE UH-
TepecysCh MPUUMHAMU, BBI3BIBAIOUIMMU 3TO JBHKeHHUE. [IpenMerom uzyue-
HUSI THAPOJAMHAMMKM SIBJISIIOTCS JIBUXKECHUS KUJKOCTEH U Ta30B B CBSI3U C UX
B3aHMMOJICHCTBHUEM.

['unpomexaHuka Moiab3yeTcsl B KAYECTBE OCHOBHOTO METO/A UCCIeI0Ba-
HUW CTPOTMM MaTE€MaTHYECKUM aHalu3oM. BHauanme He3aBUCHMO, a 3aTeM
rapasuiesibHO TUIPOMEXAaHUKE Pa3BUBAIach MMAPABJINKA — MPUKIAAHAS UH-
KEHEpHasi HayKa O PaBHOBECUM U JIBUKEHUHU >KUAKOCTEW, OCHOBaHHAas Mpe-
MMYIIECTBEHHO Ha SKCIEPUMEHTAIBHBIX JaHHBIX U pa3padaThIBaroIas Mpu-
OJI>KEHHBIE METOJIbI pacyeTa TeUCHU B TpyOax, KaHajgaxX U peKax.

Kuokocms ecTb (puznueckoe Tea0, KOTOpoe BeChbMa Majlo MEHSIET CBOM
o0beM MpU U3MEHEHHH JAaBJICHUS WM TEMIEPATypbl; B 3TOM OTHOIICHHUH
KHUJIKOCTh CXOJIHA C TBEPJbIM TEJIOM U 00Ja1aeT TeKydecTbto. biaronaps Te-
KY4Y€CTH KHUJKOCTh HE UMEET COOCTBEHHOM (DOPMBI U MPUHUMAET POPMY TO-
ro COCyJia, B KOTOPOM OHA HAXOAMTCS; MO 3TOW MPUYMHE KUIKOCTh OTINYaA-
€TCsl OT TBEPJOTO TeJla U SBJIAETCS CXOIHOM C Ta30M.

TekydecTb paccmaTpuBaeMOro Tejaa OOYCIOBIMBAETCS TEM, YTO OHO
B MTOKOSIIIEMCSI COCTOSIHUM HE CIIOCOOHO COMPOTHUBIISITHCS BHYTPEHHUM Kaca-
TEIbHBIM YCUITUSIM, T.€. YCUJIMSIM, JEHCTBYIOIIUM BJIOJIb TOBEPXHOCTH CABUTA.

XKuakocTe, B OTIIMYME OT TBEPAOTO TENA, HAXOIACHh B MOKOE, HE UMEET
KacaTeJIbHBIX HaNpsHKEHUH, 1 IMEHHO MO3TOMY OHa MpUHUMAaeT (GopMy Co-
cyla, B KOTopoM 3akitodeHa. [lockonbky ra3 Takke 00JiajjaeT CBOWCTBOM Te-
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KY4eCTH, TO MHOTHE TEOPETHYECKUE TOJIOKEHUS, pa3pabOTaHHbIE MPUMEHH-
TETHHO K JKUJIKOMY TETy, MOTYT OBITh PaCIIPOCTPaHEHBI M Ha CITy4ail ra3000-
Pa3HBIX TeJ.

MOo>kHO clienaTh BBIBOJI, UTO ra3 TOXKE ABJISIOTCS KUIKOCThIO. CienoBa-
TEJIBHO, )KUJKOCTh MOKHO pa3/IeJIUTh Ha KarelbHyIo (Boja HEDTh U Jp.) U Ha
razoo0pa3Hyio (rasbl, BO3AyX).

Kak moka3bIBaeT OMBIT, )KUAKOCTH, BCTPEUAIOIINECS B MPHUPOIE, CTOJb
Maji0 U3MEHSIOT CBOM 00BhEM MpHU OOBIYHOM M3MCHECHHUH JIABJICHUS W TEMIIE-
paTyphl, YTO ATUM H3MEHEHHUEM MPAKTUYECKA MOKHO TpeHeOperartsb. [1oaTo-
MY B TUJIPABIUKE KUJKOCTh PACCMATPUBAETCS KaK aOCOJIIOTHO HEC)KUMAEMOE
TeJo (371eCh MPUXOJIUTCA JIeNIaTh UCKITIOYEHUE TOIBKO MPU U3yUYEHUU OJTHOTO
BOIIPOCa — BOIIPOCA O TaK Ha3bIBAEMOM T'HJPABIMYECKOM YyJape, Korja J1axe
MaJTyI0 C)KUMAEMOCTb KHJIKOCTH MIPUXOUTCS YIYUTHIBATH).

B nBmxkyiiencs »XKuIKOCTH, KaKk NMOKA3bIBAIOT MCCIIEIOBAHUS, KacaTelb-
HBIC HAIPSHKEHUS OOBIYHO MMEIOT MECTO: UMEHHO MPHU JTBUKEHUH JKUIKOCTH
0 TIOBEPXHOCTH CKOJIBKCHHSI KUAKUAX CIOEB JIPYT IO IPYTy BO3HUKAET TPE-
HUE, KOTOPOE M YPaBHOBEIINBACT BHYTPCHHHE KaCaTEIHHBIC CHIIBI.

B npakTtuke BcTpedaroTcs ciaydyau, KOTJa CHJIbl TPEHUS, BOSHUKAIOIINE
Oyiaroiapsi BSI3KOCTH, OKa3bIBAIOTCS HEOOJIBIIUMU CPABHUTENILHO C JPYTUMHU
CUJIaMH, ICUCTBYIOIIMMH Ha KUJIKOCTh. B 3THX YaCTHBIX CIydyasx BSI3KOCTHIO
MOKHO TIPEeHEOpeYb U CUUTATh, YTO B JBMIKYIIECHUCS JKUJKOCTH KacaTeJIbHbIC
HaIPSHKEHUS OTCYTCTBYIOT TaK K€, KaK M B TIOKOSIIICHCS KUIKOCTH.

[Tpu TeopeTHYECKUX UCCICAOBAHUSAX YACTO MOIB3YIOTCS MOHATHEM HJIC-
QTBHON KUJKOCTU. HMoeanvHoU HcUOKOCMbIO HA3BIBAIOT BOOOPAKAEMYIO
KUJKOCTh, KOTOpasi XapaKTEPU3YETCS:

a) aOCOJIIOTHON HEU3MEHSIEMOCThIO 00beMa (TIPU U3MEHEHHUM JaBJICHUS
U TEMIIEPaTyphl);

0) TOJIHBIM OTCYTCTBHUEM BSI3KOCTH, T.€. CHJI TPEHHUS TP JIOOOM ee
JIBUYKEHUH.

NneanbHas )KUIKOCTh, B OTJIWYHAE OT PEATbHOM («BS3KOW») KUJIKOCTH,
B MPUPOJE, pa3yMeeTcs, He cyliecTByeT. Ee co3maroT B BOOOpaKEHUM Kak
HEKOTOPYIO MPUOTUKEHHYIO MOJICNIb PeaTbHON KUJKOCTH.

N3 ckazaHHOTO BBIIIE CIIEYET, YTO:

1) mpu M3y4YCHHH MOKOSIICHCS JKUIAKOCTH HET HaJOOHOCTH Pa3/IN4aTh
peaTbHYIO M UICATBHYIO KUIKOCTH;

2) TpU M3YYECHUHU K€ JBUIKCHHS KHIKOCTH OYCHb YacTO MPHUXOIUTCS
CUUTATHCS C PA3IUUUEM MEXKIY TBYMsS Ha3BaHHBIMU >KHJKOCTSIMU: B CIydae
peanbHOM KUJIKOCTH HEOOXOUMO JOTIOTHUTEIHHO YIUTHIBATh CUJIbI TPEHUS,
T.€. BSI3KOCTb.
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2. OCHOBHBIE ®U3UYECKHUE CBOMCTBA
PEAJIBHBIX )KMJIKOCTEM U I'A30B

MHorue cBOMCTBa KUIKOCTEN U3ydaroTcsa B 001Ien pu3uke, a He B TH/I-
paBnuke. ['mapaBnuka, mpeacTaBisieT coOod 0coObld pasnen mnpodeccuo-
HaJBbHOW (PM3UKHU M 3aHUMACTCS BOITPOCAMH MEXaHUKH JKHIKOCTH.

2.1. I1lnoTHOCTH

OnHUM M3 OCHOBHBIX CBOMCTB KUJIKOCTH SIBIISIETCS NJIOMHOCHb.
Kaxk n3BectHO U3 00111ei Pu3nKe, MIOTHOCTHIO P HA3bIBAIOT OTHOIIECHUE

MacChl JKHJIKOCTH K €€ 00beMy, T.C.

. AM
P A\l/\llrioAW’ (21)
rie AM, AW — usmeHeHwe Macchl U OoObeMa KHUIKOCTU. Pa3zmMepHOCTh
IUIOTHOCTH
M
[p —F-

EnmaunaMu u3MepeHus] TUIOTHOCTH SIBJISFOTCSI: kr/M® B cucreme CU
u kre-C2/m* B TeXHMUeCKOl cucTeMme.
BBenem o003HaueHME:

Y=W' (2.2)
rine G — ecTb BeC JXKUIKOCTH; Y — BEC CAMHHIIBI 00BheMa KUIKOCTH (paHee
ATy €AVHUILY HA3bIBAJIM «YAEJIbHBIM BECOM» WM «OOBEMHBIM BeCcom»). Pa3-
MEpPHOCTb YAEIBHOTO Beca

M
M_W'
Enununna nsmepenus yaenpHoro Beca B cucteme CHU — H/Me,
VY IenbHBIN BEC U IUIOTHOCTH JKUAKOCTH CBSI3aHBI CIEAYIOIIUM COOTHO-
HIEHUEM:
y===M9_ o, (2.9
w W

r1e g — yCKOpeHne cBOOOIHOTO MaJIeHuSI.
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2.2. Ba3kocTh

Memﬂy CIOsAMHU KHUAKOCTH, ABHMXXYIMIMMHUCA CO CKOPOCTAMH, OTIIMYAIO-
IMUMHUCA APYT OT Apyra Ha BCIIMUYWHY du, BO3HHUKACT KACATCIIbHOC HAIIPAXKC-
HUC T.

T du
P =y, (2.4)
S dy

rae 1., — chiaa TPEeHU, S — IUIOMIA b COIPUKACAIOIINXCS CIIOEB.
P

CBOICTBO KHUJIKOCTH, 00YCIIOBIMBAIOIEE BOSHUKHOBEHUE B HEW IIpH €e
JBUKEHUH KacaTEJIbHBIX HANPSKEHUHN («HAMPSIKEHUN TPEHUSA»), HA3bIBACTCS
8A3KOCMbBIO.

Benuunnamu, KOTOpbIE MOTYT OLIEHUTH 3TO CBOMCTBO, SIBISIFOTCS KO3(-
¢unuent muHamudeckon Baskoctu [ (H.c/M2) u kodpUIMEHT KMHEMATH-

4ecKoi Ba3koctH v (M2/C), CBA3aHHBIE MEXKITY COOOM COOTHOILIEHUEM v=£.

p
BSsI3KOCTB )KHIKOCTH OYE€Hb 1200 3aBUCUT OT JAABJICHUS U CHIIBHO 3aBHCUT OT
TemriepaTypsl. 1 KaneabHOM KUJIKOCTH C MOBBIIIEHUEM TEMIIEPATYPhI BsI3-
KOCTh YMEHBIIAETCs, a JJIsl Ta3000pa3Hoil, HA0OOPOT, YBEIUUNBAETCS.

Kpome 0OBIYHBIX (HBIOTOHOBCKHX) >KHJIKOCTEH, XapaKTepU3YIOIIUXCS
3aBUCUMOCTBIO (2.4), CYIIECTBYIOT aHOMAJIbHBIE KUIKOCTU, K KOTOPBHIM OT-
HOCSITCSL KOJUIOMJHBIE PAacTBOPBI, CMAa304YHbIE Macia, HePTenpoayKThl. Jlis
TaKUX KUJKOCTEN 3aKOH BHYTPEHHETO TPEHUS BBIPAKAETCS B BUJIE

Izroiud—u, (2.5)
dz
rIe Tp — KacaTelIbHOE HAIPSKEHUE B IOKOSIICHCS JKUAKOCTH, MOCIE Ipe-
OJI0JIEHUS] KOTOPOTO, )KUJIKOCTh IPUXOJUT B ABUKECHUE.

2.3. ClHoCOOHOCTD KMAKOCTH MEHATHL CBOH 00beM

Corcumaemocms — CBOMCTBO KUJKOCTH YMEHbIIATh 00BEM MO JACHCT-
BueM JaBieHus. OHa oreHuBaeTCa KOADPHUIMEHTOM CHKUMaeMOCTH
Bp(1/11a), moKa3pIBatOIIMM OTHOCUTEIBHOE U3MEHEHHE 00beMa xuakoctu W

Ha €JIMHUITY U3MEHEHUS naBiieHust AP :
1 (AW
= [ 2 2.6
Pr AP( W ] (2.6)

Benuuuna, o6patHas K03 GUIIMEHTY OOBEMHOTO CKAaTHs, HA3bIBACTCS
mooynem ynpyeocmu sxcuoxocmu E (I1a):
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_1
Bp

Tennosoe pacuiuperue — CBOUCTBO KUJIKOCTU U3MEHATh 00BEM MpU Ha-

IPEBaHUH, KOTOPOE XapaKTepu3yeTcs: Kod((GHUIIMEHTOM TEIUIOBOTO pacIiupe-
1

HuA B7 (°C ), 4nuCIEeHHO PaBHBIM OTHOCUTEIBHOMY IpHpaleHnto oobsema W

E (2.7)

C TIOBBIIIIEHUEM TeMIEPATyphl | Ha OJWH IPalyCc MPHU MOCTOSTHHOM JaBJICHUU:
1 (AW
Br=—|~|. (2.8)
AT W
Kax nmpaBusio, mpu HarpeBaHUH 00BEM KUIKOCTH YBETUUUBACTCS.

IIpumepsI

Ipumep 2.1. Yaensublii Bec 6ensuna y=7063 H/M3. Onpenenurs ero
IJIOTHOCT.

Pewenue: y=p-g;p=y/ J¢;p=7063/9,81=720 kr/m3.

Ipumep 2.2. IlnotHOCT, au3eNbHOrO Maszyra p=878kr/m3. Ompere-
JIUTh €r0 YJIEeIbHbBIN BEC.

Pewenue: y=p-g;y=878-9,81=8613 H/m3; y=878-9,81=8613 H/m3.

Ipumep 2.3. Ilpu TUapaBINYECKOM HCHBITAHUU TPyOOMpOBOJA IWa-
mMeTpoMm d = 200 MM u amuHoM 250 M 1aBiieHUE B TpyOe OBLIO IMOBBIIICHO 10
3 MIIa. Yepes yac naBnenue cHU3UIOCH 10 2 MIla. CKoJIbKO BOJIbI BHITEKIIO
4yepes HeIOTHOCTH?

Pewenue:

1. Onpenenum 00bEM BOJIBI B TPYOOTIPOBOIE:

_n-d2:1 7w-0,22-250
4 4

W =7,85 m3.

2. Haitnem n3meHeHue AaBiIeHUS 32 BpEMs UCIIBITAaHUS:
Ap=p;—pp,=3—-2=1 MIla.
3. [IpuanMas ko3hHUIMEHT 00BEMHOTO CIKATHS BOJIBI
Bp=5-1071/xIla,
HAXOJMM KOJIMYECTBO BOJIbI, BHITEKAIOIIEH Yepe3 HETUIOTHOCTH, 10 hopMmyJie

AW =—fp W -Ap=5-10-10.7.85-1-106 =3,925-10—3 m3~3,931.
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KOHTpOJIbeIe BOIIPOCHI U 3a/laHUA

1. Ilepeunciure OCHOBHBIE (PU3MUECKHE CBOMCTBA KUIKOCTEH.

2. Yto noapasymeBaeTcs Mo/ )KUAKOCTBIO B TUAPABIUKE?

3. Uto noapazymMeBaeTcs NoJI CINIOITHOCTBIO CPe/Ibl?

4. Kakasi CBSI3b CYHIECTBYET MEXKAY IJIOTHOCTBHIO M YAEIbHBIM BECOM
KUJIKOCTEH?

5. KakoBa pa3MepHOCTb IIJIOTHOCTH U YJIETBHOTO Beca?

6. B kakux enuHUIAX U3MEPSAETCS IIOTHOCTh U Y/ACJIbHBIN BEC B CUCTE-
me CHU?

7. Uto Takoe kodpummeHT o0reMHOTO cxKaTus kuakoctu? Kakosa ero
pa3sMepHOCTh?

8. Kakas cBsi3bp ko3(pdurmenta 00bEMHOTO CXKATUSA C MOAYJIEM 00bEeM-
Hol ynpyroctu? KakoBa ero paaMepHOCTb?

9. Urto takoe kod(pduiiueHT TemreparypHoro pacuupenus? Kakosa ero
Pa3MepHOCTH?

10. Yto Ha3bpIBaETCs BA3KOCTHIO KUJAKOCTH?

13. Yto Takoe koddduimeHT nuHamudeckor BsizkocTtu? KakoBa ero
Pa3MEpHOCTH?

14. Kakas cBs3b cyIliecTByeT Mexay KodpduireHTaMu THHAMUYECKON
1 KHHEMaTUYEeCKOU BA3KOCTH?

15. B kakux eIMHUIAX U3MEPSAETCS NUHAMHYECKAS M KUHEMATH4YECKast
BSI3KOCTh B cucteme CH?

16. Kakue )KMIKOCTH OTHOCSITCS K aHOMaJIbHBIM?

17. B yeMm oTiinune aHOMAaIbHBIX JKHUIKOCTEW OT HBIOTOHOBCKHUX ?

10
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3. OCHOBHBLIE ITOHATUA
KUHEMATUKHU U IUHAMUKHA

Kunemarnka >XMAKOCTH U3Yy4aeT CBSI3b MEXIAY F€OMETPUUECKUMHU Xa-
PAKTEPUCTUKAMM JIBHXKEHUS U BPEMEHH (CKOPOCTBIO U YCKOPEHUEM ).

JlnHaMuKa KMIKOCTH U3y4aeT 3aKOHbI JBXKEHUS KaK pe3ynbTaT ACHCT-
BUS CUJL.

3.1. OcHOBHBIE aHAJTUTHYECKHE METOAbI
HCCJIC0OBAHUSA ABHKEHUS JKUAKOCTH

3.1.1. Meroa Jlarpanxa

BYIICM CUuTaTthb, 4TO AJIA KEl)K,Z[Oﬁ qaCTUllbl HAM U3BCCTHBI 3aBUCUMOCTHU
x= (X0, Y0.20);
y=f2(X0,Y0,20); (3.1)

2= T3(Xo0, Yo, 20)-

[Tonb3ysCh 3TUMH 3aBUCUMOCTSIMHU, MOXKHO IOCTPOUTH TPAEKTOPUU Ha-
MEUYEHHBIX YacTHI] JKUJIKOCTU. Jlajiee MOXKHO B JIIOOOM MECTE 3THUX TPAEKTO-
pyii HaliTH AyTMHY Ty TH S, IPOX0IMMOTo YacTulle 3a Bpems dt. Hanpumep,

dx dy dz
=—; U,=—; U, =—. (3.2)
dt’ Y dt dt

B nmaHHOM ciy4ae Mbl CI€AMM 33 OTIAEIBHBIMM YaCTULAMH YKUIKOCTH
B TEYEHUE BPEMEHU {, 32 KOTOPOE 3TH YaCTHULIbI, ABUTASICh IO CBOMM TPAaEKTO-
pUsIM, IPOXOJAT BCIO pacCMaTpUBaeMyro 001acTb.

Cornacno Jlarpanxy, 0 MOTOKE KUAKOCTH B LEIOM MOKHO CYIAUThH IO
COBOKYITHOMY PaCCMOTPEHHMIO TPAEKTOPHil, OMUCHIBAEMBIX YACTULAMU KU ]I~
KOCTHU.

Uy

3.1.2. Meroa Jisiepa

[IpeacTaBuM HEKOTOPYIO 00JIACTh, 3aHATYIO JBUKYIICHCS KUIKOCTBHIO.
CornacHo Jiisiepy, HE CHEIAT 3a JIBUKECHHEM OTIEIbHBIX YACTHUIl KUIKOCTH
Y HE UHTEPECYIOTCS UX TPACKTOPHUSIMH.

B cooTBeTcTBUM € IPEMIOKEHUSIMU DUJIepa HAMEYAOT TOYKH, KOTOPBIE
CUMTAIOT CKPEIJICHHBIMU C PACCMaTPUBAEMbIM HEMOABHKHBIM MPOCTPAHCT-
BOM. DTH TOYKU HEMOJBUHBI MPU MPOTEKAHWU YE€PE3 HUX KUIKOCTU. 371EChH
BEJIMYUHEI X, Y, Z HE €CTh TEKYIIHUE KOOPAUHATHI YACTHUL] KUJIKOCTH, & IPOCTO
KOOPJIMHATBI HEMOJABUXHBIX TOUYEK MPOCTPAHCTBA.
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PaccmorpuM MoMeHT BpeMeHH t;. B 3TOT MOMEHT BpemeHH B TOuke 1

OyIeT HaXOJUTHCSA HEKOTOpas YacTHIA >KUAKOCTH, HMECIOIIAs CKOPOCTh
Uy (t) ; B 3TOT k€ MOMEHT BpEeMEHH B TOUKe 2 OyaeM uMeTh CKopocTh Uy (),

B TOuke 3 — ckopocThb Us(ty) u T.1.

CornacHo Jiepy, MOTOK B I[EJIOM B JIaHHBIA MOMEHT BPEMEHH OKa3bl-
BAETCSl TPEACTABJICHHBIM BEKTOPHBIM IIOJIEM CKOPOCTEH, OTHOCSIIHXCS
K HEMOABI)KHBIM TOYKaM IMPOCTPAHCTBA. B ciemyromuii MOMEHT BpEMEHU
NoJTy4daeTcs Jpyroe mosie ckopoctei. CpaBHHBaAsI ATH TOJIST CKOPOCTEH, MOXK-
HO CYJUTh O TOM, KaK TIOTOK BEET ce0s C TCUCHHEM BpEMEHHU.

Beimie Ob110 OTMEYEHO, YTO KOOPAHMHATHI X, Y, Z, COTJIacHO Duiepy, sB-
JSIOTCS KOOPAMHATAMH HETOJIBIKHBIX TPOU3BOJIBHBIX TOYEK IMPOCTPAHCTBA.
[Toatomy B nmanHoM cirydae BenuunHbl 0X, dy, dz Henb3s paccMaTpuBaTh Kak
MPOCKIIMKA 3JIEMEHTAPHOTO IyTH, MPOXOJMMOI0 YacTHIIAMH >KHJIKOCTH 3a
Bpems dt. DTH BETUYMHBI 3[1eCh SBIIIOTCS MPOCTO MPOU3BOJBHBIMH IpHpPa-
HIEHUSIMU KoopAuHAT. B cBsi3u ¢ 3TuM 3aBucumoctu (3.2) B ciiydae MeToja
Diisiepa — HENPUEMIIEMBI.

Memoo Jlacpanica 86udy e2o CloHCHOCMU He Haulell WUPOKO20 npume-
HeHus 8 euopasiuxe. /lanee 8 0CHOBHOM OyO0em UCNOIb308AMbCA Memood -
J1epa, coenacHo KOMOPOMY CAeOsim 3a OBUICEHUEeM YACUY 8 NPOoOOINCeHUe
INEMEHMAPHO2O OMPE3KA BPEMEHU, KO20a OAHHAS YACTMUYA HCUOKOCIU NPO-
X00Um uepe3 paccmampuaemyro mo4xy npocmpanHcmed.

PaccmaTtpuBasi MHAMBHIYyaJIbHYIO MPOU3BOJHYIO KaK TIOJHYIO TPOM3-
BOJIHYIO 10 BPEMEHHU OT BEKTOpa CKOPOCTH, MPEACTABISIONIEIO CIOXKHYIO
GYHKIUIO OT BpeMeHHM 1, KaK SIBHO B cllydyae HECTAllMOHAPHOTO TMOJS CKOPO-
CTEH, TaK U 4Yepe3 MOCPECTBO KOOPAUHAT X, Y, Z NBUKYLIECUCS TOYKH, HaMl-
JIeM YCKOPEHHE BEKTOpa CKOPOCTH

du ou oaou dx oudy oudz
A _aa Y, (3.3)
dt ot oxdt 8ydt azdt
niia, yTIHTbIBaH, qTo HpOI/ISBOI[HI:Ie 10 BpeMeHI/I oT KOOpI[I/IHaT I[BI/DKYHIGI\/'ICH
TOUKHU paBHbI HpO@KHI/ISIM cc CKOpOCTI/I Ha OCHu KOOpI[I/IHaT
dx dy dz
_:uX!_:uyl_:uZ!
dt dt dt
[OJIy4aeM CJEAYIOLIEE BBIPAXKEHUE BEKTOPA YCKOPEHHUS B DUIIEPOBBIX IEpe-
MCHHBIX.

U:a—u+uxa—u+uya—u+uza—u. (3.4)
ot OX oy 0z
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[Ipoekuuu paccMaTpuBaeMoOro BEKTOpa YCKOPEHHS Ha OCH HENOJBHXK-
HBIX KOOPJAMHAT BBIUMCIISIIOTCS CIEAYIOIUM 00pa3oM:

duy _Ouy , Oux . Oy . Oy,

Uy = Uy —=+U, —=+U ;
“dt oot fox Yoy toar
du, ou ou ou ou
uyz—yz—y+ux—y+uy Y opu,—; (3.5)
dt ot OX oy 0z
uzzduz =8uz+ux 8uz+uy% UZ%,
dt ot OX oy 0z

du, qu. du,

rae ; ; — UHIUBUOYyaJlbHBIC WU Cy6CTaHHI/IOHaHBHBIe Ipoun3-
dt dt dt
aux . 6uy . auz
BOJHEBIC; P ; p ; p — JIOKaJIbHBIC MIPOU3BOJHBIC, BhIpaXKAIOIIUE U3MeE-

HEHHE BO BpEeMEHHM BekTopa U B (DMKCUPOBAHHONW TOYKE MPOCTPAHCTBA;
ouy OUy OUy
UX + Uy + UZ — KOHBCKTHBHas IPOM3BOAHAsA BEKTOpa U. OTa Be-
OX oy 0z
JIMYMHAa BbIPpAKaCT N3MCHCHUC CKOPOCTH B IMIPOCTPAHCTBE B I[aHHBIﬁ MOMCHT

BpeMeHU. [Ipu ycTaHOBHBIIEMCS JBUKEHUU JIOKAIbHBIE YCKOPEHUSI PaBHBI
HYJIIO.

3.2. IloreHnua bHOE U BUXPEBOE ABHKEHNS JKUTKOCTH

Ecan Inpru IBHKCHUHKU B ITOTOKE YACTHIbLI JXHUJIKOCTH HC BpallarOTCsA, TO
TaKO€ ABMKCHHUC ABJIICTCA ITIOTCHIUAJIBHBIM.
VcnoBus MOTCHUUAJIBHOIO TCUCHUSI UMCHOT BU/.

1. rot(l])zo, rIie rot(a) — XapakTepu3yeT MHTEHCHBHOCTh BHXPEBOTO
MOJISI B KQYKIOU €T0 TOYKE:
up My )z (O Qup) 5 [y dug) o
0z 0z  OX
2. YTIIOBBIC CKOPOCTH Oy =0y =0, =0.

rot(U) =

3. JI7s TOTEHIMAILHOTO TEUCHUSI UMEEM
ou, _ aUy _OUy _ au, . aUy _ 6ux.
oy 07 07 OX OX oy
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Tpu mocneaHUX yCIOBHS SBISIOTCS HEOOXOMUMBIMU U JIOCTATOYHBIMH,
9yTOOBI CYIIECTBOBaNa (GYHKIIUS (p(x, Y, Z), Ha3blBaeMasi TMOTEHIMAIbHOMH,

nosHbli Auddepeniman koropoit pasen: do=u,dx+uydy+u,dz.
[IpencraBiiss NOJHBIN L[H(b(bepeﬂunaﬂ GyHKIUU Kak
do 9 —dx + dy + % dz,
" o oy 0z
noJry4aem
% _ Uy, % =Uy % =Uu,.
OX oy V' 6z

Jloka3aHo, 4TO pacIpeieeHue Mol CKOPOCTEN ONUCBIBAETCS ypaBHE-
HueM Jlarmaca:

029 02¢p 02%¢
+ + =0.
ox2  oy2 012
JI71s INTIOCKUX TE€YEHM, €CIIM BBIMOJIHAETCS YCIIOBUE

du, _ouy

OX oy

1o cymectByer GyHkuus (X, Y) — QyHKIHS TOKa, Al KOTOPOi BBIIONHSCT-
et dy=u,dy—uydx.  YunreiBasg, 4TO  HONHBIA  AuddepeHuman

dw:@dx+@
OX

dy, cmegoBarensHO

uxzﬁ;—u :@.
oy’ Y ox

Teuenne OyneT suxpesvim, €CIM YaCTHUIIBI B TTOTOKE >KHJIKOCTH Bpallia-
I0TCA, T.C.

rot(u) =0.

COBOKYITHOCTh BEKTOPOB YTJIOBBIX CKOPOCTEH B PA3IMYHBIX TOYKAX I10-
TOKa 00pa3yroT BEKTOPHOE T0JI€ — MOJI€ YTIOBBIX CKOPOCTEH. ITO BEKTOPHOE
MOJIE MOKET OBITh KaK CTallMOHAPHBIM, TaK U HECTAIlMOHApHBIM. Buxpepoe
TEUEHUE XapaKTePU3YETCs BUXPEBBIMH JTUHUSAMU. JIMHMS, KacaTelbHAs K KO-
TOPOM B Ka)JOW TOYKE B JAHHBIH MOMEHT BPEMEHHM OIpEAeIsieT HampaBlie-
HHUE BEKTOpa YIJIOBOM CKOPOCTH (O, Ha3bIBa€TCs BUXpeBOHM juHue. CoBo-
KyITHOCTb BUXPEBBIX JIMHUHM, MPOHU3BIBAIONINX 3JIeMEHTapHbIH KOHTYp C,
00pa3zyeT BUXPEBYIO TPYOKY WJIM BUXPEBYIO HUTh.
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Buxpesbie TpyOKku (HUTH) XapaKTePU3YIOTCSI MHTEHCUBHOCTHIO (1), st
KOTOpPOU CHPABEIINBO
dl =wdF =w,dF, =...=const.

YTtoO0BI pacCUnuTaTb MHTCHCHUBHOCTHL BHUXPCBOI'O TCUYCHHA IIOJIb3YIOTCA

teopemoii CTokca: UPKYJSALUS BeKTopa U 1O 3aMKHYTOMY KOHTYpY S paB-
Ha UHTEHCUBHOCTH BUXPEBOTO TEUEHUS

I=¢udS=1I.
S

[Ipu 5TOM MHTEHCHUBHOCTb BUXPEBOIO TEUCHUS HE 3aBUCUT OT Pa3MepoB
U GOpMBI KOHTYpA, a 3aBUCHUT OT pa3Mepa BUXPEBOU 30HBI.

3.3. YcraHoBuBIIEECS M HEYCTAHOBHBIIEECS
TeYeHHS KUIKOCTHU

[Ipy HEYCTaHOBUBIIEMCSI TEUEHHHU CKOPOCTh U JABJICHUE B KaXKJOM TOY-
K€ IPOCTPAHCTBA U3MEHSCTCS C TCUCHHEM BpeMeHH, T.e. U= (X,Y,z,t).

[Tpu ycraHOBHBIIEMCS (CTAllAOHAPHOM) TEYCHHH CKOPOCTh B KaXKIOH
TOYKE NMPOCTPAHCTBA B Pa3IMYHBIC MOMEHTHI BPEMEHHU HE MCHSET CBOCH Be-
JUYHHBI U HarpasjieHus, mostomy U= f(X,y,z). IloaTtomy B ciaydae ycTaHO-

BHUBHICTOCA TCUCHH

8UX _ auy . 8uz —0
ot ot ot

HpI/I YCTAaHOBUBHICMCA TCUCHUHN TPACKTOPHUHN ABHKCHHA YaCTHUL, IIPOXO-
ASIIKE YEPE3 OMHY U Ty K€ TOUKY IIPOCTPAHCTBA, COBIAAAIOT APYT C APYIOM
U HE MEHSIOT CBOCH ()OPMBI C TCUCHUEM BPEMEHHU.

Y CTaHOBUBIIIEECS JBUKECHUE MOXET ObITh PAaBHOMEPHBIM M HEPABHO-
MEPHBIM.

PaeHOMeprlM 06uUdICeHUeM HA3bIBAETCS TaKOE ABUIKCHHUC, TIPU KOTOPOM
CKOpPOCTH B CXOACTBCHHBLIX TOYKAX JABYX CMCIKHBIX CEeUCHUH PaBHBI MCKAY
Co0OH, a TPACKTOPHH YACTHUI] — MPSAMOJHUHEHHBI U MapauIeIbHBI OCH 0X, T.C.
[0JI€ CKOPOCTEN He U3MEHSAETCS BHU3 110 TEUEHHIO. Y CKOPEHHE YAaCTHIL KU1~
KOCTH IIPH 3TOM PaBHO HYJIIO.

HepaBHOMepHoe osuodicenue — 3TO ABHJKCHHUC, HC YIOBJICTBOPAIOIICC
OIIPCACIICHUIO PABHOMCPHOI'O ABUIKCHUAI.

PaBHOMEpHOE U HEPABHOMEPHOE JIBIKCHHE MOXKET OBITh HATIOPHBIM 1 0€3-
HaropHbIM. [Tpy HATIOPHOM JIBMIKEHHH JKHIKOCTh COMPHKACAETCS ¢ TBEPIOM CTEH-
KO 0 BCEMY MEPHMETPY CBOETO CEUYCHHMS, a MPH OEe3HAIIOPHOM — JIUIIE I10
YaCTH TIEPUMETPA.
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Taxum oOpazom:
1. Kornma ckopocTh B OTACTBHBIX TOYKAX MPOCTPAHCTBA H3MEHSETCS OT-

du, ou
HOCUTCJIBHO MCAJICHHO, HOSTOMy BCIINYHMHaAMN —X, —y MOXHO HpeHGG—
ot ot
peds.
2. Korzla CKOPOCTb B OTACIBHBIX TOYKaX IIPOCTPAHCTBA U3MCHACTCA OT-

HOCHUTCJIBHO 6]E>ICTpO, TOoraa 3T YyCKOPCHUA YUHUTbIBATD HGO6XOI[I/IMO.

3.4. /Iunus TOKA U TPAEKTOPHUS ABUKCHHSA

Jnst paccMoTpeHust OepyT Touky 1 XKUAKOCTH, CKOPOCTh KOTOPOM
B JJAHHBI MOMEHT BpeMeHHU paBHa Uy . [Ipy mocTpoeHnu NMHUM TOKA I Of-
HOT'O M TOTO € BHIOPAHHOTO MOMEHTA BPEMEHU OTCTYIAIOT BJAOJb BEKTOpa
CKOPOCTH B CMEKHYIO TOYKY 2, HAHOCAT Ha 4YepTeX BEKTOP CKOPOCTH U,
TOUKU 2, OTMEUAIOT Ha BEKTOpE U, OJMkKalInyro TOUKY 3, IPOBOJAT BEKTOP
€€ CKOpPOCTHU U T.J. ECIIM CTOPOHBI 3TOM JIOMaHOM B3SITh CKOJIb YTOAHO MaJlbl-

Mu, monmron 1234........ MPEJCTAaBUT JIMHUIO TOKa, MPOBEJACHHYIO 4YEpe3
JIAHHYIO TOYKY B IaHHBIH MOMEHT BpeMenH (puc. 3.1).

Puc. 3.1. JIlunusa Toka

Wtak, non sunueti moxa MOHUMAIOT BOOOpaKaeMyl0 KPHBYIO, TTPOBe-
JEHHYIO B MOTOKE B JAHHBIII MOMEHT BPEMEHH, B KaXJOW TOUYKE KOTOPO
BEKTOP CKOPOCTEH COBMAJAET MO HAMpPaBJICHUIO C KacaTelbHOU. Tpaexmopus
08udiceHUs1 TIPEACTABISET COOOM JTMHUIO, IO KOTOPOU NBUKETCS UHTEPECYIO-
mas Hac yactuia. B o0miem ciydae JNMHUM TOKAa U TPACKTOPUHU JBUKCHUS
HE COBIMAJIAIOT.
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CaolicTBa TMHUH TOKA!

1. JIuaum TOKa B MOTOKE HE mepecekarorcs. OJTHAKO CYIIECTBYIOT OCO-
Oble TOYKH, Ha KOTOPBIX OHU 3aMBIKAIOTCSl MIJIM M3 KOTOPBIX BBIXOJIAT (MCTO-
KH, CTOKH).

2. Ilpu ycTaHOBHBIIIEMCSI TCUCHUU JTMHUW TOKA HE MEHSIOT CBOCH (POPMBI.

3. IIpu ycTaHOBHBIIIEMCSI TCYCHHWW JIMHHHM TOKAa M TPACKTOPHUU COBIIA-
JaroT.

Jlss  yCTaHOBHBIIIETOCS TEYCHHs crpaBeqmBa ¢opmyna Jlarpamka
(3.2), moaToMy OyzieM UMETH

dt— dx dy dz

= =—. 3.6
du, duy, du, (3.6)

®dopmyna (3.6) mpeacrTaBiusger co00l ypaBHEHHE JTUHUM TOKa JJIS yCTa-
HOBMBIIIETOCS] TEYCHHUS.

3.5. TpyOka Toka, 3JieMeHTapHasA CTPyiKa

B rungpaBnuke npuHATa CTpyiHas MOJAENb IMOTOKA. MBICIEHHO BECH MO-
TOK pa30nBaeTcss Ha OECKOHEUHOE KOJIMYECTBO CTPYEK, MPOBOJIUTCS B JlaH-
HBII MOMEHT BPEMEHH B TIOTOKE JKUJKOCTH 3aMKHYTBIN ce0sl He mepeceKaro-
i KoHTYp (puc. 3.2), HA 0JTHA TOYKa KOTOPOTO He sBisieTcst ocoboit. Torma
yepe3 KaXAyl0 TOYKY TaKOro KOHTypa MOKHO IMPOBECTH JUHHUIO Toka. Ilo-
BEPXHOCTb, 0Opa3zyemasi JIMHUSMHU TOKA, IPOXOISAIIMMU Yepe3 TOYKU ITOrO
KOHTYpa, Ha3bIBaeTcst mpyokou moka. JXuakocTb, HaOJHAOMAs TPYOKy TO-
Ka, Ha3bIBaeTCsi cmpyeli, a cama TpyOKa TOKa SIBISETCS IOBEPXHOCTHIO
ctpyiiku. Ecinu konTyp C OE€CKOHEUHO Mall, TO CTpyWKa Ha3bIBACTCS 21eMeH-
MapHot, B IPOTUBHOM CITy4ae KOHEYHOU.

\ Auuw moka

Puc. 3.2. DnementapHas cTpyiika
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B caydae ycraHoBuBIIErocs TeUEHUs 3JIEMEHTapHas CTpyiika o0namaer
TpeMsI CBOMCTBAMM:

1. Tak kak miomaae monepeyHoro ceuenus dF GeckoHewHO Manasi Be-
JIMYMHA, CKOPOCTh U JIABJICHUE B KAXKJIOM TOUKE 3TOrO CEUCHHSI HE MEHSFOTCSI.
OpnHako BIOJIb CTPYUKH B OOLIEM CITy4ae OHU MOT'YT MEHSAThHCS.

2. Tak kak OOKOBasi MOBEPXHOCTh AJIEMEHTAPHBIX CTPYEK OrpaHHYEHA
JIMHUSIMU TOKA, OHA HE TPOHULIAEMA JIJT OTJICJIbHBIX YACTHLL.

3. Ilpu ycTaHOBUBIIEMCSI TCUCHUU 3JIEMEHTapHbIC CTPYHKU HE MEHSIOT
cBoel (popMeI.

B m060if Touke 60KOBOM MOBEPXHOCTU CTPYHUKH, COCTOSIICH U3 JTUHUN
TOKa, CKOPOCTh MOKET OBbITh HaIlpaBjeHa TOJbKO MO KacaTeJbHON K ATOM Io-
BEpXHOCTU. HOpManbHBIX K MOBEPXHOCTH COCTABIIOIIUX CKOPOCTH, KOTO-
phie MOTJIA OBl MEPEHOCUTh YACTHIIBl KUIAKOCTHU 4YEpe3 OTy IMOBEPXHOCTb,
HE CYyIIECTBYET. DJIeMEHTapHasi TpyOKa SBJISETCS H30JMPOBAHHBIM DIJIEMEH-
TOM IIOTOKA.

Paznuuaror ciywaili moToka, KOrja JIMHUM TOKA €ro SBISIOTCS CTPOTO
MapajuleIbHBIMU TPSMBIMA. Takoe NBWKEHHE HA3BIBACTCS NAPAIIeNbHOCH-
pyunbim. HacTo NpUXOAUTCS CTAIKUBATHCA C MOTOKAMH, OTJIMYHBIMHU OT Ia-
pamienbHOCTPYHHBIX. CyHIECTBYIOT TaK Ha3bIBAEMBIE IIJIABHO M3MEHSIOLIEE-
Cs IBUKCHUE U PE3KO M3MEHSIONIEECS IBUKCHUA.

[11aBHO W3MEHSIOMMMCS JBUKCHHUEM Ha3bIBACTCs JBUKEHUE OIHM3KOE
K NapaJyieJIbHOCTpyiHOMY. [Ipu MJIaBHO M3MEHSIOMIEMCSA JBUKEHUH MOTOK
YAOBJIETBOPSIET CICAYIOIIUM YCIOBUSIM:

1. Paguyc KpUBU3HBI IOTOKA JIOJDKEH OBITh BEChMa BEJHK.

2. Yroi, oOpa30BaHHbIN KpalHUMHU JUHUSIMHU TOKa, paCCMAaTPUBAEMOIO
MOTOKA (MJIM DJIIEMEHTAPHOMN CTPYHKH), JOTHKEH ObITh OJM30K K HYJIIO.

[Ipu HEecoOM0IeHNH ITUX JBYX YCIOBUM WJIM OJHOTO M3 HUX UMEEM Jie-
JI0 C IBUKEHUEM, Ha3bIBAEMbIM PE3KO U3MEHSIOLIUMCS.

3.5.1. YpaBHeHue pacxoaa IJis 3J1eMEeHTAPHOU CTPYHKH

KonuuecTBo XUAKOCTH, MPOTEKAIOIEe 3a €AUHUILY BPEMEHH Yepes3 pac-
CMaTpUBaeMOE CEUYCHHE MOTOKa, Ha3bIBaeTCs pacxoodom. OH MOXKET H3Me-
PATBCS B €UMHHUIIAX MacChl (MAacCOBBIM pacxol M, KI/C) WM B €IUHHUIIAX
o6beMa (06beMHbIT pacxox Q , M/c).

PaccMoTpum OTCEK 3JIEMEHTapHOM CTPYWKH MEXKIY ABYMs ITPOU3BOJIb-
HeiMu ceuennsvu dF; n dF,, HOpMambHBIME K HaITpaBIEHHUIO CKOPOCTEH Uy

U U,, IUIOTHOCTH B CEUCHUSIX Py U P, cooTBeTcTBeHHO (puc. 3.3). Ilpu yc-

TaHOBUBIIIEMCSI JIBIDKCHMH (opMa U 00BEM paccMaTpUBaEMOTO OTCEKa
HE U3MCHSIOTCS, TJIOTHOCTD JKMIKOCTH B Ka)KJIOH TOUYKE CEUCHUS U CPEIHSS

18

KOMMJEKT. 3NEKTPOHHBIX
YUYEBHO-METOOUYECKUX MATEPUAJIOB - I L 2 I OTMABREHHE << I JARPBITD XI


http://portal.tpu.ru/ido-tpu
http://tpu.ru

R,

o
§§g/(rr \\ﬁ% K
v I

| | i Matepuanbl npegHasHa4yeHbl A4ns UCNONb30BaHUA B YH4E€OHbIX Lensx
ctyneHTtamm MHcTuTyTa guctaHuMoHHoro obpasosanusa TIY

— -

IJIOTHOCTh 10 BCEMY OTCEKY Takke He M3MeHstoTcs. [Ipuroka wim orroka
KHUJIKOCTH 4epe3 OOKOBYIO TOBEPXHOCTh CTPYHKHU HET.

d0;=U7dF7

Puc. 3.3. DneMeHTapHas cTpyiika

YcaoBue Hepa3phIBHOCTH WM CIUIONTHOCTH TOTOKa TpeOyeT, 4ToObI
Macca BTeKaroniel B oTcek 3a Bpems dt sxunkocti dMj paBHsTOCE OBI Macce

BBITeKaromieit u3 orceka dM,.

Macca KuJIKOoCTH, IPOIIEAIICH CO CKOPOCThIO U depe3 OECKOHEYHO Ma-
JI0€ CeueHHE MOTOKa 3a KaKOW-TO OECKOHEYHO Majblii 0Tpe3ok Bpemenu dt,
OIpeAesaeTCs Kak
dM =dm-dt =pudF,dt,
rae dF, — mIomans ceyeHuss HOPMAIBHOTO K BEKTOPY CKOPOCTH U .
[Tpumensist aTo cootHorenue i cedenuit dF n dF, , momyaum

pluld Fldt = p2U2dF2dt .
Coxkpantast dt ¥ y4uThIBas, 4TO paccMaTpUBAacMBbIC CEYCHHs OBLIM BbI-
OpaHbI IPOU3BOJIBLHO, TTOIYYHM
p1thdF =pou,dF, =...=pudF =dm=const. (3.7)

MaccoBslii pacxo1 Ipy YCTAHOBUBLIEMCS JBUKEHUU OJUHAKOB BO BCEX
CECUCHMSIX DJIEMEHTAPHOW CTPYUKHU. YPaBHECHHUE CHOPABEIJIUBO IS HECHKHU-
MaeMoOM U C)KUMAEMOM KUAKOCTU. JJis KanenbHO# (HEC)KMMaeMoM) JKUJIKO-
CTH YYHTBIBasI, 4TO p=const, a 00beMHbIi pacxox dQ=dm/p, 3anumem

UldF]_:UZdFZ :...:UdF ZdQ (38)

U3 ypaBruenus cuenyet, uto WdF =u,dF, nm u;/u, =dF,/dF, T.c.

CKOpPOCTb 00paTHO HPONOPLMOHAJIBHA IUIOIAAM CEUYEHMs 3JIEMEHTapHOM
CTPYMKH ISl HEC)KUMAEMOM KUAKOCTH.
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3.5.2. Pacxoa :KuUAKOCTH yepe3 ceueHue KOHEUYHbIX pa3MepoB

Ha npakTtuke ypaBHEHHE OJIHOMEPHOTO JIBHKEHHSI IPUMEHSIOT K 1EI0-
My TOTOKY KOHEUYHBIX Pa3MepoOB, KOTOPBIM COTJIacHO CTPYHHON MOJAENU CO-
CTOUT U3 OECKOHEYHO OOJIBIIOTO YUCIA 3JIEMEHTAPHBIX CTPYEK, & pacXo/l Oll-
pezensieTcsl Kak CcyMMa pacxoJI0B BCEX CTPYEK

Q= udF. (3.9)
F

Tak Kak B MONMEPEUYHOM CEUCHUH MOTOKA CKOPOCTh HEOJAMHAKOBA, TO JJIS
BBIYHMCIICHHUSI 3TOTO WHTErpaja HEOoOXOIWMO 3HATh BHJ IMOABIHTEIPATLHOMN
GbyHKIHH, T.€. 3aBUCUMOCTb, KOTOpasi OMUCHIBAET pacIpeiesieHne CKOPOCTH
B MOTOKE. B HEKOTOpBIX CiydasX HW3BECTHO paclpeeleHue CKOPOCTH,
a B OOJIBIIIMHCTBE CIy4aeB — HET, MOITOMY JIJIsi BHIYUCIICHUS MHTETpajia BBO-
JAT MIOHSITUE CPEAHEN CKOPOCTH.

ITon cpeoneii ckopocmwvio N TIOHUMAIOT TaKyH OJIMHAKOBYIO BO BCEX
TOYKaX CEYEHUSI CKOPOCTh, PACXO MPU KOTOPOH paBeH UCTUHHOMY 3HAYCHHUIO.

3aMeHsiA B TMOJBIHTETPAJIbHOM BBIPAKCHUHW BMECTO JAEHCTBUTEIIBHOMN
CPEIHIOI0 CKOPOCTh

Qup = i VepdF =V, i dF =V, F, (3.10)
dbopMyIIa Ui cpeaHEr CKOPOCTH OYIET UMETH BUJ
[udF
V. = Q_F
cp '
FF (3.11)

Benuuuna cpenHeil CKOPOCTH MOXKET ObITh MOJCUMTAHA, €CIIM PACXO]]
KUJAKOCTH Uepe3 JaHHOE CEYEHHE U TUIONIA/Ib STOTO CEUYCHMsI U3BECTHHI (Ha-
MIpUMeEp, 3aMEPEHBI ), UJTU 3a/1aH 3aKOH U3MEHEHUS UCTUHHBIX CKOPOCTEM.

B peanbHBIX yCIIOBHUSAX ABHXKEHUS KUJIKOCTU BCTPEYAKOTCA KPYTHIE I10-
BOPOTBHI, PE3KO MEHSIOIIMECS CEUYCHUS U T.I. JUJIs 9TUX CEUYEHUM HENb3s BbI-
YUCIIATH PACXO. Y CJIOBHO PUHUMAS 33 PACUECTHBIE CEUYCHUS TAKUE, KOTOPBIE
JOCTAaTOYHO YAAJIEHBI OT MECT UCKPUBJICHUS.

C yueToM 3TuX 00CTOSTENBCTB ypaBHEHHE 00 BEMHOTO pacxoia MPUMET BU/T

Q=VjR =V,F, =...=const, m3/c, (3.12)
a 11 MaCCOBOI'O pacxoaa
M = p1V1F1 = p2V2 F2 =...=const, Kr/C. (3 13)
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3.5.3. 3aKoH coxpaHeHHs Macchl. YpaBHEeHHEe HEPa3PbIBHOCTH

N3BecTHO, YTO Ha JABMIKEHHE CIUIONIHBIX CPEJl pacpOCTPaHSIOTCS 00-
M€ 3aKOHbI MeXaHUKHU. Cpey 3TUX 3aKOHOB BAXKHOE 3HAYCHHE MMEIOT 3a-
KOHBI COXpaHEHHs, IPUTOHBIC KaK B KJIaCCUYECKOU (U3UKE, Tak U B (DU3UKE
MHUKpPO- U Makpomupa. B knaccuueckoil ¢pusuke, riae oObIYHO paccMaTpUBa-
FOTCSI IBMDKEHHS JIMIIb CO CKOPOCTSIMU, 3HAYUTEIIbHO MEHBIIMMU, YEM CKO-
POCTB CBETA, CUATAETCA, YTO COXPAHSAETCS TAKXKE U Macca Beniectna. [Ipume-
HEHUE 3aKOHOB COXPAHEHUSI MACCHI, UMITYJIbCA, MOMEHTA UMITYJIbCa, SHEPTUU
K JBWXXYIIUMCS XHUJKOCTAM W Ta3aMm JaeT CUCTEMY OCHOBHBIX YpaBHEHUU
MEXaHUKHU KUIKOCTEH U Ta30B.

YpaBHeHUE HEPA3PHIBHOCTH IO CYTHU MPEJICTABISIET COOOM 3aKOH COXpa-
HEHUS MacChl U30JIMPOBAHHON CUCTEMBI:

dm
—=0, 3.14
m (3.14)

rie M — Macca BeIleCTBa.

[IpeacraBum maccy B Bujme M=pW, roe p panee ompexaeneno, W —
AJIEMEHTAPHBIA 00BEM JBIKYIIEHCS KUAKOCTH, U TMOJICTABUM B 3aKOH CO-
xpaHeHus mMacchl (3.14). B utore noiyyaercs BoIpakeHUE

deW) _\y dp , dW (3.15)
dt dt dt
Paznenum Beipaxkenue (3.15) Ha mpousBeeHHE MUIOTHOCTH Ha O00OBEM,
MOJTYYUM:
pdt W dt

Bropoe cnaraemoe B hopmyne (3.16) BeipakaeT OTHOCUTEIEHOE U3MeE-
HeHHEe 00beMa C TEUCHHEM BPEMEHH, a 3TO €CTh (M3UUYECKUN CMBICT JAUBEP-
TEHIIUU BEKTOpa CKOpocTH. 1TaK,

divi=— W (3.17)
W dt
[ToncraBus Beipaxenue (3.17) B (3.16), nonyuum
19 divi=o. (3.18)
p dt

U3 BCKTOPHOI'O aHaJIn3a U3BECTHO, YTO
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-~ ou, Ou, au
X 4 y+ z

divu= (3.19)
dt dt dt
y dp
Pacniumiem nonubiit auddepenman E Ha YaCTHBIC IIPOU3BOIHEIC
@—@+ux@+u @+uz@. (3.20)

d ot *“ox Yoy ‘oz
[ToacTtaBuB nmosy4eHHbIC pe3ynbTaThl B hopmyiy (3.18), momyuum

ou
@+UX@+uy%+uZ@+paux+p y+pauz=0- (3.21)

ot OX oz OX oy oz
['pynmupyem ciaraemblie ypaBaeHus (3.21) creayrommm oOpa3om:
u @4_ %—i( u )
“ox Pox ox X
0 duy 9
Uy Lp—L=—(puy); (322)
oy oy oX
op ou, O
U, —+p—==—1(pu,).
S (L0
B urore nonyuaem nuddepenuunanbHoe ypaBHEHUE HEPA3PhIBHOCTH:
op O 0 0
—+—(puy)+—(pu, ) +—(pu,)=0. 3.23
p ax(p x) 8y(p y) az(p 7) (3.23)

B cnydae, xorma >KHAKOCTB SIBISIETCS CPENON HEC)KUMAaeMOW, YpaBHEHHE
(3.23) ynpomiaercs:

ou
e e L (3.24)
oXx oy oz

NN

divu=0. (3.25)

KOHTpOJIbeIe BOIIPOCHI U 3a/1aHUA

1. Yro u3yyaetr KnHeMaTUKa U TUHAMUKA KUJIKOCTHU?

2. Uro mpencrapiser coOON JIMHUS TTOTOKA W TPACKTOPHS JIBIKCHUS?
B uem paznuuue?
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3. Uro Ha3pIBaeTcs TPYOKOH TOKa, IEMEHTAPHOU CTPYWKOW U KaKOBBI
WX CBOMCTBA?

4. YTo Ha3bIBACTCS TOTOKOM KUIKOCTH?

5. UTo nmoHMMaeTCs 1oJ CPEHEN CKOPOCTHIO ITOTOKA U pacxoaom?

6. Hammmmte ypaBHEHHE MOCTOSIHCTBA pacxoza. [Ipu kakumx yciaoBHsSX
BBITIOJIHAETCS 3TO YpaBHEHHE?

7. Hanumivre ypaBHEHUE HEPA3PHIBHOCTH (CIUIONIHOCTH) TOTOKA.

8. IIpuBenuTe MpuUMeEPHl PABHOMEPHOTO ¥ HEPABHOMEPHOTO, HAIIOPHOTO
OE3HAITOPHOTO JIBHKCHHUSI.

9. Kak onuceiBaeTcs moJie ckopocteit metogom Jlarpanka?

10. Kak onucbiBaeTcs mojie cKkopocTer MeTonoM Jiinepa?
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4. OCHOBHBIE YPABHEHMUS IBUXKEHUSA
PEAJIbBHOHU U UJEAJIBHOM )KNJIKOCTEHA

4.1. YpaBHeHMe IBUKEHUS
peanbHoi (Bsi3koil) :xuakocTu HaBbe — CTokca

OCHOBHBIMH YpaBHECHUSIMH, ONTUCHIBAIONTUMU JBUKCHUE KUKOCTH, SB-
JSAr0TCs ypaBHeHUs aBWKeHUss HaBbe — CTOKCa, KOTOpBIE MOJYYarOTCs U3
ypaBHCHUH JIBIKCHUS B HANPSOKCHHSIX C MCIIOJIb30BaHUEM 00OOIIEHHOTO 3a-
koHa HeroToHa. B nekapToBOM cHCTeMe KOOPAWMHAT OHM BBITJISIST CIICTYIO-
UM 00pa3oMm:

2 2 2
%:X_1@+V(8 Uy 0%y 02Uy ;

dt p OX ox2  oy2 012

du 02u, 02u, oJ&

e e T 2} (4.1)
dt p oy ox2  oy2 022

2 2 2
dﬁzz_ga_pw(a u, +8 u, +8 uz)-
dt p oz ox2  oy2 012

JleBast yaCTh ATUX YpaBHEHUI ONUCHIBAET IPUBEACHHBIC CHUJIbI HHEPLINH,
CIPOCLIUPOBAHHBIE HA OCU KOOPJMHAT, IIEPBOE CJIAra€MO€ B IPABOW YaCTH
ATUX ypaBHEHUH NPECTaBiIsIeT OO0 MPOEKINI0 YCKOPEHHUSI MACCOBBIX CHII
Ha OCH KOOpAMHAT, BTOPOE ClaraéMoe — IPUBEICHHBIE CHJIBI JABJICHUS,
TPEThE cllaraéMoe — MPUBEJICHHBIC CUJIBI BA3KOCTU (TPEHUS).

K ypaBuenusm HaBbe — CTOkca NpuCOEOUHSAETCS YpaBHEHUE HEpas-
PBIBHOCTH (HECKUMAEMOCTH):

ou
OUy Ly ou,
ox oy oz
CoBokyrnHOCTh ypaBHeHu# (4.1), (4.2) npeacrasisieT coO0H 3aMKHYTYIO

HEJIMHEWHYI0 CUCTEMY YETBhIPEX YPAaBHEHUW B YaCTHBIX IMPOU3BOJIHBIX BTOPO-
TO HOPSIAKA C YETHIPbMST HEM3BECTHBIMU (YHKIHMSIMU Uy, Uy, U;, P ; BETHIUHEL

=0. (4.2)

p U V ABJKIOTCA 3aJaHHBIMH IMOCTOSHHBIMHU. HenuHeMHOCTh CUCTEMBI O6y-

CJIOBJIEHA HAJIMYMEM KOHBEKTHBHOM COCTABIIAIOLIEH B JIEBOM YAaCTH ypaBHE-
Huii (4.1), KOTOpBIE MOKHO TIPEACTaBUTH B BUje (3.5).

OTU ypaBHEHUS ONMMCHIBAIOT LENbIN Kiacc 3aaad. Jas Toro 4ytoObl BbI-
JeJIUTh KOHKPETHYIO 33/1a4y HEOOXOAMMO BBECTH YCIOBHS OJJHO3HAUYHOCTH.

Y ci1oBUS OTHO3HAYHOCTH:
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1. dusnueckue ycnoBus (HampuMmep, IIOTHOCTh U BA3KOCTH SIBISIFOTCS
BEJIMYUHAMU TTOCTOSTHHBIMU).

2. T'eomeTpuueckue ycioBus (T€OMETpUs KaHAJIOB).

3. HavanpHble ycioBHsS (Ha4aJIbHBIE YCJIOBHSI 3aJAIOTCS TOJIBKO IS
HEYCTAHOBUBIIETOCS TCUCHUS).

4. I'pannusble ycnoBus (yciioBUsA Ha TrpaHuuax noroka). CaMeiM pac-
NPOCTPAHEHHBIM SIBISICTCSI YCIOBUE IPUIUMAHMS) YaCTHUI] IKUIAKOCTU
K TBEPJIOH CTEHKE, T.e. paBEHCTBO HYIIIO CKOPOCTH JKUJIKOCTH Ha HETIOABH K-
HOW 00TeKaeMoOl MOBEPXHOCTU WJIM COBMAJIEHUE CKOPOCTEH YaCTHI[ XKHUIKO-
CTH CO CKOPOCTSIMH TOYEK JIBIKYIIEHCS TBEPJOW TTOBEPXHOCTH, C KOTOPBIMHU
KHUJIKHE YaCTHUIIBI CONMPUKACAIOTCS. DTO TPAaHUYHOE YCJOBHE JaKe€ B KOHIIE
X1X B. ociapuBajgoch HEKOTOPHIMU aBTOpPaMH, HO B HACTOSAIIEE BpeMsi MOJI-
HOCTBIO OIIPABIAHO.

4.2. YpaBHeHHe ABUKeHHs Jiljiepa 1Jisl HaeaabHO KUTKOCTH

IIpu 1BMXEHUH UACAIBHON )KMJIKOCTH OTCYTCTBYIOT CHJIBI TPEHUS, 3HA-
YUT, BCE KACATEJIbHBIC HAIIPSHKEHUS PaBHBI HYJIIO, & HOPMAJIbHBIC HAIPSKeE-
HUS paBHBI MEXAY cOO0OH M paBHbI TUAPOCTATUUECKOMY AABICHUIO, B3SITOMY
CO 3HAKOM «MHUHYC». BriepBble 3TH ypaBHEHHUS MOy DUIED:

duy _y 1.
dt pOX’
du

_y:Y _la_p,
dt p oy

du, _,_ 1o
dt p Oz

[Ipu pemrenny ypaBHEHHN Diljiepa TaKkKe BBOAAT YCIOBUS OJHO3HAYHO-
CTH U 3aMBIKAIOT CUCTEMY YPaBHEHU YPAaBHEHUEM HEPA3PHIBHOCTH.

OTByEKasCh B CXEME UICATBHOM )XKUJIKOCTH OT KOJIMYECTBEHHOW CTOPO-
HbI BHYTPEHHET0 MOJICKYJIIPHOTO OOMEHA, MIPOSIBIISIIONIETOCS B BUJIE TPEHHS
Y TEIUIONPOBOJAHOCTH, MBI COXPAHAEM BMECTE C TEM KaUYECTBEHHOE CJIEICTBUE
oOMeHa — HEMPEPHIBHOCTH pactipesiesienus Gu3ndeckux BennyuH. Bot moue-
MY pe3yJIbTaTbl IPUMEHEHHS TEOPUU UJICAIBHOM KUJKOCTA BO MHOTHX CIY-
yasx (oOmras kapTuHa OOTEKaHMs, paclpeeseHUe NaBJIECHUMN MO MOBEPXHO-
CTH TJJABHO OOTEKAaeMOTO TeJla) OKa3bIBAIOTCS BIOJIHE YOBJIETBOPSIONIUMHU
MIPAKTHUKY.
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KOHTpOJIbHLIe BOIIPOCHI U 3a/laHUA

1. Hanummre cucremy ypaBHeHuit HaBbe — Ctokca.

2. Kakue yciioBUsi 0IHO3HAYHOCTH BbI 3HAETE?

3. HazoBute pmsnueckuii cMbIch cnaraeMbix ypaBHeHus HaBbe — CTokca.

4. HanumuTte cucteMy ypaBHEHUW ABWXKEHUS Diiepa A uicalbHOU
KUJIKOCTH.
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5. OCHOBBI 'NIPOCTATHUKH

5.1. OcHoBHBIE cBe1eHUS

I'mapocratuka ABISETCSA pa3lesioM THAPABINKHA, B KOTOPOM H3y4YarOTCs
3aKOHBI PABHOBECHS )KUIKOCTH.

BcenenctBue TeKydecTH JKHUJIKOCTH B HEM HE MOTYT JAEHCTBOBAaTh cOCpe-
JOTOYEHHBIE CHUJIBI, & BO3MOXHO JIUIIb JEHCTBUE CUJI, HEMIPEPBHIBHO pacmpe-
JICJICHHBIX TI0 €€ 00beMy (Macce) WM Mo MOBEepXHOCTH. [loaToMy BHElIHUE
CUJIBI, IEUCTBYIOUIUE HA pacCMaTpUBAEMbIil 00bEM >KMJIKOCTH, Pa3/IeIaiOT Ha
MaccoBbIe¢ (00BEMHBIC) M TIOBEPXHOCTHBIC.

Maccogvle cunbl TPONOPUUOHAIBHBI MACCE KUAKOTO TeJjla WX (15 OJ1-
HOPOJHBIX KUJIKOCTEH) €ro 00beMy.

K HUM OTHOCSTCS cuia TSKECTH U CHITbI MHEPLIMKM IEPEHOCHOTO JIBHIKE-
HUS, JCHCTBYIOIINE HA XKUIKOCTh MPU OTHOCUTEIHLHOM €€ MOKOE B YCKOPEH-
HO JBIXYIIMXCA COCYJax WM MPU OTHOCUTEIBHOM ABUKEHUHU >KUIKOCTU
B pycnax.

K 4mnciay MaccoBBIX CHII OTHOCATCS CHIIBL, BBOJUMBIE TIPH COCTaBICHUU
ypaBHEHUHN IBWIKEHUS >KUJIKOocTH mo npuHnumy [I’Amambepa — Jlarpanka
WIM TPUHLUIA BUPTYaIbHbBIX (BO3MOXHBIX) MIEPEMEIICHUN: ISl paBHOBECHUS
0001 MEXaHUYECKON CUCTEMBI C UACATbHBIMU CBSI3IMU HEOOXOAUMO U J0C-
TAaTOYHO, YTOOBI CyMMa 3JIEMEHTapHBIX PaOOT IEHCTBYIOIIMX HA HEE aKTUBHBIX
CHJI IIpH JTIFOOOM BUPTYaIbHOM IIEPEMELIEHUN CUCTEMBbI ObLIa paBHA HYJIIO.

llogepxnocmuvle cuipl TPOSIBISIOTCS HA TPAHUYHBIX IMOBEPXHOCTAX
paccMaTpuBaEMOro KUJIKOTO Tena.

[ToBEpXHOCTHYIO CHUITY, NEUCTBYIOIIYI0 HOPMAJIBHO K KaKOW-TMOO ILI0-
aIKe, Ha3bIBAIOT CUIOU OABeHUsL.

[ToBepxHOCTHAs cuia, AEHCTBYIONIAS MO KAcaTEIbHOW K IUIOIIAAKE, SIB-
JETCS CUNIOU CONPOMUBLEHUSL.

Cuna conpoTHUBICHHS TMPOSBISIETCS TOJBKO MPHU ABUKEHUU KUIKOCTH,
a CWJIa JaBJICHUS — KaK IpU JBUKEHUU, TAK U IIPU IMOKOE KUIAKOCTH.

5.2. 'mapocraTuyeckoe 1aBJIeHUE

OCHOBHBIM NOHITHEM TUAPOCTATHKY SIBIIIETCS MOHATHUE TMAPOCTATHYE-
CKOTO JaBjeHUs. BeinenuM HEKOTOpbI 00BeM NMPOU3BOJIBHON (OPMBI HAXO-
IAIIENCS B paBHOBECUU XUAKOCTU. Pacceuem ero Ha ase yactu I u Il moc-
kocThio AB (puc. 5.1).
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Puc. 5.1. I'mapocratnueckoe naBiieHNE

BozaeiictBue wactu 1 xuakoctu Ha vacth Il Oyner mepemaBaThecs 1O
miockocTH pazjena AB. Beijenum Ha MI0CKOCTH pasjienia MIoma Ky Miola-
net0 AF . 3amenum Bo3aelictBue yactu | Ha 3Ty miomanky cunoit  AP. Cu-
na Bo3aerctBuss AP, npuxonsmiascs Ha 3Ty IUIOWAAKY, Ha3bIBAETCS CHIION
TUAPOCTATHYECKOTO JaByieHHsl. OTHOIIEHUE CUJIBI K TIIOIIAAN

0o = AP

p=——

P AF

MIPEICTABIISIET CPETHEE TUIPOCTATUYECKOE JaBICHUE.
Ecim mtomane AF ctpemutcs k Hyiio, To otHomenue AP /AF Oyner

CTPEMHTHCS K MPEACITY, KOTOPHIA Ha3bIBACTCS THAPOCTATHUCCKUM JaBICHUEM

B TOYKE

(5.1)

o= lim 22 (5.2)

IM'uapocratrueckoe AaBjEHUE HAMPABJICHO BCEr/a MO BHYTPEHHEH HOP-
MaJIM K TUIOIIAAKE, HA KOTOPOW 3TO AABJICHUE ACHUCTBYET W SIBIISIETCA CIKU-
MaOIIUM HaNpsKEHUEM, TTOTOMY YTO B TMOKOAIICHCS KUJIKOCTH HE MOTYT
CYIIIECTBOBATh KacaTeJIbHbIE W pacTATMBarolIvMe ycuius. BemuuuHa rumpo-
CTaTUYECKOTO JAaBJICHUS B JIIO00M TOUYKE JKUJIKOCTU MO BCEM HAMPABIICHUSIM
oanHakoBa. ['mapocTaTuueckoe NaBJICHUE 3aBUCUT OT IMOJIOKEHHS paccMart-
pUBaEMOI TOUKW BHYTPHU KUAKOCTH U OT BHEUIHETO JABJIEHUS, TEUCTBYIOIE-
ro Ha CBOOOJHON TMOBEPXHOCTH JKUIKOCTU. ['mapocTaTHdyeckoe IgaBieHUE
MMeEEeT Pa3MEePHOCTh HAMPSHKEHUS, T.€. CHJIA/TUIOIIAb.

Usmepsror pasnenne B H/M2 (mackamb). ATMoc(epHOE JaBIEHHE W3-
MEpSIIOT TeXHUUecKol atMocdepoit paBHoit 98100 Ila wnu ¢pusnyeckoit pas-
Hoit 101325 Ila, unorna ucnons3yetcs eqununa 6ap (1 6ap=105 I1a). Paznu-
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YaT JaBieHue a0CcoMOTHOE (MHOTAA YMOTPEOJSIIOT TEPMHH «IIOJTHOE)
U W30BITOYHOE. AOCOoI0OmMHbIM HA3BIBACTCS JAAaBIICHHUE, ONMPEICIEHHOE C y4e-
TOM aTMOC(EpPHOTrOo JIaBicHUS. V30BITOUHOE JaBICHHE 3TO JABJICHHE CBEPX
aTMocdepHoro, onpeeaecHHoe 0e3 yueTa arMochepHOro:

Pa6c :PaTM +PI/136;

PI/I36 :Pa6c_PaTM'

AGCOIOTHOE JAAaBJICHHUE HE MOXET OBITh OTPUILIATEIbHBIM, TaK KaK KH/I-
KOCTh HE BOCIIPHUHHMMAET PACTATUBAIOMINX HampsbkeHui. M30bITouHOE MaBIie-
HUE MOXKET ObITh U OoJblle U MeHbIIE Hys. s ynobcTBa, OTpULIATEIbHOE
N30BITOYHOE JIaBJICHUE, B3ATOE CO 3HAKOM ILJIIOC, HAa3bIBAIOT BaKyyMMETpUYE-

CKUM JaBieHUEM —P,,s=P,, . O4eHb 4acTo M30BITOYHOE NABICHUE HAa3bl-

BarOT MAHOMCTPUICCKHM, TdK KaK OHO U3MEPACTCA C TIOMOIIBIO MAaHOMETPOB,
HJIN IIbE3OMCTPHUICCKHUM, TaK KaK OHO U3MCPACTCA C ITIOMOINBIO ITIBE3OMETPOB.

5.3. OcHOBHOEe ypaBHEeHHE THAPOCTATUKH

B 1755 r. JI. DiinepoM Obim moyudeHbl TuddepeHIMaibHbIe YpaBHEHUS
PABHOBECHS JKUJIKOCTH:

a—px+pX =0;
OX
—a—p+pY =0; (5.3)
oy
p
——+pZ =0,
0z P
op op op
rpe —,—,—— — I'pPaJueHTHbl JaBJIICHUSA B HAIIPaBJIEHUU COOTBETCTBYIOIIHAX
OX o0y oz

KoopAuHATHBIX ocelt; X, Y, Z — MpOeKIUH YCKOPEHHSI MAacCOBBIX CHJI Ha CO-
OTBETCTBYIOIIUE KOOPAUHATHBIE OCH; p — IJIOTHOCTD KUJKOCTH.

[Tocne He3HAUUTETHHBIX MPEOOPA3OBAHUIN TAHHYIO CUCTEMY YpaBHEHUMN
MOKHO IPEJICTABUTh B BUJIC YPABHEHUS

dp =p(Xdx+Ydy + Zdz). (5.4)

[TonyueHHOE ypaBHEHHUE BBIpa)KacT W3MEHEHHUE JaBJICHHS BIOJIb KOOP-

JMHATHBIX Ocell B OOIIEM cllydae pPAaBHOBECUS M HA3bIBACTCS OCHOGHBIM
oughgheperyuabHLIM YPasHeHUeM 2UOPOCMAMUKU.

Ilogepxnocmuio ypoeHs HA3bIBAETCS TaKas MOBEPXHOCTb, BO BCEX TOY-
KaX KOTOpOW paccMarpuBaeMasi (GyHKIIUS MMEET OJTHO U TO K€ 3HA4YCHUE.
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JInst 3aa4y TUIPABIMKA 0CO00€ 3HAUCHUE MMEET MOBEPXHOCTh PABHOTO JaBJie-
HUSL. DTy TIOBEPXHOCTh HA3bIBAIOT IIOBEPXHOCTHIO YPOBHSI.

Tak kxak BO BCEeX TOYKAaX IMOBEPXHOCTH YPOBHS TMIPOCTATHYCCKOE JaB-
JICHUE OJMHAKOBO, T.e. P=const, To dp=0. 13 ocHoBHOTO nuddepeHu-

AJIbHOI'O YPAaBHCHUA T'HAPOCTATUKH NMCEM

p(Xdx+Ydy+Zdz)=0,
ITIOCKOJIbKY INIOTHOCTh HE paBHa HyJO p =0, 3anumem
Xdx+Ydy +Zdz=0. (5.5)

[ToBEpXHOCTH YPOBHSI HIMEET CIICIYIOIIME CBOMCTBA!

1. J/IBe MOBEpXHOCTH YPOBHS HE MTEPECEKAIOTCSI MEXKITY COOOMA.

2. MaccoBble CHIIBI HaPaBJICHBI HOPMAJILHO K TTIOBEPXHOCTH YPOBHSI.

[ToBepXHOCTh YPOBHS Ha IpaHUIIE KUJKOW M ra3000pa3HON Cpelibl Ha-
3bIBAETCSI CBOOOTHON MTOBEPXHOCTHIO.

5.4. JlaBiieHUe ¥ MOBEPXHOCTH YPOBHS NP a0COJIIOTHOM IOKOE

Paccmotpum ciydail paBHOBECHS KUIKOCTH, HaXOISILICHCS B COCYIE
B COCTOSIHUHM a0COJIIOTHOT'O ITOKOS ITOJ JICMCTBUEM CHJI TSXKECTH M BHEIITHETO
JaBJICHUS HA CBOOOAHOH moBepxHOCTH (puc. 5.2). B 3TOM citydae mpoekiuu
YCKOPEHHMSI  CWJIBl  TSKECTH  HAa  KOOpJAMHATHBIE  OCH  pPaBHBIL:
X =0,Y =0,Z=—g . Ilocne moxcraHoBKH B ypaBHEeHHE (5.4) ToTydaem

dp=—p-g-dz. (5.6)
[locne uHTErpUpOBaHUS UMEEM
dp=—p-g-dz. (5.7)
4
R
v h‘ ‘ l
——1 =4 | 5
X

Yy
Puc. 5.2. Cocyn, 3anmoaHeHHbIN
MOKOSAIIENCS )KUIKOCTBIO
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[Toctosinnas uaTerpupoBanusi C, COOTBETCTBYIOIIAS] TPAHUYHBIM YCIOBHUSIM
(puc. 5.2): mpu Z=12y; p= Py, paBHA

C=po+p-9-Zo. (5.8)

ITocne coBMmecTHOrO pernieHus: ypasuenuit (5.4) u (5.5) nomydaem
Pa=Po+p-9(20-24)
170031
PA=Po+p-g-ha. (5.9)
[TomyueHHOE ypaBHEHUE SIBICTCS OCHOBHLIM VPABHEHUEM eUOPOCMA-
muKu, TO3BOJISIONIEE ONPEAEIATE JII000E TaBICHUE B TOUKE.
AHanm3upysi OCHOBHOE YpaBHEHUE TUIPOCTATUKH, MOKHO CHENaTh Clie-

JYIOIINE BBIBOJIBI:
1. 'mapocTaTudeckoe AaBICHUE €CTh CyMMa BHEIIHETO P  JaBJICHUS,

JICHCTBYIOIIETO Ha CBOOOTHOW TMOBEPXHOCTH M BECOBOTO p-(J-h maBieHwms,

CO3JIaBa€MOT0 BECOM CTOJI0A KUAKOCTHU BBICOTOM N .
2. BHemHee ngaBieHue Py HE 3aBUCUT OT KOOPAMHAT pacCMaTPUBAEMBbIX

TOYEK, T.€. OHO MEPEeAeTCs BO BCE TOUKU MOKOSIICHCS KUJKOCTU 0€3 u3Me-
HEHUS, TI0O3TOMY >KHUJIKOCTb HCIIOJIB3YeTCs Kak cpeja Ui mepenayu JiaBlie-
Hug. Ha 3ToM CBOWCTBE JKHMJIKOCTH OCHOBAHO JEMCTBUE THIPABIUYECKUX
MaIluH (TUIPOIPECCHI, CUIIOBBIC LIUITUHIPHI, THIPOIOMKPATHI).
3. BecoBoe namnenue p-g-h smusercs (yHKIMEW KOOPAMHAT TOYKH.
C yBenu4eHNEM 3ariyOJIeHUST TOYKH TIOJT CBOOOJHYIO TIOBEPXHOCTH, JaBJIC-
HHUE BO3pacTaerT.
4. BHemiHee naBieHUe Py MOXKET ObITh OONbIIE aTMOC(EPHOrO, MEHb-
e aTMoc(epHOro U paBHO aTMochepHoMy. Eciu uncieHHoe 3HaueHue Py
OTIPENICNICHO C y4eTOM aTMOC(hEpHOro, TO JaBjiecHUE [P OyaeT aOCOIIOTHBIM;
eciu Py ompezeneHo 6e3 yuera atMoc(epHoro, To P OyaeT U30bITOUHBIM.
HuddepennmansHoe ypaBHEHHE MOBEPXHOCTH YPOBHS B 3TOM Cilydae
UMeEeT BH/T
—0g-dz=0 nmu dz=0. (5.10)
NHuTterpupys, Haxoaum
z=const=C. (5.11)
Tak xak C=const — mpousBoJbHAs MOCTOSIHHAS, TO 3TO ypaBHEHUE OyaeT
YpaBHEHUEM CEMENCTBA TOPU3OHTAIBHBIX MJI0CKOCTe. Takum obOpa3om, mo-
BEPXHOCTh YPOBHS €CTh TOPU30HTANIBHAS IJIOCKOCTh, CJIEAOBATEIIHHO, H CBO-
00/1Hast TOBEPXHOCTH OYJI€T TOPU30HTATBHOM MIIOCKOCTHIO.
IMpumep 5.1. Onpenenuts aOCOMOTHOE W U30OBITOYHOE THAPOCTATHYE-
ckoe naBieHue B Touke A (puc. 5.3), pacrnosoXeHHOW B BOJAE Ha IIyOWHE,
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U TIb€30METPUYECKYIO BBICOTY JUISl TOUKH A, ecliu abCONMIOTHOE THAPOCTATH-
4eCKOe JaBICHUE Ha TOBepxHOCcTU Po=147,2kI]a.

[713 mM
|
pg.,*_,',w ' 10'57 |
!
o) &
& | <

R S =

5)
i
ﬂ% .

/__ Pmyme \ boda
Puc. 5.3

Pewenue. CornacHO OCHOBHOTO YpaBHEHUS THAPOCTATUKHA aOCONIOTHOE
THIPOCTATUIECKOE JaBJICHUE B TOUKE A OMPEIeTUTCS:

Page = Po+p-9-ha.

N30bITOUHOE 1aBlieHUE B TOUKE A

Pus6 = Page— Pary =171,7—-98,1=73,6xI]1a.
[Tre3omeTpuuecKkas BbICOTa AJsl TOUKU A
ho = Pus _ 73,6-103 _
p-g 10398

MO’KHO OTMETHUTh, UTO MHE30OMETPOM YAOOHO U3MEPATH TOJIBKO OTHOCH-
TEJIBbHO MaJIbl€ JABJICHMS, B MPOTUBHOM cily4yae TpeOyercst OoJbllasi BbICOTa
bE30METPA, YTO HEYAOOHO B IKCILTyaTaIUH.

OmnpenenuM 5TU ke Benu4rHbI U-00pa3HBIM MaHOMETPOM, 3aIlOJIHEH-
HBIM pTYTHIO. [0 MOBEpXHOCTH pasfaena M—N PTyTH U BOABI JABJICHHS CO
CTOPOHBI pe3epByapa U OTKPHITOTO KOHIIA MAHOMETpa OYAyT OJTUHAKOBBI:

p0+p'g'hA: paTM+ppT°g°hpT :

CrnenoBaTtenbHO, U30BITOYHOE JAaBJICHWE B TOUKE 4 YpaBHOBEIIUBACTCS
BECOM C€T0JI0a PTYTH BBICOTOM N, HaJ MOBEPXHOCTBIO paszena M—n:

P-g-Ny =Po+p-Na— Pary =147,2+1-9,81-2,5-98,1=73,6 kH/™’.

Haxozxum BbIcOTY pTyTHOTO cTO0a h))

.103
ho=Puws __T30°0° 55,
Py 13,6-103.9.81

7,5 M.
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rae p,, =13,6-103 Kr/M® — IIIOTHOCTb PTYTH.

IIpumep 5.2. Onpenenuts naBieHue B pesepByape Pg(puc. 5.4) u BbI-
COTy HoabeMa ypoBHs Iy B TpyOke 1, eciiu moka3aHus pTyTHOI'O MaHOMETpa

h, =0,15m,h; =0,8M, Ppr =13,6 /™", Ps =11/M°.

[ p“/v
!

Puc. 5.4

Pewenue. 3anuiiem ycIIoBUsI paBHOBECHS JJIsl PTYTHOTO MaHOMETpa IS
IUIOCKOCTH M-N:
a) CO CTOPOHBI pesepByapa P=Po+py-g My +py-g-hy;
0) cO CTOPOHBI MAHOMETPA P = Pyrys
TOTAA Pary = P +P5-9-Ms TPpr-9- hy;
Pp =98,1-103-103-9,81.0,8-13,6-103-9,81-0,15=70,24 «I]a.

Takum 06paszom, B pe3epByape — BaKyyM, BeTHYMHA KOTOPOTO paBHA
pB = paTM - pO :98;1_70, 24 = 27,86 klla.

VYcaoBus paBHoBecHs TpyOku 1:
p0+pB'g'h1 = Parm M;
hy = Par — Po _ 27,86-103 _
Py 0 1-103-9,81
Ipumep 5.3. OnpeneauTs MAHOMETPUIECKOE JIaBIICHUE B TPYOOIIPOBO-
ne A (puc. 5.5), ecim BBICOTa cTONOA PTYTH MO mmbe3omeTpy h, =25 cm.
LlenTp TpyOompoBoaa pacronoxeH Ha My =40 cMm HIDKe JMHUH pa3jiena Me-

Ky BOJIOM U PTYTHIO.

2,84 m
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pamrf

Puc. 5.5

Pewenue. Haxonum naBiieHUE B TOYKE B, KOTOpas pacrojoKeHa BbIIIE
TOYKH A Ha BelnduHy hy, ciaenoBaTensHO, JaBieHUe B TOUKe B OyaeT paBHO

Py =Pa—Ps-9-hy.
B touke C nmaBnenue OyaeT Takoe ke, Kak B TOUKe B, T.¢.

Pc =Py =Pa—Ps-9-h;.
OnpenenuM naBienne B Touke C, TakuM 00pa3oM, clipaBa

Pc = Parm TPpr- g 'h2'
[TpupaBHUBas 00a ypaBHEHHUsI, TOJTydaeM

pA_pB°g'h1: paTM+ppT°g'h2'
OTcro/1a MAHOMETPHUYECKOE TaBJICHUE
PA~Parm = Pm :ppT'g'hZ_pB.'g'hl;
p,, =13,6-103-9,81-0,25-103-9,81-0,4=29,43 «lla.

IIpumep 5.4. Onpenenuts BCE BHUIBI THIPOCTATHYECKOTO JaBICHUS
B Oake ¢ He(ThI0 Ha TMyOMHe H =3 M (puc. 5.6), ecau gaBieHue Ha CBOOO/-
Hoii oBepxHoctd Hedru 200 kITa. [lnotHOCTS HedTH P =900 KT/M°,
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1
________ I
]
o o e e e T ey Y '
_ Hepme
Puc. 5.6
Pewenue:
1. AGCOIFOTHOE THAPOCTATUICCKOE TaBJICHUE Y JTHA
p=py+p-g-h;

p=200+0,9-9,81.3=226,5 klla.
2. N36bITOYHOE (MAaHOMETPUUYECKOE) TaBJICHHE Y THA
Pus6(v) = P~ Parus
Puso(m) =226,5—-98,1=128,4 «lla.
3. N306bITOUHOE AaBICHHUE, CO3/1aBAEMOE CTOJIOOM KHUIAKOCTH
Puss =P-9-H=0,9-9,81-3=26,5 xlla.

4. 30bITOYHOE JTaBJICHUE HA CBOOOIHOM MOBEPXHOCTH
Pus6.ce.r = Po — Parm = 200-98,1=101,9kIIa.

IIpumep 5.5. Onpenenutb U30LITOYHOE JaBICHUE BOJBI B TPyOE 1O 1O-
Ka3aHUsM OarapeiiHOro pTyTHOro Mmanomerpa (puc. 5.7).
Form

!
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Ot1™meTKH ypoBHEH pTyTH OT ocu TpyOsl: 73 =175, 7,=3 M, Z3=15 M,
Z4=2,5M, IUIOTHOCTb pTYTH Ppr =13,6-103kr/M°, IUIOTHOCTH  BOMBI

p, =103 kr/n’.

Pewenue. baraperiHblil PTYTHBII MAHOMETP COCTOUT M3 JABYX MOCIEIO0-
BaTEJIbHO COEIUWHEHHBIX PTYTHBIX MaHOMETpPOB. [laBneHue BOAbl B TpyoOe
YPAaBHOBEIIMBAETCA IeEpenagaMyd ypOBHEN PTYTH, a TakKXKe IepenagamMmu
ypOBHEW BOJBI B TpyOKax MaHoMmeTpa. CyMMUpYsl TOKa3aHUsSI MAHOMETpa OT
OTKPBITOTO KOHIIA 0 MIPUCOCTUHEHHUS €T0 K TPyOe, MOTydnuM

Puss =Ppr- 9(z4-23)—ps-9(22 - 23)+ppT -9(z2-7)+ps-9(21 - 2)s
Py =13,6-103.9,81(2,5-1,5)-108.9,81(3—1,5)+
+13,6°9,81(3—1, 75)+1-9,81'1, 75=0,3-103 k[Ta = 0,3 MI1a.

5.5. OTHOCHTEJABHBIN MOKOH JKHAKOCTH

Ilox OTHOCUTENBHBIM IIOKOEM IIOHUMAETCS TAKOE COCTOSIHUE, IIPU KOTO-
POM B IBMKYILEUCS KUJIKOCTH OTEJIBHBIC YaCTHUIIBI HE CMEILAIOTCSA OHA OT-
HOCHUTEINIBHO Apyrou. IIpu 3TOM KUAKOCTh nepeMenaeTcst Kak TBEpAO€E TEIO.
Camo nBWXKEHME KUIAKOCTH B 3TOM CIIy4ae MOKHO Ha3BaTh IEPEHOCHBIM
JBUKEHUEM. JlJIsl 3TOr0 COCTOSIHUS XapaKTEpHO MOCTOSHCTBO (POpMBI 00bEMa
xuakocTu. OUeBHIHO, YTO paccMaTpuBaeMas macca JKHUJIKOCTH OyJer
HETIOJBM)KHA B KOOPJMHATHOM CUCTEME, CBSI3aHHOW C JIBHMXKYLIUMCS pe3ep-
BYapoM.

Ha xuakocTe, HaXOIAIIYHOCA B OTHOCHUTEIBHOM IIOKOE, JIEUCTBYIOT
MacCCOBBIE CHJIbI (CUJIBI TSOXKECTU U CHIIBI MHEPIIMH TTEPEHOCHOTO JIBUXKECHUS ),
a Y3 NOBEPXHOCTHBIX — CHJIBI JIaBJICHUS.

PaccMmoTprm 4YacTHBIN cilydald OTHOCUTENIBHOTO MOKOS: IOKOM IpH Iie-
PEHOCHOM BpAIIATEIIBHOM JIBUKEHUU BOKPYT BEPTUKAIBHOU OCH.

B sTOoM ciydae Ha KUIAKOCTH JEUCTBYIOT CHJIBI IABJICHHS, CHJIBI TSIKE-
CTH U CHJIbI HHEPLIMM MIEPEHOCHOTO BPAILATEIbHOIO ABUKEHHUS, & YCKOPEHUS
MaCCOBBIX CHJI OYyT pPaBHBI:

X=F2.x, Y=F2.y, Z=—g. (5.12)
Huddepennmansruoe ypaBuenue (5.5) npuMeT BUI:

F2.xdx+F2-ydy—gdz=0. (5.13)
[Tociie MHTErPUPOBAHHS, C YIETOM, 9TO X2 + Y2 =12, moay4um

= 2. r2

— —7=C. (514)
29
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@y

Puc. 5.8

VYpaBuenue (5.14) sBisercs ypaBHeHHEM mapaboiionja BpalleHUs,
a IOBEPXHOCTH PABHOTO [IAaBJCHUS OOpa3ylOT CeMeHCTBO mapabosion10B
BpallleH!sl, CABUHYTHIX BJOJb BEpTHKAIbHOW ocu. Kaxkaeii mapabononna xa-
paKTepu3yeTcss HEKOTOphIM 3HaueHHeMm mnocrosHHo C. s mapaborioupaa
CBOOOTHOI MOBEPXHOCTH NMPHHUMAEM, 4TO Ipu Z=2, (puc. 5.8) x=y=0,

nostomy C=-7,. Torga ypaBHeHHE cBOOOJHOM MOBEPXHOCTH IPUMET BUJL

F2.r2
5 =0(z-29)=9-hy (5.15)
NJIn
U2
5=ho. (5.16)

3aK0H pacrpesiesieHus] JaBJeHUs MO0 00bEMY KUIKOCTH TMOJIYYUM U3
ypaBHeHus (5.4), MOJACTaBUB B HErO COOTBETCTBYroIIME 3HaueHus X, Y u Z.
[Tocne uHTErpUpPOBAHUS TTOTyYAEM

F 2. r2

p=p-g -z |+C. (5.17)
29

HOCTOHHHYIO HHTCTPHUPOBAHUA C onpcaciimMm M3 YCIOBUSA, YTO, IIPpHU

3HaueHusAX Z=2y u =0, p=py, .e. C=py+p-g-Zy. [locne nogcranoBku

B (5.17) okoHUaTETLHO UMEEM

F2.r2
P=Po+p-9| 2—Zp+ 29 ) (5.18)
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I[JI?I YacTHUILl ) XUJKOCTH, PACIIOJIOKCHHBIX Ha OI[HOﬁ BCPTHUKAJIN, MOKCM

3amnucaTtb

p=po+p-g-h, (5.19)
rac

h=2z5—-z+hy, (5.20)
T.€. UMEET MECTO OOBIYHBIN THAPOCTATUUECKUN 3aKOH pACTIPECICHUS J1aB-
JICHUA.

IIpumep 5.6. Llunuaapudeckuii cocya paguycoM R, HalOJIHEH KUAKO-
CTBIO INTOTHOCTBIO P JIO0 YPOBHS & B OTKPBITON TPYOKE MaJIOTO JUaMeTpa, yc-
TAaHOBJICHHOM Ha KpBIIIKE COCYyJa Ha pacCTOSIHUA R, OT LieHTpa, ¥ NPUBEACH

B PaBHOMEPHOE BpAIICHUE OTHOCUTEIBHO IEHTPATBHONW BEPTHUKAIBLHON OCH
(puc. 5.9). OnpenenuTs YyrioByr CKOPOCTh BpallleHUs COCy/a, MPU KOTOPOM
M30BITOYHOE TABJICHHE TT0J] KPBIIIKOW B IIEHTPE cocyaa OyAeT paBHO HYIIIO.

>

0]

Puc. 5.9
Pewenue. icnonn3ys ypaBaenue (5.18), HaliieM 3aKOH pacrpeeicHHs
M30BITOYHOTO JIABJICHUS B JKUJIAKOCTH, 3aMOJIHSIONICH COCYJl, YUYUTHIBAsI, UTO

P=Pary-
F2.r2 ( )
=p———p-0(2-17p),
pu p 2g p-g 0
Zp — HaXOJUM, UCIOJIb3ysl rpaHuuHoe yciosue: P, =0 npu r=R, u z=a:
F2-R22
T p5.g(a-120)=0,
Py P g(a-zp)
F2.R,2

OTKyJa Zg=a-— . IloncraBnss Zg, MOJly4UM UCKOMBIN 3aKOH pacIpe-

ACICHUA JaBJICHUA
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F
D, :p72(r2—R22)+p-g(a—z).

I[J'DI TOYCK Ha IMOBCPXHOCTHU KPLIIIKH ZO HUMCEM

pn=p%(r2—R22)+p-g-a-

MCKOMYIO YIJIOBYKO CKOPOCTH BpALIEHMs OIPENETIIEM M3 YCIOBUS
Py =0 HpH P = Pypys -
EF2
—P?Rz2 +p-g-a=0,
OTKYy/1a

FzRi«/Z-g-a.

2

5.6. Cui1a naBJIeHHUS KUIAKOCTH
HA KPUBOJIMHEIHYI0 MOBEPXHOCTH

PaccmoTpruM KpPUBOJIMHEMHYIO TOBEPXHOCTh B BUIE OJIHOM YETBEPTOU
YaCcTH TOBEPXHOCTH HWJIMHIAPA, OKPYKEHHOH >KMAKOCTHIO TOJIBKO C OJHOM
ctoponsl (puc. 5.10), u onpeaenum pe3yaIbTUPYIONIYIO CUITY TaBIICHUS HA 3Ty
MMOBEPXHOCTb.

[Ipu 5TOM BHaAYase OMpenessaioT TOPU30HTANIBHYIO COCTaBistomy P, ,

3aTeM 6epmuKAIbHYI0 COCTABIAIONYI0 P, W BBIYMCIAIOT UX Ie€OMETpUYe-
CKYI0 cymmy P:
P=R+P,. (5.22)

v

Puc. 5.10

g Toro 4yToOBl OMPENEIUTh TOPU3OHTAIBHYIO COCTABIISIFOIIYIO CHIIBI
JaBJICHUSI, HEOOXOJUMO CIIPOCLIMPOBATHh KPUBOJIMHEHHYIO MOBEPXHOCTh Ha
BEPTUKAJIBHYIO TUIOCKOCTh W OIPEACNATh €€ Kak CUIIy, JEWCTBYIOIIYIO Ha
MJIOCKYIO CTEHKY:
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Pc=(Po +p3h)Fyp. (5.22)

Te Pp— JaBJIEHHE BO3JyXa Ha CBOOOJHYIO TOBEPXHOCTb XKHMAKOCTH; hy —

pPacCTosIHUE OT CBOOOJIHOM MOBEPXHOCTH JI0 IIEHTPA TSHKECTH BEPTUKAIBHOU
IUIOCKOCTH; i, — IUIONIah MPOCKUMH KPUBOIMHEHHON MOBEPXHOCTH HA

BCPTHKAJIBbHYIO IINIOCKOCTb. BCpTI/IKaJIBHEUI COCTaBJAOIIAasd OnmpeaACIsACTCA 110

bopmyne
P, =pgW.

T.0 !

(5.23)

rae WT.I[_ o6beMm Tenma napieHus (Ha puc. 5.10 Teno gaBieHUs BBIICICHO

0oJiee TEMHBIM LIBETOM). Tes0 AaBICHUS CTPOUTCS MPOCIIUPOBAHNEM KPHUBO-
JTUHEWHOU TTOBEPXHOCTH Ha CBOOOJIHYIO TTOBEPXHOCTh WIIH €€ MPOI0JDKECHHE,
a 3aTeM PACCUUTBIBACTCS €r0 OOBEM.

Ipumep 5.7. Ha umnusapuyeckyro mnoBepxHocTb ABC paamycom I
U JUIMHOM «B», HAXOMAIIYIOCS Ha riayomHe «h», OCHCTBYeT BepTHKAaIbHAs
cwia naBieHus Boael 24 kH. Kak u3Menutcs cuia, eciim h yBenmmauth B 2
paza?

Pewenue. BepTukanpHasi cuiia JaBJICHHS HAa KPUBOJIMHEHWHYIO IOBEPX-
HOCTH ompeaensiercs mo ¢popmyie (5.23). UtoOs! pemmuTtsh 3a1ady, HE0OXOau-
MO BBISICHHUTB: BIIMSCT JIM BbIcOTa h Ha pa3mep Teja naBieHus. [l 3Toro mo-
cTpouM Teo AaBieHus. Pazoobem nmoepxHocTh ABC Ha aBe yactu AB u BC
Y MPOEHUPYEM UX HA CBOOOJIHYIO TOBEPXHOCTh. B pe3ynbpTare mocTpouMm jBa
TeJla JaBjaeHus A moBepxHOCTH AB u BC. TeoMm naBieHHs UCXOAHOM I10-
BEPXHOCTH OyJeT SABIATHCS 3allITPUXOBAHHAs OJWH pa3 MOBEPXHOCTh, T.C.
OJIOBUHA IWIMHIpA. Termepb MOKHO CIEIaTh BBIBOJ, YTO BhICOTa h BoOOIIE
HE BJIMSIET HA BEPTUKAIBHYIO CUJTY J1aBJICHUS.

Puc. 5.11
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6. YPABHEHME BEPHYJIJIM

6.1. YpaBuenue bepuysin
JJISL 3JIEMEHTAPHOM CTPYUKH U1€AJTbHOU KUIKOCTH

Baxneliee 3HaueHUE B THAPABIMKE UMEET TaK HA3bIBAEMOE YPABHEHHUE
bepnymm. B nnpuMeHeHNH K OJHOMEPHBIM IIOTOKAaM HEC)KMMAaeMOM KUJIKO-
CTH 3TO ypaBHEHUE BbIBeAEHO JlaHuuiaoM bepHyu elie B epBOM MOJIOBUHE
XVIII B. BnocneacTBuu, korja Obl1 yCTaHOBJIEH BCEOOUTNI 3aKOH COXpaHe-
HUSI DHEPTHH, CTAJO0 OYEBUAHBIM, YTO YpaBHEHUE BepHYIIM MO CyLIECTBY
ONpENEIIIeT IPUMEHEHUE 3TOr0 3aKOHA K YCTAHOBUBIIEMYCS OJHOMEPHOMY
IIOTOKY HEC)KMMAEMOM KUJKOCTH B TOM YAaCTHOM CJIy4yae, KOrJa YYUThIBAIOT-
Csl JTUIIb OT/ICJIbHBIC BUAbl MEXaHUYECKON YHEPTUH MTOTOKA.

ByneM CUMTaTh, 4YTO KXKHIKOCTH HCCXKHMacMasil (p:COIlSt), a JIBHMXXCHHC

ycTaHoBuBIeecs. (s TOro 4TtoObl peluTh CUCTEMY ypaBHEHUUW Ouiepa,
YMHOXHM KakJ0¢ ypaBHeHHe Ha dX,dy,dZ ¥ COOTBETCTBEHHO MPOCYMMHUPY-

€M HUX:

du, oP

—X =X ——;

P dt P OX

du oP

p—L=pY ——;

dt oy

du, oP

—Z_p7 -

P dt P 0z

du, . duy  du
dx + dy +—=2dz |=p( Xdx+Ydy+Zdz)—
Pl gt &g W+ 9 )Pl y+2dz)
(6.1)
- 8_de+8_de+8_sz :
OX oy 0z

[ToncraBum B repBoOii CKOOKE:
dx=u,dt, dy=uydt, dz=u,dt,

CJIEOBATEIILHO,

du
d;tx dx + dty dy + d;tz dz =uydu, +uyduy +u,du, =
—ld(u2+u2+u2)—1d(u2)
2 VXY T ’
rae U2 =ug+ug+uz.
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Tak Kak M3 MacCOBBIX CHJI Ha KMJIKOCTb JE€HCTBYET TOJBKO CHJIA TSXKE-
ctu X =Y =0, Z=-(¢, moacTaBUM IMOJY4YECHHbII pe3yJabTaT BO BTOPYIO

ckoOKy ypaBHeHus (6.1):
Xdx+Ydy +Zdz=—gdz .

TpeTbto CKOOKY MOKHO MPEICTABUTh KaK
P ax+ Py + LPaz—dp.
OX oy oz

Torna ucxomnas cucreMa aud@epeHIUaNbHbIX YpPaBHEHUNW MPUBOAUTCS
K BUIlY

1
dz+dP+=pd(u2)=0.
pg 5P (u2)
[lonenum nanHoe ypaBHeHue Ha p:Re <2300

gdz Sapslg (u2)=0.
p 2
[IpouHTErpUpOBaB JAHHOE YpaBHEHUE, IONYYUM ypasHenue Bepuynu

0J151 UOEAIbHOU HCUOKOCIU INEMEHMAPHOU CIPYUKU:

P u?
gz+—+ BN const, JIk/kr. (6.2)
p

6.2. YpaBuenue bepuyiin
JJIA 3JIEMEHTAPHON CTPYHKH BA3KOH KUAKOCTH

[TonyuenHnoe ypaBHenue bepnymnmu (6.2) crpaBeanuBO A UICAIbHON
KUJKOCTH, BA3KOCTb KOTOPOU paBHA HYJIIO.

i TOro 4TOOBI PACIPOCTPAHUTh 3TO YPAaBHEHUE HA PEANIbHYIO JKUJI-
KOCTh HEOOXOAMMO ypaBHeHHE BepHyim 3amucaTh A ABYX CEUEHHH 3Je-
MEHTapHOU CTpyHKH. lIpy ABMXKEHUU BSA3KOW XKUJIKOCTU MEXIY IABHXKYILIH-
MHCS YaCTULIAMU BO3HUKAET CWJIA TPEHUS, B PE3YJITATE YEro 4acTb MEXAHU-
YECKOW JHEPruu NEpPENIET B TEILIOTY. ECam KUAKOCTh IBHKETCS C Majou
CKOPOCTBIO, TO 3TO TEIUIO HE MOBBIIIAECT TEMIIEPATYPY. TaKk KaKk 4acTh Mexa-
HAYECKOM DHEPTUH NEPENLIA B TEILIOTY, IIO3TOMY

2 2
gzl+ﬂ+u—1=g22 +&+U—Z+Aew[ﬂ>1</1<r]. (6.3)
P2 p 2
PaznenuB ypaBaenue (6.3) Ha ¢, MOJTy4yuM ypaBHeHHE bepHyum B enu-

HMI[AX HAIIOpa
u? uz
Zl+i+_1222+&+_2+AhW [M] (64)
Pg 29 Pg 29

42

KOMIMJIEKT SJIEKTPOHHbIX

YYEBHO-METOAUYECKUX MATEPUAJIOB


http://portal.tpu.ru/ido-tpu
http://tpu.ru

| | (0 MaTepuanbl npegHasHayeHbl NS UCNOMb30BaHUSA B y4EOHbLIX Liensax
cTyaeHTamm MHCTMTyTa AMCTaHLMOHHOro obpasoBaHus TIY

— -

Ecnu paznenum ypaBuenue (6.4) Ha pg, HOJydyuM ypaBHeHHe bepHyin

B €IMHUIIAX JTABJICHUI:

u? us
pgz; + P1+p71: z,+ P, +p72+APW [ITa], (6.5)

rme AeW,AhW,APW COOTBETCTBEHHO TIOTEPU YAECIBbHOM JHEPrUM, HaIopa

" JaBJICHHA Ha IPCOJO0JICHUC THMAPABINYCCKUX COHpOTHBJ'ICHPIfI. COHpOTI/IB—
JIeHUs OBIBAIOT ABYX THIIOB:
1. FHI[paBJII/I‘-IGCKI/Ie COIIPOTUBJICHUA, KOTOPBIC BO3HHUKAIOT 3a CUCT TPC-

HMsL 110 BCeH utuHe Kanana (h,).

2. FI/II[paBJII/I‘IGCKI/Ie COIMPOTUBJICHUA, KOTOPBIC BO3HHKAIOT BHC3AIIHO
IMIpY U3BMCHCHUU JUAMCTpa TPY6OHp0BO,Z[a, HaJIMYUU IIOBOPOTA, KOJICHA, KJId-
I1aHa, 3aIBHKKHU U T.I. Mx Ha3pIBalOT MECTHHIMU COIIPOTHUBJICHUAMU (hM )

OO0mue rupaBIMYecKre MOTePH MOIYyYaloT IyTEM CyMMHPOBAHHS BCEX
MMEIOIINXCS conpoTuBieHuii. Toraa
Aty =Ae, +Ae;
ARy =AP, +AR;
Ahy, =Ahy, +Ah,.
Urak, ypaBHeHne bepHyim nuMeer Tpu (pOpMBbI 3alKCH, MO3TOMY pac-
CMOTPUM CMBICJ KaXJI0TO YPaBHEHUS B OT/ICIbHOCTH.
1. Vpasnenue Bepnyanu, 3anucannoe 6 ghopme (6.3), npedcmasnsiem co-
00Ul 3aKOH COXPAHEHUs MEXAHUYECKOU IHEP2UL, OMHECeHHOU K eOuHUuye Mac-

Cbl, NOIMOMY Kadicooe cllazaemoe Hecem Caedyowull CMbICL:
gz — yaenbHas MOTSHIMAIbHAS SHEPTHs MONI0KeHus, JK/KT;

P/p — ynenbHas MOTCHIMAbHAS SHEPTHS JaBiacHus, Jx/Kr;
u?
— — yJIeJIbHAs KHHETUYECKask SHEPT U,

2
R, Y
07; +—+—— — yJenbHas II0JIHAsI MEXaHUYECKas DHEPIUs;
2
Ae,, — IOTEPHU yAEIBHON MEXaHUYECKOU DHEPIUM.

2. Vpasnenue Bepnynnu, 3anucannoe 6 ghopme (6.4), npedcmasnsiem co-
00Ul 3aKOH coxpanenus noino2o oaeénenus, Tae P, =pgz+P — crarndeckoe

nasnenue, P = pu2/2 — nuHamuyeckoe nasieHue, P+ P = Pron

MOJIHOE THAPOCTATUICCKOE JIABJICHHE.

3. Vpasenenue bepnynnu, 3anucannoe 6 gpopme (6.5), npedocmaensem co-
001Ul 3aKOH COXPAHEHUsI NOJHO20 2UOPOOUHAMUHECKO2O0 HANOPA U NOIMOM)
Hecem ceomempudeckuil cmvicl. B 3TOM cMbIciie ©MeeT MecTo Teopema bep-
HYJUIM: TIPU CTAallMOHAPHOM JBUKECHHU TSDKEJIOW HMACATbHOW HECKHUMAEMOU
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KHUJIKOCTU THAPABIMYECKas BHICOTA, PaBHAsI CYMME CKOPOCTHOM, bE30MET-
pUYECKOH M TEOMETPHUYECKOM BBICOT, COXpaHSIET IMOCTOSHHOE 3HAYCHHE
BJIOJIb JIIOOOH JIMHUY TOKA (TPaeKTOPUH ) WM BUXPEBOU JTMHUU (pHC. 6.1).

Puc. 6.1. ['eomeTpuyecKkuii CMbICII CJIaraeMbIX
ypaBHeHus bepnyau

BbigenuM B MOTOKE 3JEMEHTapHYIO CTPYHKY, MPOBEAEM JIBa CEUEHUS
(1-1, 2-2), Torga xaxjaoe ciaraeMoe OyaeT UMEThb CIICIYIOIINUNA CMBICI:

Z — HUBeJIMpHAas (TeOMETpPUUECKas) BbICOTA;

P/pg — mpe3oMeTpudeckas BhICOTA;

P .
Z+— — IIb€30MCTPHUYUYCCKHHU HAIIOP,

P9
U2/2g — CKOPOCTHOM (IMHAMUYECKUIA) HATIOP;
u2 y y
Z+—+ g~ MOHBIH THAPOIMHAMIECKHH HaNop [Mm];
P9 <9

h_, — morepu Hanopa Ha y4acTke 1-2.

6.3. YpaBHenue bepHyJ/uiu Uil BCero noroka

VYpaBaeHue bepHyn 1151 BCEro NOTOKa MOKHO MOJIYYUTh ITyTEM CyM-
MUPOBAHUSI SHEPIHM BCEX CTPYeEK, T.e. HEOOXOauMO ypaBHeHHEe bepHyinu
JUTSI DJIEMEHTAPHOUM CTPYUKHU BSI3KOU KUAKOCTH (6.3) YMHOXKHUTH HAa MAaCCOBBIN
pacxo )uaKkocTh pUdF ¥ MpoMHTErpUpOBaTh IO CEUCHHUIO TTOTOKA!

[ 9zpugdFy + | ﬂpuld':ﬁ | ﬂPUlO":1= [ 9z5puydF, +
P R P R 2 R

] 2puydry+ |
F, P F,

2
u72pU2dF2 + I AeWpUZsz. (66)
F
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DTOT MHTETPAJl MOKHO BBIUHCIIMTD, €CJIM BBECTH MOHITHE O MEICHHOM
WM TUTABHO M3MEHSIOMEMCS MTOTOKe. )i TaKoTo IMOTOKa pajinyCc KPUBH3HBI
OTIEIBHBIX CTPYEK CTPEMHTCS K OECKOHEUHOCTH. B 3TOM Citydae j1okazaHo:
gz + P/ p=const.

OO0bequHIM MO OAMH UHTErpajl CyMMY:

j(gz +E)audF =(gz+£jpj udF =(gz +EJpQ ,
p P) E p

F

TaK Kak j udF =VF=Q [m’c] — oObeMHBIH pacxom MOTOKA. 3ech
F
u?2 aV 2 -
I7 pudF = pQ, rme o — xoxbounuent Kopuonuca, paBHBIi
F
[usdF
o= FVTF ; I Ae,pudF =Ae,,pQ — nompaBouHbIN KOAPPHUIUEHT CKOPOCTH.
F

[Tonmy4yeHHbIE BBIpaXXCHUS NOJACTaBUM B (opMyiy (6.6) u 3amuiieM Bce

Tpu GOPMBI ypaBHEHUST BepHYIUTH [T BCEro MOTOKA peabHON JKUIKOCTH:
P aV? P, aVZ
0y +—++— =gz, +—2+TZ+AEW,I[)K/KF;

V2
Zl+i+—1_ +i+a_2+hw’ M;
pg g P 29
V.2 V.2
ngl+Pl+a 1 :pg22+P2+pa 2 + AR, Ia.

Heobxooumo noduepknyms, umo smu ypagHeHusi Cnpageoniussbl moJibKo
OJ151 HECIHCUMAEMOLL HCUOKOCMU, OJisl YCIMAHOBUBUIE20CS MeYeHUsl U NAAGHO

U MeOJIeHHO U3BMEHAIoULEeCOCA NOMOKdA.
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7. IBUKEHUE )KAJIKOCTEM
B TPYBOITPOBOJIAX

7.1. Pe:kuMbl IBMKEeHHS KUIKOCTH

[Ipy nBWXEHUM PEATBHBIX XUAKOCTEH B PA3JIMYHBIX THUIPOCUCTEMAX
TpeOyeTcsl TOUHasl OIIEHKA MOTEPh HANopa Ha MPEOI0JICHUE THIPABINUYECKUX
COINPOTUBIICHUN. TOUYHBIN YYET ATUX MOTEPH BO MHOI'OM OIIPEAEISAET HANEXK-
HOCTh TEXHMYECKUX pacdy€ToB. Kpome TOro, 3To mo3BoJisieT HAUTH YKOHOMMU-
YEeCKH 11eJ1Ieco00pa3Hoe MHXKEHEPHOE peIICHHE, 00JIaaroIiee JT0CTaTOYHOM
CTEIEeHBIO coBepIieHCTBA. [ 3TOro HeoOXOAMMO MMEThH SICHOE TPECTaB-
JICHUE O MEXaHU3ME JIBUKECHUS JKUIKOCTH.

B npouecce uccnenoBanuii n3BectHuIi ¢uszuk JI. Pefinonsac B 1883 r.
MOJATBEPANI THUIIOTE3Y O CYIIECTBOBAHHM JBYX PEKHUMOB JIBUKEHHS KUJIKO-
CTHU. DTO, MPEXKIAE BCErO JIAMUHAPHBIN PEKUM JBUKEHHUS KUIKOCTH, COOT-
BETCTBYIOIIMI MaJbiM CKOPOCTSIM. JIaMHUHApHOE NBUKEHUE MOXKHO paccMart-
pUBaTh KaK JABUXKEHUE OTICIBHBIX CIOEB KUJKOCTH, Mpoucxosiiee 0e3 me-
peMemmBanus yacTull. [Ipu Gosiee BBICOKMX CKOPOCTSIX IBUKEHUS KUIKOCTU
HaOI01aeTCsl TYpOYJCHTHBIA PEXUM («TypOYJIEHTYC» IMO-JTaThIHU — BUXpE-
Boii). Takoe NBMKEHUE HA3BIBAIOT O€CTIOPSI0YHBIM.

KonnuecTBeHHas OLEHKA TUAPABIMYECKUX CONMPOTHUBIECHUN Mpenomnpe-
NEJISIETCST PEXUMOM JIBMKEHUS KUIKOCTH. Emie B JIpeBHem Pume dpantu-
HUYC, 3aHHMAasCh M3yYCHUEM JBIKCHHS BOJIBI 1O TpyOaM, Jenay IMOIBITKH
OIICHUTDH THJIPABIIMYECKUE CONMPOTHBJEHU. Hanbonpmmii BKiIaa B pa3BUTHE
3TOTO BOIpoca Jaii padoThl BTOpoil mojoBUHBI XIX B. OCHOBOIOJIOKHHUK
KJIACCHUYECKOU MeXaHUKN HbIOTOH paccMaTpuBall U MEXaHUKY KUJIKOCTH. MM
MOJy4EHbl 3aKOHbl BHYTPEHHErO0 TPEHUS B MPEANOJIOKEHUU CKOJIBKCHUS
CJIOEB UJKOCTH OTHOCUTEIBHO APYT Apyra. B neiCTBUTENIBHOCTH 3TO yCIIO-
BHE HE BCErJa BBIMOJHAETCS. OMNbITHI MOKa3aJId, YTO MPU ABUKECHUU BS3KOU
KUJKOCTH BO3MOXKHBI JIB€ KQUECTBEHHO OTJIMYHBIC (DOPMBI T€UCHHUsS. Y CIIO-
BUS UX CYILECTBOBAHUS M B3aMMHOTO TMepexo/ia ObLIIM UCCIICIOBaHbI aHTJIN -
ckuM (uzukom JI. PeliHonbacoM. B0 yCTaHOBIEHO, YTO MPU MaJbIX CKO-
pOCTSAX TEYEHHS MOJKPAIMIECHHBIE YACTHULbI KUJIKOCTH PaCHPOCTPAHSIOTCS
BJI0JIb TPYOBI B BUJIE€ HUTH, HE TIEPEMEIINBASICh C COCETHUMH CJIOSIMU YKUTKO-
cTd. JKUaKoCTh NBMXKETCS CIOSIMH, CKOPOCTh TE€UECHHSI TTONIEPEK TPYObI U3Me-
HsIETCA TUIaBHO. Takoi pe)XuM ABMKEHUS Ha3BaH JJaMUHapHBIM. Cuiia TpeHUs
MEXy CJIOSIMU 37I€Ch MOXKET OBITH OINpPEACIICHa B COOTBETCTBUU C 3aKOHOM
BHYTpEeHHETO TpeHus HproToHa. Eciin cpeiHsiss CKOpOCTh TEUEHUS MPEBBIIIa-
€T HEKOTOPYI0 KPUTUYECKYIO CKOPOCTb V., OKpallleHHas CTPys HAauyuHAcT
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pa3MbIBaThcs. Takoe TeueHue Ha3bIBaeTCs mypoyienmuvim. [lpu TypOyneHT-
HOM PEKHMME YaCTHUIIBI )KUIKOCTH MEPEMEIIAI0TCS HE TOJIBKO MOCTYNaTEIbHO,
HO ¥ B TIOTIEPEYHOM HAIPABJICHHUH, TPACKTOPHUS UX JBIKCHUS UMEET CITydaii-
HYy10 hopMmy.

Ecnu mpocnenuts 3a CKOPOCTAMH B KaKOW-THOO TOYKE TypOyJIEHTHOTO
MMOTOKA B Pa3IMYHBIE MOMEHTBHI BPEMEHH, TO 3TH CKOPOCTH OyIyT IPOM3-
BOJIbHO U3MEHSATHCS MO BEIUYMHE W HAIpPABJICHHUIO, HAOJIOIAIOTCS Jlaxe
JIBMKEHUS YaCTUIl HABCTPEUy OCHOBHOMY MOTOKY. CKOPOCTh B JI0O0OOM TOUKE
TypOyJIECHTHOT'O MTOTOKA, KaK TOBOPST, HEMIPEPHIBHO MYJIbCUPYET.

Ecnu npu 3TOM ABM>KEHHE MMOTOKA ObUIO YCTAaHOBUBIIHUMCS, T.€. PACXO0/]l
KUJAKOCTH U CPEIIHAS MO MOTOKY CKOPOCTh C TEUEHUEM BPEMEHU HE U3MEHS-
J1ach, MECTHOE JIBIKEHHE (BO3JIE paccMaTpUBaeMOM TOYKHM) MpU TypOYJIEHT-
HOM PEXHUME YCTAaHOBUBIITUMCS CUMTATHCS HE MOXET BCIICJCTBUE IMYJIbCAIlUN
JIOKAJIBHBIX CKOpocTel. M3MEHEHHE MyIbCAllMOHHONW COCTABIIAIOIIECH TaKOM
MECTHOM CKOPOCTH U, NMPOTEKAeT BeCbMa OBICTPO U HE MOMYUHACTCSA KaKOM-

1100 orpeeeHHON 3aKOHOMEPHOCTH.

3aMeTUB JIEHCTBUTEIBHBIC HOPMAJBHBIE COCTaBIAIOIME U, MECTHON
CKOpPOCTH U, HM3MEHAIOIIMECS B TEUYEHHE HEKOTOPOTO OTpe3Ka BPEMEHU
At=t, —t;, HEKOTOPOH IOCTOSHHOM, IOJYyYUM OCPEIHEHHYIO MECTHYIO CKO-

pocTh Uyc,. BemnunHa ocpesHeHHON MECTHOH CKOPOCTH OMpEIeNsieTcs yc-

JJOBHCM

ocp At )
OcpenHeHne CKOPOCTH 3a pa3IMYHbIE OTPE3KU BPEMEHHU MOXET J1aBaTh
Y HEOJMHAKOBBIE pe3ysbTaThl. TOJIBKO MPU JOCTATOYHO OoybIMX At moity-
4aeTCs, 4YTO OCPEIHEHHBbIE CKOPOCTH B PAa3JIMYHbIC HHTEPBAIBI BPEMEHH
AY, Aty, Atg... OTMHAKOBEI, T.€.

! 14
Upep = Uoep =++Ugep = CONSL.

[ToHsiTHE OCPETHEHHOM MECTHOM CKOPOCTH CIEAYET OTJIMYATh OT MOHS-
THSI O CPEIHEN 10 CEUEHUIO CKOPOCTH

[udF

f
Vop ="

B 10 BpCMs KaK uOCp — Cpe€aHssa 10 BPpEMCHH HOpMaJIbHAas1 COCTAaBJIAIO-

asi MICTUHHOW CKOPOCTH B JAHHOM TOYKE, CKOPOCTh ch — CpenHss 1o ceve-

HHUIO CKOPOCTb, oIpcaAcsieMas OCPCIAHCHHUEM IIO INIOAaIW CCUYCHHA CKOPO-

47

KOMMMEKT 3NEKTPOHHBIX ,
YYEBHO-METOOUYECKUX MATEPUANOB - I L 2 I III'IIABIIEIIHEfEI JARPBITD XI


http://portal.tpu.ru/ido-tpu
http://tpu.ru

| | (0 MaTepuanbl npegHasHayeHbl NS UCNOMb30BaHUSA B y4EOHbLIX Liensax
cTyaeHTamm MHCTMTyTa AMCTaHLMOHHOro obpasoBaHus TIY

CTel B pa3HbIX ero Toukax. CpeaHsis Mo CeYEHUI0 CKOPOCTh B TYPOYJICHTHOM
IIOTOKE TOJIy4aeTCs IYyTEM JIBOWHOIO OCPEAHEHUWsS: CHadajga II0 BPEMEHHU
B K@XJIOW TOYKE TEUCHHU S, 3aTEM M0 IUIOIIAIA CEUEHUS.

N3mepsisi CKOPOCTh B KaKOW-THOO TOYKE TYpPOYJIECHTHOTO IMOTOKA C TIO-
MOIIIbI0 OOBIYHO MPUMEHSEMBIX B TEXHHKE MPUOOPOB (HAmpUMep, TPyOKu
[Tuto-IIpannaTis), MpakKTUUECKH OMPENEIAIOT UMEHHO (DPUKCHPOBAHHYIO Me-
CTHYIO CKOpocTh. O0Jaias MHEPIMOHHOCTBIO, TPUOOP HE YCIIEBAET pearupo-
BaTh Ha OBICTpbIC W3MEHEHUs (ITyJbCAIlMN) U3MEPSEMON BEIMYMHBI U TMpaK-
TUYECKU TTOKA3bIBAET €€ OCPEAHEHHYIO BO BPEMEHHU BEIMYUHY, €€ 0003Haua-
10T 0OBIYHO 0€3 TOTIOTHUTEIBHBIX CUMBOJIOB — U .

BaxxHoe 3HaueHHE UMEET BOIIPOC O KPUTUYECKOU CKOPOCTH, T.€. CKOPO-
CTH V,, TIPH MEPEXO/e Yepe3 KOTOPYIO JaMUHAPHBIM PEXKUM JBHKCHUS Ie-

pexoaut B TypOysieHTHbIH. KpuTuueckast CKOpOCTh HE OCTaeTCs OJIMHAKOBOM
IUIS KUJIKOCTEH € PasiuyHbIMU KOA(PPUIUEHTAMH KUHEMATUYECKOM BSI3KO-
CTU V U IpHU NPOTEKaHUU MO TpyOaM pas3HbIX JTuaMeTpoB. PeitHombac moka-
3aJl, YTO PEXUM JIBHKEHUS B TPyOe OompeensieTcss BEIMYUHON Oe3pa3MepHo-
ro COOTHOLIEHHWs, HAa3BaHHOTO BIIOCJIEACTBMHA YHCIOM PeliHOIbACA
Re=Vd/v. Cornacao onbITHEIM jgaHHbIM, Tpu Re <2300 TedeHue sBisieTCS
JaMUHApHBIM, B 9TOM CJIy4ae BO3MYIIEHUS, BHOCUMbBIC B MOTOK >KHIKOCTH,
3aTyXaloT U3-3a JCHCTBH BSI3KOTO TpeHus. [Ipu OoNbIInX 3HAYEHUSAX YUCIIA
PeliHonbica BHOCHUMBIE B TOTOK BO3MYIIEHMS IPUBOAST K OTEPE €r0 yCTOM-
4MBOCTH, HaOmonaeTcst TypOynusanus nortoka. 3nauenne Re,,=2300 Ha-

3BIBAIOT KPUTUUYECKUM 4YUCIOM PeliHoisbaca. BenmunHy MOXHO TpakTOBATh
KaK COOTHOIIECHHE MEXJY CUJIOM HWHEPIMH, ONPOKHUIBIBAIOIICH YaCTHILY,
Y CWJIOW BSI3KOTO TPEHUs, NPEIATCTBYOLIEH 3TOMy. Bo3pacranue uwncna
PeitHonpaca BiaeyeT 3a co00M yMEHBIIIEHHE OTHOCUTEIIHPHOTO BIMSIHUS HaA T10-
TOK CTaOMIIM3UPYIONIECH CHIIBI TPeHHS y CTeHKH. C JOCTH)KCHUEM Rer 3TO

MPUBOAMUT K MOTEPE YCTOMYMBOCTHU MOTOKA, K Pa3phIBY IOMEPEUHON SIIOPHI
CKOPOCTH M TIOSIBJICHUIO MYJILCAIIMU CKOPOCTH.

OnHako eclii BECTH OIBIT B OOpAaTHOM HampaBieHUU (TTOHMXKATh CKO-
pPOCTh), TO Mepexo TypOYyJIEHTHOTO B JAMHUHAPHOE JBHXKCHHUE MPOU30MACT
MPU APYTOM CKOPOCTU. DTO TOBOPUT O TOM, UTO MEXKAY JIJAMUHAPHBIM U Typ-
OYJICHTHBIM TEYEHUEM HET YETKON TpaHMIIbI, T.€. CYLIECTBYET MEpeXoHas
00J1aCTh.

B sTux ombitax PeitHosibC BIiepBBhIE OOHAPYXKUJ, YTO MEPEXOJ] U3 Jia-
MUHApHOTO JIBJKEHUS B TYpOYJEHTHOE OOYCIaBIMBAETCA JIOCTUKEHUEM
KPUTHYECKOTO 3Ha4YeHus yuciia Perinonpaca. [1o onbitam camoro PelriHoub -
ca KPUTHYECKOE YUCIIO OKa3aJioCh PaBHBIM Rer =1,3-104. BriocrneacTBuu

UM K€ OBLIO OTKPBITO CYHICCTBOBAHNEC HHMKXKHCTO KPUTHUYCCKOI'O 3HAYCHHA
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Re,, npubausuTensHo papHoro 2000, uro mpu Re <Re,, nBmKeHue B Tpy-

0e 0CcTaBaIOCh JIAMHHAPHBIM, KAaKOBBI ObI HM OBLIM BBEACHHBIC BO3MYIIICHUS.
BwmecTe ¢ Tem ObLII0 3aMEUYEHO, YTO IMyTEM TaIlleHHS BO3MYIIICHUI Ha BXOJE
B TpyOy WM YMEHBIIEHUS HAYaIbHOM MX MHTEHCHUBHOCTU MOKHO HCKYCCT-
BEHHO 3aTSHYTH JJAMHUHAPHOE IBMIKEHHE B 00JACTh 3HAYWUTEIHHO OOJIBIINAX
3Hauenuii uncna Pelinonsaca. B wactHocty, 3Hagenue 1,3-104, momyuennoe
PeiinonbacoM, 00BSICHSIIOCH HATMYKEM IIJIABHOTO BX0J1a B TpYyOy.

JIns olleHKM peXuMa JBMOKCHHUS KUIKOCTH PeitHonbac BBENM Oespas-
MEpHBINA KpuTepuil Re, KOTOpbIN yUUTHIBACT BIUSIHUE CKOPOCTH V, TuaMeTpa
(xapakTtepHOro pasmepa) d((), IIOTHOCTH p, & TAKXKE AUHAMIYECKOH BSI3KO-

CTH L

Re=YIP (1 Re=Yd), (7.1)
n v

r7Ie V= Wp — KHHEMaTH4eCKas BI3KOCTb.

FpaHI/IHa CYIICCTBOBAHUA TOI'O WJIM HMHOI'O PCKUMaA ABHMIKCHHA JKHUIKO-
CTH onpcaAcrsICTCA ABYMS KPUTHYCCKHMHU 3HAYCHUHAMMA YHCIIA Re: HmxHUM

! "
Re, u Bepxuum Rey, .

Tak, npu Re < Re|;, BO3MOXEH TOJNbKO JIAMHHAPHBIA PEXUM, a NPH
Re >Re},, — Tonbko TypOyseHTHbIH pexum, npu Re,, < Re < Rej, Haburo-

JAETC HEYCTOMYUBOE COCTOsIHME ITOTOKA. IIpu pacu€rax MpUHATO UCXOAUTH
U3 OJHOrO KpuTHueckoro 3HaueHus yucia Re = 2300, yto mpuBOAUT K
OonplIel HAAEKHOCTU B THApaBInyeckux pacuérax. Kpurepuii PeitHonbaca
yA00€H TeM, YTO MOXKET MPUMEHATHC ISl (POPMBI KUBOTO CEUYECHHS 4Yepe3
TUApPABINYECKHUN paanyc. Hampumep, 11 KpyTiioro ceueHus

2
R:E:E:E’ (72)
y 4nD 4
TOT A
Re= 2RV (7.3)
A%

JInist cedeHust MPSIMOYToJIbHON (hOopMBI CO cTOpoHamu b 1 h

bh
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TOrAa
2bhV
Re=———.
v(b+h)

Kputepuii PeliHonbaca siBisieTCsl MEpOM OTHOIICHUSI KHHEMAaTUYECKOU
SHEPTUHU KUJKOCTU K paboTe cui Bs3koro TpeHus. Ot kpurepus PeitHonbaca
B 00IleM cilydyae 3aBUCAT Bce Oe3pazMepHbie KOIPPUIUMEHTHI, BXOISIINE
B PACUYETHBIE 3aBUCUMOCTH, KOTOPBIE IIPUMEHSIOTCS B TPAKTUKE TUIPABINYE-
CKHUX Pacy€TOB.

7.2. OcHoBHBIE (hopMYJIbI IJIsl pacyeTa morepb
3a cyer Tpenus. OnbIThl U rpagpuxk Huxkypanse

OcHoBHBIME (DopMyTIaMu TIPH pacuéTe MOTEPh 3a CYET TPEHUS B HAIIOP-
HBIX TPyOOIpOBOaX SBIAIOTCS Gopmyibl [lyaszeins (7.4) ais JaMHHAPHOTO
teuenus u Jlapcu — Beiicoaxa (7.5) mist maMuHapHOTO U TypOYJICHTHOTO Te-
YEHUN COOTBETCTBEHHO:

32vLiV

Ath :W’ (7.4)
2

b =2 LY2 (7.5)
P d 29

[Ipumenenue »Tux Gopmys1 CBA3aHO ¢ onpenesieHneM Kodpduimenra A.
[Ipn naMuHApHOM JBUKEHUU KUAKOCTH KO3(pdULUHMEHT A miisa TpyO ompene-
aseTcs o popmyrie

7»=%. (7.6)
Re

CucreMaTHyecKue OMbITHI MO HCCIEIOBAHUIO OJHOBPEMEHHOTO BIIUSI-
HHS Ha COIIPOTUBIICHUE TPEHUIO PABHOMEPHOU IEPOXOBATOCTU U PA3IIMYHBIX
PEKUMOB JIBUXKECHUS ObLIIM MPOBEICHBI U OMYOIMKOBAaHBI HEMEIIKUM YYEHBIM
Huxypanze B 1933 r.

[ITepox0BaTOCTh CTEHOK CO34aBaJIOCh HAKIEMBAHWEM HAa BHYTPEHHIOIO
MOBEPXHOCTh TPYO KanMOpPOBAHHOTO IMECKA, IUAMETP MECUYUHOK OTOXKIECTB-
JISJICSL C BBICOTOM BBICTyIA MEepoxoBatocTh A . Takyro paBHOMEPHYIO LIEPO-
XOBATOCTh Ha3bIBAIOT PABHOMEPHO-3E€PHUCTOMN.

Kaxnas skcriepuMeHTanbHas TOYKA, COOTBETCTBYIOLIAS ONPEACIICHHOU
BEJIMUMHE A OTHOCUTEIbHOU MmoBepxHOCTH A/Iy uuncny Re, HaHocunach

Ha rpaduk B morapudmudeckorr cucreme koopamHat glOOA—IgRe. ITomy-
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yeHHass Hukypanze 3aBUCUMOCTh A= f(Re,A/ ro), rae Iy — paguyc TpyoOsl,

npejacTaBieHa Ha puc. 7.1.

B npenenax npsmoii 1 koapduimeHT A 3aBUCUT HE OT HIEPOXOBATOCTH
CTEHOK TpyOBI, a oT yncia Re [cMm. dopmyny (7.3)]. DT0 mpOUCXOAUT MOTO-
My, 9TO MPHU JIBIKEHUU JKUIKOCTH CKOPOCTh Y CTCHKH paBHA HYIO. BhICTY-
bl IIEPOXOBATOCTH TOKPHITH HEMOJBIKHOW JKUIKOCTHIO, W BEIUYMHA HX
HE BIIASIET HA A .

[Ipu TypOyneHTHOM peXHME €CTh 00JaCTh COMPOTUBICHHS, B KOTOPOH
TPYOBI pa3IMYHON MIEPOXOBATOCTH UMEIOT OJIMHAKOBBIE KOA(D(UIIMEHTHI CO-
MPOTUBJICHUST — 00JIACTh THUApPABIMYECKH Tnaiakux TpyO. [Ipenmomaraercs,
YTO MEXIY TypOyJIEHTHBIM SIPOM IMOTOKA, 3aHUMAIOIIUM OOJBIIYIO YacTb
TpyObl, U CTEHKOH JEXUT JaMUHAPHBIA MOJCION AOCTATOYHOM TOJIIMHBIL.

[Ipssmass 2 mpeACTaBIsSeT 3aBUCHMOCTb A= f(Re) JUIS TUJIPABIMYECKUX

INIAJKUX TPYO, Y KOTOPBIX LIEPOXOBATOCTh MEHBIIIE TOJIIMHBI JAMUHAPHOTO
IIPUCTEHHOTO CJIOSL.

lg(100)

1,2

1,0 \
0,8 \/

0,6 V\//
N\

— 3 R/A =15
30,6 -

[on]
O
(on]

0,4

Il
2

T~

26 30 34 38 42 46 50 54 IgRe

Puc. 7.1. I'padux Hukypanze

JlaMuHapHBINA MTOACION NMOKPBIBAET BBICTYIIBI IIEPOXOBATOCTH, U 3/1ECH
A 3aBUCHUT TOJIBKO OT kputepusi Re. C Bo3pacTaHueM CKOpOCTH (yBETUYCHU-
eM Re) maMuHapHBIN CIOW O YTOHYAETCs, BBICTYIBI MIEPOXOBATOCTH BTOP-
raroTcs B TypOyJEeHTHOE siipo moToka. [Ipu 3TomM MeHsieTcst cama mpupoja
TUAPABINYECKOTO conmpoTuBiieHus. [Ipyu maMuHapHOM TE€YeHUHM W B 00J1acTu
TUAPABINYECKU TIAJKUX TPYO COMPOTUBIICHUS ObLIN CBSI3aHBI C BHYTPEHHUM
TPEHUEM B KHUIKOCTH.

Koaddumment A nns ruipaBaIndecKkux IajKuX Tpyo ompenemnsieTcs mo
dopmyite bnasuyca (npsimas 2):

o1
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,_0,3164

Reo,25 ' (77)

TypOyneHTHBIN MOTOK 00TEKaeT BBICTYIBI IIEPOXOBATOCTH C 00pa3oBa-
HUEM BUXPEBBIX oOyiacTeil. /[aBmeHne Ha TEepemHeM CKJIOHE BBICTYIMa OOJb-
1ie, YeM Ha 3aJIHEM, M MTOTOK TOPMO3UTCS 3TUM IepenaaoM JaaBiieHus. B me-
pPEXOTHOW o0sacTl A OmpenessieTCss COBMECTHBIM BIHMSHHEM uncia Re
Y IIEPOXOBATOCTU. MeX Iy TMHUSAMU 2 U JTUHUEHN 3 clieBa pacnojaraercs 30-
Ha A, B KOTOPOM A 3aBUCHUT Kak OT yucia PeliHoib/ACa, Tak U OT LIEpOXOBa-
TOCTH ITOBEPXHOCTU CTEHOK TPYO.

g omnpeneneHuss A B 3TOH 00JaCTM MOXKET HPUMEHAThCA (popmyiia
A.Jl. AnpTuryns:

0,25
68) | (7.8)

2=0,1 1(§+—
d Re

rae K, — SKBHBaJICHTHas PaBHOMEPHO-3EPHHCTAs IIEPOXOBATOCTh, OIpee-
JsieMasi ONBbITHBIM ITYTEM.

[Ipu nanpHeieM yBenuueHud Re jJaMuUHapHBINA MOJCION MOJHOCTHIO
CpBIBAa€TCs, A CTAaHOBUTCA (PYHKIIMEH TOJIBKO IIEPOXOBATOCTH, 3T 30HA YC-
TOMYMBOTO TYpOysieHTHOro pexxuma. B o6nactu B k03PdUIIUEHT A 3aBUCUT
TOJIBKO OT HIEPOXOBATOCTH.

Jlist onpenenenuss A B 3Toi obsiactu pekoMmeHnayercss popmyna Huky-
panze

i=1,75+2|g£, (7.9)

N/

rjae I — paaguyc TpyObl; A — abCOIOTHAS IIEPOXOBATOCTH TPYOBHI.
Cymectpytor popmynst ®.A. [lesenéra, H.3. Openxens, JI.A. Tenak-
ca, b.H. lludpuncona, H.®. ®énopona, A.Jl. AIbTIIYIS U IPYTUX aBTOPOB.

7.3. MecTHBIC THAPABJIMYECKHE CONPOTUBJICHUS

MecTHbIE CONPOTHUBIICHUS BBI3BIBAIOTCS (PACOHHBIMU YACTSIMHU, apMaTy-
poil U IpyruMu 3yieMeHTamMu TpyOompoBoza. [Ipu nBMKEHUU KHIKOCTH Ha
MECTHBIX COIIPOTUBIICHUSAX U3MEHSETCS BEJIMUMHA U HAIIPABJICHUE CKOPOCTH.

[Torepu, cBSI3aHHBIE C MPEOJOJIECHUEM MECTHBIX COMPOTUBIICHUH, MPO-
MOPUHUOHATBHBI KHHETUYECKOW SHEPTUU TOTOKA:

AN, =2;M\2f—;, (7.10)
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rae &, — KO3(P(UIMEHT MECTHBIX COINPOTHBICHUN, KOTOPBIA 3aBHCUT

HE TOJIBKO OT BA3KOCTH U CKOPOCTH JIBUKEHUS OCHOBHOT'O MOTOKA, HO TIJIaB-
HBIM 00pa30M OT T€OMETPUYECKON GOpMBI U pa3MEPOB COMTPOTHUBIICHUN.
[Ipu TypOyieHTHOM peXnMe IBIKEHUS KHUIKOCTH oTepu Ahy, 3aBucst

TOJIBKO OT TEOMETPHUECKUX XaPAKTEPUCTUK COMPOTUBIICHUS.

PaccMoTpuMm Bompoc O moTepe Hamopa MpH BHE3AHOM PaCIIMpPEHUU
TpyOompoBoaa (puc. 7.2). HacTh »HEpruM B ITOM CIIy4ae PacXOayeTcs Ha
CJIOKHOE IIUPKYJISIIIUIOHHOE JIBUYKEHUE JKUIAKOCTH B KOJIBIIEBOM MPOCTPAHCT-
BE MEXy CTpYyEll U CTeHKaMu TpyOsbI 3a ceuenuem 1-1.

BcnenctBue oTpbiBa MOTOKA U CBSI3aHHOTO C HUM BUXpeoOpa3oBaHUs Ha
ydacTke TpyObl Mexay ceueHusmu 1-1 u 2—2 nabmronaroTcsi 3HaYUTEIbHbIC
OTEepHU Hamopa.

VYuuThiBasi, 4TO JaBJieHWE HA TOPIEBON CTEHKE AB MPaKTUYECKU PABHO
JABJICHUIO HA BBIXOJE U3 Y3KOM 4acTH TpyObl Py, HalIEM BEIUUMHY MOTEPH

10 ypaBHEHUIO bepHyun:

V2 V2) p-p, V2-VZE
abgz = P L Po 22 | Pt P B TT 7y

pg 29 ) (p9 29 pg 29
1 2
__lz
V., vV,
—Flpl)" . I
=
1 Fp2 2

Puc. 7.2. Teuenue ¢ BHE3aIMHBIM paCIIMPEHUEM TPYOOIPOBOIa

N3 Teopembl uMItyibcoB i ceueHuit 1-1 u 2—2 MoxHO 3anucars:
(PL—P2)F =Qp(V2-V1). (7.12)

[IpenebOperas cunamu TpeHUS Ha ydacTtke 1-2 u yuurteiBas, uto Q=VF ,
nociie aeneHus Ha pg obeux vacredl ypaBHeHU (7.2) HOTyduM

p—p VoF,
= - Vs —V.
> pg g (V24)
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WA
P1— P2 :V22 _VIVa (7.13)
YY) g g
[Toacrasnss Beipakenue (7.13) B ypaBuenue (7.11), naitném
Ahyy _VF WV, +V12 V7
g g 29 29
170031
2 2
V=V AV
AhBH_pz( 1-V2)"_(AV) . (7.14)

29 29

Takum 06pazoM, OTepH HANOpa NP BHE3AITHOM PACHIUPCHHUH PaBHBI
CKOPOCTHOMY Haropy OT MOTEpsSIHHOU cKkopocTH. Beipaxkenue (7.14) nasbiBa-
eTcst TeopeMoit, mim hopmyront bopna.

®opmyiy (7.14) MOKHO IPUBECTU K BUIY

2
Vo | V2 L V2
AhBH.p:( __2] izéML'

C yuéroM toro, uro Vi =VoF 1 &, =(1-V,/V, )2 , IOJIyYHM:
Eu=(1-FR/F )2 — OTHOCHUTCA K CKOPOCTH Vi ;

€ :(F2 /'H —1)2— OTHOCUTCS K ckopocTH V,. CymMMapHbIe IOTEpU Ha-

nopa B TpyboNnpoBo/e MOCTOSHHOTO auamerpa (d=const):
{ V 2 V2
sy =2 Y [ zaj =

Ipumep 7.1. OnpenenuTs pexuM IBWKCHHS KUJIKOCTH B JIOTKE MPsi-
MOyTosibHOU (hopmbl BbicoTOM 0,2 M U mmpunod 0,5 M TIpu ypoBHE BOJBI
0,15 m u ckopoctu V = 1,2 m/c (puc. 7.3).
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Pewenue. Tpuamnmast v=0,01-10~4 m?/c, mo dopmyrne (7.3) onpexnemsiem

ARV 4bhv  2.015.051,2 018
v 2(h+b)v (0,15+0,5)-0,01-104  0,01-104-0,65

=277000..

Tax xax Re > Re,, = 2300, To pexuM ABWKCHHUS [OTOKA OyIeT Typ-

OyJICHTHBIM.

Ipumep 7.2. Onpenenutb pekuM JIBHKEHHUS U MTOTEPH HAToOpa IO -
He TpyOompoBoaa (puc. 7.4), ecau mamuHa TpyoompoBoaa 100 M, mauameTp
d=0,1m, Q=102m3/c, v, =0,726-10"4 m2/c

1 o
. Q
] . ~~
o~
QJ
._.._..‘G. ........... —_—— . —. .

p1/pg
=
)

Puc. 7.4

Pewenue. CkopocTb OTOKA B TpyOOIIPOBOIE

F 0,785-102
Ywucno Pelinonbaca
Re=Yd_ 12701 _,.n,
v 0,726-104
Tak kak uncno PeitHonmbaca merbine 2300, TO pexuM IBMKCHUS JIAMH-
HAapHBIN.

64

[Torepu Hamopa ¢ y4eToM 3HaYCHUS }FR—e
2 2 . .10-4.100.
Ahwzxgv_:ggv :32v€V :32 0,726-10—%-100 1,27: 3 oL
d2g Red2g d2g 9,81.0,12
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Ipumep 7.3. OnpenenuTs NOTEPU JaBICHUS MPU BHE3AITHOM pacUIMpe-
HUU TPyOONPOBOJIOB, MPUMEHIEMBIX B KaU€CTBE HarpeBaTEIbHBIX MPUOOPOB
CUCTEMBI OTOIICHHUS.

Crosik, MOIBOASIINNA HArpeTy0 BOJIY, U COCAMHUTEIbHBIC TPYObI BbI-
nonHensl quamerpom d = 0,025 M u mpuBapess! k Topuy Tpyo d;=0,1 mm.

CkopocTb Boabl B nmoaBoasmmx Tpydax V = 0,3 m/c, a TemnepaTtypa BOAbI
t =80 °C.

Pewenue. Knuaematnueckast BA3KOCTh M IDIOTHOCTH BOJIBI B TIOIBOISIIICH
cetu (pu t = 80 °C) paBHBI COOTBETCTBEHHO:

v=0,36-106 m2/c; p =972 xr/m3.
Haxogum uucno PeitHonbaca B TpyOOmpoBOJax MOABOJSIIECH CETH MO
dbopmyre
:V_d: 0,3-0,025
V' 0,36-10-6

[Torepu naBnenus onpeaeauM 1o hopmyie bopaa:

Re =20820, T.e. Re>2320.

2

2
2 d2 2 2
v 2 0,3 0,025 972=41,8 Ta.

A:— _—— N=| ——— |- —_—
P= o1 Taz) P2 012

KOHTpOJ]LHI)Ie BOIIPOCHI M 3aJaHUA

1. Kakue nBa pekuma JIBIKCHUS KUIKOCTH BBl 3HAETE, U KAKOBBI UX
XapaKTepHbIE 0OCOOEHHOCTH?

2. Kakue ¢usnueckue CBOWCTBA MKUAKOCTH U XAPAKTEPUCTUKH MOTOKA
BIIUSIFOT HA PEKUMBI JBUKCHUS KUIKOCTU?

3. Kakum kpuTepreM OLEHUBAIOTCS PEKUMBI IBUKECHUS KUIKOCTH?

4. 3anuIuTe U NOSICHUTE KPUTEPUN OLICHKU ISl KPYTJIOTO CEUCHUS MO-
TOKa ¥ IOTOKA MPOU3BOJIBLHON (DOPMBEI.

5. IlpuBenute mnpuUMEphl JAMUHAPHOTO M TYpOYJIEHTHOIO PEXKUMOB
JBIKEHUS TTOTOKA TSI )KUIKOCTEN € Pa3InyHOMN BSI3KOCTHIO.

6. Kak ompenensiercss rpaHuiia MeXy JaMUHAPHBIM U TYpOYJIEHTHBIM
pexumamu? JIist Kakux 1eseil BBeIeHO KpuThuieckoe yucio PeitHonbaca?

7. o kakoit popmysie onpeaensitoTcss MOTepU HAropa 1o JTHHE TpyOo-
MPOBO/IA, M KAaKOB €€ (pr3nIecKuii CMbICIT?

8. Uro Takoe KOIPGIUIIMEHT TUAPABIMYECKOTO TPEHUS, U TO KaKOU
(dbopmysie OH onpenensaeTcs MNPy JJAMHHAPHOM JBUKEHUU KUIKOCTH?

9. Ilo xakoii ¢opmyne ompenensitorcs MecTHbie notepu? Kakos ¢usn-
YECKHUI CMBIC]I MOTEPh HA MECTHOM COTIPOTHUBJICHUH?
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10. ITpuBeauTe npuMepbl MECTHBIX CONPOTUBIICHUM.

11. B xakux ciayyasx npumensercs gopmyna bopaa mis pacuéra mo-
TE€pPb HA MECTHBIX COMPOTUBICHUSAX?

12. Kakue TpyObl Ha3bIBAIOTCS TUAPABIUYECKH TTIAJAKUMH U TUAPABIU-
YECKU MIEPOXOBATHIMU?

13. IlpuBenute hopmybl A pacu€ra A TUAPABIUUYECKH TTAJAKUX TPYO,
a TaKKe JUId CIy4yaeB, Korja A 3aBUCUT TOJIBKO OT IIEPOXOBATOCTH.

S7
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8. THIPABJIMYECKHUHA PACYET
UCTEYEHUS KUJIKOCTEHN

8.1. O0mas xapaKTepuCTHKA UCTEYEHHUS

HcTtedyeHne XHUIKOCTEH M3 OTBEPCTHH M HACAJAKOB HMMEET OOJbIIOE
MPAKTUYECKOE 3HaYEHUE, OCKOJIbKY OHU NMPUMEHSIOTCS IPH PEIIEHUH MHO-
rUX TEXHUYECKUX 3anad. Hampumep, B pa3nuyHbIX JBUTaTENIX BHYTPEHHETO
CrOpaHHus MpHU MOJAYe TOIUIMBA, NMPU OMOPOKHEHUH LHUCTEPH U Pa3INYHBIX
€MKOoCTel, MpH KOHCTPYMPOBAHUU comesl U (OPCYHOK, Tlie HeoOxoauma
cTporas JO3MpPOBKAa M pacxol KUIAKOCTH, a TaKXe TUAPOMOHHUTOPHBIX
1 9KEKTOPHBIX YCTAaHOBKAX, pa3padaThIBAIOIIUX TPYHTHI, THIPOTEXHUYECKUX
COOPYKEHMSIX, COAEPIKAIIMX 3aTBOPHI MJIM OTBEPCTHS 17151 cOpoca BOABI.

Hcreyenue KUIKOCTH MOXKET MPOUCXOAUTH MPU MOCTOSHHOM M Iepe-
MEHHOM Hamopax, 4epe3 Majoe WA OOJbIIOE OTBEPCTHE, Yepe3 HACAIKHU
pa3IMYHON KOHCTPYKIMU. Kpome Toro, HCTeUeHNE MOXKET ObITh CBOOOIHBIM
B aTrMoc(epy WM BaKyyM U O]l YPOBEHb (3aTOIJIEHHOE UCTEUEHUE).

[Ipu BBIXOZIE CTPYH U3 OTBEPCTHUA CTPYS MpereprneBaer cxarue. Cxaroe
CCUCHHUE CTPYH HaxouTcs mpuMepHo Ha 0,5d oT cTeHKH pe3epByapa.

OTHoOIlIEHHE TUIOIIAIM CTPYU B CHKATOM CEYEHUM K ILUIOIIAIN BCETO OT-
BEPCTHS HA3BIBACTCA KO uyuenmom cocamusi Cmpyu.

€= Fe : (8.1)
F

3HayeHue kod(puiMeHTa cxxaTusi CTPYHU 3aBUCHUT OT Xapakrtepa jaedop-
MaIll¥ OTOKA.

B aTOl CBA3M pa3nMyarOT COBEPLIEHHOE W HECOBEPUIEHHOE, IOJIHOE
Y HEIOJIHOE CHKAaTHE.

CoBepllIeHHBIM C)KaTHEM Ha3bIBaeTCsl TAKOE, MPU KOTOPOM HHU CBOOO/I-
Hasi TOBEPXHOCTh, HU OJNM3JIEXKAIMe CTEHKA HE BIMSIOT Ha CXKaThUe CTPYH.
Paccrosinue no Onmumkaiiineil CTeHKH JOJIKHO OBITh B TPHU pa3a OoJbIe aua-

metpa oTBeperus ((>3d).

CxxaTtue OyneT HECOBEPIICHHBIM, €CIM 3TO YCJIOBHUE HE COOJIIO/IaeTCs.
KoadduiumenT cxxatus € mpu COBEPIICHHOM C)KaTUU MEHBIIIE, YeM IIPU HECO-
BEPIICHHOM.

Ecnu cTpys umeeT paBHOMEpPHOE CXKAaTHe MO NEPUMETPY, TO CKATHE Ha-
3bIBACTCSI MOJHBIM, B TIPOTUBHOM CIIyyae CXKaTUE HA3bIBACTCS HENOIHBIM.
Henonnoe cxxarue Oyner MMETh OTBEPCTHE, PACIIOIOKEHHOE HA JTHE pe3ep-
Byapa Uin y 60KOBOI MOBEPXHOCTH.
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KoaddummenT cxatust 1 O0KOBBIX OTBEPCTUN OOJNbBIINE, YeM IS OT-
BEPCTHUU C MOJIHBIM CKATHUEM.

Jlig ToJy4YeHusl TOTO WM WHOTO THIpaBIn4YecKoro sddexrta k oTBep-
CTHIO TIPUCOCOUHSIOTCS TaK Ha3bIBaéMble HACAJKH, JJIWHA KOTOPBIX
¢ = (3-4) d. O0bIYHO HacaIKU MPUMEHSIOTCS JJIs1 YBETHUCHHS TTPOIYCKHOM
CIIOCOOHOCTH OTBEPCTHUS, MOTyUYEHUsI KOMIAKTHOW CTPYH U T.1I.

8.2. UcTeueHue :KUAKOCTH U3 OTBEPCTHUSI B TOHKOM CTEHKe

PaccMoTpuM mcTeUCHHE KUIKOCTH M3 KPYIJIOTO OTBEPCTHS TUAMETPOM
dp B BepTUKaNBHOI TOHKOU CTEHKE cocyaa (puc. 8.1).

0,5d

I

e

Puc. 8.1. cteuenne )XxUIKOCTH U3 KPYTIIOTO OTBEPCTHUSA

CreHka cunraeTcs TOHKOH, ecin e€ Tommunaa < 0,2dy ¥ He BIMAET Ha
ycinoBusl uctedeHrs. OCHOBHOM 3aaueil pacdeTa XapaKTepPUCTUK HUCTCUCHUS
SIBJISICTCSI OTIPEICIICHNE CKOPOCTH MCTEUCHUS M PACX0/ia KUIKOCTH TIPH ClIe-
TYIOIIHUX yCIOBUSX:

1. Ilponiecc ucreyeHus ycraHOBUBILMILCS, T.€. Py =CONSt.

2. Cxartue cTpyHu — MOJIHOE U COBEPLIEHHOE.

3. B cxaToM ceueHWHW JaBiIeHUE TOMYUHSACTCS THAPOCTATHICCKOMY 3a-
KOHY pacIpeeIeHHs.

4. CKOpOCTH B BEPXHHX M HIKHMX TOYKAaX OTBEPCTHS HE OTIMYAFOTCS
Mexay coooit n koaddumuent Kopruonmca o = 1.

Jyist onipeiesieHnst CKOPOCTH UCTEUECHUSI HaMUIIeM ypaBHeHrue bepHym
mutst ceuennit 1-1 u 2—2, yaurthbiBas, 4To TWIOCKOCTh CPaBHEHHS TTPOXOJIUT Ye-
pe3 LEeHTp TAKECTH OTBEPCTHS, T.€. 2y =2,0:

(8.2)

Amnanmu3 ypaBHeHus (8.2) MOKa3bIBAET, UTO P B CKATOM CEYEHUHU MOXK-
HO MPUHATH PABHBIM aTMOC(HEPHOMY.
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[Totepu Hamopa mexnay ceueHusimu 1-1 u 2-2 onpegenstores no ¢op-
myie Beiicbaxa:

2
Ahg, =&y \Z/Lg 1 (8.3)

rae &, — K03(ppULIUEeHT CONpOTUBIEHUS OTBEPCTHS.
C yuérom opmyisl (8.3) mpeoOpasyem ypaBHeHwHe (8.2) K BUIY

VC2 (1+§Bx _xliJ: 2( i pO) ' (8.4)
p

C

Pemas ypaBuenue (8.4) otHocuTenbHO Vi, HAX0IUM

2| 2
V 2(PL—Pg
V,=| 148, —[—1] [AP=po) (8.5)
Ve p
IIpeobpasyem otHourenne Vy? /VZ, ucnonb3ys ypaBHEHHE pacxona s ce-
V2 FE2
. — 1 _"c
yeHuii 1-1 u c—c (puc. 8.1) B Bune ViF =V .F, nm vz = F12 . YMHOXUB
U pa3/IeNiuB NPaBYIO YacTh MOCIIEHETO PaBEHCTBA Ha FO2 , TTOJTy9IHUM
V2 F2 R
V2 F2 F2’
F2 Fé
O603Ha4YMB = =g2u = =n2, npeobpasyem popmyimy (8.5) k Bumy
0 1
(o —
v, = 1 (PL=Po). (8.6)
\ /1+ &, —N2e? p

BBeném o003HaueHNE
o= 1
JL+E, —n%e?

(8.7)

rae @ — KoO3QQUIUEHT CKOPOCTH UCTEUCHHSI, YUUTHIBAIOLINNA OTEPU CKOPO-
CTH Ha MECTHOM COIIPOTUBJICHUH (HA OCTPON KPOMKE BXOJHOTO OTBEPCTHS);
e=F./Fy — xoaddunuenT cxarus cTpyu I8 KpyIJbIX OTBEPCTUM, PABHBIN

0,64; n=Fy/F — xo3dduinenT, yInThIBaOIMil BIUSHAE CKOPOCTH MOTOKA
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nepesl BXOJHBIM OTBEPCTHEM Ha KOI(PPHUIIMEHT CKOPOCTH (IIPH UCTEUECHUU U3
MaJTbIX oTBepctuii N — 0).

C yuérom obo3HaueHus (8.7), hopmyna (8.6) mpuHuMaeT BUJ (MHICKC
«C» OITyCKaeTcs)

V=g |AP=Po), (8.8)
p

[Ipu ncTeyeHnn XOIOAHON BOJIBI YEPE3 MaJo€ OTBEPCTUE OOBIYHO MPHU-
Humarot ¢ =~0,97-0,98; &, =0,97-0,06.

[To xordduIMEeHTy CKOPOCTH JIETKO ONpeaeanTh KOG UIIMEHT COIpo-
TUBJIEHHA &, !

Epx =1/ 02 —1.

D11 K03 PHUIMCHTHI 3aBUCST OT Haropa H u, cle0BaTeIbHO, OT CKOPOCTH
UCTEUCHHMS, BSI3KOCTH JKUIKOCTH, (DOPMBI U pa3MEpPOB OTBEPCTHS, a MOITOMY
u oT uncia Peitnonbaca. O6bruno npuaumarot ¢ = f(Re).

TpaekTopust monéra CTpyd IpHU UCTEUCHHH YKUAKOCTH MPH HEOOJBIINX
CKOpPOCTSAX M HEOOJBIINX BBICOTAX MMaJEHHUS, KOTAa MOXHO IpeHeOpedb Co-
IPOTHBIIEHUEM OKPY’KAIOIIETO CTPYIO BO3IyXa M MPHUHATH POPMY CTPYH Ia-
pabonuyeckoil, mokasaHa Ha puc. 8.2.

\V4 |

I__ n

B

Az

Puc. 8.2

be3 00mb1110# MOTPEIIHOCTA MOKHO CUUTATh, YTO YACTHUIIA KUJIKOCTH 32
CXAaTbIM CEYEHUEM N—N JIBUKETCS IO MHEPLUHU: IO OCU X — PABHOMEPHO, 1O
OCH Z — PAaBHOYCKOPEHHO, MO3TOMY 3aKOH JBWKCHUS YACTHUIIbl JKUIKOCTU
MOYHO 3aIACaTh B CIEAYIOLIEM BUE:

(=Vt=0,/20HTt;

Az _ﬂ (89)

Orcrona
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[ToncraBnss Beipaxenue t B popmyiny (8.9), momyunm

(=4/2gH % :

Orcrona
2 2
AZ= t°g = ¢ )
2022gH  4¢2H

(8.10)

Pemas Bwipaxenue (12.10) oTHocutenbHO Kod(h@UIMEHTa CKOPOCTH,
Haxo0JIUM

(

*= 2JAZH

UToOBI ONIpeACIUTh (P, HAI0 U3MEPUTh TATBHOCTH MOJETA CTPYH [, BBICOTY
nageHus Az v Hanop H.

OOBeMHBIN pacXoJl JKUJIKOCTH PaBEH MPOM3BEICHUIO CKOPOCTH B CXKa-
TOM CEYEHUU Ha IUIOMIAb )KUBOro cedeHus:: Q=F:V .

(8.11)

[Toncrasisis BMecTo Fe m V ux 3HaYeHHsA, nMeeM

1 2(pL— o)

= 0] .
JL+E,, —£2n2 p

BBeném 0003HaueHHE

€
“:
JL+E, —82n?

rae U — ko3 UIMeHT pacxoa.

=g, (8.12)

C yuérom o603HaueHuit B popmyie (8.12) momyunm

Q=po, /@ | (8.13)

Tax kak 1151 MasbIx oTBepcTuit K03 durmert cxatus € = 0,64, a kodpPuru-
eHt ckopoctu ¢ = 0,97, 10, B cooTBeTCTBUU C hopmytoii (8.12),

u = oe =0,64-0,97 = 0,62.

VuuThIBas 3aBUCUMOCTH € 0T N=Fy/ F, MOXHO HaiiTH TaKkXe 3aBHCHMOCTb
n= f (n’ EJBX) .

[Ipu ucreyennu U3 Majbix oTBepcTuii N — 0 u3 popmysl (8.12), HaxoaUM

62

KOMIMJIEKT 3JIEKTPOHHbIX

YYEBHO-METOAUYECKUX MATEPUAJIOB


http://portal.tpu.ru/ido-tpu
http://tpu.ru

| | i Matepuanbl npegHasHa4yeHbl A4ns UCNONb30BaHUA B YH4E€OHbIX Lensx
ctyneHTtamm MHcTuTyTa guctaHuMoHHoro obpasosanusa TIY

— N —

€

e,

B cinydae ucteueHus u3 cocysoB co cBOOOJHOH MOBEPXHOCTHIO, (op-
MmyJbl (8.8) u (8.13) 3anuchIBarOTCS B BUJIC

\Y =(pw/29H ; (8.15)

(8.14)

Q=uF.2gH , (8.16)
e 4o PL=P2)
IS = BbICOTA YPOBHA KUJAKOCTH HAaJd HCHTPAJIbHBIM OTBCPCTH-
pY

em (pu auametpe otBepetus d <H (cm. puc. 8.2)).

OnbITaMu yCTaHOBJICHO, YTO KOA((OUIIMEHT |l CYIIECTBEHHBIM 00pazomM
U3MEHSAETCS B 3aBUCUMOCTU OT (POpPMBI, pa3MEpPOB OTBEPCTUS U OT HAmopa.
[IpuuéMm, c yBenMUEHUEM pa3MEPOB OTBEpCcTUs Kod(pPUIMEHT pacxonaa
YMEHBILIAETCS, a C YBEJIUYEHUEM HANopa yMEHbBILIAETCS BIMSHHUE pa3MEpoB
OTBEPCTUSI HA KOIPPUITUEHT L.

[Tpu HenomHOM Cokathm KO3 PUIMEHT pacxoma onpenessercs mo Gop-
MyJaM:

U=Lg [1 +O,152£] — JUISL KPYTJIbIX OTBEPCTHM;
p

U=Lg [1 +0, 1282) — JUISl IPSIMOYTOJIBHBIX OTBEPCTHIA.
P

3nech pg — K03((UIMEHT pacxoAa AJsl aHAJIOTUYHOTO OTBEPCTHS IPU MOJI-
HOM C>KaTHH; N — 4acTh MEPUMETPA OTBEPCTUS, TJI€ OTCYTCTBYET CXKaTUE; P —
4acTh [IEPUMETPA OTBEPCTHSI, TJI€ OTCYTCTBYET CHKATHUE.

Ecnu cxxaTue HecoBepIIeHHOE WIIM HEMOJIHOE, TO KOAGOUIIMEHTHI |1 U ¢
onpenenstores ¢ nonpaskamu no Gopmyse H.E. XKXykosckoro:

/)

2-0

(71:+2)- s

tg(2-0)

rae 0 — yro, onpenenseMbiil U3 BbIpaKEHUS

a 2_ 29
— =tgf| [+—x———
H J nxtg(Z-O)

3nech H — riryOuHa MOTpy>KEHUsI HUKHEH KPOMKH OTBEpPCTHUS; @ — IIIyOnHa
IIOIPYKEHUsI HUKHENH KPOMKH OTBEPCTHSL.
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T
IIpu coBepmiEeHHOM CXKaTUU 8=T2z0,611, YTO XOpOLIO COTJIACYETCs
T

C OTIBITHBIMH JTAHHBIMU.

[Ipu ucTeYeHNM XUIKOCTA U3 3aTOTUICHHOTO OTBEPCTHS, KaK MOKa3aIn
MHOTOYHUCJICHHBIC UCCIIeN0BaHUs, KOdPHUIueHTs YU, @, € OyAyT Majao OTIIH-
4aThCsl OT KOA(D(UIMEHTOB NpPH HCTEUEHHUH >KHUIKOCTU B aTtMocdepy, HO
B KauecTBe  Hamopa  OyJaer  JeicTBoBaTh  Pa3HOCTh  HAIoOpOB

Hl_HZ (pHC 83) Ipu p]_: p2.

Puc. 8.3

Pacuérubie popMyIibl UMEIOT BUI:
\ :(p\/2g(H1— H2) :(p\/2gz;

Q=pF29(H;—H,) =pF2gz.
Ecnu naBnenue Ha CBO6OI[H0ﬁ IMMOBCPXHOCTH PE3CPBYAPOB HC PABHO aT-

MochepHoMy (puc. 8.3), T.e. P> Py > Pary»> TO PACYETHBIMHU (HOPMYJIAMU
OyIyT CleayIOIIHeE:

(8.17)

V=029 [H1+ﬂ —(H2+&ﬂ:(p 29(—p1_p2+z}
8) YY) 8

(8.18)

Q=uF, |29 (H1+ﬂ —£H2+p—éﬂ:uF 2g(—p1_p2+zj.
p

Pg Pg
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8.3. UcTeueHue npu nepeMeHHOM Hamope

3amaya 00 MCTEYEHMM >KMJKOCTH MPU MEPEMEHHOM HAMoOpe CBOAUTCS
K OIIPEJICTICHUI0 BPEMEHU OIMOPOKHEHUSI WM HAIMOJHEHUSI BCEro WM HEKO-
TOpPOM YacTH COCyla, B 3aBUCUMOCTH OT HAYaJlbHOTO YPOBHS, (HOPMBI
U pa3MEepOB COCYy/1a U OTBEPCTHSI.

[TogoOHbIe 3a1aun BCTPEUAIOTCS MPHU pacu€Tax HAIMOJIHEHHS U OTIOPOXK-
HEHUsl pe3epBYapoB, LIUCTEPH, BOJOXPAHUIUI, 0ACCEHHOB, IUIIO30BbIX Ka-
Mep U JIp.

[Ipy mepeMeHHOM Hamope MMEET MECTO HEYCTAHOBHUBLIEECS IBUKEHUE
AKUJKOCTH, YTO JICJIAeT HEeMPUEeMIIEMbIM 00bIUHOE ypaBHeHUEe bepuymu. [1o-
ATOMY IOJHOE BPEMsI UCTEUECHHS PA3ACIIAIOT HA OECKOHEYHO MaJlble IpOoMe-
KYTKU, B TEUEHHUE KOTOPBHIX HAIMOP CUUTAETCS MOCTOSIHHBIM, a HUCTEUCHHE
KUJAKOCTH — YCTAHOBUBIIUMCSA. DTO MO3BOJSET UCHOJIB30BAaTh JJIs PEIICHUS
3a/1a4 MOJIYYEHHBIE BBIIIE 3aBUCHUMOCTH U MPUBOJIUT K JOCTATOUYHO TOYHBIM
pe3yabTaram.

PaccMmoTpum mpocTedinuii mpuMep UCTEUEHUS KUJIKOCTU B aTMocdepy
yepe3 JIOHHOE OTBEPCTHE IUIOMIAABI0 () U3 OTKPBITOIO BEPTUKAIBHOIO IU-
JUHAPUYECKOTO COCYJla, OJUMHAKOBOIO MO BCEH BBICOTE MONEPEUHOIO Ceye-
Hus F (puc. 8.4).

Hi
Q
I

H

H,

—))(

Puc. 8.4

[Tycts 3a Bpems dt yepe3 orBepcTHe BbITeKsIO (Q XKUAKOCTH, paBHOE
dQ=pw\/2gHdt, rne H — Hanop Ha ypoBHE dMeMeHTapHOrO snementa dH,
KOTOPBIA MOXHO CYHTATh MOCTOSIHHBIM; W — KO3 (UIMEHT pacxoaa (hu3me-

HSIOIICHCS B 3aBUCUMOCTU OT Haropa, GOpMbI U pa3MEPOB OTBEPCTHS).
B neiicTBUTENBHOCTH, 3@ 3TO BpEMSI YPOBEHD KUJIKOCTH B COCYJIE OITyC-
tutcst Ha AH 1 00bEM xuaKocTu B HEM u3meHmics Ha AW =—FdH .
Benencteue HepaspbiBHOCTH ABWKeHUs kuakoctn 0Q=—FdH wiun

no2gH dt =—FdH .
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dt:i. (8.19)
2gH

[TonHOe Bpemsi OMOPOKHEHUSI COCyAa OMpeNeNsieTcss B pe3yabTaTe HH-
TerpupoBanus ypaBHeHus (8.19):

Jodt=}

rae H, — HavaabHBIM HAOP )KUIKOCTH B COCYIE.

_ FdH
Hu no2gH 310) 29H

Menss npenensl MHTETPUPOBAHKS B IPABOW YaCcTH YPAaBHEHUS, IPUHU-
Masl L = const W BBIHOCS IIOCTOSIHHBIE 3a 3HAK MHTETPasa, NOJIyIuM

F 2F H,
= (Mwy-vgy =N 8.20
onfie D w2 620

YMHOXMB U pa3/ieuB NpaBylo 4acTh ypaBHeHus (8.20) Ha JH, MOy YUM

C2FJH,JH, 2FH, 2w
- _cy A (8.21)
nmy/2gH,, Q Q

N3 Beipaxenus (8.21) ciaemyet, 4To MpU COXPaHEHUU MOCTOSTHHOTO Ha-
1opa B COCYZI€ TOT ke 00bEM KUIAKOCTH MPOUJIET Uepe3 OTBEPCTUE 3a BPEMs
At, BiBoe MeHbIIee, ueM {, T.e. t =2At.

®opwmyna (8.20) npuMeHuMa U IS CIydasi UCTEUCHUS KUIKOCTU U3 OT-
BepcTus B OOKOBOH CTEHKE cocyza. B aTom ciydae Hanop /1, OTCUUTHIBAET-

Cia OT ICHTPA TSAKCCTH IIIOIIaI OTBCPCTHA.
HpI/I YaCTUIHOM OIIOPOKHCHUU COCyAa NMPUMCHACTCA CICAYIOIIAsA 3aBU-

CHUMOCTH.
()
noy2g

IIpumep 8.1. Boma BbITEKaeT M3 MaJIOr0 HE3aTOIUICHHOTO OTBEPCTHUS
B BEPTUKAJIIBHOW CTEHKE IIPHU MOCTOSSHHOM Hanope /1. BeicoTa pacnonoxeHus
otrBepcths Hax mosioM Az=1,0, cTpys qocturaet noja Ha pacctossaun =12

(8.22)

M. JInametp otBepctus d = 50 mm, @ = 0,97. Onpeaenuts pacxon Q.
Pewenue. T1o popmyne (8.10) onpenensem H:

2 2
S Y VT
©24Az 0,972-4-1,0
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[Tpunumas ko3 dunuent pacxoaa | = 0,62, HaXOAUM Pacxon

.52
Q=pw/2gH =O,62-3’1#-«/2-9,81-31,5=28-10'4 me.

Ipumep 8.2. OnpenenuTs pacxo] KUAKOCTH, EpeTeKaloeh U3 pe3ep-
Byapa | B pesepByap Il (cMm. puc. 4.3), ecnu auamerp OTBEPCTUS B BEPTH-
KajabHOU creHke d = 0,2 MM, Beicota Hy = 7 M, H, = 6 M, naBiienue B | pesep-
Byape p; =2-10° ITa, a Bo |l pesepByape p, = 1,7-10° ITa, p = 0,62. HauanbHoi
CKOPOCTBIO IPEHEOPEUbD.

Pewenue. Onpenensem miomnaab OTBEPCTHSL

nd2 3,14-0,22
®= =
4
Haxonum pacxon xkuakoctu

2-1,7)-105
0 = o |2g| 2+ P P2 ) —0.62.0.0314 fro.6] 1+ 2L 1)
pg 1000-9,81
= 0,62-0,0314-4,43-2 = 0,0175 m3/c.

=0,0314 M°.

Ipumep 8.3. OnpenenuTs pacxoa BOJAbI U CKOPOCTh €€ UCTCUCHHS 4e-
pe3 Kpyriioe He3aToIieHHOe oTBepcTHe guametrpoM d = 0,2 M, eciou
H=4wm,1=0,62, ¢ =0,97. CKOpOCTHBIM HaIOPOM IPEHEOPEUb.

Pewenue. OnpenenseM CKOPOCTb UCTEUECHHUS

V =0,/2gH =0,97./2-9,81-4=8,58 m/c.
HJ'IOII.[&I[B OTBCPCTHUA
®=0,78-0,22=0,0314 m2.
OnpenenﬂeM pacxona BOAbI UCPEC3 OTBCPCTHC!

Q=pw4/2gH =0,624/2-9,81-0,0314=0,172 m3/c.

8.4. UcTeueHue :KUAKOCTH Yepe3 HACAAKHU

Hacaakom Ha3piBaeTcst KopoTkas TpyOa mmuoit [ = (3 — 4) d uununi-
pUYECKOM, KOHMYECKOW MM KoHouAanbHOU dopm. [Ipucoennuenne Hacaaka
K OTBEPCTHIO B TOHKOW CTCHKE M3MEHSET BBITEKAIOIIMN M3 COCyJIa Pacxojl
Y OKa3bIBaeT BIIMSHUE HA BPEMS OMOPOXKHEHHs COCY/Aa, JAIBHOCTH TOJETa
CTpyH U T.A. AHAJIOTUYHOE SIBJICHWE HAOIIOIAeTCs PU MCTEYCHUN U3 OTBEP-
CTHS B TOJICTOH CTEHKe, T.¢. kKorga 6=(3—4) d.
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XapakTep TeueHHUs XUAKOCTHU, €€ TONIIMHA B Pa3IMYHBIX Hacaakax
uMeeT MHOro oOmiero. PaccMoTpuM ncTedeHHe KUAKOCTU Yepe3 BHEUTHHMA
WIHHIPHYCCKHIA Hacaaok (Hacagok Bentypn) (puc. 8.5).

[Tpu HaMM4YMKM OCTPON KPOMKH BO3HHMKAET C)KaTHE CTPYU Ha BXOJIE B Ha-
caJiok. MakcumanibHOe ckaThe o0pa3yeTrcs Ha pPacCTOSHUU OT IUIOCKOCTHU
BX0JIa B oTBepcTHe, paBHOM 0,5d.

[lomanp ckaToro cedyeHus MOTOKA (M, =&, MPUYEM YHCIOBOE 3HAYeE-

Hue Kod((duIMeHTa cXaTus 3aBUCUT OT YCJIOBHMM BXoja. B wacTHOCTH, AJis
paccMaTpuBaeMoOro ciydasi (Kpyrioe OTBEpCTHE C OCTPOM KPOMKOM) MpH-
OJMKEHHO MOKHO MPUHATH € = 0,64,

[Tocne cxxaToro cedeHus CTPysl paclIupsieTCsl, 3aM0JHs OJIHOCTBIO Ce-
YEeHUE, BBIXO/IS U3 HETO MOJIHBIM CEYeHHEeM. PaccMOTpUM COOTHOIIEHHE CKO-
pOCTEH M aBJICHUI B C)KATOM CEYCHHMM M Ha BBIXOJIC M3 Hacanka (puc. 8.5).
JlaBieHue Ha BBIXOJIE M3 Hacajka paBHO aTMOC(EpHOMY, a CKOpPOCTh —
MEHBIIIE CKOPOCTU B CXKAaTOM CEYEHWHU. Torma, coriacHO ypaBHEHHIO bep-
HYJUJIY, 1aBJICHUE B CXKATOM CEYEHUU JIOJHKHO OBITh MEHBIIE aTMOC(EPHOTO,
T.€. B C)KATOM CEYEHUHU 00pa3zyeTcsi BAKyyM.

Hanuuue B c)kaTOM CeYeHUM BaKyyma CYIIECTBEHHO MEHSET KapTUHY
ucreyeHus. B aToMm ciydae ®UIAKOCTh U3 pe3epByapa U3JIMBAETCS B 00JIaCTh
BAaKyyMa, YTO COINOCTaBHUMO C YBEJIMYEHHEM Hamopa W OOBACHSAET yBeJInYe-
HUE IEUCTBUTENBHOrO pacxoaa. Jljis qoka3aTenbCcTBa HAlJAEM pacyeTHbIE 3a-
BHCHMOCTH ISl CKOPOCTH UCTEUEHHS U PACX0/1a KUAKOCTH Yepe3 HACAOK.

3anumem ypaBHeHue bepaymmm st ceuenuit 1-1 u 2-2. Ilpu cnenyto-
IIUX YCIIOBUSIX UCTEUCHUS:

1. JIBm>keHue KUIKOCTH B HACAJKE YCTaHOBUBILIEECS.

2. BxomHas KpoMKa KpYIJIOrO OTBEPCTHSI — OCTpas, YTO IMPUBOJUT
K CXKAaTHUIO CTPYH, K03 puumeHT cxarus € = o;/o = 0,64.

3. Ha BeIXoje U3 Hacajka cTpys 3anojiHser Bce ceuenue (£ =3...4d), mo-
sTomy € = 1.

4. PacnpeneneHye aBiICHUS B CEUCHUU 2—2 MOMAUYMHSACTCS THAPOCTATHU-
YECKOMY 3aKOHY:

z+£:const.

P9

5. Koappunment Kopuonuca oo = 1

Py V12 P2 Vz2
L+—=+—=Z,+—5+—-4+Y Ah . (8.23)
149 2g 2 g Tag T
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i
1A | v Iy
— 1= I
— | . -
ALEE
0 e 3 x
0 Cl Al |?
_E_l_l":__
Puc. 8.5

W3 ananmuza ypaBHeHus (8.23) B COOTBETCTBMHM C PacueTHOH CXEMOM

UMEEM:
leH’ &:ﬁ:—pa’rM’ —avlz :0’
P9 Pg P9 20
ALVZ V2 (vc—vz)
A _ 7L —1
2 hl 2~ d 2 in g 2 g
ALV ?2
rje XFZ— — TOTEepU Hamopa Ha ydyacTke Al MPEeHEOPEKUTEIHHO MaJbl,
g
2 — 2
€ ax \Z/_C — MOTEPH HATopa Ha BXOJIE /IO CKATOTO CEUCHUS, Ve—Vo)® noTe-
g

29
pH Haropa Ha pacimpeHue ctpyu (o teopeme bopaa).

C ydyeToM MasiocTH MOTEPh Hamopa Ha ydactke Al mo ypaBHeHUIO bep-
HYJUIA UMEEM:

2
:£+§Bx\£+(vc _VZ) )

(8.24)
29
HpI/IMeHHH YpPaBHCHHUC pacxona JJIAd CKaTOTrO U BbIXOIHOTO CeUeHUH
Q) V
Vo=V, —=-2
®W; €

U uckmoyas V., u3 ypasaenus (8.24), nomyunm
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Va_y j 2
H= &BX 2 +( ° V2 éBX ( 1)
€

29 g2 29 29 2g 32

Otcrona
1
V= - 5\20H =0y2gH , (8.25)
1+2BX +( 1)
Vg2 e
1 1

rae ¢ = — K03 (pHUIHEHT CKOPOCTH.

é‘; ( j \/1+§Hac

1428+
e \¢

ITpu &,, =0,06 n £€=0,64 xkorddunuent ckopoctu ¢ = 0,82. O6muit

KO3((ULUEHT CONTPOTUBIICHUS ISl HACAIKa
1 1

Enac Zg—l—@—l 0,5 .

OnpenensieM pacxoJ W3 YpPaBHEHUSI HEPA3PHIBHOCTU C YUE€TOM, 4YTO

0 =EM5 ; MOTYYUM
Q=0 =em,¢/20H .

O0o3Hauvass =\, U CUUTAsL, YTO My =, TOIYIaeM

Q=op20H , (8.26)

rae U — ko3 UIMeHT pacxoa HacaaKa.

Tax xak ms Hacaaka € = 1, o u = ¢ = 0,82. CpaBuuBas kodddunmen-
ThI pacxo/ia U CKOPOCTH JIJISI HACAJKa U OTBEPCTUS B TOHKOM CTEHKE, BUJINM,
YTO HACAJIOK YBEIIMUYMBAET PACXOJ U YMEHBIIAET CKOPOCTh UCTCUCHHUS.

JIeHCTBUTENBHO, IS OONBIINX 3HAUCHUH Re oTHOIIEeHUS

by _ 0,845
ne 0,611
0 _0845_(ous
¢ 1

TO €CTh PacXo]l Uepe3 HacaloK yBelnuuBaercs 6osuee yeM Ha 35 % 1o cpas-
HEHHIO CO CKOPOCTBIO HCTEUEHUS U3 OTBEPCTHSI.
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8.5. 3aBucumocTb KO3(PPUUMEHTOB HCTEYECHUS
ot yucJa PeitHoabaca

[Toy4yeHHsie BbIlIe 3HAUYCHUS KOADPUIIMEHTOB UCTEUEHUS JJIsi OTBEP-
CTUH W HACaJIKOB Pa3IMYHON (OPMBI CIpaBEeAJUBHI ISl YCIOBUM, KOrjaa
BJIMSIHUE BSI3KOCTHU >KMJIKOCTH Ha UCTEYCHHE HE MPOSBISAET ceOsl B 3aMETHOM

CTEIICHU.
UYucno PeitHonbaca 11 UCTEKAIOIIEH CTPYH BRIUUCIISIETCS 110 hopMmyJie
A
Reg = ,Apd _ 2gH a (8.27)
p Vv Vv

[pu umciie Rep >10° BiusiHKEE BI3KOCTH MOYKHO HE YUHTHIBATH.

[pu Rey>3.10° (o6nacts, Hanbosiee XapakTepHas JUIsl UCTCUECHHUs U3
OTBEPCTUI BOJIbI) MPAKTUYECKU OCTACTCS HEU3MEHHBIM.

BwmecTte ¢ TeM, k03 duIiueHT UCTeUeHHs 3aBUCUT OT uKciia Re mpu uc-
TEYEHUU BOJIBI U APYTHX MAIOBA3KUX KUIKOCTEH U3 OTBEPCTUN MAJIOTO JIha-
MeTpa.

Kpome Ttoro, 3aBucumMocTh kod(duimenta pacxoga | ot uucna Peii-
HOJIbJICAa HEOOXOIUMO YUUTHIBATH MPHU OMPEIEICHUH BPEMEHU OMOPOKHEHUS
(ton) cocymos.

[Tpu manbix 3naueHusix Re < 10 npuMeHrnMa 3aBUCUMOCTh

Hy/H
tOH=29FV—( gl({)dZ)

Jlnst onpenenenus 3uadennii pu npu Re, =102...10° (an/I (/d =2...5)
NpUMEHsIeTCs AMIupuyeckas popmyia
-1
58/

W= 1,23+ﬂ , (828)

H

rae Re, —uwucno PeitHonbaca i Hacanka.

N3 rpaduka (puc. 8.6), moctpoenHoro o dopmyse (8.28), BUIHO, YTO MpH
Re,, o0 u n— 0,813, uto He3HauuTeNBHO OTIAMUaeTCs oT K = 0,82 st 1u-

JIMHAPHUYCCKOI'O HACaJKa.

71

KOMIMJIEKT SJIEKTPOHHbIX

YYEBHO-METOAUYECKUX MATEPUAJIOB


http://portal.tpu.ru/ido-tpu
http://tpu.ru

| | i Matepuanbl npegHasHa4yeHbl A4ns UCNONb30BaHUA B YH4E€OHbIX Lensx
ctyneHTtamm MHcTuTyTa guctaHuMoHHoro obpasosanusa TIY

— N —

o(u)

e

0,5 /
0,4 /
/

10 100 1000 10000 100000 Re

Puc. 8.6

Ha rpaduxke (puc. 8.6) kpuBasi 1 — COOTBETCTBYET CIy4ar0 UCTCUCHUS U3
OTBEpCTHUS B TOHKOW CTCHKE, a KpHUBas 2 — U3 MWJINHAPUICCKOTO HACaIKa IPH
¢/d=3. U3 rpadpuxa crenyer, uro mpu Re, <1000 npumeHeHme Hacaaka

yMEHbIIIaeT KOA3(DPUIIMEHT pacxoaa MO CPaBHEHUIO C UCTEUYEHHUEM H3 OTBEp-
CTHSI IIPU OJJUHAKOBBIX d.
8.6. Bakyym B IMJIMHAPUYECKOM HacCaJKe

OmnpenennM BaKyyM B CKaTOM CEUEHHUH 110 hopMyIie

hBaK — paTMp_g Pacc ’ (8.29)

rae Pug. — a0COMIOTHOE AAaBICHUE B JAHHOW TOUKE.
3anumem ypaBHenue bepryiu s ceuenuii 1-1 u c—c (cm. puc. 8.5):

2
zl+ﬂ+%: Z, +&+V—"+Ah1_c.
Py 29 Pg 29
3)1605 HMCIOT MCCTO COOTHOLICHUA:
2 2
n=H; VL=Oi 2=0; Ahy =§BXV—C-

24
Torna
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H+paTM:&+MCZ V2

+Epx 5
P9 P9 29 29
Otcrona
(paTM_pC) V2
= —(1+ —< —H. 8.30
P =2 (L )5 (8:30)
Bripazum
V.=V /¢;
V =¢4/2gH
WA

vc=%/2gH . (8.31)

[Toacrasnss ypaBuenue (8.29) B BeipaxeHue (8.28), moryuum

2 /a2
(0] /8 2gH 2
hBaK:(1+E.>BX)( zg) -H =|:(1+E_,BX)(£—2—1:|H . (832)
[Mpunumasn &,, =0,06; ¢=0,82; £=0,64, nomyyaem
hBaK ~ O’ 75HOMMM CT*

N3 310i1 hopMyIibl MOKHO ONPENEIUTh MPEAeTbHOE 3HAaUeHHe Haropa H.
[TockobKy MaKCHMAIIBHBIA BaKyyM JocTuraercst npu hy,. = Pap /P9, TO

p
an zl,S%.

Ecan IMPUHATH MMPCACIBbHOC 3HAYCHUC BAKYyyMad PABHBIM 10 M, TO

o _ 10 _j333 .

H =
0,75 0,75

OnHako B EHCTBUTEIBHOCTH, BCJICJCTBHE BCKUIIAHUS JKUIAKOCTH M Ha-
PYIICHHUS M3-32 3TOTO CIUIONIHOCTH TCUCHHSI CTPYU JKUAKOCTH, HOpMaJbHas
paboTa Hacaaka HapylaeTcs paHble, a MeHHo: pu h = 7 m. Otcroga pe-
albHbIH NpezenbHbli Hanop pasen H, =7/0,75=9,3 M, a ne 13,33.
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8.7. IlpakTHyeckoe NpUMeHeHHe HACAKOB

PaccmoTpum 00acTh MPUMEHEHHUs YacTO BCTPEUAIOIIMXCS HACAIKOB,
a TaKk)Ke MX JIOCTOMHCTBA M HepocTatku (puc. 8.7-8.12).

BHemHuN UUIMHAPUYECKUNW HACAAOK IPUMEHSETCA Ui MOJIyYCHUS
KOMITaKTHOU JalibHOOOMHOM cTpyH (puc. 8.7). Kak Hacaaku Takoro Tumna pa-
00TalOT BOAOBBITYCKU B IJIOTHHAX, TPYOBI MO/ HACHIISIMHU U T.J. 3HAYCHHUS
koadduirieHToB 11715 BoAbI paBHbl: ¢=0,82, n=0,82, e=1, &£=0,5.

Puc. 8.7

B cuily KOHCTPYKTHBHBIX IMPUYMH BHYTPEHHHUM IHIHHIPUYECKUAN Haca-
JOK MOKET TPHUMEHATHCS BMECTO BHEIIHETO IMJIMHIPUYECKOTO HACaKa.
B aToM ciiydae HEKOTOpPbIE JIMHMKM TOKa W3MCHSIOT CBOE HAIlpaBJCHHE Ha
180° (puc. 8.8).

C)kaThe MOTOKA W IMOTEPH SHEPIMM B Hacajake OOJIbINE, YeM JIJIs BHEIII-
HETO IAIHHAPUIECKOTO HacaIKa, T.¢.

u=0,71; ¢=0,71; e=1; &,=1,0.

Konnueckne cxoasmuecs HAcaaKu TMPUMEHSIOTCS IS TONYYCHUS
OOJIBIIIMX BBIXOJHBIX CKOPOCTEH, YBEIWYCHUS CHUJIBI U JAJbHOCTH IIOJIETa
CTPYH JKHJIKOCTH B TIO’)KapHBIX OpaHJCIONTaX, B (OPCYHKAX JJIS TOJIaYu TO-
IJIMBA; THAPOMOHHUTOpPAX JJIs pa3MbIBa TPYHTA, (DOHTAHHBIX COIUIAX, COILIAX
AKTUBHBIX THJIPABIMYECKUX TypOuH U T.1. (puc. 4.9). [lpu yriax KOoHyCHOCTH
0 = (12-14°) kosddunueHT pacxoja JOCTUTACT MAKCHMAJIbLHOTO 3HAYCHUS
nopsinka | = 0,94...0,95, a koaddurment ckopoctu ¢ = 0,96, Tak Kak u3-3a
CY)KaIOIIMXCA HAMpaBJISIIOIIMX CTEHOK CTPYysSd BBIXOJUT M3 Hacajaka
¢ HeOoubmuM cxxkatueMm (g = 0,98...0,99).
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Puc. 8.8

Puc. 8.9

Konuueckue pacxomsuiuecss HaCaaKu MPUMEHSIIOTCS B KOPOTKUX BOO-
BOJIax JUISl HAIOJHEHUs IIUTFO30BBIX KaMep, B ApIudTax U JPYyrux yCTaHOB-
Kax, rje HeoOXOIUM 3HAYUTEIbHBIN BCaChIBAIOMUN d(PPEKT nJisi yBeTUdeHUs
pacxoma (puc. 8.10). Takue HacaaKu MPUMCHSIOTCS B MEXaHM3MaXx s 3a-

MCHJICHHA ITIOJa4YH CMAa304YHbBIX BCIICCTB.
B HaCaaKeC ITIOCJIC CKATOI'0 CCUCHHA paCIIUPCHHUC ITOTOKA 60J'IBIH€, 4cM

B MWIMHAPHUYICCKOM HACAAKC, YTO IIPUBOAUT K OOIBIINM IIOTCPAM HaIlopa

Y K YMEHBIIIEHUIO CKOPOCTH.
[Ipu 3TOM pacxoxa Bo3pacTaer Onaroaaps yBEIMUYEHHIO PaCYETHOTO BbI-

IIYCKHOI'O CCUYCHUA.

Puc. 8.10

75

KOMIMJIEKT 3JIEKTPOHHbIX ,

YYEBHO-METOAUYECKUX MATEPUAJIOB


http://portal.tpu.ru/ido-tpu
http://tpu.ru

| | i Matepuanbl npegHasHa4yeHbl A4ns UCNONb30BaHUA B YH4E€OHbIX Lensx
ctyneHTtamm MHcTuTyTa guctaHuMoHHoro obpasosanusa TIY

— N —

I[I/IaMeTp BBIXOJAHOI'O CCUCHUA
D:d+Mmg, (8.33)

rae d — auaMeTp BXOJHOTO OTBEPCTHs; O — yroi KOHYCHOCTH Hacajka; ( —
JUTMHA HacaJIKa.

[TpudeM ceveHHe HacaaKa MOKET J0X0auTh 10 9d, £ =9d u 0 = 8°, ko-
s durrenTs pacxoga u ckopoct | = ¢ = 0,45,

[Tnomans ceyenus Ha Bixone 1o Gopmyse (8.31) B aTom ciydae B 5,1
pasa Gonpire ruromanku oTepctrs. KoagdumumeHT pacxoga Takoro Hacaaka
B ¢, /¢, =0,62/0,45=1,38 pasa MeHble KOOXPDUIMEHTA PACXOIA OTBEPCTHS.

C yueTom 91oro, cornacHo popmyine Q=pw./2gH , npu paBHO3HAYHBIX

YCIOBMSIX ~ pacxo]l  4Yepe3  KOHUYECKHMH  pacXOJSAIIUHCA  HAcalloK
B 5,1/1,38=3,7 pa3za Ooibliie, 4eM Yepe3 OTBEPCTHS B TOHKOH CTCHKE JIHa-
MeTpom d.

B TexHuKe MIA pasIUUHBIX IEJeH MPUMEHSIOT U apyrue Hacaaku. Ko-
HOMJIAIbHBIA Hacagok (puc. 8.11) umeeT popmy BXOIHOW YacTH, OJU3KYIO
K (hopme BbITEKaIOMIEH CTPYH.

['unpaBnuyeckoe CONMPOTHBIEHHWE B HAcagKe HEOOJBINOE, TMOITOMY
n=¢=0,97...098, n=1, £,=0,06. IIpu ocoOcHHO THIATEIBLHOM HU3TOTOB-

JICHUH ¥ TJIAJKAX CTEHKAaX MOYKHO TOJydnTh | = ¢ = 0,995.

MWW L ///

—

Puc. 8.11
[Ipumensiercs Taxke KOMOMHAIUS JBYX HACAJKOB: KOHOUAAIBHOTO (CO-
10) U KoHm4Yeckoro (nuddysop) (puc. 8.12).

Puc. 8.12
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[TpucrtaBka muddy3opa K COTUTy BICYET 3a COOON CHIIKEHHUE JaBICHUS
B Y3KOM MECT€ HacajKa, YTO MPUBOJAUT K YBEIUYCHHUIO PACX0Jla U CKOPOCTU
yepe3 Hacaaok. [Ipu Tom xe quamerpe y3koro ceuenus 1—1 u ToM xe Hanope
¢ Gy30pHBI HACATOK MO3BOJISIET YBEIHMUUTH pacxoa B 2,5 pa3a Mo cpaBHe-
HUIO ¢ corioM. OHU MPUMEHSIOTCS TTPU Majbix Hanopax (H =1-4 M), Tak kKak
B y3KOM MecTe (ceyeHue 1—1) BO3HUKAEeT KaBUTAIMS, YTO YBEIUYUBAET CO-
NpOTHBIICHHE Hacaaka (cM. puc. 8.12).

Koaddunuent pacxona onpenensercs no Gpopmysie (puc. 8.13)

M= 2 ’
S14/2gH
rae S; — mIomagb y3Kkoro CeueHus.

IIpumep 8.1. Onpenenutb pacxo U CKOPOCTh UCTEUEHUS BOJBI U3 KPYT-
joro otBepctus quameTpom d = 0,01 M B OOKOBO#I CTeHKE pe3epByapa OOJBIINX
pa3mepoB. Hamop Bozbl Haja nieHTpoM oTBepeTHst H = 1 M, TeMiiepatypa BOAbI
t=20°C (v=10"5m2/¢).

Pewenue. Yucno Pelinonpica, XapaKTepU3yOIIEe UCTCUEHHUE:
_y2gH-d {/2-9,81.0,01
v 10-6

ITo puc. 8.6 Haxomum u u ¢ ipu Re = 44300, u = 0,62, ¢ = 0,95; omnpe-
JIeJIsIEeM CKOPOCTh UCTEYSHUS BOJIbI YePE3 OTBEPCTHSL:

v=0y/2gH =0,95{/2-9,81-1=4,2 wm/c.
Pacxon BbITEKaroOIIeH JKUIKOCTU YEPE3 OTBEPCTHE

Re =44300.

) 2
Q=pwmy2gH =O,62-%«/2-9,81-1z0,2-10—3 M3/c.

Ipumep 8.2. OnpeaenuTs TMaMETPHl: B HA4YaJle U B KOHIIC BOJIOBBIITYC-
Ka, UMeromero (GpopMy KOHHYECKH PACXOSINErocs Hacajaka, paboTaroIiero
B 3aTOIIEHHOM pexume (puc. 8.13), ecmu Q= 0,5m3/c,: n=0,5,2=0.25 m,
JUTMHA Hacaaka (=4 m.

Puc. 8.13
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Pewenue. Pacxon uepe3 Hacagok

Q=nw\29z =pn(D2/4)2gz.

Haxonum nquametp

D= Q  _ 4-0.5 0,76 M.
29z \[7-0,5-4/2-9,81-0,25

[IpunsiB yron konycHoctu 0 = 6°, Hailiem AMamMeTp BXOJIHOM 4acTH Ha-
cajka (puc. 8.14)

d:D—2£tg%:O,76—2-4-t93°:

=0,76-2-4-0,054=0,76-0,43~0,33 m.

Ha ‘
0 =5°30’

2,2 W\ s
1,8 AN
\

1,4

1,0
0 4 8 12 16 20 Hm

Puc. 8.14

KOHTpOJIbHI)Ie BOIIPOCHI M 3aJaHUA

1. Yro moHuUMaeTCs MOJ TOHKOW CTEHKOW, MajbiM OTBEPCTHEM, OOJIb-
IUM OTBEPCTUEM?

2. Kakuie BUIBI C)KaTUS CTPYH TIPU UCTEUEHUHU M3 OTBEPCTHS B TOHKOM
CTEHKE BbI 3HaeTe?

3. Kakumu kosduimeHTaMu xapakTepu3yeTcsi UCTEUCHUE KUIKOCTH
M3 OTBEPCTUH U KaKOBa MEX1y HUIMHU aHAIUTHYECKAs! CBA3b?

4. Yem otnmuaercst opMmynna pacxoa >KUIKOCTH JJIsl HE3aTOTUIEHHOTO
Y 3aTOIJICHHOTO OTBEPCTUIA?

5. Kakue TexHuuecKkue 3a7jaud penaroTcss Ha OCHOBE TUAPABINYECKOrO
pacyéra UCTeUEHUS KUIAKOCTH?

6. Ilo kakoW 3aBUCHUMOCTH ormpeaensercss Kodh(UIMEeHT CKOpOCTH
OTIBITHBIM ITYTEM?
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7. Kakue nmonpaBouHble KO3(h(ULIMEHTH MPUMEHSIOTCS MPU pacuéTe @
U |L IPY HECOBEPILICHHOM CKaTUU?

8. Kakas 3amaua pemaercsi mpu OMOPONKHEHUH EMKOCTEH M OT KaKHX
(bakTopoB 3aBUCHUT €€ perieHue?

9. Urto Ha3bpIBaeTCA HACAAKOM U KaKHe HACaaKU BbI 3HaeTe?

10. Ilpu xakux ycnoBHUsIX 00pa3yeTcsl CX)KaTOe CEUEeHUE U Ha KaKoM yja-
JIEHWH OT Bxoga?

11. [louemy B Hacagkax KOI(Q(PHULUUEHT CKATUL CTPYH € = O,/ NPUHHU-

MaeTcs pPaBHBIM €AUHUIIE?

12. Yem otnuyarorcs KOdOPUIIUEHTHI L U @ ISl OTBEPCTHUS?

13. Kak yuutsiBaeTcsl BIMSIHUE BSI3KOCTH HAa KOA((ULIUEHTHI UL U (7

14. Yto Takoe npenenbHOe (KPUTHUECKOE) 3HAUCHHE HaIlopa Mpu UCTe-
YEHUU S>KUJKOCTH Yepe3 HACaJAKd M TOYeMYy JICUCTBUTEIBHOE 3HAYCHUE
MEHBIIE KPUTUYECKOTO?

15. HazoBute 0071acTh TPUMEHEHUS [TUIMHAPUYECKUX HACATKOB U Jlaii-
T€ UM KpPaTKYIO0 XapaKTePUCTHUKY.

16. HazoBute 001acTh MPUMEHEHHSI KOHMYECKUX HACATKOB U JAHUTE MM
KpPaTKYI0 XapaKTePUCTHUKY.
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9. HIEPEKAYKA KNJIKOCTH 11O TPYBAM

CoBpemenHass OypoBas yCTaHOBKA SIBJIIETCS MOIIHOW M JIOCTATOYHO
CJIOKHOM THUIPABIMYECKOW CHCTEMOW, CHAO0KEHHOW €MKOCTSIMH, HACOCAMH,
TpyOONpPOBOJAMHU, JIOTKAMHU U T.II., MPABUIHLHOE MPOEKTUPOBAHUE KOTOPHIX
HEBO3MOXHO 0€3 THAPABINYECKUX PACUETOB.

TpyOonpoBOAHBIM TPAHCTIOPT MPU COBPEMEHHOM YPOBHE TEXHUKH SB-
JSIETCS CaMbIM YIOOHBIM, a TIPU JOCTATOYHO OONBIIMX KOJIMYECTBAX IOja-
BAEMBIX UJKOCTEH M CaMbIM 3KOHOMHUYHBIM. 3/1€Ch Mbl PAaCCMOTPUM 3TOT
BH/JI TPAHCIIOPTA JIMIIb C TUAPABINYECKON TOYKH 3PCHHUS.

[TpakTHdecku 3amaya TUAPABINICCKOrO pacueTa TpyoOnpoBOI0B MOKET
CTaBUTHCS PA3JIMYHO, IPUYEM MOXKHO CUUTATh, YTO OCHOBHBIMHU BapHaHTaMU
pacyera sIBIISIFOTCS J1Ba.

1. Onpenenenue Hamopa B Havaje JMHUHU MPU U3BECTHBIX MapaMeTpax
TpyOOIIpOBOAA U 3aIaHHOM PACXOJIe KUJIKOCTH ONPEIeTeHHBIX (HU3NIECKUX
CBOMCTB.

2. OmpeneneHue auamerpa TpyOOmpoBoJa MJig MEPEKauKu 3aJaHHOTO
KOJIMYECTBA U3BECTHOM KUIKOCTH.

B mpakTuke pacyeToB MOTYT BO3HHKHYTh M APYTH€ BapHaHTHI MOCTA-
HOBKHU 33]a4¥, KOTOPbI€ B OOJIBIIIMHCTBE CIIY4aeB CBOJATCS K YKa3aHHBIM OC-
HOBHBIM.

[IepBas 3amada Mo ONpENEIICHUIO HAIlOpa B HAYAJIE JIMHUU SBJISCTCS
Hanbosee mpoctoid. M3 mpeoOpa3zoBaHHOTO OCHOBHOTO YpaBHeHUs bepHyin

V,2 V.2
zl+ﬂ+izzz+ﬁ+—2+AhW (9.1)
Y 29 Y 29
IpH ycinoBuH, 4to V) =V, BenuuuHy Hanopa pP;/y B Hadaue JMHUH MO>KHO
OTIPENICIIUTH CJICTYIOMHNM 00pa3oM:
&222—21+&+Ah£. (92)
Y Y
Ha nmpakTrke B OOJNBIIMHCTBE CITy4aeB JaBICHUE B KOHIIC TMHUU [y SB-

JIAETCS BEJIMYMHOW 3aJaHHOM U €CJIM IEpPEeKayKa MPOUCXOIUT B OTKPBITHIN
pesepByap, T0 P, =0. PazHocts Z,—27;=h; ecTb reomerpuyeckas BBHICOTa

MepPeKavKH, T.€. BBICOTA, HA KOTOPYIO MOJHUMACTCS KHUIKOCTh, MPOTEKAst OT
Hayajla 0 KOHIA PacyeTHOro ydacTka TpybompoBoma. Ecim 7z, >7;, 1O

hg <0 (TpyOomnpoBoOx IPOJIOKEH CBEPXY BHU3 M B 3TOM cirydae Ny crocobert-

BYET JBMXEHUIO KUAKOCTH 1O TPYOONPOBOAY).
C ydetoM BBeIcHHBIX 0003HaueHui ypaBHeHue (9.2) mpumeT Buj
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PL_hy+Ahy (9.3)
Y .
Bemnunna Ah, ompenensiercs mo gpopmyie
2
Ah, :Xﬁv—. (9.4)
d 29
Torna (9.3) MOXHO IPEICTaBUTH B BUIS
2
Pop Y2 (9.5)
Y d 29

3nadenne kodddummeHTa A onpenenseTcs B 3aBUCUMOCTH OT YCJIOBUHN Tede-
HUS B POJA KHUJIKOCTH.

3aBHCHMOCTh NIaBJICHHUS B Hayalie JMHUW OT PacXoja XUIKOCTH IS
pacyeTHOro ydJacTka, mocTpocHHas B Buje rpaduka h = f (Q), moxer oGier-
YUTh pacyeT MpU MPOSKTHPOBAHUU TPYOONPOBOAA WM BHIOOpE peKHMMa €ro
pabotbl. Takasi 3aBUCUMOCTh Ha3bIBAETCS TUAPABIMYESCKON XapaKTEPUCTUKOM
TpyOonpoBoaa. KpuBbie 3TH Jar0T HATMISAIHOE MPEACTaBICHHEe 00 N3MEHEHHH
THIPABIUYECKUX CONpoTHUBIeHHH. OCOOEHHO yI0OHBI OHM JUIsl aHaJH3a pa-
00TbI TpyOOIIPOBOAA COBMECTHO C HACOCHOM cTaHUMel. [ mapaBinnyueckas xa-
PaKTEPUCTHKA TPYOOIIPOBOJIA C YUETOM OTEPh HA MECTHBIC COMTPOTHBIICHUS

P
72:H=hO+AhW, (9.6)
rae Ah,, =Ah,+Ah, — moTepu >HEpruy Mo JUTMHE W Ha MECTHBIE COMPOTHUB-

JICHUSI.

PaccMmoTtpum penienue BTOpoit 3aauu, B KOTOPOl OCHOBHBIM BOITPOCOM
SIBJISIETCS OIpeJeNieHne quaMeTpa TpyoomnpoBoaa. B oTiunune ot nepBoit 3a-
Ja4M, KOTOpasi pelraeTcsi OAHO3HAYHO, BTOpas 3a/ladya MOXKET UMETh MHOXKe-
CTBO PEIICHUI, €CJIM HEe OTPaHUYUBATh €€ HUKAKUMU JIOMOJIHUTEILHBIMH YC-
noBusiMd. C THUAPABINYECKON TOYKH 3PEHHUS] MOKHO PACCUUTATh MEPEKauKy
3aJIaHHOTO PAacXoja M3BECTHOM >KUIKOCTH MO TPyOONPOBOAAM Pa3IUYHBIX
JTMaMETPOB OT OYE€Hb MAJIOrO J0 O4YeHb 00JiblIoro. OgHAKO U3 3TOr0 0OJIb-
IIIOTO psA/ila TPYOOTPOBOJOB OTBEUATH YCJIOBHUSAM TEXHHKO-KOHOMHUYECKOU
1es1eco00pa3HOCTH OYIyT OJIMH WM JIBa IUamMeTpa Tpyo.

[Tpu manom quametpe TpyObI JJ1s1 0OeCTeUueHHs 3aJaHHOTO PAcX0/ia MbI
OyneM UMeTh OOJBIIYI0 CKOPOCTh TEUEHHUS KUJIKOCTA U OOJBIINE TMOTEPU
SHEPTUH, T.€. OOJIBIIIOE AaBJIeHHE B Hauase JuHuU. C mepexo/ioM K BapuaHTy
¢ OONBIIUM AUAMETPOM TPYObI CKOPOCTh YMEHBIIIAETCS TaK K€, KaK yYMEHb-
IIIAETCSl HAMOP B Ha4ayie JJUHUHU. 3aTO B TIEPBOM CJIy4ae CTOMMOCTh TPyO Ma-
Joro auaMerpa OyAeT 3HAUYMTEILHO MEHBINe, YeM TpH TpyOax OO0JIBIIOTO
JTMaMeTpa.
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Jlist permeHust 3amadu BeIOOpa nuaMeTrpa TPyObl OOBIYHO 3aJar0TCS
CpeIHEH CKOPOCTBIO TCUCHUS JKUIKOCTH, UCXOMIS U3 MPAKTUICCKUX JTaHHBIX,
MOCJIe YeTO HAXOMST JAUaMeTp TPyOONpoBOJa, a 3aTeM IO CXeMe TEepPBOM 3a-
Ja9¥ ONPEJIEIISIOT IaBJICHHE B HAYAJIe JIMHUU.

CKOpOCTH KUAKOCTEH BBIOMPAIOT C Y4E€TOM WX (DM3MUECKUX CBOMCTB
Y TIPaKTHYECKOTO OITbITA:

TUTSI BOJTOTIPOBOIOB, M/C «.vevvvveaneeeanene 1825
— OCH3UHOTIPOBOJIOB, M/C ...cvveeneennne 16272
— JIETKOU HEPTH, M/C ..evvvvveeiireeiniennne 1520
— TSDKEJION HEPTH, M/C ...vvvvevvveeennen, 09—-14
— IJIMHUCTOTO PACTBOPA, M/C...ec.vnvee.. 1,4—2,3

Takum cnocoOoM MOXKHO PEKOMEHJ0BAaTh ONPEIENATh JUAMETP TOJIBKO
TpyOONIPOBOJOB HEOONBIION MJIMHBI, CTOMMOCTh KOTOPBIX CPABHUTEIBHO
HeBenMka. B ciydae TpyOonpoBoaoB O0NbIINX JJIMH, COCTABIISIOMINUX JECST-
KU KHJIOMETPOB W 0oJiee, MPaBWIBHOCTh BBIOPAHHOTO IUaMeTpa JOJDKHA
OBITH JIONOJIHUTEIFHO OOOCHOBAaHA TEXHUKO-3KOHOMUYECKMM M HAJEKHOCT-
HBIM pacueToM. 3Has 3aJaHHbIN pacxon Q u BbIOpaB CpeaHIOI CKOPOCTH V,
HaxXO0JIUM JUuaMeTp TpyObl

d= aQ . (9.7)
v

Tak kak B 00mIeM ciy4yae OIpPEAESIEHHbI TaKHUM CIIOCOOOM JTUaMETp
He OyJIeT COOTBETCTBOBATh CTAaHAAPTHOMY pa3Mepy TpyO IO COPTaMEHTY, TO
HEeoOXoaMMO BBIOpaTh OKaiimmii cTaHmapTHbeI guametp. [locnme sToro
TUAPABINYECKUNA pacyeT MOXKET ObITh MPUBEACH K MepBoil 3amave. Cremyet
OTMETUTH, YTO IIPU pacyeTe NOTEPh HAMOPA BEJIWYMHY AHAMETPA HYKHO BbI-
YUCIISITH C BOBMOXKHO OOJIBIIIEH TOYHOCTHIO, TaK KaK YPOBEHb MOTEPH JIaBJIe-
HUS U3MEHSIETCS] B 3aBUCUMOCTH OT PEKMMa T€UeHHsI 0OpaTHO MPOIMOPILHO-
HaJIbHO YETBEPTOUN WM JaXke MATOW CTENEHU BEJIMYMHBI TUAMETPa.

[Ipu rugpaBiIMyecKOM pacuere ClieqyeT NMPUHUMATh JIeWCTBUTENIbHBIN
BHYTPEHHUI AHaMeTp TPYyObl, KOTOPBIM U3MEHSAETCS B 3aBUCUMOCTH OT TOJI-
IIUHBI CTEHOK TPYOBI ISl OJTHOTO U TOTO K€ HOMHHAJIBHOTO nuamerpa. Jla-
nee OyneMm moApoOHEe paccMaTpuBaTh pacdyeT TPYOONPOBOAOB Pa3TUYHOU
KJ1accu(uKanuu.

9.1. Knaccudpukanusi Tpy0onpoBoaoB

PaccmoTpum knaccudukamnuio TpyOOIpoOBOIOB MO CIEIYIONUM Xapak-
TEPHBIM ITPU3HAKAM:

1. To dyHKIIMOHATEHOMY Ha3HAYEHHUIO TPYOOTPOBOABI MTOAPA3ICTISIOT:

— Ha BCACHIBAIOIINE;

— HarHeTaTelbHbIC.

82

KOMMONEKT 3NEKTPOHHBIX ,
YUYEBHO-METOOUYECKUX MATEPUAJIOB - I L 2 I OTMABREHME == I JARPBITD XI


http://portal.tpu.ru/ido-tpu
http://tpu.ru

| | (0 MaTepuanbl npegHasHayeHbl NS UCNOMb30BaHUSA B y4EOHbLIX Liensax
cTyaeHTamm MHCTMTyTa AMCTaHLMOHHOro obpasoBaHus TIY

— N —

2. C KOHCTPYKTUBHOM TOYKH 3pEHUS TPYOOIPOBOIbI MOIPA3ICIISAIOT

— Ha IPOCTBHIE;

— CJIOXKHBIE;

— KOPOTKHUE;

— JUTHHHBIE.

Ilpocmvivu Ha3bIBalOT TPyOONPOBOJABI, HE HWMEIOIIUE OTBETBICHUI
1 00CITy>)KMBAIOIINE TOJBKO OJJHY TOUKY = X.

[Ipuyem auameTp TpyObl, a TAaKK€ pPacXOJ KUIKOCTH HA BCEU IJIMHE
TpyOBI OCTAa€TCA HEU3MEHHBIM.

CnoocHble  TpyOOTIPOBOJBI JENATCS HAa TYIUKOBBIE, MapauleIbHbIC
Y KOJIBLIEBBIE.

Tynuxovle COCTOST U3 MarkuCTpalbHOTO (TJIABHOTO) TpyOOMpoBoOIa, OT
KOTOPOTO B pPa3HbIE CTOPOHBI OTXOIAT OTBETBICHUS K TOTPEOUTEIISIM.

IlapannenvHvle COCTOST W3 HECKOJIBKUX MapaICNbHO MPOJIOKEHHBIX
TPpyOOIIPOBOJOB, CBSI3aHHBIX MEXIY COOOM MEpEeMbIUKAMU C PEryIHPYIOIIH-
MU 3aJIBUKKAMHU.

Konvyesvie npenctrapisior co00i 3aMKHYTYIO CeTh TpyO, 4To obecrie-
YUBAET [10/1a4y BOJIbI B JIIOOOM HampaBiICHUHU.

[Ipu aBapuu Ha KakOM-IMOO y4yacTKe MoOjada BOJbl HOTPEOUTENIO
HE TMpeKpalaeTcs.

Kopomxumu Ha3bIBAIOT TPYOONPOBOIBI, KOTOPHIE HMEIOT 3HAYUTEIbHBIC
MECTHBIE COTIPOTUBIICHUS TI0 CPABHEHUIO C TMHEHHBIMU (ITyTEBBIMU).

Jlnunnbimu Ha3bIBAIOT TPYOOTPOBOIBI, Y KOTOPHIX TOMUHHUPYIOT MOTEPU
Haropa Mo JJIMHE TPyOONpPOBOJa; MECTHBIMU MOTEPSIMH M CKOPOCTHBIM Ha-
MOPOM MpEeHEOperaroT.

9.2. Cucrema ypaBHeHMH 1 3a1a4U
THAPABJIMYECKOr0 pacyeTa TpyoONpoBOA0B

['unpaBnuyeckuil pacdyeT TpPyOOIPOBOJOB OCHOBAaH Ha CJEAYIOIIUX
ypaBHEHUSX, GOpMYJIax U 3aBUCUMOCTSIX:
— ypaBHEHHE bepHyYIIM 17151 MOTOKA BSI3KOM KUJIKOCTH

2
z+£+M+AhW:H:const; (9.8)
Pg 29

— YpPaBHEHUE HEPA3PBIBHOCTH ISl YCTAHOBUBILETOCS MOTOKA KUIKOCTH
(YypaBHEHHE MMOCTOSIHCTBA Pacxo/a):

Q=VF =const; (9.9)

— ¢opmyna lapcu — Beiicbaxa 115 yuera moTepb Ha TpeHue (1o JjIuHe
TpyOOINpoBOa):
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2
Ah, =2 EYZ, (9.10)
d 2g

- (I)OpMyJIa AJIs1 y4€Ta MCCTHBIX IMOTCPb!:
Ah, =§ Ve , 9.11
hM M Zg ! ( * )

— ¢opmyna lle3u mpu pacuere JTMHHBIX TPYOOTIPOBOIOB:

V =c\iR wm Q=FciR, (9.12)

1
rae C=—RY — koaddunuent Ulesu; N — koapduiueHT mepoxoBaroct; R —
n

THIPABIUYECKUIN paauyc; Y — mokasateinb crernenu, Y= f(n,R).

O603HaumB B hopmyie (9.12) yepes K = FcVR , TIOTTYIUM

rae K — pacxojHas XapakKTepHUCTHKa (MOAYJIb pacxoja), Mpe/CTaBISIONMIAs
co00¥ pacxo/ Mpu THAPABINIECKOM YKJIIOHE, PABHOM CIHHHIIC,

— (popMyIa AJig onpeaeeHus THAPABINYECKOTO YKIOHA (yACNbHBIX MO-
Teph HAIopa Mo JIJTUHE):

_Ah, _V2Z2 Q2
( 2R F2c2R
wn [popmyina Jlapcu — Beiic6axa (13.10)]
(V2
A
Ah, d2g AV?2

( ( d 29

(9.14)

3amensisi ckopocth V Ha Q, 3 ypaBHeHus pacxona Q=VF , nomydum

- 160Q2 _ 81Q2
2gn2d5 gn2d5’

(9.15)

O6Gosnaunm A=8)\/gn2d® — ynenbHOE CONPOTHUBIECHHE TPYOOIPOBOAA, II0-

JTy4UM
i=AQ2. (9.16)
Torna
Ah, =il =AQ2(=5Q?2, (9.17)
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rae S — JIMHEHHOE COMPOTHUBIIEHUE TPYyOOIPOBOIa.
Hatimem cBsizbp Mexay K u A u3 ¢popmy

K=Q k2= (9.18)

—= HIJIHN
Ji i

[Moncrapisas 3navenue | u3 Gopmyis (9.15), nomydunm

KZ_Q_22 gn2dS>  gm2d> 1

—. (9.19)
8L Q2 &8 A
W3 BeIpakenuii (9.18) ciemyer:
. Q2
= DeR (9.20)
Toraa morepu 1o JUIMHE ONMPEICIIAIOTCS 1Mo (hopMyIIe
2
A, =ie=L ¢, (9.21)

K2

VuauteiBas, uro  1=Ah,/(, umeem

Ah, K
=K,|—L =—~./Ah, .
Q I} \/Z v
O6osnauns P=K //( , IOJTy4rM OKOHYATEIbHO

Q=P,/Ah,, (9.22)

rae P — mpoBOAMMOCTS, BEIpaKarolast Co00i pacxo )uaKkocTu nmpu Ah, =1.
CpasuuBas Boipaxkenus (9.17) u (9.22), naiinem cBsizb Mexay P u S. U3

BbIpaxkeHus (9.17) umeem
Q = A ’Ah{ /S .

Torna

PAh, = AThf WIn P:%; S:%.

3nauenus A u K npuBoasATCS B THAPABIMYECKUX CIIPABOYHHUKAX.

OO61as 3agaya TUIPABIMYECKOTO pacuyeTa TpyOOnpOBOIOB 3aKIH0YAETCS
B OIpEACIICHUH IUAMETPOB TPYyO ISl MPOIyCKa 3aJaHHOTO pacxojaa BOJbI
U Haropa, HeoOXOAUMOro JJisl MOoAauu BOJbI KO BCEM TOUYKaM BoOJOpa3bopa
IIPH ONTUMAJIBHBIX 3aTpaTax.

(9.23)
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[Ipu pacuere 3aTpaT YYHTHIBAIOT PACXOJd CPEACTB HA CTPOUTEIHCTBO
U SKCIUTyaTaluio TpyoonpoBoa.

Hampumep, ecim mpuHATH TIPU pacdyeTe BBICOKUE CKOPOCTU JBMKCHUS
BOJIbI, TO 33 CYET ATOTO MOXHO YMEHBIIUTH TUAMETPHI TPYO, HO YBEIHUYATCS
MOTEpHU HaIopa Mo JJIUHE, YTO MPUBEIET B MPOLIECCe IKCILTyaTaluu K 00i1b-
[IMM 3aTpaTaM JIEKTPOIHEPTUH.

Pexomenpanuu 1no BeIOOPY ONTUMAIbHBIX CKOPOCTEH JABUKEHUS >KH-
KOCTHU B TpyOomnpoBoaax npuoastcs B CHullax.

[Ipu perieHNN MHKEHEPHBIX 3a/1a4 YEThIPE BEJIMUMHBI — pacxo] Q, cko-
pocth V, nuamerp TpyOompoBoaa d u motepu Hamopa Ah — SIBJISIOTCS TIepe-
MEHHBIMU U B3aMMO3aBUCHUMBIMU. X CBS3BIBAIOT MEXAYy COOOW ypaBHEHHUS
bepHyiim 1 HepazpbIBHOCTH (pacxoja), MOTepH M0 JIMHE TPyOOoIrpoBoja U Ha
MECTHBIX CONPOTHBJICHUSAX, KOTOpbIC y4HThIBalOTCA 10 (opmynam (9.10)
u (9.11) cooTBETCTBEHHO.

OmnpeneneHHOCTh peuIeHus 3a/1a4 THAPABINYECKOTO pacyeTa TpyOompo-
BOJIOB JIOCTUTACTCS TPH CIACAYIOMNX YCIOBUAX:

1. 3agaercs pacxoa BOJBI.

2. [IpyHUMArOTCSl ONMTUMAITBHBIE CKOPOCTH ABWKEHUS BOJIBI.

Hapsiny ¢ oOmieit 3amadeil THAPaBINYECKOTO pacdera TpyOOIrpoBOIOB
pemaroTcs CAeAyIoNIUe YaCTHBIC 3a/1a4u:

1. IIpoBepsieTcsi MpoIycKHasi COCOOHOCTh TPYOOIpOBOJIa MPH 3ajaH-
HBIX 3HAUCHUSIX JUAMETPOB TPYO U Hamopa.

2. OmpenensieTcss Hamop NpH 3aJaHHBIX 3HAYCHUSX JTUAMETPOB TPYO
U pacxoja BOJIbI.

PaccmoTtpum omnpenienieHre Haropa 1o cxeMe, mpeICcTaBlIeHHOM Ha puc. 9.1.

2

1
1! Dty
i ' ~
i -
: N e~
|
I |
| 2!
O0—O—’ |
1]
Puc. 9.1
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[Ipumensa ypaBaenue bepHyinu, nis cedenuit 1-1 u 2—2 3anumem:

2
zl+&+vi: p2+—+Ahl_2, (9.24)
Pg 29 Pg 29
V2 _VZ
rac Zl ZO, 22 =7 Zg 2g , TaK KaK BCIIMYHNHA CKOPOCTHLIX HAIIOPOB I'OPOI-

CKOr'0 BOJOIPOBOJIA Majla M €10 MOXKHO npeHeopeus (V) =V, ) (Ha nmpakTuke

3Ta pa3HOCTb OKOJIO 5 CM)
Torna ypaBuenue (9.24) npumet BUA

PL_P2 74 An, (9.25)
g pg

rae p;/pg — BeTMUMHA MbE30METPHUYECKOro Hamopa B cedeHnu 1—-1. OH pac-

XOJyeTcs AJisl OAbEeMa BOJbI HA BBICOTY Z U HA MPEOJOJICHUE TUApaBInYE-
CKHX COIPOTHUBIIEHUH B TpyOompoBoae Ah_,, Po/pg — cBOOOAHBINH Hamop,

HEOOXOJUMBIH ISl IPEOJOJEHUS] MECTHOIO COIpPOTHUBIEHHUS KiamaHa |
U CO3/1aHUsl CKOPOCTH U3JIMBA BOJBI B OaK.

CBoOOaHBII Hanop B MeCTax BOJAOpa30opa NpHHUMAETCS B Ipelenax
1...4 M u obo3Havaercs H

Torna ypaBaenne beprymm (9.25) MoxHO 3anmucaTh Tak:
H=H_+z+Ah_,. (9.26)

Jlyist onpeniesieHust Haropa B JIIOOOM CEYeHHH TPyOOIpoBOaa HEOOXO01H-
MO 3HAaTh:

— Pa3HOCTh TEOMETPUUYECKUX OTMETOK Z MEXIy HauboJyiee BBICOKO pac-
MOJIOKEHHBIM BOJOPA300pOM U JTaHHBIM CEUEHHEM MOTOKa; €ClIh TOYKa IMO-
TpeOJieHUsT PacIoIOKeHAa HIDKE 3aJIaHHOTO CEUEHUs, TO Z MPUHUMAETCS CO
3HAKOM MUHYC;

— YpOBEHb CBOOOIHOrO Hanopa /1, B BeICHIEH TOUKE BOJOPA300Pa;

— YPOBEHB ITOTEPH HANIOPa HA THAPABINYECKUX COMPOTUBIIEHUAX 110 IY-
TH JBWKEHUS BOJIbI OT 3a/IaHHOTO CEYEHHUs 10 Haubosee yJaJIeHHON TOUYKU
BOJIOpa3dopa.

Tax kak pa3HOCTb OTMETOK Z U CBOOOHBIN HANOp OOBIYHO 33/1al0TCSI, TO
U1 OTpeJiesieHns: TpeOyeMoro Haropa NpoM3BOAUTCS pacueT NoTeph Haropa,
CBSI3aHHBIX C THJIPABIMYECKUM COMPOTUBIEHUEM TPYOOIPOBOIA.

3. Hamop 3anan. Onpenensitorcst iuaMeTpsl Tpyd TakuM 00pazoM, 4TO-
OBbI BBITTOJHSJIOCH YCJIIOBUE

Hp=He+z+Ah;. (9.27)
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9.3. MeTtoa pacyeTa NpoCThIX TPY0OONIPOBOA0OB

[IpuMeHeHHEe TeX WM MHBIX METOIOB pacyeTa HAIOPHBIX TPyOOIpoBO-
10B 00YCTIOBJICHO KOHCTPYKTUBHBIMU XapaKTEPUCTUKAMU U UX Ha3HAYCHHUEM.

[Ipu pacuere mpocToro TpyOOMpOBOJa HAXOJUTCA pacyeTHas 3aBHCH-
MOCTb U3 yYpaBHEHUS bepHyIIM U ypaBHEHHUs pacxo/ia, a TakkKe U3 POpPMYIIbI
ISl ydeTa oTepb M0 JUIMHE U HAa MECTHBIX COTIPOTUBJICHUSX.

PaccmoTpuM iBe OCHOBHBIE pacUeTHBIE CXEMBI: HCTeUEHUE B aTMochepy
U CTEYCHUE TT0/] YPOBCHb.

Cxema ucredenus B atMmocdepy nokazana Ha puc. 9.2.

7 pa'r
HRvAR N
<
N
+
>
o
S~
, ™
N ]
o I
o
S~
e
A
| N
o v

Puc. 9.2

Hanumem ypaBaenue bepnymu s ceuennit 1-1 u 2-2:

P, wV? + P2 V7
2+ =+ +>Ah_,, (9.28)
pg 29 ° py 2 i
2
rae H=2-12,; PP pB‘T; o =0y =l VizO.
P9 Pg P9 2
Torna
V2
—_g+ZAhl—2 : (9.29)
g n
rme ZAhl_z = g E+Z§i — CyMMa IOTeph IO JJIMHE U MECTHBIX COMpO-
1
THUBJICHUM.
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[ToacTarmnsis mocneaHee Beipakenue B (9.29), momydum 3aBUCUMOCTD:

V& ¢
H= r (1+xd +YE; j (9.30)

CxeMa ucredeHus o1 ypoBEHb MOKa3aHa Ha puc. 9.3.

2
Z\V

d.l N

Puc. 9.3

Hanumewm ypaBuenue bepuymnu nns cedenuit 1-1 u 2-2:

P oqVy? pz V7 7
L+—+—==1 —=+3>Ah_,, (9.31)
g 20 2Ty 29 ?
PL_P2_ Pa. V2 V2
rne H=z,-12,; Do RO, ~]; =0.
Y o9 pg pg % 29 29
Torna
H=YAh_,, (9.32)

rac

2

¢ V2 V2 (V-V,)

ZAhl—Z A—- & + .

29 29 29 29

B Beipaxkennu (9.33) aBa MOCIEIHUX WICHA MPEACTABISAIOT COOO0M ToTe-

P Ha MECTHBIX COTIPOTUBIICHUSX, TIPUYEM TTOCIICTHEE CaraeMoe onpeesseT

MOTEpU HAMopa MPU BHE3AHOM PACIIMPEHUH U BBIYUCISIETCS MO TeopeMe
bopna.

Pemras coBmectHo ypaBHenus (9.32) um (9.33) u yuuThIBas, YTO

V2129 =0, nomyanm

(9.33)

89

KOMIMJIEKT 3JIEKTPOHHbIX
YYEBHO-METOAUYECKUX MATEPUAJIOB


http://portal.tpu.ru/ido-tpu
http://tpu.ru

| | (0 MaTepuanbl npegHasHayeHbl NS UCNOMb30BaHUSA B y4EOHbLIX Liensax
cTyaeHTamm MHCTMTyTa AMCTaHLMOHHOro obpasoBaHus TIY

— N —

v2( ¢ N
H=—/|A-+2& +1]. (9.34)
2g\ d 1

Comnocranisst ypaBHeHus (9.30) u (9.34), MOKHO BUJETh, YTO 1O PopMme
HaTVCaHUS OHU COBEPIIIEHHO TOXKIECTBEHHHBI.

Pasznuune Mexay ypaBHEHUSIMU MO (PU3NYECKOMY CMBICITY 3aKJII0YaeTCs
JUIIH B TOM, YTO €IWHUIIA, CTOAIIAsS B CKOOKAaxX MPaBOW YacTH ypaBHEHUS
(9.30), oTHOCHTCS K CKOpPOCTHOMY HAIlOpy Ha BBIXOJIE IMOTOKa M3 TPYOBI
B atMocdepy.

CrnenoBaTenbHO, €UHUIA OMPEACIIAeT KHHETHUECKYIO0 SHEPTUI0, KOTO-
PYIO TIOTOK YHOCHUT ¢ COOOH M KOTOpast MOXKET OBITh B TAJIbHEUIIIEM HCTIOJb-
30BaHa JIJIsi COBEPIIICHHSI PaOOTHI.

[Tpu ncTeueHUM MO YPOBCHb €IUHHIIA B CKOOKax B ypaBHeHHH (9.34)
onpesensieT coool MOTEPSHHBIN HAMOP HAa BHE3AIMHOE PACIIUPEHUE MPU BXO-
Jie TIOTOKa U3 TpyObl B pe3epByap.

CrenoBatenbHO, MPU UCTEYCHUH TI0J] YPOBEHb BCSl SHEPIUs, KOTOPOH pac-
roJiaraet MoToOK, PacXoyeTcs TOJIBKO Ha MPEOI0TIEHUE COITPOTUBIICHUM.

[pu pacuere mpocToro TpyOOIPOBO/Ia PEIIAIOTCS TPH OCHOBHBIC 3aauu:

llepsas 3a0aua. TpeOyeTcs onpeneuTb HEOOXOIUMBIA AEHCTBYIOMIMI
Haniop H s tpyGompoBona mmmHOM |, M, auamerpom d, M, sl ipormycka
pacxoma Q.

Pernrenue cBoauTCs K MpsAIMOMY BBIYHCIICHHUIO Haropa 1o ¢opmysie (9.30).

KoadduimenTs! A u & MOTYyT OBITH CBSI3aHBI C UKCIIOM PeliHonbaca

Re= V_d = @ ’
v kv
rae Q u d 3a7aHbl MO YCIIOBHUIO 3a/1a4H.
Bmopas 3a0aua. Tpedyercs onpenennth pacxoa Q npu 3amanubix H, | u d.
Pacxon ompenensercs u3 ypaBHeHmsi pacxoga Q=VF wu BeIpaxeHus

(9.30). [Ipu coBMecTHOM pemieHUH MosrydaeMm (HOPMYITy JUIS BBIYUCIICHHUS

pacxoza:
2
Q:"f'1 2€an . (9.35)
I+ A—+2&;
d 7

st onpenenenus A U § HEOOXOAMMO 3HATh CKOPOCTh V WM MUCKOMBIN
pacxoj, moaromy Q MokHO HaWTu 1o gopmyne (9.35) METOIOM MOMBITOK
Wi rpadoaHaTUTUYECKUM CHOCOOOM, IyTEM MCHOIb30BaHUS (OPMYIIBI
(9.30) u nocrpoenust rpaduxa H = f(Q) (puc. 9.4).
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a ,//

Q | ‘

Puc. 9.4
3agaBasch 3HaueHuAMU Q, Q,, ..., Q,,, mo popmyne

__8Q? £
H= gn2d4(1+xd +Z§j

BbIUMCIIAEM paf 3HaueHut Hq, H,, ..., H,.

Tpemous 3a0aua. TpebyeTcs onpeneanTh AuaMeTp TpyoOorpoBoaa d mo
3amadaeiM H, Q, u |

Puc. 9.5

Huamerp TpyOonposoaa d onpenensercs rpadoaHaATUTHYCCKIM CITOCO-
oom. Ctpoutcs kpuBas d = F(H ): 3a/1aBasich psAaoM 3HayeHui oy, do,..., d,,
BeruncisgeM Hq, Ho, ..., H,, (puc. 9.5). Ilpu 3ToM 11151 Kak0i TOUKU rpaduka
Bbruucienue Hi, H,,..., H, nposoaurca 6e3 monbopa, Tak Kak IMpH KaKIOM
dy, ds,..., d,, gnciO PeliHoNbACca BEIYHCIIAETCS HETIOCPEICTBEHHO 110 (hOPMY-
ae Re=Qd/Fv.

3ameuanue 1. JIns ATUHHBIX TPYOOIIPOBOJOB, KOT/Ia MOTEPSIMU HA Me-
CTHBIX CONPOTHUBJICHUAX MOXHO IMpeHeOpeub, BCe TPU OCHOBHBIE 3aauu pe-
IIAI0TCS] HA OCHOBE MCIOJIb30BaHUs (DOPMYIIbI
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Hoa Y2, 890 (9.36)
d2g gmn2d>
CrnemoBaTenbHO, METOJMKA pacueTa COXpPaHSIETCs, HO pPacuéThl 3HAUU-
TEIHHO YMPOIIAIOTCA.
3ameuanue 2. Ilpu KBaApaTUIHOM 3aKOHE COIPOTUBIICHUS, T.€. KOTIa A,
a tarke kodpduuuent Illesu C He 3aBucaT oT Re, pacyéT MOXKHO BBINOJ-
HUTH 110 opMyIie

H :g : (9.37)
K 2

[TepBbie ABE 3a/1aUn CBOJATCS K MPSAMOMY BBIYHCICHUIO UX 1O (popmyIie

(9.37), mpuuém K ompenernsercs 1mo Tadymiam 1o 3aianHHoMy quametpy d.
Jlns pemrenust Tpetbeit 3amaun (onpeneants d mo maHabM H, Q u ()
cHayaJia Beruucisiercs mo gopmyiie (9.37) Heooxoaumoe 3HaueHue K, 1o Ko-
TOPOMY 3aTeM M3 TaOJWIl HaXOJAWUTCS OJkaiiiiee OoJiblliee W OJIMKaiIiee
MeHblnee 3HaueHua Ky m K, (Kl >K > Kz), U 110 TEXHUKO-DKOHOMUYECKUM

YCJIIOBUSAM IMIPUHUMACTCS d.

9.4. MeToaMKH pacyera cJIO0KHbIX TPYOONIPOBOI0OB

['unpaBnuueckuil pacyeT TpyOONpOBOIOB MPOU3BOAST 10 METOAUKAM:

1) yenbHbIX THAPABINYECKUX CONPOTUBIICHUM;

2) ynenpHBIX MOTEPh HAMIOpa Ha TPEHHE,

3) npuBeIEHHOTO KO PHULIMEHTa MECTHOTO CONIPOTUBIICHUS HA TPEHUE;

4) npuBeIEHNS MECTHBIX COITPOTUBIICHUN K JIMHEWHBIM.

JIst yopolleHus: THAPaBINYECKOro pacyeTa MCIOIb3YIOT 0000IIEeHHbIE
THIpaBIMYECKUE TapaMeTphl TpyOOIpoBoOaa:

— yAENbHOE TMHEHHOE CONMPOTHBIIEHNE Tpybonposoga A=8)\/gn2d?;

— IMHEIHOE conmpoTHBIIeHHE TpyOomnpoBoaa S = Al;

— PAacXOJIHYI0 XapaKTepUCTUKY TPyOOIpOBOJA, WM MOJIYJb pacxoja,
T.e. K2=1/A;

— IPOBOAUMOCTE TpyOomposoga P2=1/S.

[locnennue nBa mapameTpa CBSI3aHBI MEXIYy COOOH BBIpaKEHUEM
K =P

JIIsl THAPABIMYECKOTO pacdyeTa TPyOOIpOBOAOB UCIOJIB3YIOTCS TPUBE-
JICHHBIC (JOPMYJIBI U B 3aBUCHUMOCTH OT 3aJaHUs OTPEICIIAIOTCS 110 TadIuIamM
sHauenus A, S, K uim P.

PaccmoTpum mociienoBaTesibHOE coelMHEHHE TPYOOIPOBOI0B Pa3HBIX
auaMeTpoB (puc. 9.6).
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1T v I
= E—i < S
JE— JE— I —

: ~
| i\\ <
I ! NS | A
I N#

¢ B

lldl /2d2 I3d3 l4d4
0 X

Puc. 9.6

[IpeneOperass MECTHBIMU MOTEPSAMU, TIOTEPH IO JJIMHE MOXKHO OIpeJie-
JUTH IO popMyIIam

Ah, i =Q2(; I KZ umm Ah, i = AQ?2(;. (9.38)
[ToTepu Hamopa B TpyOONpPOBOJIE MOMYYAIOT MIyTEM CYMMHPOBAHHUSI 110-
TCPb HAIIOPa, OIIPCACICHHBIX HAd KAXKIOM OTACIIbHOM Y4YAaCTKC!:
2 A, =Ahy, +AR,, + Ahm3 +ANh,,

C yuerom npuBeaeHHbIX Gopmy (9.38), momyuum
4 n 4y " ls n 2
Kz K2 K2 K?

zAh,un =Q2

NJin
> AN, =Q2 (AL +Agly + Asls+ Ayly).
I[J'ISI 06J‘IaCTI/I KBaAPaTHOI'O COIMPOTUBJICHUA MOXKCM HAIINCATbh
A =Q2(S;+S,+S3+S,),

T.C.

AhJIJI :QZZS '

rae » S=S, — compoTHBIEHHE CUCTEMBI TPYOOIIPOBOAOB.

Takum 00pazoM, cucTteMy ¢ MOCIEIOBATEIbHBIM COSAMHEHUEM TPYOO-
MIPOBOJIOB MOKHO paccMaTpHUBaTh KaK OJUH MPOCTON TPyOOIPOBOI, COMPO-
THUBJICHHE KOTOPOTO PAaBHO CYMME COTPOTHBIIEHUN OTIEIBHBIX, IMOCIEAOBA-
TEIHHO COCTUHEHHBIX TPYOOTPOBOIOB PA3HOTO JHAMETPA.

Ucnons3ys popmyiy (9.38) u yuutsiBasi, 4To Bech Harop H 3aTpaunBa-
eTcsi Ha IPeoJOJIeHHE THAPABINYECKHX CONpoTHBIeHWH, T.e. H=h,,

MOXHO peImuTh OOpaTHYH 3ajady, a WMEHHO: TPpU 3aJaHHBIX
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H, {4, {5, {3, {4, u dy, dy, d3, dy OnmpeneanTs NPOMYCKHYIO CIIOCOOHOCTH
BCel cucteMsl o popmyre

PaccMoTpuM BapuaHT mapajjieJibHOr0 COeANHEHHUs TPYOOIpoBOI0B.

N3 puc. 9.7 BUAHO, 4TO B y3J10BOM TOUKE 4 MOTOK >KMJIKOCTH B MarucT-
pald JeIUTCS Ha YeThipe MOTOKa B BeTBAX 14, KOTOpbhle OOBEAUHSAIOTCS
B TOUKe B, 00pa3ys najnee NpoaoDKeHHe MarucTpaibHOTO TpyOOIIpoBoa.

Q
p+/Pg

|

Puc. 9.7

OcHOBHOM 3anaueil ABISIETCA OIpEIEICHUE Pacxo/a KaKIol BETKHU
Qy...04 U MOTEPSHHOI'O HAIIOPA Ah)IJI Ha MYTH OT TOYKHU A J10 TOYKH B.

Pemenne 3amayn 0CHOBaHO Ha TOM, 4TO Hamopel Hau Hg B y310BBIX
TOYKAX ABJIAIOTCA OOIMMH JUIA Ka)KI0HM U3 BETOK, 4 UX Pa3HOCTh

AH :HA_HB (939)

TNPENCTABIIAET OJHY M Ty JK€ MOTEPIo Hanopa Ah,; OJHOBPEMEHHO ISl Kax-

JIOW U3 BETOK.
Y4yuteiBas, 4To

Q’ Q2
AH == (=Q2A L=,

MOJKHO 3aIlliCaTh CIACAYOIYIO CHCTCMY PABCHCTB!
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K2 b K2 2_|<2 3_K2 ba
AH =Q2A Ll =QFAL, =QF AL =QFAL,; (9.40)

PZI.2 P22 P32 P42

AH = Q1 — Qz QS Q4

B cucteme (9.40) umeem (1711 KaKJI0TO UX Tpex BbIpakeHuit AH ) de-
ThIpE ypaBHEHUS (110 YUCIY BETOK) U MSATh HEM3BECTHBIX BEIIMYUH, U3 HHUX
4eThIpe HEM3BECTHBIX pacxoja (Q..Q, ¥ OAMH HEU3BECTHBIM MOTEPSIHHBIN

Harop AH .
st 3ambikanust cucteMbl (9.40) TpeOyeTcs emé oHO ypaBHEHUE, KO-
TOPOE MOKET ObITh YPAaBHEHHUEM Y3JIOBBIX PACXOJI0B,  UMEHHO:

Q=Q+Qx+Q3+Qy. (9.41)

PaccmoTpuM orpesieneHre HEM3BECTHBIX BEJIMYUH C YYETOM BBIpae-
Huii AH B cucreme ypaBuenuii (9.40).
Beipasum pacxonsl Q,, Qz, Q4 4yepes pacxon Q u nosydum:

Q2:Ql%\/§:; Q3:Q1%\/? Q4:Q1%\/§1;

Bly oS 0 oAl S, AL, >
Q== Q=0 P Q= lel, (9.42)

P P
Qz :Qlé; Qs :QlEj; Q4 :Q1F:

B cootBetcTBUU ¢ crcTeMoil paBeHCTB (9.42) momyynm

ookl 2)

Q= (831 S,+S,+S85+S,); - (9.43)

1

Q=%(Pl+ P,+P+P,).

1

N3 Beipaxkenuit (9.43) Haxonum pacxon Q:
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Q .

1+& ﬁ_ﬁ_& ﬁ_ﬁ_& ﬁ

KA\, KA\ K\
QS,

— N —

= X 9.44
Ql (S, +S,+S;+S,) (:44)
Q=i
" (R+P+PR+P)

3nauenus Q,Q,,Qz u Q4 Haliném u3 Beipaxenuit (9.42). IlorepsHHbBIN
Harop AH HaxomuTcs o ogHomy u3 paBeHCTB (9.40), Hanpumep:

2 2
AH :—Ql ¢, mm AH =Q2A/(,, wm AH :—Ql .
K 2 p2
1 1
B BOAOMPOBOAHBIX CETSAX MOTEPU HAIOpa Ha MECTHBIE COIMPOTHUBIICHUS,
KpOME HEKOTOPBIX CIIydaeB, HE3HAYUTEIbHBI [0 CPABHEHHUIO C JIMHECHHBIMU
notepsamu. [1oaTomy mpu OOJBIIOM HAOPe KX HE MPUHUMAIOT BO BHUMAHHE.
[Tpu pacuére BHYTPEHHUX BOIOMPOBOIOB HA JTUHEHHBIE IIOTEPU HAIIOpPA BBO-

AT MONpaBOYHbIM K03(dunueHT K, ydUThIBalOIIUNA MECTHBIE COINPOTHB-
JICHHUSL:

n
rac ZAhﬂ — CyMMa JIMHEWHBIX IIOTCPb HAIIOPa Ha BCCX IMOCJICAOBATCIIBHO (1'[0
1

XOJly BOJ/Ibl) PacHOJIO’KEHHBIX y4acTKaxX BOAOIPOBOAA OT HaYaJIbHOTO JI0 ca-
MOTI'0 YZAJIEHHOTO.

ToJIbKO TP OYEHb OrPAHMYEHHOM HAIIOPE MECTHBIE CONPOTHUBIICHUSA
OIPENIECIISIOTCS PACUETOM.

Takol ciydail MOXKeT ObITh, HAIPUMEDP, IPU MUTAHUU BHYTPEHHETO BO-
JOMPOBOJA OT OaKa, YCTAHOBJIEHHOTO B 3/IaHUU.

Pacuér norepp nmpousBoauTcs no hopmyse

eve o (v2) [(n), o ve
Ah. =Ah,+Ah, =A——+ —|=|| = [+ —, 9.45
AR = AR+ ARy =0 28 2 [(dj %429 (B4)

V2

i CyMMa MOoTephb HANopa Ha MECTHBIX CONPOTUBIICHUSX.
g

rae )&
1
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W3 ypaBHeHus pacxoza BeIpasuM ckopocts V =4Q/nd?2 u, noacrasus B
dopmyity (9.45), mosryanm

(X— za] Y B, (9.46)

rae B= (k +Z§J —di XapaKTepUCTHUECKUN KOA(P(DUIIUEHT UITU TH/I-
paBiIHMueCcKas XapaKTepUCTHKa TPyOOnpoBoIa.

Omna BbIpaxkaeT CyMMapHbI€ COTIPOTHUBIICHUS B TPYOONPOBOJIE JUTMHOM [
IIPU €AUHUYHOM PacXo/e.

[TpuHUMas ¢ HEKOTOPOW MOTrPEIIHOCThI0 A/d =const, HE3aBUCUMO OT
arameTpa TpyOOIpoBo/Ia, PH OJHUX U TeX ke 3HaueHusx Q, & u |, Haiiném
otHomenue B /B mna nmamerpos d/d; u3 popmyist (9.46):

d4
1
NJIn
H 4
B M _d% (9.48)
B h df

rae H,, — 3amaHHbI HAamop (pacrosaracMbiii).

Orcrona d;=d- . /h,/ Hp WINA B OOILEM BUIE

H
d, =d-4/—. 9.49
1 ,4’ Hy (9.49)

N3 popmymnet (9.49) cnenyer, 94To quaMeTpsl TPYyO U3MEHSIOTCS 0OpaTHO
MPOMOPLUOHAIEHO KOPHIO YETBEPTOM CTENEHU U3 BEJIMYMHBI HArlopa Win Mo-
Tepb HaIopa.

[Tycte Hanop yBenuuuics B 2 paza: Hy=2H , Torna

dy=d-40,5=0,84d.

Hogprlit pacuérnblii quamerp d; Oyner Ha 16 % meHbre npezpiyero d.
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10. OCHOBBI TEOPUHU IIOJ0OBUA,
MOJIEJUPOBAHUSA
U AHAJIN3A PASMEPHOCTEMN

10.1. OcHOBHBIE MOJIOKEHUSHA

Pemenne nuddepeHnmanbHpIX ypaBHEHUN THAPOINHAMUKHA OXBaThIBA-
€T OIrPAaHUYEHHBIN KPYyT 3a1a4. B psjie ciaydaeB aHAIUTHYECKOE PELIEHUE CO-
MPSKEHO CO 3HAYMTEIBHBIMM MATEMATUYECKUMH TPYAHOCTAMHU. B 4acTHO-
CTH, HE BCErJa MOXHO MOJYYHUTh YJOBJIECTBOPUTEIBHBIA PE3YNbTAT U C IO-
MOINIBIO YHCIIEHHBIX METOJ0B. B Takux ciiy4asix Ha MOMOUIb MPUXOAAT IKC-
[IEPUMEHTAIBHBIE METO/IBI UCCIIEOBAHMS.

Llenb 3TuX wHCCIEIOBaHUA COCTOMT B TOM, YTOOBI TOJIYYUThH JAHHBIC,
HEOOXOAMMBIE JI pacyeTa APYrux MpoIecCoB, POJACTBEHHBIX H3y4aeMOMY.

OKCHEepUMEHTHI TIPOBOISTCS Ha CIENUAIBHO CO3/IaBAEMBIX J1TabopaTop-
HBIX YCTAHOBKAax, MOJEIUPYIOUIUX OMNPEICICHHBIM 00pa3oM HCCIEAyEeMbIC
YCTPOMCTBA U MPOTEKAIOUINE B HUX (PU3NUECKHE MPOIECCHI.

N3BecTHBI PU3MUECKUN U MATEMATUYECKUIT METOAbl MOJICTUPOBAHUS.

[Ipu ¢uznueckoM MOAECIUPOBAHUM HCCIEAyeMasi MOJEIb OOBIYHO BHI-
MOJHSETCS B MEHbIIIEM Maciitade, yeM OopuruHan (HaTypa), ¥ BOCIPOU3BO-
JTUT U3Y4aeMOe€ SIBJICHUE C COXPAHEHUEM €ro (PU3NYECKON TPUPOIBI.

MareMatTuyeckoe MOAECIUPOBAHUE OCYIIECTBISIETCA IYTEM HW3YYCHUS
SBJICHUM, UMEIOIINX WHOE, YeM HCCIICyEeMbIi MpoIiecc, PU3NUIECKOe COaep-
aHHE, HO OMUCHIBAEMbIX aHAJIOTUYHBIMA MAaTEMATUUYECKUMH YPABHEHUSIMH.

10.2. 3aK0oHBI MEXaHHUYECKOT0 MMOZ00M

[lony4yeHHble HA MOAENM PE3YyJbTaThl OMBITHBIX HCCIIEIOBAaHUN 0000-
LIAIOTCS U 3aTE€M IEPEHOCATCA Ha HATYpy. BBINIOIHEHWE 3TOW NpOLEayphI
TpeOyeT 3HAaHUW 3aKOHOB, CBS3BIBAIOIIMX MEXKAY COOOM BEITWYMHBI, MOJY-
YEHHBIE NP UCCIEA0BAHUAX HA MOJEIH, U COOTBETCTBYIOIINE UM BEIUYUHBI
B HaType.

DT 3aKOHBI Ha3bIBAIOTCS 3aKOHAMU 110100Ms1. OHM yCTaHaBIUBAIOT OII-
pEeIeIeHHbIE COOTHOLIEHUS MEXKIY T'€OMETPUUECKMMU pa3Mepamu, KHHEMa-
TUYECKUMH U JTMHAMUYECKUMU XapaKTEPUCTUKAMHU ITIOTOKOB B MOJEIIN U Ha-
Type.

3akoHbI TO100MS MOAPOOHO U3YYAIOTCS B CIIEHUANBHBIX Kypcax TEOPUH
oA00UsI M MOJICIIUPOBAHMSL.
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Crnenyer OTMETHTh, YTO TEOpHs MOA00US MMEET OOJIBIIIOE TeOpeTHUe-
CKO€ M TMPAKTUYECKOE 3HAYCHUE HE TOJIBKO I MOACIUPOBAHUS PA3TAIHBIX
SBJICHUH U TMPOIIECCOB, HO U MPEXKJIE BCETO I HAyYHOTO OOOCHOBAHUS JKC-
MEPUMEHTAIBHBIX HCCIICIOBAHUM, 00pa0OTKH UX PE3YIBTaTOB U TIOCTPOCHHS
Ha WX OCHOBE PAIlMOHAIILHBIX SMIIUPUICCKUX (HOPMYII.

Juaamudeckoe wim BooOme Gu3ndeckoe moaodue sBisieTcss 00001e-
HUEM T€OMETPUYECKOTO MOA00uS.

PaccmoTpum crocoObl MoMy4YeHus: MacIiTaOHbIX KO3 (UIIMEHTOB s
r€OMETPUYECKOr0, KHHEMAaTHUYE€CKOTO U IMHAMUYECKOTrO MOA00uS.

10.2.1. I'eomeTpuueckoe noaooue

[Tycts mMeem HaTypHBIM 00BeKkT (moTok) (puc. 10.1), momnexamuii
TUAPOAMHAMUYECKOMY UCCIEAOBAHUIO, U €T0 MOJIEIIb.

A

aj

a;

b,

b,

Puc. 10.1

O003HaYMM TEOMETPUUECKHUE pa3Mepbl 00BEKTa (HATYpHOTO ITOTOKA)
WHIEKCOM |, a MOACIIBHOTO — MHACKCOM 2.

YtoOBl TOJIy4UTh 00JIACTH TEUCHUS B MOJIETH, TEOMETPUUYECKU T10]100-
HYI0 HAaTypHOMY MOTOKY, pa3/IelIuM BCE JIMHEHHBIE pa3Mephl HATYPHOTO I10-
TOKa Ha HEKOTOpOe YHCca0 K, KOTOpoe Ha3bIBaeTCs JTUHEWHBIM MAacIITaOOM.
Taxkum oOpa3oM moiydaeM CBsI3b MEXKAY N€OMETPUUECKHMMM pa3MepamMu &

u a,, b, u b, B BUIE paBEHCTB:

L. (10.1)
a, b,
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JIuneitnple pa3mepsl, cBA3aHHble cooTHoleHneM (10.1), Ha3bIBaKOT co-
OTBETCTBEHHBIMH, WA CXOJACTBEHHBIMH. TOUYKH, KOOPAMHATHI KOTOPBIX
YAOBJIETBOPSIIOT 3TOMY COOTHOUIEHUIO, HA3bIBAIOT CXOJACTBEHHBIMH.

be3pa3zMepHbie KOOPAMHATBI CXOJCTBEHHBIX TOYEK OJIMHAKOBBI.

OOBIYHO 3a eIMHUILY U3MEPEHUS BCeX JTUHEHHBIX BEJIMYUH B COOTBETCT-
BYIOIIMX NOTOKaX NMpUHUMAOT Ly (Hatypa), L, (Moznenb) u HaxoO#AT JINHEH-

HbI MacmTad K, :

Loy, (10.2)
L2
ILTI}I Hﬂomaﬂeﬁ 1 00bEMOB COOTBETCTBEHHO HMEEM:
By, Wiy (10.3)
FZ W2

O‘ICBI/II[HO, qTo IJIs1 TCOMCTPHYCCKUX HOI[O6HBIX IIOTOKOB HCO6XOI[I/IM8,
IpOonopHUOHAIIBHOCTE COOTBCTCTBYIOIIIUX rmomaz[eﬁ 1 00BEMOB.

10.2.2. Kunemaruueckoe moaooune

Kunemarnueckoe nogooue o0s3aTeaIbHO BKIIOYAET B ¢€0s reoMeTpuye-
CKOe Iojo0me, T.e. IS KHMHEMAaTHYECKOro MOJ00HMsS HEOOXOAWMO, YTOOBI
TPAEKTOPHUH YaCTULl 000MX MOTOKOB ObLTN MOJ00HBI FTEOMETPUYECKH.

Kpome Toro, mis KMHEeMaTH4eCKH MOJAOOHBIX MMOTOKOB OTPE3KH TpacK-
TOPUN COOTBETCTBYIOIIUX YaCTHUI[ HATYPHOTO U MOJAEIHHOTO MOTOKOB, a TaK-
KE OTpPE3KH BpPEMEHH, B T€UEHHE KOTOPBIX MPOTEKAIOT COOTBETCTBYIOIINE
MPOIIECCHl B HATYPE U B MOJEIHU, JOJIKHBI OBITh MPOMOPIIUOHATHHBI.

Jpyrumu cioBamu, €Clid B TIEPBOM MOTOKE (HATYpE) YACTHUIIBI TIPOXOJISAT
nyTe Ly 3a Bpems t;, To Bo BropoM noroke (Monenu) —myth L, 3a t,.

ITpnuem, otpeskn Ly m L, HOMWKHBI OBITH T€OMETPUYECKH IOTOOHBI,
a otTHomIeHue Y /t, MOMKHO OBITH OAMHAKOBBIM IJIS CXOACTBEHHBIX TOYEK

000HUX ITOTOKOB.
Ornomrenwue t; /t, Ha3piBaeTcs MacmTaboMm BpeMeHH U o0o3Hadaercs K.

Hanpumep, mist ckopocten 4acTHll KUJIKOCTH B CXOACTBEHHBIX TOYKAaX MOTO-
Ka II0JIy4aeM CIICIYIOIIUE BBIPAKEHUS:

Torna
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OueBuIHO, YTO
Vi_k

V - [

Vo ki
AHAJIOrMYHO HAXOJMM MacliTab yCKOPEHUIA:
kﬁ

Ka

Taxum 006pa3zom, CKOPOCTH M YCKOPEHHSI B CXOJCTBEHHBIX TOYKAX MOTO-
Ka CBA3aHbl COOTHOLIEHUSAMU

Vi=k\Vo; a=Kkja,. (10.4)

10.2.3. JIunamMmuveckoe noaoodme

Jluaamudeckoe moaooue 00s3aTeNbHO BKIIOYAET B ce0s reoMeTpude-
CKO€ M KWHEMaThdeckoe momooms. B moObIX MoTOKax, eciu ¢u3nueckas
MpUpoJa JEUCTBYIOMIMX Ha >KUJIKOCTh CHUJI OJIMHAKOBA M CUJIBI OOpa3yroT
r€OMETPUYECKU TTOI00HBIE CUIIOBbIE MHOTOYTOJIBHUKHU, OHU SIBIISIIOTCS JIMHA-
MUYECKH MOJOOHBIMHU.

B nuHamuuecku mMoOJOOHBIX TMOTOKAX OTHOIIEHWE OJHOMMEHHBIX CHII
B CXOJICTBEHHBIX TOUKAX B HATyp€ U HAa MOJICNIU MTOCTOSIHHBIL, T.€.

P

—L =k, =const, (10.5)
P

rae P — nrobas cuiia, B TOM YUCJIE U PABHOJICUCTBYIONIAS, kp — MacCIITaOHbBII

KOA(UIIMEHT CUJT MJIK MAcIITad CHJl.
K cunam, neicTByrOmMM B MOTOKE JKUAKOCTH, MOXXHO OTHECTH CHIIBI:
BHYTPEHHETO TPEHUS KUIKOCTH, TSKECTH, TOBEPXHOCTHOTO HATSKEHUS U JIP.
Jid AMHAMMYECKHd MOJOOHBIX MOTOKOB OTHOUIEHHME IJIOTHOCTEH KHJI-
KOCTH B HaType€ U Ha MOJIEJIN JOJKHO ObITh MOCTOSIHHBIM:

P k,, =const. (10.6)
P2

O003HaUMM JIEHCTBYIOIIME B CXOJCTBEHHBIX TOYKAaX HAaTYpPHOIO U MO-
IEJIBHOrO NMOTOKOB cuibl P, u P, coorBercTBeHHO. [0 3akony HeloTOHA CcH-

JIa paBHaA IPOU3BEACHUIO MACChHI Ha YCKOPEHHUE:!
P=ma,

r7e M — Macca )XUJIKOCTH; a — YCKOPEHHE.
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VYuuThIBas, 4TO Macca paBHa IMPOU3BENECHUIO TUIOTHOCTU Ha e€e 00beM
m=pW , rme W = L3, Torma m=pL3.
YckopeHue ornpenenseTcs npupanieHiueM ckopocta V =0/t B equHMIy

BpeMenH t, T.e. a=~{/t2,
CrienoBaTeiibHO,

4
P=ma:p£3(éj=%:pV2€2. (10.7)

Takum oOpa3om, Ui TUHAMHYECKOTO MOJ00MS HEOOXOIHWMO, YTOOBI

CHJIbI HAXOAUJINCHh B COOTHOILLICHN

202
%:%:kp —k k2K, (10.8)
2 PaVats

Beipaxxenue (10.8) sBisiercs MaTeMaTHYECKUM BhIpaKEHHUEM OOLIEro 3a-
KOHa JIMHAMUYECKOTO MOA00us, BIIEpBbIE CPOPMYIUPOBAHHBIM HBIOTOHOM.
[Ipeobpaszyem Beipaxxenue (10.8) k Bumy

R R
pNV2LE  pNALS

=idem. (10.9)

Cnenoparensno, P/pV2(2=Ne — xpurepuii HproToHa, ABIsIOmMiics

0000IIEHHBIM KPUTEPUEM JUHAMUYECKOTO MOA00MS MEXaHUYECKUX CUCTEM.

B rugponnHamMuyeckux MCCIEIOBAHUSIX BO MHOTHX CIydasX OKa3bIBa-
€TCS HEBO3MOXHBIM HAWTH KOJUYECTBEHHBIC OIEHKHU JCHCTBYIOIIMX BHEII-
HUX CHUJI, a, CJIEIOBATENIBHO, U UX paBHOAEHCTBYIoIIEH. [loaTOMY Tipn n3yde-
HUU TUJIPABIIMYECKUX SIBIICHUI 4acTO BBIACISIIOT TOJIBKO OJHY CUJIY, a IEUCT-
BHEM OCTaJbHBIX MIpeHeOperatoT. B 3ToM ciiydae NMpUMEHSIOT YacTHBIE KPU-
tepuu Peitnonbiaca, ®pyna, Bebepa u ap.

10.3. 'mapoguHaMu4YecKue KpUTEPUN Mog00us

PaccmoTpum nopsiioK NOJIy4eHUsI KPUTEPUEB, B KOTOPBIX YUUTHIBACTCS
JNENCTBUE TEX WIA UHBIX CUJL.

1. PaccMoTpuM IBMKEHUE BA3KOW KUIKOCTH IO TOPU3OHTAIBHOMY TPY-
oomnposoay. B aTom citydae pemiaroniee 3HaU€HUE UMEIOT CUIIBI BHYTPEHHETO

TPEHHUSI.
ITo runore3e HproTOHA 3TH CHJIBI MOTYT OBITH BBIPAYKEHBI CIIEAYIOIIAM
obpazom:
\
P:uS((jj— WIH P:MZ(\%):“VZ. (10.10)
n
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JIJist HAaTYpHOTO ¥ MOJIETHHOTO MOTOKOB TOJIYYHM OTHOIICHUE BUA
ﬂ _ Ve

. (10.11)
P, V0,

[IpupaBuuBas npasyto 4actb otHomeHus (10.11) k moayyeHHOMY BBIIIIE
OCHOBHOMY YPaBHEHMIO JUHAMUYECKOTO TOI00US, MOTYyYUM

PV (E _ MVl _
PVALE VoL,

(10.12)

[IpeoOpazyem Boipaskenue (10.12) k Bumy
pVily _ p 2V2I2
K, Ho

3aMEHHUB OTHOIIICHHUE M/p KHHEMATUYECKOU BSI3KOCTBIO V, IOJIYYHUM

\ﬁz\ﬁ:idem (10.13)
Vi Vs
Orcrona kputepuil Peiinonbica
Re=Y*, (10.14)

v
rae ( — XapakTepHbI pa3Mep, B YaCTHOM Cllydae — AuamMeTp TpyOsbI:
~vd

o

Re (10.15)
CrnenoBarenbHO, B PacCMaTpUBAaEMOM CIIydyae KpPUTEPUEM AUHAMUYE-
CKOTO Momo0us sABJsieTcs 4uciao PeiiHonbaca u ycimoBue momodus (10.13).
DTO paBHOCHIILHO TOMY, YTO YHCJIO Re 01MHAaKOBO /711 000MX MOTOKOB.
DU3NYECKUl CMBICT KpUTepHUsi PelHOMBICA 3aKITI09aeTCs B TOM, YTO OH
XapaKTepU3yeT OTHOIICHUE CUITI MHEPITUHU K CUJIe TPEHUS (BSI3KOCTH).
PaccmoTpum nBmkeHHe 1Mo TpyOOIPOBOIY HEHHIOTOHOBCKOM BSI3KOTLIA-
CTUYHOM KUAKOCTU TMPU ONPEACICHUU CUJI BHYTPEHHETO TPEHUS, KOTOPBIE
B OTOM CiIy4ae OOyCIIOBJIEHBI KaK BSI3KUMH, TaK W IIACTUIHBIMHA €€ CBOWCT-
Bamu. Torga HEOOXOAUMO YUUTHIBATh HAMPSKEHUE CABUIA T,, & UMEHHO!

Pz(ro +%jez =102 +pV/ (. (10.16)

Banumiem ypasaenue (10.8) ¢ yuerom ypaBuenus (10.16):
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pV2L2 1l +Mily
PNVALS  Tpld+uV,0,

[IpeoOpasyeM 3To BEIpaXKCHHUE K BUTY
PV _ V7 _
Toy TVl Toa TRV,

Torna
Vilypy Valap,
A o
1+TL€1 1+ Toplz
Vi Vi,
rne Vip/u=Re — xpurepuil PeliHonbica 1151 HBIOTOHOBCKOW KUIKOCTH;

1o{/Vu=Sen — kputepuii CeH-Benana (MiprommHa), XapakTepU3yIOLIMH
MJJACTUYECKUE CBOMCTBA YKUIKOCTH.
OkoHYaTENHHO MOKHO 3aIUCaTh:

Re,  Re,
1+Sen, 1+Sen,

=idem. (10.17)

2. Ecnu BiOusHHWE BS3KOCTH JKUIAKOCTH HE3HAUYMUTEIIBHO W JIBUKEHHUE
KUJAKOCTH TPEUMYIIECTBEHHO OOYCIIOBJIECHO ACHCTBHEM CHJI TSKECTU, TO
B OCHOBHO€ ypaBHEHHE JAuHamMuueckoro noaoodus (10.8) Bmecto cuiibl P Ha-
710 TIOJICTAaBUTh 3HAYCHUE CUJIbI TSHKECTH:

rae m=pW =p/3 — Macca JKUIKOCTH; § — YCKOPEHHUE TKECTH.
BamnuiieM ypaBHernue (10.8) ¢ yuerom dpopmyisr (10.18):

PVILE _ P(39
pVAl5  p,yl30,

WJIA TIOCJIE COKPAILICHUHN
2 2
Vi V5
0y 9205
Cootnomienne (10.19) HaseiBaeTcst 3akoHOM momobusi  Dpyna,

a F.=V2/gl — kpurepuem ®pyna. OH XapakTepusyeT OTHOIICHHE CHUIIbI
WHEPILHU K CUJIC TSHIKECTH.

=idem. (10.19)
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Kputepuii @pyna npumeHsieTcs HOpU MOJAEIUPOBAHUU OOJIBIIMHCTBA
TMAPOTEXHUUECKUX COOPYKCHUH, UCTCUCHUH JKUJIKOCTU 4Ye€pE3 BOIOCIIUBHI,
IIPY U3YYEHUH BOJHOBOI'O COIPOTHUBIICHHSI, HCIBITBIBAEMOIO JBUKYILIUMHUCS
KOpaOsIMH.

Ecnu npeoOnanaroniee BIUSHUE MMEET CHUJa MOBEPXHOCTHOIO Hamps-
KEeHUs (HampuMmep MpU UCTEYEHUH >KUIKOCTH U3 KalWJUISIPHBIX OTBEPCTHIA),
T0 B ypaBHeHue (10.8) BMecTo cuibl P cieayeT NOACTaBUTh BBIPAKEHUE CH-
JIbI IOBEPXHOCTHOTO HATSKEHUS:

P = p(2 :%52 —ol. (10.20)

Torma numeem

pV2 (2 _ ol
p VAL oyl .

Ortcroga nojiygyum
PV _ PV,
0 O3

=idem. (10.21)

Cootnomenue (10.21) na3zsiBaeTcs 3akoHOM 1oj00ust Bebepa, a Bbipa-
pV2( .
xenue We=—— — kpurepuem Bebepa, KOTOPBI XapakTepu3yeT OTHOIIIE-
o

HHC CHUJI HHCPIHH K CHUJIaM ITOBCPXHOCTHOT'O HATAXKCHMUSI.

KOHTpOJIbHI)Ie BOIIPOCHI M 3aJaHUA

1. PackpoiiTe CyIHOCTh (PM3HMYECKOTO MOJICTUPOBAHHSL.

2. KakoBa poJib MaTeMaTHYECKOr0 MOICIIUPOBAHUS?

3. UTo Ha3bIBaeTCs 3aKOHAMU MEXaHUYECKOTO MMOA00Us?

4. B deM 3aKiI04aeTcsl CyIIHOCTh T€OMETPUUYECKOTO, KHHEMATUYECKOTO
Y TMHaMUYECKOT0 Moaoous?

5. Uro Takoe korhuireHTs mogoous?

6. Uro Takoe kputepuii HproToHa?

7. KakoB (pusnueckuii cmpici kpurepus Pelinonbaca?

8. KakoB ¢usuueckuii cMpici kputepus Opyaa?

9. KakoB ¢uzudeckuii cmbici kputepus Bedbepa?

10.Yro xapaxrepusyet kputepuii Cen-Benana (Unbtommna)?
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