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Jlexuusa -1
BBEJAEHUE. T'MJIPABJIMKA U EE MECTO B OBI[IEI71 CUCTEME 3HA-
HUN

Jlurepatypa: [1] ctp. 6-8; [3] cTp.7; [5] cTp.6-7.

Paznen Teopernyeckoil MEXaHWKH, 3aHUMAIOIIUNCS U3yYE€HUEM JIBUXKEHUS W3MEHS-
€MBbIX CIUIOIIHBIX Cpell, Ha3bIBaeTcs «MexaHuKa CIUIOIIHBIX cpea». YacTs ee, 0THO-
CAIIAsACS K KUJIKUM U ra3000pa3HbIM cpefiaM, HaszbiBaeTcsl «Mexanuka yicuokocmu
u caza» unu «l'uopomexanuxay.
['mapomexanuka, Tak k€ Kak M JIpyrue oO0JacTH MEXaHWKHU pa3/ielisieTcs Ha
CTaTUKY, KHHEMAaTUKy U TUHAMUKY.
[IpenpicToprsi THAPOMEXAHUKHU YXOIUT B JIPEBHUE (IOMCTOPUUYECKUE) Bpe-
MeHa. Korna u ciioBa «rupomMexaHukay emie He ObLIO0, YEIOBEK 3aHUMAJICS PEIICHU-
€M NPUKIAJHBIX THAPOMEXaHHMYECKUX 3aJad: CTPOMJI BOIOMNPOBOABI, PbUI KaHAJbI,
MCIIOJIb30BAJI BOJHBIE ITyTH JUIsl MEpPEMENICHHs] Ha IUIABCPEACTBAX, HCIOJIb30Bajl
SHEPIUuI0 BETpa Ui JIBUKEHHUS CyIOB IO NMapycaMy U JUIsl BPALICHHs BETPSHBIX
MEJNBHUI] U MHOTHUE JIpyrue. OTAeNbHbIe pe3ybTaThl HAOMIONEHUI U 0000IIeHHE 3a-
KOHOMEPHOCTEN IBWXKCHHSI KUJIKOCTH W ra3a BCTPEYAIOTCS B TpyHdax ApPHCTOTENS
(384-322 1. 10 H.3.). V3BecTHBI 3aKOHBI THIPOCTATUKH, C(HOPMYITMPOBAHHBIE ApPXU-
MENIOM, HO KaK Hayka rujpomexanuka copmuponanack B XVIII Beke 6maronaps tpy-
nam akajneMmukoB [letepOyprckoii akagemun Hayk Jleonapnaa Ditnepa u Jlanunna bep-
Hy/UIM. bepHy/uin u BBenl Ha3BaHHMe «lMIpOAMHAMUKA», KOTOPOE BIOCIEICTBUU
TpaHncpopmupoBaioch B «I'mapomexanukay. C Tex mop rugpoMexaHuka BeCbMa WH-
TEHCUBHO pa3BUBaIach. [IpakTnyeckoe 3HAYEHUE €€ B HACTOSLIEE BPEMS BEJIHKO.
OHa HaxoAUT NpUMEHEHUE B OOJIBIIMHCTBE OTPacieil TEXHUKH, KaK TO aBUalUs, KO-
pabiecTpoeHue, SHEPreTHKa, TMAPOTEXHUYECKOE CTPOUTENbCTBO, BOAHBIA TpaHC-
MOpT U JIpyrue, SIBISACH NI MHOTMX M3 HUX TeopeTudyeckoi 0aszoil. Hekoropsie
pa3zienbl TUAPOMEXAHUKH MOMYyYMIH CTOJIb LIIUPOKOE Pa3BUTHE, YTO CHOPMHUPOBA-
JUCh B CAaMOCTOSITENIbHBIE OTpaciau Hayku. OCHOBHBIE U3 HUX: TUAPABIIMKA, Ta30Bast

JWMHaMHKa, aOpOMCXaHHWKAa, MArHUTHAA THAPOANHAMHUKA U IIP.

T'uopasnuxoii Ha3pIBaETCS MPUKIIATHON pasiei TUAPOMEXaHUKH, N3yYarOIIHiA
3aKOHBI PABHOBECHS U IBMYKCHUSI HEC)KMMACMBIX KHUIKOCTEH U pa3paboTKOM METO-
JIOB IPUMEHEHUS ATUX 3aKOHOB JUIsl PEIICHUS] TEXHUYECKHUX 3a7a4. 3aKOHbI paBHO-
BECHsI M IBVDKCHUS CKUMAEMBIX JKUJKOCTEH (Ta30B) U3YHAIOTCS B 2A3060U OUHAMUKE
u aspomexanuxe. OTHAKO COKMMAEMOCTh B PA3JIUYHBIX YCIOBUSAX MPOSIBIISIETCS HE
orHaKoBo. Hanpumep, 1pu oueHb BBHICOKUX JABICHUSX B COTHU aTMOchep WM IpH
CKOPOCTSIX JIBMYKCHUSI BBIIIIE CKOPOCTH 3ByKa KarelbHbIC )KUAKOCTH BEAYT ce0s Kak
CKMMaeMble, a MPU MaJIbIX JIABJICHUSX WM MPU CKOPOCTAX ABMKeHus 10 0,1 ot
CKOpPOCTH 3ByKa CKUMAEMOCTBIO Ta30B MOKHO MPEHEOPEYb.



PA3JIEJT 1. OBIIUE CBEJAEHUWA O KUIAKOCTAX U T'A3AX

Temal.l:OcHOBHBIEC CBOMCTBA M XaPAKTEPUCTHKH KUIKOCTEH U ra3oB

Jluteparypa: [1] ctp. 9-15; [3] c1p. 8-16;

[5] cTp. 8-10, 12-21, 398-406;

[6] cp. 11-21, 76-79, 123-124.

JXKuakocTH 1 rasel 001a1a10T OOIIMMHU U OTIHYUTEIBHBIMUA CBOHCTBAMH.

OO0urue cBoiicTBA (YeM KUAKOCTU U Ta3bl MOXOXKHU):

a) Bazkocmb — 3TO CBOICTBO peajbHOM JKHAKOCTH, XapaKTepU3YIOIIEE €€
CIIOCOOHOCTbH COIPOTHUBIISATHCS KacaTeIbHBIM (CIBUTAIOMIUM) yCUIUsM. Paznuuaror
JTUHAMHYECKYIO I U KHHEMATHYECKYIO V BI3KOCTH.

Eaunuie! n3mepenus | :if =TIlac; 0,1 Ilac = Ilya3 (113)
M

2 2
L Mooemt

Ve Croxkc; 0,01 Ct = CanTHCTOKC
P c c

JI71s1 KanenbHBIX KUJKOCTEH MPU MOBBIIICHUU TEMIIEPATypbl N YOBIBAET, JJIsl Ta30B —
BO3pACTacT.
OnpenenuTts JUHAMUYECKYIO BSI3KOCTh BOJIBI B 3aBUCHMOCTH OT WU3MEHEHUS TEMIIE-
patypsl MOXKHO 10 opmyie [lyaseitns:

"= 1+ 0,0337t/l—1k00.00022]12 ’ (1)

e o — BI3KOCTb P t=0°C;t — Temneparypa B rpagycax Llembcusi.

s Bo3yxa npumensiercst popmyina MuikeHa:

1= 1,745-10-6+5,03-10-9t (1.2)
MOXHO TaKXe HCIOIb30BaTh GOPMYITy
T 0,75
[T 1.3
p uo[mj (1.3)

T1IE o~ IMHAMHUYECKAsl BI3KOCTh BO3AyXa IPU TEMIIEpAType 0°C;
T - abcomotHas Temneparypa (K).

Jns Bo3ayxa npu 20°C p=184: 10 Iac.
C NoBBIIICHUEM JIABJICHUS BSI3KOCTh KallebHBIX KUAKOCTEN yBennuuBaercs. [Ipu
OTHOCHUTEIHLHO HEOOJBIINX JAaBICHUSIX ATUM yBeIUUYeHUEeM npeHeoperarot. OIHaKo
IJIs1 TAIPOCUCTEM, U3MEHEHHUE BSI3KOCTU C U3MEHEHHUEM JABJICHUSI MOKET OKa3aThCs
cymiecTBeHHbIM. Tak, npu nameHenuu aasieHus ot 0 10 40 MIIa BI3KOCTh MHOTHX
MUHEPAJIbHBIX Macell PU HOPMaJIbHOUM TeMIepaType yBEeIUIMBaACTCS TPUOIU3H-
TeIbHO B 3 pa3a.O0bIYHO BA3KOCTh KUAKOCTEH U Tra30B B 3aBUCUMOCTH OT TEMIIEpa-
TYpbI U JABJICHUS ONPELIISAIOT 10 CIIPABOYHBIM TaOJUIIAM, IJ1€ TU BEJIMUUHBI M10-
JTy4EHbI SKCHEPUMEHTAIILHO. 4



0) Jleckasa nooeuscnocmo uiu meKyuecms — CBOMCTBO CpeAbl HEOIPAHUYEH-
HO J1e(hOpMHUPOBATHCS MO ACUCTBUEM MOCTOSHHOM cuibl. JIrobast manas caBurao-
1asi CUjia Ipu JUIUTEIHHOM JCHCTBHHM MOXKET BbI3BaTh 3HAUUTENBHYIO Ae(OpMaIIHIo.
B TO e BpeMms mpH HaJIMYUU OTHOCHUTEIBHOIO JABMIKEHUS MEXKAY CIOSIMH CpEIbI
BO3HMKAIOT KacaTelbHbIE HANPSDKEHHUS U TeM OoJblIe, YeM OOJbIIEe CKOPOCTh Je-
(dopmaru. A 3TO 3HAYUT, YTO JAHHOW CHUJIONW MOYKHO OOYCIIOBUTBH TOJBKO OIpejie-
JIEHHYI0 CKOpOCTh Aedopmaruu. s yBeIMYeHHs CKOPOCTH JedopMaluy Hy>KHO
YBEJINYUTH CUITY.

OTinyuTebHbIE CBOMCTBA (UEM KUJKOCTU OTIMYAIOTCSI OT Ta30B)

a) Corcumaemocmsb — CBOWCTBO Tell M3MEHATH OOBEM IOJI BO3ACHCTBUEM
BHEIIHUX CHII.

B kanenbHOM xuAKocTH (BOIA, MUHEPATHLHOE Macyo, OCH3UH...) PACCTOSHUS
MEXK]ly MOJICKYJIaMU BECbMa MaJibl, UYTO MIPUBOAUT K BO3HUKHOBEHUIO 3HAYUTEIbHBIX
MEKMOJIEKYJIIPHBIX CUJI CUEIUICHHUS], U3-3a YEro MAaJIbleé U3MEHEHHUS BHEIIIHETO JaB-
JICHUS TIOYTU HE CKA3bIBAIOTCS HA U3MEHEHUU ee oO0beMa. BOoT mouemy kamneiabHbIE

KUAKOCTU CHHUTAIOT MAaJI0 C’KUMMACMBIMH, 4 HHOT'IAa ITPOCTO HCCXKUMACMBIMU.

B razax MeXMOJICKYJIIpHBIE PaCCTOSHUS BEJTUKH, & CHUIIBI B3aMOICHCTBUS
MEX Iy MOJIEKYJIaMH CPABHUTEIILHO MaJibl. B CBs3M € 3TUM rasbl 001a/1at0T CBOM-
CTBOM 3HAUUTEIHLHON COKMMAEMOCTH 110 CPABHEHUIO C KUIAKOCTIMHU, M KX CUUTAIOT
CKMMAEMBIMH.

CXUMaeMOCTh — 3TO OCHOBHOE OTIMYUTEIHHOE CBOMCTBO YKHUIKOCTEH U Ta30B.
[TosTOMYy B THAPOMEXaHUKE MPHUHATO M KUIKOCTh W Ta3 Ha3bIBaTh OJHUM CIOBOM
(OKUJKOCTBY», pa3inyasi, KOT/Aa 3TO CYIIECTBEHHO, HA HEC)KUMAEMYI0 U C)KMMAaeMYIO
(WK UX HA3BIBAIOT «KameabHas» U «ra3000pa3Has).

C)KMMaeMOCTh TIPOSBIISICTCS B M3MEHEHUHU TUIOTHOCTH cpenbl. [IMoTHOCTE p —

CKaJIIpHasl BeJIMUUHA, OTIpe/iesieMast BBIpaKeHHEM
. Am Ke
p =lim — mpn V—0, —, (1.4)
AV M

rneAV- Manblii 00beM KUIKOCTH;AM- €ro Macca.

Benuunna, oOpaTHasi IJIOTHOCTH, HA3bIBAETCS YACIbHBIM 00BEMOM.

yoo (1.5)
[Y) Ke

B o01miem ciyyae miIoTHOCTh mpecTaBisieTes: PyHKIMEH KOOpaAuHaAT U BpeMe-
HU p = p(X, Y, Z, 1).

Ina xanenvHOU dcuoxocmuy TIIOTHOCTh C YBETWYCHUEM JABJICHHS HE3HAYU-
TEJLHO YBEJIMYUBACTCSI, a Y/IeIbHBIH 00bEM COOTBETCTBEHHO YMEHBIIIAETCS.



Brraucinth n3MeHeHue IIOTHOCTHU P NBMCHCHUU NABJICHHA MOXXHO I10 (1)OpMyJIe:
— VAP
pp - poea (1'6)
Eciu Ap HEBEJHMKO, MOXKHO HCIIOJIB30BaTh YIIPOUIEHHBIE (GOPMYIIBI IS TIOT-

HOCTH U YACIIBHOI'O oObeMa:

p, =po(l+a,ap). V, =V,(L-a,Ap) (1.7)

B dopmynax (1.6) u (1.7):-pou Vo - TUIOTHOCTh M YACIBHBIN 00BEM CpEIbI
IPU HOPMAIIBHBIX ycIoBusx (po=0,1MIIa, t=20°C); mwrs Bozs! p;=998 K—ZS -Ap -
M
a0COJIIOTHOE U3MEHEHHUE JaBICHUS; € - OCHOBAHHME HATypajbHOIO  aJrOpUTMA,
1AV
a,=——o0
V Ap

M3MEHEHUI0 00beMa pu yBenuuenuu aasieHus Ha 0,1 Mlla; npu t=20°C JIJIS1 BOJBI

1 o
[F - KOB(b(bI/IHI/IeHT 00BEMHOTO CXKaTtusl, paBHbBIM OTHOCUTCIBHOMY
a

o,=3" 10'5, JUISL Macel o,=6- 107

BGJ'II/I‘-II/IHa, 06paTHa;1 O, HA3bIBACTC MOYJIEM 00BEMHOM YIIPYT'OCTHU KUAKOCTH:

E =1 (1.8)

oHC

Jlist  BoawI E>K=2,1'109Ha; IUIA  Maces, MCHOJIb3YEMbIX B THAPOCHCTEMAX
E,=1,4- 10%+1 ,9- 109Ha; JUISL ¥IealIbHOM KUAKOCTU E,=c0.

OmnpeneneHne TUIOTHOCTH JKUIKOCTH MOXHO TTPOU3BOIUTD WJIM HETIOCPEACTBEHHBIM
B3BEIIMBAHUEM, WJIM TIPU TMOMOIIM TPUOOpa, HasbiBaeMoro “apeomemp’(puc.l.l)
[Tpubop npexacrasisier coO0l CTEKIIHHYIO KOJIOY, HM>KHUI KOHEI] KOTOPOM 3aroJi-
HEH TSDKENBIM BEIIECTBOM, a BEPXHUHU - MyCTOTENbIA. Bec konbbl paccuMtad Tak,
9TOOBI B COOTBETCTBHH C 3aKOHOM ApXuMeza OHA MOrpyKajlach B KUIAKOCTh HA TITY-
OWHY, 3aBUCSIIYIO OT IJIOTHOCTH. UeM OoJible MII0THOCTh, TEM MEHBIIE KOJ0a Io-
rpykaercs B )KHAKOCTh. [1Ikaia Ha HOKKE KOJIOBI B €IMHUIIAX TUIOTHOCTH.
st 2a306 MIIOTHOCTh MPU MOCTOSTHHOM TEMIIEpaType yBEJIMYMBACTCS
psSMO TPONOPIUOHATBHO JABJICHUIO, a TIPH
MOCTOSIHHOM JIaBJICHUU YMEHBIIAETCSI 00paTHO —
MIPOTIOPITMOHAIEHO TeMIleparype. BBIYUCITHTH -
W3MEHEHHE IUIOTHOCTEH ra30B MOXKHO 10 (op- |

MyJI€e:




2
M

rae g - yckopeHue cBobogHoro naaenus, R=29,27 ——
c“epao

Jlnst Bosmyxa mpu t=20°C 1 pe=0,1 MIIa p=1,207 K—ZS
M

0) Temnepamypnoe pacuiupenue — CBOWCTBO >KMJIKOCTEH M Ta30B U3MEHSTH CBOM
00bEM IIPU U3MEHEHUU TEMIIEPATYPBI, UTO TAK YK€ OTPAKAETCS Ha INIOTHOCTH.

JUts kanenvrou sHcudKocmu TUIOTHOCTh C POCTOM TEMIEPATypbl ITPU NOCTOSIHHOM J1aB-
JICHUU HE3HAYUTEJIbHO YMEHBIIIAETCsl, a YAEIbHbIN 00beM yBeanunBaeTcs. M3MeHeHne
TUIOTHOCTH B (DYHKIIMU TEMIIEPATypbl MOXKHO OIIPEACTHUTH 10 PopMyie:

P = poe (1.10)
WA TIpU Masbix At
p, = po(l—BtAt); V, =V, (1+B,At) (1.11)
31ech S, :\%% {%} - KO3(QPUIUEHT 0OBEMHOI0 PaCIIUPEHUS, PABHBIM OTHOCH-

TENBHOMY H3MEHEHHMIO 00beMa XKHIKOCTH IIPH H3MeHeHHH Temieparypsl Ha 1°C. ITpu
20°C mist Bomsl fB, =210, [11sl MHHEPAIBHBIX Macen S, =7-107%.

s 2a306 BIUSAHKUE TEMIIEpaTyphl onpeaesercs GopMyiion
__ P
P = grr
B) Cmauueaemocms — XapakTepHa TOJBKO JJIs KaleJIbHON KUJIKOCTH.
Ecnmu KuaKoCcTh TPaHUYUT C TBEPABIM TEJIOM, TO B PallOHE IPUMBIKAHUS CBO-
00THOM TTOBEPXHOCTH KHUIKOCTH K IIOBEPXHOCTH TBEPJIOTO Teja
MOKET BOBHHKHYTH OJHA U3 CJICIYIONTUX KapTHH:
- B ClIy4ae, KOrja CHJIbl MOJICKY/ISPHOTO B3aUMOJICHCTBUS MEXKIY YacCTHIIAMH
KHUJIKOCTH BEJIMKH CPAaBHUTEIHLHO C CHJIAMU MOJICKYJISIPHOTO B3aWMOJICHCTBHS MEXKTY

’KMIKOCTBIO U TBEPIBIM TEJIOM, HaOMIOnaeTCs ABIeHue Hecmauusaemocmu (puc.1.2);

- B Clly4ae, KOTJa CHJIBI MOJIEKYJISPHOTO B3aWMOJACUCTBHUS MEXKIY YacTHIIAMHU
KUIKOCTH Majbl CPAaBHUTEIBHO C AHAJOTHUYHBIMH CHJIAMH MEXKIY XKUIKOCTBIO M
TBEPIBIM TEJIOM, HAOMIOOaeTCs sIBIIEHUE cMauusaemocmu (puc.1.3).

Ecnu siBneHre cMauynBaeMOCTH WM HECMauMBacMOCTH HAOJIIONaTh B TpyOKe,
TO TPU YMEHBIICHUH TuaMeTpa e€ oOpasyeTcs BBIMYKJIAs WA BOTHYTasl MOBEPX-
HOCTh - MeHUCK (puc. 1.4). VickpuBieHue cBOOOJHON MOBEPXHOCTU COMPOBOKAAET-
Csl TIOSIBJICHUEM JTOTIOTHUTENBHOU CHIIbI. ECIM MOBEpXHOCTH BBIMTYKJIasi, TO JOMOJ-

HUTCJIbHAas1 CHJIa 6y,Z[CT HaIrpaBJICHA BHYTPb KHUJKOCTH, YTO O6YCJ'IOBI/IT ITOHMXKCHUC
7



ypoBHs B TpyOKe. Ecii moBepXHOCTh BOTHYTasl, TO CHIla OyJIeT HalpaBiIeHa U3 KU1~
KOCTH, YTO OOYCJIOBUT IOBBIIIEHHE YPOBHS B TPyOKe.

A
-

— hxan

o

.\
K.

Wy _

NN

Puc. 1.2 Puc. 1.3 Puc. 1.4

CriocoOGHOCTB KHUIKOCTEHN B TpyOKax Majoro AuaMeTpa MOJHUMATHCS UITH OITyC-
KaTbCs MO0J] BO3ACUCTBUEM CHJI TOBEPXHOCTHOTO HATSKEHMS HA3BIBACTCS KANULIAPHO-
cmobito. DPPEKT KANMUUIIPHOCTH CIICAYET YUUTHIBATH MPU CO3IAHUM >KUIKOCTHBIX U3-
MEpPUTENBHBIX TPUOOPOB BO N30EKAHUE MOTPEIIHOCTEN B UX IMOKa3aHUSIX.

[Ipu yBenuyeHUM nuaMeTrpa TPyOKH KamWUIIPHOCTH MpOSIBIsieTcs cinabee U
IIpU KaKOM-TO €ro 3HayeHuu HcuezaeT. Hampumep, ayig mapbl BoAa-CTEKIO KaIlWJl-
JSIPHOCTB YK€ He TposBisieTcst mpu 0>10 M.

r) Ucnapsaemocmsp — CBONCTBO KaleIbHBIX KUAKOCTEH U3MEHSTH CBOE arpe-
raTHO€ COCTOSIHME Ha ra3000pa3Hoe.
[Tapoo6pazoBanue Ha MOBEPXHOCTH JKUJIKOCTH HA3BIBACTCS UCTIAPEHUEM.
[TapooOpa3zoBaHue 1Mo BceMy 00beMY KUIAKOCTH — KUTICHUEM.

JaBneHne, Mmpu KOTOPOM JKHUJIKOCTh 3aKUIAET NpPU JAaHHOW Temmeparype,
Ha3bIBAETCS JIABJICHUEM HACBHIIIIEHHBIX MapoB.

SIBneHre BCKHUMAHUS >KUIKOCTH, OOYCJIOBJIEHHOE TOHM)XEHHUEM JaBIICHUS,
Ha3bIBACTCS «KAGUMAYULY.

SIBneHne CONpoOBOXKIAETCS MOSBICHUEM Ha TBEPABIX IOBEPXHOCTAX, COIPHU-
KACAIOWINXCS C KUAKOCTBIO, NApPOra30BbIX ITy3bIPHKOB. KaKIplil KaBUTAIMOHHBIN
ny3bIpeK, GOpMUPYSICh U3 siipa, PAaCTET JO KOHEYHBIX pa3MepoB, MOCIE YEro CXJIo-
nbIBaeTcs. Beck mpoiecc NpoucxXoauT B TEYEHUE MUKPOCEKYHI. B MecTe cxomnbl-
BaHMs IIy3bIPbKAa BO3HUKAIOT MECTHBIC HANPSKEHUS, pa3pyILIAroNIie TBEPAYHO I10-

BEPXHOCTb, UTO MPUBOJUT K CHUKEHUIO 3()D(PEKTUBHOCTU MAILIMH U Pa3pyLICHUIO HX
JJIEMEHTOB.

1) Pacmeopumocme 2a3za B KaneabHBIX KUJIKOCTSIX.

Bce xuakocTu crnocoOHBI pacTBOPATH ra3, a MPU OMPEAEICHHBIX YCIOBHUAX
BBIJICNIATH €T0 B BUJIE My3bIPHKOB. OOBIYHO B KUIKOCTSIX B HOPMAJIBHBIX YCIIOBHSIX
ra3 pactBopsiercsi B oobeme 10 2% 0T 00beMa KUJKOCTH. 8



OTa BeIMYMHA 3aBUCHUT OT AAaBJICHUA, TCMIICPATYPbI U INIOTHOCTH KUJIKOCTHU.

¢) Ocoobie ceolicmea 600bl (AHOMAITHN).

B otnuume ot apyrux BeecTB, 00beM BOJBI MPH MOHMKEHUH TEMITEpaTyphbl
ot +4 1o 0°C He yMEHBIIACTCS, @ YBEITHIMBACTCS, [IOITOMY MAKCHMAJIBHAS ILIOT-
HOCTb BOJIbI IOCTUTAETCS IPU +4°C.

VYnenpHas TEIJIOEMKOCTh BOJIBI OYEHBb BEJIMKA 10 CPABHEHUIO C APYTHMH Be-
IIECTBAMH U HMeeT MHHEMYM mipu +30°C.



Pa3nen 1 (mponomxenue)
Tema 1.2: Monenu xxuaxkoctu. CUiibl, AEHCTBYIOIINE B KUJIKOCTH. MeTo bl
UCCIICIOBAHUS IBUKCHUS dKUJKOCTU. DIEMEHTBI TEOPUSI TOA00HS.
Jluteparypa: [1] cTp. 16-24; [3] cTp. 16-18;
[5] ctp. 10-11; 21-24; 56-58; 117-126; [6] cTp. 21-23.

Mogesu KUIKOCTH

CymiecTByolue B IPUPOJE KUJKOCTA BEChbMa CIIOXKHBI JIJI1 U3YUYEHUS] U Ma-
TEMaTU4YECKOTO OIMUCaHMUsI MX JBMKEeHHs. [[09TOMYy HCHONB3YIOTCS YIPOILIEHHBIE
MOJIEITH KUJKOCTH, YUYUTHIBAIOIINE TOIBKO T€ (DaKTOPBI, KOTOPHIC OKA3hIBAIOT CYIIIC-
CTBEHHOE BJIMSHUE HA PE3yJbTaT periacMou 3ajauu, yCIOBHO CUMTAsl, YTO OCTalb-
HbIe (DaKTOPHI UTPAIOT B JAHHOM 3a/1a4e HECYIIECTBEHHYIO POJIb.

JI1st Bcex KMAKOCTEH, pacCcMaTpUBaeMbIX B THAPABIWKE, MPHUHATA TUIIOTE3a
CIUIOIIHOCTH, MpeIoiararplias HEMPEpPbIBHOE paclpeesieHue B KUIKOCTH BCEX
pacyeTHbIX (PU3NYECKUX XapaKTepUCTUK. BBegeHue 3Toil rumnoTe3bl Mo3BOJIUIIO BCE
napameTpbl paccMaTpuBaTh Kak HeNpepbiBHbIE AU depeHuupyeMble QyHKIIMU KO-
OpJMHAT U BPEMEHU U MCIOJIb30BaTh B THjpaBiuke AuddepeHIuaIbHbIi aHalu3.
[TockombKy TakuxX KUJIKOCTEH B MPUPOJAE HE CYIIECTBYET, TO 3TO U €CTh MoOelb
CNJIOUHOU CPeobl.

B nensx ympoiieHus TOCTaHOBKH 3a7]ad M UX PELICHUs CO3/laHa aOCTpaKTHasI
MOJIETTb UOEANbHOU HeBA3KOU HCUOKOCmU, TIPENoararonias oOTCyTCTBUE B YKUJKO-
CTH KacaTeJIbHbIX HaNpsHKEHUM M aOCOMIOTHYIO HEM3MEHSIEMOCTh B 00bEME TIPU U3-
MEHEHUHU TeMIepaTyphl U JaBieHus. PaccmarpuBaercs, Kak IpaBuiio, MPU TEOPETH-
YECKUX HUCClenoBaHusX. Moodenv peanvHol (8a3Koll) odicuokocmu TIPEAroiaraet
HAJIMYKME B JKUJIKOCTH BHYTPEHHETO TPEHHS NPHU €€ JIBIXKCHUU, YTO 3HAYUTEIHHO
YCIOXKHSIET pEelIeHre 3a/1a4, HO 3aTO 3Ta MOJEb 3HAYUTEIbHO ONMMKE K peasibHON
AKUJKOCTH.

[TockonabKy B THIpaBIMKE PAcCMaTPUBAIOTCS KUJAKOCTH CXKHUMAaeMble U He-
CKUMAEMbI€, TO COOTBETCTBEHHO CO3/IaHbl MOJICIIH:

e ujcanbHas (HeBsI3Kas) HEC)KUMaeMasl KUJIKOCTb;
e yjeanbHas (HEBsI3Kas) CKUMaeMasi >KUAKOCTh (MAealbHbIN ra3);
e peasibHas (BsI3Kas) HECH)KUMaeMast )KUIKOCTh;
e peasibHas (BsI3KasA) CKUMaeMasi KUJKOCTb.
Cy1miecTByIOT U IpyTrue MoJeNu, pa3padaThiBaeMble IS PEIICHUS CIIeIHalb-

HBIX 3a7a4.
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Cuiibl, AeliCTBYOIIME B 'KUAKOCTH

BcenencrBue Teky4ecTH )KUIKOCTH (ITOJBUKHOCTH €€ YaCTHL]) B HEH HE MOTYT
JEHUCTBOBaTh COCPENOTOUYECHHBIE CHJIBI, & BO3MOXHO JIMILIb JCHCTBUE CHJI, HEIpeE-
PBIBHO pacCIpeAeNIeHHbIX IO 00beMy (Macce) uiu noBepxHoctu. Ilo ceoeii npupoode
JEMCTBYIOIIME B KUAKOCTU CHIIBI MO>KHO Pa3[eIUTh Ha JBE TPYIIIbL:

a) Cuiibl 0ObeMHBIE (MJIM MAaCCOBBIE), IEUCTBYIOIINE HA BCE YACTULIBI TaHHOTO
o0bema KuAKOCTU. K HUM OTHOCSTCS: COOCTBEHHBIN BEC KUAKOCTH, CUIIbI HHEPIIUH,
MarHUTOTUAPOAUHAMUYECKUE CUIIBI U JP.

0) Cuiibl TOBEPXHOCTHBIE, MPUIOKEHHBIE K TON WJIA JPYrod MOBEPXHOCTH,
OTPaHUYUBAIOLIEH paccMaTpUBaEMbIii 0ObEM JKUIKOCTU WM IPOBEACHHOW BHYTPH
3TOro oobeMa. K HUM OTHOCSATCS: CUJIBI THAPOCTATUUECKOTO U TUAPOJINHAMUYECKO-
IO JABJICHUW, CUJIBI TPEHUS.

Ilo omnowenuw K Kakomy-1uoo od0vemy, BBIIEICHHOMY B KHUIKOCTH, BCE
CUJIBI MOYKHO Pa3/IEJIUTh €I11€ Ha IBE IPYIIIBL:

B) Cuiibl BHEIIHUE, JEHCTBYIOLINE HA JAHHBIA 00bEM CO CTOPOHBI OKPYKaro-
mei cpenpl. Eciau cuiibl IPHIIOKEHBI K NMTOBEPXHOCTH, OTPAHUYMBAIOLIEH JTaHHBIN
00BEM, TO ATO BHEIIHUE MMOBEPXHOCTHBIE CUJIbI, @ €CIM K KaXKIOW 4acTule, BXOAs-
el B 3TOT 00bEM, TO 3TO BHEITHHE OOBEMHBIC CUJIEL.

r) Cusibl BHYTpEHHHE — 3TO BCErJa IMOBEPXHOCTHBIE CHIIBI B3aUMOAECHCTBHUS
qacTULl MeXay coOoil. BHyTpeHHUe cuiibl BCerjga MmapHble — UX CyMMa IO BCEMY
JAaHHOMY 00BEMY paBHA HYIIIO.

MeToabl uccieq0BaHNUsl ABUKEHUS JKUIKOCTH

Paznmuyaror aHaIMTHYECKUE, SKCIIEPUMEHTAIBHBIE U MOMYIMIIMPUYECKUE Me-
Tozbl. Hanbonee mmpokoil SBISETCS 2pynna anaiumuyeckux mMemooos, KOTopble 3a-
KIIIOYAIOTCSl B COCTaBJIEHMU AU((depeHIHaTbHBIX (MHOTAa UHTErpaJIbHbIX) ypaBHE-
HUN JIBUXKEHUS], YUYUTHIBAIOIIUX CIEUU(PUKY KOHKPETHOTO THAPOMEXAaHUYECKOIO SIB-
JIEHUS ¥ OTHICKAHUHU TOYHBIX WM MPUOJIMIKEHHBIX PEIICHUM 3THX ypaBHeHMH. Mare-
MaTUYeCKHUil ammapar, IpUMEHsIEeMbli B THApABIMKE, BecbMa pa3HooOpaszeH. Yare
APYTUX UCHONB3YIOTCS U depeHnanbHble ypaBHEHHSI U YUCICHHBIE METO/IbI.

IKcnepumenmanvrvle Memoovl, KOTOpble 0a3uUPyIOTCS HAa MCCIEIOBAaHUU
JBVKEHUS KUAKOCTH, IyTEM MPSAMBIX UJIM KOCBEHHBIX M3MEPEHUN NapaMeTpoB pe-
aJBbHOTO MMOTOKA UJT €r0 MOJEIH.

C skcnepuMeHTalIbHBIMH METOJAMHU TECHO CBSI3aHa, SIBISASACH UX TEOpETUYE-
CKOIl OCHOBOH, meopus nododus, yCTaHaBIUBAIOLIAsl T€ YCIOBUS U MTpaBUiIa, MO KO-
TOPBIM CJIEYET CTPOUTH MOJENIH U PE3YAbTAThl IKCIEPUMEHTA HAa MOIENU MEePEHO-
CUTh Ha HaTypHbIA OOBEKT.

Honysmnupuueckue memoost, KOTOpble 3aKIHOUAKOTCS B TOM, YTOOBI Ha OC-
HOBE HEKOTOPOU MOJENH SIBJIEHUS TEOPETUUECKN YCTAHOBUTH CTPYKTYpPY 3aBUCUMO-
CTH MEX]ly UCKOMBIMH MapaMeTpamu, a BXOJSIIME B HE€ KOHCTAHThI OTHICKATh KC-

NEePUMEHTAIBHO. 1



DJIeMeHThI TEOPHHU MOA00HA
Bo3MoHBI 1Ba THNA SKCIEPUMEHTOB: C HATYPHBIMU OOBEKTAMH U C MOZEIISIMHU.
Mopenu 6b1BatoT BooOpakaeMble U MaTepHalibHbIE.
BooOpaxaeMble: MOZIETb UI€ATIBHON KUAKOCTH, MOJIENb CILIOIIHOM Cpenbl U T.1.

MaTepI/IaJIBHI)IeZ BOCHpOHSBGI{GHHBIﬁ Ipru IIOMOIIH PA3JIMYIHBIX MATCPUAJIBHBIX
YCTPOﬁCTBO TOT WJIM UHOU mpoueccc B X XKUAKOCTH, I/IMCI-OI[II/Iﬁ MCCTO B I[GﬁCTBHTGJIB-
HOCTH.

OI[HI/IM N3 OCHOBHBLIX BOIIPOCOB IIPU ITOCTAHOBKE I'MAPOMCXaHNYCCKOI'0 3KCIIC-
PHUMCHTA SABJISICTCA BOIIPOC O TOM, II0O KaKHMM IIpaBUJIaM OOJIZKHA OBITh M3TOTOBJICHA
MOJCJIb NCIIOJIB3YyEMOI'O 00BEKTa U MO KaKUM 3aBHCHMOCTSIM CICAyCT ICPCCUNTATD
JaHHBIC OIIBITOB, YTOOBI IIOJIYYUTb AOCTOBCPHOC OIMMCAHHWC HATYPHOI'O T'MAPOMCXa-
HHUYCCKOI'O ABJICHUA.

Ha sToT BOIpOC AaeT OTBET pasaei TMIPaBIMKH, Ha3bIBAEMBIH TEOPHUEH ITOI0-
ous.

O6IHI/IG MOJIOKEHUS ATOM TCOPHUHN CBOIATCA K TOMY, UYTO IOBa (1)I/I3I/I‘-ICCKI/IX SABJIC-
HUA HOI[O6HBI, CCJIM BCIIMYMHBI OAHOIO ABJICHUSA MOI'YT OBITh ITOJIYYCHBI U3 COOTBCT-
CTBYIOINUX BCIMYHH APYIoro, B3ATBIX B CXOACTBCHHBIX JIIPOCTPAHCTBCHHO-
BPCMCHHBIX TOYKaXx, IMPOCTbBIM YMHOXCHHEM Ha OJWHAKOBBIC IJISI BCCX TOUCK MHO-
KHNTCJIM, HA3bIBACMBIC MaciiTabaMu HOIIO6I/ISI.

['eomeTpryeckr MOAOOHBIMU HA3BIBAIOTCS MMOTOKH, BCE COOTBETCTBYIOIIUE JIH-
HEHHBIC pa3MePbl KOTOPBIX MPOIIOPIIMOHAILHEI MEXKIAY COOOM: JIMHCHHBIC BETNYNHBI
—ml - —m2a . —n 3 U
l,=myl,; mromamm S,,=M,"S,;; 006eMBIV,,=M,"V,,,Tae M| — THHEHHBIIA MacIITa0.

Kunemarnuecku momoOHBIMU HA3bIBAIOTCS MMOTOKH, B KOTOPBIX INPH BBITTOJTHECHUU
TE€OMETPUIECKOTO TMOA00MS, HAIPABICHHSI CKOPOCTEH TEUCHUS OAMHAKOBBI, a BEJIH-
YUHBI CKOPOCTEH OTIMYAIOTCS B OJMHAKOBOE YHCIO pa3: V=M, Vy,, rae Vy — mpo-
EKIIMsI CKOPOCTH Ha OCh X, M, — MacmTad CKOPOCTH.

I[I/IHaMHLIeCKI/I HOI[O6HBIMI/I Ha3bIBAIOTCA IIOTOKH, B KOTOPBIX IIPpU I'COMCTPpHUYIC-
CKOM HO}106I/II/I BBIIIOJTHATOTCA CIIC TPHU YCIOBHA: B CXOACTBCHHBIX TOYKAX JICI\/'ICTBy-
0T OTHOMMCHHBIC CHJIbI, OTHOIICHUC MCXK/Y 9THMH CUJIaMHU PA3JINYAIOTCA B OANHA-
KOBOC 4YHMCJIO pa3; Ha4YaJIbHbIC W I'PAHWYHBIC YCJIOBHA B IMOTOKAX TOXACCTBCHHLI U

OTJIMYAIOTCS TOJILKO MacIITabaMH.

COBOKYHHOCTB recoOMETPUICCKOro, KHHEMAaTU4CCKOIro 1 AMHAMHUYCCKOIro Imogo0-

OMii cocTaBIIET MEXaHUYECKOE UJIN MOJTHOE HOI[O6I/IG.

be3paszmepHbie KOMIUIEKChI, COCTABIEHHBIE U3 MACIITa00B MOA00UsI, HA3bIBAKOT-

cs yuciaaMu nogobms. Uucnma mogoOus, COCTaBISHHBIC W3 MacIITabOB, 3aKIII0-1,



YEHHBIX B MOCTAHOBKE 3ajJlaud, T.C. HAlepe] 3aJaHHBIX, HA3bIBAIOTCS KPUTCPUSIMH
nonobusi. Harpumep: unciio Peitnonbaca Re= IV/V onpenenser cooTHOMICHHE MEX-
Iy CHJIAMH BSI3KOCTH ¥ CHIIaMH mHeprmn; dncio ®pynaF,=V?/glonpenemser coot-
HOIIIEHHE MKy BHEITHUMHU OOBEMHBIMHU CHJIAMH U CHJIAMU WHEPIIUH.
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Jexmus -2
Paznen 2. THAPOCTATUKA
Tema 2.1: 'uapocTatniyeckoe NaBICHUE U €r0 CBOMCTRBA.
3akoH [Tackamns. ['mapapnuaeckuii npecc. Knaccudukanus gaBiaeHU.
[TpuGopsl U METOJIBI UBMEPEHUHN JaBICHUM.
JuddepeniranbHple ypaBHEHHS paBHOBECHS KHIKOCTH Diliepa U UX
WHTETPUPOBAHUE JIJISI CITy4dasi HECKUMAEMOM KUIKOCTH. OCHOBHOE
YPaBHEHUE THAPOCTATUKH.
Jlutepatypa: [1] ctp. 25-31; [3] cTp. 19-22;
[4] ctp. 11-17; [5] cTp. 63-68;
[6]cTp. 24-37.
CamocTosiTenbHO U3yuuTh: [IoBEpXHOCTH paBHOTO AaBIEHUS. Y CIOBUE PAaBHOBECHSI.
XapaxkTepHBbIE Clydau PaBHOBECHS TSKEIION
HEC)KUMAaeMOH KHJIKOCTH.
Jlureparypa: [3] ctp. 26-36.

Oo0mue cBeneHus
T'uopocmamuxkoii Ha3pIBAETCS pas3zei THAPABINKHA, B KOTOPOM paccMaTpUBa-

I0TCsI 3AKOHBI PABHOBECHS KUIAKOCTU U UX MPAKTUYECKUE NPUIIOKEHUs. B cocros-
HUH TOKOS B )KUJIKOCTHU JEUCTBYIOT CHJIBI MACCOBBIE U IIOBEPXHOCTHBIE.

M3 mOBEpXHOCTHBIX KacaTeJIbHbIE CUJIbI TPEHUS HE BO3HUKAIOT, & MOT'YT JCH-
CTBOBATh TOJIBKO HOpMalibHbIE. [Ipruem, Ha 11000 OrpaHUYMBAIOLIEN TOBEPXHOCTU
HOpMaJIbHbIE CUJIbI BCEI/Ia HApaBiI€Hbl BHYTPh 00bEMa KUJIKOCTU U, CIE0BATEb-
HO, SIBIIIFOTCS CKUMAOIIMMH. PacTATrMBalOIMMU yCUIUSAMH B PEANBHOM KUAKOCTH
MOYKHO MpeHeOperars u3-3a UX MajaocTu. Takum o0Opa3oM, B MOKOSIIEHCS KUIKOCTH
BO3MOXEH JIMIIb OJVH BHJI HANPSHKEHUS — HANPSIKEHHUE CHKATHUS, HA3bIBAEMOE T'H/I-

POCTATUYCCKHUM JAaBJICHHUCM.

I'mapocrarnyeckoe 1aBjaeHHe U €ro CBOMCTBA
VYcnoBuMcst 0003Ha4YaTh p — AaBieHue, P — cuiia naBieHus.

I'mapocTarnueckoe JaBlIeHUE P B JaHHON TOYKE p = |im
AS—0

AS|"

cuJia, IEHCTBYIONIAs Ha TUIOMIAAKY ASTIpH YCIOBHH, YTO AS CTSITUBAETCS B TOUKY.

P : (izj, rae AP-

B 001ieM ciydae raBieHue eCTh (DYHKIHS KOOPIMHAT U BpeMeHH p = f(X,y,z,1)
[uapocTaTHuecKoe JaBlICHUE UMEET 1B OCHOBHBIX CBOMCTBA:
e [ICPBOE — OHO BCEIJa HANPAaBJIEHO [0 BHYTPEHHENH HOPMaJM K pacCMaTpHBae-
MOM TIOIIAJIKE;
e BTOPO€E — BEJIMYKMHA €70 B JJAHHOM TOYKE HE 3aBUCHUT OT OPUEHTAIIMH TOM
IUIOLIAKH, HA KOTOPYK) OHO IEWCTBYET, T.€. JAaBJIEHUE B JAHHON TOYKE ITOKOS-
IIEHCs )KUIKOCTH OJNHAKOBO BO BCEX HAIIPABICHMSIX.

5 3 BTOPOTIO CBOMCTBA BbITEKaeT 3axkon Ilackansa: naBlieHUE Ha IMOBCPX-
14



HOCTb KUJAKOCTH, IIPOU3BCIACHHOC BHCUIIHUMU CHIIAMH, IICPCAACTCA KUAKOCTHIO BO

BCCX HaIIPaBJIICHUAX 0e3 U3MEHCHHS.

I'vapasiaunyeckuii npecc (1oMKpar), puc. 2.1

ANANAVANANANAN

A
L

A 4

1 JlBa nunuHgpa ¢ qnuamerpamu duD

COeAMHEHBI MeX Ty coOou. [Tnomanu

S

[l

1=nd*/4<<S,=xD’/4
Ecmu Ha mopriens auamerpom d

_d  nmeticTByet criia P To oHa

CO3/a€T IO IOPIIHEM JABICHHE
p=P1/S;

B|cooTBeTCcTBUM € 3aKOHOM HaCKaJI}I,

Puc.2.1

3TO JaBlIeHHE 0€3 M3MEHEHHMs MepeaaeTcs Moja nopieHb ¢ nuamerpom D u

CO34acT yCHUIIUC

Ps,=P1S51/52=P,D?/d?

JAudpepeHunanbHble YPABHEHUSI PABHOBECHS KUAKOCTH (3i1JIepOBBI CO-

BOKYIIHOCTH)

PaCCMOTpI/IM PABHOBCCHUC IJICMCHTAPHOI'O IIPAMOYI'OJIBHOI'O ITApaJUICIICIIUIICAA

co cropoHamu dx,dy,dz, BbIIeIEHHOrO BHYTPH IOKOSIICHCS KUAKOCTH (puc.2.2).

HYCTB Ha BCC I'PaHN BBIICICHHOIO ITapaJIICIICITUIICAA HeﬁCTBy}OT CHJIbI JABJICHWA U HA

CANMHUILY MACChbI 3TOI'O IMapaJuICIICIIUIICIa I[CP'ICTByeT MaccoBas cuia F.

PaccraBum cuibl Ha puc. 2.2. Hanpumep, eciii Ha J€By10 I'paHb napaiesne-

muIecaa HeﬁCTByeT IMOBCPXHOCTHAA CHJIA, paBHasA IPOU3IBCACHUIO NABJIICHUA P Ha

wiomaab rpanu dy-dz, To Ha TPOTHBOIOJIMKHYIO €l TIPaByIo I'paHb B OOIIEM CITy-

qac AO0JI’KHa HCﬁCTBOB&TB cuiia, OTIIMYHAaA 110 BCJIMYMHE OT CHJIBI CJICBA U IIPOTUBO-

IIOJIO’KHO €U HaIllpaBJICHHAS.

FA

pdydz

o
ip +a—:dz)dxdy

pdxdz

o
P +a—;dy)dxdz

: 3
: % p +a—idx) dydz

L

Puc.2.2
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BennuuHa u 3HAaK OTIIMYMS HEU3BECTHBI. HOBTOMy IMPUMCHACTCA (I)OpMaJ'II)-

HBII MaTeMaTHYeCKUN TIPUEM — K JABJICHHUIO p TIPUOABIAECTCS HEKOTOPOE MpHUpaIiie-

0
HHC JAaBJICHUS B HANpaBJICHUHU OCH X, paBHOC a—pax, 3HAaK U BCIWYHMHA KOTOPOIo
X

OIPEICISIFOTCS. B MPOIECCe pellieHus 3amadd. MaccoBasi Cuja, JCHCTBYOIAs Ha
BBIJICJICHHBI 00BEM BIIOJIb OCH X, MPEACTABISIETCS KAk MPOM3BEACHHE CHIBI Fy,
NPUIOKEHHOW K CIWHHUIIE MAacChl JKUAKOCTH BHYTPH Mapajljicicuneaa, Ha Maccy
xuakocta p dxdydz.

Torna ypaBHEHHE paBHOBECHS B MPOEKIMH Ha OChX OY/IeT:

{p—( p+%§}dx]dy-dz+ Fxp-dx-dy-dz=0

[Tocne npeobpazoBanumii Z—p = pF,.
X
I . op op .
O aHAJIOTHM B IIPOCKIHNAX HA OCH YU Z: 5 = pF,, po = pF, .OTkyna:
E _ 1 op_ o)
F —-1.9Pp_g
y P oy
F — 1 @2 =0
z P Oz

VYpaBHenus (2.1) Ha3BIBAIOTCS OCHOBHLIMU YPAGHEHUSMU 2UOPOCMAMUKYU VI
ougppepenyuanbHviMu ypasHeHusMU pasHosecus dcuokocmu Iinepa. OHU TPUTOJT-
HBI U JIs1 HECKUMAEMBIX U TSI CKUMAEMBbIX JKUJIKOCTEH.

PaBHoBecHe TSKEI0M HeC:KMMaeMO# KUJAKOCTU. BouIpakeHue o0miero ruapo-
CTATHYECKOI'0 32aKOHA.

Jlns ynoOcTBa MHTErprpoBaHus ypaBHeHui (2.1) paBHOBecHs MpPUMEM TaKyl CH-
CTeMy KOOPJMHAT, Y KOTOPO OCh Z HarpasiieHa BHU3 (puc. 2.3).

Torga, njs €MIUHUIBI MACChl HECXKUMAeMOM (KareJlbHOW) KUAKOCTH TIPU OT-
CYTCTBUH JIPYTUX MACCOBBIX CUJI, Kpome cui TsbkectuF=mg=1 g, rae g — yckopenue
CBOOOIHOTO MaJeHUs, UMEEM:

Fx=F =0; F,=+0.
VYpaBHeHus paBHOBecus Disepa (2.1) mpuHUMAIOT BHI:

9P _q: P _0; P_, ,.
OX 0 ay_o oz~ P9

16



IlepBbIe 1Ba M3 ATUX YPABHEHHUU BBIPAXkKAIOT HE3ABUCUMOCTD JABIEHHUS OT KO-
OpJAMHAT X U Y, T.€. 03HAYAIOT, YTO IIOBEPXHOCTU PABHOIO IABJICHUS WA IIOBEPXHO-
CTH YPOBHS TOPU30HTAJIBHBIE INIOCKOCTH.

WuTerpupyem  TpeTbe ypaBHEHHWE Mpu  ycioBUMg = CONst wu

P=CONSt(ILIOTHOCTH OJMHAKOBA 10 BCEMY 00BEMY, T.K. JKUAKOCTH HECKMMAEMA):
dp=p-g-dz;[dp=p-gfdz; p=p-g-z+C 2.2)

HaiinemM mOCTOSHHYIO HMHTETPUPOBAHUS c.
JUIsL 3TOr0 MOMECTHM Hadajo KOOPAHMHAT B TOUYKY
MTOKOSIIIIEMCS KUIKOCTH, B KOTOPOU JTaBIICHHUE Pg 3a-
JaHO (HampuMmep, JUIsl OTKPBITOTO COCYy/a JaBJICHUE

Ha CBOOO/IHOI OBEPXHOCTH PaBHO aTMOC(HEpPHOMY)

(puc. 2.3).Torma, kak ciuexyeT U3 IOCIEIHETO BbI-
paskenust npuz = 0 ¢ = po. Puc. 2.3

ITofCTaBHB 3HAYEHHE TIOCTOSHHON ¢ B ypaBHeHHe (2.2) TONYYHM BETHUHHY
THJPOCTAaTUYECKOTO JaBJIEHUS B BUJE:P = P + pgz

Jlnst AByX TOouek ¢ KoopauHatamu Zo = 0 u Z;ypaBHeHHE OyleT UMETh BUJ

Po_ . Pr_
20+pg Zl+pg const, (2.3)

Ortkyna p1 = po + p9(2o - Z1).
Bennmuunah = |z; — zj|lectp HekoTOpas BhICOTA, MOKA3bIBAIOIIAS HACKOIBKO

TOYKA C KOOPAUHATOMZ, BBIIIC TOYKH C KOOPAWHATOW Z; (IpyruMu cioBamu h — 310
1yOuHa norpyxeHust Touku M 1oz cBoOOIHY 0 MOBEPXHOCTD KUIAKOCTH). Toraa

p=p,+p-g-h (2.4)
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Pa3nen 2 l'uppocraruka (MpoaoJKeHue)
Tema 2.2: Cuna naBiieHHs! )KUJAKOCTU Ha MJIOCKUE U KPUBOJIMHEHHbBIE TOBEPXHOCTH.

Jlutepatypa:[1] ctp. 45-51; [5] ctp. 71-78;
[6] cTp. 37-41.

CamocTtosaTenbHO u3yunTh: Kpyrias tpyOa, moaBep:keHHasi BHyTPEHHEMY
TUAPOCTATUYECKOMY JABJICHUIO.

Jlutepatypa: [1] ctp. 51-55; [3]cTp. 36-37.

Cuia naBjieHMsl XKMJIKOCTH HA ILUI0OCKHE MOBEPXHOCTH

PaCCMOTpI/IM ABC 3a1a4M.

a)mockas mosepxuocts AB ropusontansha, puc.2.4.a
0)mIockas MoBepXHOCTh A)I PacCIOJIOKEHA MO YTJIOM 0X TOPU30HTY (B TOM YKCIIE

u o1 yraom 90°, T.e. MIIOCKOCTh BepTUKaIbHA), puc.2.40

<y

Puc. 2.4.
Pemenue 3a1a4 CBOAUTCS K ONIPEAECICHUIO:
-3aKO0HA paclpeesieHUs TaBJICHUS 10 IIOBEPXHOCTH;
-BEJINYMHBI CYMMAapHOW CHUJIbI IABJICHUS HA IOBEPXHOCTH;
-HaIpaBJICHUE U TOYKH MPUIIOKECHUS ITIaBHOI'O BEKTOPA CUJI 1aBJICHHUS.
Benvnuuna cymmapHO# cuiibl JaBieHUs (TJIaBHBIN BEKTOP CHII JaBJICHUS)
KUIKOCTU Ha TOPU3OHTAIBHYIO IIJIOCKOCTh, prc.2.4.a, onpeaenseTcs Kak:

P=pS=(p,+pgh)-S, (2.5)

r7ie p~ JaBJCHHE XKUAKOCTU Ha TIOBEPXHOCTh, onpeensemMoe o popmysne (2.4);
S- o111 MOBEPXHOCTH.
PaccMoTpuM Teneph MIIOCKYIO CTEHKY, HAKJIOHEHHYIO K TOPU30HTY MO/

yriaom Q, puc.2.40.
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O0603HauYMM CMOYCHHYIO IUIOIA]Ib HAKJIOHEHHON CTEHKHU S. Bossmem dS, na

KOTOPOM JECUCTBYET CHJIA HABJICHUS dP

P=pdS=(p,+pgh)dS.

[TomHast cua maBiieHUs Ha OOKOBYIO CTCHKY OyaeT

P:J (p0+pgh)dS=j podS+ng hdsS.

S § §

31ech _[ hdS= h.S= crarnueckuii MOMEHT uIOIAAM S,
S

I'me he— riyOuHa morpyskeHus IeHTpa TSHKECTH IO S o1 yPOBEHb CBOOOI-
HOM MOBEPXHOCTH.
Torna
P=p,S + pghe= S(potpghc) (2.6)
U3 hopmysel (2.6)3akimouaeM, 4TO CHJIA JABJIEHHSA HA IUIOCKYI0 CTEHKY

PaBHA THAPOCTATHYECKOMY JABJICHHIO B HEHTPE TAKECTH CMOYEHHOM MOBepPX-
HOCTH, YMHO’KEHHOMY Ha IJIOIIA/Ib CTEHKH.

JuarpaMma pacnpezieseHus: JaBjIeHUs 10 MOBEPXHOCTU HA3bIBAETCA SIIOPOI
naBieHus. [IocKkobKy OCHOBHOE YpaBHEHHE THAPOCTATHKU SBIIAETCS YpaBHEHUEM
MPSAMOiA, TO JJi €€ MOCTPOEHUS JOCTATOYHO 3HATh JAABJICHHUS JIMIIb B ABYX TOUKaX.
[IpeacTaBuB 3Tu AaBieHKs B MaclITabe B BUI€ HOpMaJel K MIIOCKOCTH U, COETUHUB
KOHLIBI IEPIICHIUKYIISPOB NPSIMOM, OJIYYUM 3II0PY TUAPOCTATUYECKOIrO JaBiie-
HUSI.

JlaBiieHre Ha CBOOOJIHYIO MIOBEPXHOCTH P, COTIacHo 3akony [lackans nepe-
naércs JKUIKOCThI0 0e3 m3MeHneHui. [loatomy, smropa p,u B cilydae rOpU30HTAIIb-
HOW IIJIOCKOCTH M B CJIy4ae IUIOCKOCTH PACIIOJIOKEHHOM MOJ YIJIOM K TOPHU30HTY,
n300paxxaeTcsi B BUJE MPSIMOYTOJIbHHMKA C BBICOTOM, YMCIEHHO DPABHOH P,, CM.

puc.2.4.

N36p1TOUHOE TaBICHHE B CIIy4ae TOPU30HTAILHOMN TUIOCKOCTH OYyIeT OJTHUM
U TeM K€ BO BCEX TOYKAX MOBEPXHOCTH IMOTOMY, 4TO IIyOHHA morpykeHust h Bcex
TOo4YeK ouHakoBa. CienoBaTeIbHO dII0pa W30BITOYHOTO AABJICHHS B 3TOM ClTydae-
IPSIMOYTOJIBHHK C BBICOTOM pQgh, HaACTPOCHHBINH HaJl SIIOPOH JaBJICHUS P, B TOM XK€
Macitabe ¥ 1o TeM K€ MpaBuiiaM, cM. puc.2.4.a..

19



B ciydae miaockocT, yCTaHOBIIEHHOM IO/ YTJIOM K TOPU30HTY, puc. 3.1.0, B
TOYKE ﬂ M30BITOYHOE TABJICHHE OTCYTCTBYET (BBICOTA CTOJIOA YKUIKOCTH h= 0).B
cllydae TUIOCKOCTH, YCTAaHOBJICHHOM O] YTJIOM K TOPU30HTY, puc. 3.1.0, B Touke ﬂ
M30BITOYHOE TABJICHUE OTCYTCTBYET (BBICOTA CTOJIOA KUIKOCTH h= O).B
Touke A M30BITOUHOE JaBICHHE pgh. .CyMmmapHasi 31miopa IaBJIeHuH n300pakaeT-
Csl B BUJIC TPAMeIMi C OCHOBAHUSMH:

- B touke J|, uncnenno pasubivu

- B Touke A, unciIeHHO paBHBIM Pot pgh

['maBHBII BEKTOP CHUJI JABJIEHUS COTJIACHO IIEPBOMY CBOMCTBY rHIpocTaTUye-
CKOT'O JJABJICHUs BCETa HAIpaBJIeH 10 BHYTPEHHEH HOpMaJM K pacCMaTpUBaeMOi
TUIOIIAJIKE.

Touka PUITOKEHHS [TIaBHOTO BeKTOpa ciil Cy Ha3bIBACTCS HEHTPOM JIaBJie-
HUHU. B 0011em cityuae LeHTp JaBlIeHUs PACHOI0KEH HUXKE LIEHTPA TSKECTU

CgCMO“IGHHOI\/'I IIOBCPXHOCTHU. AJIA OIIPCACICHUA KOOPAUHAT TOUYKH €TI0 IIPUJIOKCHUA
B THAPOMCXAHHUKC pa3pa60TaHo HCCKOJIBKO MCTOJOB, IPUMCHCHHUC KOTOPLIX 3aBH-

CHUT OT CJIO’KHOCTH 3a/1a4ll U HEOOXOJUMOM TOUHOCTH €€ PELICHHUS.
B mpakTudeckunx pacuérax 4acTo UCIONB3YIOT rpado-aHATUTUISCKUN METO.
Bbonee mpocTo ncnosib30BaTh TaOIUIy TUTUYHBIX CIy4aeB B KOTOPBIX PUBE-
AeHbl (POPMYIIBI TS ONIpeIeTICHIs] KOOPAMHAT IIEHTpa AaBIEHUS MPOCTHIX (Puryp.
B ciaydae npsMOyrojabHON CTEHKH MOKHO MCIIOJIB30BATh MPaBUIIO, COTTIACHO
KOTOPOMY IJIaBHbIN BEKTOPA CWJI 1aBJIEHUI HANPaBJeH NePHeHANKYJ/ISIPHO K
IJIOCKOCTH M IPOXOIMT Yepe3 HEeHTP TAKEeCTH 3MIOPbI.
Jiis onpesiesieHus OJI0KEHUS LIEHTPa AABJICHUSI CUMMETPUYHBIX CII0KHBIX
(Guryp nosb3yroTcs GopMysoii:
Yur= Yot IxelYeS
351ech:
-ocb X , cM. puc.2.40, pacnoioxKeHa 10 JIMHUY epeceyeHus MI0CKO (PUrypsl ¢
MJI0CKOCTBIO CBOOOHOM MOBEPXHOCTHU (B Touke /[l mepneHauKyIsipHO TIOCKOCTH
pHUCYHKA);
-0Cb Y- 0Chb CUMMETPHH (PUTYPHI;

-Yu 4 Y — OpAUHATHI HEHTPA AABJICHUS U LIEHTPA TYKECTU CMOYECHHOM TIOIIAAN

burypsi;
-lyc — MOMEHT MHEPITUHU ATOM IIJIOMIATH OTHOCUTEIHFHO TOPU30HTAILHOM OCH, TIPO-

XOIAIIEN YEPE3 LIEHTP THKECTH IUIOLIAAU U NTApAJUICIIbBHOU OCH X.
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Cuia naBJjieHMS 2KMIKOCTH HA KPUBOJHMHEHHYIO TOBEPXHOCTh

Onpenenuts CUIy KaBjeHus )KUJKOCTH HA KPUBOJMHENHYIO TOBEPXHOCTh CII0XKHEE,
4eM Ha IUIOCKYIO, T. K. DJIEMCHTapHbIC CUJIBI AaBJjieHUs dP, 1 dP, 1 T.1., puUC. 2.15,
6yly4u NEePHEHINKYISIPHBIMUA K COOTBETCTBYIOIIMM JIEMEHTaApPHBIM ILIOIIAIKaM
dS;, dSpu T.1., OKa3bIBAIOTCA KaK HE OJJUHAKOBBIMU 110 BEJIMYUHE, TaK U HE I1apal-
JIETLHBIMU MEXK]Ty COOOM, YTO 3aTPYAHSIET UX CYMMHUPOBAHHUE.

MY

B o0miem cirydae oHr 00pa3yroT CUCTEMY CHUJI, KaK YTOJHO OPUEHTUPOBAHHBIX B
npoctpaHcTBe. JJis TaKol CUCTEMbI BEKTOP MOJTHOM CHUJIBI 1aBJICHUS HAXOIUTCS KaK:

P=Py+Py+P,;

aeemonyns - P = \/P-_,‘E +P§ + P

rae PX, Py, Pz' CYMMBI POEKLMH AJIEMEHTAPHBIX CUJI HA OCU KOOPAUHAT.
Hamnpagiienue pe3yJabTUPYIOLIEH CUIIbI JaBJICHUS OIPEACIIETCS HAIPaBIIAIO-
IMMHU KOCUHYCAMH:

cos(P™ x)=Px \ P; cos(P"y)= Py\ P; cos(P"z)= P\ P.

PaccMOoTprM OTHOCHTENBHO NMPOCTOM, HO YacTO BCTPEYAIOIIMKCS CIy4dall LWJIVH-
JIPUYECKON MOBEPXHOCTU puC.2.6. OOpasyromiue 3TOl MOBEPXHOCTH MEPHEHIUKY-

JIAPHBI TUIOCKOCTH PUCYHKa (MapajulesbHbl och Y); Bo3bMeM Ha MIMHIPHYECKOM
nosepxunoctn CD), snementapnyio miomaxy dS.Bemmunna CYMMAapHOTO JIaBJie-

HYS HA Hee dP:pdS,

rae P -r'MIpoCTaTU4ecKOe aBJIeHHUE B LIEHTPE IUIOAAKH dS. [Ipoexiuu 3TOM CH-
JIBI HA OCU KOOPJUHAT OYIyT:

dP,= dPcos a = p dScos a.
dP,= dP sin a =p dS sin a
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O6osuaunm 0SC0S0=dS,u Sina=0S,sepruxansnas u ropusonTtas-

Has IMpOCKIHUH BHCMGHTapHOﬁ Imaomaaku COOTBCTCTBCHHO. queTOM (I)OpMy.TIBI oC-

HOBHOTI'O YPAaBHCHUA THAPOCTATUKHU

dP,=(p,*+pgh)dS,(2.7)
= (po+pgh)dS«(2.8)

Bripaxenue asi(dPX) mpouHTerpupyeM U moydnm:

P.= poS+ pghS,=(po+pgh.)S,(2.9.)

Puc 2.6.

e PotPYN— rugpocrarudeckoe napaeHue B IEHTE TSKECTH MPOEKIMH UK H-
IPUYECKON ITOBEPXHOCTH HA BEPTUKAIBHYIO IIJIOCKOCTB;

SZ - I1omaib BepTHKaHBHOﬁ IMPOCKINHU HHHHHHPHHGCKOﬁ IOBCPXHOCTH.

[Tpounrterpupyem Boipaxkerue (2.8)

P: = pl]Sx + pgihdSr.: IJI]Sx + ng 2.10)

rne J'hde =V - o6wem mpusmsr, ABCDA, o6pasosannoii

HUIMHApHUYEcKo oBepxHocThi0 CD, e€ npoekumii Ha

Ha cBOOOIHYIO oBepXHOCTH kuakoctn AB, BeprukansusMu mpoek-
tupytoumu mwiockoctsMu BC u AD u Ha3biBaeMO# «Telo AaBICHUN.

PEYV- Bec xuaKOCTH B 00BEME TeNa IaBIEHUs, KOTOPBIA M CO3/1a€T yCUIIUE Ha
KPHUBOJIMHENHYIO ITOBEPXHOCTb.
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CI/IJ'Ia, ,Z[GI\/'ICTBYI-OHIaH Ha TCJIO OABJICHUSA, MOXCT HMMCTh PA3JIMYHBIC 3HAKH. Ecan
00BeM Telia JdaBJICHAas 3aI10JIHCH KUIKOCTBIO, TO PzHanpaBneHa BHH3 4YTO COBIIaAacCT C

HaIpaBJICHUEM OocH Z W MMeEeT 3HaK «IUItocy. Eciam o0beM Tena JaBlieHHs HE 3a-
noJiHeH, To P HampaBieHa BBEpX 4TO MPOTHUBOIIOIOXKHO HAIPABICHUIO OCH Z UMEET 3HaK
«MHUHYCY.

HNTak ropu3oHTAIBHAS COCTABJIAIOIIAA CHWIbI THAPOCTATHYECKOIO JABJICHUS
HA KPUBOJIMHEHHYIO MOBEPXHOCTH PABHA CHJIE TABJICHUS HA €€ BEPTHKAJIBHYIO
NMPOEKUUIO.

JIMHUSA — 1eMCTBUA T'OPU30HTAJILHON COCTABJIAIONICH IPOXOAUT Yepe3 HeHTP
AABJICHUS BEPTHUKAJIBLHOU NMPOoeKIH (T.€. Yepe3 HeHTP TAKECTH SMI0OPbI JaBJIeHU
HA BEPTUKAJIBbHYIO MIPOEKIIHNIO).

BeprukanbHasi cOCTABJIAIOIIASA CUJIbI THAPOCTATHYECKOI0 JABJICHUS PABHA
BeCy KMIKOCTH B 00beMe TeJia IaBJIeHUs , JIUHUA J1eiicTBUA eé MPOXOAUT Yepe3
LHEHTP THXKECTH TeJIa JaBJICHUS.

Moyns paBHOAEHCTBYIOILIEH :

P - '\:'sz + Pzz . (2.11)

Hanpagiienue paBHOAEHCTBYIOLIEH ONPEAEISETCS YIIIOM
a= arctgP, /Px2.12)
T .. uncieHHble 3HAUEHUS U HaIIPpaBJICHUA COCTABJIAIOIINUX CHUJI U3BCCTHBI TO

HaIpaBJICHUE PABHOJCHCTBYIONIEH U TOUKY IPUIIOKEHUS MOKHO HalTH rpaduue-
CKH.
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Jlexmus -3
Paznen 2. 'mapocratuka (Mpo10KeHHE)

Tema 2.3: 3akoH Apxumena.

VYcnoBust paBHOBECHS TeJl, TJIABAIOMINX B XKUAKOCTH. OCTOMYHUBOCTD.
Jluteparypa: [1] ctp. 57-61; [5] cTp. 43-47.

YciaoBusi paBHOBECHS TeJl, IJIABAOIIMX B JKMJIKOCTH.

B npocreitiiem 1 HanboJiee 4acTo BCTpeUaroIIeMcs cliydae Ha OTPY>KEHHOE
B xuakocts Tenno ABC DpI/IC.2.7.06’beMOM V neicTByIOT cuia Tsokectd G u mo-
BEPXHOCTHBIE CHJIbI THAPOCTATUYECKOTO NABJICHHUS, BEJIMYMHA U HAIIPABJICHUE JCHi-
CTBHUSI pE3YJIbTUPYIOIIEH KOTOPBIX MOTYT OBITh ONPEICJICHBI 110 TPUBEICHHBIM B
NPEIbIYIIEN JIEKIUHA TPABUIIAM .

ML 5 I‘TI
—— -
7 I,
\B PED
_ 5 -
T
Pin
Puc. 2.7.

Cuna Tsoxkectd G npUiioKeHa B IIEHTPE TSOKECTH TeJla M HAIpaBJIeHA BEPTHKAIBHO
BHU3. [ OpU3OHTaNIbHBIEC CHIIBI JABJICHUS CUMMETPUYHBI U B3aMMHO YPaBHOBEIIINBA-
rorcsiP ag= PCD. BeprukanbHbie CUIIBI IABJICHUS PABHBI BECY KUIKOCTH B CO CO-
OTBETCTBYIOIIEM TEJIC TaBJICHUS.

PBC:PgVBCNMB, JNEUCTBYET IO BHYTPEHHEW HOpPMAaiud K IMOBEPXHOCTHU
BC u, «xak BugHO W3 pHCyHKa, HampaBleHa BEPTHKAIBHO  BHH3.

P AD:ngADN MA Y HalpaBJIeHa BEPTUKAIBHO BBEPX. PaBHOIENCTBYIOIIAS CUIT
P = Ppp-Pye =pg(Vapnma- Veenme)=PIVascp(2.13)

HarpasJIcHAa BBEPX.

Bripaxxenue (2.13) oTpakaeT 3aKOH ApXuMe/ia: HAa NMOrPy’KeHHOE B MOKO-
SIIYIOCS JKMIAKOCTbh TeJIO, AefiCTBYeT €O CTOPOHBI KUIAKOCTH BePTHKAJIbHOE
NoIbeMHO€e YCHJIHEe PABHOE BeCY BHITECHEHHOM TeJIOM JKHIKOCTH.
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Cuiia Ha3bIBaeTCSl apXUMeA0BOI CHIIOM WM B3BEIIMBAIOIIEH CHIIOM, UTU

MOJAbEMHON CHJION, WM BOAOM3MeEIleHMeM. TOYKON NPUIIOKEHUS CHUJIbI P
SIBJISICTCSL WEHTP THKECTH 00beMa BBLITECHEHHOW KHAKOCTH , KOTOPBIM Takxke
Ha3bIBAIOT HEHTP BEJUYHMHBI, HEHTP BOJOU3MELEHNS, IEHTP JABJICHUS.

B 3aBucMMOCTH OT COOTHOIIICHUS BEJTMYHH CHJIbI TSDKECTH U apXUMEI0OBOM
CHWJIBI PA3JIMYAIOT TPHU CIIy4as MIaBYYECTH:
Teno Tskenee BEITECHIEMON UM KUJIKOCTH (G:P)'OHO TOHET (JIOKUTCS
Ha JIHO).

Bec Tena u Bec BBITECHIEMON UM >KUIKOCTH PaBHbI (G:P). Teno BHyTpHU
KUJKOCTH, B TIPUHIIMIIE, MOXKET 3aHUMaTh JII00oe monokenue. Kak mpaBuiio, oHO
OPUEHTHUPOBAHO TaK, YTO LIEHTP TAXKECTU HUKE LIEHTPa JaBJICHUS, T€JIO HAXOJUTCS B
COCTOSIHUM YCTOMYMBOIO PaBHOBECHUS. BO3MOMXKEH Takke Cilydail, KOrja LUEHTp Ts-
KECTU U IIEHTP JIaBJICHUSI COBIIAJIAl0T, TOT/Ia TOBOPST O O€3pa3IMuHOM PaBHOBECUU
(Teno MoxkeT ObITb MOBEPHYTO BOKPYT TOYKHM LEHTPTKECTH-IICHTP AaBICHUS Ha
10001 yroia U OCTAaHETCS B TaKOM ITOJIOKCHUHU JO0 MOMEHTA BO3JCHCTBUS JIPYroi
BHEIIHEH CHUJIBI).

Bec tena MeHbI1e, YeM BO3HUKAIOIIAS IPU TTOJTHOM MOTPY>KEHUU apXUMEI0BA
CHJIa (G<PH). Teno OyaeT BCIUIBIBATh HaJl CBOOOHOM MOBEPXHOCTHIO JI0 TEX
TIOP, MOKAa BEC JKUIKOCTH BBITECHAEMOW MOTPYKEHHOM YaCThIO TEJIAa HE CTAHET PaB-
HBIMH BECY TeJa.

OcCTOMYHMBOCTD

JIunust nepeceueHus: CBOOOIHON MOBEPXHOCTH BOJOEMA ¢ OOKOBOI MMOBEPXHOCTHIO,
IUTABAIOLLETO TEJa Ha3bIBAaeTCsl BaTepauHuei. [iockocTe B peaenax Tena, orpa-
HUYEHHAs BaTEPJIMHUEN HAa3bIBAETCS TUIOCKOCTHIO IUIaBaHUs. BepTrukanbHas och
CUMMETPHUHU HOPMAaJIbHAs K IJIOCKOCTH IUIABAHMS U MPOXOALIas Yepes3 LEHTp TsKe-
CTH MJTABaIOLLEro Tena Ha3bIBaeTCs OChIO IIaBaHus. YacTh BOJOHENPOHULIAEMOIO
o0beMa IJIaBaIOLIEro TeJla, PacloIOKEHHAs BbIIle IUIOCKOCTH IJIaBaHUsl Ha3bIBaCT-
Cs1 3aI1acOM IIJIaBy4YECTH.

CnocoOHOCTB MJIaBAKOIETO TEJA, BRIBEACHHOTO U3 PABHOBECHS BHELITHEN CUIION,
BO3BPAILATHCS B IEPBOHAYAIBHOE MOJIOKEHUE MOCIIE PEKPAIeHHs] IeHCTBUS ITOU
CHUJIbI HA3bIBAETCSI OCTOMYMBOCTBIO (HauaJgbHasl CTaTUYECKass OCTOMYMUBOCTB).
OcCTOMYMBOCTh, KOTOPYIO UMEET MPOIOATOBATHIN MpeaMeT (Hanpumep, CyJIHO) Mpu
IPOJIOJIBHBIX HAKIOHEHUSIX (AuddepenTe), Ha3pIBatOT Npo0JibHOM. OHa, Kak mpa-
BUJIO, TOCTATOYHO BEJIMKA; TO3TOMY OMACHOCThH ONMPOKUILIBAHUS YEPE3 HOC UITU
KOpMY HE BO3HMKaeT. OCTOMYHUBOCTh, KOTOPYIO CYTHO UMEET MTONEPEUHBIX Ha-
KJIOHEHHSIX (KPEHE) Ha3bIBAIOT MOMEPEYHOM.

Jlns Toro, 4TOOKI TUTaBaroIIee Ha CBOOOIHOM IMMOBEPXHOCTH TEJI0 00J1a1a10 OC-
TOMYMBOCTBIO €My HEOOXOUMO MPHUIATh TaKyt0 GOpMY, YTOOBI TPU OTKIOHEHUH OT
HCXOJIHOTO (TIPSIMOTO) MOJIOKEHUS - IPOUCXOINIIO U3MEHEHNE OYEPTaHUS BbI-
TECHSIEMOTro 00beMa )KUJIKOCTH U KaK CJIEJCTBUE, OCTATOYHOE CMEIIEHUE €ro IIEHTpa
TSYKECTH, T.€., TOUKH MPUIIOKEHHUS MMOICPKUBAIOIICH  CUIIBI B CTOPOHY KpEHa.
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PaccmoTpum npumep nonepeuHoit ocroitunBoctr. O003HAYNM TIEHTP TSDKE-
ctu cyaHa yepes Cy, a LeHTpP TSHKECTH BRITECHEHHOTO 00beMa JKUJIKOCTH (LIEHTP
nasnienusi) uepes3 D. O6e Touku C, u Dnexat Ha ocu miiaBanus. [Ipumem yciosue,

YTO LEHTP TSHKECTH MPU JTF0OOM U3MEHEHUU MOJIOKEHUS CyJIHA HE CMEILAETCS.
VY abcomoTHOTO OOMBIIMHCTBA CYJIOB LIEHTP TXKeCTH C; HaXOAUTCA BBIIIE EHTPA
nasienus D.Batom cnyuae MOxkeT HaOMI0OAaThCA KaK YCTOMUMBOE paBHOBECHE, TaK
u HeycTtoruuBoe. [lycTh cyaHo, y koToporo Touka C; pacnoyioxkeHa
BbIIIIE TOYKK DritaBaetr Ha poBHOM Kuiie, puc2.8a.

Jlvauu pevictBuit cun P u GcoBmamaroT, CUIThI HAMPABIIEHBI CTPOTO HABCTPEUY

npyr apyry. Ilpu kpene, puc.2.80. HEHTp JaBJICHUS IEPEMECTUTCS B

1l 5 __
Cr

Puc.2.8

CTOPOHY KpeHa U 3aiMeT noJioxkenue D'

JIvHMS NEWCTBUS CUJIBI IEPECEUET OCh MJIaBAHUS B TOUKE M, KOTOpas Ha3bIBa€TCs
MeTaleHTp. Eciin MeTaneHTp oka3alics BhILIE LIEHTPA TSKECTH, KaK, HO Ha
puc.2.8.0, To BO3HUKAET BOCCTAHABIIMBAIOLIUN MOMEHT, KOTOPBIN MOCJE CHITHE
KPEHSIIEro YCUJIUs BO3BpaIlaeT CyAHO B UCXOIHOE (TIpsiMoe) moJioxkeHue. Takoe
CYJAHO OCTOMYUBO.

[Ipu npyroit KOHPUTYpalMK KOPIyca U HHOM PACCTOSIHUU MEXKY [IEHTPOM TSi-
KECTHU U IICHTPOM JIABJICHHS MOKET HAOIIOAaThCs CIIydail, Korja JIMHUS IeHCTBUS
CHUJIBI TOJIJIEP>KaHUS [TEPECEUET OCh IIJIABAHUS HUXKE LIEHTpA TKECTH, pUc.2.8 B.
Bo3HukaeT onpoKHUABIBAIOIIMNA MOMEHT. Takoe CyJHO HE OCTOMYHUBO.

Paccrosaue Mexay nentpom tsokectu C, u MmetarieHTpoM M o6o3Hauaercs h,, u
Ha3bIBAETCS METALEHTpUYECKas BbICOTA. PaccTossHre Mexay LIeHTpoM TsbkecTu Cu
LEeHTpoM naBiieHust D - sxkcueHTpucuteT e. Paccrosinne mexay MerarieHTpom M u

1eHTpoM AasieHust D - MetarieHTprueckum paanyc Iy

PaccrostHre Mex 1y JIMHUSAMU ACHCTBHS CHJIBI TSHKECTH U CHIIBI ITOIICPIKAHUSA- TIIe-
yo octoiuuBocTy |.

MeTtalieHTpruYecKas BBICOTA M IJICY0 OCTOMYMBOCTHU 3aBUCAT OT 00beMa U odep-
TaHUS TIOTPYKCHHOHN YacTH CyJHa, a TAKXKe OT TOJIOKEHUS IICHTPA TSHKECTH.
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Bosiee ocToWYMBHI IIMPOKKE CYAA U Cya C HU3KUM PACTIOI0KCHUEM IICHTPA TSXKE-
cTH. B 3aBUCUMOCTH OT B3aMMHOT'O pacroiokenus Touek M u C, pa3inyaroT TpH
Cllydasi OCTOWYMBOCTH:

C y4eToM BBE/ICHHBIX 0003HAYCHUI:

a)  eciu Touka M oka3zanachk Bbilie Touku C,, TO METAI[CHTPUYECKAsK BBICOTA T10-
noxutenbHa (h,>0) 1 cyIHO OCTOWYHBO;

6)  ecnu Touka M okazanack HKe TOUukH Cy, TO METallEHTPUUECKasl BHICOTA OT-
punarensHa (hy<0) u cyTHO HE OCTOWYHBO;

B)  ecmu Touka M coBrnana ¢ Toukoit C,, TO MEeTalleHTpHYECKas BBICOTA paBHA
nymo (Nn=0) n HalrotaeTcs cirydaid 0e3pa3 ImaHOTO PAaBHOBECHS.

IIpu yrnax kpeHa 10 15° MOKHO CUMTaTh, YTO METALICHTP HE CMELIAETCs, a LIEH
JaBJICHUS CMEIIAETCSl B CTOPOHY KPEHa TI0 JIyre OKPY>KHOCTH, ONTMCAHHOW U3 METa-
[EHTPa METAI[CHTPHUYECKUM PAINYCOM.

OnHako, mpu 0OJIBIINX YIIIax KPeHa 3Ta 3aKOHOMEPHOCTh HAPYILASTCsI, METAIICHTP
CMEIIAeTCsl B CTOPOHY LIEHTPA TSHKECTH U TeM OOJIbIle, YeM OOJIbIIIe Yroil KpeHa.
BoccranapnuBaronuii MOMEHT YMEHBIIIACTCS M HACTYITUT TaK COCTOSIHUE, KOTIa OH
CTaHEeT PaBHBIM HYIIIO, & 3aTEM BO3HUKHET OIPOKH/IBIBAIOIINN MOMEHT.
MerareHTpru4ecKkast BpICOTA MIPU MaJIbIX yIiaX KPeHa BBIYUCISIETCS 1Mo (opMyIie

hr-l-_- — €

L]

I
\

rze | - MOMeHT nHepuuy Iiona M BaTepJIUHIN OTHOCUTEIBHO BEIOpaHHOE OCH
(mpoonbHOM WK ToTIEpedHoit), V- 00beM NMOTrpyKEHHOM YacTH cyiHa (BUIOU3Me-
HEHUE),B- AKCIEHTpUCUTET. BoccTaHaBIMBAIOMIMIT MOMEHT

M = GI= Gh,sina,

rae G- Bec cynHa , 1- TIe4o OCTOMYMBOCTH, 0O, - YTOJI KPEHa.
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Pa3znen 3. KHUHEMATUKA
Tema 3.1: Moaenu TedeHuil. YpaBHEHUE CIUIOIIHOCTH JJIs1 OTHOMEPHOIO

(ctpyitHoro) teuenus. [lonstus pacxoxna. [Ipubopel 1 MeTOIbI
U3MEPEHMS pacxoja.
Jlutepatypa: [1] ctp. 18-20,73; [3] crp. 42-43, 46-47;
[4] ctp. 20-32; [5] ctp. 33-35; [6] cTp. 53-55.
CamocrosTenbHo n3yunTh: Metoasl Jlarpanxka u Oinepa. Teopema Komm —
['enpMronbua. 3aanue IBUKEHUS CILIOIIHOM CPEJIbI.
Jluteparypa: [1] cTp. 66-69, ctp. 73-80
[3] ctp. 39-42, 40-42; 43-46;[6] cTp. 48-52.

Mogaenu TeyeHuil (Kaaccupurkanus Te4eHui)

B o6miem ciydae TeueHue JXUIKOCTH BEChbMa CIIOXKHO ISl I3YUCHUS U MaTeMaTH-
yeckoro onucanus. [103ToMy MCHONB3YIOTCS YIPOIICHHBIE MOJETN TEYCHUN, KOTOPHIE
MTO3BOJISIFOT M3y4aTh KaKUE-TO OTAEJIbHBIE CTOPOHBI 3TOTO SIBJIEHUS, YCIIOBHO CUHUTAS, YTO
OCTAJIBHBIE MTAPAMETPBI B JAHHOM 331a4€ UTPAFOT HECYIIECTBEHHYIO POJIb.

Teuyenus nensT Ha:

Buxpesrsie u 0e3BuxpeBbie (IOTEHUHANbHBbIC). BuxpeBoe — 310 Takoe, B KO-
TOPOM YaCTHYKA >KMJIKOCTH OJHOBPEMEHHO C JIPYrUMH (OpMaMu JBUKEHUsSI Bpalla-
€TCs BOKPYT MTHOBEHHOM ocHu. Ecin BpamarenbHas COCTABISIIONIAs OTCYTCTBYET, TO
3TO Te4eHUe OE3BUXPEBOE.

YcraHoBuBIIMECSI M HEYCTAHOBHMBIIMECH. YCTAaHOBHMBIIMMCS JIBH)KEHHEM
Ha3bIBACTCs TAKOE, IIPU KOTOPOM BCE NMapameTpbl, XapaKTEPU3YIOLINUE JIBUKCHUE B
00011 TOYKE MPOCTPAHCTBA, HE MEHSAIOTCS BO BpeMeHH. [Ipu HeycTaHOBUBLIEMCS

ABHIKCHHUU ITapaMCTPbl MCHAIKOTCA BO BPCMCHH.

OaxHomepHble (cTpyliHbIE), AByXMepHbIe¢ (INIOCKHME), TPexMepHbIe (mpo-
CTPaHCTBEeHHbIE). B cTpyiiHOW MOjenu TeueHus mapaMmeTpbl MEHSIIOTCS B (DYHKIIMH
OJTHOM KOOPJMHATHI, B MJIOCKON — PYHKIMH IByX KOOPJMHAT, B IPOCTPAHCTBEHHON —
B (DYHKIIUM TPEX KOOPAMHAT.

JlamuHapHble n TypOyJeHTHbIe. JlaMrHapHOE — 3TO TeueHue 0e3 mepeme-
[IMBAHUSI CJIOEB, TypOYJICHTHOE — C UHTCHCUBHBIM MIEPEMELTUBAHUEM.

PaBHOMepHble M HepaBHOMepHbIe. PaBHOMEpHOE (OHO K€ MapaiiebHO-
CTPYWHOE) — 3TO T€YEHHUE, Y KOTOPOTrO CKOPOCTh BJIOJIb TOTOKA OCTAETCSI MOCTOSIH-
HOM, mpuyeM, 3mropa ckopocteid He aedopmupyercs. HepaBHomepHoe — 3TO Teue-
HUE, y KOTOPOTO BIOJb MOTOKA JINOO TIEpeMEeHHasi CKOPOCTh, TUOO CKOPOCTh OCTACT-
Csl IOCTOSTHHOM, HO 3MI0pa CKOpoCTel aedopMupyercs.
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Hamopuble, Oe3HanmopHble W cBOOOAHBIE cTpyH. HamopHbiM TeueHuEM
HA3bIBAETCS TAKOE TEUEHUE, MPU KOTOPOM TMOTOK CO BCEX OOKOBBIX CTOPOH OrpaHu-
YeH TBEPJbIMU CTCHKaMU. be3HanmOpHBIM TEUEHHEM HA3bIBACTCSA TEUEHUE, XapaKTe-
puzyemMoe HajluyueM CBOOOIHOM mOBepXHOCTH. CBOOOIHONM CTpyed KHUAKOCTU
Ha3bIBAETCS MOTOK, BOBCE HE OTPAHUYEHHBIN TBEPIBIMU CTEHKAMHU.

YpaBHeHHe CIUIONIHOCTH VISl OJHOMEPHOI0 (CTPYIHOI0) Te4eHUs

BreienuM B mOoTOKe OTIENbHYIO CTpyMKy >kuakoct (puc 3.1).I1ycTh B KOH-
TposbHOM ceueHun 0-0, mpoBenEHHOM MEPIEHIUKYISIPHO OCH CTPYHKH, TUIOMAIBIO
So OymyT mapameTpsl Po, to, po, Vo, @ B aHaroruyHoM ceuenuu 1-1 momaasio S; Oy-
IyT mapameTpsl Py, 1y, o1, Vi.CornacHo 3aKoHy COXpaHEHHUs MAcCChl, PacXoJ| KUJIKO-
CTH BO BCEX CEUCHMSIX OTACIIBHOM CTPYHKH Hen3MeHeH. [loaroMy, i mpon3BOIBHO
B3SITBIX KOHTPOJIbHBIX ceueHuid 0-0 u 1-1 MoKHO 3arucars.

G=S\V,p, =SV,p, =...=const, (3.1)

Puc.3.1

win B nupdeperimanbaon hopme:

s, v dp . (3.2)
S v p

Pacxon — 3TO KOIMYECTBO JKUIKOCTH, IPOTEKAIOLIEE YEPE3 )KUBOE CEYEHUE MOTOKA
(B JaHHOM ciIyyae CTpPYHKH) 3a €IUHUILY BPEMEHU

Paznmuyaror:
e pacxon 06beMHBIH Q =Sv (M°/c, /¢, M7/4 U T.1.);
e pacxon MaccoBblii G =Svp (Kr/c, Kr/d, T/4 ¥ T.1.) (KaK B ypaBHeHHUH 3.1)
Jlnist ompeneneHus pacxoiaa HEOOXOIMMO 3HATh 3aKOH PACHPENEICHUsT CKOPOCTH
T0 ’KMBOMY CEUEHUIO. B ciTyuae NBIKEHHS HEBSI3KOM KHUIKOCTH CKOPOCTh pacipeaesieHa
PaBHOMEPHO.
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B ciydae e ABMKEHUS BSA3KOM KUAKOCTU ONPENETUTh 3aKOH paclpeiesieHus CKO-
POCTH BO MHOTHX CIIy4asiX HE€ TMpeACTaBIseTCs BO3MOXHBIM. [loaTomMy BBOAMTCS
MIOHSITUE O CPeOHell CKOPOCmU.

Cpenneil Ha3bIBaeTCA Takasi (PUKTUBHASI CKOPOCTh, IPU KOTOPOU uepes3 )KUBOE
CCUCHHE MPOTEKAET TAKOM K€ pacxof, KaK MpH JEHCTBUTEIBHOM pAaCIpeNeICHUN
ckopocrtei. M3mepenne pacxona npoU3BOJIAT:

® MEpHBIMH OaKamu;

® MEXaHMYECKUMU CUETYMKAMH (OOBEMHBIMU U CKOPOCTHBIMH);

® pacxozoMepaMu 0OTECKaHWS;

e [0 mepemnajy CTaTUYECKUX HAOPOB Ha CYKAIOMIUX YCTPOMCTBAX |
®  YIBTPa3BYKOBBIMH PACXOJIOMEPAMH;

®  C IIOMOIIBIO THAPOJAUHAMUIECKHX TPYOOK |

® | IpyTMMH CIIOCOOAMH.
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Pa3nen 4. O01mmne ypaBHeHHS THHAMUKH KHIKOCTH.

Tema 4.1: HanpsbkeHue B BI3KOM XKUJKOCTH. Y PaBHEHHUE ABUKCHUSA BA3KOU
KUJIKOCTU B HaNpsHKEHUsIX. 3aKkoH Hbl0TOHA O TpEHUU B )KUIKOCTSIX.
VYpaBuenus Hasbe — Ctokca u bepnynu.

Jlutepatypa: [1] ctp. 141-156; [3] cTp. 48-56; [4] cTp. 50-52;

[5] cp. 60-62,79-89, 135-138; [6] cTp. 66-68, 74-76.

JKuakocTh Ha3bIBACTCS 6A3KOI, €CIIM OHA MPU CBOEM JIBUKEHUM OKa3bIBAECT
COITPOTUBIICHUE CABUTAIOIINAM YCHIHSAM. B Takol »KUIKOCTH MPU JBUKEHUHU BO3HU-
KaIOT CUJIbl BHYTPEHHETO TPEHUS, BCIEICTBUE YErO BA3Kasl )KMAKOCTh 10 CBOMM Me-
XaHUYECKUM CBOMCTBAM CYIIECTBEHHO OTIIMYAETCS OT HEBs3kou. [Ipoumcxoxnenue
CHJI BS3KOCTH KPOETCS B MOJIEKYJAPHOM CTpoeHHUHM MmaTepuu. CylIecTBYIOIIUE B
MPUPOAE KUJKOCTH BCETIA BA3KUE, TIOATOMY UX HA3BIBAIOT €UIE peaibHbIMU.

Ecnau neficTByromue B KHUJIKOCTU CHJIBI MHEPIMHM MPEHEOPS)KUMO Majibl 10
CPaBHEHHUIO C CHJIAMU BSI3KOCTH, TO TaKasl KUJKOCTb CUbHO GA3KAAL.

Eciu cuiibl BHYTPEHHETO TPEHUSI Majibl 110 CPABHEHUIO C APYTUMH, TO KHUI-
KOCTb Ma10 643Kas.

HanpsizkeHusi B BA3KOM KUIKOCTH Y, HOpMane K
n nNnolagke

Cuibl, TpernsaTcTByIOUMe AepopMaluu AN
YKUJKOCTH TIPU JICCTBUM HA HEE BHEIII-

HUX CHJI, PaCCHUTAHHBIC Ha CIAWHHUILY

Mmu.

|
|
I
ImIomanar, Ha3bIBAIOTCA HARPANCEHUA- |
|
|
|

Hampsxenne, neucTyromee B

o |
Touke M Ha IIPOU3BOJIBHO BBIACIICHHON / |

B BS3KOM JKUIKOCTH DIIEMEHTAPHOM Me—T—
|

. AP
wiomaake AS(puc.5.1) P = A'gr_fjog : yz T
AS

Benencreue Hanmuuus BHYTPEH- 7

HETO TPEHUS, B BSI3KOW KUJKOCTH CUJIA Puc. 4.1

AP,

a 3HAUUT U HANPSHKEHUE pp MOTYT OBITH HAIIPaBJIEHBI MO/ JIFOOBIM YIJTIOM K TUIOIIA/I-
ke AS. [ToaToMy B BA3KOH KUIKOCTH HANPSHKCHUS MOYKHO TIPEJICTABUTh KaK T€OMET-
PUYECKYIO CYMMY HOPMAIbHO20 HARPANCEHUA Ppn, KOTOPOE SBISETCS NMPOEKUUEH
HaMpsDKEHHs Py, HA HOpMalb N-N K Tuiomanake A4S, U KacaTeJdbHOT0 HANPAMNCEHUS
Th, KOTOPOE SIBJIAETCA MPOCKIUEHN TOTO K€ HANPSKEHUS Pp HA TIOCKOCTh, Kacarelb-

Hy10 K AS B Touke M. IMEHHO 3TO KacaTrelbHOE HampsHKCHHE XapaKTepH3yeT
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BHYTPEHHEE TPEHUE B KUJIKOCTH.

Ecnu miomanky AS COBMECTUTD ¢ OHOM U3 KOOPAMHATHBIX TIOCKOCTEH, TO B
o01IeM cityyae HanpsiKeHHE 7, MOKHO CIIPOEKTHPOBATh Ha COOTBETCTBYIOLUE OCH
KoopauHaTr. B 0003HaYeHHSIX MPOEKIM MEepBbI MHIAEKC YKa3bIBa€T HAIpaBICHUE
HOPMAJIH K IIJIOIIAJIKE, IO KOTOPOM NEUCTBYET HANPSKEHNE, BTOPOM — YKa3bIBACT, HA
KAKYyI0 OCh CIIPOEKTUPOBAHO HANPSIKEHUE.

BekTop ruapoAMHAMMYECKOTO HAINPSDKEHUS Py, AECUCTBYIOLIETO HA IPOU3-
BOJIbHO OPUEHTUPOBAHHYIO B BSI3KOW JKHUJKOCTH IUIOIIAAKY, OQHO3HAYHO OINpENEsi-
€TCS1 B CUCTEME KOOpPAMHAT X, Y, Z TpeMsI HOPMAJIbHBIMU U IIECThIO KacaTEIbHBIMU
HaIpsDKEHUSIMU. VIX COBOKYITHOCTD HA3bIBACTCSI MEH30POM 6A3KUX HANPAICCHUIL.

P Ty Tax
Ty Py Ty =Py (4.1)
Tw Ty Py

Tenzop o0namaeT cBOMCTBOM MapHOCTU KacaTeJbHBIX HAIPSKEHUH, COMNIACHO

KOTOPOMY:

yz = Tyy Tz — T Ty — Tyxe (4.2)
YPaBHeHHH ABHKCHUSA BA3KOM KUJIKOCTH B HAIIPSIZKECHUAX
I[.Hﬂ COCTaBJICHUSA TaKHUX ypaBHeHI/Iﬁ CJICAYCT BbIACIUTDL B ITOTOKEC BSI3KOU KUAKOCTHU

AIIEMEHTapHbIN (UKCUPOBAHHBIA 00BEM B BUJIE MapaslieenuIea U pa3MecTUThb €ro
B TIPSIMOYTOJIBHOM CHCTeME KOOPIWHAT, Kak Ha puc.4.2.

ar,
¥ = Tyx+ —a;,x dy
§:| -
e[S
Tyt i;;ﬂ dz g 3
EZ pz Tﬂ-‘.‘.l"
ot Oy d = }/ ot Py A
= dz = \""_.
d
i Trst P par T
374..15; Try
Ty /\ X -
4.#4 dr_,
. Tyx $¥F Pz ade
= Text 3 dz
z = z
Puc. 4.2

Ha rpassx ero HeWCTBYIOT MOBEPXHOCTHBIE CHUJIbI, ONpENEsIEMbIE, yYKa3aH-
HBIMU Ha pHUC 4.2 HanpspDKeHUsMU. V3 BHEIIHUX OOBEMHBIX CHII JEHCTBYIOT Takue,
IPOEKINHU KOTOPBIX HA OCH KOOpAMHAT paBHbI F, Fy, F,.
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K BbigeneHHOMY 00BEMY MPUIOKEHBI €€ CHUJIbl MHEPIMH, MPOCKIMN KOTOPBIX Ha
T€ K€ OCU KOOPAUHAT UMEIOT CIIEAYIOLIHE 3HAUCHUS:

_dVy : dv,

J dv, J J
¥ dt "V dt ' 77 dt
HpOGKTI/Ipy}I BCE€ DTU CHUJIBI HA OCh X U B COOTBETCTBUHU C HpI/IHIlI/II'[OM

JI” Anambepa npupaBHUBAsi CYMMY UX HYJIIO TIOTYYUM:

dv
dt

pF, dxdydz — p—>dxdydz+ p, dydz — ( P, + % dxjdydz +

@Tyx é’fzx
+7,dxdz—| 7, + gy dy |dxdz + 7, dxdy —| 7,, +;dz =0.

AHAJIOTUYHO, TTPOCKTUPYS YKa3aHHBIC CHJIBI HA OCH Y | Z, TIOCIIE dJIeMeHTap-
HBIX MpeoOpa3oBaHuil OynyT MONTY4YEHBI Oughhepenyuanvhuvie ypasHenus oeudice-
HUA 8A3KOU HCUOKOCIMU 8 HANPAHCEHUAX .

0
Fx_l épxx + Tyx +0’)sz :dvx
ol x & a dt

1(0ry D, JIr, | dv,

F,——=| ==+ + (4.3)
ol x &  a ) d
o
Fz _l O’?sz + TYZ + épzz — dVz
ol & x  a) d
J106aBHB K HUIM ypaBHEHHE HEPA3PHIBHOCTH
%+ div(pv) =0, (4.4)

IPUIEM K CUCTEME U3 YETBIPEX YPABHEHUU.
Ecau cuurath, 4TO 715 Ciiydasi HEC)KMMAEeMOM JKUJIKOCTU BHEITHHUE 00bEMHBIC
cunsl Fy, Fy, F, 1 mnotHOCTh p3ananbl, TO ¢ yuéToM (4.2) mapHOCTU KacaTeIbHBIX

HanpsHKeHU HEM3BECTHBIMU UCKOMBIMU (DYHKLIMSIMU OyAyT:

Vs Vyy Vzy Pxxs Pyys Pz Tyx = Ty Tx = Txas Tz = Ty

Cucrema okazanach HSTh pa3 pa3oMKHYyTa (IJI1 ONpPEAEIICHUSI AEBATH HEU3-
BECTHBIX UMEETCS TOJBKO YEThIpe ypaBHeHUs ). B ciaydae coxumMaeMoi sKUAKOCTH IS
TOTO, YTOOBI 3aMKHYTh TOJYYEHHYIO CUCTEMY ypaBHEHUH, HE0OXOMUMO emié ompe-
JEIUTh B3aUMOCBSA3b MEXy JAaBJICHUEM U IJIOTHOCTHIO.

[TonyunTh HEmOCTAIONIME YPAaBHEHHS W3 OOIIMX 3aKOHOB MEXaHUKH HEBO3-
MOXHO. VIX MOKHO ONpEeIeSIUTh TOJILKO U3 aHaJIn3a ONBITHBIX JaHHBIX. BriepBeie Ta-
KOM aHam3 BBIMOMHWI HBIOTOH, KOTOPBINA ChOpMYIUPOBAI TUIIOTE3y O BHYTPEHHEM

TPCHUH B BSI3KOM KHUIOKOCTH.
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l'umore3a (3axkon) HbI0TOHA 0 TPEHUM B KUJAKOCTH. JHAYEHHE KACATEJIbHbIX U
HOPMAJILHBIX HANIPSAKEHU

Cuna mpenus mexncoy cioamu NPAMOJIUHEHHO OBUNCYWEUCA HCUOKOCMU, 60-
nepevixX, 3a6UCUm OM MEXAHUUECKUX CEOUCHE HCUOKOCHU; 60-6MOPbIX, NPONOP-
YUOHAIbHA GeTUYUHE NAOWAOU CONPUKOCHOBEHUS C10€8; 6-MPEembUX, NPONOP-
UUOHAIbHA OMHOCUMENbHOIL cKopocmu 08uIICEHUS Cc10ée;
6-Uemeépmolx, HeNOCPEOCMEEHHO He 3A8UCUM O HOPMAIbHO20 K NI0WAOU CO-
HPUKOCHOBEHUA CT1068 HANPAICEHUS.

UeTBEpTOE MOJOKEHUE OTPAKACT OJAHO U3 OTIUYHMM TPEHUS MEXKIY CIOSAMHU
KUAKOCTH OT TPEHUS MEXAY TBEPIBIMU TEJIaMU, [JI€ CHJIa TPEHUS IPOMOPLIHOHATb-
Ha CKMMAIOLIEH UX CUJie, HAMPaBICHHON MEePIEeHIUKYISIPHO MIOCKOCTH TPEHHUS.
B KuaKoCTAX TpeHHEe HE 3aBUCUT OT HOPMAJIbHOTO HAIPSKEHUS (T.€. OT JaBJICHHUS),
€CJIM TI0JI €r0 BO3JIEHCTBUEM MEXaHUYECKHE XAPAKTEPUCTUKU KUIKOCTH HE MEHS-
1orcd. Ecnm jke MIIOTHOCTh M BSI3KOCTh M3MEHSIIOTCA, TO TPEHUE 3aBUCUT OT JaBJie-
HUS, HO Y’K€ OIIOCPEIOBAHO YEPE3 MEXAHUUECKUE XAPAKTEPUCTUKH.

B npocreitmem cinyyae NpsAMOIMHEWHOTO JJAMHUHAPHOTO JIBUKCHUS:

R (4.5)
o
31ech ) — IMHAMHUYECKasl BSI3KOCTh, 3HAK «MHUHYC» CBUIETEIBCTBYET O TOM,

YTO HANPSDKCHUS TPEHUS HAIIPABICHBI HATPOTHB HANIPABJICHUS CKOPOCTH.
. ov
Bxomsmuii B popmyny (4.5) rpaiueHT CKOPOCTH IO HOpMAJH —, B paccmar-

pHUBAEMOM CJIy4ae MPSMOJMHENHOIO JIAMUHAPHOTO JBHXKCHUS BBIPAKACT Y2108YI0
CKopocmb coguza.

[Mpennoxkennas HpioTOHOM BHadaje B KadecTBe THIOTE3bl, Gopmyia (4.5)
IIOABEPIVIACh B JAJBHEUIIEM TIIATEIBbHOW OINBITHOW NMpoBEpKe. B HacTosmee Bpems
OHa OOIIEeNpPUHATA B THAPOMEXaHUKE MPU pacuéTax KacaTeIbHbIX HaANpsKEHUU B
JAMUHAPHBIX TOTOKaX U B OOJBIIMHCTBE CIIy4aeB BOCIHPHUHUMACTCS M TPAKTYETCS
KAK 3AKOH 63AUMOCEA3U MENCOY HANPAICCHUAMU U CKOPOCMAMU Oedopmayuil.

JlokazaHo, 4TO 3TO ypaBHEHHE MPEACTABISIET YACTHBIN ciydail 6oJee oOre-
r0, COOTBETCTBYIOILIETO JIFOOOMY ITPOCTPAHCTBEHHOMY JIBHXKCHUIO BSI3KOW YKUJKOCTH,
3aKOHA JIMHEHHON CBA3M MEXIY TEH30pPOM HampspkeHui (4.1) U TEeH30pOM CKOPO-
creii gedopmarmii (3.7) — 0000mEHHOTO 3aKOHA BsI3KOCTH HbIOTOHA.

Kuakoctu, ynoBIETBOPSIOMIME 3TOMY 3aKOHY HA3bIBAIOTCS HBIOTOHOBCKUMHU.
K HuM oTHOCSTCS BOMa, BO3YyX, HEDTh, HEPTEPOAYKTHI, PTYTh U JIP.

CBsi3b MEXIYy BSI3KUMH KacaTelIbHbIMH HANpPSKEHUSMH, JEHUCTBYIOIIUMU Ha
pa3IMYHBIM 00pPa30M OPHUEHTUPOBAHHBIX IUIONIAJKAX, U CKOPOCTAMH Aedopmaliuid,
MOJIyYE€HHAs C IIOMOIIBIO 3akoHa HetoToHa, OyneT:
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é’Vy é’vx

z-xy = z-yx = _2/1 X + éy =y,
ov, Ov,

Ty =T = _2/'1 Py + X j = ,U}/y . (46)
é’vz é’Vy

z-yz=2-2y=_211'l W_F o = HY

30€ECh Y, ¥ Yr— NPOCKIHMH YIIIOBOM CKOPOCTH CIBUIA.
CBsI3b MEXKy HOpMaJbHBIMU HAMPSHKEHUSIMU U CKOPOCTSIMH JiehopManiuit

BBIpA)KAETCs CIAEAYIOMUMH (PopMyTamu:

ov 2 .
=p-2 ~ +— pdiv(v
Py =P ﬂf" 3# V)
v, 2 .
=p-2u—L+= udiv(v) ;. 4.7
Py = P=2u=_+ou v) (4.7)
ov, 2 )
=p-2 2+ — pdiv(v
Py =P-2p— +2u V)

B ciygae nBmkeHUS HEC)KUMaeMOH uakocty, koraa div(v) =0

ov
—p-2,5%
pXX p /’lj(
Vv
|0W=|o—2ugy : (4.8)
ov
—p-2,2"
pZZ p /’l&

M3 nomy4eHHBIX 3aBUCUMOCTEN clleAyeT €€ OJHO OTIMYHE 3aKOHOB TPEHUS
B JKUJIKOCTH OT 3aKOHOB TPEHUS TBEPABIX TeN. B )KUIKOCTH HaNpPsHKEHHSI B COOTBET-
CTBUU C OOOOIIEHHBIM 3aKOHOM BSI3KOCTHM HbIOTOHA mponopruoHaNbHBI OTHOCH-
TEIbHBIM CKOPOCTSIM JAe(popMalvid, a B TBEPABIX YIPYTHX TeJlaX COIVIACHO 3aKOHY
['yka HanpsiKeHHs MPONOPLHMOHAIBHBI COOTBETCTBYIOIIMM OTHOCHUTEIBHBIM Je(dop-
MalHusM.

OnHako, Kak MMOKa3bIBAET ONBIT, HE BO BCEX BSI3KUX KUIKOCTIX CBA3b MEXKIY
KacaTeJbHbIMU HANPSUKEHUSIMH M CKOPOCTAMHU Jedopmanuii moguuHsercs 0000-
HIEHHOMY 3aKOHY BsI3koCcTH HproTOHA.

KunkocTu, B KOTOPBIX 3Ta CBSI3b HE MOJUMHSETCS 3akOHYy HploTOHA, Ha3bIBa-
IOTCS AaHOMAJIbHBIMM WJIM HEHBIOTOHOBCKMMH. K HUM OTHOCSATCSI HEKOTOpBIE CMa-
304HbIEC Macila MIPU HU3KUX TeMIIepaTypax, KOJUIOUIHbIE paCTBOPHI, MACISTHbIE Kpac-
KM, DJIMHUCTBIE PAacTBOPBI, PACTBOPHI B BOJIE HEKOTOPBIX BBICOKOIOJIMMEPHBIX CO-
€IMHEHU, TacThl, KpeMbl U Jp. J{BH>KeHHe MOJOOHBIX aHOMAJIbHBIX KUIKOCTEN HC-

CJICAYCTCA B PCOJIOTHH U B CIICHHUAJIBHBIX pa3icjiaX THIPOMCXAaHUKH.
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MuddepeHunanbHble YpaBHeHHsl IBHKeHHs] BA3KoW skuakoctu Hasbe-Crokca u
ypaBHeHHMe bepHyJiM 11 BA3KOM HeC:KUMAEeMOH KUIKOCTH

VYpaBuenuss HaBbe-Crokca mony4aroTcs U3 ypaBHEHHI JBM)KCHHSI B Hamps-
KEHMSX IIyTEM IOJICTAHOBKU B HUX 3HAUEHUI HOPMAJbHBIX U KacaTelbHBIX HaNps-
KEHUH, MOJYYEHHBIX ¢ MOMOIIBIO 3akoHa HproTOHA 0 TpeHnHu B xkuakocTsax.llocne

npeoOpazoBaHuil, monaras 4 = CONSt, momy4nm

dv, _ oV, +V, o, +V, e +v, e _ F, —£@+VV2VX +=-di(w)

dt ot x oy ta p X 3o

dv, ov ov ov v

y _ y +Vx y +Vy y +VZ y — Fy—E@‘FVVZVy —{—Kidl(v‘/)

dt ot ox y a p oy 3%

dv, _ov, +v, o, +v, o, +v, e F, —ia—pﬁLVVZ‘/z +K2di(‘/‘/)

dt ot ox oy oz p oz 3o (4.9)
3neck v =£ — knnemarnueckuii kodbduiment Bs3koctH, V— omeparop Jlannaca.

P

B ciydae nmkeHus HecokumaeMoit xuakoctu div(v) = 0.

DOTH ypaBHEHUS OTJIMYAIOTCS OT BBIBEJICHHBIX paHee YpaBHEHHUH JIBHKCHHUS HeE-
BSI3KOM JKMJIKOCTH YJICHAMH, YYUTHIBAIOIIMMHU CUJIbI BS3KOCTH. [Ipu 3aaHHBIX BHEIII-
HUX 00BEMHBIX cunax Fy, Fy, F;mmornoctn p n Baskoctn 4 cucrema quddepenim-
ITBbHBIX YpaBHEHHUM 3aMKHYTa. YTOOBI MOTYYUTh KOHKPETHBIC PEILICHUS, HAJIO0 3a/1aTh
emié HauyaJIbHBIC U TPAHUYHBIC YCIIOBUS I NICKOMBIX (DYHKITHH.

Ecnu u3 00bEMHBIX CHIT IEHCTBYET TOJIBKO CHJIA TSXKECTH, TO U3 TOCIEAHEH

CUCTEMBI IyTeM MpeoOpa30BaHUii, JIETKO MOMYyUYUTh ypaBHeHUe bepHymm s se-

MEHTapHOM CTPYHKHU:
2

2
zl+&+v—1:zz+&+v—2+hwu. (4.10)
A3 29 A 29

[TOTOK KXMAKOCTH MPEACTABIAETCS KaK COBOKYITHOCTD 3JIEMEHTAPHBIX CTPYEK,
IUTSL KaXKJI0M M3 KOTOPBIX CIipaBeuinBo ypaBHeHue bepuymm B popme (5.10).Ecru B
ceueHusix motoka | u |l qBrkeHue m1aBHO U3MEHSIOIIeECs, TO CKOPOCTh B JIFOOOH TOUKE
HIOTOKA MPECTABISIETCS KaK V =V, + AV U ypaBHEHHUE IIPUMET BUJ!

——% +hw, . (4.11)

3nech a — Bcerna 0oJbllie eANHULBI, XapaKTepU3yeT OTHOIIEHUE AeHCTBUTENb-
HOM SHEPTUU K €€ 3HAYCHUIO, ONPEIEISIEMOMY 10 CPEAHEN CKOPOCTH, U Ha3bIBAETCS
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KOpPEeKmueom KUHemu4ecKou IHep2uu Ha HePaAeHOMEPHOCHb CKOpOCmell Ui Ko-
agppuyuenmom Kopuonuca. llpun namMuHApHOM pEKUME TEUCHUS B KPYITIOW ITUJIMH-
JAPUYECKON TpyOe MPUMHUMAIOT a=2, Ipu TypOyiaeHTHOM — a=1,1; hy,.;— moteps rua-
POAMHAMUYECKOTO Haropa B moTtoke Mexay ceueHusiMu | 1 1. B o0mmem cirydae hy,
He paBHO Ny

[ —— NHHENA THAPOTHHAMEIECKHX HAalOpoB

Hd, TTHHHA ObE3OMETPHYECKHX HallOpOB

JIHHHA TOKa

Uy Za ) 0
B e A T o A A
Puc.4.3

HcronkoBanue cMbIC/Ia 4I€HOB YPaBHeHUs bepHyJin /151 BA3KOM HeC:KUMAae-
MO JKUAKOCTH
Paznuuaror: reomeTpruueckoe npeacTaBiIeHUE, THAPOAUHAMUYECKUN CMBICT U SHEP-
TETUYECKHUI CMBICIT YIEHOB YpaBHEHUS bepHyiu.

I'eomerpuyeckoe mnpeacrasjeHue. Bpiaenum B TMOTOKE 3JIE€MEHTAPHYIO
CTPYHKY, OCbIO KOTOPO#i sIBIIsieTCsl TMHUS ToKa(puc. 4.3).
Bce unennt ypaBaenusi bepaymim (4.10) wiu (4.11) uMeroT pa3MepHOCTh JJIUHBI U
MIO3TOMY MOTYT OBITh NMPEACTABICHBI BEPTUKATLHBIMHU OTPE3KaAMHU:
Z — BBICOTHAsl OTMETKA WJIM HUBEJIUPHAs BBICOTA, MPEACTABIsET COOOM pacCTOsHUE
10 BEPTUKAJIU OT PAaCCMATPUBAEMOU TOUYKU JO HEKOTOPOM FOPU30OHTAIBHOMU IIJIOCKO-

CTH O-O, KOTOPYIO Ha3bIBAIOT IMJIOCKOCTBIO CpaBHeHI/IH;i — BBICOTA rHApOAMHA-
PY

2
v
MHUYCCKOI'O JaBJICHUA, 2— — CKOpPOCTHAasd BBICOTA.
9
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I'maponunaMuyeckuil cmbica. Unensl ypaBHeHus bepHyum emé Ha3pIBarOT
Harnopamu, Tak Kak KaKJblil U3 HUX MOXET ObITh 3aMEHEH BBICOTOM COOTBETCTBYIO-

P

IIET0 CTOJI0A KUJIKOCTU: — — MPEACTaBIIEeT COOOM BBICOTY TaKOI'O CTOJI0A YKHUKO-

CTH, KOTOpBIﬁ B HaHHOﬁ TOYKC JIMHHUHU TOKa COBI[aéT HaBJICHHUC, PABHOC THAPOAMNHA-

2

. 1% .

MHYECKOMY JABJICHHUIO P; (z +-2 | = He - cratnueckwit Hanop; - — = H, — CKOPOCTHOM
o) g

p .V
Harmop; (z + E + E] =Hs+H, = Hd — ruIpoarHaMU4YECKUI HAIIOP.

Jlunusi, poBeAEHHAs Yepe3 BEPXHUE KOHIIbI THIPOJIUHAMUYECKUX HAIMOPOB,
Ha3bIBaeTCs HanopHou auHueil. Ha puc.4.3. 310 nuHus 0-0'

YacTto B MpakTUYECKHUX 3a/la4aX paccMaTrpuBaeTcsl He aOCONIOTHOE JaBJIECHUE
B TOUKE, a N30BITOUYHOE. Torz[a BBOJISIT IOHSTUE W30BITOYHOTO THAPOUHAMUYECKOTO

HanopaH) =z +-—— P=Pa, too .Cymma z+—=2 PP _py , — MIbE30METPUIECKHUI HAIIOP.
g
JHepreTu4ecKuii CMbIC/I. Z— MOTEHI[UATbHASI SHEPTUS MOJIOKECHHUSI, P o
rY
TEHIIMAJIbHASL SHEPTHsl JaBICHUS; Z + P norennmanshas SHEPrusi B TOUKE MOTOKA;
P9
VZ p 2
~g ~ KHHETHeCKas SHEpIHi [0TOKa; Z+—— + 2— =e — MEXaHWYeCKas SYHEPrusl.
g pPY 29

Benuunna hy,;., IMeeT pa3MepHOCTH JUIMHBI, TO €CTh TaKylO JK€ KaK U BCE €ro
APYTHE YWICHBI U MOXKET ObITh H300paKEH BEPTUKAILHBIM OTpe3KoM (puc. 4.3).

Bcerma hy,.,>0, crnemoBareiapHO ruapoadHamMudeckuii Hamop Hg, Bcerma
MeHbIe Hgy. B cBsi3u ¢ aTum Benmmuuny hy1, Ha3bIBaIOT nomepeit 2udpoounamuye-
CK020 Hanopa Ha y4acTKe IMHAM Toka 1-2. B Takom ciyuae HamopHas muus 0~ 0/
Bcerna OyneT noHmwkaromeics. E€ yknon onpenensercs mo popmyre:

2
- ¢ [z+£+V_j (4.12)
d/ o9 29

['unpaBnuueckuii YKJIOH XapaKTepU3yeT HHTCHCUBHOCTh M3MEHEHHUsI 00IIero 3amaca
VIASTHHOM MEXaHUKOM SHEPTrHH MOTOKa Mo ero jyuHe (s TpyOompoBoaa moCTosH-
HOTO JMaMeTpa, MOCTOSIHHOM MIEPOXOBATOCTH U 0€3 MECTHBIX COMPOTHUBICHUM JIH-
HUS THUAPOJUHAMHYECKUX HAMOPOB OyleT MpsSMOM, a THUAPABIMYECKUN YKIIOH TO-
CTOSTHHBIM M PaBHBIM CPEAHEMY
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(21+ P, +V12j_(22+ P, +V22]
2 2
=1, :hwllz A el l M9 (4.13)

MHTEeHCMBHOCTh M3MCHECHUS YIIGJILHOI\/’I HOTGHHH&HBHOﬁ OHCPIUU XaAPAKTCPUIYCTCA
nsezomempuiecKum yKilioOHom

i =@. (4.14)

B otnruune oT ruipaBInyeCcKoro Nb€30METPUUECKUN YKIIOH B 3aBUCUMOCTH OT
KOH(GUTYpAITUU TPYObI MOXET OBITH IMOJOXKHUTEIbHBIM, OTPHUIATCIIbHBIM M PAaBHBIM
HyNt0. COOTBETCTBEHHO 3TOMY JIMHHS MHE30METPUUECKUX HAMOPOB MOXKET OBITh
ITOHWKAIOIIECNCS, TTOBBILIAIOMIEHCS YU TOPU30HTAIBHOM.

JInst TpyOBl ¢ TIOCTOSIHHBIM JAMAMETPOM M IIEPOXOBATOCTHIO, O€3 MECTHBIX COMPO-
THUBJICHUH TTb€30METPUUECCKUM YKIIOH Oy/IET paBeH CPEIHEMY:

L) o

cp l
a JIMHUA IIbE3OMCTPUUCCKHUX HAIIOPOB HpHMOfI, HOHH)KEIIOIHCIZCH.

C sHepreTu4eckoil TOYKU 3peHus hy,,., ompenenser pasHOCTb, MEXKAY 3Haue-
HUSIMH YZICJIbHBIX MEXAHUYECKHUX SHEPruil B TOUKax | W 2, B3ATHIX HA OJHOW U TOM
K€ JTMHUU TOKA. DTa Pa3HOCTh SHEPIHH 3aTpaurBaeTCs Ha pPaboTy CHII BA3KOCTH TIPH
MEPEMENICHUN €AUHUIIBI BECA KUJIKOCTU MO JIMHUM TOKAa OT TOYKH | 70 TOYkH 2.
[Toatomy hyy;..e1ié Ha3BIBAIOT nOMEpPEll YOCNbHOU MEXAHUYUECKOU IHePZUlL.

[Ipu ycranoBHBIIEMCSI JBMKEHUU BSI3KOW HECKUMAEMOW JKUAKOCTH yIelbHas Me-
XaHUYECKasi SHEPTUA 10 JIMHWK TOKA B HAMPABICHUH TCYCHUS KUJIKOCTH HENPEPHIB-
HO yMEHbIIIaeTCsl. 3aKOH COXPAHEHUSI SHEPTUU MPU ITOM HE HapymIaeTcsi, u0O more-
psSHHAs MEXaHWYeCKash DSHEprus, 3aTpadcHHas Ha paboTy CHIJI BA3KOCTH IIpeBpa-

IA€TCS B TEIVIOBYIO HEPTHIO.
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Jleknus-4
Paznen 5. IIpuxkjgaagHasi ruapaBJInKa
Tema5.1: O6mMe XapakKTepUCTUKHU PEKUMOB TeueHus. OnbIThl PeliHomb/aca.
JlaMuHapHBINA U TYpOYICHTHBIN PEKUMBI JIBUKEHUS.
Jlutepatypa: [2] ctp.5-12; [3] cTp. 65-73;
[4] ctp. 45-46; [6] cTp. 79-83, 89-93.

OO0uue XapaKTepUCTHKH Pe;KMMOB TeueHuss. OnbIiThl PeiiHoJbaca.

Bomnpoc o cymiecTBoBaHUM JBYX Kau€CTBEHHO Pa3JIMYHBIX PEKUMOB TCUCHUS KUJI-
KOCTH HauOoiiee ojHOo 0wl uccinenoBan O. PeliHonbacom. YcTaHOBKa, HA KOTOPOU
PetiHonbIC MPOBOIWI AKCIIEPUMEHTHI (pHUC.5.1), COCTOsIA U3 CTEKITHHON TPyOKH 1,
B KOTOPYIO MOCTyMaja >KHJIKOCTh U3 pe3ep-

Byapa 2. CKOpOCTb IBIKEHUS IKUIKOCTH 5

peryimpoBaiach ¢ MOMOIIBIO KpaHa 3 U BbI-
YUCTISTIACh IO HW3MEPEHHOMY KOJIUYECTBY

JKHIKOCTH B MEPHOM Oake 4 M BpeMeHH ero |- - |[ -~ = |~ 2
3armonHeHus. [ HaOMromeHns 3a XapakTe- 6 4
POM JIBUKEHUS KUJKOCTH B 1
—_— I
TpyOke 1 B HE€ M3 BCIIOMOraTeIbHOTO S
cocyaa 5 mo TOHKOM TpyOke 6 MmoaBoanIach Pnc.5.1 4--—-=

MoAKpamcHHas XUJIKOCTb TOM K€ IJIOTHO-

CTH, UTO | KUJKOCTh B pe3epByape 2.

B pesynprare npoBeAEHHBIX ONBITOB PEMHONBAC YCTAaHOBWII, YTO PEXUM Te-
YEHUS 3aBUCUT OT 0e3pa3MepHOro KOMILJIEKCA, CBSA3BIBAIOIIETO CKOPOCTh KUIKOCTH
V, auameTp Tpyoku d ¥ BSI3KOCTb KHJIKOCTH V, KOTOPBIH Teleph HA3BIBAIOT YUCIIOM
Peiinonpica

Re=— (5.1)

Oka3ajoch, 4TO MpU MAJIBIX 3HAYCHUSAX 4YuceNl PelHoJib/ca JIMHUUA TOKA B
TpyOKe 1 mpsmMble, mapamienbHble ocu TpyOku. Takoe MBHKEHUE HA3BIBAIOT CHIPYIl-
Hblm WU aamunapusim. OHO MOXKET OBbITh KaK YCTAaHOBUBIIUMCS, TaK U HEYCTAHO-
BUBILIUMCH.

Ecin mocTeneHHo yBeIn4nBaTh CPEAHIOI0 CKOPOCTh TEUEHUA V, TO IIPU HEKO-
TOpPOM 3HAUYE€HHUM uuciia Re xapakrtep TE€UeHUsl MOYTH BHE3anmHO u3MeHuTcs. I[lox-
KpallleHHAas )KUJIKOCTh NIEPEMEIIaeTCs C OCTaIbHOM, U BCS KUJKOCTh B TpyOke 1
Oynet paBHOMEpHO okparieHa. CrienranbHble HAOMIOACHUS MOKA3aJld, YTO MPHU Ta-
KOM PEKUME YaCTUIbl KUJKOCTH JABHXKYTCS MO BECbMA CIIOKHBIM TPACKTOPHUSIM. 40



JIuHUM TOKa HEMpPEepPHIBHO MEHSIOT CBOIO (popmy. HempepbIBHO MEHSAIOTCS 1O BENU-
YUHE U HAIIPABJIECHUIO CKOPOCTh MOCTYNATEIbHOIO ABM)KEHUS U YIJIOBBIE CKOPOCTH
BpAlllCHUsl YaCTUI[ OTHOCUTEIFHO MTHOBEHHBIX Oceil. Takoe NBHMKEHHE Ha3bIBAIOT
mypoynenmuvim. OHO BCETIa HEYCTaHOBUBLIEECS.

Ecnu B TypOyneHTHOM MOTOKE MOCTENEHHO YMEHBIIATh CPEAHIOI0 CKOPOCTh Te-
YEHUs], TO IIPU HEKOTOPOM €€ 3HaUe€HUM TYpOYJEHTHOE JABWKEHUE TaK € IOYTH BHE-
3alHO MEPEXOAUT B JJAMUHAPHOE. DTO MPOUCXOAMT MPHU MEHBIIEM 3Ha4€HUH 4yncia Re,
HEXKEJU NIEPEXO/] TAMUHAPHOTO JIBWKEHUS B TypOYJIEHTHOE. AHAJIOITMYHBIE PEXKUMBI Te-
YEHHsI MOYKHO HaOJIONIaTh, M3MEHSISl BEIMUMHY AuaMeTpa d M BSI3KOCTH V.

Yucno PeliHOnpaca, mpu KOTOPOM HPOUCXOAUT CMEHA PEXKUMOB TEUECHUS
’KUJIKOCTH, Ha3bIBaeTcs Kpumuueckum (Re,,), 1 COOTBETCTBYIONIAs €My CKOPOCTb —
Kpumuueckoii ckopocmuio (V).

Pasnnyaror nBa 3HaYeHMs KPUTUYECKHX yucend PeliHonbica: HuwkHee Rey,
Korza TypOyJACHTHBIA PEXXUM MEPEXOTUT B JaMUHAPHBIM MPU YMEHBIICHUU CKOPO-
CTH, 1 BepxHee Re'y,, KOrma JJaMMHApHBIA PEKHUM IIEPEXOANT B TYpOYJICHTHBIN IIPU
YBEJIIMYEHUN CKOPOCTU. BeNWunHBl KPUTUYECKHUX YHCENT OOBIYHO OIpPENesOTCs
HKCIEPUMEHTAIBHO. 3HAUECHUSI HUKHUX BEChMa YCTOWMUMBEI U OOBIYHO IS KPYTIIBIX
Tpy0 npuHuMarorcs Re,,=2300.

BennunHa BepXHel rpaHULIBI TOYHO HE YCTaHOBJIEHA, Re', u3MeHsaeTcs B J10-
BosibHO mpokux npenenax ot 4000 no 13000 u3-3a BausiHUS TakuxX (HaKTOPOB, Kak
reoMeTpUs BXoJa B TPyOY, IMaIKOCTh CTEHOK TPYObl, HATMYUE U BETUYMHBI HauaJlb-
HBIX TypOYJIEHTHBIX MyJIbCalMil B TOTOKE, TEOMETPHSI CAMOT0 ITOTOKA U CBSI3aHHBIE C
Hel nepemnajbl JaBieHui. Tak, Ipu ABMKEHUU B KOH(PY30pe, TO €CTh MPU CY>KEHHUH
CTpyH IOTOKa (OTpHUIIATENbHBIA TPaJMEHT), BenuyuHa Re',, pesko Bo3pacTaer.
Haoboport, npu pacxoasmiemcst 1uddpy30pHOM NOTOKE (MOJTOKHUTEIbHBINA TPaJHCHT
nasieHus) Re'y, cHxkaercs.

Mexny Re, 1 R€'y, 16T T0BOIBHO OONBIIAsA 30HA, IIE IBHKECHHAE B 3aBHCH-
MOCTH OT YCJIOBHI MOXKET ObITh KaK JJAMUHAPHBIM, TaK U TypOyleHTHbIM. OnHaKo, Ja-
MUHApPHBIN PEKUM B 3TOM 30HE OYEHb HEYCTOMYMB, IIOATOMY HA IIPAKTUKE B 3TOW 30HE
PEXHUM CUMTAIOT TypOyJIeHTHbIM. TakuM 00pa3om, IJIsl ONpeesieHns XapaKrepa pe:Kuma
JBIKEHUs] CPaBHUBAIOT 4O PeliHombca U1 HOTOKA TOJIBKO € HIXKHUM Re,.
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JlaMMHApPHBIA pesKUM IBUKEHHUS BA3KOM JKUAKOCTH

JlaMuHapHbIE TEYEHNS BCTPEYAIOTCS B PA3IMYHBIX TEXHUYECKUX 3a]a4ax.

Tak, ycTOUMBbIE TaMUHAPHBIE TEUEHUSI 00PA3YIOTCS B TPyOAX MaJIOro JuaMerpa, B
3a30pax M MaJbIX MOJIOCTSAX MAIlIMH, OCOOEHHO MPHU ABUKCHUM TAKUX BSI3KUX KU ]I-
KOCTEH, KaK Macjo, He()Th, pa3IMYHbIEC CHEUATbHBIE XUAKOCTU JJIsl TUAPOIEepea-
91 00BEMHBIX THIPOTPUBOIOB.

JIns onucaHMs TaMUHAPHOTO JABHUKEHHUS KUAKOCTEN MCIIOIB3YIOT YPaBHEHUS
Hagbe-Ctokca. Eciii rpaHu4HbIE YCIOBHS B 3a7a4€ JOCTATOYHO MPOCTHI, TO B HEKO-
TOPBIX CIIy4asix yAa€Tcs MOJTYYUTh TOUYHBIC AHAIIUTHYECKHE PELICHUS 3THX ypaBHE-
HUW, HAI[pUMEp, B CIIy4ae JIJAMUHAPHOIO TEUCHUS B KPYIIIOW LUJIUHIPUYECKON TPY-
6¢. Ho B OonbIIMHCTBE CllyyaeB TOYHBIX pellieHU HalTu He ynaércs. Torma npume-
HSIOT NpUONHKEHHBIE METOJIbI, OCHOBAHHBIE HA MPEANOJIOKEHUSIX O MaJOW 3HAUU-
MOCTHU T€X WM UHBIX YICHOB YPAaBHEHUN BUKCHUS.

[Ipy ABMKEHUM >KHMJIKOCTH NapajuieIbHBIMH CIIOSMU (JITAMUHApHO), KOrJa
HaOmronaeTcs qedopMalisl YUCTOTO CABUra, KacaTelIbHbIE HAPSKEHUsI MEX]Ty CIIO-

N
SAMH MOT'YT OBITH OIMCAHBI 3aKOHOM TPCHHUA Herotona: 7 = -,u% . CormacHo 9TOMY

3aKOHY B €ro IMPOCTEHIIEH 3alMCU HANPSKEHUS, BBI3BAHHBIC BSI3KOCTBIO KUAKOCTH,
MPONOPLIMOHANIBHBI CKOPOCTSM JedopMmaliuii, IpyruMHU CJIOBaMH, TEH30p BSI3KUX
HaNPsDKEHUN MPOTIOPIIMOHAIIEH TEH30PY CKOpocTel aedopMaliuii.

IlepexoaHblii mpouecc OT JJAMHUHAPHOIO PeKUMA K TYpOyJIeHTHOMY.

MexaHu3m nepexosia oT JIJAMUHAPHOTO peXUMa K TYpOyJIEHTHOMY JI0CTAaTO4-
HO CJIOKEH U BBIICHEH HE TIOJHOCTHIO. YIPOIIEHHAsS KapTHHA dTOTO Mpolecca Oyner
cienyromas. [Ipu uncnax Re HemHoro menbuie Re,, B 7aMUHApHOM OTOKE IIEPHO-
JIUYECKHU TOSBIISIOTCS KPATKOBPEMEHHBIE OUaru TypOyJIeHTHOCTH. DTOT MpOoIlece Xa-
pakTepusyroT nosne At HekoToporo MHTEpBaja [, B Te€UEHHWE KOTOPOTO B JAHHOU

TOYKE IMOTOKAa CYIIECTBYET TYpOYJIEHTHBIN pexum. Bennuuny y =A% HAa3bIBAIOT

KoIppuyuenmom nepemesrcaemocmu. Ilo mepe Bo3pactanusi uucia Re, a takxke
Ipyu yIaJICHUH OT BXO/a B TPyOy, BEJIMUMHA Y BO3PACTAET, TO €CTh TYpOYJICHTHBIM
PEXKUM B KaXkJIOM CEUCHHUH CYIIECTBYET BCe Oosiee IIMTEIbHOE BpEMs, U, HAKOHEII,
MOTOK CTAHOBUTCSI CTAIIHOHAPHO TYPOYICHTHBIM.

[lepexon OT TaMUHAPHOTO TEYCHUS K TypOYJICHTHOMY COITPOBOXKIAETCS U3MEHE-
HUEM 3aKOHA CONPOTHUBJICHUS W W3MEHEHHEM (DOPMBI SITIOPBI MECTHBIX CKOpocTeil. B
NIePEXOIHOM 00s1acTH opMa S0Pl CKOPOCTEH YKe HE COXpaHseTCs apadoInIeCKOH,
a 3aBUCUT OT Kod(¢uuueHTa nepemekaeMocTu. [I0CKOIbKY 3/1€Ch BO3MOXKHO CyIIIEe-
CTBOBaHHME KaK JJAMHHAPHOTO, TaK M TYpOYJICHTHOTO PEKHMa, TO OJHOMY M TOMY K
qrciy Re MOryT COOTBETCTBOBATh Pa3HbIE MPOQHIIN TIOPBI CKOPOCTEH.
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TypOyJ/ieHTHBIN peKUM JIBUKEHUSI BA3ZKOH KUIKOCTH

HccnenoBanust MOKa3bIBalOT, YTO B TYpOYJIEHTHOM IOTOKE B pa3Hble MOMEHTHI BpE-
MEHU B OJJHY M Ty K€ TOUKY IIPUXOJAT YACTHULbI C PA3HBIMH 110 BEJIMYMHE U HaIIpaB-
JEHUIO0 CKOpoCTsAMU. IIpy 3TOM BeIMYMHA CKOPOCTH B pacCMarpUBaeMOM TOYKE TO
BO3pACTaeT, TO YMEHBIIAETCSI OTHOCHTEIBHO HEKOTOPOro €€ CpEeIHEro 3HayeHus,
Hanpumep (puc5.2. u puc.5.3.). Takue M3MEHEHUsI CKOPOCTH HA3BIBAIOTCS H)IbCA-
uuei.

vi
w4

¥

T T
Puc 5.2. Puc.5.3.

[TooOHBIM k€ 00pa3oM MpHU TYPOYJEHTHOM JABUKEHUH U3MEHSIOTCS B 10001
TOYKE MOTOKAa HOPMAJIbHBIE M KAacaTeJIbHbIE HANPSLKEHUS, & TAKKE TEPMOAUHAMUYE-
CKHE MapaMeTpBhl.

Bce 310 00ycnaBinmBaeT BaKHEMIIYI0 (PU3UUYECKYIO 3aKOHOMEPHOCTH TypOY-
JICHTHOTO peXrMa — OCOOBI MEXaHU3M MOIEPEYHOro MEePeHoca Macchl, UMITYIbCa U
sHeprun. Takoil mepeHoc OCyLIECTBISIETCS BUXPEBBIMU 00pa3oBaHUAMU (CBOeoOpas3-
HBIMH «CTYCTKaMi» KHJKOCTH, MOJIIMH) PUOOpPETAIOIIMMH 3HAUUTEIbHbIE TIOTepey-
HbI€ MYIbCALMOHHBIE COCTABIIIIOLIME CKOpOCTH. Hannuue momnepeyHoW mMynbcaluu
MIPUBOUT K BOSHUKHOBEHHIO MPOAOIBHOM (BAOJIb JIMHUH TOKA) MYJIbCALIUH.

Hanuuue mynbcanyy He MO3BOJISET PACCUUTHIBATh TYpOYIEHTHbIE TOTOKH IO
VMCTUHHBIM 3HaYeHUsIM napameTpoB. [103ToMy MCIONB3YIOT HEKOTOPBIE CPETHUE BO
BpEMEHU (OCPEIHEHHBIE) pacyeTHble X 3HaueHusa. K HacTosdmeMy BpeMeHHU Ipen-
JIOKEHO HECKOJIBKO (PU3MYEeCKuX Mojened TypOyJIeHTHOTO ABMXKEHUS M COOTBET-
CTBYIOLIUE MOTYIMIUPUUYECKHE METOJbl pacueTa OCHOBHBIX XapaKTEPUCTUK TypOy-
neHTHoCTH. [1Inpokoe mpuMeHeHue nojiyuynsia npeajiokeHHas PeitHonbacoM uiaes o
Pa3NOKEHUN JEMCTBUTENBHBIX JIMHAMHYECKUX MapaMeTpOB HAa OCPEIHEHHBbIE U
nyIbCalMOHHBIEC YACTH:

— CKOpPOCTB IIOTOKA M €€ IMPOCKIMU Ha OCH KOOPAHWHAT

VEVAV L,V SVe kY, v =Y Y, Y, =V Y (5.2)
—  HOpMAaJIbHBIE HANPSKEHUS p=p+ p’; (5.3)
—  KacaTeJbHbIE HANPSOKEHHUS 7 =7 +7' . (5.4)

— B 3TuX BhIpaXeHUsIX:
— OCpEIHEHHbIE 32 BpeMs | gnapameTpbl
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- MyJIbCAIIMOHHBIE COCTABIISIIOIIUE TApaMeTPOB (ITyIbCAIMOHHBIE TOOABKU)
Vo, vwv e, 2

[TynbcanonHbie JOOABKH MMEIOT MOJIOKUTENIbHBIE M OTPUIIATENIbHBIC 3HAYe-
HUS U SIBIAIOTCA CIAy4YailHIMU (YHKIMSIMH BpeMeHH M koopauHart. [lo aTomy xe
OPUHIIUITY TPOU3BOAUTCS OCPEAHEHHE BCEX MapaMeTpoB TypOYJIEHTHOTO MyJbCallu-
OHHOTO JIBUYKEHUSI.

Wtak, Gnarogapsi MonepeyHbIM IMYJIbCAIIMOHHBIM COCTABJISIIOIIUM CKOPOCTH
JUHUU TOKAa MYJIbCAIMOHHOTO JIBHXKEHUS MEPECEKaloT JUHUU TOKa OCPEIHEHHOTO
JBUKCHUS, IPOHUKAIOT U3 OJTHOTO CIIOSI OCPEAHEHHOTO ABI)KEHUS B APYTOU U Tepe-
MEIINBAIOT MPH 3TOM JKHJAKOCTh. Takoro poja MepeMENIMBaHUS COMPOBOXKIAIOTCS
MIEPEHOCOM Yepe3 TPAHUILY MEXKIY CIOSMHU KOJIWYECTBA JBM)KEHUS, SJHEPTUH, TETia
U JPYyTUX MEXaHWYECKUX U TEPMOJMHAMUYECKUX MapaMeTpOB OCPEIHEHHOTO JIBU-
KEHMSI )KUJIKOCTH, a TaK K€ 3aKIIOUEHHBIX B )KMJIKOCTSIX MPUMECEH, HalpuMep, Abl-
Ma WU TIBUIM B BO3yX€E, Ujla WJIU TIECKa B BOZE U Jp.

[lepeHoc konmyecTBa ABUKEHUS CO3JAET TypOYyJIEHTHOE TPEHUE MEX]Y CIIOs-
MU, TIEpEHOC Teruta o0ycnaBiuBaeT TYpOYIEHTHYIO TEIUIOMPOBOJHOCTH, MEPEHOC
npumeceid — TypOyneHTHy0 aud@y3uro. MexanuzM TypOyJEeHTHOTO MepeMenInBa-
HUS OJIMHAKOB, KaK JJI TPEHUS, TaK U JUISl TETJIONPOBOAHOCTH U quddy3un. Pazuu-
ja 3aKJII0YaeTCs JIUIIb B OCOOBIX CBOMCTBaX NMEPEHOCHUMOW MYNIbCALIMOHHBIM JBU-
xKeHueM cyOocrannuu. Hanpspkenus, o0ycioBieHHbIE TypOYyJIEHTHBIM TPEHUEM H3-3a
NEpEeHOCa YacTHIl KOJIMYECTBA JBUKCHUSA, HA3bIBAIOTCS MYpOYIeHMHbBIMU Kaca-
MeTbHLIMU HANPAHCCHUAMU.

ov  Llav)
- L= =1, 5.6
= = 2] (5)
rae, contacHo JI. Ilpanarmmio  u, = pl? g—v —mypoy1eHMHAA 6A3KOCHIb WIIN
n

mypoynenmmuoiii 0omen, ! — 1IMHA TyTH CMEIICHNUS.
B obmemM ciydae ocpeaHEHHBIM TMOTOK OJHOBPEMEHHO 00Ia/laeT M MOJEKY-

JSIPHOM, M TypOYICHTHOU BSI3KOCTAMH. [103TOMY, M TIOJIy4eHUS TTOTHOTO Hampsi-
KEHUSI CUJI TPEHUS K BA3KOMY TpeHHIo 1mo HproToHy, ciemyeTr 100aBUTH TOMOJHU-
TenbHOE TypOynenTHoe Hanpsokenue (5.6).

ov (v
—+u Y av . 7
T +'u§n+'01 (8nj (5.7)

I[Ba 3HaKa (i) IIOCTAaBJICHHI, YTOOBI HAITPsPKEHUE BA3KOIO0 TPCHUS HE3AaBMCUMO

oT BBI6paHHOﬁ CUCTCMBbI KOOpAXUHAT OCTABAJIOCH ITOJIOKUTCIIbHBIM.
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Baustare cocraBnstonux (Gopmynsl (5.7)B pasauuHBIX MOTOKAX W B Pa3sHBIX
TOYKAX CEYEHHMS IIOTOKA PA3IUIHO.

TypOyseHTHOE ABMKEHHE BA3KOM MKHMIKOCTH OIMUCHIBACTCS CUCTEMOM audde-
PCHIMAIbHBIX YPaBHEHUH, KOTOPBIE MOIyYaroT U3 ypaBHeHHi HoBbe-CToKCa myTem
3aMEHbl MTHOBCHHBIX 3HAYCHHH CKOPOCTEH M HANMPSDKCHWH T'MIPOJMHAMHYECKUX
CHJI, BXOJASIIUX B YPaBHEHUE, OCPEAHEHHBIMU M MYJIbCAIIMOHHBIMUA MX 3HAYCHHSIMHU
B TypOynentHoM motoke (5.2), (5.3), (5.4), (5.5). ITocie coOTBETCTBYIOIIHUX MPE00-
pasoBaHUil, U CIy4as yCMaHo8UMwezZoca OCPETHEHHOTO TypOyIEHTHOIO JIBHIKE-
HUSL HECHCUMAEMOIL KATKOCTH YPaBHEHUS IPUHUMAIOT BHUI:

A2l S 20 - R -

oy OX

P e A gt IRl I
oo P Tl Py T e M
o(——\ 0(—\ o(—) = op

—wv v, =W, J+—=W v, || = pF, ——+
p|:ax( y X) ay<y y) az( y Z):| p y ay

_ _ _ (5.8)

PG DLl IR IO R B il
o(——\ () 0\ = op

—w,v, J+—\W,v, J+—\,v,]| = pF, ———+
p|:ax( z X) ay(l y) 82(2 Z):| p z az
IR DL v A I IR R
8Xﬂ8x pzx ay;uay pzy azluaz pz'

VYpasuenust (5.8)HaswiBarorcst ypasuenuamu Peinonvoca. OHu OTIMYAIOTCS
OT UCXOJHBIX HAIMYHUEM JT00ABOYHBIX KOMIIOHEHT.

B cayuae neycmamnosusuiezocss ocCpemHEHHOTO TYpOYJASCHTHOTO IBVIKCHUS
Hecorcumaemoil XUIKOCTH, ToaydaroT Te e ypaBHeHus (5.8), HO JomoJHEHHBIE

5 5 ov, v v
HPOCKIUSAMHM JIOKAJIbHBIX YCKOPEHUH OCPEAHEHHOW CKOPOCTH p 8t[x o aty : ,oaavtZ :

Jnst corcumaemoit sncudkocmu HopMajbHbIE M KacaTeldbHbIE TypOyJI€HTHBIE
HaIpsHKEHUsT TPEJICTABISAIOTCS 00see CIOKHBIMHU BBIPAKEHUSIMU, YTO OOYCIIOBIIEHO
HEOOXOAMMOCTBIO OCPETHEHUS TUIOTHOCTH.
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Tema 5.2: IlpucTeHHBIH NOrPAHUYHBIN CJI0M.
Jluteparypa: [2] cTp. 42-56; [5] cTp. 325-328, 348- 358; [6] cTp.83-88.

IousiTus1 0 MOrpaHUYHOM cJj10e. OCHOBHBbIE XaPAKTEPUCTUKH IBUKEHUST
SKH/IKOCTH B CJI0€.

N3-3a Hannums CyIIECTBEHHOTO BIMSHUS MOJICKYJISIPHOM BS3KOCTH HA IIPOLIECCHI
TypOyJEHTHOrO IEPEHOCa B PUCTEHHOW 00J1aCTH, 3aKOHOMEPHOCTH  IBUXKEHHUS )KUIAKOCTH
OKOJIO TBEP/IBIX CTEHOK MPUHITUITHATIFHO OTIIMYAIOTCS OT 3aKOHOMEPHOCTEH CBOOOTHBIX
TypOYJIEHTHBIX TEUEHHMI BAAJIEKE OT TBEPABIX MOBEPXHOCTEM.

PeasnbHast >xuikoCTh Mpy 0OTEKaHUH TeJT KaK OBl IPUITMIACT K MX TIOBEPXHOCTSIM.
[ToaTOMy CKOpOCTB IOTOKA HA TIOBEPXHOCTH Tela paBHa HyImo. [Ipy ynanenuu ot tena no
HOPMAJIH K €ro TIOBEPXHOCTH CKOPOCTh Oy/IEeT yBeIW4MBaThCA. Ha HEKOTOPOM paccTosiHUM
OT TeJia OHa OyzIeT OJIM3Ka K TOM, KoTopasi ObLia Obl P OOTEKaHUH TeJIa WICATLHOM KU/
KOCTBI0. BBU Ty 3TOr0 /17151 00TEKAIOIIEro OTOKA, 0COOEHHO TpH OOJIBIIINX yncnax Peii-
HOJIBJICA, BBIJIETISIIOT B HEM JIBE 00J1aCTH.

IlepBasi, HETIOCPECTBEHHO TPWIIETAIOMIAs K 00TEKaeMOMY TeJTy, Ha3bIBACTCS «IPHCTCH-

HBII OTPaHUYHBIN CIIOW (J1aJiee «IOrpaHrYHbIN clioi»). FiMeHHo B mpenieniax 31oit o0na-
CTH COCPENOTOYEHBI MPEUMYILIECTBEHHO BS3KOCTHBIE CONPOTHUBIICHHUS, IO3TOMY €€ pac-
CMaTpUBAIOT KaK 30HY BIIMSHUS BSI3KOCTH.

Btopas - «<BHelIHH# MOTOK)», B KOTOPOM BIIUSTHUE BSI3KOCTH MPEHEOPESIKUMO MaJIO
1, CJIeJ0BATEILHO, €€ MOKHO paccMaTpHUBaTh Kak 001acTh MOTEHIIUMAIIBHOTO TTOTOKA
HICATbHOM KUJIKOCTH.

Pexxum TedueHus B clioe 1o BCEW TOIIMHE €ro MOXKET OBbITh JIJAMUHAPHBIM - TOT/a
€ro Ha3bIBAIOT JIJAMUHAPHBIM CJIOEM, HO MOKET OBITh TaK, UTO JIJAMUHAPHBIN PEXKUM
COXPAaHSETCS TOJIBKO B YACTH CJIOS - €70 HA3bIBAIOT JIAMUHAPHBIM MOJACJI0EM, A B
OCTaJIbHOM €ro YacTH yCTaHABJIMBACTCS TYPOYJICHTHBIN PEKUM TCUCHUS - TAaKOU
CJIOM HA3bIBAIOT TYPOYJIEHTHBIM MOTPAHUYHBIM MOACI0EM.

ToAIMHOM MOrPAHAYHOTO CJI0ST HA3BIBACTCS PACCTOSIHAE O 10 HOPMAIIH K
NIOBEPXHOCTH, B IpeJieJax KOTOPOTo MO BO3AECHCTBUEM BSI3KOCTU IPOUCXOIUT
U3MEHEHHNE CKOPOCTH OT HYJIS HA CTEHKE JI0 BEJIMYMHBI, UMEIOIIEH MECTO BO BHEIII-
HEM IIOTOKE.

B ciydae BHemiHel 3a1aun (0OOTEKaHKEe Tella KOHEYHBIX pa3MEPOB MPAKTHUYECKU
0e3rpaHUYHbIM TOTOKOM) IOTPAaHUYHbIN CJIOMW, YCIOBHASA IPAHMIIA KOTOPOTO MOKa-
3aHa Ha puc.5.4 WTPUXOBOU TUHUEH, 0Opa3yeTcs, HAaUUHAS OT EPEIHEN KPOMKH
oOTekaemoro tena. B mpezaenax norpaHU4YHOIO CJI0SI CKOPOCTH U3MEHSIOTCSI OUECHb
pe3ko. BHU3 10 TeueHUIo TOJIIMHA MONPAaHUYHOTO CJI0S HECKOJIBKO BO3PACTAET.
O6nactb 3a 00TEKaEMbIM TEJIOM MPEACTABISAET U3 ce0s1 TYpOYJIEHTHBIN 3aKpOMOY-
HBIN CIEN.

B ciyuae BHyTpeHHel 3ajaun (T€UEHHUE KUAKOCTH B KaHaje, TpyOe K Jp.) morpa-

HUYHBIA CJION 00pa3yeTcs Ha HA4allbHOM yYacTKE BJIOJIb CTEHOK, OTPAHUYHUBAIOIITIX
MOTOK, TJIe U POpMUPYETCS dIIOpa CKOPOCTEH, puc. 5.5.
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Ecnu Bxon B TpyOy crnienuansHO cipoduIupoBaH, To B ceuenuu 1-1, puc.5.5,
YCTAHABIIUBAETCS MMPAKTUYECKH PABHOMEPHOE pacnpeaenenre ckopoctei. [1o mepe
MPOJIBMKEHUS KUJKOCTH BJIOJIb TPYOBI TOPMO3SIIEe BIUSHUE CTEHOK pacipocTpa-
HSETCSl Ha BCE OOJIBIIYIO TOJIIUHY TTOTOKA. DMI0pa CKOPOCTHU MOCTENEHHO Aedop-
MupyeTtcs. B ciiydae Hec:kMMaeMOoM KUJKOCTHU TJIOTHOCTh M PacXoJl 4yepes Jr0oe
CEYEHHE OCTAIOTCS MOCTOSSHHBIMU. [[03TOMY coXpaHsieTcst CpeiHsIst CKOPOCTh, a
YMEHBIIIEHUE CKOPOCTH OJIM3U CTCHKU M3-3a TPEHUSI KOMIICHCUPYETCS YBEIMUCHUEM
CKOPOCTH BHE IOTPAHUYHOTO CJ0s1. TOJIIMHA TOrPAaHUYHOIO CJIOS IIOCTENEHHO yBe-
JIMYUBAETCS. A IpO MOTOKA, UMEIOIIEE PABHOMEPHOE PACIIPEICIICHUE CKOPOCTH €I11e
COXPaHSIETCS HA HEKOTOPOM Y4YacTKe, HO B KOHIIE OHO ucye3aeT. [lorpaHnyHbIi Ci1oi
CMBIKAeTCsl Ha OCHU TPYOBbI, €r0 TONIIMHA CTAHOBUTCS PABHOM painycy TpyObl. Yua-
CTOK (hOpMHUPOBAHUS TTOTPAHUIHOTO CJI0S Ha3biBaeTcsa HavanbHbIM. [To C.M. Tapry
l12+=0,04dRe. B cnyyae cxxrmaeMoit ®KHIKOCTH IUIOTHOCTh BJIOJIb IIOTOKA B 00IIIEM
clly4ae BeJMurHa nepemeHHas. [loatoMy, mpu cX0KecTH KaueCTBEHHOUM KapTHUHBI
TE€UYEHUsI, KOJIMYECTBEHHO €0 MapaMmeTpbl OyAyT APYTUMH.

TeueHne KUIKOCTH B MOTPAHUYHOM CJIO€ U BO BHEIIIHEM MTOTOKE HEPA3PHIBHO CBSI-
3aHBI MEXTY 000U, XapakTep TeUeHHUs B MOTPAHUYHOM CJIO€ 3aBUCUT OT BHEUTHETO
MOTOKA, a CaM MOTPAHUYHBINA CIIOM OKa3bIBAET OOpPaTHOE BIMSHHUE HAa BHEIIHUMN T10-
TOK. BBUTy 3TOr0 Ckauko0oOpa3HOro nepexo/ia OT MOTPAaHUYHOTO CII0sl K 001aCTH
BHEIIHETO MOTOKA HE CYIIECTBYET. Pa3nuuue B mojie CKOpOCTEN U JaBJICHUH B MO-

I'paHUYIHOM CJIOC U B 00J1aCTH BHEIIHETO MOTOKA I10 TOJIIIMHE CJI0O1 MOHOTOHHO 47



YMEHBUIAECTCS ¥ Ha BHEIIHEW IPaHULIE CJIOS IPAKTUYECKH ncuesaer. Bemencreue
ATOr0 U cama BHEIIHSSA TPAHULA TIOTPAHUYHOTO CJIOS HE SIBJSETCS IOBEPXHOCTHIO
paspeiBa U HE UMEET CTPOTOro T’MAPOANHAMUYECKOTO KPUTEPHSI €€ OIIPEIEICHUS.
OTa rpaHuIa, B CYIIHOCTH, SIBJIETCA pacyeTHOM. HacTo 3a TOJNMHY TOIPaHUYHOTO
CJIOSI IPUHUMAIOT TAKOE PACCTOSIHUE OT CTEHKH, HA KOTOPOM CKOPOCTh OTJIMYAETCS
OT CKOPOCTEH TeueHMs BO BHEITHEM MOTOKe Ha 1-2 %.

[Tpu Gonpinx yncnax PeliHonbaca MOXHO MPUOIMKEHHO PUHUMATh

e Re=vglv /
V0- CKOpOCTh B HaOerarIeM MoTOKe;
| - mmmHa oOrexkaemoro tena

HectporocTs B onpeeeHny TOIIMHBI TOTPAHUYHOTO CJI0sT O BhI3Bajla HEOOXO0IH-
MOCTbH B IPYTUX 0OJIe€ TOUHBIX XapaKTEPUCTUKAX. TaKOBBIMU MPUHSTHI

TOJIIIIMHA BBITECHEHUS O* U TOJIIMHA MOTEPH UMITYJIbCa O** .

ToJsmuHa BbITeCHEHUsI

5 ?
5 =[] 1- 2%
-0 FPoVo

CCThb paCCTOAHNEC, HA KOTOPOC CABUTAIOTCA TCJIa OT JIMHUK TOKA BHCIIHECTO TCUCHU S

BCJIEJICTBUE YMEHBIICHUS CKOPOCTH U U3MEHEHUS INIOTHOCTH B IIOTPAHUYHOM CJIOE.
TosmmumuHa morepu UMIYyJIbCa

b
5 =l 1-— |-Z—ay
0 Vo ) PoVo

XapaKTCPpU3yCT IIOTCPIO KOJIMYCCTBA IABHIKCHUA, HCO6XO,Z[I/IMOFO L IIPpCOA0JICHUA
CHUJI TPEHUS BHYTPU NIOIPAHUYHOIO CJIOS.

B norpann4HoM cioe Kopryca CylnHa U caMoJieTa, pyiis, JIONAaTKu TypOUHBI, J10-
NacTU BUHTA C TOYKU 3PEHUS PEeKUMa OOBIYHO CYIIECTBYET TPHU XapaKTep ydacTKa
puc 5.6
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BHCIIHSAA I'paHUIIA IOTPaHUYHO-
T'0 CJI0ig

puc 5.6

1)Y4acTok JaMHUHAPHOIO PeKUMA, HA IPOTSHKEHUU KOTOPOTO TIO BCEH TOJIIIMHE
CJIOS PEXKUM TEUECHHUSI TAMUHAPHBIM.

2)IlepexoaHasi 00J1aCTh, B KOTOPOI BO3HUKIIAS HEYCTONYNBOCTD JIAMUHAPHOTO Te-
YEHUS HE 3aTyXaeT, a PA3BUBACTCS U PacpOCTpaHsAETCs 110 ToJIMHeE citosl. Hagaio
EPEX0HOM 00JIaCTH COOTBETCTBYET TEM IIapaMeTpaMm B CJI0€, IPU KOTOPBIX IPOHC-
XOJUT NMOTEPS yCTOMUMBOCTH: JIAMUHAPHOI'O PEKMMA TEUEHUSI BOJIM3HU BHEILIHEN
IpaHuULBl CJI04, TJIe HauOobIIasi CKOPOCTh B 3TOM

ceueHnu. KoopanHaty takoro ceueHus| Ha MOBEpXHOCTHU Tejla HAa3bIBAIOT TOYKOM
norepu ycroiiunoctu (Touka O;) . B KoHIIe IepexoIHOM 00acTH yXKe 10 BCer
TOJIIIMHE CJIOA, 3 UCKIIFOUEHUEM TOHKOTO JIJAMUHAPHOTO ITOACIOSA, B KOTOPOM CO-
XpaHAETCs YCTOMYMBBIN JJAMUHAPHBIA PEXKUM, CO31A€TCSI PA3BUTHIN

TypOyJIeHTHBIN pexxuM TedeHusi. Koopaunaty ceuenus |l Ha moBepxHOCTH Tena, B
KOTOPOM 3aKaH4YMBaeTcs (popMupoBaHue TypOyJIE€HTHOTO CJIOS, HA3bIBAIOT TOUKOM
nepexoza (touka Q). [TpoTssKeHHOCTh EPEXOAHON 00JIaCTH 3aBUCUT OT XapaKTepa
M3MEHEHUS! CKOPOCTH Ha BHEIIHEW I'PAHHUILIE CII0sI, CTETIEHH TypOyJIEeHTHOCTH B Ha0e-
rarolleM MOTOKE U MECTHBIX BO3MYILIEHUN HA IOBEPXHOCTH TEJIA.

3)Y4yacToK TypOYJEHTHOT0 pPesKHMa, Ha MPOTSHKECHUH KOTOPOTO PEIKUM TCUCHHS

10 BCEH €ro TOJIIIMHE, 3a MCKIIOYCHUEM JIAMHUHAPHOTO IOACIOS, TYpPOYJESHTHBIM.
TonmmHa TaMUHAPHOTO MOACIOS CPABHUTEIBHO Malla, PE3KOM I'PaHUIBI MEXITY Ja-
MUHAPHBIM ITOJICJIOEM U TYpPOYJIEHTHON YacThIO CJI0Sl HE CYIIECTBYET, a HUMEETCs He-
KOTOpas rnepexoaHast 00J1acTh.

Takum 006pa3om, Korjia B IOTPAaHUYHOM CJIO€ CYIIECTBYIOT TPH XapaKTEePHBIX
y4acTKa PEKHMOB TEUECHUS, JJIsI UX ONPEICIICHUS HAA0 MMETh JIBA KPUTUUECKHUX
yucia PeliHonbica: yncio, onpeaessioniee TOUKy MoTepu yctonunBocty Oy, U 4uc-
710, ompeAestoniee Touky nepexona,.

IHorpanu4HbIii €JI0M HA KPUBOJIMHEHHOU MOBEPXHOCTH.
OTpbIB NOTPAHMYHOIO CJIOS.

Xapakrep 00TeKaHUsI TBEPOTO TeJia TOTOKOM KHUJIKOCTH BO MHOTOM OTIpE/Ie-
nsietcst popMoi ero MoBepxHOCTU. Tak, cTaTUYECKOE JIaBJICHHUE IO TOJIIMHE Morpa-
HUYHOTO CJIOS IPAKTUYECKH HE U3MEHSIETCS, a U3MEHEHHUE JIaBJICHUS BIIOJIb CJIOs OY-
JIeT TaKUM >K€, KaK U BO BHelIHeM moToke. [lociennee MoxxeT ObITh Kak yObIBarO-
IIIUM TI0 TEUEHUI0, TaK U Bo3pacTaromumM. Hampumep, mpu o0TeKaHNH TJIaBHON KpHU-
BOJIMHEHHON TOBEPXHOCTHU HAOJIIOIAETCs CIIeyIOIIasi KapTuHa, puc.S.4.
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Puc.5.7

Yactb KUIOKOCTHU, PACIIONIOKCHHAA HUIKC IIO IIOTOKY TOYKH O 1104 ﬂCﬁCTBHGM

O6paTHOF0 I'paduCHTa AABJICHUA II0JIYYalOT BO3BPATHOC JIBHIKCHUC. BCTpCLIa}ICB C
OCHOBHBIM IIOTOKOM, BO3BPAaTHO ABHMKYIIHUCCA YaCTHIbl OTTCCHAIOTCA OT CTCHKH,
4TO IIPUBOAUT K ABJICHHUIO, HA36IBACMOMY OTPBLIBOM IIOIPAHUYHOIO CJIOH.

CeueHue IIOrpaHUvYHOIro CJI0sA, C KOTOPOIO HAYHMHACTCA O6paTHO€ JABHXKXCHHUC
Ha3bIBACTCS TOYKOH OTpbIBA. B 3Toli TOUKE BBINOIHIETCS COOTHOIICHUE

ov

a_y =0,toectbT =0
3a Toukoit ) smIOpa CKOPOCTH MMEET XapaKTepHYIO ImeTieobpasnyio Gopmy. IT1o
ABJISIETCSL CBU/IETEIBCTBOM TOMY, YTO TIOTPAaHUYHBIN CIIOM TpaHCHOPMUPYETCS B OT-
PBIBHOE TEUEHHE, XapaKTEPU3yeMOE€ CHJIbHOW HEYCTOMYHMBOCTBIO OOpPa3yIOIIHUXCS
KpYIHOMAacITaOHbIX Buxped. OTaenbHble BUXPHU, OTPHIBAsICh OT TBEPIOM MOBEpX-
HOCTH, CHOCSITCS IMOTOKOM Ha MX MeCTe 00pa3yroTcs HOBblE BUXPH M T.1. [IpoHMK-
HOBEHHUE OTOPBABILUMXCA BUXPEH BO BHEIIHUM MOTOK CYLIECTBEHHO MCKAXKAET Kap-
TUHY TEUEHUS U, B UTOTE, SIBJISETCA MPUUMHOU 0Opa30BaHUS TUIPOAMHAMUYECKOTO
3aKpOMOYHOI0 CJIena.

TypOyneHTHBIA MOTrPAHUYHBINA CIOW HM3-32 MHTEHCHUBHOTO MOMEPEYHOIrO Iepe-

MEIIEeHUs uMeeT 0oJiee TOJIHYIO SII0PY CKOPOCTH, YEM JTAMUHAPHBIH.
[TorTOMYy YacTULBI KUJKOCTH B HEM HEMOCPEACTBEHHO BOJM3M CTEHKU 00IaJaroT
OOJBIIMM 3aracoM KHHETHYecKod »Hepruu. OTCiona CileayeT, 4To TypOyJIeHTHBIN
NOTPaHUYHBIN CJIOW Oo0Jiee YCTONYHMB B OTHOIIEHUH OTPBIBA, YEM JIAMUHAPHBIH.

MeTtoasbl ynpaB/jieHUs IOTPAHUYHBIM CJI0EM.

[lepexon naMUHAPHOTO TEUEHUS B OTPAHUYHOM CIIO€B TYpOYIEHTHOE, a TaKKe
OTPBIB MOTPAHUYHOTO CJIOS NMPUBOIAT K 3HAYUTEIBHOMY YBEJIMYEHUIO CONPOTUBIIE-

ausg. C LOCJIbIO CHHMKCHUA THUAPOAWMHAMUYCCKHUX COHpOTI/IBJ'IeHI/II‘/JI K HaCTOAIICMY
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BpPEMEHU pa3pabdO0TaHbl TaKW€ WCKYCCTBEHHBICE MEPOIPHUSITHS, KOTOPBIE CIOCO0-
CTBYIOT COXPAHEHHIO JAMUHAPHOIO PEKUMA TEUEHUS B MOTPAHUYHOM CJIOE€ HA BO3-
MOXKHO OOJIBITICH JJIMHE €r0 W MPEeAOoTBpaIiacT OTPBIB CJIosi. B 0CHOBY pa3paboTok
MOJIOKEHBI PE3YJIBTAaThl UCCIEN0BAHM, MOKA3bIBAOIIUE, YTO B JIAMUHAPHOM MOTpa-
HUYHOM CJIO€ TPEHUE MEHBIIE, YeM B TypOYyJIE€HTHOM, HO B TO K€ BpeMs JaMUHAp-
HBII TTOTPAHUYHBIN CJIOM MEHee YCTOMYMB W 00JiajjaeT 3HAUUTEIbHO OOJIBIIICH TeH-
JICHIIMEH K OTPBIBY, UeM TypOyICHTHBII.

C yyeToM yKa3aHHBIX 3aKOHOMEPHOCTEH ObUI MOJy4eH psia mpoduieil Kpblia
CaMOJIETa U PYJIs, KOTOPbIE HAa3bIBAIOTCS JAMHUHU3HPOBAHHBIMHM Npopuiasamu. Y
Takux mpoduield HanbOIBITYIO0 TOIIIMHY OTOJIBUTAIOT BO3MOXKHO JTAJIBIIIE K BBIXOJ-
HOM KpoMKe. BMecTe ¢ HEt0 OTOIBUTAETCSl BHU3 IO MTOTOKY M TOYKAa MUHAMYMA J1aB-
nenust. briarogapsi 3ToMy MOrpaHUYHBIN CIIONW COXpaHSAETCs JIaMUHAPHBIM HA 3HAYH-
TEIHHO OOJIBIIIEM TMPOTSHKEHUH, YeM Y OOBIYHBIX MNpoduiiel, 4TO MPUBOIUT K
YMEHBIIICHUIO COMTPOTUBIICHUS.

Jpyrum crocoboM JaMUHApPU3alUUA TMOTPAHUYHOTO CJIO0S C IIEJIbI0 CHUXKCHUS
CONPOTHUBIICHUS] TPEHUS SIBISETCS YACTUUHOE €r0 OTCAChIBAaHUE Yepe3 MOPUCTYIO
MOBEPXHOCTH (HEeNMpPepbIBHBII 0TCOC), WM COOTBETCTBYIOIIUM 00pa3oM pPacioio-
JKeHHbIe 1ein (1eJieBOi 0TCOC), I CICIHAIBHBIC OTBEPCTUSA (COCpeaoTOYeH-
HBIH 0TCOC).

CymiHocTh criocoba B TOM, 4TO, BCIEACTBUE OTCACHIBAHUS, TIOTPAHUYHBIA CIIOM
CTAHOBUTCSI TOHBIIE, U 3TO YMEHBIIAET €r0 CKJIOHHOCThH K MEPEXOAY B TYpOYIEHT-
HBI.

VYnanenue u3 cios NOATOPMOKEHHOM )KUAKOCTH ITyTEM OTCOCA OTHOBPEMEHHO C
JTaMUHApU3aLUEH CII0SI YMEHBIIIAET BO3MOXKHOCTh €ro OTPhIBa. AHAJIOTMYHOTO A (-
¢dbekTa MOXKHO JIOCTHYb ITyTEM BBOAA B CJIOM >KHAKOCTH C TEM, YTOOBI COOOIIUTH
YKUJKOCTU B CJIO€ JIOTIOJTHUTEIBHYI0 KHHETUUECKYIO SHEPTHUIO, Oj1arojapsi 4yeMy moj-
TOPMOKEHHAS KUIKOCTh KaK Obl CTyBaeTCs C MPODUIIS.

[IpenoTBpalieHue OoTpbiBa MOTPAHUYHOIO CJIOSI MOXKHO JIOCTHYb TAaKXKe MyTeM
npuaaHus Telry cooTBeTcTBYIoMEeH popmbl. Ho 31eck Mepornpustus, HarpaBieHHbIC
Ha MpEJOTBpAIlCHUE OTPbIBA, MPOTHUBOPEUAT MEPOMPHUSATUSIM IO JIAMUHAPHU3AIUU
MOTPAHUYIHOTO CJIosi. B 3TOM ciiydae BRIOUPAIOT U OCYIIECTBIISIOT TAKUE MEPOIPH -
THS, KOTOPbIE IPUBOMAST K HAUOOJBIIEMY CHUKEHUIO IMTOTEPb.

Kpome paccMoTpeHHBIX CIOCOOOB YIPABJICHHS TOTPAHUYHBIM CIIOEM M3BECTHBI
Takue, Kak MpUMEHEHUEe AeMII(DUPYIOMIUX MOKPBITHM, Ta30HACKIIICHUE KUJIKOTO T10-
TPAaHUYHOTO CJIOS, BBEJICHUE B MOTPAHUYHBIN CIIOW TIOTUMEPHBIX T0OABOK, COOOIIEe-
HUE 00TEKaeMOM MOBEPXHOCTH BBIHYXKJIEHHBIX KOJIGOAHUN U JIp.
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Jleknua 5.
Paznen 5. IlpukiaagHas rupaBiauKa (MPoaoJIKeHue).
Tema 5.3: JIBmxeHHE BSI3KOM )KMIKOCTH B TpyOax.
OO61re U MECTHBIE THIPABITUYECKUE COMPOTUBIICHUS.
Jlutepatypa: [2] ctp. 57-89; [3] c1p.74-88; [4] c1p. 55-57, 61-62,;
[5] ctp. 138-175; [6] cTp. 69-74, 94-99.

CrpykTypa 1NOTOKAa BfI3KOM  HeC)KMMaeMoOil  KHMIKOCTH B  Tpyodax.

NcexomupiMu I MCCIEA0BaHUS M pacyeTa YCTAHOBUBILIETOCS NOTOKA PEAJbHOM He-
CKMMAEMOU KUAKOCTU IPU PEUICHUM 33]a4 WH)XXCHEPHOM T'MIPABIUKH SBISIOTCSA
ypaBHeHus: HaBbe-Crokca, PeliHonbaca, monyyaeMble U3 HUX yYpaBHeHUs bepHyiun
Y YpaBHEHHUs pacxoja.
Hcnonp30BaHne yKa3aHHBIX MCXOJHBIX YPAaBHEHUM JUIA PEIICHUS 3a]1a4 JBHKCHHS
BSI3KOM JKUJAKOCTH BO3MOXKHO TOJIBKO IIPU HAJIMYMM (HOPMYJ JUIsl pacyeTa BXOASIINX
B YPaBHEHMS IOTEPh HAIOPA, CBA3BIBAIOIIMX BEJIMYHMHY ITUX NOTEPHh C OCHOBHBIMHU
XapaKTEepUCTUKaMU ITOTOKaA.

Jliia yno6cTBa pacdyera BCe TMAPABINYECKUE COIPOTUBIIEHUS NIPUHATO pasje-
JATH HA J1Ba BUJA!

—  COIIPOTHUBJICHUS U CBSI3aHHBIE C HUMU IIOTEPU DHEPIUU, IIPEACTABIAIOLIUE CO-
OOl HE YTO MHOE, KaK CONPOTUBIICHUE TPEHUS, U HA3bIBAEMbIE B CBSI3U C 3TUM HO-
mepamu Hanopa no Onune, WU 00uuMu nomepAMU Hanopa, Ui nomepAmMu Ha
mpeHnue;

— COIIPOTUBJICHMS, BO3HUKAIOLIME TOJBKO HA OTAECIBHBIX KOPOTKHMX Yy4acCTKaX
MOTOKA M3-3a TOW WJIM JIPYTON Pe3KOH MeCTHOM aedopMaliiu ero, 6jaaromaps 4emy B
3TUX MECTaxX CKOPOCTh CYIIECTBEHHO M3MEHSIETCS MO BEIWYMHE W HAPaBICHHUIO,
HAa3bIBAEMbBIE MECHIHBIMU NOMEPAMU HANOPA.

[Ipu pacyere moreph HaAMopa IMIMPOKO HMCIHOIB3YETCS MPUHINI HAIOXKEHUS.
IIpennonaraercsi, 4TO0 OTHAEJIBHBIE BUIBI CONMPOTUBICHUN BO3HUKAKOT HE3aBUCHUMO
JIpYT OT APYra U ONPEEIISIIOTCS TOJIBKO MECTHBIMU XapaKTEPUCTUKAMU MOTOKA.

[MpuMeHsist 3TOT NMPUHIKI W 0003HaYasi TOTEPH Haropa Mo JauHe hu mMecT-
HbIe TIOTEepH Haropa hy, , MOXKHO BeTMUWHY BXOMASIINX B ypaBHeHHE bepHyiu mo-
Tepb Ny1.» OIpENEnsaTh, KaK

N1 = Zm:hli +Zn:h,wj . (5.9)

Kak npaBuio, ucnomnb3yst MOIy3MIUPUIECKUE METOABI MCCIECAOBAHUS, yCTa-

HaBIMBAIOT CTPYKTYpYy oOImmuX ¢opmyn aus ompenenenus hu hy, mocne dero,
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MOJIB3YSCh OIBITHBIMU JAAHHBIMH, JOMOJHIIOT (GOPMYIbl SMOUPUYECKUMU KO3 (DDu-
nueHTamMu. M TOIBKO B HEKOTOPBIX CiIy4dasX YAAE€TCA IOJNYyYUTh TEOPETUUYECCKHUE
(opMyIbI 17151 KOHKPETHBIX BUIOB COMPOTUBICHUIA.
O4eBUIHO, YTO MEXKIY CWJIAMH TPEHUS B JKUJIKOCTH M IOTEPSMHU HaIopa Cyllle-
CTBYIOT OIIPE/ICIICHHBIE
3aBUCUMOCTH.

Jlnst ciiydasi yCTaHOBHMBIIETOCS PaBHOMEPHOIO ABMKEHHS (KOIJa MECTHBIE
MOTEPU OTCYTCTBYIOT) 3aBUCHUMOCTb IPUHUMAET BU/I:

rae R— ruppaBianydeckuil paguyc ceYeHus MOTOKa, paBHBIA OTHOLIEHUIO TUIOLIAJH
CEUEHUS K €ro MepUMETPY U KOTOPBIA JJIsl TPYObl KPYIJIOTO CEUEHUsl paBeH I0JIO-

I o
BUHE pajinyca EO ;|- ruapaBIUYECKUl YKIIOH.

JlamuHapHOoe paBHOMepHOe JBH:KEHHE BSI3KOI HECKHUMAEMOH KUIKOCTH
B KpYIJIOii TpyOe.

Ecnu HanpaBnenue notoka B TpyOe KPyIIOTro CEUEHUS paguycoM I U JJIUHOM /
COBMECTHUTh C OChIO X W CUMTaTh, UYTO JBUKEHUE B HEW CTAOMIM3UPOBAHHOE, T.C.
aVX
OX
VpaBuenust HaBbe-Crokca nocie MoACTaHOBKH B HUX 3HAYEHUN CKOPOCTEHN U OT-
v, oV J op op

CKOPOCTb HE 3aBUCUT OT KOOPAUHATHI X(—=* =0), ToV,= Vx(Y, Z); V= V,= 0.

x |- 2-0 =0 wm

+
oy a2 ) oy oz
(5.11)

OpachbIBaHMUsI MACCOBBIX CHJI IPUMYT B 1 ? = V(
p OX

2 2

oV, ov, 1 dp

oy> 0z pdx

DTO K¢ ypaBHCHHE B IWIMHAPHUYCCKHUX KOOPIMHATAX MPH YCJIOBHU OCEBOM
CUMMETPHH [TOTOKA UMEET BH/I:

2
d \QX +1%=£d_p (512)
dr rdr udx

[Tocie mBoiiHOIO MHTEIpUpOBaHUS TocieaHero ypaBHenust (5.12) u onpeneseHus
MPOM3BOJIBHBIX MOCTOSHHBIX TIOTYYHM 3aBUCHMOCTB CKOPOCTH OT PACCTOSIHHS JI0 OCH TPYOBI

1d
v:—ad—s(rf—rz)mm (5.13)
s}t
v=+F9 PO LY (12 _y?). (5.14)
I 4u
aHee2)
3nech ~9 M) - CPEOHUN bE30METPUUECKUIN YKIIOH,

[ *
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lo- paauyc TpyObLI - OTCTOSHME TEKYLIEro JJIEMEHTa OT OCH TpYOHlI,

{ - nuHA paccMaTPHBAEMOTO YHACTKA.
Vpauenus (5.13) u (5.14)ects ypaBHeHHs Mapabobl BTOPOM CTENEHU C BEp-
IIMHOM Ha ocu TpyOsl Tipu I =0, TA€ ¥ TOCTUraeTcs MaKCUMaJIbHasi CKOPOCTh

Pgicp 2
Vi = —— I

1dp , 1 4p

A Vinax Z—E&ro —EI—"OZ. (5.16)

bespasmepHast popma 3akoHaA pacnpeesieHusI CKOPOCTEH
2
v r

V—Zl—r—oz. (5.17)

max

OOBEeMHBIHN pacxo KUIKOCTH

Ty Ty 2
Q:_[anvdr :Zﬁrmaxjr(l—r—z]dr :ﬂrozvaaX. (5.18)
I
0 0

0
CpGIIHHH I10 CCUCHHUIO CKOPOCTb

2 Vmax

40 v 1d
ch = 7Z'Qrz = 2 =M = _p r2 (519)
0

P 2 Budx °

OTcroma BHIHO, YTO TPHU JIAMHHAPHOM PEXKUME B KpyIIIoi TpyOe MaKCUMaslb-
Hasl CKOPOCTb BABOE OOJBIIIE CPETHEH.

Eciu nvHa ygacTka MeXIy CEUCHHUSMH C JIaBJICHUSIMHpP U p, paBHal, T0, NH-
Terpupys nociensee ypasuenue (5.19)mo x, momyuum dpopmyny Iyaseris

Bulv,, 32ulv,,

P— P, = I’02 == dqz (520)

OIIPCACIIAIOMYIO MTaJCHUC JaBJIICHUS Ha y‘laCTKel.ECHI/I YUCCTh, YTO COIIPOTHUBIICHUC

M0 JJIMHE TPYOBI (CONMPOTUBIIECHUE TpeHUs) h, = Ll I L =Vp , TO IOTy4YuM Qop-
32viv,
MYJTy COIPOTHUBIICHHUS h, = % : (5.21)
64 1V, 64 1 Vi, IV
3amMcaB KOTopyio B Buaeh = — — L =—.—. L =] 2 (5.22)

nonyuuM gopmyny /lapcu-Beiicoaxa nns onpeneneHus MoTepb Haropa u3-3a Tpe-
HUS NPU JJTAMUHAPHOM TOTOKE KUIAKOCTH B KPYIJION Tpyoe.

B dopmyne (5.22) lapcu-Belicoaxa BenmuunHa A = Ii_i (5.23)

Ha3bIBACTCA Kodhpuuuenmom ooduwgux conpomueieHuil, iu Kodgguuyuenmom
CONpPOMuUGIEeHUIl no O1une mpyowl, Unv Koagppuuuenmom /lapcu.
KacarenbHbie HapsHKEHHSI MEKIY CIOSAMH KUAKOCTH MOXKHO OTPEETUTh 110

dopmyne HproTOHA MIIM 10 OCHOBHOMY YPAaBHEHHIO PABHOMEPHOTO JIBHXKEHUS
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r=—p = poi, (5.24)

Dmiopa CKOPOCTEH MO CEYCHHI0 B COOTBETCTBMM C ypaBHeHHMsMHU (5.13) u
(5.14) npencranisier cobo0it mapaboIy ¢ BEpIIMHONW HA OCH TPYOHI (puc.5.8).

Dmiopa HanpsHKCHUH B KPYIIIod TpyOe B COOTBETCTBHHM C ypaBHEeHHEM (5.24)
MMEET BUJ, IPEICTABICHHBIN Ha puc.5.9.

AR A L 4 AP A AW A A -

"]
VAV A " VAV VAR
Vep
a3
Vmax
- o Puc.5.8
o sf fo L’.L/ I~ § & & 7
| S
d ._I
/ |
O N W i 5 . | [ [ ]
SR . IR, Puc.5.9

TypOyJieHTHOe paBHOMEPHOE IBHKEeHHE BA3KO0I HEC)KUMAEMOM KHAKOCTH
B KpYIJIOii TpyOe.

DKCIepUMEHTAIIbHBIE UCCIIEIOBAHUS OCPEIHEHHON MECTHON CKOPOCTH U Kaca-
TEJIBHBIX HAIMPSDKEHUH TI0 TIOTIEPEYHOMY CEUEHHUIO TPYOBI MOKa3aiH, YToO Mpu TypOy-
JICHTHOM JIBMDKEHUHU OCPEIHEHHBIE CKOPOCTH MaJI0 U3MEHSIFOTCS 110 CEUEHUIO, 3a MC-
KJIFOUEHHUEM TOHKOTO JIJAMHUHAPHOTO MOJCIIos Ha cTeHke (puc.5.10). Ob6nacts, rae cko-
POCTH TIO CEYCHHIO MMOYTH HE MEHSIOTCS, Ha3bIBaeTCS sAPOM ToToka. [IpakTudecku
pPaBHOMEPHOE pacIpeieiCHUE CKOPOCTEH B sS/Ipe OOBSICHSACTCS MHTCHCHUBHBIM IIepe-
MermuBaHueM. B cBsi3u ¢ 3TUM NpUOMMKEHHBIA pacueT TypOyJIeHTHOTO TEUCHHS B
TpyO€ CTPOST HA NBYXCIOWHOW MOJENM TEUEHHs, TMoJiarasi, 4To B MPEeIax BI3KOTO
MOJICIIOS TEUEHUE JIAMUHAPHOE, a B spe MOTOKa — TypOyneHTHoe. Hammuuem mepe-
XOJTHOTO CJIOSl MEXK]Ty HUMHU TIPU ATOM MPEHEOPEraroT U CUYUTAIOT, YTO TypOyIeHTHOE
STPO TIOTOKA HETIOCPEICTBEHHO IPAHUYUT C JITAMHHAPHBIM ITOJICTIOCM.

Vcxonst 13 OCHOBHOTO YpaBHEHHUS paBHOMEPHOTO JABWKCHHMS, CIIPABETMBOTO,
KaK JUIA JJAMHHAPHOTO, TaK W I TypOYJICHTHOTO JBMIKEHUH, MOKHO yTBEPKIATh,

YTO HaNpsDKEHUS] B OCPETHEHHOM TypOYyJIEHTHOM IOTOKE, KaK M B Clly4ae JIaMH-
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HApHOTO JBHIKCHUS, PACHIPEACISIFOTCS 10 JTMHEHHOMY 3aKOHY U Ha OCH TPYObI paB-
HBI HYITIO (pHC.5.8).

L L L LY LLLLLL T T T T

N ——

Ta

PV AV dV A A e | raav

VQ ~——
g% |
Vmax [ [ T J 77T [ 7 [ 7/
3 =3 | ‘EQ
Puc. 5.10 Puc. 5.11

s pacdera TeueHUsl B TpyOe HEOOXOAMMO JOIMOITHUTEIbHBIEC KacaTelbHbIC
HaIpsDKEHUs BBIPA3UTh 4YE€pPE3 BEJIWYMHBI, CBSA3aHHBIE C TE€OMETpPUEH MOTOKA H
OCPETHEHHOUN CKOPOCThIO. Takas CBA3b MOXKET ObITh YCTAHOBIJIEHA C MOMOIIBIO pa3-
JUYHBIX TUIIOTE3 TypOYICHTHOCTH.

Haunbonee pacnpoctpanenHo sipnsercs runoresa JI. [Tpanas.

3aBucumocTs [Ipanamis 1 wepoxosamulx mpyd iMeeT BUJ

r,—r

VLZS, 751g +4,, (5.25)

*

raeA- cpeaHss BHICOTa BBICTYIIOB IIEPOXOBATOCTH; A, — KO3 PUIIMEHT, BETUUMHA KOTO-
POT'0 3aBUCHT OT THUIIA IIIEPOXOBATOCTH, HAIIPUMED, JJIsl PABHO3EPHUCTOM A, = 8,5.

dopmyrna s ONMpeACIICHUS] MaKCUMaTbHOW CKOPOCTH JBUKCHHS JKUIKOCTH
npu 3HaueHuu r = 0:

Yoo _5 7519 10% 455, (5.26)
v, v
Pacxon
Q= Iv27rrdr =xr’ (v, —4,08v,). (5.27)
0

Cpennsisi CKOPOCTh TTOTOKA IO CEUYCHUIO TPYOBI

_Q_Q _ (Ve —408V.) g (5.28)

c - 2
'S, T,
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ITorepu Hanmopa Ha TpeHue B Kpyriibix Tpydax. I'padpux Hukypanse

[Tpu TypOynEeHTHOM ABMKEHUU CTPYKTYpa (POPMYIIBI COMPOTHBIICHHUS OCTACT-

| ve

Cs TaKOM ’Ke, Kak M IpH JaMuHapHOM (h, = /15 2°” ), OJTHAKO YHUBEPCAJIBHOM, J10-
g9

CTaTOYHO TOYHOW U MPOCTOM 3aBUCHUMOCTH ISl OTpeneieHus ko3 dUuiuenTa co-

IPOTUBJICHUS TCOPETUYCCKUM MyTEM HAWTH HE ynaeTcs. B cBA3M ¢ 3TUM BO3HHKIIA
3a/1aua OIpeelICHUs 3aBUCUMOCTH KoddduimeHTa AoT yncina Re, onpeaensromero
JTUHAMUYECKOE TTOTI00ME TTOTOKOB, M KaKOTO-T1M00 Oe3pa3MepHOro mapamerpa, omnpe-
JCIISAIONIETO TEOMETPUYCCKOE IMOM00Me MOTOKOB, IMyTeM OOOOIICHUS pPe3yIbTaToB
AKCIICPUMEHTAIBHBIX HCCIeIOBaHUM. JIJId TIagkux TPyO TeOMETPHUYECKOro Iapa-
MeTpa He TpeOyeTcsi, MOCKOJIbKY BCE KPYIIble TPYObl F€OMETPUYECKH MOI00HbI. B
HIEPOXOBATHIX TpyOax TpeOOBaHME TECOMETPUYECKOTO IMOMO0US TODKHO Pachpo-
CTpaHATHCA U Ha (HOPMY HEPOBHOCTEH CTEHOK, BCJICJACTBUE YETO CPEIH IIEPOXOBa-
TBIX TPYO HANTH r€OMETPHUCSCKH ITOIOOHBIC MPAKTUICCKU HEBO3MOXKHO.
XapakTepu30BaTh MIEPOXOBATOCTh KOJMYECTBEHHO JTOBOJIBHO TPYAHO. B cBs3M
C 3TUM B Ka4€CTBE MPHUOIMKCHHOTO JIOMYIICHUS TPHHUMAIOT, YTO MIECPOXOBAThIC TPY-
ObI OyIyT reOMETPUIECCKHU TIOTOOHBIMH, €CJTH OTHOIICHUE CPEHEH BBICOTHI BHICTYIIOB

IIIEPOXOBATOCTHA K PanycCy Foiin K nuamerpy d OyZeT oMHAKOBBIM.

A A .
OTHomeHue a HIJIM — Ha3bIBAIOT OMHOCUMENbHOU WIEPOX06AMOCHIbIO, A 00-

o

d I, -
PaTHYO BEIMHHY — WM ZO - OMHOCUMENbHOUL 2TIA0KOCBIO.
A
BnepBbie moCcTpousi 3aBUCUMOCTD A = ﬂ[Re,E), 00paboTaB pe3yJibTaTbl CBOUX

MHOTOUYHCIIEHHBIX 3KciepuMeHTOB, Hukypanse. lllepoxoBarocts B onbiTax Hukypa-
J3€ CO3/aBajl MCKYCCTBEHHO NMYyTEM HAKJICMBaHUS KaJIUOPOBAHHBIX IMECUMHOK Ha
BHYTPEHHIOIO TTOBEPXHOCTh TPyObI. Takasi mepoxoBaToCTh MOMYyYUIIaCh paBHOMEP-
HO-3€PHUCTOM B OTVIMYME OT €CTECTBEHHOM, KOTOpAsi, KaK MPAaBUIIO, HEPABHOMEPHO-
3€pHUCTAsA U BOJHUCTAS.

Ha none rpaduka Hukypanze (puc.5.12) MOXHO BBIJCIUTH MATh XapaKTEPHBIX 00-

JIacTeM;
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Puc.5.12
1) Oonacmbs  namunapno2o  pexcuma. Nmeer  mecro  mpu

Re<Re,,= 2300. Ha rpaduke nzobpaxaercs npssmoil A-b. B npenenax stoit obnactu
KOX(PUILIMEHT COMPOTUBICHUS A3aBHCUT TOJBKO OT yucia Re u He 3aBUCHUT OT 1miepo-
xoBatocTH. CoracHo ¢opmyre (5.23) koapduiueHt TpeHus

64
A=—. 5.29
= (5.29)
®dopmyna conporusieHus (5.21) MokeT OBITH IPEICTABICHA B BHJIC
32viv,
hl :gTZkaVCp, (530)
32vi

rne k= i const — kK0 (HUIUEHT MTPOTIOPITUMOHATIBHOCTH.
g

N3 31011 hopMyIibl CleAyeT, YTO COMPOTUBICHUE TPEHUS MPU JIAMHUHAPHOM pe-
’KUME TPOTIOPIIMOHATBHO TIEPBOI CTETIEHU CPEIHEH CKOPOCTH.

2) B anamazone 2300 <Re< 4000 (na rpaduxe mexay Toukamu b u B) ocy-
IECTBIISICTCS. nEPexXo0 Om JAMUHAPHO20 PEeHCUMA K MYPOYI1eHMHOMY .

B 3aBUCHUMOCTH OT yCJIOBHI T€UEHHUS B ATOW 00JIACTH MOXKET YCTaHABJIMBATb-
csl MO0 JTaMUHAPHBIA pexuM, b0 TypOyneHTHbIN. Ho uare Bcero HaOmromaercs
TaK Ha3bIBAEMBII TEPEMEKAIOIINICS PEXUM, KOTJAa OJHOBPEMEHHO CYIIECTBYIOT H
JaMUHApHBIA U TypOyneHTHBIH. C TOUKM 3peHus onpeaeneHus kodpduirenta A 00-

JACTh caMasl TPyJHAasi, B CBSA3HM C YEM HET SMIUPUUYECKUX (POPMYI ISl €r0 BhIYUCIIE-
HUS.

3) Obnacme mypoy1enmnozo 21a0KOCMEHHO20 MeYeHus, n300paxkacmast
Ha rpaduke npsmoii B-I'. 3neck A Toke HE 3aBUCHUT OT IIEPOXOBATOCTH , & 3aBUCUT
TOJBKO OT urcyia Re. [paruiiamu 061acTé OPUESHTUPOBOUYHO MOTYT CITY’KUTh 3HAYe-
Hust 4000 <Re< 20(d/A). Tlpu sTOM pekuMe TeYCHHS OYTOpPKH IIIEPOXOBATOCTH
HAMHOTO MEHBIIE TOJNIIWHBI JIAMHHAPHOTO TOJCIOS UM OOTEKAaroTCs OE€30TPHIBHO.

CJ'Ie,Z[OBaTeJ'IBHO, MEPOXOBATOCTb HC NPUBOAUT K YBCIMUCHHUIO COIIPOTHUBIICHHUA U
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HUKAKOW Pa3HUIIBI MEXTy TCUCHHUSIMH B TIAJIKON M IIEPOXOBATOW TpyOax He OyIer.
DTO JAaeT MpaBo CUUTATh TPYOY cuOpoOuHamuuecKu 2naoKoil.

Jlis Berancienns kodddummenta A B 3Tol 00JacTH peKoMeHIyroTcs (op-

MYJIbI:
bnasuyca A :% (s Re< 10°), (5.31)
KonakoBa 4 =(181gRe-15)" (5.32)

dopmyna CONMPOTUBIICHUS
h =kv". (5.33)

4) Typoyrenmnasn oonacmov 0okeaopamuunozo conpomuenenus. Ha rpapu-
K€ ATO IJIOIIa b, OTpPAaHUYCHHAS JIMHUEHW miagkocTeHHoro tedenus: B-I' u mrpuxo-

. . d d
Boil muuueil K-K, cooTBeTcTBYeT Muana3ony ZOZ <Re< 500 5
OTOT pekUM XapakTepeH Uil CiTydas, KOrja BbICOTa OYrOpKOB IIEPOXOBATOCTH

cou3MepuMa ¢ TONIIMHON JJAMHUHAPHOTO ToACios. B 9Tol 30HE A 3aBUCHT U OT 4uclia
Rewu ot mepoxosaroctu. J1jist €ro BeIYKCIIEHUS peKoMeHTyeTcs: (popMya AJBTITyIs

0,25
A= 0,11(é +§j . (5.34)
d Re
CONpOTHBICHNE MOKHO MPEJCTaBUTh Gopmymoii: 1y = ng; : (5.35)

rae M — mokas3areiib CTCICHU, paBJ'II/I‘-IHI)Iﬁ B Ppa3HbIX 4YaCTAX 06J'IaCTH, HO Bceraa M <

2 (To3TOMY 00JIaCTh 1 HA3bIBACTCS «IOKBAIPATUYHAS ).

5) Typoyrenmnas oonacmov Keaopamuunozo conpomueienus. Odpasyercs

d
napajuieJIbHbBIMU OCH a0CIUCC YYaCTKaMH KpUBBIX, pu Re> SOOZ. Koappuuuent

AHE 3aBHCHT OT YHCJIa Re, a 3aBHUCHUT TOJIbKO OT OTHOCHUTEIbHOMU IMCPpOXOBATOCTH.

Boruucnsate ko3¢ duiueHT conpotuBieHus MoxHO 1o dopmynam I[lludpuncona
(5.36) u Hukypanse (5.37).

0,25
udpuncona A= 0,11(%} : (5.36)
r -2
Hukypanze 1 = (1, 74+2lg Zoj : (5.37)

[Torepu Hamopa B 3TOI 06IACTH
2
h =kvg, (5.38)
TOYHO TIPOTIOPITMOHATILHBI KBaJIpaTy CKOPOCTH (€€ Ha3BaHUE «KBaJIpaTHIHAN).
dopmyna Anprinyis (5.34) HanbOoee yHUBEpCabHa. 59



B o6nacTu m1agKoCTEHHOro TEYEHMsI OHA MPAKTHUYECKH COBIAJAEeT ¢ GpopMy-
noit brmasuyca, a B 006JacTl KBaApaTUYHOTO COMPOTUBIEHUs - ¢ popmynoi [Ind-
puHcoHa. Ilo3ToMy HaeT ynoBIETBOPUTEIBHYIO TOYHOCTh BO BCEX TpEX 0O0JIACTAX
TypOyJIEHTHOTO TEUEHMsSI U MOXKET OBbITh PEKOMEHIOBAHA ISl BBIYMCICHUS KOAPPU-
IIEHTa COMPOTUBICHUS TPEHUS A B 00JIACTSIX TIIAJKOCTEHHOTO, JIOKBAJPAaTHYHOTO U
KBaJIPATUYHOTO TYpOYJIEHTHOTO TEUEHUS.

MHorouuncneHnHble 0osee MO3AHUE UCCIIEA0BAaHUS Ha MPOMBIIIEHHBIX 00pa3nax
TpyO, U3rOTOBJIEHHBIX U3 Pa3IMYHBIX MATEpUANIOB (CTalb, Yyr'yH, CTEKIIO, OETOH, Iia-
CTHK, TPOPE3UHEHHBIE NUIAHTH U JIp.) U UMEIOIIMX HEPABHOMEPHYIO IIEPOXOBATOCTH,
O0HapYKWUJIM HEKOTOPBIE OTIMYMS B XOJI€ SKCIIEPUMEHTAIBHBIX KpUBbIX. Hanpumep, Ha
puc.5.13 mpusenen rpaduk Beecoro3noro Temnorexundeckoro uueturyta (BTU) s
HOBBIX CTalIbHBIX TpyO. M3 3TOro rpaduka BUAHO, UTO OCOOCHHO 3HAYUTEIbHbI OTIIU-
yusi B (hOpMe KpUBBIX HAOMIOAAIOTCS B TIOKBAAPATUYHON OOJIACTH.

BeposTHO €50 B TOM, 4TO B CIy4ae paBHOMEPHO-3€pPHHUCTON HIEPOXOBATOCTU
BBICOTA BBICTYIIOB MIPUMEPHO OJJMHAKOBA M MPH OIpeneseHHOM yucie Re ogHoBpe-
MEHHO Ha BCEX BBICTYyNAax MOSBISAIOTCA OTPBIBBI IIOTPAaHUYHOIO Cios. B pesynprare
ATOTO A OBICTPO YBEIIUYMBAETCS.

B 10 Bpems kak TeXHUYECKUE TPYObl XapaKTEpU3YIOTCS 3HAYUTENIbHBIM pa3-
OpoCOM BBICOT BBICTYNOB LIEPOXOBATOCTH. [103TOMY OTPBIBBI MOTPAHUYHOIO CIIOS
BO3HUKAIOT BHa4ajie Ha caMbIX Oonpmmnx U3 HuX. [lo Mepe yBenuuenus uucina Re
OTPBIBBI PAacHpOCTPAHSIOTCS Ha Bce O0jiee MEJKHE BBICTYINbI. BcenencrtBue 3TOro
kpuBbie A = f(Re) miaBHO OTXOAAT OT MPSAMOM TIIAJKOCTEHHOTO TEUCHHSI.

Hpyroii, He MeHee BaKHON MPUYMHON OTIMYMA B rpaduKax sIBISIETCS TO, YTO
Jake IPU OJTHOM M TOM e aOCOIOTHOM IIEpOXOBATOCTU TPYObI U3 Pa3HbIX MaTepu-
aJIoB MOTYT UMETh Pa3InyHble KOAPPUIIMEHTHI THAPABIMUECKOTO TPEHUS B 3aBUCH-
MOCTH OT (POPMBI BBICTYTIOB, T'YCTOTBI, XapaKTepa UX PACIOIIOKEHUS U T.1.
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[TockonbKy y4decTh BIMSHHE 3TUX (aKTOPOB IMyTEM HEMOCPEICTBEHHBIX H3ME-
PEHUI TIPaKTHYECKH HEBO3MOXKHO, BO3HHKIIA 33/1a4a TIOMCKa HOBOTO TTapamMeTpa, Orpe-
JIETISTFOIIETO TeOMEeTpUYecKoe moaooue morokoB. Hanbornee mupoko B ruipaBiIuKe UC-
TIOJIE3YETCS TIOHSTUE IKBUBAICHMHOU PAGHO3EPHUCMOU wiepoxosamocmu K.

[Ton >KBUBaNIEHTHOM MIEPOXOBATOCTHIO MOHUMAIOT TaKyH BBICOTY BBICTYIIOB
PaBHOMEPHOM IIEPOXOBATOCTH, KOTOPAsl JACT OMWHAKOBBIN C M3ydyaeMOi €CTECTBCH-
HOM 11€pOX0BATOCTHIO KOAPPUIIMEHT THIPABINIECKOTO TPEHUSI.

3aBHUCHUT SKBHBAJICHTHAS IIEPOXOBATOCTh:
- OT MaTepuaja, cnocoda U3roTOBICHUS U COCTUHECHHS TPYO;

- OT MPOAOJDKUTENBHOCTU JKCIUTyaTalluu TpyO, B Ipoliecce KOTOPOH MOTyT
BO3HUKHYTb KOPPO3HUs, 3PO3US WIH OTIOKEHUS.

[Toatomy B ommume ot rpaduka Hukypaaze Ha puc.5.13 mzoOpaxeHa 3aBUCH-
MOCTh KOA(PHUIMEHTA COMPOTUBICHUS A B QYHKIINY duciia Re 1 SKBUBaJICHTHOM IIIe-
poxoBaroctuk,. [IprBeIcHHbBIC BhIIe 3aBUCUMOCTH CIIPABEJIMBBI JIMIIb IS H30TEP-
MHUYECKOTO JBMXKEHUS, KOTZIAa BA3KOCTh M IJIOTHOCTb KHUAKOCTH BO BCEX TOYKAX MOTOKA
OCTAarOTCS IOCTOSSHHBIMH BO BPEMEHH.
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MecTHBIE CONPOTUBJIEHUS B TPyOax

DKCHepUMEHTAIbHbIE UCCIIEIOBAHUS MTOKA3bIBAIOT, YTO HA HEKOTOPBIX KOPOT-
KHX y4acTKax TpyOOIpPOBOAOB B JAOMOJHEHHUE K MTOTEPSM TPEHUS BO3HUKAIOT MOTEPH
npyro# npuposibl. Takue moTepu Ha3bIBAIOT MECTHBIMHU.

Y4acTKu peasibHbIX TPyOONpPOBOJOB, HA KOTOPHIX BO3HUKAIOT MECTHBIE TIOTE-
PH, MOXHO YCJIOBHO Pa3eIUTh HA CIEAYIOIINUE TPYIIIbI:

- I3MEHEHUE )KMBOTO CEYEHUS (pacIlIMpPEHNE WIIN CYKEHUE);

- UI3MEHEHHUE HanpaBiIeHUs TPYOb! (PE3KUil UK TUIaBHBIN TTOBOPOT);

- OTJIEJICHUE WM CIUSHUE MOTOKOB (TPOMHUKHU U OTBOJIbI);

- 3amopHas apMarypa (3aJBUKKH, Tapeibdyarbie KianaHbl, JUCKOBbIE, IIIAPHUP-
HbI€ UM TPOOKOBBIE KPAHBI U JIp.);

- MECTHBIE MPEMATCTBUS (AHaparMbl ¢ OCTPBIMU KpasMH, CTBIKA TpYyO, pe-
HIETKH, TEXHOJIOTMUYECKUE CTOUKHU, BMSITUHBI U T.1T.).

W3 npuBeneHHON Kiaccu(UKAMU BUIHO, YTO MECTHBIE CONPOTUBIIEHUS MO-
r'yT ObITh BeCbMa pa3zHO0Opa3Hbl. OAHAKO, MOTOKU >KHIKOCTU B MX OKPECTHOCTSX
001a1al0T HEKOTOPBIMH OOIIMMH CBOMCTBaMH M BCE MECTHBIE MOTEPH HAropa UMe-
10T €IMHYIO SHEPTeTUUECKYIO IIPUPOLY.

Tak, B o0miemM ciayyae Ha y4acTKaX MECTHBIX CONPOTHUBICHUN MPOUCXOIUT
JOCTaTOYHO PE3KOE YBEIMYECHHE WM YMEHBLICHUE XUBOTO CEYEHHs MOTOKa IIO
HAIPaBJICHUIO TEYEHUS, YTO MPHUBOJUT (B COOTBETCTBUH C ypaBHEHHUEM bepHyIm) k
M3MEHEHUIO BEJIMYMHBI CPEIHEW CKOPOCTH IBUKEHUS >KUJIKOCTH, UM HaIlpaBiCHHE
CKOPOCTH COXpaHsieTcs TM00 pe3KO U3MEHSIETCH.

3a KaXIbIM U3 MECTHBIX COIPOTHUBJICHUH (2 B HEKOTOPBIX CIY4asx U Nepel HUM)
00pa3yroTcsi 30HbI OTPbIBA OCHOBHOIO (TPAH3UTHOIO) MOTOKA OT HANPABISAIOMIMX IO-
BepxHOCTeH. B 3THX 30HaX HaOMIOMAIOTCS MHTEHCUBHBIE HEYCTAHOBUBIIIHECS ITUPKYIIS-
IIMOHHBIE JIBWYKEHUS JKUIAKOCTH, KOTOPbIE WHTEHCH(DUIIMPYIOT MPOIECC IUCCUTIALIIU
SHEPI'UU U SIBIISIOTCS MPUYMHOM TOTO, YTO MOTEPU HA MECTHBIX COMPOTHUBICHUSX MOTYT
HAMHOT'O MPEBOCXOUTH MOTEPH MO JIMHE HA YYACTKE TOM K€ MPOTSKEHHOCTH.

YCTaHOBIIEHO, YTO CTPYKTYpa MOTOKA K1 HHTEHCUBHOCTh BUXPEU CYIIECTBEHHO
3aBUCSAT OT peXHMa TeYEHUs, TO €CTh OT uncia Re.

Hcxons u3 BBIABICHHBIX OOIIUX CBOMCTB, HOO MECHHBIMU CONPOMUBICHUS-
MU NOHUMAIOM MaKue KOPOMKuUe y4acmku mpyoonpoeooos, HaA KOMOPLIX U3-3a
mou unu Opy20il pe3Kou MecmHOU Oepopmayuu nNOMOKA NPOUCXO0Um Cyuie-
CMEEeHHOe UMEHEHUe CKOPOCU NO 6eIUYUHEe U HANPAGIEHUI0, A nomepu Hano-
pa, odycnosnennvle IMUM, HA3b16AI0OM MECHIHBIMU NOMEPAMU U ROMEPAMU HA

MeCHmHble CORPOMUGEI1EHUA.
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Benuuuna INIOTCPb Ha JI000M MECTHOM COIIPOTHUBJICHHUU MOXKCT OBITH BBIYKC-

neHa o hopmyse Beiicbaxa
2

v
h =¢, 2 (5.39)

PazHooOpa3ue popmM MECTHBIX COMPOTHBICHUH M CIOXKHOCThH THAPOINHAMH-
YECKHUX MPOIIECCOB, MPOUCXOAAIINX MPH 00TEKAHUU MX KUIKOCTHIO, HE TTO3BOJIUIH
JI0 HACTOAILIETO BPEMEHH pa3padoTaTh OOIIYI0 TEOpUIO pacuera Kod(PPuIueHTOB
MECTHBIX comnpoTuBieHnd. [loaToMy B mpakThyeckux pacuerax KodQummeHT
MECTHOTO COIMPOTUBJICHHMS, BXoaswmii B hopmyay (5.39), B oOmiem ciyyae ompese-
JSETCSA DKCIEPUMEHTANIBHBIM MyTEeM I KaXJA0TO M3 BCTPEUAIONTUXCS B TPAKTHKE
TUIIOB MECTHBIX COMPOTUBICHUI. M TONBKO IJII HEKOTOPBIX CIydaeB, HampuUmep,
MIPU BHE3AIMTHOM PACHIUPEHUHN TPYObI, YIaJI0Ch BBIBECTH TEOPETHUYCCKHUE (HOPMYITBI
JUTSI BBIYMCIIEHUS ATUX KOA(D(UIIUEHTOB.

Bennuuna xosddunmenta €, B 001IeM ciayyae 3aBUCUT OT THUIA U KOHCTPYK-
IIMA MECTHOTO COTNPOTHUBIICHUS, CTETICHU CY)KCHHsSI U PACIIMPEHUS TTOTOKA 32 HUM H
gyrucna Re. C pocrom uncnaRe koapdunment £, ymMeHbIIaeTcsa U aCUMITOTHYECKU
MPUOTMKACTCS K HEKOTOPOMY ITOCTOSIHHOMY 3Ha4eHHWI0. B KBagparnyHO# obnacTw
COTIpOTUBJICHHS BennunHa G, HE TOJKHA 3aBUCETh OT unciia Re, a JomkHa 3aBUCETh
TOJILKO OT THIA U T€OMETPUUYECKON (hOPMBI COTPOTUBIICHHUS.

B nmoxBamparndHO# 00JacTH COMPOTHBICHHWS W TIPH JIAMUHAPHOM PEXKUME
IBWKEHUS BennuuHa €, 3aBHCHUT OT yucia Re, a Takke OT TUIa U TeOMETPUIECKOM
(bOpMBI COMTPOTUBIICHUS.

Benuunna §,, 3aBUCUT Takke OT TOTO, Kakas CKOPOCTh Oy/IeT UCIIOJIb30BaHa B
dopmyie Beiicoaxa (5.39): ckopoCTh 10 MECTHOTO CONPOTHBIICHUS HIIH 38 HUM.

B ciydae MECTHBIX CONMPOTHBIICHUIA BO3MOXKHBI JIBA PEKUMA JBUKCHUS JKHI-
KOCTH: JIJAMHUHApHOE U TypOyJieHTHOe. JJiT MECTHBIX COTPOTHBICHUN KPUTHUYECKUE
3HAYCHUS YnceNl PelfHobIca UMEIOT 3HAYUTEIIHPHO MEHBITUE BEJIMYMHBI, YeM TIPH
PAaBHOMEPHOM JIBUXKEHUU KHUIAKOCTHU B PSIMBIX TpyOax. Tak, Mpu ABUKEHUU KUJIKO-
CTH B KJIallaHax, 30JI0THUKAX U T.I., KpuTuueckoe yucio Perinonpaca Re=100. [Ipu

gyuciax Re>500 npakTruecky HACTYIaeT 30Ha KBaJAPATUIHBIX COITPOTUBIICHUN.
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Jleknus -6
Paznen 5. [Ipuknaanas ruapaBivka (MpoaoKEeHNe)
Tema 5.4. cTeueHne KUJIKOCTH YEPE3 OTBEPCTUS U HACATKU.
Jlutepatypa: [2] ctp.103-108, 111-117;
[3] cTp.97-105; [6] cTp.115-119
CamMOoCTOSTENBHO U3YUUTH:
Hcteuenne HECKMMAEMOI )KUAKOCTH Yepe3 OO0JIbIIINE OTBEPCTHUS TIPU
MMOCTOSTHHOM HAIope.
Hcreuenne HEC)KMMAEMOM )KUIKOCTH YEPE3 OTBEPCTUS U HACAJIKU
IIPU IEPEMEHHOM HaIope.
Jlutepatypa: [2] cTp.109-111, 117-122;
[3] cTp. 106-107.

Oo01me MoJI0KEeHUS
Ha npakTrke HaONIONAIOT U IIUPOKO UCIONB3YIOT TAKOE SIBJICHHE, KaK HCTe-

YEHHE JKUJKOCTH Yepe3 OTBEPCTHUSI B CTEHKAX EMKOCTEM WM yepe3 Hacaaku (KOpoT-
KHe MaTpyOKH), IpUCTaBIeHHbIE K oTBepCcTHsIM. 1o popmam u xapakrepy ucteueHus
3TO SIBJIEHHE BeChbMa pa3HO00pazHo. OHO MOXKET MPOMCXOAUTH KaK IMPH MOCTOSH-
HOM, TaK ¥ MPU IEPEMEHHOM HAIOpeE.

HcreyeHre npu NOCTOSHHOM HAIlOpe SIBISIETCS CIy4aeM YCTAHOBHMBILETOCS
JBYKEHUS, IPU NIEPEMEHHOM - HeycTaHOBHUBIIErocs. Ecnu ncTeueHue HecxkuMmae-
MOM KHMJIKOCTH MPOUCXOJUT B aTMOC(eEpy, TO OTBEPCTHSI WM HACAAKH, YEpe3 KOTO-
pbI€ IPOUCXOIUT UCTEUEHUE, HA3bIBAIOTCS HE3AMONIeHHbIMU (C60000HbIMU). ECcin
UCTEYECHHE MMPOUCXOAUT B IIPOCTPAHCTBO, 3AIOJIHEHHOE TAKOM XKE JKUJIKOCTBIO, KaK U
WCTEKAIOLIasi, TO OTBEPCTUS MM HACAIKHU HA3BIBAIOTCS 3AMONIEHHbIMU, A UCTEYE-
HUE HA3BIBACTCS UCHIEYEHUEM OO YPOBEHD.

HcTeyenue HecKMMAEMOH KUIKOCTH Yepe3 MaJioe OTBEpPCTHE B TOHKOM
CTeHKe IPHU MOCTOAHHOM Hamnope B aTMocgepy

PaznuyaroT oTBepCTUS MaAIble U O0IbUILE, & CTEHKU — MOHKUE Y MOoJICHble.

HezaBrcuMo oT aOCOIIOTHBIX pa3MEpPOB OTBEPCTHE CUMTACTCS MAJIBIM, €CIIU
OJTHOBPEMEHHO YJIOBJIETBOPSIOTCS J1BA YCIOBUS:

— CKOPOCTh MOAX0/Ia KUJIKOCTH K OTBEPCTHUIO MTPEHEOPEKUMO Majia, 4TO OCY-
IIECTBUMO TIPU OTHOIICHUHU OOIICH TJIOMIaJN CTEHKH S, K IUIONIAIU OTBEPCTUIS,
OOJIBIIIe YEeThIpEX (Sﬂ > 4);

S0

— CKOPOCTH (WJIM HAIlOphl) B BEPXHEW M HMOKHEH TOYKAX OTBEPCTUSI IPUMEPHO

pPaBHBI APYT APYTY, YTO, B YACTHOCTH, MOXKHO CUMTATh CIPABEJIMBBIM, €CJIM OTHOIIIE-

HUE [IYOUHBI NOrPY)KEHUsI OTBEPCTHUSL TIOJ CBOOOIHYIO MOBEPXHOCTD KHUIKOCTH K,



BEPTHKAIILHOMY pa3mepy oTBepctus Oompiie 10.

B npoTtuBHOM ciiy4yae OTBEpCTHE CUUTAETCS OOJIBILINM.

CreHKa cUMTAaEeTCsl TOHKOM, €CIIM BBITEKAIOIIAsl CTPYSl COMPUKACAETCS JIUIIB C
BHYTPEHHEN KPOMKOI OTBEPCTHS U HE KacaeTcsi OOKOBOM IMOBEPXHOCTH €ro. B atom
CJIy4ae CTEHKA HE BIMSAET HA XapaKTep NCTCYECHUS.

Eciu sxe BeITeKarolas cTpys KacaeTcsi OOKOBOM INMOBEPXHOCTU OTBEPCTHUS, TO
CTEHKA CYMTACTCS TOJICTOM, HE3aBUCHMO OT aOCOJIIOTHOM €€ TONMIMHBL B 3ToM ciydae
W3-3a BIIMSIHUS CTEHKU UCTEYEHUE U3 OTBEPCTHS MACHTUYHO UCTEUCHUIO U3 HACAIKA.

VYCi10BHO Masioe OTBEPCTHE B TOHKOM CTEHKE M300pa)aroT ¢ OCTPOIl BHYTPEH-
HEW KPOMKOMW U CKOIIEHHBIMU OOKOBBIMH ITOBEPXHOCTSIMHU, Kak Ha puc.5.14.

[Ipy wncTeyeHUMM Kaxaas CTPYHKa,

KpOMC CprfIKPI «a», A0JIKHa MCHATH CBOC + —

HaIpasJ€HHUE. DTOT MOBOPOT OCYLIECTBIIS-

€TCs IUIABHO U TPACKTOPUS KaXII0H CTpyii- IN lﬂ /h
Kl 00pa3yeT KpuBywoo jauHMIO. [loaTomy

BBITCKAIOIIUI Yepe3 OTBEPCTHUE IOTOK & ¥ yo | ( <

(cTpysl) JKMAKOCTH TIOA BO3JCHCTBHEM ¥ :

MHEPIHOHHBIX CHJI Ha IMyTH OT BXozxa B oT-  0:3dy 2 ‘” ‘ M\ 0,8d

BEPCTHE U JIO CEYCHUS 2-2PE3K0 CKUMAET- ’
Puc.5.14

ca. Ecnu He yuuThIBaTh BO3MOXKHOW al’pa-

MM CTPYH (HACBIIICHHE MYy3bIPhbKaMHU BO3/1yXa) M COMPOTUBIEHUS BO3AyXa, TO 3a
CEYEHHEM 2-2 B CBSI3U C YBEIMUYECHUEM CKOPOCTH MAAAIOUIEN KUJIKOCTH MPHU MOCTO-
SSTHHOM pacxojie CTpys JOJDKHA MPOAOKATh CKMMAThCs, HO OTHOCHUTEIIBHO Ci1abo.
PeanbHO ke MpOUCXOMUT a’panusi CTPYH U MOATOPMAKMBAHUE €€ TPEHUEM O BO3-
nyx. B pe3ynprare cedeHue cTpyu JIMOO OCTAaeTCs MOCTOSHHBIM, JIMOO HE3HAYUTEIIb-
HO yBenuuuBaeTcs. [Ipu OOJBIINX K€ CKOPOCTSIX UCTEUCHUS CTPYS MOXET pacra-
JIaThCs Ha KaIlIx.

Ecnn oTBepcTHe pacrioyiokeHo najeko (1o KpaidiHed Mmepe maibiine 30g) oT
OTPaHUYMBAIOIINX CTCHOK, TO OHM HE BIIMSIOT Ha UCTEYCHHUE, BCE JTMHUU TOKA OyIyT
MMETh JIOCTAaTOYHO OOJIBIIYI0 KPUBU3HY, U CTPYS OyJEeT CKUMATHCI CO BCEX CTOPOH
CHUMMETPHUYHO. DTO HOJIHOE WU cosepuieHHoe cicamue. Yem OImmke K orpaHuYHr-
BAaIOIICH CTEHKE pacrojiaraeTcsi OTBEPCTHE, TEM MEHbIIE Oy/1eT KPUBU3HA JTUHUM TO-
Ka CO CTOPOHBI CTCHKH M TeM ciiabee Oy/eT cKaThe B 3TOM MECTE; €CJIH KE OTBEp-
CTHE€ PACIONaraeTcsi HEMOCPEACTBEHHO Y CTEHKH, TO JUHUM TOKA, BXOJISAIINE B OT-
BEPCTHUE BIOJb CTEHKH, OyAyT MPSMBIMU U CTPYS CO CTOPOHBI CTEHKH HE TOIYyYUT
cxarust. Ciaydail TaKOr0O HECUMMETPUYHOIO CKATHUSI HA3BIBACTCS HENOIHbIM CHCA-

muem NN HeCo6epuleHHbIM.
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HauMmenrpmas mmmomaab CEeYeHUsT BBITEKAIOMIEM M3 KPYINIOTO OTBEPCTHUS AUA-
MeTpoM Oy CTpyH, JOCcTUTaeMasi B MPOLIECCE COBEPIICHHOIO CXKATHS, PACIIONaracTcs
Ha paccrosHur npumepHo 0,5 dy oT BHyTpeHHel cTeHkH. OCpeIHCHHBIN (3KBHUBA-
JICHTHBIN) TUAMETP CXKAToro cedeHus paBHsercs npumepHo 0,8 do. OTHOmICHHE
TJIOMIAIN CKATOTO CEUCHHUS S, K TUIOIIAJN OTBEPCTHS Sy Ha3bIBaeTCS K0P PHUIIIeH-

S,
TOM C)KaTUs CTPYU & = —2< .
0

[Ipu ucTeueHuu yepe3 Majaoe OTBEPCTHUE B TOHKOM CTEHKE KHJIKOCTb HUCIIBITHI-
BA€T MECTHBIE COMPOTUBJIECHUS JBHXKEHUIO CO CTOPOHBI OCTPBHIX KPOMOK Ha BXOJIE
orBepctus. [loaromy ypaBHenue bepuymmm miis cedenuit 1-1 (cBoOomHas moBepx-
HOCTb JKHJIKOCTH) U 2-2 (ckaroe ceueHue) (cM. puc.5.14), 3anuceiBaercs Tak:

2 2 2
A Py, | OV V5

Z + + =7Z,+ + +C ==, 5.40

1 pg 29 2 pg 29 o 29 (5.40)

e oy ua, - koapdunuentsl Kopronuca,fy - k03PpGUIUEHT MECTHBIX COIIPOTUBIIEC-
HUl oTBepcTus, paBHbii 0,06.

Ecnu mnockocTh CpaBHEHUSI COBMECTUTH ¢ ceueHueM 2-2, 1o 2;=H, z,= 0.

[TycTh pe3epByap OTKpBIT, U UCTEUCHHE MPOUCXOIUT B arMoc(hepy. Torna u Ha
CBOOOIHYIO TMOBEPXHOCTh M HA TIOBEPXHOCTH BBHITCKAIONICH M3 OTBEPCTUS CTPYH

Py — P2 — Po

P9 P9 PY

Ecnu momanb cBOGOAHOM MOBEPXHOCTH HECOU3MEPUMO OOJIBIIIE, YeM IIIOMAIb
OTBEPCTUS, WJIU PE3EpPBYap UMEET MOMUTKY, PAaBHYIO PACXOAY KHUJIKOCTU Yepe3 OTBEp-
CTHE, TO MO)KHO CUUTATh, YTO YPOBEHb B pe3epByape MocTosiHeH, To ecTh Vq = 0. [Tocne
COOTBETCTBYIOIIMX MTPEOOpPA30BAHNI ypaBHEHHUSI MOTydaeTcsi popMysia CKOPOCTH UCTe-
YCHUS )KUJIKOCTH Yepe3 OTBEPCTHE

V=1 __ ogH. (5.41)

2
NCoRES:
1 .
ﬁ:% - K09()PUITUEHT CKOPOCTH, YUCICHHO PaBHBIN OTHOIIIE-
o, +
2750

HUIO JIEVUCTBUTEIBHONU CKOPOCTU K TEOPETUUECKOU, TO €CTh K TAKOM CKOPOCTH, KOTO-
pas ObuTa OBl JOCTUTHYTA B OTBEPCTUU MIPU OTCYTCTBUU JIFOOBIX COMMPOTUBIICHUH.
B cooTBeTCTBUU ¢ ypaBHEHHEM CILIOIIHOCTH OOBEMHBIN Pacxol

Qp = SeoeVy = £9S0y20H = 12,S,4/20H (5.42)

T o = E@p- KOODOUIIMEHT pacxoia, YUCICHHO PaBHBINA OTHOIIECHUIO JCHCTBU-

TEJBHOIO PACcXofia K TeopeTudeckoMy. Eciu NpHHATh AnaMeTp Cxaroro cedeHus d.,
2
S.e _47(0,8dy)

=0,8dy, Tos = = =0,64.
o1 SO 47Z'dg

JEUCTBYET OJTHO U TO K€ JABJICHUE P,

31ech
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YucroBble 3HaueHUST KOA(PQUITMEHTA CKOPOCTH (p OMPENEISIOTCS SKCIIEPUMEH-
TaJIbHO. J{J1s1 KpyIIIbIX OTBEPCTUM TIPU UCTEUEHUH U3 HUX BOJIBI B cpetHeM ¢p= 0,97. Ko-
A PUIIMEHT pacxona Jyisl UCTEYEHHS BOIbI Yepe3 KPYIIIble OTBEPCTHS

1o = €9, = 0,64-0,97=0,62. (5.43)

DTO 3HAYUT, YTO B JAHHOM CIIy4ae pacxoi KUIKOCTHU YEpe3 OTBEPCTUE COCTAB-
JsIeT Beero 62% OT TEOPETUYECKOTO Pacxo/ia.

KoaddunimenTts! ¢p U [y HE TOCTOSIHHBI M 3aBUCAT OT MHOTHUX (PAKTOPOB: BsI3-
KOCTH, Ha4aJIbHOTO HAIopa, pa3MepoOB OTBEPCTHM, WX (OPMBI, MOJOKECHHS OTBEP-
CTUH OTHOCHUTEJIbHO CTEHOK, IJIOTHOCTHU >KUJIKOCTH, YCIIOBUM Cpelibl, Ky/la BHITEKAET
KUAKOCTb U T.Jl. YUUTBIBACTCS BIMSHUE 3TUX (HPAaKTOPOB AIMIUPUUECKUMU PopMyria-
MU.

Hcreyenne HeC:KUMAEMOH KUAKOCTH 4Yepe3 Majioe OTBEPCTHE B TOHKOM

CTCHKE IIPHU MOCTOAHHOM HAIIOP€ MO YPOBCHD.

[Ipenrnonaoxum, 9T0 UMEETCs CTEHKA ¢ MaJibIM oTBepcTueM (puc.5.15).

C onHOM CTOPOHBI CTEHKHU XUIKOCTh Ha ypoBHE Hi, a ¢ Apyrou - Ha ypoBHE
Hj; ot nHa emxoctu. Ha cBOOOIHBIE MOBEPXHOCTH JEHCTBYET OHO M TO K€ JaBIie-
Hue po. ComacHo 3aKOHY COOOIIAIOIIUXCS COCYOB YEPE3 OTBEPCTHUE OyAET MPOUC-
XOAUTH NIEPETEKAHUE KUIKOCTU B CTOPOHY MEHBIIIETO YPOBHS.

1 1iP1p
F 4 1 4
Ry
A H
:3 h 4 l*pﬂ 3
A 4 s
e #
o A
Hl \ [ | 2 3
~ N ¢
0O v ~o f‘:vz ¥y Q I'I:;
//;'—'.—-—"— _—".‘:—.
i 2
¥ 1

Puc.5.15

[Ipu coGmroneHnu onpeeeHHbIX YCIOBUM YPOBHHU MO 00€ CTOPOHBI CTEHKH
MOTYT OCTaBaTbCs HEM3MEHHBIMU. [10CKOIbKY UCTEUEHUE MPOUCXOAUT MO YPOBEHbD,
TO B BBIXOJISIIEH U3 OTBEPCTHUS CTPYE JaBICHUE OyAET OTIUYHBIM OT aTMOC(HEPHOTO.
3a ceyeHureM 2-2 cTpys MPETEPIIEBAET PE3KOE U BECbMA 3HAYUTEIIBHOE PACIIHPEHHE.

dopMyIbl 71 pacueTa mapaMeTpoB HCTEUCHHS MOTYT OBITh IOJY4Y€HBl Ha
OCHOBE ypaBHEHMs bepHyiu, 3anucanHoro st cedeHud 1-1 u 3-3 oTHOCUTENBHO

aV.
mwiockocty cpasuerns 0-0, z, + Py, T8 T8s v,

P9 20 3 pg 2g
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YuuteiBasi, uTop; = P3 = Po ¥ Omaromapsi COOTIONCHUIO YCIOBUS HEU3MEHHO-
CTH YPOBHEH V1 = V3, 3TO YpaBHEHUE MPUMET BUAZ; - Z3 = 2h.

HOTCpI/I 2h B oTOM CJIy4dac OoIpeaAcipiroTCAa MECTHBIMH ITOTCPAMU HAIIOPa B OTBCP-

2 2

V5 o, V5
CTHUU (o-=— N IOTCPsAMHN HAIIOPa HAa BHE3AITHOC PACIINPEHUEC (4 ——
29 " 2g

Bemuuuna z; - z3 commacHo puc.5.15 paBHa H;- H, = H. CnenoarenbHO,

S Vi (A

2
v
H=(a+ &) 2—2 ,OTKYJIa CKOPOCTb UCTEUECHUS
g

1 0 Iy
Y2 Ja, + &, I T AT (5449

Hamop H B dopMyne paBeH pa3HOCTH yYpOBHEH W SBISETCS JEHCTBYIOITUM
HaAIopoM, IOJi KOTOPBIM MPOUCXOJIUT UCTEUEHHUE.

Pacxonx nmpu uctedeHnn 1Mo ypoBEHb
Qy =SV, = &@Sy+/29H = 14,S,+/29H (5.45)

3aBUCUT OT ILJIOIIA/IM OTBEPCTUS M PA3HOCTU YPOBHEH U MPAKTUYECKHU HE 3aBUCUT OT
[IyOUHBI IOTPY>KEHUSI OTBEPCTHSI.

Koadduimentsr pacxona ff Ui 3aTOIUIEHHBIX W HE3aTOIUIEHHBIX OTBEPCTHUM
IPY PaBHBIX HAMOPaX M OJMHAKOBBIX OTBEPCTHUSX MOYTH OJTHU U TE€ XKeE.

HUcTeuenue HeCKNMaeMou KUIAKOCTH yepes HaCaaAKM
NPHU MOCTOSHHOM Harmope.

[TapameTpsl CTpyH, BBITEKAIOIICH M3 OTBEPCTUS, MOXXHO B OMpPEIEIECHHBIX
npezaenax u3MEHUTh, €CJIM MPUCOCTUHUThL K HEMY KOPOTKUHM MaTpyO0ok (HacaaokK).

Hacanku nensitcst Ha Tpy OCHOBHBIE TPYTIIIBL:

1) Huauaapuveckue: BHEIIHKE (a), BHyTpeHHUE (0)

2) Konwnueckue: cxomsiuecs (B), pacxoasiuecs (T).

3) Konouganabubie (7).
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Vcredyenne XUAKOCTA BO BCEX THMAX HACAJAKOB MMEET OOIHWE YepThI, BHI-
SBUTH KOTOPhIE MOXKHO, pacCMaTpuBasi UCTEUCHHUE yepe3 JII0OON U3 HUX, HapuMep,
[WTAHIPAYSCKUA BHEITHUH (puc.5.16).

[Ipu BXozie B HACAJOK CTPYsI KUJKOCTH C)KUMAETCS TaK K€, KaK MPU UCTeue-
HUU Yepe3 Majoe OTBEPCTUE B TOHKOW cTeHKe. MUHHMMaNbHas MIOMA/b KUBOTO Ce-
YeHUsl MOTOKA >KUJKOCTH Ha3bIBA€TCs CXKAThbIM cedeHueMm (Ha puc.5.16 ceueHue
2-2). 3a CKaThIM CEYCHUEM CTPYS PACIIMPSCTCS, HO HE Cpa3sy, a JUIITh Ha HEKOTOPOM
PacCTOSTHUU OT BXOAHOTO OTBEPCTHS.

Ha BbIXOzie U3 HacajKa CTpys 3aHUMAET YXKE BCE CEUCHHE, CHKATHUE HA BBIXOJIE

OTCYTCTBYET, T.€. KOa(ppuiueHT cxarus € = 1.

1 Py 1P
R §
- - ~ 2 3
N H{ | 1; |
1 il
\ 1
SN ;
¥ f -

T - P-V

L H
(,fd_!dcl |
. X
|
| |
2 3

Puc.5.16

B 30He cxaTus BHYTpH Hacajka oOpa3yeTcsl KOJblieBas BUXpEBas 00JacTb,
JaBJI€HUE B KOTOPOW MEHblle arMoc(epHoro. BennurnHa BakyyMa 3aBUCUT OT CKO-
POCTH JABMKEHHMS )KUIKOCTH, TO €CTh OT Hanopa. /st 3aJaHHOro peXxuMa UCTEUECHHUSI
HauOOJIBIINI BaKyyM IOJIy4aeTcsl B CEUEHUU, TAE CTPYsl UMEET HauOoJIblIee CKaTHE
U I7ie CKOPOCTH MTOTOKA HAHOOJIbLIME.

Hanuune B c:kaToM ceueHUH BaKyyma CYILIECTBEHHO M3MEHSET KapTUHY HCTeye-
HUsL. DaKTUUECKU MOTy4aeTCs, YTO KHUJIKOCTh UCTEKAET U3 EMKOCTH HE B aTMOCdepy, a
B oOyacTh BakyyMa. ClieioBareibHO, JEHCTBYIOIIMN HAMOpP YBEIMYUBAETCS, YTO MPU-
BOJUT K YBEJIIMYEHHIO PACXOJA IO CPAaBHEHHUIO C MCTEYEHHEM uepe3 orBepctue. [Ipu
Ype3MEpPHOM YBEJIIMYEHUU Haropa Ha BXOJE B HACAJOK JIABIEHUE B CTPYEe CHU3UTCS
HACTOJIBKO, YTO JOCTUTHET JIaBJICHUS HACBILIECHHS [TApOB BOABI U IPU TAHHOW TEMIIEpa-
Type >KUAKOCTh B C)KaTOM CEUEHWU HAYHET BCKUIIATh, BOBHUKHET KaBUTAIMS, PA3phIB
CTpYH, IPOPBIB BO3AyXa B HACAOK, CPbIB €ro padboThl. [loaToOMy B 1€HICTBUTENFHOCTH
NpY BHEILTHEM JaBICHUU pg = 1 Oap mpeaenbHbI Hanop, Npyu KOTOPOM €llle HE HACTY-

TaeT CPhIB pabOThI HACA KK cocTaBisieT H7~9,5 MBOJI.CT.
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Jlnst Toro, 4ToOBl MPUCOENWHEHHBIH K OTBEPCTHIO MaTpPyOOK padoTayi Kak
HACaJI0K U KapTHHA MCTEYEHHUs Oblja TakoH, Kak Ha puc.5.16, HeoOXoauMo BhIIEp-

’KaTh JIUHY Tarpyoka ! , B mpenenax

(3,5 +4,0)d, </ .< (6 =+ 7)d, (5.46)
rae d,- ruameTp narpyoka.

Ecin ¢ < (3,5 + 4,0)d,, To minHAa marpyGKa OKa3sIBASTCS HEIOCTATOUYHOIN,
9TOOBI B €€ TpeeiiaX BhITCKAIOIIas CTPYs YCIela PaCIIMpPUTHCS W 3allOJHUTH BCE
ceueHue. Bo3myx mpopeiBaeTcs B 30HY CXKaTHS CTPYH, BAKYyyM CPBIBae€TCS U HACAIOK
paboTaeT KaK Majioe OTBEPCTHE B TOHKOM CTEHKE.

Ecmu £ > (6 + 7)d,, To BMecTO Hacaaka IoJy4aeTcsl KOPOTKHI TPyOOIPOBOI,
B KOTOPOM ITOTEPH HAropa M3-3a TPEHHUS 3HAYMTEIHHO CHIKAIOT APQPEKT HacaIka.
[Tpu Hacagkax mmHoro Oonbmie (40 + 50)d, mogcackiBaHUE HE KOMIICHCHPYET BO3-
pacTaroIye ruApaBInIeCcKre MOTePH 10 JIIMHE aTpyOKa U PacXojl KHUJIKOCTH depe3
TAaKOW HACaJ0K OKa3bIBACTCS PABHBIM WM MEHBIIMM pacxojia uepe3 OTBEPCTHE B
TOHKOW CTEHKE.

Kak Hacamok MOXKET pacCMaTpuBaThCS U OTBEPCTHE B TOJICTOM CTEHKE, €CIH
TOJIIIMHA CTCHKH YJIOBJICTBOPSET TPCOOBAHKMSIM K MUHHUMAJILHOM JUTHHE HACAIKA.

CkopocTh V,; 1 pacxon Q, mpu MPOTEKaHUU KUIKOCTH Yepe3 HACAJKHU OIpe-
JEJSI0TCS TI0 TeM ke (popMysiam, 4TO U JUIsl OTBEPCTUM B TOHKOU CTeHKe, (5.41) u
(5.42), HO cO cBOMMM 3HAYCHUSAMH KOA(P(PHUIIMEHTOB CKOPOCTH (@ M Pacxojaa L4 JUis
KaXJIOTO THITa HACAIKa.

CKOpOCTh B BBIXOJHOM CCUCHHH HAcaIKa

Pacxon Qy = f4S,,./2gH . (5.48)

JI1st BHETITHETO MIJIMHAPUYECKOTO Hacaaka (cM. puc.5.16) koaddurmeHT cko-
poctu ¢, = 0,82 u nist ucreueHuss B armocdepy, U sl UCTCUEHUS O]l YPOBEHb.
3HaYUT, TTO CPABHEHUIO C OTBEPCTUEM CKOPOCTh MCTEUCHHUS KUAKOCTH YMEHBIIACTCS
Ha 15%, yTO 00YyC/IOBIIEHO YBETMYEHHEM IMOTEPh HAIMOpa B CBSI3U C pPacIIUPEHHEM
CTPYHY B HacaJKe MEXIy CEUeHHsIMU 2-2 U 3-3 U NOSBICHUEM NOTEPh TPEHUS O 0O-

KOBBIC CTCHKH.

Hcteuenue acpes BHYTpeHHI/Iﬁ HaCagOK OTINYAaCTCA OT HMCTCUCHHA 4YCPC3
BHEILIHUU TOJILKO YCJIIOBUSIMH BXO/4. CprH Ha BXOAEC BO BHyTpCHHI/Iﬁ HacagoK HC-

MIBITHIBAET OOJIBIIIEE CHKATHE, YEM B HAPYKHOM, U TIO3TOMY KO3 (UITUESHTHI 70



CKOpPOCTH M pacxoja 31ech MeHblIE: 1, = ¢,= 0,71. Pacxon uepe3 BHyTpeHHUI
Hacagok Q, =0,71S, \/2gH . DTOT HAacaJOK TAaKXE YBEIUYUBAET PACXOJ KUIKOCTH

I10 CPAaBHCHHUIO C OTBCPCTHUCM, HO HCCKOJILKO MCHBIIIC, YCM BHECIIIHUI.

B konuueckom cxooawemca nacaaxe <1, ko3QpGUUUEHTHI @, U U, 3ABUCST
OT yIJla KOHYCHOCTH M NMpUHUMAIOT 3HaueHus ¢,=0,83+0,98, u,=0,82+0,946. Baky-
yM B IIPUMEHSEMbIX Ha MPAKTHUKE KOHUYECKHUX CXOSAIIUXCA HAcajkax He oOpasyeT-
Csl, IO3TOMY PacXo/l O CPABHEHUIO C MAJIBIM OTBEPCTHEM B TOHKOM CTEHKE HE yBe-
muuuBaeTcs. CTpys, BhITEKAroUasi W3 CXOISIIErocs Hacajaka, oOnagaer OoJbliIeH,
YeM y JpYrux THUIIOB HAcCaJOK KWHETHYECKOW 3Heprueu. Ilostomy cxomsdmmecs
HACaJKU MPUMEHSIOT TaM, I1ie IPU JaHHOM Harope HeoOXOAMMO MOMYyYUTh MO BO3-
MOXKHOCTHA OOJIBIIYI0O CKOPOCTh MCTEUEHHUs, NAJIBHOCTh IOJIETa CTPYH U CHILy €€
yAapa O IPEISITCTBUE.

B konuuecxkom pacxooawemca nacanke €=1. Koappuuuenrts ¢, u u, 3aBu-
cAT OT yrima kKonycHocTH 0. Tak, mpu 0<5-7%p,=u,=0,45, a ipu 0>12° crpys oTpbI-
BaeTCs OT CTEHOK U HACTYNAET CPbIB pabOThI Hacaaka. Pacxos 3HaUMTENbHO OOJIbIIE
pacxoja 4epe3 LUWIMHAPUYECKHNM BHEIIHWM, a BBIXOJHASI CKOPOCTh 3HAYUTEIBHO
MEHBIIIE.

Yepes KkoHouoanvHwvlii HAcCadoK 1oiydaercs Haubosee COBEPUICHHOE HCTeue-
Hue. BHyTpu Hacajka OTCYyTCTBYET BUXPEBasi OTPhIBHAS 30HA, U BAKYYM HE CO3/aeT-
cs. Koaddumuentsr ¢,=u,=0,97+0,99.

Pacxon, B pe3ynbrare OTCYTCTBHS CXATUs U BBICOKOTO 3Ha4eHUsT KodhPuiiu-
€HTa Pacxo/a, BBILIE, YEM Y IPYTUX THUIIOB.
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Paznen 5. IlpukiaagHas ruapaBiauka (IpoaoJIKEeHHE).
Tema 5.5 l'uppaBnuueckuii ynap B TpyOax.
Jlureparypa: [2] cTp.89-93; [3] cTp. 89-92;
[5] cTp. 192-208; [6] cTp. 121-123.
HeycranoBuBieecsi ABM:KeHHeE )KUAKOCTH B TpyOax. I'mapaBiauveckuii ynap

Yucmo zudpasnuueckum yoapom ¢ mpyoax Ha3zvléaemcs KOMNJIEKc AeJie-
HUIl, NPOUCXOOAWUX 6 HCUOKOCHIU NPU UMEHEHUU 60 8PEeMEeHU CKOPOCHU ee
08UIICEHUA, U3-3A Ye20 603HUKAEM KO1e0ameIbHblil NPOUEcc, CONPOBOHCOAIOWUIL-
CA Pe3KUM NOBbLULEHUEM U NOHUIICCHUEM OA6IeHUA.

JlocTaTouHO TOYHOE pELeHHUE 331a4H pacuyeTa FMAPaBIMYeCcKOro yyapa B Tpyoe
nonyunn H.E. J)KykoBckwii, yCTaHOBUB, YTO CKOPOCTh NEPEMEIIECHUS UMITYIbCA MPU
TUIPABIMYECKOM yIape paBHa CKOPOCTH 3BYKa B KUJKOCTH, M UTO MPHU TAKOH CKOPOCTHU
JBUKCHHSI KalleIbHYIO KUAKOCTh CIEAYET CUMTATh CKMMaeMoul. Micxoas u3 3Toro, sB-
JIEHHE TUPABIMYECKOTO yIapa MOKHO OIUCATh CIECAYIOUIMM 00pa3oM.

[TycTh KUIKOCTH U3 pe3epByapa OOJBIIUX Pa3MEpPOB BBHITEKAECT MO TOPHU3O0H-
TaJgbHOU TpyOe ¢ 3aaBMKKOW Ha KoHIe (puc.5.17). Ilpeamonoxum, 4To 3aJBHIKKa
3aKpbUIACh MTHOBEHHO. M3-3a TOro, 4To C:kMMaemasi *KUJKOCTb HE MOXKET OCTaHO-
BUTHCS OTHOBPEMEHHO 10 BCEHl JJIMHE TPYOhl, B IEPBOEC MTHOBEHUE OCTAHABIMBACT-
Csl CJIOW, HEMOCPEACTBEHHO MPUJIETAIONIMI K 3aIBUKKE, U B 3TOM CJIO€ 32 CUET Ipe-
BpallleHUs] KHHETUYECKOM YHEPTUH MOBBIIIACTCS JaBICHUE.

Puc5.17.

3areM MOCJIeN0BATENBHO MPEKPALIAOT ABMKEHHUE CIIOU XKUAKOCTU HA YBEIUYH-
BAIOLIEMCSl CO BPEMEHEM DPACCTOSIHMM OT 3aJBWXKKH. [Ipym 3TOM CKMMaeTcsi paHee
OCTaHOBHBILASACA MACCa )KUJIKOCTH U B PE3YJIbTATE NOBBILIEHUS JIAaBICHUS B IIPEAEIax
ynpyrux nedopmanuii pacmupsiercs Tpyoa.
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BcrnenctBue 3tux 00OCTOATENBCTB, B TPYOy BXOOUT JOMOJHUTENIBHBIA 0OBEM
KUAKOCTU. Bo3HUKIIAs y 3aBHYKKHM BOJIHA NOBBIIIEHHOTO JAaBJICHUS PaclpOCTpPaHsI-
€TCS1 HaBCTpEedy NEPBOHAYAJILHOMY HAIIPABICHUIO TEYEHUS U JOCTUIaeT HA4YaJIbHOTO
ceueHust TpyObl. B crenyrommii MOMEHT O[] BO3/I€HCTBUEM TOBBIILIEHHOTO JaBJICHUS
CKATOM KUIKOCTH U HANPSHKEHUHM B pacTAHYTON TpyOE€ HAYMHAETCS UCTEUCHUE HKH]I-
KOCTH U3 TPYOBI B pe3epByap.

Ot pesepByapa K 3a[BIKKE IEPEMEILAETCS BOJIHA OHWKECHHS JaBJIeHUs (OT-
puLarenbHas OTPaKEHHasl BOJHA), TIOKa HE JOCTUTHET 3a/IBHKKHU. B TpyOe ycranas-
JMBAETCS JIaBJICHUE, paBHOE NEpBOHaYaIbHOMY. Tpy0Oa nmpuHUMAaeT nepBOHAYAIbHBIC
pa3mepsl. Ho o nHEepuuu AKUAKOCTh MPOAOIKAET BBITEKATh U3 TPYObI B pE3EpBYap U
OT ceueHus 2-2 IBUKETCS BOIHA Pa3peKEHUS.

[Ipu nocTmxeHnu BOJIHOM pe3epByapa (cedeHue 1-1) B TpyOe ycTaHaBIMBaeTcs
JaBJICHUE HIKE MEPBOHAYAIBHOTO U KOJUYECTBO JKUIKOCTH B TpyOe Oy/ieT MeHbIIe
€€ IIepBOHAYAJILHOIO 00beMa, a TpyOa OKa3bIBaeTCs CKATOW. B pesynbrare JKUAKOCTB
Ha4MHAET MocTynars B TpyOy. OT cedyeHus: 1-1 uuer BojHA MOBBIMICHUS J1ABJICHUS.
[Ipu goctrkeHnu €10 ceueHust 2-2 B TpyOe yCTaHABIMBAETCS JaBICHUE, PaBHOE TEp-
BOHauaJbHOMY, U TpyOa npuoOpeTaeT nepBoHadaibHble pa3mepsl. [Ipouecc noBrops-
erca. [1o XKykoBckomy

,EM
a= j ,
1+—E—”’C
\/ o E,

rae O— BHyTpeHHUI Iuamerp TpyOONpoBOna;d — TONIIUHA CTEHOK TPYOOIPOBO-

(5.49)

na;p— TJIOTHOCTb JKUIAKOCTH; E,— MOAYIb YNPYrocTH XUAKOCTH; E, — MOAYIb
YOPYroCTH Marepuana Tpyosl.
Cuia ynapa

hyaz—%Av, (5.50)

rae AV — TOJOXUTEIFHOS WM OTPHIIATSIIBHOE MPHUPAIICHHE CKOPOCTH JIBUKCHHS
KHUJIKOCTH;J — YCKOPEHHE CBOOOIHOTO MaICHUSI.

Ecin ckopocTh ymMeHbIaercs (AVoTpHIaTeibHOe), 9TO ObIBACT IIPH 3aKPHITHH
3aJIBHKKH, TO TICPBOM MPOXOIUT BOJIHA CxKaTHs M, cortacHo ¢opmyie (5.50) ymap
OyZIeT TOJ0KUTEITHHBIM.

Ecnu cxopocth yBenuuuBaeTcsi (AVIOIOXKHUTEIBHOE), YTO HAOII0AaeTCs MpU
OTKPBITHH 3aJIBFDKKH, TO TIEPBOH HWIET BOJHA Pa3peKCHUS W, COTIIACHO (opMmyIie
(5.50) ynap Oyaet oTpuIIaTeIbHBIM.

[TycTh Temneph 3aJBMKKA 3aKPBIBAETCSI HE MTHOBEHHO, a TaK YTO CKOPOCTh ITe-

peIl HEe YMEHBIIAETCS, HAlpUMEP, MO JIMHEUHOMY 3aKOHY. [10JIHOCTBIO 3aiBHKKa
73



3aKpoeTcs 3a HEKOTopoe Bpems t;. HaganmpHas cKOpOCTBY, B pe3ynbTare MOJIHOIO 3a-
KpBITHS 3a/IBJKKM YMEHBIIMTCS Ha BEIMYMHY AV = Vo U CTaHET PaBHOU HYJIIO.

Hactynurt nonHeiil ruipaBIndecKkuil yap, Cujia KOTOporo
a

(0., == . (5.51)
Ho sTa cuia BO3HHMKJIAa HE MTHOBCHHO, a HapacTajia 10 MEpe 3aKpBITHS 3a-

newkkn. CormacHo (opmyne (5.49) GpoHT BOITHBI JIBHIKETCS CO CKOPOCTHIO d.

3a Bpems t;, Ha TPOTSDKEHHUH KOTOPOTO 3aKphIBAJIACh 3aABMKKA, BOJTHA MPOIILIA pac-

crostume £ = at u 3a 310 Ke BpeMs CHJIa yAapa BO3JIC 3aJABUKKU JOCTHUIVIA CBOETO
MAaKCUMaJIbHO BO3MOXKHOTO IPH JAHHBIX YCIOBUSAX 3HAYEHUs CHJIBI ITOJHOTO yaapa
(hy0)n- Ilpu nanmpHelIIeM IBIKEHHN (DPOHTA BOJIHBI CHJIA yapa BO3JIC 3aIBHKKH HeE
yBennuuBaeTcsa. CBs3b MEXAY NMPOUACHHBIM PACCTOSHUEM M CWIOW yaapa MOYKHO
n300pa3uth rpadpukom (puc.5.18).

JliinHa rpaduika BOJIHBL, HA IPOTSKEHUN KOTOPOTO JIaBJICHUE BBIPACTAET OT HYJIA

10 (h,,),, 0603HaYaeTCs 14 wap ¥ HA3BIBACTCSA JUIMHOM HApacTaHMs IIOJIHOIO yaapa.
[Ipu mocTeneHHOM 3aKpBITHH 33JIBUYKKH PA3IMYaIOT JIBa Pa3HBIX CIIydasi:

- IIOJIHOTO THAPOyAapa, Korna ! nap < 2L,

- HEIOJIHOTO THApOoyapa, Koraa l nap >2L.

h ¥
A

(h yn)n

Puc.5.18

. 2L
YcnoBue, 1pu KOTOPOM MOIy4YaeTcs HEMONHbIA yaap, — >, roet,=— — Bpems
a

npobera (ppoHTa BOJIHBI OT 33JBMXKKU J0 BXOjaa B TpyOy u oOparHo. MHorga Bpems t,
Ha3bIBalOT (haszoit ymapa. [lo ucreuennu Bpemenu i, BemmunHa TUApOyAapa rnepecraet
pacTH (XOTs 3aJIBHKKA MPOJOIHKACT 3aKPhIBAThCs ), Ojaroiapsi TOMy, 4TO OTPHIIATENb-
Hasi OTpaKeHHAsl BOJIHA, YCIIEB MOJOUTU K 33JIBUXKKE 10 MOMEHTA €€ MOJHOIO 3aKphl-
TUS, HAUMHAET HAKJIaIbIBaThCSl B 9TOM MECTE Ha MOJIOKUTEBHYIO BOJIHY.
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h t
Bemmuuny wenonsoro ynapa (N, , HAXOAT U3 COOTHOIIEHHS o), _t , OTKyZa

(ho), 1
(h,) =-2%t, (5.52)
" ot

U3 dhopmynsl (5.52) BeITeKaeT, 4TO THAPABIMYCCKHE yaap HaOIIOIAETCs BCe-
r1a, 1ake B cIy4ae caMOro Majioro M3MEHEHHS CKOPOCTH MOTOKa MPU MAHUITYISIH-
ax apMmatypoil. Ho cuna ynapa Oynetr Tem MeHbllle, 4eM OoJibllie BpeMs 3aKPBITHS
(oTKphITHS) apmarypsl t;, MeHblIE anuHa TpyOompoBoaa L m HayanbHas CKOpPOCTH
JIBUYKEHUS )KUJKOCTH Vo. DTO U €CTh T€ OCHOBHBIEC ()aKTOPbI, KOTOPHIE UCTIOIB3YIOT-
Csl B IIeJIIX YMEHBIICHUS CUJIBI yiapa.
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Jlexnus-/
Tema 5.6. OCHOBHBIE IPUHUMIIBI PacyeTa MPOCTHIX U CJI0KHBIX TPYOONIPOBO/I0B.
Jlureparypa: [2] ctp.133-157; [3] ctp. 111-130;
[5] cTp.179-182; [6] cTp.99-111.
1. CucTembl TPYOOIPOBOAOB 1 OCHOBHBIE THIIBI 32/1a4

Berpeuaronuecs B TeXHUKE TpyOONpPOBOABI MOXKHO YCJIOBHO paseiUTh Ha JIBE
IPYTIIBL:

— MPOCTBIE TPYOOIPOBO/IBI, KOTOPBIE MPEJICTABIISIIOT COOOI0 OHY MM HECKOIBKO
MOCIIEIOBATENILHO COSTMHEHHBIX TPYO, HE UMEIOIINUX OOKOBBIX OTBETBJIICHUI;

— CIIOKHBIE TPYOOIIPOBO/IbI, 00Opa3yoIuecs: B pe3yibraTe pa3BeTBICHU, Ma-
paJIeNbHBIX COEAUHEHMH, OOKOBBIX OTBOJOB WJIM 3aMBbIKaHMM B KOJIbLA TPYO pas-
JUYHBIX JJIMH U AUAMETPOB.

U npocTeie U COXKHBIE TPYOOIIPOBOABI MPU PACUETE CUCTEM IIEIECO00pa3HO
pa3nensaTh Ha IJIMHHBIE U KOPOTKHE.

JUITMHHBIMU Ha3bIBAIOT TaKHE TPYOOIPOBOABI, B KOTOPHIX MOTEPU HAa MECTHBIX
conpoTuBICHUsX He mpeBbIimaoT 10% oOmux noreps Hamopa. [TosTomy npu pacue-
TaX MECTHBIE ITOTEPH WM YYUTHIBAIOT B BUJE HAJOABKH K MTOTEPSIM HA TPEHUE, BEJIU-
YUHY KOTOPOM Ha3HAYAIOT MO MPOTOTUITY WJIM UCXOAS M3 HAKOIUIEHHOTO ONBITa MPO-
EKTUPOBAHUS OAOOHBIX CUCTEM, MJTU OTOPACHIBAIOT BOBCE 32 MAJIOCTBIO.

KopoTkrMu Ha3bIBalOT Takue TPYOOINPOBOIbI, B KOTOPBIX MOTEPU HAIMOpa Ha
MECTHBIX COMPOTUBJICHUSX 3HAUYUTEIBHBI (10 KpaitHel Mepe, npesbimarT 10% o06-
X conpoTusieHuil). [lpu pacuerax Takux CUCTEM MO BOZMOXKHOCTH 0OJIE€ TOUHO
OLICHMBAIOT U YYUTHIBAIOT 00a BUA MOTEPb.

B TexHHMKe MPUMEHSIETCS OrPOMHOE KOJIMYECTBO TPYOONPOBOAOB Pa3iIMYHOIO
Ha3HayeHHsA. B 3aBHCMMOCTH OT KOHKPETHBIX YCJIOBUI Pa3MEILEHUS M HA3HAUYCHUS
MPAKTUYECKHU KXl TPyOOpoBOA (MM cUCTEMa TPyOOIPOBOAOB) UIMEET UHAUBUY-
aJIbHYIO0 KOH(UTypaltio, YTO ONpeneiseT 0COOEHHOCTHU €r0 pacyera.

WcxonHbIiMu AJid pacuyeTa TpyOOIpOBOIOB SBIISIOTCS:

— ypaBHEHHe OanaHca sHepruii (ypaBHeHue bepHyim);

— ypaBHEHHE OajaHca pacxol0B B CHUCTEME TPYOONpPOBOIOB MM PAaBEHCTBA
PacxolI0B B OTJEIbHBIX YACTIX CUCTEMBI;

— (GopMyJibl, OnpeneNsioe NOTepy Haropa Mo JUIMHE OTAENbHBIX Y4aCTKOB
TpyO U HAa MECTHBIX COIPOTHUBIICHUSX;

— (hopmyrnbl U TaONMIIBI 7151 BBIYMCIICHUS KOA(DPUIIMEHTOB TPEHUSI M1 MECTHBIX
COINPOTHUBIICHUU.

Ha 0a3e 3Tux 3aBUCHMMOCTEN C Y4€TOM IMPHUBEICHHON 37€Ch KiaccupuKaiuu

JUIsE TpyOOTIPOBOIOB (WJIM CHUCTEM) PA3IMYHON KOH(HUTypamuu u Ha3HAYEHMU, .



O00BEMHSIEMBIX B TPYMIBI MO0 KAaKOMY-JTHOO MPU3HAKY, COCTABISIIOTCS Pa3INYHBIC
METOIHUKH pacueTa.
Bo3MOXHBI TpY OCHOBHBIE ITOCTAHOBKH 33J1a4d pacdeTa TPyOOompoBoIa:
3apaua 1. OnpenenuTs HEOOXOAUMBINA Hamop H Tmpu 3alaHHOM pacxojie B ce-
™ Q (M pacmpenereHUn ero Mo yJacTKaM B CiIydae CIOXKHOTO TpyOoIpoBoja), a

TakoKke Tpu 3aganHex guamerpe d u mmmae ¢ (wim di 1 £ y4acTKOB CIIOXKHOTO
TpyOOIpOBO/IA);

3agaya 2. OnpenenuTth NOMHBIA pacxon Q, MOCTyMaOUIMiA B CETh U €ro pac-
MpeeIeHne 0 OTACTBHBIM y4acTKaM (B CIIydae CIOKHOTO TPYOOIIPOBOAA) MpH 3a-
nauHoM Harope H, muamerpe d u umnae ! (i d; u [ ydaacTkoB cioxHOro Tpy6O-
IPOBO/IA);

3amaua 3. Onpenenmuth auamerp d TpyOoIrpoBoAa (MM JTHAMETPBI OTIEITBHBIX
ero yyactkoB d;), TIO3BOJISIFOLIMI TPOITYCTHTH 33/IaHHBINA pacxon Q (¢ 3amaHHBIM pac-
TIpejieNieHueM M0 y4acTKaM B CIydae CIOKHOTO TpyOOIIpoBosa) Mo Tpyde MIHHOK0 !
(W cucteMe Tpy6 ¢ JUTHHAMH ydacTkoB | ) pu 3aaHHOM Harope H.

2. Pacuet npocToro KOpoTrkoro TpyoonpoBoja nocTOSHHOIO AUamMeTpa

Paznuuaror nBa ciyyas:
ucreueHue B arMmocdepy, puc.5.19; ucreuenue moj ypoBeHs, puc.5.20.

1 ﬂ)a 1 .
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Jliis 06oux ciay4yaeB ypaBHeHHE bepHymin 3anumieTcs B BUiE
2

pa Vl pa VZ2
L+—+——=7,+—+—=+h+ > h , (5.53)

2

2
vV, Vv I v
OTKyIa 2, -2, = 2—2 -~ +h+> h, THe h= /152— - IOTEPH HAIopa Mo JIuHe (oTepu
“ g

2
A
29

2
_ v
Tpenus); » h, => ¢, 20 CyMMa MIOTEeph HArlopa Ha MECTHBIX COMPOTUBIICHUSX.

Ecnu cunrtare, 4TO HCTEUEHUE YCTAHOBUBLIEECS, CKOPOCTh IBMXKEHHSI KU JIKO-
CTH B TpyOe paBHa V U YPOBHHU BO BCEX €MKOCTSIX OCTAIOTCSI HEM3MEHHBIMH, TO Be-
JUYMHA Z; - Z; = H sBnsieTcsa 1efCTBYIOIIMM HallOPOM.

B cnyqae ucTedeHus B armocdepy, puc.l, v = 0 u v, = V. 3Hayur,

H _EMEE Zgu—_(z +>.¢, +1j 2 (5.54)

N3 (5.54) BuaHO, 4TO TPH UCTEUEHUH B arMocdepy ACHCTBYIOMIMIA HaAop
pacxoayeTrcsl Ha MPEOAOJICHUE TTOTEPh U CO3IAHUE KNHETUYECKOW YHEPTUHU HA BBIXO-
1€ U3 TPYOBI.

B ciydae ncredenus noa ypoBenb, puc.5.20, Vi = V, = 0 u, ciiegoBaTenbHo,

I Vi
H=h,+2hdw=(ia+zgwj£. (5.55)

N3 (5.55) BUAHO, 4TO MPU UCTECUECHUHU TOJI YPOBEHb BECh HANOP PACXOIYETCs

Ha IMPCOJAO0JICHUC ITOTCPL. Ecnau nns storo ciIy4dasa BbIACIUTL OTACIBbHO IIOTCPIO HA
2

v
BBIXOJl U3 TPYOHBI B pe3epByap b, mpencrasus ee B Buae h,, =<, —

, rme ¢, =1, 10
29

dopmyma (5.55) o hopme cTaHeT uaeHTHUHOMN Gopmye (5.54)

H= /1—— ZQ— S 2 (/1 +Z§”+1) 2 (5.56)

Otmune dhopmyn (5.54) u (5.56) B TOM, 4TO TIpY MCTEUEHUU B arMochepy eau-
HUIIA B CKOOKaX yYHMTHIBACT MOTEPIO C YXOMAIICH CKOPOCTBIO, & TIPU WCTCUCHUH IO
YPOBEHB — 3TO KOAPPHUITMEHT MECTHBIX COITPOTHBIICHUH BBIXO/Ia U3 TPYOBI B pe3epByap.

3agauya 1. Hanop H, TpeOyemblil ajis mporycka 3alaHHoTo pacxona Q depes
TPyOOIIPOBO/ M3BECTHBIX Pa3MEPOB M KOH(UTYpalMH, BbIYHUCISETCS MO (opmyse
(5.56), B KOTopoﬁ CI(OpOCTb BBIpaXKAETCs uepe3 pacxoll (M3 ypaBHEHUS CIUIOITHOCTH),

2d4 (,1 +Z§”+1) (5.57)

Koa(quuneHTm notepb A u £, ONpeaeNaroTcs Mo pEKOMEHIAIIHSIM.
3amaua 2. [IponyckHyt0 COCOOHOCTH TPYOONPOBOAA MOXKHO OIPEACIIHUTH,

pemuB ypaBHeHue (5.57) orHocuTenpHO Q, -



2
Q= ”j 1 V29H = 152gH , (5.58)

‘//Ié+chM +1

1
- k03 duIMeHT pacxoaa TpyooINpoBoaa, S - IOk MOIIe-

re p= ;
A—+ +1
\ q > G,

PEYHOTO CeUYeHHUsI TPYOBI.

B o6mem ciyuae xoddgdunueHtsl A u ¢, ABusioTcs QyHKIuaMu yducia Re.
[Tockonbky pacxon Q, a 3HAYUT M CKOPOCTHh TEUYCHHs V HEW3BECTHBI, M 4uCIO Re
BBIYKCIIUTh HEBO3MOXKHO, 3a/1a4a PelIaeTcsl B MOCIEA0BATEIbHBIX TPUOIKeHUsIX. B
MEPBOM MPHUONMKEHUH TPEATNONAraeTcs, YTO PEKUM TEUEHHUsI COOTBETCTBYET KBa/l-
paTUYHOM 30HE COMPOTHUBICHUS, I/ie 3TU KOA(DOUIIMEHTHI OT yucia Re He 3aBUCHT.
Kak npasuio, naznauator A = 0,03, a koapPuIueHTs MECTHBIX CONTPOTUBIECHUH (,,
IPUHUMAIOT 110 CIIPABOYHBIM JIAHHBIM.

BrrancnenHoe B nepBoM MpHOMKEHUH 3HAYEHUE PacXojia 1acT BO3MOXKHOCTD
BBIYMCIIUTh CKOPOCTh TE€UEHHUS B TPyOe U 1O yuciay Re yTouHuTh 3HaueHue A c mo-

CICAYIOMMM YTOYHCHHUCM 3HAYCHUA pacxodd.

3apaua 3. Jlna onpezaenenust guameTpa HeoOXoaUMO ypaBHeHue (5.57) wiu
(5.58) pemmts oTHOCHTENTBHO d.

3. PacyeT mpocTOro KOPOTKOro TpyoonpoBoia nepeMeHHOro JuaMmerpa

B cimydae mpocToro KOpoTkoro TpyOompoBOja, COCTOSILEro M3 MOCien0Ba-
TEJIbHO COEAMHEHHBIX YYacTKOB TPyO pasznuuHoro auamerpa (puc.5.21) pacxon Ha
Bcex y4dacTtkax Oyner ommHakoB (Qi = Q, =..= Q, = Q), a noreps Haropa B TpyOe
paBHa CyMMeE MOTEph Haropa Mo JJIMHE KaKJIOro ydacTKa M Ha BCEX MECTHBIX CO-

m
IIPOTUBJICHUAX (H =h,+h,+..+h, +§§ij .

d,

] L]
— =

LS B ]
—_ A1

f
i )
f
¥
f
¥
=

Puc.5.21 29



3agauya 1. UtoOwl onpenenuTh HeoOXoauMBIN Harmop H mpu 3aganHOM pacxoze
Q, HEoOXonMMO 3amucarb ypaBHeHHe bepHyium st cedenwnii 1-1 u N-n B Buze

zl+&+£:zn+&+£+Zn:h,i+ihm, (5.59)
P 29 P 29 T T

rue Zh,izh,1+h,2+...+h,n; Zh{w=hMl+hM2+...+hMm.
1 1

v

[Torepu Hammopa Mo JUIMHE BRIYUCISIOTCS TI0 hopmyne h, = 4 d—' ]
i
Koaddunmentsr conporuBieHnii A; B 00IeM Ciiydae 3aBHUCIT OT PEKHUMA
JBUKCHUS KHUJIKOCTH U MOTYT OBITh BBHIYHCIICHBI TIPU U3BECTHBIX 3HAYCHUAX YUCEI
Rej 1 oTHOCUTENBHBIX IIepoxoBaTocTell. OTHOCUTEIIBHBIC MIEPOXOBATOCTH A | TIPH-
HUMAIOTCS 110 CIIPAaBOYHUKAM JIs 33J]JaHHOTO COpTaMeHTa Tpyo.

I[EUIBHGfIH.IHC BBIYMCJICHUS ITPOU3BOJATCS 110 YHaCTKaM:

— TIEPBBINA Y4aCTOK

vl=7j'—(?12; Re1=V17dl; A, =f(Re,A4); hu:ﬂl(;—ll%i
— BTOPOM y4aCTOK

szj_szz; Re, =% 1~ t(Re, 4); h,zzzz(;—zz"—é;
— N -HBIM y4acTOK

V”::_c?ﬁ; Renzvﬂvd”; A,=f(Re,,4); hn:ﬂn;—:%.

3neck 4 = f(Re;, 4) BBIYUCISICTCS 11O OHOM U3 (hOPMYII, PCKOMEHIOBAaHHBIX B

2

Ve
IToTepy Ha MECTHBIX CONIPOTUBJIEHHUSAX BBIYMCIIAIOTCA 110 hopmyne h = —-.
M Mj 29

KosddurmenTsl MECTHBIX CONPOTHBICHUN (,; NPUHUMAIOTCS 110 CIIPABOYHM-

Ky B 3aBUCMMOCTH OT BUJa conpoTuBieHHsa. CKOPOCTb Vj, ¢ KOTOPOH JKUAKOCTb 00-
TEKAET «J» COMPOTHUBIICHHUE, paBHA CKOPOCTH Vi TOTO «i» ydacTka, Ha KOTOPOM 3TO
CONPOTHUBIICHHE PACTIOIOKEHO.

[ToacTaBisis BEIYMCIICHHBIC 3HAUYEHUSI MTOTEPh HANOpa U CKOPOCTEH Vi U V, B
ypaBHeHue bepHymiu (5.59) MOXKHO PEMIMTh €ro OTHOCUTEIBHO OJHOTO M3 Mapa-
METPOB Z3, Z, P1, P2 WIM KOMIUIGKCOB 3THX mapaMeTpoB (Z1-Zp), (Pi-P2),
(zl +%)—(22 +%J =H . OcrasibHbIe TTapaMeTPphl JOJDKHBI ObITh 3aJaHbl WU MPHU-

HATHI.

80



3apava 2. J{nsg onpeneneHus pacxona o 3aJaHHOMY Hamopy U Ie€OMETpUu
TpyOOIIpOBOJIa 11€1€CO00PA3HO BOCIIOIB30BAThCS MEMOOOM IKGUBAIEHIMHO20 MPY-
oonposooa.

CyTh METOZA 3aKJII0YAETCSl B pacyeTe YCIOBHOM (3KBHUBAJICHTHOM) TPYOBI OJ1-
HOTO TMaMeTpa, PaBHO3HAYHOH 110 MOTEpe Haropa (HaKkTUIECKOU Tpyoe.

Bo3MokHBI 1Ba IOAXO0AA K PEIICHUIO 3a/1a4H.

Ilepebiii: y S5KBUBaTICHTHOW TPYOBI COXpaHETCs AJTMHA (PAaKTHUECKOM TPYOBI

ly=ly+ L+ + Ly, (5.60)

a COOTBETCTBYIOLIMN €U TUAMETP OINPEAEAETC S, KaK

d - 2 . (5.61)
O |

st sttt g

ds " d d

n

Bmopoii: nuametp TpyOsI d, 3a1aH, a JJIMHA SKBUBAJCHTHOTO TPYOOIIPOBOIA
HaXOJUTCS Kak

5 5 5
|3:|1(%j +I2[%j +...+In(%j : (5.62)
1 2 n

B nanpHeiinieM XoJ pelieHus: OAMHAKOB, HE3aBUCUMO OT BHIOPAHHOTO MOAXO-
na. CKOpPOCTh JBHMIJKEHHUS XUAKOCTH B 3KBUBAJIEGHTHOM TPYOONPOBOJE COMIACHO
YPaBHEHUIO HEPA3PBIBHOCTH

v =2 (5.63)

5 2
7d;

Harop B 3kBHUBajieHTHOM TpyOe paBeH MOTEPSIHHOMY Haropy B (DakTHUYECKOM Tpyoe

vi( |
= = 3 2 1 .
H =H 2 (/1 ] +> 6+ j, (5.64)
OTKyJ1a
v - L 20H . (5.65)

\//”L(I;+25M+1

[IpupaBHuBas mpasbie yacTu paBeHCTB (5.63) u (5.65) MOXKHO BBIYMCIUTH
3HAYEHUE Pacxoa

rd? 1
I
A=+ +1
\/ Y

[TockonbKy B OOJILIIMHCTBE TEXHUUECKUX TPYOONPOBOAOB PEXKUM ABUKECHUS

Q= 2gH . (5.66)

COOTBETCTBYET KBaJIpaTUYHOM 30HE COMPOTUBIICHUS, TO B IEPBOM MPUOIMIKEHUU A U
{,, CUATAIOTCA HE 3aBUCAIIMMH OT Re u mpuHUMAaroTCs, KaK B M.2 ¢ MOCIEAYIOIEn

IIPOBEPKOU U YTOUHEHUEM PaACXOAa. 81



N3 ypaBHenus (5.66) npu u3BecTHOM pacxone Q MOXKHO omnpenenuts Harop H.
3HauuT, METO/] SKBUBAJICHTHOTO TPYyOOIPOBO/Ia MPUTOJIEH U JJIsl pelieHus 3aa4u 1.

3amaua 3. Eciin HEM3BECTHBI TMAMETPBI BCEX YYACTKOB, TO JIJISl KX OIpEaese-
HUSI HEOOXOJIUMO 3a/1aTh BCE TUAMETPhI KpoMe ojiHoro. [locneanuit nuamerp omnpe-
JeJSIeTCsl U3 yCIIOBUS oOecrnedueHust 3aanHoro pacxoaa Q npu 3agannom Hanope H.

4. Pacyer pa3BeTBJIEHHbIX (TYNHKOBBLIX) TPYOONPOBOAOB METO0M IKBU-
BAJICHTHBIX OTBEPCTHI

CyTh MeTO/a 3aKJII09acTCsl B 3aMEHE YJYacTKOB TPYOOIPOBOAA MOCTOSHHOTO
IaMeTpa 3KBUBAJCHTHBIMU OTBEPCTUSMH C TIOCIEAYIONIMM CYMMHPOBaHHEM HX
ITOIIAIEN.

DKeueaneHmnoe omeepcmue — 3TO TaAKOE OTBEPCTHUE, PACXOI KUAKOCTH Qg
gyepes KoTopoe paBeH pacxoay Qi B maHHOM TpyOe, a Harmop Ng , O KOTOPBIM MKHJI-
KOCTh BBITEKACT U3 OTBEPCTHS, PaBEH MOTEPSHHOMY Haropy B Tpybe. Iliommans 3k-
BHUBAJICHTHOTO OTBEPCTHS JUISl JAHHOW TPYOBI BBIYUCIIACTCS 1O (hopmyIie

7d?

S, = , (5.67)
4ﬂ\/’;'+243, +1

tme !, d, A, &, - nmina, mrameTp, Kod(GQUIMEHT CONPOTHBIEHNS TPEHHS U Kod(puIy-

€HThI MECTHBIX COMPOTUBIICHUI TPYOBI; £ - KOI(DDUITMEHT pacxo/ia Yepe3 OTBEPCTHE.
[Torepst Ha BBIXOJ UMEET MECTO TOJBKO Y KOHIIEBOW TPYOBI, TOITOMY IIPH BbI-
YUCJICHUH TUIOMIAJICH SKBUBAJICHTHBIX OTBEPCTUH MJIsi TMPOMEKYTOUHBIX TPYO €1u-
HULIA MTOJT KOPHEM OTOpachIBaeTCsl.
[Ipu mapamieabHOM COETUHEHWW TPYO IJIOMIATM 3aMEHSIOIMUX HX JKBHUBA-

JICHTHBIX OTBEPCTHH CYyMMUPYIOTCS 0 (hopMmysie
S1+2 =51 + Sy, (5.68)

IIpH NOCJICIOBATCIIBHOM COCTUHCHUH —
1 1 1

sz, S sZ

(5.69)

Hanpumep, mocnenoBaTelbHOCTh pacdyeTa pPa3BETBICHHOTO TPYOOMpPOBOAA,
MPEAICTaBICHHOIO Ha pUC.5.22, ciaeayromas:
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o
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1) Ucnonb3ys dhopmyny (5.67), Bce y4aCTKH CUCTEMbI 3aMEHSIOT SKBUBAJICHT-
HBIMHU OTBEPCTHUSAMH C TUIOMAIAMU: S1p, Sps, So5, Sz4, S36-
[Tpu 5TOM TpeanmoyararT, YTO PEKUM ABMKCHHUS KHUIKOCTH COOTBETCTBYET
KBQIPaTUIHOMY 3aKOHY COTIPOTHBJICHUS ¥ IPUHUMATOT:
— ko3 urment pacxona orBeperus u = 0,62;
— k03¢ durment conporurieHus Tpeaus A = 0,03;
— K03(UIMEHTH MECTHBIX COIIPOTUBICHUI OEPYT MO CIPABOYHOM JIUTEpaType.

2) Becw pa3BeTBICHHBIN TpyOOTPOBOJ 3aMEHSAIOT €IUHBIM SKBHUBAJICHTHBIM
OTBEPCTHEM TYTEM CYMMHPOBAHHS IUIONIAJICH OTBEPCTHH, 3aMEHSIONUX yYaCTKH
TpyOompoBosa, 1mo hopmynam (5.68) u (5.69) , HaurHas ¢ caMOro yJIajJeHHOIO:

. 1 1 1. _ ) 1 1 1.
Sa = Sas + Sg; ?=—+— Sc = Sp + Sys; =
b

rIe Syq— IUIONAb SKBUBAJICHTHOTO OTBEPCTHS, 3aMEHSIOIIETO BECh TPYOOIPOBO/I.
3) U3 bopmyner Q; = 4S4./2gH, ompenensitor pacxon Q; umu Hamop Hp B

Touke |, B 3aBUCUMOCTH OT TOTO, YTO 33J]aHO W Kakas 3ajiaya perniaercs — 3ajaada |
WJIM 3aj7a4a 2.

4) BeIuucsitoT pacxojibl U MOTEPU HAIopa Mo yyacTkaM TpyOoomnpoBo/a.

CkopocTh TeUeHHs Ha ydacTke 1-2 v, = 13122 , e Q1 = Q.
12
2
[ToTepsiHHBII HamoOp Ha ydacTke 1-2 hy, = (/112 Cli‘—z +¢,, +2¢ WJ%
12 g
Hanop B ceuenun 2 H, = Hi-hy,.
Pacxonm Ha ygactke 2-3 Q3= 1S, /2¢gH, .
C 2_3 _ 4Q23
KOPOCTb Ha y4acTKe Vyy = —22,
7Zd23
Pacxon Ha ydactke 2-5 Q,s = £8,5+/20H, .
IIpoBepka Q12= Qa3+ Q5.
2
[Toreps Hamopa Ha ydactke 2-3 h,, = (/123 éﬁ +>¢ j% :
23 g
Hanop B Touke 3 Hs;=H, - hys.
Pacxon Ha ydactke 3-4 Qa4 = 14S,,+/20H, .
c _4Qu
KOpOCTh Ha y4yacTke 3-4 Vag = —5
3,
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Pacxon na yuactke 3-6 Qus = S45+/20H,, .

IIposepxka Q23= Q34+ Qszs.
2
[ToTepst Hanopa Ha yuyactke 3-4 h,, = (/134 éﬁ +24, +1]% :
34 g
[TpoBepka H = hyy + hys + ha,.
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