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MPOIECCHI IAMUHAPHBIX TEYEHUI
JKUJAKHAX SHEPTOHOCHUTEJIEN B TPYBOIIPOBOJAX

JlokT. TexH. HayKk, npo¢. ECBMAH P. I., kana. Texn. nayk HIIYB JI. W.

benopyccxuii nayuonanvHblil mexuuueckutl yHusepcumen

B kadecTBe XHUAKHX SHEPTOHOCHUTENEH MCHONB3YIOTCS HeTh, HEPTENPOLYKTHI,
KHUJIKAE METaUlbl M CIUIaBBl, JpYyrHe TeIUIOHOCUTENH, TPaHCIOPTUpYEeMbIe
B TpyOOmpoBoaax.

PaccmotpumM paBHOMEpHOE ABMKEHHE KHUAKOCTH, TIPU KOTOPOM CpEIHSS O Ce-
YCHHIO CKOPOCTh HE HM3MCHSCTCS Kak BO BPEMEHM, TaKk W 10 IHHE Oufof =

=0u/0x = 0. Takoe ABIKEHHE HMEET MECTO B TPyOax M KaHajiax MOCTOSHHOM ILI0-

I3 MTOMIEPEYHOTO CEUCHHUS.

Tak ke Kak U B NOTPAaHUYHOM CJIO€, JAMHUHAPHBIA WM TYpOYJIEHTHBIH PEKUM
TeUeHHs B TpyOax ompenensieTcs YuciioM PeliHonbaca, MOACYNTaHHBIM 11O THIPAB-
JMYECKOMY JAuaMerpy TpyObl (aist Kpyriblx TpyO — @O auaMeTpy TpyObl
Re=vd/v). TIpn MaibiX CKOPOCTSIX ABWKCHHSI M COOTBETCTBEHHO MAJIbIX YHCIIAX

Pefinonbica nMeeT MeCTO JIAMUHAPHBIN PEXUM TEUCHUS, a MPU OONbIIUX — TYpOy-
JeHTHBIH. OOBICHSACTCS ATO TEM, YTO YMCIO PelHONmbJCa XapaKTepU3yeTcs COOT-
HOIIICHUEM CHJI MHEPLIMH U CUI TpeHus B motoke. [Ipu Mameix uncnax PeitHonbpaca
CHJIBI TPEHUS, KOTOPhIE OKAa3bIBAIOT JEMII(UPYIOLICE NCHCTBIE HAa TIOTOK, IPEBaIu-
PYIOT HaJa CWJIaMHM HHEPIHUH, YTO MPUBOAUT K JIAMUHAPHOMY PEXKUMY JBHUKCHUS,
XapaKTepU3yIOIIEMYyCsl YIIOPSIA0YEHHOM CIIOUCTON CTpYyKTypoi. PocT cun unepuuu
pHu Bo3pacTaHuM uuced PeifHonmbaca criocoOCTBYET BOSHMKHOBEHUIO HEYCTOWYH-
BOCTH TEUEHHS], CIEICTBUEM UEro sBIIETCS JIOKAIbHOE 3apOXKIAEHHE MEITKoMac-
MTa0HBIX BUXpPEH, KOTOPBIE OBICTPO PACIPOCTPAHSIOTCS Ha BECh MOTOK. TedeHHe
CTaHOBUTCS TYPOYJICHTHBIM, HEYIOPSIJAOYCHHBIM U XapaKTePU3yeTCsl CHUIIBHBIM Tie-
pEeMEIIMBaHUEM.

Kak uzBectHO, uncio PeitHonbaca, Mpu KOTOPOM MPOUCXOIUT MEPEXO JaMu-
HapHOTO PEKMMa TEUCHUS B TYpOYJICHTHBIN, HA3BIBACTCA KPUTUYCCKHM YHCIIOM
Peiinonbaca Reg,. B 3aBucrMocTy 0T BHEIIHUX BO3MYILAIOMMX (akTopoB Re,, Mo-
JKET MPUHUMATH pa3JMYHBIC 3HAUYCHHS. Y CTOMYMBOE JAMUHAPHOE TEUCHUE IS
KpYyIJIBIX TpyO coxpansercs 10 Re,, = 2300.

Jiiss TaMMHapHOTO TEYCHHS B KPYIJoOH TpyOe ypaBHEHHE IBMXKCHUS MOXKET
ObITh TONMy4eHO u3 ypaBHeHuss HaBbe — Ctokca [1, 2]. YuuThiBas paBHOMEPHOCTh
TEUCHUS, B TMOCJIETHEM CIEAyeT MPUPABHATH HYIIO YICH, CONEpKaIlUil BTOPYIO
TIPOU3BOIHYIO OT CKOPOCTH IO MPOAOIBHOM KOOpAMHATE, & TAKKE€ KOHBEKTHUBHBIC
cnaraemble. C y4eToM AGUCTBUS MACCOBBIX CHJI TSKECTH IMONy4YaeM YpaBHEHUE
JIBIKEHUS

1 d dv 1 d qJ
_— — X = —_——— —_ - 1
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rje J — THapaBiInyecKuil YKiIoH, J =——| —+z
dx\ pq
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FpaHI/I‘-IHI:Ie YCJIOBUSA Ha OCH U IMOBCPXHOCTHU Tp}/6I>I 3aIIMChIBAIOTCA KaK W OJIA
IIJIOCKOI'0 KaHajia:

dvx —_ . p—
( dr )r_o =0 (Vx )r=R =0, (2)

rae R — BHyTpeHHHH paguyc TPpyOBI.
3anwumem perreHue (2) B o0IeM Bue
qJ

=22 4 Inr+c,. 3)
4v

X

Hating koHCTaHTHI ¢, ¢; U3 TPAHUYHBIX YCIOBHH (2), TIOJTy4aeM pelicHrE B BHJIC
qJR2 r?
Vx = 1 ——2 .
4v R

Tak ke KaK 1 B INIOCKOM KaHaJIC, MOJIYYCH napa6onnqecm/1ﬁ HpO(l)I/IJ'II: CKOpOCTH
C MaKCUMAaJIbHBIM 3HAYCHHUEM Ha OCH

J
Vit = 47 g2,
4v
CpeaHsis CKOpOCTh 0 CEYEHHUIO ONPENENIIETCS ¢ MOMOMUILIO HHTErpaia
R
_2n [ qJR? r J i

qJ 2V
l-— |rdr=—R" =—"—. 4
nR? . 4v R? 8v 2 @

B kpyrnoii TpyOe MakcuMaibHasl CKOPOCTh B /IBa Pa3a MPEBHIILACT CPEAHIOO MO
ceyeHnto ckopocTb. C yderom (4) 3anumiem

2
7

v, =2u 1—F . %)

PaccMoTpuM 0cOOEHHOCTH JTaMHUHAPHOTO TEUCHUS JKHUIKOCTH B KOJBIIEBOU TPY-
0e. JIns KOIbIIEBOTO OTOKA TPAHUYHBIM YCIIOBUEM SIBJISCTCS PABEHCTBO CKOPOCTH
HYJIIO Ha [IOBEPXHOCTSAX, OrPaHUYMBAIOMIKX TeueHue: v, =0 npu r =R, u r =R,.
OTO yCIIOBUE HMCIIONB3YETCSI TSl HAXOXKICHUS KOHCTAHT B oOmieM pemrenuu (3). B
pe3yabpTaTe monydaeM (popMmyiy Ui ONpEelIeHUs] PacIpeieieHus CKOPOCTH 10
CEUEHUIO

s RSInR —R}InR, —(R} = R} )Inr
Y 4y In(R,/R,)

b

KOTOpYI0 B Ge3pasMepHbIX koopauHatax (F=r/R,, 8=R /R,) mepemnuiiem cie-
JYIOIIIIM 00pa3oMm:

vx=ﬂ ;[1—1_®1n7—72}. (6)
4v In®
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CpeZ[HIOIO CKOpOCTh IIO CCUCHUIO pacCUUTa€M C TIOMOLIBIO MHTCrpajia

1
u :Uvjde /(1—®?), KOTOpEI ¢ yderoM (6) TO3BOIAET BBIBECTH (GOPMYIY s
0

pacuera cpeHell CKopocTU

2 2 A2
ﬁ:qJRz 1+0 Jr1 ® ‘ )
4v 2 1In®
U3 (6), (7) nonydaem
=2 102 -
Vx=21/_ll 7" —(1-0")In7/In® ®)

1+0% +(1-0%)/In®

npuuem vI™ HaXoaUTCs Ha pajuyce 7 =+/(0° —1)/2In®.

. d
Kax m3BecTHO, ruapaBiInyeckuii yKioH J :d_[£+ZJ OIIpenenseT MOoTepU
X\ Pq

HAIIOpa Ha eAMHULYY JTHHBI TpyObl J = A, /1. Paccuntas J u3 ¢popMy: st omnpese-

nenust cpenHeit ckopoctu (4)—(7), umeeM cienyromue GOpMyIIbl AT HaXOXKICHUS
TUIPABIMYECKUX TIOTEPb:

_3vu

8vu
hl = —2 =
qh

boh=2r

dvu [140> 1-0°]"
l; h = l{ + }

TgR} 2 2@

COOTBETCTBEHHO MMl IUIOCKOrO KaHalla, KpYyrJoil TpyObl, M KOJBLEBOIO KaHa-
na. 3aMeHss B MOTyYEHHBIX BBIpaKeHHUX 1o opmyne dapcu /i = Al / a’ru2 / 2q, TIE
d. 118 paccMaTpUBaeMbIX KOH(UIypaluil IOTOKAa COOTBETCTBEHHO paBHBI 4/, 2R,
2(R, —R,)=2R,(1-©), momyuaem (opMyIsI 1 onpeneneHus KodbduimenTa

TUAPABINYCCKOIO TPCHUSA I
e JIJIOCKOI'O KaHaJjia:

L =24/Re; Re=uh/v;
o KPYTJI0i TpyOBI:
L =64/Re; Re=u2R/v;

e KOJIBLICBOW TPYOBI:

-1

2
32) 140 1O | Re—u2r,(1-0)v.

“Re|2(-0f (-0R2h6

B nocnenneit hopmyne mpu ® > 0,5 MHOXKHUTENb B KBaIPATHBIX CKOOKaX MEHS-

eTcsl MaJlo ¥ IPUMEPHO pPaBeH 3, ¥ TOr/Aa AJIS A MOIYYUTCS IPOCTOE BBIpAXKEHUE A =
96/Re.
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BBbBIBO bl

[IpoBenen aHamM3 CTPYKTYPHOTO TEUEHHSA >KUIKOCTEH B TPyOONpOBOAAX
1 KaHanax. PaccMorpeHo BiusHue yucna PeifHonblca Ha TUApPaBIMYECKHE COMPO-
TtuBieHus. [IpuBeneHsl pacyeTHble GOPMYIBI Al ONPEAEICHUS THAPABIMYECKUX
noreps, KO3)(HUIMEHTOB IUIPABINIECKOr0 COMPOTUBIICHUS IOTEPh HA TPEHHE MPU
JAMHHAPHOM TEYEHUHU B KPYIIIBIX TpyOaX, MIIOCKUX M KOJBIIEBBIX KaHaJlaX TerIo-
YHEPreTHYECKOro 000pyJOBaHHUS.

Pe3ynbTaThl MpOBEIEHHOTO aHaJIM3a MOTYT OBITH HCIOJIB30BAHBI IPU MPAKTHYC-
CKHX pacyerax MOTEpb Ha TPEHUE NpPU TPAHCIOPTHPOBKE 3HEPrOHOCUTENEH pas-
JMYHOTO Ha3Ha4YeHUs B TPYOOIpPOBOIaX.

IIpeanaraemoil METOIUKON pacuera MOXKHO BOCIIONB30BaThCA IPU UCCICIOBA-
HUSIX IBMOKEHHSI )KUIKOCTEH B Mpoleccax OypeHust HeTSIHBIX CKBaXHH, IPEICTaB-
JSIOIUX COOOM IMIMHAPUYECKUE Tela KOJIBLEBOr0 CeueHHs, 00pa3oBaHHBIE KO-
JIOHHOH OypHIIBHBIX TPYO M CTEHKaMH cTBoja [4].
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