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Abstract
Non-stationary and pulsating flows of elastic viscous fluids in channels and pipes, solving concrete practical problems by
applying their complex rheological models, and developing analytical methods were conducted and positive results were achieved.
In this paper, we investigate the modified Shulman-Khusid model for studying the unsteady behavior of elastic viscous fluids in
channels and pipes. And we show that this model is superior to other models, especially Newton's and Maxwell's models, and their

generality.

Key words: Elastic viscous fluid, channel, pipe, unsteady flow, model, relaxation, spectrum, modification.
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anacmx EMUIIKOK CYIOKJIMKJIApPHUHT MaTeMaTUK MO-
TlesI acoCaH CYIOKJIMK 37aCTUKIUTMHUHT Y3rapuiim-
HM XMCOOTa OJIUIITA aCOCIAHTaH. JHT YMYMMIT XOIAQ MyXUT
XOJIATHMHT PeosioruK TeHrnamanapu Komu Ba @uHrep yek-
au gedopmMalusyiapy TeH30p 6GomraHuIIM O6mnaH udomga-
JIAHTaH KyWIaHUIIUIAP TEH30pU KypUHMUIIMAA 6epuiraH [14,
15]. KeiinH 21acTUK EMUIIKOK, CYIOKJIMKIAPHUHT XOIATIapyu
UM3UKCU3 PEOJIOTUK TeHIMIaManiapy MaKcBelsT MOJenu Kypu-
HMIIMAA ymymiaamTupwirat [1, 6, 7, 17, 20]. Y epna penak-
CalMOH Ba MHTerpasja TUIAATY XOoJaTiap UYM3UKCU3 IMACTUK
EMUIIKOK PEeOJIOTMK TeHIJIaMaJlapHMHT MaTeMaTUK 3KBMBa-
JIEHTIIUTY LIapTiaapy acocuaa aHuKIaHaau.

slccm Ba XaJIKaCMMOH IOMpaBuii KeCMMIIM Y3YH KaHaJIP-
a J1aCTUK ENUIIKOK CYKJIUK okumu 3.JLLlyapman, b.M.
Xycuamap TOMOHMAAH TagKUK 3TUIraH [17].

BocuM rpaieHTMHMHT BakT Gyiinya y3rapuiiny HaTuKa-
cuparu €énumkKoK HbIOTOH CYIOKJIMKIAPUHMHT JaMUHap HO-
CTallOHap Ba CTalMOHAp OKMMJIAp Macajnanapu (2, 3, 4, 8]
TAaIKUKOT UIIIApUIa Kapairad 6yica, TypOy/lIeHT peskuMaarnu
okumiap [13, 16] unuiapna TagKUK KUIVMHTAH.

HbIOTOH CYIOKJINTY XapaKaTUHM KYTIPa3oam MyXUT cuda-
THUIA Kapanr, 6y coXamaru Hasapuil TaIKUKOT UIUIAPUHUHT
TaXkpnba HaTVOKaIapura SIKMHIAMTUPUII UMKOHVHY 6epa-
I, 6yHmai TagkuKomiap [5, 13] nmpga MmykaMMas Ba amasin-
éTra TafbMKIapy acocua KeJTUPIIITaH.

AMMO HOHBIOTOH CYHOKJIMKJIAp XapakaTMHU YpraHuIiga
Ky11a6 TaAKMKOTAAp onb GopuiiraHura Kapamaii, X03Upru
kyHzga UlynbmaH-Xycug Mopeny épaoaMmuia Macajiaaap erap-
AU Japakafa TaAKMK KWIMHMAraH Ba aMaJMérra TafouK
STUIMAraH.

JKymnanmaH, 3/1aCTUK EMUIIKOK, CYHOKJIMKIAPHUHT OKMU-
Muaa, 60CUM IpagyeHTUHMHT KeCKMH YCUIIM Ba KECKUH Ka-
Maiiub Hoira TEeHT GYIMIIMAAru HOCTAIMOHAP OKMMJIApUIa
conup 6ynaguraH rMaApoaAMHAMMK Y3rapuiniap 6atadcu yp-
raHwimaras [10, 14, 17, 18, 19, 20].

MacanaHMHT SHTWINTY Ba YHMHI euMMM. Mabiym-
KM, KYITUUIUK X0/Iapa 37acTUK EMUIIKOK, CYIOKJIUK OKUMMU
yuyH MakcBe/UTHUMHT 6Mp YmuoBau dasomaru KIacCuk Moje-
JIV 97IACTUK EMUIITKOK CYIOKIVKIAP OKMMM YIYH KYJUTaHWINO
KenuHras [1, 8, 9]:

T+ A7 =2nD 1)

6y epIa t — KywWIaHMIIap TeH30pU; 7 — KyWIaHMILIap
TEH30PUHMHT BaKT OYiirua Xocuaacu; n — CyIOKJIMKHUHT M-
HaMUK EMUIIKOKJIMK KO3DDUIEHTH;

A= I penakcauysi koaddunyenTt; E — ENUIIKOK Cy-

IOKJIMKHMHT 3JIaCTUKJINK MOOYJIN

_10u

D = —~" — MyXUTHUHT CWIKUII AedbopMalusicu Te3/m-

20y
I

bus MakcBemra mMofenu KYpUHUINMOATK Gapya 37IacTUK
él'H/H.HKOK CYIOKJ/IMKIIAPDHUHT PEOJIOTMK MOIEe/NJIapUHM TOIIO-
JIOTMK MOfieNb makauma ymymaamrupysun lyabman-Xy-
CUOHMHI MoAe/nnaga KeJlTupaMna:
@ ' v (1)
T=Z(1+§j T +§T;2>, T, +%Tg” =2p,D,
k=1

k

A (2) D
T« +&Tk(2):_2kaa P +&pk:n_2fllc'
A, pr AR
By epaa 10KOpM KOHBEKTUB X0CuJIa Y6y ndoma opramm
0 pro
p =P _gigyr vy
k Dt k k

MacTKM KOHBEKTMB XOCWIa 3ca Kyimpmaru mudoma OopKaiu
aHMKJIQaHAIM:
A2 DT(Z)
= 4 Pvy vy
Dt

k

sSlymaHH Xocuiacu 3ca yuoy KypuHUIIAa 6epuiraH:

DA (’;—Ij+VVA+WA—AW

Dt

6y epaa 6ynu6,

VV=D+W, D=1(VVT+VV), W=1(VV—VVT)
2 2
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6ymi6, I — nmedopmamms Tesmrm Temopw; V Vo -
JedopMalysi TE3NMIH [PajiieHTs; V F7 — TPaHCIOHHUPJIAHTAH
jgedopMalisi TE3TUTH  TPAJUEHTH, HOMIaHGAPKIH HKKHHYA
HOPMaT KyWIAHHITAD aiupMacHHd ndomatoptd & mapaMerp
cu(aTiaa KUpUTITaH OYiamb, y Kyimmarm QopMyrnra opkain

AHUKJIAHAU g .. by epia
2,

¥, =(c,,-0,)/ ", ¥Y,=(c,-0,)/y  Cymkuwwap,  Moc

paBHIILIa, 6I/IpI/[H‘H/I Ba HWKKHMHYH, MKKHHYA Ba YYHHYHA

KyWIAHHILIAp ~ afupMach; p — TCHINAMAHHHI  ¥3ujaH

aHUKIaHyBM mapametp; 7,0, Tk(z) — Xap OMpH YUyH TYKKH3Ta

v a2
SMEMEHTAH TALIKII TOITaH Kywianum Tensopuap; Ty , Ty —
HXTHEpHIl TaHTAHTaH KOOpJAMHATaNIap CHCTeMacHIa OepHira
KYWIAHHII TeH30piapu Oynu0, ymap YuyH OelrHIaHraH
XOCHIIATap, MOC paBHIIIA, IOKOPHM Ba IIACTKH KOHBEKIHB
XocHlaJapHy Owaupanu [18-19].

IOxopuma kenTHpuaran (2) yMyMHi KYpHHHIITArH
JMACTHK EMHIIKOK CYIOKIHKIAP MOIENHra KyJa KYI ITOIHMeEp
CYIOKTHKIAp Ba OOMKAa OJJMAcTHK EIHMINKOK CYIOKIHKTIAp
MoJemapH KHpajgd. AcocaH, Oy MOJA€NIApHHHT OHp-OHpHIAH
(apky, 3MacTHK MHIMKOK CYIKIUKIAP XYCYCHATIapuTa kKapad (2)

TeHIaMara KHPYBH f, (SD (t ')) Ba 2. (S,())

(QVHKIMATAPHUHT  AHHKTAHHIMHIAmHp.  XVCycaH,  KHIHK
nedopMaraTapaa fk = g —] O¥mub, Oy Xomma 31acTHK

ENUITKOK, CYIOKIHKIAD MOJENH YH3HKTH KYPHHHINTA Kelaju.
Conmi Xucod JopHTHIIA & B2 7], KATTAMIKIAp, KyMIAaH,

- i oy KypUHHMIIIAa oONHHATH, Oy epia N -
= e

GONITAHFHY  XONMATAAarH HBKTOH CYIOKINTHHHHT — JHHAMHK

ENHIIKOKTHE Koo(QQuimentn; A4 — penakcamua koo(HIIHeHTH

(BakTH); (¥ — peNMaKcamMg BAaKIH TaKCHMIIAHUIN CHCKTPHHH

XapaKTepIOBIH COH; f(a’) — PumannuRT 13eTa QYHKIHACH, ¥

- | KypHHHIIIArH HhoIa OpKAIH AHHKTAHAIL
g (“):Zk—a
k=1
I1TyHH aifTHII KePAKKH, FOKOPH KOHBEKTHB XOCHIIA, ITACTKH
KOHBEKTHB XOCHTAa Ba JSIyMAaHH XOCHTAcH  HXTHEpHil
KOODIHHATATAp CHCTEMACHIA OMHHTAH OYIHG, ylap OpTOroHAT
JlekapT Ba IHIHHAPHK KOOpIMHATATAD CHCTeMATapHia OIIHil

XOCHIaNapra aiIaHam. _
MaxkcBenn THIIHOaru Moaciiapaa -f.‘%t — gR :I Ba P :ﬂ

A
SKAHINUTHAAH, 0Kopuaa xexrupunrad lyneman-Xycua Moznenu
TYIHK, 9M3HKIH kypuHHImTa kenagd. Illynmaf sxan [lyasman-
XycHO MOIETHHH, VIIOY KYPHHHINZATH MOIHGHKAIMSTIAHTAH
MOJIeTb IaKInra Kentupamms[10, 11]:

THIHHPHK KOOPJHHATATAD CHCTEMACH YUVH 3ca Yoy
KYPHHIIIA KeTTHPAMH3:

i oT,
T=31, A—2+T,=2D,
=1 or
p-1%%
2 or

4)

By epma kentupwiaran Mogudmukarmsianrad [IyasMan-
Xycenn MopmemngaH xycycHd xXonga Hewoton, Makcsenn
MoOZemnapH Kednd UHKHIIMHH  KeaThHpamms. Perakcamms
K03 pHIHEeHTH /. HONMra HHTIWITAH XONAaTHIA Xycycuil xon

crudatiaa HeloTOH MozenH keln0 uuKaan. XakukaTaaH xaM, (3)

Ba (4) Temrmamarapsa lim A, = 0 necak, y xomma [lekapr
A—=0

KOOpIHHATATAP CHCTEMACH YIYH

L )

oy
Mopnpukarmusaaaran  [lymeMan-XycHI — MOJeTHHHHT
XycycHi XomH cudaThia, pedakcallii BAaKTH  CIEKTPHHH
TAKCHMIAHHITHHA ~ XapakTeploBYM COH (¥  YeKCH3THKKA

HHTHITaHTa, MaKCBeINn CYIOKIHTH VIYH PEONOTHK TeHrTaMa
Xocun OYmamm. SeHm (3) Ba (4) TeHrmaMamapma o —» o0

Oynranga, JlexapT KoopJHHATANAP CHCTEMACH/IA

Ou
&% A% =0— ™
oy
TEHITIaMaHH Ba IMIITHHIPHK KOOpJIHHAaTallap CHCTEMacHaIa
: 09
T+ AT = —= ®)
or

TEHITTAMAaHH XOCHT KHIAMH3.
TeHTTaMaTapHHA H)oga KHIaan.

Macana edyMMMHMHT MyxoKamacu. Hbl0TOH Mopenu-
HMHT KaMUMJIUTU CYIOKJIMKHUHT JMACTUKIUK XYCYCUSITUHU
pTH6OPTa OIMACTUTUAA, AbCYCKY AMACTUKINK XyCYCUSITUHU
¥3 Mumra OyBUYM CYIOKIMKIIAP TEXHNMKA Ba TEXHOIOTHUK JKapa-
éHapaa kyaa Kymiab yapaiiou [20].

Kentupunran MaxkcBemn momenuHuHr IlynbmaH-Xycup,
Mopenura Huc6aTaH KaMUMIUTH IIYHAAKHA, 6y eplia 21acTUK
EMUIIKOK CYIOKJMK OMpP KMHCIM CYIOKJIMKIAH Mbopar ne6,
(dakaTr 6uTTa penakcauusi BakTU (KO3bOUIMEHTH) OpKaIu
aHMUKJIAHAIN.

lIynpMaH-XyCuA MOAEMMHUHT MOAMOUKAIMSICUAA 3ca
JMACTUK EMUIIKOK CYIOKJIMK OUP KUHCIY 3Mac 1eb Kapanaau
Ba peyakcaius BakT (KO3GbUIIMEHTH) YeKCHU3 KYTT TKWHJIA-
IIyBUM KeTMa-KeTIuK cudaTtuaa udbomananmo, 6ymap manma-
'V 9HT KaTTa pesnakcauus KoabdUeHT TaHIaHaau, YHIaH
KeVHTM penakcaiys KoahbuiMeHTaapu 3ca YHUHT MabIyM
6P KOHYHUSTHUTA GYIICMHYBYM YayIIu cubaTUaa aHUKJIaHA-
. 1lly 6oucman xam llyapMaH-Xycua MOJEIVHVHT MOIM-
dbuxanmscu MakcBe/uT MOAENMMHUHYHT yMyMIalIMacy cuda-
Tuaa Kapanagu [17-20].

By Tenrmamamap MakcBenn

JexapT KoopAHMHATazap CHCTEMacH VIyH  ymoy Xynmoca
KYPHHHIITA: IOkopuaa Takmd STUITAH 3MACTUK EMUIITKOK, CYIOKJIUK
e oT, B peoIOrMK MofAesapyu acocuaa JacTUK ENMUIIKOK Ba CUKJI-
L= Zl: Lo A or +I,=2nD, MaiauraH, CyIOKJIMKHUHT XapakaTy JaMuHap Tap3aa 6yma-
1 6 IUTaH KaHal Ba KyBypJapaaruM HOCTalMOHap, MyabCalysiin
D= Eg; OKMMJIap Macajajapy edumiaapu ypranunaau [12].
3)
92
=
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