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1 Tapuxwu wony

MareMaTHKAHDBIH, €H KAPKBIHALI JTaMbIIT KeJie KATKAH OarbITTAPBIHBIH Oipi - CYHDBIK MeXaHNKACBIHBIH
Op aJIyaH ecelTepiH MaTeMaTHKAJbIK Tajaay. Kazipri kesme maremaruka, pu3nKa, MEXaHUKa, OMOJIOTUS
JKOHE MYHail-ra3 eHepKociOi, MeIuInHA, Cy pecypcTaphl YKOHE Tarbl J1a 6aCKa FHLIIBIM MEH TEXHUKAHBIH Ca-
JIAJIAPBIHBIH, JTAMYbI KOTITETeH HBIOTOHJIBIK YKOHE HBIOTOHJIBIK, eMeC CYHBIK MeXaHUKAChl IPOIECTEPIH KATaH
JKaH-’KaKThl MaTEMATUKAJIBIK, 36PTTEY/Il YKOHE UJIesJIbIK, TYPFBIIAH JaMbITyIbl Tajan eryiae. Cebebi atairan

caJiajiapJia KerTereH 0ObeKTiJIeEp OChIHIAN KachueTTepre ue.

CyifbIK, MEXAHUKACHI TYPAJIBL €H, AJIFAIKBI FHIIBIMI TPAKTATTAD OI3MiH 3aMaHbIMbI3Fa Aeiiari 250 KbLi-
napel exkesri I'pekusizia maiina Gosupl. Apxumes (287-212 6.3.1.) e3iuin exi Gesimuen Typarsid " 2Kyserin
JieHeJiep TypaJjbl"aTThl MIBIFAPMACHIH]IA CYWBIKTa YKY3€TiH JIEHEHIH Tele-TeHIIr CypaKTapblH KapaCThIPFaH

eni. CyibIK KO3FaJIbIChl TypaJibl "TuapoauHaMuKa FeUIBIMBIHBIH, MMaiiga OOJIybl, CYHbIK IeH Ta3 arbIHbIHbIH
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KO3FAJIBICHIH O31HIIK ToxKipubesnep apkpuibl 3eprrered JI. la Bumum (1452-1519), C. Cresan (1548-1620),
I. Tammeii (1564-1642), B. ITackans (1588-1651), . Toppuuesan (1608-1647), 1. Hptoron (1643-1727)
JKOHE Tarbl Oacka Jla FAJIBIMIAPIbIH, eciMiMeH Tikeseit OaitmanbicTel. Mocesnen, 1643 xpuibt D. Toppuuesin
CaHBLIAYIAH AFbII XKATKAH CYUBIKTBIH KbUIJIAMIBIFBI CAHBLIAY YCTiH/Erl OMIKTIKKEe Typa IPOIOPIIHOHAJIbI-
FBI TypaJibl (POPMYIACHIH KOPBIKTaH efi. A, 1653 xkbuibl B. Tlackasb Tek CyHbIK IIeH ra3gap/biH, KO3FaJbIChl
6GapbICHIHIA KBICBIMHBIH, TYPAKTHI OOJIybI TypaJsbl 3aHIbI TYKbIpbIMAaabl. V. HeoTon xkamama KepHey MeH
JKBUIIAMIBIK, I'PAJIUEHTIHIH, ChI3BIKTBI TOYEJIIIl YKOHiHJe 3aHbIH allThl. AJjaiija, CyibIK MeXaHMKACBIHBIH
roubiMu Herisin XVIII raceipisiy rassivaapst 1. Bepuymam (1700-1783), JI. Ditnep (1707-1783), 2K.JI. Ja-
aambep (1717-1783) kasnaran exi. . Bepuysuimiin KOIDKbUIIBIK FHUIBIME i3jeHicTepiHiH HoTHXKeciHme 1738
JKBIJTBL 2KapbIK, Kopred "T'uapoguramuka arThl MOHOIPaMUICHIHIA SHEPTUIHBIH, CAKTAJLY 3aHBIHBIH CAJIIAPBI
peTiHjie ChIFbLIMANTHIH CYHBIKTHIH CTAIMOHADJIBIK AFICBIHBIH TeH 1eyiH kapust eTTi. Aj JI. Ditep 1757 KbLibt
J1. BepHy /UM iH HOTUKECIH CHIFBLIATHIH CYABIK, (ra3map) yIiiH KOPbITHIHIBLIALL, COHBIMEH KATap, Uaeall Cyii-
BIKTBIH KO3FAJIBIC TeHJIEYiH TyKbIpbiMaaran eai. Ogan keifin onbiy kyMbichi 2K.JI. Jlarpanx (1736-1813)
xKaaracTeipibl. 2K.J1. [lamaMbep cyHBIKTBIH Telle-TeH/Iir MeH KO3FaJIbIChl TYPaJibl ©31HiH TpaKTaTTaAPbIH »Ka3-
nei. A. Habbe (1785-1836) MosteKyianap/Ibiy 3apa ocepJiecyi MMIoTe3aChlHbIH, KOMEriMEH TYTKbIP CYHBIKTHIH,
KOJIFAJILICBIHBIH, TeHeyin TyKbIpbiMaaapl. . Croke (1819-1903) akcuoMaTuKasblK Herisze TYTKbID CYHbi-
KTBIH, KO3FAJIBIC TeHeyiH KOpbIThil mbrapasl. O. Peiinonbac (1842-1912) TyTKBIp CYHBIKTBIH KO3FAIBICHIH
3epTTeil OTHIPHII, OHBIH, JJAMIUHAPJIBI 2KOHE TYPOYJIeHTTI aFbIChl TYCIHITIH €Hri3/], COHBIMEH KaTap, JIJAMUHAD-
JIBI arbIC TYPiHEH TYpPOYJIEHTTI arbic TYpiHe 2KOHe KepiciHie Kaiail KbUIIaM eTyre 00/1aToHbIH KopeerTi. JI.
Boubnman (1844-1906) ras Hemece CYHBIK GOJIIIEKTEPIHIH CTATUCTUKAIBIK YIECTIDIMIH CAIATTANTHIH 3aHBI

APKBLIbI THIPOJIMHAMIKA TE€HJICYJIEPiHiH KNHETUKAJIBIK, HET13/IeMECiH 2Kaca Ibl.

2 TeHaeyaiH, TY>KbipbiMAanybl

CyY#BIKTHIKTBIH, (DU3UKAJIBIK, €PEKINE/IiriH CATATTay VINH KEHICTIKTIK IEeH YaKbITTHIK, AifHBIMAJIbIIAPEa
TOYeJIJIi CYHBIKTBIH YKBIJIIAM/IBIFBI MEH KBICHIMbI KAHATATTAHIBIPATHIH 1 MePEeHITHANIBIK TEHIEYIED KYii-

€CiH aJIjIbl.

Ienemren Q@ C R% d = 2,3 obiblcTa GipTeKTI eMeC CHLIFBLIMANTEIH CYHBIKTDII [0,T],T > 0 yaxpir

apaJbIFbIHIA KO3rauibichl Kesteci Kot Tengeysiep kyiteciMen CHUIIATTAIAIBL:

9 (pu)
ot

+div(pu®u) + gradp =divo + pf, (x,t) € Q x [0,T], (2.1)

divu=0, (x,t)€Qx]0,T], (2.2)
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pt +div(p-u) =0 (2.3)
MyHIarbl U(X,t) = (u1(X,t), ..., uq(X,t))— CYHABIKTBIH KbLIIAMJIBIK BEKTODDLI, P(X,t)— CYHBIKTHIH KHICHIMBI,
f(x,t) = (f1(x,t),..., fa(x,t))— cyilbIkKa dcep eTymIl ChIPTKBI KYIITEPIIH THIFBI3ABIEBL, p(X,t)— CYABIKTHIH
TBHIFBI3JBIFBI, 0— KEPHEY TEH30DBIHBIH JEBUATOPHI KoHe tro = 0. Au, div o BekTopsl - V (Ha6/I0) BEKTODBI
MEH KepHey TeH30PBIHBIH, JI€BUATOPBI apachIHIArbl CKAIAP KOOEHTIH I, OHBIH, KOMIIOHEHTTEPI

d d d
801]- 802j aO'dj

’ 30ty
a.’L‘j =1 8.%‘]‘ j 8.%‘]‘

j=1 =1

Kepuey renzopbiabiy, gesuaropbid (2.1)-(2.3) renueysep xkyiiecinin Gesricizaepi apKbLibl OpHEKTEY YIIiH
KEPHEY TEH30DPDLIHDIH, JeBUATOPBI MeH AeOpManus TEH30PbI YKoHE OJIAP/IbIH yaKbIT OOHBIHINS TYBIHIBLIAPHI
apacbIHJarbl KaTbIHAC KOJAZaHbLIaAbL. JedopManys TeH30pbIH € apKbLIbI Oe/riieiil, aa OHbIH, KOMIOHEHT-

Tepi Kesleci OpHEKITEH aHbIKTAJIA b

1 [/ 0u, ou;
e=(eij)ijmys Eij=ey(u) = 2 <8x- * ax]) '
J 1

MYHﬂafI KEepHeYy TEH30PBbIHbIH J€BUaTOPbI MCH ,ae(bopMauHﬂ TEH30PbI 2KoHE OJIap/AbIH YaKbIT OoiibIHIIa TYbIH-

AbLIIapbl apaCblHOAIbl KATBIHAC PEOA02UANADIK KaThIHAC OCII aTaJladbl.

Erep kepuey renzopsinbin geBuatopsl o = () 60sica, OHIA UAEAJT CHIFBIIMANTHIH CYHBIKTHIH KO3FAIbICHIH

CHUIIATTANTHIH DUJIep TEeHIEYep Kyiecl TY>KbIPbIMIAIaIbI

9 (pu)

o +div (pu®u) + gradp = pf, (x,t) € Q% [0,T], (2.4)
divu=0, (x,t) € Qx][0,T], (2.5)
pt +div(p-u) =0 (2.6)

Auaiina, coHFbl 6Ip »KapbIM FACBIPIAAH ACTaM YaKbITTa THIPOJAMHAMUKA CAJIACHIHJIA Heri3iHeH HbIOTOHIBIK,

CYHBIKTBIH KO3FAJIBICHL 3epTTe NI Keseni. HbIoTOHIBIK CYHBIKTHIH KO3FAIBICBIHLIH PEOJIOTHIBIK, KATHIHACE
o =2ve (2.7)

OpHEriMeH aHBIKTAJIA bl, MYHIAFbl /— TYTKBIPJIBIKTHIH KHHEMATUKAJBIK Koddduimenti. Kepruey tensopsi-

HBIH, J1eBUATOPBI (2.7) epHeK GoitbiHma MoHiH (2.1)-(2.3) Tenueynep Kyiiecine KoliraHma

9 (pu)
ot

+div (pu®u) + gradp = vAu + pf, (x,t) € Q x [0,7], (2.8)

divu=0, (x,t)€Qx][0,T], (2.9)

pt+div(p-u) =0 (2.10)
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Hasne-Croke Temueynep xKyiteci KopuIThlaasl. bipak, 1971 kol ITaBmoBckuii Ky MBICBIHIA 9JICI3 KOH-
b
HEHTPJIL Cy-TIOJIMMEPJIi KOCIIAJIAPBIHBIH, MOJIEJI YIIIIH KEPHEY TEH30PbIHBIH JIeBUATOPDIH (2.7) OPHEKTIH OpHBIHA

KeJlecl Typae aHBIKTAIbI
Oe

=2 2
o ve + %at,

v>0,x>0, (2.11)

MYHJarbl x—peTapJAaliud yaKbIThl HEMeECe ,He(bOpMaL[I/IHHbIH peslakcalnusd yaKbIThI. KepHey TEH3O0PbIHBIH, J1e-

BuaTopsl (2.11) epHek GoiibiHIna MoHIH (2.1)-(2.3) Ten/eysep XKyitecine Koitranaa

o (aptu) +div (pu @) + gradp = vAu + xAu, + pf, (x,t) € Q x [0,T], (2.12)
divu=0, (x,t)cQx[0,T], (2.13)

TYTKBIP CHIFBIIMANTEIH OIPTEKTI eMec CYHBIKTHIH PeJIaKCAIUIbIK KaCHeTTepin cunaTrTaiiTera Keabsun-Poitrt
(Hasbe-Crokc-Doiirt) TeHmeyiep Kyiieci Ty:KbIPbIMIAIa 6. EH aaram MyHIal TeHaeyrep xKyiteci Typasisl
TypaJsibl 1966 kbuibl Mockeyie 6TKeH MaTeMaTHKTEP/IiH XaablKapasblk Kourpeccinge O.A. JlajgpokeHckas

Gasanamacoiaa [2] aiirsuisin, Hasbe-Croke xKyliecitin perysispusanusichbl PeTiHie YChIHbLIIbL.

Ceiitin, Keappua-Po#rT CylbIFBIHBIH MATEMATHKAJIBIK MOJIEJIIH HETI3re aJia, OTHIPBII, PeIaKCallusl YaKbl-
ThI JUCKPETTI YJIECTIPLINEH »KOHE KEIr'y yaKbITBIHAH TYPATBIH COI3bIKIMGL MY MKbD Cepnimdi CyUuoikKmoih
(HEHOMEHOIOTHSIIBIK, TEOPHSICHI KaabinTacThl. Ocbiamait Kacuerrepre ne L—perti KenbBua-@oirT cyHbIKTEI-

FBIHBIH PEOJIOTUSIBIK KATBIHACHI KeJIeCl OpHEKIIEH aHbIKTAJIa/ bl

L 8k L+1 ak
(1 + ZAk@t’“) oc=2 (V + Z %k8tk> g, Ap,pur+1 >0, L=1,2, .., (2.15)
k=1 k=1

MYHJIAFbl A, —PEJIAKCAIUsT YAKBITHI, i —KEIIry YaKbIThI.

Enmi conrbl epHeKTeH 0 KepHEY TE€H30DBIHBIH JIEBUATOPLIH OPHEKTEY VIIIH OFaH KOHE £ JeOpMAIs
TEH30DBIHA, COHJIA-aK, 0JIAD/IbIH YAKBIT OOUBIHINA TYBIHIbIIAPbIHA HACTAIKBI TTapTTap Kaxker. OJr 6acrankpl

mapTTap Kejaeci OpHEKIIEeH aHbIKTAJIa bl

ke
SE| o) weQ k=0, L (2.16)
t=0
ak
WZ =hy(x), 2€Q, k=0,..,L— 1. (2.17)
t=0

Erep L = 1 xarpaiina (2.15) epHekke t ailHbIMaJbIChl Gofibiama Jlamiac TypaeHAipyiH KOJIJAHBII YKOHE

(2.16), (2.17) bacrauker maprrapaa gr = 0, hy = 0 zen yiirapcak, OHJIa KepHEY TEH30DBIHBIH, J€BUATOPBI

0e

ot

o=2x

t
+ 2ve + ZB/e_O‘(t_T)EdT, a, B>0, (2.18)
0
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epHeriMen TyKbIpbIMIaaa bl Erep (2.18) epuexte 8= 1,a = 1 xone ¢! QyHKIUACHIHBIH OPHBIHA KAJITIbI
rypae K (t) GyHKuugcsln KapacThIphlll, MbiKkad HoTmzkeri (2.1)-(2.3) Komum reneyiep xKyiiecine koiirana,

ColiKeciHIe, KeJlecl TeHIeyIep XKyieci aabIHa bl

0 (aptu) +div (pu @ u) + gradp =
t (2.19)
VAu—i—%Aut—l-/K(t—T)AudT—i—pf, (x,t) € Q x [0,T],
0
divu=0, (x,t)€Qx][0,T], (2.20)
pt +div(p-u) =0. (2.21)

By (2.19)-(2.21) Tenneynep xkyiieci »Korapbljia aTai ©TKeHIell 6ipTeKTi eMec HbIOTOHJBIK, eMeC Cyibl-
KTBIH aFbIHBIH CHIIATTAiIbl. Erep KapacThIPBUIBII OTBIPFAH CYHBIK GIPTEKTI, ITHA TYPAKThI THIFBI3IBIKTHI
(p = const) Gouica, oHma MYHJIAl CYHBIKTHIH KO3FAIbICHl p = 1 nepbec Karnaiina

w+ (u-V)u+ gardp =
¢ (2.22)
vAu+ »Au; + /K(t —7)Audr + £, (x,t) € Qx[0,T],
0

divu=0, (x,t)€Qx[0,T)], (2.23)

TengeyJiep xKyieciveH TyzxbippiMiasaasl. Courel (2.22)-(2.23) renueyiep xkyiiecin nHTerpo-auddepeHuaiiIbK,
Kenbsun-QoiirT TeHeyiep Kyieci gen araiiapl. Anaiiza, 3esarun Men Typbus [3] aran erkenzeii, Kenbsun
ne, @oiirr Te KepHEy TEH30PBIHBIH JIEBHATOPLI MeH JjiedOpMaIis TeH30Pbl APACHIHIAFBl PEOJIOTUSIIBIK, Ka-
THIHACTBI HEMECE TYTKBIP CePINMIl CYHBIK YIIiH KOHCTUTYTHBTIK TeHIey/ep »Kyiiecin ycoiabaran. "KenbBuH-
Qoiirt TeHeyep XKyiteci" jered arayibl FHIIBIMFA €HII3IeH KOHE OHBI 3€PTTEYMEH KAPKBIHIbBI TYpJie aiiHa-
abickan, O.A. Jlagpokenckast PuutbiMu MeKTeOiHIH okiai opi mokipTi A.IT. Ockosikos ei. CoHbIMeH KaTap,
(2.22)-(2.23) renmeysep xyiecin em amram 3eprren Gacraran A.IL. Ockosnkos [1] Gosrangpikran, keiiGip

FaJIBIMIAP/IBIH FRLIbIME eHOekTepinjie "OCKOJIKOB TeH ey ep xKyiieci" jeren aray jia Kesjgece/.

MaremaTukaHbIH CYbIK MEXaHUKACHI CAJIACBIHIAFbI eCerTep/Ii eKi Typre 6eJyre 6oJiabl: Typa XKoHe Kepi
ecernrrep. Typa ecenrep 9JeTTe CHIPTKBI KYIITED, (DU3UKAIBIK, KOIDDUIHEHTTED KoHe 0acKa J1a mapamMerp-
JIep CUSIKTBI Keibip epekTep Oepinren Tabury HeMece OHTIPICTIK MPOIecTep I MOJeIbIeY MaceIesepi peTinie
Tycinyre 60sab1. Kepi ecenrep Ke3 KejireH KOJIIAHOAJBI Typa ecenTep CeKLIIl eMip/ieri IpakTHKAJIBIK, KOJi-
JIAHBICTAD MEH KazKeTTLIKTepleH TybiHmaiiast [5, 6, 7]. Mocesnen, kepi ecenrep (hU3MKAIBIK, KyObLILICTADIbI
MOJIENTbIEYMEH KaTap, (PU3UKAJBIK, IPOIECTiH Oe/rici3 mapaMeTpin KaJIMbIHA KeJTIPpY KarKeTiLTriHeH TYbIH-
maiiger. Oyap MaTeMaTHKa arbl €H MaHBI3IbI ipresi ecenTep/in, 6ipi 60/ TabbLIaIbl, 6HTKEHI 01 TiKeseil

bGakbLIayFa KOJIZKETIMCI3, ecenrey MyMKiH eMmec 6eJrici3 mapaMerpiiep Typasibl MaJIMeTTeD Oepeii.
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