Hayunvie cmamou u 3amemxu

Hocesawaemcs caemnoi naMamy aKaoemMuxa
YMUP34AKA MAXMYTOBHYA CYJITAHTA3HHA

A. I AKBILII

MATEMATHYECKHUE BOIIPOCHI TEOPUH NEPEHOCA U3JIYUYEHUS
U KHHETUYECKOU TEOPUM IT'A30B

1. Beenenne. Kunernueckne ypaBHEHHS, K KOTO-
PBIM OTHOCHTCS ypaBHEHUE MEPEHOCA U3y UESHHUS, —
3TO CBOEOOpa3HbINA KJIaCC MHOTOMEPHBIX UHTErPO-
anddepeHIManbHbIX YPaBHEHHH MaTeMaTHueCKoR
du3KKu. A TEOpHA NepeHOCa U3NyUSHUs: — OUH U3
BEeIYILIMX Pa3/ieIoB COBPEMEHHOH HaykH, 6BICTpO
pa3BHBAOLIMICA HA OCHOBE TEOPETUYECKHX J10-
CTW)KEHUH H IyOOKO MPOHUKAIOIMHA B pa3/IMYHbIE
0051acTH €CTECTBO3HAHUA U TEXHUKH.

B HacTosiiee BpeMs YKCII0 NpHIIOKeHHH ypas-
HeHHs MepeHoca Ype3BbIyaiiHO BeIMKO. OHU BKITIO-
YAIOT ONMWCAHHE PACCESHHUA HU3NyYEHHS B CAMBIX
pasnuYHbIX 00MACTAX, TAKUX, KaK aCTPOQH3HKA, aT-
mochepHas onTHka, 6HopHU3HKa, reopH3HKa H T.1.
KpoMe TOro, oHM OXBATBHIBAIOT IIMPOKHH KJacc
3aJa4 TEOPHH MEepeHoca HEHTPOHOB, rae BMECTO
ApKOCTH (purypupyer GyHKLMs paclpeacieHHUs
HEWTPOHOB MO KOOPAHUHATAM H CkopocTaM. IIpryu-
Ha TaKoro mporpecca — HEyKJIOHHO BO3pacTaronias
POJIb MAaTEMAaTHYECKHX UCCIIEA0BAaHUH B IPOEKTHPO-
BAHHMH A/1EPHBIX PEAKTOPOB H B 3a1a4ax aTMocdep-
HOM OMTHKH, @ TaKkKe CYLIECTBEHHOE Pa3BHUTHE
BHIYMCIIMTENBHON MaTeMaTHKH H BBICOKO NMPOH3BO-
JAUTETEHBIX KOMIBIOTEPOB.

B otmiMuKe OT APYTMX pa3/iesioB MaTteMaTviec-
KOM (PU3MKH, VI KOTOPHIX XapakTepHa M3BECTHas
3aBEPIIEHHOCTh MATEMaTHYECKHX OCHOB, TEOPHA
nepeHoca U3y4eHUs 0Iroe BpeMs He uMera noc-
TATOYHO CTPOroro 060CHOBaHMA.

B cBoe Bpems usBecTHas MoHorpadus I K. Map-
yyka' ChIrpajia OCHOBOIIONAraloLLyO pONb B CTAHOB-
JIEHUHM ¥ CHCTEMaTH3alMKM METONOB pacyera Afiep-
HBIX peaKTopos, a pabora B. C. Bnagumuposa® 3a-
JI0KHMJIa OCHOBY /ISl TEOPETHUECKUX HCCIIEN0BaHHMA
CBOMCTB pellleHH# KpaeBbIX 3afia4 AJIs CTalHOHap-
HOrO ypaBHEHMs mepeHoca. B mocneayromieM, Ha
CTBIKE ITHX [BYX HaNpaBjicHHi, B MATEMaTHUCCKYIO0

TEOPHIO NepeHOCa U3JTYyYEeHHS BHECEH CYIIECTBEH-
Hoiit Bknag u B Kazaxcrane V. M. CynranrasvHbiM 1
€ro yueHuKaMH.

Becbma oO1ias 3aa4a TEOpPUH NEpeHoca uaiy-
YeHusi CTABUTCH TaK: HAWTH PElIEHWE ypaBHEHWsA

nepexoca B obnactu 0 =[0,T]xQxG

%(ti +(w, gradl) + o(x)U =

=259 [o0,0)0(, 0, Do+ 0.2, (1)
dr g

YIOBIETBOPSAIOLIETO CIEYIOLIHM Ha4a/IbHbIM 1 Ipa-
HHYHBIM YCIIOBHAM:

U0,w,x) =p(w,x); U(t,0,x)|=0
npd (n,w) <0, 2)
tne U =U(t,,x) — GyHKUMA pacnpeeneHus Her-
TPOHOB, JIETALUHX B HAMPABIEHHH @ = (@) ,W,, ;)
B TOYKE X = (X,,X,,X,) TPEXMEPHOro eBKJIH0BA MPO-
crpancta R, B MomenT Bpemenu f€(0,7];

f(t,w,x)— dyHkuus ucToyHnkoB; o(x), os(x) —
CEYeHHMs, XapaKTEepPU3YIOLHE CBOMCTBA CPEIBl;
g = g(w,®") — MHAUKAaTpHUCca paccesHUs, OHa 3aBH-

CHT OT HanpaBJieHH#l @,®' THLb MOCPEACTBOM KO-
CHHyca yria Mexay Humu; Q — equHuyHas cdepa
HanpaeieHuii @, o6nacte G, rae MPOUCXOAUT MNpo-
Liecc MepeHoca HeMTPOHOB, BBIITyKJia M OrpaHH4eHa
KyCO4HO-ITa/KOM noBepXxHocTeio I'; n = (ny,1,,13) —
eIMHUYHbIN BEKTOP BHEIIHEH HOpMalM B TOYKE X
rpasuiel I

Kak u3BecTHO, A1 3anaud (1), (2) mocTpoeHue
METOZIOB penIeHHs u X 0GocHoBaHHe TpeOy1oT nipes-
BApHUTENILHOrO KaueCTBEHHOTO M3YUCHMS 3a/iav.
B pa6orax Y. M. Cynranrasusa’** nocrpocHa

! MeToabl pacyeTa siAEpHbIX peakropos. M.: Aromuszar, 1961.

? MareMarHyecKHe 331241 ONHOCKOPOCTHO! TEOpUH nepenoca uacTyit: Tp. Mat. uk-Ta AH CCCP.M,, 1961.T. 61. C. 3-158.
3 Meroab! ChepHYECKUX rapMOHHMK U AUCKPETHBIX OPAVHAT B 3a1a4ax KuHeTuueckoli Teopu nepenoca. Anva-Ara: Hayka, 1979.
¢ NudpdepeHumanbhbie CBOMCTRA pemieHuit cMewanHol 3a1auu Komu ans HeECTaurOHApHOro KMHETHYCCKOTo YPaBHCHHA.

Hosocubupck: BL] CO AH CCCP, 1971.
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cTporas MareMaTH4ecKas TEOPHS HeCTallHOHAPHBIX
ypaBHeHHI niepeHoca. B HayanbHoM pasgene pabo-
TBI C IOMOHIBIO ANPHOPHBIX OLIEHOK B IIPOCTPAHCTBE
C([0,T];L,(Qx G)) moxazaHbl TEOPEMBI CYIIECT-
BOBAHUA H ¢/IHHCTBEHHOCTH 0000IIEHHbBIX pELIeHH I
cMmeluanHo# 3agaur Komu (1), (2) s wecraumo-
HapHOro KHHETHYECKOTO YPABHEHUS, HCCIENOBAHBI
U depeHnaIbHbIE CBOHCTBA M HETIpepHIBHASA 3a-
BHCHMOCTD PElICHHH OT JaHHBIX.

2. Metoa cdpepnuecknx rapmonuk. OXHHM U3
3¢ ¢deKTHBHBIX METONOB PELICHUS KHHETHYECKOro
ypaBHEHHA ABAETCA METOA chepUUECKHX FraPMOHHUK
(MCT'). 3Ha4UMOCTB 3TOr0 METOMA IPH PELICHUH
3a/1a4 TEOPHH IEPEHOCA JIydllie He OIHILCLIb, YEM
crieflytollias LMTaTa U3 MoHorpagum A. BeilinGepra
u E. Burnepa, naypeara HoGenesckoli pemMun no
¢usuke®: “ ....B HacTosiUee BpeMs, KOTAa Mpojeia-
Ha 6onbLias paboTa no NPOeKTHPOBAHHIO PEAKTOPOB
C MOMOLIBIO MOLIHBIX LI POBBIX BBIYHCITUTENBHBIX
MalliH, BCe pacCyIeHHA O NIPEeUMYILECTBAX OfHO-
IO METO/Ia aNMPOKCHMALUH Nepet APYTUM CBOAATCS
K TOMY, HaCKOJIbKO 1aHHBIiH MeTox yAoOeH 11 cHer-
HbIX MaliKH. Ho, Tak Kak BEIYMCIMTENbHbIC MalLIU-
HBI CTAHOBATCS BCE MOLI{HEe, BOIPOC O BLIGOpe MeTo-
J0B NPUOTIIPKEHHUS ABIAETCS BCE MEHEE SCHBIM: €CIIH
cyeTHas MamHa OyJeT ZoCTaro4HO MOMIHOH, TO B
KOHIE KOHLIOB rofuTCA Mo6oH MeToR, KOTOphIi
ofecneyrBaeT CXOAMMOCTh. JTO NpaKTHiecKas
Touka 3peHus. OqHako yno6cTBo HCIIONb30BAHUA Me-
TOJA NMPY MaUIMHHBIX pacyeTax €Ba JH 3aMEHsAeT
MaTeMaTH4ecKoe M3ALISCTBO WiN GH3MIECKYIO Ha-
AZHOCTh. B 3TOM oTHOIIEHHMM MeTox cdepuuec-
KHX FapMOHHK SBJIAETCA, BOIMOKHO, Haubosee
TIPHMBJICKATEbHBIM. .. R )

Iupokoe npumeuemxe 9TOr0 METOZa B pellle-
HMH 3a[a4 HeHTpoHHO# u3uku ¥ aTMocdepHOR
OIITHKH MPHUBEJIO K HEOOXOAMMOCTH KaueCTBEHHOIO
HccieloBaHus CBOHCTB quddepeHHanbHbIX ypas-
HeHMi, BOSHUKAIOUIKUX B MeTozie ChepHYECKUX rap-
MOHHK, ¥ CXO[IMMOCTH HX peleHui. B pa3paborke
MeTona CpepHIECKUX rapMOHUK MPUHAMAIIH ydac-
tre C. Yanapacekap, P. Mapiak, Jhx. Mapk, I bete,
J1. Tonke, I. T'ypeutu, B. [l3Brcon, B. C. Bnagumu-
pos, I. K. Mapuyk, C. K. I'oaynos, V. M. Cyntan-
razuH, B. B. Cmenos, I. 1. Pymsaues, C. Muka,
A. C. Cakabexkos, A. I1I. Akt (AkuIueB) H Jp.

5 busMyeckan TeopHs SAePHBIX peakTopos. M., 1961, C. 255.

O6ocHoBaHue 3TOr0 MeToHa AJIS HEeCTalHo-
HApHOTO ypaBHEHHA NepeHoca gaHo B paborax
C. K. Tonynoea, V. M. CleTaHl"a3HHa6 HY M. Cyn-
TaHrasuHa'. L

V. M. CyaTaHra3uHsiM nsyqena cnez(ylomax
cMellaHHas 3ana4a Kouu 1uist cucteMsl ypaBHEHH
MeTofa chepuuecKuX FrapMOHHMK B MPOW3BOIBHOM
npuﬁnmxeﬂnu B obnactn Q =[0,T]xG

3
ZA ‘ax—‘f‘O'BU O'SBGU+Bf,(3)

g, x)l =@ MU(t,2) =0, (@)
rne  U(t,x)={Un(t,%), k=0,N; m=0,k; U7,
k= m; m= I,_k} — HEM3BECTHas Bemop-cbyﬂmmﬂ;
Fex)={fn@,%, k=0N; m=0k f%,k=LN;

m=1, k} — U3BECTHAs BEKTOP-(DYHKINS HCTOYHUKOB;

B - nonoxuTeabHO-ONpeNeSeHHAs MaTpUla,

G,A , (a=1,2,3) — cumMeTpHUeCKHE MaTpHLIbi C

(N+1)* x(N +1)* — snemenramu; @(t,x) = {rp:',, t,x),
k=0,N; m=0,k; Qo k =i,—]TI; m =1_,—I;}—u33e0'r-
Had HauaJibHas BekTop-QyHkuus; M — npsaMoyrons-

Has MaTpuua pasmepHocTi N(N +1)/2x (N + N

[pubnuxenHoe pelieHue 3anaqu (1), (2) Boc-
CTaHABJIMBAETCA MO PELICHHIO 3a/1a4H (3) (4) dop-
MYyJIO#H .- :.“;'.*'»*"4 A 1L

UsU,(t,o,x) = ZZ,Bk (U:',,(t x)C"’(a))+

k=0 m=0
Un6x)Sr@)

e {C v (@), Sy (w)}—cq)epnqecme dynkipm, Sy —
YUCIIOBBIE KO3 GHLIHCHTB HOPMHUPOBKH.

BEIBO CHCTEMbI HECTALIMOHAPHBIX YPABHEHHMI
meToza chepruuecKuX rapMoHHuK (3) U3 ypaBHEHHA
neperoca (1), onucaHue CTPYKTypbl MaTpPULBI KO-
a¢pduupentos G,A , (a= 1,2,3) nomy4eHsl B MO-
norpapum V. M. CyaranrasuHa® u nokasaso, 4To
cuctema (3) ABaseTCS cuMMeTpuyeckoil runepbo-
nMHeckoil cucremoit o Opuapuxcy, a rpaHu4HbIC
ycnosus Brnagumuposa — Mapmaka i’ CHCTEM
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% ypH. BBIMHCI. MaTeM. ¥ MaT. ¢pusukn. 1971 T. 11, Ne 3. AR I R S
7 KypH. BEIYMCA. MaTeM. U MaT. u3nku. 1974. T. 14, Ne 1. P o '
8 MeTo/s! ciepuecKyX FAPMOHHK M AHCKPETHEIX OJIMHAT B 3a/la4aX KUHETHUECKOH TEOpUH nepeHoca. AJ]Ma-ATa Hayxa, 1979.
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P -npubnmkeHns — MaKCHMAaNBHO AUCCHITATUBHEL-
Mu. FIM fokasassl cyliecTBOBaHHE, €AUHCTBEHHOCTD
H CX0AMMOCTh 0006IEHHOro peileHus CHMMETPH-
yeckux cucteM MCT K perieHuio HecTauuoRapHoi
3aJa4M JJIs ypaBHEHHSA [epeHOca HU3NyUYeHUs MpH
POM3BOJIbHBIX HHANKATPHCE paccessHUA H hyHKLMU
ucTouHNKoB. OpUrHMHAIBHBIM BKIagoM Y. M. Cyn-
TaHra3HHa B TEOPHIO METOAA CHEpHIECKHX rapMo-
HUK ABJIAETCS TaKXKe NPUMEHEHHe U 000CHOBaHHE
METOZa pacilenIeH s CIIOKHOTO ONiepaTopa 3a1aun
(3), (4) Ha mocnenoBaTeNEHOCTh OoJIEE MPOCTHIX,
3¢ ekTHBHO peanu3yeMBIX C mOMoMbio OBM.
JokazaHa CXOBMMOCTE pacLICTIEHHOHN 3ajauM K
pewienuto 3axa4H (3), (4). IIpu nomowH cnienuans-
HOTO NpHeMa i KaxAoro ApoOHOro mara mo-
CTPOEHBI YCTOHYHBBIE PAa3HOCTHBIE CXEMbI C HAIIPaB-
JIEHHBIMH Pa3HOCTAMH. 32 3TH BBIAAIOLIMECS BKJIa-
Abl B MaTEMaTU4eCKYylO0 TEOPHIO NEPeHOCa YacTHIL
Y. M. CynranrasuHy npucyxaeHa I ocygapcTeeHHas
npemus CCCP (1987 r.).

V.M. CynraHrasHHbIM Oblj1a yCTaHOBJICHA MEXK-
JyHapojHad CBS3b MEXAy Ka3aXCTAHCKUMH M YeXo-
CIOBALKUMHU YYEHBIMH JJIf YIrIyOINeHHOrO uc-
C/leAOBaHMs MaTeMaTH4YeCKOH 3aJauM NepeHoca
HeHTPOHOB. OIHHM H3 PE3YJETaTOB COBMECTHBIX MC-
creloBaHui ABNAETCA MOHOrpadua® , BHIUTYLUEHHAs
aBTOPCKHMM KOJUIEKTHBOM B cocTtaBe Y. M. Cysnran-
rasuHa, B. B. Cmenosa, A, 111. Akuinesa, A. C. Caka-
Gexona, M. Mapeka, C. Muka, !. JKutssl. Ona Gruta
yaoctoeHa npemun Axagemun Hayk CCCP u Axa-
OeMHH HayK YexOoc/I0BakuHM Kak JIy4ias COBMECT-
Has pabota B 06n1aCcTH eCTecTBeHHBIX HayK (1989 1.).

B nanpHefem ucciieOBaHUA 10 TEOPHH Tiepe-
HOca uamydyeHus, Hayatele Y. M. CynTtanrasuHeiM,
TI0/1 €10 PYKOBOACTBOM MPOJIOIDKAJIM €10 YUeHUKN'’ :
A. Ul Axeim, T, K. Kailun6aesa, A. C. Cakabekos,
C. Muka, I M. Coupikos, 1. 111 Upkerynos, T. 3. Myn-
Jauies M ap.

B npouecce npuMenenns u passurusa MCI os-
HHKJIH pas/iH4YHbie MaTEMaTHYeCKHe MpobeMbl, ko-
Tophle TpeGoBanu 060CHOBaHHBIX OTBETOB. OTMe-
THM BKpATILE COAEPIKAaHHE ITHUX MpobIieM.

B cBoe Bpems s HeuetHbix P, -nipuGnnike-
Huii B. C. BnagumupoB chopMyaHpoBan “Hauiyd-
Ke” rpaHHYHbIEC YCIOBHA Ha OCHOBE BapHal(MOH-
HOT'O NPUHLKNA 1 NOKA3aJ1, YTO CTAIMOHAPHOE YpaB-

® Maremarudeckue npoGieMu KHHETHYeCkoH Teopun nepesoca. Anma-Ara, 1986.

HEHUE MepeHoca U3ITyHCHUA M CHCTEMA YPaRHEHUH
MCI B HeyeTHOM NMPUOTIHKEHHH MOTYT OBITH 3aMH-
CaHbl B CHMMETPHYECKOH H MONI0XKUTENBHO-0Mpesie-
AEHHOH QopMe, CCITH HHAUKATPUCA paccesHus U
($yHKUMS HCTOYHHUKOB ABJISIOTCS YETHBIMH QYHKILIH-
SIMH 110 YITIOBBIM [IEPEMEHHBIM.

B cny4asx nnocko#t u cdepuueckoit reomerpuit
TaKHME rpaHMYHbIE YCIOBHUS SMIUPHYECKH YCTaHOB-
JIEHBI Ha YMCIICHHBIX NpHMepax MapiuakoMm. B npo-
u3BosIbHOM P -npuOibkeHny rpaHU4HbIE YCIOBHS
Ha rpanuue pasnena cpea nomy4ensl I 1. Pyman-
ueBbIM. B ciydae NpOM3BOJIBHBIX HHAHKATPHCHI
paccesHus ¥ (PYHKLMH MCTOYHMKOB CHMMeTpH3a~
LM CHCTEMbI CTaLlHOHapHBIX ypaBHeHHH MCI' B
P, -ipHOIMKEHHHM M B3aHMOCBA3bL MEXIy ycIIo-
BHAMH BiiagumupoBa H Pymsanuesa 6buH ycTaHoB-
neHsl B. B. CmenoBeiM. ,

IIpusenenve k Takoii popme 4ertoro P, -npu-
OnMKeHHA 0CTaBAJIOCh JUCKYCCHOHHBIM BOIMPOCOM
M3-3a HeY/IauHbIX BEIOOPOB rpaHU4HBIX YCIIOBHI HA
BHeLuHeif rpanuue. M nonroe Bpems He Obiio AcHO,
K KakoMmy TRy AupdepeHIHaNbHBIX ypaBHEHUH
MaTeMaTH4eCKOH (PU3UKH OTHOCHTCA CHCTEMA, TIPH-
BEJEHHAd K CUMMETPHYECKON M MOJIOKHUTENBHO-
onpeneneHHoN GopMe B CTALIHOHADHOM Cityyae. B
cBA3H ¢ aTuM Borpoc B. C. Bragumuposa (“6ynyt
11 0OpaTHBIe ONEPaTOPhl CUMMETPH30BaHHOI U 10~
JIOXHTETbHO-ONPEACICHHON CHCTEMBI BIIONHE He-
npepuiBHbl U3 L, B L,) OCTaBancs akTyansHo# 3aa-
4eil TeopuH MepeHoca U3TyYeHHA.

B paGorax A. IIl. Axumesa!! 6b11u 06061meHb!
pesyisrars pabor B. C. Bnagumuposa, B. B. Cume-
JI0Ba W AaHbl OTBETHI HA BBILIENICPEYHCIICHHbIC BOII-
pocbl. Tam e ObiJ1 YCTAHOBJIEH psi/l HOBBIX CBOHCTB
cuctemsi ypassennii MCT'. Ha ocHose 3Tux cBoiécTs
copmynrpoBaHbl rpaHHYHBIE YCTIOBHS HA BHEIIHEA
rpaHulLie ¥ Ha IPaHMIIE pa3felna ABYX CPest s Nio-
6oro P -npubnmKeHus no eMHOMY aJropHTMY.
Okasanock, YT0 CHMMETPUUECKAs H MOIOKHTENIbHO-
onpeesieHHas CHCTEMA CTallMOHAPHEIX ypaBHEHHHA
MCT ¢ npon3BoNbHBIMK BXOAHBIMH JAHHBIMH 1 NIPH
nobom P -npubnkeHHH NPUHAANGKHT K THITY
CHIBHO UTMNTHYECKHX cucTeM. M3 aToro yreepx-
JEHHS CIeAYyeT T0JHAas HEeNpepHIBHOCTD ee obpat-
HOTO ONEpATopa, T.€. Pa3peruMoCThb ee B cobones-
CKOM mpocTpaHcTBe W, M CXOAMMOCTb B 3TOM X€

(RS £ 2 TSRatet INK ¥

19 [lepeuncaseTcs COrNAcHO JaTe 3a4MCICHHSA B ACIUPAHTYDY.
I O oanom Bonpoce axagemuka B. C. Braanmuposa B Teopuu fiepeHoca nanyHenus. Anva-Ara. Jien. s KaslIMHTH, 27.01.81;
Yenexu mareM.nayk. 1982, T. 37. Ne 5; Aplikace Matematiky. Praha, 1984, Vol. 29, N 3.
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HPOCTPAaHCTBE NPUOIHKEHHOTO PELIEHHs, TOCTPOEH-
HOI'O BapHaMOHHBIMH MeTogaMH. JlokasaHa cHIb-
Has CXOJHUMOCTH MOCJEAOBATENILHOCTH PELIeHHMit
{U,} cucTemp! HeCTaMOHAPHBIX ypaBHeHHH MCT
(3), (4) x pewennto 3a1a4m (1), (2) kMHETHYECKOTO
ypasnesus B npoctpadctee C([0,7];L,(Q2x G)).

B paborax A. Cakabekora'? u3y4eHbl KpaeBbie
3afa4M s CTallMOHAPHOI cUCTeMBbl YpaBHEHHIA
MCT ¢ pa3speiBHbIME KO3(hHuHeHTaMH B X-Y M
RZ-reoMetpuax B o06nacTax ¢ HerMaaKol rpaHMLICH.
IMpy noMouM MCKIIOYEHHS CTAlMOHAPHBIE CHCTE-
Mol ypaBHenuit MCI' 8 X-Y u RZ-reomerpusx npu
ycnosusx Braaumuposa-Mapuiaka cBeeHBI K CHITb-
HO-JITMIITHYECKIM CHCTEMaM ypaBHEHH 2-ro 1no-
psaKa ¢ FPAaHUYHBIMU YCIIOBUSIMH, YIOBJIETBOPAIO-
uxHmu ycaosusam Llanupo-Jlonaruxckoro. [Tpu aTom
cucreMa ypasHeHuit MCI' B RZ-reomeTpuu cBoauT-
Csl K CHHTYNSpHOM amunTHyeckoi cucreme audde-
PEHLMANEHBIX YpaBHEeHHH 2-ro mopsiaka. Jlokazano
CYILECTBOBAHUE €IUHCTBEHHOTO 06001EeHHOrO pe-
UICHHS PacCMaTPHBAEMBIX KPaeBbIX 3aja4 B Ipo-
crpaHcTBax. Janee uzy4yeHsl 0coOGEHHOCTH cnabeix
petienuii cucreMs! ypasHennit MCI™ B npousBosib~
HOM NpPHONM)KEHHH B OKPECTHOCTH YIVIOBBIX TOUEK,
TOYEK MepecevyeHMs JIMHHI pa3phiBOB, a TAKXE B
TOYKaXx CThiKa IUHUH pa3pbiBa U rpaHuLp! 061aCcTH.
IMosryueno acuMnToTHYECKOE pa3fiokeHHe ciaaboro
pellieHns B OKPECTHOCTAX BbILIGYKA3aHHBIX TOYEK
Ha 0COOEHHYIO M MIaAKYIO YaCTH. OTH pe3ysabTaThl
HCIIONB3YIOTCA NP PeLICHHUH CUCTEeMbI YpaBHEHHH
MCT BapHaLOHHO-Pa3HOCTHBIM METOOM, TaK Kak
3HAHHE BHIA OCOOEHHOCTel cnabbIXx peleHHiH B
OKPECTHOCTH YIIIOBBIX TOYEK CYLISCTBEHHO AJIS
BBIZICNICHHS 3THX OCOOEHHOCTEH NMpH MOCTPOCHHH
BapHaLUHOHHO-Pa3HOCTHBIX CXEM.

B 80-x rogax B. B. CmenosiM 6bu1 pa3pabotan
METOJ] HTepaLyH 110 MoAo6IacTaM s peLieH s 3a-
Jia4M TeOpuUH nepeHoca uamyyerus. OH AacT BOIMOXK-
HOCTB 0c1abuTh 3 ekT MHOrOMEPHOCTH YpaBHE-
HHS MyTEM KpPYMHOOJIOYHOro pacnapajuleiiHBaHHs
BBIYKCHCHUI 10 Gonee mpocThIM 00NacTaM, Koraa
V1S IPOJIOJDKEHHUS UTePALHH TpebyeTcs 3anoMHHAaTh
UMb HHGOPMAIIMIO O PELISHHH HA IpaHMLAX pas-
nena obnacreii. Korna 3anava nepeHoca pelaercs ¢
ucnons3osandeM MCI, To B pa3HpIX nofo6acTax
G,, G,obnactu G npumensercs MCI" B P\ -npu-
OnMKeHHH COOTBETCTBEHHO C Pa3sHbIMH HOMEpaMU

L% LTS

12 Yspectus AH KasCCP. Cepus ¢us.-mar. 1982. Ne3; tam e, 1982, Ne 1; tam xe. 1984, Ne 3.

13 Cy6. mareMm. xkypHai. HosocuGupcek, 2002, T. 43, Ne 4
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N, M. Y Bo3nuk Bonpoc: kak chopMyaupoBars rpa-
HUYHBIE YCJIOBHSI HA FpaHHLAX pa3zena obnacreit s
Py y-ipuGakennii? Kpome Toro, uyyas samady s
CHCTEMBI HECTALMOHAPHHIX ypasHeHnid MCI B nep-
BOHauaILHOM BHJE (runepbommieckoii cucremoii o
Opuppuxcy (3), (4)), nokasaTh MPHHANIEKHOCTE
pelieHui U3 cOGONIEBCKOTO MPOCTPaHCTBA Wz1 3a-
TPYAHHUTENBHO U3-3a CTPYKTYphI MaTpul koaddu-
uuenTos MCI.

B paborax A. lIl. Akeim'?, c nmomoupio paspa-
60TaHHOro UM MEeTOXa, BHIMUCAHbI IPaHHYHBIE YC-
NIOBMA Ha TpaHHLax pasnena obsnacreii fis P y-iPH-
6mwKeHuit 1 NOKa3aHo, YTO MOMTYHEHHbBIE MHOXKSCTBA
I'PaHUYHBIX YCIOBHIi cOepKaT B cebe U3BECTHBIE |
MaTeMaTHYeCKH OGOCHOBAHHEBIE KPAeBhIE YCIOBHS
Bnagumuposa, Pymsnuesa u Cmesnoa. Tam ke He-
CTalMOHApHAs 3a/aya [/1d CUCTeMbl YpaBHEHUH
MCT (3), (4) B P-npubiivokeHHM CBE/IEHA K CCTEME
BTOPOTO IOPAKa C HAYaNbHBIMH H HMIIEAAHCHBIMU
I‘paHH‘!HbIMPl YCAOBHAMM:

Eid
A,
a;-l ax a
| PRt UII=0=¢’
Y L +H-a—g—r_o T
ot on

rae matpulsl B, M, H nosioxurenbHo onpesesieHs!
H CUMMETPHUHBL. v 4r0m KY s

ITokazaHo, 4To CHCTeMa ypaBHeHu# (6) OTHOCHT-
¢S K KJ1aCCy CHJIBHO M'MepOoIMYECcKHuX CUCTEM, T. €.
nnd)(bepeﬂmdanwbm oleparop, BXOAAIUM B CHCTe-
My (6)

C ok A 3

=3 A

a,p=1

Aown o b W Jm»f\ BEIgw

32U r“.ﬁ;{l*iM<
*F ox, ax

ABJIAETCA CHIBHO JJUIMITHYECKHM. HOCTPOCHBI an-
puopHble oueHkH. C UX MOMOILBIO JOKa3aHa OAHO-
3HauHas pa3pelinMocTh 3aja4u (6),(7) B kmacce
o6GoGLeHHbix peernit us C([0,T1;W, (G)). Tepabie
nsa npubnwxenns P, P, COOTBETCTBYIOT LIHPOKO
M3BECTHBIM B Maremaruyeckoil Qusnke Tenerpad-
HOMY YPaBHEHHIO U JMHAMHYECKUM YPaBHCHHUIM

Teopﬂl/l YIpyrocTi OTHOCHTE/ILHO BeKTOpa ynpyrux
SR avd P}mf

s

ST

RS RV Lt A
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cMelieHvid. Panblue takve ¢akTsl He ObUTH H3BECT-
Hbl. A OHHM COOTBETCTBEHHO OTHOCATCSH K KJIaccaMm
runepboaHYECKUX YpaBHEHHH M CHIIBHO rynepbo-
auyeckux cucteM. IlocTpoenne peleHus 3agaqu
A7 ORHOMEPHOTO TenerpadHOro ypaBHEHNAS C MM-
TNIEaHCHBIM T'DaHHYHBIM YCJIOBHEM METOAOM IIpe-
obpasoanus Jlarnaca paccmarpuBanoch B paborax
M. A. Jlaspentresa, b. B. l1laGata u P. Kypanra.

B pabotax V. M. Cynranraszuta u I. K. Kafinu-
6aepoii'* nomy4eHs! 67104MHO-AMaroHaIbHas U KaHO-
Hu4ecKas GopMmsi ass cucteMsi ypasHeHuit MCI ¢
IPaHMYHBIMH yclIOBHMAMH Mapinaka, KoTopsi€ 103Bo-
JIWIIA CTPOMTH YCTOHYHBBIC KOHEUHO-Pa3HOCTHEBIE
anmpoKCHMALIMHU NOBBILICHHOTO NOPAAKA TOYHOCTH
1o MpocTpaHCcTBEHHOM nepemenHor. Hecnenosano
aCUMNTOTHYECKOE NOBEACHHE PELLICHUS 110 BPEMEH-
HoOM nepeMeHHol cucteMsl ypasnenuiit MCI' ¢ rpa-
HUYHBIMHA yenoBusiMu Mapka (6e3 gyHkuuu ueroy-
HUKA), TOKa3aHa OrPaHUYEHHOCTh HOPMbI pELIEHHS
OT Ha4aJIbHOH (QYHKIUMH 1O IKCIOHEHLHAIBHOMY
3aKOHY. -

Y. M. Cynranra3uspiM 1 ero ydenukom C. Mu-
ka'® (Yexocnorakus) 06061eH BHIBO CHCTEMBI He-
CTallMOHAPHBIX YPaBHEHHH METOAOM CPEPHUECKHX
rapMoHMK (3) U1 MHOTOrpYNINOBBIX ypaBHEHHH
nepexoca (1) 1 MM J0Ka3aHbI CYIIECTBOBAHHE, EAUH-
CTBEHHOCTh H ciabas cxoqumocTh 0600LIEHHOro
peieHus coorBeTcTBYIouux cucteM MCT k perie-
HHIO HECTAllMOHAPHBIX MHOTOrPYMIMOBLIX 3a1a4
yPaBHEHHIi epeHOCca U3y YEeHHS.

. 1I. VpkerynoesIM HcenenoBaHbl BONPOCH
CyLIECTBOBAHHS U €JHHCTBEHHOCTH KO3 PHIUHEHT-
HBIX OOpaTHBIX 3a[a4 Jid CTAlHOHAPHOTO YpaBHe-
HHS TIEPEHOCa U3JIyYeHUS W CTaLlMOHAPHOM CHCTe-
mbl ypaeHeHuH MCT' ¢ 4McIeHHbIe METONBI UX pe-
meHud. [Ina BepTHKaIbHO-HEOOHOPOAHOH MOJE/H
cpelbl A0Ka3aHbl JIOKAJIbHBIE, @ B M30TPOITHOM Cily-
qae — D1o6abHbie TEOPEMBI CYLIIECTBOBAHUSA H €ANH-
CTBEHHOCTH KO(QUIIMEHTOB paccesHus Cpeasl
IUIOCKOCTH rpaHuupl. [IpuMeHHTENBHO K 3a/a4aM
TOMOrpadUu MOCTPOEH H HMCIEHHO PeaiN30BaH
aJITOPUTM HaXOXAeHUs K03 duumeHTa ocnabenus
HEOJHOPOAHOW Cpeapl NpH BHIGOPE CHELHATBHOIO
BH/I2 BHELIHETO MCTOYHMKA W3TyueHus. Ilonyueno

ABHOE NPEJCTaBlieHUEe PEeLICHUs CUCTEMbl YpaBHe-
Hmit MCI 9epes anpbe1o nogcTHaromel noBepx-
HOCTH. B ciTyuae MuHeiHOM 3aBUCMMOCTH I'PAHUYHBIX
BEKTOPOB HaHJeHb!I HEOOXOAMMBIE M JOCTATOYHBIE
yCJIOBUA CYIIECTBOBAHHU U €JUHCTBEHHOCTH MaTpH-
upl ko3()pHUHEHTOB, a B Cllyuae JIHHEHHO HE3aBH-
CHMBIX TPAaHHYHBIX BEKTOPOB JOKa3aHa JOKaJbHasd
TeopeMa CYLIeCTBOBAHMS ¥ €IMHCTBEHHOCTH MaTpH-
16t K03¢PHIHEHTOB.

B paborax V. M. Cynranrasuna u T. 3. Mynza-
meBa'® paspaboran 2¢¢exTHBHBIA METOA CIIaXKH-
panus nipubmxenHoro pemenus MCI, ocHoaHHBIH
Ha €ro YTOYHEHHH, BHIYUCICHHOTO B OIHOKPAaTHOM
npubmwxernn norpeusoctd MCI. PaspaboTtantsiii
MeTO/ CIVIAKUBAHMS, AOTOAHAA YCTONYNBEIA METOR
A. Kapna 4MC/I€eHHOrO MHTETPHPOBAHUA CHCTEMBI
ypasueHuit MCI, mozsonseT 3peKTHBHO HCTIOJb-
zo8aTh MCI' na pacueTos 1o pacceaHHOro U3ny-
yeHHs UIOCKOH, HEOQHOPOAHO!N B BEPTHKAJIBLHOM
HanpapieHHH aTMocdepsl T0O60H ONTHUECKOMH
TOJILMHBI H C JII060# CTeNeHbIO aHU30TPONKH pac-
ceanus. C nmomoweio npeodpa3osanus Jlannaca u
meTozia cepHUeCKUX rapMOHHK pa3paboTaH airo-
PUTM YHCJICHHOTO pelleHNs HECTAllMOHAPHOH 3a/ja-
Y repeHoCa H3Ty4eHHs B IUIOCKOM CJIO€ MYTHOH
Cpejib! IPH OCBEILEHHH €ro BEPXHEH rpaHuIbl MTHO-
BEHHBIM OECKOHEYHO LIIMPOKHUM MOTOKOM Napasiiesib-
HpIX Tydeit. [ToyuenHslii anropuT™ no3soser 3¢-
¢exruHO npumenaTs MCI' ans pelenus Hecra-
LIMOHAPHBIX 3a]la4 MepeHoca U3ydeHHsa oT 6ecko-
HEYHO LIMPOKOTO MMITY/IbCHOTO MCTOYHMKA B CpeAax
C BBLICOKOH aHM30TpoOMNHel paccesHus. B O

I M. CaapixoBbiM H3y4eHb! quddepeHIHaIb-
Hbl€ 1 JIOKAJbHbIE CBONCTBA PEUICHHH HeCTalMOHAP-
HOTO YpaBHEHUS IEPEHOCA M3JTyYEHHS B MHOIO30H-
HOM 06JaCTH € KyCOYHO-IMIAJIKOM rpaHuLieH u HoKa-
3aHbl TEOPEMBI CYLIECTBOBAHHSA U €JHHCTBEHHOCTH
KJIACCHYECKOrO pelieHus Ha4yalbHO-KpaeBoH 3a/1a-
4H 19 HECTALIMOHAPHOTO YPaBHEHHS flepeHoca us-
nyvenus, 06 o6nacTax reqbAepOBOCTH MHTErpana
CTONKHOBEHUA, O Au(PepeHIMPYyEMOCTH IO BpeMEH-
HO#M M MPOCTPAHCTBEHHBIM IEPEMEHHBIM HHTEIpa-
J1a CTONKHOBEHHIA. B ciTyuasx MIoCcKo-napaiensHo#
¥ chepUecKH-CHMMETPHHYHOW reOMeTpHH NMOAY4eHO

¥ JypH. BeIuMC. MareM. 1 Mat. usuku. 1977. T. 17, Ne 6; YucnerHbie METO/B! MEXAHAKH crinomHo# cpenss. HosocuGupek,
1978. T. 9, Ne 5; Usectns AH KasCCP. Cepus ¢m3.-mar. 1983. Ne3.
18 YycleHHbIE METOMb MEXAHHKH CIUIOIHOA cpeanl. Hosocubupexk, 1975. T. 6, Ne 4; Aplikace Matematiky. Praha, 1979.

Vol. 24, N 2.

16 KypH. BoIMMCH. MaTeM. M Mat. dusuky. 1977. T. 17, Ne 6; M3s. AH CCCP. ®nsuxa armocdeps 1 okeaa. 1987. Ne 6; Jlokn.

AHPK. 1992. Ne 1.
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ACHMIITOTHYECKOE NIPEJICTABJICHHE POM3BONHOM 1O
NIPOCTPaHCTBEHHOH MepeMeHHOM OT cpeHel nioT-
HOCTH BOJIM3H rpanuLl 30H. [lanee u3y4eHs! pas3iuy-
HbI€ TOCTAHOBKM 0OpaTHBIX 33124 /151 HECTaLlHOHAp-
HOTO ypaBHEHHS MEpeHOca H3Jy4YEHHUs, 2 HMEHHO
obpatHbie 3a1a4H O HAXOXKICHHIO Nap “UHTEHCHB-
HOCTH U3y4eHUs, K03 PULIMEHTA paccesHus” uiu
“MHTEHCHBHOCTH W3yueHus, kooddunvenra ocnad-
SICHHA” NIPH Pa3JIMYHbBIX JOTIONHMTENbHBIX YCIiO-
BHAX OTHOCHTENBHO NOTOKA, BXOAALIEro depes
BHELIHIOIO TPAHMILLY.

3. Meroap! pacuienyieHHsi H KOHeIHbIX pa3-
HocTell. YpaBHEHHUE NepeHoca, ABIAICh MHOrOMep-
HBIM MHTerpoauddepeHIHaNbHbIM YPaBHEHHEM B
YaCTHBIX NMPOHM3BOAHBIX IIEPBOro NMOpsAAKa, HMEET
BEChMa CJIOXKHYIO CTPYKTYPY H ONMCBIBAET ropas/io
6onee cnoxuble GUIMISCKUE TPOLIECCH], YEM, CKa-
KeM, HaualbHO-Kpaesas 3afia4a /s napabonuuec-
KOTO ypaBHEHHMs BTOPOro NOPAAKA, KOTOpas, KaK 13-
BECTHO, SBAAETCA NOBOLHO TPyOBIM NPUOMWKEHHEM
ans 3agau (1), (2) (auddysrorHoe npubimxeHue).
[ToaToMy mepBOHaYabHO, YTOOB! YHOBIETBOPHTH
HYX/bI NIPAKTUKH, ObLIM pa3paboTaHbl BbIUMC/IH-
TeJIbHbIE aJITOPHTMBI B OCHOBHOM IS OTHOMEPHBIX
3ajlay mepeHoca, a MHOrOMEPHbIC 3afay ObUTH
CBEIEHB! K MOCJIEJ0BATENPHOCTAM OAHOMEPHBIX.
B pa6orax V. M. Cynranrasuna'’ 6pi10 gaHo mare-
matuueckoe 00ocHOBaHME METONA pacuieIUieHus,
CBOASIIErO MHOTOMepHbIe 334l NIepeHoca u3ny-
YeHUA K TIOCHE0BATENIBHOCTAM OXHOMEPHBIX. MM
ObUTH MOCTPOSHBI a0CONIOTHO YCTONYMBBIE CXEMBI
B DHEPreTHYECKOM IPOCTPAHCTBE IS YHCIICHHOrO
peliieHus HauaabHO-KpaeBoM 3a/1a41 U1 ypaBHEHHS
niepeHoca u3yyeHus. B nocnemyroniem a4 pesyrb-
TaThl MOCTY)XWIH Ha4yaIbHbIM CTHMYJIOM Hay4HBIX
MCC/IeA0BaHuH 3aJa4 K TEOPHH NIEPEHOCA U3ITyYeHH
U KHHETHYECKOH TEOpHH ra3oB INOA PYKOBOACTBOM
V. M. Cyaraurasusa 8 Kazaxcraue.

TIpu paspaGoTke pa3HOCTHBIX METOAOB Jjis
3a/1auM IEPEHOCA UHTET A 10 CEpe anmpPOKCHMH-
pyetca kybarypHo# dopmynoii u 3anaya (1), (2) B
ceTouHoM o6nacTu Q,f =G" x Q x G, 3avensercs,
HarpuMep, ClaeayloLeH pasHOCTHOH CXeMok:

Um-l _ Un 3 E _ Tok
vy, h |79 ] a Un+l
- + Z Coa.Vk h Vi sh +
7 o=l a

n+l

N ———
+oU,", =aSZc‘,gM St Son k=18, (8)

y=l

C Ha4YaJIbHO-TPAHWYHBIMM yCIOBUAMH (2), rae {2 —

obnreauHeHne Beex y3noB KybarypHoit dopmynsl,
T

G’ - cerxa no Bpemeny, G, — NPOCTPRHCTBEHHAS

cetka; E — eMHAYHBIA OnepaTop; T,f"U (Xy5) =
=U(,x, +6,h,,.)

0, = _Sgn(wa,v,, ) .

[MpuHLHIMATBbHEIE BOMPOCH! TEOPHUH YCTOHYM-
BOCTH Pa3HOCTHBIX CX€M M3BECTHBI H3 K/IacCHyYec-
kux paSor C. K. I'ogynoea u B. C. PabGeHbKkoro,
I". . Mapuyka, A. A. Camapckoro, A. B. I'ynuna v fip.
Otkyna cnenyet, uyro Haufojiee pacnpoCTpaHEH-
HBIMH CTIOCO0AMH HCCIIEIOBAHHUSA YCTONYUBOCTH pas-
HOCTHBIX KpaeBbIX 3a/1ad SBJIAIOTCS METO pas/eie-
HUS TIEPeMEHHBIX, CIIeKTpalbHble METOABI, METOA
3HEpPreTHUECKUX HEPABEHCTB M METO/BL, OCHOBAH-
Hble Ha NPHHNMITE MAKCHMYMa, a TaKKe TPUHIMI
3aMOPOKEHHBIX KO3 HIHEHTOB NPH UCCAEAOBAHUA
Pa3HOCTHBIX CXEM C NepeMeHHBIMH KOYPOHIHEH-
TamMH. M3BeCTHO, 4TO YCTOWYHMBOCTE Pa3HOCTHBIX
cxeM B HopMe C MOkeT 6BITh YCTAHOBJICHA HE TOJIb-
KO Ha OCHOBE MPHHLMIA MAKCHMYMA, HO U HHBIMH
metopamu. Hanpumep, ecnu foka3aHa ycToAYMBOCTE

onepaTtopel CABUra,

pasHOCTHoIA 3ana4n B £ p IPH Vp 21, Torza u3 Hee
npu p = oo clieflyeT ycToiynBocTs B HopMe C. Bu-
JauMo, ¢ 3Toi Uessio B paborax H. B. Konosansie-
Ba M3ydeHa YCTOHUMBOCTH B IPOCTpaHcTee £ p HBYX-
CIIOHHOM cXeMbl U1 YpaBHEHHS TETIONPOBOXHOC-
TH B ONHOMEPHOM Cily4ae C ITOCTOSHHBIMH KO3¢-
(dHLHEHTaMH METONOM Pa3JIOKEHHsS Pa3HOCTHOrO
oneparopa B GeCKOHEYHEIi P/l KOMILTEKCHOH mIoc-
kocti. U B paborax 11.C. Cmarynosa u ero yyeHu-
KOB OBUTH MCCAENOBaHBI BOMPOCH! YCTOHYMBOCTH,
CXOMMOCTH Y [MIaJIKOCTH PA3HOCTHBIX CXEM, COOT-
BETCTBYIOIHMX OOBIKHOBEHHBIM AU (b epeHUINATEHBIM
(ABYy4WIEHHBIM) YPaBHEHHIM YETBEPTOrO H TPETHEIO
nopsaxos. M B Apyrux H3BECTHBIX UCCNEAO0BAHUAX

ycrolunBocTh B mpocTpaHcTse £ p OCHOBBIBAETCA
Ha (yHAAMEHTANBHBIX PeIeHHAX Pa3HOCTHBIX 33124.
OnHako nocTpoeHue GpyHIaMEHTaIbHBIX PELICHHA
MHOTOMEPHBIX Pa3HOCTHBIX 3a/1a4 C IIEPEMEHHBIMU
K03 HUHEHTAMH TEXHHYECKH 3aTPYIHUTENBHO.
Jo HenaBHero BpeMeHH He ObUIM M3BECTHBI B
TEOPUH YCTONUMBOCTH PA3HOCHEIX CXeM CHocols!
HCCIIE0BaH!A MHOTOMEPHBIX Pa3HOCTHBIX 38734 ©

7 TAH CCCP. 1965. T. 161, Ne 1; JAH CCCP. 1965. T. 163, Ne 4; XypH. BEMHCI. MaTeM. ¥ Mat. Ppuauku. 1965. T. 5, Ne 5.
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NEPEMEHHBIMH KO3(DDHULIMEHTAMH B NPOCTPAHCTRE
£,,Vp>2, ananorudHele METOAAM NOIY4EHHUs
aNPHOPHBIX OLIEHOK PELICHHI B HOPME IPOCTPaHCT-
Ba L HCXOHbIX Au(depeHIHaIbHbIX 337184, HATIpH-
Mep, KaKk B HazBaHHOH MoHorpaduu V. M. Cynrau-
rasuHa.

B pabotax A. I1I. Akuin'® co3nad HOBRIM METOR

HCCNIEAOBAHKA yCTOHYHBOCTH JIBYXCJIOMHBIX CXEM B
yHKUMOHATBHBIX MpOCTpaHcTBax £ po I<p<o,

6e3 npuBneyeHus QyHIAMEHTAIBHEBIX PEILEHUH pa3-
HOCTHBIX 3aa4. OTO AAJ0 BO3MOKHOCTh J0Ka3aTh
YCTOHYMBOCTE pa3fIM4HbIX (ABHOH, HesBHOH, pac-
mermieHus) cxem tuna (8), cOoTBETCTBYIOLIMX MHO-
TOMEPHBIM 3ajjauaM TEOPHH NEePEeHOCa H3TYyYEHHs ¢
NOCTOAHHBIMHM U NEPEMEHHBIMHU KoddduIenTaMu
B{,,1<p<oo.MsHeenpu p =0 nomyyena yc-

ToliunBocTek B HopMe C. B yacTHoCTH, B ciTyuae no-
CTOSHHBIX KO3((HULMEHTOB YPaBHEHUS NEpeHoca
HaliieHbl OLIEHKH aCHMIITOTHYECKOIrO NOBEJSHUS

peiueHHs Pa3HOCTHBIX cXeMm (8) pH ¢ —> 00, Ha BceM
uHrepsaie BpemeHH (0,%0) B HOpME NMPOCTPAHCTBA

£,(G*34 (G, x ), 1< p<oo,

T.€. YCTaHOB/IeHA CIIPABEATIUBOCTD LHEHHOH OLIEHKH
NpH NPOCKTHPOBAHHH AJECPHBIX PEAKTOPOB!

<Cillel, . *+Ca sup) /|
l<p<ow, 9
e C, =exp-¥¢,,),C, =(1-expCy 1)) v,y =

=0 ‘O's(go)”p >0,

n+l

¢ (G,,XQ)

p

“ “t (Gt

HorbiM MeTOzOM, cnoGongIM OT MCMOJIB30BA-
Hus QyHIAMEHTaIBHBIX peLIEHHHA Pa3sHOCTHBIX 3a-
Jauy, KCCIIEAOBAHBI U JOKa3aHbl yCTOHYHBOCTH B MPO-

crpaxctse £ p» VP > 2 pasHOOGPasHBIX pasHOCTHLIX

cxeM (ABHaA, HessBHAA, PACILETUICHH), PaCILENICHHS
C BECOM, NIPOIOJILHO-TIONEPEHUHOHN IIPOrOHKH), COOT-
BeTCTBYIOWUX AUGGY3HOHHBIM MPUOIHIKEHUAM
(ypaBHEHHAM TETLIONPOBOJHOCTH) € TEPEMEHHBIMU
ko3 (hrLHEHTaMH

£,(GyxY)’

ou & o

P = Jj{,x), 05 = 5

o Hox S,x),U(0,x) = p(x)
U@t,x)|-=0, (10)

e x=(x,%,,%;)eG={0<x, sea,a=f,§},r -

rpanuna G, t €[0,7},T <o,

M3 mHOXecTBa H3yYeHHBIX Pa3sHOCTHBIX 3amad
nns (10) sBasgercs MHTEpPeCHOM M3-~3a MOBBIIEHHOH
TOYHOCTH CXeMa PACHIEINIEHHS C BECOM

Un+1§ _ Un+ll3:l e e
S AW /SR (TS B
_5 fn+l
T;] ah +1 ah -1 )
Ay =" (T -E)-=4 (E T )a-—13(11)

Cxema (11) ycnoBHo ycToiiunsa npy maxsupr, , <
¢ G,
1 v
S—, V}’G[O,O,S)U(O,S,ll, 7’
2(1._}/) S
T.C. gl B e

n+l

< +C, su
£,(Gy) 2 P Wl

C,,C, —const. (12)
IMpu p=c cxema ycroiiunsa B HopMe C, a npH
7=0,5 1 y=1 aGconoTHO ycTOHYHBA COOTBETCTBEH-
vos £, u £, mis Vp.

Bo MHOTHX Ciiy4yasix viaeTcs JOoKas3aTh yCTol-
YMBOCTb B IPOCTPaHCTBE £ p AJISL LUMPOKOTO KJ1acca
ABYXCJIOHHBIX CXEM, COOTBETCTBYOLHX JINHEHHBIM
M M3peKa HeJIMHEeHHBIM 3a]]1a4aM MaTeMaTHUeCKON
dusvku ¢ nepeMeHHbIMU k03 PuuuenTamu. B vac-
THOCTH, METOJ| UCCIIEIOBAHMA YCTOHUMBOCTH B £ P
NpUMEHEH I ABYMEPHBbIX HETHHEeHHBIX pa3HoCT-
HBIX 33724 TEIIONPOBOIHOCTH U 3KONOTHH M JIOKa-
33Ha ¥X YCTOHYHBOCTS,

W3 MHOXeCTBa HEeJIHHEHHBIX 3aia4 MaremaTy-
yecKoi hu3nky Haubonee HHTEPECHBIM 0Ka3a10Ch
HCCIei0BalMe YCTONUMBOCTH B £ p PAHOCTHBIX

CXEM AJIS CHCTEMBI HETMHEHHBIX TpeXMEPHBIX Na-
pabonMyecKkuX YPaBHEHHH OTHOCHTEJIBHO BEKTOP-

dynxuun U= (U,, U, U,)B 06nactu @ =(0,T]x G:

18 JJAH PK. 1994. Ne 3; Cut6. sxypH. Berunci. Matemaruky. 2002, T. 5, Ne 3; Cu6. KypH. Bbrauci. Maremaruxu. 2003. T. 6, Ne 1

Cub. xypH. Belumci. MateMaruku, 2005. T. 8, Ne 4
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ntl _prn
Uy, : Ui _Z’: }:‘_Z[T;' —2E+T;' ] Uyl +

a=1 (]

3 U” p—
ah +1 -1 ntl __ i+l —
2T - U= £ k=131
a=l a
Jlns Hee H3yyeHs! HEKOTOpBIE (ABHAA, PacIlieIUIeHHA
H T.A.) Pa3HOCTHbIE 3aAayd. B ToM umcre HesBHas
pasHOCTHas cxema:
ULy ~Uty 3
, kh H +1 _ -1 H+1
- -y ?[Ta 2E+T,'| Ui+

a=1 Ny
3 U” . .

yoeal -t U= i, k=130
a=1 <M,

JlokazaHo, yTo cxeMa ycToHuMBa, T.€.

"Uknn + TI

¢,(Gy) = "¢k”£p(ch) ,f;‘"t,,(c';l Gy))?

NpH caeayroiueM HEOOBIYHOM YCIIOBMM MEXKY HIa-

s
ramu ceTku A, , dyHkuusmu @, ,, f, ¥ nHTEpBa-
JioM BpeMenH T

< 2 :
“q’a llc(c,,) + T”f a HC(Q; )

4. HennHeiiHOE H IHHEAPH30BaHHOE YPABHe-
uma Boanumana, OnHUM U3 OCHOBHEBIX YPaBHEHUH
MaTeMaTH4eCKOi (U3uKU sBiseTcs HeJlHHeHHoe
ypaBHeHHe BonbiMaHa co cTereHHbIM NOTEHLIHAIOM
MEXMOJIEKY:IIPHOTO B3aUMOAEHCTBH:

%+(v,gradf)=3(f)—f S(f)=B(f,[f), (16)

rae

hy (15)

I = [[f AKO@.W)dody,
S(f) = [ [£ K@,W)dody,
785

K@O.W)=|W | A@),q=(n-5)/(n-1);
f=ftxy), fi=ftxw), f'=ftxy),
£, = f(t,x,v,) — byHKIWMM pacTpe/IeeHHs MOTeKyT,

COOTBETCTBEHHO HMEIOLUMX CKOPOCTH V,V|,V' U V,;
V,V, — BEKTOPbI CKOPOCTH JBYX CTa/KMBaIOLHXCS

MOJIEKYJT 10 CTOJIKHOBEHH!; a V', V| — BEKTOPBI CKO-
POCTH IIOCJ€ CTONIKHOBEHHs; W =V —V, — BEeKTOp
OTHOCHTE/BHOH CKOpocTH; VeV, ={~w<v, <o,

a =1,3} . CkopocTH MOJIEKY MmOcie CTONKHOBEHUH

CBA3aHEI C COOTBETCTRBYOUIUMHN CKOPOCTAMH RO HETO
NnocpeacTeoM 0OBIYHBIX ARHAMHAYECKHUX COOTHOILIE-

Hui: v'=v+ B(B,W), v=v, - B(B,W), rae B -
€IMHHYHBIH BEKTOP B HAalIPaBIICHUHU PACCEAHHSA MO~
nexyn: f=(sinfcose,sinfsing,cosb); (8,6)eZ=
={0<0<m0<e<2n}.

Henuneitnoe ypasuenne bonbymana (16), omy©6-
nukosarHoe 133 jer ToMmy Hazag, umeer Goraryio
nctoputo. OHO 10 CHX [OP OCTAETCA OCHOBOH KHHE-
THYECKOM TEOPHM I'a30B, YCIIEUIHO PUMEHSETCS IS
peilieHus 3aa4 JUHAMUKH I11a3Mbl, Pa3pesKeHHbIX
rasoB, HEWiTPOHOB B PeaKTOpaXx, JIy4UHCTOlH SHEPruu
B atmoc(epe. Henuneiinomy ypasHeHuio boneima-
Ha NMOCBALUEHO MHOTO paboT, BEINMOIHEHHEIX Ha pas-
JIHYHBIX YPOBHAX MaTeMaTH4eckoii crporoctu. Eme
B 1983 rony aBropst 0630pa'® nucanu: ... Bor yxe
ceeite 110 et 3T0 ypaBHeHHe IpUBJIEKAaeT BHUMA-
HHe MCccneaoBarelieif, HO INUIb B MOCJIEAHHE TOABI
Oblia 0KA3aHA PA3PEULUMOCINL 8 YelOM TIPOCTpPaH-
CTBEHHO-HEOAHOPOAHOM 3a7aui B C/Iydae Majoro
OTKJIOHEHHA COCTOSHHMA ra3a OT NMOJIOKEHMA paBHO-
Becus — Oonee oblIMe pe3yNbTaThl HE MOTyYeHBl H
1o ceit AeHs...”.

3neck BKpatle pacckakeM O pe3yibrarax, Io-
NyYEHHBIX Ka3aXCTAHCKAMH YUCHBIMH.

B paGote A. I1I. Axkp1r®® usyyena 3aga4a Komu
AJs HeJlMHelHoro ypaBHeHus Bonsumana (16) npu

n=o00 MWIH K(0,W)=0,25y*|W |sin(26), T.e. s
MOJIeKyJl — TBEPABIX LIAPOB pagHyca } B obmactH
0=[0,T1xGxV,

(te[0,T],T <o
x=(x,%,%,)eG={0<x, <lLa=13};
v=(,V,,») eV, ={-0<y, Sw,a =1,3})
byHKIOUMH

f = f(t,x,v) c HauaJBLHBEIM H NIEPUOJUYESCKHM rpa-
HUYHBIM YCIOBHAMH

OTHOCHTEJIBHO © pacmpeneseHus

19 HepasHoBecHsI€ ABnenns ypasnenns Bonsumana / Tlon pea. Jix. JI. JinGosnua, E. V. Moutposna. M.: Mup, 1986.
» ) yeauHelinom ypasHeHnu Bombimana // Maremaruueckuit kypHan. Anmarsi, 2002. T. 2, Nel.
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f(t: xa V) ‘r=0= ¢(X,V);
f(tax’v),l"uxa:f(taxsv)Ir‘“a>a:1’3a (17)
me I’ px, —TPaHE Ky6a G.

ITocTpoena cxeMa MeTOAA pacienieHus, COOT-
BETCTBYIOWas 3anade (16), (17),

fn+l/5 ___f!l - __fn+l/SS (fn+l/5),
1' b
n+2/5 _ prn+l/s
f - f = J(fn+1/5), (18)
n+(a+2)/5 _ rn+(a+1)/5 o n+{a+2)/5
! ARSI | =0,
T ox,
a=13. (19)

IIpu nomonu metona T. Kapnemana s npeoGpa-
30BaHNsA HUHTErpana CTOJ]KHOBeHHﬁ, YCTAaHOBJICHA
KITIO4Y€eBad OLeHKa

l fn+1
K —const (20)
pettenna 3ana4H (18), (19) B xnacce nonoxMTenbHbIX
HenpepoIBHbIX yHkuui. Ha ee ocHoBe JjoxazaHo
CYIIECTBOBAHME €IHHCTBEHHOIO TOJIOXHTENBHOTO

C(Gx¥) =”¢(x, v)”C(leg) +7K,

HENpepBIBHOIO 1O COBOKYNHOCTHU NepeMeHHBIX (7, X,V)

PEIIEHHUS B LIEJIOM 10 BPEMEHH.
Hasecto?!, uyro k. VienGek, nonoxus

f(t,x,v) = fo(a I v D(l + (P(tax,V))
B ypaBHeHUH (16) OTHOCHTENBEHO MaJTBIX BORMY1LIE-
Huit (2, x,v), noy4aeT ypaBHEHHE

0
§+(v,grad¢)=L¢+B(¢,qo>, @1)

rae L — nuHeapu3oBaHHpli oneparop, fy(a|v)) =

3

5 2
=(a’/2x)? exp(~a? | v[* /2) — makcennosckoe
pacnipenenenue. Y on xe ykasan, yro B cnydae Max-
CBEJITOBCKMX MOJIEKYT, T.€. KOTAa #=5, CHEKTp JiH-
HeapH30BaHHOTO oleparopa L IHckpeTHbIH, a cob-
CTBEHHBIMM QYHKUMSAMU ABIAIOTCS S,(f 4Dy -
NPUCOEAMHEHHBIE NofIHHOMBI JIareppa (¥X Ha3bIBAIOT

2 Jlexwum o crarucTUyeckoit Mexaunke. M.: Mup, 1965.

Taioke nonunoMamu Conuna) u Y," (6,y) ~ chepu-
yeckue QyHkuuy, rae |v|, 8, ¥ — cdepuueckue
KOOPAMHATBI B IPOCTPAHCTBE ckopocreii. [Ipene6-
peras B (21) kBagpaTH4HbLIME WieHaMu no @(t,x,v),
NoTy4aeT JIMHeapHU30BaHHOE ypasHenue Bojibuma-
Ha, xotopoe B obnactn Q =(0,7]x G x V; nononus-

€TCA CJICKYIOUM HaYajibHBIM M 'DaHUYHBIM YCJI0-
BHAMMH!

0(0,x,v) = @y (x,),

o(t,x,v) [o5g=0, (v,n)<0, (22)
rae G — orpanudeHnas o6nacts U3 R, ¢ rpanmnei
0G . B npocTpaHCTBEe CKOpOCTel pa3loxeHue

@(t,%,|v[,6,y) n HavansHol GyHKuMH (x| v],6,1)
B pag Oypbe 1o cucTeMe GyHKLMIA

SRl MTRVAICRS)
ZaeT GeCKOHEYHYIO CHCTeMy AHGpepeHHaTBHBIX
YpaBHEHHH B 4aCTHBIX MPOU3BOAHBIX OTHOCHTENEHO
ko3t duumento Pypre u, ypesas ee Ha N-M 1uare,
KaK B METOJe C(PepPHYECKHX APMOHHMK, MONYYAeT
3aMKHYTYIO CHCTEMY MOMEHTHBIX YpaBHeHHMMH
(CMY) ¢ HayanbHO-IPaHHUYHBIMM YCIIOBHSMH.

ITpu m3yuenun CMY BO3HMKAIOT clieqylOIIHe
B3aHMOCBS3aHHbBIE BOTIPOCHL: OyReT JIH TakuMm 06pa-
30M NOJY4YeHHas 3a/1a4a KOPPEKTHON H CXONUTCS K
pellieHHE HA4aNbHO-KPaeBO# WK Ha4aNbHOM 3a1a4H
Ji1s1 MOMEHTHBIX YpaBHeHHi bonbliMaHa K pelieHo
COOTBETCTBYIOLIMX 3aja4 JUI CAMOTIO YpaBHEHHs
Bonbumana?

Ha 3T BOMPOCH! MoJTy4eHb! YTBEPAUTENbHbIE
orsetsl B paborax A. C. Caxabekosa”, a uMeHHO
npeUIOKeHbl IBa cnoco6a obphiBa GeCKOHEUHOR
CHCTEMBI YpaBHEHHIA H COOTBETCTBEHHO JIBa criocoba
annpoKCHMaiuy rpaHuYHOro yciosus (22). Joka-
3aHbl KOPPEKTHOCTH MOMYYEHHBIX 3a1a4 H CXO/IH-
MOCTb pPellieHHs HayajbHO-KPaeBOW 3anauu ans
CHCTEeMbl MOMEHTHBIX ypaBHeHH#l boibumaHa K
peLIeHHIO COOTBETCTBYIOLIEH 3a/1a4H JJIs THHEapH-
30BaHHOTO W HeluHelHoro ypasHeHui bonprmMasa.
Kpome Toro, 1oka3zaHo CyliecTROBaHHe [I00aIbHO-
ro pelueHus HadanbHO-KpaeBoM 3a1a4d JUI ypaBHe-
nus Bonbumana s npoctpanctee C([0,T),L(GxV;))
TpY HEKOTOPBIX O'PAHHYEHHSAX HA HAYANbHYIO (YHK-
LIMIO, BBITEKAIOIUX M3 3aKOHOB COXPaHCHUA MacChl,

B T

2 Cu6, mareM. xypran. 1992, T. 33, Ne 1; Marem. cGopuuk. 1992. T. 183, Ne 9; Cu6. marem. xkypran 1993. T. 34, Me 1;
Marematudeckut xypHan, AnMarsl, 2002, T. 2, Ne 3; Tam xe. 2004, T. 4, Ned, o
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UMIyAbCa U 9Hepruwm, a takke H-teopemst bonbu-
MaHa. CylieCTBOBaAHHE M €AMHCTBEHHOCTH JIOKAlIb-
HOTO N0 BPEMEHM PELICHUA HavallbHO-KpaeBOMH
3aja4y JJ11 HEONHOPOAHOM HEJIMHEeHHOW Tpex-
MmepHoii CMY nokasaHsl B npocTpanctse GyHKmii

C([0,T]; L,(G x V3)); moka3aHa pa3pellMMOCTb B

LIeJIOM Ha4aJIbHO-KpacBo#t 3ana4M A7 OAHOMEPHOH
HenuHeliHoi CMY Bo 2-M u 3-M npuOaKeHUsX B
npocrpanctee bynkumit C([0,7];L,[-a,a]), ecnu
IUIOTHOCTh paclpee/ieHds ra3a HEOTPHLATEIbHA.
B pa6orax A. CakaGekoBa U ero Y4eHUKOB? JoKa-
3aHa ciabas CXOIUMOCTb peLLIeHUH HayalbHO-Kpae-
BO# 3ajauyn s HeopHopoaHoi CMY k pelnenuio
COOTBETCTBYIOLLEH HAYaNbHO-KPaeBOH 3a1aud i
JIMHeapHU30BaHHOI'0 HEOOHOPOJHOIO YpPaBHCHHSA
BonnuMana, U3 KOTOpO# BEITEKAET CYLIECTBOBAHHE
eJMHCTBEHHOTO cJ1aboro pelieH s HadaJIbHO-Kpae-
BOH 3aJa4M U1 JTHHEApH30BaHHOTO HEOJHOPONHO-
ro ypasxeHus bonbymMana B npocTpaHcTBe PyHKUMI

C([0,T}; L, (G x Vs, 1/2}}. Usyuena kpacpas 3ajia-
ya 114 cralMoHapHoil oqHoMepHoi CMY, xotopas
NpencTasnieT coO0ou BRIPOKASHHYIO HUTUNITHYEC-
KYyIO CUCTEMY ypaBHEeHHH 1-ro nopsaka. JlokazaHo
CyLIECTBOBaHHE €AMHCTBEHHOTO CJ1ab0ro peleHHs
KpaeBo# 3a/a4M Uil CTALMOHAPHOH OXHOMEDPHOM
CMY B npoctpancrse gyukumii L,[-a,a]. Cdop-
MyNHpOBaHA KpaeBas 3aJa4a JUIS CTAllMOHAPHOTO
JMHeapuU30BaHHOTO ypaBHeHUA Bonbumana B cityvae
TIEpeHoca H PacCesHHs AEKTPOHOB B ClaboroHH-
30BAaHHOM ra3se noj AeHCTBHEM BHEWIHEH 3/1EKTPO-
MAarHUTHOH CHJIBI NPU OLHOPOJHBIX I'PAaHHUYHBIX
ycnopuax. BHenkss cuia (3NeKTPOMArHUTHAs ) BXO-
JIUT B ypaBHEHHe B BUJe Ko3hpulIuenTa, 3aBUcsiie-
0 KaK OT MPOCTPaHCTBEHHBIX KOOPAMHAT, TaK U OT
BOJIHOBOro BekTopa. /laHo o6oCHOBaHHe BapHa-
LIHOHHOTO MPHHLIMIIA B ClIyyae KOHEYHOTO paauyca
JEHCTBHS MEXYACTHYHOTO NOTEHLIHANA B3aUMOJIEH-
CTBUSI M TIOCTPOEH KBAaJAPaTHYHBIA QYyHKUHOHAT, )11
KOTOPOTO CTALMOHAPHOE IMHEapU30BaHHOE YpaBHe-
nue bonplMana sBngeTcs ypaBHeHHeM Dinepa.

5. MeTon anckpernbix opauHart. Kak n3sect-
Ho, B pa6orax C. Yannpacekapa, I. 1. Mapuyka,
B. JIssucona, B. C. BrnagumupoBa MeTOL AUCKPET-
HBIX OP/IUHAT ObI AOBEAEH A0 OMBIIOrO COBSPIICH-
CTBa B TEOPHH U3JTy4CHHUS H MEPEHOCA HEHTPOHOB.
BeTpeualouMecs TaM HHTErpaibl pacCesHus (CM.

ypaBHeHue (1)) B ofmem ciy4ae ABAAOTCA OXHO-
JBYKpaTHBIMH M MMEIOT NPOCTOM BHA, JOMyCKalO-
muit npaMoe npuMeHEeHHe COOTBETCTBEHHO KBapa-
TYpHO-KyGarypHbIX Gopmyi. TpynHocTH npu pelie-
HHH HEJIMHEMHOTO YPABHEHHUA ABJIAIOTCA CiICACTBU-
€M TOro, 4To B ypaBHeHnu bonbumana (16) umeercs
MATUKPATHbIH HHTErpaJl CTOJIKHOBEHHH 1 COICPIKUT
AOBOJIBHO CIIOXKHEIE KBaZIpaTyphl, paclpoCTpaHeHHe
METO/Ia IMCKPETHBIX OP/IMHAT Ha HEro — 3a1a4a Tpya-
Hast. B HenuueitnoMm ypaBHeHuM bonkliMaHa orpa-
HU4MTHCS OOBIMHOM CETKOH IUCKpPETHBIX OPJHHAT B
TIPOCTPAHCTBE CKOPOCTEH HEBOIMOKHO. ITO Clleay-
€T U3 TOT0, YTO YaCTHLBI, KOTOPbIE HMENH CKOPOCTh
v (Ha cerke) mepeli CTOJIKHOBEHHEM, IIOCHE HEro -
NIpHOGPETYT CKOPOCTH V', 3HaYeHKE KOTOPOi He 065~
3aTeJILHO HaXOJUTCA Ha ceTke. YToObl npeononerb
3TO 3aTpy/IHEHHE, HEOOXOIMM CIIOXKHBIA METOJ UH-
TEPIIOALMH B MPOCTPAHCTBE CKOpocTeil. IaTeprno-
nsuus Tpedyer ocoboro BeIGOpa CETKH TOYEK, HA
KOTOpBIX 0azupylorca BeruHcieHus. BeiGop cetok,
MOCKOJBKY YHCJIO TOYCK B HUX OrpaHHYCHO, IBJid-
€TCsl OYeHb TOHKOM NPOLEAyPOH.

[MosToMy MpeAToYTeHHue AaeTcs AHCKPETHOM
MOJieN ¢ KBaApard4yHoOi HEMMHEHHOCTRIO, KaK H Yy
HCXOJIHOrO KHHETHYECKOTo ypaBHeHHus. MHOTHE 3
3TUX Mo/eJieii 06najaloT OCHOBHBIMH CONEPIKATE -
HBIMH CBOMCTBAMM, TAKHMM, KaK 3aKOHBI COXpaHe-
HHA Maccsl, UMITYy/IbCa, 9Heprux 1 H-Teopema, npu-
CYLIMMH Jyisl HEJIMHEHHOTO ypaBHeHus bonblMaHa.
OnHaKo 3TH MOJIEITH He ObUTH N0y 4€HBI BCICACTBHE
npuMeHeHua KyGaTypHbiX GopMys A7isl BEIYHCIICHHS
MHTerpaja CTOJIKHOBEHHI, 2 B OCHOBHOM BbIBE/ie-
HbI Ha QU3HNYECKOM YPOBHE CTPOrOCTH B pe3yibrare
NOKANU3ALNK HEKOTOPHIX NApaMeTpoOB, XapakTe-
PH3YIOLHMX Ta3, pacCMaTPUBAEMBIA B HEKOTOPOM
o6neme. [ToaToMy MOCTaBUTH BONIPOC O GIM30CTH
MX PelleHHit K pellleHHIo ypaBHeHHs bonsuMaHa B
MAaTeMaTHYECKOM CMBICTIe HeJb31, TaK KaK 3TH MO-
AeJIM He SBASIOTCA CHNEACTBUEM anipoOKCHMAaLMu
caMoro ypasHeHHst bobimana.

3aech o METOAOM AMCKPETHBIX OPJHHAT s
HeJIMHENHOro ypaBHeHMs bonbsumaHa noppasyme-
BAETCA METOJ, BOSHUKAIOUIMHA B pe3yikrare Hero-
CPEACTBEHHOrO MPUMEHEHHS KBaApaTypHbIX (Ky-
GaTypHbix) GopMmylt JUIA BEIUMC/IEHHS UHTerpana
cTonkHoBeHuit. B cBs3u ¢ sTuM eine B 70-e rojsl
Y. M. Cynranra3us NocTaBui Bonpoc: “Henvsa nu

2 Becrank KasHTY, 1995. Ne 3; Tam xe. 2003. Ne 3; Hss. AH PK. Cep. dus.-mar. 2003. Ne 3; Tam we. 1997. Ne 6; BectHuxk

Kasl'V. Cep. pu3. 1998. Ne 3.
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ROAYYUMb maxue HeluHeuHble MoOenlu Memooom
OUCKpemHbIX OpOuHam, npueiekan Kybamyphvie
gopmynnt, seecennvie C. JI. Cobonegoim? ”.

Ha atoT BOnpoc B padorax Y. M. Cynranrasu-
Ha, A, . Axuiuepa? nony4eH 4acTHYHO NOJIOMKH-
TENbHbIH OTBET B NPEANON0KEHHH, HTO U3y4aeMblii
ra3 COCTOMT M3 MOJIEKYJl, CKOPOCTb KOTOPBIX M3Me-
HAeTCH Ha KOHEUHOM HHTepBajie. Ilepexoms oT cHH-
rynapHo#t obnacTu B NPOCTPAHCTBE CKOPOCTEH B
MHBApUAHTHYIO U UCTIONB3Ys KyGarypHble GOpMyIIEL,
MHBAPUAHTHBIE OTHOCKTENBHO I'PpyMNNbl Npeobpa3o-
panuii, BBeieHnbrx C. JI. CoGoneBniM

[P0V v =Y 6 FOP),
0 k=1

TOYHOM Al MHOTOYWIEHOB CTENEHH HE BbilIe H<N,

rae c,,,v(") —~ COOTBETCTBEHHO Koa(pduieHTs u
y3Jiel KybarTyphl, HETIOCPEACTBEHHO U3 HelMHEeHHo-
ro ypasHenns bonbumana (17) ans Monekyn — teep-
IBIX WAPOB BLIBEJCHBI allPOKCUMUPYIOLINE €ro
HeNMHeHHbIe CUCTeMbl ypaBHEeHU

Lt @, grad f)=3 3. ¥, ohh,~ 1S,
Ok iwd j=i+l

k=1,N. (23)
Ona Ha3BaHA CUCTEMOIl MeTONla AUCKPETHRIX OpAU-
HaT /11 HeJIMHeHHOro ypaBHeHHns bonbuMaHa, Tak
KaK MX HaXOIMJIH, MPUMEHS NpocTeiinte UHRapu-
aHTHBIe KybaTypHble hopMynbl. [IprdeM B ciayyasx
N=6 1 N=8 oHH ObUTH TIOYTH SKBHBAJIEHTHBI H3BEC-
THBIM CHCTEMaM JUCKpETHRIX Mozesnel bponyanna.

Hanpumep, cucTemMa METOa AUCKPETHBIX OpAMHAT
(23) npu N=6

oy Of, 4cS & m
j:;lt‘l e gj:,,] B ,,,Z,,(l 36)") fomar Som = Fas
0 0

OTJIHYAaETCA OT IECTHCKOPOCTHOM Moxenu bpoay-

112 NOCTOAHHBIM MHOXKHTEJIEM %—.

6. inckperHbie MONETH HEJIHHEHHOrO ypaB-
nennsa Boabumana, B nacTosmee BpeMs u3yvaer-
cs1 Teopust cucTeM AU epeHIMANEHBIX YPABHEHHUH,
Ha3bIBAEMBIX AHCKPETHBIMU MOJIEIISIMH HEJIMHEHHO-

ro ypasHenus bonbumana. Cpeau HUX IIMPOKoO pac-
NpPOCTPAHCHHBIMH ABJIAKOTCH JHCKPETHLIC MOAEH
Kapnemana, Bponyanna, l'onyHoBa—CynranrazuHa.
JuckperHble HenvHelHbIe MoaeNU ypasHeHHs bob-
LIMaHa NPEACTaBIAIOT OONBIIOH UHTEPEC B KUHETH-
4eCkoi TEOpHH ra3oB MO CHEAYIOUIAM NPHYMHAM:
BO-NIEPBBIX, AUCKPETHBLIE MOJE/H NPOLIE, YEM CAMO
ypaBHeHHe bosibLiMaHa; BO-BTOPBIX, 1A RUCKPETHOH
MOJIE/NH BBIMOIHACTCA 3aKOH COXPAHEHHS Macchl M
H-teopema Bonbsumana; B-TpeTbHX, JUCKPETHHIMH
MOJEJIIMH ONUCHIBAIOTCH MUKPOPHU3HYECKHE Npo-
LIeCChl, NMPOUCXOAAIIMe B 00naKax, B KOTOpbIX OfI-
HOBPEMEHHO TIPHCYTCTBYIOT BCE TPH (haspl BOAM
(BonsHO map, Kanmn, AeAsHble YaCTHIIbI), T.e. AUC-
KpeTHble MogenH ypaBHeHus bonbuMaHa uMeroT
KOHKPETHbIE NpuioKeHus. Buaumo, nosromy mare-
MaTH4ecKas TEOPHA AUCKPETHOH MOAEIIH TIDHB/IEKa-
eT BHUMaHHe Bce 60IbIero YHC/1a MaTeMaTHKOB H3
pasnu4HbIX ctpaH Mupa. C 1986 r. yepes kaxasie
[Ba rofia B pa3HbIX CTpaHaX MPOBOAATCA MEKAYHa-
pOAHBIE KOH(PEPEHLHH, NOCBALICHHBIE MaTEeMaTH-
4ecKoi TeOpuH AUCKPETHBIX MOJeIeH ypaBHEHHA
Bonsumana. Ilo npeatoxkeHHI0 MEXAYHApORHOTO
oprkomurera [V koH(pEpEHIHIO 10 AUCKPETHOH MO-
Ae ypaBHeHns BonbliMana opraHi30Bal akageMuk
V. M. Cynrtanra3ut 8 1992 r. B Anmarsl. M3yueHue
U MOCTPOCHUE AMCKPETHBIX MOAENEH ypaBHEHHSA
Bonbumana B KazaxcraHe Hauanuch ¢ paboTsl
C.K. l'onysosa u V. M. Cynranrasusa®. B MoHo-
rpaduu V. M. CynraHrasuta®® Ha JMCKPETHBIX MOJI€-
JISX [10Ka3aHa CBA3b MEXAy KHHETHUYECKHMH ypaB-
HeHMsAMHU BosbliMaHa U ypaBHEHHAMM MMAPOJHHA-
mukH. JloxazaHa Teopema o CyleCTBOBAHHH U €IUH-
CTBEHHOCTH M100asibHOTO peiueHus 3adaun Kown
A7 JUCKPETHOM MOAENH B CITy4ae NPOCTPaHCTBEH-
HO OHOPOAHOTO ra3a K U3y4YeHO ACUMIITOTHYECKOe
TIOBE/ICHHE pelLieHHs IPpH § —> ©, JlokasaHa JIoKalb-
Hasi TeopeMa O CyIleCTBOBAHHH M €ANHCTBEHHOCTH
peLIeHNs HauanbHOM 3a1a4K B CITy4ae MaJIbIX OTKJIO-
HeHHH HauanbHBIX QYHKIUH OT aGCOMOTHO PaBHO-
BECHBIX MAKCBEJLIOBCKUX pacnpeaenetuit n audde-
PEHLEPYEMOCTH HaYaJIBHBIX JAHHBIX. [lnd Mofenu
TonyHoBa—CynTaHrasuia nojiyueHa reopema o
ro6anpHoM peiueHnH 3agaun Kouru. JlaHo marte-
MaTHYecKoe 000CHOBaHHE METOJA pacllerIeHHs

 MeToA AMCKPETHBIX OPIMHAT AN HENMHEHHOTO ypasHeHus Bombumana, Orver o HUP (3alcmoqm) KasrocMHTH; Ne rp
0197PK00782. Anmarsi, 1997. 31 ¢.; Jokn. MH-AH PK, 1998. Ne 2. . S

3Yenexu marem. Hayk. 1971. T, 36, Ne 3(159). C. 3-51.

% IuCKpETHBIE HEMHEMHBIE MOAENH ypasHeuns bonsumana. Anma-Ata: Hayka, 1985.
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NPUMEHHTENBHO K KHHETHYECKUM YpaBHeHusM. Uzy-
4eHa CTPYKTYpa YAapHOro ()poHTa Ha KMHETHYEC-
KOM MOJEIM U COOTBETCTBYIOUIEH MOACIIN YpaBHe-
nust Hasee—CroKca, IIpH 3TOM TOJIIIMHA CTPYKTYPBI
YRGpHOTO (PPOHTA OKA3aACh CYIIECTBEHHO PasHOM.

OTMeTHM, YTO YCKOPEHHBIH [e€PeBOL 3TOrO TPY-
Ja Ha aHIHHCKHUHI A3bIK?" cBUIETENBCTBYET 00
aKTYaJbHOCTH M 3HAUHMOCTH NPOBEREHHBIX TaM
MCCIeloBaHuil AJI1 MHPOBOTO MaTeMaTu4ecKoro
coobiecTsa.

B panbretimem no 3tum Monorpagusm Y. M. Cyn-
TaHra3sWHa ONPEJEIIANMCh TEMBI JAHHOTO HAY4YHOTO
Hanpasnenns B Kazaxcrane.

HexoTopsie pe3ynsTars 10 AUCKPETHHIM MOZe-
J19M, foiyyeHHbie V. M. CynTaHra3suHbiM COBMECTHO
¢ yyenukamu H. C. Caxanorrim 1 B, 10. Jfiocembae-
BbIM, H3JI0KEHBI B €r0 KHUIax.

A BrocneacTeuH Teopus moaenu lopyHoBa—
Cynranrasuna Obina paseuta B paGorax T. Nishida,
M. Mimura u M. G. Crandall, L. Tartar. Taptap ao-
Ka3aJ TeoOpeMy CYILECTBOBAHHUSA PELICHNSA B LIETIOM B

npocTpaHcte L' TpPH YCIOBUM MANOCTH HOPMbI

ol

B pabotax V. M. Cynraurasuua, A. C. CaxaGe-
koBa? u B MoHorpaduu A. C. CakabekoBa® goka-
3aHbI CYIECTBOBAHHE M eJMHCTBEHHOCTD JIOKAJb-
HOTO IO BPEMEHH PELICHHA Ha4YabHbIX 1 HAYaJIbHO-
KpaeBbIX 3a/1a4 /19 TPEXMepHOM TUCKpeTHON Mozie-
JIU B IpOCTpaHCTBe (yHKIIHH, HENPepBIBHBIX 110 Bpe-
MEHHM W CyMMHPYEMBIX B KBajIpare Mo NpocTpaH-
CTBEHHBIM IlepeMeHHBIM. Mi3yueHsl HauaJIbHO-Kpae-
Bble 3a/1a4H /1 O(HOMEPHO# MoxenH bporysina u
ONHOMEPHBIX OHCKPETHBIX MOAEJEH yPaBHEHHUA
Bonpimana. Jlokasano CyiiecTBoOBaHue NodansHO-
ro No BpeMEeHH PELIeHHA Ha4albHO-KPaeBbIX 3a/1a4
IU1s1 ofHOMepHOM Mozei Bpoxyaniia U AUCKPETHBIX
Mopesiell ypaBHeHMs BonbliMaHa B NMpOCTPaHCTBE

dyrumit C([0,T];L' In L), (0<T - mo6oe 4mcso),
€C/I¥ Ha4aJIbHbIC M rPaHUYHbIe QYHKUMH YAOBIET-

BODPSAIOT OTPaHWYESHUAM, BBITEKAIOLIMM W3 33KOHA
coxpaHeHus Maccel U H-reopems! bosnbimana.

CymecTBOBaHUE TOMOKUTEIBHBIX PeLIeHHH
ABYXCKOpOCTHOH Monenu Kapnemana nokaszaHno
JI. B, OBCAHHHKOBBIM, @ AOKA3aTCALCTBO I1100ATB-
HOMH TEOPEMBI CYIIIECTBOBAHUA U €JMHCTBEHHOCTH €€
METOIOM pacilierierns JaHo B pabore R. Temam.

A. Il Akumes u A. V. Cynranrasuu®® ycra-
HOBWJIY HOBBIE€ CBOlicTBA OGOOILIEHHON MoAaeIH
Kapnemana u joxasanu riobaibHyO TeopeMmy cy-
ILECTBOBAHMA U €IMHCTBEHHOCTH U1 TPEXMEPHBIX
HeMUHeHHbIX cucTeM ypasHeHHit Kapiemana, uc-
XONS H3 CaMOH CHCTEeMbl, METOAOM aNpPUOPHBIX
OHLIEHOK B CODOJIEBCKOM NPOCTPAHCTBE W: ,Vp.k.

B pa6ore®’ A. Il. Axbin paccMmarpusaeT ras,
MOJIEKYJIbl KOTOpOro MOryT 06nanars N pasiuyHbl-
MH BeKTOp-cKopocTaMu V, =V, V2, V), k=LN,
B3aHMHO MEHAIOLIMMHCS NIPU CTOIKHOBEHHSX, H V11
HEro 3amuchiBaeT cucTeMy N HelMHEMHBIX ypaB-
HeHMi OTHOCHMTENBHO TUIOTHOCTH MOJEKYIBI Uk,
k —1 N B Buge

3
oY, + W U, 42(U2 -UY),

IR ox, =
C HayaJbHEIMH M MEPUOIHUYECKUMH I'DAHUYHBIMHM
ycnousaMU B obnactd Q =(0,0)x G

U(0,x) =@, (x); U, 'ro,a =

k=1,N, a=13, (25)
rae G- xy6, I

o, — TPaHb KyOa, o~ ceyeHue CTol-

(24)

k 'rlxa 2

KHOBeHHUA, f € (0,). v cucremy (24) Taioke Hasbl-
BatoT guckpeTHol Moaenbio Kapnemana, Tak xax B
YACTHBIX CliydasX N=2,3 w3 Hee CIIEAYIOT COOTBeT-
CTBEHHO OOIIEU3BECTHBIC [BYX-, TPEXCKOPOCTHBIE
monenu Kapnemana ans ypasnenuns bonsumana. Jina
3anaun (24), (25) nokazaHa yCTOHYHMBOCTb HESBHOM
Pa3HOCTHOM CXEMBI Ha BCEM NPOMEXYTKE BpeMEHH

t € (0,0) B npoctpanctse £ ,, T.€

N
)U’?H 1,(Gh) 5;”%”,,,(@”)’
k=L N, 1<p<wl.

¥ Sultangazin U. M. Discrete nonlinear models of Boltzmann equation. Moscow, 1987.
2 YI3p. AH PK. Cep. dus.-mar. 1995. Ne 1; Tam xe. 2001. Ne 6; JIAH PK. 1997. Ne 5
28 HayansHO-KPAeBbIE 31a4H JUTA CHCTEMBI MOMEHTHBIX ypaBHeHu#H BonblMana. Anmarel, 2002.

¥ Becry. AH KasCCP. 1991. Ne 11,
31 Cu6. xypH. Boluucit. Marematuku, 2002, T. 5, Ne3,




Haywubze cmamvu U 3amMemxu

B paborax A. lll. Akumesa®® paspaborana
TEXHHKA PacIIEIUIEHHA HEJNMHEMHBIX OMepaTopoB
CHCTEMBI METOa IUCKpETHBIX opauHaT (23) (B 4act-
HocTH, MofienH Bponyanna nna ypasnenus bonbu-
MaHa); IOCTPOEHBI AIPHOPHbIE OLIEHKH B IPOCTPaH-

ctee L,,Vp u nokasana cxoaMMOCTk METOAa pac-

LIETUIEHHS B KJ1aCCe NOJIOKUTEBHBIX PEIICHUN.

B pabotax M. H. PaxumGepauena, M. Llai u3y-
yeHa CTPyKTypa ¢a30BOro noprpera AHCKPETHOM
MOJE/IH ypaBHEHHA bonbuMana B NMpOCTPaHCTBEH-
HO OJIHOPOZHOM CJly4ae, a UMEHHO NaHO OITHCaHHe
MHOXECTB2 OCOOBIX TOUEK M IPOBEJESHAa HX Kiac-
cHHUKAlMA ¢ TOYKH 3peHns ycroiuusocTd. Onpe-
aeneHbl 001acTH NMPUTSIKEHHUS U PaclosOXEHHe
OTHOCHTEJIBHO WHBapHUaHTHBIX FUNEPIIOCKOCTEM.
B 3aBMCHMOCTH OT MapaMeTPOB CUCTEMBI [IOJTYYEHO
HeobX0MMOe ¥ JOCTATOMHO® YCNOBHE CyIIECTBOBA-
HHA TMHEHHBIX NIEpPBBIX UHTerpanos. JloxasaHo, 4yro
TONIOKEHUE PABHOBECHSA CHCTEMBI COCTOMT M3 JBYX
HECBA3HBIX MHOXECTB, OJHO U3 KOTOPBIX SABJISETCH
arTPaKTOPOM CHCTEMEI, APYFOe — PenesiepoM.

H. A. HypnpifaeBbIM MOCTPOESHBI YHUCICHHEIE
aropuTMbl NPSMOro CTRTHUCTHYECKOrO MOAEIHPO-
BaHUs QU3MKO-XMMHYECKOH KHHETHKH pa3pAiKeHHO-
ro rasa — METO/Ia CJTy4aiHBIX BECOBBIX MHOXKHTEEH.
Pa3pa6GoTaH HOBBIH K/Tacc BECOBBIX CXEM IIPAMOro
moaenposaHus MonTe-Kapiio ¢ BeCOBBIMH MHOXKH-
TEJIIMH 110 CKOPOCTHBIM ITePEMEHHBIM JJis pELIEHUA
3aJ1ay JHHAMMKH Pa3pekeHHBIX ra3oB, MO3BOJISIO-
A pacCUHTHIBATh BHICOKOIHEPTHYHBIE XBOCTEI
¢yHk1MM pacnipenesieHus. C HCTIOIb30BaHHEM CBOH-
cTB Aenbra-QyHKLUMYM NONyyYeHa HekoTopas N-Cko-
pocTHas MOZieJib Ans ypaBHEHUA bonbLmMana.

C 1975 no 1995 roa noa pykoBOACTBOM aKaje-
muka Y, M. Cynranrasusa ero yueHukom B. I1. Lle-
PHIILEBHIM BBIMOJIHAINCE HCCNIEA0BaHus 110 Mare-
MATHYeCKOMY MOJEIHUPOBAHUIO ABJIEHHH TEIUIO-
nepeHoca. Mcenenosanuch Kpaepbie 335241 TEIIO-

NIPOBOJTHOCTH C HEKJIACCHYECKHMM T'PaHUYHBIMH
YCIOBHSIMH, COAEPKALIMMH IPOM3BOHYIO O Bpe-
Menu. C MOMOIUBIO TAKHX KPAeBBIX 3aJay ONMMCHI-
BAlOTCs MIPOLIECCHE TETUIONEPEHOCA B MOIYNPOBOA-
HUKOBBIX CTPYKTYpaX MHTErPalbHBIX CXEM MPH HX
M3rOTOBJIEHMH M 9KCIUTYaTallMH, B METa/LIaX IPH HH~
AYKLMOHHOM HarpeBe M BHICOKOYACTOTHOM Hamnnas-
Ke, B JIEMEHTaX KOHCTPYKLHH pa3IHuHbIX TEPMO-
npeoGpazorarencii. C 1981 no 1988 rox paspaGa-
THIBAJTUCH YHCIICHHBIE aJITOPUTMBI PELLCHHS IIPIMBIX
d 06 PATHBIX 3a/1a4 TEIUIONPOBOZHOCTH C [IPOU3BOJ-
HOif Mo BpeMeHH B rpaHu4HoM ycioud. C 1989 no
1993 rox akagemuxom Y. M. CynraHrasuHsIM, YICH-
xopp. AH VYxpaunst 10. M. Mauesureim u CHC
B. II. IllepennessiM® B paMKax KOHUEHLHMH cocpe-
JOTOYEHHOH eMKOCTH pa3paboTaHbl HepapXHUecKue
MOZIEJTH MPOLIECCOB TETUIoNepeHoca 1 AP heKTUBHBIE
MeTOIBI TMOPUAHBIX U [1aPAJITEIbHBIX BBIYMCIICHUH,
Ins peueHus 0GpaTHBIX 3a/1a4 TENIONPOBOAHOCTH
TIpeIoKeH METO TETIO(PH3UUECKOTO CIIIXKHBAHHS
H3MepeHHbIX Temneparyp. B 1993-1994 rr. Ha ocHo-
Be KOHLIETIIMY COCPEOTOUEHHOM eMKOCTH paspabo-
TaHa HOBast MH(OPMALHOHHAs TEXHOMIOIHUA TEILIO-
dU3UYECKUX UCCAENOBAHUI, KOTOPas TBUIIACE TEO-
petuueckoi 06asoit cosnasaeMoil B MHcTHTyTE Me-
tanaypru HAH PK yctraHoBku ans onpeneneHus
TEeTUI0PH3HYECKUX XaPAKTEPHCTHK TBEPABIX U ChIIY-
YHX MaTePHAIIOB H CEPUH NPUGOPOB A H3MEPEHHS
JIOKATBHBIX TENJIOBBIX IOTOKOB.

Hacrosumii 0630p> oxBarbiBaeT HENOJIHBIHA Te-
peuyeHs pe3yNsTaToB HAYy4YHOH IIKOJbI, CO3JaHHOM
Vmup3zakoM MaxmyTtoBuiem CyiaTaHrasuHbIM, —
TONBKO 1O ONHOMY Hay4dHOMY HamnpaBlICHMIO B €ro
MHOIOrpaHHOMH JEATEIBHOCTH. B 0CHOBHOM OTME-
qeHbl pabOTHI TOIBKO TEX YYEHHKOB, KOTOpPBIE NPO-
JIOJIDKAIOT BHOCHUTH BKJIAZ B JaHHOE HampaBjIeHUE
Hayxu. MHOTHE U3 YUCHHKOB BHIRYKJACHDBI Oblin
OTKA3aThCA OT HAYYHON AEATENBHOCTH B CBA3HM C
00CTOATENBCTBAMM.

2 foxn. HAH PK. 1993. Ne 4; XypH. Beruuch. MareM. u mar. usukn. PAH. 1997. T. 37, Ne 3.

3 CoCpENIOTOMEHHAs EMKOCTS B 3a]a4aX Terno(husnky u MukpodsiekTponuky. Kues, 1992.

3 Pe3toMe HEKOTOPBIX ABTOPOB MPEAOCTABNEHE! HMU CAMUMH HIlM BISTEL W3 MCTOMHMKA (MIHCTHTYT TeopeTnHecKoit ¥ npu-
xnagHol MareMaruky 30 ner». Anmarel, 1995, B CHOCKaX yka3aHbt OCHOBHBIE paGoThL. :
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