AEUUALL VU2 FBSAREZNRUEED UNLALTRUSD SUHABUTLHLP
THAS AKALEMHH HAYK APMAHCKOR CCFP

XXX, Mo g, 1979 Meniiia

AL A BEBHH

HHE @®@YHRKIHH BOALTEPPOBLIX OINEPATOPOB
AHAX TEOPHH [TOASYYECTH CTAPERILIHX
MATEPHAMNOB

ATAEMOH CTATHE AAHN ONICAHNA MOBEIEHHA YNPYIHX H CTapeioiiiy
BIX Cpel HCOOADAYHOTCH OTEpATOpPLl CTMEUHAARHON KOHCTpPYRIWM.
HE HY NOZDOAACT DPCICTABNTYL PEILCHHE MMUPOKOrD KAacca 3alad 4
LM OAHOTO ONEpATOPA W PACHPOCTPaHNTh npuHusn BoanTeppa Ha
H;HH HEOZHOPOJHEX CREF.

HEOAHRTCA DAL METOI0N NpHOAMAEHNH (YHKONI ONEpATOpa, HCNOAbSVE
-ad,dﬂmﬁu MOCTEOHTD PEEHNE 34AAMH HACACACTEEHHOH TEOPHI YIpY-
_.U‘PI‘IH NoOASYHECTH CTAapRiIHY MaTEPHAADE Ha OCHOBE “HCYCHIO-
COOTBETCTBYIOMILH 331K A8 YOQYroro Teaa,

TJJPWE,EHHSI ofDaHaMEHRI QIIEpATOLEl, OIMHCRBANILHE TIOBEIEHHE AHH-
HOTO! MaTepuana, MILHTHEHUWDYIOTCH OJHNM HHIEHCOM, B OTAMYHE o7

e

aroro cboanavenun Ei.

OiEpaToOpaMI

B=E[—T., Tymn= 1' (t, Dy () ds, Iy =y (1.1)

=]

muin Boawreppa [1] nossoaser noavamrs pewenne nacaeactoennoi
enus ynpyrue xomcrantsl E. B pemienun 3agaun respuu vapyro-
aH” {1.1}. Tﬁ“”ﬁt Dﬁp_ail.{l:\l, YCTAHABAHDEAETCH COOTRETCTBHE

FolEos Ed o Pyl Eaey Ea) (1.2)

WHELHAMH YIPYTHY KOHCTAHT W (QYHKUEHAMH ONEpaTopos.

_E-B__'QITICTB-EI: MaTepeaia B pasaHHHDbLx TOHKaX TEMNA paa,\“"{!rﬁ', O
Bﬁﬂbﬂppa B ¥EAIGHHOM (POPMYAHPOBRE He MOMET OGuThH HETOAbH0-
O KAK GIEpALHI AHPPepeHUNpOBRHHA 1 MHTCIpHPOBAHMS N0 KOOpAH-

eCTABAMBL C onepauneid ymuomenna na £. (r) (r = (xi, o 0)—
aa). Kpose toro, BosuigaoT cymecTBeNHblE TPYAHOCTH NPH MakTi-
PEAAHIAUIG MpHHIIIE 0 CAYMaNX, KOraa peliende YIpyroi 3ajaai an-

TpancoenenTHol VHEUNGE YIpYrHY DOCTOMHHEMK, HAH 3agaka pe-
il SUEAEHHD W 3ABMCHMOCTS PEIICHHA OT KOHCTaHT B ABHOM BHIE HEHS-
i TPYAHOCTH HACTHWIHO TPEOAODAEBAIOTCA METOAOM anmpOKCHMaiil
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[2, 3], woropuiit npumennsm & 33aiavaM HaCAEJCTHEHHOW TEOpHH ynp:rr:_"
£CAH CBOMCTER HACASACTRENHO-YIPYIOTO MaTEPHAAS ONHCLIBAIOTCH OSHHM Of
paTopom (ofmuno moAaraeTod, UTO MOAYAD  OOBEMHON  AePOPMAUHE — KO
_r_'.'ra!-l'ra:l. B obuieM CAyHEE SATPYAHEHMA OCTAKITEA CYMLCTBCHHBIME.

Boaee rufixoil assseTcd HECKOABKO MHaf TPAKTORKA NpHHUHTA Bm-t_'r'__ -
pa, paseuTas & [4], woropam noamoader pacnpocTpanHTB ero Ha HBEU_J_I:!'
HALCCH HECAHOPOAHMXY Cpel . OKA3ZBIBIETCH vaioDHoH npH QarTHMeCKOE PeaAl

bk

BALHH.

Bee onepatopot [z, (purypupyiomne a ncxoaumx ypasHenuax, mpeictis
BHM {EC.‘;'II! STO EDEMDH{H{!} B BHIE I'P}"HKH]II.E[ HEKOTOROrS oaHoro QMeFaTops

H*:
I = P, (H*) = f awF™ (1.3)
k=1

apiuen pypkuun  Fo(L) npeanoaaratorca peryaspusimu g rouxe A =0,
Hacaeacrsennoil 3agade nocrasHM B COOTHBETCTEHE 3ajauy TeOpHH Yopys
FOCTH ¢ KOHCTRATAMH MaTE‘P‘HaJ!-a

E; (0= E[1— P, (V)] (1.4}

EEBHEﬂgHMH OT YHCAQBOID TARAMET A r:'a. PE].HEI”{E HﬂChEﬂCTBﬂHHUﬁ Hﬂ:ﬂ;
MIOAYHHM, 3aMEHHE B pelicHHMH YIpPyroi sagaui napaMmerp A onepatopom H*,

Taxum obpazom, mmecro coorsetcraua (1.2) ycranasameaercs coormers
£TBHE

F(1) e F(H*) (15)

MeHAY (PYHRUMAME QHETHBHOrQ NapaMeTpa ), BECICHHOTD B VPAaBHEHWA VIPY
roit 3azaqu, n pynsuuamMn oneparopa H'.
D]’IEP&TGE}HI THTOA {1.3‘] MOSBOARIOT paCHFDCTpﬂHHTB ]'Ii'JI'IEL'I'._I,H]'I BD,\bTER
Ha HE'HGTDPHE KAACCIM HEUJII!DPDA}IDEK E_P'E-,ﬂ;. ]
[lyctn or Touku Teaa 3aBMCAT YOpyrue MOAYAH H napamerpbl ¢|}f-.ﬁc'g§
P, (no me H*):
oo » L '
E. = Er), Ti(r)=Pur, H)=Y a, () H" (1.6
frey '
HaﬂﬂﬁﬂﬂTHﬂHHDl‘-‘l sgjgade mocTaBHM B COOTBETCTEHE 33444y aad Hﬁﬂﬂﬂﬂﬂqﬂé
HOrO YROpYroro TeAZ ¢ YNPYTHMH MOAYAAMH

Eftr, ) = E. (AR —Pilr, W] (1.7)

Coorpercrene (1.5) Memay pemeHHAMH YIPYro#  HACAEACTEEHHOH =2azatil
ocTaeTen cnpapeasnsmm [4].

Taxum 06pasosm, €CAH BOIMOMRO NPeICTABAGHHE MCXOAHGIX ONEpATOPOR
g oamae (1.3) wan (1.6), vo pewenne HacAeacTseHHOl Jajgaunm NpUBOANTCA K
BRIMHCACHAIO (PYHRIHE BHIA

w(r, t) = F(r, F*¥)f(t) =;_l_"'9 b (r) H U f (1) (1.8)

)
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EROTOPHIH TIapaMerp, xapanTEpHa}rmngs HanpAHeHHo-JedopMHpO~
osnie Teaa; F(r, &) — pewenne coorercTsywmed ynpyrofi saza-
Has (YHRUHA BPCMERN, NPOOPUHORAABHO KOTOpPOH HaMeHA-
803 JeHCTBHA. '

Ha TO, u'Io B OHCXDIHDIX ‘-'pa'HHﬂHHRK MOeT LIJHI'}’pHpDBHD He-

METHJII:I II:pHU.«"-H.-ﬁEHHH LP\'HKL[H‘H GAHOIO CI]'IEFIETG[J&. npHMe-
IEM CAYHAE K ONEPATOPAM C HUHHB4PHAHTHBIMH AApaMH, NPHBOAAT-
35 uacTommel cTaThh.

Tpau HEROTOPEIE THNB HACASACTBEHHBLIX CpEL. NOBEAENHE KOTO-
finiTe onucano onepatopas suaa (1.3), (16).

ﬁg;AEACTBEHHmI FNPYrocTH HaXoAAT MHpOROE MPHMEHEHAE pe-
ibig CHEPaTOPHL, AApa KOTOPLIX UMEICT HHTErPUPYEMYI0 ocobedHocTE
b FOAYTO-HACALACTBOHHAA CPEAa WAN OJHOPOAME, HWAH HEOAHOPOLHH,
. TOURAX OMEPATOPH OCTIWTCH HHBAPHAHTHBIMHM OTHOCHTEABHO Hada-
np.emeuu {Hanpumep, HEQAHOPOIHOCTE OOYCAOBAEHA BOZAeHcTmHEM
HEOAHOPOAHOrD TEMOEPATYPHOFO IID\H] TDF,E.H B KamIoH TOU-
i ONEpaTopoR r. MOPYT GHITh JOCTaTOMHO TOUHO annpORcHMHpOER-"
Tamu 0GoGMCHHbY AROOHO-3KCIOHEHHAALNDIX (PYHEUHA

(=)= N7 (1) exp [ — (6= B Bur (), 1—3), —1 <2 (19)

-Fr.'-t
B, t—z) — apobuo-sxcnonenysarsuan pynxygun 0. H. Pador-

e caaraemoe p Buipamennn (1Y) apasercs  pesoapnentol  mapa
40 A

mptiea [ 3] ¢ napaverpon {— #s) Henoanays oneparopuyio xon-

0 pessABBEHTHLI, NOAYUIM Onepatop, coorsercreylowni aapy (1.9)

.._"I*.F;-f'} H*
]+ B ) HF
paenne (1.00) woametcn wacTHmM cayuaesm (1.6},

yr- HM, YTO MapaMerpbd F H G ABAHIOTCH BHYTPEHHHMH FIHIJ‘IME""E)H.MH
&' ]ICFBT(!M}" GIH NOAATATCA HEIZBHCOHIIHMHU o7 KOOpJIHHAT H HHITKCOR

H{f—2)=e ™ @ —5)T+1  (1L10)

— 7:1-—“ — =)=+ 1), 76 ecrs sapo H commajaer ¢ nzpom Abean.
| EPHE‘FH}.H MaTepHaia VOPYTIOH 3aja4l, COOTBETCTHYRNUHE Oneépa-
0), nmeior iz

L Ll
2 = :
B W= s
J > } =] 1 'i_ .Sip {r}‘l'

l';:_e CTAPEIOIIHY MaTEPHAAOE MOMKET GhlTh OMHCaHG OHEpaTOpaMH
), (1.6) amun npn onpexesenntix aomymennax. Oauako, w8 atom
> HIACHEHERA TPARTORKA ApHHUHNA Bn.ﬁh'rl:ppa OKa3LIBaETCA TOALIHOIL.

(1.11)
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[Myers, Hanpumep, CHOHCTBA HEOAHOPOAHOND M3OTPOITHOTO CTAPEIOIIETD
Ad OMECHIRAIOTCH OnepaTopamy  camura W oGnemuoit xeqopmauun E(r)

E.(r), sapa ROTOpHIY OTAHYAIOTCR TOALKO MHOMHTEAEM

E (W =E A —% (NH*Y,  Ey(e)= Ea(r)[I—7alr) H?*]

Jlame B aTOM mpGCTEiIEM cAyvae npHuumn BoanTeppa B (popMyAl
FE [I] HE MOoReT OBITLH HCNOALBCEAH. | |0AX0A, HIADMKCHHDLI BbILE, NO3H0
NpHMEHNTh K PEISniio CeparopHeiil  MErol, TOCTAEHE B COOTBETCTBHE
CAGICTEEHHOH 3Iafaite Jagady TEeopHH ¥Upyrocty JAf HeoIHUPOAHOrO TENRO
XApaRTEPHCTHRAMNE MaTepHa 1

Eilr, 0 = E(r)[1 =% (k) Ealr, B=E(r)[1 —7:() 3] (]

Bamumil a5 mpakTHRH CAYHAH HeOJHOPOAHO CTAPEIOMICH HECAEJCTHENS
Ol cpeanl, MORCAEHME KOTOpOH omeiBaerca ypamneduamu H, X. Apym
na [6], pacemorpen 5 [7]-

B ofmem cayuae upegcrasaennn (13}, (1.6) caeayer paccmarpns
Kag anmpoxcuMauuio aep La(f, T), nmoayuaeMsix M3 OnnITOB, PAIACIKEHNHA
N0 HTEPHPOBAHHKIM HAPAM, AOPOMAAEMBIM HEROTOpbIM (mpOR3ROARHEIM)
post H({, 1).

Orsteram, aro onepatopst Biga (1.3) ecrectpennny ubpazom HOABARK
B COOTHOWCHHAX, ‘:HHHHE&I‘OLHHN HHF'['i}EHHHE }"C“AHM H ,ﬂefpﬂpﬂiﬂgﬂﬂ HEGAH
PoOIUG EPM-HPC.IB-HHHH|K CTE-P]HHHHN& CHOTEM H3 ET.']PGN!I[HETG HatAaCJCTBCHHS o
mateprara [8]. [

§ 2. Jdan ofocnoBanns MeTodon TPHOAWMERHA (YHRLMI Oneparopa, Mis
ASTACMBIX B pasfeaax 3, 4, npeAmapHTEABHD NOAYHHM PCUIEHHE YpPaBHEHHT Ti
na Boanteppa m (pOpME, HECKOALKO OTAWMNOH ©T Kiacchdeckoil, [axoe mpess
CTABACHHE HMEET Takie CaMOCTOATEALHOC AHaUEHHE, TAK KAK MOMET ﬁﬁl'r_if
HCMOALIOBAHO AAR 3QpPesTHEHOro NPpHOAMMCHKOrO PEIIEHHA YRABHCHHI. 3

Pacesmorpity suTerpasshoe ypasiesite 1vna Boasreppa Z-ro poaa

g () —H*y () = [ (1) (2.1}

g xotopos y(l) — mexoman, [({) — sagannan Qyusyua; A — napaserp ypaB
Heuid B oOIICM CAYYae KOMIABRCHBIH.

K racciueckoe pewenpe ypasuesus (2.1) npeactanaser cofei paa no eres
neHAM napamerpa A

gl =Ff()+ R () f (1), - RT()f(t)= EII-""’y,, O, wolty =110 {22;

rae y, () =H " f ({) —wrepuposannne hynxguy, K (1) —pesornsenta HES

[Moxamem npesae BCEro, YTO HTEPHPOBAHHKWE QYHELUMM AMHEHHO Hesapl-
crvpi. JIA AGKAZATEABCTBA BOCHOABIYEMCS HHTETPAADHBIM  MpEACTABACHHEN
peryaspuoil pyusunn oneparopa [9]
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F(H# () =§Hﬂm W, O d

o

Wik, ) =i " [0 R (NS ()

KHYTHIE KoRTYp u obaacry peryasprectn F(A), obxoammwii rou-
_1‘} — PESDARBENTA YPAmHENMA THIA (2.1) ¢ napamerpom R
yerun, wto [B, + BH* -+ 8. H ™ /() =0, us (2.3) noay-
'j-i—-“—!—ﬁmi-“-——- 0 na awfom KourType ¢, JTo HEBOIMORHO B
i mesasncHMOCTH dynruni £

TPHM TENepb, HAPAIY C (2.1), ypanrenne

(2.3)

e i

g (1) — hE Ry (1) = [0+ 3Qn (HF () (2.4)
— HEROTOPDIH NOAMHDM © RODEEHUHSHTOM, PaBHMM E3WHHIE TIpH

ena H*:

QulH*) () = Na, 1™ f(1) = };ay @ =1 (2.5)

o

Hﬁzﬁﬁeﬂumﬁ OAQaMeT . Hnaq:r:png;-:en‘rm o MONATAEM 3ATAHHLIMH,
¢M HckaTh petienut ypasnenun (2.5) 8 auge

- m—1 - m—1 .
g =Y aH"f(H="Y a5, ) (2.6)
] ti==l]

EAY AMHEHHON HeSasuoMMOCTH MTEpHPOBAHHBIX (QIYHKLHA, ZAR Onpefe-
HOCHOABSYEMCA  METOAOM  HEONpeAeAeHHBX kosd@HunenTos. [log-
6) B (25) w npupannunan wosprusentn npu yall), noayunm

ﬂ-—a!ﬂ' &, = }"au--] =} aa" [.ﬂ = 1?‘"" H’l—i], -"um—l + =0 {g"?j

=8 N’ i=— 1 (7)) (2.8)

1)

i obpasoM, vpaomenwe (2.3) yA0OBASTROpAETCA KOHETHHIM PAa3AOHE-
HTEPHPODAHHBLIM (PYHKUHAM.
ooTh  Memay pemenmaMu ypassenmn  (21) w (2.5) .(f) =

) moser Guith HaHACHA M3 YpaBHeHHA
e (1) — AT ¥ (1) = — 35, (1), 5o (1) = Qu (H2) [ (1) (2.9)
2.9) noayuny

£ () = — B[ T4 WR* (1)) 55 {t) (2.10)

obpazoy, pemenne ucxogworo ypasuenua (2.1) smomuo npesera-
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I

- mm—] E il
y) =y () F2a ()= Y awy, () + Q2" () [L + 2R ()] = (1)  (2.00)
t=1{i
IMoayuenumit peayabrar somer GBTH HENOABIOBAH SAR TDHBAMKEHEOD
pemennn ypaswennn (2.1). Pacnopnanses kospbunentamn o, TakHM oh
30M, uTo6br yRAOHeHHe QyHkund B(I) o7 HyAd B paccMaTpHBEEMOM HHTEDER
Ae [7 7] BHA0 no BO3MOMHOCTH MaAbiM. Ara avoro momuo MusEMuaH
BaTh MaxcHMaantoe yeaonende dymxumn |e,(f)], man xeazparuunce yvran
Hue, uan npupasaate £.(1) myao a M voukax % £ [t ] Tlocaeanse
EPHTEDHE NMPHBOZAT K CHCTEME AHHEHHBIX YPABHCHWE CTHOCHTEARHOD G

N f . . ;
Ecan meamunna 27 se ouenb GAMaka & KopHio noannona Oy (2),

pysruma 2, () GyaeT MAAO OTAHYATLEHS OT HYAH, 4 (HyHKUMA y () 6aus
k y ().

Ormerum, aro npu Alobom m ycrosue o, =0 zaem: 4= — 4", a,=1
a,=1", 10 ects npubAmmesnne orpeskom pasa (2.2) eeTn vacTbi CAYH

pacemaTpusaemoro. [1pu sTom norpemsocTs npuGAwmenua onpeean
soipagennem (2.10), » xotopom () =y (1)

JHPeRTHBHOCTL PACCMATPHBAEMOrD  MeTOfa NpHGAMMENHOrD  pelHe
YpanHemits OUPEASASETCA TEM, YTO Yike npw HeGoabuiuy M yRAOHEHHE OT HY
@yuxumn £,(/) Momer GuiTh caeraho MaAbIM 33 Cier COOTRETCTRBYHOWIETD Bhl
fiopa ., B To BpeMA Kak pyuRUMA Fu(l) cTpemarcs ¥ myim Goree MelreHHD.

B kauectse npumepa  Goiro pelieno  ypasHeHHe ¢ mapoM  AGeR
H{t —=) ={t—) T {1 opwih=—1, fi) =1 na=—08 Marcumym
aficoriornoil norpemmnoctn B uarepsare 0= "' < 5 cocranua 0,0018 ny
AMPORCHMALAE DELIEHHA BOCHMBE) UTEPHPOBAHHBIME (YHRILAAMH,

Pemenne ¢ nomomsio paga (2.1) npit yxasanumx ssavenmax napaMeTpon:
CXOZNTCR rpesspdaine Megacnno. Jdan noaywenun NPHOAMMCHAA ¢ norpe=
woctwio, e npesocxognmen  0.0018, neoSxoammo npocymmuposats  oKoAG
20000 wsenon.

§ 3. PaccMotpHM Tefeps 3a3auy AnnpOKCHMALN pyaxamwn { 1.8). [oaa
FAEM, 4TO PELICHME COOTBETCTEYIOmEH ympyroil sagaum F{L) masectno pow
KOTOphix ¥axax A; (saech w B JarsHeimeM TOUKY TeAa cautaem fuKCHpo
HOH M 3ABHCHMOCTE PRILCRHA oT T HE oTMeuaes ). Anpo H(!, 1) nosaraem ¢
NPEPBIBHBIM HAN HMEIOWHM CTCMEHHYI0 0COoBeHHOCTE nmopaaka o> — 1 rpyﬂ
uns F(1) npeanoraraerca PErYARPHOH ® HexoTopom xpyre |4 = p, p =0

Buavenus F(4;) smoryr 6nTh Haiiieunv B PEIVALTATE YHCAEHHOIO pEmie-
HHA 3a3atu. Jad YOPYroro MartepHara ¢ (PHKTHBHLIMH YHDYFUMH MOZLVASMHE
(1.4) uan (1.7), & xovopuix A = ;. '

Orseriy, wro npw & = 0 guxrissnie YIPYrHe MOIYAM COBNAAAT © (Hak-
THHECKHMH, MOATOMY Aonyumedue o peryasprocts F(A) somosusercs, ecan
Aaua reopud ympyrooTi © moayaamu B (r)  ssmeer exmucrsennos pemenie,

Byaem pasercxusats npubammenie qyuximm 1) B Buae anHelnol kD)
GHHAIHE HTEPHPOBAHABIE (YRR



S0 =F(H) ()= Pu () + (), Ou(®) =N ey () (31

M=

T nnrpemnnwh AMMPOKCHMALIHH,

kilj=1, 2,...) — nocregosaTeAnHOCTL NMOMAPHO PAIAHIHBIX

ax uncen # (G, (h) — noAnHoM, HHETEPTOANpPYIOWN Py HKILHID
e

M, YIO UPH HEKOTOPBIX OTFPAHHYEHWAX Ha NPejeAbioe pace

2. Togex Iy npu j — = nocaegosarteasnocts D () — 2 (1), ecan

Bl ¢lM) coBnaainT ¢ koadpuunentaMu noiunoma G,._p (M)

MOADHHM, UTO TOCAEACBATEADHOCTh /j YIOBACTHODRET YCAOGBHSM:
Aax by Oyaxuus F'(L) peryanpna;

e = !
DRUTEAEM | OTAMuaeTcs oT pewesns ypapnesus (2.1) ¢ na-
11 ‘moAy=um

FO)'S Unacs () g, () di

“ al
() =— — =1 +z (i 3.2
: ~ 5 e ) (3.2)
e B P EQET R )]s (t) A 33
: (1) Em,gk e (3.3)
Ui=1, Uicazil= ¥ gl (3.4)

oM crenenn M—n—7,
pi. shisoge oolpamennit (3.2)—(3.4) wcnoipaomaruck  cooTHOWERHA
q:’m. (2.11).

b Bce KopHu A noammoma (. (A) mpocteie moAemat B sameEyTOH
TH V. FARMOHEHHOH BHYTPH ROHTYpa ©, YuHTHEBEaH, WTO HHCAUTEAL T
Eryadpras dyurund B obaacti V n ucnoAbays Teopesy o mhlverax,

= Ej iy (8) +e(), o= }"i Fiy) {-fr:ri—n—lt:f-j}
b = @ ()
06 3 spipameniit (3.5) copnajaer ¢ BupamenHeM Iam Koa(QHUNeH-
EPROAAUHOHHOTO NOAMHOMA,
nkumeu urg £(1)—( npu M=o,
CTh KOHTYp cOomnafaer ¢ OHDYHHOCTHIO pém::f'v:.a [r. npe.u:‘r';_m}m

E“"{?'" I} = P-‘J("}J'I'Qtn(?v] B-BHAC

(3.5)



(,._),._1 Ii (K*—2,)5(0)
“ﬁ!{L — Hjgtsin)

g

H* n=m—j,

e (HE =) )

ot (A — %)

— (PYUKUHA, orpaHiduennas n ofract {E[f, =), k7w,
B euay yeaonun 6) npu j > j, paccTosiue oT i A0 » He MEHLINE,

gem 26/3, noatomy

"Jlg n—1

)rw }|

Taxum ofipasom,
n—1 _
Enl 01| B 1wk T 00)  qu=(5) @

rae u, — Koa(pHUMeHYN ToAHHOMA (2 —z;)..(z—z, ). 4

Ha ocnonanin reopemn Buerta samanii w3 xosuunenton i, paBeH

H o=k
cymme £} npoussesennii suga z.z,, ... 2, R Yuutpsan, wuro |z, |<1;
n— "

NOAYUHM OLUEHKY

Y "= 2 B
T,,|I+"‘+|T“klg(1+éi n— 1)(?) =

[Tpy gurcuposannom j

1] n—1
ha..'.-l“‘:{(-;') CJ:I—;:: {(%) fn—l}k_} — O npu g — o=,

Taxum obpazoMm, EoaOUUHEHTH Tap VAOBAETROPAIOT YCAOBHAM {:1
(6) reopempt TEnanpa [10]. .
Tak kaw K '0(#)—0 npy k- oo, Ha OCHOBAHMM TEOpEeMBl | ENAHLE
npasas uacTh Bntpamenus (3.9) erpamures ® Hyaw npu n— o n Ao
HMa (3.3) caeayer, uro () =0, Tak kak AAMHA KOHTYPZ  OrpanHueHEs
Ouennm norpewnoets npuGAMZKenHa TpH (HKCHPOBAHEOM m. _
Myers . — aanna konrypa w, M — makcumyMm Moavaa ¢yHRuus £
Ha W, G5 — MHBMMaibHOE pacerosnue ot L=0 go o u & — MHIEMaAbHOE
paceronnue ot Li(f=1,.., m) g0 w. Ha (3.3) casayer ouenra .

| 0) |- max |5 (0) | b ME (3, 2)/270,3" (3.10

rae il ()=1+4 6 'Ri(4 )1, R, — pesoavnenta aapa |H (&, =}|.
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Hasw cxoauMocTe nocaegosateavnocTd D (£) w ()

TPouTH NpHGANEERHE (3.1), onpeaeans rosppuuwenTh cim

enTel noAusoma Gn 1 (h), muTepnoaupyimero (pyakinio
b TourocTb NPUGAUNCHMA B HEKOTOPOM WHTEPRAAE HpE-
aasHeHT oT puifopa Y3A0R HHTEPNOAALHH,
¢ (3.10) caeayer, wro norpemmnocrs npuOAmmenus Oyzer Ma-
yraoHeune ot uyan pyusymn £.(0). Tlostomy npeacrapasnerca
BiM abtGpaTh Y3Ab L Tax, 4TO0H MHHMMMSHPOBATD B HHTEpRAAE
APATHUHOE YXAOHCHNE, A M3 yoaomua pasencria & (1) nyaw
Elzn =) Yrasauusie xputepust NpPUBOAAT K CHETEME AM-
mennil oTHocHTEALNO xospuynenton 3, noAnnoma O, (H*),
aptewitn O (1) = 0 onpeseamor sqgextusnne yaast b |7].
OB, HARACHHBIX NIAOKEHNBIM METOAOM, WMEHTCH, KAK MPAIBHAO,
€, DTO HE NPHIOAMT K SATPYAHCHMAM, CCAR (YHKUWR i)
spson miae. Oanako B cAyuae, KOrAa CoOTHETCTHYIQAR 34~
M YIPYFOCTH PEIAETCA MHCACHHO, AAf noayuenwn (k) ne-
PEATL YOPYTYIO 33444 € KOMAACKCHLIMK MOXIYARMM, HTO CHH-
MPCACASHNBIME  BBIMHCAHTEABHBIMA neyaobernami. B arom cay-
ﬁpu:m HeNOARSOBEATH AceflcToRTeAbUBE Y3AElL, ONPELEAHB WX
MHHHMYMa (yHKUHOHAAL

= 5 (1) dt = ‘[[H"-—LJLHIH'—-‘-m”fl'ﬂ]*tﬁ (4.1)
. o
METOHBAKOTCR Kax ACHCTHHTEALHBIE apaMeTphl.
. HTO HaMAfHHBE WAADEKEHHDIM METOI0M ¥3IAM Aj M, CAvgoBa-
puyHenT npubsumennn (3.1) sasucat or oneparopa H™ u pac-
ro MHTEpEAAA HPEMEHH. 3T0 MOIBOAKET NOAYHHTH XOpOUIes npu-
e yate npn 1 = 4= 7. [lpumepn npuseaenn 8 56
fipeacranaenna (2.3)  caeaver, §TO NOCAEIOHATEABHOCTD
f(t) — = (1), ecan nocaegosateavnoets Gai(h)— F () na won-
! H Ka® B — npuil:-tﬂﬂ.!.m-lh:l'i KOHTYp, TpH ONpEeIeAeHHE Koagipuilner-
wiennin (3.1) momuo WCNOABIOBATL HEKOTOPY Japanee 3alaHHYI0
HATEADHOCTh ¥V3AGD, ©CAH l'lp“ FTOM NoCAeADBATCADHOCTh GJ'H F{j'}
i x F(L) n nexoropoit oxpectaoctn 4 = 0, B wactwocti, nocacaona-
5 noaisomon, wircpnosspyomix (L) o yarax Hebmuiena cxonnt-
) suytpu wanbospmers aaammca ¢ goxycaun (— 1.0), (10), wa rpa-
oporo dyuxuits F onepecraer Gmrs persanpHoi [11]. Taxum obpa-
pgmiesrrst npubaaekenns (3.1) moryr Obitn waiaennt & peayibrare
s o yarax HeGwmena. lpu arom, oawako, cxoammocts momer
1 Bosee MeAACHHON, HeM IPH HCNOABIODANHH YDAOD, HallAeHubX B
v st aagitn pyixgronasa (4.1). Jro obmacunerca Tem, utn npit
AOQ He MCnoAbayeTcA MiopMALHA O KOHKPETHOM HBHAC ONCPATO-
CHHTEQHAAE BPEMENY, B KOTOROM PAIMCKHBAETCR npiGanmenie.

erin AH Apumncxoit CCP, Mexanmea, M 6



§ 5. Meroa, wanomennuit » pazgesax 3, 4, ocnosan na npubams
yaruan (1) aupedinoi xoMGuszusedl WTepHPOBAHAMY (VEKUMA. B
MM PA3LEAL DAZEAT METOA pasAitsenyua no gymnxaam Ha(1), KDTDPHE.
ﬁHTh Ha_ﬁ.itﬂbl W3 HedaRBHCHMDBIX HETETpaAbHBIX }paa.ﬂm-mn, peLUicHHE: K
PUiX B HERGTOPHIX CAYMAAX DQOIWE; YeM NOCTHOERHE HTEPHPOBaHABY VL

Tpescrannn gyarume F(L) n muge pazs ne PALUOHAABHEIM (YKL

5 (h— ) [J.—-i.] [k —. }|
Fl)=a;+ a;,~ =ik
S (i (: — @ )}k —a,)

L3
rae l’-J' H 7-1-_ A AaHHDIE HMBCAd. HQEIP¢“HHE![THI Qo Egaear  AETRO

NOCAEZORATEABHO TMPHPABHHBAR Aesyio uwacte (2.1) npasodi B 7ToY

B Hapeee _
ﬂ‘jc‘l‘i- TOSKN 4"-;'1:_,." = ], 2,.,.} CTRPEMATCH K HYAH), TOYKH 3) CTp

MATER K DECKOHEUHOCTH M &) += % [IpH  YEGSAHHLIX YCAOBHAX PHA {

CXOAMTCH pasxomepHo x F (1) » kpyre peryasprocru [12].
Pacomorpum pasaomenie

with = F i = {M
2(t) = F(H®) £ (1) u‘{ B wly

(H™— i) (H — 0
(H* —af)(H*—ayl)

-+ ag + v-*]f{f?

Hla npeacrapacuus (2.3) u pasHGoMeproN cxoammoery paza (5.1) A}
TYpE W caeAver pamuoMepian exoanmoctn pasa (3.2) aan £€[5, Tl <
Kamaoe caaraemoe paza (5.2) momno smipasyts Hepes cymmy QyHe
BHA

W)= RO = (RO 6D/t 022y (68

rae R{y, ¢, =) — pesoavrenta agpa H(f, =) ¢ napamerpom ;.

Henoavava TEOQEMBL FMEOMERKA DEIOABDENTH ONENATOPOR [1, 13] u ur !
HHHHBAACh B pasicmenud (J.2) KOHeuubIM HICAOM HAEHOB, TIOCAE HEKOTO
npeaGpasosaHmil NOAYYHM

B (1) = Dult) = bof (1) + 3 by1t;(0)

rae L

b= Dt (=0 me= 1

)

[
a RoaMEHUHENTH | ONPEAEARIOTCH NOCABADBATEABHO N0 (POPMYAEM

G



B =r, =1,
W, d ()

(k) [Jn 11
i ( +I?L|—"UJ.)

dikn d” 1)
S T

E'i — I‘iﬁ. ii.j;._l _ ih.

(3.6¥

= .Uc[jk; T = thy I:_a-jr — 1}

- {-5} eAeayer, aro norpemmocts mpubammenna (1) = (/) —@.(1)

{H't_‘ rnrs 3
- [-ofed amiee
f e (g =) '
WO =TS @

AH-napaMerphl 25 3alaHbl, TG BEAWMHHA DOrpElIHOCTH 3ARMCHAT OT
1:. 3‘1‘:{ ¥3aAbl Heaccoobpaano smbpaTn Tak, 4T00M B paccMarTpHBaEMOM
' -BpEMEI-IH 75 Tu] mo BOSMOMHOCTH YMEHBINHTE VEAGHEHHE OT HYAN
5.(1), xortopasn ABARETCA OJHMM M3 COMHOMMTEACH B BhipameHin

' [Mpieeges aMcroBpe npUMepsl, HAMOCTPHPYIOUIME TOUHOCTH H3AO-

W) = F(H*)1 = [/ + 3o (I —H*(+HH ™, w=04 (6.1)

FAHUEDIX aHauenx napaMerpa fi.
o onepatopa H" npunsro s suae

H(t = E:.Tﬁ_ C(t, =)
A ‘ (6.2)
;{_:{f. -‘J = (Cﬂ e ‘;"':"‘__) !l e 318—1,{,«- = B:E—::{r—'..l]

AGBbIE 3HaUEHMA NAPaMETPOB (eanusue mpesenn — 10 cyr):

r =0 B —1; B, =0; 5C, =044 4,5=061; =025
H MOCTPOEHHH TPHOAMMEHNA METDI0M, HIAOMEHHBIM B pasferax 24,
vosmennit (3.1) yaepmusaroce 6 caaraembix; QA ONpefeAcHHs KOIpH-
ITOE HCMOAB3OBAAHCH apavenna F{A;] B vsaax, HalJCHHME NPH MHHAMA-

PyHRUHOHANA (4.1).
al



[Mpar pemenva 3azaun mevogom § 5 & pasaomennn (3,4) yvaepmunasoch
-? HABHOB. F3.|\H }-j DnpeJeATAHCE B pPE3¥AbTaETE MHHHMHIAIHH KB&HP&TII'{![D-‘
[0 YKACHEHNA or myas pyuxwun 5,7 ) ma (3.7).

Haii zesnuse npubammenna CPAaBHHBAAMCE © ToWwHutMu ooauenmamu G0,
KOTOPHIE MOMHO NOAYSHTH, paciiu(posan pagnonaissyio 1pobs (6.1) onepa-
vopa HY. Jas sapa (6.2) npn © = B. = 0 dyusuus ¢(!) smpamaerca Hepes
pemende ypasuenna ¢ agpom H. 20 Apyriowssa, noayuennoe s samznyron
muze | 14].

B raba. 1 nprsesenst suavesis MAKCHMYMA aGCOAOTHOR NOPPLUIHOCTH %
wureprare 0.07 =< 7= 20, woayuenunte npn npmGammentn p(l) serozamu
B4 (meroxl) us 5 (meroq I}

Tatanua |

I | 15 |_T 25

Meras | 0.0005 | 6.0011 (0004 | 0,0002
Metoy [l |U.LI[]L'IE 00012 0.0018 0.0033

Kax aswamo na vaba, 1, norpetnocrs Meroza | we npesocxoant U001,
seroas 11— 00033,

2. Paccmorpena sazawa pacieta GETOHHOrD GAOKA HPAMOYLOABHOTO mo-
MERETHOIG CEYLNHA, PACTIOADIKEHAOTD: Ha CRaAbHoM ocnosawmm, [lpeanoraraer-
CH, MTO JAHHS OAOKA FeAlka M cHoTeMa BAOK—OCHOBAHMHE HAXOANTCH & YCAD-
BuAx naockoll geopmaunn, B moment T, Teuneparypa Gaoka yEeamumDaercs
Ha 1°C u g gasbuciimwey se wsmengercs, CroiicTsa GeroNa ONHCHIBAIOTEA Of1e-

patopom £ e (I -+ %), ocuonaune NPEATIDAATASTCE HAEANDHO yRpy-
THM. I-IF.PH pULlll'.t][HH 3aTaTH IIPHHHTDI CAEAVIOINHE IHAUYCHHA ﬁ&pﬂHE'I‘pDH; OTHO-
Wenite bcoTh Gaoka & mxpune ¥ = 0.25; E, = 3.33.10° MIla; moayan vipy-
rocti ocnosaisn B = 1-10° MfTa; xospmumentut [yaccona Groxa w ocuo-
BaHua: v, = 016, . = 0.20; woshdHuHeHT Amieituoro pRCIHpeEHA GeToHa
a=1.10"7 lfrpaa.

Aapo onépatopa H* npnusaro B suae (6.2) nps caeaviomns amavenmax
napaserpos  (ecamnuua spemenun— 10 coyr): r =013 E,C, = 0.5395:
ALy = 09152; B, =033 B, =063 y,=03: 5. =58 Mowmeir mpHAD-
HEHHA TeMnEpaTYpE T, = 3.5 cyr.

Jajavd pewarack METOA0M, HIAOKEHHBIM B § 4 aan HOCTROCHILH TIpH-
Gammenns (3.1) nenoasaoeanoch uMcAeHnOe pemenne 3agaun TEOPHH YOpy-
rocti ¢ moayaamn £ (1) = E,(1 +1)7" (j=1..., 4)". 3uavenus k; on-
PCABAHAHCE B peayAbTaTe NHNUMM3AUMM dyvuarpvonaia (4.10.

B rafia. 2 npusesens suasenus wanpamenni Too(l, yr, () 8 vousax (0, u,),
PACTICADWEHHBIX HAa DABHBIX DACCTOANHAX [0 BEpTHEAABHOH  OcH  GAOKA

Bajdua Teopr yopyrocTe pemassck Merogom «Kpacunbix nasocs [15]. Pacseror
BELIOAHEHE! B BHCTHTYTe ruaporexinkn wy. B, E. Beasucena,

=

182 A




(7, = 0 — 7ouxa, pacnoomedHas Ha TpaHHUC GAOKA ¥ OCHOBAHMAL Uy — TON-
K4 Ha BEPXHEH rPAHNIHON TORCPNHOCTH ).

Tafauga 2

: 1= ! Homop rouxn
(eym) 1 Tl (7 7 9 11
3:5 —1348 [ =115 —{1. 51 ~0.47 | =014 0,15
4 —1.17 | —0.83 [ —0.68 —u45 | =022 | —0.03
b —0.74 | =06l | 0,49 —0.37 | =027 | —0.A8
20 —0.68 | —0.57 | —0.46 | —0.36 | —0.27 | 0.2
40 —{).64 —0.54 | —0udd —(.35 | —0.27 1 —:22
Tatauyge 3
1 W HGML‘.F TONRN
{eym) 1 SR - > M LT [
i
 pa [ —1.49 | —I.15 [ 081 —0.47 | —0.14 | 40.13
4 —1.20| —0.93 06D | —0uild 021 | —0.00
0 —0.73 | —D:61 —0;49" | —0.37 0:27 .19
20 —0.68 | =057 | —0.46 | —0.36 | —0.27 Q.20
30 —, 64 0.54 | —0.45 | —0.35 | —0.2 ! —0.32

B ta6a. 3 aambl peayAnTarthl PEMIEHMA paccMaTpHBAEMON 3aja9M, HalaeH-
Hbie yMcAeHHO, Meroaom «mar za waroms [ 13], Magcavassnoe aGtonornoe
PEC.‘{L‘H‘;;I*.‘HHE :ﬂl‘)ﬁ.’l}' ﬂELﬂE![I{HMII. nﬂ.‘l}"[EH}ihlﬁi]f Piiﬂ.".l’["‘!”h”_l‘i“ METOIaMH, COCTdA-

suan 003,

HHAKRIC Cepepo-Banagsore
OTAEACIHA @H-TI #SHEPrOCETHI PORT o Mocrynuaa 18 ¥ 1979

1O | S 1 L

THALAN WULTPULLER DA9LE SEUNRESIG WU PP BLEART AILSHP 3T
OMGPLSAPUERD BAFUSPLLEME TASTLUARIS

|I.|Il.t|nlllnllj

Mhwmdgalput b shpugey dwnmboudmh dpgafegphpl fdupph Sepugpp-
Sy Sunfep ogmugnpdifned L Swrenndcd Gusesigefudph ooy b nplidip Trgreeeligy
fpuenaid p Stpaofapmf o b ogpo Shplapughily gnedoelp ffp ol -
fe feetilygfalibipf wliupad lb wurpeed iy 'l’,n{ml’;lrr'l'! whigpailipp  aping kil
stV b o fpifenypbipfe oo

Bopfned b aupghprg ioerele g frocede fepefo drmmpll it dfi quwpp dTEfug-
Bhp, apabg ogwugnpdacdod Gapbpfe boanwdgudpnt dwpdi S g Sl -
s fucels fubegpf oo it predd el Sfdae e Quecegly ol waa peans e gpans fyaarly
_fuirw-:!l} gredmad s
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APPROXIMATION OF VOLTERRA'S OPERATORS FUNCTIONS
IN PROBLEMSE FOR AGEING MATERIALS IN THE
CREEP THEORY

AL AL ZEVIN

Summary

Special design operators are applied to describe behaviour of

elastic and ageing hereditary media. Their application enables us to
present a solution in the form of one-operator functions and to extend
Volterra's principle to some types of heterogeneous media.

There are given some methods of approximation of operatar

functions, applying which the construction of a hereditary problem may
be based on a numerical solution of the appropriate elastic body
problem.
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