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1. Beeneune

Anepuas penaxcalus 4epes HapaMArHATHEIE IPUMECH ABIACTCH IIIABHbIM
PeIAKCALMOHERIM POLECCOM OJIA AAep €O CIOMHOM [ = % B m3onATOpax [1-
5]. DTOT HPOLECC M3YYAETCA YKe BeChMa JUTMTENLHOE BPeMs, B OCODEHHOCTH
B CBA3M C OWHAMMYECKOM moispmsauueir soep (cm. sampumep [4, 5]). Tewm
HE MeHe¢ DA MHTCPECHBIX BONPOCOB M3YUEH HEHOCTATOYHO. B YaCTHOCTH,
B TEOPETHYECKON NMUTepaType MO COUHOBOM NUHAMEKE €L1e He OTPAXKEH TOT
(baxT, 4TO ONMHHOBPEMEHHAS ACHMITOTHKA B TPEXMEPHBIX CPENAX AOIDKHA
GbITH HESKCITOHEHLHANBHA [6] M OTCYTCTBYET AHAIIM3 ABYMEPHBIX U OLHOMED-
HBIX CHCTEM, B TO BPEMsI KaK SKCHEPHUMEHTHI YK€ HAIPABIEHE HA OOBEKTHI ¢
(bpPaKTAIBHOI PazMEPHOCTHIO (7).

B aannonr pabore nocTpoeHo o6obmenne Teopun [1-5] smepHoil pesakca-
UMK tepe3 napaMarHUTHBIE NPUMeECH B ABYX Hanpasnenusx. B paszmene 2
TeOpHs Pa3sBHTa LM IPOU3BONLHON NPOCTPAHCTBEHHOU pasMepHocTu d. B
ITOW (pOPMﬁ OHa HNPUMEHUMA KaK HJad CHCTeM C UeNOYNCIIeHHBIMN d} Tax
u nng dpaxranbEbix cpen. B paspene 3 chopMmynupoBaHa HOBas TEOpHA
Tua Teopun cpepsero nong. OHa IpenHasHavueHa OIS ONUCAHUA HPOUECCA
upy Gonee ONUHHBIX BPEMEHAX, KOLA3 B DBOIOLHMH SAEPHOW HOISPU3AIUI
p(t) HAUMHAIOT PA3BMBATLCS OTKIIOHEHWA OT HAUANBHOW cTaguu (OMMUChIBA-
emoil Teopuell pasnena 2) s cTopory acmmnrorukn [6] Bamaryposa-Baxca
In p(t — o0) o t¥+2) CymecrenHo, wT0, COMACHO CYMECTRYIONIEH TeOPHM
[1-5], B TpexMmepHux cpenax ln p(t — oo) oc t. Teopusa paznena 3 naer Taxxe
HOBBIE DU3HUECKH €CTECTBEHHLIE APTYMEHTHl B NOMb3Y BaXXKHEHUIETO SBPHUC-
TUYECKOTO 3JIEMEHTA, JIEXAIIEr0 B OCHOBE CTAPOM Teopuu U ee 0bOOILeHUS
U3 pazfena 2 ~ NepecTpoiky pasnokenus p{t) (B pAx no cTeneHaM MIIOTHOC-
TH apaMarHATHOW TIPUMECH) B KyMyJIAHTHY!O (opmy. Peuenue ypapaeHuit
TEOPUH CPEAHErs NOJIA HAYMHAETCA B pasiene 4 u sBHBIE QopMynbl and p(t)
B Cpenax C LeNOYHCIIeHHOH pa3MepHOCTh d < 3 mOiIydeHBl B pasidcrne 5.
OouuM U3 UEHTPANBHAIX IOHATHE B HOBOW Teopuu apnaercs T —wmarpuna. C
MATEMATHYECKOR TOMKHM 3PEHUS OHa coBnanaer ¢ T —MarpulcH KBAHTOBOME-
XaHUICCKOR 3aaui PACCesHUs BHEe MaCCOBOH NOBEPXHOCTH Ha CHHIYIISIPHOM
OTTaNKUBATENLHOM TOTEHIMANE. Pl BCIOMOTATENBHBIX PACYeTOB, CBA3AH-
HEIX C TOCTPOCHUEM €€ HU3KOIHEPreTUHeCKOll ¥ JIMHHOBOIHOBOM ACHMIITO-
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THUKH, BBIHECEH B IIDHJICKEHHI.

2. AHanus 0o riIaBHOMY WIEHY KOHIEHTPALMOHHOIO Pa3jioXKeHHS

O6Cy % paeMbIi TPOLECE TPUHATO ONMUCHIBATL KMHETHUECKHM yPaBHEHHEM

WY S waalil,t) — B0, 8)) ~ Sl ), Px,0) =, (1)
rue p(x,t)— nonspuzanus sapa, PACIONOKEHHOTO B Y3/IC X KPHCTANIA, H, B
npeHeGpekesny YIJIOBOH 3ABUCHMOCTEIO AUIIONb-IUIOIBHOTO B3aUMONEHCT-
B,

;worg o wrf  C @)
el T k- aP T af |

Wez =

3nect wy, —CKOPOCTH GIUI-QIIon HePeXonoB ALEPHBIX CIHUHOB DACIIOIOKEH-
HBIX B Y3/1aX X M Z, 7 - PACCTOSHIE MEXIY OMMKARIIUMH AIDAMHA, Uy — CKO-
POCTH PENAKCAIMY AAEPHOTO CIKHA B Y3/ X [OJ BIIMSHHEM 3JCKTPOHHOTO
HAPAMAIHUTHOIO NPUMECHOTO LEHTDA (AKLENnTopa) PaCHONOKEHHOTO B yale
Z, vy > Wp, N, —COOTBETCTBYIOIIEE THCIIO 3AIONIHEHUA: 7, = 1, ecnu y3en z
3aII0MIHEH aKNeNnTopoM, ¥ n, = ( B IPOTUBHOM chydae. Pacronoxcuue ax-
LeNnTOPOB MPEeNNONAaraeTcs CIyYadHBIM ¥ HECKOPPENUPOBAHHEIM, T.€. Cpe-
HCC 3HAYEHWE [JIA UCMAa 3AHONMHEHHs (n,). = ¢ € 1, Tlle ¢—KOHUCHTDALUS
NPUMECH, & 3AIOIHEHVS DA3HBIX Y3/0B HE32aBUCHMbI, HAIPUMED (Tgng), =
= dgc + (1 = 8;,)c?. Ianee B ocHOBHOM 6ymeT pacCMAaTPHBATHCA MPEern
CINIOLITHON Cpenbl, B KOTOPOM BCe HabIIONAeMble BEIHYNHEL BEIPAKAIOTCH U6~
pes mIOTHOCTL mpuMmeceit n = ¢/, roe Q,—06beM 251EMEHTAPHOR TYERKU
kpuctaita. B arom npegene ¢ — 0, HO usMeHeHue HABTIONAEMBIX € TEUCHUCM
BPEMEHM KOHEUHO. :

B crannaprHoit GpopMynuposke npobnemst [1-5] uncna 3anonHenus He BBO-
OWIHCh, a PHMEHSIIOCh SKBHMBAIEHTHOE yCpemHenue ro koopaunaram {R}
akuenTopos (o onpenmeneHuio n, = 1, ecin x € {R}, u n, = 0, ecnn
x ¢ {R}).

B xoRTHHyanbHOM IpUGIMKEHUN ypaBHeHHe (1) mepexonut B
R = DyAB(x,E) — Sonavab(x,t) = —A - p(x, 1), (3)
Z

1
D = e '2 J.
0= 542 T W0,

THe d—pa3MepHOCTE cpenbl, a Dy—kodhdUInenT cruHoson sudubysnn.
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Hanee Mel orpasuwauMces O6CY X ICHUEM 3TOTO YPABHEHUS UMes B BUAY, YTO
VCIIOBHA €ro NIPUMEHUMOCTH ODBITHO AOCTATOMHO XOPOLUO BBIAOIHCHL!, B IO~
noxus py = 1.

Habnmopnaemoit ABngeTcs CyMMapHad HaMarHUYEHHOCTS, NPOINOPUMOHAIIB-
Has cpenHel no ofpasny SAepHOH HOMAPU3aLUM

(1) = 5 [ ' 5x,8) = O1G(I0) = (01(G(©).0), (4)

rre BBefeH nponaratop Gy, (t), ynoBnerBopsoumi ypasaesnio (3), HO ¢ Ha-
qanbHeM yeaosueM Gy (t = 0) = §(x —y), depes |0) oBosnatien HOpMUpOBAH-
Hblfl BexTOp ¢ xommonentamu (x|0) = 1/vQ, Q—ofbem kpucramia, a cuM-
BOl (-}, O3HAYALT YCPEOHEHME TO CILYUMAHHOMY DACIONOKEHMIO NIPUMECEH.
Bekrop |0) npurannexwnt TOMy e ruis6epToBy NPOCTPAHCTBY, B KOTOPOM
OTIPELNeNeH SPMHUTOB ONEPATOp ypaBHeHus (3)

A=A+ Tn Ve, Ag=-Dd, Vi=é(x-1)-ve  (5)

EcTrecTBeHHOE IPAHNYHOE YCIOBKE U4 38044y (3) COCTOMT B OTCYTCTBHK
notoka Ha rpasume ' ofpasma: DyVp(x,t)|r = 0. Ho B nedcTBurensHOCTH
I7Is MAKPOCKOIHYIECKOro o6pasia ¢ XapakTepHeM pasmepoM R, >> /Dyt
rae t - WIUTENBHOCTD HaBMIOOeHNs, SBHBIA BUJ TPaHUYHOIO yCJIOBUA HE Ba-
JKEH, OHO IOJDKHO NUIUB 0GECIEUNTh SPMUTOBOCTH onepaTopa A. Hecxombko
noapOBHEC 3TOT BONPOC PACCMOTPEH HUKE,

Ecnu pasnoxuts p(t) B pan no kosueHTpaumy npumect [8, 9] To B nepseix
LTCHAX

plt) = BIG(1)[0) = OIGu®IB) +n [ dr(@I[GW (t,r) ~ Go(B)]i0) + O(n?) =

= exp (—Mp(t)(1 + O(n?)), (6)

My(t) = n [ d*r(D|[Go(t) - G(x, £)}0). (7)

3necs seencunr Gy(t)—npomararop B otcyrcrene npumeceir, G (¢, r)— mpo-

[araTop NpH HATMYMM OOHOTO IPMMECHOIO LEHTPA, PACIONOKEHHOIO B TOMKE

r, u yureno, uro (0}Gp(¢)|0) = 1. [anee, B cumy TPaHCISAUAOHHON MHBAPU-

aHTHOCTH n .
Mo(t) = & [ d'rdsd?y[GE)(t) = GL)(x,1)] =

=n [ dlzd®[GO) (1) — GW(0,)] = n02(0[Go(t) - GV (0, 0]10),  (8)

roe G‘(O) = (GD)xy~

7y
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Y pobro BBECTH Npencrasiedne Jlamraca COOTHOIICHICM

70 = Zdt ) ©)
Tenepe Go(A) = (A + Ao)~!, Ap = Do,
Mo(A) = n2{0I(5 +1AQ T At )l =
= 22(0GNTNGAI) = S5 0IT[0),
T(\) = V"m, (VO = 6(x —y)vm. . (10)

3neck yureno, uto Agl0) = 0. Us npeacrasnenus (10), B cuity kopoTkoneict-
Bis “noTeHunana”’ vgo, cuenyer, 9ro T'()\) He 3aBUCAT OT MPAHHYHBIX YCIIO-
suit npu 3 — oo. Ilng peanpHuix pac4eToB ynobHee HPOBECTH CIEIyIoILEe
npecbpaloBaHue:

’ ~nfd g 1 L D 1 A
Mo(N) = 57 OV 553 (4 + 40)I0) = = OV =510 =
nd - ' 1 =
o e 0 0 A VO 0 =
Y WV T v A vy e VIO
nQ - 1 om TS [{(n|VO[0) 2
_nl = o NUT T 1
R e e O MNP AT AN

3nece (Ag + VU)|n) = E,|n). Peaynerarsl, sxpnpanentHuie dopmynam (6)
u (11), conepxatca B MoHorpadun [3). Hawe usnoxenue cnefopano 6onee
IPOCTOMY M CTPOrOMy [OAXOHNY, paseuromy B [10, 11].

Hns pacyera no popmyne (11) HeobXOOMMO AMATOHAIUIOBATE ONEPATOD
Ay + V°. Ouesupuno, utro My(A — 0) 1 My(t — co) onpemensaoTcsa Mambl-
mu E,. B aToit of6nacTin MOXHO, cieqys [3], npuMeHNTE TEXHUKY PACUeToB,
PA3BATYIO B TEOPUH PACCESHWS MENIEHHBIX YACTHUI (TEOPHIO MIMHEI Pacces-
uns [12]). B obnactyu Gonpiumx A M Manerx ¢ yAOGeH METON PA3NOKEHUS 11O
crenensM kosoduunenTa quddysun, paspaborannsii 8 [10, 11]. ¥ nosnerso-
PUTECNBHYIO TOUHOCTD AAET [PEACTABICHUE

Mo(t) = Mp(t) + Mi(t), (12)

Mp(t) = n/dd:c(l — exp(—ugot)) = (Bet)S, Br=C (anfr (1 El))w,
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TA¢ TIePBBIA YTeH OMUCHIBAET HAYANIBHYIO, T.H. (PEPCTEPOBCKYIO YACTE PErak-
caunn, a M;(t) npencrasnser cofoll ANMHHOBDEMEHHYIO ACHMITOTHUKY, DAC-
CUMTAHHYIO Ha OCHOBe mpencrasienus (11) ¥ popMabHO IPONOLKEHHYIO HA
sce t (em. (15)-(17)).

B cuity yxe ormeuasureiics sbiiie cBOGOLB B BRGOPE MPAHNYHOTO YCIIOBHS,
npH pacueTe 10 (opmyine (11) MOXHO IPHHATE, 4TO obpasey umeeT BHOPMY
cdpepbl ¢ UEeHTPOM B Hadane koopauHat. Torna sextop |0) u norenuman vy,
u3 (11) uaBapuanTHbl Kk BpawenusM. [losToMy B IaHHOM pasfene NOCTATOMHO
y4ecTh NUIIb PASHAIbHYIO YaCTh JAlAacCHana IPHHSIB

A=A = %(%M“% . (13)
B ciepuuecky H30TPONHON CHCTEME W3MEHEHUE MONAPU3ALNY BHYTPH Lapa
V(r) ¢ paguycom r u mosepxuoctsio S = o497l 06ycaosnennoe moToxoM
Yepes NOBePXHOCTS, VAOBIETBOPAET yPaBHEHUIO
E)%]V(r) dd:vp(x) = Dofsdsg;p(r) = DOU¢T(I_]§;I)(7‘), (14)
rue og—naolAans ennHuYHOR d-meproit chepsl. HuddepeHuupys 310 COOT-
HOLIEHUE [0 T Mbl BUANM, 49TO mpencTapienue (13) cornmacoBano co ctas-
NAPTHBIM COOTHOWeHuen Gamamca (14) upn mobex d, u nosromy dbopmyns:
(11),(13) onpenensor p(t) kax nns oObLIYHBIX, TAK U VI QPPAKTATBHBIX CHC-
Teu.

Ecnn pacemMarpuBaTh Pa3MEPHOCTD NPOCTPAHCTBA KAK HETNPEPBIBHLIN Ma-
paMeTp, TO ®3 pesynbraTos (62)-(64) [Ipunoxenus 1 cnenyer, 4To 1pu
Dyt /b > 1

212~ d)oy o .
Mi(t, d < 2) = Wgﬁm—ﬂ(pot)l 2 ’ (l))
My(t,d = 2) Doty 4 o1/ In2(Dot/5%), (16)

= In(4Dot/ (b )
v = [6“’ dre~*In(1/z) = 0.5772,

Mi(t,d>2) =MO%) + MP() (17)
23-—d(d _ 2) D[)t (4~d)f2

(4 - d)(d/2) (“Ef)

B srux dopmMynax Bea 3aBUCUMOCTE OT roTeHuuana” vy,g = C/r" cocpeno-

TOYCHA B ” AJIMHE DACCESHUA"

(OB (TA-ENT
()" () e

k3

MO () = (d=2)omb Dot , M (1) = binoy .



http:cpOpMyJl.hI
http:IhHpcpepeHulfpy.sr
http:OTMeqaBIIIeHC.sI

6

Eenn d < 2, To 3aBHCHMOCTE OT b OTCYTCTBYET COBCeM, a B ciIytac d = 2 oHa
oueHb ciiabas.

Umenno gopmymnsr (15)-(17) mormxHs: 6uiTh noacrasnenst s (12) npu s = 6
ud<3.

Onnaxo ecrm s = 6, a d = 3, To na (17) nonyuaercs, 4To

M (t,d=3,5=6)=/Bit, B =1dr(T(3/4)/T(5/4)'n’C .

®opmyna (12) yxe comepxutr nomobusiit unen Mp(t) = /Bgt, ¢ 6auskoi
xoncranToit By = (16/9)m°n?C = 1.3134;. llosTomy B nanHoM citywae, npu
pacueTe no dpopmynam (12),(17), cnaraemoe Mlm(t) CNENYET OMYCTHTD.

3. OcHOoBHBIE YDPABHEHUS TEOPHH CPEHHEro MOJiA

Dopmyast (6),(12) wenpuromss npy ouens Gombummx t. JeficTBUTENBRO,
paccmoTpum, cuenys [6], Bknan B p(t — oo0) Gonbwux ofiacTeit, He comep-
Kalldx aKUOenTOopOB. Hornome}me B HMX NOPOUCXOOWAT TOJNBKO Ha T'DaHHIE.
CooreeTcrByoLlee penienne ypasuenns nubdysuu ans chepuyeckon obac-
tu pamryca R nponopuumonansuo exp(=&Dgt/R?), rae & o< 1. BepoatHocTs
CyLuecTBOBaKMS Takoi cepsl o exp(—nV (R)), rae  V(R) = %2R Tlosro-
My Co ! :

p(t —+ o0) xn [:O d*Rexp(—xDgt/R* — nV(R)) exp(—(Bt)-"’%‘"Z), (18)

rae B-xoucradTa, onpenenseMas TeOMeTPUeR, IIOTHOCTHED aKeNTOPOB U KO-
sddunuerToM nuddysun. 30eCh TON MHTETPAIOM OIYINeHb! MAJIOCYITICCTBeH-
HBIE YIEHBI, COOepIKAILe CTENeHHYIO 3aBACUMOCTS oT IR, BoJtee crporuil Bel-
son acuvuroruku (18) comepxurcs B paborax [13, 14].

Bomnpoc o MomenTe mepexosa ¢ 3asucumocTy (6) Ha acumnroTmKy (18),
nO-BHAMMOMY, U3y4eH mioxo. B uncmensbix pacyerax [15] ecTh yxkasanus Ha
to, uTo acumnroruxa (18) peanmsyercs mpu p(t) < 107! Tlostomy Mox-
HO OXWAaTb, YTO HNepexonHas OOJaCTEk BeCbMa IIMPOKa ¥ 6blno Ob1 uHTE-
PECHO NOCTPOUTD [JIsd Hee aNeKBATHYIO TEOPHn. ECTecTBeHHBIM KAROUAATOM
Ha 3Ty PONb MOLJH OB BBITHL TOAXOAS! THIA TEOPUH CPEHErO MO, KOTO-
pble B JaHHOM KpYTe 3a/1a4 HA3bIBAIOTCA METONOM KOT€PEHTHOIO HOTEHLAa
(cm., Hampumep, [16]), nin mMeronom 3¢dexTUBHOR (KorepeHTHOIM) cpensr [9].
OHE ¢TPOSTCA B NAINIAC-TIPEACTABIEHUM [UIA TPOMACATOpa, U, B CWIY All-
reOpanIecKOl CTPYKTYPH YPABHEHUH ¥ PE3YIbTATOB, OHU, NTO-BUUMMOMY, He
HDPHBOMAT K (OpMYynaM, KOTOpHIE MOXKHO 66110 6bl PACCMATPUBATL KaK CC-
TECTBCHHOE OpOoIuKerue Ha 66ibune § cootHomenunt (6),(7),(12),(15)-(17).
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Mo HO, OLHAKO, IPOBECTH AHANOTWYHOE [OCTPOSHME HEHNOCPENCTBEHHO B t-
NpencTaBACHUM 1 OOOHTH 3TY TPYAHOCTE.
IIpencrapum ¢ 3TOf LENbIO NPONAraTOR G’(t) KaK

G(t) = (exp(— (Ao + V)t))e = exp(—B(t)), B(t) = At + M(t), (19)
V=SnV, VZ=5x-r)u,. (20)

Hewnsgectusii noxa omeparop M(t) sanuuem B dopme M(t) = &, M*(¢t),
ananoru4xon dopmyie (20) nus V. Moxuo ckasars, 4yro onepatopsl M (t)
HOJDKHBL aReKBATHO ONHCHIBATE BIAMAHME AKUEITOPOB B TaK HA3LIBAEMON " s(h-
(hEKTHBHOZ cpene” , BOSHIKAIOLIEH TIOCHe YCPENHEHUS 10 KOHGUIypaunaM aK-
uentopos. [loatomy ecrecrBenno norpebosaTh, 4ro nponaratop G(t) B cpen-
HEM He M3MEHWUTCS, eCil OOUH K3 Y370B 3bhexTHRHOA cpefbl 3aMEHUTbL Ha
HaCTOHmHﬁ U pe3ynpTaT YCPCOHNUTSE [0 PACIDEOCNIEHUIO aKIeITOPOB, TO €CTh

G(t) = (exp(—Agt — M(t) + M*(t) — n,V7t)).. (21)

Cootrowenus (19) - (21) 06pasyoT 3aMKHY TY0 HETIMHERHYIO CHCTEMY Olle~
PATOPHBIX YPABHEHUH.

[lonpaBkyu ¥ TONyYaeMOMY TAKMM OGPA3OM IIPONAraTopy 3hpeKTUBHOMR
Cpenbl MOXKHO, 110 KPalHEN MEpE B ﬁpnﬂunne, HaWTH Ha OCHOBE (POPMANBHBIX
KORIEHTPAINOHHBIX M T —MaTPUYHBIX Pa3foxKenuit (9], KOTOpHe, TIpH AOMK-
HO¥#l (hOPMYNMUPOBKE BO BPEMEHHOM NPENCTABIIEHKH, HAIOT albTePHATHBHBIN
sblBOn ypasHeHus (21), Kak yCrnoBus MCUE3HOBEHHA NEPBOTO YMEHA (DOPMAIIb-
HOTO KOHIIEHTPAMOAHOTO PA3NIOKEHNA MM YCTIOBUA HCUE3HOBEHUA B CPEIHEM
T —MaTpuisl paccesHua B aphexkTuBHOM cpene.

Yupoctum ypasuenre (21). Ina npoussonsron dyrkuuy f(z) cnpasennu-
Bo Toxnectso f(n,) = f(0) +n.(f(1) — f(0)). C ero yueTom npasas cTOpoHa
(21) npuBOOMTCA K JIMHEHHOR bOPME 110 N,, U CPelHee (- - -)¢ JErKO BbI4HCIIS-
ercs. T.0. monyyaem ypaBHeHMe

o~ B -V e~B(t)+M=(t’)] — o B _ o BO+MI) (22)

5

el

Onepatop M* o ¢ u nosTomy mai, Ho onepatop M = ¥, M? ne man. C
YUYETOM DTOrO yaepxuM ¢ 06enx CTOpoH B (22) riaBHble WIEHbI 110 C:

cle~BO-Vt _ -BE) - _ /01 de e~EBU g7 ~1-6)B). (23)

Teneps, CyMMUDY 4 00 Z ¥ YYATHIBAA TPAHCIAINOHHYI0 NHBADUAHTHOCTE, T10-
Jyyaem ypasHeHue HemocpencTaenuo Ha M (t)

M(t)e 80 = ¢ S[em BB — ¢~ BO-VHY (24)
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4. Ynpoulenre ypaBHeHMI TeOPHHN CpPEeIHEro HoJis

VpasHeHue (24) BCe €€ OCTAETCA OYEHD CIOXKHBIM M €CTCCTBEHHO IPOH3-
BeCTH HalibHefmne npeobpasopanug, 4Tobsl npusecTy ero X GopMe, gonyexa-
fo1lei, ocne psna obobiennil, IPUMEHeHHe TEXHUKY, UCIOITH30BAHHOR BEILLIE
npu Beraucienun Mo(t).

Honoxmm

- M(t) = (mo(t) + ma(E))t,  (Mmo(t))sz = Szmo(t). (25)

3necy B 7 BbLENEHa YacTh M, NPONOPUMOHANSHAS €NVHUYHOMY ONEpPATO-
py. Teneps, ucnonbays npeobpasosanue Jlannaca, Mmoxuo nepenucats (24) o
7 cMeltaHHoM” T — A-TIpenCTaBICHUH:

dx eM 1 1
JE N B _ 0
(o +mn)t ? C/CM o }; ()\ TA TN T AT V") (26)
- dheM 1 1 dX et *
= T = ¢ b Tr )
(‘/C;.\, 211 ; A+ AV A+ A + Vr C/CM i G()‘) ; (/\)G(/\):

rIe WHTerpaibl BIYUCAAITCE 110 KOHTYPY Menmnua Chy, npoxonsuemy uo
IpAMOI OT € — 100 IO € + 400, W BBEMEHEI onepaTopsr A = A(t) = Ag+m(t),
G = (A+ A)™', u T—maTpuna ” OXHOKPATHOrO paccesnns”
L1y (27)

1+ GA)VT 14+ VTGN .
B 97TuX COOTHOLIERHAX U natee, HPH OTCYTCTBAM HEOGXOOUMOCTH, B OIEPATO-
pax, Hanpumep B A, G, T7, u B COOTBETCTBYIOIINX COBCTBEHHBLIX 3HAYCHHUAX
ABHAs 33BUCHMOCTD OT BDEMEHHU | He yKa3LIBAETCH.

Onepatopbl M ¥ A TPaHCIALMOHHO MHBADHAHTHBI, [OTOMY BBIYMCILAS
[AMArOHATLHELA 35eMeHT OT ypaBaesus (26) no cocrognuswo |k}, roe

T =V

(x|k) = :}Q—:exp(ikx),

oy 4aem
dx eM s
S N o AR 2 - -
(mg + my(k))t-e ——-C/CM v G*(\ k) Er T"(A\ k) =
dxeM 0
= - @ 2R3
n [, S—GHA BT k). (28)
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Bnecy my(k), A(k) n G(X\ k) = (A + Dok? + my(k))~! - cobcreenuste 3nauc-
Hus oneparopos my, A u G COOTBETCTBEHHO, 3aBACAILUE B CHNY Chepuyec-
Kot cummeTpun Toneko or k = |k|, a T7(A k) = (k|T7|k). B nocnenrem uz
cooTHomerni (28) coBeplIeH NEPexOl K IPeNey CIUIOLIHON CPembl M yuTe-
Ha TPAHCIAUMOHHAA VHBADUAHTHOCTH, BCNeAcTeue kortopoi 11, = TY . . u
T\ k) = T\ k).

Beoas ¢dyrkuuio

T(A\ k) = QTN k) = (4T ), (29)
rie
(xldi) = VOUx[k) = bi(x) = exp(ikx), (30)
OCHOBHO€ YpaBHEHYIE TE€ODUU CDEOHEro 1IoJid MOXHO IpeNCTaBUThL B Q)Opme
dX e
(mo +my (k) - e=4 R = ¢ [ 22 GRO\LK)T() k). (31)
Crp 271

Ypasuenune (31) nmeer muoro obmero ¢ cootsowennamu (10),(11) u ceo-
nurcst x #um npu my = 0w k = 0. [Ina pewenus npu m; # 0 HAOO HAUTH
yoobubi cniocob pacueTa A MATPUYHOLO 3JEMEHTA TG(/\, k), ofecneuusa-
winit yuet qnenos no O(k?) pxmiountensro npu 3amere B (11) BexTopa |0)
Ha |k). C »Toit TOUHOCTBIO

(klma(t)|k) = my(k,t) = Da(t)k* (32)
YL pOJib M) CBOAMUTCS K NEPEHOPMUPOBKE KO03hpuuneHTa ouddy3uu:
Do — D(t) = Do+ Di(t) . (33)
5. PerieEne ypaBHeHNH T€OPMM CPefHEro Mo

Hrxe wcnonssoBanss acumnroruky T'(A k) npu A — 0 n & — 0, paccun-
Tangele B [Ipuoxenuu 2 0Ag nenoYMCHIeHHBIX d.

Pewenue ypasuenuts meopuu cpedne20 noad npu d = 3

C yuerom coornomenns {78) us [Ipunoxenus 2 ypapnenvs (31), (33) npu-
HUMAKOT QopMy
(mg + my(k))t - e A0 =

dx et A A, 5 .
—_ 4 & [~ N 4
n/L 5 G (X, k)4n Db (1+b, 5+ opt HERD| L (34)
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rae & = 2/3 ¥ cupaBa yOepKAHB! TOMBKO /1B MUAMPYIOUIMX UAEHA [0 b\/}_\—/—ﬁ,
YTO COOTBETCTBYET YYeTy HBYX INIaBHBIX WIEHOB palioxeHus mo t~1/2. Pas-
naras obe cToporst (34) B pan no k? u cpapHMBas koaddunuenTs mpu kU u
k? monywaem cucremy ypapenuit Ha mqo(t) u Dy(t):

aR
t) = y E 3i
mg(t) R+ZN ol (35)

Dy=-D (2\/ Rt — 27r£a) (36)
roe

R=4mDb, a=4nb*. (37)
Orcoma, nocie BBenervs HOBOR HewsBecTHOR = = / Dy/ D nonyuaetcs ypas-
HeHue 5

2 — (1 -2néa)z = §\/Q’Rgt , Ry=4dmnDgb . (38)

Dusuveckum ABASETCA KOPEHb, CTAPTYIOLUMI €O 3Hauenus z(t = 0) =
= 14+0(a). Tpu 6onbumx spemenax 2( Ryt — oo) = Dy/D — (4aRgt/9)'/3,
B uenom 3TO pelileHue HMeeT BHI ,

a(t) = 273 ($(2) + x(£) Y0 + (6(8) — x ()], (39)
— ZTC 3
56 = SVat, x(t) = Jqsz(t) —a(PE2EE)

HanHoe cooTHOIeHUE pencTaBageT onuy u3 hopmyn Kapnano. Cymecrsen-
HO, YTO TOUKa, B KoTopon x(¢) = 0 aBnsercs perynsproit ais byrkunu z(¢),
IIOCKOTNBKY B 3TOM TOYKE €€ NMPOM3BOAHAA I'(P) orpaHmyeHa.

Taxum 06pa3zoM, Mbl IPHXOIUM K BBIBOAY, YTO IS TPEXMEPHBIX CHUCTEM
TEOPHA CPeIHEro IOl IPEeICKa3bIBAET HOBYIO KMHETHKY

p(t) = exp(—~R()t) = exp(~Rot/z(8) . (40)

koTopas npu aRpt < 1 coBmamaeT co CTapbiM Pe3ylNbTATOM, ONUCAHHBIM B
paszene 3, a ¢ PocTOM BpemeHu OHa naet mopegenue n(1/p(t — oo)) o< t¥3,
uTO 3HAYMTENLHO bnmke K acumnroruke Banaryposa-Bakca In{1/ppw(t)) x
t3/5, wem x cTapomy pesymbraty In(1/paq(t) = Rt.
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Pewenue ypasnenut meopuy cpeduezo noag npu d = 1

B nanmHoM ciyuae aHanM3 COBEPLIEHHO AHANOrHMYeH Tpexmepromy. [ocne
noncranosku (88) B (31), (33) u cpasmenus xosdduumenTos mpu kO u k2
MOy 4aeTcs, YTo

p(t) = exp(—my(t)t) = exp (——471\[1—)—5:% ’ : (41)

a stdexTuBHE Koadpduunent muddysuun D(t) = Dy/z?(t) onpenenserca us
YDABHEHUS '
4n | Dyt
2® —a(l~4nb) = x(t), x(t) =5 -ﬂi , (42)
dusugeckoe pemenne xkoToporo crapryeT ¢ & = (1 — 4nb)!/? npu mMamex t, a
npu 6omsimx Bpemenax x(t — 0o) = x/3(t) oc t1/%. Tipu npouasonbubIx t

z(t) = 27 [((t) + €)' + (x(t) — E)°], (43)

£(t) = J SOREIE ‘34“b)3 ‘

IMapamerpuuecks kuaeTuka (41) mpu ¢t — 0o coBnagaer kK KuHeTNKON Banaryposa-
Bakca, a YMCTCHHO mOKa3aTenb okcromentl B (41) cocrasmaer 4/(3%%n) =
= (.61 0T TOYHOrO 3HAUCHUA.

Pewenue ypasnenuti meopuu cpedne2o noag npu d = 2

HoncranoBka dopmyinet (81) B ypasuenns (31), (33) u cpaBreHne K0adhu-
nnenTos nipu k® u k% NpMBONKT K COOTHOMIEHHAM

mo(t)t = 4mnD [ g;r’\—ie“/(x2 In(1/(b/3/ D)), (44)
ICw .
onDn [ dX eM 4D b
D= Dmo(0)t = =5 [ 505 (W + 27\3) - W

rae by = be?/2
Ozcropa ¢ yuerom dopmyn (86) u (87) Ans KAMHHOBPEMEHHOR ACHUMIITO-
TUKY UHTEr PATIOB MOAYYAEM, YTO

4n Dnt

ln(4Dt/(b2el+7))(l+O(1/1n2(Dt/b2))), (46)

mp(t)t =



http:OTcro.na

12

a >(bdex TuBHELA K03 duLment nuddysuun D(t) = Dy/x(t) onpenensrca ypas-
HCOHUCM

(47)

X =

2Ryt )1/2

; RY
L—op+ ((1 —o) (In(Rst/(aze!*7)) — Inz)

. -
2
Ry =4nDgn, ap = mnb’.

B npencne t — 00 3TH COOTHOLIEHUSA NPUBONAT K KRHETHKe
Inp(t) = — (4 Dynt/ In(Dgnt))? (48)
TOTIA KaK acMMITOTHKA Danaryposa-Bakca umeer dopmy
Inppw (t) = —zo (4nDont)V/?, (49)
roe zp = 2.40~ nepsmﬁ Hym; PyHKIAR Jo{z).
6. 3aknwoueHue

Pesynprarsl maHHOR paBOTEI OTKPHBAIT BO3MOKHOCTY s IIPOIHO3A HO-
8BIX JKCOECDUMEHTAbHBIX UCCINEOOBAHUH SACPHOM DENAKCALMM IIepe3 mapa-
MarHUTHBIE IPUMECU KaK B MaJlOPa3MEePHBIX CHCTeMax Ha OCHOBe (hopMys
(12), (15)-(17), Tak 1 B TpEXMEpPHBIX CHCTEMAax Ha OCHOBe dopmyn (37)-(40).
OnHO M3 ecTeCTBEHHLIX HANPaBleHUN AN NANLHENINUX TEOPETHYECKUX HC-
C71eJOBAHUY COCTOUT B MMKDPOCKONMYECKOM aHalu3e obIacTy TIPUMEHUMOCTH
HOBOW TEOPHU CPeNHero 1ojd, NOCTPOSHHOH B HaHHOM paboTe U B ee yTOuHe-
HUH, 8 TaK¥Ke B pacyeTe NONPABOK OIIA MANOPA3MEPHBIX CHCTEM, OOYCIOBIEH-
HBIX DeaslbHOH TPEeXMEepPHOCThIO QUSNYECKUX OOBEKTOB.

Braromapum 3a nonesusie obcyxnenus FHO.IAGosa u M.loneomana, a
rakxe coTpynHukoB OOGLIEMOCKOBCKOIO CEMUHAPA [10 MATHHTHOMY DEIOHAH-
¢y u Cemunapa UTO® no dusuke Huskux sHepruii. Pabora Beinondgeda opu
nopnepxkke POOU (npoextsr N° 99 — 02 — 17440 » N° 00 — 15 — 96656) u
rpadTa Munscrepcrea unoctpansbix gent Ppannun.
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TIpunoxenue 1. Pacuer marpuunoro snemenTa (0|7°)0) nns
IPOCTPAHCTBA INPOM3BOJILHON Pa3MEPHOCTH

Uz coornoutenuit (10),(11) cnenyer, uro

S O]V [m)]? \
O|TI0) = A3 ———L— . (50)
I 2:“ E.(A+ E,)

MocTponM HEIKOHEPreTUYeCKIe COBCTBERHBIe COCTONHUA onepaTopa Ag+

+ V" npr npoussonsHOi pasmeprocTH d Crenys MeTOny, passutomy B (3], [12]

[UIA TPEXMEPHOTO Ciydas. Y DABHEHWE Ha COGCTBEHHBIE COCTOSHUSA MPCACTa-
BUM B (hopme

f

\ C
(_DOAr + 'Ur()) ’ly[)n('r) = En’d)n(r); Upy = ;_

3

. a(r) = {r|n) . (51)

Beenem TOUKy p, ONpeNENEHHYIO YCIOBUeM vy = E,. B obmacru r < p
npexefperacM IpaBoit yacTeio ypasuerus (51), a upu r > p npenebperaem
norenuuanoM C'/r° W NPUXOOMM K yPABHEHWIO

("DDAT + 77r()) %(7’) = '19(’ > p)En"ll)n(T); ‘ Upp = 0(7" < p)"UrO . (52)
1

Teneps perynsproe mpd v = 0 m HOPMUpPOBaHHOe ycroBueM (nn) =
perese MOXHO BbIPasuTh depe3 pynxnun Beccena Ky(z) u Jy(z)

Yn(r) = 9(r < p)s (r) +9(r > p) (r), (53)
< Uy ‘__ 2 ﬁ (3"2)/2 d . 2 d )
%U:(’r):[_V:T'”Ku(m(f)  VESTy BT

W2 ) = (@) " (o) + &l

3mece fy = (C/Dp)V¥=?, a N, — nopmuposounsiit MuoKUTENE. [lapaveTpsl
Uy, ¥ £, ONPENeNsIOTCs YCAOBMEM HENPEPHIBHOCTH NOTapudMUIeCcKOn Mpous-
BomHOM ¥, (1) /%, (r) npu r = p. Cobcraennoe snavenne F, = Dyg? onpencns-
CTCA U3 PPAHUYHOTO YCIOBHS, KOTOPOE HAJOXKUM B CTAHIADTHOM LU Halen
3axaun opme, obpalliag B HyNb TOTOK HA I'DAaHMLE BHEIIHEN chepsl:

OYn(r)/Or);=r = 0. (54)

ClumBKy DCLIEHUI B TOYKE p AOCTATOYHO [12] mpousBecTH MO LBYM rias-
HBIM WI€HAM ACHMITOTHYECKOTO pasnokenus Mansix Fo/r (mna K, ) u mansix
gur (mas J, u J.,). B okoHYaTensHBIX pe3ynpraTax napamerp C' = vorf Mox-
HO UCKJIOUUTE, BLIPA3HB €r0 Hepe3 T.H. [UIMHY DACCefHMs b — MUHIMAIBHOC
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paccTosHue, Ha koTopoM obpaluaerca b Hyns Gynakund ¥~ (r) npu ee ¢op-
MANLHOM HDONOIKeHHN Ha Malble 7. V3 coorHomenus (53) crenver. uto b
ABNAETCS €UHCTBEHHBIM ITapaMeTpoM, onpenernsiomnus ¥~ (r). Teopus canmo-
cornacosana B obnactu kb < 1.

Ilpu peanuzaluy 2TOR IPOrPAMMEL HOILYYAETCH, UTO

2 #sinmy (1 -v) g e = (qnb)‘lp (11—
TH0 L ’

R (7] >) Taw

b= (s — )™M (DL~ v)/D(1 + )Y . Gy | Gy = (C/Dg) D . (55)

Ecmu d > 2, T0 cymecTByIOT [Ba THIA PCLICHMI:
a) oauo ocoboe petuenue g (r), B koTopom qoR < 1u gf = 4u(1+p)b* [ R¥F2#;

0= gramm (-0 (-2 (5)) @

9 _ O'de .
07 2agre(d/2) '
6) cepusi perynapHeIX peueHn#t 1, (r) ¢ nensM n > (), 078 KOTOPBIX

UdR

Ns = “"szfi(l +§§ + 28, cosmy) , - o (87)
’}TQn

Gy =

npuyeM, 6e3 OTpaAHAUEHNs OOWHOCTH MOXHO NONOXUTE g, = 7mn/R. [locnen-
Hee COOTHOMIEHNE CIPABELINBO BCIEACTBUE TOTG, YTO, KAK 6yHeT BUOHO MOCHE
BEIYHCTICHRS MaTpuunoro saementa {(0]VOn), npu koueunom ¢ u R — 00 B
cymMe (11) 10 peryrsapHbIM PeIlCHUAM BKJIAL JTIOGOT0 KOHETHOrO HC/IA Mep~
BBIX WeHOB yOpiBaeT kak 1/R. EcrecTBeHHO, 4T0 caMy CyMMy IIDH 2TOM
MOKHO 3aMEHNTb HA WHTErpan no k.

Ilpu d < 2 CYHIECTBYIOT TONbKO DPETyIAPHbIE PELIEHMs ¢ HOPMEIPOBKOIL
(57); m cyMMy 1O COCTOAHMAM MOMHO 3aMEHUTH HA MHTETDAL.

Ina seraucnenus matpuuroro snemerta (0|VO0|n) nepenmmen yparuenuc
(53) B popme

UrotPn(r) = (‘9(7' > p) B + DolAr) tha(T). (58)
Benencraue chepuyeckoit CHMMETDHE
o o o 1,
OVOIn) = o375 [ drr* Botbu(r) | (59)

a B cuny ypabHenus (58)

/rfe drr® B,y (r) = /Op drr v, (r) = /Op drr® Dosyipn(r) =
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0 4,0 1 0 o
= Do [} dror™ sn(r) = Do’ 5 43 (p). (60)

ﬂﬂﬂ OKOHYATE/ILHOIO BRIYHCIICHU ] B 9TO BBIDaXEHHEC JOCTATOYHO [I0ACTABUTE

ACUMIITOTHKY ;7 (p) npit g,p < 1, 90 Haer

2uDgogb
2N T(1 + )

Toncrasnas monyyennsie snauerus By, u (0]V0n) b cymmy no cocroauusim
13 (11) wrm (50), nonyyaem, 4ro B npenere, korna R — 0o, ocoboe craraemoe
¢ n = 0 JaeT KOHEYHBI BK/AM, & BKAaL KAXOOTO PEryNsSPHOTO DELIeHUs
CTPCMUTCA K HYIIIO, ¥ KOHEUHA JTUIIb BCA CyMMa TIO DEryIADHBIM PEHISHIM,
IPHYEM €6 MOXHO 3AMEHUTDL HAa UHTErpan. B urore

OVOn) = (61)

My(t) = 9(d > 2)(d — 2)onDoth?"? + My(t), (62)
M) = 24724~ 0 gy (5, (63)
_ qoda 1 — exp(—az?)
a,d) = / a® (292 + 224~ 2cos(§(d 2)))

‘,b“:b( 2@)5)) -

-2 (p(1 - 422y V6D
b= (*gc) (I‘El + 2 i) (s =97/,

3necw ¥(§) — pyukuus Xopucaina (79(§ ) = (0)1, ecnu (ne)BRINO/HEHO yCIOBHE
&), b~ nnuua paccesuus, a § = 6 — MOKA3aTeNb CTENEHN B 3ABUCHMOCTHY Uy
ot paccrosus (2). Ecim d = 2, To u3 (62) 1 (63) cnenyer, uro
da: 1 — exp(—2*Dot/b])
In®z + ’—[; '

My(t,d = 2) = My(t,d = 2) = 2rb3n / (64)
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IMpunoxenne 2. Pacyer marpnunoro anementa (k|T%k) npu kb < 1

Pacuer, npoeemeHHsbl# B NaHHOM pasliefe CYLIECTBEHHO OT/MYAETCA OT
aHATIN3a, BRIIONHEHHOTO B [Ipusioxenun 1 no creayowun npuanHas.
A. Cocrosunsa (x|¢x) = exp(ikx) memzorpomubr. Mur He pacmonmaraem ec-
TeCTBeHHBIM oboDIIeHneM n/g omepaTopa Jlamnaca Ha HPOU3BONBHYK) pas-
MEPHOCTE d B 39TOM CIIyYae U NO3TOMY [AN€e OrDAHVUHUMCS TOMBKO TESTbIMHI
d < 3. Hlaa pacuera T(A, k) ¢ TourOCTBI0 10 k? BKTIOUMTENBHO HaM I0CTATOU-
HO YYeCTb M30TPONHYIO M BEKTOPHYIO KOMIIOHEHTH! B pasnoxedud exp(ikx)
110 OPEACTABICHAAM IPYIILL BpatgeHuit. COOTBETCTBEHHO, YUATHIBAS H3OTPO-
o norenunana VO(r) u BBons mpoekTop m; Ha cocTOSHMs [ C 3amaHHOM YeT-
HOCTBIO ¥ TOJHBIM OPOUTANBHLIM MOMCHTOM, IOJNY4YaeM Da3NIOkKeHHe o 1o
[IApLUUATILHEIM BOITHAM

T(\ k) = (6T = gwkmc‘nm) = fﬁo Ty(\, k) = Ty + Ty + O(K"), (65)

roe

N LY — 0 — 70 0 |

Yi(‘)\n k) = <¢lel I¢k>> i T;'O =mI", [TI'[,T 1 =0. (66)

B. Ouepatop A = Ay + m;(t) HenoKAaleH, TOCKONLKY MATPHYHELA IIEMEHT

(M1)ey = (M1)z-y0 BMeeT "pasmMasky” 10 |X — y| ¢ XapaKTepHBIM pazMepoM

b. B aTOM Ciyuae Mbl He PACOoONaraeM CrocoboM PacyeTa PesonbBeHTHI (A+
+A + V)~ u3 npencrasnenus

0 1

T 14+ VOGN

LU CTAHHAPTHOTO NIOTEHUHANa Uy o 1/7°. TloaToMy ecrecTBeHHO orpaHmn-

YETHCA AHAJIM30M OIS HEKOTOPOTO MONEIBHOTO MOTEHINANA, JOCTATOYHO Ha-

[EXHO MOLEIHNPYIOWero peanbibii. C 5TOM UeNbiO MBI 3aMEHUM Urg HA CTY-

MCHYATHIA TPAMOYTOIBHBI HoTeHIMan u(r):

vro -+ w(r) = ued{r < b), (68)

! 0

Vo= A+ ATV (67)

B IPENNONOKEHNH, UTO Uy — 00, 8 [JIMHA PACCesHus b ONPeNeeHa 1O UCTHH-
HOMY TMOTEHURAIY Upg. [Ipn 3TOM MBI mipuMeM, aTo my(t) = Dy(t)A.

Meroxn, cOPMyIMPOBAHHEBIA B H. b MONHOCTBLIO BOCIPOM3BOLUT PE3YIlb-
tatel [lpunoxenns 1, nonydennsie tam ans cnydas k = 0, u pe3ynsTaThl
pasfera 2, COpaBeqIuBhIE /1 YMEPEHHO GONMBIINX BPEMeH {MPOMEXYTOYHAS
acumiToTika). [Ipy BoiBoNe NNMWHHOBDEMEHHON ACHMIITOTHKM Banarypona-
Baxca aBHpifl BrA NOTEHIMANA Upg HE WCTOAB3OBAJICS, NOITOMY NDOH3IBENECH-
Has Bhilze 3ameHa (68) He MOXKeT UPUBECTH K CYILIECTBEHHOMY HU3MEHEHWIO
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B ONUCAHUN PA3BUTUA OTKICHEHHI OT NPOMEXYTOYHON K MCTHHHON NIWHHO-
BpeMeHHO#I acuMiToruke. JononHuTenbHas apryMeHTAUMs B [01b3Y HaHHOM
3aMEHBI COCTOMT B TOM, HTO OHA HE BENET K KAYECTBEHHOMY M3MEHEHMIO 4iC-
JeHHbIX Ko3dhduimenTon mpu k? B nonydeHHbIX Hmke hopMynax mas T(A, k),
A OCHOBHBIE PE3YNBTATHL PA3LENa 5 3aBUCAT OT 3HAUMEHHH ITUX KO3DHLIMEeH-
ToB nabo, OHW B ropa3no GObLIEN CTeleHH ONPENesIsioTCA CaModl CTPYKTY-
POt OCHOBHOTO ypaBHenus (31) reopuu cpenHero nons.

Kak u panee Mer onpenessiem ¢yukumio T'(A, k) kak aHanuTHYeCKOE IPO-
momkeHre 13 061acTy BOMIM3YM DONOKUTENBHOR TOMYOCH KOMITIEKCHBIX A.

TpermepHvie cucmembi

PaceMmorpsm naitee 0is ONpENeNneHHOCTY TPEXMEPHbLH ciiydail. Pasnoxum
IFIOCKYIO BONHY N0 COBCTBEHHBIM QYHKIHAM Y, (r) yITIOBOR YacTy Jammiac-
cuana [12]:

(< 3 Yia(l)Yim(x) i (kr), (69)

-0 m=-—1

/1 d N\ sinkr
aen=(3) (7)o

3nect Vi (r)—obbiunas chepuieckas QyHKUMs, 3aBUCAINAL AL OT HATIPAB-
nenus BexTopa r. C yuerom coorHomenudt (69),(67) u pasnoxenus {65) uo-
Ty 4aeM, 9To

18

X = 4g

—
|

Ti(A k) = 4n(20 + 1)Oy(A k), (70)
6u(A, ) = (BRI THi (k) = (A(R) i\ k) = [ r2dr - du(kr) (A, K1),
Ti=1+UGN)WU=X+A)A+A4+U)U, (rlgi(k)) = di(kr).

3nech BBENEHE! ONEPATOPHL .
Ay ==D(A, =11+ VD773, (r|U]r) =60 —r)r™2 - u(r)

H MPUMEHEHO CTAHNAPTHOE CKAIIAIPHOE IPOW3BENeHMe B NPOCTpaHcTse (PyHK-
IMH OT pAmHANbHBIX NEPEMEHHBIX

(flg) = [ r%dr - £*(r)g(r). (1)
Hocne Beenenns QyHKIAN
QA k) = (r|(A + A+ U) U du(k)) (72)

[HOTy4aeM, YTo

Fi(\ kr) = (e[ F(AB) = (A + ADQA b, 7), (73)
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npuyem Q(\, k,7) onpenensgercsa ypaBHeHmeM
(A + A+ u(r)Q k,r) = ulr)di(kr) (74)

€O CTAHAAPTHBIMH YCJIOBUAME OrPAHHYEHHOCTH PEHMIeHWA NPH BCEX T, 06pa-
ILCHUS €70 B HY/Ib IPK T — CO ¥ HElpepHIBHOCTH QyHkuuit Q(r) u 8Q(r)/or
npu KoHe9HOM Ug. CTAHOADTHEIA pACUeT HOKA3LIBAET, YTO B IPENee Uy — 00

Ql(/\, k,?“) = '19(7 < b)(ﬁ[(k‘?‘) + 19(’1‘ > b)X[(ET‘)([)g(kb)/Xf(Eb), (75)
rme € = (A/D)V? a

xier) = (z)l (} -—(?—)t exp(sr)’ (A + A)xi(er) = 0.

£ er

O6venunss popmynst (70),(73) u (75) nonydaem, yro

. N . b . . 0 X;(Eb)
0>, k) = (A + DE?) ["rPdr - ¢ (kr) - Db*f(kb) 5 In ) (76)

COBCp’LUQHHO AHAIOTHYHO HOKA3BIBAETCA, YTO HEOMATOHANBHLIN SNICMEHT

(6ol T7 i) = 4 (21 + 1) Pi(pk/pk) -[(,\ + DY) [ +%dr - u(r)h(kr) —

0, xleb)
= D52¢1(Pb)¢l(kb)‘a_b In W} ) (77)

roe F(€)—nonunom Jlexannpa. MoxHO nokasaTk, 4To npencrasiexue (77)
ynosnerpopser ycnosnto cummerpunt {¢p|T0|dk) = (du|T|dp)-

W3 (76) nyrem pasnoxeHds B PAA MO MaibiM napamerpam kb u eb = b\/g
TONYYAETCs NCKOMAs ACHMITTOTHKA

Oo(N, k) = Db(1 +eb+ %621)2 —k%?/3+--), O1(\ k)= DK /3+ -,

T(\ k) = 4nDb(1 +eb + ;lgszlf + f;'-k?bz + ). (78)
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Llsymepnvie cucmembl

HPOBeﬂeHH&H BBILIE BBIKJIAAKA Nerko obobinaeTcs Ha TUPOUIBOJIBHYO Pa3-
MEPHOCTSH. HPI/I d=2 Pa3iloKeHue TINOCKOM BOJIHBI MOXKHO 3aIMCATEH KakK

exp(ikr) = Jo(kr) + 236" cos(np) Ju(kr), (79)
B 1

rae @—yroa mexay k u r, a J,(€)— dyrkuus Beccens. CooTseTcTBeHHO |

T k) = (6 T%n) = 2 {@o(/\,knzf@n(/\,k) S (s0)

n=1

. p b L, 8 Kn(eh)

Ou(A k) = (A + DE*) | rdr - J2(kr) ~ DbJ2(kb) = In ="

(A k) = (A + DK?) Jrdr - Ji(kr) — DbJ(kB) 5 In %0 00
roe K,(er)—dyukuus Beccens MHUMOro apryMenTa, IpeacTaBlAoLAsL DeLue-
uue ypapsenus (A + Dk*) K, (er) = 0, yEoBneTBopsAIOLIEe YCIOBUIO yORIBARNA
Ha GeckoneusocTu (xak Xi(e7) B (76)). OTcrona ¢ nCnoONbL30BaHHEM CTAHOAPT-
HBIX ACUMITOTHUCCKUX dopmyn ans Jn(§ — 0) u K, (€ — 0) nonyuaercs, 470
T(\ k) =2nD [(In2 — v — In(eb)) ™" + k*b%/2+ (81)

+ O(K**/ In(eb)) + O(1/ In®(eb)) + O(KB*)] .

Amnaju3 ypaBHEHU#A TEOpMY CPEIHErO NOJI [VIs IBYMEDHBIX CHCTEM He-
CKONBKO cnoxnee, 4eM npu d = 3 u d = 1 BCneAcTBEE HANMYUs norapud-
MOB B TIOILIHTET PAIBHBIX BRIDAKEHUAX. [I09TOMY HUXKE HONYUEHO HECKOIBKO
BCIOMOTATENBHEIX GOPMYIL,

Paccmorpum cHAvAlla MHTErpaj

- dh exp(At
zZ(t) = / e _.WE_(W_). .
Cu 211 A ln(l/A)
s aHanvaa ero aCHMOTOTHKH 1pH t — 00 KOHTYD WHTErPUPOBAHUS MOK-

HO 3arHYTb HAJIEBO M MOJOXKUTHL €r0 Ha OTPULATENBHYIO MONYOCh A 8 06xon
paspesa GyHKuEH In A, IpOBENEHHOTO BIOIL 2TON ocu. B pesynerare

Zi(t) = [ dzexp(~at)/[e(ln + 7%)] =

— .1_ [.;[ - /OOO dze™ arctg (—;(lnt —In X))} . (83)

0
Hocnenuee npeacTaBieHre NONYYSHO HHTETPUPOBAHUEM 110 1aCTIM NpPEabILY-
Lero UHTErpasa ¥ 0HO yAoOHO i aHamusa Z1(t — o) IyTeMm PasnokeHus
TIONBIHTEIPAJIBHOTO BEIPAXEHHA B pan no crenedsaM 1/ Int. B peaynbrare

Zy(t) = (Int+7)"'(1+ 01/ In® 1)), 'y:/olx dre~"In(1/z) = 0.5772. (84)

(82)
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Pacemorpum renepn

d\  exp(it)

2 = o, i (i) (83)

Scro, uro npu BbraucneHun Z(t = ) KOHTYD MHTETPUPOBAHUSA MOXKHO 3a-
MKHYTHb HAIPABO ¥ OTBET ONpPeNeNAeTCs eMUHCTBEHHEIM IIOTIOCOM IONLIHTEr -
panbHOro Bepaxkennd npu A = 1. B pesynbrare Z5(0) = 1. loaromy

AZt) = 2lt) = 2a0) = [, 5% SP =

- t *_”ALM 2 4\ ‘o
../0 drZy(T) = mt“_l(uou/xn ). (86)

Axanoruyso A 00
— [ 44 _exXp\AY)
Za(t) = /OM 2w A n(1/X)

2

(Int +v — 3/2)

- /0‘ dr Zy(tau) + 1 = ; (1+0(1/ 1)) (87)

Odnomepubie cucmemvl

B sTom Cily4ae pa3iiOXeHHe Ha YeTHYIO U HEYETHYIO K HHBEDCHHM KOOpIH-
HATHOM OCH T YaCTH IMTOCKO¥ BOJIHEI

exp(tkz) = cos(kz) + 1sin(kz)
IPHBOMUT K OOl dhopMmyre

T(A k) =2 {(,\ + DK?) [ dr - (cos”(kr) + sin(kr)) -

cos(kb) sin(kb)
= 2D[e + (e? + k%)b). (88)

_ 2 9, expleb) o, 0 exp(eb)]] _
D {cos (kb)ab In + sin (kb)%m =
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