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1 Bsenenne

OpanM u3 HanboJIee MUPOKO MCIOJIb3yEeMbIX METOJOB Jjis U3yUeHUsl MOJeseil B KBAHTOBOI TEOPUH I0-
ag [1, 2] asasierca neprypbaruBHbIi moax0a. Ero cyTh 3aK/I0UAETCs B PA3JIOKEHUU UCCJIEyeMON BeJu-
9UHBI B ACHMIITOTHYECKUN P IO MaJoMy mapaMmerpy. Kak mpaBmio, posib mapaMerpa UI'PaeT KOHCTAHTA
cBsa3u. HeoOxomMOCTh TaKOro mpuemMa OObIYHO CBS3aHA C HEJOCTATOYHBIM MAaTEMATHYECKUM ITOHUMAH-
eM U3HAYAJBHOIO0 00bEKTa M C TPOMO3JIKOCTHIO BbruucjeHuii. JIjisi npuMepa MOXKHO IPUBECTH KBaHTOBOE
JieficTBIe, KOTOPOE SIBJISIETCsT (DY HKIIMOHAIBHBIM HHTEIPAJIOM [3] OT 9KCIIOHEHTHI ¢ KJIACCHIECKUM JIefCTBI-
eM. Takoil 00bEKT He TOJHOCTHIO MIOHSTEH, TOCKOJIBKY COAEPKUT MHTEIPUPOBAHUE 10 (DY HKITHOHATHLHOMY
MIPOCTPAHCTBY U, KAK CJIEJICTBUE, BKJIIOYAET OTKPBITHIE BOIPOCHI ¢ MaTEeMATUIECKONH TOUKY 3perust. O-
HaKO, PACKJIa/IbIBas 9aCTh CJIAraeMbIX KJIACCHYECKOrO JIEHCTBHUS B PsiJl IO MAJIOMY IIapaMerpy, 3aJady
MOXKHO CBECTH K BBIYHCJIEHHIO MHTerpaJjioB laycca u, TakuM obOpa3om, 0O60WTH YacTh MaTeMaTHIeCKUX
pobIeM.

Tem He MeHee mpu Tepexojie K aCUMIITOTUIECKOMY PA3JIOKEHUIO TOSBJISIETCS €Ie OHA 3arBO3IKa
K03 DUIMEHTH PAa MOTYT COIEPXKATH PACXOISAIINECS MHTErPAJIbl. DTO CBI3aHO C TeM (DAKTOM, HUTO
00001TIeHHbIe (DYHKINN, KOTOPBIE TOJRKHBI PACCMATPUBATHCA HA OIIPENEJIEHHOM TECTOBOM KJIacce, B Jefi-
CTBUTEJBHOCTU JIEUCTBYIOT Ha JIpyTrHe 000DIIeHHbIe (PYHKINN, YTO IIPUBOJIUT K IOSIBJIEHUIO HEMHTEIPH-
pyembix ocobenHocreil. OTBer Ha Bompoc «Kak m30aBUTBCS OT PaCXOIUMOCTENH?» JaJjia TeOpHsl Iepe-
HOpMUPOBOK [4-6]. CorytacHO JI0Ka3aHHOMY pelenTy HeoOXOMMO CIIEPBa PEryJISPH30BaTh PACXO/ISIINECs
HHTErpaJbl, a 3aTeM BLIUeCTh CHHIY/ISPHBIC CJaraeMble IPH IOMOITY JOMHOXKEHHS' OTHeNbHLIX dacTeit
KJIACCUYIECKOTO JIEHCTBAS Ha CIeNUaIbHble KOHCTAHTHI IEPEHOPMUPOBKH.

Takum ob6pazoM, peryiapusanus SBISeTCs BaXKHBIM U HEOTHEMJIEMBIM KOMIIOHEHTOM IIPUA H3yYI€HUU
KBAHTOBO-TIOJIEBBIX 3a/1a9 METOJIAMU IT€PTYPOATUBHBIX pasjioxkeHuil. CyIecTBYIOT pa3/IMIHble CXeMbI Pe-
IyJISIpU3AINAN, U BEIOOP KOHKPETHOI 3aBUCUT OT TOI0, KAKYIO 9aCTh KJIACCHYECKOIO JIefiCTBUS IIJIAHUDYETCS
1edOpMHUPOBATh U KAKYI0 CHMMETPUIO X0UeTcs coxpannTh. Cpeau Hanbojee MOMyISPHBIX BUJIOB MOXKHO
BLLIEJINTL peryssapudanuio obpesanuem [7—-10], pasmepnyio [11, 12], weasuyio [13-15], perynspusanuu
Maymn—Bunapca [16] n BbICIAME KOBApUAHTHBIMEA TPOU3BOAHBIMA [17]. JIpyTre mpuMepsl NCHIONB30Ba-
HUS PeryJIspU3allii MOYKHO BCTPETHTH B Teopun o6obmennbx dbynknumii? [18,19], Teopun npejcrasie-
Huit [20,21] 1 Teopun uHTErpUpyeMbIX Mogeseii [22, 23].

Jlannasi paboTa MOCBSIIEHA U3YyUYEHUIO Peryjispusanuu o0pe3aHreM B KOOPJAMHATHOM IIPEICTABJIEHUN
Ha [MPUMEPEe TPEXIIETJIEBBIX BBIUMCJIEHAN B Y€THIPEXMEPHONH OOODIEHHOI BEIECTBEHHOW Teopun ¢4, CM.
[25,26], B eBKIMIOBOIT bOPMYIUPOBKE € pUMeHEeHHeM MeToza (GPOHOBOIO HOJIs, INIOTHOCTD JAeHCTBUS JJIs
KOTOPOI MMeeT CJIeyIOInii BI/I,IL3

) 1 i . gij k )\ij kn
t9: + 501 (A + MY )6 + L 010,00 + " 01050160

IIpu sToM 1oz 6a30BOH (HOPMYIUPOBKOIT OYIET MOApa3yMeBAThC CJIy4ail, KOrJIa WHAEKCHl TPUHUMAIOT
TOJIBKO OJIHO 3Ha4deHue | = j = k = n = 1, u Ko3pDUIMEHTHI [IPU HEYETHBIX CTEIEHSIX II0JIsi PABHBI HYJIO.
Brepsble ncciesyemasi peryiasipusanus OblLia OpejuiozkeHa B padore [27] Ipu M3yYeHUU JIBYXIIETJIEBBIX
pacxomumocTeit B Kyouaeckux mozesnsx. C Tex mop oHa ObLIa CYNIECTBEHHO YCOBEPIIEHCTBOBAHA W IIPU-
MEeHEeHa K Dty Apyrux Mozedneit [28-31], B rom uuciie u kagubpoBodHbiM. CTOUT OTHEIBHO OTMETHTD, YTO
JIAHHAsSI peryJspu3anus ooaaaeT HabopOM HHTEPECHBIX M HETPUBUAJBHBIX CBOHCTE [32]. K mpumepy, ona
COXpaHsIeT CTPYKTYPY? aCHMIITOTHYECKOro passozkeHns yHKIMH | pHHA OKOJIO JUATOHAJM, TAKYKe OHA,
CBsI3aHA C TeOpHeil yCpeHeHUs, UMEeEeT SIBHOE CIEKTPAJIbHOE IIPEeICTaB/IEHNE U MOXKET OBbITh mepedopmy-
JINPOBaHA TIPU ITOMOIIU BBICIINX KOBAPUAHTHBIX ITPOU3BOTHBIX.

Ha npumepe rIaBHOrO wieHa aCUMIITOTHYECKOro paszioxkenus Ro(x — y) dyukuun 'puna G(z,y)

1Peun nzer 0 MepeHOPMHUPYEMBIX U CYIIePIIEPEHOPMUPYEMBIX TEOPHSIX.

23nech mambosIee M3BECTHBLIM IPUMepoM sBjsiercss Teopema Coxonkoro-Ilmemens [24], cBAsbIBaiOmas MpeICTABICHUS
0600IIIeHHON (PYHKIUN B ABYX Pa3/IMYHBIX PEryISPU3aIUsIX.

3®opMysia moKa3aHa s HAIJISIHOCTH. 110pO6HOE OMUCAHNE IPUBEIEHO DK MOCTAHOBKE 3aIaH.

4TTonpasymeBaeTcst, YTO aCHUMITOTHYECKUi DSl MMEeT CTPYKTYpPy Da3jIOKeHus st orneparopa Jlammaca. C momosHu-
TeJIbHOM nedopMariueil BXOASIINX B Pa3JjioykeHne yHKIUN.



OKOJIO JIUATOHAJIU T ~ Y PEryJISIPU3AIMI0 MOXKHO IIPEJICTABUTE ClIeayomeil nedopMmariueit

SRS N 1 A%, s |z] < 1/A;

1
Ry(z) = ——— — R} =
(](Z) 471'2|Z|2 0 (Z) 47‘[’2 4772 |Z|727 TSt ‘Z| > I/A,

rje A — perynsipusyronmii pasmepHsiit napamerp, u f — HenpepbiBHast dbyHKIus ¢ HocuresaeM u3 [0, 1].
Taxum obpaszom, Ry(z) = R (z) mpm |z| > 1/A. Cxemaruueckn Takas jgedopMmarnus n300parkeHa Ha
puc. 1. ITonpobroe ommcanue ¢ yaeroM gedopManny KIACCHIECKOTO AEHCTBUs TPUBEICHO HIUKE.

51 52

0 || 0 1/A |2]

Puc. 1: CxemaTudeckoe uzobpaskenue gedopMalluy IepBOTo CJIaraeMoro B aCUMITOTUYECKOM Pa3/IoyKeHUun
cdbynxrum Tpuna. 3meck s1(|z|) = Ry(2) u s2(|z|) = Ry (2) ans nexoropoit dbymxmun £(+).

Hanomunm, aTo Mozess opMyIHpyeTcs ¢ UCIOJIH30BAHUEM METO 18 (DOHOBOTO IOJIsl, IIOITOMY OTEb-
HOIT BayKHOH 3a/1adueil sIBJIsIeTCs MIPOBEPKA OTCYTCTBUS HEJIOKAJbHBIX CUHTYJISPHBIX CJIaraeMbiX. Tak:ke B
XO/JIe UCCJIEJIOBAHMIT Ha IIPUMePE OTAEIbHBIX JUarpaMM IPOJEMOHCTPUPOBAHO BBIIIOJIHEHUE IIPABUII II€pe-
HOPMUPOBOUYHO# R-omeparmu. Takum 06pa3zoMm, Mpu pacCMOTPEHUHN TPEXITETJIEBBIX JIMArPAMM JIOKAJTbHAS
CHUHTYJIIDHAs YacTh IIOJIydaeTCd IIyTeM BBIYUTAHUSA JUArPAMM C IIOJIPACXOIMMOCTAMU.

CrpyKTypa paboTshI.

B pazzaene 2 GopMyIupyoTCs iBe OCHOBHBIE TEOPEMBI, MTOCBSIIEHHBIE IIEPEHOPMUPOBKE KaK 6a30BOil
MOJIeJIM, TaK U 0D00IIeHHON. B KadyecTBe pe3yJsibTaToB IIPeJICTaBJIEHbl SIBHBIE OTBETHI JJIs TPEX IIePBBIX
K03 DUIMEHTOB KOHCTAHT [TEPEHOPMUPOBKH. BbIuncieHsl mepsbie Tpu Kodddurmenta [S-QyHKIUT, 10~
Ka3aHa COTJIACOBAHHOCTH C M3BECTHBIMU PE3yJibTaTaMu. TakzKe yIOMUHAETCS O SBHOU IIPOBEPKE CIIPABE]I-
JINBOCTH TEPEHOPMUPOBOIHON R-omeparuu u 00 OTCYTCTBAU PACXOISAINXCS HEJTOKAJIbHBIX dacTedl.

B pasnesie 3 o6cyxaercs nmocTaHoBKa 3aa4u B 6a30BoM ciydae (cM. Bblie). B momnosnnenue K oc-
HOBHBIM OIIpeJ/IeJICHUAM JIJ15I KBaAHTOBOI'O ﬂeﬁCTBHﬂ 1 9JIEMEHTOB ):[‘I/Iana.]\lMHOIjI TEXHUKU (DeﬁHMaHa TaK>Ke
pa3bupaercst epexo/I OT IEPBOHAYAIBHOIO 3(DMEKTUBHOIO JIEHCTBUS K PErYISPU30BAHHOMY U OT PEryJis-
PU30BAHHOIO K IT€PEHOPMUPOBAHHOMY. OTIeIbHBIN aKIIEHT JeIaeTCs Ha IEPEHOPMUPOBKE, KOHTPIUATDAM-
MaxX U HA COOTHOIIEHUSX I MOUCKa KOdMDMUIMEHTOB KOHCTAHT epeHOpMupoBKu. CeKIns 3aBepIraeTcs
KPATKHUM CITCKOM TIOCTABJICHHBIX 33J1a4.

B pazzesie 4 npesacrasiien mporiecc BBeaeHus peryispusarun. Haunnas ¢ obmux coobpaskeHunii o CBsi-
31 KBaHTOBOI'O JIEHCTBUSI 1 KBAHTOBOIO YPaBHEHUsI JIBUKEHWS, BIBOJIUTCS OIPDAHUYEHUE HA BUJL PETYIs-
puzanuu. /lajee 1eMOHCTPUPYETCs SIBHBIM PEIENT TOTO, KAK MOXKHO BBECTHU PETYJISPU3AINI0 0Ope3aHueM
B KOODJIMHATHOM IIPE/ICTABIEHUN, COXPAHUB BBIIOJHEHNE JIONOJHUTETHLHOTO YCJIOBUsI. BBIBOIASTCSA PA3JIo-
JKeHUsI TI0 KOHCTAHTe CBsI3U JJist (pyHKInu [ prHa, JeTepMUHAHTA, 8 TAKKE ACHMITOTHIECKOE PA3JIOKEHNE
oKoJIO Jinaronasn i Gysknun 'puna. B nocsenneil 9acty ceKnun moKa3bIBaeTCsl, 9TO PEryJIspU3AIUsT
MOXKeT OBITh BBejieHa JjiepopMaliyeii KJIaCcCUuIeCKOro JIeiiCTBUsI.

B pasgesie 5 0o6cyKmaercst MOACYET NEPBBIX JBYX IIONPABOK (II€TEeJIb) sl KBAHTOBOIO JEHCTBHSL.
BuiBonsiTest cuHTysIsipHBIE 9aCcTH I OTAEJIBHBIX JUATPAMM M OKOHYATEJbHBIE OTBETHI JJIs IEPBBIX JIBYX
KO3 PUIMEHTOB KOHCTAHT TTEPEHOPMIPOBK.



B pazpgesie 6 usyuarorcsi TpexIeT/eBble JUATPAMMBI U ITPOU3BOIUTCS MOCYET TPEThUX KO3hduim-
€HTOB KOHCTAHT IIEPEHOPMUPOBKH Jjis 0a30BOI MOCTAHOBKU 3ajadn. HaumHas pasmesn ¢ psiga JOmoJ-
HUTEJIbHBIX BCIIOMOIaTeIbHbIX 0003HAYEHUll, YacTh MOJACEKIMI IIOCBANIACTCS AKKyPaTHOMY BBIBOLY (C
JI0KA3aTeJIbCTBAMHI) CHUHIYJISIDHBIX YacTeil sl TPEXIEeTJEBbIX JuarpamMM. TakzKe jesaercs akIeHT Ha
TOM (paKTe, UYTO B OTJIEJIBHBIX JUarpaMMax [PUCYTCTBYIOT HEJIOKAJIbHBIE CJIAraeMble C CHHTYJISIPDHBIMU
K03 purmeHTaMm, OJHAKO B OKOHYATEILHOI CyMMe BCe HeJIOKaJbHbIE YaCcTH KOHedHbI. 1IpemocTaBiieHbl
sIBHBIE COOTHOIIIEHNs. B KOHIIE pa3fiesia BhIITUCAHBI OTBETHI JJIs NCKOMBIX KO(DMUIIMEHTOB, JOMOTHEHHBIE
00CYKIEHUSIMU WX IPOBEPKU U COTJVIACOBAHHOCTU C M3BECTHBIMU PE3YJIbTATAMMA.

B pazmesnie 7 obcyxkmaercsa 06001eHHAsT TTOCTAHOBKA, 3a1a4u. OOpMyIUpPYIOTCS OCHOBHBIE OIIpeese-
HUsI U TIOKa3bIBAETCs CBSI3b C MOJIEJIBIO B 0a30B0it (hopMyIupoBKe. PaccmarpuBaeTcs: paciimpeHue mpaBuil
peryJsipu3alud U IepeHOpMUpPOBKU. Jlesaercst OT/ie/IbHBIN aKIEHT Ha IIPOIECcCe MOCYeTa MTEPBBIX TPeX
K03 (DUIMEHTOB KOHCTAHT MMEPEHOPMUPOBKY C WCIOJb30BAHUEM DPE3YJIbTATOB I M3yIEeHHOU 0a30BOif
Mozean. DopMyIupyIOTCs SIBHBIH PENenT Jid nepexoja oT 6a30Boro ciydas (¢ 06CyKIeHUeM JIOHOJIHU-
TeJIbHBIX BblUuCIeHuit). B mocseaneii gactu KpaTko 06CyKIaercs MOy YeHre HCKOMBIX KOd(MQUIUEHTOB,
a TaKyKe BBIIUCHIBAIOTCS JIJIsI HUX sIBHBIE (DOPMYJIIBI.

B paznesie 8 uzjioxkeHbl 3aK/II0YNTE/IbHBIE 3aMEYaHUsI, HE BOIIEIIINE B OCHOBHBIE CEKIUU. B yacTHO-
crr, 00CYXKIAI0TCsT TAKME BOIIPOCHI, KaK JIOTIOJIHUTEIbHAST JehopMalius IPU PEryIsapU3aliii, PACIIHPEHIe
pe3y/IbTaTOB Ha APYTHUE MOJEJU U BO3MOXKHbBIE YIIPOIIEHUS B JAJbHEHINNX MojcIeTaX. TakxKe ele pa3 B
KpaTKoi (hOpMe H3JIaraloTCs OCHOBHBIE PE3YJIBTATHI U UX COIVIACOBAHHOCTDH C JAPYTUMU TUIAME PETYIIs-
pusanumii. B Komie ceknun mpuBOAATCS 0J1ar0IapPHOCTH.

B paszesne 9 cobpanbl 10Ka3aTe/IbCTBA, BHIBOJIBI M 0003HAYEHNsI, UCIIOJIb3yeMble IIPH [10JICUeTaxX Kovd-
BUIMEHTOB KOHCTAHT [TepeHOPMUPOBKU. [IpuBeieHHbIe PE3YIIBTATHI SIBJIAIOTCS HOBBIMU U IIPEJICTABJISIIOT
u3 cebsl HeOThEMJIEMYIO JaCTh PabOThI, OTHAKO HOCAT YUCTO TEXHUIECKUX XAPAKTEDP, TOITOMY JIJIst YI00-
CTBa OHM BBLIHECEHBI 38 PAMKHM OCHOBHOTO TEKCTA.

2 PesyabraThi

OcHOBHBIE PE3YILTATHI PAOOTHI MOI'YT OBITH CHOPMYJIUPOBAHBI B BHjE JABYX TeopeM. Hadmem ¢ 6a30Boif
IIOCTAHOBKU 3319, KOTOpas TOIpoOHO pasdbupaeTcs B pasjenax b u 6.

Teopema 1. ITycmo kaaccuueckoe deticmseue modeau onucwieaemes Gynrkyuonaiom (2), u pezyaapusa-
yuA Keanmosozo deticmeud (5) 660dumces o6pesaHuem 6 KOOPOUHAMHOM NPEICNABAEHUL NPU NOMOULY
depopmayuu K6a0paMUIHOT POPMBL 8 KAACCUHECKOM JeTUCTNEUU CO2AGCHO Tpoyedype u3d paddeaa 4.4. Ipu
amom A seasemes peeyaapusyrowum napamempom u gyrxuyus £(-) us (41) omeenwaem sa dedpopmanuro
dynruuu I'puna. B amom cayuae HeAOKANDHDBLE CAGZAEMDBLE COKPAULAIOMCA, U NEPEBLE MPU KOIPPUUUEHMA
das Konemanm nepenopmuposru (17)-(19), mo ecmwv das

ZQ =1+ h2271 + h22272 + h322,3 + ...,
Z=1+4hz1 + 20 + W25+ ...,
Zs =1+ hZ4’1 + h224_’2 + h32473 + ...,

cHumaromca A6HO U UMEeMm c.ﬂe&ymuguﬁ 6uo:

22,1 = 22,1,
zZ1 = Az(h + LS\ + 21,
241 = 3L5\ + 54717

220 =— LA\ [6+ %2,
— A2 242 32 0 35 4 = _ _
zg = A (Lq3 +(]2) +2L°N° + L( —A* 4+ )\(Zl +2Z41 — 22’271)) + Zo,
OL2N2 + L( — 6A2 + 67241 — 67Z21) + Za,

24,2



223 = — L25\3/2 + Laq + 22,3,
23 = A*(L?bg + Lbs + by) + 14L3X3/3 + L?by + Lby + 2,
243 = 27L35\3 + L262 + Ley + Z4,3-
Bdecv L = In(A/o), A = M/(1672), u wucaa «Z» AGAAIOMCA C606OMBMU NAPAMEMPIMU. 3AEUCUMOCTIL

BCNOMO2AMEALHHLT KOIPPHUUUEHMOB U CCOAKY HA UL ABHBLE BOPMYADL MONCHO NPEICaAsuUmMd 68 6ude cAe-
dY0We20 CNUCKA:

a1 = q(f,m) = em. (59),

g2 = q2(f, 221, Z4.1,m) = cm. (71),
g3 = qz(f,m) = cm. (71),

ar = ai1(f,221,241) = em. (151),

bi = bi(f, Z1, 22,1, 241, 22,2, Z2, Za,2) — em. (153),
by = ba(Z1, 22,1, 241) = em. (154),

by = ba(f, 221,241, 22,2, 24,2, m) = em. (156),

bs = bs(f, 22,1, 24,1, m) = cm. (157),

bg = be(f,m) — cm. (158),
cr=ci1(f,221,24,1,%2,2,Za2) = cm. (159),

co = co(Z21,241) — cm. (160).

MozKHO 3aMeTUTDb, UTO IJIABHBIE JIOTapudMUIeCKHe OCOOEHHOCTH JIJIsi KarXKJOr0 MOPSIKA BBIITUCAHDI
sgBHo. OHHM He 3aBUCAT OT CBODOJIHBIX «Z»-IIAPAMETPOB U OT JIONOJIHUTEJbHON nedopmaryy DyHKIUH
I'puna. IIpu 3T0M ry1aBHBIE 1OJIIOCA 11 Z U Z4 COIJIACYIOTCS C IIOJIYYEHHBIMU B PA3MEPHOI peryJisipu3aliuu
JI0 TPEThEro MOPsIJIKa BKIIOYUTENBHO, CM. [33,34].

[Tocuntaem [-bymkimio. Ecu BBectn obosnadenue \g = Z,\/Z2, To coriacHO obmIeii Teopum oHa
OIIPEIEeIISETCS PABEHCTBOM

dA
Bho) = —o-27 = BIA + B0 + BaAG + .

Vcnonp3ys nosrydenHble pe3yJIbTaThl, IepBble TP KOIDMOUINEHTA CIUTAIOTCA IBHO U PABHBI

51 = 37
ﬂ? = g7
Bz = % +12¢(3) — 360y (F) + 17aa(f) + 2a6(f) + 1803 (f)+ (1)

+ (47%)% (16011 (f) — das(f) — 144y (f) — 144as(f)) — 1222 + 6242,

e BhIpaskeHus st aucen «;(f), 3aBucamux or dyukuuu f(-), npusenensr B pasmene 9.3. BaxHo ob6pa-
TUTb BHUMAaHUE, YTO IEPBbIE J[Ba KOI(DMUIINEHTA CXEMOHE3ABUCUMBI U TIOJIHOCTHIO COTJIACYIOTCSI C U3BECT-
HbIMK pesysbTaramu [13,35] 1st pasmepHoil u HesiBHOMN peryisipusanuii. Tpernil kosddunuent 3apucut
OT TIPOIEIYPhI PETYISPU3AIUN U T€PEHOPMUPOBKH.

B monosinenne mHTEPECHO PACCMOTPETDH 3HAYEHUS [1J1si KOIMDMUIMEHTOB KOHCTAHT IIEPEHOPMUPOBKI
I KaKuX-HUOYIb (PUKCUPOBAHHBIX 3HAUEHMI mmapameTpoB. K mpumepy, eciau BbIOpATh BCe CBOOOIHBIE
«Z»-K03pdunmentsr HyesbiMu u £ = 0, To

202 .
221 =0, 21 =——=5+ LA, 241 =3LA,
m
L)2 A2)? . . A )
Bp=—" m= (=6L +1) +2L*\? — LA?, 240 = 9L*\* — 6L\,



23T Ty Ty
A2)3 53L 160 28 14303 41L2)\3  65L\3
3= — 1802 — =~ +1 = -
89L2)\3

) X 11
243 = 2TL3N — + LN <12¢(3) — 14405 + 6)_

24
3aech uncia Oy, ©7 1 Oy CUNTAIOTCS YUCIIEHHO U IpejicTaBiieHbl B hopmynax (255)—(257). B arom ciyuae
rpernii koaddurment (1) mus S-byHKmu npuHIMaeT Gosiee TAKOHUIHBIH BUJ

607

op T 120(3) — 14405 = 45.907 + 1072 > 0.

B3’f:0 =
[Tepeiiiem K 0600IIEHHOMY CJIy9ar0. Y YUTHIBas 'POMO3IKOCTh OKOHIATE/IbHBIX BHIDAXKEHUI, B TEOpeMe
OyIyT IPE/ICTABIEHBI CCHIIKU HA COOTBETCTBYIOMME POPMYJIbI €3 MOBTOPHON 3aIUCH.

Teopema 2. ITycmb kaaccuyeckoe deticmeue modesu onucbisaemcs gynkyuonasom (162), u peeyaapusa-
YUA KBAHMO0B020 JeTicmBUA 6600UMCA 06DE3AHUEM 68 KOOPOUHAMHOM NPEICABACHUL NPU NOMOWU Jedop-
MAYUY K6adpamuuHol Popmove 6 Kaaccuueckom deticmeuu nymem dobasaerus Pynrkyuonana (166). Hpu
amom N asasemes pezyaspusyrowyum napamempom u gynkyus £(-) us (41) omseewaem sa depopmanuro
Pynryuu Ipuna. B amom cayuae HEAOKAANOHDIE CAGRAGEMBIE COKPAULGIOMCA, NEPsvle MPu Koadduyuenma
das Koncmanm nepenopmuposku (167)—(169) cuumaromes a6Ho u pasrivy:

o nepevill nopadok npedemasaen dopmyaamu (171)-(175),
o gmopoti nopadox npedcmasaen dopmyaamu (176)-(184),

o mpemudi nopadox npedcmasaer gopmysamu (185)-(189) ¢ yuemom ecnomozamenvrvir 0603Ha e-
nud us cexyuti 9.6 u 9.7.

MozkHO 1npoBepuTh, 9TO IpU BhIOOpe 3HadeHuil (163) pesyiabrarbl Teopembl 2 [y 0000MIEHHONE MO-
JIeJIA TIEPEXOMIAT B PE3YJIbTATHI TeopeMbl 1 1y1s 6a30Boit Mozem. TakKe MOXKHO OTMETUTh, 9TO, KAK U B
IIPOCTOM CJIy4ae, B 000DIIEeHHOI MOJE/H IJIABHBIE JIOTAPUMMUYECKUE PACXOIUMOCTH SBJISIOTCS CXEMOHe-
3aBucuMbIME. B uacTHOCTH, OHE He 3aBucaT or jgedopmupytomedi byakuun £(-).

HormosrHnrensHO 06paTUM BHUMAHNE, 9TO B XOJIE NCCJIEIOBAHUIT SIBHBIMU BBIMUCICHUSMNI ObLIa, TIOKa3a-
Ha CIPaBE/JIMBOCTD R-OLepaliy Ha IPUMepPe TPEXIIETIEBLIX JHarpaMM ¢ IPpIMeHeHneM MeToia (hOHOBOTO
TIOJTsT KaK JIJIsT 6a30BO# MOCTAHOBKU, TaK W JJIsI OOOOIIEHHOI.

3 DBa3oBag mocraHoBKa 3aaa4du

3.1 3DddekTuBHOE aeiicTBUE

PaccMOTpEM deThIpeXMepHoe eBKIAI0BO mpocTpancTo R, cM. [36], smemenTsI KoToporo B gasbHeimem
OymeMm 0b603HAUATH OYKBAMU X, Y, 2, U, W. B KadecTBe JIOKAJBHBIX KOOPJAUHAT BOCIOIB3YEMCs JIEKaPTOBBI-
MU, & OT/IeJIbHBIE KOMIIOHEHTHI Gy 1y T HyMePOBaThCsl I'PeUecKuME OyKBaMu a, (3, i, v € {1,2,3,4}. Hecmor-
p4 Ha TOT BaKT, ITO METPHKA B HaIlleM CJIydaeM IpefcTasigercs cuMbojoM Kponekepa d,,,,, Bce xxe Oymem
COXPAHSATH HAJMYNE BEPXHUX U HUXKHUX WHIEKCOB. 1Ipm 5TOM OyIeT MCIoJIb30BaThbCs COTJIAINCHUE DitH-
[mITeiiHa: MOBTOPSAIOMINNACS CBEPXY M CHU3Y WHJEKC IIO/IPA3yMEBAET CYMMHUPOBAHUE 110 BCEM 3HATEHUSIM.
Hamnee, mycts m? > 0 gBIsgeTCa KBaJIpaToM MacCOBOIo IapaMeTpa, a Koaddurment A > 0 apisgercs KOH-
CTAHTOI CBSI3M M OTBEYAET 3a YeTBepHOe B3aumMojeiicTBre. Torna KiacCuyecKoe JIeiicTBUE JJIsi CKaJIsTPHOM
Mojenn ¢ B 6a30B0i POPMYIHPOBKE MOYKHO BBIIICATEL B BIJIE

m2
S0 = [ % |5 (02,60 @rmola)) + - 2(0) + 00| )



B nocsenneit dopmyse noxpasymeBaercs, 9To MYHKIWA ¢(-) sABIAETCS [VIAJKON M UMEET JOCTATOYHO
xXopolee yObIBaHWE Ha OECKOHEYHOCTH, TAK YTO MHTErpasl CyIIeCTBYeT. 3aTeM, MHTErPUPYsl O YaCTsIM
[epBoe CJIaraeMoe, MOXKHO IIPeCTaABUTh JefiCTBre B BUE

1 A
S = | ate | go@a@ote) + o't 3
R4 .
e 6bLIO UCIIOJIB30BAHO OlLpeiesienne s oneparopa Jlamiaca A(x) B JIOKAJILHBIX KOODIMHATAX
A(z) = Ag(x) +m?* = =8y, 0p +m>. (4)

Hasee oupeznenum kBanrosoe (3dbdexTuBHOe) JeiicTBre, KOTOPOEe II0JIyYaeTCsl IPH HOMOIIM CJIEYIO-
ero (pyHKIMOHAIBHOTO UHTETPUPOBAHMS

e—W/n:/ Depe-Stal/n (5)
H

rie koHcTaHTa [lnaHka it urpaer poJib MaJioro mapamerpa, a (PYHKIMOHAJBHOE IMPOCTPAHCTBO H ompe-
JlesigeTcs n3 PU3NUECKUX coobpaskenuit®. TakuM o6pa3oM, KBAHTOBOE neficTBue W 3aBHCHT OT KJacca
byHKIMit B H, OT UX MOBEIEHUSA Ha, OOJIBITNX PACCTOSIHUAX.

OCHOBHBIM METOJ/IOM U3Yy4YeHUsI KBAHTOBOIO JI€HCTBUS sABJISIETCs IEePTyPOATUBHBIN IIOIXO0, TO ECTh Pa3-
JIOXKEHHUE 110 MAJIOMy IIapaMerpy B aCUMITOTHYECKHUI psiji. TaKUM MaJjibIM IapaMeTpOM B HAIlleM CJIy4ae
siBjisieTcsi nocrosinas [Lranka h. JlaBaiiTe KpaTKO OIUIIEM [IEPEXOJ K ACUMIITOTUIECKOMY PA3JIOXKEHUIO.
Hust aToro Gymer ncrosab3oBaThes MeTo, GOHOBOrO ToJist, cM. [35, 37-43], ocHOBHAasI nyesi KOTOPOro 3a-
KJTIOYAETCSI B CIBUTE

¢(x) = B(z) + Vho(a), (6)

rye dbynknus B(-) HazbiBaercs (OHOBBIM TI0JIeM U PelliaeT KBAaHTOBOe ypaBHeHue Jpikenus’. B kauecrse
FPAHUYHBIX YCJOBUH JJIsi TAKOIO YpPaBHEHHUsI KAK IPABUJIO IOAPA3yMEBAETCsl MOBejeHne (DYHKIWIA Ha
GECKOHEYHOCTH, OIPEIEIsIoee MHOXKeCTBO H. Takum obpa3oM, 3aBUCHMOCTH KBAHTOBOTO JeiictBus W
or Habopa H ImepexoiuT Hocje 3aMeHbl B 3aBUCUMOCTB oT (oHoBoro nosda B(-). Ilosromy xBanToBoe
JleficTBHIe sIBJIsieTcs B eficTeuTensHoCcTH byHKTmonansom W = W[B]. Taee Gynem 0603HATATE CUMBOJIOM
Ho MHO)KeCTBO DYHKIHIA [IOCJIe YIIOMSIHYTOrO TI€PeX0Jia, TO ecTh ¢ € Ho <> ¢ + B/ VheH.

Bamerum, aTo mocie casura (6) kaaccuueckoe feiicrBue (3) IPEACTABUMO B BUJE KOHEYHON CYMMBI
o crernensiM nocrogaroi [lnanka

/2 2
S[B + Vi) = S(B] + VAT, (B.0] + MTalB.o) + M ry (8.0 + Ar, o) )
riue
Tu(B.0] = [ d o) (Al) + AB*(@)/3!) Bla), ®)
RafB.0) = [ dte @M (@)o) = [ dteo(w)(Aw) + AB@)/2)o(a), )
= ‘e B(2)d? (z 4]0] = Ly d*(x).
Mol = [ de B@)ob(e). Talol = [ d'aot() (10)

B manpmeiimeit pabore ¢ TaKuMHU cjiaraeMbIMU IPUTOJINTCS WX JHArPaAMMHOe IpejictaBienne. Ha puc. 2
n300pazkeHbl BEPIIUHBI ¢ BHENTHUMU CBOGOMHBIMU JnHusSME 1ist 11[B, @], T's[B, ¢] u Ty[¢]. PyuKIimo-
Has o[ B, ¢| sBasiercst kBagpaTuasoit dopmoii ¢ auddepenimanbabiv oneparopom M. Kak usBecTHO,
BHEINTHIE CBOOOIHBIC JTMHUH COCIMHAIOTCS JIEMEHTOM, OTBEUAIONINM peryispu3oBanoMy aapy G2 (-, )
obparnoro omeparopa K M. O 0603HAYAETCsT CIUIONTHON JIMHUEH, HA3BIBAETCS MPOMAraTOPOM U TAKIKe
n300pazkeH Ha puc. 2.

531ech cremyer caenarh 3aMedaHme, 4TO onpejeenne byHKIHOHATLHOIO HHTErPAa, TaK Ke KaK ¥ COOTBETCTBYIOMIEH
MEPBI, COIEPXKUT HEKOTOPbIE OTKPBITHbIE MaTeMaTH4YeCKue BOIPOCHL. IlosToMy MHOX)ecTBO byHKIuMNE H U HOC/Iemdyrolue
omnepanuu ¢ obJIACTHIO MHTErPUPOBAHUSI HOCAT CUMBOJIMYECKHil xapakrep. [Ipesmnosnaraercsi, 9To st (DyHKIIMOHAJIBHOTO
MHTEerpaJjia BBIIIOJIHAIOTCS CTaHJaPTHbIE CBOMCTBA OOBIYHOI'O MHTErPAJa.

6Ha mguarpaMMHOM sI3BIKE MOYKHO CKa3aTh, 9TO (POHOBOE IIOJIE SIBJISIETCS PEIICHMEM YPABHEHUS, B KOTOPOM CYMMa BCEX
CHJIBHO CBSI3HBIX JMarpaMM C OJIHOW BHEIHEH CBOOOIHOI JIMHUENH paBHA HYJIIO.



Ty = T, =

Puc. 2: DnemenTsl quarpaMMHON TEXHUKM JJIsi BEPIIUH C OJHON, TPEMs U YeTBIPbMSI BHEIITHUMU CBOOO/I-
HBIMU JIMHUSIMI, 8 TaKyKe JJIs pery/aspu3oBannoi dymkmu ['pura G,

CuesroBaresibHO, mozcTaBdAsd pasioxkenue (7) B GyHKIMOHAILHBIA unTerpas (5), moaydaem

- SIB T B76 )\hl/z Y
o~ WIBI/R _ exp(— [h ] B 1[\/ﬁ ;] -5 I's[B,d;] — 4!F4[5j]> X

y D¢6F2[B’¢]/zexp< A4d4xj<x>¢<x>> .

Ho 3=0

rJie OBIIO HCII0JIB30BAHO 0003HAUEHNUE J1/1sd DyHKIHOHAIBHOM IIPOU3BOIHOM §; 110 BCHOMOI'ATEILHOMY IJIaJl-
KOMY IIOJIIO § U CJIEJIYIOIee COOTHOIEHNE

Fjew ([ aej@ow)|  ~ri (12)

J=0

LIS IIPOU3BOJILHOrO (pyHKIMoHAa F'| - |, IpecTraBuMoro B BUJIe psijia [0 CTEIeHsIM 110Jis. B CBOIO ouepeib,
dyukumonasbublii naTErpast u3 Gopmyiasl (11) saBisgercs rayccoBbIM, IOITOMY OTBET JJisl HEro, C yIeTOM
MOJXO/IAIEl HOPMUPOBKY /I MEPbl, BBIINCHIBAETCH B ABHOM BH/IE

9lG.4]
D e 2lB:81/2 ox </ d*zj(z)o(x ) = 67, 13
[ Dy p( [ atwiew) = S (13)
rie dbyHkuuonada gl -, -] u dbyakuus I'puna G(-, ) oUpenesstoTcst COOTHONIEHUSIMU
.1 . .
0Gil =5 [ | [ Atad'yi@G@)it). M@)G.y) = 5 —1). (14)

Pazywmeercs, dyuknus I'puna siBjisiercst He TOJIBKO PENTEHUEM IIOCIIETHETO yPABHEHHS, HO U Y/IOBJIETBOPSET
HEKOTOPBIM I'DAHUYIHBIM YCJIOBHUSIM, BBITEKAIOIINM I3 CBOMCTB (POHOBOIO 10JIs 1 MHOXKeCTBa H. VIX sBHBIN
BHUJI HE UTPACT BAXKHOM POJIN B JAJBHEHIIINX UCCJIEIOBAHUSX, OJIHAKO, Oy/IeM IMOApa3yMeBaTh, 9TO 3a/1a9a
Jyist oncka pyHKIuU ['prHa KOPPEKTHA.

ITocite Bcex yHOMSTHYTBIX MaHUITYJIATII KBAHTOBOE JEHCTBUE BBIITACHIBAETCS B BUJIE

h ARY/2 Y/ NE
WI[B] = S[B] -  Indet(G) — hexp (- 5 TslB, 6] - meaj])egm , (15)
! ! -0

rae cumbost 1PI o3Hauaet, 4To B CyMMe OCTAIOTCS TOILKO CUIILHO CB3HBIE *S mrmarpaMMbl. VIMEHHO 110 3Toit
npuunne B opmyne (15) orcyrcrByior dyukimonan I'1[B,d;] u oTpuiaTe/bHble CTENEHN OCTOSHHOIL
Il1aska. D9TO MPUBOAUT K TOMY, YTO KBaHTOBOE JEHCTBUE CONEPKUT B ACUMIITOTUYECKOM Pa3JI0KEHUN

731ech ClleyeT OTMETHTD, 9TO ToCyIe JorapudMupoBanns (byHKIMOHAIBHOIO HHTEIPAJIA B TIOMPABKAX OCTAOTCS TOJIHKO
cBs3Hble rpadsbl. [Ipn 9TOM Hy?KHO IOMHHUTB, 4TO (POHOBOE I0JIe B sIBJISIETCH PellleHHeM KBAHTOBOI'O yPABHEHUS JIBUKEHHUSI,
KOTOPOE 3aHyJIsIeT CyMMy CHJIBHO CBS3HBIX AHArpaMM C OOHOM BHemiHeidl cBoOomnoil junueit. Taxkum obpasoM, B cymMme
OCTaeTCsl TOJIBKO CUJIBHO CBSI3HAS YACTh.

8Orcnexusas nmepexos oT dopmystnt (11), B TpeTbem ciaraeMom mepeJt SKCIOHEHTOH CIe/JoBaIo GbI HAIMCATH JIorapudM
In. On orcyTcrByer, mOCKOIBKY 3Hak 1PI ocraBisieT TOIBKO CHIBHO CBSI3HBIE CIaraeMble, a OIEPAIlis JIOrapu(pPMUPOBAHUSI
coxpamsier cBsi3Hble. CiietoBaresibHO, HoJiee CIabyI0 OIEPAIMIO MOXKHO OILYyCTHUTh.
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TOJILKO IIOJIOXKUTEJIbHBIE CTelleHn mocTosHHoi [lmanka u, KaK CJeICTBHE, ITPEJCTaBUMO B BUJIE CYMMBbBI
KJIaCCHUY€CKOI'O ﬂeﬁCTBHH 1 KBaHTOBBIX IIOIIPABOK

W[B] = S[B] + ij R W[ B,
k=1

rue Wi [B] orBedaer noupaBke, BKIIIOYAIOIIEH CUIBHO CBA3HBIE [UATPAMMEI C k HETJISMHU.

N3 obrmmeit Teopun m3BecTHO, UTO 00beKT W[B] III0X0 ONpENesieH, TIOCKOIbKY KayKI0€ TTOMPABOTHOE
cnaraemoe Wy, [B] acuMITOTHYECKOTO DsIJa COAEPIKUT PACKOJISIIIIECST HHTerpasibl. 1109TOMYy, cOrmacHo 06-
Imeli JIOTMKe, BBOAUTCS PEryJIPU3AIUs ¢ HEKOTOPBIM BCIIOMOTATEbHBIM IMapamMeTpoM A, KoTopast jejiaer
WHTErpaJjbl, 3aBUCAININE OT (DOHOBOTO MOJIsA, CXOAAmmMucs. [Ipu 9ToM BMECTO PaCXOISIIUXCS UHTErpa-
JIOB TIOABJISIOTCS CJIAraeMble, COIePIKAIIe CHHIYIAPHOCTHY 110 pery/spusylomemMy napamerpy A. B csoio
odepeb HHTErPaJibl, KOTOPBIE HE 3aBUCAT OT (DOHOBOTO TIOJIsI, He O0S3aHBI PETYJIsIPU30BBIBATHCS B OOIIEM
ciyuae. OHn He HecyT BaxkKHOW mHOPMAIMHA (ITO HMPOCTO YUCIO) U MOTYT ObITH YOPAHBI HOIXOMISIIAM
BBIUMTAHUEM B KaxKjoil merie. TakuMm 0oO6pa3oM, KBAaHTOBOE JI€HICTBYE IOC/e JIOIOJHUATEIHLHOIO Ipeobpa-
30BaHUS BBITVISJIAT TaK

+oo
WIB] 2% W(B, A] = S[B] + 3 i (WilB, Al - k), (16)
k=1

rJe BeJMYUHBI k) BBEIMHTAIOT PACXOIMMOCTH, He 3aBucamue oT ¢GpoHoBoro moid. OTciona BLITEKAeT, UTO
PeryJspu30BaHHOe KBAaHTOBOE JIeHCTBIEe KOHEYHO, HO COJEPXKUT Habop ClaraeMbIX, KOTOPbIe OyIyT CTpe-
MUTBCS K GECKOHEUHOCTH IIPU CHATHHU peryispusanuu. Cpasy OTMETHM, U4TO B JAHHOH paboTe IO pery-
napusanueil moanmaerca gecdopmanus'’ dynkmm ['puna

G(z,y) 2= GMa,y).

CHsiTHE PEryJIsIpU3aIiu IIPOM3BOJIUTCS [TEPEXOI0M K npemneny A — +o0o.

3.2 IlepeHopMmupoBKa

CymmectByeT 00Ul PelenT, KOTOPHI MO3BOJISIET YOUPATh (BBIYMTATH) CHHIYJISIPHBIE CJIAraeMble IIyTeM
JOMHOYKEHUS COCTABJIAIONINX KJIACCHYECKOTO JIEHICTBUAS Ha JOIOJHUTEIbHbIE KOHCTAHTHI, KOTOPbIE Ha3bl-
BAIOTCA KOHCTAHTAMH IEPEHOPMUPOBKHA. B ciIytae nccaeayeMoil MOmel TaKIX KOHCTAHT ! JO/IKHO GBITE
TpU

—+o0

Zy =1+ h'zi(A), (17)
k=1
—+oo

Z =1+ hz(1), (18)
k=1
—+o0

Zy =1+ h*zi(A). (19)
k=1

OHu He 3aBUCAT OT MPOCTPAHCTBEHHON KOOPJAMHATHI Miu (POHOBOTO MOJIsA. BBOIATCA TaKne KOHCTAHTHI B
kBanToBoe geiicrsue W[B, A] uepe3 cepuio 3amen

o) =\ Zyd@), m® = 22w, X 2,257 (20)

90HM KOHEYHBI, HO CTPEMSITCS K GECKOHEYHOCTH HPH CHATHH peryisipusanuu. Hampumep, dynkmus A2 cuuryaspaa B
OKPECTHOCTH GECKOHEYHOCTH IO PEryJsApHU3yIoeMy mapaMmerpy A.

10 Tastee GyaeT mMOKa3aHO, UTO PETYISPU3AIMIO HY?KHO BBOAUTD CIIEIUAIBLHBIM COTIACOBAHHBIM 06DPAa30M, KOTOPBI# MO3BO-
JIe€T COXPaAHUTb CBA3b JEHCTBUA U yPaBHEHUS IBUXKEHUS.

HKosdbduruenTsr pasioskeHns 1jis KOHCTAHT 3aBHUCAT OT PeryJIsipU3yIOINIero mapaMerpa A, o6o3HaueHre KOTOPOro, Kak
IpaBuJIo, OyJeT OIyCKaThCH I YA00CTBA.
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B IUIOTHOCTH KJaccuaeckoro geficrsust (2). CresoBaTebHO, MOCIe TAKON IIPOIEILyPhI Oy IaeTcsl TPeTHil
OOBEKT — IIePEHOPMUPOBAHHOE PErYJISPU30BAaHHOE KBAHTOBOE JIECTBUE

pen.
W (B, A] — Wien[B, A]. (21)
Tocnennauit GyHKIUOHAN y2Ke He COAEPXKUT CUHTY/ISPHOCTEH, II03TOMY IIOCJIe CHATHUS PEry/spU3aIlin
Wien[B, +00] KoHEUEH.

SameruM, uro Macurrabuposanue nosst (20) npoussogurca no casura. CiemosaresbHo, paboras ¢
3JIeMeHTaMH II0C]Ie CABUTa, HEOOXOIUMO JOMHOXKUTD Ha / Z, KaK 1ose ¢, Tak u ¢onosoe nose B. Torma
[epeHOPMUPOBaHHOe JieficTBre u3 (21) npegcTaBuMo B BUJIE

Z 2z N h
WenlB. A = Z5alB] + 2.5, 5] + 254 51(5] - (3 maden(6Y) + ) -
1 )\hl/g A ] 1PI +oo
— |hexp <2(F2[B,5j} B FEGH[B’(SJ']) — TFg[B,(sj} - 4'F4[5j]>eg[GAJ] + th kil (22)
’ ’ J=0 k=2

1";L€12

SZ[B}:/R4 d*z (8,,B(x)) (0,+ B(z)), Sm[B]:/W d*z B%(x), 54[3]:/ dz B4 (z),  (23)

R4
+oo
T (B, 6;] — Ty[B, 6] = > 1 X4[B, 4], (24)
k=1
fAsubtit Bun dynkunonanos Xy[B,d;] npencrasien B dopmyne (52) mociae OKOHYATEIHHOIO OMUCAHIS

mporiecca perysspusarnuu. CorracHo o0IeMy IPaBUILY, IPU HOSBICHUN HOBBIX BEPIIMH HEOOXOMMMO 3a-
KPEIUThb 38 HUMU JIEMEHTBI JuarpaMMHoil Texuuku. OHM TIpeJICTaBIeHbI HA PHUC. 3.

Tf" —Ty = h—Xe— + B3 + O

Puc. 3: DuieMeHTBI JJuarpaMMHO TEXHUKH JIst JTOMOJHATEIBHBIX BepituH (24) u (52) ¢ AByMst BHEITHUMHA
CBOOOJIHBIMU JINHUAMHU.

Hajiee, ¢ yIeTOM OIpEIeICHIH /)T 9JIEMEHTOB TUArPAMMHON TEXHUKHU, O0BEKT B KBaIPATHBIX CKODKAX
u3 popmMyIbl (22) MOXKHO IEPElUcaTb B JUarpaMMHOM Buje, cM. puc. 4, 5 u 6,

2 2 4 4
A (/\ d1 )\dg Cd1 —|—K‘,2> + 52</\ 24,1d1 )\2’471d2 + A d3 A d4_

12 8 2 6 8 16 24
)\3d5 )\3d6 >\2d7 /\2d8 )\QCdQ )\Cd3 Cd4 Cd5 3
- - - i — .2
8 8§ 48 16 1 1 T2 +”3>+O(h) (25)

Juarpammsbl d; ¥ KOHTPIUATPAMMBI Cd; SIBISIOTCA (DYHKITMOHAJIAMHI, 3aBUCAIIAMA OT (DOHOBOTO ITOJIS.
Tak>Ke OHI KOHEYHBI'® U 3aBHUCSAT OT PEry/IapU3yIONIero mapaMerpa A.

123 nech HEOGXOMMO HOSICHUTE NOSIBJIEHHe IoNosHuTe bHOrO cnaraemoro (I'y[B, §;]-T5%[B, §;]) /2 Bo BTOpoii cTpoke (22).
lesio B TOM, uTO 110csie ieperopmMupoBKH (20) kBagpaTHaHas HopMa COAEPXKUT KOHCTAHTHI IepeHopMupoBKHy. CiieroBaTesib-
HO, TIOCJIE BBIMUCJIEHUSI TayCCOBOIO MHTErPaJia BO BTOPOii cTpoke (popMyssl (11) MOTyIaloTCst KOHCTAHTHI IEPEHOPMUPOBKH B
nerepmuHanTe u B Gynknun 'puna. 2Kenaa ux (nerepmunant u dynknmio ['puHa) ocTaBUTh NPEXKHUMH, JOTIOJHUTEIbHBIE
caraemMble OBLITM BBIHECEHBI COrIacHO npasuiy (12) B Buge DyHKIMOHAIBHBIX TPOM3BO/HBIX.

13 TuarpamMmbl {d2,d7,dg} n xourpruarpammel {cdi,cds, cds, cds} MOryT comep:KaThb PACXOAMMOCTH, HE 3aBUCSIHUE OT
onosoro nossi. Onu mpecTaBasAIOT CO6OI HHTErprpoBanie KOHCTAHTEH 10 R, Takue MIOTHOCTH BRIMHTAIOTCS TPH TOMOTIIII
K2 ¥ k3. VIMeHHO Giraromapsi JIErKo# yCTPAHUMOCTH U OTCYTCTBHIO (DU3UIECKOTO CMBIC/IA OHH HE IPUHUMAIOTCS BO BHUMAHUE.
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1

Puc. 4: Inarpammbr di u do 1 KOHTpABArpaMMa cdy, Jaioline BKJIAI B JIBYXIIETIECBOE CIAraeMOe.

1
s~ oS EORS
g 1 2

Puc. 5: Kourpauarpammbl cda—cds U3 TPEXIIETIEBOTO BKJIAIA.

dgz d4: d5:

Puc. 6: quarpammsl dz—dg u3 TpexmnerseBoro Bkiaga Ws[B, A].

Pasnoxenne (22) ¢ yuerom (25) sBISI€TCS OCHOBHBIM PabOINM OOBEKTOM JAHHOM CEKIMU. Y INTHIBAST
ToT aKT, YTO KOHCTAHTHI IIEPEHOPMUPOBKH YOUDPAIOT (BBIYMTAIOT) CJaraeMble ¢ CHHIYJISPHOCTSIMU IO
Pery/spu3yIoeMy IapaMeTpy, MOXKHO YTBEPXKIATH, YTO 3TO JOJIZKHO BBIIIOJIHATHCH U B Ka2KJIOM IIOPAIKe
no koncranTte Ilmanka. CrenoBaTesbHO, H3ydas PACXOLMMOCTH B OTHEJIBHBIX AHAarpaMMax, MOXKHO HX
IIPOCYMMUPOBATD U HOJIYyYUTh 3HAYEHUA 1 KO3 DUIIEeHTOB KOHCTaHT IePeHOPMHUPOBKH. Jj1g Kazk1oro
nopsiaxa mocrosiHaol IlaHka mosyuaercst cBoe JIMHEHHOe ypaBHeHIe

2 A sp. 1
%52[31 +%Sm[3} + fﬁvl&;[g} L Indet(GY) + ki, (26)
2 2
Z9.9 m=zo /\Z42 s.p. A d1 )\dg Cd1
226, B+ —25 B 26,[B] "2 a2 M 2
9 So[B] + 5 Sm[B] + 1 S4[B] 2 3 5 + Ka, (27)
2 2
22,3 m=zs )\Z4$3 s.p. A 24’1d1 )\24’1d2
Ndg  Mdy  Nds  Ndg | Ndr | Nds  Nedy | Aeds | cdy  cds e (28)
16 24 8 8 48 16 4 4 4 2 5

e COKpalIeHue S.p. O3HaYaeT PAaBEHCTBO CHHI'YJIAPHBIX CjIaraeMbIX.

OcHoBHbIE 3aa4M i1 06a30BOif IOCTAHOBKM:

® U3YYNTH PACXONAININECS JaCTH B AuarpaMmax di—dg W KOHTpaauarpammax cdi—cds C HCIOJIb30Ba-
HUEM Peryaspus3alun o0pe3aHnrneM B KOOPANHATHOM IPEICTaBICHUT;

® IIPOBEPUTH CIIPABEJINBOCTH R-OIEPAINN HA IIPUMEPE TPEXIETIEBBIX IHArPaMM;

13



e majiTu mepsble Tpu Kodddunuenta {22, 2, 2471-}?:1 JI7IsT KOHCTAHT MTEPEHOPMUPOBKU Lo, Z U Zy;

e y0eInThCsI, ITO HEJIOKAIbHBIE CIAraeMble COKPAITAIOTCS.

4 IlIpaBuja peryispu3anumn

4.1 OO6iue coobparkeHus

B cexnusx 1 u 3 6blIM yHOMSIHYTHI HEKOTOPBIE OOIIME CBEJEHUsI O PeryJsiPU3aIlii, OJHAKO YeTKOrO pe-
LEITa IIPEJOCTABIEHO HEe ObLI0, MO3TOMY BOCIOJHUM ITOT HPOOEI B JAHHOM paszjeie. VI3BecTHO, 9TO
dbyuximio T'puna moxno gedopmuposars G(z,y) — G (x,y) pazmmamsivu criocobamu. IIpudaem x pery-
JIAPU30BAMHON (BYHKIME MOXKeT OLITh 106aB/IeHa IIPOU3BOIbHASA «Majady nobaka h(x, 1), Takas 4To

M(z)h*(z,y) = 0 (29)

npu A — 400 B cMbIciie 0000mIEHHBIX GyHKIUA. B ganHo# cexiuu Oyaer copMyIMpPOBaHO IOIOJIHE-
TeJIbHOE eCTECTBEHHOE OI'paHIYIeHNe, CyzKaloliee Kiace aedopmariuii.

Kax 370 66110 OTMeU€eHO paHee, sbdexTusHoe neiicreue W[B] siBisiercst byHKIMOHAIIOM, 3aBUCSIIAM
oT (DOHOBOTO TOJIsI. B CBOEM ACHMIITOTHYECKOM PA3JIOZKEHUU OHO COJEPXKUT TOJBKO CHJIBHO CBSI3HBIE
JuarpaMMbl. DTo ciegyer u3 Toro daxra, 4ro donoBoe nose B(x) sBigercs pelieHueM KBAHTOBOIO
ypasuenus apuzxkenus Q[B](z) = 0, B KOTOpOM CyMMa BCeX CUIIbHO CBSI3HBIX JMAIDAMM C OJHON CBOGOIHOMN
BHEIITHEN JInHUeH paBHa HyJ1i0. [Ipn 5ToM KBAaHTOBOE ypaBHEHWE JIBUYKEHUsI U KBAHTOBOE JIEHCTBUE MMEIOT
[IPSIMYIO CBsI3b: IIEPBOE II0JIyYaeTCsl Bapuallieil BTOporo 1mo (poHOBOMY IIOJII0, TO €CTh

SW(B] _ B 30
Ecin B iporiecce peryasipusanun W -] — W[ Alu Q[-] — Q]+, A] Takas cBsi3b HapyIIaeTcsi, TO KBAHTO-
Boe jieiicreue W1+, A] cTaHOBUTCS 32BHCHMBIM HE OT 9KCTPEMAJILHOTO TI0JIs, TO €CTh PEIeHHsi KBAHTOBOI'O
YPABHEHUS JBUKEHUS
SW[B,A]
6B(z)

a 0T HEKOTOPOro Apyroro nois B, koropoe pemaer ypasuenue Q[B,A] = 0. CiemoBareibHo, xKeaanue
COXPAHUTH 3aBUCUMOCTH IDDEKTUBHOTO AEHCTBUS OT SKCTPEMAJIBHOIO TI0JIsI, KAK 9TO OBLIO JI0 PETYIISpH-
3anun, IPUBOIUT K HEOOXOINMOCTH COXPAHUTH CBA3D

SW (B, Al

B = QA (31)

JI7151 BBITIOJIHEHUSI TIOCJIEJHETO COOTHOIICHHSI IIPEJIAraeTCs 4 IpuIepKIBaThCS CIIeLyIomelt JIOTHKY. SICHO,
YTO KAXKJIOW JmMarpaMMe B KBAHTOBOM JEHiCTBHM COOTBETCTBYET HEKOTOpasl CyMMa juarpamm B Q[B],
KOTOpBIE CBsI3aHBI (DYHKIMOHAJIBHBIM AuddepeHnnpoBanreM 1o poHOBOMY mouto. aBaiite morpebyem,
4TOOBI 9TO COOTHOIIEHHE (JJIs KAXKJION OTIEJbHO JMArpaMMbl) BBIIOJIHSIIOCH U HOCJIE PEryJIsipU3aliui.

Vunrbisas ToT akt, uro amarpammoobpazyione epmunbl 1'3[B] u ['4[B] ne medopmupyiorcst®
B IIPOIECCE PEryJisipu3allui, HeoOXOIUMO IIPOCIEIUTh TOJBKO 3a Jedopmanueir dyaknun ['puna. Kak
n3BecTHO, DyHKIM G yIOBIETBOPSIET CJIE/LYIOIMEMY COOTHOIIEHUIO

)

KOTOpOE HOJIydaeTcs Bapuanueil Broporo coorromenus u3 (14) mo B(z). Cienosarenso, ycnosue (31)
Oy/IeT BBITIOJTHEHO, €CJIN JIJIsT PEryIApu30BaHHoil GpyHKIuu ['puHa Oy/1eT BBITOTHATHCA COOTHOITEHUE

csBé<z>GA<x,y) = —AGM(z,2)B(2)G (2, ). o

M He yTBeprkaaeTcs, UTO MPE/JIOKEHHAs TPOIELYPa ABJISETCS eUHCTBEHHOIL.
15B Gosee obmieM ciiydae MOYKHO PACCMOTPETHh CHTYAIMIO, KOTJIa BEpIMHHLI Toxke medopmupyrorcss. Taxoil BapuaHT B
JaHHO# paboTe He U3ydaeTCs.
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Wmenno sto PaBEHCTBO 1 6y,ZL€T JOIIOJITHUTEJIbHBIM OI'DAHUYCHHUEM JIJIA paCCManI/IBaeI\/IOfI peryrdapusaniu.

4.2 JlomoJiHUTEJIbHOE yCJIOBUE

PacemorpuM byHKITMOHAIBHBIN WHTErpast, BosauKmuil B hopmyite (11). Popmanbubiiil® orser s mero

upencrasied B (13). CruenoBarebHo, UCIOIB3Ys (DYHKIMOHAIBHYIO IIPOU3BOIAHYIO 1O MOJIIO j (), MOXKHO
BBINIUCATD JleTepMUHAHT 1 (yHKnuio I'puna B Buje

Indet(G) = 21In D e T21091/2 exp (— %/ d*z B2(x)qb2(a?)> ) (33)
Ho R4

Gla.y) = VAT [ Doe 0 omotmen (- [ asm@RE) e

Ho

rJie GBLIO MCIIOJIB30BAHO Olpeenenne (9) st KBaIpaTnaHoil (hopMbl

LafB.0 = Talond] + 5 [ d'e B@)é?(a).

[Tpoueaypy peryJspuzanuu MOXKHO onucarb Tak. [lycrs Go(x —y) — dyukuus ['puna mia oneparopa
A(z), em. (4), uz kBagparuanoii popmsl I3[0, ¢, em. (9). Torna mox peryssgpusanueii 6yaeM OHUMATH
., A 17
Takyio gedopmanuio kaaparuduoii dopmsl I'y[0, ¢] — I'3[0, ¢] nyrem medopmanuu oneparopa'’ A —
AD +m?, npu xoropoit dynkmus ['puna G, — G2 y10BIeTBOPSET CITe/IyIONIM YCIOBHSM:

o A(x)G)(z —y) — 6(x —y) mpu A — +00 B cMBICTe 060BTIEHHBIX Oy HKITHIL;

e cymecrsyor Takue N > 0 u p > 0, uro Gi(z) orpanmdeno B obnactu |z| < 1/p ans mro6oro
konegnoro A > N.

O0ba TpeboBaHuUsl SIBJISIIOTCS BIIOJIHE €CTeCTBEHHBIME. JIefICTBUTEILHO, TEPBOE YCJIOBUE 0DECIIEYNBAET CXO-
JINMOCTB Peryysipu3oBaHHoi (yHkiun ['puHa K nepBoHavYaabHON. B TO Bpemst Kak BTOpOe YCJIOBHE T103-
BOJISIET PACCMATPUBATH (DYHKIMIO Ha JIUATOHAJM, YTO HEOOXOMMO, IOCKOJIbKY B MOJIEJH (2) HOSIBIISIFOTCSI
IATPAMMSBI C «ITy3EIPIMI» 8.

B mTore, pacKiaapBas SKCIOHeHTH B (33) 1 (34) B pas Mo cTemensaM mous, momydaeM'® sBHbIe, yrKe
AKKypaTHBIE B MATEMATHIECKOM CMBIC/IE, (hopMyIbI2 /I8 peryispu30BaHHOrO JeTePMUHAHTA, U (DyHKIIH

T'puna

+oo Nk
Indet(G*/GP) = &/ d*zy ... d*z, GY(xy — 21) B (21)Gh (21 — 22) B?(22) % ...

oo X G(/)\({l?kfl —xk)BQ(xk), (35)

4xk

A A = (V)F 4 4 A 2 A 2
G*(z,y) :Go(x—y)—i-ZT/R d*zy ... d*z G (z — 1) B (21)Gy (x1 — m2) B2 (12) X ...
k=1
X Gy — ) B ()G (e — y). (36)

He tpymsOo npoBeputsh cpaBeyInBOCTh CJIEAYIOIIETO YTBEPXK IEHUS.

16Tak Kak pacCy»KIeHUs IPOU3BOIATCS 10 BBEICHUS PEryIapu3anun. 11ocie o6bACHeHIs IPABILI BCE PACCY K ICHIS JIEIKO
[IOBTOPSIFOTCS] C YYE€TOM PEryJIsipU3aliiil U UMEIOT aKKypPaTHBIA MaTeMaTHIeCKUil BUI.

173ameruM, 9TO0 MOXKHO slechOpMUpOBaTh He TOIBLKO Ag, HO u Ag + m?2 B nesoM. OQHAKO, STO YCIOKHUT BUL ACUMITOTH-
YeCKHMX Pa3JIO’KeHWH M BbIYuc/IeHusl. B nanHON paboTe Takasi cATyalysl He PacCMaTpPUBAETCs.

18To ectsb ¢ miornocTamu, smouaonmvu G (z, ).

TIpasas gactsb (34) COMEPKUT TOMBKO CBAZHbIC TUATPAMMBI, TAK HA3BIBAEMbIE «IIEMOYKH». OOl «BAKyyMHBIH» MHO-

JKHUTEJIb COKparaercs: pakropoM /det(M).

20Dopwmyita (36) ABIfETCH AHAJOTOM BTOPOTO PE30IBBEHTHOTO TOXKIECTBA, CM. Teopemy 4.8.2 B [44].
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JIemma 1. C yuemom 6cez20 6viueusnoncennozo, gynkuyus (36) yodosaemsopaem coommuowerusm (32) u

5B6(m) Indet(G*/GY) = —\B(2)G* (, x)

das scex x € R,

C yderoM mocyIeTHEr0 yTBEPKIEHUsST U TOro haKTa, 9TO IMEPEXO]] OT PEryJIspU30BAHHOIO KBAHTOBOTO
neiterust (16) x mepeHopMupoBaHHOMY (21) OCYIIECTBIISIETCS] TIPU TIOMOIIH J00ABJIEHNs! JOTOTHATEb-
HBIX BEPIINH, KOTOPBIE JINOO HE 3aBUCIT OT (DOHOBOTO IT0JIsl, JTUOO B KOTOPBIX COCTABJISIONIAS ¢ (DOHOBBIM
nosieM He 71eopMUPYeTCcs B IPOIECCe PEryJIsSpPU3AIU, TO MOXKHO 0600muTh coorHomenue (31) Ha nepe-
HOPMHUPOBAHHOE KBAaHTOBOE JIE€HCTBUE

Wren[B,A]
(537(.’17) - Qren [Ba A](SC) (37)

4.3 PazsjgoxkeHue OKOJIO AUaroHaJIn

B npojroskenne qaHHOM ceKIuu ¢iiesiaeM HECKOJIBKO IOJIE3HBIX 3aMedanuii o jedpopmarun pyskimu ['pu-
Ha Go(z — y). Kak 910 yKe ObLIO YIOMAHYTO, OHA YIOBJIETBOPSET YPABHEHUIO

A(x)Go(x —y) = (— Oz, O —|—m2)G0(x —y)=0(z—y),

KOTOPO€ PEIAeTCs sIBHO
mKy (m|z])

) = "Gl

rie K () — monudunuposanHas dyukinus Beccens: Broporo poja. C y4eToM cBORCTB clenuanbHON QyHK-
U7 OKOJIO AMArOHAJIN, MOXKHO BBLIITNCATDL PA3JIOYKEHNE B PSIT
4

Go(x) = Ro(x) — Ruo(a)m” + Rao(x) 75~ + PSo(a) +o(J2]?). (38)

rue PSo(x) — miajkasi cocTaBisionasi, U 0CTajbHble (MDYyHKIMU OIIPEIEJISIOTCH PABEHCTBAMU

P (In (Jz*0?) = 1)
- 6472 ’

1 In (|z|?0?)
= — R - 7
472 |x|2’ 10() 1672

Ry () , Rao(z) (39)

31eck, 0 > 0 — dukcupoBaHHEIT napaMerp?! s 06e3pa3MepuBaHUS ApTyMeHTa.

B mpornecce perynapuzamuu G, — G{J‘ KaxKJIoe cjaraeMoe B pasJsioxkenuu (38) momsepraerca gedop-
Mallii, U TO9TOMY KakJas (DYHKIUs TproOpeTaeT JOMOTHUTEIbHBI mapamerp A. HoBoe pasmoxkenue
nMeeT BUJ,

G5 (z) = Ry (z) — R, (x)m? + Ré\o(ﬂc)mT4 + PS§(z) + o(|2?) + o(A72). (40)

IpeamonaraeTcs, 9TO HErMIaIKasS YACTh 22 KasKI0H (PYHKIIH ¢ TTapaMeTpoM A CXOIUTCA K HerVIagKOM TacTn
byunun 6e3 mapaMerpa Ipyu CHATHH PErYISPU3aInu. TaKKe JOMOJHATETHHO Oy/IeM IPeII0oIaraTb, ITo

TJIABHBIN YJIEH aCUMIITOTUKN BeJeT cebsl CJIeIyIonuM 00pa3oM:

SRS N A?/(47?), ana |x| < 1/A;

RA
0 (@) 472 Ry(z), amsa |x| > 1/A,

(41)

21 ®yuxnus (38) He 3aBUCHT OT MapaMeTpa o, Tak Kak B PS) COEP’KUTCs ciaraemMoe, 3aBUCAIIee OT 0, C TPOTHBOTIONONK-
HbIM 3HaKoM. Obe3pa3MepuBaHue apryMeHTa BhIOpaHHOro Jjiorapudma GbII0 JOCTUTHYTO Jo0aBjIeHneM U BerautanueM. [Ipu
3TOM apryMenT Jjorapudma B PSy obe3pazMepuBaeTcs MacCOBBIM [IAPaMeTPOM M.

22['1aKasi COCTABJISIONIAS MOYKET IEPeXOanTh 3 PS-uactu B R-byHKINM 1 Ha0GOPOT.
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e HOBas OrpaHHYeHHas (QPYHKIUsS 06/1aJaeT CBOHCTBAMI

supp(£(1)) C [0,1], £(-) € C(Ry) u 8y, 0un A2 (|2 — y[?A2) 2252 . (42)

31ech moce/iHee COOTHOIIEHNE TIOHUMAETCS B CMBIC/IE ODOOINEHHBIX (DyHKIIUIA.
Hasee Boinminem acumuroruky Jyuis dyuknuu [puna (36). Ona umeer Bu

N(B%(z) + B2(y))

GMz,y) = R§ (z — y) — Riy(z — y)m® — R}y (z — y) I + PSM(z,y), (43)

re

4 m2 2 T 2 2 4 T 4
PSA(2,1) = Rby(a—) e+ By (0—9) 2T I o) MEDEEW) | pps ),
(44)
RA (2) = / 'z R (2)RM (= + @), (45)
Bi/o
Ry () = / d*z R} (2) R (2 + =) + / d*z RY(2) Ry (2 4 z) — 2, (46)
Bi/o Bi/s

Ry (z) =2 / d*zd*y Ry (2) R} (2 + y) Ry (y + x) — 2¢s, (47)

Bi1/6XB1/s

Ijie 0 — BCE TOT JKe BCIIOMOTaTe/IbHbIH (hUKCHPOBaHHEIi apamerp, u By /. (+) — 3aMKHYTLHIi I1ap pa/myca
1/o ¢ nentpom B TOUKe T, By /0 = B1/5(0). Oynkimm PSA(z,y) m PSS (z,y) ABASIOTCS CHUMMETPIHBIMIL.
dABHBIT BUI [T PS{\ (z,y) upencrasien B ceknuu 9.4. Koncranra Co Onpenesisiercss paBeHCTBOM

1

~ 327242 (48)

- | a2y Ro(2)Ro(= + ) Ro(y)
Bi/oxBi1i/o
U sABHO BbIYMCJeHa B (246). Takoe BbIYMTAHME MOYKHO CJIEJIATH, TOCKOJIBKY BCE IVIAJIKHE U HEJIOKATIBHBIE
YJaCcTH, KaK 9TO OyIeT IOKa3aHO, He BXOAAT B CUHIYJISIPHYIO YacThb. IIpu 5TOM CABUI BEIYHTAET IOCTOSHHOE
ciaraemoe u obecriednsaer B (46) u (47) npu z = 0 acumnroruky Buga L/A%) cm. (248).
Takrke 1151 y006CcTBa BBEJIEM HECKOJIBKO BCIIOMOTATEIbHBIX (PYHKIIMOHAIOB

J1[B] :/R2 d*z PSM(x, x), Jo|B] :/R2 d*z PSM(x, z)B%(z), (49)

y=

Js[B] = /R @0 (0,,0, PSRy )| L BB = /R @' PS) (a,2) PS) 1, 2). (50)

4.4 OxonuaresibHasg (popMyJIMPOBKA

C ydeToM Bcex CJIeJIAHHBIX BBIIE 3aMEYaHnil, HeoOX0InMO c(HOPMYINPOBATH IPABUIIA PErYISAPU3AIIT B
OKOHYATETLHOM BHE. BoJiee TOro, BayKHO ITIPOBEPUTH, UTO PETYISPUIAIS BBOIATCS IIPH TOMOIIH 1eop-
Malli MCXO/JHOI'O KJIaCCHYECKOI'O ,HeﬁCTBHH, a He 3a/JaeTCd IIPOU3BOJIbHBIM 06pa30M " HE MEeHsAeTCdA IIpu
repexo/ie oT O,HHOIU/I JAuarpaMmbl K ﬂpyFOIU/I I/ITaK7 N3HaAYaJIBHOEC KBAaHTOBOE ﬂeﬁCTBI/IG (C paCXOILI/II\fIOCTHI\H/I)
C y4eToM MeTo/a (DOHOBOTO IOJISI UMEET BUJ,
W[B] = —hln ( D¢ eS[BWW/ﬁ).
Ho

Hanee nmpousBoauTcs AedopMalius Kaaccuiaeckoro maeficteus. st 3Toro HyKHO TpUOABUTH PEryaspusy-
foruit byaknuonan S[¢, A], KoTopslit GBI esas1 BCe caaraeMble, 3aBUcsIye oT (HOHOBOTO MOJIsl, KOHEYHbI-
mu. C yderom paccyxkuenuii us cexiuu 4.2, Heobxonumo nedbopMupoBaTh oneparop (29) B KBaAPATUIHON
dopme
A
Ap(z) = Ap (z),

233ameTHM, YTO MOC/EIHUE TpeJebHbIH Tepexos GyJeT CIpaBeiuB, K TPUMepPY, P BBITIOJHEHUH JOMOTHUTETBHBIX
coornomennit f(-) € C1(Ry) u /(1) = 0.
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tak uto A} (z) — Ay(z) mpm A — +o00. B 3moM ciryuae 106aBoUHbI (DYHKITMOHAT HMEeT BHT

St = 3 [ % o(e) (4)(@) = Ag(a) ) ola), (51)

1 peryJjisipu3oBaHHOE KBaAHTOBOE ,ILGIU/ICTBI/IG C ydeToM (16) BLIIIUCBIBACTCA B (bopMe

+oo
W[B,A] = —hln ( Do e—S[B+ﬁ¢1/h—S[¢7A]) DAL
k=1

Ho

Ciiestyer 00paTUTh BHUMAHUE, 9TO MMOXOXKYIO (DOPMYJIUPOBKY JiehbopMaIiy NMEIOT TaK Ha3bIBaeMble «long-
range» Mozenu [45], B KOTOPBIX OmepaTop KBaApaTUIHON (GOPMBI MMeeT BUJ (—Bxu(r“)w)g(A), e 0 <
&(A) < 1. Oznnako, ¢ yuerom Hamero siBHOTO Buia jgedopmarmu (41), «long-ranges Moeau sIBJISIFOTCSI
CYIIECTBEHHO ApyTUMU. IIpu 3TOM 06e perysispusaiui MOXKHO OOLEIUHUTHL B OOIIUIT KJIACC, B KOTOPOM
nedopMupyercst KBaapaTudaHas popMa.

Hasee nociie nepeHopMUpOBOYHOli nojcTanosku (20) mosydaercs nepeHopMupOBaHHOe zeiicrsue (21).
Ero sBublii By nokasan B dopmyie (22), B KOTOpoil HEOOXOAMMO KOHKPETU3MPOBATH KOHTPUJIEHBI U3
kBajgpaTuaHoi opmer (24). OHK umeroT BU

Xi[B, 8] = 20.15x[0] + m2 2k Sm[0] + % 5 d'z B?(2)¢*(x), (52)

rie
Sald] = [ dta o) 4 @)ota).

B 3akJI0ueHne pa3ena 3aMeTHM, UTO B IIPE/I0KEHHBIX YCJIOBUAX yI00HO BHIOpaTh2? DyHKIMY B acHMII-
TOTUYECKOM paszioxkeHuu (43) cieayromum o6pasom

R[fo = Ri\p Ré\o = Rgl = Rgz- (53)

IIpu sToM pazmuaus B 0603HAUEHUSX OYIYT COXPAHATHCS 0 (PUHAJIBHBIX OTBETOB, 9TOOBI MMU MOXKHO
OBITIO BOCTIOJIHL30BATHCS ITpH 0000ITIeHNT perynsapusanuu. K mpumMepy, mpu gedopMaliii MacCOBOTO Cara-
emoro. Tak»ke coxpaHeHre 00O3HAUYEHMsI [TIOMOraeT 6oJiee HAIVISIIIHO [IPOCJIEINTh BHY TPEHHIOK CTPYKTYPY
PaCXOIUMOCTEl U ITPOBECTH JIOTIOJTHUTE/BHBIE TPOMEXKYTOUHBIE IPOBEPKU PE3YJIbTATOB.

5 Ilepsbie aBe onpaBKU

5.1 Ogna metiis

PaccMoTprM BbIYUC/IEHUE OHONET/IEBOrO BKJIaJa B 3dderTuBnoe mefictue (22), comepKaiiero cuury-
JIIpHOe ciaraemoe 1o napamerpy A. Vcnosb3yst sBHbI Buj perysspusanuu (35), MOXKHO BBIIIUCATH CJIe-
JyIolllee COOTHOIIIeHNe

2

gnaeer/a 2 2B [y ([ au(aim)’) [avstw. 6

IJe 0 — BCIIOMOIaTeJbHBIN (PUKCHPOBAHHBIH mapaMerpZ’. Takske GBIT UCIOIb30BAH TOT (PAKT, UTO B
WHTErpaJje BUIA

/ d4$1d4$2 GQ(IQ — xl)B2(l’1)G6\(l’1 — JSQ)B2(I’2) (55)
R4x2

24Be3 orpannueHusi OBIIHOCTH, TaK KAK BLIGOP IIPOUCXOIUT 3a CUeT Iepeolpeneenus: dbysxuuu PS {\, KOTOpasi He JaeT
CHHI'YJISIDHBIX CJIaraeMbIX B 3(PDEKTUBHOM JI€HCTBUU.

253 ech mpesmosaraeTcs, uTo JAHHBIA IIapaMeTp COBIAJAET C BBeJeHHBIM B cekruu 4.3. VHoit BBIGOD UL COBUHET
CHHTI'YJISIDHYIO 9acCTh Ha KOHCTAHTY U, CJI€JIOBATE/IbHO, HE IMOBJIMSET Ha OTBET, TaK KaK IIOCTOsIHHAs J100aBKa MOXKET OBbITh
3aPUKCUPOBAHA TPOU3BOJILHOM.
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CI/IHFyJIHpHLIfI BKJIaJ MO2KET JaTb TOJIBKO YaCTb HMHTErpaJia, OTBeYaloIllasd obnacTu I/IHTeI“pI/IpOBaHI/IH26

Bi/o(x2) % R*. CremoBaTebHo, feas CABAT o1 — T1 + To W pacKaagsmag B2(x) + 1) B Touke Ty B
pan Teitsopa, noayaum BTOpoe ciaraemoe B (54).
Bocnomnssyemcest pasioxkenuem (40), Torga

s AMBL(0) — B (0)m?)
4

%ln det(G*/GH) Sp|B] +

rue
Ao = [ aty(mi)” = 220, (56)
1o

cM. dopmysty (214). Takum 06pa3oM, HOACTABIIsAS IOCIEIHEE PABEHCTBO B cooTHOoIenue (26), nosydaem

291 = 22,1,
)\R{)‘(O) )\Ri\O(O) -
A= ety A (57)
3 -
24,1 = ?A(U) + 24,1, (58)

rae {Z21, 21,241} — npoussosbusle KoucTanTol (O(1) mo mapamerpy A). 3amernM, 9TO B KOHKPETHOM
citydae, cM. opmyity (53), MOKHO BBILOJIHUTD [€PEOBO3HAYEHIE

- A
Z 21, 2 —{Z2.1, 21, Z. A=
{Z21, 21,241} {Z2,1, 21,241}, 1672
" IIOJIyYUTH OTBET B 60.)'[66 ABHOM BHIIEC
221 = 22,1,
A2A(1+£(0 N
zlz—ﬁJrL/\Jrzl, (59)

8m2m?2
241 = 3L+ Z4,1-

fcuo, uro ¢ ncnonb3oBanueM (216) BepHBI COOTHOIIEHHS

2271 =221, Z1 = —Xaz(f) + z1, 24’1 = —35\042(f) + 241-

5.2 JIBe metrsm

IepeiizieM K TOJCUYeTy JNBYXNETIEBOrO BKJAJA, KOTOPHIH BKiIOYaeT ape aumarpammbl {di,ds} u omHy
KOHTpAuArpaMMmy cd;. Y4uTbiBasg TOT (PaKT, YTO B KOOPAMHATHOM IPEJICTABICHUU PACXOJUMOCTH HMe-
0T JIOKAJIBHEINZ| XapakTep, OyIeM I0Ib30BaThCA PA3IosKeHneM (43).

Haunem ¢ mmarpammer dy. Bocmosbsyemces sormkoit mogcdera materpana (55), TO €CTh TEPEXOIOM
K obsacTu mHTerpuposanus R* x R* — By Jo(22) X R*. B atom ciydae, HCTIONb3ys onpeesenns (23),

oJry4aeM

dy 2~ S,[B] Ilé") + S, [B] (14(0) - 3m212(0)) - (60)
3\;5(0)
— S4B + T2 [ BJ3A(0), (61)

[Jie BCIOMOTaTesIbHbIC HHTErPAJIbl ObLIM BBIINCAHBI COIIacHO obosHadeHusM (56) u (192)—(195).

26 mm R* x Bi/s (z1). U3-3a cuMMeTpPHYHOCTH BBIGOP He UrpaeT 0coGoi poJin.
27To ecTh MOSIBJISIIOTCS U3-3a <ILJIOXOro» HoBejenns: dyukiun 'puna (34) npu 6amskux aprymentax (z ~ y).
Yy 1% p pry )
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Ocrasimecs: fgBe quarpaMMbl do U ¢dy BKIIOYAOT (QYHKIWE [ pUHA TOJBKO P COBIAIAIOIINX APTY-
MEeHTaxX T = Y, TIO3TOMY MOYKHO TIOJICTABUTD pasjoykenue (43) U HOMyYUTD CJAEIYIONHe OTBEThIZS

dy —dz|p_o = Si[B ( ARS (0)RE, (0) + Am> R} (>Rﬁ<0>+xm2R3<o>R91<o>)+ (62)
+S4[B ( A (0) + )\QRA(O)RQQ(O))+ (63)
+J1[B] ( 0) — 2m2?R3Y(0 )>+ (64)

+J2[B < >+J4[] (65)

Mza1 — 221)

cdy — cdy| ,_ "2 Sy [B] ( 5 R (0) — 5 RY,(0) (66)
- ma(zz 2) pa gy ; cl Rgl(o))+ (67)

+54[B] ( - M R (0) + m2§zl RQQ(O)) + (68)

+J1[Blm?z, + Jo|B] A;“ . (69)

O6paruM BHUMaHue, 9TO IIPHU HojcYeTe HocjaeAHeil JuarpaMMbl UCIIO/IL30BaI0Ch PABEHCTBO
A 2, Ao A
Ay (z) +m” + §B (x) |G*(z,y) = d(z — ). (70)
Jasee paccMOTpUM JIMHENHYI0 KOMOMHATIAIO TIOCJIEHIX TPEX TUArDaMM U3 mpasoil gactu (27)

Afdi My cdy + Ky = Aty )\(dQ _ d2|3:0> _odi — cdi|p_y
12 8 2 TR T 8 9 :

CornacHo 00mIel TeopuH, MOy IMBIIUICA OOBEKT JOJKEH COMEPKATH CUHTYJISIPHBIE BKJAIBI TOJBKO B
cjaraeMbix ¢ So, Sy, u Sy. HejokasbHbIe caraemble, comepxKariue PS {‘, JTOJIZKHBI COKPATUTHCS. Y O IIMCst
B CIPABEJJINBOCTH MIOCJIETHETO YCIOBUS M BBIUINEM yPaBHEHNsI Ha CUHTYJIsIpHBbIe actu npu J1[B] u Jo[B].
OHU UMEIOT BUI,

A m2A\ s.p. M2y
—7R0(0) + = Ri(0) = =,
A2 2 )2 Az
AT a4 A AT HA s:p- A%41
. 2(Ri (@) + S RA(0) 2 =

YanrsiBas siBHBI B 11 KoadbdunuenToB n3 neppoii nerm (57)—(58), oba cOOTHONIEHUS YIOBJIETBO-
psiforcst aBroMaTHdecku. Jlasee, NCIOIB3ys PABEHCTBA

A2 A2 Az s.p. AZ
T B (O)RY(0) = TR ()R (0) + = Ry (0) = Z2 R (0),
A2 A A m2)\z1 A s.p
IRO (0)R51(0) 5 Ry (0) =0,
32 3m2\z s
_TRS\(O)Ré\z(O) A lRé\z(O) 20,

28B mocsemHeil CTPOKe CIIEIMAIBHO BBIIUCAHO CIATAeMOe J4[B], HecMoTpst Ha TOT PaKT, ITO OHO He CHHIY/ISPHO. DTO
MIPUTOIHUTCH B ceKIuu 6.5, 9TOObI HE BBIKMCHIBATH PA3JIOXKEHUE JBAK/IbI.
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OTBET [JId CJIEAYIOMIEro IIOPsAJKa KOHCTAHT IIEPEHOPMUPOBKU BBIITUCBIBACTCA TaK

)\2
222 = *@11(0) + 22,2,
A2 A2 Aza1 — Z2.1) Mza1 — Z21) A(Z1 — Z2.1) _
2= eg (o) — 512(0) - TRQ(O) + #R?o(o) + #Rﬁ(o) + Z2,
32

24,2 = —3/\213(0') R{L\l (O)Ri\l (0) + 3/\(2’471 - 2271)Ri\1 (O) + ,24727

4
rae {Z22, 22, 242} — IPOM3BOJIbHBIE KOHCTAHTHI, mMeronue acuMmuaroruky O(1) mo mapamerpy A. Haiee,
JleJIast CIBUT TIOCTOSTHHBIX, TIOJIyYaeM

_oe
222 = 6 22,25
A2\ < ) _ _
n=ch ( — 36LA(1 + £(0)) + 1672 Aas(£) — 12(1 + £(0)) (241 — zQ,l))Jr

+2L20% + L( A2 4 5\(51 + Z41 — 252,1))) + 22, (71)

Z4,0 = 9L2)\2 + L( — 62 + 65\(24)1 — 22)1)) + Z4,2.

6 Tpwu nerin

6.1 JlomosiHMTEJIbHBbIE 000O3HAYEHUS

Tlepes, mocueTOM AMArPaMM YI0OHO OMPEJETUTh HECKOIBKO BCIOMOTaTeIbHBIX (PyHKINH, KOTOPhIE M03-
S 4

BOJIAT BECTH KOMIAKTHYIO 3amich. Ilycts i1,i2,13,i4 € NU {0}, m {g;(-,-)}j—; — mabop cummeTpmanbIX

QyHKIMIT TaKUX, 9TO MHTErPAJbl HIZKE KOPPEKTHBI. TOrya OmpeienM Ceayionue BeJIMIUHb (MHOTO-

MepHbIe HHTEIPAJIBI)

L2 (91) = /4  dlad'y B" (2)g1(z,9) B (v),
R X
0 nogn00) = [ iyt B )01 ) B0 00 B (1) ),

112 (g4, 93,92, 91) = / _ dledlydlud®s B (2)g1(2,y) B™ (y)g2(y, ) B (u) g3 (u, 2) B™ () ga (2, ).
R4x

Jlerko mpoBepuTh My TeM TePe0bO3HAUEHNUS EPEMEHHBIX C yIeTOM CHMMETPHH, UTO CIIPABEJIUBEI CJIeLy-
TOIIWe COOTHOTICHUSI . N
Ilil;z (933 g2, gl) = Iziz;l (927 93, gl)a
32 (94, 93,92, 1) = 12 (92,93, 94, 1) = 132 (94, 91, 92, 93) -
Hanee mycts g(-) — dbyHKIUs, Takasg 9TO MHTErpas HIKe cymecTByeT. Onpemenny mpeobpasoBanue
g(+) = §(-) crenyromum obpazom

i) = [ ds(R}@) gtz + ) - A (). (72
Bi/o

MokHO 3aMeTUTh, YTO MHTErpaJ B MpaBoil yacTu pacxomurcs npu A — 400. DTO CBA3AHO C TEM, UTO
IJIOTHOCTH TIO/IBIHTETPATLHOTO BBIPAYKEHNs TP CHATHH Pery/IspU3alid Iporopmonanbia |z| =4 u, Ta-
KM 00pa30M, HEMHTErpupyeMa B YeThIPEXMEPHOM IIPOCTPAHCTBE. B CBOIO 0Yepe/ib, Perysisipu30BaHHbBIN
UHTETPaJl COIEPKUT CUHIYISIPHOCTD Jiorapudmudeckoro tuna In(A /o), xoropasi u BeIMUTaeTCsT 100aB-
kot ¢ A(c). Takum obpasom, dyrKIms §(-), KOTOpasi B JeHCTBUTEIBHOCTU COJEPIKUT 3aBUCHMOCTH OT
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napamerpa A, IMeeT KOHEUHBII TIpejiesl TPy CHATHN peryssipusaiyn A — +00. B aToM snerko yGenurbes,
IpUMEHsist ¢ 00erX CTOPOH omeparop AJy 1 Hepexoss K IpeJielry
Adﬁ(y) _ 1 4 2 2 207 (1,2 A 9(y) Ao
= [ dw+£(2) (O +£(|2?) + [ (j2*))g(z/A +y) - T5 =0,
dA 4t [, 8T
rJie 6bUIN HCHONIB30BaHb! cooTHOIeHns (41) n (56). B ceknun 9.3 nokasaHo, 9rTo B KadecTse () MOXKHO
paccMorpets u dbymkmun R) (), Ry (x) u R ().

6.2 JIuarpamma ds

JlaHHast CeKIsI TOCBAIIEHA aHAJIN3Y PACXOIAIIEHCS 9acTh JIJisl AuarpamMmer ds, cM. puc. 6. C yuerom jna-
rPAMMHOI TEXHUKU HA PUC. 2 U BBEJIEHHBIX ODO3HAYEHUN U3 MPEBIIYINEro pa3ielia, JUarpaMMa MOXKET
OBITH BBIIIICAHA B BUIE
ds = 11 (GAG™, 6™, GNGH G,
PazsioKuM peryispusoBannyio dbyrkmmo I'para G (7,y) Ha in- n out-vactu??, ucnoL3ys pazsioxKe-
HU€ eJIMHUIBI IPH IOMOIIM XapaKTepPUCTUIeckoii dyHKuun MHOKecTBa X (+). B aTOoM ciyuae

GA(x’y) = s(x,y) + b(x,y),

re
s(z,y) =GNz y)x(|z -yl < 1/0), bla,y) = G a,y)x(lz —y| > 1/0).

31ech 0 — PUKCHPOBAHHEIN TTOIOKATEILHBIH pa3sMepHEI mapamerp’’ ([0’1] = [:z:“]), JIOCTATOYHO OOJIb-
110i1, 9TOGBI BBLIO CIIPABEINBO ACHMIITOTHIECKOe pasyiozkenue (43) okoso muaromasu musa G (z,y) BryT-
pu obmactu |z — y| < 1/0. CrenoBaresbHo, TIOCTIE TIOJCTAHOBKY OIMMCAHHOTO DPA3JIOXKEHWsl, THATDAMMA
[IPeJICTAB/ISETCS B BHJIE CYMMBI IO/ IHAIPAMM

4
m@eh et etehah = (] X uiler 62063, 04), (73)
i=1g;=b,s
rJie OBLIO MCIOIB30BAHO cBoiicTBO S(x,y)b(x,y) = 0.

[Ipoananu3upyeM nuarpaMmbl 1o oT/eabHOCTH. Cpa3y 0003HAYNM HECKOJIBKO TPUBHAJILHBIX CJIyYaeB,
KOTOpBIE HE COJIEP2KAT CHUHTYJISIPHOIO BKJIAJIA:

117 (b%,b,b%,b) 270, (74)
111 (0%, 5,0%,0) = 0, i (b?,b,0%s) =0, (75)
111 (0%, 5,0%,5) *£ 0. (76)

DT paBeHCTBA CIEAYIOT U3 Tex GakToB, uro b(x,y) = 0 B pernone |z —y| < 1/0, u dynxnus s(z,y) moce
CHSITHS PETyJISPU3AIIN CONEPIKUT HHTEIPHPYEMYIO B 4-X MEpHOM IIPOCTPAHCTBE ocobeHHOCTES . Pasye-
eTcsl, B 3TOM CJIydae pery/iapu30BaHHble (DYHKIUH HOC/e HHTEIPUPOBAHMS He JAI0T CHHIYJISpHOCTE 1o
napamerpy A.
PaccMOTpUM MeHee TPUBHAIBHBIA CIydaii, KOraa IPUCYTCTBYeT KBaapaT MbyHKIuK S. TaKuxX BKIAJI0B
JIBa
Ii1(s%,0,0%,b) =111 (b, b, %, b),

U OHU PaBHBI ME2KJLy (30601717 IIO3TOMY MOZKHO U3y4YUTH TOJIBKO Hemeﬁ. Oun umeer BUI

IH(SQ,b7 bz,b) = /R4x4 d*zd*yd*ud®z (B(y)sz(y,x)B(ar)b(m,u)B(u)bz(u,z)B(z)b(z,y)). (77)

29CorylacHoO Mpe/IOXKEHNIO ¥ TePMUHOJIOTHH U3 PaBoThI [46].

303 1ech BHOBB TIpeAIIONATAETCH, ITO TAPAMETD 0 COBIAJAET C BBEJCHHBIM paree. DAKTUUECKH HA JAHHOM STAlle OT STOTO
HapaMerpa HUYEro He 3aBHCUT, TaK KaK OH IPOCTO ompejeiser nenenne R* ma nse wacru.

31Tlocne cHSATHS PeryIspU3aIUN TIABHBIH €IEH ACHMITOTHKH TIPU T ~ 3 PaBEH (47r2\x — y\2)71. B uersIpexmepHOM
IIPOCTPAHCTBE TaKas (PYHKIUS HHTErPUPYyEMA.
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Samernm, 910 (DyHKIUS
pr(a,y) = /R _dbud’ (B(m)b(a:, W) B(uw)b?(u, 2) B(2)b(2, y)B(y)) (78)

CYIIECTBYeT U MMeeT KOHEUHBIH Ipejesi Ha AuaroHaau p1(y,y), Tak KaK HU OJHA U3 HOJIbIHTErPAIbHbBIX
COCTABJIAIONINX He nMeeT ocobenHocTeil. CiieloBaTeIbHO, BBIUUTAS U JT00ABIIsIS MOCIEIHION (DYHKITUIO,
unaTerpas (77) IepernuchBaeTCs B BUIE

111 (s2,b,b%,b) = /W 2d4rcd4y s?(y,2) (p1(2,y) — p1(y,y)) +/ d*zd'y s*(y, 2)p1(y, y)- (79)

R4x2

HCHO, 9TO IIepBoe cjlaracMoe He COJCP2KUT paCXO,ILHMOCTefI IIOCJIE CHATHUSA PEryJ/jasipu3aliii, TaK KaK pa3-

HOCTB HeHTpammsyeT>? ocobeHHocTs | — y|~*. Bo BTOpoM ke MHTerpaje Hy»KHO 3aMETHTH, 9TO 52(x, )

2
MOXKHO 3aMEHHUTDb Ha S§(T — y), e

so(z) = Ry (z)x(|z] < 1/0), (80)

TaK KaK PasHocTb s2(x,y) — s3(x — y) mocsie CHATHs Pery/ispusalliy BJISeTcs HHTerpupyeMoit pyHKumedt
B 9eTBIPEXMEPHOM IpocTpancTse. [lasee, mesast caBur © — T + y, moaydaeM (HaKTOPU3AIUAIO

Li(s% b,0%,0) = </R4 dz 83(56)) /W d*y p1(y,) (81)
s. </}R4 diz Sg(l’)) /R4X3 d4yd4ud4z (Bz(y)b(y,u)B(u)bQ(u, Z)B(z)b(z,y)), (82)

1]

KOTOpaH B KOMIIaAKTHBIX 0603Ha‘{eHI/I5{X BBIIIMCBIBaCTCA B BUJIE
117 (s2,b,0%,0) "= A(0)I5 (b, b, b°). (83)
PaccmoTrpum creyrorniuit HaOOp U3 UeThIPEX MOJIUArPAMM U3 Pa3JI0KEHUS (73)
Ii1(s%,0,0%,5) =111 (8%, 5,0%,b) = Ii1 (b%, 5, 8%, b) = I11 (0%, b, 5%, ),
KOTOPBIE TaK»Ke PaBHBI MeXK Ty coboit. Pazymeercs, TOCTATOTHO U3YUIUTD JIUMIH MEPBYIO U3 HUX
L1 (s, 0,b%, 5) = / d*zd*yd*ud®z (B(y)sz(y, ) B(2)b(x, u) B(u)b?(u, 2) B(2)s(z, y))-
]R4><4
Ha HepBbeI B3TJIA 1 MOXKET IIOKa3aTbCd, 9TO OCHOBHyIO PacCXoIUMOCTb JacCT IIOJAbIHTErpaJl BHUIa
4 2
d*y s(z,y)B(y)s”(y, z),

R4

KOTOPBIil, BOODOIIE NOBOPsI, PACXOIUTCS KBaJIPATUIHO IIPU T ~ ¥, a He Jjiorapudmudecku. OHaKO, HEOO-
XOIUMO y4ecTb U TOT BakT, uTo $(z,Yy) BXOAUT TAKXKE U B UHTEIPAJ 110 MIEPEMEHHOM 2. DTO UPUBOIAUT K
TOMY, 9TO (DYHKITHASA

pa(x,y) = /]R4X2 d*ud?*z (B(z)b(x,u)B(u)b2(u,z)B(z)s(z,y)B(y))

UMeeT KOHEUHBIH [IPeJes] Ha IMArOHA/IN Y = & JI0 U HOCJIe CHATHsI peryispusanun. CiieJ0BaTeIbHO, MOKHO
BOCIIOJIb30BAThCsl JOOABJIEHNEM U BBIYMTAHMEM, KaK 9TO ObLI0 ceqaHo B dopmyste (79), 3aMeHnB Jumib
bynxuuio pi(z,y) na pa(z,y). Janee, BHOBL 3amensist s2(z,y) Ha s3(x — y) u jgenas CABUT T — T + ),

mojrygaeM (GaKTOPUBAIMIO U OTBET B BUJIE

Iﬂ (327 b’ b2’ 3) 5P (/R4 d4(E 88(.%)) /R4 d4y ,02(y7 y) = A(U)1121 (37 ba bz) (84)

32C mammOrO MOMEHTaA U Jasiee CJIOBO «HEHTpasu3yeTs GyIeT HCIOIb30BAThCH JJIs TOTO, UTOObI yKa3aTh, UTO IJIOTHOCTH
CcTaJla UHTeTPUPYeMOU B YeTbIPEeXMEPHOM IPOCTPAHCTBE A0 U MOCJIe CHATHUA PeryJigpu3alii.
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ITpuBeIeHHBIM BBIIIIE METOJOM MOTYT ObITH IIPOAHAJIM3UPOBAHBI elle JBa BKiaaga u3 (73)
11,2 2 .\ _ 112 2
Ill(s ,8,b ,s) —111(b ,S, 8 ,3).

B arom ciyuae Bmecto dyukiuu pq(x,y) us (78) HeobxoaumMo BoIOpaTh (yHKIHIO

p3(z,y) = /R4><2 d*ud*z (B(m)s(a?,u)B(u)bQ(wz)B(z)s(z,y)B(y)).

Torna, nosropss maru (79)—(82), mosryyaeM cJie/lyonmii OTBeT

I} (s% 5,07, 5) 2 ( d*z 83(%)) / d*y p3(y,y) = A(0)T5' (s, 5,b%). (85)
R4 R4
Ocrapmmecs: ciaraemble u3 pas3jioxkenust (73) NpeJICTaBUMBI B BUJIE
I1(s%, GM, s, GM). (86)

B sTOM ciydae yao0HO CesaTh JOIOIHETEILHOE Hepepasiozkenye. JefcTBUTEILHO, IPeICTABIAA §2 =

(52 — s%) + s3 u moMTB3YHACH JMHelHOCTBIO byHKIHoHANA (86) MO ApTyMeHTaM, MOKHO IeperucaTh ero B
dbopme

I (s%, G2, 8%, GY) =111 (s? — 83, GM, s — 83, G) + 2131 (3, G, 2 — 53, GM) + 111 (55, G2, 3, G™). (87)

3amMernM, 9TO TepBbIe JIBA BKJIAJIA B IIPABOI YaCTU COMEPKAT WHTErpajl BUIA

i) = [ % (#(0.2) = shlu—2)) BEG o)

KOTOPBIH CYIIECTBYET IIPK U 7 4 U MOCJIE CHATHS PEryaapu3aiun. JIefiCTBUTEIbHO, TJIABHBIN WIEH aCHMII-
roruku s2(u,z) — s3(u — z) upu u ~ z u A — +oo nponopuuonasen In(ju — z|)/|u — 2|2, B To Bpems
kak G(z,y) npu z ~ y nauunaercs ¢ (472|z — y|?)~L. Cienosarenbuo, TIaBHbI YIeH ACUMITOTHKH JIist
pa(t,y) IPH U ~ Yy B Xy/IIIeM CIydae MOKeT BecTH cebs kak In?(|u — y|), 4ro sBasercs mHTErpHpyeMOoil
dbyukupeii. Tasee nepsble jBa ciaraeMbix u3 (87) mepenuCHIBAIOTCH B BHUJIE

i (s* — s3,GM, s* — s2,GM) = / d*yd*u B(y)pa(y, w)B(u)pa(u,y),
R4X2

(63,60 = 58,6 = [ dtydtad®u By)shly - ) B(@)G .0 Bl)os(u.)

$IcHo, 9TO TEpPBBI PYHKIMOHAT C yYETOM 3aMEYaHUs O IIOBEJICHUH ACUMIITOTHKH HE COJEPIKUT CHHTY-
AApHBIX 110 A caraembix. Bropoit xke QyHKIMOHAT MOXKET GbITh M3ydYeH C MCIOIb30BAHUEM MPOIIELYPBI
(79)—(82), ecam B™mecTO p1(2,y) BHIOPATH

ps(ev) [ duB@)G w0 Bupi(u, ) Bo).
R
Torma oTBETHI BBITVISAAT CJIECIYIONINM 00Pa30M

Iﬁ(s2 — 52, GM 2 — s2, GA) L, (88)

L (s3, G, 8% — s3,G™) —( / d%s%(x)) / Ay ps(y.y) = A(@)IH(GA, G s —s2).  (89)
R4 R4

[Mepeiigem kK Tperbemy ciaaraemomy u3 (87). g 9T0ro UCosb3yeM elrne 0JHO JIONOJHATEbHOE BCIO-
MoraresbHoe pasbueHue i peryispusobannoii dyuknuu [puna (43), KOTOpOe MOXKHO I€PEICaTb B
9KBUBAJIEHTHON CUMMETPU30BAHHOM (hopme

GMa,y) = Ro(z —y) = Rip(z —y)m® — R\ (z — y)ar (z,y) + PSH(z,y), (90)
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riue
m(ny) = 5 (B2@) + BW)). (1)

Torga nccmegyeMas quarpamMmma pasbuBaeTcst Ha CyMMy JE€BSATH MojuarpaMm. V3yduM ux 1mo oTaeabHO-
cru. CuepBa pacCMOTPUM

ﬂ(s%,PSA,s(Q),PSA) :/ d*zd*ydtud?z (B(y)sg(yfx)B(z)PSA(x,u)B(u)s%(ufz)B(z)PSA(z,y)).
R4x4

Bamerum, uro dbynximusa PS™(z,y) no onpeenenuio nveeT KOHEUHBIH Mpejies Ha Auaronamm (y = ) non
nocyie cHsITHsA perynsapusamnun. Ceys obmmeit MeToIuKe BBIMHUCIe NI, 1obasum u BerateM B(y) PSA (y, u)

/11&4x4 d*zd*yd*ud*z B(y)si(y — x) <B(sc)PSA(a:, u) — B(y)PS*(y, u))B(u)sg(u — 2)B(2)PS* (2, y)+
+ / d*zd*yd*ud*z (Bz(y)sg(y — 2)PS*(y,u)B(u)s3(u — 2)B(2)PS(z, y))
R4X4

SIcHO, 9TO BO BTOPOM CJIAra€MOM MOYKHO JIOHOJIHUTEILHO CAENATh CABUT & — &+ Y U HOJYIUTh (haKkTopH-
samuio. B epBoM Ke ciaraeMoMm erme pas ciesnaeM joGasienue n perautanme Ha B(u)PS™ (u,y). Takoit
BBIGOD CBA3AH C TeM, 4TO 0COOEHHOCTHb B s3(y — o) Oblia HeHTpaIn30BaHa IIPE/bIIYIIM BBIYHTAHUEM,
TOT/]a KakK BTOpoe BhruuTanme cdokycuposano Ha dbynkmun si(u — z). Torjga mocsie JOMOTHUTETBLHOM
daxTopusanun (Co CABUTOM Z — 2z + 1) B OAHOM U3 CJIACaeMBIX MIOJIy<IaeM

/R4x4 d*zd*yd*ud*z B(y)si(y — o) (B(x)PSA(x, u) — B(y)PS*(y, u)) X
x B(u)si(u — 2) (B(Z)PSA(Z, y) — B(u)PS(u, y))—i—

+ A(o) /]1@4x3 d*zd*yd*u B(y)s3(y — x) (B(gc)PSA(x, u) — B(y)PSA(y, u))B2(u)PSA(u, y)+
+ A(0)IY (PS™, PSA, s3).

OueBnIHO, YTO B MEPBOM CJAraeMoM o0e CHHTYJISIpHBIE IUIOTHOCTH Hefirpasu3oBanbl. [loaromy mHTEpE-
cyromuil Hac BKJIAJ JIa/IyT BTOPOE U TPEThE CJiaraeMble, KOTOPbIe MOI'YT OBITh BBIIHCAHBI B 0O0JIee JIaKO-
HUYHOM BUJIE

111 (s3, PSA, 52, PS™) "2 2A(0)1Y (PS™, PSA, s2) — A%(0)13((PS™)?). (92)

3amMeTnM, YTO ONHMCAHHYIO BBIIIE MPOIEJLYDPY MOXKHO IPHMEHUTh ¥ B CJydae, KOIJa OJHA u3 (DyHKIMil
PS? 3amenena Ha 0HO U3 TpPEX NEPBBIX caraeMbiX u3 npasoif uactu (90). Jljis onpeieIeHHOCTH Hpei-
nosioxnm, aro PS™(z,y) Geuta samenena ma RY (2 — y). B 9TOM cilydae MOXkKHO BHOBB HCIIOJIB30BATDH
nepsoe BbraUTaHme, Tak Kak PSS (x,u) ocranack Toit ke. U 310 BhMMTaHME HEHTPATH3YET OCOGEHHOCTH
B s2(y — x). Bropoe e Bbranrtamue, yxe ¢ dynxuueit B(u)R) (u — y) Bmecto B(u)PS* (u,y), BosmoxkHO
¢JleJIaTh 1O TOM IPUYKMHE, YTO HHTErpaJl

polz,u) = / _d'ady BR)RY(= — ) By)si(y — o) (Bx)PS" (,u) = By) PS" (y.w) ) B(u)

“MeeT KOHEYHBIN IIPeJiesl Ha JUAaroHaJIM 2 = U JO U [ocJje cHATus peryispusaruu. [lo cytu, Bo Bropoit
pas nobapiisieTcst U BeIauTaercst pg(u, u). CIe0BaTesIbHO, ¢ YIeTOM IIOCJIETHUX 3aMEeTaHUH CIIPABEIJIUBbI
CJIE Ty IOIIE COOTHOIIIEHU S

111 (s, PSh, 83, Riym?) "= 2A(0)15(PS™, Riym?, s3) — A?(0)I3(PS* Riym?), (93)
11} (s2, PSA, 3, R an ) "2 2A(0)15 (PS™, R an, s2) — A%(0)I3(PSA R @), (94)
111 (s3, PSA, 52, RY) 2 2A(0)15 (PSR, s2) — A*(0)I3(PSRY). (95)
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[TepeiiieM K M3y4I€HUIO ITOCJIEIHUX Y€THIPEX BKJIAJOB U3 JEBATH. VX MOXKHO BBIIIACATH B KOMIIAKTHOM
BHJIE, UCIIOJIB3Y JIONOJHATEIbHbIE 0003HadYeHns. eiicTBUTEIbHO, BBEIEM (DYHKITIN

Py(z) = Ry(2), Pi(z) = Riy(z), Py(z)=Rp(x), (96)

po(ﬂ?,y) =1, pl(x7y) = _m27 pQ(xay) = —&1($,y), (97)

rJe HUKHAN WHIEKC Iepedupaer WHTepecylone Hac KoMOouHanuu. Torma mHTerpai mpuobpeTaeT BU/L

(65 Pt Pons) = [ ety ud's B)sh (0. 0)Bla) Po = u)pi(o )
X B(u)si(u,2) By (=~ )ps(2,) - (98)

Kak u panee, 6yeM mo/ib30BaThCst METOIOM j100aBieHns 1 BeranTanus. OqHAKO B JAHHOM CJIydae HeoO-
XOJMMO BBECTH KOPPEKTUPOBKY: BBIYUTATHCH JOJZKHBI JIUIIb IVIaJKA€E COCTABJIAIONINE, TO €CTh IJIOTHOCTH
Di, & He cuHryssapaele Muokuresan P;. Torma unrerpas (98) MOKHO PEJCTABUTH B BUJE CYMMbI YETHIPEX

[ dtadtydtuats B)s - 0 Pl — o) (B - Bun) »
x B(u)si(u—2)P;(z = y) (B(2)ps (2,9) = Bwps (u.y) )+
+ /]R d*zd*yd*ud*z B2 (y)si(y — x) Pi(z — u)p;(y, u) x
x B(u)st(u— 2)Py(z = y) (B(2)ps(2,9) = Blup;(w,y))+  (99)
+ [ dtadtydtud’s B)sh(o - ) Pe =) (B@ple,n) = Blopi(v.u)) »
x B2(u)sh(u — 2) Py(= = y)pj (w,y)+
+ /R d*ad*yd*udz B2 (y)sg(y — z) Pi(z — u)p;(y, u) x
x B?(u)sj(u — 2)P;(z = y)p; (u,y).

3/ech TepBoe cjiaraeMoe B JICHCTBUTEBHOCTH HE COJEPXKUT CHHTYJIspHOCTeH mo A. MoxHO 3aMeTHTh,
YTO MHTErpaJl

pi) = [ d'e Bly)silo = 0)P(o = o) (B@inian) ~ B (. w) (100)

CXOZIUTCA JI0 W TOCTIe CHATUS peryispmsamuu. Bosee Toro, mpu i > 0 mpemen pb(u,u) cymecTyer u
KOHedeH. B To BpeMst Kak XyjIImii 4jleH acHMITOTHKH, KOTOPBIH MOMKeT MOSBUTLCA B pb(y, u) Ipu y ~ u
u i € {0,1,2}, nponopumonasen 1o moaymo |y — u|~!. Takoe paccysK/eHue JTOKA3bIBAET, UTO MEPBbIit
unTerpaJ B (99) He JjaeT pacxognuMOoCTei.

Bo BTOpOM, TpeTheM M 9eTBEpPTOM MHTErpajiaX Hy?KHO BOCIIOIBb30BATHCA CBOMCTBOM (72) /st peryJis-
pusoBanHbX GyrKmii. K mpmvepy, B0 BTOpOM HHTeTpaJje BOCIONb3YeMcs cJleayTomeil eTouKoi COOTHO-
HIeHnit

dtr By - P —w = [ d'e B@P + (y—w) =
R4 R4

~ [ @ (R@) Ple+ (- 0) = A@P— )+ Py~ u). (101
1/0

JlonoyIHuTeIbHO 3aMeTHM, YTO BKJIJIBI, cojiepzkaliye MYyHKIMN pr u P;, OyJayT KOHEYHBI IIOCJIe CHSTHUS
peryJisipu3aliii, MOCKOJIBKY MX IIJIOTHOCTH WHTErPUPYEMbI B YeThIPEXMEPHOM IpocTpaHcrse. eiicTBu-
TeJIbHO, B XY/IIeM cjydae, Korga ¢ = j = 0, MOIyJib IVIABHOI'O YJIEHA ACHUMIITOTUKHU IIPOIIOPIMOHAJIEH
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| - |721In(] - |). Takum o6pa3oM, ¢ y4eTOM OTMEUEHHBIX BbIIIE 3aMevaHuii, IPOMEKYTOUHBIl Pe3yIbTaT
NEPENUCHIBACTCS B BUIE

2A(0) [ atd B )P — i) )+
%) [ B )Py — () BBy (= () (102)
2A(0) [ 'yt B Py — 0.0 B (0) Py (0 = ) . 9)+
+ [ A B ) Py = ) B, (0 ).
Jasiee noacTaBuM B nepsoe ciaraemoe byHKmo pl (u,y) u3 (100) ¢ nenomssosanmem coorrommenus (101)
i) = [ dts Blu)siu =) Pia = ) Bl (@.) = (AP (1) + Pyl 1)) B ().
Torpa cymma (102) mepenuceiBaeTCst B BUJE TPEX CJIAraeMbIX
24(0) [ | dtadtydtu B — (o 0 Bu)siu — 2)Ba) P = )y . 9)+
—A*(0) /Rm d'yd*u B*(y) Pi(y — wpi(y, ) B> (w) Pj(u — y)p;(u, y)+
+ [ A B ) Py = i) BP0~ 0 ).

VuureiBas TOT (hakT, 9TO TMOCTEIHEE CIaraeMoe JaeT CHHTYISAPHOCTD 10 ImapaMeTpy A TOJIBKO B ciydae,
korga i = 7 = 0, To orBer misg (98) npezcraBigeTca TaK

111 (5, Pipi, 85, Pjp;) 2 2A(0)TY (Pipi, Pipj, s5) — A%(0)I3(Pipi Pjp;) + 8i00;013(P3). (103)

OxonuaresnsHo, ckiaaabiBast dopmyibr (74)—(76), (83), (84), (85), (88), (89), (92), (93)—(95) u (103),
LOJIydaeM CJIeJyIolee yTBepIK/IeHNE.

——

Puc. 7: Hononuurenbaas Bepunna g dyaximonaaa (105).

@ e 2A(0)9A2(0) Q * 1s(2)5ilB]

Puc. 8: TnarpammHuoe 1ipejicrasiienne jiiist pasencrsa (104).

J_.[eMMa 2. C YHUEMOM 6CE20 BBIULEU3NONHCEHHO20, cnpaeed/meo me&ymwee coomHowerue
I ((GM2, G (GM)2,GM) "2 2A ()T (G, G2, (GM)?) — A% (0)13((GM)?) +15(0) Sa[ B, (104)

2de unmeepan Is(o) onpedessemca pasencmesom (196).
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3ameTnM, 9TO HOCJIEHee COOTHOIIEHNE TOMYCKAET BEChbMa JJIETAHTHOE TUArDAMMHOE IIPEICTABIICHIE,
n3obpakeHHoe Ha puc. 8. st 9T70ro HEOOXOJMMO BBECTH JIONOJIHUTENbHYIO BEDIIUHY, CM. PUC. 7, JJIsI
dyHKIHOHATA
d*z B*(x)¢p(x) (105)
R4
B JIOLIOJIHEHHE K BepimHaMm Ha puc. 2 u 3. Takoe jguarpaMMHOe PaBEHCTBO $IBJISIETCH HAIVISIIHBIM IIPU-
MEPOM CIIPaBeJIMBOCTU R-oneparuu. JleficTBUTEIbHO, BBIUNTAS U3 JUArDAMMBI B JIEBOH YaCTH JBAZK /b
BO3HUKAIOIIYIO HOJHArpaMMy € «IIeT/ieil» 1 IpubaBisis II0/IINarpaMMy C «KBaJIpATOM IETJIN», II0JIy daeM
9aCTh KJIACCUYECKOI'O JEMCTBUS C CHHIYISPHBIM KO3ddUIneHToM.

6.3 Juarpamma d,

Tlepeiinem K U3y4UeHUIO JUArPAMMEI d 4, IpeIcTaBIeHHOI Ha puc. 6. OHa comepxkuT mects pyrknmit ['puna
G, omHAKO OHE PACIIONOMKEHBI TAKIM 0OPA30M, UTO, B OTJIHYHE OT d3, JUarpaMMa dy COIEpIKUT JIHIIb
JlorapudMUIecKy 0 CHHTYJISIPHOCTD IIepPBOro nopsaka. [lepeiimeM K sBHOMY BUILY

dy = /R d*zd*yd*ud?z B(z)B(y)B(u)B(z)x (106)
XGA(I, y)GA (z, u)GA(a:7 Z)GA(y, u)GA(y7 Z)GA(U, z).

IIpu amanmse mamHON JAUArpaMMBbl [JIABHBIM O0OPA30M HCIIOJIB3YETCS METOI, MPEJIOXKEHHBII B ITPEIbIITY-
meit ceknum, ¢ pazouenueM dyukinn ['puaa mHa in- n out-gactu. [losromy obparuMm BHUMaHNE JIUMIL HA
KJIFOUYEBYIO 0COOEHHOCTh. A MMEHHO Ha TOT (PAKT, 9TO CJIEJYIONIUN HHTErpaJl

T(hoio) = [ dbad'y Bolo — ) Role) Rl = Dol Raly -~ 2) = Gt Fof2), (107)

HOCTpOeHHbIH npu nomonty dbyukimit (39) 6e3 peryaspusanuu, CXOAATCS U SIBHO CYMTACTCs, CM. [47,
48]. CnenoBaresbio, B quarpamme (106) MOXKHO paccMATPUBATD JIAIIb BKJIAJ, IIOCTPOEHHBIA U3 IJIABHON
gactu acumuroruku Gyaknun ['puna. Takke u3 coornorrenus (107) BbITEKAET, 9TO CUHIY/ISPHOCTD By1eT
[IPOIOPIINOHAJIbHA, JIOTapU(My B IIEPBOi CTEIIEHN.

OrmpetesuM BCIIOMOTraTe/IbHYI0 (DYHKIIAIO

Ry (x) = R (2)x(|2| < 1/0), (108)

TOrga, C y4€TOM IIOCJICIHUX 3&M€‘I&HI/II7I7 CUHTYJIIpHAd YaCTh BBIINCBIBACTCA B BUIC
4y / d*zdtyd*ud*z B(z)B(y)B(u)B(2)x
R4><4
xRy (z = y) Ry (x — u)Ry" (& — 2) Ry (y = w)Ry " (y — )Ry (u — 2).

Buech ymo6mo nepeittun x daxropmsanuu. s 3roro BIOepeM®® TOUKY 1 M HEPepasiIoKuM OKOJIO Hee
doHOBBIE TT0JIsT. DTO BO3MOYKHO, TAK KAK PACCTOSHHME MEXKJIy BCEMU apryMEHTAMH OIDAHHYEHO Xapak-
TepucTudecKuMu QyHKImaMu. TakuMm 06pa3oM, cOXpaHss JIUIIb IJIABHBIA ITOPSIOK U IPOU3BOJS CEPUIO
3aMeH

r—r+u, y—>y+u z—z+u,

MOKHO YOETUThCS B CIIPABEINBOCTH PABEHCTBA
d4 2 S4[B]Q(Aa U)v (109)

e
a(A, o) = / d*zd*yd*z Ry (v — y) Ry (x) Ry (x — 2) Ry (y) Ry (y — 2) Ry (2),
R4x3

331/13—38. CUMMETpPpHUU Bb160p KOHerTHOfI TOYKHU HE ABJIAECTCA OI'PaHUYIECHHUEM.
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KoTOpasd, ¢ yueroM onpezesenus (107), nepenucoiBaercst B BUjie
a(A, o) = / d*z R} (2)T(RY; 2). (110)
Bi/o

ﬂaﬂee OCHOBHad nJjesd 3aKJ/JAI09aeTCd B TOM, LITO6I)I BBITIOJIHUTH JIBa IIepexo/ia
Ao, A, .
T(Ry7;2) = T(Ry;2) = T(Ry; 2) (111)

B nogpiaTerpasibioM Boipazkenun (110). Takue npeobpazoBanus He MOBJIUSIOT HA CHHLYIISPHYIO YaCTh
nCCIeyeMoro naTerpasa. PazbepeM 3tu mepexoisl moapobHee.

B nepsom ciryuae npoucxoaut paciupenue Hocuresst dyukiuu (108) myrem nepexona B Touky o = 0.
YuanreiBag Gopmyiy (107), MOKHO yTBEPKIATH, 4TO 06e DyHKIUU T(R([)\’U; z) m Y(RY; z) onpenensiorcst
CXOJISITIIUMUCST UHTETPAJIaMU U [IPU CHSITUU peryJsipu3anuu A — 400 MOryT UMeTh OCOOEHHOCTH TOJIBKO
B Touke z = (). Bosiee Toro, HeBsiz04HOE Ciraraemoe

T(RY;2) — T(RY;2)

ABJIACTCA OFpaHH‘{eHHOﬁ @yHKILI/IeI‘/JI J10 1 I10CJI€ CHATHUA PEeryJjadpu3aliuiu. 9Tto IIPOUCXOJUT 3a CHEeT KOMOU-
Haloyuu HOCHUTEJIEN. ,J.HH IIpuMepa pacCMOTPpUM OJUH U3 BKJIAI0B

/R | dad'y (R @ = y) - R (@ — ) RO (@) Ry (2 = 2RO )R (w=2)]|
ScHo, uro nupu crpemsieHn |z| — 0 MOXKHO GBLTIO GBI OXKH/IATH PACXOMMOCTHU M3-3a MOSIBJIEHHs] B TI0/[bIH-
TErpajJbHOM BBIPA’KEHUU HEMHTerpupyemoii mjoruocru. eficturensho, kombunarus Ro(y)Ro(y — 2)
cTpeMmTCA K TIoBeieHmio |y| 4, aro apmasgercs memnTerpupyemoil dbynkmueit. OnHako, 3a caeT KoMOUHA-
[IUU HOCUTEJIEH x(|x -yl >1/ J)X(\x| <1/ 0) IIPOUCXOJUT ype3aHue 0bJIACTH HHTETPUPOBAHUS U, TAKIM
00pa3oM, 0COOEHHOCTh HENTPATU3YEeTCS.

Bo sropom mepexoze (111) mponcxomut jobapka (yHKIuiT, HOCHTEIN KOTOPBIX yMEmAoTcs B By /.
Oro, ¢ yaeroMm cxogumocTu uaTerpasa (107), IpUBOAUT K TOMY, 4TO HEBSI30UHOE CJIaraeMoe Kak (hyHKIHs
z/A nepenuceiBaeTcs B BujE

T(R: 2/A) = Y(Rys 2/A) = A2 (T(Rb:2) = T(Ro:2) )
= A2 72 (T(REs 2/ 121) = T(Ros 2/ 12D))-

Bouiee Toro, MOKHO IIPOBEPUTH, 94TO IPU OOJIBINUX 3HAYEHUX |z| TOC/E[HssT KOMOMHAIMS BegeT cebs Kak
A2|2|727% e 6 > 0. Do mponcxoauT 3a cuer Toro, uro semuanna Y (Ry; z/|2|) = ¢ B peficrBuTeBHOCTH
He 3aBHUCUT OT IIEPEMEHHOI Z, & PYyHKIHS T(R(‘fl; z/|#|) crpemuTes K duciy g upu |z| — 400 10CTATOUHO
6GBICTPO 3a CueT cTpeMyIeHns Xapakrepucrnieckoil dynkimn X (|| < 1/|z]) k exurmanoii. Ipu sToM okoso
HyJIsl TIOBeJIeHNe, Kak u panee, He xyxke A%|z|~2. Tloc/iesHue paccysk/eHHsl O3HAYAIOT, YTO UHTETPaJ OT
HEBSI3KM KOHeuYeH npu A — +00

‘ /Bl/g d*z R)(2) (T(Rf)\;z) — T (Ry; z))’ < /]R4 d4z‘R(1)(z) (T(R(l);z) - T(Ro;z))‘ < 0.

Taxum obpasomM, JBoiiHo# mepexon (111) msmensier maTerpasn (110) Jumb HA KOHEUHYIO BEJINIHHY.
CureoBaTeIBHO, CIPABEINBA CIIELYIONAs IIEII0YKa PABEHCTB

(A, o) 2 /B d*z R (2)Y(Ro; 2) "2 m (112)
1/o0

OxonvaresbHO, UCH0Jb3yst coorHomenus (109) u (112), MmoxkHO copMyIMPOBaThH YTBEPXKICHUE.

JIlemMma 3. C YHUEMOM 6CE20 BLIULEU3NO0NHCEHHO20, cnpaee(i/meo paserHcmeo

sp. 3C3)L

s 16(472)3 Sal B
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6.4 wmarpamma dj

Ilepeiinem K anam3y TpeTbeil TpexmeTieBoil uarpaMMel ds, cM. puc. 6. Mccienosanue qannoit quarpam-
MBI BO MHOT'OM IIOBTOPHAET IMaru U3y41eHunusd dg, IIO93TOMY HEKOTOPbIE€ BBIYUCJIEHU A 6y,Z_IyT OIIyCKaTbCd, JII/I6O
3aMeHATHCS Ha KpaTKue KoMMeHTapuu. CrepBa BBITUIIEM HEOOXOIUMbIE BCIIOMOTaTeIbHBIE Pa3JI0XKEHUSI:

GMx,y) = Ry (x — y) + PS3 (x,y),
e R} (z) onpeneneno B (41), u

)\(B2(:E) + BQ(y))
4

PS5 (z,y) = —Riy(z — y)m® — Ry (z — ) +PSH(x,y), (113)

a TaKzKe

(6 = o) + 250w — ) PSS () + 530 — 1),

rae dbyukuug by (z,y) OIpenessiercs MOCIeHAM PABEHCTBOM.
Tornma muarpamma ds IPECTABISIETCS B BUJIE CYMMBI [TOIIAAIPAMM

1%1((GA)27(GA)27GA) = Z Z Il()1(917927g3)'
9,,9,€{b;,25,P S s2} g,=PSH) R)

CornacHo 06Imieit njaee, pacCMOTPUM BCe BKJIAIBI O OTAeabHOCTH. CrepBa BBIIEINM CJIaraeMble, KOTO-
pble OYeBHIHBIM 00pa3oM (¢ yderoM coobparkeHuil u3 pasmesa 6.2) He comep:KaT CHHIYJISPHOCTEH 1o
perynsipusyioremy mapamerpy A. OHu TakoBBI:

Il01 (blv b17 PSZI’)\) 5:p 0) 21101 (2SOPS§\5 bla PSZ/’)\) Szp 07 I101 (bh b17R6\) 5:1) 07

I4 (250 PSS, 25, PSS, PSY) 20, 204 (250PS3, by, RY) 20, I (25,PS5,25,PS5, Ry) "2 0.

TIpoKOMMEHTHpYEM JIJIst IPUMEpPa ITOCJIeTHII CaMblil HeTPUBHAJIBHBII BKJIAT
/ d*zdtyd*z 2s,(z — 2)PSL (2, 2)2s0(x — y) PS5 (z,y)B(y) Ry (y — 2) B(2).
R4x3

Bce ero cocraBubie yactu cojiep:kar GyHKImuA sg. OIHAKO, OHH WHTEIPUPYEMBI IIOCJIE CHITUS PEryJispu-
zanun. JleiicTBUTENBHO, PAcCCMOTPUM (DYHKITHIO

ps(z,z) = s d*y 2sg(z — y)PS3 (z,y)B(y) R (y — 2)B(2).

ITocne cHATHSA PeryssapHu3alui OKOJIO JMArOHAJNU T ~ 2 TJABHBIA YJIeH aCHMITOTHKH BeJIeT cebs Kak
In?(|z — z|) wn craGee. Crreq0BATEIBHO, IPH MHTEIPUPOBAHII ¢ OCTABIIEHCS YACTHIO HOJIYYHTC KOHEU-
HBIi pesyibrar, Tak Kak dyukmus In®(|z])/|z|? maTerpupyeMa OKOIO HylIsl B 4eTHIPEXMEDHOM IIPOCTPAH-
CTBe.

Jlajiee paccMOTPUM CJIEIYIOIIUE TPU BKJIAIA

214 (s3, by, PSS + 214! (s3, by, RYY) + 214 (83, 250 PSS, PSS,

Ha KOTOpBbIE MOXKHO PACIPOCTPAHUTH OCHOBHON Merox u3 cekimu 6.2. [leficTrBuTe/IbHO, 3aMeTUM, 9TO
byHKIIAN

pol2) = [ dyba) B)PS) 0.2)B ),
pofa2) = [yl Bu)RS - 2)B().
@) = [ aty2sy(e = 9)PS) @) BuIPSL . 2)B(2)
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MMEIOT KOHEYHBIA Ipeesl Ipu &£ = 2 JI0 U II0Cjie CHATHS peryiagpusanuu. CjemoBaTebHO, MOXKHO BOC-
NOJIB30BATHCS BBIUATAHUEM U J00aBJIeHUEM p;(Zz, z) B KaXKJI0M U3 HHTErpaJos, riae ¢ = 9,10, 11. Jacts ¢
PasHOCTBIO He OyJIeT COlepKaTh CHHTYJIspHOCTH 10 A, Tak Kak p;(x,z) — pi(z, z) HeliTpasusyer ocobeH-
HoCcTh B 83(7 — 2). B urore, ocrapmasics 4acTh mocse ¢iBUra T — 2 + = (DaKTOPU3yeTcs, W MOJTyYaloTes
paBeHCTBa

14 (s3, by, PS3) = A(o)1} (b, PS3),

S.p.

£

15 (s3, b1, Ry) "2 A(o)I1 (b, RY),
I (53,250 PS5, PSY) "2 A(o)1] (25, PS5 PSY).
Ocrapmmecs BKIaIbI IMCIOT CJICAYIOIINHI BUJ

I (s3, 88, PSS) + 2Tyt (25, PSS, s3, RY) + T4t (s3, 53, RY). (114)

Hawdmem ¢ TEpBOTO CJIATaeMOro M BOCIIOIL3YeMCsl JIOTIOHATETBHBIM pasjioykenneM jyia dynxmun PS5
(113) B 9KBHBAJEHTHOM CHMMETPU30BaHHOM Buje, cM. (90)—(91) u (96)—(97),

PSYz,y) = Pi(z — y)p1(2,y) + Po(z — y)pa(z,y) + PS*(2,y).
Torma nepssiit Bkiajg u3 (114) npencrasisiercs CyMMOR Tpex cjiaraeMbIxX
I (8, 58, PSS) =14 (53, 58, PS™) + 15 (s3, 55, Pypy) + 14 (55, 55, Paa).- (115)

Paccmorpuu miepsoe. B atom ciryuae seratem u jgobasum B(y)PS™(y, x)B(z), Torma nosmyudaorcs asa
HHTETpaJia

/R4X3 dtzdiydz sg(z — x)sg(x —y) (B(y)PSA(y, 2)B(z) — B(y)PSA(y, x)B(x))Jr
+ /R4><3 d4xd4yd4z s%(z — x)sg(;p _ y)B(y)PSA(y, l')B(CU) (116)

flcHO, YTO BO BTOPOM CJjlaraeMOM IOCJIE CABUTA z — Z + & mosydutcs (akropusanus. B mepBoM ke

Pa3HOCTDL B CKOGKAX HEHTpasmsyeT ocobeHHOCTD B s3(2 — z). CrenoBatensho, byHKIIs

polns) = [ 'z 53z — o) (BOIPS (1.2)B(:) ~ B)PS (0.0)B(x) (117)

uMeeT KOHEUHBIN MPeJeJl IIPU & — Y, U MOSBJISIeTCH BO3MOXKHOCTh BbIUeCTb U 100aBuTh p12(y,y). Takum
00pa3soM, ¢ y4eToM JOIOJHUTENHHON (haKkTopu3alum, Iocjie cABura cyMma unTerpasos (116) 3amuceiBa-
ercd B BUle

/ d'adty 3@ —y) (P12, 0) = pray ) + Alo) / 'y pra(y,y) + AT} (s3PS™).
R4x2 R4

TlousiTHO, YTO TIEPBOE CIAraeMoe He HAET CHHIYJISPHOCTEl, IOTOMY 9TO PA3HOCTb HEHTPAIH3yeT 0CODEeH-

HOCTD, ocTapmiyiocs B sg(x — y). Ciemosaresnsuo, npejacrasiss (117) B BUIE CyMMBI JBYX CJIaTaeMBbIX,

IIOJIyJaeM

Iy’ (55, 55, PS™) 224 (0)11 (s5PS™) — A% (o) / d'y B*(y)PS (y,y)
R4
E2A (o)} (s3PSY) — A%(0)J2[B].

Iepeiinem ko Bropomy caaraemomy u3 (115). OHO mMeeT cyremyronmit Bus

[ dtdtudts (= a)si@ = ) BOIP: (= 2) 10 B(2).
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OrmeTnM OcHOBHBIE 3Tanbl nojacuera. Crepsa BerauraeM u npubasisiem ciaaraemoe B(y)p (y, x)B(z) (6e3
muOKUTENsA Py). Samernm, uto dyHKIMsT

p13(y, ) = /R4 d*z Py (y — 2)s3(z — ) (B(y)pl(% 2)B(z) — B(y)p1 (v, x)B(x))

MMeeT KOHEUHbIH pejiest IIPU & — Y JIO U TI0C/Ie CHATHUSI Pery/Isipu3alui, mockoabky dynxmus In(|z|)/|z|3
HHTErpUpyeMa B dYeThbIpexMepHoM npoctpancrse. CreoBarebHo, BeranTast n Jo0aBiists GyHKIHIO p13(Y, Y)
1 0TOpaChIBas CXOANLYIOCS YaCThb, HOJLYIaeM

A(o) /W d*y p1s(y,v) +/

]R4><2

dtadlysie ) B ) B) ([ 4t P - 2 -a)).

Hasee, npumensisi coorrorienre (72), IPUXOIUM K CJIEYIONIEMY DABEHCTBY

4@ (3P - A0)( [ des@r@)( [ avBemnen) iR,
KOTOPO€ IEPENNCHIBAECTCS B BHJIE
2A ()1 (3P, 1) + 12 A(0)1a(0) S B] — 1o (0) S B,
Orser st TpeTbero ciaaraemoro u3 (115) momyuaercs myrem 3amens! uagekcos 1 — 2 8 {Py,py, P} B

orsere (118) U sIBHO BBINUCHIBAETCS TAK

2A(0)L1 (s§ P py) + %A(J)13(0)54[B] - 2110(0)54[3].

ITepeiinem kKo Bropomy BRIy u3 (114). 13 ero siBHOTO mpejcTaBJIeHust
14 (25, PSS, s8, RY) = /Rm d*zd*yd*z 2s)(z — 2) PS5 (2, 2)s3(z — y) B(y) R (y — 2) B(2)

MOXKHO TIOHSITh, UTO B KauecTBe MEePBOrO BBIUUTAHUsA y00HO ucnosab3osark B(y) = B(y) £ B(x), Torma
BKJI/I IIEPETUTIIETCS B BUJIE

/Rm d*zdtyd?z 2s,(z — ) PSE (2, ) st (x — y) (B(y) - B(x))Ré\(y _ 2)B(2)+
* /Rm d*zdyd*z2s)(z — 2) PS5 (2, 2)s5(x — y) B(x)RG (y — 2) B(2).  (119)

MozKHO 3aMEeTUTD, YTO IIEPBOE CJIATAEMOE HE COIEPKUT CUHTYJISIPHBIX cjaraeMbix. JleficTBUTEIbHO MTO/IbIH-
TerpaJl BUIa

d'ysi(e —y)(Bly) - B@)) Ry - 2)B(2)
R4

10C/Ie CHATUS PEry/igpU3aluil COJePAKUT B TIABHOM UJIeHe acUMITOTHKY GyHKimio | — z| =1 un ciabee.
CrniesioBaTe/IbHO, OCTABIIUIiCS WHTErpast coitiercs, Tak kKak ¢yukrus In(|z|)/|z|> unrerpupyema B uerTni-
PeXMepHOM IIpOCTpaHCTBe. TOrja, Mocje BCIOMOTaTebHbIX (haKTOpH3aluii Bo BTOpoM ciaaraeMoM (119)
1 UCIOJIb30BAHUS COOTHOIIEHUs (72), OTBET BBIIHUCHIBACTCS TaK

I} (250 PSS, s2, RY) "2 A (o)1} (253 PSS) + 1} (250 PSS RY)
A (o)1} (253 PS5 + 21s(0)J2[B] — 2m?111(0)Sim[B] — Ai2(0)S4[B].

[Tepeiigem x mocsenuemy ciaaraemomy u3 (114)

Ilol(sg, sg, Ré\) = / d*zdiyd*z s%(z — x)s(z)(:v - y)B(y)Ré\(y — 2)B(2). (120)

R4x3
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Ha nepBbIil B3I TaHHBIA BKJIAJ CINTAETCHA OY€Hb JIErKO. JlefiCTBATEIbHO, MOXKHO HAIPSIMYIO HOJCTa~
BUTBb PE3yJIbTAT JIJIs MHTerpaJa

d*z 83(2’ — a:)s%(ac —v)
R4

u BeIcaThb orBeT. OIHAKO, HAX0XKIEHUE ACHMITOTHKHY JJIsT [TOCJIETHETO HHTETrPAJIA SIBJISIETCST TPYA0EMKOI
zasadeii. [ToaroMy mpoire BOCIOIb30BaThCs IpubaBieHneM u BerautanueM. st aroro npejcrasum B(z)
B BUJE

B(z) = B(x) + (z — )"0y B(z) + %(z — )" Oy Oy B(x) + Bs(z, 2). (121)

HCHO, Y9TO C UCIIOJIb3OBaHUEM DaBE€HCTBa (72), OTBeT JJId IIEPBOI'O CJlara€MOI'0 BBIIIUCBIBACTCA MT'HOBEHHO
1 uMeeT BUJL

/ d*zdtyd*z s2(z — x)si(x — y)B(y) R (y — 2)B(x) = A(o)I} (s5) +11 (s%f%\) 2
R4X3

Sal)

sﬁ'A(J)I% (88) +17(0)Sm[B] — ]

/R4d4x5(2)(x)]%\(:c)|x|2. (122)
Jlajiee, BO BTOPOM cCJlaraeMoM IepepasiiosKuM QyHKIU0 Jyu B (x) B TOYKE Y
OpnB(x) = 0yn B(y) + (x — )" 0yn Oy B(y) + ... .,

rJle MHOT'OTOYHEM MTOMEYEHBI CJIaraeMble, HeUTPaIu3yIoue CUHTYISPHOCTD. 1Torga mocje CIBUTOB Iepe-
MEHHBIX & — & + Y U Z — Z + Y HOJIydaeM

/ d*adtyd*z (= — 2)s3(z — y)By) R (y — 2)(z — ©)" 0 B(z) "L
2 < /R‘i dy B(y)(‘?yuB(y)) </]R4X2 d*zd*z s3(z — z)s3(x) Ry (2) (2 — x)") +
+ < /]1{{4 d*y B(y)ayuayuB(y)> </]R4><2 d*zd*z s2(z — x)s2(x)RA (2) (2 — x)“x”).
3ameTnM, UTO MEpBOE CJArAeMOe HE JAeT CHHIYJSPHOTO BKJIAJA, TAK KAK MHTErpasJ B CKOOKAX DABEH

mymo. JleiicTBuTesnbho, nesiast 3aMeHy BUJIA T — —X U Z — —Z, HOJy9aeM TOT K€ UHTErPAJI CO 3HAKOM
Munyc. Bropoe ke ciraraemoe MOXKHO IIEpeNncaTh B BHUJE

Sy [B]
4

[ dtadts @ R+ )5 (2) (123)

rze 3a cuer chepuIecKol cuMMeTpud ObLIa MCIOJIb30BaHa 3amMeHa x¥zH — 17 2,0 /4.

Hasee, Tperbe ciaraemoe u3 pasioxenns (121) HyKHO 1epepasiiokuTh B TOUKe y. [Ipu 3TOM BaxKHO
COXPaHUTD TOJHLKO HYJIEBOI TOPSIOK, TaK KaK CJIEIYIONIHE IOTPAaBKU OIEBUIHBIM 00Pa30M HERTPATUIYIOT
PaCXOIMMOCTH TTOJTHOCTBIO. TakuM 06pa3oM, TOIyIaeM

1 / dtzd*yd*z sg(z — ac)sg(x — y)B(y)Ré‘(y — 2)(z — )" OynOyr B(y) P
R4X3

2
wp. Sa[B]

3 / d*zd*z s2(2) Ry (x — 2)s2(2)|2)%.  (124)
R4X2

Bosspaimasich K nociaeHeMy deTBepToMy ciaaraemMomy B (121), Hy»KHO 3aMeTHTh, 9TO (DYHKIHST

paane) = [ a2 BORY - 2)Bala,2)sh(z — )
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vMeeT KOHEYHBIN ITpeJIesT IPU & — Y JI0 U Tocjie cHsTus perysiaspusarnuu. Cremnys obieil Joruke, BBIYUTAs
u 106aBisst GYHKIMIO P14 (Y, Y) U IPOU3BO/Ig (DAKTOPUSALUIO IIPU HOMOIIY CIBUrA, HOJIyIaeM OTBET B BUE

/R ded'yd'z s3(z — ©)s3(z — y)B(y) Ry (y — 2)By (. 2) L

"2 A(o) /W d*y praly, y) = A(U)/]R d'yd*z B(y)sg(y — 2)Bs(y, 2). (125)

4x2

3ameTnM, 9TO MOXKHO MOJCTABUTE onpejenenne Bs(x, z) u3 (121) B nocsienauit naTErpast

[ s B2 Ba ) =1 ()=, 080 [ aesio )+ 20 [ atesiole?) 020

U [OJIyYATHh CHHIY/JISPHOCTh B CTAHJAPTHBIX TepMuHaX. OKOHYATEIbHO, CyMMUpysi pe3ynbrarsl (122),
(123), (124), (125) u (126), masa Tperbero BiIaga (120) momydaeM CJeayoMmuii OTBET

I (s2,52,50) 2 2A(0)I (s8) + Sm[B] (/W dz (sg(x)f%f}(m) - A(a)s%(a:)))—!—

+S3[B] ( — é /R4X2 d*zd*z s2(2)RY (z — 2)|z — 2|%s2(2) + # /R4 d*z sg(z)|z|2>

B urore, cobupast BMecTe Bce BKJIAIbI, M3YUE€HHBIE B JIAHHON CEKIINN, MOYXKHO C(DOPMYJIMPOBATH CJIEIy-
foIee yTBEpKIEHUE.

Jlemma 4. C yuemom 6cezo 6vbiULEU3A0AHCEHH020, CNPABEAUBO CAEOYIOULEE PLBEHCTMEO
I ((GM)2 (G2, GM) "Z2A(0)I ((G)?) + Jo[B] ( — A%(0) + 418(0))+

#5208 - 31o0) + A0 ) ¢

+8m[B)(Ir(0) = A(0)La(0) +m?A(0)1a(0) = m?lo(0) — 4m?Tyy () )+
A A
+S4[B] (ZA(J)13(0> - 5110(0’) — 2)\112(0)),
2de onpedeaenusn das unmeepanos 1; (o) npedcmasaenvl 6 cexyuu 9.2.

6.5 CooTHomIieHUd AJs AuarpamMmMm

B nmammoit cexnum m3ydImM COOTHOIIEHUS I TMHEHHBIX KOMOUHAIINI IrMarpaMM, BOSHUKAIOMINX B IPABO
gactu pasencTsa (28). IIpu sToM Jyis Hadama OygeT HocYrTaHa KOMOMHAIIMS TP ycaoBuu 231 = 0, a
3aTeM OTIEJIbHO HeBsi3Ka. Haunem ¢ jgmarpaMMbl dg U KOHTpauarpamm cds u cdy. OHU TOSIBJISIIOTCS CO
CJIEJTY FOIIMME 9HUCJIOBBIMU KO3 duimenTaMu

- )\2d8 )\Cdg %

16 + 1 + 1T (127)

Cby

MozxHO 3aMETUTh, YTO TaKad JIMHeHas KOM6I/IHE%I.LI/IH opeacTraB/IdeTCd B BUAE OAHOI'O CJaraeMoro

<Cb1 —Ch ]B_O>

rae, ¢ ucnosssosanueM (10) u (52), umeem

1

0 - T6 R4x2 d4xd4y |:V1(IC) (GA(LB, y))2V1 (y) - /:61(£C, y) )

Z21=

Vi(z) = \G (z, ) + 2m22; + A\241 B (x).
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Taxxke dbyHKIUS K1 (2, y) BEITUTAET CHHIYISPHYIO [UIOTHOCTD, He 3aBUCSILYI0 OT (hoHOBOrO 110451 B. fB-
HBI BUJI TAKOH IUIOTHOCTH He BarkeH. Jlasiee, NOJCTABIIsAs aCAMITOTHIECKOe pasyioxKenue (43) u pesyib-
rarel (57) u (58) s K03hDUIUEHTOB KOHCTAHT IEPEHOPMUPOBKY, II0JIy9aeM

Vi(x) = N2B?(2)A(0) + 2m2%; + M3y B%(z) + APS* (2, x).

BaMeTnM, 4TO CTeneHHas CHHTY/IApHOCTh R)(0) coxparmiach. IIpu 3TOM HCIOIB30BATOCH COOTHOICHHE
A(o) = R%,(0), xoTopoe cripaBeyiBo 10 MTOCTpoeHut0. OCTATICH JIIMH JorapudMIIecKne 1 KOHeTHbIe
JaCTH.

ITepeiiiem Tenepb K cieiyoneil JMHeRHON KOMOUHAIMH, cojepzKaleii uarpaMMbl ds U dg ¥ KOHTD-
jquarpaMmmy cdz. Corsacuo (28), oHa uMeer BUJ

)\4d3 >\3d6 >\2Cd2

Cby = =% = == = = (128)

BuoBb mosib3ysich onpeseseHus MU IS 9JIEMEHTOB JTUArpaMMHON TEXHUKU U3 CEKINU 3, PA3IOKEHUEM
bynkuu Ipuna (43) u nemmoir®? 2, pacxopsmyiocs gacthb st Kombunanun (128) MOXKHO IIpeICTABUTD

B BUJIE
(Cbg — C’bg‘B_()) = %6 s d*z p15(x)Va(z) — %AQ(J)@((G"F) + %615(0—)54[3],
rae )
pofa) = [ |4ty GNw. ) BE) (6N ) )G,
Va(z) =2X%A(0) B (x) — 2V (z) (129)

= —4m?% — 20341 B%(x) — 2APS™ (x, ).

SameruM, uro dbyuxius Vo (z) He comepxkutr cunuryssprocreit. Ona asiserca O(1) nmo napamerpy A. s
Takoil (byHKIIUU MOKHO BOCIOJIB30BATHCS PA3JIOKEHUEM

[ dteps@)Va@) " Alo) [ dtadty B@) (6 2.) Valo)+

R4x2

+ ( s dly BQ(y)Vz(y)) (/BW d*z Ré\(x)]%g(x)) (130)

rJie ObLIN MCIIOJMB30BAHBI cooOpaxkeHust u3 cekruu 6.2. Takske, yunTbiBas TOT (BAKT, UTO UCCIIELyeMble
JIMHEHHbIe KOMOHHAIMA He COJIEPIKAT CTEIeHHBIX CHHIY/ISPHOCTE!, MOXKHO OILyCTHTD CJIaraeMble CO CTEIeH-
HeM yobisannem B PSA (r, x) n 3amennts ero na PS1 (z,z). Cre0BaTeIbHO, HCTIOMB3YsT COOTHONITCHITE
(129), MOXKHO BBIIHCATH CHHIYJIAPHYIO YaCTb, 3aBHCAILYI0 OT (DOHOBOTO IOJIS, JJIS CyMMBI JIHHEHHBIX
koMbuuaimit (127) u (128) upu yciaosuu Z3 1 = 0 B BuIEe

% /R4 d4y(V§(y) - 4m42f) - );(/R4 d*y BQ(y)Vg(y)>Ig(0—) + 1%15(0)54[]3]’

rae
Va(z) = 2m%2; 4+ A2, B?(z) + APS) (x, z).

PacnuceiBast mocsieiaee cOOTHOIIIEHNE, MOXKHO C(DOPMYJIMPOBATh YTBEPXKIEHUE.

343 1ech cileyer 06paTHTh BHUMAHHE, 9TO PE3YJBTAT JIEMMBI 2 MOMKET GBITH IIOACTABIEH U C ApyruM o1 # o. OpHako,
B cekuuu 6.2 OBLIO YIOMSIHYTO, YTO CHHIYJIsIpDHAsl 4acTh He 3aBUCHUT OT BbIOOpa mapamerpa. [lostomy u3 coobparkeHuit
yao06cTBa OBLIO B3SITO 0] = O.
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JIlemMma 5. C YHUEMOM 6CE20 BLIULEU3NOHCEHHO20, GEPHO me@ymw,ee paserHcmeo

>\4d3 A3d6 )\ng )\20d2 )\Cdg Cd4 - .p-
(16 B 6 4 1 +4“> fiso (131)
z 212
25,15 ") - T (o) )+
N2, At N3Zaq
B —A —I — 1
+$ilB)( S A0) + 1s(0) - 2o ) ¢
2/\~
sas) (") ) +
/\2~ 3
408 F 2 A - Fla(o) )+

2de K 6uiMumaem cun2ysaphyto NAOMHOCTIL, HE 3G8UCAULYI0 0M POHOBO20 NOAA.

Caemyiomas jinHeiinas KOMOUHALUS CONEPKUT AuarpaMMbl di u ds u, coryacHo dopmysie (28), Bbl-
[IACBIBAETCA CJIEAYIOMUM 00pPa3oM

)\22’471d1 _ )\3d5

132
5 3 (132)
Torna, npumenss gemmy 4 K guarpamme ds ¢ yaerom coorHomenus (58) B ¢popme
)\22471 _ )\SA(O') - )\224_’1
6 4 6 7
[IOJIyYa€eM sIBHOE BBIPAyKEHUE JJIsi CHHTYJISIPHON IacTh
)\22’4 1d1 )\3d5 S.p. )\254 1 )\3 )\3
—_— - = Bl — =1 — —A(o)l —1 133
. 5 Sa[B] 15 11(0) = 55 A(0)(0) + = ls(0) ) + (133)
)\2 z )\3 )\2 z 2 2)\3
4&#% S4(0) + T AO)L(0) - SE (o) - A (0)- (134)
A3 m2\3 m2\3
— —1I I I
glr(0) + —=T(0) + — 11(U)>+
A3Z41 A A4 A4
B]| — =1 — —A(o)I —1 —I 1
+810B)( ~ 254 (o) - TG AOI0) + Jgholo) + o) ) ¢ (135)
A2z A3 A3
+J2[B] (?JA(U) + §A2(0) - 218(0)). (136)

Jasee mpecTaBuM pe3yJsIbTaTHI [ THATPAMMBI d7 U IBYX KOHTPJAHArPaMM z4,1de U cds. Ilockompky
TaKue BKJIAJIbI COjiepKaT He OoJiee JBYX OIIEPATOPOB MHTETPUPOBAHUS 110 R*, MOXKHO BOCIIOIL30BATHCS Me-
TOJIOM TIOACYETA JJIsT IBYXIETIEBOrO BKJIAIa, TO €CTh OOBITHBIM OIpAHMICHIEM 00JIACTH WHTETIPUPOBAHUS
7 CABUTOM IT€peMeHHoi. Pe3ymbrar m1s d7 uMeeT CaeayIoniuii B

2 -k s.p. 3 m2 3 m2 3
)‘(dligﬂ =SB ( - ;\—4114(0) + SA Lig(o) + 2;\ Ilg(a)>+ (137)
+54(B] (:gllu(a) + ;\2120(0)> + (138)
+J1[B] (1\214(0) — m4)\ IQ(O’)>+ (139)
3 2 2
+bw(—zh@0+kw(;hwo+hw(;M@> (140)
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IJie K7 BBIYUTACT CHHTYJISPHOCTH, HE 3aBUCSILYIO OT (POHOBOTO IIOJIS.

IIpososkast, OTBET JJIsi KOHTPAHAIPAMMBI —AZ4 1d2/8 MIHOBEHHO BBIIHCHIBACTCS HPU HOMOIIU pe-
3yJsbTaTa Iy JBYXIETIeBOro BKJama (62)—(65). 3areM, CHHIyJsSpHAs YaCTh KOHTPAUAIDAMMBL —Cds /2
UMeeT BUJ

() s (0)5,008) + Aut) 1B+ (1)
m2z, 242 22,2
+J1[B]< 5 >+J2[B}</\:’ >+J3[B]( : ) (142)

re K5 BBIUYATAET CUHTYJISIPHOCTD, HE 3aBUCAILYIO OT (POHOBOIO IOJIH, U

Az m3\z
Ai(o) = QQAA( )RY, (z )|I_0 QZAA( )RS, (z )|I:0+
m )\z m )\z Az m3\z m*hz
SRY(0) = =R (0) = SPERG0) + T E R (0) - =R R3(0), (143)
)\ z m )\ z A2z m2X\2z
As(o) = 22AA( VRS ()|, _y — —— 2 R5(0) + S="2 R (0) — — 2R}, (0). (144)

16 8 8

Bamernm, B (142) myis nosnyuenus J3[B] ucnonbzopasnack 3amena jecopMuposanHoro omeparopa A (+)
Ha TpeIesbHbIH Ag(+), 9TO BO3MOXKHO TIpH JHCTBIN Ha cocTassonyio PSL | a mvenno

L[ ate((430) - A) PS2wa) ~ (@) | o, (143)

y=z

rie Ks(T) — CHHTYIApHAS TJIOTHOCTDL, He 3aBHCsMas oT (GoHosoro moms. JlokazaTeabeTos?

BEHCTBa HAXOJIUTCs B ceKiuu 9.4.
Amnasiornuabiv 00pa3oM, ucnosb3ys dopmysy (70), BBIYUCINM HEBA3KY B KOMOUHAIIMIO U3 JIEMMBI 5,
3aBHUCHIIYIO OT Z3 1. OTBeT 1JIst Hee MOXKHO cOPMYINPOBATH TaK

TaKOro pa-

sg.)\22271
32

<0l (252 (RY(O) - Y 0) - m?RAO) )+
+1,(B] ( _ 3>\:2’1A(0)), (148)

Cbl + Cbg - (Cb1 + CbQ) ’22‘1:0 + KCb Il(O—)SQ[B] + Ag(U)Sm[B] + A4(O’)S4[B]+ (146)

riie

32

As(0) = Lj“ (1 (0) = 3m?Ta(0) —m?Ts (o) + 22 (mQAA«r)ARQ(O)+m2AR1Ao<0>+m2ARﬁ<0>>+

)\24 1

s 201 (= P A + T RYORY 0+ 2 (RY(0) - mRY0) - n?RY0) ). (149)

Z2,1 BN . ? 3 2 -
M) = 222 (313 0) 4 14(0)) + 22 A(a)+22,1<;2R0A(0)RQQ(0)EAQ(J)ZA(a)zM). (150)

TaxkumM 06pa3oM, JIsl BCEX OTJENbHBIX JuarpaMM u3 (28) m MX HEKOTOPBIX JIMHEHHBIX KOMOHHAIMI
OBLIY BLITACAHBI CHHTYJ/ISIPHBIE YaCTH B OOMMX TepMUHaX. To eCcTh B 0003HAYEHUSIX JJIT ACUMITOTHYIECKOTO
pazsioxkenus (43)—(47) pa byuxiuu puna. Janbredinmas 3ajada pazbuBaercd Ha 1Be 9acTu. Bo-1epBbIx,
Hy’KHO TIOKa3aTh, YTO BCE HEJIOKAJIBHBIE BKJIAJIBI OJIATONONYTIHO COKPAIIAIOTCA. JTO MPOJEMOHCTPUPYET,

3506parTuM BHUMAHUE, UTO PABEHCTBO JOKA3BIBAETCS JJTs UCCHIEyeMoil peryssipusaruu, cM. cexmuio 4.4. [lpu pacmm-
PEHUU THUIIA PEryIsSpU3aliiy, K IPUMEPY, IPH JONOIHUTEIbHON nedOpMaIuil MacCOBOIO IIapaMerpa, IIOJ0OHOe PaBEHCTBO
HeOOXOIMMO HCCJIENOBATH OTAEJIbHO. bosiee TOro, B 9TOM Cilytuae MOIYT MOABUTLCH JOIOJIHHTEIbHbIE KOHTPAUATPDAMMBIL.
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91O 00IIIHe COOOPaYKEHNsI TEOPUY TEPEHOPMUPOBOK BEPHBI JJIsI HAIIIEH Peryiapu3amui. Bo-BTOPBIX, HYKHO
BBIINCATD SIBHBI OTBET IJI TPEXIETIEBHIX KOIDDUIHEHTOB {22 3, 23, 24,3 } KOHCTAHT I€PEHOPMUPOBKH.

Haumem ¢ mepBoro mymkrTa. st 9TOro HeoOXOAMMO BBITACATH KOIMPDUIMEHTH MTPH (DYHKIIMOHATIAX
Ji[B], tne i = 1,2,3,4, n yGemauTbcst, 9TO OHU HE COMEPIKAT CHHTYJSPHBIX COCTABJSIONMNX. B HOpSIKe
BO3pACTaHUsI WHJIEKCA COOTHOIIEHUS BBITVISIAST CJIEIYIONUM 00pa3oM

m2\z AZ A2
LBl: TERA) + S (RY(0) - mPR(0) — mPRL(0)) + L)
m2\2 m2z Az m?Zy s.p.
- T L(o) = T - S (2R5(0) - 2mPRY (0)) = — P52 0,
5)\224,1 3)\222’1 58 A3 9 A3 )\7;4’2 )\2471 A )\2472 s.p.
Jo[B] : 3 Alo)— 1 A(U)*?IS(U)ﬂLgA (U)*§I3(U)* T T8 AR (0) = — =0,
)\2 2’272 22,2 s.p.
J3[B] : %11(0’)+7— 5 — 0
3/\2 /\2’4 1 /\54 1 s.p.
J B Lo — = =
alBl: JeAl) - —; S ;

rJie OBIJIM MCIIOJIL30BAHBI PABEHCTBA,
Rﬁ (0)=A(0) u Ig(o) =13(0) — A2(0‘).

Takum 06pa3oM, TPSMBIMUA BBIYACJIEHUSIMUA OBLIO TPOBEPEHO, UTO HEJOKAJbHBIE ClaraeMble He COfep-
JKAT CHHIYJSIPHBIX KoadbduimenTos. Beipaxkenust st K03 OUIMEHTOB IEPEHOPMUPOBKH CJIEJIYIOT W3
CYMMUPOBaHUsl BKJIAJIOB 3 JeMM 3 1 5 n dopmyn (133)—(144) n (146)—(150). Iocse HEKOTOPBIX apud-
METHYECKHUX BBIYUCJICHUH MOXKHO CHOPMYINPOBATH CJIEAYIONIEE YTBEPIK ICHNE.

Jlemma 6. C yuemom 6ce20 8bUUEUSNONCEHHO20, CUHLYAAPHAS COCTNABAAIOWAS NPABOT YACTNU PAGEHCTEA
(28), mo ecmb mpernemaesozo 6kAadA ¢ KOHMPUAEHAMU, PABHA AUHETHOT KOMOUHAUUYU HYHKUUOHAA0E
So[B], Sm[B] u Si[B]. Heaoxaavnve dynxyuonanve {J;[B]}yi_; us (49)-(50), xomopvie 6 omdenvrvix
QUAZPAMMAT NOABAAIOMCA € CUNHLYAAPHUMU KOIPHUUUEHMAMU, BTOOAM, ¢ KOHEUHbLMY 1O Napamempy A
mrootcumenamu. Tpexnemaesvie koafuyuenmot {223, 23, 243} 0AA KOHCMARM NEPEHOPMUPOSKU 6 06-
WULT MEPMUHAT BBINUCHLEANOMCA CALIYOUUM 00PA30M

A3 A3 A3 A2z -
225 = =5 1i(0) = TLA@L(0) + Fla(0) + 7 Li(0) + Zas,
/\512471 /\221 )\25471 A3
25 = TA(O‘) - Is(o) + 32 I4(o) + WA(O')L;(O')—
)\3 )\3 )\3 3
— )\2547112(0') — ZA(O’)IQ(O’) - W17(U) + ZIS)(U) + /\3111(0) - 19m2 114(U)+
A3 A3 Az A
+ 1116(0) + EIIQ(O) - :’1 (— WRS(O)R?KO)‘*‘
2 -
+ AR (0)RY (0) + )\R{)\(O)R%(O)) T3 (Al(g) + As(U)) + Zs,
322 A3
243 = 24’1A(0) + 3715(0) —3X%24115(0) — 6A*2 113(0)—
33 33 A3

3A3
— TA(J)Ig(J) + 7110(0) + 6)\3112(0) + 7117(0) + IIQQ(O’)+

3C(3)LA* 3N’z
16(472)3 1

(42%(0) + REORY(0)) + 5 (A2(0) + As(@)) + Zas.
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OKoHYATEIBHO, HEePEXOd OT IIPOU3BOJILHBIX KOHCTAHT {Z23,%3, 243} K {Z23,%3, 24,3} U HCHOIL3YH

SIBHBIN B aCUMIITOTHYECKUX paS.HO}KeHI/Iﬁ n3 CeKnuun 93, HO.Hy‘{I/H\I OTBET B BUJIE
zo3 =L%as + Laj + %23,
23 =\ (L2b6 4 Lbs + b4) L3y + L2y + Lby + 2,
24,3 :L303 + L202 + Ley + Z4 3,

rIe
A3 (e () — ag(f A2z A2z
a; = ( 2(f) ~ 6( )) . 24,212 n 2’2,212’ (151)
64(4m2)3 18(4n2)2 " 32(4m2)
)\3
_ 152
27T 108(4n2)® (152)
A3 47 ay(f)  (4n?)%az(f)  (47%)%aq4(f)
_ A1 N 1
b1 A4(4m?)3 (192 48 2 3 i (153)
B N2(z1 —4Z21 +2241) Az Zy1t 2y — 2%y 0+ 20— 2(5 +241)% 1 + 35%,1)
16(472)? 4(4m2) )
4103 A2(z) —4%91 +2241)
be =~ 384(4m2)3 8(4m2)2 ’ (154)
723
— RN 1
b = G6(an2)® (155)
A3 3+ al(f) + 6as (f) Qo (f)a3 (f)
b4 = — 12m2 ( 8(4%2)3 - 2(471_2) + 30[7(f) + 3ag(f) + Oég(f) + Ollo(f) + (156)
Nag(f)zan _ Nag(f)za, " A1+ £(0)) (52,124,1 —z5, - )\52,1042(f)/(87T2) +Zy0 — Z4,2)
3m?2 2m?2 2(472)m? ’
X2(1 1 £(0)) 35 Ma(f)
=— - 12z41 — 18z —_— 1
b5 = = To(arem2 \ ~ Ta(ery T2 T 18R ) gy e (157)
ON3(1 + £(0))
bs =~ 32(472)3m? (158)
3 f 1 f 2(f 3
o BN (7 3an(f)  19as(f) 3ai(f)) , 3XC(3) (150)
2(4r2)3\ 384 ' 8 96 16 16(472)3
. 3)\3 Oz:;(f) 3044(f) T 30[5(f) . Oéll(f) .
204n2) \ 24 2 2 6
INzZi1 3Nz 3\ 37, Zi
— > - _ I T 27 — — 3
8@ T oGt T 2(an?) < p g T eRama A2 Z“)’
89N 2TN? 241 9Ny,
= L : 1
2= T 128(@n2)? T 16(an2)?  A(dn2)2’ (160)
2723
e — 161
7 G4(dn2)3 (161)

7 OOumiag MocTaHOBKa 33124l

7.1 O nepexone ot 6a30BoOIl K 00I11eiT Moae N

Paccmorpum 0606mienue st Mogesu ¢ jeficrBueM (2) myTeMm Iepexojia OT BemeCTBEeHHOro mojsa ¢(-) K
Habopy BermecTBeHHBIX Toseit {¢; ()}, rme n € N. Bosee Toro, B3anmmo/eiicTBie 4eTBepToil CTeleHn
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MOZKHO JOIIOJIHUTH Ky6I/I‘IeCKOI.;I 3aBUCUMOCTBIO. Torga KJIaCCUYIEeCKOe ,HeﬁCTBHG npeacTaBuMO B BUJIC
4 ) 1 B gijk /\ijkn
[t fonta) + Sona) 47016 0) + G on(@)os(@on(o) + 6o n(@)on(@)] . (162
R4 ' :
A () = 5% Ag(z) + M, Ag(x) = 0y, Do,

u kKosbdunmentsr t', M7, g% u \*" gpasgrorcss BeIeCTBEHHBIME W OJHOCTHIO CHMMETPUYHBIME IO
MHJIEKCaM. 3aMeTHM, 9TO IIPU BhIOOpE

n=1, t'=0, M'=m? g¢''' =0, \"'" =)\ (163)

neiicreue (162) nepexonut B panee usyvennoe (2). K takomy geficTBIIO MOKHO IPUMEHUTH MeTO (hOHO-
BOT'O TIOJIST B paMKax IIpeJicTaB/Ienns (OyHKIIMOHAIBHBIM HHTErpaJjoM. s sToro, corsacuo obireit joruke,
HEOOXOAUMO CleJIaTh CIBUT

¢i(x) = Bi(x) + Vhgi(z).

Toryia KBAHTOBOE JIEHICTBHE CBOJUTCS K 1EPTYPOATHBHOMY Pa3JI0KEHUIO, B KOTOPOM B KadeCTBE BEPIIHH
BMecTO (8)—(10) HEOOXOAMMO B3ATH CJIELYIONTHE OOBEKTHI

ikj \iknj
5 Br(@)Bj(z) + —

r— d*z ¢(z) <ti + AY(x)B;(z) + J

Bk<x>Bn<z>Bj<z>), (164)
R4

iknj

Iy — d*z ¢i(x) (Aij(a:) + g% By, (z) +
R4

Bm)Bnm)@ (@),

Py [ b (g 4 X5 By (@) 6106 (2)on(),

Ly— [ ' N*0i(x)d;(2)dn(2) dn ().

R4
Taxkoit HabOp JIEMEHTOB JJIsi AUArPAMMHON TEXHWKM HYKHO JONOJHUTH (yHKImeir ['puHa, KoTOpas B
JAHHOM CJIydae UMeeT /IBa MHJEKCA U ABJIFEeTCsS PellleHreM ypPaBHEHUS

(5"”,40(:5) + VM (m)) Gmj(w,y) = 676(x — y),

rae IoTeHINUaJIOM ABJIAETCA MaTpHIla

iknj

Vi(z) = MY 4 ¢** By (x) + By () By (z). (165)

IIpu Takom mepexoge obmuit Bux guarpamm Deitamana He mamennTcs. CleayonuM STAIOM SBJISETCS

BBeJleHHe peryisipu3anuu. Ee MOXHO BBeCcTH, PyKOBOJICTBYSICh OOIEil JIOTUKON u3 pasgesa 4.4, myreMm
npubaBIeHNs K KJIACCHIECKOMY JeHCTBHIO Pery/Iapusyonieil 106aBKu. B JaHHOM cilydae OHa HMeeT B0

5 [ de0@)(4d() = Af)) i), (166)

Kaxk 970 651710 1I0Ka3amn0, B 9TOM ciyvae dynkius I'puna npuobperer gedopmarymo Gy (x,y) — G?j (z,y)

u 6y,ueT UMETb OKOJIO JUarOHaJIu, Ipu T ~ Y, cjJaeayroniee aCUMIITOTUICCKOE pa3JIO)KeHI/1637

G(x,y) = R (v — )6 — %Rﬁu =y (V7 (@) + VY () +

+ 1 BA — ) (VH@VI (@) + VGV () + P ),

3606paruM BHEHMaHEE, UTO B Gojee OOIIEM Caydae s KasKIOTO IO ¢; MOMKHO BBOIUTH OTIAETIBHYIO JebOpMAIIMIO
ormeparopa, To ecTb Ayd"/ — Aé‘ﬁ”.
)
373nech cpasy mcmosmb3yoTCs bYHKIMEA R{\l u Ré\Q BMECTO R11Xo7 Ré\o u Ré\l C ABHBIM y4Y€TOM PeryJspU3alliu.
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rie mocsie e (pyHKINN OIpejieIeHbl U OIUCAHbI B pasjese 4.3.
[Tepeiimem K 3aK/IFOUUTEILHOMY IATY — IEPEHOPMUPOBKE. 3aMETHUM, YTO B JAHHOM CJIydae €e MOXKHO
OCYIIIECTBUATH IIYTEM CJIEIYIONINX 3aMEH B KJIACCHIECKOM 1eDOPMUPOBAHHOM €HCTBUM

+o00o +o0o
st =t > W, MY M =M+ > M, (167)
m=1 m=1
+o00 +oo
gijk N gijk _ gijk + Z hmgi{,ﬁ, N\idkn )\ijlm — )\igkn + Z hm)\?&n’ (168)
m=1 m=1
+o0o
ADGT A0 — ADSI AySY, Tae 017 =6V + > hM6i,,. (169)
m=1

B namHoM ciiydae, TOMHMO TpeX KOHCTAHT II€PEHOPMHUPOBKH, JODABIISIOTCS €IIe JIBe. DTO CBSI3aHO C
HOsIBJIEHHEM B KjaccudeckoM jieficTeun (162) ciraraeMbIx ¢ mepBoil ¥ TpeTheil creneHsMu noJteit.

Takum obpaszom, JId oIy deHust TpeX KO3MMUIMEeHTOB KOHCTAHT IEPEHOPMUAPOBKHU HE HYKHO IIPOBO-
JIATH BCE BBIYKUCIIeHUs 3aH0BO. Hy KHO JIMIIb IOIIPABUTDH BLIYUC/IEHNs, 3aMEHUB 1IPU mojcuere (B KIIIoUe-
BBIX COOTHOIIIEHUSIX) KOHCTAHTBI CBSI3K U (DOHOBBIE MOJIsI HA HOBBIE KO(MMUIMEHTHI. DTO MOXKHO CJIeIaTh
COTJIACHO CJIEYIOIIEMY HabOpy MpPaBUII:

® 1IpU UCIIOJIB3OBaAHUU PaA3JIO?KCHUA @yHKL[I/II/I FpI/IHa 3aMEHUTDb I/Il\/IGIOH.[I/IfICH IIOTEHI[MaJI Ha MaTpHu4-

Hbiil anasor uz (165) .
m? + B*(z)/2 — V¥ (z);

e 3aMeHNTL KO3 (MUIMEHT B BEpIINHE ¢ YeThIPbMs BHEINTHUME JIMHUAMHI CJIETYIOIIM 06pa3soM
A\ — Nk,
e 3aMeHNTL K03(hhUIMEHT B BEPITHHE ¢ TpeMs BHEMIHIMU JMHASIMHI CISIYIONIM 06pa3oM
AB(z) — g¥k 4 NIk B (),

® «COEJMHUTH» CBOOOTHBIE MHEKCHI COTVIACHO BUJLY JUATPAMMBI.

BakHO OTMETHTD, YTO CYIECTBEHHO HOBBIE BEPIIUHBI IIPU TAKOM 0000IeHNn He mosiBisiiorcs. Cirarae-
MBIe C epBOii creneHbio (164) B KBAHTOBOM JIEHCTBAM HE yUACTBYIOT, IIOCKOJIBbKY OHU HAPYIIAIOT CUIBHYIO
CcBs3HOCTD. 1Ipu 9TOM OHU BCe Ke SIBJISIOTCS YaCTHIO KBAHTOBOTO YpaBHEHUsS JIBUKEHUs. 1eM He MeHee,
Ha KaXXJOM Ilare IepeHOPMUPOBKHU OyJIyT MOsIBIASTHCS HJIEHBI, IPOIOPIIMOHAIBHBIE TIEPBOii cTereHn (ho-
HOBOTO TIOJIs, W, TAKAM 0Opa30M, KOHCTaHTa t¢ GyjieT MepeHOpMUpPOBaThCs COTacHo obmeit cxeme (167).

7.2 3HadyeHuss Ko3dPunmeHToB

Ilokaxkem mpuMmep mepexojia OT caydas n = 1 K Dpou3BoJIbHOMY 1 > 1 Ha mpuMepe TEPBOil MET/IH.
Jy1s ocTabHBIX CJIyvuaeB cHOPMYTUPYEM JIAIIb OKOHYATEIbHBIE OTBETHI, TIOCKOJIBKY MOJICIEThI IIPOCTHIE
7 MOHOTOHHBIe. BBeiem /1151 Hadaa HECKOJIBKO BCIOMOIATEIbHBIX (DYHKI[HOHAIOB

Sinj [B] = /]R4 d4x(aw“Bz<x)) (aﬂv“'Bj(x))v Si1...ik [B] = - d4£I} Bi1 (l‘) et Blk (I) (170)

Hasee Boimminem anasor g HopmMyabl (54) ¢ y4eToM MOCIeIHUX 3aMeUaHuii

2 2 4
+ gijklgijszh (x)Bkz ((E) + Mij)‘ijklszkl (x)Bkz (.’E) + gklilj)‘ksziljBkl (‘T)Bkz (x)Bks. (:L')+

A - iikj A o
_ Ro (0) / d4.’L'(g“kBk(l‘) + )\Bk(a:)Bj(x)> + ﬂ/ d4x(2M”g”kBk(x)+
R4 RY
1 - .
+ ZAk1k2U}\k3k4”Bk1 (-’L’)Bkz (aj)Bkg (.’I,‘)Bk4(l‘)) .
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YunreiBas onpenesenus u3 (170) u Bcomorarenpuble 0603HadeHus U3 ceKuuu 9.6, mocienHee pasJioxKe-
HHUE MOYKHO IPEJICTABUTH CJIEYIONUM 00pa30oM

R (0) A ,
Si[B]<_ o )T11,1,1 + (;.—)Tll,l,2>+

2
RY0), i A o A o
Sl ( - 04( )Tzf%?l + ﬂT??z + mT??S) +

4 4
A(0) rrivini A(0) mivisisi
+Siyinis [B]%Tﬁ:{ff + Siyigigia [B]%Tﬁff’ ‘.

Torma, ncrob3yst cuMBOT S J7IsT 0003HAYEHUST CHMMETPU3AINN 0 WHEKCAM C JeJIeHUEeM Ha, COOTBET-

CTBYIOMHI (baKTOPHAT®S | IepeHOPMUPOBKA B TIEPBOIl TIeTIIe BBIIVISINT CJIEYIONIM 06pa3oM

i 1A ‘ 1 i %
ly1 = _§R0 (0)T] 11+ §A(U)T1,1,2 +i1, (171)
5;1{2 _ 571"}112’ (172)

ivio 1A ivis 1 iis 1 i1ia ~rinis
M;? = —§R0 (0)T75% + §A(U)T1,2,2 + §A(J)T172,3 + M, 2, (173)
n = GA@)STN + 91, (174)
o 3 o

et = S (o) STy 4 Koo (179

r7e fﬁ,’l, 52}1“’, Mﬁ”, giizis g 5\?{'”3“ — MIOJTHOCTBIO CUMMETPUYIHBIE TTOCTOSHHBIE KOIMDDUIMEHTHI, HMEIO-
mwe acumuroTuky O(1) mo mapamerpy peryssipusanuu A.

AHajlornyHbIM 00pPa30M MOXKHO IOJIYYUTH KOI(MPUIMEHTHI Jjis BTOpOi mersu. st 3Toro ymobHO
BBINKCATH JIOKAJbHBIE CUHTYJISIDHBIE Y9aCTU IJjis OTIE/bHBIX auarpaMM di, do u cdy. ZIBHBIE paBeHCTBa
npescraBiaeHbl B ceknun 9.7. OTBerhl 71 KO3(DMUINEHTOB KOHCTAHT IEPEHOPMUPOBKH, C YIeTOM 000-

3HadeHnil n3 ceKuu 9.6, BBIMUCHIBAIOTCS CJEAYIOMUM 00pa3oM

i 1 i 1 i 1 i 1 i 1 i
lro :614(U)T2’1’1 - 512(‘7)'1‘2,1,2 - 113(0)T271,3 + ZR(I)\(O)A(O-)TQ,IA - EAQ(O')T27175—|— (176)
1 i 1 i 1 i i 1 i 5
+§A(U)T2,1,6 - iR(I)\(O)TQ,lﬂ + §A(C’)T2,1,8 —A(0)T5 9+ §R6\(O)T2,1,10 +ir 0, (177)
L 1 L iy
6 = _4*811(0)'1‘121,;2,1 + 0,597, (178)
ivia 1 i1i 1 i 1 i1é i1é 1 i1d
MZIQQ :614(U)T21,22,1 - 512(0)1‘21,22,2 - 113(0)1‘21,2?3 - IS(U)ST21,2?4 + ZR{)\(O)A(U)TQIQ%* (179)
1 L 1 L 1 L o 1 L
LA oyTyg, - Ao T ¢ AT+ A)STES, - SRNOTEE s (150
1 414 i 414 1 i1d ~riii
+iA(U)rI‘zl,zZ:u - A(U)T21,22,12 - A(U)T21,2?13 + §R6\(0)T2],22,‘14 + M'r,122? (181)
G123 3 ivigig O i1424a 3A2 i1igis
9ro = = — §IB(U)ST2,3,1 - 513(U)ST2,3,2 1 (0)STy 5% + (182)
3 .3 o o o
+ 5 A0)STo5%" + 5A(0)STyg)s" — 3A(0)STy 3% + 9,°" (183)
Al = =3l3(0)STH 1*" — ZAQ(U)STQZ?%M +3A(0)STL 25> — 3A(0)STL28" + A17™, (184)

38K mpumepy, mias kosddunpenta ¢ ayMs uugekcamu T momygaem STV = (Tij + Tﬂ)/2!.
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IJIe BHOBB OBLIM BBEIEHBI IIPOU3BOIbLHBIE TOCTOAHHBIE KOdd duneHThl. OOpaTuM BHUMAHKE, YTO B CEKITUN
9.7 He BBINIMCAHBI HEJIOKAJbHbIE YacTu. He TPymaHO MOKa3aThb, YTO OHU COKPAIIAIOTCS B OKOHYATE/HHOI
CyMMe.

IIpomonkast BEIMUC/IEHNSI, MOXKHO TIOKA3aTh, 9TO KOI(MDMUIMEHTHI JIjII TPEThel MeTIN UMEIOT CJIeTy-
IO BUJTL

6 )
la=> Ty, +iis, (185)
. 1 i s 1 iria 1 ivin 1 i1in Tivio
3 = _Igll( )(T3,2,9+T3,2,9) "‘331 6(o )T3 2,14 TGA(U)Il( )T?’ 2,14 1611(U)T3’2’42+ n3 (186)
“12 2 Z ST??]C + Mll’Lz (187)
“1213 6 Z ST;;Q;?) + ~1112137 (188)
YT s (15

r7e OBLJIH MCIIOIb30BAHBI OIIPE/IEIEHUS U COOTHOIIeHNs n3 pa3/ieoB 9.6 n 9.7. Takum obpazom, ObLIH Hal-
JIeHBI TpeXIeT/eBble KOI(MDPUITUEHTHI JIsT KOHCTAHT IIEPEHOPMUPOBKHU B 06001IeHHON Mojiesn. B qacTHOM
ciyuae (163) oHM TepexossIT B paHee U3yUeHHBIE B TeopeMme 1.

8 3SakJirouyeHnue

Jannast cekmus B OOJIBIIEI CTEIIEHN MMOCBSIIEHA KOMMEHTAPUSM, HAKOIMBIITUMCS 110 XOIY BBIYUC/ICHUIA.
OjtHako, 3/1ech OyeT yMECTHO €Ile pa3 MePedncIuTh OCHOBHBIE PE3YJIbTAThI, U3JI0XKEHHBIE B pas3jese 2:

® DeasiM30BaHA Peryispusalys ¢ odpe3aHreM B KOOPAMHATHOM IPEICTABJIEHNN, COXPAHSIONIAs CBA3b
KBaHTOBOT'O YPAaBHEHUS JBUKEHUS U KBAHTOBOI'O JEHCTBUS;

® BBLIYUCJIEHBI IEPBbIE TPU KOI(DDUIINEHTA IjI KOHCTAHT I€PEHOPMHUPOBKY JJIsi CKAJIAPHON MOJIEJH C
YeTBEPHBIM B3aUMOJIENCTBHEM KaK B CTAHIAPTHON (DOPMYIMPOBKE, TaK U B 0DODIIEHHOI;

® TIOKA3aHa COTJIACOBAHHOCTH KO3 (DUIIMEHTOB C paHee N3BECTHBIMU;

® I3yYEHO ACUMIITOTHYECKOE PA3JIoXKeHNe JuId PyHKIMN ['prHa 0KOJIO uaroHaJsIun;

® BBLIYNCJICHBI ACUMIITOTHYECKUE PA3JIOKEHUA JIJIs PeryIapU30BaHHbIX HHTEIDAJIOB;

® TIPOBEPEHBI NIPABUJIa MEPEHOPMUPOBOUHON R-oTepanun Ha IpUMepe TPEXIIETIEBBIX JInarpaMM;

® 10/CYUTAHBI [IepBble Tpu Ko dunuenra s S-pynkuuu (corsacyores ¢ obieil Teopueii).

8.1 HekoTopble 3amMevYaHusd

O KBaHTOBOM ypPaBHEHUM ABUXKEHMA. B pasjiese 3 KpaTKO U3JI0KeH BbIBOJL (DOPMYJIbI JJIs KBAHTOBOTO
neficteuss W, KOTopoe GbLIO IIPeJICTABICHO B BUAE CyMMBI CHJILHO CBSI3HBIX JuarpamMM. IIpH 3TOM, KaK 9TO0
OBLIO OTMEYEHO, KBAHTOBOE JIEHCTEHNE B MEHCTBUTENHHOCTH sABJsieTcs pyHKmonagom W [B], 3asucamum
or ¢donosoro nosisg B, KOTOpoe B CBOIO Ouepeb fABJIAeTCA PelleHreM KBaHTOBOIO YPABHEHHUS IBUYKCHI
Q[B](z) = 0 ¢ mabopom rparnunbx yeaosuit. Cam ke dyrxkmmonan Q[B](z) onpenensiercst cymMMoii Beex
CHJILHO CBSI3HBIX JIMATPAMM C OJHUM BHENIHUM CBOOGOIHBIM KOHIIOM.

Omupenenenne (bOHOBOTO TOJIs IIPH IOMOIIU KBAHTOBOTO yPABHEHUS JBIXKCHUA B U3JI0KEHHON! POpMy-
JIIPOBKE SABJIAETCA IPUHIUIINAAILHBIM, HOCKOJIBKY TAKOE IOJIE IO3BOJIAET 3aHYJIUTh BCE HE CUJILHO CBA3-
HBIE JMArpaMMbl TIDU BBIBOJe TIpescrasienns (15) myast KBaHTOBOTO meiicTBus. llpm 3TOM CyINeCTByeT
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cootHorenue (30), KOTOpOe TOBOPHUT, UTO KBAHTOBOE YDAaBHEHHE J(BIKEHUSI I10JIyIaeTCsl BADbUPOBAHUEM
KBAHTOBOI'O JIEHCTBUsI 110 (DOHOBOMY IIOJIIO.

IIpenmoxkennas u yCHenHoO peaaTn30BaHHAA PEryIAPU3AINs, CM. pa3es 4, TO3BOIIET COXPAHUTH CBA3b
KBAHTOBOI'O yPABHEHUs JBUXKEHUsI U KBAHTOBOrO JieficTBus 1ocie aedopmanuu, cM. (31), u mocse nepe-
HopMupoBKH, cM. (37). Takoil moxxoz rapanTUpyer, 4To HOCJe IIEPEHOPMUPOBKU KBAHTOBOI'O NEHiCTBU
aBTOMATHUIECKH IEPEHOPMUPYETCs M KBAHTOBOE ypaBHeHwue JABuKeHust. C TaKO# TOUKY 3peHust HaiiIeHHbIe
KO3 DUIMEHTHI KOHCTAHT MEPEHOPMUPOBKU SIBJIAIOTCS YHUBEPCAJILHBIMU.

O cuHTYAsSIpHBIX cocTaBasomux B PS(z,y). Baxno samerurs, uro dbynkuus PSP (x,y), sapucs-
mas oT (POHOBOIO TOJst B U mpejcraBieHHas B cekimu 9.4, COJEPKUT He TOJLKO IVIaJIKUue HeJIOKATHHBIE
YaCTU U JIOTapUPMUIECKHe BKJIAILI C «I0CTATOYHON» TJIAJIKOCTBIO, HO M (DYHKIMU, KOTOPbIE MIPHU IOJI-
cUere pacxoJuMOCTell BeJAyT K CHHIYJIAPHOCTSM, OJHAKO OOpalaioTcs B HyJb W3-3a HAJMYUS MOJHOI
IPOU3BOIHOMA.

K Takum BKJ1aiaM MOYKHO OTHECTH CJIAraeMble, B KOTOPBIX HAX0UATCH Opv B(x) u Opv Opn B(x). To xomy
BCEX BBIYUC/IEHUI Takue cocTapismonuye GyHKImu ['pruHa He 06Cy K IAJINCh U HAXOUINUCH B OIIPEIETIeHUN
PSP (x,y). Ceituac e MojiaepKHeM, 9T0 OHU He JIAI0T BKJIa[. ITOT hakT 6bLT IPOBEPEH OT/IC/IBHO SBHBIME
BBIYHC/ICHUSIM.

O6 mHBapuaHTHOCTH KO3((PUIMIEHTOB KOHCTAaHT HepeHOPMUPOBKU. B pabore [49] upu uzyuenun
JIBYXIIETJIEBOTO BKJaJa B 3ddekTuBHOE JeificTBrue Teopun fura—Mumica Ob1I0 3aMedeHo, ITO K0dhdu-
[IMEHTHI TEPEHOPMUPOBKH MHBAPUAHTHBI OTHOCUTEIbHO CIBHUIa (DYHKIMHU | prHa Ha JIOKAJIbHBIE [JIAJIKHIE
HYJIEBBIE MOJbI CIIENUAJIBHOTO BHUIA. 3aMETHM, UTO B JAHHOI paboTe BBIMOJIHSIETCS TAKOE YK€ CBOHCTBO.
DTO MOXKHO HPOBEPUTH JIHGO IPAMBIME BBIUHUCICHIAMI, 60 COCIaThes Ha capur dbyukmmn PSP (z,v),
KOTOpas BXOJUT 06€3 CHHTYIAPHBIX KOIDDUIMEHTOB B IEPEHOPMUPOBAHHOE (D PEKTUBHOE TeCTBHE.

O cmene Gasuca [Jisi CUHTYJISIPHBIX COCTABJSIONMIAX. Takyke BarKHO OOPATHTh BHUMAHHE HA TOT
dakT, aro BEIGOD DyHKIUI (45)—(47) He sABIsETCA €AUHCTBEHHBIM. VX MOYXKHO 3aMEHUTH APYTrUMHU (DYHK-
[USIMA, UMEIONIHAE TAKOe YKe CHHTYJISPHOE NoBeaenne. JIpyrumu cioBaMm, MOKHO TIOMEHSTD «JOCTATOTHO
IJIaJIKYI0» YacThb, OTIPABUB HeBsaA3Ky B PS1(x,y). [lpunuMas Bo BHUManue To, uTo dbyHKima PSP (x,y)
U3 paCYIeTOB BBHIMAJIAET, Ha (PUHAJILHBIN OTBET JjIs KOI(MDPUITHEHTOB IePEHOPMUPOBKH T0I00HAasT 3aMeHa
He nosJusier. g npuMepa, ApyTUM HHTEPECHBIM BBIOOPOM MOYKET CTaTh

Ri(z—y) = Ry (x —y),

Rivw—y) > [ a2 R @ - )R} (),

R (x —y) — 2/ d*zd*u RS (z — 2) RS (2 — u)RY™ (u — y)—
R4 xR+

-2 / d*zd%u Ry(2) Ry ™7 (2 — u) Ry (u),
Bl/aXBl/a

A
rae dyukiusa Ry () onpenenena B (108). Takue dbyHKIMM NPUBOAAT K 60/I€€ CHMMETPUIHOMY BH/Ly CHH-
FyﬂHprIX paCXO)IHHlHXCH ﬂHanal\/U\/I, XO0Td 1 MeHee IIpI/IﬂTHbH\’I C TOYKU 3peHI/I§{ IIpOBe)leHI/IH BBIYUCJIEHUT
10 CPABHEHMIO C MCIOJIL30BaHHBIMU B JaHHOH pabore.

O 6Gosee mpoctoMm mojcyere. Cieyer 3aMeTUTh, 9TO B CEKIUU 6.2 MOYXKHO HAIPSIMYIO MPUMEHUTH
BbIpaxkeHue (72) U TOJyIUTh Pa3JIoKeHne Jisl CUHTYIApHOH yactu. OHaKO, HECMOTPs Ha TOT PAaKT, ITO
PEe3y/IbTAT TOJIYIUTCS TMPABUIHLHBIM, TaKasl IPOIEypa He SIBJIeTCd JoKa3areabcTBOM. JleificTBUTEIbHO,
B 9TOM CJIydae He SICHO, IMOYeMy HeT JIPYTUX CHHTYJISPHOCTENH, W IMOYeMy HOJOOHBIN MEXaHU3M JIOJI?KEH
paborars. VIMeHHO MO 3TOil npuydmHe OBLIO MPEJIOKEHO AKKYPATHOE JIOKA3ATEHCTBO MPUMEHUMOCTH
pazisioxkenus (72). [loxoxkas curyanus 6puia npojesiana u B cekuuu 6.4, Tjie MOsIBIISIIOTCS PACXOJAUMOCTU
60J1ee BHICOKOTO TIOPSIIIKA.

O marpuyHbIx Ko3(ddunmenrax. B obobuiennoit nocranoske 3agaun (162) koadbdurmenrsr umeor
HECKOJIBKO MHJIEKCOB. DTO MPUBOJUT K TOMY, YTO B OTBETE TOSBJIAIOTCS HAOOPHI IPOMO3JIKUX BBIPAYKEHUIT
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C pa3IMYHBIMU KOMOMHAIMSAMY, CM. pa3zaen 9.6. OOparum BHUMaHWE, 9YTO IPU BBIYUCJIEHUSIX yI00HEe pa-
60TaTh HE C AHAJIUTUICCKUMU [IPEJCTABICHUEM, & C AUarpaMMHBIM. /leficTBUTEIBHO, €CIU COTOCTABUTH
ko3bdurmenTy \1%2%3% BepIIHHY ¢ YeTHIPbMS JIHHIAMHA, Kod(DdUInenTy ¢'1%2% BepIIHHy ¢ TpeMs Ji-
HUASMH U T.JI., TO B UTOTe BCe KOMOMHAIuu u3 cekiuu 9.6 mpumyT Harisaublil Bug. B pabore Bblnucan
AHAJIUTUYECKUI OTBET, IIOCKOJIbKY OH COIIOCTABUM I10 00beMy C JuarpaMMHBIM. [Toxoxkasi ujiest ¢ mepexo-
JIoM K «uarpammanM PeffHMaHa» UCHOIBb3YeTCst B Teopur rpyiil, cM. [50].

O medopmanum KjaaccudeckKoro JeiictBusi. Kak ObLI0 yIIOMSHYTO, PETyIsIpU3aIiis BBOINTCS Iy TEM
HCKAKEHUS KJIACCAIECKOro JAeiicTBud. B ciydae 4eTBepHOro B3auMoJehcTBHs JgedbopMaryst IPpOU3BOIUT-
sl TIpH TIOMOIIU TpubaBJieHust peryssipusyommeii nobasku S[g, A], em. dopmyast (51) u (166), koTopast
zasucuT OT 11014 P(-). [lpu aroM mpeamosaragsocs, 9ro mose ¢(-) IpuHaIeKUT HYHKIUMOHAILHOMY [IPO-
CTPAHCTBY IIOCJIE IPUMEHEHHAs MeToa, (POHOBOTO HOJIA.

O6paTuM BHEMaHHUE, 9TO B JEHCTBATEIHLHOCTH MOYXKHO JOOABJIATH PEryJsApU3YIONEe CIAraeMoe U JI0
IpUMeHeHust MeTosa (hOHOBOro Mo, TO ecTh gobasaTh S[B +vhe, A]/h smecto S[¢, A]. Ha mponemypy
[IEPEHOPMUPOBKH U KO3(DDUIMEHTHI KOHCTAHT IIEPEHOPMUPOBKH 5TO He MoBJuseT. V3MeHenus (3amena A
na AJ)) mpousoiiyT mimb B KiaccudeckoM feiictsun S[B] u Bepimmne ¢ ojuoil saemneit mnmeit I'y[B, @],

O pomosTHuTe BHOM ITpoBepke KoaddurimeHToB. Pazymeercs, oTae/bHOE BHUMAHIE CTOUT YIEUTD
JIOTIOJTHUTEIBHO} TIPOBEPKe BBIUHCJIEHHBIX Ko durmenTos. Ilogaepknenm, uro pacxoammocti Buga A2LF
u LFH1 s k> 1 moryr 6eITh HafieHB 6e3 TPYI0eMKOTO HOJCIeTa OCHOBHBIX JIUAIDAMM.

Jlyist IpoBepKu 9TOro IpUMEHUM oneparop —od, K obenm croponam pasencTs (26)—(28). Torma ¢ obe-
UX CTOPOH nof, aAuddepeHnupoBaHue IOMALYT TOJIBKO YaCTH, 3aBUCAINNE OT KOI(MMUINEHTOB mepeHop-
muposku. K npumepy, B opmyse (28) obparsarcs B HyJIb ciaraeMble ¢ quarpammaMu ds—dg, IIOCKOJIBKY
OHM HE 3aBHUCSIT OT BCIIOMOTraTeJbHOro mapamerpa o. OH reHepupyercss B HEX B IIPOIECCE HAXOXKJICHUST
CHUHTYJISIDHOI YaCTH NpU pa30dneHuy WHTerpajoB u GpyHknuu ['puna Ha yactu. Takum o6pasoM, Jjisl BbI-
YUCJIEHUs YIOMSHYTHIX PACXOIUMOCTEH JOCTATOYHO UCC/IEI0BATD JIUIb KOHTPAUATPAMMBI, 9TO SBJISIETCS
CyIIIeCTBEHHO HO0JjIee POCTOi 3a1atel.

Ormerum, 9TO TIOZOOHAST TTPOBEPKA OBLIA YCIENTHO IPOiIeHA.

8.2 BuaromapHocTu

Pabora dunancoso momnepkana MunucrepcrBoM HayKu u Bbiciiero obpaszosanus P®, rpant 075-15-
2022-289, u ¢ouoM paseuTusi Teoperndeckoil pusuku u maremaruku «BA3UCs, rpant «MoJtomas Ma-
TemaTnka Poccuns.

ABrop BoIpazkaer OnaromapHocTh H.B.Xapyk 3a akkyparHoe IIpOYTEHHE TEKCTa, MHOIMOYHCJIEHHBIE
KOMMEHTapUU, KPUTUKY U Ipejjioxkenus. JJononauresnpHo A.B.JIBaHOB BeipazkaeT 0cobyt0 6J1arogapHoCThb
H.B.Xapyk u K.A.llBanoBy 3a co3ganue O/IaroNpUsiTHON U CTUMYJIUPYIOIIE 0OCTAHOBKY JjIsl HAITUCAHUS
paborer. Takxke aprop npusnarejen M.A.Pycckux 3a obcyxkienust pazjenoB 5.2 u 6.4 B paMKax ero
00yJYeHUs B MAruCTPaType.

3asiBjieHre O AOCTYHHOCTU HaHHbIX. OOMeH JaHHBIMU HEIIPUMEHUM K JAHHON CTAThe, IMOCKOJIb-
Ky B XOJI¢ TEKYIIETr0 UCCJIeI0BaHNs He ObLIN CreHepUpPOBAHBI WJIM ITPOAHAIN3UPOBAHBI HUKAKUE HAOODbI
JAHHABIX.

3asiBjieHre 0 KOH(JINKTE MHTEPECOB. ABTOD yTBEp:KIAeT, YTO KOH(JIMKTA HHTEPECOB HET.

9 Ilpniaoxkenue

9.1 O ko3¢ dunmeHTax TEIJIOBOTO sIpa

B nmamnoii cexiuu noka3zaHa CBsI3b pasjiokeHusd i GyHKImN ['puna u3 pasnena 4.3 ¢ npecraBieHueM
OKOJIO JTUArOHAJIH, TJIE UCIIOIb3Y0TCs KOI(MMUITUEHTHI JIJIsT ACUMIITOTHIECKOTO PA3JIOXKEHUsI TEILJIOBOTO S
pa [51-53] mpu MaJIbIX 3HAUEHUSIX COOCTBEHHOrO BpeMeHH. Jljist OlIpe/Ie/IeHHOCTH BBEJIEM B PACCMOTDEHHE
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oueparop Jlamiaca B 4eTBIPEXMEPHOM €BKJIMIAO0BOM IIPOCTPAHCTBE BUJA
A(z) = =0p, Opn — v(z),

rje v(z) — MIaJKUil BENIECTBEHHBI CKaIApHBIl oTeHnual. Toraa, moBTopsas OOy CTPYKTYPY PasJio-
skenust dynknun I'puna G(z,y) okoso nuaroHanu x ~ y u3 pador [54,55], nomyuaem

“+oo
G(z,y) = Z Ry (x — y)ar(x,y) + rnagkas HeJTOKAJbHAS YaCTb. (190)
k=0

B nocrnenneit dbopmyie dysrimu Ry (+) BKIOUAOT B cebsi CHHIYJISIPHBIE COCTABJIAIONINE, B TOM IHCJE U
sorapudmudeckoe nosejerne. Koadduimenrsr ay(x,y) nazpiBaorcs koaddbuimenramu Cuin—neBurra
[56,57]. Takzke B HA3BaHUM YacTO OTMeYAIOT hamuann Anamap, Munaxmmcygapam [58] u I'unku [59]. Du
KO3 MUIHUEHTHI ABJISAIOTCS TIAJIKUMEI (DYHKIIUSIMEI ¥ IPU OJIN3KUX ApPIyMEHTaX & ~ Y PACKJIAJIBIBAIOTCS
B psaz Teitsopa B TepMUHAX TOTEHIUAJA U €r0 IPOM3BOMHBIX. 1lociesHsst dacTh u3 passoxkernus (190)
MMeET TaKKe IVIaJIKOe MOBEJIEHHE U sBJISeTCs (DYHKIIMOHAJIOM, 3aBHCSIINUM OT HOTEHIHAIA.

WsBectHO, uTO 3aMKHYTOI bopMyJib s KoaddunmentoB Cunn—neBurra BHe nuarona i Her, OIHAKO
UX MOXKHO HAXOJUTH OKOJIO JUATOHAJIM B BUJIE psijia O CTerneHsM BekTopa xt — y#. CymiecTByer mesibrit
psiz MeTonoB [60-64]. TlepBble ke MOPATKA TAKOBBI

ao(e,y) = 1, ax(ayy) = o(y) +0(1), az(w,9) = 50, 0p0(0) + 7 G) +o)), (191)

IJIe MAJOCTh TIOIPABKK PACCMATPUBAETC OTHOCUTEHHO PA3HOCTH BEKTOPOB T | Y.
ITokazkeM, uro paszioxenue (190) corsacyercs ¢ UCHOIb3yeMbIM B (43) IIpU CHATUYM PerysisipU3alium.
JleficTBUTEILHO, 3aMETUM, 9TO B CKAJISIPHON MOJIE/IN MTOTEHIUAT PABEH

A

v(z) = m? + 532(@.

Hanee BeiGepem Ry(-) xak B (39), a Takxe, ucnonbsyd (45) u (47), BosbMeM

Ri()=RYC)| 5 Ra() = Rh()|

A—+o0 A—)Jroo.

ITocse sToro onpeznenum GyHKIMIO B TepMUHAx pasioxkenus (190) tak

P8} (w,y) =Ri (e —y) (a1 (z,9) = (v(2) + 0(y)) /2) +

+Ra(w — y) (a2(2) — (v(2) + 02 () /4) +
“+o0

+ Z Ry (x — y)ak(x,y) + riaakas HeJOKaJbHAS JaCTh.
k=3

Torna psix (191) nepenuchBaeTcst CJIELYONMM 06pa3oM

(v(z) +v(y))

G(x,y) = Ro(x —y) + Ri(z — y) 5

+ PS> (z,y),

PR G R )

YTO MOJIHOCTBIO COIJIacyerTcs ¢ pasiioxkenueM (43) u aBHbIM BHOM PSi-dactu u3 pasmuena 9.4.

9.2 BcnomorarejbHbIE MHTEIPaJIbI

B janHO# ceknum NpuBeseH CHUCOK BCIIOMOTaTeIbHBIX MHTEIPAJIOB, BOBHUKAIONIMX MPU BLIYHCICHUSIX.
OHU CTPOSATCS 1O pPeryJIsiPU30BAHHLIM (DYHKIMAM M 3aBUCAT OT pasMmepHoro napamerpa A. Takuwe mn-
TErpaJibl IIPEJCTABIAIOT OO0l CUHTYIApHbIE (DYHKIMN, 3aBUCSINUE OT PETYJISPHU3YIONIEro IapaMeTpa, 1
crpemsaTcs K beckonednoctu (pacxozgarcs) upu A — +00.
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C yuerom omnpezenenus (72), HabOp MHTErPAJIOB MOXKHO BBIIUCATD B CJIEAYIONIEM BH/IE

bio)= [ ata(Rb@) oP (192)
Lo)= [ ae(Rw) R (193)
L) = [ d'e(R) (@) B (2), (194)

L) = [ ate(mb) (195)

b= [ aa(Rh@) (196)

W)= [ s (Bw) R - 2l - (RS) (197)
)= [t (Rb) R, (198)

bio)= [ e RN@RYW), (199)
bio)= [ ate(Rbw) R (200)
ho(o) = [ ate(Ri) At o), (201)

W)= [ ae R @R @R ) (202)
ha()= [ @t RY@RY @R ) (203)
a() = [ ata(RSw) Ry (o) (204)
()= [ ate(Ri) o) (205)
ho() = [ ate(RY) ) o), (206)
ho(o) = [ ate(RY) Al ), (207)
oty = [ ate(RY) Aot ), (208)
ha() = [ dta(RSw) R (o) (209)

Ry (@), (210)

Too(0) = /B d%(R{}(m) RA (2). (211)
1/0



9.3 AcUMOTOTHKHM WHTETrPAJIOB

BcnomorarenabHble 0603HaYeHUsA. BoiuineM [yis HadaJla KJIoueBoe COOTHOIIeHne, I0JIydeHHoe B pa-
Gore [32], koTopoe cBsi3biBaeT 00bIUHYIO DyHKIMO Ry n3 (39) ¢ nedopmuposanubiM anagoroM. s s > 0
OHA UMeeT BU,

1
— [ &BJRo(sy+2)=

272 Jgs 472

1 572, ana |z < s _ 1/5( = f(|;p|2/32)
0 4r252

|z|=2, nna x| > s

rJle UHTErPUPOBAHNE ITPOU3BO/IMIIOCH CO CTAHJIAPTHON MePOil 110 eJMHUIHON TpeXMepHOil cdhepe S3 ¢ nen-
Tpom B HyJe. [Ipu s = 1/A nonyuaercs yxe nsBectnas dbynkuus (41). Hanee onpenesnM HAGOP J0MOI-

HUTEJIbHBIX (DyHKIMN
2

@) = 5 (1+£(al?A2) )x (|2l < 1/4),
o) = oy - L) (212
) = e [ (@) b [ ae (@) (213)
rae i € NU {0}, a taoxe Tpu wmera
@) =5+ [ arpiw= [ i),
s(f) =2047%) [ ata(siw) (214)

as(f) = m + /B1 d4x<f21(x))3 = /]R4 d4x(R(1)(x))3,

KOTOpBIE SIBJIAIOTCS (PyHKIMOHAIaMu, 3aBucsumu oT yHkimu f. MoxHO 3ameruTh, 4To Ha cdepe
ly| = 1/A mexay mocneauumu HbyHKIUAME CIIPABEJIMBbI CJIELYOIIME COOTHONIEHUS

ar(f) = _i n 47r2h1(Ay)‘|y|:1/A, (215)
as(f) = 2(4w2)2h2(Ay)‘|y|:1/A, (216)
as(f) = m + 47r2h3(Ay)"y‘:l/A. (217)

Jlasiee BBeZleM B pacCMOTpPEHME MHTETPAJ I npou3Beienns Gyaknun Ry u ee qebopmuposanHoro ana-
JIoTa CJeYIONM 00pa3oM

o) = [ de (R}@) Byl + o) (218)
By,

P = [ (RY@) s+ (219)

rae ¢ € NU{0}. fcuo, uro ¢ yuerom oupezaesenuit (41) u (212) MIHOBEHHO CJIe/[yeT COOTHOIICHIE

[ dta (R@) R+ 0) = ) + w0,
Bi1/o
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KOTOpOe IIpeobpas3yeT COCTABHOW OJIOK it OOJIBIIMHCTBA 0a30BbIX MHTErpasioB. OTMETHM, 9TO B TpPEX-
METJIEBbIX BBIYUCICHUAX BAXKHBI JIAIMIb ciaydan ¢ ¢ = 1,2,3. Vcnonp3yst BBIMIEYIOMSAHYTHIE DABEHCTBA,
MOYKHO yOeuThCS B CIPABEJIABOCTH CJIELYIOMUX COOTHOIIEHUIT

h(Ay) + gy, o [y < 1/A;
th(y) = 4(422) - lg&i'%) + 47§,1\(2f|1/|2, o 1/A < |yl < 1/0; (220)
e + b, ana 1/o <y,
Aha(Ay) — %7 st |y < 1/A;
W) = —aateyz (02 = 1l ) + Gt + A@)Ro(y), A<y <1/o; (221)
A(o)Ro(y), st 1/o < Jyl,
Athy(Ay) — Et, nast [y < 1/A;
) = sy — sardE + e A 1/A < |y <1/o; (222)
~aH aa Lo < yl.

Bamernm, 9T0 Bee (DYHKIMN HEIPEPBIBHBI M 3aBUCIT OT MOJYJIS [IEDEMEHHON, B JIAHHOM CJIydae OT |y|.
IMocenHee CBOMCTBO ABJSETCA CIIeICTBIEM yepeaHenns 1o cdepe S3. Bosee Toro, ynoMsnyTsie OyHKIHIT
BBIJIEPKUBAIOT IIpUMeHeHue oneparopa Jlamiaca. lelicTBuTe/IbHO, UCIOIB3YsT COOTHONTEHUE

=0y, Oyn Ro(y + ) = d(y + ),

[TOJIy 9aeM 4
—0y, Oyt (y) = (Ré(y)) x(lyl < 1/0).

B 3aBepiienne BBogHOTO Maparpada co BCIOMOraTe TbHBIMI 0003HATEHUSIMU OTIPEICTUM JTOTIOTHUTEIHHbBIiT
pa gucel

ou(®)= [ diyha) i) (223)

oslt) = [ dtaa'y (RY@)) il + R (224)
ao(f) = 2042 [ aty(£1)) ol (225)

arlt) = [ ataaty (Ry@)) flle+0) (R) (226)

os(f) = [ dtyh) () (227)
oolt) = [ adta(Rw) i+ 2 Ry). (229)

on®) = [y (£0)) (229)

aq1(f) = , d4yh3(y), (230)
Q12 = 4£L' 21 X 1 x),
(f) /Bld fA(2)h () (231)
s (F) = / dtadty fl@RY e+ A6+ [ ate ), (232)
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IToncuer nurerpagna I; (o). Bocnonbsyemes: onpeznenernem (41) u Tem axToMm, 4TO MIIOMAIL €JIAHAY-
HOIt chepbl B 4ETHIPEXMEPHOM IIPOCTpAHCTBe pasHa 272. Tormaa MOKHO BBINHCATE

ag(f) 272 Vodr  L+og(f) sp. L
Li(o) = + — = = .
2(472)2 - (4m2)2 Jip v 2(4m2)? 2(4m2)?

IToncuer unrerpasnos Iy(o) u I3(o). Haunem co Broporo unrerpasa, Tak Kak mepBblil sBJisercs 0600-
menneM. Bocmonbsyemcs omnpesenenneM (45) u BcromoraTenbHbIME yHKImamu (218) u (219), rorma
UHTErpaJj IPeACTABIM B BUJE

Iy(0) = / dly 1 (y) RA () + / dy p (y) RA (). (233)
1/o 1/o

B nanHOM ciydae IEpBBI MHTErpaJ MOXKET ObITh $IBHO BBIYUC/IEH C HMCIOJb3oBaHueM dopmya (41) u
(221). IIpu atom ymo6HO pasduTh 0b6TacTh WHTerpnpoBannsa Ha Bi/a w By/s \ Bi/a. B mepsom ciyqae
BKJIAJ[ IMEeT BUJ

40[ 1 (f) + 1

16(472)2 +O(1/A%),

/ Aty hy(y) f1(y) +
B

I7le B MOIPAaBKy BOIIJIO cjlaraeMoe ¢ o2 u3 mepsoii crpokn (221). Jlasee, oT BTOpOi 061aCTH HHTErPHPO-

BAHUSI TIOJTYYIAETCS CJIETYIOTINH BKIIA/T

o /1”"dss<_<cf252>+ In(so) +A(a)):

n Am? 4(472)? 2(4m2)2s2  4m2s?
L? L+167*LA(0) —1/2
S 1/A?
822 © 8(an2)? +O(1/A%)
2L% + 2L +4Las(f) — 1 )
- 16(47%)2 TOAY),

ITepexosist Ko BTOpoMmy caaraemMoMmy u3 dopmysbl (233), HEOOXOAUMO 3aMETUTh, UTO pé\(y) COIEPYKUT B
onpeesennn (219) GyHKIMIO ¢ KOMIIAKTHBIM HOCATEJIEM. JIelficTBUTEIHHO, supp( flA()) C By/a, nosTOMY
UHTErpaJl

2
[t [ aty(R@) e+ R
Bi/o Bi/o
CXOJIUTCSI TIPU CHATUY PETYISIPU3AINNA, U TTocsIe 3aMeH & — /A u y — y/A pasen
2
s (F) - / (i [ty (BY@) B+ )5 0) (1= x(e] < Afo)x(e+ ol <A/0)). (230
By
Hasee, ¢ yuerom coornomenwuii |y| < 1 u

]1 —x(lz] < A/o)x (| +y| < A/o)( < ]1 —x(lz| < AJo 1) ’

BTOpOE caraemoe u3 (234) 110 MOTYITIO MOYKHO OTEHHTH WHTErPasoM-)

/BA/U_1 01455/31 dy (Ré(m))zRé(ery)‘ff(y)‘ < 2(4712)2(/]31 d4y‘f11(y)’) /A:jl ﬁ,

r1e 6B1710 ucTosb30Bano cootnomtenue |z +y| 1 < (|z| —1)7! ¢ yaerom obmactu unrerpuposanus. OKoH-
YaTeIbHO, UCIOJIL3Ys HepaBeHcTBOo In(1 4+ s) < s st 8 > —1 U 1EenoYKy COOTHOIICHUH

/+°° ds 1 +1n(1 1 >< R 1
Ajo—1 8(s =12 AJo—2 Ao—1) " ANo—-2 ANo—-1 (Ao—2)(AJo—1)

393 1ech mogpasymesaercs, uTo mapamerp A CTob Bemk, uro A > 30. VIMEHHO 110 9TOi IPUYHHE MOYKHO HAITHCATH R(l)(~)
Byecto |R§(4)|.
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JlellaeM BBIBOJI, UTO BTOpoe ciiaraemoe u3 (234) nonagnaer s nonpasky O(1/A?).
TaxkumM 06pazoM, ¢ TOTHOCTBIO JI0 TIOCTOSTHHOT'O CJIAraeMOro OTBeT Jiist nHTerpasa [3(o) BeinmchBaeTcst
B BUJE
L? + L +2Las(f) + 204 (f)
N 8(4m2)?

WU, C y4eTOM PaBEHCTBa JJjId CUHIYJIAPHBIX 4YacTel,

I3(0)

+ Ol4(f) + 015(f) + O(I/Az)

.p. L2+ L+ 2Lay(f)
S.p 2
Is(o) = 8(dn2)2

(235)

B npeanonoxenusx cexiun 4.4 BEpHO CIEIYIONEE PABEHCTBO
IQ(O’) = IS(U)

IToncuer unrerpana I4(c). Pacemorpum siBubit Bug uaterpasa (195). Bocronb3oBaBuiuch J10H0IHE-
TEJIbHO MACIITAOUPOBAHUEM II€PEMEHHO HHTerpupoBanus & — x/A, nosyaum

0.2

142 2 A204(f), (236)

3
L(0) = A2 / d'a(RY(@)) = Nas(F) -
Baso
rJie OBUIM UCHOJIB30BAHBL Ipe/jicTaBienne (41) u OrpaHMYEHHOCTh HapaMeTpa o.

IToncuer nurerpana I5(o). Ilpu anamuse uarerpasn (196) yao6Ho npeobpaszoBarb ¢ yueToM (DyHKIMIL
(218) u (219). JdeiicTBUTeNBHO, BEPHO COOTHOIIEHHE

Ri(2) = p3 (2) + (12 (2) — A(0)Rg ().

Tor,aa OCHOBHOI nHTerpaJl nNeperncbiBaeTCd B BUJIE Y€ThIPpEX CJlaraeMbIX

)= [ ate(@) +2 [ depdai-
1/o 1/o

—9A(0) /B da pb (&) R () + / d'a (1 (@) - Al)RY (@) . (237)

- Bi/o

JlarHOe pasbueHne ya00HO, MMOCKOJBKY OHO TO3BOJISET PA3JIE/UTh HETPUBUAJIBHYIO 33J1a9y HA IIPOCTHIE
qacTh. JelicTBUTETHHO, TOCIIE MTOJACTAHOBKHI pé\ (z) B nepBoe caaraeMoe U MaCIITaOUPOBAHUS [IEPEMEHHBIX
IIOJTyIaeM MHTerpaJ

ot aty [ as(Rw) e nsio s ()

KOTODBIIl KOHEYEH II0CJIe CHSATHUSI PEryIspU3allii, IOCKOJIbKY supp( fll()) C B;i. YUro0s! siBHO yBUIETH
CXOJIMMOCTD, BBIMIAIIEM IIPE/IEIbHBIN MHTEIPAJI OT MO/IYJIsi, KOTOPBI OYEBUIHBIM O00PA30M MAXKOPHUPYET
TIOCJIETION0 (DYHKITUTO

[ dte [ aty [ st e (R ) (Rie)

31ech OBLIH WCTIOTB30BAHBI TIePecTaHOBKa MHOMKUTE el Toc/ie TIpe/ie/TbHOro Tepexofa By /o — R* u co-
KpaIenne ob/TacTH HHTerPHpoBanus ¢ yaeToMm HocuTess dynkmun fi(-). Takum o6pazom, moTyIaem

/Bl/(, d4x(p9(x)>2 2.

Iepeiimem Ko Bropomy ciaraemomy u3 (237). B meficTBUTEILHOCTH, OHO HALIOMHMHAET BTOPOE CJIATAeMOe
u3 (233), mosroMy OCHOBHAs LPOIEAypa OLeHKHU Oyier Toit xke. KioyeBoe omindue COCTOUT B TOM, YTO
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nocsie Macmrabuposanus ¢ — /A B obnactu 1 < |z| < A/o nomumo dyrKuuy || 2 NOABIAIOTC TAKKe
In(|z|)|z|~2 u 02/A?%, nna koTopwIx onenku mumyTes anamormaEbMA’ o6pasom. CiieOBaTETBHO, MOXKHO
YTBEDIKJIATH, 9TO

2/}31/0 d*zpd (2)th (z) = 2/R4 d4x/Bl d4y(Ré(x))2{2(I+y)f11(y) T o(1/A) 2 0,

e
Bo(a) =4 | f“f”@’ s |z < 1
4(4;20;2\(@?2 + 2(4:9)362“)30‘2, utst |x] > 1.

Hasee, mepexopst K TpeTbeMy ciaaraemomy u3 (237), cpady 3aMeTuM, 4TO MHTErPAJ PABEH BTOPOMY CJia-
raemomy u3 (233), koTopblit yzke 06cyxkaascs. [1oaToMy cpa3y BbIIUIIEM HEIOYKY COOTHOIIEHUIT

LO{5 (f)
472

24(0) [ d'apb(a)RY(a) = —2A0)as(6) + O(L/A?) 2 ~2A(w)as(f) 2 -
1/o0

Tocaenauit Braaxg us (237) mocse pa3buennst 06JIACTH UHTETPUPOBAHUS U MACIITAGUPOBAHMUS TIEPETTUCHI-
BaeTCsI B BUJIE

2/A2 _ 1 2 1 /o 2 1 In 2
/]31d4x(h2(y)_04{47r2)2_A(0)f21(y)> +2(47T2)3/1/A d553<_04+4$2+ Q(jg)) :

2

¢IcHo, UTO ClaraemMple ¢ 02 MOTYT GBITH y/IaJIeHbl, TaK Kak oHM BoiinyT B nonpasky O(L/A?). Ocranbubie
BKJIaJIbI (nocse orOpacekiBanust nonpasku O(1)) umeror Bug

A2(0) s (f) A(o) (1 + 4ay (f)) 1 L¥ L LY\ sp
) 2Aall) - s Sy (12 3 16) -
sp. L® L2(1-2as(f)) L [—1—8a,(f)+8a3(f)
T 24(4n2)3 T 16(4n2)3 47r2( 32(472)2 N 0‘4(f)>‘

B utore, cobupas Bce ciaraemble BMeCTe, IPUXOIUM K CJIEAYIOIMIEMY Pe3YIbTaTy

sp.  L° L*(1—2as(f)) L [—1—8a,(f)+8a3(f)
T U@ 16(@ne)p 47r2( 321(47T2)2 2 _a4(f)—a5(f)>~

IMoacuer unrerpana Ig(o). Ilpu nofacuere qannoro naTerpana sametnM, uto dbyrkmuio R) (z)]x|? moxk-
HO IIEPEIUCATh CJIEILYIOMUM 00Pa3OM

Ryl = 15+ @), o) = (R@IeP - 73 (el < 1/0).

Torma wHTErpas mpeacTaBUM B BUJIE

W =S [t [ () b (rw)

Tlocnemnee cnaraemMoe uMeeT KOHEYHBIN TIPEJIES IPU CHATHY PErYJISPU3AIIN U IPU BeeX A Markopupyercs

/ [ [ e’ (e )i

40B ciywae 02 /A2 Bria cTpemMuTes K Hystio mpu A — 400, Tak Kak crenenHoe yobianue A2 cusbhee orapudMHHecKoi
2

pacxoguMocTu L, KoTopas CJIe/lyeT U3 UHTErPUPOBAHUIS <Ré(:v))
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Takum 06pa3oM, OKOHYATEIBHBIN OTBET UMEET BH]

S.p- A2(U) S.p. L2 Lag(f)
 4m? 4(47m2)3 - 2(472)3°

ko]

Is(o)

IToncuer unrerpana I7(o). Ilepsbiv Jenom Bocnosb3yeMces pasbuenueM (218) u (219), Torga uuTerpas
IPEJICTABUM B BHJE JBYX JacTeil

bo) = [ ay(rie) e+ [ du(Re) (B0 -A0riw). o)
1/o 1/o

Haunewm ¢ mepsoro ciaraemoro. Ilocie cranmapTHoro MacmrabupoBaHus IIePEMEHHBIX WHTErPUPOBAHUS

oJrydaeM
2 2
A? / d*z / d4y<R(1J(33)) fi@+y) (R%(y)) :
Bajo Ba/o

Bamernm, uto maTerpan (6e3 A?) spnserca cxomamumca mpu A — +oo u pasen ar(f). Bomee Toro, o-
IpaBKa K TIpe/Ie/IbHOMY 3HaueHnio yobisaer Guictpee 1/A2. JleiicTBATEHHO, CTIOCOGOM, HCTOMb30BAHHBIM
upu nogcuere I3(0), MOXKHO y6euThCsI, UTO HEBsI3KA OIEHUBAETCSI CJIEYIOIIIM 00pa30M

[ au(me) e n(R) o) <

<[ welne)) [ 2

9TO SIBJISIETCS TTOIPABKOM MOPSIIKA (’)(1 / A4). Cire10BaTe/ILHO, CIIPABEIINBO COOTHOIIECHNE
2
/ d4y(R€(y)> Py (y) = Naz(f) + O(1/A%).
Bl/cr

Tepeiimem ko Bropomy ciaaraemomy u3 (238). Ioxcrasigas B Hero asubii Bu (221) n pazbusast 06/1aCThH
MHTETPUPOBAHUSA Ha JIBE YaCTH, ITOIydaeM

[ aty(sbn) (i) - ZHEt - M) + gt [ (<5 e ).

CUHTYJIAPHasl 9aCTb KOTOPOI'O paBHaA

Aay(f) 1 o’L A? A2 —2LA2
M) + o~ A0 (000 ~ s ) = 5 * T ¢ e

CrenoBare/ibHO, OKOHYATEILHOE BBIPAYKEHNE UMEET CJIEIYIONNI BU/T

LA2013(f) i A2<1 + 20&2(f) Oég(f)Oég(f)

2(4m2) 8(472)3 N 2(4n2) +a7(f)+0l8(f)>—

o2L
8(4m2)3"

I(0) % —

IToncuer unrerpasa Ig(o). B nannom ciydae yao6HO cBecTH MOJCYeT MHTErPaja K YKe U3ydIeHHOMY.
JleitcTBUTEIFHO, MOXKHO 3aMETUTD, ITO CIPABEJJIMBO CJIEYIONIee COOTHOIIEHNE

() = 1s(0) - A@) [ a'y(R®) = Talo) ~ A%(0)

Bi/o
CuretoBaresibao, UCIONIb3ys hopMyity (235), mosydaem

 —L%+ L —2Las(f)
8(4r2)2

S.

Is(o) =

el
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IToncuer unrerpasnos Ig(o) u Ijo(0). Haunem co Broporo mHTerpasa, HOCKOJBKY IIE€PBbIN sIBJISETCS
o6obrennem. Pacrniem stBHBIN Byt ¢ ncnosib3oBanneM ¢opmyist (201) u npeacrasiennst (45)

2 2
to() = | dtady (R} (@) B (@ - o) (RO W) — A(0)Ts(0).
Bl/gXBl/(7
Jasiee mepenuiieM mpeicTaBIeHne it QYHKIIAN R{‘l(aj — y) caenyomuM o6pa3oM
| dRe-y+aRG) = [ d%Rb+ DR+ Ax(ly + 2| < 1)
Bi,, R4
=/ d*z Ry (2 + 2) Ry (y + 2)+
Bi/o
+/ d*z2 Ry (x + 2)R) (y + 2)x(ly + 2| < 1/0)—
R4\B, /o
—/ d*z Ry (z + 2)RY (y + 2)x(ly + 2| > 1/0).
Bi/o
Sal\’IeTI/IM, Y9TO BKJIaJ C IIEPBBIM CJIara€MbIM MO2KHO CBECTU K MHTErpaJry 15 (O’)7 TOT1a
110(0') = 15(0') + A(O’)Ig(()’) — A3(0)+

+ /R4\BI/U d4z<t§\(2) +p§\(z)>T2(z) - /Bl/o d4z(t§\(z) +p§(z))r§(z), (239)

rie
0= [ ARG (ol < o) (RW)

2= [ ARG (o> o) (RW)

PaccmoTpum Gostee Ioapo6HO HocTeaHne 1Ba nHTerpata u3 (239). Yunresas ssublii Bu byHKImn th (2)
B obnacti R* \ By /., ee MoxkuO samenuts Ha A(0) R (2). Taxmm o6pasom, myeem

A4\B d4zt9(z)r/<\(z) = A(o) /]1{{4\3 d*z Rg(z)rﬁ(z) (240)
1/o 1/o
A [t [ ARG (s ol <1/0) (Raw)

e GBLT HCIOIB30BaH TOT (haKT, YTO IPeIeIbHBIH HHTerpaJl cymectyeT?!, a momnpaska, mpu JOMHOMKEHUI
na L He maeT BKJIA/Ia B CHHTYJISIPHYIO 9acThb. [Ipomoskast, 3ameTnM, 4To supp (pé\()) C Bi/g+1/a, HO3TOMY

/ d*zpd(2)rd(z) £ 0.
Bi/o41/a\B1/s

IIpoBo/isi TOXOXKHE PACCY2KJIEHHs], MOKHO CHOPMYINPOBATD CJIE/YIONUE YTBEPXKIEHHsI O ITOCJIe/THEM NH-
rerpaJie B (239). OHn umeroT BuJ

I

/ Az td (2)rd (2) 2 A(0) / d*z Ry (2)r (2) (241)
Bi/o Bi/o

"2 A(0) /Bw d'z /BW 'y Bo(2) o=+ p)x (|2 + 31 > 1/7) (Ro(w))

413 1ech Hy»KHO O6PATHTH BHEMAaHKE Ha TOT (haKT, ITO MPU CTPEMJIEHHH Y K HYJTIO 0BJIACTH HHTErPUPOBAHMS COKPAIIAETCS,
II03TOMY OCOOEHHOCTH B R(Q)(y) HEATPaAJIN3yeTCsd, U UHTErPaJl CXOLUTCS.
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/ d4zp/2\(z)r/>\(z) P,
Bi/o

Ocrajsioch 3aMeruThb, 4T0 CUHIYssipHble dacTu B (240) u (241) paBubl Mexuy coboil. [leiicrBurenbHo,
TIepBbIil MHTErpaJl epexoIuT Bo Bropoii nocie nepecranoskn Ro(z+y)x(|z+y| > 1/0) u Ro(z+y)x(|z+
y| < 1/0) u casura nepemennoii. CileI0BaTe/IbHO, CHHTYIISIPHBIE YACTH B IOCIEHIX JBYX CIAraeMbIX
(239) coxparar Apyr Ipyra, U OKOHYATEIbHBIH OTBET NPEACTABUTCS B BUJE

Lio(o) "215(0) + A(0)I3(0) — A%(0)

L3 L2as(F)
48(4n2)3  16(4n2)3
L (—1—4al(f)+20¢2(f) a4(f)—|—045(f)>.

S.

1ES]

+

T 32(472)2 2

472
OTmeruM, 9TO B II CIIIOJIOZKCHUAX CEKIINN 4.4 BepHO cjieayrmriiiee paBeHCTBO
) y p
19(0') = 110(0'>.

IToncuer unrerpanos 11 (o) u I12(0). Ilpugep:kupasich 00IIel JOTUKN, HAYHEM C TTOCJIEIHErO CIIydast.
Bocnosnbsyemcs npeacrasienusavu (218) u (219), Torma uHTErpas MEepernuchbiBAeTCI B BUIE

Lis(0) = / a'y R} () (p ) + B (9) — AR W) (P (0) + 1)),
1/o0

BoubmunacTBo ciaraeMbix mn3 Pa3JIOKEHNA aHAJU3UPYIOTCA YIOMAHYTBIMU BBIINIEC METOIAMMU. l—IOSTOI\’Iy7
OITyCKasl U3JINITHUE HO,HpO6HOCTI/I, npeacTaBUM P COOTHOITIEHUIA JJId CUHTYJIAPHBIX CJIaraeMbIX

/B d*y R (y)p5 (y)pt (y) =0,
1/c

sS.p. L S.p. La f
/ 'y RG (u)ps W () = g5 d*y R (y)ph (y) = 852 ),
Bi/o T JBi/, 7T
/B dty RA ()13 (n)p () "2 0,
1/0
wp. L 2 op. Las(f)
d4 A —A A A D d4 A A b 5 )
/ AR (- ADRW) 2 s [ ay(R) phw -5

Ocrasocs 01HO ciaraeMoe, KOTopoe yI00HO BBIYUCINTE ¢ HCIOJIL30BAHUEM sIBHOTO Buja GyHkuuii (220)
u (221) u ¢ pasbueHneM 006JIACTU UHTETPUPOBAHUSI HA JiBe YacTH. 11ociie 3aMeHBI IIepEeMeHHO# B 06aacTu
lyl < 1/A nmeem

4 1 . (7'2/,A2 -1 . o 1 L s.p.
4(472)? 32(4w2)3 7

rJie GBLIIO MCIIOJIB30BAHO COOTHOIIEHNE
2
| aw e = [ a () n. (242)
Hanee, B obractu 1/A < |y| < 1/0 nomyuaem

1 Ve o? 1 In(so)\ (1 In(so) ai(f)\ sp
— dss( - 2+ — = sd) 2
4(472)3 /1/A SS( 2 T2 T T )(4 2 +A232)

L3 L(1 —4o4(F))
T uEn)e T 32

w
I
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CiietoBaTEIbHO, CYMMUDPYST BCE CJIaraeMble, [MOJIyIaeM OKOHYATEILHBIA OTBET B BUJIE

L3 L2ay(f)  L(1—2a3(f))

C24(472)3  §(4w2)? 16(472)3

S

I

112 (O’ )
Takke, B IPEJITIONIOKEHUAX CeKInn 4.4 BEpHO CJIEIyIONee PABEHCTBO

111(0') = 112(0').

IToncuer uaTerpanos Ii3(0) u I14(0). Paccmorpum sIBHBIN BIJT TOCTIEAHETO HHTErpaja M BOCIOJIb3Y-
emcs npescrasiaenusMa (218) u (219) ma ¢ = 1. Torga mostyamum

i) = [ a(Rw) (v + ). (243)
Bi/o

Haunewm ¢ mepBoro ciraraeMoro, B KOTOPOM CJieJIaeM MacCIITaOUPOBaHUE TIEPEMEHHbIX,

3
/BW d4y(R€(y)) P () =A2/

BA/oXBajo

ayda(Ryw)) (v + ) Ri().

Hanee samenum obnacth unterpuposanus By, X By /o Ha R**2, JleficTBUTEIBHO, 9TO MOXKHO CIEJIATH,
TaK KaK BEPHO HEPABEHCTBO

’ 1 teo ds
\ i o e (Rw) Rl - a9<f>] < s [ | i) [ et

IO3TOMY IIOIIpaBKa IIONAaeT B (’)(1 / A4). CirenoBaTesbHO, IOy IaeM
3 S.p.
[ at(R) P = as(t) + O(1/4%) 2 A%a(t).
Bi/o

Bropoe ciaraemoe u3 (243) aHaausupyercs ¢ UCHOJIb30BaHUEM NpAMOil nogcranosku (220) u pazbuenus
06JIACTH MHTErPUPOBAHUS Ha JBa pernoHa. B nmmamazone |y| < 1/A mocne MacmrabupoBaHus nMeeM

2 as(f 1 ,
A L<2(i§rQ)) B 8(47r2)3) + A%aio(f).

Hanee, B obnacru 1/A < |y| < 1/0 nomywaem

1 /1/" ds (1 In(so) n a1 () sp.  A? L n aq (f)
24m2)3 Ji 0 s3\ 4 2 A2s2 ) 2(4w2)3 \ 4 4 )

OKOanTeJ'IbHO, CYMMUDPYs BCE€ BKJIQ/Ibl, BBIIINCbIBAEM aCHUMIITOTUKY B BUJIE

S.p. AQLOL f 2 aq f
B 2(47r32()) (8(4752;3 + ao(f) + Oélo(f)>.

114 (O’)

Takke, B IPEIONOKEHUAX ceKInn 4.4 BEpHO CJEIyIONee PABEHCTBO
113(0') = 114(0').

IToncuer unrerpasnos I15(0), I16(0) u I17(0). PykoBoacTBysich obineit JTOruKoii, MOACTABAM B TIOCIIE]I-
uuii naTerpas dyuxiun (218) u (219), Torma BKIa NEPENUCHBACTCA B BUIE

Liz(0) = /13 d4y(R€(y))2(p1A(y)pf(y)+2p1A(y)t1A(y)+t?(y)t?(y))- (244)
1o
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HOBTOpHH 0a30BLIe AU O6pa6OTKI/I IIOXO2KHUX WHTErpaJjioB, KOTOPbIE ObLII HU3YyYE€HDBI BBIIIEC, CPA3y BBIIINU-
oieM pe3yJIbTaThbl JJid IIE€PBBIX ABYX BKJIAJ0B

/ d4y(R6‘(y)>2(p?(y))2 20,
By,

:f ay(BSW) PR ) 2

2
47T Bl/a
OTMeTHM, 9TO B TOC/IEIHEM cilyHdae GBLT HCHOJb30BaH ToT dakt, uro Kombunamus 4 (y) — L/(87%) B
peruone |y| < 1/0 Boipaxkaerca yepe3 dyukuuu, sasucdamme ot |y|A. TIpomoszkasi, Tperbe ciaaraemoe B
(244) ananmsupyercs pasbuenueM obJsiacTu uHTerpuposanus. Tak, upu |y| < 1/A umeem

2 2 2 209 «
4(4[7;2)2/131 d4y(f21(y)) +% - d4y(f21(y)> hy(y) = §(4ﬂ_2()f3? + L4;gf),

rJie OBLIO UCIOIB30BaHO cooTHomenne (242). Hasee, B permone 1/A < |y| < 1/0 nomydaem

d4y(36‘(y))2p{‘(y) - Losll)

1 /1/"ds 1 In(so) | ai(f)\"s L? N L2 +L(1+8a1(f))
2(472)3 J1,5 s \4 2 A2s? 24(472)3 ' 16(472)3 32(472)3

I

OxoHYATEILHO II0C]Ie CYMMHPOBaHUA OTBET IIPEACTaBIIACTCA B BUIEC

sp. L3 L?(142as(f)) L (14 8a(f)
)= 24(4m2)3 16(4n2)3 4772< 32(472)2

117(0' —+ Oé4(f) —+ (073 (f)) .

Taxk>ke, B IPeIIIOI0KEHUAX CeKIu 4.4 BEPHO CJIe/IyIoIee paBeHCTBO

115(0') = 116(0') = 117(0').

IToncuer unrerpanos li5(o), I19(0) u Is(o). Haurem ¢ nocieanero uarterpasna (211). Bocmonbayemest
onpesiesierneM (47) u nupencrasiaerusMu (218) u (219), Toria BKIIa EPENUIIeTcs B BUJIE

Lo(e) =2 [ d'y(pbwint )+ WA W) + W) + BWHG) - 2li(e).  (245)
Bl/o
IlepBbie Ba ciaraeMbIX aHAJU3UPYIOTCS C yIeTOM OOIIeil ujien, n3JI03KEeHHO BhIIIe, CJIEIYOIIM 06pa30oM
2 / d'yp3 ()i (y) = 0,
Bi/o

L
472

d4md4y(R5(x))3f11(w +y)=E M,

2 Ay p ()t (y) =
/B Ol poes

BAajoxBases
I7ie IPU TIOCJETHEM IIepexojie ObL UCIOJIb30BaH TOT (PAKT, YTO PA3HUIA OIEHUBAETCS CBEPXY HEPABEH-
CTBOM

| dtadty (RY(@))’ e+ anOaa(6)] € 5o ([ atfriw]) [ joo &

1, C yIEeTOM OOIIEro MHOXKUTEJIS, ornagaeT B nonpasky O (L / AZ). Paccemorpum Teneps TpeTbe ciiaraemoe

n3 (245)
2 / d*y 4 (y)pt(y).
Bi/o

3aech cpasy cieiyer 00paTuTh BHUMaHUE, 9T0 00jacTh |y| < 1/A cuHryJsapHOro BKJIaja He JACT, TaK KAk
B 9TOM CJIydae 1oJydaercs e MyHKIMU ¢ KOMIAKTHbIME HOcuTe sMu. Jasee, B peruone 1/A < |y| < 1/o0
dymkmusa t4(y) cocrout us Tpex wacreit

04 . 1 +A2a3(f)
8(4w?)*  8(4m*)Plylt ~ 4Aw?(y|*
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¢lcHo, UTO TIEpBBIE JIBa CJIAra€MBIX CHHTYJISIPHOTO BKJIaJa He najiyT. JleificTBUTEIBHO, TTOCIe MACIITabupO-
BaHU¢ IIePEMEHHBIX OHU MMEIOT BUJ,

ot

—— d*yd*z fi (y + 2)Ri(z) = O(1/A?),
4(47T2)3A4 /BA/O-\BI)XBA/U Y fily ) 0( ) ( / )

5 ),
4(47T2)3 (BA/a\Bl)XBA/a ‘ |

rie ObLjIa OIyIIeHa STBHAS OIIEHKA, IIOCKOJIbKY OHA aHAJIOTMYHA YIIOMSIHY THIM BhIIIE. T perhe XKe cjaraeMoe
uMeeT JPYroit BUJ, U JijIs HETO CIPABEJINBA CJIEIYIONIAas 1IeT0YKa COOTHOIIEHMIT

d4yd4 4fl (y+x)RO( ) O(l)v

f
| dyd'e — fl(y + D) RY(x) =
2 Ba/o\B1)xBy/o | |
1
~e atyata WD) (1y 4 o) < A o) () 2
2% J(Ba,0\B1)xB1 lyl

sZpOB(g) / d4 d4 (2>f1( )szp M7
272 J(Ba,0\B1)xB: [yl A

rjie Ha BTOpoM Imare Gbuia oréporrena monpaska Buga O(1). JeficTBUTENBHO, MOXKHO IIPOBEPUTH, UTO
WHTETrpaJbl ¢

(b +2)x(ly + ol < A/o) = Ri(y+)) n (Ri(y+a) ~ By())
MMEIOT KOHEYHbIE IIPeJIeJibl IPU CHsTHM peryispusanuun A — +o0o. CienoBare/ibHO, MOy YaeM
S.p. LOZ1 f a3 f
2/ atyth(ypd(y) 2 ZelDesll)
By /o 47

Iepexozist K ueTBepTOMY ciaraeMomy u3 (245), Bocrosnb3yeMmest siBHBIM BujioM dyHKmii (220) u (222) u
pas3obbeM 06acTh HHTErpupoBanus Ha ase dacti. IIpn |y| < 1/A nmeem

2 [ a1t~ ) () + i) % e +

B obmactu 1/A < |y| < 1/0 nonydaem

1/o 4 2
1 / asst( -2 1 Nas®))(1 InGo) o))
4 Juya 8(4m2)?  8(4m?)%st 52 4 2

A2s

sg. L2 L LO{3( ) Lal( ) 3(f) Azag(f)
) 2
6)

Ihs

C32(472)3  32(4w2)3  4(4x 42 4(472)0

B msitom caaraemom (245) MOXKHO BOCIOJIB30BATHCS ACAMITOTHKON (23
HOIIEHU JIjisi HAXOXKJICHUSA Co u3 (48)

u C.He,ZLyIOH_IeI/I IETIOYKOI COOT-

1 /e 1
Gy = Aty R (y)t+® :7/ d (1—21 ):7. 246
- AR W) = g [ dss(1-2m0e0) = g (246)
TOF,ZLa, OHO HepeHI/ICbIBaeTCH B BI/I,He
s.p. A2a3(f)
ol () Aaal®)
c2la(o) 4(472)o?
CyMMupysT BCe U3YUYEHHBIE YaCTH, IPUXOIUM K OTBETY
s.p. L2 L 1 013(f)
I e B _ 3y (F) s (F ).
20(9) =~z T 4772< oa(inmz ~ 2 ToaBas®) +an(f)
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B JIOIIOJTHEHHUE, B IIPEAIIOJIO?KEHUAX CEKIIUU 4.4 BEPHO CJIeyIoIee paBeHCTBO
118(0') = 119(0') = 120(0').

Moacuer R%,(0). B ramnom ciryuae HeoGXOMUMO H3YYUTh ACUMIITOTHKY HHTErPaia, BKJII0UAs CIaraeMble,
nponoprmonanbubie 1/A%. Bocnosbayemest dynkmusamvu (218) u (219), Torma

RA(0) = 2 /

Bi/o

1

- — 24
167202 (247)

dtz (R (@)1 (@) + R (2)p} (@)

IlepBoe caraeMoe CYMTACTCS FBHO MOJCTAHOBKON Bbipaxkenus (220) u pasbuenuem 06aCTU UHTEIPUPO-
BAHUS HA JIBE TIaCTU

LOél (f) 2&12 (f) 0'_2 — A_2

272 A2 A2 1672 '
rie a2 (f) onpeneseno B (231). Bropoe ciaraemoe B (247) ¢ yaerom dopmyibt (108) sIBHO BBIIHMCHIBAETCSI
TaK

2 / d'z R (2)p) () = —2 / ety £ (Bt ) - By (ko) R )+
1/o 1/AXDB1/o
w2 a0+ o).

B mocnemneit cymme nepBoe craraemMoe o MOZYJTIO OTIEHUBAETCSI CBEPXY BBIPaKEHUEM

o’ 4, |1 e
— d x‘f x D/ dss,
212 A2 </B1 1) 1/o—1/A

nosToMy 0HO nonazaet B nonpasky O(1/A%) n MoKeT GBITH OIIyIIEHO. 3aTeM, BTOPOE CJIaraeMoe ¢ yIeToM
oupenesennst (232) paBHO

Lal(f) 20(13(f)

472 A2 A2

OKOH‘IaTe.HbHO, CYMMUDYs BCE CJlal'a€Mble, II0JIyIaeM COOTHOIIECHNE

3La (f) 20{12(f) + 2&13(f) 1
A 1 3
Bn(0) = “papz + A2 © 16m2A2 O(1/A%). (248)

9.4 BcnomorarejgbHoe J0Ka3aTeJbCTBO

B JaHHON YaCTH IPHUJIOZKEHUsT PACCMOTPUM JIOKA3aTeIbCTBO CIIENUAIbHOTO cBoiicTBa (145) J1st HeJIoKaIb-
Hoit coctasystomeit PS1 (z,y) bynxmun ['puna G (x,y). Crepsa, momb3ysacs pasnoxenusvu (36) u (43),
BBIIIHIIEM €€ SBHYIO (DOPMYIly B BHJIE CyMMBI HECKOJIBKUX CJIAra€MbIX

3
PS{\(x,y) = ng(xay>7

k=0
rime
1
90(x,y) = G (v = y) = By (v — y) + Rig(w —y)m? — S Ryy(x — y)m*,
>\ 4 A 2 A
g(z,y) = -5 » d*z1 Gy(z — 21)B™(21)Go (21 — y)+
A A 2 2 m2\ A 2 2
+ 7R —y)(BX (@) + B*(y)) — — Rz —y) (B*(2) + B(y)),
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/\2

paleg) = [ dteidtes Gl - o) B0 G (o1 — 2) B (a2) G o2 — )
R4x2

)\2

— TgRh e — ) (B' (@) + B'W),

a TaK>Ke 9aCTb, 3aBUCAIIadA OT 0oJiee BBICOKHX CTeIeHeit Cl)OHOBOI‘O I10JI14

+oo k
-A
g3(x,y) = E ( 2k) / d*zy ... A%y, GY(x — 1) B?(21)Gh (21 — 22) B (22) X ...
k—3 R4XEk

X Gy — ) B (2) Gz — ).

Takoe pasbuenue ygo0HO TeM, YTO OHO NMOKa3bIBAET HE TOJILKO SBHYIO 3aBUCUMOCTH OT CTEleHH (POHOBOIO
OJIsT, HO ¥ BO3PACTAIONLYO IIaJKOCTh. OTIEIBHO OTMETHM, 9TO B JAJIbHEAIIEM UCIOIB3yIOTCS YCIOBUS
(53) mu1st BBEZIEHHOM peryJisipu3anuu. 3aMeTuM, 9T0 go(Z, y) He 3aBUCUT 0T (POHOBOIO HOJIsl U BHIYUTACTCS
B opmyiie (145) mIOTHOCTBIO K (+), IOITOMY €ero u3ydarsb He Tpebyercs. asee, npubapiisisd U BbIUUTAs
m? U pacIuchBas Pa3HOCTDL OIEPATOPOB B BHJIE

Af(x) = Ag(z) = AN (z) — A(),
MOXKHO yOeIUThCS B CIIPABEINBOCTU PABEHCTBA

(AM@) — A(x))gs(z,y) 22520

JUISl BCeX 3HAYEHWH apryMEeHTOB, B TOM UHCJe U i y = x. TakKoil mepexos, MoJIyvaeTcs 3a CUeT J0CTa-
rTouHOil Tiagkocru dbyukiuun u ceoiicr (42). Ilepeitmem k ocraBmuMes byukimam go(x,y) u g1 (z,y),
npuMenus BHauase omeparop A’ (z), a zarem omeparop A(x). B mepsoM cirydaem mosryamm

[ dte(Ar@aew)| = TBGH) - TRAOS(B] + O(L/A), (249)
R4 y=x

/W ate (AN ()1 (,)) )H — S,[B] ( - %G{}(O) + %ROA(O) - m?‘Rﬁ(O)) +O(L/A%)

—— %Sm[B]PS{}(O) +0O(L/A?), (250)

e ciaraembre ¢ RS (0) m R, (0) Bommm B monpasky.
Teneps npumennM npesenbHbil oneparop A(x) K TeMm ke dyHkiusM. Bradasne 3aMernm, 9T0 BCIO-
MOTaTe/IbHbIE HHTErPAJIbL

o) = [ atea(BRIGHG —o2) Ba)G o2 =) = BRY (= 02) B () RY (a2 =)

prr(z,y) = /R dlay (B ()R (2 — wa) BA@2) R (w2 — ) = RO (2 = 22)R) (22 =) B ),

p1s(z,y) = /R4X2 d*zidiz, (Glo\(z — 1) R (a1 — o) Ry (w2 — y)B4(y)) -
LR - ) (B0 + B)

rje 6bII0 Uenosb30BaHo onpenenerre (108), sIBISIOTCST CXOISAIIMMCST JI0 U TOCJE CHSATUS PETYIIsipU3a-
W ¥ UMEIOT KOHEYHbBIH IIpejes Ha auaroHajm z = y. st Takux pyHKIUN ClpaBejIuBbI CJIeIyOIIHe
COOTHOIIIEHU ST

=pj(z,x)+0o(1), j=16,17,
y==

(460) [ 263 = 2oyt
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A@prs(e.y)| = o(D)

=T

Takum 0OpazoM, CKIIabIBas BCe ciaraeMble, yOeKaeMcs B CIIPABEJINBOCTU PABEHCTBA

/]Rl1 d4x(A(m)gg(x, y)) = /\—2 d4x(p16(aj, x) + p17(x, a:)) +0(1)

y=x 4 R4

A2 A2
= II%((G{})Q) - 13?1(0)54[3] +o(1),

KOTOpOe B IviaBHOi wactu coBuazaer ¢ (249). Ilepexons k dyukuuu g1(x,y), yHoOHO BOCIOIb30BATHCH
oupenenenusamu (45) u (47) u nepenucaTs €ro B Buje

/R 4 d4x(A(x)gl($7 y)) ASy[B]

_ _ASumlB] / 4G (@) A@) G (@)

y=x 2

— Ry () A@) R (@) + 2m2 Ry () Ay (2) R (2) ) + O(L/A),

rjie B IONPABKY BOILIO caaraemoe ¢ Ry, (0) 6e3 mpomssogmbix. O6paTuM BHEMAHEE, YTO B HOC/ICIHEM
cJlaraeMOM MHTETPUPOBAHIE JIOZKHO MMPOUCXOJIUTE 10 mapy By Jo- Samena B Jo = R* Bo3MOXKHA 1O TOiT
Opu4uHe, 9YTO

supp(Ao(-)R§ (+)) € Byja

10 ocrpoermio, cM. (41). Hasee, mpumenstst cxomumocts A(x)Gh (z—y) — d(z—y) B cMbicie 0606meHHBIX
yHKIMI, TepenucHBaeM OTAEIbIbIE CIaracMble CJIeLyIOMmuM 06pa3oM

d*z Gi (2) A()GY (x) = PSH0) + / 'z (R (2) - m* R} (2) ) A(@)G (@) +0(1),  (251)
R4 R4
/R (R (@) - m?RB) (0)) (A@) - AM@)) (G0 (@) - BY (@) + mPRY (@)) =o0(1),  (252)
[ dte R @)(46) - 4%@) B (2) = o(0), (253)
R4
/R e (B @) A(@) R (@) — B (@) Ay (@) R () = 0. (254)

CiiefioBaTesIbHO, ¢ UCIob30BaHneM dbopMyisl (252) B uHTerpase (251) MOXKHO IPOM3BECTH 3aMEHY

A@)G (@) = (A(2) — A*(@)) G (@) + 8(x) -
= (A(w) = 4%(2)) (Rb (@) = 2R () + 8(x) =
Ao(@) (R (@) = m R () + m* R (@)x(|a] < 1/0),

rorya, ¢ yaerom dopmyi (253) u (254), BepHO paBEHCTBO

/W d4x(A(x)gl(:v,y)> ‘y:w = —%Sm[B]PSOA(O) +o(1).

SIcHO, UTO KOHEUHAsI YaCTh COBIAIaeT ¢ noayIeHHoi B (250). BbInuchiBast sBHO OIEHKHU JJIsl IIOIIPABOYHBIX
cJlaraeMblX, MOXKHO yOeuThest, uTo Bee caaraeMble o(1) Beime nonamator 8 O(1/L), orkyna u ciemyer
OKOHYATeJIbHOE yTBepxKaeHue (145).
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9.5 UYacTublil ciayvaii 6a30BbIX WHTETPAJIOB

B ceknyun 9.3 GbLIM IIOJIyUeHBI [IEPBBIE WIEHBI ACHMIITOTHYECKOTO PA3JIOXKEHHsS 110 DEryJispU3yoIeMy

napamerpy A i unTerpasos us cekuuu 9.2. Bblio nmokazaHo, 4TO HEKOTODBIE CJIATAEMbBIE 3aBUCAT OT

dynxunn £(-) 3 (41). B manHOM pasjesne pacCMATPHBAETCS YACTHBIN CJIy9ail aCHMITOTHIECKHX PA3JIo-

skenuit gy £ = 0. st sToro Heobxomumo eerancautsb ancaa aq(0)—aq3(0), em. (215)—(217) n (223)—(232).
Hadmem ¢ uX cOCTABISAIONMX U mocauTaeM byHKuo (213)

22—y

Wy = Sam2)e

e k € NU{0} u |y| < 1. Torja Gospblas 4acTh 9HCEIl BBIIHICHIBAETCH MIHOBEHHO

a1 (0) = _é’ a2(0) = i, as(0) = ﬁ’ @4(0) = m
1 1 1 : 1
0s(0) = L 05 (0) = R a10(0) = B ai1(0) = B a12(0) = ™A

Eme dersipe uncia HeoOGXOAUMO TocuuTaTh oresnbHo. Haunem ¢ a3(0). Taxoit uaTErpas yao6HO HaX0-
JUTH C UCIIOJIb30BAHUEM IIPEIBAPUTEILHOTO IIEPEX0ia B UMITYJILCHOE MpeicTaBeHne. HamoMHnM HEeCKOTh-
KO 6a30BbIX hopmyir, cM. [32], KoTopbiMu Gyi1eM HOIb30BATHCS

2J1(|=])

% d32 eiwué“ —
272 Jgs ||

1 elen 1 en?" 2.71(|2))
Ry(z) = d'z ———, R :7/ ! T
o) = Gyt [, 4% s o) = e [ T

rae Jn(-) — dynkuusa Beccenst mepsoro poma. Torma, nepexojist B UMILYJILCHOE IIPEJCTABJICHUAE B [IEPBOM
unaTerpasie (232) u ABHO cUUTAg BTOPOIi, II0JIy4aeM COOTHOIIEHIE

O3

C 4r2’

)

0413(0)

rJle UHTerpaJt

too g5 /2 2 5
O3 = = ZJ5(s)=1) Ji(s) — — = —0,01122021 + 1078
13 /0 o (s 1(s) ) 1(s) 192 )

MOXKeT OBITh HAMJIEH YUCIEHHO C 3a/IaHHOI TOYHOCTHIO. IIpoBO/Is aHaormyHble pacCyzKIeHUs, MOYXKHO
[IOJIYYHTD CJIeAYIONnii HabOp PaBEHCTB

ar(0) = (4(7?;)3, as(0) =

B9
(4m2)3”°

rae

05 = /Om ds (iJl(s) - 1> J1(s)(ex(s) + ea(s)),
o = /0+°° S (iJl(s) - 1) (e1(s) + ea(s))’,

Og = /0+°° ds (iJl(S) - 1) J1(s)(e1(s) + e3(s)),

e1(s) = /1 dt 2 (st) = 228).

0 S

oo qe s39F3(1,1;2,2,3; —s2/4) — 16s1n(s/2) — 8s(2y — 1)
ea(s) = /1 t—2J1(st) = ( )32 ,
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ea(s) = 768

3mech v — mocrostHHast Jitsiepa—Mackeponu, u o F3 — runepreomerpuveckas ¢yHkus. Vckombie yucia
MOTYT OBITH ITOJICUUTAHBI YACIEHHO U MMEIOT BT

/+°° dtJ (st) = —s99F3(1,1;2,3,4; —s?/4) 4 485% In(s/2) + s3(48y — 60) + 192s
1 .
1

O5 = — 0, 04298947 + 1078, (255)
O7 = —0,02667863 + 108, (256)
Q9 = —0,02771715 £ 1078, (257)

OxoHvaTebHO, B npeanoaoxennn f = 0 acumrnroTnyeckne pasaoyKeHus JJIsT UHTErPAJIOB U3 ceKuu 9.2

MOZKHO IIepenmcaTb CJICIyIOoNInM 06pa30M

1 L 1

(o) = I5(0) = (47:2)2 <L8 + % + 96@;61) +o(1),
10) = s (B - ) ol
1 (I} L2 L(19205+1)
15(0) = oy <24 “®mT T m > +0Q),
to0) = s (7 + ) + O
1 3LA*  A%*(31+41920;7) Lo?
l7) = oy (_ 6 192 - 8) +0Q),
2
10) = s (— 5+ 15 ) + O,
3 2
19( )_IIO(U) (47:2)3(_51/8_&_[/(1—5?58(—)5)) +O(1),

3 2
I(0) = Tua(o) = g (- 51~ 55+ 1) + O

Lis(o) = Tia(o 47T2 <3LA A% (1 J1r91292®9)) o),
115(0‘) = 116(0') = 117(0') = (4732)3 (é/z + 33%2 [/(1—2;18@5)) + O(l),
2
Lig(0) = Lo(0) = I20(0) = mlg)g(_ % - 1418L> +0(1).

Taxkeke, mocegaUN HAOOP MOKHO JOMOJTHUTD CJIEIYIOMNM ACUMIITOTHIECKUM PA3JIOKEHUEM, CM. (DOPMYILY

(248),
3L —5+ 4803

Ré\O(O) = Ré\l(o) = Ré\Q(O) = 78(471'2)/\2 + 24(4772)A2 O(]‘/Ag)
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9.6 KomOuHaIuyu KOHCTAHT CBSI3U

O6o3HaveHust /Jisi TIePBOii METJIN.

i — i i — qij1d2 ) ri1d2

1,1, =97 T1,1,2 =49 M )

i1ty yi1925] i192 112 172102 t1l2  __ yi1i25172 ) fi1d2

T1,2,1 =A ) T1,2,2 =9 g ) T1,2,3 =A M7z,

t1i293 __ \i192j1j2 ,j1]2%3 11920384 _ \i192j172 )\ 1521374

T = A g . TP = A A .
HaYeHUusl OJid BT 1 meTiu.

O6o3Haue opo

Kombounanun nist B; :
7 — \%J1J273 ,d1J273 ) 1515273 pJ1d2J4 £\ fI3J4 1 — tJ1J2 4J1J374 4029304
2,1,1 = A g ) 421,22 = =A g M7, 2,13 = 9 g g )
i — tJ1J2 \J1J273]3 i iJ1J2 \J1J2J3]a ]3]4
T2,1,4 =9 A y L215=49 A M
i _ tj1j2 p L2 7 _ jJ ZJlJz J1]2
T2,1,6 =9 Mr,1 ) T2,1,7 =9ri T2 1,8 = 9r, M
7 — 102 \fi1ds §I3J2 % _ ij1j2 §J1J2
T2,1,9 =49 M 67’,1 » L2110 =9 5r,1 .

Kombunanuu nia B;, B;, :

z1z2 — \41J1J273 \J1j2J3%2 i1tz yi1j1J243 \J1J2dat2 £ i3da
T = A A | TRz, = A A M,
t192  __ yi1927172 4J17304 4J27374 i192  _ _d1j152 ,d17374 \J2d35at2
T2,2,3 =A g g s Togs=yg g A )
1112 11%2J172 \J1J2J3J3 l1l2
T =)\ A , T

— t1J1J2 \J1J2J374 5J374%2

=gEA g7,
Tnzz _ >\i1i2j1j2>\j1j2j3j4Mj3j4’ Télézg _ )\“i2j1j2M311j2,

2, ,
2 j1721 i1% 111 i1

T;1;29 — gT1j1]2gj1j212’ Tz12210 — /\ 1 23]7 T121§211 — )\ 1 2]1]2M]1J2
i192  _ \i1i2j1J2 A\ fJ1d3 KI3J2 1112 i1j173 t2732 SI1J2 i192  __ yi1i2j1j2 sJ1J2
Ty, =A M 67",1 » Toghis=9 g 5 » Togha=A 5r,1 .

Kombunanuu nna B;, B;, B;, :
T111213 - giljljz NJ1dsjatz /\j2j3j4i37 T121,§2;3 — /\iliﬂljzgjlj'sj4/\jfzjsju's7
T;éz’és _ )\ili2j1j2>\j1j2j3j4gj3j4i3’
Tgigz:ia _ )\ilizjljggi’lijéi.?;v Tgl,?yéa — )\;Lg{le,]égjljzig’

i192i3 _ yi192j1]2 ,J2313 §J1J3
Ty 3% =A g 5r,1 .

Kombunanun naa B;, B;, B;, B;, :

Tlélizisu — )\i1i2J1]2 )\J‘1j3j4i3)\j2j3j4i47
4,

Téli?'?u — )\i1i2J1]2 )\jlj2j3j4)\j3j4i3i47 T11121514 Ai1;2jlj2Aj1j2i3i4’

i1igizgiy _ )i1i2j1J2 \i3iaf3j2 §I1J3
Ty 22 =A A 6,57

O6o3HaveHus IJisi TPeTheil meTJiu.

KomoOunanum nast B; :

_ ~2]1]2Mj1j2 i _ )\iﬁjzja J1Jajs ,jadsje ,J6J273

3,1,1 =91 rl o +312= g g g

{ ~ij1J2 (j173Ja 5927354 i — \iJ1723 4d17274 )\ fI3T4
T513=0,1"9 g s Ts14=A g MY

64



515 = /\ijljmgz,lljzje’a 516 = )\iﬁjﬂ?»gﬁjzjg’
3,177 = )\ZJ13233934J2J3MJ1J4 é,l,S _ )\iﬁj2j3gj4j2j3Mj1j4
, 3,1710 — )\ijljzj3)\j2j3j4j5gj1j4j5
A\W1J273 >\j2j3j4jsgj6j4j5 MIris

T§”7179 — gijljzgj1j3j4giffsj4
Tg,l,ll = T371’12 _ gij1j5gj1j2js )\jzjsj4jsgj6j4j5
Té,l,lB — gijsjﬁgjlj’zja )\j2j6j4jsgj1j4j5 Tg,1,14 — \W1Jz27js )\j2j6j4jsgj1j4j5 JVEED
3,1715 — )\W1j27s >\j2j3j4j5gj1j4j6 MIsJs Tg,1,16 — gij1j2 N\J1737ads /\j2j3j4j5’
Té,l,l? = gijljz )\j1j3j4j5 )\j2j3j4j6 Mj5j6 T3 1,18 = 9””2 )\J1]3J4j5 )\J6JSJ4J5 MJ2J6
i 1 1g = NI gnisds giviads giaisde | | o giids yiagaiss
T371’21 = Z3132)\JIJ2J3»J4]\/[JSJ47 T3’1722 _ gwuz )\]1]4]3J3M_72_]4

Ts25 = gijlszg,lzﬁv 51,24 = 9?57 T5 105 = 9y JUQMJID
Tg,l,% — gijljzézjzjz, é L7 = 1']’1]’2]\4]’2]‘3]\45732]‘17 ?’),1,28 _ gijljzéijgjsthS,
Té,l,zg _ )\1’]’1]42]'3gjzj?,j457;)11]'47 Té,l,:}() — )\ij1jzjsgj2]'3j4 (Mjljsgiiﬂ + Mj4j5(§£f’1jl)7
T§71,31 = )\ijljzjzgjsjsjl WWEREE S£}j4 :2’371732 _ gij1j2 gj2j3j4gj1j3j5 573;751]'4’
T§’1,33 _ gijljzgj2j3j4gj5j3j4gi?j1 3)1’34 _ gijljz 57{711]3 Mj3j457jn'j11jz’

Ts 1,35 = 91]1]253”3(533“, é 136 = gUlJ2MJl]35]3]45]432

Té,1,37 = g MR NI G T ) g = g6
51,30 = Jr sz”“é““, S 140 = Uthth&]l]s.

Kombunanuu nisa B;, B;,

Tglézl _ S\ili2j1]2M.71.72 T2112 ~i1j1J2 ~Jj1j2%2
< 7/.7 ?

3,22 = 9r i rl s
1122 — \i1J1J2J8 1745 4iad5d6 )\t2273]6 i1l \i1j1J273 \i2J174]5 ,Jadsde 552037
T =\ g g A T3 24 = AJ17233 ) ]1]4J5gJ4J5]69J2J3J6
;
T i1 2 )\7«1]1]2]3‘9]1]4]0)\12]4]0]69]233]67 Tél,?ﬁ — )\111112]3)\121112]4M7J_,i’>1]4
2122 i1j1j2J3 ,j1j2]a 5927374 1112 _ J1j2J3 ,J1j204 \t1%273874
T =\ g gr,l , T — gJ1]2JSg]1]2J4)\T’1
1112 i1J1J273 \42J1J273 i1i2  __ yi1j17243 \?2J172J4 ) ri3j4 1172 i1i2j172 ,d134 4020374
T =A >‘r,1 , T3 3,2,10 — A Ar,l M7 Ty 32,11 — =A g 9ri " s
31321 _ 911]1]2911]334)\12J2j3]4 T1112 _ gl1j1j2gj1j3j4/\i2{'2j3j4
1< T)
T§1§214 — )\iljljzj3)\j2j3j4j5)\i2j1j4j5, T?;zls — \i1did2ds \j2dsdads \i2dedads ) fi1de
1< 1 < ?
i1t oi1j1]6 410203 V243405 \i2d6J4d5 i1z _ yiii2j1je d1J203 \J2Jsd4ds5 d6dads
T3,2,16 g g A A ) T3,2,1 =A g A g
Télézls = )\i1i2j5j6gj1j2j3Aj2j3j4j5gj1j4j5 T??lg = gi1j5j5gj1j2j3)\j2j3j4j5)\i2j1j4j6
12, 12,
T31222 j— )\7‘1]1]2]3)\]2]3]4]59]1]4]6912]5]6 Tf‘?)l,;?Q]‘ — A11]1]2J3A]2]3]4]5A'L2]1]4]6MJ5J6
T§1§'222 — )\ili2jlj2)\jlj3j4js)\j2j3j4js, T?;Q% — \bi2d1d2 \J1Jsjads )\i2dsi4de ) [isie
1<y 1 <y ?
t1i2  _ i1j1J2 \J198Jads \J2J3Jade gi2ds5d6 i1t yi1j1j273 )\i2j1d4d5 jdadedz 430506
T3 =9 A A g T3l5%s = A A 9 g
Tilig

— \iti2j1j2 \J1J273]3 i1ia i1i25152 \J1J27354 ) rizja ivia  _ od1j1j2 \J1J20304 jizdsda
3,2,26 A )‘T,l , Ty 3,2,27 — =A )‘r,l M Ty 3,228 = 9 )\7‘,1 g )
t192  __ yi1i2j172 \J1J4J373 )\ ri2da i192  __ _41j1j4 4i2j2]4 \J1J2J373
T3,2,29 =A >\r,1 M T3,2,30 =g g >\r,1 )
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i192  __ yi1i2j1j2 A sJ1d2
T5'o% = A M;57,

i1de  __ _d1j1j2 t2J102 12 lllzjj
T3,2,32 =9 9r2 " T3233 = )‘
d192  _ yi41%2j1J2 ) ri12 i1i2  __ yi1i251j2 §J1J2 i1i2  __ yi1i2j1J2 ) fi2ds | 731
T5'5%0 = Ao M7z Tyl = A 057, T3’ = A M7 M5,
i192  __ _i1j1j2 G227 7 fI8J1
T372,37 =9 g Mr,2

)

Tél,;%38 _ )\i1i2j1j2Mj2j35i32jl7 Télézj?)g — gi1j1j2gi2j2jséi’32jl7
T§1§240 _ gJ1i1jzgj2i2j3 Aj3j4j5j6Aj1j4j5j67 T?’;z,zu — N\iiizfz | ri2js \Jajadsie >\j1j4j5j6,
']:‘131’;2742 _ )\iljljzjsgi?ljél)\jljzjdz’ Tgléz:43 _ )\iljljzjs)\j1j2j4i25£?1j5Mj5j4’

T§f§f44 _ )\hjljzjz)\j1j5j4i25£721j5Mj3j4’ T?é?45 _ )\i1i2j1j2Sg;’lljsgjsjshgjzjajz;’

T§>,1;24 — )\iri2dija gi’SlJS gjljajzxgjzjsj47 T“; 7 = giljljz Si’llﬁ gj5j3j4 )\j2j3j4i27

T§1;24 _ giljljz 83:’217-5gj1j3j4 )\jsjéju’z7 T?,?Ag — giljljz Si?f5gj1j3j4 )\]’2j5j4i27

Tgl’;’zﬁo — gi1j1j25£?f35£’11j4gi2j3j47 Té,l,g‘jf)l — Ailizjljzgi?f4Mj4j35Z}f3’
Tulz — )\iri2dida 5J233 §J1J3, T?,é?m — )\fri2ddz gijlljs szj4g£,11je»7

i1de  _ _d1j1j2 §J278 §J8J4 i2j1]a i1 1424172 )\ fi2d3 \J1J3dajs §JaJs
T325 =9 (Sr,l (Sr,l g ) T 255 =A M A 57",1 s

i1i2  __ _d1j1j2 4i2J203 \J1J3Jads §I4T5 i1i2  _ Yi192j1J2 $i12
T3,2756 =g g A 5r,1 ) T3,2,57 = )‘r,l 5r,1 )
1192 Z112]132 .71.73 Js]z 9112 i1J1]2 J1]3 ~i2j3]2 9112 1112J1J2 ]1]3
T3 2,58 — >‘ 5 M ) T3,2759 9ri 5 9r1i T3 2,60 — )‘ 5 M731,

Kombunanuu pgina B;, B;, B;, :

i1i293 __ 11123132 ~i3J1J2 119203 _ \i1J1J273 ,J1J475 \Jadsdeiz \J6j27ais
T3,3,1 )‘ 9ri " T3,3,2 =A g A NT6I29315

19293 __ yi1j1J273 \i2d2030a fi3Jad1 iviziz _ _j1j2j3 \i3j2737a \i10274]1
T3,3,3 =A A 9ri T3,3,4 =g A )‘7‘,1 )

s N S S A 1o
T31,3%53 = \'1J1J2J3 )\1721]3]4 293134137 T 1 263 _ )\1112]1J2931J3J4)\33]4J213

3,3,

Tgl,;j;s _ )\ilizjljzgjljsj4 )\1?13‘4j2i37 Tgléjgs _ )\iljlj2j3gi2j3j4 \Jadsiets Ajsjs]&jz7
Tél,?f; — gj1j2j3Ai1i2j3j4Aj4j5j6i3Aj5j6jlj27 Tél,izfi% — gjlejSAj3j4j6i3Aj4j5ili2Aj5j6jlj2’
Tg?is _ )\i3j1j2jsgj3j4j6 N\Jadsiriz )\jsjsjljz’ Tgl);ji?é — )\i1J1J2J3 )\jsj4j6isgj4j5i2 /\jsjsjljz’
T??ig Niri2j1dz )\jljsj4j5gj5j6i3 /\jesj4j3j27 Tiv,l,;zfﬁ — )\i1i2j1)2 \j1jajads /\jsj4j3j6gj2j6i37

14243 1171J273 \t2J274J5 \i3Jaj176 ,d3)576 Z11213 i1i2j1J2 \J1J2J3J4 j3jat
’:["3 315 )\ )\ )\ g , T )\ Jig )\’r‘,l gﬂ3j4 3’

J1J2%3

i19283 __ yi1i2j1]2 4J27413 Y\ J1J4J3]3
T =A g )‘r,l 9r2" s

izt Ti1i2i3 — )\i1i2J1]2

’ 3,3,18

114213 i192J1J2 ,j1j213 111213 i1i2j1J2 ,Jj273%3 | fI3J1 i19283 __ yi1i2j1]2 ,j27313 §I3J1
T3 3,19 — /\7‘,2 g ) T =A g Mr,2 ) T3,3,21 =A g 5r,2 )

Thlzla _ giljljz /\j5j3j4i2 Si’lljS )\jzjzjzﬂe,7 T?’?’é% — giljljz \J1J3datz Siﬁ% )\J'zjij'sﬂe,7

T??;i )\nlzh]zgjsjsh 5]1]5 )\jzjzjus T“?é% N\i1i27172 gj1j3j4 57{’21]5 )\jsjgjué7
Tf{éfé% — )\ilizjljzgjljsjziggjll]% )\]'2.7'3.751’37 T“?;‘; )\1112]1]2gl373]45h]35]2J4
Tgl,;f%% — )\1'11’2]‘1]‘2gi3j1j4gg;?lj?»('53;:%1]'47 T111213 )\ilizjljzgisjzj?, )\jljaj4j5Sg;jlljﬁ7

T??;ﬁ% \iri27172 gzsjzjs 5]3]1
23,

i1i293 __ lﬂz]l]z i3j273 §J8J1
, T )\ g e

3,331 —

Kombunanum nna B;, B, B;, B;, :

TIZSI,ZFM — /\rflﬂlh /\7:?14J1]2’ T?’ZESM — )\ZIJIJZJS)\14]1.]4.]5)\]4]5.]622)\]6]2]323’
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i1i293%4 __ yi1j1J273 \i2J243a \i314Jad1 1929384 __ yi1j17243 \J2J3J4%2 \iaj1]al3
Ty = A A A s T2 = A A A )

119293t __ Yi1J1J2J3 )\ 9294734 \JaJs576%3 \IsJ6T12 i1%283%4 _ \i4j1J2J3 \J3Jajeis \Jadsiriz \Jsiei1d2
Tyiots = \iadijals Niziadsia \ujsios Njsdedia Tiisis — Niaiijads \jsjusis \ajsiria \fsioiiiz,

)

i1i29314 _ \i19271J2 \J1737475 \J5i6isia )\ Jejadzi2 i1i29314 _ Yi19271J2 \J1J37475 \J5Jadse \J2Jeizia
Tz = ) A A A B R UL LN A A :

t19213t4 __ Yi1J1J2J3 \i2J25475 \i354J1J6 \J3i5T6%4 1929384 __ yi1i2§172 \J1J273J4 |\ Jajaiszia
T37479 = A A 5\ AI3J5 ,T3,4710 =\ )\TJ A ,

1924374 _ Yi1%2j1)2 \J2j4t3is \J1J4T873
Tiriaigia = \iniadiia yiziainis \J

91920314 __ \i1i2j1J2 \J1J2%3%4
3,4,11 T =A Ara

> 13,412

)

11929384 __ yi1i2j172 )\ Jegsizia | I3J1
T — Niri2du2 \J2dsisia I

1924374 __ yi192j1]2 \J2J3i3i4 §I8J1
3,4,13 T =A A ;%

> 13,414

)
1929394 _ yi1i2j172 §J1J5 \J5j374t3 Y2 3jata 11928394 __ yi192j172 \J1737413 §T4T5 \j2j3ista
T2 =A 0,47 A® A s T3l = A A 0,57 A )

1929374 _ Yi1%92j1J2 \J3jat3ia $I173 SJ2]4 i1928394 _ Yi192j172 \J1J4i3i4 §J2738 $I374
T3,4,17 =A A 67“,1 67“,1 ’ T3,4,18 =A A 51”,1 57",1

)

1929374 _ Yi1%92j1j2 \i3%4J23 \J1J3Ja]5 §I4T5
T =\ A A 5r,1

11928394 _ Yi192j172 YJ1J313%4 $j273
3,4,19 T =A Ard 4

» 43,420 ri -

9.7 JlokajbHBIE YacTU AJISA JAATPAMM

O6061enne ais \2d; uz (60)—(61):

i i i 1 i1
SilB)(2L(0)Th 1 1 — BLa(0)Th 1 » = 3la(0) T 1 5) — =Sivia [ Blls(0) T3+

+8Siyi,[B] (14(U)T21,2%1 - 312(U)T21,2?2 - §IS(U)T21,2?3 - 613(‘7)T21,22,4)+
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