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PaCCManI/IBaeTCH OJHOMEPHadA KBAaHTOBOMEXaHUYIECCKad 3a/1a4va pacCedHud, olpeaedeMad raMuJIbTOHUa~

HOM ¢ cuMmMeTpusMu. [loka3bpiBaeTcss, YTO pacCMOTpEHHE CHMMETPHU B IyXe TOMOJIOTHYECKON aaredpnbl mpu-

BOOUT K HOBBIM O6bekTam, obobmaromum 1- u K-MaTpuubl. TH HOBbIE OOBEKTHI OOBLEIMHEHBI CO CTapbI-
Mu BHYTpH guddepeHnuaia, IopoxKIaeMOro TOMOTOINYECKUM TPpaHChEepOM B3aUMOJECHCTBUSA U CUMMETPUI,
MEeMCTBYIOMNX Ha PEIeHUusX CBOOOAHOM 3amadu. Takmm oOpa3oM, HOBbIE U CTapble OOBEKTHI YAOBIETBOPSIOT

UHTEPECHBIM KBaJIPATUYHBIM ypPaBHEHHUAM, HETPUBUAJIBHOCTL KOTOPBIX JAEMOHCTPUPYETCA Ha IIpUMepe cylep-

CI/IMMeTpI/I‘IHOﬁ 3a/1a"1 Ha OKPY2KHOCTH.

DOI: 10.31857/51234567823070017, EDN: jfgnqc

1. BBenenue u pesynbrarbl. Paccmorpum Hepe-
JISTUBUCTCKYIO OJIHOMEPHYIO KBAHTOBOMEXAHUIECKYIO
3aJ1a9y O YACTUIE CO BHYTPEHHUMU CTEMEHSIMU CBODOJIBI,
TaKUMU KaK CIIUH WJIM U30ciuH. [IpocTparcTBO coCTOSI-
HUI 9aCTUIBI OMUCHIBACTCSA TEH30PHBIM ITPOU3BEICHUEM
upocrpancTsa Gynkuuit Ha npsmoii (R) uin Ha OKpyK-
noctu pamuyca R (SL) u xomeunomepnoro npocrpan-
CTBa BHYTpPEHHUX crereHeil cBoboapr I. ['amunbronnan
npencrasuM B Bume H = Hy 4+ V, tme Hy — c60600-
MO 20MUADMOHUGH, JTEHCTBYIONI Ha (DYHKIMH Kak
—02, a ma I jeiicTByOMUil TPUBHATLHO; U V — 63aUMO-
deticmeue, Mmensiomee I, n Kak 0600mMeHHasT (DyHKIIAA
HUMeoIee

® OrpaHUYEHHDIH HOCUTEIb (11 3a1a9u Ha R);

® HOCHTEJb ¢ Mepoii MeHblne 27R (/y1d 3ajaun Ha

SE).

Mpgr1 OyieM perarh 3a1a4y 1epTypoaTuBHO, T.€. HAUHEM
¢ perieHust CBODOJHON 3a/[a9i U PACCMOTPUM COOTBET-
CTBYIOIIlee PellleHne TIOJIHOM 3a/a4Uu KaK PsiJl 110 B3auMO-
neticrButo. [ToCKOIbKY HAC MHTEPECYIOT pEIeHus CBO-
6oaHOIt 3amatu ¢ PUKCHPOBAHHON dHEprueit F, ymooHO
OIIpeJIeINTh CABUHYTHII raMusibTonnal Hy g = Ho — E.

Pacemorpum 3amagy ma R. Marpuunsiit sjaemenT

nepmypbamuenoti T-mampuyvbs MeXKIy HOBYyMS CO-

D CM. ZONONHATENBHBI MaTepnan K JAHHOH CTaThe Ha caifTe
HaIero XypHaJjia www.jetpletters.ac.ru
2)e-mail: aslosev2@yandex.ru; optimus260@gmail.com
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CTOSIHUSIMU HENIPEPBIBHOTO CIIeKTpa ¢ sHeprueii F
|va), |¢g) € ker Hy g onpenensierca kax

T.o = (sl T|pa) = (1)
= <805|V + VGcausV + VGcausVGcausv + P |90a>7

rie Geaus — npudurHas gynryus I'puna

— 7 _ s =1
Gcaus - 61_1>%1+(E H() + 15) . (2)

Kaxk u3Bectno, T' siBisieTcst epTypOATUBHBIM PEITEHU-
em ypasHenus Jlunmana-I1Isunrepa Ha (HemeprypOa-
tusHyo) T-marpuiy T7P:

T™ =V 4 VGeausT™. (3)

B cBoro ouepenp TP, kak u dyHKIMs ['puHa 1M0JIHON
3a71a91
Gl — fim (B — H +ie) !, (4)
e—

COJIEPKHUT B cebe BCIO MHMOPMAIUIO O PACCEAHUH HYaC-
THUII, & TAKYKE CBA3HBIX COCTOAHUAX (CM., Hapumep, [1]).

ITycrs g — (cyuep)asrebpa cummerpuit H ¢ reaepa-
Topamu Sg:

[Sav H] =0, {Saa Sb} = f;lbsdv (5)
rie {,} o6o3HAUAET CYNIEPKOMMYTATOD. 3aMETUM, UTO
caM TaMUJIbTOHUAH TOXKE SBJISIETCA CHUMMETPHUEil, I0-
ckoibKy [H, H] = 0. JIoru4HO CIpPOCUTDH, KAK CUMMET-
pUM TaMUIbTOHNAHA OTPAXKEeHBI B cuMMeTpuax 1P wim,
10 KpaiiHeit, Mmepe B cumMeTpusx 1.
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B aToit paboTe MBI TOCcTapaeMcs OTBETUTH Ha TOT
Borpoc. st popMyJIMpOBKY JOBOJIBHO HETPUBUAJIBLHO-
r'o OTBETa HAM IOTPeDYETCsI BBECTU HOBBIE 00BeKmMbl, HE
PACCMOTPEHHBIE paHee B TEOPUH PACCESTHUS, HACKOIBKO
HAM U3BECTHO. MBI TaKKe MOKaXKeM, 4TO 9TU 0OBEKTHI
CBA3aHbI KBaJIPATUYHBIMUA COOTHOIIECHUSAMU. B Halmem
TEKYIEeM MOHUMAHUU, 3T OOBEKTHI MOYKHO MOJIYYUTH
u3 3ajaun Ha S}, B npenene R — co. Mbl npemomnara-
eM, YTO UX MOXKHO OIIpPEeJe/IUTh U cpa3y Ha R, HO Ha
9THUM CIIOCODOM MBI €Ille PabOTaeM.

s magasa, or T-marpursl mbl nepeitmem k K-
matpuie (cM., HampuMmep, [2]), omnpeenseMoii cOOTHO-
IIIEHIEM )

K=T+——TK. (6)
2VE

ITpumep. Paccmorpum V(z) = Ai(z). T-marpury
JIEFKO BBIYUCJIUTH 110 JIF00Oi 13 (POPMYJI BBIIIIE:

T(p,q) = ——, (7)

rme kK = VE, a OT BHEIIHAX MMITyJIbCOB 33BUCAMOCTH
uer. ITo dopmysie (6) Mbl mosIydaem

K(p,q) =\ (8)

K okazajrace paaa V', 94T0 B 00111€M ciIydae, pa3yMeeT-
cs, OyJIeT He Tak.

Psiyt reopun Boamymiennit jyis K nosyqaercs us (1)
3aMeHoit mpuwauHHOi QyHKIuM ['pumHa Ha QYHKIUO
I'puna crosiueii BOJIHBI.

3areM MBI BBeZleM 0YXu, COOTBETCTBYIOIINE CHMMET-
pusMm. yxu ¢* — 9TO KOODAMHATHI HA § C U3MEHEH-
HO#1 werHOCTBIO. IIpome roeopsi, ecim S, 4YerHas, TO
c® HedeTHbIN, 1 HA060poT. HevweTHbI qyX, oTBEYaIONINii
raMIIBTOHUAHY, 0O03HAYNM C, & OCTAJIbHBIE JTyXu 000-
3HAYUM C°.

OxasbiBaercsi, K cyTh OJHAa M3 KOMIIOHEHT -
depennmana Qing, JAEHCTBYIONETO0 HAa IPOCTPAHCTBE
ker Hy g @C|[c*, R™]]. [lepemennas R~! uernas u nupu-
XOJUT U3 33249l Ha S}%, pas3bupaemMoil B CeKIuax 3.2
u 3.3. KBagparudmbie ypaBHeHUs K€ UMEIOT BT

i2nd =0. (9)

Ilepeitmem kK mocTpoeHmnio Qind 3 cuMMmeTpuii. Mbr
[IPEJIIIOJIAraeM, 9TO, MOJ00HO raMUJIBTOHUAHY, KaXKIasd
cuMMeTpus S, pas3lesisieTcs Ha JBe JaCTH:

Sa = SO,a + Sl,a; (10)

rie So,q — CUMMeTpHs CBOOOIHOI 3a1a4u, a S1,q — 0000~

IeHHasi PYHKIUS ¢ TEMA YK€ YCJIOBUASIMA, ITO 1 HA V.
Temepp MBI KOHCTPYHPYeM (Jind € TOMOIIBIO IPO-

HEJYPBL 20MOMONUYeck020 mpanchepa (IPUMEHsIETCS B

ceknuu 2.1, mogpoGuee cM. [3| u [4]). B Buge psga mo
nyxaMm auddepeHnuan umeer BuL

Qind = 5 fhc*0a + c*Sa(R™Y) + " Sup(R™1) + . ..
(11)

B HYJIEBOM ITIOPAJKE 110 R71 BTOpOE CJlaraeMoe B pa3-
JIOZKEHUU COIEPXKUT BCE CUMMETPpUUN Ho, Cy}KeHHI)Ie Ha

kerHoﬁE

0 a a
Qi(n()i = %fgbc Cbac’d tc Soﬂ‘ker Hop' (12)
B nepsom mopsanke mo R~ mveem
o) = s 4 5+ .=
=cK + &8 + cach((L})) +... (13)

Kak Obut0 3asiBieHo BbIrne, K-MaTpHUIa MOsIBJISET-
¢ KakK KO3 PUIMEHT IIPU BbIJIEJIEHHOM JyXe C, B TO
BPeMsI KaK OCTAJIbHBIE WIEHBI PA3JIOKEHUSI ITO HOBHLE
obsexmo, (oneparopsl Ha ker Hy ). Hackonbko Ham u3-
BECTHO, BBICIINE HOpsIKK 10 R~! Tak:ke He BCTpeda-
JINCh PaHbIlle B JiATEpaType. Bce 91U HOBbIE OOBEKTHI,
a TaKKe KBaJIPATUYIHDLIE yDABHEHUs, CBSI3BIBAIOIINE UX
MEXKJIy coboit u ¢ K-marpuriei, COCTaBJIAIOT TJIABHBII
pe3ysIbTaT JAHHONW PabOTHI.

2. Teopus.

2.1. Tomomonuueckuti mpancpep. CyTb romMoromnu-
1eckoro tpancdepa coctouT B caemyoomeM. [lycrs ma-
HBI JIBA KOMILJIEKCA, IEIMTHOe OTOOPAXKEHUE MEXKIy HIU-
MU U [OMOTOIINs B IIepBOM U3 Hux. Torja mo jgedpopma-
nuu puddepeHImaia B IepBOM KOMILJIEKCE MOXKHO I10-
CTPOUTH COOTBETCTBYIONLYIO Je(OPMAIIMIO BO BTOPOM.
Bmecro Toro, urobbl (hOPMYSIHMPOBATE ITY IMPOIELYPY
BO Beeit obmpuoctu (cM. [4]), MBI pacCMOTPUM ee Ha KOH-
KPETHOM IIPUMeEDE.

MBI IPOMJLIFOCTPUPYEM HJeH CeKIuu 1 Ha IpocTeii-
meM HeTpubuajabHoM mpumepe N = 1 cymepcummer-
pHUHHOIT KBaHTOBO{ MexaHUKH Ha S§. Kpome Toro, Mpr
paccMOTpuM ajrebpy, COCTOSIIYI0 TOJIBKO M3 TaMUJIb-
TOHUAHA W OJHOW CUMMETPHH, KBaJIpaT KOTOPOil paBeH
HYJTIO:

[S,H]=0, S*=0. (14)

Takum 06pa3oM, Bee CTPYKTYPHBIe KOHCTaHTHI 4 pab-
HBI HYJIIO, U IIEPBOE ciaraemMoe B passoxkenuu (11) mpo-
AJIET.

CootBercTByomue Tyxu 06o3HadnM ¢ u ¢. UIx cBOii-
cTBa:

1. ¢ — HedeTHBI, ¢ YETHBI;

2. ¢ aHTUKOMMYTHUDPYET € S.
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C ux moMoIpo mocTponM audepeHITnaIbI

Qo =cHyg+¢So, Qi1=cV+eS1, Q=CQo+ Q1.
(15)

W3 coorromenuit (14) u CBOHCTB JyXOB CJI€IyeT, ITO
Qi =Q*=0, (16)

a Q1 pemaer ypasHenune Mayspa—Kaprana

{Qo,Q1} + Q7 =0. (17)

Ilycre S obo3HAUaET MCXOJHOE I'UJIBOEPTOBO IIPO-
crpancrso. Oupenenum U = 5 ® Cle, €] u pazobbem
9TO IIPOCTPAHCTBO Ha 1B

U=Uy® U,, Uy = ker HO,E X (C[C, é] (18)

BBe,I];eM €CTeCTBECHHbIE OIlepaluy IIPOCKIINN U BKJIIO-
YeHUA

m:U — Uy, 1:Uy — U. (19)

Takxe IIOCTPOUM 20MOMONUIO

E — Ho)™'[¢), U,
h=Gyde, Gailp) = {(() )" le) :ii i UO
’ 05
(20)
rae d. = 2.

Samevarue. B pusuke Gy MHOIA HASBIBAIOT (DYHK-
nueit ['puna crosiueil BOJIHBI, HO B JIyXe NOMOJIOITIEeCKOI
ajareOpel Ha/IO ObLIO OBl HA3BATD €€ 20MOMONUYECKOU
dyukmnuneit ['puna.

IIpoexruio na Uy MOXKHO 3aIicaTh JBYyMs CIIOCODa-
MU:

HUO = ’L"/T = 1 + {h, Qo} (21)

Terepnb MbI MOXKeM SIBHO YKa3aTh, K 9€MY MbI IIPUMe-
HsieM ToMoTonmdecknii Tparcdep. [lepsorit Kommeke —
ato (U, Qo) ¢ romoronueii h u gedopmarnumeii Q1. Bro-
poit komieke — 310 (Up, mQot), a 1emnHoe orobparke-
Hre — 310 7. Torma cOOTBETCTBYIONNM HepOPMUPOBAH-
HBI win undyyuposaroili muddepeniiua, CorjaacHo
FOMOTOIIMYECKOMY TpaHCcdepy, paBeH

Qind = 7Qot + Q17 + TQ1hQ1i + TQ1hQ1hQ1i + .. ..

(22)
IoacTaB/issa U IPUBOJIA HOZOGHBIE cJIaraeMble, HeCI0¥K-
HO IIpUBECTHU 3TO K BI/I‘Hy

Qina = S0 + Ving + cO0.ESR + 0.cESL — 0.6 SR, (23)

rie Sp, CTPOro rOBOPs, CTOUT BMECTO Sy HO

’ker HU,E’
nockoJIbKY [So, Ho] = 0, MBI ympocTmin 0603HAYEHNS.

Kpowme Toro,

‘/ind =T (V + VGS(;V + VGStVGStV +.. ) ’L', (24)
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SR =T (S =+ VGStS + VGstVGstS + .. ) ia (25)
Sp=m(S+8GuV + SG VGV +...)i,  (26)

SLr = (27)
=T (SGS(;S + SGStVGStS + SGS(;VGS(;VGS(;S +.. ) 7.
Tenepb MBI MO2KEM BOCIIOJIb30BaThCA I'NIaBHBIM De-

3yJIBTATOM TOMOTOIHYEeCKOro Tpancdepa. Ilockomabky
Q? = 0, o Teopeme Kaienmpmim unmeenm

24=0. (28)

B passepuyToit ¢opMe 3TO ypaBHEHHE UMeeT BUT
Q%4 = c€[Vina, So] + c0e*{So, SR} +

+ 86062{50, SL}t+ 0.6 [So, SLr] +
+ cc (‘/indSL - SR‘/iﬂd) +

4 & (080(512{ — VindSLR) + 0.c(SF — SLRVind))a (29)

u3 4dero cieayer

[Vind, So] + VinaSt — SrVina = 0, (30)
{So0, Sr} + S& — VinaSiLr = 0, (31)
{50, 5L} + S — SLrVina = 0, (32)
[So, SLr] = 0. (33)

Yrounum, uyro Sy, Sg m SLr — OIEpaTOpHl HA
ker Hy g, onucplBaromue cuMMeTpun F{-MaTpHIIBI, KO-
Topast BXOJUT B Vinq. HackoJIbKO HaM M3BECTHO, 3TO HO-
Bble OODBEKTHI B Teopun paccesuusi. Kpome toro, Ving
COJIEPXKUT, TIOMUMO K -MaTpHIbl, U APYyrue ciaraemsble,
KOTOpBIE TOSIBSITCSI B KOHIE CEKIUU 3.2. DTU carae-
Mbl€ MI'PAIOT BaXKHYIO POJIb B OIUCAHUU cuMMmeTpuii K-
MAaTPUIIBI U TOYXKE PAHBIIE HE OMUCHIBAJINCD.

3. IIpumepsbl HOBBIX OOBEKTOB U UX CBA3b C
JaHHBIMU PaCCEesTHUS.

3.1. Cynepcummempuynas K6aHMOBAA METLGHUKA.
N =1 cynepcuMMeTpr9IHas KBAHTOBAA MEXaHUKA OIIPe-
JIEJISIETCsT HADOPOM CJIEJIYIONUX OIEPATOPOB:

Qr=d+dW, Q-=(d-dW)", H={Q4 Q-},
(34)

riae W — dyukiust, d = 0, — quddepenimadt e Pama,
Y* = —0y U 1) — rpacCMaHOBa IIepPEMEHHAsI, aCCOI[IIPO-

BaHHAasg ¢ cynepcuMMmerpueii (06mmit 0630p U UCTOPUIO
npeamera cM. B [5]).
3amevarnue. I Q4+, n () — CHMMETPHUH [OJIHOTO Ta-
MUJIBTOHMAHA, HO HE OTJIEJBbHBIX €r0 JacTei.
Boimumem raMuIbTOHRAH W €70 CHMMETPHUH SIBHO:

H=-0>+W"?-W"(1-299y), (35)

Q+ =v(0a+ W), Q- =0y(=0.+W'). (36)
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Samevanue. lannyo GopMyInpOBKY HETPYIHO PaC-
mMpUTL Ha ciydau, xkorma W u W/ — obobiiennbie
GyHKIMU. DTO MOXKHO CJIEJIATh C IIOMOIIBIO ITOCJIEI0-
BaTEJBHOCTH (DYHKINI, CXOSIIecs K Tpedyemoit 06006-
mennoit dynkmum. Hanpumep, W/ = sgnz moxkHO 10-
JayunTb Kak npexes W/ = tanh Az (1, coorBeTcTBEHHO,
Wa = A"'Incosh Az) mpu A — cc.

Ipmvem S = Q. SIcro, aTo Spr ~ ¥? = 0, HO3TO-
My ypasaenust (31)—(33) He GyayT NpencTaBIsTh HHTe-
peca. Ypaprerue (30) ke OIUCHIBAET UHTEPECHYIO CHM-
MeTpuio Vinq, KOTOPBI, Kak MbI TIOKA3bIBAJIN paHee, Ha-
PsSIMYIO CBsi3aH ¢ K -Marpuieii.

3amevwarue. Ecim 661 Mbl paccmorpesun S = Q4 +
+ @)—, SLR HENpeMeHHO ObI BO3ZHUKJIA.

Jlajtee MbI M3y9IUM 3TO ypABHEHUE JIJIsT KOHKPETHOTO
noTenimaga Ha Sk U HOJYYUM pe3ysibTar Jylsd 3a/a4u
na R kak mpemen R — oo.

3.2. Jlea §-nomenyuaaa na Sy. Cpasy oTMeTHM, 9TO
Ha Sk He/Ib3d MOCTABUTD 33/1ay PACCEsHUst B OOBIMHOM
cMmbicsie. BmecTo aToro, Vinqg MOXKHO UCIOIB30BATH, Ha-
puMep, JJis IepTypOATUBHOIO BBIYUCIEHUST CIBUTOB U
pacierieHuii yposseit sHepruu. Ho 310 MBI OCTaBUM
JUIsL TIOCJIEAYIONINX paboT, a ceiiuac paccMOTpuM Ving
camo 1o cebe.

B pmanbHeiimem craHeT siCHO, ITOYeMy MbI PaccMaT-
puBaeM 3aJa4dy Ha S}%, a He cpady Ha R. Iloka jumb
CKaKeM, 9TO 3Ta 3aJiada MpoIe JJIs MOHUMaHus OJia-
roJapsi CBOeMy IHMCKpeTHOMY crekTpy. Ilpm pabore ¢
HeIIPEPBIBHBIM CIIEKTPOM IpoekIus Ha ker Hy g, cocTo-
dAlee U3 IBYX TOYEK Ha OCH UMITyJibca, TpedyeT Oosiee
AKKyPATHOTO PACCMOTPEHUS.

Ilpuunna ke paccMaTpuBaTh JBa J-IIOTEHIIAAJIA
BMECTO OJIHOI'O B TOM, YTO OJUH O-IIOTEHITUAJ HEJIb3sI
MOPOJWTH HepuoamIecKkoit W',

Ha S} mbi ucnosnbayem koopiunary « € [—mR, TR).
Paccmorpum

W'(x) = %sgn(a2 —z%), (37)

riae A u a — PUKCHPOBAHHBIE TIApaMeTphl, rpudeM 0 <
<a<mR.

3amevarue. BHUMATEIbHBIN YUTATEH 3AMETHUT, 9TO
takas W' coorsercrsyer Henepuoamideckomy W. Ho sTo
JINITH O3HAYAET, YTO CYHEPCUMMETPHUsI CIIOHTAHHO HAPY-
meHa, T.e. e~ me aBisercsa BoIHOBOI byHKIMEH CBA3-
HOrO cocrosiuust (cM. [5]).

Coruacuo (35), rakast W' nopoxjaer B3amMojeii-
cTBUE

)\2

-Z%{fUFMMx—ayfﬂx+®L (38)
rie F — dbepumonnoe uncio, T.e. (—1)F =1 — 219,.

fAcHo, 9TO B TAKOM BHUJE ITOTEHITHAJ Hey,ZLO6€2H ST
3a/[a9i PACCesIHUS] U3-38 [MOCTOSIHHOTO CIBHIa )\T' Mur

mepeHeceM ero B “CBOOOMHYIO YacTh’ 3aJa9d, 9ITOOBI
HOCHUTEJIb B3aUMOJIEHCTBUsI ObLJI OIPDAHMYEH B IIpejeJie
R — oo:

)\2

47 (39)
V(z) = (=1)FA(0(xz — a) — 6(z + a)).

AHaJIOFI/I‘IHO nocrynaeM u JIJjisi CAMMETPUN:
SO = "/)(az - %)a S1 = "/))‘9(0’2 - 1‘2)' (40)

VciioBrE IEpHOAUYHOCTH BOJHOBBIX (DYHKITUI Jj1eJia-

€T CHEeKTP CBODOOJIHOI 3a/1a41 JUCKPETHBIM:
5 A2 n
E, =k, — T =
) _ no

3adukcupyem ornomenue £ = ¢ > 0.

3amevarue. ITO O3HAUYAET, UYTO B JaJibHeiimeMm R
JIOJIZKHO OBITH KPAaTHO %

Kaxkiplit ypoBeHD ¢ MOJIOKUTETHLHBIM 1 JIBAYKTHI BbI-
poxJieH, nostomy ker Hy p uMeeT pa3MepPHOCTD YETHIPE.

Sameuarue. Mbl He 3a0bIBaeM, 9T0 6030HHBIE U dep-

Hop=-0>—FE—

n € Z. (41)

MUOHHBIE CTEIEHU CBOOOIBI HY2KHO YUUTBHIBATH OT/IE/Ib-
HOo. OJIHAKO MATPHILI OTIEPATOPOB MOJIYUYATCST Pa3Mepa
2x 2, a He 4 X 4, TOTOMY 9TO MBI UCIIOJIB3YEM JIJIsl TOTO
ydeTa rpacCMaHOBY TIEPEMEHHYIO ).

HopMmuposanmbie BotHOBBIE QyHKITUN CBOOOIHOM 32~
JIa9l — 9TO

eikn,x
n(x) = (z|n) = ——, 42
pula) = (afn) = = (42)
a dysKnua I'puHa cTosTueil BOJIHBI HMeeT BUJL
[n)(n [n)(nl
Gy = —_— = —_. 43
t ZEno_En ZKQ_k% (43)

|n|#no [n|#no
Ham momamobsTcst MaTpUYIHbBIE JIEMEHTBI CJIETYIONINX
OIIEPATOPOB:

: F
Vam = M sina(ky, — kn),
TR (44)
5n,7rb
Gh,n,m = M7
SO,n,m = w (1kn - g) 6n,ma
(45)

A sina(ky, — kn)
Sl,n,m = 1/) .

R kn —k,
CyxkeHue Ha MaCcCOBYIO IIOBEPXHOCTh TPUBUAJIBHO: OIle-
patopy A MBI comocTaBsieM 2 X 2 MaTpHUILy

AnO ;10 AnOyan

A|ker Hop A = (46)

A—TL(),TLO A—TL(),—TL()

3amevwarnue. Eme pas 3amMeTum, 9T0 3J1€MEHTHI MAT-
PUIIBI A’ker Hy p MOTYT 3aBHCETD OT ¥ 1 Oy, KaK BUIHO

g Vo S.
TTucema B 2KOTO
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OTU BBIPAXKEHUS MO3BOJIAIOT HAM BBIYUCJIUTH Vind,
St u Sg B Buje psifa 10 A. Mcnosib3yst cucreMy KOMITbIO-
TEepHOI1 aJirebpbl, HAM YJIAJI0Ch IIPOU3BECTU BHIYUC/IEHUSI
10 mopanka A3, Pe3ylbTaThl BHIMICICHTI IPHBEICHE B
JIOTIOJTHUTEIHHOM MaTepuaJie.

BaxkHo ormMeTuTh, 9YTO M-l YIeH psijia OKA3bIBAETCS
MHorowrenoM no R~ crenenu n. ITocKo/IbKy cooTHOIIE-
HUSI CYyIEPCUMMETPUU BBITIOJHSIIOTCS JJIsT TIPOU3BOJIBLHO-
ro pajuyca R, KaXK10il cTelleHn A OTBEYAIOT HECKOALKO
ypasaenuii. O603Ha4NM caraemMoe, MporopIHOHAIBLHOE
AR~ unpexcom (a, §). Teneps ypasuenue (30) MozK-
HO IPOBEPUTDH NEPTYpPOATUBHO:

(L) Wi, 580" =0, (47)
2.1 VgD s+ w850 =0, (48)
(2,2): [P, s+ vl Vst — s =o,

(49)
3,1 WSSO0+ Y, 58 =0, (50)

B 500+ M5, 5

O SR A A (51)
2,1 1,1 1,1 2,1
+ VAV — gDy — o,
(3.3): M5, 50

FYGISE - s o
YIS - SOV o
(4,1) :

3.8. IIpeden R — oo. UTobbI riry6rKe MOHITH ypaB-
HEHWs BBIIIE, TOJIE3HO TEePeiTH K MpeIesly OKPYKHOCTH
6eckoneunoro pasgmyca. [Ipy R — oo auckpern3amms
YPOBHE CTAHOBUTCSI PABHOI HYJIIO U 3aJ1atda COBIIAJIA-
er ¢ 3amadeit Ha R. YT0OBI BOCCTAHOBUTH CTAHIAPTHYIO
HOPMUPOBKY COCTOSTHUHN Ha J-(DYHKITUIO, HYKHO JOMHO-
JKUTh KaXKJplil [n) HA v 27mR, 4TO NPUBOAUT K CJIEy-
IOIIEMY COOTHOIIEHUIO HA MATPUIHBIE JIEMEHTHI Ollepa-
TOPOB:

AR(kp, k) = lim 27RASH,. (53)
R— o0

s

Beipazkenue (43) CTAHOBUTCS HHTErPaJOM B CMBIC/IE
[JIABHOT'O 3HAYEHUS 1

Ve =2rRVGY + vV + VG ), (54)
SE=2xR(SMY 4 8D L gD Ly (55)
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Sg = 27R(SYY + SV 4BV 4 ). (56)

CitaraeMble, IPUBEJEHHDIE B JIOTIOJHATEIHLHOM MaTEPH-
aJjie, COIVIACYIOTCS C TOYHBIMUA (DOPMYJIAMU JIJIsT Vi]§d, SR
u SIH%, KOTOPBIE HAM YJIAJIOCh MOIYIUTh. DTU (HDOPMYJIBI
TaK¥Ke MPeJICTABJICHBI B JOMOJHUTEILHOM MaTepHaJie.
Onnako jjist Sy upemen B dopmyse (53) He cymie-
CTBYET. DTO 0KUJAEMO, TIOCKOJIBKY MOMBITKA CY3UTh

So(p.q) = (ip— 3)0(p — @) (57)

HA MACCOBYIO TIOBEPXHOCTH MPUBOJMT K CHHTYJIIPHOCTH,
M XOPONIO M3BECTHO, YTO NPH PETYIAPUIAIANA METOIOM
“smuka KoHeuHoro pasmepa” 0(0) ~ R.

Kpowme Toro, cnaraemsle creneneit (-, 3), 5 > 1 ne
HNOSBUJIACH ObI, €CJU Obl MbI TPOBOJWJIN BBLIYHCJIEHUS
cpasy na R, 6e3 momoru Sk.

B wurore, na R Hesb3s mpocThiM 06pa30M 3aIuCaATh
Takue ypaBHeHusd, Kak (49), IIOCKOJIbKY IepBoe cjiarae-
MOe€ sIBJISIETCS HEOIIPEeIeIeHHOCThIO Bua “0 X 0o”. Vmen-
HO TI09TOMY MBI HadaJsu ¢ 3a1auu Ha Sk, a ne Ha R.

8.4. 3axarovwumeavroe npednososicenue. Mbr mipes-
noJjiaraeM, 9To cjaraemble creneneii (+, 8), 8> 1 B Qina
MOT'YT OBITH IOJIy4YeHbl U 6e3 PpacCMOTPEHHs 33J1a91 Ha,
Sk, no xpaitneit Mepe, nepTyp6aTHBHO 110 \, Kak B (pop-

myate (24).
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