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KIJACCUYECKUE 3AKOHbI COXHAHEHUWS
JJ51 HINMIMHTUYECKOI'O YHABHEHUA JTNYBUJLIA

A. B. Kuceaesn

(ragpedpa mamemamuxu)

Ol'lpe}leﬂeHl)I NPOU3BOAAINIUEC CCHCHHUS] 3AKOHOB COXPAHCHUS 1A 3JUVIHNTHICCKOrQ YPaBHCHUS .]Il(lyBl(lJI.TISI.
HOKa3aH0, 9T0 KaXKIAOMY NPOU3BOAAIIECMY CCUCHUIO COOTBCTCTBYCT HeTpHBﬂaJII:HI)Iﬁ 3aKOH COXpPaHCHUS]
YCTAHOBJICHO, YTO BCC KJIACCHYCCKHE 3aKOHBI COXPAHCHUSI NOPOKAAIOTCH CUMMCTPUSIMU JIarpaHKUaHa.
l'[pm;e)lem)l SIBHbIC (l)OpMy.TII)I, CONOCTABJAIONINEC KAXKIAOMY NPOUIBOAAIICMY CCUCHUIO HeKOTopI)Ii;I 3aKoH

COXpaHEHHSI.

JByMepHOE 2/LTUIITHYECKOE ypaBHeHUE JIMyBUILIIS

_ 0%u N 0%u
T Ozlfxl  Oz2022

BO3HHUKAET BO MHOTHX pas/iellax MaTeMaTHKH U MaTeMa-
THYeCKOH pm3nku, B puMaHOBOH TeOMETpHH OHO TIPE/I-
cTaByseT coboll ypaBHeHue 'aycca, 3a0McaHHOE B KOH-
topMHBIX KOOpmMHATAX AMA TIOCKocTH JloOaueBcKo-
ro [1]. Kpome Toro, ypaBHeHHe (1) MpUMEHSICTCS MIPU UC-
CIIEIOBAHUN aBTOMOJIENBHBIX pellleHUuH ypaBHeHH Ka-
nmomiteBa—Iloryne [2].

ThccMoTpeHHBIN B HacTosIel padoTe MOAX0 1 CBSI3aH
C PEIEHUEM OIPEACISIIONINX YPABHEHU Ha IPOU3BO-
JISIIIUE CEYEHHS 3aKOHOB COXpaHeHWs [3] U peaauzalin-
el MeTO/la BOCCTAHOBIIEHHSI COXPAHSIONIUXCS TOKOB IO
MPOU3BOJIAIINM CEUECHHSIM [4].

E={F —exp(2u)=0} (1)

1. Ilpoussoasiue ceyeHust

H3BectHO [3], 4TO MPOUBBOASINHAC CCUCHUS ) (B CIy-
uae eJUHCTBEHHOI 3aBUCHMOI epeMeHHON u(z!, z?) —
NpOU3BOAANTHE (DYHKIIMH) 3aKOHOB COXPAHEHHUs MpH-
naznexar sapy ker (¢4)" omepatopa, dopmassHo co-
IPSKEHHOTO OIEpATOpy YHUBEPCANBHOM JTMHEApHU3AIIAH,
OrpaHUYEHHOMY Ha ypaBHeHHE & :

oF
[F — 8—D0-, (2)

— Op,
I7e p, = 8|”|u/8:1:", o — MyIeTHUHACKC, x Tpobe-
raer Bce HaOOpPHl HE3aBUCHMBIX IepeMeHHBIX z! U z2,

D; =8/0z' + Y, prti 0/8p, — MOIHAS POU3BOAHASL
no ¢-il koopaunare. Has ypaBueHus (1) onpeaemsroinee
ypaBHEHUE Ha MPOU3BOAsIINE HYHKITUNA UMEET BH/T

D}t + D33 — 2 exp(2u)¢p = 0. (3)

6 BMY, dusnka, acrpoHomus, Ne 6

IMpousBoasmue QyHKITNN KIACCHISCKAX 3aKOHOB CO-
XpaHEHHS! CyTh (DYHKIMM HE3aBHCHMBIX KOOpAUHAT 2!
U z?, NepeMEHHOM wu M €€ IEPBBIX NPOU3BOTHBIX

_ — ol — 1,2
P1=P1,0) P2 =P0,1): ¥ =9(z', 2% u,p1,p2). B orom
cliydae pelicHusl ypaBHEHUS (3) UMEIOT BUJL

Y= A(e!, 2¥)p; + B(z!, 2*)p; + C(z', 2?), (4)

nprdeM GyHKIMA A U B yA0BIETBOPSIOT COOTHOIIECHH-
aMm Komu—TkMana, a C' onpefensaercs U3 3TUX COOTHO-
IIIEHAM:

_0A_0B 04 0B _
- Oz 9z’ Oz?  Oa!
T.6. A =1Re(({),B =1Im(() sBAAIOTCA COOTBETCTBEHHO

BEITICCTBEHHOM W MHUMOM dactsiMu ronoMopdHoi B C
bynximn (2! +iz?).

0, (5)

2. 3axoHbI coXpaHeHHd

Onpenaenedue. CoxpansomuMmcs Ha3bIBaeTCs
10K (S1,S5) = —Sadz! + S;dez?, nuBepreHiys Ko-
TOpOro paBHa Hymo Ha ypasuenun & = {F = 0}:
Dl(Sl) + D2(S2) = A(F), A= Eo- CLO-_DO-. HpOI/IBBO—
nsmast GyHKITHS 1 3aKOHA COXpaHCHHUS 1) UMEET B ITOM
cayqae Bug A*(1) [3, 5].

3apaHee He M3BECTHO, KAXJIOMYy JIA 3JIEMEHTY Spa

*
ker <f g ) COOTBETCTBYET HETPUBHAILHBIN 3aKOH COXpa-
HEHUS WITH JKe CYITIECTBYIOT IOCTOPOHHUE PEIICHHS OTIpe-
JISTISTIONTNX ypaBHeHMI, [Iporeaypa UCKITIOUEHUST TaKUX
PEIICHAIA COCTOUT B CIIEYIONIEM.

Ilycts ¢ € ker <Z§> , T.C. CYIICCTBYET TaKoil
C -mudbepeHnmanbHEIil onepatop A (omepaTop BHIA
Yy @ Dy), uto

tr(¢) = A(F). (6)
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Ecan, kpoMme TOro, CyIIecTBYET JPYroH CaMOCOIPSKEH-
uelit C -muddepeHnnanbHeIi onepatop V = V*, ipiueM
BBINIOJHCHO PABCHCTBO

& 4 A =Voif (7)

(3mech W Janee uyepTa HAM OIEpaTOpPOM O3HAYAET €ro
OTpaHHUYCHUC HA ypaBHEHUE & ), TO 1) SBISCTCS IPOU3-
BOJSIIEH (DyHKIHEH HEKOTOPOTO 3aKOHA COXPAHCHUSL.

O6patM BHUMaHWEC HAa TOPSZIKM YKa3aHHBIX BBI-
e ONepaTopoB M CTApIINX MPOU3BOAHBLIX, BXOISIIHX
B ¢yskmuu ¢ m F. W3 ypaBHenus (6) ciaedyer, 9ro
A wu, crenoBarelbHO, JeBas 4dacth (7) — oOIepaTopbl
nepBoro mnopsaka. Ilockodabky mopgaok omepartopa £
paBeH 1ByM, To V=0 1

tf +A =0 (8)

IhcemarpuBas onepatopsl A BuAA ag(y) + a1(¢) D1+
az (%) D2, monydaeM, 9ro yciaoBHe (8) 95KBUBAJIEHTHO CO-
oraomenuo 2C — 0A/fz' — B/fz = 0 nnst Komro-
HeHT (yHkimu . OIHAKO OHO 3aBE/JOMO BBIIOJTHCHO
B cuiy (5); 3HAYMT, JOMOTHUTEIBHBIC OTpAHHYCHUS HA
OpOU3BOSIIME (DYHKIUH 3aKOHOB COXpAaHCHHUS] OTCYT-
CTBYIOT W TMpOU3BO/sIIME HYHKIUH HAXOAATCS BO B3a-
UMHO-O/THO3HAYHOM COOTBETCTBHH C COXPAHSIOITUMHCS
TOKAMH.

3. CumMeTpuH JIarpaH;KuaHa

YpaBHeHHe (1) MOXeT OBITH MTOJyUEHO IIPH BapbHpO-
Banmy nMarpamkuaa £ = [ Lde' A dz? ¢ mioTHOCTBIO
L = (p} + p3 + exp(2u)) / 2. CoorBercIBYIOIICE MPOM3-
BojsIIcH (PyHKITUH 1) sBOMIONMOHHOE auddepertIpo-
Banue Evy =) D,(v)0/0p, HasbiBaeTCa HETEPOBOH
cummMerpuelt marpamkuana L, ecmd Evy(L£)=0. O1-
MeTuM, 4o Ev, sBsercsa HETepoBOH cuMMeTpuel L
TOI/Ia ¥ TOJIBKO TOT/IA, KOT/Ia

Evy(F) + £ (F) =0. 9)

[pu aToM ¥ — npousBoasas GYHKINS 32aKOHA COXPa-
HeHHs ypaBHeHHU (1).

IMonacraengas B (9) moayucHHBIE paHee yCaoBHUA (5),
BOCIIOJIB30BABIINCE BEIPAKEHUEM (4), MOKHO YOCTUTHCS
B TOM, 4TO ycioBHe (9) BBIOJHEHO IS Bcex (PyHK-
A 1) |, cTenoBaTeIbHO, BCe KJIacCHUeCKHe 3aKOHBI CO-
XpaHCHHUS MPOUCXOJIAT U3 COOTBETCTBYIONINX CUMMETPUA
JarpaHKAaHA.

4. BoccTaHoBJ/ieHHE COXPAHSIIONIUXCA TOKOB

B ornnume ot HaxoxaeHus noted JIn mo mpousBo-
JIIAM  (QYHKITASIM CHMMETPUH HaXOXKJICHUE COXpaHSIO-
MIUXCSI TOKOB HE CTOAb TPUBHATIBLHO U TpeOyeT AOMOJ-
HHUTCIBLHOrO aHanau3a. ONHUIEM KpaTKO CYITHOCTD Mpe/-
JIOKeHHOTO B pabore [4] Meroma mocrpoeHus 1-dopm,
TOYHBIX Ha ypaBHeHHH & .

Ihcemorpum none Evy, xoropoe 3amano QyHKnu-

el f=u W mopoxaer orobpaxenue A,: (2¢,p,) —
— (2', py exp(7)). Torma

d

2 A(w) = A7 (Bv (@) = A% (6(f)).

dr (10)

BeibepeM B KadectBe w dopMy w = (F,¢) =
= Fi¢de! A de?, u myctb 7 — WCKOMEI TOK Ha
ypaBHeHun {F =0}, COOTBETCTBYIONIHH HpPOU3BOAS-
mei gyakmn ¢ . 3aMerum, 9ro B mpaBoi dactu (10)
L,(f) = (1), f) + dG(£, o f); orobpakenne G:
CDiff(F,A”) — A", nepeonsmee B 1-hopMbI MoAYIb
C -mudpepeHIIUATEHEIX  OTICPATOPOB, JCHCTBYIONIMX HA
rnajKue GyHKITUH U MPUHUMAIOIINX 3HAUYeHHS B 2-(hop-
Max (Bce KOHCTPYKIIHH OTpaHHYEHBl HA ypaBHeHHE & ),
OTIpe/IeTICHO CAEAYIONIHAM 00pa3oM:

¢(YaDs) = 3 (1)1 D, (a)wj.

lo|>0
Vj€Eo

3nech w(_j = (—1)7*'da'...dei...de" (B mamem
ciydyae n=2), 0 — j — MYJIbTUHHJCKC, HOTyYAIOITHII-
C B PE3YyIbTATE OJHOKPATHOTO HCKIIKOUEHUSI HMHJIEKCA
j =1,2 13 MyIbTUHUHJIEKCA O .

ITpounterpupyem (10) mo 7 ot —oo Ao 0. [lomyunm

_ 3/ A% (G(Ly o f)) dr = dn,

OTKyJa CIeMyeT UCKOMBIM B/ TOKA 7.

3amMeuanue. B mporecce BLIYHCICHHNA BCe TOKH
OTIPEICISIIOTCS. ¢ TOYHOCTBIO IO TPUBHANBHBIX, KaX/TBIH
U3 KoTOpeix umeer BUN 77 = Di(T)de! + Do(T) dz?
npu HeKoTopor dyHKIuu T .

ITpoBOAst ONHUCAHHEBIC BBHIIIE PACCYKACHHS IS ypaB-
Henus {F = 0} u dynxmmit ¢ Buma (4)—(5), nomy-
qaeM OKOHYATEILHBIM pe3ylbTaT: COXPAHSIIONIHICSI TOK
(S1,S2) HMeer KOMIOHECHTEI

1 1 1 1
S1= §A”P(0,2)_§A exp(2u)—|—§Ap%—|-§BP1P2 +Cp1—

10A 10B 1 ocC
R T e R i P

1 1 1 1
Sq = §Bup(270) - §B exp(2u)—|—§Bp§—|—§Ap1p2—|—Cp2—

10A 10B 1 ocC
T2 T 39g2 P2 T 34PN T Gt

3akiarouenue

IIpoBenieHHBIE paccykAeHUS MOKA3BIBAIOT, YTO IM1-
JunTHYeckoe ypaBHeHMe JlnyBumas (1) 6orato pasHo-
0Opa3HBIMU TeOMETpUYECKUMH CTpYKTypaMu. B gactHo-
CTH, YCTQHOBJIEHO, YTO 3aKOHOB COXpaHeHHs (IIpHYEM
OJTHHX TONBKO KJIACCHIECKHX ) TOCTATOYHO MHOT'O — OHHU
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MmapaMeTpu30BaHbl TonoMopdHbEIME B C  dyHKIHIMHE;
TIPH 3TOM CYIIIECTBEHHO TO, UTO ypaBHeHHe (1) marpamke-
BO: BCE KJIACCHYECKHE 3aKOHBI COXpAHEHHUS MPOUCXOJSIT
W3 CHMMETPHIA JarpaHkuaHa.

B macrosimee BpeMs ocraercsl OTKPBITHIM BOIPOC
00 OMHMCAaHWM BCEX BEICIIAX 3aKOHOB COXPAHCHHS TS
ypaeHeHHS (1), T.e. TaKUX, YTO COOTBETCTBYIOIIHC WM
MPOU3BOAMINNE CEUCHUS 3aBUCAT OT MPOWU3BOHBIX BHI-
1ie Broporo nopsyika dyukinus u(zt, 2%) (ycraHosneHo,
YTO CHMMETPUH B 3aKOHEI COXPaHEHHS BTOPOTO MOPSAKA
OTCYTCTBYIOT).

Aptop Onaromapur A. B. OBUNHHIKOBA 3a TOCTAHOB-
Ky 3amaun, a takke A. M. Bepboeenkoro u U. C. Kpa-
CUJIBINAKA, 32 TICHHBIE 3aMEUaHUs W KOHCTPYKTHUBHYIO
KPHUTHKY.,
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HUCCIAEJOBAHUE HACCEAHUA HECOEHUYECKON YACTULIEN
B CJOE HA HOUIOKKE

E. 10. Epemuna, A. I'. Ceemnmnukos

(ragpedpa mamemamuxu)

l'[ocn)oeHa MaTeMaTHiYeCKasg MOJ¢/JIb PpacCesiHUSl NOJISAPU30BAHHOIO U3JIYyYCHUS HeOCCCﬂMMeTpﬂ‘IHOﬁ
CT])yKTypoﬁ, pacnonomeHHoﬁ noJi NJIEHKOil Ha l'lpOHl(lIlaeMOﬁ NOJIOKKE. le(lBe)leHl)I pe3ybTaTbl IS

paccesiHUSI MACTHIAMH Pa3JM4HOi (opmbl.

ITo Mepe coBepilicHCTBOBAHUS OOBEMHEIX HHTCTPAJIb-
HBEIX CXCM CTAHOBHUTCS Bce OoJice aKTyalbHOUl mpobiie-
Ma oOecTieueHUsT YUCTOTH KPEeMHHUEBHIX BelidepoB, wc-
MOJB3YIONUXCI KAK OCHOBA COBPECMCHHEIX HHTCrpAib-
HBEIX cXeM. [anbHeilmas MUHUATIOpU3AIUS CXCM MUK-
POIPOIIECCOPOB TPEOYET YIKECTOUCHUS CTAHIAPTOB OT-
KJIOHSHUS X KOHQUTYpaIuii ot 3a7aHHOMN CTPYKTYPHI, B
YaCTHOCTH YUCTOTHI TTOBEPXHOCTH KPEMHHUCBOTO Beide-
pa Ha Pa3IMYHBIX CTAIHIX TEXHOJOTHUCCKOIO Ompoliecca.
OGHapyXeHHe 3aTrps3HSIONINX YaCcTUIl Ha Belidepe ocy-
MIECTRISICTCS € TOMOINBIO ONTUYCCKUX MOBEPXHOCTHBIX
ckaHepoB. COBEPIICHCTBOBAHUE KOHCTPYKIIUI CKaHEPOB
MOPESACTABISICT COO0 MPUOPHUTETHYIO 3a1a4uy ISl CUIU-
KOHOBOH nmpoMelnicHHocTH [1]. [Th3paborka mateMaTu-
YECKUX MO/ICNICH aHAIN3a MPOICCCOB PACCESHUS ITOMOra-
eT PCUIUTD ATy 3a7a4y.

Tonbiioe KOAMUECTBO paboT OBLIO HOCBSINCHO aHA-
JI3Y PACCCHBAIONINX CBOMCTB 3arps3HSIONIMX YaCTHI]
PA3MUYHBEIX MATCPUAJIOB HA OCHOBE MCTOAA TUCKPETHBIX
ucrounnkor (MJIM). B paborte [2] mpoBoauICS aHATH3
paccesHUSI CBeTa YACTHUIIAMHU U SIMAMH HAa KPEMHHCBOU
noioxkke. B padore [3] MAU ob6obmieH Ha caydai
OCCCUMMETPUYHOM vacTuliel B cnoe. OMHAKO BOMPOC O
BITUSTHUH TepOpMAITHiA, BEMyIAX K HEOCECUMMETPUTHBIM
CTPYKTypaM, Ha PACCCHBAIOINIHAC CBOICTBA MUKPOUYACTUIL
MNPaKTHYCCKU HEe paccMaTpuBaics. B Hacrosiel padbote
MU obodimaercs Ha caydaid TpOU3BOJBHON MPOHUIIA-
MO YaCTHIIBI, PACTIONOXKCHHON B CJIOC HA MOBCPXHOCTH
MO/IOKKH, KOTJlda 4YacTUIlA ¢ MOMJOXKKOH yXKe He 00-
pa3yIoT OCECUMMETPHYHOU CTPYKTYypEL. I1a ocHOBe Ipo-

7 BMY, ¢uszuka, acrpoHomusi, Ne6

FpaMMHOfI paln3allii pa3sBUTOIO MCTOAA IMPOBOJAUTCS
AHAJIN3 pacCCUBAIOIINX CBOHCTB 9KBHOOBEMHEIX HacTHI
C pa3JIMYHBIMHU IT'COMCTPHUSIMH.

1. MaremaTuueckas Mo/ieJib HEOCECHMMETPUYHOTO
paccenBaTteist

ITayneMm ¢ MaTEMaTHUCCKOW MTOCTAHOBKH paccMaTpU-
BaeMmoil 3amaun. Iycre {E°, H} — mone mmockoii
3JCKTPOMATHUTHOU BONHBI TUHCHHON MONSpU3AIINY, Ha-
Jaonied nofa yriaioM 6y OTHOCHUTCILHO HOPMAadd Ha
IUTOCKYIO TPaHMIly Zy pasiena BO3Myx—Claod Do — Dy,
a 4acTuIa, 3aHAMaromas obnacte D; ¢ MaaKod rpaHu-
et 0D, pacnoioskeHa TETUKOM BHYTPH CIOS TOIIITH-
HBl d, OPPAaHMYEHHOrO IVIOCKOCTAMU Zf H Eq. Ilioc-
KOCTh =, Ppaslenser clod W NOI0XKy D;. Bemem
OPSIMOYTOJIBHYIO CHCTEMY KOOPAUHAT, BEIOpAB ¢¢ HAYaI0
Ha IJIOCKOCTH =1, a ocb Oz HAIpPaBUM B/I0JIbL HOPMaJIH
K Toanoxke B obmacte Dy. Torma rpanu4Has 3agada
paccesHUST TPUHUMACT BH/T

(1)

rot Ht = ik€tEt; rot Et = —Zk/.Lth B Dt, t= 0, f, ]_, i,
n, x (E; —E =0,
o B G -Brp) =0,
n, x (Hi(p) - Hy (p)) =0,

e. X (Ef (p) — Eoa (p)) =0,
e. X (Hf (p) — Ho1 (p)) =0,

C YCIOBHSIMH HM3ITy4eHHUS (3aTyXaHWs) OISl PACCESHHBIX
noseif Ha Oeckoneunocru. 3aeck {E;, H;} — monnoe

P € Eﬁl



