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2.8.6. BoiBoa ypaBHenus Lllpenunrepa Ha oCHOBaHMH
NPHHIHUIIA IJKCTPEMyMa JeiCTBUA

Iepen BoiBogoM ypaBuenus Llpeaunrepa cobepem Bce HEOOXOIUMbIC HICH
BMecTe:

1. Haynem ¢ TOro, 4ro B KauecTBE KOHKPETHOTO MpPUMEpa BHIOEPEM XaOTH-
YeCKOe MMOBEJICHUE BHYTPEHHEro CyOBSIPHIINIKA B OKPECTHOCTU IIEHTPA CHHTY-
JIAPHOCTH SiApa «AJIEKTpoHa» (cM. puc. 2.8.1 u 2.8.2).

Hanomnum, umo makoe nogedeHue xapakmepro He MoJbKo 0I5l MOYEYHbIX
00beKMO6 MUKPOMUPA, HO U OIS THOGLIX TOKAILHbIX CYUWHOCMEN, 0ZPAHULEHHbIX
3AMKHYMOU 001ACMbIO CYWECMEO8AHUS, HA KOMOpPble 0OHOBPEMEHHO Oelicmey-
0N MHOJICECMBO PAZIUYHBIX CUN08bIX (hakmopos. C makum dice YCnexom @ yeH-
mpe BHUMAHUSL MOJCEM OKA3AMbCsL OPOACAHUE SOPLIUKA OUOLOSUYECKOU KTlem-
KU U, Hanpumep, nogederue 3aiya Uiy 6opodvs, Xaomudecku Oaysicoaroumux 8
apeane c80e20 0OUMAanUs 6 MeyeHue Cymox.

2. YcpeaHeHHOe MOBEACHHE CYObsApbIINIKA OyeM paccMaTpUBATh Kak Tep-
MOJMHAMHYECKYI0 CHCTEMY, HaXOISIIYIOCS B CTAl[MOHAPHOM (T. €. HE 3aBHUCS-
IIEM OT BPEMEHH) COCTOSTHUH.

Hanomnum, yumo pasnosecnoe u cmayuonaproe cocmosnue cmamucmuye-
CKU YCPEOHEHHOU cucmembl 00CMU2aemcs npu dIKCmpemyme ee cpeonezo «oeti-
CMBUAY U IKCIMPeMYyMe ee «IHMPONUUY.

3. CucTeMHBIH MOJX0J] ITO3BOJISIET OITMCATh Xa0THYECKOE, HO CTallMOHApHOE
MoBeZIeHNE (B YaCTHOCTH, XapaKTEPHbIE OCOOEHHOCTH «CITy9IaifHOI» TpaeKTOpHU
JBIDKEHUS) CyOBAAPBIIIKA C TIOMOIIBIO ITIOTHOCTH PaclpeiesIeHus BEpPOITHOCTH
(ITPB) ero mecta HaXOX/ICHUSI B OKPECTHOCTH LIEHTPA s/pa «dIekTpora» u [IPB
CKOpPOCTH €ro IBIKeHUs (wim nmmyibca). [Ipu stom [IPB mecta nHaxoxaenus
p(&) u IIPB ckopoctu p(&') n3ydaeMoro XaoTHYHO ABIDKYIIETOCS CYOBSIpbIII-
Ka CBS3aHBI MEXIy cO00# nByMs npeobpazoanusamu Oypre (2.8.42) u (2.8.43).

Hanomnum, umo maxas cé13v xapakmepHa monvko Oisl MAPKOBCKO20 CILy-
yaiino2o npoyecca. Imo o3navaem, 4Ymo eciu 6 Nepeblil MOMEHM epeMen Cy0b-
AOPBIUKO O8USANOCH NOO GIUSHUEM 00OHO20 HADOPA PA3NIUYHLIX CUNLOBLIX (aK-
Mopo8 6 0OHOM HANPABTEHUU U C OOHOU CKOPOCHbIO, MO 6 CILeOVIOWULL MOMEHM
noo GIuUsAHUEM UBMEHUBUWEe20CA Habopa akmopos OHO HauuHAem O08USAMbCS 8
COBEPUIEHHO HENPEOCKA3YeMOM HANPAGIEHUU U C HENPEeOCKA3YeMOll CKOPOCIbIO.
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Bonvwasn 3nauumocmes Maprogckux Cayyaiimblx Npoyeccog cesa3amna ¢ mem,
YUMo 0151 MHOSUX CHLYHAUHBIX S6LEHUl MONCHO NO00Opams maxou uiae OucKpe-
Mu3ayuy CHAMUSL NOKA3AHUL 00 U3YUAeMOM AGIEHUU, NPU KOMOPOM OHO HPUOO-
pemaem U0 CIyYatiHo20 MapPKOBCKO20 NPOYeccd.

Hanpumep, nosedenue uenogexka na credylouuil 0eib 80 MHO20OM 3A6UCUN
Om Ce200HSUIHE20 COCMOSIHUSL N0200bL, cumyayuu Ha pabome u doma. [losmomy
ediceOHedHast uKcayus mpaekmopuu u CKOPOCMU OBUNCEHUsL Yel08EeKd He MO-
Jicem OblMmb ONUCAHA CYYATHBIM MAPKOBCKUM npoyeccom. Ho 6 meuenue nede-
AU OISl MHO2UX JI00el Npupoouvie U COYUATbHble PAKMOPbl MEHIIOMC Ha-
CMONBLKO KAPOUHANLHO, 4O NPeOCKa3amb N0GeOeHUe Yel08eKa Yepe3 Heoemo
(unu uepe3 mecsy) npaxmuyecku Heo3mModcHo. Tlosmomy npu escenedenbHoll
(unu esxcemecsaunol) urcayuu HanpagieHus U CKOpOCMU OBUICEHUSL Uel08eKd
Xapaxmep e2o no8edeHUs. CMAHOBUMCSL 3HAUUMENbHO 60ee NOXONCUM HA MAap-
KOBCKULL CTYYAUHbBI npoyecc.

Touno mooice 6 omHOWEHUU XAOMUYHO Meuywezocs cybvadpwiwka. Ecau
waz Qurcayuu e2o MeCmonoIONCeHUs. 3HAYUMENTbHO OObULe Paduyca KOppeis-
Yuu e20 mpaekmopuu OGUICEHUS, MO TOMAHASL TUHUSL, IKCMPANOIUPYIOUAsL MY
MPAEKmMopuIo, OKA3bI8AENICsl O4eHb NOX0NCEU HA MAPKOBCKUU CLYYAUHbIN Npo-
yecc. Ilpu smom IIPB p(&) e2co mecma naxoorcoenus u IIPB p(&) eco ckopocmu
0BUIICEHUSI OKA3BIBAIOMCA  CEA3AHHLIMU NOCPEOCMBOM 08YX Npeobpa306anull
Dypove (2.8.41) — (2.8.44).

Ommemum, ymo paccmampugaemas Mooeib 0pa «IIeKmpoHa» 8 KOpHe
NPOMUBOPEUUNT OCHOBHBIM NOLONCEHUAM K8AHMOBOU Mexanuku. Pazeumoiii ko-
NeH2a2eHCKOU  WKOAOU KBAHMOBO-MEXAHUYECKUTI  (DOPMATUZM  NPAKMULECKU
NOIHOCMbBIO UCKTIOUAEm 803MONCHOCHb 00020 NPUHUHHO2O, NPOCMPAHCINGEEH-
HO-8DEMEHHO20 ORUCANUSA AGleHUul Mukpomupa. Heonosumusucmeol 6o enase ¢
Hunvcom Bopos, cozdasuiue u 60321asusuiue K6AHMOBO-MEXAHUECKOe 08UICe-
Hue, Hacmos Ha mom, ymo Ha nuxockonuueckom (~107"" ... 107" cm) yposne
opeanuszayuu Ecmecmea demepmunusm nOIHOCMbIO ycmynaem Mecmo 6eposim-
Hocmuomy ¢popmanuzmy. Joboe ynomunanue o mpaekmopuu O8UIICEHUsT MO-
YEUHBIX 00BLEKMOE (INEMEHMAPHBIX YACTUY,) 8bIXOOUM 30 PAMKU HEONO3UMUBU-
CIMCKUX 8033DEHUL, YMO 8 HAYANe NPOULIO20 8eKAd NOCIYICULO KOLOCCANLHOMY
PbIBKY 6 pa3sumuu Keanmogulx meopui. Hoine dce Heonozumueusm okazvleaem
MOwHOe conpomueienue OanibHeluemy npoogudicenuto Hayku no nymu no-
cmudicenus 2nyouHHou cmpykmypol MupozoaHus.

Heyooeremsopennocmov 6 nocuueckoil yujepoHocmu K6aAHMOBOU MeXAHUKU
ucneimuléany npakxmuyecku éce ee cozoamenu: Ilnauk, de Bpoinw, Dunwmerin,
Ulpeounzep. Bce onu nonazanu, 4mo K6AHMOBAs MeXAHUKA NUUb RPenoous
nepeo 6yodywei, geproti meopueil. Mm npunyunuanvro o3pavican nuwe Hunbve
bop, no u on co6opun: «Bce coenacnul, umo nawia meopus 6esymna. Mol pacxo-
OUMCSL TUULL 8 OOHOM. OOCIAMOYHO il OHA Oe3yMHA? ».

B nauane npownozo eexa xoneneazenckas wxona Bopa odepoicana nupposy
nobedy 6aazooaps OIUCMAMENbHOU Niesde €20 Y4eHUKO8 U Nociedosamenell.
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Teiizentepey, Hopoany, Bopuy, aynu, Jupaxy u MHoz2ux Opyeux Heono3umuel-
CMOB, CKUHYBWUX C CeDsl «NYMbly KIACCULECKO20 OeMePMUHUIMA.

Tenepo, neped nocpyscenuem 6 6onee enyounuvie Heopa Muposzdanus, Mol
Habnodaem noHoe Oeccunue K8AHMOBOU napaduemvl, obpocuieli 3a No4mu
cmonemtiee Cyuecmeosanue OOIbUUM KOIUYECHBOM HEPEULeHHbIX NpoOieM,
NPUHUHBL KOTMOPBIX 3UNCOYMCSL 8 «OE3YMHOCMUY U 8 OMCYMCMEUY HA2TISIOHOCIMU
ee 0CHOBAHUII.

Ilpeonosicennas 30ece Mooenb A0pa «INEKMPOHA» obradaem npocmpancm-
8EHHO-BPEMEHHOU CIMPYKMYPOU U CTIOHCHOU MPaeKmopuell 08UNCeHUs, YMOo AEHO
NPOMUGOpEUUN HEeONOUMUBUCHICKUM 8033peHusM. Ho dannas modenv npugo-
oum K Cmoib NPOCMOMY U USSUYHOMY 661600y Ypasuenusi Lllpeounzepa, umo
O00HO MONLKO CYWeCmBOBanUe IMO20 8bl600a mpedyem aubo e2o apeymeHmupo-
BAHHO20 ONPOBEPIICEHUs, TUOO CEPLE3HO20 NEPECMOMPA YCHMOE8 KEAHMOBbIX
meoputl.

Ecmb ewe 00un xonoccanvrwlii ncuxonozuieckuii bapvep, Komopwliil Heobxo-
OUMO nepecmynums, 4moObl HPUHAMb NPEONONCEHHYIO 30ecb MoOlelb A0pd
«IneKmponay. [leno 8 mom, 4mo Mvl HUKO20A HE CMOJNCEM NPOHUKHYNIb & SIOPO
«INEKMPOHA» CO cpedcmeamu usmepenutl. Benukuti xkpumepuil ucmunnocmu
«lIpaxmuxay, na komopom 3usxcounacy Hayxka na npomsicenuu 6ce2o epemenu
ee Cywecmeosansl, HaAYUHAem omxooums Ha 6MOpol niaH. Mo npoucxooum
NOMOMY, YMO O ABNEHUSX MUKPOMUPA U Me2AMUPA Mbl MOJCEM CYOUNDb MONbKO
1O pe3yIbmamam KOC8eHHbIX IKCNEPUMEHINOB.

Heonosumueucmol 8036enu Kocgenuvie IKCHEPUMEHMbL C INEMEHMAPHLIMU
yacmuyamu 6 paHe NPAMbIX IKCNEPUMEHMO8 U NOCMPOUNU HA SMOM C80I0 Me-
magusuueckyro ookmpuny. Ho menepe sma eeposmnocmuasn ¢unocous ue
nomoeaem. Hoine moi 8bIHYICOEHBI 00paMUmMbCsi 3a 8bIpAOOMKOU HOBbIX KpUme-
pues ucmunnocmu k TOPE u pazeueamov memoovl «APsiMO20 3HAHUSLY 3d Cuem
MEXHON02ULL NOZPYICEHUSL COHANHUSL (PA3BEOUUKO8Y 6 Hedocsieaemble Ol UsmMe-
peruil Heopa Ecmecmaa.

C Opyeotl cmopoHbl, XOms Mbl U He MOXCeM NPOHUKHYMb 8 A0PO «3JIeKmpo-
HA», HO HAWU CPeOCmed UsmMepeHull 6NoIHe CnocobHbl NPedoCmasums UHGop-
Mayuio o nogedeHuuU, Hanpumep, A0pvluiKka duoarocuieckol kiemku. B cuny no-
000ust A0pa KiemKuy U 10pa «INEKMPOHAY U3YHeHUe OUOIOSUYECKOU KIemKU No-
360715em pazodpamvpCsi 60 MHO2OM, 4MO KAcaemcsi GHewHel 000104Ky U s10pa
«INEKMPOHA», U HAOOOPOM 3HAHUSL 06 (DNIEKMPOHE» 80 MHOZOM PACHPOCHPAHSL-
emcs U Ha OUOTO2UUECKYIO KIeTKY.

B pamkax paccmatpuBaemoit Mozenu (cMm. puc. 2.8.1 u 2.8.2) oTkiIOHEHHE
CyOBSIIpBIIIKA OT HEHTPa AP «AJIEKTPOHA» IPUBOJUT OKPYIKAIOIIUIA €ro BaKy-
YM B HaNpsDKEHHO-1e(OPMHUPOBAHHOE COCTOSTHHE TAKHMM 00Pa30oM, YTO BO3HHUKA-
eT CHJIa, HOCAIIAs XapaKTep CHIIBI yIPYrOCTH, CTPEMSIIAsACcs BEPHYTb CyObsa-
PBILIKO B MCXOIHYIO LIEHTPAIBHYIO TOUKY.
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UemM panblie CyObsSAPBIINIKO OTKJIOHSIETCS OT IIEHTPa sIpa «JIEKTPOHA», TEM
BbIIIE HANPSDKEHHE €r0 OKPYXXECHUS M, COOTBETCTBEHHO, BBIIIE MOTEHIIUAI TIOJIS
YIPYTO# CHIIBI, CTpeMsILeiics BEpHYTh €r0 B UCXOJHOE LEHTPAIbHOE IOJI0XKe-
Hue. JIpyruMu ClioBaMH, HCCIEyeMOoe CyOBSAPBIINIKO OKa3bIBACTCs OyXIaro-
MM BHYTPH «HOTECHIHAIBHON SIMBI».

CyOBSapBIIIKO TOCTHTast ONMPEAEICHHOTO yNaleHUs OT LEHTPAIBHONH TOUKH
paccMaTpuBacMoOro BaKyyMHOTO OOpa3oBaHMs, O[] ICHCTBHEM YIPYroW CHIIBI
BO3BpAIACTCs K UCXOOHOMY «LeHTpy». Ho 3a cuer mprnoOpereHHOi o nopore
K LEHTPY KMHETHIECKOH SHEPIHH OHO IIPOCKAKNBAET MOJI0KEHNE PaBHOBECHUS, U
TaKO€ Xa0THYECKOe JBIDKEHHE MPOJI0JKaeTCs «BeyHO». I10CcTOSHCTBO XaoTHue-
CKOT'O JIBMDKEHHUSI CYOBsIIPBIIIKA MOXKET OBITh BBIPa)KEHO MaTeMaTHYECKU yepe3
TpeOOBaHUE K OCTOSHCTBY €ro MOJHOW MEXaHHMYECKOH SHEPrin

E=Tx v 2t + Ulx, y, z t) = const, (2.8.68)

rae 7 — KMHeTHYecKasi SHEPTrHs, CBA3aHHAS CO CKOPOCTHIO JIBIXKEHHS CyObBAl-
PBIIIKA;
U — noreHnManbHas SHEPTHsi, 0OyCIOBIEHHAs CHIIOW YIPYrOCTH, CTpEeMs-
LIEHCSI BEPHYTh CyOBSIPBIIIKO B HCXOJHOE MOI0KEHHE.

Kaxxgas u3 3TuX 3HEpruii ABISIETCS CITydailHON (QyHKIIMEH MecTa MOJI0XKESHUS
CyOBsApBIILIKA U BpEMEHH, HO X CyMMa [T. €. €ro HOJIHasi MeXaHH4YecKasi DHep-
rust E (2.8.68)] B KaXKAbIil MOMEHT BPEMEHH OCTAETCS OCTOSIHHOW BEIMYMHOM.

Hrak, B pamMKax paccMaTpuBaeMoOil MOAEIH IO Mepe XaOTHUECKOTO JBHKE-
HUsI CyOBSIIpBINIKA BHYTPH SIpa «3JIEKTPOHA» €ro KuHeTuueckas sHeprust T
IUTaBHO TNepeTeKaeT B MOTCHIMANIbHYIO 3Hepruio U ¥ Hao0OpoOT, Tak, YTO €ro
MOJIHAsl MEXaHUYEeCKasi SHeprust £ ocTaeTcs HEM3MEHHOM.
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http://www.crlc.pu.ru/share/hosse/

Wnmroctpanus cyObsSApbIIIKa, CBI3aHHOTO
¢ iepudepuei sapa «NEKTPOHa»

C 6blcombl HAWUX COBPEMEHHBIX NPEOCMAGICHUL Mbl MOYHO 3HAEM, YO
NONHASL MEXAHUYECKAsL IHEPIUSL COXPAHSIEMCST MOIbKO 8 3AMKHYMbIX (U30AUPO-
BaHHBIX) cucmemax. JIIoObIM 3aMKHYMbIM CUCIEMAaM RPUCYIYA U OUCKPEMHOCHTb
(m. e. keaumogannocmy) cocmoanuu. Hanpumep, oywa, 3axknouennas 6 meno
uenogeKd, Makdce umeem OUCKPEmHbll psi0 IHEPeMUHecKUx G3aUMOUCKIIO-
yaiowux cocmosinuil. K maxum xeanmogvim cocmosmusm Oyuiu OmMHOCAMCA,
Hanpumep: 1100068b — HEHABUCMb, BOCHOP2 — YHbIHUE, OMEd2d — CIPAX U M. O.

Hayuonanvnoe cocyoapcmeo, xkax 3amkHymas cucmema, makxdice, 6 KOHYe
KOHYO08, NpUxo0um K OUCKDEmHbIM uepapxudeckum gopmam npasienus. Ewe
senuxue epexu Iliamon u Apucmomens yuunu, 4mo 603MONCHbL MOIbKO MpU
Ouckpemmuvie QoOpmMbl OpaHU3ayUU 20CY0apcmea (3AMKHYmoU CmpyKmypbl):
1) monapxus (uau ee anmunoo mupanus), 2) apucmokpamus (Ui ee aHmunoo
onueapxus), 3) demokpamus (Ui ee AaHMUNo0 0emazocus).

o IThamony u Apucmomenio Kpumepuii NOUMUGHOCHU ULU HE2ATNUSHOCU
KOHKpemHOU (hopmbl Npaeienus 3a6UCUm Om OMHOUEHUS GIACMbAPEOePIHC-
wux k cobcmeennomy napody. Ecau npasumenu pacxooyrom 70 % nayuonanw-
HO20 0ox00a Ha pazsumue obuecmaa, a 30 % — na tuunoe brazococmosiHue, mo
9MO npocpeccusHvle POpMbl NPAGIEHUS: MOHAPXUSL, APUCTNOKPAMUS ULU 0eMO-
kpamus. Ecau, naobopom, na nuunoe obozawenue uoem 70 % 0oxodog eocy-
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dapcmea, a 30 % — Ha yoepoxcanue HapoOa 6 NOGUHOBGEHUU, MO MO de2padu-
pyiowue popmvl: MUpanus, oruapxus i 0emazous.

Cywecmayiom, HO MOAbKO 6 meopuu, ewe mpu Gopmvl 0OUECmEeHH020
yempoucmea: meokpamusl, AHAPXust U KOMMYHUSM.

Teokpamusa — smo kozoa cocyoapcmeom ynpasnsem Cam B-I'. Ilo eceii gu-
ouMocmuy, mMeoKpamuyeckas. Gopma npaeienust Ovlld peanru308and MoOIbKO
00uUH pas 3a 6cto ucmopuio yenosewecmsa, koeoa b-I" Cam Bvigooun espees u3
ecunemckoeo niena, u nozonee, koeoa OH Ynpaenan Uspaunem uepes IIpopo-
ko8 u Cyoeti. Ho H3pauns He cmoz bloepiicams 4pe3sbluaiiHo 8biCOKVIO UUC-
Momy MOpPANbHO-HPABCMEEHHBIX OMHOWEHUT], NPUCYIYUX THEeOKPAMUYECKOU
Gopme opeanuzayuu obwecmsa, u NONPOCUL Yaps.

Yepmoul anapxuu npucyuu nepuooam HapoOHbIX CMYM, YMO COOMEEMCmaE)-
em nepexoOHbIM (HepasHOB8ECHbIM) COCMOSHUAM 000U 3aMKHYMOU CUCTEMbL.

Ymo kacaemcs kommynusma, mo oe3 B-I'A — smo ymonust (m. k. 6e3 B-I'A ne

Mmodcem cyujecmgeosams wuueeo), a ¢ B-I'OM — smo ma sce Teokpamus — m. e.
Lapcmeue B-’KEE na 3emne.

Bepnaemcs k paccmoTtpenuto ypaBHeHu (2.8.68)
E=T () + U(f)=const. (2.8.69)

Ecnu ckopocts OnykmaHus CyObSIpBINIKA BOKPYT IICHTPA SApa «3JIEKTPO-
Ha» HEBeJIMKa, TO, COTJIACHO HEPENIITHBUCTCKOW MEXaHUKE, OHO 00J1a/laeT KuHe-
TUYECKOU sHepruent [44]

2 2 2
px @)+ py () + pz (1)
b
2u

()= (2.8.70)

rae f — macca CyObsIphIIIKa;
DP«(t), py(t), p-(t) — MTHOBEHHbIE 3HAYEHUS] KOMIIOHEHT BEKTOpA HMIIyJIbCa
CyOBsApBIIIKa

P=p? +ps+p2. (2.8.72)

Hanomnum, umo Ancuena neimaemcst u36a6umsbcsi 0Om ROHAMUSL MACCd, U
CcOOmeemcmeeHHo om pasmepHocmu «kunoepammy (cm. n. 1.8.11 6 [8]). Ho
30ech 68 0aHb Mmpaouyuu ANCueHa 0Cmaemcs 8 paMKax cmapo2o mepmMuHOI0SU-
YecKo2o u NOHSIMUIHO20 annapamd, m. K. @ OAHHOM CyYae 3mo He OKA3blealom
OWYMUMO20 GIUAHUS HA NOTYYAEMbLE PE3VIbINAMb.
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Bun ycpennenHo# noreHunanbsHoi sHeprun U(x,y,z) cyObsiaphInika, OIyxX-
JIAfOIIET0 BHYTPH S/Ipa «3JIEKTPOHA», BO MHOTOM 3aBHUCHT OT Xapakrepa aedop-
Maluil BHyTPUsIEPHON BaKyyMHON POTSKEHHOCTH.

B nmanHOM cityuae BHI yCpeIHEHHOH MOTEHIMAIbHOHN sHeprun U(x,),z) HE
KOHKPETH3UPYETCs, POCcTO OyAeM IOKa MoJyiaraTh, YTO OHA 33IaeTCs BhIpaXke-
HHUEM B

Uxyz) = p @ (x..2), (2.8.73)

rae ¢ (X,y,z) — NIOTEHIHAI CHJI YIIPYTOCTH, CTPEMSIINXCS BEPHYTh CYOBSIpHIII-
KO B LIEHTD S1pa JJIEKTPOHA.

CornacHo MCXOIHBIM YCJIOBHSM PacCMaTpUBaeMOIl MOJEIIH MOJIHAS SHEPT UL
E Omyxnatomero cyOBsaphIKa B JI000€ MTHOBEHHE BPEMEHH ITOCTOSHHA.
To ecTb, 10 Mepe CII0KHOTO JABMKEHHS CYyObsAPBIIIKA, €r0 KWHETHUECKast SHEp-
I'us TUIABHO TIEpEeTeKaeT B MOTEHIHMAIbHYIO 3HEpruio u Haobopot. IIpu stom
Cpe/iHee 3HAUEHHE IOJIHOM MEXaHMYECKOH SHEPriH CyOBSAPBIIIKA BCErJa COB-
T1a/IaeT C €€ MTHOBEHHBIM 3HAUYCHHUEM:

N
E = limiZE = lim LNE = E = const, (2.8.74)
N—o N = Now N

rae N — 4ucio peanu3aiuil.
B cooTBeTcTBUM ¢ mpaBuiamMu HEPENSATUBUCTCKON MexaHuku [44] omnpene-
JIUM JieiicTBrE S paccMaTpUBaeMOro CyObsIPBIIIKA CICAYIOIIMM 00pa3oM

S(0) = I [T(P,,t)~U(x,0)t + Et . (2.8.75)

4

st ynpolieHust BBIKJIAI0K 3[1€Ch PACCMOTPEH OJTHOMEPHBIN citydaid. B ciy-
yae Tpex m3MepeHuil BbIBOJ ypaBHeHus lllpenunrepa OyZeT TOYHO TaKUM XKe,
HO C OOJIBLIMM YHCIIOM HHTETPUPOBAHUM.

W3-3a CIIOKHOCTH TPACKTOPUH JIBIKEHHUS OTyKIAIOIIETO CyOBsIIPhIIIKA HAC
Oyzer uHTepecoBaTh He camo aeiictBue (2.8.75), a ero ycpeaHeHue o BpeMeHU
(W1 o peanu3aiusIm)

_ N L]
§ = lim %ZS} (6) = [[T(p,.)+ Ulx.0)dt + Et. (2.8.76)
—>0 -1 [1

HamomHnM, 9T0 U1 CTaMOHApHOTO CIydYaifHOTO Ipolecca MMEET MECTO
PaBEHCTBO MEXIy YCPEIHEHNEM IO BPEMEHH U YCPEIHEHNEM TI0 peai3aisiM
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o= (7(p.). Te)=(U (). 879)

3HaK IUIIOC B MOJBIHTEPAILHOM BBIPOKEHUHU IIOCTABICH MOTOMY, YTO yC-
pelHEeHHasl MOTEHIUANbHAS DHEPrUsl OTpPUIIATeNIbHA, T. K. BCErJa CTPEMHUTCS
BEPHYTh CYOBSIIPBIIIKO B LEHTP HCCIEAYEMOro chepuvecKd CHUMMETPUYHOTO
oOpazoBanus. Ycpenauenue B (2.8.76) OCYIIECTBISIETC MO peaiu3aliusiM, B3si-
TBHIM 32 OJIH U TOT K€ MPOMEXYTOK BPEMEHH T = f, — f1 (3TO BO3ZMOXKHO TIPH 3p-
TOJIMYECKOM Tpoliecce).

CornacHo (2.8.70) cpeHIOI0 KHHETUYCCKYIO SHEPTHIO OJTY»KIAIOIET0 CyOh-
SAPBIIIKA MOYKHO TIPEICTABUTH B BUJIE

P l 0
T =5, PPy, (2.8.78)

rne p(p,) — IOTHOCTH pacnpeneneHus BepositHocTH (ITPB) Toro, uro 6myxnaromiee
B 3aMKHYTO# 00J1aCTH CYOBSIIPBILIKO 00JIaJaeT UMITYJIBCOM Py |
Cpennsis noTeHuuanbHas sHeprus (2.8.73) MoxkeT OBITh 3amKcaHa B BUJE

©

Ux,t) = [ p(x)U(x)dx , (2.8.79)

rae p(x) — [IPB mecra HaxoxkeHUs OIYKIAIOMIETO CYyObsIIPHIIIKA OTHOCUTEb-
HO OCH X C HA4aJIOM OTCYETa B IIEHTPE CHHTYIISIPHOCTH SIIPa «dJICK-
TpOHa» (3€Ch ¢ UTPACT POJIb TApaMeTpa).
C yuerom (2.8.78) u (2.8.79) Beipakenue (2.8.76) MOXHO MPEICTABUTH B
CJICJIYIOIICM BUJIC

ty 0 ©
5= ZL [ p)pidp, + [ pU s (e + B (2.8.80)
7
4 —o0

—00

Jlo aToro MoMeHTa AJICHTHA He TIPUBHECIAa HUYero HoBoro. IIpocTo 3amca-
Ha yCpeaHeHHas QYHKIHUS JEHCTBUS ISl CyOBSIPHIIIKA, XAOTHUCCKH IBIKYIIIC-
TOCs BO3JIC LIEHTPa SApa «dIEKTpoHa». [Ipy 3TOM MONHAsS MEXaHWYEeCKast SHep-
THsl TAHHOTO CYOBSAPHIIIKA BCETIa OCTACTCS MTOCTOSIHHOM (E = const).

Tenepp mpemiaraercss cBexas wies. Ecau Ham ymactces BBIpasuth p(p,)
(ITPB ummnynbeca Omyxaatomiero cyowsaapsinka) uepe3 p(x) (ITPB ero kxoopau-
HAThl), TO HA OCHOBAHWH MPHUHIIMIIA SKCTPEMYMa JEUCTBUSA MBI CMOYKEM OIpeie-
JIMTh SKCTPEMallb JaHHOTO (QYHKIMOHANA Pyemp(X), T. €. HaliTH Haubonee Bepo-
SITHYIO TUIOTHOCTh PACIPE/ICICHHs BEPOSITHOCTA MECTa HAXOXKICHUS Oy Iar0-
1IEr0 CYOBAAPBIIIKA OTHOCHTEILHO IIEHTPa UCCIIEAYEMOT0 BaKyyMHOTO 00pa3o-
BaHWUsL.
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Hpeme BCCT0, BCIOMHUM, YTO UMITYJIbC cy61>${szLHm<a, o CyTH, ABJILACTCA
HpOI/I?)BOﬂHOI\/'I OT €€ KOOpAMHATHBI [0 BPECMCHU

dx .
=u—=ypx. 2.8.81
Po= M= X ( )

[pouenypa nomyuenus I[1PB p(p,) npon3BoIHOI CTAIIMOHAPHOTO CITy4aiHO-
ro mpouecca, npu usBectHoil IIPB p(x) camoro ciyuaiiHoro mpomecca Obuia
npeacrasiena B 1. 2.8.4 [cM. BoeipakeHus (2.8.41) — (2.8.44)]. Ilpumenum nan-
HYIO TIPOLIEYPY K paccMaTpuBacMOMY CIIydalo:

1. OgrOMepHas p(x) TpeACTaBIsIeTCS B BUAE MPOU3BEICHUS ABYX ILIOTHO-
cteii ammmuTy sl BepostHocTH (ITAB) ¢(&):

p(x) =y (xly(x) (2.8.82)
WIn

p(x)= l//(x,t)l// * (x,t) , (2.8.83)

T€ B CUJIy TOCTOSIHCTBA E

Et
v(x,t)=w(x) exp{i(—)} , (2.8.84)
Et

v (x,t) =w(x) exp{— i(—)} . (2.8.85)

2. OcymecTBIAIOTCA ABa mpeodpazoBanus Dypre

! J.l//(x,t)exp{i;cx/hw v, (2.8.86)

VOO s )

0

W (x, )= ! .[t//*(x,t)exp{—i;cx/hm}dx, (2.8.88)
N27he, o
rae
20?6‘}1
hCﬂ = 2
T

Kop ¢
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rJie, B CBOIO OYEpeNb, O, W Tiop cn — COOTBETCTBCHHO NHCIICPCHS M PALHYC

KOPPEISIIAKA MECTa HAXOXKICHHUS ONYKIAIOMIEr0 CYyOBsIPBIINIKA B OKPECTHOCTH
LEHTpa siIpa «dIeKTpoHa» (cM. puc. 2.8.1 wm 2.8.2).
C yuetom (2.8.81) mmeem

| ©
!//(pxst) =T l//(x’t)exp{ipxX/nc;z }dxa (2888)
2 L

TNy

1 o0
W *(pyt) = ——=—=—= |y *(x,0)exp{~ip, x/n,}dx,  (2.8.89)
\/ZMMJ;

rne fie, = he, 1t — ananor nocrosHHo# [Tnanka juist Oimyskaaroiero
CyOBSAPBIIIKA.

30ecv Ancuene 6H06b NPUXOOUMCS TOMAMb OOUH U3 CAMBIX YCMOUYUBLIX HA-
YuHblx cmepeomunos. Heobxooumo oco3namo, Yumo K6AHMOSOCHb NPUCYUa He
MONbLKO AGNEHUAM MUKpomupa. Keanmosvle ceolicmea nposeIsAiomcs Ha 1i000M
VPOSHEe Op2aHU3AYUY MAMeEPUU, HACENEHHOM NOKANbHLIMU (YacmuyenodobHbl-
M) CYyWHOCAMU.

Ilycmy, Hanpumep, OXOMHUK, 8eC KOMOPO2O U, ~ 85 K2, Omyacoaem Kadic-
Obll OeHb N0 Jlecy 8 NOUCKAX OUYU BOKPY2 C80ell XUNCUHBI NO XA0MUYeCKoU mpa-
exmopuu 8 paouyce ~ 30 xm. Ilpu smom e20 mecmononodxicenue 8 cpeonem

ModicHO onucamsb eayccosckoti ITPB p(x) ¢ mucnepcueit O'fox ~ 8 kM, a cpednuil

Paouyc KpususHvl uzeub06 €20 mpaeKmopuu OBUNCEHUL T ~0,8 km. B smom

Kop ox
cnyyae nocmosinuas Ilnanka makozo oxomuuxa pasna
202 2.7

Xox

Nop = ——— Moy * 07 85~1700 xm-xe . (2.8.90)

Kop 0X ’

Tayccosckaa IIPB p(x) mecmononocenus OXOMHUKA COOMBEMCMEyem e20
OCHOBHOMY He8030YcOeHHOMY cocmosanuto. Ecnu dice 6 e2o xusicuny 3abepemcs
Med6edb, MO OXOMHUK nepetioem 6 8030ydcoennoe cocmosinue. Ilpu smom ow
Oyoem UHMeHCUBHO OIYIACOamb BOKPY2 CE0€l XUIICUHDL, NOKA HE «GbIKVPUNLY OM
myoa meoseosi. B smom 6036ysicoennom cuyuae IIPB p(x) mecmononosicenus
oxomHuxa 6yoem yoice He 00H020pOOI, a 08y20pooll YyHKYUell.

Taxotl sce n0OX00 MOICHO NPUMEHUMD K XAOMUUECKOMY KOIeDAHUIO Y8emKa
POMAWIKU Ha e2o cmebiie noo GIUAHUEM e2Kux OyHosenul éempa. B smom cruy-
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~5en’, T =~ 0,3 cm. Ilpu smom xapaxmepuas

) - 2
uae: lpo, ~ 302, o xop pox

X pom

nocmosinnas Inanka pomauiku pasHa

20—5 OM 2 M 5
Mpon =~ B o zﬁso ~1000 cm-2. (2.8.91)

Kop pom

Pomawika, ¢ 3asucumocmu om no2oovl, max sxice modxcem Obimyv, KaK 8 OC-
HOBHOM, HeB030YHCOEHHOM (0OHO20POOM) COCMOAHUU, MAK U 8 8030VHCOEHHOM,
8 cpeOHeMm epawaroujemcs no Kkpyay (08yeopoom) cocmosanuu. B 6onee 6036yxc-
OEHHBIX OUCKPENMHBIX COCMOAHUAX YBEMOK POMAUIKYU MONCEM 8 CDEOHeM 6biNu-
cvigamy ewje bonee 3amviciosamole ueypuvl Jluccaxcy.

Bce, umo Ancuena pasoupaem na npumepe cyowvAOpbiuiKa, O1yncoaiowezo 8
OKpecmHOCmU Yenmpa A0pa «I1eKmpoHay, NPUCYue 8cem NOKATbHbIM 8aKYYM-
HbIM 00pa308aHUAM, 8KII0UAA 36€30bl, 2alaKmMuKu u écio Beenennyio 6 yenom.

B amom cuna nayunozo nooxooa — usyuas 4acmHocmu, Mbl 0OHO8PEMEHHO
nocmuzaem u Hexomopwie ocobennocmu Obwezo.

3. OxonuarensHo IIPB ummmynbca cyOBsapbIIKa, OMyKIaroLmIero BoO3Je
LICHTPA SIAPA «AJIEKTPOHA», PaBHA

P(p) =W (D000 * (pyst) = w(p, ) expliE /-y (py)expl=iE /m, }=|w(p,)|.
(2.8.92)

Bocnons3yemcs Taxoke cBOHCTBOM HMHTErpanoB Dypbe, KOTOpOe MO3BOJISET
3aImMcaTh CpeAHNE 3HAUeHHs 1000 (PyHKIMH OT UMITyJIbca cyObsaphinka F(p,)
B KOOPJMHATHOM TIpeJicTaBiIeHNH (2.8.68)

F(py) = jp(px)F(p”x)dpx = jw(x,t)F[mng v (x0)dx.  (2.8.93)

Ucnons3yst cBoricTBO (2.8.93), mpencraBuM YCpeOHEHHYI0O KHHETHIECKYIO
sHepruto (2.8.78) cyObsimphiiika B cienyromieM Buje [38]

— 1 —~ 1 2 n2 @©
T=—p;=—" Jp(px)pfdpx =——= jw(x,t)
2u 2u i 2u c

2
IY*D 4 (2.8.94)
ox?

a YCpEIHEHHYIO MTOTEHIHAIbHYI0 3Hepruto (2.8.79) ¢ yuerom (2.8.83) B Buze
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U= j w (%, U (X * (x, £)dx. (2.8.95)

—00

IIpocToii mpoBepKoH JIETKO YOSIUTHCS TAKKE B TOM, UTO

« . iEt/m,,
- J-incﬂl//(x)e_lE’/"”‘ %x =const, (2.8.96)
I
E- Ilncﬂw(x t)Md — E = const. (2.8.97)

[Moncrapnss (2.8.94), (2.8.95) u (2.8.97) B ycpennenHoe neiictue (2.8.80),
MTOTyYUM

_ 5% 2 2 * =} o0
S=[i-2= | ety VD gy [woueow = nave J.incﬂl//(x,t)iaw*(x’t)dx '
’ 2u < oc? ot

(2.8.98)
nim
5= [ ’; 0 D sy 0 i, a"’;x”)}xdt
(2.8.99)

VYcioBue 3KCTpeMaNbHOCTH yepeaHeHHoro neiicteus (2.8.99) tpebyer 00-
pallieHust B HOJIb €ro MepBOW Bapualuy (Bce MOCIeyoNIHe ONepaii COOTBET-
CTBYIOT (hOpMan3My BapHallMOHHOTO ucuucienus [45])

% = 5“‘[ e e ’)%W(x DU () *(x,0) +p(x,0)im,, l//);gx’t)}xdtzo-

(2.8.100)

Okcrpemans ¢pyHknuoHana (2.8.99), 1. e. dyHKIMA Y (X, £), IpU KOTOPOH yc-
penHeHHoe neiictBue (2.8.99) mpuHHMaeT MaKCHMANbHOE I MHUHHMAJIbHOE
3HaYCHHE, OTpeeNsieTcs ypaBHeHneM Jitnepa — [lyaccona [45], koTopoe ompe-
JEISETCS CIEeIYIOMIM 00pa3oM.
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W3 BapuanuoHHOro MCUUCIEHUs U3BECTHO [45], uro ypaBHeHHe Dilnepa —
ITyaccona qns narpanxkuana L, sIBISIIOIIETOCS MOJBIHTETPAIbHBIM BBIPAXKEHUEM

B (DyHKIMOHAJE IEHCTBUS

o & 0 o

S = jL(x,t

umeer Buj [45]

d d o 0? o
—— L, ——\L, (+t— L, j+— L, +——iL )=
: ax{P} at{é} axz{ aﬁ{ 3 6x6t{ j
371eCh
T
o’ ot’ ox?’ otox”
0 oz op og
—L,=L, +L_ —+L —+L, —
ax{ .D} px rz ax pp ax &p ax
— TMOJIHAS YacTHAs TIPOU3BOIHAS 11O X.
AHaoru4yHo
0 oL op og
—\L, =L, +L,_—+L, —+L, —=
at{ g} 8t 8z at gp at 88 at
U T. 1.

Ucnonb3yst MOJBIHTErPAIbHOE BBIPAKEHHUE U3  YCPEIHEHH
(2.8.99) Ha ocHOBaHuM (2.8.102) — (2.8.105), cHavana onpeneum

2 A2 2
_ N OPy(x) - ov(x) o
Lz - 2,U axz +2W(X)U(x)+lnc;l 6t H 8[2 {Lt}_
d o*
6x{p} ’ 8x6t{ S}
R R PRI/ C) O
O Lg}_zlnw ot > axz {Lr}_

jdxdt, rne z=y(x, t, (2.8.101)

(2.8.102)

(2.8.103)

(2.8.104)

(2.8.105)

Oro JEWCTBUSI

)

Mg Oylx)
2u  ox?
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IMoxcrasinsist 3tu BeipakeHust B (2.8.102), OKOHYATENHFHO MMOJYYUM ypaBHE-
HHUE ompejelsioniee Hanbojaee BEPOSITHOE COCTOSHHUE OJIyXKIAroIero cyobsi-
phIIIKa

op(x,0) M, Qw(x,0)
P~ +U(x) w(x,0), (2.8.106)
rac
v )y )=y @ = p(x) (2.8.107)

— IIPB MecTOHaxXOXACHUS CYOBSIPHINKA, HEPEPHIBHO «XAOTHUECKI» OIIyK-
JIAfOIIET0 B OKPECTHOCTH LIEHTPA SAPA «JIEKTPOHAY.

HamomHnM, 4Tto naHHOE ypaBHEHHE BBIBEICHO NPH YCIOBHH MapKOBOCTH
«Xa0THIECKOTO» ABHKEHUSI CyOBAAPBIIIKA.

O06o00meHne Ha TPH W3MEPEHHUs, CBOISIIEECS MIPOCTO K yBEITMUEHHUIO YUCIIa
UHTETpUpOBaHuil, TpuBHaibHO. [Ipu aToM BMecTo (2.8.106) nmeem

Qy(r,t) __ My Ow(r.0)
a ot 21 or?

+ U Dw(rt),  (2.8.108)

rac

y(r,t)=w(r)exp —i(E—t)) R (2.8.109)

(&}

IJIe ¥ — PACCTOSIHUE OT CYOBSAPBIIIKA JI0 [IEHTPA, UCCIIEAYEMOr0 BAKYyMHOTO
o6pasoBanms (cM. puc. 2.8.2) (¥ =x* + y2 +29).
Ypasraenue (2.8.108) mpakTUYecKH TOITHOCTBIO COBIAAaeT C ypaBHECHHEM
[penunrepa (2.8.1). OTinumne 3aKiIr0O9aeTCs TOJIBKO B BETUYMHE MOCTOSHHON
Mg » KOTOpAsS! ISl pA3JIMYHBIX JIOKAJIBHBIX 00pa30BaHUN Pa3IMyHa U 3aBUCUT OT

WX WHEPTHOCTH, CPEIHEN CKOPOCTH MEpEeMEIICHUI U paryca opeasia OOUTaHMUs.

Eme pa3 ormernm, uto ypaBHenme lllpemunrepa suma (2.8.108) yHumBep-
CaJIFHO UTS ONHCAHUS SBJICHHH HE TONBKO MHKPOMHpA, HO U MHOTHX CTaIHO-
HapHBIX NPOIECCOB B Makpo- U Meramupe. OHO MOOXOAWT IS OIMCAHUS YC-
PEIHEHHOTO TOBEJEHHUs JIF0OOr0 TOYEYHOTro 00pa30BaHUsI HAXOJSILETrOCs MOJ
BIMSTHUEM MHOJKECTBAa HEKOPPEIMPOBAHHBIX (PAKTOPOB, M «XaOTHUECKOE» Iepe-
MEIEHUE KOTOPOr0 MOXXET OBITh ONHCAHO CTAlMOHAPHBIM MApKOBCKHM IIPO-
neccoMm. YpasHenue lllpemunrepa ans pa3iuyHbIX JOKaIBHBIX 00pa30BaHHI

OTJIMYAIOTCS TOJIBKO aHAJIOrOM «IIOCTOSIHHO#M [TnaHka» 1, XapakTepHOH TOJIb-

KO JJISl JaHHOTO OOBEKTa M OTpaXkaromieil 0000IeHHbIE CBOICTBA YCPETHEHHOTO

XapakTepa ero mepeMeIIeHnid B OTpaHNYEeHHON 00J1aCTH OOUTaHNS.
[peaoxeHHbI B JaHHOM MYHKTE MOJXOJl MO3BOJISET JIOTHYECKH ODOCHO-

BAaTb OCHOBHOC ypaBHeHI/le HepeﬂﬂTHBHCTCKOﬁ KBaHTOBOﬁ MCXaHHMKH, UCXOJA U3
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MIPUHIMIIOB, B KOPHE OTJIIMYAIOMINXCS OT «HJICOJIOTHUECKUX» YCTOEB KBAHTOBOH
MeXaHUKH. BMecTe ¢ TeM caMa KBaHTOBAas MEXaHHWKA OT 3TOTO COBEPIICHHO HE
crpanaer. IIpocTo MBI MosTydaeM JIOTHYECKH HETPOTHBOPEUMBBIN MaTeMaTHde-
CKHUH ammapar, ITO3BOJISIONINI HalleMy MBIIUICHHIO IPOHUKATh B CYTh KBaHTO-
BbIX SIBJICHUH.

[MomoOHEIM 00pa3oM MOTYT OBITh TMONYYEHBEI BCE OCHOBHBIC ypaBHECHUS
KBaHTOBOH Teopuu mmois: ypaBHeHue Kiena — I'opmona, ypaBHenus [upaxa,
ypaBHeHHS MakcBeta. AITOpUTM UX BBIBOJA OCTAETCSI TOYHO TAKUM XKe:

1) 3ammchIBaeM JEWCTBHUE CUCTEMBI;

2) ycpemHsieM ero;

3) mpencraBisieM BCE YCPEAHEHHBIE CllaraéMble B MOABIHTETPATILHOM BBI-
paKEHUM YCPEAHEHHOTO NEHCTBHs Yepe3 IUIOTHOCTH paclpelelieHus
BEPOSITHOCTH p(xX) WIH p(py);

4) mnepexonuM B KOOpAMHATHOE (MJIM UMITYJICHOE) TIPEJICTABICHHE;

5) HaxoaMM ypaBHEHHE JJIsl SKCTpeMalIel MoIyqnBIIerocs (GyHKIMOHANA.

3HaunMOCTh BBIBOJA ypaBHeHus llpeauHrepa 3akiodaercss B TOM, YTO MBI

P 3TOM HAYMHAEM MTOHUMATh BHYTPEHHIOIO CyTh KBAaHTOBBIX SIBICHUI M 0CO3-
HABaTh TPAaHUIIBI B YCIOBHS IPUMEHIMOCTH KBAHTOBOH MEXaHUKH.

BaxxHO, 4TO B paMKax pacCCMOTPEHHOI 37€Ch MOJEIIN Xa0THIECKOTO MOBEIe-
HUS JIOKQTBHOTO BaKyyMHOTO OOpa30OBaHMA JIETKO Pa3peIaroTcs psl Mapagok-
COB KBAaHTOBBIX Teopuil. Hampumep, npoOiemMbl peayKIHH COCTOSIHUS KBaHTO-
BOW CHCTEMBI B paMKaXx JIaHHOW MOJENM He CYNIeCTBYET, T. K. YaCTHIIa BCErna
ocraercst OJy)KIaroliel yacTuiei, a He HeKOil pacIIbIBYaTOl BOJHOBOM (hyHK-
LMel, KOTopasi IPH PErHCTpaluy JOKAIFHOTO CI'yCTKa MaTepUH JOJKHA MIHO-
BEHHO cOOpaThCs B OJIHY TOUKY.

Bui160o0 ypasnenus Ilpeouneepa, npusedenmvlil 8 5mom nyHKme, OblLl enep-
evle onyonuxosarn asmopom 6 1990 2. 6 [46], brazo0apsa dobpou 6onre moux
yuumerneil 0.m.H., npogeccopa Anvbepma Anopeesuua Kysuweyoea u 0.¢h-m.H.,
npogeccopa Anamonusa Heanosuua Koznosa.



