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O61m1ast XapaKTepUCTHKA PabOThI

AxTyanbHOCTL TeMbl. PH3nKa OpHEHTAIMOHHBIX 3(h(eKTOB B HacTosIIEe BpeMs
npeficTaBsieT  co00d  Molofgoe GBICTPO  Pa3BHBAIONIECCS HANPABICHAE HAYYHBIX
Hccnenopanui. Mccnenosasns B 3TOH 06NacTH, B X0e KOTOPBIX ObUI MONTBCPXKICH PSI
(yHIaMEHTATBHBIX TTONOXEHUH (DH3HUKU TBEPIOIO TENa M CMEXHBIX C HEW obnacrei u
ObUI BHECEHBI CYIECTBCHHBIC TONPABKH B TCOPHIO B3aHMOJEHCTBHS 3aPSDKCHHBIX
YacTHI[ C BEWECTBOM, MHTCHCHBHO BEQyTCS BO MHOTHX jJaGopartopmsix mupa. B psmy
Haubonee

H3BCCTHBIM  SBJBICTCSI KaHAJIMPOBAHUC

ODHEHTAIMOHBBIX  3(exToB
pEISTTHBACTCKAX YacTun. OHO TNOCHYXHIO (DyHTAMEHTOM U1 CO3JaHMsS HOBBIX
9KCIIEPMEHTATBHBIX METOJIOB HCCICOBAHMS COCTaBa M CTPYKTYpPhI TBEPIOIO Teja.
Brarongaps YHMKIBHBIM BO3MOXHOCTIM C €ro IOMOMBIO MOXHO ¢ GOnbmoi
TOYHOCTBIO ONpENENSITh MECTONONOXEHHE aTOMOB HpUMECEH M COOCTBEHHBIX
KPHUCTaLIMYECKOH HAaXOMHThb Hpodmwm

MCXKY3CIbHBIX aTOMOB B

pemieTxke,
paMalMOHHbIX Je(heKTOB U KIaCCH(HIMPOBATh HX, H3y4aTh HADYMICHUs! CTPYKTYPhI B
NOBEPXHOCTHBIX M  NPHNOBEDXHOCTHBIX  CIOSX  KDHCTA/LIOB M  TOHKHX
MOHOKpACTAUIMYeCKAX mieHKax. C momompio 3¢dekra KaHATMPOBAHHS MOXKHO
H3ydYaTh TEIUIOBble KONECOAHWS M CMEIIEHHS aTOMOB B pEHIETKE, pacnpefieNcHHe
SNEKTPOHHOM IUIOTHOCTH B MEXATOMHOM IPAcTPaHCTBE KPHCTALIOB, IPOM3BOJHMTL HX
TouHy0 opueHTanuio. [To Mepe HaKOIUICHHs 3HAHMA HENPEPBLIBHO PACIIMPSIETCS] B KPYr
OPAaKTHYECKUX IPAMEHEHHH SBICHAS KAHATMPOBAHHS.

Hccnenosarus nposogumMbie B Mucturyre Ipuxmagaeix IIpo6aem ®usaxn HAH
Apvemim (UIIII® HAHA) mog pykoBoncTBoM akajemuka A.P. Mkprysma
CBHJETEILCTBYIOT O BO3MOXHOCTM YCHICHHS HHTCHCHBHOCTH ¥  YNPaBICHHSA
XapaKTCPUCTHKAMHA HW3JIYYCHWS KAHAMMPOBAHHBIX YaCTHIl IyTeM BO3JCHCTBHS
axkycTHueckux Kone6anmit. Teopus aToro Bonpoca Hayana paspabateiBathea B MITTI®
HAHA B 80-x ronax. A ocerbio 1999r. u neroM 2003r. corpynrrkamu WUIIII® HAHA
ObLIH TPOBENCHB SKCHEPUMCHTANIbHBIE HCCIENOBAHHS  BO3NCHCTBHS IPOJOJBLHBIX
THIIEP3BYKOBBIX KOJNEGaHME KpACTaLIA Ha‘cncmpa.rmﬂme XapaKTCPUCTHKH H3TyJECHHS
2NeKTPOHOB ¢ 3Heprueir 20MasB KaHaTMpOBaHHBIX B Ibe3oKpucTamie kpapua (Si0,).

DKCIEPUMEHTHI IPOBOIWIACH COBMECTHO C TPYNINON BO3IIaB/sieMoyt akafemukoM P.O.



ABaksSHOM Ha MNy4YKe HHXEKTopa JmMHedHoro yckopurems JIYD-75 Epesanckoro
Pu3uueckoro HMHCTHTYTA. PesynbraTel 00paGoTKM JaHHBIX MOMYYCHHbIX B 1999r.
CBHJIETENBCTBYIOT O BO3MOXHOCTM 3HAYHTCIBHOTO YBEIMYCHHS HHTEHCHBHOCTH
M3My4YEHUST KAHATMPOBAHHBIX  OJICKTPOHOB  T'HIIEPYACTOTHBIME  aKyCTHYECKMMH
KOJIeGaHASME M O BO3MOXHOCTH pa3pabOTKH Ha WX OCHOBE BBICOKOMHTCHCHBHBIX H
Y3KOHANPABICHHBIX ~ HCTOYHUKOB  DEHITCHOBCKOTO  HIIy4eHHMS, YHPABISEMbIX
TAOCP3BYKOBBIMH  KoneGaBMAMH.  OKcrepuMeHThI  2003r. mofrsepmwm 370
obcrosTenseTBO. [{uccepranmonnas paboTa NOCBSIIEHa ITOH aKTyalbHOH TEME.

Ilens grccepTanyy COCTOSUIA B HCCICIOBAHNM CTENICHH BO3JCHCTBHE IPONOIbHBIX
aKyCTHYECKHMX KoleOaHuil Mbe30KpHCTAUIa KBapla (HE3KOTEMIEpaTypHBIH KBapH) Ha
NONEPEYHyI0 TPAeKTOPHI0 M NOMHOE (TMPOMHTEIPHPOBAHHOE IO BCEM YacToTaM)
H3IyYeHHEe IUIAHAPHO KaHAIAPOBAHHOM PpEISTHBHCICKOM WYaCTHII B paMKax
KJIaCCHYECKOH TEOPHH 3TOTO SABICHHS.

Hayunas HOBH3HA M mpakTHYccKas IEHHOCTb paborel. B mccepranmoHHOH

paboTe pacCYHMTaH TPEXMEPHBIA H T.H. HENPEPLIBHBIA NOTCHIHAT IByX Pa3HOBHIHOCTEH
MOHOKpHCTA/Ia KBaprna. [[is yuera BO3NEHCTBHS aKyCTHYECKHX KoneOaHmi
paspaboTaHa Dponeaypa Iepexofa oT DOJMHOTro K JaCTHYHOMY YCPETHEHHIO OTEHIHAIA
MOHOKPHCTaJUI2 M II0Ka3aHO, YTO IIPH HAIMYHMH aKyCTHYECKHX KONcOaHAH B NOTCHIHAANIE
MOHOKDHCTA/UIa  HOSBISETCS  JONOJHUTENbHBIH  MHOXUTCIb,  ONpECISIEMbIH
napaMeTpaMu 3THX KojleOanuil. YUCICBEBIMA METOJaMH IOKa3aHO, YTO aKyCTHUESCKHUE
KoneOanusl HH3KOTEMIICPAaTypHOTO KBapla MOIYT CHILHO BIMATE Ha IOIEpEYHbIC
OCUWLIIMY IUIAHADHO KAaHATMPOBAHHOM DEISITUBHCTCKOM YaCTHIbBI, OPHBOUI K
3HAYMTENLHOMY BO3PAcCTaHHMIO INONHBIX MHTCIPANBHBIX MOTEph HAa HM3JIyYCHHE
KaHATMPOBAHHS.
OCHOBHbIE NOJTOXECHAS BRIHOCHMBIC Ha 3ALIHTY.
1. Pe3synbTaThl YHCIEHHOIO pacyeTa TPEXMEPHOro IOTCHNHANAa MOHOKPACTAIIIA
BBICOKOTEMIIEPATYPHOTO KBaplla M HENPCPBIBHBIX NOTCHIHANOB PAa3HBIX
ATOMHBIX ILUIOCKOCTEH BBICOKOTEMIEPATYypPHOIO H HH3KOTEMIEPATypHOIO

KBapIa.

%
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2. Tlpomemypa mepexofia OT HOTHONO K YacTHYHOMY YCPETHEHHIO NOTCHIHANA
BIOJb aTOMHON IUIOCKOCTH (IJIOCKOCTHOE KAHATMPOBAHHE) HIM HEMOYKH
aToMOB (OCEBOE KAHAIMPOBAHME) MOHOKDHCTAUIA I yYeTa CTCNCHH
BOSJICHCTBHS aKyCTHICCKUX KONEOA M.

3. BeiBoX O TOM, 9TO IIOC/IE IPONEHyphl YaCTHYHOrO YCPCJHCHHS H3-32
BO3NEHCTBHS aKyCTHYECKHX KoNeOaHMd B IOTCHIHMANC MOHOKDHCTALIA
[OSIBJISIETCS TOMOMHUTEIBHbIA MHOXHTE!D, ONPEAEISIeMbli TOJILKO YaCTOTOM,
aMILHTYOH | JIp. IapAMETPaMH aKyCTHYECKHX KOICOaH .

4. BbIBOJ O BO3MOXHOCTH CHJILHOTO BO3JICHCTBHS aKYCTHYECKAX KOJEOaHAi Ha
[oNepeyHble  OCUWULIMM  IUIAHApHO — KaHATMPOBAHHOTO 3NEKTpOHa/
HO3MTPOHA B HU3KOTEMIICPaTypHOM KBapIiE.

5. BbIBOI O BO3MOKHOCTH 3HAYHTEIHHOIO POCTA NOMHOH (IPOMHTEr PUPOBAHHOM
0O BCEM 4YacToTaM) OSHEPIHH H3IyYeHHs IUIAHAPHO KaHAIMPOBAHHOTO
2JIEKTPOHA/IO3UTPOHA GlIarofaps BO3ICHCTBHIO AKYCTAYECKAX KoNeOaHui.

Anpo6anust pabotsl. ITomydernsie pe3yIbTaThl TOKIATbIBAIACH H o6CyKIamuch
ra 20% Mexnyraponsoii KoHdepeHmy no aToMHbIM CTONKHOBEHHAM B TBEPBIX Telax
(19-24 sms., 2003r, neckn Tomam, r.Ilypn, Mams), Ha MEXTyHapPOAHOM CHMIIO3HYMCE
“UanydeHre PENSTHBHCTCKHX 3JEKTPOHOB B NEPHOTMYECKHX crpykrypax_ (8-11 ceHr.,
2003r, r.Tomck, Poccus), na IV HanMoHaIbHOM KOH(CPCHIHMH TNO MPAMEHCHHIO
PenTreHoBcKoro, CHHEXpOTPOHHOTO H3iydeHmil, HeHTpoHOB H DJIEKTPOHOB Uit
rccienoBanus Matepuanos (17-22 mosbps, 2003r, r.Mocksa, Poccust), a Takxe Ha
cemunapax WIIII® HAHA.

Iy6mukanmy. ITo pe3yTbTaTaM JUCCEPTAIHA ONyOIHKOBAHO 5 PaGoT.

O6beM paborsl. [lrccepranMonHas paboTa COCTOHMT M3 BBEJICHWS, TPEX Ilas,
3aKmoYeHus], 4 MONOJHEHUH M CIMCKA JIMTCpaTypbl H3 172 naumenopamuit. O6beM
paboteI-136 cTp.

Conepxanne paboThl

Bo BBEJGHMM TNpHBEJEH KpaTKWif JMTepaTypHbli 00630p, MaHa obmas

XapaKTepHCTHKA paboThI, 0GOCHOBAHbI €€ AKTYAIbHOCTh M HOBHM3HA, ONPE/C/CHA NElb,

TIPUBCIICHO KPATKOC H3JI0XKEHUE CONCPKAHUS TUCCCPTALHH.




['naBa | mocssimena ompejieNleHHMIO NOTEHIHMANBHON SHEPrHH PENATHBHCTCKOR
YacTambl B BHICOKOTEMIICDATYDHOH ¥ HHM3KOTEMIICDATYPHOH — MOTM(HKAIHSIX
MOHOKpHCTa/L1a KBapna (SiO;) B yCIOBAAX IIOCKOCTHOTO KAHATHDOBAHHS.

§1.1 mocssmeH SBIEHHIO KaHAMPOBAHMS DPEISTUBUCTCKHX YacTul. B Hem
BBOIATCS B PACCMOTPEHHE M OOCYXKIAIOTCS. OCHOBHBIE BE/HYMHBI, XapaKTEPH3YIOIHAE
[IPONECC KAHAIMPOBAHKA: KPHTHICCKHMY YOl KAHATMPOBAHUS, JJIMHA IEKAHATHPOBAHHS,
HENPEPBIBHBIA NOTCHIUAT ATOMHBIX LENOYEK H INIOCKOCTEH.

B cnenyromem maparpadpe (§1.2) paccunrana notemmuansHas oHeprus qV (7)

KaHATMPOBAHHOH YACTHIBI B MOHOKPHCTALIE BBICOKOTEMIIEPATYPHOTO kBapna (-
KBapll) B IPCNONOXECHHH, 4T0 ATOMbl KDEMHHS H KHCIOPOIA PAacIONOXeHs! B
TIOJIOXEHUAX paBHOBeCHsL. B pacuerax He yuWThIBANHCEH Malble HCKAXKEHHS MOTEHIMANA
OTACABHOTO  aToMa, OOYCIOBICHHBIE MEXATOMHBIME XHMHYECKAMH  CBS3AME
(mpuGmkenue H30MmIpoBanHoro atoma). Mcnoms3osana annpokcumanus Monbepa s

UOTCHIHANLHOH SHEPIMA ¥ KAHATHPOBAHHOM YaCTUIBI B TONE W3OMHPOBAHHOTO

aroma, Iie

Vaﬁ%-w(r/a), )

S o olAir/a)

a @(r/a)= .Zla,--e ¢yuxkims  okpammpoBamms  Moubepa,
=

@; ={0.10.55035}, §; ={6;1.2,0.3}, a=0.8853-ay(1+vZ)"%/3, a5 =0,05291m -
pamayc Bopa. Pacyer npemosnoraer cyMMHRpoBaHHe [0 BCEM aToMam MOHOKpHCTa/LIa
B-xBapma, MMeIOMEr0 TEKCOrOHATBHYI0 CHMMETPHIO. OJTHAKO, MOXKHO OrPaHHYHTHCS
CYMMHPOBAHHEM II0 KOHCYHOMY YHCIy aTOMOB KDEMHHS H KHCIOPOJa, HOCKONBKY B
MOHOKpHCTAlIe KBapa JIOMHHHDYCT KOBANCHTHAs CBS3b, M I0STOMY 3apsubl syiep
AOCTATOYHO CHILHO SKPAHMPYIOTCS ATOMHBIMH IEKTPOHAMH. B GHCEHHBIX pacyerax
Mbl YYHTbIBATH BKNMAThI 5x5x5x9=1125 aroMoB MOHOKpHCTaIA, GIMKAHIHX K
paccMoTpuBaeMoi Touke 7 . CTaHJapTHBIE MAaTEMATHYECKHE OllEpaNyH, HCIOIb3yeMble
Ha nepconambiom komubiotepe (1K), mpemonoraior Henoas3osanme mpAMOYTOIbHOM

cucTeMpl KoopauHar. Io aToi npuause Henmonk3oBanme KOCOYIOJIbHOH IPUMHATHBHOM

srIcHKH KBapla (peietka Bpase) npencrassuioch HenenecooGpasabiv. B pacuerax moi

HCIOMB30BATH 3IEMEHTAPHYIO IPSIMOYTONIbHYIO sreiKy pemeTk [llpaycda. U xotst ara
sqedika CONCPKHT B JBa pasa Goiblle aTOMOB, 9eM mpuMuTHBHAS (18 npoTus 9),
TEM HE MEHEE B NPONEcCe YHCIIEHHBIX paccdeToB Ha I1K €10 mob30BaThes 3HAYATENLHO
ynoGHee. Ilonyuennbie 3naveHns gV (F,-j,) cocTaBwiM a3y JaHHBIX B BHJIC TPEXMEPHOM
MaTpHIl, C  MHIEKCAMH i=1+51j=1+5L/=1+51. [na ee cosgaums
norpeGosaioch ~100 dacos MammHHOr0 Bpemenr Ha ITK Pentium IV, Basa naHmbix
TO3BOJIET ¢ HEGOMBIIOH IOTPENIHOCTHIO ONMPENEIATh 3HAYEHUS IOTEHIHANA Ha OGO
KpHCTailorpadprieckol mwiockoctd. OHa TPENOCTABISET BOSMOXHOCTL B PEXHME
pealbHOr0 BpEMEHH nepebHparh Bece KpHCTAIorpauueckue WIOCKOCTH ¢ Hambomee
DIyOOKUMHA NOTEHIHATHHBIME SIMAMH, NPEICTABISIONME HAWOOML I HHTEpEC IS
u3uKH  KaHATMPOBAaHHBIX vacTHy. I[IomOGHBIM METOIOM MOXEHO HCCTENOBATH
MOHOKDHCTAILTBI Gollee CIIOKHOH CTPYKTYphl, HAalpEMep, Mbe3oKpucTamis LINDO; u
np.. Ha Prc.] mpuBeNieH pacMTaHHBIH 3THM METOHIOM TPEXMEDHBI rpauK 3HaYeHHH
NOTCHIMATLHOM SHepruK eV (F) aneKTpoHa B B-KBaple B TOUKAX, PACIONOKEHHbIX Ha

KpHCTauiorpacudeckol wiockocta (0001).

OcHoBHAs HJiesl, CYWIECTBEHHO YNPOWAIOMAs TEOPETHIECKHH AHATH3 SBICHHS
KaHAMpOBaHKs, CBOOUTCS K YCPEOHCHHMIO NOTeHNmMana V(7) MOHOKpHCTaIIA MO
KOOp/MHATaM TOYEK Ha KPHCTA/LIOrpahIecKoil WIOCKOCTH W ocH (epexof or ¥ k
HENPEPHIBHOMY mHOTeHmMaly <) >). B §1.3 m3noXeHs! [Ba MeTofa pacdera

HCNPEPLIBHOTO MOTEHNHANA </ >. B nepsoM M3 HEX CyMMHpOBAHHE 110 KOOPIHHATAM
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TOHCK Ha KPHCTALIHYIECKOM IUIOCKOCTH HPOH3BOIUTCS C HCTIONb30BAHAEM 6a3bl JAHHBIX
gV (7) B IIK. Ee ucnonp3oBanse no3soisicr PEXHME PEAbHOTO BPEMEHH BH3YaTbHO
nepeGHupats rpaduku pynkmpm <V (x)> wia Pa3TMYHBIX KPUCTALIOrpahHYECKHX
IUIOCKOCTEH, YTO 3HAYATEIBHO YIPOMAET BBIGOP KPACTALIOrpahMYECKHX ILIOCKOCTEH,
Haubonee YNOGHBIX IS SIBNCHHUS KaHaimpoBanusi. Ilocne Toro, xak BeIsIBICHBI
XapakTepHbIE OCOGEHHOCTH (YHKIMA < V(X)> MOXHO BOCIONB30BATHCS BTOPBIM
MCICHHBIM METOIOM, TPEeOYIOIHEM 3HAYUTENHHO GOIBIIEr0 MANIMHHOIO BpeMeHu. B
STOM  METON€ INOTEHIHMal  HM30JHPOBAHHOTO  aToMa nonsepraercs  dypoe
npeoGpa3’oBaHAIo, M TONBKO IOCIE BTOrO IpOM3BOJMICS CYMMHDOBAHHE, OJIHAKO,
Tenepkb yXe 10 BEKTopaM OOpaTHOH PEMETKA MOHOKPHCTALIA. JTOT METOJl pacyera
Tpe6yeT GONBIIEro MAIMHHOTO BPEMCHH, OJTHAKO, 3HAYHTENLHO 00IEryaer yuer BKiaa
TCIVIOBBIX KONEOaHHi aTOMOB MOHOKpHCTamia. Ha Puc.2 TNIPUBE/ICHA NOTCHIMANbHASL
OHCPIASl ONEKTPOHA NpH KAHANHPOBAHHH B HH3KOTEMIIEPATYPHOM  Ql-KBaplie
YCPCIHCHHAs BIOIb KPHCTAIOrpaMuecKuX IIOCKOCTEH 0111) (KpuBBIE ClEBa) H
(1011) (xpuBBIE CHpaBa); X, - MONEPeYHast KOOPJMHATA GACTHIBI B KaHane, § -

PAacCCTOSHAE MCXK[Yy aTOMHBIMH ILTOCKOCTSIMHU Q-KBapna.

\eV (@), 5B
3 (0111) (o1

Puc.2 3

A VW

B crywae mikmbIx KpHBBIX TIPETIONAraeTcsl, YT0 sIpa KPEMHHSI H KHCIOpOia
COBEPIIAIOT H30TPONHbIE TEILIOBBIE KONEGAHMS C AMILTHTYION ~ 0.01@, rge @ - nepuon

KPHCTA/UIMIECKOM PCIIETKH, YCPEAHEHHb 110 TPEM HE3aBUCHMBIM HaNPaBJICHUSIM B O(-
KBapue. B ommume or Bhicokoremmepatyproro s HH3KOTEMIEPATYPHOM KBapie

IOTeHIHANbl mwiockocTer (0111) u (1011) ommvatorcs OpYyr OT Jpyra, 410 Kak
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II0OKa3aHO B [MCCEpTalluy 06YCJIOBJICHO Pa3sHBIM PaCHOJNOXEHUEM SICp KHCIOpoaa H

KpEMHUSA B 3THX IUIOCKOCTAX, M CBs3aHO C YaCTHYHBIM HApyHMICHHEM CHMMETDUH

Mbe30KpHCTALTA KBapia. JIoKatbHble MMHHMyMbl W H3ruObl Kpmoi —e(V(x))

* COOTBETCTBYIOT HpOEKIWMSIM sAfep Kucuopoma W Kpemuus Ha och OX. Temnorbie

KoJreGaHwsi aTOMOB KHCIIOpPOJia M KPEMHHUS Ha BEPXHHX KPUBBIX PHC.2 HE yUHTHIBAIHCH,
a noarroﬁy 3llecb MHHMMYMBI H H3THOBI BBIpaXKEHBI Gollee YEeTKO, YeM Ha HIKHBIX
KPHBBIX.

Inaa IT mocesimeHa BO3JNEHCTBHIO aKyCTHYECKHX KOJEOaHMM Ha  SJIEKTpPO-
CTaTHYECKUH IOTEHIMAT MOHOKPHCTAILIA.

B nepBoM maparpade rmasbl (§2.1) oOcyXmaeTcs MeXaHH3M BO3[CHCTBHS
MPONOJBHBIX AKYCTHYECKHX KOJeOaHMH MOHOKDHCTALIA (3TOT CIydail IpecTaBiisier
HauOOMbIIMA [PAKTAYECCKAN HWHTCpEC) Ha IMONEPeYHOC NBIDKCHHE KaHAIMPOBAHHOM
gacransl. Kak mokaszano B paborax akagemuka A.P. MkprasHa B cOTp., BO30YyXeHue
CTOSIYAX aKyCTHYECKHX BONH SBISETCS OCHOBHBIM METONOM TEHEpalMH MOMIHBIX
aKyCTHYECKHX KoneGaHWd B aMOp(HOM BemecTBe M MoHokpucramiax. Ilpu arom

BHYTPH IUIaCTHHBI TONUIAHOA Lz JOJDKHO IOMEMATHCS HEYETHOE YHCIO ITOJYBOIH

aKyCTHIECKOH BOIHBL:

L,=(m+1/2)4,, )
rme m=0,12,... Crosune axkycTHYcCKHEC KOJCOAHUS MOAYIMPYIOT IUIOTHOCTH
MOHOKPHCTAJLIA 110 3aKOHY

p=po+a,sink,z, ®)
e p, - IWIOTHOCTb BEIIECTBA MHPH OTCYICTBHH aKyCTHYECKHX KoleGaHmi,

a; =aysinwty, ay, k,=27/A; U @, aMIUATYJa, BOJIHOBOE YHCIO H YacTOTa
aKyCTHYECKHX KoneGaRM#, a [ =, - MOMEHT BJCTa YacTHObl B MOHOKPHCTaLI

(amuaGarryeckoe NPHOMDKCHAE). AKYCTHUCCKHE KONeOaHWsl HENOCpPEICTBEHHO He
BO3EHCTBYIOT HAa KaHAIMPOBAHHYIO YacCTHIY, KOTOpas COBCPHIAET NONEPEYHBIC
KoneOaHus/BpaICHUs] H OJIHOBPEMEHHO IIEPEMEMIAETCH C PEISTUBHCTCKOM CKOPOCTBIO
BIONb HANpABJICHAS KaHAMMpOBaHMs: = =cf. ONHAKO, NOTCHIHMAIbHAS SHEpPTHs

qV[F,p] QacTHubl 3aBHCHT OT p Kak or napamerpa. Iloacrasus z=ct B (3),
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