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CsilMe OT PacCTOsIHUS BEPOSITHOCTU ODHAapY>KEHWs1 3NIEKTPOHA B SKCMEPUMEHTaX C POXAEHMEM HelTPUHO npu
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HOM MOAXOAE.

DOI: 10.1134,/S0044451019050079

1. BBEAEHUE

Ocuunnanuu — HEeHTPUHO — ABJISIIOTCS

MEHTAJIbHO IIOATBEPZKACHHBIM  ABJICHHUEM,

SKCIIepU-
MTIPOKO
06CyXKIaeMBIM B TeopeTrdeckoii (pusuke. OOBITHO OHU
IIOHUMAIOTCSI KaK IE€PeXoJ HETPUHO OIHOIO0 apoMaTa
B HEHTPUHO JAPYroro apoMaTa B 3aBUCUMOCTH OT
npoiierHoro paccrosiaust [1-3]. Dta wHTEpnperanus
OCHOBaHA Ha CTAHJIAPTHOM KBAHTOBOMEXAHUYECKOM
OIUCAHUY OCHWLIAIUNA HEATPUHO, IIPpU KOTOPOM
[IPEJIIIO/IAraeTCsI, YTO COCTOSHUS HEHTPUHO C OIpe-
JIEJIEHHBIM ~ apOMaTOM  SBJIAIOTCHA  CyHEPIO3UIUSIMU
COCTOSIHUI C OIpEJIEJIEHHBIMI MACCAMU, OIMUCHIBAEMBIX
IUTOCKMMU BOJIHAMHU, W IOCTYJUPYETCs, UTO WMEHHO
GbeiiBOpHBIE COCTOSTHUST POXKIAIOTCS B CIAOBIX B3aNMO-
peiicrBusix. OHAKO B JIOKAJIbHOM KBaHTOBOW Teopun
ot 4-UMITyJIbC COXPAHSIETCsT B KaXKIOW BepIInHe
B3aUMOJIEHCTBHUs, YTO MPUBOJIUT K TOMY, UTO PA3HbBIE

MAaCCOBbIE KOMIIOHEHTHI B COCTaBE OHOr0 (hJIEHBOPHOTO

* E-mail: egorov@theory.sinp.msu.ru
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COCTOSIHUsI MMEIOT pa3Hble MMITYJIbCHl U SHEpPTruu. B
pesyabTaTe B CTaHJAPTHOM KBAHTOBOMEXaHUIECKOM
OIUCAHWUN OCIUJLISIIIAN HEHTPUHO B TEPMHUHAX ILIOCKUX
BOJIH BO3HUKAeT NpobjeMa C HapyIIeHUeM 3aKOHA
COXPAHEHHMs] SHEPTrUU-UMITYJIbCA, KOTOpasi IIHPOKO
obcyxkmasach B Jareparype (cm., mHanpumep, [4-8]).
Dra mpobsiemMa MOXKeT ObITh pellleHa B PaMKaX OIUCa-
HUST HEUTPUHHBIX OCHUJLIANMNA B TEPMUHAX BOJHOBBIX
nakeroB [1], 4To, ¢ JApyroil CTOPOHBI, CYIIECTBEHHO
YCJIOXKHSIET COOTBETCTBYIOIINE BbIUUCIEHUS.

Hpyroe perenne mpodIeMbl MOXKET OBITH HAICHO
IIyTeM PacCMOTPEHHs HEHTPUHO BHE MaCCOBOH IIOBEpX-
HocTH. Mjest TpaKTOBaTh MACCOBBIE COOCTBEHHBIE CO-
CTOAHUSA HEATPUHO KaK BUPTYAJIbHBIE YACTHUIILI U OIHU-
CBIBATH UX JIBUKEHHE JI0 TOYKU PErUCTPAIAN IIPOIa-
ratopamu DeifHMaHa ObLIa BIepBLIe BLICKA3aHA B Pa-
Gore [4]. Tlozxke 3TOT MOAXOM OBLT Pa3BUT B paboTax
[5, 6]. B TakoM momxoze OCIALISTIAE HEHTPUHO BO3-
HHUKAIOT B pe3yabTaTe nHTepdepeHIny aMILIUTY/I IPO-
1eCCOB, 00YCJIOBJIEHHBIX BCEMU TPeMs TPOMEKYTOYHbI-
MU MAaCCOBBIMH COOCTBEHHBIMEA COCTOSHHSMHU HEATpH-
Ho. OJHAKO BBIYUC/IEHUS aMILUIATYJ, B 3TOM IIOIXOJE
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CYIIECTBEHHO OTJIMYAKOTCS OT CTAHIAPTHBIX BBIUMCJIE-
HUIl B paMKaXx jJuarpaMMHoil Texunku PeitHMaHa B UM-
MyJIbCHOM TIPEJICTABIEHUU. DTO CBA3AHO CO CTAH/IAPT-
HBIM S-MaTPUIHBIM (OPMATU3MOM B KBAHTOBOI TEO-
pUU TI0JIst, KOTOPBIi HEYT00€H /115t OTMCAHUS ITPOIIECCOB
HA KOHEYHBIX PACCTOSTHUSIX M KOHETHBIX BDEMEHHBIX MH-
TepBaJsiax. UTOOBI OMUCATH JIOKAJIU3AIINAIO TACTUIL, UJIN
siIeP, KOTOPhIE POXKJIAIOT U JETEKTUPYIOT HEHTPHUHO,
[IPUXOJIUTCS UCIIOJIb30BATh BOJHOBBIE IMAKETHI, UTO JI€-
JIAET BBIYUCJIEHUSI JIOBOJILHO CJIOXKHBIMU.

B paGore [9] 6611 mpeIoxKeH MOMMUINPOBAHHBIH
mepTypOaTUBHBIN S-MaTpUUIHBI (DOpMAaIu3M, TO3BO-
JISIIOIIUN  TIOCJIEIOBATEBHO OMUCATH MPOIECCHl OCITUII-
A4 HEHTPUHO B paMKaxX KBAHTOBOU TEOPUU MOJIH,
WCITOJIB3Ysl TOJBKO ILJIOCKKE BOJHBI. DopMmasmsM OCHO-
BaH Ha (PEeHHMAHOBCKOW JMarpaMMHON TeXHHUKE B KO-
OpJIMHATHOM TIpejicTasiaernu [10], momomHeHHON MOIM-
GUIMPOBAHHBIMU TTPABUJIAME IEPEXO0JIa K UMITYJIHCHO-
My mpezcrasieano. CoOCTBEHHO TPOIEIypa pacdera
OdYeHb TI0X0KA HA JIMArpaMMHYIO TexHUKy PefiHMaHa B
UMILYJIbCHOM IIPEJICTaBJIEHUN, B KOTOPOU HCIIOJIB3yeT-
cst MmopuuimpoBanHublit mpomnararop Peitamana. [loj-
xog 6611 pa3suT B pabore [11], rme Mbl ABHO HOKa3a-
JIX, 9TO MpejjiaraemMbiii (popMan3M TOYHO BOCIIPOM3-
BOJUT Pe3YJIbTAThI CTAHJIAPTHOIO IOJX0Ja B CJIydae,
KOIJla HefiTpuHO (BMecTe ¢ IIO3UTPOHAMH) 00Pa3yIoT-
Cs BO B3AUMOJIEHCTBUU C 3apSXKEHHBIMUA TOKAMU sIIIEP
U JIETEKTUPYIOTCS BO B3aNMOJIEICTBUY KaK C HEATpaIb-
HBIMHU, TaK U C 3aPs’KEHHBIMI TOKAMH IJIEKTPOHOB.

B macrosimeit cratbe Mbl Oy/1€eM HCIIOJIB30BATH MO-
JUIUPOBAHHBIN S-MaTPUIHBIH (POPMAJIM3M JIJIs pAC-
4Jera BepOSITHOCTEH IIPOIeCCOB HEUTPUHHBIX OCIIAJLIS-
nuil, HeJMaroHaJbHBIX IO JIEITOHHBIM apomaram. A
MMEHHO, Mbl PACCMOTPHUM ITPOIECCHI, B KOTOPBIX HEMT-
PHHO POXKJAeTCs B MIOOHHOM paclaje 7' -Me3oHa, a
perucrpupyercd BO B3aUMOJEUCTBUU € HEHTpaJIbHBIM
U 3apPsIPKEHHBIM TOKAMHU 3JIEKTPOHA. MBI ITOKaXkeM, ITo
pPe3y/IbTaThl HAIIErO TMOX0a CHOBA B TOYHOCTHU COBIIA-
JIAIOT C T€MH, YTO OXKUJIAIOTCS M3 CTAHJIAPTHOTO (Hop-
MaJI3Ma.

2. OCHMJIJIALINN B SKCIIEPUIMEHTAX C
JETEKTUPOBAHUEM HEWUTPUHO BO
B3AVMMOJENCTBUN C HEUTPAJIBHBIM U
3APSI2KEHHBIM TOKAMU

Paccmarpusaercs pacliupenue
CraHapTHOM MOJIEJIM NPABBIMYU CHHIJIETAMH HEUT-
puno. llocnme uWaroHasm3anmuu dJIEHOB, IOJIyTOpa-
JIMHEWHBIX II0 IIOJIAM HEHUTPUHO, JIarpDaHKWAH B3au-

MHHHUMAJIbBHOE

MO,HefICTBHH cJ1abbIX 3apA?KEHHbBIX TOKOB JIEITOHOB
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auus uHewrpuno, a U;, — marpuny I[lonrekopso—Ma-

ku — Hakaraser — Cakarsl (PMNS-maTpura).

Mpg1 cobupaemcst pacCMOTPETD IIPOTIECC, KOTIa HeHT-
pHHO 006pasyeTcs IPHU paclaje 7 -Me30Ha, a PeracTpu-
pyercd BO B3aUMOAEUCTBUU C 3apAXKEHHBIM U HEHT-
paJbHBIM TOKAMH 3JIEKTPOHA. Bjaromapsi cTpyKType
JIarpaHKUaHa B3aMMOJIEHCTBHUS MIPOIECC IIPEJICTABIIEH
B HHU3IIEM IOPSJIKE CJEIYIOIMMME JIBYyMS JIHarpaMma-
MHU:
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B auarpamme (3) Bce Tpu BUPTYaIbHBIX MACCOBBIX COO-
CTBEHHBIX COCTOSIHUSI HEHTPUHO JAIOT BKJIAJI, TOITOMY
COOTBETCTBYIONIAsT AMILIATY/IA JOJKHA CyMMHPOBATD-
ca no ungekcy k = 1,2,3. B To ke Bpems obe mua-
rpaMMBbl IMEIOT MaCCOBOE COOCTBEHHOE COCTOSTHUE HEli-
TPHHO V; B KOHEYHOM COCTOSTHUU, TIO9TOMY MbI JIOJI?KHBI
IPOCYMMHUPOBATDH PE3YJILTUPYIOILYIO BEPOSITHOCTD IO 4,
9TOOBI MOJIYYUTh BEPOATHOCTH PECUCTPAIUU IJIEKTPO-
Ha.

O603HaUYNM 4-UMITYJIbCHI YACTHI] TaK, KaK 9TO U300-
pPalKeHo Ha IuarpaMMmax: UMILYJIbC AaHTUMIOOHA PaBeH ¢,
UMILYJIbC BUPTYaJbHOTO HEHTPUHO — Py, UMILYJIHC BbI-
XOJISIIETO JIEKTPOHA — K, UMITYJIbC BXOJISIIETO JIEKT-
poHa — ki, IMIYJILC BBIXOJAIIETO HEUTPUHO — Ko.

MOXKHO BBIMUCATH AMIUIUTYIAY B KOODIUHATHOM
[IpEJICTaBJIE€HUN,  COOTBETCTBYIONIYIO  JHATDAMMAM
(1), (2), wmcmosw3yst craHmapTHBIe mpaBwia DeitH-
MaHa, CGhOPMYJUPOBAHHBIE, HAIPUMED, B yJIeOHUKE
[12]. Tdanee, COIJIACHO INPEAIUCAHUIO S-MATPUIHOIO
dopmau3Ma, ITOOBI MEPEHTH K UMITYJIbCHOMY TIPe-
CTaBJIEHUIO, HY?KHO IIPOUHTErPUPOBATH aMILIUTYLY II0
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T W 3 10 TPOCTPAHCTBY MMHKOBCKOIO, 9TO O3HAYAET,
9TO TPOIECC PACCMATPUBAECTCS MTPOUCXOISANUM  BO
BCEM MPOCTPAHCTBe-BpeMeHn MUHKOBCKOTO ¥ UTO
UTOTOBasl BEPOSITHOCTH MPOTIECCa OyIeT BEPOSITHOCTHIO
Ha €IMHUILY 00beMa U Ha eVMHUILY BPEMEHHU.

OpHakO Takoe MHTErPUPOBAHNE MIPUBEJIO OBI K I0-
Tepe MHMOPMAIINA O MPOCTPAHCTBEHHO-BPEMEHHOM HH-
TepBaJjie MeXKJy COOBITHEM POXKIEHUs U COOBITHEM pe-
THUCTPAIUH, TIOCKOJIBKY B 9KCIIEPUMEHTAX 110 HEATPUH-
HBIM OCIJLISATIASIM TI0/IPA3YMEBAETCsl, UTO PACCTOSHUE
MEXKJy TOYKOU POXKJICHUA U TOYKONH NeTeKTUPOBAHUA
BJIOJTb HAIIPABJIEHUS] PACIIPOCTPAHEHNST HEHTPUHO OCTa~
eTcsl HEU3MEHHBIM. YUTOOBI OOOOIMUTL CTAHIAPTHBIA
dopmasuzM S-MATPHIIBI HA CJIyYail MPOIECCOB, MPOXO-
JATIX Ha (DUKCUPOBAHHBIX PACCTOSTHUSIX, BBEJIEM O]
unTerpad geasra-dyukmmo §(p - (y — x)/|p| — L), tae
P — UMIYJIbC BUPTYaJbHBIX HeUTpHHO, a L — pac-
CTOSTHUE MEXKJIy UCTOYHUKOM W JIETEKTOPOM HEHTPUHO.
TTocrymast Tak, Mbl PUKCHPYEM PACCTOSTHIE MEXKY CO-
OBITUSIMU POXKJIEHUsI U PErUCTPAIUMH W TOJHKO 3aTEM
WHTErpUpyeM aMIUIATYAy [0 & U Y [0 MPOCTPAHCTBY
MunkoBckoro. Takum 06pa3oM, KakK U B CTAHIAPTHOM
S-MaTpudHOM (bOpMaJI3Me, Mbl PACCMATPUBAEM IIPO-
1IeCC, MPOUCXOJISINUI BO BCEM ITPOCTPAHCTBE-BPEMEHH
MuHKOBCKOT0, HO PACCTOSTHAE MEXKTY COOBITUSIMHA POZK-
JIEHUsI U JIETEKTUPOBAHUSI BJIOJIb UMITYJIbCa HEATPUHHO-
r'o IydYKa Ternepb (PUKCUpyeTcs JAeIbTa-PyHKIMeR. ITo
9KBUBAJEHTHO 3aMeHEe CTaHJIapPTHOrO (DefHMAHOBCKO-
ro (PepMUOHHOI'O IIPOITAraTopa B KOOPIAUHATHOM IIPE/I-
crapyennn S¢(y —x) vHa SS(y—2)0(p- (y —x)/|p| — L).

[IpeobpazoBanne Pypbe 3TOrO BBHIPAXKEHUST TAET
HaM TaK Ha3blBaeMbIil 3aBUCAIINUNA OT PACCTOAHUS IIPO-
[IAraTop MacCOBOTO COOCTBEHHOTO COCTOSIHUSI HEHTPH-
HO V; B MMILyJIbCHOM mpezacrasienun [9,11]. Oanako
B [11] yTBep:Kmaercs, 94TO ITOT 3ABUCAIIMHA OT pac-
CTOSTHUSI IIPOIIATATOP HEYJ00EH JIJIs BBIYUCJIEHUI, 10-
CKOJIBKY ero obparnoe mpeobpasoBanue Oypbe HE MO-
7KeT ObITH OIIPEJIEICHO, eCJIN UMIIYJIBLC TPE0OPA30BAHUST
Dypbe COBIAIAET C UMITYIHCOM BUPTYAJIBHBIX HEHTPH-
HO B apryMeHTe JeJIbTa~-(DYHKIUN, YTO HEOOXOMMO JIJIst
OIIMCAHUS ITPOTECCOB HEUTPUHHBIX OCIIMLIsIIUi. I TOOBI
oboiiTu 3Ty mpobJieMy, BBOAUM II0J] WHTErPAJ JIPYTYIO
nempra-bynxmaio §(yY — 2% — T'), koropas dbukcupy-
€T MPOMEKYTOK BPEMEHU MEXKJIy COOBITUIMHU POXKIe-
HUsI U JIeTeKTUpoBaHus. [1o3:ke MBI CMOYKEM BBIPA3UTD
BpeMeHHO# nHTepBaJ 1’ depe3 paccTosinue, IpoiiaeHHoe
HelTpuHO, B cooTBeTcTBHH ¢ dhopmynoit T = LpY/|p|,
KOTOPAasl 9aCTO UCIOJIb3YETCs IIPU OMMCAHUN TTPOTECCOB
HEATPUHHBIX OCLUJIIAIINA.

Tenepnr BBemeHue mMeabTA-OYHKINY KBUBAJICHT-
HO 3aMeHe CTAHJAPTHOTO (DEPMUOHHOTO IIPOTAraTopa
DejinMaHa B KOOP/IMHATHOM IpejcTaBiennn S¢(y — x)
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a0

ma S¢(y — x)0(y° T). B srom ciydae mpeobpa-
3oBanne Oypbe JaeT HaM TaK HA3bIBAEMbII 3aBUCATIII
OT BPEMEHM MPOTAraToOp MAacCOBOIO COOCTBEHHOTO CO-
CTOAHUA HEUTPUHO V; B UMILYJIbCHOM IIPEJICTABJICHUN,

OlpeIesieMblii COOTHOIIEHUEM
Si(pn, T) = /d:c exp(ipn®)SE(x) d(x — T).  (4)
DTOT HHTErpAas MOXKET OBITh ocunTal To4HO [9,11]:

S¢ (pn, T) =

~ 2
pn—w()(pg— o2 +m%—p,%>+mi
=9

X
2
24/(p))" +m? —p?

<o {i (i - Jor e mi =2t )7}, )

rJe WCIOJIb30BAHO CTAHIAPTHOE ODO3HAYEHUE P,
= v,ph. ObparHoe npeobpazosanne Pypre 3TOTO 32~

BHCSIIIEr0 OT BPEMEHH HPONIAraTopa XOPOIIO OIIPe/Iesie-
HO, UTO MO3BOJISIET HAM COXPAHHUTDH CTAHIAPTHYIO JIHa-
rpaMMHYI0 TexHnKy DeliHMAHA B UMILYJIBCHOM IIPEJI-
CTaBJIEHUH, TIPOCTO 3aMeHHMB mpomararop Peiirvana
JIAHHBIM 3aBUCAIM OT BPEMEHH [PONAraTopoM.

B paBore [5] 66110 TOKa3aHO, YTO BUPTYAIbHbIE Yac-
THIBI, PACHPOCTPAHSIIONNECs] Ha GOJIbIINE MAKPOCKO-
[UYeCKHe PAcCTOSHUsA (WM, 9TO TO Ke CaMoe, pac-
NPOCTPAHSIONIUECST B TEICHAE MAKPOCKOIIMIECKUX BpE-
M€H), HAXOJATCA NOYTH HA MACCOBOI MOBEPXHOCTH, U
3TO O3HA¥AeT, uTo |p2 —m?|/ (p701)2 < 1. ITosromy, mpe-

nebperast [p2 — m?|/ (p?l)2 BCIOJTy, KPOME TOKa3aTeJIst
9KCIIOHEHTHI, TJIe OHO YMHOXKAETCs Ha OOJIBIIIOe MAaKPO-
cKoTImIeckoe BpeMst 1', 1 IpUMeHsIsT TaK2Ke TPUOIKe-
HUE MaJIbIX MacC HeHTPHUHO, T. €. ipeHebperas m; / p% <
< 1, MBI MOYKEM MPEJICTABUTH 3ABUCSINUN OT BpEMEHU
[IPOITAraTOp HEATPUHO B UMILYJILCHOM IIPEJICTABJICHUH

5 Buze [11]
(-5 )

DTOT 3aBUCAINNII OT BPEMEHM Ipomararop Oyger wuc-

zip—nex
2p P

2 2

2p9

n

S¢(pp, T) (6)

[I0JIb30BATHCSI B pacdeTax HIXKe, 3aMeHsIs CTaHIapT-
eIl nportaraTop Peitamana. Takas TexHUYECKas TPO-
CTOTA SIBJISIETCS OYEBUTHBIM IIPEUMYIIECTBOM 00CY 2K 1A~
€MOT0 TIOJXO/IA.

Terepb MBI TOTOBBI BBIHMCATH AMILTUTY/IBI, COOT-
BeTcTByOIMe juarpamMaM (2), (3) B ciydae, Korua
pasauna Bo Bpemenu Yy’ — z¥ dukcmposanma m pasHa
T. Mpbl ipeaimiosiaraeM, 9To Iepejatia UMITYJIbCa B IIPO-
reccax POXKJEHUsI U JETEKTUPOBAHUSI MAJa, MOITOMY
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MOXKEM HCHOJIb30BaTh IPUOIIKEHAE B3aUMOJEHCTBIS
®epMmu. Bepmunaa pacriajia MHMOHA OMUCKIBAETCS B CO-
oreercTBun ¢ GopMynamu u3 §5 yuebuuka [13]. Amm-
JIUTYJIa B UMILYJIGCHOM IIPEJICTABJICHAN, COOTBETCTBYIO-
mast guarpamme (2), uMeer BUJL

W _ _GP
MY = _2p% cosf, f,rgo,rm(#)Um
mZ—p?
X eXP( 2 ”T) 7; (k2) v"Pn (1+7°) v (q) %

y K_%Hmzew)a(km (1= %) w (k) +

+ sin? Owa (k) v, (L+9°)u (k1) |, (7)

rne 0, — yron Kabubbo, fr — mocrosiHHasi pacuaja
[IMOHA PA3MEPHOCTH MACChl, @ — (IIOCTOSIHHASI) BOJI-
— Macca

HoBag (DYHKIMS MTHOHA, 1M MIOOHAQ, U MBI

1)
y2Ke NPUMEHUJIM YCJIOBUE COXPAHEHWs! 4-UMITyJIbCa B
BEPINNHE POXKJIEHUsI. 3716Ch U JIAJIEe OIIyCKAEeM MHIEKCHI
oITpU3aIuu (PEePMUOHOB.

AHasoruuHO AMILIUTY/IA, COOTBETCTBYIONIAS JIHA-
rpamMe (3), IPpOCYyMMUPOBAHHA 110 THUILY k [IPOMEXKY-
TOYHOrO BUPTYAJLHOIO HEHTPUHO, MOXKET ObITH 3aIi-

caHa B BHUJIE

MO —

cc

3
WUt > UnUs), %
k=1

i p% . 5
X exp TT Ui (k2) vy (1 - ) X
X U

(k1) @ (k) y*pn (L+7°) v (). (8)
Vmnobmo ucmonab3oBaTh TOXKJAecTBO Pupria s TOrO,

uTO6BI IepecTaBuTh cimHOph 4 (k) u 7; (k) B mocaen-
Heil aMIITATYJIe, 9TO JeJIaeT ee IIOXOXKeil Ha IIepBYIO.

G2
Ig cos 0. froxm
n

2p

MpbI Takke BBOIUM CJIIYyIOIne 00O3HAYEHUs s 3a-

T
2pY) )

< ) piT>_

Ilosimast amMIInTya mporecca ¢ HEHTPUHO V; B KOHEY-

BHUCHAIIUX OT BpeMeHU (PAKTOPOB:

2.2
A; = Us, exp <—iu
(9)
mj

B; = U}, ZUMU% exp 5

k=1

HOM COCTOAHHH, KOTOPasd ABJIAECTCA CyMMOI/I AMILJINTY/T

(@)

M(Z) u M. , npurnMaer GopMy

G2
2 0 COSG waDTrm(,u)Vl (kQ)’Y pn (1.’-7 )

x v (q) KBNLAi <—%—|—sm 9W>) (k) v (1-7°) x

w (k1) + Aisin® 0w (k) v, (1+7°) u (kl)] . (10)

M) =
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MozKHO 3aMETUTD, YTO 9Ta AMILIUTY/IAa UMEET HEeOObIU-
HyIO pa3mepHocTh. PoOpMaabHO OHA COOTBETCTBYET
Hpoleccy, B KOTOpoM pasauma Bo spemenn y° — 0 mexx-
Jly pOKJieHneM u peructpanueii Toano pasua 1. OjHa-
KO B JICHCTBUTEILHOCTHU MPOIIECC PETUCTPAIN HE sIBJIsI-
eTcsi MTHOBEHHBIM, OH 3aHUMAeT HEeKOTopoe BpeMsi At,
At/T < 1. YTo6bl HARTH AMILTATY/LY TIPOIECCa CO BPe-
MeHeM peructpanuu At, Mbl JIOJXKHBI IPOUHTErPUPO-
Barb amiuuryay (10) mwo T or T — At/2 no T + At/2.
Iocse or6packiBanus ciaaraembix nopsaka At/T, xo-
TOpbIE TTPEHEOPEKNUMO MAaJIbl, HHTEIPUPOBAHNE ITPUBO-
JIAT K yMHOXKEHUIO aMIIUTYAbl Ha At. Cle1oBaTesbHo,
Boipazkenue (10) cielyer HOHMMATH KaK aMILUIUTYLY B
€JIMHUILY BPEMEHHN.

Hamum  ciaemyromum  marom OyaeT BBIYUCIEHUE
KBa/J[PUPOBAHHON AMILIUTY/IbI, YCPEIHEHHOMN MO IOJIsl-
PUBAIASM BXOJANIAX TACTHUIL U ITPOCYMMUPOBAHHOMN 110
noJITpu3aIusM ucxonamux dactur. Omeparus ycpe/-
HEHWSI W CyMMHUPOBaHUs OyraeT 0003HAYATHLCS YTJIO-
BbIMI CcKOOKamu. IIpumenss cHoBa TpuOIMKeHNE Ma-
JIBIX MaCC IOYTH PeasibHbIX [IPOMEXKYTOUYHbBIX HeATpu-
Ho, p2 = 0, HAXO/IMM, YTO KBaJIPUPOBAHHAS AMILIUTYJIA
daxTOpuU3yeTCcs CJIEIYIONINM 00Pa30M:

@1\ _ 2 (0| 1
(il = (o) (pl) 1 a0
<|M1|2> = 4G} cos® 0. f2m?,) (pud),  (12)
(0| 1 ?
<‘M2Z > = 64G1% ’BH—Ai <—§+sin2 9W> X

X (klpn)2 + |Ai|2 sin® Oy (kpn)2 — <Re (A,B]) +

1
+ A (‘5 Fein 9W>) sin® wm? (kapa) | - (13)

2
3uech <|M1| > — KBaJpHpOBaHHAs aMILIUTYIa IIPO-

+

oecca paclia/ila 71 -Me€30Ha Ha aHTHMIOOH U bGe3macco-

L2
BBII (pepMUOH, <’M2(l)

> — KBaJpHUpOBaHHaA aMILJIN-

TyJia TpoIiecca paccesnns 6e3MaccoBoro hbepMuoHa u
HAYAJIBHOIO JIEKTPOHA, 11 — MAacca JIeKTPOHA.
O603HaYNM 4-UMITYIBC PACIAIAIONIErOCs ITHOHA Te-
pe3 Pr, & 4-MMIYJIbC PErUCTPUPYEMBIX HEHTPUHO dUe-
pe3 p. DKCIepUMEHTAJbHAs CUTYaIus OIIPEIEIsIeT,
9TO UMITYJIbC P HAIPABJIEH OT UCTOYHUKA K JIETEKTO-
Py ¥ YAOBJIETBOPSIET YCJIOBHUIO COXPAHEHUS MMITYJIbCA
Pr —q—p = 0 B Bepuiute poxjeaus. Jpyrumu cioBa-
MU, P — 3TO OJJHO KOHKPETHOE 3HAUYECHUE Py, UMEIOIIEe
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HaIlpaBJIeHAEe OT UCTOYHUKA K JeTeKTopy. PakTuaeckn
BBIOOD €IMHCTBEHHOTO 3HAYEHHS] P UMILYJILCOB JETEK-
TUPYEMBIX HEHTPUHO SIBJISIETCS NPUOIMKEHNEM, KOTO-
poe TPUMEHNMO, KOTJIA PACCTOSTHUE MEXKJLy MCTOYHU-
KOM ¥ JIETEKTOPOM HAMHOTO GOJIBbINIE, 9eM UX COOCTBEH-
Hble pa3Mepbl. HallOMHUM Tak»Ke, 9TO MbI IPUMEHsIEM
npubmmkenue p? = 0. Ciemys perenty, copMyIrpo-
BanHoMy B pabore [11], urobsl naittu quddepennmain-
HYIO BEPOSITHOCTH ITPOIECCa, HY?KHO YMHOXKATD AMILI-

Tymy <}Mt((§t)i

Hust sHeprum-nMiybea (2m) 48 (pr +k1 —q—k—k2) n ma

2
> Ha JieIbTa-OYHKIUIO 3aKOHA COXPaHe-

nesbra~-GyHKIuo 2710 (pr — ¢ — p), KoTopast QGUKCUPY-
€T MMITYJIbC ITPOMEXKYTOIHBIX HEHTPUHO, MOJCTABUTH P
BMECTO P, U IPOUHTEIPUPOBATH PE3YJILTAT 110 UMILYJIb-
caM KOHEYHBIX YaCTUIl, & UMEHHO, AaHTUMIOOHA, JJICKT-
pOHa ¥ HEWTPHUHO, B COOTBETCTBHH CO CTAH/IAPTHBIMU
npaBmiaMu pacdera BepositHocTeir. Koaddurment 2w
repei mocaeaHel 1enbra-QyHKIeil BO3HUKAET TOCTIe
YCPEeJIHEHUsI [0 UMITYJIbCAM JETEeKTUPYEMbIX HEHTPUHO,
KOTOpBIE U3-33 HEHYJIEBBIX Pa3MePOB MCTOYHUKA U JIe-
TEKTOpa B JEHCTBUTEILHOCTU JIEXKAT BHYTPU MAJIOTO
YCEUEHHOTO KOHYCa C OChIO BJIOJIb BEKTODPA P.

Bnaromaps ¢dakropusanuu KBaJIpUpPOBAHHON aM-
wmTyasl auddepennuaabaas BEPOSITHOCTh (DAKTOPH-
3yeTCsI CJIETYIOMIIM 00pa30M:

AW AWy
_ @M 14
dp dp W2 9 ( )
awi 11 / dq
dp 2p% (27 2p0 J (27)% 2¢°
< (M) @m) o (e —a—p), (15)
G) _ 1 / A3k By y
2 22K | (2m)P 2k0 (2m)° 2k

X <‘M2(1)

3aecs dWi/dp — nuddepennuasbaas BepOSTHOCTD
pacmajia m-Me30Ha Ha aHTUMIOOH n 6e3MaccoBblil dep-

2> @m) 5 (ki +p—k—k). (16)

MHOH C (PUKCUPOBAHHBIM UMITYJILCOM P, Wél) — Bepo-
SITHOCTD TPOTIECCA PACCESTHUS JIEKTPOHA U 6Ee3MacCOBO-
ro ¢depMuoHa ¢ 00pa30BaHUEM JIEKTPOHA M MAaCCOBOTO
CODCTBEHHOI'O COCTOSTHUSI HEUTPHUHO V;.

Yrob6br HafiTH TOTHYIO AU dOEPEHITHATBHYIO BEPO-
SITHOCTH OOHAPYKEHUS FJIEKTPOHA B KOHEIHOM COCTOSI-
HUU, MBI JIOJIKHBI IPOCYMMUPOBATh JuddepeHInab-
nyto sepositnocts dW ) /dp no i = 1,2,3. Tockon-
Ky dW;/dp He 3aBUCHT OT i, MbI JIOJRKHBI [IPOCYMMHU-
W,

pOBaTh TOJIBKO ; pe3ysbTar OymerT 0603HAYEH KakK
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Ws. Torma monuas muddepeHmaibHas BEPOATHOCTh
OOHAPY2KEHUs JIEKTPOHA B KOHEYHOM COCTOSTHUU MO-
2KeT OBITh 3aIMcaHa KaK

AW,

. qw )
Z - dp

Wa.
—~ dp ?

aw
—— = (17)
dp

[TockoNbKY UMITYJIBC P, TPOMENKYTOUHBIX BUPTY-
AJIbHBIX HEATPUHO Teneph (PUKCUPOBAH U PABEH P, MbI
moxkem nozicrasurs T = Lp®/|p| Bo Bee dopmyast ¢
9TOT0 MOMEHTA. DTa 3aMEHA, SIBJISIETCS TTOCJIEI0BATE -
HOH’, IIOCKOJIbKY HEHTPHUHO HAXOMAATCA IIOYTH Ha Mac-
copoit osepxuoctH, u |p|/p’ MoxkHO paccMaTpEBATH
KaK CKOPOCTb HEHTPHUHO C OYE€HL BBICOKOIl TOYHOCTBIO.
Crporoe 10Ka3aTeaIbCTBO 3TOH (hOPMATBHON MPOIIETy-
PBI MOYKET OBITH TOJYUEHO B MOJIXOJIE B TEPMHUHAX BOJI-
HOBBIX makeTos (cM. [1], §8.2).

Jlasee MBI BUIUM, UTO KCIEPUMEHTATbHAST CATYa-
st (pUKCUpyeT TOJBKO HAIPaBJEHUE UMITYIHCA HEeT-
PHHO, HO HE ero MOAyJb |p,p| = |p|. TosTomy, arobsl
HAWTH BEPOSITHOCTH MPOIECCA, MBI JOJYKHBI TPOUHTE-
rpupoBath (17) 1o |p| mo BceM JIOIMYCTUMBIM 3HAYE-
HusiM. MakcnMasbHOE 3HAYEeHNe BeJIMINHbL |p| ompee-
JISIETCsT TIPOTIECCOM POXKJICHUSI, & MUHIMAJIbHOE — IPO-
IIECCOM PErMCTPAIAH. 3/IeCh MPOTIECC POXKICHUS TIPe]l-
CTaBJSET COOOM MBYXUIACTUIHBIN pPAcHaj, YTO O3HAYTA-
€T, YTO MOJIYJIN WMMITYJIbCOB HEHTPUHO U AHTUMIOOHA
y2Ke 3a@UKCHPOBAHBI 3aKOHOM COXPAHEHWS SHEPIUU-
UMITYJIbCA. DTO IPUBOAUT K ToMy, uto dW1 /dp cunry-
JISIpHA, ¥ 9Ta CUHTYJISPHOCTD YCTPAHSIETCS HMHTErPUPO-
BanueM. OKOHUATEJIHHBIN PE3YILTAT JIJIsI BEPOATHOCTH
TIPOTIECCA BBITJISINT CJIEAYIOIINAM 00Pa30M:

dw dW = 5 dWh
a0 = | ap [Pl dlpl =0 Walipopp- - (18)
31ecn
2 2 5 \?
dWi  GFcos? 0. f2 M (w) (mﬂ - m(u)) (19)

df) 8(2m)*  p) (n — px| cos )’

— muddepeHIuaabHas BEPOSTHOCTD PACIaIa T-Me30-
Ha Ha aHTHUMIOOH 1 6€3MacCOBbIN (DEPMHUOH ¢ (PUKCUPO-
BAHHBIM HAIIPABJIEHUEM HUMITYJILCA, 8

2
g

2
my

2 (00 — |pacos6)’

m

p” (20)
crcTeMa KOOP/IMHAT BhIOpaHa TAKUM 00pPa30M, UTO MM-
yJbC THOHA P, HAIPaBJIEH BJOJb OCH 2z, a § — mo-
ssipubiit yros p. [locae Becex sTux mpeobpasoBaHuii Be-
pogrHOCTH (18) MOXKHO HMHTEPIPETHPOBATH KAK BEPO-
ATHOCTHb Ha €IMHUILY JJINHBI MCTOYHUKA U HA €UHUILY
JJIMHBL IETEKTOPA.
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Jlerko Bumerh, uTo mauddepeHImaabHas BepOsT-
HocTh (19) mmeer makcumym npu 6 = 0, T.e. B Ha-
IIpaBJIEHNN MMITYJIbCA UCXOIHOTO MHoHa. IlosTomy ecre-
CTBEHHO Da3MECTHUTBH JETEKTOD B 9TOM HAaIIPaBJIECHUH
OT MCTOYHHKA, YTOOBI 3apPErnCTPUPOBATH MAKCHMAJIb-
HO BO3MOXKHO€ KOJINUECTBO COOBITHIA.

ITockoyIbKy a3suMyTaJIbHBIN yI'OJl (0 HE OIIPeJlesIeH
ast 0 = 0, st Haxoxkaenus: auddepeHmaibHOl Be-
pogrroctu dW1/sinfdf npu 6 = 0 cuavana HyKHO
yepenauTh auddepernnanbayo seposgTHocTh AW /dQ)
110 yIJIy ¢, a 3aTeM B34ATh npejen § — 0. B pesymbra-
Te MOJIydaeM cieayontyio guddepeHuaabHyio Bepo-
SITHOCTB IIPOIIECCA POKJIEHNsI HEHTPUHO B HAIIPABJICHUN
HMITYJIbCa Ha4YaJbHOT'O IIHOHA!

AW, _ GFcos? 0, f2
sinfdf|,_, 8 (2m)>
2
2 2 2
M) (mw - m(u))

2
p% (P — [Pxl)

(21)

PaccymoTpum 1mo1ipobHEee BEposiTHOCTD PErUCTPAITIN
Ws. Tocste Bcex MOACTaHOBOK abCOIOTHBIE 3HAUEHUST 1
IPOUBBEJICHUS 3ABUCSIIUX OT BpeMeHu (hakTopoB A; u
B;, oupenenenabix B (9), BBIPAXKAOTCS B BUJIE

2 2
|A;|° = |Ual”, (22)
|Bi|” = [Uy|* x
3 m2—m?2
x 3 {—4Re (U U;,U,Uyp) sin? (ML> +
i 4lp|
k<l

2

2
4 2Tm (U U U, Us) sin (%L)] . (23)

3
Re(A;B}) = Re | UpiU3; Y U Uay X
k=1
2

2
X exp <—z’ 7m12 |p7|nk L)

Toxcrasisis 9t Bbipaxkenus B (13), mpocymMmMupoBas
0 7 U BBOJS CIeNUAIbHOE 0003HAUCHHUE

(24)

Pe(L) =
3 m2—m2
=> [—4Re(UlkU1*lU§kUgl)sin2 (ML) +
ot 4p|

k<l

2 2

+ 2Im (U, U3, U3, Uy ) sin (% LH (25)
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JIJIs BBIDAYKEHUsI, KOTOPOE B CTAHIAPTHOM IO/IXOJIE Ha-
3BIBAETCS 3aBUCHIIEH OT PACCTOSHIS BEPOATHOCTHIO IT€-
PexoJia vy, — Ve, MOJIydaeM

> {

i=1
1 2
+ <—§+ sin? 9W> (k1p)® +sin® Oy (kp)® —

2
> =64G 2] |2sin? O P (L) +

— [PHG(L) + (—% + sin? ewﬂ X

x sin? Byym? (kap) (26)

Tenepp HY?>KHO IIOJICTABUTH 3TO BbIpaxkenue B (16), mpo-
CYMMHpPOBaB 110 i. Mcrnonb3ys hpopMysIbl I KHHEMa-
THKH HEHTPHHO-3JIEKTPOHHOTO PACCESHUSI, IPEeICTaB-
nennble B §16 yueGnuka [13|, BbIUHCIsAS MHTErpas u

nozicrasasa |p| = |p|*, onpenenennoe B (20), npuxo-
JUIM K CJIEIYIOIEMY PE3yJIbTary:

_ Gim 2(p[")?

Wy = -
2 2r 2|p|"+m
* 2
. 1/ 2|p| >
x |1+ 4sin*6 1+—<*7
W 3\2p[ +m
2|p|”

+ 2sin? Oy <1+

)

x (2 Pue( L)l jpj=jpl- — 1)

2|p" +m

(27)

B npubimkennu GesmaccoBbix Hefirpuno dWi/dQ)
COBIIAJIAET C TIOTOKOM BEPOSITHOCTH HeiTpuHo, a Wa
COBIIAJIAET C CEYCHMEM IIPOIECcca paccesHust 6e3Macco-
Boro (bepMHOHA HA IJEKTPOHE, KOTOPOE MOXKET OBITh
BBIPAXKEHO KaK

Wy = Pue(L)UVee +(1— Pue(L)) Ovye:

Takum 06pa30M, MBI ITOLYYWIA, IYTO BEPOSATHOCTH pe-
TUCTPAIUU 3JIEKTPOHA PaBHA BEPOATHOCTU POXKJICHUS
B HCTOYHHKE HEUTPUHO C MUMILyJIbCOM, HaIlPaBJICHHBIM
B CTOPOHY JIeTeKTOpa, YMHOXKEHHON Ha BEPOATHOCTH
B3aMMOJICIICTBUA HEUTPUHO B AETEKTOPE, KOTOPasl BbI-
pazKaeTcsd B TepMUHAX CEYEHU B3aUMO/ICHCTBUA MIOOH-
HOI'O U 3JICKTPOHHOI'O HEATPUHO U CTAHJAPTHON 3aBU-
CsIIIIell OT PACCTOSIHUS BEPOSITHOCTHU IIEPEXOJIA V), — Ve,
T.e. Mbl (PAKTHIECKN TOYHO BOCIPOU3BENH PEIYJIHTAT
CTaHJAPTHOI'O IIOAXO0/1a K OIMCAHUIO OCHUJIIAIINNA Heil-
TPUHO B PAMKHU KBaHTOBOI Teopuu 1oJjisi 6€3 UCIoIb30-
BaHUs (DJICHBOPHBIX COCTOSHUN HEHTPUHO M TPYIHOC-
Tell, CBA3aHHBIX C IPUMEHEHNEM BOJHOBBIX ITAKETOB.
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[TockosbKy BXOmSIIME T-ME30HBI BCETIA IMEIOT Pac-
[peJieJieHre 10 HUMITYJIbCaM, BEPOSTHOCTH ITPOIECCa,
MOXKHO TIOJIyIWUTb, BBIIOJHUB ycperauerune dW /d) mo
PACIIPEICJIEHIIO TI0 UMITYJIbCAM BXOJIAIIIX T-ME30HOB.
B sTom ciygyae momysib uMitysbca BUPTYaIbHBIX HEli-
TPUHO YK€ He sIBJIsieTCsl (PUKCHPOBAHHBIM, UTO IPHU-
BOJWUT K Pa3MBITHIO HHTEPMEPEHIINOHHOW KAPTUHBI U
MTOSIBJIEHUIO COOTBETCTBYIOMIEN JJIMHBI KOT€PEHTHOCTH.
KosmmaecTBo coObITHIT B IeTEKTOPE B AMHUILY BPEMEHU
MOXKHO HANTHU IIyTeM HHTEIPUPOBAHUSI COOTBETCTBYIO-
el BEPOSITHOCTH U IJIOTHOCTH T-ME30HOB U 3JIEKTPO-
HOB 110 00'beMaM MCTOYHUKA U JIETEKTOPA HEUTPHHO.

3. OCIMJIJIAIINN B SKCIIEPIMEHTAX C
JETEKTUPOBAHUEM HEUTPUHO BO
B3AMMOJIENCTBUN TOJIBKO C
SAPA>2KEHHBIM TOKOM

Paccmorpum mporece, Tae HEATPWHO POKIAETCS
B MIOOHHOM paclaje 7 -Me30Ha, KaK U B IIPEIbLIYy-
meM cjydvae, HO PEeruCTpUPYyeTCd TOJIbKO BO B3aUMO-
JeficCTBUU ¢ 3apsiKEHHBIM TOKOM sjpa. [Ipormecc omm-
ChIBaeTCs B HUIIIEM HOPSJIKE JuarpaMMoit

(0 e (k)

yd
: (28)

KOTOpas JIOJDKHA OBITH INPOCYMMHPOBAHA II0 THUILY
i = 1, 2, 3 TPOMEKYTOUHOIO MACCOBOT'O COCTOSHUS
HEeHTPpUHO. 3aKpAaIleHHBbII KPYKOK 0003HAYAET MaT-

PHYHBII 9JIEMEHT j, CJIab0T0 3aps?KEHHOTO aJPOHHOTO
Toka. [lockonbKy sHEprust HEATPUHO B MIOOHHOM pPac-
maJie MMoHa coctapjsieT He MeHee 30 M»aB, B3anmoeii-
CTBUE BUPTYAJBHBIX HETPUHO C SAPOM MOXKET IIPUBE-
CTH K pacuajy nocjemtero. /s onpeeseHHOCTH pac-
CMOTPUM CHAYAJIA TOJBKO JBYXIACTUIHOE KOHETHOE CO-
CTOSTHUE U IIPEJIIIOJIOKUM, IYTO HAYAIBHOE SIIPO éX 1o-
riormaer W-6030H U peBpalaeTcs B KOHETHOE sIpo
é 41X, TakuM 0bpa3om

Ju = <§+1X|jk(bh) |§X>'

CHoBa uCHOIB3ys HPUOJINKEHNE B3aUMOIEHCTBHA
@epMu, MOXKHO BBIINCATH aMIUIATY/LY B HUMIIYJIbCHOM
IPEJICTABIEHAN, COOTBETCTBYIONIYIO nuarpamme (28),
[IPOCY MMHUPOBAHHOI 110 BCEM TPEM MaCCOBBIM COOCTBEH-
HBIM COCTOSIHUSIM HEHTPHUHO B CJIydae, KOTJ[@ Pa3HUIEA
Bo Bpemenn ¥ — 20 Mex Ty TOUKAMU POXKICHUS U JTe-

TEeKTHPOBaHus (pUKCHPOBaHA U paBHa 1
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2

3
.G «
M = —zﬁ o8 Oc frprm(y) ; U1iUs; x

2 _ .2
<o (<" ) ) x

Pn
X Ypn (L+9") v (g) . (29)

31ech 4-UMITYJIbCBI YACTHUIL OIPEIEJIEHB AHAJIOTUTIHO
OTIPENICJIEHAIO B MPEBIAYIIEM pa3zesie, KaK 3TO IMOKa-
3aHO HA JMarpamme.

KsagpupoBannas aMmmTy/ia, yCpeJHEHHAS 10 TIO-
JISIPUBANMASAM BXOJSIINX YACTHUI] U ITPOCYMMUPOBAHHAST
110 TTOJITPUBAIUSIM UCXO/ISIINAX TaCTHIL, (DaKTOPU3YETCSI
CJIEIYIOIIIM 00PAa30M:

MY = () (M) s Prc(D), (30)
4(p)

2
rie <|M1| > — KBaJIpUPOBAHHAsT aMILIATY/Ia paciaja
NMOHAa Ha AHTUMIOOH M 6€3MacCOBBII (DepMUOH, ITaBae-
Mmas dopmydoit (12),

(IMaf*) = 4G [lpl; + Kbl — (pak) g +
+ i hopng] (WS + WD) (31)

— KBaJIPUPOBAaHHAS AMILIATYJIA HPOIECCA PACCEsTHUST
HAYAJIBHOTO si/ipa U 6€3MaccoBOTO (hepMUOHA, TPUBO-
JIAIIEro K 00pa3s0BaHMIO KOHEYHOTO fAJIpa W JIEKTPO-
Ha, P,.(L) — 3aBuCAmast OT PACCTOSHUS BEPOSTHOCTD
nepexojia v, — Ve B CTaHJAPTHOM IIOJIXOJE, JlaBa-
" s
emag (25). 3zech smepmerii Temsop W, = Wﬁy) +
-H'W(A)—<' .5} xapakTe ro71efi
wy. = {JuJy ) XapaKTepusyer B3auMoJelicTBUe 51/1-
pa ¢ BUpTyaJbHLIM W T-6030HOM, ero cuMMeTpUIHAS
s . N
qacTh Wﬁy) SIBJISIETCS JEHCTBUTEILHON, 8 AHTUCHMMET-
(A "
puaHas leSl,) — MHHUMOW.
O6o3HauNM CHOBA, 4-IMIYILC T -ME30Ha Uepes Py,
a 4-MIMITyJIbCBI HAYAJIHHOIO U KOHEYTHOT'O siJIep COOTBET-
crBenno uepes P = (E,P) u P/ = (E',P’). Cienys us-
JIOKEHHOMY PEIEeNTy, ITOOBI HANTH BEPOSITHOCTH IIPO-
2
necca, Hy>KHO YMHOXKUTH aMILIATYLy <|M | > Ha JeJTb-

Ta-pyHKIMIO 3aKOHA COXPAHEHUSI SHEPTUU-UMILYJIHCA
(2m)46(pr + P — q — k — P') u Ha genbra-byHKIHIO
270 (pr — ¢ — p), KOTOPas GUKCUPYET UMILYJIHC IIPOME-
JKYTOUYHBIX HEATPHUHO, HOJCTABATHL P BMECTO Py, U IIPO-
HMHTErPUPOBATH 110 UMILYJIbCAM KOHEYHBIX YacTHUIl. MbI
TaK>Ke MOXKEM 3aMEHHTh BPEMEHHON mHTepBai T Ha
Lp° / |p| mist nepexosa OT 3aBUCAIIETO OT BpeMeHu hak-
Topa K (haKTOPY, 3aBUCAIIEMY OT PACCTOSHHUS, TOCKOJIb-
Ky HMIIYJIbC P, TEIE€Phb BBIOPAH PAaBHBIM p. Pesysibrar
JIOJIKEH ObITh IPOMHTErPUPOBAH 110 |P|, 1 9T0 unTEerpU-
POBaHME BBINOJHSAETCA MPH TOMOIIH JIOTIOJTHATETHHOM
nenbra~-dyukiuu. B pesynbraTe Bcex 3TUX Mpeodpa3o-
BaHU#R nMeeM
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aw

WP, (L) 32)

—0 lipi=ipl*+

rze |p|* onpenensiercs (20), dW; /dS) oboznauaer jud-
depeHImaTbHYI0 BEPOSITHOCTD PACIIAJIA T-ME30HA B aH-
TUMIOOH U 6€3MacCOBbIN (DEPMUOH ¢ (PUKCHPOBAHHBIM
HAIPABJIEHUEM UMITYJIbca, 3agannyio (19), u
1 d3k a3 p’
Wa =55 / 3 3 X
2p°2E ) (27)° 2k0 (27)° 2F
X <|M2|2> @r) s (P+p—P —k) (33)

— BEPOSITHOCTD TIPOIIECCA PACCETHUSI sIpa U Oe3Macco-
BOro (bepMHOHa, TPUBOJAIIETO K 00Pa30BaAHUIO KOHEU-
HOTO sI7pa u deKTpoHa. QakTudeckn 3Ta BEPOATHOCTD
JOJIKHA OBITH 3aMEHEeHa, BEPOATHOCTHIO WHKJTFO3MBHO-
o TPOIECCa PACCEsHUs, TJe PErUCTPUPYETCS TOJIBKO
KOHEUYHBIN 3j1eKTpoH. OJHAKO 3TO HE BJIUSET HA TO,
yro Koabdunuent B dhopmyse (32) TOUHO coBHALAET
C TeM, KOTOPBI MbI OXKUIAEM JIJIsi BEPOSTHOCTH II€pe-
XOIa V), — Ve B O0OMeNpHHATOM Hojaxoe. KomrgecTso
COOBITHUH B JIETEKTOPE MOYKHO HAWTHU TOYTHO TaK K€, KaK
9TO OBLIO OOBICHEHO B KOHIIE MPEIBIIYINErO Pa3iesia.

4. SBAKJIFOYEHUE

B macrosiimeit pabore Mbl OKa3aJIH, YTO MPOIECCHI
HEHTPUHHBIX OCIUJIISIIIIL, MEHSIONIEe apoMaT JIeIITo-
HA, MOTYT OBITH TOCJIEIOBATEIHHO OMMCAHBI B KBAHTO-
BOI TEOPHUH TIOJIsI C WCIOJb30BAHUEM TOJIBKO IIJIOCKO-
BOJTHOBBIX COCTOSIHHI YYaCTBYIONIUX YacTUIl. B pam-
kax CraHJapTHON MO/, MUHUMAJIHHO DACIIHPEH-
HOW TPaBBIMU CHHIJIETAMHU HEATPUHO, MbI UCIIOJIH30-
BaJI MOJIUQPUITNPOBAHHDBIN MepTypOaTUBHBIN (dopma-
JM3M, IpeyioxkeHHblil B [9] u paspaborannbii B [11].
OH OCHOBaH Ha TPAAUIMOHHOM S-MATPUIHOM ITOJIXO/IE,
JIOTIOJTHEHHOM MOA(DUIINPOBAHHBIMY [TPABUJIAMHE TIEPE-
XO/[a OT KOOPJIMHATHOI'O IIPEJICTABJICHNS K UMILYJIHCHO-
My. DTH TpaBUja MO3BOJISIOT HAM ITOCTPOUTH MO/IU-
dunuposanubiii mpornararop PefiHMaHA B UMITYJIHCHOM
peJICTaBJICHNH, COOTBETCTBYIONINI NMEIONIeiica IKCIIe-
PUMEHTAJIbHON CHTyaly, KOTOPBI MBI HA3bIBAEM 3a-
BUCSIIIIUM OT BPEMEHH IpolararopoM. B orTjudme oT
CTAHJIAPTHOrO GOpPMAIU3Ma, S-MATPHILBI, HAII MTOJIXOJ,
[IPUMEHHUM JIJI OIMUCAHUS [TPOIECCOB, MPOXOMISIINX HA
KOHEYHBIX PACCTOSHUAX ¥ KOHEYHBIX BPEMEHHBIX WH-
TepBajax. Pacdersl IpOCThI 1 OYEHDb MTOX0XKK HA Te, KO-
TOPBIE UCMIOJIB3YIOTCS B CTAHIAPTHOM IePTYPOATUBHOM
S-MaTpudHOM (POpMaIU3Me B MMILYJIBCHOM ITPEJICTAB-
Jlernu. MomudunupoBaHHbI (HOPMaIN3M S-MaTPHUITBL
dusnIeckn Tpo3padeH U UMeeT TAKOe MPEUMYIIECTBO,
9TO OH He HapyIlaeT COXPAHEHUE SHEePrUU-UMITYJIbCA.
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BaxkHO oTMETHTB, 9TO MBI He HCIOJIb3yeM (JeiBOp-
HbIe COCTOSTHUS HEATPUHO B MOJIe/H, paboTast TOJIBKO C
MAaCCOBBIME COOCTBEHHBIMH COCTOSTHUSAMY HEATPUHO.
DTOT METOJ UCIOJL30BAJICS JIJIsi PacdeTa OCIUII-
JIUPYIOIIUX BEPOSATHOCTEHN IIPOIEeCCOB, B KOTOPHIX Heil-
TPHHO 06Pa3yIOTCS B MIOOHHOM paclaje 7
JEeTEKTUPYIOTCHd BO B3aUMOJCHCTBUAX C HEUTPAJIbHBI-
MHI U 3apAKEHHBIMH TOKaMH 3JICKTPOHOB WJIN TOJIBKO

C 3apAKEeHHbIMU TOKaMH AJIEP. Brimo weTko IIOKa3aHO,

-ME30Ha "

YTO IOJAXOJ TOYHO BOCHPOU3BOJAUT PE3YJIbTATbhbl CTaH-
JapTHOTO (popMaIn3Ma.

BaarogaprocTu. Asrops! 6i1arogapus . D. Boo-
cy, A. E. JlobanoBy u M. H. CmoJisiKOoBY 3a IpodTeHue
PYKOIIMCH U BaykKHble 3amedanusd, a Takxke A. E. [Tyxosy
u JI. M. Cuaao 3a 1moJsie3Hble o0CyxXKjieHnusi. AHauTu-
YecKre PacdeThbl aMILIATY/T TPOBOJMINACH C TOMOIIBIO
makeroB COMPHEP u REDUCE.

®unaucupoBanue. Padora B. O. Eroposa noj-
Jgepkana rpantoM DOHA Pa3BUTUI TEOPETUIECKON
dusukn u maremaTuku «basucs.
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