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— OHLCHUTH AJIbTCPHATUBHBLIC BAPUAHTLI MJIAHUPOBKU
IMPpOU3BO/JICTBA,

— HCCICOOoBaTb Y3KHE MECTa B NCPEMCIICHUN
MaTCPHUAIIBHBIX ITIOTOKOB;

— ONICHUTH BJIMAHHAEC TIOBCACHUA OIICPATOPOB HaA
TITIOKa3aTCJIu MPOMU3BOACTBA,

— OIPEACIINTH MOBEACHNUE CUCTEMBI B CITyda€ ITOJIOMOK

o0opymoBaHus;

—  ONpeleiuTh  BEPOSTHOCTh  IPOW3BOJCTBA
OpaKkoBaHHOW MPOTYKIIHH;

—  OmpeienuTh, Kak M3MEHATCS  IOKa3aTeln

MPOU3BOJICTBA M3-32 IJIAHOBBIX OCTAHOBOK.

Wcnone3yss Bo3MoOxHOCTH  cpeasl  AnylLogic
MOKHO  JIOTIOJIHUTENIBHO ~ CO37[aTh  OMOJIMOTEKY,
KOTOpasl TO3BOJAET BKIIOYATH DJIEMEHTHI  JUIA
OBICTPOTO MOJICIUPOBAHUS TONOOHBIX CHCTEM H
O0BEKTOB, CHCTEM  JBIDKCHHS  MAaTepUAIbHBIX
MOTOKOB, pabOTy IepcoHala W CHCTEM KOHTPOJIA
Ka4ecTBa MPOAYKITHH.

Ilocne mocTpoeHWMss MOJENH BBIIONHACTCS (asa
MPOEKTa, CBsI3aHHAsl C MPOBEJCHUEM SKCIIEPUMEHTOB,
1 IPOLIECC TECTUPOBAHUS MHOKECTBA TAPAMETPOB JUIs
MOMCKa ONTHMANbHOTO pemieHus. Jlanee, ucmons3ys
pe3ynbTaThl IIPOBEICHHBIX 9KCTIIEPUMEHTOB,
OIPENEIIINCH JIy4dInue THIIBI YCTPOUCTB
MPOW3BOJCTBEHHONM JHMHMM B IEJIOM M HUX
KOHQUTYypallui ¢ TOYKH 3PCHUS  MPOITyCKHOM
CIIOCOOHOCTH, KOJIMYECTBA Opaka W HAICKHOCTH.
TakoM 00pa3oM, TIIOMYyYEeHBI pEIICHHUS, KOTOpHIC
MO3BOJIAITA  3HAYUTEIBHO YIYYIINTh YCTPOHCTBO
NPOU3BOJACTBEHHONM JIMHM M IPU MUHHMAJIBHBIX
3aTpaTax BeIOpATh €€ HAMIYUIIyI0 KOHHUTYpaLHIo.

VIIK 004.056:061.68

Pe3ynbTaToM MMHTAIIMOHHOTO MOJIEITHPOBAHUS H
TPOBEICHUSI  OKCIICPUMEHTOB  C  MPHUMCHCHHEM
NONYYCHHOW  MOJENH  SIBISIETCS  MOBBILICHUE
3¢ (EKTUBHOCTH  HCIIOJB30BaHHUS  0OOPYHOBaHMS,
ONTUMH3ALMS TPOU3BOJCTBA, COKPAILCHHUE BPEMEHHU
NPOM3BOACTBEHHOTO LKA, YBENHMYCHHE OOBEMOB
NPOM3BOACTBA M YIYYLICHHE KauyecTBa TOTOBOTO
u3aesus. OT0 COOTBETCTBYET BCEM MOCTABICHHBIM B
JTaHHOH paboTe 3a1a9am.
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®OPMHUPOBAHUE CKPEMBJIMPOBAHHOI'O YACTOTHO-MOJAYJNPOBAHHOI'O CUTHAJIA
JJISI MACKUPOBAHUSA NIEPEJAYN UHO®OPMAILINA
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AHanoroBoe CKpeMOJIMPOBaHHE OTHOCHTCS K
KJIaccy M3BECTHBIX METOJOB MAacKHpPOBAHHUS CBSI3H H
NPUMEHSIETCS] TIPAKTHYECKH BO BCEX COBPEMEHHBIX
cpencrBax nepenadn nHpopmaru. CyTh €ro COCTOUT
B NpeoOpa3oBaHUM HCXOMHOTO PEYEeBOTrO CHTHAja C
HeMbl0  MUHMMHM3AIMM  [PH3HAKOB  PEYEBOTO
COOOIIEeHNs, B pe3yjbTaTe KOTOPOI0 3TOT CHIHAJ
CTAaHOBHUTCS HEpa30OpYMBEIM U  HEY3HABACMBIM.
HeoOxoauMeIM  yCIIOBHEM TaKOTO IMPeoOpa3oBaHUs
SBJSIETCSI BO3MOYKHOCTh OOpaTHOTO IMpeoOpa3oBaHMs
JUTSL BOCCTQHOBJICHHSI PEUEBOr0 CUTHAJIA HA TPUEMHOM
ctopone [1].

Texuuueckue cpeacTBa, pa3paOOTaHHbIE Ha
OCHOBE aHAJOTOBBIX METOJIOB CKPEeMOJIMpPOBaHMS,
YacTO  WCIONB3YIOTCS A 3alUThl  PEYeBOM
uH(pOpMaUK OT MpochyiuBaHus. [Ipu aHamoroBom
CKpeMOJIIPOBaHHM ~ PEYCBOM  CHTHAT  MOXKHO
npeoOpa3oBEIBATH IT0 AMILTUTYIE, YACTOTE U BPEMEHHL.
AMIUTHTYTHBIC npeoOpa3oBaHus npH

CKPEeMOJTMPOBAaHUH HE TIPUMEHSIOTCS M3-32 MpOoOIeM
TOYHOI'0 BOCCTAHOBJICHHA aMIUIMTYAbl PE€YEBOTO
CHT'HAJIa IIPH ero 00padoTke.

Ilpn gacToTHOM MpeoOpa3oBaHHHM  CHIHAA
HCIIONB3YIOTCSL  YacTOTHAs  HMHBEPCHs — CHTHAJA,
pasbHeHre IOJIOCHl YaCTOT PEYEeBOrO CHIHAJNA Ha
HECKOJIBKO CErMEHTOB U YaCTOTHASI HHBEPCHSI CIICKTPa
B K&XIOM CErMEHTE OTHOCHTEIBHO ero CpexHei
YacTOTHI, pa3OMEHIE YaCTOTH PEYEBOTO CHTHANA Ha
HECKOJIBKO CerMEHTOB M MX YACTOTHBIC IEPECTAHOBKH.

[pu BpeMeHHBIX MPeoOpa3oBaHHUAX MPOU3BOUTCS
pa3OueHe CHrHAma Ha pEYeBbIe CErMEHTBl M HX
NEPECTAHOBKA BO BPEMCHM: MHBEPCHS MO BPEMEHH

CETMEHTOB  pEYd, BPEMEHHbIE  MEPECTAHOBKU
CErMEHTOB peueBoro CUTHaJA. [pun
KOMOWHMPOBAaHHBIX ~ MeETOJax  IpeoOpa3oBaHUs

CHIHAJIA HCIOJB3YIOT OJHOBPEMEHHO HECKOJIBKO
pa3IMYHBIX ~ CIOCOOOB  CKpeMOympoBaHus — (Kak
YaCTOTHBIX, TaK M BPEMEHHBIX), YHCIO KOTOPBIX
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OTpaHWYMBACTCS, KaK IpPaBHJIO, BO3MOXHOCTAMH
TEXHUYECKOH pean3aliy aHaIOrOBbIX CKpeMOJIepOB.

Pazniume ckpeMOJIepOB COCTOHUT B YHCIE YaCTOT
WHBEPCHH, CKOPOCTH HMX W3MEHEHHs M KOJINYECTBE
KJIIOYEH, OMpPEAeNSIOINX JIUTEIbHOCTh mepebopa
BO3MOXHBIX KOMOMHAIMI M3MEHSEMbIX [apaMeTpoB
0e3 ux moBTOpeHMs. HekoTtopoe mpencraBieHHEe 00
YpOBHE  3aliuThl  MHQOPMALMH  MOXET  JaTh
TNOKa3aresb KOJMYECTBA KIIIOUEBBIX ITapameTpoB. s
YaCTOTHOTO HMHBEPTOpPa KIIIOYEBBIM  I1apaMeTPOM
SIBJIICTCSl 3HAYEHHWE YacTOTHl HHBEPCHM CHUTHAJA.
PasmepHOoCTh 3TOrO mapamerpa, TO €CTh YHCIIO
BO3MOXHBIX 3HAUYEHHMH YacTOT HWHBEPCHU (YHCIIO
KITI04ei) c OLIYTUMBIMHU HCKQKECHHUSIMH,
BO3HHUKAIOIIMMHU TIPH MPOCIYIIUBAHUK HA COCETHEH
gactote, He npesbimaet 20-30.

Ipu aHaJIOTOBOM CKpeMOIMPOBAHIU
peoOpa3oBaHHBI ~ pedyeBOH  cuTHAN,  oOiajas
CBOICTBaMH Hepa300pYHMBOCTH M HEY3HABAEMOCTH,
3aHMMaET TaKyI0 K€ I0JI0CY YacTOT CIIEKTpa, Kak H
ucxonHblii curHai. [lpucyrctBue mpu mnepenade B
KaHaie CBs3M (ParMEeHTOB HCXOAHOIO PEYeBOro
cooOIIeH s, IPEOOPA30BAHHOTO B YACTOTHOM ¥ (WITH)
BPEMEHHOH 00JIacTsIX, O3HAYaeT, YTO BO3MOXKCH
nepexBaT W aHaJIM3 IepejaBaeMoil MHpOpManuu Ha
YPOBHE 3BYKOBBIX curHajoB. [lepexBaT cooOreHuit
BO3MOXEH IPH MPUMEHEHHH CIELHANbHBIX CPEICTB,
MO3BOJISAIOIIMX ~CHAYalla OMNPENenUTh  KIHOYEBYIO
MOCJIEIOBATENIbHOCTh  (T. €. MpaBWia H3MEHEHUs
rapaMeTpoB TpeoOpa3oBaHMsl CHTHANla), a 3aTeM
MOACTPOMTBCS ~ MOJA ~ HAWICHHYIO  KIIFOYEBYIO
MOCIIeIOBATEIBHOCTS [2].

HecMmoTpst Ha BBICOKOE Ka4eCTBO M pa300pYMBOCTD
BOCCTaHABJIMBAEMOW PEYH, aHaJOTrOBbIE CKPEeMOJIephI
o0ecrieunBalOT B OCHOBHOM JIMIIb HU3KHH WM
CpEeIlHHH, 10 CPaBHEHUIO C LU(POBBIMH CHCTEMaMH,
YPOBEHb  3allMTHl  MH(QOpMALMM, OJHAKO  HX
MpaKTUYEeCKas peaii3alysi MpolLe U ACIIeBIIe.

[pu UG poBOM CKpeMOJIMpOBaHUN
nperoaraeTcs JIICKPETH3AIINSL HCXOJIHOTO
aHaJIOTOBOr0 CHUTHala M Mepefada ero OCHOBHBIX
KOMITOHEHT ITyTeM MpeoOpa3oBaHus HX B IMUPPOBOMA
MOTOK JIAHHBIX. OTOT TMOTOK CMEIIMBACTCS C
HEKOTOPOH IICEBJIOCITyYaiiHO I
TIOCJIEJOBATENILHOCTBIO, BEIPA0ATHIBAEMON KITIOUEBBIM
TeHepaTopoM MO OJHOMY W3 KpHITorpaduueckux
anroputMoB.  [lomyueHHoe — TakuMm  oOpazom
COOOIIEHHE C MTOMOIIIBI0 MOJIEMa TIepeiacTCsl B KaHal
CBsI3M, Ha TPUEMHOW CTOPOHE IPOU3BOJSATCS
oOparHble TPeoOpa30BaHUs C IIENBI0 MONTyYCHUS

OTKPBITOTO ~ PEYEBOro0  CHrHama.  Peanusanus
UdpoBOro  CKpeMONUpPOBaHMS  HA  HPAKTHKE
OKa3bIBACTCSI JIOBOJIBHO CIOXKHOMN U JOPOTOCTOSIICH.

[Mpennaraercs METOT MAaCKHUPOBaHUS
uH(OpPMAIMK, OCHOBAaHHBIH Ha (OPMHUPOBAHHU U
o6paboTke CKpeMOJIMPOBAHHOTO 4acTOTHO-
MOZYJIMPOBaHHOTO CHTHaJa, MPOU3BEICHUEM

JIBOMYHBIX TIOCJIEA0BATEIbHOCTEH, OJJHA U3 KOTOPBIX
HceBOCTyYaliHas c W3BECTHBIM 3aKOHOM
(bopMupoBaHus, Apyras — ciiydaiiHas, opMHupyemMast ¢
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IIOMOIIBIO HUCTOYHHKA (1)I/I3I/I‘IQCKOFO myma )54
KoMTIapaTopa.

B KauecTBe armapaTHbIX peanuzanuit
CKpeMOJMPOBaHMUSA YacTO HCIIOIB3YIOT TeHEpaTop
CIyJaifHBIX YHCENl HA CIBHUTOBOM pETHUCTPE C
JIMHEWHOW OOpaTHON CBs3pI0. Takas TEXHOJOTHUS
MacCKHPOBaHMSA WH(POPMAIMN SBISETCS JOCTaTOYHO
a¢ddextuBHON. Tlokazarenem 3hHeKTHBHOCTH 37€Ch
CIY’>KUT KOJMYECTBO ONEpalHii, 3aTpaunBaeMbIX Ha
BBIUKCIICHUE 0YepeTHOrO 9JeMEeHTa
IICeBAOCIyYaliHON mocienoBareiabHocTd.  OmHaKo,
OCTaeTcsi  BEPOSTHOCTb  HECAHKIMOHHUPOBAHHOTO
JocTyna K uHpOpMAanMU TpH  TPUMEHCHUU
CHelUaJbHBIX CPEACTB  OMNpEACNCHUs KIIUeBOM
MOCJIEIOBATENILHOCTH M TIOJCTPONKY 1O/ HAMIEHHYIO
KITFOUEBYIO TIOCIIEIOBATEIIHHOCTE.

[Ipenmaraemoe (hopmupoBanue
CKpPeMOJIMPOBAaHHOTO  YaCTOTHO-MOJYJIHPOBAHHOTO
CHTHajla, COAEpJKAaIler0  pPedeBoe  COOOIIeHUE
MIPOM3BEJICHUEM IBOMYHBIX MOCIIEIOBATEIFHOCTEH,
obecrieunBaeT BBICOKYIO SHEPreTUUECKYIO
CKPBITHOCTb. Bo-niepBbix, c(OpMHUPOBAHHBII
YaCTOTHO-MOJIyJTUPOBAHHBIM ~ CHUTHAl HE  HMEeT
MIOPOTOBBIX OTPAHUYECHUHN TIO TOMEXOYCTOMYUBOCTH U
MO3BOJIICT PabOTaTh «IOJ IIyMammu», a BO-BTOPBIX,
CIIEKTp CUTHAJIA B KaHaJIe HE UMEET XapaKTEePHBIX SIPKO
BBIPOKCHHBIX y9acTKOB. JloOaBieHWe cirydaifHOM
KOMITOHEHTHI TIO3BOJSIET H30EXKaTh PEryIspHOCTH
CHEKTPaJbHBIX COCTABILIIOMINX H TEM CaMbIM
YBEITMUMBACT YHUCIO KITIOYEBBIX KOMOWHAIMK 10
OCCKOHEYHOCTH.

Ha nepenatomeit cropore curaan GpopMupyercs B
COOTBETCTBUM CO  CXEMOHW, MPUBEICHHOM Ha
pucyHke 1.

TICTI oM
TH

Pucynoxk 1 — CtpykTypHas cxema (GOpMHPOBAHUSA
CKpeMOJIMPOBaHHOTO CUTHAJIA

Hcrounnk pedueBoro COOOTIEHHS (1C)
aHaJIOTOBOTO CUTHaja ME) hopmupyer
HU3KOYACTOTHBIM CHTHal1. ['eHepaTtop Hecymen

gactotel (H) oOecneumBact  (opMupoBaHue
BBICOKOYAaCTOTHOTO ~ Y3KOIIOJIOCHOTO  HECYILEro
curHama. B wactotHom  moaymsarope  (UM)

aHAJIOTOBBIN CUTHANI W HECYIIMH MEPEMHOMKAFOTCS.
CdopMHUpOBaHHBIH y3KOMOJIOCHBIH YaCTOTHO-MOMY-
JUPOBAHHBIA CHUTHAJI TOCTYHaeT Ha BXOX (ha30BOTO
Manumyisatopa (®MH;) u moasepraercss (pa3oBoit
MaHWMYJAOAN ~ JIBOMYHOM  ITOCITIEJOBATEILHOCTBHIO,
MIPEICTABIAIONICH KOMOWHAIMIO TICEBIOCTyYaiHOM
nBowdHOM mocnenosarensroct (IICIT) gt — 7
)={%1} u cay4aiiHO¥ TBOMIHON MOCIEAOBATEILHOCTH
X@®) ={x1}, rme 1t - cioyyaiiHag 3ajaepiKKa.
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[ceBnocayyaiiHasi JBOWYHAS MOCICIOBATEIBHOCT
gt - 1) BoipabarhiBaeTcs B TeHEpaTrope
(I'TICIT). OmHOBPEMEHHO C TICEBIOCITYIaliHON IOCe-
JIOBATENILHOCTBIO, CTCHEPUPOBAHHON T€HEepPaTopoM,
nomaércs Ha  (a3oBbii  MaHumysTop  (PMHy)
ciryJaiiHas MOCJIE0BATEIBHOCTD X(1),
BhIpabaTeiBacMass B reHepatope (I'l) wu
npeoOpa3oBaHHast B KOMIIAPATOPE B KIUIITHPOBAHHbIH
wym. Ha ¢asoBom manumymstope (OMH)
OCYIIIECTBISIETCS OTiepanust iepeMuoxerust §(t— 7 ) u
X(t) u oObpasyercs [aBOWYHAS CKPEMOIHPYIOLIAs
MOCJIe/I0BATENHHOCT:

Y(t-7)=9(t- 7)-X(), (€

rae mojoca crektpa mocnenoBatensHocTd X(t)
OIPE/IENSETCS TAKTOBOH 4acToTol f, =1/7,,, 8 TAKKE

dbopmupytrommM GuIbTpoM, BKIOYeHHBIM B [T 1
Menbie nonocel cnekrpa [ICII, T, — AIUTETBHOCTD
anementa [1CIT.

CdhopmupoBaHHBIH CKpeMOIMPOBaHHBIN
YaCTOTHO-MOYJIMPOBAHHBIM CHUTHAJ, TMOJIYY€HHBIN B
pe3yibrare nepeMHoxenus B (PMH1), ycunuBaeTcs B
yewutene MomHocTd (YM), mogaércst B Ha MOIYJIb

VIK 380.001+530.182

aHTeHHO-(unepHoro ycrpoiictea (ADY) u nanee B
a¢up.

CkpeMOTMpOBaHHBIN YaCTOTHO-MO T TUPOBAHHBII
CHUT'HAJI MOXHO TIPEICTABUTB!

S(t) = aoY(t-7 )-cos[(wpt + ¥ () + Bl (2

Ie do U Mg — H3BECTHbIC AMIUIUTYJa M YacToTa
CHT'HAJIA;

Y(@) =gt - 7)-X(t) = {£1} — ckpembnupyromias
HOCJIEZIOBATENBHOCTD;
f - cnyyaiinas HadanmbHas ¢aza, paBHOMEPHO
pacnpenenenHas B uatepsaie [0,27];
Y(t) — yacToTa curHana, MEAJICHHO W3MEHSIOMIAsCS B
COOTBETCTBHH C TiepeaBaeMbIM coodrienneM A1), Tiae

A(t) = d¥ (1) /dt .
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OLIEHKA SHEPI'MU COJIMTOHA BBJIN3U MNOBEPXHOCTHU METAJLJTIA

KusizeB M.A., PycakeBuu JI.A.
benopycckuii hayuonanvuwiti mexnuueckuti ynusepcumem, Munck, Pecnybnuxa Benapyco

[IpobnemMa wu3yueHHs KBAHTOBBIX COJIMTOHHBIX
COCTOSIHUH, COOTBETCTBYIOIINX OJJMHOYHBIM
JJIEKTPOHAM, SIBJISICTCST BECbMa HEPCHEKTHBHOM C
TOYKHM 3peHMs 3a1ad HaHoIeKTpoHukH [1]. Takue
COCTOSIHMSL MOTYT OBITh OINHCAaHbl NHPH TOMOIIH
pewennii ypaBueHnust lllpenuHrepa, y4uTBHIBAarOLIErO
HEJIMHEHHOe B3aMMOJICHCTBHE 3JIEKTPOHA,
HaXOJSIIETOCS Y TOBEPXHOCTH METAJlIA, C MHIMBIMH
3apAfamMH, pAclOJIOKCHHBIMH —BHYTPH — MeTailla.
Mopgenu ¢ MHUMBIMU  3apsfaMH  IIHPOKO
IIPUMEHSIOTCS IIPU U3yYEHUM KBAaHTOBBIX TOYeK. B
HacTosmeld paboTe C MCIONB30BAaHHEM IOAXOJa,
pazBuToro B padote [2], mosydeHO NpHOIMKEHHOE
BBIpDQKEHHE  JUIi  OHEPrUM  PaccMaTpUBaeMoro
COJINTOHHOTO COCTOSTHHUSL.

W3BecTHO, HYTO KyJOHOBCKOE OTTAJIKHBaHHUE
JIEKTPOHOB HE MO3BOJISIET (POPMHUPOBATH COIMUTOHHBIE
cocrossHUs. OJHAKO IJIsI OJHOTO 3JIEKTPOHA TAKOE
OTTAJIKMBaHUE  OTCYTCTBYET, YTO  IO3BOJISICT
MIOCTPOUTH CaMOCOTJIACOBAHHOE PEIICHNE TaK, YTOOBI
WCKJIIOYUTh B3aUMOJICHCTBHE OJIEKTPOHAa C  €ro
COOCTBEHHBIM TIOJIEM. DTO MOXKHO CJHEJaTh IyTeM

BBCIACHUS IIOTCHIIMAaJ1a MHHUMOI'O 3apsanaa,
NpEAroaras, 4To TaKo! 3apsi BOJIM3H MOBEPXHOCTH
MeTaJuia (anexTpona) pacrmpenensercs B

COOTBETCTBHH C PAcHpeIeleHHeM IOTHOCTH 3apsiaa
snextpoHa e?|W(#, t)|?, rae e — 3apsj BJIEKTPOHA.
Torma cooTseTcTBylolee ypaBHeHue IllpenuHrepa
FIMEeT BHJ

L G) h? — 5 5

lhT = —ﬁAq"(T, t) + VC(T', t)‘P(r, t), (1)
rae NOTCHIIAJIbHAs OHEPTUA B3aHMOHCﬁCTBHH
3JIEKTPOHA ¢ MHUMBIMH 3apsaaMu (MHTETPUPOBAHNE
BEJIETCS 0 KOOPAWHATAM BCEX MHHMBIX 3apsJiOB)

OpeaeIACTCSI COOTHOIIECHUEM

N L LG
]/C(r' t) - ZKf |.’7:_?II dr 1 (2)
|# — 7| — paccTosHME OT MHMMOTO 3apsia A0 TOUKH
HaOmofieHns, d — pacCTOSHWE OT  3apsja

(MEHCTBUTENBHOTO WM MHHMOTO) JIO TOBEPXHOCTH
ANEKTPOJIA, K — TUAJICKTPUIECKast IPOHUI[AEMOCTh, M*
— o(pdekTuBHasT Macca JJIEKTpOHA, 4 — pPa3Mep
COJIMTOHA.

Iloctpoenne TouHOro pemeHus ypaBHeHus (1)
SIBJIIETCSI OUEHb CJIOKHOM 3amaueil. OHAKO, MOXKHO
HaiiTn mpuOImkeHHoe pemieHue ypaBHenus (1). B
9TOM CIIy4ae yJaeTcsl TOCTATOYHO MPOCTO MOJIYYUTh
MPUOIIDKEHHYI0 OIIEHKY JHEPTrHI0O COCTOSHHS B
3aBHCHMOCTH OT pa3Mepa COJWTOHA, HWCIONIB3YS
COOTHOIIICHHUE
E(a) = = [IVWG, @)?d7 + [ 1%, )12V, @ 0)dF. (3)

C menpio YHpoOIICHUS BBIYUCICHUH pacCMOTPUM
3a/layy B ClIy4ae OJIHOM  IPOCTPaHCTBEHHOMU
nepeMeHHON. JlJis 3JIeKTPOHOB, JIOKAJIM30BAHHBIX B
KBaHTOBOM  TIPOBOJIE, TOTCHIMAIbHAS  SHEPTHs
B3aumozeicTus V, (X, t) IpUOIMKEHHO MOXKET OBITH
MpPE/ICTABIICHA B BUJIE

Vo(x,t) = —%I‘P(x, £)In (g) @)
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