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lipenpune

 PAZMAUMOHHAA NONAPUSALMA BAEKTPOHOB B MATHATHOM NOIE




AHHOTALORNSAH

PaccuorpeH npouecc MOAApUB3ALUA 3NEKTPOHOB BCIAEACTBUE UBIy-
YeHUH B HEOAHOPOALOM MATHWUTHOM [10JIe C NOMOmBX OnepaTopHo# dopuy-
JMPOBKM KB38BUKIACCHYECKOI'0 NpUONUXeHMH. U0AyueHO 00uee BHPakKeHUE
AN BEPOATHOCTYM pajsMALMOHHOIO Mepexoxa ¢ NEePeBOPOTOM CIOMHA B Ipo-

H3BOJbHOM MaI'HUTHOM [IOZC,

lpu ABAKCHMW B MArHUTHOM [ONE SNAGKTPOHH ¥ MOBUTPOHH MOTYT
MONAPUB0BATECA BCAEACTBUE USAYy4YeHMA. llolspusanus BO3HMKaET Mo -
TOMY, YTO BEPOATHOCTH pPaJUALMOHHOI'0 NEpexofa C [MEepeBOPOTOM CIHH-
Ha 38BUCHT OT OpDUEHTAUWM HAyaJbHOT'O CNMHA. Ha cyuwecTBoBaHue 3gd-
(eKTa pazMalMOEHO} noadpu3auuMd B OJHOPOAHOM MArHATHOM IIONE BIEP-
BHe yxasaam Coxonos, Tepros u coTpyakuka /[ 1,2 7. PagmanuonHas
NoJApUSAalNA pPaccMaTpubalach Takie B padoTe aBropes [ 3 7/, rze
Ousl cQOpMyJAMPOBaH IOAXOM, CYLECTBEHHO YYMTHBAaoLWMUif KBasuknaccu -
yecKUuil xapaxTep ABUEEHUA 3JJNEKTPOHOB BHCOKOH 3HEPI'MKH B MAlHWTHOM
nojae, NospolApWMHA, B NpUHIMUNE, DAcCMOTpEeTh paZualMOHHYW IOJAHpH-
3aluo B HEOZHOPOAHOM MarH4THOM MOJE.

B zaHHOH# pacoTe pasBWT ONepaTOPHH{ METOZ MCcleAOBaHU§ Clil-
HOBHX SBAEHWM B KBA3MKIACCUUECKOM HPMGHHEEHHHK). 9TOT METOJ OKa-
3HBAJCH AACKPATHHEM Hallejl 2ajaue M NMO3BOJNAET HAWTU BEpPOATHOCTD
DaAMANUOHHOTO Nepexoda ¢ MepeBOpOTOM CNMHA B NPOUBBONLHOM MAr' -
HUTHOM MOJE, B TO BPEMA, KAK A0 HACTOAUWEI'0 BPEMEHM 3Ty 3anauy
HE yA&BaIOCh PEMATH A8KE B DaMKax TEOpuM BOBMYUEHWUH MO HEOAHO -
POZROCTH MONf.

Cnefya® OTMETUTH, YTO XapaKTepHOe BPEMA paZMalMOHHO{ no -
NAPU38LME ~JAHOTO NOPAAKA C BpemeHeM paloTH YCKOpPUTElNeid CO BCTpeu-
HHMM NyyKaMid, MO3TOMYy BOMPOC O pajMamuoHHOR NOJAspu3alny B HEOX-
HOPOAHOM MAT'HUTHOM IOIEe UMEeeT OOJBHOR NPAKTHYECKMH| UHTEpeC.

%) llogo0Har MeToAMKA NMpuMeHanach Wpunrepom /[ 4 7 Ana Haxoxae-
HUH KBAHTOBHX MONDABOK K MHTEHCUBHOCTHM U3JNYUEGHWUA IUEKTPO-
HOB B MArHUTHOM IIOIE.




UBUACHNE BHBKTFDH& BHCOKOH SHEPI'WM B MALHWTHOM i0J€ MUKHO
pacCMaTpusaTh KBA3WKIAQCCUYECKM, GUNH IHEPIUF H3JIYUASMHX QOTOHOB
MHOI'0 MEHbIE SHEePIuH 2JcKIpoHa
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K - MrHOBeHHMA pagmyc Kpusu3uu, /M - MarEuUTHOE noXe.
B 5ToM clyvae MOKHO ONMCHBATH ABUKEHUE BJIEKTPOHA C NOMONbLK Kiac-
CHUYECKUX [(apPaKTEPUCTUK. lIOCKONBKY BO BCEX CYMECTBYOUUX YCTAHOB -
KaX nepapeHCTB0 (L) BLAOAHAGTCH C CONbLMM 33NACOM, MH OIpalnuiM-
CA PacoMOTpPEeHUEeM 3TOI'0 CAyYaH.

MaTpPUYHHE 2J€MEHT NEpeXoAa M3 HAuANbHOTO COCTORHMA YACTALM
FO LHEWHEM SJIGKTPOMATHUTHOM NMOAE /i B COOTBETCTBYWIUEE KOHEY -
HOE COCTOAHME [fD C M3iAyueHWeM QOTOHY B HU3WEM MOPAAKE T€0pPHU
BOSMYyueHRil 3anuiiem 3 Buge™’
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31.2Ch J Ju? Eazg) - COOTBETCTBEHHO ONEpATOpPH TOKA U KO-
OpPLRHATH qamruu. " - BeKTop noifpusannM ¢oToHa (BLOpaHa Kajauo-
DCBKE ¢ €= 0 ), cxuoxmg', F 03Ha4yawT CHMMETPW30BAHHOE [pPOK3BE~-
LCHUE ONEepaToOpoOB.

IIpOCYMMUPOBEB BEPOATHOCTE NEpexoha M0 BCEM KOHEYHHM COCTO-
AHMAM YaCTUUN MOJyYaeM CIEAyONEe BupaWeHUE JJIf BepPOATHOCTH pafiua-
MOHHOTO Mepexoja
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UpliBeleHHOe BHpPAXECHME MOXET OHTE KCHOAB3I0OBAHO Al W3Yy4YEeHUudA
ADCHX ABAGHWH 1pU MBAyueHWW (OTOHA yacTuueHh BO BHEWHEM 3NMEKTPO -
MarHUTHOM none. B uxrepecyouem Hac cliyuyae ABUACHUA SNCKTPOHOB
&) b Aa sHeiuedm C = I,
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([IO3UTDPOHOB) BO BHENHEM JNEKTPOMATHNTHOM NOle NPEACTAaBUM ﬂf(f}
(4) B BUje:
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rze U (E: ¥ 51(2-:'?) - Deueus ypasHeuus Aupaxs s APOK3 BOJIBHOM
aNEKTPOMATHMTHOM MONEe B ONGPaTopHOR gopue; 7 | ¥, Xapak -

TEPU3YNT HAUYaQJEHOC U KOHGYHOE CIMHOBHE COCIOHAHHHA.

_ KBauToBHE 2()eKTH, BOBHUKAWUME [pK ABUKEHHA YABTPADEIATH -

BUCTCKOTO 3IEKTPOHA BO BHEUWHEM MATHUTHOM NOJE OHBAWT ABYX TMIIOE.

llepBHit 3 HUX CBA3AH C KBAHTOBHM XApPAKTEPOM CAMOI'0 [ABMKEHUH BIEK~
TPOHA B MATHUTHOM None. JUWTHBAA, YTO B nepnuu nopaAgke no-%
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OTcwAa, OYEBUAHO, CAGAYET, YTO C POCTOM OHEPI'UN ABUKEHHE
3NeKTPOHA B MArHMTHOM IOJNE CTAHOBUTCH BCE, Oonee "KiaaccuyeckuM",
?.K. KOMOOHEHTH CKOPOCTH CTAHOBATCH onpefedcuEsmu / 4 7.

Bropoit BH3uBaeTCA oTAauell 3NEKTPOHA NpPH WUBAYUSHUM (QOTOHA W

UMEET [109TOMY NOPAZOK t“/ﬁ- .

lockonsky W ~ We ¥~ ¥ HaC B nanzaeﬁmeu GyZeT WHTepe-

COBATh TOABKO IVIABHHIA UMGH PA3JOKSHMA MO A X /&‘. TO HEKOMMY-
Tanueif KOMMNOHEHT CKOPOCTM MOKHO NPEHEOpPeuYh W YYUTHBATE TOABKO
HEKOMMYTAaIMy OnepaTopoB AMHAMMYECHKHX NEpPEMEeHEHX 3NE6KTPOHA ¢ MO-
JEM USAydYeHHOrD (OTOHA.
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B naHHofi padoTe HAC MHTEpeCcyeT BEpOATHOCTH paAMAIMOHHOI'O
Nepexofa ¢ NepeBOPOTOM CNMHA, NO3TOMY OKa3HBAETCH YAOCHHM Npej-
CTABUTE

¢(=}) = 77 T Q(F) =i@TAIQ(F) (10)

raze QG - eLMHWYBHI BexTop, NEpPNEHAMKYAADHHE OCU KBAHTOBAHUA
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A BHIOAHSA HEOOXOAMMHE KOMMYTALuu JeI'KO NOAYYUTH AJNA MATPUYHOTO
aneMeHTa
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Buzuo, yro BupaseHue (I2) Ang MaTPUYHOrO 3MEMEHTa NpONoOp -
HUOHAIBHO 'L' , N03TOMY HEKOMMyTaluWeil BXOZAslMX OMEpaTropoB MOXHO
npeHeGpeyb, MNOCKOABKY yueT ee JaeT NONpaBKu BHCWEro NOpPAAKa IO

, KOTOpHE Hac He MHTepecywT. lloaToMy BCE onepaTopd B (Qopuyne
(5), cTOAUMEe B OOKIAZAKAX HAYalIBHOr'0 COCTOAHWA, MOKHO 38MGHHTH Ha
WX KilacCuuyecKue 3HaYeHUsd.

B nHrerpane (5) nepeiifieM K HOBHM lepeMeHHHM
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HﬂcHUﬂth HAC UHTEDECyeT BEpPOHTHOCTHL NepexoZa B EJMHALY BPEMEHHM

dﬁrﬁﬂ‘ ro B uETerpane (5) (mocie WHTETDUPOBAHUA N0 KOHRGUHHM CO-
cPOfAHMAM GOTOHA) OCTAETCA BHNOAHUTE MHTEIpUpPOBAHUE TOABKO NO 0T~
HOCcuTelbHOMy Bpemend £~ . Hax OyaeT BUAHO B JanbHeiimeM,0CHOBHOU
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Bunonuss 370 pasnoxerue Aaa sexusus 3 € (%) u s ﬂff;) i
OUEHUBAA BHCHME YJIEHN PasJOXGHHA C NOMONBD YDABHGHAR HBHKEHUS
cnuia (%) Bo BHemseM MarmmTHOM mone /5 7, NErko NOKa3ars,uro
9TH uleHH Zaw? BrIaZ ~ %), Tak uro MOXHO mORORUTS
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Ana momyyeHus NOJHOH BepOATHOCTM PaZMAIMOHHOIO Nepexoia C -
NepeBopOTOM CHMHA CHEAYeT NPOBECTH HHTEIPUPOBAHME N0 MMIYABCY
Horona. lociuepree OKa3HBaeTCA YAOUHHM BHNOAHUTE A0 MHTErpupoBa-
HUfl N0 2" BOCNOAB30BasEUCH (opMynoft
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C yuerom gopuyn (I9) - (2I1) nocie HECHAOKHHX BHKISA0K MOXHO
MONYYUTH CHeAYyWNEe BHpAXEHWE AJNA IONHONK BEpPOATHOCTH IEpexoia
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XORUT HUKG BEUeCTBEHHOH O ocn. Omcnna BUZHO, YTO OCHOBHOIl BKIAX B
UETEerpan AaeT 06AacTh H' & ~ /ar Bxozamme B gopmyny (22) kou-
TYPHHE MHTEI'DANH JNET'KO IOAYYanTCA K3 uxenynﬂai yHUBePCaNnbHOM
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B uTOre HOAywaeM «ieiywiyn Qopuyny AaA NOAHOM BEPOATHOCTH
POAMALAOHHOTO NMePeXOAa ¢ NepeBOPOTOM CHUHA B OAUHKLY BPEuUSHH
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B 04HOPOZHOM MATHMTHOM IONE BHPAKEHHE (24) NEePSXOAMT B M3~
BECTHYD BEPOATHOCTH DPAAUAIMOHHOTO nepexuna C HepeBOpOTOM CHHuHa
L4s chyvyaes nunepeqﬁuﬂ HNONAPUS AL MY (::v*; O ¥ NPOAOCHBLHOK NONA =
puauun (7 )={ ans SNEKTPOHOB e<o M NOSUTPOHOB €>0 /2.
b HEOAHOPOAHUM MalHMUTHOM MONE COXPaHACTCH BHBOZA, 4TO AAA IHpo =
AQJBHOK NONAPUBALKN BEPOATHOCTH pAJNMANMOHHOIO nepexoxa ¢ nepeao-
POTOM CIMRA Hé 3aBACUT OT OPWEHTAUMM CIMHA, ANA HONMEPEYHOR moAf-
pUIRLUN TaKas SaBMCMMOCTH, BOOOHE I'OBODA, UMEET MecTo.

Hag MH BAZUM M3 NPUBEASHHOI'O pacuyeTa, HEOZHOPOAHOCTH Mar-
HHTHOI'O noag " n " BXoaur B danaqy B BUJE HKOMOMHALUM /h’ K KOIB
CKOPO paccuarpuBaetes Cayuail / <<4{ , NpOLECC MBAYUEHUA HOCUT
TAKOM Ee XapaKkTep, K8K B ﬂﬂanUAHUM loNe. 9TO CBA3AHO C TEM, YTO
HBJLyuyeHUEe QOTOHE [POMCKOAUT HA AIMHE MHOI'O MEHbUei IﬂpaKTEUHDH
AJNUHH HEOZHODOAHOCTH MATHUTHOI'O IMONA.
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Bupakenue (24) cofe;4uT BEAHYHHH, SABHCHUUE OT BpeMeHu . Hac
#€, ECTOCTBEHHO, WHTGPECYWT Cp' AHME HO BpeMenu. MIf OOMEro aHa -
AU3a paZRallMOHHON MONAPUBALUK B LOHKPETHHX YCHOBUAX HEOGXONUMO
PEUNTH KIACCMYECKUE YPABHEHMA ABUXCLWH YACTUIH M BEKTODA GHUHA
[ 57, noacraBurs ux B (24) u H NPOBGCTH YCPEAHEHME NO BpeMEHU. B
Clyuae aKCHAIDHO-CHMMETPUYHOTO CHAGO-JOKYCHPYORHEr0 HEO.. JOJIHOT'O
MAQTHUTHOT'O IONA CPEAHEE N0 BPeMEeHN BHpPAMEHUe MAIf : SPOATHOCTH pa-
AMALUOEEOTO nepexana C ICPEBOPOTOM CAMEA C TOYHOCTBy A0 (P4 =
BOYHHYX YAEHOB ‘z/k (@ = BMNIMTyAs NONEPEUHHX KONeGauuh,

R — CPeJABMH paguyC KPMBU3HH OPOATH) MMEET TRKOR me BdA, KaK

B DﬂHUpDﬂHDﬂ MATHATHOM none (B KAYUECTBE Dajguyca BXORMT R ).
Benidunnyg “/f- BechbMa Maru (I0™ .10 ) AN BCEX COBDEMEHHHX
YCTAHOBOK.

Taxuu oGpasoM, a@dexT pasManaoHHOR NUAAPHIAIME, BOOUME Io-
BOp#, MMEGET MECTO M B HEOAHODOAHOM NONE M, CAEHKOBATONBHO, MOKET
HAOADAATBCH B COBPEMEHHNWX HAKOMUTENAX, ECAM YCTDAHUTE BIKAHUKC
AEHONAPU3 younX Qakropon /[ 6 7.
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