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1. B B e a e n H e 

B pa6oTe IlocTa n llimp¢a1 l/ rro Teopnn apeMeHHoro paspemeHnsr cunH

THnmrunoHHoro ctJ~T'IHKa 6hmo rronytJeno cpermee 3HatJenne apeMenn rrosraneHnsr 

Q -ro $oToaneKTpoHa n mrcrrepcnsr aToro apeMeHn: 

t ( 1 + + •.• ) ( 1) 
Q 

2 
Qr (1 + 2(Q+l) + ••• ) 

R! 'Ro ( 2) 

3aecb r - II0CT0SIHHaSI BpeMenn Bb!CBetJHBaHIJSI CUHHTHnnsrTopa, R 0 - cpea-

nee K0nH'lecTB0 !pOTOaneKTpOHOB 38 rronHoe BpeMSI CUHHTimnsrunn. 

IlpnaeaeHHhie Bb1pa)KeH1-1sr rronytJeHbI B rrpearrono*eHim R >>1 H 
0 

Q M0)KeT 6bITb TeM K0nH'leCTB0M ¢oToaneKTpoHOB, HatJHHaSI c K0T0-

poro cpa6aTbrnaeT cxeMa, rroaKn10tJeHHasr K ¢oTOYMHO)KHTemo. ( TaKyro cxeMy 

a aanbHeiimeM 6yaeM HMeHoBaTb rroporoaoii). CoapeMeHHhie BUC0K0CK0p0CT

Hbie ¢oT0YMHQ)KHTenn xapaKTepnsyroTCSI aecbMa Manoii BpeMeHH0ll J:lHCIIepcueif 

Bb1pa6aTbIBaeMbIX nMrrynbcoa. na*e rrpn perncTpaunu 0Tr1enbHhIX ¢oToaneKTpo

noa ancrrepcusr, 06ycnoane1rnasr ¢oToyMHO)KHTeneM, cocTaansreT .. 1 HceK u 

MeHee. IloaTOMY nepei:tK0, oco6eHHO rrpn HCII0nb30BaHHII cpaBHHTenbH0 Mea

neHHbIX Heop.raHH'leCKHX CUHHTHnnsrTopoB, CT8THCTHKa !pOTOaneKTpoHOB M0:lKeT 

nrpaTb 0CH0BHYIO ponb B orpaHH'leHHH BpeMennoro paspemeHHSI CUHHTHnnsr-
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UROHHoro cqeTqnxa. Pa3peUEHRe 6yneT ynyqrnaTbCSI c yMeHbllieHReM Q BrrnoTb 

ilO Q = 1, qTo, B qaCTHOCTR, BRilHO R3 8KCITepnMeHTanbHblX pa6oT/ 2,3/, rne 

RCITOnb30BancSI ROilHCThlA HaTpRA. 

Ha rrpaKTIIKe rrpoIIcxonIIT yxynIIIeHJie pa3pernemrn 

B 8HeprRR, OCTaBnSieMoA qacTRUeA B CUHHTRnnSITOpe ( fl 
O 

,/,. 

3a cqeT pa36poca 

const ) • ilnSI KOM-

rreHcaUJIJI BnirnHRSI 8Toro pa36poca lliUpOKO ucrronb3Y0TCSI TaK H83b!B80Mblii 

M0TO)l nep~ceqeHHSI Hynsr, B KOTOpOM nopor perucTpauuu o6bJqHo COOTBeT

CTByeT rronoBirne OT HOnHoro 3apsrna, 06pa3y10II1erocSI Ha BbIXOlle !pOTOYMHO-

)KHTenSI, T.e. Q = R/2. 141. 

OnHaKO C yBenuqeHUeM Q BospacTaeT nucrrepcuSI Dt KonnqecT~ 
Q 

BeHHoe cpaBHeHne nBvx MeTonoB perncTPauuu: noporoBoA cxeMofi u rro rrepe

ceqeHn:10 Hynsr AaHo B pa6oTe151• B sToA pa6oTe AenaeTcSI crrpaBe~nnsoe 

3aKn)OqeHne B rronh3Y rroporOBbIX cxeM, cpa6aTbIB8!01llHX OT HaqanbHOii qacTH 

HMITYnbca. 

BMecTe C TeM npnBe)l0HHbI0 TaM KOnHqecTB0HHbl0 oueHKH HY:iKil8!0TCSI 

: B AOrronHHTenbHOM paCCMOTpeHnn. B qacTHOCTH, )lITSI CX0Mbl, cpa6aTb1Ba10meA 

, OT Haqana IIMrrynbca, rrpHHSITa nIIcrrepcnSI BTpoe MeHblliaSI, qeM cnenoBano 6b1 
/6/ 

'H3 ( 2). ileACTBHTenbHO, 8TUM OTnuqaeTCSI cxeMa, cpa6aTbIB8!01ll8SI ne B MO-

MeHT tQ a rrpn 

t l + t 2 + .•. +t Q 

Q 

0AHaKo Ilpll 8TOM non:iKHO BbIIlOITHSITbCSI ycnOBIIe Q >> H B rrpenenbHOM, 

qacTo HaII6onee HHTepecHOM'. cnyqae, KOrAa Q = 1, nncrrepCHSI OK83bIBa-

eTCSI TaKoA :iKe, KaK u B cnyqae 06b1qHoA rroporoBoA cxeMbI, T.e. onpeAenSI

eTcSI BbIPa:iKeHneM (2). 

ilanee, 

Q r2 
D = --t n2 

IlpII Q = R/2 s 151 
HCilOnb30Banocb 3HaqeHne AIICrrepcIIH 

COBIIa)la10mee C rrepBbIM qneHOM ( 2). Ilpn 8TOM HM00TCSI 
Q 0 

orosopxa, qTo naHHoe Bb1pa:iKeHIIe nonyqeHo nnsr Q << R O , n peanbHasr 

nncnepcnSI B cnyqae !J = R/2 AOn:iKHa 6b1Tb 6onbrne pacqeTHoii 

B pa6oTe
17 / COBeprneHHO BepHO OTMeqaeTCSI, qTo 06b1qHo ncrronb3ye-

MbJe TeopeTnqecxne rrpencTaBneHRSI ABJOT 6ecKoHeqHo 6onhrny10 AIIcrrepcn10, 

Eicnn Q rrpn6mr:iKaeTCSI K RO • B TO BpeMSI KaK 8KCrrepnMeHTHnbHble 

ABHHbie II M0TO)l MoHTe-Kapno CBHA0TenbCTBYIOT O KOHeqHbIX 3HaqeHHSIX 

AIIcnepcIIn. 

4 

., 

·t 

I 

. I I 

! 

-, 

----.•'· 

OrpaHnqeHHOe 3HaqeHne Ancnepcnn AaeT TaK:iKe pa6oTa/8/, rAe 3a-

Aaqa onpeneneHHSI lQ H D pernanacb B 6onee o6meM Bnne, qeM 
tQ 

B/ 11. EIIIe paHbllie 8Ta 3anaqa npn IlPOH3BOnbHbIX Q H R paccMaTpHBanacb 

B pa6oTe/9/. 0)lH8KO aHanH3 pa6oT181 H 191 IlOK83bIBaeT, qTO HMeeTCSI 

Heo6XO)lllMOCTb B YTOqHeHHH nnn COOTB0TCTBYIOII10M H3M0H0HHH HSKOTOpbIX 

pa3BHTbIX B HHX nono:iKeHHA • 

B HacToSimeA pa6oTe 6bm cnenaH 6onee KoppeKTHhiii rronxoA K 3aJlaqe, 

xoTSI ncrronb30BaHHhIA MaTeMaTnqecxnii anrrapaT oKa3ancSI )la:iKe rrpome. HcHo, 

qTo perneHHSI 3a)laqu )lOn:iKHbl YAOBneTBOpSITb KpHT@pHSIM, KOTOpbie BbITeKaJOT 

Henocpe)lCTB0HHO H3 cpH3HKH npoueccoB CUHHTHnnSIUHOHHoro cqeTqnKa. I1o-

8TOMY OCTaHOBHMCSI BHaqane Ha ABYX TaKHX KpHTepHSIX H cpaBHHM C HHMH 

pe3ynbT8Tbl pa6oT/8/ H /9/ 

2. XapaKTepHbie oco6eHHOCTH pacrrpeaeneHHH 

¢oToaneKTpOHOB BO BpeMeHH 

KaK n BO Bcex BbIIDeyrroMSIHYTbIX pa6oTax, 6y)leM cqnTaTb, qTo CUHH

THnnSITOp BbICBeqnBaeTCSI no 38KOHY rrpocToA 8KCilOH0HTbl. 

I1pe)lrrono:iKHM, qTo qucno !pOTOHOB N B CUHHTHnnSIUHOHHOA BCITbIIIIKe, 

qpe3Bb1qaAHo BenRKO. Tor)la qpe3BbJqaAHO BenHKO H cpe)lHee qncno !pOT0-

9neKTpOHOB RO = p N • r)le p - KB8HTOBbIA Bb!XOA !pOTOKaTona. 0THOCHTenb-' 

HaSI nucrrepc1rn rronHoro xomrqecTBa cpoTosneKTpoHoB rrpH rrepexone OT BCIIhilliKH 

K BCilblIIIKe 6y)leT npeHe6pe:iKHMO Mana, T.e. Bcer)la R .,, R 
0 • 

n nnsi 

orrpeneneHHSI BpeMeHH o6pa30BSHHSI Q -ro !pOT08neKTpoHa MO:iKHO BOCIIOnb30-

B8ThCSI HerrocpencTBeHHO cpopMynoii 

Q = R ( 1 -t/r 
o - e ) • 

(3) 

OTKy)la 

l = -r f'n (1 _ _Q_ ) 
R • 

0 
(4) 
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B qacTHOCTH, Koraa 
Ro 

Q=-2-· 

t =r fn2 .. o,69 r. 
Ro/2 

OTO Bbipa)KeHHe non):''IeHo anSI oonblIIHX R 0 

(5) 

Hu)Ke 6yaeT n~icaaaHo, '!To 

HeooXOLlll'.MbIM II'. LlOCT8TO'IHbIM ycnOBHeM LlnSI ero BbrnonHeHHSI SIBnSieTCSI 

R 
BhmonHem1e cooTHoUieHHSI --=.:J!_ >> 1 • OopaTHM BHHMaHHe, 'ITO t / 

2 R& 2 

onpeaenSieTCSI TOnbKO noCTOSIHHOH BpeMeHH BbICBe'IHBaHHSI CUHHTHnnSITOpa 

II'. He aaBHCHT OT KBaHTOBOI'O BbIXOLla QJOTOKaTOLla, KaK STO cneaoBano Ohl 

11'.3 paoOTb/ 
81 ( CM. nepByro qacTb Bhipa)KeHHSI ( 23)). Ha OCHOBaHHll'./ 8/ npll'. 

p = 0, 1 t R / = 0,4 r , 'ITO npoTHBope'IHT Kpll'.Tepnro (5)) ( B/8/ 
0 2 

oooaHa'IeHo p = 1/.k: , Q = II , R0 == R ) • 

PacCMOTpHM Tenepb Lll)~I'OH npeaenbHbIH cnyqaH, KOI'L{a HHTeHCHBHOCTb 

CUHHTHnnSIUll'.OHHOH BCilbIIIIKH, HaooopoT, qpe3BbI'IaHHO Mana. ITpn STOM B 

Ka)KL{OM COOb!Tll'.11'. Mb! 11'.MeeM aeno cpaKTH'IeCKU nHUib C OLIHHM cjioTo8neKTpo

HOM, T.e. nonHoe KOnll'.qeCTBO QlOT08neKTpOHOB paBHO nHoO eL{ll'.Hll'.Ue, nHoo 

Hynro. OTcyTCTBHe QlOT09neKTpoHa npll'.BeaeT TOnbKO K HescjicjieKTll'.BHOCTH pe

I'll'.CTpauHH 11'.HTepecyroUIHX Hae COObITll'.H II'. HHKaK He MO)K0T IlOBnHSITb Ha 

pacnpeaeneHHe QJOT08neKTPOHOB BO BpeMeHH B perHCTPHpyeMb!X COObITll'.SIX. 

Ha OCHoBaHHH (3) BepoSITHOCTb IlOSIBneHUSI KaKoro-nuoo q>OTOsneKTpOHa aa 

BpeMSI cocTaBn~eT 

r.p ( t) = I 
-t/r 

- e ( 6) 

oo I - t/r 
flo onpeaeneHHIO t = f t -- e d t 

o r 

- 2 - 2 00 2 I -t/r - 2 
H D =t -t =ft --e dt-t 

t o r 
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oTKyna aatineM 

H 

t = r 

D 
t 

2 = r 

B oTnnqne oT sTnx Benuqna, B pa6oTe/9/ rronyqeHbI t = 0,5 r 

2 
Dt = 0,25r 1 T.e. 3HaqeHHSI, SIBHO 38Hll)K0HHb!0. 

3. OIIpeaenenHe cpeanero BpeMeHH IIpH6b1THH 

Q - ro <f;oTOcmeKTpoHa H J:lHCIIepCHH ST0I'0 BpeMeHH 

( 7) 

( 8) 

H 

C yqe•roM Bcero Bb1lllecKa3aHHoro, o6paTnMCSI Te_rreph K 3aaaqe on-

peaeneanSI t Q H D B cnyqae rrpoH3BOnhHb!X Q H R • ITpn 9TOM 
tQ 

B cyiuecTBeHHOti Mepe ( 0)lH8KO He nonHOCThIO) 6yaeT ncnonh30B8H ITOllX'.Jf-l 

i( 3a)laqe, pa3BHTblti B/91. 

HTaK, ecnn Ha ¢oToKaTon 38 BpeMSI onaoti CUHHTnnnSIUHOHHoti BCITbllliKH rro

rraaaeT N ¢oTOHOB, TO BepoSITHOCTb o6pa30B8HHSI rronaoro KOnnqecTBa ¢0-

TosneKTpOHOB R paBHa/10,11/ 

p 
N R 

N! 

R!(N-R}! 
( 9) 

Bennqnua _N caMa ¢moKTynpyeT, rrosToMy ( 9) aeo6xonnMo rrpocyMMH-

poBaTb ITO BCeB03MO)KHb!M N C yqeTOM BepoHTHOCTH o6pa~OB8HHSI K8)K)lOrO 

N , OaHaKO, ITOCKOJihKY qncno ¢oT09JI0KTpOHOB 3HaqnTenhHO M0Hhll!0 'l'.HCna 

¢oTOHOB B CUHHTIInJISIUHOHHOti BCITb!lliKe, KOTOpoe ¢moKTyupyeT II MO)KeT HMeTh 

3aaqeH1ISI, YCJIOBHO rrpHHHMaeMbie 38 6eCKOHeqao 6oJibll!lle, TO nnH orrpeneneHHSI 

PR cnenyeT BOCITOJib30B8TbCSI 38KOHOM ITyaccoHa 

" RR - Ro 
o e p 

R R! ( 10) 

7 



Tipn y R0 >> 1 pacnpenenetme PR onncbrnaeTcR saKoHoM raycca. 

l13 sceii COBOKynHOCTH co6b!THH Bb!JlenHM n pacCMOTpMM CHatJana C06b1-

THS'I C HeKOTOpbIM nonHhlM tJHCnoM q>OT09neKTpOHOB R. Bepos:ITHOCTb IlORBneHH.8 

KaKoro-nn6o q)OT09neKTPOHa H3 R 38 BpeMs:i t OilHCbIBaeTCs:J ( 6). 

B rianbHeiiweM HaM 6yneT vno6Hee nonb3OBaTbCR 6espasMepHoii senn-

tJHHOH () = t / r , noaToMy nepennweM ( 6) B snne 

cf., ( ()) = I - e -0 ( 11) 

OnpenenHM sepos:ITHOCTb IlORBneHnR Q qJOTO:,meKTpOHOB 38 speMSl () • 

l1TaK, HMeeTCR orpaHntJeHHOe KOnHtJecTBO R q>OT09neKTpOHOB. BepoSITHOCTb 

IlORBneHHSl K8)KJlOro 113 HHX 38 HeKHil: HHTepsa.'l BpeMeHH t pasHa q, .• Tpe-

6yeTCSl onpenenHTb sepoRTHOpTb o6pa30B8HHSl 3a STOT llHTepsan Q q>OT0-

9neKTpOHOB. nerKO BHJleTb, tJTO.IlOCTaHOBKa 38Jl8tJH HHtJeM He OTllHtJaeTCSl 

OT onpeneneHHs:I sepOSITHOCTH o6p830B8HHS'I R q>OToaneKTpOHOB npn N q>OTO-

Hax M KB8HTOBOM BbIXOlle qJOTOK8TOll8 p , onpenenmomeii sepOSlTH!=)CTh 

o6pa30B8HHSl onHoro q>OToaneKTpOHa. TToaToMy Ha OCHOBBHHH (9) nocne 38MeHbl 

N Ha R, R Ha Q n 

p ( {)) 
R Q 

P Ha cp, rronytJHM: 

R! 
(R-Q)tQ· cf,Q{l-cf,)R-Q 

( 12) 

Tenepb onpellennM sepos:iTHOCTb Toro, ~To nocne.1:mnfi Q -biii ipoTo-

aneKTpoH 06paaoBaJ1CSI B HHTepsane BpeMeHn d () • 38KnIO'JeHHOM Me>Kny () 

H 0 + d 0 • l1HTepsan d 0 BbI6epeM HBCTOJlhKO M8JlbIM, 'IT06bI MO)KHO 

6bmO npeHe6pe'lb CJ1Y'l8SIMH nonallBHHSl B Hero OJlllOBpeMeHHO JlBYX H 6onee 

q>oToaneKTPOHOB. n106oii ll3 R q>OTo:,meKTPOHOB C sepOs:!THOCThIO d cf, MO

}KeT nonacTb s d 0 , noaTOMY Bepos:ITHOCTb o6Hapy)KHTb TaM !pOToaneKTpOH 

·pasHa Rd(). OnaaKo, tJT06bI 9TOT qJOTOaneKTpOH OKaaancSI Q -bIM 0 H3 

OCT8JlhHbIX R - 1 !pOTOaneKTpOHOB aa BpeMSI t AOJI)KHO ITOSIBHThC51 

Q - 1 ¢oToaneKTpOHOB. BepoSITHOCTb R-1 p Q-1 HBXOJlHTCR H3 ( 12) 3aMe-

HOH R Ha R-1 , a Q Ha Q - 1 • B pe3ynhTaTe HCKOMan sepOSIT-. 

HOCTh o6Hapy}KeHHSI Q -ro q>OToaneKTpoHa B HHTepsane d ,0 qepea speMSI 

() paBHa 

8 
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SI 

r 
!,i 

(13) 

Ecnu BpeMsr 0 He lpUKCUpoBaHo, T.e. llOITymeHo rrpOU3BOnhHOe U3MeHe-

nue 0 oT O LIO oo , To BeposrTHOCTh rrosrBnemrn Q -ro qioroaneKTpona LlOn:m:-

na 6bITh paBHa 1. B rrpuno:m:emrn 1 rroKaaano, 'ITO 

00 

f 
0 

W (0)d0=1, 
R Q 

( 14) 

T.e. Bb1pa)l{eHue ( 13) YLlOBneTBOpsreT yKa3aHHOMy Tpe6oBaHUIO. 

nonnasr BeposrTHOCTh IIOl18Ll8HHSI Q -ro lpOT03neKTpoHa B HHTepBane dO. 

nocne 0 IIpH mo6h!X R COCTaBHT 

N""'° 

W (0)d0=~ PW (0)d0 
Q R=Q RR . Q 

11HTerpupoBaaue . ( 15.) B 11peL1enax 

Q 

.. 

00 

=~ 
R=Q 

p 
R 

(15) 

C y'IeTOM ( 14) Ll8eT 

(16) 

BeposrTHOCTh Tor~, 'ITO Q -hlll qJOTOaneKTpOH KOrlla-nu6o Boo6me 110SIBHT-

csr. Bo3MO:m:Hoe OTnH'IHe 3TOH BenH'IHHbl OT eL{HHHilbl o6ycnoBneno OTCYTCTBH-

eM B (15) 'IneHOB c R < Q. Benn'InHa £Q B LlanhHeil:meM 6yL1eT H83bl-

B8ThCSI a«p«peKTHBHOCThIO perHCTpanuu. 

Oco6h!H IIHTepec 6yL1eT rrpeLlcTaBnSITh cnyqafi c Q =l. Hello, 'ITO 

HescpljleKTHBHOCTh rrpu 3TOM B03HHKaeT TOnhKO IIpH ManbIX Ro , KOrLla 38-

MeTHa aepoSITII0CTb p R=O 11cnonh3YSI ( 10), aaiiL1eM t 1 = l - P R=O · rrpn 

£ 1 = 0,65; 0,88 n 0,95. 

Q
, Ro 

IlonqepKHeM, 'ITO a MeTone rrepeqeceanSI HynSI np~HnMaeTCSI He = -y--, 

R
0
= 1,2,3. 3HB'IeI!llSIX Ilony'InM,COOTBeTCTBeIIHO~ 

R-
a Q - 2. rae R MO)l{eT 6hITh nl06hlM, Il03T0My B rrpllHilllile aq>qieK-

TIIBHOCTh perncTpaunn TaKaSI *e, KaK u rrpn ·Q =1, T.e. B cnyqae R0 >.3 

31plp0KTHBHOCTb 
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fl;rn pasaenemrn: qacTnu no saeproBbIJ:leneHnSIM aepeAKO npnx OAllTCSI 

BBOLlllTb AOBO/IbHO Bb!COKIIH ypoBeHb AIICKpIIMIIH8UIIII, T.e. BelIII'IIIHa Q Bbl-

6IIpaeTCSI AOBO/IbHO 6mpKon K R O TTpII 3TOM o6b!'!HO CTpeMSITCSI T8K)Ke 

-coxpaHIITb IIOIIHYlO acpcpeKTIIBHOCTb perIICTpaUIIII scpcpeKTa, T.e. IIMeTb £ .. 1 • 
Q 

TpyAHOCTII, ecTeCTBeHHO, B03pacTalOT C yMeHbllleHIIeM Ro , conpOBO:lKAa

lOll!IIMCSI pacIIIIIpeHIIeM pacnp~eneHllSI p R , ll3MepeHHoro B eAIIHIIuax R/R O • 

Ee/III P OilIICb!BaeTCSI saKOHOM raycca, TO, HallpIIMep, Ll/ISI YCIIOBIISI £ >0,9 
R Q 

HeTpyLIHO IIOIIY'IIITb 

Q < RO - 1,3 V R 0 (17) 

B qacTHOCTII, ec11II Q = 0,9 R
0

, TO R
0
= 170 •. 

3HaHIIe cpyHKUIIII (15) B llpIIHUIIIle LlOCTaTO'IHO AIISI orrpeAeneHIISI t 
Q 

II 

D t • B rrpIIIIO:IKeHIIII 2 noKasaHo, 'ITO B o6meM BIILie 3TII BenII'IIIHbl 381III-
Q 

CbIBa:ioTCH, KaK 

D 
t 

Q 

t Q 
r 00 i=O 1 

I PaI ---
£ Q &=Q l=Q-1 R - i 

r 2 oo l=0 1 2 l=0 1 
= - IP [ < I --- ) + I --- ] - t 

2 

£ R=Q•& .R-i (R- i) 2 Q 
Q l=Q-1 l=:Q-1 

PaccMoTpIIM BHaqa11e Harr6011ee npocTon c11yqafi Q = 1. TTpII 3TOM 

t 
1 

D 
t 1 

r oo 
=--IP 

1 

R El &=1 R 

2r 
2 

"" I PR 
E l R=l 

1 -
- - t2 
R:i t 
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( 18) 

( 19) 

( 20) 

( 21) 

BenII'!IIHbl t 1 ll D t nnsr ManbIX Ro ( OT 0 no 10) np1 
1 

Ha DIIC. 1. Don Bb!'lllCneHIISIX IICilO/Ib30Banncb Ta6y11npoBaHHbie 3Ha'Ie. 

BepoSITHOCTen PR OilIICb!BaeMbIX 3aKOHOM TTyaccoHa. Ha pnc. 

Dt. 1 
cpaBHeHllSI npnBeA~Ha saBIICllMOCTb ,2 =~ co, 

0 
CTBV:iomaSI neoBOMY '!/IeHy Bb1Pa:1KeHIISI ( 2). TaKaSI saBIICllMOCTb nae~ 

:1KeHHb1e sHa'IeHIISI AIIcnepcnII, sa IICKn10qe1-met-1· R 0 = 1. HanpnMe 
. ,2 

Q =4 AIICnepCIISI OKa3bIBaeTCSI B 3,2 pasa BbIIIIe, '!eM --2--. 

C yBenII'!eHIIeM 
,2 

)KeHIIeM --2-
Ro 

OTIIII'Ia:iomeecsi: OT 

Ro 
Ro 

i:mcnepCIISI Bee- IIY'Illle II IIY'IIIIe OilIICb!BaeTC.ll 

B qaCTHOCTII, npII . R
0

=16 nocneaHee aaeT sHa• 

( 21 ) Bcero IIIIlllb Ha 15%. 
,2 

TTpII Ro= 1 AIIcnepCIISI OK83bIBaeTCSI MeHbIIIe, '!eM -1-- . l1m 

onpeaenllTb ancnepcn10 s cnyqae E 
1 

.<< 1 • HanpnMep, ecnn B K 

co6bITIIll B03HllKaeT B cpenHeM !IO OAHOMy qJOTOHY, TO npn p =O 

cpeaHeM Ka:lKA0e aecSITOe C06b!Tlle 6yAeT corrpoBO:lKAaTbCSI BbIXOAOM 

a11eKTpOHa, T.e. E 1 = 0, 1. BepOSITHOCTblO o6pa3oBaHllSI 6onee, q' 
Horo cpOT03/IeKTpOHa, MO:JKHO npeHe6pe'!b ll II3 (20) ll (21) H8HTll 

u D, = r 2
• 8TOT pesynbT8T H8XOAIITCSI B ~OIIHOM COOTBeTCTBllll C ( 7) 

PacCMOTplIM Tenepb cpeaHee BpeMSI t Q II ero AllCnepClllO npn 

BOnbHhIX Q • llnSI Ro = 10 ;TaKIIe saBIICllMOCTll npIIBeAeHbl Ha pnc. 

3TOM )Ke pIIcyHKe aaHbl KOpHII KB8ApaTHbie II3 3H8'!eHIIH AIIcnepCIIll, KC 

onpenenHlOT paspeIIIa:iomee BpeMSI CUIIHTIInnSIUIIOHHoro C'leT'!llKa. BRAH 

IIPll Q=R9 AIICnepCIISI llMeeT orpaHII'!eHHOe 3Ha'!eHne. 

OcTaHOBllMCSI Ha Clly'IaSix, KOrAa p R OilIIChIBaeTCSI 3aKOHOM ra: 

acpcpeKTIIBHOCTb t Q"' 1. 

YnpocTIIM Bb1pa:1KeHIISI ( 18) n Cl9). CyMMIIpoBaHne qneHoB Tnna -
ITO BCeB03M0:1KHbIM 3Ha'!eHIISIM R naeT cpenHee sHa'IeHIIe 'I'( R ) • B 

38HHhIX Bb1pa:1KeHIISIX CYMMIIPOB8HII9 BeaeTCSI, Ha'!IIHaSI C qneHa R = Q • ( 

ycnoBIIe E = 1 B03BOnSieT He npIIHIIMaTb BO BHIIM8HIIe qneHbl p R'I' (: 
Q . 

R < Q II nono:lKIITb 

Ecim 'l'(R) 

pacnpeaeneHIIe 

00 

I P 'l'(R) = 'l'(R) 
R=Q 

- IInaBHO M9HSIIOll!8SICSI cpyHKUnsi:, K8K B HaIIIeM cny'l 

p AOBOnbHO ysKoe, 'ITO BbmonHSieTCSI npn HOpMa, 
R 

pacIIpeneneHIIll, TO B nepBOM npII6nII:1KeHIIII 

BaHIIII 3Toro HeTpyAHO, nony'IIITb: 

'I' (R)='l'(R 0 ). Ha 

1 I 



nnsi pa3neneHHSI '18CTHU no aHeproBbl]leneHHSIM Hepe/lKO npHX 0/lHTCSI 

UITb /lOBOnbHO BbICOKHii: ypoBeHb /lllCKpHMHHBUHH, T.e. BenH'lllH8 Q Bbl

leTCSI noBonhHO 6n~3Koii: K R O • TTpn aToM oohr'IHO cTpeMSITCSI T8K)Ke 

raHHTb IIOnHylO 9q>qJeKTHBHOCTb perHCTp8Ullll aqiqieKTa, T.e. HMeTb i Q =< 1 • 

/J.HOCTH, ecTeCTBeHHO, B03paCT8lOT C yMeHbJIIeHneM R o , conpOBO)KA8-

iMcSI paCUIHpeHHeM pacnp~eneHHSI P , H3MepeHHoro B e/lHHHU8X R/Ro. 
I R 
II p OIIIICbIBaeTCSI aaKOHOM faycca, TO, HallpllMep, /lnSI ycnoBHSI i >0,9 
I R Q 

tlYllHO nony'IHTb 

I 
Q < RO - 1,3 V R 0 (17) 

1aCTHOCTll, ecnll Q = 0,9 R
0

, TO R
O

= 170. -

3aaa11e qiyHKllllll (15) B npHHUHIIe /l0CT8TO'IHO /J.nSI orrpel].eneHHSI t 
Q 

ll 

It B rrp11no)KeHHH 2 IlOK83aHo, 'ITO B oomeM BH]le 9TH BenH'lllHhl 38IIH-

Q 
l8lOTCSI 1 KaK 

D 
t 

Q 

t Q 
r 00 i=O 1 

2 PR2 ---
l Q R=Q i=Q- l R - i 

T 2 oo !=O 1 2 l=0 1 
= - 2 p [( 2 --=--- ) +- 2 --- ] - t 

2 

i R=Q-R -R-i (R- i)2 Q 
Q l=Q-1 l~Q-1 

PaccMoTpHM BHa'lane Han6onee rrpocToii: cny'laii: Q =1. TTpH 9TOM 

t 
l 

D 
t l 

r oo 

=-2P 
( l R=l R 

2 r 
2 00 

2 PR 
( l R=l 

10 

1 

R2 

1 

R 

t2 
l 

( 18) 

( 19) 

( 20) 

( 21) 

BenH'IHHhI t l n D t /lnSI ManbIX Ro (oT O /lO 10) IlpHBe]leHbl 
l 

H8 DHC. 1. non Bbl'IHCneHHSIX HCilOnb30B8nHCb Taoynnpol\aHHbie 3H8'1eHl!:SI/ 12/ 

BepoSITHOCTeii: p R OllllCbIBBeMbIX 38KOHOM TTyaccoHa. Ha pnc. 1 nnsi 
Dt. 1 

cpaBHeHHSI rr_pHBe/l~Ha 38BHCHMOCTb ,2 =~ 
0 

COOTBeT-

CTBVl0!118SI neoBOMY 'lneHy BhlP8)KeHHSI ( 2) • TaKaSI 38BHCHMOCTb naeT 38HH-

)KeHHbie 3H8'1eHHSI /lllCIIepCHH, 38 HCKn10'1eHI1eM Ro= 1. HarrpHMep, npn 
r2 

Q =4 /lllCIIepcHSI OK83bIB8eTCSI B 3,2 pa3a BbIUie, 'leM --- • ·R5 0AH8KO 

C yBenH'leHHeM 
r2 

)KeHneM --2-
Ro 

OTnH'l8lOIIIeecSI OT 

Ro /lllCIIepCHSI Bee- ny'IJIIe ll nyiiJIIe OIIHCbIBaeTCSI Bbipa-

B '18CTHOCTH 1 IIpll - R
0
=l6 rrocneAHee naeT 3H8'1eHne, 

( 21 ) Bcero nHJIIb Ha 15%. 
r2 

TTpH R o=l /lHCrrepcHSI OK83bIBaeTCSI MeHbllle, 'leM -1-- . 11HTepaCHO 

orrpenenHTb /lllCIIepCHlO s cny'lae i 
1 

.<< 1 • HanpHMep, ecnH B K8)KAOM 

COObITHH B03HHK8eT B cpenHeM IIO 0/lHOMY qJOTOHY, TO IlpH p =O, 1 B 

cpenHeM K8)K/lOe /leCSITOe COObITHe 6yneT corrpOBO)K/l8TbCSI BblXOllOM qJOTO-

aneKTpOHa, T.e. £ l = 0, 1. BepoSITHOCTblO o6pa30B8HHSI 6onee, 'leM on-

HOro q>OTOaneKTpOHa, MO:iKHO npeHeope'lb ll ll3 (20) H (21) HBii:TH t = 1' 

u Dt =r 2
• 3TOT peaynhT8T HBXO/lllTCSI B ~onHOM COOTBeTCTBHH C (7) ll (8). 

PacCMOTpllM Terrepb cpenHee BpeMSI tQ ll ero /lllCIIepclllO Ilpll IlpOH3-

BOnbHbIX Q. llnsi Ro = 10; T8Klle 38BHCHMOCTH npHBeneHbl Ha pnc. 2. Ha 

9TOM )Ke pHCYHKe /l8Hbl KOpHll KB8/lpaTHbie ll3 3Ha'leHHii: /lllCIIepCHH, KOTOpbie 

onpenensiroT pa3peUia10mee BpeMSI CUHHTHnnSIUHOHHoro C'l~T'IHKa. BHllHO, 'ITO 

IIPH Q=Rq /lllCIIepcHSI HMeeT orpaHH'leHHOe 3HB'leHHe. 

OcTaHOBHMCSI Ha cny'laSix, Korna p R OllllCbIBBeTCSl 38KOHOM faycca ll 

9q>qJeKTHBHOCTb £ .. 1. 
Q 

YrrpocTHM Bhipa)KeHHSI ( 18) H Cl9). CyMMHpoBaHne 'lneHOB THIIa P W(R) 
• . - R 

IIO BCeB03M0)KHbIM 3H8'1eHHSIM R naeT cpenHee 3H8'1eHHe \{1( R) • B YK8-

3aHHhIX BbJpa)KeHHSIX cyMMHPOBaHH0 BeneTCSI, Ha'IHH8SI C 'lneHa R = Q • 0/lHBKO 

ycnoBne l = 1 B03BOnSieT He rrpHHHMaTb BO BHHM8HHe 'lneHbl p 1l' ( R) C 
Q R 

R < Q ll rronO)KllTb 

Ec.im W(R) 

pacnpeneneHne 

00 

2 P 1l'(R) =W(R). 
R=Q 

- rrnaBHO MeHSilOUI85ICSI qiyHKUHsi:, KBK B HaIIIeM cny'lae, a 

P /lOBOnbHO Y3Koe, 'ITO BbIIIOnHSieTCSI npH HOpManbHOM 
R 

pacrrpeAeneHHH, To B rrepBOM rrpnonH)KeHHH 

BaHHll 9TOro HeTpyllHO, rrony'lHTb: 

W (R)=W(R
0

). Ha ocHo-

11 



I=<> 
_,. r I ---Q l=Q-1 R 

0 

(22) 

2 l=O 

Dt .. r I 
0 l•Q-1 2 

(R
O 

- i) 

' 
(23) 

T TTonOlKllB Q =l, aafineM t 
I = ¾ (24) 

2 
D .__!_ 

ti R~ (25) 

Paaee OTMe'Ianocb, 'ITO TaKne 3Ha'IeHllR rronyqaroTCR, YlKe HB'IllHaR C 

R ,. 16. 
0 

BbipalKeHllR ( 22} If ( 23} MO/KHO yrrpoCTllTb, ecnn BOcrronb3OB8TbCR cpop-

Mynofi 
Q-1 Q-1 

rne 

l: f(;J .. -1
-ff(x)dx +--1 [f(Q-ll+f(O)], 

1=-0 h o 2 

h - mar B aarneM cny'Iae h =l. nony'IHM 

- Ro 
t m r[ f11 

Q R - Q +l 
0 

+ 
2. 

(-1- +-----
Ro R

O 
- Q +l 

2 

D "'' tQ 
----- __ 1_+ _! [ 1 +-1-] 

R 2 (R -Q+lP R 2 R - Q + 1 
0 0 0 0 • 

Bnnao, 'ITO IIOACT8HOBKa Q =} BHOBb IIpl!BOAHT K ( 24) If ( 25) • Ilpn 

Q .. ~» 
2 

"t Q "'r fn 2 

,2 
D 

t Ro/2 Ro 

If 

CnenoBaTen1,ao, rrony'IeHaoe cpcnaee .:iaa,1eane BpeMean rronBneann Q -ro 

cpoTo:meKTpoaa ynoaneTBopneT KpnTepuro (5). 

(.26} 

(27). 

(28) 

(29) 

TaKnM o6paaoM, nncrrepcnn, 06ycnoane11aan cunHTHnmITopoM n tpoToKa- · 

TonoM, B MeTone rrepeceqeanR Rynn B 

um, no rrepaoMy cpoTo:meKTpoay. 
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OcT8HOBRMCH eme Ha cnyqae C Q 

PaHee roBopnnocb, qTo TaKaH CHTyaUHH B03HHKaeT npn nHCKPHMHHaunn HM

nynhCOB no aMnnnTyne nepen cxeMou, ocymecTBnHIOmeu BpeMeHHh1e ns

Mepe1mH. ITocne nncKpHMHHaTopa cpenHHH aMnnnTyna HMnynhca rrporropuno-

HanhHa D. R = R - Q • ITonaraH D. R » I .., H3 ( 28) rronyqnM 

2 
HO Bce-TaKH £ .. I. 

< Q 

KBK nnH 

qecKHX. 

neM Dt 

D 
t 

Q 

HeopraHHqeCKHX 

HarrpnMep, npn 

1 HCeK. 
Q 

~llHHTHnnHTopoB, 

r = 4 HCeK 

ABTOp 6naronapeH A.A.-THnKnHy 3a 

0 

f W (0) d 0 
Q R • 

) .. 

rne 

R = 0 

2 
r 

D. R 

R »D.R. 
0 

r BenHKO,TaK H 

160 H D.R= o, 1 

ueHHbie 3aMeqaHnH. 

(30) 

opraHn-

R0 _Ha:ii-

(IT.I) 

ITpn HHTerpHpOB8HHH no 0 OT O no co . qJYHKUHH '{) ( CM. Bbipa;,1rnHHe ( J J n .· · 
H3MeHHeTcH OT O no 1. I1HTerpnpyg ( 13). 3annUieM npaByIO qaCTb ( 13). KBK 

(IT.2) 

BBeneM o6o3HaqeHHH Q = x H R- Q =y -1 . ITonyqeHHh!ll HHTerpan 
npencTaBnHeTCH 'lepe3 raMMa-qiyHKUHH 

x- 1 Y- I f' ( x ) f' ( y ) f <p {1- ¢) d,f, = 
0 f'(x+y) 

13 

(x-l}!(y-1)! 

(x+y -1)! ( IT.3) 



B03Bp8III8S!Cb BHOBb K npeMHHM o603H8'1eHHSIM 1 y6e:lKnaeMCSI, 'ITO ( TT.2) naeT 

ennHnuy, T.e. ycnoBne ( n.1) BhmomrneTcSI. 

TTpnno:lKeHne 2 

.llm1 onpeneneHHSI cpenHero BpeMeHn n_o.srnneunSI Q -ro qioToaneKTpoHa 

KaK II B 11 •91, ncnon1,3yeM MeTon npoII3-t Q n nncnepcnII D 
tQ 

BOnSimnx IPYHKUII ii:. 

11HTepecyIOIII8SI Hae npoII3BonSIIII8SI cpyHKUllSI 38IIHIIIeTCSI B Bnne: 

"" 
G(s) 

0 
fwQ(0)s d0, 

0 

rne s - HeKoTopaSI nepeMeHHaSI. 

TTonaraSI s •= 1, nMeeM' 

[G(s)] 
s=I 

=( 

Q 

(CM. (16)}. 

TTpoII3BonSima.11 IPYHKUIISI o6nanaeT cneny10IIIHMH CBoii:cTBaMn 

[-1- ~£_] 
G as "=I 

t 
0 =-Q-

Q r 

1 a 2 G a G 1 a G 
21 D tQ 

[--(--+-)-(---) =D =---
G as 2 a 8 G a s "=I 0 Q r 2 

11cnonh3YSI ( 11), ( 15) n ( n.3 ), Haii:neM 

co R! 
~ p -

G ( s) = a:'Q R (R-Q)I 
r ( R - Q + 1 - ~!.,_ 

r( R + 1 - fn s) 
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(TT.4) 

(TT.5) 

(TT.6) 

(TT.7) 

(n.8) 

Bocnonh30B8BlllHCh CBOHCTBOM raMMB-<pYHKUHII r ( z + 1) = z r 

nonyqnM 

"" G ( s) 2 p 
R=-Q 

R! 

R (R-Q)! 
1=0 ---

II (R- i-fns l 
1=-Q-1 

.llIIqiq>epeHUIIPYSI ( TT.9) II ncnonh3YSI ( TT.6) 1 Haii:neM_ ( 18) • .llBoii:Hoe nnqi~ 

UHp0B8HI{e ( TT.9) C yqeTOM ( TT. 7) naeT ( 19) • 
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\ [IQHBneHIUI Q -ro cpoTOSneKTPOH8 

I? 1,91, ucrronbayeM Me TOil rrpoua-

:uuH aarrurneTCH B BHne: 

d 0 , 

'IOIUllMll CBOllCTBaMII 
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ll D t 
.) 1 =D =___.9... 

s=l 0Q rll 
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+- l - fn s) 
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( IT. 7) 

( IT.8) 

Boci:IOnb30B8BllillCb CBOil:CTBOM raMMa-cpyHKUllII r ( z + 1 ) = z r ( z) , 

rrony'IHM 

00 
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