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MaTeMaTHqecKoe uo;neJ11'lpoBaillle B llOCJIO~e ro,lU,I CTaHOBl'lTCH 
MOIIIHW opy;n;Heu Hccne;n;oBaillltt B nnaau1 H nnaauono;n;o61U1x cpe;n;ax. 
KaK cnpaBO~l'lBO OTUeqeno B /I/. 11 BIPOHTHO, HC CYJIIICTBYeT paa;n;e
na Wl'l81'!Kl'l, B KOTOpou 6una 6u 6onee oq1BH;n;na HI06X01U'!MOCTh B qHc
HtHIWX MOTOMX, qey B WH81'!Kt llJla8Mli~ Ilporpecc B 8TOtt 06J1aCTH 
CBH8aH KaK C llOBlimlHl'llM MOIIIHOCTH H B08MOEHOCTel1 3BM,TaK H C paa
Bl'lTl'leM qHcnennwx Y8TO;ll;OB HCCJle;noBaHHll, qTo ;n;on~no npHB8CTH K 60-
Jlee a'ASKBaTnouy H Toqnouy uo;n;enHpoBaHHD. 

Cau WaKT llOHBJl8HHH Tepu1ma "qHCJl8Hlillll 8KCnepm!eHT11 yKa8H
BaeT na npoueayToqnoe nonoxenHe ueTO'Aa uaTeuaTHqocKoro uo;n;enHpo
Banmi ue11t'AY qHcTo TeopeTHqecKHII (anaJrnTHqecKl'!M) H a1ccnepm1en
TaJ1hHmt ueTo;n;auH. O;n;na1co qHcnenHl:111 aKcnepm1enT o6Jia;n;ae'l' no cpaB
nenHID C Tpa;n;HUHOH!Wl,I ~l'l8HqecKJ/J11 8KCll8pHM8HTOM TaKml~ neuaxoBam:JW
MH np8HMYIIl8CTBaMH, K8K ;n;eweBH8H8 I'! OTHOCl'!T8JII,H8H npoCTOTa. 

nHcCepT8UHH llOCBHIIl8Ha l'lCCJl8;D;OBaHHD H8KOTOpliX llpOUOCCOB B 
Typ6yJIOHTHOl1 nnaaue H peJIHTHBl'lCTCKHX 8Jl8KTPOHIWX KOJII,Uax - npo
ueccoB, B KOTOPliX onpe;n;eJIHDJIIYD pOJlh l'lrpaDT H8Jll'!H0!11Ule B38HMO;n;en
CTBHH. COOTB8TCTBYDIIll'l8 H8Jll'lH8l11U18 ypaBH8HHH, Olll'lCHBaDJlll'l8 8Tl'l 
npoueccu, KaK npaBl'lJIO,HBJIHDTCH l'lHT8rpO;n;HWW8P8HUff8Jlh!Wl,ll'l I'! MHOrO
M8pHIDll'l, l'l llOllliTKl'l HX anaJIHTl'!qecKoro HCCJ18;1l;OBaHHH o6uqno He BU
XO;n;HT 88 paWKl'l KaqeCTBOHIWX ouenoK. ITOBTOWY Ha nepBUtt nnan BUC
TynaeT qRcnennoe uo;n;enRpoBaHRe, KOTopoe - BTo neo6xo;n;Huo no;n;
qepKHYTh - y nae RBJIH8TCR HO CaMOU8JlhD, a cpe;n;CTBOY nonyqenl'!R 
<ImaHqecKHX co;n;epxaTeJlhlWX peaym,TaToB. 

n0ccepTaUHR COCTOl'!T H8 BB8;D;8HHR, qeTupex rnaB H aaKJJDqeHHH • 

O;n;HHW H8 Ba•nux BonpocoB Teopeu Typ6yneHTHOCTH RBJIR8TCR 
npo6J1eua Cll8KTPOB Typ6yJ1eHTHOCTH nnaauu. 

B nepBott rnaBe ;n;HCC8pTaUHH HayqaDTCR Cll8KTPU cna6ott 
('W./nT«i) H80Tponnol Jl8HrYDpOBCKOtt Typ6yJIOHTHOCTl'l. 3;D;8Ch Wo -

- llJlOTHOCTh aneprHH Typ6yneHTHWC nyJ1hC8UHtt, nT - llJIOTHOCTh 
T8llJIOBOI aneprHH llJ188MU ( n - llJlOTHOCTh, T- - xapaKTepnaa 
irewnepaTypa llJ188MU). B 06J1aCTH BOJIHOBUX qHCOJI O "'- K "'- K,.,,, 

(K.,,.,,-==-(tv,./mtfs(i+Te/T,t~wf'e/v~ j .T .. , Tt - aneKTPOHHaH I'! 

l'lOHHa.R T8MnepaTypa COOTB8TCTB8HHO, Wr.,_ - llJ188Y8HHaR qacTOTa, 
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V~ - T8nJIOB8H CKOpOCTb 8J18KTpOHOB) 8BOJIIOLUIH cn8KTP8JibHOlt 
nJIOTHOCTH 8H8prHH Typ6yJI8HTHOC'.,rH W'it (qiyHK!llUI pacnpe,ll8Jl8HHH 
nnaaMOHOB) onHCHB88TCH HHTerpo,llHqlqJ6p8H!lH8JlbHlill,I ypaBH8HH8M 121 

d~~(t)= r1w~ -)) W-;t + R(~(ic) +R<4'(KJ (R(l):/~w~).(I) 

3,ll8Cb 'f~ - JIHH81tH1:lll HHKp8M8HT reH8P8llHH 1 V - ,ll8Kp8M8HT 
aaTyxaHHH IlJl88L!8HHl:lX KOJie6aHl'lll, ¥ ~'= i<Hl<'.Kt)W,t, dr; - H8JIHHelhwl1 
HHKp8M8HT nepeKaqeK HS HOHaX (o6HaaHHHl1 HH,lly!lHpOBSHHOMY pacceH
HHJO Ha HOH8X nJI83M!i), R (4) ~ wJ , np~,llCT8BJI.iilllJlHll co6ol1 1rnoro
M8pH!il1 HHTerpan C rpoM08,llKID.I ll.llPOM, OTBeqaeT 88 qeTHpexnna8MOH
H08 B38HMO,llettcTBH8 • YpaBHeHH8 (2) ,llJI.iI H30TponHott ('JW~ /a 0 = 0) 
4lYHK!lHH Wr! nayqaJIOCD q,!CJI8HH!iMH M8TO,ll8MH B / 3/ B o6JI8CTH 

KOi'-::: ~ '- I<'- /( » ~ ( Vi - TelmepaTypa HOHOB)' B KOTOpoll BKJia,ll 
1lll8Ha V~- R'~' npene6pel!tHMO wan. IlpH 8TOM 6NJIO noK888HO, qTo 8BO-
JiilllHH pacnpe,lle:JieHHlit npOH8BOJI1,HOlt cpopM!i (BOJIHOBl:lX naK8TOB) 
88 cqeT HH,llyllHPOBSHHoro pacce.iIHl'l.iI Ha Hoaax npHBO,llHT K nepeKaqKe 
naKeTOB B o6JiaCTH M8JWX K, 11 B palioHe K=k':;.- naKeTN npHH1:!M81l'? ,llOC
T8TOqHO CT8H.ll8PTHYJO qiopuy, KOTOPYJO MOKHO annpOKCID.IHPOB8Tb "rayc-

aono,ll061U:D,!H11 12acnpe,lleneH1:1HMH THna o exp {-(K-1<.>2 If AK.2] , 
u K2exf[-(i::-1<.f/,2c,1</] c nonymnp:imolt L:IK~ K:;.- • B o6nacTH J<<Kt 
Bal!teH yqeT qeTNpexnnaauOHHl:lX B381:IUO,ll8liCTllH.~, KOT.0Pli8, corJiaCHO 
CYIJleCTBOBaBmeuy MH8HHJO 121' cnoco6HH "paa.ipaCliB8TD11 KOJie6amrn 
no Been· 06JI8CTH BO:JIHOBl:lX lUICeJI, npenHTCTBY.iI HaKonneHIU) HJC B o6-
:JI8CTH K~ 0, H o6ecneqHTD CYIJl8CTBOB8HH8 CT8!lllOH8PHOro COCTOH-
HHH / 2 , 4/ • • 

B § I nepBolt rJISBH qHcneHH!iMH ueTo,llaun E8yqaeTCH anoJIDLUl.iI 
HaoTponHoll cneKTpa:JIDHOll qiyHKLU!H w.,. B o6nacTH 0< K '- I<.., 
(ypaBH8HH8 (I)) B npeHe6peaeH1:IH 1llI8H8YH, onHC!iBSlllllmfH renepauHD 
1:1 ,lll:ICCHnanllll C !l8J1Dll BHHBll'?D B ·,"qncToU" Bl:l,ll8 BJIH.iIHH8 qeTHpex
nnaauoHHl:lX B381dl.10,ll8llCTBHll Ha 8BOJIJ0!lHIO cneKTPOB. B 8TOI! 06JISCTH 
npn d'W~/;a-:::OB tJJI8HSX R'(3J H R(4J MOJ:HO npOB8CTH HHTerpnpo-

BaHHe no yrnau, n B 6e3paauepHl:lX nepeueHH!iX -~ 
t ( JE!. Wo ) X-::: K/1<-., j 'vvxe :c K~'r/1<./Wo 11'.""o_ J~ 96 t>T Wf>e 

ypaBHeHHe (I) craHOBHTCH HHBapnaHTHml OTHOCHT8Jll,HO BC8X nJI88K8H-
Hl:lX napaueTpoB, Kpowe Wo/riT (npH Te-=-T, v =a-"= 0 ). I . 

YpaBH8HHe (I) B 6eapaauepHl:lX nepeweHHl:lX (KaK n Bee nocJie;ey-
IOIJlHe) pemaJIOCD Ha Sal pa8HOCTH!iM M8TO,llOM. 06JI8CTD H3M8H8Hl'IH ne-
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peueHnon x pa86HBanacb Ha wu ·.ru'!er.i HHTerpan R (") {CBO.lllllllHlicH 
K 1UIYM8PHOJ&Y 88 Ctl8T HSJIHtJH.iI S -cpyHK!lHH B H,llpe) cqHT8JIC.iI no we
TO,lly raycca. l\JI.iI npOH3BO,llHOl1 no BP8J&8HH ~ 6NJI8 B!i6paHa npocTaH 
HBH8.iI paaHOCTH8.iI annpOKCHMB!lllfi, BBH,lly H806XO,llllL!OCTH BlitJHCJI.iITD 
6oJII,moe KOJIHqecTBO HHTerpaJIOB Ha KaltAOJ& cnoe '!' • B nponecce 
CtJ8Ta KOHTPOJIHPOBSJIOCD coxpaHeHHe Lt= J v,/,c dx -= 1. (coxpaHe-
HH8 tJHCJia IlJl88UOHOB), I'2-= j RCl1dx =T-i. ~ jR'~'dx .. O(CJI8,llCTBH8 8HTHCHMM8T

pHH IlO,lll:IHT8:PaJII,l!HX BHPSE8HH~)i npn 8TOY Ir U8HHJIC.iI He 6oJie~~ 
qeu Ha I,5%, 12 H 13 OTJIHtJ8JlHCD OT HYJIH He 6oJiee, qew Ha IO n 
ro-3 COOTB8TCTB8HHO. HatJaJIDHl,llt naKeT BN6HpanCH B BH,ll8 
w~•>=alexpf-(x-x.)2/:Ax;J C IlOJIYmHpHHOli L:IXo= 1/{;; , HOpMoll 

j Wx d r- =-1 H C !l8HTpOJ& B X= .1. (Ko= I<» 1 • PeayJIDTaTH cqcTa 
np8,llCT8BJI8Hl,I Ha rpaqiHKax,·_oTpasaIOIJlHX 8BOJill!lHll cneKTP8JIDHOtt qiyHK-
llHH H qJieHOB R (lJ( X), R. <~1 ( x) • 

OCHOBHOlt BHBO,ll COCTOHT B TOM, t!TO qeTupexnJia3J&OHHOe pacceH
HH8 He UOJ:8T 88TOpM08HTb TpaHcqiopuauHJO .aaeprHH Kone6aHHl1 B 06-
JISCTD U8JlliX K, ·n, B tJ8CTHOCTH, o6ecneqHTb CYIJl8CTBOB8HH8 CTS!lHOHap
Horo cneKTpa, T8K KSK ero B:JIHHHHe Ha 8BOJIJO!lHIO Cil8KTpa aHanor»tJHO 
BJIHHHRD npouecca nepeKaqKH Ha HOHax. ]lJIH noJiyqeHHH CT8UHOHapHoro 
COCTO.iIHHH H806XO,llllL! yqeT npoueccoB ,llHCCHilSUHH (H reH8P8llHH) KOJie-

6aHHtt. 
B § 2 nepBolt rJiaBli aHaJIHTHtJ8CKHMH M8TO,ll8MH paccuoTpeHa MO

,lle:JibHSH 88,llaqa, KOTOpaa OK888Jl8Cb pemaewon TOqHo H ,llO KOH!l8 - aa
,llaqa O CYIJl8CTBOB8HHH CTSUHOHapHoro COCTOHHHH CJia6on H30TponHoll 
nearwDpOBCKOR Typ6yJieHTHOCTH B.npeHe6peseHHH BJIHHHH8M Q8Tlipex
IlJ183MOHHl:lX B88HMO,ll8llCTBH0 (T8K08 npn6:JIHE8Hl:18 np8,llCT8BJIH8TCH on
p8B,ll8HHHM B CB8T8 peaynDTSTOB § I, R Bcer,lla cnpaB8,llJIRBO B o6nac
TH K>K.-), HOC yqeTOM B 06lll8M BH,ll8 npoueccoB reHepaunH H aaT;xa
HHH Kone6aHHl1. 3a,llaqa pemaeTCH MeTo,llaMH, paaBHTHMH ~ pa6oTaxl , 6/. 
V!CXO,llH08 ypaBHeHl:18, KOTOpowy AOJIE8H YAOBneTBOP.iITD CTS!ll:IOH8PHlili 
Cn8KTp, noJIYqaeTCH H3 ( :1) , B KOTOpOM IlOJIOE8HO dt W• • 0) R(~I O O: 

'{i<. -tr Q.(K,1<1._)Wt(tcl~s, = Q. (2) 

3,lleCD OK on1:1c1rnaeT B od1I1eM Bl:1.1\e Bee :aoawozaue npoueccu reHepa
llHR H ,lll:ICCHil8llHH KOJie6a!illtt. E.llHHCTBeHHOe Tpe60B8Hll8 Ha ¥" '. 

\ ¥,< W" d K = 0 . 

5 



B ClrlJIY HaJI!rlqlrlfi B H)'.lpe G- ( K, 1<1. ) CTyneHqaTHX 41YHKU!rlfi 
0 ( K- K,) ypaBHeHHe (2) npe;n;cTaBJIHeT co6ott ypaBHeHlrle BO.JU,Teppa 

I-ro po;zta. Ilpmum ;D;HiW/epeH!llrlPOBaHlrleM ere MOEHO CBeCTH K ;D;lrlqJqJepen
n1r1aJILHOMY ypaBHeHlrlD, KOTOpoe, 6y;n;yqH )'.!OnOJIHeHHID4 KpaeBl:D,IH YCJIOBH
HMH, BllOJIHe 8KBHBaJieHTHO llCXO;n;HOUY ypaBHeHHJl (2). 

CTporo noKasaHo, qTo HToroBaH o;n;Hopo;n;naH (YK~o) KpaeBaH 
aa)'.laqa He lllleeT pemen1r1tt Kpoue TPHBl!a.JU,HOro, BBH;D;3 HeCOBMeCTHJ.IOC
TH npOlrlSBOl!I,HOll JIHHettnon KOM6HHaUHlrl pemeHlrlfi O;n;Hopo;n;Horo ;n;1r1qiqiepeH
n1r1anHoro ypaBHeHHH 2-ro nopH;D;Ka c rpaH1r1qHHM1r1 ycJIOBHHMH (no cy
~eCTBY SKBHBaJieHTHWIH Tpe6oBaHHD CXO;D;lrlMOCTH lrlHTerpaJIOB B (2)). 
Heo)'.IHOPO)'.!HaH KpaeBaH aa)'.laqa HMeeT qiopMaJILHOe p~meHHe: 

\./ :i _1_,[ -lih (<i-mri (-~ d _r,½( a+@;, d J (3) 
vvx = 17 x x Jx ~(x)d)( -~ye ~ x + x )x d x. , 

r)'.le ~()() eCTL qiyHKUlrlH i (x) H ee npoHSBO)'.lllla:. 3To pemeHlrle lilOJteT 

y ;llOBJieTBOPHTL ypaBHeHHJl (2), ecJIH j ( x) (H m.1ecTe C Helt {j (x) 
H W-,. ) ;llOCTaToqHo 6HCTpo cna;ztallT npH x- 0 E 'X - o0 • Ta
KIDA o6paaou, noKaaaHo, qTo 6aJiaHc npoueccoB reHepaU!rlH, nepeKaqKH 
Ha HOHax H ;D;lrlCCHnau1r11r1 KOJie6aHHll MOEOT d6ecneqHTL Cyl!leCTBOBaHHO 
CTaUHOHapHoro cneKTpa H80Tponaott JieHI'MllPOBCKOtt Typ6ymlliTHOCTH, 
;ziaJOl!lerocH (J/opuynott (3). · 

B nepBoit rnaBe ;iwccepTaU1r11r1 paccuaTpHBallTCH 1r1a0Tpon1We aa;zta
q1r1. B pea.JU,HHX YCJIOBHHX Typ6yJieHTHOCTL, reHepwpyeuaH B peaynTa
Te paSJIHqHHX HeycToiqHBOCTel.t, HBJIH8TCH 06HqHo P88KO 8HH80TPOilHOtt. 
OCHOBHW uexaHHSMOM, cnoco61Wll npHBeCTH K 6HCTpott H30Tpon1r1aan1r11r1 
Typ6yJI8HTHOCTH, HBJIHeTCH HH;D;3UlrlPOB8Hll08 paCC8HHH8 Ha HOHax IIJiaa
UH, KOTopoe O;n;HOBP8MeHHo npHBO;n;HT K nepexatme sneprHH B o6nacn 
LISJWX BOJIHOBLIX q1r1ceJI. B o6JiaCTH K < K • CKOPOCTL IlOCJI8;n;H8ro npo
uecca BeCLMa B8JIHK8 (HHTerpaJILHaH nepeKaqKa), ll08TOMY KOJI86aHlffl, 
POE;ztalll!lH8CH npH K < l<'t, ].lOJilltlUI paCCMaTPHBSTLCH KSK aHH80TPOllBU8 
B TeqeHHe BCero BP8M8HH )'.lal!I,H8ttmelt nepeRaqKH. ECJIH E8 HeycToliqH
BOCTL npHBO;n;HT K B08HHKHOB8HHD )'.IOCTaToqno KOPOTKOBOJIHOBHX KOJI86a
HHit ( K:t (.<. K < K d : Wpe/Ve ) ' TO npH me paccEiHHlrlH Ha IIOllaX npouecc 
uaoTpoHHaaU1r11r1 uoseT KoHKyp1r1poBaTL c npoueccou "noKpacHeHHH" 
cneKTpa. 3a BP8MH TpaHCg/OpMaUHH Cll8KTpa HS 06JiaCTH reH8P8UlrlH npH 
K"' 1<. 3 )'.10 I<~ K>t KOJie6aIDUI JIH6o ycneBallT ll80TPODll30BaTLCH, 

JIH6o HeT. B nepBOU CJiyqae.cneKTP MOEHO cq1r1TaTL ll30TponHWl, BO 
BTopou cnyqae cq11TaTL KOJie6aHlrlH ll80TPOllHWll HeJII,SH. 
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Ilpe;ztCTaBJIHeT aHaqHTOJILHHll HHTepec BllHCHllTL rpaHllUH ll80Tpon
Horo np116nmteHHH, OUOHHTL CKOPOCTL H80TPOWl88UHll ll npoBepHTL 
pacnpocTpaHeHHOe MHeHHe 12 ,71, qTo B o6JiaCTH K>>K,..CKOPOCTL 
1r1a0Tpon1r1aaum1r1 anaq1r1TeJILHo npeBHmaeT CKopocTL nepeKaqKH aHepr1r11r1 

no cneKTPY• 

Bo BTOpott rnaBe ;n;1r1ccepTaU1r1H nayqaDTCH aHR80TPOlllilie ,ll,l1HaMH
qecKlrl8 aa;ziatra. 

B § I pacc»aTpHBaeTCH npo6ne»a CKOPOCTlrl lrl80TponHaaU!rllrl B 
nql!CTOll11 Bll;zte, B § 2-3 - KOHKpeTHHe 4llrl81rlqecKlrle aa)'.laq1r1, B KOTOPllX 
BaJ!teH yqeT yrJIOBOll 38BllCHJ.IOCTll cneKTpanLHOll 4JYHKU!rlll. 

YpaBHeHHH, OllHCHBaDl!lHe•SBOJllOUlrlD aHlrlSOTPOnHWC pacnpe)'.leJieHlrltt 
Typ6yneHTHHX BOnH, flBJIHDTCH H8JIHHellHWlrl Tpexueplil:ll,llrl .HHTerpo~H~qie
peHUHaJILHmllrl. lbt: peweH!rl8 qHcJieHHWH MeTO;ztaMR Tpe6yeT SHaqRTeJIL
HlilX aaTpaT MamHHHoro Bpewelilrl (20-50 qacoB Ha O;D;lrlH Bap1r1aHT Ha 
ESCIJ-6 HJilrl ClG-6200) 1r1 Heo6xo;D;1r1Mocr11 npe;ztcTaBJIHTL B y~o6Holl 1r1 
KOMnaKTHOll qiopue nonyqeHHHe peayJILTaTH, BBH;D;3 60J1Dmoro oO~e»a 
noJiyqaeuott lrlH~opuannH. 

ABTOPOM paapa6oTaHa CTSH;ztapTHaH nporpaMlla pemeHHH Ha oat 
TaKroc ypaBHeBHtt, C B08MOSHOCTLD Ha)'.leEHoro npo)'.IOJlmeJUIH cqeT~ B 
Teqelilrl8 )'.IJIHTemHor.o Bpe»eHlrl H BHBO;D;a peaynLTSTOB Ha rpa~onocTpo
HTeJIL II C Q eco~ f n, )'.IJIH KOTOporo O;D;HOBpeMeHHO Han1r1caHa npor
pawua npe)'.ICTaBJieHlrlH B HarJlH)'.IHOM BR)'.le Tpe:xuepHill[ o6~6KTOB. Anro
Pllnl pemelilrlH ;D;lrlHa»nqecKHX ypaBHeHlrltt H~ettHO 6JlH30K OllHCaHHOMY Bli
me. TpexuepHHe lrlHTerpanH cqnaJlHCL llOBTOPlllill lrlHTerpRpOBaHHeM no 
uero;n;;v Cm.incoHa; )'.IJIH npe)'.IOTBP8lll8HllH q1r1cJieHHHX HeycToRqRBOCTett 
opralilrlaoBaHa aBTOMaT11qecKaH no;zicrpoltKa mara no Bpe»elilrl; KOHTpom 
aa ToqHoCTLll B!lqRCJI8HHA ocy~eCTBJlHJICH npoBepKoR coxpaHeHHH HHBa
plrlaBTHHX llHTerpaJIOB. 

Ilpouecc TpaHcqiopuau1r111 8Hepr111r1 JieHI'MDPOBCKOR TypdyJieHTHOCTR 
no yrnau R BOJlHOBOMY qRcny (B c~epnqecKHX KOOP.lU1HaTax) B 06.naCTll 
K <. K< Kn OlllrlCHB88TCH ypaBHeHHeM (I), B KOTOPOM llOJIOEeHo ,. 

oi?"V..,R("1=0. Ilpe;zinonaraeTCH, qro cy~eCTByeT HeKOTOpaH OCL 
CHMMeTpRlrl, OT KOTOpOll OTCqlrlTHBaeTCH OCL 6; TOr;zta cneKTp MOXHO 
BH6paTL He 38BRCHl!lID( OT yrJIOBOtt nepeueHHOll cs : 'W~ = w K6. 

B 6eapaauepma: nepeMeH!WX x-=1</1<,. i Wx9 =:Z:Ti1<.
21<,.1,n6W.u~/w,j 

'[-:: f& (F ~!$; ';';.)ypaBHeHHe CTaHOBHTCH lrlHBapllaHTHW OTHOClrl
TeJII,HO Bcex llJI83MeHHHX napaueTpOB. 
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AHaJIHS »epOHTHOCTH HH}zyUHPO»aHHoro paCC6HHHH Ha EOHaX 
U,t~ , BXO;tUilll6!,1 B H;!U)O G(R; 1¼) ypaBH6HHH (I), noKaSNBaeT, 'IJTO 

HaH60Jl66 B6POHTHIDI HB11H6TCH pacceHHH6 nnasMoHa C HSM6H61il16J,1 MO
;tzy11H ero HMilYJII,Ca HaBeJIH'llmy .OK=JK* H yrna Ha J'f. OTCIO;tta 
MOlltHO CA6JISTI, Ka'IJ6CTB6HHN6 BNBOllll O xapaKTepe 8BOnJOUHH paSJIH'IJHHX 
Cll6KTPOB 1I6HI'MIOPOBCKHX B01IH B pesynTaTa HX HH}zyUHPOBSHHor~ pac
cemnrn Ha HOHax. B qacTHOCTH, ~ 11nrontJaToro" cneKTpa ( naKeTa 
B01IH, COCp6AOTO'IJ6HHOrO B6n:itsH G ::- 0 HJIH 0 = Si ) , YBKOrO no 
K H (9 (A l<o <.< K,.) .0 0.'-' j, ) , npeACKaSSHO HB1I6llH6 H6JlHH6!,1Horo 
OTpaxeHHH H sanupaHHH B orpaHH'IJ6HH~!,1 o6naCTH np?CTpaHCTBa, BOSHH
KaJJl!lero BCJ16ACT»He caTennHTHoro xapaKTepa nepeKatJKH no yrny H 
BOJIHOBOJ&Y 'IJHCJIY, C pacCTOHHH6M J,16E}zy caTennHTaJ&H AK=;/K,.,, .t:i. ():J,. 

JlnH mupoKoro no K (AKo >~K,.. ) 11urontJaToro11 cneKTpa nepeKatJKa 
AOJllltHa HOCHTI, KBaSHOAHOM6plllltt HHTerpanmia xapaKTep C M6'An6HHNJ4 
yrunpeHHeM no yrnaM. CKopocTI, pacnJIH»aHHH naxeTa no yrJiaM, a TaK
xe 8BOJIJe~H cneKTpa B npouesyTO'IJHOU cnytJae AKo~ /(* uoryT 6NTI, 
nonyqemi TOJil,KO 'IJHC1I6HHmlH M8TO;ttaUH. 

B § I rnaBN BTOpott HCC1I6;tzy6TOH 'IJHCJl6HHID!H M8TO;ttallH 'AUHaMl1Ka 
1I6HI'll10pOBCK0!,1 Typ6yneHTHOOTll O UOA61II,Hlil!H HatJaJII,IWMH AaHlilNH 0 
U6HI>Jl BNHBHTI, xapaKT8PHN~ tJepm 8BOJWUHH oneKTPOll sa O'IJ6T HH;tzy
uupo»aHHoro paoceHHHH.na HoHax. HaqaJII,Hoe pa~npeAeneHMe saAaBa
nooI, raycoonoAo6IWM no o6eHM nepeMeHHW I< .i 0 c TpeMH »apH
aHTauu HatJa1II,Hltt ;ttaHHHX: 

I)~K.<:.<J<,..· ; 2).0.Ko~Kk ; 3)AK.»1<,., 'npHl<o"101<._.. 
E>.=o , A0, =qi , T .• e. pesKO aHHSOTPOIIH08 no yr;ny 11Mr01II,'IJST06 11 

pacnpeA61I8HH8. JlnH Toro, 'IJT06H K01Ill'IJ80TB6HHO oxapaKT6pH~OBaTI, 
CT8Il8Hl> aHHSOTponHH H CKOPOCTI, HSOTPOIIMSaitHH, BB6A6Ha 4JYlllCitHH 
11aHHSOTPOilHH 11.f4 : 

y(W)te,'t:)::: ;1,!. )/Wxe(t)-W,.(tJ/d,.clO, (4) 

rA~ Wo('t)= jwxe d)< d6 - Hopua 4JYlllCitHH Wxe , 
a W x-= J Wxe cl o / Ji - ycpeAHeHHoe no yrny pacnpeAeneHHe c 
T0!,1 llt8 HOpJ&Oit. BB8Ai:iHHaH T8Kl!M 06paso11 B6.llH'IJHHa _ft HB1IH6TOH HH
Terpa1II,HOtt xapaKT6pHCTHKo!,1 paBHOUepHOCTH pacnp&A81I6HHH no yrny. 
Pasy1i1Ho OtJHTBTI, pacnpeAeneHHe Wxe WHBH'IJOOKH HsoTponHNJ&, eoJIH 
.JJ, ('Wu)<. 0, :J. • ECT80TB6HHO TaKXe ronopHTI,, 'IJTO HSOTponHsa~H 
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npoHoxo'AUT 6ucTpee nepeKatJKH no K, ec;nu paonpeAeneHHe OTaHeT 
qJH8l'l'IJ60Kl'l HSOTponnw paHI,me' 'IJ6)1 U6HTP. naKeTa KO OKallt6TOH B6Jll1SH 
K= K* • HcHo, 'IJTO XOTH OKOPOOTI, HSOTpOill188UHH )10llt6T H He sa»H-

08TI, OT HatJa1IDHHX AaHHHX (I<~ 0~ lll<o
1 

A 80 · ), CaM WBKT HSOTp01lH
S8UllH OHJII,HO saBHOHT OT HatJaJII,HHX yono»Htt. 3aAatJa ll08TOJ4Y ccic
TOHT »o-nepBblX, B OU6HK8 OKOPOCTH HSOTpoimsauuu *-= ~ ff. 
( dK. /d'C - OKOPOOTI, cue111emm U8HTP8 naKeTa), a BO-BTOPUX:, B Ha
XOEA8HHH o6nacTett HatJa1IDHHX AaHHHX, npll KOTOPUX: npoHOXOAHT, H1IH 
Hao6opoT, H8 npoHCXO'AUT qJHSH'IJ80KaH HSOTpOJlHSSitHH. 

PesyJ1I,TaTu otJeTa Ha aw npeACTa»nemi Ha rpaqJHKax, 0Tpaxa11-
111ux AHHaJ&HKY nsueH8HHH cneKTPaJII,H0'1 qJYHKitHH Wxe • 

8BOJWURH paonpeAenemrn o AKo<<J(,r 6JIHsKa K nonytJeHHott BNme 
KS'IJ6CTB6HHHMH J,16TOASUH - OHS npOHOXOAHT qepes CHCT8MY oaTeUHTOB 
B npooTpaHCTB8 (') 6) B yrnax O H Ji nootJepeAHO, c paOCTOHHH8M 

:z, K,.. 1,1ex;izy caTaJinnTauH H o ueA1IeHHHM paonmrnaHHeu naKeTa no 
e . BpeMH sannpaHHH naKeTa B01IH OU8HHBaeTOH KSIC 'rl"•·"- 4 

B onytJae AKo~K,.. npoHOXOAHT c1i1emaHHaH irnTarpanI>HO-CST8UHTHaH 
nepeKatJKa, H nonHoro sanupaHHH nytJKa He npoHOXOAUT. ITp6ACTaB1I8HN 
rpaqJHKH 8BOJWUHH aHHSOTpOID(ll.),I (Wxe, 't') , HS KOTOPHX MOEHO onpeAe
JIHTI, op6AHJ)Jl OKOPOOTI, HSOTPOIIHSSitHM, KOTopaH B o6oHX o;nyqamc 
OU6HHBS6TOH KSK d,Jl/dl(.0 -;;~:,.S•I0~2(K:tf1 j cl.J4/d'C=i.· 10-lt , T._a. 
otJaHl'> uana. rpy6aH aKcTpanonH~HH nonytJeHHHX pesynI,TaTo:a Ha 
BCD 06JiaOTI, HSM6H8HHH HatJamHUX ABHHNX npllBOAHT K BNBO;tzy, 'IJTO B 
peaJU,HWC qJHSH'IJ60KHX YOJIOBHHX B o6naoTH I< >I<» oy111ecTBOB8HH8 
qJHSH'IJ60KR ESOTponHUX: oneKTPOB ona6oa 1I6Hl'MDPOBOKOR Typ6y;neHTHOCTH 
HB1IH8TOH B60I,J,la npo6newaTR'IJHl:DI. 

B § 2 BTopott rJISBH paoouaTpRB88TOH KOHKP6THaH ~HSH'IJ60KSH' 
BaAatJa - 8BOJI!lUHH ona6oa neHI'UDPOBOKOii Typ6ynaHTHOOTH, BOB6yll;tta
e1i1ott pe1IHTHBROTCKHU 8Jl8KTPOHHl,ll,I nytJKOK, sa O'IJ6T HH;tzyUHPOBaHHoro 
paoceHHHH Ha RoHax. 8-ra saAatJa (-raK xe KaK paccMaTpnnaewaH HHxe 
aaAatJa 06 5BOJWUHH HOHHO-BBYKOBOR Typ6yneHTHOCTH, ,Bos6yxAaeuoa 
nasepHl:DI nytJKOK) npeAOTaBnHeT SHS'IJHT8;nI,HNl,i HHTepec B CBHSH C 
npo6neuoft Typ6y11aHTHoro narpeBa nnasuu AO T8PJ&OHA8PHblX Teunepa
TYP• liS1IOE6HN KOHKP6THN8 ~RSR'IJ6CKH8 orpaHH'IJ6HHJI (OTOYTOTBR8 06-. 
paTHOro TOKa, nytJOK 11uoHoxpoKaTH'IJ80KRtt" H OH1II,HO p611HTHBROTOKH'1, 
HatJaJ1I,HNii yrno»oa pas6poo nytJKa uan), npn KOTOPNX ypa»HeHHe (I) 
C R (~) = 0 onucu:aaeT KoppeitTHYD MST8KaTR'IJ80KYD UOA6J1I, paocuaTpH- ' 
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Baeuoro nEonecca. XapaKTep aaBHCIDdOCTH nmtpeueHTa HeycTollqHBOCTH 
OT yrJia / , 9/ R RH;zJ;yUHPOBSH!Wl xapaKTep JIRH8llHOll CTS;zi;Hll HeycToll
qnBOCTH npHBO~T K CHJII,HOll SHH80TPOilllll B08HllKSDl!l8ro pacnp8'A6Jl8-
HllH Jl6HrMDPOBCKHX KOJie6aHlltt C P68Kml MSKCmlYMOM naKeTa no yrny 
B 0 ~ f , HO c OTCYTCT_BH8M KOJ186aHlltt B yrJiaX, 6om,mnx i 
qHCJI8HH06 HCCJI8'AOBSHHe BCero nponecca 8BOJIDUHH ROJle6aHHll noKaaa
JIO, qTo nepeKaqKa aHeprun Typ6yJI6HTHOCTH B o6JISCTL MaJWX BOJlHO
Bl:lX qncen HOCHT CHaqaJia CST6JlJIHTHHll, a 8ST6U HHTerpaJILHult xapaK
Tep (aa'Aaqa cqnTanacL c napa.1,1erpa.1,1n,npn Koropux ueHrp Haq8JlbHoro 
pacnp6'A6JI6HHH HSXO~TCH B Ko ~ 6 K,.- ) • B nponecce HeJ1l1H6llHoll 8BO
JIDI{llll npoHCXO'AHT 6liCTpaH CID.!MeTpHBSUHH pacnp6'A6JI6HHH no yrny 
(B 8TOM CMHCJie npOHCXO'AllT nsorponnsaunR),HO B uenoMOHO OCTaeTCH 
cnm,Ho aHnaoTponHID4. ~HKUHH "attnsorpomm" ...,u (i) 6uoTpo Boapac
TaeT 'AO 3Haqemrn ~ 0,8 HS JlllH6l1Hott CTS;z!;HH P83BHTHH HeycrottqnBoc
TH, a 38T6M ee 8MilJlllTY'AS npaKTHqecKH He Me!UleTCfl B TeqeHne BC8H 
H8JIHHeHHOll CT8'AHH 8BOJllOUY.ll HeycrottqnBOCTll, aa Bp8MH KOTopoll naKeT 
CM8CTHJ1CH B 06J18CTL 1< ~ 0 • Eom,moit 06'.f>eM 8Heprnn Typ6yneHTHl:lX 
BOJIH, H8KSilJlHB8D~HXCH B o6nacTH M8Jil:lX BOJIHOBUX qnceJl, npHBO'AHT 
K B08HHKHOB8HHD CHJII,Horo H8JIHHeiiHoro 'A6Kp8M8HT8 aaTyxaHHH B 06-
JISCTH reHepaI{HH KOJie6aHRtt R npaKTRqecKH- K nonHOMY CpliBY Heycrollqn
BOCTH (paccMaTpHBSJIOCL TOJII,KO o6uqHoe CTOJ1KHOBHT8JILH08 aaryxaHHe). 
Tamni o6paaoy, B ,. 'ASHBOii MO'A6JIH npo'AeMOHCTpHpOBSHO RB.i:ui_H~e HeJrn
HellHott cTa6nnnaaunn ueycTollqnBoCTH. 

B § 3 rnaBU BTopoll HCCJI6;D;y8TCH npo6JieMa aHOMSJILHOro paccea
HHH naaepHoro nanyqeHHH Ha llOHOBBYKOBUX_ BOJIHax (S-BOJlHSX), B08-
6YE'A86Ml:lX B nnaaue aTHM nanyqeHHew. swweKTHBHOCTL Typ6yneHTHoro 
HarpeBa IlJ188MH nyqKOM nonepeqma: 8JI6KTpowarHRTHl:lX BOJlH (i -BOJlH) 
sa cqeT B036YZ:'AeHHH HOHHOro SByKa (nponecc t-t' + .S ) IIOl:6T 6liTL 
8HaqHT6JlDHO IlOHHl:8HS aa cqeT auowamHoro paCC6HBHH -f; -BOJlH Ha 

S -BoJIHax, ecJIH reHepHpyewaH S -Typ6yJieHTHOCTL nsoTponaa. 
KaqecTB6HHH8 OI{6HKH IlOKaaami, qTo npH M8JIOM, HO OTJmqHOII OT HYJIR 
yrJIOBOII pas6poce IlS'AaD~ero HSJiyqeHHH BOS6y:m:~ewue S-KOJI868BllH 
woryT 'AOJiro OCTSBSTLCH H8H80TDOilHl:lUH. qHCJI8HH06 HCCJI8'AOBSHH6 ;zi;H
HaMHKH S -Typ6yJI8HTHOCTH sa cqer HH;zJ;yI{HpOBSHHOro pacceHHHH Ha 
HOHSX, Bos6y:&'Aaeuon nasep!WM HSJiyqeHHeM H OilHCliBS8MOtt ypaBH6Hll811, 

.. aHanornqHl:ill YPSBH8HHD (I) (c HHKP8M8HTOM HeycrottqnBOCTH, noJiyqea
HOM B /IO/), Il0'ATB6P;zi;HJIO KaqeCTB8HlU:l6 oneHKH. ITOB8'A6HH8 aHH80Tp0-:-
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IlHH...}'(~ BOS6yE'A8HHoro pacnp6'A8Jl6HHH S-BOJIH B XO'Ae 8BOJllOUHH 
B8CLMa noxo:m:e Ha IlOB6'A8BHe SHH80Tponnn B aaMq8, OilllCSHHOll B 
np8'AJ,l;zl;y1J16M naparpawe. 

~CCJI8'AOBaHHH paamiqHJ:lX MO'AeJiell, npOB8'A8HHH8 BO 2-H rJiaBe, 
Il08BOJIHDT C'A8JlaTL npHHI{HilHamHHll BliBO'A - peBKO aHH80TPOilH1,18 
pacnp6'A8Jl8HHH Typ6yneHTHl:lX BOJIH HB~HDTCH CKOpee npaBHJlOM, qey 
HCKJIDqeHHeM npH paccu~TP8HHH He CJIHmKOM 'AJIHTeJILHl:lX nponeccoB 
(KOrM KOJie6aHHH e111e He CKOH'AeHcnpo»aml B o6naCTH K~ 0 ). B 
STOU CMliCJ)B, BOSMOEHO, BO MHornx 8S'Aaqax MOZ:eT OKaaaTLCH 6onee 
pasy1.1HID1 npn6Jin:m:eane W(0) ~ 8 ( 8 - 6(1<)) 

1331 
, qe11 TP8'AHUHOHH06 

'J't./(0)/;;0 =-0 • 

TpeTLH H qeT»epTaH rnaBH ~ccepTSI{HH IlOCBH~elili nayqeHHro 
npO'AOJIDHOtt HeycrollqHBOCTH peJIHTHBHCTCKHX 8JI6KTPOHHl:lX KOJ18I{ (PSK). 
0AHH11 RB OCHOBHWC npenHTCTBHll B ocy111eCTBJ1eHHH H'A8H KOJIJl6KTHBHOro 
ycKopeHHH noHo» c no1.1olllJ,D PSK /II/ flBJIReTCH OKJIOHHOCTL noc11e'A
HHX K paaHoro POM Heycrollqn»oCTllll 1121. H8 KOTOPliX HaH6onee 
onacHoll HBJIHeTCH npoAOJILHSH {asHMyTaJILHSH), KoTopaH HOCHT rH'APO
'AHHawnqecKHll xapaKTep H npOHBJlH8TCH ~ rpynnHpOBK8 qacrnn KOJIDI{a 
B cryCTKH ("6aHqn") (HeycTollqHBOCTL 110TPHl\8T8JII,HOll l!SCCli11 - HClil) 
H xorepeHTHOll HH;zJ;yI{HpOBSHHOU CHHXPOTPOHHOll nsnyqemrn ("pa,n;Haun
OHHSH HeycioitqHBOCTl,11 ). HeycrolqHBOCTI, HOCHT noporo»utt xapaKTep, 
CBHBaHHHR C pas6pocow qacTHn B KOJILI{8 no aneprnH (H PS'AHYCY, 
BBHJ!.1 peJIHTHBl!CTCKOtt CBHBH qacTOTbl »pa~8HHH ll aHeprHH (.;):ecH/E ). 

Ilpll pa60T6 B pezHHe HHX6 nopora HeycroitqHBOCTH 8W~8KTHBHOCTL 
ycKopeHHH C IlOUOlllJ,D PSK He npeBHmaeT 8~KTHBHOCTH, 'AOCTHrHyToll 
na ycKopHTeJIHX o6Hqnoro THIIa II21. C 'APYroa cTopolili, ypaBHeHne 
lUifi qiyHltI{Hl'I pacnpe'AeJI8HllH qacTHI{ HBJIH8TCH H8JIHH8ttHl:D.I I H llOli!HO 
OEH'ASTL, qTo TSK ae' KSK H B c11yqae nponocco» B Typ6yJI8HlrHOI 
nnasue H8JlHH81Blie B8SIDIO'A6i!CTBHH uoryT orpaHHtm.TL YPOB8HL nonell 
B08MYIJl8BWI, aaue,IIJIRTL CKOPOCTl> nponecca H 'ASX8 copBaTL HeycToi!
qnBOCfi> unH n~nBeCTH K HeJIHHellnoll cTa6HJIHaanHu ee. B wo'Aenu ro1t
Koro Kon~na I 31, xoropan paccuaTpn»aeTCH B 'AHCcepTanun, uo:m:no 
orpaHHqnTLCH paCCMOTp8HH8M O'AHOll8pHOll 8S'AaqH - !CHH8THqecKoro ypa:a-
H8HHH 

~ -~. ·ii ~ + f8 'j)~ + W eJW : 0 (5) 

B W880BOU npOCipaHCT»e SBHMYTSJIDHOrO yrJia g H COOTB8TCTBYIOlll8rO 
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odod~eHHoro MOMeHTa. W oTcqHTHBaeTCH OT MOMBHTa qacTH~, HaXOM
~ellcH Ha CP8AHett op6HT8 B Haqam,lilltt UOM8HT BpeueHH (qacTOTa 06-
pa~eHHH Wo=J3• e /Ro , SHeprlU'I Eo = t,, c.

2
'(o ) B MarHHTHOM llOJI8 

Bo (KoTopoe CKJIS,!U:lBaeTCH us BHemHero noJIH H cpe~ero noJIH, cos
AaBaeuoro nyqKoM). 

B § 2 TP8TJ,8tt rJiaBH npe,llJIOE8H raMH1Il,TOHHaH 

H = T + V = EoV4-+ .2WoW/E~ -+~Ji Roe su~,t)dca. (6) 

li8 KOTOporo CJI8JcylOT TOqHue ypaDH8HHH ,llJIH ~ li W , 8CJIH npe
He6petU, CBfl8J,IO llPOA01Il,HHX H nonepeq!WX ~HE6HHtt (MOA8J1J, TOHK~ro 
KOlIDl.lS) H npH M8,llJI8HHOM, 11KB88Ha~a6aTHqecKOM11 H8M6H8HHH op6HT 
qacTHl.l (t- SJI6KTpHqeCK08 aam1yTSJIDH08 ycpeAH6HH08 noJie B08My~e
HHH). raMH11!,TOHH8H (6) OTJIHqaeTCH OT HCllOJIDByeuwc B /r4,r.s/ 
TaKE8 TeM, qTO B8AeT K n~aBH1Il,HHM DHP8E8HHHM ,llJIH llOJIHOD SHeprHH 
Koni,ua H 6anaHca sHepruu npu uanyqeHHH, cy~ecTB8HHO ucnom,ayeuw 
npH HCCJI8AOD8HHH saAaqu qucneHHHMli M6TO'A8Uli, 

~CXO'AHSH 68CKOH8qHaH CliCTeMa ypaBH6HliH 'AJifi ~YHKUHH pacnp8A6-
Jl8HHH 'fo (W) H rapMOHHK D08MY~8HHH t"(wJnoiryqaeTCH H8 (5) npH 
PS3J10ll8HHH 'f l1 £ B PHA ~pI,6! 

ln Wo _ eic = G 7 
dt t" -t Yi •;J.w.W/E; f;, -+ 3Ji Ro'!; . .!~-... if:.: .. ci'tl• J.,, f,., · { ) 

8A8CJ, '] 
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-= 'J ~ + l i;• - HMil6]taHC CBH8H, B § 3 nonyqeHO BHP8ll8HH8 
'AJili llOJIHOll sHeprHH K01Il,l.l8 . r ✓ ' e2c "'"' ~ " r;, :i E(t) =,Ti E. fo(W}!i_+:_w.W/E,, clw - .:ZR.f rf IJT,.clw/ (8) 

W~tM "'"";" 
li BHPSE6HR8 'AJI!i MO~HOCTH HanyqeHHH KOJIDl.la 

dE 
~ 

e.2 c w. 

Ro Li: rf-.. Jw f i:M{t_:~.wf~., 
2 

(w._;~-1 fi!·)~9) 
w.,..~ W-.iait 

IlpH -i;=o (HeycTottqHBOCTJ, OTPHl.l8T6JihHOll uaccu) H3JiyqeHl16 
OTCYTCTByeT, H (9J :ztaeT 8SKOH coxpaH8HliH sueprHH. 

B § 4 noJiyqeHH 60JI86 Toquue BHPSll8HliH 'AJIH JlliH8lllillX HHKP8M6H
TOB H noporoB HeycTottqHBOCTH, HCllQJ1J,80B8HR8 KOTopwc OC066HHO 
BaEHO npu HCCJI8AOB8HHH H6YCTollql1BOCTH B peaJIJ,IWX Kauepax, B KO
Topwc MHHM8H qaCTJ, HMll6A8HCa 8HSKOil6P6M6HHa. 
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IlOJIH06 liCC~8AOB8HH6 AHH8MliKH HeycTollqHBOCTH, OilHCHBaeuon 
CHCT6MOll H6JlHH6llliliX HHTerpOAH~~6P6Hl.lli8JlJ,HWC ypaBH6HHll B qacT!illX 
npOH8BO;AHl:lX (7), B08MOXHO TOJIDKO qucJI8HHHMH M6TO]taMH, H A8E6 B 
8TOM cnyqae npeACTSBJIH6T co6ott CJIOEHYIO aa;ztaqy. J\JIH Il0Dlifil6HHH 
AOCTOB6PHOCTH peayJIJ,T8TOB qnCJ16HHHX HCCJ16AOBSHlitt H o6JierqeHHH liX 
HHT6pnpeTal.lHH E6Jl8T6JIDHO BHHBHTJ, H8KOTOPU8 KaqeCTB6HHH8 oco6eH
HOCTH ll0B8A6HHH Cl1CT6YY (7) aHaJ1HTHq8CKMMH CP6ACTB8MH;, 8TO npo
A6JISHO B § 5 3- tt rJiaBH. BYHBJ18H!,1 T6HA8HUMH K CHMJ.18TpHqHoMy 
pacnJIYBSHHIO HaqaJIJ,HOrO pacnp6A6JI6HHH qaCTHl.l HS ~a 6MY IlOA06HWC 1 

a T8KE6 cneun~nqecKH6 TPY~OCTH, B08HHK8JOlltil6 npH qHCJ18HHOU nc
CJI6AOBSHHH 6eccoy;ztapHT6JIJ,HOrO KHH6THqecKOt'O YP8BH6HHH H npHBO
M~H6 K OCl.lHJIJIHl.lHHM Ha rJiaAKOll ~YHKUHH pacnp8A6JI6HHH. 

B rnaBe qeTB6PTOtt•AUCC6pTSl.lHH ~HaMHKa npOAOJIJ,HOll HeycTottqn
BOCTH, OllliCYB88MSH B MOA6Jili TOHKOro K011!,l.l8 CHCT6MOll ypaBH8Hlill 
(7), nayqaeTCH qnCJ16HHli!.IH U8TO]taMH. B np8A6JI8X npru.ieHHMOCTli MOA8-
Jlli CHCT6.M8 ~7 J KOHeqaa li COCTOHT H8 ~ni,,+ i ypaBHeHHtt. 3A6CJ, 

n ~ «. R / 'l. ( R u 'l. - 6om,mo£t H uaJIYi:t pa.n;nycu KO JI bl.la cooT-
B6TCTB6HHo); npu n :.n,., rapuomutn H8KorepeHTHY H HMli MOEHO npe
He6peqJ, (paccuaTpHBaeTCH rHAPOAHH8J.IHqecKaH HeycTollqHBOCTJ,). 
B § I OllHCliBS6TCH llOCT8HOBK8 88AaqH _qHCJI8HHOro HCCJ16AOB8HHH. 
HaqaJii,uoe pacnpeAeJielilde '/'o (w) 11u6npaeTCH raycconoAo6HilM c 
noJiymnpHHolt <.Wo> '(HaqamHYlil paa6poo B nyqKe); uaqani,HHe aHaqe
H:l!H t~,o BYP8llt6HY qepea to C llOMOOU,Bl JIHH6HHOlt Teopn11. Bec1,1,1a 
BallJ:HYM OKS88JlCH YA06HHlt BY6op Oeapaauepiwx nepeM~HHHX; ~ OCHOB
HOU :11cnomao11aJiac1, 11HHBSPH8HTH8H 11 Hop1,rnpoBKa, B KOTOpon CHCTeua 
( 7) :l!HB8PH8HTH8 OTHOCHT8JIDHO napaMeTpa 'V/t O ( ~ = ::. tfr<Q ) 
N- q:11cJio aJieKTpoHOB B Kom,ueJ, onpeAeJIHIOll:(ero KPHTHqecKHlil paa-

6poc <. W1<,.) (nopor HeycTohHBOCTH) H B6JIHqHHH HHKP6M6HTOB. 
11l1HllapuaHTH!,1ll 11 6JIOK nporpaMMY, paapa60T8HHOtt 'AJIH pemeHHH Ha Sa! 
~HaMliq8CKOlt C:l!CT611Y r11, HSK8IlJlHDS6T npOM6lltYTOqHY6 peayJIJ,T8TH 
cqeTa Ha 11arHHTHYIO JI6HTY • B JII06olt MOM6HT MOXHO 88A8TJ, KOHKP6THY8 
~,aa,aqecKHe napaueTpu ( N, Ro, to ~peua 'l i '1: Jon ) , 11 "~nanqec
KH£i11 6JI()K nporl)aMMY Bliq:l!CJI:l!T HaqamHHll :I! KpHTHqeCKlilt pas6pocu no 
W, HHKP8M6HTS rapMOHHK, llOJIHj'IO aHeprHIO KOJibl.lS li noJielt B08MY~6-
Hlilt,. MOll\HOCTJ, :1!8Jiyq6HHH, g):1!8HqecK06 BP6MH t(~ei,:J 8BOJIIOUHHi pas-
6poc llO SHeprHHM B MOMBHT -f::: H H8PHCY8T rpa~HKH SBOJIIOUHH COOT
B8TCTBYIO!ltHX B8JlHqHH~ 
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RoHTpoJ1I, aa ToqHOCT»D cqeTa ocy~ecTBJIJUICH nponepxoil aaxoua 
coxpaHeHHH qHcna qacTHU 

J 'ro dw = N hr, (IO) 

H COOTHOW8HHH WJH ~O,ll!HOCTH H8JIYq8HHH (9) {HJIH aaKOHa COXp8H81illll 
W!H HO!.! npH ;c .. 1 

= 0 ) ' KOTOPH8 BlillOJUUIJIHC» C ,:oqHQCT»lO He xya:e 
ro-5 • PaaHOCTHaH cxeua (H8HBHaH, annpoKCHllaltHH 6nH8Ka KO BTOP.O
uy nopH;zuty) 6Wia BH6paaa aHanorHqHoil, HcnomaoBaBmeilcH B /I67. 
PacqeTH BenHc» Ha SRA C~C-6200. 

B § 2 Hccne,llY8TCH ;l(HHaMHKa HeycToilqHBOCTH KOn»ua B CB06o~
HOM npocTpaHCTB8 {CilJ (~ KOTOporo m,ne~aHC 8CT» peryrui:pHaH 
4JYHK!.tHH n . / 1/112./ = n o/3 ) : a) B CHllHO Ha;zutpHTHtl8CKO!.f p8lltHll8 
(~w.>:°'.:i<w~1->) H 6) "oxononoporoB011" (<Wo>=~sa..::w"I'> ). 

PaccuaTpHBanoc» IO rapMOHHK, B COOTB8TCTBHH C 
HCXO~H!:lMH npe~onOE8HHIDIH, qTo npH_h > IO IlOnH H8KOrepeHTHll. 

Peayn»TaTH cqeTa npe~cTaBneHH Ha rpa~HKax, oTpaESDlllHX ano
nDl.tHD 4lYHK!.tHH pacnpe~eneHHH'fo(wJ, noneil BOSMymeHHH, 3HeprHH llOJUI 
B KOJll,U8, MO~HOCTH Hanyqem1H, paa6poca H npoHSBO~HOil paa6poca 
no rr • 

B cnyqae a) BC8 IO rapMOm!K HeycToilqHBH H H8YCTOilqHBOCT» 
paaBHBa8TCH 6ypHO. Ha HaqaJlliHOil CTa~HH pocT ~apMOHHK B08YY~8m!H 
"" H 8Hepr1rn IlOJIR E ( t ) llP.OHCXO;l(HT B npeKp8CHQ)( cornaCHH C 

peayn»TaTaMH nHH8ilHott T80pHH; aaTeM B Hrpy BCTynaDT H8nHH8llHHe 
B8aHM0~8ilCTBHH, KOTopue orpaHHqHBaDT ~an»H8ll111Htt POOT H npHBOMT 
K OCl.tHnnH!.tHHM co cpe~en aunnHTy~ott, Ha nopH~oK YeH»meil noJIYqae- ~ 

YOil HS KaqeCTB8HHHX OU8HOK /I4/, T.e. K HaCNIIl8HHD aeycrolqHBOCTH. 
RpHBaH H8M8H8HHH YomHoCTH HanyqeHHH aayeqa~8Jll,Hli)( o6paaow B8C»Ma 
6nHaKa K KPHBOtt H8M8H8Hl4H aHeprHH IlOnH. C llOHBn8HH8M nepBoro 
"aarH6a" Ha KPHBOll E ( i) HaqHHaeTCH CTp8MHT8n»H08 ymHp8HH8 qiymc
UHH pacnpe~eneHHH to(w) t' , qepea BpeMH 'i: = Li B 6eapaauepHHX 
8'AHHHUax { ~4• I0-8 cex npu N =5 • I012) paa6poc npeBHmaeT KPHTH
qecxHil, ROJll,UO CHllHO 6aH~PY8TCH H nonHOCT»D paaBanHBa8TCH. 

B cnyqae 6) TOJll,KO nepBH8 5 rapMOHHK HeycTottqHBJi. SBOnDUHH 
E ( t) H . +o KaqecTB8HHO noxo:sa Ha OllHC8HHYD BHme. Ilpouecc 

pa8BHB88TCH 8H8qHT8n»HO Y8Wl8HH88; npH 'l: =14 HaqHH88TCH HHT8H
CHBHafi H8nHH8ilHaH nepeKaql(S B CTapmHe rapMOHHKH, HaXOM~8CH B 

no~oporOBOY pezwe; 0~8RO K STOMy BP8M8HH paa6poc yze ~OCTHraeT 
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KpHTHqecxoro, H K 'l: =20 ( ~ 2•IO-? ceK npH N =5 • I012) T8Rllte 
Ha6nDM8TCH paanan KOJII.IUI.·B o60HX CJIYq8ftX OTMeqancH 6onee HHT8H
CHBHHil, qey OlltHMnoc», pOCT r-tt rapMOHHKH; B cneuHaJll,HO llOCTaB
neHHOY qHcneHHOM 8KCll8pHll8HT8 6uno o6Hapyllt8HO HBneHH8 npem.1ymecT
B8HHOil HElmrneilHOil nepexaqKH 8HeprHH B CTOPOHY 1.18Hbllll'IX rz. , OC0-
6e_HHO B I-D rapMOHHKY. 

LIMeH B BH,llY 3TOT qiaKT, UOlltHO OEH~aT» B08HHKHOB8HHH HenHH8li
HOil CTa6HnH88UHH B peaHYe, B KOTOPOM HH8WHe rapMOHHKH YCTOllffl

BH, a HeycToilqHBH BHCIIIH8. Taxoil pelltHM MOllt8T 6HT» ocymecTBn8H B 
pean»HHX 3KCil8P.HM8HT8n»HHX ycnOBHHX - MOEHO TaK no~o6paT» reoMeT
PHD xa1.1epH /I?7, qTo qiymcUHH / '1,./n. 1. {, onpe~eJIRDmaH nopor Heyc
ToilqHBOCTH, 6y~eT B cpe~H8M paCTH c POCTOM n. ~ § 3 rnaBU 4 
HayqaeTCH ;l(HHaMHKa HeycToilqHBOCTH PSR B uo~en»Holl xauepe lpeaoHa
Tope)' ~ KOTOpoll ~YHRUHH / 1 .. 111 io / CKOHCTP.lHP.OBaHa nyTeM KOU6H
H81.tHH peayllT8TOB 3KCll8pH118HT8Jll,HliX ~aHHliX 7 ?7 H qHcneHHWC pac
qeTOB ~ ID.lll8'A8HCa. 

B STOil cnyqae H86nD'A8nac» qaCTHqHaH H8nHH8ttH8H CTa6HnH881.tHH, 
BHpaaHBW8HCH B H8nHH8ilHott nepeKaqKe aHeprHH B ycTollqHBH8 rapMOHH
KH H B CHJII.HOM 38M8;llJI8HHH XOM npouecca, B ~enoM npoTeKaBmero 
TaK xe, KaK H :a npeJUi,llYmHX cnyqaHx. JlnH N. =1011 BpewH aBOnDUHH 
HeycToilqHBOCTH (~0,4•10"."6 ceK) H B8nHtlHHa KOHeqHoro paa6poca 
(~I%) 6JIH3KH K nonyqe:aHUM B 8KCnepHM8HT8X /l? /, MR C5&llmHX 
cornacHe xyze, qro H8Y'AHBHT8n»Ho,c yqeroM rpydOCTH M0A8RH.IlOA
qepKHYTO, qTo HayqeHHe paaBHT!A!H M8T0~8MH 6onee peanHCTHtlHOil MO

~enu, HBJIRlllll8ilcH o6o6~eHHeM paccMoTpeHHoll (6onmee qHcno rapuo
HHK, ;v:rteT npe~cKaaaHHoro 8qigJ8RT8 11 'ABHllt8HHH peaOH8HCOB) H BilOnH8 

~aDmeilcH HCcne~oBaHHD C llOMO!llI,D 6onee MOmHOtt SB4, YOZ8T npHB8C
TH K cy~eCTB8HHO nyqmeuy OllHCaHHm B mupoKott o6naCTH napaMeTpOB H 
KOHKp8THUM npe~CK888HHRM, BaZHIDol ~ 3KCll8PID.18HT8TOPOB. 

. ' 
· OcHoBHHe peayllTSTH ~ccepTaUHH ony6JIHRo:aaHH B pa6oTax 

/l8-22/ H ~OKJI8ltl,1Banuc» Ha Co:aamaHHH no nporpaMMHPOB8HHD H M8T8-
Y8THqecK~_H8TO'AaM pemeHHH ~H8H'l8CKHX 88'A8'1 (.1{y6Ha, 19?3),a.Ta.ICllte 
Ha BceCOD3HOM COBemairnH no ycKopi:rem=JM 3apm1:eHHUX '18.CTHU(MocKBa, 
I9?4); 
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