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nnH HCCJI6'AOBaHIDI CJIOlltHUX WHSHqecKHX Sa'Aaq B HaCTOH~ee Bpe

Mfl HHT6HCHBHO npl4l!eHH8TCH M8TO'A 1,rnTeMaTuqecKoro 140'Ae,mpoBaHHfl • 

lliHpOKO HCilOJIDSyeTCfi KaK MO'A8JIHPOBaHHe Ha OCHOBe KOHTHHyaJIDHUX 

ypaBH8HHtt (HanpHMep, rH'APOMHaMHqecKHX), TaK H qucneHHUtt aKcne

plD.leHT c · ucnom:.aoBaHHeu "yKpynHemwx" qacTHI.\ (B Tex cnyqaax, Kor

'Aa cy~eCTB6HH8 MCKpeTHOCTb CHCT8MU) /I/. 

O'AHHM HS BalltHUX HanpaBJI8HHtt COBpeueHHOtt WHSHKH HBJIH8TCH 

HsyqeHHe MHaMHKH H8JIHHettHUX BOJIH. IlpH 'AOCTaToqHo 6oXDmHX aMnJIH

TY'AaX BOJIH CHJlbHaH KOppeJIHI.\Hfl HX was MOllt8T 'A6JlaTb HenpHMeHHMUM 

xopomo paspa6oTaHHUtt annapaT Teopuu cna6ott Typ6yneHTHOCTH/2- 5/. 

B pa6oTe /G/ 6JI110 npe,1v1oxeHo Y.It06Hoe .ItHHaMHqecKoe on11caHue CHJILHO

HeJIHHeRHlilX s.q. npOl.\8CCOB B nnasMe, H BU'ABHHyTa runoTeaa 0 

BOSJIOllHOCTH "KOJIJianca neHruropoBCKHX BOJIH11 {KJIB). BalltH}l)IH pemeHH

HJIH H8JIHH6llHWC 8BOJ!Kll.\HOHHUX ypaBHeHHtt fiBJIHKlTCfi COJIHTOHU (ycTaHo

BHBmHecH Y8'AHH8HHl,le HeJIHHettHUe BOJIHU}, KOTOpUM nocBa~eH WYH'AaMeH-

. TaJIDHUtt o6aop / 7 /. B TepLnrnax COJIHTOHOB Y.It06HO o6cyllt]laTb H3B8CT

HYD npo6neuy ~epMu-IlacTa-Ynaua /Bl, HaH6onee o6~aa wopMynupoBKa 

KOTopott TaKOBa: MollteT Jill H8JIHHeilHOCTb BOJIH npHB60TH K Heo6paTH

uouy nepepacnpe'AeneHHD HX aneprHH no cTeneHHM cBo6o;zu,i u cToxac

THSal.\HH paccuaTpHBaewx CHCTeM? CToxacTHSal.\Hfi HeBOSMOlltHa B IlOJI

HOCTDD HHTerpHpyeuux raYWibTOHOBUX CHCTeuax, BSaWIO]lettcTBHe 00-

JIHTOHOB B HHX HBJUl8TCH ynpyrHM, T.e. coxpaHH8T HX ~opuy,aMnJIHTy

;zu,I H CKopocTH. 

nuccepTal.\HH COCTOHT HS BB8]18HHH, Tp6X rJiaB, 38KJIDqeHHfi 

u npHJiollteHHH. 
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B rrepBon rnaBe Ha rrpHMepe BonH B rrnaaMe paccMaTpnBaeTcH 

3BORIDUUH H6RHH8fiHUX B.q. BORH, OKaauBaIDIIUDC YCP6AHBHH06 B03'A6fiCT

BU6 Ha H.q. 'ABHlK8HHH (HOHHD_-3BYKOB!l6 (S) BORHH). H.q. BORHU
1 

paccMaTpHBaeM!le B 3TOtt rnaBe, cy~eCTB6HHO BRHHIDT Ha B.q. rrpouec
cu, B qaCTHOCTH, Ha ~HaMHKY B.q. CORUTOHOB. 

§ I rnaB!l I CO'A8plKHT KpaTKHfi o6aop_ ncnom,ayeM!lX ypaBH8HHtt. 
TaK, CUCT8Ma 

i oE + Q 1 ~ ·l"'E=U£ ~zf~-L\nV =L\t~lff U) ot ot t"'ot YJ J u 

y~o6Ha Mn o,1UloMepHoro MO'AemipoBaHHH cun:&Hott nearumpoBcKott ( {) 

Typ6yneHTHOCTH B rrnocKoll, ~nHH'ApnqecKn-cHMMeTpuqHott (CS) u 

c~epuqecKn-cHMMeTpuqHott (5S) reoMeTpun 161 { cx=O,I,2 cooTB6T-

cTBeHHo). 'lac To paccMaTpnBaIDT 11KBaaHcTaTuqecKoe 11 ( q,s) rrpn6nHlKe-

aue, rronaraa B (I) ~K == 0 ; B aToM rrpu6nniKeHun V=-IEI~ 
11M6HHO q,s -MexamtaMll_ BnUHHHH. H6nHH8l-!HOCTH paccMaTpHBaIDTCH 

06uq110 B Teopuu CaMOg)OKYCHpOBKH t -Bon11 (CM. o6aop [9] ). 

B § I OTMe~aeTcn, qTo sa'Aaqa o caMo~oKycupoBKe t-BonH B rrnas-

Me Tpe6yeT ~UHaMuqec1rnro omICaHHH (I), B KOTOPOM orrepaTop 
o I o ,,a. .. " . 1 . o 0( o i 
l>t t"' o'l .. saMe11eH Ha =tt = t"' o'l z 25F O{ = . 

B § 2 rrepBofi rnaB!l ypaBHeHHH lI) rrpeo6paaoBaHH aaMeHott rrepe-

MeHHux cp= E zOC/2 , V = V 'toc1\ 0( = 1, 2 K Bll'AY' Y'A06HoMy 

MH uccne'AOBaHHH Ha 8BM. ~nH rronyqeHHllX ypaBH6HHtt ITOCTpoeHU KOH

cepBaTHBH!le /IO/ paSHOCTHlle CX6Mll 2-ro IlOPH'AKa TQqHOCTH, H CKOH

CTpyupoBaHa ITO]UIUlltHaH paSHOCTHaH C6TKa C rrepeMeHHID.!H maraMH 1: 
H h 

B § 3 rnaB!l I Ha OCHOBe CHCTeMU ypaBH8HHtt 

i ~t + Exx = V£ , ¾t - ½x = 1£1:x (2) 
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uayqaeTcH ~opuupoBaHue H BaaHMo'AelicTBHe B.q. l-conuToHoB, 

£=£ S£.ch. [(x-MO Em -].exp(i"12 x-(Qf) 
m V2(1-M2)' • 

V =- )E\2 S2 - l-\2 - £! (3J 
1-M2 

, - 4 2{1-/1.2) 

ConHTOHli {3) rrpHHUnnuan:&HO H8 MoryT HM6T:& CKOPOCTU 11 > 1 ' B 

OTnuq,rn OT q,s -conuTOHOB ypaBH6HHH 

LEt + £xx+\E\2 E=0, (4) 

nonyqeHHllX B /II/; CKOpOCT:& 

aaMeHott {I-M2) B ~opMyne (3) 

9-s -conHTOHOB, KOTOplle rronyqaIDTCH 

aa e 11;uHuny, nponaBon:&Ha. IIpu anami

-ae nponeccoB g')opMupoBaHHH H B38.llMO'A68CTBUH 

aoBallli UHTerpan!l 'ABHl!t6H!IIH S1 = _[IEfdx 

S2 =j(VIEl1.+1E;l 2
+ 'f2

+ f)Jx, 

connroHoB (3) ucrron:&-

!II 

ov+ ou=D 
ot ox (5) 

(BaKoHll coxpaHeHHH qucna nnaauoHoB u aaepruu cucTBMll, uo11:enupye

uott ypaBH6HUHM!II (2)). ~H COnUTOHOB rronyqeH!l BllpalKeHUH Si Us~ 

qepea fm u Pt u aaBUCHMOCT:& S2 = 52 ( 51 , M). 
IloKaaaHo, qTo B pairnax qs -ypaBH0HUH (4) HeBOSMOlltHO 

~Op!,llllpOBaHue 

H6 COBna11;allT 

B.q. q.s -connToHoB, ecnu ron:&Ko aaqan:&Hlle 11:aaaue 

cnyqaffHw o6pasou c N -conHTOHHUM pemeaueM aroro 

ypaBH0HHH, rronyqeHHllM M6TOAOM o6paTHOtt sa11;aqu Teopuu pacceHHUH 

(03TP) B /I2/. Ilpuquaa COCTOHT B TOM, qTo npeHe6pe~eaue B (2) 

qneHoM ~~'{ sarrpemaeT reHepanuro a.q. S-BonH, urparomux 

pon:& rrepettocquKoB aaepruu u uMnyn:&ca B rrponeccax wopMupoBaaun u 

B88HMOA6liCTBUfl B. q. CORHTOHOB. B OTnuque OT <j s-ypaBHel!Ufl (4) 

~HaMuqecKafl CUCTeMa (2) IT08BORH0T npocne11;uT:& WOPMHpOB8HU0 co~u

TOHOB (3) HS pasnuqH!lx aaqan:&HllX rraKeTOB B.q. BOnH /I3/. B qacT

HOCTU, paccMOTpeHo wopMupoBaHH0 'ABU~y~erocn CORUTOHa us Herro11;-
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BHlKHoro HecHMMeTputrnoro naKeTa B peaym;TaTe "peaKTHBHoro" ;z\etlcT

BHH H33IytrneMllX S -B03IH. Kpo11e Toro, Ha 8BM uaytJeHo qiopi.mpoBa

HHe ua cBepxaByKoBoro (M0=2) naKeTa: 

E(x, 0)= C.exp[-{X-Xo)2-/2cl 2 1· exp(( 4x) 

V(x, o) =0. C=i, d =2, 
(6) 

;z\oanyKonoro co3IHToHa, HMero1I1ero cKopocTb M""' 0.55, ECJIH n (6) 

V(x,.O)=- IE(x,.O)I\ o6paayeTCH 6oJiee 11eMeHHl:li1 co3IHTOH 

(M~o.r). Boo61I1e, MH qiopMHpo:aamrn C03IHTOHa (6), l-\BHlltYIJl8rocH 00 

oKopocTbID M , Heo6Xol-\llMo, tJT061,1 SHeprHH HatJa3IDHOro BoaMy!lle

HHH 52 ( 0) npen1,1maJia SHeprHJO COJIHToHa 5
2 

(SJ., /1) /I4/. 

BaaHMO;z\8!.!CTBHe </ S-COJIHTOHOB B paMKax ypaBH8HHH { 4) ynpy

ro /IZ/. IlpH nepexo;z\e K l-\llHaMHtJ6CKOll CHCTeMe {2) IlOJIOlK8HHe KO

peHHHM 06paao11 H3M8Hfl8TCH. TaK, B mupoKotl 06JiaCTH napaMeTpOB 

Em /YI npo:0:cxo;z\HT 11CnHnaHHe 11 l-lBYX Ol-\llHaKOBllX BCTpetJHIDC coJIHTOHoB , 

B Ol-\llH; H36hlTOtJHaH SHeprHH ,.1 S 2. npH STOM YHOCHTCH 5-BoJI

HaMH, 063IaCTb CJIHilaHHH IlOJiytJeHa B 6oJIDlli0tl cepHH SKcnepmleHTOB Ha 

8BM. IlO-BH;l\HMOMY, STO nepBl:lft npHMep TaK HPKO BhlpalKeHHOll Heynpy

rocTH B3aHMo;z\ellcTBHfl COJIHTOHOB. 

j'.(a31ee npo;l\eMOHCTpHpoBaHa B03MOlltHOCTb o6paTHoro HBJI8HHH -

pac1I1enJieHHH coJIHToHa (3) Ha l-\Ba i peayJIDTaTe ;z\etlcTBHH Ha Hero 

H.Q. S-BOJIH. O;l\HoBpeMeHHO IlOKa3llBaeTcH, tJTO HCil0Jlb30BaHHe npa 

MO;z\8JIHpoBaHHH nepHO;l\lltJ8CKHX H HYJI8BHX rpaHHtJHHX YCJIOBHft npHBO;z\HT 

K 06pa1J1eH11ro npouecca qepea :apeua ft== 2Yv; { 2L-MHHa pac

cuaTPHBaeuoro OTpeaKa, Vs=i - CKOpOCTb S -BOJIH), CJIHilaHHe 

H l-lP06JieHHe COJIHTOHOB 03HatJaeT B03MOlltHOCTb nepe;z\atJH SHeprHH COOT

B8TCTB8HHO B cryCTKH M6HbmIDC H 6om;mHX MaCmTa6oB H Il03BOJIH6T 

paapa6oTaTb Mo;z\eJID C03IHTOHHotl f-Typ6yneHTHocTH /IS/. OTMetJa

BTCH, tJTO B npouecce caMoqJOKyCHpOBKH f -B03IH B nnaaue TaKllt6 

~OJilltHa HadJID~aTbCH reHepauHH s -BOJIH, 

6 

~ 

'1 

1, 
9 

IlonytJeHHHe peaym;TaTH HHTepnpeTHPYIOTCfl Ha fl3HK6 H;l\epHoll 

qlH3HKH H MoryT 61:lTb HCilOJib30Balill MH IlOCTpOeHHH MO;z\8Jiei1 SJieMeH

TapHHX tJacTHU KOH8tJHoro paa11epa. 

B § 4 rJiaBH I Ha OOHOBe CHCT8~ {I) H3ytJaIDTCfl f S H ss 
MO;z\6JIH K]B. PaCCMOTP8H npouecc o6paaoBaHIDI KBa3HCOJIHTOHOB, HMe

IDIJIHll MHoro 061I1ero C npoueccoM qiopM11poBaHHH C03IHTOHOB (3). May

tJeHa aH8JIHTHtJ8CKH HatJa3IDHaH CT8;l\Hfl ;z\BHllt6HHfl KBaaunJIOCKoro 

( D.. 't « 'l ) "cqiepHTOHa", H6IlO;z\BHlltHOrO npH ·t =0 . lloKaaaHo 

OTCYTCTBH6 aBTOMO;z\63IDHl:lX ·pemeHHtl B ss -reoMeTpHH, llo3IytJeHH 

BHpalltemrn MH HHB8pHaHTa 5
2 

B [5 H 55 C3IytJaf!X. C no

MOIIIDID pactJi:iTOB Ha 8BM, a TaKllte aHaJIH3a HHT8 rpaJIOB ;z\BHllt6HHfl, lJH

IlOJIH61IHOro BnepBlrn B /I6/, IlOKaaaHo, tJTO ycTaHOBJI6HH6 01rnpocTH 

KBaanco3IHTona M ~ i/15 - 061I1afl aaKoHouepHocTb MR CS u SS 
MO;z\631811 K]B. B ss cnyqae o6HapyllteH 3qlqi6KT BlltJHC3IHT6JibHOi1 

OCTaHOBKH cqiepHTOHa npH MaJIHx t • 

B § 5 l'JiaBH I uayqaeTCfl ;z\HHaMHKa ciiop1.mpoB8HHfl H B3aHMO;z\ei1-

CTBHfl reJIHKOHHHX (-W) COJIHTOHOB Ha OCHOB6 CHCT6Mll 

. ah. ·clh. /2 _ o~v ,lv _ 0
2 lh lz 

l vt + ox2 + V. - O , ot2 - ox 2 - ox2 • 
(7) 

W-coJIHTOHH flBJif!JOTCfl CB6pX3BYKOBliMH, /v1_ >i 
1 

H nepeHOCflT no110-

lltHT63IDH06 B03MYIJl6HH8 Il1IOTHOCTH V = i!t 1~ (M 2
- 1./ , j'.\]lfl HHX BH

tJHCJieHl:l 3HatJeHH!J HHB8pHaHTOB s1 ~ H S2 CHCT6Mli (7) H Hail

;z\8HO COO~HomeHHe s ,2 ·=c 52 ( S1 '11) • I101rnaaHO, tJTO B 0611aCTH 

npHM6HHMOCTH CHCT8Mli l7) SHeprHH 1v -C01IHTOHa S2 Il01!0lltU-

Tem,Ha, H,tJ, s -B01IHl:l urparoT nalltHyro po11b B npoueccax qiopirnpo-

BaHH!J H B38HMO;z\ellcTBHfl B.tJ. 

OT3IHtJH8 OT peay11bTaTOB § 3, 

W' -C01IHTOHOB, O;z\HaKo Tenepb, B 

S -B01IHl:l OTCT8!0T OT CB8pX3BYKO-
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BHX w -conHTOHOB. IlpH llX BCTpeqHHX CTOHKHOB8HHHX M6X,llY co6oll, 

KOTOplie OKa3HBaIDTCfl HeynpyrHMll, qacTI, 3Heprllll nepe'AaeTcfl s-
BOnHaM, qTo npHBO'AllT K YM8HI,ID6HHID CKOPOCTll J1 W' -C OHllTOHOB; 

MHoroKpaTH06 TOPMOlK8Hll6 npH napHHX CTOHKHOB6HHflX MOlK8T nepeBec

Tl1 3Tll conllTOHli B o6nacTI, CMI>Horo saTyXaHHfl, W '°' WHi 

OTMeqaeTCfl B03MOlKHOCTI, cnllnaHHR -w-conHTOHOB npll Manon OTHO-

CllT8HDHOll CKOpOCTH A J1. 
PemeHHfl CllCT6M (2), (7) B Bll'A6 f ll 1ff -conHTOHOB RB-

namcH H6Y'AOBneTBopnTenI>HHMll npH M-1 , TaK KaK npll sToM 

IVl-oo, ll CTaHOBllTCR H6llpllM8HHMHM HllH6HH06 OilHCaHll6 H.q. B03-

MYlll8Hllli. 

Bo BTopon rnaBe nsyqaeTCR 'AllHaMllKa COHllTOHOB, MR KOTOpliX 

CY!l{6CTB8HHH H6HllH6llHOCTI, ll 'AHCil6pCllH H.q. BOHH. K HHM OTHOCHTCH 

H.q. conllTOHli (HanpHMep, HOHH0-3BYKOBH6) ll BHCOKoqacTOTHHe, CKO

POCTI, KoTopux 6nnsKa K cKopocTH nnHellHwc H.q. S-BonH, M-1, 
(oKonosByKoBHe neHrMmpoBCKHe (ls) H renHKOHHHe (ws) conHToHU). 

B § I 3TOll rnaBH OTMeqaeTcR, qTo ypaBH6HH8 ByccllHeca /I7/ 

(ypaBH8Hll8 H6HllH6liHoll CTPYHH), nonyqeHH06 MH onucaHHfl pasnuq

HHX H6HllH6llHHX BOHH B MHHHOBOHHOBOM npe'Aene ( K« 1 ) ll T6CHO 

CBH3aHH06 C npo6neMoll ~TIY, 

Utt= Uxx + (U2.)xx + lixxl('J( (8) 

OilllCHBaeT pa3BHTH6 H8Wll3llqecKoll HeycTollqHBOCTll, qTo o6~HCHH6TCR 

HenpaBHHI,HliM onucaHH6M KOPOTKllX ( K ~ 1 ) BOnH, MH KOTOpliX HS 

(8) npn u-o cne,eyeT W2 = K2.(f-KZ.) • IlpeMaraeTCR 

KOppeKTHHll aHanor (8) - MO'AHWHUHPOBaHH06 ypaBH6Hll6 EyCCHH8Ca 
p 

lftt = u.,o( + (ll )xx+ llxxtt , p=Z (9) 

KOTopoe MOlKeT 6HTI> nonyqeno npu u-0 nuHeapusauHett rn'Apo~HHa

uuqecKoll Cl1CT6Mli MH S -BOHH ll HBHH6TCH Y'A06HHM 'AHR l1CCH8'AO~ 
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BaHllH Ha SBM 'AHHaMHKn HennHellHHX BonH co cna6oll 'Ancnepcnen. 

IlonyqeHO npn6nHlKeHH06 ypaBH6HH6 MH rH'APO'AHHaMnqecKoll CKopocTH 

H.q. S-BOnH, HM6ID!l{66 B nnoCKOM ·O'AHOM6PHOM cnyqae Bll'A: 

1{t- = V-xx - (ll 2)tx + 1fxx-U ." (IO) 

Hali'A6Hli pemeHHH ypaBH6HHll (9) npll p =2,3 ll (IO) B Bll'A6 COHHTO

HOB, o6pasymll{HX O'AHOnapaMeTpllqecKl16 oeuellcTBa. IlpHBOMTCH BHpa

lK6HHH MH llHTerpanoB 'ABlllK8HHH paccMOTP6HHHX ypaBH6Hllll. 

B § 2 rnaBH 2 llOCTp06Hli H6HBHH6 'A6BHTHT0qeqHH6 pa3HOCTHH6 

CX6Mli MR pemeHHR Ha SBM. ypaBH6Hl1li (9) npll p=2,'5 l1 {IO), KOTO

plie OKa3HBaIDTCR Y'A06HHMH 'AHR qHcneHHHX pacqeTOB. IloKasaHo, qTo 

ypaBH6HH8 ByccHH6Ca MOlKHO pemaTI> Ha SBM, TOnl>KO l1CilOHI>3YH pas

HOCTHYID ceTKY c maroM no ocH :,:, ft > 2 , HCKnmqaa TaKHM cnoco

CioM KOpOTKll6 ( K;?:. J.) BOHHli ll3 paccMOTp6HHH • 

B § 3 3TOli rnaBH paccMaTpHBa6TCH 'AHHaMHKa H.q. conHTOHOB. 

YpaBH6Hll6 (9), B OTnHqne OT ypaBH6HHR KopTeBera-'Ae Bpllca, 

Il03BOHH6T npocne'AHTI, npouecc o6pasoBaHHR conllTOHOB, 'ABHlKYlllllXCH 

B npoll3BOHI>HYID CTOPOHY OCH X • B npoBe'AeHHWC 3KcnepllM6HTaX 113 

nm6oro HaqamHoro BOSMYllleHnH, MR KoToporo J udx >0·, wopuupy-
-oo 

6TCH no M6HI>men Mepe O'AHH conHTOH, qHcno oeipasyIDIJlllXCH conHTOHOB 

yBenuqnBa6TCH C yBenuqeHneu npH WllKCllpOBaHHOli aMnnHTY'A6 mHpllHH 

HaqamHoro B03MYlll6HHH. 

YpaBH6HH6 (8) .IIM66T )/ -conllTOHHli6 pemeHHH /I8/, KOTOplie 

03HaqamT., qTo B3aHMO'A6llCTBH6 conHTOHOB ynpyro ll yKa3HBaIDT, BM6C

T6 C HanHqneu cqeTHoro MHOlK6CTBa HHTerpanoB 'ABlllK6HHH, Ha TO, qTo 

ypaBH6HH6 (8) OilHCHBaeT BnonHe HHTerpnpyeuym raMMI>TOHOBY CllC

T6MY /I9/. XapaKT6p B3aHMO'A6liCTBllH COHHTOHOB npnHunnnamHo M6-

HR8TCfl - OHO CTaHOBHTCH ·HeynpyrHM - npn nepeXO'A6 K ypaBH6HllID 

(9). K03WWHUH6HT HeynpyroCTH K ln. , onpe'AeneHHHll KaK OTHome-
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HHe aMUJIHTY;ll!l H8COHRTOHHl:lX B03My~eHHlt, pOllC'A6HHI,IX npH CTOJIKHOBe

HHR COHHTOHOB K HX aMilHRTY'A8 A , CTpeMHTCH K HYHBl , KDr'Aa Jl-,.o, 
H MOHOTOHHO pacTeT C yBeHHtl6HR8U ' 'AOCTHraH BBHHt!HHli K lit~ 0.1 

npR A=2 • BaaHMo'AeltcTBHe coHHTOHOll B paMKax ypaBH8HHlt {IO) R 

(9) npR p =3 Taxme oxaaHBaeTcH Heynpyrm.1. Tamm o6paaou, ne

pet1HCH8Hlllie ypaBH8HRH, B OTHRt!R8 OT (8), MO'A8.lillpyIDT CTOXaCTH3y-

8Mli8 CRCTBMH, B KOTOpliX B03MOllCHO nepepacnp8'A8H6HR8 8Hepru MelK

'AY CT8ll6HHMH CB060;ll!l. 

B s 4 rHaBH 2 C noMOlllI>D SBM HCCH6'AY8TCH 'AHHaMRKa 'A:Byrop6HX 

ls -coHHToHoB. nirH aTolt ueHH Hcnom,ayeTcH MO'ABHHpoBaHRe H.ti. 

'ABRlKBHRlt IlH88Mli Ha OCHO:Be: a) TOtlHOlt rR'APD'AHHaMRtl6CKOlt CHCT8Mli 

'AHH S-BOJIH C ypallH8HH8U ITyaccona B llR;zt8: 

Lw = e,xp'w-clE\1)-n. c= ~ me-« 1 (II) 3 f XX ( 1 l 1 ._, m, 1 

n.-nHOTHOCT» HOHOll; 6) H60'AHOPO'AHOro MO'AH~RUHpoBaHHoro ypaBHe
l 

HRH IiyccHHeca: 

¼t- Vxx- c {V2
)xx -i ½xtt = 1£\:x · (12) 

B.ti. noHe E(x,i) , KaK H B rHaBe l, onHcHBaeTCH nepBw ypaD

HeHReM (2). 
IloxaaaHa ycTolttiHBocT» ls-coHHToHoB B O'AHOMepnou npH6nRme

HRH. PaccMOTPBHli RX BCTp8t!Hli8 CTOHKHOB8HRH MBlK'AY co6ott, a T8KllC8 

C s-conHTOH8MR H HBHHH8ltHHMH S-BOHHaMH paapelKeHHH. 06Hapy-

lKBHO, t!TO npH 8THX cy~eCTB6HHO HeynpyrRX B3aIDAO'A8HCTBHHX npoHc-

XO'ART ycxopeHH8 38M6THOlt t!SCTH f-nnaaMoHOB 'AO CBBpX3BYKOBIDC 

cxopocTell. OxaaaHoc», tiTo HeynpyrocT» BBaHMo'AeltcTBHH fs-conHTo

HoB C s-COHHTOHaMH 3Hat!HT6H»Hee HeynpyroCTH HX CTOHKHOBBHHlt C 

S -BOHHaMH paapelK6HRH (npR B3aRMO'A6ltCTBRH HRH6liHHX 

f -COHHTOH8MH noHOlK6HR6 o6paTHOB 1r.s1. 
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.S-BOHH C 

B § 5 8TOlt rHaBU noHytieHo aHanRTHtl6CKH O'AttonapaMeTpHtiec

K08 ceueltoTBo oKoH08llYKOllIDC ( M = i + 11, 0 < 11 << i) reHHKoH

HHX 'WS-COHHTOHOB: 

h = B· tit 6x- scch. €:x-exp (i f}-z:-·t.Q f), 
V=A-sul/lx, X-==Z-Mt, C= r-J.', .A-==-:. 

_ 3({-M2
} _ _r:;-;:- M2 (13) 

A - ( p- 3 6) I B - AV 6'- p ' _Q_ = T +).. 
,, ,.,,.2 M2 It ,.,,..zd:l. . 

0 _ f.Jpe. vs ~- r, We~ vs e 
- ,.~2 Kz_,J, , y- ,._,z' c-t 6>-J3. 
~ .~- -- , 

WS-coHHTOHH (13) HllIDIBlTOH cBepxa:ByKoBHMR aHaHoraMH 'AOa:ByKoBux 

ls-coHHTOHOll, Ho nepeHocRMoe ID.IH 13oauy~eHHe nHOTHOCTR V 
HMeeT BR;zt "rop6a" BM8CTo "HMH 11 ll ls -coHHTOHax. 

B TD8T»6lt rHa:Be ll O'AHOMepHolt MO'A6HH H3Yt18DTCH npo;ztOH»Hlie 

'AllHlK6HHH ll cryCTKax P6HHTRllRCTCKHX 8H6KTPOHOll npH l1X TOPMOllC6HRR 

ll IlHOTHOlt IlH83U8 llOH6;!!CTllH8 'AHCCRITaURR B03HHKaID~ero ll Helt o6paT

Horo TOKa 1201. YtieT KOH6t!HOlt npOllO;!!HMOOTH nna3Mli (J npHBO'AHT 

K llOHllH6HHIO nonH £ = n e C (j-l , TOpMoan~ero aneKTpoHH crycT

Ka. IlpRHHM86TCH, t!TO 1t/n
0 
«J. ( 11., n

0 
- KOHU6HTP8UHH 

aneKTPOHOll nytixa R nnaauu), I{ =C, 6=6'.ci. =6
0
('f/"r;J~ 

T -TeunepaTypa ITH83MH. 

B § l rHaBH 3 Hcnom,ayeTCH npR6JllllC8HH8 11XOHO'AHOlt 11 rR'APO;ztR

HaMHKH H BliHCHHBlTCH ycno:BRH ero npRl!6HHLIOCTH K ;!!8HHOlt aa;ziatie. 

YpallH6HHH 'A:BHlK8HRH R HenpeplillHOCTH, 38IlRC8HHH8 ll co6CTll6HHOlt 

CRCTeue xoop;ztRHaT crycTxa, npeo6paay10TCH K narpaHlKe:Bolt Koop;ztRHa

Te Z = f h dx , z.,,.0 ,t' ln dx==N , r;11e N- nonHoe tiHcJio aneKTPOHOB 
0 0 

crycTKa MHHH L = er Ha e;ztHHHuY nnoll!a'AH. B 6eapaa.1.1epHHX ne-

peMBHHl:lX ypaBH8HHH IlPHHHM8~T llH;ll: ( 1T - CKOpOCT» 8H8KTPOHOll): 

on 2 eu. ==O ov --JI (1 B /
1 

d )-¾-at + n 02 , ot - n + n z . (14) 
z 
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B o6meM cJiyqae KapTHHa TetJ'eHHH onpe'AeJIH6TCH 8HatJ'6HllHl,lll na-
2N B 5 e2 N 

paMeTpoB A= ~ """ c = 2 6. n T.:c , g)opuott cryoTKa 
,,re. Vo I o o o 

n (x) n TeMOBHM paa6pocoM B MoMeHT HH11tem:~nn. B cnyqae B == 0 

Hafi'AeHU TOtJ'HHe pemeIDUI B paa'AeJIHKllllllXCH nepeueHHHX , tr= V{z)-v{-1:), 

n = N(Z) · ?(f) , B Bll'Ae 'Ae(I/opMnpyllll!lllXCH TpeyronJ,HllKOB. 

IloKa8aHo, tJ'TO B TeX IJ6CTaX crycTKa, r'Ae npn -t =0 peSKO 

yueHI.maeTcH dn/c(x, cymecTBYeT TeH'AeHIUiH K noHnllteHllKl nnoTHOCTH 

n • 0TM6tJ'a6TCH T8KE6 B08MOlltHOCTI, pa8'A6Jl6HHH nepeMeHHUX B (14) 

npH B>>-1 
B § 2 TP6Tbett rJiaBH llCITOJII.80BaH HM6Kll!Ultt 60JII.myro 061IlHOCTD 

MeTO'A yKpynHeHHHX qacTH~ /I/, noaBOJ!Hllll!Ulll paccMaTpHB8Tb crycTKH, 

B KOTOpHX npOHCXO'AHT nepecetJ'6Hll6 TpaeKTopnn 3Jl6KTPOHOB. 06JiaCTbt 

aaHHMaeMaH crycTKOM, 'A6JIHJl8CD Ha ffl =IOO OTp68KOB, no KO-

TOPH!.I B HatJ'amHHll IJOMeHT pacnpe'AeJIHJ!llCD l(>>m qacTn~ c nepe-

M6HHHM 11 aapH'AOM 11 <}, (X) • JlnH Kallt'AOll tJ'aCTH~ pemaJIOCD ypaBH6Hll6 

'ABllllteHHH; ITJIOTHOCTb n(X) BNtJ'HCJIHJiaCD cyw.inpoBaHHeM no OTP68KY 

paa6neHHH. BHtJ'llCJ!llT6HbHHll anropllTM 6HJI npoBepeH Ha TOtJ'HNX peme

HHHX § I. 
lJncJIBHHHe :=rncnepHMeHTH npn JI =O.OI, B =I;IO no'ATB6P'AHJIH, 

tJ'TO nporpeB nJiaa1.1H crycTKOM { B ,p O ) npHBO'AHT K ocJia6JieHHll Top-

11011teHHH 11 aa;ziHmc11 8Jl6KTPOHOB no cpaBHBHHKl C "nepe;ziHHMH11 ll ;zieJiaeT 

B08MOEHHM nepecetJ'eHHe TpaeKTopntt SJieKTPOHOB TeX crycTKOB, B 

KoTopux oHo He B08HHKaJio npn B = 0 • Ha rrpHMepe crycTKOB 

"rayccoBcKott11 g)opi.m, n (X,0) ~ e.xp [-{.r- Xo)3/2 d2
] rroKaaaHo, 

tJ'TO 'Aa11te npn B = 0 B08HHK86T nepecetJ'6Hlle 8JI6KTPOHHNX TpaeK-

Topnfi, 6CJ!ll B HatJ'aJII.HHfi MO!.leHT cymecTBYKlT yqacTKli crycTKa, r;zie 

cf;;~ >0 • Mccne;zioBaHa T8KEe ]lllHaMHK8 crycTKa B BH]le paBHO

CTOpOHHero tpeyronbHnKa c tennoBHM pasOpocoM. 
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Cg)opMyJinpyeM OCHOBHH6 peaymTaTld, ITOJiytieHHHe ll HaCTOHl!leli 

pa6oTe: 

I. IloKaaaHo, tJ'TO B KBaancTaTMtJ'ecKoM rrpn6mrn.:emrn, T.e. npn 

ncnoJII.8oBaHnn ypaBHeHIDI Illpe]lllHrepa c Ky6111JecKoli HemmetiHOCTDIO 

{ 4) 1 H6B08MOlIHO (!)OpMHp,OB8Hll6 B • tJ' • COJ!HTOHOB. B 'AHHaMHtJB6Kofl M0-

]!6J!H H8 pa8JilltJ'Hl1X Ha tJ'aJII.HHX Ila Ke TOD I ltaK CB6 pX8llYKOBI1X, TaK H 

i'!08ByKoB11x, trOP!.',HPYJOTCH ;zioaliyKoB11e B. q~ coJIHTOHld; BaUHYIO poJII. rre

pettoctJ'nKoB ns6HTOtJ'Hoit atteprnn n HMnymca HrpalOT reHep11pyeMhle rrpH 

3TOM H.tJ'. HOHH0-3ByKOBUe BORHU. 

2. IlpHB6'A6HU rrpHMOp!1 neynpyroro ll8aHMOi'!6iiCTBHH COJIHTOHOll, 

KaK BUCOKOtJ'aCTOTHUX, TaK H Hll3KOtJ'8CTOTHUX. 

IlOKaSaHo, tJ'TO ll m11po1ma 00JI8CTH napaMeTpOB npo!iICXO'AllT cmma

!Il16 Bh!COKotJ'aCTOTHUX coJIHToaoli B iurnaMHtJ'ecKoli MO'A6JIH, TOrM Kar, 

BITOJ!II6 HHTerpnpyeMoe. ypaBH6Hll6 Glpe]!HHrepa c, r,y6HtJ'6CKOiii H6J!HHeli

HOCTI,lO {4), BOSHHKaromee ll KBaSHcTaTHtJ'6CKOM npH6Jlllllt6HHH, nopollt]la

eT ynpyroe B38l1MO]l6liCTBH6 COJ!HTOHOB. 

Hafi]l6HO, tJ'TO B paMKax npei'!J!Ollt6HHOrO.B i'l8HHOH paooTB KoppeKT

Horo attanora ypaBH6HllH EyccHHeca (H6JlllH8HHOM CTPYHb!) H HBKOTOPHX 

6JIH3KllX ypaBH6HHfi ll38HMO]l6fiCTBH6 H.tJ'. COJ!HTOHOll HDJ!H6TCH TBM 6o

Jl86 HeynpyrHM, tJ'6M Bhlfile,aMITJIHTy]la CT8J!KHB8IOl!lHXCH COJIHTOHOll, ,ll TO 

llp6MH KaK ypaBH6HH6 EycCHHeca onHCldBaBT raMHJII.TOHOBY CllCT6My co 

CtJ'eTHbl.M Ha6opoM H838BllCHM!1X HHTerpaJIOll i'!Bl!lit6HHH ll onpe]!eJIHBT yn

pyroe ll38HMOi'!BfiCTBll6 COJIHTOHOB. 

3. llpH ITOCJI6i'!Oll8T6JII,HOM onncaHHll OKOJ!08BYKOllblX,JieHrMIOPOBCKHX 

COJIHTOHOll o6HapyllteH 3!p(p6KT ycKopeHHH l-nnaaMoHoB i'!O cBepx-

8llYKOBblX CKOPOCTen npn BSallMO;'lencTBHll 3THX COJIHTOHOB M6lit]ly co6oil 

H C S-BOJIH81.!H. 
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AHanHTHqecKH llOJIJqe!W HOBll6 pewearui - CB6pX3BYKOBH6 ]Ulyrop-

6He renUKOHHll6 conllTOIW. 
4. IloKaaaao, qTo nporpeB nnoTaon nnaaMll nyqKoM peJIBTUBllCT

cKux aneKTpOHOB ll H6KOTOpll6 peanuayeuue B 3KcnepHM6HT8X 38KOIW 

aapacTaHllH TOKa nyqKa MoryT npllBO;zuiTD K noHBneHllID MHorocKopocT

HllX TeqeHun aneKTPOHQB. /{JIH crycTKOB TpeyronDHOli qiopMll nonyqe!W 

8BTOMO;l.l6nDHll6 p6W6HllH. 
OcHOBHlle peaynDTaTu, nanollteHHHe B ;zuiccepTannn, ony6nuKoBa

Hll B pa6oTaX / 13 • r4,21- 251 u ;7.lOKna'AUBanncD Ha M6llt'A3Hapo;!!HOM 

coBemaHUH no nporpaMMllPOB8HllID ll MaTeMaTuqecKHM M6TO;!l8M peweHllfl 

wuauqecKHX aa;ziaq (r.J!..y6Ha, 1973 r.), Ha I BcecoroaHoli mKone no 

qiuanKe nna3Mll (MoCKBa, 1974 r.), Ha II M8llt'A3Hapo;!lHOt\ KOH

qiepeHUllll no T60pllll nna3Mll tr.KueB, 1974 r.J, Ha YI KOH~peHUllll 

no Wll3llK8 aneM6HTapHUX qacTHU, aTOMHOro H;!lpa ll KOH;!l6HCllpoBaH

HOrO COCTOHHllH (IleHUHrpa,11,I975 r.) n Ha ceMUHapax B OID!lil, 

lilAS u lb!t1AH. 
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