
OEbEDYiHEHHbli-1 
Y1HCTY1TYT 
.HDEPHblX 

Y1CCnEDOBAHY1l1 

Dy6Ha 

it/'{i1-M 

, 3. OKoHoB, Y U3yR-¢aHb, H. llyauno 

nEnTOHHbiE PACnAnhl K 
0 

- ME30HOB 
H B03MO)J(HOE HAPYll.JEHHE 

CP-HHBAPHAHTHOCTH 



P-2083 

3, 0KoHoB, Y Uaya-<jlaah, H. Yyeano 

nEnTOHHhlE PACnAnhl K 0 -ME30HOB 
H B03MO)!(HOE HAPYllJEHHE 

CP-HHBAPHAHTHOCTH 

Hanpaeneao B * YPHAn ·~aepaag $B3HKa" 

' ":C..: .. 

; ]I · -· ·' -~- • 

-··- \ 

. ·· ·" · .... --....... -~_... 



Bo MHOrBX TeopeTH'IeCKHX pa60T8X WHpOKO 06CyJKa8!0TCSI 3KCU9pHM9HT8nbHb!e aaHHbl9 

UpHHCTOHCKOfl rpyUUbl, yK83b!ll8!01UH9 H8 B03MOJKHOCTb CYW9CTBOB8HHH pacnaaa 

/ 1/ 
3anpemeHaoro CP -aaaapaaHTHOCTb!O • 

HMe!OTCH nonbiTKH o6'hSICHHTb nony'leHHbill pe3ynbTaT a paMKax coxpaHeHHH KOM6HHH

poaaHHOtl 'leTHOCTH/
2
-4

1
• HeKoTopbie aaTopbi cTaBSIT noa coMHeaae caMo cymecTaoaaaae 

pacna.o.a K 
0 

.... , + rr- , npe.anonaraH, aanpHMep, ttTO HMeeT 
2 

/5,6/ 
MecTo pacnaa 

rae X -rHUOTeTH'IeCK8SI '18CTHU8 C Manofl M8CCOtl • 06cyJKaa!OTCH T8KJK9 H apyrae 

171 
B03MOJKHbl9 HMHTHpy!OIUHe npOU9CCbl • Bonpoc 0 

0 + . 
cymecTBOBaHHH pacnaaa K .. " "~ 

171!1 
MOJKeT 6b!Tb oaH03H8'1HO pemeH B 3 KCnepHMeHTaX, npeanoJKeHHbiX a pa6oTax ' • Ecna 

3TH OUb!Tbl UOKaJKyT, 'ITO T8KOfl npouecc aei\CTBHTenbHO cymeCTByeT, TO UOTpe6y!OTCSI ao-

K O + - x/ 
IIOnHHT9nhHbi9 3KCI19pHM9HTbl C uenbiO BbiSICHHTb IIpHttHHy 1 Bbl3B8BWYIO p8CII8.ll ~-+ 11 tr . 

B HBCToHmetl pa6oTe Mbl xoTenH 6bt paccMOTpeTb <>KcnepaMeHTanbHbte B03MOJKHOCTH npo

aepKH ranoT93bi CaKca
191

, KOTOpbtA npeanonoJKan, 'ITO B He nenTOHHbiX pacnaaax KOM6HHHpo-

B8.HH8SI '19THOCTb CTporo COXp8HSI9TCR1 TOr!lS KSK B neiiTOHH blX paCJI8.08X HM99T M9CTO CHnb

HOe HapymeHae CP -HHBapHaHTHOCTH . TaKaH Moaenb KaJKeTcSI aecbMa npaaneKaTenbdOll 

T.K. U03BOnS!eT KOUH'!eCTBeHHO 06'bHCHllTb peaynbTBT, nony'I9HHb!tl a
111• 0aHaKO npH 3TOM, 

o xx/ 
B03HHK89T Heo6xoaHMOCTb BBeCTH rin<I pacnaaoa THUa Kf a-+ 71 f V aMUnHTyay tiQ =-tiS, 

COCTaBnSI!OWY!O C aMnnHTyaon tiQ =tiS <jla3y, 6nH3KY!O K 11/2 

CymecTBY!OWHe <>KcnepaMeHTanbHbte aaHH bte yKa3biBB!OT aa oTcyTcTaae nepexoaoa 

/ 14/ /15/ 
tiQ =- tiS ana K., -pacnaaa 11 nenTOHHbiX pacnaaoa I - rnnepoaoa • 

CneayeT 38M9TI!Tb, 'ITO a nepaoM 1!3 3TI!X pacnaaoa !!MeeT M9CTO 'IHCTO aKCI!anbHOe 

B38HMOaei\CTBI!e, a BO BTOpOM - OHO COCTBBnS!eT OCHOBHOI\ BKnaa/ 
15

• 161. TaKH M o6pa30M, 

CTporo rOBOpH 1 3 TH .0.8HHbi9 H9nb3SI p8CCM8TpaB8Tb KBK .llOK838TenbCTBO TOrO, ttTO nepe

XOabi tiQ = -tiS OTCyTCTBY!OT I! B BeKTOpHOM B381!MoaeRCTBHH, KOTOpoe OTB9TCTB9HHO 38 

Kta pacnaabi. npaaano OT6opa tiQ =tiS npoaepS!nOCb T8KJK9 H HenocpeacTB9HHO B Kfa 

pacnaaax. 

nocneaHI!9 CT8THCTI!'!eCKII H81160nee 069CU9'19HHbl9 aBHHbl9/ 
12

•·
131 

He noaTBepa!lnll 

paHee nonytteHHbie peaynhTaT b( 1 CBHJleTenbCTBoaaawue o HanH'IHe nepexo.noa 

a pacnaaax 3Toro Tl!na. 

x / K o + -OtteHb aa>KHYJO HH¢opManHJO o npiP JUHox, Bbi3BBBlliHX pacrra.n ~ .... rr , , MO)KHO no-
ny'II!Tb HenocpeaCTBeHHO B OUbiTBX, npeanOJK9HHhlX B/7 ,8/. 

xx/ 3aecb 11 a nocneay10WeM f o.3na'!ae1- 3apHJK9HHbtrt nenToH ( <>neKTpoH 11na M!OOH ). 
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Heo6xoAHMO noA'I9piUIYTb1 OJlHBI<O, 'ITO aaamta 9THX a~tcnepHMeBTBnbBbiX JlBBBbiX npo-

BOJlHnCB B p8MIC8X CP -HBBapaaBTHOCTB. 3To npeAnono>KeHHe, 1<81< YJ<B3btBan Cue, cy-

mecTB9HBO BmtB9T B8 peaynbT8Tbl 8H8nH38, npeJlCTaBnBeT RBTepec fiOCMOTp9Tb 0 npoTBBOpe-

0JlBOBp9M9BHOM aapymeBBH ·CP -BHBB-'IBT na cymecTBynmae JlBBBble 

pB8HTHOCTB B npaBHna OT6opa 

npeAnono>KeHHn o6 

~Q -~s s Kt0 

a 
-pacnaAax a npoaBamtaBpoBBTb a~<cnepa-

MeBTanbBble soaMo>KBOCTH Aam.aellmell nposeplUI ranoTe3bi CaJ<ca. 

A6conDTHbte sepoRTBOCTB nenTOBHbiX pacnaAOB K
0

- MeaoaoB 

PaccMoTpHM nenTOBBbte pacnaJlbl K 0 
-Meaoaos aaanorB'IBO TOM}\ ~tax aTo CJlenaao B 

/10/ 
pa6oTe Caxca B TpaMaaa , ao BBOJlB aec~tonbi<O Jlpyrae o6oaaaqeaaa. B aaa6onee o6meM 

BHJle BMnniiTYJlbl COOTB9TCTByiOmBX nepeXOJlOB MO>KBO 38UHC8Tb B BBJl& 

K 0 
..... rr 

+ 
f v 

-o + 
K -+ rr f v 

-0 - + 
K -+ rr f v 

K 0 -+rr+{-., 

f = f 
t¢ 

o e I 

f* = foe -I¢ I 

g = goel¢2 

~=go e -I ¢2 

~Q c + ~s 

~Q =- ~s 

( B cnyqae coxpaaeHBII CP -BHBapBaHTHOCTB B nenTOHHbiX pacnaAax K 
0 

-Me30HOB aMnnH-
/1/ 

TYJlbl 6yJlyT Jl9!1CTBHTenbHbi: ¢ I = ¢ 2 = 0 ) • npeJlnonO>KHM, 'ITO Ha6niOJl8BU!HIICS! B pa6oTe 

3<jxpexT Bbt3BBH HapyUieHHeM xoM6aaaposaaHo!l 'IBTHOCTH. B Kl
0 

-pacnaAax, TorJla B paM-
o a o 

xax CP1 -HHBapaaaTHOCTH, Bbtpa>Kaa cocTOSIHH.II K 1 H K 02 'lepea cocTORHHII K 11 

i(O 

rAe 

JlOB 

• nonyttHM 

K 
K + rk 0 0 -

K - rko 

~· 
x/ K 

y2 

-3 I ll 
1 + '

0 
, a 'o • 5.10 (cor nacHo ) • TorJla aMnnHTYJlbi nenTOHHbiX pacna-r e 

Ko 
I 

o 
H K 2 -M830HOB 6yJlyT: 

+ 
A 

1 
(f ) 

+ 
A 

2 
( f ) 

A 
1
(! 

A
2 

( f -) 

f + r g 

~ 

...!..=...!_g 
v'T 

g* + rf* 

/2 
g*-rf* 

,;2 

x/ B AellcTBnTenbBOCTH aopMHpyiOmall MHO>KHTenb 6yAeT aecxonbxo oTmt'IBTbCR oT 

1/v'2 , OJlHBKO, 3THM o6cTo!lTenbCTBOM 3Jl9Cb snonae MOlKHO npeae6pe'!b, Mbt npeae6per
raeM TBK>Ke B03MOlKHOll cjlaaoll r, ..!.!!!.!.. = 0 • 

r Rer 

1 



nepexonR I B8poRTHOCTRM1 H&Tpynuo nonyqHTh : 

+ - + - ~ r,tt )-f'l(f )=f'~(f )-f'~(f )=•o<g:-fo) 

TaiHM o6pa3oM, 3apanosaa acHMMeTpHH B nenTOHH&IX pacnanax f5yneT 

OH8 MOJKQT CT8Th 91119 M9Hhlll8 0 8CIIH gO * f O , 

Q()o3Haqru~ cP 1- ¢ ~ z cP , Mbl HM88M T8Ill<8 : 

+ 
r ,<t > 

~ 

~ [ f 0 + ( 1 + 2£ 
0 

) g: + 2( 1 + • 
0 

) f 
0 

loCos ¢ ] 

~ 
- ( f 

0 0 

( 1) 

I OAH8Jr0 

(2) 

(3) 

(4) 

(5) 

B Taf5nHne 1 npuaeneu&t 3HaqeHHH of5&tquo onpenenaeMoll ua onbtTe aenaqaa&I 

¢ 
go l fo 

tr/ 2 

"I 3 

rr/4 

1,0 

1,0 

3,0 

5,83 

+ -·r,u +f) 

r~<t++n 

f ~ ~ 
0 + g 

0 
+ 2 f 

0 
g 

0 
Cos¢ (6) 

f 0~ + g: - 2 f 
0 
g 

0 
Cos ¢ 

Ta6naua 

r,;r ~ 

0,5 0,2 0,1 0 

1,0 1,0 0,1 1,0 

2,33 1,48 1,22 1,0 

3,60 1,75 1,33 1,0 

9,0 2,25 1,49 1,0 

0 
M bt aunuM, 'ITO npa can&uoM uapymeuaa CP -IIHBapaaHTHOCTH a K ta- pacnanax 

( ¢ • JT/2 ) OTHOIII9HH8 ( 6) OI83btB89TCH aeqyacTBHT9UhHbiM K npHM9CH 8MllnHTYUbl nepe-
x/ /12/ +I 8 

XOU8 !'J. Q - - !'J. S , TaKBM of5pa30M, H8 OCHOB8HHH U8HHbtX pa60Tbl ( l /f' ~·0,85-() '
8
J 

/1 3/ +1,2 ' 
H pa60Tbl ( r I I r ~- 1,3 -(), 7 ) uenh3H cnenaTh OUH03Haquoro BbtBOna, qTo aMnnHTY-

na 6. Q =- 6. S Mana. 

x/ 3ToT Bbtaon, xax uaM cTano H3BecTuo, conepJKBTC!I TBKJKe a o63ope M.B. Tepeub
Tbeaalll/, 
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n; 

rl 

n 

:T 

r1 

T 

Bonee Toro STH naHHbte xopomo cornacyiOTCH c npennono"'esBeM o 3Ba'lBTellhHOM BI<nane 

nepexona ~Q =- ~S 
0 

, npB ycnoBBR CHObBOro HapymeBHSI KOM6BBHpoB8HHOl! 'l9TBOCTH B 

K fa -pacnanax. 

0 
BpeMeBBbte 3aBBCBMOCTB sepoHTHOCTB K t, - pacnanos 

ByneM C'lHTaTb nnH onpeneneHHOCTH, 'ITO po)f(JlaiOTCH K 
0 

-Me30Hbt, Torna nnH nony-
0 

'l9HBSI B o6meM BBJl9 BpeM9BHbiX 3aBBCBMOCTeft pacnaJlOB 

pa)f(9HHSIMB 6yJlyT xJ 
Kf~ B K o 

ti -HCXO.llHbiMH Bbl-

). ). 
+ ha 1t - _!t lra

2
t- ~ t 2 

N (t)=~l(f+g)e ~ + (f-g)e ~ I (7) 

). ).~ 
- Imt- =t 1'"1--t ~ 

N (t)=~l(g•+f•)e 1 ~ + (g•-r•')e ~ I (8) 

J13 llpHB9Jl9HHbiX Ha pHC, I KpBBbiX BHJlHO, 'ITO BX BHJl 3aBBCHT KaK OT CT9119HB HapymeHHSI 

CP -BHBapBaHTHOCTB' TaK B oT npasHna oT6opa .~Q =- ~S • OnHaxo nnH aKcnepHMea-

TaObHoro pa3Jl909HBSI 3THX JlBYX <jJaKTOpOB H906XOJlBMO BbiCOK09 pa3pemeHB9 110 Bp9M9HH 

oco6eaao s6nB3B TO'IKB po)f(JleHBH K
0 

-Me3oaa, 

J13 <!x>pMyn (7) (8) H9TpYJlHO nony'lBTb BbtpalK9HBSI JlOH CYMMapaoro 'lHCOa p8Cil8.Jl0B 

C HCilYCKaHH9M llOOOlKBT90bHOrO HOB OTpBUaT'enbHOro 0911TOHOB: 

+ - ~ ~ ->.,t ~ ->. ~t 
N (t)+N (t)=[(f

0
+g

0
+2f

0
g

0
Cos¢)e +(f 0 +g~-2f0 g 0 Cos¢)e + (9) 

- >-,+..\2< 

+ 4 f 
0 

g 
0 

Sin ¢ Sin~ m t e ~ 

X apaKTepao i! oco6eaaocTbto a-roro BbtpalKeHBH HBO!IeTCH npBcyTCTBHe HHTep<jlepeHUHOHHoro 

'ln&Ra , KOTOpbtit cymecTBeHH btM o6pa30M 3aBBCBT OT cTaneHH aapymeRHH CP -uasapHa RT-

ROCTB s nenToHHbtx pacnanax K 
0 

-Meaoaos (eM, pRe, 2). B cnyqae coxpa aeanH KOM6H -

HHposaHRoll 'l9THOCTH ( ¢ • 0) 3TOT 'lll9R Bblll8Jl89T H Bbtpa lK9HB9 (9) llp9Bpai.II89TCSI B 

CyMMY .llBYX 3 KC OO HeHllHB nbHbiX q n eHOB He3 8BHCHMO OT TOr0 1 HMeiOTCH nR n e peXO.ll bl 

~Q = -~S anB ReT, TaKHM o6paaoM, aKcnepBM9RT81lbHOe aaGTtoneRne ' ocuHnnHUBll' B 

+ -KpHBbtX Nf (t) + N f (t) HBHnocb 6bt yKaaauneM sa aa pymeHne CP -HHBapiiaHTHoc TH s 
xx/ Kf s -pa c nanax • HeTpynHo suneTb, 'ITO xapaKTep 3THX ocunnnHUH ~ aa BHCHT oT 3Ha -

o 0 
Ka paauoc TH Mace K 1 H K2. -Me3oHoB (pH c . 3). 

x/ 3necb H s n aru.HeAwe M Mbt npeHe6peraeM qneaaMH nopHn Ka < 0 . 

/ 12,13 / 
XX/ J1MeiOI.IIH9CSI 3KCil9pHM9HT80bHbl9 Jl8HHbl9 B9CbMa 6eJl Hbl , 'IT06bt MOlKHO 6btn0 

B H BC T O H Oiee a peM SI HC Kn JOq H Tb T B KYJO B 03MO>KHOCTb. 

6 

t{TQ )1(9 K8C89TCSI 'Bp9M9HHOro' Bblp8 lK9HBSI Jlllll 38pSIJlOBO!! aCHMM9TpBH : 

-~t + - ~ ~ 
N (t ) -N (t ) = 2(f

0 
-g

0 
)Cos~mte 

(10) 

TO ero BBJl ae aaBBCHT B nepsoM npB6nBlKeHHB OT cTene&B aapymea'IH CP -BHBapBaHTHoc-

TB s K£
0

3 
-pacnanax ( ¢ ) . 3Ta 3aBHCBMOCTb ci<a3btsaeTcH nBmh npB y'leTe qneaos 

• <o 

B 38.ltll10'19BB9 Mbl XOT911B 6bt no6naronapBTb B. fli060mBua B M. nonropeull:oro 3a 

06Cy)f(Jl&HB9 B ll9HHbl9 3aM&'laBBSI, 
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