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A H H 0 T a U H H 

BblllOJlHeH cp830Bblit 8H81IH.3 ynpyroro ( pp )-pacce HHHH npH 660 M3B, nony'leH OL\HH 

Ha6op cpasoabiX CL\BHroe B HHTepaane x 2 
::;: x 2 ~ 2 X 2 H 'leTbipe Ha6opa a HHTepaane 

2 )(
2 

< X
2 

< 3 Y
2

, npHBOL\HTCH p8CC'IHT8HHbie H8 OCHOB8HHH H8H6011ee aepOHTHOf'O Ha6opa 

cp830BbiX CLlBHf'OB KpHBbie Ll1IH Yf'llOBOit 38BHCHMOCTH BellH'IHH a ( {) } , p ( {) }, ( ({)} ( ( {)} 
nn ' kp 1 

D(8}, R(8} H A(8). 



¢aaoBbill aHamra NN -BaaHMoae l!cTBIHI npH sHeprHSIX Bbtwe nopora o6paaoBaHHSI nuo­

HOB npeacTaBnSieT 6onbwoll HHTepec. 

B aToll o6nacTH aHeprull Hau6onee aeTanbHO uayqeHo (pp-) -pacceSIHHe npH SHeprHH 

OKOno 660 M SB1 anSI KOTOporo Ha CHHXpOUHKnOTpOHe B LJy6He BbiiTOnHeHa 60nbWaSI nporpaM­

Ma aKcnepuMeHTanbHbiX uccneaoBaHHll ynpyroro H Heynpyroro (pp) -BaauMoaellcTBHll. MHo­

rue qepTbi aHamraa Heynpyroro BaaHMoaellcTBHSI npu SHeprHH 660 MsB HawnH oTpa>KeHHe B 

11 I 
pe30HaHCHOll MOL\8nH i\1\aHaenbWTaMa 1 COrnacHO KOTOpOll p0:>K£l8HH8 nHOHOB npOHCXOL\HT B 

He6onbWOM qucne cocTOSIHHll, nosToMy npH npoBeaeHHH ci:JaaoBoro aHanHaa uenecoo6paaHo 

Bocnonb30BaTbCH yKa3aHHHMH STOll Moaenu H yqecTb po:>KaeHHe nHOHOB rn!Wb B 'D 1 H 

3 'P COCTOSIHH51X, B STOM npeanonO :>K 8HHH qgcno npOB8L\8HHb!X SKCIT8pHM8HTOB 1 OTHOCSIUlHXC51 o, 1, 2 

K ynpyroMy (pp) -paCC8SIHHIO, OKa3biBaeTCSI LlOCTaTOqHb!M a nH npOB8Ll8HHSI cP830BOrO aHanH-

a a. 

Hu:>Ke npHBOL\SITCSI peaynbTaTbl BbJITOnH8HHOrO aHanHaa, KOTOpb!ll n03BOnSieT, C OLlHOll 

CTOp0Hbl 1 yBHLl8Tb KapTHHY ynpyroro pp -B3aHMOL\8HCTBH51 B pa3Hb!X CnHHOBb!X COCTOSIHH51X 

BaanH OT nopora pO:>KL\8HHSI nHOHOB, C apyroll rronyquTb yKaaaHHSI anSI nnaHHpOBaHHH 

aanbH8liWHX SKcne pHM8HTOB nO P P -pace eSIHHIO npH 660 M SB. 

121 131 
HacTOSIWHll aHanHa BO MHoroM cneayeT pa5oTaM KaaapHHOBa H CunHHa 

1 
• YqeT 

6 
12-41 

OLlHOM830HHOrO BKna a a B aMnnHTYLlY paCC851HHSI npOBOAHnCH no ci:JOpMynaM pa OT C 

KOHCTaHTOlt nHOH-HyKnOHHOrO B3aHMOL\8liCTBH51, paBHOll 0 1 08, 3HaqeHH8 Op6HTanbHOrO 

MOM8HTa f.,ax 1 Bbllll8 KOTOpOrO paCC851HH8 MO:>KHO OnHCaTb 0LlHOM830HHOll L\HarpaMMOJt 

151 
¢eliHMaHa 1 OnpeaenSinOCb COrnaCHO , npH STOM 6btn0 HallaeHO, qTQ fmax = 4, 

npH cl:Ja30BOM aHanH38 5btnH HCnOnb30BaHbl LlaHHb!8 pa60T AnSI LlHcPcP8p8HUHanbHOrO ce-

16 71 181 
qeHHSI a ( (J) ' 112 TOqeKI; nonS1pH3aUHH p ( () ) 11 4 TOqeKI ; napaMeTpOB 

D(!JI 191 
H R (e) 

1101 
110 ToqeKI; cnn ((J) 

1111121 
13 TOqKHI; cl<p ((J) 

1131 
H 

1141 
3HaqeHHe nonHero ceqeHHSI ( pp) -pacceSIHHSI a nH SHeprHH 660 MsB • 

115 I 
npHHHMana C b napaMeTpH3aUHSI pa60Tbl 1 B KOTOpOJt AnSI Heynpyroll o6naCTH H806Xo-

£\HMO cqHTaTb cl:Ja30B b!8 C L\ BHrH H KOScPcPHUH8HTbl CM8lllHBaHHSI KOMnneKCH b!MH, npH STOM no-

- -R -I 
naranocb anH CHHrneTHbiX nepexoaoB ?f = 8 f + i 8 f 

"!; R 
1
• <:1 

8,1 = u 0 , + u 0 t,J t,j t,j 

anSI TpHnneTHbiX nepexoaoB c f = j : 

a anH nepexoaoB c f = i + 1 : 

- BR + iBI 
1±1.1 I± I,J 

S ;r;::: o r a e B CHny YHHTapHOCTH -MaTpHUbl u 

B cornacHH c rviOaenbiO M aHaenhwTaMa B6nH3H 660 MsB KOMnneKCHbiMH npHHHManHcb 

ci:Jaabi 'D 
1 

3 p - COCTOSI'iHll, a MHHMbl8 qacTH cl:Ja30Bb!X CL\BHrOB 
0,1,2 

• s 0 

3 



JF 
],3 

- cOCTOHH H i i H na pAMB T p a f 
2 

nonaranH c b paBHbiMH Hymo. !JnH 
- r o ('D

2
)6 binO nc -

OO.Tl b3 0BaHO 3Ha ~ BH H B , 
116 I o 

H a ilDB HH oe paHee C opo K o H paBHoe 18,24 • 

i:P a 3 0 Bb! B CD BHrii HaXO,llH.TlHCb MBTOD OM HaHMBHbUJHX KBaDpaTOB . noncK M HH!iMYMOB 

cpyHKUiiOHana X 2 
ocy Luec TB.TlH.TJCH Ha 9.TJ e KTp O HH oi1 C 'l B THoil MauJ H He OVl HVl M e To n oM mr -

1 17 I 
HeapHaaUJ.IH 

nocne 6onee 'lBM 100 OOii C K OB l np11 r max = 4 Ii X 2 "= 2 81 B IIHT e pBane 

x 2 s ?s 2 X 2 
6 b!flO HaHDBHO ODHO p ewe Hii B 1 Ha 6o p N£ l; X 2 = 47 I , a B IIHTBpBa.TJe 

2x2 <? < ]Xl - ~ eTbipe p eweHIIH c 
X 2 = 62,1; 67,2; 8 2 , 7 II 83, 1 I Ha 6opbi 2, 3,4 II 

5 COOTBBTC TBBHHOI, n o ny'!B HHb! B TaKiiM o6pa30M Ha 60pb! rpa30Bb!X C.ll BIIrO B npiiBB DB Hbl B 

Ta6.TJ IIUB 1. i:PIIryp b! 1-3 H.Tl.TJIOCTp!ipy iOT yr.TJOBb!B 3 aBIICIIMOC TH 9KCOBp !iMBHTa.TJbH O 113MepeH-

Hb!X B B .Tlii'!IIH, Bbl'lliC.Tl BH H blX C OOMO W biO Ha 6o pa 1 . 

Lin>~ BbiHCHBHliH ycTOH'lliBO CTii pewe HIIH N~ Ii np OB Bp K!i npaB li.TlbHO CTII npiiHHThlX np11 

aHanw3e np eD nono >K eHiiH peweHwe yTO'lHH .TlO Cb npli DO OO.TlHliT B.TlbHO M Bapb!ipO BaHIIII C.TlB .llyiO-

w wx nap napaMeTpoa o1 ('S 0 J li o1
('D ) 

2 
a I ( 3F ) II 

2 
f I 

2 
§"1(3F1) ' ar (F3) 

npw 
2 

= 0. B peaynbTaTe np!i npaKTII'lBCKli HBliaMBHHOM aH8~BHlili KpiiTBp!iH cornaCIIH 

21-2 
X X • 1,5 6bl.TlO nony ~eHo xopowee noDTBep >KDe Hwe 

0 

- 1 
npiiHHT biX YC.TJOBHH, a 0 ('0 ) 

2 

OKaaanacb paBHOH 1 14,3 :_ 4,31 • H e 6bl.TlO o6Ha~y >Ke Ho Cli.TlbHOrO HaMBHB HJ.IH X 2/ ?11 npli 

yBB.Tlll'lBHlili f max OT 4 DO 5, 

PeaynbTaTbl 9TJ.IX IICOb!T8HliH YK8a biBa iO T, C OD HOH C TOpOHbl, Ha TO, 'IT O BB BDBHHOB '!HC­

.TJO napaMeTpOB BC.Tlll H aaHH >K BHO, TO HB3H a ~liT B.Tl bH O . C D pyroif CTOpOHbl, TOT cpaKT, ~TO Kpii­

TBpllfi X 2 / ){2 flOCTOSIHHO OCT8BTCSI HBCKOJlbKO 60.TlbWliM B,ll iiHHU bl , C B!i .llB T B .Tlb CTByeT, Boa-

MO>KHO, 0 aaBblWBHHOH TO~HOCTH HBKOTOpb! X Ha non y '!BHH b!X 1-18 O Ob!TB B B.Tlli'lliH, 

VfHTBpBCHO OTMBTJ.!Tb, ~TO OpH y>Ke cywecTBYIOU!BH T O'!HOCTII 9 K C n epliMB HT 8.Tl bH b!X D aa­

Hb!X 'liiC.TlO pe we HHM OKaaanOCb HB60JibWHM, 8 p eweHIIB 1 nnaBHO n e peXODHT I K aK 6yDB T no­

K83 8HO a 6onee DBT8.TlbHOM coo 6weHwHI B aHanor n e pBoro pew e HMH CTanna. B o Bcex Ha6o -

pax o1 ('D 
2' 

H 81 ('0
2

) 

3 
p 

2 
) BHB OW!i60K aaMeTHO OT.TlH'lHhl OT H Y .TJH npn ( 2"" 0 , 3Ha~BHHR 

1 12 1 
, HaHDBHH blB paH ee B KBK p e w eH He -a .ll .TlSI (pp) -pacceHHHH npn 

-R o ('S
0

) 

I 11 1 
650 M9B TaK >Ke , KaK H npeDcKaaaHHOe B 3Ha'leHHe A ( !!__ ) , c o rna cytoT cH c cooTBeTcT-

2 
ayiO w n M n aHa'!eHnSIM H, D aBaeMbt M H peweHri eM N9 1 D aHH Oil pa6oTbi, 

6onee yBepBHHhlfi Bhl60p Han 6on ee ,llOC TOBepH OrO Ha6opa cpaaOBhlX C D BH!"' OB 6yDeT B o a-

MO>KeH nocne D OilO.TlHJ.!T e .TlbHb!X naMepeHHH pH D 8 napaMeTp O B pacc e HHHH B onpeDeJieHHb!X 

TO'!Kax. B HaCTOHw e e apeMSI npoBOD !iTCH yTO'!HeHHe aHann3a c yqeT oM pe nHTHBHCTCKnx 9cp-

cp e KTOB, 

n " 6 ~ n 8 1 acne aaaepweHHH .ll8HHO!i pa OTbl Ha M CTana naBeCTH8 paOOTa , 8BTOpbl KOTOpOli, 

HCOO.Tlbayg Bhl'lHC.TleHHhle H8 OCHOB8HHH MODB.TlH JV\aH ,lle.Tl b W T8 Ma ycpeD H eHHb!e aHa'leHHH K09cp-

cpHUIIeHTOB nornow e HHS! r = exp [- 2 o B 
3 p 3 

H F
2 

J - COCTOHHJ.IHX, HaW.TJH o. t. 2 • 

H860p ,ll eHCTBnTeJib<Ib!X cpaa ynpyroro (pp) -pacce S! HHH npn 660 M9B, i\BTOpbl UnTnpyeMOli 

pa6 0 Tbl He Y~IiTblB8IOT BK.TJ8.1lbl ODHOMeaOHHOH D HarpaMM b l H KY .TJOHOBCKOrO B38H MO,lle i1CTB!iH; 

OHH H e npnBODHT KOpH D OpOB OWH60K cpaaOBb!X C D BHrOB, '!TO aaTpyDHHeT K O.TlH'! eC TB ei{H O e co­

OOCTaB.TJeHne peaynbT8TOB 060J.IX aHannaOB. 
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npoBeDe HH bi H H8MI1 ll81 ilODCLJeT Kp!1Tep11H C0f'J18CI1H :JJI H peweHI1H, H8HL{ e HH0f'O B , np~r 

BeJI K 3H8"!eHIIJO 
2 , -­

X I >< 2 / 18/ = .3 . BapbllpoBaHHe sa cjlH KCHp OBa HH biX paHee B cj:>as , BbJnon-

HeHHOe H8MI1 C y"!eTOM BKJ18LlOB KYJIOHOBCKOf'O B3811MO :J8H CTBIIH II p8CC 8 HHIIH C e > e 
max 

cywecTBeHHO yMeHbWHB X J , pesKo 113MBHHJIO aewecTBeHHbie cj:>asOBbi e CD Bl1f'11, 

nano 6onbwHe 3Ha'IeHHH S1 
( F ) 11 

2.3 
np11B8J10 K OTp 11 U8T8JlbHb!M 3H8'I8H11HM MHI1-

M b!X "18CTBH cjla3 S ( 3 p ) . nocneaHee 
0.1 npOTI1BOp 8"111 T Tpe6oBaHHJO YHIITapHOCTH S -MaT· 

-I 3 
Pl1llbl. np11p8BH11B8HI1e (~183 0 ( Po,t> HYJIJO yBeJ111 "111 JIO 6 bl X 

2 
, LlOBBLlH ero DO 3Ha'IBHI1!l 

80. 

AaTOpb! BBCbMa 6naronapHbl n.YI. nanH DYCY 38 noCTO HHHb!e o6cy>KL{8HIIH 11 nOMOI.Ub, 

oKasaHHYJO HM np11 BbinOJIH e HHI1 Da HHoi1: pa6oT bi. AaTopbi TaK /l<e np113HaT eJibHbi B.n. 11/l<ene­

noay, IO.,V\. KasapH HOBy , C . H. CoK onoay, P.M. P biHLl i1Hy , 51..A. CMopOD I1HCKOMy, A.A.T!ln­

KHHy, E. iY\. roJIOBHHY 3a ilOLlDBp/I< Ky, nOJI8:3'Hb!e COBBTb! II o6cy/I<L{8HI1H, 
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-~ 

3HaqeHHH ~830BhlX CQBHrOB B rpaaycax 

~ :s: 
..Q (.. 

I 
Ill :s: Ha6op 11 Ha6op 2 Ha6op 31 Ha6op 41 Ha6op 5 0 Ill 
(I) t1. x 2 = 47 x2 = 6211 x2 = 671 2 x2 = 8217 x2 = 8311 <1l () 

B 

BR('S ) 
0 

-21,2;t8,5 12,8;t6,8 - 8,5;t6,9 18,l;t5,4 -17,2;t4,5 

§"R('P) 
0 

-J7,7;t7,4 -51,5::t6,6 -2J,6;t4,1 -88,2;t5,6 -J9,5;tl0,1 

BR( 3p) 
1 

-15,2;t5,0 - 5,7;t6,6 - 2,7:t,J,6 J5,4:tJ,9 -J9,1:t4,4 

a~3p > 
2 

56,8;t9,J 45,7;t2,2 -59,0:t.J,2 9,J:t.l,1 lJ,O;tJ,l 

BRf1D ) 
2 

4,2;t2,7 2,2::t6,J - 0,5:t,J,8 -1,5:t4,8 - 4,9:tJ,J 

€ R - O,l::t4,2 - J,l:tJ,O - 0,1;t2,7 - 0,9;tl,4 - 9,J:t4,6 
2 

BR(3 F ) 
2 - 6' 3:!:1 '1 - 7,4±1,8 - J,8;t1,0 -14,8;tl,5 5,9:t.2,2 

BR(JF) J,O;tl,6 - 5,5:t.J,l 9,8:t.1,0 -1J,5;t2,0 J, 5:t2 , J I 3 

8 ,.3 ~) - J 8+1 0 - 6,5:t.0,7 6,2;t1,4 - 1,J:t.0,5 7,8:!;0,78 ' - ' 
BR( 1G4) 7,8;t1,0 o,8:t.l,7 - 4,6:t.1,1 2,0::tl,2 - 5,5;tO, 

"[/ (IS.o) - - - - -
I 

81(3~) 1,9;tlO,l 7,6:tl0,2 J,2;t9,0 5,6;t6,7 - 2,6;t10,9 

§"1( 3p ) 
1 - 2,0:t.J,4 8,5±.5,2 2,l;t4,5 J,9;t2,7 - 1,4;tJ,5 

81 (JP ) 
2 

29,1 ;t6,J 10,6;t2,0 20,1;tJ,2 1J,2;tl,8 2J,8:t2 ,4 

81 (10 ) 
2 18,2 18,2 18,2 18,2 18,2 

Ta6n. l. Ta6miUa ~a30BbiX c a BHroa ami Ha6opa 11 2 1 3 1 4 H 5. 
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Cnn(l}), Ckp ((}),ITO Ha 6 opy 1. 

! - 3KCIIepHMeHTanbHbie TO'iKHj . 
e - pacqeTHbiA KOpHLlOp OWH 6 0K • .. 
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YrnoBble aaBHCHMOCTH- rrapaMeTpOB D((}) 
corna cHo Ha6opy l. 

t - :3Kiit!IepHMeHT81IbHble TO'IKH,: 

H 

T 
• - p8C'IeTHbli!: KOpHLlOp OWH60K, 
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R(e) 



p H C, 

0,5 

R(tt) 

0.7 
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0 

-o.t 

-0,2 

-o.4 

-0,5 

3. 

180 

lJ~m 

OpeacKa3hiBaeMble 3HaqeHHH rrapaMeTpa A((}) cornacHo Ha6opy 1. 

• - pacqeTHhiA KOpHAOp OWH60K. 


