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8 H8CTOHW88 Bp8MSI H3B8CTHbl peaynbT8Tbl H8CKOnbKHX nonbiTOK HCnon&-

30B8HHSI T80pHH KOMnneKCHbiX yrnOBbiX MOMSHTOB .anH onHCSHHSI 9KCnepHMeH

T8n~HbiX .aaHHbiX no pacceHHHIO 'l8CTHU B o6nacTH BbiCOKHX sHeprKA/ 1/. O.a

HSKO BCS 9TH fiOfibiTKH npOBO.QHnHCb1 KSK np8BHn01 no HenonHOMy 06'beMy 

9KCll8pHM8HT8nbHbiX .Q8HHbiX1 ony6nHKOB8HHbiX B H8CTOSIIU88 Bp8MSI1 H pe

aynbT8Tbl HX MOI"yT npeTSH.QOB8Tb1 no-BH.Z:OUI!oMy, TOnbKO Ha K8'18CTB8HH08 

onHcaHHe 9KcnepHMSHTa. Bo scex ynoMHHyTbiX pa6oTax Hcnonb3osanHcb .aaH

Hhle, H8'1HH8H C 9H8pi"KA 6-8 rss H BbiW81 B HHTSpBane nepe.aaHHbiX HMnynb

CO& .00 1 rss/c. 

HacTOHWSH pa6oTa BblnonHeHa c uen&IO H3y'lHTb1 uacKon&Ko y.aosneTso

pHTen&HO BCH cosoKynHOCTb 9KcnepHMSHTan&HbiX .aaHHbiX no " N - H K 'i 

p8CC8SIHHI01 ony6nHKOB8HHbiX B H8CTOSIIU88 Bp8MSI1 MO)K8T 6b1Tb OfiHC8H8 Ha 

OCHOB8 npe.aCT8Bn8HHA1 p83BHB88MbiX B TSOpHH KOMnnSKCHbiX yl"nOBbiX MO

M8HTOB1 H fi0fibiT8TbCSI npe.QCK838Tb peayn&T8Tbl 6y,ayiUHX 9KCfi8pHM8HTOB 

C noMOWbiO 9KCTpanonHUHH nony'lSHHbiX 38BHCHMOCT8A B o6naCTb 6onee Bbi

COKHX 9H8pi"KA. Pa60T8 COCTOHT H3 .OBYX 'l8CT8A. HH)K8 .Q88TCSI OfiHC8HHe 

peaynbT8TOB1 nony'ISHHbiX B npH6nH)K8HHH 'ManhiX cpaa' 1 To8o 6e3 y'IST8 

BSTBneHKA B nnoCKOCTH KOMnneKCHhiX MOMSHTOB. Peayn&T8Tbl BTOpOA 'l8CTH 

pa60Tbl1 1".08 npOH3BO.QHTCSI y'IST B8TBn8HHA1 6y.ayT ony6nHKOB8Hbl fi03.QHee. 

nocTaHOBKa 38.U8'1H 

AMnnHTy,aa p8CC8HHHSI 'l8CTHU CO CfiHHOM 'Hyn&' Ha MHWSHH CO cnH

HOM 'nonOBHHa' 38fiHCbiB88TCSI B BH.ae: 

M(s,t)=M 0 +iM 1(a,;), (1) 
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r.oe M0 H M 1 - ct>yHKUHH nepeMeHHbiX s=(p 1 + p 2 )
2

,. (p
3 

+ p
4 

) 2 H 

t = ( p -p )
2
= ( p - p ) 2 

, p ,p H p 1 p - 4-HMnynbCbi 'i8CTHU B CoUoHo .llO 
t 3 2 4 12 8 4 

-+ 
H nocne CTOJ1KHOB9HHH COOTB9TCTB9HH01 n - HOpM8Jlb K nJIOCKOCTH pacceg-

HHH1 a I - M8TpHUbi nayJIH 0 

nocne paanmKeHHH no napuuanbHbiM BOnHaM M 0 H M 1 npe.ocTaBnHIOT

cH B BH.ll9! 

l 00 

M0 = -- I [ 
2ik f=o 

f+l 218+ f 
-e + --e 
2f +l 2f +1 

M t = _l_ I [ e 2tc\ 
2ik &o 

218 
+ e - p' 

f 

218 

- ] Pf (cos 0 ) (2) 

(cos (J ), (3) 

f'.ll9 8 ± - cp830Bbl9 C.llBHf'H .llJlH COCTOHHHI C f ±l/2 1 (J - yron pacceg-

HHH ( CoUoHo) 1 k - HMnynbC 8 CoUoHo 

B oonacTH O'i9Hb BbiCOKHx aHeprHA npH Man&Ix 0 'iHcno cocTOHHHI 

no f 1 KOTOpbie H900XO.llHMO Y'iHTbiB8Tb B Bb!p8)1(9HHSIX ( 2) H ( 3) 1 89J1HKO 1 

u, cne.llo&aTenbHo, cyMMHpoaaHue MO)KHO aaMeHHTb HHTerpupoaauueM. Kpo

Me T0f'01 B 9TOM CJiyqae B cyMM8X ( 2) H ( 3) f'J18BHYIO pOJlb Hf'p810T 'iJ19Hbi 

I 
c OOJlbWHMH e • npu 9TOM Pr(cosO) H Pe(cosO) MO)KHO 38M9HHTb 

cpyHKUHHMH Eecceml. nocne 9TOro HMeeM: 

218+ 218 

M = _1_ j [ e ._+_e __ 
0 2 i 0 2 

-1 ) J O ( K b ) b db (4) 

M, = -·- r [ 2!8+ 2i 6 e 
2!8 

- e - ] J
1 

( K b ) b db , (5) 

f'.ll9 K
2 = -t e 

b = k - npuuenbHbii napaMeTp. 

EcnH npe.onono*HTb1 'iTO BKna.o a aMnnHTy .oy OT KB*.llOro non10ca 

Pe.o)Ke HM99T TaKol )1{9 BH.ll 1 K8K H nonHag aMnnHTy.lla pacceHHHH ( 1) 

(I) (t) - - (t) 

Ma = M0 a + i ( a n ) M 1 a , ( 6 ) 

TO cp830Bbl9 C.llBHf'H 8 + B (4) H (5) onp9.ll9J1HIOTCH K8K 

4 

8 ± - 8 0 (b' s ) ± i 8 t (b' s ), 
(7) 

r Jl9 cp830Bbi9 C.llBHI"H () o H 8 t B 'onTH'l9CKOM' npHOJ1H)K9HHH onpe.ll9J1HIOT-

CSI Bb!p8)K9HHSIMH/
2
/! 

8
0
(b,s), j I M~ 0J 0 (Kb)KdK 

0 .. .. 

(8) 

8 (b,s).,. -ij I M(t)J (Kb)Kd K. 
t 0 .. la l 

(9) 

B Bbip8)K9HHil .llJlSI aMnnHTY.ll Mo H Mt B .llanbHeAweM y.llOOHO nepeA-

TH K ¢830BbiM C.llBHI"8M 80 H 8 t o nocne nepeXO.lla HM99M 12/! 
1 00 2t80 (b,s) 

M
0
(t,s) =-.- f [e ch28

1 
(b,s)-l]J0 (Kb)bdb 

2t 0 
(10) 

, oo 218 
0 

(b,s) 

M(t,s)=~fe sh28
1
(b,s)J

1
( Kb)bdb 

1 2 0 
( 11) 

B cnyqae, ecnH cpaaoa&Ie C.llBHf'H 80 

opTorouanbHOCTb cpyHKuHA Eeccena 

u 8 1 MaJ1bi1 T01 HCnOJ1b3YH 

00 

Jjn (Kb 1 )jn (Kb 2 )KdK=£> (b 1 -b 2 ), (12) 

MO:>KHO noKa3aTb1 'iTO aMfiJlHTY.llbi s -KaHana M 0 H M1 npocTo paaHbi 

cyMM9 8MfiJ1HTy .0 1 COOTB9TCTByiOWHX OOMeHy O.llHHM p9,ll:>K90HOMo 

(I) 
M

0 
( t , s ) = I M 

0 a a 

M
1
(t, s) 

(l) 
I M

1 a a 

AnSI onucaHHH BKJ18.lla B aMnJIHTY.llY 

OHOM MO)KHO B3SITb Bb!p8)K9HH9/2/! 

(t) E aa(t)-t 

Mo =Yo (t)l'/a(-E) 
a a 

0 

5 

(13) 

( 14) 

pacceHHHSI OT o5MeHa O.llHHM pe.ll)Ke-

(15) 



l'll8 

(I)_ E a._(t)-1 

M, -Y, (t).l1 (-) K 

-r;;;- ' .. a .. Eo 

,., "" .. 
IITa (t) 

1 +a._e "-

sin 11a (t ) .. 

N 

- CHf'H8TypHblll MHO)!(HTenb, 

a (t ) TpaeKTOpH51 a- Toro pea)!(eoHa. .. 
~yHKUHH y (t) 

0~ 
H y (t) 

1~~, 

MO)!(HO 38UHC8Tb B BHae: 

Yo 1 -1 
Y (t)= '"- -U (K 2 ) 

0 I ' 
•a 0+R2K2)2 

O, I 
a 

nu6o a suae/2/: 

-R2 K2 

e o, la 
-1 2 

U (K ), (t) = 
YO,! .. YO, I._ 

J':le Yo,l._ II 
2 

R - cso6oaHbie napaMeTpbi, a 
0 ,I a 

cos~ [ 
a + 1 .. - a._ (0) ] 

U ( K2) = 2 2 

c 11 [ a._ + 1 OS 2 ----a (K2)) 
2 .. 

( 16) 

(17) 

( 18) 

( 19) 

(20) 

BKnan B aMnnHTYllbi npoueccos, 8KcnepHMeHT8nbHO Ha6monaeMbiX B 

rrN H K N - pacces:~HHH, oT o6MeHa pea)!(eOH8MH p , p , p , w H :\ 

npl!seaeHbi B Ta6nuue 1. 

B o6pa6oTKY BKmoqanucb cneny!OlllHe aKcnepHMeHTanbHbie naHHbie: 

110nHoe ceqeHH8 B38HMOlleftCTBHH 

a tot (k) = 8 TT ]m M 
0 

( k , 0) 

"'"rpcj:JepeHuHanbHoe ceqeHHe 

da 

dt 
( t. k) = 4 TT ( I M 01 2 

+ I M I 12 
) 

(21 

(22) 

6 

'
' 

' . 
' . . ,, 

.:t? 

-·~~ ~·~r? ~~-
;;_:};i' 

<. 

·. \ 

l 
·' 

''•' 
,,: 

.'
;', 

,f''' 

J' ' 
.J . _-----...._ 

nonHpH38UHH 

P(t,k) = __:Jm(~0 M:) 
I M 12 + ,-;--,-;--

o I 

napaMeTpbi BonbcpeHlllTeli:Ha 

2 2 * -(!M 0 ! -IM 
1
! )sin a -2Re(MJ\1 1 )cosa 

A = -----------------

R 

IM I2+!M 1
2 

0 I 

( I M 0 I 
2 

- I M 1! 2 
) cos a - _2 Re ( M 0M .* ) sin a 

I M0 I 
2 

+ I M 1 I 
2 

(23) 

(24) 

(25) 

Ha aaKniO'IHTenhHOII: cTaAHH o6pa6oTKH 6btnH yqTeHbi T8K)!(e aHaqeHHH 
/9 5/ 

M8CC p830H8HCOB, npHH8Ane)!(8lllHX COOTBeTCTBYIOlllHM Tp88KTOpHHM ' • 

TpaeKTopHH npH aToM c'IHTanH.::h 'IHCTO neAcTBHTenbHbiMH. 

QhpeneneHHe rrapaMeTpOB, KOTOpbie BXOllSIT B Bbip8)!(8HHe AnH 8MI1nH

TY llbi, rrposonHnocb M8TOllOM H8HM8HblllHX KBanpaToB. MHHHMH3HposancH 

'i:JyHKUHOH8n 

x2 = ~ w [A (k,t)-A(a,R,y )] 2 
, 

m,n m,n m,n 
(26) 

r .ae A (k, t) - aKcrrepHMeHTanhHO-HaiineHHoe aHaqeHue senHqH:Hill A rrpH aa-

ll8HHOM H8"!811bHOM HMI1YI1bCe k H lli1H 38ll8HHOf'O t B m-oil: TO'IKe .llnH 

n -oro aKcrrepHMeHTa. A (a, R, y)- Bbi"!IIcneHHoe 3H8"!8HHe A , w = ~- -m,n a 
m,n 

sec ll8HHOf'O 113MepeHH51 , a - llHCI1epCHH 3KCI1epHMeHT811bHOl! senH"'HHblo 
m n 

noHCK MHHHMyMa ocyllleCTBnHI1C51 MeTOllOM 11HHe8pH38UHH 0 

noHCK pellleHHl! CO cnyqali:HblX H8'1811bHblX ycnOBHft He rrpoBOAHnCH B 

cuny "'HCTO TexHHqecKHX TpyaHocTell:. PellleHHe (Ha6op rrapaMeTpos) Haxo

nunoch B H8CKOnhKO 3T8110B: 

1. OrrpeneneHHe a 0 H y 0 .. .. nnsr o6MeHa p t p ' H p peA)!(80H8MH.t 

Upll o6pa60TKe 11011HhlX ce"!eHHl! rr+ p H TT- p B38HMOll8li:CTBHHo 

2. OrrpeneneHHe ocTanbHbiX rrapaMeTpOB p • p H p - TpaeKTOpHA 

H KOHCT8HT R 0 I . .. 
pH38UHH B 1T N 

11pH o6pa60TKe AHcpcpepeHUH811bHb!X C8"18HHl!, 1101151-
H Yl .. 

pacceHHHH, rrapaMeTpOB TpoAHoro pacce11HHH H cneKTpa 

M8CC pe30H8HC0Bo 
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3. Onpe.aeneHHe napaMeTpos A 2 H w -TpaeKTOpHA H KOHCT8HT YA '·' 2 .~ 

H R npH o6pa6oTKe ,aaHHbiX no KN -pacceHHHIO. npH aToM napaMeTpbl 
A2,W 

Tp8eKTOpHlt p ,p ,H p C'IHT8liHCb 38,0fiHHblMH H3 nyHKTOB 1 H 2. 

3KcnepnMeHTanbHble aaHHble 

Eonee HliH MeHee y6e.aHT9llbHbte TeopeTH'I9CKHe oueHKH HH:>KHeA rpaHH

Ubl 00l18CTH 9HeprHJt, r.ae npHM9HHMbl npe.OCT8Bl19HHSI T90pHH KOMnl19KCHblX 

yrnOBbiX MoMeHTOB ( rHnOT93bi noniOCOB Pe.a:>Ke), OTCYTCTBYIOT. B CBH3H c 

aTHM 6bwa c.aenaHa nonbtTKa ycTaHoBHTb aTy rpaHHUY aKcnepHM9HT8llbHO 

no aHepreTH'I9CKHM saBHCHMOCTHM nonHbtX ceqeHHl! ssaHMo.aeltcTBHH. VIssecT

Ho, 'ITO liiOOOlt B8pH 8HT TeOpHH KOMlll19KCHbiX MOM9HTOB ,089T .OliSI a tot (E) 

0'19Hb npOCTYIO 38BHCHMOCTb BH.08: 

a tot (E) = BE a<o>- t 
(27) 

r .ae a (O) :::;. 1 • EcnH Hcnonb30B8Tb Bbtpa:>KeHHe ( 27) .anH annpoKCHMBUHH 

a tot (E) , TO MO:>KHO yCT8HOBHTb, 'ITO, H8'1HH8SI C aHeprHH 3,5 J9B 0 9TO 

Bbtpa:>KeHHe BllOliH9 y.OOBl19TBOpHT9llbHO (B CMb!Cl19 X 
2 

-KpHT9pHH) OllHCbiBB

eT aHepreTH'IeCKYIO 38BHCHMOCTb nonHbiX ce'leHHlt TT N- H KN -s3aHMo

.u~~CTBHH. TaKHM o6pa3oM H 6bll18 ycTaHosneHa nepsaH rpaHHua oT6opa 

.08HHbiX .OliSI o6pa60TKH. 

no nepeMeHHOlt 
-2 

6blll 3a.aaH HHTepsan 10 :5 I t I :5 
2 2 

1,0 !as /c • 

8epXHSISI rpaHHU8 Bbt6paHa Ha OCHOB8HHH pe3yllbT8TOB, nonyqeHHbiX paHee 

/1/ 
B pa6oTax • HH:>KHHH - pe3yllbTBT oueHKH npHMecH KynoHoBcKoro B38HMo-

.aeltcTBHH. B caMoM .aene, aMnnHTy.aa KynoHoscKoro pacceBHHH npH Manblx 

yrnax pacceHHHH: 

M 
a 

q k2v ()2 
(28) 

r.ae a = 1 I 137, v - cKopocTb, .aon:>KHa 6btTb 38M9THO M9Hbrue aMnnH-

Ty .Obi H.09pHOI'O p8CC9SIHHH, KOTOpaH llO UOpH.OKY B9liH'IHHbl orrpe,aeliSI9TCSI 

ee MHifMOlt '18CTbiO 

Jm M ':!. a tot 
N-~-

(29) 

8 

..... 

CpasHHBBH (28) H (29), nonyqaeM: 

1 t I ::; w-2 . (30) 

8 o6p800TKY BKl110'18liHCb 9KCll9pHM9HT8llbHbl9 TO'IKH, KOTOpbl9 OTKliOHSI

liHCb OT p8C'I9THblX KpHBbiX, nonyqeHHblX npH o6pa60TK9 .08HHblX .UliSI 

E ~ 3,5 JaB, He 001199 '19M Ha TpH OlliH6KH (BKl18.0 B MHHHMH3HpyeMbllt 

cpyHKUHoHan ~X = 9). 06pa6oTaHHbte aKcnepHMeHTBllbHbte .aaHHbte npHBe

,09Hbl B T80liHU8X 2 lf 3. 

VI 3 Bbt pa:>KeHHA .anSI aMnnHTY .a M 0 H M 1 
nerKO yCT8HOBHTb 'IHCliO 

sapbHpyeMblX napaMeTpOB, KOTOpoe, no-BH,OHMOMy, noTpe6yeTCSI .OliSI OnH

C8HHSI 9KCnepHMSHT8llbHblX .ll8HHbiX. 8Kl18.ll B 8MnliHTY.llY OT KB:>K.llOI'O 

pe,a:>K90H8 npH liHHeltHOlt annpOKCHM8UHH Tp89KTOpHlt C0.09p:>KJIIT ill9CTb 

napaMeTpOB a 
0 

, a 
1 

, y 
0 

, R2
0 

, y 
1 

, R
1 

2 
• B T8KOM cnyqae .anH 

onHcaHHH TT N -pacc::eSIHHH noTpe6yeTcH soceMHa.auaTb napaMeTpos ( o6MeH 

p 'p H p - pe.O:>K90H8MH), a .Oml OIIHC8HHSI K N -.aaHHhtX MO:>KHO sso.oHTb 

.OB8.0U8Tb '19Tb!p9 CB060.0HblX napaM9Tpa ( o6MeH IISITbiO pe,O:>K:90H8MH II pH 

napaMeTpax p , p' H p -TpaeKTopHA, B3HThiX H3 o6pa6oTKH TT N -pacceg

HHH) • 8 .09ltCTBHT9llbHOCTH 'IHCliO CB060.0HblX napaM9TpOB B paccMaTpHBae

MOM B8pH8HT9 .OOli:>KHO 6b!Tb B3SITO H9CKOllbKO 00llblll99, .OliSI TOI'O 'IT06bt 

Y'I9CTb B03MO:>KHYIO KpHBH3HY Tp89KTOpHlt. 8 H8lli9M cnyqae, CTp9MHCb no-

liY'IIITb H81IliY'llll99 OIIHC8HII9 9KCII9pHM9HT8l!bHblX .08HHbiX, Mbl YB9liii'i!IliH 

'iliCliO CB060.QHb!X rrapaMeTpOB .OliSI K8:>K.OOlt Tp89KTOpHH .llO llSITII • 

B paccMaTpiisaeMoM eapiiaHTe onHcaHIIH aKcnepiiMeHTBllbHbtX ,aaHHbtX 

C IIOMOlllblO T90p1I1I KOMIIl19KCHb!X yrnOBbiX MQM9HTOB 9CTb ~8M9THbllt He,ao

C::T8TOK. VfcnOllb30B8HHOe IIp1IOliii:>K9HII9 Teop!I!I npe.OCK83b!B89T OTCYTCTBH9 

nonSipHsaun:II B o6MeHHOM TT N -pacceHHIIII. O,aHaKo IIsMepeHHH, Bb!llOnHeH

Hbte Up!I .OBYX 9Hepr!ISIX 5,9 H 11,2 J9B 0 YK83b!B810T H8 H8liH'iH9 IIOl15IpH-

38UIIH OKOliO .09CSITII npoueHTOB/4/, npas,aa, Olli!IOKH II3M9p9HHlt B 60llblli!IH

CTB9 TO'i9K - TOI'O :>K9 IIOp5I.OK80 EcnH H8liii'III9 II0115Ip1I38UIIH B 06MeHHOM 

TT N - pacceSIHHII 6y.aeT rro.uTsep:>K,aeHo c 6onbrueA TO'iHOCTbiO, TO .unSI 

yCTp8H9HHSI p83HOI'l18C!Ilt C 9KCII9pHM9HTOM B nOliiOCHOM B8pH8HT9 T90p!IH 

KOMIIl19KCHblX Yf'liOBbiX MOM9HTOB IIpH.09TCH y'IHTb!B8Tb OOM9H p , -pe.a:>KeOHOM. 
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PesynbT8Tbi 

Pe3yJibTBTbi nepaoro sTana o6pa6oTKH npHaeneHbi a nepaoA xonoHKe 

( k > 3,5 rsa/c) T86JIHU 2,3,4,5,6. 06pa6BTbiB8JIJi!Cb LlBHHbie no noJIHbiM 

K L1Hc1JcpepeHUH8JibHbiM ceqeHHSIM H nonS1pH38UHH. CyMMapHoe 3HaqeHHe X 2 
, 

nonyqeHHoe npH o6pa6oTKe rr N H K N - LlBHHbiX, cocTaBnSieT 1678. 

n OJIH09 "'HCJIO o6pa60TBHHbiX 3KCnepHM9HT8JibHbiX TO'leK 1601. Y:HCJIO CBo-

60LlHbiX napaMeTpoa 41. TaKHM o6pa3oM, onHcaHHe a cpenHeM MO)KHO 

C'lHTBTb noqTH y LlOBJI9TBOpHTeJibHb!Mo 0LIH8KO JierKO npoaepHTb0 'ITO nony

'lPHHble npH STOM napaMeTpbl TpaeKTOpHit He onHCbiB8IOT M8CC H3BeCTHbiX 

pe3oHaHcoa. KpoMe Toro, 3HaqeHHSI napaMeTpoa Bonb¢eHwTeAHa R H 

A , pacc'lHTBHHbie no HaAneHHoMy peweHHIO, HeB03MO)!{HO cornacoaaTb 

171 
C LlBHHb!Mif pa60Tbl • BblllOJIHeHHOit npH SHeprHH 6 rsa. B CBSI3H C STH-

MH o6CTOSIT9JibCTB8MH TBKOe peweHHe CJienyeT OT6pOCHTb0 HeCMOTpSI H8 

HH3Koe 3HaqeHHe X 2 • 

Ha BTopoM sTane o6pa60TKH o6'beM Hcnonb30B8HHbiX naHHhlx 6biJI 

pacwHpeH 3a cqeT BKJIIO'leHHSI 3Ha"!eHHit napaMeTpoa Bonh¢eHwTeAHa R 

H A npH sHeprHH 6 rsa H Mace pe30H8HCOB, npHH8LlJI9)K8lllHX p 

p ' , p , w H A 2 -TpaexTopHSirv/9/. HH)KHSISI rpaHHua no 

sHeprHSIM 6biJI8 CLlBHHyTa LlO 5 rsa LlJISI K N - Ll8HHbiX H .ao 6 faa 

LlJISI rr N - naHHbiX. Y:Hcno napaMeTpoa yaenHqeHo 38 c"!eT aae.aeHHSI R 1 • 

Pe3yJibTBTbi o6pa6oTKH LlJISI .aayx napaMeTpH38UHA (IS) H (19) ¢yHKUHH 

y(K 2) npHB9Ll9Hbl B T86JIHU8X 2,3,4,5,6 B KOJIOHKBX 2 H 3 ( k '2:, 6 rsa/c), 

COOTB9TCTB9HHOo 
2 

CyMMapHoe 3HB'IeHHe X 
1 

sxcnepHMeHTBJibHbiX TO'leK no rr N H 

6oLIHbiX napaMeTpoa 47•. BepoSITHOCTb 

}493 H 
2 

X 2 =2222 • nonHoe "'HCJIO 

KN -pacceSIHHIO 1221. Y:Hcno cao

noganeHHSI CTOJib 60JibW~X 3H8"19HHit 

X 2 no "'HCTO CTBTHCTH'leCKHM npH'lHH8M npH 38,ll8HHOM 'lHCJie CTeneHeA 

CB060Llbl Mana. B CBS13H C STHM MO)KHO C"'HT8Tb 0 'ITO pBCCMOTpeHHbiA 

aapHaHT MonenH non10coa Pen*e He naeT B03MO)!{HOCTH onHcaTb sxcne

pHMeHTBJibHbie LlBHHbi9 B CTOJib WHpOKOM HHTepaane SHeprHit Jil nepenaH

HbiX HMnynbcos. OnHaxo npenaapHTeJibHO Heo6xo.aHMO y6enHTbCSI, 'ITO 

nOSIBJI9HHe 60JiblUHX 3H8"19HHA X 2 
He SIBJISieTCSI pe3yJibTBTOM CHCT9M8TH

qecKHX OWH60K, LlOllylll9HHbiX B 3KCnepHM9HT9o nocJI9LlHee, 0LlH8K0 0 noT-
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pe6yeT BB9Ll9HHSI HOpM Ha K8)!{Llbllt SKCnepHMeHT - noilOJIHHTeJibHbiX Cao-

60L1Hb!X napaMeTpOB. 

B 38KJIIO'leHHe aaTopaM npHSITHO no6naronapHTb JI.YI. JlanH.ayca H 

K.A. Tep-MapTHpoCSIHa, pa3roaopbi c KOTopbiMH HHHUHHpoaanH STy pa6oTy, 

C. T. Cyxopyxoaa 38 KpHTH"!ecxHe 38M9"18HHSI. 
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llpouecc 

11 N -pacce.aaHe 

1i -#p-# 1ip ; 1i -11. -1i)t 

r -r n. ~ Ji + n ; ~ -p ... 1i -p 

1ip .. Yif)n. 

X N -pacce.aaae 

/( ~p ... /C + p 

K.·n..~ JC+rz. 

K.-p- IC7:J 

1(-n.. ~ 1(,-n.. 

IG+n.. _, JC "p 

k.-p ~ JCon.. 

Ta6naua I. 
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AMITJIRTY].(A 

Hp-~-HJ:l' +~ 

Hp +Hp'- ~ 

fit{p 

Hr..,. lip• -4- H11• + Hc.P + Hw 

Hp _. Hp'- H~- He?,• Hw 

H -~oH.,-~oM -h·-N p 'P 'II,_ ,_,,. (o,) 

H p + Hp' - H11l +- H ..P- H w 

2 ( J.(&? -;- H II,) 

2 {-H"+-1111 .) 



Ta6mu~a 2. I Ta6JIHUB 3. 
06pa60TBHH~e SKCnepHY8HT8JlLH~e .~BHH~e no ~A/-pacceHHHD 06pa60T8HH~e BKCnepHYeHTBJlLH~e ~8HH~e no A[ AI -paCCeHHHD 

8KcnepHY8HTBJlLHBH I q~~~~o'j' A·:-z~lj I ·~- ---lu I JlHTepaTypa I 8KCnepHYeHT8JlLH8H qHCJIO! A v2 _I • v2 \j 

I JlHTepa-B8JlllqHHB BeJ1H'IIHH8 
lt. y_2 Typa 

t.ot 92 76,8 77 80,5 80,5 4 
0' ~·t { lc + + ) 24 17 19 21,8 21,3 (8) (j ( ,;•p • Ti+ p) p· .. JC. p 

()tct {Tip~ Trp) 95 45,4 75 25,2 25,2 4,6 
17 tat (/C.+ fl.,.. IC .. Il..) 9 14 7 1,3 1,0 (8) 

1f ( .,. .. p ~ .,;+pj 270 273,9 229 248,0 453,0 4 u-tct ( ICp- /C.-pi 36 32 28 24,1 29,5 (II ,6) 

~-; (y; )• .... ·rpJ 455 416,4 390 522,0 1005,9 4 (ltct l /C. -it,.. IC-n.) IS 14 IS Il,S II,2 (6,II,12: 

297 415,3 II6 308,7 343,9 4 "'''/e~~ ( IC • P ... JC. "PI 90 88 60 36,8 37,9 (8) ~ cr.-,,~ .,.crt.) 

/? ( .,.•p ... y;+pl 38 81,1 31 43,7 34,0 4 
Jr;;olcu t 1e -P • c ;:> J 77 72 55 65 64,8 (13) 

p (-,;-p .... "'i-p/ 62 67,1 45 37,3 42,0 4 
£> (IC .. p•IC+pi 20 I8 - - - (8) 

j 

p [Y:·p~Tion..) 2I 47,2 I2 30 30 4 
mc...f 78~'>) - - I 0,00 0,00 (5) 

R [.,::·p- .,.,.PI - 4 4,20 7,5 7 rn,. ( 1300) - - T 0,00 0,00 (5) 

Jq (~-p ... .,.-p) - 4 2,2 2,3 7 d<r 47 37,0 28,2 (IO) 

l'n.j(/260) I 5 di { 1(..-p -4 £'o n. ) 
-

m1• (15/SJ - I 5 
Bcero: 27! 255 233 192 T93,9 

rn.? ( "t.6SJ - I O,I I,SO 5 
aaaqeHHH x2 ~JlH peweHH~, nonyqeHH~ llpt~YellaHHe: xl H X 2 

mg ( 16601 - I 5 2 
~na ~Byx napaweTpHaaua~ (I8) H (19) WYHKUHH I 

IYIT ( Z190j - I 5 
COOTB8TCTB8HIIO, 

Bcero: 1330 1423 ' 988 JJOI 2028 

llpt~MeqaHae: x2
1- H X22-3HB'Il8HHH x2 ~JlH pe~eHH~, nonylleHH~ ~JlH 

rrapaMeTpHSBUH~ (18) H (19) ~YHKUHH t COOTB8TCTB8HHO, 
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Ta<SJJK~a 4. 

Ilapaue!pY !paeK!OpKI 

k."!: 3.5 ra'B/c Kl; 5 ra'B/c 

xi2 = I404 xl .. I406 xl = !789,8 I IlpKueqasxe 

I J., I,O I,O I,O 

2 r), 0 -0,580±o,037 -o,472±o,OI7 

3 rJ.z 0,272:!:0,!28 -0,2Ig!o,059 -0,03:rt'-o,037 p 

4 ol, -I,I4I:!:0,336 O,IQ6±0,0l3 0,053±o,036 

5 gt!r. 01644±o 1235 01I63±o.o35 01083±o 1036 

6 J. O,II6:!:0,04I 0,092±o,062 0,077±o,062 

7 ol, 1,926±0,105 o,425±o,ua 5,258±o,279 

8 rJ, -5,872±0,295 -1,642:!:0,120 -T,II5±o,I96 PI 
9 g£, 3,705:!:0,223 -I ,684±o,074 -I ,647±o,36 

10 cl - - 0 

II J.o +0,355±0,209 0,343:!:0,123 0,336±o,075 

12 rJ., -13,77:!:10,42 0,129±0,600 -Q,II6±o,496 

I3 ol.~ -I,I64:!:0,828 -I,009±o,974 liZ. 
14 ol, 0,004:!:o,I73 0' 096:!:o 'I6I 
15 ,(~ 0164oto1425 01591:!:o 1474 

16 d... 0,6II±0,030 0,614:!:0,034 0,6I7:!:o,034 

T7 ol., 0,037:!:0,123 -o,843:!:0,02I -0,75Ito,035 

18 J.t 8,085±o,6o3 -0,268:!:0,040 -O,OOI:!:o,08I p 
19 ~~ 13,750±0,950 -O,I55to,o22 -o' 025to' 040 
20 J. -6~7_1L:!:0,461 -o.020:!:Q,004 _ -~o.oo3:!:Q.oo5 
21 J, 0,418 ±o,04o 0,857±0,025 0,84l±o,026 

22 ~.-4,994 ±!,955 0,465±o,1II 0,677±o,I56 

23 J. 25,73 ±a,580 0,093±0,132 0,156±o,22I 6.) 
24 ~,-37,08 ±12,09 -1,247:!:0,309 -1,438±o,451 

25 ol., 16,48 • 5,40 0,736±o,364 I,292t0,44I 
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K? 3.5 ra'B/c 

x2 .. 1404 

I ,, 2,353±o,on 

2 R.t 3, 754±o,108 

3 I• 6,6I5±o,697 

4 R,' ---
5 r· 2,077:!:0,009 

6 IZ' • 3,972:!:0,026 

7 ,, 4,838±o,5I9 

8 /l,' ---
9 f· 0,249±o,016 

IO R.' 3 ,227:!:0,142 

II/c -2 t 364:!:o t 089 
I2 R, .. 

I 

Ta6u~a 5 

llapalletpw f K K ;~tnR t A/-paccesHBs 

K~ 6 ra'B/c 

x1
2 • I406 I ~2 .. 1789,8 

2,365:!:0,015 2,359±0,015 

I ,522:!:o,046 2,412:t0,049 

0,077:!:o,085 O,I85:!:o,I08 

0 :J 

2,204:!:0,194 2,25I:!:o,I94 

39,629:!:o,749 81,3I9:!:I,712 

3.ro-4:f:4, 7 .m-4 -a.ro-5t2.1o-5 

0 0 

0,245:!:o,021 0,244:!:o,02I 

ro3 Io2 

-4,045:!:o,090 -3,027:!:o,053 

5,509:!:o,I% 5,927:!:o,I96 
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llpKIIe
qaHJII8 

p 

p' 

tP 



r 
I 

-. 

I 

2 

3 

4 

5 

6 

7 

8 

9 

IO 

II 

12 

13 

14 

15 

16 

17 

18 

19 

20 

I· 
R.• 

f· 
R,Z 

r· 
R l 
• 

I• 
R.~ 

f• 
R/ 

1· 
R. t 

' 
r· 
R/ 

j. 
R/ 

1· 
R,/ 

t• 
R,' 

K~ 3.5 r&B/c 

xl= 255 

I ,942±0,012 

6,6Io±o,56I 

I9,08 ±2,471 

0,287 ±o,062 

I,614 ±o,30I 

2.,592 to,434 

I,OI2±o,363 

0 

0 

0,098±o,015 

I,9II±O, 720 

-2,7so:to,927 

0,837:1:0,071 

3,744:1:0,683 

4,13o±I,290 

-

• 

Ta6~a 6, 

llapaueTpw f H fl. AnH CN -pacceHHHH 

K~ 5r&B/c I llpaueqaHae 
2 ~z2 = 193,9 x1 = I96,3 .. 

I, 864±o, Oil I,88 ±o,OI3 

1,522 2,412 

I0-3±5.ro-3 0,393±o,060 p 
0 0 

1,065±o,I05 0,9I9±o,I24 

39,63 81,319 p' 
2.1o-3:t5.ro-3 2. Io-4±6. ro-5 

0 0 

O,I95±o,056 0,206±o,025 

7,625±!8,876 IO ,206±ri ,6?0 
Ill 

1,7II±o,6I2 I ,042±0,347 

2.233±o.773 I 1B06±o1637 

0,163±o,OI8 O,I64±0,0IB 

100 roo 

-1,215±0,316 -1,248±o,364 ? 
5,510 5,93 

0,285±o,21 0,293±o,024 

2,28!±0,238 6,60o±0,279 

O,Ol3±o,04I I,097±o,279 Gc,) 

0 4,181:1:0,659 

18 


