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BBE,LlEHI-1E 

lle ris HaCTOflll\e i1 pa fio r st - H3Me pe HHe a HaJlH3 HpYlOlI\ei1 cnocotiuo
CTH peaK~ H i1 yn py roro paCCefl HHfI Aei1TpoHo B Ha npOTOHaX d tP 101 
Aei1TpoHax dr d 101 Hey n py r o r o B3a HMoAe i1cTBHfI C yrneponox dr C ... p X, 

,LlaHH~e 06 y n py r oM pacceflHH H HC nOJlb3 YlOTCfI AJlfl npOBepKHMOAe
JlH rJl a y6e pa - CHTeH Ko C Y4eTOM cnHH0 3a BHCflII\HX aMnJlHTYA. 
OHH BalKH~ r axxe AJlfl H3MepeHHfI 101 MOHH To pHpOBa HHfI noriapaaauaa 
nY4KOB. ,Lla HH~e 0 HeynpyroM dtC-B3a HMoAei1cTBHH n03BOJlflIOT KpH
TH4eCKH n pOBe pHTb H pa3 BHTb MOAeJlH CTOJlKHOBeHHfI peJlflTHBHCT 
CK HX flAep. Han pHMe p , BeCbMa pa cnpoc T pa HeH H~i1 CTaTHCTH4ecKHi1 
/ TepMoAHHaMH4e cKHi1/ nOAXOA K o nHcaHHIO nOBe AeHHfI aAPOHOB npeA
CKa3~BaeT Man~e nOJl fl p H3 a ~HOHH~e 3$$ e KT~ , 4TO He COOTBe TcTBy
e T 3 Kc ne pHMe HTy . 

Pa 60 Ta B ~nOJlHeHa Ha ny4Ke nOJlflpH3 0Ba HH~X ~ei1T poHo B CHHXpO
$ a 30 TpOHa OI-1H I-1 . I-1MnYJlbC ny4 Ka MeHflJlC fI B HHTe pBa Jle 2 ,38 7 
7 12 r 3B/c . PerHcT pHpOBaJlHCb 4a CT H~~ OTAa 4H ynpyr o r o pa cce fl
HHfI nOA y rJlOM 77° 101 He y n py r o r o B3a HMoAe i1 cTBH fI nOA y r JlaMH 75° 
101 120° B naoo pa r o pao a CHCTe Me . AHa JlH3 HpYlOII\a fl cnocotiaocr s pe 
a K ~Hi1 o npe Ae JlflJlaCb H3MepeHHeM Jle BO-n pa Boi1 aCHMMe TpHH c e4eHHi1 , 
JlH60 c pa BHeHHeM c e4e HH!:1 n pa BKJlI04ei-l HH 101 BblKJl104eHHH nona paaa
4101101 nY4 Ka . 

3 KcnE P~M E HlAn bH AR YClAHOBKA
 
~ MEl O,Ll ~3ME PE HI-1 R
 

3 Kc ne pHMe HTa JlbHa fi yCTa Ho BKa c06paHa Ha OC HO Be c neKTpoMe Tpa 
flAep OTAa4H I l l , Aei1cTBYlOlI\erO Ha BHyTpe HHe M ny 4Ke CHHxpo$ a 30
TpOHa. AnnapaTypa pa3Mell\aJlaCb Ha JlHHe!:1 HoM npoMelKyT Ke yCKOpH
TeJlfl / pHC. 1/ . MHweHblO CJlYlKHJla nJle HKa 1013 nOJlH3THJleHa CH2 HJlH 
CD2 TOJlII\HHOi1 2-3 MKM . 

nY40K nOJlflpH30BaHHbiX Aei1TpoHoB $OpMHpOBaJlCfI HOHHblM HCT04
HHKOM " flona pac" 12/ . Ilonapaaauaa HHlKe KT HpyeMor o ny -uca H3Me pfl
JlaCb nOJlflpHMeTpOM Ha B ~xoAe JlHHei1 Horo yCKopHTe Jlfl /10 M3B/ . 
nOJlflpH3 a ~ HfI yCKopeHHoro nY4Ka onpeAeJlflJlaCb HaMH nOJlyn po BoAHH
KOB~M nOJlflpHMe TpOM nyTeM H3MepeHHfI JleBO-npaBo!:1 aCHMMeTpHH c e 
4eHHfI y n py r o r o dtp-pacceR'H HfI n pH - t = 0 , 025 (r3B/c} 2 101 HMny Jlb
ce ny4Ka 2,38 r3B /c. AHaJlH3HpYlOII\afl cnoc06HOCTb peaK~HH d tp ... 
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PHC. I. CxeMa nOnHpHMeTpa BHyT
peHHero nyqKa CHHxpo~a30TpoHa. 

A - nonepe -nroe c exeuae KaMepbl_I~.:"'~ YCKopHTe n H; E -	 BM KaMepbl CIlH
~

8 
muuC:;-- - - - --2~ 6,/ ~ 3 y; 1 - nneaoxnas MHllleHb; 2 

5 r ~ 
L...-~~===::Q:~ KOHTyp nOnepetIHOrO CetIellHH nytI

N
xa ; 3, 4 - JIeBbIH H npanua nOJIY 

lw- npOBOAHHKO Bbie TeneCKonbl; 5 
6 1 Ka Me pa CHHxpo~a30 TpoHa ; 6 - wn~3 

I (}~85:~ 6	 MHllle HH; 7 - ~3 TenecKonoB ; 8 , 
---3 .1iit'• •• '"f~---.f 4;:--...._ 9 - CLJ;HHTHnnHLJ;HOHHble TeneCKonbl. 

0",
 

90 ,, it " ' "
 mlf2 " 
5 I " .", 9 ~ dp n pH 3THX y c noBHRX H3BeCTHa 

pa 60T / 3,41 •H3	 nOnY4e HO CpeA Hee 
i '~~	 3 Ha4eHHe BeKTO pH O ~ nOnRpH3a4HH 

P = 0 , 39 ± 0,0 15 ± 0, 04 . CHCTeMa
TH4eCKaR o WH6Ka 0 , 04 BWTeKaeT H3 
HeonpeAeneH HOCT H aHanH3 H py~ ~e~ 

cnoco 6HOCTH. nonRpH3a 4HR BW Be 
Ae HHo r o nY4Ka H3Me pRna Cb YCTaHoBKo~ l 'Anb(jla l ' • n pH 3TOM ny40 K
 
YC Ko pRn CR AO HMnyn bc a 9 r3B/c, a 3a Te M 3aMeAn Rn CR AO HMnynbca
 
3 r3B/ c . Ta KHM o6pa30 M, nOKa3a HO OTCYTCTB He Ae nonRp H3a4 HH B
 
n p0 4e c c e yCKo peHHR AO Ma KC HManb HO~ 3HeprHH C(jl/5/ .
 

n pH HccneAOBaHHH ynpy r Hx peaK4H~ 4aCTH4w OTAa4 H pe rHCTp HpO
Ba n HCb AByx nne 4 e BWM c neKTpOMeTpOM, COCTOR~HM H3 TeneCKonOB 
nonyn poBoA HHKOBWX Ae Te KTo pOB, no ABa Tene CKona B KamAOM nne4e o 

Tertec xona pacnonara nacs BHyTpH KaMepbl ycxoparena Ha pa cC TOR
HHH 90 0 MMOT MHweHH o K a mAw~ TeneCKon COCTORn H3 Tpex no n y n po
BOAHHKOBblX AeTeKTo pOB. nepBwe AB a AeTeKTopa cnymHnH AnR H3Me
peHHR 3HeprHH 4aCTH4 H I1X HAeHTI1(jlHKa4I1H ( 6 E -E ) -Me TOAOM, rpe
T H ~ 6wn BKn~4e H Ha a HTHCOBna Ae HHR. Ton~H H a 6E-AeTeKTopOB 
15 0 MKM, a E-Ae Te KTo po B - 1900 MKM. TeneCH b l~ yron 0 ,15 MCp 
Te ne CKo nOB 3aAasan CR KonnHMaTopaMH . 

Ha p HC. 2 nOKa3aHW 3HepreTH4eCKHe cneKTpbl npOTOHOB 11 Ae~ 

TPOHOB " H3Me pe HHbie OAHHM TeneCKonOM. npaBwe nHKH COOT BeT CTBY~T 

4a CTH4aM OTAa 4 11 OT ynpyroro pacceRHHR . ~X WHpH HbI onpeAenR ~T cR , 

B OCHOBHOM , yrooBwM paCWHpeHHeM cnexr pcxer pa ± 5 MpaA. Jle aue 
nHKH COOTBeTCTBY~T peaK4HRM , HAY~HM C pa3BanOM HaneTa~~ero 

A e ~ TpoHa. Cnex rpa conepxar (jloH OT (jlparMeHTa4HH yrne po na , 
OH c na 60 3aB l1CHT OT yrna H H3MepRnCR B oTAenbHOM (jloHOBOM 3KC
nepl1MeHTe . 

npH H3Y4eHHH peaK4Hl1 d r C ~pX peracr pa uaa n pOTOHOB ocyuiecr 

snRnaCb 0AHonne4eBWM c ne KTpo Me Tpo M H3 AByX TeneCKonOB , pa c no 
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PHC. 3. Ilpaerepno e (6 E - E) -pac
npeAenellHe B CLJ;HHT HJInHLJ;HOHHOM 
TeneCKone . CHH3Y BBepx qeTKO 

too 

SO B bIPHCOBbI B ~TC H n HHHH «. c , d. 

nomeHHWX BHe KaMepbl yCKOpI1Te o to 20 JO 
nR nOA yrnaMH 75 0 H 120 0 

Ed (MJB) 
IpHc . 1/ . Ka mAbI ~ TeneC Kon co 

PHC. 2 . 3 He pr e THtIe CKHe c neKT CTOR n H3 AByX nnaCTMaCCOBblX 
Pbl tIaC THLJ; OTAatIH B y npyr o M C4HHTHnnRTo pOB To n~ HHO~ 5 MM 
dtp-pacce HHHH l al H y npy roM 11 ABy X KpHCTannOB Na I(T f)Ton
dtd-pacceHHHH 16/. ~HHO~ 80 H 150 MM. Tenec xonu 

n03BonRnH HAeHTH(jl114HpOBa Tb npo 
TOHbI (6E -E )- Me TOAOM H H3MepRTb HX 3HeprH~ B Al1a na30He 40 -:
-:- 300 M3B , HHmHRR rpaH H4a AHana30Ha onpeAenRnaCb, s OCHOBHOM , 
T on ~H . io~ OKHa B Ka Me pe ycxopar e na . Ha pHC. 3 npHBeAeHO (6E -E )
pa c n pe Ae ne HHe AnR OAHoro H3 TeneCKonOB. BHAHO, 4TO nHOHW, npo
TOHbI H Ae~TpoHbI xopowo pa3AenR~TCR. 

~3MEPEH~E AC~MMETP~~ BWXOaA 
BTOP~4HWX 4A CT~U 

npH ynpyroM pa CCeRHHI1 1 + 2 ~ 1 + 2 ny4Ka nonRpH30BaH HblX 4a
CTH4 1 Ha 4aCTH4ax MI1WeHH 2 neBo-npaBaR aCHMMeTpHR ( ce4eHHR 
B3aHMoAe~cTBHR onpeAenR eTCR no p acceRHHo~ 4aCTH4e 1 Hnl1 ' 4a 
CTH4e OTAa4H 2 : 

L 1 -C 1 R1 L 2 - C2 R2
( = 

L1 + C1 R1 L 2 + C 2 R 2	 I I I 
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3AeCb L1I2' R 1I 2 - 411CJla 4aCT114, aaperacrpapoaaaaux B o npene

JleHHblX t-1HTepBaJlaX t , t + ~t 1/2 xaanpa'ra nepenaauor-o 4-I1MnYJlbCa .
 
B XOAe 3KCnepl1MeHTa 4epeAOBaJll1Cb 411KJlbl yCKopeHI1R nOJlRpI130BaHHO

ro 11 HenOJlRpl130BaHHOrO nY4Ka, 4TO n03BOJlt-1JlO OnpeAeJlt-1Tb K03$$I1

411eHTbI Cl/2. Y4 I1 T bl Ba ~~ t-1e HeCI1MMeTpt-14HOCTb nJle4 CneKTpOMeTpOB.
 
C1I 2 = L01l2/RV2, rAe L 1/2, R 1/2 - C4eT nesux 11 npaaux nnev
 

AJlR HenOJlRpl130BaHHoro nY4Ka. ~JlR onpeAeJleHt-1R aCt-1MMeTpt-1t-1 ( OA

HOnJle 4e BbiM cneKTpOMeTpoM He06xOAI1MO MOHt-1TOpl1pOBaTb 4t-1CJlO 4a 

CTI14 M nOJlRpl130BaHHoro ny4Ka t-1 MO HenOJlRpt-130BaHHoro nY4Ka,
 
npOWeAWt-1X 4epe3 MI1WeHb. nYCTb C = M/Mo, roraa
 

L1+C1R 1 = C(Ll +C1R'l), 121 

L 2 + C 2R 2 = C(L 2 + C2R~) , 131 

L ~ =CIR~, L'2 = C 2R 2 . 141 

H3 11/-/41 nOJlY4aeM AIlR 0AHOnJle4eBbiX cneKTpoMeTpOB 

L1 -CLl R1-CR'i L 2 - CL 2 R 2 - CR 2 
CL I CR t CL 2 CR 2 
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B HaweM 3KCnepl1MeHTe B Ka4eCTBe MOHI1TOpHOro 4t-1CJla t-1CnOJlb30Ba
JlaCb cyMMa 411CJla 4aCT I14 B o60l1x nJle4aX cneKTpoMeTpa 113 nOJlY
npOBOAHI1KOBblX AeTeKTopOB 10THocI1TeJlbHoe MOHI1Topl1poBaHl1el. 

B HeynpyroM paCCeRHl111 B 06~eM CJlY4ae HeT Kpl1Tepl1R pa3Jll1411R 
pacceRHHO~ 4aCT114b1 1 t-1 4aCTt-14b1 OTAa411 2, n03TOMY B Ka4eCT
Be onpeneneuaa aCI1MMeTpl111 npl1HI1Ma~T nepeue ABa paaeucr aa $Op
MyJlbl lSI. 

"Ilpaaaa" 11 "JleBaRII CTOpOHbI II1JlI1 3HaK aCI1MMeTpl1111 onpeaena
~TCR COrJlaCHO peKoMeHAa41111 Me~AYHapoAHO~ KOH$epeH41111 B MeAl1co
He 11971 r./: npaBaR Ct-1CTeMa KOOPAI1HaT 3anaeTCR TOO~KO~ OpTO

.... ....... .... (=+' .... ') / 1-' ""1
rOHaJlbHblX BeKTopOB nx , ny, Oz, rne n z = Pl xPI Pl x PI , 
n = ii y x n • Pl . PI - I1MnYJlbC 4aCT114~ ny4Ka AO 11 nocne paccea x z 
HI1R. 3a OCb KBaHTOBaHI1R Bbl611paeTCR Oy InOJlRpl13a411R ny4Ka Ha.... ....

npaBJleHa no ny/. TorAa BeKTOp 0xYKa3b1BaeT HaJleBO 11 aCI1MMeTpl1R 
Bbl411CJlReTCR no $opMyJlaM Ill-lSI. 

HCT04HI1K InOJlRpI1C" $OpMl1poBaJl ny40K C nOJlRpI13a4I1e~, napaJl
JleJlbHO~ I1JlI1 aHTl1napaJlJleJlbHO~ HanpaBJleHI1~ MarHt-1THOrO nOJlR yc
KOpt-1TeJlR. B AaHHOM 3KCnepl1MeHTe TeH30pHaR KOMnOHeHTa nOJlRpt-13a
4t-1t-1 6b1Jla 6Jlt-13Ka K HYJl~ " npl1 3TWX YCJlOBt-1RX t-1MeeTCR CJleAy~~aR 

CBR3 b Me~AY Ha6Jl~AaeMO~ aCI1MMeTpt-1e~ ( , BeKTopHo~ nOJlRpt-13a4t-1e~ 

ny 4 Ka P Vl aHaJlt-13I1py~~e~ cnocotiuocn,o A y peaK4Vll1 ynpyroro d r p 
paC CeRHt-1 R lei: 

3
( = "2 P A y . 161 

3KcnE PHMEHTAflbHWE PE3YflbT ATW 
H KOMMEHTAPHH 

BeKTo pHaR aHaJlI13I1py~~aR cnoc06HoCTb A y ynpyroro d,p -pac
CeRHI1R onpeAeJleHa B HacToR~e~ pa60Te np l1 KBaApaTe nepeAaHHoro 
4-I1MnYJlbCa - t = 0,025 (r3B/c)2 B AVlana30He t-1M nYJlbCa nepBI14HOrO 
ny4Ka 2,38 + 12 r3B/c . Pe3YJlbTaTbi npl1BeAeHbI B Ta 6Jl. 1 11 Ha 
PI1C. 4. ~aHHble 0 3aBI1CI1MOCTI1 Ay OT I1MnYJlbCa HaJleTa~~ero Ae~T
pOHa MO~HO CpaBHI1Tb C MOAeJlb~ rJlay6epa - CI1TeHKO, 0606~eHHO~ 

'Eafirnn..\a 
AHanH3HpyromaH crroco6HoCTb Ay yrrpyroro d~-pacceHHHH
 

rrpH -t=O,02 5 (r3B/c)2 gnH pa3Hb~ HMrrynbcoB HaneTaWmHX
 
nerrrpoao s
 

p, r3B/c 

2,38 
3,22 
4,18 
5,01 
6,68 
7,94 
8,94 

10,60 
i2,OO 

A y 

0,285 
0,197 
0,179 
0,144 
0,086 
0,070 
0,072 
0,085 
0,044 

~Ay 

0,025 
0,032 
0,024 • 
0,024 
0,022 
0,018 
0,016 
0,037 
0,038 

Ha CJlY4a~ CnI1H03aBI1CR~I1X aMnJlt-1T"YA. Ha OCHOBaHl111 pa60Tbl / 71 

HaMI1 nOJlY4eHa npI16Jlt-1~eHHaR $opMYJla ICM. npI1Jlo~eHl1e/ : 

1
A dp = 3' (App + Anp ) • /71 

CBR3b1Ba~~aR 3Ha4eHI1R aHaJlI13I1py~~e~ cnoc06HoCTI1 B dtp- t-1 NtN
paCCeRHI1I1. Pe3YJlbTaTbi pac4eTa no $opMYJle 171 C I1CnOJlb30BaHt-1eM 
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PHC. 4. BeKTopHaR aHanH3Hpyw
~aR cnoco6HOCTh ynpyroro d,p
pacceRHHH B 3aBHCHMOCTH 0'1' HM
nynhca IHa HYKnOHI nyqKa: e 
HaCTOR~aH pafior a ; 0 - nanaue H3 
pa60Tw / 71 ; 0 - nogCqeT no ~op
Myne /71. 

3KcnepHMeHTa11bHblX gaHHblx no Pt p
H n, p -paccenaao 18 - 121 nOKa3aH 
Ha pHC. 4. B npeAe11ax OWH60K 
MOlKHO KOHCTaTHpOBaTb BbIn011HH

MOC Tb COOTHoweHHR 171. 3 TO TaKlKe AaeT KOCBeHHoe nOATBeplKAeHHe 
coxpa He HHR nonRp H3a4HH ny4Ka B np04ecce yCKopeHHR . 

AHa nH3 H pYIO~a R cnoc06HOCTb Ay ynpyroro pacceRH HR npH HMnynb
ce Ae HTpoHo B 2,38 r3 B/c H3MepeHa AnR Tpex BenH4HH KBaApaTa ne
peAaHHoro 4-HMnynbca: 

-t ( r3B/c)2 0, 005 0,025 0, 054 
Ay 1810 ,0 98 ± 0 , 02 O,29 ±O,02 O,39 ± O,03. 

~ 11 R peaK4HH y npy r o ro d,d-pacceRHHR H3MepeHa aHanH3 H pY IO~a R 

c noc06HOCTb np H -t = 0 , 044 ( r3B/c)2 AnR AByX 3Ha4e HHH HMnynbca ~HX n poToHoBI 06cYlKAaeTcR , HO K011H4e c TBe HHoH MOAenl1 HeT AO CHX 
Ha ne Ta lO~e ro AeHTpoHa. nonY4e Hbl Be11H4HHbl nop. HOlKHO, oAHaKo, CAenaT b Ka 4e c TBe HHblH Bbi BOA, 4TO npH He60nb

wOH 3HeprHH BTO Pl1 4HblX npOTOHOB BenHKa po nb ne pe pacceRHHR . 
Ay = O, 373 ± 0 , 038 np H 2 , 38 r 3B/c . Coxpa HeHHe n poCTpa HCTBeHHO- BpeMe HHOH 4eT HOC TH B 611191Ay= O, 154 ± 0,02 5 npa 4, 18 rsa/e • HapHblX np0 4e c cax Tpe6yeT, 

~aHHb le 06 aHanH3HpYIOl1\eH cnoc06HoCTH peaK4HH dTC -, p X nony
4eHbI np H HMn ynbce ny4Ka 2,38 r3 B/c ICM. Ta6n . 2 H pHC. 5 H 6/. Ily 
PaHee 6b1nH H3MepeHbI 3Ha4eHHR aHanH3HpYIOl1\eH cnoc06HOCTH peaK4HH 
pT C .. pX npa HMnynbce ny4Ka 1,46 r3B/c / 13 , 141 • KaK BHAHO H3 ! 0,' 
pHC . 5, ~opMa 3aBHCHMOCTH Ay OT KHHeTH4eCKOH 3HeprHH perHCTpH

pyeMbix npOTOHOB AnR 06eHX peaK4HH OAHHaKOBa . Ee Ka4eCTBeHHO
 
MOlKHO 06"bRCHI1Tb cOBoKynHblM AeHCTBl1eM rpex nOAnp04eCCOB: ~ 0,0

al B03HHKHOBeHHeM H perHcTpa4HeH cneKTaTopHoro npOTOHa (aHanH

3HpYIO~aR cnocofiaoc r s A y = 0); 61 KBa3HynpyrHM pacceRHHeM AeH

TpOHa Ha npOTOHe C pe r ac rpauaea npOTOHa OTAa4H (A y < 0); BI MHO - 0, f
 
rOKpaTHbiM pacceRHHeM AeHTpoHa I111H B3aHMoAeHcTBHeM ero C KnaCTe

pOM RApa C perl1CTpa4HeH npOTOHa OT ~parMeHTa4HI1 nepBH4Horo
 

1 

PIli! ~
 
Q?f fH f 
t9 ? 

-

4T06b1 aHanH3 HpYIO ~aR cno
C06HOCTb peaK4HH THna A(b , c)D 
paBHRnaCb nOnR pl13a4HH P B pe
aK4 HRX THna A Cbc, ) D . npeA
n011a raR, 4TO Heynpyroe B3aH
MOAe HcTBHe aApoHOB C RApa-

PHC. 5. 3aBHCHMOCTb aHanH3Hpy
lO~eH cnoc06HOCTH 0'1' KHHeTaqe
CKOH 3HeprHH perHcTpHpyeMbIX 
npOTOHOB nog yrnoM 75° gnH 
dtC-+pX Ie - HaCTOH~aH paeo-ra , 

! I l --lAeihpoHa CAy > 0) . C pOCTOM 3HeprHH perHcTpl1pyeMoro npOTOHa 0,2 I HMnynbc nyqKa 2,38 r3 B/ci H o too 200 JOO 400nOAnp04ecc BI CTaHOBHTCR KI1HeMaTH4eCKI1 npeAn04THTenbHblM, ero PTC-+pX/O - pa60Ta / 131 , HM
OTHocHTenbHblH BKnaA pacrer , 4TO H npl1BOAHT K Ha6nlOAaeMoH CMeHe s,(M:JB) nynbc nyqKa 1,46 r3B/c/.

/ 111 3HaKa ~YHK4HH Ay(E p) . B pa60Te 3TOT MeXaHI13M IAnR HaneTalO
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PHC. 6. AHanH3Hpym~aH cnOCOoHOCTh 

Ay B 3a BHCHMOCTH OT 3HeprHH perHCT
pH pye Mb~ n pOTOHOB nOA yrncM 120 0 

o 

• f 

.2 

-~~_. _~ 
Ami dt C .... pX /. - H a C T O H ~a H pafio-: 
Ta, HMnynhc nyqKa 1, 19 r3B/e / H 
pC .... PtX/O- paooTa / 15/ , HMnynhe 
nyxxa 1,27 f3B/ c l , Cnrrouraax KpH
BaH - pe3ynhTaT paeqeTa Ha oeHO
Be r Hn OTe 3M 0 npRMOM BMOHBaHHH 
HYKnOHOB H3 HAPa / 151 

-. f I , 
o 50 100 150 ZOO 250 

Ep (M3B) 

MI-1 npor e xae'r -repea 61-1Ha pHbie nonnpoueccu Ha HyK110Hax 1-1111-1 APyrl-1x 
KOHcTI-1TyeHTax RApa, M~ CpaBHI-1BaeM HaWI-1 AaHH~e nOA yr110M 120 0 

/ Pl-1 c . 6/ C AaHHblMI-1 1-13 pa60T~ /15 1 , B KOTOPO~ I-1CC11eA)-eTCR n011Rpl-1
3a~I-1R npOTOHOB B peaK~1-11-1 pC .... p tX npl-1 I-1MnY11bce ny-nca 1, 27 r3B/c , 
AHa111-13I-1py~~aR cnoco6HoCTb A y, onpeAe11eHHaR B Hawe~ pa6oTe, B 
I-1HTepBa11e 3Heprl-1~ Ep npOTOHOB 40 7 180 M3B paaua HY11~ B npenenax 
OWI-160 K. AaHHbie otie ax pa60T B nepexpuaaoaexca AI-1ana30He 3Heprl-1 1-1 
120 7240 M3B cor11a c Y~T cR , HO A11R OAH03Ha4Horo B~BOAa 0 B~n011 

HI-1MOCTI-1 npaauna P = A Y A11R Hey n py r l-1x B3aI-1MOAe~C TBI-1~ He06xoAI-1MO 
npOA011~eHl-1e I-1CC11eAOBaHI-1~ C 6011bwe~ T04HOCTb~ ~ B paCWl-1peHHOM 
AI-1ana30He KI-1HeMaT~ 4eC KI-1X nepeMeHH~X. 

B n011ynpoBoA H~K OBbIX r e rte c xo na x pe r acr pwpoaanwcs TaK~e 1-1 30 
rona BOAopOAa ~ re11~R OT lI>parM eHTa~1-11-1 RAep yrnepona , A11R BbIXO
Aa 3TI-1X RAep n011Y4eHbi C11 e AY~~l-1e 3Ha4eH~R aHa111-13I-1py~~e ~ cnocofi 
HOCTI-1 npl-1 I-1MnY11bce Ha11 eTa~~ I-1X Ae~TpoHoB 2,38 r3B/c : 

A11R g 1-1 t B AI-1ana30He 7 7 25 M3B A y = (- 2 , 7 ± 0,6 )% 
A11R ~He B A~ana30H e 10+30 M3B A y = (- S, S± 2 , 2) % 
A11R 2He B A~a n a 30He 10 730 M3B Ay = (- 7 , 7 ± 3 , 5)% . 
B 0611ac TI-1 3 He pr l-1 1-1 HyK11l-1AOB E ~ 3 0 M3B AOM~H~PY~~ ~M MeXaHI-13 

MOM ~ X 06pa30B aH~R C4~TaeTCR ~cnapeH~e ~3 B036Y~AeHHoro RApa
oC TaTKa. tl11R T epMa111-130BaHHO~ C~CTeM~ A011~HO 6~Tb A y = 0. OT11~ 

4~e OT HY11R Ay YKa3~BaeT Ha np~MeCb APyroro MexaH~3Ma 06pa30
BaH~R 11erK~X H YK11~AOB, Hanp~Mep npouecca npaaoro BbI6~BaH~ fl 

/ KBa3~ynpyroe pacceflH~e nepB~4Ho~ 4aCT ~~~ Ha np~rOTOB11eHHOM B 
flApe K11aCTepe/ . H3 Hawero 3Ha4eH~fl aC~MMeTp~~ MO~HO Ka4eCTBeH 7 
HO oueuars A011~ R peaK~~~ npaxoro BbI6~BaH~fl 11erK~X HYK11~AOB ~3 

RApa yr11epOAa . OCHoB~BaRCb Ha pe3Y11bTaTax /7/-/9h n011Y4aeM 
o~eHKY aHa11~3~py~~e ~ cnoc06HoCT~ peaK~~~ ynpyroro pacceRH~R no
11R p~ 30 Ba HH blx Ae~TPOHOB Ha 11erK~X HYK11~Aax: A reop es O,S npa 
-t "" 0 ,1 (r3B/c ) • HCKoMafl oueuxa R = ASl<cn/A reop COCTaB11fleT A11R 
r pynnu 2.3H ( S, 4 ± 1 ,2 ) %, A11fl r pynnu 3.4He (13 ± 3,S) %. 

8 

3AKnlO4EHHE 

C0 3AaH n011Rp~MeTp BHYTpeHHe ro ny-uca ClI>, Hil KOTUpOM Illl p l 'lll' 

ne aa a H a Jl~3~ py~~aR cnoc06HOCTb Ay yn pyror o d t p- 1-1 d 1 (I· ~ IIC
y n pyr o ro dt Orpacceauua , np~ ~Mn Y11 bce n y v xa Pd - 2 ,38 I ~l ll / c; II d ~ 

AeHa e ro ae x 'ropa a s n~11 Rp~3il~~fl P = 0 , 39 :t O, OI S. 3"lIH1 C ~MO C n. 

A y( Pd ) B yn py r oa dtp-B3a~MoAe~c T B ~ ~ B n pe nenax OIllJ.1GO I< O I I ~C bI U , l 
e TCR B paMKax 0606~eHH O~ MOA e 11~ r11ay 6epa - CI-1T CIIKO . 4TO KOC
BeHHO C B ~AeTe11b cTByeT 0 coxpa HeH ~ ~ n011Rp~3 il ~ l-1 J.1 AG~ T pOIIIIu ro 

ny4 Ka B npouecce ycxopeuaa , C pa BHeH~e AaHHblX 06 t1 1l (] 11 J.13 J.1 py~~ea:i 

cno co 6Ho CT I-1 ~ n 0 11 flp~3a~~~ B He y n py ro~ peaK~J.11-1 HilBOAI-1T H(] MW C11b, 
4T O Heyn py r o e B 3a ~MoAe~c T B ~e aAPOHOB C flApaMJ.1 npOT CKtl CT 4CPC3 
61-1Ha pHbie nonnpoueccu Ha Hy K110Ha x ~11 1-1 APyr~ x KOHCTJ.1TyeIlTax nnpa , 

ABTOP~ B ~pa~ a~T 6IlaroAapHocTb A .n .nap~4 eB o ~ 1-1 T . lI> .rpa 60 oc 

KO~ 3a n OMo~~ B nOArOTOBKe an na paTYP~ K 3 Kcne pl-1MeHTy .
 

n p ~nOlK EH~ E 

B~BeAeM l!>oPM Y11Y /7/ , CBfl3~Ba~~y~ a Ha11~ 3 I-1pY~ ~l-1e c noco6HOCTI-1 
B npoueccax ynpyror o d t p- 1-1 Nr N -paCCeRHI-1R . B 6~H apH~ x pea xuu 
ax aHa11~3I-1pY~~fl c no cofiao c r s A B pa CCeRH l-11-1 at b .... ab paaua no
11fl p I-1 3a ~ l-1 ~ P B paC C eRH~1-1 ab .... at b. HI-1~e o6cY~AaeTcR B611l-141-1Ha P • 

06~ee aupaxeuae A11R aMn11 l-1TYAbl y n py r o r o d t P -pa c ce R H ~R nony 
/ 71 

4eHO B pa 60Te • ~cno 11 b30BaHl-1e 3Toro pe 3Y11b Ta Ta Tp e 6y eT , OA
Ha Ko , 3Ha H ~fl AeCfl TI-1 KOMn11eKCHblX aMn 11 l-1TYA pp- ~ np - B3aI-1 MO Ae~

CT B ~fl . nOCK0 11bKY TaKaR AeTa11bHaR ~ HlI>o pMa~~ fl 0 HYK110 H- HYK110 H
HOM pa C CeflH ~ 1-1 B J.1CC11eAYeMOM AI-1ana30 He 3He prl-1 ~ OTCyTc TBy e T, no 
nsrr aeaca ynpocr vr s 06~ ~ lI>0PMY.ny . 

O r paH~4~Bafc b npeAe 11aM~ A l-1 l1> pa K ~ ~o H H oro KOHy ca ( - t < 
< 0,1 ( r3B/ c ) ) 1-1 He npeTeHAyfl Ha T04HOCTb pe3Y11bTa Ta B~ we 
3-S%, MO~H O n peHe 6pe4b ABYXKpaTH~M pacceflH~eM Ha HyK110Hax 1-1 
onY CT ~T b D-B011Hy B CTpy KTy pe Ae~Tp OHa. B 3TOM n p~611~~eH I-1~ y n 
pouiaer ca TaK~e nepexon ~3 C~CTeMbl 6 pe~Ta, ~CnOJlb3yeMo~ B pa

'7 1
60 Te ' ,B cacr exy ue-rrpa Macc HyK110HOB. B pe ayn sr a r e ae xr o p-
H Y~ nonspaaa uao Ae~TpOHa B~pa~aeM 4epe3 T paAI-1 ~~OHHble aMn11I-1Ty
A~ a ,b ,c ,d,e NN-pacceRH~R: 

41m ( c b * - a c *) 
Pd = - ---------  ' / 10/ 

p 3( laI2 + lcI2 ) + 2(l b I2+ l c I 2 + Id 12+ l el 2 ) 

r Ae aMn 11~TYAbl a , b , • •• pa BHR~TCR cyMMe aMn11~T Y A p p- ~ n p-pa c-
ce R H ~R , T .e . a= app+ a np , •• • CTO~T nOA4e pKHyT b, 4TO 1-1 3 - 3a 
n pe He6 pe~eH I-1 R AByxK pa T H~M paCCeRHl-1eM B l!>opMY11e /10/ OTCyTCTBy
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eT ¢OpM¢aKTOp Ae~TpOHa. nOnHp~3a~~H npOTOHa B Np-paCCeRH~~ 

onp eAenReTCH ¢opMyno~ 

21m (c Np b ~p - a tip C Np) 
P = -

Np 2 12 1 2 2 12 /11/
Ia Np I + Ib Np + C Np I + \ d Np I + Ie Np 

~3 /10/ ~ /11 / B~AHO, 4TO B o6~eM cnY4ae nonRp~3a~~R Pdp 
He euoaxaer ca 4epe3 nonapaaauan Ppp III Pnp ' CAenaeM AanbHe~WlIle 

ynpo~eHIIlR BblpalKeHIIl~ /10/ III /11/, 4T06bl 3TO c'rano B03MOlKHbIM. 
B 3KcneplllMeHTe / 9 1 nOKa3aHO, 4TO B pp-paCCeRH~1Il np~ Ha4anb

HOM IIlMnynbce 1,46 r3B/c B 06naCTIIl Man~x nepeAa4 bpp = O. ~3

BeCTHO TaKlKe, 4TO He 3aBIIlCH~aR OT cnlllHa aMnnlllTYAa AaeT AOMIIl-
HIIlPY~~IIl~ BKnaA B ce4eHlIle, T. e , ' 

Ia 12 » \C i2 . Ia 12 » Id 12
, Ia 12 »1 e 12

• 

AonYCKaeM TaKlKe, 4TO YKa3aHHwe cBoAcTBa aMnnlllTYA pp-pacceH
H~H cnpaBeAn~Bw III AnH np-B3aIllMoAeAcTBIIlH. B 3TOM nplll6nllllKeH~1Il 

¢opMyn~ / 10/ ~ /11/ nplllHIIlMa~T BillA 

4 1ma c *
 
P =


dp 231 a 1

2 1m a Np C *Np 
P 

Np 2Ia Npl 

6nlll30CTb nonHWX ce4eHIIl~ III III ManOCTb nepe3apRAKIIlupp unp 
pn-np rOBoplllT 0 6n~30CT~ He 3aB~CR~~X OT cnlllHa aMnn~TYA pp-
III np -B3a~MOAe~CTB~R. Ilonar-aa = ' nonyvaex IIlCKOMY~ ¢o pa pp anp 
Myny: 

1
P (t,S ) = -3 ( P (t,s) + P ( t ,S)),

dp pp np 

r ne S - KBaApaT B CIllCTeMe uearpa Macc HyKnoHoB.3Hepr~1Il 

B IIlCCneAYeHOM AIIlana30He 3Heprlll~ MOlKHO OlKlIlAaTb 10% T04HOCTIIl 
BbInOnHeHIIlf! ¢OpMyna , 
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