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BB EAE HHE 

Ba~H~M pe3ynb TaToM ~3Y4e H~H aAPOH- HAe pHbIX B 3 a~ Mo AeHc T B~H 

HBnHeTCR 3Kcnep~MeHTa n bHoe 06 Hap y~eH~e KYMynRT~BHoro 3~eK

Ta / l,21 - ~c nYCKaH~R B TOP~ 4H ~X 4aC T~~ B K~HeMaT~4eCKY~ o6nac Tb, 
3anpe~eHHY~ AnR B 3a ~ MoAe HcTB~H aAPOHa co c B o6o AH~M Hy KnOHOM. 

B/ 3 1 np eA CT aB ne H~ pe3ynbTaT~ ~ ccne AOBaH~R ~ HKn~3~B Ho r o np o
~ecca 

TT-A -. pX /1/ 

AnR HAe pH~X M~weHeH (C,Cu. Ph ) np~ ~Mnynb ce n~OHOB 40 r3B/c, no 
nY4e HH~e Ha yCTaHoBKe MHC OHRH. B 3TOH pa60 Te 6~n~ on peAeneH~ 

~HBap~aHT H~e ce4e H~ R B ~n eTa npOTOHOB B 3a AH~~ nonyc~epy na 6o 
paTopHoH C~ CTeM~ KOOPA~Ha T /KYMynHT~BH~X npo To Ho B/ B 06na C T~ 

~MnynbcoB O , 3~ 1 r 3 B/ c AIIR AByX ~HTepBanO B y r noB 120°+ 160° 
~ 155° ~ 1 7 5 °. 

B Ka~AOM ~ 3 AByX ~ccneAO B a H H~X yrno B~x ~H TepBaIlO B ~H Ba 

p~aHT H~e ce4eH~R n po ue c c a /1/ 

E d 
Q 

~a 

F ( P 2. 0 ) = ~ d P dU /2/ 

rAe E , P , 0 - nonHa R 3 HeprHR, HMnyn bc ~ yron B~n e Ta npo To Ho B 
B n.C.K . - 6~n~ na paMeTpH30BaH~ B BHAe 

2 2F (P ) = C . exp (- B P ) . /3/ 

B npeA nono~eHHH He3aB~ CHMOC TH napaM eTpa HaKnOHa B OT y r n a 0 
B np eAenax Ka~Ao ro HH Tep Ba na. 

Ha OC HOBa HHH non Y4eHH ~X AaHH~x 0 Be n H4HHe na pa Me Tpa B An H 
AByX yrno B ~x HHTepBsnOB 6~n CAe n a H B~ BOA 0 TOM, 4 TO C pOCTOM 
yr'na 3M~C CH ~ npOTOHOB 0 nepaaerp B YB en~ 4HB ae TCR. 

B HaCTOH~e H pa60 Te np~ BeAeH~ pe3ynbTaT~ o6pa6oTK ~ 3Kc ne p ~ 

MeHTan bHo r o Ma Te p~ana no KYMynRT ~B H OMY pO~AeH~~ n pOTOHOB / pe aK
~ \.1H /1// AIIR ~HTe pB anOB y rnoB 0 = 120° +1 60° /~cnon b30Ba H TOT 

B / 31 /~e 3Kc n e p~Me HTan b H~H MaTep~an, 4TO ~ C Y4eTOM yr n a B~ I1e 
Ta n pOTOHOB AnR K a~Aoro aKTa B3aJ.1MOAeHCTBHR. AnR HH BapHa HTHor 
Ce4eH\.1H ~c nonb 30BanaC b na pa MeT p ~3a ~HR B BHAe 

2 
~ d a 

p 2 dP d U = Al exp(- E - ~O- SO ) 4/ 
T ..,II-fl ' . 
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KOTOP blM c n e Ay e T I-I S \I~ai1e p60n b H o i1 \1 MOAenl-l KYMy n RTI1 BHOrO pOlll,Cle

Hl-lfl / 4 / . B l!>O PMy n e /4/ To 1-1 f3 - TeMnepaTy p a 1-1 C KOp OCT b ~a M e p6ona 
B MOMe HT I1c nYCKa HI1R 4aC T I1~ bl / TO 1-1 f3 - n apaMeTpbl MOAenH /. HH
BapHaHTHo e c e 4 e HHe an npOKCI1Ml-lpOBa nOC b Ta K~ e sa BHCH ~ OCTb~ BI-IAa 

d 2(1 ~ = A exp ( __x_ ). /5 /
2 dPdf! 2 < x > P 

r ne x = (E - p co s O)/ m , m- Macca Hy Kn o Ha , < x > - napaxe-rp • 
TaKaR SaBI1CHMOCTb Hcnonbsye TcR B paSnH4HblX MOAenRX KBapK

napTOHHOrO npeAcTa BIleHI1R KyMyIlR TI1BHoro 3l1Xt>eKTa 15,6/ . 

An R aHaIlI1Sa oT511paIll1Cb C0 6 blTI1 R C 3MI1CCI1el1 nOnO~HT eIlbHO SapR

~eHHOH 4aC T I1 ~ bl B I1 HTepBane HMnYIlbCOB OT 0,3 AO 1 r 3 B/ c /06

n a c Tb X OT 1,2 AO 2, 5/. HAe HTI1~I1Ka~l1fl BTOP l14HblX 4ac T I1 ~ He 
n pO BOAl1naCb . AOIlR " i-MeSOHOB B c neKTpe nOIlO~H TenbHO s apR~eH
HblX 4 a C TI1~ COCTaBnRna npl1 BSal1MOAel1CTBI1RX Ha RApax y rne p o Aa 

- 17%, Ha RApax MeAI1 11 CBH H~a - MeHbwe 5%. 

HETDA AHAJ1H3A AAHHblX 

AHaIlI1S AaHH blX n p OBOAI1 IlCR C nOMO~ b IO MeTOAa MaKcl1My Ma n p aBAO
n OA0 611R, nOS BOn l-l BWe r O I1cnOIl bSOBaT b BC~ I1Me~~Y~CR 3 Kcne p l1Me HTaIlb

H Y~ HH~opMa ~l1~ H o n p e Ae Il I1 T b n a p a Me T p bl C Ha l1Il Y4 we l1 T04H OCT b~ / 7 / 

~Y HK 4HR n p a BAo n OA0 6 HR HMe Il a CIleAY~~H~ BHA: 

III(Pj , OJ )N 
L =	 n 

j=1	 f f <II (P. O)dPdO
 
pO
 

N - 4HCIlO C0 6 blTHH , 

2 

<II(P. 0 ) = l 
n 
-'
p. 

r ( P .• O) i\ P . i\f!. / 6/ 
i= 1 Ei 

l l 

M1 = G(P . O) s in OM i\ ¢ - Te IleC HblH yron , Bbl4HCIleHHblH C Y4 e TOM
 

r e OMe T p HI1 y CTa HOBKH. BeIlH 4 HHa G (P , 0 ) o npeAe IlRIl a Cb AIlR pRA a
 

S Ha 4 e HHI1 P H 0 H Hc n OIl b SOBa IlaC b npH a Ha IlH3 e B BHAe Ta 6Il I1 ~ bl
 

GkC= G (Pk' Of) •
 
Cy MMHpo Ba HHe B Bblpa~eHHH /6/ n p OBOAHIlOCb no TOIl~ I1He MH we HH
 

C ~e Il b~ Y4eTa HSMeHe HHR HMny n bc a BTOP H4HOH 4aC T I-I ~bl s a C4 e T
 

HOH Hs a4HOHHblX n OTe p b B MI1 We HH.
 
ECIlH p a s 6 HT b MHweHb B npOAOIl b HOM Ha n p a BIl e HHH Ha n CIlo e B
 

/ CM. p HCy HOK a/, TO , SHa R HSMepe HHbl1ii I1MnYIlb C n pOTOHa Po
 
H nyTb, n pOHAe HHblH HM n p H n poxo mAe HHH i CIlo e B , MO~H O BOCCTa 


HOBHT b Pi - I1MnYIlb C n p OTOHa B i - M CIlo e, Hc noIlbsyR 3 HepreTH

4eC KY~ S a BI1 CI1MOCTb n p o 5 erOB npOTOHOB / PI1CYHOK 5 /. n y T b , n poH


Ae HHbli:1 4a C T H I~el1 np a n poxo lKAe HHH i c n o e s . p a BeH i\ R I
 

2 

S o 1) l ·	 n ~ =-, 1 - - , rAe S - TO Il~HH a MI1We HH. w ,R a HaIlHsa AaHHblx 
n 2 I cos 0 I 

3 He p reTH4 e CKa R SaBHCI-IMOCTb n p 0 6 e r o B npO TOHOB B Be~ec T Be AIl R 

p a S HblX MHweHeH I1cnOIlbSOBaIlaC b B BHAe Ta 5Il I1 ~ , B3R TbiX I-Is l7 l 

1	 

R 

P'i a 6Rj 
6 

Po Pi P 

Hnmoc Tpa~HH Me TOAa yqe Ta HSMe He HHH HMTIyn b c a B TO PH~

HO" ~aCT H Ll,b J s a cxe r HOHH3 a~HOHHbJX no'reps B MHI1IeHH . 

n p H annpoKt HMa~ I1 H I-I HBa p l1a HTHblX c e 4 e HHIiI Bblpa lKe HHe M BHAa / 4/ 
~YHK ~I-IR B ~o pMYIle / 6/ HMe Ila BHA 

E. - P, (3cos O )
1	 1 •

( PI , 0) = exp ( - T ..j"'1:fi2 

npH napa MeT pHSa~I1H HHBapHa HTHblX ce 4eH H~ Bblp alKe HHe M BHAa /5/ 

EI -PI cos
 
( PI ' 0 ) = exp (- ) .
 

m < x> 

ECIlH SHa 4 eH He n a p a Me Tpa f3 = 0 , saBHC HMOCTb HHBapl1aH THblX
 

Ce 4eHI-I H OT y rIla 0 HC4e s aeT 11
 

E .	 19 1 
( (P. , 0) = f (P. ) = exp ( - --L ) .	 /7 / 

I I T 
o 

AnR a Ha Il I-I S a Hc nOIl bSOB aIla c b CT a HAa pT Hafl npo r p a MMa F lJ}!lLT /1 0; B KO

r o p o a MI1 HI1M Hs Hp y e Tc fl ~YHK ~HOHa Il S = - In L 

P E3YJ1bTA ~ AHAJ1H3A 

B p e ayIl bT a Te a HaIlHs a 3 Kc n epHMe HTa Il bHo ro Ma TepHaIla 6bl Il I-I o n pe

Ae n eH bl napaMeTpbl T o H {3 B CIlY4a e napaMe T p l1 3a~HH HHBa p Ha HTHblX 

Ce 4 e HHI1 B BHAe /4/, 1-1 <x> - np H napaMeTp Hs a 411H B BHAe / 5/ . 
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T a 6nH~a 

MHmeHb KOn-Bo 
C06bITUl! 

(3 TO 5(4) <x> 8(5) 

C 

Cu 

Ph 

413 

1691 

1166 

0 ,17:!"-O,12 

0, 15:!"-0, 06 

0,16.::0,07 

58,9:!:.12,6 

63, 3:!"-6 ,4 

66,9.::8,3 

4044 

16720 

11890 

0 , 15:!"-0 , 0 1 

0,1 6.::0, 01 

0 , 16.::0, 0 1 

4054 

16760 

11910 

B Ta6nH~e npHBeAeH~ BeI1H'lHHbI Ha~AeHHblx napaMeTpoB AnR $YHK
~H~ 141 H 151, a TaKlKe SHa'leHHR BenH'lHH~ 5 = - In L - I10ra pH$MH
'lecKo~ $YHK~HH npaBAonoA06HA, BSATO~ co 3HaKOM M~HYC. 

Hs Ta6nH ~ ~ CI1eAyeT, 'lTO SHa'leHHA napaMe TpOB To' {3, <x> 
B npeAe I1aX OWH6oK He 3aB ~C A T OT aTOMHoro HOMe pa MHweHH. B pa6o
Te / 41 113 nOArOHKI1 AaHHblx /l1 .12/ s a BI1CHMOCTblO 141 6~I1~ H a~A eHbl cne
Ay lOlI\~e 3Ha'le HHA napaae r poe To H {3: To = 51 754 M3B; f3 c = 

= 0 , 18.::0, 03; f3 cu = 0 , 14.:!:0, 04; f3 Pb = 0, 13.:!:0 , 03. ConOCTaBnAA ... 
3Ha'le Hl-1 fl na paxe r poa To 11 {3, nOI1Y'leH Hble B/41 AI1A peaK ~HI1 y·A ~pX 

npa Ha 'lan bHo~ 3Hep rH~ 2 r 3B 111/ 11 AI1A p eaK ~H~ d · Ph .. j>X npa 
r3B / 12 / 8,9 co SHa'le HH AMH na pa MeTpoB T o H f3, on peAeI1e H H~MH B Ha

C TOAlI\e ~ pa 60Te AnA pea K~ ~ H I II, MOlKHO CAenaTb BblBOA 0 TOM , 'lTO 
3Ha'le HHfl napa MeT pOB f3 B npeAen ax oWH6o K c09naAa lO T, a SHa 'leHHfl 
na pa MeTpOB To OTn~4aIOTCfl He 3H a 4 ~Ten bH O . 

nonY'leHHble B H a C TOA lI\e~ pa60Te 3Ha 4e HHfl yHHBepCaI1bHOrO napa
xe r pa <x» AI1fl pa 3H ~X AAep COBnaAaKl T co c pe A~1 eMHp OB~M 3Ha4eHHeM 
<x> = 0 , 16+0 , 01 / 5/ • 

OAHaKo HaAo 3aMeT~ Tb , 'lTO BblpalKe Hl1 e 141 npa f3 -. 1 ne pexonar 
B Bblpa lKe Hl1e 15/, e cna npHHflT b To Jl - f32 = m-oe, a npH f3 = 0 
B B bi pa lKe H~e / 7/, B KOTOpOM 3 aB ~ C I1MOCT b I1HBapl1aHTHOro ce 4e HHfl 
OT y r na ~ C 'le 3 aeT . n03 TOMY n0I1Y4e HHoe H3 a H a I1~3a A aHH~X 3Ha
'le HHe f3 - 0, 16 YKa Sbi BaeT Ha TO, 'lTO na pa MeTpH3a4Hfl I1 H B a pl1 a H TH~X 

Ce 'le HI1~ B BI1Ae 14/ ny4we Onl1 Cbl Bae T 3KcnepHMeHT a n bH~e AaHH ble, 
4eM napaMe Tpl1 3a 4Hfl B B~Ae 151 I1 nl1 171. npeACT aBI1eHHble B T a6nH~e 

3Ha 4e HI1 fl 5 Anfl p a3H~X AAe p CI1 CTeMa TH4e CKH HeCKonbKO Me Hbwe 
AnA na pa Me TpH3a 411 11 BHAa 141 no c pa BHe Hl110 C napaM eTpH3 a ~He~ 15, , 
'lTO Ta KlKe YKa3~ B aeT Ha TO, 'lTO B~pa lKeH l1 e /4/ ny4we onHC blBaeT 
3 KC ne pl-1 Me HTan bHbl e A a H H~e. 

B/ 13/ YKa 3b1Ba e TCfl . 4TO AI1A pe a K l.l H ~ TT-C -+ iix npl1 5 r 3B/c ny4
we~ 11 3 113BeCTH~X na paM e TpH3 a4H ~ yrn oBo~ 3aBHC~MOCT~ B~XOAa Ky
MY I1fl TH BHblX npOTOHOB C P y < 1 r 3B/ c flBn Ae TCfl na pa MeT p~3 a ~ l1 fl , 

nony4e HH a A Ha OCHOBe $a l1e p60n b Ho~ MOAen~ fiapl10HHOrO KyMynflTI1B
Ho r o 3¢¢e KTa . 

Ta K~M 06 pa 30M, n p ~ na paMe Tpl1 3a l.l l1 11 HHBa pl1 aHTHO r o ce4eH ~ fl 

pea K l.l ~ ~ / 11 BblpalKe HH e M /41 , xor opoe cnenye r ~ 3 ¢a ~e p 60n bHo~ 

MOAen~ 6a p~ oHHoro KyMyn AT I1BHoro 3¢¢e KTa H Y4~ T bI Bae T y r no Byn 

4 

npOTOHOS,3aBH C~MO C T b B~ne Ta KYMynRTHsH~X onpeAene H~ n a p a M e T p ~ 

MO AeI1~ T 0 ~ f3 AI1R pa3HbiX RAep H~X MHwe He ~ . 

nonY4e HHble peS YI1bTa Tbl noxe auaao r , 4TO S Ha4e H ~A TO 11 f3 S npe
Aenax OWH60K He s a BHCRT OT aTOMHoro HOMe pa MI1WeHH. 

Ha~Ae HH~e S Ha 'leH~A To H {3 corI1acylOTcR co 3 Ha'leH ~AMH 3THX 
B / 4/,napaMeTpOB, nOI1Y'l eH H~ MH 'lTO YKa3~Bae T Ha ~x yHHBe pCaI1b

HOCTb. 

ABTOPbl 6naroAapRT A. r. raI1bne pHHa aa n0I1e3H~e 06cYlKAeHHA. 
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