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§1. BBEAEHHE 

113y4eHHe HeynpyrHX B3aHMOAe~CTBH~ aAPOHOB C AAPaMH B npHH
~Hne n03BOnAeT HCCneAOBaTb npOCTpaHCTBeHHO-epeMeHHY~ KapTHHY 
MHO~eCTBeHHOro PO~AeHHII 4aCTH~ B aApOH-HyKnOHH~X B3aHMO,Qe~
CTBHIIX. B 3TOM cny4ae RAPO ABnAeTCII aHanH3aTOpOM pa3BHTHII 3THX 
npo~eccoe c "pa3peweHHeM" ~r oo to- 13 cM H tir - to-23 c. 0AHaKo 
npaKTH4eCKOe OCy~eCTBneHHe 3TOrO cnoco6a H3y4eHHII CTpyKTyp~ 
CHnbH~X B3aHMOAe~CTBH~ CBA3aHO C ~en~M PIIAOM TPYAHOCTe~.B 4acT
HOCTH, 3KCnepHMeHTanbH~e ,QaHH~e no a,QpOH-A,QepH~M B3aHMO,Qe~CT
BHIIM1 KaK npaBHnO, HMe~TCII AnA BCeX THnOB HeynpyrHX COy,Qape
HH~, B KOTOp~X 3Ha4HTenbHY~ ,QOn~ COCTaBnA~T B.QPOH-HyKnOHH~e 
B3aHMO,Qe~CTBHII 1 0C06eHHO AnA nerKHX A,Qep ~50%/. no3TOMY npeA
CTaBnAeT HHTepec nony4eHHe ,QaHH~X no TaKHM COyAapeHHAM a,Qpo
HOB C A,QpaMH 1 B KOTOp~X y4aCTBOBar.O ,QBa HnH 6onee HYKnOHOB 
A.Qpa /MHoroHyKnOHH~e B3aHMO.Qe~CTBHA/. B 3TOM cny4ae xapaKTe
PHCTHKH MHO~eCTBeHH~X npo~eCCOB B 60nbWe~ CTeneHH OnpeAenA~T
CII npOCTpaHCTBeHHO-epeMeHHO~ CTPYKlYPO~ A,Qep, 4eM B OAHOHyK
nOHH~X B3BHMO,Qe~CTBHIIX. TaK KaK CTpyKTypa AAep OTHOCHTenbHO 
XOpOWO H3BeCTHa H3 On~TOB no pacCeAHH~ ~neKTPOHOB Ha A,Qpax, 
TO 3TO H ABeT B03MO~HOCTb H3y4eHHA xapaKTepHCTHK MHO~eCTBeH
H~X npo~eccoe Ha Man~x paccTOAHHAX 1 r- 10- 13 c M/. 

B HBCTOA~e~ pa60Te ,QnA H3y4eHHA HeynpyrHX MHOrOHyKnOHH~X 
B3aHMO,Qe~CTBH~ HCnOnb3yeTCA MeTOA HX B~,QeneHHA nO nonHOMY 
3neKTPH4eCKOMY 3aPAAY BCeX BTOPH4H~X penATHBHCTCKHX 4aCTH~, 
o6pa30BBHH~X B a,QpOH-AAePH~X COYAdPeHHRX /§3/. 3TOT MeTO,Q 
6~n y~e ycneWHO npHMeHeH AnA B~,QeneHHA MHOrOnyKnOHH~X B3aMo
,Qe~CTBH~ rr--Me30HOB C RAPBMH yrnepO,Qa H HeOHa B HHTepeane 
3HeprHH 4-50 r3B. M~ npHBO,QHM ,QaHH~e no MHO~eCTBeHHOCT H BTO
PH4H~X 4BCTH~ H BepOATHOCTH MHOrOHyKnOHH~X B3aHMO,Qe~CTBH~ ,QnA 
B3aHMO,Qe~CTBHII npOTOHOB C A,QpaMH yrnepO,Qa ~ 2C) H TaHTana 
( 18 1-ra) npH P = 2,3; 4,2 H 9,9 r3B/c /§3/. nonHoe cpaeHeHHe no
ny4eHH~X ,QBHH~X C pe3ynbTaTaMH, nony4eHH~MH C nOMO~b~ TeOpe
TH4eCKHX MOAene~ H H3Bne4eHHe Ha OCHOBe 3TOrO BHBnH3B HH¢Qp
MB~HH 0 CTPYKType CHnbHioiX B3aHMO,QeHCTBH~ Ha Manwx paCCTOAHHAX 
Tpe6yeT Tpy,QOeMKHX 8W4HCneHHH C nOMO~b~ 36M. no3TOMy 3AeC~ MW 
npHBO,QHM nHWb nepa~e pe3ynbTaTw TBKOrO cpaBHeHHA no eepOATHO
CTH pa3nH4HOrO THna MHOrOHyKnOHHioiX B38HMO,QeHCTBHH /§4/. 
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§2. METOa~KA ~ CTAT~CT~KA C06~T~~ 

3Kcnep~MeHranbH~e AaHH~e nony4eH~ np~ o6ny4eH~~ 2-Merpo
aoH nponaHOBOH KaMep~ npOTOHaM~ C ~MnyllbCaM~ 2.3; 4,2 ~ 
9,9 i3B/c Ha c~HxpQ$a3orpoHe O~R~. B pa6o4~H o6oeM KaMep~ 
6~n~ noMe~eH~ nnacr~HK~ ~3 raHTana (181 Ta 73) c paaMepaM~ 
140x?Ox1 MM3 ' 1 ,21. B ra6n. 1 np~BOA~Tc~ crar~cr~Ka co6~r~H, 
HaHA€HH~X np~ npOCMOTpe CTepeOCH~MKOB, nony4eHH~X np~ 3T~X 
o6ny4eH~~X. np~ npOCMOTpe ace 3aP~*eHH~e arop~4H~e 4aCT~U~ 
6~n~ ~AeHT~~~-1l~~poaaH~ no 3ap~AY Ha nono*~TenbHO (n+ ) ~ orp~ua
renbHO (n_ ) 3ap~*eHH~e ~ npOTOH~ C ~MnynbCOM p ~ 0, 7 r3B/c (n p). 
np~ 3T~X 3Hepr~~x nepa~4H~X 4aCT~U OTP~uarenbHO 3ap~~eHH~e 

4aCT~U~ a OCHOaHOM Ran~IOTCR "- -Me30HaM~ / "4 97t / I.2: B nono
)I(HT€/lbHO 3ap~)l(eHH~e 4aCTHU~ (n +) aKnl04eH~ H npOTOH~ C p >
~ 0,7 r3B/c. 

Ha ace co6~T~R, Ha~AeHH~e np~ a~3yanbHOM or6ope a3aHMO
AeHcra~~ e nnacT~HKax raHrana, 6~na aaeAeHa nonpaaKa Ha np~

Mecb co6~T~~ e nponaHe 17-!:_21% 1 1 · 2 'nony4eHH~e co6~r1o1~ OTHOCRTCR 
K Heynpyr~M aaa~MOAe~CTB~~M npOTOHOa C ~ApaM~ TaHTana, TaK 
KaK np~ ynpyiC~ oacceRH~R npOTOHOa ~X yron OTK/lOHeH~R C/l~WKOM 
Man An~ per~crpau~~ a KaMepe. 

nnR nony4€H~~ AaHH~X 0 Heynpyr~X B3a~MOAe~CTa~RX npOTOHOB 
c RAPaM~ yrnepoAa ace Ha~AeHH~e e nponaHe (C3H8) co6~r~R Hop
M~poean~cb Ha Ce4€H~e B3a~MOAeHCTB~R npOTOHOB C MO/leKynOH 
nponaHa: 

a (p,C3H8) = 3a ln ( p1 2c )+ kl . 3ael ( p1 2C)+ 8aln (pp) + 

+ k2·8ael(pp) . 
/ 1/ 

Ko3<!XI>Hu~eHT~ k 1 1o1 k2 y4HT~aaiOT norep~ co6biT~H ynpyroro pacce~
H~~. KOTOp~e /lHWb 4aCTio14HO per~CTplo1pyiOTCR B KaMepe, nnR P12C -

2 

P (I'aB/c) 

2,3 

4,2 

9 , 9 

Ta6n1o1ua 1 

CraTHCT~Ka co6~r1o1~ 

p +(C:fs) 

2028 

2407 

1424 

pi2c 

1354 

1600 

IOI9 

pi8ITa 

980 

II29 

I03I 

a3a~MOAeHCTa~H - 3TO pacce~H~~ C 8~ 01 /OAH0/1y4ea~e co6~T~~/, 
~ An~ PP -e3a~MOAeHcTa~H 3TO co6~T~~ c ~MnynbCOM nporoHa 
OTAa4~ p ~ 180 M3B/c* . 3Ha4eH~~ Ce4eH~H, aXOA~~~X a ¢opMyny 
/1/ , 6pan~cb H3 pa6or 13 .41• Orc~Aa H 6~no HaHAeHo 4Hcno Heyn
pyr~x aaa~MOAeHCT BHH npOTOHOB C ~APaM~ yrnepOAa /ra6n. 1/. 

§3. 3KCnEP~HEHTAnbH~E PE3YnbTAT~ 
B pa6orax16 ·61 6~n npeAno)l(eH MeTOA B~AeneH~~ MHoroHyKnOHH~x 

B3a~MOAe~CTB~H no CYMMapHOMy 311eKTP~4€CKOMy 3aPRAy(Q)pen~T~
B~CTCK~X BTOP~4H~X 4aCT~q: 

Q=n+-n_, /2/ 

rAe n+ - 4~CJ10 n0/10)1(~T€/1bHO 3apRll<eHH~X n~OHOB B COO~T~~, BKI110-
4aR npOTOH~ C p 2: 0 , 7 r3B, ~ n_ - 41o1C/10 11- -Me30HOB. 3Ta ee-
11~4~Ha AnA pp- B3a~M0Ae~CTB~~ 

Q .. 2,1,0 13/ 

B 3aB~C~MOCT~ OT 4~Cna HAeHT~~~U~poaaHH~X npOTOHOa C p ~ 
! 0, 7 r3B/c, All~ pn- a3aHMOAeHCTa~H 

Q,.-1,0,1 . /4/ 
Ta6n~ua 2 

HeynpyrHe p12c -a3aHMOA€HCTaHR np~p = 2,3 r3B/c 

Q f~n. 

- 2 0 ,22;tO.I3 

- I 3 , 03.!,0 ,47 

0 32 ,8?;ti.56 

I 40,03!_I , 72 

2 20,24;ti , 22 

~ 3 3,32;t0.49 

Bee Q =0,87+0 , 03 
ao6Y- -
.!!!! 

-

Mo_ge.1lb 
( ;1'.) 

O, II 
1 ,5 

I8 , 8 

62 , 3 

I5 , 5 

I , ? 

0 , 97 

~n_-;. <: n.+ > <n.£ > 

2 ,00.!,0,0 O,O:t<J,O 3 , 6?;t0 , 98 

I ,O.!. 0 ,0 0 ,0.!,0,0 3 , I5:t<J,20 

O,I6;t0 , 0I O,I6;tO,OI 2 , 48±0,05 

0 , 08;t0 , 0I I , OB±O, OI I,3Q;t0 , 03 

O,OS;tO ,OI 2,0S:tO, OI 0 , 73.!,0 , 04 

0 ,0 ;tO,O 3,0 :t<J,O 0,92;tO, I8 

O,I3z.0,02 I,OO;t0,03 I,62;t0 , 04 

* M~ raK*e aaen~ nonpaaKH Ha norep1o1 co6~THH KBa3Hynpyroro 
pacce~H~R npoTOHOa Ha RApax yrnepOAa. 0H~ COCTaB/lRIOT /1-2/% 
or nonHoro Heynpyroro ce4eHHR. 
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np~ 93a~MOAeHCTB~~ npOTOHOB c RAPaM~ 3Ha4eH~e G MO~eT MeHRTb 
CR 9 W~pOKOM ~HTepaane ~3-3a Heynpyn;x 93a~MOAei1cTB~i1 npuTOHOB 
C HeCKOilhK~M~ HyKnoHaM~ RApa, np~ KOTOP~X nepeAaHH~H ~MnynbC 

l t l- p2 ~ 0,5 / r3B/c/ 2.no3TOMY B~AeneH~e co6~T~i1 c G~ 3 
~ Q.s: -2 003BOI1ReT ~3y4aTb MHOrOHYKilOHH~e B3a~MOAeHCTB~R. 

B Ta6n.2-7 np~eeAeH~ pacnpeAeneH~R Hai1AeHH~x co6~T~i1 no Q 
~ cpeAH~e 3Ha4eH~R < n > , < n+> • "' n > np~ AaHHOM G . 

- p 
0TMeT~M 06~~e 3aKOHOMepHOCT~ nOBeAeH~R MHOrOHYKI10HH~X 

B3a~MOAeHCTB~H C G ~3 C 3aB~C~MOCT~ OT HMnynbCa nepB~4H~X 
npOTOHOB ~ THna RApa MHWeHH, H3 Ta6n.2 , 3 BHAHO, 4TO np~ 
P= 2, 3 r3B/c C T04HOCTbiO $ 3% see B3aHMOAei1CTBHR npo~CXOART Ha 
OAHOM HYKI10He MHWeHH He3aB~CHMO OT THna RApa. 3TOT pe3yi1bTaT 
CJleAyeT TaKlKe ~3 paeeHCTBa cpeAH~X 3Ha4eHHH 4~Cna 11- -Me30HOB 
9 pN- ~ pA-B3a~MOAeHCTBHRX 7 ': 

< n_(pN) > .. < n_(p12C) > ,< n_(pTa )> " 0,15 . 

TaK~M o6pa30M, Heynpyr~e MHOrOHYKilOHHble B3aHMOAeHCTB~R ~MeiOT 
OOpOrOBbiH XapaKTep ~ npH p ::; 2,3 r3B/c npaKT~4eCK~ He npo~c
XOART. npH P = 4,2 r3B/c /Ta6n.4,5/ OHH COCTaBilRIOT yll<e /8-9/% 
AJ1R 060~X THnOB RAep MHWeH~. 

0AHaKO MHOlKeCTBeHHOCTH <n_ > B MHOrOHYKilOHHbiX 93a~MOAeHCT
B~RX (G ~3) B npeAenax OWH60K He OTilH 4aiOTCR OT <n_(pp)>., 0,25± 0,01 . 
3TOT pe3yi1bTaT nOKa3~BaeT, 4TO xapaKTep MHOrOHYKilOHH~X B3aHMO
AeHCTB~H np~ p = 4,2 r3B/c 9 OCHOBHOM onpeAeilReTCR TaK~M~ 

Ta6n~ua 3 

Heynpyr~e pTa -e3a~MOAei1CTB~R np~ p = 2 '3 r3B/c 

Q. 
3Kcn. 

(%) 
Mo.nem:. 

(%) ~,_'> <n..,.> < t'l,e> 

- 2 0 , 33;t0 , I9 2 , 5 2 , 00 - 2 , 42;t0,2? 

- I 4,28;t0 , 68 9,3 I,OO - 2,?8;t0,2I 

0 3I ,4?;ti,86 28 , 3 O,I?;t0,02 O,I?;t0,02 2-r69:t,0,09 

I 49,89:t_2,34 45,3 0,04;t0 ,0I I,04;t<) ,OI I ,25;t0,06 

2 I2 , 6I;tl,I8 I2 , I 0 ,04;tO,OI 2,04;t0,0I 0 ,88;tO, II 

~ 3 !,42±0, 39 I,5 0,0?±0,0? 3,08±0,0? 0 ,66±0,22 

Bee co-
OiiTHSl Q: O, ?4;t0 ,04; 0 ,60 o. r~o . or r , ?I;tO, o5 0 ,8?;t0 , 02 

4 

MeXaH~3Ma~ BTOP~4H~X COyAapeH~H, 9 KOTOp~X He npO~CXOA~T o6-
pa30BaH~R HOBbiX OTP~I.IaTeilbHbiX n~OHOB . HaKOHel.l, np~ p = 9, 9 r3B/c 
/ Ta6n.6,7/ ~e Ha6I110AaeTCR cy~eCTBeHHOe pa3I1~4~e BO MHO~eCT
BeHHOCTRX n_ AI1R pp -e3a~MOAei1cTa~i1 /<n (pp)>- 0 ,59+0,02/ ~ pA 
coyAapeH~i1 c Q '> 3 / < n > = 1, 1+0, 1 I. 0AH-aKo MHO~ecTeeHHOCT~ <• n > 
9 MHOrOHYKilOHH~~ B3a~~Aei1CTBHRX ( G 2 3) AJlR pC- ~ pTa -coy-
AapeH~H B npeAeilaX OWH60K OAHHaKOB~, XOTR ~X AOilR pa3Il~4Ha 

/18% H 36%/. B03MO~HO , 4TO npH 3THX 3HeprHRX a Heynpy rHx MHOro
HyKilOHH~x B3a~MOAei1 CTBHRX y4aCTByeT B CPeAHeM OAHO ~ TO l¥.e 

' n (Q '> 3)> 4HCI10 npOTOHOB ( <.. l'p ., "' - - "' 2) 
< n- (pp)> 

Co6~T~R c G.$- 2 ceR3aH~ co B3aHMOAei1CTB~RM~ npoTOHOB 
C HeCKOilbK~MH HeHTPOHaM~, KOTOp~e A~CCOI.I~~pyiOT: 0 ... p 17 -
/~MnYilbC npOTOHa p <:. 0 '7 r3B/c/15

·
6 1

. H3y4eH~e TaK~X co6~T~H 
npeACTaBnReT 60I1bWOH ~HTepec. 0AHaKO aepORTHOCTb npouecca 
n -> p 11- Mana , ~ n03TOMy AOilR co6~T~H C Q .$ -2 COCTasnReT 
IlHWb 0 , 3- 0,5% /Ta6n.2 - 7/. AflR ~X ~3y4eHHR He06XOAHMO Cy~eCT
BeHHOe yBei1H4eHHe CTaTHCTHKH. 

HHTepecHO cpaaHHTb HaWH pe3yi1 bT aT~ c AaHH~M~, nony 4eHHbiMH 
AJlR 11- 12C - e3aHMOAeHCTB~H npH P = 5 H 40 r3B/c C noMO~biO 
nponaHOBbiX ny3b1PbKOBbiX KaMep / 5 ,8/ . B 3TOM cny4ae MeTOAHKa oT-
6opa C06b1T~H 6blna npHMepHO OAHa H Ta ll<e, H n03TOMY AaHHble 
no MHOrOHyKilOHHbiM B3aHMOAeHCTB~RM COnOcTaB~M~. ~OilR B3a~MO
Aei1CTB~H 11--Me30HOB c HeCKOilbK~M~ npoToHaMH RAPa yrnePOAa 

Ta6n~ua 4 

Heynpyr~e p12 c -s3a~MOAeHCTB~R np~ p .. 4,2 r3B/c 

~ oRen. MoJteJII> ~ n._ ~ .en.+> ~ I'L.f> 
<%> <%) 

- I I ,8I;t0,34 O, Sz.O , I I ,24;t,0 , 08 0 , 24;t,0,08 3 . 24;t,{) • 35 

0 I3, 3?;t,0 ,9I 7 ,9:t_I,2 0,?4;t.0 . 04 0. ?5;!;,0. 04 2 , 56;t,O,IO 

I 48 ,44;t.I . ?4 54 . 6±3, 6 0 ,26;t() , 04 I ,26;t0 , 04 I j 24;t0,03 

2 28, I9:t,I , 33 30, 9:t_3, 8 0 , 23z.0 ,02 2 ,23z.0 ,02 0 , 95!.0 ,04 

3 6 , 06±0, 62 5 , G:ti ,6 0 , 26;t() , 04 3,26i<J ,04 I ,28;tO , I3 

~ 4 I ,8?i<J , 34 o , ?z0 , 3 0 ,2?i<J ,09 4,2?i<J , 08 I ,43;tQ,2I 

~~u-Q: I , 29:t,O , 04 G.= I . 36+0 , Io 0 , 33;t0 , 02 I,62;t.0, 02 I ,3?±0, 03 
THSl 
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(Q ~ 1 ) cocTasnAeT 1St np~-1 P= 5 f3B/c 1-1 /19 ,5+0,7n np~-1 p = 
= 40 f3B/c, 4TO He npOTI-1BOpe41-!T AaHHbiM AJlA p 12 C -s3a1-1MC>Aei1cT

sl-!i1 C Q ~ 3 npl-1 P " 7 1-1 9 f3B/c COOTBeTCTBeHHO/ CM. pw 
CyHOK/. 3TOT *e BbiBOA CileAyeT 1-1 H3 3Ha4eHHA OTHOWeHHHc:DeAHI-IX 
~CTBeHHOCTeH OTPI-I~aTeilbHbiX nHOHOB, o6pa30BaHHbiX B 71-(p) 12C
I-1 11-(p) N -coyAapeHHAX /eM. Ta6n.4,6!15 •8 1. TaKHM o6pa30M , xa
pa KTep MHOrOHYKJlOHHbiX B3aHMOAeHCTSHH cna6o 3aBI-!CHT OT THna 
nepBH4HOH 4aCTH~bl (11 ,p) npH p = 4-40 f3B/c. 

~ 
-::;:;-,. 
~ 
'-' 
) 

t) 

PTo 

/ 
~.2 9,9 

P( r,&fc) 

Ta6nH~a 5 

Heynpyr1-1e pTa -s3aHMOAeHCTBHA npH p = 4,2 f3B/c 

(2, 
3Rcn. Mo,neJII, 

<rt_> (%) (%) 

-2 0,57j:0 ,25 0, 2,:tO , I 2,40;,t0 ,22 

- I ?,05j:0 ,82 I,7z0,6 I ,29,:t0,05 
0 I9 ,64,:ti,3? I2,I±2,2 0 ,69,:t0 ,04 

I 4fl,04,:ti,95 44 ,4±3,6 0,3Ij:0 ,02 

2 23,26,:ti ' 50 29,2±2,8 0,25±0,03 
3 6,96;t0 ,8I 9,4±2,2 O, I?,:tO ,OS 

~4 2,48±0,48 2,?±I ,I 0,22±0,08 

~~H-~~I,09;t0,05 Q=I ,4D!O, IO 0,44,:t0 ,02 
TM 

6 

<n-t-> ~ tt-.e> 

0,40,:t0 ,22 4,80,:t0,77 

0 ,29,:t0 ,05 4 ,32z0 ,25 

0,69±0 ,04 3 ,49,:t0 , I? 

I ,3I±O,U2 I ,83_t0 , IO 

2 ,25_t0,03 I ,64,:tO,I4 

3, IB±O,OS 2 ,25,:t0 ,2I 

4 , 30,:t0 ,09 2 ,99±0 ,40 

I ,53±0,03 2 ,1:J:t0 , 07 

l 

I 
l 

§4. CPABHEHHE C HOaEnb~ HHOfOKPATHOfO PACCERHHR 

nony4eHHble 3KcnepHMeHTaJ1bHble AaHHble MO*HO cpaSHHTb c pe-
3yJ1bTaTaMH pac4eTos no MOAenH MHoroKpaTHoro pacceAHHA 191. B 
3TOH MOAeJlH Ce4eHHA pa3J1H4Hb1X npO~eCCOB 06pa30BaHHA aAPOHOB Ha
XOAATCA nyTeM HCCileAOBaHHA npoMe*yT04HbiX COCTOAHHH aAPOH-AAep
HOH aMnJlHTYAbl. AnA 3Toro HCnOJ1b3yeTCA MOAellb rnay6epa c y4e
TOM BKJlaAa HeynpyrHX 3KpaHHpOBOK 1 101. 

npH HCnOJ1b30BaHHH TeOpeTH4€CKHX pacnpeAelleHHH no 41-!CJlY 
HeynpyrHX B3aHMOAeHCTBHH npOTOHOB C 11 -HyKJlOHaMH RApa (o(v)/ u d) 

19 01 pro pacnpeA€J1eHHA no Q Bbi4HCJ1AI1HCb no ~OpMyJlaM , 1 

W('\Q)=f1 (Cnm'Vp,Vn) 

AJlA .1 Q.,Q-1 ~ 0, 

W(~Q)..C 2(Cnm'vp.Vn) 

/51 

/6/ 

npH .1Q < 0, rAe C1~- 4HCJ10 C04eTaHHi:1, Vp- sepOATHOCTb 06pa3o
BaHHA npOTOHa C p ~ 0 , 7 f3B/c B pp- H pn -e3aHMC>AeHCTBHAX COOT
BeTCTBeHHO. B 3THX <I>OpMynax np~-1 v -HeynpyrHX s3ai-1MC>Aei:icTBHAx 
Y4HTblea~TcA sepoATHOCTH coyAapeHHH c np -npoToHaMH "'(v-np)

Hei:iTpoHaMH RAP a H o6pa3osaHHA npoToHos c p ~ 0, 7 f3 B/ c s P P -
H pn -s3aHMOAeHCTBHAX "~' 

AnA O~eHKH Vp H Vn HCnOJ1b30BaJ1HCb 3KCnepHMeHTaJ1bHble AaHHble 
no pp- H pn -cOyAapeHHAM, BbiAelleHHbiM H3 p (C3H8) -s3ai-1MC>AeHCTBHH 
no CTaHAapTHbiM KPHT e pHAM 16 1 . 6biJ10 nOI1Y4€HO, 4TO B 93%, 58% H 
39% co6biTHi:1 AilA pp -s3aHMOAei:icTsHi:1 HMeeTCA HAeHTH~HUHPOBaHHbli:i 
npOTOH npH P= 2,3; 4,2 H 9,9 f3B/c COOTBeTCTBeHHO. AnA pn -
B3ai-!MOAeHCTBHH COOTBeTCTBY~~He 3Ha4eHHA Vn OKa3aJ1HCb paBHbiMH 
33%, 15% H 19%. 

nocne Bb14HcneHHH W(Q) no ~opMynaM /5/, /6/ s nony4eHHble 
pe3yJ1bTaTbl BBOAHJ11-1Cb nonpaSKH, CBA3aHHble C ynpyrHM pacceAHH
eM npOTOHOB Ha KBa3HCB060AHbiX npOTOHaX AApa yrnepOAa,npHKOT0-

/ 7 ' pOM o6pa3y~TCI1 npOTOHbl 0 TAa 4H C P ~ 0, 7 f3B/c . 3TH nonpaSKH 
COCTaBJlA~T 5% A11A P = 9,9 H 4 ,2 f3B/c H 7%. - A11A P = 2,2 f3B/c. 
KpOMe TOrO, K yBeJ1H4eHI-1~ Q MC>*eT TaK*e npHBeCTH BbiJleT KOppe-
111-!POBaHHbiX npOTOHOB C P >.. 0 , 7 f3B/c, KOTOpble He y4aCTBOBaJ1H 
B HeynpyrHX B3aHM0A€HCT BHAX C nepSH4HbiM npOTOHOM/ ?/ , 

BepOATHOCTb HX o6pa30BaHHA COCTaBJ1AeT 0 ,1 AJ1A OAHOro npo
TOHa (.1Q= + 1) H 0,01 AllA ABYX npOTOHOB ( '\Q =2), 

B Ta6n . 2-7 npHseAeHbl 3Ha4eHH'"' W(Q), nony4eHHble no MOAelll-1 
MHOrOKpaTHOrO paCCeAHHA C y4eTOM nepe4"1CJ1€HHbiX BbiWe nonpaBOK. 

*B3aHM0A€HCTBHC BTOPH4Hb1X 4aCTHU B RAPe He Y4HTb1BaeTCA. 
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8 CBR3H C TeM, 4TO 3Ha4eHHR K03~H~HeHTOB Vp H V0 OnpeAel1eH~ 

HeT04HO /.!_10%/, Mbl Bb14HCJ1HJ1H W(Q) AnR Tpex 3Ha4eHHH Vp(n): V-0,1V 
v H V+O,lV. 

~ 

- I 

0 

I 

2 

3 

~4 

Ta6nH~a 6 
HeynpyrHe p 12c -e3aHMOAeHCTBHR npH P= 9,9 r3B/c 

3 KC{I. 
(%) 

0,93±(),3! 

IO,II;t0,96 

36 ,60:±:I,89 

34 , 05z.I , 83 

I2 ,86±_I,I2 

5 • 00.±,0 • 72 

MoJteJ!:b 
(%) 

0 ,4;tOI 

9,6j) , I 

39,9.±I .8 

38 , ?.±!,4 

9,4;t0 ,? 

I , 9_±0 ,2 

< n.,_> 

I.90.±0,33 

I,I8.±0 ,08 

0, 99;t0 ,05 

0 ,83;t0.04 

"'11.+ "> 

0, 90.±0 ,33 

I , IB;t0 ,08 

I ,99;t0 ,05 

2, B:>.t0 ,04 

1,08±9,08 4 ,08;t0,09 

0,89;tO, I6 4,89.±0, I6 

.:: , .R "> 

3, !0.±0,26 

2. I9_±0. !2 

I , 33±() ,05 

0 ,9B;t0,04 

1,48.±_0, 12 

I,29.±0,20 

Bee co- G.•I,64+0,06 Q.•I ,53+0 ,04 
6UTBH - -

0,9?;t0,02 2 ,60;t0 ,03 I ,33±0 ,03 

Ta6nH~a 7 

HeynpyrHe pTa-e3aHMOAeHCTBHR npH P = 9,9 r3B/c 

a 3KCn. 
<%> !.4ot%f "'n._ "> <n...> <; "'.P.,.. 

- 2 0,42.±0,IO 0 ,3±(), I 3,25;t0,55 1,25.±0,55 6 ,50.±2 ,02 

- I 4 , I?.±_0 ,69 I,?0.±_0,6 2 , I8.±_0,I6 I ,I8;tO, I6 4,?9;t0,63 

0 I0 ,53±I,04 IO ,B:!I ,3 !,65.±0,!0 I , 65z.O , IO 3,64.±0 ,33 

I 25 ,?6.±I ,64 32 ,?±I,3 I ,05;t0 ,06 2,05.±0,06 2,I3±Q , I9 

2 23,36;ti,56 32,0;ti ,O 0, 95z.O , 06 2 ,95;t0 ,06 2 , OO;tO, !9 

3 I4. 9I:t.I , 25 I4,5j:I , I ! , !5.±0,08 4, I5;t0 ,08 3,?8z0,29 

4 9 ,28;t0 ,98 5 ,5;t0,6 I,IB;tO,IO 5 , IB.±O,IO 4 ,4I;t0,35 

5 5 ,53±0, ?6 1,8.±0,3 I ,O?;tO ,I3 6,0?;t0 , 13 5,89;t0,45 

~ 6 6,05±0, ?9 0 ,6;t0 ,2 0 ,81.±_0 ,II 6 ,8I±O, II 5,90;tQ,44 

G.. = 2, 13;t0, 09 Q.=I , ?Sz.O , 05 I ,16.±_0,03 3,29;t0 ,06 3,35j:O,II 

--
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B Ta6n.4-7 AaHbl W(Q) AJ1R vp(n) c yKa3aHHeM MaKCHMaJ1bHbiX 

OTKJ10HeHHH npH H3MeHeHHH 1-1...< 3Ha4eHHH Ha 10 %. npl-1 p = 2, 3 r38 
3Ha4eHI-1e 1-VP fini-13KO K 100~ .~-~ no3TOMy HeonpeAeneHHOCTI-1 e ero 
onpeAeneHI-IH npi-IBOART K 6onbWI-1M owH6KaM e \Y(Q) f,. 50%/. KaK 

BI-IAHO 1-13 Ta6n.2,3, np~-1 p; 2,3 r3B MHOrOHYKJ10HHble B3aHMOAeHCT

BI-1R npaKn14eCKI-1 oTcyTCTBYIOT I~ 3%/, e MOAenH Hx AOnR TaK>Ke 
HeeenHKa / S 2,6'U . npl-1 P = 4,2 r3B/c /Ta6n.4,5/ o6a THna 

B3ai-1MOAeHCTBI-1R (p,C,pTa) Ka4eCTBeHH0 onHCbiBaiOTCR MOAe11biO. 

HaKOHe~. npl-1 p = 9,9 r3B/c AOJ1R MHOrOHYKJ10HHbiX B3aHM0AeHCTBI-1H 
(Q ~ 3) B MOAeJ1H npi-IMepHO Ha 50% MeHbWe, 4eM B 3KcnepHMeHTe 

/Ta6n. 6, 7 I. AHanori-14HaR CI-!Tya~I-IR HMena MecTo "' AnR "- 12 C
B3ai-1MOAei1cTBI-111 npl-1 p - 40 r3B/c 16 ·71 . KaK Mbl y>Ke OTMe4anH, 

npH p = 9, 9 r38 y>t<e Cyl!leCTBeHHO MHO>KeCTBeHHOe pO>KAeHHe nHOHOB 

8 C06b1THRX C Q ~ 3. no3TOMy paCXO>KAeHHe MOAeJ1H C OnbiTOM MO>KeT 

6b1 Tb CBR3aHO C npeHe6pe>t<eHHeM HX BTOPH4HbiMH B3aHMOAeHCTBI-1RMH, 
B KOTOpbiX 06pa3yiOTCR npOTOHbl C P :;:: 0, 7 r3B/ C, npH MeH bW11X 

3HeprHRX I P = 2 , 3; 4,2 r3B/c/ eepORTHOCTb o6pa30BaHI-1R TaKHX 

npOTOHOB yMeHbWaeTCR H 3TH BTOpH4Hble B3aHM0AeHCTBHR He BJ1HRIOT 

Cyl!leCTBeHHO Ha pacnpeAeJ1eHHe C06b1TI-1H no Q /CM. Ta6n. 2-5/. 

§5. 3AKni04EHI-1E 

l-13y4eHI-1e HeynpyrHX COyAapeHHH npOTOHOB C RAPaMH yrnepOAa 

H TaHTana np~-1 P = 2,3; 4,2 H 9,9 r3B/c n03BOJ1HJ10 06Hapy>KI-1Tb 

noporOBbiH xapaKTep HeynpyrHX MHOrOHYKJ10HHbiX B3aHMOAe~CTBHH. 
npl-1 p ~ 2, 3 r3B OHH npaKTI-14eCKH OTCYTCTByiOT I ~ 3%/. 1-ix AOJ1R 
6biCTpO paCTeT C yBeJ1H4eHHeM HMnyJ1bCa npOTOHa H AOCTI-IraeT "' 18% 

AnR ne rKI-IX RAep (12 C ) H 36 % AJ1R T R>KeJ1biX RAeP (Ta) npH p = 

= 9,9 r3B/c. Af1R nerKHX RAep, nO-BHAHMOMy , 3Ta BeJ1H4HHa RBJ1ReT
CR npeAeJ1bHOH, 4TO CBR3aHO C He60ilbWOH Be/li-14HHOH <v • ( ~ 1,5). 
.[lnR TR>KellbiX RAeP <v> "' 3, 1-1 n03TOMy, eepORTHO, W(Q ~ 3) 6yAeT 
paCTH npH p ~ 10 r3B. 

MHO>KeCTBeHHOCTH OTpH~aTellbHbiX nHOHOB npHMepHO B 1,5-2 pa3a 

60/lbWe B MHOrOHyKI10HHbiX B3aHMOAeHCTBHRX, 4eM 8 OAH0HYKI10HHbiX. 

3TO r. BHAeTeJ1bCTByeT 0 BbiAeneHHH TaKHX COyAapeHHH aAPOHOB C RA
paMH, B KOTOpbiX MHO>KeCTBeHHble npo~eCCbl CBR3aHbl C HeCKOJ1bKHMH 

HyKnoHaMH RApa-MHWeHH, 4TO H Heo6xoAHMO AnR nony4eHHR I-1H¢opMa
~HH o6 11x npocTpaHCTBeHHo-epeMeHHOi1 CTPYKType. 

XapaKTep MHOrOHyKnOHHbiX B3aHMOAei1cTBHH cna6o 3aBHCI1T OT 

THna nepBH4HOH 4aCTI1~bl (TT,p), 4TO n03BOJ1ReT npOBOAHTb COBMeCT
HbiH aHanH3 AaHHbiX, nony4eHHbiX np~-1 pa3Hb1X 3Hepr11RX. 

npocTaR MOAeJ1b MHOrOKpaTHOrO pacceRHHR aAPOHOB Ha RAPaX 

Oni1Cb1 BaeT J111Wb 4aCTb MHOrOHyKJ10HHbiX COYAapeHHH . .[lnR ee yT04-
HeHHR He06XOAHMO 6onee T04HOe OnpeAelleHHe 3Ha4eHHH napaMeTpOB 

H I-13MepeHHe HMnynbCHbiX xapaKTepHCTHK BTOpH4HbiX 4aCTH~. 
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