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Heynpyr~x B3a~MOAe~CTB~~. Ha~AeHH~X B o6ora~eHHO~ nerK~M~ ~Apa
M~ 3Mynbc~~ (Em*), oT6~pan~cb An~ AanbHe~wero aHan~aa TOnbKO 
co6~T~~ c Nh = n g + n b < 7. 

B~AeneH~e eaa~MOAe~cTB~~ c rpynnaM~ ~Aep C,N,O ~ Ag, Br npo
BOA~nocb C ~cnonb30BaH~eM npo~eAYP~, Ha3BaHHO~ HaM~ MeTOAOM CTa 
T~CT~4eCKO~ ~AeHT~~~Ka4~~ ~ ~3no~eHHO~ B np~no~eH~~ K AaHHOMy 
coo6~eH~~. np~MeHeH~e TPaA~~~OHHO~ B~4~TaTenbHO~ npo~eAYP~ C 
aHcaM6n~M~ co6~T~~. Ha~AeHH~M~ e 3Mynbc~~x o6o~x T~noe (Em ~ 
Em*) / 7/ , B AaHHO~ pa6oTe oKaaanocb HeeoaMo~H~M, T.K. anp~op~ 
He~3BeCTHa 3aB~C~MOCTb pA ~ aA B3a~MOAe~CTB~~ C B~neTOM aAPOHOB 
Ha3aA oT aTOMHoro eeca ~Apa-M~weH~. 

B peaynbTaTe np~MeHeH~~ MeToAa cTaT~CT~4ecKo~ ~AeHT~~~Ka~~~ 
6~no nony4eHo 1617 co6biT~~ p ( C,N,O) eaa~MOAe~cTB~~, 2232 -
p(Ag,Br), 804- a(C,N,O) ~ 715- a(Ag,Br) B3a~MOAe~CTB~~. 

BEPO~THOCTb HCnYCKAHH~ • H g 4ACTHU HA3AA 

8 COOTBeTCTB~~ C np~BeAeHHO~ Knacc~~~Ka~~e~ BTOp~4H~X 4aCT~~ 
K 6~CTp~M aAPOHaM MOryT 6b1Tb OTHeCeHbl S ~ g 4aCT~~bl. 0T6op 
C06~T~~ C B~neTOM g -4aCT~~ Ha3aA ( n ~ > 0), ~Bn~~~XC~ B OCHOB
HOM npOTOHaM~ C ~MnynbCaM~ 6onbWe 240 M38/c, np~BOA~T K TOMy, 
4TO 6onbWa~ 4aCTb TaK~X C06b1T~~ CB~3aHa CO CTOnKHOBeH~~M~, 
K~HeMaT~4eCK~ 3anpe~eHHbiM~ An~ HyKnoH-HyKnOHH~X B3a~MOAe~CTB~~ 

/p ?: P 1 = 250 M3B/ c, Pr - ~Mnynbc ~epM~eecKoro AB~lKeH~~/. Co6~
T~~ c e~neTOM s -4acT~~ Ha3aA (n ~ > 0) o6ycnoeneH~ eaa~MOAe~cT
B~~M~ c POlKAeH~eM n~oHoe c ~MnynbcaM~ 6onbwe 140 M3B/c ~ 3t~~c
c~e~ npOTOHOB np~ ~Mnynbcax 6onbWe 1 r3B/c. 

Bepo~THOCT~ co6biT~~ c e~neToM no Kpa~He~ Mepe OAHO~ a 
P(~ > O)~n~ g- 4aCT~~ P(n~ >0) e aaAH~~ nonyc~epy /3n/ AaH~ 

e Ta6n. 1. 

Ta6JIHI.\a I 

BepoaTHOCTH noasneHHa co6bJTHH c BblJleTOM 6blc TPbiX ap;poHOB 
Ha3ap; 

% pCNO aCNO hCNO pAgBr aAgBr hAgBr 

P(n~ > O) . 9,5.:!:.1,2 7' 0.:!:.1 '3 10,2.:!:.2,0 12,0.:!:.0,9 24,5.:!:.2,3 22, 7.:!:.1 ,8 

( 14) ( 29) 

P<nr > o) 25, 7.:!:.1 ,9 18,6.:!:.2,2 20,7.:!:.2,8 52' 0.:!:.2 't, 51' 5.:!:.2 '6 

( 29) 
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3Aecb me npeACTa8IleHbl .peayilbTaTbl pa6oTbl 131 no pA "'"A 83aHMo
AeHCT8H~M, ycpeAHeHHble no CHap~AY (hA) lo1 Ha4ailbHbiM 3HeprH~M 
8 AHana30He /20 -;- 400/ f3B Ha OCH08e He3a8HCio1MOCTio1 3Tio1X 8epO~T
HOCTeH OT THna CHap~Aa lo1 ero 3HeprHH. 

J.13 AaHHbiX Ta6Illo1l.lbl BHAHO, 4TO Ailfl C06b1Tio1H, npOio130WeAWHX Ha 
nerKHX ~A pax ( C,N,O). H3MeHeHHe 3HeprHH HaneTaiO~ero o6"beKTa "' ero 
MaCCbl He nplo180Aio1T K cy~eCT8eHHOMY lo13MeHeHio1~ 8epo~THOCTeH no~8-

IleHH~ 3THX co6b1THH. Cna6oe yMeHbWeHHe 8epoRTHOCTH P(n~>O) np1o1 
nepeXOAe OT CofibiTHH, lo1Hio11..11o1HpyeMbiX npoTOHaMH, K co6b1Tio1fiM, 8bi38aH
HbiM ailb$a-4aCTHL.IaMH, MO>KeT 6b1Tb Ofi"b~CHeHO fiOilbWeH nepH$epH4-
HOCTbiO HYKilOH-HYKilOHHbiX cy6COYAapeHHH 8 a(C,N,O) 83aHMOAeHCT81o1~X 
no cpa8HeHHIO c p(C,N,O) CTOilKHOBeHH~MH. AnR 83aHMOAeHCT8HH c 5o
nee T~>KeilbiMH ~APaMH cepe6pa "' 6poMa y8eilH4eHHe Maccw CHaP~Aa 
npH80AHT K pocTy KaK P(n~>O),' TaKH P(n~>O), 4TO, no-BHAHMOMY, 
C8~3aHo c y8eilH4eHHeM 4Hcna NN-cy6coyAapeHHH. 

ConocTa8IleHHe eepoRTHOcTeR 8biileTa ObiCTPbiX aAPOHOB Ha3aA 
Ail~ p-Ag,Br c AaHHbiMH h Ag,Br 83aHMOAeHCT8HH 131 ro80PHT o TOM, 
4TO P(n~>O) npaKTH4eCKH He H3MeHRIOTCR npH H3MeHeHHH 3HeprHH 
Ha nopRAOK. YMeHbWeHHe P(n~>O) npHMepHo 8 A8a paaa no cpa8He
HHIO C aHailOrlo14HOH 8epo~THOCTbiO np1o1 8biCOKHX 3HeprHRX C8fl3aHO 
C y6bl8aHHeM S -4aCTio11..1 3a C4eT norno~eHHfl nHOHOB H nepe3apRAKH 
npOTOHOB npH HaWHX 3HeprHRX C y8eilH4eHHeM CTeneHH pa3pyWeHHfl 
RApa-MHWeHH /poe TOM Nh I IB/. 

XapaKTepHCTHKH no MHO>KeCTBeHHOCTfiM s "' g 4aCTHLI B sn AaHbl 
8 Ta6n.2, a Ha p1o1c. 1 noKa3aHo pacnpeAeileHHe no n~ Ailfl 83aHMo
AeHCT8HH c RAPaMH cepe6pa 111111 6poMa. XapaKTep H3MeHeHHR cpeA
HeR MHO>KeCTBeHHOCTH <n> H AHCnepCHH D = <n2 >- <n> 2 aHail011o14eH 
H3MeHeHHIO 8epoRTHocTeR P(nr >0) "' P(n~ >0), T .e. <n~> , <n~> 
H Dg,Ds AilR 83aHMOAeHCT8HH c RAPaMH cepe6pa 1o1 6poMa pacTyT, 
a <nr>"' Dg AilR cTOilKHo8eHHH c nerKHMH RAPaMH, HanpoTH8, cna6o 
naAaiOT c pocToM Maccbl cHaPRAa. BoaMo>KHble npH4HHbl TaKoro no8e
AeHHR yme 6biilH H3IlO>KeHbl np1o1 o6cyJKAeHHH 8epoRTHocTeR co6biTHH 
C 8biileTOM aApOH08 Ha3aA. 

PacnpeAeileHHR P(n~) 6blcTpo naAaiOT c pocTOM n r. TaK me 8eAYT 
ce6R 1o1 pacnpeAeiJeHHR non~. EAHHOe onHcaHHe 3THX peayilbTaTo8, 
TaK >Ke KaK H AaHHbiX pa6oT / 9 • 10~ 8 KOTOPbiX HCCileA08ailHCb 
11-12 C,(p,d, 4He, 12c) 18 Lra-83aHMOAeRcT8HR np1o1 3HeprHRX, 6IJH3KHX 
K HaWHM, MO>KHO nony4HTb c noMO~biO reoMeTpH4eCKoro pacnpeAene
Ht-ifl 

P(n8 )=P(nB =0)l1-P(nB =O)JnB • 
s,g s,g s,g s,g 

/1/ 

4 

.. 

Ta6nHI~a 2 

XapaKTepHCTHKH no MHO>KeCTBeHHOCTHM 6blcTpbiX a.p;pOHOB 
B 3Il 

THn 
B3aHMO- <nB> 

g Dg <n~> Ds 

):leHCTBHH 

p-C,N,O 0,30_:!:0,01 0,30_:!:0,02 0,09_:!:0,01 0,10_:!:0,02 

a-C,N,O 0,22_:!:0,02 0,24_:!:0,03 0,08_:!:0,01 0, 10_:!:0,02 

(0,40) (0,60) (0, 15) (0,15) 

p-Ag, Br 0,93_:!:0,03 1,37_:!:0,05 0, 13_:!:0,01 0,14_:!:0,02 

a-Ag, Br 1,58_:!:0,07 3,57_:!:0,09 0,32_:!:0,02 0,38+0,03 

(2, I) (6,0) (0,39) (0,49) 

MH. 
npeAilO>KeHHafl 8 pa6oTe/ll/ 3a8HCio1MOCTb 

P(njl 

... , fh ,_, n ,_,n~ n , /2/ 
• \"g)= [1- \ llg = .L) J - • llg ::: .L • 

Ailfl OnHCaHHfl BbiileTa npoTOH08 Ha3aA 
8 71-! 2 C -83aHMOAeHCTBio1fiX He co
rnacyeTCfl C 3KCnepHMeHTailbHbiMio1 
AaHHbiMH AilR coyAapeHHH c TR>KeilbiMH 
RApaMH. 

10-f AHailH3HPYR $OPMYI1Y /1/, npHxo
AHM K 8biBOAY 0 TOM, 4TO He3aBHCH
MbiMH fiBilfiiOTCfl COfibiTHfl, rAe Hcny~e
Ha Ha3aA XOTfl 6bl OAHa 3apR>KeHHafl 

PHc.l. Pacnpe.z:~eneHHe no qHcny g 
qacTH~ Ha3a.p; - n~ ):IJIH a(Ag,Br) 
/TeMHbie KPY>KKH/ H p(Ag, !3r) /caeT
Jibie KPYJKKH/ B3aHMO):IeHCTBHH. IlpH
Mble - pacqeT no reoMeTpHqecKOMY 
pacnpe.z:~eneHHID /1/, rHcTorpaMMa
no KaCKa,Il;HO-HCnapHTeJibHOH MO):IeJIH, 
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4aCTH~a. Ba~H~M CBO~CTBOM /1/ HBJlHeTCH OTCYTCTBHe nocneACTBH~, 
T.e. 

3TO 03Ha4aeT, 4TO pa3MHO~eHHe aApOHOB B 3n He 3aBHCHT OT y~e 
HCny~eHHOrO Ha3aA KOJlH4eCTBa 4aCTH~. 

/3/ 

Ha npHMepe ssaHMOAe~cTBH~ anb$a-4acTH~ c HAPaMH npocneAHM 
H3MeHeHHe MHO~eCTBeHHOCTe~ aApOHOB Ha3aA B 3aBHCHMOCTH OT 3apH
Aa Q, YHOCHMoro $parMeHTaMH-cneKTaTopaMH HApa-cHaPHAa. B Ta6n.3 
npHBeAeH~ 3Ha4eHHH noKasaTene~ cTeneHe~ ~. Ha~AeHH~e H3 napa-

MeTpHsa~HH <n8 >-A ~~.g s,g M 

rAe AM- aTOMHbl~ sec HApa-MHWeHH. 

YsenH4eHHe 4Hcna npossaHMOAe~cTsosaswHx HyKnoHos HApa-cHapH
Aa vc ::: Ac - 2QnpHBOAHT K ycHneHHIO saBHCHMOCTH MHo~ecTBeH8HoCTH aApOHOB B 3aAHIOIO nonyc$epy OT Mace~ HApa-MHWeHH. TaK, ~ g = 
= 1 '03+0' 08 A!lH C06biTH~ c Q = 0. 

B cfiy4ae s -4aCTH~ sasHCHMOCTb OT AM oKa3blsaeTCH cna6ee 
sasHCHMOCTH A!lH g-4aCTH~, CBH3aHH~X c $parMeHTa~He~ HApa-MHwe-

~ 8 HH. 3TO rosopHT B nOJlb3Y Taro, 4TO OCHOBHOH BK!laA B ll 8 BHOCHT 
nHOHbl, pO~AeHH~e Ha nepBOM 3Tane CTOJlKHOBeHHH HAep. 

Ta6nm~a 3 

3HatieHHH noKa3aTeneH: cTeneHeH: ~B H ~8 
s g 

Q 0 2 

~8 g I ,03:!:_0,05 0,80_:!:_0,06 0,66_:!:_0,10 

~~ 0,61_:!:_0,07 0,55_:!:_0,09 0,29_:!:_0,17 

MHOmECTBEHHOCTH BTOP~4H~X 4ACTHU B C06~THRX C B~flETOM 
6biCTPbiX AAPOHOB HA3AA 

Ha PHC. 2 AaHbl pacnpeAeneHHH no Nh -4aCTH~aM A!lH co6~TH~ 
C BbiileTOM H 6e3 BbiJleTa 6biCTp~X aAPOHOB Ha3aA npl-1' B3aHMOAe~CTBHH 
npoToHos H anb$a-4aCTH~ c HAPaMH C,N,O. Hs PHCYHKa BHAHO, 4TO 
OT6op C06biTH~ C BbiileTOM aAPOHOB B 3n npHBOAHT K OT6opy 6onee 
~eHTpanbH~x coyAaPeHH~. OTMeTHM, 4TO THn TpHrrepa Mana snHHeT 
Ha xapaKTep pacnpeAeileHH~. B cny4ae coyAapeHH~ c HAPaMH cepe6-
pa H 6poMa OT60p C06~THi1 C ll~ > 0 H ll~ > 0 npHBOAHT TaK~e K HC-

6 

.... 

Puc.2. PacnpeAeneHHH no l!Hcny 
CHnbHOHOHH3HPYID~x l!aCTHQ Nh. 
a/ ,IJ;nH p(C,N,O) H 6/ a(C,N,O) B3a
HMO,IJ;eil:cTBHH. 0603Hal!eHHH: cnnoCHaH 
rHcTorpaMMa - ,IJ;nH co6biTHH c n~ > 0, 
WTpHx-nbHKTHpHaH - ll~ > 0 , WTPHXO
BaH - lls = 0, TOl!el!HaH - ll~ = 0. 

KJll04eHHIO aHCaM6JlH C06~TH~ nepH~epH4eCKHX B3aHMOAeHCTBH~, 4TO, 
ecTeCTBeHHO, nos~waeT cpeAHHe MHO~eCTBeHHOCTH BTOpH4H~X 4aCTH~. 

B Ta6n. 4 AaH~ 3Ha4eHHH 3THX MHo~ecTseHHOCTe~. AnH p(C,N,O) 
H a(C,N,O) B3aHMOAe~CTBH~ 3Ha4eHHH <Nh > /4aCTH~ OT pa3pyweHHH 
HApa-MHWeHYf/ rosopHT 0 TOM, 4TO C06~THH C Bbl!leTOM 6~CTp~X aApo
HOB Ha3aA conpOBO>KAaiOTCH nOJlHbiM pa3pyweHHeM nerKHX HAep. 

Hcnollb3DBaHHe ADnonHHTenbHoro KPHTepHH Q = 0 AJlH a A -s3aHMo
Ae~cTBH~ no3sonHeT B~AenHTb e~e 6onee ~eHTpanbH~e coyAapeHHR 
cTanKHBaiO~HXCR RAep. Ha pHc.3 s Ka4ecTse npHMepa noKa3aHo pac
npeAeneHHe no fig AJlR a~g,Br) B3aHMOAeHCTBH~ C B~JleTOM H 6e3 
B~IleTa g 4aCTH~ B 3n. 

Ta6nuQa 4 
1'1HU.IKt:!C'1'1H:!I:il:iUCTH ti'i'UlJH'il:ibJ.II. 'idCTHJJ, 

n~ > 0 n8 > 0 g 

<ns > <ng > <nb > <Nh > <ns > <ng > <nb > <Nh > 

p(C,N,O) 2,7 I ,69 2,31 4,0 I, 72 2,33 2,09 4,4 

_:!:_0, 10 +0,04 _:!:_0,03 _:!:_0, I _:!:_0,06 +0,05 +0,06 _:!:_0,2 

a(C,N,O) 4,5 2,08 I ,9 4,0 3,0 2,40 1,52 3,9 
.:!:_0,2 +0,04 _:!:_0,2 +0,2 .:!:_0,2 +0,08 +0,09 .:!:_0, I 

(5 ,2) (2,85) (4, 5) (3,82) 

p( Ag, Br) 2,36 4,7 6,3 10,9 1,50 5,16 6,4 11,6 
+0,06 _:!:_0,2 .:!:_0,2 .:!:_ 0,3 _:!:_0,03 .:!:_0,09 .:!:_0, I _:!:_ 0, I . 

a( Ag, Br) 6,6 9,5 8,7 18,2 5,4 8,8 8,3 1 7, I 
.:!:_0,2 +0,4 .:!:_0,3 _:!:_0,5 .:!:_0, 1 .:!:_0,2 _:!:_0,2 .:!:_0,3 

(6,8) (12,5) (5,8) (II ,0) 
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P(~l 

0.2 

O.t 

8 - n9'=o 
8 --- ni ~o 

YrnOB~E PACnPEAEnEHH~ 

PHc.3. PacnpeAeneHHH no qHcny 

cephlX (g) qacTH~ AnH a(Ag,Br) 
B3aHMOAeHCTBHH C Q = 0. fHCTO
rpaMMW - 3KcnepHMeHT. KpHawe -
pacqeT no KHM. 

HccneAOBaH~e yrnoe~x xapaKTep~cT~K 6~no npoBeAeHo Ha np~Mepe 
paCCMOTpeH~R OTHOWeH~H ~HKni03~BHbiX pacnpeAeneH~i1 no nceBA06biCT
poTe TJ=-ln tgS/2 S- 4aCT~~ AnR p(Ag,Br) ~ a(Ag,Br)B3a~MOAei1cT-
-···~ 1- .. ~ lo I ..., .. ,.,, I,... .. ,_ • "I 

OTHOWeH~i1 

R ( ) 1 da ( 1 da 
1 7J -.---- Ac- Ag, Br) I-.---- ( Ac- C,N,O) 

aiD d7J aiD d7J 

Ac = 1(p) , 4 (a -4aCT~~a) AnR co6biT~i1 c nF = 0 /p~c.5a/, nr > 0 
/p~C. 56/, n~ > 0 /p~C. 5e/ ~ OTHOWeH~H pacnpeAeneH~i:i no COS 8 
AnR g-4aCT~~ B p(Ag,Br)~ a(Ag,Br}coyAapeH~RX /p~c.6/ 

r(cos8)=-1 --~-(nB>0)/-1 - da (nB=O). 
aiD d cos e s aiD d cos 8 s 

KpoMe Toro, e ra6n.5 AaH~ 3Ha4eH~R cpeAH~x nceBA06~cTpoT 
~ ~X cpeAHeKBaApaT~4H~X OJKnoHeH~i1. 

8 

.'' 

j 

4 

3 

2 

2.0 1.2 2.8 ~ 
PHc.4. 3aBHCHMOCTb OTHOWeHHH 
R(TJ) OT nceBA06biCTpoTbi 7J Ami 

a ( Ag, Br) I TeMHbie KPYJKKH H 
p(Ag,Br)/CBeTnwe KPYJKKH/ B3a
HMOAeHCTBHH. KpHBaH - pacqeT 
no KHM. 

Rt(7) ~ 

1,5 

PHc.S. 0THoweHHH R1 KaK ~YHK
l.IHH nceBA06bJCTpoTbi: a/ AnH 
C06bJTHH c n~ = 0, 6/ n~ > 0 
H B I n~ > 0. 06o3HaqeHHH Te JKe, Ill.. 
qTO Ha pHc,4. , -I 0 2 c 

"f, r 
2,0 

t } 'T 
t + + + 

* ? H ?'l 
f ? t.O - PHc.6. OTHoweHHH r a 3aBHcH-

I MOCTH oT cos Sg. 06o3HaqeHHH 
-1 0 cose~ Te JKe, qTo Ha pHc.4. 
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Ha OCHOBe aHanH3a pe3ynbTaTOB, noKa3aHH~X Ha pHCYHKaX H B 
Ta6nHl,\e, npHXOAHM K cneAYIOiliHM BbiBOAaM. 

1. 0T60p co6~TH~ C B~neTOM 6~CTP~X aAPOHOB B 3aAHIOIO nonyc~epy 
npHBOAHT K CMRr4eHHIO cneKTPOB no nceBA06biCTPOTaM H HX HeKOTOpOMY 

cy>KeHHIO. 
2. AnR co6~TH~, Bbi3~BaeM~x anb~a-4aCTHL\aMH, Ha6n10Aa~TCR wHpo-

KHe MaKcHMYM~ B R(~) H R1(~) B nocneAHeM cny4ae AnR co6~TH~ 
c n~ > 0 B HHTepsane nceBA06~cTpoT 0 ~ ~ :o; 1, 5. TaKoe noBeAeHHe, 
B03MOlKHO, o6ycnosneHO poCTOM 4HCna BHYTPHRAePH~X CTOnKHOBeHH~, 
B cny4ae R 1(~) CBR3aHO C ysenH4eHHeM Mace~ RApa-MHWeHH, B cny-
4ae R( ~) - oT6opoM co6~TH~ c n~ > 0. 

OTcyTCTBHe TaKHX MaKCHMYMOB B pacnpeAeneHHRX AnR pA B3aHMo
Ae~cTBH~ yKa3~BaeT Ha TO, 4TO yMeHbWeHHe 4HCna S-4aCTHL\ 3a C4eT 
norn0111eHHR nHOHOB H nepe3aPRAKH npOTOHOB C pOCTOM BHYTPHRAepH~X 
CTOnKHOBeHH~ /o 4eM y>Ke rOBOpHnOCb paHbWe/ npOHCXOAHT B yKa3aH

HO~ o6naCTH nceBA06~CTPOT. 
3. B~XOA s-4acTHL\ B 3n npH ~HKCHposaHHOM RApe-MHWeHH He 

3aBHCHT OT THna CHapRAa. 
4. OTHoweHHR R AnR co6biTHH c n~ > 0 6~cTpo naAaiOT c poe TOM 

nceBA06~CTpOT~ (~) H CTaHOBRTCR MeHbWe eAHHHL\~ npH ~2 3 AnR 
aA H ~ 2 1 AnR pA B3aHMOAeillcTBH~. B cny4ae oT6opa co6~TH~ c n: = 0 3TO noseAeHHe oKa3~BaeTCR cyllleCTBeHHO 6onee cna6~M, 
oco6eHHO AnR pA s3aHMOAeillcTBH~. 

5. 0T6op co6biTHH c n~ > 0 He cMRr4aeT pacnpeAeneHHH no cos 8 
AnR g-4aCTHL\ no cpasHeHHIO c co6~THRMH 6e3 s~neTa s-4aCTHL\ 
ti VII. iiiJdK I Y1'-lt::l..K.Vl lt1l..'-lt::;jdt::: 1 ~dtiVI\...V1MU\... 1 D .:11 VJJ\ J.JO\o.IIJ.ICJ..\CJ ICnt<'H"I vI 

aTOMHoro seca RApa-cHaPRAa (Ac). 

CPABHEH~1E C KACKAAHO-HCnAPHTEJlbHO~ MOAEJlbiO 

Ha npHMepe aA B3aHMOAeillcTBHH npaKTH4eCKH so scex Ta6nHl,\aX 
H Ha pHCyHKaX 6~n0 npoBeAeHO cpaBHeHHe 3KCnepHMeHTanbH~X fe3ynb
TaTOB c pac4eTaMH no KacKaAHo-HcnapHTenbHO~ MOAenH /KHM/

1 1
• 

B pe3ynbTaTe 3Toro cpasHeHHR cAenaH~ cneAYIOiliHe B~BOA~· 
1. MoAenb s cny4ae coyAapeHH~ c nerKHMH RApaMH (C,N,O) /eM. 

Ta6n. 1 I cyllleCTBeHHO 3aBblwaeT sepoRTHOCTH HcnycKaHHR aAPOHOB Ha-
3aA /- Ha 100%/. AnR B3aHMOAe~cTBH~ c 6onee TR>Ken~MH RAPaMH 
6poMa H cepe6pa, rAe npoRsneHHe MexaHH3Ma nepepacceRHHR BTOPH4-
H~X 4acTHL\ AOn>KHO 6~Tb 6onee cHnbH~M, pacxo>KAeHHe KHM c AaH
H~MH 3aMeTHO MeHbWe. 3TO CBR3aHO C 3aMeTHO~ nepeOl,\eHKO~ MO
AenbiO 4HCna 6~CTP~X aAPOHOB Ha3aA /eM. Ta6n.2 H pHc.1/, OC06eH
HO AnR co6biTH~, npoHCXOARiliHX Ha nerKHX RApax 3MynbCHH. 

2: 0TMe4aeTCR 3aB~WeHHe MOAenbiO H CTeneHH pa3MHO>KeHHR BCeX 
BTOpH4H~X 4aCTHL\ /pHc.3 H Ta6n.4/. npHTOM B HaH60nbWe~ CTene
HH - AnR nerKHX RAep-MHWeHH. B cny4ae B3aHMOAe~cTBH~ c RAPaMH 
cepe6pa H 6poMa pa3nH4He Me>KAY pac4eTH~MH H 3KCnepHMeHTanbH~MH 
3Ha4eHHRMH MHO>KeCTBeHHOCTH s-4aCTHL\ He60nbWOe. B TO >Ke BpeMR 
MOAenb CyllleCTBeHHO nepeOl,\eHHBaeT 4HCnO g-4aCTHL\. 
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3. KHM xopowo nepeAaeT XOA 3Kcnep~-tMeHTanbHOH 3aB~-tCHMOCTH 

R(~) AnR s-4aCT~-t~, s~neTa~~~-~x a nepeAH~~ nonyc~epy, cornacyRcb 
He TOnbKO Ka4eCTBeHHO, HO 1-t KOn~-t4eCTBeHHO /p~-tc.4/. B cny4ae 
s~neTa g-4aCTH~ snepeA MOAenb HecKonbKO nepeo4eH~-tsaeT ~-tx s~

XOA- f /p~-tc.6/. AnR 4aCTH~ S 3n, OC06eHHO S-4aCTH~, MOAenb 
c~-tnbHO 3as~waeT HX 4~-tcno. 3TOT B~BOA yme o6cymAancR a nyHKTe 1. 

4. XoA H3MeHeH~-tR pacnpeAeneH~-tH no ncesAo6~cTpoTaM c ~-t3MeHe
H~-teM Mace~ RApa-MHWeHH AnR co6~THH C n~ > 0 1-1 n~ > 0 Ka4eCTSeHHO 
socnpo~-t3BOAHTCR MOAenb~ /p~-tc.5 6,s/. 0TMe4aeTCR nepeo~eHKa 
41-!Cna S-4aCTH~, B~neTa~HX 8 nepeAH~~ nonyc~epy, AnR B3aHMOAeH
CTBHH C nerKHMH RApaMH (C,N,O). 3TO, no-BHAHMOMy, CBR3aHO C TeM, 
4TO S MOAen~-t HeAOO~eH~-tsaeTCR KOMnaKTHOCTb anb~a-4aCTH~, 4TO 
S CBO~ 04epeAb np~-tBOAHT K ysen~-t4eH~-t~ HYKnoH-HyKnOHH~X cy6COYAa
peHHH.B CTOnKHOSeHHRX C RAPaMH cepe6pa 1-1 6poMa TaKOe ysen~-t4eH~-te 

OKa3~saeTCR Hecy~eCTSeHH~M Ha ~OHe 6onbWOrO 4~-tCna napH~X COyAa
peH~-tH. B 60nbWeH CTeneHH HeAOO~eHKa 3Toro 3<!J<)leKTa CKa3biBaeTCR 
Ha 3as~-tc~-tMOCTH R1 (~) AnR co6~THH 6e3 s~neTa g -4acT~-t~ Ha3aA 
/p~-tc.5a/. Cornac~-te KHM c 3KCnep~-tMeHTanbH~MH AaHH~MH Ha6n~AaeTCR 
TOnbKO AnR ~>2, T.e. 8 o6naCTH ~parMeHTa~HH RApa-cHaPRAa. 

BbiBO,llbl 

1. npeAnOmeH MeTOA S~AeneHHR S3aHMOAeHCTSHH C pa3H~MH rpyn
naM~-t RAep ~OT03MYnbCHH AnR npo~eCCOB, 3aSHCHMOCTb KOTOp~X OT 
aTOMHoro seca RAPa-M~-tWeH~-t anp~-top~-t He~-t3BeCTHa. Ha ern nrHnRP ~r
cneAOSaH~ xapaKTep~-tCTHKH BTOPH4H~X 4aCTH~ SO B3aHMOAeHCTSHRX 
npoToHos 1-1 anb~a~4acT~-t~ c RAPaM~-t C,N,O 1-1 Ag, Br np~-t ~-tMnynbce 

4,5 r3B/c Ha HyKnOH C s~neTOM 6~CTp~X aAPOHOS 8 3aAH~~ nonyc~e
py. 

2. noKa3aHo, 4TO reoMeTp~-t4ecKoe pacnpeAeneH~-te /1/ Ha~-tny4WHM 
o6pa30M YAOBneTBOpReT 3KCnep~-tMeHTanbH~M pacnpeAeneHHRM no MHo
mecTBeHHOCTH 6~cTp~x aAPOHOB Ha3aA. B 3TOH sepoRTHOCTHOH cxeMe 
He3aSHCHM~MH RSnR~TCR Co6biTHR C ~-tcnycKaH~-teM XOTR 6~ OAHOH 
3apRmeHHOH 4aCTH~~ Ha3aA. 

3. 0T6op B3al-tMOAeHCTSHH C n~ > 0 1-1 n~ > 0 n03sOnReT S~AenRTb 
co6~THR nonHoro pa3pyweH~-tR nerK~-tx RAeP (C,N,O). CosMeCTHoe ~-tc

nonb3osaH~-te 3TOrO Kp~-tTepHR 1-1 ycnOSI-tR Q= 0 np~-tSOAHT K OT6opy 
co6~T~-ti1 c 6onbW~-tM pa3pyweH~-teM RAeP cepe6pa 1-1 6poMa. 

4. Pa3n~-t4~-te pacnpeAeneH~-tH RI(~) 1-1 R(~) AnR pA 1-1 aA B3a~-tMo
AeHCTSHH yKa3~saeT Ha TO, 4TO Ha~-t6onee sepORTHOH o6naCTb~ s~-
6~BaHHR S-4aCTH~ 3a C4eT norn~eHHR n~-tOHOS 1-1 nepe3apRAKH npo
TOHOS S pA COYAapeHHRX RSnReTCR o6naCTb nceSA06~CTPOT 0:5 ~ '5 1 , 5. 

5. CpasHeH~-te 3KCnep~-tMeHTanbH~X AaHH~X c KHM yKa3~saeT Ha 
3aB~WeH~-te 3TOH MOAenb~ CTeneHH pa3MHOmeHHR 4aCTH~, OC06eHHO 
s 3aAHei1 nonyc~epe. nepeo~eHKa s~xoAa s-4aCTH~ snepeA a 
a(C,N,O) B3aHMOAeHCTBHRX, no-sHAHMOMy, CSR3aHa C HeAOO~eHKOH 
MOAenb~ KOMnaKTHOCTH anb~a-4aCTH~~. 
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B 3aKn~4eHHe asTOP~ C4~-tTa~T Heo6XOAHM~M s~pa3~-tTb 6naroAap
HOCTb 4neHaM COTPYAHH4eCTBa no HCCneAOBaHI-t~ RAPO-RAepH~X B3aHMO
AeHCTBHH c noM~b~ ~oT03Mynbc~-tH 3a npeAocTasneHHYID so3MomHocTb 
~-tcnonb30BaTb 3Kcnep~-tMeHTanbH~H MaTep~-tan coTPYAHH4ecTsa. M~ 
6naroAaPH~ K.r.rynaMosy 3a ~eHH~e coseT~ H o6cymAeH~-te HeKoTop~x 
sonpocos, K.,ll.ToncTOBY - 3a nocTOP.HH~H HHTepec K pa6oTe, 
I.!.MycynbMaH6eKosy- 3a KoHcynbTa~HH npH nposeAeHHH pac4eTos 
no KHM. 

nPHJlOIEHHE 

1. H3 4~-tcna co6~THH s cTaHAaPTHOH (Em) H 3arpymeHHOH (Em*) 
3MynbCHRX S~4HTa~TCR co6~THR Ha CB060AHOM BOAOPOAe. 

2. np~-t noM~H s~4HTaTenbHOH npo~eAYP~/7 1 nony4a~TCR ABYXMep
Hble ng -nb pacnpeAeneHHR AnR co6~THH, npoH30WeAWHX Ha RApax 
C , 0 H .Ag, Br. 

3. Ka*AOMY co6~TH~ /cneAY, npH H3y4eHHH Tex Hn~-t HH~x xapaK
TepHCTHK/, HaHAeHHOMY 8 AaHHOrO COpTa 3MynbCHH /cTaHAapTHOH HnH 
3arpymeHHOi1/, np~-tnHc~saeTCR sec, xapaKTepH3Y~~Hi1 era npHHaAnem
HOCTb K B3aHMOAeHCTBHRM C RApaMH C,N,Q WC,N,O(ng,nb) H RApaMH 

Ag,Br. 

ur 1... _ ' • "'' ··Ag,Br , .. g, .. b,- .. -"C,N,O \"g •"b J /51 

3AeCb N c,o (ng ,nb)- 4~-tcno co6biTHH Ha RApax C,O c 4~-tCilOM g(ng) 
H b(nb) -4aCTH~. N Ag,Br(ng ,nb)- aHanorH4HOe 4HCI10 co6~THH AilR 
s3aHMOAeHCTBHH c RAPaMH Ag, Br. 

4. CyMMHposaHHe scex co6~THH /cneAOB/ no o6oHM T~-tnaM 3Mynb
CHH npoBOAHTCR c y4eToM sepoRTHOCTH B3aHMOAeHCTBHR HaneTa~ero 
CHaPRAa C AaHHO~ rpynnoH RAeP s KamAOH 3MynbCHH. 

npt-~MeHeHHe 3TOrO MeTOAa OKa3WBaeTCR onpaBAaHH~M, T.K. pa3nH-
4He s noseAeHHH n ,nb pacnpeAeneHHH AJlR s3aHMOAeHCTBHH C rpyn
naMH RAeP C ,0 1-1 lg, Br c nh < 7 oKa3~saeTcR HacTonbKO 6onbWHM, 
4TO CHCTeMaTH4eCKHe norpeWHOCTH OKa3WBaiDTCR Cy~eCTBeHHO MeHb
WHMH CTaTHCTH4eCKHX norpeWHOCTeH BW4HTaTenbHOH np04eAYP~t HC
nonb~OBaHHOH AnR onpeAeneHHR cTaTsecos. CHcTeMaT~-t4eCKHe no- · 
rpeWHOCTH MOryT B03HHKaTb H3-3a npeAJlOmeHHR 0 6nH30CTH xapaKTe
pHCTHK co6WTHH Ha yKa3aHHWX rpynnax RAeP npH ~HKCHpOBaHHWX Dg 
H nb. B nonb3y KoppeKTHOCTH AaHHoro MeToAa rosopHT HwxopowaR 
socnpoH3BOAHMOCTb OAH04aCTH4HWX yrnoswx pacnpeAeneHHH scex 
THnOS 4aCTH4. 
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