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BaeAeuue 

OcHOBHble. ocooeHHOCTH .B38HMOAeliCTBHSI '18CTH!I BbiCOKOll auepruu co CllQ:)KHbiM. HApOM 

yAoaneTaopuT_enbHO onuchlBSIOTCH AayxcTaAulluoll xacxaAuo-ucnapuTenbuoll MOAenbiO Cepoe--

/1/ . . 
pa . • 0AHaKo cyme_CTBYeT pHA Haneuull, KOTOpbie ue MoryT oblTb nonaocTbiO oo'hHCHOHbi 

"OilbKO STOll MOA91lbiO; K T8KHM SIBIISHHSIM npHH8Ail9JK8T0 B '18CTHOCTH 1 T8K H83b!B89Mbl9 

UpOCTbl81 BilK UOB8pXHOCTHbl91 p98B:IlHH H nponecc <jlparMaHT8UHH 0 C KOTOpb!M T9CHO CBSI38Hbl . ' 

BTOpH'IHbl9 p88B:IlHU:. K UpOCTbiM peaK~HIIM OTHOCST pe8B:IIHH . THUS ( p 1 D ) 1 ( p _, pn ) 1 

( p1 2p ), ( p 1 piT+) H Ap. B peaynbTSTe T8KHX p98KII.Hll B03HHK88T HApo, OTIIH'1810lli99CH 

oT RApa MHmeHH no MaccoaoMy 'IHcny H aapHAY ue 6onbme 'laM ua eAHHRny. BTopH'IHbie 

peaxnuu npoucxoAHT aa HApax Mnmeuu ~oA AellcTaneM qacTun, poJKAaiOmuxcR a nponecce nap• 

BH'IHoro. B3a~HMOAellcTBHH uaneTaiOuiell qacTH!Ihi c aemecTaoM Mumeuu> B peayn~TaTe BTopH'l

HhiX peaKnHll o6paay10TCH HApa, )tOTOpble MoryT HMaTb ~apHA Ha uecxonbKO eAHHHII. funbme aa~H
Aa !ll{pa MHlli9HH1 ecnH IIOCil9)lH99 B3811MOA9llCTByeT C . BTOpii'IHblMH HJtpaMH renHH HnH, C , eme 

oonee THlK91lbiMH <jlparMeHT8MH• l1M910TCSI OCHOB8HHH C'IHT8Tb1 'ITO .M9X8HH3M UpOCTbiX HAep

HbiX peSK!IHll II nponecc <jlparMSHT8!IHH CB!I38Hbl C IIOB9pXHOCTHO!t OOil8CTbiO Slllp8 1 BOnpoc 0 

KOTOpoll AO HSCTO!UIIero Bp8M9HH OCT89TC!I uepemeHHbiM. 

QqeBHAH01 'ITO H8KOnneHHe axcnepHM9HT81lbHOro MaTepuana no BTOpH'IHbiM p98K!IHRM II . . ,. ,. 
peaKUHIIM THUS ( p 1 :m ) 1 ( p 1 • p:m ) H ( p. o 2 p:m ) 1 BKil10'1810lliHM B COO !I H npoc-

Tble peaxnHH - ( p 1 D ) ; ( p 1 pn ) II ( p 1 2 p ) , MOJK9T OblTb none3Hbl~ KSK. AIIH ny'l

mero UOHHMaHHII M9X'IlHH3M8 !IA9PHbiX p98KUHll1 TSK H Allll nOCTp09HHH TaX Hllll IIHbiX MOAe-

nell CTPYKTYPhl KAepuoll noaepxuocTH. 

B uaCToKmei! paooTe obmH aay'<eHbi: 

12't ' /2/ 
1) PeaKUHH THna (- p 1 pxn ) ua 1 npu auepruu npoTouoa OT 100 no 680 Maa • 

2) PeaKnHH Tuna ( p 1 :m ) ~ ( P , 2 pxn ) ua paaAeneuuhlx H3oTonax -rennypa 
121 121 . /3/ 

Te u · Te) npu auepruu npoTOIIOB aT 120 AO 660 Maa • 

3) BT_opH'IHhl~ peaxuuu aaxaaTa HAep renuR.BHCMYTQM npa auepruu nporouoa oT 120 . N . . . 
AO 660 Maa • 
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4) BTopH'IHhte peaxnaa 3aXBaTa S!Aep IUITHSI cBnanoM npa saepraa 6oM6apAHPYIOlll11X 
., . /~ 

npoTOHOB OT 80 AO 660 MsB / • 

npa accneAoBanHH 
121 p , p:m )-pea:s:nnil: olta3anoc&, 'ITO BHTepnpeTanHSI peaitllllil: 

c x ~ 6 saTpyAaaTen&aa as~a aet~ocTaTita cBet~eaail: o ppnaoa:s:THBHbiX asoTonax il:ona c 

A .< 121, nosTOMY 6bma npeAnpBHHTa pa6oTa no BAeHTR<jlaitanaa nerKBX H30TonoB il:oAa c 

MBCCOBhlMH 'IHCnaMH 1171 118, 119 'H 121
161

, pe3yDbT8Tbl KOTOpOil: y'IBThiBBnBCb npH npoBe-

A9HBH BCCD~~Ba~BSI pealtltHil: THDB ( P , l<l1 ) B ( P 0 2Pl<ll ). 

06ny'leHB9 MHWeaeil: npOBOJlBnOCb · H.S CHHXpoltBKnOTpOHe na60p8TOpHB S!AepHbiX npo6neM 

OHHH. 

B nepBoil: rnaBe ABccepTanaa ABeTcSI·ItpaTKBil: o63op pa6oT, nocBSimeaabiX BAepab!MpeaK

nnnM a a cno)K}IbiX SIApax. DOll . Aeil:CTBHeM. 'lBCTHn . BhiCOKOil: saepraa. Bo BTOpoil:. rnaBe omiChi

BaeTCSI MeTOAHKa sKcnepaMe'HTa. T~TbB H 'leTBepTaa rnaBhl noCB!Jmeabl asnoJKeHHIO sxcnepa

MeaTan&HhiX pesyn&TaTOB _a a~ o6cylK!IeHHIO; npa aTOM npoBOAH_Tca cpaBaeaae aawlix pesynb

TBTOB C pesynhTBT·!lMH aaanorH'IHhiX pa60T1 BhiDOnBeHHhlX JlpyrBMH aBTOpaMH. 

. MeTOAHKa sKcnepaMeaTa 

3KcnepaMeaTan&Hhte pesyn&TaTbl1 H3naraeMI>te B aacTonmeil: pa6oTe, nonyqeabl c no-: 

MOWbiO paABOXHMH'leCitoro · MeToAa. HcKOMhte npoAyKThl BAepnbiX peaxnail: B3Bnexanacb XHMH

'IeCKHM nyTeM H3 CnOJKHOil: CMeCH __ s~eMeHTOB1 o6pa3yiOWHXCSI B pesyn&TaTe_ B3BHMOAeliCTBBSI 

6oM6apAHPYIOWBX 'IBCTHn c BemecTBOM Mamean. Konn'lec:roo _aTOMOB paAnoait;nBHbiX npoAylt-

TOB oneHBBanocb DO BX aKTBBHOCTH1 a BAeHTH<jJHK8llBSI OTAenbHbiX paAHOH30TODOB AaHHOro 

aneMenTa npoBOABnac& no nepHOAaM nonypacnat~a H xaphitTepy H3nyqeaaa. 

nna perBcTpaltBH H3ny'leHHSI paAHOBKTHBHbiX H30TOnOB Ha onpet~eneHHbl~ 3TaDaX BCCne

AOBBHHSI B cooTBeTCTBHB c nocTaBneaaoil:·381lB'Ieil: npaMeaanac& pasable AeTeKTOpbl: 

1) renrepoBCKBil: c'leT'IHK 1 aanonaeaabtil: cMeCbiO KpanToaa c napaMB a<jlnpa a coenn-
. 171 

H9HHblil: C MarHHTHhiM aHalUI38TOpOM 

2)CTaHnapTI;lble C'leT'IBKH renrepa -- MIOnnepa TBna MCT-17 ( CH3B) B ·MCT-40 

(CT-20). 

3) CnnHTBnnHnBOHHblil "f a -C'I9T'IHK, COCTOSIWBil: 1!3 <jloroyMHOJKHTena <1>3Y-19 H CltBH

THnnaT6pa ZnS(Ag) • 

119 /8/ 
npa nccneAOBBHHB CBOiiCT~a. Te acnonb30Banncb TaKJKe rpy6blil MarHHTHblil: ' p-

cne~Tp~MeTp c <jloxycnpoBxoil: aa 180°' (pas.pemeaae aa nBHHH 
137 

Cs paBHD 3,5%) a cnaaTan-

nanHOHHblil: ·y -cnexTpoMeTp c xpacTannoM Nai(Tl) a MaoroxaaanbBhiM aaannsaropoM. 
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npn .Bbi'IHCDeHHH S<j>ljleitTHBHOrO Ce'leHHSI 
• . 24 

~poToHOB oneaasancH no o6pasoBaHBIO Na 

C9'19,HH9 ltOTOpOil: H3B9CTHO ]lnSI WHpOKOrO HHT< 

HccneAoBaaae peaitnHil: Tana 

a) 3 1t c n e p H M e a T 

3ItcnepHMeHTaDbHhle 3Ha'I9HHSI S<j><jleKTHB 

Hbl B Ta6nanax 1 a 2. 

CeqeaaH ( p , pxn 

PeaK nan 

·roo 

•I 

12TI(p,pn) 128l 128±_19 

1211 (~, P 2n) 12s 1 78±_15 
127 124 

51±. 5 l(p,p3n) J 

127I(p,p4n) 1231 50±. 9 
127 . 121 

I (p, p6n) .. I } 
127 1 (p,p7n) 1201 

107 

127 119 } I ( p, p8n) . I 9,2 127 118 
l(p 1 p9n) I 

27~ (p • 3pn) 
24 

10,2 Na 

T a 6 

)-peaK 

61 

3 

51 
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sneprnn 6oM6apanpy10IIUIX 

oz:asanoc&, qTo nnTepnpeTannn peaz:naA 

0 pflAHOaKTHBHhlX H30TOnax Ilona C 

DO H)19HTH¢HKaUHH nerKHX H30TODOB llo11a C 

/61 1 , pesyn&TaThl KOTOpOII yquTblBMHCb DpH DpoBe-

) H ( P , 2 p:m ). ,.,I 

CHHXpoUHKnOTpOH9 na6opaTOpHH Hl19pHblX Dpo6neM 

- KpaTKHII o6sop pa6oT, DOCBHill9HHhlX H)19pHblM peaK

qaCTHU -Bbtcoxoll sneprnn. Bo BTopoll · rnaae · omichl-

H qeTBepTaH rnaBbl DOCBlj'lll9Hhl H3nOlK9HHIO SKCD9pH

DpH sTOM nposoan_Tcn cpaanenne namlix pesyn&

apyrnMn aBTOpaMH, 

B nacToHmell pa6oTe, nonyqenbt c no

npOllfKTbi HllepnbtX peaxnnll nsanexannc& XHMH

o6pasy101llHXCH B pesyn&TaTe_ B38HMOl19IICTBHll , 

Konnqec!BO aTOMOB paanoaK,HBHhlX npoayx-

OT)1en&HblX pannOH30TODOB AaHHOrO 

usnyqeanH. 

laKTHBHhtx 'usoTonc:is na onpeAeneHHhiX sTanax nccne-

CM9Cbl0 KpHDTOHa C napaMH s¢npa H C09AH-

- M10nnepa Tnna MCT-17 ( CI13B) H MCT-40 

COCTOlllllHII H3 ¢oTOyMHOJKHTenll <l>3Y-19 H CUIIH-

HCDOIIb30BaiiHCb TaKJKe rpy6b!H MarHHTHhlll ' p-
137 

Cs paBBD 3,5%) H CUHHTHn-

Nai(Tf) n MnoroxananbHhlM anannsaTOpoM. 
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npu ,Bbi'IHCneHHH 3¢¢eKTHBHOrO ceqeanll H3y'Ia9Mb!X llllepHblX peaKUHII DOTOK D8l18101lll!X 
- ' 24 27 . 27 24 

~poTonos ouennsancH no o6pasoaann10 Na us A! B peaxnnn · A! ( p , 3 pn ) Na., 
/9/ 

ceqenne z:oTopoll nssecTno AnH mnpoxoro nnTepsana sneprnn npoTonos • 

HccneAoBanne peaz:nnA Tan~ ( P , :m ) , ( p , pxn ) , ( p _, _ 2 p:m 

a) 3 K C D e ·p H M e H T 

3xcnepnMenTan&nhle snaqenun s¢¢exTHBHbiX ceqennll nsyqaeMbiX peaxnnll npeAcTasne

Hbi s Ta6nunax 1 n 2. 

T a 6 n n n a 1 

Ceqennll ( p , pxn 
' : 127 

)-peaxnnll na I ( lQ-27 CM2) 

EP (Mss) 

Peaz:nnn 

roo. t 170 I 300 I 480 I 660 

127l(p,pn) 12s 1 
128±.19 60±. 8 54±. q nGo- 55±. 6 

1271 (p, p 2n) 12~ 1 78±.15 32±.? 29:!; 4 26±. 4 26±. 2 
127 124 

51±. 5 50±. II 28-.J:. 7 . 21±. 5 18, 7±.1 '7 I (p , p3n ) I 

" 127 1 (p,p4n)_laa1 50±. 9 14±.2 ,5 !3,5±.1 '7 12;4±.,3 ,6 14,4±.0,9 
127 . 121 

I (p, p6n) ' .I } 
127 1 (p,p7n) 1201 , 

''107· 19 50 29 ·18 

127 119 } 
-~- ,~ ,.5 ,5 

I ( p, p8n) . I 9,2 6,3 8 5,9 
127 118 

I ( p, p9n ) I 

----'~ 
27 24 
·Al (p, 3pn) Na 10,2 9,3 IO,I .- 10,6 I 10,8 

5 
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T a 6 n B n a .2 

Ce'IOBHSI ( p 0 XII ) - B ( p 0 2 p XII 125 1u -ZT 2 
-peaxnHll Bll Te B Te (-1 0 CM ) 

PeaKnHB 

128 110 
Te{p,2p6n) Sb 

125
Te(p, 2p5n) 

119 
Sb 

12~ 120 
Te(p,2p5n) Sb 

. 125 . 120 
Te(p,2p4n) Sb 

128 
Te{p,2p3n)

122
Sb 

125 122 
Te(p!2p2n) Sb 

128 124 
Te(p,2pn) Sb 

'125' . 124 
- "re(p,2p) Sb 

126 123 
Te(p,4n) I 

I25Te(p,Jn) 12a.I 
128 124 

Te(p,:ln) I 

125 124 
Te (p,2n) I 

126 .126 
Te(p,2n) .I 

125 125 
Te(p,n) I 

12s Ilia 
Te(p,n) I· 

125 128 
Te(p,?) I. 

u(p,2p)/u(p,2n) 

27 24 
Af(p,3pn) Na 

6) B bl B 0 A bl 

EP (Mas) 

120 200 300 I 480 660 

5,5±.1,0 6,0±,(0,6) 6,9±,0,5 .?,2±.0,5. 6,2±.0,,6. 

8,9;t0,5 - 6 ,9±,0 ,6 5 ,4±.0 ,5 7 ,3±.0,2 

9,2±.0,8 11,2±.(1,2) 10,3±.0,6- 9,~0,6 9,3±.1,0 

10,4±.1,01 -

17,7±.1,2 13,0±.(1,3) 

7,7±.0,4 

21,3±.1 ,o 
7,2±.0,5 

23 ,3±.1 ,4 

19,6±.1,31 - ~17,~1~1116,3±.1.,0 
11,4.±1,5 II,8.t(I,7) II5,2.t0,9 19_,3.±1,5 

. . 

II ,Ot,I ,0 

23 ,3±.1 ,2 

~ 23 ;9±,1 ;6 
1~,4.±1,1 

9,3.±1, 0 

I5,3.t0,5 

19,6.t1,2 

15, 1.tO, 7 

D,O.ti,B 

I2,7.t0,3 

7,1.±1,1 

8,3.±0,3 

2,2.±0,3 

0,71 

9,8 

u, 1_±0, 7 ID, 4.±1, 2 2I,6.t1,0 

5,I.t(0,6) I 2,2.±0,4 

- I ~,4.±0,4 
5,I.t(0,6) 2,8.±0,5 - i 2,5.±0,4 
4,3.t(0,6 2,3.±0,4 

- 1,2.±0,2 

""3 I, I .tO, 2 

-v0,3 

9,3 

4,44 

10,1 

2,I.t(0,3J .I,9.t0,3 - j I,9.t0,4 
2, O.t(0,.3 · .. 2,4_±0,4 

2,3.±0,5 . 2,5.±0,4 

I,3.t(0,2 I,9.t0,3 

O,B.t(0,1~ I,3.t0,3 

5,83 

10,6 

--.0,4 (' 

8',64 

10,8 

I. CpasneaBe sKcnepHMOBTal!l>BbiX senH'IHB ceqenall ( p , PXII ) - peaKnHll ( x 
. /10/ 

2, 3, 4) c peayn&TaTaMH TeopeTH'Ieexux pac'leToB noxaaano YAOBneTBOpBTOn&noe cor-
• 

nacue TeopHB u aKcnepuMeBTa, 'ITO noATBep~aeT cnpaBeAnBBOCTb npuMeHeBHB ABYXCTa-

AHllaoll Monens Cep6epa AllH onacaBHH yKaaaBBbiX peaKI(ul!. 

6 .. •· 

'~ ·7· 

2, 3KcnepHMOHT81lbBbi9 CO 

3BOpreTH'IBCKOl! o6naCTH npoTOB 

TH'IOCKHX BOI1H'IHH1 UOny'IOHHbiX 

TH'IOCKBB 38BBCHMOCTb CO'IOBHl! 

MOHTBilbBO, TBK~e OTilH'ISOTCSI C 

3; Cna6aH aasucHMOCTb ceqe. 

ABIOlliHX npOTOBOB B o6naCTH SH• 

SKCnepHMOHTBilbBblX BBilH'IHB ce 
/13/ . . . . 

ljla 1 Y'tHTbiBaiOmel! KaK AHijlq 

cTpyKTYPY snpa MHmeaa. YAoBn 

paCC'IHTaBHbiMH BOnH'IHHaMH CO~ 
12 124 5y 4 ( p 1 2 p ) . Sb paceM• 

naraiOmel!, -:ro B MexaBH:"Me nf 

CaM npBMOro B3aHMOABl!CTBHB l 

4. Cpaeaenae a6coniOTBbiJ 
125 . . 124 
·. Te ( p , 2 p ) Sb u aHf 

UpHBOAHT K 3Bltll!O'IBBHI01 'ITO n 

HMymecTBeHno qepea nponecc n 

5. Cpaeaeaae a6coniOTHbll 

.( p , pxn ·.) ~ ( p , 2 pxn 

KOl! 3BBHCBMOCTH OT nopBAKOBC 

xn 

6. AaanH3 nony'leHIIbiX pe 

) u ( p , 'pxn ) n~Kaaal 

nel!CTBHO BOilH'IHIIa KyllOIIOBCKO 

meHH. 

a) 3 K c n e p H M e ' 

Ce~eBHO BTOpH'IHOli peaKD 

IIHB BTOpH'IHbiX '18CTHI( HB BOpC 

THnel! H BUpoM MHlliOBHo 

npH H3Y'I9HHH BTOpH'IIIblX 

'IBIIHO peaKI(HH Be 3aBIICHT OT .. 
'ce~eHHH': aCTSTHH8 H3 c8HHUB 

nony'leHHbiB. CB'IBJIHH. OOp 



T a 6 n B n a .2 

( p, 2 pm -perutnBii ua _lUTe B l2a.Te (.I 0-27 cw2) 

,01 6,0:!:..(0,6)16,9±,0,5 1.?,2±.0,5.16~2±.0,,6 

6 ,9±,0 ,6 s ,4±.0 ,5 

II,2±.(1,2) 10,3±.0,6 . 9,8±,0,6 

,01 - 7,7±.0,4 7,2±.0,5 

,2 I3 ,0±.(1 ,3) 21,3±.1 40 23 ,3±.1 ,4 

_7 ,3±.Q,2 
,.J 

9,3±.1 ,o 
u ~0:!:..1 ;o 
23 ,3±.1 ,2 

,3 I - ~I 7' 8:!:.1 ;I 16 ,3±.1 ,o : ·23 ;9±,1 ,-6 
,8~(1,7) II5,2~0,9 I9~3~I,5 1~,4~1,1 

II-,1_±0,7 13,4~1,2 21,6~1,0 

5,1~(0,6) 2,2~0,4 2,1~(0,3 1,_9~0,3 

~,4~0,:4 - 1,9~0, 4 

2,8~0,5 2,0~(0,3 : 2,4~0;4 

2,5~0,4 2,3~0,5 2,5~0,4 

4,3~(0, 2,3~0,4 1,3~(0,2 1,9~0,3 

1,2~0,2 

"'3 1,1~0, 2 0,8~(0,1 1,3~0,3 

-vO, 3 - .... 0,4 

4,44 5,83 8,64 

10,1 10,6 10,8 

nenu~uu ce~euuli ( p , ·pm ) - peaxnuli ( x 
/10/ 

pac~eToB noxaaano ynonneTBOpBTenhuoe cor-

6 ,-,· 

cnpasennusocTh npuMeaeuuu nsyxcTa

peaxnuA. 

{" 

- . . 127. 
2. SxcnepaMeBTanhHbto ce~emtu peaxnuii I ( p , pn 

) 12& I J3_ uccnenyeMoli 

suepreTH~OCKOii o6nacTH npoTOHOB OKa3allHCh B 2-3 paaa 60nhWO COOTBOTCTBY~WHX TOOpe-
. . · . . Ill 12/ 

TH'IOCKHX nenuquu, nonyqeHHbiX ua ocuo:ee xacxanuo-ucnapuTenhuoli Monona ' • Suepre-
127 . 

TH'Iecxau aaBHCHMOCTh ceqeuuli ( P ,pn ) -·-peaxnuu ua I , ua6n~naeMall sxcnepu-

MeHTanhuo, .TaKJKe OTnR-iaeTCH OT paCC'IHTaHHOii oflyHKIIRR B03flyJKneHHH STOll peaKUHR. 

3; Cna6au aanucHMOCTh ceqeuull ( P , pn ) - u ( P , ·2 P ) -peaxnuli oT_ suepru8 na

na~w8x npoToHOB B o6naCT8 suepruli nwwe· 300-500 N\sn noanonuna nposecT8 cpanue~8e 

sxcnep8MeBTanhBhlX nen8'18B ce~euuli ST8X peaKU81i c·paccquTauuwM8 no ¢opMyne Beu8o¢-
/13/ . . 

¢a 1 yquTwna~meii xax nu¢¢yauy~ np8pony anepuoli nonepxuoCT8, Tax_ 8 o6onoqequy~ · 

CTPYKTYPY · HApa M8weuu. YnonnoTBOp8Tenhuoe cornac8e MoJKny sxcnep8MimTallbHbiMR 8 
. I~ IU 

paccquTauuwMB nenu~8HI!Mu ce~eu8i! peaxn8ll , I ( P , pn ) .I • u 
12 124 5Te ( p , 2 p ) Sb paccMaTp8naeTcB xax nonTnepJKnoB8e runoTeaw BeunotN>a. npenno-

/ . 
naraiOwoi!, qTO B Moxau8~Me npocTwx. peaxnuii npeuMywecTneuuau ponb npnuanneJKBT nponec-

caM npuMoro B3a8MoneiicTB8H uaneTa~mero npoToua c nonepxuoCTBhlMH uyxnouaM8 unpa. 

4. Cpanueu8e a6coniOTHhlX nenuquu ceqeu81i peaxnui! 
125

-Te ( p , 2n ) 
124

1 n 
125 . 12( : ,' J 

· ·Te ( p, 2 p ) Sb u auan8a ¢yuKil88 noa6yJKneuuu nnu nocnenueli peaKU88 TaKJKe. 

np8BOnBT K aaK1l~'leB8~t 'ITO npH .Ep ·> 300 N\SB ( !> 0 2 p )-poaKil8H aa 

8MYWOCTBeHHO 'lopea llpOUOCC npBMOrO B3a8Monoi!CTB8H •. 

5. Cpanueu8e a6con~HbiX nenu~8i ceqeuui! oTnenbHbiX peaxn8l! Tima 

125 
• Te 8neT npe-

p t XD ), 

.( p t pxn ' ) B ( p t 2 pxn ) Ha pS3ll8'1HblX HnpaX HO noKa3a1lO KaKOi!-n860 C8CToMaT8'I:OC-

KOA 3SBHCHMOCTH OT UOpBAKOBOrO BOMepa BApa MHWeHH. 

a. AuanH3 nonyqeHifblX peaynbTaTOB R 1l8TepaTypllblX naHHblX no peaKUHHM THna ( p 

xn ) u ( p , pxn ) noKaaan, 'ITO ua ceq:eunH sTnx' peaKnuli oKa3biBaeT onpeneneuuoe 

nel!CTBHO BOllH'IHHa KYllOHOBCKOro 6apbepa H 836b!TOK ueliTpOBOB BaA npOTOIISM8 B Bnpe MH-

me au. ,. 

a) S K C n 0 p H M 0 II T 

CeqeH80 BTopnquoli peaxnnn ycnonuo onpenensmoch xax nponanenenne ceqeunu poJKne-
,· 

IIHB BTOpH'IHblX 'laCT81l Ha BOpOBTilOCTb COOTBOTCTBy~weli peaKIIHH MOJKnY BTOp8'1HOii qac-

THUei! H unpoM MHWOII8• 

llpH ·H3Y'IOHHH BTOpH'IHblX peaKIIHA HCilOllb30Ball8Cb- TOllCTblO MRWOHH, nnu KOTOphlX ce

'IOHRO peaKnuu 11e aanncHT OT ronmuuw M8morm. Hcxn~qenneM 6btnR onLIThl no onpenonen8~ 

'ceqeH8H' acTaT8Ha 83 cnuuna B aasucnMOCT8 OT Tonw8Hhl o6nyqaeMoli-M8WOH8. 

llonyqeuubte ceqeuuu o6paaonauuu 
210 

At B 
121 

At 83 nncMyTa 8 CB8Hna non noliCTB8-

1 



9M npoTOHOB paanH'lllbiX saeprHll. H OTHOID9HH.R eeq:eanll u ( 2IO At )/ u ( 211 At ) H 
20 . . 211 ' • 

u;(, 
7
At )/ u ( At ) npeneTaaneabi a Ta6nnnax 3 n.4. 

Ta6nnna 3 

Ce'leHH.R 06pa30BaiiH.R H30TOnOB aeT8THH8 H3 BHeMyTa 

-.~ u( 211 At) '!Heno 210 '!Keno 
u ( 

210
At) 

'iaeno 
u ( . At) 

(Msa) (l0-29eM2 )· onpe.ne-
(10-29eu?) 

onpe.ne-
a( 21 ~\t) 

onpe.ne-
neaall neHKll neaall 

! . 

.130. 0 ,52±.0',16 2 
. ", 

0,33±.0,04 2 0 ,64±.0 ,15 2 · . 
I70 . 1',28±,0,22 3 . I ,OQ±.O,I7 3 0,80±.0,05 -3 

. 300 1',96+(0,39) . I I ,I 8±,(0 ,24) I o,60t.(0,09) . I 
• - I 

400. I ,92±.(0,37) I 1,,58±.( 0 ,32) :E 0,82±.(0,13) I 

480 2,54±.0,I8 5 2,02±_0,40 4 '· O,SO±.O,IO 4 

530 2,82±.(0,56) I 2,28±,(0,Lf6) I 0,8It.(O ,I2) I 
I 

580 2,26±.0,I9 2 I ,67±.(0 ,33) I 0,66±.(0,IO) 1 

660 2,60±.0,56 2 2,14+0,41 ' 2 0 ,83±.0 ,06 .2 ' 

. T a 6 n a n a 4 

, Ceq:eaH.R o6paaoaaan.R naoTonoa aeTaTnaa H3 eaaana 

EP 211 • 'ineno a(2IOAt) '!Keno 
u(210At) ~Keno on- 207 '!Heno 

(Mea) 
u ( At) onpe.ne· _onpe- !Pe.neneaKI a( At) onpe-

(10-32 eM2) 
.neaKll (l0-32eM2 ) .nene a·e llAt) ae 11At). .nene-

HKJI HHll 

80 . ·I I - - - - -
I20 0,5j;O,I 2 I, Oj;O, 4 2 I,87_±0,3J 

. I 
2 I, I I 

340 3,3j;0,5 4. 5, Oj;0,2 2 I,69j;0,24- 3 - -
II 

. . I 
500 · 6,Ij;0,7 9,6j;3,2 4 I, 75j;U, 34 5 - -

I6,Bj;I,7 
I 

~;34j;U, 03 660 12 2I, Oj;3, 0 - 4 I,3Ij;O,_J, 5 3 . 

,. . I 

., 
'I 

., 

,, ' 

\- . 
•Ce'leHK.Rr .. o6p830B8HK.R 

· npoToHoB e, saeprn_en 660 Ms 

•Ce'leHK.R~ o6pa30BaHHH 

eM 

TonmHaa o6ny'laeMoll MHm 

0,03 

·_0,06 

~.,09 

0,.13 

0~30 

0.,60 
0,90 
1,20 

1,60 
'\ 

6) > B 'bl B 0 ll .bi .. 

1. Ha ocaoae sKen7pnM 

p9SKil~ll, . 6btnB paee'IHT3Hbl et 

H Rll9p nHTHH H3 eBHHilS non 
i ' 

2. Hanneao,· ·'ITO o~ncimt 
·nepHM9HTa, He 3SBHCHT OT Sl 

eneKTpa aan6apbepHbiX a - • 

· H eBHHU8 . COOTB9!CTBeHH00 ' Hn 

HO npH H3MeHeHHH SHeprHH, n] 

.3. Ha oeaoBe SKcnepHM 

'a -q:aeTHil ( · c "Ea): 20 M 

4. 06p~aoaaane aan6apl 

B paMKSX_ CT8TH«;TB'IeeKOll MO 

aan6apbepHbiX tjlparMeHTOa,. nt 

nax, '19M npoHeXOJlHT paBHOMI 



210 -
oTaomeHBa ceqeaaa u ( At )/ u ( 211 At H 

B Ta6nnnax 3 n_4. 

3 

8CT8TBB8 H3 BBCMyTa 

210 
u ( . At) 

(10-29cM2 ) 

0,33±_0,04 

I ,OO±_O,I7 

I ,18±_(0 ,24 

1,,58±.(0,32 

2,02±_0,40 

2,28±_(0 ,'+6 

I ,67±_(0,33 

2,14±_0,41 

Ta6nati.a 

':lac no 
onpe.lle
neanA 

2 

.3 

I 

1 

4 

I 

I 

2 

4 

I 

u(2IOAt) 

u( 21 nt) 

0 ,64±_0 ,15 

o, 80±_0 ,05 

0 ,60±_(0 '09) 

0,82±_(0,13) 

0 ,80±_0 ,IO 

0,8I±_(O,I2) 

0,66±_(0,10) 

0 ,83±_0 ,06 

':lncno 
onpe,lle

--rieanA 

2 

3 

I 

I 

4 

I 

I 

2 

B30TOilOB SCTSTHHS B3 CBHHna 

207 ~acno 
u( At) onpe~ 
ueuAt) .Ilene-

HHll 

- I -
I 

-
I I, 0.±0, 4 2 I,87i-D,3J 2 I, I I 

- -- I 
5,0.±0,2 2 I,69.±0;24 3 I -
9,6.±3,2 

- . I 
4 I, 75+0,34- 5 

- I 
I, 0.±3, 0 4 I,3I.±0,3~ 5 ~;34.±0, 03 I 3 

a· 

---;_. 

.-,· . I 

:t ., 

~ .•' 

•, 

:.-
. . . - . 
~ J' : 

-,- . 211 . " . -
.. Ce'IOBBH .. "06pa30B8HHH At B~ CBBBilOBbiX <jlonbr pa3_nB'IBOll. TOnDIBHbl.llOll nellCTBHOM 

npoTOHOB.c, aaeprn~fi 660 ~aB•npnBeneabl B Ta6nane·6. 

T ·a 6 n n n a 5 / 

'211 
.. Ceqeaag~- o6pa30B8HHH At .B CBllHU~BblX unaCTllBKax' pasa?fi 'I"'nDIBHbl non ileficTBll-

ew llpO'I"'HOB C aaeprn'ei!. 660 ~3B 

TonDil!aa o6nyqaeMOll MBIDOHll (MM) u 

0,03 

211 
( •At 

' . + 
0,80_- 0 120' 1 

+ 1,00 - 0,20\ . - '+ '' 
1,32 ·-·0,21· 

. 0,06 

0,09 

0,13 

0~30 

·o,60 

0,90 
·1,20 

1;60 

+ ' 
1,52 - 0,11- \' 

:· ' ~. '. 

•. , 

6) . B 'bl B 0 .!l b~ 
' / 

.·. '+ ., 
1,74 - 0,20 

+ ' ' 
1,72 -:- 0,12 

1,63 
1,61.! 0,04 

. . + - .. 
1,57 - 0,,16· 

,I 

."·· 

'- . ,: 

1. Ha ocaoBe aKcnepaMeaTanbBbiX pesynbTaToB, nonyqeaabtX npn asyqeaaa. BTOPH'IHbiX 
' . . ' . ' . :. \ 

peiutnnfi1 6blnll paCC'IBTilHbl ceqeana o6pa30BSHHH aanfiapMlpUb!X a ·-'laCTHil' H3 BHCMyTa. 

H anep nHTBH ~3' CBHRIXS UClA )le~CTBBelM. BbiCOK03HeprH'l~biX .IJpOTOUOB. 
' I . . ' · 2101 .. . ( 207 )-. (· . -

• · • · ·· u ( At } u . At . · 
2. Hai!Aeao_, 'ITO oTnowel!ae ceqeani! · ( 2IIA ) .H 2u , B npenenax omn6 __ oK 

·. u t u ( At) · · ·, 
nepaMeaTa, ae saBHCHT oT saepran aaneTalbinHX npoTOBoB. STo ,YKS3biBaeT aa To, 'ITO <jlopMa 

' . . ' t . ·~ . . 
cneKTpa Ba.!l6apbepBb1X a • 'lSCTHil H B.!lep nHTBH1 06p!I3YIODIBXCH npn pacmennes:HB BBCMyTa: . . . ~ 
H CBHHilS COOT~e:cTBeBH0 1 >Hnll_He 38BHCHT OT SBeprH~·IlpOTOHOB1 HnB MeB510TC51 He3B~'lBTenb-, 

·ao npn nsMeaeBBn aaeprnn. npoToaoB oT: 100 .!lO 660 ~aB. 

3. Ha ocaoBe aKcnepnMeaTanbHbiX pesynbTSTOB nonyqeabl 

·a -qacTnn ( · c· Ea ~ 20 ~aB) ns .BBCMy.;.a n Mep nHTHB (c. 

\ I 
cBe.!leBBg o <jlopMe .cneKTpoB. 

ELl> 30 MaB) n~· CB~ana: 

4. Q6pa30B8BHe ·aa.!l68pbepBbtX a -'lSCTHil B H)lep nBTBSl- ae MOlKeT 6b1Tb 06'b51CHeBO 

B paMKSX: CT~THCTH'lOCKOil MOnenB Sl.!l~pHbiX peaKnnfi. Ilp~nnonaraeTCSl1 1 ~;0 ~Bb16paCbiB8HBO .. 
.. .. .. 

aan6apbepHhlX <jlparMOB'I"'Bo UO Kpai!aell MOpe 'l8CTH'lH0 1 ~CymeCTBnaeTCR Ha 6onee pSHHHX 3T8-
, . ., / ' . 

. uax,' 'IOM · upoacxO.!lBT paBHOMepaoe ·.Harpe~aaae nnpa. 

·/ 

9 
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:, ·~ ''_-. 

.''i 

I ·.·. 

BTOpH'IHbiM peiDoxHHM' H pe~K.ItHliM; THiiii' ( ·· P: 0 
m' ); ( p ,pm - . K~Me, peayn&Taro~ ~o 

. H (p ~ 2pm, ); llO~'I~Hbi BOBble .CB9li9BHll· 0 nerXHX H30TOilax ·Ilona H 0 cylu8CTBOB8Blll!; 
- 118 . 

, _H30MepoB "f 'Te ;'>: y -, 
I 

. . '· I . 
. 
1
. 1, Ha ~ocaose reueTH'!eCKBX· ca,llaeA aaoTOilOB Aona c c.ooTBeTCTBYIOIIlHMH aaoTonaMH 

. ;eneypa H' cypbMbi 6bln OTKPNT aoB:i.IA H30TOil 
117 

I ( ·y K'"' 10 MBB) H · yTo'!ueabi nepuo-
-"- ·· ··.· ... ··, ,;, . · . liS " · - ·til · . · .~, - ,, 

,J:Ibl nonypacnana lllllt ; . :I (T % .. 17;!:8, MBH) H . I ( T% .. 21,0!;1,5 MHB). 
.• • ( /. t, '. - c_ 

. ,' 2, J1o. r9JI9TH-.!:ecxHM CBll3ltM MeJKny T91lll"fpOM H ~"fPbMO ft liOK~~SHO cylu9CTBOBaBHe . 
·'"tu ._.. . . - · • · · -'- ~ -

· · H3.0M9pOB. y 'Te C nepHOliSMH li01l"fp8Cil8ll8i paBBbiMH 4,25 J:IB, H 1~ :!: 2 '18C0 KOTOpbie 

6blllB H3B9CTHbi H paaee,'ao Ha61liOll81lHCb H301lHp.OBSHHO npyr OT npyra·a; 110-BHllHMOMyl 
l . 

C'IHT81lHCb B38HMOHClUIIO'IalOIIlHMH, 
. - .. - -···, ,··. . I .. 

8, npennolKeaa- cxeMa ·pacnana nnll neno'!Ku c· A • 119, 
J ~ ' ·- ' • • ' 

· ' . . · · . . - 12-6 8/ 
Ocuo.BBble peaym.Ta:bl• uanolKeBHbte B liHCCepTSliBII, oey6/IIIKOB:rnbl B pa6oTax ' , 
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