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BBet1eHHe 

ITepBble nonhiTKH o6aapyJKHTb MOlle-KyliSipHhie a4$eKThi so B3aHMonei!:CTBHH 

III 
CnOJKHb!X S!Jlep OTHOCliTCll K 1960 rony • B 3TOH pa6oTe OCHOBOi!: Jlllll MoneKy-

IIS!pHOH HHTepnpeTaUHH CIIYJKHIIH ( I'li8BHbiM o6pa3Q_M) 3HepreTH'IeCKHe pe30H8HCbl 

B pacceliHHH HOHOB 
12 

C Ha MHWeHH 
12 

C • 0JlH8KO llOClleJlyiOWHe HCClleJlOB8HHll 

/2-101 Ill 12 
H llHCKyCCHH llOK8381IH, 'ITO B 3KCllepHMeHT8X THll8 C + C OTpaJKaiOT-

Cll He CBOli:CTB8 COCT8BHblX CHCTeM [ 
12 

C, 12 C ) , [ 12 C , U. 0) , a CKOpee BCero 

. 24 
CBOli:CTB8 COCTSBHblX liJlep Mg H T.n. 118 Si 

113/ 
B 6 

/11,121 
pa OTSX H ll03JKe B npH H3y'leHHH yrnoBhlX pacnpeneneaHi!: 

llOlly'leHbl HeKOTOpb!e peaynbT8Tbl, KOTOpble HHTepnpeTHpyiOTCll KSK p8Cll8Jl SIJlepHOi!: 

18T 22 
COCTaBHOH CHCTeMbl MoneKynllpHOI'O THna.(BpeMll JKH3HH CHCTeMbl [ Ao, Ne) 

-21 112/ 
ll0pliJlK8 10 CeK ). 

YKaaaHHe aa TO, 'ITO c 'IHCIIOM nepenaHHbiX qacTHU yMeHhwaeTCll MSKCHMYM 

Peaepljlopna B yrnosblx pacnpeneneHHRX (peaKnHH cpbiBa ( p + 3 o 
18T llll 

) , Ao ( Ne, 

/12/ 
) BllOClleJlCTBHH OK83anOCb O'leHb llOlle3HblM B HCCne)lOBSHHRX. 3TOT 

18 20 I 
F) Hg 

/14/ 
ai!JctleKT OTMe'laliCll TSK)I{e B pa6oTe • HcqeaaoseHHe MaKCHMyMa Peaepljlopna 

llO'ITH nonHOCTb!O HC'Ie3aeT, T.e. B03MOJKHO H3yqeHHe B 'IHCTOM BHJle pacnana COC-

TSBHOli CHCTeMbl B38HMOJlei!:CTBYIOIUHX liJlep. 

OnHpaliCb aa TeopeTH'IeCKHe npennoCblliKH, KacaiOmHeCll o6MeHa HYKPOHOB 

MeJKAY CIIOJKHblMH SIJlP8MH, a TSKJKe HMeSI B BHJlY ClleKTpOCKOUH'IeCKHe CBOi!:CTB8 

liJlep, JlliSI HCClleJlOB8HHli yrliOBblX pacnpeneneHHit Mbl Bbl6pa1IH peaKUHH llOJlXB8-

19T 40 41 190 • 
T8HalleTaiOIUHMliJlpOM(3p+4o), Ao( Ar, Sc) Os HCpblB8(6p+6o) 

lOT Ao ( 
40 

Ar , 
28 

Mg) liOO At • 3TH peaKUHH liBnllliHGb OCHOBHbl:'v!H B 3KCnepHMeHTe. 

KpoMe Toro nenanHCb nonbiTKH onpenenHTb ceqeHHll pliJla npyrHx peaKnHii B ne­

nruc: npoBepKH 061UHX TeopeTH'IeCKHX npeJlllOIIOJKeHHli, K8C8101UHXCSI B38HMOJleHCTBHSI 



M9>K£\Y CflO>KHbiMH SIJlpaMH, B TOM 'lHCne H CTaTHCTH'l9CKOI'O nouxona K pacnany 

COCTaBHbiX CIICTeM. 

3KCllepHMeHT8llbH8H '18CTb 

llnR llneHTH~HKaUHH II OnpeneneHHR C9'l9HIIn o6pa30BaHHR nponyKTOB peaKUHn 

gnep ny'lKa ObW npHMeHeH MeTon raMMa-cneKTpOCKOllHH. nocTaHOBKa 8KcnepiiMeH-

/ll-12/ 
Ta aHanorH'lHa OllHCaHHon B pa6oTaX , ll08TOMY HeT H900XOnHMOCTH npH-

BOAHTb 3A9Cb nonpOOHOCTeil: MeTOAHKH. 0nHaKO B 8TOn paOOTe BBeneHbl HeKOTOpbl9 

H3M9H9HHR, a HMeHHO: B Ollb!TaX nng IIHTepBana yrnoB 0-90° llPHMeHeHa nBonHag 
40 

KOflflHMaUIIR llY'IKa IIOHOB Ar II B 3aBIICIIMOCTH OT yrna BbWeTa KOHe'!HbiX npo-

nyKTOB peaKUHII IICll0flb30BaHhi 3aiUIITHhie tPOflbi'II pasaon TORIUHHhi. ( ToniUHHa aa­

IUIITHOn aonoTon tllonhrll Measmacb CKa'IKaMH qepea Ka>KAbie 45° 11 cocTasnsna OT 

z 4,5 MK nns IIHTepsana yrnoB 0-45° no • 1,0 MK nns IIHTepsana 135-180°) .3a­

IUIITHhie tllonhru cny>K11n11 nns oTneneHHR nponyKTOB peaKUIIII c Maccoil: npiiMepHo 

< 60 OT OCKOflKOB neneHIIR II npyrHX TSIJKenbiX nponyKTOB peaKUIIII 06pa3oBaHIIR COC­

TaBHOI'O snpa. llononHIITenbHO npiiMeHeHO TaK>Ke XIIMII'!eCKOe BhineneHHe CKaHniiR 

u rpynnhi MarHIIR ( Ca , Mg , ••• ) • XIIMII'IeCKoe BhineneHIIe yKaaaHHhiX :aneMeHTOB 

RBflRflOCb Heo6xoniiMbiM 1 TaK KaK O>KHnaeMbln BblXOn TaKHX KOHe'!HbiX nponyKTOB 1 

48 44 u 48 
KaK ~ , Sc B9ChMa M~n no CpaBHeHH!O C BblXOilOM Ar , I( II ilpy-

I'IIX suep, o6paayiOIUIIXCR B peaynhTaTe peaKUIIil: nepena'lll Manoro '!llcna qacTIIU. 

KpoMe Toro, TaKIIM o6paaoM aHa'IIITenbHO noHII>KaeTcs tlloH aKTIIBHOCTeli, B03HII­

K aiOIUIIll B HHTepsane COOpHIIKa H3-3a BTOpii'IHb!X peaKUIIli. 0TpHUaTeflbHaR CTOpO­

aa npiiMeHeHHR XHMHH - :aTo no6aBo'IHoe yBenu'leaue norpewaocTeii: ( M 10%). 

06nyqeHIIR 6h!RII BhmonHeHhi Ha BHyTpeHHeM ny'!Ke UI!KnoTpoHa Y -300 OH 5U1. 
I 2 

M11meHbiO cny>KIIna aonoTas ~Ponhra TORIUIIHoil: • 3,ti MrlcM , a s Ka'leCTBe c6op-

HIIKa 11Cll0flb30BaRIICb 30nOTh!e ~ORbi'II TOnWIIHOll 15 MK II 10 MK. YrnOBbie pa3Me­

pbl OTilenbHb!X yqaCTKOB COOpHon tPOnbi'II B 3aBIICIIMOCTH OT 3Ha'!9HIIR BbiXOila peaK­

UIIli COCTaBnRnll B na6opaTOpHOli CIICTeMe KOopnHHaT 7,5 llflll 15°. 0ocne o6nyqe­

HIIli (TOK • 1 MKa, nponon>KUTenbHOCTb 5-10 qaCOB} :>Tnenbl!b!e y'laCTKII COOpHOli 

~PonhrH 6bmH nonseprHyThi XHMH'IeCKoli o6pa6oTKe. 

XHMH'!eCKoe Bhineneaue Sc 11 Mg + Ca + Be a o6mux qepTax nposonunoch 

cnenyiOIUHM o6pa3oM: 30noTas ~Ponbra, cny>KHBIUas c6opHHKOM nponyKTOB peaKUIIli 

nepena'IH, pacTsopsnacb B cMecll a3oTHoli 11 consaoil: KHcnoT. OpenHap!!Tent>Ho sao-

4 .. 
I 

·:·J·i) .. II 
~'*' 

'··l'··i~. ]''• 

.i. ,' 
... t,, 
:~r~, 

CIIROCb onpeneneHHOe KOflii'!6CTBO HOCIITenen So H Mg HflH C1 

30fl0TO BOCCT8H8BRHB8R0Cb no MeTanna HHTpaTOM HaTpHR H nocne 

paCTBOpa OnpenensnOCb UeHTpH~rHpOBaHHeM COBM9CTHO C runpOOI 

Opu aToM qaCTH'lHO -repsmcs 6epunnuli. 

Ta6nuua 1. 

KoHe'!Hhil!: T11n 
Ey[ K:as ] nponyKT pacnana T% 

41 
Ca (3- 4,5 d 1310,160x) 

48 Sc {3+ 3,85b 375 

44 Sc (3+; e.c. 3,92b 1160 

UmSc I.T., e. c. 2,44d 270 
48 -

890,1120 Sc (3 84d 
47 

(3 - 160 Sc 3,45d 
48 

(3 - l:l8o,1::!15 Sc 1,8d 
52 (3+ 1430 Mn 5,72 d 

58Mn (3- 2,6b 855 

28 Mg (3- 20,9b ::!1,5, 400,1780x 

24 Na {3- 15,1 b 1::!70 

Be e. c. 53,5 d 480 

x} 
raMMa-nepexonhi noqepHero nponyKTa. 

!13 ~llflbTpaTa npOII3BOilllflOCb BhineneHHe Ca B BHne Kap6, 

C Mg 1 llflll Mai'HIIR B BHne Mg NH l0 ; 6 H 
2 

0 COBMeCTHO C ( 

CKaHnHli OTnengncs OT BOCCTaHOBReHHOI'O 30ROTa I H HCl 

BHile Sc F 
8 

nel!:cTsHeM ~TopCHRHKaTa HaTpHs (NaSi F 
8 • B 

MOPRII npHCYTCTBOBaTb IITTpHl!: H pellK036M6RbHbl6 8fleMeHTbl ( 113 

Ulll!: B MaTepHane c6opHHKa}. 

BhiXon nponyKTOB onpenensncs BeCOUbiM MeTonoM H coc 

B Ta6nuue 1 npHBeneHbi nepHO.Llhi nonypacnana :aHeprHH ra 

K08~11UHeHTbl B9TBR9HIIR fb COOTBeTCTBYIOIUIIX I'SMMa-nepeXOil 

.LlyKTOB 1 KOTOphlMII UOR~30BaRHCb nns onpe.[leneHHR Ce'leHHl!: .[l8H~ 

nyeT llO.[l'lepKHYTb1 'ITO 113MepeHHR cnana HHTeHCIIBHOCTII xapaKTe: 

co speMeHeM nposoa•tnucb nns KS>K.Lloro y'laCTKa c6opHol!: «Ponb 

5 



H.t:tpaMH, B ToM qucne H cTaTHCTH'!eCKoro noaxoaa K pacrraay 

3KCllepHMeHT8flbH8H qaCTb 

KBllllll H orrpeaeneHHH Ce'!eHHH o6pa30B8HHH rrpo.QyKTOB peaKUHH 

MeTO.Q raMMa-crreKTpOCKOITHH. nocT8HOBK8 3KCITepHMeH-

/ll-12/ 
C8HHOH B pa60T8X , ll03TOMY HeT He06XO.QllMOCTH rrpH-

o6HOCTeH MeTO.QHKH. 0.t:tH8KO B 3TOH pa6oTe BBe.QeHbl HeKOTOpble 

HHO: B OllbiT8X .t:tnH HHTepBana yrnOB 0-90° ITPHMeHeHa .QBOHH8H 

40 
HOHOB Ar H B 38BHCHMOCTH OT yrna BbineTa KOHe'!HblX rrpo-

rronb3oBaHhr 381llHTHhie !flonbrH pa3HOH TonmHHhi. (Tonmuaa 38-

onbrH MeHHn8Cb CK8'1K8Mll qepe3 K8lK.Qble 45° ll COCT8J;InHna OT 

pBana yrnoB 0-45° ao .. 1,0 MK .QnH HHTepBana 135-180°).3a­

.QnH OT.QeneHHH rrpo.QyKTOB peaKUllll C M8CCOH rrpHMepHO 

.QeneHHH H .QpyrHX THlKellhlX rrpo.QyKTOB pe8KUHH o6pa30B8HHH COC-

OITHHTenhHO llpHMeHeHO T8KlKe XHMH'!eCKOe Bbi.QeneHHe CK8H.QHH 

Ca , Mg , •.• ) • XnMH'!ecKoe Bbi.Qeneaue yKaaaHHbiX aneMeHTOB 

IHMblM, TaK KBK OlKH.QaeMblH BblXO.Q T8KHX KOHe'IHbiX rrpo.t:tyKTOB, 

41 48 
BechMa M~w no cpaBHeHHJO c BbiXO.QOM Ar , K H ,lpy-

.muxcH B pe3ynhTaTe peaKUHH rrepeua'IH Manoro qucna qacTHu. 

3H8'1HTeiTbHO ITOHHlKaeTCH !floH 8KT·HBHOCTeH, B03HH-

ne C60pHHK8 H3-38 BTOpH'IHb!X peaKUHH. 0TpHU8TenbH8H CTOpO­

MHH - 3TO .t:to6aBO'IHOe yaenH'IeHHe rrorpelllHOCTeH ( ., 10%). 

mu BbmonHeHhi Ha BHyTpeHHeM rry'!Ke UHKITOTpoHa Y-300 OH5U1. 
2 

30ITOT8H !flonhra TOnlllHHOH "'3,b Mr/CM , a B K8'!eCTBe C6op-

Cb 30ITOTble <IJOnbrH TOnlllHHOH 15 MK H 10 MK. YrnOBble pa3Me­

TKOB c6opHOH tPOITbrH B 38BHCHMOCTH OT 3H8'1eHHH BblXOil8 peaK­

na60p8TOpHOH CHCTeMe KOOp.QHH8T 7,5 HnH 15°, nocne o6nyqe­

' llpO.QOlllKUTellbHOCTb 5-10 '18COB) ::JT.QellbHble yqacTKH C60pHOH 

eprHyTbl XHMH'IeCKOH o6pa60TKe. 

Bhi.QeneHHe Sc H Mg + Ca + Be B o6mux qepTax npoBonunocb 

M: 30ITOT8H !flom,ra, cnylKHBill8H c6opHHKOM npOilYKTOB peaKUHH 

Hll8Cb B CMeCH 830THOH H COllHHOH KHCUOT. npe.QBapHTent,HO BHO-

4 
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cunocb orrpeneneaaoe KonuqecTBO HOCHTenel! Sc H Mg unu Ca • B pacTaope 

30nOTO BOCCT8HaBnHB8nOCb llO MeTanna HHTp8TOM HaTpHH H rrocne H9HTpanH38UHH 

paCTBOpa OrrpenenHnOCb U9HTpH¢yrHpOB8HH9M COBM9CTHO C rH.QpOOKHCbiO CK8H/lHH. 

npu STOM '18CTH'IHO •repsmcH 6epunnHH. 

Ta6nuua 1. 

KoHe'!Hhil! THn 
Ey[ KaB l r [" l 

nponyKT pacrrana T~ b 

47 
Ca {3 - 4,5 d 1310,160x) 75,73x) 

48 Sc {3+ 3,85h 375 2:.! 

USc {3-+; e. c. 3,92h 1160 IOU 
HmSc I.T., e. c. 2,44d 270 70 

48 -
890,1120 100,100 Sc {3 84 d 

47 
{3 - 160 73 Sc 3,45d 

48 -
88b,1::l 15 100,100 Sc {3 1,8 d 

52 {3+ 1430 100 Mn 5,72 d 

68
Mn {3- 2,6 h 855 100 

28 Mg {3- 20,9h ::!1,5, 400,1780x 90,::50,1 oox 

24 Na {3- 15,1 h 1::!70 100 
1 

Be e. c. 53,5 d 480 lU 

x) 
raMMa-rrepexoubi no'!epaero rrponyKTa. 

11a ¢HnhTpaTa rrpouasonunoc& Bbi.Qeneaue Ca B BH.Qe K8p60H8T8 COBM9CTHO 

C Mg , HnH MarHHH B BH.Qe Mg NH lQ ;6H
2

0 COBM9CTHO C Ca H Be • 

CK8H.QIIH OT.QenHnCH OT BOCCT8HOBneHHOrO 30nOT8 I H HCI H Bbi.QenHUCH B 

BH.Qe Sc F 
8 

aelkTBHeM lj!TopcunuKaTa HaTpHH ( N~· Si F 
8 

• B ocanKe CKBHllHH 

MOrnH rrpHCYTCTBOB8Tb HTTpHH H pe.QK039M9nhHbl9 aneMeHTbl (H3 BTOpH'IHbiX peaK­

UHH B M8TepMane c6opHHKa). 

Bb!XOll rrpoayKTOB orrpe.oenHnCH BecosbiM MeTOllOM H cocTaBnHn 70-90%. 

B Ta6nuue I rrpHBe.QeHbi rrepHOllbi rronypacnaaa aaeprHH raMMa-uany'!eHHH H 

KOSijllj!HUH9HTbl B9TBn9HHH fb COOTB9TCTBYIOillHX rBMMa-nepeXO.QOB KOH9'1Hb!X npo-

llYKTOB, KOTOpbiMH rron:oaoBaUMCb .QUH orrpeaeneHHH ce'!eHHH .QBHHOH peaKuun. Cne­

nyeT llO.Q'IepKHyTh, 'ITO H3MepeHHH CU8ll8 HIIT9HCHBHOCTH X8p8KTepHbiX raMMa-nHHHH 

co apeMeHeM npoBOlllinnc& anH KalK.Qoro yqacTKa c6opaon tj:lom,ru. 4ucno oTC'Ie-

5 



TOS s ~OTOITHKe raMMB-JIHHHH UBHHOrO KOHe'IHOrO rrpOUYKTB UJIR MOMeHTB OKOH'IB­

HHR o6nyqeHHR HBXO~HJIOCb H3 rpa$HKOS speMeHHOrO Crraua SKTHSHOCTH USHHOH JIH­

HHH rryTeM aKCTpaiTOJIRUHH. 00JIHOe Ce'!eHHe USHHOH peaKUHH orrpeueJIRJIOCb rryTeM 

CyMMHpOBSHJIR Ce'!eHHH ;:{JIR OTUeJibHhiX y'laCTKOS S HHTepsanax yrnos 0-90° H 

90 -180° H U06SBO'IHbiMH H3MepeHHRMH raMMa-aKTHBHOCTH CyMMbl SCeX Y'IBCTKOS 

c6opHOH ~OJibrH S HHTepeanax 0-90° II 90-180°. 0pH aTOM S H3MepeHHSIX "'HHTer-

paJibHOH" raMMil-8KTHSHOCTH H rrpH orrpeueneHHH aTHM rryTeM ITOJIHbiX Ce'!eHHH rrpH-

HHM8JIHCb SO SHHMSHHe see UOCT8TO'IHO l1HTeHCHSHble raMMa-rrepeXOAbl A8HHOrO 

KOHe'IHOro npOAyKTB peaKUHH. p ac'!eT Ce'!eHI!H TIO 'IHCJiy OT<";qeTOS S ~OTOTiliKe 
/12/ 

aHanorH'!eH pac'!eTy pa6oTbi • 

Ha pHc.1 u 2 rrpet:~cTasneHbi yrnoshie pacrrpet:~eneHHR peaKuHA: not:~xsaTa 

197 40 4T 190 197 40 28 209 
(3p+4n), Au( Ar, Sc) Os H CpbiSa (-6p-6n), An ( Ar, Mg) At, 

cooTeeTCTBeano. Kone'!HbiMH npouyKTaMH peaKUHli ( SIAep rry'!Ka) SISJIR!OTCR 
41 

Sc 

28 47 28 
H Mg • Yron nhmeTa Sc u Mg ,1/lH s cHcTeMe ueHTpa Mace. CooTBeTCT-

BYIOII!Lie ycpeuHeHHbie ITO TOJIIUHHe MHIUeHH aaeprHH HOHOS 
40 

Ar paSHbl '" 155, 

170 u HJ5 Mas s CHCTe\.le rwHTpa Mace. To'!HOCTb orrpen•~neHHSI aneprHH ,.5 Mas. 

CrrJIOIUHhie KpHSble ( Ha pHc.1,2) RBJIRIOTCR aKCnepHMeHTSJibHbiMH KPHSbiMH HaHJiy'I­

Wero cornaCHR. 0yHKTHpHaSI KpHSilSI (KpHSBSI 3) SISJIReTCR TeOpeTH'!eCKOH KpHSOH C. 
-I 

( sin cp) • Ha pHC)'HKBX ITOKS38Hbl THTIH'!Hble UJIR scex aKCnepHMeHTBJibHblX TO-

'!eK CTaauapTHble owH6KH H3MepeHHR d 0 I d n 0HH He COAep*aT OWH60K orr-

peneneHHR XHMH'!eCKOrO SbKOAB ASHHOro KOHe'IHOrO TipOAYKTS peaKUHH (seJIH'IHHa 

a 10%). CTpeJIKOH Ha pHc.1 H 2 yKa38HO 0)l{HUBeMOe rrpH6JIH*eHHOe ITOJIO*eHHe MSK­

CHMyMa Peaep~opua UJIS! aaeprHH 195 Mas COOTSeTCTSYIOlliHX peaKUHH (3p + 4n) H 

(-6p-6nl. 

fing HJIJIIOCTpBUHH TOrO, 'ITO see paCCMaTpHsaeMble S aTOfi pa6oTe MHOro-
1 

HyK.C:OHHble peaKUHH rrepe):IB'IH HMeiOT rrpH6JIH3HTeJibHO OUHHUKOSYIO $OpMy yrJIOSbiX 

pacnpeneneHHfi, Ha puc.3 rroKaaaHbi pacnpenenenu~ AJISI peaKUHli nonxeaTa (3p + ln) 

197 Au( 40 Ar, 44 mSc) 193 os\TpeyronbHHKH) H (3p+5n), 
197 

Au( 
40

Ar!
8

Sc)
189

0s 

( Kpyrnbie TO'IKH) rrpH auepruu !55 Mas u 19ti Mae cooTBeTCTseHHO. To'!KH co 

CTpenKofi, HarrpaeneHHOH SHH3 0 0603H8'18IOT S03MO>KHblH BepXIIHH rrpet:~en 3H8'!eHHR 

ce'leHHR do/ d Q • 0yHKTHpHBSI KpHD8SI (KpHS8R 2, puc.3), KBK H Ha puc.1,2, 

SIBJIS!eTCSI IIO ~OpMe KpHSOH (sin cp )-I , T.e. yrnoeoe pacrrpet:~eneaue peaKUHH 

nonxeaTa (3p + 5n) ~pH aHeprHH 155 Mae TO*e MO)l{eT npu6nu*eHHO orrHCbiBaTb-

C5I KpHBOfi, nponopUHOHSJibHOH (sin cp) -I • fing peaKUHH ITOL\XDUTS ( 3 p) H ( 3p + 1 n) 

6 

• 

',\ 

11' 
.I' . ·' 

'! 

( 

11 
,\' 

1\ ~· 

! 
~i 

I 

aTy aasHCHMOCTb rrposepHTb ae yuanocb. KpHsaR 4 aa pHc.3 npeuc 

sepXHHA rrpeuen pacrrpeueneHHR, ao ae uaeT ero 3HB'!eHHR. 

Ta6nHua 2 

3aepruR (c.u.H.) 155 Mas 170 Mas 

PeaKUHR 0 [ mb] o [mb] 
T T· 

(2p+5n) 
47 

Ca a 0,015 

(3p) 
43 

Sc < 0,0015 ~ 0,002 '£ 
(3p + ln) 

44 
Sc < 0,003 < 0,004 

(3p + ln) 
44 

Sc < 0,002 <0,004 .. 
(3p + 3n) 

48 
Sc ~ 0,03 

4T 
0,025 0,1 (3p+4n) Sc 

(3p+ 5o) 
48 

.. 0,03 ·0,2 Sc 

82 
(7p + 5n) Mn < 0,003 - < . 
(7p + 9n) 88 Mn ~ 0,01 

28 
(-6p-6n) Mg 0,007 0,06 

'(-7p-9n) 
24 

Na ::; 0,003 
T 

(-14p-19n) Be 

PeaynbTSTbl H3MepeHHH ITOJIHbiX Ce'leHHH COOTSeTCTSyiOWHX pE 

Ta6JIHUe 2. 8 CTOJI6Ue "'PeaKUHR
0 

yKa38H TSK*e KOHe'!HblH rrpOAYK 

ITO KOJIH'!eCTSY KOTOporo HaXOAHJICR Sb!XOA peaKUHH. DpH orrpeAel 

88 
peaKUHll (_:t 7 p t_9n) XHMH'!eCKOe SbiAeJieHHe Mn 

24 
Na He rrpHM4 H 

TH$HKSUHR H orrpeAeJieHHe Sb!XOAS KOHe'!HbiX rrpOUYKTOS B aTOM en: 

JIHCb TOJibKO ITO XapaKT~HblM raMMS-JIHHHSIM H rronyrrepHOAY pacn, 

0wH6KH UpHBeUeHHbiX S Ta6JIHUe 2 ITOJIHblX Ce'!eHHH, KSK H D' 

nos ce'!eHHfi, KaK rrpasHno, He uon*Hhi rrpesocXOAHTb 30%. Meaee , 

C OWH6Koii, S03MO*HO, 60JibWe ;:sQ% 1 0603Ha'!eHbl 3HSKOM rrpH6JIH*eH: 

HHTeprrpeTaUHS! peayJibTSTOS aToro aKCUepHMeHTS S paMKSX ~ 

HOM CHCTeMbl MOJieKyJISipHoro THUS 6yAeT orry6JIHKOSaHa 3.JIO*HHCKH 

CTSTbeo 3necb KB*eTCR uenecoo6pa3Hb!M ITOA'IepKHyTb, 'ITO KSK SCH 

Sb!X pacrrpet:~eJieHHH TSK H 3HS'!eHHR ITOJIHbiX Ce'!eHHH, rrpHSe):leHHbl 

MHOroHyKJIOHHbiX rrepeAa'l, cornacyiOTCR C O*HASHHeM MO):IeJIH, S I 

HyKJIOHSMH Me*AY S!APSMH CHCTeMbl RBJIReTCR XSOTH'!eCKHM ( C 

7 
.;;,.. 

~-----------------------------



a-nHHH~ }:{8HH0l'O KOHeqHOl'O ITpDAYKT8 }:liTH MOMeHT8 OKOHqa­

rpa~HKOB BpeMeHHOl'O CIT8A8 8KTHBHOCTH ABHHO~ ITH­

HUHH. OonHoe ceqeHHe A8HHO~ peaKUHH orrpeaenHITOCb rryTeM 

H~ ~ITS! OTAellbHblX yqaCTKOB B HHTepB8J18X yrnOB 0-90° H 

b!MH H3MepeHHHMH raMMa-aKTHBHOCTH CYMMbl BCeX yqaCTKOB 

Tepaanax 0-90° II 90-180°. Opn 8TOM B HSMepeHUHX "HHTer­

BHOCTH H rrpH onpeaeneHHH 8THM rryTeM ITOITHbiX CeqeHH~ llpH-

He BCe JlOCT8TO'IHO HHTeHCHBHbie l'8MMa-rrepeXOAbl Jl8HHOl'O 

peaKUHH. PacqeT ce'!eHI!~ no 'IHCny OTG'leTOB B .poTomtKe 

1121 
pa6oThi • 

rrpencTaaneHhi yrnoBbie pacnpeaeneHHH peaKUH~: nonxBaTa 

7 
Sc) 

190 
Os H CpbiBa (-6p -6n), 

197 
An (

40 
Ar, ~8 Mg) 209 At, 

HeqHbiMH npoJlyKTBMH peaKUH~ ( HAep nyqKa) SIBITH!OTCH 4T Sc 
47 28 

Sc 11 Mg ;411H B CHCTeMe ueHTpa Mace. CooTBeTcT-

no TonumHe MHllleHH 8HeprHH HOHOB 
40 

Ar paBHbl "" 155, 

,Te'vie W!HTpa Mace. ToqHoCTb onpeneneHHH aHeprHH .. 5 MaB. 

a pHC.1,2) HBITHJOTC H 8KCrrepHMeHT8llbHbi:MH KPHBbiMH HaHnyq­

THpHaSI KpHB8SI (KpHB8SI 3) SIBITSieTCSI TeopeTHqeCKO~ KpHBO~ C. 

HKaX fiOKa3aHbi THrrHqHbie AITSI BCeX 8KCrrepHMeHT8nbHblX TO-

H6KH HSMepeHHH d (T I d n 0HH He coaep~aT OIIIH6oK orr-

oro Bb~ona naHHoro KOHe'!Horo rrponyKTa peaKUHH (BenH'IHHa 

pHc.J H 2 yKaSaHO O*HABEMOe 11pH6ITH*eHHOe ITOITO*eHHe M8K-

AJISI 8HeprnH 195 M8B COOTBeTCTBYIOIIIHX pe8KUH~ (3p + 4n) H 

HH TOro, qTo BCe paCCM8TpHB8eMhle B 8TOJI pa6oTe MHOl'()­

epenaqH HMeJOT npH6ITH3HTeJibHO OAHH8KOBYIO ~pMy yrnOBbiX 

c.3 110Ka3aHbl pacnpeaeJieHH~ AITSI peaKUHH TIOAXBaTa ( 3p +In) 

Os(TpeyrOJibHHKH) H (3p +5n), 
197 

Au( 
40 

Ar, 48 Sc) 189
0s 

H 8HeprHH 155 M8B H 19ti MaB COOTBeTCTBeHHO. TO'IKH CO 

HO~ BIIH3, o6oanaqa!OT B03MO*Hh!H BepXHHH npeaen 3HaqeHHSI 

• OynKTHpHasi KpHBaSI (KpHBaSI 2, pHc.0), KaK H Ha puc.1,2, 

KpliBOH (sin ¢ ) -I , T.e. yrnoBoe pacnpeneneHHe peaKuun 

'lpn 3neprHn 155 M3B To*e MO*eT npH6nn*eHHO onHCbJBBTb-

Hal!bHOii (sin¢ )-I • llJISI peaKUHH TIOJlXBaTa (3p) H ( 3p + l n) 

6 

.';; 

"I .~f \ 
. i 

' li . , 

j 

i 

'i 

! 
1 r 

aTy saBHCHMOCTb rrpoBepHTh He yaanoch. KpuaaSI 4 Ha pHc.3 rrpencTaanSieT nHlllh 

BepXHH~ rrpenen pacnpeneneHHH, HO He naeT ero saaqeHHSI. 

3HeprHH (c.u.H.) 

PeaKUHH 

(2p+5n) 
47 

Ca 

( 3 p) 
48 

Sc 

(3p + lnl 
44 

Sc 

(3p+ln) 
44 

Sc 

(3p+3n) 
46 

Sc 

(3p + 4n) 
47 

Sc 

(3p+ 5n) 
48 

Sc 

(7p + Sn) 
6~ 

Mn 

(7p+9nl 
06 

Mn 

(-6p-6n) 
~8 

Mg 

'(-7p-9n) 
24 

Na 
7 

(-l4p-l9n) Be 

Ta6nHua 2 

155 M8B 

u [mb] 
T 

"'0,015 

< 0,0015 

< 0,003 

< 0,002 

< 0,00 .. 
0,025 

.. 0,03 

< 0,000 

~ 0,01 

0,007 

~ 0,00;5 

170 M3B 

~ 0,002 

< 0,004 

~ 0,004 

0,1 

0,2 

0,06 

u [mb] 
T 

195 Msa 

uT[mb] 

0,55 

~0,003 

.. 0,006 

.. o,oo7 
0,;5 

0,6 

0,8ti 

~0,01 

~ 0,3 

0,25 

.. o,o4 
;;;; 0,2 

PesynhT8Thi HSMepeHHH ITOITHblX Ce'leHH~ COOTBeTCTBYIOIIIHX peaKUH~ A8Hbl B 

Ta6nHUe 2. B CTOIT6Ue "PeaKUHSI
0 

yKa3aH T8K~e KOHeqHbl~ rrpOAYKT S!Aep ny'!Ka, 

ITO KOITH'leCTBy KOTbporo H8XOAHITCH BhlXOA peaKUHH. 0pH onpeaeneHHH Ce'leHH~ 

- 58 
peaKUHH (_:!: 7 p "t_9n) XHMHqeCKOe BbiAeneHHe Mn II ~4 Na He rrpHMeHsmoch. HneH-

TH~HK8UHSI H onpeneneHHe Bb!XOA8 KOHeqHbiX nponyKTOB B 8TOM Cnyqae npOBOAH-
1 

ITHCb TOITbKO no xapaKTepHbiM 1'8MM8-ITHHHSIM H nonynepHOAY pacnaaa 8JleMeHTa. 

01IIH6KH npHBeneHHbiX B Ta6nHUe 2 ITOITHbiX ceqeHH~, KBK H BepXHHX npeae­

ITOB ceqeHH~, KaK npaaHno, He non~Hhi npeaocxonHTh ;50%. Meaee TO'IHhie aaHHhie 

C OIIIH6KOii, B03MO*HO, 60ITbllle ;50% 1 0603HaqeHhl 3H8KOM npH6ITH>KeHHH .. 

HHTepnpeTaUHSI pesyiTbTaTOB 8TOI'O 8KCrrepHMeHT8 B paMKBX MOAeiTH COCT8B­

HO~ CHCTeMbl MOITeKynspHoro THTia 6yaeT orry6ITHKOBaHa <:;).Jlo*HHCKHM B OTnenbHOH 

cTaThe. 3necb Ka~eTCH uenecoo6paSHhiM nonqepKHYTh, qTo KaK acHMMeTpHH yrno­

BbiX pacnpeaeneHHH TBK H 3Ha'leHHSI ITOITHhiX ceqeHHH, npHBeAeHHbiX B T86ITHUe 2 

MHOI'OHYKITOHHhlX nepe}:la'l, cornacyiOTCH C O~HA8HHeM MOnenH, B KOTOpOR 06MeH 

HyKITOH8MH Me~AY S!Ap8MH CHCTeMbl SIBITSieTCSI X80TH'leCKHM ( C sanpeTaMH), a 

"I. 

7 ..... 



p8Cll81l CHCTeMbl Bbi3B8H TepMH'IeCKHM 6nyJKil8HHeM 9Hep!'HH MOneKynspHblX CTe­

neHell CB060Jlbl CHCTeMbl, 

ABTOpbl C'IHT810T CBOHM npHfiTHblM JlOni'OM Bblp83HTb 6n8I'Oil8PHOCTb llHpeK-

Topy l1H<I> B KpaKoBe npoofl, LHeBOilHH'IaHCKOMY H .r:tHpeKTopy flHP Ol1Hl1 npoofl. 

r:.H.<!>nepoBy 38 cnoco6CTBYIOJUHll .r:teny HHTepec K 9TOJ!: pa6oTe, ABTOpbl T8KJKe 

rny6oKo 6n8ro.r:tapHbl B.A.fB031leBy 3a KOHcynbTSUHH H pa3p860TKY MeTo.r:ta 6hiCT­

poro XHMH'IeCKOI'O BbllleneHHfl CK8HilHfl, rpynne 9KCnnyaT8UHH UHKnOTpOHa M3!1 38 

npoBeaeHHe o6ny'leHHll. Oco6y10 6n8ro.r:tapHOCTb aBTOpbl BhlpaJKaJOT 3.ll.noKpoBCKol!: 

38 6onbWYIO pa6oTy npH npoBelleHHH H3MepeHHll H o6pa60TKy pe3ynbT8TOB 9KCne-

pH MeHTa, 
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bl Bbi3B8H TepMH'leCKHM 6ny)I(Jl8HHeM 9HeprHH MOneKynSipHblX CTe-
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