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.QeneHHe Slllep !IpH BbJCOKHX SHepl"HSIX B036y>K.QeHHSI OTKpblBaeT !IpHHUH

IIHanbHO HOBble B03MOlKHOCTH .QnSI nony'leHHSI 60nbWOI"O 'lHCna H30TOIIOB, He-

nonb30BaHHe ycKopeHHbiX TSilKenbJX HOHOB .QaeT B03MOlKHOCTb nony'laTb KOM

nayH.ll-Sillpa C BbJCOKOA SHepraelt eoa6y>K.QeHHSI, Kor.Qa SHepl"HSI B036y>K.QeHHSI 

SlllPa .llOCTHI"aeT 50 H 6onee Mse, o6onO'le'lHble ScjM!leKTbl B KOMnayH.Q-Sillpe 

CTaHOBSITCSI O'leHb ManbiMH, Haa6onee eepOSITHbllt npouecc, IIpOHCXO.llSIWHA B 

TaKOM SI.Qpe,- CHMMeTpH'lHOe .QeneHHe, B STOM Cny'ljle KpHBaSI MaCCOBOI"O 

pacnpe.QeneHHSI OKa3bJBaeTCSI CTpOI"O CHMMeTpil'lHOli OTHOCHTenbHO MSCCbl, pas

HOlt nonOBHHe MSCCbl ·KOMnayH.ll-Sillpa, KpHBaSI MaCCOBOI"O pacnpe.QeneHHSI OC

KOnKOB .QeneHHSI llpH STOM OK83biB8eTCSI 6nH3KOA·K rayCCOBCKOA KpHBOli CO 

/1-5/ 
3H8'lHTenbHOA .llHCnepCHelt 

MoryT 6bJTb Bbi.QeneHbl .llBS OCHOBHbiX B3aHMOCBSI3aHHbiX HanpaeneHHSI, 

ITO KOTOpbiM npOH3BO.llHnHCb HCCne.QOBSHHSI: 1) CHHTe3 HOBbiX H30TOIIOB B 

o6naCTH,.llaneKO OTCTOS!Welt OT nHHHH CTa6HnbHbiX H30TOIIOB H 2) HCCne.QOBSHHe 

SlllepHOCIIeKTpOCKOIIJI'leCKHX XapaKTepHCTHK nony'laeMbiX H30TOIIOB, 

Y>Ke npa acnonbaoeaHHH e Ka'leCTBe 6oM6ap.llapyiOweA 'laCTHUbi Slllpa 

HeOHa H Slllep MHWeHH C Z > 90 npe.QCTaBnSieTCSI B03MOlKHbiM nony'lHTb OC-

KOnKH .QeneHHSI B WHpOKOM .QHall830He H3MeHeHHSI A OT 50 .llO 200 MaC-

COBbiX e.QHHHU, 

.QnSI npoeepKH 3aKOHOMepHOCTelt o6pa30B8HHSI H30TOIIOB O.llHOI"O H TOI"O 

>Ke sneMeHTa npH .lleneHHH canbHO eoa6y>K.lleHHbiX Slllep 6bma BbJ6paHa rpyn-

na pe.QK03eMenbHbiX sneMeHTOB OT naHTaHa .llO l"a.QOnHHHSI, KOTOpaSI HMeeT 

6nH3KHe XHMH'leCKHe CBOitCTBa, a pa3HOCTb 3apSilla .QnSI HHX He npeBbiWaeT 

8 e.QHHHU { Z OT 57 .QO 64), 
/51 

PaHee e pa6oTe 6bino noKa3aHo, 'ITO H30TonHoe pacnpe.QeneHHe 

OCKOnKOB .QeneHHSI 
238 

U (H l,f) XOpOWO OllHCbiBaeTCSI KpHBOit faycca BH.Qa: 
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(A-A;)] 

2 • u ( 1) 
A 

rne A - HaH6onee BepOSITHaSI MaCCa H30TOna, a u 2 
- AHCnepCHSI no MaC-

P A 

CaM H30TOnOB - OCKOnKOB tteneHHSI, 

llnH XHMH'IeCKOI"O paatteneHHSI rpynn&I pettK03eMenbHblX aneMeHTOB HC

/6/ 
ncnb30BanCSI aneKTpOMHI"paUHOHHhlA MeTOA , 

B peayn&TaTe pattHOXHMH'IecKoro paaneneHHSI nony'lanHc& ~paKUHH ane

MeHTOB, pattHOXHMH'IeCKaSI 'IHCTOTa KOTOphlX no cocenHHM aneMeHTaM o&tna 

He xyJKe 0,01 %, 

3KcnepHMeHT8n&HaSI npouenypa COCTOS!na B TOM, 'ITO MHWeHH H3 OKH-

-2 
CH ypaHa TOnWHHOA"' 1 MI"•CM oony'lanHC& B Te'leHHe 6 •12 'laCOB HB BHYT-

peHHeM ny'IKe 810-CBHTHMeTpOBOI"O UHKnOTpOH8 HOHaMH 

40 
Ar C HHTeHCHBHOCTSIMH ny'IKa HOHOB 50.70 MKa ttnSI 

12 C , 20 Ne , 22 Ne 

12 C 0 80-t 50 MKa 

nnH 20 Ne H 22 Ne 

HOB COCTaBnHna ttnSI 

H 8 •5 MKa - ttnH 
40 

Ar 

u c .. 80 Maa, 
20 

Ne 

, MaKCHMan&HaSI aHeprHH Ho-

190 Maa, 
22 

Ne - 170 Maa H 

40 
Ar - 290 Maa. 3Hepi"HIO ycKopeHHbiX HOHOB MOJKHO o&mo H3MeHHT&, no-

MeWaSI MHWeH& Ha pa3nH'IHbie pattH~Cbl yCKOpeHHSI, 

nponeCC OTtteneHHSI pettK03eMen&HblX aneMeHTOB H3 oony'leHHOA MHWe

HH H pa3tteneHHe HX aneKTpOMHI"p8UHOHHbiM MeTOAOM 3aHHMan 2-8 '18Ca, 

noel!.~ pattHOXHMH'IeCKOI"O pa3tteneHHSI H3MepSinCSI l"aMMa-cneKTp OTAen&HblX 

aneMeHTOB. HaMepeHBSI npoaonanHc& c noMOW&IO nonynpoao.QHHKOBoro Ge(Li)

raMMa-cneKTpOMeTpa, oonanaiOwero Bb!COKBM aHepreTB'IeCKHM paapeweHHeM, 

s 
lJ:yBCTBHTen&HbiA OO'beM HCnOn&30BaHHbiX tteTeKTOpOB COCTBBnSin 8,5 -12,5 CM, 

CarHanbl oT neTeKTopa nocTynanB sa npenycHnHTen& c HH3KHM ypoBHeM wy

MOB, COOp8HHblli H8 noneBblX TpaH3HCTOpaX, ycHnHBanHCb nHHe~HbiM ycBnH

TeneM B 'lepea onoK aMnnaTyttHoro na~poaoro npeoopaaoaaTenSI nonaaanBc& 

171 
Ha 4096-KaHan&Hbili aMnnHTYAHbiA aHanH3aTop • PaapeweHBe CHCTeMbl B 

UenOM COCTBBnSieT 4.5 KSB, CTaOBn&HOCT& nonOJKeHHSI nHKa COXpaHSieTCSI 

B Te'leHBe ttnHTen&HOI"O BpeMeHH (CHCTeMa paoOTaeT 6e3 BbiKniO'IeHHSI tte

CSITKH ttHeli), 

C nOMOWbiO TaKOI"O 1"8MMa-cneKTpOMeTpa HCCnettOBanRCb cjJpaKilRH La , 

Ce , Pr , Nd , Pm , Sm , Eu , Gd , BpeMSI o6ny'leHRSI H Bbitte-
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neHHSI OTtten&BbiX &neMeHTOB noaBonHnO H3MepSIT& nBW& MPB C nepBOAOM 

nonypacnana oon&we onsoro 'laca. lJ:yaCTBHTen&HOCT& cneKTpoMeTpa nana 

B03MOJKHOCT& onp~ttenHTb CO.tleplKaBHe Mep C nepHOAOM nonypacnatta .tiO O.ti

HOI"O I"OA8, J13MepeHBe 1"8MMa-cneKTp8 npoB.OttHnOC& B &HepreTH'IeCKOM .t1Ha

Ua30He OT 50 AO 2000 KSB, J1AeBTH~HK8UHSI H30TODOB npOH3BOAHnac& no 

sseprBB raMMa-nHHBA, HX HHTeHCHBHOCTH H nepHOASM nonypacnaAa,' B Ka

'lecTae npHMepa H8 pHC, 1 UOK838H xapaKTepHbill 1"8MM8-CUeKTp cjJp&KURH 

nepHH, 

B Taooue npeACTaaneH&I aseprHH raMMa-Hany'leHHSI, HX KB&HTOB&Ie 

BbiXOltbl H OTHOCHTen&Hbie BHTeHCHBHOCTH ttnSI HeKOTOpbiX peAK03eMen&HbiX 

aneMeHTOB - npottyKTOB AeneHHSI yp8H8 B pe8KUHSIX C TSIJKenbiMH HOH8MH, 

B cTononax TaonBUbi S-5 npHBOAHTCSI aKcnepHMeHTan&H&Ie peayn&TaTbl pac

WB~pOBKH 1"8MMa-cneKTpOB cjJp&KUBil OTAen&HbiX aneMeHTOB, J13 STBX A8HHbiX 

BBAH00 'ITO npBMeHeHHe Ge'( Li) - 1"8MMa-cneKTpOMeTpa npH pa3peweHHH 

4-5 K&B A8eT B03MOlKHOCTb onpettenSIT& &Hepi"HIO 1"8MM8-H3ny'leHHSI AnSI OT

tten&HbiX H30TOnOB C TO'IHOCT&IO He XyJKe ~ 1 KSB. CoOTHOWeHBSI HHTeHCBB

HOCTeA nHHHJI 1"8MM8-H3ny'leHHSI AnSI OTtten&HbiX, XOpOWO H3y'leHHbiX H30To

nOB COBU8A8nO C norpeWHOCT&IO + 5% C lt8HHbiMH, onyonHKOBaHHbiMH B nH-

Tepacype, 

no nnowanH.~TonaKa, npHHanneJKawero naHHOMY H3oTony, onpenenH

noc& 'IHcno aTOMOB naHHoro H30Tona, o6pa3oBaawerocH B npou ecce oony

'leHBSI MHWeHH, nocne BBetteHHSI BpeMeHHblX nonpaBOK no 'Halltt~HHOMY 'IHC

ny 8TOMOB paCC'IHTblB8nOC& Ce'leHHe BblXOA8 OCKOnKa neneHHSI lt8HHOll MaC

Chi no clienyiOweA ~pMyne: 

S ·Ae +At aan. ., (2) 

d•j • ~· K 'y {1-e -At o6n. )( 1-e -A tH3M.) 

rne S -'IHCnO HMnyn&COB B ~OTOUHKe 38 BpeMSI H3MepeHRSI, A -nOCTOSIH-

HaH pacnana H30Tona, - apeMH, npowenwee nocne OKOH'IaHHSI oonyaan. 
'leHHSI ItO H8'18na H3MepeHHSI, t "' - BpeMSI 06ny'leHHSI, oun, _

2 
MSI H3MepeHHSI, d -TOnWHH8 MHWeHH B aTOM8X' CM , ] 

t - ape-
.H3M, 

-HHTeHCHBHOC Tb 

ny'IKa TSIJKen&IX BOHOB B ettHHHUY BpeMeHH, ~ -XHMH'IeCKHll Bb!XOA A8HHO-

1"0 aneMeHT8 npH BbitteneHHH H3 oony'leHHOA MHWeHH, K -KB8HT0Bblli Bbl-

5 
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XOll naHHOli nHHHH I'8MMa-aany'leHHSI, f y - nonHSSI sljl4JeKTHBHOCTb I'8MMa-

cneKTpOMeTpa AnSI ll8HHOli nHHHH I'8MM8-H3ny'leHHSI, 

nony'leHHbie M8CCbl H30TOUOB nepeC'IHTbiBanHCb H8 nepBOH8'18nbHbie MSC

Cbl OCKOnKOB neneHHSI llO HCnapeHHSI HeliTpOHOB. ,UnSI HeKOTOpbiX H30TOUOB 0 

HMeiOIIlHX KyMynHTHBHbili Bbrxon, aaonHnacb nonpaaKa nng onpeneneHHH aeaa

/5/ 
BHCHMOI'O Bb!XOI\8 

8 6 H 7 CTOn6uax npHBOllHTCSI naTepaTypHbie ll8HHbie 06 HHTeHCHBHOC

TH H KB8HTOBbiX BJ>IXOI\8X nHHHli OTnenbHb!X H30TOUOB, ,UnSI OTnenbHblX H30To

UOB C XOpOWO H3y'leHHbiMH CXeMaMH pacnana peaynbT8Tbl HHTeHCHBHOCTeli 

raMMa-aany'leHHSI coananana· c naTepaTypHbiMH naHHbiMH c TO'IHOCTbiO ~5%. 

B aeKOTOpbrx cny'laSIX pacxolKneHHSI c ony6naKoaaHHbiMH peaynbTaTaMH a 

COOTHOWeHHSIX HHTeHCHBHOCTeli OTnenbHbiX nHHHli I'8MM8-H3ny'leHHSI 6bJnH 38-

B9ll0MO BbiWe SKCnepHMeHTanbHbiX OWH60K, 

B pSine pa6oT BbiXOllbi aaoTonoa npa neneHHH Hnep HccnenyiOTCSI npr 

UOMOIIlH MaCc-cenapaUHH, HapSillY C pHllOM npeHMyllleCTB STOT MeTOll HMeeT 

CyllleCTBeHHblli HenocTaTOK - HH3KYIO s«PQJeKTHBHOCTb npH paaneneHHH -0,1-1%, 

8 H8CTOS111leli pa60Te ace H30TOUbi, npHHannelK8111He OllHOMY XHMH'IeCKOMy 

sneMeHTy, aaxonanacb a onaoli npo6e, cneKTp KOTopoli H3MepSinCSI c noMOIIlbiO 

raMMa-cneKTpoMeTpa c Ge(Li) -neTeKTOpOM, 3To noaaonano cpaaHHBaTb 

peaynbT8Tbl H3MepeHHli 8KTHBHOCTH OTnenbHbiX H30TOUOB 6ea BHeCeHHSI nonon

HHTenbHbiX norpewaocTeli, B caMbiX 6naronpHSITHbiX cny'laSIX onpenenHnHCb 

OTnenbHbie nHHHH I'8MM8-H3ny'leHHSI0 HHTeHCKBHOCTb KOTOpbiX COCTaBnSlha 

~ 1% OCHOBHOli nKHKH, 

nony'leHHbie SKCUepHM9HT8nbHbl9 ll8HHble DO He3aBKCKMbiM BbiXOll8M 

OTnenbHbiX K30TOUOB npK neneHHH HaHOCHnHCb Ha KpHBYIO rayCCOBCKOI'O pac

npeneneHKSI (1) C T8KHMK napaMeTpaMK a~ (nKCnepCKK M8CC~I K30TOUOB) 

H 1/ (nonaoe 'IKCno KCDyllleHHbiX HeliTpOHOB Ha 8KT neneHKSI), 'IT06b! OTKn0-

/5/ 
HeHHSI OT KpHBOli 6binK MKHHManbHbiMK , HalineHHbie napaMeTpbl KpKBOli 

raycCOBCKOI'O pacnpeneneHHSI Bb!XOLIOB H30TOUOB LlnH pellK03eMenbHbiX sne-

MeHTOB OT naHTaHa LIO I'8LlOnHHHSI OKa3anHCb YHHBepcanbHhlMH LinH WKpOKo

I'O Ha6opa M8CC K30TOUOB, 3TO U03BOnKnO UOCTpOHTb o60611leHHYIO KpHBYIO 

raycca nnH H30Tonaoro pacnpeneneHHH acex penKo3eMenbHWX sneMeHTOB OT 

naaTaaa no ranonHHHSI, Ha pHc. 2 a Ka'leCTBe npHMepa npHaeneao H30Ton

Hoe pacnpeneneHHe Bb!XOLIOB peLIK03eMenbHbiX sneMeHTOB, o6p830B8HHbiX B 
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peaKUHSIX ~
38 

u ( 
22 

Ne ,f ). noA06Hhie KpHBbie H30TOnHbiX pacnpeAeneHHA 

BbiXOAOB npH AeneHHH MOI'YT 6biTb nOCTpOeHbl AnSI pa3nH'IHbiX aneMeHTOB 

AnSI cny'laeB AeneHHSI SIAep npH BbiCOKHX 3Hepi'HSIX B036ylKAeHHSI, 

JlnSI onpeAeneHHSI H938BHCHMbiX BbiXOAOB OTAellbHbiX H30TOnOB Heo6xo

AHMO HAeHTHijlHUHpOB8Tb HX no nHHHSIM I'8MM8-H3ny'leHHSI H 3H8Tb HX XBaH-

• /8/ 
TOBhle BbiXOAhl, xoTophle, AalKe B HaH6onee nonaoA pa6oTe , AaHbl Aane-

xo He AnSI scex H30Tonos, B HaCTOSIIIleA pa6oTe AeneHHe HAep npH BbiCOKHX 

9Hepi'HSIX B036ylKA9HHSI 6hlnO HCnOllb30B8HO AnSI onpeAeneHHSI H yTO'IHeHBSI 

KBaH.TOBbiX BbiXOAOB HeKOTOpbiX peAK03eMenbHbiX aneMeHTOB ( 
135 Ce, ItO Pr 0 

147 Gd ) • 

EcnH B peaKUBH AeneHHSI nony'laeTCSI XOTSI !Sbl OAHH H30TOn C XOpOIIlO 

H3BeCTHbiM KBaHTOBbiM Bb1XOAOM0 TO MOlKHO onpeAenHTb KBBHTOBble BbiXOAbl 

OTAellbHbiX nHHBA H30TOnOB C H3B9CTHbiMH M8CCOBbiMH 'IHCnaMH . A H nepao

A8MH nonypacnaAa. B ljlopMyne (2) HeH3BeCTHhiMB SIBnSIJOTCSI TOnbxo nnomaitb 

!jloTon nxa S H KBBHTOBblil BbiXOA K , KOTOpbiA onpeAenSie'I:CSI nyTeM CpaB-

H9HHSI C H3B9CTHbiM KBBHTOBbiM BbiXOAOM APYI'OI'O B30TOna no cjlOpMyne: . 

I'Ae S 1 

K2 ~ C 
s 2. 171 

S 1 • 11 2 

K I> 

H S 2 - nnOlUBAH ljlOTOnHKOB nepBOI'O H BTOpOI'O H30TOnOB0 77 1 B 

(S) 

77 12 - BbiXOAhl npH AeneHH n nepsoro H BToporo H30Tonos, K 1 - aasecTHhiA 

KB8HT0Bblil BbiXOA nHHHH I'8MM8-H3ny'leHHSI nepBOI'O H30TOna,i C - nOCTOSIH

HBSI0 BKnl0'181011l8SJ B ce6SI H3BeCTHble BenH'IHHbl H3 ypaBHeHHSI (2), 

B Ta6nHue AnSI 
135 

Ce 1411, Pr 147 
H Gd B cTon6ue 5 npocTaB-

neHhl BenH'IHHbl KB8HTOBhiX BbiXOAOB0 HaiiAeHHble B H8CTOSJlUeA pa6oTe H on

peAeneHHble C TO'IHOCTbiO ~ 10% 

JlnSJ A9MOHCTpaUHH B03MOlKHOCT9H CHHTe3a HOBbiX H30TOnOB npH Aene

HHH 6bin npoAenaH cneAYIOIIlHA aaanHa. PaccMaTpHBancSI o!SmHli BHA npocT-

paHCTBeHHOI'O pa3M911l9HHSI B CHCTeMe Z N H 11 TO'IeK He3aBHCBMbiX 

BbiXOAOB OCKOnKOB AeneHHSI C n106hiMH MBCCaMH H 38pSIA8MH, Ha pHC, 8 118-

HO Ce'leHHe 3TOil nosepXHOCTH no nnOCKOCTH Z =Cons! , nony'leHHBSJ KpHB8SI 

6yAeT H30TOnHhiM pacnpeAeneHHeM BbiXOilOB llBHHOI'O aneMeHTB (ypaBH9HHe 1 ), 

KpHBaSJ, o6paaosauuaSJ B ce'leHHH nosepxHoCTH c nnocxOCTbJO N =Cons! , npeA-

9 
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0,001 
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PHc,3. 

N=Const 
uJomonuoe pacnpeqelteuue 
u JOmMuoe pacnpPge.te~ue 
u l':!lap--oe p.7cnpcqr.f(}uue 

npoCTp8HCTBSHHOe pacrrpeneneaHe BbiXOilOB llpOilYKTOB JleJieHHR 3ab U 

HOHaMH 
22 

Ne • B. ce'!eHHRX npencTaBneHbi paanH'!Hhie BIIJlhi pac

npeneneHHH BblXOAOD OCKOAKOB neneHHH liO M8CC8M H 38pS!Il8M, 

10 
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CT8BJIRST COOOH 38pS!IlOB08 p8CllpeneneHHe H30TOliOB H OliHCbiB8eTCS! ypaB-

HSHHSM: 

(Z-ZP)zll 
~-·-exp (- -- 2 N =Const 

0
z,N (4) 

W(Z, N) ~ 

yTTa:,N 

z 
p - H8HOOnee BepoSITHbiH 38pRil H30TOll8 1 

az 
Z,N 

- llHCllepCHS! ~0 38pR-

ll8M H30TOliOB, 

H, aaKoaeu, KPHBaR ce'!eHHR rroBepxaocTu pacrrpeneneauR BhlXOilOB rrpu 

neneHHH c rrnocKoCTbiO A =Cons! ll8eT 38PRAOBoe pacrrpeneneaue uaoo8pOB, 

KOTOpoe OliHCbiB88TCH Bblp8>K8HHSM: 

2 

W(Z,A)~ 

(Z-Z ) 
• exp [- P ll 

Vrra 2 a 2 A= C'onet 
Z., A Z, A 

(5) 

O'leBHilHO, '!To, ecnu H31;leCTHhi rr8paMeTpbi ypaBHeHHH onaoro ua pac

rrpeneneHIIA, TO MO>KHO H8HTII ll8p8M8Tpbl llBYX llPYI"'HX yp8BHSHHii pacrrpene-

neaun. 

He38BHCIIMhiii BbiXOil OCKOAK8 llSASHIIH C M8CCOii A H 38pRAOM Z 

OliPSilSAHSTCH M8CCOBbiM H 38pRilOBbiM p8Cllp8Jl8ASHHSM II 38liiiCblB88TCH B 

BHilS CJl81lYIOill8!'0 ypaBHSHHH: 

2 

1J(A,Z)~a 1 
1 (A-Ap) 1 

---:::=:::- exp [ • )-=--exp [-
y11a 2 a· y11a 2 

A A Z 

I"'llS a
1

- C8'18HII8 llSJISHHH KOMll8YHil-Hilpa, 

2 

(Z-Z P i' 
a2 

z 

(6) 

nno!ll81lb 1 OOp83YIOill8HCH llpll paCCS'ISHHII liOBSpXHOCTH p8Cllp8JlSAeHHH 

BbiXOilOB liJlOCKOCTHMII 1J. = 0,1; 0,01 II T,Jl,, liOK83biB8ST, K8K08 KOJIH'ISCT

BO HllSP HMeeT BbiXOil 60Jlblll8 0,1; 6onblll8 0,01 II T,Jl, 

PaaoepeM cnyqali nenea11H 
238

U ( 
22 

Ne, f ). Tonmuaa MHmeau coc-

-2 22 
T8BJIHJl8 = 3 M!' • CM 1 HHTSHCIIBIIOCTb lly'!K8 HOIIOB Ne "" 50 MK8 1 3Hep-

!'HH yCKOpSIIIIbiX IIOHOB 
22 Ne - 190 MaB, BpeMH o6ny'leHHH Ollllll '18C, 

CnpoeuHpyeM 118 llHaPp8MMY 1130TorroB B rrnocKOCTH ZN CS'ISHHH 

liOBSpXHOCTH BbiXOilOB llpH p8311b!X 'I np11 3TOM liOAY'!IITCH K8pTHH8, 1!306-

p8>KeHIIaH 118 p11C, 4 .• Ha aTOM p11cyaKe paanH'!HOii lllTpiiXOBKOii rroK83aHhi 

11 



....,. ... 'e '": 

I 1_1 J I 
·~-a~~ 

- - A. A !l' " " .. ~ c:c c:~ 
" ;\" "J ~-~~~I 

u 

@ ®@t). 

~i R $ ~ :i tK ~ 
~-- ~---------. 

~"' ~ !! 

12 

~ 
~ 

! 

a 

@ 

IQ 

= g J, 
l 0 0 
Ql = = II; 
0 Ql l = l<i Q) :.0 0. 

~~~~ 
e :I • 
=: ~ ~· ~ .. g ~ 

I 

it 

~ 

~ 

~ 

~ 

:iit 

~ 

e 

C) 

= : ~ g = ()-
~ ; I 

Q) "' IQ 
t:( = 0 = = 
~ - 0 
1::('1 = 

l 
~ ~ ~ 
~ ~ :a 
= l = a = !Si C') Q) 

» n g. 
~ l<i 
·o. = () 
10 = >. 
0 Q) 

r£ 
0 

a 
= l 

l Ql 
0 = 

II; 

f: 
0. • 
Q) () = Ql 
(I) :.0 

~; i; 
t: l<i t:( 

0 0 l 0 
~ 1-- II; 

~ ·:5 1li 
:.o cu n e11 = z Cll :.0 
t:., z >. 
0.. t: 

:.::: ::: 
.; 
c.i = 
0. 

30Hbi H30TOIIOB 0 B KOTOpblX IlpH JleneHHH nony'!a!OTCSI KOnH'!eCTBa aTOMOB 
9 9 8 

6onbllle 10 aTOMOB, MeHbllle 10 , HO 6onhwe 10 aTOMOB H T,Jl, 3awTpHXo-

BaHHaSJ 30Ha OXBaTbiBaeT TaKHe o6naCTH Ha QHarpaMMe, rile HeT OTKpb!TbiX 

H30TOIIOB, nollC'!eT IIOKa3an, 'ITO IlpH peaKUHSIX JleneHHSI ypaHa HeOHOM no

ny'laeTCSI 240 HeH3BeCTHbiX paaee H30TOIIOB, noMHMO ::lTOrO nony'laeTCSI eme 

OKOno 240 H30TOIIOB, xapaKTepHCTHKH pallHOaKTHBHOrO pacnalla KOTOphlX He 

H3y'leHbl HnH H3y'!eHbl O'leHb nnoxo. 3TOT IlpHMep IIOKa3b!BaeT orpOMHble 803-
/17 I 

MOlKHOCTH JleneHHSI KaK MeTOila CHHTe3a HOBbiX H30TOIIOB • n Oll06Hblit 

llpHMep MOJKeT 6b1Tb HCIIOnb30BaH JlnSJ ClleKTpOMeTpH'!eCKHX HCCnellOBaHHit 

CTpyKTypbl Slllep B lliHpOKOM llH8IIa3oHe Z H A 

ABTOpbl 6narOJlapHbl aKalleMHKY f .H. cllnepoay H 'lneay-KoppecnOHileH

TY AH CCCP B.M. BllOBeHKO 3a 6ollbwoe BHHMaHHe, IIOillleplKKY H ueHHble 

3aMe'laHHSI B npoUeCce npOBelleHHSI OIIblTOB H o6CylKJleHHSI pe3ynhTaTOB, 

Mbl 6narollapHbl B.A. rao3JleBy 3a BbiJleneHHe H3 MHllleHH H O'IHCTKy 

rpynnbl pellK03eMeiibHbiX aneMeHTOB H A. illaMCYTilHHOBY 3a IIOMOIIlb B H3-

MepeHHSIX. 
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Ta6naqa 

KB&HT0Bbl8 BbiXO.Ilbl B. OTBOCBT81Ih8b18 BHT8HCRBHOCTB 

r&MM8-R3ny'I8BBR H8XO'I'Opb1X peAX038M81IhHblX aneM8HTOB -

llPO.IlfXTOB ,neneBRR fp888 B pe&KilRRX C TH*8nbiMB ROH&MB 
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