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1. B B e A e a a e 

CpeAH paanH'IHhix smepabiX npou~ccoa, XOTopbie aoaaaxaiOT npu CTonxaoaeauu TSIJKe

noro uoua c SIApoM, cymecTayiOT npsrMbie peaXl!HB noaepxaocTaoro THna. Canbaoe norno

meaue TIDK91Ib!X BOHOB B SIAepHOM B91Il9CTBe H B03MOlKHOCTb · nonyxnaCCH'Iecxoro paCCMOT-

peHBSI HX ABHlK9HIISI 
fl03BOflSIIOT BbiA9fli!Tb Knacc XaCaTeflbHbiX CTOflKHOB9HBlt, npa KOTo-

pbiX SIAepaoe B3aBMOAelicTaue oxa3biBaeTCSI noxanH3oBaHHbiM a noaepxaocTHOM cnoe. Peax

/1/ uaa Taxoro Tana MoryT 6biTb none3Hbl AnSI H3y'leHBsr CTpyi<Typbl noaepxaocTa SIApa 

K aacTosrmeMY apeMeaa ony6naxoaaao 3Ha'IaTenbaoe 'IHcno axcnepaMeaTanbHbiX 

pa6oT, IIOCBSimeHHbiX H3Y'I9HBIO npSIMbiX peaxualt C TIDK9flbiMH HOHaMH. flOflHbiH CUHCOX ony-
/2-4/ 

6nHKOBaHHbiX pa6oT MOlKHO HaliTB B 063opax • 3xcnepBM9HTbl B 3TOlt o6naCTB npoao-

ASITC!I B HeCKOflbKI<X aanpaaneaasrx. 0AHO B3 HBX CTHMYnapoaanOCb TeOpeTB'IeCKIIMH pa(')o

TaMI! n. Bpel!Ta c COTPYAHBKaMH/
5

-
7 1

, paCCMOTpeBIIIBMB cny'lalt UOA6apbepaol! nepeAa'll! 

OAaoro aeltTpoua. 3TOT cnyqalt HHTepecea TeM, 'ITO noaaonSieT nony'IBTb Aaaabie o npaae

AeHHbiX ael!TpoaaLix IIIHpHaax. B ApyrHx axcnepHMeaTax, xoTopLie npoaoAanacb npa saep

riHIX BbiWe xynoaoacxoro 6apbepa 
18

-
141

, 6h<nO o6aapyJKeao, 'ITO xpoMe npocTellwero cny-

'Ia!! nepeAa'IH OAaoro ayxnoaa cymecTayiOT npSIMbre SIAepable peaxuau, B xOTopbiX OT SIApa 

K !!Apy nepeAaeTCu aecxoflbxo ayxnoaoa. Oxa3anocb, 'ITO a~eKTI!Baoe ce'leaae nepeAa'la 

HeCKOflbXIIX ayKnOHOB CHflbHO 3aBHCHT OT COOTHOIII9HBSI 'IHCna aeltTpOHOB B npOTOHOB B nepe

AaBaeMolt rpynne. 3TOT peayflbTaT 3acTaanSieT AYMBTb, 'ITO OTAellbabre rpynnapoaxu ayxno

HOB MoryT urpaTb oco6y10 ponb aa noaepxaoCTII SIApa. 

B pSIAe pa60T, oco6eaao B pa6oTaX n. BHnKHHCOHa115•161• pa3BBBaiOTC!I 

0 B03MOlKHOCTH 06pa30B8HH!I B UOBepXHOCTHOM cnoe TSI>Kenb!X SIAep HyKnOHHbiX aCCOI{Haitalt 

THna a -'laCTHU. Tax 3TO an11 I!Ha'le 1 aonpoc o cTpyxType noaepxaocTH TsrJKenbiX SIAep 

npeUCTaBnSieT 6onbiiiOlt IIHTepec, II T!llKenbre HOHbl MoryT 6b!Tb U9HHbiM HHCTpyMeHTOM 

unSI era H3y'leaaSI. HaM rrpeucTaan!leTcSI, 'ITO none3Ha!l Ha<jlopMauaSI no aToll npo6neMe 

Mo>KeT 6brTb nony'leaa np11 H3y'leHaH aa TSI>KenbiX SIApax peaxuaa nouxaaTa OTuenbHbiX 

ayxnoaoa u ae6oflbwux rpynn ayxnoaoa, xoTopbre MoryT paccMaTpuaaTbCSI xax B03MOlKHbre 

ayxnoaabre accouuanua. 
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HacTO!illl8H paooTa npenCT8BllHeT coool! Olllzy H3 'l8CTel! 3TOl! nporpaMMbl. Oua llOCBSI

meua aKcnepaMeHTanhHOMY H3y'leaHID peaxnsu nonXBBTa seATPoaa sa TSI*enblx Slllpax. B pa-

60Te nony'l9Hhl ll8HHhl9 no yrnOBOMY paCnpeneneHHID, 3<jxpeKTHBHOMY C8'19HHID H 3HepreTH'l9-

CKOMY cneKTPY nponyKTOB peaKUBH. PaoOTa Bblnonueua Ha BblBenenaoM ny'lKe nHKnOTpoua 

Y-150 naoopaTOpHH Hll8PHhlX peamsl! OIHII1. 

Ony6nsxosaHHble naHHble no nonxBBTY ael!TPOHa aa THlKenhiX Slllpax llOBonhHO cxynnhle. 

/17/ 12 16 208 
8 p800T8 , . llOCBSIWeHHOl! B OCHOBHOM aeynpyrOMY p8CC9HHHID HOHOB C H 0 H8 Pb 

np11 3HeprHH HOHOB 10,5 M3B H8 JzyKilOH, ll01lXB8T aeliTPOHB H80lliDil8llCH n.HIIIb B K8'18CTBe ll~ 
/14/ 

00.,80ro alj>lj>eKTa. B paoOTe Ohino H3Mepeuo aa uecKonhKHX Slllpax nu<jxpepeHnHanbsoe 
40 

Ce'l8HH9 llOilXB8T8 H9HTpOH8 HOHOM Ar T8KlKe llHWb llllH OllBOlt 3HeprHH. 

II • MeTonHKa sxcnepHMeHTa 

B aacToSIWee speMH nns 113y'leaHH npBMhiX SIIlepahiX peamsll c TBlK&llblMH HOHaMH 

HCllOllb3YIDT llB8 MeTona. Kaaan peaKnHH BhlnenRIDT nuoo no panHOBKTHBHOMY nponyKTy, 

nHOO nyTeM H3MepeHHSI ynenhHOl! HOHH381lHH H 3HeprHH COOTB8TCTBYIDWell 'l8CTH!lbl. 

nps ll01lXB8Te ael!TpOB8 ynenhHBH HOHH38llKH H 3HeprHH nponyKT8 peaKnHH M8ll0 

OTllH'l8IDTCH 0T T9X lK8 X8p8KTepHCTHK ynpyro p8CC8HHHhiX 'l8CTHn, BMeCTe C T9M HHT9HCHB

HOCTb ynpyroro p8CC8HHHSI H8 HOCKonhKO llOpSIIIKOB Bbllll&. noaTOMY AllH 3TOl! p&BXIUIH BblrOJI

aee scnonb30san. perHCTPBUBID panKoaKTHBHhiX nponyKTOB. B HBIIIHX axcnepsMeBTax MHmeaK 

oony'lan.HCb HOHBMH N 15 • nps IIOAXB8Te HllPOM N 15 
ael!Tpoaa o6pa3y&TCH PBAH08K-

TIIBHOe S!ApO N 16 , KOTopoe HCnh!Th!BaeT ~ -pacnan c nepsonoM nonypacnana 7 cexyan. 

BalKHhiM csoiicTBOM aToro j3 - pacnana BBnBeTCSI BhiCOKBB (no 10 Mas) aaeprHB 

HCllYIII9HHblX 3ll9KTpOHOB, n03BOllRIDW8SI nerKO H308BRTbCSI 0T lj>OHH, C031l8B89MOro H3ny

'leHReM npyrsx panaoaKTHBHblX nponyxTos. PeracTpanHB N16 
paaee Ohlna scnollh3osaua 

118/ 
B paOOTe AilS! H3y'leHIISI llOAXB8T8 2-x aeliTpOHOB. 

KopoTxKll nepson nonypacnana N16 
TPe6yP.T pacnonolKeHHS! perscTpHpyiDmel! anna-

paTyphi aenocpencTnao y peaxnuoauol! xaMephl. KoscTpyKnH>l peaxnHOHaol! xaMepbl noxa3aaa 

H8 pHC. 1. ny'IOK BOHOB C llOMOWbiD KOllnHM8TOp8 H8np8BllS!llCR H8 TOHKYID MHIII&Hb, pac-

nonoJKeHJzyiD B neHTpe xaMephl • .llerexTophi ~ -pacnana N
16 

- CnHHTHnnR!lHOHBhle c'leT-

"HKH C opraHH'lecKHMH CUBHTHnnRTOp8MH-yCT8H8BnKB8llHCb 38 npenenaMH K8Mepbl. np~ 

llYKThl peaKnHii nepena'IH, oonanaR OOnhiiiHM npooeroM, npoXOAHn.H 'lepe3 OKOWKO K8Mepbl, 

3HKphiToe TOHKOII Mallnaposol! nneaxoll (15 MK) a ocenana HB nosepXHOCTb CnHHTHnnRTopos. 

I13Mepe1111SI MOlKHO OhUIO npOBOAHTb B yrnoBOM HHTepsane OT 15 AO 160°. nps nepecTaHOB

Ke MHIII9HH H3 ll9HTp8 K8M9pbl B Kpallaee nepenHee HllH 38ABee llOllOlKeHHe (BAOnh OCR 

ny'IKH) 3TH npenellbl MOlKHO p8CIIIHpHTb COOTB9TCTB8HHO AO 6 H 165°. 8HyTpb K8M9pbl 
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6wna scTasneaa TosxocTeasaa MeTanaqecKaR xopo6xa, H3onaposaaaaa oT xopnyca, -·ua

naiW.p <!>apaAea' - C OTBepCTHQM llllSI Dy'IKa H OIUfOM AllH BWileTa npouyKTOB peAIUlJ{JI. 

~weBb R3onaposanacb OT 3eMna a anexTpaqecKa coeuaaanacb c xopo6xoA. HHTeacasaocTb 

ny'IKa 83M9plUlaCb HHTerpaTOpOM TOKa. 

3aeprHIO 80808 MOlKSO 6binO M8SRTb C HOMODlb!O aniOMHHHeBbiX norllOTHTeneA, KOTQ

pbl8 ycTaaaBIUIBanacb nepeA xonnaMaTopoM. KaMepa c xonnHMaTopoM xpenanacb sa yrno-

MepSOM !<pyre uaaMeTpoM 70 eM; sa aTOM JKe xpyre pacnonaranacb ueTeKTOpbi npo-

AYKTOB peaxnaa. 

Hcnonb3osaaae BbiBOAa npoAyKTOB peaxnaa B3 xaMepbi noasonano cymecTaeaao coxpa

TBTb ee pa3Mepbi (xaMepa HMena naaMeTp 16 CM). Baewaee pacnonoJKeaae peracTpapyK>

meA annapaTypw ecTecTseaao o6nerqano pa6oTy c aeA. 

a) CxeMa H3Mepesaa yrnosoro pac.npeuenesaa 

Cxe..y H3MepeaaA yrnosoro pacnpenenesaa MoJKao saueTb sa pac. 1. Hcno11b30Ba

nacb ABa CUHHTHilllHUHOHHWX C'I8T'IHKa: HOUBBlKHbiil> C OOMODlbiO KOTOporo H3M8pHilCH Bb!XOA 

npouyxTos peaxnaa non ua&HWM yrnoM, a aenonBBlKHbiA, cnyJKaswaA MosaTopoM. 11Mnynh· 

Cbl OT {J -'laCTHU, nonaBWHX B CUHHTHilllRTOp1 nocne COOTB9TCTByiODlero YCH!leSHH H llBCKpH• 

M&sanaa nouasanacb aa 1 00-xasanb&biil speMeaaoA asana3aTop ( CM. 6nox-cxeMy sa pac.2). 

06wqso nponenypa H3MepeaaA cocToliJla s cnenyiOmeM. MaweKh o6nyqanacb s Te-

'lease 30 cexyaA - speMa, aa KOTopoe npaKTH'IeCKH uocTaranocb saCbimeaae, - 3aTeM 

CHHMallOCb BWCOKO'I8CTOTSoe sanpHJKeHHe sa uyaaTaX B OAHOBpeMeHHO BKiliO'IallaCb pera

CTpaUHH HMny11bCOB sa MOHHTOpe B C'leT'IBKe. 11Mny11bCW Ba MOHHTOpe perHCTpBpOBallHCb 

IUIWb B Te'leHHe nepBbiX A8CHTH CeKyHA, KOrAa pacnan aKTBBHOCTH HO'ITH U8IlHKOM onpe

nenaeTCH N 
16 

• nocne 06bi'IHOro pa3!lOlK98HH KpHBOil pacnana B HOABHlKHOM C'leTqaKe 
16 

BbiilelleHHaH aKTBBHOCTb N OTHOCH!laCb K aKTHBHOCTH, 3aperHCTpHpOBaHHOil MOHHTOpOM. 

TaKHM nyTeM nonyqanacb xpasaa yrnosoro pacnpeuenesaa N16 
B OTHOCHTenbSbiX enaaa

nax. npaMeHeHHe MOSHTOpa H03BOilHilO HCKil!O'IBTb BIUISIHHH Kone6asail HSTeSCHBHOCTH nyqxa 

so speMa o6nyqeaaa. 

11CTO'ISHKOM <jJosa B aaWBX H3 M9p8HHHX HBilSIIlOCb {J - H y -H3nyqesae p83IlH'IHbiX 

npouyKTOB peaKllllB ( sanpsMep, ocxonxos nenesa a), a TaKlKe y -s3ny'!esae OT pacnaua 
16 

HAep N , oceswax sayTpa peaxuaoasoA KaMepbi. Kax noxa3ana senocpencTseaao H3-

Mepeaaa, nocneAHBA HCTO'IHHK nasan noAasnHIOmyiO 'laCTb <jJosa. P acnau N 16 s 6ollb

wsscTse Clly'laes HA9T 88 BbiCOKOB036ylKA9HHW9 ypOBHH HAPS 0
16 

H COHpOB0lKU89TCH H3ny

qeaHeM y -KBBHTOB C 9Hepraeil 6onee 6 M3B. nna OC!la6neHHH <jJOH8 BOKpyr pa60'Iero 

C'I8T'IHKa 6bi!la ycTaHOBil&Ha CBHBUOBaJ! 3amBTa. BsyTpB KaMepbl nocne npOXOlKJl8HBJ! MHW9HB 
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rry'<OK ll0ll8!18n H8 rpa<jlHTOBbiJ! llHCK. 3xcnepHMeHTbl nOK8381IH, 'ITO C TO'IKH 3peHBII CHH

lKeHHII <jlOH8 3TO H8H60nee il011XOI1RIUHJ! M8TepHan. lla nee, nepe11 BXO!lllb! M OKOWKOM ilO!lBHlK

HOrO C'leT'IHKa 6hlna ycTaHonneHa noABHlKH851 csHHuosan 3811BHlKxa. Bo speMSI o6rry'<eHllSI 

OH8 ll011HIIM8n8Cb, OTKpbiB851 llOCTyn npO!lyKT8M peaKUHII K C'leT'IHKy; nocne OKOH'I8HH51 

o6ny'leHHSI onycxanach, ocna6mxSI y - Hany'leHHe, 1111ymee oT MHwenH H xaMepbi x C'<eT

'<Hxy • ilnSI TO'IHOrO y'leTa senH'IHHbl <jlOH8 nocne K8lKAOrO H3MepeHHSI BblX0118 N 
16 

nposo

llHnHCb <jlOHOBbie 113MepeHHSI C 0llYUI9HHOli 3811BHlKKOli. 06hi'IBO AnSI yrnOB, nelKBUIHX B paliOHe 

M8KCHMYM8 BbiXOI18, 6binO 110CT8TO'IHO 011110r0 UHKna o6ny'leBHH (a<l><l>eKT H <jloH), AnSI llPY-

HX yrnos, oco6eHHO c yMeHhweHHeM 3HeprHH N 15 , '<Hcno UHxnos ysena'IHBanocb 

110 2-3-x. 

6) A6con!OTHhie H3MepeHHSI 

C ilOMOU!b!O llO!lBHlKHOrO C'leT'IIIK8 H MOHHTOpa MOlKHO nony'IHTb KpHBble yrnOBbiX 

pacnpeAeneHHli B OTHOCHTenbHbiX eAHHHUBX. llnH nepeXOI18 K 11B<jl<jlepeHUH8nbHOMy Ce~eHH!O 

peaKUHB npOBO!lHnHCb a6COn!OTHbie B3MepeHHH ll011 yrnaMH, OTBe'la!OUIBMH MBKCHMYMY B yr

nosOM pacnpe11eneHHH N 16 
• 06ny'leHHe MHWeHB npO!lOnlKanOCh 60 cexyH!l, 'ITO COOTBeT-

CTByeT H8Cb!Ul9HB!O 8KTHBHOCTH N16 , JCOr!la 'IHcno o6paay!OUIHXCSI !!.llep N 16 paBHO 

'IHCny pacna!lBBWHXCSio 11HTerpaTOp TOKB C0911HHHnCH C speMeHHblM 8H8iiH38TOpOM AnSI 

y'<eTa H3MeHeHHSI BHT9HCHBHOCTH ny'IK8 BO Bp9MSI o6ny~eHHSio 

3<!><1>eKTHBHOCTb perHCTp8UHH f3 -'18CTHU AeTeKTOpOM onpeAengnaCb llBYMH <jlaKTOpaMH. 

nepBbiil H3 HHX, reoMeTpH'<ecxHll, yxaahxsan, xaxaSI qaCTh HcnymeHHhiX npH pacna11e N 
16 

f3 -'<aCTHU nona11ana B CUHHTHnnRTop. B HBWHX ycnoBHRX 011 cocTaBnHn 0,5. BTopolt <jlax

TOp 6hin CBSI38H C HBnH'IHeM B CXeMe perHCTp8UHH HMllyllbCOB nopora 11HCKpBMHH8UHB 0 

KOTOpbilt orcexan HMnynhChi, ecn11 BhiAeneHHaSI {3 -qaCTHUel! B CUHHTHnnHTOpe 3HeprHH 

6hxna MeHhwe 3 M9B, TeopeTH'IeCxHll pac'leT 3Toro <jlaxTopa 38TPY11HBTeneH, noaTOMY 

ero senH'IHHa 6bina onpe11eneHa sxcnepHMeHTanhHO nyTeM 9KCTpanonsmHH xpHsoi! BhiXO!la 

N 
16 

s aaBHCHMOCTH or nopora llHCKpHMHHBUHH x HyneBOMY nopory. 3xcnepHMeHTanhHhiM 

nyTeM 6hlnH H8lii19Hbl T8KlKe nonpaBJCH (- 10%) HB BKnB!l OT {3 -'IBCTHU, KOTOpbie) BbineTeB 

B CTOpOHY> npOTHBOllOnOlKHY!O CUIIHTBnnHTOpy, pacc e HBanHCb 118 CBHHUOBOII 3BUIHTe H CHOBB 

ITOfiBABnH B COHHTRnnRTOp. 

B) l13MepeHH9 <jlyHKUHH B036ylKll9HHII 

06hi'IHO nonHOe Ce'leHHe pe8KUHH u(E) nonyqaeTCSI npOCTbiM HHTerpHpOB8HHeM AH<jl<jlepeH

UHBnbHbiX Ce'leHHA no yrnaM. B f!BWIIX ycnOBIIHX TBKOli nyTb noTpe6osan 6bi 3HB'IIIT.ellb-

HOrO speMeHH pa60Tbl yCKOpHTenH H p8CX0118 UeHHOrO raaa, TBK KBK npH HH3KHX 9HeprHHX 

11n11 KBlK!lOrO yrna He06XOI111MO npOBO!lHTb HeCKOnbKO UHKnOB o6rry'leHHII. 
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Ehmo pemeao HcnOJib3oeaTb un >~ H3MepeHBSI ¢YHKUHH e036yJKneBKR perHCTpanHJO 3Hep

rH'IHbrx y -KBBHToe, HcnycKaeMbiX npH pacnaue N 
16 

• CxeMy MeToua MOlf<HO eaueTb aa 

pHc. 3. ToncTaR MHmeBb H3 eewecTea, ung KOToporo H3y'laeTcR peaKUBR nouxeaTa aei!Tpo

aa, nOMOIU89TCR H8 .llHO IlKIIHH.Ilp8 qJapaueR H o 6 ny'laeTCR HOH8MH N l5 • npouyKTbl peaKUHH 

- Mpa N 
16 

- B 38BHCKMOCTH OT 3HeprHH HOHOB ny'IK8 JIB60 UOIIHKOM OCT810TCR B MHlllOHB, 

IUI60 '18CTH'IHO nonaua!OT Ba BByTpeHHIOIO noaepXHOCTb UHIIHH.Ilp8 qJapaneR. J.icnb!Tb!B8R {3 -

pacnau, OHH HCnyCK810T lKOCTKBO y -KBBHTbl, KOTOpble MOlKHO perHCTpHpOBBTb C nOMOIUb!O 

N
15 

CUHHTHnnRUHOHHOrO C'IOT'IHKa. MeHRR 3HeprHJO HOHOB H H3MOpRR Bb!XO.Il Y -H31IY'I9-

HHR, Mbl nony'IHM 3HepreTH'IOCKYIO 38BHCHMOCTb Bb!XO.Il8 N 
16 

, H3 KOTOpoll ¢yHKUHSI B03-

MOlKOT 6hlTb paCC'IHTBHB .llB¢q,epeHUHpOB8HHOM BbiXO.Il8 no 3HeprHH. 

8 H8lllHX 3KCnepKMOHT8X Mhl H3MOpRIIH IIHlllb OTHOCHTOilbHbiii XO.Il 3HOpreTH'IOCKOII 

38BHCHMOCTH ce'leHBR. A6conJOTHaR npuaR3Ka nony'leHKbiX KPHBbiX uenanacb a Tex TO'IKax, 

.llllll KOTOpb!X BOIIB'IHH8 nOIIKOrO CO'IOHBSI 6b!ll8 paCC'IHT8H8 06bi'IHblM nyTOM - HHTOrpHpOB8-

HHOM .llH¢q,epeH!lB81lbKOrO CO'IOHHR. 

npB HCnOilb30B8HBB 3TOro MOTO.Il8 K006X O.IlBMO Y'IHTb!B8Tb H3MOKOHBO xapaKTepa yrno-

eoro pacnpeueneHBR N 16 
c 3HeprHell. npa M81lb!X 3HeprHSIX N 15 

'IBCTb Mep 6y-

.lleT B b!lleT8Tb non yrnaMB 60ilbWBMB 90° B 0CO.Il8Tb Ha CTOHKBX UHIIHK.Ilpa qJapaneSI. 8 3TOM 

cny'IBO reOMeTpB'19CKB9 yCIIOBBSI perBCTpaUHB - paCCTOSIHBO .llO CUHHTHIIIISITOpa - 6ynyT 

H9CKOilbKO M9HS!TbCSI. 8apB8UHIO reOMOTpHH MOlKHO KOMneHCBpOB8Tb, ecnB BBOCTH norllOTB-

TOilb nepeMeHHOJI TOIIIUHHbi, KOTOpb!ll 6yueT OCna61lS!Tb HHTOHCHBHOCTb 

OT y'laCTKOB, 6nuJKe pacnonolKeHKbiX K ueTeKTopy. 

y 

no cpaeaeHHJO c KpBCTannoM Na I OH MeHee 'IYBCTBBTeneH K y -KB8HT8M HH3KHX 3Hep-

rail. CnHHTHIIIIRTOp yCT8H8BIIHB81ICR H8 paCCTOSIKHH 18 CM OT OCH UBIIHH.Ilpa qJapaueR. ny'IOK 

Ha MlllllOHH IIMOII .llH8MOTp OKOIIO 10 MM, UHIIHH.Ilp8 qJapaueR - 40 MM npB JlllHKe 120 MM. 

11MnyllbCbl 0T .llOTOKTOpa nO.Il8B81IHCb H8 yCHIIIITOilb C .llHCKpHMHH8TOpOM H Jl81100 H8 ape

MOHHOJI 8HBIIH38TOp. 06ny'IOHHO MHlllOHH UpO.IlOillK8110Cb 60 COKYH.Il, UOCIIO '!OrO CHBM8110Cb 

HanplllKOHHO HB UY8HT8X H BKII10'18118Cb p e rHCTP8UHSI HMnyllbCOB C .llOTOKTOpa. J.iHTerpaTOp 

TOK8 Ha M HW9Hb 6blll C09.1lHHOH C BpOMOHHb!M 8H81IH38TOpOM UIISI Y'IOTB H3MOHOHBJI IIHTOH

CHBHOCTH ny'IK8 3 8 BpOMH o6ny'leHHR. J.i3MOHOHBO 3HeprHJI HOHOB .llOCTHrBIIOCb BBO.IlOHHOM 

a n JO MHHHOBbiX nornoTHTenei! nepeu KOIIIIBMaTopoM ny'IKa. YcTaHOBKa BylKHOro nornOTBTenR 

npOBOAHn8Cb .[1 HCT8HUHOHHO. 

r) 11 3 M e p e H H e 3 H e p r e T H " e c K o r o p a c n p e u e 11 e H H g N 
16 

npe >K .Qe BCerO cne,nyeT CK838Th, "'TO Mbl He paCC'llHTbiBBnH B bi.OenHTb B HBWHX H3Mepe-

HHSTX nepexouhl aa OT.IlOilbHbie ypoeau. Bbrcoxag nnoTHOCTb ypoaaei! a TSTlKOilbiX Mpax "' 

7 



TeM ae Meaee Mbl C'IHTallH noneaHbiM nony'IHTb o6my10 xapTHHY cnexTpa eoa6y>K.lleHHII TH-

>KenbiX ll.llep-MHllleHefl npa nepeaa'le H&llTPOHa • .Hapo N 
16 

HMeeT 4 cesaaHHbiX ypoeas, 

CHMbll! BBpXHHII H3 KOTOpb!X ne>KHT HB 390 KSB Bbllll9 OCHOBHOro. 8 H3BeCTHOI! CTeUBHB 

8TO Y.llOt5HO, THK KB.K DpH HB.lliBM paapellleHHH ypOBHH CnHB8.10TCSI1 H KHpTHH!\ CIT9KTp8. 

B KpynHOM M8.Cll1Tat5e JlOn>KHB. 0Tp8.>K8.Tb B036y>KaeHHe ll.llpB.-MHlliBHB. 

16 
11aMepeaue aaepreTH'Iecxoro pacnpeaeneHHSI N npoeoaanoc& cneayJOmHM o6pa30M 

(CM. pHC. 4). TOHKHll (0,6 Mr/cM
2

) anJOMHHHBBbll! C60pHHK ll.llap N16 
noMemanCSI noa 

onpeaeneHHblM yrnoM aa aexOTopoM paccTOSIHHH OT peaKnHOHHoi! xaMepbi. Bo epeMSI o6ny

'leHHSI B HBM OCe)lanH Sl)lpa N 16 , HCXOaHBSI SHeprHSI KOTOpblX ne>Kana B HBXOTOpOM 8Hep

reTH'I9CKOM HHTepeane. nocne OKOU'IBHHSI ot5nyqeHHSI C60pHHK nepeHOCHnCSI K CUHHTHnnSI-

UHOHHOMY C'IBT'IHKY anSI H3MepeHHSI BKTHBHOCTH Nl6 • noMBWBSI C60pHBK HB pa3nH'IHbl9 

paCCTOSIHHSI OT KBM9pb!1 MO>KHO 6blnO TBKBM o6pa30M H3MapBTb pacnpe)leneBBe ll)lep 
Nl6 

no npo6eraM. 3TOMY pacnpeaeneHBJO coOTeeTCTeoean onpeaeneaHbiii :;,aepreTH'Iecxal! cnexTp, 

KOTOpbli! MO>KBO 6binO Hftl!TH H3 COOTHOlliBHKSI npo6er-aaeprHSI. I13MepeHBB.II Ha C60pHHKB 

B.KTHBHOCTb HOpMHpOBB.nBCb no COOTBeTCTBYJOIUHM OTC'IBTBM HB MOHHTOpe. 6binH npBB.IITbl 

Mepbl ITpOTHB HCKH>KaHBII, KOTOpb!e MOrna BB9CTB B B3MepeHB.II JlBijlljly3Hil HTOMOB N
16 

OCTHHOBHB!UHXCSI B B03ayxe: nepea C60pHHKOM 6hlna UOMB!UBBB. TOHXB.Il (9 MK) Mal!napoeall 

ljlon&ra, a nocne c6opHBxa - MBTannaqecxaSI nnacTHHKa. lllapaHB. npoMe>KyTxa Ma>KJlY Malt

napoeolt ljlon&rolt H MeTanna'lecxolt nnacTHRxolt cocTaensna 3 MM. 

npa paCCMOTpeHHH 3BepreTH'I9CKOrO cneKTpa N 16 aeo6xO.llHMO y'lBTb!BBTb :;,aepre-

TB'IaCKHit pa36poc, KOTOpblli BHOCHnB HaO)lROpO.llROCTb MH!UBRB, MaltnapOBBII nneHXa, B03ayx. 

Haat5onee xoppexTHO a TOT paa6poc MO>KHO y'leCTb, cpaeaaeas cneKTpbl N 16 H ynpyro 

15 
pacce!lHBblX BOHOB N , THK KHK nocne)lHBB UpOXO.llllT 'lBp93 T9 >Ke CHMblB nornOTHTena. 

3aepreTH'IeCKBII paa6poc ny'IXa N15 onpe.ll&nllnCSI C ITOMOlllbiO ITOJiynpOBO.llllllKOB<>-

ro aeTaKTOpa, XOTOpb!lt yCTHBHBnHBHnCSI UO.ll TBJ\.< >KB yrnoM, "'TO B CUBHTHnnSIUHOHHblll C'IBT-

'IRK B nono>KeBHH, coOTBeTcTByJOmeM npo6ery N16 

raa 6hlnH a -'IHCTBllbl TOBKOrO HCTO'IHHKH Th C' 

• Kana6poeo'IHblM HCTO'IHHKOM :;,aep

~ameHh ycTaaaenaeanacb noa Ta-

KBM yrnoM K ny'IKy, 'IT06bi HOpMan& K ee noe~pXBOCTII 6hlna 6accexTpacolt yrna, noa xOTo-

pbiM npoeoaanocb B3Mepeaae. B :i>TOM cny"'ae paa6poc B aaeprBII, Bbl3BHHHbiii TeM, 'ITO 

ru:tpa 
N 16 

06paayeTCSI B MHWBHB HH pa3nH'IHOII rny6BHB, 6y.lleT MHHBMBnbHblM. 

3aeprHSI N 
16 

onpe.llenSinacb cne)lyJO!IlBM o6pa30M. nonynpoBO)lHBKOBblli JlBTBKTOp 

ycTaaaB1!HBancSI B n03B.llHJO naxa B pacnpe.lleneaBH N 16 no npot5eraM. B aToll noaauHH 

H3MepSIMCb 3HeprHSI N 
15 

nyTeM cpaBHBHBSI c a -cneKTPOM Th c, . nanee, no rpa-

ljlaxy :;,aeprBSI-npo6er anSI B03.llyxa onpeaenSJJiacb eenB'IBHa npo6era NlS , OTBe'laJOmaH 

3Tolt aaepraa. TaKBM o6pa30M Mbl nonyqana paaaauy B npo6erax N 15 
H N

16 • 3HaH 

BCXO.lllfYlO aaeprHJO NlS B pa3HB.lly B npo6erax 060BX 'IBCTHU, MO>KHO 6blno HHiiTH 

pa3BBUY ax aaepralt no xpHBblM npo6er-aaeprBH. 
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no KHH9M8TH"'ecKHM ljlopM)'118M MO>KHO nO)lC"!HT8Tb 3HeprHIO 060HX '18CTHil )l11B CIIY'l8H 

ynpyroro pacceSIHBSI N 
15 

a cnyqaSI nepe.!l&'<H uel!Tpoaa H3 ocuoBaoro cocTOSIHHSI Mpa 

MHIII9HH B OCHOBHOe COCTOSIHHe N l6 , CpaBH9HHe 3THX B911H"!HH )l89T H8M CB9Jl9HHSI 0 

B036y>K)l9HHH S!Jlp8-MHIII9HH, 

CnenyeT 3aMeTHTb, 'ITO MeTOJl cpaaHeHHSI npoeieroB N 15 H ll03B011SI9T no-

BonhHO TO"!HO onpenenHTb p83HHllY B 9HeprBH 060HX '18CTHll, 8 3T8 p83HBll8 I8K p83 fi 

BXOilHT B p8C'leT 3HeprHH B036y>Kn9HHSI, npa 3TOM HeTO"!HOCTb B OnpeneneHHH HCXOilHOJ! 

9HeprHH N15 
C11&60 CK83b!B89TCB H8 TO'IHOCTH OnpeneneBBSI 3HeprBH B036Y>Kil9HJISI, 

TaK, onm6Ka B 

0,2 M3B. 

M3B B HCXOnHOJ! 3HeprBH ll89T norpeliiHOCTb B 9HeprHH B036y>K)l9HHSI 

III.PeaynbT8Tbt 

no)lXB8T uel!TpOH8 S!JlpOM 
15 

N HCC1191l0B8J!CSI H8 '19TbtpeX TSIJK911b!X H30TOnax 

Ta 181 Au 197 Th232 u238 • 11MeSI B BRAY B nam.ael!meM conOCT8BHTb 

llOAXBBT OT)l91IJ.HbiX HyK110HOB C nOnXB8TOM Hyi110HHb!X 8CCOllB8UHJ!, HHTepeCBO 6b!110 HCC11e

ll0B8Tb 3TH p981CllHH H8 Mpax, HCnb!Tb!B8.10l!1HX a -pacna)l. llanee CpenH Bb!6paBHb!X H3Q

TOnOB 6b!1l o nBa 6na3KHX H30Tona Ti81 
a Au 197 , onau aa xOTopb!X o6nanan cam.ao 

ne¢opMHpOB8HHb!M Sl)lpOM, npyrol! - c¢epH"!eciCHM. 3TO )l8B8110 B03MO>KHOCTb nony'IHTb 

B9KOTOpy!O HH¢OpM8JlHIO 0 TOM, IC&IC B11HSieT ne¢opM8JlHSI SlliP8 H8 nepenaqy H9l!TpOH8, 

YrnoBoe pacnpeAeneH.Be A11H xaJKAoro H30Tona 6bmo H3Mepeao npH ABYX 3Ha'leHHSIX 

3HeprHH HOHOB N 15 - 102 H 93 M9B, npa 6onee llli3KHX 9BeprHSIX 3H8'1HT91lbHO n8A811 

Bb!XO)l H B03p8CT8118 A011SI ¢oRa. 3JCCilepHM9HT81lbHb!9 TO'IKH CBHM81ll1Cb '19p93 5° npB yrno

BOJ! WHpHHe BXOABOrO OKOWICB )l9T91CTOp8 5°, 

Ha pac. 5 noxaaaua THnH'IHBH KpBBaH pacnaAa axTHBBOCTH B nollBHJKBOM C'leT'IHKe 

( KpHB8SI 1 ) , H3 ICOTOpol! BB)lHO, 'ITO 7 -CeJCyHJlB8H 8.<THBHOCTb0 npHH8)l119JK8l!18SI paCil8JlY 

N
16 

, Bolll911SieTCSI JlOC'i'8TO'IBO H8Jl9>KBO, <l>oB B M81CCHM)'M9 Bb!XO)l8 COCT8BnRII 4-5% 

OT 3¢4>eKT8, 

lla¢¢epeHilH81lbBb!e C9'19HHH pe8)(UJIJI B CHCTeMe Jl9HTp8 M8CC np9)lCT8B119Hbl H8 p11c,6, 

npa nepeXO)le B CHCTeM)' ll9HTp8 M8CC y'IBTb!BBnHCb Jl8HIIbl9 ll11H 

Bbte H3 saepreTH'Iecxoro cneK.Tpa. 

Q peaK.UBH, aal!)lea-

!13-38 IOB9'1HOJ! T01lllll1Hbl MHW9Hll 3KCnepllM9HT81lbHO H861l!O)l89Mbte yr110Bbte p8Cnpe

)l9119HHSI HecK01lbiCO OTJIJI'I810TCSI OT Tex, ICOTOpble ll01ly'18nHCb 6bt ll11SI 6eCKOB9'1BO TOHitOJ! 

MHW9HH, 3TOT 34>¢eiT MOJKHO p8CC"!HT8Tb0 ecna pa36HTb MHW9Bb H8 AOCT8TO'IHO TOHKHe 

Y'<aCTJtH a 38TeM npOCyMMHpOB8Tb BK11AA OT K8>K)lOrO H3 BHX, C y'leTOM 3HepreTH'Ie-



CKOll 38BHCiiMOCTH Ce'leHHSI, Pe3yllbT8Tbl T8KHX p8C'I9TOB npeJtCT8Bil9Hbl B TBOITHile .1, rne 

BMecTe c aKcnepHMeHTarrbHbiMH nonyu!HpHHBMH KpHBblX yrnoaoro pacnpeneneBH!I npHaeneabl 

nonywHpHHbl Jlll!l 0'19Hb TOBKHX MHD!eHel\, YruHpeBHeM KpHBOfi 38 C'leT KOB9'1BOro yrnoaoro 

pa3peweBIISI A9T9KTOp8 MO~IIO npeHef5pe'lb 0 T8K K8K ORO MBOro MeKbrue OAHOrO rpanyca, 

3aepreTH'IecKa!l 3aBHCHMOCTb nonHbiX a<jl<jleKTHBBbiX ce'leHHll peaKnHH oblna llOny'leBa 

16 
AH<jl<jlepea!lHpoaaaHeM KpHBbiX Bbrxona y -KBBHTOB N OT aHeprHH no aaeprxu. Ha puc.7 

npeJtCT8Bil9Bbl 3KCnepHM9HT8nbHble KpHBbl9 BblXOJl8 B OTBOCHTellbHblX 9t:IRHHII&X,. nocKOnbKY 

npH o!Sny'leHHH T~ellb!X H.llep MHOroaapHJlBblMH HOBBMH 00p83Ye'TCH 60IIblll09 'IHCITO OCKOJI-

KOB, HCnycKaJOmHX y -KBBHTbl p83JTH'IHOll 3BeprHH, nopor JlHCKpHMHHBllHH ycHJTHTellH yCTBHB

BilHBBJTCSI BbiCOKHM, Ha pHC, 5 npHBeJteHB THllH'IBBSI KpHBBSI pacnana BKTHBHOCTH (ll) , llQ-

nyqeBHaSI npH oony'leHHH Ta ROHBMR N 15 • nonOnRHTenbRblM KOHTponeM An!l RJteHTH-

16 12 
<jJHK8llHR N ObinH onbiTbl no oony'leHRIO MRmeael! HOH8MH c . B 3TOM cnyqae oopa-

15 
3YIOTC!I nO'ITH Te ~e OCKOnKH, 'ITO H npH oonyqeHHR N , B BepOSITBOCTb of5pa30B8BHSI 

~ 4 
N 38 C'leT ll0t:IXBBT8 H Mana. J.i3 cpaBHeHRSI KPHBblX pacnana n R III MO~BO 

BRJl9Tb 1 'ITO 7-ceKyHAHBSI 8KTHBBOCTb npR of5ny'leBHH MHWeBell HOBBMH 

N16 

N15 npHHBJtne~T 

Pacc'IHTaHHbie nonHbie Ce'leHHSJ peaK!lHR nonxaaTa ael!TpoRa npeAcTaanaRbi 11a p11c.8. 

naaHbl9 0 TOpM03HOJI CnOCOOHOCTX B9Ill9CTBa MHW9Rell, HCnOJlh30BaHHble B paC'IE!'I'aX, 

/9/ 
oblnH B3!1Tbl H3 pa60T • 

B !lenSIX oonee yno6Horo cpaBR9BR.II IpRBblX, OTIIOCSII!lHXC!I [[ p83nB'IHblM R30TOnaM, 

ce'leRHSJ peBKaRll nocTpoellbi a 3aBHCHMOCTR OT aena'IHHbl E - E +Q/2 
CM CB 

, r.a.e ECB-

Bb!COT8 IynOHOBCKOrO !Sapbepa B CHCTeMe ll911Tp8 HRep!lHH, a Q - 3HeprOBb!Jt9neHHe peai

IlHH, 

Dn!l TRlK9nblX B30TOnOB npH TeX 3ReprHSIX0 KOTOpble JtaeT 150 CM lllllWOTpOH, MOlKRO 

nOJlii!ITbCR H8 20-30 M3B Bbllll9 IynOHOBCKoro !Sapbepa. npeJtCTBBn!leT RBTepec llOCMOTpeTb, 

K8K aenyT ceoR <jlyHKIIHH B03!5ylKJl9BHR npH !Sonee Bb!COKHX 3ReprHSIX. c aTOll ll91Ibl0 OblnH 

AOnonBHTellhHO npoaeAeHbl H3MepeHHR <jlyHKllHll aoaoy~AeHRR aa Cu R Rh OI<aaanocb, 

'ITO B 3HepreTH'I9CKOM RBTepaane, nnst KOTOporo ObinH CJl9nHRhl R3MepeBBSI HB TR~enb!X 

H30TOnax, HX noBeJteHRe nOAOOHO, C AHIIbHelllliHM yaenH'I9HReM 9HeprRR poeT C9'19BHSI 

38M9AilSieTC!I H npR 3HeprRH BB 40 M3B BblW9 6apbepa u(E) CTHHOBHTCR npaKTR'I9CKH 

fiOCTOSIHHbiM. 

3aepreTH'Ie<xHll cneKTP N 
16 

CHHMBnC!I nnst ABYX 3BB'I9BRJ! 3HeprHH ROBOB 
N 15 

non yrnaMH, coOTaeTcTayJOmHMH MBKCHMYMAMR a JtH<jl<jlepeauaallhHblX ce'leHRSIX. Ha puc. 9 

cnenaao conocTaaneaae aHepreTR"leCIHX cneKTpoa N 
15 

R N 16 • nepab!ll cne.ITp HBBe-

ceH nyHKTHpOM, &Topol!- cnnoruaoll Itpaaoll. Ooa cneKTpa pacnonoJKeab! Ta.IRM o!Spa30M, 

'ITO!Sbl ooner'IRTb HX Cp8BHeRRe, Hyllh HB HRJKRell WK81l9 COOTBeTCTByeT M8KCRW)'M8M 

KpHBblX, 

10 

-



B TaflnH!le II cnenaao conocTasneaae aaepraA , nOity'<9HHblX llBYMSl nyTSlMB: 

a) p8C'I:9TOM no KHH9M8TH'I:9CKHM ~OpMyn8M B rrpennonO*BHHH, 'ITO HeATpOH nepeXOilHT 83 

OCHOBHOrO CoCT05!HB5! 5lllpa MBlllBHH B OCHOBHOe COCTO!lHHe N 
16 

B IS) 3KCnepBM9HT8nb-

HO - nyTeM cpasaeaag npol5eros N 
15 

H N 
16 

• Cpasseaae nposonanocb no n03HllH5!M 

MBKCHMyMOB. Ha naHHbiX pac. 9 a Ta6nanb! II 

15y*neHH5! Mpa MHlllBHH npa nepena'<e aeATpoaa. 

MO*HO Cll9n8Tb BblBOil 0 9HeprHH B03-

IV • 06CY*IleHHe nony'<eHHbiX peaynbTaTOB 

PaccMOTpeaae nony'<eHBb!X naaBb!X nnH yrnoBbiX pacrrpenene!IHA B s~~KTBBIIbiX ceqe

·HBA pe8K!lHA ll89T XBp8KTepayiO nng OllHOayKnOHHblX nep81l8'< K8pTHHy: npOilYKT peBK!lHB Bbl-

neTaeT B Cp8BHHT8nbHO Y3KOM HHTepsane yrnoB, OTB8'1:810ll!HX K8C8T8nbHOMy CTOnKHOBBHHIO 

llBYX 5lll9p; Ce'l:e!IHe peaK!lBH MOHOTOHHO B03p8CT88T C 3HepraeA, ITp05!BnH5! npH 60nbmHX 

saeprastx TeHileH!lHIO x aacbill!aHHIO. KaK aasecTao, 9TH oco6eaaocTH peaxnaa aaxonSIT 

ecTeCTBeHHoe o6o5!CHBHHe B KpaesoM xapaxTepe nponecca. 

Yrnosoe pacrrpenenesae N16 conep*KT npe*ne scero KH~OpMa!lHIO o reoMeTpBH 

ol5nacTH, B xOTopoA npoacxonaT s~~exTHBHBSl nepena'<a aeATpoaa. Hcnonbayg Knaccaqecxae 

np91lCTaBneHB5! 0 llBH~eBBB HOHOB no Tp88KTOpB5!M B KynoBOBCKOM none !tllp8 MHlll9HH, 

MO*IIO p8CC'I:BT8Tb paCCTO!lHHe HBB60ITblll8rO Cfl11H*BHH5! llBYX CTanKHB810ll!HXC5! !tllep R 

B WHpHay 06nACTH nepena~ ~R • 015b!'I:HO npBHHTO nepByiO H3 9TBX BenH'I:BII R Bb!pa-

*aTb 'l:epea r 0 H MaCCb! CTBllXHBBIOll!BXCSl gnep A
1 

H A
2 

cornacao ~opMyne 

R • r (A 113 +A 113 } • Pacc'I:HTaHBbie TaxHM ol5paaoM aaa'<eHBSl r nna scex 4-x sneMeH· 
0 I 2 0 

TOB npaseneabl B Ta15nane 1. KsaBTOBo-Mexaaa'<eCKHa aaanH3b! yrnOBb!X pacnpeneneaBII nng 
/20..22/ 

peBK!lHII OllHOIIYKnOHIIb!X nap81l8'< 6b!11H BbliTOilii8Hbl B T90p8TH'l8CKHX pa60T8X • 

Pa60Ta
1201 

npencTasnSleT co6oll rrpHMeHeHHe onTH'lecxoA MOil811H 5lllp8 K npHMb!M 

peBKilKJrM C TSllKenblMH HOHBMH. flap8M8Tpb! OITTH'1:8CKOrO nOTeH!lHBna B ~OpMe CaxCOHB

Byna non6Hp810TCH UO llBKRb!M ynpyroro paCC8HHH5! THlK8nb!X HOIIOB H 38T8M HCnOnb3yiOTCH 

nnH paC'leTa onaoayxnoHIIb!X nepena'l. PaooMOTpeaae seneTCH B xsaaaynpyroM npa6nHJKe-

HHH. BepOSlTIIOCTb nepeAa'lB aeATposa nonaraeTCSl nponopnuoaanbi!OA ~KTopy 
-aR 

e 

rna a - napaMeTp, 38BHCSI!IlHA OT aHeprHH CBR3H HeliTpOHa, 8 R - paCCTO!lHHB H8HM8Hb

lll9rO c6naJKaHHH oTanKHBBIOlllHXcst Map. B paMKax aToro MeTana 4>.rapeeBbiM (Jia6opaTo

pHR TeopeTH'lecxoll ~H3HKH OH.H¥1) .!Sb!nB BbmonaeBbl pao'leTbl yrnosoro pacnpeneneHHR 

N 
16 

nng Ta 11 Au OHH nana xopolllee cornacae c axcnepaMeHTOM B npencxaaa-

HHB nonOlKBHitSI nHKOB (paCXOlKA9HH8 He npeBbllll89T 2-x rpaAyCOB) H ~OpMbl KpHBblX. 

Bb!nH nony'laHbi ABHHb!e o BKnane B peaK!lHIO napnaanbHb!X sana c paanH'lHbiM yrnOBbiM 

MOMeBToM. Ecna nocTpoHTb aasacHMOCTb aMnnaTyn nepena'lH OT f , TO nonyll!HpHBa 
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nony~eHHOA KpHBOA B CJlY'I89 MllKCHMilnhHOA aseprBH BOHOB COCTilBJlBeT aecsTb eaHHHn. 

/21/ 
B pa60Te pac'!eT yrnoshlX pacnpe~:~eneasA caenaa sa ocaose npeacTasneHHs 

o xpaesoM xapaxTepe peaxuaA nepeAil'IH. nap11M9Tp8MB TeOpBB HBJlmoTCH mHpHH8 HilKe-

Til napnBilnbBb!X BOllH - fl f , KOTOpb!e aaiOT OCHOBBOA BKnaa B peaxnnro, H 3H8'!eHKe yr-

noaoro MOMeHTa ~ 
0 

, OTBe'lll<Oillee H8H60Jlee aljxJ>eKTHBHOMY K8C8TenbHOMY CTOJlKHOB8-

unro. Pac'leThl caenaabl s Asyx npe~:~nonoJKeBHBX OTHOCHTeJlbso aasHCHMOCTH seporrraocn 

nepeaa~H OT f : rayccosoM n axcnosesnnaJlbHOM. B pa60Te nonyqeabr csoero po~:~a 

•yHHsepcanbsble • xpssble yrnosh!X pacnpeneneBHA, KOTOpble noasonmoT oneBHTb mwpaay 

H8K9T8 fl f , ecnH H3 3KCnepHM9HT8 H3B9CTHO H0110JK9BH9 M8JtCBMYM8 H nonymBpHH8 

JtpasoA. Cpasaeuse nonyqeBHhlX BllMH aasHblx nns yrnosoro pacnpeaenemur N 
16 

c *yaa-

sepcaJlbBbrMH• KpHBb!MH H03B011HeT, B<r-nepBblX , CaenaTb Bb!60p M9lKAY rayCCOBblM H 

axcnoaesnsallhHhlM pacnpeaeneBBeM s non&ay nepsoro; s<r-sTOpbrx, oneRBTb nonymepnay 

naxeTa llf • Osa OJta3hlsaeTCSI passoA 10 elUIHHnaM. TaJtBM o6pa3oM, o6e TeopeTH'Ie-

cxse patiOTbl aaiOT cornacosaasble asa~esns !l f • 3TOMY M coOTseTcTsyeT reoueT-
/22/ 

pnqecJtaR nonymnpnaa o6nacTH oxono nosepxBOCTH snpa 1,2 ljlepMH. B pa60Te peaxusn 

nepella'IB paCCMaTpBBBIOTCB B pBMKaX ns<jlpaKllBOBHOA MOlleJlH C KOBe'IHOA WHpHHOA DOB9pXHQ

CTBOA o6nacTH snpa-MHmeHH. AsTopaMn nonyqeso asanHTB'IecJtoe Bb!p&JKeHHe nns nu<jlcjle

peanaan&soro ce'!eRHH pea~tnnu. ConocTasneaue TeopeTH'Iecxnx KpBBhlX c axcnepsMeHTaJlb

RhlMH aaHHbiMH no nepena'le syKnosa naeT xopomee cornacse. B 'laCTHOCTR, asanHa peax-
r 97 14 /28/ 

nsu cph!sa seATpoRa npH o6ny'lesss Au uosaux N MOJKeT tib!Tb scnon&-
I97 

Au , TllK KaK yrnosbre 30B8H H llJlH HalllRX pe3ynbTaTOB no DOllXBaTy aeATpOHa RB 
16 

pacnpeneneBHSI N 13 B N 0'19Bb 6JlH3KB. nns HapaMeTpa r B STOM Cny'lae B 
/ 22/ 0 

pa60Te 6hlna nonyqeaa senH'IHHa 1,62 ljlepMB, =o cosnanaeT c HalliBMH naBHhlMH. 

Ha axcnepBMeHTOB no paccesHil!O 5biCTp1>1X anexTposos nasecTBb! nanshre o pacnpe-
197 181 

aeneanH nnOTBOCTB ayxnosos ana Au a Ta • B cssan c aTHM naTepecso 

paccMOTpeTb npocTpaHCTseaaoe pacnonoJKease CTanxnsaromnxcs aaep s MOMeHT aas6onee 

sepoHTaoA nepena'IH seATpoaa. Ec11H saepnoe saasMoaeAcTsHe npH nepeaaqe aeATp oaa se 

MenseT 3aM9THblM 06pa30M Tp89KTOpHH '18CTHUbi , TO B MOMeHT HaH60n& lllero C6JlHJKeHHH 

Raep npOHCXOllBT nepeKpb!TBe o5nacTeA, rae HllOTHOCTb RaepsoA MaTepHH COCT8BHT 1- 2% 

OT nnOTHOCTH B nesTpe. N\OJKBO CK838Tb, 'ITO npB nepeaa'le neATpOBa Rapa K8C810TCH 

CBOHMH • aTMOC<jlepaMH* • 

KaK yJKe yxaahlaanocb so ssenenns, ony6nsJtosaaab!A MaTepBan no onaoayxnoHHbrM 

nepena'laM s o6nacTH THJKenhrX aaep s ecbMa orpaHB'IeH. Mbr Mo:>KeM cpasuBTb aa!llB naa

Hh!e no yrnosoMy pacnpeneneanro nalllb c nasahlMH pa60Tb/
281

, B KOTopol! uccneaosanacb 

peaKUBH cpbiBa seJ!TpoHa (N14 -+N13) sa aonOTe. Cpasaeaae npa sxsusaneHTHbrx aHepraax 

noxaah!saeT, 'ITO yrnoshle pacnpeneneHna o6oax peaxnuA O'leBb 6JlB3KB. Bunauo, s o6oux 

CHyq8HX peBKllHH DpOHCXOllHT B OllHOA H TOA lK9 06JlBCTB DOsepXBOCTH Rapa. 

12 



"' /8,14/ ~ , ... , 
B pauOTax npa aay'leHHH nepena'IH aenTpoaa xpoMe peaep~opnoBcxoro naxa 

H86n!OA8nCH T8KlKB DHK DOA eyneM rpanyCOB. 3TOT DHK CBH38H C BOnHOBb!MH CBOJlCTB8MH 

THlKanhiX HOHOB H msnReTCR peaynbT8TOM HHTep<jJepeHUHH B nepeAHBM HanpaBneHHH napURanb

Rb!X BOnK, A8IOU!RX BKnan B peaKURIO. KaK 6blnO DOK838HO B 
121 1

, BBnR'IRH8 DHK8 CH/IbHO 

38BRCHT OT 'IRCna napUR8/IbHb!X BOnH, yqaCTBYIOU!RX B HHTep<jJepaHURH. B H8WHX 3KCnepH

M9RT8X Mbl He CMOr11H o6HapylKHTb 38MBTHOrO nepenaero DRK8. PaC'IBTbi, KOTOpb!B MOlKHO 

120-221 
npOBBCTH Ba OCHOB8HHH TeopeTH'IeCKHX pa60T > HCXOAH H3 H8WHX A8HHbiX AnR yrnOBO-

ro pacnpeneneaHH N
16

, naiOT nnH nepenaero naxa BenH'IHHY B aecxonbKO npoueHTOB OT pe-

3ep<jJOp.I10!1CKOrO M8KCHMYM8. 

llonHb!B C9'19HHH .110CTHr8!0T BenB'lHHbl 10-20 MHnnH6apH npR 3HeprHHX 

py!OI!lBX aoaoB aa 20-30 MSB Bhiwe KynoaoBcxoro 6apbepa. 

Ceqeaae peaJtnaA pacTeT BMeCTe c saeprOBblneneHKeM Q , npH'IaM paaHBua B ceqe-

HBSIX nnH ABYX H30TODOB C p83Hb!M Q 6onbwe B palloae xynoaoBcxoro 6apbepa. Cneny-

E1T OTMEITHTio, 'ITO H3MepeHHH a (E) nnH BCBX 'lBTb!pex sneMeHTOB 6blnH BbinQnHBHbl 

B OAHOM 9KCnapHMBHTa, D09TOMY OTHOWBHHB CB'IBHRll nepenaeTCR .110BonhHO TO'IHO. 

Ha naHBb!X no yrnoBOMY pacnpenenea&IO N 16 
MOlKHO oneHHTb nnomaAb o6nacT& 

OKQnO DOBepXHOCTH RApa, B!fYTpH KOTOpOII DpORCXOAHT pe8KUHH. nnH H8WIIX sneMeHTOB 

sTa nnomaAb cocTasnHeT lx10-
24 

cM
2

• CpaBBHBaH sTy BenH'IHHY c s<l><!>exTHBHb!M ceqe-

HHBM pa8KUIIH, Mbl BRAHM, 'ITO BBpORTHOCTb D0.11XB8T8 ReliTpOB8 npB DOBepXHOCTHOM CTOn

KHOBBHBH gnpa N 
15 

, o6nanaiOmero saepraell 6-7 MSB aa eyxnoa, c TSllKenbiM MPOM co

CTaBnHEIT BenH'lBifY - 1%. Kax noxaahiBaeT xapaxTep .pyaxnall B036ylKneHHSl aa Rh a cu
1 

C yBen&'lelllleM 9HeprBH N 1S CB'IaBHe peaKUBH H8 TSllKBnblX H30TOD8X MOlKBT B03p8CTH 

B 3-4 paaa. !13-38 CKYAHOCTB ony15nBKOB8HHbiX A8HHb!X, OTHOCHU!HXCSl It TOMY lKB K pa3-

Hb!M ofiny'laiOI!lBM 'la=anaM a saeprHHM, conocTaBneaae s<l><l>exTBBHhiX ceqeaaA ae noaBo

nsreT noKa cnenaTb K81tBx-na6o o6max Bb!BOAOB. B pa6oTe
1231 

nnSl cpbiBa ael!Tpoaa npa 

B38HMonellcTBBB N14 c Au
197 

npa saepraa 100 MSB 6hinO nonyqeao ceqeaae- 10-
26

cM
2

, 

'ITO AOBO/IbHO finB3KO It H8WHM A8BHbiM, XOTH 3T8 6nH30CTb MOlKBT HMBTb B 'IHCTO cnyqaJ!

Hb!l! X8p8KTep, DOCKO/IbKY !18HHbiB OTHOCRTCSl K paanH'IHb!M peaKUHSlM. 8 pa60Te/!
7

/ AnSI 

208 16 12 
DOAXB8T8 HaATpOH8 H3 Pb MPOM 0 H C Ce'leHHB 6binO B3Mepeao nHWb AnSI OAHOA 

saepraa 10,5 MSB aa ayKnoa. BenB'IBHa ceqeaHSl B MaKCHMyMe cocTaBana 100 MBICTepan, 

liTO B HBCKonhKO pa3 npaBbiW8EIT H3BBCTHb!B Ca'IBHHSI. ABTOpbl pa60Tb! C8MH DOA'IBpKHB8!0T 

H90lKH.I18HHOCTb 3TOrO pe3y/IbT8T8, HMBSI B BRAy, 'ITO Hel!TpOH DOAXB8Tb!B8BTCSI H3 >Ulp8 C 

aaMKHYTb!MH o6onO'IK8MH. B pa60Te
1141 

nn" nonxeaTa aeliTpoHa aa Au 197 
SIDPOM 

Ar 
40 

6hmO nony'leHo ceqeaae 18 MB npa saepraa 4,5 MSB aa ayxnoa. 

Ha pac. B H B Tal5nane n npHBBABHbl A8HHbiB, KOTOpb!B xapaxTepaayiOT saepreTH-

qecKBII cneKTp N 
16 

- Ha STBX naHHhiX MOlKHO cnenaTb BalKHbiA BhiBOA o TOM, 'ITO nepe-

IS 



16 
)111'!8 K8liTJlOR8 OT TSVKenoro K30TOIT8 B N He COI!pOBOlK)188TCSI 38M8THbiM B036ylKJ18-

HK8M SIJ1p8-MKW8HB. npaana, npB M8KCBM8JlbKblX sHeprHSIX N 15 
aa6monaeTCSI R8KOTo

poe pa3nB'!II8 B <j>opMe Oi50KX KpHBbiX, KOTOpoe MOlKeT roeopHTb 0 B0315ylKJ1eRKII SIJ1p8-MIIW&-

HK, onaaKo nonsr STKX cny'!aea cpaBHHT&nbao aeaenKKa. Ham11 naaahle canbHO OTnH'!8IDTCSI 

OT saepreTH'!ecKoro cneKTpa N13 , nony'!eaaoro a peaKnHK cpbraa ael!TpOHa np11 o15ny

'!&HKK 30nOTa KOK&MB N14 /23/ B aTOM cny'!ae wKpaaa nKKa AOCTarana 15 Mas (Ansr 

ENI4 • 83 Mae), np11'!8M M8KCHMyM Bb!X0)18 npKXO)lKnCB 88 SHeprHID B036ylKJ18HIISI Sl)lpa

MBW&HH OKQnO 4-X MSB, 3TO pa3nH'!He MOlKHO UOfihlT8TbCB o61>BCRKTb cne)lyiDWKM o6p8<i!OM; 

HApo 3onoTa o6naAaeT 60JlbmBM '!HCnOM B036ylKJ1eHHblX ypoaael!:, !IpB'!&M nnOTHOCTb ax 

paCTeT C 9Hepraell B036YlKJ18HBB, C B036ylK)1eHB8M paCTeT T8KlK8 npOTSilK&HHOCTb 9KCnOH8H

llH&nbHblX XBOCTOB pa)1H8nbHOll '!8CTH BQnHOBhlX <j>yHKUHll. 06a 9TH <j>aKTOpa 15naronpHRTCTBy

IOT nepexony ael!Tpoaa aa eoo6ylKAeHHhle ypoaax. Onaa:rr:o ecTb <j>aKTop, KOTOpbrll nelicTeyeT 

B npOTaaononolKHOM aanpaBileHII1l - Q peaKnBB. Eopb6a sTBX nayx TGHAeHAHll, no-BHAH-

123/ 13 
Mouy, a npHBOAHT x aal5niDA&&Moll a pa60Te KAPTKKe aaepreTII'!ecKoro cnexTJla N 

n6 
B aame M cnyqae >~Apo N :rr:poMe ocaoaaoro COCTOSIHHSI KMeeT nawb TpH CBB3&HHhrx 

B036ylKJ19HRblX ypOBRSI C aHeprBBMH B036ylKJ18RHS10 nelK&IUHMB 111llK8 0,4 M3B, nepeXO)lbl H8 

6onee BbiCOKK8 ypOBHB !IpBBO)lsrT K 9MBCCKB HeliTpOHa. 

/17/ 
HHTepecao OTMeTRTb, '!TO B pa60Te aa6niDnanacb nono6HaB :rr:apTKHa. npa o6ny'!e-

208 16 17 
HHH Pb HOH8MH 0 C saepraell 10,5 MeB/HyKnOH aaepreTII'!ecKBll CIT9KTp 0 COOT-

BeTCTBOBan nep&XOJlY aeliTpOH8 H3 OCHOBHorO COCTOBRIISI B)lp8-MHW9HII B OCHOBH09 COCTOSI-

17 
HH9 0 • no-BKllBMOMy, B p&8Kil11H nep&Jlii'!B HeliTJlOH8 TS!lKenoe BJ1PO OT)llleT HaB6onee 

cna6o CBSI38HHhle HeliTpOHb!. CKOpOCTb )1BHlK8KHSI BOHOB B MOMeHT CTomtHOBeKBB C TSIJK&nblM 

SIJlpOM MHOrO M9HbWe CKopOCTH )lBHlK&HBB HyKnOHOB B BJlpe, n09TOuy B036YlKJ18HB8 OJ1Ho

'!8CTII'!Hb!X ypOBH&ll 38TJlYllH&HO - CBTY81lBR CX0)1HAR C ycno BBBMB BOHB38llHB B 8TOMHblX 

CTOnKROB8HBSIX. 

3TH coo6paJK&HBSI cornacyiDTCSI c peaynbTaTaua SKCnepaueHTOB no aeynpyrouy 

/17 24-26/ 
paCC8BRB10 TBJKenblX BOHOB ' • 3TH 9KCnepBM8HTbl ITOK83b!B810T, '!TO npB HeynpyrOM 

paCCeBRHB TBlKenhiX HOHOB B0315ylKJ1810TCB ypOBRB KOliJI&KTHBROll npBpOJlb!. 

B CBSI3K c noaepXHOCTRb!M xapaKTGpOM nonxaaTa ael!Tpoaa BHTepecao nocMOTpeTb, 

KaK npoBBnsteTCSI a peaKlliiB aec<jlepB'!HOCTb SIJlpa-uaweaa. CpeAB o6ny'!aemaxcg aaOTonos 

~7 1M 
Au nO'!TK c<j>epK'!ec:rr:oe Sll1PO Ta CBnhRO ne<j>opuapoaaao. Ecna 6 br noAxsaT 

Hel!TJlOK.a 113 Ta npoxon11n npeauymeCTBeHBo a TO'!K&X noaepxBOCTK SIJlpa, aaa6onee 

ynaneHBblX OT neHTpa ( 118 KOHA8X BbiTSIRyTOrO ennanCOHJ18), M8KCHMYM B yrnOBOM pacnpe-

)leneHHH N16 
cMecTuncB 6hr nnsr Ta

181 
a cTopouy MeHbwax yrnoa a r coOTseTCTBeH-

o 
ao yaenH'!Bncsr. PaC'!eThi noKa3hiBaJOT, '!TO aaMeHeHHSI a aenH'!HHe r COCT8BHnB 6bi 

0· 
- 16%. HecKOJlbKO MeHbwero K3MeaeaKsr nonoJKeaBSI MaKCHMyMa H c npyrau 3Ha:rr:ou MOJKao 

14 
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flhll!O fihl O)I{RA8Tb B cnyqae, KOrAa ll0AXB8T men !Shl npeHMYill9CTB9HHO H3 '3KB8TOpB4llb-

BoA' ofinacTH snnancoaAa ( r 
0 

H3MeHBTCR aa 8%). ConocTasneaae B Tafinane 

HBA AliSI 3onOTa H T8HT8ll8 llOX83hiB8eT, 'ITO pa3HHU8 MelKAY HHMH MHOrO M9Hhl119 H <!>aXTH

qecxB nelKBT a npeAenax norpernaocTB B3MepeaaA. 

llonycTBM Tenep&, 'ITO np11 nepeAaqe ael!Tpoaa ace TO'IXH noaepXHOCTH Ta sxsa-

aaneHTHhl. !13-38 H3MeH9HHS! BbiCOTbl xynOHOBCKOrO 6aphepa yrllbl OTKllOHeHHSI N 16 AliSI 

UC8TeJIJ:.HbiX CTOnKHOBeHliA B paAose "nonlOCOB" H " sKBBTOpa" 0Kll3biB8lOTCSI pa3nHttHbiMH. 

B pe3yn&TaTe yrnoaoe pacnpeAeneHHe Nr 6 
6yAeT cynepno3anaeA pacnpeAeneaaA c ae

cxon&xo pa3naqaiOIIlHMHCR nO.'IolKeHHRMII M8KCHMyMa. HeTpyaao Bllll9Th, 'ITO aTo npaaeaeT 

x ysenaqeBBIO nonyrnapBHbi xpaaoA. YacneHBbie pacqeTbl ABIOT yaenaqeaxe nonyrnapBHbi 

xpaaoA yrnosoro pacnpeAeneaBR llll!l Ta 181 no cpasaeHBIO c Au 
197 

npaMepao aa ABa 

rpaAyca. Ha puc. 10 npaaeAeHo cpasaeaae xpHBhiX yrnosoro pacnpeAeneHH!I All!! o6o11x 

B30Tonos. B nenJIX yAo!ScTaa cpaaaeHHR KPBBbie aopMaposaHbl x OAHHaitoBhiM 3Ha'IeHHHM 

B MHCHM:fM9. 1\\0lKBO BBAeTh, 'ITO ofie KpHBbl9 np8KTII'I9CKB COBll8ll810T. no Kpaliael! Mepe 

pa3naqae MG"'AY ax nonymapaaaMH MeBhrne OAaoro rpaAyca. 

npeBt.<yUieCTB9BB8Si nepeAaqa H9liTpOH8 83 palioaa 'nol!IOC8' BnH '3XB8TOpa' CK83a-

s palloae xynoaoacxoro 6ap&epa. B 

nepsoM cnyqae B3-3a noHH"'eHB!I xynoaoscxoro 6aphepa xpaaasr aa Ta cnaAana 6hi c 

aaepraeA !Sonee nnaaao, qeM aa Au ; BQ-BTOpOM H8!SliiOA8li8Ch 6hi npOTBBOllOliO)I{H8SI 

xapTHHa. Kax BBABO H3 puc. 8, <I>YHX11Hll aoa6ylKAeHB!I anSI Ta B Au 

Ha OCBOB8HHH BCero CK838HHOrO MOlKHO, BHllHMO, CA8ll8Th Cll9liYIOillHe Bb!SO!lbl! 

nep&ll8'I8 aeATpOH& B cnyqae Ta 181 He 11Me9T npeHt.<yllleCTBeHHOli KORUeHTpanRII 

HH s paAoae caMhiX !SOllhmRX ('noniOCa'), ax a palloae caMhiX MallhiX ('sxaaTop') 3Baqe

HIIA paaayca. He npoxoaxT. BHJIBMO, B npeAnonolKeHBe o6 3KBHBaneaTHOCTH acex TO'Iex 

noaepXROCTH !lAPS Ta
181 

a OTBOmeaaa nepeaaqx aeATpoaa. 

113 saepreTH'Iecxoro pacnpeJieneHRR nepeaaiOTCR 

aaa6onee cnafio CBll38BBbi9 aeATpOBbi, 3anOliH!IIOillHe aepxaae yposaa B !lAP& MHmeaa. 

noaTOM:f OTB9T H8 BOnpOC 0 BliBJUIRH <!>opMbi !1Ap8 Ba rtapaMeTpbl pe8KilRR nepenaqa 

H9ATpOH8 Be06XOilRMO, BHAHMO, HCK8Th B paCCMOTp9HBH BOnHOBbiX <I>YHKilHII Clla!So CBSI38H

Hb!X H911TpOHOB. 

CqaTaeM csoaM npHHTHhiM aonroM npaaeCTH rny6oxy10 6naroaapaoCTh qneay-xoppecnoaaeHTY 

AH CCCP r.H. <l>nepoay 3a UOCTOSIHHbiA HHTepec K pa60Te H IlGHBble 38M9'I8HH!I BO Bp9M!I 

JIHCXyCCRA. 

15 



Mbi 6n8I"'Oll8PHM onep8TOpoa UHKnOTpoaa Y -150 H PYKOBOAHTenSI rpynnhi :3KCnny8T8-

UHH UHKnoTpOH8 E .38rep8 38 o6ecne'leaae xopowell p860Tbi UHKnOTpona, n86op8HTOB 

H . Ape¢beaa a A.3onr.aaa 38 noMomb a npoaeueaaa H3Mepeaall, MexaaaKa A.nanbKOB8 

38 Y'I8CTHe a H3I"'OTOBneHHB 8Un8p8Typbi • 

.Qns1 H8C 6binH IlOJie3HbiMH AHCKyCCHH C COTPYAHHKBMH TeopeTH'IeCKOll na6opaTOpHH 

OH51H E.KaJIHHKHHbiM, fl. fp860BCKHM, <P. f8peeBbiM, KOTOpbiM Mbl npHHOCHM CBOIO 6na-

1"'01l8PHOCTb. 

16 
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-CXl 

-CD 

Ta15nana .N.1 

.[laaHble no nonywapaae yrnOBbiX paenpeAenellHll (e y-qeTOM TonlllHBbi MameRK) H Bbl'I:Heneaahle aaa'leHHH r 

3neMeHT 

181 
73 Ta 

79 
Au 197 

Th232 
90 

u238 
92 

T01IIIIHB8 
MHWellH 

2 
~ /eM 

8,8 ~/eM 
2 

6,1 mg/eM 
2 

6,6 ~/eM 
2 

1,65 ~ /eM 
2 

3aepraa N 
16 

E (N15 
119\S 

) • 102 Msa E 
6 

(N 15 ) - 93 MSB '., a 

nonywapaaa nonpaaxa fiOJiylllBPHBB nonymapaaa nonpaaxa nonymap, 
az:enepaM, Ha T0111Il, AJISI TOflltOll axenepaM, Ha Tomn. AJISI TOR- 102 M3B 

MBlll8RH MBlll8RH MHmeRH KOll 

-------- ·-··· --- ~-----

19,5° -2,8° 17° 21° 
-2,5° 

18,5° 

19,5° -2,3° 17° 20,5° -2,3° 18,2° 

20° -2,8° 17,2° 21,5° -2,8° 18,7° 

18° -10 17° 19° -10 18° 

.N. 11 

S.KenepHM8HT8JibHO H3M8p8HBASI H Bbl'I:HeneHBAH B np&AfiOJIO~eHHH fiOAXBATA 
.11eliTpoaa 15ea aoa!Sy~Aeaaa sr.apa-MBmeBH 

1,60;!:_0,04 

1,57;!:_0,04 

1,60;!:.0,04 

1,57;!:_0,03 

3neMeBT 
To111Ilaaa E 

na6 
(N 15 ) -98,7 M9B E l5 • (EN 15)- 89,5 M9B na • 

MBW8HH 

gxenepaMeaT, pae'leTBAH 9ItenepHM8HT, pae'leTHAB 

Ta 181 2,54 mg / eM 
2 

88,5 88 M9B 78 75,2 M9B MIIB Ill liB 
73 

197 
1,52 mg /eM

2 
A a 85,5 M3B 85,4 M8B 75 M9B 75,2 MIIB 

79 
Th 232 1,44 m&leM 

2 
85,7 88 M9B 75 78 M8B MSB M3B 

90 

-----

93 M3B 

1,65;!:.0,04 

1,60 ;!:_0,04 

1,63;!:_0,03 

1,57;!:_0,04 

- ----



Pnc. 1. 

LE 

/l 

YcTpoAcTao peaxnaoaaoa xaMepbt B cxeMa annapaTypbt npa 

B3MepeBBliX yrboaor o pacnpeaeneBBS! N 
16 

• 
1. Kopnyc KaMepbt. 2. Kphlwxa xaMepbt, 3. UHnHBilP <l>apaae!!. 
4. l13on~op. 5. neplKBT81!b MHWeHH. 6. MarneBb. 7. H3on!ITOP 
MRweaa. 8 . MaAnapoaa!l nneaxa . I • PealtlliiOHHBH xaMepa. 
II • KonnBMHTOp. m . YrnoMepBbtA Kpyr. IV • no,llBHlKHhlA 

cqeTqHK. V • HenoaaHJKRbtA cqeT'IHK-MOHRTop. VI • YcTpoA
CTBO ,lllUI H3M&H&HH<I 3HeprHH N 15 • vn . CBHJillOBa<I 3BDIBTB. 

20 

• 

PHC, 2. 

2 6 2 

? 

5 
4 

Bnox-cxeMa aneKTpOHBOA annapaTyphl. 
1. npeaycHnBTenn. 2. Y cBnBTenB. 3. nHcKpHMBBBTOphl. 4, BpeM&HHOA 
aHanH38TOp C'I&T'I~KB, 5, nepecqeTBOe yCTpOACTBO. 
6, 11HTerpaTop Toxa. 7. BpeMeHHOA aaana3aTop HBTerpaTopa. 

21 



5 

_9_ 

_jQ_ 

P11c, 3, CxeMa H3MepeHHil ¢YHKUHH s oa6ylK.li9HH!I, 

I, PeaKUH OHHB!I KBMepa. 2, UnnHH.liP <l>apaue11, 3. MnllleHb, 4, l13on>JTop. 

5. KonnHMBTOp. 6. nHcK c amOMHHH9Bb!MH nornoTHT9USIMH, 7. nepeua'la . 

8, MoTop, 9, CUHHTHllll!ITOp, 10, <1>3Y, II. nnrnoTHT9llb {3 - 'IACTHU, 

12. nornOTHT9llb y -KB8HTOB, 13. CBIIHUOB8!1 38WHT8, 

22 



2 

PHc. 4. CxeMa H3Mepeaall aaepreTHqecKoro cnexTpa N 
16 

I. KaMepa, 2, KonnHMaTop. 3. YrnoMepHbrll xpyr, 
4. OollBH>KHblll c6opHHK, 5. MOTop. 6, 4i3Y. 7, JlHHeliKa, 
8. nnaCTHHB-OCHOBBHHe, 9. CBHHUOBBH 38UlHT8, 10. PaMJI:a 
c6opHHxa, 11. AntoMHHHeBbrll c6opHHK, 12. MallnapoaaH 
ljlom.ra (9 MIC), 13. KonnHMSTOp N16 • 14. nnaCTHHKa-
nornOTHTem.. 

23 
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Puc. 5. Kpaabre pacnaaa IIXTHBHOCTK s aeTexTopax. 
I • Au + N 15 noaBKJKKblll C"'eT'IKX. 

IS 
II • Ta + N 60Jibwoll cnKKTKnmrrop. 

Ill 
12 

Ta +C 6ollbwol! cnHKTKnnsrrop, 

24 

.::tru; 
o> 

.I ~0 3,0 

;~ ['Ji-] 
25 Ru 197•N 15 Ta 111

• N
15 

e:; 

' -

ZIJ 

~ 
tp 

'·" n 1,5 

1,0 1.0 
10' ill 

- qs i J _l H I I. f \'i - _ro~ 
2D l 40 60 IKJ 100 e ... 1 21) YO eo, /10 100 e.,. 

I 
I 

-· 

SiJ 
~~[~] 

tn • '" j \ 0 '" 

SiJ 

'IP (\ 4p 

I 
Jp Jp 

10' -
---. :1 ... AJ )j_l~ t: 

2D YO eo 110 100 ~-~ 2D 40 eo 110 100 e"" 
_.___:___ 

--
HO 120 Pac. 6. na<W>epeKUKIIlibKoe ce"'eKHe peaXItKK UOJIXB8T8 ael!TpOBII Hll MKWeBSIX 

tsec 181 197 232 238 
Ta , Au , Th K U • i.f3Mepeaa" caemtabr an" 

3Bepi"KII N 15 102 B 93 M3B, 

25 
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16 
Puc. 7. KPHBhle Bbtxona N 

Ta 181 • Au 197 • Th232 

I I 
!1D 100 

Eoto& [ ,....,] 

npa o6nyqeauu 

u 238 

aoHaMH N 15 • Kpuabte naabt a OTROCHTenbHbiX 

9JlHHHJl8X H CJlBHHyTbl OTHOCHT9nbll0 Jlpyr npyra. 

26 
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-" o 2.. 4 6 a 10 te flf 16 t8 20 22 z11 2.6 u .JO 

Puc. 8. 3<j>q>ei<THBHbte ceqeHHSI peai<JlHH nonxaaTa Hel!Tpoua ua Ta 181, 

n232 a u 238 

27 

E"' - Ece+ G(2 

197 
Au 



E "'"""' • 8~.:! Mev 

i,O 

0.& 

Q6 

0,\ 

a a 

,., .. 
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Qt 

~ ... -z 0 • ' - ~ -· 
_, -z 0 • 4 ,._ .. 

1.0 

Q& 

Q6 

Q; 

0,2 

H<• 

16 
Puc . 9. 3Hepr eTH'Jec xue c nexTpbi N (cnnomHa!l Kpasag) a y npyro 

p acce!IHHoro N 15 (nyHKTHpHa!l xpHsag). CnexTpbJ HOpMaposaHhl 
H8 OAHO 3H8'19HHe B M8JtCHMYM9. 

28 

15 

10 

5 

P11c. 

""' deS 
de 

-40° -eoo 0 20° 

16 
10. CpasHeHne yrnosbJX pacnpeaeneHHA N 

181 197 15 
o6ny'JeHHH T a H Au HOHaMB N 

102 M9B B J1CK. 

29 

o-Ru 
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t,oo 

, nony'lellBblx npa 

c aHeprHeA 


