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YlccneAoaaTenH smepHbiX caolkTB MaTepHH a nocneAHHe t'OAbi 6onb

woe BHHMaHHe yAens~T cnoco6aM nony~eHHH smep, aaXOARmHXCH AaneKo 

OT nonOCbl CTa6HnbHOCTHo HeKOTOpbie npeACTaBneHHH 0 TOM, H8CKOnbKO Aa

neKO fA8nOCb npOABHHyTbCH OT nHHHH CTa6HnbHOCTH H K8KOBhl npHHUHUHanb

Hbie B03MOlKHOCTH AanbHeAwero CHHTe3a H30TOUOB 1 A8eT pHC. 1. Ha 9TOM 

pHCyHKe npeACTaBneaa KapTa H3BeCTHbiX H30TOUOB. l..J:epHbie TO~KH COOT-
16 . 

aeTCTBY~T cTa6HnbHbiM smpaM ( T y, ~ 10 · neT). Cnnowaas nHHHH orpa-

HH~HBaeT o6naCTH H3Be.CTHhlX H30TOnOB 1 CHHTe3HpOB8HHhlX B pa3nH~HbiX 

SIAepHbiX peaKUHHX. nyaKTHpHOA nHHHeA UOK838Hbl 4JopManbHble t'paHHUbl 

CT86HnbHOCTH (Bn=O,Bp=O), nony~eHHbie nyTeM TeopeTH~eCKHX 

9KCTpanonHUHA. BHAHO, ~TO ~HCnO H3BeCTHbiX H30TOUOB AaneKO He non

HOCTb~ HC~epUbiBaeT npHHUHUHanbHbie B03MOlKHOCTH CHHTe3a. EcTeCTBeHHO, 

~TO no Mepe YAaneHHH OT o6naCTH CTa6HnbHOCTH BpeMH lKH3HH H30TOUOB 

6yAeT 6biCTpO yMeHbW8TbCH. TeM He MeHee TpyAHOCTH B HCCneAOB8HHH 

9THX .S!Aep CBH38Hbl He CTOnbKO CO CnOJKHOCTb~ HX HAeHTH4JHK8UHH H H3y-
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~eHHB CBOACTB (cospeM9HH8B 9KCnepHMeHT8nbHSB TeXHHKS o6naAS9T 60Jih

ll!HMH B03MOlKHOCTBMH llO 9KCnpeCCHOCTH BhiAeJieHHB H CKOpOCTH pei"HCTpa

UHH), CKOJlbKO C OrpaHH~eHHOCTh~ CSMHX M9TOAOB CHHTe38 ASJ19KHX OT 

o6naCTH CTa6HJibHOCTH H30TOllOB. 

C ApyroA CTOpOHhi, ~HCJIO BAepHbiX peaKuHA ~pe3Bhi~8HHO seJIHKO, 

H ~aCTO AJIB KOHKP9THOI"O BApa MOlKHO YK838Th MHOI"O B03MOlKHhiX cnoco-

6oB ero nony~eHHB. floApo6Hhifi aHaJIH3 paanH~HhiX cnoco6os nony~eHHB 

gefiTp0HOH36hiTO~HhiX H HQHTpOHOA9QJHUHTHhlX H30TOllOB 6hiJI npoBeAeH B 

6 
/1,2,3,4/ 

pa oTax 

Ha OCHOB8HHH 9THX pa60T, a T8KlK9 ApyrHX JlHTepaTypHbiX ASHHhiX 

MOlKHO npoaeCTH CpaBH9HH9 llpHM9HHMOCTH T9X HJIH HHhiX HAepHbiX peaKUHH 

AJIH C HHT938 H30TOllOB pa3JIH~HhiX aJieMeHTOBo 

B o6naCTH HAep C Z < 25 HaH6onee a!jJ¢JeKTHBHhiM MeTOAOM CHHT938 

H30TOTIOB SIBJI!ii~TC!il peSKUHH CJIHSIHHB C JIQI"KHMH ~aCTHUSMH THU8 (p, XD) ,a,xn). 

3TOT THll peaKUHH HM9eT OTHOCHT9JlhHO 6oJihlllH9 Ce~eHH!il H pBA npeHMY

ll!QCTB, CB!ii38HHhiX C npOCTOTOA HAeHTH¢JHK8UHH nony~eHHhlX H30TOll0Bo BBH

AY TOI"O, ~TO B036ylKA9HH9 HApS CHHMaeTCB,B OCHOBHOM, nocpeACTBOM 

BbiJ19T8 HeATpOHOB, 9TH peaKUHH OK83biB8~TC!il B9ChM8 yA06HhiMH AJISI TIOJiy

~eHHB H9HTpOHOA9¢JHUHTHhiX H30TOTIOB. 0AH8KO c. A8JlhH9Hll!HM pOCTOM Z 

AJIB llOJiy~eHH!il H30TOTIOB C 60JihlllHM Ae¢JHUHTOM HefiTpOHOB npeATIO~THT9Jlh

Hee peaKUHH C T!i!lK9JlblMH HOHSMH, HAYWH9 TSKlKe ~epe3 COCT8BH09 !i!ApO. 

B aTOM Cny ~ae MOlKHO nony~aTh H30TOTI!.>I, OTCTO!illl!He, HallpHMep B 06JiaC-

Z /5/ 
TH = 65-85 HS 20-25 M8CCOBbiX 9AHHHU OT CTa6HJihHOI"O !i!Apa 

~ 

0AHaKo c pocToM aaeprHH H Macchi 6oM6apAHpy~wero HOHa ce~eHHe 

o6pa30B8HH!il COCT8BHOI"O HAPS 38M9THO YM9Hhlll89TC!i! H3-38 KOHKypeHUHH 

CO CTOpOHhl np!i!MhiX peaKUHH, ~TO SIBJI!i!9TC!il onpeAeJieHHhiM orpaHH~9HH9M 

B A8JlhH9Hlll9M npOABHlK9HHH B CTOpOHy HefiTpOHOA9¢lHUHTHblX BAep. B 06-

Jl8CTH T!i!lK9JlbiX BAep C Z > 75 C npoueCCOM HCllapeHH!il H9HTpOHOB H8'!H-

HaeT CHJihHO KOHKypHpOB8Th A9Jl9HH9, H 9TO llpHBOAHT K pe3KOMY yMeHbllle-

HH~ ce~9HHB. 
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CHHT93 HeATpOHOH36biTO'IHhlX H30TOUOB, OTCTOSIIIIHX .IXSJ19KO OT o6nac

TH cTa6HJI&HOCTH, ·oxaahlsaeTCH 6onee TPYilHb!M. B o6naCTH nerKHX H.!Xep 

Z m 25-30) H8H60JI99 a4KjleXTHBHbiM MeTO,C(OM HBJIH~TCH (p,2p) -peSKURR 

H peaKUHH CKSJibiBSHHH ( sp aJI ati OD) .. I136hiTOX HeATpOHOB 3,C(eC& 

JIHeT 5-7 MaCCOBbiX e.IXHHHU. 

COCT8B-

06naCTb H.!Xep C Z .. 35 .IXO Z '" 55 COOTB9TCTByeT OCKOnK8M .!Xe-

235 
U T9UJI0Bb1MH HeATpOH8MH, H H3B9CTH09 UpO.IXBHlK9HH9 B CTOpOHy JI9HHSI 

HeATpOHOH36hiTO'IHhiX H30TOllOB B YX838HHOA 06JI8CTH H.!Xep o6yCJIOBJieHO HC-

UOnb30B8HHeM 3TOA peaKUHH. 113-38 60.IIbll!OI"O C9'19HHSI .IX9JI9HHH 
286 U 

T9UJIOBhiMH HeATpOH8MH MOlKHO nony'I8Tb H30TOUbl C H36hiTKOM HeATpOHOB 

llO 15 MaccosbiX ellHHHU. B o6nacTH -lKe Z > 65 seposrTHOCT& o6paaosaHHSI 

OCKOJIKOB p93KO YM9H&W89TCH ( I"p8HHil8 M8CCOBOI"O pacnp91l9JI9HR.11), B 

CBH3H C '19M e.IXHHCTB9HHhiMH CUOC068MH nony'I9HH.II HeATpOHOH35biTO'IHhiX 

H30TOUOB HBJISIJIHCb .IXO UOCJI9,C(H9I"O speMeHH ( p,2p)- peaKUHH H .IX9JI9HR9 

238 
U 6biCTpbiMH npOTOH8MH, XOT!il H8H60nbWee C9'19HHe UOCJI9.1XHeA 

pe8KUHH H HaH60JibW8SI MSCCOBS.II JlHCU9pCHH H30TOUOB COOTB9TCTBy~T .!XH8-

U830HY 45 < Z < 65, O.IXH8K0 0 KSK 6binO UOK838HO BhiWe, B STOll o6JI8CTH 

Z H9ATpOHOH36hiTO'IHbl9 H.!XP8 C 60JI&WOA sepOHTHOCTb~ nony'la~TC.II B 

peaKUHH ,C(9JleHH.II T.lllKQJihiX H.!Xep TQUJIOBbiMH H9ATpOH8MHo flpH Z >60 C9'19-

HH9 ,C(QJIQHH.II H M8CCOB8 !il AHCUepCH .II (p, f)- peSKUHH U8Jl89T • 3 TO npHBO-

JlHT K TOMY, 1fTO ylKe npH Z "'65 M8KCHM8JlbH09 npO.IXBHlK9HH9 B CTOPOHY 

H9ATpOHHOI"O H36hiTK8 COCT8BJIH9T scero 7-10 e)lHHHilo A ,C(JISI Z > 75 HeA

TpOHOH36biTO'IHhle H.IXP8 MOlKHO nony'ISTb TOnbKO B peaKUH.IIX CK8JibiB8HHSJ, 

eCJIH He C'IHT8Tb pe8KUHA ,C(9JleHHH, 0 KOTOpbiX pe'lb noA.!XeT HHlK9o l136b!TOK 

H9ATpOHOB npH 9TOM COCT8BJI.119T BCQI"O 5-6 MSCCOBb!X 9Jl11HHU. 

PaCCMOTpHM Te.nepb C TO'IKH 3peHHSI B-03MOlKHOCTH nony'leHH.II H9ATpO

HOA91jlHUIITHbiX H H9ATpOHOH36biTO'IHbiX H30TOUOB pe8KUHH 06MeHHOI"O THU8. 

0'19BH.IXHO, 'ITO HCUOJib30B8HHe Jl9I"KHX '18CTHU He ,C(89T 60JI&WHX B03MOlKHOC

T9A .!XJlH CHHTe38 H30TOUOB, .IXSJIQXHX OT JIHHHH CTa6HnbHOCTH, C UOMOWb~ 
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TBKHX peaxualt, T.x. nacnepcHH nponyxToB no aapsny 8 Macce onpenenseT-

CH KOnB'IeCTBOM H)'KnOHOB, y'laCTBYIOIIlBX B peaKUHH, KOTOpOe B naHHOM 

cny'lae· Mano • .llns TSDKenbiX HOHOB nonolKeH&e cymecTBeHHO MeHHeTCH, 

T.K. npB B3aHMOneitCTBBH nayx CnOlKHbiX Hnep B03MOlKeH o6MeH 60llbWHM 

xoMnnexcoM JIYKnoaoe. SxcnepaMeHTaru:.ao ycTaaoeneao, 'ITO ylKe c ycxo-
llll 

peHHbiMH HOHaMB Ne Ce'leHHH peaKUHit MHOroByKnOHHbiX nepena'l ( ne-

pena'la HnH CpblB 10-15 H)'KnOHOB)oxa3biB810TCH nocTaTO'IHO SbiCOKHMH, 

0nH8KO C TO'IKH 3peHHH nony'laeHHH naneKHX OT nRHHH CTa6HnbHOCTH H30-

TOnOS HHTepec npencTa&nHeT He nonHaH MaCCOBaH nacnepCHH, a COOTHOWe

HHe npOTOHOS H HeitTpOHOB S nepenaaaeMOM KOMUnexce JIYKnOHOS, CpasHe

HHe 9KCnepHMeHT8llbHbiX naHHbiX no 9THM peaKUHHM C npyrHMH MeTonaMH 

CHHTeaa HeitTpOHonecjlHUHTHbiX B HeitTpOHOH36biTO'IHbiX H30TOnos noKa3biSaeT, 

'ITO peaKUHH MHOrOHyKnOHHbiX nepena'l non neitCTSHeM ycxopeHHblX 'laCTHU 

c Maccolt A < 41 He HSnHIOTCH KOHKypeHTOCnOC06HbiMHo 

Kax 6bmo noxaaaHo shlwe, anpa c 6oru:.waM H36biTKOM HeitTpoaos 

MOlKHO nony'laTb s peaxuasx neneHHH. YlKe nepsbie onbiTbl no aay'leHHIO 

MaccOBbiX H aapsnosbiX pacnpeneneHalt ocxonxos npa neneHBH aaG U Ten-

nOSbiMH HeitTpOH&MH noxaaanH, 'ITO 9T8 pe&KUHH ¥OlKeT 6biTb ycneWHO HC

UOllb30S8H8 ana CHHTe3a HeitTpOHOH3(ibiTO'IHbiX H30Tonos, PeaKUHH &MeeT 

6onbWOe Ce'leHHe, HaH60nee sepOHTHaH MaCCB OCKOnKOS COOTSeTCTByeT 

HeitTpOHOH36biTO'IHOMY H30TODy, H nHCnepCHH no MBCCe OTHOCHTenbHO HaH-

6onee sepoBTHoro aHa'leHHH oxaablsaeTCH nocTaTO'IH? 6oru:.wolt, EcTecTseH

Ho, 'ITO neneHHe MOlKeT 6b1Tb HCnOllb30SaHO nnH CHHTE)3a H30TOnos S 06-

naCTH Mace snep, orpaHH'IeHHOit MaccosbiM pacnpeneneHHeM ocxonxos (npa-

Mepao oT A • 75 no A • 155). 

SToT nHanaaoH Mace npaxTa:~~ecxa coxpaHHeTcS! npa neneHHH npyrax 

snep TennOSbiMH HeitTpOHaMH 1 T,K, S Ka'leCTSe MaTep&ana MHWeJIH MOryT 

6b1Tb Sb16paHbl n&Wb aneMeHTbl OT ypaHa no xanacjlopHHH. Ysena'leHae aHep-

rHa soa6ylKneHHH nena~erocs snpa s peaxuaa c neATpoH&MH a a -'lac-
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THUaMH He naeT 3aMeTHOrO BbiHrpbiWa KBK S nonHOM MBCCOSOM pacnpene

neHHH, Tax H s aapsnosolt nacnepCHH ocxonxos neneHHH. 

Onaaxo npa neneHHH CHnbHOsoa6ylKneaHbiX snep c Z/A
2 

>40 1 KaK 
16 7 I 

·noxaaaHo B pa6oTax ' , Maccosoe pacnpeneneHHe ocxonxos neneHHH 

CYIIleCTBeHHO paCWHpHeTCH H MBCCOSaH nHcnepCHH OKa3biSaeTCH 3Ha'IHTenb

HO 6onbwelt, 'leM STO HMeeT MeCTO S o6naCTH 55>Z> 35. npa neneHHH 

S036ylKneHHOrO Hapa 
278

110 (nony'leHHOrO S peaKUHH CnHHHHH HOHOS 
40 

k C HapOM 
288 

U ) MOlKHO C OTHOCHTellbHO 60llbWHM Ce'leHHeM, 
/8/ 

xax 6b1no noxaaaHo s pa6oTe , nony'laTb B xa'lecTse ocxonxos nene-

HHH TaKHe THlKenble snpa, KaK aCTaTHH H nonOHHit, KOTOpble COOTSeTCTSy

IOT aCHMMeTpH'IHOMy neneHHIO C OTHOWeHHeM Mace OCKonKOS A
1
/A

2
• 3,5-4, 

B o6weM sane ce'leHHe o6paaosaHHH naHHoro H3oTona s xa'lecTse 

ocxonxa neneHHH MOlKeT 6biTb npenCTasneao xax 

X 

a(A, ,Z 1 )=2a 0 .P(A;)W(Z,-ZP(A; ))V xn(E~ ) 1 ~1 
r nl 

(1) 
r 

3necb a c - ce'leHHe o6paaosaHHSI cocTasaoro snpa c aaepr&eA B036ylKne-

HHSI E* 
0 A, H A~ - Macca ocxonxa no H nocne HcnapeHHH X -HeA-

TpoHos; P( A r ) - sepoSITHOCTb o6paaosaHHSI MaCCbl A '
1 

, xoTopaR Mo-

lKeT 6b1Tb nony'leHa H3 naHHbiX no MaCCOBOMy pacnpeneneHHIO QCKOnKOB 
16/ 

neneHHSI ; W( Z 1-Z P) - pacnpeneneaae, onpenenSIJOIIlee sepoRTHOCTb 

SbiXona paanH'IHbiX H306ap C MBCCOit A I 

171 3apS1aOSOMY pacnpeneneHHIO OCKOnKOB 

, nony'leaaoe H3 naHHbiX no 
v n rnr 

xn 1=1 --~r~----- onpene-

nseT sepoSITHOCTb pacnana soa6ylKneaaoro ocxonxa c Maccolt A( H 

aaepraelt so36ylKneHHH E* 1 nocpencTBOM HcnapeHHSI X -HeitTpoaos. 

Jlng BCeX KOM6HHaUHit MHWe.Hb-'laCTHU8 B cny'lae HCnonb30BaHHH TSI

lKenbiX HOHOS no HOHOS C MBCCOit 40 see 'lneHbl1 SXOnHIIlHe S cjlopMyny ( 1), 

xopowo onpeneneHbl, 3To noasonSieT nocTaTO'IHO TO'IHO paCC'IHTaTb ce'le

HHe o6paaonaHHSI H30Tonos, nony'leHHbiX npH neneHHH soa 6ylKneHHbiX snep. 
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B .aaaaoA pa6oTe 6Nna accne.aoaaKN 3axoaoMepaocTH o6paaoaaHHlil 

pa3nH'IHbiX H30TODOB npH .aeneHHH li!Aep 

6hlnH H3y'leHhi peaxuaa: 
288 

U( 12 C, f) 

TSDKenNMH HOH8MHo C STOlt Uellb!O 

aaa U(2o Ne ,f) ; ~38 U(22Ne,f) 
238 

U ( .0 Ar, f) , KOTOpble Cp8BHHB8nHCb C peaXUHliiMH .aeneHHSI Mep 

BbiCOK03H8prH'IHbiMH npOTOH8MH H C pe8KIIHliiMH CXanhiB8HHSI, 

OnhiThi npoao.aanac& aa BHyTpeaaeM ny"fxe 810-caHTHMeTpoaoro uax

noTpoaa Tlii:M<enhlX HOHOB na6op8TOpHH liiJ.I:.:>pRbiX pe8KIIHA H H8 BbiBeAeHHOM 

nyqxe npoTOHOB CHHXPOUHKnOTPOR8 na6opaTOpHH SIAepHbiX npo6neM OHRH. 

nocraaoaKa sxcnepaMeHTa B XHMH'Jecxoe BhiSeneaae 

sneMeHTOB 

HoaaMH 
12 

C 20 Ne' 22 Ne H 40 Ar npbH3BOAHnoc& o6nyqeaae 

ypaHOBblX B BHCMYTOBOft MHWeHeA, HHTeHCHBHOCTb ny"fK8 HOHOB COCT8Bnlil-
12 llll 40 

na "' 80-100 MK8 An5l C , "' 80 MK8 ,ang Ne B "'8 MK8 ,ang Ar. 

.Qng B3MeH8HBlil 3HeprBH "f8CTHU MHWeHb fiOMewanaCb H8 pa3nH'tfHbl8 p8AHY

Cbl ycxopeaag, 

B pSIAe cny'tfaea H3y'tfanac& peaxuaa no.a .aeAciBHeM nporoaoa c HHTeH

caaaocT&IO "'0,2 Mxa, ycxopeHHhiX .ao saepraa 660 Mas. 

Mero.aaxa nparoToBneHRH MHweaeA, xoropble o6nyqanac& Tlii:M<enhiMH 

ROH8MH ~ 6htn8 cne.ayJOWeA, 

Ha MaccaaayJO Me.aayJO no.ano:M<xy, oxna:M<.aaeMyJO ao.aoA, snexrpona30M 

OC8:M<Aancg enol MeAH TOnWHHOA = 20 MK1 H8 KOTOpblA H8HOCHnOC& B8W8CT

BO MHweaa, CnoA MeAH cny:M<&n c6opHHKOM ocxonxoa .aeneHHlil, B xaqecrae 

ypaHOBOA MHW8HR HCUOIIb30BancH cnoft OKHCH ypaHa U a 0 8 ) TOnWRHOA 

Mr 2-10 
c~ 

Docne 06ny'tfeHRlil B8W8CTBO MHWeHH BMeCTe C M8AHbiM c6opHBKOM 

paCTBOplilnHCb B KOHU8HTpHpOB8HHOA 830THOA KHCnOTe, 8 paCTBOp .ao6aangn-

8 

'"'"'"""'"'"' __ , ______ _. ________ --'-
CSI HOCHTen& Bbi,L:IenHeMoro sneMeHT8, 8 38B,HCHMOCTH OT TOro, K8KOA ane

MeHT BbiAenlilnCSI1 UpRM8HSinHCb pa3nH'IHhie XHMH'IeCKHe MeTO,L:Ibl paa.aeneHHSI, 

KOTOpble 38Kn!O'tfSnHCb B cne.ayJOWeM, 

P e .ax o 3 eM en & H hl e s n e Me H T hi Bhi.aengnac& COBMecrao c ciJro

pa.aoM naHT8H8 H3 5 M 830THOA KHCnOTbl, ,<f>IOpHAhl paCTBOplilnHCb B CM8CH 

aaoraoA H 6opaoA xacnoT, nepeoca:M<.aanac& B BH.ae ra.apooxaceA, a BHOB& 

oca:M<.aancg ciJropa.a naaraaa. B aexoropNx cny'tfaHX npoH3BOAHnoc& paa.ae-

/9/ neHHe peAK038Men&HblX aneMeHTOB aneKTpOMHrpaUROHHbiM MeTOAOM , 

Mona6.aea sxcrparapoBancg R3 10M congaoA xacnoTbi a -6ea

aoanoxcRMOM a aranauerare, 3xcrpaKUHlil Mona6.aeaa H peaxcrpaxuag ero 

4 M pacraopoM aMMRaxa npoao.aanac& ABB:M<Ahi, OxoH'tfaTen&ao Mona6.aea 

BbiAengncg B BHAe MOnH6A8T8 CBHHU8, 

Tenny p aoccraaaanaaancg .ao sneMeHTapaoro cocTOliiHHlil B congao

xacnoM p8CTBOpe cepHHCTbiM ra30Mo 3neMeHT8pHbilt Tennyp paCTBOplilnCst 

B KOHUeHTpHpOB8HHOA conHHOA KHCnoTe npH nponycxaHHH xnopa, 3aTeM Ten

nyp cop6apoaancg aa, aoaoo6MeHaoA xonoaxe c aHHOHHTOM .Qaysxc-1 x8, 

r.ae UpOH3BOAHn8Cb AOUOnHHTen&H8SI O'IHCTK8 OT ,apyrHX npo.ayKTOB SIA8pHNX 

peaxuaA, B qacraocra ceneaa. 3niOapoaana rennyp 1M conHaoA xacnoroA, 

nocne 'lero OR BHOBb BOCCT8H8BnHB8nCSI AO MeTanna, 

H o .a sxcrparapoBancH 'leTbtpexxnopacTbiM yrnepo.aoM nocne oxacneHHlil 

ero AO sneMeHiapaoro COCTOSIHHSI HHTp8TOM H8TpHSI H3 6M COnSIHOKHCnoro 

pacraopa, .QayxpaiHaH sxcrpaKUHH ao.aa H pesKCTpaxuHH ero a O,OlM pacT-

Bop NaHSO 
3 o6ecne"fHB810T AOCTSTO'IHYIO p8AHOXHMH'IeCKy!O 'IHCTOTy, 

0KOH"f8TellbHO BOA Bbi,L:Iengncg B BRAe AgJ 

U e 3 H A OC8:M<A8nCSI H3 KOHUeHTpHpOBSHHOrO COnHHOKHCnoro paCTBO

pa C KpeMHHeBonb~pSMOBOft KRCnOTOit, Docne paCTBOpeHHlil OC8AK8 npOH3B9-

AHn8Cb 3KCipaKUHSI Ue3HSI TeTpa~eHHn6opaTOM B HHipo6eH30n, 

B a pH A oca:M<.aancg a BRAe cyn&<jlaTa ( BaSO 4 ) , KOTOpbiit nepeao-

.aancH a xap6oaaT, nocne .aayxpaTaoro nepeoca:M<.aeHHH xnopH.aa 6apHH R3 
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consaoxecnoro pacTsopa 6apHA BHOBb oca~Aancs a sene BaSO 4 • 

3 on o To BblAensnoc& soccTaaoaneaHeM ero no aneMeHTapaoro 

COCTOBHHB HHTp~ H8TpKB. nsyxpaTHOe nepeoca~AeHHe HKTp8TOM HSTpHB 

nocne paCTBOpeHHB ero B CMeCB COnBHol H a30THOA KHCnOT ASeT A0CT8TO~

HYIO ~HCTOTY npOAYKT8, 

nocne. Bbi.Qeneaes sneMeHTOB H3Mepsnac& Y -p8AH08KTBBHOCTh HX 

H30Tonoa. HaMepeaee npoeaBOllHnoc& c noMOlU&JO llByx Ge(Li) y -cnex

TpoMeTpoa B CO~eTSHBH C 4096-KaHSnbHbiMH SMnnHTyAHblMH 8H8nH38TOpa-
/ll/ 

MH • 3~~eKTHBHOCTh perHCTp8UHH 060HX CneKTpOMeTpOB fiOK83aHa Ha 

pHc, 2. 3aepreTH'Iecxoe paapeweHHe ~OTOIIHKa llns y -nyqel s aaepreTH

qecxoM HHTepsane OT 60 AO 2000 KSB 6bin0 npHMepHO OAKHaKOBbiM H COC

Tasnsno "'4 xas, B xa~ecTBe npeMepa Ha pHC. 3 noxaaaa cnexTp eaoTonos 
288 2:1 

eona, o6paayJOIUHXCB B peaKUHH U ( Ne, f) , H3MepeHHbiA c noMo-

lU&JO Ge( Li) y-cnexTpoMeTpa. 

HaTeHCHBHOCT& Y -nepexoAOB onpeAensnac& no nnomaAH ~oTonHxa 

C y'leTOM BpeMeHHblX nonpaBOK H8 o6ny~eHHe, XHMH'IeCKOe BblAeneHHe H 83-
/10/ . 

MepeaHe H no s~~eKTHBHOCTH y -cnexTpoMeTpa (pee, 2), HAeHTH~Hxa-

UHH H30TOnOB npOH3BOAHnac& no 9HeprHH HX Y -KB8HTOB, nepHOAy nonypac

naAa H COOTHOWeHHHM HHTeHCHBHOCTeA y -nepeXOAOB, 0THOCHTen&HbiA 

BblXOA TOrO HnH HHOrO K30TOna OnpeAensnCH H3 HHTeHCHBHOCTH ero y 

nepexoAa c yqeTOM Bblxona y -nyqeA aa OAKH aKT pacnaAa panHoaxTHB-
/ 12/ 

HOrO HAPS ,norpeWHOCTh B OnpeneneHHK OTHOCHTen&HbiX BblXOAOB H30TOnOB 

cocTasnsna "'15%, 

0KOH~aTenbHbiA peayn&TaT npeACTaBnHnCH B BHAe H30TOnHbiX pacnpe

AeneHHA, HaoTonHbie pacnpeneneHHH sneMeHTa c qucnoM npoToaos Z r 
171 

K8K nOK83aHO B pa60Te , XOpOWO OfiHCbiB810TCB C fiOMOlUhiO ~YHKUHH 

raycca B BRAe 

W z (A r -A )=P(A ,) \1 exp-
r . P ( 

110 
2 ) 2 

A 

10 

02 
A 

rAe P(A r ) - M8CCOBOe pacnpeAeneHHe OCKOnKOB AeneHHH, B3BTOe 
161 

H3 pa60Tbl j o 
2 

- napaMeTp WHPHHbi eaoTonaoro pacnpeneneaeH; A 

A P - HaH6onee sepoHTHaH Macca npH AaHHOM Z r , KoTopoe onpenenH-

eTCH H3 ycnoBKH Z p( A P) = z,. 
H aH6onee aeposTHbiA aapHA nnH ASH HOI MaCChi Z P (A r )· Haxo-

AHTCH H3 rHnOTe3bl paBHOrO CMeiUeHHH 38pHAOB, cornaCHO KOTOpOI 

Z Z -Z* 
c A r Ar 

Zp= --r-+ 

3AeC& Z 
0

- 3apHA KOMfi8YHA-HApa i Z Ar H Z A* - 38pl'!Abl H8H60-
r 

nee f3 -cTa6en&HbiX SIAep nnH Mace nerxoro H TH~enoro ocxonxa cooT

BeTcT5eaao, KOTOpbie pacc~HTbiBaJOTCH c noMOW&JO ~opMynbl BaAuaexxepa 
/13/ 

B BapH8HTe rpeHa 

z = 
a 4 

A 
2(~+~ 

A 1/a A 

rae a
4

= 100, a
8 

• 0,750, 

8 CBH3H C TeM, ~TO BblXOAbl OCKOnKOB B 6on&WHHCTBe cny~aeB 6binH 

KyMynHTHBHbiMH, a HHTepec AnSI H3y'leHHH npeACTaBnHnH nHWh BblXOAbl 

nepBOHa~an&HO o6pa30B8BWHXCH HAep, BBOAHn8Cb COOTBeTCTBYJOlUaB nonpaB

Ka Ha KyMynHTHBHOCTh, KOTOpaH paCC'IIfTbiBanacb C nOMOlUhiO aapSIAOBOrO 

pacnpeneneHHH OCKOnKOB 0 HMeJOIUero BHA: 

1 
W (Z -Z )= \'lexp-

(Z, -ZP)
2 

Ar r P ( 2 ) ' . 
11 oz 0 2 

z 

napaMeTp WHpHHbl 38p51AOBOro pacnpeneneHHSI 2 
oz 

M9Tp0M WHpHHbl H30TOnaoro pacnpeAeneHHH' 

-2 
2 0A=o! (---' 

a A, A =A 
r P 

11 

0 2 
A 

6bin CBH3aH C Ifapa-

COOTHOWeHHeM 



nonpaBKH paCC'IHTbiB&nHC& C fiOMOII(biO Bbi'IHCnHTen&HOII: M&WHHbl JlnSI 

pa3HbiX 3H&'IeHHA 

pHC. 4. 

u2 
z B 3&BHCHMOCTH OT ( Z-ZP) H noxa3&Hbl Ha 

nonp&BKH H8 KyMynSITHBHOCT& JlnSI H30TOfiOB J 0 o6pa30B8HHbiX B 

/14/ 
peaKUHH aeneHHSI TSI}KenbiX Slllep npOTOH8MH 0 6panHCb H3 pa60Tbl • 

C y'leTOM STHX nonp&BOK CTpOHnOC& pacnpeAeneHHe B~XOliOB H30TOfiOB OA

HOr'O H TOr'O }Ke aneMeHT8 AO HCnapeHHSI Heii:TpOHOB, 

3KCnepUMeHTan&Hble pe3Yn&T8Tbl 

B Ta6n. npeliCT&BneHbl H30T0fibl 0 nony'leHHble B A8HHOA pa6oTe ,, 

H ce'leHHe HX o6paaosaHHSI B paanH'IHbiX peaxuusx. To'IHOCT& B onpeAene

HHH He38BHCHMbiX BbiXOAOB H30TOfiOB "' 15%, 

Ha pHc. 5 npeacTasneH&I uaoTona&Ie pacnpeAeneHuSI HOAa AnSI peax

UHA AeneHHSI ypaHa npoTOH8MU H UOH&MH HeOHa. B1>16op STOr'O aneMeHT8 

o6ycnosneH TeM, 'ITO 60n&WHHCTBO U30TOfiOB HOA8 H3BeCTHO H o6naA8eT 

Yli06HbiMH AnSI HAeHTHtflliK8UHH p8liH08KTUBHblMU CBOii:CTB8MH. I130TOnH&Ie 

pacnpeAeneHHe HOAa, nony'laeMoro B peaKUHH 
139 

La ( P, spallation), 6pa-

/14/ 
noc& U3 pa60Tbl , 3AeC& }Ke AnSI cpaBHeHHSI li&HO U30TOnHoe pacnpe-

133. 22 
AeneHHe HOA8 AnSI peaKUHH Cs ( Ne , -2p , XR )J. · 113 pHCyHK8 BHAH00 

'ITO AnSI ROny'leHHSI CHn&HO Heli:TpOHOH!36biTO'IHblX H30TOnOB HOA8 MOr'yT 

6&IT& Hcnon&30B8Hbi nHw& peaKUHH AeneHHSI, HecMOTpSI Ha TO, 'ITO nony'le

HHe HOA8 (Z=53) COOTBeTCTByeT H8H6onee OnTUM8n&HOMY cny'l810 peaK-

1160 
0 • AeneHHe B036y}KAeHHOr'O Slllp8 102 1138 

UHH U ( p,f) J noaaonSieT 

CHHTe3Hp~8Tb HeATpOHOU36biTO'IHbie U30TOnbl npaKTU'IeCKH C TeM }Ke Ce'le~ 

HHeM, .llHcnepCUSI no M8CC8M U30TOfiOB HOA8 0 nony'ISeMblX B STHX ABYX 

pe8KUHSIX0 T8K}Ke no'ITH OliHH8KOB8, 

Ha pHc. 6 noxaaaH&I uaoTonH&Ie pacnpeAeneHHSI uoAa, nony'leHH&Ie B 

12 22 
pe8KUHU AeneHHSI ypaaa pa3nH'IHbiMH TSI}KenbiMH HOH8MH C • Ne U 

12 

I 
'I 

' ;~ 

_______ .. l.Ell-.wLU ' •. '··-lY.'M'' 

40 
k • BHAHO, 'ITO WUpHH8 U30TOnHbiX pacnpeAeneHHA C pOCTOM MSCCbl 

HOH8 3H8'1HTen&HO YB8BR'IHB88TCSI, 

Ha pHc. 7 .ll8IOTCSI H30TOnH&Ie pacnpe.lleneHHSI pe.llK03eMen&HbiX sne

MeHTOB JlBSI p83Hb1X 9HeprHA aaneTSIOII(ero HOH8, illHpUH8 H30TOnHblX pac

npe)leneHHA B STOM cnyqae H83H8'1HTen&HO yBenR'IftB88TCSI C ysenu'leHUeM 

saepruH 6oM6ap.llupyiOweA 'ISCTHilbi. Ha puc. 8 noxa3aHbi H30TOnH&Ie pac

npe.lleneHuSI uo.lla, o6paaoaaHHble B peaKUHH U (p, f)J u La( p ,s·pall) J .llnSI 

JlBYX SHeprHA: npOTOHOB- 600MsB H 18 fsa, ,UaHHbie B3SITbl H3 pa60Tbl /l4 ( 

C lleB&IO U3y'leHHSI B03MO}KH0CTell: 06p830B8HUSI H30MepOB B peSKilHHX 

aeneHUH 6blnH onpeAeneHhl BbiXOAbl U3BeCTHbiX U30TOnOB U H30MepOB Ten-
238 22 . 

nypa, o6pa3yiOIIlHXCSI B peaKilHU U ( Ne , f) Te , u nocTpoeao 

U30TOnaoe pacnpe.lleneaue, npeACTaaneaaoe Ha puc. 9. B pacnpe.lleneHHH 

npHCYTCTBYIOT no'ITU ace u3aecTH&Ie H30Mep&I Tennypa. B cnyqae .lleneHUH 

CfieKTpbl H8'18n&HbiX COCTOHHHit OCKOnKOB 0 . 6nU3KUX no M8CCe, OK83biB810TCSI 

npaKTH'IeCKU OJlHH8KOBbiMU 0 8 38KOHOMepHOCT& o6p830B8HHH OCK.OnKOB pa3-

HOA M8CCbl XOpOWO onpe.lleneHa~. 3TO A8eT B03MO}KHOCT& H8XOJlHT& H30Mep

H08 OTHOWeHHe Jl8}1{8 B TOM cnyqae, ecnH BepOHT~OCT& o6p830B8HUH Slllep 

B OCHOBHOM COCTOHHUH B CHny K8KUX-nH60 npH'IHH He MO}K8T 6biT& H3Mepe

H8, I130MepH&Ie OTHOWeHUSI JlnSI pa3nH'IHbiX H30TOITOB Tennypa, nony'leHHblX 

238 22 
B .ll8HHOA pa6oTe npu aeneHuH U uoHaMH Ne H npoTOHSMR 

c aaeprHeA 660 Mss, npaBe.lleH&I B Ta6n. 2. 11a cpasHeHHH Jl8HH&IX BU.IlHO, 

'ITO B 60n&WUHCTB8 cnyqaeB BepOHTHOCT& o6pa30B8HHSI H30MepOB B OCKOn

K8X npH Jl&n&HUU TSI}KenbiMH UOH8MU OK83biB8eTCH 3H8'1HTen&HO 60n&Weil no 

CpasHeHHIO C TeM, 'ITO aa6niO.Il8eTCSI npH )leneHUH 6biCTpbiMH npOTOH8MH. 

3TOT cjlaKT 06'bSICHHeTCSI TeM, 'ITO COCT8BHOe SIJ;IpO, o6pa3yiOWeeCSI npH 

6oM68p.llHpOBKe Sl.llep TSI}Ken&IMH UOH8MH 0 o6na)laeT JlOBOn&HO 60n&WHM CpeA

HHM yrnOBbiM MOMeHTOM ( J 0 = 50-fl01i ) • OueHKB nOK83biB810T, 'ITO 

npH )leBeHHU cpe.llHUil: yrnOBOil MOMeHT OCKOnKOB MO}KeT JlOCTUr'8Tb 3H8'1e

HUSI 20-30 1; • KpoMe aToro, ocxonxu o6paayiOTCSI c 6on&woA aaeprHeA 
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B036Y.)KJl8HHSI, nepeXOJl B036y)KJl8HHblX OCKOnKOB B OCHOBHOe COCTOSIHHe 

npOHCXOJlHT nyTeM HCnapeHHSI H8ii:TpOHOB1 KOTOpble H83HS'IHT8nbHO ITOHH)KS

IOT HS'ISnbHblil: yrnoaoil: MOMSHT OCKOJIKS1 H nocne)ly!OIUHM KSCKSJlHblM y

aany'leHHSMo BaHJlY Toro,· 'ITO yrnoaoil: MOMeHT S!Jlpa nocne HCnycxaHHSI 

nocne)lHerO Heii:TpOHS OKS3biB88TCSI CTHOCHTenbHO Bb!COKHM, 6yJleT J O'ISBHJl

HO,npOHCXOJlHTb C ITOBbllUSHHOil: BepOSITHOCThiO aaceneHHe ypOBHeft Sl)lep C 

Bb!COKHM CITHHOM, 'ITO MO)KST npHB8CTH K yaenH'I8HHIO aepOSITHOCTH o6paao

BSHHSI S!Jl8p B H30M8pHblX COCTOSIHHSIX, 

Bniwe 6bmo noxaaaao, 'ITO y)Ke a · cny'lae JleneHHSI S!Jlep ypaaa aoaa-

MH 22 Ne MO)KHO nony'ISTb H30TOrrbl paanH'IHblX aneMeHTOB C OTHOCHTenb-

HO 6onbWHM H36biTKOM aeii:TpOHOB, nnSI H30TOITOB B o6naCTH 50 !>: Z ,:;;65 

Heii:TpOH006orameHHbl8 H30TOnbl 1 OTCTOSIIUHe OT CTS6HnbHOrO S!Jlpa H8 10 

MaCCOBbiX SllHHHU, o6pa3y!OTCSI C llOCTSTO'IHO 60nbWHM C8'18HH8M 0,1-0,3 

MHnnH6apa. C nanbaeil:waM yaenH'IeaaeM Z ocxonxa ce'leaae o6paaoaaHHSI 

aeii:TpOHOH36biTO'IHbiX H3oTonoa 6yJleT yMeHbWaTbCSI aa-aa yMeabweaHSI 

MSCCOBOrO BbiXOil8 H 38BHCHMOCTH MSCCOBOJI: llHCITepCHH OT 8CHMM8TpHH 

n; . 
neneHHSI , 0JlH8K01 ecnH B KS'ISCTBe 60M6apnapy!OIUHX '18CTHU HCITOnb-

3YIOTCSI 6onee TSI)KSnbiS HOHbl (A> 40) 1 TO nonO)K9HH9 cymeCTB9HHO yny'l

waeTCSI BBHllY Toro, 'ITO C pOCTOM MSCCbl COCTSBHOrO S1Jlp8 MSCCOBOe pac

npeJleneHHS ocxonxoa JleneHHSI cMemaeTCSI a cTopoay 6onee TH)KenbiX S!Jlep 

H c poCTOM Z 2
/ A 3SMSTHO yaenH'IHBSSTCSI WHpHHa H30TOITHbiX pacnpeJle-

neaail:. Ha pac. 10 npeJlCTaaneHbl 

nony'leHHbie npH neneHHH 
238 U 

136 /15/ 
Hble nnH aoaoa Xe 

aaoTOITHbie pacnpeJleneHHSI aonoTa ( Z ,.,79), 

HOHSMH 
20 

Ne • 
40 

Ar H paCC'IHTaH-

06CY~Jl8HHe peaynbTSTOB 

Ha pHc. 1, rne cxeMaTH'IeCKH aao6pa)KeHa xapTa aaoTonoa, .YxaaaHbl 

H pa3nH'IHbl9 M9TO)lbl 1 C ITOMOIUbiO KOTOpblX MO)KHO nony'ISTb H30TOITbl MSK-

14 

J 

1 

l
h'i 

. . 

' 

• J!L.l_JJ.!JlLI.J) .. U • .)Jl..LJJlliWl.lll • 1111•• , •• ,,., I 

CHManbHO ynaneHHhle OT o6naCTH CTS6HnbHOCTH, Ha 0CHOB8HHa peaynbTa

TOB, nony'I8HHhlX B STOll: pa6oTe, a T8K)K8 JlpyrHX naTepaTypHhlX Jl8HHbiX 

MO)KHO npoaecTH cpaaaeaHe ceqeaail: o6paaoaaaaH aTax H30Tonoa c z > 60 

a Tex ana aHbiX SIJlepahlX peaKUHSIX, Kax y)Ke yxa3biBanocb Bhlwe, aeii:Tpo

aon~cjlHUHTHbJe S!Jlp8 B STOll: 06naCTa MO)KHO nony'laTb TOnbKO B peaKUHSIX 

C TH)K8nbiMH aOHSMH, HllYIUHMH 'lepe3 COCT8BH08 SIJlpO, PeaKUHH CKanbiBS

HHSI B 9TOA o6naCTH SIBnSIIOTCSI H8KOHKypeHTOCITOCo6HhlMH.._ BBHilY MeHbmero 

ce'leHHSI o6paaoaaHHSI CHnhH~ Heii:TpOHOJlecjlHUHTHbiX nponyxToa, PeaxuHH 

nepena'IH Tana (HI, x n , y p ) , Hnymlie c TSI)KenbiMH HOHSMH a o6-

nacTH 80 > Z > 50, TSK)K8 1 KSK 9TO BH)lHO H8 pHC, 5, He )l810T npeHMYIU8CT

B8 B C8'18HHH 06p830BSHHSI KSK H8ii:TpOHO)lecjlHUHTHbiX1 TSK H Heii:TpOHOH36hl

TO'IHblX Sl)lep, 

Heii:Tpoaoaa6bJTO'IHbie S!Jlpa B o6nacTH 55 <Z < 65 nony'laiOTCSI c ona- · 

HSKOBbiMH C8'18HHSIMH KSK B peaKUHSIX neneHHSI TSI)K8nb1X Sl)lep npOTOHSMH, 

TSK H B peaKUHSIX neneHHSI HX TSI)K8nhlMH HOHSMH, 0nHSKO aeo6XOilHMO OT

MeTHTb, 'ITO npH Bhl60pe TOil: HnH HHOil: peaKUHH Cp8BH8HHe pa3yMHO npoao

llHTb no a!SconiOTHOMy BblXOilY llSHHOrO H30Tona, ITOSTOMy
1 

ITOMHMO C8'18HHSI 

o6pa30B8HHSI1 Heo6XO)lHMO HM8Tb ll8HHhl8 0 M8KCHM8nbHp B03MO)KHhlX .HH

T8HCHBHOCTSIX nOTOK8 '18CTHU H KOnH'I8CTBe pa6o'!:ero B81U8CTBS1 KOTOpOe 

MO)KQT 6biTb nony'leHO B o6ny'leHHH, 

Tonmaaa .Maweaa so scex cny'laSIX (aa HCKniO'IeHHeM peaxuHA c TSI-

20 2 
)KenbJMH aoaaMH) B3SITa pasaoA 1 MMOnb (6·10 Slllep/¢M ). B peaxUHSIX 

C TSI)KSnhlMH HOHSMH TOnlUHH8 MHW8HH 6bina Bb16p8H8 pSBHOft 10 Mr/cM
2 

o 

nnSI paC'I8T8 BblXOllOB HCnOnb30B8nHCb cnelly!OIUH8 ll8HHbl8 no HHTeH

CHBHOCTSIM 'ISCTHU, 

q8CTHQ8 

neATpOHhl, 

a -'laCTHilhl 

3aepru 

no 100 Mas 

15 
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npoTOHbl 660 Mas 2 MKa 

TsnKenble ROHbl OT 
Mi!B 

lOB 20 JlO 10 100 MKa 
llO Ne ayxnoa 

11oa&I 
40 Ar --·-- 10 MKa 

TaxHM o6pa3oM, c y'leTOM a6comoTaoro BbiXOl1a H3o.Tonoa peaKUHH Jlene

HHH. 6biCTpblMll npOTOHaMH Jlnll o6naCTH 65>Z> 50 !IBn!leTC!I npeJlnO'ITHTSn&

HOA H3-3a B03MO*HOCTH HCnonb30BaTb 6on&W09 KOnH'I9CTBO B9W9CTBa MH

WSHH, 0JlHaKO Y*e Jln51 Z., 65 Ce'I9HH9 o6pa30BaHH.II aeATpoHOH315biTO'IHblX 

H30Tonoa a peaxUHH 
236 U( P, f) cywecTaeaao yMeH&waeTcR, a To 

236 22 
apeM.II KaK Jln.ll peaKUHH U ( Ne, f) BBHilY WHpOKOI'O MaCCOBOI'O 

pacnpeJleneHH!I OCKOnKOB CHTyaUH.II Mano OTnH'IaeTC.II OT TOI'O, 'ITO HMeno 

MeCTO Jln.ll H30TOn.OB HOJla, C l1an&HeAWHM *S ysenH'I9HH9M z ocxonxa, 

KaK 6&In0 noKa3aHO BbiWe ( CM, pHC, 10), C9'19HHe o6pa30BaHH.II Heii:TpOHo

H36biTO'IHbiX H30TOnOB 6yJleT yMeHbWaTbC.II0 Ol1HaKO npH HCnOnb30BaHHH 

B Ka'leCTBe 60M6apllHPYIOWHX 'laCTHU 6onee TR*en&IX HOHOB (A> 40) MO*-

HO O*HilaTb 3Ha'IHT9nbHOI'O yaenH'ISHH.II WHpHHbl H30TOnHbiX pacnpeJleneHHII:, 

a cneJlOBaTenbHO, H BbiXOl1a aeATpOHOH36biTO'IHbiX H30TOnOB C 60n&WOII: 

MaccosoA llHCnepcaeA. .Un11 peaxuaa *e JleneHH.II 6&ICTpbiMH npoTOHaMH 

8JlHHCTB9HHa!l B03MO*HOCTb ysenH'IHTb MaCCOBYIO JlHCnepCH!Ot- ysenH'IHTb 

aaepra10 npoTOH8, ao K8K 6~>mo nox83aHo B&Iwe, s onTHM8nbHbiX ycnosHRX 

( MaCC8 .11/lpa -MHW9HH Bbl6HP8.9TC.!I TaxoA, 'IT06bl Bb!XOJl l1aHHOI'O H30TOn8 

6&In M8KCHMan&HblM) C9'19HHe pe8KUHH H M8CCOB8!1 JlHCnepCH.II Cn860 38-

BHC!IT OT 9HeprHH npOTOHOB B HHTepsane OT 0,5 JlO 20 fas, 

T8KHM o6p830M, Jln'R o6nacTH Rllep c Z > 65 l1ene11He noll Jlell:cTsHeM 

Tll*&nbiX HOHOB .IIBnHeTCH, nO-BHJlHMOMy, 9l1HHCTB9HHbiM aijMpeKTHBHbiM Me

TOJlOM CHHT938 H&ATpOHOH36biTO'IHbiX H30TOnOB, 

CneJlyeT oTMeTHT& T8K*e P.llll npeHMywecTs aToll: pe8KUHH. BBHl1Y 

60n&WHX HOHH3aUHOHHbiX noTepb 6oM6apl1Hpy10W&II: T.ll*&noll: '18CTHUbl onTH

Man&Ha!l T0nlUHH8 p860'19l'O CnO.II B9W9CTB8 MHW&HH OKa3biBa&TC.II M9HbW8 
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npoiSera OCKOnKOB, n OSTOMY OCHOBHaH 'laCTb H30TOnOB BbineTaeT H3 MH

W&HH H MO*eT IS&ITb co6p8Ha aa xonnexTope. 3To o6CTO.IITen&cTso RsnR

eTC.II B9CbMa B8*HbiM Jln.ll nocneJly10Ul9l'O 8H8nH3a KOpOTKO*HBYUlHX npOJlyK

TOB,, oco6eHHO B TOM cny'lae, ecnH HCnon&3yeTC.II 6biCTp8.11 MaCCOBa.ll cena

p8UH.II, 

KpoMe aToro, K8K. OTMe'lanocb B&Iwe, JleneaHe TR*en&IX B036Y*IleH

HbiX .11/lSp OTKpb!B88T 6onbWH8 B03MO*HOCTH Jln.ll CHHT83a H30M9p0B H H3y

'19HH.II HX CBOII:CTB, 

11 HaKOH&U, C pOCTOM MaCCbl 6oM6apllHPYIOUl9A '18CTHUbl 9TOT MeTOl1, 

O'ISBHJlHO·, .IIBHTCH OllHHM H3 9ciJ<jleKTHBHb!X MSTO/lOB nony'leHH.II .11/lep B npel1-

nonaraeMOII: HOBOII: o6n8CTH CTa6HnbHOCTH ( Z > 110)' , l'Jl9 .IIBn.lleTCH npHH

UHnHanbHbiM sonpoc nony'leHH.II 3H8'1HTen&aoro aeATpoaaoro H36&ITxa. Ouea-

!i5/ 
KH Ce'leHH.II o6p830BaHH.II 9THX H30TOnOB B peaKUHHX JleneHHH .11/lep ypaHa 

HOHaMH Xe 6binH CJlenaHbl 9KCTpanonHUHell: nony'leHHb!X B HaCTO.IIUiell: pa60Te 

JlaHHb!X B o6naCTb THli<Snb!X .11Jl9p, Cornacao 9THM oueHK8M, 

ce'leHHe o6pa3oBaHH.II aneMeHTa 

-30 2 

296114 236 136., 296 
s peaKUKH U( Ae , f) 114 

JlOn*HO.COCTasn.IITb 5•10 CM , 

ABTOpbl 6n8l'OJlapHbl aKaJleMHKY f ,H, cllnepoay 38 BHHM8HHe H U&HHbie 

38M8'18HHH npu oi5CY*Il9HHH OnbiTHblX ll8HHbiX, npHHOCHM 6n8l'OJl8pHOCTb 

H8WHM TOB8PHU18M no p860Te C.A. K8p8MHHy, B.l1. nycTblnbHHKY 3,8 no

MOiu& s o6p860TKe pe3yn&T8TOB, A.B. CTenaaosy, T.n. Maxapoaoll: H 

B.A •. rso3Jlesy 38 .paJlHOXHMH'I8CKH9 pa3JleneHH.II peJlK03eMenbHblX sneMeH

TOB, a TaK*e B.B. fpe'IHWHOMY H Co KH Xsaay 38 noMOW& s H3M~peHHRX. 
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