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88eaeHHe 

npH 838HMO.ll9iiCT8HH TH)i{enoro HOHa, o6na.Q8101Uero 3Hepraeil, .QOCT8TO'IHOA .llJlSI 

npeo.llOJ19HHSI KyJ10H08CKOrO 6apbepa, C H.llpOM MHW9HH MOryT npOH30ATK p98KUHH paaJiHq-

HblX THU08 0 HanpaMep: 

1. nonuoe cnHHHHe Haep MHweHH H 6oM6apaapyromeA qacTHUbl c o6paao8aHHeM 8oa-

6y>K.lleHHoro KOMnayHa-Hapa, KOTopoe aaTeM noHa>KaeT c8oro aHepraro 8oa6y>KaeHHH, acny-

CK8H, 8 OCH08HOM, H9ATpOHblo 

x) 
2. PeaKUHH c 8bineToM oaHoA ana HecKOJlbKHX npHMbiX a -qacTHU , npa KOTOpblX JlHWb 

'18CTb H.llpa H8J19T8101Uero HOHa CJ1HBa9TCSI C Sl.llpDM MHW9HR. 

3. PeaKuHH nepeaa'IH oaHoro ana HeCKonbKHX HyKnoHos, KaK oT Hapa MaweHa Hane

TaromeMy H.llpy, TaK H Hao6opoT. 3TH peaKURH, K8K nonaraiOT, npOHCXO.llSIT npa K8C8Tenb-

HOM CTOnKHOBeHHH S:I.Uep. 

C H3M9H9HH9M 3HeprHH HaneT8101UeA '18CTHUbl TO O.llHH, TO .llpyroll Tim peaKUHH CTa

HOBHTCSI npeo6na.Qai01UHM, T8K K8K C9'19HHSI RX UO pa3HOMY 3aBHCSIT OT aHeprHH HOHa. 

Bo 8cex peaKUHHX c MHoroaapH.llHblMH RoHaMH nocneaHae coo6maroT npoayKTaM peaK

URH 3H8'1HT9JlbHblA HMnynbC, 'ITO UpH80.QHT K o6p83088HHIO Sl.llep OT.Q8'1H Cp88HHT9J1bHO 

6onbwoA aHepraa - nopHaKa HecKOJlbKRX Mas. 

Yrno9oe pacnpeaeneHHe 3THX Haep oT.Qa'IH MO>KeT aaTb au<P.opMauHro o MexaHaaMe 

peaKUHHo 

npa UOJ1HOM CJ1HSIHHH H.Qep MHW9HR H H8J19T8101UeA '18CTHUbl HMnynbC nocne.QHeA 

nepeaaeTCH KOMnayua-Hapy, KOTopoe neTHT, B C8H3H c aTHM, CTporo no HanpasneHRro 

ny'!K8o 0.QH8KO HeATpOHbl, Hcnap519Mbl9 KOMnayH.Q-H.llpOM, C0061U810T eMy OT.ll8'1y, B peaynb

TilTe '!ero 6onbWHHCTBO H.Qep HM99T H9KOTOpblA yron OTKJ10H9HHSI OT HanpasneHH!I Uy'!Ka. 

Yrnosoe pacnpeaeneuae H.llep oTaaqa· B peaKUHHX nonuoro cnH!IHH!I aayqana AneKcaaaep 

H CHMOHOB
/ 1/, BlO,ll Cl2 

0
16' B 

o6ny'l851 pe.llK039M9J1bHbl9 3J19M9HTbl HOH8MH 

aToll pa6oTe npoaaseaeHa oueHKa BJ1H!IHHH acnapeHH!I HeATpoHoB Ha yrnosoe pacn~eaene

HHe Sl.llep OT.ll8'1H B npe.llUOJ10>K9HHH 1 'ITO HeiiTpOHbl HCnap!IIOTC!I H30TpOUHO B CI!CT9Me 

U9HTpa HHepUHH. nonyqeHa ~OpMyna .llJl!l CpeaHero KB8.Qp8T8 yrna OTKJ10H9HH!I !l.llep OT.Qa-

~ 
'IH 8 na6opaTOpHOA CjiCTeMe KOOp.QHH8T ( <8 L >) B 38BHCHMOCTH OT 3H9[ll'KH 6oM6ap.llHpyro-

1UHX HO!IOB ( E b ) , oT o6meA KHH9TH'IecKoA aueprHH acnapaswaxcR HeATpOHOB ( T n) H oT Mace 

HaneTaromeA qacTHUhi, Hapa MHWeHH H Rapa-npoayKTa peaKUHH ( A b, AT, A R) • 

x) I1M910TCSI 8 BH.lly a -qacTHUbl, B03HHK8101UH9 B npHMblX pe8KUHSIXo 
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< e > 
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2 
8Tn(Ab+AT) 

3 E b A b ( Ab + AT + A R) 2 

d Ill 
Yrnoabte pacnpeneneHHH ( __ u_), H3MepeHHbte aeTopaMH pa6oTbi , noKasbtBaiOT xopo-

dO 
wee COOTBeTCTBHe C cpopMynoll H npencTBBIISIIOT C06oll KpHBble C MBKCHMyMOM B pailoHe 

4°, pe3KO cnanaiOWHe K 0° H tlOXOnHWRe no 10°, 

3KcnepHMeHT8IIbHbiX naHHblX no YPIIOBbiM pacnpeneneHHSIM Hnep OTnB'<H B peSKUHSIX 

c ucnycKaHHeM npHMbiX a -qacTHU B aacToHwee epeMH B nHTepaType He HMeeTcH, Mo>KHO 

cnenSTb T~OpeTH'{eCKHe OUeHKH, HCIIOIIb3YH H3BeCTHbte 3HepreTH'<9CKHe CIIeKTpbl H YI'IIOBl>Ie 

pacnpeneneHHH npHMbiX a -qacTuu, nonyqeHHble 6pHTTOM H KBHHTOHOM (2), Bocnonb3oeae-

WHCb 38KOHOM COXp8H9HHSI HMIIYIIbC8 0 MO>KHO CBSI38Tb y.I'OII BbiiieT,S a -qaCTHUbl C YPIIOM 

Bb!IIeTa Hnpa oTnB'<H 11 npeo6paaoeaTb yrnoeoe pacnpeneneaue a -qacTHU a pacnpenene-

HHe Hnep oTna'<K no yrnaM. 

{~) 
d8 SI,O, 

ctq e=~ 
Pa 

- ctg 0 , 
sin 0 

2 
1 + (..E.Il. ) - 2 _h cos 0 d 

~ -~ ( ___ u 

dO 
la • 

____!'!t_ cos 0 - 1 
pa 

rne fl 

0 

yron Bbl~eTa Hnpa oTnS'<H B na6opaTOpHOlt CHCTeMe KOOpnHHBT; 

yron BblneTa a -qaCTHU B na6opBTOpHOlt CHCTeMe KOopnHHST ; 

pb- HMnynbC HaneTBIOWeil '<llCTHUbl; 

p - HMnynbC npHMOlt a -qacTHUbl, 
a ,I 

KaK BHnHo H3 cpopMyn, yrnoeoe pacnpeneneHHe 11nep oTna'<H cHnbllo saBHCHT oT __:.b 

'qeM 60JibWYIO non!Q HMIIYIIbCB HaneTSIOllleil '<llCTHUbl yHOCHT a -qaCTHUB, TeM H8 60IIb~lt 
yron OTKIIOHSieTCSI 11t:~p0 OTnll'<H, 8 CBSI3H C 3THM yrnoeoe pacnpeneneHHe Hnep OTnll'<H 

6yneT WHpOKHM, T8K KBK 3HepreTH'<eCKHII: cneKTp npHMi.IX a -qaCTHI;l noCTSTO'<HO p83Ma-

38H, Ha ywnpeuue yrnoeoro pacnpeneneHHII ennHeT TaK>Ke oTna..a OT aeATpoaoe, acnapRe

MbiX HnpoM, 

naHHble 6pHTT8 H KBHHTOH/
21 

UO npHMbiM a -qaCTHUSM, B03HHK810lllHM 
209 12 

V1c'nonb3yR 

npH o6ny'<eHHH Bi HOHSMH C , MO>KHO nOK838Tb, '<TO MllKCHMyM yriiOBOI'O pacnpenene-

HHSI Hnep B 3TOlt peaKUHH 6yneT HBXOtlHTbCSI B pailoHe 15°, 

Hnpa OTnll'<H H3 peaKUHlt nOIIHOI'O CIIHSIHHSI neT!IT non I'Opasno MeHbWHMH yi'IIBMH, 

Aaanoruqable paccy)!<neHHH MO>KHo npoe~CTH H nna peaKuHA nepena'<H HyKnoHoe. 

,V13B9CTHO, 'ITO H8IIeT810lllHe HOHbl, HCnbiTSBWHe B38HMOneiiCTBHe C RnpaMH MHWeHSIMH1 

cBR38HHoe c nepenaqell HyKnoaoe, KMeiOT yrnoa<~>e pacnpeneneaue, cocToamee H::! );!Hor!lx 

MBKCHMyMOB BO BCeM nnana3oHe yrnoe OT 0 no 180°
13
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3TO IlpHBeneT K TOMY, '<TO Rnpa MHWBHH, HCIIb!TBBWHe pe8KUHIO nepe 

Bb!IIeTSTb lion 60IIbWHMH yrneMH K ny'<Ky, 

npu o6nyqeHKH TR>Kenb!X MKWeHeil (A >200) MHOI'038panHbiMH HOH8!11 

CHTYBUHSI, Korna 38 C'<9T llBYX pe8KUKII p83HOI'O THUS IIOIIY'<BIOTCSI nponyKT 

_coeepweHHO. pa3Hble Z a A 1 HO CXOJl.Hble IIO CBOHM panHOSKTKBHbiM CB· 

3TO 38Tpy nHReT HneHTHcPHKBUKIO nponyKTOB pe8KUHK IIO 38pBny H Me 

06bi'<HO npOH3BOnHTCR IIO CBOiiCTB8M panH08KTHBHOI'O pacnana 3THX npony! 

B o6nacTH 
rn 

CHIIbHOneiiS!lllHXCSI Rnep OTHOWeH'Ke -- 6blcTpO yMeHbW 
n 

qeHHeM 3H9pi'KH B036y>KneHHSI !1Jl.p8, V1s-sa· 3TOI'O pe8KUHH THn8 (I, a X D } 

HH9M B H9CKOIIbKO p83 6onbWKM, '<9M pe8KUKH THUS (f, XD) npH IIIOisoll 3H 

nupyiOlllHX HOHOB, no3TOMY MeTon CHKTHK ipyHKUKH eos6y>KneHKH He .nae 

pasnenHTb nponyKTbl 0 o6pe30B8BlllH9Cll B pe8KUHSIX p83HOI'O THna, 

QllH8KO, BOCnOIIb30B8BWHCb p83IIH'<HeM YI'IIOBbiX pacnpeneneHKlt ~poll 

UHKX p83HOI'O THIIS, BHnKMO, MO>KHO IIOIIY'<HTb, 9CIIK He nOJIHOe p83ll9J!elll!l 

Hb!X peSKUHil, TO, BO BCSIKOM cnyqae , H9KOTOpbllt K03cPcPHUHeHT O'<HCTICll np• 

peaKUHH OT nponyKTOB npyroll, 

B causa c 3TKM npencTaenaeT HHTepec rtony'<KTb sKcnepHMeHTSJibHbll 

IIOBbiM paCnpeneneHHIIM anep OTnll'<H B peaKUHKX p83HOI'O THUS, V1sMepKTI 

npeneneHHll llenocpe.,llCTBeHHO B o6naCTH Tli>K9IIb1X anep 38TpynaRTenbHO E 

ce'<9HHll peaKUHlt, 

Heo6xonnMo nosToMy ysHeTb, KaK saBHCliT yrnoeble pacnpeneneBHll 

MBCCbl Rnpa MHWeHK, 3TO nano 6bl B03MO>KHOCTb H8 OCHOBe H3BeCTHhiX y 

neHKlt nnR peaKUKlt HS penKoseMeiibHhiX sneMeHTSX npenCTBBHTb ce6e BH.Z: 

neneaaA anep OTJl.B'<H e o6nacTH TH>Kenhlx MRWeHell, Mo>KHo cnenaTb He 

38BHCHMOCTH yrnOBOI'O pacnpeneneHHII 11nep OTnS'<H OT MSCCbl Kllp8 MHill' 

... Ill 
¢opMynbi, nony'<eHHOII AneKcaHnepoM H CHMOHOBbiM , KaK eanao H3 3T 

HHII KBanpaT yr/fa OTKnoHeHHll Rnep OTn8'<K OT HanpaeneHKII IIY'<K8 ( < 6 
2 

L 

ne oqeHb cna6o saeacHT oT AT -Macchi Hnpa MHweaa, 

V1s-sa yeenuqeHHll KYIIOHOBCKOI'O 6ap&epa npH nepexone K TSI>KeiihiM 

pacTaeT Eb -sHeprHR 6oM6apnHpyiOmell '<BCTKUbl, OJJ.HSKO, eepoHTHo, '<TO 

'<eCKSII 3Hepi'Hll HcnapaeMhlX HeiiTpOHOB B03p8CTSeT, 

nosTOMY BKn yrnOBOI'O pacnpeneneHHII ll,llep OTnaqH, BHnHMO, 6yJlE 

OT MBCCbl anpa MHWeHH, 

B HacToRmeA pa6oTe HsMepeHbl yrnoeble pacnpeneneHHll anep oTJlS 

Aul97 (Nl4 , 4n lEJ07 , Aul97 {N14 ,6n)Em205, Nd142 (N14, a, Jn) Tbl49 
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< e > 
L 

• 8Tn(Ab+AT) 

3Eb Ab (Ab+ AT+ AR) 2 

d III acnpe.oeneHHSI ( __ u_) 0 H3MepeHHh19 8BTOp8MH p800Tb! 
0 

ilOK83hlB8lOT XOpo-
d0 

He C tPOpMynotl H npe.llCTBBnSI!OT COOOI! KpHBbJe C M8KCHMyMOM B paJioHe 

lOWHe K 0° H ,::{OXO.llSIWHe .llO I0°, 

TBnbHblX .llBHHblX no yrnOBb!M pacnpe.oeneHHliM Sl.llep OT.ll8'IH B p98KUHSIX 

a -qacTHU a aacTogwee apeMSJ a nnTepaType He HMeeTcSJ, Mo>Kao 

OU9HKH 0 HCITOnb3ySI H3B9CTHh19 3HepreTH'I9CKHe cneKTpb! H yrnoaore 

a -qacTHU, nonyqeHHbre 6pHTTOM H KBHHTOHOM {2). Bocnonb3oaaa-

·Xp8H9HHSI HMnynhca, MO>KHO CBSI38Tb Y,ron Bb!n9T.a a -qaCTHUbl C yrnoM 

aqn n npeo6pa30BBTb yrnoaoe pacnpe.lleneane a -qacTHU a pacnpe.llene-

no yrnaM, 

ctq 8=~ _._- ctq 0, 
p sin 0 

I+ 

-.!'E._ cos 0 - I 
pa 

a 

cosO 
-L£ >a• 
dO 

meTa Sl.llpa OT.llB'IH B na6op8TOpHOJI CHCTeMe KOOp.llHHaT; 

hrneTa a -qacTnu a na6opaTopnoJI CHCTeMe xoop.llliHaT ; 

aaneTaroweJI '<BCTHUhi; 

npliMOJI a -qaCTHUbJ, 

3 tPOpMyn, yrnoaoe pacnpe.llenenne ll.llep OT.llB'<H cnnwo 38BHCHT OT ?b 

lO HMnynbCa HaneTB!OI.I.leJI '18CTHUhl YHOCHT a -qaCTHUa, TBM Ha 6onb&YJI 

ll.llpo OT.llB'<H, B CBli3H c <>THM yrnoaoe pacnpe.llenenne H.llep OT.llB'<H 

ax xax aaepreTnqecxnJI cnexTp npHMbiX a -qacTnu .llOCTBTO'IHO pa3Ma

yrnoaoro pacnpe.oeneHHH annHeT TBK>Ke OT.llaqa ~T neATpoaoa, nJnapge-

HHhie EpnTTa H KannTon/ 21 no npSJMbiM 
12 a -qaCTHUBM 0 B03HHKBIOlllHM 

HOH8MH C , MO>KHO ll0KB38Tb, 

8KUHH 6y.lleT H8XO.llHTbCSI B paJioHe 
'<TO MBKCHMyM yrnoaoro pacnpe.llene-

150. 

a3 peaxuaJI nonaoro cnHliHHll neTHT no.ll ropa3.llO MeHbWHMH yrnaMa, 

paccy>K.oeaa" MO)I{Ho npoa':CTH H .lliiH peaxuaA nepe.lla'<H nyxnoaoa. 

TBIOWI!e H0Hb! 0 HCllhiTBBWI!e B3BHMO.ll9JICTBHe C ll.llpBMH MHW9HSIMH
0 

'<ell Hyxnonoa, HMeiOT yrnoat!le pacnpe.lleneane, cocToHwee H3 Mllorli.X 
M .llHarra3oHe yrnoa OT 0 .oo 180°13•44• 
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3To npHBB.llBT K TOMy 1 'ITO &.llpa MHWBHH, HCnbJTBBillHEJ pBBKUHIO nep9,llB'IH
0 

6y.llyT 

BhlneTaTb no.ll 6onbWHMH yrnaMn K nyqxy. 

npa o6ny~BHHH T&>KBIIbJX MHWeneJI {A >200) MHOI'03Bpll.llHbJMH HOHBMH B03HHKBeT 

CHTyauas, KOI'.lla 3a cqeT .llayx peaxuaA pa3noro THna nonyqaiOTCH npoayKThl, HMeromae 
,coaepweano. paanhre Z H 

A , HO CXO.!:tHbJe no CBOHM pa.L:ti!OBKTHBHbiM CBOJICTBBM, 

3To 3BTPY.l:tHl19T H.!:tBHTHtPHKBUHIO npoayKTOB peaKUHH no 38pllay H MBCCe, KOTOpall 

o6hi'<HO npoaaaoaHTCll no caoAcTBaM paaaoaxTI!BHoro pacnaaa 3THX npoayxToa, 

B o6nacTH CHIIbHoaenHI.I.lHXCll saep OTHowen'ae rn ObJCTpo YMBHbWBeTCSI c ysena
n 

'IBHHeM anepraa aoa6y>KaeHHH sapa. Ha-aa· <>Toro peaxuaa Tan a (I, a x n ) H.!:tyT c ceqe-

HHeM B HBCKOIIbKO paa 60IIbll1HM, '19M peaxnHH THna (f, xn) np11 IIIOi>oA SHeprHH 6oM6ap-

.!:tHpyiOI.I.lHX HOHOB, no3TOMY MBTO.l:t CHSITHll tPYHKUHH 
B036y>KaeHHSI He .l:tBBT B03MO>KHOCTH 

pa3aenHT& npoayKThi, o6paaosaawaecs a peaxuasx paanoro THna, 

Oanaxo, eocnonb3oaaawacb paanH'<HeM yrnoahlx pacnpeaenenaA npoayxToa a ·peax

uasx paaaoro THna, BH.!:tHMo, MO>KHO nony'IHTb, ecnn He nonnoe paaaeneane npoayxToa paa

HhiX peaxuaA, TO, BO BCSIKOM cnyqae, HBKOTOphiJI K03tPtPHUH9HT O'IHCTKH npoayKTOB O.!:tHOJI 

peaxuaa OT npoayKTOB apyroA. 

B CBllaH c <>THM npeacTaBnlleT HHTepec nony'<HTb <>KcnepaMeHTanbHhre aaHHhre no yr

IIOBhlM paCnpeaeneHHllM ll.!:tep OT.!:tB'IH B p9BKUHl1X p83HOI'O THDB, J13MepHTb YI'II0Bb!9 pac

npeaeneHHSI llenocpe.acTaenno a o6nacTH TH>Kenhrx Haep aaTpyanHTenbHo aa-aa Manoro 
CB'IBHHll peaKUHJI, 

Heo6xoaaMo noaToMy yanaTb, xax aaaacllT yrnoabre pacnpeaeneHHH 11aep oTaaqn OT 

MBCCbJ ll.L:tpa MHW9HH, 3To .l:tBDO f5&I B03MO>KHOCTb Ha OCHOBe H31j9CTHbJX YI'IIOBbJX pacnpeae

II9HRJI an11 peaxuaA na peaxoaeM&IIbHhlX aneMeHTax npeacTaBHTb ce6e aaa yrnoablx pacnpe

aenenaA ll.L:tep OT.!:tB'IH B o6naCTH Tll>K91IbiX MHW&HeJI, MO>KHO C.L:tenBTb HBKOTOpblB OUBIIKH 

3BBHCHMOCTH yrnoBoro pacnpeaeneHHll ll.!:t9p OT.l:tB'IH OT1j,MBCCb! ll.L:tpa MHWBHH liB 0CHOB9 

Ill tflopMynbl, nonyqennoA AnexcanaepoM H CHMOHOBbiM • Kax BH.L:tllo aa aToA tflopMynbl, cpea~ 
HHJI KBB.llpaT yrlfa OTKIIOHBHHll ll.L:tep OT.!:tB'IH OT IIBnpaaneHHSI nyqxa ( < (><) 2 >) B llBHOM BH-

L 
ae O'IBHb cnaf5o 3BBHCHT OT AT -MaCCbl H.L:tpa MHW9HH, 

113-aa yaenaqeHHll xynonoacxoro 6apbepa npa nepexoae x TlnKenbiM MHWeHllM aoa

pacTaeT Eb -sneprHll 6oM6apaapyromeA 'IBCTHUbl, oanaxo, aepol!THo, 'ITO 11 o6ma11 KHHBTH

'<ecxas SHeprHH HCnap&BMbiX HBJITpOHOB B03pBCTB9T, 

noaTOMy BH.!:t YI'IIOBOI'O pacnpeaeneHHll Sl.llep OT.llB'IH, BH.!:tHM0
1 

oyaeT Cna6o 3BBHC9Tb 
OT MBCChl H.L:tpa MHWBHH, 

B HBCTOHWeA pa6oTe HaMepeHbl yrnOBhre pacnpeaenenHH Haep oTaaqn a peaxuHHx 

Au197 {N14 , 411 )EJ07 , Au197 (N14 , 6n)Em205 , Nd 142 ( N 14 , a, Jn) Tb 149 

1 I 
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C uenbiO 8biHCHeHHH 388HCHMOCTH yrn08blX pacnpe)J.eneHHJI OT 1) TRDS peSKURH; 2) MSCCbl 

n.npa MHllleHH; 3) TOlllUHHbl MHllleHH, 

MeTO.IlHKa sKcnepaMe~~r+a 

MallleHH na aonoTa a aeoanMa. ohinH nparoToaneHbl a a noanO)I(Kax K3 6 MK anJOMHHae

aoA .Ponbra. KoaTponb aa TonmaaoA MHllleHell ocymecTannncn c noMOIUbiO aaaelliHBSHHH, 
2 2 2 

Ebi.'lH nparoToaneHbi MHllleHH aa aonoTa TODIUHHoll 130 MrlcM , 360 MrlcM , 720 MrlcM 

H H3 H90JlHM8 TOlllllHHOJI 630 Mr/cM
2

, YICDODb<IOBSDCH HeO)J.HM 1 OOOI'SLUeHHblJI H30TODOM C 

MSCCOBbiM 'IRCDOM 142, STOI'O H30TOD8 B MHllleHH OblflO 96%, 

.[lnn o6ny'leHHH MHllleHell ncnonb3oaancn BhiBeJleHHbiJI ny'IOK UHKDOTpoaa MHoroaapna

HhiX ROHOB OYI.HYI Y-150. 

YloHbi aaoTa 
+5 

Nl4 
, nonyqaeMbie a a UHKnoTpoae, RMena saepra10- 97 Msa. C no-

MOIUbJO TOpM03StlUHX .Ponbr MO»<HO ObinO yMeHblliSTb saepra10 noaoa. Ha MRllleHb, RMeBlliYJO 

pa3Mep 4 MM B )J.HSM9Tp9 1 DOD8Jl8D TOK- 0,1 MKS, 

a - 8KTHBHbl9 StJlpS - DpOJJ.YKTbl peSKUHJI, BbineTSIOLUHX H3 MHlli9HH 1 DODS)J.SDH HS 6 MK 

anJOMHHH9BYIO <Ponbry. HBDHIOIUYIOCH coopHRKOM, CxeMa ODbiTS DOK838HS Ha puc. 1. Coop

HHK 38T9M C DOMOUlbiO lliTSMDS paapeaanCH HS KOHU9HTpH'19CKH9 KODbUS, KS»<JlOMY H3 KOTO

pbiX cooTBeTcTaoaan onpeaeneHHbill yron BbineTa Stllpa oTJJ.S'IR, HeonpeaeneaaoCTb B yrne, 
- 0 

c8naaaaaSt c KOH9'1HbiMH paaMepaMn MRllleHn, cocTaannna - 1 • Ka»<aoe KODbUO ooc'IRTbiBa-

nocb HS HOHH38UH0HHOJI KSMepe CO c.PepR'19CKHM SD9KTpOJJ.OM 1 perHCTpRpyiOLUeJI a -qacTHUhl 

a TenecaoM yrne 211 , 

3aBRCHMOCTb HHT9HCHBHOCTH a -cqeTS OT HOMepa KODbUS H Dp9JlCT8BDHD8 COOOJI yr-

noaoe pac~peaeneaae naep OTJJ.S'IH, 

PeaynbTSTbl 

/5/ i 197 • 14 
KaK oblnO noKaaalio e paooTe 

1 
npa o6ny'leHHH Au HOHilMH N aa c'leT peaKuHJI 

HCnapeHHSt 4, 5 H 6 H9JITpOHOB B03HHK810T a -aKTHBHOCTH 38M9THO p83DH'I810lllHXCSt no ne

pHO)J.aM nonypacnaaa. 

B Taonnue 2 npaaeaeua CBOJJ.Ka a -aKTHBHbiX aaoTonoa, aoaHRKiliOIUHx a peaynbTSTe 

205 206 207 . , . 197 14 211-x 
pacnaaa naep Em , Em , Em - npoayKTOB peaKuall Au ( t1 , xn ) E • 

B Taonaue ue yKaaaHbl a -aKTHBHOCTH, HMeiOIUHe HHTeHCHBHOCT.b u-a aecKODbKO nopStllKOB 

MeHblliYIO 1 '19M Te a -aKTHBHOCTH 1 KOTOpb19 npHBOJlHTCSt, 

Mo)I(HO BHJl9Tb, 'ITO cymecTByiOT xapaKTepHbi9 nepHOilbi a -aKTHBHOcTell 108 MHH, 

51 MHH
1 

H 25 MHH
1 

C<llOTB9TCTByiOIUH9 peSKUHliM C -HCnapeHH9M 4 1 5 H 6 HeJITpOHOB,. 3TH 
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nepHOJlbl yJJ.OOHbl .llDH HSODIO.Il9HHSt H Jl00T8TO'IHO OTDH'ISIOTCH apyr OT llP: 

HM96TCSt 803MO)I(H00Tb p83)J.9DHTb npOJlYKTbJ peaKUHH no nepHOJlSM a -aK 

pble 8 HHX 803HHK810T, 

~YHKUHH B030Y)I(Jl9HHH JlDH peSKUHJI HOnapeHHSt HeCKODbKHX HeJITpOHC 

/5/ 
8 pa6oTe • 

.[lnH ocyiUeCT8neHHH onpe.neneHHOI pe8KUHH 3KCnepHM9HT8DbHO BblOHJ 

HOHOB
1 

npH KOTOpOJI nony'ISDCH B OCHOBHOM npo.nyKT JlSHHOJI peaKUHH, a .ll 

lliDH C rop83)J.O M9HblllHM Ce'I6HH9M, 

YIJJ.eHTR<l!HKSUHH npoJJ.yKTOB npOH3BO)J.Hn8Cb no nepROJl8M 1 TSK KSK 0' 

THBHOCTH no 3HeprHH a -qacTHU ObiDO 38TpyllHHTenbHO na-aa 3HS'IRT6nbH 

St)J.ep OT)J.S'IH B COOpHHK, 

Eb!nH naMepeHbl yrnoable pacnpeaeneHHSt StJJ.ep OTJJ.S'IH a peaKUHH A1 
2 2 

)J.nSt MHllleHeJI. pa3DH'IHOII TOniUHHbl ( 130 Mr/CM 1 360 MI'/CM , 720 Mri/o 

able pacnpeaeneHHSt noKaaaubl aa pacyuKe 3. Ha pacyuKe 4 aao6pa>K·eat>I 

)J.eneHHH JlDH peSKUHH HOnapeHHH 6 HeJITpOHOB )J.DH MRlli6HeJI TOniUHHOJI ~~ 

720 Mr/cM
2

, 

14 
N 

142 14 149 
Pea KUHR Nd ( N , a 3n) Tb ocymecTannnacb npa MSKCHManbH< 

- 94 Mae, c yqeTOM TODIUHHbl no)J.nO)I(KH MHllleHH, npa 3TOM lllnH, 

una nonuoro onannan c aanbHeJIIUHM acnapeuaeM ueATpouoa. KaK noKaaa 

npR SHeprHH B030Y:lKJJ.eHHII COCTSBHOI'O !!JJ.pa I'ODbMHSt 1 COOTB6TCTBYIOIUeJI 

H)J.yT, B OCHOBHOM 1 peSKUHH c acnapeuneM 5 H 6 ueliTponoa, 

150 
CxeMbl pacnaaa aoaHHKSIOIUHX npa 3TOM naoTonoa Ho 

151 
H Ho 

8HJJ.H0
1 

'ITO npH pacna)J.e npOJJ.YKTOB peSKUHH nonHOI'O CDHIIHHII HMei 

KOpOTKO:lKHByLURe a -aKTHBHOOTH, no3TOMY 1 ecnn H8'18Tb OOC'IeT C60pHR 

nocne KOHUS o6nyqeHHH, TO e)J.HHCTBeHHOJI He pacna)J.aBllleJICII a -aKTHBH 
149 1. 142 14 149 

JJ.eT Tb , o6pa<j,~Baamncn a peaKUHH Nd ( N , a , 3n ) Tb 

nonypacnaaa Tb paaeu 4,1 qaca. 

Yrnoaoe pacnpe.neneune !lllep oTJlS'IH, aoaHRKSIOIUHX B SToll peaKu~ 

2 
MHllleHH 630 Mr/cM noKaaano aa pnc, 5, Ha TOM )l(e pncynKe nao6pa:lK 

npeaenenne naep OTJlS'IH a peaKURH nonnoro cnn!IHRII an11 peJJ.KoaeMen~ 
2 /1/ 

mnnoll - 100 Mr/cM , nonyqenuoe CHMOHOBbiM n AneKcaaaepoM • 

CIIT 

06CY»<IleHRe peaynbTSTOB 

KaK BHilHO na KpHBblX ua puc. 5, yrnoBbie pacnpeaeneuan naep o~ 

OT THna peaKUHR, Yrnoaoe pacnpeaenenne an11 !lllep OTilS'IH a pea 

7 

,1' ~ I __________ _ 



3 aaHCHMOCTH yrnOBhiX pacnpeaeneHHII OT I) THUS peSKUHH; -2) MSCCbl 

OflLUHHbl MHllleHH. 

MeTOllHKa 3KcnepHMea1'a 

noTa II HeOlliiMS 6hinll UpHrOTOBI19Hbl Ha UO.Q.IIO)KKSX 113 6 MK SIIIOMHHHB

Ilb 38 TOniUHHOII MllllleHell OCyllleCTBnsinCil C UOMOlllbiO B3BelllHBSHHil, 

2 2 2 
MHUleHH 113 301IOT8 TOillllHHOII 130 Mr/CM , 360 Mr/CM , 720 Mr/cM 

HHOII 630 Mr/cM
2

• Yfcnollb30B811Cil HeO,llHM, 06orameHHhlll H30TOUOM C 

42, 3TOrO H30TOU8 B MHUleHH 6bin0 96%, 

MHUleHell HCU01lb30B811Cil BbiBe,lleHHblll Dy'IOK UHKIIOTpOHS MHOr038pllll-

-150. 

+5 
·;

14 
, nonyqaeMhie Ha UHKnoTpoHe, HMenH aHeprHIO- 97 Mae. C no-

cj:>onhr MO)KHO 6binO yMeHblllBTb aHeprHro HOHoe, Ha MHllleHb, HMeBillYIO 

MeTpe, nonaaan TOK- 0,1 MKa. 

ll,llpa - npollyKTbl pe8KUHII, BbineTSIOlllHX H3 MHUleHH, nonaaanH HB 6 MK 

y, llBfilliOlllYIOCil c6opHHKOM. CxeMa onbiTa noKa3aHa Ha pRe. I. C6op-

biO lliTBMna pa3pe38fiCil Ha KOHU9HTpH'iBCKHB KOfibUa, K8)K,ll0MY 113 KOTo

onpeaeneHHbiii yron BbineTa llllpa OTllB'lH, HeonpeaeneHHOCTb a yrne, 
. 0 

biMH pa3MepaMH MHilleHH, cocTaenllna - I . Ka)Kaoe KOilbUO o6c'!HThiBa-

'Holl K8Mepe CO ccj:>epH'IBCKHM 31leKTpOllOM, perHCTpHpyiOlllell a -qacTHUbl 

HTeHCHBHOCTH a -cqeTa OT HOMepa KOilbUS II UpellCTBBilllllS Co6oll yr

e SJ.llep OT.[l81JH. 

P e 3 y n b T a T hi 

/5/ 197 14 
·a3aHo a pa6oTe 1 np11 o6ny'ieHHH Au HOHilMH N 3a C'iBT peaKuHII 

HeiiTpOHOB B03HHK8IOT a -aKTHBHOCTH 38MBTHO p8311H'i810lllHXCil UO ne-

1a, 

pHBe,llBHa CBOllKS a -aKTHBHbiX H30TOUOB, B03HHKSIOlllHX B pe3yllbT8TB 

206 207 197 14 211-x 
Em • Em - npoayKTOB peaKuHII Au ( rr • xn ) E • 

Hbl a -aKTHBHOCTH, HMeiOlllHe HHTBHCHBHOCTb H·S HBCKOilbKO UOpllllKOB 

a -aKTHBHOCTH, KOTOpblB npHBOllllTCSl, 

b, 'ITO CyllleCTByiOT xapaKTepHbiB nepHOllbl a -aKTHBHOCTell JQ8 MHH, 

OOTBeTCTByJOmHe peaKUHilM c ncnapeHHeM 4, 5 H 6 HeiiTpoHoa. 3TH 
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UBpHOllbl Yll06Hbl llllSI HS611IO,llBHHil H llOCTSTO'iHO OTIIH'iSIOTCil llpyr OT llpyra 1 TBB 'ITO 

HMBBTCil B03MQ)KHOCTb p83llBIIHTb npOllYKTbl peaKUHH no nepHOllSM a -aKTHBHOCTell, KOTO

pble B HHX B03HHKSIOT, 

QPyHKUHH B036Y>KllBHHil llllll peaKUHII HCUapeHHil HBCKOilbKHX HeiiTpOHOB 6blllH H3MBpBHbl 

s pa6oTe
151

• 

Jlnll OCyllleCTBnBHHH OnpeaeneHHOII peaKUHH 3KCUepHMeHT81lbHO Bhi6Hp8118Cb 3HeprHH 

HOHOB 0 npH KOTOpOII UOily'lallCil B OCHOBHOM npOllyKT ,ll8HHOII pBSKUHH, a llpyrne peaKUHH 

lllllH C ropa3,ll0 MBHblllHM CB'iBHHBM, 

YfllBHTHcj:>HKBUHH DpOllyKTOB npOH3BOllllll8Cb UO nepHOllBM, TSII KSK OTIIH'iHTb a -ax

THBHOCTH DO 3HBprHH a -qacTHU 6blll0 38TpyllHHTBilbHO 113-38 3H8'iHTBilbHOrO B6HBSHHH 

HllBp OTllS'lH B C60pHHK, 

• 197 14 207 
BhlnH H3MepeHbl yrnosble pacnpeaeneHHH Haep OTllS'iH B peaKUHH Au ( N , 4n) Em 

2 2 2 
llnH MHillBHell. pa3nH'lHOII TOnlllHHbl ( 130 Mr/CM , 360 Mr/CM , 720 Mr/CM ) ; 3TH yrno-

BhiB pacnpeaeneHHH noxa3aHhl Ha pncyHKe 3. Ha pHcyHKe 4 H3o6pa>KBHhl yrnoBbie pacnpe-

2 
llBnBHHH llnH peaKUHH HCnapeHHH 6 HBIITpOHOB llnll MHWBHBII TOnlllHHOII 130 Mr/CM H 

720 Mr/cM
2 •. 

142 14 149 

14 
PeaKUHil Nd (N , a 3n) Tb OCylllBCTBilllnacb npH MSKCHUSnbHOII 3HeprHII HOHOB 

N ~ 94 Mas, c y'ieTOM TOnlllHHbl noanO)KKII MHlllBHH. npn 3TOM IllnH, KOHB'IHO, II peaK-

/6/ 
UHH nonHero cnHI!HIIIl c aanbHellwiiM ncnapeHneM HeiiTpOHOS.. KaK noKa3aHo a pa6oTe , 

14 
npll 3HeprHH B036y)KllBHHil COCTSBHoro ll,llpa ronbMHil, COOTBBTCTByiOllleil 3HBprHII N - 94 Maa, 

' H.llyT, B OCHOBHOM, p88KUHH C HcnapeHHBM 5 H 6 HBIITpOHOB, 

150 
CxeMbl pacnaaa B03HHK4IOlllHX npn 3TOM H30Tonoe Ho 

151 
H Ho nOK838Hbl HS pHc,26, 

BnaHo, 'ITO npn pacnaae npoayKTOB peaxunn nonHero cnnllHHil RMeiOTCil TOilbKO 

KOpOTKQ)KHBylllHB a -&KTHBHOCTH, noaTOMy, ecnH H8'18Tb 06C'!BT C60pHHKS '1BpB3 2-3 qaca 

nocne KOBUS o6ny'!BHH1! 1 TO e,llRHCTBeHHOII He pacna,lllq;llllBi!Cil a -aKTHBHOCTbiO HS HBM 6y-

149 142 14 ~ 149 
llBT Tb , o6pa'\~3aelllnllcll B peaKuHH Nd ( N , a , 3n ) Tb , TSK KaK nepnoa 

nonypacnaaa Tb paeeH 4,1 qaca. 

Yrnoaoe pacnpeaeneHne llllBP OTllS'lH, B03HHKSIOlllHX B aToll peaKunn, npn TonmnHe 

2 
MHWBHH 630 Mr/CM nOK838HO Ha pHC, 5, Ha TOM )Ke pHCyHKB H306pa)KBHO yrllOBOB pac-

UpBllBileHHe llllBp OTllS'iH B peSKUHH UOIIHOTO CIIHilHHil llllll pBllK03BMBilbHbiX MHUleHell TQII

lllHHOII- 100 Mr/cM
2

, UOily'leHHOe CHMOHOBbiM H AneKCSHllBpOM/
1/. 

CllT 

06Cy)K,ll8HHB pe3yllbTSTOB 

KaK BHllHO H3 KpHBhiX aa puc. 5, yrnoBbiB pacnpeaeneHHil llllep OTllS'iH cHnbHO 3aeH

oT TH,a peaKnHH, Yrnoaoe pacnpeaeneHHe an11 Hllep OTllS'iH a peaKUHH THna {I,a,xn) 

~ . 
7 
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3H8'iHTeObHO WHpe H HMeeT M8KCHMYM npH 60DbWHX Yr'D8X no Cp8BHeHHIO C p8Cnpe.o.eneHJI

eM H.nep OT.0.8'iH a pe8KUHH nonHoro cnHHHHH. Bb16Hp8H p8anH'iH&IA HHTepa8n yrnoa, MO>K

HO nony'iHTb p83DH'iHblA KOS<jJ<jJHUHeHT O'iHCTKH npO.O.YKTOB O.O.HOA pe8KUHH OT npo.O.yKTOB .npy· 

roA H p8anH'iHYIO o6wy10 
s<jJ<jleKTHBHOCTb perHCTp8UHH npo.nyKTOB ·TOA pe8KUHH, KOTOp8H 

HHTepecyeT 9KCnepHMeHT8TOp8, )f(e:JaTeObH0 1 KOHe'iH0 1 HMeTb M8KCHM80bHb(A KOs<jJ<jJHUH,~HT 

O'iHCTKH H H8H600bWYIO s<jJ<jleKTHBHOCTb, 

CpaaHHB8H xpHBbie, Hao6pa>KeHHble H8 pHc, 5, MO>KHO nony'iHTb 38BHCHMOCTb s<jl<jlex

THBHOCTH H KOS<jJ<jJHUHeHT8 O'iHCTKH npo.O.yKTOB peaKUHH nonHOr'O COHHHHH B 38BHCHMOCTH OT 

BeOH'iHHbl yrnoBOr'O HHTepB808 H OT yrna, UpH KOTOpOM STOT HHTepaan Bbl6paH, 

3TH .0.8HH&Je npHae.neHbl a Ta6nHue 1. UH<jlpbl, npHae.neHHbJe B T86nHue 1, He coaceM 

xoppeKTHbl, TSK K8K yrnoable pacnpe.neneHHH .o.nH peaKUHH nonHoro cnHHHHH H peaxnHH c 

oTwenneHHeM npHMOA a -qaCTHUbl CHHTbl npH p83HbiX TOOWHH8X MHWeHH H DpH p83HOI 

SHeprHH HaneT810ill,HX 'i8CTHU, 

/2/ 
K8K noxaa8HO a pa6oTe , yrnoaoe pacnpe.neneHHe npHMbiX a -q8CTHU c yMeHbwe-

HHeM SHeprHH na.o.aJOWHX 'i8CTHU CT8HOBHTCH MeHee OCTpO H8np8BOeHHblM snepe.n, 3TO npH

se.neT, B03MO>KHO, K TOMy, 'iTO M8KCHMYM yrnoBOr'O pacnpe.neneHHH H.O.ep OT.0.8'iH B peaK-

UHH THUS (I, a, XD) C yMeHbWeHHeM SHeprHJ! n8.0.8JOWeA 'i8CTHUbl 6y .neT CMelU8TbCSl B CTo-

poHy 6onbWHX yrnoa. 

VIa pHc. 3 H 4 BH.O.HO, 'iTO yrnosoe pacnpe.o.eneHHe H.O.ep OT.O.B'iH B peaxuHH nonHoro 

2 ' 2 
COHHHHH C yBeOH'ieHHeM TOOWHHbl MHWeHH OT 130 Mr/cM .0.0 720 Mr'/CM CHObHO ywHpHeT-

CH H M8KCHMYM ero CMeiU8eTCH Ha 2° B CTOpOHY 6onbWHX yrnOB, 

B CBH3H c STHMH HeTO'iHOCTHMH UH<jlpbl, npHse.neHHble B T86nHue, .nnH xos<jJ<jJHuHeHT8 

O'iHCTKH H s<jJ<jleKTHBHOCTH perHCTp8UHH npo.nyKTOB pe8KUHH, sepOHTHO, HeCKODbKO H3MeHHeT

CH, 0.o.H8KO K8'ieCTBeHHblll BbiBO.O. o ToM, 'iTO Hcnonb30B8HHe p83DH'iHII B yrnoBbiX Pa.cnpe-

.o.eneHHHX H.O.ep OT.0.8'iH HBDHeTCH nepcneKTHBHbiM .O.DH Bbi.O.eileHHH THn8 pe8KUHH OCT89TCH 

B CHne, 

/1/ 
Cp8BHeHHe .0.8HHbiX, nony'ieHHbiX B 9ToA p86oTe, c peaynbT8T8MH p86oTbl npHBO.O.HT 

K 38KnJO'ieHHIO, 'iTO yrDO!!ble p8Cnpe.neneHHH H.O.ep OT.0.8'iH C0860 38BHCHT OT M8CCbl MHWe-

HH, 'iTO COr'08CyeTCH C npe.O.B8pHTeObHblMH OUeHK8MH, 

HecMoTpH H8 9To, npe.ncTaanseT 6onbwoA HHTepec HaMepHTb no.no6 Hble yrnOBbie 

p8Cnpe.neneHHSI B o6n8CTH TSJ>KeDblX CHObHO.O.eOSJIUHXCH 9neMeHTOB, 

ABTOpbl Bbip8>K810T rny6oxy10 6n8ro.n8pHOCTb qneHy-xoppecnoH.neHTY AH CCCP 

r,H,<t>nepoBy 38 pyKOBO.O.CTBO H HHTepeC K p860Te, ABTOpbl 6n8r'0.0.8pHT rpynny 9Kcnny8-

T8UHH UHKDOTpoH8 Y-150, pyxoso.o.HMYJO 6.A.38repoM, o6ecne'iHBWYJO 'ieTKYJO p86oTy ycxo

pHTens H IO.B.rlony6oHpHHOB8 38 noMOIUb B npose.neHHH HaMepeHHII, 
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HMeeT M8KCHMYM npH 60.JibWHX Yl'.ll8X 00 Cp8BH9HHIO C pacnpene.JI9Hif-

8KUHH OO.IIHOI'O C.JIH!IHH!I. 8b16Hp8!1 p83.1IH'!Hblll HHTepB&.Il yi'.IIOB, MO)I(

blll K03,P,PHUH9HT O'IHCTKH npO.llYKTOB O.llHOll pe&KUHH OT npo.UyKTOB .Upy· 

y10 3,P,PeKTHBHOCTb pel'HCTp&UHH npO.llJKTOB TOll pe&KUHH, KOTOp&SI 

eHT&Topa. )KenaTe.JibHO, KOH9'1HO, HM9Tb M8KCHM8.1lbHbl')l K09,P,PHUH,~HT 

10 <~<P<PeKTHBHOCTbo 

bl9, H306p8)1(9HHbl9 H8 pHC. 5, MO)I(HO fiO.IIJ'IHTb 38BHCHMOCTb 3cP,PeK

eHT8 O'IHCTKH npO.llJKTOB peaKUHH fiO.IIHOI'O C.IIHSIHHSI B 3BBHCHMOCTH OT 

HTepaana H OT yrna, npH KOTOpOM 9TOT HHTepaan Bb16paa. 

uaeneHhl a Ta6nuue I. Un,Ppb!, npuaeneHHbJe B Ta6nuue I, He coaceM 

[YI'.IIOBble pacnpe.Ue.JieHHSI .ll.IISI pe&KUHH fiO.JIHOI'O C.JIHSIHHSI H pe8KUHH C 

a -qaCTHUbl CHS!Tbl npH p83HblX TO.IIUlHH8X MHWeHH H npH p83HOI 

'18CTHU. 

121 
pa6oTe , yrnoaoe pacnpeneneaue npi!MblX a -qacTHU c yMeH&we-

wnx '18CTHU CT8HOBHTC!I MeHee OCTpO Hanp&B.JieHHblM anepen. 3TO npH-

TOMy, 'ITO M8KCHMJM JI'.IIOBOI'O pacnpene.JieHH!I Sl.llep OT.Il8'1H B peaK-

'C yMeHbllleHHeM 9HeprHII U8.1l810Ulel '18CTHUbl 6yneT CMeUl&TbCSI B CTO-

an.aao, 'ITO yrnoaoe pacnpeneneaue Sl.llep OT.Il&'IH a peaKuHH nonaoro 

2 2 
eM TO.JllllHHbl MHlll9HH OT 130 MI'ICM .llO 720 MI'ICM CH.IlbHO JlllHpS!eT-

MewaeTCSI H8 2° B CTOpOHy 60.IlbWHX JI'.IIOB. 

H HeTO'IHOCTSIMH UH,Ppb!, npnae.aeHHble B T&6.JIHUe, Jl.ll!l K09,PcPHUHeHT8 

perHCTpBUHH nponyKTOB peBKUHH, BepOSITHO, HeCKO.JlbKO H3MeHSieT

HHblll BbiBO.Il 0 TOM, 'ITO HCOO.Ilb3088HHe p83.JIH'IHA B JI'.IIOBbiX Po!l.Cnpe

I'IH !IB.IllleTCSI nepcneKTHBHblM Jl.ll!l Bhl)leileHH!I THna peBKUHH OCTBeTCSI 

Ill 
biX, fiO.Ily'leHHblX B 9TOII pa6oTe, C peaynbT8T8MH pa60Tbl npHBO.IlHT 

l'.llOBble pacnpe.aeneHH!I !l.llep OT.llB'IH cna6o 3BBHC!IT OT MBCCbl MHllle

C npe)lB8pHTen&HblMH OUeHK8MH. 

o, npe.acTaBn!leT 6on&woll HHTepec H3MepHTb no.ao6 Hble yrnoahJe 

8CTH T!I>K9.1lbiX CH.JlbHO.Il9.Jl!IUlHXC!I 9.Jl9MeHTOB. 

JOT rny6oKy!O 6naro.aapaocTb qneay-Koppecnoa.aeaTy AH CCCP 

aoncTao H HHTepec K pa6oTe. ABTOphl 6naro.aap!IT rpynny <~Kcnnya-

150, PYKOBO.IlHMY!O 6.A.3arepoM, o6ecneqnawy10 '!eTKy!O pa6oTy ycKo-

6o!lpHHoaa 38 fiOMOUlb B npoae.aeHHH H3MepeHHJI. 
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YrnoaoA HHTepaan 3qxpeKTHBHOCTb Kos<P<PHuHeHT o'IHCTKH 

1o - 2o 8% 3,2 
-

20 - 30 13% 4,2 

30 - 40 15~ 3,8 

40- 50 16~ 9,5 

50 - 60 14% 2,5 

60 - 70 II~ 1,8 

70 - 00 8% 1,3 

Io- 3o 22% 3,8 

20- 40 3I~ 4,3 

so- 5o 35% 3,9 

40- 60 32~ 3,I 

50 - 70 26~ 2,I 

Io - 4o 39% 4,0 

20 - 50 49~ 
~ 

4,0 

30 - 60 49~ 1~,0 

,to - 7o '+3~ 2,6 

~ . Io - 5o 56~ 3,8 
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