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4· BBEIEHME 

OpH HaMep~w t~HK~HA •o~a~aAeHH~ peaKUH~, npwaaa~HM K oftpa~oaa
HH~ ~p&AHBTRiaA~K ~ep (100 (A ( 160} 1 8~AO o&pa•BHD .HHM&HHB HA HB
KDTQP~B DCDDBHHDCTH T&KHM pa&K4~ C B~ABTDM AarKD~ ~&pR&BHHO~ ~aCT~~ 
- CHI 1pMnl t CHI ,MKn) 1 nc cpaeHBHHie c aH&IIDrH'fHIIIMH pe&KU.H""'H 1-1cnapeHH'I 

/1 '2/ H~TpOHOB HQ COCTABHIIIK RA8p - CHJ 1Kn) 4&11bHDHWH& HCCIIeAOB&HH~ 
o8pAOOD&HHft K&M TRaBIIIIIM (MHWBHWhDAOftHUM) 

131
, TAM H llarKHK (~&CTHUB

hDAOftHIIIK) /~/ hpOA~KTOB paAKU,HA BIIIRBHAH B&&H~Ie pOIIb hpDUBCCDB H&hDII-

liDIIQQ .J:~Q-

TallbHIIID BKCnepHMBHTIII hOQBDIIHIIH CtDPMYIIHpOB&Tb pRA hOIIOaBHHH 1 K&pAKTB
pHO~~-HK npOU,&CCIII hBpBA&~H H~KIIOHOB /

5
- 71 

H oftpaODB&HHR TM&BIIIIIM npo
A~TOB B p&aKU,HRK C BIIIIIBTOM IIBrKHK O&pRI.HHIIIK 'f&CTHU, /B, 9

/, 8 ROCIIBA
HBB BpBMft hpORB~~·TC~ HHTepec k anpaaa~eHH~ ampO~THOCTH pAOAH~H~K MA
HA~OD aaaHMOAe~CTaH~ ~Aep, • ~&CTHOCTH C~H~HH"' H& tOHe Ap~rHM He~np~-/10/ rHM npo1,4ec:c:o• 

8 HaCTO~~-~ paeoTe npeACTaaAeH~ pam~~bTaT~ HaMepeHHA MeToA&MH 
"off-11ne" Y-cneMTpOMeTpHH aflit:oJI~THbiK c:e•i&HH~ oOp•moa•HH~ H ~rA0811Ul 

pacnpeAe~eHHA npDA~KTOa C Maccoe~MH ~HC~aMH DT 122 AD 128 D peak1.4H~K, 
••a•aae~K HOHAMH 22Ne HA HQOTOnAK A; npH aHeprHH HOHOa ~q M•B (a 
~afliopaTOpHOA CHCTeMe) • 

B~paHH•~ aH&prH~ HOHDa • 1.4 P•~· np••~waeT K~~OHOaCK~ eapbep 
peaKI.4HH, H0 H~·· aHIIprHH, COOTaeTC:Ta~-~~ ICPHTH~IICKDM~ ~r~oeOMy MOM&H
Ty, onpeae~~M~eM~ npouecc C~H~H~ ~Aap /ll/, KD•HO fli•~o D•HAaTb, ~TO 
npH aTOA aHopr~ OCHoa~M np01.4eCCDM •maHMOAeACTaH~ ~Aep fli~AeT HM no~
H08 CAHm~H• c oCpaaoaaHHoM npaa~KTOa pacnaaa cocTa•HbiK ~•ap, yaoa~w 
•~" Y-cneKTpoMeTpH~acKHK HDMepeHH~. OoAy~eHH~• TaKHM oflipaaoM a8coA~T
H~ co~eHH" oepaaoaaHH~ npoayKToa cpaaHHaa~Tc" c pac~eT&MH no CT&THc:
TH~rcKoA MO~e~H 1121

, ~OMO~HHTe~bH~M HH+DPM&UH~ 0 M81CaHHOM8 OflipaaoaaHH" hpDA~ICTCa a peAMUH"M a•MT yrAoa~e pacnpuae~~"' HA OCHaa•~~H 

OH&AHOa KOTDpWIC p&CCMOTpeH aK~aA npQUVCCOa H.hOJIHOrD CAH"HH" ~ep a 
oepaaD·&HH· H48ANAA~M npDAYkTOB. 

2. 3~CnEPMME~TAIL~A~ HETOIM~A 

2.1. 0&~~4EHHR H YCTAHOBKA. 
h~K· UHk~OTpDH& T"w•~-K ~OHo• ~-400 naeopaTop~ "ARpH•K p•aK~~A Q~AH. 
HQ~~ 22Ne yCKopRAHCb C ~apRAOM +2 1 D~DOAH~~Cb H~ KAMep• UHKAOTpDHa 

MOTDAOM nopttaapAAKH ~I.I TDop•DTOJtDHOM CTpHnnapo H TpaHt:nDpTHpDD<J;~HCb D 

pCAK~HOHH~ KA~Cp~ CHCTeMoH k&AAp~nO~bH~H AHHO. 
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CxeMa ycTaHOBKH, HcnonbaosaaweHc~ a o5ny~eHHRX 1 noKaaaHa Ha P"'t:.1. Tl'j'-fOIC 1-101-COE< en) ITepe,q llOllilAilHHE!M Hil MHWE!Hb (M) KOJ1J111MHposanCR JU1a.,parMaMI1 Dt 1.1 02, orpaHI1'-fHBatoiiH1MH yrnoeyKt pacxo,<U-1MDCTb n)"-tKa B npe-o At' nil:< ::;; 0. 5 • Jlnfl H:3MepE'HHfl 3HE!prl1~1 HaJ1E!TilKIL1,11X I-10HOB MEIA)' Al1a+parMaMI1 OQME!ll,anCfl TOHKHH pacceHaaTenb (p). IIIOHb1 1 paCCE!RHHble llOA )'rllOM 30 ° K 
HanpaDJ1eHI110 ll'J'lKa,peri1CTpHpoaaJ1~1C~ naaepxHOCTHo-Oapt:.-epHbiM Si CAu) -,qe
TeKTopoM (nnJD. III3MepeHHfl 3HE'prHH OpOBOAHnHCb AD 11 OQCJ!e 06Jl"::{'l01111>l 
1>111Wt'H11 1 DO Dp~Mfl 06Jl)"·IE'HJ.1fl M11WE!HI1 paCC!:?HE<aTeJib HilXDAI1nCfl SHE' ll)''lKa 
~10HOB. 

E- I 
um ~ I c 

A2 

L''" ' 
E 22 Ne ~~nA 

P~c. 1 Cxe&a JKcnepu~Hmal ~1 u A2 
UOHOG en), p - pacceuea~~a~ ~O~~~G, nO.ll 

\ 

60c ... 

~ 
I n I •• \ • ., • I 

p 

sxoBHWe aualpa~MW ny~Ka 
noAYnPOsOOHUKoswU Oemekmop, 
4UAUH0P ~apaf'3e~. 

B Ka'1E'CTBE' MHWE'H11 HCllOAb30BaJiaCb CilMOITOAAepiHSaKtll.ilRCR. cepe6pRHafi 
+OJlbra TOJILI.I1HOJ':1 0.26 :!:: Q.D4 MrfCMZ C npHpOAHbiM CQAep•aHHE'M H:30TOOOB. 
TOJU.HH<l MHWE'HH Ollp!:?AE!JtAJiaCb C llOMOIJibHI pE'HTreH-tJIHIOpeCU,8HTHDrO ilHilJTH3a. 

RApa OTAa'lH, e~6HTb19 1.13 MHWeHH IT~'lKOM HOHOB, B~M c5opHHI<OM (C) TOJILI,HHOH 8.3 Mr/cM
2

1 B KOTOpoM 1 ITO HM8101l1HMC~ npeACTaSJiEHI-1HM 0 I<HHeMaTHKe B03MO.HbfK OpOU,eCCOB /l 1
/ 1-1 npo6erax ~Aep /

13
/! 

AOJi.Hbl 6biJIH T0pM0:3HTbCfl Bee "MHW8H8ITO,.OeiHbfe" npOA)'I<Tbf 1 ITOllBA<lKIII;I18 H.:l 
c6DpHHI<. C60pH11K ~l<p80Jis:!JICR Ha AHCKE' 1 paCnOJIOIE'HHOM Hil OITpeAeJie!HHDM paCCTOHHHH OT MHmeHH 1-1 HM810li.8M 0TB9pCTHe AJIH MOHHTOpHpOBdHHfl TOI<d IT'J'l
Ka C ITOMDLI.biO lli1JTI1HApa ¢tapaAE'ft (UIJI) 1 HBXOARIJI@rOcR cpaa~ :3B AHCKOM. 

11 -1 
CpeAHSU'I HHTeHCI-1BHOCTb n·•f'IKB HOHOB HB MHW8HI1 COCTBB!lstJia 4.10 C • 

6b1Ji0 npoB8A8HO ,_Ba o6Ji~~eHHR llpOAOAaHTeJibHOCTbHI DI<OJIO 2-x ~aCOB KBIADe C npHMepHO paBHbiMH I-1HTerpBllbl1b1MI-1 llDTOKilMH HOHOB 1 npOweAWHMI-1 
~epe3 MHWSHb. 9 nepOOM 1-13 HHX npO,.~I<Tbf peat<UHH Co6HpilJIHCb AB~MH 1<0Jib
U,8BbfMH t6opHHKaMH 1 OXBBTbfBaBWHMH AHana30H ~rJIOB OT 1.4° AD 2.6° H OT 2.6° AD 9.9°1 BD BTOpOM - Al-1alla:3DH "::{rJiOB OT 0.9° AO 15.6° OXBaTbiBBJiCA 
OAHHM c60pH11KOM. 

2 



2.2. ~3MEPEH~R ~ OEPAEOTKA nAHH~X. raMMil.-il.KTk1BHOCTb c60pH~1KDB 
J.13 nepBOPO o6Jry'ieHHH I18ME'pflflt1Cb cn-ycTR 1. 5 Yac.J. OOCJle E!PO OKOH'I.J.I-IJ.1>1 np11 OOMDIII.I-1 y-cn£'1< TpOME'Tpa C Ge (Li) -AE'TE'I~ TOpOM, 1-1ME'IOIII.J.1M s-+ +e~<: TI1BHb4H o6bE'M 28 CM

3
• Pa3pE'WE'H11E' COE'KTpOME'Tpa COCTil.BJlHJlO 3.0 K38 (WI1pJ.1Hil. Ha ODJl'YBr:ACDTE') AJIR Jli1HJ.111 .609.6 1<:38 

226
Ra. 8 TilfJ.Jit>CU,e 1 npi-1BE'AE'Hb( 1-1AE'HTH+~1-UI1PDBaHHb4E' H~KJli1Ab4 1 J.1X BpE'ME'Hil. .J.13HH J.1 XapilKTE'pHCTHI<:H y-nepeXOAOB / 14

• lS/. 06pa60TKil. pE'3)'JlbTil.TOB 3TI1X 1-13ME'pE!HI-11~ A!IR 060J.11< c6opH111<0B 
norpeWHOCTE'i1 AOlTPOai-1B)'IlH1E' I 1'}1<. 

OOK-'l::Jil.Jld 1 B ·~acTHOCTH, "'TO B npeAeJlil.X 
JH1Jlb4 123 1, 125

xe H 
127

xe o6pa::J)'IOTCH 
123Xe, 125Cs 1-1 127Cs. 

KaK AOYE'pHJ.1E' OPOA'JKTbl pacnaAa 

A 

122 

I 
123 

I 
125 

1126 I 

I I 
1
127 

I 

I I 

1128 

I 

Ta6JIMlla 1. XapaT<.TepHcTHKJ.1 Ha6JliOnaeMbiX panHDH)'KI111AOB 

3JIE'ME'HT flepHOA noJl)'pacna,~:~a E 

' 
(1(38) I A5coliiOTHbl"' BbiXOA 

Xe 20.1 Yac. 350.2 

I 
7.87 

I 564.0 17.7 

Xe 2.08 ~ac. 148.9 48.6 
178. 1 14.8 
330.2 8.5 

I I 13.2 ·~ac. I 159-.0 I 83.2 

Cs 0.75 'iil.C. 112. 8.6 
526. 24. 

Xe 17.0 'iac. 188.4 55. 1 
243.4 28.9 
453.8 4.2'1 

• Ba l 1.67 ~ac. 233.6 20.4 
241.0 6.22 
257.6 7.91 
388.6 42.3 
49!.2 5.33 

Cs 6.25 'idC. 124.7 15.8 
287.1 3.41 
321.5 1.25 
411.9 59.0 
462.3 4.27 
587.2 3.53 

Xe 36.4 AH. 172.1 24.7 
202.9 68. 1 
375.0 17.4 

Ba 2.43 AH. 273.4 14.5 

Cs 3 .. 8 MJ.1H. 442.9 25.8 

*) 0pHE<eJleHbl TOJlbKO Jli1HHH C HHTeHCHBHOCTbHl ) 5 7.. 

3 

('l.,} I 

I 



.llaHHl>IE' 0 E<bi:<OAa:< H'ji<Jli1AOE< E< 3TI1:< I13ME'pE'HI1!'1X 11COOJlb30E<ilJ111Cb E< 
AilJlbHE'YilUeM All!'! 00Jl"j'-H?Hio1f1 aflt:OJliOTHbiX CE''lE'HHH 1--1 HHTepnpeTdli,HH yrll0Lib1X 
pacnpeAeJleiH11':1 Ha6_fiiOAaeMbl:< npoA"}KTD& • 

.l!Jll"! OO!l'j'~E'HHI"i 'jrllOBbiX pacnpeAe>JTe>HI1YI t:flapHHK 113 BTOporO 06JI"j'tE'Hi1~ 
p<13pC3LIJ1C~ Ha ":OJlt:•U,a, ·~TO 06E't:OE''t11Eri1!10 onpeAE'JlE'HHbiE' Al1aOdl30Hbl "}r II DB 
t:flOpa npoA'ji<TOB pE'ilKU,I-11<1. Heo5XOAI1Mbli1 'j'tE'T pa3Mepa MHWE'HI1 npOBOI'U1/ICOI 
11HT£>rp1<1pOE<c.lHHEM nO ee paA11'jC'j COOTBETCTB'JIOIII.E'rD Bblpa•eHI1R AIISl eepORTHD
t:TH 000<1AaHI1S'I SlApa OTAd'tH, BbiJlE'TE'BWera OOA onpeAE!JlE'HHbiM 'jrJloM, H.J. 
t:6DpH111< /

161 
Jti3ME!pE'HI-1!'1 ill< THBHOCTI1 3THX cf3opHHKOB npO&OAI1JTHCb CTI'JCT!'I 

1.5 C'jTOK TIOCIIE' OKOH'tdHHR BTOporo 06Jl'j~E'HHA Hd Y-CneKTpOME'Tpe C AD'jM~ 
Ge(LiJ-.qeTE'KTDpaMio1 1 BKJI.l0'1E'HHbiMI1 B CXeM"} C'jMMHpOBaHHSl HMO'J-'lbCOB, 9 reO
ME'Tp11H 113ME'pE'HI111, 5Jlf.13KOI1 K 4TT. Pa3pE'WE'Hi1E' CTIE'KTpOMeTpa AJlSl .IH1HI111 
609.6 K3B 

226
Ra COt:TaBJlSlJTO 5 K3B. 

A6t:OJ110THble ~++EKTio1BHDt:Tio1 cneKTpoMeTpae onpe~enRnHCb 
CTdHAilpTHoro Ha6opa OCrVI 11 

226 Ra-Ht:TO~H11Ka c TIOCJ1E'A'JIOIIIe11 
e1':1 3HE'preTI1'1E'CK01'1 3i1BI-1CI-1MOCTI-1 TIOJ11-1HOMOM /J?/• noJl'j'1E'HHbiE' 

annpOKCHMaU,I-1-

+e>KTHBHOCTH AJlSl 'JKd3iiHH~X B Ta6~~~e 1 3HE'prHH y-JlHHHH HCTIOJlb3Q9aJ1HCb 
npH anpE'AE'JlE'HHH BbiXOAOE npOA'jKTQ&. npoBOAio1.JlOCb ':{t:pE'AHE'HH8 BbiXOAd no 
f;CE'M HiliSJIIOAdCM~M 3HeprHRM y--KBdHTOB AaHHOrO H':{K.IH1Ad. -:f·~I1T~BaJli1Cb Bpe
ME'Ha OI5!1'J'~E'HI1!'1, J.13ME'PE'HHR 11 B~Aep•KI1 OOCJlE' OK~H·~aHHSl 06Jl'j'lE'HHR. 

TH'~E'CKH8 norpelUHOCTH 1 J.13BE'CTHbiE' HeOnpE'AE'JlE'l ~HOC'T~1 8 :BbiXOAdX /14,15/ 
TIOrpE'WH0CTI1 annpOKCHMiilV1H KpHeol':'f AE'TE'KTOpa " HE'OnpeAeJleHHOCTH 9 rC'OMeTpHH t:6opa SlAep OTAa'~H. 

AIScoiiiOTHble ce~eHHSl onpeAeJ1~11~1t:b 11HTerp!-1poeaHHeM yrAD&blx pacnpeAe
JlE'HH~ AOArO.HB"JIII,HX OpDA'JKTQB. 'J~HTbiBd.JlCR XapaKTep 06pd30EdHHR HjKJlHAOB 
(D pE'dKU,I1RX 11-'111 B pE'3j!lbTaTE' par.:naAa npE'AlUE'CTBE'HHHKd) 1 TIO!I'j~E'HHbil':'f 113 

dHd!11-13il Y-paAHOaKTHBHOCTI-1 CfJDpHHKOB nepaoro o6!1':{~E'HHR. 

A6comoTHOe ce~eH11e o6pa3oeaHI1Sl KopoTKa•HB'J•ero 
12~a noAy~eHo no 

era BbiXOA':{ 9 nepBDM 0611"}'1eHHH 11 OTHOpMHpOBaHO Hd C00TBE'TC:TB'JIOIII,I1e 
a6t:OiliOTHbiE' CE''iE'HI1R H 'jrAOBble> pacnpeAE'JlE'HHR C:OC:E'AHI1X npOA':{KT09 C: " 

125, 127. 

B norpeWHOCTRX a6c0-'110THbiX ce~eHH~, KpoMe 'JKa3aHHbiX np11 onpeAeJTe
HHH p(~), ':{~TE'Hbi BKJldAb4 1 BHOCHMbiE' HE'OOpeAE'JlE'HHOCTRMH B TO.Jliii,HHe Mlo1WC'HH 
11 9E'Jli1~~1HE' 1-1HTerpaJlbHOrO TIOTOKd ~10H0Bo 

3. PE3YibTAT~ M DSCYKAEHM~ 

3.1. AECOn~TH~E CE~EH~ 06PA30BAHMR. 

4 



npeAWE'CTDE'HH~-1KHj AD'-iE'pHHE' AOJlrO•VIB)'~VIE' npDA)'KTbl 1 )'rJ\OBbiE' pilCOpE'AE'llE'HV!l'l 
KOTOPbiX V!GME'pHl!VICbj B03MQ.HbiE' COQC06bl paCOilAil CDCTaBHbiX fiAP-p 1 npHOOJ:IH'" 
~VIE' K 06pa30Bi1HHIO H)'KllHAOB C AilHHbiM A,H HX paC'-IBTHbiE' CE''-iE'HV!fl. 

Ta6JUI&J,a z. Ce'-leHHfl o6paaoaaHHR H)'KJ111AOB e peaKU.HfiX natAg+
22

Ne 

A lnpeAWBCTBeHHH"H HI BooMo•H•e pea:""" Ce'-iBHH!'l oGoaaonaHHfl {M(i) 

** Ha6lltoA. H)IKI1J.1Abl 06pil309ilHI<-1fl ) Pac'"!BT ) 3KCOE'pHME'HT 

122 I cs I 2p5n 
10 I 

I I 
o3n 

Xe 3p4n 

ap2n 

+ 

_1_1_ 112 + 
21 

Cs 2p4n 2p6n 
.Zn •4n 13 

+ 
Xe 3p3n 3p5n 

"P n 1Xp3n ~ 109 + 19 

1125 I La 4n 
Ba p3n p5n 

34 
+ 

156 

+ 
Cs 2p2n 2p4n 

• .Zn ~ 459 + 75 

Xe 3p n 3p3n 

""'" 
2.5 

La 3n 5n 
+ 

71 
Ba p2n p4n ~ 209 + 

29 

1127 I La 2n 4n 85 

I I Ba P n p3n 
+ 

118 

+ I I Cs 2p 2p2n 

• + ..£l..._ 323 65 I I 
I 

128 La 3n 30 
+ Ba p2n .22..__ 32 ~ 7 

Cs 2p n 0.7 

I 

*) ~eBilfl KDllOHKil- KilHilllbl AE'B036)'.AE'HHR CDCTilBHOrC fiApil 129La*, 
npaBilfl -

131 
La*. "iKil3ilHbl Hi1H6011EE' &E'pORTHbiE' KilHilJlbl (C1 > 0. 1 M6) 1 npH--

BOAfi.HE' K H)'KllHAilM AilHHOH LJ.E'OO'-IkH H306ap. 

**> C)'MMil cooTeeTCTB)"E'T 3KCnepHMeHTilllbHCM"J '-lilCTH'-IHC-K)"M)"llRTHBHOM)" 

5 



B HilCTO~iiiEi!f pa!JoTe AJifl aHaJivt::Ja AilHHbiX 0 SepOf'ITHOCTvt o!JpaaOBaHvtf'l 
t<OHC''·lHbiX OpOA'YKTOB OpOBOAJ.1JIV!Cb CTaTJ.1CTM"'eCKJ.1e paC"'STbl, OCHOBilHHbiS H,a 
MCTo,~:~e MoHTe-Kapno. B KaaAoi1" vtcnap~-tTEIIt>HD~~ ueno•H::e TO'~HD )''H1Tb1BanvtCt> 
3ilKOHbl coxpaHSHM~ -yrnoearo MOMeHTa, sHeprMM, vtMn)'nt>ca, aap:RAa vt Macco
E<oro "111C})il. 'Y'iJ.1Tb1BilJIOCb 3aT-y;~aH11E o!JO!IO"'E"'HbiX S++E~<TOB B CTilT~1CTH"'eC
KHX CBO~CTBilX BbiCOKOB036)'•AeHHbiX f1Aep. Q6~ee 'jAOB!IETBOpvtTS!It>HO~ corna
C~1e BbiBOAOB MO,J:18;101 C 60!lbWOt'i COBOK)IOHOCTbiO 3KcnepvtM8HTilJlbHbiX AilHHbiX 

/12/ 
not~a3aHo paHee 

10' 
'iTO MilKCJ.1MilJ!bHbll~ 9biXOA AOJI.Hbl HMSTb npOA)'KTbl C A = 122-128, o6pa3"jHiutH-
8Cf1 B pe::J'jJ!bTilTe pacnaAa COCTilBHbiX RASp 

129
La

4 
J.1 

131
La

4
• QIJpa::JOBilHJ.-te 

npOA)IKTOB C A ~ 128 npOMCXOAHT B OCHOBHOM Hil 
109

Ag, a npOA"jKTOB C A ~ 
126 - Ha 

107 
Ag. 06pa::JoeaHvte npoA)'KTOB c A 122-128 npaKH1"1SCt<~-t 11C'1ep

nbleaeT a6nacTb pacnaAa cocTaBHbiX f1Aep no A. 

Ha p~c. 2 noKaaaHo cpaeHeHvte npvtBeASHHbiX e Ta6~~~e 2 sKcnepvtMeH
Ta!lt>HbiX "'ilCTJ.1"1HQ-K"jM'JIIf1T~19HbiX 1.1 aHa!IOr...,....HbiX pac•-teTHbiX a6COJIIGTHbiX CS'iE-
Hvti1 o5pa30E<aHHf1 npO.ti'YKTOB. 

107 vt,~:~-y~vtx Ha vt30Tonax Ag 1-1 

Pac"teT npovtaeO.tlvtJ!Cfl pa3Aellt>Ho .t~JTR peaK~H~, 109 
Ag, C OOCJieA)II0~~1M )ICpe.t~HEHHEM OO.Il)"iC'HHbiX 

::JH<l'iEHI.-ti't CC'1EHI.1i't C "Y'1E'TOM pacnpoCTpaHSHHOCTl-1 1.130TOOOB. lti::J pvtC)'HK.3. DHA
HO t:<OOJ!HE -yAOB!IeTBOpHTeJ!bHOe COrJiaC~1e 3KCnep~MeHTilJ!bHbiX ~ pac·~eTHbl:-1 
ce•feHvt"': o6pa30oaH1.1f1 .tiJ!R npaA'ft<.TOB c A = 128-126. 

''''"-o~~-e-c,-,-,_.-., 

' 6<M 
('oil Iii 

m' 

' 

'" A 

~JIR npoA-yKTOB c A ~ 125 3KcnepHM9HTa.llbHO 

"'eTHble <AJIR A= 122,123 0TJTI.1"111E! np~MepHO B 

5 pa::J). flpH'fHHil CTOJ!b CH!IbHOrO pacxo•AC'HIHl 

3t<.CnepvtMeHTil C pac"'eTOM MO.eT 6b1Tb CB~3ilHil C 
MSXilHH3MOM OIJpaaoBaHH~ 3THX npo.t~yt<.TOS. 1lTOI5b1 

npoeepHTb aT-y rHnOTe3)', o6paTvtMCf1 K yrnoBbiM 

pacnpenenei·U-1RM. 

mu'-fHo-K_Y-'!Y.fiRml.l8HWX U COOifW:1£'111CmeYIOU4UX pacyem-

HWX C£''-f£'HUU 06P03060HUR npo0yKmoe C 00HHW-'! 

A. Pac'lemHwe &Ha'I€'HUR coeGuHeHt-~ ompesKOMU 
nPRMWX. Cu&eO.fl 3.fi€'M£'Hma - HO'IO.fiO H06.fiD0aeMOU ypnO'-fKU U306Qp, 0.fiR Komo-
PWX npoeoaumcR CPOeHE'HU€', 0C"ma.fi1>Ht-IE' POC'-f£'mHW@ C£''1E'HUR UM£"10m KYJ,(Y~lRIDUe·~ 
HWU XOPOKmeP, 

3. 2. ":JrJlOBbiE PACOPEliEJlEHII!fl. Ha PMI:. 3 npHBeAeHbl t1::JMepeHHbiE' yrno-
&ble pacnpe.tteJTe'.-ilo'IR npO.tl':fKToo c A 128, 127, 125, 123 11 122. CnAOWt-tbiMl-1 
.11HHHf1MH H<l p1-1C'fHKe AJ!fl A = 128, 127 H 125 OOKa3ilHbl paC"'E'THbiE yr.llOBble 
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pacnpE'AE'JlE'H!.-1~ npDA'fKTOS, o6pa3'jto\IHXC~ S peaKU~1~X C 11CTlapeHHe>M TOJlbKD 
HeVITpOHOD /

1
B/ • 8 paC'iE'TaX HCTl0Jlb3'jE'TC5'1 annpOKCHMaUi1~ 'jT'JlQEtOT'D pacnpe-

dC1/d8~ 

o' 

2 
exp[-0.5(8'R/d) JsinBR, (!) 

(2) 
- AvtcnepCHR 'jT'JlOEtOT'O pacnpE'AE'JlE'HH5'1, 0TlpE'AE'I15'1E'M3S'I ~1c.:napeHHE'M ·~aCTHU. H8 
C.:OCT..:IBHOT'Ci fiApa (£V) 11 paCCE'fiHI1E'M o6pa30EraBWH:<C5'1 npoA'jKTOB Ha aTOMaX 
BE'~E'CTBa MHWE'HH CMS). 8t<JlaA 3TOI1 COCTaBJ15'110\IE'~ :/'~I-1TbiEraE'TCfl HHTE'T'pHpDD.J.
HHE'M ( 1) no TOJlliHHE' HCT10Jlb3'JE'MOI1 MHWEHI1. 

0 • 12 0 <( • ~{rpagl 

npoar Kmoe c A 128, 127, 125, 
123 u 122 (060SHO'-fE'HW HG 

128, 127 u 125 TlOKOSOHW 

POCYI?mHME' pacnpe8et~eHU>l 8/191 PE'QI{

yut.f TlOJlHO.?O C/IUflHUR C ucnOPE'HUE'.1! 

HeUmPOH08, nPOmE'KO»~UX HO YKOGOH-

HMX USomona,~- A~UWE'HU (n-'fkK111UP 

POCYE'm 6E'G yYema mo/I~UHW 

I 1BI. BeP1JIUK0~1b HME' owu6KU moyeK 

UHm-eP60i1Y 

e KomoPoM co6upaemcs:. e 
cpe8HeM OKano 80% >i8ep e coomeem-

1161 

Er03MO.HO TOJlbKO C 1-1CTiapeHHE'M 3apJllP:E'HHbiX 'iaCT11U. 1.13 COCTaBHINX 5'1Aep, t::aK 
noKa3biDaeT npOBE':tlE'HHbl~ CT<lT!.1CTI-1'iE'CKI-1a::f paC"~E'T (eM. Ta6 .. Mll.Y 2) 1 T103TOM)' 
pac-~eTHbiE' 'jT'JlOSble pacnpeAE'Jle>HHR AJIR 3THX npO:tl'jKTOB, o6pa3'ji01.1HXCR 0 
(HI, Xn) -peaKU.11fiX, HE' npHSOARTCl'l. 

~cnonb3083HHbiH Ha~ TlOAXOA K OOHC3H~ 'jf'JIOB~X pacnpeAeJleHH~ T10K3-
3~eaeT enOnHE' ~AOBJIETBOpHTeJlbHOE' COOTBE'TCTBHe 3KCnepHME'HT3nbHbiX !.1 pac
'iC!THbiX pacnpeAeJleHHa::f. Ha;JIH'H1E' ··xeOCTOB- B Ha6JlHIA<lE:'Mb1X ~T'JIOI!'Ir.!X pacnpe-

125-128 Ka~eCTBeHHO 
MO•HO 06bACHHTb C~~eCTSeH~ItiiM Bt<JlaAOM peaKlU·U'1 C HCnapeHI-'IE'M 3apH•e~U-Ili4X 
'iaCT11Ll B HX o6pa308aHHe. 3-To TlO:tlTBep•AaeTCfl CTdTI-'lCTH'it?t:KV.MVI pat:"4eTaM~>~, 
00t<a3b1Da~HMI-I 3Ha'iHTeJlbHbli1 BbiXOA Tar01X pE:'il.KU.I-1V! (CM. Ta6~11~Y 2). 

KoJIH'iecTeeHHO 3To npeAnono•eHHe Mo•eT 6b1Tb npoeepeHo CJleAYH!~M 
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ol5pa8oM. Kat< CJIE'A';(E'T J.18 (1)-(2}, AJlR TOHI<Qj;j MI1WE'HI-1 +DPMa 'jTJIOBCrO 
2 pacnpeAE'JIE'HI1fl OflpE'AE'!I~E'TCR l-1l:Odpi-1TE'IlbHOj;j COCTaBJiflKlii,E'j;j A0-1CnepCHJ.1 dEV' 

KOTOpaR Bbipa.aE'TCS'I "-fE'pE'3 CpE'AHIGHI C'jMMapH'/1(1 I<HHE'TWiE'CK'jiO 3HE'pT"HIG 

J.1cnapRIOII,J.1XCR '-faCTJ.1U, 
118

•
191 

00C/lE'AHRS'I 1 B CBOIO C'iE'pE'Ab 1 B CII'J'-ldE' 

HCnapeHI-1fl x-Hej;jTpOHOB Bblpa.aeTCfl 'iE'pE'3 'jCpE'AHE'HH-jiG nO vtcnapHTE'JlbHOM"j 

KdCKaA';( RAE'pH';(IO TE'Mnep3.T'jp'j T: <f ) = 2xT 
1 '

71 
n 

B cny·-1ae 1-1cnapeH1-1R 3ap~ueHHol1 'iacTHI..I.bl ee KHHE'TJ.1'iE'CKaR 8HeprHR 

OT Jll-1'-lUCTCfl OT Kk1HE'TI'I'-lE'CKOJil 3HE'pT"I'IJ.1 HCOapRIOII,E'T"DCR HE'j;jTpOHa Ha BE'JH1'ii-1H)I 

K)IJIOHOBCKOT"O Qapbepa ME'aA'j HE'~ J.1 RApcM-OCTaTKOM. T3.KI-1M o6pa~OM, ';(T"JIQ

POE' pacnpCAE'JIE'HHE' I<OHE''-lHbiX npOA'jKTOB B HdlliE'M CJI)I'idE' AOJI.HO COAep•aTb 

ABE' KOMOOHE'HTbl: Of5'jCJl0BJ1E'HHb1E' 1-tcnapeHVIE'M TOJlbKO Hej;jTpOHOB H HCOdpE'HH-

E'M ~i1p>UE'I-1Hb1X '-f2lCTI1ll, 11 Hei1TpOHOB. 

Mbl 000biT3.JlJ.1Cb Bb1AE'Jli1Tb 3TJ.1 KOMODHE'HTbl B 'jT"JlOBOM pacnpE'AE'.I\E'HHH 

OpOA'j~TOB C A = 125 1 J.1ME'IOII,E'M Hai-1ME'HbWJ.1E' 3KCOE'pi-1MeHTaJlbHbiE' OWI1f5f{l-1. 

Pe3'j!lbTaT~ TaKara pa3JlD.E'HHfl 1 OOJl'j'-lE'HH~E' C 1-1C00Jlb30BaHHE'M ME'TOAa HaH

MEHbWI-1X I<EtaApaTOe, not::a8aH~ Ha PI'IC.4. npv. 3TOM Ot::a3aJlOCb 1 'iTO W~-1p~1Ha 

{+opMa) BbiAE'JlE'I-fHQj;j TaKHM 06pa8DM ''Het1TpOHHOH" 

naAaeT C paC"!E'TOM /lS/ 1 np1-1BE'AE'HHIJIM Hd PI'IC.3. 

KOMOOHeHTbl Hennoxo coe-

BMeCTe c TE'M 3t::cnep1-1-

M~HTaJlbHOE' C00THOWE'HI-1E' "HeHTpOHHQj;j" H ''3apR•E'HI-fOj;1" KOMOOI"IE'HT npeBblwaeT 

OOJI'j'iE'HHOe B CTaTJ.1CTI-1'-IE'CKI1X paC'ieTaX npHMepHO B 3 pa3a. 

' ' 
\ 
' ' 

P ... c. 4. AnnpoKCUAa~u~ Y?~oewx 

pacnpe~e~eHuU. n~~ npoOyKmoe c A-
125: pa&~o.eHUe 3QBUCUMO~MU 

euaa (1) c ewae~eHueM "HeUmpoH
HoU" u "3QpsfJiteHHOU" uc:napume .. 1t.HWX 

nDKQ$QHO ny HKmupo.M, 

pesy~t.muPYD~e pacnpeOe.neHue 

cnnowuoU. !f..JSl npodyKmoe c A = 122 

u 123; 30BUCUMOCfflb BU0a (1) 

nYHKmup, ?ayccoea saeucu~cmb 

cnADWHGSf, Cmpe~KoU noKa&QH DJRJI'1a

e&WU yeon ew~ema Sl~ep omaa~u 
125, 127cs* e pepK4USlx c oOpasoea

HUe,. "'nPSI.MOi'J." «-~Ocmt14W· 

AHaJIOT"H'iHbiM Of5pd30M 1 I-1C00Jib3'jfl OAHOKOMOOHeHTHbiH "+J.1T" 1 6biJIH o6-

pa6oTaHbl ';(T"JlOBble pacnpeAeJleHHR npDA':fKTOB c A = 123, 122. 3TH pe3';(JlbTa

Tbl TaK•e OQKa3aHbl Hil PMC. 4. HeofiXOA1<1MO OTMeTHTb HE'KOTOpOe B03paCT<li-11<1E' 

AI-1CTTE'pCHI-1 1 COOTBE'TCTB';(IOU,ej;j "3apR.E'HHDH" KOMnDHE'HTe 1 B 3TJ.1X pacnpeAeJle-
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I-U1flX npH nepexm:je OT A= 125 K A= 123, 122 (6.2°~0.7°, 7.2°~0.4° ~1 7 • 6°~0. ~ C:OOTE<eTCTBeHHO) C OAHOBpEMEHHbiM 'jX)'AWeHHeM KCl'fECTDCl "+HTa" • 

a6paaooa-H~1fl npOA'jKTOB C A S: 125, ''n!IOXOVf +~1T'' 1 TTO!I'j'~E?HHbiVi All~ HCTTapHTE!IbHOVi "3ap~aeHHOC1" KOMTTOHEHTbl B 'jriiOBbiX pacnpeAEIIEH~1RX TTpOA'JKTOB C A = 122 1.1 123, MOaHO TTpeATTOIIaraTb Ap~roH MeXaH1.13M 06paooeaHHR 3THX npOA'JKTOB. TaK1.1M MexaH~K3MOM 1 TTO Bc:eJ-1 SHJ:IHMOCTI1 0 ~SIIl'IETC:~ MaCC:H&Ha~ nepeAa·~a 11111-1 HETTOJIHOE C:JIHRH11E f!Aep 

oapS'IaeHHOH Yacn ... qbl. 

/9/ 

MOAEJlbHble 171 npeAC:TaBIIeHHR 

DbiJIE:'TOM "npRMOI~" 

TTQ3BQJI~IOT TTOII}I"'HTb HilAeaH)'IO OU,eHK'j C:e"'EHHH TaKHX TTOU,eCCOB 6e3 "npHB!'I3KH" K BbiXOAClM nerKHX TTPOA'JKTOB HllH TTOA6Dpa napaMeTpOB All~ AClHHOH peaKqHH. Heo6XOAHMO TaKae 'J'-1 ECTb 1 '-1 TO Ha61!10ACleMble MHWeHenOA06Hble TTPDA'JK Tbl RBJI RIOTC A BTOpH"' HbiMI1 t TO EC:Tb 06p<l30BaBWHMHCA B pe3':J'IIbTdT8 HeTTOIIHOrO CIIHRHHR l'IAEp 11 TTOCIIQ-A'jiO~OrO AESD3fi'jaAeHHR nepBH'-IHOrO TlpDA'jKTa. 

npOA'jKTOB B KOM6HHClU,Io1RX, ISIIH3KHK K HCCileA'jEMDVf 1 'ji<Cl3b/BaiOT Ha 3HCl"'I1TEIIbHble (""100 M6) Ce'feHHR o6pa3oBaHio1!'1 "npAMbiX" Dt-'-iaCTHIJ, H TTPOTOHOB /2(J/ Jlllfl npoeepKH rHfTOTe3bl 0 "llpfiMOM" xapaKTepe 06pa30BClHI ... fl TTpOA)'KTOB c A :=: 122, 123 H 'faCTH'fHO, no-B11AHMDM)' 1 npoAyt<:TOB c A : 125 o6paTHMC~ K KHHeMaTHKe 3Toro npou,ecca. 

PaHee TT'JTeM H3MepeHH~ )'riiOBbiX pacnpeAeneH11H 1.1 npo6eroe 6111no TTOKa3ClHO /
3 • 2

l-ZZ/ 1 "'TO o6pa3DBClHHe MHWeHeTTOA06HbiX npOA'jKTOB B peaKU,HS'IX HeTTOnHOrO CI!HfiHH!'I fiAep Mo•eT 6b1Tb )'AOB~eTeOpHTE'IIbHO OnHCaHO 8 p~MKdX AB'j:<CT'jTTE'H'-iClTOro npou,ecca C 'fClCTH'IHO~ nepeAayej;1 HMTT'jllbCil 1.1 Ma.CC:bl Hd..lleTa!OqeH "'aCTHU,bl H TTOCIIE'A'JKilii1M peaep+OpA08CI~i<1M paCCE'l'IHHeM ller"KOr"O +parMEHTa Ha o6pa30BClBWeMCS'I TaKHM o6pa30M COCTaBHOM ~Ape. EAHHCT&eHH~M napaMeTpoM TClKOH HOAeiiH ~SIIRETC~ paAH)'C S3d.HMOAEHCTBI1fl ME'.A)' TR•sllbiM H llerKHM TlpOA'jKTaMI1 peaKU,HH. MoAellb TT03&01lftE'T 1 B '-iaCTHOCTH 1 OTTpeAE'JIHTb HaH6o11ee eepol'ITH~V. )'rOll BbllleTa AaHHoro TRae11oro npoA'jKTa H era &HeprHIO B036]'aAeHHfl • 

.D:11~ HCCIIeA'JEMDV! KDM6HHClU,HH, TlpHBOAftliE'VI K 06paaoeaHHKI "npftMOH" «-'fdCTHUbl 1.1 COOTBeTCTS'jiO~HX TRaEIIbiX npOA'JKTOB 
125

•
127

cs*, HCli160.IIE'E' BepoRTHbiVi 'jrD.II Bbi.IIETa TTOCIIeAHHX TTOKaaaH Ha pMC. 4 C:Tpe.IIKOH. Heo6XOAH-M~H B paC'iE'TClX paAH)'C Baa~AeHCTBHft DnpeAe.llfiJ!Cfl C TTOMOllbiO TTO.II)''-ieHHDH paHee /
11

/ napa.MeTpH3aUHH AClHH~X no 'jTTp'Jr"OM)' pacceAHHKI. Ha PMC. 4 nol<a3aH TaKae raycc-"tHT" 'jriiOB~X pacnpeAelleHHYt llpOA':J'KTOB c A = 122-123~ HCTTOIIb30BClBW11VfC~ AJ!fl onpeAe.lleHHfl 3KCnep1.1MeHTClllbHOrO HaHfiOII~ &epO~T-HOrO 'jrlla B~.lleTa 3THX npOA~kTDB. 

CIIE'A)'E'T 3aMeTio1Tby 'fTC rayccoea +DpMa ~r.lloe~x pacnpeAeneHHH TftaeIIIIIX TTpOA)'KTOB 1 o6pa3'jKI .. HXCJI B peaKU,HlllX (Hl 1 otxn) H CHI ,pxn )1 Ha6JHoAallaCb 
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p.a! !~8 .Q!l~ 6once aCHMMeTpH'~HbiX l<OM6HHaJ . .I,HYI 
1231 TIOJl)''i~HHble HE'3HaY.HTE'Jlb

Hb!C paC:<O.JlE'HI-1~ HiH-160JJEE' BEpO~THbiX paC"'E'THbiX H ::lrKCTlE'pHMeHTaJJbHO Ha6JJ111-

AaE'MbiX 'jrJJOB BbiJJeTa THIE'JlbiX npDA'::fl<TOB MDr)'T 6b1Tb ofibHC:HE'Hbl H!?I50JlbWHMl-1 

D.:tpl-1.:tU,Hf1MH paAt-1)'Ca £<3aHMOAE'!iCTBHH. 

l!la pac'-leTa Tal<IE' CJlE'Jl)'E'T, '"ITO o6pa3)'~~HE'CH B peaKU,HHX TaKara 

THna nepBW1Hble npDA)'KTbl 
125 • 127 

Cs * 1-1MEIOT s-Heprt-1111 eo36'JI!leHH~ oKO.fiO 

50 M:?JB. 3TO.:i :lHeprHI-1 AOCTaTO"'HO AJJH !-1CnapeHI-1S'I I-IE'CKOJlbKMX 'i.ilCTI--1l\ (npo·-

TOHa, HE'V!TpOHOB) 1 "1T06bl np1--1BeCTH K Ha6JJI\IJlaeMbiM npoA.'}KTaM -
122

• 
123

xe. 

TipeACTi3.BJJ5fE'T 1-1HTepec, B , CBH3J.-1 C BbllliE'H3J!DIE'HHbiM, npOCJ1E'Al-1Tb 330J1!()

U.~~~O 'jrJJDBbiX pacnpE'AE'JJE'Hl-1l:i DT Ha6J1111Aae ... biX npDA'JKTOB pacnaAa COCTaBHbn: 

~u>.ep, ·~epea '-laCTI-1'-IHO Hai5J1WAaEMbiE' npDA)'KTbl HE'TlO!lHOrO CJ11-1l'IHI-1H SlAEp, K 

npOA'jto:TaM pcaKU,I-111 nepeAa'•H1 H'jKJ!DHOB. Mbl nollaraeM, '-ITO Tat<Ol:i TlOAXOA 

Tl03BOJIHT BbiAE.1l~1Tb OCHOBHbiE TlpOLI,ECCbl B 06pa30BaHHH TRI E.!J!biX npOA'jY.. TOO 

{noMHMO OOilHOrO 1-1 HE'OOJJHOrO C.1li-1SlHI-1H S'!Aep np01-1CXOART rll'jEiOKOHE)'OP':frHe H 

KB301-1'j0p)'rl-1e nepaA.:t·~~1 H)'l<JlOHQB), onpeAE.'J!I-1Tb I-1X BY..JlaAbl B CE.''{EHHE pc>.3K-

U,l1l-1. L!aCTb TaKl-1X TlpOA'JKTOB EibJJla I-1AG'HTI-1.j.l-1U.Hp0Ba.Ha B HaCTOR~eC1 
{Hilt5.1liOA.:tJJHCb 121,120 1 ' 121,119,117Te, 118-116Sb). QAHaKO 

pa6oTE' 

AOBOJ!bHO )'3KOrO l-1HTEpBaJla 'jrlloB, BblpeoaeMbiX c6opHHKdMH, H OTHOCI-1TC'IlbHO 

KOpOTK~1X E<PEME'H IH3Hl~ HE.'KOTOpb!X ~13 nepe'li-'JCJlE'HHbiX npOA)'KTOB Hl< 'jrJJOBb!E 

pacnpeAeJleHHH B HaCTOSlli,E~":1 pa60Te HE.' 'jAa!lOCb TlOll'JY.HTb. 

4. 31\K.IIHEHI1E 

B pE3'jllbTdTE' npoaeAEHHbiX B HaCTORtleVI pa6DTE.' 1-13MepeH!-1l:i 1-1 HX 

<ilH.:tJ!I-13a MOIHO CAE'!li3.Tb CJ!E'A':fiOLI,l-18 BbiBOAbl. 

1. ~OMepeHHbiE a6COlliOTHbiE.' CE.'Y.BHH'l'l o6pa30BdHHSl npoA'jKTOB peaKU,HH 
22 

Ne+nat Ag c MaccoH A 128-126 'JADBJJE'TBDpi-1TEJJbHO cor nac'jKITC A c 
/12/ pac~eTaMH TlO CTaTHCTH'-IE'CKOl:i MOAE.'!ll-1 • Ce"!EHHS'I o6paaoBaHI-1A npOA'JKTOB 

c A = 125-122 :JaHeTHO npeeblwatoT pac"!ETHble. 

128, 
127 H '-lacTH~Ho AJJR npoA'JKTOB c: A =:: 125 cornac'jtoTCfl c npeAcTaeneHHfiMl1 o 

OpE'HM'JLI,ECTBE.'HHO~ o6pa30BaHI-1H I-1X B peO'jJibTaTe pacnaAa COCTaBHbiX fiAEp 
129

•
131

La
4

• 3TO fiBJlfiE.'TCR TaKIE AOTlOJJHHTE.'JlbHbiM OOATBep•AEHHeM COrJJaCHfl 

pat:~E.'THbiX H HOME!pEHHbiX a6cOJJMITHbiX ce·~eHHH. 

3. 06pa30Bd.HI-1e npOA'jKTOB C A == 122 H 123 HOCl~T, no ecel:i BHAI~MOC·

TI-11 XapaKTep TlpffMOrO TTPDli.E.'CCa (HETlOJlHOrO CJ!HfiHHfl fiAE.'p I-1Jll-1 MdCCHDHOf'i 

nepEAil'-11-1 H'jKJlOHQB). 3TO npOABJlRETCR 8 OaMeTHOM OTJl~'IHI-1 -yrllOElbiX pacnpe

AeAeHH~J OT aHaJJorl-1'·11-!DIX AllS'f 6o!lee TS'fiE.'JibiX npOA'jKTOB, TlOATBepiAaE'TI::S'f 

MOAeJlbHbiMJ.-1 npeACTaBJJEH~-1fiMl-1 0 Kl-1HeMaTHKe TaKara npou,ecca l-1 o6bRCH~ET 

paCXO.AeHs-te C paC'IeTaMH a6COJ!IGTHbiX CE'-IeHHC1 TTO cTaTHCTI-1'-IE.'CKOC1 1-1CTlapl-1-

TeJibHOH MDAeJlH /l 2
/ 
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