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Bbl;";· pepunnHeBblX H. 6onee .T>DKenhlX OCKOnKOB B030Y:>K.IleHHblMH S!ilpaMH;. HaH6onee 
> 1 I • • ' 

' ' ' ' . • • • l • " , ' ' 

HHTepeCHblM SIBnSieTCSI HCl1YCKaHHe <jlparMeHTOB ·C OOnbWOl! KHHeTH'IeCKOll, 3H~pruelt,· 

3ueprH>I OOnbWHHCTBa· Bb!OpaCb!BaeMb!X <jlparMeHT_DB, 6nH3~a K' Ben~'IHHe KynOHOBCKOr'O 

6apbepa. \ Hepe.llKO OHa .npenocxoaiiT 3Ty: nenH'IIIHY H .lla:>Ke . OKa3b!BaeTCSI 6onbwe 
- j., • . . . . ' 

nonHOH 3HeprHH CBSI311 ncex HY~OHOB ,llaHH?r'O <jlparMeHTa. 
~. "'' 

Pa.lli!OXHMII'I~CK~e IICCneJ:!OBaHH~ Ta~ •Ha3bra'aeMblX B_TOpH'IHblX peaKUIIll/ ~ -B/ sm-

n>llOTCSI O.llHIIM 113 Y.llOOHblX cnoco6on 113.y'leHIISI MeX~HH3Ma o6p~30B.aHIISI H~.ll6api:.epHblX 
~ ' ' ,~· . . ' 

:q,parMeHTon. BTopH'IHb!MII peaKUII>IMH npHH>ITO Ha3brBaTb peaKnHH, npo
1

HCXO.Il>IWHe Ha 

>!Jlpax MHWeHH noi:t aeli~T~HeM· BTOpH'IHblX. <jlpar":f~HTOB, P?k.llae.Mblx' npH' non~.llaHHH 

B MHWeHb 'laCTHU 'nb!COKHX 3HeprHll; 3T~ .:oocTaTO'IHO TOHKIIl! ¢H311'1eCKHll' a'K~nep~;..eHT, 
• ' ' ' ,· f I • •', • 

Tpe6y10riuill oT ¢H3HKon· 11 pa.llHOXHMHKos 6onbworo HCKyccTsa. · Pe3ynbTaTbr TaKHx · 

Ol1b!TOB. xopowo .llOnOnHSI!OT ~pyrHe C~OC~Obl' H3y'leH~>I· n~ou,ecca ·,(u~npH;..ep, ¢oT03Mynb~ .. 
~""), a. HHOr.lla >~Bn>I!OTC>I noo6we e.lli!HcTneriHhrM HCTO'IHHKOM ueuuoll, uayquoll im¢opMa • 

UHH. 

OnHcbmaeMble sKcnepHMeHTbl 6brnn uaqaTbr B. V!HCTIITyTe. ~.llepHb!X npo6neM 

B 1951-1952 .ro.llax ~O.Il pyKOBO.IlCTBOM npo<jl, B:B,Kyp'IST~Ba H npO.Il011:>KalOTCSI .llO 

. Hac~osiwero' BpeMeHII:.B ~VISJVI llO.Il··pyreo'BOAC;BO;..,anTopa. a'THX.' 
1
cTpOK KOn~eKTHBOM 

• .-·. • .. :<.'._ •• 

<jlii~HKOB II pa.ttHOXHMH,KOB H3 c'Tpau-y~aCTHHll .HHCTIITYTB, VfcnonHHTen>IMH p~POT H8 . 

· pa311H'I~h.rx sTanax >!Bn>I!OTC>I, B.H. Sen>1en ( PHAH), ·H. VI. BopHcona (VIAS), Bau lOu-
• ~ •• : - • • -, , ' \ • -? • • ,' ' ' • • I t / • 

101! ( KI!Tall), B.B.Ky3ueuon (OMSIM ), .M.SI, Ky3Heuona (OMSIM ), . H.C. Manbu.ena 

(OMHM), ~IIH H~,; ByK (~HA,P), B~H~ Pbr6a~on (OMHM), s.r.ConoBb~~ (OHHI;~l.' 
1 , , \ : , , r _I 

1 
• , • ~ , 

B.A. ,?<anKHH (OMHM), n.B. lJHCTSIKOB <.MA3), P.A. illHI\1'1aK (nonbwa), KOT?PblM >I 

nonbay!Ocb cnyqaeM np11uecTH cnoKi IIC,KPeHH!OlO 6.rlaro.lla;HocTb, ·. Y not5cTn6 H3y'leHH>I 
. ' I J , ' . ,, , 

BTOpH'IHblX peaKnlll! '~6pa,SOB~H~SI llaOTOl10.B aCTaTHHa oflycna!l~IIBa~TCSI, . C O.ll~Ol! CTOpo-

Hbl, ~03MO:>KHOCTblO nony'leHII~ Mllwe_uell··, •. rpe6yeMol! CTeneHH · ,'IHCTOTbl OTHOCIITenbHO 

conep~~HH>I onac~hrx ·n:x~ ·Hac. 6onee TSI:>Keni.rx sneMeHTO~~ qeM IICXOllHhrll,' c . .dpyroi! 

a 

', i . . ' 
MeTOllHKa sKcnepuMeHTa 

.. I 
An" onh!TOB ucnonb3onanHCb o6pa3nhr BHCMyTa BblCOKOl! 'IIICTOThl 21, nonyqeHHbre 

' . ',\ . . 

.3 
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B rHpe.o.MeTe. H cneuuanhHO 0"1HUl9HHOro H8MH CBRHU8 ' • CyMMapHoe co.o.ep>KaHHe~ 

·~ . 
npHMeceil a BliCMyTe. t5bmo < 10 %. Coaep>KaHHe·nncMyTa.a cnHHue cocTanmmo 

< to-
3%, ~ upHMecb' ypaHB·" 'TOpllll oueHliBBeTCll < to-

5%; TaK~~ ot5paaoM, ncxonHoie - . 
MHlli~HH np8KTFI'IBCKH He CO~ep:>K8T 0~8CHhiX .O.nSI'~H8'? 6onee TSl>I_<9JlhiX aneMeHTOB.:~--

0IIb!Tbl npoaoaHnHCb Ha cHHxpouHKnoTpoHe· ·H CHHxpo¢aaoTpomi OvHII1,T.e. aa 
',,- . . , , , , - .. . . . , • , .-I· • 

UpOTOHBX n HHTepnane .~Heprni\ IlpHMepHO OT 0,1 po JO r"m, HB t:~ei!TpOHBX n .UHTep:-

nane· aHeprnil 75~375 Man H a -qacTuuax·c aHeprneil 210-S10 Man; Onpeaemmacb· .. 
. /' . . - ·. . " . -211' .. 1 • \ • - . • 24 . 

at5COUIOTHBll nenli'IIiHB Ce'!eHHil o6pB30BBHHll · At .. · OTHOCHTenbHO BhiXOllB ·Na ~· B 
} .'· , • 1~ , .' • • , I • , • ~- . • . ./ • ' . • - -:_ '< • -: • • " •• 

aniOMII~IHeao~ .Mo~n-Tope npH .ToM nnn n~o~. TH\~e~ Hn~ _. aHep~mi naneTarow~x'- tta~c~u:u., 
I ''. ' ,·' 210 209. 201 201' <' 

. a TBK>Ke nhiXOll J:lpyrHX. H30TOiiOn 'BCTBTHHB (At , , At · , At . . At · ) OTHOCHTenb..,-
: . ., ztl · · · ·· ·. · ·' _, ' ·, t .·. • • • , \ 

HO noiXOllB, At. • Onp~aeneHHII BhmonHeHbi ang ToncTbiX o6paauon MHweHH, TOIIIUH-

Ha KOTOphllt a HeCKOnbKO. pa3 npenoun'aeT npo6er .(pparMeHTa '.5 aaHH~M ne~e.cTne. o,.:.. . 
• ·_: 1 f. '--.., '• ( · ,.:· • : _,.,.., ·• ·.· ' ,•. ' :' I, ' 

·.aenbHbiM" onhlTOM H3M9p9H8 ·.aeAC_TBHT~JlbH8Sl 38BHCHMOCTb BhlXO.O.a· 8CT8THH8 H3 

CBHHUOnhiX ¢onbr pa3IIH'IHOJ! ,·TOUIUHHbl. : 

. · : Jlng aitcnepnMeliTOB. pBllHOXHMHKBMH Haweil rpynn.e,, 6omn· paapa6oTaHhi .z:to-. 

· cTaTo'IHo t5blcTpble .MeTOllhi' XHMH'IecKoro oTaeneHHll a~TaT.HHa Ha Tennype o~,'ocTanb-. 

•·,_. 

. . .. ·. . ., .. •. . . /7/·: . 
,. ·.HbiX npo.z:tyKTOBc pe~.Kunil· 7 Tpet5yeM?It ~TeneHbiO 'IHCTOThi _ • Bp~MeHa XHMH'IeCKoro 

~.· 
Bbl.z:teneHHII 3 BHHMBIIH .He 6onee• 3-4 , 'IBCOB,; a XHMll'leCKI<l! nbiXO.ll npenapaTOB BCTBTH- , 
'.' . . . . . ' ·. . . . . :. : . . ', . ' . '. ,: \ . . 

liB COCTBBIII!eT 50-6(1%. 8 J:lBUbHel!WeM,. KOr.z:ta n03HHKUB· IIOTpet5nOCTb, H3MepeHHll. a·-
,,I . ' . . ·\ 

cneKTpon, pannoxliMHKBMll t5blna paapat5o:raH'a MeTOllHKa,'npnroTonneHHII TOHKocnol!HhiX 
. . . . . . /6/ ' . . . ·. . . . . 

': npen'apaTOB aCTBTHHB .•. nonyqaeMb!X ·nyTeM' BbiKPY'IHnBHHll U3 COHIIHOKHCUb!X .pacTno-

'. pon H~ ~onHpOB~~~blll ,--cepe6p1111~A-. ~HC,K, '- KOT~pan nnon~'l y ll~nne;aoplli'IB ;~e·tl~na~I<HM 

v..~/ 
'I a -cneKTpOCif:OIIHH. 

., . 

I' I \ . .· ., . , '/ , . \ 

BbiJ:I9UI!eMbl9 'BKTHnHOCTH BCTBTliHB t5biiiH H9B9IIHKH; 0HH COCTBBUIIUH n t5oUbWHH-
.. 2'4. ·- ·- • ... c·. · .. ·• 
CTne OJ1hiTOB 10 - 10 pacniMHH. B HeKoTopbiX' OIIhiTBX npnxoai<nocb·liMeTb .z:teno· c., 

• f # • • • • ' •• '. • ~ ' " ' • • • '. ' ' ' ' .2!! 
MeHblUHMH BKTllnHOCTI!MH :':10 pacniMHH •. npu onpeaeneHliH .C?'IeHHl! .ot5pa3o.~SHHII At· .. 

• npenapaTbl ,aCTBTHHa: npOC'IHTb!BBUHCb HB CUHHTHUUIIUHOHHOM·. a -aeTeKTope, ... npe.z:tcTan-
. . . ',,' · ... ·- .· I' ,'· , . . ,._ . . ' : ., _.·-, 

ni!IOIUeM co6oll <PoTOYMHO>KHTenb c KPli,CT~nnoM Zn S ( Ag),. EcTecTaeHH~Ili .pon: aeTeKTo-

·pa ·Hene;,HK ,H cO'cTaBnl!eT 0,3'.HMn./M~; nonHag·.~.p¢eKTlln.HOCTb .z:teT9KTOpa; onp~ae-
,' - • .._, . ·.·_, . ·-- ........ \ ,. 1.! • ' ' .' . 

neHHBSi c' noMOIUbiO a -~TanoHa, 6bma nallaeHa,. panuoll ,~ 3~%: A~TJ.InH~CTb'o6paauon , .. 
. . . . . ~. ""- . ' . ' ' I ' ' . 
MOHliTOpa H3MepsrnBCb C IIOMO!Ub!O TOpUOBOrO C:'eT.'IHKB TliiiB .MCT1-40, IIOUHBll ·a¢¢eK- . 

TJiBHOCTb KoTopot:o, onpeaeneHHBll n~ · 13' -a~anoHy; ~Ka::.anaci p~nuoa ·~· 20%~ ToqH~CTb: 
-:: . . . \. -' ·,. ,, 2!1' . _- ': . ' '' ~· . '', ' " .. 

onpeaeneHllll ce'!eHHll o6paaonaHHll At oueHliBBeTCII HBMll ·He BhiW~ .!. 30%. 

, . . , ' ' _ I . ' 21 i ' . :, ' 
8biXOllhl. J:tpyr~x H30TOnOn, BCTBTliHB OTHOCHTeii~Ji~ BhiXOllB ·At. onpeaenliUIJCh . 

c' llOMOW.biO C9TO'tJ:HOf'O HOHH3aUHOHHOrO a -crreKTpOMeTp.3 C 'MHOrOK8H8JlbHbiM. 8H8JIH7 
~ , .. . --. .. . - .. -. I , ,· ,· , ~ . , .,_ 

aaTopoM, o6ecrre'IHBBIOIUHM paapeweune no. aHe'prnH. oi<ono 0,5-1;0% (38-55 Kaa) ... 

· 3T'«~ H3~epeau~· cao6o.o.-~bl ·oT norpelll.Hoc~~fi .onp~~eneatur ~HMHqec~Hx ~ah;x~Jloa· H, 
'• . . " - ' ....... 

. •'MOHHTOpHpOBBHHH n'y'IKB 6oM6apt:~HpyiDill!i:X 'IBCTHU. npnMepb!' H3Mep~9l.!b!X a '-cUeKTpOn . ' - - .· . . . 
rrpnaeaeJ.Ibi Ha pnc. I.· 

,4 

·' 

.11aenTI.<i:>~KauH~· Ha6niO.z:taeMhiX aKTHBHocTelt acTaTnua He ablablaaeT. coMHeHnll. 

0H8 oCHOBbiB89TCSI HB TOJlbKO H8 HCIIOnb30B8HHH . XHMHtt9CKHX- CBOitC.TB nponyx;a 1 ~0 H 

Iia. naM~peHH~ aenH<~.I<H nepnoaon n ._aHeprnl! .. ncnycKaeMhiX . a -rpynn. Bbi;mcneHHH nhixo• 

llOB ll.z:tep ~pOBOllHUHCb, CTBH.ziapTHbiMH MeTOllBMH paaHOXIiMI<'IeCKHX H~CU9llOBBHHit, T.e. 

· c y'leT~M HBKonneHHH · npH · ot5ny<~eHHH, pacnaa,;- nocn,e · ot5nyqe~n.t', xn~H'Iec~oro ~~Ixona 
. npollyKTa, ,napuHBIIbHOl! .z:tonn a -pacnalla H T.ll. Jlng KOHTponll BhiXOJ:lbl. OllHHX a Tex 

~ ' 
>Ke H30TOIIOB c1-ap~nHCb on~eaenliTb ·pasHbiMll cnoco6aMH,' Hanpn:Mep, c. noMOIUbiO a 

cneKTpOn. H nyTeM H3MepeHI<II. KpHnhiX pBCIIBllS C IIOCUellyiOIUHM. pS3UO>KeHH9M HX HB 
' ' . '• ' ' ·, ~ ' ' - . . , . ', - ,) 

aneKTpOHHO-Bbi'IHCUHTeUbHOJt MBWHHe no: MeTOJ:ly HBHM,eHbWHX KBBJ:lpBTOn. noapot5uee 
I 1, - , ' ' , \ 

0 CIIOC06ax ofinyqeHHII MHWeHeJt HB p83UH'IHbiX yCKOpHTeUliX0' MeTOllBX XliMH'IeCKOrO 
- ',,' \ '. . - ", ,' . ' 

HaBUe'leHHg BCTBTHHB, CIIOC06BX H3MepeHull nbl.z:teneHHblXo IlpenapBTOB·, HX HlleHTH<i:>HKa-. . ' 
UIIH, MeTo.z:tax aneaeHHll paanH'IHOro. poaa nonpaaoK H .-.z:tpyrnx 

. /1-6/ 
'. HO . B .. UiiTHPY".MpiX pa60TBX • • 

/' 

' 
3KcnepHMeHTBllbHble ·.z:tSHHble 

neTanBX OflMTS CK83a-

3anHC~MO~TH ce'!eHHII o6paao'3BHHll At211 a nncMyTon~;x n ca~HUOnbiX o6paauax 
. ' ' . . . ,. . . . /1 4 6/' 

npH -6~Mt5BpllHPOBKe npoTO~BMH C aHeprUliMH npHMepHO OT 0;1 AO 10 ran - ' IlpH_: 

aeaeHhi. H·a puc. 2. .-
Ceq.;~l!e -ot5paaoaaHHll .z:taHHoro · naoTmta .;. • auc,:;yTonoM ot5paaue npi< aHeprnn · 
·, · - · ·-30 2 · · ·· · • 

0,J3 raa COCTBBUHeT 5•J0 CM. H yaenH'IHBBeTCll C poCTOM 9HeprHH I1p0TOHOB llO 
. . ' ; -28 2 '' . ' '· . 

nenii'IHHhi,1·10 CM • KOTopall llOCTI<raeTCll npn'aHeprHI< npoTOHOB 3 r~a. CeJtqac 

T. py J:lHO cKaaaTb; HMeeTcll nn MBKCHMYM ·a xoae ce'leHHH. np11 aHeprHI< npoTOHOB 3-6 ran ' 
. ) i' - ' . . 

•HUH .>Ke1 HB'IHHBll C 3 raa,, cymecTnyeT 'unaTo •. 

,· , ·..._, -211 ~~:-·.~,. ~ 
B cnyqae CBIIHUOBbiX o6paauon ceqeHue At . pac .. eT t5onee ,OhiCTpd, ·npu aHep-
. • ·. . . . • . . -32 2 . . .•• , 

r1111 0,07-0,J ran OliO COCTBBIIlle.T (0,5-1)•10 CM, a 3BTeM ynenii'IHBSeTCII IIO'ITII 0 

- '. ' • ' \ _t .- -' -· • 
HB TPH ·nopllt:~Ka' IIPII aHeprHH 10 raa: Ka>KeTCll, IlpH :aHepruH 6-10 ran• IIOliBUI!eTCII. 

..- I . ..- I 

·Te~.O:eauu,R ·K·. aaMe.o.neHHro PoeT~ ceqeaHB. 

· 3anncaMOCTb ce<~~·HIIII ot5pa.aoaaHI<ll A/ll oT Tuna 6oM6apa~<pyiOIUHx 'IBCTIIU .... ' ' . ' '. ' 

. (.a -qacTHUhl, t:~el!~pOHbl H~li npOTOHbl Bb!COKHX ·aHepri<l!) ll3yqanaCb TOUbKO:ll/111 peaK-
. . . /3/ ' ' . .· . . . . . '. 

UHJ! 3BXBBTB llllep UHTHII •. : 8 cnyqae CBHHUOBbiX · o6paauon OHB npnne'aeHa HB pnc.3. 
: :-. ' . . -_, ' - \ ' . \ ' ~ ' . 

Hll.Hoonbwnl! · a.oJxoa At 2~ ~ Ha61IIOaaeTc" npn 6oM6apauponKe · a ,- qacTI<UBMH BhiCOKHx 

aHeprHit." OH M'an~· MeHHeTcs( Ii. a~~~c~MOCTH 'oT aHepri<·~ a -qacTnu· H cocTaanHeT 

OKOIIO o;3 'Mn.Kpo6apH. npu. 6oM6apaupOBKe .z:teltTpOHBMH II npOTOHBMH llO aHeprHH 
_,' ·. ·.-- . ,··, ' ! ' . 211 ' ( : ' -~ '; . ~ .. 
400 Man ceqeHne o6paaonaHHH At , na~eHgeTCII c pocTOM aueprliH . rrpHMepHo OllHHa-

xono' H o~a3biB-~~TCR noqTH' a 10 pas Me~b~e. qe:M: npH o6nyqeHRH:. a ·-q'aCTauaMH:. 

KpH~~si.'l:t~~~· .z:teltTpoHo~ .ne>KHT ·ueMH~~o BhiWe, <~eM ang·'upoToHoa. Bi:.1we 400 Man 
-,--- I -. ,. - - r' ' ' , . , ~" · '211 ,_. .. • .. '.. 

npn. o6ny<~eHKI< . npoTOHBMH Ha6niOaaeTCll 6onee cnnbHhil! poeT BhiXOlla At , , KOTOpbil! 

IlpH aHeprHH 660 Man COCTannl!eT IIO'ITU•IIOUOnHHY OT nbiXOllB Ilpll· 06nyqeHHH a. -qac-
'\ - • ' < • ' • 

THUSMR. 
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' : 2ll - ,- - . /3/ 
3aaHCHMOCTb ahiXO.llB At a CaKHUOabiX .<I>O!,fbr.ax p~311H'IHOJ! T011UlHHbl .npu--

-ae.o.eua Ha puc. 4: KaK noKB3btaaeT,_ 3TOT pucyuoi, ahixo.o.- H30Tona noqTH ue MeH9eT- , 

C9 .0.119 T011~HH <l>o11bl'" ·.a· ~HTepaa11e 0,3-:-: 1,6 · ~M •. Hu>Ke T011uiHHbl 0,3 MM ou MOHOTOH-

\. HO n?.ZJ.BeT, H, npH .T011lUHHe MHIUe.HH 0,03 MM cocTaanHeT nonOBHHY OT a~xona aa una-

TO. Ha 3TOM >Ke pHCyHKe cn11 OWHOJ! 11HHHeJ! 0003 HB'IeHa pac'!eTHB9 KpHaag 3BaHCH- ; . ·-
• 211 ; I ' • • f , '/ 

CHMOCTH· , ablxo.o.a At ?T T0111UHHhl MHweuu. Kpuaag Ohl111!, paCC'IHTaua .0.11>1 oi51Jlenpu;-

H~TbiX -3l!B'IeHHJ!- KHHeTH'IeCKHX auep!'"~J!_.<!>pa!'"MeHTOii i. ce'leHHJ! HX 3BXaaTa: KBK au.o.uo 

H3 p~c: 4, oua y.o.o~11eTaopHTe11b~o coana.o.aeT c~·o~hi~oM. . . -.. · ,_ 

. -. ' . 2ll 
Bb!XO.llbl 0011ee 11ei'"KHX H30TOnoa BCTBTHHB no OTHOWeHHIO K abiXO.llY At H .HX> 

,· . . . . ·. . . . .. /56/. . -- ' 
a03MO>KHble MBKCHMB11bHble OTK110HeHH9 ° , · '. npuae,lleHbl ·a TB011HUe. 0THOCHTe11bHble 

209' . '201 . . - ' . ,·' ' ' ' . , . . . ' . ' 
ab!XO.llbl At ' H ' At H3 aHCMYTO.abiX ol5pa3uOa onpe.o.e_~IeHbl . .ZJ.OCTBTO'IHO TO'IHO, no-

.,. ,· ' - . 
CK011bKY abiCOKHe BKTHaHOCTH npenapBTOa no3a011H11H HCn011b30aBTb MeXBHH'IeCKHe,K011-. 

11HMBTOpbi; 3HB'IHTe11bHO KOppeKTHpyroume CHHMBEMble :Z- -cn~KTphi.- HecKOJtbKO. xy~e · 
I . ' ' ~-' ' 

onpa.o.e11~-H~I OTHOCHTe11b~ble ab!XO.llbl. yKB3aHHbiX si.o.ep a C11Y_'Iae. CaHHUOabiX' ol5pa3UO;,. 

rl:t.e' MB11~1e BKTHaHOCTH ~penapaT~a HCKJII,;'1811H 'n~HMeHeHHe- K01111HMBTOpoa. 3TOJ! :>iCe 
, :. ' , . ·. · · .. '· , . '' ~ I' 210 

npH'IHHOJ! o6'bliCH9e~C9 · xy.o.wag ,To'llc!oCTb onpe.o.e11eHHll OTHOCHTe11bHbiX ablxo.o.oa At 

H •. At 
208 

., a aHCM-yToahix ol5pa3uax, KOTOpbte onpe.o.eJili11HCb no HBKOn11eHHIO .llO'IepHHX. - -. . ~-- ' ' " ' . 

,ll011rO>KHayiUHX n0110HHeBbiX. li30TOIIOB. A11ll. CBHHUOabiX· ol5pa3uoa a CKOOKBX nptme.o.e-
• • ' ·-... • • • ;:. :'· r ', ;- • 207 . • ' ", 
Hbl pe3y11bTBTbl onpe.o.e11eHHll OTHO.CHTe11bHbiX abiXO.ZJ.Oa At . ,_ abJn011HeHHble nyTeM _ 

'. 1 -· • • "' 

paanO}K9HH~ KpHBi~lX p_acnana,. H8 ;aneKTp,OHHO-Bblq~cnlf~~nb~blX MSWHHSX. 

KaK au.o.uo H3 TB011HUhl, a c11y'!ae aHCMyTa c HBH0011bWH~ abiXO.llOM npu acex ' 
·.. '\ ... ,·· ·• ··. :ztt· < · 2ol ·· ' ·' 

3Hepi'"HliX ·oopa3yiOTCll_ Tli>Ke11ble H30TOllbl BCTBTHHB (At .-At·· ) • 11X OTHOWeHHe 

: 
·-_ T a o' 11 H 

OTHOW9HHIO · K At 2.u. 
06pa- Tun H aueprHii 
3eu 

'IBCTHU 
At 201 
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-::) . .llaH~ble ¢paHuy3C~HX HCc11e.o.oaaTe11ell • r 

\ ;'- '• 
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,·)- -.1 
.r ':'· '··· 

l . 

• ~ ! < '. • • • ' 

6naaKo K e,nHHtrue H no 'I Til He MenneTcSI a aaBHCHMOCT~. oT aaepru:A npoToHoa. BbtXOJl.hi 6onee 
. ... .· . .. "' . . . ',·. • . . . ?JJ7 / 

11e!'"KHX H30TOnOa BCTSTHHBHOK83blaBIOT He0011bWOe a03pBCTBHHe (At . )npH nepexo.o.e OT ·:. 

3Hepi'"HU o;12 raa K' 3Hepi'"HH;o.aEi', f-,.a ·,. 38TeM OCTBIOTC~· n~~;O .. ~HbiMH a npe.ZJ.e11BX 
. . \ . ' . ' ' :111 '.· 
no!'"pewnocTeJ! onpe.o.e11eHHll H paaHbiMf. no11oa11He oT abtxo.o.a •At. HecK011bKO'abma-

20B. . 207' I -

.ZJ.B!OT OTHOCHTe11bHble abiXO.llbl . At H At , n~11y'leHHbie ¢paHUY3CKHMH HCC11e.o.oaaTe-_ 

. /4/ . _, . " 
n9MH • ·[lpH'lHHbi 3TOf0 HBSICHhl. 

201 ., 
Ec11H .o.nll At e!Ue MO>KHO coMHeaaTbC>I ·a npaaH11bHOCTH onpe.o.e11eHH>! OTHOCH-:" 

' ,• . /4/ I • c' ,· , I . 

Te11bHOI'"O abtxo.o.a a. paooTe ,_ r.o.e a , -nH!<H HMe11H. 6'onbwyro 1.no11yw~puHy_( :" 90 K3al 

TO 3TB npH'IHHB, no-aii.ZJ.HMOMY, ap>!.ll nil MO>KeT OO'b>!CHHTb MeHbWYIO ae11H'IHHY abiXO.llB 
208 . •. - ' ' -. - . ' . ' ".' ·. 20.0. . . •, - ·- • 

At • ,B C11y'lae .CaHHnOabiX ol5pa3UOa OTHOCIITe11bHbiJ! abiXOil' At: _ OKB3.b!aBeTCH HB 
• • r 211 ~ ' --, . ' J , ' ~. , 

30-90% ahtWe abtxo.o.a At • · H· noKB3blaaeT He6011bWOe CIICTeMBTH'IeCKoe yae11H'IeHne c 
1 i •· ' ·-- ' ' 201 , , ' \ / \ 

pocTOM aHeprHH. npoToHOB. 0THOCHTe11bHblli abtxo.o.. At .. OKB3btaaeTCll 15o11ee.'lyacTan-
. '. . . ~ '·. ' ~ ' . ·. ~' .. . . . \ .. . . ., . . 

'l'e11bHb!M K' 3Hep1'"11H npOTOHOa, H ·npH nepexo.o.e' OT ·9Hepi'"HH' 0,2 r3a, K ,10 ['aa 
OH B93-

. . ' '· - ' 2fl J pacT~eT 'oo11ee. '!eM. ~- ~pH paaa -H cpaaHnaaeTC9 c ahtxo.o.o~ At_ , • Hy>KHO OTMeTH'J'l• 
. -201 . ·-

'ITO OTHOCHTe11bHble ab!XO.llbl At-.. ~ , , nolly'leHHble nyTeM pa31IO>KeHHSI KpHabiX, pacna.o.a ~ . . . ' ' . 

coanB.ZJ.BIOT•C Be11H'IHHBMH HBli,lleHHhlX ~3 a -cneKTpOa.· 
y.o.oa11eTBOpHTe11bHO 

• • .1 i' I' ' 20'1 · ' · 
OpHMepuoe 'noCT09HCTaO OTHOCHTe11bHOI'"O abiXO.llB At. . . . a. CaiiHUOabiX. o15pa3-

'uaX. .0.11>1 npoT'ouoa, .o.eliTpOHOa H 'a -.jacTHU ci aueprH>!MH'400-800 Maa yKB3bia~e':r HB 'To, 
;I • ·. ,' .. ' ' 

qTO THO aaneTaromeH qaCTHUhl He onpez:ienHeT BBJIH'tiHHbl OTHOWBHHSI. rihlXOnOB 3THX /• 

.H.O.Bp H, .sepORTHO, B8,}KH8 B9JlH't{HH8 HX 9HeprHK. 
- f ' 

. ..__ 

\ r 
. ; 06cy>K.iJ.eHI!e- SKcnepnMeHTBllbHhlX '.o.aHHbiX 

Hal5nroaaeMbie abi~o.ZJ.hi u~oTonoa acTaTHHa c 'MaccoahiMH uoMepaMii o-r 211 .o.o 
.• ' ' .. ,· ., • f .• _ . \ . • . • : • 

207. np!t ·ooMoapaHpoaKe aHCMyTa' He MOI'"YT o6pa30abia8TbCll a· •TpHaHBllbHblX 'peaKl!H9X 
., \- ' ., ' ·' ' ' 

pacwen11eHHll npiiMecell 6o11ee TH>KellbiX· __ ~11eMeHT'oa (-- u ~ Th ) . H no11y_'I810TCll ao' aTO;. 
- .• ' . -. . ' - " . - .. - - . . 4 • ·. . 

. pH'IHbiX .peaKUHliX • • 3axaaTa u'a.o.oapbepHbiX <!>p.ilr'MeHTOa 'Tuna-: lie "H' lie 
3 

;· K co>Ka- ·· 
J ~ ,.- , , '. "· '. • ,_.," • I ' ' •'C •,\ ' : .: .'. .: I ~ • • ; .' ", ' , 4 
~11eHHIOi a 11HTepaTypecHeT cae,lleHHJI 'o-aep09THOCT9X HCnycKBHH9 'H3 aHCMyTa li.ZJ.ep lie ' . " . " . ",' - - - . ' ·.: 
H·, He c 'BbiCOKHMH 'KnHeTu:qecKHMU aaeprustMH. 1-iMeiOlUHecs:~ ,naHHble KacaK>TCH nawb 

. " ·. ·. j, .. - '. \ ' ' '. ~ ' ' ) / "'\'.: ' 

ahtXOilOI_.'I- ~e ".He . c aHepi'"H9MH~ M9HbWHMH, Ky11o.!'oacKoro 15apwpa1 H T011bKO .0.119 _3o-
- ... /8/ . ' · " 3 .-. I · ,. , ' ·. J • . . • ·' . · 

110TB __ H ypaHa,. • ./l011li··He .. ·.,a.,UIITHpyeMOli, pa6oTe OU~HHaaeTC9:He abJWe-10% OT 

'quc111i_·: a . ..:qaCTHu: Mbl npHHHMBeM. 3TY ae111!<iHHY cnpaae.ZJ.11Haoll .0.119. HaWei'"O C11y'lall 

" 6y.o.eM c'I~TaTb;·'ITo.npu 15oM15ap.o.iipoa.Ke _ aHcMyToabiX- o15pa3ri~a ; ocuoauoe ~o11u- . 

~~CTaO BCT~T~H;,: ol5pa3yeTC9 ao ~TOpH'IHbiX (a , x~. ) peaKU119X. CO 3~B'IeHH9MH ". 
' ' · .. I .... ·.. ' > ,·, ,< . . '' ' . . ' .· ,· 

x .;-2, 3,4 ••• 6, a aK11BilOM aTopii'IHbtx peaKuHll- c >~.o.paMH He.: npeueope>KeM, 015pa3o"' 
/ ,· : .. -. ·. . ' ·:" . ",, . 
BSHH9 nerKHX H30TOnOB 8CT8THH8'K3.BHCMyTS.B03MO>KHO,T8K)K9 npH 38XB8~e npoTOH8 

-, abi(,'OKHX ~Hepl'"llil, ~onpoao>K.ciaeMOI'"O . ucnycK~·Hile;..: 1T _,. -Me30H8 '· H He~K011b~HX HeJ!-
. I II · -, . · 201 • ' . · • , 

Tpouoa • BepoS!THO, ueKoTopoe K011H'IecTao' At npu -.o.ocTBTO'IHO o011bWOll auep-

I'"HH npOTOH~~- oopaayeTCil \TaKIIM nyTeM, ~OCK-011bKY e!'"~ .. o,T:OC~Te11b~-blli a·biX~.ll, HBttpu-
~ .. ~ . .·' ' ,• . 2 os . ' .' ....., . . . 

Mep, npu 660 ·Maa, HB 20% npeabtwaeT abiXOil At ., B .o.auuoM c11y'lae Rcny?KBHH_e 

"--Me3oaa ca:npoaomnaeTCSI ucnycKaHlf:.~M 3-x. aeitTpoaoa, 

7 
.,. 

'~ ' ; 

'· 
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,I, 

/ 

....... ·. 
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8 cny_qae , CBHHUOBbiX 06~83UO~ Ha6nJOfl89Mbii1: BhiXO.O. 8CT8THH8 TBK>Ke He MO>KeT 

o6'bstCHSJ.ThCS1 .pacmen"ne_~H9M B03MQ>KHbiX npHMeceA ypaaa, TOpHSI HnR BHCMyTa, H OH no~ 
nyqaeTcsr eo BTO;II"lHhiX p~axuiisrx: Ou~HKH noKa3hiBaiOT, "lTo npH aHeprHH- np~ioHoa oKo

·no 120 Mae aa C"leT peaKtiHli pacwimneHHsr aoaMO>KHhix npHMeceli o6t.srcasreTcsr He 6o-
- . . \ ' l n~e 0,1, "laCTH BbiXOaa ·aCTaTHHa. npH 6onee- Bb!COKIIX 3HeprHSIX npOTOHOB 3Ta aonsr 

CTaao~HTCSJ. _eme ~Meahwe. nocxon_hKy cauaeu MaoroaaoTonabrlt an~ MeaT, TO a.necb 

npHeMneM- wHpoxHli Ha6op BTDPH"lHhrx peaKuHli,- ocHoaHoli axnaa cpeaH KOTOphrx; no

BHaHMOMY 0 a~IOT pe~K,IIHH -~T (Li 
6

, n) ao- fLi ? , 8n,)- • 8 UpliHIIHUe Ha, CBHHUe- TaKlKe 

B03MO>KHhi pe_axunH -,aa,x·aaTa .... npoToaa, ConpOao)K.o.aeMbie ucnycxaan:eM ·2-x tt 
-Me30HOB 

I .,_' \ " 

,H H,9CKOnbKIIX" H9f:iTpOHOB/ HO BKnB.ll,b~ HX, no-~H.QHMO_My, Man~I, H Mbl HX p8CCM8TpH-

BaTb,He- oy.rieM. 'i• 

TBKHM. o6p~3QM~ KBK B cnyqae BHCMyToaoii,' T~K H ~BHHUOBOlt MHlll_eHH,Mbl.CTan

KHBaeMCSI CO BTOpH"lHb!MH peaKUHSIMH C pa3nH"lHb!M "lH~nOM OCB060>KaaeMbiX HeliTpOHOB

(OT 2'~0 8): a cneaoaaTenb~O, c'aKTa.:m,aa;BaTa <flparMe~TOB C aocTaTO"lHO WHpo--

KHM cnertTpOM

1 

KHHe;ll"leC~~X 3H~pr~~ (npHM~p~o OT 20-30 ao 100 Ma~' ). Kax BHaHo. 

KHHe-TH"leC!<:He 3HeprHil- ippar~eHTOB Hep~~KO B ,HecxonbKO paa npeBbiWaiOT UOnH~IO aHep-
, \ ' •, ' . . 

~Hlo C~B3~-BCeX ero' HyKnOHOB._ !1cnycKaHHe <flparMeH;OB co_- ~TO~b Bbi~O-KHMil 3Heprll!l": 

Mil He HMe;;;:ao'.cHx\nop y~o;,n~TaopinenhHoro T~opeTil"lecxoro ·o~-bsrcH~HHsr. rnaaHoe-' 

aaTpy aHeHile cocT,oH~· a 'o6t.srcHeHilll Toro ¢aKTa, 'xaxHM o6paa6M -xo;.,.nneKcy HyxnoHoB 

nepeaaeTCSI ',OT 6oM6apaHp;IO,IlleA. "l,;CTHU~I KH~eTil"leCKasr 'aHep~H~.' B HeCKOnhKO paa 

npeBblWBIOWasr nonHyiO aHeprlliO CBSI31l HyKnOHOB, , a KOMIIneKC npH aTOM He pa3pywaeT-
\ . . ' . 

C!l.' Mbi npiiUHCb!BaeM TaKile C06biTHSI npsrMbiM axTaM MHoro"laC~H"lHb!X B3aHMoaelicTBHli 

HaneTaiOwero HyKnOHa H HyKnOHOB srapa. 8oai:.o>KHOCTb TaKHX B3aHMOaeliCTBHli npea-' 
- ~·' ,· ' ~ .· -• '• 1 ' } ' > '' ' I ' I ' 

CKH3biBaeTC!I ,[1,11. EnoxHHiteBhiM B ero TeopHH .¢niOKTyauHOHHoro C>KaTHsr sraepHoro 
. /9/_ , . . , · . I 101 · · 

aemec:Taa . , a TSK2Ke· Meao~aoA ~eopHeA SI.oepHbiX can .,_ _, f!ocxonbKy, o.o.aaxo, 

-CTporag TeopHsr srarieHilsr· oTcyTcTay<iT,' Haweli aaaa"lei!· a ;,acTosrmee apeMsr :srsnsreTcsr 
. - . -- - - . . . - - - -r - -

H8KOIIn9HH9 B03MO)I(HQ 6onee p83HOCTOpOHHHX. SKCII9pHM9HT8JlbHbiX llBHHbiX 06. 9TOM 
' ! ' . . \' 

llHTepecHOM' npouecce. 

PacqeT 
I 

2
zz. .._ .. , · ·~ / 

3aBHCHMOCTil H3M9HeHil!l BhiXOaa At. OT- TOn!llllHbl o6ny"laeMbiX CBilH-

, UOBbiX tPOnb; UOtlTBep>KaaeT npOHCXO>Ki:teHHe acTaTHHa KaK· npoayK-Ta aaxa'aTa Haa-

6apbepHbiX. <flparMeH;OB. 'KpoMe TOr~, ;;H, Orlb!Tb; JI03B~nsriOT ~~li;ll ~e3HBHCilMbl-... ny- !. 
- ·, \ • ,;,_ . I ..• • • • p ... 

TeM Ce'{eHHSI o6pa30BaHHSI Haa6apbepHb!X sraep nHTilSI. 0HO paBHO U ' = 3-4 M6 ll, KaK 
- - -.- • • - . · - - Ll 

6ylJ.eT · a~.o.ao HH.>Ke, aennoXo cornacyeTc~ c aenHtiHHOA ceqeHRSI, .nonyqaeMoA H3 ;oTao-
, ..... • - t ' ·- • • • • . • 

~ CHT8JlbHbiX BbiXO.llOB-__ nyTeM pacq~TQB-aHep~e.THqec_~HX ~II~KTpOB. 

- Bbixoa aaHHOro : npoity~_Ta 

pacC"lHTaTb no '¢opMyne 

·.·, 

·-' 

B 

B;. 

npH <3aXBHTe ·HaJ:i6apbepilbiX <flpar~eHTOB MO>KHO 

, "':.·· 
, 

;;.; . . ~u(E)dE. 
n f f(E)dE, f ~ 

·o E 0 _---a;., 

8 ..._, 

•' ·'· 

't 

. ' .· I 3 ·• ' ' 
8 3TOli <flopMyne. n_.-"lllCnO sraeP, B l_CM , , .f(E) - tPYHKUilH, 'onHCbiBaiOWasr aHepre-

, • 1· ~, · . aE • - . - : · · . ,-_ 
Tll"leCKHli cnex1-p ¢parMeHTOB; -- -- noTepll aHeprrm ¢parMeHTa Ha ·llOHH3HUiliO,, E . -: .' 
- , . , '- I az • , , . 0 

'aa-ian~Hasr- aH~pnrsr a ¢yHxuim no:o~oy>KaeHilsr '~(E) ami peaKuuli, 3ax~.aTa -q,parMeHTa, 

. llpllBOa!IWIIX K o6pa30BaHiliO,aaHHOrO , H30TOUa., 0TCIOaa, 3Hasr OTHOCilTenbHbie BhiXOi:xhi .. 

HeCKOnhKHX H30TOUOB acTaTilHa, MO>KHO HaliTH ,BRa_ 3HepreT~"leCKOrO CUeKTpa <flparMeH-' 
• ' ' ' ' ' • 1. 
TOB _ ll I~X _ Ce"l:"HHe- o6pa30BaHH!I. l1HTepsan aHeprlli!, B K?T~pOM 0Upeae~!IIOT9SI, 3TH 3Ha- _ 

·qe1msi, ·aaaHci<T a·- ocHoaHoM 'oT !fCrronb3oaa~!lhiX ¢yitKu~li-'noaoy>KaeHilsr\{EJ. HanpllMep0 
·. · /1-3/ " - · . : ~211 -_ to . · -

- a paHHHX' pa6oTax , : , rae ll3MepsrmiCb Bhrxoahl TOnbxo At H At 2 , TaKile pac"leTbi , 

' no3~~nll;H nony"lHTb caei:xeHH~ 'o6 ilHepreT~~e~KOM llHTepaane _¢parMeHTO~. npHMepHo 
- - . . ' ' , •, . '/4;,.6/ ' - . ' . ' 201 

oT· 20 · ao 50 Man. B Tex··onbiTax , rae ll3MepeHbi OTHOCHTenhHble Bhrxoahi At _ , 
.• 207 - ' ' ' : . ' . • . . . . • . ' ' ' . ', 

_.:- . ll At. ' • oonaCTh onpeaensreMbiX aHeprllli pacwHpsreTC!I ao ~ .100 Mas.'_· 

~·, ~,tlH~KO ·a nocneaHeM'_ cny"l~e CTpOr.lle · !<OnH"leCTBeHHbte aaKn'roqeau: 06 3HepreTil-
~ ·\.. - ~. '· • • "' '' ·' ' \/ • ~ > • ... • - ; • • • • • ' ' ' ... • \ ' 

qecKOM cneKTpe MoryT ohiTb caenaHbi' nHWb Toraa, xoraa ucnonb3yiOTCsr ¢YHKiillll -, 
-1 -: • - • -:-: ' , • - _, : , . ' •. ' '' - ' ' : '' ' ' . '. 
; ! aoa6y>Kaermsr; 'nponepeHHbie Ha onhiT~ a~ ~;~ceM HHTepaane 3HeprHli. B: npoTHBHOM cny-

. . ... ·.\ .. . •, . . - ' ' •,: , .. 
qae OHM ,MoryT npeTeHaoaaTb TOnhKO Ha_'Ka"lecTeeHHMli ·xapaKTep. KaqecTaeHHhiA xa-

.; ' ~ ' ·, , . . . ·: , .r . : ·': "; -.' . 't _ ., I '' .· ', •. • ', 1 

paxTep aaKniO"leHHli _o6t.HCHsreTcsr HeaoaMO>KHOCTbiO cTpororo y"leTa npouecca ,!lenenllsr 
( , .. · ' . ,·. . ,- ' .... .· "· .' .- . . .., .. ; 

KOMnayHa-gapa npH paC"leTe tP,YHKUHli B036y>KaeHilsr; a TaK>Ke OTCyTCTBileM_ aaHHhlX 
' \· . ' . . . . ' . . . { ~ \ ·. ' 

oo riaoTOUHOM 'cocTaae HcnycxaeMhiX ¢parMeHTOB. 
, I .. ~ l . - "" . 

;S 

'\ · .. 
·. BhlnonHeHHhre HaMH ' I 

l 
pac"leTbi npH yKaaaHHhiX orpaHil"leHHSIX no3sonsriOT caenaTb 

' , ' '' ' ' •• ' • • '- ',' <' ' • \ ' • '·, ' ' ' 

cneayiOWHe 3aKniO"leHilll. CeqeHil!l o6paaoaaHHsr HaaoapwpHbrx, ¢parMeHTon,- xoTopbre 
' i '· I" \ 

/' 
l 
), 

- o'rpaHil"leHrisM, yaoaneTeopitT.enbHo cornacyroTcsr M9H99 :'ifB~TBRTenbUbi K- OTMeqeHHblM 

c. aenH"lHHaMH, nony"leHHhiMll · apyrllMH c'nocooaMri. HanpllMep, ·ce"leHHe o6p~aoaaHH,; 
' '- '' -. . . ' . ' . : . ' - '' ' . ' /2/' .- . ' 
HaaoapwpHhiX a -."laCTilU' ( E> 20 Mae)', npH SHeprllH npoTOHOB 480 Mae paeHo 

• ', -25 2 · .. · c -: · a- > · ' ,, -' -· · > · - .· ' ' - : -
_ 2•10 CM H xopowo coanaaaeT c aenll"lllHOli, 'HaliaeHHOli npll .Ha6niOaellHil aeeaa l ' · . ' . . - /l I · ... .: 
-') Ha- i:rapai W .H Bi B ¢oTonnacTilHKax npll a'l'oli aHeprHH npoToHoa. 

1 
· • Ce"l~HHe o6-

. · · p~~onaHH·~ nllTilenhrx ¢parMeHTo'a. ( '~ ;_30 Mas), tt~s. aHeprHH };po;oH~a .~60- Mae a 

. I 
I 

, .. _ · _. '" , , Ll, : , · • · - '-, .: , ' · \ 

·TaKHX paC"leTaX HaliaeHO paBHblM 6 M6. 3Ta aenii"lHHa He·CHnbHO OTnllqaeTCSI' OT aenii"lH~ 
.. ·.- ''),. .._ . ·."·---~-.'211 . 

Hhl ce"leHilSI, ·nony"leHHoro npll- ll3MepeHHil aaBilCHMOCTU Bhlxoaa At • oT' TOnWHHhi Mil:" 

'W~H/3/; ',·' . 'v . . . 

3aKniO"leHHSI 0 <flopMe 3HepreTH"leCKOrO CUeKTpa oonee "lYBCTBHTenbHbl K Bhi6opy' 

- tPYHKUHA B036y>KaeHilSI 0 r~aBHbiM ~6pa30M B , 66.~abTH. -60nb~llX ~Hepr~Ili <flparMeHT;B 
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