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Pa60TB BHllOR HBHB B Ra 6o pBTOpHH BHCOKHX BHe prH ~ 

06~e~HH6HHOI'O HHCTHTYTB R~epHHX HCCR6~0B8 HH ~ 

Hay~HHe pyKoBo~HTene: 

~OKTOp ~HBHKO-NBTBUBTH~BCKHX HBYK 
CTBPmH~ HBY~HH~ CoTpy~HHK 

KaH~H~aT ~HSHKo-uaTeuaTH~ecKHX HBYK 

HBY~HH~ COTPY~HHK 

~HUHBni>HHe onnoae HTH: 

~OKTOp ~HSHKO-UBT6UBTH'l6CKHX HBYK 

cTapmH~ aayt~HH~ coTpy~HHK 

KBH;D;H;D;BT ~HSHKO-NB T6UBTH'l6CKHX HBYK 

cTapme~ aayt~HH~ coTpy~HHK 

Be;n;y~ee aayt~Ho-eccne;n;oBaTen»CKoe yqpex;n;e aee: 

OKCHOB 
S;n;rap OcKa poBH'l 

HYPromm 
Hore p6eK HypuyKBHOBH'l 

Jim MOB 

BaneHTHH BopecoBH'l 

RMJKOB 

Bna;n;HuHp Bna;n;HuHpoaH~ 

Hayt~Ho-eccne;n;oaaTen»cKHa HHCTHTYT a;n;epHo~ ~HSHKH 

YfY, MOCKBB, 

Sa~HTB ;n;eccepTa ll)tH c ocToHTCR 11 11 !990 r • 
B _____ 'laC. HB 38C6;D;BHHH CneUHBRHBHPOBBHHOI'O COBBTB n-D47,0!,02 npH 

Ha6opaTOpHH BHCOKHX 3HeprH~ 06~B;D;HHBHHOI'O HHCTHTYTB R;n;6 pHHX HCCne;n;o

BBHH~1 r , ny6H8 MOCKOBCKO~ 06nBCTH 1 Ra6 opaTopHH BHCOKHX BHeprH" ~flM, 

KOH~epeHu-san. 

ABTope~epaT paaocnaH 11 II !990 I' • 

C ;D;HCCBPTBUHB~ UOZHO OBHBKOUHT»CR B 6H6nHOT6K6 nBS ~flM 

Yt~eHHa ceKpeTapi> 

CneUHBRH3HPOBBHHOI'O COBBTB . l1 , 

I ;/. ./L< { / < 2 -'t M .~.RHXB'IBB 

DElilAH XA PAKTEPI1CTI1KA PAEO' 

AKTyani>HOCTI> npo6neMH. H;n;po-H;n;epHHe B 

BHeprHRX f: jJe;D;OCT8 BRRIOT lj)H3HK8M YHHK8JII>HYIO 
HO M M8T6pl1H B 3KCTp6M8Jll>HHX YCJIOBHRX 60JI:bW 
H TeMnepaTyp. IliHTepec iPHBHKOB-BKcnepHMeHTa 
6eHHO B03pOC B CBR3H C npe;n;CK838HHRMH TeOp 

COCTORHHii! R;D;epHO" MBTepHH ( H8llpHMep, KBap. 
T8KHX COCTORHH~ H HX B03MO*HWX llpORBJI6HH~ 

Bcex xapaitTepHCTHit R;n;po-R;n;epHHx (Ap + AT) 1 

HOCTH X8p8KTepHCTHK llpOU6CCOB pom;n;eHHR '180 
xapaKTBpHCTHK R;D;pO-R;D;6pHHX B38HMO;D;6MCTBH~ 

Bp8MBHH8fl K8pTHH8 llPOUBCC8 reHepaUHH BTOpH 
MBTO;D; HHTepwepoMeTpHH ll03BOJIRBT nony'IHT:b H 
TH HCITYCK8HHR '18CTHU, qpe3BH'l8ii!HO B8~HYIO ~ 

HOCTeii!, HB06XO;D;HMWX ;n;nR nepexo;n;a B KBapK-~ 

Ueni> pa6oTw cocToRna: 

- B nony'IBHHH 3KCllBpHMBHT8J!:bHWX ,1(8HHHX 0 n 
B R;D;pO-R;D;BpHbfX coy;n;apBHHRX , B OC06BHHOCTH 

pa UBHTp8JI:hHWX B38HMO;D;6~CTBHii! ; 

- B Cp8BHBHHH HHTerpani>HHX X8P8KTepHCTHR H! 
<. PT> ;n;JIR npoueccoB nHoHoo6pasoBamlR H pom. 

CTOJ!RHOBBHHRX R;n;ep C P83JIH'IHOM CTBilBH:hiO ue · 
- B Hsyt~eHHH paauepoB o6nacTH reHepaUHH rr
poMeTpHH. 

0CHOBHHB · pesyni>T8Thl AHCCepTagHH , HX H 
MoryT 6WTI> cffiopuynHpoBaHw B cne.n:yJOmHx rrono: 

I. nony~enw xapaKTepHCTHRH uuomecTBeH: 

BsaHuo;n;e~cTBHRx 12c + c, 19F + Ms 11 24Ma + 1 
C HCilOJ!:h30B8HH6M TpHrrepa UBHTp8JI:bHHX CTOHI 

K8R ;n;JIR 38pRmBHHHX !PparMBHTOB , T8K H H6ii!Tp 
lllerb R,n:pa Ap ; 

2, ITOK838HO, ~TO 38BHCHMOCT:b cpe;n;Heii! I 
OT cpe;n;Hero ~0]18 npOB38HMO;D;6£iCTBOB8BWHX IT. 
KHX no uacce H,n:ep HMeeT nHHeii!HHii! xapaKTep : 

UBHTpan:bHOCTH ~TOHKHOBBHHii!; 

3, B paMK8X yrrpOIJlBHHOI'O T6pMO;D;HH8MH'l6 

Ka TeunepaTypw a;n;poHHoro BemecTBa Ha cTa;n;~J 

( T0"" 120 MaE ;n;nH 12c + c BSBHMO,lleii!cTBHiil ) 

HOCTH ITHOH006pa30B8HHR H ilpOB6;D;6HO CpBBHBHI 
COOTBBTCTBYIO~MH 63B8R8KOBCRHMH peayni>TBTBI 
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B.Ba6opaTopHH BHCOKHX 3HeprH~ 
fl~8PHHX.HCCH6~0B8HH~ . 

'py~OB.O~HTeJIH :. 
.T81.18TH'l6CKHX HB-YK 

- ·" ~ ' 

COTPY~HHK ' 

-1.18T6U8TiltleCKHX H8YK 
COTPY~HiitK. 

~HKD-Y8T61.18THtl8CKHX HBYK 
COTPYfiHH_K 

. -
IAio-Hccne~oBaTen~CKOe yqpexienne: 

-· OKOHOB 
·s~rap.OCKapOBHtl 

HYPronm 
\ .. ,. 

l{orep6eK l{YPYYKBHOBiittl: 

JWEVlMOB 
BaneHTHH BopncoBHtl 
'. . '. ' . ~ ' . "' . . . . 

BklKOB 
.· Bna~HLIHP 13Jia;nHuHpOBHt! 

· · HHCTHTYT- fi~epuo~·~H3~KH. 
".,, ; . ''"• .,., 

~C~6pTBll)'IH COCTO~~Cfl 11 11 
. ~990;' ~ 

ua.sace~aHHHCneunanHsHpoBaunoro i::~:BeTa\!!4>47!"0I.02 npl4 
BllCOKHX sueprH~ 06~e~wnenaoro HHCTHTy~a·H~epHb!X nccrie~o~. 

6ua MocKoB~JtO~ o6n~CTK, JlacSqpaT-opHs· Bb!COKHX aHeprHl\ OOHit!, 

11 1990 r. 

_ 03!!8j(OMHT!>CH B 6H6RHOT8K8 nBS <l'lfiit! 

COB8T8 . · fl.- . , ., ·t· ' -"' --.. • . . . '(/. -. 'Li ( -~ ( ' -' . 
-;·<_:· .. . -
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M~~.BHxa'leB 

OE!llAfl XAPAKTEPUGTHKA. PAEOTI:J 

AKTyan~HOCT~ npo6neMH. fl~pO-fl~epHHe B88HM0~6HCTBHfl,TipH BHCOKHX' 
aneprnax r;pe~ocTaBJIHIOT !])nanKaM ynnKan~HYIO ·BoaMOlltHOCT~. naytJeHHH a~ep
Hol-1 MaTepHH B 3KCTp6M8Jl~HHX ·ycJIOBHHX OOJI~IllHX IIJIOTHOCTei1, ~8BJI6HHH . 
H _TeMn~paTyp. 11HTepec qJHSilKOB-ilKCTiepnMeHT8TOpOB. K ·aTOH npo6neMe OC0-
6eHHO BOapoc B CBHSH C npe~CK88BHHHMil TeOpHH 0 cy~6CTBOB8HHil HOBHX 
COCTORHiii1 fl~epnoii M8T6pllll ( HaTipHMep, KB~pK-rJIIOOHHOH TIJI88Mhl). llOHCK, 

·TaKHX COCTOHHHH.Il HX BOSMO~Hh!X npOHBJI6HilH TpeoyeT ~eTaJI~HOrO ·aaaJIH38 
BC6X XapaitTepllCTHK H~pO-H~6pHHX' (Ap + AT) CTOJIKUOB6HHH 1 H B OC006H-.. 
HOCTil_XapaKTepllCTHK TIPOU6CCOB po~~6HHH ll8CTHU. O~HOH H3 cy~eCTB6HHHX 
xapaKTeplliCTHK H~pO-H~6pHHX B881l!.lO;neilcTBl1~l HBJIH6TCH TipOCTpaHCTBeH!iO- ,· . 
BpeMeHnaa :JtapTHHa npouecca· reHepauuH BTopnt~HhlX tiaCTHJi. It!cnon:cayeMb!Li -_ 
MeTo~ HHTepg)epoMeTpuH noaBonaeT nonYt!H~~ nH!IJopMauuiO o paaMepax o6nac
TH HCIIYCKBH~H 'l8CTHU1 liP68Billl8HHO B8l!tHYIO- ~H OU6HOK KPHTilti6CKUX IIJIOT
HOCT6i11 H600XO~HMHX ~Jlfl nepexo~a B KB8pK~rJIIOOHHYIO nnaaMy. 

Uen~ padoThl cocToana: 
B no.riytieHUH 3KCll6pllM6HT8JI:DHHX ~aHHHX 0 rrpoueccax o6pa30B8Hilfl.l!SCTilU 

' . l . ; . '· . 
,!B a~po-H~epHhlX coy~apem!Hx, B oco6ennocTH rrpH ~eCTKilX KPHTepHHX oT6o-

pa U6HTpan~HHX B8.81lMO~etlcTBilitj 
:... B Cp8BH6Hilll llHTerpaJI:CHHX X8p8KT6PHC.TilK HM.IJYJIDCHhiX pacrrpe~6Jl6Hilit 

(. PT> ~fl npoueccoB TIHOH006paaoBaHHfl H. polit~6HUR' 1\ - rHrrepOHOB B 
CTOJIKHOB6HV!l'IX-H~6p C p83JlllliHOit CT6TI6H~IO U6HTpan~HOCTR; 
~~ B'll3Yti6HHH paaMepoB OOJI8CTH reHepauHH'll-- M680HOB M6TO~OM llHTep!IJe
pOMSTpllll.; 

OcnoBlihle·peayn~TaThl :z!HccepTagnH, nx HoBvraaa, naytiHaH gennocT~ 
MoryT 6Nn ccpop!.iynnpoBaHhl :8 cne;nyromHx nono~enuax:- · 
. I. IIOJIYll6Hhl xapaKTepliCTHKH MHOJK6CTB6HHOrO 00p830B8HHH ti8CTHU BO 
BaaHMo~encTB~s;x 12c + c, 19F + Ma n 24Ma.f. MS ripn aaeprnH 3,66 A-raB 
c ucrion:caoBaHHeM TPHrrepa uenTpan:&HHx CTOJIKHoBeHnii c·BeTo-ctieTliHKBMH, 
KBK ~H aapH~6HHHX !IJparM6HTOB1 T8K VI H6tlTpOHOB - CTI6KT8TOpOB H8JI6T8~ 
~erb l'I~pa Ap· ;_ -! · . . _ 

2. TIOK888H0 1 ti~O 38BHCHMOCT:C cpe~Hei1 MHOllt6CTB6HHOCTH ll--M630HOB 
' 1 • 

oT cpe~aero tiHcna npoBaaHuo~etlcTBOBaBrnHx npoTonoB ~~- coy~penHi1 6nna-
1tux IIO, M8CC6 H~ep UM66T JIHH6HHblit xapaKTep H He 88Bl1Cl1T OT. CT6TI6Hl1 
U6HTpan~HOCTil CTOJIKHOB6Hl1Hj 

: ' l • 
'3. B_paMKax ynpomennoro TepMO~HHaMHtieC!(Oro no~xo~a c~enaHa ouen-

Ka TeMnepaTypu a~poHnoro Be~ecTBa na c±a~ijH na116on:crnero Boa6y~eHHH 
( T0?" 120 .~aB ;nJIH 12c + c BaaHJ.ao~ei'lcTB~i1 j .no. "y~en:cnott" MHoJKeCTBeH
nticTH IIHOH006paaOB8HHH H UpOB6~6HO Cp8BH6HH6 IIOJIY'l6HHOit .TeMnep~Typbl _c 

·COOT~6~CTBYIOU!IlMH 03B8JI8KOBCK~Mil peayJI:CT8T8MH~.KOTOpoe y~aSblB86T H8 
' lc;;:; =;. :. -~ ---~~-=-~::-~.:...-"_ 

t.t~'U .. J-ill, .,_ .• ,_ "'; ,,,h,, ~c>trf \ 
. -,..:;,,..,.,,;..-~ "i· -r:. • ,,.,w:i-1 ~ t ""-1~ .. ~· .u. ~ ~ .,. ..... ,_, __ •• n 
U EMSJivlt..Yf:::.H,~ ·_ y 
'~~~ ~~~ -



cTenennon·pocT T0 c aneprae~-H~ep BnnoT:& ~o 3,66 AraB ; 

. 4. lloRa3aH0 1 ~TO cpe~HRe nonepe~HHe RMnyR:&CH IT- -Me30HOB H6 o6-

HapyxaBa~T cy~ecTBeHHHX pa3na4Mn ~H neynpyrax a uenTpan:&HHX B3aHMO-

' ~ei1CTBHH H~ep, B TO Bp6Mfi RaK ~Rfi 1\- rlmepoHOB OHH B03pacTaiOT C yne

JlU~6HH6M CT€TI6HH U6HTp8i!:&HOCTH coy~apeHHH H~ep; 

' 5. Onpe~eneHH pa3Mepu o6nacTH acnycKaHHH rr-- M630HOB, o6pa30B8H-

~Wc -B CTORRHOBGHRHX H~ep reJIRfi C Li 1 C 1 /Ve 1 a TaKJK6 B UGHTpan:&Hb!X 

nsaHMo~eti~TBHHX n~ep yrne~o~a c Ne, Cu , R~ep KHcnopo~a c Ne; . · 
' 6. ~fl U6HTpaJI:&HbiX I c + c~ B3aHMO~ei1cTBHH nony~eHH ~aHHbl6 0 pa3-

Mepax a ~opMe o6nacTa acnycKaHHH n-- Me30HOB H3 cpe~nero RHTepBana 

~UCTpOT, T.e. 113 HaH6onee B036yJK~6HHOH 06i!8CTH 1 ~ilfl KOTOpOH TIOJly~eHO 
yKaSaHH€ Ha BHTHHYTOCT:& ~OpMbl 06RaCTH RCTIYCK8HHH TIHOHOB 1 qTo OTRHqa-

6TCH OT nony~eHHb!X npa snepraH 200 A •raB B. UEPH 11e ~aHHhiX, c:BI1~eTeucT

Byro~x 06 YB€RI1~€HHH ITOTiepe~Hb!X pasMepo:B. 

.fiony~eHHbl6 Q€3Yii:&T8Tbl MoryT H8HTR npaRTH~6CRO€ llQHM6H€HHe: 

-, ~ilfl npo:sepKI1 pasmiqHb!X MO~eneti OTII1C8HI1fi H~pO-H~epHb!X· :B3811MO~€t!CTBI1H; 

- ~H. nonyqen~fl RHWOPMBUHI1 1 neo6xo~I1MOi1 ~nH pac~eToB IqmTnqecrmx napa--

. M€Tp0B B03MOJKHHX ~aSOBUX nepexo~o:B; 

:..: ~RH .. lln8HI1pO:B8Hlt!fl HO:Bb!X m~cnepi1M6HTOB no l'lCCi16~0B8HRIO B3811MO~etlCTBI1H 

H~·ep' c H~paMI1 npa Bblcormx aneprnHX, oco6eHHO np11 JKeCTRHX RPI1TepnHx . 

OT60pa U6HTp8R:&Hf:lX CT01IKHOB6HHH. 

:, . B lJ,I1CC6QT8UI111 .38!llll!U8JOTCH C~OpMyRI1pOB8HHb16 BbiiD6 OCHOBHbl6 pesyn:&T8-

Tbl 11 IIOROJK6HI1H1 6onee HO~p06HO ~~JlOJK6HHbl6 B 38Kill0~61illH. 

. Anpo6aui'IH pa6oTH 11 ny6naRag1111. OcnoBHble pe3yn:&TaTbl,~l1ccepTaU11H 
o6cyiK~aRI1C:& Ha C6MI1Hapax 1i<l!B8 AH KqsCCP, JIBS 01if!M n COBemaHllflX Me~c,ny
HaPOAHOro coTpy~nl1qecTBa no uccne~oBaHI1HM na ycTanonKax CKM-200 11 

~EC.B ~6He, AnMa-ATe. 0HI1 6b!RH ilP6ACTaBR6Hbl Ha M6JK~yHapo~HblX KOH~ 
. ~ep6HUI1HX B BanaTOH~!Op~e4 BHP (1983) 1 B A~ena11~e, ABCTpannH (1990)_ ll 

, co~epJKaTCH B pa6oTax 7I-I I,· ony6nliROBaHHHX B JKYpHanax 11llp116opu H 

. T6XH11Ka 5KCnepi11J6HTa 11 
1 

11f!,ll6pH8H qJI1311Ra 11 
1 . 11ill!C:&Ma B JK3T<ll"- 1 

11 Zeit-

. schrift fiir Physik 11, 11 Nuclear Physics· n, B npenpi1HTax, coo6-

. .'~eHHflx 0!1f!M 11 MaTep~a~~X :BblrueynoMHHYT~ KOHqJepeHUI1Ho . 

. ·. 06T>eM 2IJ!CC6pTagl111. TeKOT COCTOHT ll3 BB6~6HHH 1 ~eTblpex rnaB ll sa~ 

Rnro~enaH c o6mi1M o6T>BMOM 89 cTpaH11U, BKniO~aH IO Ta6nHU 11 26 pl1cynKon. 

CIItlCOR RI1TepaTypbl CO,ll6pllti1T 81 HaHM6HOB8HI16. 

CO]:{EPJKAffii!E JmCCEPTAIUm 

Bo BBenenia 06CYl!t.ll86TC:H aK'ryaJl:&HOCTD aay~eHHH H~PO-H~epHbiX Baa

. RMo~eiicT:Bnn npn :Si>IcoKnx sneprnHx, c~opMyimponana uen:& pa6riTbl 1 nepe

qacneHbl OCHOBHbl€ IIOJIOJKGHHH, samamaeMbl6 8BTOPOM, OTMeqeHbl 11X H0~3H8 
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:11 HayqnaH U6HHOCT:& • 

B II6QBOH rnaBe OIIHCLIB8!0TCH M6TO,lll1qecmt.e BOIIpOCbl IIOJiy4emiH 11 06-

pa60TKI1 aKcrrepHMCHTanLHotl 11HclJopMaiU!l1. ¢111R:&JJOBoV. MaTepnan nony~en c 

rroMO!llhiO cTpaMepnmt crreKTpoMeTpoB CKM-200 n ~Be, o6nyqenHLix B nyqKax 

YCKOpeHHb!X Ha CUHXpoQ'laSOTp.QH€ 0f/lfil1 ~0 SHeprnn 3,66 A •raB f!).(€p 

A p = 4He, I2c, I6o, 19F, 20r-te ,"4~~~ • OcnoBo~ o6enx ycTaHoBoK 'HBnfleTcR 

CTpliMepHaf! Ka!.!epa pasMepOM 200 X I00'x 60 CM3 B MarHIITHOM none ·• 

0,8 + l ,0 T. fi!CII011:&30BaJII'lC:b TBep):lbl€, B TOM qr!C11€ 11 M6Ta1111li~6CRile MU

lll6HU ( LL ', C, Mg , U , Si.., Cu. , ~~ , PB ) T011llll1Holi 0,2 + 1,5 rjcM~ 
MumeH:bJO CllYlltnJI T8Kllt6 Hall011Hfl!OUIH~ RaMepy HBOH. llnTaHne CTPIIM6pHOtl Ka

Me phi OCYUI€ CTB11ll6TCf! CI1CT€MOll Bb!CO!t 0B011:&THOrO lll1T8Hllll C X8 paKTe pnCTII

K8Mll: aurr..~nTy,lla· uMnyn:oca 500 KB, ).(JIUTen:&HO~Th uMrryn:&ca 12 ·nc, sa

,llepJKKa BbiXO~Horo l1MIIY11hCa OTHOCI'IT€11:&HO sanycKaiOUI€rO 500 HC 1 cpe~Hf!fl 

qaCTOTa BbiXO,l.(HbiX l1MIIY.ilhCOB O,I rl\. 

Tp11rrepnaH cHcTeMa ns cwmTHJii!Hl\IWHHh!X cqeTqnKoB, _pa6oTana B 

~BYX pelKliMax: 1) OT6opa neynpyr11x*) B3811MO~€llCTBiill (HB) no Bbl6b!BaHIIIO 

H~pa-cnapR~a Ap 113 nyqKa; 2) OT6opa UeHTpaJI:bHb!X B381'lMO,l.(eZjcTBI11! (UB), 

KOTOpbl~ ocymecTBilll11Cfl C IIOMOUI:&IO YCT8HOB11BHHblX 38 KaMepoli pHTUCOBna

):laT611hHb!X cqeTql1ltOB 1 nepe!~pb!B810Uil1X yron BbiJIBTa ( 2 + 3 )° CTpl1nni1H

rOBbiX qaCTI1U - Cll€KTaTopOB H8R6T8!0UI6rO H~pa. 
0T1111~11T€Jl:bHOll OC066HHOCT:&JO llOCTaHOBKI'l IIOCJI€,7.(HI'IX 3KCnepmA~HTOB 

m3 ycTal!OBK€ CKM-200 ll CIIB!tTpOMeTp€ rfi!BC llB11fl€TCll UCTI0i1:&30B8Hlle BIIep

Bhl€ B rrpaKTHKe aKcnepnMeHTa cnel\l'l8JII>Ho paspa6oTannoro TpHrrepa UB 

C B€TO-C~eTqnKaMii, ltalt ):lilfl sapfllK€HHblX clJparMBHTOB, TaK ll H6i1TpOHOB -

CII€KT8TOpOB nane T810UIBrO H):lpa Ap. ( 111130TOni1~6CKH-CI1MMBTpl'lqHb!H 11 TpHr

rep). 

Ta!t¥1M o6pa30M,· UCnOJI:b30BaHHafl H8MH M€TO,l.(llK8 ~aeT B03MOlitHOCT:b 

Ha61110).(8T:& B 4ll-reOM6TpUI1 BCJO CJIOlltHYJO KapTI1HY MHoroqaCTU~IIb!X fl):lepHb!X 

B38UM0).(6HCTBI1it. C ~pyro~ CTOpOHLI 1 CTpHM6pHaH KaMepa,HB11HflC:& yrrpaB

mieMbiM ).(eTeKTopoM, no3BOi!HeT oT611paT:b UB c pa3nn~noi1 cTerreH:&IO uenT

pan:&nocTI1 B saB11CI1MOCTn oT yrnoB sanpeTa ( 9ch n G~ ) BhiJI~T!l a'apH

JKBHHh!X U HCtlTpai!:&HbiX qiparMBHTOB- CII6ltTaTOpOBH811BT8!0UI6rO H,llpa • 

*) TepMI'lH 11neynpyr11it" qncTo ycnoBHhli1. 3~ec:& n B ~ani>HeiimeM.no,ll 
11neyrrp'yrHMH 11 no).(pasyMeBaeTCR nonnhli1 neBH6opoqnbl~ aHcaM6n:r:, Bcex Bsa

nMo.z~eiicT:Buti. · 
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JKecTKOCT:b TaKoro Tpl1rrepa T ( Bc..h., Gn. ) , MOJKHo xapaKTepi130BaT:& OTHO
meHI1€M ce'-!€HI1H OT611paeuux npoueccon ( ~B ) K ce'-leHI1ID ncex Heynpyrux 
B3al1!.IO;llellCTBHH ( 6'1Jt. ) 1 l!TO COCTaBJIH€T 1 narrp11!1!€p 1 ;llJIH 24Mg + Mg B3a-
11!JO;ll€tiCTBI1ll B€JIH'-!11H,Y ou,B/W11. ~ 4 • I0-4 • _ 

f!pocuoTp cTepeocHI1!.1KOB npoi13BO;ll111!CH. n ~1~Ba AH Ka3CCP na npocMOT
pono-113M€PRTeJI:&HOM CTOJI€ "CAMET" 1 a B mmH lWllOJ1:&30BaJIUC:& rrpOCMOTpO-
Bbl€ CTOJibl 11YilC-50-80 11 • 0T06pannr,:e rrp11 rrpOCIAOTpe R 30ptWOBaHH!l€ COO!l-
Tllfl 1131JepHJinc:& Ha nonyanTouaTax Tnrra !1YOC B 1!11HI111 c ESCM-4. TI1IIlt'-!Hhle 

cpe;llHI1€ BeJil!ql!Hh! Oilli1DOK i'l:Jlfl IC- !.le30HOB C UMITYJI:&COIJ P ~ 0 17 raBjc _ 
11 ;llJli1HOll TpeKafr0,3 -t 0,5 M OKa3aJIUC:&: Apjp~0,03 -t 0,04;t.fo:5 Mpa;n;, 
A./!:: IS Mpa;n;, r;n;e if 11 Jl - .a3liMYTaJI:&HI:IH 11 rJiy6l'IHHhlli yrm1 TpeKa. llo 
pe3yn:&TaTau rrpoc11oTpa 11 ll3Mepenni:i 113 ncXOiJ:HI:IX ancaMoJieit UB oT6v.pa
nnc:& rro;n;al!C8!AOJ111 1 OTB€'-!810Uilt€ OOJJ~e lit€ CTKHM KPHTe p!UIM: OTCYTCTBI1€ 
3apHI!elliUlX -:~parMeHTOB c PI~ > 3 r3B/c l1 c yrJIOM BbiJieTa MeH:&me 5° l1Jll1 
I4°. • • 

Bo BTOpOtl rJiane CO.I-\CpJKaTCfl 3KCl1€pl1M€HTa1l:&HI:Ie ;n;aHHhl€ IIO MUOJK€CT
B€HIIOCTI1 oTpl'IUaTeJILHbiX irl1oHon ( It-), pOlK.I-\e IHibiX n uen~pa~LHbiX I 2c + c, 
I 9F + Mg , 24Ma + Mj n3al1Mo;n;ei1cTBl'IHX. PaccMoTpeuu B03MOJKHhle .11CTo'-!
ul1Kl1 CI1CTE\U8Tl11!€CKUX 0Uil~OOK 1 o6yCJIODJI€Hllhl€: 
- IIPI1Mec:&ro ;n;pyr11x_ poJK;n;eHnux '-!OCTliU {1:-, K- ) ; 
- rrpl'IMCC:&ID 3Jl€KTpOHOD OT KOHD€pCI1l1 Y - KDOHTOD; 
- B38liMO;ll€!1CTBl'leM B 830T€ KOHTCHHepa, B KOTOPOM HOXOi'J:ltTCH Ml'IUICH:&; 
- caMorro;n;anJieHl'leM Tp!'lrrepa ncne;n;cTBl'le rrorra;n;aHl'IH BTOpl'll!HhiX l!OCTl'IU n 

c'-leTl!HKl1'3arrpeTa 6~cTporo ~parMeHTa H.l-\pa-cnapH;n;a; 
BJll'IHHHCM TOJlli\HHhl Ml1ill€ HR. 

CyMMapnaH Heonpe;n;eJieHHOCT:&, CBHaaunaH c neyl!TeHHI:IM Bima,noM ncew co
noKyrrnocTn Cl1CTeMaTIIl!ecKnx cMemeHl'll1 6HJia oueuena B 5%. 

11pnno;n;HTCH 3H8'-l€Hllfl cpe,nHHX rrorrepel!IihiX "nMrryn:&COB < PT> rc -M€30-
HOB, oopaaonaHHbiX B 4He + AT-, I 2c '+;AT, 20 tl'e +:. Ne B3aUMO;n;eitcTBl'IHX 

n 11 - r1mepouon, poJK;n;eHHhiJC n Heyrrpyrnx 4He + Li , ueHTpaJI:&HI:IX 
I2 -- 1 I6 · C + C , l e, Cu. , ~,.. 11 0 + P6 naauMo.newcTBl'IHX ( ncero '4I8 A ) • 

- OomaH cTnTl'ICTI1Ka aaperucTpl1ponaHHhiX ~- rl'lrrepoHon·ohiJia paa;n;eJieHa 
Ha 4 rpym,bl no neJil'l'-li1He AT H;nep w1meim: He u , ( cc, c tie, OtVe) , 
( CCu.. ,C tEr) 11 ( CP8 , OPt\ ). fipe;ncTaBJieHh! non~l!eHHhle B Heyrrpyrnx 
n i\CHTpanLHI:IX He + AT, I 2c + AT, I 9F + M8 n 2 M9 + Mgnaam.IO;neiicT
miHX 3RCl1€ plll4EiHT8Jl:&Hble i'J:8Hllbl€ DO cpe ;llHliM MHOJK€CTBeHHOCTHM: IIOJIHO!l 
:moJ:teCTBeHHOCTll 38PfllKCHHhiX '18CTl'IU dh , rrpOB3lll'IIJO;llei1cTBOB8Billl1X rrpo
TOHOB <cl> CTaJIKl'IB8101lli1XCH H;n;ep, npOH38l'IMO;ll€HCTBOBaBIDMX IlpOTOHOB 
H;n;pa-cHapH;n;a ( Gp> , rrponaanuo;n;elicTBOBanmux HYK1IOHOB H,npa-u!'lmeHH 
<. VT >, a TaKite oT~oweHnH < n- > I< 0.. > . PaccuoTpem:>~ rrpoiie;ny-
pa rronyqeHl'IH rrepel!McneHHhiX neJil1'111H 11 B03MO~Hhle rrpM 3TOM cucTeMaTn-

4 

d 

" 

l!eCKl'le O!lll16Kl1. C_;neJIOHHh!e OUeHKl'l Heorrpe;neJieHHOCTell ;llJlfl STI1X B€Jllll!l1H CO
CT3Bl1Jll'l 5 -t 20%. 

B TpeT:oen rJiane.rrpono,nl'ITCH anaJina aKcrrepuuenTaJibHUX ;naH!II1X, co
.1-\CPlltallll'IXCH BO BTOp01trJI8Be. 

0CHOBH!i€ 38KOHOM€pHOCTU, xapa~Tepl13J'IDilllle pacrrpe;n;eJieH:IUI IIHOHHUX) 
MHOJKeCTB€HnocTei1 UJIJIIDCTpnpyeT pnc. I, Ha KoTopou npe;ncTaBJieHa 3aBl'lcn
MOCT:& ]{l1Crrepcnu pacnpe;neJieHl'!H. IIO MHOllt€CTB€HHOCTl1 1)_ = V < n!)-< n->2.' 

<{~ 

4 6 <n_> 

. o "C-A. Ttt.Q 
• "C-A. T(1CI 

1

+ "C-A. TCO.Ol 

3.66A·r3B • :c+C TtUl 
a O-AT T(2.0l 
• 110-A-r T(1CI 
.o 8F-~ Ttt2l 
Y"Mi-Mi T (t2) 

10 11 

Puc •. I. 3aB!1CH
MocT:& j)_ OT <n-> 
B pp~naauMo]{eit~
cTBl'lflX (npHMafl) 1 

B HeynpyrHX w-
UeHTp8JlbHhlX.flJt7. 
po-H;nepHh!X-: ci:J~
;na pe Hl1 HX. 
CIIJiomHafl KpnnaH 
OTB6'llae'l' .. aaKOHY 
IIyaccoHa. 

oT ero cpe]{Hero aHal!eHnH < n->. CyJKe Hne. pa crrpe;neJieHni1 rrpn ;nocTaTott
HO liieCTKOM oT6ope UB MOJKHO o6:oHCHl'IT:& TeM, ttTo c pocTOM cTerreHn ueHT- .. 
paJI~HOCTll coy;napeHH!l H;nep J'M€H:&InaiDTCH <JJJ!YKTYaUl'll'l ql!CJia B3al'IMQ116Iii0T .:
BJ'IDUIUX HYKJIOHOB. Ha p11c. 2 IIOKa3aHI1 aanncnMocTn aKcrrepnueHTaJI:&HI1X 
3HatteHl'lw <G..;, oT aToMitoro HoMepa H]{pa-uumeHn AT_ MH 4He + AT R I 2c + 
+ AT B CP8BH6Hl'IM C npe;n;cKa38Hl1HMl1 pa3Jllll!Hb!X MO;neJie:t{, OIIMCh!BOIDilll'IX· 

H]{PO~Hf6PHhle BSaHMO;n;ellcTBRH. PactteT& no ny6HeHCK0!1 _K8CKa,l(HO:ti M~]{eJin 

(nKM)/ S,I6/ l'I.IIO M0]{6Jll1 HeaaBHCllM!iX Oi'J:HOKP8THliX Heyrrpyrl'IX B3aRMO
;nel1cTBHi1 {MOHB) /I? I YJ\DBneTnopn'l'eJI:&Ho onnchlnaiOT aKcrrepnMeHTaJiimre· 
;n;aHJ:ible • reoMe~p!tt'l!BCKaH MO]{eJI:& 11 TB6p,l(h!X ruapl'IKOB11 , COrJiaCHO KOTOpO:ti . 
naanMo;newcTBYID'l' Jinru:& rrepeKph!Thla, 11Bh!paaaeMh!e 11 J\PYr B ;!!pyre -qacTn 
cTaJIKHBOIDilll'IXCH H;n;ep ( 11 c!ea.n, - cu.-b. 11 rnrroTeaa II8t He corJiacyiOTCH 
c aKcnep!1ueuTaJibHI1lln ;n;aHHI:IMl'l no < 0. > • 'rrpR tlluKcnponaHHliX Ap Itt Tpl'lrre
pa nenn'-ll'!Hbl < Cl."> n < '\), '> xopomo arrnpoKCHMnpyroTCH aannci:1MOCT:&JO C • A .c. 

· (- CM~ Ta6JI. I n · 2): Ha puc. 3 npe;n;c..CanJiena aanr.tcnuocn cpe;nHl'IX MHoJKecT
neHHocTett II- - M€30HOB 0'1' cpe;nHero l!RCJ16 npOB38RMO;nei1CTBOBaBml1X rrpo-. 
'l'OHOB ({l) B Heynpyrux l1·~€H'l'P6JI:&HI1X B36UJIO;nei1CTBUHX 6JIH3Kl1X no U6CC6 
H;nap._ Ha6JIJO;nae'l'CH Jll1H6i1HUi1- XapaKTep 38BUCHUOCTI4 </1..;;.) 0'1' <B> (napaY!!~P 
~6KJIOHa a -=0,45 ± 0,04 ) • Hamn 8KCIIepi1MeHTaJI:&Hhl6 ;naHH!1e TaKl!te 
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Pnc.2. SanHCllMOCT:& OT AT cpe;n;
Hero ql!C118 npOB38l'IIJ0,1(6MCTBOB8-
illHX npOTOHOB CT81ll~l!B810ll\l'IXCH 

H.It6P <(0.> ~ peaKUI1HX 12C+AT ._ 
( KPYEKH ) H 4He+AT ( TpeyroJIL
HllKll) npn qeThlpex Tpnrrepax 
T ( G eh, Gn- ) • Cll110111Hb!e npn
Mh!e-annpoKen!aUnll ,1(81!HbiX aanl1-
enMocT:&ro C•AT. KpecTHKH- pae
qeT no ~KM. lliTpHXOBh16 KpHBh16-
pacqeT no MOHB. 
lliTpl1X-nyHKTllpHh16 Jil1HtH1-BOpH-
8HThl ·paeqeTa no reoMeTpHqe-
cKo~ MO,)(e1ln.,"Tnep;n;b!X maptmon" 
(MDI). IlyHKTHpHhle JIHili1H-Bapn-

. ,. aHThl pacqeTa no Mill: npn 
T{ 01,0) I'60M6Tpnqe eKl16 eeqeH!Ul 38M6H6Hhl H8 5Kenepl1M6HT81l:&Hh16, a IIpH 
T{I4,0) BMec'.Xo HHTerpHponaHHH oT.O ~o £;:: = V u3:cn!IOJC 

· paeqeT c,11e11aH ,)(JIH 11o6onoro y,11apa ~ b = o. 

61-; :;:,. C+C, T(O,O),T(2,0),T(5,0) 

'!? Nle~(O,O),T(2,0),T(S,O)" 
51-'. ;:> O+Ne;T(2,0),T(5,0)* 

, ~>. Ne•Ne T(1,0),T(Nt>20) '·t ... ;..:"' : ', ~ 

"• ~ 3 .. · .. ~-···· 

2 

. I 

~-

PHc. 3. SaBl1Cl1MOCTL cpe,11Heli 
MHOllt6CTB~HHOeTU. IC M6 30HOB 9 

pollt;ZJ;CHHhiX B Heynpyrnx l1 U6HT- ' 
pa1lLHh!X H,llpO-H,)(CpHhiX B3811MO
~etieTBl1flX oT cpe;n;Hero qncma 
yqaCTBYIOt11HX IIPOTOHOB < ().>: 

YK83h!B810T Ha IIOeTOHHCTBO 
ne11HqHI!bl R:==<n-'>f<(J.> · 

' . " ~ 

; • ;ZJ;1lfl Cl1MM6Tpl1qHhlx CHeTeM OT 
, :.o:Yr11epo,11a ;n;o MarHim (yepe,11- · 

3 4 5 6 7 8 9 ·-
,. 1 '··: . <Q> H6HH8fl IIO. TpeM napaM H,116p 
·. ··.: JCC, IV~ /lie ,·_ Mg ~9) . 

\' . •. .. . . ., . . . , . <R> .. = o,4s + o,03). .· . 
B paMltax ynpot11eHHoro · TepMO.ItHHaMH_qecKoro .no.ItXo.Ita fi97 e.l\e11ami ·ouelllia 
T6MII6paTyphl :a;n;pOHHOI'O .B6ti16CTB8 H8 eTa]!HH JI8l1ci011J?III6rO .B036yi;n;eHl1fl . 
(To·~I20: MaB .,1(11H c ;+ c naa~Mo;n;€ittcTnnl1) n'o ''.Y.IteJx:in'o.n"· MuoilecT:ileHHoc~
Tu:niionooc>paaonaHnH ( <.J'!-Jc>./A), KOTOpylO.MOlKHO .. OIIp6,116i!l1T:L ~P~. OTHO~ 

· meHne cpe~nero qttC1la o6paaonanmnxcfi· nnoHOB K .eYM,MBPHOMY q11c11y · 
' . -·- . . . . .: . . ,.. 

6 

;. 

X 

Ta6mu~a I 
PeayJILTa Thl annpoKCl!MaunH c pe;n;Hei1 Muo:aecTneHHOCTll nponaanuo,IteilcTnonan-. ~ 

nmX npOTOHOB CT011KHBOIOUU1XCH H,)(ep 38Bl1CHIJOCTLIO <:a> = C•.AT 

Ap +AT T ( Gc~~, Qn) c ,;{ xc. /lv'J>F 

T(O,O) 0,96 ±. 0,16 0,43 ±. 0,04 0,2 

4
He + AT 

1(2,0) 1,79 ±. 0,19 0,38 ±. 0,03 1,4 
T(5,0)_ 1,80 ±. 0,24 0,41 ±. 0,04 1,6 
T(14,0) 1,51 ±. 0,29 o,46 ±Y·~4 2,8 

T{O,O) 1,42 ±. 0,21 0,43 ±. 0,04 0,1 

I2c + AT T(2,0) 2,16 ±. 0,15 0,52 ±. 0,02 0,7 
T(5,0) 2,45 ±. 0,27 0,?3 ±. 0,03 1,4 

Ta611nua 2 
PeayJILTOTbl annpO!tCUMUUI1l1 c'p6,1(H6Ji MHOECCTBC!IJIOCTll IIpOB30l1M0,1(6UCTBOB8B
illl1X HYK1IOHOB H,llpa-MI1mem1 aanl1Cl1MOCTLro <Yr> = C·A~ 

T ( 6ch, bln.) ' c xz IN:PF .}._ ' Ap + AT 

T(O,O) 0,69 ±. 0,16 0,63 ±. 0,06 0,2 
T(2,0) 1,35 ± 0,20 0,58 ±. 0,04 1,5 

4He + AT T{5,0). 1,22 ±. 0,24 0,63 ± 0,05 2,0 
T(I4,0) 0,95 ± 0,27 0,70 ± 0,06 2,2 

T(O,O) 0,83 ±. 0,18 0,65 ± 0,07 O,I 

12c + AT T(2,0) r ,I4 ±. o,m 0,78 ±. 0,02 0,6 
T(5,0) 0,92 ±.0,19 0,87 ±. 0,05 0,3 

nponaaHMo.ItellcTnonanmnx HYK11DHon.eTaJIKHnaroll\HxcH H.Itep. CpanHeHHe no1ly
qeuHoi1 T6MnepaTy phi C COOTB6TCTiiYIOIUHMH 6:ma118KOBeRHMH pe 3Y11LTaT81JH 
yKaaunaeT ~a cTeneHHoit poeT To c :mepr11eu H.Itep Bll1IOTL ;n;o 3, 7 A ·rsB 
( CM.pHc.4). 

Ha pl1c.5 noKaaaHH aanuenMOCTH epe;n;HHx nonepeqmnc l1MfiY11Leon 
< PT > oTpl1uaTeJILI!biX nnoHon n A- rnnepoHoB, o6paaonanmHxcll n Hey
npyrilx· H U6HTpa1lLI!biX H;n;po-H;n;e~Hh!X B38

1

LlMO,l(ei1cTBl1HX! OT MaeCOBOI'O 
qHC1la H;n;pa-MHU16HU AT. H3 pile .s' Bll.I(HO' qTQ 6C1ll1 ,)(Jlfl rr- M630110B 3Ha-

. qeHllfl < PT) B UB OCTOIOTCfl T8IUlMl1 :ae, lt8K H B HeynpyrllX B3a~o,netleTBI.fK 
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Pnc.4. 3amwm.iocn. OT 3Heprnu 
EP TemrepaTypbl T0, paccq;!TIJHHaH 
Ha OCHOB8HUI1 3!tCIICpUMB!lT81Il>Hb!X 
~8HHb!X IIO I.!HOJKCCTBeHHOCTR m'IO-
H006p830B8Hllfl B paMKaX TCpMO~ll-
HaMnqecKoro omwamm 1191 fl~PO-:-
H~e pHb!X naamw~ettcTm!lt n rrpe~-
nono~eHnn, qTo cpe~Hne 3Haqe-

HUH II1IOTHOCTll .P- 2_?0 IIpll 
EP ~0,4 A·raB n .P = 4}J0 npn 
aHeprnn EP > 0,4 A·raB. 

Pnc. 5 3anncMMOCT:b 
cpe;llHero aHaqeHHR<PT> 
;llJI!l o6pa30BQBI!IUXCH . 

/1 - rnrre pqnon ( .{.. ) 
H IIUOHOB (0) OT MaCCO
noro qucna Rl\P8-MMme
HH AT B HeyupyrHX n 
UeHTpanl>Hb!X B3aUMO
;llGi1CTBMHX ( OTKP~Thle . 
11 qe pHhle aHaqrm ). 

( 'lNeNe I oNeb. cPA 
CC ONe CCu C:Z'I. OPt, 

( n.:U! li€Ci<01I:blt0 MCH:OillnlJ>I - npn 6onM>IX ATf: TO l(1Ifl 1\ - runepOHOB 
cpe,nHne· aliaqemm norrepeql!hlx. nMnyn:ocon oliaaannc1> aaMeTHO _6on:I>mnMM B 
ueHTpm;:ol!hlx coy~apennRx, qeM n ueynpyrnx KaK npn ManhlX, Ta.K n npM 

· Cion:oumx AT. TeMIIC!JaTypa To, nonyqe1man n 6oJil>UMaHoncKOM rrpM6nnJKeHHH 
ni cooTnouumMH uelK,I(y neJI.M~Halm <.PT>H To, MH IC - uimonon panHa 

.eagAr 

90 ±. 5 MaB, _a JlJIH 1\ - rHnepolion :zlOCTH~aeT 6on~nmx aitatieimn 
("'ISO i-!aB ) • Paanuq11e ne:mqnH 11nMOI!IruX11 TeMnepaTy p, rronyqeHI!b!X ·· 

l ·o; }; • ' 

TalmM crroco6aM H c. HCIIOJI:I>aonamteM 11y;lleirl>H01i 11 uiioJKecTneHHOCT~'l, xapaK-
TepMayeT, no:..BU;llHMOMY pa3HYIO CTeiieii:b B036yllt,1(eHHH a;llpOHHOrO Bei!ICCTBa 

I-ia · p.aa;mquHx cTa;llHHX paannTnH rrpouecca. 
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1 

I 

j 
l 

B qeTBGPT0!1 rnane rrpe~CT8BJieHbl peayJil>TaTbl H aHaJIU3 HCCJie;llOB8IDill 
paaMepon U clJopMbl OCiJiaCTH ncnyCK8HIUI BTOpHqHbrx Il-- MG30HOB B neynpyrnX 
n ueHTpanl>HhiX naanMo~elicTBHHX H;llep _npH aneprnu 3,66 A •raB •. B. Haqane 
]l,aeTCH KpaTKOe OIIUC8HHC >ICIIOJI:b3YeMOrO MH 3TllX uene!1 MeTO]l,8 llHTefXI)e-. 
pOMCTPllll / 20 •21/, KOTOpblU n03BOJI!leT IIOJiyqUT:b >i.l!(pOpMaUHIO 0. npOCTp8HCT
BGHHO-BpeMeHHblX xapaKTepncTnKax npouecca reHepauHn qacTnu. Jda-aa ne
:zlOCTaToqHoli CT8TIICTUqeCitOl1 o6ecneqeHI!OCTH ;ll8HHbiX MH paa.JiHtiHhiX nap. 
H~ep B. 4-rie: + AT Heynpy~HX B38llMO;lleitCTBllllX OHltl ClWIH OCi:be;llHHeHbl B. 0~
HY rpynny f T8ItlKe K8K ll! l\GHTP8JI:bl!ble B38HMO~el1CTB~H 6JIH3KHX. no Mace e. 
rrap H~ep 2c + lv'e 1t1 16o +lie. IlonyqeHH1re B npe;llnonoilteHHn c!IJepnqecKn
cnuMeTpHqn~~ ciJopMbl 06JI8CTI-! 3Ml1CCU~ anaqcHHH pa¥HYC8 06JI8CTl'll'lCIIYCK8-
Hl1ll n- - MC30HOB ~mi 3TUX rpynn l'l ~eHTP8JI:bHhlX 2c + Cu. -naanMO]J,ei\cT
BHH Ol;(83aJUlC:b He OTJIHq8KJU\l'!Ml'ICH ;llpyr OT ;llpyra B npe;llGJISX OlliHClOK 

( f' "' 4 tPM ) • 
]!JIH ueHTpanhHhlX 12c + Cu. CTOJIKHonennl1 6b!JI npone;lleU auann3 npo-

:zlOill>Hb!X n rronepetiHblX paaMepon o6nacTH reHepaunn rr-- MeaoHon MH paa
Hb!X o6nacTe~ CiucTpoT, KaK n n pa6oTe 1221. PHc~6 rrpe;llcTaBnHeT pacnpe
]l,eneHne no CihiCTpoTaM ncex rr- - MeaoHon. Cpe](Hee anaqenue CihlcTpOTbl 
paB.HO ~y) = 0,90 ±. 0,05. 8TOMY 3H8't!GHI-!IO COOTBGTCTByeT CKOpOCT:b Cl'ICTe
Mbl ueHTpa uacc (j>c = 0,7!6 ) ·B ItoTopo!1 H](po-cHaPR:zl 

12c c RMnyJI:bCOM 
4, 5 raBjc Ha HYKJIOH CTaJIItl-!B8GTCR C 22 HYIOIOH8Ml'l Ml-!llJeHl'l. Ha pl'IC .6 . 

<Y>•D.9•0.0S 
4 I 

~3 
:z 
-.:1 •• 

2 

.t 

o' ---ze==f ! • , • I =0=-J 

PRc.6 ·BblcTpoTnoe pacnpe~enenne 
rr- - MC30HOB .. C.TPG1IK8Ml'l Bbl;n.ene
Ha 1\ElHTPSJl:bii~it oi5Jlacn pacnpe- · 

;lleneHRH. , -

cTpenKaMR.Bb!Jl.eneua ueHTpanl>HaH. 
't!8CT:b Clb!CTPOTHOro_pacnpe]leneHl'lll; 
( 0,4 < !J < I ,4 ) • AHaJ1HB npono-
](HJICH OT;lleJil>HO ;llJI!l ](BYX aHC8M6-
Jietti inH ncex oTpRtiaTeJI:bl!hiX.nMO~ 
HOB ~I ,ioui TeX, CiblCTpOTbl KOTOpbiX 
HaXO;lll'11IUC:b B yK838HHOM EbllliG HH
Tep~aJie. Ha pl'lc.? npe;llcTanneHbl 
nony-qenl!ble aitcnepnMeHTanhHble.pac-
·npe]:\eneHltlfi~ nnyxqaCTHtlH8ll KOppe~ 
JIHUl'IOI:iHaH (QynKURH npe ]:\CTannena 

. 3}l,GC:b B 38BUQl'IIJOCTH OT·nepeMeH- . 
HO~ llr ( Cli. ) ...,. nonepetiHOl1 (rrpo
]:\OJI:bHOil) cocTaBJIHIOmen paauo~TH 
l'!Mnylll>COB nHOHOB OTHOCl'!TeJI:bHO 
HanpanneHl'!H naneTaiOU\ero H;n.pa •. 

. . .. . .. . ~ . 
KpHBble noKaaunaiOT pe_:JYJil>TaT an-:-
npoKCRMaUl'IH pacnpe;lleneHHl'l no 

!IJopMynaM: 
R(G.r)= A(1 +.A,exp<- G;_R;./.z)) · (!t) 
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R (G.<.) -=- A (1 .. ..J~.. e:.p (- G.i RJ.. l~ )) , . (*) 

r;n;e RT ( Rt..)-: riapaMeTp pacnpe;nenemm, xapaKTepHayiOmHit nonepetiiJll£i 
( npO;zJ;OJI:OHhlti ) . pa;nnyc OC5JI8CTH 1 J.I3JI.Yti810!116it nHOHH. A H A-; ( ..t1L ) -CBO

()O;zJ;HhlC napaMeTpN, 

-L9 <Y0.6 a. -L9 <Y<3.& &. 

LS 

LO 

J O.Sb,,,.,,,,,,,,,,,:.,,l ~05p,,",,J"""",J'""'"""I 
cc: 0.4<Y<L'I ~-a: 

lS 1.5 

1.0 1.0 

o.srd,,"""""' """'"""''! 
0 0.1 0.1. 03 0 0.1 0.2 03 

Qr raB/c QL ,raB/c 

nnfl npoBepKH yCTOittiHBOCTH pe-
3.YJI:OT8TOB OTHOCHT6Jl:OHO BH60pa 
HHTepBanoB pacnpe.;nenemm 6u
JIH nocTpOeHhl pacnpe;n;eneHHfl C 
c5onee KpynHHM marou. Peayn:o
TaTu ~HTHpOB8HHfl 3THX pacnpe
;neneHHit npHBe;neHu B Ta6nn~e 
3, nna BCero 6UCTpOTHOrO HH
TCpBaJia npo;n;on:oHhle H nonepeti
Hh!e pa3M€pH c5JIH3KH 1 tiTO CQOT
BCTCTBYCT c~epHti€CKH~CHMM6-
TpfltiHOH ~OpMe, ].IJifl ~eHTpan:o
HOH qacTH 6ucTpoTHoro pac
npe;neneHHH npo;n;on:oHbte paaMe
pu 6on:ome nonepeqHhlx, qeMy 
COOTB6TCTBY6T BHTHHYT8ff ~op-
Ma Oc5JiaCTH reHepaUHH nHO!lOB. 
TaKHM oeipaaoM, ac5comoTHh1e 
aHatieHHfl RT H RL oeinacTH 

PHc.?._3KcnepHM6HTan:oHhle pacnpe;neneHHH 
R (G.-;) H R ( U<.) .KpHBUe npe;n;cTaBJIHIOT. 

peayn:oTaThl WHTHPOBBHHff no wopMynaM (*)· 
HCn,YCK8HHfl llHOHOB 1 B3flTNX BO 
Been oc5nacTH 6NcTpoT, conna

;naiOTB npe;nenax OIDH60K C,COOTB€TCTBYIO!IIHMH 3HaqeHHflMH 1 nonytiel!Hh!Mll 11Jlfl 
ueHTpan:oHux 16o +A~ cToJIKHOBe!lllit npn 200 A·raB. ~To ~e KacaeTcn 

Ta6n~:~ua 3. 

Peayn:oTaTu ~HTHpoBaHHH sKcnepHMeHTan:oHhlx 
pacnpe;neneHHit no ~opMynaM (*) 

HHTepnan 
y 

LiHTepBan 
ar (h AT RT AL RL 

-1,9< Y<3,6 
IO MsB/c 0,49± O,II 4,3±0,8 0,32±0,08 4,1±1,1 

20 MaB!r 0,4?±DIII 4,3±0,8 0,3Q±O,OB 3.,9±1,2 

·IO MaB/c '0,52±0,18 4,?±1,1 0,65±0,19 13± 4 
.0,4< y<1,4 . 

· 20 MsB/c 0,5?±0,18 4,9±1,1 0,59±0,25 . 15± 9 
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llllO!lOB 113 U€HTpaJJLHOrO llHT€ pBaJia 6LtCTpOTHOrO pa cnp6,1\€Jl€ llllfl ,. TO !Jll IIO
Jlyq>_!JlH B oTnnqlle oT pe3yn:oTaTOB aKcnep!t1MenTa NA 35 yKa3aHI1e ila yBe
JIHti6Hlt1e TOJI:&KO npo;L~OJI:&HhlX pa3uepoB,B TO Bper.tfl KaK RT 11e npeTepne.BaeT 
naMeH€Hllfl B npe,r;enax omu6oK. Ilo!!ytieHHhlti peayn:oTaT .YKaauBaeT im paaHyiO 
gpHpo;n;y 3(t>tt€KTOB 1 H86JIIO;ll;8 CMLIX ;li;J!fl pa 3Hh1X 3H€ prHit H8Jl€ T810l!(UX H,nep • . 

B 38KJIIOtiCIU11l npl!BO)IHTCH OCHOBHhlC pe3,YJILT8Tl1 H Bh1B01ihl )ll1CC€pTa-. 

~1m. 

I. Paapa60T8H ,11 C03;li;8H C ytiaCTUCM 8BTOpa BHCOKOBOJI:OTHhlii reH€
paTOp H8HOC€K.YHJ1Hh1X UM!l,YJ!:OCOB (BBrHH) 1 oc5ecneqttB8lOU(Uii nnTaHlHi CTpU- . 
Mepnoii .Kar.tepbl cneKTpOM€Tpa rKEC BblCOKOBOJI:OT!lbiMH HQHOC€K,YH;ll;!lbli.!H nu-. 
ny.n:ocar.m c .. napaMeTpaMn: aMnmiTy;n;a 500 KB, necTa.6un:&Hoc,T:& aMTIJIUTY.l\LI 
(0,5 + 1,5)%, ;n;m!T€JI:OIIOCT:b !t1MII,YJI:OC8 iia IIOJIYBhlCOT€ 12 HC, aa;n;e.pJKKa 
Bblxo;n;Horo mmyn:oca OTHOCtlT€JILIIO sarrycKaiOU(ero 500 uc, IiecTa6l-IJILHOCTD 
sa;nepJKKn (2,5 + 5 )%, cpe;n;HHH qncToTa nuxo;n;HhtX HMnyn:ocoB O,I ru. 

2. Ilpn yqacT!.IU aBTopa c rroMomi>ro ycTaHOBK~ CKM-200 u cneKTpoMeT
pa rHEC nonyqellbl ~mcnepUMCHTQJI:OHbl€ )IQIIHhl6 TID B38UMO,n€i1CTBUHM n;n;ep 
rennfl eLi, c,Ne, AI, Ctt-, PB; H;n;ep yrJrepo,l\a.c c,Ne,Si ,·Cu.,Z;;. 
n,nep mwnopo;n;a c /'/e, PB; n)lep'!lJTopa c My ; mxep Heoira c Ne,l; 11 

n;n;ep Mari!HH c Mg ( ncero oRono 25000 coouTnl1 ) npn auepran 3,66 raB 
liB H,YKJIOH, Paapa60TQ!lfl MCTO)IHI~a :Oc5pa60TKH CHUMKOB CO CTpl-l!~epHOH !taMe
pH H opraHU30BflHQ ll H~B3 AH Kaa .CGP. o6pac50TI\8 ·qaCTH CHUMKOB Ha IIPO-:
CMOTpOBhlX CTOJI8X H 113M6pCHHe COc5h1THIJ HQ 11Y0Ce B Jllll!HH CBfl311 C E8CM~4 •. 

3. llonyqenhl pacnpe;n;eneHHfl no MHO~ecTBenHoOTH oTpnuaTeJI:oHbiX rmo
noB B uei!TpanLHhlX BaanMo;n;eiicTmlflX n;n;ep·y~nepo;n;a c C,'Hi\ep c1Topa c. 
!vi~ H. llJI€P Mar~IHH c' Mg , PaCCMOTpeii~ UCTOllHllim' B03MOlKHblX C>ICT€MflT11-
qec!tuX omndoK u c;n;enaliu oueHKn o6ycnoiine'uuhlx nMn Heonpc;n;enemiocTeit. 
nnn· pa~cMaTpUBaCMhlX nap ~;n;ep 'npHB6)1€fl&''fC:pe](HliC. MHOJK€CTB€HIIOCTU U. 

;zJ;HCrrepcmi. pacnpe;n;€JI€1IUH C OlliUclKOii 5%:· "::: .. 
. •. 

4. llonytie!lh1 c ToqHocniO 5 + 20% ;n;aimLie () cpe;n;Hnx <incnax rrpoBaa
l!MO)IelicTBOBaBIDHX npoTOHOB cTaJIKHBaiOml-IXCH n;n;ep 11 HYKJIOHOB n;n;pa-MnmeHH 

B HB 4He +.AT, 12c +AT H UB 4He + AT, 
12c + AT, 

19
F + MB , 

24Ms+ Mg t a TQK~C OTH?ill€Hl-lfl cpe;n;H~ MHOJK€CTBCHHOCT_ei1 OTPl'll.\8T€JI:OilbiX 
TIUOHOB U llpOB38UMO;zJ;61\CTBOBQBmHX npoTOI!OB. llpoBe.neHO cpaBH€Hlt1€ nony-, ·, .. . _,.. . ' '. .· 
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'l6HHhlX ]l8HHh!X C pH]!OIJ IJO]l6JI€li H,Z{pO-fl;ZJ.6pHhiX B3at1MO,l\6i1CTBl1ii l1 IIOK838110, 
"!TO MO]lenH ueaamiCllUhlX HYKJIOH-HyrmoHHhiX naaHMO,lleHcTmli1 Y.liOBJieTnoptl
TeJII>HO OIIIIClJBllfOT ,l(llHHhl6 110 cpe,IUUIM 'll1CJI8M 11pOB31HIMO,l(eiicTBOBl1BI:iftlX Hy
ImOHOB. 

s. PacC!JOTpeua 38Bl1CI-IMOCTI> cpe;nuei1 MHOJKeCTB6HIIOCTII rr- Me30HOB 
OT 'll1CJia IIpOTOHOB ( Q. ) , .'/'l8CTB.'/IO::;IIX B H]lpO-fl;nepHhlX B3lli!MO;ZJ.6WCTBl1HX 
npa ::meprlm 3,66 A•raB l'i 110I<a38HO, '!TO ;ZJ.11H CTOJIItHOBeHHll 6Jil13Kl1X 110 
uacce H;nep (Ap-:< AT)aiU 3llB!r.CllMOCTI> KllK 11 IIPI1 60JIC6 Hl13KllX <lHeprl!HX, 
llMCeT JlllHCtiHLJi'. XapaKTep, '!TO 1103BOJIH6T 11pOBCCTll 11p0CT.'/IO 3;WTpaiiOJIH
UHIO ;:i.nH 11pe;nennuoro cJiy'laH ( G-nu1-" = i! p .- Z T ) • B pa1.max y11pomemwro 
T6pMO;ZJ.l1Hll~U'leCKOrO IIO;l{XO]l8 9 KOTOPllll ;z{OCTllTO'lHO XOPOillO OilllChlBllCT 38BV.
Cl11JOCTll MHOllt€CTB6HHOCT~I IIIIOH006paaOB(JHI1H OT 31!eprl1l1 H;nep, (;;z{€1ll1Hll 
ouemta Teune pa TY phi a;llponuoro Bellie cTna na cTa;nnn, 6nllaKoii K nan6onnme
uy B036:fllt,ll6Hl1!0 C llCII01ll>30B8HlleM ;z{]lfl 3TOH U61lll BCJHI~IHbl BhlXOJ18 11llOHOB 1 

rronytiemwll B peaynLTaTe 11pone;neHHoti ar<cTpanonnunH. Cpanneune 110JI:f'J6H
no~1 TeJJITepaTyphl ( Toc.<I20 iAaB) ;!{11H I 2C + C B38l11JO;D.ei1CTBUH C COOTB6TCT
BY!Oill>I!Jll 6enanaRoBcKnMn peayJILTaTaiJn yKaaliBa.eT na cTe11euuot1 poeT To 
c aueprneH n;n.ep BIIJIOTL ]lo 3,7 A·raB. Paanntme TeMnepaTyphl To,ol1pe]le
nemroi1 TlllUIM CIIOC060U ll TeMrrepaTy phi T :: 90 ;t S MaB, ITOJI:f'lCHHOH B 
60JILUfJ8HOBCKO:A I1pll6i!lllK€HJ/Ui ·113 CO OTHOill€ lll1fl M€;<:]ly B€J111'1Hlll1Mll < PT> ll 
T, Xapa:tT€p~13~€T p&3HJIO CT€IT€Hl> B036:fllt]l€HllH a;npOHI!OrO B6li(€CT_B8 Ha 
paann'lHhiX cTa;nHHX paaB!IITUH npouecca. 

6. B peayJILTaTe rrpone]lenuoro auan11aa nunynLCHhlX xapaKTepucTuK 
. 11llOH006pa30B8Hl1fl l1 por.t,lleHllHA-r!IIIIepOHOB 6hl110 IIOK838HO, 'ITO cpe;nHHe 

ITOITepe'!Hble HMIT:fJII>Chl fC- M€30HOB He 06HapylltHBll!OT C:fli(6CTB6HHblX p83Jlll-
. 'll1H ;!{1lfl Hey11py rHX l1 U6HTpaJILHLIX B3ai1MO;nei1CTBlli1, TaR lite K81\ l1 OTHOIDe
·,HHfl cpe;umtx MHDJKecT.aeuuocTel1 IC- MeaonoB K cpe]lueuy 'lllcny nponaai1MO~ 
]lefiCTBOB8Bl!lllX 11POTOHOB ]lJifl nap11 6Jil13KllJC llO M8CCe n;nep. 

B. 11pOTllBOI10JIOJKHOCTI> TllKDH :fCTOii'lllBOCTll CBO~lCTB llllOHOB IiMnyJII>C
Hhle pacnpe,lleJieHHH 1\ - rHnepOHOB 38M6THO MeHHJOTCH, liTO ITpllBO]lllT ll 
'l8CTHOCTH 1 K :fB6J111"16HHID cpe;nuero nonepequoro 11MI1yJILCa ll COOTB6TQTBCH

. uo TeMrrepaTy phi, KQTopafi ~o-cTL'iraeT ( 11p11 6oni>uuauoncKoM cneKTpe ) 

60JII>Illl1X 3HatieHUit {""'ISO MsB ) • 
7. Onpe,lleneHu paaMephl o6naCTl1 ncnycitaHUH OTPHI.\aTeJII>HhlX nHonoB, 

o6pa-am~anuux B cToJIKnoneunroc n;nep renHH c Li- , C , Ne, a T8Kllte B 
Lt~HTpaJnnux nam1MO,llei1cTBllHX H;nep yrnepo]la c Ne., Cu- ; n;nep K!llcnopo;na 
c Ne. · 

rlony'lenHue neJIH"lllHhl (I""" 4· !fJM ) ue o6uapyJKI1JIH BhiXOilfll!llle aa 11pe
;n-e;m OuiU60R p83Jllf'li1H riO cpaBHCHlliO C COOTBCTCTB:f!Oli(llMH peay1II>Tl1T8MJ.f 
.l(pyrux .Sl\CIICpi1Me!lTOB C peJIHTllBJ/ICTCRll!Jll n;npaMll MeHnillHX SHeprHi1 C 
lienee KeCTK!IIM oT6opoM·I1o_ CT~neaH, uenTpan·LHOCTH naanuo;neticTBHtl • 

. ·12 
·-·· 

·-... ·.·:·· 

~n ueuTpaJII>HhlX I 2c + Cu B38UMo]lettcTBHit onpe]leneHhl paaMepu 11 
qiOpMa 06JillCTH HCIT:fCR8Ht1fl II- - Me30HOll. 

lloRaaauo, '!TOn OTJIH"lne OT peaynbT8TOB.sKcnepi1MSHTa NA 3S {UEPH). 
npH aueprHH 200 A·rsB npn sueprHH 3,66 A•rsB He ua6nro;naeTCH yBe1111t!eH!IIH 
110ITepe'lHhiX pa3MepoB 061laCTH HCilyCK8HJ/Ifl llJ.fOHOB 113 U8HTPBJILHOrO HHT8pBa
J18 6b1CTPOT. 
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