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Fe.ercn od3op 3\~cnepinwH·:aJibiiLIX nccne.n;o:nanHtf, nu:-ronneH

I!H'< C '-18.CTl1TV.'l.MI1 BHCOKHX 311Cpi'Ui': IW Cltl!Xfl01~l!KJIOTpOH8 J!a6opa.TOpUU 

.n.neimHx IIpOC5JietL Ochc.n:rmewroro UHCTt1Tyra H,I~;epm.Jx r~ccJic,noBamtii 

co npevcmr nyc.r:a ycrwpnTeJIH ,rr,o unJUT I957 ro.n:a~ 

q • e .n. e u rr e • 

~CJHHWt1 0KT5!dphC:KOJi CCIU{B.Jil1'CTlfliCCICOr ft8BOJI¥l"\Elf, 03HH!.f€HODaJIHCb 

rpo~.Tl,I(IILH.Hf YC!1PX[ll_m E ~~r.3mP.IHHX OdJiaCTRX Orer::r-:CTB8HHOi'! HC.Yl\H I! 

T8XHI1Ktif ~ nco6eH!lO dL!CTf;!:Jtr TCWTOU pa3BHDftJiaCh 3H 3Tl1 fO,I(U nayKa 

06 aTOHHOH n,n,pe, 

;to cnc,rr,I-we \IitTHa,:P(C..T h Jie'l' oe pn~nnnn.n IW.T~ n r.onercKOI 1 r.oro3e, 

Ta.K t! B HandOJiee CHJlbHI~"X 8IWliiHU.!48CKtl 3t:_liYCiC'!\IIHX CTpUI12LX (r!riA, 

AHr JIH.fl) ;rpMBeJIH 1i: ycm~I11!10r:y pnmemm pn)1,n nr;_y:mefl.FIHX 3aJJ:tFi rr:paK-

TWl8Cl<'.OI'O npm.Wll€Jn~Jl nTOl!lfOJ' :nwprtm - C03)l;amm HOqHhiX aTOliiiUX 

pcaH:TOpoB n GJieJ\TpoeraiPlJit:- !1 1 IORDJiemm nonoil o1nacr11 rexHMKM -

1ro_r J:;-e Peprw,r( pcWhHTJ-;H JiayKn od a1o1mnu H)!;pe xapaKrepM3yeT-

CJJ po.::;:,TJ,eHHeH nonoii ocL1ncrn ruepnon rin13nKn - 1m3nKn tJaCTHl\ 

PLre:oK:t.·-tx n ceq:xBLrcormx :;nepn-t.1 1-1 uonrmx ycKorm:renetl ~ HcropnR 

ee no'I1'H He B'rxo,~tn ,,a pm!Ktt nocne,n,nero ,n,ecHTl!JTeTHH l! ana He 

CJ3JI3D.Ha H(JE{J_ C JH!t'[CiiH€1'.i KaKUX·-JIIT60 npaKTJ!rtWCf~nX ITJlOdJier.t~ 

0CHOBHLIH npe,llHBTO!! nay~e H!R noM
0

B8*aCTI! r;l!l311Kil DBJ!DCTCJI 

I!CCJ!e,l\OBV!ll!B DpllpO,IT,bl II CBODCT'l 3!!Bl!81ITajliiJ,JX 'IB.CTI!Tl - liYKJIOHOB, 

MB30HOB, rnnepOIIOB, B.l!Tl!~flCTil'l, ll]lB,l\CTaB!lnJ'l[\l!X COdon npOCTCi"::ti!B 

!13 HonecTI!biX n nacronr(ee npeu:r cTpyKTypHb!X oneMeHTOB neqecTnao 
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Pa3HOOdpa3RHe IICC.II)!OIIAHPill,' BllllO.IIHIHBIIe C ltO~IIIIUOKI!M>'f 

xy11a1111 11 aa IIOI!IBIIX ycKOPHTel!RX, !rromsau, 11ro 3llelrceampHHe ~a<:n:11~ 
!Ill IIOryr C03,!tABAUCI! lljlll efO.IIIHOIIeHI!I!X 'IIICTI!ll t 3!11ipr'l!J!:M>'f B ('>«''!II 

' 
IIHJ!.III!OHOB II MI!.JI.JIIlAjl.IIOB 3.teKrp8H~iBOJ!~T o ~li3HKil. BHCOlt>'fX II tBepJt~ 

BHCO!tHX 3HeprHl! CTIIBIU CBOIIMH U!ABHII!.!JI l.leltl!Ml! B03MOltHO dO][P,P, 

noxuoe onpe,llel!eaee Bcero Ha6opa 3ileMearapmo~x qacnru, Y''""'''"JJe,, 

HH\l 3altOROB B3aHMO,ll;encnHn ex MeiK.liY co don, a raK:a:e Hay~ei!He npc,, 

ueCCOB B3111111HIIX npeBpa!lleRHll O.JtHi11X 'lllCTlll( B ,ll;jlyrlleo 

Ecl!H yqecn, qro B uacrolllnele BpeMn ljli!SI!Kil.M j'll:e 1!3Ber>Tll!l, 

,D;BA,ll;!111U mecTb jla3liii'IH!lX Sl!elleH!!!l.JlH!lX 1!!l.CTHU 1 H ITjli!HJ!Tb BO EHI!1!6,~ 

Bile roT ljlaJtT, I!TO, uecMOTJlH na rjnaHil'tecxan TPYJt, sarpa'leHnun 
' 

yqeHHMI! BCero !:!l!pa 1 ,D;O CIIX !JOjl Hie JCT!l.HO!IIeH OCHOBHOll 3!l.KOH, 

orrpe,n;e.I!J!Ill!lllll B31llll!O,Jtel!CTBI!e MeE.IIiY rJiaBH!IMII C!jlJKTJjlHill!ll 3l!eMeHT!l.~ 

' 
Ill! JI,D;pa - HJ!tl!OH!l.lfl! 1 TO IIOEHO HC,HO rrpe,!!;CT!l.BI!U 1 HIICKOUKO Odmi!pl!bl 

Heii3Be,!!;aHHlie rOjli!30HTli HOBO!! ljJH3illKllo B11ecre C 3Tl!M IIHOrOBeKOBI!fll 

OIT!IT jla3Bl!TIIII lllljlOBOll HIIJKll ITOJ!Cj!U13UB8.eT HaM, QTO Od!II!HO 1 KOr,lla 

yl!eH!Ie BXO,lli!JIII B HOBJil 1 dOJ!J.myll .od.l!l.CT!o r103HIIHIII! 1 OHII 113Bil8RaJ!ll 

1!3 Hee HeOEI!,ll;!l.HHO IIHOrO ITjli!H!III!J~iii>HO BaEHOro II !JOJ!e3HOrO ,!J;IIJI 

qeJioBeKao 

Bce11 3!1111 O!Jjle,J;e.lllleTCII dOJJ .. mall nepcrreKTIIBHOCTI> HCCJie,llOM.HIIll 

C 'laCTH~H BHCOKHX 3Heprzll, 

B Hameii CT!l.TJ.e IIH ITOIT!lTae*JI ,n;an ITJle,ll;CTIIBl!eHl!e Od OCHOBHIIX 

HllJ'IHliX IICCJI8,!tOB!l.HI!IIX 1 BHITOJJHeHHiOJX COJUC!tii!.IH ~11311Kalll! C l!llCTlll~a~ . . 

1111 BliCOitHX 3Hepr1111 H!l. C!l.IIOII dOJJ~IIIOII II llllpe CHHXjlOUI!KJIOTpOHe J!a~ 

dopaTOjlHI! I!,D;ejlHliX npodJiell Od'Le,J;JiHeRIOrO KHCTIITJTII l!,llejlHliX 

HCCIIoii;OIIARHHX), 

x) 1ua11 aa11doJJee noJJI!O npe,~tcra~Hn B noll erar!>e pesynrars 
OCHOBHIIX IICCJ!e,D;OMHilli, Bii!IOJ! e&HHX Ha IIICTI!IIerpOBOII CHHXpo,, 
Illll!JIOT:POHe, & TU:Xe J'IHTIIBillls. I!TO CfaT .. paCC'IHT!l.Ba Hll 6oJiee 
mHpO!tHR, ~ell o6aqno 1 Kpyr qH!TeJieli, JIH npi!Hftl!ll 3a OCHOBY 
cJe,~;ymnaR nops,~;e~ oeBeneul!a repHaaa, ~ ruR reKCT H caaO-
xeRHHe do.11ee ITO)!p06HIIMH (qeM npaKTHKytTCR~ H!l.,ll;ITRCHIII! OnHTHHe 
~aKH!Ie II JII,Jte rpa~HKOB, 3aHII TBOBIIHHliX H3 Ojll!rHHAH!>H!IX pa60T, 
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TIYCK Cr!HXPO'(J!I{)JOTPO!II\ l! XAPAKTEPl!CT!IKH !l'Jl!KOB 

1JACTW\ BllCOI\J!X 3HEPP!!ll 

B Hamen CTjJa!Ie HattaJIO CI!CTilMaTI!tteCKDMY I! )1eTaJibHO)gy II3ytteHIUO 

nofi odnacrll rlJ1131!KII dh!JIO rronoxilHD I4-ro ,11eKa6pn I949 r., rwr,l\a 

B V!HCTI!TyTe 1!)\epmrx npo6JieM All rJCCP, Ilh!He Jla6oparop111! JI)1epHb!X 

rrpo6Jieu Od,;e,~>IHeHHaro I!Hcrnyra n,11epHIJX !!CCJie,I10BaHnti, dh!JI nne,D;eH 

B ,I1€t\CZBI~e I11!TI!UeTp0Bhln C!!HXjJO'']IIKJ!OTpOH I! Ha HeM dHJI!! IIOJiytteHh! 

,",et!rpomr c 3Hepruen 280 l!t3n II :,.Jibrpa-ttacTJ!'JI< c 3Heprl!eB 560 M3Bq) 

TipaKTI!ttecrm B 3TO l'Ce npe11n B <PW31!ttecrwM I!HCTI11'YTe All CCCP dh!Jl 

nyqeH Cl!HXjJOTpOH, ycKOpll!OI!jl!n 3Jl!lKTjJOHh! )10 3Hepr!!ll 250 l>3BX), 

C03)\aiH!8 MOI:IllHX Cl'lHXpOr]llKJ!OTpOHOB, IIBJ!I!IOII!I!XC!l 60J!blll1'11m 11 CJIOJ!

HIJHI! l!IIR8ll8 PBIIlll! coopyl!t8H!li!MI!, ·011838.JIO C b 110)1 Cl! JIY TOJibKO Hai!60Jiee 

]l<'L3BI!Tb!M Ral111T8.Jll1CTI!'I8C!Ull! CTpa'HaH (CI!IA, AlrrJIIIi!), Jl03TOMY CIIHXjJO

r]l1KliOTpOH 061ie)\HH€HHO f'O HHC TMTyTa ll)\CjlHh!X IIC CJIC)10B8.Hlln I!BJ!!!CTC!l 

npKHM CBI!,~ereJihCTBOM nucoKoro Y'POBHn pa3BI!Tl!II rrpouh!mJieHHOCTll 

11 KYJihTYPhl rrpol!3BOJ1CTBa, )iocrrrrHyroro B Coro3e 3a ra,l\hl coneTcKon 

MaC Til, 130J!bllll1€ 38.Tpanr, TlpO!l3D8)\8HHhl6 B GBS!3l! C C03)\alli!8U UOI:]H!IX 

yc;co j)!1J'8 Jleil B Hal!let' CT]l8.H€, .ffBJ!iRIOT Cl! OJ!I!Ij8TBOjJCI!llel! i!Cl<RiJ4l!TC Jlb·

HO!'Q Bql'TMB.Hil!! ll 3a60T8 0 pa3BI1'T1!11 rrepe,l\OBOH HayKl! CO CTOPOllbl 

'(OMMYH!!C TI!'IC CKOfl Il8.p111l!, COB€TCKOrO I1paB!!T8 JlbC TB8. II Ha p0,11a, 

~, OCI!OBe )\errcTBI!H YCKO]li1T€'Jien Ha BHCOKJ18 3H8 pr!ll! 3aJIOR€H 

riPHH'llli1 r;18.30BO~ YCTOTI'II!BOCTl! )1B'r~l'CCHl!l! 48.CTI!!l B !.11111Jli!4€ClmX p€30-

HaHCHh!X ycK.Ojll~~e Jli!X, OTK]lHThln B ,I!. B€KCJ!€]l01! (19411) 11 T.laK r.I!!JIJI8.·· 

HOM (19115), 

----------------------
HH He KaCa€MCJI dOJihli!OrO Kpyri9. !1CC,q€)\OB8.Ill1n, BLlf!OJIHeHIILIX 
p8.,!\li0Xl!MI!'ICCKI!MI1 l!€TO,l\a~!L!, Ti~K IlaK OHII dy,I1yT OllllCal!bl B )ipyroi: 
crane (A,1l.lrlypl!H). B CB!13l! ;c TeH, 'ITO nepe)i lWJll! CTOI!llB.,lJeJib 
- OCBeTl1Th padOTU, BMI10JIHeiiii!He H8. YCKOpliTeJJe COB8!CKJ!Mll '!lll3ll
Katll1, pa60TU, I1jJOB8)(CIIHhle H6i MO[\Hb!X yc;tOpl!TeJII!X 3a rpallli!]OH, 
He O~cyx,nal:lTC!I l! He 1\HTl!jJ)I:IOTICH, 

! 
x) B HaiiTen crane Mhl ·KacaeucJI HlayttHh!X l!CcJie)1aBaHHfi, nurroJIHeHHhiX 

TOJ!bKO Ha CJ1HXjJOl111KJ10TpOH8, 

' 
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CoopyxeHne l!O~tHoro cnHxpoi1lUtJ!orpoHa nBKJiocb peayJIHaroM rro'!Til 

:rpexJieTHel! l!HTeHCI!BHOfi )J;ei!TeJI~llOCT.II 60JILmoro KOIIJ!8KTI'IBa y'leHh!X 

ll HHE8HepOB pi!)J;a Hay'IHO-IICC~e)J;OBattllbeKHX llRCTl!TyroB, B Te'leHI!e 

pR,lla JieT 3TII pa60T!I HaXO,lll!JIIICb B i!OJie BHI!I!aHilJI I! )lei!TeJI&HOCTH 

aKa)leMI!Ka }'foB,Ryp'laTOBa, 'ITO B8CLl!a IlJIO)J;OTBOpHO CKa3aJIQCb Ha llX 

yenemHoM pemeHIIII, 

OeHOBHoe o6opy.JJ;oBaHI!e )IJIII 3TI>ro MOmHoro yc~~:opHTeJJJI 6!VIO 

ll3roroBJieHo Ha aaBO.JJ;ax Ml!HnerepcTlla 3JienponpoMwmJieHHOCTI! CCCP, 

B KOHJ16 I950 ro)J;a Ili!TllM6TpOBIIli ellHXPOllllKJIOTpOH dh!JI nepeBe)J;eH 

B pelltllll yeKopeHllJI rrpOTOHOB )10 3Heprlll! OKOJ!O 500 M3B (I), 

3Ha'II!TeJIJ.HaJI qaeu nepBHX <!JH:flll'leeKKx l!CCJie)IOBaHI!l! Ha ycKo

pnreJie 6HJia noeBJ!ll!eHa onpe,lleJieHKJ> rrapaMerpoB coa.JJ;aBaeMHX I!U rry'I

KOB 'laCTIII1 BhleOKI!X 3Heprlll! (HHTeHIJHBHOCTII, 3HepreTH'IeCKI!e ll yrJIO

Bh!e paenpe.JJ;eJieHIIJI 11 T,n,), 

B ra6JI1111e I IlPl'lBO.ltJITCJI ocHOB!!hle peayJiua:ru a:rHx onuroB, BH

noJIHeHHhiX np11 pa6o:re yeKopi!TeJIJI B pa3H!IX pexi!Max, 

Ta6JI1111a I, 

YCKOpll- TOK Ha ITJIOTHOCTI> ITJIOTHOC~b 3aepri!H IToJiyml!- ITp0!\9Ce, 
eMh!e BHyTp, B!IBe~eH - ny'l&a H~~- Hel!:rpoa, pi!Ha B peayJI&-
'laCTI!l\hl lll!meHI> HOrO ny'l- TpOHOB : B B WJ.KCo yrJiosoro Tare KOT, 
11 11x (~A) Ka Ha pac MaKc,yrg, saepr, pacnpe,11;, o6pas~T-
sneprnn CTORHIII! paenpe.JJ;•~, pacnpe- Hel!rpo- en He -

IOM OT Ha pace~, ~eJieH~II HOB TpOHhl, 
uarHIITH, 211 OT Bj!Y- (M3B (pa)J;I!aH) 
&aHa~ Tp,~Hmerf 
Ccr.r- ce&-~(1111- eeK!- ) 

)lel!T~OHhl 
280 3B I - 8,I07 Crp11n-

I20 O,I7 n11Hr 
AII&t!Ja- Pac111en11, 
qaeTI!IIhl 

2,ro5 aJJI>Ijla-~ 
560 M3B 0,025 - I20 0,35 ·llaCTII!I 

IT~OTOHhl r,ro9 5 Io6 06118Ho 
4 0 M3B 0,2-0,3 (E~~60M3B~ 380 0,55 B3!1i!IIO)J;, 
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f'<){8j)Hh!6 I!CCJie,llOBaH!!ll 1 ilj)()Be)IBHHble Ha IIIITIU!eTpOBOM Bapl!aHTe 

GllHXpOT.\I!KJIO Tj)OHa 1 6y)!.y OCBe~el[bl HeCKOJII>KO lll!llte, 

PEIWHCTPYRUI!il YCROPI!TEJ!R I! Ero COBPE!vlEHHOE COCTOHHI!E 

Ilocne nurroJIHe!II!JI 3Ha'<I!Te;,I>Hon nporpaMMbl l!,llepnux HCCI!e,llosaHI!n 

C )le«Tpo!!aMI!, aJII><jlaJ.!HaCTIU\aMII I! !lj)OTOHaMI! B IIOJIMIIJIJII!ap,lla 3JieKTpOH

BOJ!I>T, B !953 ro;r,y 6HJia Ilj)OBe;!ena peKHCTJlYKI11!11 YCKOj)I!Te Jll!, Ilj)l! 

K.OTOpON ,lll!aMeTp IIOJI!OCOB 3Jiel<T]pOMarJH!Ta 6HJI yseJIII'<eH )lO 6-Tll MeT

pas 11 3He pr1111 YCKOpeH!mX IlpOT<)HOB )lOBe,lleHa ,llO 680 f,laB (I), BH,Il 

3,1lBHI!l"! 1 B KOTOj)OM pa3Me!!1eH ycJ~Opi!Tel!l> il 06!1\Hfi Bl!)l meCTI!MeTpOBOro 

CI!HXj)O!\ll!\IIOTpOHa, !!p!i!Be,lleHH HI~ pi!C .I ll 2X), 

BO BpeuH peKOHCTJlYKl\1!1! B 3aJie CI!HXj)Ol\I!KJIOTpOHa 6!1Jil! coopy

llt6HI< 1!3Mepl!Te Jlhllllll !laBI!i!I>OH 1 :~opomo 3aCjJ.!I'{ellHlll! J.!OilOJI!lTHll!.! 6eTOilOM 

OT COIIYTCTBYIOI:lJ.!X 1!3JiyqeHI!ll, M<~30HHa!! na6opaTOj)llR J.! Ka61!Ha ,llJIS! 

OIIHTOB C !!OJIJij)ll30BaHHID! rryqKo:~r llpOTOHOB (pl!C, 3), B 3a!!\llTHOfi CTe

He !laBl!JII>O!Ia l!MeeTCH aM6pa3yp;a ,llJIII ycTaHOB!Cll !tOI!iii!MaTOj)OB J.! Bli

BO,lla IIY'<KOB, 

Ylly'<m6Hl!e yci!OBllfi)' YCKOpeHIU! qacTl!I\ B I\eHTpaJI!>HOll 061!aCTll 

KaMephl, llj)OI!3Be)le!IHOe B 3T01! ro;r,y, II03BOI!l!IIO yselii!'<I!Tb TOK yCKO

peHHh!X Ilj)OTO!IOB Ha Bh!XO)Ie YCKOj)l!TeJIR IIO'<TH B ,llBa pa3a J.! ,llOBeCTI! 

ero OT 0131'- A(I) ,110 0,5,.,_AC4), 

1I3 Ka!.!ephl YCKOj)J.!TeJIJI BllBO,lii!TCI! B aTMOC<jlepy !4 pa31!1!'<HilX 

ITY'!KOB 'laCTII!I1 (S, 6 ) (rrpOTOHOB 1 Hel!Tj)OHOB, JT!: II 141l:_Me30HOB, 
... 

ramra-KBaHTOB ll T,II, (pl!c,3), BHBO,Il IIY'<Ka IlpOTOHOB B aTMOCijlepy 

OCYU\eCTB118H !10 M8TO.JlY B036YJ(,IleHI!I! j)Ml!aiii>HliX KO!!e6aHl!ll, ,lleTaill>-
, ( :<.) 

l!O pa3pa6oTaHIIOMy B Hamen na60paTOpl!l! .'' IlJIOTHOCTI> ny'!Ka Ilj)OTOHOB, 

BllB8,ll8 HHOrO B 1!31!8j)l!T8i!I>Hllll !leBl!lii>OH, ;\OliO 11I!I!Te Jlhl!O IIOBHmaeTCS! 

B peayi!DTaTe /flOKyCHj)OBIIJ.! ero IlpH IIOM0!!1J.! KBa,llpyiiOJ!I>HHX Jll!H3(S) 

X) J\eTaJJl! ycTpOMCTBa meCTl!MeTij)OBOrO CI!HXp01111KIIOTpOHa OIII!CaHH 
panee B pR,lle crrerumJII>HHX ciTaTell (I,2,3), 11 rroaro11y MH ne 
OCB6ll(aeM l!X B ,llaHHOn pa6oTe, 



• 
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a cocranilner Ha paccronurm !5 uerpon or nurrycxHoro oKRa Kauepu 

YCKOpi!T811JI I,5,I09 rrporoHOB/cu2oeJt, 

BucoJtaR rrxorHOCTb nuBel!eH~oro rry'IKa rrpoToHOB rro3nonnna 

C031!aTD el!je H8CitOUKO rryqltQB 'laC,Tl!Ij BllCOKI!X 3Hepn!l: OT BH6!liH6ll 

1mmeHn: rpll IIY'Ilta 1J-,Me30HOB (JtOlltlli!Maropu 8, 9 11 IO ) a O.l{I!H rry'lor; 

I!Olll!pli30BaHH!iX llpOTOHOB (KOJIJ!l!!Ja'!Op 6) (pi!C,3), J!J!I! IIOB!lmeHI!~ 

IIJIOTHOCTll IIY'IItOB 3ap!!llt6HllllX 'lacT)~U B HaCTOI!I~ee Bp6MR 3 lk.tpi!.l{Y 
'~ 

C KBai!PYIIOUH!Il!ll lll!H3a1Jll, mllpOKO I!CIIOJ!b3YJ>TCJI TaKXe CIT6Ijl!aJ!bJ!Ue 

~OKYCI!PYJli!!He ycrponcrna, npe,l{xoxeHHue B Ramen ~6oparopl!l! (9) l! 

ycranaBJII!Baeuile B 3a3opax oTRilOHJIIlll\IIX uexrpolA!LrHI!roB, 

B ra61ll!lle 2 IIPI!BOI!RTCJI ,llaH!l!le o rro~orsocrl!x I! 3Heprlllrx 

'laCTl!Ij B ]lfl.31ll!'IHUX Bh!Be,lleHHhiX rrylrKaX Ha HllJII, 1957 r011a, 

TaOJIHIJa j:_ 
I'IHreHCI!BHOCTI! IIY'lKOB 11acrH~t BhiCOJtHX aneprnll or mecTH!Jerpo~ 
BOre CI!HXpO!jl!K~OTpOHa B 1!3 repHTeXaHOM I!aBI!IloOH8 1 a Taitze 

B J.I830HH0ll I! ITOIIJIPII3a!,IIIOHHOI! .lla!IOpe.TOpHJIXo 

Ha3naa11e 3aeflrl!R li!oJJep lJJ!OTHOCTh 
qaCTIII1 (laB) KOMII!Jaropa nyq~ 

(cu- ceK-I 

lJpOTOHil 675+6 7, a ran:e 6 9 I,5,IO - IIJ!II 8 

lJOJ!I!pH30BaH, 640+!0 4 5 4,IO - 6,105 npOTOHII 6!0 E 
HellrpoHu Ha BCIJ OdllaCTio II 12 I3 (3<>4 ),104 

CII8KT]lfl. ' . ' 
500--; En <' 650 

llOill!pli30BaH, Ha BCIJ OOilaCTD 
nenrpoHu cneKrpa 

ro4 450,;; E~,; 600 I5 

rr•-Mesoa11 150 g 450 
300 ,g 1000 
3IO 9 1600 
360 3 ISO 

ll--IIUOHII 300 [ 500 
330 [ 200 
J"•') 3 70 

,AI~ueaoHII 90 il 20~ 30 

f'-!J830HII 25 Ill 60 

rauJ.m-ttB~ru or ro < E .,.. 600 pacna~~a 1183 0 ,, r ,_ I:? 3,ro3 

\ 
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B HU qane T957 ro,~~a padoG·ee npeu11 ycrwpnre llll OH.rro yne ITll'IeHO 

OT 100 G1\COB(I) )(0 140 G1\COD B !l9,!19ll!O,. 

YB8llt!G8!1!!8 !IHT8HCI!BHOCT!1' !IYGKOB G1\CTIIU II padoqero Bjl8!JC!U! 

GiiHXjlO[(IlKJ!OTPO!l1\ B9C:&1!1\ 3H1\Gl,IT9llbHO pacmlljllll!O BKCU9jll!lJ9HTallbllb!8 

B03JJOlltHOCTII DOOOL\9 II U03BOJ!li1IO nepel!Tll K li3YG8Hl!!O, Ha!ljllll!Sp, T1\

l\I!X 1.!1\JIOBepOI!Tllh!X BtPQSKTOB, F>aK p0llt,li8Hil8 MSBO!IOB M930!laUI! 0JI1!3 

noporao 

l1p9llt,ll9 GeM nepellTI! K 1!3J!Ollt9HI!il pe3yJibTaTOB IICCJ19,IIOBaHJill!, Bhi

!IOJI!lSH!lLIX H1\ CI!HXjlOIU!KJJO'rpuliE! CO BpeM9Hll ero nycKB., yKall:SM, GTO 

Gacu 113 pa3padaTh!BaBmllXCJI rm neM npodneu yl!:e ocnec1aJiacb B od-

30pHL!X ,!IOKJia,llax B 1955 r, Ha ceccl!l! AH CCCP no MllplloMy JIC!IOllb-

30BaH!m arm.mon 3Heprllll (IO), 

!IEI\OTOP!lE 3KC11EJ?IIIilEHTAJibHb!E IICCJIEJWBAHllll, 
ni1110lltlEHJ!LlE C J1Et\TPOI!Aiilll, l!MEIJI:!I!MU 3HEPrUIJ 280 !.13B II 

Allli~A-'lACTln(AMll C 31lEPrHE!1 560 1!3B 

J10JIYG9Hil8 Ha !IHTIUI9TjlOBOM Cl!HXpOI\l!KJ!OTjlO!IS ,n:enTpO!IOB II 1\llbljla

'laCTIIll c 3HepnrRMil, B nonTopa pa3a npenumaiDmi!MI! ,n:ocTnrHynre na 

m.tepiiKaHCKIIX ycrtopnre nnx, no 3BOJIHJIO npo,n:Ol!l!tl!Tb n3yGeHI!e n,n:eprmx 

npor1eccon, Bhl3!lBaeuLix 3TIIMI! qacTmlalll! B cTopony doJI:&mllx anepr11n, 

a T1\Kl1Ce npo113B9CTI! pll,n: !IOIICKODL!X 3KC!19jll!M9HTOB, 

1l 3~0J.! naparpa<jle MLI Oqe!Ib Kjl1\TKO OCBeTIIM 0CllOBHh!9 pa60TL!, 

mmomrenn!le n nepl!o,n:, rtor.n:a ycrtopliTSJib padoraJI B pex11ue ycKope

rmn ,n:e l!Tponon 11 an:&ljla-<JaCTIIII (nepBaR noJIOBI!Ha 1950 ro,n:a) o 

I, Onpe,lleJISHI!e Mace M93jOHOD 1 B03H~!qllX !10,!! ,!!9fiCTBJiel! 

GacTI!Ij C 3H9prllen !nOJIMIIJ!Jll!aP.J!a 3JI8KTpOH-BOJII>T 

ll 191~9-50 r or 0 oco6eHHO tmoro ,n:llCKYTIIponancn nonpoc o 

CYI:i9CTBOB1\Hllll D KOCl!II'ISCKIIX Jiy'laX M830HOB pa3JIIIGI!L!X MaCe, B CDH311 

C OTIIM !Ia ll!!TV.MSTjlOBOM Cl!l!XjiOI1JIKJIOTjlOlle d!!JII! !IOCTaBJI9HL! O!IL!TB no 

auaJIII3Y uacc !.!8301IOB, jlOllt,ll;aEIUL!X GaCTli!11\Mll C 3Heprl!eTI O!COJ!O 500M3B. 
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3KcnepHM9HTH, BH!IO~HeHHHe ~llyYR rpyalaMH HCC~e~OBaTe~en(II,I2 ) 
pa3JIHqHwH uero,~~;amr, no~ta3a~H, q1~o an:~>(jla-'lacTHllH ~ auepr:tH!fl 

560 1!3B H npOTOHH C 3HeprHell 490 M3B(I3) (011HTH, liPOBe,ll;eHH!le 

B I95I r •) npOH3BO,li;JIT Jli!WL o•Me30IIlio BHXO,ll; Me30HOB ,!!;pyri!X 

uacc, ec~ 6H TaKOBHe11pol£,ll;alli!Cl> , or"eHl!BaJICJI B padote(IJ) nenHqH~ 
HOI! Kalt MI!HHMyY B 200 pa3 M9HJ>We~•, qeM BHXO.II O:I'PHllaTe!!LHI>!X '" · ··"B· · 

SO HOBo 

2. J!ene.,Hl!e l!,llep nOJ! .I!Qll~rnHeM : -yesonQB 

,UpyrHM, raKllte 110l!CKOBhiM 0,11HTOII JIBI!!IaCI\ !1011H.Ka Had~D,ll;aTL 

,!1;9!!9HI!e Jl,ll;ep TJillte~HX 3!eMeHTOB 110,!1; ,!l;efiCTBHeM OTPHllaTe!!iHHX 

'fi -11930HOB, OCTaHOBI!BIIIHXCJI B toT0311Y!iCHH, CO,llepaJJtel! ypaH H 

BO!!LCppallo BnepBH9 3TO JIB!IeHHe <!H!IO OdHapyxeHO B OI1HTaX (I4,I5) 

II B ,ll;a!IJ>HefimeM H3yqa!IOCJ, B padOT!l:X(I6 ) 0 

3. Pacmen!leHHe p.!!l!!j)e,-'lacr·1KQ e ,illt,RrMen 560 Mn 

~T,Ile!II\H!iB lljVSJIOHll _ 

B onHraxCI7) np11 o<!!lyqesHI! n!r'IKOII a!l~(jla-qac:rHrt c auepr~~ell 
560 M3B BHyTpeHHI!X MllWBH&I! 1!3 pa3.~1!'1H!lX BellleCTB 6H!!O OdHapyxeHO 

!IOJIB!IeHIIB IIHT8HCHBHHX 110TOKOB Hel!:~pOHOII II llpoTOHOB CO cpe,llllefi 

3Heprl!e!l OKO!IO I20 M3B, HallpaD!IBHI!HX B OTHOCI!Te!IJ.HO Y3KOII KOHyce 

nnepe,ll no uanpaB!I&HHD ,'I;BIIJ:8HI!JI a!lh(jla-qac:rllr(o tiacn peayJJnaron 

3TI!X O!IHTOB, KAiallJJtai!CJI !IOTO!ta He!tTpOHOB, )'rJIOBOrO p!.Cnp1,118JitHH.I 

II IIHepriiH HafiTpOHOB, llpi!Be,ll;eHa B 1~a6!111!18 I ( CTpO!ta 3) o B O,li;HO

BpeMeHHO rrpOBO,lli!Bmi!XCJI 3KC!19pi!MeHl'aX(IB) 110 Od!y'I8HIID aJIJ><jla

'laCTHr(aMll 1JOT03My!!l>CHI! <!Hi! ycTaHO~•l!e!l OfHOCIITal!I>HO BHCOKilll BHXOJI 

ll,ll;9p!IHX JlllCillBIT!IeHI!l!, CO!IpOBOlr,ll;aD!l1P.:XCI! 11CliYCKaHH811! B O,li;HOM aKTe 

O,llHOrO II~ rrapH llpOTOHOB D HanpaB~:eHI!I!, dJII!3KOII It Ha!lpaB!!6HI!Il 

,llBIIllt&HI!II Ha!!&TalllltB!l al!l>rpa~'lll.CTI!i!H C 3HeprHell, jlllBHO!l B CPB.i!HBM 

O.li;BOA qernepTH aHepriiH a!!J.(jla-'lacTHr(hl. 
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Bee 3!1! omiTHr>e ¢aKTII rjosnons!IDT saKl!D'lllTb, 'ITO B pesynDTaTe 

coy)(apemra nanexam1a11 Ha HJII!D aJII>¢a-'lacTI!Ua c 6oni>won neponTHO-
v.,; 

CThrl TIOJIHOCThll paspymaeTCSI, ·ee HYKJIOH!l llCBYCKaJilTCJI B Bl!)le OTHO-

Cl!T8Jll>ll0 Y3KOro rty'IKa B !lartpaBJieHI!II )lBIIlteHIIll aJ!btjla.-'laCTllUII, 1\a!C 

ycTanonneuo (T?)no nonRoMy rluxo,~~;y ne!tTponon, npouecc pasnana 

anbr;>rt-•IaCTl!TI c snepr~~en 560 :Man noq:rl! ne ycTynae:r npO!\&ccy 

"cTprr:mMHra" .uenrponon c sn~pr11el1 280 l!sn (Ta.6JII!r\a I), 

4 o "CTPI<tnlll!Ifr" Jl6l1TPOHOB_ 

3!'0 lii!IIeH!le OLlJ!o o6napyxeno B JJepKllll 11 

npl! snepnm .nenxponon I90 MilB, '3 pa6oTe CI9 ) 

i!CCJI6)lOBaJIOCb TaM 

JIBJI&H!!e OTE!&l1JI6HI!JI 

~aCT!!!\ OT .~en·rpOHa ll3y'laJIOCf, npll 3Hepri!l! 280 J,l3B C paSJII!'IHUIIII 

MI!IITe!lJ!Ml!o 'laCTb 113 DllliTH!IX )laHHUX 3TOii pa60Tb! rtpi!B6,11;6Ha B Ta6J!I!

I\e I (cTpOKa !)o llDKa3ano, 'ITO ynronoe pacnpc.nc!reHI!e o6pa3yiOmllx~ 

en B 3T011 npo:1ecce nel1Tpono~, a TaKze nonnoe ceqeHI'!e peaKI\Ill! 

' HaXOJIJITCI! B YJIOBJieTBOPIITeJibfOM KDJIII'IecrneHHOM cornactm c pac~ 

•mTat!l! 1 BblllOJ!He!ll!hll.!l! Ha OC HioBe npey,cTaBJI6HI!~ 0 MeXaHI!3Me IIBJISHI!II, 

Ji':J.,~Bl/Thi'X (:epcJepoM~ 

.B OI1b!Ta.X ( 20) rtpi! 6oMclap,ll;llpDBKS BHyTpe!!Hell ~rnmeHI! YCIWPIITSJII! 

aJJ!>"<J.o·~aCTI!l\aHI! C 3Heprl!ef! 560 Il3D 6UJ!O 06HapyESIIO lKSCTKOe raMMa

ll'lRyqeHI!S, fiOBI!)liiMOMy, OdJI:iaHIIO& CBD!U! rrpOi!CXOlt)lSHI!9M pacn8.)1y 
co 

o6pa30BaB11!f!XCll rip!! 3TOM I, -Me30HOB, 

6, l[!!JISHI!e Jl,I!S~OJl ,JJellCTBl!ell HeMTJlOHOB 

!lOBb!!.! rjlaKTOII, 061!apyllt¢HHN!~ n· OrtliTaX C H&l\TpOHaJJI!, I!J.!eiOmiiMll 

3!!Sprllll I20 !.f~B, SIBI!J!OCb Hl!t6llli,II;6HI!e ,ll;eJ!eHl!SI 1!,11;6p 3Jl6MSI!TOB cpe)l

Bel qaCTII nepl!O)\I!qecKOr, CllpTeUM Tai\IIX, KaK )IIICrip0311l1, 3p611V. I! 

p0)llli:( 2I), YMeCTHO 3a1!6TI!T~, 'ITO B 3TOT lte rtepi!O)l pa)li!OXI!1!11'1SCKIIMII 
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ueTO,ItaMII dh!JlO ycTaHOBi!CHO )t€1!Clli!C cepedpiL lljll! dOAidap.nllpOBKe 

I' ero aJIJ./lla-'lacTI!!1aMl! c onepmen 'i60 !.!~n(22 ) o TaK rmK corJiacHo 

TeopeTI!'IeCIIlll! npe,ItCTaBJICHI!IIM(2~l) )ICJ!€Hl!8 !l.JICP DTo:r '!acTl! nepl!O

,Itllqecrwn Cl!CT€Mll ,ItOJ!lltHO !!pOIICXO,I\l!TI> 11p€11MY!WCTB€H!IO 113 B036y -

lt,lt€11HOrO COCTOI!il!!ll 1 TO pe3yJIJ.Tal'll YKa3alH1NX DKC!!Cpi!JJCHTOB IIBI!J!IICI> 

nepnm.r no)ITBcplt,ltermeu cylllecTBonaHIII! raitoro Mexanll3ua .nenemr11 

1!.lt€Po .UeneHIIe 11,1\Cp 60i!ee TJI%81l!.!X OJ!8liCHTOB (c ! c 73) l!O,It ,I\8ITCTBII-

' ' 
eM HenTpOHOB BUCOiti!X 3Bepri!M H3y'lai!OCL B padOTaX (

21
•
24

)o 

7o IIcKYccneHHan qi!~>die.-pe.l!HOaKTHBHOCTL 

D pa.6ore ( 25 ) H3Y'I!IIIOCL o6pa30B/l.HI!e anLr)a-aKTHBHIU n.nep 

Ilpll 6oM6ap,llHpOBlt8 MH.eHell 1!3 pe.~lll!qHilX BCI!leCTB aJ!I'>/lla-'IIICTI!I]aMI! 

c aueprnen 560 M3Bo Pe3yJILTarou I!CCIIe.nonaHHl1 nnmrercn odnapyxeHl!e 

HClf3BeCTII!lX ,!10 DTOrO aJ!L/lla-aKTH~HiiX Jl)tep r, d 1 f f; II )''~ 1 06-

pa3Yilllll!XCJI H3 Ho , Y!) , £.,. 11 Tb o 

8o PJI)I padOT drill IIOCBJI!jCH I!CCII9.JtOBaHIIIJ JI,ItepHllX pac~e!lllCHl!l1 1 

Bll3!lBaCH!lX 'ii -MC30lla!!ll(26 ) II )tel1TpOHaMK BllCO!tl!X 3HeprKI!(l7) o 

1!3yqaJIOCL Taltllte Heynpyroe D3aiiUOJ!(e"CTBHe HenTpOHOB B!ICOiti!X 3Hep

rl!l! c Jl,l\paM1!(28) o lJ paoore (28a) Ob!JIO nccJie.~onano f!cnycr<amre BTO~ 
p!lt!HLIX HefiTpOHOB !l)ljlQJ.m OT B<> /10 P~ l!O)l ,llencTBI!Bl.' HC~TpOHOB CO 
cpC,llH!!l!l! 3HeprHRHI1 I20 M 380 ll3~, 

YITPYrOE £>ACCEllllllEi !I¥ISJ!Ol!OB HYK1IOIW!ll 

O.J;HO 1!3 I1CHTpaJ!IoH!lX uecr cpe.nn npo6Jeu, l!3y'!Ael.!!lX conpeuen

nofi Jl)tepnoll rlJll3l!!tOV 1 3UHl!MaeT 11p06}[8Ma Jl,llepH!iX Cll!! - Cl!ll 1 .J1CACTBY

Ill!li!X l!elt,lty HyKJIOHa!.!ll. 

Pe3yJILraru 3KctleplllleHTOI no paccenHIII!l HYKJIOHOB, nrmoJinennux 

C 'IIICTH11al!M Mal!llX 3HCprHl! 1 D03BOJIHJ!H yctaHOBIITL 1 'ITO DO CBOel! 

npllpO,J!e JI.J1CpH!ie Cllllll He Jl!ll.llll.'CJI 3JleltTpOl!arHM%HLIIIII 1 OTill!t!aiJTCI! 

OT DOCII8,1\HIIX B!lCO!tO!I liHTeHCMBHOCTLI!J M O<reHL MaJ!IJ!l pa.Itl!YCOM 
• 

J!(eiiCTBIJ1 1 CllOKH!lM 06pa30M 3aBHCIIt OT CIII!IOB 'laCl.'ll!lo 
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P11}t /1 _ _;·-yrnit· (!HI·lTH9.Y :·~tK1'C B yKa3nJl er:e Ha O,JLHO fJr:t~JJOe CI!Of.~f'l'J)<'; 

::~1MX ~!UI ·~ nx cmnte·.rpvm (npltJrtt3nTem . .rroe pauerrcTBO R,n;epnt:x B319-lHl'.

.~efinBnii !!8lit.I\Y J(llj'lfH 1!IJOTOHaJdl H Mel!t)(y )!Hyt!Jt HeliTj)CHaMII) H ll03Bii

mln BlJC1<8:oaT:b ,a,amiKO l!J\Yl~YJO !HJIOT83Y 0 3apn,nOBOn H93aBI!Cl!UOl:Tl! 

!t_l(epHOrO B8dVfr,:o,n;eliCTIH~R I~JlOJC IlCB o I3 OCll:ODe '3'I'Oi1 ranoreSH Jlel!Ct1T 

Tl!'e)(fiOJJOlHllll!e 0 reBSllCTB8 fl,l(€ pHHX B3aJaJO,l(ellcTBl!f: lrex,ny ,l(BYJ!II Jl1J

dmm nap<nm HYKJIOHOB B COCTO! Hl!I!X C O,ll;lllla!tOBhlMI! flOJIHhl!,!l! cm!llalm 

11 opdHTaJILH!lllll MOMCl!TaUI!, 

Tipl1H1\I!Ill!aJ!hHO HOBUe eBe),eHlllR 0 n,neplWX CI!J!aX y,~taeTen llOJly'UlTI> 

!!3 OllhlTOB no paccenHIIIO HyKl!O!'OB Ha HyKJIOHall npl! 3!!8pfl!JIX qaeTilU 

n conm Pon, Itar.na ,n;Jil!lla BOJ!IU naJie:ratJmen '11\Cfl!i\Ll CTe!!ODIITC~ 

eyriCGTBOlll!O J,:eHH!6h pa,~l!yCa ;;encTBHil I!,J1epllUX Cl!!l ( t <. f,~~~ -= 

I,4,IO-I3c:!l) l! B03lil!KaeT B03HOlltHOetQ uccJJe,11onan He.u6onee uydoi(O 

JJe:'!ar.jtJe odmeTn cullonoro nonH HYKJIOHOB, llpl! 3'!01~ .nn.• Bbli!CIIelll!l! 

BJI!\l!HHfl Ha xapaKTep T.l'tCCCllllllJ£ CI!Jl, 3a!li!C!It,l!X OT Clll!ll~., Hapll,llY 

<' tl~liii!IIHIIII Orlf.ITattll C: HSIJOM!pl!30Billlii!J1Jn nyqKaW! YacTIII\, l!eOOXO,!\Ill\0 

;rccne,noBaTb TB.KlltC J>M<:enm~t' >lOJIHjll\30DaJIHLIX ny~EOB HYKJ!OHOB Ha 

HYKJlOHax o 

'lt::CF.1JJ'o a:rm.;1H3a. O!HHHI':t·n t:o,r:;pua.Jia, rronyttemwro np11 ua.nblx 3Heprt~-

ux, ORI13J;E8.10ICH COBej!TIIAliHO H·lllplll'O,ll;H!JJ,Il! B !IOBOH 06JiaCT>'l BHejJ!'l!~, 

n (.rn1a~ c nHu, a T>J.rnKe B en 1311 c orcyrcTBl!eM c·rporon reopl!l! 

"l'.''i'"'"x C!!n cne)(cTBI!n, rrony~.ieMue na. ocuone nmoteau 3ap11,nosoli 

He:JiUl!Cl!HOCTl1 n.ne;mux mJI, OK·i3LIBaiOTcn nJIO)(OTBOpHb!L!Il, HcnoJio30Ba

Hlte ar.rrajlU!<l. !!30TOnll'!eCKOrO ~mnra ll03BOJIR€1 HeCKOJibKO l1JlO,ll;BI!HY'l'h·· 

Cfl B iri!B.Bl!3e pB3Jl!bT!l'£0B 3KC'!epl!~!el!TOD C ~aCTI!!\aM!l B\JCOKl!JC 

3Hepri!P I! llhli!Bl!Th l!eKOTOpHe HOBh!e li!KIIIIlljllllliWH%11 3aKO!IOMepHOCTJI 

B R,nepHoM B311!1Mo,ner,cTmnr nyKJIOHOB(2't), llpmreHeHne noro anriitf'lll'·· 

fi03BOJI!leT jlll3dl!Tb BeCh JW!I!1J!eKC COCTOJJHI!n, B KOTOpHX l!OllteT 

HaX0)1;!TbCJI Cl!CTeMa 113 ,ll;BYX llYKJIOHOB np11 BllCOKOti 3Heprllll CTO!IKHO·· 

Be Hill!, Ha ,nne rpyiTDfl CO 3lli\qeHIIBUll llOJII!Ol'O l!30TO!Il!q~cKO!'O Clllll!il 
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T==I H T:ii::O n Tpo -,o,IUiT,'b w_:;,yqeHHe 11:~arwo e!:c: 'l m1rr B 3TRX rpyrrrrax 

COCTOIIHI!n J'h'.>)f.eJJJ,HO, CBe)\elllHI 0 I 3a!!!''l,~0tiC1L1lH! )IBYX HyJ<;JlOHOB B 

COCTOIIHI!X C T~I lW'<t!IO IIOJI)''l!l1'b 1 I J'IY%fl par cemme Jmdon napLI 

HYKllOJIOE (p-p, n~n, n=p), r,,,, !''<", aae.tre !le B3al!MO)(ei\oTBI!II HYK

I!OHOB D COCl'OI!HlliiX C t~O ry'pe6yeT ITOCTaHOB!tfl OIT!UOB rJO paCCeRHJ!D 

pa3JIVrtlHHX HYKJIOHOB <-> ·~!i=p) o 

JJ CDI!311 C 60JlbMOr. npi!HI\l!rfltaJl!.!IOil BaliJ!OCll>IJ I!CCIJe,J;OBILHHn paC· 

cenHIUi HYKIIOI!OB HYKJIOHaMU OHn npoBO)(l1 nHch He CI!HXPOI\l!Kno~pcHe 

JladOpaTOp!!ll li)18pHilX H[J06JI€1l UIIlPOK~II i{!JlOHTOJJ, Ha'!I!HaJI C OC€1!1'! 

I950 r, OnuThl db!llll nunoi!HeHu c nyKnoHaim, l!l,ISDquwt anepr1111 or 

380 ,no 660 Man, T,e, B 06JiaCTl1 a;eprl!n, KOTOpal! B TO Bp€Mi! He 

<lwm 113Y'!eHa, 

L Yrrpyroe mcc€l!Hlle fiPOI,:lllOB ITROTO!Ia.Mil I'! J10lll!p113aiJ,IIi! 

np11 ynpyrou J!-:n ::Jil!l:CCei!HIIIl 

B IICCJie)(OII.I!lii!X, Bb1!10JIHeH!!hlX !:erpe, t!eH66pJI€l!OM II ,np,(Cil!A) 

B I949 r,, 6h!llo ycraHOBJI€1!0 1 '!TO 1' o611aCTII anepr1111 I50-340 !:!an 

ceqeHI!e ynpyroro paccen!llli! rrpoToliC'B nporonmm He 3aBI!Cl!T oT yr11a 

II 3!Ieprlll!, 3TO CBI!,lleTelll>CTDODaJIO C 6 0'!6!11> BLICO!COil IIHTeHCIIDHOCTI! 

I!)(SpHOrO B3ai!JJO)(encTBIIII 1!€lr.llY ,ll;l!Y\11 npOTOHaMII !lpl'I 3!!6prH.IiX B 

COT!IIl M3B• 

Ha CIIHXpOqHKJIOTpoHe Jla6opaTO}III! /!)(epHhiX npo6Jie• 3TO HaleHKe 

113Y'laJ!oc~>, HaqiiHaJJ c I952 r, B paoorax (l~;{.,~) np11 aHeprnl!x 

nporoHOB or 460 ,1;0 660 Man, B ar11x pa6orax'6ul!a o6HapYlJ!eHa peau.11 

II.H1!30TpOni!IJ 8 pacceRHllll npOTOHOB B~COKon 3Heprllll npoTOHaMH II 

B03pacraHHe .nnljxllepeH!li!I!I.JihHLIX ceqewtn c YMeHI>menl!eu yrna paccenl!HR, 

AHaJiornqHue pesynLTaTH 6HJII! rrJJiy'leHu nropon rpynnon IICCIIe,no

BaTeJJen (
33 •34), nplllleHJISUIIIX B CBO!X OITb!TaX ,npyryxJ MeTO,llHKYo 
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,ne,BH!le 0!1b!TOB 1 llO!iYQ6!!Hble B padOTaX (
30- 34 ) ,l(!Ifl TpeX 

ane pr11r HaneTallnax npoTOHOB, ITJll1Be)(eHH Ha pnc .4 o 

R.Ftpt.!J.:t c cyr:recTBOnCJJtueM pt~3110i1 am13oTpomm, 3acny~¥ma.eT 

1:oll'b OTM6Q6HHU1! Har,~eHIIOC ITOCT<JRliCTBO ITOJIHOrO C6G6!HIJI ynpyrorO 

paccenHIIR rrpOl'OllOB npoTonauH B 113yqeHHOM l!l!Tepnane aHeprl!nC
30•32 ), 

.~Jill ocyi:teCTBJiel!l!ll O,J\ll0311a mora )a3onoro mmJIII3a onb!TII!IX 

,)\!UIHUX nO ynpyrOHy paCC6i!Hl1R1 H {JUIOHOD li80ilXO)[ll!I0 1 I<p01!6 pe3yllb

TaTOB OrTllTOD C H8TIOJJi<j"l30BaHHH 1!1 JIYK!IO!lal.Il! 1 l!l.I6Tb CB6,!161IIIR 0 paC-

CEHilUU! fiOJISipH30B8.HhJ,;X '-lttGTYI!~,. 

Ha pr1c o 5 npnne,!\em< pe 3Yilh raru I!Ccne,llonann •i y r· no no ro pacnpe

,lle!!emiH ITO!!Rp1!311'U!I!, B03liMKa!!lrrtJ:! llpll ynpyh<H pncC:8JI!IJH! llj)OTOHOB 

c 3Heprl!eiT 635 H3B npoTonmm, nony11ermue p, pidc:Te (:35). 

2 o Ynpyroe uncpenmte Het1Tf-OHOB nerTpoHatm 

B pa<loTaX(Jfi,J?) 1 BH!lO!IIlCHHilX B Jl.a6opc:; l'Im;I 11,1\CpHliX npo<lJieM 

E I952 I! 1955-~6 ror, dntHO.I\aprr rrp11!16Hemm opnmanbHOr< l!eTOJ!I!Im, 

6H!III BrrepBbl8 noJiyGe!IU )\aHHI!8 0 paCCBSlllllll HenTpOHOB II€ UTjlO!Ial!ll, 

ll~Mepemur .1\l!!!x!JepeJP\tmJih"LIX r;eqenHrr ynpyroro pacceHHl!JI HenTpOHOB 

lle~rponalm <lhl!lll BbiiTO!ll'€Hhi npl! ~nreprHnx ue~TJlOIIO!l .'300 u 590 H3B. 

O~He. pyxe110 p<:tllf!IC I BO ( B npe,11e !laX TO I!HO CTII 0 ITH1' OB) lil!rpc!>epeii

!!1111JibHHX ceqel!I!D YITJ'Yl c<fO jlf:.ccenmrn HeP.TpDHOB nenTpO!lt!Mil ll npOTO

HOB 'ljlOTOHP.Mll npl! O.JtllH8.lWBblX 3Heprlii!X HYKJIOHOB BO nee~ II3yqeHI!Dh 

o6Jiat·:n,r yrnon pacceRHHH (pvreof)o PaBHh.TJm orGl3a.rrnc.b n nomn-ze ce

qeHHR (I!"~) M (p-p)-B!lA.IIUO,)\ercTJJl!n(
3I3,Jg), cTOT pe3y!IbTaT 

onuron Hali60.J"'~ Henocpe,!\crnem'o no,nTBeplQ!:aer cnpane.nmtBocn 

ri!TIOT83bl !JafR.~UBOr Cml!.I8Tpl111 f',ll6pHb!X CI!Jl B 06Jl8.CTH BJlCOKI!X 

3Heprl!l1 I! IT03BOJiRer C~l!TaTb nee OCHOBHb!8 BblllO,llbl 1 KaCalll!ll!eCJI 

Jl.lt8jlHOrO B3al!MO)lencTBI!Jl .f\BYX lpOTOHOB 1 cnpaBe.JtJll!Bbl!,ll! ,11!!8 B3al!MO

,nencTBI!Il ,!IBYX H6~TpOHOB, 
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·3o lnmge 0099e!p~..J:dt'PPijql riQSll'Q001f!, 

r11aBaoe 3Jiaqemte omrtOB no ]acceHIIWJJ HenTpou'>B rrporouaul! 

COCTOIIT B TOll, qro Ilpi! tlOMC•U\ll Hill y,nae'!'rR :wJiy4llfUllii,1;11KMH cae

,!(6Hl!!l 0 JI,Jtepi!Oil B3av.J.!OJWC CTDl!K I.!E W ReO»JH!IROBHM~ l!;y'KJlOHaW! o 

rrepaue orrl>l'!'u no paccel!HI!I) uecrpo!'OB nucoMx 8Heprnt: nporoHaun, 

BUI10J!H8HHhle Cerpe I! ,np, B 1948 r, B lie'[lRDI C HenTpOHal.!l! 40 !! 

90 !JaB, B ltO'I'OpHX dUJro 06HCJll"'ffl!O I!JlteHCIIB!!Oit paccemrl!e He~rpo~ 

HOB HUM.!; ( II C ,!),U.), l!ln!J!I!C. li8I10Cj)e~CrBeH!!LlM .!;OKa3ateJibCTBOM 

roro, ~ro H,J;tpl!l;e cnJru, ,nencHYJlf1[8 II8JUtY ne!lrpoaou 11 npoToHOJ.!, 

rrMeJJT odueHKYn xapaKrep, 

Jla CI!!!XPOU!!RJ!OTpOl!e Jla(!ope.:ro PJM Jl.-epHHX npo di!el! pacce iJ !11!6 

uen!pOHOB rrpOTOH<l.MJI Cl!CTe!.!llT.'H!Citl 113J'll!.i!0Cb B 06JiaC'l!f ~l!eprl!i: 

HenrpoHOB ox 380 )(O 580 l.!ae B paCJlrax (40 •43 ), Peaynran! ailiX 

I!CCJJe)(oBanun npl!Be,!(eHu na p11c, 7, 

,1\aHHL!e OH!lTOB C HefirpoHalll!! J;JO !JaB 1 BL!IIOJ!HeHHUX B 1950~5Jr,r, 

noita3!lBaDT, trro )(!!i'{x'Jepen!lnai!•HHe ·:e'leHl!R (rr-,p)~pacctJIHHI! rrpanrr

qecKl! ue ueHIIDTcll B ml!poROn od!!8.c::w yrl!on, nprrl!eraJJflli!X K 90°, 

!! I!M61JT OTHOC!!TeJibHO dOJihUIYJO B8DI'lltBYo 3TO l!03BOJ!I!JIO C,I(6J!arlo 

Bh!BO,ll; 0 TOM, 'ITO I1pl! Bb!COKIIX aH&pl'lli!XJrllT8HCHBHOCTh Bafti!!.!O,!(encTB!!JI 

B Cl!CTelle HefrTpoH~rrpOTOH otrea• BeJmRa, taR J:e JCa~aTO IU!e6T MtCTO 

B err creMe rrpoxorr~rrpororr, TarmM o6]a3oll, Jill ocHOIAIIItl! omrroB no 

paCCel!HiliJ RyKJ!OIIO B 6HJIO ycl'UHO!JIIII 0 1 '1'!'0 ii,J;epHOe !lllal!I.!O,ll;I!~CTBl!lt 

npl! BllCO!tOll 3Heprl!l! 1!8>r)(y J!!J:lHHI! ·apallll HYJU!OHOB xape.nep1!3YeTCft 

0'!6llb dOJ!bn!On l!!IT€!ICI!DHOCTill, 

,!!anuue onuron rrpll 580 na11 (4::: •43 ), T•n :re RaK 11 np11 ~80 !laB 

rrozta31iBaiJT, 'ITO 11 B noll oOnacrl! 3Heprl!ll pe;uo II08B!U!eTCK o6uen~ 

nun xapanep HJiepnoro aaal!Mo,ne!!crnaR l!e:t,ll;y HeMrpoHou u rrporoHoM 

'ITO Bltlla)( 00M6HHHX CI!JI BO B3ai!!.!O,!({·ncTBI!e HyK,NOHOB OCTaeTCI! 00l!J>Ull!J.! 

Bl!J!OU ,no 3Hepr!!l! 600 1!3B, 
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3aCJ!Y.I!BaeT 6l!Tb OTM&qeHHliM1 'ITO BCn COBORynHOCTI> I!M8IOJ:liiXCR 

OTih!THb!X ,ll;aHHUX ITO ynpyroJJY pe.ct:SRHI!IO HyKJIOHOB BLICOKOfi 3Heprl!ll 

HJ!<l!OHaMI! H8 npOTIIBOpeqllT rl!n0'~636 0 3apR,li;OBOn H83aBIICI!MOCTI! 

H,l\8pHHX CI!JI, 

Pesyni>TM~H aHa11113a ,l\aHHLIX no HyKnonHOMY paccemli!JO, BhiiTOJIHeH

HoroC29•41) Ha OCHOBe npe,li;CTaBIT6Hilfi, Jiezami!X B OCHOB8 3Ton rl!no

Te3a, CBI!,li;8T8JibCTBYIOT 0 p83KO~ pe.3JII!'II!Il B XapaKTepe 1!3M8H8HIIR C 

yr;noM 11 sHepr11n ce'leHHn Bsai!MonencTBIIJI HYK1IOHOB 0 1 0 to i 11 

('), 1 ( ()) B COCTOJIHI!X C pa3JII!'IHIIMI! 1!30TOITI!'I6CKI!Ml! Cm!HaMI! I! T6M 

catruM YKMHBaJOT Ha pa31!1!'1l!e B xape.KTepe Bsai!MO,ll;encTBIII! HyKJJoHOB 

B 3TI!X COCTOI!HI!I!X, 

4, 0dM8HH06 pacce~H1!6 l!SfiUOJJOjl ,!18jlTIIQHaMI! 

npl! sHepr~l! 380 MsB 

Pe3yRbTaThl Bcex omlTOB ITC• pacceHHI!JO HenoJIHp1!30B8.HHhiX nefiTpo

HOB npOTOHaMII, YKa3b!BaH Ha dOJiblliYRl jlOJlb BO B3ai!MO,l\encTDlll! HyitJ!O

HOB CIIJI OdMeHl!OrO xapaKTepa, He IT03B0Jll!JIIl C,l\8JiaTb KaKl!X-JIJ.IdO 
u}:; 

3altmo~eHI!fi o 3aBI!CJ!UoCTll 3TI!X cl!JI ·cn11Ha, OpllrliHaJII>Hhln nyTb .l\JII! 

Bb!l!CHSHI!Jl 3T0f0 nonpoca OW! Y'ta3aH B padOT8 (44 ), B KOTOpON 

npe,ll;naranocb BhiiTOJJHllTb cpaBHI!renbH!le onh!Tl! no nadnJO,JI8HlllO dhlcTphiX 

ll]lOTOHOB OT OdlleHHhiX CTOJIK!!OB1Hlln l!efiTpOIIOB Bl!COK!IX 3UeprJ.In C ,!1;81!

TpOHaUJ.I I! CBOdO,l\Hh!Mll npOTOHaM~, 

B 3KCnepi!M8HTaX TaKOTO jlO)\a(
4 S) db!J!O Od!!apyxeno, 'ITO B od

RaCTII MaJlhiX yrJJOD paCC6RHJ.IR C8'l8HIIIl JICITYCKaHIIl! npOTOIIOB Db!COKOI! 

3H8]lTI!J.I ITjll! OdM8HHOU paCC8JIHJ.Il! Hel\TpOHOB ,li;6JITpOHalll! 3Ha'li!T8JibHO 

MeHbrne ceqenHn, nadnll,ll;aeMhiX np11 paccel!HI!J.I HenrpoHoB Ha cnodo;vlblx 

ITpOTOHaX (pliO ,8), 3TOT ljlaKT r 03BOJII!JI C,li;8RaTb BfJBO,ll; 0 TOM, 'lTO 

lip!! OdMeHHbiX (n-p) -COy,ll;apeH~ JIX cp 3Ha'll!T8J!bHOI! BepOI!THOCTb!O 

IT]lOI!CXO,li;I!T O,l\H0Bp8M6HHO II 0 01:8!1 CITI!Hal!11 1 I! Jill, l!HI<Mll CJ!OBaMJ.I, 

'ITO BKJ!a,ll;b!, BHOIIJ.!Mil8 CIT!! HOB 0··0 dMSHHbl>lll l! CITJ.IHOB0-1!60dM8HHUMll 
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CHJiaMM: B 06HtoHHOe B3a~U.!O)I;ei1CTBHe Hl2i1J puHa C npOTOHQl.!, /')li!('f'O 

nopl!~Ka. 

5, Yrrpyroe pacceRrme TIJIOTOHOB .geilrpoHaMI! 11 DPR1.10e 

Bb!OI!Bal!l!€ /l8ftTPOHOB TIPOTOHa!JI! 1!!3 !!6TKI!X H,lle£ 

Yxe B Ollb!TaX (
46 ), Bb!TIO!!HeHf:bJX B I952 r, llpll 3Hepn11! npOTO·" 

HOB 460 M3B 6uno ycraHoBJieHo, qrc• ynpyroe paccesml!e npOToncoB 

l!etirponatm ua 6oJ!LI!II!e yrnbl conpoMlfC~aercll nepe)laqen ,llei1rpony 

8Hepr1111 ~o 300 M3B, Hai!60Jiee no.111He )laHHHe o6 yrnoBif> 3aBI!cvr

MOCTI! illll!JrpepeH!II!a!!bllbJX ceqeHvrfi (J'- ·!)-paccenHI!II 6!11!1! nonyqemr 

.1\!lll 3Hepr1!11 nporonon 660 li3nC
47) (p11Co9), Oco6oro BHI!Mal!~R 

3aC!IYXI!BaeT Ha~~eHHOe B 8TI!X 011M1'aX paccel!HI!e IlpOTOHOD Ha Yl' Jlbl 

TIOPH.I\Ka I30° -I50° B C, lj,l.!,, I\Or)ll•. )lei!YpoHy, ylleTalli:IeMy Bile pe.11 

KaK U6JIOe, nepe)laJOTCH 3HeprHI! .1\0 500-600 r.13B 1 B COTHM pa3 

np€BhlmaJOqMe 3Heprl'IIJ CBH31l ,li€ATpOHao lla6mo,naeJ,!hl6 rjJaKThl ill!Jl CBol0 

l!l!T€prrpeTai11!11 TpedyJOT 11]1MBJ!8'1€HMJ! MeXaH1!3Ma KOJI!!6ICTI!BHOro Tpex~ 

qacTl!4HO ro n 31\MMO,lle l1CTBllll HYK!!OHIIB, 

C 1]611bl0 !!3Y4€HilR COY/lapeHIIn npOTOHOB BblCOKIIX 3H6 prll~ C KBa3l!~ 

~eRrpOH!Ib!Ml! rpynnaMl! B R.I\p8.X Hll. !leCTI!lleTpOBOM Cl!HXpOI]I!KJ!OTpOHe 

Ob!!lll nocTaB!I€HI>l cneijl!aJILHble OJmTIIo 

B pa6oreC
48

) npa 6oM6ap,lll!poliK8 rrporoHal.ll! c 3HI!JrHeli f>75 l.i3B 

Hl(€]1 !IerKIIX 3!!el!GHTOB 6fl!!O 06Hap:rxeHO ltenyCK8.Hl!6 .1\enrpOHOB C 3Hep~ 

rl!RM!! OKO!IO 600 f'3B Bllepe~ TIO,ll l!HJ!b!l.! yrl!Ol! K HanpaB!!6HI!YJ llY'IKa 

npOTOI!OB TliK Jr.€ 1 KaK 3TO l!M9JIO !!f!eTO B CJ!yqae Ha6JIJO,llaDIO!!XCI! B 

3TI!X xe onb!Tax ynpyrllx (p- : )-coy,napeHI!n npl! rot' •e 3Heprl!w 

qacTI!'J l'l yrne Iw.dmo)\eHI!R (pnc,IO I, 

Ka4€ETBeHnoe od'bncHemre na6.m)laeMor.~y RBJiemuo J,ro;~Ho )T,tlTh , 

ecJII! orrl!pancn Ha npe,llcraB!!eHllR o eyEieCTBoBaHl!ll B £)!,]1ax 

BpeMeHHOT~ Cl!!!bFO B:Jal11!0.1\6 ncTByiDIIHX rpynn HYKIIOHOB ( 
49 ) 

Kparrto

!1!11! 

I!C110111>30BaTb npe~CKa3a!il1R BUCOKOI!IlriYJ!hCHOn MO.I\6!11! H.IIpa, pa3BI!Bae~ 

Moil B nocJie)T,Hee npeHH l3pmwepoM, 
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~LC ~JTH i•JHH~l B C'OHOKynnOC'nt C 3KC!1€p~UeHTatm (He.ITilHMAp, (50)'1 
" 

11 T .n. )c 3HeprHRl.m, 

~:., -,8 BI,J!lrt.:UHUW>-1 noTeHlT,Hf'LJihlnrt:: 6d.pi.e p, yxa3hiB8.I0T uyr b )lJISI HC CJie~oBamrR 

He~l·Bilm-rx Cl1Jl, ;Lei~CtBYKHriH: xa r.w:c<,IJ,y uyKJIOHauu ll H)!.paxo 

6 o iiOJIHLie CeHeHlUI H.ttepHOrO B3aHMO.Jle11CTBHSI 

HY~I!O!IOll C l!yK,lOIIal!ll !! ~enrpoHaMJI 

J\,sy.lfb'I'CVl'hl OCHO.DIIUX OI1hiTOH, llpOBe,n;eHJIHX 1!8 mecTnueTpOBOH 

C:Vlli XIJtl 1.UL'\/FHJ)OHe Jl:'13JilHH•·llut HCnJie,ItODB.Te JI.fH'_l/ 1~ t )I)' JS t t+=: t 
5I )B CB113M 

C Ofl]•6)\8!1el·l!8l! !l'lJil!b\X Ce~e!H!c :1,!\SpHO!'O B3B.l!l.!O)\efCTBII!I 11 ynpyroro 

pact:eRBHH HYKP.OHOB, np!lne.~eH~ ~Ja pnc.II. 'loJJy~eHHL!e N•!!Hile l!03BO-

11MYr (:)( F:> JTn T n e: .tJ.e;ry10r:ue 3B.J< lllf)tfe. :.tJIR o 

T. J ;wy'<e;mor odnacTI1 3H•lpr!!r J80-660 Han HadJJRJ,l\aeTcn pe3-

IW~ yB8J!I·:!t-I6li!H:) t';CLr(;t)H·~ 061J<:l30BCl.HH.H Ue30HOB B coy,nUJie!Ul.fiX IWJ< 0)1;11-

:l:Sf<'GBt>fX, '!'(tK 31 p8.3J1ll4'HHX !\]YJlOi,'OBo 

2 Q nomn,;e C('tJemw ynpyroro pncceJliH1Fl HYKJlOHOU HYRJIOIIamt B 

<:OCT<•BclllflX c pusnll~m.:,·!l! !!30Ton~qecK:!Im CITH!Ial.!l! T=O I! T=1 TaK»e 

<.cl.K II n ]lit UC H bl:lllX ~ !Wjl n!RX, 
·t_ t 

u'.;· ·:t•1r- lii"0:H~ 6'T:::f - Q pp 

Jr.~et:.'E:··Iclf.<Tefl r, :.wepruet1('.J.I) Q 

0 6Hapyl~!1DaRJT pa3JI!! qHyl'l 31lBIIClii.!OC Th 
t 

OCTD.CTCH !lOCTORHH;IJ.I, a crT =0 

cTO !.!Ol!WT YKI1.8B:I6Tb iW ocnadneHl!e 

t· :)()(:T(n-1 nFr;_i..,nm uo;uotf vm-rew::lilHIOCTn B3amw,n,ei-1cTBMH nyKJIOHOB n 

(00TlHJJ!!HX ~ T=Oo 

n ~1tei\Tp0Htum, UOXHO CKa3aTh, t.TQ OHU r103BCJIJT10T r:ocTaBM7h Til)e)(

CT<.\BMH!IC 0 rJiaBl!ElX OeodeHilOC'J HX HYKJIOH-HyKJJOHHOrO B3allMO,l\8DCTIH111 

B H3y~em!On 0 dnneTl! 3He prlln (J;O 0, 7 n3B): 
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I olD B3aMMO,li8~CTBIIII HYKROHOB lip!! B!lCOKIIX 3Hepri!RX yqaCTBYIO'r 

oqeHI> I!HT8HCI!BHhl8 CI!Rhl pa31!i!qHoro Tlmag [\8HTjlaRbHhle 1 T8H30pHhl8, 

06M8HHUe, CROXHUM o6pa30M 3aB"CH~·e OT Clii!Hao 

2o ll!tJla,llbl B Jl,ll8pHOe B3ai!MO,ll8fiCTBI!e !!YKJIOHOB OT Cl'IJI pa3HbiX 

Ti!!IOB C01!3Mep ... io 

3o B3ai!MO,llencTBI!e HYKJIOHOB HBJIHeTC!! aap!!,!IOBO ue3aBI!CI!Mh1Mo 

l!eCOMHSHHO, QTO 6Y.IIYITia!! TeOpll!! !!,llepH!iX CIIJI ,liOnli:Ha ~Y~ilT B 

KaqecTBe Kpi!T8pi!JI lljlaKTI!KII IIC!IOJlh30BaTD 3Tll OllbiTHhle ljlaKThlo 

B3AID!O.ItEIICTBI!E !c!E30HOB I! HYKJIOI!Oll 

Jlp06}[8MY Jl,llepHb!X CllJl H8Jih31! !IOJ!HOC!bll OT,li81!HTh OT 1!3yqeHI!H 

cso~CTB scex ,llpyrllx a!leMeHrapHhiX qacTI!l\o B ,lleficTBI!Te!li>HOcTII, 1!3-

necrHo, qro IIM88TCJI CBH31> 118X.IIY 3118118HTapHb1MII qaCTII11aMI! II !IORHMI! 

Cllllo J!allpi!Mep, B3ai!J.!0,118~CTBJIJH MeX,lly 3apu:eHHbiMI! qacTI!llaMI! OCYti8CT

BRJIIJTCH llOCpe,liCTBOil IPaTOHOB, KaK rollpJIT, I!JOTOHbl JIB}[JiilTCJI KBaHTaMI! 

sneKTpo~mrHI!THOrO UOIIJI, II ll03TOMY CBOfiCTBa I!JOTOHOB T88HO CBJI3aHH 

C xapaKTepOM 3118KTpOMarHIITHb!X CI!JI, ,11encTBYilU(IIX Melt,lly aapaxeHHbiMJIJ 

4a c T 1111aMil o 

AHaJ!Ori!4HO CBOI!CTBa 'ii -Ue30HOB, KaK CeRqac ycTaHOBJieHO, Tec

!10 CBJI3aHbl C CI!JiaMII, ,!1e~CJIBYIJ~IIJ.III Me:t,J1y HYKJ!OHaMil 1 T,e, 8 JI,J18pHb!MII 

CI!J!aMII. Jl03TOMY nOHJITHO HaCKOJ!aRO BaXHOe M8CTO B I!JH3HR8 3JIBMBH

TapHIIX qacTI!l\ aaHI!MaeT uayqeHJIJe csoncn ~I -Me3tHOB, 

Me30HHaH TeOpl!!! - IjlopMaJII>HaJI TeOpllll M830HHbiX !10!18R - IIOX0,1111T 

IIMBHHO 113 npe,!1!lOJIOX8Hl!JI, BnepBhle Bb!CRa3aHHOrO DKaBa, QTO Jl,!1epHHe 

CI!J!II o6yCJ!OBJI8HII M830HaMI!o 3Ta ll.ll8a 683 COMHSHI!JI lljlaBIIJ!bHa,HO, R 

COxaii8HII~, MeSOHHaH TeOpll!! HaXO,I11!TCJI eme Ha OTHOCJIJT81Il>HO paHHen 

cryneHI! pa3BI!TI!Jio 

B HacTOJ!Il(lll1 MOl!eHT, KOr,lla JI~6;J.JI ROHKpeTHaJI IPopMa uesOHHOl! 

reopl!ll ORa3Hsaercn Hecrroco6Hon ,!1aTb qro-HII6Y.l11>, xpoMe, a Jiyqmeu 

CJiyqae, Jtali8CTB8HHOro cornaCI!JI C 3~cnepJIJM8HTa~!l!, OCHOBHOM 3a,llaqejl, 
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8KCnep!liJ8H1'8.Ebi!Oii ·~lll31!KH :l (l(J.JiaCTl! BUCOIU!X ~HSjlrl!n HBRIJeTCI! ITOJ!Y

'l6HI!6K )l,all!!LIX )l,JIR 1~8HOJ.I8110JIOrltt!eCKOrO OnHCaiii!R B3at!MO,l\6ncTBIIR 

pa3llHX '18.CT!!l\ ,ll,pyr C )l,pyrCn!, J )l,e!lCTDl!TSJ!bl!OC Til 1 K!l.K ITOita3aJia 

ITp8.Wll!Ka 1 ilpl! OTCYTCTB!U! OdC!en KapT!!liiJ, Od'be,~l!!!lf!Ot;6IT pa3JII!~HUe 

RBJI91!lllf r)li!3I!KI! 8Jl8l'Gl!T!J,]'I!c!X 46CTII'l, !IeB03MOXHO C03)l,6Tb nOCJie,ItoBa

T8JlbiiY!O I'6301li!YIO ·reopl!ll, 'i'aKIIM odpa30!! 1 rpeHOUSIIOJIOrM46Citoe O!li!Ca

Hl!e B3aHJ<W)\encTBJ!.f! 4£\CT!t:l, l! npe~,Ite ncero, fi -Me30l!OB l1 llYKliOHOB 

I!BJ!HeTCI! nepBNM marOI.! K C03,Itai!I!!O !!03011HOf> T60jli'!Il 1!,1\CpHHX CIIJ!, 

)\aK B r,crp 1 TaK I! 3<l l'p611l!TI6fl l!CCJ!e,J(OB!i!U!JI 1 Ha OCHOill\HI!It KO

TOpl·!K UOfJll! dHU IIOJ!y~eHll CBe)leH~JI 06 Odqen KapT~He B361!MO,It9RCTBHR 

~aerl!'\, llpono)l,I!JIMCh no Ml!ornt! Hanpannemim.r: Kpm·e pacceHHilll HYKJ!O

Hon Hyroromu;H, npa pa3HHX ~Heprnnx HaJre1'alllltH qacT!q 11 yrnax pac

cenHHn, nayqamrch pa.cceHHl!e Me30EOB HYKJIOHmm, H ·raKli:e poE.119HI!e 

I P ~II , acceJ!Ii~e -Me30HOB Ha HY!(HQHaX II Hl'l CJIOEH!iX 

T:iOJibll!Oli !!!t'.r B~Jepe)( B MCCJie)lCDfl,Hl!l1 CBO.ilCTB lJZ -H€30HOB 6UJI 

e):<JJ!d.H n nepi!O.I\ I950-54 >', r. B RWCCI!4eCKl!X 1!3MepeH~H :( HX YeT HOC Til 

n cmn;a naHoncKnu n l:!mi'a6epi'epoi:, a'/ Tll.Kllte B H3Hepemwx nomrux 

n i11IIJi?epeH'111liJ!bllbiX ceYemr!l pacce>Hl!R 'iZ: -ue3onon Ha H)'Knonax 

B odnacTl! 3Heprrrn .110-200 l!8B •'ev~m 11 ~.p, llccne,l\onaHI!R paccenHilll 

MerlOHOB !18. HYIUIOHax ll84S.JII!Cb B Jlt6opnTopnll R,llepnux HpoOneM R I954r, 

nocne Toro, nor,rta dHm! noJiyqeHLI xoporno KOJ!lii!MI!POBaHHIJe ny~Kll 

") 'fi -M€30HOB ,o , ]GCJI€,llOBUl!l!JI CTeBI!Jlll I\Bllh!O I!OJJyqeHI!e CBe)l€1llln 

B o6nacn; oHeprail 'IT -Me3ouoa, n£,li<6Ciei1 B!lme 200 iton, r.~e .llfliiH!ie 

npntn!P<eCK!l o-rcyTeTBOBaJm, Pn)l, pc.doT dun nOGBHt:!eH KI\K usy4eH1!11 

~-t- ~ 
3ll.B!!C!IUO<:TI! OT 3l!ejlr!!I1 !IOJ!l!HX ce•:eHI!!l B38.11MO)\encTBI!fl !I II II 

lresoHon c ao,l\opo.~oM L! J\enTe p11eu (::2 • 53 • 5ll • 55) (In;c • I2,) a o onacTI! 

snepr11n !110-400 Moa, Talt 11 l!ccn£'i10BaHrm yrnonhlx Jlllcnpe,l\eJieHI!fi 
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ll -Mt30HOB• pacce.IIHHUX Ha BO,IICipO)!e B peaKI\IIRX 'IT~+ P · 'iJ + + P, 
'fT~t p- ~i ~'" p) ~-:1- 't ~· _____ .,_ ~·;") -'1 r, 57 60 

npll pa3HUX DRtprHflX Me30HOB !75 1,200,240,270(56 ), 107( - ) 0 

330. 360 !38(62)0 

'!a en riOJiyqeaaux Jl63YJIUIITOB npe)ICTIIBJiena He. pllC ,IJ II !4, 

0nUTii IIO yr JIOBOI.!Y pacrrpe.Jte.WHI!D ft-. -Me30HOB HI! BOJ!Opo,!!e 6UJ!Il 

8HIIOJIH8HU !al.lt ripl! f!OllOil!ll Cl\JIBTil!J!J!l\IIOHHL!X cqefqllltOB 1 TaK II rip!! 

ITOIIOilU'I JleTOA!!. lj\oTOITJI!\CTIIIIOKo 

Coaoxynnocn ,llaanux, B qacl'HOCTH, paaeHCTBo ceqemtn 831111110-

JteRcfBI!J! fl+ II '1·,. -llt30HOB C ,llEIRTepHeM, ITOJ!TBtPlUIIIlT npHHI\Hri 

34PIJ10BOR CHJilleTpllll ,ll.IIR CICTtM 113 llt30HOB II HyKIIOHOB, )!aHHHe riO,ll

TBtJIZ-'IIDT raKJ:e doxee crporall npllHI\IIn aapii.JtOBOll Ht3aBilCIIMOCTH, 

XOTH np&IIJ:!!Iri 3apnJ!OBOII ueaaBIICI!liOCTII HIIXO,IlHT ecrec:raeHnoe uec:ro 
'---1'> 

B Ut30111fol! TeOpllll RJttpBHX CIU, 1180dXO,llllliO ITO,ll'lepltHYTI>o 'ITO B!IBO,Jt!i 

0 Cnp&Be,JtJBBOCTM 3TOrO npiHUHna 6UXH C,JttllaHU 6e3 HCnOX»30BaHIIH 

118:1JOKIOII T80pllll 1 1111 OCHOB&HHH rjlE1HOJI8HOIIOrllqecJtOrO 11HIIll11311 ,IIIIHHHX 

no paCC8.11BID li830HOB HYK.I!OHaMI! fl OdCY:JUa8UhiX HHl[e ,lli!.HH!IX no Odpa-

30B4BID 11830ROB HYlt40HRllllo 

OnurN no,Jt¢TB8PJ!IIIIH, 'ITO B C'dliaCTH 3HeprHll J!O 300 ld3B B31111llO

.ll8ncraKe M830H-HY!t.IIOH IIBJIR8TCII C'COdeHHO CRJ!»HUII B COCTORHHII C H30-

TOriR'ItC!tHII C~HOM 3/2 I ROJ!HHV J'rliOBHV 1101!8BTOII 3/2 0 npaqey BeJIB

qHHR ceqtftllft paCC811BIIft B 3TOJI CCCTOHHHII ,llOCTirae:r YaltCI!IIIIX»HO 

B03JIOIROrO 3H&'ItBBR npR 3HeprHH 'Jj -11830HOB OKOJIO I90 M3Bo 0THO-
aTc1lO 

CRT8UBO\ 'IIICTO roBOpi!T, 'ITO B3a~IIOJitiiCTBHt 11830H-H:YitiiOH Hll8eT 

•peaORIIHCHHtt" xapaKrep, Boauoauc, qro pe30HIIBC cnnaaH co crpyK

rypoll HyKJIOHII ( 63 ) 1 XOTII Y;Btjll.llllU 3!0 B HaCT0ftll!8e Bjl611ft IJKalt 

88.1!.39, HCCJ!e,JtOBIIHHt M830H•HYKJICHHOrO B311HIIO,lltfiCTBHR B OdllaCTH 

BHCOKIIX 3H8prH~ n03BOXIIJ!O 311K~~HTD(52 • 54 ), 'ITO Blt.l!ll,ll B paCC811HH8 

cecro&HIIJI 1 1130TonHqecKHH cni!HOM I/2 crauoaurca aauerHHV rrpH auep

rn E 'iT ? 300 !&a a, 
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BucoKan TO'II!Ocr:& 113MepeHI!il yrlloBux pacnpe,neJieHI!il paccenmm 

::c no,nopo.ne -MesoHoB np11 sEeprllll 6o!!LDJe, <~eM 200 !.~an, nnepnHe 

~O:JUOJli!Jia npOI!3D6CTII ljla.30B!ll! aEa!!ll3 C yqeTOM He TO!!LKO S l! C' 

CJCTO!!!Il!l, HO TaKll:e II -COCTOJ!Hi!N, R3 al!a!!l!3a C1!6,11yer(56 ) 1 '1110 

]:'11,11ll 'C Me30H-HYK!!OHHOro B3ai!MO~,e!lCTBIII! COCTaB!!I!eT OKO!!O 7 ,Io-I4cl!, 

'.>ce ,naHH!le 1 no!!y'leHH!ie He CI!HXP0!111lt!!OTpoHe Jla6oparop1111 

n.nepmrx npo6JieuC55 •56 •58 •59 •6I• 62 ), conMecTHM!i c o,nHon ne!!I!'II!Hon 

KOHCTaiiT!i CBI!31! c 1 npuuepHo paBHOV. O,L 
llsni!Mo,nef!cTBI!D MeSC!!OB co cJioli:Hilllll 11,npaMII nocBJIIlleH p11,n pa6or, 

DblnO!!H6HHbiX np11 nOM01!1ll CaM!iX pa.3H006pa3HilX 31CCnep1!!.!6HTa!!LHb!X Me

TO,~OB: C'ji!HTII!!I!Jil\I!OHHYX cqeT'II!F:OB ( 64- 66 ) 1 ljlOTOnJIIl.CTHHOK ( 67 1 68) 1 

KaMepu lli!!!I>COHaC69 ), ,nll<!r<!Jysl!oHEoll KaMepu C
7D,7I). HeKaTopue 113 

fli!IJiy'leHHHX ,naHI!UX no!Ca3aHU Ha ]>I!C,I5,I6,I7, 

J\aHHhle noeyqeHHue B pa6oTe C68)no HeynpyroMY paccesmi!D 

·-MeSOHOD Ha l!,llpaX rj>OT03MYJILC:IIIl 1 nOJta.3aJIII 1 'ITO Mell:,lly S!,llpa!.!l! II 

, -MesoHaul! c 31!epri!ell I 60 Ms11 .nencznyx>T Cl!!!ll npi!TJ!llt8HI!Sl, npl!'leM 

rJiy61!Ha COOTBeTCTBJD~en noTeHI1lla!!LHon !!Mil COCTaB!!S!eT npl!llepHO 251.13B, 

2. 06pasona1111e Me30HOB uyK!!OBnMII 

a) ~HHI!e on!lT!l, 

Hnoro'II!CJiennue I!CC!!e,nonaunll Ha CI!HxpoJ:11!K!!OTpone 6uJII! 

nocBnmenhl npo611e11e o,nl!noqnoro poll:,lleHI!Il aapazeHHb!X 11 HefiTpaJibHb!X 

Jc.· .. li~30HOB npl! coy,napeHIII! HYKJIOHOB. i!CHO 1 'ITO npo!1eCC!l poll:,lleHI!SI 

3apl!llteHH!lX Me3oHOB)! B HYKJIOH-H:rKJIOHH!lX coy,napeHI!SIX C TeOpiT•'IeCKOfi 

TO'!Kll 3peHI!SI I!BJII!DTCJI 6oJiee c;IOlltH!l!.lll 1 'le!.l npOJ:1eCC!l paCCel!l!l!ll 

ue3oHOB HYKJIOHaMI!, 

)!Jill TOrO, 'IT06!l COCTnBI!TI> ,IIOCTaTO'IHO nO!!IIYD Ka.pTIIHY llB!!eHI!n 

ue3ol!oo6pasonam!JI B HYK!!on-HyK.IOHllllX cTO!!KHoBeHI!IIX 1!3Y'Iall11Cll pa3-

~II'!Hillll! l!6TO,IIM!I! Ka'!eCTBeHH!ie II KO!!I!'!eCTBeHH!Ie xapaKTepi!CTI!KI! 

3TI!X npoueccoB. 
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Jlpll COY,J~>tpel!l!ll JtBYX HYJtJ!OHOil 'li "•Me30Hhl IIOryY o0pa30LLIBaTL~ 

CH B c11e,nyD~Hx npoueccax: 

0 
I' t· p "' ........ 1i to f-' ' I· 

' . P +· r ~ II ~- .t ' ._ t• 

p ... ft' -· r, .+ f d 
'' 

? r.. ~ ' q~n 

1> 'i: ~ p t n 

.t 
' " 1J; i d 

':'"" I t_. 

' 
r-·, + f' 

n•n 

'<: I 'J -<. ! I 
'' f r-

tl T P r/, (l +- I! + P 

n.., f1 -.,;.-~1rQ t- d 

B I95I-52 r,r, I!U nHTl!lleTpOEOJJ B4pllaHTe CKHXPOUllltJ!OTpOHa 6"'J!II 
• (72) 

llOJiyqeH!i CBe,neHIIS! 0 peaKL\IIS!X polr,ll,6HHS! '!I -lle30HOB B (Il~p) II 

(n-n)(n)_ coy,napeHIIS!X np11 3Heprml HenrpOHOB 400 M3B II 0 peaKUIIS!X 

p-p-.-TI
0
+p, P (73··75), !', 1, --11', d ( 76 ) c nporoHaMll, HllellL,HMII 

--0 

3Heprslll 460 MaB, KpoMe roro, 113yqaJ!HCh nporwceu oOpe.aoBaHI!H Jc -IUI-

30HOB npOTOHaMII(77 • 78 ) II HenTpOH8MII ( 79 ) Ha c•OKHUX S!,ltp8Xo 

ijrorll 3Tl!X pallor raKoBu: 

I o Ha ocnoBaHI!II pe3ynbraroB rpy.-oelllmx 11 TOQHliX 1!3lrepeHH!t 

cneKrpoB raYMa-KBaHroB or pacna,na 
,.- Q 

.!, -Jit30HOB, 06pa30B4HHliX Ha 

CJIOJ:Hh!X n,npax np11 6ou6ap.D;HpOBKe 111 nporoiiiUIII c aHeprKen 460 Man, 

6un c,nenaH BUBO,ll; 0 TOM, qro Me30Hhl B OCHOBBOM p0lr,li;4DTC8 B P-COC

TOS!Hllll(??,? ), 

2, li3MepeHlll! BepoS!TBOCTII o6p~3011lRIU ,.C-ue30HOB Ha &,ll;paX 

pa3HOrO aTOI!BOfO BeCa ll03BOJ!I!J!I! O:\EIIIWU ( 72 • 73 ) ,li;J!IIBY CB000,ll;HOro 

npoOera Me30HOB B H,ll;epHOM Be~eCTB3o 

3, BnepBHe 6111Jll! llOCTBDJ!eHLI 3~Cnepi!MCHTU, B KOTOJlllX I!CCJ!e,li;OBa-
-·o 

J!OCh O~pe.30Bal!IIB J>, ~M630HOB Hen·rpOHaJIII Ha H;{XJ!OHaX X na CJ!OXBLIX 

a,npax(80), 

4 o Blil!O noxa3aHo C72 ), qro OK•l.IO ncpora waoxeodpaaolaHI!II -· p0lr,IJ;6!1l!e lL-lle30HOB B CTOJ!KHOBeHI!S!X ,ll;BYJC llell\'poBOI Mrtpe~J~tHo, 

TaKXe IC!llt 3artpemeuo polr,ll;e.HI!e TaKirX M630HOB B CTOJ!KI!OB6HII!!X ,ll;BYX 

npOTOHOB (OI11iT!i 1 BlillOJ!H6Hllhle B ne]lKJill)o 3TO CXO,ll;CTBO (n-n) II 

(p-p)•B34IIIIO,ll;el!CTBI!fi yKa3h!BaJ!O Ua CllJl!lBe,ll;.II!BOCTh Tllr!OT83!i 34pll

,li;OBOn ClllllleTpllll Henocpe.D;CTBeHHO ,n;ra CIICTeM, COCTOS!!UHX 113 HYXJ!OHOB 

II K830HOBo 
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5, OmtTII no odpasoBaHI!ll -_~::.MesoHOB B (n-p) 11 (n-n)-CTOJIKHO

nem!llx nosnoJIIIJII! ,11an.<72 ) cne,II~DI!\YEJ Ka'leCTBeHHYJl cxeuy nponeccon 

Odpa30Bil.Hlll! 'II -11930HOB OKOJ!O r:opora Me30HOOdpa30Balli!JI: 

ITJ)0!19CCII B9J)OJITHII9 ITpoueccH ManonepOI!THHe 

c- t p • p --- li p+p-·-'fl 0 

~0 n + n -- 11 

0 !~'. n 1- p --- TI p t- n---- ~-

EIJJIO YKa3aHo(BI)nnepnHe, qro MaJiaJI nepoHTHocn odpasonaJIHJI 

3apHX9HHIIX M9301!0B B (n-p)-CTOnKHOBeHI!I!X CBH3aHa C reM, 'ITO 

J.I930H-HYKJIOHH09 B31l.l!M0,1191lCTBI!9 OCOd9Hl!O CHJ!bl!O B COCTOI!lll!l! C 1!3m

T0!11!'19CKI!M Cni!H01! I! yrJIOB!lM UO!IeHTOM 3/2, r,e, B COCTOJIHI!I!, !tOTO

poe I!PKO nponnnneTcn B onurax no B3ai!MO,IIeltcrnl!ll 11 -Me30HOB c 

HYKJIOHII.MI!, 

6, ilpl! dOMdap,111!pOBK9 BO,IIOJ)O,IIa npOTOHaMI! C 3Heprllen 460 ll3B 

d!IJIO nOKa3aH0(73- 75 ), I! 3TO He.XO)I;I!TCll B COrJiaCI!I! C ,llai!Hbll.!l!, 

nonyqemtHMI! MapmannoM 11 1llnre.ro, 'ITO c nonumeHI!ell mrepr1111 CHI!Maer-

o 
Cl! sanpeT, KOTOplllt I!M98T M9CT(I ,IIlli! pell.Kljlll! p + p ---'IT -+ p T p 

npl! M9Ht.mHX 3Heprlll!X, AHII.J!Or!I'IH!llt BIIBO,II 0 TOM, 'ITO 3arrpeT ,IIlli! 

odpa30Bil.HI!I! -,, -M930l!OB B (n-n)-CTOJIKHOB9HIIJIX CHI!Mil.9TCH npl! 

nucorti!X snepr11nx dun Taitxe no;!y'!eH n pa6ore (B
2

), Kor,lla nocne 

J)9KOHCTJ)YKI11!1l CllHXp0!11!KJ!OTpOHa 611JI nony'!eH ny'IOK H911TpOHOB C 

3Hepn!elt 580 Msn. 

7, ITo,11po6Ho nccne;~~onanac& C76 ) peaKnlll! p • p ---'iT • + ,j 

np11 aHepr1111 rrpoTOJJOB 460 Man, IToJiyqeHuoe yrnonoe pacnpe,lleJieHl!e 

yKa3!1BaeT Ha TO, qTO M930Hll B 3!0~ pealt!111ll npe11MYt\9CTB9H!lO pOl!t

,llallTCll B P-COCTORHI!I!, np11 3TOM 3<jl<jl9KT OT HcnycKaHilll M930IIOB B 

D -COCTOJ!Hilll H63l!aql!T9JI6H, 
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o; ~'"" c""'orll'ISOI\BJr 3aHI!Cl!ltocn · .. e•tenl!e rrpo:;eccoE 

JJf30HOOdi<'l.3DHe.!lllil 11 yrnonue pacnpe.~enenl!sr uesorroB, odpaJonaHHHX 

HJKllO!!(l.l.!ll B pa3Hb!X peaK:rllHX o 

T10Cll9 l!OJ!y1J9Hlll! Jla C'l!HX[JOijl!ItnOTjlOHe npOTOHOB C 3Heprl!Br. 

680 !!on Fpi!Hilllll I!JIH KOCB~PhlMI! rryrmm 6bll!l! l!CC}!e)!Onallb! BCS llpO-· 

:reCCbl p01I,1\6fflll! lJ830l!OB 1 nep91JI!CJI8C!Hbl8 Bb!lll9o T!OCKOJI:&Ry jlaMKI! 

HaCTOHUI€~ CTB.Tbl! He !103BOJJIIID7 ,n:arJ, l10Jll!1ln 0630p omnoB, n li3Jl0~ 

llt8Hl!ll B 31iiC'II!T8Jl:&HOn J,Iepe Mhl 0!11!]lli6MCH Ha pHCYIJKllo 

3~tcneprmeHTb1(83 ) rro 11ayqeHHil po~t,n:eHIIJI ,,+_Mesonon rrpH coy.n:a

peR!li!X C rrpOTOHaMI! rrpOTOHOn C aHe)rllell OT 460 ,n:o 660 !!an l103BOJ!ll-

Jill BI18pBhle YCTaHOBI!Tl>, '!TO 36BI!Cl!UOCTD !10l!HO!"O cettel!l!l! pealt111!11 

;. • p ~- \1 '' d 1'11186T pe30HD.HCHhlfi :raparcTep (pllc oi8) o 1!3 aHal!H3a yr JIO-' . 

Bh!X pacnpe,n:eJ!eHllll M830HOn, HC!lyCKII8Mh!X B yita3aHHOli peaJtrji!II (pi!C o I9) 1 

CJ!e,n:yeT, 1JTO B paccuaTpllnaeMOfi 06,1!1CTH 3HeprHn JJ83RH!I n OC!!OBHOM 

po~~t.naiDTC!! n P~cocroJ!HIIllo 3TOT auao.n: 6h!JI c,n:el!aH raiC:te Ha ocHOBal!llll 

3KCI1€pl!!.Iei!TaJIM!OrO 113ytteHH!! ( 85 ) IlpH 3!!eprHI! HenTpOHOn OKOl!O 

' 600 H3n yrnonoro pacrrpe.n:eneHim 

Ill!ll r. 'i'- -~ ',o • <l (p11C,I9), 

:, -r.te30HOn 0 o6pa3YIJI:jHXCJI B peaK

KOT'Opai! C TO"!KII speHI!JI 1!30TOI111-

qeCKOn l!HBapl!aHTHOCTl! l!BI!JieTC.II TOl:;teCTB8HI!Ofi C peaKqJiel\ p • p -• 'IT'·-4 

Hap!!J!Y c ,n:ByxttacT1!1JHon peaKqHe~, nporeKaiD!ilef rrpll coy,n:apeni!H ,n:ayx 

ITpCTOHOn, I!CCJie,n:OBaJiach Taue pea~:ljl!!! fJ ' I,· · -11' • rt • p IlPH 3HeprHII 

llpOTOHOB 660 !.laB (B6 ) (pHC ,20), 

OdpasonaHHe 'i I~, o~J.te30HOB H8. 

B OdJiaCTII 3!!epr111l J!O 680 M3n llpll 

II HerrpOHaMII (S2 • 9l)o 
Q ., 

OtHOI!IeHI!e cetteHI!ll <1:~. / ti ~P 
ne,ijl!tti!He, Koropyro rrpeJ!CKBaunaer 

n pOTOHaX II )leliTpOHaX 6h!JIO ll'y1Jel!O 

c;ou6ap,n:HponKe 11x rrporoHa1m(87,.90) 

llpll 660 Man dl!H3KO K ,n:nJM(8J,89) 

I"IIIIOTe3a aapll,n:OBO!I H83aBI!CIIIJOCTII 

n 'rOM CJiyqae 1 KO r,n:a D KOHeqHQJJ COCTOHHI!H CHCTeua Me30H-HYKJIOH 

IDJeer 1!30TOIIJiqeCKlln Cl111H 3/2(92), 

' 

I 

I 
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0 

3HepreTH1!6CKal! 3aBI!CIIMOCU C61!6HIIfi Odpa30BaHII/l 'iJ -Me30HOB 

npoTOHa~m Ha !lpOTOHIIX II Ha ,lle~rpOHaX dLIJia l!CCJ!6,JtOBIIHa !lpll !lOMOIItll 

KaK BHyTpeHHero(BB, 93 ), TaK II BLIBe,JteHHOro(Bg, 9 0) !IY'IKa !lpOTOHOB, 

Tl<i pl!c,2I npe,JtCTaBJ!6Hhl ,JtaHH!Ie HI!Hi:JOJ!ee TO'IHIIX H3MepeHHII, B KOTO

pwc 611JJa ycranoBJJena coaepmeHEO !IHas, qeu rrpe,~tnonaranoc» paHee, 
0 

3HepreTl!'leCKaJI 3aBl!Cl!MOCU !IOliHOrO Ca'leHIIJI Oi:Jpa30BaHIIII 'fi -lle30-

HOB B (p-p) -COYJ!apeHl!JI~BB), 
" YrJJ0806 pacnpe,lleJieHI!e fl -M630HOB 0 pO:r,JtaDJ!li!XCII B HyJtJ!OH-

HyJ;JIOHH!IXXI:I:J;B;&jiii!XI:II CTOI!ItHOB€'HliJIX 0 d!IJ!O ll3y'leHO !lpll 3He prllll 

L+iJ5,500,555 Maa(ss) 11 660 Msa(88• 89 • 93 ). Euno Hal!JieHo, 11ro yrno-

DOe jlllC!Ipe,neJielll!6, KOTOpOe !lpii JlallUX 3HeprHJIX 11Hli30Tp0!1HO 0 CTIIHO

BI!TCI! rrpaKTll'leCJtll 1!3orponHIIM <: yBelli!QeHI!eM aueprllll .JtO 660 Man, 

llo-BIIJ!I!MOMy, aro CBI!3aao c reu, qro np11 anepr111! OKOJJO 600 UaB 

Ha'll!Haer !lpOIIBJISITLCI! Cllllt.I!Oe l13ai!MO,Jte!tcTBll6 B JtOHeqnOM COCTOSIHIIII 
0 

Mellt,lly 11 -M630l!OM II O,lllll!IJ 113 IIYJtJ!OHOB, 

• 

llpll IICCJ!6J!OBaHI!l! yrJIOBOro jlllC!Ip6J16JI6HI!I! rruma-KDallTOB OT 

pacrra,lla 'ii
0 

-Me3oHon, o6pa3onammx Ha n,npax, 6!1JIO o6HapyxeHo(87 ,89,93) 

HHTepeCHOe I!BJ!6HIIe aCII!.WeTpl!ll (p1!C,22), CBn3ai!IlOe C T61! 0 'ITO 

.nmma npo6era Me3oHon 11 nporouoa B n,~tepHOM aemecrne Malia no 

cpaBueHl!D c pasuepam1 l!,llpa. Cne,lleHIIII o norJiomemm tre30HOB B 

ll,nepnotr aemecTne 6um1 noJiy~eHu raltl!te Ha ocHonam!l! 113J.repe!I!In 
0 

BblliOMB fl -Me30IIOB 113 pa3HIIX a,nep !lpl! 601!6apJ11!pOBK9 IIX !lpOTO-

HaHI!(S?) II HenTpOHaiJll(79,82), 

n) 3Heprerl!qecKl!e crreKrpu 11acnn1, I!CnycKaeMhlX npn Heynpyri!X 

COyJ!apeHI!llX J!BYX llY!tJ!OHOB, 

Cnenpu qacrm~o !'lcnycKaeuux rrp11 Heynpyrllx coy)lapeHl!I!X 

HYKJ!OHOB c HYJtl!OHaHII 11 ll.llPaMll, 6LIJ!II IICCJie,JtoBaHu pa3JillqHLIMI! 

3Jtcnepl!1!eHTaJ!I>HU!!II MeTO,llaMII: JleTO.ll01! aHalll!3a np11 nouor111 rrapnoro 

MarHIITHOro crreKrpmteTpa cneKr:~oB ;la!.l1!a-KBaHron or pacna,lla 
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0 ' u) ) '11 ·-M630!!0Hr 06j:a30BilH!!Ult B COy~ajleii>oiiX C llp0TOH8Ml!'" ' (p!lC,23 

11 n/,!lpatm ( 95 • 96 ) (pl!c, 24) i Me''O)lOM MarHI!THoro anaJiona Bl opnqHHX 

lljlO!OHOB II )1el!TpO!!OB 1 l!CllYCKa8l.t!f1: B npOll6CCe t~OJ!l<BCJJeHl!R )l,BYX 

npoToHonC
97

)(pl!c,25) 9 MB:tO.JtOM uarHI!TllOro aHaJin;,a ~•apa:·rellHHX 
ue3oHon or (p~·P)-coy,l1,apeHHnC98 • 99?pllc,26~ ll or r:oy)(apeBr'r nporo

Hon c i!,!Lpa!H!(IOO,IOI) (pPIC ,27) , HaltOHen,, ,!Lilli aHal!l!3a C!leKTflOB 

38p!!lltei!HHX M830HOB, Otlpa3CBI.lHUJ;X B (rr.op) -OTOJHtHOB6fll!J!X 9 ,rp!Ute

H!!J!Cl! 1leTO,!L rpoTOITJiacTI!H&r{l02 ) (pl!c,28), 
0 

AHaJII!3 crrenpoe m1!Ha~xnaHTOB or racrra.na 'r; ~ue3oHoB, o6pa~ 

3yeur;x npoTOHaiJI! na ner~ti!X R.npax, rrom3en, qro c pocrou 3Heprl!l'l 
i;i(L 

llpOTOHOD OT 470 ,!LO 660 Maa lljlOI!CXO,!LI!T CW!rqeH!ro' CrreKTpa I! yueHh~, 

meHI!I aH1!30Tpom!ll yrJIOBON pacrrpe.neJ!eHIIII !Je30l!OB 1 00pa3yJOqi!XCR 

H (n-p)-COy,l1apeHI!I!X(gS), JTpl!qi!M 3TOfO, TIO-BI!)11!!10My, J!OlrJIT T8.Kllte 
D 

B ITOIIBJieHI!I! C pOCTOM 3Hepr!m Cl!llbHOrO B3al!MO,!L6PCTBP!!! 'lr -He30HOB 

C O,!LHI!I.! 1!3 HyKJIOHOBo lip!! ITOMOI!III TOii lt& MeTOJII!KI! Bll6pBble 6hlllll ITO

JiyqeHJ> CBe,!L6Hlll! 06 yrJIOBO!I l! 3H,Jff8Tl!'!eCKOM pacrrpe)1eJieiii!l! 
0 

Ti -Me30HOB, o0pa3YJOqllxcH rrp11 c~OIIKHoBeHPIII nporoHOB c 3neprllen 

660 H3B C BO.J10POJIOM(94), 

B pe3yJiuaTe aHaJIHaa cneRrpoB i• • -Me30IIOB, o6pa3YJOnti!XCI! B 

peaKJ"I!ll r. p-IT'. i'' ,, npl! 3Hepmll rrpOTOl!OB 556 I! 657 Han, 6hii!O 

ITOKe3aHo, qro B noD o6nacti! aHnprllll II!I.Tpl!qmrn a11eueHT peaKlllll! 

lljlOITOJliii!OHaJieH l!l!llyJ!bCY M630Hii ( 9S), 

i!HTepeCHhln pe3yJII>TaT 6hll! ITOllyqe/IOI) ll3 1!3MepeHI!fi llOTOKOB 

3l!jll!llteHHUX (IOI) ll HenrpaJibHHX (IOJ) 1le30HOB 1 I!CllYCKaeMUX 1!8 

pa3HHX 11)1ep llpl! 6ou6ap,!LI!jlOBII8 Ill npOTOHAMII, Ha!1,1l61I0 1 qro OTIIOnte~ 

Hl!e qi!CJ!a 3apnllteHHHX M630HO~ It ~I!CJIY 
,, 

-1!630JIOB 0 06pa30BaHHbiX 

IljlOTO!IIiMll !la B,!LpaX C 1!30TC!!III'iltC~IIU CITI!HOM 0, paBHO ,!LBYJ.I 0 qro 

ll0)1TBepllt)1a8T eme pa3 f'l1110Te3f 38jli!,llOBOll He3l!BI!CI!MOCTII !1)16jlilflX 

Cl!l!j llp!! 3TOM XapaKTSp lljlOBejlKI!' OTHOCP!TCI! K 0611l!CTII 1Laii11X H BUCO

Iti!X 31I&prllll OJIHOBpeuemro, 
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r) liTo ru I'C coe,uoBaunn nponeccoe o6pa30BilJIIIJl !.te30HOB 

nyKJtDHf:J,m., 

13 3D.KJI!J'I9H!!e MOXHO 3aM9TI!Tb 1 'ITO TaKOe Cl!CTCUaTI!'I9CKOe 

HCCJ!C,UODal!l!C npOlj9CCOB polt,ll9Hl!S! KaK uenTpaJibHHX 1 Tart U 3apJI-

!WlllmX '1' -M930l!OB )10 CIIX nop IIBJ!SieTCS! 9,UI!HCTB911HLIM, 

2, POlJt,ll9HII9 1i -M93QHOB M930HaJ.!II, 

Yxe OTHOCI!TOI!bl!O ,UaBJ!O 1!3B9CTH0 1 'ITO npl! coy,napeHI!IIX 1i:'-Me-

30HOB C HYKIIOHaMI! HOryT p0lt,ll6TLCJI M930HH (!!HOli:9CTDOHH09 o6pa30-

Bal!ll8), O,nHaKO 1 npO!(O CC!i p0llt,l19Hl!JI 11930HOB M930Ha!Al! ,no ITOCII6,1lllero 

Bp9!J9Hl! 6biJin l!3Y'IOHb! TOilbltO B 06116CTII 3Heprl!fi, 31Ia'II!T91lbHO 

npeeurna!()ll!HX nopor Me3ouoo6pasoeaHI!II. llccne,uoBarll!e 3TI!X npo~(ec

coB B61!H31! nopora ne,uanl!o 6ul.O npe)lnpi!HSITO n Tia6opaTOp1!1! 11,nepuux 

np06iiOM 1 r,ne p0lt,ll9Hl!9 i.I930HOE M930HaMII l!CCJ!9)\0DaJ!OCb Ha lEII,IlKOM 

BO.!(OpO,Ile (I Oil) npl! !101!01~11 Cltl!F:Tl!J!IIS!J11!0HHblX C'!eT'IHKOB II l!a CJ!Ol!t

HLlX 1I,llpi1X(I05) IT)ll! 1101!01~1! r~Ol'OllJ!aCTI!HOK, Ha jlJIC,29 rrpe,llCTanneHI' 

JIOJIY~OHI!ll6 DnepBile ,llal!Hiole 06 3H6preTli'I9CROn 3aDI!Cl!!.!OCTl! Cj'lOclap-

t
fl0t-Ti-+P 

HOc B0]JOJ1THOCTI! pea.KI\l!n rr+ ~ ---·- ~· +rr· 0 Bee llO!Ib!TKI! 11 ,.. n 

Hi'IIICIIHTb DepORT!JOCTh 3Tl!X ll]l0I\9CCOD !Ijll! llOl!OI:\ll M930HHOn Teopl!H 

IJ(; 6:.rnt! y,na'II!hll!l!, r, H0TO,UI!'IeCKOti TO'!Kl! 3jl0lll!S! MOl!t6T npe,ncTaBIII!Tb 

mrrepec cpanuemm orrh!THblX ,uaiiHLIX c np11ee,neHHOi1 na TOM lite piiCYHite 

ltj1>!BOi', p!l.CC'Il!T6llllOD •)pai!KJIIIIIO!.! Ha OCHOBaHim TeOpllll 'lbl!l II Tioy 

( F'cys Rev T05, UOI,I957) I! ,1\a!Jmen llO!ta 3Ha~l!T9J!Ioi!O IIY'IIl!ee 

corJiaeHe e rnmrou :10 epanHeJII!IO c ,npyrl!Mll pac'leTal!ll, 

4~ 3 Q K n ID ·~ e H R e o 

flO,IlDO)III l!TOrl1 <:OBOitynHOC'rll l!CCI!e,llOBanni1 !!p0Tl9CCOD B3ai!MO

)i8i1t:TBI!II lole30HOD C IIyrtllOHaMJI I! CI!Ollt!lb!Ml! Jl,llpaMI! 1 a Taltllte o6pa-

30BaJH!S! JJ63CIIOB llY!I!lOHaJ!I! Ha llY!tiiOHaX l! !!a CJ!Ol!t!lb!X 1l,llpBX 1 MOl!tHO 

yTB6pllt,llaTb 1 'ITO Ollll 1103BOIIIIIOT COCTaBl!Tb ,llOCTaTO'IHO ITOIIHyiD <)l9HOMe

HOJIOrn'leClcYIO Ita];Tl!llY B3ai!MO,Il9liCTDI!II 1!930HOB II HYKJ!OJIOD B 06J!aCTJol 
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~1 ::!Crrnti )1,(1 _0, 7 :G3D c ITpi _3T0M OCHOBHT.n.m XaTl<'1.KTCpi!CTUiU-1J.iH OTOI'O 

33a!!LO~l!.e~:cTBJin, r~oTopr-:~e ,n;oJn~tun 6u-T.b yttTeHu 6y;tyqe!i l';,'_:ornH~!: j 

•lllJIJHJTCI! C!l8,!\YIOI:(VI8: 

n) n3al!l.~O.l\eucinun r.re30HOB ~ HYRJJO!!OB HBJJ!!IOTCJI 3apn.n;ono 

IJ83aBIICI!J,lUJ.[![) 

6) B3al!l.!O)i8ncTBil8 J.I830H-I!Yit!!O!I 0C0681IIIO CU!lbHO D COCTOI!Hl!ll 

C 1!30TO!lliqecKI!11 CllllHOI.I T:J/2 11 yrllOBhlU !,!Q!18HTOU J =3/2, 

fJ. ~ H E 3 1] H II 

H3necrHo, qr·o fJ. ,.He3oHu nnllHIOTC!l ne smepHoaKTIIBHmm 'IaC:TW\il·· 

MM, T~eo !IX B3aJU!D)tetiCTBMe C H;TI~JIOHaJ!.~t 3HatiHTeJI:&HO J.reE:&me~ 40!! 

'ii -!le3o!l-HYJi:JIOHHOe n3al!I!O)ienc:•nl!e o O.n;naKo norrpoc o roM, x:x: cyne

CTBYPJT JII! or!locnreJibHO cJiadh!e H,Iiepuue CIIJihl, odycJioB)IeHHHe nnpry

aJibHWI I!CilYCKaHII8M rrap I" -·H8:IOHOB ( fl• f'-
0 

) l IIBJlJI8TCII OTRJ!LITB!i, 

IlomrrKa .~eTeKTaponan (I06) rarorerl!qecKrrn{~e3oH rwr,ce.3ana, ~To 
3Ta qacTmla, ecJJI! ana cymecTBye T, I!CnycKaeTcl! 1!3 n.n;ep rrpn 68r.r6cp~ 

,1'.UpOBK8 llX lljlOTO!Ia!.!l! C 3Heprl!ef' 670 IJ3B C D8pOIITHOCTb!D Mel!bfJC 

IIJII1 110pl!,nKa Io-'> B8p011TI!OCTII IICilYCKal!l!ll ',1 -ue30HOB, r.JJe_nonaTeJlb-· 

uo, BKJJa,JI napuoro B3am~encTB!!JI ( f'' 1~0 ) B n,nep1me crrJJu H83lm

lfHTeJien"' 

EOJJbUJOti IIHTepec K 11p06JJ81!8 paCila,I~a f" -!.!830Ha 11pOS!BIIJICII IIOCJI8 

OTKpLITI!Il n CIIIA uecoxpaHCHIIII ~eraocTI! B cJJa6Hx B3al!HO,Iie~cTB!lijX, 

II padore (I07) uero)loJ,r <jloTonJJaCTI!HOK I!CCI!e,nonanacb acmJMerprw 

3A8ItTpO!IOB, I!CilYCKaeWJX B pacrra.~e 1J. -l.le30HOB (B lljlOTlCCCe 

f•- c/ • V • V ) , 110 OTHOI!I8H!!!:l K Ha 1paBJJ8l!HIO I!CilYCKalll!ll 3TIIX I" -Me-

~· • rr 30IIoB B rrpollecce 11 __..,I' ,. v , JJJyqermue pe3yn1mru no,Iirnep.~llml 

Bh!BO)i 0 118COX)laH8Hl!l! ~CT!IOCT!! II C XOpome!' T'O~!IOCT!.IO Olljl8,1'.CJJl!JIH 

B!!)l yr JJOBOrO paC!1Jl8)iCJJeHI!!l 3JJ8KTJlHIIOB o 
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1 (I08) 
D cnnsn c npe.r;nolltenmm lloJ:aH.r;ay reopnen npo.r;oJibiiOro 

HeltT[Il!f!O, COrJIO.CHO KOTOpon M!LCCa HenTpl!HO paBHa IIYJIJO I! Hellrpl!HO 

ecena r.onnpHzonaHo no uanpaDMHI!Il ero .l\BHlJteHHH, CSOJibi!!OTI nurepec 

rJfie.llc:ranmrer cpanue;me )lammx c sror. reop11ei1 o B rpy,l\oeurmx onu-

(J09~ 
TaX' ' 6una onpe,lleJieua saBI!Cl!MOCTL acllmrerplll! sJieKrpoHon, 

l!cnycRaeuux n npor.;ecce pacna,l\a iJ.' -uesoHon, n ~'oron!lacTI!HJutx, 

OT 3HG prl!ll 3JJ6KTpOHOD o J!sMepeEI'UI 110Ka3a!ll!, qro aCJIJ.fl,!STpl!!l yne

JII!qllnaeTCfl ,l\JJ!l sHepnrqHoll qacur cneKrpa: snart sr~r!JeKra cornacycr

en C il;'C,!\C:Kll31l!IJ!Jil!II TeOpl!l! npO)IOJlbHOro H6l1Tpl!HO o lJ l!aCTOill<ee Bpe

l·!!l rrpODO,~I!TCil f! ,llpyme OllliThl ITO 3TOTI r;JyH)(auewraJJb!!Otl npodJJeJ,ISo 

CTPAHHb!E 'IACTIIIU1, 

li J!adopaTopnui R)(epHrlX npotlneu I!Ccne,l\onamrcb Tarc~te npo:(eccu ,, 
po:'t)(e!!!!JI h . .. qacTI1T\, ITa ocnonaHl!l! TeopenrqecKl!X coo6paY.:eHHc KaJ( 

B CCCP, Tlllt II sa rpaHm~eD Clb!JJO npe,!\CKaSal!O JIBJJ6lll16 (IIO) COB~ 
l!6CT!!OrO p0l!t)(8Hl!JI TJ!lltSI!Oro 1.!630Hll C !l!nepOHOL!, 3TO BDOCJ161WTB!!l! 

db!,qo nor,TB6]ll!t.JWHO npl!l!bll.!l! Ollb!Tll!Jl!, npOBe,l\6!!llbl!ll! Ha lWCJ.!OTpOHe B 

' CYIA, rrmoTese CQDJ,!eCTHOro pollt)(eHHif 1\ ·~'lllCTIIT(!J II I(-!l630Ha npo-

' n!Bope•mr peaKl!l!fl HYKITOH + HYRIIOH -- HYKJJOH·• II , no He npOTl!BO-· 
0 0 

]Je <JI!T pearC!Hi! HYKI!Ol! + HYKJJOH s= (\ + 1\. 0 

B padoTe (III) C,l\eJJaRa ITOllllTKa HaCIJJD~Tb p0llt,l\6Hl!6 

Tl!l\ cl]lll 60J.!dap)ll!jlOBK6 BHyTpeH!Jen Ml!meHl! CllllXpO:(llltJJOTpOHa apOTO·· 

P.£'.! .. !Jl C OHepruen 680 l.Tsn, BllOJJlle ,l\OCTaTO'IHOn ,1\lll~e )(JlR 06pa30BaHl!.1 
0 D 

.rrnyx /\ -Ganr!!l, Om1r nortasa11, 'ITO 1\ -'lacnE!hl n n11x ycnonunx 

He pol!t,~alllCI!, JTO He TOI!lo!CO IIBI!J!OCb )IOilOJll!IIT6JlbHL!l.! l! CI!JlbHL!M 
J_, f) 

llT'fJ~.cGHTOl.! B ll0Jlb3Y npe)IITOJ101!6Hl!ll 0 COBMeCTHOl.! pOllt)(Sl!l!Jl f, -qac-

Tl!:\H l! TRliCSI!Ol'O 1!630Ha, HO 1!03BOJJ!IJJO Ta!Cllte C)ISJlaTb Bb!BO)I OTHOeH

T8JlbHO BeJll!'ll!l!!J J130TOITI!'l6CKOrO Clll!Ha !{
0 -M630l!a, y'laCTDYilrt81'0 DO 

0 0 
B3D,ll!!O,Wl!CTB!111 /\ -'laCTl!ljll C HyKJIOHO!Jo ll3 padOTh! CJle,llyeT ,l'ITO 

I(
0

<-l!8301! II ero anrn<IaCTl!L\8. (R0 ) He IIBJlS!!OTC!I TOlJt,l\GCTBSHHHl.ll!o 
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B8AITI!O,nE*:CT11IR riACTTr; DnCO~U!r 
')() C:J!Oc;!J'Pl!! fi,rrPAI!I! 

':'.rmprriH' V--1..' ,.. 

ueJib3JT oaeTIIrb na nonpoc .flBJ!fleTcl! Jill B3amw-· 

,llctic-rnna i1 -:.:e3cHon u HYKJIOHOB c n_wm.m cyw.wn HX nonapHHx B3a

rn.:o,!leiicrBnri C OI,l16Jibl!b!WI HYK!IOaai.!M H;,ep, 0CHOBfUl:'. !!!!Tepee l!CCJI6-

,l!.OE8HHi: B3(HL :o;;:encTBtLH 3IUX qa.::TMJl C !lr1UJ8.MM CBSI3aU C T6M, ~TO 

Olll! l.Uf'yT Nl.Tb H00:ZI1,11€llllll16 CB6,!\6lli!H 0 H.J16]lHbtX CI!JlaX 1 KOTO]lHe 

HeJibCJJT ::oJiy•mn 1:3 orruros rro pacce.fll!J110 qacrn:\ 11a HYKJIOHax, 

!~:_r y~xe yn::wr~_HElJIH 3natmTeJI.::tiwe KOJrnqecrno pador, B :rtoropux 

li3Y'laJIOC1 B:Jil.!J)Ui,]C:"C;TB::e I!YIIJIO:lDB ll Tf-U8301JOB CC CJ!Oli:HID!I! ll,!lpa1!1!o 

8B!I.l',y Orpe.HI!'IeHHOCTII paMOII 3TOt1 CTaTL!l 1 !AU He MOllteM ,!laze KpaT

J(O JCCy)\l!TL BCC pa60Th! 1 B 'IOTo;mx GTO B3a!1l.IO,!Iei!cTBIIe 11CCJie)lyCTC.fl 

B pa311HX aC'WKlaX, 0)1HaK0 1 )IJI.fl Taro, 'ITOdH )laT:b B03!.!0lrl!OCTb 

COCTaB:ITb 11j'8Y.Cia!JJieiiY.e 06 113y'laeMHX D lll!X B0llpCcaX 1 l!b! npi!BO)Il!ll 

B C!ll!CKe R!!TepiJ.Ty]lH ]l!l)l TaKIIX JIB dOT C TIOJI!If.JM lla3BaHl!e!.! (II2-I2 D), 

E:CTOJ:!.! VICCJIEMDJJUL~ !I A!IllAP4TYPA 

rli!pomn nporpamro. .fl.ll8JlHb!X I!CcJie,IIOBaHI!Il c qacTI!I1aUI! 11 raw.!a-

1\BaHTmm BHCORI!X 8Heprnr, l!]lOBE·,Ilel!HblX !Ia Cl!HX]l0!1l!KJIOT]l0H8 TIOT]lii-

60BaJia jle.3pa<1Cf!K!! HOBUX l!eTO,IlOE pCrl!CTpaljl!ll qaCTIII\ B C03,ltal!l!JI 

CJI01Zllb1X 3KCTI8Pill.!e'!ra,~b!lb!X ycTaEOBOK, 

Pam<!! no~ <:TaTbll 118 li03BCJIH!OT CKOJIMtO -HI!6y,llL TIO,II]l06l!O 

Olll!C:al'L BeCb a.peeHaJI B 60J!b!Jl!IICTBC CBOe!l TOH!t0l1 II pa3H006pa3H0!1 

3Kcnepi!UeHT8JlbHOn arrnapaTYJlb!1 TI0CTpOe!IHOJ1 II HCTIOJib30BaHHOfi B 

T6<lelll!8 BOCHU1 JI8T B padOTaX HB CllHXpOl,l!KJIOTpOI!e pa3JII!'!Hb!MII 

rpynnmm •)l!:'nKon, O.~iimw, roBOP.fl o6o ncen 3Ton npo6neMe, cne,~~yer 

ll0)11!6p!<HyTb 1 'iTO LO rpy,ll!IOCTII I! il0Dll3He Hay'IHO-TeXHI!QeCKIIX peme

HI!D, a TaKJ!te IJO OCi'beuy I!CCJI8)10BaTenbCKliX II KOHCTJlY!tTO]lCKliX padOT 



- JI -

(·(1;:1.1J;CL'I\Je HBOClX(\:nHHHX MeT.O)\OB ti C.rma].)aTYl)H )I;JfH OrYl-ITOH e l!f1G1'111~F!Jut 

BHCOimX OHf-}I'rHi1 11pUHa.n)I9IiCMT K IU!CJIY G)lOimeii.aHX 3a,:n;atJ, IW'!'OJ'I:e II 

:N:tieHI>tP. 110GJI9,JJ;M'IX JieT npMXO,lUUIOC:& pemaTb rl'!:H:3J1K8.1I J1 Mli:HWHepar.I, 

J;JJH Taro, 4T06hl ).laTh xoTJl ciu o6J•(ee rrpe,llcTaBJJelJ)re o6 :non 

nropone l!ccne.~oBa.Hl!~ 11 rrponJIJIKlCl'pi!pODaTb J.IaCl'!Ta6u rrpone,l\e!l!IHX 

lJ8.Y4HO-M6TO,nl!'l6CKl!X pa3pa60TOK 1 KpaTKO OCT6HOBI!l.ICI! Jll!lllb Ha. H8KII700-

ph!X rrp11dopax, rrpmreHnBrul!xcn B onh!Tax. C non xe '16JibKl B npnJioReHilll 

K cTaT be Mll nouenaeM pRJ.I r;JoTorpwjmn Tl!lll!llllllX 3KcnepmteHTa!lbmo: 

ycTaHGD OK, 06~ee 4110!10 ycTaHOB 01: ,1\0CTl!raeT ITOJIYCOTH!I o Bo B I•6Ufl 
'lO.cl~ 

31Wi!Bp!!He!l'loB ann o6bl4HO pacnOJ!1cramca Ha nyTnx ny4IWB<, D O•>HOBHOM 

mmepi!T8J!bi!OM naDI!J!bOHe (pi!C ,30), a TaKllte n 1!630l!l!OH II !10l!Hp1!3a

:(HOHHOD JiadapaTopl!nx. YnpaBneHIW lll!H ocynecTBnlleTcn ,nliCTO.H'\!lOHI!O 

!!3 ocodoro 3aJia, r.11e cocpe.~oTO'!eHbl Bb!XO).IJIHe peniCTPliPYJO!l1lle 

yc·rpoccTnao 

B trccne).IOBa!llii!X paccenHllll HYKJIOHOB 11 1i -Me30HOD IIYK!IOHat:l! 

I! i!,!lpaMI! lllllpOK.O I!CllOJI!>30Ba!II!Cb ·~eJI8CKOllhl 1!3 IlpllcTaJIJII!BeCKIIX I! 

)!{I!.J\KOC:Tl!b!X Cl(l!I!Tl!JI1!1Ii\IIOHHb!X C4e::ql!JCOB B CO'I8Tal!l!!! C r~OTODJlCKTpOll

HfJMH YJ>IHOl!:l!Tenm.m, BKJJ!l~SHHhiHI! B cxe1.HJ conna.nemrn c pa3peria!JI,IIH 

nper.IeHe!.! ,1\0 ro-8ceKo lla Pl!C' JI npi!Be)\ena TI!T11!41lall cxeun. Ol!t.JTOB 

no paCCSJlf!l!IO 'ii -MeaOHOB llpOTOJia!,ll! 1 a H8. puc o32 ,1\8.1!6 <!iOTorpB.i)llll 

THilH'IHOll YCTBIIODKI! ,!IJ!H 1!3!.!8p8Hl!J! paccenJ!llfl llYKJIOJIOB HYJ(JIO!lel.!!!. 

0 llO,~OdHJ.JX llt6 Ollb!TaX llpl!llSHIIJII!C:, II I1plll!9HilKlTCH BBCO!W3fj>)e;:;:ii!Bl!II9 

rO)\OCl\Onl!'I8CKI!8 CI!CTeMJ> 113 I!SCJWJ!bKliX COT C48T41!KOB recreph C H!.I

ny JlhC!!b!!.I lll!TB Jil!t)Jl (pliO. 3'3) 1 C 48T~I!JUI 48pell!COBC](QfO 1!3Jtyqe !Hill 1 ,!(W)

'iiJ3HOHI!He J(0,l.\8pH ,1\llaUeTpOJ.I ).10 Iff] CM 1 HallOJIHSJIHJ.le DO).IOpO,P,O!.l !I remt

e;: HO.~ .nanJJermet.! ,1\0 20 aTJ.!., (pac.34), ny3llp!>Konue Ka!.!eptd c nporra

HOH (p!!C o 35) II Kall8JXI hliJlbCOHa ,jl!aUeTpOH 40 CM B ! . .rt\rlli!TIIO! I llOJie 

(prrco36), 
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:::1• ~KC"epr•:::..:r··,,,.. T.Ltr·t·e Vf'T"l 1". ·,tjj "U~OillJ' \) 1: o,·!· ··" ~L, • ,- • -• ~ • (,, ,.o_j)_ • J U J. . h 113ytr<:tCT<· .11 lX.lf'Ci:!.H ;o~-il~ 

l.!aC'tH!l; l!J!H pO}!t.I(Clll!e ne30H0D; t~fl.CTO O~Of'Y}T.Yf'lT!~.fl !')~1''_::-·:n!liJHHJ.U! _t_qn!re-

H.R:uH, HartOJIH€HHI">JU] ~~lt)~Km: I \l}l_(ip()~(''' ~iJIM ;~er.rep.t-;(~ilo n,!l, pHCoT7 npM-

Be,JiaH 06Ql!f! BH)( O)(HOl' !!I< T:<Ic!!X j'CTaliOBOK. 

0CHOBHa.fl l.!aCTb Jt(:(: IT~',l;Ont:Llmt! iliJC ne C COh 0 1lpt! :~r; Bf.tHH.A 1a}-).~J:·'{tJliHbi>: 

H Hetttpa1IbHHX 1i -~~e30HOB n coy,n;apemurx HYKJWHCB c HyK:JIOuatm n 

Jl,ltpaMll 6!lJia ITjlOJ13BS,tt;eHt' rljll! [\QtlOCI!\ l1HOfOKI.\HHJJhHElX l!HJ'lHITE'l( 

CneKTpOMeTpOB B COtieTaiiiTM C ra '30DHlU1 I!JH! Cf\HI!TUJtJif!T!HOHJUW1! Ctlet

'!l!Ka!,[lf (pl!c,J8). ~'JISKTjlOHIUJIHTf,f 3Tl!X cneKTpOl'eTpOB l!l.leiOT 11.'JJIJOCa 

c JJI!Ilei!Hil!Jll pa3uepamr nopn,n;Ka :expa 11 o6ecneq;maex n Jtl:tO JYH nopn)(

Ka IO-I5 eM noJJe n I'50nO-T7000 opere)(, nee J!armrl'OB coc:T:tBiWeT 

35-50 romr. Tlprnrepno TnKire :;ce 1apaMerp11 m:em n 8JJeKxpmu .. rmrnr

coJJeHOll)(bl or Kauep JliiJJbCOITa n !1!l·))y3I!OHHI.rx Kalrep, 

B onurax no o6pa3ono~;:m 3.lpn~:eHimx 'iT -·l!830HOB n c,;y)1o,pem!Jlx 

HetiTponon c ;~poTonmr:-r Llpmwwre rrJI nysHpbrwnaJI Ernrepa, HhrOJIHem-raR 

:'rli)\!WM BO)IO pO,I\011 ()'!1C ,J9), 

3JJeJ,:enrapmw aro'LJ n:mlU!OJ1td'crmrn qaexwr nucormx 3Hepmn c 

Hyl(JIQ!J!),J,m II R)(jlHMl! HH61!D,~HJll!Cb Tf\KXe OjtJl flO!.lOl\1! TQIJCT'OCJ!011HliX 

cflOT03ltyJibCHH l1 ~n!yJibCJ!Olii!J.iX !~['..l!ep. ITpn nrocJiol'pe or.ryl!!:C:Ml. npm:ellr~~· 

JJI!Cb HIIK]l0CK0111< 1 06oplY.~oBnl!Hl.W yrJJOJ!ejlliLIJ.IIl JCT!JO~(:TBL\iili 11 CTOJIJI-

Km.m yeemnremmx pa~nrepoB c O'WIIb rotHwr no,r;n.qer, o TI ,'il1 ::E jll'"r,.1r,OBKll '. • ~ n ···.~-

3Hy JILCHOIIHbl'X Ka.J.~t: p :1f!In.:eiU! OTC.f! er;e:~JUl.Jibi!Hl1 HilC CC e fl 0,1~CH(- ·f:iJ :D.e

l!Oi1 CeTKOfl, rA3pO.CiOT6.Brrr.tii 1I !13l'OTOBJ1eiiHUt: B J!CJ60}IQTOp;.t_~'- e 

3 pSI~e OI1UTOB B03EnJ\C.eT !WOCSXO,ItHFOCTb nre,~nayJ!!TCJihEO I:!OI\ycn

ponaTb nyt.Jxn Liaenm. Br~:eOK!IX aHoprnn t '3To ocyr:teCTHJmeTC,Ii 'JJrA~:T;'lOUar

HRTHHMM: KBa,I(pynOJI!:lHJn.rr: Jll!H3ti.H!·!: 1311,1~ o:~nor !13 KOTOpm: :II'I~hf,1'1,12ll 

11e pl!c.40. 

CJiomme ycJiomw ~:at3~tt:ecT·~!D' ::n:.G'~t".·;-,JwE·JITO.il norpedonrum co8,JV:t.Hnn 

r~eJIOEO l<:OJ.mnexccl cr:e·~.!r:)fi·H'e,;.G!" OJieJ<'rrom o:.r r•,n:rt~paryptr: 111!":110J\'O-

I10JIFJCJIHe yctrJII!l'eJIH 1 Jill01'0){(> 118 1I1 Wle [1 l:I"UII~'J[l,TOJ"lH It T ol1 c ]0':3H1U018. 

Taxrte Heo 6xo)J;m.wcT!:l n ~':n :<l:<' don- e cTe 110 o :1oT onnrrnpa Tons pe :1 p0e!\.T o poB 
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11 crepeoKolmaparopoB, npnueummux rrp11 c~ewce 11 oopaoorKe 

l)ororparpl!TI rpeKOB qe.cTl!T\ B Ka1•epax Bllnhcona, .l\W)rllY311DHH!JX I! 

ny3Hpb!<OBI<X KaM9Jli!Xo <?OTOrpar~J!I1 jll!)\11 C03,ll!l.!JI!!JX B CBl!3ll C 3TIIl.l 

B )JaOOpaTOJllll! Tl!llOB!IX npi!OOpO'l r!JlllBO)\l!TCJI Ha Jli!C,pl!C,LJI 11J2, 

3!!a'll!T8JihH!Ji1 OO~eM l!,l\BJll!lJX l!CCJ19)\0B!l.Hl!l1 !!a lJ9CTllli9TjlOBOU 

Clii!XjlO!\I!KJIOTjlOI!e O!IJI T!l.Klle Bb!ll0l!H9H fljll! r!OMOI:\1'! pa,li!!Olllllf!!qecKJIX 

MeTO)\OBx), 

3 A !( 11 D 'l E H U } 

Pesmmpyll !tpaTKO llTOrl! rpJ!311'19CKllX IICCJI9)\0 Balll!i1' Bblr!OJI!!ei!HUX 

Ha meCTl!M9TJlOBOI! CPIHXjl01\I!KJ!OT)OI!9 J!aOOJllll'OJllll! l!,liCjlllhlX !ljlOOJieM 

C !.!OM9HTa ero 3t\nYCKB. 1 UO:'tllO <lKa3aT1 1 'ITO 3TI! I!CCJI9,1\0D!l.Hll/! 

DH9CJill 1!91!Hhlli BKJia)l B ~JI!SIIKY :3HCOKIIX 3Heprlln o 0HJI paCllli!Jl!IJIH H!l.llll! 

3H!l.Hlll! B 3TOf; OOJiaCTH C0Bjl9U9!!H0'1 rpJ!3l!KII I! H!l.jl/!.1\Y C 3TJ1M r!OMOrJIJ!! 

BUI!Bl!TD Kpyr !!OBHX DaXHHX llPO'lJieM I! HaMeTI!Tb ar~~l9KTI!BHLI9 llYTI! )\Jil! 

J!!X l!SY'I91!11R, 

n 3Ha'II!T91lbHO~ Mepe OJiariJ)IBjlfl 3TJ!!M J!!CCJI8)10B1li!Hm! JJOJIO.l\!l.fl Hay

Ka - r~I!Sl!Ka qacTI!l\ B!ICOKliX SH1lpr11fl llpO~!lO 3!l.llRJia CB09 1!9CTO Cp9)11! 

,l!pyrnx HayK B Halllen crpaue. 

Padora Ha Jll9CTl!M9TpOBOM ')I!I!XJlO!.!J!!KJIOTpoHe RDI!Jiach XOjlOlllen 

lliKOJIOTI, B KOTOpO!l BOC!li!T!l.JICR .1 HaC D COJ039 3Ha~I!T9JibHUn IWJiflCKTI!B 

yqeJ!HX 1!3 pR)Ia uayqHQ-I!CCJie,l\OllllT9JibCKI!X HHC1'MTYTOB 1 OBJ!!l.)\9BJ:IIIX CO

Bpe1!911HOC r!JJ!!SJ!KOn 1 a T1lKJI!8 I!H:IteHCpOB I! KOHCl'PYKTOpOB jl!l.3Jll!qHLIX 

Cll9T"llaJibi!OCTeli 1 DIIIIUKXX OC:&Ol!Dllli!X llOBYJl conepmeHHYJO T9XHIIKY, 

X) CM,cTaTDID A,H,MyjlllHa 
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:l Tet~erme rtOenel,Hero 1956-57 ro,.~e. n CBH3l! c opnum:m \lieF 

Od'bC)\lli!CHnoro mrcrnryTa n~epHux I!CC.~e~onaHHt' !!a6oparop!m HHCTI!TyTa 

10ITOJIHIIJU1CL 3HattnteJI.&HW.t lJUCJlOI.~ ytiCJ!LlX U3 ,ItpyrHX CTJlftH -Ytl<.:tCTlUfT{ 

~:ncrwryra l!, TaKlHI o 6pa30J.!, rrpenpaTl!!ll!Ch B Irex.~yHapo)IIIJ.lc 'ICHTp 

!!)18jlllHX I!CCJI8)(0Df\lll!;:, 0)\!IOrr J.I3 3a)la4 !WTOjlOrO JIDJ!if8TCJI no.~rOTOBKa 

FB!IPOB :)!:!3l!KOB l,!lll ncex )(BeHa,l\I\1TII crpaH-yt~acTHl!T\ Hncrnrym, 

3 C!!aB!!Lif< COJ'OKOilOr rO)\ JJemmoro 0KTS16pR B CDR3H C H.)'C!(:):: 

II radOpaTO]Jlll! DIICOKIIX oneprn~ 0dM)f.lll!CHHOrO !111CTI!TyTa fl)(CjlHHX 

rwene,r,omumli rumHTcKoro crmxpo )a3orpona Ha IO 53B nepe.~ conpe

;;eBno:; n;;epEoc riT!I3liKOn OTKJllWl!Cb .nonoJIHnTenbHHe 6ora.TLIC nepc;neK

T!J:"HJ,J )\JIH ,.TI;aJJbiiCrr:ero pa3BJ1TJUI o 
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H IT T I P A T Y P A 

" · " r ,. · II ' r· 1! A " · · !I " I' !UoCoJ\ClTTJttery, ,., • • t\OLap, · o~J •.. aJIHIITeD, , • •Ll0hOC30H, · .L. 19B.fiY.-

CKI!li, E.lloiTol!.qKoB, A,.llolJecTliOJi, ATO!.!lmfl 3Heprnn, 4,5 (I9!16). 

2, r,t,r.neqepi!KOB, A.n.'leCTHOD, B.!I.JI~e.l!enon, ITJ.C.RtiTHl!lODi) A.A.T(po

TII!TI, E. II. 3aLIOIION!lU:on, B. IT .)IH!!Tp!!encKI!P, E. JI. fp!!ropbeB, 

O!.A.Pey'l'), A.ll.Ge.neHr,on, A.r.Baxpaueen, T.IT.Tom!llmra, Tl,JJ.EaTilllll, 

A.E.IirHaTeHKO, C,H,I!pon, OT~eT llilll AH CCCP (I955), 

3, A,Jl,Ml!HI1, H.X.IIenlll'tCKHfi, E.H.IToi!HKOn, CI!Mnosuyu 'lEPII"a, 

I, 4I9 (I956), 

4, E.l!,3auollO,ll;~IlKOB, OT~eT Jl5III OIDIH (I957). 

5, ll.IT •. UEel!enon, B,IT,J1~mTpl!eDCKil~, pJ,C.ltliT!lmeB), E,C,l(OSO,ll;aen, 

l!.r.He1:1epi!KOB, K.ll.TapaKll!ron, A.B.'lecnwn, ATm.maa sueprHJI, 

4, I3 (I956), 

6, A. E .llrHaTeHiw, B .B ,f(pllB!li!Ki!l:t, A.ll.!.lyxrm, E.!.I.ITouTeKopno, 

(ll.A.l!etiJ, K,I!,TapaKa!!OB, Arowraa S!!eprlla, 5,2 (I956). 

7, B. IT, )1!.mTp!l8 D CKnr, 3 .ll. ,!;a!!l!IIO B, D, H ,J;eHI!COB, ll, Jl ,3anJiaTI!I!, 

[!,c,lta'i'tlme!ll, A.A.l\pomm, A.B.'lecrHorr, ITT3, I,IT (I957). 

8. A.A.Eponl!H, OT~eT J!ffil OHITI! (I957). 

9. B.l!.]aHI!l!OB, B,IT,)T)mTpl!encKlln, A.B.'lecTHor., ITT3,3,9 (I956). 

IO. J,l.r ,1-ieqepmwn, ,!;oKI!a,ll; Ha ceccl!ll AH CCCP no HllpllOl!Y !!CnOllb-

30Ba!!!llO aTo!mor aneprHll (I955); A.IT.Bmrorpa,!J;on, )ToKJia,ll; Ha 

CeCCI!ll AH CCCP no J.mpnouy I!CriOilb30Bal!lliO aTOl!HOD 3Heprnll (I955), 

II. H.IT.Eora~en, Qrqer HITIT All CCJP (I950), 

P. P.ll.repaC!lMOBa, ll.li.rypenl!~. !{.ll.l.!yxi!H, 0TqeT nmr All CCCP (I950). 

:J, :;,'!;r.oraqen, 0Tqer Ullll AH cCCP (I95I), 
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i~., JI.,A.,neptnlT~-~r~, IL,,C.,UBaHOBaj O~llt-t ILl·~-~ AH n;r:p (I950~,-·· .. t~'-,, 

22, 55I(I.955) 9 !LA.,TieprintJIOB~ O,.B~JTDjjtl\iH:, DJLIJc.urot, :·;·~.}·"":'~ 

~. 656 (1955) 0 

15, LE,lJeJIOBI'!JtKllu, l!,B,Cynr<, T,A,POI!IlllOBa, JI);l,·~pttHR, Or·,~c: 

Ili!IT All CCCP (I950), JT3'r<l', ~' 129 (1955), 

I6, ILA,ITepijli!.IIOB ll .lip,, Tpy.IILI Pl!AH CCCP, 7,3 DB (I956), 

I7, B,IT,)!JieJienoB, lJ,H,!Ia3apllHOD, E,B,ranpliJIOBCKliD, F,'L' ·' ,,,, e 

OrqeT IIl!lr All CCCP (I950), 

I8, ILP,!.!eqepaKOB, E,JJ,rpnrop~eB, n,n,Eora'leB, l!)J,CopOKo, 

OT'!eT l'lllll AH CCCP (I950), 

I9, E,B,raBp!!JIOBcRI1D 1 OT'!eT lli!H l!l! ~CCP (1950), 

20, );!,C,!(030,JtaeB 1 A,A,!JapKOB, 0T'!6T llliiT Ail CCCP (1950), 

21, B,IJ,]l!teJierroB, EJJ,PO!IOBI!ll, iJ,l:l,'l'a3ap!!HOB 1 0T%T l!HH A!I ~::·o·: 

(1950) r1 (I951), 

22, E,B ,lryptJaTcB, B ,!I,Mexe.ztoB, lLH,!Cy3ner!OBa, JI,.B, l(ypoaroBa, 

0T'!eT liHIT Ail CCCP (1950) 0 E,B.K:rp'laTOB, B,!I,lleXe,JtOB, E,3T,})o; 

coBa, E,ff,l\y3neL10Ba, JJ,H,l\yp'!a.Tona, JI,B,'l!rcTi!KOBa, C~i,CHil i;l' 

CCCP no M!!PHOMY !!cnoJI&30BaHI!FJ al'OMHOli 3Hepr1!1! (OT,Jt,Xl!H, Hr:yJc, 

I78,I955), 

2:3, E,T,rellJIIlKltaH, OT~eT M! CCCP (E'50), 

24, 2t,$eMfi r,H,Ce!lllnaHos, B,B,!Jp!en, OT'!eT ll'lll AH CCCP (I0''c':; 

B,H,ron&.ztaHcRI!n, B.C,IleHiti!Ha, 3,3,Tapyt!On, Oner n.rrn Ali r~x? 

(I95I), ,!(AH CCCP, IQ!, I027 (I955),ii:3T•:?,ii_2, 778 (1955), 

25, C,A,Eapanon, OT'!eT l!llll AH CCCP (1950), 

:P6' ];! H,Il,Eota'leB , E,C,Heranon, E,B,lll!cRapeB, O?qer 

llHH AH CCCP (I95I) 0 E, JI,rpllrophe B, JJ,l,!,CopoKO 1 0Tqe T li.iT!I F 

CCCP (I950~ 1 l!,!I,E,JtaHoB, 3,C,COJtO!IOBa, 0T'!6T PliAH CCOP (ln~c· 9 

A,!I,JI\llaHOB 1 3,0,COKOJ!OBa, OrqeT PilAR CCCP (1952), 



27, Jl,l!,GononeBa, :':3T.:l>, ,2l, I2 (I95ii) 1 A,TT,:".~tanou, ·2,r,Jienexl!Ha, 

Or~er Pl!AH I')CCP (I95I), 

28, B.ll,ronbJtaHCKIIII, A,TI,!CoBancrwn, B,C,TreHioKIIHa, 3,!3.TapJMoB, 

Qrqer l!ITII AH r,crp (I95I), ,D\IT CCCP, ~' 2I9 (I956), 

29, 5!, A ,GMopo,n;HHClmTI, Or'leT AH CCCP (I953) 0 1Tpo6.1!9Hbl COBpe!!eli!IO!I 

~l!3HKII 0 B,7,7 (!954), 

30, ~l.r ,Memepi!KOB, H,IT,Eoraqen, :G,C,Heriii!08 0 P:,B,!Tll.fupeB , 0TqeT 

115!!1 AI GCCP (I952), MIT CCCP, .22• 955(I954) 1 E,C,ITeraHoB, 

OT'IeT ll5!IT All CCCP (I954) i M.r,l!eiJlepsmoB, E,C,HerMOB, 
' 

JJ ,l.l,r.opoKo, II ,J\,BaopoB, )!.AH CCCP, 99, 959 (1954) i u .r .r.!er;epaKoB, 

H,TJ,Boraqea, :G,C.HeraHOB, YlaB,AH CCCP, cep,rjma.I9, 548 (I955), 

3!. I!,IT,EoraqeB, I!,!C,Bao:poB, Qrqex Jl5!IT Alt CCCP (I954) 

nAH CCCP, 22o 93I (1954), 

32, H.!I.Eora~eB, MH CCCP, LQ§, 805 (I956), 

JJ. C,ll,CeneKTo:p, C,ll,IIuKl!TllH, E.r.BorouoJion, E.r.3oM6KOBCKllll, 

llaB,AH CGCP, cep.~ll!3,l2o 56I ([955) 0 .lWI CCCP, _22, 967 (I954), 

34, E.r .Eor-ouoJJoB, F,r .3oM6KoBcKI!fi, c .ll.HHIGITL!H, c .H. CeJieKrop, 

C!!tlll03ll~ll 'lEPH, 2, I29 (I956), 

35. M,r.MenlePIIKOB, C,E.flypymeB, r.u.croJJeToB, lii3T<i> (B ne<~a·cll). 

36, B,IT.)\xenenoa, B,M,roJiomm, B.ll,Cara:poB 0 OT'!eT 1!5!ll AI! GCCP (I952), 

Jl,Afl CCCP, 22, 9J4. (I954). 

37, r,,u.ronoBliH, B,ll,)\xeJienoB, 11:3T·?, 11• I94, (I956), 

38, B,TT,,n;reJJenoB, B,li,CaTapoB, B,!J,roJIODIIH 1 OrqeT 1151!1 All CCGP 

(I95I), J!AH GCCP, l]i, 717 (I955~ , F.3T<i>, ~' 369 (I955), 

39, B,Jl,}l:tteJienoB, B ,I!,HocKaJJeB, C, 3 ,l.!e,n;B8,l\b, )!AH CCGP, l.Qi, 380 

(I955), 

1!0, B.lT.}lxeJienoB, D,H,Kaaapl!HOB 1 Orqer llllll AH r:crp (I95I), )WI 

CCCP, 22• 939 (I954), 

4!. R.ll.,n,xemenoB, D,M,J\aaaprmoB, E,l.!,roJJoBl!H, B.E.!iJIHri!H, R,ll.Cama-

poB, ll3B,AH CCCP, ce:p.rjll!a.l,2, 573 (I955) 0 B.Tl.}llteJienoB, 

D,M,Kaaapi!HOB, E.ll.roJIOBl!H 0 Kl. I,CI!UOHOB 0 Cl!!.!IT031!YM '\EPH,2,II5 (I956) 
i8u. B,ll.rolll>.rtaHcKHn, A.E.IIrnareHJtO I'! .rt:P• ,!!ortna.n; ua rop.n;oHoBcKon 

Jtom!JepeH'1l!l! (Grr!A, I957)r, 
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42, IM!,l\a3b.J?llHOB, !J,H,Cl!l.!OHOB, i'l3T1!, .21. I69 (I956), 

43, H,C,A11arllo6el!l!, IJ,M,Ka3apl'rHOB 1 Orqet Mil Ollill! (I957), 

44, ll,H,!TollepaH'Iyx, JlAH CCGF, ::ills 249 0 (1955() 1 li.3T<l!, ~~ III3 1 

(IIISI) , 

45, B,l!,)lxenenos, KUU\a31l.PllHOB 0 B,E.~MrHH, Qrqn !!HIT AH CCCP 

(!952) 1 MH CCCP, IOO, 655 (I955), 

46, M,r,Mell(e]l4KOB, E,B,lll!eltlipeB, !T,!l,Eoraqes, li,C,HeraHOB, Ot'ler 

!!HIT AH CCCP (I952) 1 M,r,Aiell(epl!KOB, H,IT,Eornn, r,A,JlexcliH, 

li,C,Herai!OB, E,B,Ill!Clt8.P8B 1 CI'IMI10311YM ItEPH,2,I25 (!956), 

47,tr,A,JleKCHH, i\3T<l!; ~' 445 (!957), 

48, JI,C,AzrHpeU, !l,R, BaopoB, B,IT,3p31IoB, M,r,Me!llepi!Kos, li,C,l!eranos, 

A.~.llla6y,l(I!H 1 Y.3T~ (B nne.rn), 

49, ],ll,Jil!OXI!HqeB1 li.3T~ (B ne'laTI!), 

50, B,I.!,CH).(opoB, E,.J:,rpllropJoe!l, lii3TI? (B neqaTH) 1 O,B,l!o:EKHH, 

H,A,!Tepifll!l!OB, l!i3T<P, ~~ 9I3 (I95t5), 

5L B,TI,,!(:a:eJienos, B,!l,Hoc~reJieB, JTAH CCOP, llQ.1 5.39 (!956), . 
52, A,E,I!rHaTeHKo, A,I!,MyXI!H 1 E,E,031lpou, E,M,l!onexopso, JlAH CCGP, 

IOJ, 45 (I955), 

53, A,E,IrHareHKo, A,I!,Uyxi!H 1 E,Ji,Oanpou, E,M,ITOHTexopuo, .!lA!! CCCP, 

lQl, 209 (I955), 

54, A,E,I!rHareHKo, A,I!,Myxnn, E,E,OaHpou, !i,M,!Tonuopuo 1 llt3T<l! 1 
' _;m, 7 (I956), 

55, A,I!,Myxl!H, E,B,O:!epon, '6,1.!,lloHT8l:OpB0 1 li.3TiJ? 0 ,llo 3'i'I (I956), 

56, A,I!,!JyxuH, Ti,H,TioHT6KOPB0 1 J:\3T<P 1 ,ll1 550, (I956), 

57, !J,C,l\o3o)\aeB, P,!I,Cy!llleB, A,H,iJ?l!Jii!llllOB, l'l,A,f!epllaKoB, .!IAH CCCP 1 

l.QI1 236 (I956), 

58, Jl,C,]yJil>KOBa, T,A,PouaHoBa, !!,E,CoKOJIOBa, Jl,B,Cyxos, R,],ToncroB, 

L!,r,llla<!JpaHoBa 1 JWI CCCF, I07 1 43 (I956)' Jl,C,JlyJILKOBa, I!,E,Co-

KOJ!OBa I! U,f,llla<j>paHoBa, .IlAH CCGP, lJl, 992 (!956), 
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59, .B,r,3;mon, C,H,Ifcpe!<'!ell!tc, ::3T? (B neqan1), 

60, IUl,T'p!!rop~eB, ll,A,f.!HtJID, 7\3T'J>, ~. 37 (I956), 

6I, .B,r ,3l!B1F, C,i!,!topeH'l&HKO, ro10BJIITCfl K !l6QaTHo 

c·, ;:,A ,Urmm, l',ll,rpl!rop~oeB, eDT'!?, ~' 440 (I957), 

63, l!,E,Ta1.m, !J,A,roJinr)a,H.l\, l3,1,·5ai1B~epr, i'\3TiJ?, .i2• 649 (!954), 

64, A,l',llrHe.Te!IJ'0 1 A,V,f!yXlm, F,B,03epoB, J),IJ,ITOHTeKOjJBOo )\All 

CCCP, !Ql, 395 (I955), 

6~, A,B,llrHaTemeo, A,IT,!.!yXIl1! 0 E,E,03epos, E,!,!,IIoHTeKOpBO, J:\3T'l?, 

1L. 545 (I956), 

66, J1,r,l!Ba~os, .B,T.Ocl!neHitoB, H,I',TferpoB, B,A,J>ycaFoB, iSTI, 

a. ro97, cr956), 

67, H,A,!Jrmm, F,JI,rpl!rOpbeB 0 )tAll CCCP, l\l,;;o 2I9 (!955), 

68, Jl,II,.Ry,JJ;pl!H II E,A,llll!tO.UCitlln, J:AH CCCP, lll• 795 (!956), 

69, .B,Tl,J(xellelloB, B,r,ll~~alloB, I!,C,I\oso;~~aeB, J<,'r,ommeRMII, 

H,H,IIeTpoB, B,A,PycaKOB, iK3T'l?, JI, 923 (I956), -
70. M.C.Roso;~~aeB, P,M,CyJUiea, A,!L'P!!JilmnoB, Jl,A,.ep6aitOIIt 

i3T'P, 2l• 70I (I9%), 

"!!, U,C,Koao;~~aeB, P,U,CyJlJ!eB, A,lL?!iJH!nrros, !J.A,rtep6aKos, 

~3T'P (B rreqaT!!), 

72, E,'.!,IIOHTe!topBO, r,II,CeJ!l!BaHOB 1 0T'IeT lllTil AH CCCP (!952), 

J(AH CCCP, ~. 495 (I955), 

73, t;,C,Foso;~~aeB, A,A,TaiiKIIH, P.A ... BaHe!11laH, OT'IeT l!li!I .AH CGCP 

(I95J), 

74, E,!J,T!OH''ei<:OpBo, r,ll,CeJII!BaHOB, B.A,:!YJ\OB, OneT llilll All CCCP 

(I953), 

75, n.U,CopoKo 1 Otqex Rilii AH CCCP (I953), 

76, II,r,MemepiiKOB, E,C,HeraHoB, H,I!,Eoraqes, B,!J,Cl!,llOpoB, Qrqer 

Hli!I AH CCCP (I953), JLAH CCCP, IOQ, 673 (I955). 

77, M,C,Ko3o,llaeB, A,A,TIIllEIIH, A.A.tlap~:oB, D,Jt,EallKoB, OT'IeT 

llHII AH CCCP (I953), 
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78, l.l,C,l(oJ ',)ro.,c, A,AoTli!IKHH, O,)!,EaiOF ·H, A,A,I.IapKos, )),;[,TlpoKOm·· 
KI!H, !he, All CCCP, cep,<~l!3,I9,58~ (I955), 

79 0 ]),).! ,TTOHT8KDpBO' r J!,CeJ!l!BIUOD' O·o•qer l!J!TT AH ('r,(':• (I952) 
J!AH CCGP, .IQ.g, 253 (I9SS), 

80, ]),!.!,fiOHTeKOpBO, r,ll,CeJUiBa;!OII, 0T'l9T !U!H ltll cr '1° (I95I) 

8Io Eo1\IoTrOHTe.ttopBO, r,M ~ ~>uopO,ItlHICKHn', MaTepH:aJJb( 13'f> JpDf1 KOHrDepert·. 

!\Ill! liD q>l!3llK9 ~aCTl!Il BUCOK!IX 3H9pri!Jl 1 }Ty6Ha (19~ 3), 

82, B,IT,)!z811erros, I\,O,Oranecxn, 

83, M,r.Mert8PJIKOB, 'E,C,HeraHOB. 

B,]),•]JIRII!H 1 l\3T<P, :!_~ 1 678 (T95'', 

J!AH CCCP, IOO, 677 (P~' ~" -
84, E,C,HeriiHOB, rorosl!tC!I K nf'qaTl!, 

85, B,IT,J!:&elle!IOB, B,C,KI!ce1!eB, !LO,OraHeCHH 1 B,!i,<Pl!HrliH, roro
BllfC.I K lle'laTII, 

86, IioCoHeraHOB, 0,B,CIIB'l8HKD 1 E3T~ (B rreqarll) 

86, A,A,TJinKrrH, l!oC,Ko30,llatB 1 Jl,)!,ITpoKOmKHH, .JW! CCCP, lQQ, 

689 (!955), 

88, n.~,npoKomRHH, A,A,TRliKHH, ~3T~, ~. 750 (I957), 

89, ]),Jl,liaMmou, B,A,l!tyxoa, Jj,k,!ToHTeKOpBo, roii,Cel!I!BaHOI, 

Orqer l!llll All CCCP (I955), 

90, Jl,!X,CopOKD 1 iit3N, 2Q, 296 (!956), 

9I, B,IT,J!Ke~enoa, K,O,OriiHIC!IH, B,E,~1IHrliH 1 l!t3TT 1 ~~ 886, (!955), 

92, TI,H,Than~yc, Orqer Bllll AH CCCP (I955), 

9J, D,)!,ITpoKOmKIH, A,A,T•nKliH, Orqer I!RIT AH CCCP ((955)j 
n • .n.rrpoxo~H, cauno3HJU UFPH,2,385 (I956). 

94, D.Jl,lia»KOB, l,A,TR!!KliH, i!t3T~, 32, 953 (!957). -
95, ll,~,liaDI<~F, M,C,K030.J{aeB .. A,AoTilliKIIH,E3T<P 1 32, 667 (!957), 

96, DolloliaDROB,A,H,CHaaeB, A,A,TnmtliH, lK3N, ~ 385 (!957), 

97, M.r,Memep•xoa, n,C,ITeraHOB, I!,K,BaopOB, B,H,3pt.IIOI,A,~,rnAdy,I{H• 1 

J!AR CCCP, J]2 1499 (!956), 

98, M,r.Me=epnKoa, B,IT,3pe1!oB, G,C,HeraHo», B,K,B3opoB, A.~.mady~HH, 

1.3!~ 12!1 45 (I956), 



99o A,r ,L!ei!IKOBCKI!n, D,C,!IJIJ!rl!l! 1 ll,iJ,IllaJ!aMOB, B,A,IlleelaHOB, lit3T~ 1 
_ll, 560 (I956), 

IOO, JJ,r,llell!ep.IIKOB 1 H,R,BsopOB 1 B.l!,3ptl!oB 1 Ii,C,HeraHOB, A,P,Illa-

6y~HH0 lit3T~, 2lt 65 (!956), 

IOI, A,r,Mei!IKOBCKIIll, D,C,!TJBrHH, ll.ll,lllanauoB 1 B.A.Ille6aHoB 1 lit3T~ 1 

,li1 98'7 (!956) jlii3T~ (B ne'I!&TII), 

I02, B,M,CH~opoB 1 ~3TP 1 ~~ 72'7, (!955), 

IOJ, D.~.l!poKOI!IKIIH 1 A,A,TxnKHH, lii3TP (B ne'l!arl!), 

I04, B,r,3HHOB 1 C.M •. RopeH'lSHKO, roroBHTcn K neqarl!. 

I05, B,B,l\pi!BIIU!tllll 1 .MH CCCP, II2,232 (I957) 

I06, A.H.HoBI!KoB, E,!!,l!oHre~topno, r.l'l.CenHBaHoB, lK3T4? 1 ~. 889 

(I955), 

I07, l'!,l'!,rypeBII'I, A.rr.~~maKoBa, E.A.HIIKOJI&C!tllll, n.D.Cyp!tOBa, 

lit3T~ (B neqar11), 

roe, n.~.naH~ay, I3T<J?, ~. 649 (I957). 

!09, A,O,BaMceH6epr 1 B.A.Clll!PHI!!1KIIt!, lf.3T~ (B neqaru), 

IIO, E,M,TlOHTeKopno, Orqerli ID!l! AH CCCP (I95I,I953), lit3T<J?,~, 

!40 1 (I955), 

III, r~.rr, EianaH.JIHH, :S,Jl,EaJiamon, :3 .A,li\YJtOB, E,M .lloHreKopno, 

r ,ll,CeJIJ!BaHOB, l'i3T<I?, ~~ 263 (I955), 

II2, D,Jl,lUaMOB, O,B,noli!KI!H, ACI!IJMeTpl!ll npo6eroB OCKOJ!BOB np11 

~8l!8HHI! TIIXSJ!!IX ll,!tep CB6pX6!iCTpUMI! 'II!.CTHT\aMI!, llt3TP 1 ~~ 

286 (I955)i H,A,l!eNI'!J!OB I! J,II,OcrpoyHOB, 0 np0!18CCI!.X 3Bes~o

o6pasoBaHI!ll II )t8JI8Hllll np11 ,ll!!I!CTBI!Il HI! ll,llpa BOJI!o(jlpa!.!l!. II BI!CMYTI!. 

rrpOTOHa!lll c 3Heprl!ell 460 H3l!, )lAll CCCP 1 l[L 1 2271 (I955); 

B,H,Ocrpo:'fiJOB 1 )leneHI!e 11~ep ype.Ha 6ucrpLu.m npoTOHaMII, .1'.AH 

CCCP 1 I.Ql1 409 (I955) ;I!BaJ!OBa H,C, 1 H,A,!Tep(jli!JIOB II B,IT.IDaMOB 1 

.llenei!lle II,It8p ypa!!a npOTOIIaJll! c ~Heprl!ell 460 M3B 1 )!AH CCCP 1 

~. 573 (I955), 
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II3, E,JI,rpHr: p:,oo, 06HapyxeHI!e DCJ!J!Jlll3·'i.!\l!ll nytJI<OB 611c~pux qacrl!rl 

np11 noJtoiall J!,l\epHIIX woroauyl!r.c•nn, l'r3Tii>, ~~ 76I (19~5), 

II4, M.r ,lel!leplntoB, c ,E, llypymeB, LJt,tJroJieroB, Ihn~]J~~ar1i!R 

rrporoHoB c aHepr11e!l 660 i·!n; E. sxepi!OM paccenJmll, il:3Tii>,~, 

36I, (I956), 

II5, l!>li•AllneJ.i~l, JU!,l3apKoB1 P,l!,l'IJle.ci!MoBa, J/LI!,rypeBIIq, K,H,UyX!!a, 

E,A,RllltOl!I>CKI!H 11 3,3,TorropKOHI.o Pos,l\eHI!e ue,Jtl!eHH!lX 'Ji.- ~11e~o~, 

Ha ll,llpaX lj\OT031!YllbCllll JIO,Jt ,l\ercTBl!eM .llpOTOHOB C 3Hej)c'Aoli 460!,!311 

II Ht!RTpOHOB c a<jx!leKTHBHOn 3Hepne!! 400 M3B 1 l'13T<:? 1~1 I025(I956) I 

liJ.,l!,Aiiie~~' Jl,!J,Eap!tOB, P,I!,Ttp!CIIl!OBa, IT,I!,rypeBllq, A,JT,Alll

maltoBa, K,H,HyXIIH 1 E,A,llll!tOncKI!n, Po:r,;eHI!e lieJ:JieHimx l• -

ue3oHo!l Ha li.Jtpax auyJII>Cl!H rro,Jt .uncnl!eu rrporoHoB c aHepnren 660M3B, 

l'\3Tii>, .2Q, !034, (I956), 

II6, ;I84:£§Y'fl , C,M,KopeH'I8HKO, B,B,Dpi>eB, E,!l,IIOHTeltOpBO, !Iomtlita 
. . 4 
odaapyxeHHH B.Jtpa ~I cpe,JtH npo,JtyKTOB pac~enJieHI!B yr~epo~a 

rrporoHaun c 3Heprllen 300 MIB, J(AH CCCP, ~' 7Z3 (!955), 

II7, E,!,rpxropr.eB, n,rr,co~oBjeBa, ~epHue pacmerr~exxs, nponaBo~ 

,JUII.!Ue B lj\OT03MY~l>CI!II llpOTOHa!Jll C 3Heprnefi 660 !l3B 1 l'\3Tii> 1 ,;'!I1 

932 (I956), 

II8, B,C,KHcel!eB 1 BeE,iJi~nrm, 3lleprerllqecKI!e pacnpe,JtUeHI!I! xellrpo~ 

1101, llcnycitaeltUX npll doMdf.P.JtHPOBite deplll!KI!Il nporoaaMI! c 

aueprl!el! 680 !JaB,· lK3Tili, 32, 957 (I957) 1 B,II,Jt:reJtenoB, D,M,Ka~ 

aapi!HOB, E,M,rol!OBI!H, B,E,ilil!Bri!H, Or'leT l!flll All CCCII (!953), 

HcnycitaHI!e HellTpOHOB BhlCOKOil aHeprxx no.Jt ,JteficTDHeM npoTOHOB 

c aHeprnen 480 M3B, 

II9o D,II,KYJlelti!H, !Iol!llp1!3a!\llll Iipil KBa311yrrpyrou (p~p) ~paccesHHII 

nporoBOB c 3Heprl!tll 635 lin Ha ~ei!tpo!Iax,:l\3Tii> (B neqarl!), 

rzo. E.ll.lloHTeKOpBO' A,E,I!rHaTI!IICO 0 l!3MepeHI!e l!Ol!HI>X aeqeHI!n 

ISAIII.!O,JtellcTBl!JI Henrpol!OB C l!Heprl!ell 300 M3B C 11,!\paMI! npll 

no~!OJllll 3B83,JtHOrO ,l\eTeKTopa, Orqex I!Hll AH CCCP (I95I) i 

\ 

B ,I!.MocKBtUieB' ];,B 0 raBpl1l!OB CKI!i! 0 T!OJ!HIIe ce qeHI!I B31ll!J.IO,JteficTBl'!R 

npoTOHOB c 3Heprl!el1 650 !laB c R)1petMil, )'Jl!l CCCP,II0,972(I956), 
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ITOJITI!Ir'l'! K ·PJ!CYHT\AU 

Pl!C ,I 3,llaHII8, B KOTO]lOM pa3ME,l'\8H Cl!liX]lOT.\IIKJIOT]lOH, 

p,,, ,c' Odttlln Bll,ll CIIHX]lOql!ltJIOTjiOHa, !!ielt,ll;y ITOJ!IlCaMI! 3JI8KT]lO

l!arHI!Ta pacnonoxena ycr:O]lli!TaJJl>Ha!l Kauepa; cneBa Bl!,lleH 

L!OI!lHhlll BHCOROBaKYYJ.!Hhlt! nacoc, B !18HT]l8 BHCOKO'!aCTOTHbln 

reHepaTO]l l! Bapl!aTOp '!E.CTOTbl, 

P11c ,3, ITJJaH 3,llaH!1!1 !I cxeua ny•:KoB qacTl!Il or mecT!!IleTpoBoro 

Cl!HX]lOl\IIKJJOT]lOI!a, 

Pi!c,4 Ynpyroe pacceRmre nporc·HOB npoToHaul! np11 3Heprvmx 460, 
560 I! 660 !.l3B, 

Pl!C,5 3aBI!Cl!MOCTl> ITOJJS!]ll!llaT\1!1: P (9) D yrrpyrou paCCSS!HI!II 

npOTOHOB IT]lOTOHal.!Fl OT jTJia paCC8S!HI!Jl npa 3Heprl!ll 635 !J3B, 
AHaJJ1!3 )laHHhlX no3BOJIRSl' C,lleJian 3a1<J!KJQSHI!e o 3a.MeTHou 

BKJJil.}\8 B pacC8RHl!8 OT l]l!!!lJJeTHb!X } ~COCTOI!Hl!M, 

Pi!c,6, Ynpyroe paCC8liHI!8 HSI!TJIOHOB ll8llTpO!!a!!ll IT]lll 3H6]lrl!IIX 

300 II 590 H3B, 

Pile, 7, Ynpyroe paccemme nei!TJ>OHOB nporona1.m np!! auepr11u :380 

I! 580 l:l3B o AHaJII!3 ~aHmrx np!! 3Heprtr!l SBO l:I3B CBI!.JISTSJJl>

CTByeT 06 Y'laCTI!Il B pa<CSI1HI!II COCTOEHlrn C op6r1TaJ!LHb!M 
MOMeHTO!.! ,110 (. "' 5 o Pec<!(.O€ B03paCTEI.HI!e C8'18Hiln (n~p)

pa.CCSRHI!!I B o6nacr11 r.rarrux yrJioB npn 3Heprrnr 580 HaB CBI!3a

Ho, no-B!!,lll!ltoJ.Iy, c ynermsen11eM Bepoi!THOCTII Heynpynrx 

npoqeccon (odpasonarme Me3ol!oB) B !!Hrepnane 3HeprHn 

380~590 U3B, KOTOpoe TIJ>!I,lla8T pacceR!!l!Rl )l!!f!lr»paKl.ll!Ol!HHll 

xapaKTepo 

Pnc Jl o 06I.rermoe pac cemme ne!11 ponon npoTOllal!ll I! ,liS !1TpoHaun 

!p!! 3Hepr!!ll 380 l!3Bo 

Pl!co9o Ynpyroe paccemme npoTCIIOB ,ll6l1TpoHaMl! np11 3Heprllll 660 l.!3Bo 
ITomroe ceqemre ynpyrorc (p- d )-paccei!Hllll np11 3TOll aneprn11 

CCCTaBJli18T OKOJIO 2-3% r T ITOJIHOrO C6G6Hl!l! (p~ d )-B3a!!MO

,ll6l!CTBJ!I! o 
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P!!c,IO, llurryJT~~.-,;;,·, r·nerup npo1oHon rr .1\~ rponon, rrcrrycM~'-'''X rr3 

JJU'!'HH tY:)Jt yrJroM 7 ~ 6° I\ ParrpaHJi't:-'H.t'IfO nylfKrt npoTCHO.B c 3HE-- p, · 

rMeil 675 1f2Bo ,Reth·pom·. H("flJ'CI\..~'Jnc;H B pe::-~yJIIr'I'l~l1'€ coy~apeHPii 

HaJieTallrtiiX rrpotoHoB e ¥.Ba3l1.1\~HTpo!lHHr.m rprnar.rn n><yTpl! 

R)\ep JIIIT!!R, Bnepxy erqnna rrpHBe,!\eH Hilnyucgur< r;n~Kfj> .~~c. 

TpOHOB oT ynpyrrrx :;•~ J)-coy,l!;apePHi' .~J!P. noro xe yrna 

Ha6Jm)1!11!1!11 I! ror :!e 3H?pr:m na)taFJ!'jl!X nporoPos, 

P!!c,I!, 3Heprernqecml! M.BI!Clll>)!'U nommx ceqemrn B3ai!!JO.l(encrsrm 
HYJCJIOHOB C ll)>'R!l'>ll!aJ.'l! II ,!\el!rpoHal!l! 1 a Ta!Qte llO!!HhlX lelleHr• 

ynpyroro (n-p) !! (p-p)-paccenv11, 

Plle,I2, TIO!!Hile ceqeH~I! naaHuo.1errcTBl!R ,.• u '" -Me30HOB 1 BMopo

.ItOJ.!' 11 )ter<repnmr, "PeaoJwHcHoe" nose,JteHne cetreHII!! B6.111!3!! 

I90 MaB XiL!li'iKTepl!ayeT HeaoH-HYKIIOHHoe B3ai!Mo.l(encTBne B 

COCTOIIHI!II C 1130TO!ll!t!eCJJll>! CllllHOU 3/2 II ITOJIHHl! yrJIOBID! 

l!OI.!eHTO!l 3/2, ITp11 aHeprllll Ell?· 300 !JaB BK!IaJt B paccenHIIe 

COCTOI!HIII! C !130T0nl!t!ec!:ll!.l C!li<HOH I/2 CTaHOBI!TCR 3at!efHW!o 

Pllc,I3, YrJIOBOe pacnpe)\eJieHJ!e u·~ue30HOB, ynpyro paccei!HI!b!X Ha 

BO,ItOpO,Jte npH pa3!!1lt!HHX 3!!eprlii!X, JI3 pliCYHKa Bll.l(HO 0 t!TO 

yr JIOB oe pacnpe,Ite.nerme ~ Bnl!eTcJI crnmerpntmw no OTHome

Hllf.l 90° IT6Jil!3l! "peaoHaEcHoli" aHepr!!ll (I90 HaB), Tip11 

aHepnm Oo!!bl!le "peaoHarrcHon• npeo!l!laJtaeT paccei!H!te 

Bnepe.l( 

Pllc,I4, PacceJ!HHe 'IJ -l.!e30BOB Ha BO,ItOpO,lle rrp!! 3Hepr!!ll 307 IJ3B 

Pllcoi5. 

B rrp0!1€CCfllt a) 'iTt t p - ·~ 11 t t p 

6) 'fi-+ p -.- 'J1°+ n -;... ( 1- l t n 

B) ll'•r~-- 1i- t p 

Ha ocHOB!iHI!tl ,ItfiBBIIXo np.!Be,lerrHHX Ha nou pllcyHrte, a 
Tartl!:e Ha pl!CyHKe IJ, uo:mo noJiy•mn Be!!l!qmry KOHcTaHTii 

CBJ1311 !J930H-HYK!!OHI!OrO :J3aJH.!O.l(encTB!II! ~l 0 JtoTOpa!! 

0Ka3!1BaeTCI! paBHOn ~ O,:c, 

3He pre TJiqecKaB 3fiBJICI!I.!O CTI> ITO!!HUX ceqt~ll~ B3alll!O,ItBllCTBIIII 
T -ueaoHoE c !!eEKI!llll a::oAIHNMII Jl,~tp!u.m , J(punHe HarrOM!!Ha-

DT t3Hepre TllqecKyD 3aBI!CIIHO CTL llOIIH!lX ce<relll!rr B3al!lt~51lCTBIIJI 

'i1 11 '' -·MeaoHOB c HJI.Jiorlalrn. AHB.JIIIa norta3unaeT , 11ro 

B3al!MO,Ite rrcTB 1!9 ''. ··Me3 Of OB B ll.~pe npO!lCXO)Il!T 0 B OCBOB HOU 0 

C OT,It€ J!bH!lWI HyKi!OHa.MI! l,!tpa, 

' 



Pnc,T6, 

'Pr•-" ':'7 ., ... "... ~ 

Pl!c,I9, 

- lf5 -

Frey:~ryro~ pt1f'ceJimit: Iib. H)'.rax yr.ll~l)O,.lla rt cmwna Ji: -IJ~)o
HoB c s11ern~e:: 2JG "3B 1t 250 li~u, coouercrBeHHo (tJ , 
AHaJil!3 pesyJtbTitToB 1oita:mi 69 ·, qro cyqecTDyer Itoppenn

''"'" ''eli:.~y rdpocon a:Jeprmi 11 yrnou pacceRHII!! 'r.: -ueaoHa, 
C.LiH,rtel'e.nDr:'ITyJ0r;<J.H o TOI!, t.Jro Heynpyi'oe paccesrHJre ~ -Jre3o
uon H yr JIOROJ~ HHTOiJll8!! OT 60° l(O H10° npOI!CXO,Itl!T npel!ltytje
eTBellliO sa cqer o,~IIfiitparHoro pacceRHI!H 'A. -He3DHOE OT)Ie JII>

HLrwr i!,lle piiW'I nyi,J!O!Iallll, liyEKTirpual! RJll!BaH, rrpe,llCTnB!!IID!'ial! .. 
38B!lCf!Hocn yHpyrorc pnccemmll ~ -He30l!OB c sHepr;ren 

21i0 "~B Hll BO,~npo.~e 1 IljlHBe)1el!a .~!!H cpaBHCHIIII i\ 

.,.. - "' Ynpyroe par.r.t·n~~~--;t~ 11 n 11 -ue3oi:oR aa n.ztpax reJIHJI'. RI!'!,JJ,eH 

conepJemrc ''""'~::•mJ.Ii xepaKrer noEe)J.ell!I• .!lll<!x~er'eiP\l!aJU>!IHX 
r;etfeHaM ynpyroro paccei!HI!II n o6Jierrn uaJIHX yrJioa, KOTOJmn 

run8ah c pa3Hrum 3!laKaHI! I!Hrepr~epewr,mi RYJIOI!OBCKOrO 11 
!1)16p!OrO B3ai!J!0)1eflcTBIIII )l!lll fl' li 11- -IJ630HOB, 

3Hfcr,reTll'!fCJWJl "UBI!C!!1WCU IJOJIHOro C6'!eHMII peaF.r(!!ll 
p • p ·· •· 1i'•d , Err -InmernqecRal! 3Heprlii! polr,!leHHoro 
UP3irHa D G, I\,1!, 06par :aer !!a cedn BILmamre HaRCllltyll, 

hOTOpH/1 CBH3A.H C Cl!llhHH!l "pe30il8H0H[llf" B31llll'0)16nCTBI!eH 

tie3oHa C Hy:rnr0HOH B f-OCTOR'Hl1VI C li30TOnt·:tJeCKifH CITHHOM 3/2 
II f!OJ!I!W.! yrJ!OOblli HOME!IOTOII ~/2, 

Yr JIOBOe prcrnpe,lleJieune 'ii -ue30HOD, ItcnycKae~:IJX B peaKnunx 
pt fJ ---'II' t d ll h+p-··>-'ii

0 +d. llf'll 3Heprl!RX Hlli!6T81lr\l!X 

rrpOTOHOB (;5C• :reB Il I!OilTpC>EOB liOO IJ3B, Jl:aHHIJ6 ,!till! BTOpOfr 

pea K'Tl!ll fiT' liD CJ(eHH B 0 Tf! OCll re IILH!IX B)li!Hl!HiiX, 0.P,l!IW ~OBOe 
noBe)leHne .11'-~-:'''veiPl,l!ai!I>Hh!X cetremrti .1\!IR o6enx pea!q;tn 

!!DJI•6TCI! CJHe)lc!B!lel! ri[ll!HJ1l!Il8 38.[li!)\0Mr II63aBI!ClH!OOTI! 

llp0i 1,6C COB ( Cft J!l>liO ro) 931ll!lfO)l6 j1 CTBI!I! 3 !!9!18 I!T8)!HIJX 'W,CTW1 

II IT03TOI:y !10,)\TBejll'Q\88'1 3TOT llpl!Hl(Itn, 

t . ~ 

Yr .TrL,U ue }'!0 C:lpe,n;eJieHne tfi -r.;e30HOB OT peeKm:n p + p -lf .,. p t- n 
np~! ·~~iH~f,r!!l! Tif0l'O.HOB (i57 H3Bo 

PJ.J",~r, 3HeJFd•;,t!ecKnR 3aEJ!CI!IIOCTI> noJIHIJX cetreHI!!l oO'pa3oBaHnll 

u• ~-lrti•)i!OB n (p-p) 11 (p-rr)-coy)lapeHI!Rll;.£p-~!leprv.ll npo-
• TOl/0!1 1 T'rna<- l'hlWill.!liJI!.I!IIM l!MilY!!T>C 17 -lle30110B B Coll•ll• B 

~~· e,.~l!J.'cv,x JJ-< • Tr.mc EH)lPO 113 PliCYI!Ka , ?r• pacTeT c suerrnet; 
r!p01(•H·:H ~:l;ta4:L1TeJJbHO rJHctpee, lleU G~n , TITO CB!r38.f!O 6 

HaJIII'IIWH "sanpera" o6pasoaa!ll!l! 11• -Hesouon n (p-p)-coy.na
peHI!RX B6Jill3l! rropora, 
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' 0 PJ!c,22, Yrnoace :fl'i<.:rrpc~eneHne l( -·I-DUHTI•h oT pacr..a~a 11 --l.!e:Jotron, 
odpa.aoB:::Umux Ha yrJiepo.n:e n1 otor:c-1.rm c 3Heprr!eli 660 IJaBfl 
eo • • ~ 
ub.u.-'Jr~Yl)eKrUDHHl: yro.II B Oo.l,~llo CTaJF·tnBaJattHXCf! HYKJIO!IOBo 

Yl!eH:&EreHne !mTeHCHBHocrn t~nrycEaHtlJT t =KBaH'rOB no,n uamnm: 
yrJiaJ.!I! OOYCJIODJ!C!IO T8P > \Jl'( fl/,jlO flDJIHaTCfl "TOJICThiM" IIOI JIO

Tl!TCJ!eJt Kai( ~Jlfl 11°--HC30HOI1 1 T8K l' )1!11! Hane·ra!OC!l!X HYK· 

JIO!IOBo 

PHco2Jo 3Heprenqecttllil cneKTJl ~ -I:BaHTOB no)1 yrP.Ot! HadnroY,em!H 0° 
.o 

OT pacna)\a f1 ~He30HOB, 0 6j:t.30BliHliHX B (p-p )-CTOJ!UiOBemr.;Y 

TijJll 3!l8Jlr!!J!X TijJOTOHOB 660 Ji3B, cTOT Cl18!Up xapEt!l'l'epll:lJCT 

KaK yr!IOBOC pacnpe)18li8Hll8, Ta!t !! 3HepreTH<IeCK!!C JlllCrljl6)1C

Jl8HI!H 11° -U830HOB, KOTOpHe , 6Jmi0)1apn IIX O~CHI> l!B.JIO~.!Y 
Bpeuemt l't113H!I ('t < ro-I5ceK) npm!HJ! nyreM nad!llO)laTb neBo3-

HOXHOo 

" P:rc,2'"· 3nepreT!I~ecRJ!l1 cnet:rp t -I:nai!TOD 
odpa30Ba!!HHX llpOTOHaMtl C 3l!CjJfl!Cn 

)1ao 

or pacn8.)1a Ti -·tre3onon, 

660 !.loB Ha ll)lpax yrnepo-· 

PHc .. 25~ 

Pl1C~26o 

a) YroJT HadJ!lO)lCHHII 0°, 

6) Yro!l nadnro)1eHl!H IS0°o 

HaKCHJJYH nneprm1 cnetnpa o:WJIO 600 i.i3B o6ycJIOB!leH re1m 
!!3 J!OdOBb!X CTOJIKHOB€HIIU, IWTOpHe COOTBCTCTBYIDT C!ly~aRJ.I, 

KOr)1a 0,!4!1H 113 !1BYX { -KBfll!TOB OT pacna)la 'iT" -M€30HOB 

non~aer npa;:TH~ect:II BC10 nrreprnro, 

li!!riJ'!!I>CIIHE CllCKTp BTOpl!~HIH ~aCTllq OT (p1p)-COY)18.Jl€HI1C 

B na doparopnon cacTeue K00)!11!Ila To CneKTJl orpaJJtaer naJII!

~l!e cne)ly!oqnx peaKJ\11!1 1 

a) ynpyroe (p-p)-paccei!HIIe (nm: rrporoHon np11 4260Koraycc,cM); 

d) pea;cmn p. p --- r,• • d , npnB0!111J:Iall K ncnycMHI!JJ !1BYX 

rpynn ,IICfiTpOIIOB C Ml.!IIYJibCa1lll 2880 11 4520 Eoraycc,CJ.r j 

) 
,-t- 0 B pear~~T.HH p '"p -~~ J1 + p t n H p t p -11 t·p t p , R.OTOpl:.IM COOTR9T= 

cTByer nenpepunmrl1 cneK rp npoTOHOB o 

,.. ,.. c t ~ ,.,.,t- rr) 
... ::HepreTl1T..19CKHH cneKTp U -1.!330IIOB OT peaKf~H11p..._P•II "'P•n ' 
11 p, p -- ~ 1i'' d (~) no!1 rr !laMn 24 °, 29° 11 46° B naoora-
TopHoil C!lcTer.re rrpl! nnepnm nnneTaKn<HX npoTonoB 660 M8n, 

!1111: B CllCKTpe odyc!lOBneH !1~YX'I8.CTJ!qHOii pea!l'\l!en (2)o 



Pl!c, 27,3HeprerH~ecmre ]lllcrrpe.neJreHHll 11' 11 'ii--ue3oHon, od]lllaonaH

HbiX rrporoHai.!H c oHeprlleil 660 1l3B Ha sr.npax yrJiepo,11a ITO.ll 

yri!Ol! 24° K !la!ljlll.BI!Sllllfl HaireTaJJClero rrpOTO!!I!OrO ITY'IKa \IOO)., 

Ha61!JJ,l1aeuoe MaJioe Kol!l!16CTBO T(-Meaonon cunaaHo c reM, 

'ITO q, • -ueaonl>! 110ryT p•ll!:)taTJ.cl! B II.JlpeC(p-p) n (p-rr)-croJI

KHOB 6Hlli!X B TO Bp6!11!, :<:aK 'il. -M630Hbl l!OryT polt,llaTI>CI! TOJ!~KO 
B (p-rr)-CTOJ!KHOB6Hili!X 0 KOTOpLie l!BJ!I!JJTCI! OTl!OCHTei!~HO 

HS3W!>6KTllBl!bll.!l! ,111!11 Od];!c30B8Jii!Sl 31l.pi!Se!f!!L!X !1630HOBo. 

Pl!c,28, CrreKTP 'll• 11 'II- -ueaoHoB, odpaaoBaRI!b!X nenrponaw1 c aHep.. 

rl!ell 600 J.!OB Ha BO;ll.()pO)IS, Yrol! Ha6J!JJ)t6HHll· 90°, )Iai!HUS riOKa-
~+ -. 

3b!BaJJT paBeHCTBO (n !lp6,1161!aX OD!lldOR) BbiXO)tOJl II l!· .'fT -l!630HOB 0 

~TO !!OJI;TBSplt)laeT !!plii!Lll!!l 3ti.PII.!t0ll0li 'Cill!l.!ll.Tpl!ll, 

Pl!c ,29, Ce~enHe pox.neHI!I! aapllltellllb!X MeaoHOB Ha BO,J!Opo)ie 7f-1!e3o-
-. 0 ,--. . 

H&lll B61!H31l !!Opera B peaJUllii!X . \C,t- p ~, 11 t-']j~ ". p ll 

Ti- .. p --. 'ii•,.fl-,. n (IC·4)', Pact!eTH11n. nopor .n;JISI peaK!11lll 

o 6pa.30Bil.Hl!Sl ueaOHOB 1!630HaMII Ha BO,l10po)te npl!6Jli!3HTel!JoHO 

pa.BeH !70 !!laB, C!!i!O!IlHaS! Kpl!BM - )l63YJ!l>Tar pB,c~eTa 

iJ\pa.HKI!llHil. Ha OCHOBaHI!Il Teopl!H t!J.!il ll JfOYo .. , 

Pl!CoJO, I!3MepHTeJIJ,Hhl!i naBI!I!I>OH. C paOl10JIOJreHHL!l!ll Ha· liY~KaX '!aCTIIll 

3KC!!6pi!M€HTaJ!l>Hm!l! ycraHOBKa!Jl!., 

PHc ,Jr. Ti!rrli~Hal! cxe~.~a omrToB n~ nsyqem!!il paccilllil!S! saplil!Cennux 
011 -M€30HOB Bb!COKJlX 3oleprl!f! !!pe10HI\Mil·;: . 

PHC, 32, 3Kcrre pHMe HTaJil>Hal! ycTaH JBKa ,1111!!. uc cJie.n;o B8.Hili! jlllccenm!!l 

rrpOTOHOB B!JCOKIIX 3HeprH1 l1pOTOIIaim H. H6l!TpOHiJ,~!I! o CHCT6Ma 

T91!eCK0110B 1!3 C!ji!HTHI!I!S!:(HOH!Ib!X C'!eT'I,HK.OB perl!CTp!!pyeT 

ode B!O)ll!'IHL!e iracTHl(b!o · 

P11c o33o ro)1ocKomr~ecKaSI CHcre1ra C'leT~l!KOB HCITOJil>ayeTcSI B oniJTax 

110 1!3Y'l6HIIIl paccei!Hilll TI-_1!930HOB Bb!COKHX '1llle~rl!fl 11a Bo.n;opo

)t6 o Cl!cTeira ynpaBJISIDtlHX c~eT'II!KOB oxnaTblnaeT·. Tel!eCHIIIf 

yrol! ,11na cTepa..n!!aHa, PaapemaJJ14ee. npeuSI C!I,CT6Hbl2oi0-6ceK. 

J!unyJibCHoe nl!TaHl!e rrosnCJJ!JleT l!C!IOJ!J>3QBaTb O~U'1Hlle.raao

pa.3)l8.!(Hlle C'I6T~HKI! )tJ!I! perHCTpa!\llM ~aCTill~ BliCO!tli·X 3Hep-

rl!n B YC!IOBI!IIX 60l!bill0ro lj>QHa !I<W!'OpOHHHX H3J!ytleHI!n, C03-

.n;aBaeHOro JJOCIHI>M ycKOpl!reJJeMo 
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P~c.J4. YcTaHOBKa c AH<l•l,yanounoA Kauepori BIICCKorc ,l;aaneHKR a uarHwTHOM 

llOJie; HCDORb3YCTCI ,l;RR wayqeHwR B3aRMO)ICICTEWR npOTCHOB BHCOKHX 

auepra~ c nporouauH '1 "-"f"" · renwn, lfauepa ,liwaueJlfOll 300uu ua-, 

nonuaerc• nonopOi\OM un:r ren~eM npw naaneHI!I! 2U arM. i3 paO·•qeu 

od'&eue KauepH co~-J,·•.oercH ~kmynncHoe noJie nanpHJJ:eHHOCTbiO ~6ul\ .. 1 

3pC!C')l;~ CJieBa BHJJ;HC:L tHJ.CTh HpMa OTKJIOHIIJltnerO 3JieKTpOb.H:tfHMT£to 

Pwc. 35. nyallpbKOBaJI K.auepa OOI>eUO!.I qeTupe JIIITpa c npOTCHOBiiU Hf1G· -.tie~ 

Hlleu; upe.D.naauaqeua .D.llfl a<jxjlcKTHBHDA peracrpani!H npoueccoB a3a

IIUO,l!;ellcrun _ H pacna.l(a ane~o~eurapnYx qacTIIu. 

Pllc.JG. fcTaHOJKa c nusepoA Bl!nhcou.~ B ltarunuou none npwMeHII€TCn .UH 

RCCJie,l!;OiaHHfl B3aii!.IO.D.eACTII!ft ll-ueaOHa BYCOKHX SHeprllR C aTCliHH-

1111 R.&pauu. Pa00411C paa11epy Jtauepy: ,ll.llauerp 4001.111, BbiCOTa lOOMM 

Hanpl!lt:OHIIOCTb IIMny.llbCHOrO M•~rHIITHOro DOJIR COCTOBJIR€T 1J5CX}c CT€,1(, 

C31UH BH,ll.eH OTKROHIIlllllKA SJI€.KTpOMIJ.rHMT" 

PI!C, ~)7, 001!111~ Bll,ll. YCTa!IOBII:II )(Jifl IICCne,IOIUHIIR HeynpyrHX CTOJIKHOBeHW« 

n.oupllaOBanuux npo±ono• c nporona1111. PerHcrpaUHft BropHQHHX 

qaCTMU OCYI!IeCTBJIHOTCII TeJiec~onaull 113 CUIIHTIIRJIAiliiDHHbiX cqena~ 

~~:on OOJ!hmoro pa3uepu. BO.D.OpO.D.HO-.D.eArepHBaR MHW€Hh,Hil rjlororpa~ 

<!JHK OKpya;eu" KO:IYX.Oll) oOecneqnaeT COXpaiiHOCTb llH,li.KCro DO.I.C

pO,ll.a D paOoqeM UIIIIJ'-H.llPa1.1(WILUeTp0)1 J,Y Cl4 B reqenHe 50 qacoB, 

)lnft npoJe,IICllllft •f,OTOBIIX HSUepeHKJ II:H,UII« BO,!;OpO,I MOJ<CT y.&aJIRTb

CJI Ha paOoqero ualiiKApa a cneuMa.IILHIIR peaepayap, a 3areM oea 

note ph . nepelt.a'llllancn. oOp&uo. 

l'ac,J8, JlarRITHYI cneKTpO!.IeTp, llpiiU•CIIfteTCR B onwrax no ~ICCRe)IOBURillll 

peaKUIH n+ p ..::;:,JT•t cl , YcTauOIK& perHCTpllpyeT O,II;HOJpeMeHHO _ 

oOa npo.&yKT& pcaKUHII:,l!;eltpoH .D.eTeKTI!pyercn nponopuMoHaJibHWMII 

cqeTQIIK&UII C O,li.HOBpeMeHHWU &R&JIII3011 no HUDYJibCY B llarHilTHOM 

nQJie, ll0-Ue30H perKCTpKpyeTCO noJ(- XIILHTall pacna)!;a C nowomb~ 
T~JieCK.OOOB 11~; CUI!HT,RRJIIUIIlliiHioiX. CQCTqHKOB. 

' l'uc, :39,llj31lpbKOiaft .n,li.KOIO,li.OpO.&HaH :{aUepa 061>eUOM O,li.MH RHTp C C14CTe-

lf0t ynpaueHIIft \ TenJiorexnHqecKaa JiaOoparopMft All t:CCP ) , 

~lleHfteTCII ,li.JIJI l!CCJie,liOB<IHIIR npOUeCCOI 13aH!.IO,ICftCTBHR qacTHU 

I.COXIIX 3Heprll~ C IO,IOpO,llO!J. 



---·~, ..... 

• 49 -

Pnc,40, TpexceK~HOHRan MarHMTHan HMH3a ~nn ~oxycnpoBKH rry'!Ka 

3apRX9HHUX 'laCTM~ BUCOKMX 3HeprnU, ~OKYCH09 paCCTORHM9 

JJHH3H ));Jill llPOTOHOB C M\lrtyJ!J.COM !200 l!3B)C paBHO 215 1.!1 
etrrepxypa 80 1!11, I'pa)l;M9 U !.tlii'HIITHOI'O llOJIJI paBeH 2000 3pC/Cll. 

Pl! C , 4 I. J{B e F!a,!(lla Tl!leaHaR:bHUTI YC'IRMTe R:b Oil rnano B 1 110 CTyrtalll!li!X 0 T 

CJ11!HTI!RJI/lJ11!0l!!lh!X C'I9T'Il!KOB, YCIIJ!9HIIe Ml\t,IIOI'O MHaJta CO

CTaBJri!9T 40 )1;9!!1!6eJIJI, liepXHRR rpaHI!J1a !lOJIOCU rrpO!lYCKaHI!R . 

I40 urril, 

Pl!c,4~. Penpoexxop-rrp1!6op ~Jtll c'npueJteHIIR npocxpaHCTB9HHoro pac

rronoxeHI!H cJte~oB 3apn~eHnux '!aCTI!J1 no cTepeo~oxorpa~HHM, 

!!OJlyqeHHhlN C !!OMOJ!ll>ll K8M9pH BIIJ!l>COHa, ,llii~Y3110HHOI! II 

ITJ3hlp:bROBOl! KaMep, ]{lla!J9Tp 3KpaHa 400 UM, 
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