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Ha BbtBe,IteHHOM nyqxe npOTOHO5 C 3Bepr111.eM 660 MaB 611.1IK H3-
+ . - . -

aepea11 a1tepreTHt1eeicHe ene&Tpht TT -He30BOD OT pea.EI.Udi P + p-.-. . . 

~► ~+-1-~ .... p · /I/_ Mp:, p<-~ 1f +· + _ d /2/ .JtJUI qeTNptix yr~o1 JB 

~a6opaTOpHO~ eHCTeue ~ ~mpftptmnHanhHHe eeqeHHR p01C)t8HHSI Me30HOB 

. :a· peaxu~nx /I/111. /2/ :,ltJUl B~CLKX yrJIOB B Jia6opaTopHott. c~cTeMeo 
... . ~ . 

I!OJIHOe 't~etteH-~e peaKUIUi. /I/ paBH~eTCSI /Ji}, 9 t- r,~/ rr, t H . 

yrJIOBOe pacnpe,!teJieHHe nponOpUMOH8.JU,HO /0,66 :t -0 9 I4/-1a (,;OS?..0. 

4>YHKUHH BOS6yJC,neHTII.SI pea.RUHJI /I/, ms11eptHHaR B o6JiaeTM 480=660 . -

MaB, annp61ter,urn:pyeTeSI creneiisoi1 sa:sVIctua:ocTLir BH.rta f) ,67 P ~l
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r ,Jte PHl a.x. ecTl> .. M8.KCHMaJILNJiii1 muny.ri1>c Me30Ha B e~ UoM~ , BLtpa-

JCeHHbtll B 8).tt'!HHI.lJiX -- n,c + C 
I; 

O6paaoBtlU1Ie MesoaoB npM cTOJIKOHOBeHHH HYK.1IOHOB RBJUit?eR · 

MeHee 3JteMeHTapHI:lM npoueccoM, qeM pacceSIH~e: H cpOTOp©X,JteHHI MQ: 
30H0B Ha CB060.ItHb1X uy1ciio1u1.xo BiilecTe c TIM M:syqeHH8 pox,JteHmn 

MeSOHOB npn CTOJIKHOIHHUUIX ·uyKJIOHOlil ·,JtaeT. pSii' llUBbtX. CBt,JteHK~, 0 

CBOMCTBax M83OHOB H · oco6@RBOCTSIX mx. i3a:KMO.rteneT:Sl.Ul c HYKJIOHaMT/1.o 

Ilpm CTO.IIKi:IOBem1h1 :rtpOTOHOlf C npo:rOHaMH npH ~:aepr1n1 nopSI,It~ 

Ka 600 MaB OCHOBHblMH peaKUlUIIUI; B KOTOpblX ·po~,ItaX,TCSI 3apSI:!1C~H- - _ 
- C. • 

Hhle Me3OHbl, 'aBJISil>TCSI:· 

III 

/2/ 

Ilpouecc napHoro pox~eHHSI MesoHoB, 1osM0Dhl~ npx ,1,prwK HeJte

Ta1>mmx npOTOHOB CBhlme 600 MaB' ,JtaeT eme H83HatUITeJtLHhl~ BKJia,Jt 

B nomrne cet1eHx1e H B HacTonmen pa6o:re He ytrn:TuBaJieao 3a no

c11e~Hee BpeMa IlO.fIBHJIOCL H0CKOJibKO pa6oT, IlOCB.fillt6HHhIX Hsyqe1mD 

o6pa30B~HHSI 1i1 i_ ..:ye30HOB B paccMaTpirnaeMOti o6JiaCTH 3KeprYiil;, PeaK ... 

UHSI /2/ 01v1a no,!tpO6HO HCCJI8,ItOBaHa M8TO,ItOM conpsnteltHhIX TeJieCKO<-> '-
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noB B paOOTe!/ B HHTepBa.ne yrJIOB 30-QOQ B CeUoM«, bhlJia TaEZB 
' . 

T,i3Mepeaa q>yHK[(HSI B036ylt,I(8HHSI 3TOR p88.ltUJK B 06JiaCTll. 5!01;\\>660 M3B·o 

B pa6oie21 pe8.KIUUl /1/ HsyqaJiaCl> npH ~Heprna 660 MtB c llOJIOllllll . 

q>OTOM~TO,I(a. B. TOli Jee o6JiaCTH yrlI.OBx/e, . Cne1:Tp . fl"" -Me30HOl3 ,!(JUI yraa 

24° ·'~ ~a6~paTOpHOii CHCTeMe 6u~ M311epeH c llOMOIJtl>I) MarHH~~oro ~ntk

TpOMeTpa B pa6~T~/ ·npH .3HeprKH 660 JI 560 M3Bo • , 

. x/,CJie~yeT yKa3aTI>, 'llTO 3KCnepHMeHT8.JihHbl8 pesyJihTaThl 
' ' \ 

pa6opi/~/ qo,Itepxa~ omHC>Ky H ,I(OJIXHbl dblTh HCnpa:eJieHllo HcnOJih3Y-

eMaII B/2/ npH BbllU,fCJieHHH ,I(HqxpepeHn~BJihHblX ceqeHPI~ q>OpMyJla. ' 

{ dE / d f? ] t = 0,067 R!i -o, 4r9 /~Tp. IBO/, no11y11eHHaJ1 ~s 

3MnHpH'll0CKOro COOTHOW0HHSI MeX,I(Y 3HeprHei1 H npoderoM B QepHO~ 

q>OT03MYJihCmt,. cnpa,Be,I(UBa ,B OC>JlaCTH ·M8JIIIX 3Hepr1di M830HOB M 

3KCTpanonsnMSI ee B o6nacTh 3HeprHn io 170 M3B npHBOJUIT K 3Ha.-.-

HHSIM··· f ciE/4 ~1 E ' KOTOpble npM 3HeprHH Me30HOB I00-!50 M3B 
. O'-

IlpMM~pHQ; Ha 20-40/ueHhme ,I(StiCTBHTeJihHhlX 3Ha'l8HHn llOTeph 3R8p• . 

rHM · M830HOB ·,B M8,I(H, . HCfiOJih3yeMOi1 B 3TOi pa6oTe ,I(JISI TOpllOJCe-
,_ ., ',.,' ... ,- > • • ... '-

~ t . ' 
HHSI · .11 -:Me30H0Be BHeceHHe yKa3aHHblX HCnpaBJI8HHM Jl'SM8HH,'l'. KaK 

3Hepre-;JqecKHe. C!leKTphl, TaK H yr nosoe pacnpe,IteJieH~te . •'IT~-._ Me3o-

HOB, 'ualiJ.t8HHOe B p~6ote2/ H B SHa'IHT8Jil>HO£t _Mepe npmdJIJ.13HT yr

JIOBOe p_acnpe,IteJieHHe 11830HOB It pacnpe,IteJieHHD, ~lOJiyqeHHOMY HaMH 

B HaCTOHuteM padoTeo 

·~ 
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B HacTonmeH pa6ore ~syqeHHe pea1tuHn /I/ H /2/ npone.ne-

110 B o6JiaCTK yrJIOB I0-40°B Co UoMo, B. KOTOpOii OHM He Churn: 

HCCJI6,ItOBaHblo Ta.It:llte thvrn: IlOJiyqeHbl ,ItOllOJIHHT.eJil>Hble CB8,It8HHSI 06 

yr JIOBOM pacnpe,neJieHlUi 11 1
· -MeSOHOB OT perucu1u1 /I/ B HHTep

BaJie yrJIOB 50-80°B Co UoMo M H3MepeHa <PYHK.IJ;HSI B03.YX.It8HI,ISI :nol! 

pea.KUHR B 06JiaCTM 480~660 M3Bo 

Ms KHirI8MaTHKH ( p - p) -cor.ztapeHHn CJI,e,nyeT, "tJTO 06JiaCTb 

yrJIOB BbIJieTa HYKJIOHOB B Jia6opaTOpHOi:i cmcTe.Me OT peaKIJ.lU1 /I/ 

orpaHHqeHa H npe,aeJII,Hbil! yroJI HcnycKaHVUI npH. Ma.KCHMaJibHOli 3Hep-_ 
. 0 . 

rKH 660 M3B paBeH 50 0 IlOCKOJibKY ynporo pacceHHHble npOTOHbI 

no.zt · 60JI:bWHl,rn: yr Jia.MH HMeIOT HH3KYIO 3Heprirn, TO B 06JiaCTH yr JlOB, 
0 . 

()QJibl!IJIIX 70, MOJICHO perMCTpHpOBaTb TOJibKO sapmlteHHble M830Hhl, 

HCKJI10qan ynpyro paccenHHbie npoTOHhI c nouom1,10 TOHKoro tHJILTpao 

. 3KcnepHM8HTEl no HSyqeHJ,UD pox.nemu1 ff.,,. -Me30HDB B 06-

RaCTH 3HeprH~ 660=480 M3B CTaJIK B03MOXHbI 6Jiaro.ztapSI B~COKO~ HH~ 

TeHClU3HOCTPI BbIBe,IteHHOro H3 CHHXpOI.U-iKJIOTpOHa lIHC THTyTa' .a,nepHhrX 

npo6JieM AH CCCP HenOJI.RpT430Bairnoro nyG:Ka npOTOHOB C aHeprHeH · 

657 MaBo Ilyt10K npOTOI!OB qiOpMHpOBaJICSI Cl1CTeM6U CTaJlh.HliX K0.11-

JilfMaTopoB, pacnoJIOJteHHI:,lX B OeTOHHO~ 38;1JtHTHO~ CTeHe, npo·xo,nliVI 

HOH:K38.UHOHHYl3 Kallepy 0: nona,n:8.JI Ha MJ,UUeHb, pl1Co Io iiHTeHCHBHOCTb 

8 2. nyqKa, paBHaSI B cpe.ztHeM .A./ 3oIO npOTOHOB/CM.CeK B MeCTe pac-

noJIOJB:6HIJIUI MHllleHm 9 KOHTPOJat:pOBM&Cl, HOHM3al.{HOHHOU Ka.u:epo~, 

npOKaJIH6pOB8.HHOR B a6COJI~THliX e,nHHM~ax IlOTOKa npOTOHOB c no

KOIJtbl> UHJIHH,npa tapa.ne.ao IlytJOK npOTOHOB C aaepr:w:en, M8HLmeU 
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657 11:,B, · no.11y'lues1n7Tsx noxe•e111 · nepei KOJIUllB.T,opox ·rop:u:o= 

IIBtl:X ~JlOXOJ .t ll3 DtJil3TKJl~H8- ,llJla :&xepr•• '·500 M3B 3Hepr6Ui'tiel= 

e•aa ••o~•ope_poeT. ny'ls& n,o,o,Bo1 eocTaJJUIJia ,! ·7 M3Bo 

3"1xt o~puo.lfll•• c;;+ -11esoxo:s Ha 10.1opo•. B o6JiacTH . 
-

.yr101 61,...I60° 1 ~a~opatopxoH CKCTexe onpe~tJfHJCR no pasHOCTH 
. I 

'JI 
Bb1XO)t8, sapaJCtKHblX 'laCTKU K3 nOJIH3THJieHOBOH H.yrJiepo,n:H0 1 MK= 

meHeM, 3~1HBMeHTHblX no TOpM03HOI cnoco6H0CTH. C noBepXHOCTHO~ 
; . 0 

HJfOTHOC'!i>I) ,--..,, Irp/eit O lIPK·HSKepeHHlt: q>yHKUHK,BQ3c5y:xc.iteHHH MH= 

meHr.11 cJty:IMJI. J:l'.,tr;KJdt iO)t,tl.Jt, 3MKTI:.itl :I CT8RJUIBHblfl I Jllll)apo Pa6o= 

qHH y'laCTOX KKllelK Bwpe38.JICSI H3 ocP•e11a J:H,ltKOro BO,B:Opo.n:a npH 
. . + 

IlOMO)l(ll Cl3HHll0.BhtX .. ICOJIJUU4aTOpOB, KOTOpse 38.lltHUVlJIH. ,It8T8XTOp 'ii . = 

M:e30JIOB OT 3&paZ.HXWX ttaCT~U, B03HHKa.DllU-IX llO,l .I(encTBHeM npo= 

TOHOB B CTeX~HMHblX eTeaxax JU,Eapao 

3apa:1e1xw:e 'ttaeTKUblp JaJieTaDutT.le H3 MHmeHH,,perHCTpHpOBa= 
, 

,• .11:Cil TeJleCKOilOM, COC'?aBJieHHLIM H3. '1eT1i1pex cnHH'l'HJIJISIUHOHHRX 

. e tlSTtJJUCOio IltpBwe TpK C qeTtJHKa (hrJJII( BKJI))tJeHlil B cxe:u:y C OBna= 

,JtlHldt p a tJ8TJlpT1d: = xa 8.IlTJ:COJm8,JteHH8 C nepBbt},U,i TpeMSio MeJK,ny 

JTOpNK H'. !ptTr.111, C'l8TtlHKaMH fi0M8Dt8JIHCJ, Me,ItHI:ile HJIH: aJIIOMHH.KeBhle 

"<pHJliTpbt pa3JIH1;{Ji0I 7.0JIIItllRWo, HHTepBaJI npo6era 38.,ItaBaJICSI TOJIIItHHOH 

q>MJ!»Tpa, llOllintatxoro Ke:a:~y Tp8TiHM H 'leTBipTI:iM C'tleT'qHKaJ.Uf Te= 

11eexonao Perxctpxpo:aaJu1c1> sap.a:xeH1me qacTHULt,, npome.I(mHe nepBhie 

TPH KpHCTaJIJia TeJJeCK,ona Pl 01CTaHOBHBmHec.a B q>HJII,Tpe nepe.I( tl8T= 

itpTJ:iIM C'leT'tlHKOJo :B nepBl:ilX Tpex cqeTtUUtax HCllOJib301BaJIHCb KpVIC= 

T8JUIEl TOJiaHa TOJlDtXllOil 2 l.iw:, eaa6:a:eHHli18 cneUPiaJil>HbIM OTpa.3:aTeJieM 

H3 MDK1lHH8B0n <pOJlltrM JtJU! · noBwmeHHSI 3<p<peKTMBHOCTH C06HpaHHSI 

·cBeTa 1a <pOTOKaTO~!YMHOJ:HTe~So CqeTHM xapa.KTepHCTHKa TeneCKO= 

na HMeJia n~aTO oxox9 200 BOJI&T, qTO o6ecneqHBMO ,ItOCTatoqHyD 

CTa6Hn.HOCTi pa~OTH ycTaHOBEBo 3q>q>eXTWBHOCT~ Te~ecKOna npoBe= 

psnac:. nyreM 11sw:eptHKJ1 yrnoBoro pacnpei1teJieH1111 BblXO.zta sap.a:lite1t= 

HJxX \lae'l'HU OT ( p - p ) = coy,napeHH11o 



. = 5 = 

iHTerpa.n 
./3/. 

0 0 

. ,n;omiceH paBHSIT!>C.H 'B CJiyqae (p - p) ... coy,n;apemtil llOJIHOMY. ce-

. qemtll B3MMO,Itei1CTBR.Ho 3,n;ecb·. :~J- 0~03Hat1ae·T BHXO,n · sapms:eHHHX 

t1acTHU .zvrn yr Jia f1. B Jia6opaTop11o}t · c11cTeMeo 3xo oc5 "ncnsi:eTcSI 

TeM, tJTO B 113yqaeMOR OCiJiaCTvI 0Hepridi, r ,n;e napHOe pO:l!C,IJ;eHHe 

Ti ~=M030HOB eme He lii'rpaeT 38.Me,THOH. pOJIR, npli B3aHMO,ne~CTBHH 

npOTOHOB C npOTOHaMH I 'KOHeqnoM COCTOSIHHH B CHJI.Y coxpaHeHHSI 

sapSI,na Beer ,na odpasyK)TCSI TOJII,KO ,nBe sapaxetIHbie qac•HUilo Ilo-

JIYtf8HHaSI B onuTe BeJrnttHHa HHTerpaJia ( 42 99 ! I, 5} wi c xopomo 

. C OI' JiacyeTc'sr C llOJIHbIM ceqem18M ( p-· p) . .;.·B3.aMJlO,ttetiC_TBHSI (l~ \ t1 t; 0: l;>} rnb
1 

H3MepeHHHM B paeioTe 1i) 0 3TO CBH,It8T8Jil>C;~yeT 6 TOM, q;o aqxpeK- ·. 

THBHoc Tb TeJiecKon~ aecMoxpsr Ha uanyD TOJim.iuy Kp.HcTaJIJIOB, c5hlJia 

6mrnKa K IOago IlpHM8H6HH8 TOHKYrfX KpHCTaJIJIOB TOJia.Ha -ll03BOJUUIO 

CHH3HTb 3cp<peKTHBHhlli nopor peri1c Tpauirn. ue_30HOB )tO I5 Man xi. cyme-
'):, . . 

CTB8HHO y11eHblllHTb aiicJ(O CJiyqaJiHhlX COBna.n;eHPiij, cos.n;aDIItHX ·oc-
. /'/ ,, • . ,·~ + •c. • . ' . :. • 

HOBHYD nouexy npH H3MepeHHH cneKTpOB" 11 -Me30HOB YK8.3aHHhlU 

MeTO)J;OM B YCJIOBHSIX CiOJil>llIOi( HHTeHCHBHOCTli nytiKa npOTO.HOBo 

,Ua;n,Helimee yuem>memi'e ipoHa cnytt:~Hhlx· coBnaJ,teHi-1:ir ;toCTHraJioc1, 

01tpy1teH11eM TeJieCKOna CBH:UIJ,OBon 38.IUHTOH TOJinu,rnon IO Cllo Il .. · 

3THX YCJIOBRSIX !pOH c.rrytta.MHhlX COBna.u;eHJ4:t-'t _He. npeBllIDaJI n, 5f6o 

SitcnepHUeHTaJibHble pesyJII>T?,Thl . 

. . 
_, ·I· 

IlpH 3HeprHH 657 .MaB no IlOJlHOMY rIOTOKY '!; -Me30HOB c5hlJIH 

H3YepeHbI JUtqxpepeHIJ,HaJibHble cetzeHHSI pox,tteHJaJI Tt ·1-Me30HOB OT 

peaKUHll /I/ H /2/ )J;JISI BOChMH yr.rroB B naOopaTOpHO~ CHCTeMe~ 

B Ta6.11nue I npHBe,IteHhl pesym,TaTbl 3THX H3Mepenidl ,ItJISI · .Me30HOB 

c ICHH8THttecxo~ sHeprHeg 9 60J11>me.a I5 MsB B Jiac5opaTopnoii cHcTe

Meo B uatt.n;eHHLie cettemu1 EihlJIH BHeceHbl nonpaBKH, yqHTHBamnrvte 

pacna.n fi ' .... uesoHOB Ha 11eTy { .s - 3) 0 /,; , H si.n;epaoe nor nomemrn 



c=, ·,6 -= 

fl'~-Me30HOi B MHIDeHHj·H KpHCTaniax CUKH?Hn~RUHOHHRX cqe?qHKOB 

- I,5%. 

. -9 
{10,,S'. 

~f, 
epo.a. [g!J~; 
10.}/. 

Ta 6 AH n a. I! 

. JJ.HcfxpepeHl'(H8.JlbHlie eeqeHHSI B m & /c:repa,D; )J;JISI ueso:ro:a 
CKJIHeTHtJeCKO~ aHepr:wett_B Jia6opaTOpHOi! CMCTeMe, 
60.1n,mett !5 MaB. IlpHBe,D;eHHhle omH6KM .fIBJUIKlTC:SI CtaH,n:a.p,:
HhlMH OTKJIOH8HHRMH HeCKOJibKMX CepH« WSMeptU~e 

160° 140° 123° I08° 95° 86° 70° 60° -
0,36 0,40 0,49 . I 0,6I· -0,74 0,84 0,88 0,87 

~03 :!: 0,03 · !0,03 l!o,03 +0,06 !:0,06 !O,I2 +0,19 
"" ... 

IIpz 3Heprirn: 657 MaB 6HJIH TaKJJte zsMepem:1 aaepretHtJecKKe cneKT ... 
. ' ' 

pH 'ii+-uesoHOB ~o.n:.yrJiaMH ·160°• I40°, 123° H rso0 B na6oparop= 
) . " . . ' 

HOM .. CHCTeMe. B pesyJIJJTaT;' H3MepeHm.0 BHOCHJUICb nonpaBKH, yt1MTLl= .... ·_. ~ ---: ' 

_ BaIOntHe. pacna,n: 'II+ =MeSOHOB _ Ha .lJ.eTy, .H~epHOe il3aHM"O;ItetiCTBlie H 

_ MHOr,OKpaTHOe KyJIOHOBCKOe paccesrnHe TT -i-'='M030KOi B TOp803SiutHX 

cpMJibTpax H Kp~cTaJIJiax Te.necKona,, C ytteTo:u Bcex 3TMX nonpaBOK 

. B}ftutCJieHHaSI 3cpcpeKTl'lBHOCtl, p.erHCTpan1u1 1T~ -Me SO HOB ICaK qiyHKUHSI 

3HeprHH npHBe,i:teHa Ha PHC" 2. IIpaBHJlbHOCTb npoBe)l,eHHOro. pacqe .... 

.- Ta npo:seps:nach nyteM cpaBHeiraa cyMMapHoro llHCJia saperHcTpiiipOBaH= 

HUX 'iT'''=Me~OHOB, HaM.n:eHHOro nyTeM HHTerpHpOBa1rn:SI HCnpaBJieHHOro 

cneKTpa n+=M030H0Bp npHBe,n:eiisoro K e,DJiHHttHOMY. lUITepia>Xy npo

.6era, C tlHCJIOM Me3OHO:a, saperHcTpHpOB':3-HHBIX nepBHMH TpeMSI ctieTttH= 

KaMH TenecKona B OTCYTCTBHH ~HJlbTpOB,, PesyJlbTaTH 3THX cpaBH8= 

HH~ npHBe~eHH B Ta6.nwue II,, 
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Ta 6.n HU a· Ilo 

Yron peructpaQHH 
160~ 140° 123° 100°· n+-Me30HOB B Jia-

6opaT0pH0M CHCTeMe 
' 

CyMMapaoe '!HCJIO <jj+ 
ueaOHOB, Ha",IteHHOe 11300 7940 16090 18860 
no ... IIJIOll{&,ItH . Ct:JeKrpa 

l!HCJIQ <jj+ ... Me30KOI, 
11200· . 8130 !5840 . aaper:acTpHpOB&HHblX ····· 1640 

nepBbIMH-rpeMH . 
c~eTqHxaMH renecxona --

OrsomeHHe . O,99;!:O,O3 I,O2;!:O,O3 0,98;!: O,9O+ O,O3 -0,03 

-ConocTaBJieHHe iTOpol H TpeT~ea CTpOK 3TOM T&dJIHUbl npHBO,ItHT 

K 3&KJIIOtleHHIO, QTO HeTOtJHOCT.b pacct11n:aHH0}t t<f,cpeKTKBHOCTH pe= 

. rHctpatuu1 .·TI+ =M830HOB He npeaocxo,nwr IO%o 3uepreTMt1ec1t,rn 

'CneKTpu 'If+ -Me30HO.» nocJie :aaeceaHa . :ecex mrnpaBOK du1rn H.Op= 

MMpOBaH,li 18. TIOJJHlle eetteJUIH, npKBe,IteHHhte I . TaOJIHU~ IO Ha pI!C 0 

· I noxasami cnerttpfl . Ti i·=Me30HO.I,. llOJ!ytUtJ:Ulble llO,It qeTbl}lbUSl yr

J'Ia.MH B xa6opa.ropxoil CKCTeM:ee YKa.saHJIHe Ha cneKTpa.x omu:6xH JIB~ 

JlSIIOTCR CTaTHC?IritJeCKI,U(l( CT,J.HJti.PTHIIMH OTKJitHeIHrnMM ABYX cepiltt 

H3MepeHHMe . 

IIpM HsMepuurn q,yuKn1u1 :sostyxc;teHmI 11 "·-uesoHs o·rp pea1t101:it 

/I/ H /2/ perxcTpMpo1anHcL noi yrnoM 95° 1 na6opaiopuon cHc- · 

,:e:u:e 9 B pesy.u.,TaT:bl DISUepe1u1M IBO,ItlUl8,CJ., nonpa.1Ka, YQHX:hlJiUlJJll(aSI U3-

i,teHeRKe MOHK3YD~ea cnocoduocu1 na.ztaJOmHx npoTeaoa · npH yMeHJ> .... 

me mus: aHepr1u~, a Tattxce uonpa11ta Ha · apMMecL MeAneuH1i1x qacT at\~ 

B031UU(&IOll(HX, 11pH.t TOpMO:CeHHH nytnca npOTOHOB B . no.mrnTHJleHODhlX 

CSJIOKax., IIocJie.itHSUI nonp&BK8. onpeAeJUIJiac1, 3KCnepHMeHTRJ[b HO U :a 

H&H6onee HeBaro~HUX ycJIOBHRX He ,npeBumaHa 4%e OtH0CKTeRhHU~ BU= 
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8 

xo,n; d30H01 ii o«jpa3yIOD(WXCSI I peaIU,lHSIX /I/ H /2/ npH p&3HliX 

3Hepril.RX Hl..iieta!lutMX rrpoT ?HOB ii rrp:;u1e,n;eH B TadJU(UI . III 1t 

1 a 6 ! H n a IIIo 
. + . 

3HepreTMqecKaR 3aBHCKMOCTb IHXO~-~ -Me30HOI~ 

o6pasyDmuxcn s peax~1ax /I/ H /2/ 

.. 

Ep M3&_ I 485 I 52I 1- 557 I 584 I 597 · 1609 k52I . 1633 - 1646 1657 -fg~J 9511.c. I,97 2,69 .3,~ 4,19 4,60 5,0~ 5, .3~ 5,9~ · 6,.39 6,81 
oTHOCLffC(lb!-f ! 0, 09 !O,I3 +o; : : __ ,~o, IO + O,IO !O,O !O,O !O,I ;t0,I3 !,O,I5 

eqUl-fU.t-ibl - - ,I~) _... "" • 
--·---- -·-··· :_c..., 

O6cyE.n;eHHe pesy~nTaT0B 
~~~~~~~~~~~~~~~~~~~~~~~~~ 

3HepreTHqecKHe'CIIeKTpH 
+ 

TI;-Me30HOB 9 IlOK838HHlie Ha pHCo 3, COCTO-

SIT :;13 uerrpepbIBHon qacTH, crnj!samioit c peaK~uen /I/ H muta, 06ycJ101f= 

Jierrnoro peaK~Meti /2/. CnnomHae JIMHmi, rrpoBe.n;eHHl:le B 06nacu1: He= 

npepUBH0U-GaCTK cneETpa, H306paxanT TeopeTHqecKyD 38BHCHM0CTh 

3HepreTHtleCKOrO cneKTpa · ll+=MeXOHOI, pacqMTaHHYD B npe.u;nonogeHmH, 

'IT0 MaTpI{llHhlii 3JleMeHT po1:,n;eHHSI Me30H0B B peaK!UU,f /I/ rrporiopuHOHa= 

nen llMTIYJihCY lt 't{TO MOlttHO, npege6pet[b B38.MM0.u;ettc?BH8M HyK_J!OHOB B. 

It0IIellH0M COCTOJlliHM e Pac1.1eT np-KBO,D;HT K BhlpaxceHIUJ~ 
I 

a2 (J . . I . [ ~ 2 '). pl] 2 ft 
-· -~ --- M(W-~P + rn -- p aLaw Ju - - . 4 

( . r.--:--+ 
r;i;e f'-1 I{ - m -Macca HYKJIOHa. M , , ... l.(e30Ha, COOTBeTCTBeHHO w ... JUI= 

neTHttecKa.R 3HeprKH .u;Byx npOTOHOB B C .u.M., ·E. , p M .Pirr.., KH

HeTvrtrecitaa aaepr~Uis, WMny;u,o H CK0p00T.b 'ff+ ... Me30Ha B C ttU:eM~ HpH 

Bl:l.BO,Ite 3T0Vl q>OpMyJibl, npe,n;noiara.JIOC.b, 1.{'1'0 ,n;Ba HyKJIOHa ,! KOHetlHOM 



COCTOHMiffl RBJUUOTCiJ Hep@JIHffilmCTCiatMI?: 0 3TO Oilptl,B,Il;LIBaeTCfI TeM, 

lITO Ma!CCMMaH~ttair 3MeprmI HYKJIOHa i9 KOIHit.raOM COCTO.ffHlU{ np~ 3H9P= 

MU! 660 M3B. fe.nH.a:eTCH 87 M3Bo Teop®'fI1tttCKWI 3ant1Cin.IOCTH, BLI•"' 

'tIHCJiemun corJiaCHO (4) H nepeBe;temU>II B JiadopatopHyPJ CHCT@My, 

sopM:vrpoaa.JmcI> JI.JUI Kax,noro yrJia Ha TY oGm_ct!> Henpepmrnot1 qacnt 

eneK'!pai> r.n;e 6IIJia n0J!H0CTcIO HtKJIIDtteua npm.t@Cl9 1T +=Me30HOB OT 

peaitnmt (2)o lliTp~XrIYHKTHpH!ite ;mnn CO<OTBe?eTB:9'IDT Teope?HtteCKOH 

eTCSI rtOCTOa:Hnori B8Jffl'<f.V!HOiio Bi.ItHC ,. trfO lU.{!1ifCFI Jiytnuee cornacmt 

U8lt.JtY 3KCnepll'!YiHTaJll,lUD.ll! H Teope'lMlttCKH: paCC'!fflTaHHm.m cneKTpa-
+ . 

MM B c.nytrae, Kor:rr,a },{aTPl'!'llHJ:iITT 3J'l0MiHT po,rc.n:emrn 'II ~I.{630H0B 

npe:rr,no~araetcn nponopuzoHan:&Hm! i!MI1yn1,cy o 

0'?:rr,e'Jtetme mum or uenpepanHoro enerer:pa MOltHO duJio npou3 ..... 

B<BCTt-t HaH60Jiee Ha.n;exno ~ MCilOJIL3YIJ !@opeTUt.IeCKyro 3aBIICattoCTI, 

(4) B6JIH3H BepxHeit rpam1mu -cnereTpa,, KoTopa.FI c _yt1eToM 3Hepreo 

nyH.K'l'HpHOi1 JIMHHetlo CnpaBa OT Ka~oro cn_eKTpa npHB~,D;eHLI TOtJKtt, 

Hati,ttGHHiile y:ka3amn>IM 06p:3.s0Mo CnJionuui1e Jnuu1m, nprrne.ztemt1:re TaJ.I 

,res npe,n;cTaBJISIIOT codon paCCtJIU'W!HLIS q)OpM1I rYHKa ,n.mr Me3om:rn, . . ' 

oc5paso:eaunux B peaKUHM (2)o ~POpMa ITMRa y.n;o_n11eTBOpt1TeJu,Ho orrrr-

ChlBaeTcH B:&rpaxeHMeM~ 

t E - E \ 2 
\ l O / 

NCE)---rf- (Ar') i (5) 

E 

r,11;e (At~> . cpe,D;HHti KBa,n;paTH\JJHUil pas6poc nHeprHH - rr1
·-Me30HClB, 

Blil'tfMCJieHHhltl C ytJeTOM Bcex q>aKTOPOD, B]UDJ.ql'!X Ha onepreruqec1coe 

i 



) 

00·¥; 
owi• 

... IO .... 

paspemeH11e rzpYi6opa 9 ( E) ;;;;(AR) d,f. /d R g r~e(A R ) cpe.1.tHe:e 
r.. + ·. 

yKopaturnaHVtl?. npo6era u =-Me 30HO.e, 06y~.110BJH.nrn:oe mioroK:pa.-r f{b!M. 

KYJIOHOBCKtU4 paccefIHlleM B TOpM03R[tliX cpMJibtpax, [ 
0 

p K:.fHEl't~= 

qecKa.11 aHeJ)rHa TI'+=Me20Hoa, o6pasoaammx B peam:~m1 /2/" 

,ll:0:qxt,epem~HaJihHhle cet1emrn poJ1t1e1nrn n~:..Mfrnol-l[oa a peait!Urn 

/2/ 11 H8.H,1temu1e no nnoma.I(lf mrnoB, n: nepectnn:amuie B c~c'teMY· 

neH~pa HHSPQ~H, npHBeAeHY B Ta61nue IY • 

Ta 6 JI HU a IY., 

-
yron B 10° 20° - 30° 40° t'e U o 1d e -~- ~'l<l"'l-1111>'""'~~-'l',- ---·'··· ~ .. ---~-- ... - --·-·--------

n, £, 0,5I+0,04 0,46:!: 0,03 0~37:0,02 o, 3'¼! o, 02 c:rep,io~ -
CpaBHemrn no.nyqeHHhTX pesyJLhTaTOB C )taHHhlMM paoo,:gI/ 1) np!;1tBe

~eHHYMll Ha puc.'. 4, D03B0RBeT CABBaTh BHBO,lti q~o yrnoaoe pacupe-
' . . 

A0JieIUrn 1r" -Me30H0B' H8,M/4eH1We B" al' on. paOOTe' cnpaBeJPIYlBO 'L! B . 

06JiaC'!H uaJihlX yrJIOB. 3TO'X ¢rutT CBM,IteTe.llbCTBY»T O '.!'OMfl 'qf!:}· IHCJiaA 

OT po:-I,n;emrn Mesogo:s B d -coctOHHVIlt :s peaKruut /2/ RBJrnet-~R ot

HOCHTen&ao He60!blli~M BnnOTb ~o 3BeprMH 660 MaBI 

. llJIJI noJiyqemrn yr JioB·oro pacnpe;tez;unnrn 1iT~1rnsoHos or pea1<:w,n1 

/I/ cneKTpbI v-t--M:e30HOB TpaHCiJiOpl.U1pOi8.,!UHH) B C .U.He, IU.rnOJibl;YK> 

TO odcTOHT8~bCliO,qTo B~pa.llteHMe: 
1 a26"' _p, -f)Ea°w . { 6) 

SIBJIReTMl lUIBapHaHTOM, 3,tteCb p H E o603Ha"1a.D? HMilYJihC H. 
~ t, . 

KHH8THqecRyIO 3HeprHl¼'~ ff . -Me30Ha :B COOtBeTt1BYIDllt~~ c~crei~e .KOOP'A!l[f 

naTI) CneKTphl .rr•-Me30HOB B CeUl)wtl) OT llEH3.RUUR /I/ M /2/, npe,14= 

CTaBJieRHhie ga pJ1Ic 0 59 IlOKa3bIBaIOT, tt'IO OCHOBH'.8.ll \!8.0Tl> Me30HOB 

cocpe,n;OTOQeHa B BbICOKOaHeprHqHOll qacta cneKtpal) Cpe~HSH 0Heprns 

MesoHoa B peaKn1rn /I/ pa1nrnetca IIO M3B, M 80% ue3oaon 06.n:a,1ta10T 



II 

, 

dopaTOpHOH CttCTeMhl B CoUoKo, KaK BMAHO M3 lliKa~H yrnos~ IlOMe~eH-

llO~ HaBepxy KaJIC,n;oro cneKTpa Ha J>HC o 5, a TaKjh;a kl3 Ta.CSminhl Y 

OQ8Hh_Cnado 3aB~CllT OT 3HeprHH MB30H0Be BYC0KO3Hepr~4HaH,4aCTh 

C '.IeI-:Tpa C0Cpe,n;0TOqeHa B HHTepBa.l}'.e yr .lJ:0B B C eU111i e !: _ JO f t6Jt 

· l!TO TeJiecxon, HMeIOutI1~ yrnoaoe paspememrn ! 2°, npa1tT:t1'4eCRii 3ax= 

BaTHBaeT ece MB30HH~ HcnyoKaeuue B a?OM HHtepBaneo YKasaHH&H 

oco6eHHOCTb Il03BOJI88T H~IlOJIL30B8Tb HHTerpaJibHhlR BHXOA M830HOB 

no.n: KaKllM=HKdy,n;b yrnoM B·Jia6opaTOpHOll CHC!eMe ,n;JIR HaXO~AeHMH $ff~= 

. ,ItH(l)(pepeHI~vlaJihHOro ceti:eHZH 11+ =M€30HO~,n;JI.H COOTB0TCTBYIOIIiero cpe.zt-
r.,{• 

Hero yr na.- B con., H ~, He 3Han ,n;eTaJihHO cneKTpa per11crpyeMb1X Jt., 

M830HOB., 

Ta 6 JI HU a Ye 

e,n = 60° 6r, = 80° 9m = Ie~0 

l'I" ~ <)ws9rt E; M:16,' -~·uri~Je; dr.os Gtai En s1:,1 
ti dr..aS@~ Em M3f, En MiiB. 8,n, deos ar, dtosf>~ Sr, il,~se%: 

ISO -184 95° o, 72 I50 I30 II6,5° I,I5 82 !40° 2,06 

90 III 99° 0,70 
. I20 72 II8° I,I5 61. 141° 2,I8 

60 73 I03° 01)69 70 58 1at1° I,I9 - 26 147° 2,59 . 
·e eir * 3,necL <11 > E TI H 'iT E 11 odosHaqa10T yrm,1 BblJieTa H KHHeTRqecrcy10 

J1,,, 

aHeprH10 IT -Me3oHa B ~aopaTopHol cMcTeMe MB cHcTeMe uenTpa 

Mace COOTBeTCTB8HHOe 

TarcMM o6pasoM c5b!JIM noJiytteH1>1 ,1twf1<pepeH~Ha.n:E>Hhie ceqemtrr pol!· = 

,n;eH~.H 'IT1
·-MeSOHOB B peaK.I.\~UI /I/ B ,n;Hana30He yr JIOB I30-I00° B Ce 

no Lio PeaKI~lHl /2/ HCK.moqaJiaCh no ;taUHhlM pac50Tbl /I/ o,llr-fg>qiepeHUli8Jlb

Hble cet.teHVISI ,ll;JIR yrllOB I7Io, ]62°, JI52o, I420 B CoUeMe HaXO,llH

JIHCh nyTeM HHTerpHpOBBHHR HeripepiiIBHbIX crteRTpOB - 'fi + -M830HOB no,!!; 

3Tl1M~ yrJiaMHo 



... I2 ... 

nna oaJre.cra c~®npap iexaJ!'4tD HH~e noporo1 periotp~wH 

? e.n ec XO na 9 n:~n~WiH> CL (mp a.Be JU,illJ O 11 l!l 1ft B.ll !UUUI ,1.VUl O C xa;nl)"" 
. ' 

11ott -qacr1 emeKtpa JKilllf.(dl1rn.a 30tttromet!> Matpn~uroro aieueBtta O't 

~umy.ll!Jiita. 1ff i' ... u;e,oaB.o Heonp<e}.!e.ltla?O©fli n ,1tl!Etfi<pepemu1u1»11_31 

ee-qe1rnm 9 l(f)~.~ :12:=~1. l!ttla111U •~~~t, m:®.~e.1te11t1u1 , tl!l!t!lt=

rpa um:e nap~ra p~tKctpauMH ie1•c~@Bg c®~taB~set oi 5 ~, 15% 

a 3&1HCHMOCTi Ct yri4o 

II0.ny,i~1.1~e yrJ!OlU)le punpeJtt.lllUt Tit'=Me3011!1B I ptiJUUi!IH--

· /I/ npt!JtC1'al3JieRO Ri. p~Co 60 Kpl:IU9 ll!pOSte)teHHU Br& 3!0M pi= 

cyHltet COOl'J!TCTByeT BBpaxe:aurr>g • 
:'I 6. * [ - . 2 *· l -. a ·7 .. i ( ". 0 . - ,;,. 4 e,r.~i ii 
--·· '"cf o tHJ ·t, o. O¼). (0 66 ~ 0 §~' -&-·("5 9 I·- 10 -·--- ,c,,c'. ____ · 

a -\ ~' - \ , r> i') -· I J ' ) I .,.l'J . -r,· r t'E!. tia ~ 
(u . . • #' ,.. ., ' 

ROeqxpKUWeH?H X~TOptrl 6s~• IllAtCp&W n, MITOJ{J' HUMem~max 
KJA,ll;pOTOJ. 

II o .nm o e c ~ q e 1nu1, 9 no l.!yq e H !l( ~ rHut tUll :re rp Mp~ »u~ e M n 1:-1putHlr~ SJ 

/7/, paBHO /IOg9;~;Ij) I/rit,t. IJocxoJI:&xy ,.u,McpcpepeHnuta.Ju,moe ceqemrn 

peaK1r,rn /I/ B TepMHHax r»note;:1w. sa.pR,n;OllGt! aesa.BMC:r&McctK eic::u .. 

cywa )J.Byx· EesaBHCHMhtX eeqe:eu.dt 5/ ~ 
a fS ( . · r.·~ .,, - : ) _ o ff.1 n o 6;r 1 8 ) --~- p t P ~ i I . + n + P ~ ·-:.;--·~ + ".'--"· av, . d (,.) .a OJ 

. a~ I 
nocite,n;Heie 113 R:Otopux--;N-~~~ cor.n:acrno pao~z:e 6 1isoxponHo npK 

M Q{,V . I') --~ 

saeprmH;f 660 M0B pa.BRO /"'" Oj) 28 cueJfotepaJt.,., ta ,n;Jrn f!'Q.12 no= a {,,,\}I 

nyqaeM BMpa~eHHe~ · ·- ~,.. . ~ 1 -,l1 .i! 
d \J 10 IO 8 · .... 0 (' .. !((~ 3¼ •· " -) .. ~'·e· 40 c.r,~ (O) -~-:::~. , ~ , · J1t > J · .!' d l5 -t--GO~ tnt· a 1 -·-:--.. ,.]I . 
:, ·t', , )' 0 J. JI. , •· - · '/U 1 'T"'p·rr.•y uW,, i.' .. ~ .,_ ,.,,...!.., 

a,,_. 
TS$ KaK BKJia.,n;--;:,--2-~L · B ,1twptj)ep1z.rn;Ma.Jli1.:aoe ce,qemrn peaK~Ha /I/ ,rvrn 

o<~ -
. ,Q ' ' . 1· 

yr.noB 170=160 B C~U.oM o COCT&BJIR8?""" 20%~ 1:0· CIH~Klp 1T =Me30EOB·9 
· · · · .· · 36',a 

:0:3Mepemn,1tt llO,It 8THW! YI".1!~4, IlO'll!'Ut ITOJ!ItOit:tldO OTHOCKXCH K ... ;_~ ~-
. . ' ' ,. . 0. 

Odf>a~aet Ha ce6.f! BHRMaume. saMe:rmoe o'.li:JJ:Wt1He no.1yqem:i;ot1 cpopMiiI 

~ -
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0 

cmeKtpa 17-t-=Me301!0B 07 cnelpTa 'if ~Me30IOB 9 lt3JUtpeHHOrO B 

pa6oTe ? / ~- Ma~crnuy~, cnei;pa ~ ff° =MeSOHOB CJtBKHY; .B 'cTop'any H.143=. 

KHX 3Heprlikt H Jie:m:~.T B6J.UI3H 75 M3Bo Ra~eCTlfHUIO 3%0 11oxno·. noa.aTb 9 

. ecim npzHSITL,. Jio 1nuu,an-1e, 'CITO r JtaBHJBJ poJii» B · er;, .• · · arpa~f · nepe= 

XO.It& KJiacca Pp O ECJUf npe,1uio.rio~H'fll~ qyof cpop~ cmes,rpa , rr;,. = 

Me301IOB, OTHOCSIIItaHCSI K <r;o 9 He saB11c'1n: OT ·,rap EU 3TOg IlOBX!)\~= 
. 0 

uouy 9 .zueet wecro B cJiyt1ae cneK:rpa .. IT 7'u.esonoB 9 to .cyw.m.pirn!-1 
" - > • ' < •• • ' ' ~ , • - _, ~ ' 

cnex:rp V ~:uesoso:s OT peaEI.1.HH. /I/. npu Il3M~Hemrn. yrl!Aa OT . iao .,It·Q 

90° B Co I~oM• JtOJl~eH CTaHOJUfT:&CR OoJlee MstrK_HM no cpaBHeIUU:J C 

H3MepeHHblMH cnerctp8llH 1r+- =Mesouo~· . .It~H yr~-6B: 17~160° B C oll.oMo 

3TO CM.firtieas,:eJ( ,ItetiCTJH{TeJII:iHO. CT8HOBHTCH 3aMeTH!lM '• Ha cneKTpe 

11-t-~Heso~OB ,ltJUI yrna ':r400 B. Co-~oMo /pH~~5/; .:r . .rte ·-OT.HOllieirne 

. aa-11 ;·._j)Jt1~- CTaH __ OBJlITCH np:auepuo'p~B~ Il2o·, IloJiy-qeawoe aw a c...v. . . ·· · · · · · · · ·.· 
yr.nOJU)t pacnpe,lleJieJU!e /9/ ~ HapJt,1ty C OTMetteBHr:Ud'. _B.btDJe ·<pa.KTO}I 

JIHHei!HOtt saBXCXMOCf)I MaTpHttHO~O 3JI8UtHTa po:r,tteH■JI··i!~30H8. OT 
.. ' ' '.. + .. 

1u.my11:oc:a,. Il03BOJUiet. C,Ite.ila'rl, lilI:WO,It, qi O p03,Itemte Ti, ':"MeSOIJOD' R 

pea~rurn:. /I/ np11 3HeprHM . 660 M3B. npOKCXO,IHT·. ~ Jia~ H.btM. o't1'pa,30M . B 

P =coct0Hmu1. AHanorHttind1 BHBO.It p~aee. Jj.btJI 'd~eJiaH B. pa.c5ote31 
o 

:r ' ., 
Hs:eecTHO, 'CITO yrJ10B08._pacnpe)leJ1eHHe ff =Me30HOB,. CBSi3aHHOe, .C .. , 

,. . . I 3 I 

nepeXO.Il,OM ])a-t~· SI P 2. , npo_rroplUIOHaJI:&HO g 
f . c . 

~- -Ir· cos 6 3 . 
. Tor cpaKT, qio HaM,n;eaHa.a yr11oaaa saBHCHMOCTI>° JtJISI 0.1·0 ·6Jims1ta K 

. ,, 

/IOI, yxasL11aet Ha TO, q70 npu 3HeprH:W. 660 MaB 06paso:sa1rne. · 

M830H0l3, 0'.rHOCSJJllHXCR IC 6'10 , IlOIHt)l;HMOMY, .. CBJI3auo rJia:BHhtM o6pa~ 

30)( C nepeJO,D;OM I J)G ---
3

81 p?. . '. XOT .fl ,ItaH~ble HaC'.I: OSI~eit pa.60Tli 
He Il03i0JIIIIOT, KOll8'<1H09 KCKJIIOlUf'?.b B03MOJICHOCTb,, BKJia,na H OT ne=-

. . , : ' ' 

pexo~B xne.cca Pp , npHB0.74SillUIX K cxo,1tH·oMy yrJioBoily pacnpe.ne- · 

Jie!HlDe 
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,IlJUI HaxOQeHIISi cpyHRIUIH B036yJJC,l8HXSi <jj-r ... 11eso10B B pea.K

. rtHH /I/ 11cnoJ11,so11uoc~ otMe'leHHOe Bblme 06c1oaTe.111,c1Bo, ll:TO 
. . . . ~ 

TpaHecpopManxn axepreTH~eCKMX cneKTpOB ~ =Me30HOB Ke saBUCHT 

cm•LHO OT· sueprHH TI+ -MesoHoB. B padote S/ 6ano no1tasaHo, qro 

ee.1u1 yr JIOBOe pacnpeiteJieHxe B e .n,.K. r111eet B~.It: 

A+cos2 0 (11) 

TO ,1t~qupepeHnHaJl1>Hoe ceqeHHe, usuepeHHOe no.it yr Jtou H-:::: a:-zccos ~ 
/55° HJIK !25° / B c .n.:u. /TBJC Ha3blBae">.udt Jl30Tp00:KtleCKld1 yrll/ H 

nonHoe ceqeHwe, CB83&HW npOCTWM COOTHOmeHHeM: 

I, <j't ( 0 (j * ) ,' :. (jt1 

( 12 ) 
'1 ·. 0W* UjOTp . 

Hs KHHeMaTH!tH pe~KUHK /I/ 1 BN:WaOJI8HHOM ,ItJUI aHeprirn: HaJieTa10mmx 

npOTOHOB.~T 510 ~o 660 MsB~ ~Jie,JtyeT,qTO cpe,ItHH~ H30TponrtqecKHa 
. . 

yroir B 11a~~paTOpHOti c1c:re.ue ,IJ;JUt Me30HOB, KlnymeHHUX B 3HepreTH= 

qecKOM zutep:aaJie OT 0,5 Er<ia.)( ,Ito E·rna.i, B ROTopou cocpe,ItoTotze= 

ao 70-90% Mex MesoHoB, Me1rnetcR B npe;,;eJiax scero o,Ituoro rpa.,Ity= 

ca, a <l>YHKUHH npeo6paso:eaHMJI TeJiecHwc yr110B np11 nepexo;te ox 

JiadopaTOpHOit. CllCTeMli B C .n.:u. ,l{JUl 3THX Meaox'o:a ~3M8JSieTCil B 

npe,1teJiax ,1tByx nponeHTOB np:w yMem,m'eHtrn 311eprH11 aa.JieTa10nrrax 

npOTOHOB OT 690 ,ltO 5IO M3B'. YKasaHHOe odcTOSITeJI.bCTBO Il03.BO)ISie! 

BJilt[l(C.tHTJ, cf>YHKJlll) 103CSyx,1teHHSl ,ItJISI peaKUHK /I/, HCDOJIBlY.B •w:p&= 

BblXO,It Me30HOB B salHCKMOCU1 0'1' 3Heprirn HaJieTaIOntHX npOTOHOB, ms

uepeHHbl~ ,ltJISI yrna 95° B Jia6opaTOpHO~ CMCTeMe, qTo COOTBeTCTByeT, 
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