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I. B B E J1 E H H E 

YcrrelllH!lfi sanycr< 2 - ueTponofi JKH;n:r<ono;nopo;n:H oil Kauep!l 

"JIIlJ{IliDlA" J!ac5opaToprrrr B!lCOKHX ::JHeprHi1: 0I1J1H Ha nyqKax cepny

XOBCKOro yCIWPHTemi OTRp!lBaeT c50JibillHe B03MOlKHOCHi ;1\JIJI HCCJICAO

BaHHll mHpor<aro RJiacca npoueccon qJH3HRH sJieMeHTaJHllX qacTHI.\. 

B HaCTOffmC!.! !IpOeKTe rrpe;nJiaraeTCll HCTIOJ!h30iaTh HMenmeeCJI 

npeufl (oKoJio ro;n:a) ;no cos;n:aHHR yHHBepcaJihHoro cErrapHponannoro 

llj-tiKa Ha 3TY Kauepy AJ!ll OOJiytiCHHll KaMep!l rlJOTOHalli Bl:lCOKHX 

3HCprHH. TaKoe Oc5JiyqeHHe !I03BOJ!HT Bl:lliOJ!HHTh p~ BaJKH!:lX HCCJIC;l\0-

BaHHH B oc5JiaCTH cprrsHKH sJieKTpoMarHnTH!:lX B3aHMO,JI.E ilCTBKil:. 

UeJiecooc5pasaocTh HCITOJih30BaHHll BTOPKtiHHX woTOHHIX H JieiTTOHH!lX 

nyqKoB rrpoTOHHNX ycKopHTeJ!eil: oTuetiaJ!aCh M.A.MA.fl OBHU eme B 

1960 ro;n:y IV. HcnoJih30BaHne sTHx rryqRoB nosBoJI:leT H3ytiaTh 

3·'1CKTpOMariD'!THI:le npou;eCCI:l npH sHeprHJIX, He AOCTJTHJ'Tl1X Ha 

sJieKTpOHH!:lX ycKopHTeJIRX. ITpe;nJioJKeHHll sr<errepH!AeH"OB B JienTOHH!:lX 

H tlJOTOHH!:lX nytiKax Ol:lJ!H C,ll.eJiaH!l ,'nJlll MHOrHX IlpOTO IH!:lX yCKOpHTeJieil:, 

B TOM "tiHCJIC H ,JI.Jlll ceprryxOBCKOrO /
2 , 3/, llifTepeCH lfi BapHaHT 

llOJiytieHKll cerrapKpoBaHHNX 3JleKTpOHHl1X ITYtJKOB Ha IpOTOHHOM yCKO

PHTeJie c5wr rrpe;n,JIOllteH A.B.CAUOJimOBli!.l H A.!.U)J:l()J!O 3HM / 3/. 

H:~uepeHHll, npoBe;n:eHH!le He;n:aBHO oc5'be;n:HHeHn Hi rpynrroil 

~HAH-H~BS-Ep.~H Ha ceprryxoBCKOM ycKopHTeJie, !IOKa3aJIH, 'iTO 

BTOpHtiH!:lH 3JleKTPOHH!lil rrytiOI\ !IpOTOHHOro yCKOpHTe llll Yl<l!RJ HMeeT 

napaMeTpl:l, IT03BOJ!liDmHC C ycrreXO!J HC!IOJ!h30BaTh e~O ;1\Jlll H3YtiCHHll 

a JieKTpouarHHTHNX rrpouecc oB. Ewr noJiy'!eH rryqor< srreKTponoB 

C 3HeprHeH 40 r2n, HHTCHCHBHOCThD !,3.105 
(UHKJ H C !IpHMCCliMH 

;n:pyrHx qacTHI.\ I ± I%). ~cJie;n:oBaHHR sJICKTpOMari-HTH!lX nsaHMO-
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B M1JID. Ta::, o0HU.IJ~'HC':Eoc n Gepnyxonc noi:Jc~cmre nomrux ce,wm;,~, 

.,--;;- ~ k'.--+ 
B3aJ'IMOl',CI!CTBl .f! J1 - 11 - !.4e30HOB C 11IJOTOH:l!.ill E ~WI1.'ll:':'y,;:.: .. 

percllepaL(m: /(
0 

-MC80l!GD J;CJiaJJT OCOGCEEG I!!ITCIJCCHlll.:l: J!3l.!E:pCJBH; 

TIOJIJ!Oro CCLiCi .l!H ·~!OTOrlOrJiO!~CinlH, ll)lOIJO;'i.lTUb!C 1l llllC';'Jf!qec iliJC;.L: 

11 3J48HHll 8JIC (TIJOM3.rHllTHUY. l1pO!~CCCOB 06HapyJEHBilC'fC5! DiU~ BcHI!!C::-

IIlUX 3iliWHOMClHOCTCii, TaK!:x, 1:a:: BCW~Cpl!afl ;!J,OMI!Il:ll!'l'l!OC'T:;,, 

11 B3avrMo;nei1c mHe a;npo non. 

]hJ:EC p lCC!Aa':'pHBaC':'CH ~•l13J'I'48C Kili1 !1p00JI8i!<lT!l!:J J'I B03MOlKHtlC 

8l{Cf1CIJllMCHT0.1:bllhl8 J'ICCJIC,7l.OBalll!5! HCl 8JlCI<TpO!!HOU ;!y'!KC yCI\OpHTC.'lf! 

U rJ!RJ C !IOMOlll GD 2 - Ut;TpOBO fl F.J1,I:,i:o:ao;uopo,I\HO ;~~ n:r3blp:bi\OBOII 1:aue pu 

0I1HH. Ilpc,11,Jli.l ,aenan ff!JOl,PC1l.:L:t; lie rrpeTCil.I\YCT IW TIO.l!J!OTY, l!O, 

WHonr t-IC 'IC>C'l'L\IIoBHl! 3a;uatJ orrpeJ\CJIHlJTCoi B03MOli\HOCTm.a: 

1.1 C'l'O;ll,l!l{!l J:iJll !{[lBOJWPO/\H LAX lUMCp. Cet:CHJIC B 3Cll!l/ .J'(C CrC':.J;: ;1 

:;JlCl:TpO!I-Tipc TOll ~J!V!Lhu!.\ l.!<:lJ!O. ICnucp; o6Jij'l~',cc.t;~f1 ll.)"ll<.:WH 

a) Si-H TeMa "w~'!CIU!ii" !l!OTOliOB (cM.p!1c .I). MonosnepreTl!'ICC

" w; :;JF.l'-'i'Vll u c JHepr!1cl1 Ee TOpMo3HTCn n Tomcotl pa;nnaTope. 



AHaJIM3KPyDIIIHH uarnHT ( C ) B~eJUieT BTOPH'!HJ.-.le aleKTPOIIH c 

aHeprHe:ii Ef' H B 3aBHCHII!OCTH oT aHeprHH TOPM03IOro tiJOTOHa 

HanpaBMeT B COOTBCTCTBYD!l\HH Ra.HaJI TeJieCKOII3 CU !HTHJIJlffi\I10HHUX: 

C'ICTtmKOB ( T C). 3To onpe;neJUJ:eT 3Heprnn tlJOTOHO 1 nyreM cooT-

HOllleHHH 

EoJthllllE\C'l'BO i(JoToHoB npoxo.n.HT ny3upi>ROBYD Kal.!epy 6e3 B33Jn.w;ueil-

G'l'Dil.'l (HOpMaJILHl:lC .ZJ,03!1pOBKH 50--80 QJOTOHOB 33 Y!MIJJinC 

llfiDTCf! 3aPp.f3KaMH J<nMepu 3J!Cl{'l'POH-TI03HTpOHHHMH WpC!MY!, o6pa3yD

ll\lUU!C .ft B :SO;ll.OpOl\C). 1fwjlopMalUffi CHCTCM!:l 
11

MC'-ICHl1:fl ' He perHCTpHpy-

~'I'Gll, t;CJ!it O,l!.HOBpCMCHI!O B0:1HJ{l(aCT CHrH3JI OT "TilB !Cl\OPD C1iCT'll1R2. 

( s ) no3:J)\H t1Y3l!]JLIWBo::i Kaucp'-l. Co6HTl1:C T3IOKC 1e perHCTimpye'i'-

Cff, CCJlli ,. -KBan•r Bl:l3BaJI pea!u~HD B Ol{OUJl(C !Gl Je_pti (CUMHTH.Tl-

Jifii.(HOHHHM C'Ie'l'l{}!K !I03aJl,l1 OKOUllta Kat.Iep!:!). 'T'CIK!!M )6pa30l.l, perHC'i'pl'l 

pyDTC5I TOTlbl\0 rpOTO!W, !COTOpUC BU3UBaDT B3aHMO}~e 1CT.8!1C B BO,l\Opo

Jl,C Ka~Iepli ( e+e- - napu, pe3RL\f!H I~OTOpOlii;JICHHII). 

11MTIYJibCH!1H Marmr·r ( C ) , CTOffil1l1iii ITepCJL KO !BepCHOOHOM 

IH'IllieH:OD (T), nepCMCr.{ae~P B ropH30HT3JILHOH f!JJOCEOC rH ny'-!OK B TC'!e

Hl'!e l'lMI1y.IILCa. 

Tal{JBI o6pa3 OLl, 3 HeprHH QO'J'OI!il O!IpG,l\CJIJICTC ;r flO..'iO'.te rll1Cn 

BCpillMHU COCJUTHH B ropU30HTaJILHOA IT~OCKOCTH 00:0CL3 liBUCp!l, KOTO

poe CKoppemrpoEaHO C I\aHaJIOM CL\Hl!Tl1JIJJ.f!U)101lHOro ~lJ.CT"llrKa. 3Ta 

CHCTCl.ta O!l}Ia pa3pa6oTana n .ZJ.MILJIOMI!b!X paelo'rax C.PHKEPA M E.HAPOC

KA ( D r; s Y)H HcnoJJb30BaHa B rH.ZJ.e 3l\Crrepv.Mei!TC3. :1co6xo;um.raH 

MHTCHCHBHOCT:O aJieKTpOHOB 103 e/UMI~. 

CneKTp ~OTOHOB 6uJI H;uepeH oT 0,5 

;n,o 5 f\aB, H ClHJIO Bb!HCHCHO, 'ITO B COOTBCTC'l'BHH C OlKl1,ll,3l!HCIJ 

pa3pemeHHe ro;n,ocKona oKa3anoch ± IOO Mas. 



6) CHCTe: Ill, TI03BOJIJIDlilH8 TIOJiy'!aT:E, KBa3J.1!.10HOXPOUaTH'!8CKOe 

noJI!'IpH30BaHHoe TOPM03Hoe H3JIJ'!eHlre Ha KpHcTaJIJiax. THmPIH!lii 

cneKTp TaKOI"O !3Jiy'!eHH.f! l1 TIOJI!'IpH3aUHU ,1\Jl.R: Ej- = 7, 2 J:'aB 

noKa3aHu Ha pH:. 2. 

0cHOBHYD pOJlb 3,1\801 HrpaeT He CTOJI1KO UOHOXpOYaTH'!HOCT1, 

CKOJI1KO TIOJI!'IpH3aUH.f!. 0CHOBHaJ1 TIJY.1\HOCT1 B C03,Z\aHHI1 TaKOH 

CHCT81J!l - I"OHH JUCTpll, TI03BOJUmmHe C OOJJJ,IDOH TO'!HOCT1D OpJ.t8HTI1-

poBaT1 nJiaCTI1fbl KpHCTaJIJia no OTHOlJJ8HHD I' ny•rKy. 3Ta C;iCTel.la 

c5y;I~eT co3.n:aHa 1a nepBOM aTane pea.!IHsaurnr rrpe.n:.naraeuoi1 nporpaMKll. 

B) CHCTCJ!l, peaJIH3JDlilHe KBB.3!11lOHOXPOMaTH'!HOCT1 aHHKI"H

JI.R:UHOHHOI"O H3Jiy'!eHH.f! TI03!1Tp0HOB. 

r) CHCTeiJU, OCHOBaHHUe Ha TpaHC~pMaUHH Jia3epHoro 

l!3 JIY'!8HH .f!. 

CHCTeMu (B) 11 (r) Tpe6YDT 3Ha'!HTeJI1HO 6o;ree B!lCOKHX 

HHTeHCP!BHOCT8f SJI8KTpOHH!iX TiytiKOB, '!OM STO ,1\0CTHI"HJTO B tf<llRJ. 

CYJ!leCTBJDT Yl ,rpynre CYICTe!All, O,ll.HaKo OHH 1!0,1\0CTaTOl!HO paspac5o

TaHI.> (BO BCJ!KOI CJIJ'!aC B COBCTCKOM Come). 

B Ta6JIJ.!l e I nprme,r.erra CBO,Z\Ka BCeX ai<cnepHMCHTOB, KOT0f''i8 

c5b1Jrn np0BC.1\8H! no H~m6c·.~.:e xapaKTepHoli peaKium ~p -B3a>a.w

.ll.Ci1CTBHII. CBoJ Ka B3J!Ta :!3 MaTepHaJroB lJelK,l(yHapo.n:HotA ':oli'f:epea

L\HU IIO B3ilHlJOj C]C'l'Bl11IM cl•OTOHOB 11 ::JJICI{i:pOl!CB :rv;l EL,;•>>.i1X JHC,l)

r11.f!X (KopHe.JlJI - anryc·.r 1971 r.). rea!''Vllf fi? ·•P '/') ;1,.'\C'l' c 

60JI:bffii!11 !1D.PL\W .Jf1Hl:IM CC'WJill81! (uKOJtO IQ% OT 11C.'IHO,':)), TC\1 He 

!ACHCe MHPOBB.. I c·ra·rl!C'l' Hl{il IluKa ell\C ,Ll.OBOJ11ll0 c5e,ll.Hil ,l\Cil!l8 llp¥! 

3 I!Cpl'H:tx S ( .:( 6 r::JB. KpOMC TOI"O, l\B.K BU):lUO H3 ·raOJU!J~!l, 

OCI!OJ3H!le ,Z\B.Hll :lC llO 3 '!·OM pcaKJ~I1t! JlOJly'ieH!l HB. ·.rpCKOB!iX llpHc5opax, 

B ·roM 'illCJIC 3 !a'lli'l'CJlbHl:lll 007>CM pac50T!l B!lTIOJlHHC'l'Ci! Ha l!Of,ll.ICOBO,l\0-

po.n.H!iX MMcpa <, KGMCp!:i oc5Jiy'IilDTC J1 He TOJI1KO M640Hh!MM !1 KBa3!1-

;iOHOXpOM8.THl!C ~hliMH q10·rOH8.MH, HO l1 ipo-rOitaMH CTICKTpC\ 'l'OpM03HOl'!J 

b 



H3Jly"!CHH1I. CTaTHCTHKa no ;n,pyrHM MHOr'O"!ClCTH'!Hl::l! peai<UHffi,l 3Ha

'lHTCJlbHO 6e;n,Hee. TaKHM o6pa30M, paccMaTpHnaeMlH o6JiacT:o HBJICHHfl 

HaxO;n,HTCR B HatJa~bHOH CTa;li,HH H3Y'!CHHH ;n,aMe ITp! 3HCpr'HRX ~OTO

HOB £;-L 6 r3B, r;n,e HMCCTCHHCCKOJI:OKO 3JICI<'l')OHHHX YCKOpHTCJICH. 

ITpe;n,JiaraeMHe 3KcnepHMeHTI:l cymecTneHHo pacrm-rpH )T :n.ocTymryn :n,JIH 

H3J'!CHHR OCJiaGT:O 3HCpr'HH 00TOHOB. 

B Hallie!.! pacrropHlKeHIU! noRa HeT CHCTCl.lll lJ ~"!CIIHIT ll:OTOHOB, 

BOnpoc 0 C03;ll,aHHn CHCTCMI:l MC"!CHI1R )J.JIR Kauepu 'JIIl)l.!AliJIA" B 

aacTonmee npeMH !13y"!aeTCH. 

06Jiy"!eHne KaMepl:l ~OTOHaMJ1 CITJIOlliHOr'O cneKTpa n)e;li,CTaBJIHCTCH He 

O"!CH:O 3W~CKTHBHOH npoue;n,ypofl, XOTH H peaJIH3ye!OH B CaMue 

!WpOTKHe CpOKH. 3TOT BapHaHT paCCMLlTpHBGeTCIT WMH KaK pe3epB

Hl:lH, 0CHOBHUM BapHaHTOM rrpe;n,JiaraeTCIT pGCCMLlTp!BUTb 06Jiy"!eH!1e 

Kawepu KBa3HI.IOHOXpOI,!aTH"!eCI<HIH! noJirrpH30BaiiHUJA! lliOTOHaMH l{Qr'C

peHTHOr'O TOpMo3Horo U3JI:J"!CHHH Ha I<pl'lcTaJI.rre aJI Aa3a. B Y<liTl1 

HMeeTC!l COJI:OWOf! OII!IT no 003,1\aHHD r'OHHOMCTpH"!C ~KHX CHCTCM, 

o6ecne"!HBaDli\Hx xopomHe napa1.1eTp11 TaKoro H3JIJ43HIDI. Ilpe;n,napHTeJI:o

Hl:le OUeHKH U COOTBeTCTBYD!IIMe neper'OBOpl:l C qJH31K<lMH Yil>TH HaMH 

npOBC;li,CHl:l. OueHKH noK33aJIH, 'ITO HMeeTCR B03MOltHOCTI> HCITOJib30-

BaHH!l CynteCTBYD!IIMX r'OHHOMeTpH"!eCKIIX CHCTCM. C jJiy"!eHHR K3MepH 

nOJI!lpH30BaHH!:llAU tPOTOHa!H! ;naeT pe;n,KHe B03MOI\HOJTH HCCJie,I\OBaHHR 

peaKUHil rrpH nucoKnx 3HeprHroc, Kor;n,a H3BeCTHH aoJIRpHsaLor:; cnr:·.'JIU 

B HatJ:aJIDHOM H !{QHC"!HOll C OCTO!lHH$l(, BO 3MOJ!HOC'I o HCCJlC;li,OBaHHR 

MHOJ!teCTBeHHOr'O o6pa30B3HHH "!aCTHU nOJI.fiPI130BaH:IH!AH :floTOHallH l1 

T.n. 

B pa3;n,CJIC !1 H3Jia['aDTCR ITOCTaHOBI<l! 3a;n,a'4 ITO HCCJIC;li,OBaHim 

peaKUHfi, HMCDntHX ;!40CTaTO"!HO COJI:OWHe CC"!CHHR H rrpe;n,CTaBJIBllmHX 

3HatJ:UTeJI:ol!l:lfl ImTepec ;L\JIR TeopHn. B pas;n,eJie Ill rtpaTKO omiCaH 

paC"!CT napaMeTpOB ITy"!KLl n03HTpOHOB, KOTOpUil ~OMHO C03;ll,aT:O rrpn 
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3a,li,<UIHOM p<1CliOJH JtCHI1H Kauepb! "Jlll,I\MIIJia", ycv..opwreJIR !1~B3 Ha 03.3C 

,ll, e fiC TB J'Dli\CPO KaJa.rra .~· 9. 

B pas.neJie IY rr~Be.neHu pesyJinTaTbl o~eHoK, saTpaT pccJ~con, 

HCO 0XO,li,I1MUX ,li,JIR ITOJIYtJCHH .f! Qll3HtJC CK11X pe 3 y.'InTaTOB. ()uCHKH 

C,ll,e.JiaHU ,li,JIR rrep;.oro 3T3.I13. paOOTbl, KOTOpb!f! MOMIIO 3aBepmHTh 

B TCtJCHHe O.llllMa imero ro.na. 

}la.JinHCffilla.f! ITCpC Iel(THB<.l. p2.3BHTIUI rJlH3ilJ(II 3J!Cl(TpOMarHHTHI1X 

B3aHMO,li,Cf!CTBHfi !a lc:lMCpe "Jl!l,I\MWJ.a" OJ',li,CT 3<l.BHCCTh OT Bpe!.lCHH 

BBCl\CHHR B CTpO i J'HIIBCpCO.JlnHOPO Cerrap!1pOD3.HHOro ITJ"lKLl If KOHI\y

pCHTHOCriOCOcJ!-!OC 'I! !JpJl'paw.:, l{OTOplle O~Jr ,l\JIR 3TOI'O rrpe;zr,JIOlitCHbl. 

IT . ITPOEJIEllA Tl1KA 

I. liOJlHOC CC'iCIIHC (llOTOITOPJIOE\CHU.f! 

I1pel!l,1l,C tJC J paCCMaTp:HBllTD OT,l\CJ!hHb!C KaH3.JIU i'oTOH-HJ'KJ!Oll

HOrO B33.ID&O,li,Cf!C rBI1R., KpaTI:o OOCJ.IUrM Ollili,ll,3.C!JOC ITOBC,UCHHC !IOJI

l!OPO CC'iCHI1H !.AI_ B3aHMO,l\CfiCTBHR.. 

B HacToHrr:;e BpC!!.R 6f &-A::Jn::n.:cpeno .no J/t::::: a:l I'3n, 

p11c. J. Han6oJiee rrorr::JIH}mm: nupo.r.:ermeM ,li,.JIH 1-' -sannCHMOCT!! 

c:(t- B 3TOil )0JiaCTI! 5IBJI5ICTC.fi: 

b 
6~fv) = fi -f -

& ~ 

3 TO COOTHO!IlCHI!C BUTe!';aeT H3 MO,I\CJII1 Pc'r}l(e ,l\Jlh 8.!JDJlHTY.l\b! rrepe;D:

Hero IWMITT0!!-'3! QC!{T3.: 

Jm Jrv) == L//1 ~ (J/) 
J j/ 

(2) 

rrp11 y<reTe BKJI3.i a P (off> (oj = ./) 1 P / u __.:?""-' 

Tpae KT a pHIL 



./1~9~' 
8 = f3 ,P' ~ 13./}z.. C;' .{J- (J) 

l1CIIOJTh3Y1I (1) H (J), LIOJKHO Hai1T>r O~tH,l\aeMUE 3Ha'1CH!HI 

B o6.nacTH 20-100 P::JB (KpHBan I,pHc.Lf). 

l13MepeHHe 6iff'fl CpaBHCHHe ero C a,npoHHb!J.!H CCI.fE Hllf!l.IH HHTepeCIIO 

C TOI.fl<H 3p8HHfl npoBepKH !.IO;li,8JI8fl BCKTOpHOfl ,nomn 3.HTHOOTH H 

KBapKoB. Oco6IIil HHTepec 3TH H3Mepemur rrp~~:o6pe.ID! nocJie o6napy-

:a:eHHR B CepnyxoBe crreu:Hqm'tec Koro rrone,neH!~fl ~. ( ;;- jo) 
Y. 6t" ( /.!. jP). 

3aueTHM, '!1'0 HCCKO.Ill>KO HHYD 3aBUCHl.!OCT:b 6-1- (J/) OT 

3 HeprHH ,nael if/ llO]J,CJl:b MMITJICKCHUX ITOJIDCOB Pe;l\l e: 

3;1\CC:b P / 
TJ:laeK-

TOPHH. 

HHTCp6CHO OTJ.!CTUT:b, 'ITO M0,1l,CJI:b (I) C ytteTOM m, BiliJIID<Cf! ,I(aHJWX 

ITpHBO,I\HT C llCOOXO,l\!illOCT:&D K CJfl1CCTBOBaHim (rpHKC 1pOEO.HHOPO) 

ITOJIDCa C of(o)==O B alHIJIHTy:ne KOJ..!TI'l'OH-3tfxPei<T:l /S/_ 
HaoCSopoT, uo.neJIL KIIP (4) ,l\OITyci<aeT oTcy·rcTmte l1.rr., npiPWM 

1/ -samrc:rr-

MOCT:O, 3a!.!eTIJO OTJ1t!ttHaf! OT (I) (KpJ:mafl 2, puc. 11). 

EcJin TO'UIOCT:S IIsuepeHHfl r5t- B o6.'IaCTH J/::: · 20 ThB 6y:n;eT 

;l\OCTaTO'niOH, 'IT06H pa3JIHtmT:b KpHBUC (I) J.f (2), ro 3TO ~JOJKCT 

cnoco6cTBOBaT:s pemeHHD qpe3BUI.f2.iiHo naJKHoro ,l\Jirr reop1m PeJiliiC 

Bonpoca o cymecTBoBaH!m rp.rr. B sJieKTpouarHHTHlH HM!WLt.rTy:nax. 

(HaiiOiolliJIU, trTO cp.TI. npaBHJI:&HOtl C.lirHaTYIJll B aWIJ!.fTY.liaX C!IJibHI:iX 

9 



B3aHMO;liC:i1CTBI· i1 B OTJil'ftrlle OT 3Jiei<TpOMarHHTH!lX l'£ CJia6ux, 3arrpe

meH!:l yc.rromret yH!1TapnocTJL I103TOMY o6HapylKerrne 1p .rr. B 

aMITJIHTY.Z\C KOI.liTBB-3tlxJlCICTa 6Wio 61:1 nalKHO .li..IDI nwm.rrcHHi1 cr.euY£

ljnmu 3JICKTpO!IarmrTHLIX rrpoueccon rrpY£ Bl:lCoi:Mx 3Heprn11x). 

2. MHo ;ecTnemwc \)oTopollQJ,eHMe 

HaY£60JI ,nm}l 0 6~eM mrrpopuamm, KO TOpliff MOJKCT 6IIT:O liOJIY'ICH 

B Kauepe !IpH 06Jiy'ICHl'fll liOTOlCO!J tyOTOHOB C 3HCprHei1 F,..., 20-'+0 

r3.a Cl3!13aH c llpOUCCC3MH MHOJKCCTBCiiHOro IYOTOpOJK)l:Cl!Hi1. B HO.CT0.1-

;nee BpCMi1 l'£3 y'ICHHe 1!HOJKCCTBCHHWC rrpoueCCOB COCT3BJIHCT O,li,I!y 

H 3 Ue HTpa.JinH l:lX 33,ll,a 'I lfll'l 3HKl! 'i3CTl1U. M:!IOJWCTBC!!HOC (ilOTOpOlK,li,CHHe 

HapJmy C (MHOJKeCTBel!HHM) oopa3oBaJIHeM tiO.CT11U B 'l!HCTO a,I\pOHHWC 

pe aKUHi1X rrc 3DOJrnT rro.rry'l!HTn cne,ll,c;!HHH I He o6xO.li.HMl:le .Z\.IDI nommamur 

cTpyKTypH a) ponon I uexaHH3!Ja D31l.HMo;neRcTBHJJ: rrpH nucoH.HX 3Hep-

r HHX I a TaK~ e crreuHi\ti1HH 3JICHTpoMarH.HTHHX n3amJo,ll,e tic TBHH. 

(HaiTOMHHM 1 t TO liMCHl!O B HCyJJpyi'OM e-? paccei1HHH CWIO HaH,I\CHO 

HaH60JICC 311< .'l!HTCJinHOe OT"JIOHCllliC OT L!O,I\C.liH BCRTOp!IOH ,1\0MUHaHT-

I!OCTt!, T.e. OT rrpe)l,C'raBJICHHH 06·a,npOHOl10,li,OCHOM xapaRTepe 

ifio TOHOB). 

I1p11 C ICTeLIO.TH'iCCEOM l13y•IeiU!H HeyrrpyrHX rrpOUCCCOD 

y,na.rroc:r, BWilHT:O pH,I\ BaJKHilX OC06eHHOCTCfl, CBOllCTBCHHilX HeyrrpyrHM 

a.n.poH-a,npon IHM 11 JieiTToiHl.I\POHH!lM rrpoueccau. 

TaJ<, n )Jta3ariO, tiTO poAi;ll.aDmrecH ITI10Hl:l 11MCDT J,m.rruc norrepe'I

nue HMily.JIJ)C 1 f.i. ~ 0, 5 flaB OTHOCHTCJI:OHO OCH CTO.JlY.liOBCI!l1!1. 

B pJ!,I\e c.rryt; aen narmeno, 'iTO pacnpe;i"\e.rreuuH tiacTUU c poeT oM 

3Hepr1111 CTICMJJ:TCR R npe,neJJau, He 3aB!1Ci1ll1UM oT 3HcprHH. B neyn

pyroM e-f pacceRHHU o6uapy!eHo RBJIC!ll:IC uacmTac5noil: HHBapuaHT

HOCTI11 KOTC poe, B03MOJKHO, MOJ!ICT c51:lT:O o606ll\CHO Ji! Ha ,Upyrlle 

rrpoueccl:l. 

l\) 
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Jl.JI.fi o61>RCHCHHB si<crrepl1MeHTaJILH!iX (flar<TOB Ol:.IJI npe.ztJiol!eH ueJlllil 

pJI.zt TCOpeT!1tWC lillX MO.zteJiefi, TaKJDC 1 I\aK llyJIJ:>Tl1l!epH!lJepH'ICCKaJI, 

MyJILTHpe.ztXCOHH~Jl, CTaTHCTH'ICCKaJl, CflailepcJOJILHaJI, rrapTOHHa.fi H ;np. 

CymeCTBelliiUC ~~pTU 3THX MO.zteJICH TIOJiy~mi OTpal!eHHe B TaK Ha3. 

I'HTIOTC3C Tipe;ne1lL!!OH cppai'MCHTarnm /6/, COT'JiaCHO KOTOpOfi .ztJUI 

lf!!KJIIl3HBHI:lX pe ~I<W!ii Tima CL + b- C -1. . • B CHCTeMe l!OKOJI MRDlCHH 

cymecTnyeT npEILeJI 

fo2 dz6d_ 2 = .P(IJ;~P_~.E)-- ~(rft~~j' 
df>ll 1'.1 

(I) 

K KO TOpOMY CTI eMHTC H ce 'iCHl!e o6pa3oBaHHF! llJilEII'MCll'l'OB M11IDCHl1. 

(AnaJiorutrHue rpe.zteJiu cymecTnyuT 11 :riM ceqcimP c perucrpa!~l!e:·r 

2-X, J-X H T .;r. tf::lCTHl~). TO'll!O TaK li:O B CHCTCMC !10K05I l!aJICT::liJ·· 

!11CJCI '!aCT:Hl.\H C;) ll\CCTByeT npe,JJ,CJI, 1\ 1\0TOpOMY CTpCMHTC.fl CC'ICHHC 

'llparMCH'l'aunn 1 aJieTaDmen tJaCTlHUL · He •rpy.I\HO rroKarsaTL 17 I, 'ITO 

c ymcc Tnonam'!e TaKHX npc,neJron rpai<Tn<recrm o KBnnaJieH'rHo MacmTacJHOil: 

HHBapnaHTHOCTr \DeiiHI.raHa /S/, cor.nacHo IWTopon rrpa 6o.7Th!l!HX oHep

rH.flx cetiemre q, d 6/ d):; !IBJIHe·rcH i.PJHKI~en TOJILito jJ .L 

m X= Plljoo 
ITpe:n eJI (I) l1p< CTHM Cl!OC 060M MOli!CT OHTL ITO.'ly'ieH rrocpe;nCTBOM 

o6o6meHHOH OW :W'leCKOi1 TCOIJC!AU /
9/, CBR3UBC:lDll\Cil: CetreHJH! HHRJID-

3l1BlHlX 1rpouecc oB nma 

(2) 

(J) 



B uo.n.emr rro.'UJCOB Pe,ILJite y:u,aeTc rr TniO:le rrp( ,ILC r<a3aTb x::J.parzTep 

BUXO,Il,Cl HCldC!1MITTOTHKy: 

P (t~~ P1 I F)= .e t?t, 1 fL. J-~-c~ o(~~ /,P;11 ~ J , c ~~) 

r,TI.C o(__ CBf!33.H3. C ll8BaK]Y11HbiMII p8,IiiKe-v6HCHaW /6/(J), a HCITOJIL-

:'-flr::x npouecDrm. B '!il.C'I'Ho~:Tlf, ;n: •. n lmTcpcc :1'1lll1HX 

, :w::V)l!IfJOB3.HliUX tOOTOH3.MH, MOJ1(H0 ITO.lY'IllTb /IO/: 

~~ /f}/JfL} R.BJIHC'I'C5I (C TO"iiiOC:TbD l\0 I!OpMiij) )BO'niOro ljaKTopa) 

ymmcpcaJ1bHOfi fJJYHKl~Hei1: JJ..IDI rpparMeHTarun1 HyKJio 1a B a:n.poH 

IJHC 3aBHCHMOCTI1 OT BHJJ,a HaJieTanmei1: 1J.3.C7HUU. 

MMCDlllHCC R B HaCTO.flli\CC BPCMJI 31\CIIepHMeHT lJibHUe ,Il,ariHl:Ie H 

TeOpCTHqeCKHC MO,Il,8JII1 !Ip8,7J,CKa3UBClDT poeT MHOM8~TB8HHOCTH C 

2 HeprHei1 

Ha pHc.5a rrpHBe:n.eHu .n.aHHue no E-saBHcrruocn ceqeHHi1 goTo-

P oneHH.f! 2, 3, . . . . qacTHU, H3 RoTopux BHJJ,eH YJ·CJIIf!IHBaDIT(HHC 51 

C E BKJia.,ll B rfrr~ jJ) MHOJtCCTBCHHOrO po]!j,CH!ffi, 

Ha PHC, 56, 6 rrpHB"e;neHl:I HMCDIIUfCC .fi ;naHHl:Ie IIO I :eqemr.fiM pa3JIHqHJ:.lX 

KClHaJioB (/'f..- jJ1i"'71; jJ J! "'£~ _jJ ,?ji, ,P11'"';,--I-.,H-7/-) H T.Jl,, 

IJ 



EcJUI IIOJIHO<: Ce qeHHe J"_p - B3aH!.40,ne HCTBH.fi IIOC TO.f!HHO, a 

MHO~eCTBeHHOCTb JaCTeT, TO,O'IeBH;D,HO, napUHan»H~ Cel:JeHH.fi KaHa

JIOB C po:l;ll,eHHeM mpe;D,eJieHHOro l:JHCJia ( /l- ) qaCTHU ~OJlliHH )J;OCTH-

3I<cTpanoJIHpyR HlBDI!lHeCR ;naHHHe no neynpynru a;o,pon-a;npoHH!& 

IIpoueccau H HCIIOmD3y.f1 COOTHOIDeHHfl THIIa (5),MOMHO OUeHHTb 

rrapuna.JibHHe ceqe :nt.H pa3JIH'IHIIX MHoJKeCTBeHHliX ilxJTopeaxunii! 

f-tp - ( II- - qacTHL\). Pe 3YJibTa ~II oueHoK ,n.ll.fl cpe,nHei1 :3HeprHH 

E ~ 30 I'::!B rrpnBe~eH!I B Ta6Jrnue :LI: 

Ta6JIHu;a II 

2 4 6 8 10 

30-40 25-30 al-25 10 3 

TaKHU o6pa30M 10l~,naeTCH, 'ITO Cpe;D,H.flH MHOMeCTBeHHOCTb COCTaBHT 

£ = 4 H HaHOOJ!f e BepORTH!&H 6YlJ,yT C06b!TH.fl C 2-, If- H 6-

~aCTHJJ;aMH. CJie,n:eT 3aueTHT:o, 'ITO OMH,naeTc.fl YBeJIH~aDmaRc.fl c E 

;D,OJI.fl rrpouecCOB, 1 KOHel:JHI:lX COCTO.flHH.flX KOTOpUX OYlJ,YT ITPHCYTCTBO

BaTb Hei1TpaJibHHf qaCTHUII. Ta~ OTHOIDeHHe Cel:JeHH.fi rrpoueCCOB C 2 

3ap.fllKeHHill.U! l:JaC"HJJ;aMH (H.ID! 2 3apRJKeHH!lMH H O;D,HOH Heii!Tpam>HOi1) 

Ic CJ'11Me ce~eHHH C 2 3ap.fllKeHH!DAH U IIpOH3BOJibHHM 'IHC.'lOM Heii!TpaJib

HliX COCTaBJifleT ,Z..t-""" 2. ,UJI.fi 4 3apJIMeHHllX .£':>,""" 0, 5 H ;II,JI.fl 6 -

R..~,(V' O,I. 

0CHOBHa.f1 'PYAHOCTb rrpH H3Yl:JeHHH MHOJKeCTBellliUX rrpol\eCCOB 

CB.fl3aHa C TeM, ITO orpOMHOe KOJIH'ICCTBO HHtfJOpMaU:VIU, 3aKJIDl:JeHHOe 

B MHOllteCTBeHHOM COOI:ITHH, Tpy;D,HO "rrepenapHTb 11 H3-3a OTCYTCTBH.fl 

llCHoro nudopa c ;Je;n.H 6o.Jibmoro ~HCJia B03MOJKHUK na6opoB rrepeueH

Hux H HeO;D,H03HaiHOCTH B TeopeTHl:JeCKOH HHTeprrpeTaJJ;HH. ,UoiiOJIHH-



TeJI:OH3.f! TpY.JI,HOCT:O B03HHK3eT H3-33 60JI:OIIl0r'O !Jl!C. ra Hei1TpaJI:OHblX 

'!3CTIU~, He Ha6.'!D,l\aeMblX Ha 3KCHCIJHMCHTe (B J{3MC lC) M 33TIJ:\'JLHHD

lliHX, TaKm! o6pasm..1, KHneuaTHtrecmrJ:f ana.lrn3 co6b!TI1. r. IIpe,l\ITOJiaraeMaH 

Hlll\8 rrporpaMM3 nepBOO'Iepe,l\HblX H3Mepemfi'i MHOJKCC' 'BCHHblX !1p0l\CCCOD 

C B060,l\H3 OT TPY.Z\HOCTei1, CBJl3ai!HblX C perHCTp3l\11• :i1 HCHTpLl.JI:OHblX 

'!3CTHI.\. 3TH H3MepeHJ1.fi TI03BOJIJmT nponepHTJJ B CJI ''I3C (llOT0!1pOUeC

COB cymeCTBJ'IllliHe npe,ll,CTaBJieHHH 0 M3CIIlT36l!O~ HH:IaprW.HTHOCTl!, 

lqle,l\eo~TOHOH ~~parMeHT3l\HH, ,4yaJI:OHOC Tll, BW!Bl!Tb p( •JI:O ill!OIU! 331.\HH B 

;poTopo'!,ll;eimH ilpH B tiC OKHX 3 HeprHHX, a T3I{J!Ie rrpo lCpllTJJ :rpe,l\C I'a3a

HHJ1 Cyl!leCTBYDll\HX MO,l\eJiei1 MHOllteCTBeHIIOr'O pOll!,l\eH:rJI. B pa3Jil1'IHblX 

KHHeMaTH'IeCI<HX yCJIOBHHX MOryT 6l:lT:O 113y'!eHbl pa3. G!'IHHe aCH!AI1TOTJ1-

qecKHe peJKHMii. 

JlaHH!ie ITO !JHOMeCTBeHHOMY pOlK,l\CIIl1!J rrpe.l\CT[I.BJIHDT llHTepec T3KJKe 

.l\JIH nponepKH pa3JIH'!Horo po,l\a rrpaBHJI c YMM .I\JIJI H ~ynpyrHx peaK-

l\Hi1 /Ia/ H JielK3mHX B HX OCHOBe rrpe,l\ITOJIOl!leH11i1 0 ) 3H3Jll!THtieCKHX 

CBOHCTBaX, 3CHUITTOTH'IeCKOM ITOBe,l\eHHH H "o6o6me !HOH .I\Y3JI:OIIOCTJ1 11
• 

(IlpH 3 TOM Bal!tHO yMeT:O Bli,l\eJIHT:b pe30H3l!CH!ie BI{JI U\li ITO He,l\OCT3D

mei1 Macae oT i!Joua). lilu na;ZJ.eeMCH, 'ITO npone.IJ.eHH! 3THX 3I{crrepm~eH

TOB 6y:n,eT CTHMYJIHpOBaT:O .l\3JI:OHel1rn!1e TeopeTH'IeCK!e HCCRe;ZJ.OBaHH& 

B ,l\aHHOH 06JiaCTH. 

3KCIIepm.!eHT!:l yCJIOBIIO pa3.IJ,eJieH!:l Ha Tpll rp (11HI::l, COOTBCTCTBYJ)· 

Iql!e yBeJIHtiHBanmeMyCH o6MMY HHtlJOp!.!al\11:11 B 1!3Mep~HHHX: 

a) B nepnyn rpynny BXO.Z\HT H3Mepe!!H!1, TP ~6ynmue TOJibKO 

ITO;IJ;C'!eTa '!l!CJia (3apHl!teHHbiX) '!3CTlll\, 6e3 K!!HCM3 ~J1'!eCKOr'O 3H3Jil133. 

I. Q2el\HM JJHol!tec Tnennoc T:o Kar< WYHKl\llJI 3 wpriDI QoToHoB 

\tla.KTH'ICCK!I H3MCpfleTCH 3aBHCHMOCT:& 
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Cpe:z~He V; MHOlKCC rBCHI!OCT!! 33.pmKeHIIUX ti3.CTlH\ 11 C paBJH!BaeTC .fl C 

npe:ncRasaHueM ~6). Bo:JJJOJKHo,~~ [Ej pacTeT c E ue:nJieHuee, 

tieM 1J(£) . 

2. 3aBJ1G_ ruocT:o napu;uaJI:oHu:x cetieHnfl oT :Jlleprmr 

HsytiaeTc ~ 3aBHCHMOCT:b pollr,Z!.eHHH n.- 3apHl!teHHUX lJaCTH~\ 

( IZ- == 2,3,4, •... ) or 3Hepnm ijioTOHOB E. }:aK yMe roBopKJioc:o, 

C Jie,1l,yeT OJ!tJ!,Z\aT >, lJT(; Q'l> (E) CJ'AeT ;ll.OC THI'aT:b M3. HCUMyJ.!a npl: 

~13MCp!leT :JI 3aBJ.J:CUMOCTJJ :flOl[;Il_CllllJ: /1.- sapmteHH!iY. '!2,CTU:'. 

( /l. == 2,3,'+, ... ) :JT "··:c:.;la /2.-

BosMOi:IHC, tiTO rnc B HCCJie:n.yeJwfl o6JiaCTH 3Heprnf: 6y7J,e~ o6Hapy;aeJI 

.I\Hil B 3aBUC!!I!.O :TJ1 s: (n) , ROTOpW! MOiKHO CBH33.TJJ C CJll\CCTBOB3.-

~3Yti2CTC I 3QBHCH~OCT~ 

r;ne 'l - C lOTBeTCTBYCT pa3JllitiHllM TRIT3.M tiaCTlll\. 

Pa3Jrn:tiHblC MO;zr,e ll! rrpe,Z\CJ:a3UBaDT pa3Hb!C COOTHOLJCIIl!H l{JIR OT:r\eJI:OHllX 

COpTOB tiaC'l'l!i\ ( lf/._P -Me30HU, JlyJ(JIOJI!:l, ••• ). 3Tl! l13MepCHUR 

Tpe 6yDT H,1l,CHT1! ~lt!K3.Ll;Hll tf;}CT!1l\ 

16 



0) Bo DTOpyn rpyrrrry BXO:UR:T H3MCpeHU!! Ol(H!•T.{3CTHT.{Hb!X CITCKT

poB BTOpHT.{HUX T.{3CTHU. 

I. M3Mepem1e crreKTpa 7i- (rrmf 8-+ )-MC30I on 

:.<(:.lHCiE ;"Hcpn;;l (~JoToHon. c.1e;n;ycT omrr;n:aTn, '{TO c pocTo:.r E 

F c;,~'; /.L J F ) 6y,I\CT ;TI.OCTHP3T:O npe;n;eJm 

) rr nepe-

(rii!10T833 rrpe;n;eJI:OHOii: cpparMCHT3UHi1). J1H•repeCHO rrpoC.'Ie:UHTb BUXOJ\ 

"•· ~CV!l.I!1TOTii'l!CCKH.fi pel!tHM H Cp3BHHTI:> C !1pe;D.CKil23.HYie:,; (it). 

~. _l:Jo::n.!OlKCH ;n:pyroii: B3pH3HT H3l.iCpeHHM, TIIH KOTJPOM j/..L 

H.CHpyeTCH, a p,1 H P MeHf.!llTC.fi. l13yT.{aeTcr 3anncHMoCT:o p 

o-r f1, / C (rrponepi<a MacrnTa6Hoi1 I!HBapHaHTHOCHr). 

I1epn11e M3Mepemm TaKoro Tuna O!lJllf rrpone;; em.; He;n:anHo IJ 

CTe Htjiop:n;e ;!\.lUi peaKUHH d p ..... fi- -f • • • rrprr 5, 5 .L E L I 5 f\a fl: 
0Ka3aJIOC:O, '{TO B o6JiaCTH ;no IS rsn rpopMa CC'l£CH][JI yJKe He 3aBHCHT 

OT 3Heprnn, a BeJllf'l!HHa !IpOllBJ!iiCT CJia6yn 33BHC !MOCTL OT E. 

3. CrreunaJI:oH!lii: nHTepec rrpe.n.cTaBJIHeT l13Y lemw HHitJID3HBIIUX 

qJO TOpeai<UHi1, nMeDmHX 3 R30TH'l£CC ro'l i1 ? C I<aH LJI, KaK narrpHMcp'',IO/ 

tf-+P _.. IL-+ .. . 
(7) 

r!~f ~? + .. . 

JlyaJI:&HOCT:b B 3TOM CJIY'l£3C npe.IJ.CRa311BilCT OiiCTp l~ BUXO:U Ha 

npe:n;eJIDHlli1 pe~MM. 
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PaCC!AOTpCH Ule Bllll!e J.13MCpCHJtfi HOC liT B OCHOBHOM HHTerpaJI:o

H Ufi xapaKTep. Eo ~e C 7\C TaJI:oHa II IrHfPOpMaUn II 0 THOCliTCJ!:OllO MCX3HH 3M a 

pollll(CIHIII MOJKCT C: O!T:O IIOJ!~"ICHa B KOppCJI.fll\UOHH!lX :3KCrreptrMCH'l'aX. 

B) K 3TOH rpynne OTHOC!ITCR 3KCIICpY!1.!ellTU, B I{OTOp!XX 113MC

pRDTCII pacrrpel(eJ:~HI!H JJ,Byx 33p.fiJliCHH!iX qaCT11U. 

I. none.@!_ Ko:ppe.'l.fllJIIOHHoH ;n,JIHHu 

l13Mep.flCTCf a) :UBYX 1IaCTI1'!Hlifi CIICI<Tp .P(P/IJ jJ.i} 5./1/fL) 
;n,JIR Ji + 11 71 c mmyJI:ucamr ? 11 .P/ 11 6) o;zr,Ho3Ha'!Hue 

lPYHHU>HI pacnpc;nr JICHHH fl-' H #-

{; (?t,;/?1;/}/)j IE)= .P(P,,j~) !/!!t~ E)--.,P(fJ;tAJ F)_?~,>:-e/'6~ 
CrrcUiraJinHufi HHTI pee npe;zr,cTaBJI.fleT 113y'!eHHC n:pe;zr,e;ra {2 rrpu 

ft, ~~ f/~ F. PaBeHCTBO HYJID aroro rrpe;uc;ra CBHl\CTCJI:OCTBOBaJlo 

6u 0 CY!l1CCTBOB3li1H CriCUHClJH'!CCKOH KOppCJI.flUifOHIIOH ;zr,Jli11IU /!J/. 

2. Jlpyra.fl B03MOJKHOCT:b U3Y'!CHH.fl KOJ?J?C~fi CBII3aHa C l!3MC

peHI1ffill1 !10!1epetr: (UX i1MIIYJinCOB ;zr.Byx (3apiDICHHIXX) '-!aCTV.U B IWHC'!HO!.! 

COCTOfllii'!H. 06o6 \81!118 LIYJinTl!!1Cp!1lflepi1'!CCKOi1 H a6cop6TI1BHOi1 MOl(C

II"/ 
JICH IIp11BO,lLHT K :JIC/\YIJll1Ci1 napaMeTpH3aUnH CC'!CHH.fi ' ::>. ; 

d6' /' -- -~; 
df:t ~~ ;c lJ- (jJ_L) ,P.L ' 

{; ( ;;
1 
f.t) = C0 ex;; (- o if- £'fJ.J~- c)} 1?/) .¢~~fJ_/ FJ. -3J1CCL /'1 - IIOCICpC'!HblH HtmyJI:oC KOHC'!HOH "ne;cymefi" '!aCTHUU, 

J'>;' - nonepetJ'Il:ifi HMIIYJII>C rpparueHra uHmeirn. Ilo ocTaJinH!iM rrepe

MCHII!iM !1pOH3BO;n KTCf! HIITCI'pHpOBaHHC. 

Ib 



Be JIHtrnHH a. H 6 H3Mep5IDT "pa3M8pl:l" HaJieT 3.D!llei1 qaCTHULl 

(•oToHa H MHmeHH). KoppeJiflUHOHHIIH napaMeTp c 

nepepaccemme H a6cop6UHD qaCTHL\ B HaqaJI:OHOM V. ROH8'IHOM COCTOfi

HHflX. E- WHRCHpoBaHo. ITpH 6oJI:omHx aHeprHf!X (acHMITTOTH'IecKaR 

0 6JiaCT:O) H8y'!eiD!e 3aBHCIHlOCTH C8'!81IHfi OT .)P == J ~'fl""'/ MOllt8T ITpOJIHT:O 

cBeT Ha npHPo~y CHHryJif!pHoCTH ITouepaH'IyKa. OlltrnaeTca /I6/, 'ITO 

8CJIH llOMepOHy COOTB8TCTByeT IIpOCTOH TIOJIDC, TO Ceqemre He 

o~eT saBHCeT:o oT Y' ; ecJIH xe P - aTo 6cJiee CJIOlKHaa oco-

6eHHOCT:o (HaiTpHMep, paspe 3), TO TaRa a 3aBHCHMC CT:o 6~eT llpHC YT-

CTBOBaT:O. 

3. 3K30TH'I8CRHe peaKUHH. Bo3MOJUiOCT:o no; y'IHT:O aR30TJPiecRni1 

? C. RaHllJI B CJiyqae 2 perHCTpHpyeMI:lX qaCTHU ( C "" C /-.< Cat- ) 

3Ha'IHTeJI:oHO mHpe, qeu ~Jlfl 0,1\HOfl, H npe~CRa3aHHJ "o6o6meHHOH" 

,11. yaJI:&HOCTR L!OllHO ITpOB8p1ITD B CIIeKTpax qaCTHU :::j H C .,2, ,li.Jlfl 

TaKHX peaKUHtl, KaK 

IIOJJ,06HO TOllY, :Ka.K 3'1'0 npe_n.naraJ!OCb ,li.JIR peaiUU!J r (7) -, 

4, IlOROKH ;IJ;lWi1HOro 06UeHa TIOM6P,OHOM 

EcJIH .11.HWPaKUHfl rrpe;n:cTaBJiaeT cneUH¢HqecK>e f!BJieHHe, 

He CBH3aHHOe C 06L!eHOII IIOJIDCOB B C -KaHane, TO uexaHH3L! 

,li.BoiDioi'O P-o6ueHa uo:leT 6HT:o sanpe!lleH. B npoT IBHou: cJiyqae oH 

woseT 6!:iT:& npeo6Jia;n:anmHu ;n:Jlfi onpe;n:eJieHnux pea nwn. B '!3CTHOCTH, 

npoL;8ccy f+? -- _/) 0(.J7~ .ITJ +I~_//- uory r cooTBeTCTBOBan 

MexaHH3Ml:i, H3o6pallteHHI:le Ha cJie,nyDI!IeM pHcyHKe . 

IlJ 



p 

ilpH STOLl ~OUHH~IYDmRli (eC~H OH B03UOMeH) uexaHH3U ( ~ ) COOT

BeTCTByeT 7 + ~- nape B cocmomnrn I = 0 H T .o. npoHB~JieT 

_,P -IIHK. ~JUI 11 J:O~BemeHHOi!" napu !1-Ue30HOB. 

Ec~H o6a lexaHH3ua pa6oTanT, To c pocTou E ~oJlliHo Ha6~-
~aT:&CR ynmpeHHe p -IIHKa B pacnpe~e~emrn # -r J/- /I3/ 

3. il)oTopo [,1\CHHC BCKTOPHWC kie30HOB 

I10CRO~KY CIIHH H 'l:eTHOCTb BeKTOpH!lX MC30HOB TaKHC :ate, 

KaK y rpoToHa, IJ~o4ecc rtcT806pasornmHi p~w
0

-H y:>_ uesoHJB 
/ 

npH BHCOKHX sHe JI"JHiX o6ycJIOBJICH .llR~:QaK4HOHHh!M MeXaHHsu:ou. 

ACHU:IITOTH'!eCI<H€ :ma'!CHHJ'l IIOJlliliX CC'!eHHH ~OTOpOllt,IICHHJI COCTaBJUIDT 

(cu.pHc.7) 

6if? -.P"f)= ;o~6 1 6'(tvj:J)::::!.Jtt6, G('P?)~Pfju6, (I) 

nH~WPCH~aJibH!lC CC'!CHHR SKCIIOHCH~anbHO II~aDT C pOCTOLI 

KB~paTa nepe;n;EBaeMOI"O HMIIYJll>Ca C (Cu_j!aiipHMep, PHC .8 , I'~C 

IIP}IBC~CHO ~~a 'f:- ;n;~R IIpOI.\CCCa J;:> .-_.Pjo ). Bu.IICHCHHC Mexa

HH 3M a BllXO;n;a C€ 'iCHHll WoTOpOlK;l\CHH.II HCi"tTp~HllX BCKTOpHUX ILC 30HOB 

Ha aCHMIITOTH'iCCKHi"t peMHM npe;n;cTaB~J'leT 60JlbillOi"t HHTepec 0 TO'iKH 

3peHHR TCOp}B! } 'e,lllltC (BWiCHCHllC OTHOCUTC~l>HOH pOolli 06MeHa 

2U 



?.1 f ~ -4,_ / Jl- TpaeKTOpHiiMI!). 1f3y"leHHe MaTpHUU IIJIOTHOCTH 

pacrra;na BeKTOpH!iX Ue30HOB Ha IJHOH11 rrpe;nOCTaDJI!l:eT i1U!KUJI:OIIYID 

BO 31lOllHOCT:b BWlCHeHHB: pomr rrepeBopoTa CITI:!I-Ia B . .1\ !qipaKnHOHHbDC 

rrpo~eccax. 

3ap1UeHH11e _/) -1.W30H!l o6pa3yDTCIT IIpH BUC li{HX 31!Bpi'Hf!X, 

BH;nHUO, sa C"leT OOUeHa O;nHOITHOHHllM TIOJIDCOM B C -KaHaJie, 

noa Touy ce"leHHe HX poJK,neHHR 6y.neT o"leHn uaJio H .n JJIJI\Ho na;naT:r:. 

C pOCTOU anepi'HH (CM.pHC.9). 

1f3y"leHHe rPoTOpOM;neHHJI .f/.1-u.J-1 y:' -MB30HOB ~aeT B03MOJKHOCT:b 

OCYl!leCTBHT:O IIpOBepRy uo;ne.Iru BeRTOpHOi1 .ll;OMHHa!ITHO}TH (MB,ll) !1plil: 

B!lCOKHX aHeprHRX. li3BBCTHO, "'TO B OOJiaCTH aHeprH~ qoTOHOB 

5-20 I'aB 06HapyxeH11 CYJllBCTBeHIIUe OTKJIOHCHHB: OT IT [)e;ncRa3aHHi1 

Ml{ll. • 

HaHC5oJiee rrpmwn crroco6 rrponepKH MBJl cocToH r B H3Mepemm 

JIBBOi1 H rrpaBOH qacTei1 COOTHOillBHHB:, ROTOpoe CJIB,Z\y3T H3 3TOfl 

MO;n:e;ch: 

( I 4n-o< I 

<ifr?J = E ' ::v /il!i / ... /)1-, Jl·f.,~Y" (/7' ( 
~ fr;D_.. jlll} ~-o 
c/f· 

(2) 

3,nec:o ~ - ITOJIHOB CeqeHHe QoTOIIOI'JIOmemiR, r}~ - KOHCTaHTa 
-,r 

CB.fi3H lPoTOHa C Y -lrle30HOI.I, ?)I - OTHOillCriHe ,refrCTBHTBJI:&HOi1 

H UHHMO~ "laCTei1 aurrJIHTy,n ~OTOpO~BHHH. 

Jl.pyroe C 00 THOlllBHHC, RBJlf!Dl!leec !1: CJie,ZJ;CTBHC!.! llB)l H MO.l\BJIH 

KBapKOB, KUeeT BH,Z\ (uu rrpeue6peraeM BKJia,Z\OM rrepE~O,Z\OB Jl/~ty 

ot d" :.:r o( 

71- lff -;;VJ-= 1/' !!!: (If _, 1/r) ' 
~~ (3) 

::: (~;; '*'/'~) ~ :: (t:.;,P ---c.;p) = ~{(;,~ (7jj ~ ~:f (Ij)) 2 
(4a) 

' 

;$! ('P;> _.. Y'f'J::(/tJft:~J ~/~(;r_IJ -/if0;) .z (4B) 

')T 
L.L 

): 



!IpoBepF.a 8THX C OOITHOIDC!!l!ii ITpll BUCOKHX 8HepriDIX rrpe,nCT<lDJI.flCT 

OOJlbillOfi HHTepec . 

H3 BL!pG.;IH HHR (3) H MO)\CJH! KBaplWB CJie,nyeT eme o,nua rpyrr-

ITa COOTI!OlilCH11:lr 

e4' /. · -</Y k /, . 1 (I +f" 
2 
J <></6f"r - {t!"? ~f31/ J = . ~ - ( 1/jJ- "l/ .: cS (#p ) (5) 

c:f-t- / /,, /f',r .,./.,t cf'/ / ~77 :.<- I~ 

d-cfffl) = o;.r"-;oJ- ~i<.f7if;J -r ~ (7//] 

o't" (Y_p) = v; I IL~). 

(6a) 

(66) 

MOJKHO H30eJKaT:b HCI10Jib30Bai!11:JI COOTIIOIDCHHii (6), T. C. MO)ICJIH 

KBapKOB, eCJIH ~JIR <t t"J>) HCIIO.'Ib 30BaT:b ,naHHHC, riOJIY'!CliHUe ITpH 

0 6pa 30BaHHil BC :\TOpHUX MC 30l!OB Ha ;mpax. 

HaKOueu, Mal MoJKeT 6uTn rrpoBepeua, ec.JIH H3MepeHo ce'!eHHe 

KOMTITOHOBCKOrO pacceRIIHJI riiOTOHOB I!Ll Mam;e yr'Jlll. COOTHO!llCHJ!e 

YIMC CT BKL\: 

A"/ I- oL!' 7 . /1/ ·a'~ /ol-
(7'f r(JjJ -~ - 1' ~~Y' V /j;z;fh' ""'-f'? ~'f) . (7) 

Eo.JlblilOfl HHTepec .nJIJI cpv.3HKH 3JieweuTapHux tJnCTHU rrpe.ncTaBJIR

e T H 3Yl!CHHe ,l(J:cjipaKUl'!OHHOrO HCyTipyroro rlJOTOpO~CHJ1R BCKTOpllllX 

!.!e30HOB, npe.nc TaBJUieuoro rpar:fMKaMH TJma 

~r 
1~.?0 

--- KBaHTOB!lC 
'!JJC Jia HYKJI OHa 

OueHKH noJ<a3!:16LllDT, 'ITO CC'!CHHR rro.no6Hux rrpoueccoB MoryT .nocTH-

raT:b 3Ha'!HTeJibHOii BeJIH'!HH!l. 

L'2 



4. IlOJlf!.PH3agHOHHl:le H3lAepeHHFI 

I10JIJijH!3aUHOHI!!le H3Mepem!FI .I\aiJT HHi;JOp!.!al(IHl, : 18.ll\HYIJ ,1LJ1F! 

!IO HUMaHHJI .zte TaJiei1 MCXaHH3Ma pe aH~HH H I:pHTH'ICC 1:0r1 • Bb!6opa TC 0-

peTH"!eCIUIX !A0,1LCJiei1 • .n.ocTaTO'iHO BCITO!.llil!T:O, I<aJ<yiJ B< .JKHYIJ poJI:O B 

ycTaHOBJieHl!ll COXpaHel!IUI Cm!paJI:OllOCTH B ,1\.i!lfJpaKUHOHI blX !1pOL\CCC3.X 

C urpaJIH H3MepeHHfl l10.dpH33.U.I!OllHO l1 Ma Tpl1U!l 11JIOTHO C' 'If pac TIZl..I\3. 

_/}

0 

-Me30HOB, o6pa30BaHHb!X l10JIJipU30BUHHi1Ml1 ~IOTOHa !!1 B TIPOUeCCC 

tf? -.Po+ ,P .. Ha p11:c. IO u3o6pal!tena yrJionarr IC!1 IC!:!3.T!1Ha 3 Taro 

rrpor~ecca B Cl1CTeMe IWOp,1L!1H3.T roTTr;;p>r.I\a-,TI.JKel<COHa. ~CJ1l! HC!1CJJib30-

BaT:o Te l!te 0603Ha'1eHI1JI ;Il.JIJI yrJIOB, 1!0 B CHCTC!.!C KO >p;I!.!11!3.T, P,4C 

OCI> c¢ COBITa.ztaeT C uanpaBJICHHCM .I\BHll\Cilllfl ,/>"-Me lOHa B CHCTC

MC UeHTpa Mace, TO B C•1yqae coxpal!CI!JH! CI1HpilJI:&HOC 'I! ;yT.~OBOC 

pac npe;n.eJieHHe ":T -Me 30llOB paella.,/\ a 1¥ ;n,oJIJKHo 6u ri> rrporropuao

HaJlbHO """ Joi-n 
2 
& # , '!TO 11 ua6JT..D,lLaeTc rr ua ::JI<Crrepn JeHTe (pHc. II). 

Pac rrpe;neJieHn:e W rro yrJiy ~ ;n,aeT cBe;n,eiil1JI o \pyro fl IJamron 

xapaHTepHCTHKe MeXai!H3JJa gOTOpo!:;Zl.Cill!fl BCKTOpiiUX 1.1 ~:JQHOB: 0 pOJII! 

06MCHOB H3.TypaJlbi!OH H I!eH3.Typaru:,nofl tJCTl!OCT:&Il B ~ -1-::lH<J.JIC. 

B COOTBeTCTBHH C MO,ZlCJI:&D ,,1\H(ilpaKL~HOHHOfO liJOTOpOJl\.I\li{}L'! _p· -MC30-

HOB ;Il.OJIJI!eH npeo6Jia,Z\3TI> H3Typ3JI:OH!lfi o6MeH, '-ITO llpP jQ.I\HT ]{ ;)TJIO-

BOM 33BHCHMOCTH It/"' WSzr.r, IIpe;(paCHO COPJiaC ,lll!!Cf:Crr C 

aJ<cnepHMeHTa.m.Hl:IMl1 ;nauHI:lMif (eM .p11c. Il). 

IIo;no6Hue H3MCpemrJI Heo6xo;n,m.:o npoBeCTll n ,n.H o6Jiac TJ: 

Bl:ICOH:HX aHeprlfH, ITPH"!eM HeOOX0,1l.l!MO I!CCJJC;Zl.OB::lT:& He TOJI:OKO r)OTO

polE,11,eHHC _;:J" -Me30HOB, HO 11 tJ -!JC30HOB (;n.Jirr j;)TOpb!X ,.1\HriJpaH:-

UHOHH!lfi MeXaHH3!.! H3."'HH3.eT npeo6Jia;n.ClTL rrp 1 aHepr11m: 

Burne IO I'an) H npoueccbl MHOl'icCTDCHHo!'o ~JoTopoll\;Zl.eH.fR, KOTopue 

o6CylE,11,aJillCL H3ID! Bl:lllle. ITpl1 3TOM CJIC.I\YCT OCOOO OTM ~Tl1TI>, liTO 

HCITOJTh30BaHlfe KBil3HMOHOXpOMaTn'iCChl!X ny'iiWD ri>OTOH )B l103BOJ1F!CT 

I1pOBCCTPI niHpoKyD rrporpaUMY, Bl\JID'iLl.Kll!IYIJ: 

ZJ 



a) H3Ut peHHe aCHMMeTplm pollt,1l,eHHFI TIOJUilli130BaHIIW.IJ! ilJOTOHaMli; 

0) H3Mi perme TIO.'lJ1p1{3aUml KOHe'-!HUX 'f'dCTHU (r!pH HCTIOJIHpH30-

BaHHOM J · ·HY'-IKC); 

B) 113M! :penne ITOJUipY!3al~H¥l KOHC'-iH UX 'tfaCTHU rrpH pOl!l;l\ClUlll 

Y!X TIOJI5IpH30B lHllillrn ipoTOHaJ,!ll. 

B cJiy"i J.e J!HI\JID3HBHUX peaKUHfl :JTf! H3MepeHJ!.s:I :.JoryT oun 

llCTIOJ1:030BaHr.; ,7\.'Ul rrpOBepl\11 r)ai<TOpH3aUY!H ITOMepoHa H .UPYI'HX 

Tpaei{TOpHfl. 30JI:oill0 fi HHTepCC ;rpe:'!CTaB,15HlT el3MCpCHJffl JIO.ll!l:lX 

CC"iCHlfM :J:OTC:!OI'JlOill,ClllHl ::oJI.s:IpH30BaHHUX _/' -ImaHTOB. ~.1e;nyeT 

l2 TeX CJJJ""iUfX, KOrl'l,a 3TO B03!.;Qllll!O, 'l3.i1p11!Jep, B l'JCC"U{UH¥1 

:F.,.P ....... A+ 

lipe;nc~ aBJI.s:IeT 6oJI:OillOH !1HTepec rroJiy'!eHHe (xoTI1 6u rpy6ux) 

l'l,aHHI>iX 0 Be~J1"II1He 11 3Hai{C aCM1~CTpHH H ITOJl5IpH3ai.UiH B pa3JIH"iHUX 

I<HHeJ.mTwrec mx o6JIUCTnx. 
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ill. IIY1I01' BHCOK03HEPf'ETiffi!UX OOTOIIOB 

Cxeua TIOJiyqei!J!II nyqKa rjiOTOHOB B IWHaJie ~ 9 ua 

ycKOpHTeJie HiDRl ;nJI.F£ o6Jiyqeun.F£ lltH;nKono;nopo;zwor: rr:;'3tp:nr(O:aoii KaMepbl 

11 Jln;nUHJia 11 npe;ncTan.neua ua pHc • I 2, llHmeHL T, yc TaRe B.l!emra.F£ ua 

cymecTnynmeu B JO-oM rrp.FiuommeiiHoM npouell':yTKe ycKcpuTem:r }ilillleH

HOLI !1pHBO;zl,e CJly!(HT I!CTOtfHHKO!.! raMua-rmaHTOB, Qclpa:: J']JII(HXCP. Il 

pacna;ne II0 -- 2tf" . Pam4a-KBaHTbl C yrJIOM oCip3.30Bc IIH!I ~ :=' 0 o 

KOHBepTHPYJlT B sJieKTpOH-TI03HTpOHHbl6 nap~;; B CBHHUOI Oi1 TIJiaCTHHe 

l{ TOJIIIUIHOH 0,2-0,5 pa;n,. e;nHHHU!l, KOHBepTop ycTaHaiJIHBaeTCII Ha 

BHemHeM pa;n.nyce YCKOpHTeJifl Ha paCCTOflllHU I6 C!!. o•r paBHOBeCIIOE 

op6HTbl npoTOHOB. B r<aiiaJie oT6HpaDTC.fl no3nTpouu c 1 MTIYJI:OCOM 

P=J5 rsn/c IIpl'! siieprim ~70 ThB. Ilpll STOM MIDJJeH:O I pa6otJeM 

TIOJIO:!eHHH :z(OJilii:Ha HaXO;zl.HT:OC.fl Ha paBIIOBeCHOH opclHTe IIpOTOHOB. 

l.iarHHTHoe noJie ycKopHTeJI.fl 11 MarrmTHUfr aHaJil13aTop 1 auana 

( Q/ /~ .z > ..!./_, ) O'II'ImaDT TI03HTpOHHblfi TIY'-!OK OT a;z poHOB, po:M,I\eH-

Hl:lX B KHill8Hil /li:l/ HeKOTOpa.fl Tipm.!eC:& TIOJIOJKI!T8JI:OHO 3apJillteHHl1X 

a;npOHOB 6y;n.eT IIpi!CyTCTDOBaT:& B TI03HTpOHHOM rry'f!te 1.3-38. B3aHMO

J[ei1CTBH.FI B D8D{eCTBP ICOHBepTopa Hef!TpaJILH!iX qaCTHU C MH1ll8HH, 

il03HTpOHHblf! TIYtfOl( C KOHBepTopa BDIBO,l\HTCH uarm!TH!il TIOJleM yCKOpi1-

TeJI.fl H8 BHeiDHDD Tpaccy IIpOTOHHoro BUBOJ[a C jig/, ).Jill tlx>PMl1POBa

HHH TI03l!TpOHHOI'O TiytfK8. B KaHaJie HeOOXO;zl.IIMO ,1\0ITOJIHJ:TeJibHO yCTaHO-

BHTb KBa,l\pyTIOJI:bHile JIHH3bl 0,/c;:_ l~ OTIWIOHHDml1!r Mai'HI1T :L~. 

TpaHcnopTHponKa nyl!Ka ocymecTBJIJieTcR B naKyJM-TIPOJ o~e. 

B nepBofr cepnu o6JiyqemHi ny3up:E.I{OBoii KaMepu raMMa-nyqo;: 

C MHWeffil: na KOHBepTop BUBO:z(I!TCH qepe 3 CTeHKY Baity: 'MHOii KUMepbi 

f1CROPI1TeJifl C KOJ!H'-!8CTBOM BemeCTBa 0,69 pa,l\.e,l\HI!I!Ul (HeplltaDeDmafl 

C T aJil> I, 2J CM) • 11cnom.3yeTC.fi CTaH;napTHa.fi B 11~ID Bl yTpeiD!.IiH 

W!W8Hl> :z(J!HHOH 20 MM, r/ 2 MM, A/!, . B OTHrMaTHtfliOI: lflOKyce MelK,Zly 

MaPHHTaMH 1.13 H U:4 ycTaHaBJIHBaeTCH pa.n.naTop ~' TOJlll(I!HOf: 
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0,02-0,05 pa;'l,.Cn,!Hr!l\Ll, ROTOp!:lM .A:BJIJICTCJ1 }:CTO'llll1I:m! TOpM03Hl:lX 

f'cL!J,Ia-l:BClHTOB. ! arH!IT M!f HCIIOJib3ye•rcJ1 ,IJ,o~1JI O'illCTRU liY"41\il TOpM03H!!X 

I'2.L::Jt:.-i:Ball:'OB o: Il03HTpOHOB. "Me1.!8HHC" 3THX PilMJ.Ja-I\BaHTOB ITO 

:.J HCpPHY! 0Cj1;18CTJ .'IJI8TCJ1 OTIUIOH.fiDII\llM Mlli'HHTI!OM C JUIH8f!HO !!8H.A:DmkiW

C J1 Bo npeM CHH M< J'HHTHUM rro.'ICM (na pHc. I He noim3aH). CneT oCHJia 

Jtar:aJia :a 3TOM CJ y1.Jae COCT2.BJIJ18T "-" 20 MKCTep X% P/P, 'I'l'O Il03B0-

.7],'18T OJKll,Il,ilTb r:o~ OK IT03HTpOHOB Ll K2.llfl.'l8 ,.._/ 10 4 
e+/nm. IlpH I0I2 

p/nMn. l1 BIJCMeHJ "ccSpoca" rrpoTOHHO!l'o rry"!Ka JI<l um:reu:o ...... I MeeK. 

?a 31!epu raJJMa-rr: -qya ua ::<.wepe ;'l,OJiiKHI1 coc TaBHTb ..__ 80 x 50 •.n/ 
(ropH30HTaJIL X ".epTHI<aJib), a COOTBCTCTBYJlmkie :JTJIOO:L18 puCXO,Il,H

LlOCTH (+J,O) X .f.I,O) Mpa,IJ,
2 . 

Bo B'l'Op0i1 CCpHI1 06o~1J'iCHHf! ITJ3l:lp:OI\OBOfi KalJCp!:l c' JJlJlfHHCBan 

Mlllll8H:O 3aMCHH8T< J1 :Iil 6epHJJJH18BYD ;'J,JIHl!Ot! 50 MM, B:lCOTOf! 0, 5 M 

l1 pa;IJ,HaJl:OH!:l1! pa: J,!epOM J MM. BUBO;L\ raMMa-rry"'J:a C MH!ll8Hl1 Ha ROH

:aepTop ocymecTB.meTC,'I qepe3 crrcuHaJ1:oH!:li1 naJ:yyMHilfi nuno.n.nof! 

naTpy6oR. BMecT< pa.n.naTopa iZ B TOM Me !l.!eCTe ycTaHaBJIHBaeTcrr 

;:p!1CTaJJJJ aJIMa3a 1{0TOpHi1 ;IBJI.fiCTC.fl l1CT01.JH¥!l{OM MOHOXpOM3TH3r!pOBaH

I!L!X rroJI.fiPH3oBaHJ:UX raMMa-rmaHTOB. MarHHT M4 nunoJIHJieT TY xc 

c~YHI\UHD, 'ITO H :: npe,IJ,ll,7l.ymef! C8pl1l1 o6Jiy1.J8Hlli1 rry3up:OKOBOi1 RaMepu. 

Pa3i..l8p!:l Il03!1Tpo: rnoro IIY'il\a B KpHCTaJIJl8 Olltll,IJ,aiJTCfl 20 X 8 MM
2 

(ropll30IITaJll> X 18pTHKaJI:O), a COOTB8TCTBYDI!Uf8 JPJIOBJ:re paCXO,Il,kn!OC

TH (.f. I, 5) X (+0 J) Mpa,IJ, 
2. 0JKH;I\a8!Wi1 ITO TOR ll03HTpOHOB B WlHaJie 

Jxi0
4 

e+/m.m. rrm ro12 
p/mm. n r ~ I Mcer<. Pa3Mep~:~ rauw

rry"'I<a B ny::Jl:lp:OK<~Boi! Kauepe ,IJ,OJIJKHU 6uT:o ""' IJOx25 Ml.!
2 

(ropll30HTilJl1 

;; BepT!1KaJlb), a COOTB8TCBYDll\H8 yPJIOB!18 paCXOJ(l1lJOCTII 

""' (~ I,5) x (.± 0,3) upa.n.
2 . .na.'l:oHe:iillla.fl onTHMH3aUnJ1 rrpoeRTa 

.I\ OJIJKHa no 3BOJilllT , YJIY'1lllllTb rrp e.n.cTaBJieHHue Bl:lllle rraJXlMeTpu rrytrKa. 
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IY. OUEHKI1 WXO}.lOB PEAKLUfll 

CtJMran HaMc5oJiee peam.HUM napMaiiT ouJiy<reun 1 Kar,ICpu 

KBa3MMOHOXpOJ.!aTM'!CC 1\HM nytJKOM 0 -I:BaHTOB, noJiy'! LCJ,!OI,! HCl 

l'pHCTaJIJIC aJIMa3a, MU 01.\CIIHJIM KOJIH'!CCTBO OJKH,I\LiCMI.IX: ;oOUTHfl 

no KaHaJiaM peai<l.\MH B OOJiaCTI-! l10Jlf!PH33.1.\HOII!IOI'O mn:a (p == 0, 6, 

14 r3B ~ E.r..:; I7 r3B) H .. BUCOK03HC::'I'CTM'lllOH OOJ!lCTl! cneKTpa 

(I7 r3B £ E.,...~ 35 r3B). 

Pe3yJI:OT3.TH Bb!tJMCJIC!li!H, COOTBCTCTByKl::(HX OOb!tiH }(1 r)oii030f; 

33.I'py3KC KaMepb! B 14 IWHBepCHOHHblX nap ( <:J' nap 012) ~ 20mb ) 

H 3KCIT03HI.Um B 500 000 !JloTorpa¢an (25 OOOtfJ'- B3aJuo:nencTBUE, 

H 3 HHX "'"' 17 000 3- JIY'iCBUX), ilpHBC,I\CH L .tn!Ee. 

tJHCJIO 14 1'3B ~ Ec.::- 17 r3n 17 I'JB ~ 
.., 
::.~ b. 35 ThB 

JiytJefi: 1'-BO COO. ?_P ~~j:> I<-BO COO. ovo .., .P")J 

3 4 000 600 2 JOO 350 

5 1750 I oco 
7 250 1:;() 

}.lJIJ! cpaBIICHHfl yKaJ!CM, '!TO '!>!CJIO OMI!,T,38UUX CC Cl!:lTHii :10 

3 THM lite KBHaJiaM npv. 00JiylJ:CI!lll1 K3.MC'p!1 !ICtlOI!OX]'Ot!aTJ 311pOD3.llHNM 

TOpM03HNM H3JIYtJCHHCM B HHTepB<l.'lC I ... r:nl ..;: E ~ ]7 r3Il 

6y,I\CT "-- B 5 pa3 MCH:OilJC. 

PaCl!CTN n03HTpOHHOI'O ITY'!l:a IT0!\3.3!..:BaDT, '!TO C ztl1,1\3.Cl!.Oii 

HHTCHCID3HOCTH IT03HTpOHOB )\OCT<l'l'U'!HO Jl,JIH CO:JJ\3.1!115! l COOXO]:.HMOI'O 

ITO HHTCHCI1BHOCT11 l<B<l311MO!lOXIJOl!3.TM'JCCI:OI'O rrytJI:a0 
1Il1TEPATYPA 

I. M.A.MapKon. ilpenpaHT OMff\1 ll-~7, 1960. 

2. B.C.llapaweHKOB 11 CRH ,li,HH-'!aH. AToMHaR 3Hepr11R 9 

BHTI.J,crp.JUO. 1960 r. 
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I:perrpH!iT ~!fAil ~~ 71 (19'70 ro,l\). 

4. lO.A.PcllZOD,B.A.:~pcn. I1l)Cl1pl1IIT <'DHAH ;;~ I't1+ (19'71 I'O:z\). 
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