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06'bE.llHHEHHblA HHC1l1TYT Sl.nEPHblX HCCJ1E.llOBAHl-1H 

IIA60PATOPI-HI ff.!lEPHblX nP06/JEM 

r.vt. CenHB8HOB 
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BOCbMHnHTPOBA51 BOilOPOilHO-IlEHTEPHEBAH 
nY3bIPbKOBA51 KAMEPA 

H Et:: HCnonb30BAHHE B 3KCnEPHMEHTAX 
no H3Y4EHHIO nn-B3AHMOilEvICTBH51 . 

ABTOpecpepaT LlHCC8pT8UHH, npeL1CTaBneH11oll HS COHCK8HHe 

y'leHoll CTeneHH K8HL1HL18T8 q:>H3HKO- M8T8M8TH'l8CKHX H8YK 

.!ly6Ha I 963 ron 



r.H. CenHB8.HOB 

BOCbMHnHTPOBAH B0.LlOPO.LlH O-JlEviTEPHEBMI 
nY3bIPbKOBAH KAMEPA 

H Ef: Hcnonb30BAHHE B 3KCnEPHMEHTAX. 
no H3YtJEHHIO nri-B3AHMOJ;LEviCTBHH 

1254 

ABTOpecpepaT ~HCC8pT8.UHH, npe~cTaBn8HHOft H8. COHCK8.HH8 

y'ieHOA CT8ll8HH KaH~H~aTa q>H3HKO- M8.T8M8.TH'i8CKHX HayK 

061aCJl,KltCllHWll IUICTIIJ • ' 1 
•JlCiJHWX HCCJIC)lOBalll'~ 

61-15JU10TEKA 

.!ly6Ha 1963 ro~ 
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.1962 I'()J:t COBM8CTHO c B.A. )KyKOBbIM, 11 A: T •• Bac11neHI(O;: a a nocnei:tHlle 'roa·w /t 959..: 

1962//~poJ~ -ror
1
;, COBMCCTHO C T • .n: Enox11Hue~ol1, B~r.rpe~IIHHIIKOM,

0 
r. n110Ma110~- : . .. 

. n;n, .HeM8HOB~IM ~ IOaHb ~ )KyH-q,aH, •• • • • ~. ' • • .<I' ' .· • 
,_,: 

'\ ' " .._ •• '~ ·•,,, _I; "; •. . - •. ;_, - .¥• :- •,,' ,' -." •• 

. . '• • ' • Jl11~~~pT~UIISI -~OCTOII! 113 !tBY~ ,;aciTelt: M~:O!tll~~C,KO~ :11_ :i>Kcnep1i~.rn~Ta.1"'."~?· 'B '; 

:~ep~olt ,;ac·-r11; a rnaaax 1 11 .. II ·, uanomeHbI ·ocH0BHb1e· coot5pa>KeH11si, u·ono>KeHHb1e. a 
' • .( < • 

·;::~o~~-~~y Coa,aaHtH~ _·aKcnepnMeHTElnwioi'f MeTOLllfKlf• paccMo-Tpe'itb1.:n·Puuii:nnhl .llencT'aHH 11'> 

'np11B~/:l~Hbl: na11t5one_e ~a>Kltbl~ xapaKTE>PIIC~HKII 3Kcnep11M~IIT8nbllbIX ycTpOltcTB;· a . T:K:.: 
~. ' - . ' _. - . . ' .... ' 

: fe ·aaHbl 0U9'!Kll IIX BO~MO>KHOCTeA II o(i~y·mi:taIO.;;CSI nyTII i:tanbll<iAwero. c'oa~pW~H _:, 

. CTB0BaHIISI, 

.Bo· l!TopoA _,ia6T11, 'aKn10,;a10meA rnaay Ill , npeacTaaneabl 

, I . . • - ! ,..,. , ~ •· I' _, ,' • ~ • 

aaHl!ll B3allM0J:teACTBl!ll 17 ".'" -MeS0H0B C. B0i:t0p0i:t0M np11 3Hepr'll)IX !t0 400 Mas, Bbinon-

: Heaaoro aa emu xpo~·11Kn0Tp0He· nat5opaTop1111·. ~ilepnb1x• npot5neM Ovlffvl' c ;oMolll~~ ' 

. ;on11c:'aiiiioll .~ ;;p;i:tbl~;IUIIX rnaaax 25-caaTl!MeTpon~ll »<_IILl~OBOilOpO~HOA ·ny~blp;;~OBOA 

KaMepbl a· MarH11THoJ ,ione, · B, Koaue · rnaa,;, n~oaei:teao ·~ocy2«L1ea11e no~y~eJabix' p~:.. 

. ·· a?n,~;aT0B / co~ocTasn:~11;. ;x -c ~Me10m11~11c~' ;e;peT11'ie~K11,M11 -d ~i<c~~p~MeHT~nb - ; 

HblMII nccnea_.~BaHIISIMII,, -
0 ·':· ·:.. . /: . ·.. ' . ,. 

LlacTi.. t. 

·MeTOA 11ccnenoaaa11l1 

.H .. a,;ano paSBIITIISI TeXHIIKij UY3blpbK0BbIX KaMep 0TII0CIITCll, K ··j 952 I'O!tY, '. K~ri:ta . 

. -· -. . r''. /1/ . • . . - ' . '. ( ' . .. ·,.-, ., . ·--; 

·snepBbie, .rnssepoM - ,.B 0llb!T8 c' !tll3Tlln0BbIM 3qJllpOM oblna !t0Ka:rnaa B03M0>KII0CTb. 
----, I "' - '\, ·\ ., -· ,·t. 

ll;_nonb30B8HHSI neperpeToA. >Kll!tK0CTII: B Ka'ieCTBe i:teTeKT0pa II0HIISIIPY~Ulero. l!SnY.-_:, ; ·• 

. niemrn;' 3a i:teCllTl!neTHlll! ·. nep'11oi:t caoero pa3BllTllll ny::jblpb K0BaSI KaMepa. !tOCTnrna 
' ' • • ' • t ' , •• , .- , • - ' - \ ~ / > 

· · \i.,coKoro. Texit11,;ec:K6ro conepweiicT'aa, · noaaommwero · en cTaTb · OllHIIM _11s ocaoa11b1x -

· M~Toi:toa. 11c;n~aoaai111si • ,;ac~11~, ~bi~oKH£; sa~pr11li. 'C~~i:t11, 6~nb~I()!'O. ,;~cna pasnoa11a-. 

-- , ~-' . ," ' i' I' . '. .. ' . /' 

HocT·en· n:r'a'b,pbKOBbIX' KaMep 1111sK0Tej..mepaTypHbie KaMep'b1 saH11Ma10T oco6oe- ~ecTo, 

a c;~!tll n~cnei:tHIIX ada~IW~ J::i~b npRH~i:t~e}K·ll; >KH'.iiKosol:iopo.o~b;~ /Ka~e;ai,;, r{~-

; P~!tY, C H0K;~Opb!Mii 'aa?4e'i~TenbHblMII . ~~~00IIHOCTSl~HI ,· CBOA~we11llb!Mll, >Kll;Koa;!top~Lt;. 

,,, , ,' ·:.. ~ • •~ ~,. • •I> ' ' '·, ,, : •·~,- / • •~- : ~ ·, • ' '. ;/ '• 

._Hb!M ~aMepaM, 'KaK_' np11t5opaM i:tnsi q,11a,11,;eCKIIX · 11cc_nti:t0_BaH_llll, cn~~Y~T }>TMC,TIIT_b, 'a'iT0 

II opHrll'.HanbHb!X TexH11qecK1ix! coopyme·;_ .. 
' " ,.. . . . 
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'Hill!, ycnewHoe 'p83!3HTHe' KOTOpb!X' CTano B03M~>KHb!M '6naronap~ '3Ha'.in~en~~OMy npor· 

, • • _- ✓ •• • , • , I. ~ -, - . - : . - . ' •. ' ' . ~ ;< • <, - • ' I 

peccy ,'.nocTnrHyToMy· a nocnenHne ronhl ·a ·ot5~acTii • KpnoreHaol! TexHnKn •. 11 xoTSI a 

·, HaCTOl!LUee BpeMl! 'cTaIIHll 1!3y'lemrn n-coaepwe11cTBOB8H1Ill C8MHX K8Mep ew~ naneKo ,., 

' ' ' < • 
~ " - ' • 

He:·OKOll'HinaCb, OHi!: y>Ke ·nepE!pocnn l;>Tan H8CTonw';oro npa6opa II BC!! 6onee· npno6pe:_ 

',- ' , - :' ••v ( - ,,,, • • • 
• 

T8!0T xapaKTep KpynHb!X npoMbIWneHHb!X YCT;EIHOBOK., 

· 6;,ncaa~aa a rnaae 1 n11ccepTanun · 25-::-aHTHMeTpoa~ll aonoponiio-nel!Tepuena>1 

/2/ ' ' ,,• ,· ' ' ' ' - ' : 
ny3blpbK0B8ll ,KaMe~a ~Pel1H83Haqe~a llnll pa60TbI:B ny'lKax ... _aCTHU, naaaeMblX. 

CHHXPOUHKnOTpOHO.M ·na6opaTopnu llnepHblX"''npo6neM, HOMl!Han~~a!I 3HeprHll' unp'Kynn "'.' 

py~me;~ ~Y'lKa: np,OTOHOB KOTOporo. COCTaan>1eT 680 Maa~ • . 

Y'lHTbIBal1'\ieo6xonnMoCTb' H~nonb30B8HHll ·KaMepbl COBMeCTHO C YCKO!)HTeneM >'' 
, nMqlO~HM ManbI~ apeMeH;ol! nnKn; np11 e!l·npoeKTiipoaa~'an 'OcHOBHoe BHHMaaiie 6bmo, 

o6J)a,wea~ ,aa· ~oc~u>KeHae; MaKCHManhHor~- 6b!C;P~nel!cTB-Hll Mexa.HnqecKnx · CIICTeM, 

':. ' ,_ . , / ' . . . . - \ 

o6ecne'J~HHe 'ycnoBHl! .ilmlT~nbHOro 6ecnepe6ol!aoro 4'YHKUIIOHHp~BaHHll .OTllenbHbJX 

',;. 

ar:pera,T;~,/ a" T8K>Ke BOnpoCaM 6e3_~nacaol! 3KcnnyaT8UIIII KaMepbI .npa npoaeneHHH 

3KCnep11MeHTOB ''!a y_c~.opnTene a' ycnoa11>1x nonaoro OTCYTCTBHll aenocpencTaeaaoro 

'~OHTp~nll 3~· ·e11 ·pa6oTol! • ."-y noaneTBOp~H-1Ie-~epe'lHCneirnb1x.' Bh;Ille Tpe6oai>HHl! CTano 

' . ,- ''' , ' ' ; . . ' ' , ' ' - ' ' ' ' . ' ' ', 

'B03MO>KHh!M 6nax:on:ap>1'p>1ny 6bICTponel!cTBY!OWIIX 8BTOM~TH'{eCKHX _YCTpoiicTB, a TaK-' 

>Ke CIICTeMe nl!T8HHll. TepMOCT8THpy10wel! py6aWKII K8Mephl ,}KIIJ:IKIIM aonoponoM. no,0'. 
- ' , ~ ' 

naanea11eM 6e3,· HapyineHHll pa6oqero pe:>KIIM8. ( 

Kl)Mepa' (p11c. 1) noMeWeHa a' MBrHIITHO,e none•CT8Hl18J)THOr~ ·sneKTpOMarH11Ta. 

< - ,: .- . - ' ·. 0 ·, ~ : : ,· /. • . ' _, ~, • 

MC-,-4,_ noaepH)'.TOro Ha yron 90 OTHOC11TenhHo, HOpManbHOro nono~eH11>1 •. Hanps,:>KeH-'_ 

. HOCTb M·arHIITHor.,, non>1·· a' nea~pe KaMephI cocTaan~ei, 12 000. 3pcT. HeonaoponHoc:Th 

. ' . , /. 

non>1 no· pan11ycy He UpeBhIWSeT ·1,5%, a no'r11y611ae K8Mepi,1 OHS _COCT8Bnll<a>T 0K0no 

4~. H3M:JlE!HH,i"~ar~IITHdr~ nonl! Bb;nonH~n~c~ K8K np11 KOMH8;Hol! ·TeMnepaType •• ' 

TaK ·11 np11 pa6oqeJ! TeMne;aType··Ka~epht~ B :nacnen~eM cny'lae npo11cx~n~T HeK;~o-poe 

'(, i: 2 ~ )_ ;Be~~;;eH11e Han~ll>KeHHOC;II. non>1 38. C~IIT H3MeHeHI!ll CBOl!CTa' ~~ep>Kaae10weil 
• i ., 'i -· ' ' - . 

CTan11, 113 KOTOpOl! 113rOTOBneHb! M8CCIIBHble ne-ran11 KOpnyca KBMeJ)bl. 

·P~cnono:>KeH11e cMOTpOBhIX cTeKon KaMepbI, - aepT11KanbHoe. · Ocaewe~11e. pa6o'Jero. 

• ~ ~ l • • --· ; t • ' • . . \ ' . : ·~ : . . ,- • '•' , '' • 

OO'bl:>Ma ·ocywecTBn>IeTCll aanpocaeT C nOMOWb!O nl!H3hI, IIMe10wel! q>OKYCHOe paccTOl!-

--' '' ~- ·:· \ ~-~.-,-. ·, ·, .. ,_ - ' ,· - ' ' ._ . :, . ' --

HIie 450 MM. -B OCBeTHTene np!IMeHeHa OJ:IHa cn11panbH8ll IIMnynbCH8ll naMna 'T11na 

. · .. . .· . ' ... , ' ' . ~ -· ' - ' - ''. . ...., -,. ' 

11<PK-500. HanpS1>KeH11e,Ha.sneKTponax naMnh1 cocTaan>1eT -1,5:' 2 Ka. EMKOCTb pa3- .·· 

PSIJ:IHO:O K~Hll~Hca,iop~,- 1; f4'· Cae~ ~0611~'ae;c~ KOHIIe;c~TOpOM' II np6en11preT~ll H~ , 

· pa6oq11J! o6'b!IM_ OJ:1Hon11H30BbIM o6'beKTIIBOM. · BpeMl! sanep>KK_II 11MnynbCa noncaeTa ·no·. 

._· - , - ' . : .,._. , . -~ ·. , ... '- -\ -: . './ : . . :":- - ' . - . - -- __ . . ' ' ,_· ' 

'oTHowea1110 K MOMeHTy npoxo»<llfi)Hllll ny'JKB. 'l8CTI!n B Bb16paHHOM pe:>KHMe pa60ThI-· 

H8XOJ:IIl~Cll B npenenax I ;s-~ 2 MCeK. 'c~~XpOHil3;IlKSI ~aMepb!, ~ yc-,,op11TeneM cicymecT-, 

.. . ' . . . .· . ' . - /3/ ,, . ' ' ' ' . , . • . 

an>1nacb 'cnen~anbHO pa3pa60Ta11iiol! '!>hlCOKO~Ta611nhli-ol! 3neKTpoHHol! cxeMol!, no3-
. ' . - - ., 

.1' I, 

· BOn>1awei IIMeTb · HecKo.ri!'KO pe)K11Moa, pa6~TbI. 

Pac'U:11!p11TenbH8l1 CIICTe~a Hanpaane~a BHI13. Cnoco6 pacw11peH11>1 Cl!llbq>OHHhll! 
. -. l • - • : - ~ . • ' • 

4, 

c np11MeHeHHeM r11npaan11qecKoro np11aona, cHa6>KeHaoro cTa611n113aTopoM HH>KHero 

naaneH11>1. CTimeHb pacw11peH11>1 He npeah1waeT 2%. KoMMyTau11>1 ra3a ooecne'l11aae-r

Cll OllHH':! 6hICTponel!cTBYIOIUIIM 9n~KTPOM8rHIITHhlM KnanaHOM ~BOl!Horo nel!CTBll>I. 

BpeMll UIIKnB KaMephl cocTaBnlleT 1,5 ': 2 CeK II MO:>KeT aapbl!pOBBTbCSI a Illll,POKIIX 

npenenax a CTopoay yaenu'!eH11>1. 

Paooqa,i TeMnepaTypa KBMephl paaHa _28:t,O,t° K. Ha nonnep>KI!BaHHe T8Mnepa

Typaoro pemnMa KaMephI np11 Ill!Kn8 2 ceK pacxonyeTC>1 2,5': !3 n m11nKoro aonopo

na n 2 n m11nKoro ·asoTa B qac. 

B113yanbHhll! KOHTPOilb KB'leCTBa TpeKOB ooecne'll!B88TCll TeneKaMepol! TI!na 

nTY-OM, aanpaaneHH_ol! Ha paoo'!HA oo'beM, 

<Z>oTorpaq:,11poBaHI18 paoo'lero 06'beMa. n·po113B0llHTCll C pacCTOllHil>I 760 MM Ohic

TpOl10l!CTBYIOIUHM CTepeoq>OToannapaTOM, Ha KOTOpOM YCT8HOBneH!:1 naa OO'b8KTIIB8 

"Pyccap - 20" c q>OJCYCHhIM paccTOl!HHeM 70 MJ\! • .!lm1 q>oTorpaq,11poaaH11>1 11cnonb3y

eTc>1 nep<pop11poaaHHB>I 83pOq>?Tonn!IHK8 ·naaxpoM Tllll 10· C 'lYBCTBIIT8IlbKOCTblO 

1100 en, roC1'. Ba3a q,0Torpaq,11poaaH11>1 paaHa 235 MM. Pa3pewa10ma11 cnocooHocTb 

c11cTeMbI oo'b(IJtTH!l-nneHKa, npnaeneHHa11 K nnocKOCTH o6'beKTa, <;oc~aan11eT 

3,4 nnH11l!IMM. 

B n11ccepT8UIIH 3H8'1HTenbll08 M0CTO yneneHo paCCMOTp8Hil!O cyIUeCTBY!OIUHX Me-: 

TOllOB OCB8Ill0Hllll It q>OTOrpaq>apoaaHil!I pa60'JIIX OO'beMOB BOJ:IOpOllHhlX KaMep, a TaK

me Bhl!ICHeHI!IO ycnoa11l!, np11 KOTOpb!X B03MO:>KHO nonyqeH11e aa116onee Ka'leCTBeHHhIX 

CTepeoq>OTOrpaq,111!_ C MIIHIIMBnbllhlM qlOHOM II H8IIM8HbillIIMII llOTepllMII caeToaoro no-· 

TOK8. 

Pa3611p8!0TCll pasnll'IHhie q>aKTOpbI, BnI!!l!OWH8 Ha TO'IHOCTb onpeneneHH>I no

no:>KeHI!ll TpeKOB no CTepeocHIIMK8M, nony'leHHhIM C noMOIUblO KBM8pbl on11caHHOII 

KOHCTpyKilIIH, II npIIBOJ:l!ITCll oneHKII om11naeMblX aenl!'JIIH IICK!l>KeHI!l! B OTl18IlbHb!X 

cny'la11x; 

B. rnaae II• paccMaTp11aa10Tc>1 paooq11e pe>Kl!Mhl II onT11ManbHhle ycnoa1111 pa -

t5oThl ·KaMephl_ c aonoponahl~ n nel!Tep11eab1M 3anonHea11eM paoo'!ero o6'beMa. Oco-

6oe BHIIM8Hlle yneneHO aonpocy yaen11qeHI1ll ell 6bICTpOJ:Iel!CTBilllo 113 np11BeJ:IeHHhIX 

pe3ynbT8TOB pacql\Ta II aHan113a IIMelOIUIIXCll 8KCnep11MeHT8nbHhIX l18HHbJX cnenyeT, 

'!TO CKOpOCTb cpa6a'!'b!B8Hllll KaMepbl MO>KeT 6bITb noaeneHa llO necl!Tb!X nonel! ceK. 

B pa3neite, noca>11UeHHOM pa6oTe KaMepb! c )l~ATep11eahiM 3anonHea11eM, oC5pamaeTC>1 

' BHIIM8Hlle Ha 3H8'lHTenbllbll! q>oH, C03J:IBB8eMbll! pan11oaKTIIBHhIM .TPIITI!eM. 

rnaaa m 
B38IIMOIIellcTBil!I 

'iaCTb II· 

;:lKcnep11MeHT 

noca>1weHa on11caH1110 3Kcnep11MeHTa no nccnenoaaH1110 Heynpyroro 

,.- -Me30HOB C npoTOHSMII, BhmonHeHHOro C nOMOillb!O mllllKOBOJ:IO-

5 
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" 
po.uaoll nyswpbKoBoll KaMepw, onucaaiioll B rnasax I H II • Cne.uyeT saMeTHTb, 

'IT0 npol5neMe mt -ssanMo.uellcTBllsi a nocne.uaee · speMsi y .uensieTCSI 15onbwoe BHII -

M8HHe. nepBOH8'1MbHble COO0pa>KeHHSI 0TH0CHTenbH0 s•Ha'IHTenbHOll ponH CHll, .uell-

• · /4/ . /6/ 
CTBYIOWHX Me>K.Uy 1T -Me30H8MII, 0binH BblCK838Hbl JlallCOHOM H TaKe.ua 

8 .uanbHellWeM "" -ssaHM0.UellcTBHe HHTeHCIIBH0 H3Y'18ll0Cb B pS!.Ue nal5opaTopnll. 

Ycnexy onhtT0B no nsyqeHHIO mt -ssanMo.uellcTBHSI cywecTseHHo co.uellcTsosano no

S1BneH1e M0IUHblX ycKop11Tenell C HHTeHCHBHblMH nyqK8MH M0H03HepreTH'leCKHX 1T -Me-

3OHOB, IlO3BOnHBWHX reHepapoaaTb 11 -Me3OHbl 1T -Me3OH8MH, a T8K)K0 CO3~8HH0 

H0B0ll acpcpeKTIIBHOil 3KcnepnMeHT8nbH0ll MeTQ.UHKH -nysblPbK0BbIX KaMep. Ocol5eHHO 

ycneWH0 usyqeane 1T1T -nsal!M0.UellcTBHSI Be,AeTCSI C n0M0!UblO >Kll.UK0B0.U0P0.UHblX 

K8Mep, npe.ucT8BllSIIOIUIIX col5oll 'IIICTyIO np0T0HHyIO Ml!WeHb, C0BMeIUeHHYIO C .ueTeK

T0p0M 11snyqeHHSI. 

On11cwaaeMwll Hu>Ke aKcnep11MeHT 
16-

81 
npono.u11ncS1 B nyqKe ,,-•-Mesoaoa. B 

ol5meil Cll0>KH0CTII 0binO 11cn0llb30B8H0 26 000 CTepeocpoTorpacpull, nony'leHHblX npn 

3Hepr1111 340 :!:.16 Maa II 6000 CTepeocpoTorpacp11l1, 0TH0CSIIUHXCSI K 3Hepr1111 276!,_IOMaa. 

O15pa150TK8 CTepe0CHIIMK0B np0ll3B0.Ullll8Cb C noM0illblO penpoeKTopa. npn ol5pal50TKe 

BB0.UHllCSI psi.a Kp11Tep11en OT0Opa, no3B0llSIBWIIX C ynepeHH0CTblO !!.UeHTH(pHUHp0B8Tb 

CO0blTHSI, np11Ha.une>KaIU11e pa3nH'IHblM peaKU_IISIM. B cn0>KHb!X cnyqa11x .UllSI n.ueHT11-

(pHK8UHH CO0blTllil np11MeHS1llCSI MeT0.U ll3MepeHHSI. 0TH0CHTenbH0ll H0HH38UHH BT0Pll'IHblX 

'18CTHU, a T8K>Ke npoB0.Ullll0Cb conocTaaneH11e H3MepeHHblX BellH'IHH IIMnynbC0B C 

pacq~THblMH 3H8G:9HH8MU, nonyqeHHbIMH · HB 0CHOB8HHH 38KOHa coxpaHeHHH. 

B 3KCn03IIUHII, Bblll0nHeHH0il npu 3Hepr1111 340 Mas, l5l-nO saperHCTpHpoaaH0 

1400 .uayxnyqeawx snf,a.u. J,fa aToro '111cna saf,s.u B Ta15nuuy I aaeceHbI Te us Hux, 

K0T0pbie y .uonneTB0pS!nH Kp11TepHSIM OT15opa. 

npe.ucTaBneHHble B Tal5nuue 3KCnepHMeHT8llbHbie nenuq~Hbl nonHblX Ce'leHHll 

aeyupyrux npoueccoa ohinH aall.u<;>HbI nyTf,M conocTanneHHSI q11cna cnyqaen aeynpyroro 

B38IIMO.UellcTBIISI C 'IIICll0M cnyqaea ynpyroro pacceSIHHSI, 38Kllto'leHHbIX B HHTepnane 

yrnoa paccesinnsi ,,- -Meaoaa a n.c. OT 30° .uo 160°. nonaoe ceqeane ynpyroro 

pacceSIHIISI B 3T0M IIHTepsane yrnos 0binO oupe.ueneao HHTerp11p0B8HHeM H3BeCTHblX/g/ 

.u11cpcpepeHUHMbHblX ceqea11ll ynpyroro pacceSIHIISI 1T - -Me30H0B, nony'leHHblX C no-

M0illblO aneKTP0HHblX MeT0.U0B perncTpaun11. 

TeopeTH'lec11ue aaaqea11si ceqem1ll peaKuHll I) 11 2), up11ne.ueHHb1e B T/ll5nuue I, 

0binffl Bbl'IIIClleHbl rf,oen0M H illHHTUepoM /IO/ no TeopHH CT8TH'leCK0ro HYKll0H8 B 

np.eflnono>KeHHH, 'ITO nMeeT MecTo o.uH0MeaoHHb1ll ol5MeH H npouecc rrN - -.rrr-N 

0nHCb!BaeTCSI .u11arpaMM8MH BH.ua: 

6 

f.ll2 
nn 

r. 

2. 

3. 

4~ 

5. 

Jf ,,,,,, 
K ,,,,,, Jf 

-----,-=----

' '" I 
H 1 H 

a 

J[ ,,,, 
-----,::: 

f[ .,,.,,.,,. ,,,, ,, 

1' 
Jf I '-f K ,,,,,. 

I ' ,,,,,, 
N J H .-:" H 

6 

T a 6 JI H ~ a I 

Ilpo~ecc 'llHCJIO 15 noJIH. 6 noJIH. 
C06l>I- · axcnep. Teop. IlpHMetlaHHe 

THU /M6/ /u6/ 
. 

- - + 
TT +p--rr +11+n I0B r.24:!:o, I4 I,60 

.,-+p--,,-+ ,,o+p II o r3:+0, 06 
• -0, 04 

. 
0,I9 

.,-+p--rr":"+y +. p 8 0 09+0, 03 Ce-qemre OTHO-
' -0, 06 CHTCH It CJiytla-

HM, B ROTOpl>IX 
3HeprHH HCnyc-
xaeMoro Y-RBaH-
Ta npe:el>ImaeT 

- roo r,faB 
17 +p--rro+n 8 - -

/I+ -
y e , e , 

Ynpyroe / ,,-p/- -
pacceHHHe 764 7,52:!:0,55 .nJIH HHTep:eaJia 

yrJioB pacce.a:mrH 
fi:_M830H08 OT 
30 ;no I50 :e JI. c 

Ill/ 
. B pal5oTe obmH nony'leHhI .usa aal5opa .unna pacceSIHHSI : 

a 0 • 0,6_0 a
0 

• 0,66 

a
1 

• 0,01 H a
1 

• 0,07 

a
2 

• 0,16 a, • - 0,14, 

K0T0pble 0TH0CSITCII C00TBeTCTB8HH0 K C0CT0IIHIISIM C H30T0nH'leCKHM cn11110M CHCT8Mbl 

H3 .uayx rr -MeaoHoB T • 0, T • 1 H T • 2. 

7 



'F~-===---
•I ii 

f 
I ,,. 
il ti, 
I:' 
f]i 
1!! 

If 
r4 l 

!l 
~) i 

nr.1! 

n1 

/!/ I· 

;1 
I' 
11 
-1 

;;\ 

Ji 

I , 
I l; 

11' 
i ~ 

- I 

I ! 
,\ 

-1 

i 

Ill/ 
Tax KSK onpe)lene11He "i H a

2 
a paooTe npo11aaOJlHnocb no peaynh-

TaTaM, nonyqellllblM np11 HayqellHH peaKUHll, B KOTOpb!X OCIIOBIIYIO ponb HrpaeT JlnH-

118 pacces!HH!I B H30TOnHqeCKOM COCTOHIIHH C T - 0, TO )lnH npoaepKH npaaHnbHOCTH 

aaaqe11Hll MSnblx )lnH11 pacces11HH uenecoo6paaao oblno npoaecTH conocfaane11He npeJl-

. CK838HHJ! T00pHH C 3KcnepHMEHTOM JlnH Tex B38HMOJl0llCTBHll, rJle B mT -cHCT0M0 coc

TOHHH0 C T - 0 OTCYTCTByeT. :3To ycnoaHe BbmOnllH0TCH, B qacTIIOCTH, JlnH peaKUHH 

IT - + p -- IT - + IT O + p , Jlnll KOTOpoll B 118CTOH1Uell paooTe onpeJlenellbl T8K>Ke 

non11b1e ceqe11H11 npH a11eprHH IT - -Meao11oa 276 :!:. 10 Maa. 6blno 11all)le110, qTo 

u 1 • 0,4 :g:~ MO H q2 • 0,08 t.. 0,08 MO. 

Ha pHc. 2 npHB0Jl011bl HM0l0lllH0Cll Jl811Hb10 0 non11blX ceqe11HIIX peaKUHH 2) B 

38BHCHMOCTH OT KHH0THqecxoll a11eprHH na)l8l0lllHX IT - -M030HOB. TaM >Ke aa11ece11a 

T00p0THq0CK811 KpHB811, nocTp0011118H no Jl811Hb!M r~oena H UJIIHTU0pa. KaK BIIJlllO H3 

rpa<pHK8, B WHpOKOM IIIIT0paane a11eprHll HM00TCII COOTB0TCTBll0 BblqHcne1111b!X ceqe1111ll 

C H3M0p_ellllblMH, qTO YK83b!B80T 118 B03MO>KIIOCTb onHC811Hll Manb!X <paa 1111 -pacce1111Hll 

B npHOnH>K0HHH JlnHHbl pacC011HHII II Ha K8qE!CTB 0HHO npaBHnbHblll BblOOp )lnHH pac -

Ill/ . 
C011HH!I, CJlenaHHblll B paOOT0 • 

CpaBH0HH0 yrnOBblX pacnpeJleneHHll H0llTpOHOB OT peaxuHH 1) B c.u.M. npH aaep-

/ 12/ . 

rH!IX n8Jl8l0lllHX IT -Me30HOB 290 H 340 Maa( puc. 3/ nOK83blB80T' qTo C 

pocTOM aHeprHH aaneTa101Uero Meaoaa· xapaKTep Heynpyroro rrN -aaaHMOJlellcTa1111 

cymecTaeaao Mea11eTc11. EcnH npH a11eprHH 200 Maa HellTpoabl nonyqaJOT 6onbWHe 

nepeJl8qH HMnynbCa H neT11T B OCHOBHOM B nepeJlHIOIO nonyc<pepy, TO npH 3HeprHH 

- . . 0 

340 Maa OIIH neTHT npe11Myl1l0CTB011HO noJl yrn 8MH. 6nH3KHMH K 90 ' qTo COOTBE!T-

·cTayeT M0HbWHM nepe)laqaM HMnynbCa 11yxn0Hy H yxaablaaeT Ha Haqano npeo6naJlallHSI 

nepH1pepHqecx11x coyJlape11Hll, 11rpa10m11x ocHoaHyIO ponb np11 3Heprm1x 700-900 Maa 

H BblW0. 

• TTp11 x1111eT11qecKoll a11epr11H HaneTSIOlllHX 11 -Meao11oa, paaHoll 340 Maa, Max

c11Manh110 JlonyCTHM811 nonH811 3HeprHII B c.u.M. paBH8 8 ,6 mlT • 6nH30CTb pe30118HC-

11oro 311aqeH11ll Jlnll ITN -aaa11MOJl0llCTBHSI, paBHOro 8,68 m" • npOHBnlleTCII B HMnynb

CHblX H SHepreTHqeCKHX pacnpe)lene1111sx BTOpllqllblX qacTHU. 8 CBll3H C 3THM HMnynb

i::1100 pacnpe)leneHne IT+ -Me30IIOB, KOTOpble C Toq KH 3p011HSI Hao6ap11oll MOJlenH pac

CM8TpHB8IOTCSI npeHMYlll0CTB0111{0 K8K • OCTaToqHble", OK83b!B80TCII H'eCKOnbKO MS!rqe, 

qeM aHanoruqHoe pacnpeJleneHue 11 --MeaoHoa( puc. 4J. 

KpoMe Toro, H3 conocTaaneHu11 r11cTorpaMM, npeJlCTaane1111blx 11a puc. 5, MO>KIIO 

C)lenaTb BblBOJl, qTo B CHCT0M0 U0HTpa u11epuHH 11 - n HM00T M0CTO npeo6na)l8Hlle 

M8KCHManbllO JlOnyCTHMblX :rneprull, qTO 11an11eTCII xapaKT0pllblM Jlnll uao6apHoll Mo

Jlen11. TTpu 3TOM yrnOBbl0 pacnpe.llene11u11 IT+ H rr - -Me30IIOB B CHCT0M0 U.M. Tpex 

KOHeqHblX qacTHU !IM0IOT BHJl, HnnIOcTpnpyeMblll puc. 6. 

PacnpeJleneHue no nonHOi! a11eprHH (puc.7) a c.u.M. rr + rr CJlBHIIYTO B CTOpo11y 

8 

M8KCHM8nbll0 )lOnyCTHMblX a11eprnil H 110 onl!Cb1B80TCII KPHBblMH, paccquT 81111blMH f!O 

CT8THCTHqeCKOJI TOOpHH H 11ao6ap11oll MO.Ilene. 

Ponb paan11qllblX 1130TOnuqeCKIIX COCTOSIIIHJI MO>KeT 6b!Tb npoa11an11a11poaa11a C 

/13 14/ 
np11aneqe1111eM JlOUO_nllHTenbllblX Jl81111blX • • nonyqellllb!X B TOi! >Ke o6naCTII a11ep· 

r 11 i!. B qacTIIOCTH, xopowee cornacue c xp11aoll ¢aaoaoro 061,eMa 11Mnynbc11oro pac

npe.llene1111si IT+ -Me30IIOB, 06paay10llll1XCSI B peaKUIIII "+ + p .. rr + + "+ + n ' Jl8~T 

OCH0B8HIIB nonaraTb, qTO M8Tpnq11b1ll 3~0M011T, OTB0TCTB011Hblll 38 "" -B38IIMOJlell-

CTBll0 B COCTOIIIIHII C nonllblM ll30TOUHqecKIIM Cnl!IIOM T • 2, B YK83811110M 1111Tepaane 

a11epr11il OCT80TCII npaKTllqBCKII nocTOllllllblM 11, T8KHM o6p830M, 110 MO>K0T o6ycnosnu

B8Tb 11a6n10Jl810lll00Cll B 11aw11x 3Kcnep11Mel1T8X p03KOB OTKnOll0HH0 OT pacq!!TllblX 

KpllBblX. 

C Jlpyroll cTopoHbl, ua onbITOB /l4/ no nap110My po>KJle11u10 rr -Meao11os B pd

-cTonK11oae111111x cne)lyeT, qTo ceqe1111e o6pa30B81lllll JlBYX rr -M030110B B COCTOHIIIIII 

C T - l Mano II B paCCM8TPHB80MOll o6nacTH aneprull npaKTeqeCKH OCT8BTCII nOCTO!IH

llblM, B TO apeMII K8K ceqel!H0 o6pa30B811Hll JlBYX rr -Me30IIOB B T - 0 Ob!CTPO pac

T0T c a11epruell. 

noaTOMY 0CTBCTB011110 aaKn!OqHTb, qTo na6n10)l8!b1Uul1Cll B 118WIIX 3KCnepHM0HT8X 

noJl1,eM a pacnpe.llene11HH no non11ol! a11eprHH a c.u,M. JlByx IT -Meao11on o6ycnoanen 

HX B38HMOJl0l!CTBHBM B COCTO!IHHH T • 0, 

3aKnJOqenue 

1) Paapa60T811 KOMnneKC 3KCnepHM011T8nbllOl! annapaTypbl, BKnIOqaIOlllHll ycT,8HOB

KY C ·aoCbMHnnTpOBOl! >KH.rlKOBOJlOp0JlHO-Jl0l!T0pH0BOl! nyablpbKOBOl! K8Mepol! B M8rllHT"'I 

HOM non~. 

2) TTpoae)l0110 HccneJlOB811H0 pe>KHMOB paoOTbl nyablpbKOBOl! K8M0pb1 H 118l1Jl011bl 

OUTHM8nbllhl0 ycnoBH!I e~ 3KcnnyaT8UHH npll aanonne111111 >KHJll<IIM BOJlOPOJlOM II >KHJl

KHM Jl0llTepHeM. 

3) C onHca1111oll annapaTypol! 11a ycKop11Tene a nyqKe oTpHuaTenbllbIX IT -Meao11oa 

uccneJlOB811bl p08KUHH: ,,-+ p - .. IT++ rr - + n , IT-+ p--+ IT-+ ,,0 + p HIT- +p--+ IT-+ Y + P • 

OnpeJlene11bl non11ble ceqe111111 11eyni:,yrHx npoueccoa a yxaaa1111b1x peaKu1111x, nonyqe11b1 

Jl8Hllbl0 06 yrnOBblX H HMnynbCllblX pacnpeJlenellHSIX BTopuq11blX qacTHU H noJlpOOIIO 

Hccne)loaa110 pacnpe.llene11He no non11ol! aneprHH a cncTeMe ueHTpa Mace 
+ -IT IT • 

4) Ha6n10Jl8~1UHllc11 B pacnpeJlenellHH no non11oll aiiepr1rn B CHCT0MB IT+ IT-p03Kllll 

no)l1,eM a o6nacTu oKono 400 Maa, 110 yKnaJlblB8!01UHllc11 a paMKH npeJlCTaane1111ll 

CT8THCTHq0CKOJI unH 11ao6ap11oll MO)lenell, HIITepnpeTHpyeTCII K8K CHnbllOB B3411MOJlell-

CTBH8 rr -Me30H0B B COCTOHHHR T • 0. 

5) TTpoaeJlell~ cpaa11e11He SKcnep11Me11TanbHblX a11aqe1111A non11blx ceqe11Hll C 
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eenH'lHHaMH ceqeHHll, Bbl'lHCneHHhlMH rl!6enoM H illHHTnepoM /lO/ B HpH6nH:meH1rn 

.onHHhl pacce,rnHll, C 3TOll nenbIO H3MepllnHCb nonHble Ce'leHHll npHee.oeHHblX BblWe 

peaxnHll npH 3eeprHH nepBH'lHbIX 11 - -Meaoeoe, paeeoll 276 ..:!: 10 M3e, ,TTony'leee1,1e 

eenH'lHHbl ceqeeHll HBXO.!lllTCll B y.ooeneTeOpHTenbHOM cornacnH C peaynbTaTaMH pa-

60Tbl 
1111

, 'lTO yxaahleaeT ea Ka'lecrneHHO npaeHnbHhlll Bb16op .onHH paccellHHll, c.oe

naHHblll B 3TOll pa6oTe, 

6) Oceoeeoe· co.oep:maeHe .!lHCCepTanHH. COCTaenllIOT_ pa60Tbi, ony6nHKOBaHHbie B 

TTT8 
12

•
31 

H )K8Tct> 
16

-
81

, PeaynbTaTbI pa6oTbI 17 1 .oono:mea1,1 ea Me:m.oyeapo.o

eoll KOH¢epeenHH no ¢H3HKe 'laCTHH BhlCOKHX SHeprHll 1151 

l!HrnpaTypa 

I. D,A,Glaser, Phys. Rev. 87, 665 (1952), 
/ -

2. T.n. EnoxHHJleea, A.T. BacHneHKO, B.r. rpe6HHHHK, B,A. )KyKoe, r. nH6MaH, 
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4. F.J.Dyson, Phys.Rev. 99, 1037 (1955). 

5, G.Takeda, Phys. Rev. 100, 440 ( 1955), 
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4 anpen11 1963ro.oa. 

10 

8 

25 

Pac, 1. CIEMATmECKllll 'lEPT1'x ;)CTAHil3Kll C BOObMl!Jll!TPOBOlt 

lltl!JlKll30nOPOnHoll IlY3h!PbKil30lt KAMEPOII. 

I - aanpaBJIBDlll!lll ~ep11>1; 2 - npexes•imA aaapnftw xsanaa; 3 -

BNCOICOB8Ky;fUll!,IA arp9r8T C xa<WiY3HOHll!,IU HSCOCOU H-5; 4 - CTe

pe~oToannapaT; 5 - •rsaaox" xsa aaayas•noro HailJ!D~enaa; 6 -

aaapaffaaa saHaa; 7 - OTKBTNBaeuaa qacT• apua uarHKTa; 8 - oll

uoTxa uarHKTa; 9 - aepxeaa qacT• aagyyveoro xozyxa; IO - pe

aepB11!,18 6aqxa xsa :imxxoro aoxopoxa; II - aaoTimA 6aqox; l2 -

a»eeaax; I3 - ocaeTaTeJI•; I4 - aanopll!,II xsanaH1 I5 - aaoTiml 

axpaa; IS - T8pUOCT8THPYDJll8ll py6amxs xaueps; I7 - uarHlllTll!,lft 

3Kpaa; IB - ICOJI4HKSTOP n-»830HHOrO nyqxa; I9 - DCTHpOBOqHaa 

paCTUICS 11:aueps; 20 - BNXOX'XaTqltES XSBJI8Hltlll 2I - pacmrpa

T84•iml CKJil4>oa; 22 - UOBTUBSll ~epua1 23 - raaoaun KJISDSH; 

24 - KO,ry% rJI,Y111l(T8481 25 - rKXPODPKBOXI 26 - B03Xyml!l,lll 6aqox 

CTaC:hunl3BTOpa. 
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To•nm 

340 1113:B /; 
000Tl!81'01'BYDT t O H D - Ha01'0JIDl811 pa6O1'8 / 276' H 

• - 3HeprHH 2901113:B Is/, ■ - 38014311 I 7/_ 

c:axom!!IU[ EpHBaa - 1'80p81'H118CXaa, BINHCll8RRU Ha OCIIOBaRD 

pa6oTR III. Peayx•TaTu, noxyqeRm.re 'll xpyrax pa6oTax, Re ua
HeceRU Ba rpa~HE H3-3a CXHmEOH 6ox~mHX omH6OE H3HepeHHn, BU

XOXH~HX 3a npexeJW pHCYHEa. 
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N 
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Pac. 7 PACilPEJIEJIEHHE no IlOJIHolt 3HEPrIDI B CIICTEME UEBTPA. L!ACC 

min 9f-ME30HOB, OliPA3YDIUIXCll B PEAKUHH gi"+ p- g;tgr+n 
Ila rp~nxe cuxomaol unel oTae~ea waaonuQ od~ijH, pacc~nTaR
Blll uo CT8THCTnecxol TeopRR, 8 UyBXTHPHOI - uo naodapaon 

HO;lt8JIR, 


