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PesynbTaThi HacTostweA pa6oThi · 6hmH aono:>KeHhi Ha 1 Y ceccHH .YtJeHoro 
CoseT a 06'bellHHeHHoro HHCTHTyTa staepHhiX. HccneaosaHHil B Mae 1958 r. 
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Yfccneaosaabi yrnoshte pacnpeaenearrs( §o .:_.Meaoaos, o6paay10mrrxcsr s coyaapeHIIHX--o 

npoToaos nprr saepriHIX 400-665 M 9B. Pacnpei:lenearrn oKaaanrrcb 6nrraKrrMrr K uaoTpona'y ·. 

s cornacun c cpeaoMeaonorn"'ecKoii peaoaaHcaoti Teopnel! C.M aa.tienbWTaMa. nonahre ~e-
~ 

q'ElHMH MGMepeHbl B o6nacTM 9Heprnil: 313-665 Mas. npn aaeprnnx, npeSbiWa!OI..UHX 400 Mas, 
\ 

OCHOBHOfi BKna.n B cetteHHe p9aKuifn .z:t8roT 'peaoHaHCHDie nepeXOLlbi. f)pH M~HbWiiX a,neprnHX 

npoToaos cywecTseaay~-ponbnrp~eT aepeaoaaa6a~ti Ss -nepexori, sKnaa ~oToporo s 
:t ;;,.27. . . 2 ' ' . ' . • .. 

nonaoe ceqe'ane paseH 0,032 7.m .I 0 CM • ConocTaBneaHe M3MepeHHblX Be1IH"'MH cetteaun 
. . . . . - r,- . . . ~ .. . -

o6paaosaann ueii:TpanbHbiX 1i aapsDK eHHbiX :11 -Meaoa~B c ceqeansrMrr, Bbi"'ncneHHbiM u , no pe-
• ' . <' ' ' 

30H8HCHOfi TeOpHM,· n03B01IHeT C.lle1IaTb Bb!Bo'.ll 0 npeMMYI..U9CTS9HHOfi p01IH paaneTa C non-

Hb!M YI"1IOBb!M MOM9HTOM "j "' 2~ 

I.Bseaeaue 

PeaKUMH o6pa3oBaHHH aeiiTpanbHbiX 11· -Meaoaos B coyaapeauHx npt?TOHOB 

Ji 0 __:_:., 2 r: Ill 

aaHMMaeT oco6oe MecT_o cpean peaKunil: Tnna "HyKnoH+HyKnoa __,. 1i -Meson". Ee oTnn

-<mTe:'n~aoii qepT'ofi flsmieTcfl 6biCTpb!il: poeT. ceqeHMfl C a~eprJ1efi II cpaSHUT91IbHO ManaS! se-

"1., nn"'IIHa cetteanH s6nnan nopora, ttTo fiB1IHeTcfl cneacTsneM aanpeTa nepexdaa' c KoHettHbiM 
. -. . 

COCTOSIHM9M 5 .ll1Ifl .HYK1IOHOB II Jl .ll1IH 1i -Meaoaa oTaocnTeJibHO ueaTpa Mace, urpa10-

wero 

KaUIIII 

1I8CTII 

OCHOBHYIO p01Ib B IlPYI"MX peaKUIISIX M930HOOOpa30B8Hlffl I 5 p -nepeXO.ll B K1I8CCIIqJH-
- /1 I . - . . - 12-81 

Poaeacpenb.lla I. n epBhie- nccneaosaunsr aToll: _peaKuHH noKaaanH, "'TO s o6-
:r;o 

9Heprnil: 340-;- 480 Mas ceqearre ee 6 pp -n,..' - a.-. pacTeT, K8K ( 0 I".lle 'l ~ -MaKCM-

M81Ib~biil: HMITY1IbC '§'' -Me3oHa B CM~TeMe ueuipa Mace /c,u.M.I' H3MepeHHbli\ B e.rinan --

uax Macchi Meaoaa m.fic , B To· speMS!, KaK .ll1Ifl ceqe!tnn apyrnx peaKunti xapaKTepithi 3a

BHCHMOCTn OT ~ m. _B CTeneau, He Bb!We qeTEiepTOti, cf:> e'HOMeH01IO!"I1'1eCKM1\ 8H81III3 a TUX 

11 91 . ' ' - ' ' 
aaHHbiX .• · noKaaan, 'ITO s6nuan nopora peaKunfl 11 I ocywecTB1If!eTcfl B ocaOBHOM aa 

P . ' ' . . 110 6 111 . . ' 
cqeT p -nepexoaa. B 6onee noa.llHHX pa6oTax · ' ' _6b!1Io· o6uapymeHo, 'ITO. ceqeaRe 

6p~· npoaonmaeT 6hiCTpo pacTn n npn 9Heprnflx 450-:- 660 Mas: 6!/ ~- '?.'!:..s. 
161 1i" n 5•S 1111 - /7 8 llf 

no aaHHbiM CopoKo · , n bpp "" ·c,.. cornacao- • CpasaeHHe aaHHbiX ' .' _ noKaaa-

no, 'ITO B 061IaCTM M9HbWH'X· 9HeprHil: ceqeane H3MeHSieTCR 0 KaK- 'Z! , a He K8K 7_ !·, H3 

qero 6bi1I caenaH Sb!BO.ll 
111 / o_ cytuecTBeHHOii ponu Ss -nep'exoaa npu M81IbiX 9Heprnsrx. 

/12/ 
.0a1IbHeiiwHe II3MepeHHSI C9'19HHSI peaKUMH. 11 I npH M81Ih!X aaeprHHX nO.llTB9p.llii1IH STOT 

Bh!BO.ll. 

I, 

I 
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Ill I . 
nonyqeHHbie B pa6oTe 9Kerrepn:MeHT81lbHhie naHHhle 6bl1111 rrpoaHa11!13!1pOB8Hhl 

M aHn enbwTaMOM B paMKax ¢eHoMeHonoruqeeKoii pe3oHaHeHoii 5eopuu 
1131 • B oTnuqn:e 

. . : .. ' . . . ' 11 9/ . . ' .. ' . 
oT eTapoii ¢eHOMeHonoruqeeKoii Teopn:u 1 

· ~· MaHnenbwTaM yqn:ThiBaeT pe3oHaiJeHoe .B3a~ 
. ,· . .. ·: II:" . . . : ,; . . . . . . . : • . • . 

11MOneiieTB!1e :fl -Me30Ha e HJ'KllOHOM B KOHe'!HOM eoeTOS!HHH peaKUHH. B ero Teopun: 
'' " •• \,0 • ' ' I 

rrpenrronar-aeTeSI 1 '!To B wn:poKoii o6naeTn: aHeprn:ii 1 rne eyuxeeTBeHHO. pe3oHaHeHoe B3an:Mo~ 
' • . l ' ~' .. ' • - ' . ' ' • ' - . ' ' • 

n'eiieTBHe Me3oHa e HYK~OHOM 1 MaTpn:'IHhi; aneMeHThi rrepexonoB rroeToSI~Hhi e TO'!HoeTbiO 

no MHOmn:Tenet\ 1 Y'IHThl~~~:lllH~ B38HMonefieTB:n:e Me30H8 e .HYKIIOHO~ .H. HYKJIOH8 e ·ayKJIO

, HOM B KOHe'!H~~ ~~eTOS!HHH. B Teopn:n: y'IHT~;Bae~eSI. ~~Tep¢epeHUI:!S!. ~YKJlOHH·h;X• eoeTOS!HHii. 
. 171 

:n: "eMemeHHhre" rrepexonhr s - pa3JleT elleT~Mhl 1 . KOrna.~nn:H 113 HYKf!?HOB Haxonn:T-

esc: S 5 - eoeTOHHI1ll OTHOen:TeJlbHO rronelleT9Mhl M930H-HYK1IOH 1 nnH KOTOpOii IIp11Hl!MaeT

eH OnHO B03MO:>KHOe eOeTOfiHHe 'zp,Jz 1 ·~IIn:ehi.BaeTeSI IIpii 9TOM OnHHM IIapaMeTpOM, P .~· 
pa311e~ - IIHTblO rrapaMeTpaMn:. Teopn:H pKa3anaeb HeKpHTH'IHOii K OTHOen:renhHOMY 113M9He

HI110 B91111'!11H rrapaMeTpOB P - pa31IeTa, 'ITO II03B01111110 rrpn:paBHHTb qaeTb 113 HHX npyr K 

n pyry :n: eoKpaTn:Tb T~Kn:M o6pa30M q:n:eno · onpenenHeM'hr~ 113 · orrhrTa napaMeTpoB P -pa3-

neTa e IIflTll no nByx. Bee Tpll napaMeTpa; onn:ehiBalOllllle s- n: p-pa3neT, orrpenenniOT-. . 

eH lt3 9KerrepHM9HT81IbHhlX n'~HHblX 0 peaKUliS!X o6pa3"aBaHI1Sl aap~»<eHHhlX fi -M.e3.0HOB B 

p-p- eo.ynapeHn:Hx •. nonHhre eeqeHHH pe~K.~Hll tl/ Bhi'In:eneHhi B Teopn:;I MarrnenpwTaMa 6e3 

BBeneHn:n KaKnx-nn:6o norronHHTenhHhlX eBo6onrrwx .napaMeTpOB 1 6naronapH qeMy epaBHeHn:e 
' ' • " <' ; ' ' ' • ' '-~ ~ ~ \ ·' ~ ~ .; ' :. ' :. ' '-~ •. ' ; ,' ~ 

aKerrepHMeHTarihHhiX .z:iaHHhiX o6 aHepreTHqeeKoii 3aBHel!MOCTH aToro. eeqeHHH e TeopeTHqe-

eKofi Kp~B~~: S!BJl~·eT~S!: ~~·po ~ eii' ~p~BepK,Otl• pe3oHa~e:~O;ii ~~o:p~H·. ~o~T~~~eT~~~~~e. c:paB-
•· . . . ' /11I'o< ·' · ... ' , .... , · .. · . •' ... ·• .. ,. ·. 

H9HHe e naHHhiMH pa6oThi , npoaeneHHoe M aHnenhwTaMOMi noKa3ano eornaeue 9Kerr~ 
. - . ~-,•; r,\ . 

.... , 
pHMeHT81IbHhiX H Teop~TH'!9eiWX pe3y1IhT8TOB. 

' l ~ 

YrnoBoe paerrpenenerrl!e :Jj'0~Me3oHOB B PE!aKUHH 111, Bhi'!HeJieHHOe 'ria oerrpae pe3o-:: 
• ' - " ' •" < • 

H8HeHOfi .TeOpllll 1 61IH3KO K li30.Tp0!1HOMY IIpH Beex 9H9pi'I1S!X IIpOTOHOB. 8Keiiepl!MeHThl 1 BhJ- · 
. " ·. . . .. '. . . '': . Ill 14 16/ ... • . 

rronrreHHhre pa31IH'!HhiMH MeTonaMH B o6naeTH oKono 600 MaB ·· ! ~ .. ·,,!nen:eTBHTenhHO 

yKa3hiB~lOT H~ !130Tp~~~~. Y;1IO~~·I'·~ paerrp~neneHHH lJ,~ ,"";M930HOB. 0'nH8KO, !1pH .6onee. Hl13-
.. , - ; ' '. ' : . . , : , '. ' ' '. ' ~· • . , • - " I 

Kllx arreprunx /.450 - 550. M ~B/JI3MepeHH~Ie yrnoBhre •. paerrpeneneHn:SI, o6rrapy»<HBa1m .TeH-
. . . .. ... /11/ . . . ·' ' : 

n eHUn:IO K yBenn:qerrn:IO aHH30TporruH , 1 •. B .,o6naeT:n:. eme 6onee: rrn:aKn:x. arreprn:tt · yrnoBoe 
' ... "' ' ,, ' >•"u .,,,, '" 117/ • 

paerrpenenerrn:e 6hmo rrpoaHann:an:poBaHo :Mon:epoM n:., CKBan:poM .· , npll orrpeneneHHhlX rrpen-
·. ' . ', ,. ' .. '.• . ·' . . /hO . ' .. 

IIOIIO:>KeHl!S!X 0 XapaKTepe erreK'rpa , Jl. · ~M~30HOB, OeHOB8HHhlX H8 · eTapofi tP9HOMeH01IOI'I1'!9...;· 
h'9/ .. ·. . ' .... ·, ,, ·. . . ·' 

eKofi Teopuw : ~ , ., B paMKax aTn:x npennono»<errn:tt .liMn: 6hm enenaH. BhiBon .o eymeeTBeH-
, • • > ' ! '· ' • • • ' • • > . • ' . ' ( ~ 

rro aHH30TpOIIHOM xapaKTepe :yrnoBoro ,paerrpeneneHn:n. 1T~~Me30HOB npn: aHeprHn: 330· Mas •. 
~ ',' : ' '•\ ' ~ ; ? . "< • : 

UenhiO HaeTonmett pa6oThi HBnHnoeh n:ccnenoBaHue peaKuHn: /1 I B wiipoKOM · HHTe'p-.. . 

Bane 9Heprn:tt; VI eii01Ib3~l3~Hlle; npli 9TOM on Hot\ H; ~ott me M9'_l'Olli1KH II03 6on~no Ha1 ~SIT b..:. 

eH Ha B03MO:>KHOeTb II01IY'I9HHfl noeTaTO'IHO TO'!Hh!X eBeneHn:fi 06 H3M9HeHI111 'xapaKTepn:eTHK 

peaKun:H e arreprn:en. OerroBHoe BH:n:MaHn:e 6hmo o6pameHo rra Mano II3y'IeHHYIO xapaKTepn:

eTn:Ky peaKun:n: - yrnoBoe paerrpeneneHn:e 1{0 -Me30HOB. npll rrpoBeneHHH nono6HhiX. n:e 

enenoBamd!: rreo6xonliMO Y'II1ThiB8Tb xapaKT9pHyiO nnH HHX TpynHOeTb 1 KOTOpaST eBfl38Ha e 
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TeM, 'ITO · 11° .,;,M:e30Hbi ABIOKyTcst' co' cKopocToK>; cymecTseaao OTilHlJSIOUleftcst oT CKopocTH 

cBeT~. 3To npl'rBOAHT · K To'My, qTo· yrrtoBoe pacnpe.::r.eneaHe J( .:.KBaHToB, o6paay10muxcH 

npu: pacna,Q e Ji0 
_;Me3oHoe, B MeHblli eh Mepe aH~3oTponao;: q_eM _pacnpe,QeneaHe Ji~.:.Meao-

/18/ .. , . .r,-0 . , 
HOB .· , C yMeHbWeHIIeM CKOpOCTH . Jl -Me30HOB 8HH30TpOI1IIH yrnosoro pacnpe,Q eneHHH 

r ;,.,, KB8HTOB 6b!CTpo 'Hc'ie3aeT, . CKa3SHHOe BhiWe HlllliOCTpHpyeTcst pHc.l. 3lleCb pac -

cMoTpeu cny,uitt~ ior,Qa · !Jio -Me3oHbi pacilpeAeneHbi B c.u.M. nponopuuoHalloHci '/3 + ~1i" (,o.j"-~ 

npH STOM ,Yrrio8oe pa~npeaerieiilr'e r- KBaHTOB HMeeT BUll 1/3 ... 8¥ Coi;.~ .. Ha pHc,l 

rrpuBe,rie!Ia Be,fiH'iMHa ;·dgs-.f cl. By t T,e, norpeiuHOCTb H3Mep~HHH, ', gj(O t npH pa3llH'iHblX 

"1.; 

; 10 

0 
JOO 'i··· < sao 600 

~.Mev~ 

Puc. f.>3asu·cHMOCTh OTHOCHTenbHoit norpewHocTu·-d6ir•/ dg 'I oT sHeprHH; npoToHoB. 

1--Bhi'IHClleHo J:lliH cnyqast :6wo ~ 0 ; 2-· ·6rr~ = 1, 
;•· r 

'! 

( 
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aaeprHHX ~p npoTOHOB, o6pa3yiOLUHX 11° -Me30Hhio B~uao, .. 'iTO npH YM9Hblll9HHH ~ p aTa 

IlOrpeWHOCTb 6b!CTpO pacTeT,. H C00TBeTCTBeHH0 1 B03pacTaeT TO'iHOCTb 1 C KOTOpOH aeo6xo

UHMO H3MepHTh yrnoaoe pamipeueneHHe, .r. -KaaaToB, 'iT06hi MO:>KHo 6hmo aoccTaaoBiiTh 

Jt:"D . c yrnoaoe pacnpeueneHne 1. -:Me30HOBo neuyeT TaKme y~m:TbiBBTh, 'iTO npR. yMeHbllleHRH 

SHeprRH IlpOTOHOB HBpHU~ C B03pBCTBHH~M ~pe6oBBHHfi K TO'iHOCTH.H3MepeHHI IlpOHCXCJ:" 

U RT U qpe3Bb!'iBIIHO 6!>ICTpoe yMeHbllleHHe .Bh!XOUB . r - KBBHTOB OT; H3yqaeMOH peaKUHH,' 

. 3To. euie 6onbwe .. ycnox<HHeT HccneuoaaaHe yrnoBhiX pacnperieneHuii 1i" -Me30HOBo .B 

HBCTOHUleii , pa6oTe Mhl OrpBHH'iU1IUCb. . H3MepeHHeM yrnOBh!X · pacnpeu eneHHH 
l' ' ' .> • ' • .. •• ~ ' ~ ' • ~ ' ,. - ' • • • 

'(' -:KBBHTOB 

a HHTepaane 400-665 Mas, rue yKa3aHHhie Bhillle TpyuaocTR 6hmH e~e He oqeab aenut~ u 

H ucnonb3ye~aH annapaTypa no3aonHna uocTaTO'iHO TO'iHO onpeuenHTb yrnoBoe pacnpeue

neaHe 1i" -Me30HOBo 

2 0 M e T 0 u u K a H 3 M e p e H H. n .. 

n pOTOHHhii IlY'iOK 

3KCI1epHMeHTbl 6bi1IH Bbll101IHeHbl HB Bb!BeueHHOM H9l101IHpH30BBHHOM IlpOTOHHOM nyqKe 

wecTUMeTpOBOrO cpa30TpOHB 06'beUUHeHHOro HHCTHTyTa HUepHb!X HCCnerioBBHHHo noTOK 

npoToHoa H3MepHnCH c TO'iHOCTbiO 3% npu noMomu Kamr6poaaHaol HOHH3auHoaaoii KaMepbi, 

aanonaeaaol remi eM /puc o2 I o TaK KaK ceqeHne. uccneuyeMoii peaKUUH cimbHO ·3aaH'cHT oT 

aaepruu. npoToaoa, oco6eaao a6nu3H nopora,. H3Mepeanst ceqeauH uonmabi conpoaomuaTbCH 

TO'!HbiM onpeueneHHeM cpeuaeii SHeprHH IlY'iKBo npH MB1IbiX me aaeprHHX npOTOHOB Heo6xo

UHMO TO'iHO H3MepHTb He T01IbKO cpeUHIOIO SHeprHIO, HO H SHepreTH'!eCKHii CileKT~ Ily'iKBo 

CpeuHHH SHeprHst IlY'iKB onpei:t enH1IBCb B HBCTOSllUHX SKCilepHMeHTBX C TO'iHOOTb!O OK0.1IO 

1. M 6 /19/ y .· . ~ . 
SB MeTOUOM; OilHCBHHbiM B pa OTe o MeHbWeHHe 9HeprHH I1pOTOHOB UOCTHranOCb 

nyTeM TopMom.eaHst Rx·· 8 ~onuaTnneaoBhiX 6noKax, pacnonom eHHbiX; nepeu 3BlUHTHOA cTeHoft 

/pHCo2/o 3HepreTH'!eC11.fe P/:IC!!J?eu.eneHHe.npOTOHOB riY'!KB , XOpOlllO OIIHCbiBae.TCSI KpHBOii 
' '' . ·: .. ,. . . \ 

['aycca C uncnepcueii, 'PBBHOii /2,8:!:_0,3/ M9B IIpH MBKCHMB1lbHOii 9HeprHH IIpOTOHOB • .LJ.n:c-

. IIepCHSI HeCK01IbKO yaeJIH'!HBBeTcst· IIO ·Mepe TOpMom·~HHH n·y'!KS, .\KBK BHUHO HB pHCo3,. 

P erucTpupyiOUlaH armapaTypa 

Caeu eanst o6 yrnoaoM pacnpeu eneHRH 11° -Me30HOB H 0 BeJIH'iHHe II01IHOrO Ce'!eHH£1 

6bmn nonyqeHbi nyTeM perucTpa,~ '(: ":"KBBHTOB .oT pacnaua 
~D ' 
Jl -Meaoaoa, :o6paayromux-

CSI B MHW8HH IlpH npOXO~UeHHH ·qepe3 Hee ';IY'!Ka· I1pOTOHOB,, . .LJ.nSI perHCT,PBUHH ( -KBBHTOB 

HCI101Ib30BB1ICH TeneCKOil H3 C'i8T'iHKOB 1 CXe~aTH'!eCKH ~peucTaBJieHHblii HB pHCo4, 06pa30BaH• 

Hbie B MHUleim 'r -KBBH'rbi K0111IHMHpOBB1IHCb ~pH. IIOMOlUH CBHHUOBOA UHBcpparMhi H 'n.onaua-

1IH aa•cauauoahlii KoaaepTop TenecKona, rue oau reaepnpoaanu aneKTpoaao-rioaRTpOHHble 

IIapblo napbi perHCTpHpOBB1IHCb BK1IIO'i8HHbiMH HB COBilBUeHHe CUHHTH111IfiUHOHHbiM C'!eT'!HKOM 

\. 
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Puc. 2. Pacnonom eHne annapaTyphi IMaClllTao nponaBOJlhHhifi I. 1 - cpoKycupyromue 

M8I'HIITHhie JlHH3 hi; 2 - I10JliiSTIIJleHOBhiH 'I10I"Jl!!TIITeJih; . 

3 -aall.{IITHhie CTeHhi; 4- CT8JlhHhie KOJlJlii.M8TOphi; 5- IIOHli38UIIOHH8Sl KaMepa; 

6- M!IuleHIIi 7 'I8CTh. CBHHUOBOH 38ll.{IIThi r -TeJieCKOiia; 8- ( -TeJleCKOI1, 

M - oTKnoamomufi Mai'HIIT ,, P - npoTOHHhifi nyqoK, 



1: I I 

tHI 11.1 1111 0 de II ::)11 'I1 

• n..tHHU.lUd.L00 

H ~de.LOII. iRHHOHnU€HHOH W.LOOd WO.Lehi 0 HBHHeUOHh 

.;..xqa HH..tdaa·e 

-mouu~ • 
/61/ 

~-_.LO 11119deiiOH'I1 qJ.OOWHOHaB€ HU~OehH.L~dOe.L-HUa~d~ HUH 
3 aOHO.LOdii XHH..tdeH€ XlqHhHU€Ud Hcfii !I '\l ·e~hiii HHOdeiiOH)J'•g •oHd-

009 OOh OOc 
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KamoiJHbte 
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·YcuJtume.nu 

CxeNbt. 
coGnaaeHuu 

CxeNa • 
aHmuco~noBeHuu 

fl e pe C'le mlfble,. 
exeNbt 
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Puc:4. · CxeMa }(' :... TenecKoria. ·- ··, · ;· 

1 - CBH~UOBaH ,llHacppafMa; ·' 2;-KpHCTann cqeTqHKa, 8HTHCOBH,a.lleHiiil:; -
3- KOHBepTop; 4- KpHCTann cqeTqi{KB COBITB.ll ei!Hif; 5 ":"cpOnbJ:'a -oTpa
maTenb CBeTa; '.- a·,;.; pa,llnaTop' cqeTq.HKa 'uanyqeaUst'lfepeHI{oBa,. . 

. ,. ~. 

: ~' 
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If C"i9T"'MKOM H31lY"i9HMSI Y:epeHKOna, Bnaro.uapSI Manoa Tom.llMHe KOHB9p'I'op-a=to;5-.;;2~MM7=-"=-="~-~-" 

11 CUHHTJIJlJlSITOpOn /3 MM/ 1 "WHpOKOH T'90M9TpHH" T9Jl9CK011a JI OTCYTCTnMIO 110T'Jl0THT9Jl9H 

M9)K.UY C"i9T•mKaMH '( -TeneCK011 MM9Jl HM3KMfi 9H9pT'9Tlf"i9CKidi 110p0T' H MOT' acpcpeKTlfnHO 

perucTpMponaTb '( -- KBaHTbl ? aHepr!feii errnoTb .uo 10 Mae, _TenecKon 6hm HeqyncTBM-

TeneH KaK K HeiiTpOHaM, TaK H _K_ aapSI~9HHbiM "iaCTHUaM, nocne.uHee LlOCTMT'aJlOCb 6naro-

Ll a pSI liCI10Jlb30BaHHIO CUHHTMnnsiUMOHHOT'O C'i9T"iHK~pacnono:H<:eHHOr'o-nerfe.fi.Ko~iiBepTopOM =H~--~~, 
•. ~-=----~~ . ' -

BKJliO'IeHHoro Ha~aHTHcoemr.z:teHHec'.llpyrHMM- clteT"in:KaMH TenecKona. _ CKopocTb c"ieTa Te-

necKorra, 110M9Ul9HHOT'O B ny"'OK '( - KBaHTOB 1 ; B03pacTana B. 25 pas 11pH BBe.U9HHH B He-· 

1"'0 KOHBepTOpa TOJlUlMHOt!: 2 MM, YB9Jllf"i9HHe ,TOJlUlMHbi KOHBepTopa LlO 5 MM 1103BOJ1SIJ10 ynyq-
• I • i 

WHTb 9TO OTHOW9HH9 .uo· 40, :TeneCKOI1 MO)!{HO 6biJ10 HCI10Jlb30BaTb n YCJlOBHSIX cpaBHHT.9Jlb-
~-··. -~· ' 1 • 

HO 60JlbWOT'O cpoHa 110CTOpOHH9T'~jH3Jli"'eHHSI 6naro.uapsnpHM9H9H~IO CX9M cioena.ueHHt!: C 
. -8 ' 

paapewaiDUlHM npeMeHeM 10 ceK, · 

B 6onbruHHCTBe npe.uhx.uymxrx pa6oT .unst · orrpe.ueneHHst acpcpeKTHBHOC:TH l( -TenecKo-

na H3M9pSI1laCb HJlH nhi"iHCJlSIJl8Cb KpHBast "iYBCTBHT9JlbHOCTH , '( :-T9J19CKOna K '( -KBaH-

TaM pa3JlH"iHOt!: 9H9pT'HH 1 H acpcpeKTHBHOCTb H8XO.UH~8Cb nyTeM HHTerpHpOBaHHSI 9TOH KpHBOt!: 

110 9H9pT'HH COBM9CTHO CO CI19KTpaMH r ;'". KBaHTOB 1 B3SITbiMH H3 TeOpHH, n OSTOMY peaynb.- · 

TaTbi 1 1101lY"i9HHbi9 B 9THX pa6oTaX 1 cymecTneHHO 3aBHC9nH OT cnpane.unHnOCTH TeopeTH-
' .. /6 17 I 

'l:9CKHX np9.UI10Jl0)!{9HHt!: 0 CneKTpe r·- KB8HTOn 1 OC069HHO n T9X cny'IBSIX 
1 

1 KOT'Ll8 

HaMep~HHSI 6btnH nbmonHeHbr~pu=noMowte-ileTeKTopac-6:blcoxliM-~~~P-;:-;;~'~~cKr-iM noporoM. · 
· . . . /11 I . 

B HacToSiweA pa6oTe acpcpeKTHnHOCTb Haxo.uHnacb aKcnepHMeHTanbHO M9TO.UOM , · KOTophrA 

noanonSieT orrpe.uenHTb nbiXOLl r ":' KnaHTC>n, He .uenast KaKHX-nH60 npe.unOJ10)!{9HHfi o6 

HX 9HepreTH'I9CKOM CI19KTpe, 3anHC~MOCTb acpcpeKTHBHOCTH TeneCKOna W OT yrna f} /eM, 

pHc.2/. H3MepeHH8Sl npH 9HeprHSIX 665 H 485 Man,. ~pHne.ueHa Ha puc. 5. npu .upyrHX 

. 9H9pT'HSIX aanHCHMOCTb W (_f)) HM~~T aHaJlOT'H'IHbit!: xapaKTOp; C YM9HbW9HH9M 9H9pT'HH 

npoToHon acpcpeKTHnHocTb Ytvi_€)Hbwae_T.cst,-H-o.uHonpeMeHlfo HecKonbKo--r-iaMeHsteTcSI cpopMa 

KpHnot!: \.f ( (}} ,-~pH'IHHOt!: qero stnnSieTCSI YM9HbW9HH9 9HeprHH !fr• -Me30HOB H CKOpo

CTH c,u,M, ·Vf aMepeHHSI acpcpeKTHBHOCTH, nhmonHeHHbre npH aHepruu 6~5 Man c nonuaTHne

Honot!: H )!{H.[lKOnO!!.OPOLlHOt!: MH1J,I9HSIMH 1 110Ka3aJ1H 1 'ITO 3H8'19HHSI W LlJlSl no.uopo.ua H yrne-

p0ll8 connana'IOT, 3TOT peaynbTaT. SIBJ1Sl9TCSI CJl9llCTnHeM TOT'O, 'ITO '( - T9J19CK011 HM99T' 

HH3KHA 9HepreTH'l:9CKHA nopor, HecMOTpSI Ha pe3KOe pa3JlH'IH9 CI19KTpon r - KnaHTOn 

l'l 0 e' o/20/ 
npH o =0 H = 180 _ ./cpe!I.HHe aHeprHH cneKTpon panHhi 190 H 75 Man/ a cp cpeK-

"' 0 0 THnHOCTH vv /0 I HW/180 I OTJ1H'l:810T_PSI ncero Ha 25%, ropaa.uo M9HbW9 paanH'IaiOTCst 

/16 20/ 
cneKTpbl, HSMepeHHhre .unSI yrnepo.ua H no.uopo~a no.u o.uHHM yrnoM ' , 6naro.uapSI 

'l:9MY H OK83biBa~TCst 6J1H3K.HMH COOTneTCTBYIOUlH9 acpcpeKTHnHOCTH, C YM9HbW9HHaM 9Hep-' 

T'HH npOTOHOn pa3J1H'IH9 9cpcpeKTHnHOCT9t!: LlJlSl no.uopo.ua H yrnepo.ua H9CKOJlbKO ynenH'l:H~ 

naeTcst, o.ciHaKo n Hccne.uyeMot!: o6nacTH aHeprua aTo paanH'IHe ewe He c:Kaahrnanocb Ha 

peaynhTaTaX npone.u 9HHbiX H3M9p9HHH 1 TaK KaK OHO 6binO 3Ha'IHT9JlbHO M9HbW9 1 '19M ~Ta-

TH'l:9CKast TO'l:HOCTb H3M9p9HHSI OTHOW9HH.1l: nbiXO.UOn D KnaHTOn 110Ll pa3HbiMH yrnaMH, 

I 
I 
l 
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• ;_ naMepeiio'npH E=665MaB,· 0- H3MepeHo npH E=485MaB, 

n ocne.uH~e II03BOnHno IIpH H8XO)K.UeHim yrnOBOrO pacnpe.u eneHHS_I d ,.. KB8HTOB OT peaK.;. 

UHH /1/ B o6naCTH ManhiX; sHeprHil:.,~POTOHOa.. MCIIOnb30B8Tb cpyHKUH.M, w: ( {) ). ; U3MepeHHbie . 

.u nSI yrnepo.ua. 

MnllleHM, KoHTponbHhie sKcrrepnMeHThi 

H Ka'!eCTBe Mlllll.eHM 6bin. MCIIOnb30B8H .>KM.UKMil:' BO.UOpO.U 1 3anMTbiil: B KOHTeil:nep H3 

nenononMCTHpona. MuweHb UMena cpopMy ~~~n~ll.upa nna~eTpOM s·cM, .Uni!liOil: 25 CM M 

pacnonaranacb' TaK, '!To6bi nyqoK,, upoxo.unBlllHfi napannenbHO ocn UHnunnpa, ne o6ny'lan 

6oKOBhiX cTeHoK MMlllenu llllupuna ny'IKa cocraBnSina 6' CM/, YcnoBuSI perncTpauuu 

KB8HTOB 6binR H8H6onee 6naronpSITHhlMH B HHTepBane yrnOB 45° <: {:) < 145°, B STOM 
r 
cnv<HlA 
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CBIIHUOBag Jlii8cpparMa1 paCTIOliO:>K9HHag nepe.ll T9119CKOTIOM 1 npengTCTBOBalla TIOTI8Jl8HII!O 

B TenecKon r~ - H31Iy"i9HI;Ig 1 li.llYIU9I"O H3 BXOJlHOI"O II Bb!XOJlHOI"O OKOH MHIU9HII 1 II Te-

necKon periicTpnpoBan '( - H31IY"'9HH9 1 HJlYIU99 TOllbKO M3 BO.llOPO.lla. Y.llaf!eHMe BO.llO_; 

pO.ll8 II3 KOHTel1Hepa yMeHbW81IO CKOpOCTb C"ieTa TeliECKOTia B 10 pa3 llpii SHeprMM 660 M SB. ~ 

Ceqeane peaKUMM' /1/ onpe.llengnocb TaK:>«:e paaaocTHhiM~ MeTO.llOM nyTeM o6nyqem}g 

~ . . ~ ~ 2 
MMWeHeH M3 !lOliMSTMlleHa M rpacpnTa. TOliiUMHhl STHX MMW9Hefi COCTaBllgliM OKOliO 3 r/cM 

II Bbi6n:pa1IHCb TaK, "iT06bi c6poc SHeprHM TIY"l:Ka B MRWeHgX 6bm OJlHHai{oB. nonn:ST.HlleHo

Bag H rpacpHTOBag MMWeHR paC!l0118I"81IMCb TIO.ll YI"liOM 45° K TIY"iKY llpOTOHOB 1 KaK TIOKa-

38HO Ha pn:c.2, n: BBOLlMnn:cl:; B nyqoK nooqepe.llHO. CMeHa MMWeHefi ocymecTBnstnacb qepea 

1- 3 .MMHYTbl1 'iTO !103B01IH110 HCKll!O"iliTb BliMgHHe H3MeHeHn:g "iYBCTBHT91IbHOCTH periiCTpn:

py!OIU9H annapaTyphi Ha TO"lHOCTb rraMepeHn:fi. HecMoTpg Ha To, <iTo nonnsTrrneH. co.llep:>«:n:T 

Bcero 14% BO.ll0p0Jl81 B pg.lle cnyqaeB pa3HOCTHb!H MeT_O.ll ~TI03B01Igll !lOliY"lliTb 3H8"iHT91IbHO 

6on~e .Bb!COKY!O 'TO"!HOCTb 1 ·qeM ~TipM IIC!l01Ib30B8HMH :>KI{O!<OBOJlOpO.llHOii: MMW9HM. npM"iHHOH 

~ sToro smngnacb TPY.llHOCTb TO"!Horo onpe.lleneHn:g scpcpeKTRBHoro o6oeMa )l{n:JlKOBO.llOPO.ll-

HOH MH;llleHH 1 B KOTOpOM o6pa3y!OTCg perncTpn:pyeMb!e TenecKO~OM '( - KBaHThi. nosTOMY 

){{ HJlKH1i BO.llOPO.ll HCTI07b30B811Cg 06bi"lHO .Illig npOB9Jl 9HIHI TO"!Hh!X OTHOCHT91IbHhiX H3Me

peHIIH1 aoCOll!OTHbie' :>Ke H3MepeHHSI OblliM BbiTIOliHeHbl pa3HOCTHh!M MeTO.llOM. 

llng nony"leHHSI JlOCT8TO"iHO BhlCOKOH CKOpOCTM cqeTa TeneCKOTI pacnonarancg H~ Ma-
·,• 

110M paCCTOSIHHH OT MMW,9HH. npn: STOM ( M31Iy"!eHne, M.llYIUee M3 p831IM"!Hh!X yqacT-

KOB MHWeHH 1 perHCTpHpOB81IOCb T9119CKOTIOM C H90JliiHaKOBOH scpcpeKTHBHOCTb!0 1 BClle.llCTBHe 

qero scpcpeKTMBHocTio p~erncTpaurru aaancena oT· paaMepoa MMweHn. YKaaaHHyto Bhiwe · scpcpeK

THBHocTh , onpe.llenSieMyto paaM:epaMH MM~weHn, Mhi 6y.lleM B' r:ianbHefiweM ·Ha3hiBaTb ¢.opM

cpaKTop OM MHWeHH. f'pacpMTOBaSI MHW9Hb 6hlli8 n3roTOBlleHa H3 nerKOI"O rj}acpMTa !lliOT-
3 . . . ' ~ 

HOCTb!O 0,9 r/CM 1 6narOJl8pSI "!eMy cfJOpMcfJ8KTOpbl TIOliHSTMlleHOBOii: H rpacpHTOBOH MHW eHeJ:i 

Meno oTnHqanncb. M aKCMM8J:IbHOe paannqne ¢opMcpaKTopoB JlliSI ncnonbaoaaHHhiX Mllwe

HeJ:i. COCT8BliSiliO '(,5% npH e =90°; C .yMeHbWeHHeM yrna e STa Bemi"lMH8 6biCTpO 

yMeHbW8118Cb. nocKOllbKY OTHOWeHHSI Bh!XO.llOB r - KBaHTOB H3 MHW.eHe11. JlOll:>KHbl 6b!liM 
. . 

6biTb M3MepeHbl C TO"lHOCTb!O 'JlO i%, Bonpocy onpe.ll9119HH!I cpopMcpaKTOpOB MMWeHefi 6binO 
> ... ' " ' ., ' " 

y.llelleHO 60llbWOe BHIIM8HMe. ¢OpMcpaKTOpb! OTip9Jl~eliSiliHCb SKCnepMM9HT81IbHO TIOJl pa3Hbi

Mli yrnaMII G c TO"iHOCTb!0 1 nyqwefi, qeM 0,5 %. PSI.ll KOHTponbHhiX sKcnepnMeHTOB, Bbi

nonHeHHhiX c MHweHSIMH paann"!Hofi cfJOf?Mhi 1 'noKaaan xopowee ·Cornacne Memily n:aMepeH_; 

HhiMH lf. ~Bhi"!HcneHHhiMH cpopMcpaKTopawr: OcHOBHOfi H Han6onee TPY.llOeMKHfi KOHTponbHhiH 

SKC!lepMMeHT ohm npoBe.lleH npM SHeprMM npOTOHOB 275 MsB. TaK KaK STO . aHa"!eHMe SHeprHH 

119:>KHT HH:>Ke nopora peaKUHM o6pa30B8HMSI Jj" -M:e30HOB B p-p- COy.llapeHn:gx, H3MepeH-

HOe pa3HOCTHbiM MeTOJlOM OTHOWeHMe Ce"!eHHH ·JlliSI B 0Jl0p0Jl8 li yrllepOJl8 JlCll:>KHO 6b!Tb 

paBHO Hynto, ecnn cpopMcpaKTOpbi Hafi.lleHhi npaBHllbHO. 8KcnepMMeHT Jlei\cTBMTenhHO Jlan 

senn:qn:Hy, 6nnaKyiO K Hynto: 

'i 'I . .~ 

( OPP / 6pc) "~P- =- 0,001 .± 0,006. 
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3o P e 3 y n i, T aT hi H 3 M e p e H H a · 

'yi"'JIOBbie pacnpe.ueneHHSI r - KB8HTOB, 

B o5nacTH 50JibllllfX nHeprrrii npOTOHOB rrccneLioBaHHSl YI"'JIOBbiX pacnpe.ueneHiffi r 
KB8HTOB 5binlf 13binOJIHeHbl K8K pa3HOCTHbiM MeTOLlOM 1 T8K If C HCDOJib3C'B8HHeM >KifLlKOI"'O 

rio.uopo.uao B nepBoM cnyqae lf3MepeHrrsr npoBo.urrnrrcb B .uBe cTa.urrrr:5hlno HaMepeHo yrno~ 
'· 

Boe pacnpe.u eneuHe 

t ' 
nepo:Ua }pc ( J) 1 

'( - KB8HTOB 1 o5pa30B8HHbiX B coy.uapeHHSIX IIpOTOHOB C SILlp8MH yr-

a 3aTeM LlJISI K8>KLl01"'0 YI"'JI8 H85JIIO,[l9HHSI. 5biJIO H8fiLl9HO OTHOllleHHe 

, LlHcpcpepeHuHaJibHbiX ceqeHHfi .unsr Bo.uopo.ua H yrnepo.ua 6~p·=(dop~/dstJ /(d6p~ laSI..J · 
YrnoBoe pacripe.ueneHHe r - KB8HTOB • o5pa30B8H~b!X Ha yrnepo., 

. _.ue npoToHBMH c aHeprHeii E = 665 MaBx , npe.ucTaBneHo Ha pHco 6. :YrnoBbi~ pacnpe-

.ueneHHSI J;[ ( J) npH M9HblllHX aHepNISix, HMeiOT aHano!"'H'IHbiA BHLl. VlaMepeHHSI BenH

'IHH OTHOCHTeJibHbiX ceqeHHfi 6' p~· 5biJIH BbiiiOJIHeHbl p83HOCTHblM MeTOLlOM 'npH SH9p!"'HSIX 

E =665 1 560 ~-485 MaB .unsr 6onblllOI"'~ '!Hcna 3Ha'leHHfi (} /cMoTa5nHUbi I,nolll/o 

t 
CTOJib DOLlp05Hoe HCCJI9LlOB8HH9 cpyHKUHH J PP (,J) . 5biJIO. npe.unpHHSITO LlllSI TOI"'0 1 'IT05b! 

. J1_pOB9pHTb 1 He conyTCTByiOT JIH HCDOJib3yeMOMy MeTOLlY H3MepeHHfi ·aaMeTHbie CHCT9M8TH

qecK!fe norpelllHOCTHo Pacn pe.ueneH!f e r - KB8HTOBI o5pa3yiOIUHXCSI B p- p - coy.uapeii:H

SIXI' LlOJI}!{HO 6brTb ClfMMeTpH'IHO OTHOCHT9JibHO YI"'JI8 J = 80° B CoUoMo BBHLlY Hep83JIH'IH

MOCT!f CT8JIKifB8IOIUifXCSI '18CTifUo noaTOMy BCSIKOe OTCTYIIJI9HH9 B H3MepeHHOM pacnpe.ue

JI9Hiflf OT CHMMPTPHif cne.uyeT pacCM8TpHB8Tb K8K YK838HH9 Ha H8JIH'IH9 ~HCTeMaTH'I9CKHX 

llO!"'pelllHOCTefi B M8TOLlHK8o nonyqeimoe H3 Ll8HHbiX pHCo6 H Ta5JIHUbl YI"'?JOBOe pacnpe-

.. Ll eneHH_e r' - KBaHTOB DP!f E = 665 M SB npe.UCT8BJI9HO- Ha prrc,. 7 0 OH:O OlllfCbiBaeT-

CSI llOJIHHOMO~ }p; ( J }"-liS + / 0 1 07.:!: 0 10~/ C0-5
2-S o 8Ta cpyHKUHSI 1 Haii.ueHHaSI M9TOLlOM 

H8HM8HbllllfX KB8Llp8TOB H COOTB8TCTBYIOIUHM o5pa30M HOpi.:iHpOB8HHllSI 1 H~o5pa>KeHa Ha 

pHc,7, nony'I9HH08 H8MH YI"'JIOBOe pacnpe.ueneHHe r -KB8HTOB OK838JI0Cb, CHMMeTplf'IHbiM, 

EcnH annpOKCHMHpOB8Tb 81"'0 DOJIIfHOMOM 1 KOTOpblti Hapsr.uy C HYJI9BhiM H. BTOpbiM 'IJI9HOM 

· co.uep>KHT H acHMM_eTpH'IHbifi qneH, npono'puHqHanhHhifi~_C()j J 1 •. 7:'.9 • .aKna.u. nocne.aitero 

oKaabmaeTcsr· HeanaqHTenbHhiM: · /0 1009:!:. 0, 011/ e.G! ,8,_0 AHa~H3 H3MepeHHoro npu E 
665. M SB p~cnpe.ufmeHHSI fp~· ( _J) DOK83b!B89T T8K>Ke, 'ITO BKJI8Ll B H9!"'0 CTenenefi KOCH

Hyca 1 5onee BbiCOKifX 1 '19M BTOp8SI 1 HeCyiU9CTB9H9H: LlOJISI r - KB8HTOB 1 pacnpe.ueneHbiX 

1 COCT8BJISI9T BCe!"'O /0 1015.:!: 0,030/o no.uo5H09. LlOJI>KHO riMeTb M9CTO H 

nplf M9HblllHX SH8p!"'lfHX Dp0TOHOB 1 DOCKOJibKJ!: pOJib COCTOSIHHli C 50JiblllHMU MOMeHT8MH IIa

Ll8eT DO Mepe Dplf5JIH>KeHHSI K nopory pe8KUHHo noaTOMY MO>KHO nonaf-8Tb 1 'ITO B lfHTep

B8JI9 anepi"'Hii. E ~-660 MaB yrnoBoe pacnpe.ueneHHe ·y -KBaHTOB oT peaKurrH /1/ 

H MeeT B CoUoMo BHLl 

1r(JJ-f/ +6 c~'J J pp. . 3 r, . /2/ 

x/' . 
3.uecb H HH>Ke E oauaqaeT acpcpeKTHBHYIO aneprHIO ny'IK8 1 onpe.ueneHnyiO 

C yqeTOr-,1 c5pOC8 SH9pi"'Hlf. B Mlllll9Hlflf H LlHCnepCHH DY'IK8. 
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PMc, 6. YrnoB09 pacnpe.ueneHM9 r -KBaHTOB, o6pa30BaHHh!X Ha yrnepone 

npoToHaMM · c aHeprMeil: 665 MaB. 115 ; 
KpMBaH BhlqMcneHa Ha OCHOB9 OllTlfqecKOil: MOLl9nM HLlpa 
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KpuBaSI npoBe.z:teHa MeTo.z:toM Ha-n:MeHbWHX KBa.z:tpaToB /cM.TeKcT/ • 
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.lJ.nH onpe.ll eneHIISI S9nil'IHHbi 61 .ll0CT8TO'IHO. HafiTH OTHOUieHHe SbiXO.IlOS '( - KSaH

TOS nOJl· .llSYMH ·y~JIBMH, no.ll06Hbi9· H3M9p9HHSI 6biJIH SbinOJIHeHbi npH aneprHJJX, M9HbUiliX 

660 Mas, S OCH<;'SHOM C )K li.IlKOSO.IlOPO.IlHOH MIIW9Hbl0 1 TBK KBK p83HOCTHbiH M9TO.Il o6ecne

'IHS89T SbiCOKyro TO'IHOCTb onpe.llenemrH senH'IHHbi 6'( nHi.ub s o6nacTH aneprHii: E~600 Mas, 

KaK_SH.IlHO H3 pHc,7 II 8, 

Q6 

I a~ 
~ 

' t• ---- .. ~ .· ---. . . .. ... ... -
......._ 

)OQS, 

'~Q4 

0,3 

a2 

0,1 

0 
a 20 '10 50 80 fOO f20. ftiO 160 180 

~Qo 
U. C.4.t1. 

PHC, 8, Yrnosoe paCnP.e.ll eneHH9 r - KSaHTOS OT peaKUHH Ill npH E = 485 Mas. 

KpHS8Sl npOS9.1l9H8 M9TOLIOM H81IM9HbWIIX KS8Jlp8TOS ll COOTS9TCTsyeT 

38SHCIIMOCTH fp~ ( !3)"- J./3 -r 0
1
02, ~t-J • 

·r{Hh.e,::;:uem:~>rii HHcn,ry.rr j 
~.nermwx uccJJe.nonanutt 

f h.l.>'lt=. fl!At'"'TI:"I-l h I 
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BbiXO.llbl r - KB8H-TOB H3MQpSinHGb non. yrnaMH e~. = 55- 60° H ea."' 120-125°. 3Ha-

'I9HHSI e 1 I! e,. H9MHOro If3M9HSIIIHCb c YM9HbW9HI:IeM E . :Yrllbl e, H {)~, t5bmu 

Bb!Op8Hbl .llOnOIIHHT91IbHblMH .llml Toro, 'ITOObl H309>K8Tb T.py.llHOCTH 1 CBSI38HHOt\ C Onpene

II9HH9M scpcpeKTHBHoro oo'beMa >KH.llKOBO.llOPO.llHOH MHWeHH, Bbt6op yKaa&HHbiX 

yrnOB OoyCIIOBII9H T8Kme H T9M 1 'ITO H3MepeHHSI nO.ll STHMH yrnaMH o6ecne'IHB810T H8H001Ib

WYIO TO'IHOCTb onpeneneHHR &r lnpH YCIIOB~H g,. .... e,. ... 180° I. HaKOHeu, YK838HHbJe -aua

qeuHSI Gt H e~. Y.llOOHbl TeM, 'ITO B c.u.M. HM COOTBeTCTBy!OT yrllbl J.t == 90° ~~~= 146°. 

- .llHcpcpepeHUH81IbHble ceqeHIJSI .llliSI KOTOpb!X CBR38Hbl C nOIIHbiM, Ce'JeHH9M npOCTbiM COOTHO~ 

6' Tr" = Ji! d61( ,J,) /dJL ~ .d (j 1»:>/dSl} /3/ 

cnpaBe.llliHBbiM npH npOH3BOIIbllbiX 3H8'I9HHRX &,r. npH 9HeprliSIX E > 500 Mae 1!3MepeHHSI. 

~ r OblliH BhJnOIIIi9Hhl K8K C HCllOIIb30B8HH9M )!{H.llKOBO.llOpO.llHOfi MHW9HH 1 T8K U pa3HOCT

HbiM M9TO.llOM. 8 nOCII9.llH9M Clly'lae Bh!XO.llhl r - KB8HTOB H3MepRIIIJCb nO.ll aecKOIIbKMMH 
< • .. "' > ,.. - • ~ < ~ '. ' 

yrnaMII 1 B TOM 'lUCile II nO.ll yrnaMII "91 II ·ez, 3Ha'JeHIISI_6J' 1 H8ii.lleHHble p83HbiMII 'Me-· 

TO.ll8MH 1 coanana!OT B npenenax OWHOOK, II3Mep~HHtl •. nony'leHHbie BeliH'IHHbl 6 ( npe.llCTaB~ 

neuhl a Ta6nnue l:Y. 

:YrliOBble pa~npeneneHIISI :Ji," -Me30HOB ·MoryT Ob!Tb BOCCT8HOBIIeHbl II3 II3MepeHHhiX 

yrliOBbiX pacnpeneneunfi , r -KB8HTOB, noKa>KeM CH8'I8118 1 K8K pewaeTCR 9~8 38.ll8'I8. a· 

i::nyqae, ecliii j/"·,...;M930Hbl MHOroauepreTM"'Hblo nycTb . J1°· -Me30Hhl IIMe!OT CKOpOCTb j3 1 

w•yrnoaoe pacnpeileneuHe . IIX onHchiBa~TcSI. 5 c.u~M. !PYHKuuea V (W-1 ,$, '/') ;:Yrnoaoe pac

npeneneniie r. -.KB_a~;OB OT p8CU8.ll8 1{D -M930HOB .. r=coo:1j,lf)onpe.lleliSieTCSI IIHTerpanb

HhiM COOTHOW9HII9M! 

•l. Zfi . . . . . . ·2 . 

Fr~J.tf >=(~Z-f) j J Vtco.rJ, ,tfo)[~--CO.JJWJJo-SinJS;nJ,WJN-'/'")]dcoJ.J,d'l'o 
. -1. 0 . .· . 

I 41 

3n ecb ~ = i!J . OrpaHH'IIIMCSI a nanbaenweM aecbMa o6'muM cnyqaeM, Kor:0a yrnonoe 

racnpeneneHII9 Jr" -M930HOB He 3EtBHCIIT OT 831IMYT81IbHOro yrna lf • Torn a, HHTerpii-

pyR 141 no tf, , nonyqaeM 

+t . . 

. F (eM .9) =. { /2 ( ~ 1-1) J V (C01 J,)GlwlJ, CfJ:! AYo Jd CIJ-!)o. 151 

.R npo ypaBH9HHSI /5/ CHMM eTpii'!Ho:-t <.5 (CD-j .J, CO.J J,) =( ~- CC:JJ COfJo)[C CO:f.Jl +COJ~o )1 -

·-C\d)(2C01.J1Cl>1Jo-~..-!Jr3/~ CllopMyna /5/ noaaonSieT aoccTaHOBHTb yrnoaoe pachpenene

HIIe :r.· -Me~OHOB v (C0-1..9)' ecnii IJ3B_ecTHO yrnoaoe pacnpeneneHIIe r - KB8HTOB, Pewe

HHe aTott aana'III MO)!{eT- 6biTb nony'I~HO nii6o MeTO.llOM caeneHIIR ypaBHeHHSI /6/ I( cReTe

Me IIIIHefiHhiX ypaBHefiHHi1 1 IIHOO M9TO.llOM p831IO)!{eHHSI no COOCTB9HHhiM cpyHKUHSIM ypaBHe-

'HIISI /6/, /Co6cTB9HHhl MII tPYHKUHSIMH SToro ypaBH9HIJSI SIBIISIIOTCSI nOIIIIHOMhl Jle)!(8H.llp8 

I 
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N I 

p,.. ( C(}Jj J) , 'ITo· cneLlyeT na 141, ecnn-BocnonbaoBaTbCll TeopeMofi · cnomeHnll" Llnll nonn-

HOMOB JiemaHLlpal. B nocneLlHSM cnyqae, npeLlCTaBnllH" F ccoJ.J) pHIJ.OM L a,. Pr~. ( ~ J.) 
'11. 

H8XOLlHM: 

I 6 I 

Co6cTBeHHhie aHatieHnH d,..( ~) nerKo · MOJKHO iiony'IHTh, aocnonbaoBaBWHCb ¢opMynofi 

H e1l:M8Hi1 LlnH nonnHOMOB JiemaHLlpa: 

. .. I 

c~v ... q>=q2-oQ"'c\> 111 

I'LlS Q~.( ~)- npOH3BOLlH8H OT ¢YHKUHH JieJK8HLlp8 BToporo POLlS: 

Q~~.q>=P .. qlJllk U/~)-"~ (:J<:L~~:~l, pn.·-,h-i ( ~) 
npnBen.eHHh!S Bh!llJS COOTHOWSHHH pewaiOT 38Ll8'IY 0. BOCCT8HOBneHHH yrnoBoro. pac:

npepeneHHH MOH09H9preTH'IHhiX 11° -M930HOB, 38Ll8'I8 9T8 ycnOJKHH9TCH 1 ecnn .. Ji0 
-Me-

30Hhl HeMOHoaHepreTH'IHhi~ B caMOM o6weM cJiyqae, KOrLla ¢YHKUHH pacnpe.n.eneHnsr .$i" -

MeaoHoB U(co~~~ ~) He ·Mo~eT 6hiTb paaLleneHa no yrnoBhiM n aHepreT,n'IecKHM' nepeMeH

HhiM1 LlnH BOCCT8HOBnSHIIH pacnpSLlSnSHHH , 1,.( (coJJ1 ~) ·~eo6XOLlll}.10 HCCnE~LlOB8Tb K8K yr~O:"' 
B09 1 T8K .ll 9HepreTH'I9CK09 pacnpeLleneHne r - KB_8HTOB, B cnyqae, KOI'Ll8 yrnOBb!e H 

9HepreTH'ISCKH9 nepeMSHHh!S MOI'YT 6h!Tb p83Ll9n9Hhl 1 TO-SCTb 

/81 

¢YHKUHH v (CCJ-SJJ MOJKST 6h!Tb BOCCT8HOB,19H8 1 ecnn. H8fiLl9Hhl Cp9LlHH9 C06CTBSHHh19 ::3Ha

'I9HHH d. n 1 nony'ISHHhie B peaynbTaTe ycpeLlHeHnH ¢YHKunn · 17 I no cneKTpy R. ( \) • Dnsr 

npOB9Ll9HHH· T8KOI'.O ycpen;,HeHHH B 06!ll9M cnyqae HS06XOLlliMO 3H8Tb cneKTp R. ( 5) 
0LlH8K0 1 ecnn. yrnOBOS pacnpe!leneHHS. b - KB8HTOB M8nO OTnH'I89TCH· OT ~30TpOnHOI'0 1 TO 

Ll0CT8TO'IHO HMSTb nHWb OpHSHTllpOBO'IHh!S CBSLlSHHH 0 CnSKTpe 1 KOTOph!S MOI'YT 6biTb no

ny'ISHhl H3 KHHSM8THKH p98KUHH Ill, nocnSLlH9S.06CTOHTSnbC~BO 6hlnO HCnOnb30B8HO B Ha

CT.OH!llSfi. pa60T9 1 u6o, KaK BHLlHO H3 Ta6nHUhl 1 Y, li3M9p9HHhi9 yrnOBhiS pacnpeLl eneHHH 

Y''- KB8HTOB 6nH3KH K li30TpOnHOMy, npu· H8XO:IKLl9HHH yrnOBOI'O pacnpeLleneHHll 'Ji 0
-

MeaoHoB npeLlnonaranocb, '!TO ¢ymcuusr pacnpeLleneHHH MomeT 6biTb npeLlcTaBneHa B 

¢opMe 181. KaK cneLlyeT na· 12/ H 16/ ,, yrnoaoe pacnpeLleneHHe r,o -Me3oHOB HMeeT BULl: 

BeriH'IHHhi a · fJ 'Jill npH p83HhiX 9H9pi'HSJX npOTOHOB npHB9Ll9Hhl B Ta6nHU9 Y, 

nonHhiS C9t{9HHH peaKUHH II I 

19/ 

npH 9HeprHH npoTOHOB E = 660 MaB 6bmo H3M9p9HO LlH¢¢epeJ;IUHanbH09 CS'ISHne 

o6paaoBaHHH r -K~8HTOB, Ha yrnepOLlS nOLl yrnoM e = 33°, BenH'IHHa ero 
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¥ 0 < • d 6pc (33 , 660 M 9B) I dSl 
. -27 2' . 

17,6± 0,4/.10 eM /cTepan 

xopowo /111 
CornacyeTCS! C C8'18HM8M 1 M3M8p8HHbiM Ha BHyTpSHHSM· ny'!Ke YCKOpMTSnS! 

Yf H'rerpnp6BaHue nony'leH~hiX yrnoBhiX pacnpeneneHMii '( . - KBaHTOB 1 HOpMMpOBaHHb!X Ha 

yKa3aHH08 Bb!We Ce'!SHM8 1 . naeT BenM'IMHY • nonHoro ceqeHMS! peaKUMH /1/: 

. ..... . . -27 2 
6PP /660 MaB/ = I 3,22-:_ 0,17/,10 eM • 

EnH3KHii K aToMy pe3ynbTaT 6bm nonyqeH· B onhrTax, rne ncnonb3osanacb :»<:MnKoBonopon-
. -27 2 

HaS! MHWeHb: /3,4±. 0.4/~ 10 · CM • 

3aBMCHMOCTb nomioro ceqeHHS! peaKUHH /1 I OT; aHeprHH npOTOHOB 6bma H3Mep eHa 

HaMH B HHTepBane 313-665 MaB, BbiXOnhi r - KBaHTOB H3ME!pS!nHCb non HeCKOnbKMMH 
.· · : · · · . I 11 1 8 21 I . · o o 

yrnaMM 1 B TOM 'IHCne non "M3<?TpOnH'!eCKHMM 11 yrnaMH 1 1 /33 M 96 B n,C,K, npM 

E = 660 Mas/, a TaK:»<:e non yriiaMH ei n:·g.z, 'ITO ~03BOnHno npocTO HaxonHTb OTHO-;' 

weHHe ~O~H~X c~qeHuii npH pa3Hhlx aHepr~Sii npoToHOB, ripn: onpeneneHHH ceqeHn:ii pa3-

HOCTHbiM:' MeTonoM 6hmn: .M.cnonb30BaHhi aHepreTH'!ecime 3aBn:cHMOCTH ce'!eHn:ii nnSI yrnepo-, · 

na, H3MepeHHbte non "M3oTponM'IecKn:Mn:" yrnaMM. OnHa· H3 HMX npMBeneHa Ha pn:c.9. OT-
. IZ I 

HOCMTenbHb!e ceqeHMSI V pp 6binli onp'eneneHbl pa3HOCTHb!M MeTOnOM npH 9HeprHS!X 

E~ 400 MaB /cM,Ta6n~uy Y1 I.· B o6i:tacTM MeHbwMx aHepruii H3M~peHHS! npOH3BPnMnMCb 
. I 

TOnbKO C :»<:n:nKHM BOnoponOM, 0TH,.OCHTenbHbie . ceqeHHS! (5 pp , rrony'!eHHbte rryTeM cpaB-

· HeHHS! 9HepreTM'!eCKMX 3aBHCMMOCTeii ce'!SHHH nnst Bonopona /:»<:n:nKOBOnoponHaSI MMWeHb/ 
, I . ., · . 

. H yrnepoila, rrpHBeneHbi TaK:»<:e B Ta5nnue Y1. BenH'IHHhi 6 pp B aToM cnyqae l:IOpi,nq:io.::.. 

BanHcb'rrpH E = 660 Mas. 3aBHCHMOCTb nonHoro ce.'IeHn:st peaKUMH /1 I OT aHeprHH . 
npHBeneHa B Ta6nuue Yn. '3Ha'IeHHSI rronHhiX ce'IeHHii, rrpHBeneHHbte B aToii :m:e Ta5nuue; 

rrony'IeHbJ'.nyTeM HOpMHpOBaHHS! 9HepreTH'IeCKOH 3aBHCHMo'CTH CS'!eHMSI 6 p~4 Ha BenH'IMHY 

ce'IeHHSI, :· H3MepeHHoro rrpH E · = 660 M aB: npH orrpen ene.HMH · a.HepreTn:qecKoii 3aBHCHM·o-· 

CTH rronHoro' ceqeHHSI Hcnonb30BanHcb naHHbte puc.9 H Ta6nn:uhi Yl, a TaK:»<:e aHanorM'IHbte 

n aHHbie, ·rronyqeHHbte· B. pe3ynbTaTe H3MepeHMii Bb!XOnOB 

yrnaMH; ' 

0 - KBaHTOB non npyrHMH 

KaK BMnHo H3 Ta5nHUhi Y11, Bbtxon '( , - KBaHTOB nanaeT c yMeHbweHH~M aHep-

rHH rrpoToHoB B HccnenoBaHHOii o6nacTH '6onee, 'ISM B 500 pa3, Ce'!eHn:e peaKUilH 11 I, 

H3MepeHHoe rrpH aHeprHII 313 MaB, B 30 pa3 MeHbwe,. 'IeM ce'IeHn:e o6pa3oBaHHS! 3apst:»<:eH

HhiX :Ji -Me30HOB npn: aTo~ :m:e aHeprlm. CTonb ManaS! Benn:qn:Ha Ha6niOnaeMo~o a¢¢eKTa 

nenaeT Heo6xonHMb!M T!llaTenbHhlfi yqeT BCeX 110CTOpOHHHX HCTO'IHHKOB {( ·~ H3ny'IeHIIS! 1 . . .. ~ 

K6TOphle Mornn: 6hl KOHKypn:poBaTb C H3y'!a8MOfi peaKun:eii, BnHSIHHe 9THX HCTO'IHHKOB 6hlnO 

5 /17/ . u 6 npoaHanH3HpoBaHo B pa oTe n: oKa3anocb HecymecTBeHHhtM B HccnenyeMOH o nacTn:. 

}-IaH6onbWYIO. orracHOCTb B HaweM cnyqae rrpencTaBn.stno 3arpSI3HeHn:e npoTOHHoro ny'!Ka 

HefiTpOHaMH 1 Bhl6HThlMH H3 rronH9Tn:neHOBOro rrornoTHTen~. B KOTOpOM 11pOHCXOnHnO TOpMO

)K SHHe ITY'!Ka. Pstn KOHTponbHb!X 9KCI18pHM8HTOB 1 B KOTOpb!X !IpOTOHHb!ll ITY'IOK 110cne TOp-
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PHc, 9. 3aBHCHMO~T~ Ce'!eHHH o6pa30B8HHH 0 - KB8HTOB H8J!'_l1~PO,!le OT 

aHeprHH_npoTOHOB E. 
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M O:>K BHMH ill! 50 OTKilOHfWCH ITpl! ITOMOl!llf Maf'Hl!Ta M I C M,pl!C .2 I 1 ill! 5o ITOiiHOCTb 10 TOpMo-

3lfilCH B ITOill!STl!iiBHOBOM ITOf'iiOTl!TBiiB, ITOKa3ail, 'ITO Bill!HHMB ITpHMBCH HBfiTpOHOB Hecy

lll BCTBBHHO, 0UBHKa, rrpOBBD: BHHaH Ha · OCHOBaHl!lf l!3BBCTHOT'O Bb!XOL{a HBfiTpOHOB H3 BHy-

" 1221 
TpBHHBH MlflliBHlf 1 TaK:>K e IIOKa3biBaBT 1 'ITO BKnan: D_T ITpl!MBClf HeftTpOHOB Man II CO-

CTaBiiHBT HB 6onee 3% l!3MBpBHHOf'O ITpl! 

naCTl! SHBpT'l!ft l!3MBpBHHb!B Bb!XOL{bl 0 
E = 313 Msa ce'IBHMH, B Mccnen:oaaHHoif o6-

KBaHToa MOT'YT 6hlTb rrpaKTl!'IBCKlf ITOilHOCTbiO 

OTHBCBHbl K peaKUlflf 11 I • . Opl! SHBpT'l!HX 1 6onee 6nlf3Kl!X K nopory peaKUlflf 1 'IBM B HaWBM 

cnyqae, CTaHOBHTCH CYlUBCTBBHHbiM :>KBCTKOB TOpM03HOB '({ -l!3ilY'IBHl!B ITpOTOHOB 1 ce-

- . 1231 10-30 2 
'IBHltB L{iiSI KOTOpOT'O, COf'ilaCHO , l!MBBT BBillf'Il!Hy ,CM , 

YrnoBbiB pacnpen:eneHl!H 11~>. -Me30HOB • 

. 
XapaKTepHoft, oco6eHHOCTbiO rrony'IBHHbiX a HacToHmefi pa6oTe yrnoBbiX pacrrpen:ene-. 

Hlfft r,o -MB30HOB HBiiSIBTCH l!X lf30TpOITl!SI BO BCBfi l!CCilBL{OBaHHOfi ·o6naCTH SHBpT'Hfi 

rrpoToHoB. YrnoBbiB pacrrpen: eneHHH, naif .a: BHHbiB a pa,6oTax 
111 

'
17 1 6onee annsoTporrHbi 

_ITPM Mal!b!X SHBpf'HHX ITpOTOHOB 1 KaK. BHD:HO Ha pl!c,10. Ha STOM pHCyHKB ITpl!BBL{BHa SHBpre-

TH'IBCKaSI'3aBl!Cl!MOCTb BBillf'IHHhl' ~ =·111 + 8rro , KOTOpasr rrpBL{CTaBilHBT C06ofi L{OiiiO 

J
~o . 
I - M930HOB 1 pacrrpen: BilBHHbiX H30TpOITHO a cnyqae, ecnl! yrnoaoe pacrrpe..:xenenl!e l!MeeT 

Blfn:' 191 u B7f• ~ 0 . 3Ha'IBHMe aenu'IItHbi ~ rrpn E = 329 .Msa orrpe.tieneno rrpu: rroMo-

117 / 
lUll L{BTBKTOpa C BbiCOKl!M 8HBpf'BTlf'IBCKitM ITOpOT'OM It ITOSTOMY CYUlBCTBBHHO. 3aBit-

CltT OT CITpaBBL{ill!BOCTit TBOpBTit'IBCKltX ·ITpBD:ITOilO:>KBHitii:, KOTOpbl e n:enaiOTCsi ·oTHOCHTBilbHO 

cpyHKUitit pacrrpen:eneHitH j;o -Me30HOB. Cy mecTayroml!e me B nacToSimee apeMH cpeno-

11, 9,131 ,{, . 
MBHOiiOT'lf'IBCKite TSOpl!It 3Ha'IltTBilbHO pa3iiit'IaiOTCH B CBOitX BhlBOD:aX 0 ~YHKUltH 

pacrrpen:enenuSI Jio -Me3oHoB a peaKuuu II I. 3KcrrepuMeHTanhHO orrpen:eneHHhie aemi'IIIHbi 

> cpaBHitBaiOT;R Ha puc.l 0 c .saancitMOCTbiO $ (E) , Bbi'IItcneHHOfi Mann: enhwTaMOM 

x/ /13/ ' . 
/'IacTnoe coo6menue/ na ocHoBe Teopuu ·• KpHBaH /1 I na. &TOM pucynKe Bbi'IHcne-

na C yqeTOM TOilbKO pesonancnbiX rrepeXOL{OB, npu 60ilblliHX SHBpf'l!HX BBillt'IItna ~ OKa-

113/ 
3biBae'rcH 6nu3KOfi K en:ul!uue. CornacHo , · sTo HBnHeTcH cnen:cTBiteM rrpeo6nan:anuH 

p -pa3ilBTa nan:. s -pa3iiBTOM 1 KOTOpbiii: OKa3b!BaBTCH rrpaKTit'IBCKlt ITOL{abnennbiM B 

pB3YilbTaTe ItnTepcpepenUitlt, 0 0. MBpe ':1Pit6nitmenitH K rropory peeKUlflt aHH30TpOI!ItH yrno

BOT'O pacrrpen:enenuH .Jio' -Me3oHoB, o6pasyrom~xcH a pe3onancHbi.x rrepexon:ax, pacTeT, On:

naKo BKnan: ~T pe3onancnbiX rrepeXOD:OB B STOH ·a6nacTit sneprl!ii: OTnOCHTBilbnO Mail, Ope-. 

o6nan:aromitM ~ 3n:ecb HBiiHBTCH HBp930nanCifhlii: rrepexon:,. n:nSI KoToporo xapaKTep-

no, H30Tporrnoe yrnoaoe pacrrpen:enenl!e JIO -MB30nOB, 0 OSTOMY 3aBitCHMOCTb 
1 

~IE J 

Bbi'IltCilennaH C Y'IBTOM ·nepe3onanCHOT'O • ~~ .:..rrepexon:a, OKa3biBaeTCH 6nlt3KOH 'K en:unuue 

ao aceM uccnen:oaaHHOM tinTepaane sneprHfi, 'ITO naxotiitTCH a cornacuu c pe3ynbTaTaMit 

·nacToHmefi pa6oTbi, 

xiM 6 C M 6 . hi rronh3yeMCH cnyqaeM rro naron:apitTh , ann: enhWTaMa, n10 e3no rrpucnaawero 
""",.....,.. ,... ........... ,. ...... ---·-1:!!------- ~ --- -
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Pnc. 10. Yrnosoe pacrrpeu eneHne 1i0 -MeaoHoB B peaKunn Ill lcpyHKURSI $l E)/. 
ihr•- K09cPcPRUR9HT B. pacrrpeaeneHR_R 1~{ 1 f CM,T9KCT, f - feaynbT8Tbl 

HacTostiueii .pa6oThi; ~ - uaHHbie ; 9 - uaHHbie I 1 I. 

KpRBbie Bbiq~cnEmhi: 1 - B rrp.eurronom:eHRR 110 I 6ea yqeTa HepeaoHaH- · 
CHOI"O ~~ - rrepexoua; 2:_TO m:~, q!_~fl 1,

2
Ho C yqeTOM S~ - rrep'exoua, 

BKnaa KOToporo paBeH 0,032. ~,..10 . CM ; 3 - B rrpeurronom:ennn -111 I 
c yqeTOM ~~ -rrepexoua. 

"---- --·--- -----~- --· --·-·-

t 
r·-~. 

l 

I 
! 
J 
! 

I 
l 
! 

-1 
l 
I 
I 

\ 

I 
I 
' 

I 
I 
! 

' ~ 



27 -

-"-=·~fa'aqe}{Jig-"·~~- ,· npHB81l8HHbi8 Ha pnc,l0, 6bl1IU orrpe.neneHbl .H8MI1 1 HCXOllH H3 9KCIIepn

M8HTaJibHbiX llBHHb!X 0 B8JII1'111H8X /31{. B IIp81liiOJI0)K8HHH 1 'lTO yrJIOBaSI H 9HepreTH'l8CK811 

qacTH cPYHKUHH pacrrpe.neneHHSI 1i0 
-Me30HOB H838BHCHMbi /cM.c}lopMyny 1811, Teopi!SI 

, M aH.nenhwTaMa, o.nHaKo, npe.ncKa:3hmaeT, 'ITO aHH30TporruSI yrnoaoro pacrrpeuerreHIISI 5i0
-

1
. M830HOB T8M M8HbW8 1 '18M M8HbW8 HX 9HeprHSI 1 a B6JIH3H HI1)KH8lf rpaHI!Ubl CIIOKTpn Ko-

,-~--""·---;~¢I1UH"~~T-e;,0~Ll-ame OTpnuaTeJieH /a OTJIH'IHe OT /},g//, noaTOMY, ~CJIH 3Ha'lel!l1SI ? 
r Bbi'IHCJIHTb IIO llBHHb~M Ta6JIHUbl 1 Y -HB OCHOBe Cll8KTpOB 1 B3SITbiX 113 TeopHH M au.'J.eJibWTaMa, 

TO OHU pacnonara!OCSI H8MHOPO 6nn)J<.e -K e.nnHHUe, '18M ll0K838HO Ha puc.10, 
I 
i· 
! 

.. 
I 

3uepreTH'!ecKaSI 3aBHCHMOCTb ceqeuuSI ~eaKUI1H /I I 

•' 
--vra-MepeHHble' BHacrOS!illeti: pa6oTe llOJIHble C8'I8HlHI npuse.neHbi Ha pnc.ll. HapSI.ny c Ha-

WHMH proyJibT8T8MH Ha pHC, 11 llOM9!ll8HO TBK)Ke 3H8"18HHe C8"18HH.II 1 ilpH OIIpe.neneHHH KOTOpOPO 

ucnonb30BaHbi .naHHbre HaCTOSI!lleti: pa6oTbi o aenu'!HHe ceqeHHSI .nnst yrnepo.na u .naJHibie M a3epa 

H MapTHHeJIJIH o6 OTHOCHT8JibHOM ce'!eHHHG';p /cM.Ta6nuuy Y1/, nony"'eHHOe llO!IHO~ C~'!OHHe 
6 .... - -27 2 / 

pp /340 Maa/=O,Ol8_±0,005i,l0 eM· no"'TH snsoe np~mbrwaeT senn'IHHy ceqeHHSI /0,010_±0,003; 

-27 2 17 8/ . . -
10 CM 1 paHee Hafi.neHHOPO H3 llBHHbiX 

1 
H 06bi'lHO HCllOJib30B8BU!9POCSI B IIP91lblllYUIHX pa-

60TSX; npu'"'HHOii 9TOI"O pa3JIH"'HSI SIBJISieTCSI paCXO)Kll9HHe B BE!JIH"'HH8X C9"19HHil: llJISI yrnepona, 

-:n 2 
H3MepeHHb!X B H8CTOSIUiefi pa6oTe: /3 1 0.:!:.014/ .10 .. CM 

- 18/ 
H B pa6oTe KpaHllanna 11 M oiiepa : 

-27 2 
/1,7.± 0,4/.1 0 CM , YKa)KeM, "'TO ceqeHHe o6pa3oBaHHSI 3apH)KeHHbiX Ji -Me3oHOB na yr-

. /24/ /7 5 0/ 0-27- 2 6 iT~ 
nepo.ne rrpH 9TOfl 9H9pi"HH paBHO 1 .:!:J 1 ,1 CM 1 OTKY1l8 cne.nyT 1 'ITO pc· 

- -27 2 Jr + tr• . JT'O 
/3,7 :!:_0,5/}0 CM 1 8CJIH BOCIIOJib30B8TbCSI COOTHOWeHHeM f5pe -t- 6pc. :2 (!fpc_ ) 

KOTOpoe Bb!T8K88T H3 I"HllOT83bi 38pSI.llOBOil: H838BHCHMOCTH Slll8pHbiX CHJI H ll0CT8TO'IHO TO'IHO 

. . /25/ 
. BbinOJIHSleTCSI Ha OII biTe 

KaK BHllHO H3 piic.ll, H3MepeHHbie HaMH ce'!eHHSI cornacy!OTCSI B rrpe.nerrax rrorpew-

/11/ - . /12/ 
·1;ocTeii orrbiTa c aemftmHaMH, uafi.neHHbiMH pauee· • Ce"'eHuSI, H3MepeHHbie B Kapueru , 

paCIIOJI8P8!0TCSI H8CKOJibKO HH)Ke, "19M nony"'eHHbre B. HacToSiureil: pa6oTe, 'ITO MO>~<eT 6biTb 

OO'bSICH8HO 38BbiW8HH8M B9JIH'IHHbl ac}lc}leKTHBHOCTH 
V' 1121 
0 . -TenecKona B pa6oTe • , Bbi'ln-

CJI8HH8Sl. B 9TOfi pa6oTe ac}lc}leKTHBHOCTb rrflH 60JibWHX 9HeprHSIX ((. - KB8HTOB; IIp9BbiW88T 

MaKcnManhHO 6o3McimHoe· .nnst Hee 3Ha"'eHHe, paaHoe i- expc-rdJ. 3.necb fL - Roa¢ctni

uueHT IIOI"JIOUI8HHSI r ":. KBBHTOB B B8UI9CTB9. KOHBepTopa, d, - TOJIUIIIHB KOHB8pTopa, 

nony"'eHHbi8 H8MH llOJIHbie C9"18HliSI Cp8BHIIB8!0TC.II Ha puc.l} C TeopeTH'I9CKOfi pe30-

H8HCHOti: KpHBOti:• ~M 8Hll9JibWTaMa, 3TO cpaBHeH.He llOK83b!B8 eT1 'ITO IIOB<31l8HH8 C8'l91!H.II 

peaKUHH B OOJI8CTH 91!8prHil: OKOJIO 600 M 9[? • y.naeT~SI B·~CbM8-TO'lHO O::IlfC8T~. B p8MK8X Teo

pnu, y"'~TbrBaiOurei!:_ TOJibKO •pe3oHaHCHbre_ - rrepexo.nhi. B o6nacTH · aHeprHfi HH)Ke 500 Mas 

H8lJHH88T IIOSIBJISITbC.II 38M8TH08 J:i83JIU"'H8 M8)K.lly. H3M8pElHHbiMH ,C8'l8HH.IIMH_ H pe30H81!CH0ll 
. /-13/ . . . . . -· . . . . . . ~- - ' : .. -

KpHBoii, 'ITO o6oSICHSieTcSI . B03pacTa'HHeM · ponM' Hepe3oHaHcHoro • ~ S -nepexo.na~ cy-

urecTeeHHoro B6JIM3H nopora peaKurm. CooTB-~TcTByiOurMfi aToMy rr~pexo.ny BKrra.n a rro~Hoe 
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f - ~esynbT8Tbi B H8CT~Hrueii pa5o;hlj ' - no Jl8HHbiM H8CTOHIUeii 
171 T '.'\ /11/. X /12/ 

pa5oTbi n: • "' - no LlBHHhiM , y - • CTpenKoii yKasaH 
~ ' . ' 113; . ' 

rropor peaKUHH, 1-pe30H8HCH8H KpHB8H 0 Bhlqn:cneHH8H B ; 2-KpHBaH' 

yqn:TbiBaromasi HepesoHaHCHbrii -~~ ·-:-nepexo!l, BKnaLl KoToporo B nonHoe, 
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ceqeHn:e paBeH 0.032 7_ a. 10 eM • m ... . 

'" /) 

l 
' l 
l 

I 
I 
I 

I 
I. 
I 
l 
l 
' I 
t 

I 
I 

.f 
l 
l 

I 
' 

J 
! 
' 

I 
l 
l 

I 
\ 



I 

I 
I 

- 29 -

. ___ C:_§l_'l~_HHe !5bm H8MH uati.aeH IIyTeM COIIOCTaaJieHHSJ aeJIH'lHH H3MepeHHblX Ce'!eHHfi C peao

H8HCHOfi KpHaoti H pK838JICSI paaHblM 

0ss ~ /0,032 -t_0,007 I ~~ ) 0-
27 

cM
2

• 

113/ 
Y'l.HTbiaast TaKme aKna.a peaouaHCHbiX rrepexo.aoa , ceqeuHe peaKUHH /1 I a6JIH3H ' . 

uopora rrpH 9HeprHSJX HHme 400 M9a, Momuo rrpe.acTaaHTb a an.ae: 

no 
6pp .~ 10,032 ~J~ h: <.. •• + 0,040 £ ••• 

3.aecb uepabifi '!JieH. o6ycnoaneu uepeaouaucHbiM ~ $ -uepexo.aoM, aTopofi -" cMemeHHbiMH" 

5$ -H. Sd- rrepexo.aaMH II rrocne.aimfi Pp - uepexo.aoM. P$ -rrepexo.a, .QJISJ KOTOpoi:-o TaK

:>Ke xapaKTepua aaaiiCHMOCTb -~!. a TeOpliii Mau.aeJibWTaMa' rronaraeTCSJ;HecymecTaeiiHbiM, -

B o6nacTH 9Hepriifi 450-600 M9a ceqeune IIccne.ayeMofi peaKUIIII pacTeT c uocTOSJHHofi cK.opocTbiO 
. ' 

na~eustSJCbl KaK ~ s,; • B o6nacTII eme 6onbwiix 9ueprutt poeT ceqeuii~ aaMe.a~steTcst a corna-
~ . ' 

CHH c Teopiiefi Ma'a.aenbwTaMa lcM,piic.l21. 

CorrocTaaneHife ceqeuiitl: 'o6paaoaaHIISJ uetiTpaJibHbiX H aapstmenHbiX 
17 -
'}1 - Me30HOa a coy.aapeHHSIX rrpOTOHOa 

1261 
Bo,C:::TIOlib30BaawHcb peayJibTaTat..m uacTostmeii pa6oTbi II .aaHHbiMH 1 M:,o>Kuo rrony-

. . '1:01 r.-• ... I 6 , • .,. 
'lHTb cae.aeHHSJ 0 aeJIII'lHHe OTHOWeHIISJ Jl. ]1 :6pp- ·. pp,pn 1 r.ae 6pp,p,;_ 

ceqenne peaKUHH p -t-p-_p,..n-t-Jj-+- , ~ KOHe'!HOM COCTOSJHHII KOTOpofi HYKJIOHbi He caSJ38Hbl, 

npJ~ 9Hepl"'HH 660 M9a 
. 

9TO OTHOWeHHe paaHO! 

JiOj Jj+ =~0,294_! 0
1
0)5 

-727T -
0THOWeHHe 'Ji" jJi+ 6bUIO abi'lHCJieHO nli3JIH . .QJISJ CJIY'l8SJ 1 KOI"'.Ua ace uepeXO.Ubi ocy-

mecTaJISJIOTCSJ qepea peaouaucuoe cocTo·stuue I T =312 1_ 1 = 3121, H 

1/5, Y'!eT HHTep¢epeHUIIH HYKJIOHHhlX cocTostHIIfi H paaJIH'lHSJ Mace J 
OK838JIOCb paaHblM 

1131 
-Me30HOB 3Ha-

'lHTeJibHO H3MeHHJI 9TY aeJIH'lHHY H IIpii6JIH3HJI ee K 9KCIIepiiMeHT8JibHhlM .UBHHbiM, npiiBe-

.a euHbie ua piic,l3 Kpiiabre 6biJIII abi'!HcJieHbi M au.a enbwTaMOM lqacTuoe coo6meuiiel· c 
yq~~~M--ilepeaouaucuoro----~~-~--~~uepe'xo.aa:~-Hum-ustst--KpHaast· a~I'III6n~~~;: a. ripe.anono:>K.emm 

1 13
: 

~: ~pli nap~·MeTpa 1 .OIIHCbia~·~IU~e .,. P ·- pa.ane; B C~CT~~H~SJX' C~··aua'!eHHSIMH· IIOJIHOI"'O . 

2 ;r1 o paaubr ~em.ay co6ott: 
.. ' ' ... - - :'·. . 

1101 

I".ae 6a. - O.llHH · H3 .aayx cao6o.aHbiX napaMeTpoa P -paaneTa a peaouaucuofi TJopnH, 

8To npe.anonomeune obmo aae.aeuo. a' TeopH!O uecKOJibKO npouaaoJibHbiM' o6paaoM, KaK· yKa

aa11o a qacTHOM coo6meuuu M au.z:i eJibW·TaMa1-6onee-upaaii-JibHbiM-·stansteTcSJ ·upe.arronom euue 

Ill! 
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PHc •.. 12. 3aBHCHMOCTb cetieHHH. peaKUHH /1/ o T.·~ HMnynbca . tz.,n.: B pafioHe MaKCHM,ff
3
i 

Ma. 3KCIT9pHM9HTanbHbi9 .llaHHbi9 H T90p9TH'I9CK8H· KpHBaH 1 B3HTaH .H3 

'HopMHpoBaHbi ~PH E ;,.660 Man.' YKa3aHHbi9 Ha 9TOM pu'cyHK9 owH6KH, cooT

' -B9TCTBy!OT norpewHOCTHM OTHOCHTenbHhiX H3Mepeimn. aHepreTH'I9CKOH 3aBH~ 
CHMOCTH C9'19HHH H IT09TOMY OHH M9HbW9 1 '19M OuiH6KH Ha pHc,ll, f".ll9 

npHB9.ll9Hbi norpeWHOCT~ a6c~n!O~HhiX H3M9p9HHH ce~eHHii, ' . . 
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TO 9CTb oopa30B8HH9 jl~ -M930HOB B COCTOS'IHHH C ':1 = 2 eepostTHee1 '19M c 1 = f 
n _'j = ~ • B nocne.UaeM cnyqae aaoniOnaeTcst nyqwee cornacne Bhi'IHcneaaoro oTHowe

HHst .fit:/ !J;• c SKcnepHM9HTanbHhiMH naHHhiMH lcM.pnc.13/, UpyrnM oocTosrrenbCTBOM 1 

CBH.Il9T9nbCTBYIOWHM B nonb3Y COOTHOW9HHS'I /11/; S'IBnsteTCS'I 1 KaK YK838HO B 'i8CTHOM 

COOOW9HHH r.BpayHa 1. Manast BenH'IHH8 p8.1lHYCll B38HMO.Il9HCTBHS'I ttpOTOHOB B COCTOHHIHI 
3P,z. no cpaBH9HHIO C 'p, H 

5P. 1 onaronapst '19MY oopa30B8HH9 MEEOHOB B COCTOHHHH 

c j = 2 MeHee nonaen H~ 1 '!eM c "J ·· .. 1 H ;} "' 0. 

TaKHM oopa30MI. B9ltH'IHHa iJi• J1i ... OK83biB89TCS'I .llOBOnbHO 'IYBCTBHTenbHOil K 'COOTHO,.; 

tu 9HH 10 pa3nH'IHhiX. napaM9TpOB ; R · -·pa3neTa. Upyrue xapaKTepucTHKH' pea·KUHH /1 I M9Hee 

'IYBCTBHTenbHhi K H3MeHeaniO cooTHoweanst napaMeTpoe, TaK 1 yrnoBbie pa~mpeneneanst 
~. . . 
]I -Me3oHOB 1. Bhi'IHcneHHbie nn~L'cny9aee /10/ n /11 I 1. npaKTH'IeCKH He pa3nH'IaiOTcst 1 'ITo 

BH.Il HO H3 pHC ,1 0, 

B oonacTH SHeprHil (; ~ eo() M s~' H3M9p9HH8H SHepreTH'19CK8S'I 38BHCHMOCTb 01'HO-

W9f!HH . Jl•Jft+ H9MOHOTOHH8, 
1T~ ... + . 

H hi X Ce'I9HHil 0 pp . H fj pp
1 
ftt 

npuqHHOH STOI"O HBnsteTCS'I . . pa3nH'IHoe noeeneHue H3Mepea-
.. 11'" 

ceqeHHH 6pp 3aMenns:JeTcH : B TO Bp9M5'1 1 K8K poeT 
I'• 

npM saeprnstx E ~ 600 M sa, ce'leHHe 6pp1pn , .a oTnH'lue oT npencKa3aHHi1 Teo-. 
/13/ . . •, .... 

pun 1 npononm.aeT pacTu TaK >Ke ObiCTpo 1 KaK n B oonacTu M9Hbwux, SHeprufi. 

5. 3 a K n 10 'I e H u e 

np0Bj:l.ll9HH09 B H8CTOS'IW9A paooTe COttOCTaan'eHH9 SKcnepHM9HTanbH.biX .llllHHblX C Teo

puefi MaHnenbwTaMa noKa3hiaaeT, 'ITO TO'lHOCTb, c KOTopoil sTa Teopus:J ormchmaeT ocHoe

Hbie ceoficTaa npouecca o.opasoaaHHH 1!0 
'.,;,Me3oaoe npoToHaMH npn .sHeprustx E < 700 Msel 

eecbMa eenuKa, B cBst3H c sTuM: npencTaansteT oonbwofi uaTepec nanbHefimee nponomKe

HHe CHCT9M8TH'19CKOf'O HCCnS.IlOB8HHH STOH peaKUHH B oonacTH Gonee BhlCOKHX SHeprHil 

700- 1000 Msa1. rne ceqeHH·e .... ee1 cornacHo TeopHH 1 npoxonuT qepe3 MaKCHMyM. nony'leH-. 
••. • ·• . L /28/, . . 

Hbl9 .llO H8CTOS'IW8f'O Bp8M9HH B STOfi oonaCTH SHeprHfi .ll8HHbl9 . H8XO.IlS'ITC5'1 B npOTH-

BOp9'lHH .llPYf' C npyrOM 1 'ITO H9 tt03BOnHeT HCttOnb30B8Tb HX nnst. Cp8BH9HH5'1 C T90pHefi, 

B 38Kni0'19HH9 MLZ nonb3Y.SMCS'I cnyqaeM. noonaronapHTb Jl.YI. Jlanunycal C.M 8H.Il9nb

WT8M81 Jl.M ,CopoKo u A.~.Ts:JnKHHa 3a o6cym.neHue pe3ynbTaToB HacTos:JweA paooTbi, M hi 

onaronapHbi E.Jl.rpuropbeay, M.M.KyniOKHHy, H.A.MHTHHY u O.B.Caa'!eHKo 3a noMOWh 

npn npoaen,emm H3Mepeimfi~ 

P yKonnch nocTynuna B M3naTenbcKHfi oTnen 20 neKaops:J f858 r. 
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