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A~a HoT au H sr 

. ·,._ .. ,;. 

J.13yiJanHCb H.z:tepHbie pacmenneHHH 1 ' KOTOpbie oopa3yiOTCH B lPOTOSMynbCHH 

npoToHaMH c saepraeA 9 Ssa H HMeiOT ae MeHee Tpex ObiCTpbiX IJaCTHU I ll ~ 3/. 
. s 

npHBO.z:tHTCH 9HepreTHIJ9CKHA CU9KTp 38pH>K~HHbiX ,2" -Me30HOB
1 

H3MepeHHbi1t 

.a:o 540 Msa H 9KCTpanonHpOBSHHbiA B oonaCTb oon&w~x 9Hepraa. nonyiJeH]=,I yrno

Bbie pacnpe.a:eneHHH obiCTpbiX :if -Me3oHoa H npoToHoB a na6opaTopaolt cHcTeMe . . 

Koop.a:·aHaT. H aA.a:eHbi cpe.a:HHe 'IRena Jf -Me3oaoa H · ObiCTpbiX npoToHoa aa o.a:ao 

pacmenneHHe. OueHeHa .a:on.st saeprHH nepBHIJHoro npoToaa, nepe.a:aaaeMaH · 7 -Me-

30HaM. nony'leHo OTHOW9HHe IJHcen 38pH>K9HHbiX :7 H K-Me30HOB B HHTepaane 

CKOpOCTeA _/J = /0,5 - 0,81. 

t··~ • 



1. YcnoBIHI aKcrrepHMeHTa 

nocne 38IIYCK8 CHHXpOcp830TpOH8 na5opaTOpHH BhlCOKHX aHeprHA 06~etiHHeH-

u /1/ 6 /2-5/ 6 
HOrO HHCTHTyTa HaepHhlX HCcneaOB8HHH B pa OT8X hlnH rronyqeHhl ue-

KOTOpbte o6mHe cBeaenHH o BsanMoaeAcTBHH rrpoToHoB c aueprHeA 9 EaB c Hapa

MH B cpoToaMynhCHH, B uacToHmeA pa6oTe rrpearrpHHHTa rrorrbr:rKa HsyqenHH auepre

THqecKoro crreKTpa H yrnoBoro pacrrpeaEmeHHH ;t -Mesouo.B, o6pasyiOIUHXCH rrpu 

B38HMOaeli:CTBHH IIpOTOHOB TOH )K9 9HeprHH C HapaMH B cpOT09MynbCHH, 

8MynhCHOHHaH KaMepa us 100 cnoeB aMynhCHH HYIK¢I1-P TonmHnoA 450 .1' 

rrnomaab!O 10x10 CM
2 

6btna o6~yqeua BO BHyTpeHH9M rryqKe IIpOTOHOB, 8MynbCHOH

Hhl9 CnOH IIpOCM8TpHBanHCb Ha MHKpOCKOIIe BaOnb cneaoB rrepBHqHhlX IIpOTOHOB IIpH 

yBenriqeHHH 630 X, .UnH HSyqeHHH CII9KTpa J/ 7:M930HOB 1 o6pasyiOIUHXCSI IIpll 

BS8HMOaeACTBHH rrepBHqHbiX rrpOTOHOB CO CnO)KHbiMH stapaMH B cpOT09MynhCHH 1 oT-

6HpanHcb HaepHbre pacmerrneuHH c qHcnoM 6brcTpbrx qacTHil 

cqHTanHCb qacTHilbi C HOHH38IlH9A J.::::: 1 4 -I' - t Jo , rae ._:t: - HOHH38IlHSI H8 cne-

aax rrepBHqHbiX IIpOTOHOB; 9T8 HOHH38IlHSI COOTB9TCTByeT KHH9THqecKOH aHeprHH 

Yi -MesouoB 6onhwe 80 MaB n KHHeTuqecKoil: aueprHH rrpoTOHOB 6onhwe 

500 M :aB/. TaKoA Bbi6op nosaonstn BbraennTb co6biTnst, B KOTOpbiX nMee~ MecTo 

o6pasoaaune uecKonhKHX Ji -MesonoB. Co6,biTHst, oTueceHHbie K KaTeropHH coy

/6 7 I 
aapeHHil: IIpOTOHOB C HyKnOH8MH 

0 
, HCKniOqanHCb, 

.UnH OTO)KaeCTBneHHSI BTOpHqHbiX qacTHil IIpOBOaHnHCb H3MepeHHSI· MHOrOKpaT

HOrO KynOHOBCKOrO p8CC9SIHHSI H HOHH38IlHH, YlsMepeHHSI MHOroKp8THOrO pacceHHHSI 

BbiiiOnHSinHCb H8 cneaax C HOHH38IlHefi J ~,2 :f. H amJHOil: .B oaHOM 9MynhCHOHHOM 

cnoe /.;:: 6 ~M. npH rrocTpoeHHH crreKTpa BBoaHnach r:~O.!':feTpnqecKast rronpaBKa, 

CBSI38HH8H C KOH9~HOil: TOniUHHOH aMynhCHOHHOr~ cnOSI H orpaHHqeHH9M IIO yrny rro-

rpy)K9HHH cneaoB /ycnoBHe ( ~ 6 MMI. BenHqH.Ha :aToil: rrorrpaBI{H BhrqncnHnacb 

no cpopMyne: 

h ,.. ~ h. I h. / ) · 

3aecb f 
{ =A /'a "lC sin '; fs i.rz 8 + CI-C.C Sin I fs~·n e ' 

IIOCTOSIHHO II paBHO 6 MM; e - IIpOCTp8HCTB9HHbiil: yron, 06pasyeMbiil: 

aaHHbiM cneaoM c nanpaBnenHeM aBn*eHHH rrepBuquoro rrpoToua; h,,.e -paccToH

HHH OT Il9HTpa 3Be:3abi ao IIOBepXHOCTII H.: ao CTeKna, COOTB9TCTB9HHO, 8BeaeHH8H 

TaKHM o6pasoM nonpaBKa B npe.flrrono*eHnH asuMyTanbuoil: CHMMeTpHH yrnoBoro 

pabrrpeaeneHHH BTOpHqHhlX qacTHil OTHOCHTenbHO HarrpqBneHHH rrep~HqHoro rrpOTOH8 
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.!l aeT nOJIH09 'IHCJIO 'I8CTHU no.n 38,!l8HHbiM yrnoM e , T,e. · y'IHTbraaeT H Te 

cne.nbr, aa KOTOpbiX paccestaHe ae H3Mepstnocb Ha-aa 6onbWHX yrnoa norpy>Ke-. 

HHSI, 

VIa pacnpe.nenean:st aaea.n, KoTopbtM npHHa.nne>KaT oToopaHHbte cne.nbr, no 

'IHcny 6bicTpbiX 'I8CTHU Il
5 

a aaes.ne c y'IeTOM yKaaaaaoil: a.necb reoMeTpti'Ie-

cKoii nonpaBKH obrno aail:.neao, 'ITo cpe.nastst MHo>KecTaeaaocTb n; .nnst Bbropaa-

aoro Knacca aaea.n paaaa 4,60 :!:. ·o,14. 3aMeTHM 1 'ITO nony'Ieaaast TaKHM oopaaoM 

B9JIH'IHH8 rz: ,!lOJI>KH8 ObiTb H9CKOJibKO OOJibi.Le COOTBeTCTBYIOLU9i1: B9JIH'IHHbl. ~ 1 

onpe.n eneaaoii aenocpe.ncTaeaao n:a pacnpe.neneaHSI no ns aaea.n 1 aaii.neHHbiX npn: 
I - !t;) 
f'l = 17 + -=-· s $ n. 

- s 
npOCMOTpe B.!lOJlb CJI9/.l8 1 a HMeHHO , r.ne X) ~ .nn:cnep-

CHSI pacnpe.neneHHSI 3B93.!l IIO /Zs • BenH'IHHa 17.' , nony'IeaHaSI .nnSI aaea.n c 
~ . . 

. /2/ n
5 

>- 3 no .naaabtM paooTbi 1 oKaaanacb paaaoil: 4,78 :!:. 0 1 10. KaK an:.nao, _ aTo 

3Ha'IeHH9 B npe.nenax OW HOOK cornacyeTCSI_ CO 3Ha'IeHH9M cpe/.lH9H MHO>K9C::TB9HHO

CTH ,!lJISI HaW_ eii B~IOOpKI:Io 8TO IIOK83biB89T 1 'ITO IlpH OTOOpe cne.noB C E' ~ 6. _MM 

H3 3B93.!l C rz ~ 3 ae obtno .nHcKpHMHHaUHR aaea.n H penstTI:IBHCTCKHX cne.noa. s . . . . . . 

2. VIaMepeai:Ie pacceSIHHSI H HOHII38UHH, 0TO>K,!leCTBJieHHEl 'I8CTI:IU 
.( .... -

0'rO>K,!l9CTBJieHH9. 'I8CTHU npOU3BO,!lHJIOCb MeTO,!lOM H3M9peHHSI MHOI'OKpaTJiO~O 

· KynoaoacKoro paccesi.Hlist n: uoanaauun. PacceSI.iin:e HaMepSinocb ira MHKpocKone ' 

·M S - 2 ¢npMbi. Kopn:cTKa. Il,JyMbi cTonn:Ka ObiJIH H3MepeHbi MeTOLtOM Mliororiy'Ie-

soii uiiTep¢epeauHH n: ·cocTaairstnH 0,03 .1' ; 0 107.? ; 0~04.? .nnst st'I~eK -

100 )" 1 500 .1' n: 1000 f 1 cooTaeTcTaeaao. VI 3Mepeaust paccestHHSI npoao.nn:nn:ct:. 
. /8/ /9/ 

KOOp.!lHH8THbiM MeTO.!lOM · • no>KH09 pacceSIHHe IIpH pa3JIII'IHbiX .!lJIHHaX SI'IeeK 

obmo H3Mepeao aa aecKOJibKHX cnostx. Cpe.nastst aenH'IHHa no>Kaoro paccestHHSI :?) .. 
Ha SI'IeiiKe 400 _/I. OK838JI8Cb paBHOil: 0,29 ./"' . , 'ITO COOTB9TCTByeT KyJIOHOBCKOMY 

paccestaHro o.naoaapst.naoii 'Iac·rnubr c p j3 1 Baa/c. noaTOMY KOJIH'IeCTBeHHbi:A 

pac'IeT aheprn:n: Bbtnonastncst Tom,Ko .nnst 'IacTuu, y KOTOpbiX aenu'InHa Pfi nocne 

nonpaBKH aa no>Kaoe paccestan:e He npeabrwana 650 Maa/c; npH STOM MaKCHManb

aast nonpaBKa aa no>Kaoe paccestan:e obrna MeHbWe 15%. 
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Ha KaM.llOM cne.ue .uenamrch rrpe.uBapHTe.TihHbie H3MepeHIHI 120 oTc'IeToB 

C H'I8llKOH 250 ./" I, IIO KOTOpb!M OIIpe.ueJIHJI8Ch OIITHM8JlhH8H B8JIH'IHH8 H'I8HKU -1: 

ITpe6oBanoch, 'ITo6bi 'il:J~ / 9J .:;: 2; cpe.uHee aHa'IeHHe wy~a H3MepeHHI'i. XJ'!:-1 
w 

paBHHJIOCh rrpHMepHo 0,2 f I. 0KOH'IaTeJihHbie HaMepeHHH rrpoBO.llHJIHCh c. gqefi-

Koii t~ B.llBOe MeHbWeii OIITHM8JlhHOit .[lJIH TOI"O, 'IT06bi HCKJI!O'IHTh WYMbl H3-

MepeHUH lwyM aepeH u LUYM oTc'IeTal. BenH'IHHa f.J3 pacctJHTbiBanach no <f>op- .. 

Myne 

PJ3 k. 

r.ue 
~ • 051-3 

1oo ' 

( ;z ;z ( 2 

~1oo - . 5:)-t - 9Jt.J- :£j '~'/;,_ 
t~-(%)-1 

KoHcTaHTa pacceHHHH B 38BHCHMOCTH OT CKOpOCTH 'I8CTHUhl H BeJIH'IHHhl H'Ieit-

1101 
KH Bbi6Hp8JI8Ch COI"JI8CHO pa6oTe H B OIIHC biB8eMbiX H3MepeHHHX BapbHpOBaJia-

cna6o: K =24- 25. nnH HCKJIIO'IeHHH HCK8MeHHH cne.uoB IIpOBO.llHJ!CH pactJeT 

TpeThHX, a B Heo6xo.llHMbiX cny'IaHx - qeTBepTbiX paaHocTeii. CTaTHCTH'IecKaH 

OWH6Ka B H3MepeHHH pacceHHHH, IIO.llC'IHT8HH8SI IIO <f>opMyne 6 = 0,7.5/(17 
7 

r.ue .1'1 - 'IHcno gqeeK, He rrpeBbiWana 13%. Ha HeCKOJihKHX cne.uax BeJIH'IHHbi 

p j3 C ytJeTOM JIOMHOI"O pacceHHHH 6biJIH Bbi'IHCJieHbi IIO MeTO.llY HaH60JibW8I"O 

1111 
npaB.uono.uo6HSI, OIIHC8HHOMY B pa6oTe ; npH 9TOM 3H8'IeHHH /)5 He OTJIH'Ia-

JIHCh B rrpe.uenax OWH60K OT peayJihT8TOB 1 nony'IeHHbiX MeTO.llOM 1 OnHC8HHbiM 

BbiWe. 

B peaynhTaTe H3MepeHHH pacceSIHHH Ha o'I'o6paHHbiX 204 cne.ua~ OKaaanoch, 

'ITO 78 cne.uoB HMeiOT fj3 :::=. 650 Maalc H 126 - p .f3 > 650 Ma6)c. YioHH3aUHSI 

H3Mep'Hnach IVi:eTO.llOM c'IeTa crycTKOB H paapbiBOo 6onbwe onpe.ueneHHOH .llJIHHbi 

1121 
Ha .ll8HHOM cne.ue • CTaTHCTH'IeCKaH OWH6Ka B H3MepeHliH OTHOCHTeJibHOH 

HOHH3D.UHH He npeBbiWana 7%. 

3aBHCHMOCTh f j3 OT HOHH:;l8UHH, nony'IeHHaSI B .ll8HHOH pa6oTe, noKaaa-

HCI Ha pHCo; 1. KpyMK8MH OTMe'IeHbi Ji -Me30Hbi 1 OCT8H6BJIHB8!0UlHeCSI B 9MYJih-l 

CHOHHOfi KaMepe. BenH'IHHa Hx aHeprnH, Hafi.ueHHaSI no M.HOroKpaTHOMY pacceHHHIO, 

cornacyeTcH c 3Heprneii, onpe.ueneHHOH no npo6ery. KpHBbie .unSI K -MeaoHOB 

H npOTOHOB nocTpoeHhl IIO KpHBOH .[lJIH 

TallbH~J.e TO'IKH rpynmrpyiOTcSI oKono aTHX KpHBbiX. Cpe.uH qacTHU c lfi ~650 Maalc 
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H J~:J:r. 
r.-

OTO)!{.UeeTBl!eHbl 69 .A -MesoHoB, 4 npoToHa M 5 K-Me3oHoB. 

.[laHHbie OTHOeMTel!bHO K-Me30HOB M MX pOllHTel!beKHX 3Be3ll npMBe.ueHbl B T80l!M

ue 1. C Uel!biO OoHapy)!{eHMSl aeeouHaTMBHO!"O pO)!{.UeHMSl 38pSl)!{eHHbiX eTpaHHbiX 

"'aeTMU Obll!H npoene)!{eHbi Bee "'epHbie M eepbie ene.Ubi I ::1 > ~ 4 ~· I M3 3Bes.a, 

B KOTOpbiX u.ueHTMcPMUHpoBaHbi K-Me30Hbi. Cpe.un npoene)!{eHHbiX ene.uoB eTpaHHbiX 

"'SeTMU He Hafi.aeHO. 

Tao.nHua 1 

.[laHHbie 0 K-Me30Hax, oopasyiOI.UHXeSl B eoy.uapeHMSlX npOTOH-.s:r.upo npH 
aHeprMM 9 BaB 

e 2 t Pj, /J:;;Cfc 
Tnri po.unTenbeKofi 3Be3llbi 

rpa.u. T, ~ Ma& 
rzs ~ 

32 22,5 1,4 475±.46 290 ± 3~ 4 3 

2 35 24,0 1,3 506::!:..58 315:! 'rtt 4 4 

3 26 18,3 1,3 490::!:..57 300 :!: 112 5 6 

4 3 2,0 2,0 222±.26 1211'/6 6 6 

5 27 19,0 1,3 546±.45 345 =35 7 6 

.K- "'Hel!O "'SeTHU e HOHM38UMeH:t > 
eKas:r aHeprus:r K-MesoHa. 

1,4 J. B sBes.ue, r - KMHeTM"'e-

4aeTMUbi e fJ3>650 MaBle u]6.1,4 J 0 He oTo:>K.ueeTBl!.Sll!Meh; npMHMManoeh, 

'ITO 9T8 I"pynna "'SeTMU eoeTOMT TOl!bKO M3 g; -Me30H05 M npOTOHOB 1 a "'aeTMUbl. C . 

p j3 ';:> 650 MaBIC M MOHM3SU~eii .B npe.aenax 1,4 Jo ~ J ~ 2 ':fo C"'MTSl!MCb npOTOHa-o 

MM. noene BBe.u eHHSl reoMeTpM"'ecKHX nonpaBoK nony"'eHbi cne.uyrowMe a¢¢eKTMBHbie 

"'MCl!a "'aCTHU: qf -MesoHOB ~ 1326; npo;oHoB - 266; K -MesoHoB - 86; . HeoTo)!{.ue

cTBl!eHHbiX "'SCTMU - 879. 

npH npocl!e)!{HBSHMH l!y"'eH e HOHM38UHeH J > 2 ~ CpellH Cl!e.UOB 1 OKSH"'M-

BSIOI.UHXeSl B KaMepe, HSMlleH OllHH '::l!Y"'SH pacna.ua .E - I"MnepoHa. rHnepoH 

Oop830B8l!e.Sl B pOllHTel!bCKOfi 3Bes.ue TMna 
0 

4 + 2p. Yron Bbll!eTa rnnepoHa 29 • 

Yf OHM38UMSl J = 6,5 7. 1 9HeprMSl 1 onpe.ueneHHS.Sl no' HOHM38UMH H pacce.s:rHHI0 1 

paBHa npHMepHO 60 MaB. rnnepoH npOXOllHT llO pacna.ua 7,7 MM H paena.uaeTCSl 
.... + . 

[. - ,... - rr:t 11 r-f HS l!eTy no CXeMe: --17 + )/ ; HOHM38UM.Sl ~ -Me30H8 J:: J 0 j 9Hep!"H.Sl 
. ._ I 

oKono 100 MaB. Yron BbllleTa Jl -Me30H8 B e.U.Mo e.7 = 65° • 

~----------------
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,'' ,, '!', ·,:. 

cneKTp 

Jf -Me30HOS noKa3aH Ha pile, 2. KaK OTMeqanocb 

s~iwe~ H3M~pe!me aHeprnH qacTHu 6brno orpaHHqeHo senHquHoil: ?)3~650 Mas/c 

/coo.Y.s'~TCTSYIOLUaH 9HeprHH 5 -Me30HOS pasHa 540 Mas/. Kpo~·e Toro pacceH

HHe 'r13MepHJ10Cb TOJ1bKO LlJ1H CJ19Ll0S C · :f ~ 4-::!., 1 qTo orpaHilqi!Sano cneKTp CO 

CTOpOHbl HH3KIIX 8Heprllii. [lmi onpe.lleneHIIH qi!CJ1a M9LlJ19HHbiX :f -Me30HOS 1!3 

·" ·' ' 3S93Ll C 17S;;.. 3 a qaCTII. 3a93Ll 6biJ11l npOLlO~:>K9Hbi see CJ19Llbl C lfOH1!3aUII9ii 60J1b-

welt\2 ::/o •. H 3, qucna % -Me3oHos c :f;:. 2 :1., , Haii.lleHHbiX s aToM: qacTH 

3ae3Ll 1 . 6biJ10 onpe.ll9J19HO ll0J1H09 qllCJ10 M9LlJ19HHbiX I/:' 
~ -Me30HOa a Cll9KTpe, 

no .8KCnepaMeHTaJ1hHhlM ToqKaM Cll9KTpa- a ll3M9p9HHOH o6naCTII 8H9pi"HH . ., . .. .. . E - .. 
6brna no.llo6paHa aMnUpllqecKaH cjJopMyna t/([k.) = a +8 E"'- , I"Ll9 0:, _- KHHe-

THqecKa5J aHeprHH J" -Me3oHa s N aa. KoacjJcjJuuneHTbr o k g n d. onpe.llene-. . . . 
x/ 

Rbi M9TOLlOM H8HM9HbWHX Kaa.llpaTOS H paSHbl COOTaeTCTaeHHO! Q =0, 17,:!: 0.07; 

g =/1,2 . .± 1,4/ ·lo-6
; o( = 2,60,:!:0,35 lcM.KpiiByro a Ha pHc. 2/. Cse.ll9Hil~ 0 

. ·' 
cneKTpe B o6nacTH 8H9pi"IIH M930Hoa, 60J1bWHX 540 Mas, 6biJ1ll nonyqeabr_ nyTeM 

aKCT~~nOJ1HUilll aaiirieaaoil: aMnllpllqecKOH 3aSUCIIMOCTll LlO 8Hep~llll 7,~:Baa • 
• •• . . ·.... • . 1"::'. 

I MaKCHMBJ1bHaH aHeprHH, KOTopyiO MO:>«: eT HMeTb :II -Me30H a HyKnoH-ayKnoaHbiX 

coy.llapeHHHX I .N-;V I npn po:>«:.lleHHH Tpex Jl -MeaoHo.s; 'ec~u aHepriiH iianeTaio

'7 ruero HyKnoaa 9 Baa/. CneKTp ./{ -Meaoaos, naMepeliHbril: LlO 2 Bas a KOCMIIqe-
/ 13 I 

CKHX nyqax _.a pa6oTe ·llpH 8H9pi"IIlf nepaHqHbiX 'laCTIUl OKOIIO 10 Bas HM99T 

TaKyiO :>«:e cjJopMy. t.Incno 7. -MeaoHoa c pj3 > 860 Maa/c, nony'leHHoe npH 

9KCTpano.ristUIIII Cll9KTpa, OK8381IOCb paaHbiM 4001 OTKY.lla tiHCliO npoTOHOa C 

ff; > 860 M aa/c paaHo 479. 

OueHKa cpeaHeil: nonaoil: aaeprnn · 

a 8KCTp8DOIISIUilll npnaO.llllT K aeJ1H'IIIH9 

n-
~ -M930HOa C Y'I9TOM H9T0qHOCTII 

E . = 10,1 :!:. 0,2/ Baa .llliH acero · 

en eKTpa n /0,8 .:!:. 0,2 I Bas-anst 6bicTpbiX MeaoHoa. OueaKII cpeaHeil: aaeprnn· gj. 
/4,6/ ' 

M930HOa1 npHaO.llllMbi9 S pa60T8X t COI'II8CYIOTCSI C 8THMH ·p93YIIbT8T8MHo 

xl P~c'li3Tbr ahlnonHeHbi .Ha c"<~eT~oil: Mawnae "Ypan ". AnTopbr ffnaroaapHT 
H~H.ro:Bopyaa aa nposeaeaM:e. aTnx pac~eToa, a: TaK:>«:e B.A.Meruepst

Koaa aa noMOIUh npn o6pa6oTKe peaynbTaToa naMepeHnil:. 
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OTaoweaHe '!Hcna ObiCTpbiX $ -Meaoaoa K '!Hcny ObiCTpbiX npoTOHOB oKa

aanocb paBHbiM 3,2 :_1 ,9, a cpe.D.HHSJ MHO)KecTBeHHOCTb 5biCTpbiX '!8CTHU 

17
5 

= 4,3?: .:!: 0,1 0. 0TCIO.D.a MO)KHO onpe.D.emtTb cpe.D.HHe '!Hcna ObiCTpbiX .1' -Meao-

aos I Fl I H ObiCTpbiX npoTOHOB I np I Ha O.llHO aaaHMO.D.eiicTBHe. 3TH '!Hcna z . 
.D.llst paccMaTpHBaeMoro Knacca. aaea!l paBHbi: ~ = 3,3 :_ 0,5; ~ = 1,0 :_ 0,5. 

4Hcno 7 -Meaoaoa c ~.::::: 80 Msa Ha O.D.HO B3aHMO.D.eiicTBHe1 onpe.D.eneaaoe 

H3 cneKTpa 1 paBHO 0,6 .± 0,2. 4HCllO Bcex aapSJ)KeHHbiX :f' -Me30HOB . ~ fObiCTpbiX 

H Me,lJ,lleHHbiX I Ha O.llHO B38HMO.ll eiiCTBHe paBHO 31 9 .± 0,5. C uellb!O onpe.D.e-

r.-
neHHSJ cpe.D.Heii saeprHH :It -Me30HOB OT .ll enbHO .llllSI llel"KHX H TSJ)K ellbiX Sl.lJ. ep 1 

ace 1 -Meaoabi ObillH paa5"HTbi aa .D.Be rpynnhi:. :I -MeaoHbi Ha aaea.D. c 

~ > 8. /60% OT OOllHOI"O liHCll8 ff" -M930HOBI; H H3 3B93.ll C ~ ~ 8 140%1. 

0Ka38ll0Cb 1 'ITO B H3MepeHHOii 00ll8CTH cneKTpa Cpe.D.HSISJ SHeprHSJ :Ji -MeaOHOB 

H3 TSJ)K9llbiX st.D.ep /~ >8/ npHMepao aa 100 Mae MeHbwe, tJeM Hs rpynn.bi st.dep 

c ~ ;;: 8 • 

.Unst SbiSICH9HHSJ 38SHCHMOCTH Cp9.D.H9ii SH9pl"HH 7 . -Me30HOS OT 'IHClla 

o.biCTpbiX qacTHU s asea.D.e, see aaeS.D.bi O.billH paaoHTbi Ha .D.Be rpynnhi: n s =3,4 

H /7 > 4. 4Hcno sses.D. B rpynnax oKaaanocb npHMepao O.D.HHaKoSbiM. Cpe.D.aHe s 
SHepl"HH ::; -MeSOHOS .D.llSI STHX rpynn B H3MepeHHOH 00ll8CTH cneKTpa S npe.D.e-

ll8X OWHOOK He pa3llH'I8!0TCSio 

4. YrnoBbie pacnpe.D.ellaHHH ObiCTpbiX /7 -Meaouoa H npoToHoB 

Yrnoaoe pacnpe.D.eneaHe obiCTpbiX 5i -Mesoaoa I :>' s ~4 ~ I .e na6oJ)aTop

rr 
aoii CHCTeMe npHSe.D.eHo aa pHc. 3. :A -MeSOHbi c saeprHeii, 6onbweii 540 Mas, 

SKll!O'!eHbi S nepSblii HHTepsan /1 10 - 0,9/ H8 OCHOS8HHH 38SHCHMOCTH Yl"Oll-aHeprHSJ 
r.:' . 

.D.llst ~ -Mesoaos, npe.D.cTasneaaoii aa pHc. 4. TatJKH aa pHc. 4 nonytJeHbi ycpe.D.-

HeHHeM ,lJ,8HHbiX UO SCeM Yl"ll8M SbilleTa :/ -Me30HOS S KB*.llOM HHTepsane saep-

l"Hii. Yron nonypaaneTa o.biCTpbiX 
~ 

:J -MeSOHOS e'/z 
o .· . 

= 36,5 .± 8,8 • Yrnosoe pac-

npe.ueneaHe obiCTpbiX npoToaos s n.c • .D.aHo Ha pHc. 5. TaK KaK see ObiCTpbie 

npoTOHbi HMe!OT p .J3 :> 650 Mas/ c H He OT.O*.D.ecTsneHbi, To .D.llst nocTpoeaHSI .Hx 

yrnosoro pacnpe.D. eneHH SJ H3 yrnosoro pacnpe.D. eneHHSI scex 6 biCTpbiX a eo To* .D.e

cTaneHHbiX qacTHU Sbi'IHTBllHCb obiCTpbie !T -Me30Hbi c pfi :;:. 650 M as/c /ace 

OHH H8 OCHOB8HHH 38BHCHMOCTH yrOll aaeprHSI Bbi'IHT8llHCb H3 HHTepsana /1 10-0,8//. 

I 
I 
! 

l 
I 

I 

L__~ 
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Yron,nonypaaneTa GhlcTphlx npoToHoB 

GhlcTphlx qacTHU ang aBeaa c n > 3 s - .. 

,n p· 0 
o ~ 29 • Yron 

'l'z e Sit> = 30,5:!:.. 5,o0
• 

r.t 

5. ·oGcy)Kaeane peaynhTaToB 

nonypaaneTa Bcex 

1. CpaBHeHHe nonyqeaaoro aaepreTnqecKoro cneKTpa /pac. 2/ co cneKTpOM 
rr. /13/ 
.ll :-Me30HOB1 nonyqeHHbiM B KOCMHqeCKHX nyqax B pa6oTe nOK83biB8eT, qTo 

cneKTpbi. B npeaenax OWHGOK H3MepeHHii He paannqaiOTCH. CneKTp, H3MepeHHbiK B. 

aacToHmeii paGo're, HMeeT MaKCHMYM B oGnacTH 100 Mal3; 

.Ji -Me30HOB> H3 CTOnKHOBeHHH !}' -Me30HOB C 9HeprHHMH 1,5 H 4 12 EaB C HA-

paMH B ¢oToaMynhCHH, nonytieHHbie B paGoTax 
1151

' 1161 , HMeiOT TaK)Ke MaKcn

MYM B o6nacTH 100-150 MaB. TaKHM oGpaaoM, He38BHCHMO oT npHpOAbi HaneTaro

mefi qacTMUbi H B wnpoKofi · oGnacTH aaeprnfi nono)Keane MaKCHMyMa B cneKTpe ae 

H3MeHHeTCH 0 8T0 1 no-BHAHMOMy, yK83biBaeT H8 To; qTo 3H8qH'renbH8H qaCTb :;f 

MeaoaoB 1 no Kpafiaefi Mepe , B oGnacTH aaeprnfi 100-150 Maa, oGpaayeTcH, B oc-:

HOBHOM, B peaynhTaTe BTOpHqHhlX coyaapeHHH BHyTpH Hapa. 06 9TOM.CBHAeTenb-

cTByeT TaK)Ke cpaBaeane nonyqeaaoro cneKTpa co cneKTpo~ ":"Me30HOB 1 pac-

CT.{HT8HHbiM B pa6oTe /14/ AnSI coyaapeHHH HyKnoa-ayKnOH no_ CTaTHC!H'ie?_K<;JH 

TeOpHH MHO)KeCTBeHHOrO o6pa30B8HHH qacTHU C yqeTOM H306apbi /cM.KpHByiO _;. d 

aa puc. 2/. Bnaao, qTo aaGnroaaeMbifi aa onbiTe aaepreTnqecKHfi cnernp cMemea 

B cTopoay Gonee HH3KHX aaepraA. EcTeCTBeHHO nonaraTh, <rTo oTnHqne Ha6nroaae-
y.·. . -

'7; Moro cneKTpa ./t -Meaoaoa, ncnycKaeMbiX B coyaapeHHHX npoToH-Hapo, oT Teope-
~ ... :··. . ' - . ' -

THqecKoro cneKTpa % -Me30HOB B HyKnoa-HyKnOHHhlX coyaapeHHHX CB~38HO CO 
-::;:: ~. -; ' 

BTOpHqHhlMH npoueccaMH BHyTpH HApS /xoTH CT8THCTHqecKaH TeopHH H He COBCeM-
:. ·~ _: ·:.;· ._ ... ·. . ,, . . ' 

Toqao onHCbiBaeT cneKTp 
,....<d.~ u ;.·-

J( -Me30HOB H3 I .N:.. N /-coyaapeHHit/. 

::,_:KaK· y)Ke OTMeqanOCh BbiWe, cpeAHHH aHeprHH :J -Me30HOB H3 3Be3A 

. ·c'"~\ > ·8 ·-B. HaMepeaaon qacTH cneKTpa npHMepHo Ha 100 Maa MeHhwe, qeM 

,fn.H rpynnbi ?Beaa c-<if. 8. KpoMe Toro, ecnH !if -MeaoHbi c Pfi..:. 650 Maa/c 

BbineTaiOT npHMepHO OAHH8KOBO qacTO H3 3Be3A C ~ '> 8. H C ~ ~- 8, TO qac

THUbi c Pfo > 650 Maa/c BhineTaiOT H3 aBeaa c Nh ~ 8 B TpH paaa qame, 

qeM H3 aaeaa c ~. >. 8. 8TH peaynhT8Tbl MOryT. GbiTb o6'bHCHeHbl GonhWHM 

qHcnoM co"yaapeHHfi B TH)KenbiX Hapax, no cpaBHeHHIO c qHcnoM coyaapeHHfi B 

nerKHX Hapax. DeficTBHTenhHo, ecnH npeanonO)KHTh , qTo qHcno CTOnKHOBe-

HHfi B Hape nponopunoaanhHO paanycy Hapa, TO qncno CTOnKHOBeHFIH 
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B TSDKenbrx H,llpax cpoT09Mynbcim .llonm:Ho 6biTh B .llBa pa3a 6onhwe, qeM B ner

xnx H.llp8Xo C .llpyroii: CTOpOHbi, cpe.llHI:ie lJHCna fibiCTpbiX lJ8CTHU B paCCM8TpHBae

MbiX rpyrrrrax 3Be3.ll pa3nnqaiOTCH cna6o. Tax :.OnH 3Be3.ll·'c ~- ~ 8 n · ·· ~ > 8.~9TH. 

lJHCna paBHbl 4,24.:t_0,13 H 4,47 _:t0,16, COOTBeTCTBeHHO, 3TO MO:>KeT 6biTh OfibHC

HeHO TeM, lJTO 110 Mepe pa3BHTHH- K8CK8.ll8 B TH:>KenbiX H.llpBX 6biCTpO yMeHhlllaeT-

CH MHO:>KeCTBeHHOCTb penHTHBHCTCKHX lJ8CTHU 1 pO:>K,lleHHbiX BO BTOpHlJHbiX CTOnKHo-

BeHHHX. 

2. Pe3ynhT8Tbi, rronyqeH.Hbre .a orrncb!BaeMoii pa6oTe, rro3BonHIOT Haii:TH _cpe.ll'": 

HIOIO 9Hepi'HI01 paCXO.llyeMyiO H8 o6pa30B8HHe A -Me30HOB. IIpH. CTOnKHOBeHHH 

rrpoToHa c 9Heprneii 9 B9B c H.llpaMn. Mcrronh3YH aennlJHHy cpe.llHeii: 9Heprnn 

:J' -Me30HOB B CIIeKTpe H cpe,llHee lJHCnO ~ 38pH:>KeHHblX !J -Me30HOB. ,Ha 

O.llHO B38HMO.ll8fiCTBHe 1 ,llnH Bbi6paHHOI'O Knacca 3Be3.ll 1 MO:>KHO H.afiTH 1 lJTO Ha 

Me3oHoo6pa3oBaHne B cpe,llHeM pacxo.llyeTcH 9HeprnH f=%f.~= 
1i 'I , 

2·0,7 •3,9 
r.-O 

=/4,1 :!:_1,3/ B9B 1 'ITO cocTaBnHeT /45 ±.14/% oT 9Heprnn rrepBHIJHoro 

IIpOTOH8 /3,lleCb IIpe.lliiOnaranOCb1 'ITO :.# -Me30Hbl YHOCHT IIOnOBHHY 9HeprHH 1 

r. 
rrepe.llaBaeMo'fi 3apH:>KeHHbiM :,r -Me3oHaM/. 

B pa6oTax /4,5,3/ , BhlrronHeHHhlX Ha cnHxpocpa3oTpoHe rrpn 9Heprnn rrpoTo

HOB 9 B9B, .llOnH 9Heprnn, rrepe.llaBaeMaH 6biCTpbiM n-Me30HaM, paBHa /27-33/:!:.,SOI'b: 

/33:!:_9/%; /44±.9 /% 1 COOTBeTCTBeHHO. 

Cne.llyeT oTMeTHTh, 'ITO semt'IHHa 9Heprun, rrepe.llaBaeMoll: ::f -Me3oHaM, 

rrony'IeHHaH B .ll8HHO'fi pa6oTe, .llOn:>KHa 6biTh 6onhwe, '!eM B cpe.llHeM .llnH acex 

pacmerrneHnii:, Haii.lleHHbiX rrpn rrpoCMOTpe B.llOnh cne.lla, TaK KaK oT6npamtch co-
, /';:' .... 

6b!THH c n ~ 3, B KOTOpbiX pO:>K,llaeTCH 6onhwee lJHcno :It -Me30HOB. Mcrronb-
s 

3YH ,llOniO 9Heprnn H8 Me30H006pa30B8HH~ IIonyqeHHYIO B .ll8HHOH pa6oTe,n 9HeprRIO 

Ha pacmerrneHne H.llep H3 pa6oTbi /3/ rrony'IHM .llnH .llOnH 9Heprnn, yHocnMoii: irpo-

TOHOM IIOCne CTOnKHOBeHHH C H.llp8MH, BenH'IHHY 0,43.::!::0,14 • .[lnH HyKnoH-HyKnOH-

HbiX coy.llapeunii .llOnH 9Hepr~nn , yHocnMoii rrpoToHoM, B cpe.llHeM paBHa 0,65/7 I. 

M3 9THX pe3ynbTaToB cne.llyeT, qTo rrepBHIJHhlii rrpoToH HCIIhlThlBa~T rrpHMepHo 

.llB8 COy.llapeHHH CO cpe.llHHM H.llpOM cpOT09MYnhCHH. 

3. npoBe,lleHHbie H3MepeHHH BenHIJHH,. Pfi H HOHH38UHH Ha cne,llax IJ8CTHU, 

o6pa3yiOmnxcH rrpn B38HMO.lleiicTBHH rrepBHIJHoro rrpoToHa c H.llpaMn,. II03Bon~nn 

H.ll9HTncpuunpoBaTb 5 K:t-Me30HOB B o6nacTn HOHH3aunn ~ Z ..::;:: .:::: ::1 ~. Z :f. 
/cOOTB9TCTBYIOUlHH HHTepaan CKOpOCTeii: j3 =0,8':"'0,5/; 3HepreTHIJ9CKHii HH_Tepaan 

I 
I 
I 

I 
L--. 
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.llliH 1{ -Me30HOB c TaKHMfi cKopocTSIMH paBeH 22-95 Mas. I1cnonb3YSI ac!JciJeKTIIB-
- r-

Hble 'ln:cna K-Me30HOB /86/ n: paccqn:TaHHbie no cneKTpy qn:cna .Jt -Me30HOB /409/, 

B YK838HHOM HHTepBaJie aHeprn:il: nonyqaeM .llliSI OTHOlll8HHSI 
111 I 

5,0 ±_ 2,5. 0TM8THM, 'ITO B pa6oTe 

11 I 3H8'18HH8 
Ji 17 k. 

.llliSI aTOI"O OTH0lll8HHSI B Obll8CTH j3 ~ 0,67 

.ll88TCH B8JIH'IHH8 paBHaH 6. 

1. 3HepreTH'I8CKHil: 'CU8KTp 38pSI:>K8HHbiX _j' -Me30HOB H3 B38IIMOD.8il:CTBHil: 

npoTOHOB c aHep.r:ueil: 9 Bas c SI.llpaMH B · clJoTOSMY.TibCIIII c 'IHCJIOM 3apSI:>«.eHHbiX 

'18CTHU /l ~ 3 s 
onuc biBa eTcSI a MnupuqecKoil: c!JopM ynoil:: 

, rne Ct = 0,17..:!; 0,07 

g . = /1.2:tJ,4/•l0-6 

d... - 2,60 :!:..0,35. 

2. Cpe.llHSISI nonHaSI aHeprn:st 7 -Me3oHa pasHa E =10,1 .±,0,21 Bas. Cpe.ll

HSISI nonH8SI aHepriiSI ObiCTporo ::( -Me3oHa p8BHa /0,8 ±_0,2/Eas. 

3. CpenHn:e 'IHCJia ObiCTpbiX ::T -Me3oHoB -11·. npoTOHOB--H8 8KT. p8BHbl---· 
r. . ~;;_, •. -: 

3,3 :!:_0,5 H 1,0:!:_0,5, coOTBeTcTBeHHo. Cpe,llHee qn:cno ::1 -Me30HOB c aHeprHeil: 

M8Hbllle 80 M aB H8 8KT p8BHO · 0,6 :!:. 0,2. 

4 • .UonSI SHeprun:, nepeD.8B88M8SI :l -Me30H8M /c yqeToM 

p8BH8 /45 :!:_ 14/%, 

r.-o 
./{ -Me30HOB/ 1 

7:'1 5. 0THoweuue 'IHcen 38pSI:>«.eHHbiX ./t -Me30HOB 1-1 K-Me30HOB B HHTepBane 

CKOpOCTeil: j3 =/0,5-0,8/ p8BHO 5,0:!:_2,5 • 

6. nony'leHHbie SKCn9pHM8HT8JibHbi8 D.8Hlibie He npOTHBOp8'18T npeD.nOJIO:>Ke-

HHIO o TOM, 'ITO B38HMO.ll:il:cTBHe npoTOHOB c aHeprn:ett 9 EaB CO CJIO:>KHbiMU SI.llp8MU 

npe,llCT8BliSI9T COOOtt .llliSI p8CCM8TpUB89MOI"O Kll8CC8 p8cmenJI9HHil: pSI;!l 00Cll9.llOB8-

T9llbllbiX CTOJIKHOB8HHil:. 

AsTopbi npH3H8TenbHbi npoc!JeccopaM B.n.,n:>«.enenosy u X.Xyny6ero_ 38 unTepec 

H BHHM8HHe K pa60T9 1 a T8K:>Ke Jl800p8HT8M r,l1,EoropOBCKOi1 1 Jl,¢,3aXapOBOi1 1 

K • .n.Cse P.llliHHoil: H .n.A.¢nstrRuott 38 noMOlllb npR npose.lleHRH R3Mepeun:fi. 

0D.RH Il3 8BTopos /T .B ,/ 6naronapRT Yl.Aycneu,llepa Il 3,¢pii.llnennepa 3a o6-

CY:>K.ll9HilSI, 



----1 
I 

I 
I 
I ,. 
l I 

I 

'd-J.1¢>JJ.1H HHOql£..{i'te 15Ul:T HHnt1€HHOH-ifd qJ.OOi'iHOH1Jt1£ '[ 'OHd 

~w·ifd 

ocg 009 ace aac oc7 oo,., ocr oor 00~ .:00/ 

-~t -

og 

{}'[) 

01 

Zl 

Iff 

91 

£11 

1.£ 
oz 
't;/C 



- 13 "::.. 

·. v.,· 

·., . }.' 
. ' i ...... 

Pnc. 2. 3HepreTnqecKIIH cneKTp 5 -Me3oHoB, o5pa3yromnxcSI B coynapeHIISIX 

·npoToH,":"SI!lpo npn. aHeprnn .9 Baa. , . . . .. 

Q - 9KCIT8p1IM8HT; Kp1IB8SI COOTB8TCTByeT 

0 - TeopeTII'I8CK8SI 

/14/ 
coynapeHnfi , 

E~c )1/( E,) = o + B·E~c"' 
KpiiBaSI nnSI cneKTpa 

9Mll1Ip1I'IE!CKOH 38BIICIIMOCTII 

9i -Me3oHoB II3 I ~- ,./ 1-
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