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1. Bs~neHne 

DpoToHHbiH pacnan na ocaosHOI'O cocionHHH nasHo npencKaaaH Teope

TH'IeCKH ~ HeT COMH9HHH B 9I'O npHHUHnn'anhHOH B03M0:1KHOCTH. 06Hapy;_ 

:1KeHne aTOI'O a<jl<jleKTa HMeeT ncKniO'IHTenhHbiH HHTepec, ,noc~onhKy npoToH

Hbiii pacnan- Han6onee.npocToft ann Hnepa~I'o npespameanH~ HccnenosaHne 

npoTOHHOI'O pacnana M0:1KeT naTh nH<jlopMa~niO o :nnpe TaK?I'O :1Ke Tuna, 
- . ·,, 

'ITO H a .-pacnan, TOnhKO a naHHOM cnyttae MexaHH3M pacnana _He ycno:1K-

·aeu. npoueccoM o6pa3o~aHHH BbineTaromeii qacTHU~I. HaMe:peHne · aHepi'HH. 

npoT~Ha n speMenn · :1KH3HH. nacT · B03M0:1KHOCTh onpenennTh npnseneHnyro 

npOTOHHYIO WHpHHy nnH OCHOBHOI'O ,COCTOHHHHo .llo CHX nop CBH3aHHbl9 

C STOll BenH'IHHOfi cneKTpOCKOnH'I9CKH9 <jlaKTOpbl HaMepHi:JHCh C nOMOllih!O 

HA9pllbiX peaKUHH 0 OAHaKO HX BenH'IHHa OKa3biBaeTCH B9ChMa 'IYBCTBHTenb

HOii K cnoco6y onncaHIIH peaKunn. 

rne cnenyeT IICKaTb 'npOTOHHOaKTIIBHbie II30TOnbi? DpencKa38HIIH, 

KOTOpb!e nenaiOTCH Ha STOT cqeT C noMOllih!O . pa3nlf'IHbiX <jlopMyiJ: II COOT

HOUieHHil nnH Mace Hnep, pacxonHTCH sec;:hMa aHa'luTenhHo. fpaHnua o6na

·cTH npoTOilHOaKTHBHbiX H30TOUOB (8 =0) /paCC'IHTaHHaH:pa3nH'IHbiMH aBTOpa.:... 
p . 

. MII, aapbHpyeTCH B npenenax 5-7 enHHHU no A (n~H z > 50). TonbKO. 

nposepK~ a· o6nacTn 6onhWOI'o ~eii:TpOHHoro i:te<jlnunTa· ·Mo;eT 6hiTb ocno-- . . ~ ' . . .. 

-~ BOil nriH Bbi6bpa· <jlopMynhi, HiHI6onee KOppeKTIIo' npeACKaSb!BaiOweii SHepi'HII 

pacna.~ta Hnep B6nH31i. I'paHHUbl npOTOHHOi! H9CTa6unbHOCTH. · .llaHHbie no 

.. 3 



3ana3JlhiBaiO!llliM ilpoTonaM B pail: one Tennypa naunyttlllliM -o6_pa30M co-
. . -/1/ . /2/ . 

rnacyiOTCSI c Ta6nliU8Mii r. rapBli li JlP~ • 3enhJleCa li Jlp, . li H eMli-

pOBCKOJ.'O, B cepeJlliHe peAK03eMenhHhiX sneMeHTOB- 3enhAec stBHO 3aBhi
/3/ 

l!laeT snepruu CBSI3u npoTOHOB • B nalllliX ouenKaX Mbi onupanucb na 

ljlopMym,I ,li Ta6n!iUbl Mace r. rapBli li AP· u· n. HeMupOBCK0£'0, 

Ha puc. 1 rioKa3anw_pacqe~nwe 3HatteHiiSI snepruu pacrraAa rrpoToH

uoaKT!iBIIbiX u3oTonon netteTHbiX sneMel!TOB AnSI 50 < z < 72. B cnyqae 

Q. 
ro 

55 60 65 70 15 

LIUC/10 HeumPOJ-108 
80 85 

Puc. ·1. PactteTHbie snatteHiiSI snepr~u cnSI31i npoTmia ·AnSI nerKiiX u3o
Tonon pSIAa uetteTHhiX sneMeHTOB • - rapnu,· Kenbcon u AP·• o - He
MuponcKuii: •. Op!i OUeHKe BpeMeU _)f(!i3Hii rron.aranocb fp = 2, 

'leTHbiX z H3";'3a aljlljleKTa crrapHB8HiiSI rpallliU8 rrpoToHHOii: HeCTa61inbHOCTH 

cMemena n cTopolly 6onhl!lero neii:Tponnoro Aeljluuu-I-a. Ha STOM )f(e pucyn-
. . . -4 

Ke yKa38llbl SHepl'HII, COOTBeTCTBYIO!ll!Ie BpeMeHaM )f(U3HII 1 CeK, 3•10 CeK 
~ . . . . . 

II 10 CeK (JlnSI ep = 2). B _cnytiae npeMell )f(_II3HU Tp » 1 ceK rrpoTOH-
. . + . -8 

Hblll pacnaA 6yAeT ITOAaBnSIThCSI KOHKypupyiO!lliiM {3 -paCIT8AOMi 10 CeK 

. 4 

MHHIIManbHOe BpeMSii' B llj: 

B npuMeHHBllleHCSI B H8CTC 

·p -pacrraAa, OTBettaromuii: 

nenuK u pacTeT _c ynenutt• 
t', ' ' __ /' ,, 

Z i:leii:CTBHTenhHO cymecT .. 
rrponopuuol!anbna nemittufi, 

'' . . I ' . • f~: ? 

u3 nputtuH Bhi?opa o6nac~ 

c iiOrrepettHhiMH cettenu~,l1 

H n·pllBOAHlllHX K p -8K'f!IE 
,.· 'f 

napel!HeM l!eii:TpOHOD H rr . . . . -· 

. c ynenuttel!ueM z onu JlC 
- . . 

Bhii'OAHO ucnonb30Bal!ue I 

nyttellHH H30TOITOB C 6onh 

B sKcrrepuMeHTanbH 

K ITOHCKY KOpOTKO)f(HBYlllll 

(0,5 - 1,5 Msn) lia ul!Te 

XOA u3nyttaTanefi MSII'KHX 

BhiXOJl8 6eTa;..aKTHBllOC.TH, 
. /5/ 

B Hal!leii: pa6oTe. •· 

TOB ITO ITOHCKY rrpoTpHHOI 

SKCnepuMeHTSX o6oramell 

o6nytianucb iionaMii . Ji· · 

nann na nonytienue p ~a1 

ctteT peaKuuii: · c li:criapeHJ 
96 32. • .. . . . -

Ru+ S 6hma o6napy>~ 

npoTOHHhiif uanytiaTenb •· C 

0,2 ceK <Tll <:. 2 ceK~ E 

eTcSI n pe3~.:iii,-ra-re _pacn. 

ro npa3eOJlHMa, 



'liiiiiM-o6pa3oM co
/2/ 

:::a 11 np, 11 HeMII-

3en&nec HBHO 3aaw-

x Mhl on11pan11ch Ha 

llpOBCKOI"'O, 

pr1111 pacnana npoTon

< z < 72. B cnyqae 

,-
1 

)Ha nnsr nerKHX n3o~ 
:::oH -u np. 1 o - He
·ep. ·= 2,. 

ro~Hofi HecTa611nbHOCTII 

:a. Ha ::noM .)l{e pllcyH-
.,. -4 

>KH3,HII 1 .ceK 1 3•1 0 ceK 

rP. >> 1 ceK npoToH-
. -6 

-pacnanoM; 10 ceK -

MHHHMan&Hoe epeMSII · B npuuunne nocTynHoe nnSI npSIMOfi pei'HCTpaunu 

a npnMeHsrarueficSI B uacToSimeu pa6oTe MeTOJliiKe. HHTepaan aHep~nu 

p . -pacnana 1 . oT~eqaromnu yKa3aHHbiM npe)len&HbiM 3Ha'leHHSIM r P 1 . He-
, , 

aennK II pacTeT . c yaenll'l9HIIeM z • BeposrTHOCTb TOI'01 'ITO )lnsr naHHOI'O 

z )leilcTBIITen&Ho cym;cTayeT ri3oTon c B P ~HYTPH aToro Hl!Tepaanal 

n~onopulloHan&HI!I aenii'liiHe nocne)lHet'o, 3~o o6cTosrTen&cTBO 6bmo onH~·u · 

H3 npii'liiH Bbi?opa o6naCTH Z > 50 )lnSI' no~CK8, llpyi'aSI npll'lii!Ia CBSI3a!Ia 

C rronepe'liibiMII Ce'leHIIHMII. peaKUIIH 1 Bbl3b!B89Mb!X TSI)I{enbiMII HOIIaMH1 

II np1Iaonsrm11x K p -aKTHBHhiM II30TonaM. 3a cqeT KOHKypeuunn Me)l{ny uc

napenlleM Hei!TpOIIOB II npOTOHOB Ce'leHIIH )lOn)I{IIbl 6biTb Manhi 1 O)l!IaKO 
• /4/ 

. c yaen11qeuueM z oun )lomK!Ibi pacT11.· Oue!IKII no.Ka3hiBaiOT 1 'ITO 6onee 

Bb!I'O)ll!O ucnonb30BaHne peaKUIIH Tuna . (HI, p xn ) , '19M (HI, xn) )lllSI no

nyqeHIISI 1130TO~OB C 6onbiiiiiM H9HTpOHHbiM ne!lJIIUHTOM, 

B aKcnepiiMeHTan&HOM oTnoruennn 3aJla'la ne npocTa. Oua CBOJliiTcsr 

K DOIICKY KOpOTKO)I{HBYillHX ( ~ } ceK)• H3Dy'laTenefi MSII'KIIX npOTOHOB 

(0,5 - 1,5 Maa) 118 IIHTeHCIIBHOM ijloue {3 -113nyqeHHSI. no OUSHKaMI Bbi

XO)l u3ny'laTane.il MSII'KHX npoTonoa nomKeH 6hiTh. B Mnnnnollbi pa3 MeH&rue 

BbiXO)la 6eTa-aKTHBIIOCTH, 
/5/ 

B uarueu pa6oTe 6hinii np11aeneHhi nepahie pe3yn&TaThi aKcnepnMen-

TOB no nOHCKY npoTpHHOI'O pacna)la 113 OCHOBHOI'O COCTOSIHIISI, 8 8TIIX 

aKcnepiiMeHTax o6oi'arneHHhie 1130Tonhi 96 Ru 1 
102 Pcl 1 

706 ·Ccl , 112Sn 

o6nyqaniiCh ilonaMu 32' ·s 11 35 Cl c pa3nuqnoii anept'neu, Mhi paC'liiThi-

aann na nonyqeuH:e p -aKTIIBHhiX · II30Tonoa Pr 1 Pm 1 Eu 1 Tb n Ho. 3a 

cqe'r pe'aKunil · c ·11cnapeuneM: npoTona 11 ( 4-7) nefiTpol!oa. B cnyqae 
96 32 i . , .· - . . . . . 

Ru+ S 6hma o6aapy}Kel!a cna6asr aKTHBHOCTh 1 · IIJleHTn!lJnullpoaallnaSI KaK 

npoToHHhifi ll,jeyqaTen& c auepr11efi 0 17 - 1'10 Maa 11 nepuonoM nonypacnana 

0 12 ceK < T 12 <: 2 ceK. Bhmo npennonmKeUo1 'ITO .. aTa aKTHBUOCTb .nosransr.

eTcSI B peaynhT8T9 pacnana H3 OCUOBUOI'O COCTOSIUHSI' HeiiTfJOHOile!lJuUHTHO

I'O npaaeon11Ma. 



B Aanbuei'lmeM npoaoAIWHCb JlOnonHHTenbHbie nccneAoBaHHSI sToi'l aK-
, . 161 : . 

THBHOCTH H· pS!A KoH:ponbHb!X OTib!TOB • B 9KCnepHM9HTaX HCTIOnbSOBanCSI 

ras.ouanoniieHHhiH Macc-cenaparop SIAep oTAa"'H. 

,l1sny"'aTenb' M~I'KHX rrp~TOHOB, BOSHHKaJOlliHH npH BSaHMOAE:iHCTBHH 
32 . 96 . .. ' . -

ny"'Ka ·s c Ru,6bm saperHcTpHpoaan TaK>r<e c noMOllibiO coaepm_eHJ!O 

HHOH MeTOAHKH, OCllOBaHHOH Ha co6HpaHHH. paAHOaKTHBHbiX npOAYKTOB C no

MOlliblO caepxsayKoBoi'l rasoaoi'! cTpyn. PesynbTaThi sKcn~pnMeHTOB c sroi'l 

MeTOAHKOft . ( OHH ·onUCaHbl B "'9TB.epTOH "'aCTH CTaTbH) cornacyiOTCSI C AaH

HblMH, nony"'eHHbiM c Macc-cenaparopoM. 
'· 

II • rasouanonneHHbii'! Macc-ceneparop 

rasonanonuenHhiH Macc,-cenaparop E3MCx/ o6ecne"'HaaeT 6biCTpoe 
-6 . 

(sa 10 ceK) OTAeneHHe llpOAYKTOB peaKUHH .OT ny"'Ka. flpHHUHTI TaKOI'O 
171 

cenapaTopa 6bm npeAnmKeH <t>ynMepOM H KosHOM • neranbHOe onHcaune 

E3MC AaHo B pa6oTe
181• CxeMaTH"'eCKHH BHA ycTaHOBKH noKasan Ha 

pHCo 2. B M9CTe HCTO'HIHKa Mai'HHTHOH CHCT9Mbl HOMemaeTCS!. MHlli9Hb 0 o6-

ny"'aeMaSI BbiB9/l9HHbiM HS UHKnOTpOHa Y -300 ny"'KOM MHOI'QSapSI/lHbiX HOHOB. 

flpoAyKTbl SIAepHblX peaKUHH Bbi6HBaiOTCSI HS MHlli9HH B BHA9 HOHOB B ysKOM 

KOHyce yrnoB B uanpaaneHHH. TIY"'Ka. florraAaSI B Mai'HHTHY~ CHCTeMy 0 sa-

nonneHHYIO rasoM ( uanpHMep, renHeM npn p 1,5 TOp ) 0 "S!Apa OTAa"'H
11 

HCTibiTbiBaiOT COyAapeHHSI C MOneKynaMH rasa H CT8THCTH"'9CKHM o6pasoM 

MeHSIIOT HOHHblH sapSIAo B COOTB9!CTBHH C 9THM M9HSI9TCSI H paAIIYC KpH

BHSHhl TpaeKTOpHH, 0/lHBKO nocne ycpeAH9HHSI no BCeMy nyTH OH 6yAeT 6nH-

. soK K R -sua"'eHniO, oTae"'aiOmeMy <lacrnue c paauoaecubiM sapSIAOM ; • . . . 

x/ E3MC - 6biCTpbiH sneKTpoMarHnTHhiH. Macc-cenaparop~ 

6 

Puc. 2. CxeMaTn"'ecKni'! 
nol-pona: 1 ~ riy"'oK, .· 2 -
CKOn us nponopunonanbH 

IToCKOnbKY e - f(z) vI . 0 

'laCTHUbl npaKTH'l9CKH He 

I'OKpaTHbiX nepes~pSI/lO'lH 

KpHBHSHhl OTHOCHTenbHO 

TaK, · uanpHMep, l:tnS! A·= 

sanonnennSI. Kann6poaKa 

IIpOAYKT8M SIA9pHb!X'peaK 

ITpoi'IASI 'lepea Mace 

o6'beM 'lepes TOHKYIO (20 

H OCT8H8BnHB810TCSI B/ He I 

Simero Hs rpex uHnniinpw 

KOB. ITepBbifi H BTopofi · c• 
I 

• 



ble uccneAOB8HU.SI 9TOH aK-

=rrepuMeHTax ucrronb3oaancSI 

IH rrpu B3aUMOA9HCTBUU 

c noMomhiD coaepm~u~o 

JaKTUBHbiX npOAYKTOB C no

lThl 9KCITepu~eHTOB C ~TOH 

'8TbU) cornacyiDTCSI C A~H-

'· 

cc-cenepaTOP 

1 . o5ecnequaaeT 5biCTpoe 

r ny'lKa. Opuuuun TaKoro 

M/7 
1, lleTa~buoe · onucauue 

ycTaHOBKU nOK838H Ua 

,J noMemaeTCSI .. Mumenb, o5-
, ' ' 

{qKOM MII0f'Q3ap SIAIIhiX UOIIOB. 

menu a auAe uouoa B y3KOM 

M8f'IIUTHYID CHCT9MY 1 38-

': 1,5: TOp ) , "siApa OTA8'IU" 

~CTaTUCTU'l9CKUM o5paaOM 
"' ~ 

1 M91ISI9~CSI U paAUYC KpU-

0 ~CeMy nyTU Oil· 5yAe.T 5nu

paBH0~9CIIbiM 38p~OM e o 

Macc-cenapaTop .• 

l 
: 

Puc, 2, CxeMaTu'lecKufi BHA ra3onanonueuuoro cenapaTopa ua ny'lKe uuK- · 
noTpoua: 1 - ny'IOK1 2 - MUmeUb 1 3 - SIApa , OTA8'IU, 4 - M8I'IIUT

1
, 5 - Tene

CKOn H3 nponopUUOH8nbHbiX C'l9T'IUKOB, 

00CKOnbKY e - f(z) V, OTKnoneuue B M8I'HUTIIOM none "paBUOB9CIIOHu 

'laCTUUbl npaKTU'leCKH He 38BUCHT OT CKOpOCTH R - f(zrH . ~3a C'leT MHo-

I'OKpaTIIbiX nepe3apSI.t:tO'lHbiX coyaapenuii ljlniDKTyauuu ycpeaueunoro pauuyca 

.R . ~e KpUBU3Hbl OTHOCHTenbUO OK83biB8IDTCSI cymeCTB9HIIO M9Hbme
1 

'19M -. 
<e> . 

TaK,' nanpuMep, anSI A'= i 00 pa3pemeuue no ' Hg ..; 3% B cnyqae renue'aoro 

3anonneHHSI, Kanu5pOBKa Macc-cenapaTopa ocymeCTBnSina'cb no 'H3BeCTHbiM 
181 npoi:tyKTaM. SI!lepHbiX peaKUHH , 

Opofi!lSI 'lepe3 · Macc-cenapaTop, "SI!lpa OT!la'lu" BXO!lSIT a TopMo3uoi1 
' ' ' 2 ' ' 

o5'beM qepe3 TOIIKYIO (200-300 · MKI'ICM ) B8KYYMIIYIO opraUU'leCKYIO nneuKy 

U OCTaHaBnHBa!OTCSI' B ·HeM~ 3TOT . o5'beM · UaXO:lHTCSI BHyTpH TenecKona,. COCTo

Simero H3 TP.eX UHnUHAPH'l9CKUX K08KC~anbllbiX' nponopuuouanbHbiX C'l9T'IU

KOB, OepBbiH H BTOpofi .C'l9T'IHKH OT!leneHbl OT TOpM031IOI'O 05'beMa H .t:tpyr 
I 



2 ' ' . 
OT APYI'8 TOHKOH (50 MKI'/CM .) opraHH'l~CKbil nneHKOH1 38IIbineHHOil '30nOTOM, 

Me )KAY . BTOpb!M H TpeTbHM' C'leTtiHK8MH - 383eMneHH8SI ceTK8 1 BbiiiOnHeHHa H 

B BHAe pSIAa HHTeil, HaTSIHYTh!X ~0 o6p8.3YIOII!eil unnnHnpa, ilnaMeTp BXOA

HOI'O OKH8 TOpM03HOI'O 06'beMa 60 MM1 A.llHHa - 150 MM, paAnanhHb!e Ton

II!HHbl. C'l9T'IHKOB COOTB9TCTBeHHO paBHbl 12, 140, 20 MMo flonHaSI AnHH8 Te

neCKOI18 660 MM. B KatieCTBe pa'6oqero ra3a ncrronh30Banacb CMeCb aprona 

c MeTaHOM (5%), .Me )KAY nepBb!M H BTOpbiM C'leTtiHK8.MH m~teeTCSI .KonnnMa

TOp1 H3I'OTOBneHHb!H H3 M9AHb!X KOneU (Tonii!Hf:!a· 0,15 MM1 llllipHHa 6 MM).. 

pacrrono)KeHHhiX Ha 'paccTOSIHHH 5 M~ APY~. oT Apyra, Pa3pemeHne rrepsoro 

cqeTtiHKa an~ ionnniviupoBaHHbiX; a -qacTnu (5,5 Ms13J - 15%, .'AnSI BToporo 

cqeTtiHKa - 5%, 

8 OIIb!TaX IIO IIOHCKy H3nyqaTeneil MSII'KHX npoTOHOB nepBbl9 J:iBa C'leT

'IHK8 BKmoqannch B cxeMy cosna.:teHuil, AHTHCOBIIaAeHHSI c TpeTbUM cqeT

'IHKOM qJHKCHpOBanH <iJaKT OCTaliOBKH tiaCTHUbl AO BXOAa B TpeTHil CtieT'IHK, 

Ba)KH8SI <iJyHKUHSI TpeTbei'O cqe'J-tiHKa- - CHH)K9HHe. 4Joua OT 38II83AhiB8!011!HX 

IIpOTOHOB: BKniO'l9HHe 8KTHCOBII8A9HHH yMeHh!ll89T CtieT 38Illi3Ab!Ba!OII!HX npo

TOIIOB IIpHMep!IO B 10 pa3, TiepBblll C'l9T'IHK npeAH83H8'!9H An5I H3MepeHHSI 

/),. f -yAelihHOil HOHH3aUHH. '!8CTHU,· HCIIYCKaeMh!X ·pacrraAa!OII!HMHCSI S!ApaMH1 

BTOpoil - H3Mep.SieT 'ocTaTO'IHYIO 3Hepi'H!O. f .-J1MnynbCbl; IIpOXOASIT:qepe3 
. . 

rrpeliycunuTenu n ycunuTenu u rrocTyna.J?T ·AnSI aHanu3a Ha MAPC • ( MHoro- • 

u · 6 u) /9/ A 
MepHb!H aHanH38TOp peAKHX CO b!THH . • Hanii3' pa3pemaeTCSI HMIIynb- · 

• I , , . 

COM COBIIaAeHHH ~ aHTHCOBIIaAeHHil, BBeAeHhl 6nOKHpOBKH: a) Ha BpeM.II 

IIOAa'iH Bh!.COKO'!aCTOTIIOI'O HaiipSI)K9HHSI H8 AyaHTbl UHKnOTpOH8j 6)' ·Ha ."ne

perpy)KaJO!llHe" HMIIY~bChi B /),.f , f KaHanax, CB.SI3aHHhie c rrpo6oSIMH 

B C'l9T'IHKaXj B) Ha. sneKTpOM8I'HHTHble H8BOAKH. ilnSI 6nOKHpOBKH nocneaHe

I'O Tuna nMencSI crreuuanbHhiil ycnnnTenbHh!il TpaKT. c :a.HTeHHOil ua 'BXOAe· 
' . . ,. ' ' 

rrpenycnnnTen.SI. B pe3ynhTaTe sTHX rrp_eA~CTop_O)KHOCTeil .<PoH .s o6nacTu. aM-. 

rrnnTyA, cooTBeTCTB¥I<?IIIHX rrpoToHaM c sHepruefi < 1,5. MsB, 6hm ua .. 1: ,, 

ypoBHe 0,1 HMn/qac rrpu Hanuqnu nytiKa B coceAHeil Ka6uHe. ·!., .. 

8 

B TaK Ha3biBaeMOM 

HanpSI)KeHne noAaeTcSI ua 

c qa.cTOTOH 200 repu. MM 

H3MepeHHSI rrpn ~crronh3~E 

IIY'IK81 . OK83b!B89TCSJ. II!JH 

)KH311H B tlHana3oHe .( 0,1·. 

MOAynSIUHSI 84-nanpSI)Kei!M 

OTAatiH 113 !I.IU!llenn. B en 

IIHSI II o6ctieTa aKTHBIIOCT 

/).tr S!Ap8 OTA8~H IIOCTY 

III!SI 8KTHB.IIOCTH, 3aTeM II 

CII8A 8KTI!BIIOCTH, ilnSI.3T 

MAPC'a. 

TionH8SI 8tp<iJeKTHBHOC 

a -;n3nyqaTenSI ISODy, 

Oua oKa3anach paBnoil -

cephi cneAoE>ano O)KIIA8Th 

-30 2 
10 eM • Ha puc. 3 rrp 

H3MepeHHhifi B pa6otiHX Y' 

neHHSI B K8Hanax IIOA06pa 

CII9KTp IIpOTOHOB C 8Hepr 

ISO 
n a -qacTHUhi Dy • 

B KaqecTBe 6ol\1f?ap, 

325 . 
I yCKOpS!Blll8SIC.II B Bl 

Ehmn rrpeAnpnHSIThi crreun 

Ke, ilnSI 8TOI'01 BO-nepBbl 

AnSI HOIIHOI'O HCTO'IHHK81 

T!llaTenhHO ycTaHaBnHB8nl 

ponh 3a rrpuMecbiO KIIcnc 



oil:, 3allhineHIIOH '30nOTOM, 

aSI CeTKa, BblllOJIHeHHall 

H/lpa, nl!aMeTp BXO/l-

MM, pa/lHaJibHble TOJ!

MM, flonHa51 /lJ!I!Ha Te-

30BaJ!8Cb CM8Cb aproHa 

:aMI! H¥88TC51 KOJ!Jli!Ma-

5 ~M, lll!Ipi!Ha 6 MM) ,· 

, Pa3pemeHHe nepsoro 

•) - 15'!';, ·llJI51 sToporo 

'OHOB nepBb!e /lBa C'leT-

1111.51 C TpeTbliM C'leT-
1 <. - >. 

aa B TpeTIIH C'leT'lHK, 

:a ;OT _3ana3AhiBaiOlllHX 

eT 3alla3Uh!B8~lllHX npo

Ha'lell /lJl51 H3MepeHHSI 

anaJolllHMHC51. 51/lpaMii, 

;Chi· ·npoXO/lHT • 'lepe3 

~a ·· na MAPC . ( Mlwro- · 

•83pemaeTC51 nMnynh- · 

OBKH: a) na speM5I 

:KliOTpona; .6),.ua ·' "ne-

:nhre c npo60SIMH 

~·6noKHpOBKH nocnenne

: a·~Tennoil: na ~xone·. 

reil: .<Pon ,a o6naqTn. aM-. 

1 ,5. Mss, 6h!Jl· na, '1 1,, ,,. : 

Ka61!He, 

l 

B TaK na3b!BaeMoM HerrpepbiBHOM peMHMe pa6oThi UHKJIOTpona Bl.J-
-3 

Hallp51M8HI!e nonaeTC51 Ha nyaHThl B BI!Jle IIMllYJ!bCOB llll!pHHOH - 10 COK 

c qa.cToToil: 200 repu. MuHnMaJibHhiii nepHO/l nonypacnana, nocTymrhJil: /l1!51 

1!3Mepell1!51 npli IICll0Jlb30BaHHII 6nOKIIpOBKll 118 BpeM51 npOXOM/lOH1151. cryCTKa 

-4 
ny'lKa, OKa3b!BaeTC51 npl! 9TOM paBIIb!M 3•10 CeK, nn51 1!3Mepellll51 BpeMell 

)!\1131111 B /ll!alla30He .( 0,1 - 10) CeK llpi!Meii51JlaCb 1!1160 /l~llOJIHUTeJiblla51 

MOilYJl51UII51 Bl.J-nanp51MeHII51, nu6o MeXaHH'leCKoe npepb!B8HI!e llOTOKa smep 

OT/la'lu Ir3 MumeHH. B cnyqae nononHHTenhnoil: MOilYJI51UI!ll peMHM o6ny'le

H1!51 u o6c'leTa aKTHBHOCTH 6hin · cnenyJOlllHM, B Te'lenne nnTepsana speMelln 

1:'1 t 1 51/lpa oTna~n nocTynanu B c'leT'lnK-, npou3sonnnocb 113Mepenne uaKonne-

HU51 aK TliBHOCTII, 3aTeM lly'lOK nepeKpb!B8J!C51, ll B Te'leJII!e L'lt l H3Mep511!C.II 

Clla/l aKTUBHOCTI!, nn51 9TIIX 1!3MepeHIIH I!CllOJ!b30BaJIC51 BpeM61IHOH KaJiaJ! 

MAPC'a. 

0oJIHa51 s<jJ<jJeKTIIBHOCTb,YCTaHOBKII oueHHBaJ!aCb C IIOMOlllbJO H3BeCTIIOrO 

a -;ll3J!y'laTeJ!SI 1 50Dy, KOTOpb!H nony'laJIC.II B peaKUHH 124sn ( 3 2 s I 6 n ) . 
-3 

Ona oKa3anacb pasnoil: - 0,5·10 • Opn nocTynHhiX uuTeucnsHocT.HX ny'lKa 

cepw cnenoBano oMn/laTb 10 co6wTHi1: B qac /l1!51 nonepe'lnoro ceq~unn 
-30 2 

10 CM • Ha puc. 3 noKa3au L'lf-E-cneKTp a -'laCTHU 150Dy (4,23 Mss), 

H3MepeHHbii1: s pa60'lHX ycnoBH.HX (nasnenue s TenecKone 100 Top,) Yen:.. 

J!eHHSI B KaJianax llOJl06paiibl TaK, 'lT06b! "CMO/l81!11pOBaTb" annapaTypHblH 

cneKTp npoTonos c sneprnell: 1,0 Mss, nMeJOIUHX TaKoll: Me rrpo6er, 'ITO 

H a -'laCTI!Uhi 
150 

Dy • 

B Ka'lOCTBe 6oM6ap/lHPYJOIUei1: 'laCTHUhJ1 B OCHOBIIOM, HCllOJ!b30BaJ!aCb 

32s, YCKOpSIBlllaSICSI B BUlle lll8CTU3apSI/lliblX HOIIOB /lO SHeprHH 275 MsB, 

Ehinll npennpHH.IIThi cneuuam:;Uhie Mepbi nnn yMeHbllleHH51 nonn +3 0 16 
8 ny'l

Ke, nn.11 STOro, BO-nepBbiX, HCIIOJ!bSOBaJ!CSI H2 ·s B Ka'leCTBe pa6o'lero ra3a 

/lJl.II HOIIJIOrO HCTO'liiHKa, BO-BTOpb!X, BeJ!H'lUIIa MarJIHTHOro llOJ!SI UIIKJ!OTpO!Ia 

TlllaTenbHO ycTanasnusanacb s6JIH3H pe3onancnoro 3Ha'le!IH.II /lJI.II cephi. KonT

ponh aa npnMecbJO Kncnopona. s ny'lKe ocymecTBJISIJICSI c noMomhio ·s; (Au ) -

g 
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{60 20 40 . 60 BO ~00 

. 150 124. 32. 
PH c. 3. ~E-E-<:,neKTP ~ -"'aCTHU Dy, nony"'e!IHOI'O B peaKUHH . Sn ( S, 6n). 
.Uaaneaue B c"'eT"'HKe 100 Top. YcHneHHSI nono6paHhi TaK, "'T06hi KapTHHa 
MonenHpoaana pacnpeneneHHe HMnynhCOB nnSI npoTOHOB c EP -:. 1,0 Maa. 

cneKTpoMeTpa, perHcTpHpoaaB!llei'o pacceSIHHhiii ny"'oK. PacceHBaTenb ( cy

canhaoe sonoTo) noMe!llancSI nepen MH!lleHbiO B8MC' a. KaK npaaHno, npH

Me;b KHcnopona B ny"'Ke 6hma aa ypoaae 10%; 

Ill; PesynbTaThi aKcnepuMerToB c rasonanonaeHHhiM Macc,;.cenapaTopoM 

1. Bhmo nponeneao o6ny"'enue MU!lleHeii H3 pasneneHHhiX nsoTonon· 

96 Ru, 102 Pel, 106 Ccl , ll 2 Sn x/ uonaMu +6 S 32 ( Emax = 270. Maa). 

l130TO~hl 96 R~ u 1l2Sn o6ny~anucb T8K)Ke ny"'KOM'+6 C1 35 
( e:ax= 250 Maa), 

. x/MullleHU;!!3 96 Ru H.I02Pc/6bm!! MeTannu"'eCKUM!! (2-3 MKI'/cM
2

); 
106. Ccl u 112Sn , TaK~ll_1 ,>K,e. ·.TomuuHoii 6bmH aaaecenoi B nun~ .. oKuc.u na aniO~ 

MllHUeByiO llOJlnO)KKY • Conep)K8Hli9 OCHOBHOI'O U30TOll8 B MH!lleHSIX 80-90%. 

10 

'· 

. Bauny neTO'IHocTeii · npenc 

IIOCT!! aaepi'!!SI ny'IKa B8}: 

SIX 6o1no · ycTaaoi3neHo o5J 

npOTOIIOB ( ll30TOllbl peJlKC 

naaneHHU. (100-150) Top 

xonnT qepe3 ace Tpu cq€ 

nnSI BhiJlene!IUSI · aanaa.O:oiB 

ll8JlOHUSI1 'ITO npaKTU"'9CK 

'ManhiX aMnmiTyn. 
I • .. 

• !la .puc • .4 noKaaaHEJ 

OT M8I'llUTHOii )K9CTKOCTIJ 

CyUKa yK838Hhl KOMll8YHJl· 

Mhie uaoTOllhi. MaKCHMYM 

. 6nU3K!!X K. paC'I9THblM Be . 

HUeM 5-7. HyKnOHOB, C p< 

. HUeM KynoHOBCKOI'O 5apbE 

H~ puc. 5 npunenea 

lllUX npOTOHOB 1 B03HHK8IOI 

rHeii 240 Man· (nanneaue 

"19TH8SI .Kanu5pOBO"'Ha~ nH 

-TopMoaaoro o6'beMa~ Cne, 

aKTHBHOCTb pacnpeneneaa 

K nononHHTenbHOMY pa35I 

!lleaueM aaeprnn, OpoToH: 

B E -c''leT"'UKe,· noaTOMY 

ny nhCbl OT. 38U83JlhiB8IOIUr. 

nnUTyJl, UOCKOnbKY OCHOBI 
1101 . ' 

npnMep, ) , Cpennnii n 

llli!X npOTOIIOB p'aaeH (7,0 

Bnocnent:TBIIII 5omo ycTaH 



,· 
, . . 

t20~ fi(O 

E KaHOfl 

160 

· 124.s (32 ·s 6 J 
:>' a peaKUlUf . n , n • 
IHbl T8K, 'lT06bi K8pTHH8 

r~uoa c EP 1,0 Mas, 

y'loK. PacceHBaTellb (cy

V\C' a, KaK npaBifliO, npH-

:>l!HeHHbiM Macc.;.cerrapaTopoM 

p83AelleHHblX lf30TOIIOB 

'( Emax = 276 Mas), 

iM'+6ct 35 (Emax= 250 Mas), 
' ~ . 

ecKHMlf (2-3 MKr/cM
2

); 
lbl B BHAe OKHCH H8 8li!O~ 

r'oila a MuweiisJc. 80-90%. · 

l 
1 
j 

I 
I 

. Bim.ny neTotiuocTeii rrpe.ncKaaaunii noiio)!{eHHH liHHHH rrpoToJmoii uecTa6Hnb

uocTH aueprnsr rrytiKa aapbnpoaanacb a umpoKHX rrpe.nenax, Bo acex cnyqa

srx 6hiliO YCT8HOBlleHo o6p830B8Hife HOBblX H3lly'laTelleii 381l83AhlB8!0IUHX 

npoTonoa ( lf30TOrrbi pe.nKoaeMellbHhiX aneMenT~B oT Nd .no Ho ) , IT pH 

A8Bli0Hlflf ( 100-150) TOp OCHOBH8H M8CC8 381l83AblB8!0lUHX llpOTOHOB rrpo

XOAHT qepe3 Bee TpH C'leT'lHKa, 3TO 06CTOHTOllbCTBO 6b!ll0 HCIIOllb3088HO 

Al!H BhiA9li9HHH 381I83AbiB8!0lUHX rrpOTOHOB: pel"HCTplip088liHCb TpOHHble C08-

II8AOHHH0 'ITO npaKTH'lOCKif IIOliHOCTb!O IIOA8Bl1Hll0 f3 -<!JoH A8)!{0 B 06llaCTH 

M8llb!X 8MillllfTYAo 
I ' 

•fla pHC~ · 4 IIOK838Ha 38BHCHMOCTb C'l9T8 381l83Abl88!0IUHX llpOTOHOB 

oT Mal"HHTHoii lK9CTKOCTII E3MC .nnsr sr.nep .OTA8'llf, B aepxueii 'laCTII pn~ 

CyHK8 YK838Hbl KOMIIBYH!l-SILipa, qepe3 KOTOpbie o6pa3y!OTCSI pel"IICTpHpye

. Mhie H30TOIIbi, MaKCIIMYMhi KpHBhiX pacnollo)!{e!lhi nplf 3Ha'leHJisrx H p , 
~/ > 

6nH3KHX K pactieTHbiM BeliH'lnHaM nnsr H30Tonoa, nonyqaromuxcsr ucnape-

uueM 5-7 HYKliOHOB, C pOCTOM z Bh!XO!l nanaeT, 'ITO CBSI38110 C yBeliU'le-·

·IIUeM KynouoacKoro 6apbepa nnsr npoToHoB. 

H~ pHc. 5 npHaeneH np~_IMep ;:.. E-E-cneKTpa nMnynhcoa oT aanaanbxBaro

mux npoToHoa, B0311UK8IOIUHX npu o6nyqeuuu 96 Ru IIOHaMJI 32 S. c auep

rueii 240 Maa ·. (naaneHue a ctieT<iHKe 150 Top). TiynKTupoM noKaaaua pac

tieTHasr Kal!U6pOBO'lfi8H lllffllfH !lliH ITpOTOHOB, BblliOT8!0IUUX P8AU8llbHO C OCII 

.TopMoauoro o6'beMa, Cne.nyeT HMeTb B BHAY, 'ITO B pa6oqux ycnoBHHX 

aKTHBHOCTb pacnpe.neneua no aceMy TOpM03HOMy oo'beMy, 3To npuao.nuT 

K AOITOliHHTellbHOMy pa36pocy TO'leK, BOlllf'llfH8 KOTOporo paCTeT C ·yMeHb

III9HHeM aHepriiii. ITpoToHbi c aueprueii CBbiiiie 1,8 Maa .ne ocl-auaanuaaroTcsr. 

a E -cqeT'lnKe, noaToMY B aToii TO'lKe Kpuaasr peaKo MeHsreT naKnou, HM

nyJlbChi OT 38IT83AbiB8!0IUHX npOTOHOB rpyiTITiipyiOTCSI B OOli8CTU ·MallbiX aM

ITliiiTyA, ITOCKOJlbKY OCHOBH8.H lfX AOliSI lfMeeT aHepl"UH >" 2 Maa ( CM,, Ha-
/10/ > • 

rrpnMep, ) • Cpennlfii nepHOA nonypacrrana nnsr H3lly'laTeneii aana3AhiB8Io-

mHx npOTOIIOB paBeH (7,0:!:_0,4) ~ CeK ( lfHTepBall lf3Mepe11HSI /),. f2 = 10 CeK),, 

Bnocne.nt:TBHH 6blliO ycTauoaneJio, 'ITO aTo CMecb· uecKOllbKifX naoTonoa. 

11 
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Puc, 4, 3anucuMOCTh C"leTa sanaSilhiBaJOIUllX npoTOHOB oT H p llnSI SIIlep 
OTilB"lH, nmi M·umeHu 96 Ru cenapaTop sanonHeH renueM ( p = 1,5 Top) 
ll' ilonHh!H ITOTO!t UOIIOB 3•1 014, nn~ MH!lle!IH 112Sn B.. cenapaTope CMeCb: 

· He (75%) + B031lYX (25%) npu p = 1,1 TOpj nonHhiH riOTOK HOHOB -
Jo15 ,'· 3aepruSI i:Iy"lKa .. ao !3cex cny"laruc - 210 Man, 

a, ) 

60 

a 
l: 
~ 4o 
lU' 

'<J 
zo ' 

' ' 
I 

7 r, f 5 
11 1322. 
18 ~7Z 

8t1 

2D 

I j. 

[0.9H38 f2u96 tS JZ 

" I'-, 1 f.1 H38 . ' 
" J_ ....... 

2 z ....... 
7 ~ z '2 ~in-10 10 8 8 612 --:p- .. , {3H38 

l'f: Ill Z.91!"1J 
8915& 2613 7 Wlt. ~ 
1061 

I 
L.to 60 80 . fOO f20 fifO 

E KC1HOJ7 . 
~i~ 

Puc, 5, ~f-EcneKTp HMnynhCOB OT 3aiT831lhiB8JOIUUX npOTOHOB, nannem~e 
a TenecKone - 150 Top, DyiiKTnpoM llBHa pac"leT!Ia.lt Kpnna.~:~ llnSI npoToHon, 
neTSIIUUX p·alluanhHO c ocn TOpMosaoro o61>eMa •. fopnsoiiTanh!Ihie oTpesKu 
ITOK8SbiB810.T pas6poc no . f , BHOCHMhiii · TOpM03HhiM 061>eMOM,. 
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l 

l 

M hi . ne nponollunn not 

Teneii 38IT831lb!B8IOIUHX np01 

npOTOII8M K8K K Han6onee 

noucKy npoTonnoro pacnall~ 

TaK: lf3MepeHHSI C {3 -HCTO' 

"lHKaMn nOKasann, "'TO oc 

na)le!InSI" o6ycnoanea sapa< 

38U831lhiB8JOIUUX npOTOHOB J 

n~U81l8HUSI H8 erb. BXOilHYJO 

conna)lenuii, DpnMeHSIB~aSic 

HhiMU lf3MepenuSIMH perncT: 

·"llfBano Henpepb!BHhiH KOHTp 

nonbsoaancSI ananusaTop A 

lleHnii, 

2, nocne npellBapnTeJ 
/5/ 

npOTOHOB Mbl OCT8HOBHn 

Tani.noro nccnellonannSI, B c 

Ha BXO):Ie B MH!lleHb COCT8B 

1,5 TOp, M8I"HHTH8SI )KeCTKC 

CTBOBano M8KC~MYMY C"leT~ 

Ha puc. 6 npellCTanm 

HMITynbCOM COBU81lel!HH-8HT 

)KHM pa60Tb! UHKnOTpona - HI 

nnnu Tpn rpynnhi lfMnynbco 

llhiBaioiUUM. npoTonaM, B no 

nynhCOB 8TOH rpyniTh! H 381 

nepnot:~on nonypacnalla, cyu 

nneaoro (200 MK) nornoTn' 

II u Ill npuXOilSITCSI llOnu r 
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120 
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DB 'oT H p nnSJ. SJ.Jlep 

meM ( p = 1,5 TOp) 

1. ·.cerrapaTope cMech: 

b!H IlOTOK HOHOB 

gs . . ·sJ' ' t 

120 fifO .. 
1\GHOfl 

1p,OTOHOB 0 nasneHJ:{e 

KpHB8Sl JlJISl IIpOTOHOB 1 

I30HT8nhHbie . 0Tpe3KH 

o6'beMoM •. 

1 
r 

j 
i 
l 

Mbi ne rrposonnnn IIO/lp06HbiX H3Mepeunii nnSI nneHTHqmKaunn H3nyqa- . 

Teneii 38ll83Jlb!B8IOIUHX IIpOTOHOB1 IlOCKOJlhKY IlOJlXOJlHJIH K 38Il83Jlh!B8IOIUHM 

IIpOTOH8M K8K K H8H6onee 0Il8CHOMY HCTOlJHHKy ¢oHa B 9KCIIepHMeHT8X ITO 

• 
IlOHCKy IlpOTOIIHOI"O paCII8Jl8 H3 OCHOBHOI"O COCTOSIHHSI. 3TO /leHCTBHTeJibHO 

T8K: 113Mepenust c f3 -ucTO'IHUK8MH u nornoTnTeilstMH Memny /),. E H E -ctJeT-

lJUK8Mfl IIOK838JIU 1 'ITO OCHOBHOH ClJeT H B pemHMe uCOBil8JleHHSI~aHTUCOB-

II8nenustu o6ycnoanen 38II83JlbiB8IOIUHMR rrpoTOH8MH. llpnMepuo 1/10 acex 

38Il83JlbiB810IURX IlpOTOHOB Jl8eT 8HTHCOBil8JleHHSI C TpeTbHM ClJeTlJHKOM H3-38 

IIOII8Jl8HRSI 118 ero BXOJlHYIO ceTKY II 38. C'leT KOHelJHOI"O IIOpOI"a CXeMbl 8HTH

COBII8JleHaii. llpRMeHSIBIU8SICSI 9iJeKTpOHHK8 Il03BOJISIJI8 Il8p8JIJie.JibHO C OCIIOB

Hb!Mif 1!3MepeHRSIMH pei"HCTpRpOB8Tb 38Il83JlbiB810IUHe IIpOTOHbi 1 'ITO o6ecne

·'IRB8JIO Henpepb!BHblH KOHTpOJib 38 COCTOSIHHeM 8IIII8p8Typb!, nnst 9TOI"O HC-

IIOJib30B8JICSI anana38Top AH-256, yrrpaansteMhiii aMnynhCOM TpoiiHbiX coarr8-

neHKii. 

2. llocne npeJlB8pRTeJibHblX OilblTOB ITO IlORCKy R3JIY'I8Teneii MSII"KHX, 

IIpOTOHOB/
5

/ Mbl OCT8HOBRJIHCb 118 KOM6HH8UHH. 96 Ru + 32 'S JlJISI 6onee ne

T8Jlb!IOI"O RCCJieJlOB8HHSI, 80 BCeX Oili!Cb!B8eMbiX HHme OilblT8X 9Hepi"HSI IIylJK8 

118 BXOJle B MRIUeHb COCT8BJISIJI8 240 MsB, n8BJie!lae I"eJIHSI B cerr8paTope 

4 
1,5 TOp, M8I"HRTH8SI meCTKOCTb .97,3·10 I"8YCC/CM1 'ITO npaMepHO COOTBeT-

CTBOB8JIO M8KCHMYMY C'leT8 38Il83Jlb!B810IURX IIpOTOHOBo 

Ha pac. 6 npencT8Bnen l:l E-E cneKTp, 3aiiHCh KOTopoi"o p83peman8Ch 

HMnynhcoM cosn8nenHii-8HTncosrranennii. naanenue B ctJeTtJUKe 150 Top, pe-

'5imM pa6oTbi unKnoTpona - nenpepbiBIIbiii, lljm ananu3e sToi"o crreKTpa Mbi Bbtlle

nann Tpn I"pynnht I!Mnynhcos. fpynna 1 o6st3aHa, I"JiaBI!biM o6pa3oM, 3aiia3-

/lbiBaiOIUUM npoToHaM. B nonh3Y · sToro I"OBopnT nono6ue pacnpenenenust IIM

nynhcos sToii I"pynnbi u 3ana3JlbiBaiOIUHX rrpoToRoB ( pnc. 5), cosrraneHue 

rrepHonos nonypacnana, cymecTaennoe cn11menne C'leT8 npn BBe!leHun £WIOI\III

HI!eBoi"o · (200 MK) rroi"JIOTHTenst Memily !J.E n E -cqeT'IHKaMn. H8 rpyrrnht 

II II Ill rrpnXO/lSITCSI nonn npoueRTa oT C'leTa 38II831lbiB8IOIUHX npoToRoa. 

13 
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: P'nc,- 6, 1\E-E cneKTp B aHTIICOBna.rieHIHIX c Tp.eTbllM C'!eT'IIIKOM, naBnenrre 
·B C'!eT'IIIKe 150 Top, TionHbiH noToK rronoB qepes MHIIIeHb 2.101El, PmKIIM 
o6nyqennSI - uenpepbiBHbifi, 

TioaToMy cpasy )Ke B03HHKaeT Bonpo'?, He SIBnmoT<;:SI nu ~pynnhi U H Ill. 
_ "XBOCToM" HIITeHCHBiwn rpynnhi I • TipSIMofi .OTBeT ~o)Ke~ 6biTb nony.qea 

ll3 cpaBHeiiHSI nepHOllOB nonypacnana. BpeMeHHOH xon ~KTHBHOCTH llOn)Ke!l 

6hiTb OflHHaKOBbiM, ecnu HMnynbCbi _ B rpyrmax 1 , II , Ill HMeJOT OllHQ 

npoucx·o)Knenue, l1sMepeuuSI 'noKasa~u, .. 'ITO nepHOllbi nonypacnana B STHX 

rpynnax cymecTBeHJio pasnu'!aJOT.cSI, TaKIIM o6pasoM, anriapaTypa,oe • "abiMbi-

Bairue" HMnynbCOB H3 rpynnhi I B II H Ill cne.QyeT HCKnJO'!HTb, 

PesynhTaTbi a Tux nsMepeHn. i npencTaBneHi>I Ha puc~ 7 n 8, BpeMeHa 

118KOnneHIISI 8KTIIBIIOCTH II pacnana 6binll Bbi6pall,bl paBH?IMII 10 CeK, 06pa-

60TK8 npOII3BOllJinaCb 'no MeTony HauMeHbiiiiiX KBanpaTOB, nnSI rpynnbi I. ...... ~· . 
nonyqeJio T !l = ( 8 ,2±.0,9) ceK, 'ITO B npenenax omu6oK coBnanaeT co cp~n-

• : ,_ , , , , ....... :,:),~.r· ~ ·, ; .,1. -~. ·" · .,. , • • . , · 

HIIM nepHOllOM nonypacnana Ami 38ll83llbiB8K,JIIIHX npOTOHOB, nnSI II +Ill aHa-

nus naeT T !l =- ( 1 ,8;!:.~:4 ). c,:e~.3.Tu :~~epenun 6binii, npone~alibi 'c no-: 
>• rj"" • • "'•; 

nommTenbJioil MonynSiuueil BbiCOKoqacToTiioro nanpSI)KeHHSI uuxnoTpoHa, Bos-... .. ... ' . ·. . ..... ' ' 
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1M cqeT'II1KOM. .Llanne1me 
Ml1weah. 2.1018. Pe)I(I1M 

CSI n11 .z:pynnhi U 11 111. 
. . . 

r MO)I(eT 6biTh nony'lea 

X9a aKT11BHOCTI1 AOn)l(eH 

, ./1 i !// 11MeJOT OAHQ, 

hi nonypacnaAa B ar11x ; , 

iM, amiaparypa,oe • "Dbi,Mbi

iAye_r 11CKIJIO'IUTbo 

aa p11c~ 7 11 8. BpeMeaa 

paBH~IMI1 1 Q CeKo 06pa

lp8TOB~ '.LlnSI .rpynnhi I · 
. . . ' ~ ' ' ', 

ri116ciK COBITaAaeT co cp~A

pOTOHOBo .Lln.H II +Ill aaa-

·., 
6wi11. npoAenaUbi 'c AO-. . . . . ' . 

'5I*eHI15I U11Knorpona~ Boa-
.:~ '_,. . ..... ' / ' ·" 

i 
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P11c~ 7. BpeMeaaoii XOA aKTI1BHocreii B rpynn!'lx I 11 1-tl/1, 113MepeUHbiH 
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~~· 

MO»<H0 1 'ITO eneKTpH'leCKH( 

uanpH»<eHu~ H~/ nyauTbi~ AI 
TeM ue Meuee, aTa TOlJKa 

II B Kpuaoii pacnana . ua 

rpy_nmi Ill a·uanu3 na~T ITE 

4To5bi ~uemiTh cpen 

nonh30Banucb I<ami6pon'oqf 

c a -lJaCTHUaMU· 150Dy01 ·; 

CKOlle, C llOMOnlbiO 9TUX II 

uy10 ¢opMy nuu1m nnH npo 

cpenueii suepruu rpynnhi I 

ren~uo suepruu rpynnhi. II 

nhiWaeT 0,9 Msa, Eonee c 

T,K, npu nanneuuu 150 TOI 

aeuuy10 non10 npo6era · np_o 

fpynna II · npencra·s 

MO»<eT 5biTb CBH38H8 C ·np 

5onee qeTKor:-o BbiAeneHHH 

naaneuuu pa5oqero ra3a 's 

CTeneHU CK83biBaeTCSI TOm 

oT rpynm1 Ill ( 3a. ClJErr t 

pacnpeneneuue HMnynbcon, 

IUHM o5pa30M OllHCbiB8~TCS 

6biCTpoii lJ8CTH paneH 0 16:!:: 
'i.! '. 

CBH3aHa c ¢ouoM • Ha pr. 

BKJ:IIO'leHhl TOnbKO HMnynhC 

CeKyiillbl UHTepaana H8KOIIJ: 

x/ . . . . . . 
E cnu pacnpeneneHE 

TO T~ = (1,6:!::.0,7) ceK, 



I 
' I 

I 

lr.-' 

" 

"""' 
. -r-- "'"'-..... 

r.o 10 

':>eM~ CeK. 

8'1810IUHX 'npOTOHSM 

MO)KHO, 'ITO aneKTpH'l8CKJie HSBO.(lKJI, CB5I38HHhl8 C MOM8HTOM IIO.(lS'lH 

aarrpH)K8HII~ Ha .uyaHThi, .uan11 BKna.u B rrocne.UHIOIO TO'IKY ·Ha 'KPJIBoli II+ Ill. 

TeM ue "'wnee, aTa TO'!Ka y'lliThiBanacb rrpJI ·anamrGe, I:Ja .uon10 rpynnhi 

II B KpliBOii pacrra.ua ua p!Ic. 8 rrpJIXO.UJITCH - 1 I 4 '!Jicna JIMrrynbcos • .Un51 

rpy.rrrrhi Ill ananJIG .uaeT rrepJio.u rronypacrra.ua ·. T'lz =. (2,1:!:,0,8') ceK. 

4To5bi ~UeHUTb cpe.(lHIOIO anep!"JIIO, OTP.e'laroruy!O I"pyrrrre II/ . , Mbl BOC

nOnb30Ban!ICb Kann5pOB0'1Hbli. KpJIBOH (puc. 5) ,- a TSK:lKe ;I3MepeHJil'IM~ 
lSODy, . . " C a -'ISCTIIUSMII IIpJIB8.[l8liHbiMII .Unl'l pa3nU'!HhiX J:lSBneHIIH B. Tene-

CKOIIe, C rroMouibiO aTnx U3Mepennii yaanocb "cMo.uenuposaTb" anrrapaTyp

nyiO cjlopMy nunuu .ung rrpoToHOB paGnuquoli aaeprnn. B peGynbTaTe .uns:~ 

cpe.unei1: anepruu rpyiiiihi Ill rronyqeno ::j!Ha'!eHue ( 1,2:!:,0,1) Mas. OTnocu

TenhHO aueprHu rpyrrrrhi II MO*HO 5I>mo CKaGaTh TonhKO, 'ITO· ona ae rrpe

BhiiUaeT 0,9 Mas. Bonee onpeaeneimoe GaKniO'leaue c.uenaTb GaTPYlliiHTenbno, 

T,K. rrpu aasnenuu 150 Top Tonruuna TOpMOGHoro o5'beMa ·cocTaBn5IeT cyruecT

BeHHyiO J:lOniO rrpo5era rrpoTOHOB. cTonb Manoii aHeprliu. 

rpyrrrra II rrpeJ:lcTaBn5IeT oco5hi~ uuTepec, T.K. rrpe*lle Bc·ero ona · 

M0)!{8T 6b!Tb CB5I38Ha C IlpOTOHHhiM paCIIS.[lOM II3 OCHOBHOI"O COCTOHHII5I, .Un51 

6onee 'leTicoro Bh!llenenug aToll: rpyrrrrhi 6I>mn rrpoBeJ:leHhi nGMepeausr rrpu 

. .QaBnennu pa60'i8f'O raGa B TeneCKOIIe 100 TOp, B 'aTOM cny'lae B M8HhiUei1: 

CT8II8HII CK83h!B88TC5I TOniUnHa TOpM03l!Of'O 05'beMa II YM8Hblll88TC5I BKna.(l : 

oi rpyrrnhi Ill ( Ga c'!eT aHTIICOBIIa.(leani1:). Ha pH c. 8 rroKaGauo BpeMennoe 

pacnpeJ:leneuHe nMnynhCOB, OTBe,aiOIUIIX E < 0,9 MaB. PacnpeJ:leneane aannyq

IUIIM ·o6pa3oM. ol!nChiBaE:TC51 cyMMoi1: llBYX aKcrro'u~HT. ITepnoll nonypacrra.(la 

5biCTpoi1: 'ISCTH paBeH 0,6:!:,0,3 C8K, Me!ln8HH85I KOMIIOH8HTa M0)!{8T 6biT~ 
'x/ . 

CBl'I3SHa C cpOHOM , Ha pnc. 9 IIP8llCTaBneH !lE-E -crreKTp, B KOTOpbiH 

BKni0'!8Hhl TOnbKO IIMIIynhChi 0 3apef'IICTpllpOBSHHhi8 B rrocne)liiiie. 'l8Th!pe 

C8KYHllhl IIHTepBana HaKorrneHIISI II· B rrepBbie llBe C8KYIIllbl IIHTepsana II3Me.-

x/ ··.. . . . 
Ecnn pacnpe.ueneane TO'leK liS pnc. 8 OIIIIChiBSTb OlliiOH aKCIIOH8HTOf!, 

To T'lz (1,6:!:,0,7) ceK. 
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l' 

peHHR pacnaaa. 3To. 6b 

KOpOTKO*HBymeil: aKTHBH 

B KOTOpyro no paC'I9TY. I 

B pac'leTe y'I~ThlBanncb 

If pa3peweHHe C'I9T'IHKOI 

TOHOB C SHepraeil:· 0;7; .( 

nynbcoB, oTBe'laromax. M 

IlepHoa nonypacnaaa ··aTr 

= 1 CeK. flpH 9TOM non: 
I , 

CyMMapHbiil: BhiXOlt . . 
aa sanaaabmaromax· npo1 

3. BbiJIH npo~eaen1 

us 96 Ru c nornoTHTeriE 

3 25 Ha BbiX0}:19 B MaC 

ycnOBHRX. 3TOT. on.biT .61 

BKJla}:l OT nerKHX npOTOf 

sa c'leT paann'IHhlX pem 

Ka3aHO, 'ITO UHT9HCUBH~ 

6) B Ka'leCTBe MHwenn 

anHTenbnoro o6ny'leHHR 

aMnJ1UTYJ:I1 OTB9'18IOIIIUX 

'leM B cny'lae 1\mweun 1 

4. Mi.I. He npaBOJ:IH 

uany'laTeneil: MRrKnx np' 

noJIHUTb nOJlHbl~ Ha6op : 

HHU aneprun ny'IKa aT. ~ 

x/ ' .. ·'··. · ..... .. 
3To oTnoulenne 

aann*enne · c'leTa aaii:'aa, 
nepBor.o, H ,TpeTpero ,c'IE 
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E~kaHQ/7 

C'l9T'IHK9 100 TOp. floSIC-

peHHSI pacrraga. :3To 6hmo cgenaHo gnSI Toro, 'IT06hi "o6oraTHTb"'.· crreKTp 

KopoTKO)Imaymefi aKTHBHOCTbiO. Ha rrnocKocTn· f",.f.f · BhiJleneHa nonoca, 

B KOTopyiO IIO paC'leTy JlOmKHhl IIOIIaCTb HMIIynbCbl OT. IIpOTOHOB C f<0,9Maa. 

B pactieTe Y'IIIThmanncb pas6poc aHeprnfi sa ctieT TopM.OSHOI'o .o6'beMa 

II paspeiiieHHe C'l9T'IHKOB. floKaSaHhl TaK)K9 ytiaCTKH aTOll IIOnOCb! JlnSI 'npo

TOHOB c aHeprnelf o;7; Ci,B; 0,9 Mas. UeHTP TSI)K9CTH pacrrpegeneHIISI HM

rrynbcoa, OTBetiaiOIIIHX MSII'KIIM npOTOHaM! COOTB9TCTByeT auepi'IIH 0,8 Mas. 

flepHOil rronypacrraga aTO~ rpyiiiihl HSMepSinCSI T8K)K9 H B pe)KHMe f",.fJ = /",.t2 = 

= 1 ceK. npn aToM rronytieHo ·r ~ = (0,64;!:.0,42) · ceK. 
I 

CyMMapHhifi BhiXOil gayx rpyrrrr MSII'KHX rrpo'ToHoB - 1/300 OT BhiXo-
. x/ 

Aa SaiiaSJlbiB8IOIUHX IIpOTOHOB 

3. Ehimi npoaeAeHhi cneJlyiOIUHe cjloHOBhie orrhiThi: a) 06nytianacb MIIIIIeHb 

ns 96 Ru c nornoTnTerieM AnSI SIAep OTJla'lH ( AI ; 9 MK). :3Hepi'HSI nouoa 

325 Ha Bb!XOA9 B Macc-ceriapaTOp 6hina TaKOH )1{9, KaK H B. pa6otiHX 

ycnOBHSIX. :3TOT. OIIbiT .6hin cgenaH AnSI TOI'01 'IT06hi OU9HHTb ~OSMO)I{IIb!H 

BKnag OT nei'KHX IIpOTOHHhiX. usnyqaTenefi, KOTOpbiC MOI'nH ·06paSOBaTbcSI· 

sa ctieT pasnn'IHhiX peaKunfi ns nei'KIIX SIJlep ( cepa, aniOMHHnfi). Ehmo rro

Kasauo, 'ITO HIIT9HCHBIIOCTb C'leTa IIpll aTOM He npeBbiiiiaeT <jlou 6es IIY'!Ka • 

6) B Ka'leCTBe MHIIIeHn ncrronbsoaanacb cjlonbra ns nno6nSI. B pesynbTaTe· 

JlniiTenbHOI'O o6ny'l9HHSI 6binO nony'leH01 'ITO liHT9HCHBHOCTb C'leTa B .o6naCTJi 

a.MrrnnTyJl, OTBe'laiOIUHX rrpoToHaM c E < 1,0 Mas, B 5,0;!:.1 ,5, pasa MeHbiiie,. 
. 96 

'!eM B cnytiae ~niiieun ns Ru 
. l 

4. Mi.1 ·He npoaognnn AeTa.ribuoro nsMepeHHSI' cjlyHKUnn nos6y)I(Jl9HUSI Amt 

HSny'laTenefi MSII'KHX npOTOHOB 1 IIOCKOnhKY Bb!XOA Cn~WKOM Man, 'IT06b! Bhl

nonHHTb nonHh!H Ha6op aKcnepHM9HTOB. 0JlH8KO. Ha:1i.Aeuo; ·'ITO npn ·YM9Hblll9-

HHII aHepi'Il~ ny'!Ka OT 240 Mas '·.Bh!XOA MSII'KHX npOT9HOB nagael'. flOBbiiiiaTb 

x/ · ·· ' · ' · · · /6/ 
.. :3T? oTuouieu~e MeHbiiie, tieM yKasaunoe B , T.K. Silf!Pb ytiTeno 

Sal!lf)K9HHe C'leTa sanaSJlhiBaiOIUHX npOTOHOB sa C'leT nopOI'OB B KaHanax 
IIepBOI'01 II ,TpeTb9I'O C'l9T'IHK0Bo' ·. · 
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SH9pf'IUO Mbl He MOf'nH, T,K, llpll STOM B03p8CTana AOnH ny"'K8 1 110118A8IO

IIlef'O H8 BXOAHOe OKHO C'19T"'HK8 1 ll OHO 6biCTpO paspyruanOCb, ' 

IV • 3KcrreprrMeHThi c MeTOAHKOfi rasonofi cTpyH 

1, BBllllY Kpafiue urraKoro yponusr a!fl!fleKTa Mhi C"'HTanrr B8)KIIbiM 

IIOIIbiT8TbCSI ua6niO)l8Tb ef'O c COBepllleHHO HHOH MeTOilliKOH, 00CKOnhKY 

nepnoll nonypacrralla rrany"'aTensr MHf'KHX rrpoTouon oKasancsr ciTnocnTenhHO 

6onblll!IM 1 Mbl lfCIIOnbSOBanH cpaBHHTenbHO MellneHHYIO MeTOilHKY f'830B0f'O 

co6apau11H SIIlep OTila'Irr, 3ToT MeTOil 6bm paanrrT MaKc)JapnanoM 11 fpmlm-

/11/. . /12/ 
oeuoM , Hama ycTauonKa rro!lpo6uo orr11caua B • MnmeHh rroMemaeTcsr 

118 BXOile ue60.'IblllOH UllniiHilpH"'eCKOH K8Mepbl (',) = 20 MM, . E = 30 MM), 

qepea KOTopyiO uenpepbiBHO npoKa"'rrBaeTcsr ras ( Ar an11 a·oa)lyx rrp11 

p = 7QQ TOp), .flilp8 0Til8'1H 1 Bbln9T81011ll!9 113 MHlll9H11 1 TOpM03HTCH II YB-. 
neKaiOTCH f'830M 1 KOTOpbiH Bb!TeKaeT B Bllll9 CTpyll qepes Te!flnOHOBbiH 

· K8111WnHp ( p = 0,8 MM 1 E = 40 MM) B llpyryiO K8Mepy 1 H8XO~HIIlYIOCH 

noA uenpephmHoii OTK8'1Koii <!JopnaKyyMHhiM uacocoM BH-1. CTpysr nona)laeT 

H8 aniOMIIHII9BbiH lliiCK-C6opHIIK, If Hllp8 0Til8'111 81lCOp6rrpyiOTCH H8 9f'O 

0 
IIOBepXHOCTII, C6opHIIK nepHOilU'19CKII IIOBOp8'1HBaeTCH Ha yron 45 1 II C0-

6p8HH8SI aKTl!BHOCTb IIOM911l89TCH nepell TeneCKOIIOM II3 ABYX llpOIIOpUIIOH8nh.;.. 

. /13/ 
HhiX C'19T"'IIKOB II KpeMHII9BbiM IIOBepXHOCTH0-68pbepHbiM )l9T9KTOpOM 

B Ollb!T8X1 OIIIIC8HHbiX Hli)K9 1 C60pHIIK IIOBOp8'1liB8nCSI l paS B 3 C9KYHilb1 1 

npeMSI nonopoTa < 0 ,1 ceK. 

OporropurrouanhHhie c"'eT"'HKII IIMeiOT rrnocKyiO reoMeTpniO, nnyTpeHHnii 

pasMep Ka)Knoro 26 x 20 x 3 MM, Tonmuua cqeT"'IIKa - 3 MM. BaKyyMHoe 

BXO)lHOe OKHO C)lenaHO B CT9HK9 nepBOf'O C"'eT"'IIK8, 3TO - Kpyrnoe OTBep

C:TIIe llii8MeTpOM. 8 MM 1 3aKneeHoe IIUKeneBOH !flonbf'OH TOnlll!fHOH 1,0 MK, 

Mbl CII9U!f8nhHO OTK838n11Cb OT OIIOpHblX CeTOK nnsr TOHKIIX B8KYYMHhiX 

nneaoK nnsr Toro, 'IT06hi yMeHhllliiTh BKnan paccesrHII.H sarrasnhiBaiOIIliiX 

20 

i 
I 
l 

TlpOTOHOB Ha Kp8SIX1 KOTOpO• 

Me)KilY C"'eT'IIIK8!\fll - cno6c 

llhln9HH8SI C o6eHX CTOpOH .: 

'IIIKOM II )l9T9KTOpOM T8K)KE 

cnoeM sonoTa (50 MKr/cM~ 
11cnonosonanHCh ·· nonh' 

awr11 6hmll 5~I6pauhi nnsr .T< 

'1911119M 0 381183JlhiB81011liiX ll 
I , , ,. "< • 

llnst cMeCH Ar (95%) +. ·CH 

)K9HII9 COCT8Bnstna 460 B, 

ni?uMellHBllliiHCH HaMil 

)lnSI llll911TH!fJHK8UIIII. aapst)K9 

ro nporropiuiouanouoro· cqe~ 

)lnSI CyllleCTB9HIIOf'O ~OilaBn 

. {3 -'18CTIIU CTIIIOillHOf'O Cll 

38UIIH rrpOTOHOB C anepr11e 

qaeM, IIMeeT lfHT9HCIIBll001 

f3. -qacTHU. OoaTOMY ont 

Tenhllbie. "xno~Thi·,~ cne~TP• 

Bhllll81011liiX cpeAHIOIO B nee 

cny'Iall,· K0f'Jl8 paccesi~I;·~I:E 
rr'I>onononhiii "pasM~p · e~o · ii 
K TOMY 1 'ITO ~ K8>KAbM 113 

IIIIKOBOM il~T9KTOpe) XBOC' 

'llliiX aMnimTyn' !flopMIIpyioT< 

9neKTpoHOJ3 .n · onuoM cqe'i-· 

roM~ no~TOMY ncn·~nb'sons 
lll9f'O IIMriynhC8 CH!f)K89T. "j 

"nonuast f3 ,.;3arpysitl'nToJ 

',. ;t_ '• 



nonR nyliKa, nona.Qa!O

pyrnanocb• • 

ISOBOH CTpyn 

bl C'lHT8~H Ba:lKHbiM. 

TO.QHKOH, nocKOJlbKY 

OKasancg OTHOCHTeJlbHO 

YIO MeTO.QHKY rasonoro 

1aK¢apnaHo~ n fpn¢n-
2/ 

• MarneHb noMernaeTCH 

20 MM, £ = 30 MM), 

r : IWH a·os.uyx npn 

aHH 0 TOpMOSgTcg H yB-
, 

qepes re¢noHOBhiii 

.1epy, . HaxoagrnyiDCH 

BH-1. CrpyH nonanaeT 

:op6npy10rcg Ha ero 
. 0 

:g Ha yron 45 , n co-

l us nayx nponopunoHanb.;.. 
; . . . 113/ 

pHbiM .QeTeKTOpOM • 

~ f,pa3 B 3 CeKyH.Qhi, 

reoMeTpiiiO, BllyTpeHHHii 

Ka ·,_ 3 MM. BaKyyMHOe 

8TO - Kpyrnoe_ OTBep

'OM TOnlUHHOM 1,0 MK, 

TOHKHX BaKyyMHhiX 

HR 3ariaS.QbiBa!OlliHX 

! 
l 
I 
I 

'· 

npoTOHOB Ha KpaHx, KoTopoe MO)KeT naTb ¢oH B o6nacru MaJibiX aHepruii. 
. . ' . . 2 . 

Me)K.uy c'leT'lHKaMu - cao6onHaR KonnonueaaR nneHKa ( 45 MKrlcM ) , sa:.. 
. 2 . . 

ribineHHaH C o6ei!X CTOpOH 30JlOTOM. (50 MKI'/CM ), Me)K.QY BTOpbiM C'leT-
. . . 2 . . 

'lHKOM H .QeTeKTOpOM TaK)Ke KOJlJlO.QI!eBaH nneHK~: ( 45 MKI'/CM ) , riOKpbiTaR 

cnoeM sonaTa (50 MKI' I cM
2

). 

!1CriOJlbSOBaJli!Cb BOJlbcppaMOBbie HHTII TOillUHHOii.' 6 MK. CTOJlb TOHKHe 

H~Tn 6hinH 8~16paHbi nng Toro, 'lT06bi ycTpaHHTb · cpoH, cagsaHHbiii co "CMRI'

qeHneM" sana3.UbiBaiOIUHX. npoToHOB B peaynbT~T'e npoxo)K.QeHHR qepea · HHTb, 

nnR CMeCH Ar (95%) + -CH 4 (5%) npn .Q8BJ1CHIIII 100 TOp pa6o'!ee HanpR

)KeHne cocTaangna 460 B • 

nJ?nMeHHBlliHMCH Ha:MH TeneCKOn OTJlH'!aeTCR OT H3BeCTHOll CHCTeMbl 

.ung uneHTucpnKauuu sapst)KeHHbiX ·qacr~u no 11Ex E TeM, '!TO BMeCTO onno

ro nponopunoHaJlbHoro cqeT'lHKa ( 11E) Mbi ncnoJlbayeM .QBa: 8ro .uenaeTCR 

.unR cyruecTBeHHoro nonaaneHHR {3 -cpoHa. CpenHRR yneJlbHaR noH'uaaunR 

. {3 -'laCTHU CriJ'!OlliHOI'O cneKTpa B .QeCRTKH pa3 MeHbllie y.QeJlbHOll UOHli

SaUHH npoTOHOB.C alieprneii - 1,0 Maa, O.uHa:Ko acpcpeKT~ KOTOpbill Mbi uay-
-6 7 . . . 

'laeM, uMeeT uHTeHCHBHOCTb Ha ypoaHe 10 · - 10- oT HHTeHCHBHOCTH 

{3_ -'laCTHU, noaTOMY onaCHOCTb MoryT npe.QCTS:BJlRTb.BeCbMa He3Ha'!H:.. 
. . 

TeJlbHbie _"XBOCTbl~ cneKTpa l!MriYJlbCOB OT aneKTpOHOB, nnSI a:MnniiTy.Q, rtpe-

.BbllliaiOIUl!X Cpe.QHioiO B .QeCRTKH paa, · onpe.QeJIRIOIUIIll BKiia.Q npHXO.QH.TCR liS: 

cny'!a:H, KOI'.Qa pacceRHHblll aneKTpOli llBl!)K~TCR B.QO~b C'leT'll!Ka, n6cKOJlbKY 

.. npO.QOJlbHblll 'pa3Mep . ei'O . Ha nopH.UOK 6onbllle nonepe'!HOI'.O, 8TO ripHBO.QHT. 

K ToMy, 'ITO B KS:)KJlOM ua .uayx c'!eT'll!KOB (paBHO Ka:K n B ·no~ynpoaoJi
Hl!KOBOM .Q~TeKTOpe) XBOCTbl pacnp_eneneHl!ll HMnynbCOB CO. CTOpOHbl 6onb-:. 

·uinx aMnTIHTY.U. cpopMnpyiOTCg HeSaBHCl!MO; T,e. 6onbllil!M a:Ji.innuTy.QaM OT 

. aneKTpOHO~ B O.QHOM C'leT<il!Ke COOTBeTCTBYIOT,. B cpenHeM, MaJlbie B gpy

I'OM~ n~~-r~r-:ry ucnonb30B8HHe. rpC>iiHb!X coanan~Hl!ll B Ka'l~CT~e· pa3perrlaxci

IUero l!MITYJlbCa CHl!)Ka'e'r '(3 -cpoH nononHuienbHCi: B N {3 'in {3 'paa,' r.ue N{3 -

{3 _:s~rpy3Ka' BTOp,orq c<ieT'l~Ka, n{3 ·-~~-· '.eT .{3. -'la.CTIIU BTOpOI'O ,. 



C'I9T'IHKa Bhillle IIOpOI'a CXeMbl COBII81l9HHH, 8 · HallleM cny'!ae 9TOT <!JaKTOp 

ocna6neann 6i>m - 20, 

TonllJHHa o5eJlHennoro cnon B KpeMnneBOM JleTeKTope - 40 MK, 3THM 

TaK)I{e llOCTHI'anocb llOnonanTenhHOe noJlaBneane f3 -<Pona. IlpoBOJlnncn Oll

llOBpeMeHllhiH aMrrnnTyllllhiil: ananns nMnynhcoB c rrepaoro nponopunollanbllo-

ro ctteT'IHKa ( SE ) n nonynpoBOilllHKoBoro JleTeKTopa ( E ) n. H3Mepsmocb 

BpeMSI HX IIOSIBnellHSI IIOCJie MOMellTa I!Oilx"Oila c6opHHKa K TeneCKony, nnSI 

KOHTponSI sa s<P<PeKTHBHOCTbro c6opa SIJlep OTila'IH napannenhHO H3Mepnnocb 

'Incno sana3JlhiBaiDIIIHX npoTOllOB. H a nnocKoCTH' ~E -E3ana31lhiBarollJne npo~_ 

TOllhi rpynnnpoBanncb B o6nacTn ManhiX aMnnnTYil ns-sa Henonlloro Top

MO)I{ellHSI B o6eJlllellllOM cnoe JleTeKTopa. 

\ 
96 Ru HOH8MH 2. Ehmo npoBelleHo JlnnTenbllOe o5ny'!enne MHlllenn ns 

cephi c sneprneil: - 240 MsB, nmr BhiJlenellHSI na nnocKOCTH ~ E-E o6nacTn, 

Kylla IIOIIaJlaiDT HMrrynbChl. OT MSII'KIIX IIpOTOllOB, OhinH CJlenaHhl Kann6pOBO'I

llbl9 H3MepellHSI CO cneKTpOM 381183JlbiB8IDIIIHX I!pOTOllOB, I!pOlllelllliHX '!epe3 

anroMnllnil: Tomunaoil: 70 MK. TaK )l{e, KaK n B onhiTaX c E3MC, 6hmo 

yCT8llOBnell0 0 liTO Hanoonee OI!aCllhiM HCTO'IHHKOM <!Jona SIBnSieTCSI vXBOCT" 

oT cneKTpa sana31lhiBarolllnx npoTolloB. nnn Tof-o ttTOOhi aenocpellCTBenllo 

ycTallOBHTb aenn'Inlly aTOl'O <Pona, ohmo npoaellello o6ny'Iellue MHllleHu us 

96 Ru HOH8MH 76 0 C 9lleprneil: 83 MsB, OTBettarollJeH MaKCHMYMY Bh!XOJla 

70'7e- usny'IaTensr sana3JlhiBaiDIIIHX npoTOHOB, 11c~onb30Ballne KOMOHllauun 

96_Ru+ 76 0 B KatteCTBe <!JoHOBOi1 MOI'nO npnBeCTH TOnbKO K JleKOTOpOMy sa-
709-

Bhilllelmro <Pona, T,K. cpellllSISI slleprnsr sana3JlhiBarollJHX npoTOllOB -, e 

HH)I{e, tteM y 6onee TSI)I{enhiX sneMellTOB, 

Ha puc. 10 npnBelleHhi cneKTphi nMnynbcoa nonynpoBOilHHKOBOI'O Jle

TeKTopa ns o5nacTn aa nnocKOCTH ~E-_E, oTBe'!ammei1 npoTollaM c aueprneil: 

( 0,5 - 1,2) MsB. Ilpu Ka~m6pc>BKe llli<anhi aaepr'nu yttHThmanocb TopMo;.. 

)1{9!Ille· I!pOTOllOB BO BXOilll.OM OKHe II nponopUHOHanbHbiX Cli9T'IHK8X, CneKTp 
,. ' . .· . ' 

"a" nony'!eH npu o6ny'Iellnn 96 Ru nollaMu 32 S B Tettellne 30 ttacoa, cneKTp 

"a" nony'Iell npn o5ny'IeHun 96 Ru noaaMn 760 B Te'!e~ne 10 ttacoa. 
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Puc. 10. MsrrKasr ttaCTl 
. peaKuuil: ·96Ru + 3_2S (~: 

K OllllOMy ttncny san~3J 
pa3Hc;>CTb llBYJ:C. CI!eKTpC 
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rarneM cnyqae 9TOT cjJaKTop 

I ]leTeKTOpe -'40 MKo 3THM 

~ f3 -cpoua. f1poBOJl!InCSI on-

::: ·rrepaoro rrporropunouanhHD-

aKTopa ( E ) H .H3Mepsmocb 

6opunKa i TenecKorry. llnSI 

m· rrapannenbHO. H3MepSinocb 

· ~E -E3arra3JlhiBaromne rrpo

'YJl H3-3a uerronnoro Top-

MHllleHH U3 96 Ru HOHaMH 

:a rrnocKOCTH ~ E-E o6nacTu, 

'6hinH cnenaHbi Kann6poaoq

poToHoB, rrpornenrnnx. qepe3 
; .. 

UbiTaX · c E3MC, 6bmo 
·' ' 

•M cpo.Ha SIBnSieTcSI ;, xacicl-" 

o 'IT06bi uerrocpenc~aenuo 

auo o6nyqeuue MHllleHH 113 

IaiOIUeii: MaKCHMYMY Bb!XOJla 

H~~~nb3o.aanHe KoM6HHaUHH 

TOn&KO K HeKOTOpOMy 3a-f 

aiOlllllX llpOTOHOB 
109Te 

3 ~onyrrpoBOJlHHKOBoro ne-. 

omeii: llpOTOHaM C 9Heprnefi 

'HH. y'IHThiBanocb l'opMo

:an~H~;x. c'le1:'1HKax. CneKTP 

B,Te'I~~He .30 '18COB 0 ClleKTp 

I B Te'leHHe 10 'laCOBo 

·I 
' 

N 
25 

20 

15 

10 

5 

15 

10 

5 

0,5 

40 
Q6 

· 96eu r32S( a) 
96eu + 

160 {C) 
b 

Q-b 

P nc. 10. M HrKa SI 'laCTb crreKTpOB rrpoTOHOB, ncrrycKaeMbiX rrponyKTaMH 
'peaKUHH ·96Ru + 32S (a) II 96 Ru+ 16 0 (a). CrreKTpb! OTHOpMHpoBaHbi 
K onnoMy 'lncny aarra3JlbiBaiOIUHX rrpoTouoa. Ha Hll)Kllefi ~llicTn pifcynKa -
pa3HOCTb JlBYX ClleKTpOB. 

•I 
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4 
B nepaoM cnyttae saperncTpnponaHo oKono 5•10 sanas,nhmmoumx npoToHon, 

BO BTOpOM - llpHMepHO B 1,5. pas a MeHbllle, ·D.IISI CpaBHeHHSI ClleKTphl OTHOp

·.MIIpOB8llhl K OAHH8KOBOMY. 'lliC.IIY 381183AhiB8!0lllliX llpOTOHOBo CpaBHeHne . . . . . . . ,.. . - .. . . . 

ClleKTpOB yKaSbJBaeT H8 . H8.1I.II'!He B. rrepBOM C.llyttae rpyllllhl MSII'KHX llpOTQ

HOB c· ueHTpoM THJKeCTH rrpn ·aHeprnu (0,83:!:.,0,05) Man~ PoeT nHTeHcns

HOCTii B 05.1IaCTii HHlKe 0,6 Mas CB5!38ll C {3 -¢ol!OM, 

Ha puc. 11 rroKasaHo apeMeHHOe pacrrpe.neneHne·uMrrynbcos aToH 

rpynrrhi~ Ouo cooTaeTcTayeT ~epno.ny rronypacrra.na · T ~. = ( 1,4:!:.,0,8) ceK. 

OcuoaHaH .nonH sarra3AhiBaiOlllHX rrpoTDHDB He rrpeacTanneHa B crreKT

pax Ha pnc •. 10 ns-aa crreuuanbHoro oT5opa no t. E. CpeaHnH rrepno.n rrony

pacna.na. 381183AhiB8!0JllHX llpOTOHOB B OllhiTaX C ·rry'!KOM cephl OKasanCH 

paBHhiM (7,2:!:.,0,5) ceK .nnH 10-:-ceKyH.nHoro IIHTepsana u·sMepeHnH. Opn . 

6onee .nnnTenbHOM HSMepeHHH Kpnayro pacrraaa ami aarra3AhiBaiOlllHX rrpoTo-

HOB yaaeTcH paanolKHTb Ha .nne aKcrroHeHThi c T~ 

11 . T~ = (3,5.t,l,O) ceK, 

V, 05cyJKaeHHe 

( 12,5:!:.,1,5) ceK 

PesynbTaThi, rrpe.ncTaaneHHhie B Ha~TOSIJlleH pa5oTe, MDlKHO rrpocyMMll

ponaTb cne,nyiOIUllM o5pasoM: 

1. Opir o5nytteHHH nyttKaMH IWHOB 32S n 35 C1. MHllleHeH ns 
96Ru, 

702Pcl, "706ccl .n 772 Sn Ha5nro.naeTCH o5pasosaHne H?BhiX n::inyttaTenen 

38ll83AhiB8!0IUHX llp0TOHOB 1 HBnHIOIUHXCH H9HTpOHOA9tPHUHTHhiMH H30TOII8MH 

peaK03eMe.1IbHhiX aneMeHTOB OT HeOAUM8 ao I'OnbMHH, 

2. B aKcrrepnMeHTax c rasoHarronHeHHhiM Macc-_cenapaTopoM rrp11 

aHannse' npOTOHHOI'O crreKTpa rrpo,nyKTOB peaKU.II.II 96 Ru ~ 32 'S llOJ;IY'l9HO 
•':! ·:···, < ;·l.;: . 

yKa3aHue ua Hannttne . .nayx rpynrr· MaJ;I?aHepr,~:rutteCKHX .. npoTOHQB: anSI. nep-

BOH - EP = 0,8, Man, T ~- (0,6:!:.,0,3) ceK, anH BTopoH - E·P ;,(1,2£0,f)Maa,. 

T~ = (2,1:!:.,0,6) ceK, 
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Pile. 11.- BpeMeHHaSI saaucn~ 
c <JHeprnen - 0,83 Man, 



9II83)lbiB810lUHX IIpOTOHOB1 

lBBHeHHSI' erreKTpbl OTHOp

>RTO_H~B. Cp~anenne 
. . 

rpyiiiibl MSII'KHX IIpOTo-

V\sB~ PoeT nHTenena-

~~·nMrryn~eOB 9TOfi 

\. T ~. = (1 ,4:t_0,8) eeK. 

[lpeAeTaBnena B erreKT

.. CpeAHnfi rrepHOA rrony

KOM eepbi oKasaneSI 

Ia uaMepeHHH. Dpn . 

3aiia3AbiB810!UHX IIpOTO

!= (l2,5:t_l,5) eeK 

l50Te 1 · MO)K!IO IIpoeyMMH-

:1. MniUeneif us 96 Ru, 

H?Bi>Ix n::iny'laTenefi 

~HUIITHbiMH H30TOIIaMH 

c~eerrapaTopoM rrpn 

'Ru. +·. 32. ·s .IIOJ:ty'leHO 
' ~ .. . 

KHX.IIpOTOHc;>B: ·AnSI IIep-

~TOpOfi - E·P t.(1,2±p,i)Msa,. 

I 
···I 
l' 

N .. 

'""'" 4 " 
10 

"' "' ~ " ~ l 

~· 

1.0 
1.0 2.0 3.0 

t. cek. 

Pile. 11.- BpeMenHaSI saaueHMOCTh HHTencuanoeTn rpyiiiibi rrpoToHOB 
e a,neprnefi - 0,83 MsB. 
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B nepayiO O'lepeah npuaneKae.T BHHMaH~e nepaa5! .ua aTux rpynn, 

ITOCKOnbKY IIM9l!HO OH8 MQ)K9T Qb!Tb CB5!38H8 C npOTOHHhiM .paCIT8llOM II3 

OCHOBHOI'O COCT05!HII5!, 

3. ITpoTOHHhiii: cneKTp aKTIIBHOCTII, o6paayiOmeii:cg npu oony'leHIIII 
96 . ' ' .. . 

Ru cepoii:, uccnea~aancg TaKme c MeTOllHKOii:, B KOTopoii: aKTIIBHOCTb 

coo~panacb c noMOIIIbiO raaoaofi cTpyu.' B aTIIX aKcnepnMeHTax Y,aanocb 

Bblll9niiTb nepByiO rpynny MSII'KIIX ITpOTOHOB, lieHTp TSlmeCTII 99 llpiiXO

lliiTCSI Ha aueprniO ( 0,83:!:_0,05) Mae, ~nepuoa nonypacnaaa - (1,4:!:_0,8) ceK, 

3Tn peaynbTaThi a npeaenax omuooK cornacyiOTCSI c TeM',. 'ITO nony

'leuo 'a onhiTax c · cenapaTopoM. BTopyiO rpynny MSII'KHX npoTOHOB Bh!llenHTb 

ue yaanocb, oua "yTouyna" B ¢oue aanaaahiB.aiOIIIIIX\ ·npoTouoa. HuTeHcua-· 
. ' . -3 

HOCTb rpyniThl C aHeprneii: 0,83 MaB COCTaangeT OKOnO 10 OT C'I9T8 

3~IT83llb!B8IOIIIIIX ITpOTOHOB, 3TO O~HOIII9HII9 npnMepHO · B 2 paaa M9Hbiii9 1 

'19M B aKcnepnMeHTax c cenapaTopoM~ TaKoe pacxomaeJIHe Momuo oo'bgc

HIITb T9M
1 

'ITO npOTOHHbl9 II3ny'laTenii oopaayiOTCSI H9 TOnbKO B peaynbT8T9 

peaKUIIH C ucnapeliii9M HyKnOHOB 1 HO II 38 C'leT peaKUIIH C Bb!n9TOM a -'laC

TIIU, HeKoTop6e paanH'IHe B yrnoBbiX pacnpeaeneungx npoayKTOB aTnx· 

_/14/ .· 
peaKUI:lH np1IB9ll9T K TOMY 1 'ITO II3-38 ManOI'O BXOllHOI'O yrna S~~eK-

THBJIOCTb ·cenapaTopa 6yaeT MeHbiiie a cny'lae peaKuuii: BToporo Tuna, 

Ecnu npeanonomnTb, 'ITO nany'laTenb MSII'KHX npoTonoa nosmngeTCSI a pe

aynbTaTe ncnapeHIISI HyKnOHOB H3 COCT8BHOI'O 5!llp8 1 TO B Ollb!T8X C cena

paTOpOM OTHOIII9HH9 CKOpOCT9H (:'19'1'8 MSII'KJIX H 38IT83llb!B8IOIIIHX ITpOTOHOB 

oyaeT 6onbiii9 OTHOIII9Hl!5! C9'19H>lH, B :3KCIT9pMM9HT8X C M9TOllliKOtl: raaoBotl: 

CTpyll 9TH .llB8 OTHOIII9Hll5! llOnmHbi COBIT8ll8Tb1 T,K, a~~9KTMBHOCTb 3ll9Cb 

npaKTJI'I9CKll JI9 'IYBCTBl!T9nbH8 K ManbiM pa3nM'Ili5!M B yrnOBb!X pacnpeaene-· 

lll!SIX Sill9P 0Tll8'1M, 

4, ITpn l:lCCneaoaaHI:lii a~~eKTOB c ManhiM Bb!XOllOM ocooyiO aamHOCTb 

MM99T aonpoc ~OH8, Mbl TIII8TenhHO II3y'lann T8KI:l9 HCTO'IHIIKI:l ~OH8 K8K 

aneKTpOM8I'HI:lTllbH~i H8BOllKII 1 MHOI'0Kp8TH09 paCC95!HII9 ,8-'laCTIIU B Tene-
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cKone, annapaTypuoe "c~ 

IT osmneuue rpynm1 npoTc 

~OHOBhiMII a~~eKTaMn •. M 

KaeT a· peaynhTaTe pacn1 

peaynbT8Tbl He npOTMBOp 

oopaayiOmeecS! sa c'leT F 

XOTSI Mbl H9. HCKniO'I8ElM1 

ITo· oueuKaM, .cooc'l' 
' . . . . 

. . 121 . 
'0,8 Mae. a Slllpe f'r a 

r O = 1,4), 3T~ aeJiH'IIIH 

pacnaaa. OanaKo neao 

II3-38 cnnbHOfi 38BHCHMO 

~OP.I\1bl KynoHOBCKOI'O. 08F 

llHMOMy, H3M9p9HHhifi .neJ 

- 0,83 .Mae onpeaens!en 

npoxomaeHHSI npoToHa CK 

+ {3 .-pacnaaoM, 

BhiXOll nany'laien~ 

OH OTB9'189T C9'19HH~ rio 

M9HH paOOTbl Ha ny'IK9 U 

aynbT8TOB, C apyrofi CT< 

· . npoaecTn aocTaTotiHo noJ 

aeneJIHhie BhiBOllhi, · H eo6; 

,Cyiii9CTB9HHOI'O yaenn'I9H 

AaTopbi 6naroaapuf 

E.A. 3arepy ·n rpynne aH 

HHfi, r.M •. Tep;_AKoribHHY 



Ie nepBaSI .II~ :3TUX I'pynn, 

C ITpOTOHHhiM . pacnallOM US 

tsyrometlcsr npu o6ny'leHuu 

~KOfi, B" KOTOpOfi 8KTUBHOCTb 

~IIX aKcnepnMeJITax Y,ll8.110Cb . 

UeHTP TsrmecTu ee npuxo

nonypacnaaa - ( 1 ,4:!:.,0,8) ceK. 

>I'nacyiOTCSI c TeM~. 'ITO nony

my MSII'KIIX HpOTOJIOB Bhil:{e.1JUTb 

la~lll~X\ 'npOTOHOB. l1HTeHCIIB-. 
. -3 

sreT OK0.1JO 10 OT C'leTa 

P,RMepao·B 2 ·pasa Melibme, 

~ pacxomae1iue MomHo o6'hsrc

)'IOTcsr He T0.1JbKO B pesynbTaTe 

IeT peaKUHfi C BhineTOM a -'laC

~eneHIISIX npOllYKTOB :3TUX' 

~.1JOI'O.BXOllliOI'O yi'na a¢¢eK-

e; peaKuutl BTOpoi'o Tnna. 
f • - > 

npOTOHOB ITOSIB.1JSieTCSI B pe-

> srapa, . To B cinhiTax c cena

.n ~aiT.aSllhiB810lllHX ITpOTOllOB 
. . 

IMeHTaX C MeTOllHKOH I'.8SOBOH 

1 TeK• ~a¢peKTII~HOCTb Sl:{eCb 

nH'IHliM B yi'nOBhiX pacnpeaene-· 

M BhiXOllOM oco6y10 BamHOCTb 

T.8Klle.IICTO'IIIHKH·¢ona K8K 

,accesrliue f3._~aCTHU B Tene-

I 
CKone, annapaTypnoe "CMlii''Ienne" cneKTpa sanaSllh!Baromux npoTonoB. 

nosrBnenue I'pynnhJ npoTonoB c anepi'netl "': 0,83 MaB ne yaaeTcsr o6'h.liCHHTb 

¢onoBhiMH a¢¢eKTaMn. Mhi. nonai'aeM, 'ITO a.Ta npoTonna.H I'pynna Bosnu

KaeT B. pesynbTaTe ~8CIT8ll8 .llllpa. HS OCIIOBHOI'O COCTO~IIH.ll. nony'leHHhJe 

pesynhTBThi ne npoTnBope'laT npeanonome.nuro; 'ITO aTo .HllpO 727p, ' . 
o6pasyromeecg Sa C'leT peaKUUH C IICirycKanneM ITpOTOHa II 6. HefiTpOIIOB

1 

XOT.ll Mhl He IICK.1JIO'laeM1 'ITO :3TO MomeT 6b!Tb H nei'KHH HSOTOIT naHTaHa. 

no OUeHKa~, C06CTBeHHOe BpeM.li mUSHH npOTOHOB ~ anepi'uefi 
72 7 . 

0,8 MaB B !Illpe Pr ll.1l.ll ep = 2 noplll:{Ka 0,1 CeK (BKB - npu6nnme.nne, 
. . . 

r 0 = 1 ,4). 3Ta Benn'luna MeHbme, 'leM nsMepeHHhifi HaMu nepuoa nony-

pacnaaa. OanaKo naao nMeTb B BUlly, 'ITO TO'IHOCTb pac'JeTa neBennKa 

HS-Sa CII.1JbHOfi SaBUCHMOCTII BepOliTHOCTH TYHHe.1JbHOI'O a¢¢eKTa OT r 0 

¢opMhl Ky.1IOIIOBCKOI'O 6apbepa, SHa'leHH.li e~ H anepi'HH ITpOTOHa. no-BU-. 

llRMoMy, usMepennhifi nepuoa nonypacnaaa ll.1I.ll rpynnhi c aHepi'uefi 

- 0,83 .MaB onpeaengeTC.li HenocpellCTBeHHO BepO.liTHOCTbiO 'TYHHe.1IbiiOI'O ~ 

npOXOmlleHIIli npOTOHa CKBOSb KY.1IOHOBCKUH ?apbep II KOHKypupyiOlllUM 
+ f3 .-pacnaaoM. 

BhiXOll usny'laTen.H npoToHOB c anepi'uetl 0,83 MaB Kpatlne nusoK, 
~1 . . 

Oil OTBe'!aeT Ce'leHIIID nop.llllKa 10 • 3TO nqTpe6oBano ll.1JHTe.1JbHOI'O Bpe-

MeHII pa60Thi na ny'!Ke URKnoTpona anSI nony'!eHR.li onucaHHhJX saecb pe

synbTal'oB. C llPYI'OH CTOpOHhl 1 HII3KHH BhiXOll usny'laTen.li He IT03B0.1JH.11 

npOBeCTII llOCTaTO'IHO IT0.1JIIhlfi Ha6op OIThiTOB 1 'IT06hi fle.1laTb 6onee OITpe

neneHHhie BhiBOllhi. · H eo6xo.riaMhi nononHuTenbHhie aKcnepiiMeHThi nocne 
' . . ' 

.CyllleCTBeHHOI'O yBe.1IR'leHU.li 'IYBC.TBIITe.1JbH?CTU MeTOl:{a. 

ABTOph! 6nai'OllapHbl aKall •. f .H • ¢nepoBy sa ITOllllepmKy ·pa60Thi
1 

B.A. 3ai'epy ·a rpynne aKcimyaTauuu uuKnc?Tpona sa o6ecne'lenue o6ny'le

aufi, r .M. Tep-AKOITbSIHY sa y'laCTUe B. paspa6oTKe Macc-cenapaTopa. 
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OpenpHHThi II coo5ri 
: III\1HOI'O . OOMeua, YHIIBepc 

nay'IHbiM rpynnaM II OTl 
nonyqaTenHM H3Jl8H 

HBIITh IIHIIUII8THBY B 5ec 
OOMeHa npnmiMaiOTCH . H 
nyonHKaUIIII no·· TeMaTHK 

EmmcTBeHHbtfi BIIA 
9TO pe.npHHTbl l OTTIICKII 

~ pnJle.cnyqae8 Ml 
6onee Kpyni!biM nony.J:aT 
cnaTb naM KaKue-nn6o E 

mypuanbt, II3Jlaromnecn B 

I1anaTenbCKllfi oTne; 
COB Ha BbiChinKY li3JlaHIJ 
yKa3biBaTb liHJl9KC 3anp 

0IIChMB HO BCOM BC 
OTJlenbHblO ll3Jl8HIIH cneA: 

Allp_ec Jl.im no.chtmu 
5ecnnaTHofi noJliii!CKH · na 


