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OEII!Aff XAPAIITE1¥CTHKA PAEOTH 

AKfiaJII,HOCT:E, npo6JieMH. B H8CTOJDl!ee BpeMSI IJY'lltK TJDlt8JlliX 58,PID!teH

ma ,mcTmi; Haxo~ Bee 60Jiee nmpo.1toe npm,1eHemi:e npK npoBe;temm ~e

Bott Tepamm l[ .IO'larHOCTmtK. C KCllOJI1,3OBaHKeM riyintoB TJDlt8JWX sa_pimeH

HllX ,mcTmi; (npoTOHOB, SJI$-,mcTmi;, 60Jiee THlltema: KOHOB, oirpmi;aT8Jll,

HllX llK-MeSOHOB) Olt83HBaeTCJ! BOSMOl!CHHM xaqecTBeHHoe y.ny,meime npoCTpaH

CTBemmx .1tO3HWC pacnpe.1t0Jiemdl no CpaBHeHmO C ny,maMK 3JI8KTPOHOB H 

raMMa-KBaHTOB. 

BospacTaHKe B8JilAmm JIKHeimott nepe.1ta~ aHeprmI JIPK yJ!8JI.Hllemm 

r.ny6mm npommHOBemm IJY'llt8°Tmlt8JlliX BSp.<DJtemmx qacTmi; II onpe,1t0Jiemm:lt 

npo6er B BemecTBe, B8JIK1llIHa KoToporo .. onpe.1t8JIJ!eTcJI me axep!'I1ett, IIPK.:: 
BO.ltRT K o6paso:samm MaKCm.tyMa Komi:sa.tmK - nKKa Eparra, WO.PMS KoTopo

ro onpe.1t8JIJ!eTCJI axep!'eT}!tleCKBM pacIIPep;eJieHKeM ,mcTmi; B IJY'llte II cTpar

r.mmroM. 

Ec.,m IICllOJll,3OB8TL nyt!Olt C Ta.Roff 3Hep!'Kel, qTo6H llKK EpaITa 

coBIIBJI c o6Jiy,lae:Mol Mml!elt!,Jl, TO TI<amt, pacnOJiozeBRHe nepe.1t uett, 6Y'/13T 

06.ny,muCH Mem.mm.m p;osaMK, a TI<amr, pacnOJIOllteBRHe sa u·ei, IIpaKT8ec

m Be 6Y'P3T_ o6~aTDCH BO061l!e. 

Il!)K npo:x:OJr,Itemm qepes BemecTBo IJY'lltK T.f!llt8JlllX saJlfDl[emmx qacTmi; 

pacceHBaDTCJ! 3H8qI{T8JII,HO CJI86ee, 11811 n:y,mPI 3JI8KTPOROB II WOTOHOB. 3TO 

llO3BOJIJ!8T KCllOJII,3OB8T!, Y3KK8 n:y,mPI JIPOTOHOB JµI/I 06.nyqemm r.ny6OKO 

pacnOJIOZ8BBHX Mm118Bett paSMepmt B B8CKOJI!,KO ME'JIJIHM8TpOB, a T8KZ8 JµI/I 

.1(K!ll'HOCTK'I8CKIIX ~eJieff B YCTaHOBKax JIPOTOHHOff KOMIII,JDTepuott TOMOr~mi:. 

Ilpemryll!eCTBa JIPOTOBHWC eyqKOB y6e.1(KT8JI!,BO npop;eMOBCTPKPOBaBH 

JIPK Jieqemm BeKOTO_pHX JIOKaJDlsa.tniit B860JII,moro paSMepa I pacnOJIOllteBBWC 

B6Jm3K 11yJ!CTBKT8JII,BWC K o6~emtD opraHOB. IlpmireHemi:e-npOTOBHWC nyt!

KOB JµI1I Jieqemm r.ny6oxo pacn0JiOJ1temmx ony:xOJiett 6o.nmmc paSMepoB· Tpe-

6yeT ~a.in.ueffmero Ksyqemm. 

.llm o6Jiy,lemm ony:x:OJieft 60JI:E,IIIHX paSMepoB MOHO3R8preTil'i8CKK8 IJY'lltK 

JIPOTOBOB OitamiBaDTCJ! BenpKrO.ItR!OOI, Ta.It Kalt paSMepli o6JiacTII mma Epar

ra 3H8qI{T8JI!,HO MeHl,llle 'pa311epoB 1m111emi: • .llm Toro, 'ITO6H P8BHOll8PBO o6-
JIY'IKT1, BCD MmlleH:E,, Ta.Ito! OCTJl,lff llKK Eparra Tpe6yeTCH KC.ItyCCTBeHHo 

paCIIIHpKT:E,, MO.ltmI>KIO!PYH aBepreT88CKK:lt cneKTp IJY'llt8 TaKKII o6pascu, 

'1To6H llOJJY'Il!T!, r.ny6KBBoe ,llO3BO8 pacnpe,1t8JI8BK8, BaK6OJiee llOJIBO 'YJ:tOll
JI8TBOpmllle8 Tpe6oBammM ~eBOff T8p&mm - np:e:6JIKSHT8JII,BO 0.D;ROpO,ltBO8 
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pacnpe;a;eJieHRe ;D;O8ll B O6.JiaCTll MaKCm,iyMa ll KPYTOil CIIB,It ;D;031:J. sa MaKCll

M,YMOM. Ila.,zy'ieHHoe TaRHM o6pasoM pacnpe;a;eJieHRe .n:osI:J no rJIY6mie Ha8ll-
BaeTcH MO;D;E$mllpOBaHHOil KpllBOfi Epsrra. . 

lleJim HacTomnefi pa6oTI:J HBMIICb paspa6oTKa II ncc~e;a;oBamie MeTo
.n:oB IDOp.!RpOB8llllH .n:osHWC nOJiefi ll co3,11;rum:e Ha 3TOfi OCHOB8 CllCTeMl:J npo
TOHHl:JX nyg:KOB MHOroKa6llHHOro KJIIl:Hlllt0-®131I'l8CKOro·KOMitlI8KCa, o6opy.n:o
BaIDtfi ]IJI.H npoBe;a;eHRH JIYTi8Bofi Tepamm: R ;D;llarHOCTmIB Ha 6ase peKOHCT
pynpoBrumoro cmupOIUIKJioTpoHa Jia6opaTopIDI H,D;epHWC npo6JreM OIDM, Rc
Me;a;oBrume illll:3liKO-;D;O3llM8TPll'I8CKIDC xapa.KT8PllCTllK n;rlltOB. 

Harmaa HOBllSHa ~nOJIHeHHofi pa6oTl:J saxJDO'!iaeTCH B TOM, '!iTO ]IJI.H 

IDOp.mpoBaHRR: rJIY6mnmx .n:osHI:JX pacnpe;a;eJieHRfi c :rmocKofi Bepinmofi II 

KpyTI:JM Cira,ltOM ;D;O8ll Sa Hefi.6~ paspa6OT8ll HOBI:Jfi M8TO;a; MO.m'@IIRrumII 
rJIY6RHHoro .n:osHoro pacnpe.n:eJieHRH ·HeMOHO3H8pr8TlI'l8CKIDC IIPOTOHHl:JX nyg:
KOB. 3TOT M8TO;D; OCHOBaH Ha npeo6pasOBaHllR m:e:poxoro 3H8pr8T!l'q8CKOro 
pacnpe.n:eJiemm 38M8.;a;JI8HH!lX IIPOTOHOB C IlOMOl!U,J) aH.aJm~pyl!Illefi MarmtTHOii 
CllCTElLll:J 11 pacnOJIOllteHHoro B O6.JiacTII MaKCRMaJII,Hott ~eilHott ;n;n:cnepcIDI 
CTYII8Hl!aTOro ItOJIJmMaTopa, HaCTprumaeMoro Ha _IIPOWCitaHlle cneRTpa, 
o6ecne'llIBal!lltero IDop.mpoBaHRe sa;a;aHHoro rJIY6:mmoro .n:osHoro pacnpe;a;e.ne-
HIIH. 

B pesynTaTe npoBe;a;eHll/I rpa,riyeyomra ~ecRRX .n:osm.teTpOB B 
nOJie raMMa-R311Y'18HllH II C,PaBHIITenHott .n:osm.teTPIIK TepaneBTll'!ecRIDC npo
Tommx nyg:ROB JIHil omm, HT~ I'K A3 R JIIDI(!i AH CCCP IlOBlilll8H ypOB8HD 
TO"iBOOTR RSMepem a6O01IDTHoro sHa'!ieHRH nor~omeeott .n:o8ll. 

IlprutTlI'l80ItaH SHa,ytMOOTb pa6oTH 
I. Co3,11;8ll~ illll:3RRO-T8Dm'I8CltO8 o6opy.n;OBaHR8 ;a;JIH illOp.!Rpo:samm 

npoTOHHl:lX nyqKOB B npone;a;ypmrx: ·1ta6mm.x RJilllilmO-IDR3H'l80KOro ROMDJI8RCa 
Ha P8ROHCTPYRPOBaHHOM ill83OTPOH8 JIHil omm •.. 

2. B Tpex npone;a;ypHI:JX 1ta61IHax RJilllilmO-illll:SH'Iec1toro ROMDJiexca 
CIDOJ!mpOBaBI:J npoToHHI:Je. nyg:RR, npe,ltHaSHa-qemme ]IJI.H .ny-qeBoti TepanRR :e: 
;n;n:a:t'HOCTRKR. 

3. Ha CIDOIJGIPOBaRHWC • npoTOHHl:JX ny,max . Ha'!iaTo. npOBe;a;eHRe PB,ItRo-
6:e:OJior1Aeczmx R lt.1I.mm'i8OKlt:X: RCMe.teOBam. 

4. BI:Jcoxoe aHepreTR'leo1toe paspemeHRe, ltOTopoe MOllteT 61:JTD nOJIY;, 
'!i8HO B pesynTaTe MarHRTHOro ~sa saM8;a;JI8HHOrO npOTOHHOro ny,ma 
(A p/p = 0,5%) R BOSMOll!HOCTb B nmpom llp0.tC8JlaX Bap!,Jij)OBaTb 3H8plml 
npoTOHOB ( OT. 50 MaB .n:o 660 MaB) llOSBO.ItfD)T RCllOJ!D3OBaTb BTOT ItaHaJI. ]IJI.H 

npOBe.n;emm llCC~e.n:oBamrl! npOTOH-IIPOTOHHl:JX R npoTOH-H;lt8pB!OC B3BJ!MO.n;ett
c'l'Bldt. 

.Aup~fWM pa60TI:J. PesynTaTH ;n;n:ccepT£mJm .n;oltJ!B,!tllBBJllb BB Bay'11-

HO-11eTQJONeclt1ll ceMmmpax Jia6opaTopu ,mepmrx npo6Jie111 omm, Ha Ilep
Bo11 118JQ'.tYll8PO.tCHOIII C8MllHape no llCllOJ!DSO:eamm npoTOHHl:JX nyqKOB B ~e-
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Bot Tepamm (MocKBa, !977 ro.n:), Ha Pa6oj8M/oBemamm no BonpooaM 
IIPOTOHHOI Tepamm (!8HRHrpa;!t, !986 ro.n:) I7 • 

Ilo peey~TaTru.f pcceP'.J'PW! onv6.JIIIKoBaHo !5 .i;a6oT /I-4, 6, 8-rl/ 
ll llQJIY'q8HO .n;Ba aBTOpcltRX CBR,ll;8TMDCTBa Ha ll3o6peT8HRH /5, 7 /. 

CTpynypa lIHCC8JlTarnm; ll ee o6-LeM • .IutccePTann:H COCTORT RS BBe
.n:emm, 'lieTs:pex r.mrn II 38.ItlIIJl:[SHRH • .Iutccep-ramm co.n;e,IllltRT II6 CTP8lilln 
MalllllHOimCHO!'O T8ltCTa, B TOM 'qRM8 4I PRCYHOlt ll 9 Ta6~. Cmi:COK n:e:
TRpy8Mol ~TepaTYpI:J BltJlmaeT 6I HamleHoBmme. 

PesynTaTI:J1 npencT™eHHHe R S81l!RTe 

I. M8TO,tt MO;rot@,raa,nmt rJIY6RHHoro .tCOSHOro pacnpe.n:e.ne~ H8MOH0-
3H8preTlN8Cltl'IX IIPOTOHHl:JX nytlltOB, OCHOBamntli Ha npeo6pasoBamm m:e:polto
ro 3H8p!'8Tlt'q8CROro pacnpe,tt8JI8HRH 58M8.ItJI8HHHX npOTOHOB. 

2. ll:e:Me:amdi 118TO,tt _paC'!ieTa EpIIBott Epsrra ;a;JIH H8MOHO3H8preTH1Iec
ltll IIPOTOHBI:a: IJY'IROB. 

3. PesynTaTH IDOpr,mpo:eamm R :e:cMe.n;oBamm illll:Smto-,ttoSR:MeTplNec
ma: X8paKT8pRCTRlt IIPOTOHBHX nytlltOB RJilllilmO~3H'l8CltOro EtMtJieitca JiffiI 
omm. 

4. PesynTaTl:J npoBe.n:eHRH CpaBHRTMDHOtt .tCOSRM8TpRR M8.ttRn:e:HCERX 
IIPOTOHBHX Dy'IZKOB JIHil omm, RT~ IK A3 H .1Ilim AH CCCP. 

KPATKOE CO,IlEPIAHHE PAl30TH 

B neppol rme paccwaTpRBamoa oco6eHHocT:e: npm10Hemm Tmtwmx: 
sapimemmx 'li8CTRn B JIY'Ti8BOI Tepamr:e: C Toi:m:e: spe:ima: llPOit8CCOB RX Bsa
m.ro.n:elcTmIS{ C B81lt8CTBOII, ,ttM88TC.a: BHBO.tC O TOM, 'ITO nplDl8H8mt8 ny,ntOB 
Tmite.ma: sapimemmx "laCTlllt, B 1U!CTHOCTR IIPOTOHOB, llO3BOM8T Cyn(8CTB8H
HO y.ny,mmu ;ztOSHl:J8 IIOJM IIO opmmemm C Ha:e:6Mee lllllPOKO . npml8HR:8111:00I 
B JJY'leBOI Tepamr:e: ny,mmm: 8Jl8RTpOHOB :e: ra:M11a-:e:s.,iyqemtE111. 

BOJie·e OJia6oe pacc81IR][e eyqxoB T.a:it8JIHX sal)RZeHBI:JX ,:zacT:e:n B TICaBR 
II BSJDroie :uaxc.1:WyMa KOHRsan:e:K - mma Bpsrra noSB0.1LRDT WO,lllllPOBaTit 
,1t08HH8 ll0.1DI C BHCOKJDm ltpaemam .l'J)8,1tll8HT8Mll'., B P89YJlL'l'8T8 'lero YJl8HI,

maeirca: ,ltOSa C>6.lly-qemm OK.PYDDltJ[X 0:oyJ:OJ!b 5,JtOpOBHX TKSllel. 
l(.m Toro, 'U06H B IIOJIHOI Mepe JICllOJII,SOBS.TD OTM8118BIIH9 JIP8JDIYlll8-

0TBa 'f'.D8J[HX S&,P8X8Bmtt "l809Il; B Jl!.lll)OKOI ltJiltHR1l8CltOI npe.lmDC8, H8o6-
:Z:0,ltl!lfO paspa60'l'8'f'I> 1'Jl6JC118 118'f'O.Jtt,t WOp&:po:eamm ,ttOSHli% JIOJi:81 B COOT
B8'f'C_TBD c J:JIIDDNecDD 'l'pedOBSHIJDI. a Taue 11eTOJtfi 'l'ouoro onpe,tt9.l[e
oa: u~ozemrs OIJYJ:OD DY!'PII HD munteHTa. 
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HcnMD30BaHll9 .JJ.03JruX no.,refi C 6MDlllllMll rpa,ItlleHTaMll B JIY'l9BOfi 
Tepamm Tpe6yeT nomnneHIDI TO"ll!OCTII onpe.11.eJiemm nOJIOJKemm onyxOJIII 
BHyTPlI TeJia IIaIUI9HTa II cneIUiaJII,HOro lOOTIIPOBO'lHOro II 'A03ID49Tpll"l9CKOrO 
o6opy.n;OBaHllfI )l;JifI KOHTPOJm 3a COBMemeHIIeM 'A03HOro MaKCIIMj'Ma C o6JIY'lae
MOH Mm1Iem,ro. Ta.Kofi BllCOKllll ypoBSHI, TO~HOCTll MOX9T 6RTD o6ecne~eH Ha 
OCHOB9 npRM9H9llll/I peHTrSHOBCKHX II npOTOHHWC KOMII&JOT9pmDC TOlllOrpaqoB. 

Bo BTOpott r.rraBe OllllCllBa9TCH ~CJieHHllfi M9TO'A pac~eTa Kpmiofi Epar
ra )l;JifI H8MOHOaHepreTll'!9CKIIX npOTOHHllX IJY'IKOB, MeT0.11. no3BOJm9T pacc~
TaTD illOPMY r.n:y6IIHHoro 'A03Horo pacnpe.11.eJiemm: )l;JifI npoIISBOJll,HOro pacnpe-' . 
'ABJiemm npooeroB npoToHoB no TOJimllHB saMe~ero BemecT:sa o Y'!BTOM 
R,Itepimx B3run.lO'A9llCTBllfi II MHoroKpaTHOro eyJIOHOBCKoro paccemmJI. 

CyMMapHari: IIOHII3a.rnm: I ' npolI3BO'AEMafl IJY'IKOM npOTOHOB Ha r.n:y6lI
H9 t BemecTBa, MOJKST 6llTD omi:cruta <pOp,!YJIOfi: 

f(R) 

i(R-t) 

G(R-t) 

Rmax 

Rmax 
I(t) = J i(R)G(R-t)i(R-t)d.R ' r'Ae 

t 

- pacnpe'AeJISHIIe npo6eroB npoTOHOB no TOJimHHe R BemecTBa; 
- JmHefimle IlOT9plI aHeprnlI Ha rJIY6lIHe t O'AHOrO npoTOHa, 

ocTaHaBJIHBaIOmeroca.Ha rJIY6HHe R; 
- YM9m.Ill9Hll9 KOJIR"leCTBa npOTOHOB B IJY'IK9 nplI npOXOll',D;9HIDl 

TOJil!Umll BemecT:sa (R-t) 

- MaKCEMaJII,Jrufi npo6er npoTOHOB. 

3aBIICllMOCTD JilIH8fumx nOT9pD aHepr1l1l npOTOHOB C 8HeprIIefi Hmlt9 300 MaB 
OT npo6era R B M.fll'KOfi TKaHll IIIOXST 6HTD annpOKCllMlIPOBaHa CTeneHHofi 
SaBlIClIMOCTDID i(R) ......,.R-n • 3aBlICEMOCTD G(R-t) wm 'AaHHoro nemecTlJ!l 
II Onp9'A9JI8HlillX reoMeTpll'!9CKIIX YCJIOBllfi MOX8T 6llTD onp9'A9JI9Ha Ha oc~o-
Be lI3MepeHIIfi B TaKlIX xe YCJIOBWDC KpIIBofi Eparra IJY'IKS C Y3K1IM 8Hepre
Tll"l9CK1IM pacnp8'A9JI9Hll9M. 

~o:rua Kpm30it Eparra WI!! npOII3BOJll,HOrO pacnpe'A9JI8HIDI llJIOTHOCTII 
OCTaHOBOK npoTOHOB B n:yt!K9 f (R) MOX9T 6RTD onp9'A9JI8Ha B p83YJII,TST8 
~CJiemmx pac~eTOB Ha 3BM. Ilpll 3aM9~8Hlill ny,ma npOTOH~B C aHeprneii 
660 MaB 06.rraCTD OCTaHOBOK npOTOHOB COCTSBJIR:9T H8CKOJIDKO r/c~. fJIY-
6lIHH09 'A03H08 pacnpe.JJ.8JI9Hll9 TaKOro n:ytIKa - nmpoKllfi no.,rord lllIK Epar
ra C M8~8mmM C~OM 'A03ll sa imM. (Pllc. I ,a)• IlyrutTIIl)HllMlI JI1lHlIIIMlI 

lIS06pax9HH pacnp8'A9JI9HIIH npo6eroB npOTOHOB, Onp9'A8Jil!9Mll8 8Hepr8Tll'!OO
K1IM pacnp8'A9JI9HlleM npOTOHOB B IJY'IK9, EbJill lI3 IIMemteroca nmpoKoro aHep
reTll'!9CKOro .pacnpe'A9JI9HIDI BU'A9JI1ITD npoTOHH, HaXO'AIDllllOOH B y3KOM lIH
T9l)BaJI8 8H8prIIII, o6paeyeTCH 'A03H09 pacnp8'A8JI9Hlle, II3o6paxeHH08 Ha 

PIIC. I, 6. EcJm xe CillOp.mpciBaT:r, IJY'IOK C aHepr9Tll"l8CKIIM pacnp8'A9JI9Hll
eM, XSpaKT8l)ll3Y9MllM pacnp8'A8JI9Hll8M npo6eroB, lI3o6pallteHHW4 Ha pIIc. I,B, 
MOlKHO nOJIY'lllTD rJIY6mmoe 'A03H09 pacnp9'A8JI8Hll8 C MO'An:/pmJ,llPOBaHHOil: cpop-
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Pac.I. Pacnpe.11.eneHRe npo6eroB npoTOHOB (nyHKTRpHHe mirna) 
R COOTB8TCTBYIOlllR8 RM rny6RHHlle .JJ.03Hll8 pacnpe.11.enemur 
(cnnomHHe mirna). · 

I 
I ~ I -,y 
.,,~5) . X 

113·· I 

a) 

PRc.2. IlpRHURDH8~HaH CX8Ma YCTpOttCTB8 .11.IIJJ npeo6pasoBaHRH 
nmpoKoro aaeprern~ecKoro pacnpe.11.ene1mH npoToaaoro 
ny~a (a) H KOnllKMaTOPHOtt CHCT8MH (6). 
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MOfi .KpRBofi Epsrra - O,ItHOJ;lO,ItH08 pacnpe,IteJiemi:e .It08H B Ma.KCnMj'M9 lI .Kpy

TOtt cna,n; l(OSH sa mw. 
,lJ,Jm llOJIY'ISHM MO.ItRWIDlHPOBaHHOrO .It08HOro pacnpe,It8Jl9HID! HS HeMO

H03HepreTH'l:8C.KOro IIPOTOHHOro DylU(a 6WI npe.Jt]Io:st8H HOBHH M8TO.It MO,Itmllll

.K~ 1™qlOII!eroCJI nmpo.Koro sHepreTR"lecxoro pacnpe,1teJieHM 'IB.CTHIJ; B 
nytme /5/. 

YcTpofiCTBO WJ}I WDPffipOBaHM ,It08HOrO pacnpe,It8Jl9HM T.R:llteJIHX SapH

lKSHimX ~aCTHIJ; B BemecTBe, OCHOBaHHOS Ha ,ItaHHOM M9TO.It9, ll cxeMaTR"lSC

.Kll ll806palK9HH09 Ha pnc. 2,a MOxtHO YCJIOBHO pa8,It8JlllT:E, Ha TPH ~aCTH. 

I. IloBopoTHHil MarHHT ll'Jm CHCT8Ma MarHE:TOB, aH8JllI3npy:!Olllrul ~aCTll

~ B :a:y,me no Be~e mmyJII,ca. 

2. KOJIJIE:MaTopHalI cic':.'eMa, npeo6pasy:irmwr sHepreTK'lecm cneRTP 

'IB.CTHIJ; B :a:y,me. 

3. CllCTeMa 3JI9M9HTOB MaI'HlITH09 onTHRH (noBopoTHHe MaI'HI![TH ll 

RBa,tt_pynQJII,HH9 .mmsu), .KOMllSHClIPYI<lllM JIHHSfiHyJO .ItIICnepclllO, 

BOSHl!KaIOiey!O npll MaI'HllTHOM aH8JilI39 nytma. 

YcTpo:ttcTBO ,IteficTByeT CJIS.ItYJ!)lltm,I o6pasoM. Ecn B aH8JI113H.PYJ)IlzyIO 

MaI'HllTBYJO CllCTeMY BXO.ItRT ySRE:fi nyq:o.K ~aCTHIJ; C nm:polOIIM 9H8preTH'l:9CRllM 

pacnpe,It8Jl9Hll9M, TO nocJie ee IIPOXOllr,lt9mIJI nytiOR npno6peTaeT JIImefiHyJO 

.ItRCnepclllO, T.e. TpaeRTOPllll ~aCTHIJ; C pa~HHMll mmyJII,CaMll IIPOCTpaHCT

B8HHO pa8,It8JIHJOTCJi. 3aT8M C nDMom:&JO .KOJIJmMaTOpHOtt CllCT8Mll K MOryT 

6HT:& ~acT~O wm nOJIHOCT:E,JO nepeRpHTH 8ll8PTY.PH OT,IteJI:E,HHX J'lB.CTROB, 

~apes .KOTOJlH8 IIPOXOJ];IIT npOTOHH C paSJm'lllo:t!: B~0:11 mmyJII,ca. IlocJie 

3TOro C noMOIItI,JO Mal'IDITOOllTK'lOOROR CE:CTeMH 2 IIPOllCXO.ItRT .KOMII8HC~ 

.mmefiHott ,Itllcnepc:im: ll B pesyJII,TaTe cMennmamm o6pasyeTCJI nyq:ox c npe

o6pasoBa.HHHM snepreTlI'l:ec.Km.1 cneRTpOM n, cooTBeTCTBeHHo, npeo6pasoBSH

HHM rJIY6E:HHHM .It03HHM pa6npe,It8Jl8Hll8M. 

Ha IIPOTOHHOM nyq:xe CllHXPO~OTpOHa .ItO ero OCTaHOBKlI Ha peRo,

CTpyit:lijm 6wra npOB~8Ha 9RCnepBM8HTSJll,HaB: IIPOB8p.Ka .ItaHHOro M8TO,Ita 3/, 

paspa60T8.Ha CXSMa .KanaJIOB WJ.lI <l)op,mpo:samm ll TpaHCnOPTH.POBlrn npOTOH

HHX IJY'iROB B npOr(9JtVPHH8 Ra6~ .KJimmKD-qllSR"l8CROro .KOMIJJI8RCa Ha pe

ROHCT.PYl![.POBaHHOM ycxopHTeJI8 9 • 

B Tpene:tt rme omtcHBaJOTCJi paspa6oTRa n COS.ItB.Hlle RB.HMOB npo

Tommx Icy'mOB B IIPOrtW.PHHX .Ka6HHaX RJimmlt~SR"lOORoro ROMil7!8RCa Ha 

peROJICT.PYl![.POB8.HHOM (Pa30TPOH8 JiffII omm lit HCCJI9,ItOB8.HlI8 RX ®ISHRO-,tt03ll-

1118TpJ1118CltllX X8paRT9.PJiICTllR. 

,lJ,Jm pememm BOIIPOCOB OIITmmsar(HH .P81tlDIOB pa6oTH RB.HaJIOB <l)op.m;

po:samm lil ~cnopTH.POBRll IIPOTOHHHX nyq:ROB B IIPOrt8JtV,PH!l8 llC11181ll8mtli 

6HJm JII)OB8,tt8HH HSM8.P8mtli anepreTlN8Cltlt[ DBpaM8T.POB mme,tteHHoro HS 
qaso'fl)OKa nyq:xa - BeJmllllll cpe,ttHel 9ll8Pl'HH H .ttHCIIepco anepre~ecxoro 

pacu;pe,tt8JI8HHl1 IIPOTOHOB B ny,me. 3TH Be.mrom!:I 11017'1' 6HT:& onpe,tteJI8HH 

HS 8JIBJIJ[3a g)OpY!l RpHBOI Eparra. 
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Cpe.ItHJiJi sHeprM onpe,1teJIJi8TCJi no BeJllI'lHHS cpe,ItHero npo6era npo

TOHOB, a BeJ!lI'lHHa .ItlICnepcllll 9HepreTK'l9CROro pacnpe.tteJiemm - no Kpy

Tll8H' cJa.ita ,ttOSH sa mtROM Epsrra. B pesyJII,TaTe np0Be,1temmx nSMepe

mrtt 13 nOJIY'leHH CJieJtVIDIIUie sna~emm: 

E = (659 ± 6) MsB UE = (3,I ± 0,8) MsB • 

KaHaJI WJ}I WOpMllpOBaHlISI npOTOHHOrO :a:y,ma C MO,ItmllIDlHPOBaHHOfi WOP

MOfi Kpli'!Boil Epsrra ,ttOJD!teH o6ecne~T:&: 

a) MarHHTHHil aHaJmS lI nOJcy"l9HH6 H8o6XO.ItIIMOil .mraefilio:it .ItlICnepc.lll'l sa

TO,PMOlt6HHOrO IIPOTOHHOro DylU(a B M6CT9 pacllOJIOlKSHHJi KOJt1mMaTOPHOfi 

cncTeM!l, TPa.HCIDO,PMlIPYirlllSfi sHepreTK'lOOKoe pacnpe,1teJieHHe npoToHoB 

B :a:y,me, 
6) KDMnencau;mo JIHHefiHo:tt .ItlICnepcllll n nOJIY'le:ime onTBMaJI:E,HHX paSMepoB 

:a:y,ma B npon;e,ttypmn: xa6HHaX B MecTe pacnOJiolKeHIDI o6Jiy'IB.eMHX 06'!,

eKToB, 

B) TpaHCnOPTHPOBltY B IIPOrte,ttypHHe nOMemeHM npoTOHHHX IIy"IKOB C ,ItOCTa

TO~HO nm:poKHM mmyJII,CHHM pacnpe,It8Jl9Hll9M ( ~ p/p = 6-7%) , 
r) MlIHHMaJI:E,Hl19 llOT6.Pll IJY'lRa IIPH TpaHcnopTll.POBirn. . 

Ha OCHOBS 3TIDC Tp860Baimfi 6WI paspa60TaH ll C03,ltaH Ka.HM C COOT

BSTCTBYJ(llmM ®ISHRO-Te~eCKm.l 06opy,1tOBaHll8M ,nJIJi TpaHCllOpTH.POBKH H 

WOIJM!'!pOBaHM Ta.KIIX IIy"IKOB Ha peKOHCTPYHPOBaHHOM cmr:x:pOIJ,lIKJIOT.POH9 JiffiI 
OIDIB, cxeMa KOTOporo npHBO.ItRTCJi Ha pnc. 3. 

M6'A6HH!ltt ns KaMepH CllHXPO~OTIJOHa npoTOHHH:fi JIY'IOK C llOMom:&IO 

MarHHTOB CII-35 n OM-I ll ,ttByx JtV6JI9TOB KB8,Itpynom;HWC .mms .D:r n .D:2 wo
eycnpyerCJI Ha BXO.tt yrJiepo,ItHoro saMe.IJ,mITeJIJi. YrJiepo,ItHHil saM9.ItJIHTeJI:E, 

COCTOllT 113 Tpex H9saBHCIDIO Bpam,annn:xcsr 6apa6aHOB. )lBa nepBHX 6apa6a

~ c;zyxaT WJ1I ycTaHOBKll Ha JIYTll IJY'lRa 6JioRo:a yrnepo,Ita paSJilI'lHo:l! TOJI

nnmu, KOM6:ima.rtmi: llX TOJIDUm ll03BOJIJi9T ycTa.Ha.BJmBaT:E, cyw.mpBYJO TOJDIUIHY 

saM6.IJ,mIT6JIJi OT O .ItO 132 CM c maroM I,2 CM, B_ pesynTaTe ~ero BHeprER 

npOTOHHOro DylU(a MOllt8T 6HTI, yuem.meHa .ItO Heo6XO]Ul'.MOtt cpe,ItHett 9Repr.m. 

TpeTE:fi 6apa6aH nosBOJIJi8T YCTa.HaBJIHBaTb Ha OC:& IJY'Ilt8 O,Itm! ns II CMSH

HHX KOJLl!EMaTopoB. 

Ilpll WOJ!.mpOBamut 3aM6,ltlI9HHHX npOTOHHHX IJY'lROB B IIPOrtSJtVpHHX Ra-

6E:HaX Jfile I lI 2 T.Pll MarHHTa - CII-37, CII-IO ll CII-57 OTKJIOWIDT nytiOK na 
yr;;m 32o, 9,5o ll I4,5o, COOTB9TCTB9HHO. IlpH STOM OCYJI!9CTBJ!J3:8TCH Mar

HHTRHil aHa.Jil:I3 saM8,ltlI8HHOrO Dyl{Ka, B pesynTaTe ~ero npOTOHH paSJmCI

HHX 9Hepl'lll IIPOCTpaHCTB6HHO pa8,It9JIJiJOTCJi, a llX 3H6pr8TK'l8CR08 pacnpe

,IteJieHHe _MoxeT 6HT:& np~o6pasoBB.Ho c ·nOMom:&JO KOJIJmMaTOJ;JHO:t!: cncTeM!l. 

,ILncTaHin10HHO ynpaBJIJi8MM EOJt7Il!MaTOpHM CllCT8Ma IIP6.ItCT8BJI.fi9T 

co6o:tt im.6op ll3 I2 nap llO,ltBl!XHHX wracTllH IIIIIPllHOtt no I,5 CM. IlepeMeme

HB:ElM 3TRX wracTllH B BepTmtaJII,HOM HaIIpaBJISIDill cm.weTpll'mO OTJIOCHTeJ[l,HO 
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PHc.3. CxeMa KBHana 'AllH ~pwi:poBalll'lH M8,IUWHHCKHX npoTOHHl,IX 
nY'IKOB R11HHRRO-qlR8H~ecKOro ROMnneRca Jifill Ollifil. 
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PHc.4. Ha6op RpRBwc Eparra ~cTel npoToeaoro IlYlllta, nponyc
RSeMWC qepes anepTYp!:l OT'Ae,u,HWC nap nnacTRH ROnnHMa
TopHol CHCTeM!l (.IJH~paMH oelosnaqeim HOMepa OTRPHTHX 
nap nnacTHe. 
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M9]:uiaHHOtt nnocKOCT.liI IJY'!Ka MOJl'JlO nepeRpimaTD qacTK'IHO KJlll llOJIHOCTI,!) 
ane.PTYpH OT.i:tem.HHX qacTett nonepe'<ll!oro ce~emm KaHBJia, nponycRaDitero 
npoTOHH onpe.J:t9JI9HHOii seeprmr. PeryJmpo:sami:e anepT]p nosBOJISIBT TpaHC
@Op.mpoBaTD .HM8JO!lt99CH ~pOROe 3Hepre~eCK09 pacnp9Jt9JI9HK9 npOTOHOB 
B TaKoe, KOTOpoe H900XO]:u!MO JT,1IfI llOJIY'l9Ill'l'..l1 B llPOI\9.J:tYPHHX Ra6mmx Jt08-
HOrO pacnpe.i:teJI9HM C 88,ItaHHOii @Op.!Ott MOJ(ll@~POBa.HHOtt KpKBott Eparra. 

IlpK no,!tB.liilltHEIX cnocooax oOJiyllemm, eanpKMep poTim.liIOHHOM, Kor.i:ta 
TOJIIIUma nowi:8.l!talltett oOJiyllemm MmllBHK c pas.mmmx eanpam:emi:tt HBOJt.liIHa
Ro:sa, Bosmma~T H900XO]:u!MOCTD peryJmpOBaTD np0TSD!t9HHOCTD llJIOCROtt Bep
mmm MOJtillll~POBaHHoro JtOSHoro pacnpe.i:teJieHM Henocpe.i:tcTBeHHo B nponec
ce oOJiylleHKH • .IJ:,ta: aToro npe.J:tYCMOTpeea TOJICTM nnaCTKHa, ROTOpaH no.i:t 
YIIpaBJI9H.liI9M 3BM MOX9T nepeMeUiaTDCH B ropK80HTa.JII,HOM eanpaBJiemm, ne
peKpimM HliI8K08H9preT~8CKj'lO qacTD cneKTpa npOTOHOB B nyime, liI ImRaR 
He BJIWm Ha BHCOR08HepreT.liI';IeCKj'lO qacTD, B pesyJII,TaTe -qero npO.liICXO]:uIT 
yM8H!dll9HliI9 npOTJIJ!t9HHOCT.liI llJIOCKOtt B9pllllHl:l r.nyOKHHOrO Jt08HOro pacnpe-
Jt9JI9HWI. , 

l{y6JI9T KBa,IWYllOJIDHllX JI.liIH8 .Jl3 @Oicy'CKpy9T npOTOHH!ltt nyqoR Ha ROJI
JIIDllaTOPHYJO C.liICT9M,Y' WIH. llOJIY'l9HliIH RpyToro Clla,Ita Jt08ll 8a llJIOCROtt B9P
llIIIHOtt MO.J:tR~po:saHHoro .i:toseoro pacnpe.i:teJiemm. ,llBa .i:tYOJIBTa KBa.zwy
nOJIDHWC JmH8 TKna MJI-IO K llll:TD TpKmI9TOB (TrT5) CJIYllfST JT,1IfI TpaHd
llOPTliIPOBRK ey,ma B npone.J:tYPHH9 llCt,4911l9Hmt .liI KOMll9HCaIU'llt JIJiIHeil:Hott Jti!C
nepco B M9CT9 pacnOJioxemm 00.nyqaeMoro OO'LSRTa. IlOBOpOTH!i:lt :Ma.I'BKT 
CII-56 JiICll0JID3Y8TCH JT,1IfI paSBO,ltRR nyt!ROB B npone.J:tYpHHe Ra6mm. Ilonepeq
H09 ceqeHKe npOTOHHWC IJY'llCOB B npone.J:tYpHliX KaOmmx @Opl,mpy9TCH C llO
MOIItI,JD ea6opa OCHOBHHX liI ~CTOBWC KOJJJmMa.TOpOB, YCTaHaBJIRBaeMWC eeno
cpe.i:tCTB9HHO nepe.i:t 00.nyqa9Mli1M OO'L8RTOM. 

Ha PRC. 4 npl!B9Jt9H HaOOp RpKBWC Eparra JT,1IfI OT.lteJIDHWC COCTaBJIIDl
lllKX ey,ma, npOXO.Itmlll:DC -qepes anep-ryp!:l, 00pa30BaHHH9 R~O:I! R3 nap 
nnacTRH AKC; KSMepeHH!itt B npOI\9.J:tYPHO:I! Ra61rne ffi I WIH cpe.rtHe:I! aHepro 
npoTOHOB 200 MaB CnK@Palm ea pRcyeKe yxaaa1m HOMepa OTRPHTliX nap 
nnacTJiIH). Cpe.rtHKe BeJIK'qRHH npooerOB npoToHoB, nponycKaeMHX qepea 
ane.PTYpH COC9,ltma: nap nnacTRH ROJIJmMaTopHott CKCTBMH, OTJIK'IBllTCH Ha 

0, 5 r/c-,l,, UOJIHH:I! RHT9pB8JI npoOerOB ll03BOJISl9T ci»op.mpOBaTD MO~
pOBaJmYI) RPRBYD Eparra npoTJDlt8HHOCTI,D JtO 5 r/c"Jr. 

Ha llOJIY'l9HHOro HaOOj)a RplmHX Eparra Iij'TeM BHOOpa anep-ryp ~O
ro R3 llt9JI9BWC ROJIJmMaTopOB .AK1J OHJIO C@OJURpOBaHO Jt03H09 pacnpe.J:t9JI9HR9 
C MOJti!ql![D;KpO:saHHO:I! @OpMOtt RpKBol Eparra - C llJIOCROI Bepmmol H KPYTHM 
CIIBJtOM i(oSH aa'eel (pRc: 5,a). Ilo,Ito6Hoe pacnpe.i:teJieHKe, IIOJIY'IBHHoe B 
npOI\9.J:tYPHOI RaORHe Ji I JT,1IfI nyqRa co cpe.J:tHel 8H9prE:91 IOO MaB np:ime.i:te-
HO Ha pRC. 5,6. . 

B npone.J:tYpeott Ra6RHe Ni 2 C@OJ;!,IKPOBaH nyqoR npOTOHOB co cpe.rtHel 
aeeprE:e:I! I30 MaB. JJ;7m JB9JIK'q9HWI npoTHllt9HHOCTR llJIOCRO!. B9,l]IIKHH r,ry-
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6.1:IHHoro ;n;o3Horo pacnpep;e.n:emm ;n;o 8 r/crl- ;n;onommrem,Ho npm.ieHeH rpe-
6ell'i8.Tllil: @tlII,Tp. Pac~eTH Ko$ry~ rpeoe~aToro cpwu,Tpa npoBo,ltli
.mrcD c 7'ieToM moroKpaTHoro ey~oHOBCKoro paccemnm B BemecTBe rpe6eH
~aToro <p.MDTpa. Ifaop;oaHoe pacnpep;e.n:eH.1:Ie nM7'ieHHoro TaKm.1 oopaaoM 
OY'iKa llPlIBOp;.l:ITC.fI Ha p.l:Ic. 5,B. 

lliJrel!IIUtiicSI KaHaJI MOlltBT o6ecne~.l:ITD paapemeime no m.my~cy 1:;.p/p = 
0,5% B nw:poKOM ,lt.l:Ialla30H8 :meprmi, ~TO no3BOJI.fI9T llCnMD30BaTD 3TOT 
Ka~ JI.]IJ! npoBe;n;emm 3RcnepIDJI9HTOB no .l:I87'i8HHIO npo~OH-npOTOHHllX lI 

npOTOH-smepHHX B3aIDJIO,lteficTmdi. 
B npouep;ypHOll Ka6mie i 3 C<pOp?.!llpOBaIDl Y3Kll9 n:y,ura npOTOHOB ,ltlia

MBTPOM 5-IO MM c aHeprnefi 660 M::iB JI.]IJ! JJY~eBofi Tepamm Ma.ma: BHYTPH
~epen;mx Mllm8H9it M9T0,1J;OM HanpOJI9T. HH3Kllll <pOH BTOp:ztnrux ~CTIIU BH9 
o6~CTll ny,ma o6ecnB'tllma9TC.fI TeM, ~TO KOJIJillMIIPOBarolB OY'iKa ocymecT
BJIJIBTC.fI Ha 60JU,IIIOM pacCTO.fIHllll OT o~aeMOll MUilleIDI. 

~Op?.!llpOBaH.l:Ie Ha~~HOll ~aCTll ~ ocymecTBJLqeTC.fI TeMll xe MB

MBHTaMll, ~TO lI ;ztJIJI nM7'iemm: 38M9.Il)I8HHHX npOTOHHHX ny,moB • .D:Mee Mar
HUT CII-57 OTMOH.fI9T ny'iOK Ha ROJIJilIMaTop 1'2' pa8MepEl ROTOporo onpe;n;e
Jl'JDDT paSMepI:,I nonepe~oro ce~emm OY'iKa Ha MmIIBH.l:I. KoJIJmMaTop ¾ sa
;n;aeT yr~OBYJ) anBPTYPY ~ n o6ecne~eT &UI!llTY OT cpoHa BTOp~IDlX 
~aCTIIU, o6pasymuIXCSI B llOMememm ~a6. Ji 4 ql8.30TpoHa. KOJIJilIMaTop K4 
CJIYJKKT .1tJIJI o6pesamm opewra OY'iKa. ,llJm O~CTKll ny,ma OT <pOHa BTOp~
HHX ~CTHn npep;yCMOTpeH noBOPOT OY'iKa B RaOHHY ffi !3 Ha yrOJI 7° MarHll
TOM CII-ID-2 • .D:Ba KBa,IU1YIIOJIDHHX TPHI17I9Ta Ts lI T7 cpoeycnpymT ny'iOK Ha 
UBHTP CTeH,tJ;a ;ztJIJI no,ItB1D1Woro ~emm Mml!BHBll B npoue.u;ypHOfi Ka6.l:IHe 
ffi 3. HsoypoBB.l:I WIOTHOCT.l:I nOTORa npoTOHOB B nonep~HOM ce~emm OY'iKa 
npe;n;cTaBJieH!l Ha pnc. 5,r. 

Kpwe TepaneB~ecRnx OY'iKOB B npouep;ypHofi Ka61IHe ffi I ccpopimpo
BaH yam ny'IOK npOTOHOB c 3Heprnett 660 MaB .Il)I.fI .l:ICMB,ltOBaH.l:Ifi no npo
TOHHOfi pe~OHCTPYKT.l:IBHOfi TOMOrpa.cp1I.l:I. Pa8M9pl:l OY'iKa no .l:I30YPOBHXl 50% 
COCTB.BJmllT 3,8 MM no ropll30HT8.JllI lI 2,8 MM no BBpT.l:IKa.JI.l:I (pnc. 5,;n;). 

~opapoBaHUe ll Tpal!CllOPTllpOBKa OY'iKOB ocymecTBJIJIBTC.fI B BaKYYM9, 
TaK KaK MHOrOKpaTHOB paccemme B B03,ItYX9 YB9JilitnmaBT wa.soBHil: 06'!,BM 
OY'iKOB, ~o ,ltBJ.IaBT HBBOSMOJEHHM llOJIY'i8Hll9 YSK.l:IX ny'IKOB, a Ta.Kllte yxy;n;
maeT 3HBpreT~BCK09 paspemeHHe aHa.llll3llpyl!IllBfi MarH.l:ITHOfi Cl'ICTBW npll 
\VOp.mJIOBamnI 9a.M9,ltJIBHHHX npOTOHHHX OY'iKOB C MO,ltllqmi;l'IpOBaHHO! IDOJ]MOfi 
Kp.l:IBO:l! EpaITa. 

B ~BTBB))'l'Ofi rJiaBe Oilli!Clll!aDTCH llSMBpemm ,lt03m48T~BCR.HX napaMBT
poB 118,lO!IO!HCDX npoTommx ny'IKOB. ln.f! HSMepemta: nOJIHoro llOTOKa npoTO
HOB ~apes nonepe,moe C~BHHB ltaHaJia nplllllBH.fIJJTCH Il7IOCKOIIapaJtll8Jll,Hli8 
Bownome :a:omsatn1omme XSMepI:,I. mmepemm npocTpaHCTBemm:x: ,nosma: pac
npe;n;eJ1eHH! npOBO~TCH lmHKS!l'llpBmm x~emnm ;It8T8RTOpallH C IICIIO!llI,J) 
ycTpo!c'rB, pa60T81lllll'IX Ba CMBH C 3Bl /I4/ ll 'l8J;IIWIDmB8CneHTmDm ;It0-
SHM8Tp&m. 

II 



A6cOJIJOTmle .lt09HM0Tpll'!eCKlte ltSMepemm npOBOWITCJI ,It0!3ml8TpaMll Tll
na VA-J-j8 ll KlJ:-270I2, ,It0T0KTOpa.MH B ROTO,PHX JiBJilllOTCJI B09JtYlllHll8 
lIOHH98.IiltOHH!l8 KaMepH. 

C Ue.!I:&D nOBHilI0HIDI TO~HOCTlt a6COJDDTHHX ltSMepemrll nor~omeHHott ,ItO
SH 6Wia npOBe,IteHa rpa.eyRpOBKa ~ecRmc ,It09HM0TPOB B nOJie ra.MMa
lISJIY'!8HWI Ha ycTaIIOBKe POKYC-M IG • I'pa.Izy'llPOBRa ocymecTBJI1IJiacF> cy
TeM cpaBHemm B8JilI"mH aKcnos~oHHott .noSH, 1tSMepemmx: Ra.im6pye:MW.m 
,It09lIM8TpaMH ll llOHlI98.IiltOHHO:li KaMepott, npe~apltTe.lIF,HO OTKamI6pOBaHHO:li 
Ha nep~OM ST8JIOH8 B 1ICCP. I'pa,I(y1IPOBKa npOB8,It8Ha COBM8CTHO C COT
PY.ItHHKBMH HHcTHTYTa pa,IttI~oHHoii .nosiweTpn1t l!CAH B IIpare. 

Me~CKlte npOTOHHHe nytnra, pa60TallllUI8 Ha paSHHX yc1rnpHTeJIJIX, 
cymecTB8HHO OT~CH .npyr OT .rtpyra aneprHeii, npocTpaHCTB0HHIIMII :II 

BP8M8HHHMl:t xapaKT8pl!CTJ:IKaMH ll, COOTB0TCTB0HHO, M8TO,ItaMlI ,It09ltM8Tpmr. 
Pa~ B HCnOJIF>ayeMHX peJmMaX 06.ny,:i:eHIDI n: paSMep ,ItOSHWC no~ett aa
Tpy)tHHIOT COilOCT~eime K.JmHH'1!0CRRX peaynTaTOB, B09HJ:IKaeT H806XO,Itt!
MOCTF, y6e,IUITF,CH B COBIIB,It0HlilI a6cOJmTHHX RaJIH6poBOK. 

.If,Jur aToro 6WIR npOB0JJ;8HH ~ cpaBHlITe.lIF,HHX JJ;09lIM8Tpll'I8CRHX 
lISMepeHIItt MSW" TpeM!I M8~CKHMH npOTOHHHMH ~m,m - Jia6opaTopmr 
smepHHX npo~eM OIDIB, HHCTllTYTa T80p0Tll'I0CKOfi ll aRcnepm.teHTallHOfi qiH-
9lIKll B MOCRB8 ll JieHHHrpa,ItCKOrO llHCTllTYTa H,Itepno:li mHSllKH. If::lMepeHIDI 
nor~omeHHOfi ~OSH Ha M8~CRRX npOTOHHHX ~ax MT3<li ll JIMH~ npoBO,Itt!
DCF, C nOMOm:&D T9pMOJI!lldHH9CU8HTHHX JJ;OSHM8TpOB LiF ll CaF2, npe~apll
Te.lIF,HO OTKamI6pOBaHHHX Ha M9.IttIUIIHCROM npOTOHHOM ~e JIHII OIDIH. To~
HOCTF, cpaBHlIT8nHbtt JJ;09lIM8Tpmr B K8JK,ItOM·C9aIIC8 lISMepeHHtt COCTal3JmJ.la 
IO-I2% (cpeJJ;H8RB8,ItpaTK'llI09 OTK~OH8HH8) • Bwro n~eHO COBIIB,It9HlI9 a6-
COJIIDTHHX sHa~eHIItt JJ;OS B npe,It9Jlax norpenmocTett HSMepem na Bcex Tpex 
~ax. H9CMOT,PR'. Ha cymecTBiW1e pa9.ll:ll'mH aHepr8Tll'I8CRHX ll BpeMeHHHX 
xapaKT8plICTltR 8TllX ~OB S. 

0CHOBHH9 pe3YnTaTH ImCC9t>TBJilffl l\fOryT 6HTF, cmoIJMYDpOBaHH c~e
JJ;YllllHM o6paaw: 

I. Ilpe)tJIOJlt9H ll paspa60TalI HOBmi M8TO,It mopMIIpOBamtlI' MO,Ittiqmmpo
BaHHOH Kpl!BOtt Eparra Jt,1Ill H0MOH08H8preTll'!0CRllX npOTOHHHX ~OB, oc~o
BaHHHit Ha MarmITHoM aII8Jlliae ~a 1t npeo6pasOBamm HMSD!lerocH nmpoRo
ro 9Hepr9Tll'I9CKOro pacnpe,ItMSHIDI KOJIJ!l!MaTOPHOfi ClICT9MOtt, pacnOJIOJlt8HHOi1 
B OMaCTlt MaKC:l!MaJIF,HO:li ~ettHott ,Itticnepcmr. Ha ~e CllHXpOumt7.10TpOHa 
JIHlI OIDIH npOB9,It8Ha 8RCnepltM9HT8JIF,HM npoBepxa ,ItalIHOro M9TO,Ita. 

2 • Ha OCH OBS npe)tJIOlt8HHOrO M8TO,Ita paapa60TaHH KaHaJIH JtJIH mop.m
.POBamm ll TpaHCnOpTllPOBKll npOTOHHHX ~OB B npOU8.ItYPHli8 Ra6mm RJill

HllR~ll~8CKOro ROMillI8KCa Ha peKOHCTpylt.POBrumOM masOT.POH8, paapa6o
TaHO ll BB8,It8HO B 8KCn,ryaTa.rtlD[) @!SltRO-T8XHll'i8CR09 o6opy,ItOBaHll8 KS.HaJIOB, 
B TOM ~Me .u;iiCTal!UlIOHHO-ynpaBJI.118Mlltt yr~epo,ItHH:11 saMe~en. aBTOMaTlt-
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Sll.POBaHHWI ROJIJmMaTOPHWI CltCTSMa JtJIH npeo6pasoBamm 8HepreTmecKoro 
pacnpe;u;e.rreHHH npOTOHOB B ~e. 

3. Paspa60TaII ~c~ellllllli MeTo.It wc~eTa r.7.1Y6mnrux .nosHHX pacnpe
;u;e.rreHltii JtJIH ~OB C npoltSBDnHOfi WIOTHOCTI,10 OCTalIOBOK npOTOHOB no 
TMmHHe BemecTBa c ~eToM ocm~emm ~ B pesynTaTe smep:imx BSaH
MOJJ;ettcTBd ll MHOrOKpaTHOro KY~OHOBCKoro paccemnm, C nOMO!Ill,IO KOTOporo 
npoBe;u;eHO MO.IteDPOBaHlIS Ha s:m TpaHCnO,PTllPOBKll no KaHMY npOTOHHHX 
~OB C MO,l(llq/~pOBaHHOtt mo.IUO:li K.PRBOfi Eparra. 

4. B Tpex npoue,eypHHX Ka6HHaX lt.7IlllilIBO-qlll3ll'l0CKOrO KOMll.1I9KCa pe
KOHCTPYllPOBaHHoro qaaoTpoHa cwopr.mpoBaH m6op npoTOHHl:lX ~OB JtJIH 
.ny,:I9BOi1 TSpallllll ~OKaJIHSauIIii paSJilI'lH!lX paSMepoB, KaK noBepXHOCTHHX, 
TaK ll paCilOJIOllt9HHHX Ha 60JII,1IIOi1 r.7.1Y6Inte. HCMS_I(OBaHH xapaKTSPllCTlIKll 
a.Ha.Jm9npyl0ll!9i1 MarHliTHOfi CltCTSMH. 

5. ,If,Jm cpaBHemm pesynTaTOB .ny,:ISBO:li T9pailllll Ha npOTOHHHX ~
ltaX Jia6opaTOpllll smepH!lX npo6~eM OIDIH, HliCTllTYTa TeopeTmecKO:li ll 8KCil8-
pltM9HT8JIF,HOii WllSllKll I'K A3 B MocKBe n: JieHHHrpa,ItcKoro ltHCTllTYTa smepHo:li 
qiHSRKll AH CCCP BnepBHe npoBe.nena nx cpaBHRTenHaH.,ItoanMeTpWI. B pe
synTaTe n~eHo coBna;u;eHRe B npe.ne.rrax norpemHocTe:li HSMepelid a6co
JllDTHHX R8JllI6poBoR BCex Tpex ~OB. 

6. ,If,Jm nOBHIII9HllH TO~OCTll a6COJIRJTHHX llSMepeHltii nor~omeHHoil .J];OSH 
Ha 6aae ra.MMa-:O~TElJIII POKYC-M 6WI o6opy.n;oBaH CT8H,It JtJIH rpa,u;yHpOB
Rll ~eCKllX ,It03llM9TpOB B nMe raMMa-lt~9HllH. 

7. Gwop.m:poBaH!l ll llCC~e,ItOBaHH ,It09HH8 IlOJIR:, Heo6xo.nm,m:e JtJIH npo
B0,It9HllH KJlllBl'ItI8CKOro 06.ny,:i:emm ll 61tMOrll'I8CK-!DC 3KCil8pl!M8HTOB. IIpoBe
,It9H ne_pBHtt 8Tan pa,u;K06ltO~Orll'!eCKllX 8KCil8pnM8HTOB IlO.ltSMepemno OE3 
npoToHHHX ~oB, coBMecTHo c cOTPY.ItHllKaMll BOHU AMH CCCP na~aTH ceaII
cH ~8B0ll'T8pamm Ha npOTOHHOM ~e peKOHCTPYllPOBaHHOro qaaoTpoHa. 

8. CwopMIIpoBaH npoTommil: ~oK JtJIH npoBe.nemm aKcnepHMeHTOB no 
11cMe.no:eamm npoTOH-IIPOTOHHHX ll npOTOH~smepHHX BsallMO,Ite:licT:sd. 

0CHOBHH9 pesynTaTH pa60Tli llMOJ!tSHH B c~e,I('/ll]llIDC cy(lmmamprr! 

I. H.H.ABllRaHoB, E.C.KyaF,MHH, A.r.MOJioKaHoB, o.B.CaB~eHKo, B.II.CTe
KOJIF,HllKOB, E.B.AcTpaxaII, C.A,EMF>Tep, M.III.BattH6epr, H.r.lKaKoB, 
A.H.Py.ne_pr,iaH. Me,IttIUllHcKd npoToHHH:li ~OK Jia6opaTopmr.sr.u;epHHX· 
npoMeM. owrn. BHTI. 2. IIo.n pe,ItB.Ktij:Ieil B.II.,lJ.llte~enoBa n: A.H.Py.n;ep.1a:ira. 
OIDIH, 7287, ,Ify6Ha, I973. 

2. B.M.A6aaoB, B.II • .JJ,.,te.rrenoB, E.C.KysI,MIIH, A.r.MMoKaHOB, r.II.PemeTHlt
ROB, O.B.Can~eHKo,-·B.A.Tpoqim.!oB, E.II.llepe:BflTSHKo, E.B.AcTpaxaH, 

· A.A.BrumcoH, M.m.BattH6epr, r.B.MrutapOBa, A.H.Py.nep.1aH, H.JI.IIIMaKOBa, 
C.II.Hp.10H8HRO. IIo.ny,:i:eHlte ll ncnonaOBaHll8 MS~CKRX npOTOHHoro R 
Illt-MSSOHHOro cy~oB B Jia6opaTop:im fi.J];9pHHX npo~eM OIDIH ll nepcneKTR
Bli .n;anHef!mmc pa6oT. OIDIH, .D:-8883, ,Ify6Ha, I9'75. 
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3. B.II.Sop.HB, A.r.MOJioRaHoB, O.B.C8.B"lemto. MeTo.tt Mo.tt$Rm:om mma 
Ep3ITa AlUI H8MOHOllH8preTRtl8CRKX npoTommx Iij"mOB. omm, PI6-II080, 
JJ.yCSHa, I97l. 

4. B.II.Sopm1, A.r.MOJioRaHoB, O.B.CB.B'iemto. MeTOJt Mo.tt$Rm:om mma 
Ep:iITa ~ H8MOHOllH8prenrq:ecRKX npoTOHHWC Iij"mOB. B RH. HcnOJII,SO
BaHH8 npoTommx Iij"mOB B .nytieBo! Tepe.mm:. Tpy)tll IIepBoro MeJlQzyHapo.tt
Horo ceMl!Hapa. T.I, cTp. I37, M., ATOMl!B,ItaT, !979. 

5. A.r~MOJIOR8.HOB, O.B.CB.B'i8HRO. YcTpO!CTBO ~ qiop,,mpOB8.HW! JtOSHliX 
pacnpe:iteJieHd TJDJt8JIWC sapmitemmx 'iaCTmt B BeDtecTBe. OHITOTS Ji I5, 
CTp. !74, !979. ABTopcxoe CBll',.lt8T8JILCTBO J. 6585!7. 

6. B.M.MasoB, r.A.AH,Jij>eeB, E.B.AcTpaxaH, T.C.I'a:BpRJioBa, B.II.Sopm1, 
H.H.Kn:o'iROB, E.C.KySI,Mlm, C.A.Ky'l'YSOB, A.r.MOJIORaHOB, B.H.IlaxOMOB, 
r.II.PemeTmmOB, O.B.CaB'iemto, JI.M.Copoxo, B.r.CyxoB. Sxcnepm.1eHTH 
no p8ROHCTpyitTID3HOit TOMOr~im Ba 118.ltlmRHCROM npOTOHHOM Iij"m8 cmi
XPOIUUtJIOTpOHa JiaCSopaTop:im: H,It8pHWC npo6JI8M OHHH. omm, !8-80-746, 
,lJyCSHa, .I980. 

7. B.M.AclasoB, E.B.ACTpaxaH, A.r .MOJIOR8.HOB, O.B.CalNeHRo •. YcTpOil:CTBO 
Jt,m rcmJ/pOBO! TOMOrpaib:im: Ha IJY"'lltax TJD!t8JIWC sapa:zemmx: 'iaCTmt. 
OHITOTS, !982, Ji !4, CTp. 324. AB'l'Op0K08 CBll',.lt8T8JILCTBO Ji 867!62. 

a • .n:.JI.Kap.mm, E.A.KoHHoB, B.H.KocTIJ'llemto, M.~.JI011a.HoB, A.r.MOJiom
uoB, B.E.IIB:SROBOJIOC, o.B.CalNemto, B.C.XopOlllROB. Cpa.BBJIT8JILB8ll 
Jt0Sml8Tpmi 118.ltlmRHCRKX npOTOHHrll IJY"IIROB JUII1 omm, HT~ mAS Ji[ 

~ AH CCCP. OHHH, !6-82-876, Jb'CSHa, !982. 
9. E.C.KysLJmH, H.B.MHpoxmI, A.r.MOJIOR8.HOB, D.JI.OCSyxoB, O.B~CaB!leRRo. 

Pa.o'i8T RaBaJlOB ~ qiop.mpOBamm Jl TpaHCnopTllpomar npOTOHHHX IJY"IIROB 
118,ltllI(BHcxoro HaSHa'iemm Ha qiasoTpoae OHRK. OHRK, P9-84-445, JJ.yCSHB., 
!984. . 

IO. B.M.ACSasoB, C.A.I'yCTOB, B.II.Sopim, C.A.K1'1'YsoB, H.B.MHpoxm, 
r.B.~. A.r.MOJioKauoB, o.B.CaB1taimo, A.B.~ltlllDlouOB. IIOJIY'llemra 
Ji[ KCCJ[8)t0Balm8 T8pan8BTR"l8CRHX npOTOHHrll IJY"IIROB Ba peROHCTpylipO
B8.BBOII ql8SOTPOB8 JiaCSopaTOpm! BJt8pma: npo6Jie11 o:mm. mum. P9-86-648, 
,Ifydm, !986. 

II. B.M.AclasoB, C.A.I'yCTOB, B.II.Sop&, C.A.Ky'l'YSOB, H.B.MB:poxm,. 
r.B.IIBI:tlm, A.r.MOJIORaHOB, O.B.C&JN8BKO. IIOJIY'll8D8 Jl Ji[QCJ[~OBaBI[~ 
@nDO-JtOSDteTpRtl8CUJC XBJWtT8PKCTB 11aitmtmroxoro npoTQBHOro ey,ma 
co OPUB81 BBepme! !30 MaB. omm, 9-87-280, .IlYCSBa, !987. 

I2. B.M.AdaaoB, C.A.I'ycTOB, B.II.Sopu, C.A.K1'l'YsoB, H.B.lmpODB, 
r.B.Jlmijm, A.r.MOJIORaHOB, O.B.Caneno. IID,Q'118B'.J(8 Jl Ji[OC,I8JtOB8BK8 
llam►J:081D18TpJAecm l'.aJWtTepKC'fD •8J:mKHC"Oro npoToJmoro J1Y11K8 
co o,PQJ!d mepmel IOO MaB C JfOD♦ll ■PuBaBBOI ~plol XJDOI Bp81'-
ra. amm, 9-87-28!. .ItyCSHa, I987. · · 

14,' 

I3. B.M.MasoB, C.A.I'ycToB, B.Il.3opIDI, O.JI.KJmMoB, C.A.KyTysoB, 
H.B.Mn:po:mH, r.B.Mmnm, A.r.MoJio:itaHOB, O.B.CaB'!8BKO, E.II.llepe
BaTBBKO. HSMepe:ime napaMeTpOB BllB9;It8HHOrO npOTOHHOrO ny'!Ka peKOH
CTpyn:pOBaHHOro (I/aSOTpOHa o:mm. · orum, 9-87-322, JJ.yCS:aa, 1987. 

14. B.M.MaaoB, C.A.I'ycTOB, B.Il.3opn:H, C.A.KYTY30B, II.B.Mn:po:mH, 
r.B.MimHH, A.T.MOJIOKaHOB, O.B.Ca.B'!8HKO, A.B.il?HJmMOHOB. HsMepn:
T8JILHWI annapaTY!)8. Ha CB/I3ll c 8B~. Me;ztn:u;llHCKafl pa,lUiOJIOrruI, 1987, 

Ji! IO, CTp. 72. 
15. B.II.3op:im, C.A.KyTysoB, ll.B.Mn:po:mH, r.B.Mmnm, A.r.MOJIO:itaHOB, 

0.B.Ca.B'!8HRO. IloJIY'!8Hll8 ll llCCJI8,ItOBalill8 Y3ItIIX ny'!KOB I!pOTOHOB C 
:meprn:eit 660 MaB ;rtJif.[ .nyt1eBoit Tepamm:. · OI1HM, 9-87-840, ,lJy6Ha, 

1987. 
I6. P.Barnep, B.II.3opn:H, II.fui:poymeR, O.JI.KmtMoB, H.KoBapllt, A.r.MOJio-

RaHOB, r.B.Mmnm, Il.HOBOTHll. cl1n:3mtO-;It03IIM8Tpll'!8CKll9 n:3Meperum 
Ha raMMa-annapaTe FOKVC-M. orum, 16-87-935, ,lJyCSHa, !987. 

I7. B.M.ACSaaoB, c.A.I'yCTOB, B.II.3opn:H, C.A.KYTY30B, ll.B.Mn:po:mH, 
r.B.Mmn:IH, A.r.MOJio:itaHoB, o.B.Ca.B'!eHRo, A.B.~oHoB. ITOJIY'!eHn:e 
ll llCCJI8Jt0Balill8 TepaneBTn:'!8CKllX npoTOHHliX ny'!KOB Ha peKOHCTpyn:po
BaHHOM q>aSOTpoHe. Me:ztmnU{CKafl pa,tzy!OJIOrM, 1988, Ji! I, CTp. 67. 

PyltOinlC~ llOCTYJlWW. B ll3;lt8T8Jll,Cltd OT)t8JI 
22 anpeJIJl 1988 ro~. 
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