
OB'bE,llHHEHHhlA MHCTMTYT H,llEPHhlX MCCJIE,llOBAHHA 

- I Sb 

BAJIKAP 
lliTe<paH 

1-80-649 

HCCJIE~OBAHHE OBPA30BAHHH 

3APHIEHHhlX H HEATPAJibHhlX 4ACTHU 
-12 u 

B ~ C 83AHMO~E~CTBHHX 

OPH 5 r 38 / c 

CnemtaJibHOCTb 01 .04 .01 - 3KCnepHMeHTaJibHa5! <pl13l1Ka 

ABTOpe¢epaT aHCCepTaUHH Ha COHCKBHHe yqeHOH CTeneHH 

KaHnHnaTa ¢H3HKO-MaTeMaTHqeCKHX HayK 

lly6Ha 1980 



Pa6oTa BHnonKefta B Jia~opaTopHM n!epBm:: rrpo6nev 06~eAHBeBBoro 

WKC!ITYT8 anepBHX xccneAOB8KH~ 

Hay1111He PYKOBOAl!en1: 

,lOKTOp ~3JIK0-118TeJl8TH'ieCRIX K8YK 

K8B,llll8T ~BIKO-MaTeYaTv.'ieCKHX KSYK 

0~1~anbKHe OITITOBeKT~: 

AOKTOP ~131KO-VaTeMaTH'ieCKHX ff8YK 

npo~eccop 

K8K,ll,l8T ~131K0-118Te~aTH'ieCKHX KaYK 

Bem1~ee Kayq10-1ccne,loBaTenbcKoe yqpellt,Zle11e: 

EY.lIAI'OB 

l();r1 SK ApaMOBl'l'i 

JIOMAKIDI 

k'.ip1n 1~mnmrrom,q 

COJIOBI,EB 

M1xa1n HOCH~OBM'i 

BOPOE1EB 

Jleo1rnn CepreeBH'i 

MOCKOBCKlft HKlleKepKO-qlH3H'ieCKHff IKCTITYT' 

38~JIT8 ,lllCCepTan11cocTOHTCH" " !980 r. B 11 "qa-

coB 1a aace,la111 c~en1an1anpoBaKKoro coBeTa nD47.0I.03 np1 Jia6opaTo

P•• H,lepKHX npo6neu 06~en1KeBBOro HKCTJITYT8 RnepKHX 1ccnenoB8Klft 

r. ,l{y61a, UOCKOBCKOff o6n8CTH. 

C ,llCCep!ain,eff MOEKO 03K8KOMITbCR B 616nnoTeKe OilliH. 

!BTope~epaT paaocna1" " I980 ro,;ia. 

Yqe1Hff ceKpeTapb cnen1an1a1poBaKKoro coBeTa' 

,lOKTOp ~31K0-118TeM8TM'ieCKIX KBYK 

IO.A.EATYCOB 

OBlllAH XAPAKTEPHCTID<A PAEOT~ 

AKTYBllbHOCTL npo6ne11u. HayqeHHe nponeccoB MHOEeCTBeHHOro o0pa-
30B8HHH qacTHn B 8APOH-HA6PHUX B38HMOAe"CTBHHX npH BUCOKHX aHeprHHX 
npHo6peT86T B nocneAHHe rOAU Bee B03p8CT8D~ee aHaqeHHe. B p8MK8X 
BTHX HCCneAOBBHHi B03HHKno HOBOe HanpaBneHHe - penHTHBHCTCKBH HAep
HBH ~HBHKB, KOTOp8H oO~eAHHHeT HA6PHYD ~H3HKY cpenHHX H HH3KHX aaep
rH" C ~H3HKO" ane11eHT8pHUX qacTHn. Ha CTHKe paaHUX paanenoB HBYKH, 
KBK npBBHno, OTKPHBBllTCH B03JIOEHOCTH nnH nonyqeHHH.HOBHX CB6A6HHlt, 
B ABHHOM cnyqae, O.CTPYKType HA8P HO CBO"CTBSX aneMeHT8pHUX qaCTHn, 
KOTOpue H6B08JIOEHO nonyqHTo B p8MK8X TPBAHnHOHHUX HanpaBn8HH"· 

l1CKJID'iHT8nbHU" HHTepec npencTaBnaeT nonyqeaHe.HOBHX BKcnepHM8H
T8nbHUX ABHHUX O 118X8HH3Me o6p880B8HHH KywynHTHBIIUX qaCTHit, H,B oco-
6eHHOCTH,Ky11ynHTHBHUX HyKnOHOB, T.e. HyKnOHOB, pOEA8D~HXCH (B 8Af)OH
anepHUX B88HMOAeltcTBHHX) 88 npeAenawH KHHeMBTHqecKOI 06nBCTH AJIH B88-
HMOA8ltCTBHH co CB060AHHM llOKOH~HJICH HyKnOHOM anpa. l{eno B TOM, qTo C 
HayqeHH811 KyMylIHTHBHOrO 3WW8KT8, KOTOpHi MOJUiO p8CCM8TpHB8Tb K8K IIHO
rOKB8pKOBHe B38HMOAeiCTBHH, CBH38Hli H8A8EAH ~a BliHCHeBHe npHpOAU CHn, 
YA8PEHB8D~HX KBSpKH B.anpoHax. 

l{na onHCBBHH nponecco:s o6paaoB8HHH KyMynHTHBHl:lX qacTmrt p83BHTH 
MHOroqHcneBHHe TeopeTHQ8CKKe llOCTpoeBHH H IIOA61IH, TBKHe, K8K ~alep-
6011b!JSH, KBCKSABO-HCnapHTeJILBSH, KSCK8AH0-8KCHTOBHSH, MO;itenH MHOro
KBSPKOBWX CICTeM (uanp.,;itH6apaOBOB), KBSpK-n&pTOBHUe IIOAHWHKSitHH 
wnyKTOHHWX npeACi-aBneHH", IlP8ACT8BneHHH O IIHOroHyKnOBBliX (napuux) 
KoppelIHrtHHX B H,lpe HT.A. 

IlOBTOMY H8 iaHHOM BT&ne H8H6onee 8KTyanLIWMH HBllHDTCH HCcneAOB8-
Hl!JI HBTewepeHnHOHHliX 8~6KTOB AJIH TOE)teCTB6HHUX BTOpH'ililiX qaCTHit 
( 11 -M880HOB, HYKJIOHOB) H KOppeJifl1t11lt, CBH88HHUX C o6paaOB8HH811 MHO
roKB8pKOBUX peaOH8HCHUX CHCT8M, KOTopue woryT ABTb MOA8nLHO H838BHCH
IIYD HHWOPKSitKD O npocTp8HCTB6HHO-Bpe11eHHO" KSPTHHe B38HMOA81CTBHH. 

9Kcnep~M8HT81lblW8 ASHHHe, B0■8A111He B OCHOBY AffCC8pT8ItHH, nonyqe
HU 8BTOpo11 B 1971-1979 rr. COBK8CTHO c KonneKTHllOII COTPYAHHKOB, pa6o
T8D~HX us 200-nHTpoBol nponaa➔peoHoBol nyaupLKoBol Ka11epe noA 06111HM 
PYKOBOACTBOK 'in8H8-KOppecnoH;it8BT8 AH CCCP npo~eccopa B.Il.l{aenenoBa. 

Ueu. H aa11aqH HCCll8llOB8HIH. UenLD HCCneAOBSHH", COCTSBJIHDUU!X 
OCHOBy ,ltHCC8pT8ItHOBHOI paOOTH, Hll11J16TCH HBYUHIIS HBK1lll8HBHliX xapaK
TepHCTaK H H8KOTOpliX KOppenHitHOHHJ:fX CBOICTB B o6paaoll8HHH BTOpHqaux 
q&CTHit ll IlHOB-yrnepOAHUX B88HKO,lt8ICTBHHX, cpSBH8BH8 nonyqeuaux pe
aynLTSTOB C npeACK838HHHMH KBSpK-DBPTOHHol, K8CK8AHO-HCll8pHT81lLHOI 
H APYrHx MOAenel. 
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B 3a,lla<m HCClle,ll0.1JaH11li .IJXO,llHllO H3MepeHHe ce<IeHIIH reHepan1111 H 
UHOJK6CTB6HHOCTH npOTOHOB, Bblll6TaDI11HX 113 H,llpa yrnepo,lla B 3a,llHKlKl nony

C<lJepy; irnytJeH11e noBe,lleHIIH CTPYKTypHOli <llYHKl\1111 ,lllIH KYMYJIBTl1BHUX npoTO
HOB; l1CCll6,llOB8Hl18 KOpp8llHl\l1ll ,llllH 38pHlK8HHblX BTOPHtJHblX qaCTlll\, xapaK
TepHbiX ,llllH q>llYKTOHHoro MeXaHll3Ma; 113Mepe1me npocTp8HCTB8HHO-BpeueH
HblX X8p8KT8pl!CTl1K npouecca MHOJK8CTB6HHOll reH8p8l\l1l1 fr -M630HOB II 
npoTOHOB (1rnyqeIDie llilTe~epeHWIOHHWC ~TOB }I)IJI 6Jnl3KIDC nap 
T~eCTBeHHWC 1JaCTlllt) ;conOCTaBJiemte 3KClleplD4eliTBJll,llllX ~llX ,IµISI. 

llHKJDJ3lllllioro poJOJ;emm IIpOTOHOB II aapmteHHWC n- -MesoHoB c npe,D;
CKa3aHIISIMK Ka.CKa,IUl:O-JrICllapl[Te.IrLHOii,qiaitep6oJWloit JI .lijlyrRX MO,D;eJieit. 

HayqHaH HOBl13Ha 11 3H8tJHMOCTo pa60Tbl. SKcnepHM8HT8lloHhl6 ,ll8HHhle, 
npe,llCTaBll8HHhl6 B ,lll1CCepTau1111, xapaKT8pH3YKlTCH BhlCOKOll CT8TIICTlltJ6CKOll 
06ecnetJ8HHOCTDKl II OCHOB8Hhl H8 pe3ynDTaTaX 8H8llll38 15000 11 rr• I2c"-
B3811MO,ll8ilCTBllll np11 5 raB/c. . 

BnepBb18 6una 113MepeHa 8HH30TpOilllH CTPYKTYPHOil q,yHKl\l1H KYMYllHTHB
HhlX npoToHOB i ycnemHo np11MeHeH ueTO.ll uaKc11uanoHoro npan,llono,1106HH 

,llllH Ol\6HKl1 ee napaueTpOB II BepOHTHOCTII onHC8Hl1H 3KCnepHM6HT8lloHblX 
,ll8HHblX P83HblUH UO,ll8lloHblMl1 napaMeTpll38l\llHMl1. 

ilO,llTB8PlK.ll8H8 cnpaBe,llJlllBOCTD r11n0Te3bl H,llepHoro CKeillIHHra ,llllH 

rna,llKOll tJ8CTH HHB8pl18HTHOro cetJeHIIH B WllpOKOM l1HTepBane yrnoB Bblll8Ta 
npoTOHOB. 

ilpoBe.zteHa nepB8H 3KCnep~M8HT8lloH8H Ol\8HK8 cpe,llHero 3HatJ6HHH WII
PHH 3HepreTll'l6CKHX ypOBHetl pe30HaHCHIDC COCTOHHl!ll HYKllOHHblX CHCTeM, 
06·yc110Bnl!B8IOI11HX 11cnyCK8Hl18 npOTOHOB H838.l(. 

HCCJI8,llOB8Hbl KOppeJIHl\1111 no yrny pa3neTa 38pHlK8HHblX tJ8CTl1l\ C Bb1JI6-
TOM O,llHOH 113 HHX B 38,llHIOIO nonycq,epy H BnepBb18 H86l1Xl,ll8Ha xapaKTepHaH 

Koppel!Hl\HH C npeHMy~eCTB6HHblM p83ll6TOM tJaCTHl\ B npOTHBOnOllOEHble CTO
POHhl ,lllIH a,llpOH-H,ll8pHbiX B38l1MO,ll8llCTBllll. 

OueHeHbl npoCTIJ8HCTB6HHO-BpeueHHbl6 pa3uepbi o6nacren, OTBeTCTBeH

HblX 38 H3llYtJ8HHe II 6llH3KIIX11 nl!OBHhlX 11 npoTOHHblX nap ( R 1r rr > 1 cf, 
R pp > 1 cf, ). 

ilpOB6,ll8HO. ,ll8TalloHOe c_onoCT8Bll6Hl16 3KCnep».ueHTalloHIDC ,ll8HHblX ,llllH 
O,lll:IOtJ8CT~tJ!lblX l1HKJIKl311BHhlX pacnpe,lleneHllil H MHOJK6CTB6HHOCT6ll BTOPl1tJHblX 

3apHlK6HHhlX tJaCTl!l\ C npe,llCK83aHHHMH 110,ll6llll BHYTPHH,ll8pHbiX KaCK8,llOB. 06-
CYJK,llaIOTCH BO 3MOlKllb18 npHtJHHbl CHCT6M8THtJ6CKOro npeBblW6llHH MllOJK8CTB6H

HOCTen BTOPl1tJHblX tJ8CTlll\, npe,llCK838HllblX MO,ll6lloIO, H8,ll 3KcneplU.16HT8lloHbl
MH ,!la HHbl!.IH • 

ilpaKTHtJ8CKaH yeHHOCTo pa60Tbl. Paapa60T8HHNe M8TO,llbl, HU8IOIIIH8 

l\8llol0 onpe,llene1111e OilTHtJ6CKHX KOHCTBHT ITK-200, napaMeTpH381.\Hll YBrHIIT-
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Horo nonH aneKTpouarHIIT8 HK-3-4, a TaKEe C03,l(aHHbl8 CHCT6MU nporpauM, 
uoryT 6un 11Cll0llo30B8Hbl H 1l ,llpyrHX 3KCnep111.1eurax, npOBO,llHMUX C no

MOilloll Kawepaon weTO.llllKII •. 
li peaynoT8T6 npoBe.zteHHblX B ,llHCcepTal\HH HCCJI6,llOB8HIIH nOK838H8 

B03MOEHOCTo 11cnono30B8!1HH KoppellH!lHli BTOPHtJHblX tJ8CTHl\ (B TOM qucne II 
TOl:'A8CTB8H~NX, BKJIIOtJ8H npoTOHbi) ,llllH H3YtJ8!111H npocTp8HCTB6HHO-Bpe
M6HHblX xapaKTepHCTHK nponecca MHOll8CTBeHHOro o6pa30B8HHH tJ8CTlll\ B 

8,llpOH-H.ztepHbiX B3811MO.zteilcTBHHX. BCH COBOKynHOCTo nonyqemrnx CB8,!(6!1Hll 
no3BOnHeT. Ol\8HllTD He06XO,lll1MYKl CT8THCTHtJ8CKyll TOtJHOCTD H Tpe6ye1rne 
8KCnepllM8!1T8lloHOe paapemea11e 'AnH nocne,llYIOIIIHX SKCnepHll8HTOB no 11ayqe

Hl1IO rny60KOHeynpyrux 8,llpOH-H,llepHbiX B38HMOA8llCTBHli 11 MOJK6T 6blTD HC
nono30B8H8 npH nnaHHPOB8Hllll·HOBUX 3KCnepllM8HTOB no H3ytJeHl1IO 8,llpOHHblX 

B88HMO,lleilcTBHtt. 

Anpo6ayHH pa60Tbl ll ny6nllK8UHH. 0CHOBHb18 peaynoT8Tbl ,llHCCepT8l\l10H
HOll p860Thl npe,llCT8BnHllHCD Ha MeE,llyHapO,llHblX KOH~epeHUHHX no ~ll3HKe Bbl

COKHX SHepr11n B T6HllHCH (19.76 r. ), B Ta6ope (qCCP', 1978 r.), ony6llHKO

B8HU B :syp11ane 11H,ll8IJH8H <lJH3HK8 11 ll B BH,lle npenpllHTOB H coo6J(8HHll omm. 
CTpyKTypa 8HCCepT8Ullll. nllccepT8l\HH COCTOllT 113 BB6,!(6llHH, tJ6Tbipex 

rnaB ll 38KlllOtJ8Hl1H, CO'A8P~HT 127 CTp8Hl1l\ 118WHHOill1CHOro T6KCTa,45 pll

CYHKOB,16 T86l!Hl\. CnllCOK llHTepaTypbi ll8CtJllTblB88T 134 HBJD4eHOBWDIJI. 

COAEP!AHHE nttCCEPTAUHH 

Bo BB888Hllll o60CHOB8H8 8KTyanoHOCTD T6Mbl, OTueqeHa IlllO,l(OTBOp
HOCTo HHKllI0311BHOrO nO,llXO,ll8 K 8H8llll3Y npouecCOB MHOE8CTB8HHOro o6paao
B8HIIH tJ8CTHl\ H8 H,llpax; pacKpbiB88TCH era CBH3D C ue·rO,ll8Mll, pa3pa60T8H

Hbl~ll B CT8TIICTlltJ8CKOil ~113l1Ke, H B03MOllHbl6 aaanorHII C 116TO,ll8UH KBB!ITO
BOil T80Pllll IlOllH. On11caHbl OCHOBHhl8 IlOllOE8llHH H3B6CTHblX TeopeTHtJeCKllX 

MO,ll8ll8ll II r11nOT63 - 0 U8CWT86HO-IIHB8pH8HTHOM IlOB8,ll6HHII cneKTIJOB Kywy
llHTIIBHhlX M830HOB (c~opwynHpOB8HO B 1971 r. A.M.EaJI,llllHbiM) - H H.zt8pHOM 
CKettnHHre ,llnH KYMYllHTIIBHblX 6apHOHOB (BbiCKa38HO r.A.ReKCHHblll B 1973 r). 

ilpllB6'A8Hbl Jl63YlloT8Tbl, nonytJeHHble B p8MK8X PH.ll8 H8116onee pa3pa6o
T8HHblX-MO,ll8ll6tt ,llnH Heynpyr11x H,ll8IJHblX B88l1MO,llettCTBllll B pellHTllBHCTCKOtt 

06nacTH.aHepr11n, ,ll8lloHettmaa axcnepaweHTBnoHaH npoBepxa KOTopux npe,ll
CTBBllH8T (H~PH.l!Y C yToqHeHll6M COBpeueHHblX TeOp8TlltJ8CKl1X npe,llCT8Bll6-

HHil) OCHOBHYE l\8llD HCCll8'AOB8.HHH. 

B nepBott rnaBe ,llllCCepT8l\HH OllllC8H8 aKcnepl1M6HT8lloH8H YCT8HOBK8 

- .11ByxcoTnzTpoBaH nyaupoKOBBH xawepa (ilK-200) JIHIT OH!ll1 c nponaHOBblM 
11 nponaa-qipeOHOBblM aanonH6HH6M, nowe~eHH8H B Sll6KTPDM8rHIIT8 HK-3-4 
C H8npHl:8HHOCTDKl warHIITHOro flOllH 1-/z ::: I, 7 T. ilpl1B8,ll8Hbl OCHOBHbl8 
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X8P8KT8pHCTIUU1 HCil011b30B811HhlX paCio<rnx romKOCTe:li; IIJ)OIIaHa IJ =C3Hs) 
11 npo11au-qipeo11oiioH (IT+<l>) c.1.1ec11, COA6PlK81ll6H 30% no :aecy qipeoaa-I3BI 
( C F.3 Br); .zl8Hll cpe.zl1111e sjqieKT11B11ocTH perHcTpau11H uellTpam,11ux qac
THU: < t't'> = 20%, ( [ 

1/+ J) = 36%; ( €11~) = 98%, (Ek'>= 93%. 
YCT8110BK8 P83!J81!l8nacb 118 IlY'lK6 BTOpH'lllblX ft- -M830IIOB CHHXpOqJ8-

30Tp0118 JIBS omrn co cpe.ll1111.1.1 a11aqe1111eM mmyn:r,ca (5io,2) rsB/c. 
fiO.llpOC5HO OIIHC811bl OilTH'l8CK8H CHCT6M.8 K8146pbl 11 pa3p800T811H8H ue

TO.lll1K8 onpe.ztene1111H OilTH'leCKHX KOIICT811T nK-200 C npona11-qipeo110BblM 11a
no1111e1111eM. 

On11ca11 C03~81111hltl 8BTOpOM KOMil/16KC nporpaMM, o6ecnetJHB8Dllll1X H8-
KOn11e1111e 11 o6paCioTKY peayn:&T8TOB l13MepeHHH npocrpaHCTBeHHblX KOOp.ztH-
118T penep111,1x Ka.1.1ep1rnx nepeKpecrutl (PKIT), pacnonoJKemrnx :a paa111,1x rop11-
ao11rano111,1x nnoCKOCTHX BIIYTPH TIK-200. ITpH 3TOM HCnonb30B8nHCI, H306pa
lK811HH PKTI 118 K8lK.zlOM H3 weCTH CHHMKOB, nonyqaeMblX CTepeoqioroannapaTOM 
c wecT:&D 061>eKTHBa1.111 "I'll.ztpopyccap-411 11a .ztBe napa1111eno111:Je nepqiop11po
:aa11uhle aapoqioronneHKH w11p1111oll 80 MM. 

ii npouecce oC5pa6oTKH 11a.1.1epeu11tl nporpauuoii /V/T- TEST : 
- KOOP.llHH8Thl l1306p8lK811Htl PKil npeo6p830B81!11CI, 113 Cl1CT6Ml:i KOOP.lll1-

H8T H3Mep11ren0Horo np11oopa B CHCTeMy KOOP.llHH8T, 38.z!BIIHY!O 3T8/IOHHblMH 
penepHblMVi 148TK81,ll1, 

- .ztnH KBlK.ztoro uaoCipallteHHH PKn onpe.ztenHnCH 11 aano1.11111ancH BMecre 
C KOOP.lll1118T8MH IlOPH.llKOBbl:li HOMep COOTB6TCTBylOl!l6ro K8Mep11oro KpecTa, 

- onpe.zte/lH/IOCI, 'lHCJIO xo~owo H3Uepe11111,1x KpeCTOB H8 K8llt.llOM CHHMKe. 
Ilpeo6p830B811Hl:ie H npouyi.iepo:aa1111ue KOOp)ll1118TU H30Cipaxe11Htl PKTI 38-

Ill1CUB8/IHCI, 118 MBrHHTllylO neHTy H 11cnonb30BBn11cr, K8K BXO.llHUe .ll8Hllbl8 .ztnH 
coaAa11111:Jx nporpau11 craT11CTH'lecKotl oC5paCioTKH MEAN 

I 
RE£' X y l H 

AnH onpe.zl81!6Hl1H Haeiopa OilTH'l6CKHX KOIICT811T, HeOC5XO)ll1.IJUX .ztnH pa60Tl:i 
nporp8MMbl reoMeTpH'l6CKO:li peKOHCTPYKUHH C06!:iTHtl. 

fipHB6)l8Hl:i B!:ip8llt8IIIIB .ztnH qiyHKUHOHana, npu Ml111HMH38UHK KOToporo 
onpe.ztenHnHCI, 0IlTH'l8CKHe KOIICT8HTU, H BH.ll KoppeKTHPY!OlllHX npeoCipaao:aa
llHtl .ztnH K8lJt.llOro H3 WBCTH o6~8KTHBOB, no3B01!HDUIHX .llOCTHrHyT:& BblCOKOtl 
TO'lHOCTH BOCCTa110:aneHHH npOCTp811CTB6HIIUX KOOP.llll118T: 

u;.., f 250 MKM; Oz £; 900 MKM; :a 061>e1.1e 50xI05x40 cM3• 

EblCTpoe H 3KOIIOMIIOe Bbl'lHCne1111e KOMil0116HT 1.1ar1111r110ro nonH B pa6o
'l8M 061>eMe K8Mep1,1 H (X I Y I Z) .llOCTHraeTCH nyreu ero annpoKCHMBUHH 
noneM )lByx napannenollUX npHMoyronbHblX TOKOBUX BHTKOB C paauepau11 

( A x .B); , pacno noae1111ux :a .ztByx rop11ao11rano11ux nnocKoCTHx. llupaxeiiHe 
4, 

.ztnH B61!Htrnlll:i BepTHK8nbHOtl KOMilOH8HTbl uarHHTHOro nonH HMeeT npocrotl 

:a
11

A: H ,·x y l) - l:. L.. XA. Ya [ 1 1 ] 
2 ' I - . .... ,.xy [ ,.-2+ yz zi.1"12.. xz+l2 T yz -tl2 ' 

f•.f Nlf~ I "A B -t i A i B i 
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r.zte ·zj .. zo,-Z, X11-=A;-+X-d1-~MX I Y.11= .13; -1- Y. ~1f1 Y. 
Cne.ztOB8T8n:&HO, Bbl'lHCneHHe 3H8'l8HHtl :acex,Tpex KOMilOH611T uarHHT

Horo nona B K8JtAOH npocTp8HCTB6HIIO:li TO'lKe TpeKa, peanH30B8111108 8BTO
po1i1. B paMKBX nporpaMMbl reouerp11qecKol\ peKOHCTPYKUllH GEO j) ST .llllH 
IlK-200, OCYlll6CTBnfi6TCfi .ll0CT8Toq110 6UCTpo. 

A11anH8 KH116M8Tli'l6CKHX napaMeTpOB M8.ll116HIIUX 'l8CTHU ( € J '.JT I p ), 
oOctrnTBHHblX no nporpaiuae GEO j) ST , noKaa an, 'ITO aa.ztaH11e rop11ao11-
ran1,111,1x Ko11.no11e11T Maraur11oro nonH / Hy I < I Hx I .:: ~ I KI'c RB

nHeTCH np8Blill16HH6M He06XOAHMOil TO'lHOCTH. 
OnpeAeneHU a(pipeKTHBHOCTH perncrpan1111 .ztnH 88pHJK8HHUX H He:lirpan:r,

Hl:JX qaCTHU C orpa11uqe1111on BepOHTHOCTI,D HX H861!D.ll8HHH B K8Mepe; BHe
ceHbl r80M8Tpli'l6CKH6 nonp8BKH ( 1//'f ) B yrnOBbl6 pacnpeA8116HHH j nonpaB
KH, yqHTblB8D~He noTepH BTOPH'lHblX npOTOHOB B 11eynpyrnx HA6PHblX B38HMO
.ll611CTBUHX ( t,/p ) ; BBB)l8Hbl 11:aeca" AnH He:liTpa 11:&HUX 'l8CTHU, perHCTpHpye
MblX no 11a6nD.ll6IIIID HX pacnaAOB HllH BTOPH'lllblX B38HMO.ll6:liCTBHtl B B!:i6paH
HOM 3iW}6KTHBHOM o6~eue KBM.epu. 

~nH Bl:i'lHCnBHHH 3qlql6KTHBHOCT811 per11cTpan1111 'f -KBBIITOB npHBe.zte
HU C8'l611HH o6p830B8Hl1H ( + e_- - nap KOIIBepCHH H KOMllTOH-3iW}6KT8 118 
8TOU8X paOoqe:li CMeCH. 

H8KOH8U, OnHC8H8 M8TO)lHK8 06p860TKH WHnl>MOB01i Hll~OpMBUHH, HC
llOnb39B8HH01i AnH HCCll6)lOB811Hfi HeynpyrHX H.ztepHblX B38HMO.zte:liCTBHil, BKnl'.l
qaDUISH: 

- YBTOAHKY npOCYOTpa H OT6opa COCiblTHtl, 
- Bl:i'lHC/16Hl18 PH.ll8 11eo6XO.lll1UblX KHH8M8THqecKHX napaMeTpo:a Tp6KOB 

H HX 3KCnepHM811TBn:&HblX HeonpeAeneHHOCTen, 
- nporpaMMl:i, Heo6XO)lHMble AnH nony'lBIIHfi H11Knl03HBIIUX MBrHHTHUX 

neHT cywuapHliX peaynl>TBTOB (JICP). 
~nH nony'lBHHH ~l13H'l8CKHX pesyn:&TBTOB, npHB6)l81111WC B rna:aax rr,rn, 

IY AHCCepT8IUIH, 6uno Hcnonl>30B8HO: 
- 3300 C06!:iTHtt, CO.ll8Pll8~l1X Cp8.zll1 BTOPH'lHblX 'l8CTHU npOTOHU, BblnO

TBD~He B 38.llHDD nonycqiepy (JIGPI), 
- 15000 C06blTHll aeynpyrnx rr- C B38HMO.ztellcTBHil, H8KOil118HHblX 118 

JICPTI. 

BTopaa rnaBa IlOCBHlll8118 HCCn8AOB8HHlO HeynpyrHX B38HMO.ll6:liCTBHll 
1"C-we~OHOB C HAPBllH (12c) npH 5 raB/c C ncnyCK8HHeM npOTOHOB B 88A-
llllll no.ey-~py. HsuepeHU: · 

nonHoe cetJeHHe srnx nponecco:a Gp, = (25.5tI.7) M611; 
UHOll6CTB6HHOCTH < m Pl,> = (0,33io,oI) npoTOHOB, Bl:ineT8Dllll1X C 
HMnynocou Pp,> 200 MsB/c B 38.llHDD nonyc~epy B n.c. 

BoccTaHoBneaa crpyKrypaaa ~YHKUHH .ztnH nporoHoB B HHTep:aanax uunyn:r,
coB Pp = 0,15+1,0 raB/c; nony'leHHue N11111ue conocra:anellbl c npeACKa-
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38HHfiMH HeKOTOpUX MOAeneil 08pl!OHHOro KYMYllHTIIBHOrO 3WqieKTa, npeT8H
~YIOUU1X H8 00bHCH8HHe HA8PHOro CK8Hlll!Hr8. 

YrnOBl,18 l'l l'lMilYlliiCHue l'lHKlll031'lBHU8 cneKTPU "npoTOHOB Ha 38A11 11 xa
paKTe pHCTl'lKI! 3Tl1X Cll8KTPOB Ilpl!B8A8HU H8 pHC, l l'l B T86n11uax I,2,3. 

.Jili...' 
dcot9 Q.1Up'U.J6 

,. 

c:.ose 

i.!!."I <lf"p•,.,. I ., .. 
60 

JO 

., 

-n..5 
cos& 
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,. 

.. 
JO 

~ 

JO 

"" 
«> 

I 

Qllkp•,1.12 

.... , ... 

~·, aDHp',a.06 I'° 

.. 

-t;s 
cu8 

" .. 
.. 
.. 
JO 

.. 
" 

PHC. I. YrnOBU8 pacnpeA8ll8Hl1H npoTOHOB, l'lCily~eHHUX 113 fiAP8 yrnepOAB 
B 38,llHIOIO nonycqiepy, ,llllfi 1l8TUpex 11HT8pBanoB 11,mym,COB. 

B yrnOBUX pacnp8A8ll8Hl1HX (Ha p11c. l OHM npeACT8Bll8HU ,llllfi 1l8TU

pex IIHTepB8llOB 11MnynoCOB "npOTOHOB H838,ll11
) H8CilllOA88TCH B03p8CT8Hl16 

yrnoBOH acmu.teTpl!I! BuneTa npOTOHOB C YB8lll!IJ8Hl1eM 11X 11MnynoCOB. 

B Taon, I ABHU HBKnoHu • _A, yrnoBux pacnpe,lleJieH11n, napa1i1eTp11-
30B8HHux BUP8E8Hl18U . 

cf NI d C01 0 = Ao. €.Xp {-A4. Co4 a). (I) , 

B TaCin. 2 np11Be,llettu ttaKnoHu B CTPYKTYPHOil qiyHKu1111, napaueTpl1-
30B8HHOH B K8~,llOY HHTepBane 11unynoCOB p 11 nonHpHUX yrnoB BU

neTa npOTOHOB (9 BUp8~8Hl18Y 

£ d
1v in I = £,ii----,-...,..-- f'V - B· P2 --r C 

p cf P'Lclc.=>~e 
YCT8!l0Bll8HO, tITO B6lll11{1!HU H8KllOHOB pacTyT C YB8lll!IJ8Hl!8Y 0 

(2) 

II 38M8THO npeBUm8IOT 3H81J6Hl18 < .B> = roto.s, nony11eHHOe ycpeAH8Hl18M 

Ml!pOBUX A8HHUX 113 3KCil8pHM8HTOB, BUilOllH8HHUX,B OCHOBHOY,sneKTPOHHOH 
M8TO,lll1KOH, 

0TKllOH8HHH l!HB8p118HTHOrO ce1JeHl1H ,llllH "npOTOHOB H838,ll11 OT npoc
Toro 3KCilOH8HU118JII,HOro BIIA8 (2) HCCll8,llOB8lll!CI, C IlOYO~I,IO napaueTpH88-

u1111, nony11eHHOH 0Cio6~eH11eu npe,llCKS38Hl1H qianepCionoHOH MO,llen11 KyuynH
THBHoro sqiqieKTS H8 B8CI, cneKTP npO'.rOHOB (BKJII01l8H acnapHTelloHYIO tIBCTI,), 

6 

-. 

TaOIIUl.{Q f. 

J.lax110H1>1 yuo8b1x pacn;,eiJe11eHuu. 

..ea~· O.OJ-a06 aor,-0J2 0.(2_;0.36 a1G-a36 

0-1 •QIHQt6 ati3±.Q{( 0.80tQl2 0.98t Q(6 

0.3-1 +aso±o.2s QI0tQ20 Q82t0.20 1.0 :t 0.3 

Tatf11u14a 2. 
J./QICIIOHIJ CTfljlrTljpWOU f/JI/Hlri{UU. 

lo'~e 0 - 0.Z5 0.15-0.S 0.5 - Q75 Q75- f 

a12-a36 11.S:tl.2 l"-11±1.'I 12.8± 1.2 t6.',t f.l 

0./0-0.36 1/.J ± iO 14.3±1.1 13.2 t t.t f6. f ± f./{ 

O.o8-Q36 ff,3 :tQ8 11/.H 1.0 (4.0tf.o 15.I{ ± 1. f 

0.06-0.36 12.9 t0.8 15.5± ag 15.f t0.9 f6.5ff.O 

0.03-008 2S.5t2.5 27.0± 2.3 3f.0t2.I/ 32.S± 2. 7 

Ta611uqa 3. 

A&e napaMerpuJa/,/UU crp1pm1pwotl (/JIJH1r4u1.1. 

pl ( r,8/c 12 en F L .4, llz 
-.41 pZ 0 fl/.H 0.5 

0.0P-0.33 f-{11,1A2ro!Efp'- 22 f3.20±Q75 3.9±. aa 
- fl, pz 0 29.0± 1.6 

0.03-Q0g 
-/!l,,lh~)p' 27.7±2.0 5±2 7 

.l(m1 onpe,lleJISHl!li napaMeTpOB CTPYKTypHOH qiyHKU111'1 npOTOHOB ll Bepo-. 
fiTHOCTll Olll:ICOHl!li 3KCnepm4eHT8JII,HhlX ,ll8HHUX p83HUMl:I MO,llellI,HUMH napaMeT
p1!38UllHMll ycnemHO np1:1MeHeH M8TO,ll M8KCHM8llI,HOrO np8B40IlOAOCiHfl, Il03BO

lll1Bml!il l!CllOllI,30B8~I, BCID l!MeIDl!lYIDCH 3KCnepHMeHT8JII,Hyro l!H~OpMOUHIO, ~nfl 
STOH M8TOAl:IKI! xap8KT8PHO OTCyTCTBHe CYl!l8CTBeHIIOH noTepll HH~OpMBUHl1, 

np11Cy1ll8H CT8H,ll8pTHOMY Xi -YeTO,lly. 

B pe3yJII,T8Te COilOCTBBneHHH napaMeTpOB H3Mepel!HOH H8MH CTpyKTyp

HOH 4JYHKUl:III C pe3yJILT8T8MH )'.lpyr11x paooT: 
I. a) BnepBhl8 ,llOCTOBepHO IlOK838HO, IJTO B napaMeTp1:138UHID CTpyKTyp

HOH qiyHKUl!ll HeOCiXOAllUO BBeCTI! yrnoByID 38BHCHMOCTo; 3TO ooecnelJHB8eT 
0Ill!C8Hl!8 s1rnnepaueHT8lloHUX .148HHUX O,llHOBpeue11110 BO BCeM l!HT6pB81I6 yr

llOB Bhlll8T8 npOTOHOB (CY, Ta6n. 3). 
6)'.jcTaHonneao, qTo nyqw1,11.111 113 H3BecTHhlX napaMeTpHaanatt yrnoBoH 

38BHCHMOCTH ·Buxo.n;a KyuynHTHBHUX npoTOHOB c Pp, .::'.. I rsB/c HBnmoTCH 

QapaueTp1!38UHH, nony11eHHUe HS OCHOBe qiaHep6onoHOH M0,1(8llH CiapHOHHOro 

RYYYllfiTHBHOro 3qiql8KT8 (3), 3H81J8Hl!H napaweTpOB 'i 1 'if , Oill!CUB8-
IOlllHX 8Hli30Tpon1110 KyuynHTl!BHOro li 11cnap11T8llI,HOro cneKTPOB 'npoTOHOB, 
Olll13Kl1 .n;pyr K )'.lpyry H xopomo cornacyroTCH C B8lll!l{HH8YH, nonyqeHHUYH B 
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peaym,TaTe no.n.roHJrn cneKT poB, pacC 1HIT8HHl.,IX na OCHOBe KBCK8,llHO-l1Cna
pllT6]JI,HOil MO.ll.61111 (Kl1M) • CooTBeTCTBY!Oilllle 3HBll6Hllfl CKOPOCT6H oapllOHHO
ro cpaiiepdona .Iv'"-.. 2 / t dm13Kll I( ll3B6CTHl.,lll 1,mpoBW.! 1(8HHb!M ,ire ~0.2. 

B) Hal1,L\6HO, l!TO BBjJOHTHOCTI, onl1CBHl1H cneKTPOll "npoTOHOB 11838.ll.11 

rna,ZJ;KOii 38Bl1Cl1MOCTL!O ,ll1Ill l!BlllllX 3KCnepui.:eHTB1IbllhlX .ll.BIIHI.JX M6HbWe 1% • 
.XapBKT6p OTKJIO!l6Hlli1 IIB!lll!X 3JtCn6J)llM61lT81IbllhlX ,llaJ!llblX ,ll1IH l11lKJI!0-

3llBHblX cneKTPOB npoTO!lOll OT rJIBl(KOil napaueTpll381.{llll, noJiylle!lllOH B paM
KBX tlJaiiepCiom,HOli MO,ll6Jil1 I'Op6HlllT61lH8-3llHOBI>8BB, B ,l\OC1'8TOllHO Y3KllX l!H
TBpB8118X yrJIOB Bb1JI8T8 llpOTOHOil ( /LJCJj17'(i0.2) ll1IJI!OCTp1!py8T pllC. 2. 

HeCI>!.48 CY!ll6CTB611HO OTMBTHTI, uadmO.l(EHlle Ol'KJIOHem1il, ltOTOpb!e H&
nOMll!IB!OT ocu11nn11pyroU(ee n@e11eu11e ce11e1rnn no 1rnnynr,caM ll yrnaM B a.l{
pon-H.l{epHb!X coy.11apel!llflX np.i Hl13KIIX a11ep!'llfiX, T8K 1183b1BB6Mble "SpllKCO

HOBCKl!e qmyKTyBl.{l!ll 11
• 

2. Cpe,llnee 3HBll6Hl1e lllllPIIH a11epreT1111eCKllX ypoBHeil pe30H8HCHblX coc
TOHHllH HYK]JOHHb!X Cl!CTBM ( /y ) , ooycnoBJIIIBB!Oil!llX 11cnycKBHll6 "npOTO
HOB HB38,ll11 {CM. pile. 2) 

< (=J > = O ~ KN ~ 40 MeB, (3) 

I'.1{6 I{ N - llllC110 118KCl1MYMOB na 6,llllHllllHUi1 IIHTepBa;n aneprnil 11cny111en-

HblX npOTOHOB. 
Haws 0l.(6JlKS I'Op83,ll0 01IlllK6 K OlKH.l{S6MblM 3_HBll6HllflM lllllpllH BUCOK011e

lKBIIIHX B03CiyJK,ZJ;6HHil fl.ll.6PHOH MBT6Pllll co CKpblTUM l.{B6TOM, npe.l{CK838HHNM 
B.A.MaTB66BNM ( r, c ~ li.J i;iaB), ll6M K WHPHH8M, npe,!!CK838HHUM T .Ya,lla 

.ll.JlH OOJlbWOro llHCJl8 ;llHOap110HHhlX pe 30H8HCOB B CHCT6M8X fr N NI 1f ff N N,. .. 
( 4 > 100 MaB). 

3. CyllleCTBOBBHHe H,llepnoro CKeiimrnra .ll.Jlfl 1t'- C B3BllMO.ll.eiicTBHil c 

BNJlBTOM "npoTottoil naaa:zi" no.ll.TBBfllltllBHO B wHpOKOM HHTepBs11e yrnoB BN
neTs npoTOHOB TOJII,KO ,ll1IH !'1IS.ll.KOH llSCTl1 llHB8PllSHTHOI'O ce11en11n. 

4. OCHOBHOH npllllllHOH CIICT6M8Tllll6CKOI'O paCXOlK,ll6Hllfl 3KCneJ)llM8HT81II,

HNX ,ZJ;BHHNX ,ll1IH H8K1IOH01l cneKTpOB KYMY1IHTl1BHUX npOTOHOB B 3KCnepllM811-
Tax,mmOJIBemw:x KaMepHOli 'M8TO,nBKOit,c COOTBSTCTBYJ)lll]iD,m pesynT~T&m 
31I6KTPOHHNX 9KCnepllM6JITOB HB1Ifl6TCH 11cno]lb30n8Hll6 146TO,ll8 14llHIIMH3Sl(HH ,. 
X -ipyHKl(HOH81!8. 9TOT MeTO,ll - npu H8BUCOKOl1 CTBTHCTllKB KBMepHhlX ,llSH-

HUX - 1481IOllyBCTBllT8116H K ipOpMe *BCTKOH l!SCTH cneKTPS npoTOHOB. 

B TQBTI,8£1 rnaBe paccMOTpeHU {.ll.BYXllSCTllllHNe) KOppenHl(llH BTOPllll
HUX 38pHE6HHNX l!SCTlll( B 1f- C B38HMO.l{6HCTBl1flX npH 5 I'aB/c, 8H81Il13l1-

pyIDTCH nonyqeHHhle npocTpaHCTBBHHO-BpeMBHHUe xspSKTepHCTl1Kll H311YllBIO
l!l8'1 061I8CTH. 
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u 

~f:6,-.4) 

r-~ (-.8,-.6) 
I 
I 
I 
I 
I 
I 
I 
I 
I 

=~(-1.-.8) 

-30 i ¥. i : U•~.r u, . 
j I (J .: 

0.15 0.2 o.3 o.4 o.7 w R.i rGeV/CJ 
P11c. 2. "lllnyKTYHPYDIIISli qaCTI, 11 BNXO.ll.B npoTOHOB B pa3HUX HHTepBansx 

yr;noB l1X BN116TB HB3SA (B n.c.) H3 HJlPB yrnepo,lla. 

IlOK838HO, l!TO A1Ili BNliCH8HllH OTHOCHT61!bHOI'O BK118,ll8 pSSHUX Mexa

HH3MOB 00pS30BSHHli KYMY1IHTl1BHUX l!SCTlll( ll B03110JKHOI'O H81!Hlll1H (pJIYKTO
HOB B li.ll.P6 ocoCieHHO,l1HipOP148Tl!BHO conOCTSB1!6HH8 H SH81IH3 Koppe11Hl(HOH
HNX H3Mepena« B npoueccax o6pS30B8Hllli KYMY1IliTllBHhlX l!SCTHL( HS H,llpSX H 

KOpp81IHUH« B S,llpOH-8.ll.POliHUX npoueccsx C 601IbWHMH p~ 
il3B6CTHO, l!TO KBSpK-nSpTOHHSfl 1pop11yn11pOBKS rHnOT83N li,ll6pHNX 

wnyKTYSl!Hil (BNCK83SHHOil ~.ll.EnoXHHl(eBhlM 8U(6 B 1957 r.), no3B01IH1IS 
OO~HCHH!b'Pfl.ll. 3SKOHOM6pHOCTea KyMy1IHTl1BHOI'O pO~,lleHllH l!SCTHL( HS H,llp8X 
H_npe,llcKaaSTo na1101111e xapaKTepHux Koppennu11il no yrny paa11~Ts .ll.BYX 

qacTHl!. 
PeaynbTSTN npOBB,ll6HHOI'O 3KCnepllM8HT81!bHOro HCC1I6;llOBSllllli TSKHX 

KOppe1IHUHil (no yr11y paaneTS sapH~eHHNX ll8CTl1l( p I :;rt C BN1I8TOM O,ll

noa 113 l!BCTl!l( B 3S,llHIDID no11yc1pepy) H1I1IIDCTPl1PYIDT pttc. 3,4. 
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PHC. 3. 

200 Pl(.1S+.60)·P(J8+.60) 

a,120 
tj100 

~80 

~ 60 

so Pl ---u..,,,_ 
PIC.30tf,0H>U8Hll\ 1 JOOh 

Pl(.:J>;-::-10 
200 

100 - ~-YI -~ ' 20 

-1 •1 0 •I ·1 0 
cos 8(~p) cos8(Pt,ch) 

SKcnepHMeHTanbHLle pacnpeAeneHHH no KOCHHycy yrna paaneTa 

Cu1 01~, 2 ) Al!H nap tIBCTl11.\ "npoToH Ha3BA" - npoTOH { Pl I P) 
H "npoTOH uaaaA" - aapm1teHHBH 1.1acT1111a ( PI , c h ) , B 
CK06K8X YK838HLI l1HTCPl38l!LI HMnynbCOB COOTBeTCTBYIDll\l1X 1.!8CTl11.\. 

KpyxK8Ml1 o603HB1.!eHLI 11q>OHOBLIC 11 pacnpeAeneHHH. 

Ha pl1C. 4 npl1l38A8HO OTHOW8Hl1e 3KCnepl1M8HT8llbHOro pacnpeACll8HllH 
no Kommycy yrna p83ll8T8 1.1aCTl11.\ X ~ COj 0, ,,, 2) K 11 q>OHOBOJ.IY 11 

'(X') = I/~(,()/ 1/p ( )() , p8CC1.!HT8HHOMY C nOl40~bID OAH01.!8CTl11.!HHX HHK

l!ID3l1BHLIX pacnpeACll8Hl1ll.B npeAnonomeHl1l1 H838Bl1Cl1MOro HcnyCK8Hl1H qac

TIU.\. HaCil!IDA88TCfl xap8KT8pH8fl KOppel!fll.\l1H C npel11.!Yll\CCTB8HHLIJ.I paaneTOII. 

a, 
Vl 

~ 1. 
---;. 

11. 
~ 2J 
'$. 
a, 

Pj(.18+.60)-ch. 

~ 1 

it1 c.....r--ii . 
z 
!,_ 2.1 
8 
Vl 
§ 1. 
u 

1.0 

·.8 -.4 0 +.4 •.8 -.a -.4 0 •.4 +.8 
cos8(a1,b) 

2.0 

1.5 

1.5 

1.0 

P1w. 4. PacnpeAeneHHe no Ben01.11r1ue C(x)= v':>(X)IV;lx) 1 X=uJ4q4
1

z.J 
SAecb: 1/1 - sKcnepHMCHTanbHOe pacnpeAeneHHe, V1 - ([>o-
HOBoe (pac1.1eTuoe) pacnpeAeneuHe no x 
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1.!BCTHI.\ B npOTHBOilO/lOlKHlile CTOpOIIIJ. KoppeJIHl(HOlll!Bil i))yfll(l(l1fl l1MCCT 3Ha-
1.!CHl16 C(-1);:::::z. 

A11anorl11.!Hble pe 3YllI>TBTLI nony1.1eHL1 1\/lH BAPOHOB I llLll!CTB:Olill1X C ClonI>
Wl1Ml1 nonepe1.!HblM11 mmy11I>C8Ml1 (2 <'. PJ. <:. 5) I'ab/c B f' f -B3811MO.L\6.UCT
Bl1f!X Ha BCTpe1.1u1,1x ny1.1Kax UEPHa. 

HacmoA86MOe no,l(OOl1e HOPP61IHI.\Hii B ,POJK.1{CHl111 KYMYllHTIUJHLIX 1.!8CTl11.\ 
C 83HMYT8llbHb1Mll HOppel!fll.\l1HMl1 B npo11eccax oopaaonaHHH 1.!BCTlll.\ C 6onb

WllMH p.J. M0~6T p8CCMaTpl1B8TbCfl HaK CBl1.1{6TCl!I>CTBO B Il0llb3Y IlOA06l1H 
MCX8Hll3MOB ,~eCTKoro coy.l{apeHHfl KBBPHDB) 3THX AEYX npOI.\CCCOB. 

l1sy1.1eH1te ltHT6p([>epeHl.\l10HIILIX awqieKTOB It napHblX KOppemil.\ltll Allfl 
npoTOHOB, otipaaoBaHHblX B HeynpyrHX n-- C B3811MOACHCTBllflX, npoBe,l(e
HO ila CT8TllCTl1Ke 15000 ABBJC.llbl HSMepeHl!blX C06b1Tllll, 

C 3KCnepHMeHT8l!I>HLIM 11sy1.1eHHCM CTpyKTyp1,1 1UlYX1.!8CTl11.!HOll KOppenH-
1.\HOHHOii q,yHKI.\HH R ( P4 1 ?l. ) -== R {Ir;- ~/},06yc110BJieHH011 a~eKTBMH 
TOZAeCTBeHHOCTH, a TaKxe flACPHblM ll KynoHOBCKl1M BSallMOAeiiCTBHCM npo
TOHOB, CBf!Sa111,1 Ha,llCJKAU 118 "!O.lle1IbHO uesaBl!CllMOe 011peAeJJe1111e paauepoB, 
BpeMCHl1 lltll3Hll l1 CKOPOCTl1 ABl1llteHHH oClnaCTl1 B3allMOACHCTlil1fl. 

,Ilnfl Bbl1.!l1C1ICHllH KOppeJJHl.\llOHHOn \IIYHKl.\l1ll 

t ( ~ I P,. ) = R { ~ I ~ } + 1 = £ ( P1 I ~ ) I M? (1~4 I ~ ) ( 4) 

B Ka1.1eCTBe \llOHOBblx pacnpe,lleneaun M,; (T.e. pacnpeAenett11n 6ea y1.1eTa 

BllllHHHfl KYlIOHOBCKllX 11 HAepHUX Cl1ll l1 3WWeKTOB TO~,lleCTBeHHOCTH) HC
nOl!b30BaHLI pesynbTaTbl pacqeTa no KaCKaAHO-HCnapuTeJJb!IOH MOAen11. 

PesynbTHPYIDll!He 3Haqemrn Koppel!fll.\l10HllblX 4lYHKl.\11li / B p83HblX 
HMilYJJI>CHblX llHTepBanax Allfl 11 6l!ll3Kl1X11 npOTOHHblX nap npuBCA6HLI Ha 
Pl1C. Sa-r. 

Orp8Hl11.!CHl!aH CT8Tl1CTl11.!CCKaH 0Clecne1.1eu11ocTI> AaHHblX B 0611aCT11, 
rAe OlltllAaeTCH npof!B1IeHlle aJ:\IJeKTOB TOlltAeCTBCIIHOCTll npOTOHOB, He no-
3BOllfleT noAp06HO uccneAOBaTb napaMeTpbl cu·cTeMbl 1 11any1.1a101l{ei1 "61111s1rne" 

npOTOHHble nap1,1. TeM He Mettee, conocTaBJJHfl llM6IDll{llCCfl A81111Lle AJifl llteCT
KOH H HCnapHT6llb!IOH 1.!8CT6H cneKTpa (CM. pl1C, 5 B-rt MOlltHO SaK1II01.!llTb! 
uany1.1ett1r1e lltCCTKllX nap npoTOHOB npoHCXOAllT !13 o6JJ8CTH c·pasMepoM 

R ~ 2 cf,, KOTOpau cyll{eCTllCIIHO M6HI>We o6naCTH 1r1sny1.1eHl1fl Hcnap11Tel!I>
HUX npoTOHHblX nap R 1-1 c n ~ '-, cf, • 

. - #,.; 
,IlaHHble~o npocTp8!1CTBeHHO-BpeMeHl!blX xapaKTepllCTHKaX npo11ecca 

reHepBl.\llll aapHXCH!lblX Jr -Me30HOB,nony1.1eHHL1e B H8WllX l1CC116,llOBaHUHX 1 

npuBe,lleHLI B T86l!lll.\6 4, rAe OHll conocTaBJif!IOTCfl C aHanorlll.!HblMH AaHHblMH 
aKcnepuueHTOB np11 3,7 l1 40,0 ran/c. 

II 



5.0 

N 

N•f 
li 

5.0 
N,. 

4.0 

:::JijL_-,-r-:_-_____ : 1/f f 1 

02- 04 
t 

06 tor t+ t - -

~j 
t l+ __ --__ 

,~j l:!. 
02 . 0.4 0.6 

6 Nq, 
2.0 

10~ t+r+----- _ --_c_ - 10~~++ _ -_-_-- -_-_ 
+t - - - --

0.2 _ Qi, 06 0.2 0.4 06 
AP r,B/c b. p r,B/c 

P110. 5 a-r. OTHoweH111e ;Kcnep111ueHTBJJLHoro (N) H if;oHoBoro ( Nt ) 
pacnpe,l{eJJeHHii no t1 p .,, Ip, - P.z_ I .nm1 nap npoToHoB c 
6JJH3KHMIII 3HaqeHIIIHMIII m,mym,COB, JJeJKBIJ(HX B L!l!TepB8Jl!3X 
(B raB/c): a) 0;15, p1,J. "- I,2 6) 0,209 ~ p1,2., 0,364 
B) 0,364 < D '- 1,2 r) 0,15 < D L 0,32 

11,1. r~,2. 

Ta6JJHU8 4 
-

I,1lmy111,c 0611acn 111a1,1e- 06JJ8CTL H314e-

:rr-:.ueaoHa, R, f H6Hl-lH no ro '1' } CP.K HeHHH no cy} 
raB/c 'I'• .,. I E1 - E.d 2 { ➔ -+ )l o/J.= p.-~ .£. 

3,7 2,6±1,2 0 0,1 cz,5±1,6)•10-24 0 0,2 
40 4,5±1,0 0 0,25 (I,7-0,7)•10-23 0 0,04 

5 2,9±□ ,8 0 0,15 (7 ,4±3 ,5) • 10-24 0 0,15 

OueHKH paa1.1epoB "ifia~ep6oJJoB 11 , 1-1aJJytiaI01lll-lX 11 6n111aK111e 11 rr -1.1eaoH
Hlle H npOTOHH!le napu, CYIJl6CTB6HHO 60JibW6 0,l{HOro if;epMIII - B corJJ8CHH C 
peayJJLT8T8MH HCCJie,l{OB8Hlllil K8K 8,l{pOH-H,l{epHllX, T8K H 8,l{pOH-BAPOHH!lX 
B38HMO,lleRcTBIIIR. nnH 1113JJYtI6HHH xapaKTepHCTHK H3JIYtIBIOIJ(IIIX CHCTeM C paa
uepow R~ £;_ 1 p neo6xo,l{111u11 ABHHue o npoueccax 111a11yqen111H qacTHI.\, Bu
neTaIOIJ(HX B npOTIIIBOno110JKH!le CTOpOH!l. 
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Ha p111c. 6a,6 np0Be,Z1eHN pacnpe,l{eJJeHHH no KHHeTnqecKoR eueprHH ··· 
OTHOCHTeJILHOrO .llBIIIJKeHHH ABYX npoTOHOB Q PP "' M 1ff(Z p) - l mp • CTp6JIK8-
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P11c. 6a,6. Pacnpe;l(eneHHH no KHHeT111qecKoR aHepr1-111 OTHOCHTenLnoro ,ZIBH-
JKBHHH .IIBYX npOTOHOB Qpp'"' M~41 -- 2 mp B IIIHT8pB8Jl8X 
m.mynLcoB (B l'aJ/c): a) 0,15< pp.: 1,2 6) 0,209< Pr..:.0,364. 

MH OTM8tieHhl nonOJK8HHH ypOBHeR KB8pKOB!lX p830H8HCOB AH68pHOHHUX CHC
TeM, npe,ZICK83811HllX B.A.MBTB8eBllM, ne-CB8pTOM H ,lip. B p8MK8X MD,ZleJIH 
6011Lworo KBapKoBoro 1.1ewKa { MIT - ha~). KaK H B ,Z1pyr11x aKcnep111111enTax, 
H8WH ,ll8HHble He o6napylKHB8IOT 3HaqHMllX ocooeHHOCTeii. 

B qeTBepTOH rnaBe 8H8JJl'.13HPYIOTCH 0,ZIHoqacT11qn11e HHKJ1I03l1BH!le pac
npe,l{eJieHHH ,l{1IH 38pHJKeHH!lX llHOHOB H raMM8-KB8HTOB H3 Ji'-( B38HMO
,l{elcTBHii np111 5 raB/c, 8 T8KJKe HX ,Z1ByxqacTHqm,1e KOppe1!HI.\HH no 611cTpo
Te; nonyqeHH!le peay1IbT8Tll conoCT8B1IHIOTCH C ,Zl811HllMH .l{pyrux HCCJie,ZIOBa
HHil B WHPOKOM HHTepBane aaeprHR H8JieT8IOIJ(IIIX qaCTHI.\ (5~100 raB). 

ttccne,Z1ona1rncb Hop1,mp0Bat1H11e HHK1II08HBH1-1e pacnpe.nenemrn no CiucT
poTe B CHCTeMe ueHTpa M8CC ( 1f N )" 

I -, 4 dv:-(Ai*-::-•--· (5) 
.• q Gj"., c/~>t 

.nna 't -K·BaHTOB Ha peaKUHH 'TC- C ➔ ¥' -+ • • • B conocTaBJJeHHH c .zt8HH!l
MH ,l{JlH peaKUHH f'C-p - f-+ · '.' npH 5,40,100 l'aB/c. KaK 611110 H8MH 
noKaaano. P'( 1"} B 1.1eHTpa111,Hoii o6nacTH I~, I .: o,3 B npe,1.1e11ax 
norpeWHOCTeR H3MepeHHR He 38BIIICHT OT copTa MHW8HH HOT SHeprHH H8JI8-
T8IO~e• qaCTHl.\ll. B ori11aCTH ~parMeHT81.\HH H81IeT8~1J(eR qecTH~ll (,7.tJIH 
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pif (8HTHna6) > 2 rali/c) H B o6naCTlt qiparM8HT81.lltlt MHW8HH (' 

( 0~ (na6) 4' o.5 raB/c) 8KCnepHM8HT8HI,H1,16 ,ll8HH1,18 ,llHH t (Pu) r,, 
S8M8THO OTKHOHHIDTCH OT°CKettJIHHrOBoro noBe,lleHltH. 11HKJIIOSHBH1,18 pacnpe-

,ll8Jl8HHH S8pHlK8llllliX IIHOHOB HS pe8KI.IHH Jr- ( - fr- (Jtf) + .,, (B Cp8BH8-

HIIH C 8Hanor11qHl,ILIH ,ll8HHl,IMH l{HH rr+ p I re+ d BS8HMO,ll8ttCTBHH) T8Kllte 

CBH,ll6T6HI,CTBYJOT O TOM, qTo npe,llenl>HOe nOB8,ll8HHe npH 5 raB/c He ,llO

CTltraeTCH HH B o6naCTH qiparM8HT81.1HH MHmeHH, HH B o6JI8CTH cpparM8!1T8-

1.11111 nyqKa. 

Ha6nIO,ll86M1,18 OTKJIOH8Hl1H OT CK6HJll!HrOBOro nOB8,ll6HHH B ,llHCcepT81.1HH 

8H8HHSHpOB8HltCI, npH noMO~H K8CK8,llHO-HCnapHTen1,uol MO,ll6HH. 

Ta6nH1.1a 5 

· THn re- Jr+,.,. p p 
q8CTHl.ll,I p >0,06 raB/c p ~I raB/a 0,2< p<:0,6 raB/c ch 

< n>aKcn. 

I,5o±o,02 o,5r±o,or 0,97-0,0I 4,IS±o,o5 

I,57±0,02 it- I ,06±0 ,OI ,t 4,49±o,051t 

I,69±0,04 0,57±□ ,02 I,30±o,03 4,34±o,oa 

(n) 1<1-tM I, 77±o ,02 11 HS !IHX npo- I,49±o,03 11 5,I9±o,o7" 

TOHOB 

0,38±o,02 

B T86HH1.16 5 npHB8,ll8Hl,I MHOllt~CTB6llHOCTl4 BTOpHqHl,IX 'Jr -M8SOHOB H 

npOTOHOB. 3B88)lOqKoH OTMeqeHH SHaqeHHH MHOlK8CTB8HHOCT6H 6es HCKJIIOqe

HHH :rpeKOB C 60JII,WHM ( cl ::,. 60°) yrnoM H8K110H8 K ropH80HT8Hl,HOH nnoc

KOCTH. PacqeTH!,18 ,ll8lllll,16 ,!IJIH MHOllt8CTB6HHOCTel BTOpHqHl,IX 88pHllt6HHl,IX 

qaCTltl.l CHCT8M8THqecKH npen1,1waroT COOTB8TCTBYIJ~He 3KCnepHM8HT8JII,llhl6 

SHaqeHHH. 

l1s conocTaBneHHH aKcnepHM8HT811I,lll,IX )l8HHhlX.)l11H HHK111J8HBHhlX 

cneKTPOB BTOpHqHl,IJC sapa:m:eHHhlX qaCTHU ( j( + 1 p) C pesynl>T8T8MH pac

qeTOB, Bl,lnOnHeHHl,IX Ha OCHOBe Kl1:~,.cne,llyeT, qTo p8Cll6THlil6 cneKTplil H8-

XO,llHTCH B cornac11H C aKcnepHM6HT8JII,HhlMH )l8HHlilMH B HHT6pBanax 1U1nyn1,

COB (B raB/c): (0,4< Pn-<2,0), (0,4< Pn+<I,O), (0,15< pp.i:::0,8). 

B pesynl>T8Te 8H8JIH88 KoppeJIH1.tHOHHl,IX <l>YHKI.IHH no 61i1CTpOT8M )lrul 

paSJIHIIHIU KOM6HH81.1HH sapm1teHH1,1X nH
0

0HOB H t' -K:B8H'l'OB I B 88BHCH

MOC'l'H OT MOAfml pasHOCTH 6hlCTPO'l' ABYX qacTHI.I l = 11: -~t l ycTaHoBne

Ho, qTo )lrul JT -M680HHlilX nap (H888BHCHMO 0'1' 8H8K8 S8PH.ll8) H nap 

f -KB8HTOB H86HIJ,ll86TCH noJIOlKHT8JII,H8H KOppenHUHH llpK M8JIUX ~~ 0,5 

H OTPH1.18T6Jll,H8H KoppeJIHUHH B 06JI8CT!rl (0,5< ;t <: 3,0) B cornaCHH C 8H8-

noraqHl,IMH )l8HHlilMH )lJIH pe8K1.111H rr+d .. rr-rr-npH aHeprHH 6 raB, Tor-
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,1.\8 K8K )lJlf! ( t I T(f) · H ( ct\ I 'Jr-) - nap Jl8(>JIID,ll88TCH noJIOJKl1T8JII,H8H 

Koppena1.tHH npa -:\. ~ 2. 

tl S8KJJIJ48!1HH cqiopuynHpOB8Hl,I OCH OB Hue pesy Jll,T8Thl H Bl,IBO,l.ll,I ,llHCcep

T81.1HOHHOH p860Tlil: 

I. IlpH o6nyqeHHH 200-JIHTPOBOH nys1,1pI,KOtlOH K8Mep1,1 c nponaH-qipeOHO

BhlM sanonH8HH8M H8 nyqKe 'Jr- -MeSOHOrl C ltMnyJil>COJJ 5 I'sB/c nonyqeHO 

150000 CTepeo(j)OTOrpa(J_JHH. 

2. COS,ll8HO nporpaMMHOe odecneqeHHe SKCnepHM8HTOB no llCCJI8,l.lOB8HHIJ 

Heynpyr11x IIHOH-H.li8PHlilX B38HMO,li8HCTBHH, BKJIJOqaa: 

onpe,!ieneHlle onT11qeCKHX KOHCT8HT H KOHCT8HT ,l.lJIH nporpaMM reoMeT~ 

p11qeCKOH peKOHCTPYKI.IHH COClhlTHii; ➔ 

napa1o1eTp11sa1.111IO HanpaiKeHHOCTH Marm-tTHoro nona H (X I Y, Z ) 
B pa6oqew o6~eMe xauep1,1; 

nporpaMMhl )IJIH gp pw1pOB8HllH HHKHIOSHBHblX JIGP-11. 
3. l1suepeHu ceqe1rne reHepa1.11111 ( <i:p, = 2s,s±1,7 MCiH) H MHOlKe-

• • > 200 
CTBCHHOCTll npOTOHOB, BlilJieTaIDmHx HS tt.npa yrnepO,l\8 B S8'A!IIDID nonycqiepy 

B n.c. 

4. ~ccne.nonatto none,ne!IH6 CTpyKTYPHOA qiyHKUHH ,nJIH npOTO!IOB HS 

BS8HMO,li6HCTBHH npn 5 I'atl/C; OCHOBHlile pesyJIE.T8Tbl HCCJI81jOJl8HHiii T8KOBl,I: 

a) B napaMeTpll881.1HID CTPYKTypHOll IPYHKUltl-1 ueo6xo.nHMO BB8CTl1 S8Bl1-

CllMOCTb OT yrna BbJJI6T8 npOTOHa; JiyqrnHMH 113 llSBCCTl!bJX napaMeTpl1381.1HH 

_yrnoBon saBHCllMOCT11 B1,1xo.11a KyMy JIBTHBHblX npoT0110:e c Pp, <'.. I I'al3/c, 

HBJIHIJTCH napaMeTpl!S81.lll11, llOJiyqeHHl,le 118 OCHOBe 111aliep60JibHOil MO.l\6Jll1 

6apllOHl!Oro KYMYJill THBl!Oro a,pqieKT8. 

6) yCT8HOBJI6H8 OJIH30CTI, Be Jlllql1!1 napaMeTpOB 8!1HSOTpO!lHH ·1 I 'i -1 

llCll8pl1TC /Jl,!IOro ll KYMYJIHTUBHOro cneKTpOB npOTOHOB. 

B) BepoHTHOCTb OilHC8HllH cneKTpOB 11 Ilp0TOHOB 118 sa.li'' rna.111toU S8B0CH

MOCTI,ID .l\JIH H8WHX 8KCnepl1MCHT8JII,lll,IX .l\8ll~hlX M61!l,ill8 I%. XapaKTCp OTHJIO

IICHHH ,l.(8Hl!l,IX OT rna,nKOiii 38BHCHMOCTU H8IIOMHH88T co6oil OCUllllJil1PYIO~YID 

(lJyHKl.lllIO HMIIYJII,C8 HJIH yrna Bl,l/!6T8 ('18pl1KCOHOBCKJ1e (lJJIYKTya1.orn 11 ); 

BJIR cpe,l.l!lero·s!laqe11nR WHPHH 31!epreTHqeCKHX ypOBtteA pesOl!81!CHUX 

COCTORl!Hil HYKJIOHHl,IX Cl1CTeM, 06yCDOBJIHU8IDm11x HcnycK81!He 11 npOTOHOB 

nasa.li", nonyqeuo su,qeHHe < '" > ~ IO hlsB. 

5. Bn~pBirn B 8APOH-H)48pllb!X BS8HMO.l\CliCTBHHX 1186JIIO,l.l6llhl KOpp6JIRI.IHll no 

yrny pasJieTa sapHlKCHllblX qaCTHU c npeHMyll(eCTB01!HhlM pasneTOM B npOTltBO

nonoJKHhle CTOpOHl,I. 

6. Onpe,lieJieHl,I npocTpaHCTBCHHO-BpeueHmrn xap8KTepHCTHKII odnaCTH re

Hepa1.11111 88pRlK8HHl,IX. rr±± M6SOHOB: Rrrri = (2.9±0.8) 9' , 
( C · ·''tJ1m = (2.2±1) cf, • 
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7. 06H8PYl!teHl,I , B COOTB6TCTBllll C npe,llCK838Hllf!Mll C.E.KyHllHa, llHT6pql8-

pe11WiOlll!bl6 ailJqieKTbl ll napHb16 Hoppenf!IJ,llll ,llnf! npOTOHOB; OU6H611bl p83M6pbl 

o6naCTll 3MllCCIIII "6nll3KHX11 
( L) p ~ IOU MaB/c) npoTOl!HblX nap nopf!,llK8 

116CKOnbKllX (j_)epMll, K8K II B cnyt1ae 113M8p6Hllfl_ 11 6nll3KllX11 Jr -M6301!111:lX 

nap. •,.: 

8. IAaMepeHbl 11HBBp11a11T11hle .llll(j)q>epeau11an1,11u~··cet1e1111f! I 11 .llByxt1ac

Tllt1Hl:le ROppenf!IJ,llOHHb16 qiyHRUllll ,llnf! f -KB8HTOB ll 38pfllK61lHblX 'jC -M630-

l!OB, ll B COilOCT8Bn6Hllll C ,ll8 HHb!Mll 118 pa 3HblX Mlllll6 l!f!X npH 6onee Bl:lCORHX 

SHeprllf!X YCT8110Bn6HO: . . 

a) 3H8ll6HHf! ff' { ~(} COBil8)'.1810T B npe;n;e nax 3RCnepm.48HT8nbHl:lX no-

rp8!lIHOCTel1 B U8HTpanbH0!1 o6nacTH 11638BHCllMO OT npHpo;n;bl MHllle_HH yllte npH 

5 raB. 

6) ~YHRIJ,Hf! l ~( p11 } B 06nacT11 qiparMeHTBIJ,,m aaneTBJOI!lel1 t18CTHUbl 

He 38BHCHT OT aHepr1111 ll copT8 CT8nRHB8IOIIIHXCf! tl8CTHIJ, ,llllf! E ~ 5 raB. 

B) Ha6nIO,ll86TCf! nonOlXHT6 nbH8f! ROppenf!UllH M6llt.llY 6blCTpOT8MII JTf,1i•, (' 
llPH 118111:lX ~ "# f 1f -~: / 1 npHll~M ,ll1lf! f 7i - nap OTCyTCTBJ8T ll8-

,ll8HH8 ¢ ( :t. ) B oc5nacTI, OTPHIJ,8T81lbHl:lX 3H8t1emIn. 

9. IA11nynLCHl:l8 H yrnOBl:le HIIKHI03HBHl:le pacnp6,ll8118HHf! BTOpHllHblX 38Pf!

&6HHl:lX qaCTHU B OCHOBHOM YAOBneTBOpHT81ILHO cornacyJOTCf! C pacqeTSIIH 

no K8CKB,llHO-HCnapHT61ILHOl1 IIO.ll81IH, 118ll)ly T811K8K pacqeTHl:Je ,ll8HHl:l8 ,!\Hf! 

IIHOllt6CTB8HHOCTel1 BTOPHllHl:lX 18pf!llt8HHl:JX ll8CTHIJ, CHCT8118'1'Hll6CRH npeBl:JWSIOT 

COOTB8TCTBYJO~H6 3KCnepHM8HT81IbHl:l8 3H8ll8HHf!. 
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