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OEWAH XAPAKTEPHCTwtA PABJT~ 

AKTYSHLHOCTL npo6n8Mbl. llHTepec K penHTHBHCTCKOll HA8PHOll ~H8HK8, 
npOHBHH8Mblll B HSCTOH~ee BpewH, CBH88H C H8A8llt,1l0ll 06HapyZHTL npOHBne
HHH HOBlilX CBOllCTB HA8PHOll M8T8PHH:·oT oco6eHHOCTell B BOnHOBOll ~YHKUHH 
HAPS AO cnepxnnOTHlilX COCTOHHHll H napaXOAOB B KBSpK-rnDOHHYD nnaawy. 
0:EHA88TCH, qTo HOBH8 COCTOHHHH Be~eCTB8 uoryT o6p880BHB8TLCH H 6HTL 
06H8PYJ1t8HH B 3KCll8PHU8HT8 npH ynanHqeHHH KOnuqecTBS yqaCTBOB8BW6rO B 
CTOHKHOB8HHH HA8PHOro B8~8CTB8, 8 T8Kllt8 B8nHqHHH 3H8prHH, BOBnaqeHHOll 
B CTOnKHOB8HH6. HccneAOB8HH8 npoueccoB MHOE8CTB8HHOro pOllt,1l6HHH qacTHu, 
38BHCHMOCTL HX xap8KT8pHCTHK OT p83M8pOB H npHU8HLHHX napaueTpOB YAS
pa B38HKOA8llCTBYD~HX HA8P, BHHBH8HH6 CPBAH 3THX npoueccoB KOHH6KTHB
Hb!X aiM>eKTOB - H806XOAHMHll 3T80 npH peweHHH 3THX 88A8q. 

Ueno pa60TH. 88 3H8qHMOCTL H HayqHaH HOBH3H8 COCTOHnH B HCCH6AOB8-
HHH o6~en KSpTHHH HAPO-HA8PHHX B3SHMOA8llCTBHll (cneKTPOB, UHOZ8CTB8HHO
CT8ll, KOPP8nHUHll p83HHX qsCTHU) npH HSH6onLwen, AOCTynHoll B rOAH Haqa
Jia 3KCil8PHM8HTa aaeprmi: (4,5 raB/c/uyKJIOH) B axcnepHM8HT8, B ltOTOPOM 
nnap:eue 6wm pea.,mso:amm yCJioBWI, xapaxTepll3YJl!IK9CSI KaK 4~ -reOMeTpH
eil, TaK ll 60Jll>llllW Ha6opOM B3WIM0~9i1CTBYJlllllX imep (14 nap), "lHCTHIGI 
SJ.IU)SWI-MHill9Rmm, a TaKllt9 paSIUIMH np~8J.II,H1D,l}l IIap&{9Tpmm CTOJlKHOB9HWl 
("qeHTpaJll,HHe" R "nep~epnqecxze" B3aHMO,IJ.ei1cTBWI). 

EYnH BHHBH8HY 3MOHpHqecKH8 3SKOHOM8PHOCTH MHOZ8CTB8HHOro PDZA8HHH 
qacTHU, npOB8A8HO Cp8BH8HH8 ABHHHX C xapaKTepHCTHKSMH qaCTHU, POJlt.1l8H
HHX B HyKHOH-HYKHOHHlilX H 8APOH-HA8PHHX CTOHKHOB6HHHX, a TSKllt6 C cy111e
CTBYD~H MOA8nHMH. IlonyqeHHH6 peaynLT8TH B8EHH AHR nponepKH MOA8nen, 
cnoco6HHX ASTL A8TSHLHH8 np6ACK838HHH O HAPO-HAOPHYX B38HMOA8ilCTBHHX. 

IlY6MKSUHH. OcHOBHHB waTepHaJW AffCCepTaUHH HanozeHH B pa6oTaxl1- 7< 
onyClnHKOBSHHHX B lltYPHSnax "HA8PHSH ~H3HK8 11

, "Nuclear Physics", "Physi
cal Rewicw", npenpHHT8X H COOCIU18HHHX mum. 

Anpo6SUHH. 'PesynLTSTY psCIOTY o6cyzASnHCL HS C8MHH8pax JIBS, ABTA, 
HS COB8U18HHHX M6Z,ItyHSPOAHOro COTPYAHHqecTBS no HCCH8AOB8HHHM Ha CTpH
uepaon KSMepe CKM-200 JIBS OHHH, HS M8ZAYHSPOAHHX KOH~epeHUHHX B EepK
HH (1981 rOA) H MHqHraHe (1982 rOA)-

OCl~eu AHCC8PTSUHH. ,llHccepTaitllSI cocTOHT HS BBBA8HHH, qeTupex rnan 
H 38KHDq8HHH. T8KCT COA8P:!HT 112 CTp8HHU, BKnDqaH 5 TS6HHU H 49 pu
cyHKOB, 6H6nHorpa~HD H3 48 H83B8HHn. 

ABT OP 881!lHllj86T: 

1. Paapa60T8HHYD C yqaCTH6M 8BTOpa CHCTOMY o6pa60TKH ~TOrpa~qe
CKOrO M8T8pHana, nonyqeHHoro HS CTPHM6pHoll KSMepe CKM-200, BKnDqaD~D 
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K8K npoCl318M.bl npoCMOTpa, H3Mepem1tt, U;ll8HTHqJHK8UUH qaCTHU, T8K U HCC318-
;llOB8HHH TOqHOCTeli, CHCT8M8THqeCKHX norpeWHOCTef.:l H HeOClXO;llHM.blX nonpa

~OK H fl03BO:IIHIOlllYIO B peaynLT8T8 peWRTI, qJH3HqeCKH8 38;ll8qH, CBH38HH.ble C 

8H8:IIH30M MHOJKeCTB8HHOCTef.:l H KHH8M8THqecKHX xapaKTepHCTHK BTOpHqH.bJX 

118CTHL\. 
2. Peay:IILT8T.bl 8H83IJ.138 cneKTPOBTI--Me30HOB no KHHeM8THqeCKHM nepe

MeHH.blM H 38BHCHMOCTH xapaKTepHCTHK cneKTPOB OT Be:IIHIIHH CT83IKHB8101JlHXCH 

H;llep H napaMeTpOB CTO:IIKHOBeHHH. 
3. Peay:11LT8T.bl 8H8JIH38 WOPM.bl HMny:111,CH.blX cneKTpOB H A-38BHCHMOCTef.:l 

B.blXO;llOB Cl.blCTp.blX npoTOHOB H ;llef.:lTpOHOB, B.bl:lleT8101llHX B 38;llH1010 nonycqiepy 

B38HMO]teil.CTBHH B n.c. ( 11 KYMYJIHTHBH.blX 11 Cl8pHOHOB). 
4. Peay:11LT8T.bl ~ccne;llOB8HHH 8CCOUH8THBHOro polK,l(eHHH paann:qH.blX BTO

PHIIH.blX tJ8CTHU (KYMYJUJ.THBH.blX 6apHOHOB, m10HOB, BCeX B.blClHT.blX BO B38HLIO

]tellcTBHH npOTOHOB). 

COAEP.l!lAIIBE AHCCEPTAUilH 
Bo BBe,11eHHH OTMetJe!la 8KTY8JII,HOCTI, HCC3le;llOB8HHH npoueccoB MHOllteCT

BellHOro polK,l(eHHH B H;llpO-H]tepH.blX CTO:IIKHOBellHHX, citop1.1ynn:pOB8H8 ue:111, 

p8ClOT.bl U npn:Be;lleHO KP8TKOe CO]tepllt8HHO ]tHCCepT8UHH. 
B nepBof.:l rnaBe p8CCM8TPHB88TCH C03]t8HH8H c·ytJ8CTHeM 8BTOP8 CHCTe-

1.18 o6pa6oTKH qioTorpaqin:qecKoro uaTepn:ana, no:114qe1111oro aa cTpHMepaon Ka
uepe CKM-200 npn: 06:,ryqeHHH H]tepH.blMH nyqK8MH He, 12c, 160 H 20 Ne c HB

qa:,rI,11.blM l!Mny:111,cou 4 ,5 raB/c/HYRJ!OH noMellleHH.blX B K8Mepy tJHCT.blX MHWe
Hell Li, c, Ne, Al, Cu~ Pb. 

IlpllBO;llHTCH Cl:IIOK-CXeMa, ;llOMOl!CTpHpyIOIJl8H nocne;llOB8TeJII,HOCTI, 8T8IlOB 
npOCMOTPB, H3MepeHHil, OClCtJeTa, C03]t811HH neHT cyuuapH.blX peayJII,T8TOB H 

8H8:IIH38 BKCnepHMeHT83II,HOro M8Tepn:a:11a, 8 TBKJKe T8ClJIHU8, xapaKTepH3YlOlll8H 

15000 H3MepeHH.blX COCl.blTHli' HCnOJII,30BBHH.blX ]t:IIH no:,ryqeHHH 8H8llii3HpyeM.blX 

B 3TOll pa6oTe cneKTPOB BTOpHq!l.bJX tJBCTHL\. B T8Cl3IHUe ]t8H8 HHqJOpMBUHH 0 
npHHUHilBX OTClopa COCl!lTHll TpurrepHof.:l CHCTeuof.:l, 0 npHHUHnax B.blClopa H 
IIHCJie H8MepeHH.blX COCl.blTHf.:l H TPOKOB B }!HX ;llJIH KBJK;llOll nap.bl CTO:IIKHYBWHXCH 

H]t8p. 
Ilo]tpOClHee paCCMOTPOH.bl T_e BOnpOC.bl, B KOTOp.ble BBTOPOM Cl.blJI BH8C8H oc

HOBHOll BKJl8;ll. Han:6oneo cylJleCTBOIIHl10 H8 HHX C318;llYIOUlHO: 
I. Paapa60T8H8 MOTO;lll!K8 H npoBe]teHa H;lle!ITHqJHK8UHH 118CTHL\ no UOHU

SBUHOHH.blM noTepHM. Hauepe1mH n:omrnau1111 npoBO;llH1IHCI, KBK 118 MHKpoilJOTOMO
Tpe, TBK U BH3Y83li,HO, MeTO;llOM cpBBHeHHH C TpeKBMH H3BeCTIIOll HOHH38UHU. 

:S.b13IM H]teHTHqJUUHPOB8Hl1 B 38,l{Hell nonycqiepe B38UMO]tOllCTBHH npOTOHll H 11e
p88;lle1Ie1UIBH rpynna ]tef.:lTpOHOB U TPUTHeB B UHTepBane uuny:111,coB 
0,3-t0,9 rsB/c npu yr:11ax H8K1IOHB_, He npeB!lW8101JlHX 20°. TOtJHOCTl, p83;lle3le
HUH OK01IO IO%. B nepe;llnef.:l no:,rycqiepe cpe~ CTpHnmmrOB.blX tJBCTHU nytJKB 
4He Cl.bl:IIH B.bl]t8318H.bl ]tDY38pH;llllLIO qiparMeHT.bl He, 
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2. 0;llH038pH;llH.ble qiparMOHT.bl 4He ( 1H, 2H, 3H) Cl.bl:IIH H,1{8HTHqiHUHPOB8Hll 
no nHKBM B HMnyn1,cuou pacnpe]te318HHH {CM. PHC. I). E.b13IH HCC318;llOB8H.bl 
yrHOB.ble pacnpe;zieneHHH CTpHnnHHrOB.blX qaCTHU • 
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Pn:c. I 

ilMnyn1,caoe { p/z , r;lle z -

aapHJt) pacnpe;zieneHHe no:11oim
Te:11LHblX BTOpHIIH.blX tJBCTHU B 
4He Li-B38HMO;llellcTBHHX npH 
P83H.blX orpaHHlleHHHX no yr:,ry 
B.blneTa. 3BWTPHXOB8HH8H 118CTI, 
cneKTpa - ;llByaapH;lll!.ble IIBCTH
U.bl, OT06p8HH.ble no HOHH381.\HH. 

3. Bhl;zieneHHe cpe;llH ueynpyrn:x CTO:IIKHOBeHHf.:l "ueaTp81II,H.blX11 npo1,1cxo
]tHHO, B OCHOBHOM, C noMOIJll,10 TpHrrepuoll CHCTeM.bl B npouecce 3KCfl03HL\UH 
KBMep.bl B nyqKe. Ue11Tp81Ii,H.b1M CTO:IIKHOBeHHeM cqHT83IOCI, T8KOe, npn: KOTO
poM B KOHyce yrna 2-t4° no aanpaBneHHIO nytrna cqeTqn:Ku He pern:cTpn:poBa

nu flOC:Jie B38HMO;llellCTBHH HHKBKHX flOllOJKHTe:IILHhlX, 8 B eH;ll8 cnyqaeB H 
Hef.:lTpBlll,H.blX qaCTHL\. ~3MepeHHe CTpn:nnHHrOB.blX qacTUL\ He ll03B01IH1IO ;llO

nonHHTe1ILHO B.bl;llenHTI, ueHTpanLH.ble CTO:IIKHOBSHHH H3 Heynpyrux npH o6pa-
60TKe, KpHTepHeM cnyrurno OTCYTCTBHe BO B38HMO;lle.t:ICTBHH noHOJKHTenLl!t.lX 
tJBCTHL\ C HMny:111,cou 60:11oe 3 raB/c/z { z - 38PIIA qaCTHU.bl), B.bl1IeT8!0ll!l1X 
Bnepe;ll B yrHOBOM KOHyce 3+5°. 

4. PaCCMOTpeH.bl B.blClOpKH H TOIIHOCTH H3Mepel!HH. flpHMeHeHHe cnel.\ll~Hqe
CKHX ;lllJH,YCHOBHll Hawero 3KcnepHMeHT8 npHeMOB H3MepeHHH H o6cqeTa np11-
Be:1IH K TOMY, qTo qn:c:110 HeH31,!epeHH.blX ,,-_Me30HOB He npeB.blW81IO 2-5% (B 

C8M.blX He6:11aronpHHTH.blX c:11ytJ81IX - IO%), a CTpn:nnHHrOB!le tJ8CTHU.bl H KYMY-
1IHTHBH.ble 68pHOH.bl Cl.bl:llH H3MepeH.bl Il01IHOCTLIO. 

MeTO;llHqeCKH8 H3MepeHHH waOnOHOB H TpeKOB nOK8381IH, tJTO TOtJHOCTH 
H3M8peHHH HMny:111,coB COCT8BJUI!OT 2-10% {B 38BHCHMOCTH OT ;ll1IHH.bl H KPHBH8-
H.bl TpeKa), 8 yrnoB B.bl1I8T8 qacTHL\.bl OTHOCHTe1ILHO nyqKa 2~5 Mpa,It. 

5. PaCCMOTpetto BBe;zie11He nonpaBOK H8 CHCTeMaTuqecKH8 HCKaJKeHUH B 
qucne HeynpyrHx CTO:IIKHOBeHHll H B cneKTpax qaCTHL\, CB/l3aHHHX C reoueT-
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pn-qec1mMl1 oco6eHHOCTHMl! ycTaHOBKl! ll CllCTOMOi1 Tpnr_repa, nonpaBim B l!IIC

JJO Heynpyrux CDYABPBHl!H 
4

HeAT, CBH38HHble C no]iaB.neHl!OM l!BbTl! C06b1Tl11 

CHCTBMOH Tp11rrepa 11 c OT6p8CblB8HHeM 0,1),HOJJYl!BBblX C06b1Tl1ll npu npOCMOTpe, 

61mn BBO,ll,OHhl 6naro]iapH attamrny l13MepeHHblX CTp1mmlliPOBblX 1!8CTl11.\ ( 1rnnpu-
4H 3 . 

Mep, OT6pac11BaeMIDt 0,ll,IlO.lly'leBOll H8H8Jl e _. He+n Cun 01.\BHeH no l13UepeH-

HOMY H30TOnl1•!eC!{l'l-Cl1!.!MeTpll'll!OMY K8HBJJY 
4

He - 3H+p). 

IlonpBBKl'l B cneKTpbl ~~MC30HOB dUJJl'l BHBCOHbl B pesyJJbT8TB usyl!OHl'lfl 

8CllMIAOTp1,rn llX yPJJOBhlX pacnpeAOJJCHl'li1, o6ycnon.neH!IOii cyll(eCTBOBaHUBM 

TPYAHOH8XO,l\11ML!X npll npoCMOTpe l1 TPY.l\llOll31ABpllMblX l!aCTlil.\, 

Bo BTOpOH rnane 81HJJll13l1PY!OTCH cneKTPhl 97--MeSOIIOB, Ilo1<asa110, '!TO 

pacnpe,ll,e.lleHl1fl napaMOTJJOB cneKTpOB (cpe,llHl1X B8Jllll!l1H, ]illCnepc11n U acnM

MeTpl1i'I) no 6blCTpoTe, nonepel!HOMY llMnynbcy, yrny Bbll!OT8 B Cl1CTeMe l.\,M. 

Nt\/-CTOl!KHOBOH.11£1 38Bl1CHT TOilbKO OT B8l!lll!l1Hbl HAp8-MUIIIBHll AT l1 OTHOlll8Hl1ll 

n_/Ap( n_- MIIOlKBCTB011HOCTb nHOHOB, AP - aTOM!lblll nee ll,llp8-CH8pll,l\8). 

.. 
t' ♦ ~;,.,~.,- t - + . 

••Mf-L• l(Wl 
o"C-t f(ll,01 

• ~( - NP ltU'l 
•'~- .... 1(2,0) 

••"N.-tw TIO.OJ 

v'ltf--Cu HO.OJ 

•2'- Lir ::~~~ ~~~: 

♦ .~".•.~ s Q8t 1 • ~ 

O't<t-Pb HO.DJ 

-~ ____ ♦ '"0-RI Hl,Ol 

"t ♦ 
OI~ g v♦-o:• ♦ 1 

*'; ♦ t ♦ 1ql 
D: ~C -I'll TU.OJ CASU,[)[ 
1 4 HP..fl!lllO.Olu.5CAOE .. 

n../Ap 

P11c. 2 

88Bl1CUMOCTb CpB]iH6ll 6L1CTpOThl ..: Y > OT n_/ AP 

.l\Jlll pasimx Tpnr~epttux 1.10.n: a) ,nJJH nerimx 

fl,llBP-MHllleHeli; 6) ]illfl npOMBlKYTOl!IIOro ll,npa

Mll1118Hl!, Cu ; B) ,lll!H T!ilKBl!Oro a.npa-1.111111ett11, Pb. 

,I{JJH MlllllBHH Pb npllBO,l!Bllbl paCl!OTbl no KaCKa,nttoU 

MO,ll8Jlll. llITpllXOBOH l!l1HHll noKa3UB80T BOJll11!llHY 

~y;,- .nna NN-CTOJlKHOBe11u£t npll 4_,5 raB/c. 

T(ech' on) 06os11aqaeT yrnu sanpeTa (B_rpa

,l\ycax) AJJll aaplllKOHHblX I! He£1TpaJJbllblX CTpllnnllH-

roBllX l!aCTl.11\, 

;Llllll np111.1epa ua puc. 2 npHBBABHbl A8HHble ,lll!fl <'. y;, • IlyHKTllpOM noKa38HO 

8H81Ie1111e .t. y-;;, ]illll NN-Bsa111.10.zte£icTBl!ll, 

ll3M8HOHllB cneKTpa :n- -MB30HOB_ B ll.zlPO-ll,llepHOM B38llJ.40,it8i'!CTBID1 OTHO

CHTOl!bHO HyKllOH-IIYKl!OHHOPO 38BHCHT OT TOJlli4l1Hhl ll,ll,OpHoro B8ll(8CTB8 H8 

nyTll r,--M830HOB, .I{Jlll WllKCl!pOB8HHOro AT aTa TOl!ll(llH8 CBll88H8 C npl!l.\OJlb

HblM napaM8TpOM CTOllKHOBO!lllll H,l\ep. OT uero JKe 38BllCHT npOI.\8HT npOB38ll-

LIO,li,8i'ICTBOB8Bllll1X HYKlIOIIOB H]ip8-CH8pll,na '\) i/Ap -• B CBH3H C TBJ.1 1 '!TO 

n_ nponopUUOH8l!bH8 "Vp , B8l!Ul!llHa n_/Ap L!OlK8T cnylKHTb 01\0HKOi'I npu-

1\BJlbHOI'O napaMeTpa (npll qarncupOBBHIIOM ~). 
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V "He-Cu HO.OJ 
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◊ 'He-Pb HO.OJ 

♦ "O -Pb 

& 'He-C HOO> 

■ 'H• -N• TCO.Ql 
4. 20 Ne-Zr TlO.Ol 

PHC. 3 

3aBncu1.1ocTb L.y> - ~ P-r~.l\l!ll 

pa3HblX TpurrepHb!X 1.10.n, pas

HUX nap CTaJJKllB810ll(l1XCll 

100~-~-~-~-~-~--~-~~ 

HAOP ll paSHOH MIIOlKOCTBBHHO

CTH fillOHOB. CnnOl!lHBH Jll1HUfl-

1IHH0£1HblH WHT a1<cnep111.1eH

Tal!bHux ToqeK, (!) noKa3blB8-

e T TOl!KY NN - ,ll,8HHbIX ,l\llll 

Ha111en atteprHll. 
o., as as 10 l2 

<y> 

Ha6l!ID,l\8H TaKlKB CKOHJJ~Hr B pacnpe,l\el!BHllllX napaMeTpOB nl10HOB ]il!ll 

no,llrpynn C06!1THll C ,ll8HHbl!All AP' AT, TpHrrepOM I! n_ B saBHCHMOCTll OT 

(~7 (cpe,l(Hett 6blCTpOThl A8H!IOH no.ztrpynnbl) • .I{JJH npu1.1epa Ha p11c. 3 noKasa

ua saBl1CHMOCTb < Pr'7 OT L. y ::> • CBeTJJblM KPYJKKOM OTMel!eHa TOl!K8 ]\Jlll 

NN'-CTOJJKHOBBHl!H. 

QqeBHAHO, LY> MOlKOT CJJYlKllT:& YHl1Bepcal!bHOll (He38Bl1CllMO OT ~) MB

poll TOl!ll(llHbl H,llepHOPO BOU(OCTB8 HB nyTll ,,--M830HOB~ 

Ilp08H8Jll13HpOBaHa saBllCllMOCTb o6pasoBaHllll :n--M830HOB B paaHblX 06-

naCTllX KlllleMaTHl!8CKl1X nepeMBHHLIX 11 0 11 (rAe 11 0 11 = Y, P;, EKl!H) OT ~-

Y,llOBJJBTBOpHTBJlbHOe onucattue 8TOi'I 3aBHCHMOCTl1 CTeneHHblM saKOHOM 
,{ dG Ao( Ef clC. ~ T noSBOllllOT CBOCTll 8H8l!H3 R HCCJIO]iOBaHl110 llOBe,l\eHUll 

o( , . 3Ta 38BllCHMOCTb O,lll1H8KOB8 ]\Jlll paSHblX Ap• 

"'i,,., 

Puc. 4 
38BllCHMOCT:& napa1.1eTp8 o(. 

OT ll.BYX nepeMeHHblX: ::I H 

PT• Jl1Hl111 HB rpaw11Ke co-

8,llllHfllOT,TOqJ<ll C O]illHBKOBbIM 

3Hal!BHHeM napaMeTpa o(_ 

Ha p11c. 4 npnne.zteHa o6li4all KBPTHHB san11c111.1ocT11 d. OT y H PT 
Ilpll H3MBHBHHll 8Tl!X nepeMeHHblX o( M8Hll8TCH OT O' 5 ,l!O I ,5. Hau6onee 

Clll!bHBll A-saBHCl!MOCTb npHCYll!B MllrKHM nuoHBM ( p7 c::. 50 MaB/c u ~ :::- o ) • 
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l,3 o Eep""u,PAr -1l;P,"4,!3rJB,t,B•18o' 
1,2 ¥} l o 6ep;,u,HtA,-n-.E,•2.lr3S ,9"tso' 
1,1 l 'f +x+x+x □ 6o:ra~u,.PAr-n•,E,•40Cr>B,9•t6:f 6~ A 

1 
$ §t •x•x x KOCi<adi.c.R Moae1'o. 

O:a I .:t,f •x• 
u •• 
0,6 Xx•+ 
0,5 t + + 

-lP -1.5 -~O -o,s o 0.5 1,0 1.s 2P 25 3,0 
!JA.C. 

Puc. 5 · 

38Bl!Cl!MOCTI, napaMeTpa cf.. OT 

61,1CTpOTl,I Ill!OHOB Y ,117lfl 

He~-Baa11Mo,11ellcTB11£1. Och,e.n.11-

ttett11e ,11a HHblX CKM-200, 11ccne

,110Batt11£1 KYMY71HTl1BHOrO IlHOHO

o6paaoB8lll1fl H pacqeTOB K8C

K8,IIHOti M0;1(671H, 

Ila puc, 5 np11Be,11eua 38B11Cl1MOCTI, o< OT ~ , BM6CT6 C ll8llll1MH ,7.l8Hllhl-

Ml1 H8H8C6Hhl TOqKll 3Jl6KTPOH!lb!X 3KCnepl1M6HTOB, 113Y118Bllll1X pOlK,7.l6Hl16 KyMy

JlflTHDH!JX m10HOB. BH,7.\1!0, qro B o6nacTHX !J ~ 0 ll 'j ~ ,,., of ona6o 
38Bl1CHT OT 6LlCTpOThl, a B nepeX0,7.\HOll o6JI8CTl1 nnaBUO YM6HI,UI88TCH C ee 

pOCTOM, 9TOT W8KT MOJKeT 61,1Tb IlOHHT, 6CJ!l1 cql1T8TI,, qTo n11ou1,1 P0*,7.l8IDTCH 

B I10CJI0,1.lOB8TOJlbllhlX CT071KHOB6!!11flX HYK710HOB CH8pfl,7.l8 C HYKJIOl!8Ml1 Ml1lll8Hl1 

ll K8lK,7.l06 cne;11yro:J1ee C'.l'OJIKIIOBBHll8 HyKnoua cuapH,7.\8 npOllCX0,7.\11T npn yMeHb

lll6Hl1ll uaqanbHOU 3Hepr1111. Ecn11 61,1 He 6uno BTOp11quhJX B3811M0,7.\6llCTBllti ~

!A030ll0B, B!JX0,11 11X B 06JI8CTl1 WP8rM6IIT8UHll C!!Bpfl,118 (y~ 2 ,3), 06yCJIOB716H

HUl! T071!,KO nepBUMl1 CT071KHOB6Hl1HMl1 HYKJIOHOB H8J16TBIDII1ero fl.ztpa, 6un 6u 

nponopu11ottaneu qncny npoB3811M0,7.\6llCTBOB8BlllllX HYKJIOHOB 3TOro H,7.lpa: 

(
Jf5,.pAr~ _ G". L.. · ( l c/G'Niv~ · A f5. A 0,';5 

. d\i/~~2,:~- .4pAr"' "Vp>" G'NN"d';J}:f'>2.:3~ p"NA,~ T , 

r.zte <vp> = Ae"'=>NAr 
(i; ApAr 

B o6JIBCTl1 qiparM6HT8Ull11 Mlllll8Hll (y ~ O) Bl,IX0,7.l ,:r,- -M630HOB, HB7lflIDIIll1Li

Cfl CYMMOll BKJl8,7.\0B OT HBCKOJ!bl!IIX CT071KHOB6Hllll C pa3HOll 3H6pr11en, ,7.\0n

JK8H 61,1TI, nponopu11011aneH q11cny npOB38l1110,ll6llCTBOB8Bllll1X Hy:rnoHOB l.llllll6Hll, 

TB!t KBK Bl,IXO,ll :rr- -M630!!0B ll 3TOl! o6JI8CTII 61,lCTpOTU B NN'-B381l!.IO,llellcTBl1-

flX He 38Bl1CilT OT aueprnn CT071KHOB6!!11R (npe.ztenbHBR qiparMeHTBUilH): 

l cfo'-1pA~ _ G: "(.V;> ... (-..4... ,. cl6'/V.v) ~ A 6'. n :I. 
~/ ~~ O - "'rAT 6"..,.v cJ~ J~~o T

0 

NAp~ r;- , 

r,11e < )},> = Ar~ G'.-,yAp 
rifApAr 
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TOT ~8KT qTO B 3KCnepnMeHT8 AT-38B11CllMOCTb 6blCTpwx IlllOHOB M8Hb

!:le. 116M Ao. 75 • a Me,11neuu1,1x - 6onbwe. qeM A1 • MOJltllO OO'bflCHl1TI, CMHrqeu11-

6 M cneKTp8 B nponeccax nepepaCC6flll11H, BepOHTHOCTb KOTOPb!X B03p8CT86T 

tta Tmlt8J!HX M11UI8Hflx, a TliKJKe He,11ocTaToqnoll ToqnocTbro onpe,l\enemrn B6J1il

q1rn LV> (cM. ,11an1,me). 

IlpoBan B o6JI8CTli 61.ICTpOTLl y~ -I,3 (CM, p11c. 5) 061,HCHH6TCH, Bil,lll1-

MO, 6071!,llillM ceqeml6M B38llMO.ztellCTBl-lfl • 17- /V B 3TOll o6naCTl1, npllBO.ztfllllilM 

K CMffrqeuilro 61,1cTpOTHOrO cneKTpa IlllOHOB ll K IlOHB718Hllro, B qaCTHOCT11,n11-

Ka npl1 o(:i:.I,5 ua pile. 4. 
P11c. 5 noKaauBaeT, qTo B 06nacT11 y~O Benuqnua napaMeTpa o(. 

ilM88T CX0,11!!06 3H8q8Hll8 K8K ,1171R KYMY7lflTRBHl,IX, T8K II ,7.\7lfl ll8KYMYJIHTllB!ll,IX 

Il110HOB, 

PaCCMOTP6HHU6 Bl,lllle peayn&T8T1,1 cpaBHllB8BllCI, C 11M8IDIIll1Ml1Cfl MO,l\8JII,Hl,I

Mll pacqeT8Mll, Cpanuemrn C. ,ny6H8HCKOll Bepc11eil K8CK8,11!!011 MO;l(OJIH, pacqe

Thl ~oTopoA ilMenuc1, .ztnH Bcex np0Be,11en11ux attannaon, noKaaano uennoxoe 

cornac11e, XOTfl llMeeTCfl npenuwe11.te nennqlfH MHOJlt8CTB8llllOCTeli Ill!OHOB, 

p0ll(,l18lllll,IX H8 Tfl)i(8]lhlX MllllleHHX, auaqeHHll nonepeq11ux IIMilyJJI,COB 11 ll8KOTO

pue ,1.lpyr1rn p8CXOlK,ll8Hl1H, XapaKT6pl!CTUirn 1111011006pa30B81IllR, npe;aCK831,1B8-

e Ml,18 T8pMO,llllH8Mll'!0CKOil M0,11enbro: 1130TpOIIHOCTb yrJIOBl,iX .pacnpe,nenen11li IlH

OHOB, 60JibllIOti Pr - He Il0,IITB6 p,!111Jll1Cb B 3Kcne PllM6HTe. Ilpe,11CK838lll18 KBapK

napTOHHOll M0,11em1, OTHOCHII!eecfl K A-aaBl!C11MOCTll 6blCTpux IlllOIIOB, B1rneT8Kl-

IIlllX nnepe.zt, IlO,!ITBepllt,116HHOe !!Blllll.M 3KCnepllM8llTOM, He flB7lfl8TCR KPllT11qHhlM 

,l!Jlfl M0,118Jil1, T8K K8K TOT l!\6 3{p(~8KT nonyqaeTCH II B pacqeTax K8CKa.ztnott 

MO.zte nu. 

b TD6Tb6ll rJI8Be 11ccne,11yroTCH xapaKTepl!CTllKn KYMY71HTIIBHUX npOTOHOB 

11 .ztel!TpOHOB, B1,1neTaIDU1l1X B 38,IIHIDID nonycwepy B38llMO,l\8itCTBllfl B n.c, IlOK8-

38HO, qTo ceqeuile Buxo,11a G A71R KYMYJIHTllBHhlX npoTonoB c ilMnyn1,co1,1 

p ~ O ,34 raB/c H yrnoM B1,1JieTa 8>120° MOJKHo onncaTI> qiynKuuell, waKTopuay

ro111ettcH no AP il AT:G(Ap• AT)~A/• 6±0,I "A/•4±0 ,I. Cpanue1111e sTllX pe

ayJII>TBTOB C ,118!!Hl,1Mil e,11pOH-R,llepnux aKcnep111AeHTOB, 8 T8KlK6 C llCCJ16,IIOBa

HlieM Ap-38BilCl!MOCTll B fl,llp0-fl,118PHOM 3KCnep11.MeHTe npl1 M8Ublll6ll HaqanI>HOll 

atteprl1il, Eo=2,I raB/HYJUIOH,llOKaaaJIO CODil8,7.l6Hl1e peayJII,T8TOB. 

IloKa3~HO, qTO ill!K7IID3HBH8fl MHOlK8CTB6HHOCTI, KYMY71RTl1Blll,IX npOTOHOB 

~ np7' nponopunoH87lbll8 qncny npOB381!MO,lleiiCTBOB8BlllllX npoTOHOB Mlllll8Hll 

( CM, pile, 6) 11, CJ18,IIOB8T8JlbHO, llX A-38BUCIIMOCTll O,l1llll8KOBU, 

Ha PilC, 6 Bll,lll!O T8KlKe, qTO pacnpe,11enettne <:.np"7 B 38BllC11MOCTl1 OT 

pacqeTHoro auaqeHHfl ~ Yr., (Ha BCTaBKe) o,11Ho n TO JKe ,111111 paaHux AP il 

Tp»rrepoB, HO 38Bl1Cl1T OT H,llp8-Ml1We!lll AT. Pacnpe,11enett11e ~ np7 ItaK qiyH-

KUl1ll 3KCil8PilM8HT87lbHO onpe,11er.euuoro suaqemm qncna Bb!OUTl:JX npOTOHOB 

qr 0,lll1H8KOBO T8KlK8 11 ,IIJ!fl BCeX AT, 
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Puc. 6. 3aBUCUMOCTb cpe,llH0H MHOJK8CTB0HHOCTl1 KyMynHTUBHblX npOTOHOB 
OT 5KCnepuMeHTanLHOro qucna Bbl6UTUX npoTOHOB QT. Ha BCTaB

Ke - 3aBUCUMOCTL OT paCtI8THOro qucna B3aUMO,ll0HCTBOBaBUIUX 

npOTOHOB -) T" ToqKU: o,• - HeC (Heynp. 11 ueHTp.); 0, ♦ 
HeNe (Heynp. ll l.l0HTp.); )( - cc (Heynp~); 0 - CNe 

(Heynp.)~ A,• - HeCu (Heynp. ll l.l8HTp);v,• - CCu (Heynp. 

ll l.l8HTp.); a,• - HePb (Heynp. ll ueHTp.); 0 - CPB (ueHTp.); 

♦ - OPB (U6HTp.). 

3TO, B.11,llllMO, 061,HCHH8TCH TeM, tITO qiopMyna ,llnH L VT~ He yqHTh!BaeT 
11 paccunaH.11H11 HyKnOHOB CH8pH,lla B nonepeqHott nnoCKOCT.11 B pe3ynoT8Te B3a
HMO,llettcTB.11ti C Mlllll0HLID, 8 TaKJKe BTOp.11qHblX B3a.11MO,lleticTB.11H pOlK,ll0HHblX trac

T.111..l H ,ll80T B pe3ynLT8Te 3aHHlK6HHYD Ben11q11Hy, oco6eHHO np.11 THlK8nblX M.11-

W8HHX. 
Eh!nH u3yqeHbl napaMeTpb! Ii8KJIOHOB To·.11unynLCHb!X cneKTpO~ KyMynHTHB

HIJX 6apHOHOB npa onHC8Hllll HX 5KCilOH8HUH8llbHOti 38BHCUMOCTLID 
E ~ ~ G ~ e.)(.p I . Hati,lleHo, tITO T0 ,llnH npoToHoB .11 ,lletlTpOHOB 

uT To · · 
O,llHH8KOBbl. To paanHtI86TCH B cnytraHX B38UMO,ll8HCTBUH Ha nerKHX (C, Ne) 

ll Ha THE0llblX ( c, Pb) .MHWeHHX. Hamu pe3ynLTaTbl COBna,llaIDT C pe3ylILTa
T8MH PH,lla aneKTpOHHblX 5KCnepuMeHTOB, XOTH oueHKH To, nonyqeHHbl8 H8 
nerKUX MHUl8HHX ~ p83HUX aKcnep.11ueHTax,npoTHBOpetIUBbl H Tpe6yDT YTOtIH6-

HHH. 
PH,ll Haw.11x pe3ylILT8TOB npoTHBOpeqUT YTB8PlK,ll8HHHM 5KCnepHM8HT8llbHOtt 

l'.11ll0T8 3bl H,lle pHOl'O CKettmrnra: qTo H8KJIOHbl To O,llHHaKOBbl npu B38HMO,ll8tiCT
Bill'I H8 BC8X MHUl8HHx; qTO A-38Bl1CHMOCTL KYMYJIHTllBHblX npOTOHOB 11 8HOM8llb

Ha11; tITO Bll,ll qiyHKl.ll111, KOTOp8H OnHCblB80T 38Bl1Cl1MOCTL BblXO,llOB KYMYJIHTHB
Hh!X npOTOHOB OT~ 8,lll1HblM ,lllIH BCex HaneTaIDmux t{8CTl11.l o6p830M, 80Tb 
f = G/<:ApAT (KaK noKa3aHo H8MH Ha p.110. 7, TaKott ymrnepcanLuott 

qiyHKl.l116ll HBlIH8TCH 5 1 = (;/G'1vAp ). 
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P11c. '1 

38BI/ICI/IMOCTL OT fl,llp8-MI/IUl6HIII IIHIC11ID3111BHOI'O 

C6tI6Hl1H pOJK,ll6Hl1fl KYMYJIHTIIIBHb!X npoTOHOB G , 

HOpMUpOBaHJIOrO H8 G'A,A-r (qiyHKUUH f ) .11 

ua i:;;.,Ap (qiymt1111H r• ). TotrK.11: • - pAT, 

o - HeAT, o - C~. 

PacqeTbl B MO,ll8llll M8lIOHYKlIOHHblX 1rnppenHl.ll1H ,ll8IDT COBna,llaIDmae .c ua

Ul11Mll ,ll8HHblM.11 B.11,ll 38Bl/1Cl1MOCT.11 Bb!XO,lla G OT AP .11 AT, Bll,ll yH.11Bepcan1,uott 
qiyHKl.llll.11 f' .11 O,lll1HaKOByID AT-3aBl1CIIIMOCTL ,lllIH KYMYlIHTHBHb!X npOTOHOB .11 

BC6X B3a11MO,ll8HCTBOBaBUll1X npOTOHOB MIIIUl8H.11. 
KacKa,llH8H MO,ll6llb, B KOTOpott polK,lleH111e KYMYlIHTIIIBHblX 6aplllOHOB 06yc

lIOBne110 M0X8H.113M8M.11 MHOl'OKp8THb!X Heynpyr111x nepepaCC6Hll.11H HYKlIOHOB, 
nornomeHHH n11oua napon HYKlIOl!OB 11 npe,llp8Bl!OB8CHblM pacna,llOM B036ylK,lleH
HOl'O H,llp8-0CT8TK8, T8KJK8 B o6meM np8Bl1lILHO onl1Cb!B88T A-38Bl1Cl1MOCTL 11X 
Bb!X0,1\8 .11 qiopMy cneKTPOB H8 THlK8llblX W!lll6HHX. To npu POJK,ll0HIIH H8 ll6l'KUX 
H,llpax He COBna,llaeT C 5KCnep.11M6HTOM. 

B qeTBepTott l'll8B8 npl1B8,ll8H 8H8nl13 8CCOl.lll8Tl1BHOI'O POJK,ll8Hl1H qaCTl11.l 

B H,llpO-H,ll8pHblX CTOlIKHOB6Hl1HX. PaCCMOTpeHO COBM8CTl!Oe p0l!t,ll8Hl16 KYMYlIH
Tl1BHblX npOTOHOB (p) 11 ,ll8liTpOHOB (d ), BbllI8T8ID
IDm11x H838,ll. IloKa38HO, qTo pacnpe,lleneHl1H no MHO

.. t, .. ~ I I 

~ f L,t,•(m,,i-,o,)r>b o o.os OJO o.;s 

5 
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lK6CTB8HHOCTl1 KaK p , T8K .11 d onl!Cb!B8IDTCH pac-

npe,lleJieHl18M IlyaccoHa, qTo MHOlK6CTB8HHOCTb p 

ue aa:suc11T OT trucna a, tITo pacnpe,lleneH11e no 

aiM>eKTl1BHOti uacce 'ABYX tI8CTlll.l (2p, 2d ll pd) 
MOl!CeT 6blTb onucaHO qJOl!OM, nocTpOeHHUM ll3 nap 
tI8CTl11.l, B3HTb!X 113 p83Hb1X 3B83,ll (CM. p11c. 8). 

P11c. 8 

Pacnpe,llell6Hl16 no aqiqieKTliBHOl1 M8CC8 ,llBYX KyMy
lIHTUBHblX tI8CTHU: a) ,llB8 npOTOHa, 6) ,llB8 ,lleilT
poHa, B) O,llllH npOTOH 11 O,llllH ,llOtiTpOH. X - 5KC
nep111.1eHT, O - qJOH, nonytieHHbltl ,lllIH ,llBYX tI8CTUl.l 

113 p83HUX 3B83,ll. 
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8T11 11 H6KOTOp1:rn ,npyr11e 8118JIH3hl Il0K83!,JB8IOT, l!TO B npe,nenax TOl!HOC

Teil H8Wero aKcnep11M6HT8 K8K npoTOHhl, T8K 11 ,neilTpOHhl o6paayIOTCH H838B11-

C11MO ,npyr OT ,npyra. 
06HapylKSH8 CBH3L MeJK,ny MHOJK6CTB6HHOCTHM11 11 K11H6M8T111!8CK11M11 xapaK

Tep11CT11K8M11 IlHOHOB, C 0,llHOil CTOPOHhl, 11 1!11CJIOM KYMYJIHTHBHhlX 6ap110HOB, 
C ,npyron. B TO JKe BpeMH 38BHCHMOCTL OT 11MilYJILC8 KYMYJIHT11BHhlX Ciap110HOB 
OTCyTCTByeT. Xap8KT8P11CT11K11 Il110HOB B COCihlT11HX C KYMYJIHT11BHhlMH Ciap110Ha

Ml1 (np11 B3811MO,ll6ilCTB1111 Ha THJK8JlhlX H,npax Cu 11 Pb)· CiJI113K11 K xapaKT6-

p11CT11K8M Il110HOB B ue11Tp8JILHb!X B3811MO,lleilcTB11HX, 

8TO H86JIIO,ll8H11e JierKo IlOHHTL, eCJIH y11eCTL o6cyJK,ll8BWYIOCH Bhlwe npo

nopu110H8JILHOCTL l!HCJI8 KYMYJIHTHBHhlX npOTOHOB l!HCJIY BCex B38HMO,lleilCTBO
B8BWHX npOTOIIOB M11W6Hll, Ma 3TOrO CJIS,llyeT, l!TO, Bbl,ll6/IHH co6NT11H C KYMY

JIHT11BHblMH HYKJIOH8M11, Mhl Bhl,ll8JIH6M npem.1y111ecTB61!HO U6HTP8JILHhl6 CTOJIKHO

BSHHH H,llep, 
Bee ocoCieHHOCT11 8CCOU118THBHOrO pOlK,llSHHH IlHOHOB 11 KYMYJIHT11BHhlX Cia

PHOHOB Y,llOBJI8TBOP11TeJILHO p8CCl!11ThlB8IOTCH B K8CK8,llHOil MO,lleJIH. 
B 3rutJlll,8Hl!IH CWOpMyr.upOB8Hhl OCHOBHhle peayJILT8Thl 11 BhlBO,Zlhl ,llHCCepT8-

U11H: 
I. PaapaCiOT8H8 M6TO,llHK8 npOCMOTpa, 113MepeH11H H 0Cic11eTa COCihlT11il, 

11,ll6HT11WHK8UHH 1!8CT11U H BB6,ll8HH6 nonp8BOK. M3M6p6Hbl 11MilYJibChl 11 yrJ!hl Bhl
JI6T8 -'T--M630HOB, KYMYJIHT11BHhlX npoTOHOB H ,ll6ilTpOHOB B Heynpyrux ll U6HT
p8JibHhlX B38HMO,ll6ilCTB11HX ,llJIH I4 nap-CT81IKHB8l0111HXCH H.ztep (I5000 C06hlT11Ll) ;' 

2. CneKTPhl 1111HKJil0311BHhle C61!6H11H BhlXO.zt8 ::,r--Me30HOB K81!6CTB6HHO co
rJiacyIOTCH C npocTon MO,ll8Jlbl0 H838BHCHMhlX HyKJIOH-HYKJIOHHhlX B3811MO,lleLlcT
B11Ll H COBil8,ll8IOT C npe.ztCK838H11HMH K8CK8.ztHOil MO.zteJIH, BKJ!l01!8l01116Ll KpOMe 
a.ztpOH-8,llpOHHhlX B38HMO.zt6LlCTBHLl T8K11e npoueccu, KBK pOJK.zt6HH6 11 pacna.zt 
A -11a0Ciapu, norJIOlll8H116 Il110HOB napoll ·HyKJIOHOB, HeT COBna,neH11H C pacqe

TBMH T6pMO.zt11H8MHl!6CKOll MO,ll8JIH, OCHOB8HHhlMH Ha npe,ncT8BJI8HHH O IlOJIHOLl 
OCT8HOBK6 11 T6pM8Jll!38UHH B61l\8CTB8o 

AT-38BHC11MOCTb HHKJ!l0311BHhlX C61!6H11il B ga3HhlX 06JI8CTHX K11H8M8THl!e
CK11X nepeMeHHUX M8HHeTCH OT ~o, 5 .zto ~I,, Xap8KT6p 3Ton 38B11C11MOCT11 

,11/IH m10HOB C 6blCTPOTOLl,. paBHOLl HJIH M6HbW6Ll 6hlCTp0Tli l.!HIIISHH, HS OTJl111!8-
6TCH OT ~-38B11C11MOCT11 Ky~yJIHTHBHhlX Il110HOB, BhlJI8T8IOIIIHX H838.zt. 

3. AT-38BHC11MOCTL BhlXO,ll8 KYMYJIHT11BHhlX npOTOHOB 113 H,npa MHW6H11 COB
Il8,ll86T C AT-38B11C~MOCTblO BhlXOA8 BCSX npOTOHOB 113 M11W6HH. TaKaH l!t6 aa
B11C11MOCTL Il0JIY1!6H8 KOK B pac11eTaX MO,ll6Jl11 MBJIOHyKJIOHHhlX KoppeJIHU11Ll, 
T8K 11 B K8CK8,llHOLl MO,lleJIH, XapaKTepHCTHKH 11MilYJibCHhlX cneKTPOB H A-38BH
C11MOCT6ll BhlXO,ll8 KYMYJIHTHBHhlX npOTOHOB npOT11BOp61!8T pH.zty yTBepJK,ne1rnn 
runoTeahl H,nepHoro CKWIDU'a, 

4. He oCiHapyJKeHO KOppeJIHUHil MeJK,ny xapaKTep11CT11K8M11 -,;---M630HOB, 
KYMYJIHT11BHhlX npoTOHOB H ,ll6ilTpOHOB, KpOMS TP11BH8RbHhlX, CBH38HHhlX C TeM, 
l!TO BC6 OH11 38BHCHT OT CTeneHH U6HTp8JibHOCTll coy,11apeHHH fl,ll6p, 
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