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OE!UAH XAPAKTEPllCTllKA PAEOT~ 

AKTYBJII,HOCTI, rrpo6JieMN. PeJif!THBIICTCK8R RA8PH8R qlll311K8 - HOBafl o6-
JI8CTI, qJil311KH BUCOKllX :rnepr11n, KOTOpa~ p83BIIB88TCR B IlOCJI8;1(Hll8 ro.w,i. 
lluTepec yqeHblX K peJIRTllBIICTCKllM RA8PHNM B3811MO;netiCTBHRM CBR38H C TeM, 
qTO 3TH HCCJI8;1(0B8HHR rrpe;nocTaBJISUJT B03MOlltHOCTI, Ha6JID,ll;aTI, HOBU0 rullI0-
HIDI,PaH00 H0H3B0CTHU0 qiR3RK0.HanpRMep,6WIO IlOM3aHO,'lTO rrp:a BUCOKllX 
aHeprHRX B RA8PHUX B38HMOA8tiCTBHRX IlpOHBJIRIDTCfl MHOrOKB8PKOBU8 KOHqJH
rypaIU1H. ITOHBHJIHCI, TeopeTHqecKHe MOA8JIH, KOTOpue paccMaTpl!B8IDT H rrpe;n
CK83llB8IDT pa;n HOBUX HHTepecHUX HBJieHHtt T8KHX, KaK KYMYJiflTIIBHNti aqi

qieKT, rrpe;nen1,Haa qiparMeHTalUIR a;nep, qiasoBue rrepexo.w,i a;nepHott MaTepuH, 
B03MOXH08 CYDt8CTBOB8HH8 KBapK-rJIIDOHHOil IIJl83MN H ;np., o6~HCHHTI, KOTO
p1,1e C IlOMODtI,ID KJiacc1,1qecKHX rrpe;ncTaBJieHHtt O fl;npe K8K CHCTew, COCTOH
men TOJII,KO 1,13 HYKJIOHOB, HeB03MOEHO. llsyqeHHe 8THX HBJI8HHtt HM8eT 60JII,
moe auaqeHHe, TaK K8K Il03BOJifl8T rronyqHTI, HOBYID HHqJOpMaUHD O CBOtiCTBax 
H CTpoeHHH aTOMHOrO H;npa H T8KX8 Ha6nro;naTI, HOBU6 qJOpMN M8T8PHH. Boa
MOEHOCTH, KOTOPUMH pacrronaraeT B 3TOM OTHOW8HHH p8JIHTHBIICTCK8H HA8PHaH 
qJH3HKa TPYAHO rrepeoueHHTI,, 1,160 Ha6JIIDA8TI, 3TH HBJieHHH BO B3aHMo;nettcT
BHHX 3JI8M8HTapHUX qacTHU HeB03UOEHO. 

Haq1,1HaH C 1970 r., KOrAa Ha ;ny6HeHCKOU CHHXP04J880TPOH8 6NJIH ;noc
THrHYTU peKop;nHUe B TO BpeMH SHeprHH ycKopeHHR a;nep 5 r~B Ha HYKJIOH, 
JIBS ()i,lflll 38HHMaeT Be;nymee M8CTO B MHpe no HCCJI8;1(0B8HHflM B o6nacTH 
peJiflTHBHCTCKOtt a;nepuon qlll3HKH. 

.llnfl IlOHHM8HHfl rrpoueccoB, rrpoHCXOAHDtHX npu CTOJIKHOB8HHH peJIHTH
BHCTCKHX H;nep, qpeaBU'lallHO HHqJOpMaTHBHblU HBJIH8TCH H8Y'l8HH8 MHOE8CT

B8HHOro o6paaoBaHHH qacTHU • .llJIH BU;l(eJieHHH HOBUX HBJieHHtt He06XOAl,IMO 
B Ha'laJie paccMaTpHBaTI, H;npo KaK CHCT8MY, COCTOHmYD TOJII,KO H8 H.YKJIO
HOB. STOT rro;nxo;n Il03BOJIH8T BN;l(8JIHTI, THITH'IHO H;nepHUe HBJI8HHH H Tew ca
MUM orrpe;neJIHTI, rpaHHey IlPHM8HHUOCTH rrpoTOH-HellTpOHHOtt MO;l(6JIH H;npa. 

Uen1, pa60T1,1: 

- HCCJI8;1(0B8TI, rrpoueccu MHOE8CTB8HHOro o6pa30B8HHH sapHX~HHNX 
'l8CTHU BO B38HUO;nettcTBHHX npOTOHOB C a;npa111,1·yrnepo;na ( 12c6) H !8H
T8JI8 ( 181Ta73 ) B HHTepBane HMnyn1,coB 2 + IO , rsB/c B HHKJiroaHB

HOM no;nxo;ne B YCJIOBHHX 41C- reoYeTpHH; 
- orrpe;neJIHTI, pasMepu_ o6JiaCTH HcrrycKaHHH npoTOHOB B pT8-B38HMO

;nellCTBHHX rrpH HUllYJIDCB rra;naromero rrpoTOHa IO rsB/c; 
- H3yql,ITD CBOllCTBa qeTNpexuepHUX npoTOHHNX KJI8CT8POB B paaJIH'l

HNX a;npoH-H;nepHUX R a;npo-a;nepHUX B3aHMO;nenCTBHHX B peJIHTHBHCTCKR-
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HHBapHaHTHOM llOWCO'A6 B npocTpaHCTB6 qeTupexuepHUX OTHOCHT6JlbH!ll CKO
pocTett. 

HoBHBHa H HayllllaH BHatrnMOCTb pa60T!:J. BnepB!:J6 HCCJl6'AOBaH!:J pacnpe
'A6Jl6HHH C06!:JTH£1 llO MHOJK6CTB6HHOCTH llpOTOHOB HT(-- U630HOB 1 o6pa30BaH
Hb!X BO B3aHMO'A6i1CTBH.IIX npOTOHOB C H'AP8UH yr.n~pO'Aa H·TaHTa.na B HHTep
Ba.ne HMnyJlbCOB HaneTalllllHX npOTOHOB. 2 +IO, raB/c. 

Bnepmi1e ncc.ne'AoBaHH m.mynbCH!:Je H yr.noBue pacnpe'Ae.neHHH n-- ue
aoHOB B pC- H pTa-B3aHMO'A6i1CTBHHX npn HMrry1IbC6.npoTOHa IO raB/c B 
HHKJlll3HBHOM. no.nxo'Ae B ycnOBHHX 4T( - re OM6Tp~H. IloKaaaHO I qTo CTpy
KTYPHaH WYHKUHH OT KHH6THqecKoll 3H6prHH ( T.) rr-- M680HOB B 3THX 
BaaHMo'AeilcTBHHX HMeeT aKcnoHeHUHa.nbHHtt X£!PaKTep:exp(-T/T

0
), a yrno

BaH 38BVICHMOCTb napaMeTpa ( T = T, (8) ) xopomo arrrrpoRCHIIHPY6TCH 'o O • 
KBa'AP8THqHott Hnl1 norapnwunqecKott WYHKUH6li OT( OS( 8) • 

BnepBH6 HCCJl6'AOBaHH 'ABYXIIPOTOHH!:J6 KOPP6JIHUHH H onpe'A6Jl6HH paaue
pl:J 06.naCTH HcnycKaHHH npOTOHOB B pTa-BaaHMO'A6liCTBHHX.npH HMrryJlbCe na
'Aalllllero npoToHa IO raB/c. 

8KcnepHM6HTaJlbHO 'AOKaaaHa.yHHBepcaJlbHOCTb CBOliQTB qeTupexuepHb!X 
npOTOHH!:JX RnacTepoB B l'IHT-epBaJle HMnyJlbCOB 4 + 40 raB/c Ha HYK1IOH 
KaK B 06.nacTH KnaccHqecKott H'A6PHOll WHBHKH, rAe HAPO npoHBJIHeT ce6H 
KaK CHCT6MY, COCTOHII\Yll H3 HyMOHOB, TaK H nepeXO'AHOtt o6nacTH, r'Ae 
HaqffHallT npOHB1I~TbCfl KBapK-r.nllOHH!:J6 CTeneHH CB060'Al:J ( T.H. npouexy
TOqHaH o6naCTb ). 

IIpaKTnqecKaH neHHOCTb pa60T!:J. IIonyqeHH!:J6 .B ,m!CC0pT~ pasyJibTa
Tli MoryT 6!:JTb HCll01lb30BaH!:J B nnaHHpoBaHHH HOB!:JX 3KCnepHM6HTOB no HC-
0116'AOBaHHHM B8aHMO'A6i1CTBHli a'APOHOB H H'A6P C H'AP8MH npH Bl:JCOKHX anep-
rHHX H 'AnH npOB6PKH T60p6THqecKHX MO'Aeheli. . 

. - . ' 

Anpo68IlHfl pa60TH. 0CHOBH!:J6 peaynbTaTH AHCC6pTaUHH np6'ACT8B1IH-
1IHCb na·M8llt,ey'Hapo.IUWX KonwepeHUHHX no qiHB~Ke Bl:JCORHX aneprHtt H.H'APO
H'A6PHHM BBaH¥O'AeffcTBHHU B ToKHO ( 1978 r.), BaHKyBepe (l979 r.), MH
qHraHe (!980), JlettnUHre (1984 r.), rettAenb6epre(I984 r.), a Ta!O!te 'AO
Kna'AHBam,icb Ha COB6lllaHH.IIX Kauepuoro KOMHT6T8 a-urn:, H8 ceMHHa.pax JIBS 
omrn: H Ha COBelllaHHHX Mellt'AYHapo'AHOro COTPY'AHHqecTBa no HCC1I6'AOB8HHHM 
Ha 'ABYXM6TPOBO~ nponaHOBOtt rryaupbKOBOli KaMepe. 

IIy6nHRaIUIH. PeaynbTaT!:J, H8.1!0llt6HHli6 B AHCCepTaUHH, ony6.nHKOBaHH 
B zypua.nax "ff'AepHaH qJH3HKa" H "EonrapCKHff qJH8Hl!6CKHli l!tj' paa.n", B .c6op
Hlme "KpaTRH8 C006lll6HHH (Mfili", B npenpHHTax arum H B YaTepHana~ 

. npeAcTaMeHHHX Ha Bl:JmeynoMHHYTblX ueJit'AYHaPO'AHHX KOHqiepennzHX /I I. 
06~eu AHCcepTanHH. J(HccepTaUHH COCTOHT HS BB6A8HHH, meCTH r.naB 

H 38R1Illll8HHH. 
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ABTop aawmaeT: 
I. IlpO'A61IaHHYll pa6oTy no o6pa60TKe H aHanHBY B88HMO'A8liCTBHtt npo

TOHOB C H'ApaMH Jrnepo'Aa H TaHTana B HHTepBane HMny.nbCOB na'A81llllHX npp
TOHOB 2 + IO raB/c - OR01IO 30 Tl:JC.C06HTHli. 

2. AHa.1!H8 nonyqeHHblX A8HHHX no MHOJK6CTB6HHOCTH npoTOHOB H JC-- Me
BOHOB, o6paaoBaHH!:JX B pC- H pTa- B38HMO'A6liCTBHHX npH HMny.nbcax Hane
T81llllHX.npoTOHOB 2,3; 4,2; 5,4 H IQ rsB/c. 

3. PeaynbTaTH, nonyqeHH!:J6 npH HCC.1!6'AOBaHHH HMilY1lbCHb!X H yr.nOBblX 
pacnp6'A6.1!6HHH Jt-- M630HOB B pC~ H pTa - B8aHMOA6liCTBHHX IlpH HMrry1lb
cax npoToHa-cHapaAa 4,2 raB/c H IO raB/c. 

4. ~CC.1!6AOBaHHH AByxnpOTOHHHX KOppe.nanHtt BO BBaHMOA6liCTBHHX npo
TOHOB C HApaMH T8HTana npH HMrrynbce HaneTaDlllHX npoTOHOB IO raB/c H 

OilP8'A61I6HH6 paauepoB o6~aCTH HX ncrrycRaHHH. 
5. PeaynbTaTu penHTHBHCTCKH-HHBapHaHTHoro aHanHaa CBolicTB qeTu

pexuepH!ll npoTOHH!:JX KJI8CT8pOB B a'APOH-H'A8pHHX H fl'APO-H'A8PH!:JX Baanuo
'A6i1CTBHHX B HHTepBa.ne HMITY1IbCOB 4 + 40 _ raB/c Ha HYK1IOH. 

COllEPIA™E l(HCCEPTALUiH 

Bo BB6A8HHH OTueqaeTCH 8KTya.nbHOCTb HCCJ18'AOB8HHtt B o6nacTH penH
THBHCTCKOli H'A8PHOff qJH8HKH, llpH KOTOpl:lX OCHOBH!:JU HCTOqHHKOY HHqJOpYaUHH 
HBJIHIOTCH nponecc1,1 YHOllt6C'.rB6HHOro o6paaoBaHHH qacTHU. Cqiopuy.nHpOBaHa 
OCHOBHBH nenb pa60T!:J. IlpHB6'A6HO KP8TK08 CO'A8PlltaHH6 AHCCepTaUHH. 

B nepBott rnaBe ~HCC6PT8UHH onHCaHH Y6TOAHqecKH8 BOilpOC!:J no.nyqe
HHfl H o6pa60TKH 8KCil8pHU6HTa1ILHOro MaTepnana. 

8KcnepnMeHTBHLHHe 'AaHH!:J6 nonyqeffU.c ITOUOlllbD 'ABYXM6TpOBOU rrya1,1pb
KOBOli nponaHOBOtt Kauepu TITK - 500 JlB8 00ml c BHYTP6HHHYH YHm6HHYH, 
COCTOfllllHMH H3 T8HTa1IOBHX nnacTHH. 

Bo BpeYH pa6oTH Kauepa HaXOAH1IaCL B uarHHTHOM none B~I,5 Tn H 
3RCilOHHPOB81IaCb B ny~e npOTOHOB Ha CHHXPOW830TpOHe HB8 00ml C HYrrynL
ca.MH 2,3; 4,2; 5,4 H IO raB/c. B 'AHCCepTaUHH 'A8HO KpaTK06 OllHCaHliI6 
ycTaHOBOR: nponaHOBOli nyaHpLKOBOli Kauepu, uarHHTHOro Il01IH H CHCT6W 
toTorpaqiHpOB8HHH H CHCT6W Bl:JBOAa rryqKa npoTOHOB. 

IlpocuoTp CTepeowoTorpa~HU npOH3BO'AH1ICfl Ha npOCMOTpOB!:JX CTo.nax 
THna EITC-I H EITC-2. 0To6paHH!:J6 npH npocuoTpe C06HTHH H3Y6PHJIHCL Ha 
nonyaBTOM8Tax THil8 IIYOC· H CAMET, pa60TBlllllHX Ha 1IHHHH CBHBH C SBM 
EBCll-4. ToqHocn H3Y8p8HHH KOOPAHHBT Ha nneHKe COCTaBnHeT ~ IO YKY. 

UaTeYaTHqecRaH o6pa60TKa C06!:JTHU npOBO'Affll8Cb Ha 8BM CDC - 6500 c no-
YOlllbll nporpauu1,1 reoueTpHllecKott peKOHCTPYKUHH GEOFIT • Ilocne npo-
BepKH KaqecTBa H8Y8P6IDIH TP6ROB C06!:JTHH sanHC!:JBanHCL Ha neHTY cyuuap
HHX peay.nLTaToB( OST) ~ Cpe~nne oml'!6RH HBMepeHHH napaMeTpQB BTOPHqfil:JX 
llaCTHU cocTaB.nHJJT He 6onbme qeu <.6.P/p> = (12,7 ± 0,4) %, 
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<6tgcx> = 0,0~25 ± 0,0002 H ¢{3> = (7 ,4 ± 0,2 j upaJt, rJte p - 1111-

nynDc, O{ - rny6HHHHtt yron, ~ - aaHIIYT8JlDlW« yron llll.Jl8Ta qacTHnJi. 
Cpe;!U! C06liTHtt B T8HTane, OT06paHHWC npH npocllOTpe, cy~eCTBY6T 

npHM8CD C06liTHtt, llpOHCXO'AHIIIHX B cnoe nponaHa TOJIIIIHHOij~I 1111 1llPHJI8raJJ
~811 K TaHT8Jl0Blill nnacTHHKSM. 3Ta npm&80D, OOCT8BIDDJIIW1 (12 ± 2)%, 
HOitJlll'ULlUlCD npz HOllOJU,30B8IDU!' 5KCnepH~eHT8JlDlWX 'A8HlWX, nonyqeHHWC 
B p(C3Hs) - B88HIIO'A8ttCTBHHX. 

BBO'AHTCH nonpaBKH Ha noTepm qacTHit, BlineTaD~HX nO'A yrnou OKOJIO 
90° K HanpaBJI8HHD nepBH'llHOro nyqxa npOTOHOB H OCT8HaBnHBam~CH B 
TaHT8JlOBOtt IlJI8CTHHK8, a TaKllte Ha noTepm qaCTHit, BhlJieTaD~ llO'A 60HD
WHII yrno11 K IlJIOCKOCTH WOTorpawHPOB8HHH. 

BxcnepHll8HTaHDHlii 11aTepHaJ1 no pC-H pTa-B88HIIO'A8ttCTBHHM, nony'lleH
HUtt no OIIHCaHHOtt 118TO~Ke, nocny:im:n OCHOBOtt nony11eHHH WH8HqecKHX pe
BYJll>TaTOB, BOW8'AIIIHX B 'AQHHYD pa6oTy. 

Ta6JIHita I 

Cp6'AHH8 IIHOX8CTB8HHOCTH H 'AHCll8PCHH pacnp8Jt6.ll8HHtt Jr--118-
SOHOB B HeynpyrHX pC- H pTa-B88HIIO'AettCTBHHX 

,·p~, 
rs /c At.. <n_> □- <n->/ □: Nco.S 

, , 

2,3 C O,I3;t0,0I 0,35±.0,0I I,03;t0,II I378 

Ta O,I2;t0 10I 0,34!0,0I I!08;t0,I3 IOI8 

C 0,33;t0,0I 0,54:tO,OI I,I4;t0,05 2589 
4,2 Ta 0,43;t0,02 . 0,6I;t0,02 I!Iift0,07 1284 

C 0,57;t0,02 0;69±(),01 I,I9±(),05 1957 
5,4 Ta 0,6I+0,02 0,74±0!02 I!II;t0!07 ISIS 

~ . ~l , 

C I,09±,0,03 0,97;t0,02 I,I7;t0,06 1296 
IO Ta 1 134;t0,02 · 1,09±0,02 I,I3;t0,04 2750 

---- ' 

BTopas rnaBa 'AHCC8pTaium llOCBH11!8H8 IIHOxt!CTB8HllOCTH n-- 118SOHOB
• npOTOHOB, o6pasoBaHHHX BO BB8BJIOJt81tCTBB.lll npoTOHOB C H'Apa1111 yrnepo-, 
.ia,• TaH!axa B IIHTepBane 1111nyn1,c0J1 na'AQEUX nporoHoi 2 + IO raB/c. 
8Kcnep•11~HT8llDHHI 118T8Pll8X, 11Cll0l[DS0B8HM B STon.rnaBe, nonyqeu HS 
_ OCHOB8, )tSHHHX llBBY8:rlDH!)l-11:it8HHIPJIK8ItiUl Tp8KOll 'llSCTHit R8 WOTOrp&WHHX 1 

nony11eHm.Ha xa11epe 'fflK-500. 
. _ B; !&<1X.1 llP8'ACT8JUl8HH op~~e ,.IUIOX8CT~8BHOCTH H 'Ai!Cll8PCHK BTOpll'll

HHX OTPKWi!8.UBJa IIHOBOB. C y:eenn8Hi1811 Hny.nca na11am111ero npOTOHa 
pacTi; cpeim IIHOX8CTB8HHOCT], HOPJl'IIHHX -re;.;_ - 11880BOB, a TaIQte nc
nepCIIIH pacnp8;1t818IDIH no IIHOX8CTB~liBOCTH, OJtB8K0 O'fHOM8lll'l8 

,4 

'I' I 

< n_>/ □: H8 38BHCHT HH OT llHeprHH BBaHMO]teticTBHH, HH OT aTOIJHO-
ro Beca H'Apa-uumeaa. 

Hccne]tOBaHO IlOBe]teHHe K05~~H1(H8HTa paaMHOEeHHH B 88BHCHIJOCTH OT 
nepBH'llHoro HMnynDca H noKaaaHo, 11To HB'llHHaH c Po ~4 raB/c aa6nnJta
eTCH aaueTHOe IlOBHmeHHe ( ~ IO% ) qncna n-- M880HOB, POE]t8HlillX B 
npoToH...:fl'A8PHHX B8aHIJO]tel,icTBHHX, Ha~ 'IIHCJIOM 3THX 'llaCTH~, pOE]teHHHX B 
npOTOH-HYKJIOHHLIX B8aHMO]tellCTBHHX/I/_ 

Pacnpe.neneHHe no MHOX8CTB8HHOCTH BTOPH'llllhlX OTPH~8T8JlDHHX IIHOHOB 
npn Po p 4 raB/c 0Tnn11aeTcH OT nyaccoaoBcxoro pacnpe]tenenHH 121. 
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P11.c.I. Pacnpe,11,ene1me (I) ,11,nH DTOJJ11'l!IlLlX: n- - Me3onon (a); pe
JIHTHDl1CTc1rnx IlflOTOHOB ( 6) 11 M8,ll,Jl8H!ILIX !lJJO'.fOHOB ( B). Ha (a) l'l ( 6) JlH
HHH - q1yuKnHH (2). Ila {B) IIlTjlHXOB8fl Jllllllrn - lj,y111cn1111 (2), CllJlOIIlllllH 
n11uHH - qiy1rnn,rn (2), c napauerpou a"' o. 'Iu'lm1:006'v-PC - n3mwo
'AeilcTn1rn;e ■ A"f' - p'l'a -n:ia11Mo,11,ei1vih11n.: 

Ycrauom1euu nu,nuGne picnpc,nene1mi\ ;rnH :ztnn mor1M'l!HLIX n- - Mr3o
noB' i!llt ll ,11,JJB D'TOJ!ll 1!ll!JX lljiO'fOHOB n (j,OJJ!/(: ll.l,j\llqllI\lljlOJ,a!ll!lJI'O j(lj(J -

CHe0JlllllI'a: 

<n-cx>~=4J(z'), (I) 
6i.n 

r,11,e 2' = {r1 - (Xj / ( n - (Y) 1 l, ()'. - !1i.ljluL:C'Ip 1 }:QjJuHHJJilllHl 'JlH 
TlH!ll D'.fOJlll'l!IUX •rncrn11, l~OTO!JUil ue 3Uhl1Cl\'l CT IJCJllilt.'l!!Ull 3!1CJ•l·lil1 / 3 • 
TaH,ycpe,nttemmci c Becaun 3H□ 'llemrn sro1•(J 11iJJ,2MeTJ,,, .z;_n11 n- - 11r30-

11on - CX,r- = - O,'i; J1umnumcTcHl\1. 1,i,1,1·n11on ( P,. > 700 M:iB/c) -
CXpeA = - l ,G II l!Cl,Jlel!IlllY. npurn111,1J ( ri., ( 'WO MaB/<: ) - (X '1('C1 :: 

= .. 1,3. lla J'llC,I Nil!U [l8HIICl1UUC'fl\ (]) ;,_r,n ::'JL ,,;,c_1:;.;.Ji1:Jil1!Wll lio 

,I 



p1rnywce noKaaaHH annpOKCIUlaIUUI !PYIDCI.IIUI 4' ( z') B BH;ne 

\JJ(z')={az+b)exp(-cz'2-dz'), (2) 

KOTOpaH ;naeT y;noBJieTBOpHTeJIIiHlltt 'X,2 Ha o;nHy CTeneH:r. CBo6o;nu ( x.:< 2). 
IloKa TPY:ztHO HHTepnpeTHPOBaT:r. napaMeTp ()(, 'o;nHaKO era 6JIH3KHe SHaqe
HliH ;nnH n-- Me30HOB, o6paaoBaHHl:DC B a;npoH-a;npOHHl:DC, npOTOH-npoTOH
HllX, npoTOH-H:zt,epHHX H H;npo-H;nepHHX B3aHMO;nettCTBliHX, yKaa1,1BallT Ha e;nn
HYll npHpo;ny HX pox;neHliH. 

li3yqeHhl KOppeJIHIUUI Mel!C;ny cpe;nHett IIHOllteCTBeHHOCTiill n--Me30HOB 
< n_ > H qHCJIOII npoTOHOB ll aa;nHJOll noeyc{pepy ll IIa6opaTOpHOtt CHCTeMe 

KOOp;nHHaT n~ ll pTa - ll8an11oiettCTllHHX / 4/. YcTaHOBJieHo, qTo npH 
zunyn:r.cax HaneTaIJ~ero npoToHa Po~ 5 rsB/c ua6nD;naercH nonouren:r.
HaH KOppeJIHm'IH. IlO-llH;nllllOIIY, aTa KOppeJIHm'IH OTCYTCTBY8T npH ue6on:r.mHX 
nepBHqHwc Hunyn:r.cax, TaK KaK npoHcxo;nHT He 6onee o;nHoro Heynpyroro 
CTOJIKHOBeHHH B H;npe. 

B TpeT:r.ett rnaBe npe;ncraBJieHll peayn:r.TaTH HCCJI8;ztOBaHHH RHKJIIJSHBHHX 
xapaKTepHCTRK n- - 11830HOB, pollt;neHHUX B pC - H pTa - B38HI.IO~ettcT-
BHHX llpH HMnyn:r.cax nepBHquwc npoTOHOB 4,2 raB/c H IO raB/c ll ycJIOBR
mc 4 n - reoueTpHH / 5/. IlpoBe;neu cpaBHHTen:r.HHtt aHanns pacnpe;neneHHtt 
9TIIX 11880HOB no IIHOXeCTBeHHOCTH, yrnau llblJieTa H HllllYJ!IiCaY ll sallHCH
IIOCTH OT aTOMHOro llCCa H;npa-11BmeHH ( 12c, 181Ta) R HllllyJI:r.ca npoTOHa
cuapH;na. Pacnpe;neJieHHH Jt:-- 11880HOB 1 06paSOB8HHbDC BO ll38HIIO;zt8llCTllHHX 
llPOTOHa C yrnepo;no11 npH IO raB/c, cpallH~BallTCH C pacq~TBIIH no ;ny6HeH
CKOtt K8CK8;ll;HO-HCilapRT8JIIiHOtt IIO;zt8JIH (nKII). 

IloKasaHo, 'l:To BKJia1-t BTOPH'l:HllX npo11eccoB B o6pasoBauHe n- - ue
aouoll Yll8JIH'l:Hlla8TCH C HapacTaHH811 aHeprHH ll38HYO;nettcTBHH H uacchl H;n

pa-uHm8HH. TaK,llPH 1111nyn:r.ce HaJieTaIJ~ero npOTOHa 4,2 rsB/c ;ztJIH BTOpH
'l:HllX n--11830HOll 1 pOllt;n6HHl,IX BO BTOpR'l:HbDC BSaHIIO;ztettCTBHHX B H;npe 
yrnepo;na, COCT8BJIHeT He 6onee ID% HS ncex BTOPH'l:HHX OTPHUaTeJII,HblX llH
OHOll B pC - CTOJIKHOBeHHHX npH Tott lite aHeprm1, a npH IO raB/c aTa 
}.tOJIH COCTBBJIHeT OKOJIO 40%. B pTa- B38HIID;nettcTBHHX npH IO raB/c yl!Ce 
60% Jt-- 11630HOB po:&}.taDTCH BO BTOpli'l:Hl,IX B38HIIO;zt6ttCTllliHX. 

Pacnpe;nenem'l6 uo;ne1rnp0Ba11H1,1x no mw pc - co6uTHtt no 11110:acecT
ll6HHDCTH BTOPH'l:HblX Jt-- Y630HOB npH 10,9 raB/c cy~eCTB8HHO OTJIH'l:a-
6TCH OT aKcnepHll6HTBJII,HOro II COOTB6TCTBYll~He e11y aaaqemrn ( n_) 
HO_- saa'l!RTen:r.ao npeBHmaDT aKcnepHll6HTaJIIiHHe suaqeHJIH. B axcnepH
ueHTe He aa6JIIJ;zt81lTCH C061,1THH c YHOllteCTBeHHOCTDll BTOPH'l:HliX n- - ueao
HOB 6on:r,~e 5, B TO Bp611H KaK nKM npe;ncKaa1,1BaeT Ha Hll6D~ettcH CTaTHCTH
K6 13 C06llTHtt. IlpH Hllnyn:r,ce 4,2 rsB/c paCXOJUteHH6 8KCil6pRMeHTa C STOtt 
110:nen:r.IJ ropas;no 11e11:r.me. 

Ha pHc.2 noKasaHbl H11nynnc11ue cneKTPH n-- 11esoHoB,06pasoBaHHHX 

6 

~ 

B pC - H pTa - BsaH110;1.tettcTBHHX npn 1111nyn:r.ce na1-ta1J~ero npoToua 
IO raB/c. DHH OllHCl,IB8DTCH 8KCnoHeH11PiaJI:r.Hott saBHCHIIOCTI,ll 

~ 1tP 

~ 
*"'' --Jc 

,..., 

_1 dn_ =a e-p/<P-1> + a e-p/ <P2> • 
n_ dP 1 2 

p,rtB/c 

o pTa 
• pC 
- pC('lKM) 

10 

10• 

-4 -3 -.2 -1-

Y" 

(3) 

PHc.2. Runyn:r.cHHe cneKTPH PHc.3. Pacnpe;1.t8JI6HHH BTOPB1llUIX 
B!OPH'l:HUX OTPH118T6lIIiHlil n,i:,- n-- 1168OHOll. no IlpO;ll;OJII,HOlt 61i1CTpOT8 

OHOll n.n:a6. cHcTe11e ;nna .P.C- Y* ll c.11.11. HYKJIOH-HyKJIOH ;nna pC-
H pTa - Bsaz1101-tettcTBHtt • 11 pTa - :eaau110;1.teltcT:eii1t. 

IlpH 412 raB/c B .pC- CTOJIKHOll6HHHX 8TOT Cil6KTp OilHCllll86TCH TOJ!IiKO 
o;nuon 8KCllOH6HTOtt • IIapa11eTpl,I HaKJIOH8 ;ll;JIH pC~H pTa - . ll38HIIO;neltcT-

· p pTa ( / nzl:t ll npe1-tenax omu~ox co:ena;naIJT:,., < -1> = o,,a + 0,04 ) raB c, 
~ p~ -<P1) =(D,42+0,15) raB/c, ~P2> = (I,OQ±0,17) raB/c, 

<p
2

1"°=(I,DQ±O,I4) raB/c~ 01-taaKo BKna;n BTopol aKcnoneum 1-tJIH 
pTa - B88Hf~;neltcTllHl 11eu:r.me I qe11 ;l!;llH pC - B88HII0;1!;6lCTBHfl: 

( a2 I a1 )P c::: ( a2 / a1 'f- • IIo-:ez;1.tH11011y, nTopas axcnoHenTa oT
nocHTcs K n-- 11880H811, po;nHlllDIIIICH B nepllOII 8KT8 HyKJIOH-HYKJIOHHOro 
Bsau11o;neltcT:eHH H ne HCIIl;lTallmHM nocne;n;yIJ~ero nepepaccesmrn :e s;i,;pe •. 
KaCK8}.tH8H 110:nen:r, ( lU[I() xopomo OllHCHll86T Hllnyn:r,cm,tl:t cneKTP BTopzq
HHX n-- lr880HOB ll pC- B88HYO;nertcTBHHX npH 4,2 raB/c H npH IO raB/c. 

Pacnpe;nenemtH BTOPR'l:HHX OTPH118T8lll,Hlil IlllOHOB no KBa;i,;paTy none
pequoro 111m3n:r.ca l pJ} xopomo a~pOKCfl"'PYETCH ;n;:ey•H aKcnoHeHTa11•: 

a1 exp(-Pl/<Pl_>.,1-+ a2 exp(-P.1.(<p;~1 • c y:eeu'l:eHHe• nep:snao-
ro Hnyn:r.ca ( 4,2 raB/i + IO raB/c ) sua'l:emtn napa11'eTpa < Pf>-1 
ue 11eHHmTca 1 a - < P.1>2 · y:eex11q11Ba1JTCH. 8To np11Bo;n11T K HapacTaHIIJ) 
H cpe;nuero nonepequoro BYnyn:r.ca. KaoKa;nHaH 110:nen:r, xopomo OllHC!,1B86T _ 
pacnpe;neIIeHHl! n-- 11880HOB Ha · pC-Bsa1111o;nettcTBHlt Iio Pi ;no~I craB/c)~ 
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O'AHaKO npH 6on»mRX nonepe'llHHX 1/lllilj'JI»CaX pacqeTHble TO'IIKlll no IIO'A8Jllll OT
KJIOHHIOTCH OT SKCnepHU8HTaJI»HblX. 

~CCll8'AOBaHbl pacnpeAeneHHH OTpHUaTeJI»Hb1X lllllOHOB, pOE)t8HHl1X B 
pC - Ill pTa- CTOJIKHOBeHHHX npH Po= IO raB/c, no KyuynHTlllBHOlrt ne-
peueHHoll 

xi( = ( E - P,t ) / mN , (4) 

r'Ae E H p
11 

- nonHaH aHeprHH H npo'AOJI»FWit lllMnyn»c BTOpH~ott qacTHitH, 
a mN - uacca HYKJIOHa. YcTaHOBJieHo, qTO 8TH pacnpe'AeneHHH connaAaIOT 
'APYr c 'APYrou n npeAenax omH6ox. Pacnpe'AeJieHHe n-- ueaoaon, reHe
pHponaHHwt no KaCKa'AHOll IIO'A8Jllll, COBIIaAa6T C SKCll6plllll8HTaJI»Hl:lll JIHm» 
'AO xi< ~0,4, a nplll 60JIHHX. 8HaqeHHHX xi< Ha6Jill'Aa8TCH aaueTHOe pac-
XOE)t8Hllle ]lKM c axcnepm.1eairo11. Ilo nceuy HHTepnany xK axcnepm,ea-
Tan»Hble H8HHBapHaHTHU6 pacnpeAeJieHHH n:-- U880HOB annpoKCHIIHPYIOTCH 
O'AHOit SKCllOHeHTOlt: al< exp(-xl<./ <XI(>) • HaC>Jlll'AaeTCH He aa:~IHCl/ll.lOCT» 
napaueTpa <Xtt> oT nepBHqaott aHeprmi B oCinacTH ( 4 + IO ) raB, a TaK-
1te OT uacc1,1 cHapH;tta H 1111meHH, KOTopaH paaee 61,1na 0T11e-qeaa n: 
(d,He,()[-H ( d,He,[)Ta- cToJIKHoneHHHX np11 Po= 4,2 raB/c 

Ha HYKJIOH. Bo BCeX yxaaaHHblX Bblme B8aHYO'A6itCTBHHX aaaqeHHH napaYeTpa 
(XK)~0,14. 
Ha pHc.3 noxaaaHbl pacnpe;tteJieHHH n:-- Y680HOB no IlPO'AOJI»HOit 

Clb1CTPOT6 ylf. B c.u.u. HYKJIOH-HYKJIOH. Pacnpe'A6Jl8Hlll6 'AJ!H pTa- B8a-
HIIO'A6itCTBlllit 60JI68 yaxoe, qeu 'AJ!H pC- ·cTOJIKHOB6Hllllt; 

02(Y*) pTa 02cy· •>pc . ( . = 0,71 ± O,OI; . = 0,84 ± O,OI), 
u C'ABHHyiro n cTopoHY ueH»mHx aHaqeHHtt Y* · 

Y• pTa Y* · C · ( ( ) = - 0,62 ± 0,02; ( )P = - 0,28 ± 0,02. ). Kac-
K8'AHaH MO;tt6Jl» Olll/lChlBaeT pacnpe'AeJieHHe ir~- Y680HOB HS pC-BaaHuo
'A6lrtCTBHlt no y• npH IO raB/c TOJl»KO B U6HTp8JI»HOtt 06JiaCTH, a B 06-
naCTHX q>parueHTaUHH HaJieTa1>ntero npOTOHa H H'APB-Yllllll6HH H8ClJ11>AaeTCH 
p8CX0l!t'A6HH6 C SKCII6pHY6HTOII. 

Yrnonue pacnpe'A6116HHH OTPHUaTel!DHhlX IIHOHOB HS pC- Ill pTa -
B88HYO'A6itCTBHlrt- IlpH IO raB/c B c.u.u_. HyKJio~-HYKJIOH 8Cl4YY6Tp!4qm,t OTHO-
CHT6Jl»HO HYJIH H Tell CHJI»Hee, qeu THE6JI68·H:1iPO-fHmeH»· .. 

. . (C0S8•)f'Ta= - 0,43 ± 0,92; ( C0S8 ) P = - 0 119 ± 0,02. ]lOJIH 
n:-- ueaoHOB, Bh1Jl6T8Dlllll H0S8'A B BTOlrt CHCTeue, 8HatUIT8Il»HO 6on»me 

B · pTa - CTO~KHO.Bemtn, llTO yxaahlBaeT Ha cynteCTB6HHYll .POU BTOPH1llil1X 
npoueccon·nepepacceHHHH B THEenou R'Ape. MoAen» ( ]lKII) nnoxo nocnpo-. . . 
HBBO'AHT BTH pacnpeAeneHHH B o6nacTH uanwc yrnoB 8 • 

q6TB80TaH rnaBa llOCBHnt6Ha HCCJI8;z!OBaHDl lllHBapH8HTHl:lX ~llKJlll8KBRHX 
pacnpe;tteneHII J(-- ueaoHOB no 1nrneirzqecxolrt aHepru ( T ) B pc- H 

pTa- B88HIO~elrtcTBHHX nplll BIIII,YJI»Ce npOTOH8-CHapH~a IO raB/c 

8: 

• I 

,\ 

..,. 

B YCJIOBHHX 4 Jt: - reoueTpHH / 6/. IlpOBO;ltlllJllllC» cpaBHHT6Jl»Hb16 1/lCCJie;nona
HHH c COClhlTHHUH KYUYJIHTHBHOro THna. Co6hlTHe C'IIHTaJIOC» KYIIYJIHTHBHblU, 
ecnH no naaHuo;zie~cTBHH o6paaonaJiac» xoTH 6u O'AHa qacTHUa, Haa:srumasi 
"TpRI'repaolrt", BhlXO;ltHII!aH aa KHHeuairlllqecKHit rrpe;zien HYKJIOH-HYKJIOHHhlX B8a
HUO;nettcTBHii. PaqcuaTpHBaJilllC» KYIIYllHTHBHhle C06hlTHH C "TPRrr8pHWdR" npo-
TOHal.lH ( Prp ) c xi<. ~ I,3, m:m c !'TpRrrepru,mm" aapHlK8HHUMH IIHOHaUH 
( TCTP) c Xl<~0,4 ( qiopuyJia( 4) ) • YKaaaHHble Bhlme pacnpe;neJieHHH cpaBHlll
BaJIHC» C aHaJIOrlllllHblUH HS n:-c - BSaHIIO;tteltcTBHll npll lllUIIYJI»Ce HaJieTa
IO!llero n:- - ueaoHa 40 raB/c. 

SaBHCHIIOCT» llHKJll08HBHWC ;z!H<lJ<l>epeHUHaJI»HhlX ceqeHHtt OT KHH6TJ4qecKolrt 
1meprH11 BTOplllqHoro rr-- Y680H8 Jip8,ll:CTaBJ18Ha B BH;ne CTPYKTYPHOlt <l>YHK
UHH, KOTOpaH HUeeT 8KCIIOH6HUHaJI»Hbllt xapaKTep: 

E d~6 1 . d26 
f(Tl=6d 3p=2TT6p dTdcose,.=f0 exp(-T/T0 l • C5) 

IlapaueTp f o 141166T CllhlCJI HHKill08HBHOro geqeHHH oCipaaonaHHH BTOPl1llHhlX 
qacTHn c HyJienott Kll~6THqecKol aaeprzett,a napaueTp T0 ( TaK HaaHBa
euaH 11 TeunepaTypa 11

) - STO cpeAHee 8HalleH11e KlllH6Tl1llecKott BHeprllll/l HC

cne;nyellh!X BTOpHqHl:lX qacTHU. CeqeHl46 6 B (5) - 8TO ceqeHHe MHHOro 
npouecca ( uanp1111ep,p+C-- n-+x ,p+Ta--rr+pT;+-X H T.;tt.), p H 

SA - Hunyn»c H yron BhlJieTa BTOpHwol qacTKitH B Jia6opairopHol cHcTeue 
KOOp;ttHHBT. 

Hf 

10' 

'e-,., 
f vJ 

~ 
; .... 10· 

10· 

O,t-:co•8.,1,1 

J :=:-~:;~::.,.:~ P.•4oro!fo1 •-•·+c-r+L, 

{ 
r,.-p~:::::., + X 

:=~•c-r+Jt,,-•x 
fL•t,,r"8.-', o-p ♦T•••~:x ._+x 

■-p+T.-JI p. '1-. 

8 '¥!,tttr., a-, +.-rn,,• 

~lr~rtW 
0 

Cl' 1,0 \5 2j) 

10' o-r+C-r+)( 10' o-•·•c-•· •• 
p.•40r•5,k { e-,i--..c-•- •p~.•ll ,...,..r.a;c { e-r•c-.-. ,.,..11 

1' e-,i:--.c-11·•11.,_.. e-r•C-X-•ltt-•" 

,J1 l :=~1::-:;,:.x { ::::~:~:: •• x 
t~ pr.•1.tr•¥: •-,•C-•·•11,,.+x ,,. .. .,.r,.is,. •-,•c-r+:1,,+x 

o-,♦T-•". X a-,•T•-JI'" + X 

lr :_:;:;::;:::;:; ~ :=::~::::::,;:: 
101- 1.l J : ,rf' -

~ , 1~ I I ··-··· ·' f \ ····- .. 
.. Ii ! .. 11 t 

6 t. ? { & t ? 
o; 1Jl ,., '-' ~· 1/l \5 2/1 

T,f3B 

Pac.4. 9xepreTHqecue cneKTpH J{-- Y8SOHOB, BblJI8TallD111X: a) llO]t 
IIHJil,111 yrJiou ( R< 26°); 6) no~ yrJI011,6JIHaK1111 K 90°; no;it 6on:r.uu yr
.:a:011 HaBS]t ( 8A )127° ) • 

Ha pHo.4 noxaaam BHepreTzqecne cnexTpu n-- uesoHoB, 11cnycxae
lllle 11 paaHHX yrnoBHX KHTepBanax 11 AHanaaoHe aHeprnl 16 llsB<T < 2 raB. 
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Ha pHcymta BJll;IUIO, qTo cneKTPN BTHX qaCTIIIU BO BCex pacc11aTpHBae11NX npo
neccax IIIllellT 3KCnOHeHUH8JIDHHff xapaKTep. AnnpOKCJllll8IUIH CTpyKTYPHOll ~YH
KUHH 88BHCHMOCUll (5) npOBO]U[JI8CD B IIIHT8pBane O,I raB ~ T ~ I raB. 
Bs6op aToro HHTepBana onpe;zienHeTcH Te11, qTo npH T <o,I raB HHaKa 
3iM>eKTHBHOCTD perHCTp8UHIII n- - 11eaoHoB, 8 npH T ) I raB ;llJIH 

8,. > 45° IIBJIB CT8TIIICTHKB C06llTHff. YcTaHOBJI8HO, qTo "TeunepaTypa" 
( To> n-- Me30HOB, ne'rHIIIHX Bnepe;zi (SA< 26°), 3BBHCR'r OT Hna B38HIIO-
;nettcTBHH. TaK, T0 B pC - CTOJIKHOBeHHHX np11!6JIIII3HenHo Ha IOO MaB 
B!lme To B pTa- BSBHIIO;zteffcTBHHX npH IO raB/c, a To B n-c-coy;zia
P8HIIIHX npllI 40 raB/c npH6JIHBIIIT8JIDH0 HB 200 YaB BHme, qey B pC- B88-
HIIO;ll8ffCTBHHX npa IO raB/c. Paam'lna uew ~e1mepaTypao" n--11eaoHoB, 
JieTHIIIIIIX Bnepe;n 1'13 n-c - III pC - BB811IMO]tettcTBt-lff, BepOHTHO, CBJI3aHa 
c pasnaqHe11 Bo ~par11eHTBUHH nepBHqHNX qacTan, a paanaqHe B "oreunepa
TY pax" 8'rHX lle30HOB HS pC - H pTa - B3BHIIO;it8ffCTB!,tl onpe;nenHe'rCH 
K8CK8]tHNII PBSIIHOXeHHell qacTHn B THX8JIOII H]tpa T8HTana, qTo npHBO]tHT K 
y11eHDW8HHll BX cpe;naen SHeprHH. 0TpHUBT8JlDHNe llllIOHN, Hanyqaewe no;zi 
yrnauz, 6JIJll8KHIIIII K 90°, BO BCex HCCJie;itOBBHHllX nponeccax odJIB;llall'r 
npH6JI11ISHT8UHO o;naHaKoBott KHHeorHqecKon aaepr:iieit (T

0 
~IOO MaB),a ;nnH 

n-- 11eaOHOB, BllJieTBlllIU'IX HB:aa;n no;zi 60lIDmHIIH yrnallH ( 8,.>I27°), 8TB 
aHeprHH B yKaaaaawc nponeccax ( TO ~60 YaB) cpaBHHIIB c paHee ony
dnHKOBBHHllllH ;llBHHHIIH no a;npoH-Jl,lt8pHliM B88.MMO'A8:lcTBHIDI. 

1,0 ..--~-.-----r---,---.-,-------.-,----------.-.------r--, 

0,8 

~ 0,6 
t... 

f--! 
0,4 

0,2 

p•C -n-•x 
p,=9,fr>B/c 

p+ C-ll-•p.,.•x 
p, •9,9f,B/c 

p+c-.n-.n.,,,.•l( 
p,- ~9 f•B/4 

-1 -0,5 0 0,5 -1 -0,5 0 0,5 -1 -0,5 0 0,5 
Cos B, 

PHc.5. YrnoBaH aaBHCH11ocn ·napaueorpa TO ;ltJIH pC - BaaHMo;ziencor-
BHil np11 p

0 
= IO raB/c. CnnomHBH JIHHHH - annpoxcHMaIUIH ~opuynon (7). 

YcTaaoBneao, qoro napa11eTp To HBJIHeTCH ~YHKUHeH yrna BNJieTa R 
B na6.c11core11e H xopomo annpoKCHUHpyeTCH 88:BHCHIIOC'rHMH 

IO 

~· 
I 

( 

a 
) 
' 

T0 = T0 .L/ { 1 - ~ cos SA- l cos2s") (6) 

H 

T0 =T0.L/[1 +ln(1- ~cos8")]. (7) 
Ilapa11eTp T0 .L 11I11eeT cwcn KHHeorHqecKoD aHeprHH qacTHn,-BW1eTa1>lJ!HX no;zi 
yrno11 BA= 90°. TaKHII 06paao11, OH He aaBHCHT OT BN6opa KOOP]UIH8TH0'1 
CJIICTeW H HBJIH8TCH uepon "Te11nepaTypu11 06JIBCTH HanyqeHHH J('.""- ueaOHOB. 
STa "TeYIIepaTypa" He 8BBHCHT OT THna·H HllllYJIDCB HBJI8T81l~8rO a;zipoHa 
( To.1. ~IOO MaB B n- c- III pC- B38HIIO;zteffCTBHlDC ) , HO 88BHCH 

OT uaccs H;itpa-uameHH ( T0 .1.?:(. 70 MaB B pTa- BaaHuo;ziellcTBl'IHX ). 8Ha
qeHHH napaueTpa ~ ( ~ ~0,5 + 0,6 ) COBna;nallT co aHaqeHIUIMH, nonyqea
HNIIJII npH H8Yt18Hl'IH aaepreTJlltl8CKHX cneKTpOB BTOPHtIHHX npoTOHOB B rny6o
KO aeynpyrax a;npoH-H;nepamc B88HIIO]t8ffCTBHHX •. 

Iloxaaaao, qoro xapaxTepHCTHKH BTopHtIHNX n-- 11eaoaoB, B npe;itenax 
8KcnepHll8HTBJIDHHX omHOOK, ·B HCCJI8]t0BBHHHX a~pOH-H;nepimx peaKUHHX, B 
mHpOKOII JIIHTepBane aaepran BBBBIIO;zt6ffCTBHH - IO+ 40 raB, He 8BBHCHT 
OT THna nponecca ( KYIIYJIHTBBHOro JIIJIH aexyuyJIHTJIIBHOro ). 

B nHTOtt rnaBe HCCJI8;ltOBBHN ;ztBYXt18CTHtlHN8 KOppeJIHUHH npOTOHOB, JIIC-
nyCKB811HX C 6JIH8KHIIH HIIIlYJIDCBMH B pTa- B8BHIIO]t8ffCTBHHX npH Hll-
llYJlDC8 na;na11~ero npoTOHa IO raB/c 17/. Onpe;zieneas paaueps oOnacTB Ha
nyt1eHHH npoTOHOB B 8TBX B88BIIO]t8ffCTBHHX. l!JIH oneHKH pa3MepoB KOppenH
UHOHHN8 ~YHltIUIH, nonyt1eHHNe Ha OCHOBe aKcnepaueHTBJIDHllX .llBBHHX, cpaB
HHBBJIHCD c TeopeTHqecKHIIJII ~YHKIUJHIIB, B KOTOpllX pa]U[yc 06JIBCTB BcnycKa
HBH { f

0
) H Bp8VH llH8HH.HCTOtlHHKB ( T

0 
) BXO;ltHT KBK napaM8Tpll. 

B ~opuynax, BNPBXSll~X T80p8THqecKH8 KOPP8lIHIUIOHH!l8 ~YHKIUIB, yq
T8H!,1 K8K aqiq)eKTY,CBJI88HHH8 C KBaHTOBOit CTSTJIICTR.KOit llpOTOHOB,TBK BC 
KYJIOHOBCKHII III CHJIDH!,[11 BSBHMO;itellCTBHHIIH B KOHeqaou COCTORHJIIH. B npe;zi
nonoxeHHH, qfo pacnpe;neneHJll8 HCTOtlHHKOB HSJiyq~HBH HMeeT raycCOBCKHR 
xapBKTep, 8 npOTOHl:I HCnycKBllTCH IIIMH H88BBHCHIIO, KOppeJIHIUJOHHBH ~ymt
UHH npe;itCTBBJIH8'rCH B BH;lt8 

R (q,p) = At{ k*)[ 1 + B0(q, p; r0 ,1"0 ) + Bt( q,p; r0 ,-r0 )] , (8) 

r;zie q=~ - ~ 11 p =½ {F~ + FU- paaaana B nonycy1111a 4-1111nynDCOB napu 
npOTOHOB, ~- =½-{-cf - BllnyJIDC O;itHOro HS npOTOHOB ST Ott nap& B BX 
o.n.a. 'llneH.N ,.""(kit) ,B (q µ··r. :r), B-(q p·r T} onHc&Ba11Txy-• - . ~c o , , o_,,,_·p <. , , o! •_o_ , 
~OHOBCK08 OTTamtll:eaHJll8. npoTOHOB, llqXj/8KTN KBBHTOBOJII CT8THCTllKH H 
CHJI~Horo B8BHIIO;it8'1CT»HH B KOH8tlHOII COCTOHHHH, COOTB8'rCTB8HHO. 

Mepon B8JIJllqffHH aqiq)eKT8 CJIYDJIO fP8;itHee aaaqeHH8 KOppenHIUIOHHOll 
~YHKnHH B o6nacTB aqiq>ena_: < R> = t 1

R{k*) 9(k*)dk* , r.ite 9(k*) -
llnOTBOCT~ pacnpe,ll8Jl8HHH npoTOHHN/tnap, HOPIIHPOBBHH8H BB 8,llHHHny B' 
aoron oonacTH , k~ = IO MaB/c, k" = 60 Jl~/c ) • . 

8KCn8pHMeHTBJIDHlle pacnp8;lt8JI8HHH no i~ CTpOBJIHCD no ~OpMyJie 
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!' 

R(k*):11tc. = D(k*) / ~Gi(k*) · , r.ite D(k*) - aKcnepH118HT81Il>H8H 
MOTHOCTI, nap B ~aaoBoM npocTpaHcTBe,Ot0~(k*) - llJJ0TH0CTl> npoT0HHl:l:X 
nap B OTCYTCTBH8 Mez;icr HHJIH KOppenHIUIH. toHOBli8 pacnpe,JteneHHH CTpo
ltlIHCI, nyTeJI c11emHB8HJlfl cnyqaffHliJI 06paso11 npoTOHOB HS pasma: C06liTHI. 
Ha OCHOBe pacqeTOB no JIO,Jt81IH ( CM. ~opuyny (8)) 6una noCTpoeHa 88BH
CHJIOCT!, <R> = f(r0 ) ( pHc.6) c y11eT011 sKcnepH11eHTa111,Hlil omH6oK, a 
Tane HCK8X8HHH 88 cqeT SHepreTHqecKHX noTepi, B pacC8f!HHfl npoTOHOB 
npH HX ,JtBD8HHH ,JtO B!il0,Jt8 HS T8HT8H0B!il ll118CTHH. RB BTOI "xanH6poBoq
H0ff KpHll0I" onpe,JteHHHHCI, aHaqeHHH napa11eTpa ro I K0!0plie C00TB8TC'l'-
B0B81IH aKcnepH11eHT81Il>HliM :rnaqeHHHM <R> • 

Ilo 8!01118TO,Jt!IK8 6li1IH onpe,Jten8Hli paauepu o6nacTH HCIJj'CKSHHH ,JtHH 
Me.Jt]IeHHliX ( R ~ 0,3 rsB/c) m 6ucTpm:: ( n > 0,3 raB/c) npoToHoB, B . p rp 
CBHSH C npe,1tnonoxeHH8M 0 P88HliX M8X8HH8M8X HX o6paaoBaHHfl. YcT8HOB1I8-
H0, qTo pasuep o6naCTH HCIJj'CK8HHH )18,Jt]I8HHliX npoT0H0B cpaBHHII C pas11e
po11 H,Jtpa !8H!ana. ]lJIH 6liCTPliX np0!0H0B pas11ep·o6nacTH HCIJ3CK8HHH He 
np8Blim88T pasuepa H.itpa T8HT81I8 1 II.IJH'l'CU C YB6JIHqeHH8M cpe,JtHero MHHH-
118111,HOro HMnyni,ca napu np0!0H0B YM8HI,M86'l'Cfl paa11ep STOI oonacTH 
( .CM.T86JI.2 H PHO. 7 ) • 

2.5 
\ 
\ 
\ 't \, P'"', 1or,r,< 

1.5 ' 

1.0 

1 2 3 4 5 .. 
'lo,Cl>M 

I 

PBc.6. 8aBHCHMOC!I, cpe,JtHero BHaqe
DH ]tByxnp0!0BH0I K0ppe.:irHIU10BB0I 
~YHKitllB <R> B HHT8PB81I8 

IO< k"'<60 . llaB/c 0! napa11e~pa ro. 
i!pHXOJSB KPHBSB - pacqe!'_6es 
yqe,a aKcnepa11eHtan1,H~ norpeeo
C!8ff, CIIJJ0mBSH KPHB8H - pacqe'l' C 
1,e,011 a,u uorpe11Hoc,en. 
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G 1-
16 
j o-Np(S 

-~ •-Np~6 

a~-~~-_.___, 
0,1 0,2 0,3 0,4 0,5 

p..,.,r..!Vc 

PHc.7. SaBHCJUIOC!'I, cpe,1tae
KB8]tp&!BqfiOro P8.JtJIYC8(f~/2 

o,pMHH .Jt]IH pasma 11aoxe
c,~eaH0cTel BCIJYCK881tiX 
UP0'l'0H0B. 

Elina HCCJl6,Jt0B8H8 SSBHCHM0CTI, paa11epa o6nacTH HsnyqeHHH UP0T0H0B 
OT MHHH11an1,Horo cpe,1tHero nonepeqHoro H11nyn1,ca napu npoToH0B. YcTaHoB
neHo, qTo c yBe11HqeHHe11 nonepeqHoro H11II3111,ca pas11ep sTol o6nacTH 
Yll8Hl>m86TCH. 

Ha pHC. 7 nOK838H8 38BHCHMOC'U cpe,JtH6KB8,Jtpa THqHoro pa,JtHyca ( r21/2 

( <r2)'2 = Y3 f ) OT MHHHM81II,H0ro cpe;n;aero HJ1ny111,ca napH np0TOH0B 
.Jt]IH co6HTJdt c 11ac:io1 ( Np < 6 ) H 6on1,mol ( Np~ 6 ) MHOllt8CTB8HH0CTl>D. 
BH;n;Ha '1'8H;D;6H!Ulfl YB81IHqeHHH paauepa 0611aCTH HCllYCKSHHH C YB8]IHqeHH8JI· 
MH0Z8CTB8HH0CTH npoTOH0B, K0T0P8H YCH1IHB88TCH C YM8HI,m8HH8JI JIHHHJl81II,H0-
ro HMny111,ca. Ilocxon1,xy omu6KH onpe;n;eneHHH <r2>12 

B81IHKH, npauoe sa
xnDqeHHe 0 pa31IHIJHH H1IH paB8HC'l'B8 STHX pa;n;HyC0B C;D;81I8'l'I, H8]II,3fl. Iloa
T0IIY 6Hn HCil01II,80B8H )18!'0.Jt HCllliT8HHfl CT8THCTHqecKHX rHn0T83 no 0;D;H0-
C'l'Op0HH811Y KpHT8PHD tumepa ,Jt]IH 0()~8K'l'HBH0r0 BHHB1I8HHH ST0U T8H;D;8HIUIH• 
EHJI0 ll0K888H0, qTo C ;D;0B8pHTen1,aol BepOH'l'HOCTI,I) p = 99,9%, 

2 ~/'2 <r > = 5,4 ~M _( npH N~ ~ 6) BHaquuo ( aecnyqaUao) 60111,me 
'112 <r2> = 3,3 ~)I ( npH p< 6) ( Ha PHC.7 T0tUtH npH PuHH = 

= 0,25 raB/c). 

• 

Ta611H~a 2 
8aBHCH~0CTH cpe]tHero 8HaqeHHH K0ppenarn,oHH0I ~YHKIU1H 

<R> 11 cpe;l(H8KBa,1tpaTHqff0ro pa;n;Hyca o6nacTH 11cnyc-
K8HHH npo'fOH0B <r2~12 0'f cpe;n;Hero IIHHHM81II,H0ro 
1111nyn1,ca napH npOT0H0B PMHH 

P1111a ,raB/c P11HH ,raB/c <R> <r2~'2 .~u 

0,2 0,255 I,05±,0,07 5 o+I,7 
t -0,9 

0,3 0,334 I,24±.0,II 3 s♦o,7 
t -0,5 

0,4 0,422 I,55±,0,20 2 6♦0,7 
t -0,5 

0,5 0,5!4 2,0 ;t0,5 I 7+0,9 
t -0,5 

B meCT0ff rX8B8 npe~CT8B1I8Hli pesy1Il>T8'fli HCCX8~0B8Hlllli B H0B0)I 
penHTHBHC!'CKH-HHB8PH8H!'H0)1 no;JtX0]te CB0ICTB np0'f0HHHX Kll80!8P0B, o6pa.:. 
so»aHHliX B pasXHllB!,IX a~~0H-H]t8pHlil B -.i(p0-H~epma: B88BMO]t8ffC'l'llllBX: 

( TI~ P, d, () [ 11 ( p, d) Ta , B map0Ko11 111a,epBexe nnyiI1,coB 
1 4 + 40- rsB/c Ha HYM0B / 8/. ABB.JIBS 8THX CB0IC!'B npoiloxucH ]I 
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HJtpa-pOJtHTeJIH B npocTpaHCTBe 4-CKOpOcTett, ll6M 6011ee "XOJIO].IHhlli" 
(Hanp.: < b~;>= D,14±0,02, a <b~'>= D,51±0,05). B cpeJtHe11 B 
64% H8 BC6X C06hlTHl.t 06paay1JTCH 11X01IO;ltHhl6" K1IBCT6phl H B 36% - "ropH -
lll,ie 11 • 

• pla 10 roB/c 1 dN I 
0 pla 4, r,S/c lT fil°• 
• dla •~ r,B/c 

• pc ,or,s,., I 
100 

• 4' r~B/c ~ I . IL;r.Bk 1 ~-1\~ 
"'" ~~'.,v,., I !. ·+· 't• l! 

101-- ♦ 

i~ 10 1 • t 

-.t f !~ 
1,0 

0,1, 

.,h, 
OJ 

0. 

f.K 

0,01 0 
C\05 OJ 

&1<. 

PHc.8. Pacnpe.ne11eHHH npoToHOB-cneKTaTopo:e no :eenHqHHe bk B K1Ia
cTepax, o6paayXllJIHXCH BO B381'lMO].letlCTBHHX 8.llPOHOB H ll].lep llpH pa811Hq!WX 
aHeprnnx c H.npaMH: a) Jrnepo].la, 6) TaHTana. 

Ehlna HCC116].IOBaHa aaBHCHMOCTI, xapaKTCPHCTHK 11X01!0].IHWC11 llPOTOHHhlX 
K118CT6POB B aaBHCHMOCTH OT THna H 8HeprHH CT01IKHOBCHHH B npouexyTo
tlHOtt 0611aCTl'I ].11lll ( n-, p I d,[)(- H ( p, d) Ta - B881'1MO].lellcTBHtt B HHTep
Bane HMily1IMOB . 4 + · 40 . rs:e/c Ha HYK1IOH. 0TCiHpanHCI, npoTOHhl C HII
IlY1ILCBMH p= 300 + 800 MaB/c ( O,I < brrw < D,63). 0To6paHHLJe Ta
KHM 06paao11 K118CT6phl npHHa].lne:m:aT K 11X0110].IHOMYII THny. YcTaHOB116HO I tlTO 
cpe].IHHe paa11ephl <bl<> B npe].lcnax IO% O].IHHaKOBLJ .nnH :ecex npoTOHHHX 
KJl8CTepoB, oClpa80BBBlllHXCH H8 O].IHOro H Toro H,llpa I H688Bl1CHMO OT THllB 
n aaeprHH HaneTaromero BJ.IPoHa ( fi.npa ). ilo1maa110 1 qTo paccTOHHHH rrpoToa
Hhlx KnacTepoB OT H.npa-pOJ.IHTenH nopHJ.IKa HX paaMepoB { <bnc> "-' <bk>), 
B TO BPCMH KaK paccTOHllHH .no caapH.na aa1moro CionLllle «brc> » <bnc >); 
Pacc-roHHHH < b.n:c> He aaBHCHT HH OT THna, RH OT aHe prHH HaneTallmero 
SJtPOHa (HJ.IP!!) ll 14HT6pBane 2 +IO raB/c Ha HYK1IOH 1 a .ll1IH J(- C - B8B
HMO.ll6llCTBHli npH 40 raB/c HaCi1IXl]laeTCH OTK1IOHeHHe np1r16nH8HTenLHO Ha 20%. 

YcTaHoMeno yaH:eepca111,Hoe noBe].leHHe HHBapHBHTHhlx ~YHKUH!i F(bn,l 
].11Iff npoTOHHhlX KnacTepoB. He8HBtlHT61ILHOe OTK1IOHCHl/le' HBCi1lll].186TCH Jt1IH 

n- C - B88HMOJlellcTBHli IIPl'I 40 raB/c, r.ne KBapK-rJIXlOHHHe CTeneHH 
CB060,IU,I, IlO-BH.lUWOMY, HrpailT 60JI88 CYJ!l8CTB8HHYi) pOJib. 

H, 

B B8KJlllll6HHH C~OPMY1IHPOB8Hhl OCHOBHhle pe3y111,TaTH H BhlBO]ll,I ].IHC
cepTaitHOHHO/.t pa60TH: 

I. IlpOB6,ll6BO HCC116].10ll8HH6 IIHOll6CTB6HHOro o6paaoBaHHH sapHlleHHhlX 
ll8CTl4}l B pC - H pTa - B88HM0].16l.tC'fBHHX npH .u11ny111,cax H8116TBJl!IUiX 
npOTOHOB B HH'f6PBB116 2 + IO raB/c Ha CTBTHCTl4K6 30 'fhlC.C06blT14l.t, 
B KOTopoe BBTOP llH6C onpe]leJIHDDUil BKJ18Jt. 

2. IlOK888HO, llTO npu HMny111,cax nepBHtlHl:lX npOTOHOB Po~4 raB/c 
MHOllt8CTBCHHOCTb BTOpHtlHhlX J(- - M680HOB BO B88HMO,ll8RCTBl4f!X npOTOHOB 
C H.llPBMH yr11epo;lta 14 TBHTB118 88118THO yBenHqH:eaeTCH no cpaBH6HHJl C 
MHOll6CTB6HHOCTbD BTRX 11680HOB B npoTOH-HYK1IOHHhlX llSBHMOJtettcTBHflX npH 
H11ny111,cax Po~ 4 raB/c. Pacnp6Jt6118HHfl no MHOll8CTBeHHOCTH llTOPHllHhlX 
OTPHUBT81lbllblX llHOHOB OT11Hll8mTCfl OT nyacCOHOBCROrO pacrrpe]leneHHH B 
HCCne.no:eaHHOM HHTep:ea11e nep:eHqHhlX HMnyn1,coB _2 + IO raB/c, K8K B 

OJtHOHYK110HHWC, '1'8K H B MHOrOHYK1IOHHhlX pC - H pTa - B88HMO;n;el.tcT-
BHflX. 

3. YCTBHOB118HO nOJt06H8 B pacnpe.ne11eHJ4flX no MHO:ateCTB8HHOCTH BTO
PHtlHblX 88P!Ut8HHhlX ll8C'fHil (J(- - 11880HOB H npOTOHOB ) B q)Oplle 110].IHq)H
IUf POBBHHOro KHO-cxett111r1nra: < n- CX>6t/6m= 4,1( z') ,r;n;ez'={n-cx)/<n-cx.>, 
8. (X. - napaMBTP,H8 SaBIIC.Rlltllit OT aneprHH nepBHtIHOro npOTOHB, HO 88:BH
CBDUitt OT copTa B'fOPHtlHWC qacTHn. Bnep:eble H861Ill,ll8HB KOPP81IHilHfl no MHO

xeCTBeHHOC'fH 118:K'AY BTOpHtlHhlMH J(- - M880HBMH H npOTOHBMH - H888;D; B 
pTa- B88HMO.ll6IC'fllHRX npH H11ny111,cax na;ltBJlutero npOTOHB 

p0~5 raB/c. 
4. Bnep:ehle nonyt1eHhl H HCCJie;n;o:eaHhl 111nyn1,cwe H yrno:eHe xapaxTe

pHCTl4KH B!l!Opl4qHmc n- - 11880HOB npH HMnyn1,ce HB116TBJlut8ro npoTOHa, 
IO rsB/c B HHK1lll8HBHOM no;n;xo;?te • B ycnOBHfll: 4 J( - reownpHH. IloKa
aauo I llTO ,J(- - weaoHhl, pOXJt8HHhl6 B pTa - B88HMOJtel,1cTBl4flX, HM81l'f 
6onee 11arx1r1tt n11ny111,cHhltt cnexTp H 6onee aoxneTpHquoe yrnoBoe paonpe;?te
nenne, qe11 n- -ueaoHhl, POll.ll8HHhl8 B pC- ll88HM0Jt6'1CTBHRX, llTO JK88NB88T 
Ha cyutecTBeHHyll pon1, BTopHqHhlX npouecco:e nepepaccesHHH B THJte11011 HJtpe 
'f8H'f8118. IlpoBe;?teHO cpaBH8HH6 8KCnepHll8H'f81II,HhlX pacnpe;n;eJieHHI cpacclll!I
TaHRLIMR•llO Jzy6H8HCKOI KBCK8JtHO-HCnapHT81l~Hol MO;lt811H (nKU)~ IlOK888H0 1 

qTO 8TB MO;D;81lb K8ll8CTB6HHO OIIIChlB88'1' 8KCnepHll8H'f81II,Hlil MBTepuan ;ltllB 
OTPHil8T81lbH!a llHOHOB, po:11,t8HHWt B npoTOH-fl.ll6PHhlX ll88HMO;n;ettCTBHflX npH 
1r111nyn1,ce nep:eHtIHoro npoToHB IO rBB/c. Ha6n1>.naeTCH xopomee cornacHe 
npe;?tOKBBBHHI wo;n;enz O axcnepH118HTOU B 1011Iyn1,cHOII cnexTpe BTHX M880HOB 
B 06nacT111 JtO p .::::,6 rsB/c~ ·B pacnpeJte11eHHH no x:eaJtpaTJ nonepetmoro HM

nyuca JtO p~ ~ I (raB/c) 'I a TBKX8 B It8HTPB1II,HOlt o6JIBCTH B pacnpe;n;e11e
HHH ll0-6NCTpOT8. B TO xe :spews HB611Jl;lt8Jl'fCfl saMeTHble OT~OH81il1B OT 
axcnepiueHTan1,ma: pacnpeJteneBIII npH 6on~WHX snatieHHRX Hccne;n;o:eaHHhlX 
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nepeM6H!ll,IX. Cy~eCTB8HHO OTJIHqaeTCH OT 3KCnepHM6HT8JIDH0ll H cpe;nHHH 
MHOllt6CTB6HHOCTb llTOpHtrnHX J{- - Me80HOB 1 npe;nCK88HB86M8H MO,lJ;6JUIO. 

5. CTPYKTYPH8H ~YHKUHH ll 38BHCHMOCTH OT KHH8THqecKO!l 3HeprHH 
J{- - Me30HOB 1 po~8HH!,IX ll pC- H pTa - B38Hl,IO,lJ;6llCTBHHX npH HMilYJID

ce na;na10mero npoToaa IO raB/c, uueeT aKcnoaeHnuanD!ll,lll xapaKTep: 
exp(- T / T0 ) , rrpHqeu aHaqenHH napaueTpa To ne aaBHCHT 

OT rrpHCYTCTBHH HJIH OTCYTCTBHH ll 3THX rrponeccax qacTHU KYMYJIHTHBHOrO 
THna. YrnoBaH aaBucuuocTD rrapaueTpa T0 xopomo arrnpoKCHMHpyeTCH 
KB8,llpaTHqHoll HJIH norapml)MHqecKOll 38BHCHMOCTDll OT (0S8,.. 1 r;ne 8,., -
yron BHneTa n-- 1.1ea0Ha B na6opaTopuoll CHCTeue Koop.n;HHaT. "Teunepa
Typa" KnacTepa, uanyqa1J~ero n-- ueaoHH, saBHCHT OT 11acc1,1 H.n;pa-uu
meuu, HO He 38BHCHT OT THll8 H HMIIYJIDC8 H8JI8T8IO~ero a.n;poHa. 

6. Bnep131,1e uccne,n;oBa!ll,I ,n;ByxnpoTOHHue KoppenHUHH z onpe.n;eneH!I 
pasuepu o6nacTH HCilYCK8HHH npOTOHOB ll pTa - CTOJIKHOB6HHHX npH HM
nyJIDCe rrepBHqaoro npoToHa IO raB/c. Paauep o6nacTH HcnycKaBHH ue.n;neH
HllX npOTOHOll ( Pp< 300 MaB/c } ll STITT: ll38HMO,n;ellCTBHltX cpaBHHM c pa a
uepou H.n;pa TaBTana, a .n;nH 6HCTPHX (Pp> 300 MaB/c) paauep aToll 06-
nacTH He npeBHmaeT paauepa H.n;pa T8BTana. C yBeJIPJqeHHeU HMilYJIDC8 nap1,1 
npoTOHOll yueHDmaeTCH paauep 8TOll o6JI8CTH. Ha6n10.n;eHa TeH,lJ;6HllHH yBenH
qeaHH paauepo~ 06nacTH,HanyqeHHH npoTOHOB C pOCTOM HX MHOllt6CTBeHHOCTH. 

7. BnepB!,16 HCCJI8,lJ;Oll8Hll YHHBepcanDHll8 CBO!lCTBa npOTOHH!il KJI8CTe
poB B npocTpaHCTBe KBa.n;paTOll OTHOCHT8JIDHHX qeTHpexuepBHX CKOpOCTell 

b.k ', o6paaoBaHHHX B a.n;poH-aiepH!IX H H.n;po-a.n;epHbtX,CTOJIKHOBeBHHX 
n-c . p(, d(. (( ' p Ta, dT a B mHpOKOM HHTepBane HMilyJIDCOB: 
4+ 40 raB/c Ha HYKJIOH. IlOK838HO, qTo YHHBepcaJIDHOCTD CBO!lCTll 3THX 

KJI8CT8pOB cnpaBe,IVIHB8 K8K B o6nacTH KJI8CCHqecKOll H.n;epaoll ~H3HKH, r.n;e 
H;npo npOHBJIHeT ce6H K8K CHCTeua, COCTOHmell H3 cna6oCBH38HHHX HYKJIOHOB, 
T8K H B npouesyToqaoll o6nacTH, r.n;e yxe IIPOHBJIHDTCH KB8pK-rJIDOHHl:le 
CTeneHH CB060,lJ;!,I. B npouelltyTotrnoll oOnacTH penHTHBHCTCKHX H,n;epHHX CTOJI
KHOB8HHHX BII6 p131,1e BH.n;ene Hll ,n;Ba THna npoTOHHblX KJI8 CTepoB: o;n1rn "xono;n
Hllll" c "Te1.mepaTypoll" B cucTeue noKOH KJISCTepa < T1 > = (72+7} lalaB H 

~) -
c paccTOHHHeu ;no H.n;pa-uzmeHH <brr,>= 0,14 ± O,OI H ;npyroll "ropaqH!l" 
c "Te1mepaTypoll" < T1 > = ( !35 ± I3 ) llaB H c paccToaazeu 

< b~~> = 0,5! ± 0,05. Cpe;nazll paauep npoTOHHl:lX KJiacTepoB nopa;nKa 
cpe;naero paooToHHHH ;no a;npa-po.n;nena ( < bk> ~ < brrc> ) • 
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