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I ct>rr3rr~eCKHi1 cpaKynhrer H uay'IHo-rrccnenosarenbcKHil 
HHCTrrryr stnepHo:il: cp rr3rrKrr MfY. 

2 ct>rr3H~ecKrri1 cpaKynhTeT ITeHn:>Ka6cKoro yuwsepcwrera. 

H3yqeHHe B3aHMo~eacTBHR a~poHOB H R~ep c R~paMH 
npe~CTaBnReT 60llLWOH HHTepec C TO'IKH 3peHHR HCCne~oBa
HHR (jlyH~aMeHTallLHLIX 3aKOHOMepHOCTeii, CBR3aHHLIX C no
KallLHLIMH CBOHCTBaMH a~pOHHOH MaTepHH. BLICKa3aHa ru

DOTe3a 0 MaCWTa6HOH HHBapHaHTHOCTH CHllLHLIX B3aHMO~ea

CTBHH DpH CTOllKHOBeHHH penRTHBHCTCKHX R~ep H 'laCTHJ..I, 

c R~paMH It- 31 . B pa6oTe I 21 Ha6mo~anHcL nHOHLI c 

3HeprHeH, npeBLIWaiOLQeH KHHeTH'IeCKYIO 3HeprHIO, DpHxo

~JIIJlYIOCJI Ha O~HH HYKllOH ~eHTPOHa, H DOKa3aHO, 'ITO o6pa-

30BaHHe TaKHX DHOHOB cornacyeTCR C BLICKa3aHHOH I'HDO

Te30H. B ~allLHeHWeM 3TH BLIBO~LI DO~TBep~eHLI DpH HC

cne~OBaHHH KyMynRTHBHLIX Me 30HOB, o6pa3oBaHHLIX so 

B3aHMO~eHCTBHRX DpOTOHOB H ~eHTpOHOB C R~paMH DpH 

E=6.;. 8 F3BI4 • 5/. PaHee, B onLITax 161 Ha6nro~anacL 
BTOpH'IHLie DpOTOHLI H ~eHTPOHLI, CBR3&HHLie C MHOI'OHYKllOH

HLIMH CTOllKHOBeHHRMH. liLillO DOKa3aHO, qTo HHBapHaHTHLie 

CTPYKTYPHLie (jlyHKU.HH, onHCLIBaiOLQHe cneKTPLI 3THx npo

TOHOB, He DpOTHBOpeqaT npe~DOllO~eHHIO 0 He3aBHCHMOCTH 

ax OT uaqanLuoa 3Hepruu ~n• 3Hepra8 uecKonLKO F3B /7 I . 
3ToT pe3ynLTaT 6Lin no~TBep~~eH s 3KcnepHMeHTax Is, 9 I . 

QellLIO H&CTORLQeH pa60TLI RBllReTCR H3y'leHHe DOBe~eHHR 
CTPYKTypuoa ciiYHKU.HH f B peaKUHH 

12(' ,- + - ... p + ••• ' /1/ 

r~e DpOTOH HCDyLQeH B na6opaTOpHOH CHCTeMe KOOp~HHaT 

/n.c.K./ B 3a~uroro nonyc(jlepy npa p = 40 F3B/c. Cpas

HeH&e cTpyKTYPHLIX (jlyHKU.HH npa E = 40 F3B H E = 
= /4-8/ F3B npe~cTaBnReT HHTepec c TO'IKH 3peHHJI nposepKH 

M&CWTa6HLIX CBOHCTB B3aHMO~eHCTBHH qacTHIJ, C JI~J)&MH 
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-
Ha 6onLmOM 3HepreTH'IeCKOM HHTepaane /4 7 40 T3B/. Kpo-

Me Toro, B ,IJ,aHHOB pa6oTe TaiOKe H3y'leHhl xapaKTepHCTHKH 

raMMa·KBaHTOB, COnpOBO)K,!J,aiOIQHX KYMYll.HTHBHble HYKllOHbl. 

B3aHMO,IJ,eiicTBH.H 77- -Me30HOB c yrnepo,IJ,oM 6blnH oTo6paHbl 

H H.IJ.eHTH«lJHUHPOBaHbl no cTaH,IJ,apTHLIM KpHTepH.HM I 10 I , 
npHH.HTblM ,IJ,ll.H pa3,IJ,eneHH.H C06LITHB B nponaHOBblX ny3hlpL

KOBblX KaMepax *. XapaKTepHCTHKH y -KBaHTOB, 3aperHcT

pHpoaaHHLIX B KaMepe, 6blJIH H3MepeHbl no e+ e- -napaM. 

BoccTaHoaneHHe reoMeTpH'IeCKHX H 3HepreTHqecKHX napa

MeTpoa y ·KBaHTOB npoH3Bo,IJ,HnocL no npHH.HToii B CoTpy,IJ,

HH'IeCTBe MeTO,IJ,HKe 1111. 
)l;n.H BCeX Haii,IJ,eHHblX npOTOHOB 6LIJI H3MepeH HMnyJILC** 

JIH6o no npo6ery, ecnH npoToH ocTaHaBJIHBanc.H a o6beMe 

KaMepbl, JIH60 no KpHBH3He, KOr,IJ,a OH BLIXO,IJ,HJI H3 pa6oqero 

o6beMa. H,IJ,eHTH«lJHKaUH.H npoTOHOB npOH3BO,IJ,HnacL BH3yanLHO 

no HOHH3ai.J;HH. ,[I;JI.H Ha,IJ,e)KHOCTH H,IJ,eHTH«lJHKai.J;HH Mbl orpaHH· 

qHJIHCb BepXHHM 3Ha'leHHeM HMnyJILCa npOTOHa, paBHblM 

700 M3B/c; HH)KH.H.H rpaHHu;a B3.HTa paaHoii 160 M3B/c, 
'ITO COOTBeTCTByeT npo6ery npOTOHa B nponaHe "" 4 MM. 

H3 17000 77- C -a3aHMO.IJ.eiicTBHii 6LIJIO oTo6paHo H H3MepeHo 

1900 cne,IJ,OB npoTOHOB, y,IJ,oaneTBOp.HIOIQHX 3TOMY ycnoBHIO. 

EhlnH nony'leHbl pacnpe,IJ,eneHHH 
E ~N 

/3,IJ,eCL 7 lip 
E,p· COOTBeTCTBeHHO nOJIHa.H 3HeprH.H H HMnyJILC npOTOHa 

B JI.C.K./ ,IJ,JI.H HeCKOJILKHX BLI6paHHLIX HHTepBaJIOB yrJIOB 

~Oi H ~¢ i I 0 - non.HpHhlii, a ¢ - a3HMyTaJILHhlii yr JILI 

BLIJieTa npOTOHOB/. 3TH pacnpe,IJ,eJieHHH 6LIJIH nepe C'IHTaHLI 

B CTpyKTypHble «lJyHKUHH: 

f( p 2 ) = 
l 

0 tot 

E 
p2 

d2
a 

dp dO 

* B uacTOHIQeii pa6oTe 6LIJIH ncnonh Joaauu pe3yJihTaThi, 
nonylfeHHbie B na6opaTopHHX liyxapecra, )( .6HLI, Co«lJHH, 
TarnKeHTa, T6HJIHCH, YnaH- EaTopa. 
** l13·3a TPY.IJ.Hocreii H3~tepeHH.ll cnc,IJ,oH 4ac r 
~Hx no.IJ. y1naMH (01. 6JIHJKIL\IH K 90" . Mbt 

0 > llOo. 
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·.t, BblJieTaiO
'pauHqHJIHCb 

r,IJ,e a00 t - nOJIHOe Ce'leHHe B3aHMO,IJ,eHCTBH.H 77- ·Me30Ha 

c .H.IJ.POM yrnepo,IJ,a. IlpH nepectJeTe HcnonL3oaanc.H Ko34J-

4JHu;HeHT 

K 1 

~pNB3 ~Qi 

3,IJ,ech N83 - noJIHoe 'IHcno 77-
1

\:: -a3aHMO.IJ.eiicTBHii /B TOM 

'IHcne H ynpyrHx/, 

~ni f d¢ f sin 0 d 0 - Tene CHLIB yron. 

~¢. ~0. 
1 1 

Ha pHc. 1 npHBe,IJ,eHhl nony'leHHble pacnpe,IJ,eneHH.H .IJ.JI.H 

HHTepBaJIOB yrnoB 0 OT 120° ,IJ,O 160 ° /a/ H OT 160° ,IJ,O 

180° /6/, yrJIOB ¢ OT 216° ,IJ,O 324° /a/ HOT 180 ° ,IJ,O 

360° /6/. BLI6paHHhle yrJihl ¢ COOTBeTCTBYIQT npOTOHaM, 

HCnyii.J;eHHblM H3 TO'IeK B3aHMO,IJ,eHCTBHB B BepXHIOIO 'laCTb 

KaMepbl, r,IJ,e YCJIOBH.H OCBeii.J;eHH.H o6ecne'IHBaiOT HaHJIY'IWYIO 

Ha,IJ,e)KHOCTL H,IJ,eHTH«lJHKau;HH npoTOHOB. Ha pHCYHKe noKa3aHbl 

CTaTHCTH'IeCKHe OWH6KH •. BeJIH'IHHa OWH60K B a6COJIIOTHOB 

HOpMHPOBKe He npeahlmaeT /5-10/'1o. Ha 3TOM :>Ke pHCYHKe 

npHBe,IJ,eHhl pe3ynLTaTbl pa6oThl 181, nonyqeHHble B aHanorHtJ· 

HOM 3KCnepHMeHTe Ha KCeHOHe npH 3HeprHH nepBH'IHOrO 

i7-·Me3oHa 3,34 T3B. BH.IJ.HO, 'ITO B conocTaBneHHLIX HHTep

aanax HMnyJILCOB 06IUHH XO,IJ, KpHBblX npH6JIH3HTeJILHO O,IJ,H· 

HaKoB. Pa3HHu;a B a6coJIIOTHLIX 3Ha'leHH.HX, 6blTL MO:>KeT, 

oTpa)KaeT 3aBHCHMOCTL CTPYKTypHoii «llYHKUHH OT a TOMHoro 

HOMepa. EJJIH npHH.HTb, KaK 3TO HMeeT MeCTO B lal , 'ITO 

r ( p 2 ) ~' A1 3 
' TO 3KCnepHMeHTaJILHble TO'IKH ,!J,JI.H Xe 6y,IJ,yT 

cornaCOBblBa TbC.H B npe,IJ,eJiaX OWH60K C HaWHMH ,IJ,aHHblMH *. 

* Ha6JIIO,IJ,aeMa.H pa3HHna B a6coJIIOTHLIX 3HatJeHH.HX, B03-
MO)KHQ,. CB.H3aHa C 60JILWHMH OWH6KaMH. TaK, aBTOpbl pa-
60Tbl 181 OTMe'laiOT, 'ITO HX OWH6Ka B a6COJIIOTHOB HOPMH

pOBKe MO:>KeT ,IJ,OCTHraTL 50~. 
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tr 

d) 

If 
a2 

fPL ~ a2 G3 a4 at 

Q3 a4 a5 

R )' p (r3~/c 

Q5 

P2
(r,6tc) 2 

Puc. 1. <JiyHKijUJI f( p ) . 3a1UIIIpUX06aHHble IIO'lKU - HaiUU 
oaHHble OAJI 120° .:::; () .:::; 160° , 216° .:::; ¢ .:::; 324° fa/ 
u 160° ::; () ::; 180~ 180° ::; ¢ ::; 360° /6/. Kpy
JitO'lKU - oaHHble pa6ollbl /8/ / rr- + Xe ... p + ... , p

77 
= 

= 3,34 F3B/c/ npu () "' 135 ° /a/ u () "' 180 <:J /6/. 
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1 
1 

Pacnpe.l(eneHHJI, noxa3aHHLie Ha puc. I, 6LinH 3KCTpa
nonupoBaHLI BLipa)KeHHeM BH.l(a 

-A2p 2 -A4p2 
f( p2) =AI e + A 3e 

llonyqeHHLie 3Ha'leHHJI napaMeTpoa A I , A 2 , A 3 H A 4 
npuBe,l(eHLI B Ta6n. I, H3 KOTopoii BH.l(HO, 'ITO HaxnoHLI A

2 
/.l(nJI HH3K03HeprH'IHLIX npoTOHOB, p ::; 280 M3B/c/ He 
3aBBCJIT oT yrna acnycxaHBJI () . lionee nonHLie .naHHLie, 
OTHOCJI~BeCJI K 3TBM llpOTOHaM, npBBe,l(eHLI B Ta6n. 2 * 

Ta6naua I 
Pe3ynLTaTLI 3KCTpanonsuaa pacnpe.neneHBii, npaae,neHHLIX 

-A 2 -A P2 
Ha pac. I, l)lyHKUBeii f( p2 ) = ~e zP + A 

3 
t> 4 

f) X/ 't:..Ct/0 A ,(1381)~;, A2(13t/cJ2 A,(r~)i-,.,; 
-2 

I~ A,,(!3~tf) 

120'!.!60° 6,5 13 119±4.0 453-t/1.9 2.0±0.8 f't.O±I.T 
160._{8[} 1.6 g 132±8.2 436±16~ 08±06 9.1 ± 2.9 
f20o_l80 79 13 13.2 ±5.3 ~g6±f31 2.0±07 f3.9± 1.6 

Ta6naua 2 
llapaMeTpLI A 1 B A 2 /HB3K03HeprB'IHLie npoTOHLI,0°<¢<360J 

8 A,(Uj)-~m-1 A2(13t;t)-2 

lto•-t~to" 10.0 ±2§ 42 i!: fl. I 
fl/0°-160 11 118 :!6.2 5"03±108 
(60~180. 14.6 ±8.9 51.3 ± 116 
lfO'?.fJO" 124 ±24 457± 7.2 

* IlpB nony'leHBB 3TBX pe3ynLTaTOB HCllOnL30BaHLI npOTO
HLI, BLineTato~Be no.n yrnoM ¢ oT 0° .no 360°, npB'IeM 
TaK)Ke BBe.l(eHa nonpaaxa, Y'IBTLIBaJOIUaJI 3aBBCBMOCTL 31)11)lex
TBBHOCTB perBCTpaUBB npOTOHa OT reOMeTpB'IeCKBX ycnOBHH. 
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HaKnOHbl A 4 I.IJ.mi BblCOK03HeprH'IHblX npoTOHOB, p 2 
> 280 M3B/cl, B03MO:>KHO, HMeiOT TeH,IJ.eHU.HIO K yMeHLWeHHIO 

C yaenHqeHHeM yrna 8 . 3TOT 3!WieKT, CKOpee BCero, CB.II3aH 

CO cnyqagMH, B KOTOpbiX Ha3a,IJ. B n.C.K. HCIIyCKaiOTC}f O,IJ.HO

BpeMeHHO .IJ.Ba npoToHa I eM. Ta6n. 31. 

Ta6nHD,a 3 
llapaMeTp A4 I F3B/c-2 .IJ.ng cnyqaea c O.IJ.HHM npoToHoM, 
HCIIyliJ,eHHblM Ha3a,IJ. B n. C. K., H ,IJ.ng cnyqaeB C ,IJ.ByMg 

IlpOTOHaMH 

() 
ffOo_lltD. 
140._160. 
160o_I8D' 

lfOo_ 180 

(I!Yt{Ol/ C 08HUH 
npomoHtlH 

14.7 ± 2.3 
18.2 ± 2. '( 
11.2 ± 3.2 
150 ± 15 

;~ 

ttl 

f . , 
0 

'• 
~ • 1 

( IIY'IOtJ C a8YMR 
npomOHOHll 

172 ± 2.1 
93 ± 3.5 
rt+ft.O 

14.9 ± 15 

i 

J 0 0 ° ' 0 t 0 

2.0 40 6D 8.0 t1IJ fr(r;&) 

! 

Puc. 2. CneK•P y -KeaHJioe OAJI peaKijuu/1/ /3alllJfpuxoeaH
Ht.le IIO'IKU/ u OAJI ecex " C - e3au..wooeuc•euu /KPYJICO'IKU/. 
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Ta6nHD,a 4 
)J.aHHble no HaKnoHaM lnapaMeTp A 4 I H3 pa6oTbl/s/ 

P~aKl/UJT 
I.JH£.YIIbC. 

(} A" (!3&/cr2 1t11fc;;~;~~ IJ c ~) 

j_ + Cu-j+ ... + c - + ... f..::-6 137° 11.5±01 

ff-+ Xe -p+ ... 3.34 
';::! f35° 13.5 ± 1.5 

<= 180° 112±17 
-

B Ta6n. 4 cyMMHpoaaHbl pe3ynLTaTLI pa6oTLI /s/ npn 

3H~prngx 1-6 F3B. 3TH ,IJ.aHHble He oTnH'IaiOTcg B npe,IJ.enax 

OWH60K OT nony'leHHblX HaMH ,IJ.ll}f BblCOK03HeprH'IHblX npo

TOHOB. bllH3KH K HHM H pe3ynLTaTLI OIIbiTOB, KOTOpble 

BbliiOnHeHbl Ha 3neKTpOHHLIX yCKOpHTengx /12/ IlpH HCCne,IJ.O

BaHHH CIIeKTpOB npoTOHOB, HCIIYJD,eHHLIX H3 yrnepO,IJ.HOH MH

weHH rro.IJ. yrnoM ,120 ° lnepBH'IHag 3Heprng 1 F3BI. 
TaKHM o6pa30M, BC}f COBOKYIIHOCTL OTMe'leHHblX ,IJ.aHHblX 

BMeCTe C HaWHMH pe3ynLTaTaMH He IIpOTHBOpe'IHT npe,IJ.

CTaBneHH}IM 06 YHHBepcanLHOCTH <iiYHKIJ,HH f( p 
2

) OTHOCH

TellLHO H3MeHeHH}f COpTa HaneTaiOID,HX 'laCTHIJ, H 3HeprHH 

IlpH H3MeHeHHH ee B WHpOKOM HHTepaane • 

EcnH C'IHTaTL, 'ITO Ha6nro,IJ.aeMLie rrpoTOHbl ncnycKaiOTcg 

B pe3ynLTaTe ncnapeHH}f HarpeToro g.IJ.pa, TO npoTOHLI 

BTOpoii rpynrrbl I p :;:_ 280 M3B/cl 6y,IJ.yT cooTBeTCTBOBaTL 

cnHWKOM 6onLWHM "TeMnepaTypaM" I ,35-40 M3B/. 3To 

yKa3LIBaeT Ha CIIeU.H<iiH'IeCKHH MeXaHH3M HX o6pa3oBaHH}f, 

CB}f3aHHblH C 6onLWHMH rrepe,IJ.a'laMH 3HeprHH. 

K auanorH'IHOMY BLIBO.IJ.Y rrpnwnn aaTopbi pa6oT .I 13
• 14/npn 

HCCne,IJ.OBaHHH CIIeKTpOBnerKHXOCKOllKOBOTB3aHMO,IJ.eHCTBHH 

rrpoTOHOB c 3Heprneii 1 H 5,5 F3B c g,IJ.paMH·cepe6pa H 

ypaua. Bo3MO)I(HO, MLI HMeeM ,IJ.eno 3,IJ.ecL c B3aHMO.IJ.eiicTBHeM 

uaneTaJOIIJ,ero rr- -Me3oua c uecKonLKHMH uyKnouaMH g.IJ.pa 

yrnepo,IJ.a O,IJ.HOBpeMeHHO, ,IJ.pyrHMH CllOBaMH, C J<P<ileKTOM, 

auanorH'IHLIM KyMyngTHBHoMy. 

HuTepecuo 6Lino 6w cpaBHHTb xapaKTepucTHKH co6LI

THH, HMeiOID,HX Me,IJ.neHHbie HnH 6biCTpbie IIpOTOHbl, HCIIyiiJ,eH

HLie Ha3a.IJ. B n.c.K., c xapaKTepHCTHKaMH acex "-
12

c-a3au-
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Ta6mu~a 5 
Cpe~HBe xapaKTepHCTBKB y -KBaHTOB 

PeaKtlliJI r f J Bee Jic- 6.5au-
ifiiJDmOH lii/J!RitfeH Bee c?!(.,muA Hot7evcmt1UR ('n!JU/IH 
t P<280H,l t .P>28oildJ m 

< Pt>rH31kl 13~7± 121 llt62±(63 11((2 ±{00 1220 ±ld 

<Pu>fMk 1316 ±12! 11.(20:! 161 1370! gg 1171" ±42 I 
<P.L>(H31~) 176 ±9 186±28 182 ± 14 {73±3 I 

MO,IleRCTBBR. MLI BCnOJIL30BaJUI ,llnJI :noro BHc)OpManBIO 0 

y-KB&HTax, oHa npBBe~eHa B Ta6n. 5. BB.IlHO, 'ITO no cpe,llHBM 

xapaKTepBCTBKaM y -KB&HTOB yK&3&HHLie rpynnLI C06LITBH 

npaKTB'IeCKB He OTJIB'I&IOTCJI ~pyr OT ~pyra. He OTJIB'I&IOTCJI 

cneKTpLI y ·K.BaHTOB B3 C06LITBR TBna /1/ B BCeX TT- C • 
B3&BMO,IleRCTBBR ~ 

llony'leHHble pe 3YJILTaTbl noKa3LIBaiOT, 'ITO HaKJIOHbl Hop· 

MBpoBaHHOR CTpyKTypHOB c)yHKnBH f( p 2 ) ,lln)l c)parMeHTa

nBH npOTOHOB Ha3a~ B JI.C.K. H3 JierKBX S~ep /c HMnyJILCOM 

> 300 M3B/c/ He 3aBHCST OT nepBH'IHoii 3HeprHH, Ha'IHHas 

c- E "" 1,0 F3B. 
HMeiOTcs yKa3aHHS Ha He3aBHCHMOCTL cTpyKTypHoii: 

c)yHKnBH oT copTa HaneTaJOLUeii 'laCTHnLI. B a6coJIIOTHoii 

HOpMBpOBKe BMeiOI.l\HXCS ~aHHbiX eCTL 60JILWas Heonpe~eJieH· 

HOCTL. llo3ToMy o 3aBHCBMOCTH caMoii CTPYKTypHoii: c)yHKnHB 

OT 3HeprHH noKa cy~BTL elQe paHo. MmKHO ~yMaTL, 'ITO 

~ns peaKnBB I 1/ MacwTa6Has BHBapBaHTHOCTL HacTynaeT 

y>Ke npB E ""1 F3B. 
HaM npBSTHO no6naro~apBTL A.M.IiaMHHa 3a none3HLie 

o6cy>K~eHHS H BHTepec K pa6oTe, B.C.CTaBBHCKOrO H 

B.Ji. Pa,llOMaHoBa 3a o6cy>K,IleHBJI B noMOI.l\L. O~BH B3 aBTOpoB 

;r .A.JieKCBH/ 6naro~apeH JI.C.Bopo6LeBy, B.li.raBpBnosy, 

B.JI.CTonBHY 3a o6cy>K~eHBJI. AsTopw 6naro,llapAT na6o

paHTOB, BLinOJIHBBWBX 60JILWOR 06'LeM pa60T no npOCMOTpy 

B B3MepeHBJIM. 

* CIOM He BKJIIO'IeHLI B3aBMO~eicTBHJI Ha KBa3Hcso6o~HLIX 
HYKJIOHax JI~pa yrnepo~a. ~ 
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