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vfccne,lloBaHl!e B3al!MO,ll0i!CTBIIII HYK:IOHOB C HyKnOHaMI! np0.llCTaBJH!0T coool! 

O.llHY 113 ocaoBHh!X 3a.lla'I ·coapeMeaaoi! <1.llepaoi! cp11311K11, Ha116onee :MO!llHhIM_ sKcue

p11MeaTanbHhlM M0TO.;i;t0M 113Y'l0Hll<J _3T~i! npooneMbl <1Bn<110T~SI onhiTbl no pacce<1'im,o • 
' ' . ' 

ayKnoaoa HYKnoHaMH, BbrnonHea11e TaKHX aKcnep_HMeai-oa, a ocooeirnocTII •B 06nacT11. 

Bb!COKIIX aHeprlli!, CTano B03MO~HbIM TOnbKO onaro,llapg ycneXllM. T0X.HIIK!;I nonyqe

HHSI ycKopeHHh!X 'laCTIIU, 

B' 3KCnepl!M0HTaX no pacce<1HIIIO HyKnOHOB Bb!COKOi! aaepr1111· 'HYKnoHaM11, npe,ll

lll0CTBOBaBIIll!X on11ch!BaeMbIM a JlllCcepTau1111, ohm ycTaHoaneH p<!Jl aa,11:Hh!X cae)le-. 

HIil! o <1JlepHoM aaa11MOJleiicTa1111, OnbITbI no pacce<1H1110 Hei!TpOHOB npoT011aM11 up11 
', ' , ' . 

aHeprll<IX 40, ll0 11 260 Maa SIBllnHCb np!!Mb!M .llOKa3aTenbCTBO!d 'cymecTBOBaH\ISI 

OOM8HHh!X c11n· B / n,-p /-c11cTeMe, 3Kcnepl!M0HThl no pacce_SIHIIIO npOTOHOl:I npoTciHa

MII, Bh!uonHeHHbie a 06nacT11 aHeprni! JlO 345 Maa, n0Kaaan11, '!TO KapT11Ha ynpyro

ro /p-p/-pacce<1H11<1 0Kaab1aaeTc<1 naoTpOuHoii II npaKTl!'leCKII He naMeH<1eTc<1 B 06-" 

naCTII 3H~pr11l! OT 100 JlO 345 ["\aa, 

Pecpep11pyeMa11 paooTa 11oca11meHa 11ccneJloBaH1110 _ynpyroro pacce!IHll!I 

HOB Ha npoToHax np11 aHepr1111x 460 H 660 Maa, 3KcnepiiMeHTbl npn aHepr1111 

npoTo-

460 Maa BhlnonHeHh! aaTopoM coaMecTHo c M.r. Memep11K0Bb!M, B,C, HeraHoB_b1M 11 

E ,B, nac1:apeauM, a npa aHepr1111 660 Maa - coaMeCTHo c vf .K. BaopoBhlM, Oc.Hoa

H bl0 BonpoCbl HaCTO!i!ll0i! paOOTbl .onyonHKOBaHbl B CTaTb!IX/t-4 /, 

.n11ccepTa~HSI COCTOHT H3 '10Tblpex rnaB, nepaa!I rnaaa C0Jl0p:>KIIT H0KOTOpb10 

BBOJlHbI0 CB0Jl0HHSI H KpaTKHii o6aop MaTepllana no. 113Y'l0HIIIO yupyroro pacce.<1Hll!I 

upOTOHOB npoToHaMH K MOM0HTY UOCTaHOBKII 9KCnepHM0HTOB,Ha CIIHXPOUIIKnoTpOHe 

naoopaTOpllll !1,ll0pHblX npooneM 0o'b0.llllH0HHOro IIHCTIITyTa !1,ll0pHblX IICCn0.llOB8Hllli, 

Bo BTopoi! rnaae OUHCb!BaeTC!I ycTaHOBKa,_ npHM0H!!Bllla!IC!I B onb!TSX no !l3Y'l0HIIIO 

ynpyroro pacce.<1HH.<1 npoToHoB c aaeprH!IMII 460 11_ 660 Ma a. aa npo"Toaax, Peaynb-. 

TaTbl OUb!TOB 113nO:>K0Hbl B TpeTbei! rnaae, 06cy:>KJl0Hll0 peaynbTaTOB aKcnep11Meli-

' TOB no pacce<1HIIIO. npOTOHOB BblCOKOi! aHeprl!H upoToHaMI! upoBO,lllITCSI B '10!BepToii 

rnaa-r-: 

''< 

1. 

·s 'aKcnep11~eHTax, Bbluo;iHeHHbIX B aapyoe:>KHbIX na6opaTop1111x c noMOIIlb!O 

paanl!'IHOi! M0T0Jll!Kllt ObinO UOKa3aao, '!TO KapTl!Ha yupyroro pacce!IHll!I upoT_OHOB 

. ,· 
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npoTOHaMII, Ha'IIIHall C 9Hepr11ll 100-120 MsB II .llanee; BnlIOTb .llO HallOOIIbWell 9Hep

rn11, npn KOTOpoll Oblllll BbinOIIHeHbl onh!Tbl - 345 M~ll, npaKTH'!eCKII He npeTepnesa

eT ll3MeHeHllll, EbtnO Hall.lleHo, '!TO .llllcpcpepeHuHallbHble· ce'!eHllll ynpyroro pacce,mHSI 

B IIHTepsane 9Heprllll 100-345 MsB He 3aBIICl!T OT yrna II 9Hepr1111. 

Onb!Tbl no pacce!IHHIO HellTpOHOB npOT'OHaMH, npOBe.lleHHbl0 npll 9HeprH!IX 40, 

90 H 260 Mas, llOKaaanH, '!TO / rl-- p /-paccel!HHe npH 9THX 9HeprHllX OOHapy>KH

BaeT peaKylO ·aHH30TpOllHIO. Onb!Tbl' no ynpyroMy / n-p /-paccel!HHIO, ~binOIIHeHHble 

B.n. nm enenOBblM H IO.M. KaaapHHOBblM / ily6Ha/. np11 9HeprHH Hel!TpOHOB 380 Mss, 

.n aKcnepllME;HTbl no ynpyroMy. /p.:.p'/-paccel!HH10, npoBe.lleHHb1e npH aHeprHII 345 Mas 

tteMoepneHoM, Cerpe n BHraH.llOM /BepKnHI, noKaaann, '!TO n npH SHeprH11x HyKno

HOB 345-380 Mas coxpaH5!eTCll peaKoe pa31IH'!He Me>K.llY Yr'IIOBblMH aa_BHCHMOCTSI

M H ce'!eHHll paccel!Hllll npoTOHOB Ha npOTOH_ax H ce'!eHHll paccel!HI151 HeilTpOHOB Ha 
0 .· 4' 

npoTOHax; . np11 $TOM B palloHe yrnoB OKOIIO 90 ce'!eHHSI / VI,- p /-pacce!IHHll OKaaa-

' nHCb .llOCTaTO'IHO 00/lbWHMH, 

I 
CoBOKYllHOCTb 9THX 9KcnepHMeHTallbHblX cpaKTOB He nony'IH/la Y.llOBII0TBOpHTenb· 

HOro TeopeTH'lecKoro 001,l!CHeHHll, a npusena no cymeCTBy K e.llHHCTBeHHOMy BblBO.llY 

0 TOM, '!TO Me>K.llY HYKIIOHaMH, HaXO.lllllltllMHCll Ha MallblX paCCTOl!HllllX, C ymecTByeT 

BeCbMa HHTeHCHBHOe B3aHMO.llellcTBHe. 

11. 

B onb!Tax no uay'leHHIO ynpyroro paccel!HHll npoTOHOB Ha npoToHax npu SHep

r'HllX 460 H' 660 M 9B. B 'Ka'leCTBe .lleTeKTOpOB pacce!IHHblX npOTOHOB HCllOIIb30BalIHCb 

TeneCKOnbl H3 cnHHTH~llllUHOHHblX C'!eT'IHKOB. PerHCTpaUHll. npOTOHOB, HCnblTaBWHX 

ynpyroe pacce11H11e, npoBO.llHnaci. .llBYMll MeTO.llaM11: 

a/ H3MepeHHll 0.llHHO'IHblM TenecKonoM, 

PerHCTpHpOBallCH TOllbKO 0.llllH' 113 npoTOHOB, y'!aCTBOBaBWHX B aKTe ynpyroro /p-p /

COYJ:lape'iurn. TenecKon ycTaHaBllllBancll nO.ll H0KOTOpblM yrnoM K aanpaBII0HHIO nep-. 

BH'IHOro \ny'!Ka H perncTpHpOBan npoTOHbl, ynpyro paccel!HHbl0 nO.ll 9THM yrnoM. 3a

pl!>KeHHble npO.llYKTbl_ He_!npyrux /p-p/-coy.llapeHl!ll / sr+ -Me30Hbl, npOTOHbl H .llell

TpOHbi/ nornomanHcb B cp'HnbTpe, ycTaHaBnHsaeMoM B TenecKone. 3ToT MeTO.ll noa

BOnl!eT npoBeCTH H3MepeHllll ./lHcpcpepeHullallbHblX ce'!eHHll /p-p/-paccel!HHll BO BCeM 
.llllanaaoHe. yrnos, B TOM '!Hcne B o6nacTH Manhrx yrnon, 



6/ vfoMepea11l! conpll>KeHHbIM11, TenecKonaM11. 

Pa_c,cel!HHblll npOTOH II npo'tOH OT,o:a•m per11cTp11poaa,111cb '.O:BYMll T'enecKOllaMII, BKJIIO

'leHHblMII B cxeMy coana,o:ea11ll. TeneCKOllbl ycTaaaBJIIIBaJIIICb B rop1130HTallb!IOil nno

CKOCTII, npoxo.o:,uuell 'Iepe3 OCb ne~Bll'IHoro ny'IKa ,IlpOTOHOB. YrnbI, o6pa3yeMble 

ocl!MII TenecKonoa c a_anpaanea,11eM nepBll'IHoro n_y'IKa npoTEoa, y,o:oBJie~aopllJIII K11-

aeMaT11'1ecK0My COOTH?llleHIIIO c~ <P1. ct~,:-4'2 = 1. + 2Mpc2·. , • r.o:e ~ II 4>2 
yrnbl B naoopaTopaoll CHCTeMe, E - KHH0TH'leCKall aaeprllll naaaromero npOTOHll, 

Mpc2 - co6c;aeaHal! aaepr11ll npoToaa. Snaro,o:apl!. aToMy MeTo.o:y' y,o:aeTcl! npo

ao,o:nTb Haonro,o:eane OT,O:eJibHblX llKTOB ynpyroro /p-p/-paCC0llHHll Ha cpOHe ,o:pyrH'C 

npoueccoB, npOIICXOD.llIUIIX np11 CTOJIKHOB0HIIH npOTOHOB C npOTOHllMH H SI.O:PllMH MH

llleHH. 

B Ka'l<;CTBe MHllleHell /paccenBaTenell/ B M3MepeHIISIX Ha OOJiblllHX yrnax 

11Cll0llb30Banncb napacpMH II rpacp~,T· acpcpeKT OT BO.O:Opo,o:a HaXo,o:nnc!I pa3HOCTHbl~ 

MeTO,O:OM. B Ollb!TllX no.o: ManbIMII yrnaMII npHM0HSlllBCb MHllleHb 113 >Kll,O:Koro BO.o:o

po,o:a. 

Ill. 

Pe3yJibTaTbl H3MepeHnil .o:11cpcpepeHunanbHbIX ce'!eH11d ynpyror~ · pacce11H11ll 

npoToHoB npoToHaMn npn aaepr1111x 460 n 660 Maa npnae,o:eHbl B Taonnuax 1 

11 2 11 Ha p11c. 1 n 2. 06o3Ha'leHn11 a Ta6n11uax: 

9 - yron pacce11an11 B rpa,o:ycax B c11cTeMe ueHTpa 11Hepu1111, 

~(8) -;gr - ,o:11cpcpepeaunanbHoe ce'lea11e /p-p/- paccel!Hllll B c.u.n. B M11nnn6apHax 

Ha cTepa,o:naH, 

0 - 113MepeHIISI 0,0:HHO'IHblM TenecKonoM, 

il 113M0p8HIISI ABYMSI conp!!>KeHHblMII TenecKonaMII, 

norpelllHOCTII, YKll3llHHbi0 B Ta6n11uax, S!Blll!IOTCSI CTaH,o:apTHblMII OlllHOKllMH 

npoBe,o:eHHblX 113Mepea11ll, 00)'.CnoaneHHbIMII TOJibKO CTllTIICTIIKOil C'leTa. 
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Ta6nHua 

. nHcpcpepeHUHSnbHbl0 C0'10HH!I ynpyroro· /p-p1-pacce!IHH!I npH 3HeprHH 
npOTOH?B 460 MsB 

8 c(ji(6) 
ctn 

5 33.:t 6 0 

10 5,91:t.0,46 0 

15 4,69.:!;0,38 0 

20 3,98:!:,0,56 0 

27 3,73:!:,0,34 0 

33 3,97.:!:0,16 0 

40 4,06±.0,16 0 
, 

46 3,99.:!:0,12 0 ~ 

53 3,84:!:,0,14 0 

55 3,36:!:,0,25 0 

55 3,59:!:,0,21 · n 

66 3,82.:!;0,14, 0 

66 3,81 :!:'..0,18 n 

78 3,52 t.0,14 0 

78 3,56:t.0,20 n 

90 3,5Q±0,10 0 

Ta6nHua 2 

nHcpcpepeHuHan&Hble ce'leHHll ynpyroro /p-p/-pacce11HH!I npH sHeprHH npoToHOB 
660 Msa 

e 
5 

10 
15 
20 
25 
30 
40 
50 
60 
70 
80 
90 

"¥ 
18,9 :!:.1,1 
11,0 t.0,7 

8,67:t. 0,53 
7,75 :!:. 0,48 
6,56 t. 0,40 
5,58 .:!: 0,15 
4,78 :!:. 0,26 
3,99 :!:. 0,20 
3,41:!:. 0,13 
2,94 :!:. 0,12 
2,20 :!:. 0,05 
2,07 .± 0,03 

0 
0 
0 
0 
0 
n 
n 
n 
n 
Jl 
n 
n 
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) 

nonHbl9 C9'19HHll ynpyroro paccellHHll npoTOHOS Ha npoTOHax, HallA9HHble 

nyTeM HHTerpaposaHHll senH'lHH AHcj:,cj:,epeHuaanbHblX C9'19HHll, npHS9A9HHblX Sb!llle, 

npeAcTasneHJ\l s Ta5naue 3. 

T a 5 n a u a 3 

nonHbl9 C9'19HHSI ynpyroro /p-p/-pacceHHHll npH eHeprHHX npoTOHOS 

460 a 660 Mes 

3HeprHll 
s Mes 

460 

660 

TionH09 C9'19HH9 
s Mtmna5apHax 

24,0 .:!: 0,6 

24,7 !..l .o 

8 eKcnepHM9HTax no H3Y'l9HH!O ynpyroro /p-p/-pacceHHHH, peaynbTaTbl 

_KOTOpblX npHS9A9Hbl s Ta5nauax 1, 2 H 3, nony'l9Hbl nepeqacneHHble HHlKe HOSbte 

CS9A9H.Hll O /p-p/-s3aHMOA9llCTSHH: 

i. 05HapylKeHo, 'ITO npH eHeprHH 460 Mes HaMe'laeTCll OTCTynneHH8 OT H30-

Tp00HH a ynpyroM /p-p/-paccellHHH; AHcj:,cj:,epeHuaanbHOe ceqeHae paccellHHll He

cKonbKO ysenH'!HsaeTcSI /Ha 10- 15% / C YM8Hblll 8HH8M yrna OT. 90° AO 30° s c.u.H. 
, ' 

2. HallAeHo, 'ITO OTcTynneHae oT aaoTponHOCTH s ynpyroM /p-p/-paccesiH1rn, 

HaMeTHBll!eecll npa eHeprHH 460 Mes, c n0Bbllll8HHeM eHeprHH AO 660 Mes paasw· 

saeTCll B KapTHHY OT'leTnHSO BbtpalKeHHOll aHH30Tponaa: 

a/ AHcj:,cj:,epeHuaanbac;e ce'!eHae noA yrnoM 30° s c.n.a·. no'!TH a. TpH paaa 

npeSbllllaeT COOTB9TCTBY!OlllYlO senH'lHHY IlOA yrnoM 90°; 

·51 AHcj:,cj:,epeHuaanbHbZe · ce'!eHH!I ynpyroro /p-p/-pacceHHHll Ha 5onbll!He yrm,, 

/ 8 >50° / npH nepeXOA8 OT eHeprHH 460 Mas K eHeprHH 660 Men YM9HbrJazoTcH; 

B 'laCTHOCTH, AHcj:,cj:,epeHUHam;~oe C8'19HH8 /p-p/-paccellHHll IlOA yrnoM 90° B c.u.a. 
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· -1 · . . -1 
113M8H!l8TC!I OT 3,5 M0,CTepa.o /460 Mss/ .00 2,1_ M0,CTepa.o /660 Mss/, 

3. YcTaH0Bne110, qTo .nonnoe ceqen11e ynpyroro /p~p/-pacce11n1111 c ysen11qen11-

eM snepr1111 OT· 460 Mss · .oo 660 Mss-·oCTaeTC!I B npe.oenax ow1160K om,1Ta nocT011n

HbIM. 3_To 03HaqaeT, qTo pocT nonnoro. C9'J9Hll!I /p-p/-B3SIIMO,Zl9l!CTBll!I B O0JISCTII 

SH9pr11·11 460-'660 MsB o6ycnoBJI9H T0JlbKO 'HeynpyrHMII npoueccaMH, 

4. O~pe.oeneHbI 113 conocTasneHH!I noJIHbIX ceqen11A ynpyroro /p-p/-pacce11'

n1111 II nOJIHb!X_ ceqem1A /p-p/-saa11Mo.oel!cTBH!I, 113Mep,eHHb!X ,cipyrHMII SBTopaM11, .. . 
nOJIHbI8 ceqeH1rn' Heynpyroro B3SIIM0,Zl eAcTBll!I npil S.HeprH!IX 460 H 660 MsB II HaA.oe-

H O, qTo HHT9HCHBH0CTb Heynpyroro /p-p/-B3SIIMO,ZlellcTBll!I B STOA O0JISCTH SHeprHA 

pe~Ko Bo3pacTaeT. 

lY. 

B CB!l311 C Tpy.OH0CT!IMII HS nyTH noCTpoeHH!I KOJIHqecTB8HHOA TeopHH 11.oepHbIX 

CIIJI peayJih'fSTbI 9KCn_epH_M8HTOB _no pacce!IHHIO HYKllOHOB HyKJI0HSMII Hcnonb3YIOTC!I 

noKa llllWb .Zlll!I nocTp09Hll!I cpeHOM8HOnor11qecKoro. on11caHH!I 0T,Zl9llbHbIX CT0p0H 11.oep

HOro B3SHM0,Zl9l!CTBll!I, 

,OJI!! npoae.o 9Hll!I 0,ZlH03liaqH"oro qJS30ROro SHSllH3S peaynhTSTOB 0nbIT0B no· pa?

C9!1HIIIO HYKllOHOB HyKll0HSMII npll SHeprH!IX Hll>Ke nopora 00pa30BSHll!I. M930H0B, KaK 

sTo oblno ~oKaaaHo TTyaHKOBbIM, PbIH.ZlHHbIM II CMopo.oHHCKIIM, Heooxo.oHMO Bblnon

HeHHe n!ITH 'H·eaaBHCHMbIX 9KCnepHM9HTO~, TTpH SHeprH!IX·, npeBbIWSIOWHX nopor o6p~-

30BSHH!I 3'C -Me30HOB, q11cno onbITOB~ H900XO,ZlllMbIX .Zlllll BOCCTSHOBn9HH!I aMnnHTy

.Zl-bl ynpyroro pacce!IHH!!, ,Zl0CTHraeT .Zl9B!ITH, llllH npH npoae.oeHIIH C0BM9CTHoro ana

llH3a .oaHHbIX · no ynpyroMy /r,-p/- H / n.-p / -pacce11HH10 tronos1111, ,O>Kenenoa , 

Ha.oe>K,ZlHH, CaTapoa/ C0KpamaeTCll ·.oo TpllHH.OUHTH,· 3KcnepHM9HTHllbHb!9 .ZlHHHb!9, 

IIM8IO!llll9Cll B HHCT0!IW99 Bp9M!I no /p-p/-c11cTeMe, C ToqKH 3p9Hllll Bbm0nHeHH!I 

nporpaMMbl Haoopa onbITOB .Zlllll npoae.oeHHll 0.0H03HaqHoro cpa30BOro SHHllll3H 

eme H8,Zl0CTaToqHbI .oa_>Ke np11 HSHoonee no.opo0HO HCcne.ooBHHHb!X 3HaqeHll!IX SHep

r1111 310-320 Maa /BepKnH/, 635-660 Maa / ,Oy6Ha/. O.oaaK~ 11 np11 cymecTByIO

lllHX .ZlSHHbIX nO!IBll!!9TC!I B03M_O>KH0CTb OU8HKH qiaa, ecnH np11Bneqb H9K0T0pble. 

.oonoJIHIIT9JlbHbl9 cooopa>KeHHll, Bb!T9KSIOWll8 H3 TeopHH non11, H B1,1q11cn11Tb BKna.o 

cpa3 C 0OJibWIIMH 3HaqeHH!IMH opoHTHJlbHOr0 M0M9HTH /l{y, OKyHh, TToMepaHqyK/, 
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BosMO>KHo, 'iTO sToT no.oxo.o nossonHT coxpaTHT~ oo'beM. HHcpopMauHH, TpeoyeMolt_ ot 

OT 8KCnepHM8HTa, 

B oonacTH eme ·t,on&wax sHeprHll. npoToHoB, r.oe sxcnepHM8HTan&HaH ~Hcpop-

_. MBUHH OTHOCHT8nbH0·_08J:(Ha, npeilcTaBnHeT llHTepec paCCMO_Tp8HH8 _HM8I01U8roc11: Ma:. 

Tepuana Ha ocHoBe KOHuenuiiu' o nepacpepH'ieCKHX ssaHMo.oeltcTBHHX, sneMeHTBpHblX 

'iBC'l:HU, 

lln11 peweHHII nocTasneHHblX. sonpocos Heo_6xo.o!!Mo .z:xan&aeltwee Haxonneaae 

8KcnepHM8HTBnbHbIX .z:xaHHblX O B38HMO.oellcTBHH HyKnOHOB C HyxnoHaMH,. B ocot5ea

HOCTH npH BblCOKHX 8H8prH11x. 1tor.oa .z:xnHHa BOnHbl na.z:xa10melt 'iaCTHUbl ·CT8HOB~TCII:· 

HaCTOnbKO Manoi!, 'iTO B03HHKa8T B03MO>KHOCTb H3y'i8HHH B38HM0.081lcTBHII Hyxno

HOB Ha ManblX" paCCTOIIHHHX H Hccne.ooBaHHII CTpyKTypbl CBMHX HyKnOHOB, 

Pyxonuc& nocTynHna s H3.0aTen&cKHll•oT.z:xen 

25 HHBBPH 1980 ro.oa. 
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