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KynHKOB A.B., noHTeKopao 6./V\. PI - I0202 
noHCK p8ilH08KTHBHbiX CBepxllJIOTHbiX Hilep 

Pe3y JibTaTbl BhmonHeHHoro B Ceprryxoae aKcrrepHMeHTa no rroHcKy Ho

BbJX ilOJlrO)!(HBylllHX '!8CTHU BH8JIH3HpyJOTCH B paMK8X B03MO)!(!fOrO CyllleCTBO

B8HH51 CBepxllJIOTHblX Hilep. npHBeneHbl BepxHHe rrpeneJibl Ce'!eHHH o6pa30Ba

HHH panH08KTHBHblX CBepXITJIOTHblX rrnep IlpH CTOJIKHOBeHHlf IlpOTogos Bb!COKOH 

3HeprHH C 06bl'!Hb1Ml! 11ilp8MI!, 

Pa6oTa BblllOJIHeHa B Jla6opaTopHH HnepHbiX rrpo6neM OHHH. 

flpenp~IHT 06be,QHHeHHOrO HHCTHTyTa H,nepHbiX HCCJie,QOBaHKH 

,ll;y6Ha I976 

Kulikov A., Pontecorvo B. PI - I0202 

Search for Radioactive Superdense Nuclei 

The results of an experimental search for new long
lived particles performed at Serpukhov are discussed in 
terms of the possible existence of superdense nuclei. The 
upper limits of cross sections for the production of radio 
active superdnese nuclei in collisions of high energy pro
tons with normal nuclei are presented. 

The investigation has been performed at the 
Laboratory of Nuclear Problems, JINR. 
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@ 1976 06l>eOUHeHHI>IIi UHCIIIUIIIYIII JIOepHI>IX UCCAeOOBaHUU )!y6Ha 

1. B H8CTOHmee BpeMH BODpOC 0 B03MOXHOM cymeCTJOB8HHH HOBUX 

cBepxnHOTHHX cocroaHH~ a~epuoro •emecrBa mKpoxo o6cyx~aetca reo

petHKaMK • sxcnepKMeHtatopaMw. Taxxe auouaH&HHe a~pa BnepJue pac-
/1,27 /3,4/ 

cuatpHB8HHCa Mxr~aHoM x sateM pa~oM asropo1 • B He~aBHeA 
151 

CTatbe MHr~8H8 H ~p. DO~p06HO 06Cyx~HCH BODpOC 0 CT86HHhHOCTH 

8ROManhHHX H~ep C TOqKH 3p8HHH DHOHHO~ KOH~eHC8UHH 1 T,e, HBHeHHH 1 

KOTOpOe MOrHO 61>1 o6ecneqxTa COMO HX cymecTJOI8HHe • 0CHOBHOR pe-

3YHhT8T 8HaHH38 COCTOHT B TOM, qTO T80pHH He~OCT8TOqHO TOqHa 1 qro-

61>1 C~eR8Tb onpe~eneHHUe IHJO~H 0 cymeCTIOB8HHH 8BOM8AbHHX H~ep. 

O~Ha.KO MOXHO ynepX,11,8Tb 1 qro npH p83YMHHX 3HaqeHIIHX a~epHHX KOH

CT8HT cy~eCTBOB8HH8 T8KHX H.D;ep BDOHHe J03MOXHO. MOXHO OXH,li;8Th 1 qTo 

M8X.JU' ypOBHHMH CBepXJUlOTHHX H~ep 6y ~YT HMeTb MeCTO fi· 14 d -
nepeXO~H 1 DpH 3TOM HX X8p8KTepHHe 3HeprHH MOryr CHHbHO OTHHqaT&

CH OT TIIDH'IHHX 3HeprH~ ,lVIH j!,- II ~ -nep eXO~OJ B 06HqHHX H,D;pax. 

Tor,~;a B03HHK8 eT BO 3MOXHOCT & 06Hapy:J:HTL 8HOU8H&HHe ll~pa, B86Hil.D;8H 

3TH nepeXO~H, KOTOpHe 1 K8K CHe~yeT H3/5/, BepOBTH0 1 3H8'1HteH&HO 

6oHee 3HeprerxqHu1 qeM o6HqHue nepexo;;u (50-100 UsB BMecto 

I-10 MsB). 
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/5/ 
CornacHo , HMeurcs, no KpaDHej wepe, TPH o6nacrH, r~e wor-

RH 6H cyrueCTBOB8TL aHOMaRLHHe H~pa: 

I) o6nacn Z-zil/2.. , r~e A-tlHcno 6apHOHOB H Z -3R8KTpH4ec

KHff 38pH~ H~pa, To8o T8K8H 06R8CTL H30M8PHH DROTHOCTH, r~e 8HO

M8RLHHe H~pa HMeRH 6H donee HRH MeHee 06H4HHe 3H8QeHHH OTHOmeHHH 

4HCR8 npOTOHOB K QHCRY HeATpOHOB; 

2) o6nacn Z<<ll , t .e. o6nacn aeArpoHHHX (HJUI cHnLHO Hej

TpOHOH36HT04HHX) H~ep; 

3) o6nacn cynep3ap!!J:eHHHX n~ep ( Z oqeHL BenHx), r~e nH

OHHaH KOH~eHC8UJ.iH CBH38H8 C CHRLHHM 3ReKTpOCT8TH48CKHM UOR8M H~pa. 

C 3KCnepHMeHT8RLHOA TOQKH 3peHHH HCHO, 4TO B coy~apeHH!IX 

HyKROHOB HRH H~ep C H~p8MH MHW8HH MOJ:HO H8~8HTLCH o6p830B8TL TORL

KO i.) H~pa B 06R8CTH Z -::::fi/2 , eCJIH HX DROTHOCTL He CJIHWK0.14 

BHCOK8r H ii) HeAtpOHHHe H~pa, ecnH OHH MOryr CYIII8CTBOB8TL npH 

~ocraroqao uanux 3Ha4eHHnx A (cKaze.M, A< I5, nocKORLKY oqeBH~

Ho, 4TO xpaAHe M8ROBepOHTHO o0pa30B8HHe OoJiee T!IXeRHX HejrpOH-

HHX ll~ep). 

B ~aHHoA pa6ore uu cooOmaew oO onurax, B xoropux, B npHH

UHne, 8HOM8~LHH8 ;8· H 6 - P8~08KTHBHHe H~pa .MOrJIH OU dUTL 06-

p830B8HH H 00HapyxeHH. 

II. Ha rpaifJHKe, r~e 3Hepntn, npHXO~.R:mancn Ha o~H OapHoH, 

OTROJ:eHa K8K if!YHKUHA H~epHOA DROTHOCTH, cymeCTBOB8HHe CBepx-

DROTHHX l!~ep COOTBeTCTBOB8RO 6H MHHHYy.uy npH DROTHOCTH n1 ,60JIL

meA, 48M 00H4H8H H~epH8H DROTHOCTL n0 , CBepXUJIOTHOe H~pO YOrJIO 

6u 0HTL Oonee THJ:enHM HJIH Oonee nerKHM, 48.14 COOTBeTCTByvmee H30-

MepHOe (00H4HOe) H~po, HO CaMOllpOH3BORLHHe nepeXO~H Me~y H30MepHH-

Mll if!OpMaMH ~OJIJ:Hll 0HTL CHnLHO no~aBJieHH, taK 4TO C 3TOA T04KH 3pe

HHII OHH ¢aKTHQeCKH CTa6HRLHll, 

KaK orYe4eHo paHee, /]- H X -nepexo~H,tHDH4HHe .1\JIH cBepx-
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DJIOTHHX H~ep, BepOHTHOr XapaxtepH3YDTCH 3HepreTH4eCKH.I4 M8CWT800M, 

ornH4anmH.ucn or Macmraoa, npHcymero o6H4HHM H~epHHW nepexo~a.u. 

3TO H HBJIH8TCH HCXO~HHM DYHKTO.U ~8HHOA paOOTHo 

Ilpe~no~oxHM, qro Ha caMoM ~ene csepxnnorHHe s.n;pa cymecrsynr. 

KaK .UOXHO 00pa30B8TL CBepXDJIOTHHe H~pa B coy~apeHHIIX l!~ep HJIH 

HyKJIOHOB C 06H4HHMH H~paMH? 3TOT BODpOC B H8CT0Billee BpeMII COBC8M 

He BHHCH8Hr HO 06111ee MHeHHe CKJIOHHeTCII K TOMy r 4TO HaHOOnee 

BHrO~HO HCCJie~OB8TL COy~peHHH MeX~ THXeRHMH HOH8.14H C 3HeprHHMH 

HeCKOJILKO COTeH ll3B H8 HYKJIOH. Ilpe~oJiara etCH, XOT II HH B KOeA Me

pe He ~OK838HOr 4TO TBKHX COy,l\apeHHHX B H,l\epHOM BemeCTBe MOJ:eT 

B03HHK8TL y~apH8H BOJIH8r npHBO,l\Hili8H K CXBTHD H~epHOrO BemeCTB8 

I. '". c~o n11no ~ c; •• '· 

B03MOXHOr ,1\0CTBTOQHOe CJ:8TH8 MOXHO OOJIY4HTL T8KX8 B HyKJIOH

H~epHHX COy,l\apeHHHX. HMeHHO Ha 3TOM OCHOBaHHH MH npe~

CT8BJIHe.U 3~8CL pesyJILTBTH npoBe,l\eHHHX HCCR8~0B8HHAo 

m. B H8CT0i!lll88 BpeYH HeKOTOpHe OnHTH, npe~H83H848HHHe MH 

OOHCKOB CBepXOJIOTHHX H,l\ep, yxe BHDOJIH8HHo ITpOBO~HRCII UOHCK npH

MeCH CBepXUJIOTHHX H,l\8p B OOHQHOM semectBe ( C OTPHU8TeJILHUW pe-

3YJILT8T0.14) npH nonurxe Ha6JID~TL npoTOHH c 3HeprHeA 600-800 MsB, 

paccei!HHHe H838~ C KpaAHe BHCOKOA nepe~aqeA HMDYRLC8 MHW8HH/?/, 

IIonyqeH sepxHHA npe,l\eJI MR npHMecen TBKHX aHOMaJihHHX a~ep B oOuq

HOM B81118CTB8, paBHHA I0-8. KpoMe roro, HCK8JIH/B/CBepXnJIOTHHe H30-

TOOH Rn , nuranch o6HapyxHTL raMMa-Jiy4H BHCOKOA saeorHH, Hcnyc

Kaewe npH 38XB8Te T80JIOBHX HejtpOHOB. l{OHUeHtpaUHII CBepXUJIOTHHX 

H30TOOOB Rn OKa3aJiaCL M eH.bWe ro-29 aTOMHOA KOHUeHTP8IJ,HH Si 
Ha 3eMne. 

Coy,l\apeHHH c a,l\pa.uH P! HOHOB /lr c sHeprHJIMH I,I-1,6 f3B 

Ha HYKJIOH HCCJieAOB8JIHCL/g/ C Ha~e-,1\0A HaRTH npH oqeHL U8JIHX yrnax 
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CBepXDROTHHe ~parueHTH, KOTOpHe uornH 6H 6HT& BH6HTH Bnepe~ B 

pe3yRbT8Te CXBTHH OT y~apHOft BORHUo BepXHHA Dpe~eX CelleHHH HCDyc

KaHHH CBepXnROTHUX ~parueHTOB HaXO~TCR B 06R8CTH S•Io-25 -

10-JJ cu2• CsepXDROTHHe H~8 HCK8RH T8KZ8 B KOCYHII8CKOY H3Bylle
/I0/ 

HHH H RYHHOY Be~eCTBe 

IY. B aacroa~eB pa6ore uu Hanaraeu aexoropue peaynbraru, xo-
/ll/ 

TOpHe YOZHO H3BR811& 113 OnHT8 1 BUDORH8HHOrO H8 cepnyXOBCKOY 

YCKOPHTene C ~pyroft nen&D1 8 HY8HHO: 06HapyzKT& B03YOZH08 06paao

B8HHe HOBHX Y8T8CT86HRbHHX 118CTHU1 38XB8118HHHX BHYTPII S~ep (aHa

JIOrHIIHO 38XBary II -tJaCTHU B r11nepa~pax). B srou Hccne~oBaHHH 

npOBO~HJICa nOHCK 38D83~HB8 ~era H3RYII8HHH BHCOK03Hepr8TIIIIHHX 

3Jl8KTpOHOD 1 raYYa-Jiyqeft H DHOHOB OT CBHHUOBOft wmeJiH DpH 60Y6ap

~pOBK8 ee npOTOHBYH C 3HeprHeft 60 HRH 70 rsBo KauepeHHa BHDORHH

RHC& BO BpeMeHHHX HHT8pBaJI8X Yez~y HYQYJibC8YH yCKOpHTena. CHCT8Y8 
III/ 

~eTeKTHpOB8HHa, OnHC8HHaa B 1 BKJIDII8R8 CUHHTHRRaUHOHHHe ClleT-

IIHKHp HCKponue xauepH, cnexrpouerp noJiaoro norno~eHHa H pa6orana 

Ha JIHHHH C BHIIHCRHTeRbHOft M8mHHOft E3CM-JU. Annaparypa 6una IIYBCT

BHT8R&Ha K pacna~aY C BpeueHeM ZH3HH B HHTepBaJie uez~y 5"I0-JC 

H I ~aeu. llpH srou saepreTHIIeCKHB nopor ~a 3JieKTPOHOB H rauua-ny-
/l2/ 

qeft,cooraercrBeHHo, cocraanan E8 ~45 llsB, E6 ~60 MsB. E111e paaee 

YH HCCR8~0B8RH 3KCDepHY8HT8R&HO HCDYCK8HHe 38n83~LIB8D~HX rauua

JiylleB ( EJ-'~60 MsB) MHIDeHaMH H3 llt 1t W npH 6oy6ap~poBJte HX 

Dp0TOH8YH C 3HeprHeft 70 rsBo locrynaoe H3uepeHHD BpeYJi ZH3HH ne

llt6JI o B ~Hanas oae 6 q ~ T ' IO JieT. 

C TOIIKH 3p8HHH npe~era H8CTOH~el CT8T&H, H8mH ODLITU npe~

CT8BRHDT HHTepec Teu, liTO B03YOZHOe 06p830BaHH8 CBepXDROTHHX pa

~H08KTHBHUX a~ep B uHmeHH 1 6ou6ap~HpyeYol nporoaaw c aaeprHel 

70 raB, uorJio 6u 6HT& o6aapyzeao aa6nD~HHeu 6era-H rauua-pa~o

aKrHBHOCTH c xapaxrepaol saeprHel BHme nopora aamero ~erexropa. 
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\ 
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KOH811H0 1 DpH COBpeueHHUX 3H8HHRX 1 OTKpUTLIU OCT88TCH BOnpoc OT

HOCHT8R&HO TOro, B03YOZHU RH nepexo~ OT 06HIIHOft K CDepXDJIOTHOft 

~38 a~epHOfO BellleCTB8 B COy~peHHHX BHCOK03HepreTHIIHUX npOTOHOB 

c a~pauH. 
/II,I2/ 

llpHBe~eHHUe B BepXHHe npe~eJIU C8118HHft 06p830B8HHH KB8-

3Ha~ep, pacna~a~HXCR C HCDyCK8HH8Y BHCOK03HepreTHIIHUX 118CTHU 

(3JI8KTpOHOB HRH ~TOHOB), uoryT 6HT& HHTepnpeTHpOB8HH II HHTepnpe

TIIpyDTCR HaMil B H8CTOJlllleft CT8T&e K8K BepXHHe npe~enu CelleHHa 06pa-

30BaHHa csepxnnoraux pa~oaxTHBHHX a~ep ~a paanHIIHHX speuea ZH3-

HH 'l: • PeaynuarH n pHBe~eHH aa p11c. I. Jlna xaz~ol KPHBOR yxasaaH 

B81118CTBO YHmeHH H 3H8PfHR H8R8T8~HX DpOTOHOD; noporH ~eTeKTOpa 

3R8KTpOHOB II raYYa-nyqel npHBe~eHU paaee. 

6 
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PHc. I. BepxHHe npe~enu cet~eHHa 6 o6paaonaHHa csepx
nnoraux pa~oaKTHBHHX a~ep, Hue~Hx speya ZH3HH ~ , 
B CTORKHOB8HHHX BUCOK03HepreTHIIHHX DpOTOHOB C YHmeHa-
101 113 /It ' Pt H w • 
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B ~ononaeaae K cepnyxoacxau ~aauu, aa pac. I noxasaau 

T8KXe 3H84eHKR BepXHHX npe~eJJOB ceqeHHR 06pa30B8HHR HOBHX Q8CTHU, 
/13/ 

Koro~e nonyqeHH a noacxoaou onure a EaraBHH • BunonHeHHHR 

a ~epMHna6 onur, c roqxa speHHn reuu HacronmeH sauerxa, 6JJH30K 

K Hameuy, T8K qro ClleKyJJRUHH OTHOCHTeJJbHO B03MOXH0f0 06pa30B8HHfl 

CBepXllJJOTHHX pa~08KTHBHHX fl~ep npHM8HHMH H B 3TOY cnyqae. 

ITo Hameuy MHeHHD, cauue cymecraeaaue AaHHHe nonyqeau Ha 

P! H v/ uameanx, rax KaK B rnzenux snewearax o6pasoaaHHe caepx

nnorHHX n~ep anpHopa 6onee npaa~ono~o6Ho H3-3a cawoR npapo~u nB

neHHn llHOHHOR KOH~eHC8UHHo 

B 38KJJPJQeHH8 C~enaeu HeKOTOpUe 38M8Q8HHfl OTHOCHTeJJbHO HH

TepnpeTaUHH sxcnepaMeHra. Xorn B Hacronmee apeun HHqero aenL3fl 

CK838TL 0 llOJJOlteHHH fl,!tepHHX ypOBHeR, BepORTHOCTflX ,}' -nepexo-

.JtOB H .Jtpyrax xapaKrepacrHxax caepxnnoraux n~ep, reM He weHee, B 

orpaHHqeHHOti CTeneHH 1 MOXHO CJ~HTL 0 HeKOTOpUX CBORCTB8X HX ;R -
pacna~a. 

ITopor Hamero ~erexropa ~ ;i -nyqeH cocraanan, KaK orue

qanocL paaee, oxono 45 MsB. OqeHL rpy6o uoxao nonararL, qro ape

ueHa XH3HH fl,!tep OTHOCHTeJJLHO ;9 -pacna~a nponOpQHOH8JJLHH E-5 

(E-uaxcHManLHan 3Hepran B cneKrpe ;R -sneKrpoaoa). ITpaMeM aenH

qaay 2 MsB KaK ranaqHyD saeprr.nJ o6uqaux fi -nepexo~oB. Hs HMeD

maxcn ~HHUX 0 pa~H08KTHBHHX 3R8MeHT8X l!Oll:HO BH~el'L 1 qro Kpal'qafi

mH8 ape:.teaa l!CHSHH T , cooraercrayDmHe :noB saeprHH, cocraannPJr 

T - lO ceK .JtJJR A< 50 H T- 100 c Mfl A>50o Tor~a MOXHO OXH-

~arL, qro KparqattmHe apeMeHa XH3HH, C001'B8TCTBYPJIJ1He SHeprHH E= 

45 !JsB ( a cJJyqae cnepxnnorHHX n~ep) 6y lJYT nop!l~a T- ro-6c 

~ A.( 50 H '[ - ro-5 c ~nil A> 50. JTH 3HaqeHHn cymecraeHHO 

M8HLme 1 qey MHHHMBRbH08 HCCRe,JtOB8HHOe H8MH Bpeua EH3HH- 'i •<r,. 

O~HaKO H3 flAepHHX ~8HHUX MOXHO BH,Jt81'L 1 qro ,JtRfl ~8HHOR 3HeprHH 
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2 MsB apeueaa EHSHH o6uqHux jS -nepexo~oa npocrapaDTc!l Ol' yxe 

JK838HHHX MHHHM8RbHHX 3H8Q8HKI ~0 3HaQeHHH, Ha ~ 5 nopa~OB 

6onLmHX. IT03TOMY MOEHO 3aKJJDqHTb 1 qTQ 5 MC He HBRfl8TCfl 

aenpeueHHO CJJHillKOU 60RbmOH B8JJH4HHOR Bp8M6HH EH3HH 1 eCJJH CBepx

nJJOTHH8 R.Jtpa HcnycKanr ~ -nyqH c saeprHeH 45 MsB H, cne~osarenL

ao, aama annaparypa uorna saperHcrpapoaarL qacrL C001'Bel'CTBYD111HX 

npoueccoa fi -pacna,Jta. Koaeqao, yueaLmeHHe ,Jtocrynaux accne,Jtoaa-
~ HHPJ apeuea EH3HH a/HnH caazeHHe nopora peracrpaUHH ~ -nyqeti 6u-

no 6U XeJJ81'8JJbHO B 6y,Jt~HX 3KCll8pHMeHT8Xo 

B cansa c pasaHraeu ycxoparenea pennTHBHCTCKHX a,Jtep craaoaHr

c!l B03WOEHHM ,JtaRLHeAmee npHUeHeHH8 Hamero M8TOA8 perHCTpaUHH 38-
/11,12,14/ 

ll83,JtHB8DIJ1HX H3JJyqeHHH BHCOKOR 3HeprHH B OilHT8X no llOHCK8Y 

caepxnnorHHX a,Jtep. ITonaneHHe y~paux aona, cnoco6HUX o6ecne4:l!Tb 

,Jtocraroqaoe cxarae a,Jtepaoro semecraa, xazercn 6onee aeponrHHM B 

coy,JtapeHKHx ABYX rnxenux a,Jtep, qeu B coy,JtapeHHax ayxnoaoa c H.Jtpa-

MHo 

ll03TOMY OllHTH1 B KOTOpHX ilOHCKH CBepXllJJOTHHX fl,!t8p BUllOJJHflDTCfl 

MSTO,JtOM perHCTp8UHH 38ll83,JtHB8DIJ1HX BHCOK03HepreTHQHHX H3JJyqeHHA, 

uoryr 6HTb nepcneKTHBHHYH H8 ycxoparennx penHTHBHCl'CKHX raxenux 

HOHOBo 

B saxnnqeaHe Haw npHHrao no6naro,JtapHrb HamHx xonner r.AneKce

esa, A.3aRueaa,H.KanHHHHy,B.Kpyrnoaa,B.KysHeuoaa,A.Kynuosa,ll.Heue

HOBa,~.XasHHCa, R.qypHH8 1 BMeCre C KOTOpUMH B~llOJJH!IJJHLL Oll~TU,a 

TaKllte A. lbtr,Jtana,B. ranauKoro 'o. MapK11Ha, }l,Ml1illYCTHHa,B. KapHayxoaa, 

c.rronaKaaona,r.CopoKaHa sa nonesaue o6cyX,JteHaa. 
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