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1. BBEilEHHE 

B nocneAHI-1e roAbl segerc.A 1-1HTeHC\.1BHbl~ no1-1cK yaKI-1X peaoHaH
coe e C\.1CTeMe ABYX 6apHOHOB. 

~HTepec K 3TOH npo6neMe o6ycnosneH ABYM.A o6cTo.ArenbCTBaMI-1. 
Bp-nepBbiX, c\.1rHailbl or Y3Kl-1X Al.16ap1.1oHHbiX peaoHaHcoe o6Hapy)HI-1-
eaJOTC.A 8 Ol..leHb WlrlpOKOM Al-1ana30He 3¢l¢leKH1BHbiX MaCC - nOllT\.1 OT 

CYMMbl MaCC ABYX npOTOHOB AD 3HalleHH~, 6Jllt\3KI-1X K 2,3 r38(c2, 

npV1 3TOM nnOTHOCTb ypoeHeH B036Y>t<AeHltlil! AOBOilbHO BbiCOKa. 8 KBaH

TOBOH XPOMOA\.1HaM\.1Ke B paMKaX c¢ep\.14eCKOf0 MeWKa He YAaeTC.A 
o61tfiCH\IITb Ha6nJOAaeMbl~ cneKTP peaoHaHcos, oco6eHHO np\11 Maccax 
H1-1me no para MeaoHoo6pcaoaaHI-1.A. ,lln.A o6"b.ACHeHI-1.A npi-1XOA1-1TOl l-1c-
nonbaoeaTb npeACT.aeneHJ.1.A o crpyHax, AVIKBapKax 1.1 T ·A. Bo-ero-
PbiX, Wl11Pio1Hbl nOAaBil.AIOW,ero 60JlbW\.1HCTBa KaHA1-1AaT08 8 pe30HaHCbl 
oKa3biB210TC~ cpasH\.1MbiM\.1 c 3Kcnep\.1M€HTa1lbHbiM paapeweHJ..1eM no 
MacCaM, \.11 1 CileAOBaTeilbHO, \.1CT\.1HHb1€ W\.1PJ..1Hbl MOryT OKa3aTbCR 
\.IP€38bl\.lai:1HO MailbiM\.1, \.ITO 6yAeT CB\.1A€T€11bCTBOBaTb 0 CYU\eCTBOBa
H\.1\11 HOBbiX, HeY~asecTHblx noKa, npaB\1111 aanpeTa Ail~ pacnaAa TaK\.1X 
C\.1CT€M no C\.11lbHOMy KaHaily. 3KCnep\.1M€HTailbHbl€ yKa3aH\.1~ Ha O\.I€Hb 
Manble W\.1Q\.1Hbl peaoHaHcos /nop~AKa 1 M3B/c2/ \.1MeiOTC~ a pa6o
Tax17-IO/. 8 paMKaX M€WKOBoro nOAXOAa Mailbl€ W\.1P\.1Hbl A\.16ap~o7-
Hb1X pe30HaHCOB MO~HO nOilY4\.1Tb np\.1 60ilbWHX pa3Mepax M€WKa/l . 
Ho TOrAa, no-B\.1AI-1MOMy, CHOBa npi-1A€TCR BBOA\.1Tb paCTYU\\.1€ C pac
e TO~H\.1€M nOT€HL.I\.1a1lbl M€~AY KsapKaM\.1 1 T. e. nepeXOA\.1T b CHOBa K 
CTPYHHOH KapTI-1He 83a\.1MOA€i:1CTB\.1i:1. np\.1 3TOM B03H\.1KHYT see npo6-
IleMbl, CB~3aHHbl€ C 113anl-1paH\.1€M 11 KBapK08 1 KOTOpoe ~8IlR€TCR TeO
P€T\.14€CK\.1M nocTynaToM 1-1 BbiXOA\.1T aa paMK\.1 nepTyp6aT\.1BHOi:1 KX/.l. 

Oco6eHHO \.1HTepecHbl peaoHaHCbl c MaccaMI-1, MeHbW\.1M\.1 2mp + rnn, 
KOTOpble xapaKT€P\.13yiOTCR H€601lbW\.1M\.1 B036y~A€H\.1RM\.1 \.1 orpaH\.1\.IeH
HbiM \.I\.1CilOM KaHanoe pacnaAa /Ha 2 6ap1-1oHa 1-1 Ha 2 6ap1o10Ha n1110c 
1-KsaHTbl/. Mo~Ho AYMaTb, 4TO 1-13-aa Manoro I-1Mnynbca, npi-1XOAR
~erocR Ha OA\.1H KBapK BHyTp\.1 TaKara A\.16ap\.10Ha, KBapK\.1 1 B cpeA
H€M1 HaXOARTCR B TaKO~ C\.1CT€M€ Ha 60ilbW\.1X paCCTORH\.1RX APYr 
OT Apyra, \.1 3T\.1 COCTO~H\.1R MOryT C~Y*I-1Tb XOpowe~ na6opaTOp\.1€~ 

A11R \.13y4€H\.1R np06Il€M KOH~ai:1HM€HTa. 
C APYro~ cTopoHbl, yaK\.1€ HYKiloH-HYKilOHHble peaoHaHCbl c Manbi

M\.1 B036y~€H\.1RM\.1 MoryT B03H\.1KaTb BHYTP\.1 RA€P /3Heprl-1\.1 ¢epM\.1-
AB\.1*€H\.1R XBaTaeT AilR 3TOro/ \.1 cy~eCTBOBaTb BHyTp\.1 H\.1X KaKoe
TO BP€MR, AOCTaT04HO 60ilbWO€, OAHaK0 1 no cpaBH€H\.110 C BP€M€H€M 
C\.11lbHOro saa\.1MOAei:1crs\.1R aApOHa c RADOM. TorAa A11R nonHero 



110Hit!MaHI-1A eTPYKTypbl RAPa It! KapH1Hbl aApoH-RAePHbiX B3ai-1MOAei1-

eTBI-11it He06XOAlt1MO YYI-1TbiBaTb 3$C(JeKTb\ OT pe30HaHCOB llOA06HorO 

POAa. 

0 KeapKOBbiX noAXOAax AilR o6bRCHeH~t~A A1-16ap!t1oHos I-1MeeTCR o6-

W\11QHaR Jl\11TepaTypa. Mbl yKalt<eM AilR op!t1eHTMpoBKM Jli-1Wb Ha pa6o

T~/I-4/ lt1 Ha CC~JlK\.-1 B HHX. 

8TopaR B03MOlt<HOCTb 1 paccMOTpeHHaR ~.E.noKp08CKV1M 1 COCTOVIT 

a yYere MHoroMe30HHbiX o6MeHoe 1t1 eoa6ymAeH\11R 6-V1ao6apbl s npo

MewyTOYHbiX COCTO.RHI-1RX llp\.1 Bbll.I\IICJleHI-11-1 aM!li1\11TYAbl HyKJlOH-HYKilQH

HOrO B3a\t\MOAelilcT8\t\R/5/. npegcKa3bleaeMbllil PAA pe30HaHeoe 6Illt130K 

K 3Kcneplt1MeHTaJlbHO Ha6n~AaeMOMy. 

TpeTbR eepC!t1R, o6bRCHRIOutaR cneKTP pp-peaoHaHcoe 1-1 \11X MaJlble 

W1t1plt1Hb1 1 npeAJlO}I(eHa HeAaBHO Ei.A.Ap6y30Bb1M C COTPYAHHKaM\.1/6/. 

0Ha 3aKJliOYaeTCFI 80 BBeAeHI-1lt1 peilRTlt1Blt1CTCKOrO KYilOHOBCKOrO Kea-

3lt1110TeH~I-1aJla c nornoutaiOuteH YaCTbiO nplt1 nonom1-1TenbH~X 3Hepr!-1RX 

CBF3lt1. CooreeTCTBYIOutlt1e pacl.leTbl ga10T KaK ceplt110 fla6n10AaeMbiX oco-

6eHHoereH B 3¢l¢leKT\t\BHbJX Mace ax ABYX npOTOHOB, TaK lt1 06b.RCH.R

IOT M8JlbJe W\.1PI4H~ 3THX peaoHaHCOB, KOTOPble AOJlH<Hbl 6b1Tb llOPAAKa 

3JleKTpOMarHI-1THb1X. npHBJleKaTei\bHOCTb 3TOrO llOAXOAa COeTOHT B 

OTCYTCTB\tllt1 llOArOHOLIHblX napaMeTpOB. 

Bee Tpltl o6oRcHeH\tiR Ha6n10AaeMbJX y3KI-1X A1-16apt.10HHbJX peaoHaH

cos t.1MeiOT gena c HenepTyp6aT!-1BHbJMI-1 3¢l¢eKTaM!-1 a reop~t~H. Bee 

OH\11 npltiXOAFIT K AailbHOAe~cTBitiiO, yl.leT KOTOPOrO CyuteCTBeHHO Me

HReT HaW\.1 npegcTasneH\Il.R 0 C\llJlaX, AeliiCTBYIOUlMX Melt<AY l.laCTV1~aM\t1. 

8 AaHHo~ pa6ore Mbl cocpeAOTOLI\t1Jlt.1Cb Ha nol-1cKe peaoHaHCHbiX 

3¢l$eKTOB 8 CHCTeMe A8YX llPOTOHOB npl-1 3$$eKTH8HbiX MaCcaX HHlt<e 

nopora MeaoHoo6paaoeaHI-1R /Mpp < 2016 M38/c2/. 

Cyutecreyer PAA 3KCnepHMeHTOB no noHCKY 3¢$eKTOB y3KI-1X 

HYKJlOH-HyKJlOHHbiX pe30HaHCOB B 3TO!il o6naeTH Mace /7~ 19/. 
Bo ecex 3TI-1x 3Kcneplt1MeHrax nonyl.leHbl yKaaaHHR Ha cyutecreo

saHlt1e OCo6eHHOCTei1 B cneKTpax 3$¢leKTHBHbiX Mace ABYX HYKIIOHOB 

I a oeHOBHOM, ABYX nporoHoe/ c WI-1Pt.1HaM~t~, MeHbWitiMH 10 M38/c2. 

Heo6xog~t~MO orMeT~t~Tb, OAHaKo, LITO eo scex pa6orax 3Keneplt1-

MeHTaJlbHoe paapeweHwe no MaccaM cocTa8nReT HeeKonbKO M3B/c2, 

\.1 npH 60JlbWO!il llJlOTHOCTitl pe3oHaHCOB }l(eJlaTeJlbHO HMeTb JlyYWHe 

T04HOCT\t1, 

Ha6IliOAaeMble 3$clJeKlbl npeBbiWaiOT C(JOH Ha 3~4 CTaHAaPHiblX QT

KilOHeHHR,I-1, cneAOBaTeilbHO, rpe6yeTCR AaJlbHelitwee ysenlt1YeHHe 

CTaTHCTHKlt1. 

8 AaHHoH pa6oTe Mbl npeA11PI-1HflJllll nonbJTKY npeLtlt13HOHHoro Jti3Me

peHHA 3$cl>eKTa KaK 8 CMblcne AOCT\.1)f(€Hlt1R 8biCOKoro 3HepreTI-14eCKO

ro paapeweHIIIA, TaK \II xopowero craT~CTJtiYecKoro o6ecnel.leHlt1R. 

Ec:n~-1 Alt16ap!t10HbJ c Jt130TonHYeCKHM cnlt1HOM 1 = 1 cyuteeTBYIOT 1t1 

pacnaAaiOTCR Ha ABa nporoHa, TO 8 ceYeH\.11-1 ynpyroro pp-pacce-

.RHJtiR eJleAyeT oW-HAaTb oeo6eHHocre~. B cnyl.lae OAHOKaHanbHoro 
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pe3oHaHca 3To ce~eH~e MomeT ,qocT~raTb yH~TapHoro npe,qena, Ko
TOPbl~ np~ 3Hepr~flX 1 00+200 M3B COCTaBil.R€T H€CKOilbKO ,Q€C.RTKOB M~nn~6apH/20/. 3Kcnep~MeHT no ~3MepeH~~ 3HepreT~~ecKo~ aaa~
c~MOCT~ OTHOC~T€IlbHO A~$$epeH~~ailbHOrO ce~eH~.R ynpyroro pp
pacceflH~.R BbtnonHeH HaM~ e o6nacT~ aHepr~H nepaVI~HbiX npoTo
HOB 116+199 MaS, '-ITO COOTB€TCTBY€T o6nacT~ 3¢¢eKTIIIBHbtX MaCe 
,qayx npoTOHOB 1934+1974 M3B/c2, a KOTopoH pfl.QOM aaTopoa no
ny4eHbl yKaaaHVIfl Ha cy~ecTaoaaHVIe y3KVIX HYKilOH-HyKnoHHbtX peao
HaHcoa. 

2. nOCTAHOBKA 3KCnEP~MEHTA 

YcTaHOBKa pacnonomeHa BHYTP~ IlVIHe~Horo npoMe~yTKa CVIHXpo
¢a30TPOHa OHRH. B Ka4eCTBe MVIW€HVI VICnonb3yeTC.R TOHKaR nneHKa, 
~3rOTOBil€HHa.R Vl3 cnnaaa o6bl'-lHOrO VI ,qei:::ITepVIpOBaHHOrO nOJlVI3TVI
IleHa C np~t~MepHO O,QVIHaKOBbiM CO,Q€p>KaHVI€M BO,QOPO,Qa VI ,Q€~TepVI.R. 
no,q 3a,QaHHbiM yrnOM B na6opaTOpHO.::i CVICTeMe V13Mep.R€TC.R OTHOwe-
HVIe R = Nyrrp/NM KaK ¢YHK~VIR 3HeprVIVI HaneTa~~VIX npoTOHOB. 
3,qecb NYn~ - 4VIcno ynpyro pacce.RHHbiX a ,QaHHbt.::i TenecHbti:1 yron 
npoToHoE, nponop~VIoHanbHOe ce4eHVI~ ynpyroro pp-pacceRHVIR; 
~- '-IVICilO OTC4€TOB MOHVITOpVIpy~~ero npo~ecca. 8 Ka'-I€CTB€ MOHVI
TOPVIPY~U4VIX Bbt6VIpan~t~cb cny1..1aV1 ynpyroro pd-pacce.RHVI.R VIIl~ npoTo
Hbl Vl3 HeynpyrHx a3aVIMO,Qe.::icTBI-1H, ca.R3aHHbte c npo~eccaMI-1 Jf)par
MeHTa~l-11-1 B MVIW€HVI. He3aBHCVIMOCTb OT CB€TVIMOCTVI MVIW€HVI nerna 
B OCHOBy 3KCnep~M€HTa. 

¢yHK~VI.R R (Mpp) VICCne,qyeTC.R C nOMOU4b~ .QBYX T€Il€CKOnOB 1113 
nonynpoao,QHVIKOB~X ,qeTeKTopoe T1 1-1 r 11 , pacnonomeHH~X no,q yr
noM 73 VI 71° K ny4KY B na6opaTOPHO.::i CHCTeMe KOOPAHHaT. Kam
,Qbl.::i T€Il€CKOn COCTOVIT 1-13 Tp€X Kp€MHI-1€8blX ,Q€T€KTOPOB. nepBbl€ 
,QBa 1-13 Ht.1X pa60Ta~T 8 pemVIM€ C0Bna,Q€HVIH VI VI,Q€HT~¢1-1~~py~T ~a
CTVI~bl no L'-.E-E•cJIIrHaJlaM /6E 3HeprOBbi,Q€Il€HVI€ ~acniJ~bl B nep
BOM ,QeTeKTope, E - BO BTopoM/; TpeTVIH BKil~l.leH Ha aHTVICOBna
,Q€H1<1.R c nepabiMVI ABYMR, 4TO o6ecnel...IVIBaeT OT6pac~BaHV~e nponeT
Hbtx 4aCTVI~. TeneCHbiH yron, nOKPbiBa€Mb1H Ka>K,QbiM T€Il€CKOnOM • -lo-4 cp. 

ny40K HaBO,Q~TCR Ha MVIW€Hb npVI cna,qe MarHVITHOrO nOilfl YCKQ
pVIT€Il.R OT 800 AO 400 rc B T€4€HV1e 1 c. BMecTe c CVIrHanaM~ OT 
,QeTeKTOpOB annapaTypa ¢VIKCV1pyeT T€KYU4€€ 3Hal.l€HVI€ MarHVITHOro 
nOnA, KQTOpoe Bbi,Qa€TCR VIH.QYK~VIOHHbiM VIHTerpVIPYIOW,VIM ,qaTI.lVIKOM C 
waroM 1 rc. AonroapeMeHHaR HecTa6V~IlbHOCTb MarHVITHoro nonR a 
T€'-I€HV1e C€aHCa He npeBbiWaila 1 fc. 0Ha KOHTPOilVIPOBaJlaCb VI3Mepe• 
HVI€M ~aCTOTbl YCKOP~U4ero 3Il€KTpV14€CKOrO nOilR, KOr,Qa MarHIIITHO€ 
'none ,QOCTVIraeT 3a,QaHHOrO 3Hal...I€HVIfl 1 a nY40K HaXO,QVITCR Ha Op6VI
Te c aa,qaHHbiM pa,qHycoM. 
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PHc. 1. Pacnpep;eneHHe npOTOHOB 
ITO KHH€THt-JeCKOfl: 3H€prHH, 3ape
rHCTPHPOB8HHbTX B TI€pBOM Tene

CKOIT€, npH TIOJJHX H = 6957697: 
a - o6nacTH, BbT6paHIIbJe AJIH on
pe)J;enenmr ¢aHa nap; yn py rHM nH
KoM; 6 - o6nacTb ynpyroro nHKa. 

~~~~~~~~~~~~~~ m m 111 m 151 111 m 111 m Ill 
• ' rc 

PHc. 2. BbDcop; P83JIH'-IHhTX '-lac n-111, 

C MHIUeHH KaK ¢tyHKUHH MarHHTHo

ro nonH H: a - HeynpyrHe npo
TOHhl /npaBaH uJKaila/; 6 - ynpy
rHe rrpoToHbi; B - ynpyrne p;eH
toHbi. 

War ~3MepeHH~ no M B cepeAHHe HccneAyeMoro HHrepeana 3$-
4JeKTI-1BHbTX Mace cocraeR~er 0,2 M3B/c2 . nonHaA Wl-1PI-1Ha Ha nony-
BbTCOTe ¢YHKL\I'H1 paapeweHI-Hl no Mace aM r a :::: 0,26 M38/c 2 . Oc-~ p 3p. 
HOBHOH BKnaA B 3TY B€TIH4HHY BHOCHT WHpHHa HHTepeana nO MarHHT-
HOMy non~ /6H ~ 1 rc Aaer nonH~H pa36poc 8 ~3MepeHHH Mpp• pa8-
H~A • 0,2 Ma8/c 2;. 

6onee no,Qpo6Ho o6 annaparype CM./Zl/. Ha pHc. 1 8 Ka4ecT8e 
npHMepa noKa3aHo pacnpe,QeneHHe no KHH€TH4ecKo~ 3HeprHH nporo
H08, 3aperHcrpHpo8aHHbiX 8 nep8oM reneKce np111 nonRx H := 695 "'" 
"'" 697 rc. Xopowo BIIIA€H nii!K OT ynpyroro pacceRHHR. 8bi,Q€fi€HH€ 
ynpyri-1X C06biTHH npOV13BO,QHTCR Bbi41-1TaH~t~€M ¢lOH08biX C06biTHH no,Q 
ynpyr~t~M nHKOM. LIHcno ¢oH08biX co6biH1H onpe,QenReTcR nii!HeHHoH 
~t~HrepnonR~~t~eH ¢oHa cneea H cnpaea or ynpyroro n~t~Ka /o6.nacr111 11 a 11 / B OfinaCTb n1.1Ka /ofinaCTb 116 11 /. np~t~ 3TOM 41-1CnO ynpyr1.1x co
fiWTH~ Cfiafio 3aBHCI-1T OT rpaHHU, onpe,QenR~~~~~X nHK, HO ,QaHHWH 
M€TOA Bbi,Q€.n€HI-1R M0}1{€T c.nymi.1Tb I-1CT04H1.1KOM CHCT€MaH14€CKOH 
ow~t~6K~. 

no,Q06HaR KapTHHa Ha6.n~,Qa€TCR 1.1 AfiR A€HTOHOB. 
Ha pHc. 2 H3o6pameHbt pacnpe,QeneHHR 4Hcen Heynpyr1-1x, ynpy

r~x npOTOHOB /a,6/ t.-1 ynpyrii!X ,Q€HTOHOB /B/ 8 3aBHCHMOCTH OT 
MarHHTHOro nonA B YCKOpHTe.ne. 0THOW€HH€ 41-1C€fi Heynpyrt.-1x H yn
pyrHX npoTOH08 npl-1 nO.nRX H = 592, 632, 692 rc O,QV1HaKOBO 8 
npe,Qenax ow1-160K /3,17 J 0,05; 3,10 ± 0,04; 3,14 J 0,03 coor-



BeTCTBeHHO/, '-ITO roeop~1T 06 OTCYTCTBI-11-1 nOCTOpOHHero CfJOHa ,QilA 
npOTOHOB, H,Qy~ero He OT MHWeHHo 6 TO *e epeMA '-11-!CnO HeynpyrHX 
npOTOHOB npHM€pHO B 6 pa3 6onbWe, '-!eM ynpyrHX ,Qe~TOHOBo 3TO 
n03BOnAeT npOH3BeCTH MOHHTOpHpOBaHHe ynpyroro pp-paCC€AHHR no 
HeynpyrHM npOTOHaM C ny'-IW€~ TO'-IHOCTb~, '-!eM no ynpyro paCC€RH
HbiM ,qeHTOHaM, 

Bcero oro6paHo 3,38 M11H npoTOHOB or ynpyroro pp-pacceRHHA, 
1,65 M11H ,Q€HTOHOB OT ynpyroro pd-pacCeAHHR H 10,83 M11H cny
'-la€8 npOTOHOB OT HeynpyrHX npo~eCCOB B MHW€HHo 

3. METO~HKA OoPAoOTKH MATEPHAnA 

AnA conocTaeneHHA peaynbraros see pacnpe,qeneHHR, o6cym,qa~
W,H€CA B ,QaHHOM paa,qene, npe,qcraeneHbl B HOPMHpOBaHHOM BH,Qe. 
C 3ToH ~enb~ pacnpe,qeneHHA annpoKCHMHpoeanHCb nonHHOMaMHo Cre
neHb noni-IHOMa Bbi6HpaercA TaK, '-IT06bl 3Ha'-leHHe X"2-- Ha OAHY T0'-1-
Ky pacnpe,q€J1€HHA 6blnO Ml-lHHMallbHbiM, HO He OT11H~anOCb OT 1 5o
nee '-!eM Ha O.QHY owH6Ky. HopM~-!poeaHHoe pacnpe,qeneHHe nony'-laeT
CA nyTeM ,qeneHHA $H3H'-I€CKOrO pacnpe,qeneHHR Ha COOTB€TCTBY~W,HH 
nom'IHOM. 

AnA Bbi,Q€JJeHI-1A CVICTeMaTH'-IeCKHX ow1-160K 6blnH nocrpoeHbl pacnpe
,qeneHHR OTHOWeti,H~ '-11-lCen HeynpyrVIX 1 ynpyr1-1x npOTOHOB H ynpyrHX 
,qeHTOHOB, aaperVICTpHpOBaHHbiX B nepBOM H BTOpOM Te11€CKOnaX" 

TaOnHu;a 1 

-2 
X I v'i\f 

.,ynp /Nynp 
'pi pll 0,94 I ,25 

.,ynp /Nynp 
'di dll I ,04 I ,35 

NHeynp/NHeynp 
pi pll 0,95 I, 22 

Bo sropoH KonoHKe Ta6nvHJ,bl yKaaaHo cpe,qHee 3Hal.leH'vle X2 Ha 
O,QHy TO'-IKY pacnpe,qeneHHA, B Tp€TbeH - KOpeHb 1-13 ,QHcnepc~H pac
npe,qeneHHA. 0WH6Ka 8 onpe,Q€11€HVIVI X2 pasHa ~ 0, 10, OWH6Ka 8 
Onpe,qeneHVI\11 KOpHR 1-13 ,QVICnepCHH ~0,07 ,QfiA '-IVIC11a TO'-I€K K = 195. 
npl-1 OTCyTCTBHVI CHCTeMaH1'-I€CKVIX OWV160K 8 3TVIX $OHOBbiX pacnpe-
,qeneHHAx, r,qe, 
P ,QOn>I<HO 6b1Tb 

1 

KOH€'-IHO, H€T 

I, a~ x, 

HHKaKVIX P€30HaHCHbiX 3$¢l€KT08, 
1 ,41. l43 Ta6ni-1U,bl BH,QHO, '-ITO 803-

5 



1,12 

w 
1, 88 t.._ 

..-I 

---- f ON 
"-

1, 84 ~ • ·= 0.. ·~ c: 

-~- ~ 
::11 ..... 
UJ .... 

1,88 %0.. :z. -D. 
c: 
:n 
UJH 8, 96 :~:a... :z. 

a z H, rc v,9 ~~~~~~~4~~~~~' 
576 596 616 636 656 676 696 716 736 756 

PHc, 3. liopMH\)00:111110(' pacnpeAeJiei!H€ OTHOUJ€HHft t!HC€Jl neynpy
rHX rtpOTOHOB H3 IICpFIOrO H BTOpOrO T€J1€Cf<OitOB. 

MO~H~€ C~CTeMaT~~eCKHe OWH6KH H€B€I1HKH H MOfYT COCTaBn~Tb 
OKOflO 5% OT CTaTHCTH4€CKHX. 3TO CBA3aH0 1 KaK M~ y~e OTM€4af1H, 
c Mero,QOM onpe,qeneHl-1A 41-1Cfla ynpyr1-1x co6biH1i1 H co cnoco6oM Bbl-6opa HOPMHpy~mero nonHHOMa. 

B Ka4ecrae npHMepa raKoro $oHosoro 
nPHB€,Q€HO HOPMHpOBaHHOe pacnpe,QefleHHe 
/rpeTbA crpoKa ra6n. 1/. 

Ha pHc. 4 npHBe,QeHo pacnpe,QeneHHe Nanr;N~eynp. 3Ha4eHHA x 2 H v'IJx. 2 J~nR :nora pacnpe,QeneHHA paBHbl coarse rc TBeHHO 0. 95 
H

1 1,31, 4~0 6mt3KO K 41.1CTO tj)OHOBbiM 3Ha4€HJ.1AM /CM. Ta6n. 1/. 
3TO e~e pa3 CBHAeTefibCTByeT 06 OTCYTCTBHH KaKHX-n!-160 npHMe
ceH 8 Heynpyrl-1e npoTOHbl OT npo'-'eCCOB, He npOHCXOAAU\ItiX B MH-
WeHH BO BCeM AHana30He MarHHTHOrO nonA. 

0TMeTHM, OAHaKo, cryll\eHHe T04eK B paHOHe noneH 687 1-1 752 rc. J.1M COOTBeTcTByJOT 3Ha4eHHA 3<f><f>eKTHBHbiX MaCC pd-CHCTe-
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Mpd , H3B I c 2 
2899 29Q0 2910 2920 2949 

H, r c 
Q, n ~~~~~:-'-":":~~~~~ 576 596 616 636 656 676 696 716 736 756 

PHc. 4. HopMHposaHHoe pacrrpe.ueneHHe OTHorueum1 LIHcen ynpyrHX )l,eii:TOHOB H HeynpyrHX ITpOTOHOB. 

M~, pasH~e 2918 " 2937 M38/c 2 . 8 pa6oTax1 12 •22 1 Ha6n~Aan"cb P€30HaHC~ 8 TpexHyKDOHH~X ~~CT€MaX np~ 04€Hb 6!1~3K~X 3Ha4€HHRX Mace /2915 H 2940 M38/c /. Ha HMe~~e~C.A CTaTHCTHKe M~ H€ MO*eM ,QenaTb KaKHX-nH60 3aKI1~4€HH~ 0 CY~eCTBOBaHHH 3$$€KTOB, HO np~-t MOHHTOpl-1pOBaH~.<H1 nO ynpyri-1M ,Q€~TOHaM 8 OTHOW€HitiRX Nyrrp/N~np MOryT 803HHKaTb HeperynRpHOCTH, CBR3aHH~e C p€30HaHcEMI-1 B pd-01CTeMe. HeKOTOPble 1-13 Hl-1X MOryT coena,QaTb C nOJ10}f(€Hl-1.AMltl P€30HaHCOB 8 pp-o1CT€M€ H OCJla61.1Tb I-1CK0Mbl€ 3Q':J¢€KTb1. ~PHC. 5 noKaaaHo pacnpe,QeneHHe orHoweHH.A NprrpiNarrp. X~ H 1/D 2 paBHbl, COOTB€TCT9€HHO, 0,95 l-1 1,47, 0Tnl-1'-!lo1e KOPHfl X' 
l-13 Al-1CnepClo1l-1 OT CPeAHero ~OHOBOro ypOSHfl Ha 2,5 0Wl-16Kl-1 Mo*eT CBl-1AeTenbCT80BaTb 0 Cy~eCTBOBaHlo1l-1 KaKoro-TO 3~$eKTa. npl-1 Mac-
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Mpp, H38/c2 

1935 1949 1945 1959 1955 1969 1965 1978 

1,12 19 71 

LJ l:l51 L.. 1,98 ..-I -..... 
"-
n 

I<:D 1,Q4 
11. 
c 
:n-,s 
:z. --- 1, QQ 11. 
c: 
:na.. :z. 

9, 96 

576 
H , r c 

PHc. 5. HopMHpoBamtoe pacnpe,a,enenne OTHomem·n1 'lJHcen ynpy

rHx npoTOHOB H HeynpyrHX ,[leti:TOHOB. 

cax 01CTeMbt ,QByx nporoHOB 1951 111 1971 M3B/c2 BIII.QHbt cry~eH1.1A. 
EcJH1 C4HTaTb peaoHaHcaMI-1 ,QByx61-1HOBble Bbt6pocbl B 3TOM pal1oHe no

ne11, TO CTaTHCTH4€CKaA 3HS4111MOCTb 3¢¢eKTOB paSHa 92 Ill 94% CQ

OTBeTCTBeHHO. CrarHCTH4ecKaA 3Ha4111MOCTb onpe,QenReTCA KaK 

1-P, r,Qe P- BepOATHOCTb ¢nyKTya~llllll ¢oHa B HeCKO!lbKIIIX PR,QOM 

pacnOI10)1(€HHbiX fiiiiHSX Ha 41.1C!l0 OWHfiOK, nOI1y4eHHbiX B 3TH X 61-1Hax 

e n~6oM Mecre pacnpe,QeneHHA, co,Qepma~ero 195 T04eK. 
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Mpp·l38!c 2 

1935 1945 1955 1965 

1.05 

1.00 

8.95 
A+D 

'-' 
L. 

" ------. 
' U15 N 

~ 
~ 

" 1<0 

"- 1.rm 
"' "' w 

"'"-:z: 0.95 
----"-

fl+[ c; 

"'"-z: 

1936 1951 1958 1971 
Ul5 

A+fl+[+D 
H. !c 

576 636 696 756 

PHc. 6. HopMHPOBaHHoe Pacrrpe.geneHHe OTHOIIIemlli '4Hcen 

ynpyrHX rrpOTOHOB H HeynpyrHX npOTOHOB AJ1H '4aCTefi CTa

THCTHKH A + D, B + c H CYMMbi A + B + c + D. 
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Ha p1-1c. 6 npeAcraeneHo pacnpeAeneH\.1e orHoweH\.1R N~nP/NJ}eyn~ BepxHee pacnpeAeneHI-1e /A+ D/ - AilR 4aCT\.1 craT\.1CT\.1K\.1, CPgAHee /B + C/ - AilR APYroH, HeaaBHCHMoH 4acr1o1 craTHCTHKI-1, HHmHee -CYMMa ABYX eepxHHX pacnpeAeneHI-111. ~3 pHCYHKa B\.1AH0 yMeHbWeHHe CJly4ai1HbiX $IlYKTYa'-'t.1H npt1 yeeJlH4eHH\.1 CT3THCTHKH . 
.nnR CYMM3PHOrO pacnpeAeJleHHR )(2 1-1 ~ paBHbl 1,02 H 1 ,62, 1 X 

COOtBeTCTBeHH0 1 4T0 AOBOJlbHO CHJlbHO OTJll-14~eTCR OT ¢lOH08biX 
YPOBHei1 I CM. CT~OKH 1 H 3 Ta6n. 1 I. npH Maccax 1936' 1951 ' 1958 H 1971 M3B/c BI-1AHbJ cry~qeHJ.1J=I. CrarHcTJ.14ecKHe 3Ha4HMOCTI-1 npeAnonaraeMblx pe3oHaHcoa paBHbl 93; 80; 99,4 H 97% coorsercreeHHo. 

O~eHKa WHPI-1H Ha6n~AaeM~x oco6eHHOcreH Aaer eenH4HHY 0,04 MaB/c2, ecn~-1 $yHK4HR paapeweHHJ=I no MaccaM HMeer 6peHreHrHepoecKHH BHA t1 0,14 Ma8/c2, ecnH ee BHA - rayccoeo pacnpeAeneHI-1e. 

~- OGCY~aEH~E PE3YfibTATOB 

8 pa6orax/23/ nony4eHbl yt<aaaHI-1R, 4TO AH6api-10HHble peaoHaHCbl c MaccaMI-1 a paHoHe 1936 1-1 1958 MaB/c 2 pacnaAa~TcR rat<me no KaHanaM, coAepmatq~t~M -y-KeaHTbl. Hanl-141-1e raKYIX anbrepHaTHBHbJX KaHanoe pacnaAa yMeHbWaer eepoRTHOCTb pacnaAa Ha 2 nporoHa 
1-1, c APYroH cropoHbl, CBY!Aerenbcreyer o6 o4eHb ManoH WJ.1PHHe pe30HaHCOB. 

npoeeAeM renepb cpaeHeHJ.1e npeACTaeneHHbiX peayilbTaTOB c AaHHbiMI-1 1 nOily4eHHbiMJ.1 HaMH npl-1 HCCJleAoBaHHI-1 cneKTPOB 3$¢eKTJ.18HbiX Mace ABYX npoTOHOB B peaK'-'J.1AX np-B3ai-1MOAeHCTBHH B 1-MeTpoeoH BOAOPOAHOH nyablpbKoeoH KaMepe 1183 O~fl~. 4acrb 1-13 HHX ony6nHKOBaHa e pa6orax/7-J0,24/. 
Ha p1-1c. 7 npeAcraeneHa 4acrb pacnpeAeneHJ.1J=I a¢¢eKTHBHbiX Mace ABYX nporoHoe 1-13 peaK'-'HH np - ppn- 1-1 np - PP.n-n° npH Pn = 1,~2; 1,73; 2,23; 3,83 raB/c IPHC. ~ pa6on,/24/l. 

Ha cpaeHeHHJ=I p1-1c. 6 H 7 BJ.1AHO, 4To nono*eHHJ=I Ha6Il~A€HHblX oco-6eHHOcreH B o60t1X 3KCnep1-1M€HTaX COBnaAa~T C T04HOCTb~ AO 1 Ma8/c2 /peaoHaHc npH Macce 1965 1-13 PHC. 7 BblrilRAHT KaK crytqeHJ.1e T04eK Ha pJ.1C. 6/. 
B ra6n. 2 npa.1eeAeHo cpaeHeHHe nony4eHHbiX s A3HHoH pa6ore MaCC P€30H3HCOB C np€ACK333HI-1RMH ynOMt1H3BWJ.1XCR 80 BB€AeHJ.1H MOAeneH. 
B nepeoH KOllOHKe ra6Ill-14bl 2 npJ.1BeAeHbl 3Ha4eHHR Mace crarJ.1-CT\.11..leCKJ.1 aHaqi-1MbJX pe3oHaHcos, nony4eHHblX e A3HHOM aKcnepHMeHre, e ocrallbHbiX - npeAcKa3aHI-1R MOAeneH, HaH6onee 6IlH3KJ.1e K 3KcnepJ.1MeHry. Ow1-16K1-1, cooreercrey~tqHe aHal..leHHRM reopeTH4eCKJ.1X 

Mace e KX~, xapaKrepHay~r TOI..lHOCTb npeAcKa3aHJ.1H. 
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Ta6JIHIJ;a 2 

1936 ± 0,3 
1951 ± 0,3 
1958 ± 0,3 
1971 - 0,5 

168 

" 128 w 

' ':: 
~ 
00 

,..; 
' 
'" B 88 

BbiB0/1bl 

KXr/ 61 

1936 
1951 
1958 
1971 

~r 
~ 

1.941 

Mpp•I:~B!c2" 

0,5 

' 0,6 
- 0,6 
± 0,7 

2.819 

KB. HA./5/ 

1939 

1956 

Bcoc/4/ 

1936 
1954 
1957 
1975 

PHc. 7. PacrrpeAeneHHe 3¢¢eKTHB
HbE Mace pp H3 peaKIJ;HH np-ppn
H np-ppn-n° rrpH Pn=1,42; I, 73; 
2,23 ll 3,83 foB/c /eM. pHC.4 
pa6oTb/24/ I. 

nony4eHbl YKa3aHI-1.A Ha CYI..I.IeCTBOBaHl-1e Y3KI-1X /nOPflAKa 
0,1 M3B/c2; oco6eHHOcTe~ s Al-1~~epeH~I-1anbHOM ce4eH~I-1 ynpyroro 
pp-pacceflHI-1fl Ha ypOBHe 3f4 CTaHAaPTH~X OTKnOHeHi-1~ HaA ~OHOM. 
nono~eHl-1e OC06€HHOCTe~ 6ni-13KO K TOMy, YTO Ha6n~AaeTC.A C T€M 
*!= yposHeM 3Hal.II-1MOCTI-1 B Heynpyr~x peaK~I-1.AX np - ppr;- 1t1 np -->

- ppn-n<? 
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8ecb \.1Mel0ll\I-1~CA MaTep\.1ail He ,QaeT 0CH08aH\.1~ C,QenaTb 8bi60p 8 
nOilb3Y KaKoro-To OAHoro H3 TpeX TeopeT\.14eCKHX o6DACHeHHH 
Ha6JliO,QaeMbiX 3¢¢eKT08 TeM 6onee, 4TO H\.1 8 O,QHOH \.13 MO,QeneH HeT 
pac4eT08 ('l)l(vt,QaeMbiX WHpt.1H pe30HSHC08. 0,QHaKO ACHO, 4TO 80 8CeX 
Cily4aAX Mbl HMeeM ,QeJlO C H08biM A8JleHI-1eH 8 ¢\.13J..1Ke 4aCTHy, C8A3aH
HbiM, no-BH,QHMOMy, C npoA8JleHHeM He J..13y4eHHbiX nOKa HenepTyp
Typ6aTH8HbiX 3$¢eKTOB. 

ABTOPbl 6naro,QapAT COTPYAHHKOB rpynnbl (,AQ, o6ecne4HBWHX no
ny4eH\.1e Ha ceoeH ycTaHoBKe MaTepHana no ynpyroMy pp-pacceAHHIO, 
see cny)l(6bl cHHxpo¢a30TpoHa OVUH1, coJ,QaewHe 1-1 no.Q.Qep}l(~t~Baew~t~e 
,QOBOJlbHO CJ10}I(Hbl~ pemltiM pa60Tbl YCKOpltiTeJlA B 3TOM 3KCnep~t~MeHTe, 
,QitlpeK~HIO nB3 3a nO,Q,QepmKy ,QaHHOro 3KCnepi-1MeHTa. 
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