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B aacTomneA pa60Te uayqa~Tcs nepa¢epaqecKHe pp - eaaaMoneAcTeas c ToqKa 

apeaas uao6apaoA Monena H Monenu onaonaoaaoro o6Meaa. 

3 
p BOOTS npoeonanacb HB 3MynbCHOHHOii KBMepe pa3MepaMH I 0 X I 0 X 8 CM , o6nyqeHHOii 

HB CHHXpoljlaaOTpOHe OIHII1 BHyTpeHHHM nyqKoM npOTOHOB c 3HeprueA 6 rae. KaMepa Obina 

COCTaBneHa H3 CnOeB ljlOTOaMynbCHH HJ.1KII>J.1-P. nyqoK npOTOHOB C HHTQHCHBHOCTb~ 
4 2 0 

1,6 x 10 qacTau/ CM npoxonan snonb KaMepbr non yrnoM 1 K nnocKOCTH aMynbcaoaaoro 

en oR. 

/1/ 
npoCMOTp nposonancs ycKopeHHb!M MeTonoM Ha MHKpOCKonax MSH-9 npH ysenaqe-

HHll 60 x 15 x 1,5. PeracTpHpoeanacb aseanbr H pacceBHHB aa yron 6ollbwe 5°. 

11a scex aallueHHbiX co6biTHii Bbrnensnacb aseanbi c qeTHbiM qacnoM nyqeli, HMe~wae 

XOTB Obi onHH qepHbiii HnH cepbiii cnen C HOHH38UHeli OOnbWeli, qeM 1,8 OT HOHH38UHH nep-

eaqaoro npOToaa. 

nanee OT6HpBnHCb cnyqaa, o6nana~wae xapaKTepHbiMH npH3H8K8MH PP -B38HMoneli­
/2 3 4/ 

CTBHii, aaanoraqao TOMY, KaK aTo nenanocb B pa6oTax ' ' • Cnyqaa 6ea Menneaaoro 

npoToHa oTnaqa OT6paCbiBanacb. 

11neHTHijlHK8UHB MenneHHbiX qaeTHU, He OCT8H8BnHB8~WHXCB B 3MynbCHH 0 npoeonanaeb 

no HOHH38UHH H npo6ery, nHOO no H30HH38UHH H MHOrOKpBTHOMY paecesHH~. npa 3TOM H3-

MepeHHB nenanHCb TOnbKO Ha cnena~, nns KOTOpbiX yron HaKnOH8 K nnoeKOeTH 3MynbeHOH-

< o x) 
a oro enos f3 _ 45 (a Heo6pa6oTaaaoli aMynbeHH) • 3aepras MenneHHbiX npoTOHOB oTnaqu 

Obina onpeneneaa, B OCHOBHOM , no npo6ery , a B psne enyqaes - no uoauaauaa. 

noene OT6opa oeTanoeb seero 165 cnyqaes. PaenpeneneHHe asean no queny nyqeli 

naao B Ta6nuue 1. 

x) B 

k =IIW 
eBS3H 
, rne 

e aTHM npa noeTpoeHHH paenpeneneaali see enyqau 6panaeb e eeeaMH 
W- eepoBTHOeTb Toro, qTo enyqali Mor ObiTb H3Mepea. 

3 



/ 

Ta6naua 

4aeno nyqell B ssesue 2 4 6 

4Heno ssesu 131 32 2 

3seSUbi e qaenoM nyqell n - 6 B uanbHellweM He paeeMaTpasanaeb, 

noCKOnbKY B KalKUOM OT06paHHOM cnyqae 3Hep!'aSI npOTOHa OTUa'la 6blna Mana, Mbl 

eqaTana, 'ITO aMeeM ueno e nepa<jlepH'IeeKaMa ssaaMoueAeTsaSIMa, HHTepeeao 6bmo oue­

HaTb BKllaU OUHOMSSOHHOI'O 06MeHa B OT06paHHble eny'laH nepa<jlepaqeeKaX BSaaMOUelleTBall, 

CornaeHO MOuena OUHOnaOHHOI'O 06MeHa 1 ee'leHae 3TOI'O npoueeea He UOnlKHO eyweeTBeHHO 
/5/ 

HSMeHSITbCSI c sHepraeA nepsaqHoro npOToHa B asyqaeMoA o6naeTH sHepraA , Eena Ha 

onbiTe 6yueT nony'leH TaKOII XOU ee'leHaSI1 TO 3TO nocnyJKaT yKaSaHaeM Ha T01 'ITO OT06paH­

Hbie e06biTaSI OTHOeSITCSI K 'laCny BSaaMOUSIICTBall C OUHOMeSOHHblM o6MeHOM, 

Ha pac. 1 npeueTasneHbl sHepreTa'leCKae paenpeueneHaH npoToHoB OTua'la unH Tpex 
141 

3Heprall nepBa'IHOI'O npOToHa: 6 fsB (HaCTOHWaH pa6oTa)1 2,26 a 9 f3B (as pa6oTbl ), 

Ka>Kuoe pacnpeueneaae npaseueHo K nonHoMy npocMOTpeHHOMY npo6ery nepsa'IHbiX npoToHOB 

R = 3694 M, nnowaua nou raeTorpaMMaMa COOTBeTCTBYIOT Ce'leHaSIM, Mo>KHO BHU8Tb 1 'ITO 

B npeuenax OWa6oK ee'leHaSI OUaHaKOBbl BnnOTb UO SHaqeaall 3Hepraa npoTOHa OTUa'la 

paBHOJ! ~ 150 Mss. B CBSI3a c 3THM MOlKHO 6binO uyMaTb, 'ITO cyweCTBeHHaH qaeTb OT0-

6paHHblX KaMa nepa<jlepH'IeCKHX BSaaMOUeiiCTBall OTHOeaTCH K OUHOMeSOHHbiM, 

Jlanee 3TH enyqaa o6pa«5aTbiBanacb c TO'IKa speHHH Mouena aso6ap, 

npe_!l,nonaranOCb 1 'ITO npouecc pp -ssaaMouel!cTBaSI npoTeKaeT e o6pasosaaaeM 

ouaol! anH usyx aso6ap no cxeMaM •a• ana •5• Ha pHe. 2, 

B cooTBeTCTBHa c sTaM o6pa60TKa npoassouanacb usyMSI cnoco6aMa: 

A. npeunonaranOCb, 'ITO MeuneHHblll npOTOH HBnSieTCH npoToHOM OTUa'la, a OCTanbHble 

'lacTaUbl noHBanacb npa pacnaue aso6apbi, Macca aso6apbi MHeu Bbi'IacnSinacb KaK 

HeUOCT810W8H M8CC8 0 npa 3TOM aenOnbSOBanaCb aSMepeHHble BenB'IaHbl aMnynbC8 a yrna 

BhtneTa npoToHa B n.c.x.. 

n onyqeHHoe pacnpeueneHHe MaCe npaaeueHO Ha pHC, 3, 3ueCb lKe HaHeCeHa KpaB851 1 

paccqaTaHHall a npeunonoJKeaaa, qTo po>KuaeTCH ouaa HSo6apa. Pac'leT npoasaouancH no 
161 . 

Mouena JlaHuea6ayMa a WTepaxaAMepa c HeKoTOpbiMa ynpoweHHHMa. KaK MOlKHo aaueTb 

Ha pac, 31 B 3KCnepaMeHT8nbHOM pacnpeueneaaa HeUOCTSIOWHX Mace OTCYTCTByeT KOHUeH­

TpaUKH enyqaeB B paiiOHe MSCCbl aso6apb1, 0UH8KO OTCIOU8 aenbSH cuenaTb OUHOSHB'IHOI'O 

Bb!BOU8 1 TSK KaK CTaTaCTKKa1 O'leBaUH01 HeUOCTaTO'IHa, nosTOMy KCnOnbSOBanCll 6onee 

'IYBCTBKTenbHbiii cnoco6 o6pa60TKa, 
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Bena'IHHa Maccbl aao6apb1 M z Bbi'IHCnHnacb npH ycnoaaa, 'ITO MeuneHHbtA npOToH 
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noHBancH KaK npouyKT ee pacnaua. Hcnonbsosancll npa6na>KeHHbiA pac'leT no <jlopMyne: 

• c 
E 

~+y(y•)2-1 
Yo Yo 

rue E - nonHall sHepraH a c.u.M. cTanKaaaiOwaxcs npoToHos; y a 
c y - nopeHu-~aKTOpbl 

0 
npOTOH8 B C,U,M, a B CaCTeMe UOKOH aso6apbl eoOTBeTeTBeHHO; aena'IKHa y

0 
= 1,03 BSliTa 

as pac'leTa paenaua aso6apbi c MaccoA 1238 Mss aa npOToH a rr -MeSoH. Bena'laHa y 
c 

Bbl'laCnllllSCb no aSMepeHHblM SHa'leHaliM aMnynbCS a yrna BbineTa npoTOHa B n,C,K, 

Ecna aCXOUHOe ycnoaae He BbinonHlleTCH1 TO SCTb MeJineHHbiii npoTOH liBnlleTCll He 

npOUYKTOM paenaua KSo6apbl 1 a HeB036y>Kil8HHblM npOTOHOM OTUa'la 1 TO npaMeHeHae yKaSaH~ 

aoA <jlopMynbi 6yueT uasaTb saa'leHall Mace s6nasa M . 1,09 rss. 

nony'leHHOe 3KenepHMeHTanbH09 pacnpeueneaae Bena'laHbl M llaHo Ha pac. 4. 

3uecb >Ke npaaelleHbi KpaBbie, pacc'laTaHHbie a npeunono>KeHaa, 'ITO po>KUaeTCH ouaa aso6a­

pa (KpaBall (1)} a liBS aso6apbl (KpaBall (2)}, PaC'leT nposouanCll no HSCKOnbKO ynpo­

WeHHOII MOUenH llaHlleH6ayMa H ll]TepaxaiiMepa, 

Mo>KHo saueTb, 'ITO sKcnepaMeHTanbHall racTorpaMMa xopowo eornacyeTCH c KpasoA 

(I), 3To l'OBOpaT 0 TOM 1 'ITO pOnb OUHOKpaTHOI'O pOlKliSHall aso6apbl BeCbMa SHa'IHTenbHa, 

3KCnepaMeHTanbHaSI l'HeTorpaMMa 6bina o6pa6oTaHa no MeTOUY HaaMeHbWaX KBaupa-

Toe. Sbma paec'laTaHbi paenpelleneHHll aena'IHHbi Kz uns pasna'IHbiX BKnauoa uayxpaTHo-

ro po>KueHall Hso6ap, Bbi'laenAAaeb cooTseTCTBYIOWHe sena'laHbi 
2 

X , nony'leHHble aena-

'laHbi X 
2 

noKasana, 'ITo uonSI uayJtpaTaoro po>KlleHaSI MO>KeT uocTaraTb 20~. HaaMeHbwee 
2 X aMeno MeCTO npH BKnalle UByltpaTHOI'O po>KueHaSI B HeCKonbKO npoueaTOB, 

nony'leHHbiA pesynbTaT nnoxo cornacoaancll e Ha6n10ueHHbiM 'IHCnoM 'leTbipexny'leBblX 

seesu - 32 ssesubi, CornacHo 3TOMY qacny, BKnau usyKpaTHoro pO>KlleHHll uon>KeH cocTa­

BHTb oKono nonoBKHbi cnyqaes. TaKoe pacxo>KueHae MO>KHo o6'bliCHKTb1 ecna npeunonolKHTb, 

'ITO HSKOTOpaH qaeTb qe.Tbipexny'leBbiX SBeSU o6pasyeTCll B pesynhTaTe upyroro MSXaHHSMa 

p p -esaaMOllellcTBHll. Ecna see qeTbipexnyqeebie seeSUbi aeKniO'IaTb as paCCMOTpeHHll1 TO 

o6pa60TKa OCTaBWHXell cnyqaeB no MeTOliY HaaMeHbWHX KBaupaTOB noKaSbiBaeT1 'ITO tlOnH 

ueyKpaTaoro po>KueHHH liOCTaraeT 15%, HaaMeHbwee X 
2 

aMeeT MeCTo npa BKnaue uay­

KpaTHoro po>KUeHall pasaoM ayn10, 

HCXOliH as BblWeasnolKeHHOI'O, MOlKHO euenaTb cnelly!Owee SaKniO'IeHae. npa saepraa 

6 f3B p p -B3aaMOUeiiCTBae e ManbiM nepeuaHHbiM aMnynbeOM npoaCXOllaT nocpeuCTBOM 

po>KUeHaSI rnaBHbiM o6pasoM ouaoii aso6apbl, He aeKniO'leHo, 'ITo a qac<ra cnyqaes (uo 20%) 

HMeeT MeCTO usyKpaTHoe po>KueHae. HeKoTopaH qacTb cnyqaes o6pasyeTCH sa c'leT upyrHX 

MSXaHH3MOB p p -BSaHMOUeiieTBHH, 

5 



nony~eHHhlA pe3ynbT8T none3HO Cp8BHHTb C aHanorH~HhlMR H3M8p8HHBMH B pa60Te 
/4/ 

npu suepruHX nepau~uoro npOToHa ~,26 H 9 rsa, B &ToA pa60Te 6hlno noKa3auo, ~o npu 

suepruu 2,26 rsa o6pa3yeTcs npeHMYmecTaeuuo OABa H3o6ppa, a npu suepruu 9 rsa - ABe. 

0TCIOA8 cneAyeT, ~TO B nepucjlepu~eCKOM pp -B38HMOA8ACTBHH B HBTepaane saeprHA OT 

6 AO 9 rsa pe3KO B03p8CT8eT ponb ABYKP8TBOrO PO*A8HBH H306ap, Ce~eHHe o6p83058HHH 

OAHOA H3068pbl COOTB8TCTBOHHO U8A88T, 

AsTop&I s&Ip8JK8JOT rny6oKyJO 6naroA8pHOCTb 11.M. rpaMeunuKoMy, M.l1. noarope!lKOMY 

aa o6cyJKaeuue pa60Thl, E.B. EeTepy H A.A. IOnaameay 38 y~acTue s o6cyJKAeBHSIX H 38 

caenaHHJ>Ie 3aMe~8HHH, E.C. EacoaoA, 11, H. KyxTuaoA u M, OKoHosoA 3a npoaeaeaae pac~e­

Tos, rpynne na6op8HTOB 11.H4> AH Y3 , CCP 38 npOCMOTp cjlOTosMyllbCHA H H3Mepeaau, 
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