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1. UenblO H8CTOSI[U8A pa60Tbl BBIISl8TCSI T00peTHlf8CKO~ H3ylfeHHe MexaHH3Ma B38HMO.lle:A

CTBHSI HYX1IOHOB H 1T -Me30HOB C HllPBMH B oOnaCTH aHepr-HA OT H8CK0libKHX COTeH Mae llO 

. H8CKOJI&KHX ll8CJITltOB Bae. T .K. 9To1' eonpoc. npeLICTBBJIHeT. HenocpeaCTB8HHbllt HHTepec, a, 

Talt>Ke O'leH& Ba>KeH ll1111' HHTepnpeTamut MHOI'HX HBneHHA npH .B bICOKHX aueprHSIX, TO er-o HC -

cneaoBB.HHIO nocesnueHo 6on&woe qacno TeopeTR'lecs:mc H axcnepH~eHTB1IhHbIX p~6oT /6n6-

nzor-pact,Ha npaeeaeHa, HanpnMep, a1111 t. 

06cy>Kaanocb .a.ea B03MO>KHbIX M0X8HH3Ma· HyKnoe-s.o.epHbIX B38HMOll.ei1cTBHA: Tax H83bI

BaeMbIA MeXaHR3M Tpy6KH H M8X8HH3M BHYTPlUlll0I)H0ro xacxa.o.a. B nepeOM cny'lae nepBH'I

Haa 11aCTRIUt B38HM0.0.8.ACTBY8T cpaay co BC8MH nyxnoHSMR Tpy6KH, Bblp8388MOA ero B aaep

HOM eemecTee. B peayn&Ta.Te o6paayeTcH e.o.aeasr eoa6ymaeHHaH cecTeMa, xoTopaH aanee 

pacnaaaeTCSI. Bo BTOpo~ cnyqae npOHCXO.O,HT B3SHMO,OeitcTBH0 nepee~HoA 'qacTHUbI C o.o.

HHM.,_Ha HyKno~oe st.a.pa R nocne.a.y10mae naeRHoo6paaehle aaaaMoaeAcTBHB 06paai10mHxcS1 

npa CT01IKHOB8HHSIX 'laCTHU. 

Oco6bIA HHTepec npeacTaensreT H3y'l8HH8 nepaq,8pH'l8CKHX B38HMOll8ACTBRlt 'ISCTRU C a:a

paMR n Bb15neanne ocxonxoe • 

. Pa5oTa co.o.ep>KHT TpH r-naabl. B nepeoA. rnaae paccMaTpBBaeTCst eaanMoaeftcTBHe qac-

THU c sapaMH ape Cpeaus:x aHeprnstx IT $. 

CTBRIO qacTHU npH BbICOKRX SH8prHHX /T > 
Bae/. BTopasr rnaaa nocesrmena aaaHMo.o.eA

Bse/r Kor.a.a cTaHOBSITCSI cYll.IecTeeneblMH npo-

uecCbl MRO>K8CTB8HH0l"'O o6pa30B4HHSI 118.CTHU. HaKOHe~, B TP8Tb8A: rnaBE? paCCMOTp8Hbl npH

MbI8 SI.0,8pHbI8 pea.KUHR B ot5nacTH BbICOKHX ~Heprna.,. B npR1IO>K8HHH npHB8ll8HbI OUBHKR r'eeepa• 

URH y -xaaHTOB, HeATpHHO K -µ -Me30HOB B aeynpyrax eaanMO.cteAcTBKSIX 'ISCTHU npR 0'18Hh 

6on&wnX ae8prnsrx. 

2. npn 6oM5apanpoaxe yrnepoaa npoTonaMn. c sHeprnelt 660 M9a na5n10.Qanoc& yMeH&-:-

weHBe OTHOCBT81IbH0["'0 BbIXoaa ff"+ -Me30HOB K '"- -~e30HaM no_ cpae.neHa10_·c C00TB8TCTBy-

10IU8A B81IH'IHHOA llffll ao.aopoaa. 0Tc10.na ~O>KHO 38K1IIQqHTb, 'ITO .0.IISI o6paaoaaaHhJX '.BHYTPH 

a:apa llHOHOB CTSHOBSl~CSI cymecreeHHbIMH BTOpR.'IRble sq)qleKTbl B38HMO..!lelkTBHSI HX C Slll~PHhl .. 

MB. nyxnoaaMR • .ans: Toro, 'l'l'._06bl R3Y'UITh BlIHSIHHe 9THX aQ)CpexToe, B 'ISCTHOCTH, ynpyroro 

oaccea:HHSI, nepeaapa:.a.xe, nornOIUBHRSI OHOHOB H p01IH npBRIUlll8 nayne, 6hln paccMOTpeH BHYT""' 

pasr.aepHbIA x.acx.a.n e yrnepo.o.e, renepepyeMbIA npoToeaMH c 

0

seepreeA 660 Maa 111 • 

.Ona pac11eTa 6binB ncnon&30BaHa ynpOIU8HH8SI Mo.a.en& 51.llpa, B ltOTOpOA lllIOTHOCTb 

a:.aepHOI'O B81U~CTB8 nonaranacb OOCTOSIHHOA: H He y11HThIBS.nOCb
0 

BHyTpHsr.a;epeoe LlBH>K8HHe. 

3axon ooxpaHee~H aneprne 6bm eblnoneeH e cpeaHe~. 

3aaaqa pewanac& a .aea 8Tana: paccMaTpaa-,ncS1 npoa.ecc o5pa.aoeannst nnoH05 C5ea yqe

Ta pacCt;flHRH H C y'leTOM ero. PeaynbTSTbl~ 3ST8M Cp8.BHHB8.1I<HCb. TaKHM o6paaoM, pac11eT 

6bln npona,ee.oea OTHOCHT81IbHbIM M8T0.llOM:. nay'lanocb, aanpHMep, He ·Hen~C08.llCTB8HHO yr-

1IOB08 pacnpeaeneHee nnoaoe, a H3MeHeHHe ero aa-aa. pacce.srHHSI, 15naro.aaoa 'leMy YKS.3aH

HbJe BblW8 ynpoweHHff He MO["'IIH 38M8TRO HCX83HTb OXOH'l8.T81IbRbI8 pesynbTSTbI. 
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PeaynbTSTbI ytteTa BTOpHl!HbIX npoueccoa BaaaMo.neAcTBHH mtOHOB B H.npe, nony'leHHbI8 

npa pacqeTe BHYTPHS:.llepHoro KBCKalla yKa3aHHbIM MeTOll.OM, noaaomnoT He T01IbKO 06'bHCHHTb. 
' + 

Ha6mo.nasweecsr YM0HbW0BH0 OTHOCHTenbHOro BbIXO.lla- rr -MeaoHOB K ,r -M~~OHSM C 

OOCTOM aTOMHOrO aeca H.Upa-MHill0HH I HO H npe.neKS38Tb peaxoe na,neHHe aToro OTHOill9HHSI 

B <;>5n8eTH 6on&IllHX yrno'a B c".u.H. npeneKa3bIBaeMoe pae"l0TOM yaena'leHH e aeHMMeTpHR 

yrnosoro paenpe.lleneHHH IlHOHOB B c.u.a., aa el!eT BTOpH"IHbIX npoueecoa B38HMO.ll0ACTBHSI, 
/2/ 

xaqeeTB0HHO eornacyeTeH C 8JtenepBM0HT811bHbIMH naHHblMH • 

3. PactteT npouecea eeynpyroro aaaaMoneAcTBHH e s:npoM 6bleTporo nyxnoHa ana neo

aa npen.nonaraeT, 'ITO HaaeeTH~ BBO,llHMble H3BH8 acxo.n,Hble n.aHHble: xapaxTepHeTHXH ynpy

r11x H Heynpyrax aaaaMon.efl:eTBHA e HYK110HSMH Rn.pa 'ISCTHU, yttaCTBYIOlllHX B ~poueece. On

HBKO, ecnH B o6naeTH cpea.HHX auepr11fl:~ MeHbillHX 1 Baa, xapaxTepHCTlfKH 9ll0MeHT8.pHbIX 

axTOB HyK1IOH-HYK1IOBHOro H IlHOH-HyKnOHHOro aaaq:Mo.a.efi:eTBHA: aoeTaTO"IHO xopowo H3Y'l9Hbl 

.axenepa~eHTam»HO, TO B 06.n:ae,TH BblCOKHX aeepraA CIITY8.IIH51 eymecTB8HHO HHaH .. 3xcnepHMee

Tam:.Hble .0,8.HHble HM910T xapaxTep OTpbIBO'IHOii HHQ)OpMaUBH 06 SneM9HTanHbIX SXTaX B3aHMO

.o.e.0.eTBHH C ByxnoHaMB ayx.noHOB1 nHOHOB B1 oco6eHH01 CTpaHHbIX "ISCTHU B OT.0.01IbHbIX TO'IKSX 

saepreTHttecxoro HHTepaana /eM. o6aopb1
I3

•
4I 

/. Bea npeanetteHH51 Teo;eTHl!eeKHX coo6pame

HHA 8THX naHHbIX B pan.a eriyqaea OX83bIBaeTCSI .He.o.oeTB.TO'IHO nna nonHOro OilHCSHH.R an:eMea

Tapaoro aKTa. B TB.KHX en:yttaHX HCilOllb30Ban:acb eTaTHCTBqecxaSJ TeOpHH MH0)K9CTB9HHorO 

o6paaoaaHRH 'ISCTHU B' onHOMe30HHast nomoeeag TeopHst nep11Q)epH"leCKHX a3aHM0.0eACTBHA. P~-

aynbTSTbI BhinonaeHHbIX TS.KHM o6pa30M p~eqeTOB. eeynpyr11x B3aHMonellcTBHA:/S-lS/ BK1U01te

Hbl B nepabIA paa.tten BTOpo8 I"llSBbl peq:JepapyeMoA pa60TbI. 

BropoA: paa.o.e11 9TOA: rna.Bbl llOCBHIU0H H3Yll9HHIO MexaHH3Ma B3aRMO.o,efi:cTBH51 C H.o,pSM!f 

Q)OT09MynbeHH npOTOHOB C aeepras1MH 9 6se B 25 Baa. ,llna: cpaBH9HHSI C .0.SHHbJMH (poToaMy1lb ... 

CHOHHbJX pa60T 6bllIR BbJIIOlIH9HbI pactteT bl BHYTPHSI.O,eoHblX K8CKa.o.oe, renepepyeMbIX 6.bICTpbIMH 

npOTOHaMH, B cpe.oHeM nerKOM H epe.oeeM Tg>KenoM a:.opax (pOT09MYnbeHH
I14

-
16I

• B :.oaHHbIX 

oaetteTax, xpoMe o6bll!HO npHHHMaeMblx ao BHHMaeae aaxoHoB coxpaaeana 6aPeoeeoro a ~nex

Tpa11eext>ro aap.RllOB, atucoe coxp.aHeeesr sHeprHH 6bln Bblnoneee anH xa>Knoro aneMeeTapeoro 

axTa B38RMOLtei1CTBHH. XoTst 38KOHOM COX!)8ff9HRSI HMfi)"m,ea DpR 9TOM rrpeue6peranoe& 1 OH 

Bee-TB.KR rrpOHBlISl.n:CH npH nopeHUOBCKHX npeo6paaoeaHH51X aaeprHH H HMilY1lbCa. PacnpeaeneHHe 

II1IOTHOeTH 51.0,epHoro eemeeTB8 6bin0 IIpHHSITO TSKHM, xax aTO cne.a.yeT H3 sxenepHM9HTOB 

no paceesrHHIO 6bICTpbIX anexTpOHOB Ha s.aoax •. 06oaaoeaeae CTOaHHbIX '18.CTBU B 9TRX paeqe-

Tax He paecMaToHBanoe&. 
\ 

B pa3BHTBR xaexa.oa npBHHManH y11aCTHe IlSITb COpTOB ttaCTHll: eeATpoa~. npOTOHb11 

aeilTpanbHbl8 H 38.0H>K9HHbie llHOHbl. Oanaxo .ona: COIIOCTBB1I8HHH C aMy1lbCBOHHbIMH .0.B.HHbJMH 

EOH8"1Hble pe~ynbTSTbI 6blne noe.o,eTaaneHbl xax aeepreTaqeexae H yrnoBble pacnpe.o.eneeHa: 

s -qaeTHU /npOTOHbl e aeeprxeA. 6onbweA 500 Msa, a aapg>KeHebie nltoebl c aeepraeA, 

6on&weA 80 Msa/ H g ~'lfaeTBU /npoTOHbI C-9HepraeA 30 - 500 Mae H aapH>K0HHbl9.fiHOBbI 

C eeepraeA 15-80 Mae/, a TB.K>Ke epe.o.exe MHO>K0CTB9HHOCTH STHX rpynn 11.aeTHU. 

Y .ooeneTBOpHTe11bHOe eornacne paeqeTHbIX B81IB"IHH C axcnenHM8HTanbHbIMR, KOTOpoe Ba6-

11lO.ll8eTeSI npn Cp8BH0HHK peaynbTaTOB pae"leTa C 9KeneonMeHT81IbHbIMH !l8HHblMHI17•
18I

• 

noaeona:eT yTeep*.O.aTh, ttTo MexaenaM BHYTPBR.O.epHoro 1raexaaa peanaayeTeH, no xpa.AaeA 

Mepe, llO saeprBH 25 EaB. Hao6opoT, paC'l8Tbl no MO.O.ene a:nepHOA Tpy6KH npHBO.O,Sl:T x noo

THBopeqHIO e axenepHM9HTOM. 
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B TpeTbeM paa.o.en:e ~TopoA rn~Bbl paecMOTpeHbI BHyTpu1.a.epeble xacxa.abl c yttacTaeM 

K -Me'aoaOa a rHnep?aoe.' 3a HaqanhHble qacTHUbl, reeepnpy10ruae Taxue Kaexa.o.bl a sra-

pe yrnepo.oa, 5b111H aastTbl 17.- ~Meaoehl c aeeornstMH 7 Baa a 16 Bae. 3To noaeOnHeT 
/19/ 

epaBHRTb peaynbTB.Tbl pae1teT8 e sxenepBM8HTB.llbHblMH .aaHHbIMH 

Ha-aa ycpe.o.neHHH no H30TOllH110CKOMY CIIHHY B pac11.eTe KaCKa.a.a npRHHMana yttaeTae 

IISITb eopTOB qaeTHU! HyKlIOHbl ,r-. H K -Me30Hbl1 A H l: -rHnepOHbI. BaaHMO

.oeiiCTBlle K8>Kll0A 11aeTHIIbI C eyxn:oHaMH H.apa 6blno aaaaeo B03MOacHbIMH xaaanaMH peax

UHR1 paaoeweHHbIMH 38.ICOHaMH coxpaHeHH51 aeeprHH, OapHOHHOI"O aapa:aa H CTpaHHOCTH. B 

oTnH'IHe OT npe.ahl.aywero pae11eTa, a xa11ecTae si.aepeoa: MO.llena 6blna aenonbaoeaea Monenb 

cpepMH-raaa, c paeeoMepeoa rrnoTHOCTblO aanonesr10wero o6oeM st.o.pa-Maween. O.aeaxd, ee

CMOTpSI ea eexoTopble paan:a1111st, o6yenoeneeeble cneua(patJHOCTbIO paclfeTa, o6mast exeMa 

BblqHC110HHA 6.blna Taxoa >Ke, KB.It .an:a: pactJeTa nHoH-HYKllOHHOro xaeJta.a.a •. H· B STOM enr1ae 

sxcnepnMeHT e TeopHH xopowo corna.cy10Tcst. 

-4. B nocneaueA: rnaee paeMOTp9HbI .ll8TanH HYK1IOH-H.0.0pHbIX B38.HMO.O,efl:cTBHA: I KOTOpbie 

ae o6'bHCHSllOTCSI x.aeJta.O.HbIM M0XB.HK3M<?M B ero 06bI-.:rHOA Tp8.lCTOBKe: aHOM81IbHOe ce11eaae 

pO>K.aemrn aeiiTpOHOB npn aaeprHSIX T ~ 400 MsaI16
; 

201 • 8HOMa.1IbHbl0 Ce118HHSI .a.mt peax

UHA THna ( p, p ff'+) 
1211 

R T • .a • .Dnst o6'bSl:CH8HHSI: 9THX SJBneHHH Henonb30Banaco TOOpHH npH

M bIX HnepHbIX peaKIIH.8 .. npaMeHeaae aaarpaMMHOA T0XHRKH fi03B011510T B 9TOM cny11ae· ce~-

38.Tb Me>K.ay co5oA paan:HqHbI8 npoueeebl, HCKlIIO'IHTb Tpy.oHoetJHTaeMble Y31Ibl R onpe.o.enHTb' 

'oTH~eHTen:bHblA BbIXOll peaKUHH. TaKHM nyTeM .a.mt HYKnOH~Sl.ll9pHbIX B3aHMO,ll8fi:CTBHA pae

CttHTBHbl OTHOill0HHH tJn:een pO>K.O.aIOlllHXCSI .o.eATpOHOB K npoTOHaM npH sHeprHH 25 Baa H BbI-

"IHCneHO nonaoe cetteene peaxuaa ( P, P 11 +) oT rropora .o.o 28 Baa. PeaynbTSTbI fpa.ctJeToB 

6nH3KB K H3BeeTHblM axcnepHM9HTanbHbIM .a.aHHblM. 

5. B npano>KeHHH rrpHae.a.eHbI peaynbTaTbl pac"leTa aepostTHoeTefi: reeepaUHH Y -xaae-

TOB, µ -MeaoaoB H HeATpHHO npH oqeHb 601IbllJHX aeeprea:x
I22I

• 3TH .llaHHble npe.o.cTaa-

n.RIQT Hl'!Tepec ansr oueHKH HHTeaeHBHOeTeA: nyqKQB 118CTBU B eyrueeTBylOlUHX "· npoexTapye

MbIX ycxopHT01ISIX. 

Bee ttHeneHHble p8.e'l8TbI 5bln:H BbIII01IH8Hbl Ha anexTpOHHbIX C118THhIX MaWRHax Bbl'IBC

nHT81IbH0r0 UeHTpa OHHH. 

nony"leHHb18 peaynbTST.bI ony5nHKOBaHbI B pa6oTax
I1 
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