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Q RllepHOfi :lKH.!lKOCTJ.f 

.Sl.upo 6DIJl0 OTKpbiTO B 1911 r. 3.Pe3ep¢op,ZlOM npH H3y<leHHH pacceaHHR aJibQla

'laCTHU B TOHKOi:f 30JIOTOfi ~OJibre. 3TO COBepmeHHO He06biLfHbiii 06beKT, pa3Mep 

KOTOpOrO COCTa.B1111eT HeCKOJlbKO ¢epMH•), 'ITO B Jtecmxli ThJC$19" pa3 MeHbUie aTOMHOrO, 

a nllOTHOCTb nopiDKaeT B006piDKeHHe - COTHH MH.JIJIHOHOB TOHH B Kj'61i':leCKOM 

caHT11MeTpe. B nocne.UytOI.UJie 'ieTBep-rb seKa 6bma cos,!laHa HOB<UI reopiDI - KBaHTosaa 

MeXaHMKa, KOTOpaJI c;ra.na OCHOBOii .!lJUJ OITHcaHJUI aTOMHhiX H smepHbiX CBOiiCTB. 

OnHaKo scKope H.EopoM, K.Beih.oeKKepoM, .S:l.<llpeHKe.n.eM H .np. 6bma pa3BJITa TaK 

Ha3biBaCM<UI KafiCJlbHaJI MO,!{eJib a.n.pa., KOTOpM HCXO,ZlHT H3 aHa.JIOrli.H Me)K,llj' R.IlpOM H 

06bJ'IHOfi :lKI{!lKOCTblO . .H.zl.po OITHCbiBaeTOI:, KaK 3apaJKeHHWI Ka.IlJBI (¢epMH-JKlUlKOCTb), 

HMClOllla.s! nosepXHOCTHOe HaTIDKeHHe H O"'eHh BblCOKHif K034)<\lHUHeHT ynpyrocrw_ IlpH 

6oM6apnHposKe 'laCTHUaMH H HX norJio~eHIHi smepHax KaiiJrn Harpesaerc>1. CTeneHb 

Harpesa xapru-..:epmye-rca TeMneparypoH (T), H3MepaeMoH· s Mera3JICicrpOHBO.I"IhTax 

(M::tB). 01IHH M3B COOTBeTCTByer npHMepHO 1010 rpa.eycos no LUKa.ne I..l;eJibCllil. DpH 

32X.BaTe Me.DJieHHoro HeihpoHa x.rq>o Harpesaercx 110 T :;:;:;~_ 0,5 M::tB. Harperoe anpo 

HCOap$ieT COCTaBJl11lOUlHC ero HeftrpOHbl, npOTOHbl, aJib¢a-"'a.cnru;bi, HCITyCKa.eT )'-JIY'Ui. 

CneKTp KHHent:lleCKHX JHeprnH HeihpoHOB orrpe.ne.IDiercx IDBeCTHbiM KJiaccwmcKHM 

pacnpeJie.n.eHHeM Maxcse.rr.na, H cpe.nHAA 3Heprm~: HcnapXFOIIlHXC11 -qacmu pasHa 1,5 T . 

3-ro o6croKre.nbCTBO wcnonb3yerca .lLIDl onpene.neawr TeMriepa'IYPhi Mpa. 3HeprH.si 

HCnaplUOllllfXCfl 3apiDKCHHhiX. "'aCTRU 60Jihme, liCM y HCih"pOHOB, 3a C9eT ,llCii:CTBllil 

lcyJIOHOBC!GfX CHJI OTTaJIKHBa.HWI CO CTOpOHbi ».ZlPa . 

• , O.um'l cpep,.rn (<IJM) paBes w-" eM. 
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1. 

B pa.MKaX Kaiie.:lbHOM MO.IleJni ycnewHo OTIHCblBaKlTCst OCHOBHbJe 

xapa.KTepHCTHKH X0110.IlHOrO m1pa - MaCca, 3HeprW1 CB}I3H, 3Hepnn"l OTlleJJeHHSi '-!3CTUU. 

naeTCH o6oscHeHHe npouecca JieJieHmt TIDKeJibiX H.llep. Ilpo.IlomKeHwe aHanontH Men::!l.y 

~epHbiM BeWecTBOM H Jil':J.i;!lKOCTbfO IIpHBOlllfT K ecreCTBeHHOMY sonpocy 0 

B03MO:IKHOCTH c}la30BOrO nepeXOlla )I(JUlKQCTb-ra3 B :R.llpe. 

cl>H3H'ieCKHM OCHOBaHHeM a.Ha.JIOrHH Me:.Klzy $1..!lepHbiM BeWeCTBOM H 

KJ13CCH'iCCKOH A<H.!lKOCTblO SiBJISieTCX CXOJlCTBO MOJ1eK)'JI.SlpHbiX H ru:tepHbiX CUJl B 

OTHOllleHHH HX 3aBHCHMOc:T'H OT paCCTOHHllii. MoJieKYJibl, C6JUDKa51Ch. HCnblTh!BaKIT 

npwnDKeHHe, KOTOpoe 3aTeM CMeiDieT~ OTTa.JIKHBaHHeM (Ci111bl BaH-.Ilep-Baa.JlbCa} 

5J.rr.epHbJe CHJJbi HMelOT a.HaJIOrH'iHOe ITOBe.!leHHe, XOT.s! li B COBepllleHHO HHOfi WK<Lle 

3HepmH H paccro:s:~HHH. :S Pe3YJibTaTe <<ypaBHeHIDi cocrostHH»» noJiy'-laJOTCX seCbMa 

noxo»c:HMll. Y.!lHBIITeJlbHIDI ymmepca.J'IbHOCTb 3a.KOHOB npHpO.!Ibt! 3To MJU110crpupycrc~ 

pHC. 1. 3.!Iecb npe.rtCTaB.neHbl H30TepMbi .!IIDJ 3aBHCHMOCTH .!I2BJieHH~ OT 06beMa (11;111 

o6paTHoH TIJIOTHOCTH) nna ra3a BaH-.n_ep-Baanbca H H;IepHoro semecrsa ( c TaK 

Ha3biBaeMbiMH CI1Jl2MH CKHpMa). Cronb pa3.1IHqHbfe CHCTeMbJ noKa3aHbi Ha O.!lHOM 

pHC)-'HKe, 6naronapS1 TOMY. 'ITO LLaBJieHHe. o6beM H TeMnepaTypa naHb! s 6e3pa3MepHb!X 

BeJIM"'HHax - B BH.!Ie OTHOUleHHif K KpiiTHt.IeCKHM 3Hat.leHM~!\.~: P~. V~-=1/p.: (p..: -

h.}IHTW-tecKaa n110THOCTb), T"'. ,U..'IH ynpomeHilli pHcyHKa noKa.JaHbl TOJibKo I-130TepMbi 

.J.ml TeMnepcrryp OT 0.5 T, .IIO 1.5 Tc. JKHll.KOH !l>a3e coOTBeTCTB)'lOT pe3Ko HAYUll-1e BHH3 

)"ffi.CTKH IDOTepM B JieBOii qacni pt-~Cj-'HKa. ilpHG.eM MHHllMYM nO ;taBJieHHID npM ll.aHHOi1 

TeMnepal)-pe - r~1y6)Ke .!I11>1 JcrlaCCHt.IecKofi )KH.!IKOCTH. 'ITO COOTBeTCTBYeT ee 60.,1bUleiJ 

HeCJKHMae!\.10CTii. r:nosoH ¢a3e orseqae-r npaBCU~ qaCTb pHCJ'HKa, n1e nasneHlle n~1aBH? 

na.;:raeT C ysemiLJeHJ.:IeM o6be.Ma_ Cpe.IIHAA 113 H30TepM COOTBeTCTBYeT KpliT~1LJeCKOi'i 

TeMnepaT}-pe T" .lJHI nepexo.ua ;;;run;:OCTI>- ra3. ilpH ee .aocrH:aceHMH nosepxHOCTHOe 

HaTH:iKeHne UCLJe3aeT. Cl1CTeMa CTaHOBIITC.H Oll,HO$a3HOH., ra30BOfi. ):})UI .H..lCpHorO 

semecrsa T~= l5-20 M3B,u.nu ==2-10 11 rpa.eycoB l.J,eJibCilli. 

Tenepb o6paTHM BHHMaHHe Ha Y'·!aCTKH H30TepM, r.ue ]laaJieHf.-le pacrcr c 

yBeJlUl-lemteM o&beMa (OTpHUaTe.HhHrui C&HMaeMOCTb). 06JlaCTb, KOTOpaJI OXBaTb!BaeT 

1Til yqacnm H30Tep~1, Ha3h!BaeTCSI CITUHO.!J,a.lbHOif, ITJIOTHOCTb 3.UeCb 3Ha'H1Te"lbHO 

HH:-Ke. l.le!\.f r1..ri.SI ;.KH.11KOCTH. ,[L'UI Hee xapaxr-epHa !jl230BID! HeCTa6nJibHOCTh C~iCTeMbl 
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Pnc. I. «YpaBHeJrne cocrojj_HH~» n.na ~JlepHoro aewecrsa (cnJJOWHa~ JHJHHH) 11 

CUCTeMbl KJlaCCHt.IecK<Ui Jt.."HllKOCTb- ra3 (O)'HKTHp). fuoTepMbl COOTBeTCTBYKlT TeMne

pa!)'paM OT 0,5 no 1,5 TKJIIIT.· ,llasneHne 11 o6beM .D.aHbi a e.!lMHut.tax KpHTil'-H!Ch:ll:X 

3Ha<JeHJ1fi_ BbJ.UeJJeHa o6JiaCTb ¢a3osoit Hecra6uJJbHOCTH (cmtHO.D.aJ1bHa51 o6.nacTb) 
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Puc. 2. <ba3osa51 .ivtarpaMMa .!111jl HllepHoro aemecraa. llioTHOCTb .naHa B enltHnucr•; 

t-!OpMa.'lbHoH HnepHoii nnoTHOCTH (0.17 H)"KJIOHOBI¢M~). Tio~-.:33aH n~Tb, no KOTopoMy 

ropflt.Iee fl.llpo. pacumpHS~Cb, nona.Jiaer e cm-tHO,!J.a.JlbHytO o6.nacrb 
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I CnyqaHHbte qmyrrya.IJ:t-:UJ miOTHOCTif npHBo.::urr -K TOM)'. 'ITO O.!lHOpOZIHaJ! cuCTer-m 

npah."TH'-IeCKH MrHOBeHHO pa3B3.!IHBaeTCa Ha CMecb .llB}'"X $a3 - KaOeJTbKH iKHll.KOCTit. 

m;:pyiKeHHhie ra30M 

Mo;a.;:er JIH ~.o.po OKa3aThc.sl s cnwHO.ilanhHoii o6nacrH? Ec.nu ero nocraTOI.fHO 

Harper&. OHO norra..!ler s o6nacrh tjlasosoii Hecra5HJihHOCTH, pacwHp$1:s!:Cb no..J 

neHcrsueM Tennosoro nasneHH.Il: H nepeMeW<U!Cb no cpasosoi.f .!UtarpaMMe TaK. KaK 

nOKa3aHo Ha pHc. 2. IiblCTphiii pacnaa CHCTeMbl Ha .ilBe $a3hl 03HaLJaeT o6pa:msaHue 

KaneJTeK. OKpy>KeHHb!X ra30M (h)'Kn:OHhl. 3Jib¢a-'iaCnfUbl}. flw 51'.!1epHbJe KaneJibKU 

Ha3b!BaJOTC.Il: lflparMeHTaMH npOMeJKy'T09:HOH MaCChi ((f)fiM), K HHM OTHOCWfCSI .JlerJme 

3JieMeHTbl OT J1I.ffl.f51' (Z=3) llO KallbUHH {2=20). 06pa30BaBWasiC.Il: MHOrOTeJibH<UI 

CI1CTeMa pa3JieTaeTC:sl ITO.!I .II~ifCTBHeM K)'JIOHOBCKHX CUJI, fipOHCXOJHIT pacnan :s!:ll.pa 

B3pblBHOrO THna M)'JihnrclJparMeHTa.I.Ufil. CnoKoHHbill npouecc HcnapeHH~. 

xapaKTepHbifi .!Lol}i <<TCil;1biX» ~ep (C 6o.nee CA1J0MHbiMH 3HepriD1Mii B036J~AC.iiCHWl), 

cMeHHeTC.Il' 6ypHbiM BbiKlmarmeM ji)IepHoH :.KMJlKOCTM. Ta.KHM o6pa30M. u3 Teopun 

cJ1e,aosan:o; <rro mi.epH~ MYJibTH.cj>parMeHTaUml - npoxsJJeHHe ¢aJosoro nepexo.na 

4i:M.!lKOCTb-ra:3 s H.ztepHOM semecrse. Ho 3TO npeD.CTOMO npo!leMOHcrpuposaTb 

3KCnepHMCHTIUlbHO. 

2 fbepHM dmarMeHTaUIDI 11 MVJibTifdmarMeHTamJ.Sr 

Pea.KUllii ru:J.epHOH IPparMeHTa!UfM 6biJia OTKpbiTa eme s npe.usoeHHbie ronhi s 

OllbJTax C KOCMHqecKHMH .nyqaMH, KOTOpbie IIpOBOllHJIHCb 8 CoseTCKOM COJ03e 

(H.HTypeBHq H .!lp.) H 8 repMaHHH (3.l1Ionnep). 0Ha npe.o:crasmuracb Y.iiHBHTe.nbHhiM 

HBJ1CHMCM. KOr.!la npH coy,aapeHHH LJaCTJ.H.t O'ieH~ SPICOKOli (pemiTHBHCTCKOi1) :mepnfH C 

MHUICHbfO (SUipa Ag H Br B QlOT03Mj"JibCHH) BbL"J:eraKIT OTHOCHTe.nbHO MC.lliiCHHh:e 

neoKHe .ll'llpa B 50-x ro.aax artepH<UI $parMeHTai..UUI 6biJia o6Hapy-xeHa 8 3KcnepJ.iMeHTaX 

Ha YCKOpHTemiX., .!laBaBWHX nyLJKH npOTOHOB C 3HeprHefi 8 HCCKOllbKO COTCH 

Mera:Jne•-rpoHsOnhT (H.A.Tiep<jlKJIOB, O.B.Jloli<KHli). 

C TCX nop 3TO .HBJleHJie HecnelllHO HCCJIC)lQBaJIOCb B TeLfeHHe rpex .!IecJITKOB J1eT, 

o.D.HaKo Mexarnt:3M npouecca OCTaBaJ"'OI HenmurTHbJM. CJ.rrYau.IDI .rtpaMaTH'iecKH 

H3MeHKJiaCb B Ha'iarJe 80-x rO.llOB, KOr.!Ia Ii..SJ:KoficoHOM M .llp. (IlJBCUIDi) 6bL10 
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06HapyiKeHO MHO:.KeCTBeHHOe HCrryCKaHHe $parMeHTOB .npOMexcyTO'iHOH MaCCbl OruiTb C 

flOMOUlbfO TeXHHKH $OT03MYJibCHi1. KOTOpbte o6.n.yt.iaJIHCb fiT:IKOM Hllep 
12

C, 

ycKopeHHbiX no 1032 M3B Ha CHHXpOUI-UmorpoHe MeJK.eyHapO,!lHOro HHCTmyr.a UEPH 

B )KeHese. nocJie 3TOrO flOHBMJiaCb cepWI pa60T, B KOTOpbi.X pa3BHBaJlaCb !i_[le.sr 0 CB.s13H 

npouecca MHO:.KeCTBeHHOH 3MHCCHH tPparMeHTOB C <IJa30BbiM nepeXOll~M ::KH,!lKOCTb-ra3 

B H!lepHOM semeCTse. 3TO Bbi3BaJIO HaCTOHIUHii fiyM B 3TOi1 06JiaC'rH HCCJIC.!lOBaHHM KaK 

cpeanJKcnepHMeHTaTopos. TaK u reopeTIIKOB. B pa.3JJH'iHbiX na6opaTOPH.S[X MHpa 6bmo 

C03llaHO OKOJTO .!lfOiKHHbl CJIOIKHbiX. MHOfO.!(eTCKTOpHbiX yCTaHOBOK, cneUH<UibHO 

npe..'lHa3Ha'ieHHbiX .AJI.sl H3Yl.ICHllil 3TOro npouecca. MHoroTe.JibHhlH xapaKTep pacna'la 

mp.srYHX .sl.llep o6yCJIOBllii Heo6XO,llHMOCTh pa6oTaTb, KaK rOBOpWT, B 4n:-reOMeTpHH. 

1\0r.J.a perHCTpHpYJOTC.sl O.!UiOBpeMeHHO 'tfaCTHUhl, BhiJieTafOI!lHe H3 m.lpa B JIIQ60M 

HanpasJieHHH CospeMeHHbie ycKopme . .'IH .Ua:EOT npaKTH'-IeGKH HeorpaHH'tfeHHbie 

B03MOiKHOCTH .llJUI ll0J1Y'iCHlli! rryq:KOB 3ap.sr:JKeHHblX qacrnu C J?a3JIH'tfHbiMli MaCCa.MH H 

3Hepnts!.Mti: npOTOHOB, .sr,nep re.,1ID1, TIDKeJibiX HOHOB. 3,n:eCb Mbl IIO.!IXO,!lHM K BOnpocy 0 

TOM. KaKHC YCKOpeHHbJe Il}:"LfKH Haw6o:ree a!(eKBaTHbl 3a.!la'ie H3Y'tfCHilll TepMO.llHHaMHKH 

ropjjLJHX jj.o;ep. 

3. KaK nmiroTas.rnmaTb rop.srLJHe Rima? 

B nocJie,!:IHee speM51 .nru;: 3TOH UeJIH nn:~poKo ncnoJib30BaJIMCh peaKUJ.H1, 

Bhi3BaHHble TIY'iKaMH TIDKe.,"lbi':' HOHOB (OT yrnepo.n;a .!IO 3Q.IIOTa) C 3Hepi"IDIMH B .lleCWTKH 

H COTHH i\1JB Ha H)'KJIOH. 3To o6yCJIOBHJIO TO, 'tfTO HMeHHO Ha YCKOpliTeAAX Tjj)KeJlbiX 

HOHOB n pa3BCpHyRMCb BHa"'ane 3TH pa60Tbi. QnHaKO . HarpeB .H.upa TIDKeJibiMH HOHaMH 

conpOBOIK);taeTCjj 3HaqHTenbHbiM OKaTHeM, CilllbHb1M BpameHHCM H .D,elj>opMaUHeii .slllpa. 

B pe3yJibTaTe TOJibKO LJacrb 3Hepnrn, nomomeHHoH anpoM, .HBJUieTC.sr: TennosoM. 

B036YJK.!leHHe KoJIJieKTHBHbiX creneHeii: cso6o.llhi CKa3biBaeTC.sr Ha pacnar~.e ropjjLJero 

H,llpa H 3aTpy.llH.s1eT no_rryqeHHe HHQ:IOpMauRH 0 ero TepMO.UHHaMHlleCKMX 

xapalrrepMCTHKaX. 

Kap-rnHa CTaHOBIITC.sr: 3HaliHTeJibHO npowe, ecnu s Ka'tfecTBe 6oM6ap,o;HpytaweH 

'iaCT11Ubi MCTIOJJb30BaTb Jiencoe 5Ulp0 (IIpOTOH, reJIHH}, pa30rHaHHOe 1!0 BbiCOKOii 

JHeprHM (s HecK6J1bKO TbiCSill M3B). Tipouecc Harpesa .sr:JWa-MHmeHH MQ)KHQ 
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npOHJIJUOCTJ>HpOBaTb npocroif Mexa.HWiecKOii MO,!leJlbJO. TI0Ka:3aHHOfi Ha pliC_ .l. 

KOTOpbrH 3a.HMCTBOsaH HaMH H3 CTaTbH H.liopa (Science, No. 2225. 1937). fupo 

npenCTaBJieHo s BWle yr.ny6neHIDI, HanOJJHeHHOro wapaMH-H)'KJIOHaMH. CHapy)Kli s 3TY: 

-ra.peJII<y HanpaBIDleTC.Sl ew.e O.IJ.HH Wap, KOTOpblif MCTibiTbiBaeT CeplUO ynpyrux 

coy.llapeH:Hii, TepAA 3Hepnuo. B pe3J11IbTaTe B03HmcaeT TaK Ha:3blsaeMblif BHyrpH

~nepHblii: KaCKaZJ. ITOCJIC.!lOBaTellbHbiX COy..!lapeHHii. B KOTOpbiif 6y,neT BOBJICo,jeHO MH010 

wapoB. qacTb H3 HHX ITpH06pereT ,!IOCTaTO"'HO 60JiblllYJO 3HCprHJO. 'IT06bl BbiJieTeTb 

HapJ')Kj'. HO 9:aCTb He CMO)KeT npeo!IOJleTb flOll,beM Ha BbiXO)le H3 yrny6neHJ.Ui. TaKHM 

o6pa30M, KaKrui-TO JlOJU!: Ha"'aJibHOii 3HeprnH 3a.D:Cp)K}ITC.Sl B ·s.n_pe I1 6y.ner paBHOMepHO 

pacnpe.!le.neHa no seeM ocraswHMcx s HeM HYKJIOHaM. Hcnonb3osaHue pen~THBHCTCKHX 

nen;:Hx qaC'Tliu- J'HHKaJibHhrif cnoco6 no.nyq:eHWI rop.Sl"'HX x.n;ep. 3HeprHa so36y)KlJ.CHu» 

KOTOpbiX npaKTH'iecKH UeJIHKOM .Sl:BIDI'eTC.Sl. TCTIJIOBOii_ 3ro o6ecne'iHBaeT HaH60JJee 

'iHCTbTe yC.!lOBH.Sl: .llJ1.Sl HSyGeHIDl m!epHOii TepMOliHHaMHKH npH BbTCOKHX TeMneparypax. 

HMeHHO TaKOif cnoco6 Harpesa 6biJI Bb!6pa.H s .ll;y6He .!liDI myqeHw:~t <<TemmsoH 

M)'JlbTHtPparMCHTaUHH», KOrna C'ACa.THeM H BpaUleHHCM B03fi)"AOJ.eHHOrQ :!t.!lpa MO:IKHO 

npeHe6pe9b. 

PHC. 4 HJIJII-Ocrpwpyer KapniHY B3aHMo.neikTBrni 6hlcrporo npoTOHa c T.Sl)KCJlbiM 

l'i.:JpoM. B pC3yJihTaTe KOTOporo snepe.n. BbUleTaiOT «KaCKazJ.Hble>) '1acntUbl. a pa3orperoe 

.511lpO•OCTaTOK p33B2JIHBaeTC~ C MCnyCKaHMeM B 

$parMeHTOB. 

4 Y craHOBKa ct> A3A 

pa3Hhie cropoHhi HYKnOHOB u 

)1111 3TOil UCJ1H 6bL1a C03.!laHa MHOrO,!leTeKTOpHrul' ycraHOBKa <l>A3:\., HMetowa:H 

4:rr-reoMeilJHiO. YcraHOBKa. pa3Mewaen:.Sl Ha TI)~Ke cnHxpo$aJOTpOHa 06bellHHeHHOro 

UHCTJI1}'Tit l'i.:JepHbiX HCCJie,IlOBaHHii_ 3-ro 3HaMCHHTblfi yCKOpliTeJlb, C03.!1aHHblfi 60.r1ee 

copoKa ,leT Ha3<Ul aKarteMHKOM B.M.BeKC.:lepoM. Tioc.r1e cywecrseHHhiX 

ycosepweHCTBOBaHHii OH H no ceH .n:eHb o6ecne'iMBaer B03MOJKHOCTb npone.ueHH1l 

KOHh.)'PCHTOCnOC06HbtX HCCJIC.O:OBa.HHi::i B Ofina.CTH pemrrHBHCTCKOi1 ~epHOH c}li1311KU. 

.!12BIDI nyqKJ.I npOTOHOB C 3HeprHeif .0,0 8 r)B (MHJLJ1Happ;OB 3-JICKTJ)OHOBOJihT) H 60JJee 

nmeJlbiX o,jaCTHU C JHeprHeii ,llO 4 f3B Ha H)"KJIOH. B CTa,ntU1 HaJI£Ul.KH (B TOM iKe 
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Puc_ 3. MexaHnl.JeCKIDI MO!lCJlb HJiopa Jl-lUI. B3aHMO.!leHcrsHa ycKopeHHoH t.JaCTilUbl c 
Hyn:.;IoHa!l.m ~npa. npusoMwero K ero Harpesy 
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Puc_ 4. KapTnHa coynapeHH?. 6hiCTpOfO npoTOHa c ~npoM. B pe3)".'1HaTe KOTOiK\H.J 

snepe.J. Bbi.:SeTatOT «KaCKa]lHbien '-!aCTI-1Ubl, a pa30rpeTbtft OCTaTOK pa3631111BaeTC5l C 

HcnycKaHI\eM HYK.r10HOB H $parMeHTOB 

50 em 

----7 

Puc S. YcraHoB;(a <I>A3A Ha ny~Ke cHHxpo¢asorpoHa s )Iy6He 
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3.!1.8Hlm) - HOBbli::f CsepxnpOBO.!UilllHii YCKOpiiTeJib .HyK.J10T}JOH, xapaKTepHCTUKH nyYKOB 

KOTOpOrO 3HaqHTe.ITbHO paCuntpKr B03M0:1KHOCTH ;Ln~ ljJH3H'ICCKOro 3KCnepMMCHTa. 

Y craHOBKa <l>A3A (pHc. 5) HMeeT cljlepn'IeCKJ'H) reoMerpmo B ueHTpe 

BakJ'YMHQi{ K8Mepbl - MHUieHb M3 30JI0Ta (0,5 MH!I.l)OMeTpa). 30JIOTO - nonyJtHpHbli1 

MaTep~ia.Jl ll,JT~ MHWCHH H3-3a XHMHlfeGKOii LfHCTOTbT H B03MO&:HOCTH .!leJJaTb 113 Hero 

09CHb TOHKHe $OJibnL A CTO~lb TOHKa$1 MiflllCHb He06XO.!lifMa, 'IT06bl He UCKaJK8Th 

3HCpreTH9CCKHi1 CITCll.lp $parMeHTOB, HMeJp:lllHX H~OJlb!llQj:j npo6er B semecrse_ 

BOKpyr MHllleHH -l(eTeKTOpbl2lB)IX THTIOB: 

J) flKrh TeJieCKOflOB - CITeKTpOMerpOB, B KOTOpblX C ITOMOWbfO UOHH381U10HHOfi 

li:aMepbl H3Mep51eTC~ j,£/Jlx - Y.!leJlbH<UI HOHH3aiUUl Llacnt:Ubl. BblJleTafOlllefi H3 

MHlllCHH 3a Ka.MepoH_ pacnonaraerc}i no.nynpoaOIItiJ:-{KOBPlfi IleTet..-rop ,JJI.S! 

H3MepeHHS IT0;1HOH 3HeprHH 9acTHU.bl, E. 3H<Ume !J..E/D.x n E O.!lH03Ha'-IHO 

onpe.D.e:nseT Z-3apa.II <faCTHUbl (T.e. THn perHcrpupyeMoro $parMeHTa. era 

ITOpSillKOBbiH HOMep ). 

2) 64 CI:tHHTanJUIUHOHHhiX G'leT'iHKa c nneHKaMH Csl(Tl) (Tonuu-tHoH s 50 

MHKpOMeTpOB) COCTaB.IDIIOT lleTe;,.-rop MHO)KCCTBCHHOCTH <l>fiM. KOTOpblfi 

OllHOBpeMeHHO onpe.!lCJHieT H npOCTpa.HCTBCHHOe pacnpe.!leJieHHe $parMeHTOB. 

«CJIOBO», OilHCbiB<nOlllee Co6blTHe, COCTOHT H3 138 ~OllHpOBaHHbiX aMnJUfT)'.!l OT 

CUHHTHJIIDIUHOHHblX C1.JeT9.HKOB H TeJiecKonoa. Te., no cymecrsy, npmnsoniiTcH 

H3MepeHHe 138-MepHoro cneKTpa. BCll HHtfJopMaUIDi 3anHCbJBaercs a naM~Th 3BM 

lUI.SI nocneeyiDwero a.HaJIH3a H o6pa6onrn. 

TiepBbiC JKC 3KCOepHMCHTb1 Il0K333JIH, 'ITO IIpH coy,napeHHH npOTOHOB C 

3Hepnieii 6onee 2 r3B C 30J:lOTOii M:HlllCHblO Ha6mo,uaerc~ MH03\CCTBCHHIDI 3MMCCIDI 

QJparMCIITOB. 

5. KaKosa n~'IOTHOCT& snpa ifcrrvcKalOwero dmarMeHTbr? 

J{eiiCTBHTeJibHO .JIH rop_gqee ~0 IIO.Il L{eiiCTBHCM TellJIOBOrO .rtaBJICHH~ 

pacwHpjJeTC}I, non:maer s o6nacn. ¢a3osoH HeycroiiqHaocrn H TOJihKO noCJie 3Toro 

pacnanaeres~ Ha tfJparMeHThJ? qTOfibi OTBeTHTb Ha 3TOT sonpoc roMep.smacb 

OTHOCHTe.flbH311 CKOpOCTb COBIT<UlalOII.UiX ljlparMeHTOB, JleTiilllHX B npOTJ.:IBOIIOJIO)KHb!X 
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HanpaBJJCHH~X. 'l!eM onpelle.n~CTC11 3Ta CKOpOCTb? PaOieTbi fiOKa3biBa.JOT, '"ITO Ha 80% 

3Hepm~ tiJparMCHTOB onpe.n:CJUI"eTCjj" HX yCKOpeHHeM B K}'JIOHOBCKOM IIOJie .SiliCpHOi:f 

CJ1CTCMbl H TOJJbKO 20% CBj~3a.HO C TCITJIOBbiM .l.l.BH:lKCHHeM. IJ03T0My- OTHOCHTeJlbHIDI 

CKOpOCTb <jJparMeHTOB <fyBCTBHTCJibHa K KOH¢HrypaUHH CHCTCMbi B MOMCHT pa3BaJJa. 

4eM MCHbWe ee ITJIOTHOCT'b (T.e. tfCM 60Jibllle pa3Mep), TeM MCHbUie CKOpOCTb. 8 

sepxHeH 'iaCTH pHc. 6 noxasaHbl .naa B03MO:IKHbiX sapururra HCflYCKa.HIDi $parMeHTos: 

!1CnapeHHe C nosepXHOCTH Slllpa C HOpMa.JibHOii ITJIOTHOCTbiO (cnpasa) H o6"bCMHbJi:f 

pa>san paclllHpeHHOH CHCTeMbi (cnesa). Pe3YJibTaTbi H3MepeHHii noK8.3biBaFOT, liTO 

pacnpeD.e.rJCHHe ¢parMCHTOB no OTHOCHTeJ!bHOif CKOpOCTH CMCIUCHO B CTOpOHy 

MCHbWHX 3Ha'ieHHJ1 no OTHOWeHHJO K OJKH!la.CMOM}' Jl,1Uf IlOBepXHOCTHOM 3MHCCHH 

smpoM c HOpMan:&Hoi1 nnoTHOCTblO. KoJmqecrseHHbiM aHa.Jrn3 3.!l;CCb He npocr. BHalfa.JJe 

paccYHTbiBaerca 6h1crprui CTalliDI pea.KUHH, xor.lla 6oM6ap.D:HPYJOlll3.51 LJacruua, 

coy.nap~~Cb C HyKJlOHaMH .sl:JlPa., Bhl3biBaeT l\.'"3.CKall BTOpH1.JHbiX t.IaCTHU, cpe.QH KOTOpbrx 

HYKJIOHbi, B036)')K.ZJ.eHHble HyKJIOHbi H 1t-Me30Hbi. qaCTb BTiJpMt.IHbiX 9aCTHU cpa3y 

Bb/JieTaeT H3 a.npa, a 9aCTb HX IIOrJIOW:a.eTC&, Harpeaas- m:I.pO-OCTaTOK. .[{anee flO 

CTaTHCTH9CCKOH MO.ilCJIH Si.!l:pa paCC9HTblBaJOTCj~ BCC B03M0)KHblC BapHaHThi pa3BaJia 

~.nepHoro OCTa.TKa. TpeTbs CTalliDI aHa.JIH3a - MHOrOTeJihHhiH pac9er KJ'!IOHoscxm:: 

TJ)ae;,.-ropHH acex 3apa)KeHHbiX LJacm:u, o6pa3oBaB!llHXCH B .llaHHOM co6biTHH. B 

pe3yJlbTaTe ITO.JtY'iiDOTC.sl: CKOpOCTH, 3HeprHH H yrJihl pasnen. scex 3ap.stJKeHHbiX 9aCTHU, 

'ITO )f)KC MOJKHO CpaBHIITb C 3KCnepHMeHrOM. (CHTyaiU:UI, aH:MOrHlfHaJI 3arta9.e 

KpHMHHaJJHCTa, peKOHCTpYiipYJOlllCrD 06cro8TCJihCTBa KaTacrpOI}lbi IIO 06JIOMKaM). 

0rt:H11M H3 napaMerpOB pacqera $JBJUleTCSI ITJIOTHOCTb $1.1lpa B MOMCHT pa3BaJia, KOTOpas! H 

onpelle.n.SieTC.Si H3 Ta.Koro cpasHeHIDI. B pe:3yn&Ta.Te Haii,lleHo, "tfJ"O 3MHccrur: $parMeHToB 

npoHCXO.!l;HT IIOCJie TOro. KaK ropxqee >UlPO paciiJHpj~eTC$1 (3a ClleT TeiDIOBOro !laBJieHIDI) 

B 3-4 pa3a. AHanorn'-IHhlif BbtBO.il IIOJiyqaeTC.!I H H3 a.H3JIH3a q>opMbl 3HeprerJ-i9eCKOfO 

cneKTpa ¢pameHTOB. TaxHM o6pa3oM, 3KcrrepHMeHTaJihHhle .II:a.HHLte csH.II:ere:nbCTBJ'KIT 

B nonb3y Taro. lfTO pa3Ba.JI ropH'iero AApa Ha. ¢parMeHTbi npoucxo,J:UIT nocne roro. kaK 

OHO, pacwHp~Cb, IIOITa,;!:{aer B 06JiaCTb $a30BOH: HeyCTOJRHBOCl'H. 3ToT BbiBOll 

contacyerc.H H c .npyruM Ha6mo.ueHHeM, KacaiOlllHMCX pacnpe,lle.neHIDI ¢parMeHTOB no 

3ap11:.ny (HJIH Macce). Eme 30 ner Hasan M.fl>Hinep noKa3a.n, lfi'O npH KoH.neHcauHH 
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OTHOCHTe.Jn,HVI CKOpocThlpparMeHTOB(lO cMfc) 

Puc_ 6. Pacnpe.!l6TeHne no OTHOCm-eJibHOH CKopocru ,!l.iUI cosnaaaromlfx $parMeHTOB, 

B03HM.Ka!OU1HX llpM coygapeHOut
4He {14,6 f"Jfl) C !>1MWeHbto H3 30JI0Ta. 0HO CMeuteHO B 

CTOpOHY MeHblilHX CKOpOCTeif. flO cpaBHeHHID C O;a.:H.J,aeMbiM llpJ.i 3MUCCJ.1J.1 ¢parMeHTOB 

c nosep:;cHocrH ~.apa, yKa3blBrui Ha «o&~MHhrih> pacnan }l.J.pa noc.ne pacwupeHn~ 

npHMepHO B 3 pa3a 

K.:,aCCJ.i'"lecKOii CHCTeMbl B CllliHOllaJlbHOif o6JiaCTiif B6J1li3H KpliTH'i.eCJWif Te!-.tnepa-ryphl 

pacn;Je.J..eneHHe Kane;JeK no Macce onHCbiSaercs npOCThlM creneHHbl~l 3aKOHOM: 

Y(m)-m -'. npH 3!0M x=2-3 C'reneHHOH 33..'(0H npeKpaCHO onnCbJBaeT 

3KCnep11MeHT".:L,hHble ..JahHb!e npJ.1 X ~ 2. TO'iHO TaK :.Ke, KaK- li !UlSI Kn2CCil4eCI\UrO 

sewecrsa. OueHKa $1.'lepHoH TeMnepa-rypbi npn :rroM npHBO!!.HT i\ Benwn1He "" 6 TvbB 

6 Tem10sru;- MVJibTttdmarMeHTaUHSJ - HOBbiM nm pacn31Ia ropS~'"InX ::s~.!Iep 

KaKoaa speMeHHM lllKa.na npouecca MHO:.KecTBeHHOif 3MMCCJ-m ¢parMeHTOB" 

flo Kmo9esofi aonpoc_ HcnycKIDOTC~ ~'lH q,parMeHThl He3aBHCMMO H nocne;zoaaTeJlbHO 

(To rna 3TO npoCTO eme O.!lHO nposrsJieHHe J?Ke H3Becnmro HcnapeHH~ -qac;nm H3 H.:!.pa). 

Hmf 3TO COBepmeHHO HOBbiH, B3pbiBOllO.ll06Hb!l1 npoUecc - MH0t"OTeJlbHhU1 pacn~. 

i\Cr.Ja $parMeHThl B03HHKalOT npaKTH'"!ecKH O.!IHOBpeMeHHO? 0TBeT Ha 3TOT sonpoc 
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muy•ieH a pe3y;,bTaTe TOHKoro aHan1-na pacnpenenem-t~ reHeTH'ieCKH cs:s~3aHHhix 

(COBna.J.aKlWiiX) cfJparMeHTOB no OTHOCHTeJibHOMY yrny . .Qe.no B TOM. YTO, pa3JieTMCb. 

QJparMeHThl OTTa.FTKHBalOTC::R .apyr OT llpyra 3a Ol.eT 3Jlei<TpWLfeCKOrO B3aJ1MOZiefiCTBJ.UI 

Ho "HO 11MeeT MeCTo TOJlbKO TOr!la KOrna OHM MCnyCKaJOTC}I DO'iTM OllHOspeMeHHO_ 

EC.TIIl .!183 ¢parMeHT3 Bb!JleTai()T B O.!lHOM H TOM )Ke HanpasneH:HH, HO H_e3aBHCJ1MO, T.e_ B 

cywecraeHHO pa3JlHLfHble MOMeHTbi BpeMeHH. HX rpaeKTOpHH He 6y.D.)'T liCKa:-KeHbl_ Ho 

eC.Jlll "3MI1CCIUI npOHCXO.!lHT npMMepHO B O.!lHO l1 TO :-Ke speM}I, TpaeKTOpHl1 pa30ffll.)-'TCSI 

-3a C4eT B3Rl1MHOrO OTTa.JlKHBRHU::R, H ManhJe OTHOCHTeJlbHhJe yrJibJ 6yll}"T flOLI,aS.neHbl. 

CTeneHb OO.!lRBJieHUSI 33BHCHT OT BeJIJ11H1Hbl BpeMeHHOH CllBM:-KKH B MOMeHTRX 

no~s.neHu:s~ ¢parMeHTos: LfeM MeHbwe 3TO apeM.SI. TeM 6oJibUie 3¢Ql.eKT nonasneHu:s~ 

BbiXO:J,a nap C MaJibiM OTHOCHTeJibHbiM yrliOM TaKHM o6pa30M, Mbl HMeeM 

csoeo6pa3Hble 4RCbl zr.n:s~ ~13MepeHI-"i.S1 09eHb KopoTKnx speMeHHhix UHTepsanos_ Ha p11c 7 

nm.:a3aH pe3yllbTaT TaKoro H3MepeHH~ .JlJISI MYJihTn¢parMeHTauun s coy.uapeHII51X 

~He{ 14.6 f3B)+Au fJiy60Kl1if MHHHMYM B OfinaCTH MaJlblX .OTHOCJITe.IJbHbiX ~TJlOB -

Ka~JeCTBeHHOe CBil.UeTeJJbCTBO B ll011b3Y nOLITH OD.HOBpeMeHHOH 3MHCCH1f Q:lpa!MCHTOB 

Komt'--lecrseHHblH aHaJIH3 Pe3YJibTa.TOs Jie-'la.ITC.SI no cxeMe, onHCaHHofi B npeZJ:bt.UyuteM 

pa"3.Uelle_ OnHano B KaLJeCTae napaMerpa pac9eTa 6paJJOCb r-cpe.nHee speM:s~ .!J.O BbJJieTa 

cjlpan.1eHTa. CmiOwHa.SI KPHBa.SI OTBeLJaeT r=O (MrHoseHHbti1 pacna.;J.)_ OnHaKo 113-:la 

KOHe'iHOii cran!ClWieCKO~ TO'.JHOCTM l13MepeHlii1: .!leJiaeTC:R BbiBOll.. 4TO tS2-\ 0 .:!C C )Ta 

Be",II9UHR 6JIH3Ka K l,:nKli.!laeMOMy cpe.JHeMy BpeMeHn c}lopMHpOBaHU.SI ¢parMeHTOB ·~a 

C'ie: cp.'l)'Kl)'aiUU{ nJlOTHOCTH_ Ho Ba.'tiHO. 'iTO OHa CYUleCTBeHHO MeHbWe Xapane

pncrlt'-lecKoro «Kj'JTOHOBCI\010)} speMeHJ.t "tc"= j 0"21 C.. 33 KOTOpOe Q>parMeHT ycneB3.eT T(il\ 

Y.JRJ1J.1TbC}; oT 1-iCTO'--IHUKa, 'ITO 3MJ.lCC~UI cne.nytomero MO:-KeT paccMaTpiiBaTnC» IGt!-.· 

He3aBHCJtM<UI_ TaKHM a6pcnoM, ,!l,OKa3aHo, '1TO TeHJlOBM MYJTbTHQlparMeHTaUJtSI - !HlBh!il 

(MHOrOTe.ribHhlii) THO pacnan,a B036)")KlleHHbiX ~.!J.ep B llOnOJIHeHHe K paHee IHBet:THl>l"l 

Tpt:-M (pa.::umwmHHD!ii pacnan. HcnapeHHe \fRCTHU n neneHHe). H 3TOT 31\cnepiiMeH~ 

T<i"1bHbl!i pe3YllbTaT OOliHOCThiO COOTBeTCTByeT CUeHapmo, 00 KQTOpOMY npouecc 

npow:xo.;:u--rr. 6naro.ll,ap:s~ nona.naHHlO rop.s~'"!ero lJ.JJ;pa s o611acrb Qla3osoif HecTa6J1Jib

HOCTU B CHCTeMe )fGJ,!lKOCTh-ra3 
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PHc. 7. PacnpeneneHHe cosnanaJOIIlHX ¢parMeHTOB no OTHOCHTeJibHOMY yrJIY. Ha.nH'!He 
nposarra B o6naCTH MaJiblX yrnos - CJie,ZICTBHe Kj'J10HOBCKoro pacranKHBaHHH 
!pparMeHTOB, B03HHKa.IOIIUiX rrpa.JITH'iecKH O;J.HOBpeMf!HHO ... .TlHHID!: - paC"'eT ,!LJ151 :noro 

CJI)''l.J.3jl. iliKa.na BpeMeHH (BHH3)') ,na.Ha B f!.JlHHH~ £PMfc=3-J(J
24 

cei<..")'Hllhl (C- CKOpOCTh 

CBeTa). lliMepeHHOf! Bpf!MS!: 3MHCCHH COOTBeTCTBYeT MHQrQTe.!IbHOMY pacnany, a He 

noc.ne.uosa-reJihHOMY HCnapeHlUO 

Kru;: CHJibHO .nomKHO 6brn. Harpero ~po, trro6bl rrpOIDOWeJI :rroH npouecc? 

A.Ha.JUI3 TIOKa3blsaeT, ~0 npOMCXO,llHT OH, ecJIH 3HepriDi B036)"'AaiCHWI .sutpa npeBPIWaeT 

:::::500 I\.138, 'ITO IIO<ITH B }QQ pa3 6oJibWf! 3Hepnm, BbJ..O:f!.i'UI10U[f!i1.C51 rrpH. 3axsaTe 

Ten.ilosoro HeihpoHa. HanwrHe :rroro nopora cs~o c TeM. t.rro Ten.nosoe nasneHHe 

BHyrpH 5!ll,pa l!OJI:JKHO 6biTb .!J.OCTaTO':IHO 6o.nhWHM, tfl"'6hl npHBecTH erO B 

cnHHOZla.'lPHYKl o6nacn._ 
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7 llpvme B03MO)f(Hble d>a30Bbie nepexOIIhi s $!.lWe 

flpennollaraeM<lil ¢a3osru~ .zmarpa.MMa $!liCpHoro semecrsa noKaJaHa Ha pHc 8 s 

KOOpllHHaTaX TCMneparypa-nJlOTHOCTb. llOCJIC,lliDLSi .lla.Ha B e.D;I1HHUax HOpMa.JibHOi1 

~llepHOfi, 11 OCHOBHOMy COCTO}]HlUO }],!{pa OTBe<JaeT T09Ka npH T=Q H IIJIOTHOCTH• paB

HOfi J npH YITJIOTHeHHH stllpa 60JICC, 'ieM 8 3 pa3a.. H TeMneparypax, He npeBbilliaiOIUHX 

HecKOJJbKHX .nec}ITKOB M::~B, s cooTBeTCTBHH c npe.llCKa3aHIDI:MH aKa.r:t. AMHr..o:a.Jia, 

B03MO)KH0 fiQ)iBJlemie HC06bPiHOfO COCTO.siHH.sl, B KOTOpOM IlOMHMO HeifrpOHOB H 

npoToHos npHcyrCTsyer KOH.neHcaT it-Me30HOB. JlnepHoe sewecrso npHo6peraer 

ynopS!.1J.04eHHYfO CTIJYKTYPY, aHanOrH'iHYIO KpHCTaJl.JIHlfecKoii. TIOHCKH csepxnJIOTHhrx 

:H.J.ep, KOTOpbiC, 6naro,nap.s!. 3TOMY .s!.BJICHHfO, MOrJIH 6biTb 06pa30Ba.Hbi npH coy.napeHHM 

$illep, no..:a He npuseJJH K ycnexy. 
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PHc. 8. iloJIHIDI $aJosa.a .lllfarpa.MMa x.uepHoro semeCTBa c o6naCTIIMH Jtla30BhiX 
nepexOll.OB p:i3.JU-il.fHOfO TI-ITia: )I(HJlKOCTb-ra3, B IIHOHHDI:H KOH.D;CHcaT H KBapK-rJllOOHH)'IO 

ITJla3MY 
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fipll eme 6oJibillHX YIIIIOTHCHIDiX H TeMneparypax B03MO:JKCH ljla30BbiH nepeXOll 

B KBapK-rJUOOHeylO nna3MJ', KOr)la KBapKH, BXO,WllllHC B COCTaB 6apHOHOB H Me30HOB, 

OCB06oACJlaiOTCj!: H CB06o.ilHO nepeMeUUUCITC.sl TIO BCeMY 06beMJ" aapa, 06MeHHBaJICb 

rJnOOHa.MH. IIoHcKH 3TOro xsneHIDI YJK.e 6onee 10 ner aKTHBHo nposo.wrrc~ 6onbWHMH 

Ha)"!HbiMH KOJIJICKrnsa.MH B [(EPH ()KeHesa) C HCTIOJib30B1UmeM coynapeHHH Pb+Pb 

npH 3Heprwrx .no 200 r3B Ha o;r:mH H}'KJIOH. noxa He noJIYL!eHo nocrosepHbiX 

noxa3aTeJibCTB Ha6mo,JJ;eHHX TaKoro nepexo.!la. 

Ha :3Toii .nHarpaMMe o6naCTb 4Ja3osoro nepexo,!l;a JKHllKOCTb-ra3 3aHuMaer 

cxpOMHoe MecTO s nesoM HIDKHeM yrny. Mo:a::Ho ycJiblliiaTb CJiosa o MeHbrueH creneH~i 

<<$yHlla.MeHTa.llbHOCTif)> :rroro nepexo.n.a Bo3MO:JKHO 3TO H TaK., HO MO)KHO c 

onpe.lleJICHHOCTblO CKa3aTb, 'iTO OH peanbHO cyut.ecTByeT. 

B 3aKJnoqeHHe onrenrn: aC"'J)O$HJJ.IqecKHi1 acnerr paCCMOTpCHHOro a 3Toii 

craTbe SIBJieHHX. Bo speMSI xa:racrpot\>WiecKoro KOJlllanca 3Be3.!tHOro MaTepHana, 

npHBOMmero K B3pbtsy csepXHosoH, SUlepHbiH ra:3 KOH,!J,eHciipye-rcx s iKHllK)'IO $a.Jy_ B 

3TOM l}>a30BOM nepexo,ne o6pa3yeTCl1 rHraJITCKOe Xll;pO - HeH"rpOHHClSI 3Be3.lla 06beKT C 

Maccoii Comma H pa,IIH_yCOM nopx.rlKa 10 KM. Y TaKoro ,;:;npa MHoro o6wero c o6bi9Hb1M, 

aTOMHbiM npu TeMnepawe 5-10 M3B. IIo n..liOTHOCTH aTOMHbte x.npa H Hei:i:rpoHHbie 

3BC3llbl 6nH3KH, a csoHcrna rutepHOif :»GG,AKOCTH H 3Be3.llHOii - TIOXO:JKH Pa3JIMI·IHl1 B 

pa3Mepax Ji cocrase: B 'Lll.pe npHMepHO B pasHOH C'reneHH npe.rtCTaBJieHbl HefiTpOHbl H 

npOTOHbl., B HeifrpOHHOif 3Be3ll,e ..!I.OMHHHPYJOT aeifrpOHbi. ~epHbJi1: ¢asoBDii1 nepeXOll 

:JKH.UKOCfb-rdl, no cywecTBy, TOT A{e ca.M.btii IIpOUecc, KOTOpbiH npOHCXO,!IJIT SH)-rpi-1 

CBepXHOBOi1:, TOJibKO H,!lylliHii- B o6paTHOM HanpasneHUH. fi03TOMY H3J'IeHMe nepsoro -

YHHKa.,1bH.a5~ B03MO:iKHOCTh ,lliDi nonyqeHIDI s na6opaTOpHb1X yCJIOBHjiX secbMa 

cyWeCT&eiii-JOii MHqlOpMaLJ;HH ,1liDt tJOHMMaHWI JUfHaMHKH CBepXHOBblX. 

P)xorrncn nocryrm;Ia B IB.mrre.."Ioc:trnii o•ne.;t 
5 mo.rrs 1999 ro.::~a. 
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Jl9-97-231 

E2,4-97-263 

E!0-97-272 

Jl19-97-284 

P!4-97-343 

P2-97-401 

E2-97-413 

E15-98-57 

Jl13-98-66 

E!,2-98-154 

E3,14-98-168 

E3-98-202 

Jl1,2-98-215 

Jl-98-224 

P!-98-231 

EZ-98-254 

Jl9,11-9S-273 

E17,19-98-305 

Vl3AaTenbCK"H OTABn 
06bBA"H8HHOro "HCTmyra HABpHbiX "ccneAOBaH"H 

npeAJ1araer BaM np"o6pecr" nepe""cneHHble ""JKe KH"r": 

Ha3aaH1-1e KHI-1rl-1 

Tpy!l.bl V MeiKll.ynaponuoro ce~mnapa no aJauMo.neHcnmo ueHrpouos 

c S!Jlpay,.m_ .Uy6Ha, 1997, 446 c. (Ha anrn. $tJ.) 

Tp)'ll.bl Me;KJI)'H3p0li.HOH WKOJlbl MOJlOJ:tb!X )'9eHb!X «f1po6JleMbl ycKopeHHSI 

Japst;;ce.nHhiX 9acmu~~- ,Uy6Ha, 1996, 285 c. (Ha pyccKOM n aHm. sn.) 
Tpyllbi III Me::KrrynaponHoH KOH$epeHunH «PeHOpMJ1)ynna-96~~- .Uy6na, 1996, 
436 c. (na aur.'1. $tJ.} 

Tpy.D:bl MeiK.Il.yt-mpo.nnoro pa6o9ero coacw;aHJUI «CUCTeM~T c6opa .D:aHHbiX 

B 3KCnCpHMCHTaX na HeiiTpOHIIbiX ttCTO'-IHHKaX». ,Uy6ua, 1997. 325 C. 

(Ha ai-tr-!!. sn.) 

Tpy.D:bi MCA<Jtynaponnoro ct-t~m03H}'Ma «f1po6ncMbl 6uoxn~nm, pa.nnal.tnoniJoif 

H KOCMH'-ICCKOfi 6HOJlOntH>}. fl.y6Ha, 1997, 2 TOMa: 284 H 405 C. 

{Ha pyccKoM n anrn. sn.) 
Tpy.Ill>T HaunoHaJibHoll Kon!{lepcnuttn no npttMeHemno peHTreuoscKoro 

CilllXpOTpOUIIOro lf3Jl)'9CIIll$t HCfi1"pOHOB If 3JlCKTpOHOB ,UJISI lfCCJIC,ll.OBaJJHSI 

MaTepna.noa . .Uy6na, 1997, 3 TOMa, 370 c .• 448 c.; 340 c. (Ha pyccKoM SJ3.) 

TpYJlbi IX Me)K,.IlyHapo.nnoro CCMHHapa <(rpasnTaitHOHHast 3HepntS1 

H rpaBHTaUl!OH!tbJC BQnHbN.lly6Ha, 1996, 194 C. (B<i: pycCKOM SIJ.) 

TpYJIPI VII Me~ynaponnoro coaeruaHnSI no cmmonofi cfnnnKc BbiCOKHX 

::meprnfi {Cf1l1H-97). ;J,y6mt, 1997, 398 c. {Ha auni. sJ.) 
Tp)'llhi 111 MeJK.!lynapo;:moro cosemauml. no nccnellosamno csepxTonKofi 

CTp)"'KTyphl H 51Jl.Cp!Ib!X MOMCH1"0B ::JK30TI!'-ICCKHX ~Illep MCTOJXaMH Jia3epnoii 

CllCKl"pOCKOTiliH. nmHaHh. 1997, 200 C. (Ha aHrn. SIJ.) 

Tpy.ubt XVII MeiK.IIynapo.nnoro cuMnoJuyMa no SI.UepHoii 3JiCKTpomiKC. 

BapHa, 1997, 242 c. {ua pyccKoM H anm. 51JbiKax) 

TpYJlbi XIII Me:lKllynaponnoro CCMtmapa no npo6ncMaM cfln3UKil f!htCoKnx 

3Heprnii «PCJHITitBHCTCI-.:llil 51.QepH<U1 <PH3HKa H KRaliTOBaSJ xpOMOlU!IJaMJJKa)> . 

.!ly6Ha, 1996. 2 TOMa. 300 c. H 282 c. (ua aum. ~3.) 
Tpy.nbi repMano-PoccHiicKoro cosewaHnSI nonhJOBaTeneH H5P-2. Lly6Ha, 

1998, 126 c. {na anrn. SJ3.} 

Tpy.rtM VI Me:.KJJ;ynaponuoro ceMnnapa no BJanMoneikTBum ueihponoB 

c ~npaMH . .Uy6na, 1998, 352 c. (t!a anrn. Sl3.) 

Tp)'.!lhl Me:K.!l)'Hapo.D:noro coaemaHHSI «PenSITHBitCTCKa.SI SUiepn~ rfJuJnKa -

ot coteH M3B no T::>B>}.lly6Ha, 1998, 384 c. (Ha pyccKOM n aHm. ~'3.) 

Tp)'llbl li On<pblTOH Ha)'9BOii: KOH$epcUUHll M0;10.!lb!X )"--ellblX 

H cneuna11HCTOB Ot-15111. D.y5tm, 1998, 190 c. (ua pyccK. n anrn. Sl"3h1Kax) 

A.fli06HMOB, .U.Knm. Bscnenue s 3KcnepuMeHT<UJhH)'JO ¢u:mKy ~mCTmt. 

lly"6Ha, 1998, 330 c. (na pyccKOM Sl3.) 

Tpy.lbl pa6o'-lero COBe!JIRITH51 <<A.I:JpOllHblC 3TOMbi H ITOJ11Tp011bi B CT<IH.!ltlpTIIOii 

Moll,e.riH». )ly6Ha, 1998, 259 c. (Ha anrn. 93.) 

Tp)'nbl Me~yuapo.rtHOii Komj"lcpenunn «J.!.llli3MHKa IT)"!KOB H OIITiiMJI"l<HUUI}>, 

.Uy6na, 1997, 162 c. (na pyccKOM u anrn. S!Jb!Kax) 

Tpyn;hl MCiK,!l,)'1mponnoro paOo•u::ro coacJ.QaHH51 «,[l,eiiTep1!poBannc 

61-!0JlOn!llCCl-::UX MOJ1CK)'J1 .IIJI~ CTp:yK1JIP1fb1X U l11JH3MIIttt:CKUX JlcC.ttCD.OBaiU!if. 
npnMCHCHilC .ilJUI neiiTpmmoro pacCC!iHWI H 5IMP». lly6na, 1998. I 00 c. 

(Ha anrn. Sl<.) 


