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06~aa: xapaKTepHCTHKa pa6oTbl 

PeoynbTaTbI nccnep;oBamm, KoTop@e ITpeµ;cTaBlleHhl B µ;aHHoii µ;11c
cepT~HII, IIOlIJ'ICHbl aBTOpOM B Te'leHHe 1969-1993 rr., B paMKax ITpo
rpaMMbl ITO noy'leHIIIO norry'leHII.H BaBillIOBa-'lepeHKOBa, ocyl.l.\eCTBJI.H
eMOH B Jla6opaTopnn .nµ;epHbIX rrpo6~eM Ofr1,eµ;11HeHHoro HHCTHTyTa 
.aµ;epHbIX nccrreµ;oBaHH:ii. 

AKTYaJihHOCTb TeMbl HCCJieAoBaHHH 

B crreµ;y10w;eM roµ;y IlCITOlIHilTC.ll 60 JieT co p;H.ll ny6rrnKa~n OCHOBO
ITOJiara10w;nx cTaTe:ii: II.A.'lepeHKoBa1 n C.M.BaBnrroBa2 c oIIIIcaHneM 
HOBoro .HBJieHII.H, HaOBaHHoro TeITepb IlX IlMeHeM - IlOJIY'ICHil.ll BaBillIO
Ba-'lepeHKOBa (MB'!). Cooµ;aHHaJI ThMMoM n <PpanKoM3 Teopn.a BCKope 
ITocrre OTKphlTil.ll 0Toro .HBJieHII.H 0Kaoarrac1, B ITOJIHOM corrracHII c 3KCITe
pnMeHTaJibHhlMil µ;aHHblMil 'lepeHKOBa, Il µ;oITOlIHIITelibHble OIIblThl, IlM 
ITpoBeµ;eHH@e, nop;TBepp;IIlllI ee KOl!lI'lecTBetmy10 cTopony. C Tex ITop 
MB'! npo'IHO BOIIIJIO B apceH.arr cpeµ;cTB 3KCITepnMeHTaJibHo:ii: q>IIOnKn, n, 
KaK oaMeTnlI A.M.Barrp;nH4 ITO crry'laIO II.HTnµ;ec.aTnrreTn.a 0Toro oTKphl
Tn.a, " ... Ha KOHq>epeH~X, B CTaTb.llX, KHIIrax, IIMeIOl.l.\IlX OTHOIIIeHIIe 
K 3KCITepIIMeHTaM q>IlOilKil BhlCOKilX 3Heprn.a, HeT µ;pyror9 IIMeHH, KO
Topoe YITOMlIHaJIOCb 6orree 'laCTO, 'leM IlM.ll 'lepeHKOBa". 0 TOH orpoM
HOH polllI, KOTopyIO Cblrparro 3TO OTKpbITIIe, MO)KliO CYJJ;IlTb ITO IIIIl
poKO IlOBeCTHhlM B Mnpe MOHorpaq>Il.llM ,ll;)K.,ll;)KeJilllI5, B.II.3perroBa6 Il 
M.M.<PpanKa7, ~eJIIIKOM ITOCB.HIIJ;eHHhlX 3TOMJ .llBJieHIIIO. 

B HaCTO.lll.l.\ee BpeM.H ITpIIH.HTo C'lllTaTb, 'ITO MB'! xopoIIIo noy'leHo II 
ero Teopn.a irnoµ;HoKpaTHO ITOp;TBep)Kp;eHa B ax:cITepnMeHTe. Op;HaKo, c 
Te'leHHeM BpeMeHII ITO.llBillllICb Il HOBble BOITpOChl, IlMeIOw;ne OTHOIIIeHHe 
K HB'I: HarrpllMep, ITo'leMy ITp~IIaJibHO HeBoOMO)KHO oTµ;errnTb 
µ;Ba TaKIIX paolIIl'IHhlX IlOlIJ'IeHn.a, KaK OIITil'leCKOe ITepexoµ;Hoe norry.,. 
'leHHe (OIIM) n MB'!, BOOHIIKaIOw;ne oµ;HoBpeMeHHO rrpII ITporreTe 'la-

1qepeHKOB ILA. )];AH CCCP, 1934, T.2, c.451. 
2Baannoa C.H. )];AH CCCP, 1934, T.2, c.457. 
3 Ta.MM lI.E., <I>paHK lI.M. )];AH CCCP, 1937, T.14, c.107. 
4Baldin A.M. Proceedings of the Seminar held on the Occasion of the 50th Anniversary 

of the Discovery of .Valilov-Cherenkov Radiation, NIM, vol. A248, 1986. 
5,ll;)l{ennn )];)I{, qepeHK<>BcKoe oony'leHne. M.: lioA•Bo nao.cTp.nnT., 1960 .. 

' 
63penoa B.II. liony'leane' Baannoaa-qepeHKOBa n ero npnMeHeane B ff>nonKe BhICOKHX 

eaeprnii M.: AToMIIDAaT, 1968.· · 
7 <I>paHK lI.M. liony'leHne Baannoaa-qepeHKOBa. Bonpochl Teopnn. M.: · HayKa, 1988. 
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':Hfo/tl' 

CT~ -qepeo rpamnzy npoopa'IllaJI cpeµ;e/BaKyyM? Mllll rro'leMy B6mmH 

rropora IIB"tf aKcrrepHMeHTaJibHI,Ie µ;aHm,rn corrracyroTCJI c Teopneii,_ TaM

Ma8 H He corrracyroTCJI ·c Krraccn-qecKoii: Teopneii: TaMMa-cf>paHKa3? 

ABTop CBbIIIIe µ;Baµ;n;aTH rreT oaHHMaJICJI noy'leHHeM OIIII H IIB"tf KaK 

B TeopeTH'leCKOM, TaK lI B 0KCIIepHMeHTaJibHOM IIJiaHe .. B pa6oTe HtllI0-

2Kem,1 peoyrr1,TaThl, IIOJIY'leHHI,Ie HM oa aTo BpeM.ll. OHR npeµ;cTaBIDIIOT 

HHTepec, lI BeCbMa aKT'jaJibHI,I, KaK µ;IDI µ;arr1,Heii:mero patlBIITIDI TeopIIH 

.mmeHIDI, TaK II C TO'IKH opeHIDI 0KCIIepHMeHTa. 

ll;enb pa6oTbl 
1. IlpoBeµ;eHIIe µ;eTaJibHoro aHaJIIItla CBOHCTB orrTII'lecKoro rrepexo

µ;Horo IItlJI'j'leHIDI (OIIII), OIITII'lecKoro TOpMOOHoro IItllI'j'leHIDI (0TH) 

II IItlJIY'leHIDI BanIIJIOBa-"9:epeHKOBa (IIB"tf). 

2. Mccrreµ;oBaHIIe rrpH'IIIH rrry6oKoii: BoaHMocB.atlII IIB"tf c OIIII H c 

0TH. 
3. IlpoBeµ;eHIIe cpoTorpacpH'IeCKHM crroco6oM CIICTeMaTH'lecKoro IItly

'leHIDI cBoii:cTB IIB"tf, BOtlHIIKarom;ero B rrpoopa'IHI,IX cpeµ;ax B paoJIII'l

HOM arperaTHOM cocTo.HHHII: B TBepµ;hlx IItlOTponHI,IX H aHHtlOTporrHhlX 

µ;IIaJieKTpIIKax, B 2KH'f1,KOCT.HX, B KpeMHIIeBI,IX aaporerr.ax, B raoax. 

4. Moy'leHIIe !pOTOCJIOC060M IItllI'j'leHIDI, lICII'JCKaeMoro oap.a2KeH

HI,IMH 'laCTHD;aMII B6JIHtlH rropora IIB"tf, B rropore H HH2Ke Hero. 

Hay"IHaJI HOBHOHa 

1. BrrepBhle rrpoBeµ;eH µ;eTaJII,HI,IH aHarrno cBoii:cTB OIIII H IIB"tf, 

rrpeµ;cKao1,rnaeMhlX Teopneii:, B crry-qa.ax Korµ;a o6a HtlJI'j'leHIDI µ;eii:cTB'JIOT 

coBMecTHO: BI,I,aBJieHhl HeHoBeCTHI,Ie paHee CBOHC'llBa aTHX HtlJIY'leHHH, 

TaKHe KaK: HHTepcpepeHD;HOHHI,Ie acp<peKThl B OIIII, BOOHIIKarom;ne B6rrn

on rropora IIB"tf; rn6pn:µ;Hoe norry'leHne; cxoµ;cTBO xapaKTepncTIIK OIIII 

lI HtlJIY'leHIDI, BOtlHIIKarom;ero rrpH 'fI,BlI2KeHHH 'laCTHD;I,l C IIOCTO.HHHOH 

cKopocTbIO B cpeµ;e rro orpaHn:'leHHoii: TpaeKTOpIIII (oaµ;a'la ThMMa). 

2. BrrepBhle rrpoBeµ;eH µ;eTaJibHI,IH aHallllo cpopM'jlihl TaMMa µ;IDI crry

'laeB µ;BH2KeHIDI 'laCTHD;hl B BaK'JYMe H B npoopa'Illoii: cpeµ;e. BrrepBhle 

IIOKatlaHO, 'ITO Bee litllI'j'leHHe, OIIIICaHHOe cpopMyrroii: TaMMa, M02KeT 

6hlTb HHTeprrpeTHpOBaHO ~aK peoyJII,TaT HHTepcpepeHD;HH µ;Byx MrHO

BeHHI,IX TOpMOOHI,lX HtllI'j'leHHH, BBeµ;eHHI,IX rrpH IIOCTaHOBKe oaµ;a'IH. 

3. BrrepBbie IIOKatlaHO, 'ITO IIOJIHaJI cpopM'jlia µ;IDI lIHTeHCHBHOCTH 

8Tamm Ig.E. J.Phys.USSR. 1939, 1, p.439. 
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0TH ( cpopMyrra raoao.aHa H µ;p.) M02KeT 6hlTb rrpeµ;cTanrreHa KaK pe-. . 

oyrr1,TaT HHTepcpepeHD;HH µ;Byx HtllI'j'leHHH paoHI,IX aMIIlIBTyµ;, Ka2Kµ;oe 

Htl KOTOpI,IX OIIHCaHO CBoeii: cpopMyrroii: TaMMa, Hllll KaK peoylibTaT IIH

TepcpepeHD;HH 'leThlpex MrHOBeHHbIX TOpMOtlHI,IX HtllI'j'leHHH. 

4. BrrepBhle rroKaoaHo, 'ITO cpopMyrra µ;IDI HHTeHCIIBHOCTII OIIII, Boo

HHKarom;ero Ha µ;Byx rpaHHD;ax paoµ;erra ( cpopMyrra IlacpoMoBa) M02KeT 

6hlTb rrpeµ;cTanrreHa KaK peoyrr1,TaT HHTepcpepeHD;HH µ;Byx OIIII, BOtl

HIIKaIOIIl;IIX Ha oTµ;eJII,HI,IX rpaHHD;ax, llllll KaK peoylibTaT lIHTepcpepeH

D;IIH 'leThlpex MrHoBeHHI,IX TopMOtlHI,IX norry'leHHH. YcTaHOBJieHo, 'ITO B 

CJI'j'lae, Korµ;a 'fI,B'fM.lI l\JTHOBeHHI,IMH TOpMOtlHI,IMH HtlJIY'leHIDIMH M02KHO 

rrpeHe6pe-q1,, HHTepcpepeHD;H.H OIIII rrpIIBoµ;nT K cpopMyrre ThMMa. 3THM 

BIIepBhle 'fI,aHO 061,.acHeHII(_:l cxoµ;CTBY xapaKTepn:CTIIK HtllI'j'leHIDI OIIH

caHHOro cpopM'jrroii: TaMMa H OIIII, Ha6rrroµ;aeMoM Iin:2Ke rropora Boo

HHKHOBeHIDI IIB"tf. 

5. BrrepBhle rrpeµ;rro2KeH eµ;HHI,IH rroµ;xoµ;, B KOTopoM· IIB"tf, 0TH, 

OIIII H norry'leHHe, BOtlHIIKarom;ee rrpH µpoHOBOJII,HOM 'fI.BH2KeHn:H oa

p.aµ;a B cpeµ;e, paccMaTpIIBatoTCJI KaK peoyrr1,TaT HHTepcpepeHD;HH MrHO

BeHHhlX TOpMOtlHI,IX HtllI'j'leHHii:. IloKatlaHO, 'ITO IIplI TaKOM rroµ;xoµ;e 

'IepeHKOBCKHH' xapaKTep, rrpno6peTaeMhlii: 0THMH HtlJIY'IeHIDIMH rrpH 

/Jn > 1, He CB.HtlaH c IIOCTO.HHHOH CKopoCTbIO 'IaCTHD;bl: OHa BJIIDieT 

lIHlllb Ha cpaoy lIHTepcpepnpyrom;IIX HtllI'j'leHHii:. 

6. cf>oTorpa<pH'leCKHM crroco6oM BrrepBhle rrpoBeµ;eHo cncTeMaTH'le

cKoe lICCJie'fI,OBaHHe acp<peKTa BaBHJIOBa-"tfepeHKOBa BO BCeX BIIµ;ax IIpH

MeH.HeMI,IX Ha npaKTHKe paµ;n:aTopoB, TaKHX KaK: TBepµ;oTeJII,HI,Ie µ;na

JieKTpIIKH, D'fI.KOCTH, KpeMHHeBhle aaporerrII, raohl. BrrepBhle rrpoBe

µ;eHa IIpOBepKa oµ;Horo IItl OCHOBHI,IX BI,IBO'fI,OB TeOpIIH TaMMa-cf>paHKa 

- cooTHomeHIDI HanpanrreHHOCTII ( C os0 = l / j3n) BO BCeM µ;n:arraooHe, 

µ;ocTnraeMI,IX o6I,I'Illo B aKcrrepHMeHTe, yrrroB IIB"tf ( OT 0ch f:::! 50°, BIIJIOTb 

µ;o rropora). HarrpanrreHHOCTb IIB"tf nccrreµ;oBaHa B oann:cHMOCTH oT rro

KaoaTeIDI n, B µ;n:arraooHe 9. 10-1 < (n-1) < 6-10-1 H B tlaBHCHMOCTH 

OT CKOpOCTII /3, B µ;n:arraooHe 5 · 10-1 < (1-/3) < 3 · 10-1 (6 rrop.aµ;KoB!). 

7. BrrepBhle rrolI'j'leHI,I noo6pa2KeHIDI IIB"tf, BOOHIIKarom;ero B KpeM

HHeBI,IX aaporerr.ax c IIOKa3aTeJieM npelIOMJieHIDI OT n = 1,025 µ;o n = 
1, 15. Mccrreµ;oBaH crreKTp, rrorr.apooan;IDI H HanpanrreHHOCTb IIB"tf B 

0TIIX HOBI,IX paµ;n:aTopax. BrrepBhle c<poTorpa<pHpOBaHO HtllI'j'leHHe 

BanHJIOBa-"9:epeHKoBa, lICII'JCKaeMoe rrerKHMH peIDITIIBHCTCKHMH .aµ;paMH 

A2C n: T.H2KeliblMH HOHaMH }87 Au B patllIB'IllI,IX paµ;HaTopax. 
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8. BnepBhle norry'IeHhl m:rn6pa2KeIIlI.H MB1I, ncnycxaeMoro ym,Tpa

perurTIIBHCTCKIIMII 0lieKTpoHaMII B pa3lIH'IHhlX ranax, TaKIIX KaK: He, 

Ar, Kr, Xe, CO2 II Bonp;yx, ITPII HopMaJThHOM p;aBrreHIIII. IlpII noHII:-

2KeHHoM p;aBrreHIIII Bonp;yxa II He ITpoBep;eHo IIccrrep;oBaHIIe IInMeHeHIIH 

xorr1>:a;a MB1I BnrroT1> p;o ero npeBpa~emur B TO'IKY B6mmII nopora. IIo

rry'IeHhl CHIIMKII (B TOM 'IIICJie II :a;BeTHhle) IIOJiy'IeHillI, npep;cxanaHHoro 

Teopne:ii TaMMa B nopore BOOHIIKHOBemur MB1I II HII2Ke Hero. 

Hayquan H npaKTHqecKaJI ~euuocTb 

E~e B pa6oTe9, narrraBrreHHOH "0 B03M02KHOH npII'IIIHe CIIHero "(

CBe'IeHillI 2KH)J;KOCTe:ii", C.M.BaBIIlIOB OTMeTIIrr: "HaII6orree Bepo.lITHo:ii 

npII'IIIHOH "(-CBe'IeHIUI Mhl C'IIITaeM IInrry'IeHIIe npII TOpMO)KeHIIII KOM

ITTOHOBCKIIX 0rreKTpOHOB". B )J;IICcepTa:a;1m aHaJIII3IIpyIOTC.lI II3BeCTHI,Ie 

HaM TeopIIII IIMeHHo c 0To:ii TO'IKII npeHillI. B pa6oTe npep;rro2KeH ep;II

H1>m: nop;xop;, B · KoTopoM MB1I, OIIM , 0TH paccMaTpIIBaIOTC.lI KaK 

MHoroxpaTHaJI IIHTepcpepeH:a;IIJI MrHoBeHHhlX TopMoniI1>IX IIOJIY'IeHIIH. 

IIpep;rro2KeHHhlH HaMII nop;xop; (BKJIIO'Iaro~n:ii Bcerp;a Ha'Iarro II KOHe:a; 

TpaeKTOpIIII 'IaCTIID;hl) nonBorureT IIpOBO)J;IITb pac'IeTbl yrrroBhlX pac~ 

npep;erreHIIH IIHTeHCIIBHOCTII II3lIY'JeHII:ii, B03HIIKaIO~IIX He TOJil>KO B Ba

xyyMe, HO II B nponpa'IHOH cpep;e, npII )J;BII2KeHIIII 'IaCTIID;hl C JII06o:ii 

cxopocT1>IO ( B TOM 'IIIcrre II BhlIIIe ITopora MB1I). 

· B pa6oTe no'ITII He cop;ep2KIITC.H MeTO)J;II'IecKIIX IIccrrep;oBaHIIH. Ilpn~ 

MeHeHHhlH p;rur IIccrrep;onaHIIH npocTo:ii <poTorpacpriecKIIH cnoco6 irc

norr1>nyeTC.H )];ill! IIny'Iemur MB1I y2Ke p;aBHo. Op;:e:axo, HaMII Bneprihle 

npoBep;eHhl cIIcTeMaTII'IeCKIIe IIccrrep;OBamur MB1I ~o Bcex BIIp;ax pap;II

aTopoB, IIcnorr1,nyeMhlX o61>i'IHO Ha npaKTIIKe. HaxonrreHHhlH 0xcnepII

MeHTarr1>HhlH MaTepIIarr IICnOJil>30BaH B OCHOBHOM ~ID[ npoBepui ycrro

Bllll HanpaBrreHHOCTII MB1I (cos0o = l/f3n). Yrorr IIcnycKaHIIJI·MBl:J 

BnepBhle IIccrrep;oBaH B naBIICIIMOCTII OT noxanaTerui npelIOMJieHillI n BO 

BCeM p;IIananoHe nonM02KHhlX ero nHa'IeHII:ii oT npep;err1>HhlX 00 ::::: · 50° 
( npII· f3 --+ l) p;o nopora ( npII f3n = l). 

MHcpopMan;IllI, cop;ep2Ka~aaC.JI Ha ITOJIY'IeHHhlX <poTorpacpII.HX MB1I 

n;eHHa e~e II noTOMY, 'ITO 6orr1>IIIIIHCTBO II3 HIIX norry'IeHo HaMII Bnep
Bl>Ie. 

9 C.II.Baennoe. ,UAH CCCP, 1934, T.2, c.457. 
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BrrepBhle Ha6rrrop;arroc1, MB1I, B03HIIKaIO~ee B KpIIcTarrrre Trc, npH 

rrpoXO)K)J;eHIIII 'IaCTIID; B)J;OlII> OIITII'IeCKOH OCII (6IIHOpMarrH), c Heo6hl'I

HhlM - aCIIMMeTpII'IHhlM yrrrOBhlM pacITpep;erreHIIeM IIHTeHCIIBHOCTII. 

BnepB1>Ie norry'IeHhl IIno6pa2KeHillI MB1I B IIH<ppaxpacHo:ii o6rracTII 

cneKTpa II npep;rro2KeH cnoco6 perIIcTpan;IIII MB1I c noMo~ro II3C

lIIIHe:iixII, C MaKCIIMYMOM 'IYBCTBIITelibHOCTII IIMeHHO B 0TOH o6rraCTII 

cITeKTpa. 

BnepBl>Ie c<poTorpa<pIIpOBaHo IIB1I, IIcnycxaeMoe rrerKIIMII H T.lI)Ke

IThlMH IIOHaMII (A2C,¼87 Au), 'ITO OTKphlBaeT HOBhle B03M02KHOCTH p;rur 

IIOy'IeHillI 0TOro 0cpcpeKTa Ha ny'IKax perurTIIBIICTCKIIX .Hp;ep. 

BITepBhle 6hlrrII norrY'JeHhl IIno6pa2KeHillI MB1I, BOOHHKa~~ero B xpeM

HIIeB1>1x a0porerurx, 1I ITOKan.aHa B03MO)KHOCTI> conp;aHillI He TOlil>KO no

porOBhlX, HO II )J;II<p<pepemi;narrl>HhlX 'IepeHKOBCKIIX C'IeT'IIIKOB C TaKIIMH 

pap;IIaTopaMII. OCBoeHa TeXHorrorlllI II3rOTOBJieHIUI KpeMHIIeBhlX a0po

rerre:ii, B IIIHpoKoM p;IIananoHe noxanaTerre:ii~nperroMrreHillI (n = 1,05 + 
1, 15). Ilpep;rro2KeH cnoco6 IInroToBrreIIlI.H cp;IIHTIIJirurTopa HII3Ko:ii nrroT

HOCTII Ha OCHOBe KpeMHIIeBoro a0porerur C CD;IIHTIIlilIHpyro~e:ii p;o 6aBKOH 

- IIOIIOII. 

Ha OCHOBe onhlTOB c MeTarrrraMII npep;JIO)KeH cnoco6 BIInyarr1>Horo 

Ha6rrrop;eHillI IInrry'IeHillI, IIcnycxaeMoro 0rrexTpoHaMII npn nepece'!eHIIH 

rpaHHIJ;I,I MeTarrrr-cTeKrro, c ITOMO~l>IO n;BeTHOro TerreBIInopa "Py6II:S:" 

II cnen;IIalil>HO conp;aHHo:ii TerreBIIOHOHHOH Tpy6KII. BonM02KHOCT1> Ha-

6rrrop;eHillI 1I3lIY'IeHIIJI HeBoopy2KeHHhlM rrranoM nonBorureT BHep;pHTI> p;e
MOHCTpan;IIII OIThlTOB C 0rreKTpoHaMII B nporpaMMhl o6y'IeHillI CTyp;eH

TOB <pIIOH'IeCKIIX cpaxyrr1>TeToB BY3-on. 

Anpo6a~WI pa6oTbl H ny6nHKa~HH no TeMe AHccepTa~HH 
Penyrr1>TaThl, II3IT02KeHHhle B p;aHHo:ii p;IIccepTan;IIII, 6hlrrII npep;cTaBrreHhl 

Ha· II Me2Kp;yHapop;HoM cIIMIIonIIyMe ITO nepexop;HoMy IInrry'IeHIIIO 'Ia

CTHD; BhlCillIIX 0HeprII:ii (r. EpenaH, 1983 r.); Ha 8 KoH<pepeHD;HII 'Iexo

crroBaIJ;KIIX cpnnIIKOB (r. BpaTIIcrraBa, 1985 r.); Ha CHMnonIIyMe no <pII

nIIKe p;eTeKTopoB p;rur DAFNE (r. Frascatti, 1991 r.); Ha cIIMnonnyMe 

no JINR C-r cpa6pIIKe (r. ,IJ;y6Ha, 1991 r.). 

IloMIIMO 0Toro, penylil>TaThl IIccrrep;oBaHIIH p;oxrrap;hlBarrIIc1> n YHH

BepcHTeTe HM. KoMeHcxoro II lIHcTIITyTe <pIIOIIKII CAH, r. Bpan1crrana 

(CrroBaxillI), Ha Me2Kp;yHapop;HoM coBe~aHIIII ITO cpmmxe T.H2Kerrhlx IIo

HOB, rcn ,IJ;apMIIITa)J;T - JI.HP ,IJ;y6Ha. B MJI<t> PAH, r. HOBOCII6HpCK. 
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Ilo TeMe ;a;nccepTa:I~lIH nn;a;ano 31 pa6oTa B Bn;a;e ny6rrHK~Hii B napy-
6e2KHhlX 2KypHarrax, B MaTepnarrax CHMIIOtllIJMoB, B npenpHHTax OMJIM. 
CnncoK pa6oT, BKJIIO'IeHHbIX B ;a;nccepT~ro, npe;a;cTaBJieH B KoH~e aB
TopecpepaTa. 

CTpyKTypa H o 6'LeM µ;uccepT~HH 

,IJ;nccepTa:qrur lit3lIO2KeHa B p;Byx 'IaCT.lIX lI COCTOlIT litl: BBe;a;emrn, 
BOCI,MlI rrraB n tla:KlIIO'IeHIDJ o6rn;HM o6'beMOM 228 CTpaH~j 84 pncyHKOB 
n 67 <l>oTorpacpnii c litlo6pa2KeHIDIMH MBl:J (B TOM 'IlICJie 19 ~eTHbIX); 
22 Ta6rrm~ n 9 CIIlICKOB lilITepaTyphl (BKlIIO'ICHHhlX nocrre BBe;a;emrn n 
Ka2K;a;oii rrraBhl), co;a;ep2Karn;nx B ~erroM 144 Ha:JBaHIDI. 

Coµ;epxcauue µ;uccepT~HH 

B nepBoii 'IaCTlI ;a;nccepT~ np~;a;cTaBrreHbI penyrrnTaThl ~HKrra pac
'IeTHO-TeopeTlI'!ecKHX pa6oT, nocB.Hrn;eHHhlX CBOHCTBaM OIIM, MBl:J, 
OTM lI OIITH'IecKoMy nnny'IeHHIO, BOtlHHKarorn;eMy npn nponnBoJibHOM 
p;BH2KCHHH nap.Hp;a B cpe;a;e. MHorne xapa:KTepncTHKlI aTnx nnrry'IeHHii 
HtlBCCTHhl y2Ke p;aBHO, O;D;Ha:KO ;a;eTarrbHhlli aHaJilitl IIOtlBOlililI Bhl.HBlITb 
;a;onolIHlITCJibHhle, HClitlBCCTHhle paHee HX CBOITCTBa, a Ta:K2Ke rrry6oeyro 
BtlaHMOCB.Htlb M:e2K;a;y HlIMlI. 

B 'IaCTHOCTH, Ka:K npHBep;eHo B nepBoii rnaBe, Bhl.HBrreHhl xapaKTep
Hhle yrnoBhle pacnpe;a;erreHH.H OIIM "Bnepe;a;" n "Hana;a;", BOtlHHKarorn;ero 
IIplI nepneH;D;HKJJI.HPHOM lI HaKJIOHHOM na;a;eHHlI 'IaCT~ Ha rpanney patl
;a;ena cpe;a; c panlilI'IHblMn ;a;narreKTpH'IeCKHMlI cBoiicTBaMlI. YrrroBhle pac
npe;a;erremrn lIHTeHClIBHOCTlI OIIM npe;a;cTaBrreHb1 HaMn B TpeXMepHbIX 

, . I ' 
nno6pa:2Kemrnx, nonBorurrorn;nx Harrurp;Ho npocrre2KHBaTb nx npocTpaH-
CTBeHHhle litlMeHemrn B naBlICHMOCTlI OT yrrra na;a;emrn 'IaCT~ t/; Rel; 
IIOBepXHOCTb pan;a;ena cpe;a;, CM. pnc.l. 

IloKanaHo, 'ITO yrnoBoe pacnpe;a;erreHHe OIIM "Bnepe;a;", ncnycKae
Moro Ha rpan~e MeTarrrr/BaKYYM, npH BhlCOKlIX 'Y BhlT.HrlIBaeTC.H B 
ynKHii KoHyc c pacTBopoM 0 == 2/1 Bp;ollb Ha:npaBrremrn cKopocTlI 'Ia
CT~, a OIIM "Hana;a;" cocpe;a;oTO'IHBaeTC.H B YtlKHH KOHJC C OCbIO, 
fil3JI.HIOrn;eiiC.H nepKallbHhlM OTpa:2KeHHeM iJ B IllIOCKOCTlI pao;a;ena cpe;a;. 
8To cBoiicTBO OIIM nooBorrnrro HaM onpe;a;errnTb npocToe npaBnrro ;a;rur 
OTbicKamrn HanpaBrremrn OIIM, ncnyrn;eHHoro "Hana;a;": npn BrreTe 'la
CT~hl B cpe;a;y no;a; yrrroM t/; c:<m:TaTb, 'ITO norry'IeHHe "n;a;eT" no Ha-
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rrpam1emuo CKOpOCTII 'IaCT~ II OTpa2KaeTCJI OT IIOBepXHOCTH KaK OT 

nepKarra. TaKoe rrpan:a:rro rronBolllieT :a:n6eraTb ourn6oK rrp:a: rrocTaHOBKe 

GKcrrepIIMeHTa c OIIM II rroMoraeT rrp:a: aHarr:a:ne rrorryTJeHHhlX µ;aHHhlX. 

MM y2Ke IIOllb3YIOTCJI Ha rrpaKTIIKe. 

BiillIBlleHo, 'ITO rrepexoµ;Hoe :a:nrry'IeH:a:e rrp:a: BhlCOKHX I COCTOHT KaK 

6hl :a:n µ;nyx -qacTeii: rrepBaa - ynKOHarrpanrreHHaa, c HHTeHCIIBHOCTI,IO 

~ ln,, BTOpaa - C urnpOKIIM yrrroBbIM pacrrpeµ;erreHHeM :a: HHTeHCHBHO

CTl>IO, IIO'ITH He naBHCJIIIJ,eii OT/• 

Ilp:a: aHarr:a:ne o6IIJ,IIX q,opMyrr OIIM, B03HIIKarorn.ero rrpII rrporreTe 'Ia

CTHD; -qepen IIlIOCKyro rpaH:a:n;y. panµ;erra cpeµ; C OTllll'IHl>IMH OT HYlllI 

µ;:a:0rreKTpII'IeCKIIMH . rrpoH:a:n;aeMOCT.lIMH (HHKerr1, j KBapn;), .YCTaHOBlleHO, 

'ITO GTO :a:nrry-qeHIIe o6rraµ;aeT cnoiicTBaM:a: KaK rrepexoµ;Horo, TaK :a: 1m

rry'IeHH.lI BaBIIlIOBa-1-IepeHKOBa, T.e . .lIBlllieTC.lI CMeIIIaHHhlM - r:a:6pII

)];HhlM. Th6p:a:µ;Hoe :a:nrry-qeH:a:e, KaK II MB1I, HOCIIT rroporonhlii xapaK

Tep ll B03HIIKaeT rrp:a: CKOpOCT.lIX, rrpeBbIIIIaIOIIJ,IIX rroporonyro CKOpOCTI, 

JIReEI /3 = IEI . B TO 2Ke BpeM.lI oHo, KaK :a: rrepexoµ;Hoe :a:nrry'IeHIIe, :a:MeeT 

rn:a:poKoe yrrronoe pacrrpeµ;erreH:a:e. YKanaTb BKrraµ; Ka2Kµ;oro :a:nrry'IeHH.lI 

B OT)];ellbHOCTH He rrpeµ;cTaBll.lieTC.lI B03M02KHl>IM, CM. p:a:c.2. 
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Puc.2. CYMMapHoe yrnoBoe pacnpeµ;ene-

HIIe KBaHTOB rII6pIIµ;Horo II:JJIY'ieHII.!I "Bnepeµ;". 

(npoIIHTerpIIpOBaHHoe TIO )J;JIIIHaM BOJIH OT 

.A1 = 254 HM µ;o A2 = 700 HM), IIcnycxae

Moe :'laCTIIQell c , = 27, 5 IIpII nepece'J:eHIIII 

rpaHIIQhl m1xeJib-KBap11 noµ; yrnoM tp = 0°. 

(ToHKIIe CIIJIOWHhle JIIIHIIII IIPII 01 = 46°34' ll 

02 = 48°27' COOTBeTCTBYIOT IIOJIOlKeHlIIO 'ie

peHKOBCKoro KOHyca B yxa:JaHHOM µ;uaIIa:JOHe 

)J;JIIIH BOJIH) 
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Oco6hlii HHTepec rrpeµ;cTaBll.lIIOT :a:ccrreµ;oBaHH.H OIIM, B03HHKarorn.ero 

Ha rrorry6ecKoHe'IHoii rpaH:a:n;e BaKyyM-rrponpa'IHl>IB µ;:a:0rreKTpHK. Brrep

Bl>Ie Bhl.lIBrreH Heo61,1'IHl>Ill nnµ; yrrronoro pacrrpeµ;erreHH.H OIIM B ynKoii 

o6rracT:a: GHepr:a:ii n6rr:a:n:a: rropora B03HllKHOBeHH.H MB1I (pacrrpeµ;erre

H:a:e C MHHHMYMOM), CBIIµ;eTellbCTByrorn.:a:ii 06 HHTepq,epeHD;llOHHI,IX 0q,

q>eKTax. MHTepq,epeHD;IIOHHl>Ill MIIHIIMYM rrpo.lIBlllieTc.lI TaK2Ke :a: B xoµ;e 

rrorrHoii HHTeHCIIBHOCT:a: OIIM OT GHepr:a::a: TJacT:a:n; - rrorrHaa HHTeHc:a:

BHOCTl> He pacTeT KaK ~ In 'Y, a Hao6opoT, yMeHbIIIaeTC.lI c ynerr:a:TJeH:a:eM 

1 , CM. pIIc.3. 
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Puc.3. 3aBIICIIMOCTb OT 'Y IIOJIHOH IIHTeHcIIBHOCTII OIUI IIcnym;eHHoro "Bnepeµ;" 

( T.e. B BaxyyM) Ha rpaHIIQe KBapQ-BaxyyM B µ;onoporOBOll o6JiaCTII 0HeprIIH 'ia

CTIIQI,I 

Iloµ;po6Ho paccM0TpeH1,1 cnoiicTBa OIIM, B03H:a:Karorn.ero B rrorrro

rn.arorn.eii cpeµ;e, TaK:a:e KaK ero HarrpanrreHHOCTl>, rroporo:aoe ycrron:a:e, 

rrolllipnnan;II.lI. 06parn.eHo BH:a:MaH:a:e Ha cyrn.ecTBeHHl>IH BKrraµ; MB1I, 

B03HIIKarorn.ero B MeTarrrrax, B 0KcrrepnMeHTax no orrT:a:TJecKoMy rrepe-
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xop;HoMy II:Jrry'Iemno. Ha ocHoBaHIIII :lq>q>eKTa BaBII/IOBa-"tfepeHKOBa 

p;aeTCJI o6'b.lICHeHIIe aHoMarrIIII B cneKTpe OIHI B crry'Iae CKOllh:J.lII.I.J.ero 

nap;eHII.lI 'IaCTIIIJ; Ha noBepXHOCTh cepe6pa. ,,. 

IlpII aHalIII:Je CBOHCTB II:Jrry'IeHII.lI, Bo:JmIKarorn.ero npII cKollh:J.lII.I.J.eM 

nporreTe 'IacTIID;hl 'Iepen cepe6p.l!HYIO nrracTHHKY KOHe'IHOH TOlII.I.J.IIHhI 

( q>opMyrra IIaq>oMoBa 10), BnepBhle 6hlrrII Bhl.l!BrreHhI Heo 6hl'IHhle )J;ll.lI O IIII 

yrrrOBhle pacnpep;erreHII.lI ( C IIHTepq>epeHn;IIOHHhlMII MaKCIIMyMaMII lI MlI

HIIMyMaMH), CXO)J;Hhle C yrrrOBhlMlI pacnpep;erreHII.lIMlI lIHTeHClIBHOCTlI 

IIB"tf, BO:JHHKarorn.ero Ha orpaHII'IeHHon TpaeKTOpIIII 'IaCTIIn;hI ( q>op

Myrra. TaMMa 11 ). 
Bhlrro noKa:JaHo, 'ITO q>opMyrra TaMMa no:JBOll.l!eT npocrrep;IITh na nrra

BHhlM nepeXO)J;OM OT xapaKTepIICTlIK 'IIICTO nepexop;Horo II:Jlly'IeHH.lI 

(mrtK:e nopora IIB"tf) K xapaKTepIICTHKaM 'IIICTO 'IepeHKOBcKoro Hnrry

'IeHII.lI (p;arreKo Hap; noporoM). B panoHe nopora Bo:JHHKHOBeHII.lI IIB"tf 

q>opMyrra nrraBHO nepeBO)J;IIT norrHyro IIHTeHCIIBHOCTh OIIII B norrHyIO 

HHTeHcHBHOCTh IIB"tf, cneKTp q>oToHOB OIIII (~ 1/>-.) - B cneKTp q>o

TOHOB IIB"tf (~ 1/>-.2) norrHyro He:JaBIICIIMOCTh HHTeHcHBHOCTH OIIII OT 

)J;lllIHhl pap;IIaTopa - B lIHHellffYIO :JaBIIClIMOCTh lIHTeHClIBHOCTlI lJB"tJ 

OT l. IIpoBep;eHHhle pac'IeThl noKa:JarrII, 'ITO OIIII B crry'Iae, Korp;a BO:J

HHKaeT H IIB"tf, npHHn;IIIIIIallhHO HeoTp;errHMo OT nocrrep;Hero. 

Op;HaKo, KpoMe Bhl.l!BrreHII.lI HOBhIX cBep;eHHn o cBoncTBax OIIII H 

IIB"tf, npHBep;eHHhlX Bhlllle, BO:JHHK lI p.l!)J; HOBhIX BonpocoB, Ha KOTO-, 

ph1e He 6hlrro oTBeTa. HanpIIMep: 
1. Ilo'IeMY yrrroBoe pacnpep;erreHIIe OIIII, IIcnycKaeMoro yrrhTpape-

11.lITHBHCTCKHMH 'IaCTIITI;aMII, COCTOHT KaK 6hl II:J )J;BYX 'IaCTell C COBep

llleHHO pa:JlllI'IHhlMlI xapaKTepHCTHKaMlI - II:J OCTpOHa~paBrreHHOrO 

MaKCHMyMa II H:J "nhep;ecTarra"? 
2. Ilo'IeMy HHTepq>epeHn;HoHHhle :lq>q>eKThI B OIIII, npo.l!Bll.lIIOI.I.J.H

ec.lI B61IH:JH nopora BO:JHHKHOBeHII.lI IIB"tf, Ha6rrrop;aroTc.lI II npH cyrn.e-· 

CTBeHHO p;onoporoBhlX CKOpOCT.lIX? 

3. YrrroBhle pacnpep;erreHII.lI IIB"tf, pacc'IHTaHHhle no q>opMyrre TaMMa, 

HMeIOT lIHTepq>epeHTI;IIOHHhIB xapaKTep, KaK II yrrroBhie pacnpep;erre

HlI.lI OIIII npII HalIH'IIIH p;Byx rpaHIIn;, pacc'IIITaHHhle no q>opMyrre IIa

q>oMoBa. Ho eclllI B. nocrrep;HeM crry'Iae lIX M02KHO lIHTeprrpeTHpoBaTh 

10rra.4>0M0B B.E. Tpy11h1 <f>llAH CCCP. Jl11epHaJ1 iI,RonKa n BoaRM011eiicTBHe qacTRI.I c 

BeLQecTBOM, M.: HayKa, 1969, c.63. 
11Tamm I. - J.Phys., 1939, 1, p.439. 
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KaK HHTepq>epem:~HIO p;Byx OIIII, BO:JHHKaIOI.I.J.HX Ha nepBon JI Ha BTO

pon rpaHHn;ax, TO IIHTepq>epeHn;IIIO· KaKIIX II:Jrry'IeHJill Mhl Ha61IIO)J;aeM 

B yrrroBhlX pacnpep;erreHII.lix IIB"tf, Korp;a q>opMJrra TaMMa BhlBep;eHa 

)J;ll.lI )J;BII)KeHII.lI 'IaCTlID;l,I B 6ecKoHe'IHon cpep;e ( T.e. njrn OTCYTCTBIIII 

rpaHIIn;)?12 

OTBeThl Ha :lTII lI p;pyrIIe BonpoChl Hanp;eHhl B HalllIIX pa6oTax, lI3-

ll02KeHHhlX B rrraBax 2, 3, 4 lI 5. 
<l>opMyrra TaMMa BnepBhle 6hlrra HaMII npep;cTaBrreHa B Y)J;06Hon p;ll.lI 

pac'IeTOB H p;rr.l! ee aHalIII:Ja q>opMe: 

d2NThMM _ anl2 (SinX) 2 
• 2 

dfJd>-. - ---:xr- ~ Sm 0, 

rrl 
rp;e X = (3>-. (l-(3n Cos 0). Bhlrro noKa:JaHo, 'ITO HalIII'IHe MaKCIIMYMOB H 

MlIHHMYMOB B yrrrOBhlX pacnpep;erreHII.lIX .l!Bll.lieTCJI crrep;CTBIIeM lIHTep

q>epeHn;JIOHHOro MH02KIITell.lI (SinX/X,)2.~ IlpII X -+ 0 HMeeTCJI rrra

BHhlH IIHTepq>epeHn;IIOHHhln MaKCIIMYM, n;eHTp KOTOporo HaXO)J;IITC.lI Ha 

'IepeHKoBCKOM yrrre Cos0ch = l/(3n. IlpH krr < X < (k+l)rr, rp;e k 
, - n;erroe 'IlIClIO, HMeIOTCJI lIHTepq>epeHn;IIOHHhle MaKCIIMYMhl BhlClllero 

(k-ro) nop.l!p;Ka. TaKHM o6pa:JoM, IIHTeHCHBHOCTh H:Jrry'IeHII.lI, Hit6rrro

p;aeMoro B HanpaBrreHIIII yrrra 0, Bhlpa2KaeTCJ1 Bcero lIHlllh 'Iepen 'op;HH 

napaMeTp X, .l!Bll.lIIOI.I.J.lillC.lI q>JHKn;Hen l, (3, >-., n. II 0. Ka2Kp;OMY MaKClI

MYMY B yrrroBOM pacnpep;erreHIIII lI3lIJ'IeHII.lI MO)KHO, TaKIIM o6pa30M, 

npIICBOHTh HOMep, cooTBeTCTBYIOI.I.J.Hll ero nop.l!p;ey k, CM. pHc.4. TaKru.r 

'"on;Hq>pOBKa" yrrroBhlX pacnpep;erremrii: lI:Jrry'IeHII.lI cyrn.ecTBeHHO noMO

, raeT npH Iix aHarrH:Je. IIB"tf, BO:JHIIKaIOI.I.J.ee B coBepllleHHO panrrII'IHhlX 

ycrrOBII.lIX, 6Y)J;eT HMeTh O)J;IIHaKOBhle CBOHCTBa, ecrrII IlplI :)TOM BelIH

'IIIHhl X coBnap;aroT. HarrpIIMep, Hnrry'IeHIIe, HcnycKaeirne rr-Me:JoHaMII 

C IIMnyllhCOM B p;eCJITKlI r:lB/c B ra:JOBOM 'IepeHKOBCKOM C'IeT'IJIKe )J;lllI

HOll HeCKOllhKO MeTpoB, 6Y)];eT IIMeTh yrrroBoe pacrrpep;erreHIIe, CXO)J;HOe c 

pacnpep;erreHIIeM, IIcrrycKaeMoro :llleKTpOHaMH C :lHeprHen B COTHII K:lB 

B TBepp;oTellhHOM pap;HaTope TOlII.I.J.IIHOH HeCKOllhKO ).., - eclllI X op;H

HaKOBhle. 

,Il;eTallhHhie pac'IeThl, npoBep;eHHhle no q>opMyrre TaMMa, noKa:JalllI: 

1. Hnrry'IeHIIe p;ll.lI op;Hon p;lllIHhl BOlIHhl ).. BO:JHIIKaeT Ha Bcex yrrrax 

0 (B OTlllI'Ilie OT IIB"tf no TeopIIII TaMMa-<PpaHKa, no KOTopon OHO 

IIcrrycKaeTC.lI lllilllh B HarrpaBrreHIIII yrrra Cos 0 ch = l / (3n); 
12Ha 0To o6paTRJI Harne BHRMaHRe A.II.Ko6oeB. 
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' E-t :s: -g :i: :s: :s: 2. llt3JIY'IeHIIe IICIIYCKaeTC.lI KaK n HarrpaBJieHIIII ;a;nmKeHII.lI 'IaCTIIll;hl 
E-t Q) ::r E-t 

~ 8- ~ f? ("nrrepe)];"), TaK II B o6paTHOM HarrpaBJieHIIII ("Hat3a)];"); 
i::Q :s: >-, -

. ., i ~ ~ >& ~ 3. IInrry11eHIIe cy~ecTnyeT B rropore IIff'1 II HmKe Hero; 
~· >-.'1; ~ :s: ..... . ~ ... ': ef £ ~ §: 4. IItlJiy'IeHIIe BOt3HIIKaeT II rrpII )];BIDIWHIIII 'IaCTIIIl;I,I n naxyyMe ( T .e. 

7 ~ ~ o.. : ~ "' rrp.-.n=l)I ➔ -~ - E-t • ro :,: n . j ::-=~,:;.~ 
0 

~ ~ ~ ~ B rrrane 2 pacKphlT q>IIt3II'IeCKIIIl CMhlCJI BeJIII'IIIHhl XII Han)];eHa rrpII-

N, (, ~~ :I? g. g; 5 ~ 'IIIHa cy~eCTBOBaHII.lI IIHTep<J>epeH:QIIOHHhlX MaKCIIMYMOB II MIIHIIMYMOB 

~i;; :'\.~i#i . ; 6 ~ ~ n yrrroBbIX pacrrpe)];eJieHIIJIX IIt3JIY'IeHIIJI, OIIIICaHHhlX <J>opMyrroii TaMMa. 
5! ~ ~ Q) • 

- ,::_ II o.. o.. ~ BrrepBbie rroKatlaHo, 'ITO <J>opMyrry TaMMa M02KHO IIHTeprrpeTIIpoBaTb 
<N CQ O ~ 
IN ., 5 ~ KaK penyrrbTaT IIHTep<J>epeHIJ;IIII ;a;nyx MrHOBeHHbIX TOpMOt3HbIX IIt3JIY-

~ ..__,lcl::,-,:,: u 

~ [ ~ ~ 'IeHIIII, BBe)];eHHhlX B IIOCTaHOBKe t3a)];a'III, - IIt3JIY'IeHII.lI, IIcrry~eHHoro 
"' 0 Q) '~ 

0 ~ 0 
IOO lcl: 'IaCTIIIJ;eii rrpII ee MrHOBeHHOM CTapTe, II IItlJiy'IeHIIJI, BOt3HIIKaIO~ero 

~ Fi .,Q :s: . 
.. • ,...,. • Q) t; ~ ~ rrpII ee MrHoBeHHOil OCTaHOBKe. BeJIII'IIIHa X rrpe)];CTaBJIJieT pat3HOCTb . ~-: r- ~1- ~ ~ ~ ~ @ <pat3 0 60IIX IIHTep<pepIIpyIO~X MfHOBeHHbIX TOpMOt3HblX IIt3JIY'IeHllll. 

~ ., - .· . <· o.. ;,; II >-. 
l _;; :·- · ·· · ·· R u_ """ ~ HoBbIB IIO)];XO)]; 6bm rrpIIBJie'IeH II K orrIIcaHIIIO :J<p<peKTa IIB"9:, Bhl-

z-< •· . . = ~ Q) ~ 

.,,J.,, ,, iZ2L O 1:- '2; :,: S., 1;l TeKaIO~ero IIt3 TeOpIIII TaMMa. EbIJIO IIOKat3aH0 1 'ITO IIOCTO.lIHHaJI CKO-
:,: o ~ o ·x u :,' ~ ,:s: ~ poCTb 'IaCTIIIl;hl V BJIIIJieT JIIIIllb Ha <J>any II He .lIBJIJieTC.lI rrpII'IIIHOII 

• 0 Q) :s: 
§ E-t 11 ~ t; M .BotlHIIKHOBeHII.lI IInrry11eH1IJI, crre)];yro~ero IItl TeopIIII TaMMa. 

0 ---( :s: "' ~ 
:· , . . a . J· ; ~ ~ :r- ~ B rrrane 3 IIHTep<J>epeHIJ;ll.lI MrHOBeHHhlX TOpMOt3HhlX IItlJiy'IeHri rrpII-
... _ o- O :s: :s: ''""' ,:s: 
,,·, · ~- m :,: 5 g g ~ BJieKaeTC.lI K OIIIICaHHIO OIITII'IeCKOfO TOpMOt3HOro IIt3JIY'IeHII.lI1 BOt3HIIKa-
<' · Q):,<..Qp..:Il fl if I I , , ~ :? ~ ~ it ro111ero npn MrHoBCHHOM IlUMeHeum, cKopocT11 ~acTH11Y, ABnrruo111eiiaa 

~ :s: ~ ~ ft , B rrponpa11Hoii cpe)];e (na)];a'Ia rananJIHa II )];p. 13). IloKanaHo, 'ITO <J>op
:a 0.. .,. "' 

0 ~ gJ ~ . ~ ~ Myrra )];JIJI OTII, rrorry11eHHaJI ranatlJIHoM II )];p., rrpe)];cTaBJIJieT co6oii pe-
" :,: 0 l'Q "' 

~ l'Q --s: g, Fi ·nyJibTaT IIHTep<J>epeHIJ;IIII )];Byx IInrry11eHIIII panrrII'IHhlX aMIIJIIITy)]; (non-
1c1: "' 0 "' l:r' ) iii 8. ~ ~ e- i:Il . HIIKaIO~IIX )];O CKa'IKa B CKOpOCTII II rrocrre Hero ' IIpH'IeM Ka2K)];Oe IIt3 HIIX 

~ ~ ~ ~ ~ M02KeT 6bITb OIIIICaHO COOTBeTCTBYIO~eii <J>opMyrroii TaMMa, CM. pIIc.5 
0.. :,: :s: . 

~ 0· ~ r! :S: o.. L II 6. II rrocKOJibKY caMy <J>opMyrry TaMMa M02KHO orrIIcaTb KaK IIHTep<J>e-
~ 1 ~i:;-, •O ~ . g . ~ E? ~ ~ ' peHIJ;IIIO )];BYX MrHoBeHHbIX TOpMOt3HhlX IIt3JIY'IeHIIH, IIOJIHaJI <popMyrra 

~ E ~ i ~- ~ )];JIJI OTII rrpe)];cTaBJIJieT co6orr penyrriTaT IIHTep<J>epeHIJ;IIII 'IeThlpex 
» ...... ~Q)~ u 

• "' ~ lcl: §:: 0.. MrHoBeHHhlX TOpMOt3HhlX IIt3JIY'IeHIIII . 

.iJ , ~....:cjffl i;i ~ ~ ~ ~ i V IloKatlaHo, 'ITO 11epeHKOBCKIIe cnorrcTna, KOTophle OTII rrpIIo6peTaeT 

~f: ,. --·-,.-a ,.. ~ ~ 7i ~ a IIpII {Jn > l, He CBJit3aHhl C IIOCTO.lIHHOil CKOpOCTbIO 'IaCTIIIl;hl. Bee CBOil-

1 
,/5 ••"'==. l'i ro.!:Il:,: u 

~; · ~,:"tee~ ~ ~ ~ ~ ~ CTBa OTII, B TOM 'IIICJie II ero 11epeHKOBCKIIII xapaKTep, 06:'JICHJIIOTCJI 

-;.. 
1 

~-- _.:3 !! ~ ~ 8,. [ g 11epet3 IIHTep<J>epeH:QIIIO MfHOBeHHbIX TOpMOt3HbIX IIt3JIY'IeHIIII, BOt3HIIKa-

~~ ,/ ~· =-~ ~ g ~ 6 ~ IO~IIX rrpII yi:KopeHII.lIX 'IaCTIIIJ;I,I, BBe)];eHHhlX IIpII IIOCTaHOBKe t3a)];a'III. 
~ • ·C:::.::::. -1 8 • ll.. ~ ~- [ 2 

_,,-.. 11'1 .. MN,....O.,- O }i::~QQ 

• :s: ~ s ~ 
~ ~ g gj ! 13raoao.HH A.JJ;. n AP· - Hoa. AH ApM.CCP, 1963, XVI, 2, c.69. 
:s: "' Q) ~ "' 

p.. )3. §' ~ ~ 
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B rrraBe 4 C IIOMOll.V,IO IIHTepqiepeHIJ;IllI MrHOBeHHhlX TOpMO3HhlX Im

rry'lemra: 1IHTeprrpeT1Ipy10TcJI qiopMyrr1,1 p;JIJI OIIH, 1Ic11ycKaeM1,1x Ha 
·'· 

op;HOH II Ha p;Byx rpaHIIn;ax panp;erra cpep;. PacKphlTa rrpll'lIIHa cxop;cTBa 

yrrroBhlX pacrrpep;erreHri OIIH II HB'CJ H1I2Ke rropora rrocrrep;Hero. IloKa

naHo, 'ITO 1Inrry'leH1Ie, BO3HIIKarorn;ee B crry'lae HaJIII'lIIJI p;Byx rpaHIID; 

panp;erra, MO2KHO IIHTeprrpeTnpoBaT1, KaK IIHTepqiepeHn;nro p;Byx OIIH 
IIJIII 'leT1,1pex crrep;yrorn;nx MrHOBeHHI,IX TOpMO3HhlX II3Jiy'leHIIII: 

1. 1Inrry'leHIIJI OT MrHoBeHHOH ocTaHOBKII 'laCT1In;1,1 Ha rrepBoH rpa

HIID;e B rrepBoH cpep;e; 

2. II3Jiy'leHIIJI OT MrHoBeHHoro cTapTa 'laCTIID;hl Ha rrepBoH rpaHnn;e, 

HO BO BTOpOII cpep;e; 

3. II3Jiy'leHIIJI OT MrHOBeHHOH OCTaHOBKH 'laCTIID;hl Ha BTOpOH rpa

HIID;e B TOH 2Ke BTOpOH cpep;e; 

4. H3JIY'leHIIJI OT MrHOBeHHOro CTapTa 'laCTHD;hl Ha BTOpOH rpaHnn;e, 

B rrocrrep;HeH - TpeT1,eH cpep;e. 

Korp;a II3Jiy'leHHJIMII, BO3HIIKaIOrn;IIMII IIPII MrHOBeHHOII OCTaHOBKe 

'laCTIID;hl B rrepBoH cpep;e·II rrplI ee MrHoBeHHOM cTapTe B TpeT1,eH cpep;e, 

MO2KHO 11peHe6pe'I1, (narrpIIMep, B crry'lae rpaHnn; MeTarrrr/rrponpa'IHaJI 

cpep;a II rrponpa'IHaJI cpep;a/MeTarrrr), o6a OCTaBllIHXCJI TOpMO3HI,IX II3-

rry'leHIIJI, BO3HIIKarorn;IIe rrpII CTapTe II OCTaHOBKe 'laCTIID;hl B TOH 2Ke· 

rrponpa'IHOH cpep;e, Bcrrep;CTBIIe IIHTepqiepeHD;IIII rrpHBO)];JIT K qiopMyrre 

TaMMa, c~. pHc. 7. 

B rrraBe 5 rrpIIBep;eHo o6o6rn;eHIIe IInrraraeMoro Bi.1me rrop;xop;a Ha crry

'laH rrpoH3BOJ:rI,Horo p;BII2KeHIIJI 'laCTHD;hl B rrponpa'IHOH c·pep;e. IloKa-

3aHo, 'ITO qiopMyrry )];JIJI yrrroBoro pacrrpep;erreHHJI IIHTeHCIIBHOCTII II3-

rry'leHIIJI B 0TOM crry'lae MO2KHO rrpep;cTaBIITI, KaK penyrr1,TaT IIHTepqie-· 

peHD;HH MHOrlIX II3Jiy'leHIIH, Ka2Kp;oe II3 KOTop1,1x MO2KeT 61,ITI, OIIIICaHO 

clme:ij: qiopMyrroH ThMMa, IIJIII 2Ke KaK MHoroKpaTHYIO IIHTepqiepeHn;IIIO 

B p;Ba pana 6orr1,Illero 'lIICJia MrHOBeHHI,IX TOpMO3HI,IX II3JIY'leHIIH ( CM. 

pIIc.8 - 'laCTHI,IH crry'laH p;ByKpaTHoro pacceJIHIIJI 'lacTnn;hl). 
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~tN 
log ~dO~J 

6i~ 
5 

4 

3 

2 

0 
-1 

~n>1 

rg/d'N lJ iildO, 

7 A 
6 

0,43 0~5 0,7 0~9 9, {'] 

0 2 3 4 5 6 7 8 91{•] 

PHc. 7. Pac'!eT yrJioBoro pacrrpeµ;enemur MB'I, B03HIIKaIO~ero rrpn rrpoJieTe -qe

pe3 ra30Bhlii: paµ;naTop (He) µ;nnHoii: 1,lM onexTpoHa c OHeprneii: 350 M0B_ (/3 = 
0.9999989373; nHe = l.000034019; A= 589.3 HM): 1 - CrJia)KeHHaJI KplrnaJI (rro Bep

IIIIIHaM MaKCIIMYM0B B yrJI0B0M pacrrpeµ;eriemrn, paCC'IIITaHH0M no q>opMyJie TaMMa, 

CM. -BIIµ; A); 2 - yrJioBoe pacrrpeµ;eneHne OIIM- µ;mr rpaHII~ Al/He (EAJ = 1 + ib; 

a = -26, 2288; b = -15, 3216) 
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PHc.8. YrrroBoe pacrrpeAerremi:e peoyrrhTHpyro~ero IB31IY'IeHIIH B crry'!ae, KorAa 

MeJKAY MrHoBeHHI,IM cTapTOM Ii OCTaHOBKOH 'IaCTlilJ;a liCIIblTblBaeT ABYKpaTHOe pac

CeHHHe 

II::mo)KeHHhlH HOBhlH rro;a;xo;a; ( BKJIIO"Iarorn;IIn: ncer;a;a Ha"Iarro II Konen; 
TpaeKTopn:n: "IaCTHn;hl) II03BOJUie'l' rrpoBO;D;IITI, pac"IeThl yrrroBhlX pac

rrpe;a;errenn:i HHTeHCllBHOCTII IIDJIY"IeHII.ll rrpII JII06hlx CKOpOCT.HX "IaCTIIn;id, 
B TOM "IIICJie II BhIIIIe rropora BODHIIKHOBeHH.H IIB"t.f. Anarrorll"IHo, KaK B 
<f>opMJlle TaMMa, <f>opMyrra µ;JUI yrrronoro pacrrpe;a;erremI.ll HHTeHcirnHo

cTII Il:DJIY"IeHH.H .HBJUieTc.H q>JHKn;IIen: lIIIIIIh <f>ao X;, co;a;ep)Karn;n:x nee 
ocTaJibHhle rrapaMeTphl oap;a"III (/3, n, >., 0). TaKon: rro;a;xo;a; cyrn;ecTBeHHO 
yrrporn;aeT aHaJIII3 II peIIIeHH.H KOHKpeTHhlX 3ap;a"I. IlpIIMephl HeCKOllb

KIIX II3 HIIX rrpHBep;eHhl B rrrane 5. 
Bee 3KCIIepIIMeHTaJibHhle IIccrre;a;onaHH.H, peoyllbTaThl KOTOphlX rrpII

Bep;eHhl BO BTOpon: "IaCTII pa6oThl n rrranax 6,7 II 8, rrpoBO;D;IIlIIICI, HaMII 
rrpocThlM <f>oTorpaq>ll"IecKIIM crroco6oM. TaKon: crroco6, nrrepnhle rrpII
MeHeHHhlH µ;JUI 3TIIX n;erren: ern;e II.A."t.fepeHKOBhlM, IIMeeT II p.Hp; He

;a;ocTaTKOB. Ilpe)K;a;e ncero 3TO HII3KaH "IJBCTBIITellbHOCTI, IIJieHOK no 

cpaBHeHIIIO C 3JieKTpOHHhlMII MeTop;aMII ( <I>8Y)' He IIODBOJUIIOII.J;aH IIOKa 
IIpOBO;D;IITb OIIhlThl c OTp;ellbHhlMII "IaCTIID;aMII. Heo6xop;IIMOCTI, CMeHhl 
IIlleHKII IIOClle Ka)K;a;on: 3KCII03mµIII (BI,13BaHHaH ee "!YBCTBIITelibHOCTblO 

18 

K pa;a;IIaKTHBHOMY <f>oHy) CIIllbHO ycJIO)KHj[eT pe)KIIM_ pa60Thl ycKOpII
TeJUI (neo6xop;IIMbl ero "IaCThle OCTaHOBKII). CJIO)KHaJI II ;D;lIIITeJII,HaH 

o6pa6oTKa IIJieHOK IICKlIIO"IaeT B03MO)KHOCTb pa6oThl B "on-line" pe
)KIIMe. O;a;naKo, Hap.Hp;y c 3TIIM, IIMeeTC.H II n;errhln: p.Hp; rrpeIIMyrn;ecTB 
q>OTorpaq>II"IeCKOro MeTo;a;a no cpaBHeHIIIO C 3JieKTpOHHhlM. TollbKO no 

o;a;noMy Kaµ;py c IIDo6pa)KeHIIeM II~"C.f y)Ke MO)KHO rrorry"IIITh ;a;ocTa

TO"IHO rrorrHoe rrpe;a;cTamreHIIe o ero yrrronoM pacrrpe;a;erreHIIII, 'ITO oco-
6eHHO Ba)KHO, HaIIpIIMep, B crry"Iae aHIIDOTpOIIHhlX cpe;a;, CM. pIIc.9. IlpII 
C'beMKe Ha n;neTHYIO IIlleHKY MO)KHO IIOJIY"IIITb o;a;nonpeMeHHO II IIHq>Op

Man;uro o crreKTpe IIB"t.f. IlpII MaJIOM yrrronoM II IIMIIYllhCHOM pao6poce 
rry"IKa MO)KHO paopeIIIIITh ;a;a)Ke oTp;elibHhle MaKCIIMJMhl crreKTparr1,Hoi 

"IYBCTBIITelibHOCTII IIJieHKII B KpaCHOM, DeJieHOM II CHHeM n;BeTaX. IIc
IIOllbDY.H IIOJUipIIDaD;IIOHHbiH q>IIllbTp, MO)KHO IICCllep;OB3.Tb IIOJUipIIDaTI;IIIO 

IIDlIY"IeHH.H. IIIIIpOKIIH accopTIIMeHT q>OTOMaTepIIaJIOB IIODBOJUieT BeCTII 
IIccrre;a;onaHH.H oT M.HrKoro peHTreHOBCKoro p;IIarraoona · ;a;o 6rrIIDKon: IIH-

<f>paKpacnoi o6rracTII crreKTpa II ;a;p. ~ 

. B rrrane 6 rrpHBe;a;eno KpaTKoe ormcanIIe arrrrapaTyphl, rrpIIMeH.HeMoi 

µ;JUI c'beMKII IIB"CJ, II crroco6on o6Mepa TIOJIY"IeHHhlX cHIIMKOB. ,II;IIaMeTp 
Korren; IIB"CJ, IIDo6pa)KeHHhlX na cnIIMKax, rrp.HMo .cB.HDaH c yrrroM IIC

nycKaHH.H IIDlly"IeHII.H 0ch· 8To IIODBOJUieT, "Iepe3 KaJIII6poBKY "Iepen

KOBCKOH KaMephl, nponop;IITI, rrponepKy COOTHOIIIeHII.H narrpaBJieHHOCTII 

IIB"t.f, Cos 0ch = 1/ (3n. TaKIIe IIDMepenH.H 6hlJIII HaMII rrpone;a;enhl µ;JUI 
TBepp;hlX II )KII;D;KIIX pap;IIaTopoB, B DaBIICIIMOCTII OT lIX IIOKaDaTeJUI 

rrpelIOMJieHH.H n II OT CKOpOCTII /3, B llIIIpOKOM HHTepnarre,yrJIOB IIcny
CKaHH.H IIB"CJ - o'r rrpep;elibHoro 0ch ~ 50° (µ;JUI TBepp;hlX pa;a;IIaTopon) 

;a;o 0ch ~ 20° (µ;JUI H20). B aToi rrrane TaK)Ke rrpIIBep;eHhl rrorry"IeHHhle 
nrrepnhle cHIIMKII neo6hl"IHoro acIIMMeTpII"IHoro IIB"CJ, IIcrrycKaeMoro 

B. aHII30TpOIIHOM KpIICTaJIJie TpIIrlIIIn;IIHCYllbq>aTa (TrC). IIpII npoxo
)K;a;enIIII "IaCTIIn; n;a;o·rr1, 6HHopMaJIII CM. pIIc.9., a TaK)Ke cHIIMKII IIB"CJ,, 
IIcnyCKaeMoro B 6JIIIDKon: HHq>paKpacnon: "[acTII crreKTpa. IlpHBep;eHhl 

on;enKII BODMO)KHOCTII <f>oToperIIcTpan;im IIB"CJ OT oTp;elibHhlX "IaCTIIn;. 
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'· 
Puc.9. AcIIMMeTpIPrnoe MB'I, IIcnycKaeMoe ny'!KoM npoToHoB c aHeprIIeii 660 

MeB, npoxogH~IIM Bp;om, 6IIHOpMaJIII 'I~pe::3 KpIICTaJIIT Trc. <l>oTorpaq>IIH norry'!eHa 

Ha qioooTpoHe JUUI OMJIM B 1986 r. 
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"" 

B rrraBe 7 06cy2Kp;aIOTCJI oco6eHHOCTII IIB"9:, IIcrrycKaeMoro B HOBhlX, 

IICKYCCTBeHHO conp;aHHhlX MaTepIIarrax - B KpeMHIIeBhlX aGporelI.lIX. 

Mccrrep;oBam,1 TaKIIe CBOHCTBa IIB"9:, KaK ero HanpaBJieHHOCTb, IIOJ]J[pII

nan;rur, cneKTp II p;p. IlpoBepKa cooTHOllleHIIJI HanpaBrreHHOCTII IIB"9: B 

aGporelI.lIX npoBep;eHa B p;IIarranoHe yrrroB ~T 0 ch ::::; 20° p;o 0 ch ::::; 5°. 
IlpIIBep;eHbl penyrr1,TaThl OIIhlTOB II~ IItlrOTOBJieHIIIO CBOIIX o6pa3D;OB 

aGporeJ]J[, rrpoBeµ;eHHhlX B coTpyp;HII'IecTBe c YHIIBepcIITeToM IIM. Ko

MeHcKoro B BpaTIIcrraBe, CM. pIIc.10. 

Puc.IO. <l>oTorpaqimr Kone~ MB'I, ncnycKaeMoro ny'IK0M erreKTp0H0B c eHeprIIeii 

350 MeB B o6poo~ax II::3 KpeMHIIeBhlX aeporerre:ii, npIIr0T0BlleHHbIX B BpaTIICllaBe 

(n = 1, 05), - n3o6pa:iKeHIIH cnpaBa II crreBa, II B MJl<I>, HoBOCII6IIpcK (n = 1,037) 

- ll306pa:iKeHHe B ~eHTpe 

B rrraBe 8 IItJJIO2KeHhl penyrr1,TaT1,1 OIIbITOB no IItJy'IeHIIIO CBOHCTB IIB"9:, 

IIcnycKaeMoro YllbTpapeJ]J[TIIBIICTCKIIMII GJieKTpOHaMII B patlJIII'IHhlX ra

nax, TaKIIX KaK Bonµ;yx, CO2, 6rraropop;Hhle ran1,1 Xe, Kr, Ar, He. Ycrro

BIIe HanpaBrreHHOCTII IIB"9: IIccrreµ;oBaHo B o6rracTII yrrroB OT 0ch ::::; 2° 
BIIJIOTI, µ;o nopora ero BO3HIIKHOBeHrur, CM. pIIc.11. IlpIIBep;eHbl CHIIMKII 

IItJJiy'IeHrur, naperIIcTpIIpoBaHHoro B nopore IIB"9: II HII2Ke Hero. Bnep

Bbie norry'IeHbI CHIIMKII IIB"9:, BOtlHIIKarorn.ero npII p;BII2KeHIIII '!acTIID; 

B MarHIITHOM norre, a TaK2Ke IIB"9:, IIcrrycKaeMoro aHTII'IaCTIIn;aMII -

IIOtlIITpoHaMII. 
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"fC;: 1:1 

P.2 :tti! c,J5tii 
r.3 

p=740 uu Hj 

.p=345,3 llll Hj 

p=1S3,2 UM H' 

F.4 

lf5 

r.6 

p=B7,3 UM H1 

p=53,1 llll Hj 

p=37, 9 uu H j 

IF.7 

p:3,8 Mil Hf 

Puc.II. Ceprur q>oTorpa<Jm::ii: Korre11 IIB'I, ncrrycKaeMoro :meKTpoHaMH c 0Hep

rne:ii: 350 MeB B Booµ;yxe (t = 28° C) rrpn paorrH'lHbIX µ;a.BrreHIDIX ·B6rrnon rro

pora BOOHHKHoBemrn HOlIY'JeHrur. IloporoBoe p;aBrreHne Booµ;yxa p = 3, 4 MM Hg 

(n~por. = 1,000001063) 
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Puc.12. TeopeTH'lecxne oHa'lemrn yrrroB B~keor, Bhl'!HcrreHHhie rro q>opMyrre Cos 0 = 
I/fin, B cpaBHeHHH C yrrra.MH 0;~, rrorry'leHHhIMH B 0KCIIepnMeHTe. CrrrrOIIIHalI KpH

BalI (1) _: IIpHMalI, IlOlIY'!eHHalI MeToµ;oM HaHMeHbllIHX KBaµ;paTOB Ha OCHOBe 0KC

rrepHMeHTaJibHhIX )];aHHhIX. IlYHKTHpHaH KpHBM (2) - 'rrpHMalI, rrpoBep;eHHalI '!epro 

Ha'!arro xoopµ;HHaT rroµ; yrrroM 45° (rrpeµ;cxaoaHHe TeopHH 'l'aMMa-<PpaHKa). 1,11 -
TBepµ;hie rrpoopa"IHI,Ie )];HGJieKTpHKH H :lKH)];KOCTH, COOTBeTCTBeHHo; III - KpeMHHe

Bhie aoporeJIH; IV - raohI rrpn HOpMaJibHOM H IIOHH:lKeHHOM )];aBJieHHJIX 
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B t3aKlIIO'lemm: nepe'IIIcrreBI,I pe3yrr1>TaThl npoBe,n;eHIII>IX TeopeTil:'le-,, 
CKIIX H aKcrrepHMeHTallbHhlX nccrre,u;oBaHHn:. · 

HaMH 6hlrrH rrpoBe,n;eH1>1 c'beMKH HB'1 c IICIIOllbt30BaHHeM rnecTH crre
,u;yrom;IIX ycKopIITerren:: ycKOpIITerren: rrpoTOHOB C 0Heprnen: 1 raB B raT
'lHHe n 660 MaB B Jl:y6He; ycKopnTerren: arreKTpOHOB c aHeprnen: 350 MaB 
n rrot3IITpOHOB c aHeprIIeH 512 MaB B HoBocn6npcKe; ycKopnTerren: rrer
KIIX .H,n;ep c aHeprnen: 44 raB B ,IJ;y6ne n TIDKem,1x .H,n;ep c aHeprnen: 1 
raB/a.e.M. B Jl:apMllITa,n;:Te (repMaHH.H). 06pa60TKa CHIIMKOB IIOt3BO
lIIIlla rrpoBepHTb O)J;HH Ilt3 rrraBHhlX Bl>IBO)J;OB Teopnn - COOTHOllieHne 
HarrpaBrreHHOCTH HB'1, Cos 0 = l/ (3n, B rnnpoKoM ,u;narrat3oHe yrrroB 0, 
OT 0 ~ 50° BIIlIOTI> ,u;o rropora BOt3HHKHOBeHH.H HB'1, B o6rracTH rroKat3a
Terren: rrperroMrreHH.H OT ( n - l) === 10-1 ,u;o ( n - l) ~ 10-7 II cKopocTen: 
'laCTim; OT (3 = o, 75790 ,u;o (3 = 0, 99999950, CM. pnc.12. KaK BH)J;HO Ilt3 
0Toro pncyHKa, rrp.HMM, rrorry'leHHM MeTO)J;OM HaIIMeHbllIHX KBa,u;pa
TOB Ha OCHOBe 0KCIIepHMeHTallbHl>IX ,u;aHBI,IX (crrlIOllIHM KpHBM - 1), 
rrpaKTH'leCKH coBrra,u;aeT c TeopeTn'lecKon: KpHBOH (rryHKTHP - 2). He-
6orr1,rnoe ee OTKlIOHeHne Ha yrorr ~ 0, 23°' IIO HarneMy MHeHHIO, CB.Ht3aHO 
c MeTO)J;IlKOH o6pa6oTK1I CHHMKOB. 
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