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6Ha, 1990 

1. BBEti,EHVlE 

PaHee/l/ 5~no noKa3aHo, YTO BBeAeHHa~ B csoe speM~ pen~T~
s~crcKa~ An~Ha/e/ s~pa~aerc~ nonycyMMO~ ABYX Ha~5onee xapaK
TepHbiX 3ana3Ab1Ba10Llli'IX paccro~H~VI. HanoMH~M, YTO B 3neKrpoMar
H~THbiX noTeHu,~anaX n~eHapa-B~xepTa 3ana3Ab1Bai0Lllee paCCTO~H~e 
R3 cs~ 3blsaer 3ap~A B "3ana3AbiBaiOLlleM" nono~eH~~ ( B MOMeHT spe
MeHi-1 t') ~ TOYKY HaOniOAeH~~ (B MOMeHT speMeH~ t ), np~YeM 
c (t- t') = R3, rAe c- CKOPOCTb CBeTa. 3AeCb CyllleCTBeHHO TO, 
4TO ~MeHHO nocneAHee paseHCTBO ~aKTi'IYeCK~ ne~~T B OCHOBe no
KaU,~OHHOrO MeTOAa ~3MepeH~~ paCCTO~Hi'!Vt. no3TOMY C~HOH~MOM 3a
na3Ab1Bai0Lllero paccTo~H~~ Mo~eT cny~~Tb "ceerosoe (~n~ noKau,~oH
Hoe) paccTo~Hi'le". 

CneAyeT nOAYepKHYTb, YTO BB~AY KOHeYHOCT~ CKOpOCT~ CBeTa 
11 CBeTOBOe paCCTO~H~e" - 3TO C HeOOXOA~MOCTbiO paCCTO~HII1e Me~AY 
ABYM~ HeOAHOBpeMeHHbiMII1 TOYKaMII1 ( co5biTII1~M~). B TO ~e speM~ 
B OOLllenpii1H~TOM onpeAeneHII1i'l An111Hbl (paCCTO~H~~ Me~AY KOHU,aM~) 
AB111~Yllleroc~ CTep~H~ yKa3aHH~e TOYK~ 5epyTC~ 8 OA~H 111 TOT ~e 
MOMeHT speMeHII1 ("MrHOBeHHOe ~ni-1 OAHOBpeMeHHOel paCCTO~HII1e"). 

V1cnonb30BaH~e Taro 111n~ ~Horo onpeAeneH~~ np111 ycTaHosneH~i-1 

npoAonbHbiX pa3Mepos pen~T~B~CTCK~X o5beKTOB np~BOA~T K cyllle
crseHHO pa3n1114HbiM pe3ynbTaTaM. B paMKax o5Lllenpii1HHToro (3171H
wTeii1HoBcKoro) onpeAeneHII1~ Mbl 111MeeT Aeno c nopeHu,eBbiM coKpa
LlleH~eM. TorAa KaK KOHu,enu,~~ pen~TII1BII1CTCKOVt An~Hbl, on~paiOLlla~c~ 
Ha noKaU,i'IOHHbiVt MeTOA 1113MepeH~~ paCCTO~HII1~, a cneAOBaTenbHO, 
IIIMetollla~ Aeno co "cseTOBbiMIII paccTO~HV1~M~", np~BOA~T K ysenw-!e
H11110 npoAOnbH~X pa3Mepos pen~TII1B~CTCK~x o5beKTOB. 

CneAyeT 3aMeTII1Tb, 4To,c TOYKi-1 3peHII1~ Y~cToVI MaTeMaTII1K~, 
scerAa MO~Ho nonyYeHH~e, cKa~eM, B TepM~Hax ''cseroe~x paccTo~
HV1111" pe3ynbTaTbl Bblpa3111Tb Yepe3 "MrHOBeHHble paCCTO~HII1~ 11 , YTO 
3a4aeTyiO ~ AenaeTC~ B 3neKTPOA111HaM~Ke (eM., Hanpii1Mep,/3/ ). 
0AHaKo, c TOYKII1 3peHi'l~ ~1113~K~, o5Lllenp~H~Tb1Vt noAXOA, on~pato
Lllll1111cs:t Ha "MrHoBeHHble paccro~HII1s:t", npii1BOA111T K u,enoMy ps:tAY 
TPYAHocreVI. TaK, B ero paMKax npii1XOA111TC~ BBOAIIITb ~IIIKTII1BH~e 
sen~YIIIH~, TaKII1e KaK noroK 3Heprll1111 ~oH nay3 - Ans:t o5bs:tCHeH~s:t 
npeo5pa30BaHII1s:t MOMeHTa Cll1n, AeVteTBYIOLll~X Ha HaXOAs:llllllleCs:t B pas
HOBeei/11/1 rena, HaTs:t~eHI/I~ nyaHKape - An~ OObs:ICHeH~s:t K03~~U,IIIeH
Ta 4/3 y 3neKrpoMarH~THoil1 Mace~ 3neKTpoHa 111 AP. (eM., Hanplll
Mep, /4. 5/ ). C Apyroi/1 CTOpOH~, KaK OKa3~BaeTCs:l, ~~~~3~Ka 3neMeH-

j l4t -.c lb" ~'".f•ioiA IIICTII'fl , 
~ U~Wiilll ll'C ~P-10 ... 
' 6&1SJ1HOTEK. 
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rapH~x ~acT~4. oco5eHHO 8 o5nacr~ s~coK~x aHepr~~. ~MeeT Aeno 
~aKT~4eCK~ ~CKil~~~TeilbHO C pen~T~B~CTCKO~ Ail~HO~ (~ CB~3aHHO~ 
C He~ Ail~HO~ ¢opM~poBaH~~)/6/. 

0TMeT~M, 4TO ~3Ha4ailbHO KOH4en4~~ pen~T~8~CTCKO~ Ail~Hbl .1 

npeACTaBn~na TOilbKO OTI1~4HY~ OT TpaA~4~0HHO~ np04eAYPY ~3Mepe
H~~ pa3Mepo8 AB~~y~~xc~ o5beKT08. 0AHaKo 8 AanbHe~weM np~wno 
noH~MaH~e roro, 4TO aror noAXOA 3aKn~4aer 8 ce5e HeYTO 5onb
wee. 

2. "nOKAU,I!JOHHAH ¢0PMYni!JPOBKA" 
TEOPI!JI!J OTHOCI!JTEnbHOCT~ 

KaK y~e orMe4anocb, pen~r~s~crcKa~ An~Ha onpeAen~erc~ nony
cyMMO~ ABYX xapaKrepHbiX "cseroBbiX paccro~H~~~~. Ho npocrpaHcr-
8eHHoe paccro~H~e ~8n~erc~ cocra8HbiM aneMeHTOM npocrpaHcrseH
Ho-8peMeHHO~ KapT~H~ - 3TO~ OCHOB~ OCHOB Teop~~ OTHOC~TenbHO
CT~. noaTOMY nepeXOA OT 11 MrH08eHHbiX paCCTO~H~~~~ K 11 CBeT08biM 11 

no CYT~ Aena 03Ha4aeT Apyry~ (oTn~~Hy~ OT 3~HWTe~HOBCKO~) 
~HTepnpeTa4~~ (¢opMyn~pOBKy) Teop~~ OTHOC~TenbHOCT~/7/. 0CHOB
Hble np~MeHeH~~ 11 IlOKa4~0HHO~ ~HTepnpeTa4~~ 11 CYMM~pOBaHbl B 4111TV1-
poBaHHbiX 8b1We pa5orax /4,6/. 

4o HaCTO~~ero 8peMeH~ HOB~~ nOAXOA He nonyYV1Il e~e WV1pOKOrO 
np~3HaH~~. XOT~ HeAa8HO no~8~Il~Cb HOB~e CTaTb~ Ha 3Ty TeMy/5.8~ 
no HaWeMy MHeH~~. rna8Ha~ np~~~Ha 3AeCb 3aKI1~4aeTC~ 8 TOM, 
~TO Ha CaMOM Aene nOAC03HaTeilbHO npocrpaHCTBeHH~e paCCTO~HV1~ 
Mbl He MbiCil~M ~Ha4e, KaK paCCTO~H~~ MeiKAY OAHOBpeMeHHbiMI/1 T04-
KaM~ (co5~T~~M~). KorAa IKe, CKa~eM, peWeH~e BOilHOBOro ypaBHe
H~~. OKa3biBaeTC~ 3aB~C~~~M OT 3ana3Ab1Ba~ero paCCTO~HV1~, T. e. 
paCCTO~H~~ Me~AY pa3HOBpeMeHH~M~ T04KaM~, TO CTapaeMC~ nepe~
TVI K 5onee np~8bi~HOMY Ail~ HaC 11 MrHOBeHHOMY paCCTO~H~~~~ ( CM., 
HanpV1Mep,/3/), B TO BpeM~ KaK Ha5n10AaeMbiM~ Ha OnbiTe ~Bns:IIOTC~ 
~MeHHO 3ana3Ab1Ba~~e paCCTOSlH~~ ~n~ o5pa30BaHHble Ha ~X OCHOBe 
Ben~4~Hbl. 3AeCb MOH<eT 5b1Tb yMeCTHO HanOMH~Tb 0 np~H4111ne Ha-
5n10AaeMocr~. CornacHo aroMy np~H4~ny 8 HayKy Henb3~ 8BOAV1Tb 
npV1H4~nV1ai1bHO HeHa5n10AaeMble 8enV1~V1Hbl. lt138eCTHa~ 3~HWTe~HOBCKa~ 
(MaKpOCKOn~~ecKa~) np04eAypa 3aCe4K~ OAHOBpeMeHHOrO nono~eH~~ 
KOH40B ABV1~y~erocSl crep~HSl c noMO~b~ MHOH<ecr8a paccrasneHHbiX 
B npocrpaHCTBe ~ npeABap~TeilbHO CV1HXpOHV130BaHH~X YaCOB,Ha nep
B~~ B3ril~A,KaH<eTC~ BnOnHe ocy~eCT8~MO~. 0AHaKO Ha npaKT~Ke 
OCH08Ha~ o5naCTb npV1MeH~MOCT~ Teop~~ OTHCC~TeilbHOCT~ - 3TO 
~8neH~Sl MV1KpoM~pa, K KOTOPbiM a~Hwre~H08Ci HI "MaKpocKonV1YecKa~" 
npo4eAypa nonpocry Henp~MeHV1Ma. C Apyro~ cropoHbl, np111 BHV1Ma
renbHOM aHan~3e TeX 111nV1 V1HbiX penSlT~B~CTCKV1X a¢¢eKTOB 05Hapy~V1-

2 

•• 

I \ 
I I 

BaiOTC~ YepTbl 11 IlOKa4V10HHO~ npo4eAYPbl 11 *. 4aH<e 8 caMOVi aiiiHWTe~
HOBCKO~ V13Mep~TeilbHO~ np04eAype Ail~ CV1HXpOH~3a4V1V1 4aCOB on~Tb
TaK~ V1CnOilb3yeTC~ IlOKa4V10HH~~ MeTOA. 

H111H<e Mbl np~8eAeM AOnonH~TenbHble coo5pa~eH~Sl B nonb3Y "no
Ka4~0HHO~ ~Hrepnpera4~~~~ Ha xopowo ~3BeCTHOM 111 V1Me~eM w~po
KOe npV1MeHeH~e np~Mepe YepeHK08CKoro V13ny4eH~Sl. PaHee M~ y~e 
paccMaTpV1san~ POACTBeHHoe S~8neHV1e - ~3ny4eH~e penS~T~B~crcKo

ro Jap~Aa/9/ V1 ycTaHOB~nV1 cneAy~ee. B COOTBeTCT8~~ C noBeAe
H~eM nonS~ AB~~y~eroc~ 3ap~Aa, Koropoe B repMV1Hax 3ana3A~8a~~ 

u~111x paccroSlH~~ BbiT~Hyro snepeA /10/, A~arpaMMa yrno8oro pacnpe
AeneH~~ V13ny4eH~~ C pOCTOM CKOpOCTV1 TaK~e BCe 5onee B~T~r~
saeTC~ snepeA, 8 HanpasneH~V1 AB~~eH~~ 3ap~Aa ("a¢¢eKT npo~eK
ropa''). 3TOT pe3ynbTaT CTaHOBV1TC~ OC05eHHO nOH~TH~M, ecn111 
y4eCTb, YTO V13ny4eHV1e MO~HO TpaKTOBaTb KaK npespa~eH~e B~pTy-
anbH~X ¢oroHoB nonS~ B peanbH~e. · 

3. ~EPEHKOBCKOE I!J3nY~EHltlE, 
A6EPPAU,I!JH VI "CBETOBbiE PACCTOHHI!JH'' 

KaK ~3BeCTHO, 4epeHKOBCKOe ~3ny~eHV1e B03HV1KaeT, KOrAa CKO
pOCTb ~aCT~4bl, AB~~y~e~C~ C nOCTO~HHO~ CKOpOCTbiO 8 MaTepV1anb
HO~ cpeAe, npeBblwaer ¢a3osy~ cKopocTb pacnpocrpaHeHI!1~ aneKrpo
MarH~TH~x sonH 8 aro~ cpeAe. Yrnosoe ~ ~acTOTHoe pacnpeAene
H~e ~Jny~aeMo~ aHepr~~ onpeAen~ercS~ coorHoweHV1eM (eM., Hanp~
Mep, I 11/ ) : 

2 1/2 2 . 2 
dl(w) e f {3 sm (J 1/2 2 
-d

0
-=--- c !8(1-f {3cos0)!. fl) 

3Aecb e - JapSlA 4aCT~4bl, ( - A~aneKTP~~ecKaSl npoH~4aeMocTb, 

{3 = vIc , e - yron MeH<AY Hanpa8neH~S~MV1 eAV1HV1~Ho~ "3ana3Ab1Bal0-
_, -> -> 

~e~" HOpMan~ eR = R3 /R 3 ~ cKopocr~ 4aCT~4bl v. Han111~111e 8-
¢YHK4V1~ noKa3biBaer, ~To aHepr~S~ V1Jny4aerc~ 8 Hanpa8neH~V1, xa
paKrepV1JyeMOM ~epeHK08CKV1M yrnoM {}c: 

1 
cos () c = -;;-;172 { 2) 

* llpHMeqaTeJJbHO, 4TO COBpeMeHHbie KBaHTOBble TeOpHH cPYII)J;aMeH

TaJJbHb!X B3aHMO)J;eHCTBHH OCHOBbiBaiOTCH Ha OOMeHe KBaHTaMH ITOJJH, 

T. C. 3TH B3aHMO)J;eHCTBHH - THITa riOCbiJJKH npHeMa KBaHTOB, HJJH, 

HHaqe rOBOPH, OHH /ocooeHHO 3JJeKTPOMarHHTHOe/ - JJOKaQHOHHOrO 

THna. 
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nocKOJlbKY 3TOT yron 3aAaeTC>l 3ana3Ab1Bal0l!.IV1M ( 11 CBeTOBbiM 11 ) pac
CTO>lHV1eM, TO ero MOH<HO Ha3BaTb 11 3ana3Abl8al0l!.IVIM 11 VlnL-1 11 CBeTOBbiM 
yrnoM 11 . CYeTYV1KVI, V1cnonb3YIOl!.IVIe YepeHKOBCKoe V13nyYeHvte, Haw
nvt WV1pOKOe npV1MeHeHV1e B ¢V13V1Ke YaCTVI~ B~COKV1X 3Heprvt~. C VIX 
nOMOLllbiO Ha OCHOBe VI3MepeHVI>l YepeHKOBCKOrO yrna ~ onpeAell>leT
C>l CKOpOCTb 6biCTpbiX YaCTlil~. To, YTO Ha onbiTe V13Mep5110TC51 11 CBe
TOB~e yrn~'', VI 03HaYaeT, YTO npV1pOAa V1MeeT AellO VIMeHHO CO 
11 CBeTOBbiMVI 11 , a He C 11 MrHOBeHHbiMV1 pacCTO>lHVI51MVI 11

• 

C Apyro~ CTOpOHbl, nepeXOA K 11 MrHoBeHHOMY pacCTO>lHV110 11 BeAeT 
K V13MeHeHVIIO yrna V13llyYeHV1>l, KOTOp~~ B~paH<aeTC>l Yepe3 11 CBeTo
B0~11 C noMOLllbiO cPOPMYllbl 

sin e 
tg eM , ------

cos e- fi 
(3) 

CneAyeT 3aMeTV1Tb, YTO nocneAHee Bbtpa>+<eHV1e B cnyYae f3 « 1, 
OYeBV1AHO, npeACTaBn>leT 3JleMeHTapHyiO c!JopMyny All>l a6eppa~V1V1 

cseTa. Ho a6eppa~V1>l cseTa 3Be3Abl - AaBHo V13BeCTHOe >lBneHvte, 
KOTopoe snepBble Ha6ni0Aanocb 6paAneeM el!.le B 1727 r. /1 2/ . TaKV1M 
o6pa30M, KaK Mbl BV1AV1M, noHRTV1e 11 cseToBoe paccTO>lHV1e 11 no cy
l!.leCTBY B03HVIKJ10 3aAOllrO AO 3apOH<AeHVI51 TeOplilVI OTHOCVITeJlbHOCTV1 
V1 3ana3Ab1Ba101J.1ero paCCTO>lHVI>l nV1eHapa-BV1XepTa. 

HanoMHV1M, YTO All>l ABYX xapaKTepHbiX 11 CBeTOBbiX paccT051HV1~ 11 , 
KOrAa HanpasneHVIe pacnpocTpaHeHVI>l cseTosoro ClilrHana cosnaAaeT 
C HanpaBJleHV1eM ABV1H<eHVI>l V1CTOYHV1Ka VI npOTVIBOnOJlOH<HO eMy, c!Jop
Myll~ npeo6pa30BaHV151 V1Me10T COOTBeTCTBeHHO BVIA 

R 8 , R * ( 1 + {3 ) y , 

R0 = R * (1 - f3) y • 

(4) 

( 5) 

3AeCb R*- paCCTO>lHVIe MeH<AY 3aAaHH~MV1 TOYKaMVI B CVICTeMe nOKOR 
VICTOYHVIKa. 0YeBV1AHO, YTO no Mepe B03pacTaHV1R CKOpOCTV1 BTOpa>l 
senV1YV1Ha R0 __, 0 V1 pen>lTV1BV1CTCKa51 AllV1Ha Rr = (R 8 + R0 ) /2 
no CYLlleCTBY 6yAeT onpeAell>lTbC>l nonOBVIHO~ RB. ae~CTBVITeJlbHO, 
Ha OCHOBaHVIV1 ( 4) VI C yYeTOM f3 = 1 npVIAeM K 11 cPOpMyne YAllV1He
HV151 II: 

Rr ::::R
5

/2:::R*y. ( 6) 

4. 3AKniOYEHV1E 

no>lBlleHVI~ Apyro~ c!JopMynvtpOBKVI TeOpVIVI OTHOCVITeJlbHOCTV1 Boc
XOAVIT ellle K 60-M rOAaM. TorAa OHa·nonyYV1Jla Ha3BaHV1e aCV1HXpoH
HO~ /l 3/ (B OTJlVIYlile OT TpaAVI~VIOHHO~ 3~HWTe~HOBCKO~ - CV1HXpOH-

4 
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HO~). 0AHaKO AO CVIX nop HOB~~ nOAXOA He nonyYVIJl 3aMeTHOrO 
npV13HaHV1>l. V1CKJliOYeHV1e COCTaBJl>leT TeCHO CB513aHHa51 C aCV1HXpOH
HO~ cPOPMYlllilpOBKO~ OTTOBCKa>l TpaKTOBKa pen>lTVIBVICTCKO~ TepMo
AVIHaMV1KVI (eM., HanpvtMep,/14/ ). XOT>l, KaK OTMeYan ellle ¢epMVI/15~ 
06biYHbl~ nOAXOA ( OnV1p8101J.1VI~C>l Ha ycnOBVIe t = const ) 51BHO npo
TVIBOpeYV1T npVIH~lilny OTHOCVITeJlbHOCTV1. TaKOe nonoH<eHVIe, no Hawe
MY MHeHV110, rnaBHbiM o5pa30M CB513aHO C TeM, YTO B OTJlVI4V1e OT 
06l!.lenpVIH>lTOro (3~HWTe~HOBCKOro) nOAXOAa aCVIHXpOHHa>l V1HTepnpe
Ta~V1>l He OCHOBbiBanacb Ha KOHKpeTHO~ V13MepVITeJlbHO~ npo~eAype. 
6onbwe Taro, caMa no ce6e oHa, s npV1H~V1ne, He MOH<eT AaTb Ta
KO~ npo~eAYPbl 6e3 CCblllKVI Ha ApyryiO ( C06CTBeHHYIO) CVICTeMy OT
CYeTa, 4TO C TOYKVI 3peHV151 npVIH~VIna OTHOCV1TeJlbHOCTVI COBepweHHO 
HeAOnycTVIMO. Mo>+<eT 6b1Tb, 3AeCb Mbl VIMeeM xapaKTepHbl~ npV1Mep 
Toro, 4TO B cPV13VIYeCKO~ TeOpVIVI BBeAeHVIe HOBO~ MaTeMaTVI4eCKO~ 
cPOPMYllbl, no380n>lf0Llle~ eAIIIHbiM o6pa30M pa3peWVITb TPYAHOCTIII 3TO~ 
TeopV1111, ellle HeAOCTaTOYHO All>~ ee npV13HaHVIR. Heo5XOAVIMO, 4To6~ 
cPV1rypV1py10LliV1e B cPOpMyne B8JlVI4VIHbl OnlllpaniiiCb Ha cPIII3VI4eCKVIe VI3Me
peHVI>l, TO eCTb B AaHHOM Clly4ae Ha TaKyiO 11 pell51TVIBIIICTCKYI0 11 npo
~eAYPY, KOTOpa>l 6bl He 3aBVICena OT CIIICTeMbl OTC4eTa. 

V1MeHHO nOA06HyiO np04eAYPY VI AaeT JlOKa4VIOHH~~ MeTOA VI3Mepe
HV1>l npOCTpaHCTBeHH~X paCCTO>lHVI~. no3TOMY,C TOYKIII 3peHVI51 $1113111-
l-<lil, npaBVIllbHee ro sopV1Tb o 11 noKa~IIIOHHO~ c!JopMynVIposKe" TeopVIVI 
OTHOCIIITellbHOCTV1. 
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38pRlK8HHbiX 'I&CTHQ, Jly6Ha, 1986. (2 TOM~) 

TpyAbl MelKAyHapoAHoil WKOnbJ-ceMHHapa no ljlH3HKe 
TRlKMbiX HOHOB. Jly6Ha, 1986. 

Tpy.r.tbl CoaetuaHHR "PeuopMrpynna. 86". ,ny6Ha, 1986 . 

TpyAbl MelKI.tYH&poAHoro coaeLUBHIIR no Teopllll 1·1111 

M800'18CTH'IHbiX H KB&pK·&ApOHHbJX CHCT8M. Jl)'6Ha, 1987 • 

TpyAbJ VIII MeliCAyHapoAHoro coaeLUilHHII no J1po6neMaM · 
KBilHTOBOil TeDpHH nonR. Anywta, 1987, 
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TpyAblll MeliCAyHapO/lHOro CHMno3uyMa no npo6neMaM 
B38HMO).teiiCTBHJI MJOOHOB H nHOHOB C BeLUectSOM. 
Jly6Ha, 1987 
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TpyAbJ IV MeliCAyHapoAHoro CHM003HYMa no !136pBHHbJM ·1:!11/!,' 
npo6neMaM CTBTHCTHqecKoil M8XIlHHKH. Jly6HI, 1987. ,'>1,'.1 

TpyAbl pa6oqero COB81UBHHII "CoapeMeHHb18 
H&npaBOeHHII B &KTHBB~OHHOM llHBnH38 OH.fiH" · 
,lly6Ha,1988 

TpyAbl XIII MSlKAyuapoAHoro CHM003HyMa 
no RAepHOii3JieKTpoHHKe. Bapua,1988 

TpyAbl M8lKI.tYHapoAHoil WKonbl no aonpocaM 
npHM8HeHHII 3BM B IJIH3H'I8CKHX HCcneAOBBHHftX. 
Jly6Ha, 1988. 

TpyAbl ceMHHapa "rpaaHta~oHHBII 3HeprHA 
H rpaBHT~OHHbl8 BOnHbJ", Jly6Ha,1988 

TpyAbl pa6oqero COB81UBHHII no reHBTH118CJ<OM)' 
,D.ellctBHJO KOpnyCKyORpHbiX H3n)''18KHII. Jly6ua,1988 

TpyAbJ pa6oqero coaeLUBHHII no pa3pa6oTKe 
H C03A8HHIO Hlny'I&TMII H ABT8KT0p8 rpa&IIT&UJIOHHbiX 
BOnH. Jly6Ha, 1988 
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.ll4,6,16.S9-688 TPYAbl MeliCAyHapoAHOil KoHIJ!epeHUHH no H36pBHHbJM 
aonpocaM CTpyKTypbl RApa. Jly6ua, 1989 

.ll9-89-708 TpyAbJ II MeliCAyHapoAHoro coaeLUBHHR no UHJ(JIOTpoHaM 
H HX npuMeHeHHJO. BexHH, liCCP,1989 
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