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POCCUACKASA AKAIEMWUA HAVK
. WucTutyT npobnem GezonacHoro pa3BMTUR aTOMHOW 3HEPreTUKM

(I
wsra> QCOOEHHOCTU Koaa

* Kopg asnaetca peanmsaunen metoamkn KABAPE ansa nposBeaeHmUs MacCMBHbIX
napannenbHbIX BbIYUCNEHMIM HA KnacTepHbix 9BM 3aaa4 ruapoagnHaMmMKKM Ha
HECTPYKTYPMUPOBAHHbIX reKcasgpasibHbIX CETKax

* PeannsoBaH Ha A3blke C++

* EAuHbIV KOA AN HECKONbKUX TMAPOANHAMUNYECKUX MOAENEN

*  BbluncneHua, ncxoas n3s nepsbix NpuHUMNoB. OTCYTCTBME B KOAe Mmoaenen
TYPOY/IEHTHOCTU N HACTPOEYHbIX MapamMeTPOoB

* BTOpOW NOPAAOK aNnNPOKCMMALIMK NO NPOCTPAHCTBY M BPEMEHU HA HEPABHOMEPHbIX
ceTKax

* B obnactn HenepeceKawLMXCA XapaKTEPUCTUK — be3gmccnnaTtmBHaAA CXEMA

* MPI-pacnapannenmBaHue Ha NPOM3BOJIbHOE YNCI0 NPOLLECCOPOB

*  ACUHXPOHHbIN 0bMeH AaHHbIX 6e3 6NOKMPOBOK Yepes obune rpaHn syeek



3IHEpPreTUKH

e EQUHBIA KOO
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m POCCUICKASI AKAJIEMUSI HAYK

WHcTuTyT npoBnem GesonacHoro pasBMTHA aTOMHOW 3HEPreTMKH

(o~

o ACMHXPOHHOE pacnapannenusaHue

1. 3apepKKa «rOTOBHOCTL — NOTPEOHOCTLY




POCCUNCKAA AKAQEMWA HAYK
WHeTuTyT npobnem GezonacHoro pasBUTHMS ATOMHOW IHEPreTHUKK
(I
mrao ACMHXPOHHOE pacnapannenmesaHue

2. NopAaaoK BblvUCNEHUMN
daza-1 daza-2 ®aza-3

Nl o un+1_un+1/2 1 6
vt =v (0,0 ) g+_zﬁnﬂ=0
T/2 V k=1

[NapannenbHble BbIYNCNEHUA:

* Bce KoHCepBaTUBHbIE NepeMeHHbIe BbIYUCNAIOTCA IOKANIbHO

* Bknag B NOTOKOBYIO NEPEMEHHYIO OT KOHCEPBATUBHbIX BbIYUCNAETCA NOKANbHO

* Bknagbl B NOTOKOBbIE MNepeMeHHbIe NepecbiNaTCA MeXAy NApTULUAMMU

* [lOoTOKOBbIe NepeMeHHbIe BbIYUCAIOTCA Ha KaXXaA0M NapTULUUM eaAnHbIM 06pa3om



POCCUNCKAA AKAOEMUA HAYK
WucTuTyT npobnem GezonacHoro pasBuTMS aTOMHOW IHEPreTUKM

(O
isras ACU HXPOHHOE pacChapariierinBaHne

2. MNopAanok BblMUCNEHUN

Hapanneanble BblMUC/IEHUA:

Bce KOHCepBaTMBHbIE NEPEMEHHbIE BbIYNCAAKOTCA 10KA/IbHO

MNHBapKWaHTbI Ha rpaHAX BbIYUCAKOTCA JIOKA/IbHO

MHBapuaHTbl NepecbiNarTca MexXay NapTULMaMm

[MOTOKOBbIE NEPEMEHHbIE MO MHBAPMAHTAM BbIYNCAAIOTCA Ha KaXKA0W rpaHu IOKabHO

BbluMCNEHNSA NHBAPMAHTOB C OAHOM CTOPOHbI HA MHTEPPENCHbIX FPAHAX

OTnpaBKa UHBAPUAHTOB B cOCeaHUE NapTnumnm

BblumncieHMA NHBAPMAHTOB Ha BHYTPEHHUX rPaHAX
BblumncneHmne NOTOKOBbIX NepeMeHHbIX Ha BHYTPEeHHUX rpaHAX

NMonyyeHne MHBAPUAHTOB OT COCeaHUX napmu,uﬁ

oOuhkwWNRE

BbluncieHMe NOTOKOBbIX MepeMeHHbIX Ha MHTep(IDEﬁCHbIX rpaHAx

10



POCCUACKASA AKAIEMWUA HAVK
WHeTuTyT npobnem GezonacHoro pasBUTHMS ATOMHOW IHEPreTHUKK

7
mrao ACUHXPOHHOE pacnapannenusaHue
daza-2

2. NopAaaoK BblvUCNEHUMN

1. UHBapMaHTbl Ha MeXnpoLeccCoOpHOM

-l nHTepdeice

-




POCCUACKASA AKAIEMWUA HAVK
WHeTuTyT npobnem GezonacHoro pasBUTHMS ATOMHOW IHEPreTHUKK

(I
msras ACKU HXPOHHOE pacChapariierinBaHne
®aza-2

2. NopAanoK BbIMUCNEHUMN

1. lHBapMaHTbl HA MeXKNPOoLEeCCOPHOM

h nHTepdence
l 2. HebnokupyioLasa oTnpasBKka cocegHemy

Q| a
%)_ _g_ npoueccopy
3|3

h *h 4. TecTUpOBaHMe NPMUXoaa AaHHbIX OT

coceaHUX npoueccopos

3. BbluncneHme Ha BHYTPEHHMX rpaHAX

-
i
-

5. [loBbluMCNEHUE AQHHbIX Ha
NHTEPPENCHbBIX FPAHAX




POCCUACKASA AKAIEMWUA HAVK
MHcTuTyT npobnem GezonacHoro pasBuTHMS ATOMHOMW IHEPreTHKM

) L ¥

Lomonosov 2

1024 nodes / 14336 (14) processors
64 I'G (4,5 NB/Aapo)
CPU: Intel Xeon E5-2697 v3 2.60GHz

Code: cabaret2

BblumucnutenbHaa adoPeKTUBHOCTb

Regular mesh weak scaling

UBPA3

7 —
N

N
¢ 11 4.5-10°cex

step ) |\Igrid

# of cells # of processors # cells per proc Stais
343000 cells 3@z 880 7 1157 hexes t(real)=0.039291
TOx70x70 per proc Nistep)=10
— 3e-09
(z=4.059
——
686000 cells T84 883 7 1162 hexes t(real)=0.041087
140x70x70 per proc MNistep)=10
ﬁéﬁ&ﬂg
(2230
1372000 cells 1568 87371152 hexes t(real)=0.038008
140x140x70 per proc MNistep)=10
> 3e-09
(z=3.9579
i

Code: cabaret2

Regular mesh strong scaling

# of cells # of processors # cells per proc Stats
1372000 cells 3492 3484 14201 hexes | t(real)=1.703594
140x140x70 per proc MNistep)=100
> 43e-09
( z=4.341§
o —
1372000 cells T84 1743 12198 hexes | t(real)=0.837325
140x140x70 per proc MNistep)=100
= 3e-09
( z=4_?56§
i
1372000 cells 1568 87371152 hexes t(real)=0.358254
140x140x70 per proc MNistep)=100
— 3e-09
( z:masb
-
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POCCUNCKAA AKAOEMUA HAYK
WucTuTyT npobnem GezonacHoro pasBuTMS aTOMHOW IHEPreTUKM

(I
e Pa3BuUTUE Koga

* [lnatdpopma Koaa
* BA3KOCTb, TENNONPOBOAHOCTb

\/ * CUHXpOHHOe pacnapanniennBaHue

*  MHOroKOMMOHEHTHbIE cpeabl
* ACMHXpPOHHOE pacnapajienvMBaHue

* OnbITHaA 3KcNAyaTauua Koaa
‘ * JetoHauuA

*  [Onddy3na KOMNOHEHT
i * [opeHune
* [1Byxda3HocTb (McnapeHne, KoHaeHcaumn)



POCCUACKASA AKAIEMWUA HAVK
WHeTuTyT npobnem GezonacHoro pasBUTHMS ATOMHOW IHEPreTHUKK

e
e BepUPUKaLuMOHHbIE TECThI

Onpegenenune KIC conpotnueneHus B gpoccene

HeVI3OTepMVI'-IECKOG TeyeHne XngKometaain4eckoro

TENNOHOCUTENSA B KPYINoM Tpybe

MogennposaHue cMmeLlleHnA pa3sHOTeMNepaTypPHbIX NOTOKOB
moaenbHoro TMXKT B T-obpasHom cmecutene
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POCCUNCKAA AKAOEMUA HAYK
WucTuTyT npobnem GezonacHoro pasBuTMS aTOMHOW IHEPreTUKM

&5
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POCCUACKASA AKAIEMWUA HAVK

WucTutyT npobnem GezonacHoro pa3BMTUR aTOMHOW 3HEPreTUKM

o TeyeHue XKMTH

Re=3300 Re=11700 R==15000

Puc 11. [Tora cxgpocmu (cespy) u sasuxpsuy ocnmu (CHIGY) € ceusxu XTI

Tabnuya 3. Hapavemprl cemouHol Mo0eau

Re LR N_, N, N, ArY AREC_ A2 AZ"
5300 10 1.61x10° 128 20 2.3 8,3 3,033 8,1
~ 5300 20 208x10° 128 440 1.0 8.3 3133 8.1 H
11700 10 522%10° 200 320 3,0 112 4450 112 HEH
11700 10 10.86x10° 256 408 1,0 8.8 3,1-5,6 8.8 :
18000 10 19.52x10¢ 320 500 3,0 108 4450 110




POCCUACKASA AKAIEMWUA HAVK
MHcTuTyT npobnem GezonacHoro pasBuTHMS ATOMHOMW IHEPreTHKM
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POCCUACKASA AKAIEMWUA HAVK
MHcTuTyT npobnem GezonacHoro pasBuTHMS ATOMHOMW IHEPreTHKM

o RMS ckopocTten Re=5300

Ur_RMS+  ——Ut_RMS+
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POCCUACKASA AKAIEMWUA HAVK
MHcTuTyT npobnem GezonacHoro pasBuTHMS ATOMHOMW IHEPreTHKM

o RMS ckopocTent Re=11700
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POCCUACKASA AKAIEMWUA HAVK
MHcTuTyT npobnem GezonacHoro pasBuTHMS ATOMHOMW IHEPreTHKM

o RMS ckopocTten Re=19000
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POCCUACKASA AKAIEMWUA HAVK
MHcTuTyT npobnem GezonacHoro pasBuTHMS ATOMHOMW IHEPreTHKM

(O -
e HanpsXeHnsa PenHonbaca
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POCCUNCKASl AKALJEMWUA HAYK
m WHeTuTyT npobnem GezonacHoro pasBUTHMS ATOMHOW IHEPreTHUKK
(I
HBPAY CxXemMa 3KCrnepuMeHTaribHOM YCTaHOBKM

*

21 — OCHOBHOU b60K;
2 — 6aK 058 «eopayeli»
HUOKoCcmu;
3 — 6aK 019 «x0/100HOU»
HuoKocmu;
4 — nuHua nodsoda
,JHUOKOCMU K 6akam,
5 — nuHuUA nodsoda
«XO/100HOU» HUOKOCMU;
'6 — nuHus nodeoda
«2opaYeli» ¥uoKocmu;
7 — 60Kc ¢ nodsooom
20pAYe20 8030yxa;
; 8 — cmecumens;
1 3 9 — mouka cauea.

*  Jkcnepumenmanvuvlii cmeno ¢ uncmumyme menaogusuku um. C.C. Kymamenaoze CO PAH,
2. Hosocuobupck

* O.H. Kawunckuu, I1./]. J/looanos, A.C. Kyporomos, H.A. IIpubamypun. ZKypnan mexnuueckoi
¢uszuku, 2016, mom 86, évin. 5
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w MHcTuTyT npobnem GezonacHoro pasBuTHMS ATOMHOMW IHEPreTHKM
D
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POCCUACKASA AKAJJEMWA HAYK
WHcTuTyT npoBnem GesonacHoro pasBMTHA aTOMHOW 3HEPreTMKH

I~ y
msran CnydvariHble KBasuTypOyneHTHbIe nynbcauum Ha BXxoae
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[lysibcaLmm Ha BXo4e 06/134ar0T PSAOM CBOUCTB, HACTPaNBAEMbIX
10/1b30BATE/IEM BPYYHYIO. UHTEHCUBHOCTBIO, XaPAKTEPHBIM MACLLTAO0M,
CrIEKTPA/IbHON M/IOTHOCTbIO




I/_ POCCUACKASA AKAIEMWUA HAVK
,\g; WucTutyT npobnem GezonacHoro pa3BMTUR aTOMHOW 3HEPreTUKM

MBEPAD 3 pexkmma TeveHus

949 298
470 298
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POCCUACKASA AKAIEMWUA HAVK
: WucTutyT npobnem GezonacHoro pa3BMTUR aTOMHOW 3HEPreTUKM

(I
wrao 1. Mone ocpeaHeHHbIX BENUYUH

I

T: 122 126 130 134 138 142 146 150

—

__INNEEE

Trms: 051525354555657585
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CpegHAaa TemnepaTypa

RMS Temnepatypbl




POCCUNCKAA AKAOEMUA HAYK
MHcTuTyT npobnem GezonacHoro pasBuTHMS ATOMHOMW IHEPreTHKM
(I o o
useas 1, Temneparypa Ha OnuxHen n ganbHeEn CTeHKax
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POCCUACKASA AKAIEMWUA HAVK
: WucTutyT npobnem GezonacHoro pa3BMTUR aTOMHOW 3HEPreTUKM

(I
wrao 2.['1one ocpeaHeHHbIX BENUYUH
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POCCUACKASA AKAIEMWUA HAVK
MHcTuTyT npobnem GezonacHoro pasBuTHMS ATOMHOMW IHEPreTHKM

I y .
useao 2. Temneparypa Ha OnvkHen n janbHeu cTeHkKax
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POCCUACKASA AKAIEMWUA HAVK
: WucTutyT npobnem GezonacHoro pa3BMTUR aTOMHOW 3HEPreTUKM

(I
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POCCUACKASA AKAIEMWUA HAVK
MHcTuTyT npobnem GezonacHoro pasBuTHMS ATOMHOMW IHEPreTHKM

T 3.Temnepatypa Ha ONMXKHEN U OanbHEWN CTEHKaX
Ha oTMeTKe Z=50 Mm

N BOOJIb TPaAKTa TEYEHUA
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o
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POCCUACKASA AKAIEMWUA HAVK
WucTutyT npobnem GezonacHoro pa3BMTUR aTOMHOW 3HEPreTUKM

(I
UBPAD ﬂ'eTOHaLU/lFl

YpaBHeHMe nepeHoCca KOMMNOHEHT

% +div(Zpl)=|-AZ p*exp(-T, /T)

/ — MaccoBag J10Jid TOIJIUBA,
p — MJIOTHOCTb rOprOYer CMeCH,
U — CKOpOCTb, A — KOHCTaHTa peaKkl Uy,
T — temneparypa, T, — TeMrepaTypa aKTUBAL|UH,
exp(—T,/T) — MHOXHUTeJb AppeHUyCa,
p =(y—1)CyTp — paBieHue,

Cy — TeImJI0eMKOCTb CMeCH IIPH MOCTOTHHOM 00'beMe,
E=u?/2+CyT +ZQ — cyMmMa NOJIHO} y/le/IbHOM S3HEpPTUH
U CKPBITOM TEIJIOBOM dHEPTUH,

Q — TemnyoBOH 3 dEKT peaKIuH.
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POCCUNCKAA AKAOEMUA HAYK
WucTuTyT npobnem GezonacHoro pasBuTMS aTOMHOW IHEPreTUKM

(I
meao [leToHayma. 3apava 1

OaHoMepHasa AeTOoHaLUA B YCNNOBHOMU
aUueTUNEeHO-BO3YLUHOU CMEeCH

= Pac4yeTHaga obnactb — oTpesok [0,0.8]

= [ paHW4Hble YCNOBUS — HEMPOHULIAEMbIE CTEHKU
= PacueTHasa cetka — 160000 x 1 x 1 a4eek

= Pasmep a4enkm — SMKm

=  MHuumanmnsauyma getoHaumm Ha otpeske [0,0.01]
= Ywucno Kypanta CFL = 0.3
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POCCUACKASA AKAJJEMWA HAYK
WHcTuTyT npoBnem GesonacHoro pasBMTHA aTOMHOW 3HEPreTMKH

D
mrao [leToHauua. 3agada 1D

NapameTpbl rasa 1 XMUMHMHECKON KUHETUKMU B
CNOBHOM aUETUNEHO-BO3YLUHOW CMeCcU

NMoka3aTenb MonspHa | KoOHCTaHTa TemnepaTtypa TennoBon TennoeMko
apuabarbl fl Macca, | peakuum, akTuBaumm, K clololley CcTb, [LK/Kr
r/monb MA3/(kr c) peakumm,
Dok /kr

1.25 21 1019 8543.9 2.94 10”6 1582.86

O6nactb NaBneHue, lNa TemnepaTtypa, K | MN10THOCTD,
Kr/m~3

MHuumaumna geToHauum 1076 1500 1.6847
®oH 1075 293 0.8625
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POCCUACKASA AKAIEMWUA HAVK
WucTutyT npobnem GezonacHoro pa3BMTUR aTOMHOW 3HEPreTUKM

e
mrao [leToHauma. 3agada 1D

3E+06 | i

[ 0.6
2E406 | Cff
1E+05: //é? i

v /1 LT = e g u/ 0.4 F

0: L L L 1 L 1 L | | | L -

0 0.2 04 0.6 0.8

x =
0.2 f
8E+06; B
0 1 1 | ' 1 1 1 1 1 1 | ] | | 1

9 0 0.0001 0.0002 0.0003 0.00
(]
£
o

4E+06;
w 1. p(x) yepes paBHble MHTEPBANbI BPEMEHMU

Praxlt) — KONEGaHMA MaKkcMmyma aaBneHus
\ 3. x{(t) — aBmeHne dpoHTa
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POCCUACKASA AKAIEMWUA HAVK
: WucTutyT npobnem GezonacHoro pa3BMTUR aTOMHOW 3HEPreTUKM

e
mrao [leToHauma. 3agada 2D

AByMepHaa auencran AeToHauua

= PacuetHaga obnactb — npamoyronsHuk [0,0.5]x[0,0.02]
= [paHN4YHbIE YCNOBUA — HEMNPOHULIAEMbIE CTEHKM

= PacyetHaga cetka — 10000 x 400 x 1 = 4 MIH. g4eekK

= Pa3mep auyenkn — 50MKm

=  WHuumanmnsauyma getoHaummn B obnactu [0,0.01]x[0,02]
= Ywucno KypanHta CFL =0.3
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POCCUACKASA AKAJJEMWA HAYK
WHcTuTyT npoBnem GesonacHoro pasBMTHA aTOMHOW 3HEPreTMKH

(O
mreao [leToHauma. 3agava 2D

} Mnegnaa fAYeUcCTan ACTOHaAUUA ‘

PaCFIF)OCTpaHEHMe ,CI,ETOHaLI,VIOHHOﬁ BOJIHbl Yepe3 O4HOPOAHYIO CTEXMOMETPUYECKYIHO CMeCb

Gas-phase detonation propagation in mixture composition gradients
D. A. Kessler, V. N. Gamezo, E. S. Oran

Published 2 January 2012.DOI: 10.1098/rsta.2011.0342
http://rsta.royalsocietypublishing.org/content/370/1960/567

38



POCCUACKASA AKAJJEMWA HAYK
WHcTuTyT npoBnem GesonacHoro pasBMTHA aTOMHOW 3HEPreTMKH

D
mrao [leToHauua. 3agada 2D

NMapameTpbl ra3a U XMMUYECKOW KUHETUKHU B

YCNNOBHOW BOAOPOAO-BO3AYLLIHOW CMECH

NMoka3aTenb MonspHa | KoHcTaHTa TeMnepaTypa TennoBsou Tennoemko
agnabartbl fl Macca, | peaxkumum, akTuBauum, K cloJolley CTb, DK /Kr
r/mosnb MA3/(Kr c) peakuum,
Do /kr
1.15 29 6.85 1019 13598.0 5.02 1076 1685.6
O6nacrtb NaBneHue, MNa TemnepaTtypa, K | MnoTHOCTD,
Kr/m/3
NHuumauma getoHaumm 1.5*%1077 15000 1.6847

®oH 1075 293 0.8625
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POCCUACKASA AKAIEMWUA HAVK

WHeTuTyT npobnem Ge3onacHOro pasBuMTHS ATOMHOW 3HEPreTUKW

o [leToHaumsa. 3agada 2D

P.... Ha Bpems t=200MKc

max




POCCUACKASA AKAIEMWUA HAVK
WHeTuTyT npobnem GezonacHoro pasBUTHMS ATOMHOW IHEPreTHUKK

(I
e [leToHauusa. 3agada 2D
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John H.S. Lee: The Detonation Phenomenon
Cambridge University Press, 2008



POCCUACKASA AKAIEMWUA HAVK
MHcTuTyT npobnem GezonacHoro pasBuTHMS ATOMHOMW IHEPreTHKM

(I
wrao [leToHayma. 3agava 3D

AdeToHauua B uunuHape
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POCCUNCKAA AKAOEMUA HAYK

WHeTuTyT npobnem Ge30nacHOro pa3sBMTUS aTOMHOW 3HEpreTy
T -
mrao [1epCneKTUBHBLIN Ko

Mpobaembl KOAa Ha reKCo3APasibHbIX CETKAX

CryweHve y rpaHuLpbl ‘

KpnBKn3Ha ceTkun

He/IMHEeNHasA HeyCTOMYMBOCTb, .

lllllll

.......

nobaBneHmne NCKYCCTBEHHOW aMccnnaumm

* CnoXXHoCTb Koaa
R=(U,n;)+G;-p
Q = (U’ﬁF)_GF P
S1,2 = (Uymm)

PelieHune cuctembl U3 3 ypaBHEHWUI ANA KaxKO0M rpaHu

Or Asyx nocieagHuUxX HegoCTaTKOB c3060,qu KOA Ha NPAMOYro/ibHbIX CeTKaX

Ho KaK crywaTtb CETKY OKO/10 FpaHuLbl?

Bocomupepeso! (octree)
BnoxeHHble ceTku 7
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POCCUACKASA AKAIEMWUA HAVK
WHeTuTyT npobnem GezonacHoro pasBUTHMS ATOMHOW IHEPreTHUKK

D -~
mreao [ 1@ pCNEeKTUBHBLIU KoA

105.680 AaueeK — BNOXKEHHbIe CEeTKMU
2.560.000 — aHanornyHas ijk-cetka
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POCCUNCKAA AKAOEMUA HAYK
WucTutyT npobnem GezonacHoro pa3BMTUR aTOMHOW 3HEPreTUKMH

Ao [ lepCnekTUBHBbIU KO

N




POCCUACKASA AKAIEMWUA HAVK
MHcTuTyT npobnem GezonacHoro pasBuTHMS ATOMHOMW IHEPreTHKM

(O
MBPAD ACI/IHXpOHHOe UHTETPNUpOoBaHME MO BPpEMEHN

ACUHXPOHHbIE L1arv

OCHOBHOM
OCHOBHOM
OCHOBHOM mO
) 8
OcHOBHOM
n7
OCHOBHOM 6
m5
OcHoBHOM u4
OCHOBHOM B
[ ]
OCHOBHO mi
OCHOBHOM
OCHOBHOM

OCHOBHOM OcHOBHOW OcHoBHOM OcHOBHOM



POCCUACKASA AKAJJEMWA HAYK
WHcTuTyT npoBnem GesonacHoro pasBMTHA aTOMHOW 3HEPreTMKH

(L~
msrao ACUHXPOHHOE UHTErpupoBaHmne No BpeMeHU
OPDEKTUBHOCTb




POCCUACKASA AKAIEMWUA HAVK
. WucTutyT npobnem GezonacHoro pa3BMTUR aTOMHOW 3HEPreTUKM

(o
e QOTEeKaHne uunuHapa
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POCCUACKASA AKAIEMWUA HAVK
: WucTutyT npobnem GezonacHoro pa3BMTUR aTOMHOW 3HEPreTUKM

I~ <
e [1€PCNEeKTUBHBIN KOA,

CsouncTBa Koaa:

* JloKanbHbIN WabnoH

* 2 NOpSAAOK annpPoKCMMaLUMKM MO NPOCTPAHCTBY U BPEMEHMU

* be3auccMnaTUBHbINA B 06/1aCTN HENEPECEKAILLNXCA XapaKTEPUCTUK

* 3¢ddPeKTUBHOCTb KOAa Ha OAMHAKOBbIX CETKAax No cpaBHeHUto ¢ Cabaret stages
3a CYET NPUMEHEHUNA NapanaenmneaHbix CETOK: X6

* 3PPEKTUBHOCTb aCUHXPOHHOIO MHTEFPUPOBAHUA NO BpeMeHU: X3 (oueHKa)
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POCCUNCKAA AKAOEMUA HAYK
WucTuTyT npobnem GesonacHoro pasBuTMs aTomk

(L

HLPAD

g

B.M. I'ostoBusuun

50 C.A. ®unorenoB | A. Psaszanos N. KopoTkuu




