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C MOJIOJIBIMH  CEMbSIMU, MOJIO/IBIMH PYCCKOSI3bIU-
HBIMH U WHOS3BIYHBIMUA MuUTpaHTamu. Ocobast ak-
TyaJbHOCTh HEOOXOAMMOCTH B MOBBIIICHUH (-
(heKTUBHOCTH pabOTHI C MOCIEAHEH U3 YKa3aHHBIX
KaTeTOPHIA 3aKJITF0YAETCS B TOM, YTO YCHUIICHHUE B TI0-
CJIE[IHME TOJbl HMHTCHCHBHOCTH MUTPAL[MOHHBIX
npotieccoB B Poccuu IPUBOIUT K CTPEMHUTENEHOMY
HAPACTAHUIO JCCTPYKTHUBHBIX COLMAIBHBIX TCH-
JCHIIUH B JICTCKO-MOJIOICKHON cpezie, 0COOCHHO
MEXIy TIPCACTABUTCISIMH PA3IHYHBIX 3THOCOB.
ABTOpamMu 1OCOOMS, B pyClie BBIIICYyKa3aHHBIX
mpobaeM pa3paboTaHa KOHICTIHS CO3MaHHSA JCT-
CKO-MOJIOJIEKHOTO IOJUITHUYECKOTO aJanTalioH-
Horo 1ieHTpa «9THOIJIOBycy, 1enpo KoToporo
SIBIISICTCSI ONTUMAJIbHOE BKITFOUCHHUE TPEICTaBUTE-
JeH JUHAMUYHO Pa3BUBAIOIIUXCS IUACIIOP U Ha-
LUOHAJIBHBIX OOIIHOCTEN B PYCCKOSI3BIYHYIO CPEIY
U COIMAILHO OI00psieMble BHUJIbI JIESITEILHOCTH.
Peanuzanus u nonynspuzanns 1aHHON KOHLENLIUU
JICKUT B OCHOBE MEPCIICKTHBHOTO HAMPABICHHS Pa-
0OTBI aBTOPCKOTO KOJUICKTHBA.

Ocoboe BHHMaHUE aBTOPHI MOCOOMS YICIHIIH
TEXHOJIOTHSIM COLUAIILHO-TIEIarOTMYeCKON podu-

JAKTUKH ¥ KOPPEKIUU COIHATBHBIX OTKIOHEHUI
B MOJIOZICKHOM cpezie. bl mpenioKeHbl TeXHO-
JIOTUU MPERYNPEKICHUST U KOHCTPYKTUBHOIO pas-
petieHust KOHGIIUKTOB B MOJIOJICIKHOM cpejie. [JaHbl
TEOPETHKO-METOMUYCCKHE OCHOBBI  COITHAIIEHO-
MEIarOTUIECKON peabWINTallii BOCIIUTATEIBHOM
MIPEAMETHO-TIPOCTPAHCTBEHHON CPEJIbI.

Kaxnplii maparpad kauru cHaOweH mudde-
peHHI/IpOBaHHI)IMI/I KOHTpOJ'lI)H])lMI/l 3aJaHUSAMU. Pe-
3yJBTaThl PA0OTHI C HUIMHU — TIOKA3aTelId Pa3InaHO-
TO YPOBHSI BKJIFOYCHHOCTH YHTATEIS B MPOOIEMHOE
10JI€ TIOCTPOEHUSI ONTUMU3UPYIOLLEN MOJIOIEKHOM
cpempl B TOM WM HWHOM KOHTekcTe. Kpome Toro,
cpezm HUX Hpe}ICTaBHeHBI eraTI/IBHBIC 3aJlaHusd,
HaIpaBJIeHHbBIC HAa (HOPMUPOBAHUE MPOPECCUOHAITD-
HBIX KOMIICTCHIMH Y MoJoexku. HaydHo-TmpakTu-
YecKas IEATeNBHOCTh M0 (DOPMHUPOBAHUIO OIITH-
MHU3UPYIOMIEH JIeTCKO-MOJIOACKHONW cpenpl OymeT
ocymiecTBiIeHa 6osee KBaTH(UIIMPOBAHHO U TIOJTHO,
eCJIM CIEHAINCT OyJeT MCIOIbh30BaTh B CBOCH pa-
00Te KaTeropuaabHO-TIOHSTHHHBIM amnmapar, U3Jjo-
JKCHHBIN B IJIOCCAPHUU JTAHHOTO TOCOOWS, KOTOPBIi
TIPUBEIICH B €T0 3aKIFOYUTEIIFHON JacTH.
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Our dedication to the pioneers of the use of
Monte Carlo methods in mechanics of fluid and gas
in Russia Vladimir Alexandrovich Perepukhov and
Vitaliy Evgenjevich Yanitskii. The beginning of
the third millennium is characterized by the global
uniqueness of the human civilization. The possibili-
ties of humanity in energetic properties of the indus-
trial processes and of the armament systems became
to be comparable with similar properties of the natu-
ral processes. It concerns even such energy consum-
ing processes, as the natural cataclysms. On the one
hand, this fact appears as the evidence of the general
progress in the development of humanity. On the
other hand, this peculiarity evokes a serious misgiv-
ing, since it is threatening just the possibility of the
further existence of a human civilization. And such
a misgiving is connected not only with a possibility
of the global thermonuclear wars with unpredictable
consequences, but also with the everyday activity on
the security of a public life. For example, one of the
important factors is the hypothetical global state of
climate of Earth. It is assumed that in the result of the
large quantities of smoke and soot, which are carried
out into the stratosphere through the spacious fires by
the explosion of 30—40% of nuclear war-charges, ac-
cumulated in the world, the temperature throughout
the whole planet will be lowered down to the Arc-
tic values, as a result of the essential increase of the
quantity of reflected solar rays.

The possibility of appearance of a nuclear
winter was forecasted by Charles Sagan in the
USA and confirmed in Russia by the computations
of V.V. Alexandrov. The everyday activity on the
security of a public life leads both to the acciden-
tal large-scale ecological catastrophes, and to the
gradually accumulating pollution of the environ-
ment (V.P. Dymnikov). Considered in the present
monograph are some fundamental problems con-
nected with these subjects. Presented here are the
statistical methods of mathematical modeling for
various models of the flow of fluid and gas, within
the wide range of the characteristical parameters.
The models of flow are ranging from the hyperson-
ic flows of strongly rarefied gases (gaseous flows
near the Earth’s satellites at the orbits and near
the apparatuses descending from the orbit), which
are influencing the ecological state of the nearest
space, and up to the turbulent flows modeling both
the atmospheric phenomena and the processes of
flow about the modern flying machines. Described
are the modern effective numerical methods, de-
veloped both by the authors themselves and by
other specialists and intended for the computer re-
alization of these models.

The problems considered belong to the classes
of three-dimensional evolutional problems, based
on the equations of mathematical physics, for the
overwhelming majority of which are not proved
even such a fundamental mathematical motions,
as the theorems of existence and uniquity, even in
the considerably simplified formulations. The study
of such problems, at the present stage of the devel-
opment of science, when the traditional analytical
methods of investigation have, in a certain degree,
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exhausted themselves, is carried out, mainly, with
the help of a computational experiment.

The revelation of the methods of statistical
modeling (Monte Carlo) in various areas of the
applied mathematics is connected, as a rule, with
the necessity of solution of the qualitatively new
problems, arising from the needs of practice. Such
a situation appeared by the creation of the atomic
weapon, at the initial stage of a mastering of space,
by the investigation of the phenomena of atmo-
spheric optics, of the physical chemistry, and of
the modeling of turbulence (G. von Neumann, Me-
tropolis N., Unlam S., Vladimirov V.S., Sobol .M.,
MArchuk G.I., Ermakov S.M., Mikhailov G.A.,
Bird G.A., Haviland JK., Lavin M.D., Pul-
lin D.I, Kogan M.N., Perepukhov V.A., Be-
loserkovskii O.M., Yanitskii V.E., Ivanov M.S., and
Eropheev A.L).

As one of the more or less successful defini-
tions of the Monte Carlo methods, it would be pos-
sible to present the following one: The Monte Carlo
methods present in themselves the numerical meth-
ods of solution of the mathematical problems (sets
of the algebraic, differential, or integral equations)
and the direct statistical modeling of the processes
(physical, chemical, biological, economical, and
social) with the help of obtainment (generation)
of the accidental numbers and the transformation
of those. The book contains, in the reasonable pro-
portions, those formulations and solutions, which
already proved to be classical ones, as well as the
results which have endured the time control and
were somewhat extended and supplemented in the
light of the last achievements in the corresponding
areas of science. And, finally, this book fills in, by
quite a natural way, the peculiar gap in the structure
of computational aerodynamics, connected with a
statistical modeling.

The book was carried out within the frame of a
scientific project «POISK» («Searchy), elaborated
at the Department of Aeromechanics and Flying
Engineering of Moscow Institute of Physics and
Technology (MIPT). The essence of this project
consists in the following. All around the world the
tremendous number of researches is working on
the solution of fundamental and applied problems,
connected with turbulence, especially with non uni-
form and anisotropic one. Accumulated is the tre-
mendous volume of factual material, and as rather
actual point became that of preparation of a guide-
book for orientation in that boundless sea of the the-
oretical, experimental, and numerical results. At the
above-mentioned Department of MPTI was devel-
oped the project for such a guide-book and accom-
panying materials. The project’s structure presents
in itself the creation of books, containing the analy-
sis of experimental results, of the theoretical and
computer-based methods. This project is already
partly realized. In particular, published is the book
surveying the contemporary experimental research
on the dynamical structures within the turbulent

boundary layer: (1) Yu.l. Khlopkov, V.A. Zharov,
S.L. Gorelov, Coherent Structures in the Turbulent
Boundary Layer. M., MPTI, 2002.

Presented in this book, containing over 400
references, are the principles of physics of the dy-
namical processes in turbulent boundary layer, such
as the phenomenon of bursting, the formation of
streaks, and the processes of transfer of momentum
and energy from the outer boundary of layer to that
of the flow itself. Moreover, presented is the critical
analysis of the foreign experimental works, formu-
lated are the actual problems. As it was found, the
analysis of experimental investigations, conducted
during a prolonged period (over 40 years), revealed
those essential features of the flows of fluid and gas,
which might be used by the construction of a gen-
eral theory of the processes involved.

The theoretical studies of turbulent flows are
carried out during a long time, too. The consider-
able part of that time was devoted to the search of
the most effective methods of problem’s solution. In
the survey book, (2) Yu.l. Khlopkov, V.A. Zharov,
S.L. Gorelov, Lectures on the Theoretical Meth-
ods of Study of Turbulence. M., MPTI, 2005, are
summed the results of these studies, and present-
ed is the criticism of various methods, used at the
carlier stage of the development of a theory. Thus,
the reader is permitted to orientate himself in the
contemporary directions of study. The publishing
house of MPTT has published also the survey book,
(3) Yu.l. Khlopkov, V.A. Zharov, S.L. Gorelov, Re-
normgroup Methods of the Description of Turbu-
lent Motions of Incompressible Fluid. M., MPTI,
2006. Presented in this book is the survey of results
of elaboration and application of the number of
methods, named as renormgroup methods, for the
construction of models of turbulent flows of the in-
compressible fluid, both in the uniform and isotro-
pic case, and in the case of a strong anisotropy and
non uniformity. The book is based on the studying
of about 1000 of the original works, selected from
the totality of which were the most actual ones, ac-
cording to the authors opinion. The largest part of
contents is devoted to the three sub-network models
of turbulence, which are widely used in the contem-
porary practical activity of various specialists in
aerodynamics. The book is published as a textbook
for students, though it demands the considerable ef-
forts for its understanding and is intended, actually,
for the professors and postgraduates. At the present
moment is prepared for publication «The Lecture
Course on the Theory of Turbulence», which was
presented at the Department of Aeromechanics and
Flying Technique by the Professor V.N. Zhigulev
and is devoted to the studies on that problem on the
kinetical level. Further on, it is planned to carry out
the survey and analysis of modern numerical meth-
ods, used by the modeling of complicated unsteady
flows of fluid and gas. The authors are expressing
their deepest gratitude to the Russian Foundation
of Fundamental Research, which is supporting this
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project, especially useful for the young genera-
tion. The authors thank their colleagues M.N. Ko-
gan, V.A.Zharov, S.L.Gorelov, I.V. Voronich,
LI Lipatov, K.Yu. Gusarova, G.A. Tirskii for the
participation in useful discussions and the observa-
tions spoken out, as well as the postgraduates Olga
Rovenskaja, Andrei Bukin, Tatjana Stanko, Anton
Khlopkov, Zei Yahr, Tun Tun, and Ignat Ikrjanov
for their help in our work. Our thanks also to Mari-
na Spirkina and Valentina Druzhinina for their help
in putting the manuscript into shape.

Their special gratitude authors express to Dr
Vsevolod Pavlovich Shidlovsky for his qualified la-
bor on the translation of this book, and to the editors
of translation — Natalja Nosova and Irina Tarkhanova.
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Be3zonacHocTh MOJ1€TOB SBJISETCSI IVIABHBIM
MIPUOPHUTETOM PA3BUTHS aBUAIMHU B TeueHHE ee 00-
Jiee ueM BeKOBoi uctopud. Eciiu mpociieAnTs aiHa-
MHUKY IIECTH IVIaBHBIX NPUOPUTETOB I paxmaaHckoit
ABHanyu B IMOCIIEBOCHHBIC TONBI, Koraa I paxxmgan-
cKkasi ABHaIMsl yTBEPAWIACH KaK OTpaciib, OHa Oy-
JIET BBINISICTH CIIETYIOLIMM 00pa3oM:

1950-1970 rr. besomacHocts — CkopocTh —
HamsHOCTH — OKOHOMUYIHOCTH — Kompopt — Hlym

1970-1990 .  be3omacHOCTP — OKOHOMHY-
HOCTh — [IIym — Komdopt — Cxopocts — lansHOCTh

1990-2010 . be3omacHOoCTh — DKOJOTHS-
OxoHomu4yHOCTH — KomdopT — Cropocth — Jlans-
HOCTh

[IpropuTeTH MOTYEPKUBAIOT ITIABCHCTBYIOIICE
monokeHne be30macHOCTH MOJIETOB B aBHALNU
MIPOIIJIOT0, HACTOAIIETO U, HECOMHEHHO, OY/IYIIIETO.

B 0CHOBY KHUT'M TIOJIOKEHBI PsiJi KYpCOB JIEK-
LU, YUTAEMBIX POCCHUICKUMH H 3apyOeKHBIMU
crienanucTaMu. B wactHOCTH Kypc mpodeccopa
A.E. Poyna, nBaxasl B roj uutaemselii B Kopones-
ckoM MucturyTte Texnonoruu B lIBenuu s net-
HOTO cocTaBa aBuanMoHHbIX Gupm CIIIA, [IBeruwy,
Kananel, cnenmanuctoB MeXayHapoqHOW opra-
Huzauuu rpaxnaanckoit aBuanun (MKAO) u Bcee-
MHUpHOTo (oHAa OE30IacCHOCTH TOJIETOB. B kHure
TaK)KEe HCIONB30BaHBl KYPCHI JICKITUH, YHTaeMbIC
mpogeccopamu FO.U. XnonmkoBemv u C.JI. YepHbI-
mIeBLIM B MOCKOBCKOM (bH?:PIKO-TeXHI/I‘IeCKOM HH-
CTUTYTE JJIsl CTYJCHTOB (paKyJbTeTa a9pOMEXaHUKH
U JIeTaTeIbHON TeXHUKH. LIIUpOoKO HCIONBE30BaHEBI
marepuansl UKAO, MAK, HAT'Y, HUAM u JINN.

XopoIo U3BECTHO, KAKOE OTPOMHOE 3HAYCHHE
JUTs 6€30TIaCHOCTH TIOJIETOB UMEET TypOyICHTHOCTS,
B 30HY KOTOPOH 9acTO MOMAaJaroT JeTaTelbHbIC all-
naparel. B Hagane 2000-x rogos Ha PAJIT MOTU

IOJ] PyKOBOJICTBOM XJIOTIKOBA OBIT pa3paboTaH Ha-
YUHBII TPOEKT MO MCCIIET0BAHUIO TYPOYJICHTHOCTH
«TYPBO ITOMCK», cMBICII KOTOPOTO 3aKJII0YAETCsI
B cienytomeM. Han pemennem QyHnnameHnTans-
HBIX ¥ NPUKIAIHBIX MPOOJIeM, CBA3aHHBIX C Typ-
OyJICHTHOCTBIO, 0COOCHHO HEOOHOPOOHOU T Heu30-
mponHotl BO BCEM MUpPE padOTaeT OTPOMHOE YUCIIO
uccnenosareneir. CKomuaoch, cTpemMsiieecs kK Oec-
KOHEYHOCTH KOJIMYECTBO (haKTHUECKOro MarepHaia,
pazo0parbcsi B KOTOPOM, CTAHOBUTHCS BCE TpYy/IHEE.
BecbMa axkTyallbHBIM CTaJ BOIIPOC O CO3JAHMU He-
KOETO ITyTEBOIUTEIS TI0 3TOMY OKEaHy TeOopeTHde-
CKHX, 9KCIIEPUMEHTAIBHBIX 1 YUCICHHBIX PE3y/IbTa-
ToB. IIpoekT ObIT akTUBHO TIOAEpkaH Poccuiickum
®onnom PynnamentanbHbix MccnenoBanuit 1 Mu-
HHUCTEPCTBOM 00pa3oBaHUs M Hayku. JlaHHas KHUTa
TaKKe OPTaHWYHO BIIMCHIBACTCSI B pAMKH HayYHOTO
npoekra «TYPBO TIOUCK». Bonee Toro, ona me-
MOHCTPHUPYET Ha peaslbHbIX IPUMEPAX BIUSIHHUE Typ-
OYyJICHTHOCTH — 3TOTO OJJHOTO M3 CaMbIX CJIOXKHBIX
W 3ara/IOYHBIX SBJICHUI (M3MKH — Ha OE3011acHOCTh
TIOJIETOB, HA H3HB U CYIb0Y JIFOICH.

Y4eOHO-MEeTOANYEeCKUM O00BEIMHEHNEM BBIC-
mmx y4eOHbIX 3aBeneHmit Poccuiickoit Denepa-
IIMM 10 00pa30BaHMIO KHHUTA JOMYIIEHa B Ka4eCTBE
yueOHOro 1MOocoOusi AJIsl CTY/IEHTOB BY30B IO Ha-
npasnennto «[Ipuknagnele mMaremaruka W Qpusn-
ka». MI3BeCTHO, YTO ¢ MOMEHTA M3JaHus yueOHOro
MOCOOMsI, OHO NCIIOJIb30BAJIOCH B YIE€OHOM ITporiec-
CE pa3IUYHBIX BY30B.

Ilocobue HammcaHO MPOCTBIM S3BIKOM, B HEM
MPaKkKTUYCCKU OTCYTCTBYIOT MATCMATUYCCKUC BbI-
KJIaIKH, CJIOXKHBIE a’pPOIUHAMUYECKHE IPOIECCHI
W3JIAraloTCsl C TOYKH 3pPEHHs] 3aKOHOB COXPAaHEHHS.
OHO OCTYITHO ISl TIOHUMAHHMS U CTY/ICHTaM MJIa/I-
MIUX KypCOB M IIKOJBHUKAM CTAPIINX KJIACCOB, YTO
0COOEHHO BayKHO MPH BBIOOpE Oyytiieid mpodeccuu.

B 2013 rony xuure Ob1a npucyxiaena [Ipemust
um. ipodeccopa H.E. XKykoBckoro — BeicIias Hayd-
Hasl Harpaja B aBUallMOHHOM 0Tpaciy.

AKTyaJbHOCTh PaccMaTpUBAaEMOI TPOOIEeMBbI
IpesronaraeT AajbHeHe HaydHble 1 00pa3oBa-
TeNbHBIe HcchenoBanus. K HacTosiieMy BpeMeHH
aBTOpaMHM B OTCYECTBCHHBIX U 3apy66>1<H1>1x usna-
HUSIX OITyOJIMKOBAHBI TOPSKA JIECSITKA CTaTed 1o
6€3011acCHOCTH aBHAIMOHHOTO ¥ KOCMHYECKOTO MO~
JIeTa, BOT HEKOTOPBIE U3 HUX:

1. Xnonkos FO.U., Yepuviwes C.JI., 3es Mvo
Muovunm, Xnonxoe A.FO., Yonco 3un Kocmmueckas
Ouonorusi u Ge3onacHOCTh 1oneToB // MexayHa-
ponHasi HayYHO-NIPAKTHYeCKasi KOH(PEepeHIUS «AK-
TyaJIbHbIE BOIPOCHI M TCHICHIMH Pa3BUTHUS OWO-
norun, XuMuH, ¢usnkm»y. — Hoocmbupck: M3m.
Cubmupckas accoruanus KOHCYIsTaHToB, 2012. — C.
25-31. — Cepruduxar.

2. Khlopkov Yul, Zay Yar Myo Myint,
Chernyshev S.L. Medical and biological aspects of
safety of space flights // The Il stage of International
Open  European-Asian  Research  Analytics
Championship in biological, Earth sciences
(London, July 13-18, 2012). — Certificate.

INTERNATIONAL JOURNAL OF APPLIED
AND FUNDAMENTAL RESEARCH  Ne3, 2014



