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Leau, 321244 ¥ TEMATHKA KypHaJIa.
PegaknuoHHasi NOJIMTHKA

B nayuno-texnHnmueckom xypHane «BecTHuk
MI'CY» myOnuKyroTcsl HaydHbIE MaTepHabl 110 Ipo-
01eMaM CTPOMTENIbHON HAyKH M apXUTEKTYpbl (CTpPOM-
TenbeTBO B Poccun u 3a pybGexkoM: MarepHaibl, 06opy-
JIOBaHHUE, TEXHOJIOTHH, METOJIMKH; apXUTEKTYpa: TEOPHS,
HCTOPHS, TPOEKTHPOBAHME, PECTaBpallisl; I'PafoCTPOU-
TEJICTBO).

TemaTHueCKNi OXBaT COOTBETCTBYET YTBEPIKICH-
Hol HoMeHKIaType Hay4YHBIX CHEeLHANIbHOCTEH:

u3 orpacau 05.00.00 Texuuueckne HayKu — rpyr-
na cnenuanpHocTei 05.23.00 CTpouTeNbCTBO M apXH-
TEKTypa (BCce CHELHAIbHOCTH), @ TAKXKE B IPHIIOKEHUH K
CTPOUTETBCTBY M APXHTEKTYpE:

rpymna cnerpmanbsHocteit 05.13.00 Mudpopmarnka,
BBIUMCIIMTEIIbHAS TEXHUKA U yIIPaBICHUE

rpynna crnenuansHoctei 05.26.00 be3omacHocTh
JICSTEIIBHOCTH YEJIOBEKa

rpynna crnenuanbaocteit 05.02.00 MaumHoctpoe-
HHE ¥ MalIHHOBEICHHE

orpacib 08.00.00 DxoHOMHUYECKHE HAYKH.

K paccmorpenuto u myOnMKanuu B OCHOBHBIX Te-
MaTHYECKHX pa3/enax jKypHala MPHHUMAIOTCS aHAJIUTH-
YecKHe MaTepHalbl, HAyYHbIC CTaThH, 0030DBI, PELICH3NN
U OT3bIBBI HA HAay4yHbIE MMyOMMKAlMK 110 QyHIaMEHTalIb-
HBIM U IPUKIAJHBIM BOIPOCAM CTPOUTENBCTBA U apXH-
TEKTYpBI.

Bce nocrynaromue Marepualisl IPOXOAT HAYUHOE
pelLieH3upoBaHKe (IBOWHOE CIIETIOE) C y4acTHEM Peco-
BETa M NPHBICYCHHEM BHEIIHHX KCIEPTOB — AKTUBHO
Iy OJIMKYIOIMXCSl ABTOPUTETHBIX CIIELUAIMCTOB 110 COOT-
BETCTBYIOLIUM MPEAMETHBIM 00IaCTsIM.

Konun penensuil uiam MOTHBMPOBAaHHBIH OTKa3 B
myOIMKAIMK MPEOCTABIAIOTCSA aBTOpaM M B MuHOOpHa-
yxu Pocenn (1o 3anpocy). Penensuu xpaHsarcs B peaak-
LI B TEUEHHUE 5 JICT.

PenakupyonHas nonMtrHka xypHaina 6a3upyercs Ha
OCHOBHEIX TIONIOXKEHUAX JIEHCTBYIOIIETO POCCHICKOTO
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rHaTa U KIEBeThl, H STUYECKUX NPHUHIUIAX, TOIEPHKHU-
BAaEMBIX MEKYHAPOIAHBIM COOOIIECCTBOM BEIyILINX H3/1a-
Teseil HayuHOM NEpHOIMKH M U3JI0KEHHBIX B PEKOMEH/1a-
nusax Komurera no stuke Hayunsix nyonukanuii (COPE).

Aims and Scope. Editorial Board Policy

In the scientific and technical journal “Vestnik MGSU” /Pro-
ceedings of Moscow State University of Civil Engineering/ the scien-
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published (construction in Russia and abroad; materials, equipment,
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entific Specialties:
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sions of the existing Russian Legislation concerning copyright, pla-
giarism and libel, and ethical principles approved by the international
community of leading publishers of scientific periodicals and stated in
the recommendations of the Committee on Publication Ethics (COPE).

ISSN 1997-0935. Vestnik MGSU. 2016. Ne 9



PeaakumMoHHas cTarbs VESTNIK

MGSU

YBAXKAEMBIE KOJUIETH, IOPOI'UE JIPY3bs!

Co CcTpaHHI] OCHOBHOTO YHHBEPCHTCTCKOTO HAyYHOTO M3JaHHUS OT BCEH
JIYIIU TTO3PABIISAIO BaC ¢ HAYAIOM HAIIEro HOBOI'O aKaIeMHYECKOTo roaa, Ko-
TOPOE CErOHS MbI Tpa3aHyem 95-it pas!

3a roxs! cinaBHO# ucropun MUCHU—MI'CY 6Gonee 130 ThIC. HAIINX BBI-
IIyCKHHUKOB, KOTOPBIE COCTABISUIM M COCTAaBILIOT TOPAOCTh OTEYECTBEHHON
CTPOMTEIILHON OTpaciu, Bceraa Opanu Ha ce0si OTBETCTBEHHOCTh M YCICIIHO
pelIany caMble CIOKHBIE 3aa91 CO3UAATEIBHOTO PA3BUTHS HAIIEHl CTpaHbI Ha
ee OecKkpaifHUX MPOCTOpax, CBOMMH PyKaMH, TPYIOM CO3JaBanu HHGPACTPYKTYPHYIO OCHOBY Ul pa3-
BUTHUS BEICOKOTEXHOJIOTHYHOTO TIPOM3BOICTBA, OCBOCHUS KOCMOCA, YHEPTeTHKH, IIOA3EMHOTO IPOCTPaH-
CTBa METAIoJIMCOB, HOBBIX TEPPUTOPHUH, YKPEIUISLTH 000POHOCIIOCOOHOCTH TOCYAapCTBA, (POPMUPOBAITH
KOM(OPTHYI0, 3P (PEKTHBHYIO U 0€30IaCHYIO CPeay I XKU3HH U ACATEIFHOCTH HAIINX IpaxaaH. Kax-
Z[Llﬁ W3 HAIIKUX BBIITYCKHUKOB — OT JIMHEHHOTO CricuyanrcTa 10 nEpBOro 3aMECTUTEIA MUHUCTPA — T'Op-
JIUTCSI TEM, YTO TIOJIy4IHII IyTeBKY B ku3Hb B MUCU—MI'CV!

CerofHs y OTPaciIeBOro akaJeMHYeCKOro coO0IecTBa 0COOCHHO MHOTO Cephe3HbIX 3a1ad. Kpome
HOBOH 3()(EKTUBHONW CHCTEMBI KOJUIEKTHBHOH IPO(eCcCHOHATbHONH OTBETCTBEHHOCTH YHHUBEPCHTETOB
1 paboTonaresiell 3a MOATOTOBKY KaIpOB B COOTBETCTBHH C HAYYHBIM M SKOHOMHYECKUM IIPOTHO30M pas3-
BUTHUS OTPACiIH, HaM MPEACTOUT CHOPMHUPOBATH MOJEIb 00Pa30BaHM U HCCIICIOBAaHNI HOBOTO YPOBHS,
B U3BECTHOM CTCIICHH YHUBEPCATIbHYIO, METOIOJIOTUYECCKU aJalITUBHYIO K 6BICTpO MCHAKOIIHUMCS DKOHO-
MHUYCCKUM YCJIOBUAM, TEXHUICCKUM U TEXHOJOTUYCCKUM NPUOPUTETAM, ITIOCTOAHHO PACTYLIEMY TEMITY
HAy4HOTO IPOTpecca M MEXIYHapOAHOH MHTETPAIlMU OTPACIIH, CMEIIAIOUIEH Mepro MpodeccroHaIb-
HOH aJlanTalliy BEIIYCKHUKA B paMKH y4eOHOTo mporecca.

B HacCTOAIIEEC BPEMS U3MECHECHHUE MTapaaurMbl OTPACIIEBBIX aKIIEHTOB B 06]].[6171 MOJEJIN NHKEHEPHO-
To OGpaSOBaHI/Iﬂ HanpsaMyro BJIIUACT Ha Ka)l()l];]ﬁ 13 HAllMX YHUBEPCUTECTOB. B stux YCJIOBUAX MBI BME-
CT€ JOJDKHBI B3SITh Ha ce0s OTBETCTBEHHOCTH 3a (hOPMUPOBAHKE HOBOI (helepaabHON U PErHOHATBHON
CHUCTEMBI IMOATOTOBKH KaApPOB IJIA OTpacju KakK B 4aCTH HOBOI CTPYKTYPBI U COCTaBa YHUBCPCUTETOB
1 UHCTUTYTOB, TaK U B YaCTHU €€ CYTU U CMBICJIA.

JKu3Hp IBHXKETCs BHEpea M CTaBUT HOBBIE 33/1a4M B YCKOPEHHOM TEMIIe, TIOPOil OmepeskaronieM
Halr CaMbI€ CMEJIBIC MPEATIOIOKEHMA. CLIpbeBaﬂ MOZEJIb Pa3sBUTHA CTPaHbl JTOJDKHA OBITH MacIITaOHO
3aMCIIICHa BBICOKOTGXHOJ'IOFI/I‘IHOI‘/’I, TpaHULbI CTpOHTeJ’IBHOﬁ OTpaciii Ka4y€CTBCHHO PaCUIMPEHBI B CBETE
HOBOM mapaaurmMel CO3UIAAHUA — I/IH(bOpMaL[HOHHOFO MOJIEINPOBAHUA U MTHTEJIIICKTYaJIbHOT'O YIIPABJIICHUA
JKU3HCHHBIMHU HUKJIAMH BCEX COCTABJIAIOIIUX 3JIEMEHTOB CPEIbI HaIlleH XU3HU U JCATCIIBHOCTH. CTpa-
TeruyecKkas 3a7adya B 3TOM CMBICIEe — HE IPOCTO COXPAHMTH JydIlHe TPaJuLHK OTPAacieBOi BBICIICH
IIKOJIBI, @ MPEAJIOKUTh €€ HHHOBALIMOHHYIO, aKTYaJIbHYIO U 3CI)(1)CKTHBHO )IGI‘/’ICTByIOH_[y}O MOJICJIb, B T.4Y.
U B peTHOHAIBHOM acnekte. CTpOUTEeNnbHOE BhICIIee 00pa3oBaHUE, KOTOPOE, IO CYTH, SIBIICTCS TeOpUeh
1 TIPaKTHKON CO3HMJATENbHONW TEXHWYECKOH AESATETbHOCTH, JOJDKHO 3aHITh JTOCTOMHOE MECTO B HOBOM
CHCTEME, CTaTh HE IPOCTO YACThIO, a IEHTPOM Oy ayIel MOJEIN MOATOTOBKH HH)KCHEPHBIX KaJpOB.

Ham yHuBepcuTeT HenmpeMeHHO OyIeT pa3BUBAThCs U Janbiie! OCHOBHOMI 3Tall OpraHU3aMOHHON
HepeCTpOﬁKH 3aBEPIIACTCA, HO HAaM BCE€ €1IC NPEACTOUT HANIOJIHATH €r0 HOBBIM CMBICIIOM, BOCIIOJIHATH
KaJpOBBIH pPe3epB, yKPEIUIATh HaydHbIE IIKOJIbI, PACIIUPATH 00JIaCTH Hamlei mpodeccnoHaabHON OTBET-
cTBeHHOCTH. Ha 3TOM 3rtame nerko He Oyaer, HO Mbl 00s13aTenbHO cripaBuMcs! Ha crpanunax Hare-
TO U3J1aHUA BHOBb 6y£[yT TIOABJIATHCA HYGHHKaHI/IH ACIIUPAHTOB U OJOKTOPAHTOB, KOJUJIET U MAapTHEPOB,
MOJIOJBIX YYEHBIX, KOTOpbIe CTaHYT (pOpMHUPOBATH OyIyllee HALIEro HCKIIOUUTEIHFHO OTBETCTBEHHOTO
0011ero fena — CO3UAAHHUS.

Joporue npodeccopa u npenogasareny, kowiern! OT Beel Qymin NpU3HATEICH BaM 3a Balll BKJIa[
B CO3TAaHHYIO MOKOJICHUAMU CTpOHTeJ’[eﬁ M HAIlUM aKaJICMHYCCKHUM COO6H.[CCTBOM YHHUKAJIbHYIO aTMOC-
(hepy MCKPEHHUX 4YEJIOBEYECKUX OTHOIICHUH, TOBAPHIIECTBA, OCCLEHHBIH MPOPECCHOHANBHBIN OMBIT
1 MyJpOCTB!

Kenaro YCIIEXOB B TPYAC U TBOPYECTBE, yAa4Yd BO BCEX HAYUMHAHUAX U MPOOOJIKCHHUAX, CHACTHA,
300pOBbs, CTa0WIBHOCTH U Onarononyuns! Jlo cleqyromux BCTped Ha CTpaHMIAxX XKypHanta «BecTHnk
MI'CY»!

Pextop HUY MI'CY,
TToueTHslii crpoutens Poccun @
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DEAR COLLEAGUES, DEAR FRIENDS!

With all my heart I would like to congratulate you with the beginning of the new academic
year on the pages of the main university scientific issue. We celebrate it today for the 95th time!

For the years of the proud history of MISI—MGSU more than 130 000 of our graduates who
stay the proud of the domestic construction branch have always undertaken responsibility and
successfully solved the most complicated tasks of the creative development of our country on its
vast space, they created infrastructural base for the development of high-tech production, cosmic
exploration, energy sector, underground space of metropolises, new territories, strengthened the
defense capability of the state, formed comfortable, efficient and safe living and working environ-
ment for our citizens. Each of our graduates — beginning from a domain specialist and ending
with the First Deputy Minister — is proud to have obtained the start in life in MISI—MGSU!

Today the academic community of the industry face a lot of serious tasks. According to
scientific and economic forecast of the industrial development apart from new efficient system of
corporative professional responsibility of universities and employers for staff training we also will
have to form a model of education and research of the new level, to a certain degree universal,
methodologically adaptive to promptly changing economic conditions, technical and technologi-
cal priorities, constantly growing speed of the scientific progress and international integration of
the branch, which changes the period of professional adaptation of graduates in the frames of
educational process.

At the present time the change of branch emphases in the general model of engineering edu-
cation directly influences each of our universities. In these conditions we should undertake pour
corporate responsibility for the formation of new federal and regional educational system for the
branch both in terms of new structure and composition of universities and institutes and in terms
of its essence and aim.

The life is moving forward and poses new tasks at a quickened pace, which is sometimes
ahead of our most challenging expectations. The raw materials model of our country development
should be substituted by high-tech one, the construction branch boundaries should be greatly ex-
tended in view of the new creative paradigm — informational modelling and intellectual control
of the lifecycles of all the constituent elements of our life and activity. In this regard our strategic
mission is not just to preserve the best traditions of the higher school of the branch, but also to
propose its innovative current and efficient model, including in the regional aspect. The construc-
tion higher education which is actually a theory and practice of creative technical activity, should
take rightful place in the new system, should become not only a part, but the center of the new
model of engineering training.

Our university will certainly further progress! The main stage of management reorganiza-
tional is coming to an end, but we will still need to fill it with the sense, refill the personnel reserve
strengthen the scientific schools, enhance the fields of our professional responsibility. It will not
be easy on this stage, but we will certainly succeed! On the pages of our issue there will appear
the works of postgraduate and Doctoral students, colleagues and partners, young scientists, who
will form the future of our highly responsible common goal — the creation.

Dear Professors and academic staff, dear colleagues! With all my heart I am grateful to you
for your contribution into the unique atmosphere of sincere human relations, partnership created
by generation of engineers and our academic society, for invaluable professional experience and
wisdom!

I wish you success in your work and creativeness, success in all undertakings, happiness,
health, stability and prosperity! See you on the pages of the journal “Proceedings of Moscow State
University of Civil Engineering”!

Rector of MGSU,
Honorable builder of Russia Volkov A.A.
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NMPOEKTUPOBAHUE U KOHCTPYUPOBAHME
CTPOMUTEJIbHbIX CUCTEM.
NMPOBJIEMbl MEXAHUKU B CTPOUTEJIbCTBE

YIAK 517, 517.9,536, 624.041

C.A. lyxHOBCKHH
HUY MI'CY

Ob OEHKAX JIMHEAPU30OBAHHOI'O OIIEPATOPA
KUHETHUYECKOMW CUCTEMBI KAPIEMAHA

AHHOTaUMA: pacCMOTPeEHbl CBOWCTBa onepaTopa ypaBHeHusi KapnemaHna. Pe-
WweHne 3agaym Kowwm c nepmoamyeckMm HavanbHbIMW AaHHBIMW ULLETCA AN MarnblX
BO3MYLLEHUIN COCTOAHMSA paBHoBecus. NpuBedeHbl OLEHKM onepaTtopa, NosfyyYeHHble
¢ nomoubto Teopembl MNanu-BuHepa n npeobpasosanus Jlannaca. WccnepnosaHue
AaHHOro onepartopa MO3BOJISET NOMYYNTb TEOPEMY CYLLECTBOBAHWUS N €ANHCTBEHHO-
CTU pelleHuda, 4YTo aBndeTca Kno4veBbiIM MOMEHTOM NpU nccneaoBaHUMM KMHETUYECKNX
ypaBHEHUN.

KnioueBble cnoBa: ypaBHeHve KapnemaHa, nuHeapusoBaHHbI onepaTtop, ypas-
HeHVie B YaCTHbIX NPON3BOAHbIX, ANCKPETHast KMHeTuYeckast Mofenb, Yicno KHyaceHa

DOI: 10.22227/1997-0935.2016.9.7-14

OHUM U3 OCHOBHBIX YPaBHEHUI KMHETUYECKON TCOPUU ra30B SBIACTCS ypaB-
HeHune KapiemaHa, KOTOpoe OMHCHIBAET B3aNMO/IeicTBrE ABYX yacTwil [ 1-06]:

o,u +6xu=l(w2 —uz), t>0, xeR,
¢ (1)

1
ow—0 w= ——(w2 —u’ ),
€
C NEPHOIMIECKUMH HaYaJIbHBIMH YCIIOBUSIMH

ulo= u’(x), w o= w’ (%),

u’ (x)=u’(x+2m), w'(x)=w"(x+2n).

3nech u(x,t), w(x,t) — mioTHocTH ABYX dactull. Cuctema Kapnemana omnu-
ChIBa€T KOMOWHAITMIO TPOIIECCOB: peaKcalnio U cBoOoaHoe ABmkeHue. CyTh pe-
JIAKCAI[MK 3aKJIF0YaeTCsl B TOM, 4TOOBI u(x, £) —> w(x, f), a caM¥ 4aCTHIIbI Paclpo-
CTPaHSJINCH B Pa3HbIE CTOPOHHBI.

Jluneapu3oBaHHbIA onepatop ypaBHeHus Kapmemana (1) mis HEBO3MYIIIEHHON
3aja4u umeet Buj [4, 7, 8]:

m d m . m 1 m . 1 0 ik(s— m
T () =" il + dw, —yi = ik, — [y ds = f,, o
0

W =0, [k =1, ..., m.

1
Jlemma. Ilycte 0<p, <4—. Torna cymectsyer ¢, > 0, He 3aBUCsIIEE OT &,
w,

e

p ¥ s mobbIx k € Z u Rep > — ¢, p, = 0 umeem
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Tk_1 (Zl(cM)) L (k. #2) Séco ||Z’(CM)||L24Y(R+, Hy) ®
Bbonee Toro,

Li —1(_(m) L (m)

] dtTk (Zk )LZ’Y(R“HS) 382 COHZk L (R HE) @

loxazamenvcmeo. CornacHo teopeme [lrmu-Bunepa [2—4], nam Hamo moka-
3aTh, 4TO
1

mggco. (5)

Haiinem cumBon onepatopa 7, ' u3 (2) ¢ nomouisio npeobpasosanus Jlaraca:

1 1 1
o(k, p)=p—ik+4w,——4ikw,— —.
€ e p+ik
OTcroma
1 p+ik p+ik

- = : (6)
G(kﬂ p) p2+4welp+k2 (p_p—)(p_p+)
€

1 .
Pemmast kBagpaTHOe ypaBHeHue p’ +4w, —p+k” =0, HalineMm ero KopHu:
€

2
pi=—2weli 4[%1) —k.

€ €
P [
Jenaem 3ameHy nepeMeHHbIX p =—, k=— B (0):
€ €
1 P+il 1 1 2> 2
=g , Py =—4. =—(—2we 4w, =1 )
ok, p) (P-q )(P-q,) e &
1) |k|23wel:>|l|23we, ImP>0:
€
1 [Pil) g, +il] e

=& S € .
ok, p)| " |P-q[|P-q.| "|P-q[|P-q.| "[P-q.

PacnuiieMm kaxzioe ciaraeMoe:

Lot 1 lg, +ill 1 4w? + 17 1
P-q.| JP—aw 5w |P-q|P-q| P

3nech

P—q.[ =(ReP+2w,) +(1mP—Jz2 4w )2 > (—ps* +2w,) >0,

ecin ReP>—pe”, 0<p,e’ <2w,.
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Torna

1 1 1
——<¢g|1l £ .
|c5(k, p)| 8[ i 5w, ](—uosz + 2we) e \/Swj
Taxxe 11a Im P <0 nmeem

<g |q_ i ﬂ' +& ! <
|G(ka p)| |P_q—||P_q+| |P_q+|

Ss[1+“4w“2+12} ! +e !
N

e + 2w€) 5w )
2) 2w, <|i|<3w,:

|P—q,|2 =(ReP+2we)2 +(ImP+\/m)2 2(_%82 +2We)2 - 0:

CornacHo BBIIIICYKA3aHHBIM HCPABCHCTBAM, ITOJIy4acM OLICHKY
1 \/4W62+We2(\/§—3) 1
<g

ok, p)| (—uosz +2w, )2 +8(_P-082 +2We)'

3) e<|l|<2w,:

|P—qﬁ|2 :(ReP+2we +4nw’ =1 )2 +(ImP)2 2(—u082 +2wg)2 >0;
2

2 2
1
+(ImP)2 >¢ {—po +—1 >0.
2We+ﬂ4Wj_lz] 4We

|P—q+|2=[ReP+

Nmeem
! <eg |q_ hl il| +€ ! <
lotk, p)|~ |P-q||P-q.| |P-4q.]

22w, 1 1

< +e — <—c,
s[—u0+4;](—u082+2w€) ( Hot +2W6) ©

e

1
ecin 0<p, <—, ReP>—p.g’.
4w,
4) Bergenum nocienHuii ciryvaid npu k = 0:
1 1

<g > .
ok, p),_,  —Hoe” +2w,

Taxum 006pazoM, ToJTyIaeM HCKOMYIO OIEHKY (3).
Ilepefinem Kk MOKa3aTenbCTBY BTOPOM OICHKH. B cuMBOJax mpeoOpa3oBaHUs
Jlamaca Ham HaJl0 J0Ka3aTh, YTO
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7] 1
Kotk p)] ~e
3aMeTuM, 4TO

p__1, plptik)  p  pik
ko(k, p) k k(p-p.)(p-p.) k(p-p.) k(p-p.)
Bo3MoOXHBI cityyau:
D ||z 2w,:

(—2w€ +iyl? —4we2 )(—ZWe +i(l+./l2 —4w§ ))

1(P=q.)(P=q.)

‘(—2We+i(1+m))‘

=1+71+1, +1,.
I(P_q,) ‘ 1 2 3

7|
[k||o(k, p)|

(—2we N )

l(P—qf)

<l+eg

+

+&

‘-1-8

OHGHI/IM KaxXa0¢€ cjiiaracMoe€ OTACJIbHO [JI HAllIETro Cliy4das.

(2‘—2% +iyI* = 4w +|1|)

S £ 2] |z| '

I,+I,<¢g

2) e<|l|<2w,:
Tornma
(2‘—2% T+ Jawt -1

(—uoaz + 2we)

OcTanaoch OLEHUTH ciaraeMoe /, - Nmeem mnsa |l | 22w, ImP>0:

1)

L+1, <

,:| p(p.+ik) || a(q.til) |
lk(p-p)(p-p)| [ 1(P-q)(P-q.)|"
<. q.(q, +il)

B 2w, (—|,t082 +2we)(ImP+\/Z2 — 4w’ )

CriemaeM ciieylomyo 3aMmery Im P = s/l — 4w’ .
Torna

< q.(q, +il) < q.(q.+il)|
BN/E — 4w’ (—posz + 2we)(s +1) N/ (—uoaz +2We)'

Ecnu xe Im P <0, moiy4yuM BbIlLIEYKa3aHHYIO OLICHKY.

2) e<ll|<2w,:
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+il 2
11 <g q+ (q+ L ) < 4\/§We (7)

I(P-q )(P-q,) |P-q|P-q.|

rJIe

|P—q7|2—u082 +2w,, >

P_q+

> (—uosz +2w, — 4w’ =1 ) >’ (—uo +ﬁ) >0,

e

1
ecmu 0<p, <—, ReP>—pe’.
4w

e

IIpumensis nanHbIe HepaBeHCTBA K (7):

. 2
1 <o P‘L(‘L ;Z) . 2w, Lo,
(P-q.)(P-4.) 82(—u082+2we)(—u0+1j ©
4w,

CriiajipiBasi Bce HEpaBEHCTBA, Oy/IeM UMETh OLICHKY (4).

Cuctema (1) siBnsieTcss KMHETHYECKOH cucTeMoll ypaBHeHust bonbumana. W3-
y4eHHEe CBOWCTB cuUcTeMbl KapiemaHa W HaxOKJIeHHE €€ PelIeHUH MO3BOJISET HC-
cienoBaTh Ooliee CIIOKHBIE MOJENH, Takue Kak cuctemsl [ omyHoBa-CynraHrasu-
Ha [1] u bponyanna [5] st Tpex U 4eThIpeX 4acTHUI] COOTBETCTBEHHO. YHCIEHHOE
uccienoBanue ypasHeHus Kapnemana npoBoautcs B [8—10], a ”MEHHO YHCICHHO
WCCIIEYIOTCS MaTeMaTHYECKOE OXHJIAHUE, TUCTIEPCUS] U JAPYTUE XapaKTEPUCTHKU
peuienus cucremsl Kapnemana.
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S.A. Dukhnovskiy

ON ESTIMATES OF THE LINEARIZED OPERATOR OF THE KINETIC
CARLEMAN SYSTEM

Abstract: In this article the author discusses the properties of linearized opera-
tor for the Carleman equation for unperturbed problem, i.e. without the perturbation
operator. The solution of the Cauchy problem with periodic initial data is searched
for small perturbations of the equilibrium state. The estimates are obtained using the
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Paley-Wiener theorem and the Laplace transformation. It is assumed that the solutions
of the Cauchy problem split into the superposition of weakly interacting solutions and
decreasing dispersive waves. The Carleman equation describes a combination of pro-
cesses: relaxation and free movement. The aim of relaxation is to spread the particles
in different directions.

Such a system simulates some properties of the Boltzmann equation. The kinetic
Carleman equation is a system of two nonlinear differential equations describing trans-
portation processes and interaction of two classes of particles moving with the same
speed in modulus in different directions on the line. This system belongs to the class of
non-integrable equations which leads to important consequences. Namely, such a sys-
tem can detect the irregular behavior of the solutions. The Carleman system occupies a
special position with respect to other systems and allows us to prove the global existence
theorem. In the works by II'in the question of the stability of stationary but spatially inho-
mogeneous solutions of the Carleman system is posed. In the case of the discrete model
the solution is stable in time for the homogeneous problem.

Key words: Carleman equation, linearized operator, partial differential equation,
discrete kinetic model, Knudsen number
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