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10.B. HOBHIOK

HaunoHanbHbIH yHUBEpCUTET OHOPECYPCOB M IPUPOIOIONIB30BaHUS Y KPaUHEI
B.T. KPABUYK

Kuesckuit HalMoHaNBHBIN YHUBEPCUTET CTPOUTENIHCTBA U APXUTEKTYPhI

MMPOCTPAHCTBEHHO-BPEMEHHAS DBO.JTIOINA HEJIUHENHBIX
MOBEPXHOCTHBIX BO3MYIIEHUH YINIOTHAEMOM BETOHHOM CMECH B
BEPTUKAJIBHO BUBPUPYIOIIEM IUWJINHIPUYECKOM BAKE ITPHU EI'O
NIEAJTBHOM BO3BYKJAEHUHU

Obocnosan  mMemoO MOOeIUpOBarUss U AHAAU3A NPOCMPAHCMBEHHO-8DEMEHHOT
960MIOYUU  HETUHEUHBIX NOBEPXHOCMHLIX GO3MYUW/EHUU VHIOMHAEMOU OemOoHHOU cMmecu 8
BEPMUKATLHO BUOPUPYIOWEM YUTUHOPUHLECKOM OaKe npu e2o U0eaibHOM 8030yiicoeHuu. B
PAMKAX NPeoloNCeHHO20 Memood U NPUHAMBIX OONYWeEeHUll HOLYYEHO CMAHOAPMHOe
HelUHelUHoe  980NIOYUOHHOE  YPABHEHUe 6 YACMHbLIX — NPOU3BOOHBIX,  NO360JsI0OUee
ocyujecmenams  Oemanbhblll  AHAIU3  BOZHUKAIOWUX HETUHEUHbIX B0IHO0OPA308AHUL 6
paccmampusaemoi  cucmeme. B 6onvuwuncmee cuyuaes Smum  YpasHeHuem  s6asemcs
Henunelnoe ypasuenue I[llpeduncepa c ouccunayueu. Ilpoéeden 6cecmopoOHHUU aHANU3
NOYYEHHBIX AHATUMUYECKUX PeuleHUll YKA3AHHO20 YPAeHeHus O Cyuaes: a) c80O00H020
be3 Odemnghuposanus OsudiceHuss 6emouHoU cmecu; 0) c80000H020 08UlCEHU OEMOHHOU
cmecu ¢ Oemnuposanuem, 8) K8A3UCOIUMOHHO20 OBUNCEHUST OEMOHHOU CMeCU 8 YCI08USIX
KOMNEeHCayuu 0emMn@upo8aHus U HaIudUus npuepy3d Ha N08EPXHOCMU YUTUHOPUYLECKO20 OaKa.
Haiioennvle — ananumuueckue — peuileHusi  HEIUHENHO20  IBOIOYUOHHO20 — YPABHEHUS.
nepuoouyeckoeo muna (M.H. KHOUOAQNbHblE BOJIHbL) ONUCBLIBAIOMCA  AIIUNMUYECKUMU
@yukyuamu Axobu unu ¢ynxyusmu Betiepwmpacca. Keazuconrumonnvle pewenus cooepacam
6 3HameHamene MUNUYHYIO QVHKYUIO OAA  CONUMOHHBIX  (YEOUHEHMBIX) B6OIH  —
eunepOoOIuYecKutl  KOCUHyc,  m.e.  NPONOPYUOHANbHbL  2UNEPOOIUYECKOMY  CEKAHCY).
Ilpumenenue  npuepyza  cneyuanvHou  gopmsl  (paduarvHo — pebpucmoti) — npu
subpopopmosanuu uzdenrutl u3z OEMoOHHOU cmecu No360Jsaem 6030y0Ums KeA3UCOIUMOH HA
HOBEPXHOCMU  YNIOMHAEMOU JHCUOKOCMuU/cmecu U 4émKo onpedeiums 6ce @uauyecKue
KOHCMAHmMul  (amMnaumyoy, CKOpOCmb, HA4AAbHYIO (hasy Koaebauuil), Gueypupyrowue 6
peweHuu 280I0YUOHHO20 YPABHEHUS, BO3HUKAIOWUX KBAZUCOIUMOHHBIX 80IHO0OPA3068AHUI.
Pezynomamer 0annoco uccnedoeanus moeym Ovimb 6 OanbHeueM UCNOIb308aAHbL OJis
VMOUHEHUsL U COBEPULEHCMBOBAHUSL CYUWECMBYIOWUX UHICEHEPHBIX Memo0do8 pacuéma
9HEP2OCUNIOBbIX XAPAKMEPUCMUK UOPOMAWUH O/l YIIOMHEHUSI DEMOHHBIX U CIPOUMETbHbIX
cmecell Kak HA CMAOUAX Ux HNPOeKMUpoSaAHUs/KOHCMPYUPOBAHUA, MAK U 6 pPeCUmMax
PeanbHOll IKCHAYAMAYUU.

Kniouesvie  cnosa: npocmpancmeeHHoO-6peMeHHAs — I80MIOYUs, — HENUHEUHOCMb,
NOBEPXHOCb, 8O3MYWEHUe, YNIOMHEHUe, OeMmOHHAsL CMeCb, GePMUKAIbHASL 6Ubpayusl,
yuruHopudeckull 6ax, udeanvbHoe 8030ydicoeHue.

10.B. YHOBHIOK
HauionanbHblil yHiBepcuTeT OiopecypciB i IPUPOAOKOPHUCTYBaHHS Y KpaiHU
B.T. KPABUVYK

KwuiBchkuii HaIliOHATLHUHN YHIBEPCUTET OYIIBHULITBA 1 apXiTEKTypH

IMTPOCTOPOBO-YACOBA EBOJIIOLISI HEJTIHIHHUX MMOBEPXHEBUX

35YPEHD YIIIJILHIOBAHOI BETOHHOI CYMIII Y BEPTUKAJBLHO

BIBPYIOUOMY LWJITHAPUYHOMY BAKY ITPH OT'O IIEAJILHOMY
3BYUKEHHI
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Ob6rpynmosanuii memoo MOOeN08anHas Ma aHAli3y NPOCMOPOBO-4aco80i eBoNoYiil
HENHIUHUX NOBePXHesUX 30Y0dicenb OeMOHHOI CyMiti, W0 YWIIbHIOEMbCA, Y 8ePMUKAILHO
8IOpYIOUOMY  YUNIHOPUYHOMY 6AKy npu 1020  i0edanbHOMy 30y0diceHHi. Y  medcax
3anponoHO8an020 Memooy U NPUUHAMUX NPUNYUeHb OMpUMAHe CMAaHOapmue HeliHiliHe
eBoII0YiliHe PIGHAHHS Y YACMUHHUX NOXIOHUX, sIKe 00380J5€ 30IUCHI08AMU 0eMAlbHUL AHAI3
BUHUKANOYUX HETTHIUHUX X8Ule YIMBOPEHb V 00CIONCYBaHill cucmemi. ¥V Oinvuwocmi sunaoxis
Yum pieHAHHAM € HeniHitne pisuauns Llpedineepa 3 Oucunayicio. Ilpogedenuil ecebiuHull
aHaniz OMpUMAHUX AHANIMUYHUX PO38 S3KI8 BKA3AH020 PIBHAHHA O/ GUNAOKIB. ) BLIbHO20
be3 Oemngysanns pyxy O6emouHoi cymiwi; 6) 6i1bHO20 pyxXy 6GemouHoi cymiwi 3
Oemn@y8anHsAM, 8) KBA3ICONIMOHHO20 pYXy OemOHHOI Ccymiwi 6 YMO08AX KOMNEHCcayil
demnghysanHs i HAABHOCMI NPUBAHMANCEHHS HA NOBEPXHI YUNTHOPUYHO20 Oaxa. 3Hatioewi
AHANIMUYHI  PO36 'A3KU HENIHIUH020 eBONIOYIUHO20 PIBHAHHA NEepioOUYHO20 muny (m.s.
KHOIOANMbHI  X6uni) onucylomvcs — eninmudnumu  Qyukyiamu Axobi uu  @yuxkyiamu
Betiecpuumpacca. Keaziconimonni po3e’a3ku maroms y c60€EMY 3HAMEHHUKY MUN08Y YHKYIIo
0151 CONIMOHHUX (VOCOONEHUX) X8UNb — 2INepOOoNiUHULL KOCUHYC, MOOMO NPONOPYIOHATbHI
2inepoOoNiYHOMYy CeKaHcy. 3acmocy8anHs NPUBAHMAdICeHHsA cneyianvHoi opmu (padianbHo
pebpucmoi) npu 6ibpoghopmysanni 6upobie 3 OemoHHOI cymiwii 00380158€ 30)0xcy8amu
K8A3ICONIMOH HA NOBEPXHI PIOUHU/CYMIWE, WO VWINbHIOEMbCA, U YIMKO BUSHAYUMU 6CI
@izuuni KoHcmanmu (Amnaimyoy, weuoKicms, NOYAmKo8y hazy Koaueanv), axi gicypyroms y
PO36’A3KY  €BONIOYIUHO20  PIBHAHHA,  BUHUKAIOYUX  KBA3ICONIMOHHUX  XBUTEYIMEOPEHD.
Pezynomamu 0anoeo 0ocniddcenns moxucymv Oymu Y HOOATbUIOMY BUKOPUCHAHT OJis
VMOYHEHHs 1l 800CKOHANEHHS ICHYIOUUX IHICEHEpHUX MemoOi8 pPO3PAXYHK)Y eHep2OCUNOBUX
Xapaxkmepucmuxk 6iopoMawiun 0ns YWilbHeHHs OemOHHUX 1 OVOieelbHUX cymiuleli K Ha
Cmaoisax ix npoeKxmy8aHHs/KOHCMPYIOBAHHS, MAK [ ) PEHCUMAX PealbHOI eKCnyamayii.

Knouosi cnosa: npocmoposo-uacosa esonioyis, e AiHIUHICMb, NOBEPXHS, 30VPEeHHS,
VWiIbHEeHHsl, OemoHHa CyMill, BepmMUKAIbHA 6ibpayis, YuliHOpudHUll 0ax, ideanvHe
30y02iceHHs.

Y.V. CHOVNYUK
National University of Bioresources and Life Sciences of Ukraine
V.T. KRAVCHYUK

Kyiv National University of Construction and Architecture

SPACE-TIME EVOLUTION OF THE NONLINEAR SURFACE DISTRIBUTIONS
OF THE SEALING CONCRETE MIXTURE IN THE VERTICAL VIBRATE
CYLINDRICAL TANK DURING ITS IDEAL EXCITATION

The method of modeling and analysis of space-time evolution of nonlinear surface
perturbations for the sealing concrete mixture at the vertical vibrate cylindrical tank with its
ideal excitation is based. In the limits of proposed method and accepted assumptions, one may
receive the standard nonlinear evolution equation with particular derivatives which gives the
possibility to realize the detail analysis of the generating nonlinear wavelets at the researched
system. For the larger part of cases, this equation is the nonlinear Shredinger’s equation with
dissipation. The all-around sides’ analysis of the obtained analytical solutions of this
equation is made for such cases: a) the free motion of the concrete mixture with the absence
of dissipation; b) the free motion of the concrete mixture with the presence of dissipation; c)
quasisolitary motion of the concrete mixture at the conditions of the compensation of the
damping process and at the presence of the special weight at the surface of cylindrical tank.
The analytical solutions of the nonlinear evolution equation are found in the form of the
periodic type (so called cnoidal waves). They may be determined with a help of Yacobi’s
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functions or Veirstrass’s functions. The quasisolitary solutions have at their determination the
typical function for the solitary waves — ch™ or they are proportional to sech. One may use
the weight of the special form (with radial ribs) for sealing of products from the concrete
mixture. This way gives the possibility to excite quasisoliton on the surface of sealing
liquid/mixture and to determine precisely all physical constants (amplitude, velocity, the
reference phase of oscillations) of quasisoliton wavelets which are usually present in the
solution of evolution equation. The results of this investigation may be used at future for the
improvement and refinement of the present engineering methods of calculation of the energy
and force characteristics of the vibromachines for the sealing of the concrete and
construction mixtures at the stages of their projection/design and at the regimes of real
exploitation, as well.

Keywords: space-time evolution, nonlinearity, surface, perturbation, sealing, concrete
mixture, vertical vibration, cylindrical tank, ideal excitation.

ITocTanoBKa npoodJieMbl

Jns co3nanusi BUOPAIIMOHHBIX MAalIMH HEOOXOAMMO JOCTaTOYHO TOYHO OMPEHCITUThH
UX OCHOBHBIE TapaMeTPbl, IPU KOTOPBIX oOecreunBaeTcs He0OX0IMMBIN MaJI0dHEPrOEMKUN U
3 PEKTUBHBIN PeKUM BUOPAIIMOHHOTO BO3/ICHCTBUS HA YIUIOTHSAEMYIO CPEy B 3aBUCHUMOCTHU
OoT (U3UKO-MEXaHUYECKUX XapaKTEPUCTHK CMECH, TEXHOJOTMYECKHMX M JUHAMHYECKUX
IPOIIECCOB, MPOTEKAIOMIUX MpH  (OPMUPOBAHUHM  CTPYKTYpHl  YIUIOTHSEMOH  cpenbl,
KOH(UTrypalluu H3Aenus, BUJa, HampaBiIeHHs M 30HbBI BHOpamuoHHOro Bo3zaeicTBus. K
OCHOBHBIM MapaMeTpaM BUOPAIIMOHHBIX MAIlIMH OTHOCSTCS MX Macca, Macca BUOPAIIMOHHOTO
pabouero opraHa W IUIONIAJb €r0 B3aUMOJACHCTBUS C YIUIOTHIEMOW CpeIoi, dYacToTa,
aMIUTUTYAa WIA pa3Max BBIHYKICHHBIX KoJieOaHUI BHOparMOHHOro pabodero oprasa,
COBEpIIAIOIIET0 TapMOHHMYECKHE, CyO- WM CyleprapMOHMYECKHE , a TakKe, BO3MOXKHO,
BUOpPOMMIYIbCHBIE  KOJEOAHUs, 4YacToTa  COOCTBEHHBIX  CBOOOJHBIX  KojeOaHUI
BUOpPALIMOHHOW MAIlIMHBI, TE€OMETPUYECKHE M KMHEMaTH4YeCcKHe MapaMeTpbl BHOpPAIMOHHOMN
MallMHBl,  CKOPOCTh  IEpeMelleHus  BHOpalMOHHOTO  pabouero  opraHa  WiIH
MPOJOKUTEILHOCTh BUOPALIMOHHOTO BO3ACWCTBUSI Ha YIUIOTHSEMYIO Cpeay, 3alluTa
OOCITy’)KMBAIOIIETO TIEPCOHANIa M OKPYXArolled cpeapl OT BPEIHOTO BIMSHUSA IIyMa U
BuOpauuu npu pabote. OnpeneneHue MPHUBEACHHBIX MMapaMEeTPOB JOHKHO MPOUCXOIUTH C
y4€ToM (U3NKO-MEXaHUYECKUX CBOWCTB OETOHHOW cMecH, €€ KOHCHUCTEHIMH, pa3Mmepa H
KOH(QUTYpallul W3JETusl, MECTa, HalpaBiIeHHs M 30Hbl NPUIOKEHHUS BHOPAIMOHHOTO
BO3MYIICHUs (ITyOMHHOE WJIM TOBEPXHOCTHOE BHUOpUpPOBaHHE, HApPY)KHOE BUOpPUpPOBAHHE
BEPTUKAIBHO U TOPU3OHTAIBHO HAIMPABIEHHBIMH KOJIeOaHUSIMH, 00bEMHOE BHOpUpPOBaHUE U
BUOPUPOBAaHUE OJHOYACTOTHBIMH M  TOJUYACTOTHBIMH  KOJCOAHHSMHU), TpPeOyeMbIX
IPOYHOCTHBIX TOKa3aTeleld TOTOBOTO W3JENUs, KauecTBa €ro IOBEPXHOCTH, a TaKxke
TpeOyeMbIXx  TOoKazaTene  d(P(EKTUBHOCTH,  DHEPrOEMKOCTH,  MPOJOHKUTEIBHOCTH
BUOPAIIMIOHHOTO BO3/ICHCTBHSI U TIPOUYHOCTH CBEKEOT(HOPMOBAHHOTO U3IEIHSI.

YcTaHOBNIEHNE KAQUECTBEHHBIX U KOJTMYECTBEHHBIX 3aBUCUMOCTEHN MEKy Ha3BaHHBIMU
TpeOOBaHUSMHU U OIpENeNIIeMbIMU TapaMeTpaMU BUOPAIIMOHHONW MAaIMHBI BO3MOXKHO Ha
OCHOBE TEOpHWH BHOPAIIMOHHOTO YIUIOTHEHHsSI OCTOHHBIX CMECEH, KOTopas JOJKHA OBITh
chopMynupoBaHa B SICHOW M HENPOTUBOPEUMBOW (popme, BBIpakeHa MaTEeMAaTUYECKUMU
3aBHCHUMOCTSIMHU U SKCIIEPUMEHTAIILHO MOATBEPXKICHA.

Crnenyer OTMETUTH, YTO NpH OO0BEMHOM BHOpPO(HOpPMOBAHHWU OETOHHBIX CMeceil B
cocynax IWIMHApUYECKOW (GopMbl 0e3 Mpurpyza Ha MX CBOOOJHOM MOBEPXHOCTH MOTYT
BO3HUKATh BCEBO3MOXKHBIE IOBEPXHOCTHBIC (B T.4. HEJIMHEHHBIC) BO3MYIIEHHS, KOTOPHIC
MOTYT OKa3blBaTh CYILECTBEHHOE BIIMSHHE Ha KayecTBO (HOPMYEMOro TaKUM CIOCOOOM
m3genusi. K TakuM BO3MYILEHHSIM MOXHO OTHECTH HEJIMHEHHBIE MEpUOIUYECKUE
KHOUJAJIbHbIE BOJHBI U (KBa3W-)COJIMTOHHBIE BOJHBL. B CBSI3W ¢ 3TUM HEOOXOIUM aHaIM3
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YCIOBUM WX BO3HUKHOBEHHS, CYIIECTBOBAaHUS, YCTOMYMBOCTH M PACIHpPOCTPAHEHUS IO
MOBEPXHOCTU TakUX cMmecel. KpoMme Toro, cyliecTBoBaHME TaKOIO poAa PEKUMOB JBUKECHUS
MOBEPXHOCTU JKUAKOCTEH HE sIBiseTcs (KaKk 3TO JIOKa3bIBAaeTCsl B pAlE MaTeMaTHYECKUX
paboT) UCKITIOYUTENHHBIM M PEIKUM (PaKTOPOM. DTH PEKUMBI PeaTu3yIOTCs TOpa3io valie,
YeM peryJsipHble, HalpuMep, MepexoHble U IPYroro poja ABMKEHUS U BOJTHBL. MUp MHOTHX
(UBUYECKUX CHUCTEM «CIUIONIbY MOTPYKEH B PEKUMBI JABMKCHUS, KOTOPBIE MOANCPKUBAIOT
KHOUJAJIbHbIE (MEPUOJNYECKHUE) HENIMHEWHbIE BOJHBI U BOJHBI THUIA «COJUTOH». BypHoe
UCCIICIOBAaHUE TUX SIBJICHUN NMPOJOIDKACTCS U CErOAHA. DTO OOBACHSAETCS HE TOJBKO TEM,
YTO OHU MPOSBISAIOTCS B OOJNBUIMHCTBE (DU3MUECKUX CHCTEM, a 3HAYHUT, 3TO HEOOXOAUMO C
TOYKU 3pEHUS MPAKTUKH (Hampumep, BUOpoHopMOBaHUs OETOHHBIX/CTPOUTEIBHBIX CMECei),
HO TakXe W TEeM, YTO ITH YAUBHUTeJIbHble HOBbIe SIBJEHUSI NMOPOXKIANT M TPeOyIT
HCKYCHBIX M CBO€OOpa3HbIX MaTeMaTH4YeCKHX MeTOJ0B PacCMOTPEHHs, KOTOpbIe
CO3AK0TCS HbIHE U, HABEPHOE, OYAYT CO31aBATHCS B OJIMKaMIeM Oyaylem.

Camo mo cebe CymIeCTBOBAaHHE COJMTOHHOTO M KHOWJAJIBHOTO IEPHOANYECKOTO
pelieHui, T.e. TOYHBIX PEHICHUN HEIMHEWHBIX NU(depeHIInanbHbIX YPAaBHEHUN B YaCTHBIX
MIPOU3BOHBIX, SIBISICTCS MMOPA3UTENBHBIM (hakTOM. Benb BCs Teopus HeMMHEHHBIX KoieOaHui
CBsI3aHA, MO CYTH, C NMPUMEHEHHUEM ACHUMIITOTHYECKUX MeTon0B byOHoBa — ['anépkuna amns
pacrpene€HHbIX CUCTEM M Ha MX OCHOBAHHMM — C UCCJIEAOBAHUEM «YKOPOUYEHHBIX)» CHUCTEM
YpaBHEHUN M WX pEHICHUN. A 3TO NMPUBOAMT K MOJYYEeHUIO HeMoJHOW MHPopManuu o
noBeieHUn cucreMbl. C OTKPHITHEM COJUTOHHBIX ¥ KHOWUJAIBHBIX (HEIMHEHHBIX
NIEPUOTNYECKHX ) BOJIH POAMIICS MHOM MyTh aHanu3a (Gpu3HuecKoi cuctembl. Eciu apriori us
HKCIIEPUMEHTA W3BECTHO, YTO B JAHHOW (PU3MUECKOW CHUCTEME peanu3yercs yeIuHEHHas
BOIHa (CcTosuass wiau Oerymiasi), TO M3y4eHHe e AMHAMUKH MOXKeT 0a3upoBaThCs HE Ha
NPUMEHEHUU KJIACCUUECKUX MOHATHH (COOCTBEHHas MOJa, YacTOTa, HOpMaJbHbIe KoleOaHus
U T.OI.), a HA MOCTPOEHHUH HOBOI MaTeMaTH4eCcKOW Mojaenud Bceil cucremMbl. Takum
o0pa3oM, MAaTeMATHMKy KOPPeKTHPYWT (u3ukoii. Tak HBIHYE M[OCTYMalOT MHOTHE
UCCJIEIOBATENN B 00JIACTH MEXaHUKU, THUIPOMEXaHUKH, (DU3UKH, XUMHUH, KOTOpbIE CHadaja
pELIaoT BOIIPOC: B KAKOM KJIACCE CTPYKTYP CIAEAYET UCKATh ONUCAHUE TAHHOTO SIBJICHUS?

Kakx mokazano Hmwxke, o0a 3¢ddekra (Bo30YXKIACHHUE CONMTOHHBIX W HEITUHEHHBIX
NEPUOANYECKUX/KHOUAATBHBIX BOJH) MOTYT HMETh MECTO B JHHAMHKE HCCIIECTyeMOTO
00BEKTa — OCECHMMMETPHUYHBIX TE€J, COJAEpXKalIUX BA3KYIO >KUIKOCTb. B maHHON pabote
U3JIOKEHBI Pe3yNbTaThl TMOMOOHBIX HWCCIEIOBAHUM, MPUBOIUTCS TMPUMEDP BO30YKICHUS
COJIMTOHHOM M KHOMJAJIbHOW BOJIH Ha TOBEPXHOCTH BS3KOW >KUIAKOCTH, MOACIUPYIOUIEH
BUOPOYIIOTHAEMYIO B IIMJIMHAPHUUECKOM Oake METOZ0M 00bEMHOTO (hopMOBaHUS OETOHHYIO
(CTpOUTENBHYIO) CMECH.

AHaJIM3 MOCJeTHUX UCCIAe0BAHNIA U MyOJJUKANM I

Bosmoxnble Qopmbl KOIeOaHMIT CBOOOTHOW TMOBEPXHOCTH (BS3KOM) >KUIKOCTH,
HaAXOJAIICHCS B )KECTKMX KOHTEHHEPaX, MHTEHCHBHO M3y4aliCsl C Pa3sHbIX Touek 3peHwus [1-3].
[Mapamerpudeckn BO30yXKIaeMble yeIWHEHHBIE BOJTHBI THIIA «COJUTOH» HA TMOBEPXHOCTH
BSI3KOM KHUJKOCTH B OCECUMMETPUYHOM cocyae u3ydeHnl B [4]. CiaenyeT OTMETUTh, YTO
aBTOPBI MOcIeHeN paboThl HE paccMaTPUBAIM BO3MOKHOCTh BO30YX/IEHUS HA MMOBEPXHOCTU
BA3KMX OKHJIKOCTEH B cOCylax [OJ00HOW CHMMETPUM KHOHMJAJIbHBIX (HEIUHEHHBIX
nepuoANYecKrx) BoJH. [lepeBopoT B TOHUMaHUU (PU3UKHU SIBJICHUN, KOTOPHI MHUIIHHPOBAIIO
OTKPBITHE COJUTOHHBIX/KHOUJAIBHBIX BOJHOBBIX PELICHUH M COOTBETCTBYIOIIUX PEKUMOB
JIBUKEHUSI pACTIPEEIEHHBIX CUCTEM, 3aCTaBIISIET IO-HOBOMY B3TJISIHYTh Ha PE3YJIbTaThl paHee
MPOBEJCHHBIX HCCIeA0BaHUN. OTKPBHITHE TAKUX CIEHUPUUECKUX PEKUMOB ABMXKEHUS CUCTEM
U3MEHWIO caMy METOIMKY IPOBEACHHS HCCIEeIOBaHMN, OOYCIOBHMIIO OTKa3 OT MPEXHUX
HECOCTOSITeNbHBIX NpUHIMNOB. K mocneanum, Hampumep, MOKHO OTHECTH HW3BECTHBIM U
HIMPOKO MPUMEHSIEMBIM B HAYYHBIX MCCIIEOBAHUSIX METOJI PEAYKIIMU, KOTOPBIA 3aKII0YAeTCs
B TOM, YTO O MOBEJACHHUU CIOKHOM CHCTEMBI C pachpe/e’EHHbBIMU MapaMeTpamMH CYAMIN 10
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cBoMcTBaM e€ (Toxe pacupenenéHubix) noacucteM. HoBbli B3risa B Hayke 0a3upyeTcs: HA
MOHMMAHUU TOI0, YTO JUHAMHUKA CJI0KHON HEJTHMHENHON CHCTEMBI ¢ pacnpeaeaéHHbBIMHA
napaMerpaMm B 0OJIblIIeH CTeNeHW OTPAaKaeT CBOICTBA CBA3el MOACHCTEM, YeM HX
co0cTBeHHbIe cBoiicTBa. K mpumepy, eciu coOcTBeHHbIE (POpPMBI KOJIeOaHUI HETMHEHHON
pacnpenen€HHON CUCTEMBI SIBJISIIOTCS B3aUMOCBSI3aHHBIMM U MMEIOT paBHbIE (WM OJIM3KHUE)
4acTOThl (Kak 3TO HAOJIOMAeTCs B Ciydae BO3OYXKICHHs «CONMpPsDKEHHBIX» (popm [4,5]), To
peryisipHble yCTaHOBUBIIMECS HEIMHEWHbIE DPEXUMBI KOJIeOaHHI MO KaXAOW M3 HUX
BCJICJICTBHE HEJIMHEHMHOTO B3aUMOJCHCTBUS (T.H. CBOMCTBO HEJIMHEHMHOCTH B3aMMOCHCTBUS
BCCH CHCTEMBI B IIEJIOM) «IEPECTPAMBAIOTCS» M MOTYT TEPEUTH B OCOOBIE HEIMHEHHBIE
nepUoANYecKre (BOJTHBI KHOMJAIBHOTO THUIA) WIH anepuoandecKue (BOJIHBI COTUTOHHOTO
TUMA)  PEKUMBl  JBWKCHUS/KOJICOAHWH  COBOKYMHOW  cUCTeMbl  (T.H.  CBOWCTBO
«IEePECTPOCUHOI» HEIMHEWHOCTH BCceW CUCTeMbl B 1enom). [lomoOHbI crenupudeckuit
PEeXUM JIBUYKEHUSI CUCTEMBI IPU HEIMHEHHBIX KoJeOaHUAX MO OAHOM U3 (GOpM MOXKET OBITh
POXAEH CBSI3bI0 C BHEIIHUM BO30YyXJIeHHeM. VIMEHHO TakoW CBSI3bIO  SIBISETCS
B3aMMOJICHCTBHE PpA3IUYHBIX KOJIEOATENbHBIX CHUCTEM C YCTPOWCTBaMU BO30YKIEHUS.
Yka3zaHHOE B3aMMOJCICTBUE BCErJa CYIIECTBYET B CHIIY BBINIOJIHEHHUS 3aKOHA COXpaHEHUs
sHepruu. OpHAKO B ciaydae OOJIBIION MOITHOCTH («HEOTpAaHWMYCHHOW» [6]) MexaHu3Ma
BO30Y)KJICHHS WIM HAJIMYUSI KOMIIEHCHUPYIOIIUX YCTPOHCTB OHO MOXKET OBITH IPEeHEOPEKUMO
Maigo [4]. Tlpu cpaBHUMOCTH MOITHOCTH MEXaHM3Ma W MOIIHOCTH, MOTpeOIsieMOoit
KoJieOaTenbHOM cucTeMoil (T.. TPH  «OrpaHHMUYECHHOM BO30OYyxmeHuu» [6-8]), wux
B3aMMO/JICCTBUE MPUHIMIIUAILHO U3MEHSET JUHAMHUKY KaK CaMOW HEJIIMHEWHOW CHUCTEMBI C
pacnpeneéHHBIME TTapaMeTpaMu, TaKk ¥ UCTOYHUKA BO30YXKACHUS. B TaHHOM HCCIIEeOBaHUH
OyneM paccMaTpuBaTh HMEHHO Takylo cuTyauuto. OCHOBHBIE ypaBHEHUS JIBUKEHUS
XKHUJIKOCTH B IMJIMHIPUYECKOM Oake MpH BO3OYKICHHUU €ro KoJleOaHUH AIIEKTPOABHUraTeIeM
OTPaHWYEHHOW MOIIMHOCTH [6] monydeHbl B [4]. B mocnenneir paboTte paccMaTpUBaIUCh U
pa3IUYHBIE 33/1a4¥ O BOJHOBBIX (OopMax IBUKECHHUS CBOOOIHONW MOBEPXHOCTH KUIKOCTH,
COZIepKaIIeiiCsl B OCECUMMETPUYHBIX Tenax. IIpu 3ToM BOJHBI Ha MOBEPXHOCTH KUAKOCTH
OIHCHIBAIMCH C HCIIOJB30BAHUEM COOCTBEHHBIX MOJ JIBIKEHUS KHJIKOCTH B Oake, T.e. Ha
OCHOBE NIPEIBAPUTEIHLHOTO PEHICHUs 3a/ladyll METOAOM pa3JeieHUs] MepeMEHHBIX (METOA0M
®dypre). B OonpmmHCTBE cinydaeB 3amauu B [4] HOcAT HenWHEHHBINH xapakrep. [losTomy
BO3HUKAET €CTECTBEHHAs BO3MOKHOCTb OMHCATh OErylIyl0 B OKPYXKHOM HAampaBiIeHUM Ha
MOBEPXHOCTU >KMJIKOCTH BOJIHY Ha MAaTEMaTHYE€CKOM S3bIKE KHOUAAIBHBIX U YETUHEHHBIX
BOJIH-COJIUTOHOB, TEOpPHUSl KOTOPBIX IO3BOJSET OOBSCHUTH pSIi HMHTEPECHBIX SIBICHUU B
TUHAMHUKE BOJIH (B YaCTHOCTH, UX MPOCTPAHCTBEHHO-BPEMEHHYIO HBOIIOIHIO M3 HAYATHHOTO
BO3MyIlleHUs1). WM COMMTOH, M KHOMJAIbHAs BOJHA CYIIECTBEHHO OTJIWYAIOTCS OT
FapMOHHMYECKMX BOJH Ha IOBEPXHOCTH XUAKOCTH. Hampumep, COJUTOH T€OMETPUYECKU
MPENICTaBIsIeT CO0OM CHMMETPUYHBIN TopO, BO3BBINICHUE (WM BHAAWHY), U JBHKETCS IO
MIOBEPXHOCTH, HE PACIUIBIBAACh W HE B3aMMOJECHCTBYS CO BCTPEYHBIM COJUTOHOM. Kpome
TOTO, OH MOET BO3HMKHYTh OT MUMIYJIbCHOTO BO3JECUCTBUS U DHEPTHUIO, NEPEAAHHYIO EMY,
MEPEHOCHUTh TI0 TMOBEPXHOCTH >KUAKOCTU [4]. Takum 0o0pa3om, MO CBOMM JTWHAMHYECKUM
CBOICTBaM OH 0o0Jiee MOX0K Ha KBa3UYACTHUILY, YeM Ha BOJIHY B KOHTHHYYyME. COTHTOH MOXKET
CYyIIIECTBOBAaTh TOJHKO B HEJIMHEHHOM cpejie W, KaK BOJHA B HEIMHEWHOW cpene, oOiagacT
0COOBIM CBOWCTBOM: SIBJISIETCS TOYHBIM PEIICHHEM HEIMHEWHOTO YPaBHEHHUS B UYACTHBIX
npou3BOAHBIX. [lo3TOMYy HaxokJeHHE COJUTOHHBIX (M KHOHMJAJIbHBIX) BOJIH, MEJICHHO
JIBIKYIIMXCSI B OKPYXKHOM HAIlPaBJI€HUU IO MOBEPXHOCTH MKUJKOCTH, HAXOJMSIIEHUCS B
UIMHJIPUYECKOM 0aKe, ¢ MOMOIIbI0 HOBOTO MAaT€MaTHYECKOrO S3bIKa, 10 MHEHUIO aBTOPOB
JAHHOTO HCCJICIOBAHMS, MO3BOJHUT OOBSCHUTH HEKOTOPHIE 3aKOHOMEPHOCTH HMMITYJIBCHOTO
BO30Y>KICHHS BOJIH B MOAOOHBIX HEJIMHEHHBIX CUCTEMAaxX C pachpeleEHHBIMU IMapaMeTpaMu.
NMenno mnocnennue Hauboliee YacTO HCIONB3YIOTCS TIPU MOJCIMPOBAHUM TIPOIIECCOB
00bEéMHOTO BUOpOhOpMOBaHUS OETOHHBIX CMECEi 0e3 purpysa.
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eab uccaenoBanusi

Llenp paboThl — CO3MaHME TEOPETUUYECKUX OCHOB Ui MOJCIMPOBAHHUS M aHAIN3a
IIPOCTPAHCTBEHHO-BPEMEHHON  HJBOJIIOLMM  HEJIWHEHHBIX IOBEPXHOCTHBIX BO3MYILECHHUI
YIJIOTHSIEMON OETOHHON CMECH B BEPTUKAJIbHO BHOPHUPYIOLIEM MIMHAPHUYECKOM Oake MpH
€ro ujeaJbHOM BO30YKIECHUH.

N3105keHNe 0CHOBHOI0 MaTEepPHAJIA HCCICAOBAHUSA

beronnas cmech mnpezacTaBisger coOOH CIO0XHYIO MHOTOKOMIIOHEHTHYIO CHUCTEMY,
COCTOSIIIIYI0 W3 3amoiHuTens (mecka W MmeOHs), BSDKYIIET0O ©  BOJABI, a TaKke
HOBOOOPA30BaHMWK, BO3HUKAIOIIMX IIPH BO3ACHCTBUU BSDKYIIETO C BOJMOH M 3€pHAMH
3aMoJIHUTENS, M BOBICUEHHOTO BO3Jyxa. B kECTKMX cMmecax 00BEM BO3ayXa IOCTHraeT
20...25%, a B mmactmuHbIXx cmecax A0 10...15%. BcreacTtBue B3anmMOIECHCTBHSA CHII
MOBEPXHOCTHOTO HATSDKEHUS MEXY KUAKON (ha3oil u yacTuriamu TBEPAOH a3kl 3Ta cucTeMa
NpPUOOpPETaeT CBI3HOCTh U MOXKET PACCMAaTPUBATHCS KaK eAMHOE (U3UUYECKOE TEJIO.

[Ton BO3mEHCTBHEM BHEIIHUX BUOPAIMOHHBIX CHUJ B CMECH BO3HUKAET MEPEMEHHOE
HaNpPsOKEHHO-Ie(OPMUPOBAHHOE COCTOSIHME, TPOMCXOAUT pa3pylleHHe [epBOHAYaIbHBIX
CTPYKTYPHBIX CBsi3ell M OCHaOIsIOTCA CBS3M MEXAYy €€ OTICIbHBIMU 3JIEMEHTaMH,
OCYIIECTBIISIIOTCA KOHEUHbIE IMEpeMEIIeHUs MHHEPAIbHBIX YacTUll ¢ oOpa3zoBaHueM Oolee
IIJIOTHOU YIIAKOBKH.

1. IocranoBka 3amauu. BeIBOI OCHOBHBIX ypaBHeHHMH. I[lyCTh aeKTpojBHUTraTesh
COCIMHEH Yepe3 KPHUBOIIMITHO-IIATYHHBIM MEXaHH3M C KECTKUM IMIIMHAPHUECKUM OakoMm,
YAaCTUYHO 3aIlOJIHCHHBIM BSI3KOM KUAKOCTHIO (OETOHHOM cMmechio). Bpamenue Bana
3JIEKTPOJIBUTATENSI MOXXHO ONMCaTh, 3HAs 3aKOH WM3MEHEeHus yria BpameHus y(t). Korna

IaTyH IOBOpayMBaeTcsi Ha yronl w(t), Oak MoONydaeT MepeMeIlIeHne B TMPOCTPAHCTBE
u(t)=a-cosy(t), roe a—yMHA MIATyHA. MEpEMENIEHHE U(t) UMEET COCTABIISIOIINAE MO OCAM
Ox n Oz abCoMOTHON CUCTEMBI KOOPAMHAT, paBHBIE COOTBETCTBEHHO Uy =asinyqcosy(t) u
U, =acosyqcosy(t), rae yo—MNPOCTPAHCTBEHHBIN Yyroj, KOTOPBIH 00pa3yeT IIOCKOCTb

maThopmbl 0aka M ropu3oHTaIbHas MIOCKocTh YOZ. Ilpu 3TOM cumTaem, 4To OCh Bajia
neurarens mapamwienbHa ocu Oy, T.e. TOPU3OHTANIBHBIE MEepeMelleHus 0aka UMEIOT TOJBKO
COCTaBJIAIONIYIO U,. PaccMaTpuBas 3JeKTpOIBUTATENb OIPAaHUUYEHHON MOIIHOCTH, IOJIaraeMm,
YTO OH HMEET BHYTPEHHHUH [BIXYIIUH MOMEHT @(y) M MOMEHT CHJI CONPOTHUBIICHUS
BpamieHuto Baia H(y)[6,7].

Jlns onmcanus koieOaHui CBOOOIHOM MOBEPXHOCTH OCTOHHOW CMeCH B 0ake BBEIEM
WIMHIPAYECKYIO CUCTEMY KoopAauHaT OXré ¢ Ha4ajloM B TOYKE MEPEeCEeYCHHsI OCH 000JI0UKHI
U HEBO3MYIIEHHONW TOBEPXHOCTH CMECH. Torja ypaBHEHHE CBOOOTHON TOBEPXHOCTH
JKUJIKOCTH X 3aIluiiemM B Buje [4]:

¢=x=¢(r,0,1)=0, 1)

CunraeM BHayajge paccMOTpPEHHs (IS MPOCTOTHI) OCTOHHYIO CMECh HEBS3KOM U
HEC)KUMAEMOM JKUIKOCTBIO C IJIOTHOCTBIO p, 3ANOJHSIOMEH IMIMHAPHYECKYIO O0OI0UKY
pamumyca R m momepeyHOro cedeHust B 1o rayOunsl X =—h. Hampasnenue ocu Oz cumraem
COBIAAIONIUM C HampasieHueM nossgpHoit ocu r npu @ =0. (ITonoOHas reomeTpus 3agaun
UCIonb3yeTcs B padote [4]).

Jlns onucaHus JBMDKEHHUS JKUAKOCTH B Oake BBEIEM B PACCMOTPEHHUE IMOTEHLUAI
CKOPOCTH KUAKOCTH @(X,r,60,t), UIs KOTOpPOro rpaHM4YHas 3ajada coriacHo padoram /[l
Maiinca [9-11], hbopmynupyercs crieayromuM oopa3om:
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V2¢:0(—h<x<§; r,ﬁeB),a—(D <oo;a—¢ :0;a—¢ =0:
or r=0 or r=R OX x=—h

L _VEVp="2 X=¢E.

o Ve Ve=— mpux=¢

3amMeTuM, 4TO ypaBHEHHE (2) M COOTBETCTBYIOIIME T'PAaHUYHBIE YCIOBHSI MOXHO

1 2 o0&
NOJYYUTh U3 TpeOOBaHUs MOCTOSIHCTBA MHTErpana Bl = EI” (V¢) dBdx — ”(gp)k: .Z2.dB
Q z
[0 OTHOLIEHWIO K BapuanusM J¢ (npunuun Jupuxie). 3aecb Q—o00bEM, B KOTOpPOM
HaxoJUTCA OCTOHHAs CMECh, a X —TeKyIas (MOMEHTHas) TOBEPXHOCTh 3TOM CMecH B 00bEMeE

Q.

PaccmoTrpenue BuOpanuii MUJIMHIPUYECKOTO Oaka ¢ OCTOHHOW CMEChIO B JTaHHOU
paboTe TpOBENEHO M HAeadbHOr0 BO30Y:KIEeHHS, T.. OOpaTHBIM BO3ACHCTBHEM
KojeOaHuii OeTOHHOM cMecHu M 0Oaka Ha pPabOTy MOIIMHOTO YCTPOMCTBA BO30OYKICHHS
(BuOparuii) mpereOperaem.

Jlanee 6ynem paccMarpuBaTh Cilydaid, Korja 0ak MOJBEp>KEH TOJBKO BEPTHUKATIbHBIM
nepemMenieHusm [4]:

U, = a, - COS 2, 3)

I7ie ag—aMIUIUTY/Ia BEPTUKAJIBHBIX MEpEeMEIeHIH HMIMHAPUIECKOro 0aka co CMEChlo, a @
aNMpPOKCUMHUPYET COOCTBEHHYIO YAaCTOTY 00BhEMA KU IKOCTH:

o = (g -k-thkh )2, @
q Jo(ﬂoﬂ'j
' R
npu Kk =g /R, o, PpaBHOM TEpBOMY KOPHIO YypaBHEHHUsS J (,u01)=d— =0,
r
r=R
g — yckopeHue cBobOomHOoro maneHusi, Jo(F)— pyHkuus beccenst HyneBoro mopsaka

JICHCTBUTEIILHOTO apryMeHTa T .

[Tepemernienne CBOOOAHON MOBEPXHOCTH KHUIAKOCTH I OCECUMMETPUYHOHN 3ajauu
IPEJCTaBUM B BHJIE pasioxkeHus Pypbe 1o cOOCTBEHHbIM MoJiaM Jg(4onr/R):

. JO[HOnrj
¢= Zén(t)-N—R, Non? =Jg(ton), N=123,.. (5)
n=1 On

BBeném B paccMoTperne 6e3pa3MepHyI0 pacCTPOUKY 4acToT:

oo oo (6)

~

&0, 2820)]_2

14
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3/eCh  WCIIONIB30BAaH  Majbld  TIOJOXKMTENBHBIM  MapaMeTp  &p = w? -ag /N9,
M0Pa3yMEBAIOIMI MaIOCTh aMILTUTYAbI BO30OYKICHHS; ¥ — HOCTOSHHBIA KO3 puumeHT (T.H.

Kod(duimeHT Bo30yxaeHus [4]).
AMIUTATYBI  KOJI€OaHWT CBOOOAHOM TOBEPXHOCTH IKUIKOCTH (OETOHHOM CMECH)
&, (t) oTBICKMBaAEM B BUJE:

&y =6 -3 -[p(r)cosat +q(z)sinwt]+ a2 -k -thkh - [F, (r) cos2at + B, (r)sin2at + Hy (7)), (7)

roe d=2&"%-2; 2 =¥; O1, —cumMBosl KpoHekepa; 7 —memieHHoe 0e3pa3MepHOe BpeMsi:

r=got; p(r), q(r), F,(r), By(r), Hp(7)—MemienHo U3MEHSIOIIHNECS aAMILUTATYbI

KOJIeOaHMIA.

3anucheiBas aMIUIATYAbI &, B BHUE (7), BBIACISAEM PE30OHAHCHYIO IIEPBYIO aMIUIUTYAY

&, KOTOpast ~ IpOHOpLUHOHAJIbHA ,921/ 2,

OCTQJIbHbIE  SIBIISIIOTCS  BEJIMYMHAMH
O(&y). (MenneHnHoe BpeMsi 7 BBEICHO I OTpak€HUs TOro (hakra, 4TO M3MEHEHUS
NMEPEeMEHHBIX ~ PHW (| BBI3BaHBl  HEIWMHEWHBIMH  (DaKTOpamH, BEJIMYMHA  KOTOPBIX
PONOPLUOHATBEHA .921/ 2).

Jlarpanxuan L=T -V, rae T —KuUHETHYECKas, a V —IOTEHLMAIbHAs SHEPrus
paccMaTpuBaeMoOil CUCTEMbI, CTPOMM MO mpoieaype, pazsutoil B [4]. Ilocine ocpenneHus

JarpaHkuaHa 1o OBICTPOMY BpEeMEHM =@t W TOPUMEHEHHS [ HaXOXKJICHHs
Fo(z), Bn(r), Hp(7r)uepe3 pu ¢ BapuanMoOHHOrO NnpuHUHUNA ['aMUIbTOHA YCPEAHEHHBIN 110

OBICTPOMY SIBHO BXOJAIIEMY BPEMEHH W =@t JarpaHkuaH <L> oKa3bIBaeTcs (yHKUMEH

TONbKO P(7)u g(7), a UMEHHO:

(L) = 45,2 -gAZpB-B-(S—S‘q— p-%j%-v-(pz +q2)+%-(|02 —q2)+Ao (p +q2)2}- (8)

[Tapametp A, yUUTHIBAIOIUN HeNMUHEHHBIE 2P PEKTHI 3a1a9l, MOXKET OBITh MOCYUTAH
o meroauke Matinca [9].

[Ipeamnonoxum, YTO NBMXKCHHE TMOBEPXHOCTH BHOpodopMyeMol OETOHHOW cMecH
c1abo MOIYJUPOBAHO B OKPY)KHOM HarmpaBieHHH 6 (IPH 3TOM MacuiTad MOAYJSIMUA PaBEeH
O(l/ 521/ 2k)), u norpedyeM, 4TroObl pu ¢ ObUTM (QYHKIMSIMH MEIJIEHHOTO BpPEMEHH U
«PACTSHYTON» OKPYKHOW KOOPJAHHATHI:

@ = 2(,thkh /2 -ko. (9)

Hcnons3yeM Tenepp HOBBIM BapUALlMOHHBIA IIPUHLUII U 3alMILIEM JIAarPAaH)KHAAH
CUCTEMBI HECKOJIbKO B UHOM (popMe, YUUTHIBAIOIIEH 3aBUCUMOCTH OT OKPY>KHON KOOpMHATHI
6. Kax mnoxazano B paborax [4, 12], xkaHOHMYECKMMH IEpeMEHHbBIMU N0 [‘amMuIbTOHY
SIBJISTFOTCSI BEJIMYMHBI TTOTCHIIMAA ¢ Ha MOBEPXHOCTH O0eTOHHOU cMmecH (korma X = &(r,0,t) ) u
napaMeTpbl MOBEPXHOCTH kuakoctu £(r,6,t). Ilpu stom mnotHocTh yHkimuu Jlarpanxka B

IPOCTpaHCTBE I,0,t umeet Bua [12]:
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S
e B J(V¢)de—%-(ux+g)-§2. (10)

[ToreHman CKOpOCTM ¢ JOIyCKaeT ImpeacraBieHue B Bule psaga Dypse,
ananoruynoe (5). [Tlostomy:
r
%
_— 7 (12)

Olys = ngoan O-—

[Ipumensis nponenypy, NPUBEAEHHYIO B [4], MOKHO MOJIYYUTh MOJIHOE IPEACTABICHNE
jutst marpamknana (F), yCpeaHEHHOTO MO GBICTPOMY SBHO BXOMSIIEMY BPEMEHH = at, B

BUC:

R R e e
(F)=4g,"9A"pB Dl.{(ap)2+(aqj2] +e° o{L,

2 (loo 00
(12)

rae D0=4[A0 +§g—zz-ﬂz-a)l4} D, =th(kh) + khsech?(kh) ; D, :%'koml'#;

L i Iz u Jo(ﬁgl'rJ
koml:E”dB [ (VXo1-VXg1)dx, Xop :sech(%hj-ch{%(mx)]'\l—m,

B -h

Crnenyer mNOTYEPKHYTh, YTO B <F>napaMeTp D;>0, a Dg>O0mnpu raybune
3arnonHeHust Oaka ¢ OeroHHoi cmecbto h>0,2R[10]. IlockonbKy HCXOAHBIE ypaBHEHHS
3amaun (2) cmpaBemnuBbl nuilb mpu h>0,65R, Oydgem cumWTarh, 4YTO B pamMKax JaHHOU
MaTeMaTH4ecKoi Mozenu ¢pusndeckon 3anaun Dy >0u Dy > 0.

Ucnons3ys BapuallMOHHBIA NPUHLIMI W paccMaTpuBas P M ( KaK KAaHOHUYECKUE
NepeMEHHBIE, MOCTPOMM  JJii  JIarpaH)KhaHa ( F > ypaBHEHUS, ONUCHIBAIOLINE

POCTPAHCTBEHHO-BPEMEHHYIO dBOJIIONHMIO P 1  [4]:

—2—2= D, -s@ig+[v—7+ Do-(p? +42)) q
%zDz-s(Z—g+[v+y+Do-(p2+q2)]- p.

(13)

dopMansHO BBeIEM B ypaBHeHHs cucTeMbl (13) mamoe nuHeitHOoe nemridupoBaHue,

. 0 0
npucyiiee OCTOHHOM CMecH, JJsl 4Yero 3aMeHMM omeparop — Ha |—+a | (4To
’ or or

SKBUBAJICHTHO YYETYy CHIBI JeMI(pHUpOBaHUA B OETOHHOW CMeCH, KaK JIUCCHIIATUBHOU
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KUAKOCTH, BUJA 2&pAmqaly). Jlanee, UClonb3yeM HOBYIO KOMILIEKCHYIO IEPEMEHHYIO [4]
coriacHo ¢opmyie:

K=p+i-q, i%=-1 (14)

Torma sBomonnoHHble ypaBHeHHS (13) MO3BONAT TOMYYUTH OJIHO HEJNWHEHHOE
Tu(depeHIaIbHOe YpaBHEHUE B YACTHBIX IPOU3BOHBIX BUA:

2
i-(a—K+aKj+ D, -a—K+(v+ Do‘KzD-K+7K* =0, ¥ =p-ig, (15)
ot 002

* .
T.C. k¥ — BCJIMYMHA, KOMIUICKCHO COIIPSXKCHHAA K.

3aMeTHUM, 4TO BBIIIOJIHSETCS COOTHOIIECHHE [4] 111 JOMMHAHTHOW MOJBI &1, @ UMEHHO:
1) .
H+—-4 = 2321/2 -A-k(0,7)-exp(—iat).
g

Jlaiee mpuCTYyUM K UCCIICIOBAaHUIO U PEIICHUIO MTOTYYEeHHOTO ypaBHEeHUS (15).

2. AHanm3 u pemenne ypasaenuns (15).

2.1. CBobogHoe u 0e3 meMndupoBaHus ABIKEHNE OCTOHHOM CMECH.

Ectm a=0m y=0, Torma OecTOHHas cMechb JBWXKETCA CBOOOAHO U 0e3

nemmdupoBanus. B atom cinydae ypaBHenue (15) OyaeTr mpenactaBisTh coOOi KyOWdeckoe
HenuHeliHoe ypaBHeHue Ilpenunrepa (HVYIL) 6e3 muccumnaruu, KOTOpOE AOMYCKAET MPHU
DoD; >0[13] pemeHust B BHIE COJIMTOHOB. 37ech Mbl Haiiném Bce pemeHuss HYII 6e3

JUCCHUIIAIIMM BUAA:

2
i-a—K+D2-a—K+(v+DO‘KzD-k:O. (16)
or 00?2

[IpencraBum ¢pynkuuio x(r,®) B BUE:
k(7,0) = kg (7,0)-exp(ivr). (17)

Torma ypaBhenue (16) nmns  «(r,0)mepenér B ypaBHeHHe i kq(7,0), KoTOpoe
npeacrasisier coboit HYII 6e3 quccumnanuu B KI1acCCHYE€CKOM BHJIC:

621('0

002
OueBugHO, uTo (18) MOomycKaeT pelieHre B BUJIE IJIOCKON BOJIHBI:

+ D2 + Do‘KOZ"K’O =0. (18)

Ko = by -expfi(dO— A7)}, (19)
rae A=D,-d 2 _ Do -boz, by — BelleCTBEHHAs IIOCTOSIHHASL, UJIN:

(Ko)o = bO -exp%DO 'b02 'T} d=0. (20)
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B ucxomnwsix mnepemeHHbIx ypaBHeHHE (19) cOOTBETCTBYeT MOHOXPOMATHYECKOU
BOJIHE ITOCTOSIHHOM aMILJIUTY bl 521/ 2 -bp ¢ BOJIHOBBIM YHUCIIOM K + ,921/ 2.d, rae k — BOTHOBOIA
BEKTOp JIMHEHHOW BOJIHBI, U YaCTOTOM:

QZCT)(E)-F&'ZUZ'VQ -d +82'D0'b02, (21)

Ille @ —4YacToTa JMHEHHOM BONHBL, a @(K)—3aKOH AMCHEPCHU B JTMHEHHOM NPHOIMKECHUH,

da(k .
g= dl(z ) —I'pYIIIOBast CKOPOCTh PACIPOCTPAHEHNS TUHENHON BOJIHEL.

Takum o0pazom, ypaBHeHHe (21) mpenctaBisieT co00il HETUHEHHOE TUCIIEPCUOHHOE
ypaBHEHHE, BKIIOYAIOINIEe 3aBUCHMOCTh YaCTOTHl @ OT aMIUIMTY/ABI HEJIMHEWHOW BOJHEI by .

Koadpduument Dy B ypaBHenuu (18) ects:

Do (22)

- 2
Aol k0 =0,d=0

[TomoGHBIE pe3ynabTaThl MONy4YeHbI B pabore [14] mpu aHamM3e MPOCTPAHCTBEHHO-
BPEMEHHOH 3BOJIIOLIMM HEJIMHEHHBIX BOJIH B UICATBHONW HECKUMAEMOM >KUAKOCTH METOJ0M
MHOTOMACIITAOHBIX Pa3JI0KEHUH (METOIOM Pa3NIOKEHUS IPOU3BOIHBIX ).

Uccnenyem Bompoc 06 ycroitunBocTH pemenus (20). [Ipeamnonoxum, 4To B cUCTEME
BO30Y)KIAIOTCS Masible TapMOHMKH, BOJHOBBIC YHCIA KOTOPBIX JI&KAaT B OOKOBOW IO

OTHOIIICHUIO K K rmoJsoce, T.€. Kkg UMECT BUA:

xg = (b + K01 (7) -€XPix® + K (7) - exp(—i 1©) )- eXP(iDo by 'T) (23)

[ToacraBnsisi 3TO BBIpaKeHHE B ypaBHeHHE (18) W TpOM3BOAS JIMHEAPU3AIUIO €T0
OTHOCHUTENBHO k(1,K(p , HOTYUUM:

i'agOl +(Do by> -~ Dy '752)"<01+Do bp? K2 =0,
T

o (24)
. K *
"%‘(Do bp” ~ D, -12)"%2 ~ Dy by” - k1 = 0.

* ~ .
(3nech cumBon ( ) Han GyHKIMeH 03HAYAET KOMIUIEKCHO COMPSKEHHYIO BEJIMUHMHY).
Pemenue cucteMsl (24) mponopLuoHanbHo exp(A -7), rie:

D
/TZZDZZ'}(Z'(Z'D—O'bOZ—}[ZJ. (25)
2

CnenoBarenbHo, npu D, Dy >0uMeeT MecTO MpOJOoJbHAs HEYCTOMYMBOCTH I10
OTHOLLIEHHIO K BO3MYLICHUAM C y <./2Dg/D, -by, 4r0o coBmagaer ¢ kpurepueM Jlairxuia

[15]. Ilpu D,-Dy<0 wuMeeT MeCTo HeWTpalbHash YCTOHYMBOCTH MO OTHOIICHHUIO K
MOJTYJISALIUU.
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HeycroitunBocts, Bo3HHKawomas npu D, Dy >0, MoxeT ObITb CTaOMIM3UPOBAHA

JUCIIEPCUOHHBIM  pacIUIbIBAHMEM BOJIHOBOI'O IIAaKETa, YTO HPUBOJUT K BO3MOXKHOCTU
CYLIECTBOBaHMs  CTallUOHApHBIX  BOJH  oruOaromux. Haiiném  coorBercTByrOIIME
CTallMOHapHbIe pemeHus ypaBHeHus (18). Takue pemenus B o01eM ciiyuyae UMEIOT BU:

Ko =a-exp(io), (26)
rne a=2a(l), p=——-C +y({)+a-r, L =O—-w-7, & =const, w=const.

[Toacranss (26) B (18), momyuuM mocie pas3iefieHus ACHCTBUTEILHOWM W MHHMOM
4acTeu:

27)
2. 2 2 (
Dz'a—_az—g _—W— +D0'§3—§ a—l/i =0
le 4D, ¢
W3 mepBoro ypaBHeHUs cucTeMbl (27) clienyeT, u4To:
v _ 2C— . 7() =const+ czdg“_ : (28)
dc a%({) a(¢)
T.€. BTOPOE YPaBHEHHE CUCTEMBI (27) MOXKHO TIEpEnucaTh CICAYIOMNUM 00pa3oMm:
24 2 2
a—_g—a-i- -~ +&-§3—C—=O, c = const. (29)
o D, 4D, ) Dy as
[TepBerit mHTETpan ypaBHeHus (29) nuMmeeTt BHUI:
oa 2 1 w? 2 Do _4 c?
— | ——|a-——|a"+—a +—=E, (30)
64’ D2 4D2 2D2 52
rae E =const ompenensieTcs U3 HaYaJIbHBIX YCIOBUH.
B ciniyuae ¢ =0pemenusimu ypaBHerus (30) sBisroTCs:
npu E <0
EZKO'anKO ﬂ.g;sl (31)
2D,
. 2 2 _wh)
rae an(u;s) —amunrtuyeckas GyHkuus SkoOu ¢ MoayneMm s =2 —— o a— 20 |
0 2
npu E >0
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a=»a -cn{ﬂo /ZDTOZ/S;S} (32)

N2
¢ MOJylIeM S° = — A" Do 5 .
2.(Ag? Dy —@ +w? /4D,

ITpu E =0mnosydyum pemieHue B BUJAC yeAUHEHHON BOJIHBI (COTUTOH):

s=1, ng\/z-(E—WZMDZ), ﬁzﬂo-sech{ﬂo- }ZDTOE} (33)
2

OTmeTHM, YTO pelIeHUs] TAKOr0 TUIIA UMEIOT MECTO TOJIBKO B CIIy4ae HEyCTOMYMBOCTU
MOHOXpOMaTHYeCKoW  BomHBL. B cmywae  c#OypaBHenue (29) moacraHoBKOU

DO W2 0 iT o
a= ‘o — - ‘b IMIPUBOJUTCA K YPABHCHUIO BeHepHJTpacca:
6D22 4D2 2D2
ob \’
—— - 4 . b_3 + . 5 + = O, 34
( 3 Cj 01 g2 (34)

2 \? 2 2 )3 2
1 _ W 2D, -E 24Dy 4 |_ w 2E| _ w
rae gp = la— + , gp=C — o — -——|a—-———o| T.€.

3D22 4D2 DO D02 27D23 4D2 DO 4D2
a=P(Z )+ L. z (35)
191,92 6 4D, ;
rae P(g_ ,01,092) — bynkuus Beliepiitpacca ¢ ”HBapuaHntaMu gy, J».

2.2. CBoOOaHOE NBUXEeHUE OETOHHOM cMECH ¢ IEMIIUDOBAHUEM.
B sToMm ciyuae penieHue 3a/1auu CBOAUTCS K HCCIICTOBAHUIO YPABHECHUS:

2
i-(a—K+azcj+D2-a—K+(v+D0-‘KZD-K=0. (36)
or 002

Beném crnenyromiee onpenenenrne uckomon GyHkuuu «(z,0):
Kk (7,0) = ko(z,0) -exp{(-a +iv) -7} (37)

Torna nns ik (r,®) monydnMm ypaBHeHHe, coBrnagatomee ¢ (18) mist xq(r,0). Takum
00pa3oMm, U B 3TOM CIIy4ae CIeIyeT BBIOIHATh aHAIIN3, UCHTHYHBIN MTpOBeIeHHOMY B 1. 2.1.

2.3. KBa3WCOJIWUTOHHBIC JBUKCHHMS OCTOHHOW CMECH B YCIOBHUIX KOMIICHCALIMHU
JeMIIQUPOBaHUS M HAJIMYMS NPUIPY3a Ha NOBEPXHOCTH NIIMHAPUIECKOro Oaka.

PaccmoTpuMm nanee cuTyanmio, KOTJa Ha TMOBEPXHOCTH HMJIMHAPUYECKOTO Oaka ¢
OCTOHHOW CMECBHIO HAXOIUTCS MPHUTPY3 M BBITOITHIETCS CIEIYIOIIEe YCIOBHE (HAa3BaHHOE B
[4] ychnoBueM — KOMIIGHCAIlMM  JeMIQHUpOBaHUsA, T.6. B  CHUTyallMd,  KOrja
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JTUCCUTIATUBHBIC/ IEMII(UPYIOIINE  CBOWCTBA  OCTOHHOW  CMECH  KOMIICHCHPYIOTCS
BO30YXKICHHEM M3BHE HCTOYHUKOM KojieOaHuii qauina 6aka mo 3akony (3)):

o+ =0 < a’=yp2 (38)

(Cnenyer ormMeTnTh, 4YTO aBTOPHI [4] OmMKMOOYHO NPHHMMAKT 3a YCJIOBHE
KOMIIEHCAUM AeMI(UpPOBaHUs JHIIbL COOTHOIIEHHEe « =y ). YcinoBue (38) sBisercs

€CTeCTBEHHBIM C TOYKH 3pPCHHMsS 3aKOHA COXPAHCHHMsS SHEPTUU U JIETKO BBIOJHUMBIM C
MIOMOIIBIO BEIOOpa aMIUIUTY/IbI BUOpaluii 6aka ag :

2 4, 2
y=22 g2 00 (39)
gé2 g°ep

Torna ypaBuenue (15) cBenércs x ypaBHeHuto (16), meTaibHO UCCIEAOBAHHOMY B II.
2.1.
KBazuconutonnoe pemenue (15) B aTom ciayuyae npuMer cieqyomui Bug [4]:

K(r,0) =Cq % (40)

3nech

1/2
D, [(Dy Vv V.r _
= Co (O@-Vr=0,) Bo=i-|| =2-Cl+v|r+— | OO0 ||,
A (ZDJ 0:(0-Vz-00) 4 Kz ’ er 2Dl( 2 %ﬂ

Co — mocTosiHHash aMIUIMTYyHa; V —TOCTOSIHHAs CKOPOCTb; ©q —HayajdbHas KOOpAMHATA,

W — HayaJbHas (a3a, KOTOPHIE JOKHBI ONPEACIATHCS U3 HAYalIbHBIX YCIIOBHUH 3a/1a4H.

Hexkoropeie ¢usnueckne cpoiictBa pemeHust (40) cBOmATCS K CIACAYIOMIHMM. ITO
peuieHue  OTBEYAaeT  CTAllMOHAPHOM  BOJHE C  MOXAYJIMPOBAHHOM  aMIUIMTYAOH,
pacIpoOCTpaHSIOIEHCS B MEIJIEHHOM BPEMEHM 7 C IOCTOSSHHOW CKOPOCTBIO V, a MMEHHO
pemenue (40) MOXHO paccMaTpuBaTh Kak TapMOHHUYECKUE BOJIHBI €XP Sy ¢ MOIYTUPOBAHHOMN
ammuTynoil Cq/chp,. Pemenue npencraBiaseT coO00i KBa3MCOIUTOH (YEAMHEHHYIO BOJIHY,
BHYTPHU «3aIOJIHEHHYIO» TAPMOHUYECKUMHU BOJIHAMH, JBWKYIIUMUCS CO CKOPOCTBIO Vy, B TO
BpeMsl Kak KOJIOKOJIooOpa3Hasi orubaromias 3TOW BOJHBI — ropO BOJHBI — JBUXKETCS CO
CKOPOCTBIO V).

Ecnu BepHyTbcs K (PU3MUECKH COZAEp)KATEIbHBIM IEPEeMEHHBIM, TOTJA aMIUIUTY/AA
KoJIeOaHUH CBOOOIHOM MOBEPXHOCTH OETOHHOM CMecH MO JOMHHAHTHOW Moje & umeer (¢

1/2

TOYHOCTBIO 10 O(gp™ <)) BUA:

§1=Re[§.co.eXp('H2_Wt)}= 1/2a'C0 -C0SY,
Chﬂl D
h [OJ 'CO '(®—VT—®O

2D,

_ [(Dy . > Vv Vr -
|2 .Cc?+v|r+— ]| O =@y -y |-t |
y{(z o+l (0-—00 o) }

Takum o0pazom, penbed CBOOOIHON MOBEPXHOCTH OSTOHHOW CMECH B MEPEMEHHBIX t
u 0 cornacHo (7) uMeeT BUA:

(41)
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§z§ ) Jo(kr) _ ECO\Jo(kr) -COSﬁ
' No RN I
NOl'Ch (O] 'Co'ﬁ'(a—eo—vlt
2Dy T (42)
Vak?
f=—r(0-Vot—6y—yp)
2D, -TY/?
3nech, B (42), umeeM:
2D, TY2 | o+ ﬁ_LCOZ_ .azkz
Vi 4Dy 2 4T 2 _ T2
e 2 e =3z % (43)
Tl2
wo=——Wwo: T =th(kh).

TeM caMbIM KBa3MCOJIUTOH TMPEJCTaBIsCT COOOW IIMHHOBOJIHOBBIE, Oerymue B
OKPY)KHOM HalpaBJICHUM @ BOJIHBI COSE, MX CKOpPOCTh paBHAa Vp,a JJMHA BOJHBI

~ o)1
27r-(2D1T1/ 2)- (\/akz) . OTH BOJIHBI UMEIOT MOIYJIUPOBAHHBIE KBA3UCOJIUTOHOM aAMILJIUTY bl

1/2
ac,- Jok0) cech (&J .Co

ak?

TlT (60—vit—6y)}. Topb KBa3MCOMMTOHA JBUKETCS

BUIA

C IOCTOSIHHOM CKOpPOCTBIO Vi <<V,. ClenyeT OTMETHTb, YTO CKOPOCTb KBa3HCOJIMTOHA HE
3aBUCUT OT €ro aMmIuiuTyasl Cp, B TO BpeMs KaK CKOPOCTb JBM)KEHHUS BOJH Vo COJEPKHT
COCTaBJIAIOLIYIO, 3aBUCAILYI0 OT Cy. OTHOCHUTENBHO HAyaJIbHBIX YCIOBHH 3aJaull MOYKHO
OTMETUTH cieaytomiee. KBa3uCONMUTOHBI, KaK U COJIUTOHBI, TEM U OTJIMYAIOTCS OT OOBIYHBIX
BOJIH, YTO CIIOCOOHBI HecTH (M HEeCyT B cCilydae UX BO30YXXACHHS) CTYCTKM 3HEPruH,
MepeTaHHON CHCTeME B HadaJIbHBIA MOMEHT BpeMeHH. OCOOEHHO yIauyHBIM SIBIISCTCS
UCIIOJIb30BaHNE KBA3WMCOJIUTOHOB/COJIUTOHOB TPU HUMITYJIbCHBIX BO3JICUCTBUSAX HA CHUCTEMY.
YtoOel B BHOpodopMyeMOil OETOHHON CMECH 3apOJWiICs KBAa3WCOJUTOH, HEOOXOIMMO B
KakoM-TH0O0 OJTHOM C€4eHHU 6 =@yco3aaTh nedopMaluio MOBEPXHOCTH cMmecu &(r,6,t),

aé:l(ov 90) =u
00

co3laTh MyTEM TOTPYXKEHHs WIM TOAHITUS mpurpysa (c paguaibHO peOpHcTOit
MIOBEPXHOCTHIO KOHTAaKTa C MXHJIKOCTbIO) B OETOHHOW CMECH. DTOT MHCTPYMEHT 4YacTo

gro0er & (0,6;) = Uy, %zuz; Takue HavalbHBIC YCIOBHS MOXHO

UCTIONB3YEeTCSl TP 0OBEMHOM/TIOBEPXHOCTHOM  BHOpOodOpMOBaHWUM  OCTOHHBIX (M
cTpouTenbHbIX) cMmeceil. Ilycte 6 =0um & (0,0) =uy; %zuz; %zug Toraa

V onpenensiercs: (Hanmpumep, MetogoM Deppapu) U3 anreOpandecKoro ypaBHEHHs YETBEPTOU
CTCIICHHU BUA.

vi=0 (44)

4 2 on. T1/2)? =2, 2 = 2
V__&.Vz.(u_lj Do [u3-2D, T2 o) A%k +wvz+u_z.Lm.
4Dl 2 us 2D1T

Ammuintyna CyIpy U3BECTHOM V' HaXOAMTCS U3 COOTHOLICHHUS:
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2 127
Co :(“TlJ NE - auay (45)
a Vak
U, HaKOHell, a3a y — U3 YCIOBHUSL:
1/2
wo = %-arccos(f—l} (46)
Vak aCy

Taxkum o0pa3om, Ha cBOOOAHON MOBEPXHOCTH 0ETOHHOH CMecH, coAep KaLlelcs: B
HWIHHAPUYECKOM 0OaKe, NPU BePTHUKAJbHBIX ero BuUOpauusx (T.H. 00bEMHOe
BHOpPO(OPMOBaHHME) MOKHO € NMOMOIIBI0 NMPHUIPYy3a crnenuaabHOi Gopmbl (paguaabHO
peOpucToii) BO30yAUThL KBAa3HCOJUTOHHBIN CryCTOK BOJIH. YCJOBHEM CYIIECTBOBAHUS
TAKOI'0 PellieHHs SIBJISAETCS YCJI0BHEe KOMIIeHcannu Aemnduposanus (38).

Crnenyer 0co00 OCTaHOBUTHCSI HA BBIIOJIHEHUHU YCJIOBUI NEPUOJUYHOCTH B Cllydae
BO30Y)KJICHHsI KBa3UCOJIUTOHA. B MMITyBbCHBIX 3a/1a4ax OOBIYHO MCCIIE0BATENCH HHTEpECyeT
JUHAMHKa HA4aJbHOIO BO3MYIICHHS IIEPEMEHHBIX, T.€. WCTOPHsS» IIpoLecca, a TaKKe
IIPOCTPAHCTBEHHO-BPEMEHHAsI HBOJIIOLMS HayalbHOrO BO3MylleHMs. [losToMy 3HaueHUs
OKPYKHOM KOOpJIMHATHI O, paBHBIE, K TpuMepy, 0 WK 27 , HE ABIISIIOTCS TOXKIECTBEHHBIMU,
Tak Kak 6 =0 COOTBETCTBYET Haualy mpoluecca, a & =27 —COCTOSIHUIO, KOT/1a BO3MYILEHUE
OpOMAET MONHBIA KPYr MO MOBEPXHOCTH. TakuM o00pa3oM, 4YTOOBI MOJIYYHUTH OIMCAHHE

(v * *
penbeda CBOOOIHONW MOBEPXHOCTM B KaKOM-TMOO ceueHuu muuHApa 6 (0<6 <27)B
MOMEHT BpEeMEHHM t,cHauaja HEOOXOOUMO Al CKOpPOCTeH ViH Vo, HAWTH 4ucia

vqt o Vot
N =| -+ (rme [ ] — CHUMBOJI 1I€JIONM YaCTHU YUCIIA, «aHThE OT YHCIIa»), U Ny = ~2°| | Barem
7 2x 0 2702
0 0

T

ypaBHEHUE KoJieOaHWK CBOOOMHONW TMOBEPXHOCTH OCTOHHOW CMECH IO JOMHMHAHTHOM MOJIe
3aIIUChIBACTCA B BUJIC:

32
5C0Jo(kr)-cos L(H +n2'27Z—V2t—90—l/10)
2D, T2
<= Jolkr) _ 1 47
SrG1 = (47)
NO]_ h DO 1/2 é‘ 2 (* )
Nop-che| —— Co-—75-@0 +ny- 27 —vit -6,
01 2D, 0 T1/2 1 1 0

Taxoe npeacraB/ieHNe KBAa3MCOJMTOHHOIO PelIeHHs] BO3MOKHO BCJIeACTBHE TOTO,
YTO KBA3MCOJMTOHBI 00/121aI0T CBOMCTBOM cCOXpaHeHUs (GopMbl Jake B ciiyyae BCTpeun
¢ AHAJOTMYHBIM 10 BHAY BO3MYIIEHHEM CBOOOJHOI MOBepXHOCTH (0eTOHHOH cMmecH)
(r.e. Beayr ce0si KakK KBa3sH4yacTUNbl WJIM Aa0COJIOTHO YHpPyrue [IAPHUKH,
BOCCTAHABJIMBAKOIIME BCe CBOM KHHEMaTHYeCKHe  XapPAKTePUCTHKH  MOcje
CTOJIKHOBEHHSI ¢ cede MoA00HbIMH KBa3uyacTuamu) [13].

BriBoabI
1.  OOocHOBaH METOJl MOJICTHPOBAHUS M aHATN3a IPOCTPAHCTBEHHO-BPEMEHHON IBOJIIOIINH
HEJTMHEHWHBIX TOBEPXHOCTHBIX BO3MYIICHUW YIUIOTHAEMOW OETOHHOW CMeCH B
BEPTUKAIHHO BHOPHPYIOIIEM LUIMHAPUYECKOM Oake TpH €ro  HJICaTbHOM
BO30OYXICHHUH.
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10.

B pamkax mpeuioKeHHOro MeToJa M MPHUHATHIX JONYLIEHUH MOJIy4eHO CTaHAapTHOE
HEJIMHEIHOE SBOJIIOLIMOHHOE ypaBHEHHE B YACTHBIX NPOHM3BOJIHBIX, MO3BOJISIOIIEE
OCYILIECTBIIATh JETANbHBIM aHaATN3 BO3HUKAIOUIUX HEJIMHEHHBIX BOJIHOOOPAa30BaHUM B
paccMaTpuBaeMoil cucteme. B OONBIIMHCTBE ClIy4aeB 3TUM YPaBHEHUEM SIBISETCS
HeJuHeHoe ypaBHeHue [lIpeaunrepa ¢ guccumnanuen.

IIpoBencH BCECTOPOHHUN aHAIU3 IOJYYEHHBIX AHAIMTUYECKUX PEIICHUM YKa3aHHOI'O
ypaBHEHHUS [JIsl CIIydaeB: a) CBOOOJHOTO 0Oe3 nemMndupOBaHUS JBHKCHHUsS OCTOHHOM
cmecu; 0) CBOOOAHOTrO JBIDKEHUS OCTOHHOM cmecH ¢ JeMn@upoBaHUEM; B)
KBa3UCOJIMTOHHOTO  JIBUKEHHUS OCETOHHOW CMeCH B  YCIOBHSX KOMIIEHCALUU
neMrpUPOBaHUs U HATWYHS PUTPY3a HA MOBEPXHOCTH HUIUHAPUIECKOTO OaKa.
Haiinennple aHaIMTHYECKUE PEIICHUS HEIMHEHHOTO HBOJIIOIMOHHOIO YpaBHEHUS
MEePUOINYECKOr0 THMa (T.H. KHOWJAIBHBIC BOJIHBI) OMHCHIBAIOTCS JIUTUITHYECKUMU
byakumsivu - Axkobu wnm  GyHkiusmu  BeliepmTpacca. KBa3uconuToHHBIE perIeHUs
COJIep>KaT B 3HAMEHATEJIe TUIMTHYHYIO (DYHKIIMIO NIl COMUTOHHBIX (YeIUHEHHBIX) BOJH —
rUNepOOTNUYECKHII KOCUHYC, T.€. TPOMOPLUHUOHAIbHBI TUIIEPOOINYECKOMY CEKAHCY.
[Ipumenenne mnpurpy3a croeuuanbHoil (opmel (paauanbHO  peOpHCTOil) TpHU
BHOPOGOPMOBAHUH U3JIEINI U3 OETOHHOW CMECH TMO3BOJISIET BO3OYIAUTH KBA3HCOJIUTOH
Ha MMOBEPXHOCTH YIUIOTHSIEMOM KHMJIKOCTH/CMECH U YETKO OIPEENIUTh Bce (PU3UUECKUe
KOHCTaHTHI (aMIUTHTYy, CKOPOCTh, HadyalibHYI0 a3y KosnebaHwuii), purypupyronme B
pelICHUH  SBOJIIOLIMOHHOTO  ypPaBHEHUS, BO3HUKAIOMIUX  KBa3WCOJIUTOHHBIX
BOJTHOOOPa30BaHUM.

Pe3ynbTaThl JAaHHOTO HCCIENOBAHUS MOTYT OBITh B JATbHEHUINIEM HCIOJIB30BaHbI IS
YTOYHEHHUS] U COBEPIICHCTBOBAHUS CYIIECTBYIOLIMX HH)XCHEPHBIX METOJIOB pacuéra
SHEPTOCUJIOBBIX ~ XapPAKTEPUCTUK BHOPOMAIIMH JUIsl  YIUIOTHEHHS OETOHHBIX U
CTPOMTENbHBIX CMecel KaK Ha CTausAX WX MPOEKTHPOBAHUS/KOHCTPYUPOBAHMUS, TaK U B
peKHUMax pearbHOU IKCIUTYaTaIlHH.
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