ISSN 1991-3494 Me 3. 2015

BULLETIN OF NATIONAL ACADEMY OF SCIENCES
OF THE REPUBLIC OF KAZAKHSTAN

ISSN 1991-3494
Volume 3, Number 355 (2015), 67 —77

MECHANICS OF FORMING ASTHENOSPHERE DIAPIRISM
WITH PHASE CHANGES

A. A. Baymukhametov, N. I. Martynov, A. G. Tanirbergenov

Institute of mechanics and engineering science named after U. A. Dzholdasbekov of the MES RK,
Almaty, Kazakhstan.
E-mail: dgpimmash@mail.ru

Key words: asthenosphere, diapir, crust, effective viscosity.

Abstract. Mathematical and numerical models of process of formation of an astenosphere diapirizm taking into
account phase changes are developed and proved. The carried-out computer modeling allowed to estimating key
parameters, regularities and features of process of formation of the astenosphere diapirizm. Bott's theory is
quantitatively confirmed.

The development of gravitational instability on the border of the crust and the asthenosphere leads to growth
and redistribution of stresses in the environment. The area above the diapir tensile stress, and on its sides - com-
pression.

In this model the upper boundary of the Earth's crust is accepted absolutely rigid. If you refuse to do so, and to
consider the upper boundary of a free surface, it is easy to see that by the formation of the asthenosphere diaper, with
a density less than the density of the Earth's crust at the bottom of the Earth's crust will act upward positive
buoyancy. As a result, the crust will rise, the earth to swell, and the newly formed as a result of the destruction of
blocks - to fall.
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MEXAHUKA ®OPMUPOBAHUA ACTEHOC®EPHOI'O
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AnHoTanus. Pazpabotansl 1 000CHOBaHBI MaTeMaTHUYECKasi U YUCIICHHAs MOJIENH Tpolecca HOpMHUPOBAHHS
acteHoc(hepHOTro Tuanupu3Ma ¢ yaeToM (Ha3oBbIX Mepexo10B. [IpoBeeHHOe KOMIIBIOTEPHOE MOICITMPOBAHKE TTO3BO-
JIUJIO OLIEHUTHh OCHOBHBIE MAPaMETPhl, 3aKOHOMEPHOCTH U OCOOCHHOCTH Tporiecca GopMHUPOBaHUS aCTEHOCHEPHOTO
nuanupusma. KonnmuectBeHHO nojiTBep kaeHa Teopus borra.

Beenenue. Cpeau pasinuHbiX 33ja4 Ieopu3nku 0co00e MECTO 3aHMMAET 3a/adya acTEeHOC(HEPHOro
IuanupusMa B BepxHeld MmaHTui. OHa OpraHUYecKH CBs3aHa C MPo0JIeMaMu BBIHOCA TeIlia ¢ TITyOWHHBIX
HeAp 3eMITd, pacipe/Ie/IeHUEM MOJIE3HBIX HCKOIIAEMBIX B 3€MHOM KOPE, BYJIKAHUUECKOHN JESITEIbHOCTHIO 1
3eMJICTPSCEHUSIMH, 00pa3oBaHMEM PUGTOBBIX 30H, IBMIKEHHEM KOHTUHEHTOB, TEKTOHMKOW IUIMT U C
MHOTUMU JIpyruMu npodnemamu [1-3]. OtmeTm, 4ro moapoOHas Oubnuorpadus mo acreHochepHOMy
IUANpU3My B BEpXHEH MaHTHM 3eMild W TPOOJIeMHBbIE BONPOCH B STOW OOJACTH TNPUBEACHHI B
MoHorpadwuu [5].
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Baxneiiieli 4epTodi reoU3UKH, HCIONB3YIONICH (U3MUSCKUE W MEXaHMYSCKUE METONbI IS
M3y4eHUs 3eMJIH, SIBIIICTCS TO, 4YTO IO HEOOXOAUMOCTH OOJIBIIOW 00beM paboT MPHUXOIUTCS Ha
TEOpEeTUIeCKHe METOJIBI, TaK KaK MPOHWKHOBEHWE B Helpa 3eMid 3arpyaHuTensHo. [losromy, Hapsay c
TCOJIOTHYECKUMHU M TeO(MU3MYSCKUMHU METOJaMHU HCCIICIOBaHMs 3eMIIM, BOKHYH POJIb MIPAIOT jabopa-
TOPHOE M MaTeMaTHYecKoe MojenupoBanue. ClieyeT OTMETUTh, YTO J1a00paTOPHOE MOJEIMPOBAHUC HE
obecrieynBaeT JOCTATOYHOTO TTOMOOWS peaThbHBIX TEKTOHHYECKUX MPOIeccoB [S].

UrcneHHOE MOJEIHPOBAHNE, OCHOBAHHOE Ha 0a30BBIX yPaBHEHHSX MEXAHHWKH CILTOITHOW Cpenbl, B
OTJIMYME OT JIA0OPATOPHOTO MOJICIIMPOBAHUS, TO3BOJSET JaTh Pa3BEPHYTYIO BO BPEMCHHM KOJIUYECT-
BEHHYIO KapTHHY HaNpsHKEHHO-Ie()OpPMHPYEMOTO COCTOSIHHS CpeAbl, OMHCATh CIEHApUH DPa3sBUTHI U
BBISIBUTH OCHOBHBIE 3aKOHOMEPHOCTH M OCOOEHHOCTH MaHTHUIHOTO AWANTAPH3MA.

[Ipu YuciieHHOM MOJACTUPOBAHMU ACTECHOC(EPHOTO IUANUpPU3Ma B BEPXHEH MaHTUU OOBIYHO
WCIIONB3YIOT JBE, HamOojee NpU3HAHHBIC B HacTosilee Bpems, (usmueckue mozaenu [4, 6-8]. B
yrpolneHHoi Monenu | peoyorus BepxHeld MaHTHW W JUTOC(EPHI C JOCTATOYHON CTENEeHBI) TOYHOCTHU
ANMPOKCUMHUPYETCS HBIOTOHOBCKOHM BS3KOH HEC)KUMAEMOH JKHIKOCTBIO, C TUIOTHOCTHIO M BSI3KOCTBIO,
3aBHUCAIIUX OT TeMieparypsl. B oOrieir Mojenu |, kpoMe TOro, BSA3KOCTh 3aBUCHT €Ille OT TMIPOCTATH-
geckoro maBieHus. [lpum »ToM TermIomoriomieHreM 3a cdeT (Pa3oBEIX NEPeXOoJO0B B acTeHocdepe
MPEeHeOPETaroT 0 CPAaBHEHHIO C TEIUTIOBBIM ITOTOKOM, HIYIINM C HWKHHX CJI0eB acTeHochepsl. B Moxenn
Il HemOCPEeNCTBEHHO YYUTHIBAIOTCS (Pa30BbIC MEPEXObl, OCHOBAHHBIC HA IKCICPUMEHTAILHOW KPHBOMH
IJIABJICHUS B BEPXHEH MaHTUH. 3eMHas KOpa M acTeHocdepa Ha OOJBIINX OTPE3KaX BPEMEHH aIlpOK-
CUMUPYIOTCSI HBIOTOHOBCKOHM BSI3KOM HEC)KMMAEMOM >KUIKOCTBIO C IUIOTHOCTBIO, 3aBUCSLICH OT TEM-
MepaTyphl U JA0JIM MOAIIIABICHHON (ha3bl.

B pabGorax [6-16] mpoBOAMSIOCH KOMITBIOTEPHOE MOCIUPOBAHUE KOHBEKTHBHON HEYCTOWYHBOCTH,
SIBIISTIONIENCS TPUYMHON acTeHocepHOro Amanupu3Ma. PacdeTsl MpOBOTMIACH METOAOM KOHEYHBIX
pasHOCTeH, TMOO0 METOJOM KOHEUHBIX HIIEMEHTOB C IEPECTPOUKON PacUeTHON CETKH, JINOO C IMOMOIIHIO
pacnapasienuBanus BeruncieHuil. B [8, 14, 15] yurens! ¢a3oBbie nepexo/ibl, YIUTHIBAIOIINE [IJIaBJICHNE
BelIeCTBa acTeHOC(ephl, YTO MPUBOIUT K €€ pa3yIUIOTHEHHI0. B pesyibTare MpoBENEeHHBIX PacyeToB
ObLTa TIPOCIIeXKEeHa THHAMUKA U3MEHEHUS TI0JIe CKOPOCTEeH, JaBJIeHUs, TEMIIEPATyp U TEIJIOBOTO IMOTOKA
OT HaYaJIbHOW CTaJMU JI0 Pa3BUTON CTaJWU acTeHOC(epHOro nuamnupusmMa. [lokazaHo, 4TO B pe3ysibTaTe
o0pa3oBaHUs BBICOKOTEMIIEPATYPHOTO JUanupa B acTeHoc(hepe BO3HUKAIOT M PAcTyT CO BpPEMEHEM
pacTsIrHBaroIe HalPsDKEHUs B TUToc(hepe, U IPOUCXOIUT HEOOJIBIIIOE YTOHEHHE TUTOC(HEPHI.

OrmeTuM, 4TO MpobiieMa acTeHOC(HEPHOro TUANMpU3Ma, OPraHMYECKU CBS3aHHAS C JIPYTHMMH, HE
MEHee BaKHBIMHM IIPOOJIeMaMu Te0(pU3UKH, ajieKa OT CBoero 3aBepiieHus [4]. He oOcyxmas 10CcTOMHCTBA
W HEJAOCTAaTKH YHCICHHBIX METOJIOB, MPHMEHSEMBIX B JTOH 001acTH, OTMETHM, YTO YHCICHHBIE
WCCIIEIOBAHUS HEMHOTOYHCIICHHBI (OCOOEHHO TPEXMEpPHBIX TEYEeHWI), M CYIIECTBYIOT OIpeIeTICHHBIE
TPYIHOCTH B ONMCAHUH TPAHUIIBI pa3jiesia Cpe/l.

Bnuskue no cBoeilt mpupoie K 3aauam 00 acTeHOc(HEpHOM THATTUPU3ME SIBJISIOTCS 3a/1a4d COJITHOIO
muanrpusMa. B Kazaxcrane MHOrHWe 3ajadd COJSHOKYIOJBHOW TEKTOHWKH IOCTABIIEHBI aKaJIEeMHKOM
XK. C. EpxaHOBBIM U peIlIeHbl €r0 YYCeHHKaMH. Bbiau pa3pa0oTaHbl 1 00OCHOBAaHBI HECKOJBKO KOHCEP-
BAaTHBHO-PA3HOCTHBIX METOJOB C WCIOJIh30BAHHEM MOHOTOHHBIX PA3HOCTHBIX CXEM W HTEPAIMOHHBIX
MPOIIECCOB, 0A3UPYIOMIUXCSI HA CXEME PACHISTUICHUS (PU3NIECKUX MPOIECCOB, TIO3BOISIFOIINX KOPPEKTHO
MPOCIICKUBATH SBOJIOIHIO TOBEPXHOCTH Pa3/ielia CJI0EB BILIOTH 10 00pa30BaHus COMSHBIX JMH3 [17-19].

Ha pa3paboTky 3THX METO/I0B OrpoMHOe BiusiHUe okasan akagemuk L. C. Cmarynos. B pa6ore [19]
MOJBE/ICH UTOT 3TUX MHOTOJIETHUX UccienoBanuil. Pabotsl [20-22] nmocsiieHb! GOPpMUPOBAHUIO CONISTHBIX
JMAAPOB B TEMIIEPATYpPHOM Toje. B HHUX TOKa3aHO, YTO MEIIKOMAacIiTaOHas KOHBEKIUS B BEPXHUX
TOPU30HTaX 3€MHOW KOpBHI OKa3hIBAET CYIIECTBEHHOC BIMSHHE Ha pacmupeseicHue U (HOopMUpOBaHHE
COJITHBIX NTHAIMUPOB M, KPOME TOTO, OOJacTH HE(PTETra3oBBIX JOBYIICK MPHYPOUEHBI K 0OJIaCTsIM
MOBBIIICHHBIX TEPMUYECKUX TPAJUECHTOB.

B pabotax aBropoB [22, 23] npoBeACHO YUCICHHOE UCCIICI0OBAHKE aCTeHOC(EPHOro TUanupru3Ma Ha
OCHOBE YIIPOIICHHOH U Oojiee obiielt Momenu I ¢ momoiisio MeToaa, paspadoranHoro B [20]. OreHeHbI
OCHOBHBIC MTapaMeTpPbl, 3aKOHOMEPHOCTH B OCOOSHHOCTH TpoIiecca, AaeTcs Gu3ndecku Ooyiee KOppeKTHas
WHTEpIIpeTanus TeopU3NICCKIX JTaHHBIX.

B mnacrosmelr paboTe mMpoBenEeHO UYHCIEHHOE MOJEIMPOBAaHWE acCTEHOC(HEPHOro AMANMpH3Ma Ha
ocHOBe Mojenu Il ¢ HemocpeJACTBEHHBIM y4eToM (a3oBbIX mepexofoB. OOCYyXmalTcs pe3ybTaThl
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pacueroB. [IpenBapuTenbHO MPOBEACHBI COOTBETCTBYIONIUE MOAM(HUKAIIMKA YHCICHHOTO MeToaa [20] as
pacdera nofo0HBIX TeUeHUH. [[J1si MPOCTOTHI aBTOPHI OTPaHUYNIIHCH ABYMEPHBIM CITydacM.

duznyeckasi U MaTemMaTuyeckue Mojaeau. Ha Ooipmmmx oTpe3kax BpeMEeHH (COTHH ThICSY,
MUJUTMOHBI JIET) 3€MHYIO KOPY, aCTCHOC(Epy MOMXKHO CUHTATh BA3KUMH HECKHMMACMBIMH JKUIKOCTSIMHU.
JTO clieyeT W3 NaHHBIX 00 M30CTATHYCCKOM IOIHATUW IMOBEPXHOCTH 3€MJIM TOCIC CHATHS JIeAOBOM
HArpy3KH, OSKCICPUMEHTAILHBIX JaHHBIX HCCICIOBAHUS TON3YyYeCTH TOPHBIX IOPOJ[ NMPH BBICOKHX
TeMIlepaTypax H JaBJICHHSX, a TAK)KE U3 TEOPETUUCCKUX UccienoBanuii [1-4].

Y4ureM 4acTUYHOE TUIABJICHHE BEIIECTBA acTEHOC(HEPHI, KOTOPOE MPUBOIUT K €€ Pa3yIIOTHEHHUIO U,
KaK CJIEJICTBUE K I'PAaBUTAIMOHHON HEYyCTOWYHMBOCTH, Korja Ooliee TsbKenmas acTeHocdepa MOKOUTCS Ha
0ojiee JETKWX pACIUIABIEHHBIX CIIOSAX acTeHocepsl. B kadecTBe ¢GyHKIMH, yUUTHIBaromei ¢(a3oBbrit
nepexoJi, BEIOMpaeTcsi MaccoBasi DOJIs OMIUIaBIeHHON Ga3bl ¢ [8] Tak, uto @ =1 mns acrenocdepsl, u

@ =0 anst nutochepsr.
Cucrema ypaBHEHH, ONKUCHIBAIOIIASA ABMKCHUS BSI3KOH HEC)KMMAEMOU JKUJIKOCTH B MPSIMOYTOJIbHOM

obmactu ) B 1OJIE CUJIBI TSUKECTHU M TIEpeHOC Tema (B cucteMe koopaunat O X, X, , ock O X, HanpapyieHa

2 9
BEPTUKAJILHO BBEPX), UMEET CIeayrommmii Bua [ 24, 25]:

ypaBHEHUS COXpaHeHUs nMIynbca (ypaBHeHussMH HaBre-Crokca):

— VL =——+—E_pg5, ,
P ot P k@XK x ox, P99, 1)
ypaBHEHHE HE CKUMAEMOCTH:
oV,
& =0 @
OX,,
peosioruueckuii 3akoH HerotoHa:
O, =2UE;, E —1 %+%
VT ST X oy ) @

YpaBHEHHE COXPaHEHUs SHEPTUH (ypaBHEHHUE TEILIONPOBOJHOCTH):

opC,T opC. T\ o[, oT . .
+V P |=—|k=—|+0,& +pQ(i,k=12 4
ot k ox, x| ox, ik€ik pQ( ) 4)

ypaBHEHHE COCTOSIHUSA AJIS TUIOTHOCTH [2]:

p=pl-a(l-T.)-), (5)
YpaBHEHHUE NEPEHOCA TEMIIEPATYPHO-HEBO3MYIIIEHHOM MJIOTHOCTH
op. O
+—(pV, )=0,
a o (o) (6)

3)1605 II0 HEMBIM HHACKCAM IIPOM3BOJUTCA CYMMHPOBAHHEC, O;

ik — ACBHATOP TCH30pa HaHpH)KGHHﬁ,

Ejx — TeHsop ckopocreii pepopmaunu, 5, — cumBon Kponekkepa , p — gaBienue, V, — KOMIOHCHTHI
CKOpOCTH, § — yCKOpEHHUE CHJIbI TSDKECTH, 0 — IUIOTHOCTb, O, — TeMIIEpPaTypHO-HEBO3MYILEHHAs I1JI0T-
HOCTb (  IUIOTHOCTh 3aBHCALIAs OT COCTaBa BewlecTsa). T — abcomorHas Temneparypa, C, — ynenbHas
TEIJIOEMKOCTh MPU MOCTOSHHOM JIaBjieHuH, K — K03 (HUIUMEHT TEMIONPOBOAHOCTH, & — KOd(pduImeHT

TEIUIOBOTO PACUIMPEHHs, M=V — JAHAMHYECKAs BS3KOCTb, V¥ ~ KHHEMarudeckas BSI3KOCTb, ¢ —
MaccoBasi JIoJsl TOJIUIaBIeHHOW (a3l (¢ —M3BecTHask HenpepbiBHAS (QYHKIHS, Tak 4TO B acTeHochepe
@ =1, B mutocdepe ¢ = 0, a B mepexoanoii odnactu ¢ usmenserca or 1 10 0), ¥ — CKOpocTs HapacTaHUs

¢dazoBoro mepexoga, Q — ynenmpHas MOIMHOCTh JPYyrux ( HE CBSA3AHHBIX C BI3KOCTHIO) BHYTPEHHHUX
69
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HMCTOYHUKOB TeIUIa. B TaHHOW MO/IE/IN HEe YUYUTHIBAIOTCS PaIMOTeHHBIC HCTOYHUKY TeIIa B tutocdepe U B
acTeHocdepe.

Otmetum, 49TO (a30BBIi MEPEXO] MPOUCXOTUT OBICTPO OTHOCHTEIBHO XapaKTEPHOIO BPEMECHH
pasBuTHsA HeycToiumBocTH. Torma ¢ ecTh (GyHKIMS Temreparypsl W aaBieHus. OHa HEMPEePHIBHBIM
00pa3oM MpHOIMKAET CKAYOK Yepe3 KPUBYIO IUIABJICHHUS U MOXKET OBITh BRIOpaHa, Hanpumep, B Buae [8]:

o(pT) :0,5+iarctg(g(T —Tqb(p))fl), )

rae Tgb (p) — HU3BECTHOC YPABHCHHC KpHBOﬁ IJIaBJICHUSA, a € ONPCACIIACT CKOPOCTh NU3MCHCHU A (1)3301301"0

cocTaBa (HaXxOTUTCS U3 SKCIEPUMEHTAIRHOTO Tpaduka riaBieHus [26]). s cymecTBoBaHUS YaCTHIHO
PaCIUIaBICHHOTO CJI0sl HEOOXOMMO, YTOOBI Fe0TepMa NIepeceKanach C KPUBOW TUIABICHHUS.
VY aensHas MonHOCTH Q BEIOMpaeTcs B Buje [8, 26]:

__ple
Q_ H dt ’ (8)

riae H — ckpeitas Temiora IUIaBICHMs, a 3HAK MUHYC yKa3bIBaeT Ha TO, YTO INPH IUIABJICHUHM TEILIOTa
TOTJIOIIAETC.

OTMeTuM, 4TO mapaMeTpsl k,Cp,a XapaKTEPU3yIOT CBOHCTBA CAMOM JKMJIKOCTH M IIO3TOMY

MEPEHOCATCS €€ YaCTUIIAMHU B MIPOLIECCE €€ ABMKEHHUSI TOYHO TaK )K€, KaK TeMIIEpaTypHO-HEBO3MYIIEHHAS
IVIOTHOCTh. 1103TOMY OHHM YIOBJIETBOPSIO YPaBHEHHUIO MEPEHOCA, aHAIOTHYHOMY ypaBHEHHIO (6). OTH
napamMeTpbl MOTYT CIIOXHBIM 00pa3oM 3aBuceth oT 7, p, ¢. Kak mokaseiBatoT uccienoBanus [27, 28], c
JNOCTaTOYHON /11 TeOQHU3MYECKHX PAacdyeTOB TOYHOCTBIO ISl BEpXHEH MaHTUM M JUTOC(EpHl ITH
napamMeTpsl MOKHO MOJIOKHUTH ITIOCTOSTHHBIMH.

Takum ob6paszom, dusuueckas mozxenb |l onucwiBaercst cucremoit ypaBHenuii (1) — (8), k KOTOpbIM
N00aBIIAIOTCA COOTBETCTBYIOIIME HAYAIbHBIC U KPAaeBbIEe YCIIOBHUSI.

B npampmeiimem obnacte 2 paccMarpwBaeTcs B BHIE NPSIMOYTOJbHHKA C BbICOTOH 250 kM (B
HavYaJbHBI MOMEHT BPEMEHH Ha 3eMHYI0 KOopy mpuxoautcs 40 KM MOIIHOCTH, Ha MOIIHOCTh BEpXHEH

mantun — 210 kM) [1, 3, 8]. s BepxHeit manThu, cornacHo [1,3,27,28], koaddummenTs k,Cp,a c

JOCTaTOYHON CTENEHBI0 TOYHOCTH MOJKHO TPHHSTH TOCTOSHHBIMH BO BCEH 007aCTH M PaBHBIMH HX
5 01

CPENHUM 3HAYeHUsIM: K = 2,5BT/(M~C0),Cp =12k x/kr-C%, o =2-10°C° . Cpemnsia IWIOTHOCTH

BEpXHeH MaHTuH, cornacHo [1, 3, 8], paBHa p, = 3,4-103 KF/M3, IJIOTHOCTh 36MHOM KOpBI 2,8-103 kr/M®,

yCKOpeHHe culbl TsokecTr 9,9 M/c’. HauanbHoe pacrpesielieHHe TeMIIepaTyphl COOTBETCTBYET IPOQHIIO
CBEpXaauadaTuyeckoil TemrepaTtypsl IO KOHTHHEHTaMH. B KkadecTBe XapaKTEpHOTO 3HAYCHUS
TeMreparypsl npuHMMaercss 3HadeHue 1773°K . Ckpeitas TemoTa IUIaBJICHMS IIOJIaraeTcs pPaBHOM

H = 3,35-10* Jix/kr [1, 3, 8], kuHEMaTH4eCKasi BS3KOCTb MOAIUIABICHHOM ¢da3pr — V =10"%u/c, a TBEp-

o 20 o
noi paser V=10""m/C [8,26], ckopocTh HapacTaHus (pa30BOro Mepexo/ia y noaaranack pasuoii 0,04.

B nemsix nmanpHeHIero ympouieHusi BOCIOIb3yeMcs puommKkeHrneM byccraecka sl HeCKIMMaeMOi
XKHUJIKOCTH, COTJACHO KOTOPOMY 3aBHCHUMOCTH IJIOTHOCTH OT TeMIeparypel MU ()a30BOro cocTaBa
YYHATHIBACTCA B ypaBHEHHSIX UMIYJbca (1) TOIBKO ISt apXUMETOBOM CHITBI, U B ypaBHEHUH SHEPTHH (4).
Bgenem 6e3pazmepHbIe IepeMEHHbBIE, TOMEUEHHBIE YEPTOH U MTapaMeTphL:

:—C’ == Po=pOlo o= PNy, X=Xy, 1=y, V =Ny, u= i, o= phofhe,
Lo,C, Uy
3 K

_ ) B B
T=T,T, T.=273'K, Vo:1016M4, P=PoPy Pe=PoPer o= PoVyr Po=3,4-10 =

3necy U,, t, — XxapakTepHas CKOPOCTb M BPEMsl, COOTBETCTBCHHO. 3aluilieM ypaBHEHHs umiyibca (1) u

UO
9)

ypaBHeHUs1 dHeprun (4) ¢ yaeroMm (9) B Oe3pa3sMepHBIX MEPEMEHHBIX (YEPTOYKH HaJ Oe3pa3sMEepHBIMH
MEPEeMEHHBIMH OTIYIICHBI, YTOOBI HE 3arPOMOXKAATH U3JI0KEHHE), TOTIa ITOTYIHM:
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op o N _ y
0=-A(—+ 05, ) +— (u——+—)+Rap.(T -T. +7,0)0 , 7,=——=1128 10
(Gxi p:O5) o, (ﬂ(axk o ))+Rap.(T-T.+70)05 . 7, T (10)
2

Ty, TNy 92, (ik=12), H,=-—=0,0158 (11)

ot O%, ) OX.0X, dt C,T

oV,
_:0’ 12
OX, (12)
%P 1y, 9P _q, (13)
OX,
1 =)

(p(p,T):O,5+;arctg(g(T—T(p)) ) (14)
T,(p) =1,09x; —1,254x%, +1,0 (15)

3necy Ra= gL%pOCp/(Vok) — uncno Penes; Pr=v,p,C, /K — aucno Mpanarns; Di =V0k/(ToL§C§pO)—

. Ra 4
Oe3pa3mepHbIil mapaMeTp auccunanuu, a A = ——. Yucno [Ipasaris BXoAWT MHOXUTeNeM Pr— B Je-
al,
BYIO 4acTh Oe3pa3MepHbIX ypaBHeHH mmmynbca (10). Ilpum xapakTepHbIX HapameTrpax 3aladd, YHCIO
Ipauxrs nopsaka 107, mosromy nesbie yacTy ypapaeruii (10) MOXKHO IOTOKHTb PABHEIMU HYITIO. IIpH

4 ) ~
Tex ke XapaKTepHBIX Mapamerpax 3axaun, uncio Penes Ra mmeer mopsmox 107, a Di~4,85-1078,

A~6-10°. B paGore [24] moKa3aHO, YTO MPU MAIbIX CKOPOCTSIX MOXHO HpEeHEOpedb IHCCHIALMCH
BSI3KOM JKHIKOCTH. DTO MOATBEPXKIACT M 3HAueHHe napamerpa auccunanuu Di, mMeroniero BochkMoii
nopsiok manoctu. [loatomy B ypaBHernu (11) Bs3koit quccumanueii mpeHeOperaem.

[ockonbky mporecc GoOpMHpPOBaHHUS acTeHOC(EpHOro JWanmupu3Ma O4YeHb MEIJICHHBIH, TO
THJIPOCTATHYECKOE JaBlieHHE, KaKk MHHUMYM, OOIIbIlle THIPOJAWHAMUYECKOTO JaBJICHUS Ha TOPSJIOK.

[ToaTOMY KpHBYIO IUIaBIECHMS Tri) :Td)(p) CTpPOSIT B 3aBUCUMOCTH OT TiyouHbl. CooTHomeHnue (15) mpen-

cTaByigeT co00it 0e3pa3MepHYIO0 KPUBYIO IUIABIICHUS, B3ATYIO U3 pabOThl [24] ¥ MOCTPOSCHHYIO METOJIOM
HauMEHBIIX KBa/IPaTOB.
K cucreme ypauenwuit (10) - (15) goGaBnstoTcs HavaabHBIE M TPAaHUYHBIE YCIOBHS. B HadambHBII

MoMmeHT BpeMmenu (tp = 0) 3amaroTes pacnpeesieHus HEBO3MYIIEHHOW IUIOTHOCTH V. U TeMIeparypbl | .

HavasnbHble 3HaueHus\V, p,¢ BBMUCIAKOTCS 10 u3BecTHBIM 3HadeHusM pP.(X,0), T(X,0). panuunsie

YCIIOBUSI MOTYT OBITh pPa3HOOOpPa3HBIMH. B NaHHOM uCClIeZIOBaHWH, Ha OOKOBBIX CTEHKaX CTaBWIINCH
YCIIOBUSI CHMMETPHUH, & Ha BEpPXHEW W HIDKHEH CTEHKaX - yCIoBUs mpuinmnanus. Kpome Toro, Ha HUOKHEH
CTEHKe 3aj1aBaach Temneparypa T ( xl), a Ha BEpXHEH CTeHKe TeMIlepaTypa Iojiarajiach paBHOW HYIIO 11O

enscuro.

Takum 0Opa3zom, MaTeMaTHYECKas MOJIENTb COCTOUT B peanu3aiuu cucteMbl ypaBHenwuii (10) — (15) ¢
COOTBETCTBYIOIIMMH HA4aJIbHBIMU 1 TPAHUYHBIMH YCIOBUSIMH.

UYnciaennslid MmeTo. J[ns pacdyera 4YuCTO TUMHAMUYECKOW 3a/1a4d ()OPMUPOBAHHUS COJISTHBIX CTPYKTYP
aBTOpaMu OB pa3paboTaH M peann30BaH YucieHHbIM MeTox [18, 19]. B Temnosoii 3amade (10) - (15) B
YpaBHEHUSX HUMITyJIbCa [00aBiIsieTCd 4JIEH, NPOINOPLHMOHAIBHBIM TeMiepatype, u ypaBHeHue (11),
BBIpakaroliee 0ajJaHc IJHEPIHUH ¢ COOTBETCTBYIOIIMMH I'PAHUYHBIMU M HAYaJIbHBIMU ycIoBUsIMU. [1oaTOMy
ITOPUTM pacyueTa JAWHAMHYECKOH HYacTH OCTaeTcsd MPEKHUM (B IUCKPETHBIX YPaBHEHHSIX HMITYJIbCa
no0aBisieTcs apXUMEI0Ba CHJla, CBA3aHHAsl C TEMIIEPAaTypol, KOTopasl ONpeAessieTcsl B LEHTPE SUCHKH).
VYpaBHEeHHE SHEPIUM aNNPOKCUMHUPOBAHO HESBHOW aOCONIOTHO YCTOWYHMBOM CXEMOH NEpEeMEHHBIX
HaIpaBJIeHUH, KOTOpask pearn3yeTcs MpoI0JIbHO-TIONIEPEYHO HEeMOHOTOHHOH mporoHkoit [20]. [Ipu saTtom
KOHBEKTHBHBIC WICHBI B JICBOH YacTH ypaBHeHHUs (11) ammpokCMMHpOBaNIMCh CXEMOH MPOTHB IOTOKA,
rapaHTHPYIOIIEH €€ MOHOTOHHOCTb.
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Peanuzarus pasHOCTHO# HavyalbHO - KpaeBoi 3amauu (7) - (12) mpoBOAMTCS CIEAYIONUM 00pa3oM.
Ipu t =0 ussecTHbl HavagbHBIE 3HAYEHHS MJIOTHOCTH, M TEMIEPATYphl, a TAKXKE () M3 COOTHOLICHMI

(14),(15), Mo KOTOpPHIM BBIYHCISIOTCS OOBEMHBIE CHJIBI B YpaBHEHHUSX HMITyNbca. Pazpemaercs pas-
HOCTHBIM aHanor ypaBHeHui# (10), (12), mo3BONSIONIMIA ONPEACTUTh 3HAUCHHS KOMIIOHEHT CKOPOCTH
JIABJICHUS B HAYaJbHBIH MOMEHT BPEMEHH, a TaKKe pachlpeieiicHUe IMHAMUYCCKUX BSI3KOCTEH U
IUIOTHOCTEH Ha MEPBOM BPEMEHHOM ciioe. PaspemaeTcst pa3HOCTHBIN aHaor ypaBHeHUs (12), KOTOpHIi
JlaeT pacrpesielieHue TeMIepaTyphl MO MPOCTPAHCTBY Ha TMEPBOM BPEMEHHOM IHare. 3aTeM MpoIriecc
MOBTOPSICTCS, U BBIYUCICHUSI TPOBOASITCS JIO HEOOXOAMMOTO BPEMEHHOTO CJIOSI.

B mpuBOAMMBIX HIDKE pacueTax BBIYHMCISUICS JCBHATOP KacaTeNbHBIX HANPSKCHUH T, KOTOPBIN
00BIYHO UCIIONIB3YETCs MPH pacyeTe Ha MPOYHOCTh TOPHBIX TIopoJ. Kputepuii mpo4HOCTH, YaCTO UCIIONh-
3yeMbIi Ha TPAKTHKE, TJACHT: €CJIM JICBUATOP KacaTelbHBIX HANPSIKCHHUN T MEHBIIE ONPEACICHHOTO

npenenar, , TO pa3pylIeHHne TOPHOH MOPOJIBI HE MPOUCXOINT; €CITU AEBHATOP KacaTeNbHBIX HAIPsDKEHUH

np?

T Oosblle WIM PaBeH 7, , TO MPOMCXOAWUT pa3pylleHue ropHod mopoxsl. s miockoil nedopmanuu

np?
KpI/ITepI/Iﬁ BBITJISIJIUT TaK:

2 2
T= \/(022 ~oy,) +4o), < Tup

3aeck Mo TOPHOM MHOpOJIOM MBI MOApa3syMeBaeM 3eMHYK0 Kopy. CHaudaja YHCICHHBIM MOJEIU-
pOBaHHEM OIIPEIENIIOTCS MO AABICHUH, CKOPOCTEH M TeMmIeparyphl. 3aTeM 4ucleHHbIM audde-
PpEHIIMPOBaHKUEM (Uepe3 UEHTPaJIbHBIC PAa3HOCTH HA Pa3HECEHBI CETKAX) OMPEEIISIOTCS OIS HOPMaJIbHBIX
1 KacaTCJIbHbIX HaHpH)KeHHﬁ. I[anee BbIACTAOTCA 30HBI ITOBBIIICHHBIX KOHHCHTpaLII/II\/'I ACBHUarTopa
KacaTeJIbHbBIX HAIIPSDKEHUH, YTO MO3BOJISIET ONPEACIUTh BEPOSITHBIE 30HbI Pa3pyLLEHUs 36 MHOM KOPBL.

Pe3y.]'ll)TaTI)I pacueToB

[TocTpoenHble (u3MUecKas, MaTeMaTHYeCKas M JUCKPETHAs MOJENH IO3BOJIIOT OICHUTH Xapak-
TEpHBIE MapaMeTpbl GOPMUPOBAHUS acTCHOC(HEPHOro Auanupa U CAENaTh aJeKBaTHYIO reo(U3NIECKYIO
MHTEPIPETAIHIO 3TOT0 MPOIIecca.

Ha pucynkax la) — le), 2a) — 2r) npuBeAeHbI TPOGUIA H30TEPM, TIOJISI CKOPOCTEH U pacrpeaeneHus
pacraBineHHo (a3bl acteHochepbl Uil Pa3IUYHBIX MOMEHTOB BPEMEHH (OPMHUpPOBaHHS acTeHOchep-

HOro auanvpu3Ma. Ha HmkHel rpanuiie o0iacTy 3aiasaiachk temueparypa 1773 K % as JBYX LICHTpalb-
HBIX COCEIHMX TOYKaX HWKHEW IpaHUIlbl o0nacTu Temreparypa Obuia 3amana Ha 20 % BbIlIe, 4TO
MOJIETTUPYET HEOJHOPOJHOCTh TEMJIOBOTO TIOTOKAa C HI)KHMX CJIO€B BepxHeH MaHTuu. ['paHuna
pacruiaBneHHoi (as3pl acTeHOcdephl, B COOTBETCTBHH C TEOPHEH OIHOPOIHBIX PA3HOCTHBIX CXEM
OTIpe/IeTISIIach MECTONOJIOKEHHEM Touek, rae ¢ = 0,5.

Pacuersr mokazamu, uyto mporecc (OpMUPOBaHUS acTeHOC(EpHOro Auamupa MPOTEKaeT HepaBs-
HoMepHO. CHavana npoiecc GOpMUPOBaHHS aCTEHOCHEPHOTO AUATTHPA CO BPEMEHEM YCKOPSIETCS, a 3aTeM
3aMeJIsIeTCs, ¥ PUMEPHO Yepe3 38 MITH. JIeT, HAYMHAST BBIXOUTh HA CTAIIHOHAPHBINA PEXKUM.

CormocTaBieHle pacyeToOB, BBHIIIOJIHEHHBIX Ha OCHOBE Mojenu II, ¢ coOTBeTCTBYIOIIMMH pacyeTami,
BBITIOJTHEHHBIX Ha OCHOBE YIIPOILIEHHON M Ha ocHoBe Ooiyiee oOmieit moxenu | [23, 29] moka3wiBaeT, 4TO
nporiecc (GOPMHUPOBaHUS ACTEHOC(HEPHOTO JUANHMPHU3MA HECKOJIBKO 3aMeISIeTCsl 10 OTHOUICHUIO K
ynpouleHHOH MozienH |, u yckopsieTcs o OTHOIIEHHIo Oosee obmeit mozen |.

3TO CBA3aHO C TE€M, YTO YacTh DHEPTHH pacxoayercs Ha (a3oBbie mepexolsl, a B oouieir monenu |
9KCIIOHEHIIMATbHASA 3aBUCHUMOCTh IMHAMHUYECKOW BSI3KOCTH OT THAPOCTATHYECKOTO HABIIEHUS CHIIHHO
3aMeJUIsIeT IpoLecC.

3HaueHne MaKCUMalbHOU ckopoctu B Mojenu |l mensercs ot 0,8 no 10,6 km/MiH. ser, qocturas
MakcuMyma npu t = 17.4 MJIH. JIET, C TIOCTEIICHHBIM BBIXOJOM Ha CTAllMOHApHOE 3HaueHue 2,2 KM/MIIH.
net. Ha pucynkax 10) — 1€) u30T€pMbI BBICOKMX TEMIIEPATyp M30THYThI CHJIbHEE, YeM M30TEPMbI HU3KUX
TeMreparyp. OTOT ¢akT YKa3blBaeT Ha 0o0Jee WHTCHCHUBHBIC IBW)KCHHA B 001acTAX ¢ Oojblei
TeMIIepaTypoH, 4TO MMOATBEPKIAETCS PUCYHKaMu 20), 2B).

[Ipu >TOM TEITOBOM MOTOK B MEHTPAIHHONW YAaCTH PACUETHOW 00JIACTH TOBHINIACTCS, a Ha TIepHUpePUH
Ma/iaeT, YTO CBA3AHO C OIYCKAaHHEM BeIecTBa B 3TOH 00JacTu.
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Pucynok 1 — Pacnpenenenue n3otepm 1 NOAIUIaBIEHHOH (a3bl acTeHoctepsl (a, 0, B, T, 11, €) pOopMUpOBaHUS
acTeHOC(HEPHOTO MAHPHU3Ma B PA3IMYHbIE MOMEHTBI BPEMEHH

Ha pucynkax 2a) — 2r) oTYeTIMBO NPOCMATPUBAIOTCS IB€ KOHBEKTHUBHBIE SUCHKH B BEPXHEH MaHTHH.
MHTEeHCHBHOCTH TOJISI CKOPOCTEH CYIIECTBEHHO BHINIE Ha Ooyiee paHHEM dTare (PUCYHOK 20)) pa3BUTH
nporiecca (popMHpPOBaHUsT aCTEHOC(HEPHOro IuanvpusMa, dyeM Ha Oonee mo3gaHeMm (pucyHok 2r)). Ha
panHeM »HTane (HOpMHUpPOBaHUS acTeHOC(EpHOro Iuanupu3Ma MOoAIUIaBiIeHHas ¢a3za acTeHochepbl
MpeJICTaBIsIeT COOO0H MPSAMOYTOIBHYIO 00J1acTh (PUCYHOK 1)), KOTOpas 3a CYET MOBBIIICHHOTO TETLIOBOTO
MOTOKA B IIEHTPAIBHOW YacTH OOJIACTH CO BPEMEHEM HAa4YHHAET BBIMYYMBATHCS B IIEHTPAIBHOW YacTH
(pucynku 10), 1B)). 3a cuer chopMUPOBABIINXCSI KOHBEKTHBHBIX SUYEEK MPOMCXOAUT MpoceaaHue Oojee
TSDKEJION U 00Jiee XONOAHON HepacIUIaBICHHON acTeHOC(Eephl B OOKOBBIX MepUPEPUHHBIX YaCTAX SUEEK, a
BEIIECTBO MOAIJIABICHHON YacTH acTeHOC(ephl yCTPeMIIsieTCsS B BBEPX B IIEHTPAIBbHOHN 4YacTh 00IacTH
(pucysku 2a), 26)). Co BpemeHeM (pucyHku 1r), 20)) 3a cueT OonmyCcKaHHs XOJIOJAHOTO HEPaCILIaBICHHOTO
BEIIECTBA acTeHOC(ephl, MOAIIABICHHAS YacTh acTeHOC(ephl BHITECHSIETCS B LEHTPAJIbHYIO YacTb
obnactu (pucyHku 1r), 1m), 20)). D10 00BsCHSIETCS TeM, YTO 00JacTh IMOAILUIABICHHOW ()a3bl acte-
Hoc(epbl, KoTopasl ONpenensieTcss ONpeAeieHHBIM IHAlla30HOM H3MEHEHUs TeMIlepaTyp U JAaBJCHUH,
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Pucynok 2 — Pacnipenenenue no/iiaBieHHON (asbl acTeHoc(epsl U Mot ckopocTei (a, 0, B, ') OpMHPOBaHHS
acTeHOC()epHOTo AUANUPHU3Ma B PA3INUHBIE MOMEHTBI BpEMEHN

JNeKUT MEXJIy KpUBOH IJaBiIeHHA W TeoTepMol. l'eoTepma ke B 001acTAX OMYCKaHHUS XOJOTHON
acteHoc(epbl HaXOOUTCS HWXKe KpuBOHM muaBneHus. llosromy (a3oBblii mepexox B 3THX 00JacTaX
MpeKpalaercsi, a IPUCYTCTBYIOIUI paHee paciyiaB aTeHoc(epbl BBITECHSETCS B LEHTPAJIbHYIO YacTh
obnactu (pUCYHOK 21)). 3aTeéM NPOUCXOJMUT BCIUIBIBAHME pacilaBa acTeHOC(Epbl, U B pe3yJbTaTe
o0pasyercsi TpHOOBHIHAS CTPYKTYpa, IOXO0Xasi Ha COJSHOM KyIoJl, — acTeHoc(hepHbld auanup (pucy-
HOK 2B)). Uepe3 ompeneneHHOe BpeMsl (PUCYHOK 2T)) NMPOUCXOIUT OTPHIB IOAIUIABICHHOTO BEIIECTBA
acTeHocdepbl 1 00pa3yercs acCTeHOC(EepHas JINH3A.

Ha pucynkax 1x), le), 2B), 2r) B nporecce (GOpMHPOBAHHS acTEHOCHEPHOTO JUANHPa OTYETIHUBO
MIPOCMATPUBACTCS YTOHEHHE 3€MHOM KOpBI (LIMPOKOTO CBOJHOTO MOJAHSTHA) B LEHTPAJIBHOM YacTH
00JIaCTH ¥ MPAKTHICCKH HE3aMETHOE OIyCKaHHMe Ha ITUX PUCYHKaX 3eMHOW KOpbI Ha nepudepuu (B City
TOTO, YTO 3€MHAas Kopa MOJEIHpYeTCs HEeC)KMMaeMOH JKHIKOCTBIO). PacdeTrsl mokaszamu, 49To 3Tam
MEIJICHHOTO YTOHEHUsS] 36MHOM KOpPbI CMEHSETCS 3TalloM OTHOCHTEIBHO OBICTpOro yToHeHus. Yepes
38 MUIH. JIET yTOHEHHE 36MHOM KOpPBI (CBOAHOTO MOAHATHA) B LIEHTPAJIILHON YacTH COCTaBiseT 4,4 KM, a B
ee nepudepuiiHoii YacTu onmyckanue cocrasiser 0,5 kM.

CornacHo borty [30], mo 06e CTOPOHBI OT BEPIIUHBI ITUPOKOI0 CBOAHOTO MOJHSITHS 00pa3yroTcs ABa
HAKJIOHHBIX pa3joMa, IOcjie 4ero OJIOK 3eMHOW KOpBI, OTPaHWYEHHBIA STHUMHU pa3jioMaMM, HaYMHAET
MOTPYXAaThCs B pE3yNibTaTe PACTEKaHWs HIDKHETO IUIACTHYHOTO CJIOS TMOJ JEHCTBHEM PACTATHBAIOIINX
HaIpsOKEHU.

Kak mokazanu pacueTsl, pa3BUTHE I'PaBUTAIlMOHHOW HEYCTONYMBOCTH HAa TPAHUIE 3€MHOH KOPBI U
acteHoc(ephl MPUBOANT K POCTY U MEpepacipeaeseHuI0 HapsbKeHU B cpenie. B obnactu Han auanupom
NENCTBYIOT pacTATHBAIONINE HANIPSHKEHHUS, a [T0 €r0 CTOPOHAM — CKIMAIOIIIHE.

HauOonbiine 3HaueHWs! AeBHATOpAa KacaTeNbHBIX HANpPsDKEHUH JTOCTUTAIOTCS B 00JacTAX 3eMHOHN
KOpbl (CUMMETPUYHBIX OTHOCHTEJBHO BEPTUKANBHOW OCH, TPOXOAALICH depe3 LEHTp o0sacTh),
HETIOCPE/ICTBEHHO NPUMBIKAIOMNX B 00JIAaCTH yTOHEHHUS K acTeHocdepe. B pesynprare B 3THX 007aCTIX

— 74 ——
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MPOUCXOANT XPYIKOE Pa3pylIeHUEe 36MHOM KOPHI ¢ 00pa30BaHUEM TPEIIUH — Pa3IOMOB. DTO MPUBOAMT K
MOJEMY MAarMbl IO 3THM TPEIIMHAM - pa3jioMmaM [31], a Takke MOTrpyKEHHIO 00pa30BaBIIETOCS OJIOKa
3¢6MHOM KOPHI B IEHTPAIBHON YacTH 00acT. PacyeTsl kKak pa3 u MoATBepKaaroT Teoputo borra [30].

OTMeTuM, YTO B pacCMaTpPUBAaeMOM MOJEIH BEPXHSS TpaHUIA 36MHON KOPBI MPUHSATA a0COJIOTHO
xecTkol. Ecim oTkazaThcs OT 3TOTO TpeOOBaHWsS, W CUUTATh BEPXHIOI TI'paHUIy 00JacTu CBOOOIHOM
TpaHUIEl, TO HETPYAHO BHIIETh, YTO B PE3YJIbTaTe 00pPa30BaHUsI aCTEHOC(EPHOTO JUAMHPA, C TUIOTHOCTHIO
MEHBIII€ TUIOTHOCTH 3€MHOM KOPBI, Ha HIKHIOIO Y9acTh 3eMHON KOpBI OyJeT MeiCcTBOBaThH, HAIIpaBIEHHAS
BBEpX IOJIOKUTENIbHAS CHJIa TUIaBy4eCTH. B pesynbraTe 3eMHas Kopa OyJIeT MOJIHUMATHCS, 3eMIIS -
pa3ayBaThCs, a BHOBb 00pa30BaBIIUECS B pE3yNbTaTe Pa3pylIeHNsT OIOKH — OITYCKAThCSI.
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AnHoranus. Pazanplk eTKenzepi Oap acTeHOCOEpIiK TUANMPU3MAHBIH KYPBUIBIM MEXaHUKACHl YAEPICiHiH
MaTEeMAaTHKAIBIK JKOHE CaHIIBIK MOJENbJepi JKaCallbIHbII, HeTizaenmi. JKypriziareH KOMOBIOTEPITiK MOJENbICY acTe-
HOc(epIiK IUanmupU3MaHbIH HETi3Ti KOpCeTKIMTepiH, 3aHABUIBIKTAPEIH KOHE YISPICTIH epeKIIeNikTepin Oaranayra
MYMKIHIIK Oepai. BOTTBIH CaHIBIK TEOPHSCHI TOJIEIICHIII.
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Abstract. In this article a list of threats to the system, neural network biometrics authentication, as well as
measures to reduce negative impacts are provided. Due to the fact that at the moment there are no the systems of
biometric authentication which are completely meeting requirements of safety concept of multibiometric system,
which combines different biometric systems, is considered.And also the main advantages of multibiometric system
of authentication are considered.
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BUOMETPUSAJIBI-HEAPOXEJIJIK AYTEHTU®UKAILIUA
’KYUEJEPIHE TOHETIH KAYIIITEP
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Tipek ce3mep: OMOMETPHSIIBI-HEHPOXKENUTIK ayTeHTH(HUKALNS, KayinTep, aKmapaTThl KOpFay, XKacaHJbIHEeH-
POHJIBIK KeJi, MyJIbTHOMOMETPHSUIBIK JKYHelep.

AnHoTanusi. Makanaga OHOMETpUs-HEUPOXKETUTK ayTeHTH()UKAIUSA JKyielnepiHe TOHETiH Kayinrep Tizbeci
JKOHE JIe Kepi acepiep/ii TOMEHIeTy Iapaiapbl kepceTinreH. Kayinci3aikTi kamMmTamMachl3 €Tyl TOJBIFBIMEH KaHaFaT-
TaH/ABIPAaTHIH OMOMETPHSIBIK ayTeHTH(UKAINS KyHeciHiH OoimMaybiHa OaliIaHBICTHI TYPJIl OMOMETPHSIIBIK XKylienep-
i OipiecTipeTiH MyJIbTHOMOMETPHSUIBIK JKYHE YFBIMBI KapacTHIPBUIFaH. bipHeme OHOMETpHAIBIK KyHenepiH
KOCBUTYBI KE31HJe OJIApABIH Oipiiecy MEXaHHM3Mi KacalaThIHABIFBI KenTipinreH. CoHbIMEH Oipre ayTeHTH(UKAIHS-
HBIH MYJIbTHOMOMETPHSUIBIK KYHETIepiHiH HET13T1 KETICTIKTEPi co3 eTiIi.




