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Abstract

The article concerns the mathematical models of filtration of groundwaters taking into account the environm-
ental (flooding) and technological (extraction of shale gas) factors. The models of Darcy and Forchheimer were
considered with appropriate boundary conditions; the numerical implementation of the models was carried out. It
was determined that the pattern of the filtration under conditions that V>>V?, where V is a typical filtration rate
and without this condition, is identical, according to its qualitative measures. The peculiarities of the filtration pro-
cess for the areas with different configurations of fluid invaded zones through the area boundary were determin-
ed; the impact of these zones on the spatial nature of the flow in the studied area was assessed. The obtained res-
ults permit to assess the level of groundwaters, and the peculiarities of their distribution in terms of environmental
characteristics of the flow in the presence of different geometrical configuration of leakage zones through the stu-
died area. These results can be used to assess the impact of the environmental and technological factors on water
quality and to prevent flood waters
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1. Beenenne

IIpu TenmmoBOM BO3mEHCTBMUM Jasepa Ha dMOPUOH
aKTyaJbHOU Hay4YHOU 3ajadyeil sSIBJsSIETCS YMeHbIIEHWe
TpaBMHUpPyeMocTH 6jaacToMepoB. IMOPUOH - 3T0 chepu-
YeCKUii MUKPOOMOJOrMYecKnii 00bEKT, COCTOAIMN 13

30HBI TIEJUIONN/a, TEPUBUTEIMPOBAHHOTO MPOCTPAH-
ctBa m Gaactomepos. 3oHa nemmonuaa Ha 90% cocrout

E-mail: artur.lav@3g.ua

U3 BOJBI, 5% KOTOPOH COCTABASIOT GEIKOBBIEC MOJIEKYIbI.
Baactomepsl numeioT chepudeckyio hopMy U SIBISIOTCS
6eJIKOBBIMU KOMITOHeHTaMu aMOpuona. CorylacHo HeolI-
HOPOJIHOMY XMMUYECKOMY COCTaBY CJI0EB SMOPHOHA, TIPH
B3aMMOJAEUCTBUY JIa36PHOTO HU3JIyUyeHUsl ¢ IMOPUOHOM
MPOMCXOANT HEPABHOMEPHOE paclpejejieHre TeMIepa-
Typbl 110 eTo caogaMm [1]. ag yMeHbIIeHn S TPAaBMUPYEMO-
cTu 9MOPUOHA TIPU TIOCTPOEHUM MaTeMaTHUeCKON Mojie-




JIM B3auMOJeiicTBUsL, HeOOXOAUMO 3a/laBaTh YUCICHHbBIE
3nadyenns KoahGUIMEHTOB TENJONPOBOJHOCTH CJIOEB
5MOPUOHA U TPAHUYHbIE YCIOBUSI PACIIPEeIEHUs TeEMIIE-

paTyphl 10 €ro CJAOSIM.

2. IlocranoBka 3ajgaun

[Tpn B3anMomeiicTBUM JTa3€PHOTO M3JIYUYEHUS C IM-
OGPUOHOM TJIABHBIM I1apaMeTPOM SIBJISIETCSI TEMIIEPATY Pa
HarpeBa. TemImeparypa, Ipu KOTOPOil HAUNHAET IPOUC-
XOAUTD Hpoiecc Koaryasinuu 6enka 060m04ku smM6pu-
OHa, 3aBUCUT OT AJUTEJILHOCTH B3aumogelictBus [1].
[Ipu momroctu 140 MBtu niutenprnoctn 3000 Mmukpo-
CEKYH/JI JIa3ePHOTO UMIIYJIbCA Ha 9MOPUOH, IPOUCXOLUT
Ipollecc B3aUMOJEHCTBUS JTa3ePHOTO U3JIYUEHHUS C €ro
MepUBUTEIUPOBAHHBIM TPOCTPAHCTBOM U KJETKAMU
GmactoMmepa. B mpomecce mocTpoeHus maremaruye-
CKOIT MO/IeJTH B3aMMO/IeIICTBYS, [IJIs1 YMEHbIIEHNS TPaB-
MUPYEMOCTU 3MOPUOHA 1P TEIJOBOM BO3JEHCTBUU
Jazepa, HEOOXOJAMMO 3aj7aBaTh YHMCJICHHbIC 3HAYCHUS
K03(GGUIMEHTOB TEMIONPOBOIHOCTU CJIOEB 9IMOPUOHA U
TPpaHUYHBIC YCJIOBUS paclpejleleHUusT TeMIepaTypsl 10
ero caosm [2, 3]. Tak kak SMOPUOH WMeET pas3JTUUYHbBIE
TOJIIIUHDL CJIOEB U DU B3aUMO/eICTBIU JIa3ePHOI0 U3-
JydeHuss ¢ dIMOPHOHOM pacipejesieHe TeMIepaTypbl
OyjleT HePAaBHOMEPHDIM, JIJIs1 3alaHUSI TPAHUYHBIX YCJIO-
BUI pacrpejesieHus TeMrepaTypbl B aMOpuoHe Oynem
HCIIOJIb30BaTh KpuBYI0O besbe [4] u HepaBHOMEPHYIO
ceTky [3, 6].

3. OcHoBHas 4yacTh

MartemaTndyeckuii pacueT MPOCTPAHCTBEHHOTO pac-
npeesieHnst TeMIIepaTypbl B 9MOproHe OyaeM MPOBOAUTD
¢ momo1ibio kpusoii besbe [4]. [Ipumenss kpusyio besbe,
TOJIYYUM pacipejiesienue TeMIepaTypbl B MHOTOCTOMHON
CTPYKTYype 9MOpHOHA 110 NPOCTPAHCTBEHHON KOOPAUHATE

(2

{1}, =116,6,23,8;31,7;40} . (1)

Jltst 3aiaumst IIUTETBHOCTH TEIJIOBOTO BO3/EHCTBIS
Jlazepa Ha Kask/blil CJIOH aSMOPUOHA BOCIIOJIb3yeMcst hop-
MYJION HepaBHOMEPHOH ceTKH [5]:

tk:;(b—a)cos(n(k_?’s))+a+b_a . 2)

2

B dhopmyse HepasHoMepHo# ceTku: b=3000,a=0,5=4.

[TpuMensisi HepaBHOMEPHYIO CETKY, MOJIYUYUM paciipe-
JeJIeHHUe JJINTEJBHOCTU TEIJIOBOTO BO3ZEHCTBUSA Ja3epa
Ha cjion sm6puona (3):

{t,}., ={200;201,1500,2790} . 3)

Wcnonb3yst MeTON KOHAYKTOMETPUU, MOJYYHUJIU
YIEJNBHYIO 3JIEKTPOIPOBOLHOCTH KAXKIOTO CJI0sI IMOPHOHA
[7]. IIpn mocTpoeHnm MaTeMaTUYeCKON MOJEJH TeTIo-
BOTO BO3/EHCTBYS Jlazepa Ha 9MOPHUOH, JIJIs1 YMEHbIIEHU ST
TPaBMHUPYEMOCTH 0JIaCTOMEPOB, M0 3aKOHY Bumemana-

Opanma waligeHsr K0dGOUIUEHTH TEMTOTPOBOIHOCTH
cJI0eB 9MOpHOHa U3 yAeTbHOI 3JEKTPOIPOBOJHOCTH €T0
CJIOEB.

C yueToM UMCJIEHHBIX 3HAaYeHUN K02(hUIMEHTOB Te-
IJIONPOBOJHOCTH, MaTeMaThdeckas MOJeJb TEIJOBOI0O
BO3ACHCTBUSA Tazepa Ha 9MOPHOH B chepUIECKOii cucTeme
KOOpJWHAT, TpUMeT BUJ (4):

2
3,8£:0,6729 J 1;1 +z£ - 171 30HBI IIEJIIIOIN-
ot or r oor
Aa;
2
4,08%?:0,6704(883;2 +faa'l;2] - IS TIepUBUTEJIIU-

POBAHHOTO POCTPAHCTBA;

2
PsCy % = 079777(883;3 +fi§) - st 61aCTOMEpOB;
2
P4Cy aa% = 0,96345(683;4 + faa?] - 111 6J1aCTOMEPOB.

I'pannunbie ycaosus (5) OTHOCATCS K OHOCTOPOHHE-
My 000rpeBy:

—0,6729%(0,0 =q, 1<t<3000. (5)
Z

Wcmonpayst pacupejiesieHrie TeMIepaTypbl B MHOTO-
caoiHoi crpykType ambpuona (1), (3), sanuimem paBen-
CTBa WEAJTHHOTO TEIJOBOTO KOHTAKTa CJI0EB aMOPHOHA

(6):

T, (0;0) =T, (16,6;200), —0,6729% = —0,67298%
T T
30Ha IIeJIJIIIuaa,
JT, JT,
T, (16,6,200) =T, (23,8,201),-0,6729= = ~0,6704= L
T T

30HAa MeJITIONHU/A - TEPUBUTEIIMPOBAHHOE TTPOCTPAH-
CTBO;

T, (23,8:201) = T, (31,7:1500), - 0,6704 22 = ~0,9777 1%,
oar Jar

HepUBUTENINPOBAHHOE IIPOCTPAHCTBO - OJI1ACTOMEPEL;

T, (31,7;1500)=T, (40;2790),—0,977738L - —0,96345%
T T

- 6J1aCTOMEPBI.

PaBeHcTBa HeNPePLIBHOCTH 110 BPEMEHHU Ha CJIOSX 3M-
6puona (7):

T(16,6;200-0)=T(16,6;200+0) - Ha 30He HesTIONIAA
sMOpHUOHa;

T(23,8;201-0)=T(23,8;201+0) - na nepuBuTeINPO-
BaHHOM MPOCTPAHCTBE;

T(S 1,7;1500 —0) = T(31,7;1500+ 0) - Ha GulacTomepax;

T(40;2790—0)= T(40;2790+0) - na 61acTomepax.

3amanus YNCIeHHBIX 3HAUYeHUN K02 UIMEHTOB Te-
[JIONPOBOHOCTU CJIOEB 3MOPUOHA U IPAHUYHBIX YCJIOBUIL
pacrpe/ieJIeHsI TEMIIEPATyPbl MO €ro CJOSM, TTO3BOJISAT
MOBBICUTD KU3HECTIOCOOHOCTH dMOPUOHA TIPU TEIJIOBOM
BO3/IEHICTBUH JTa3epa.



4. BeiBog JIEHHDBIX 3HAaYeHUU KO3(hGUIMEHTOB TENJIONPOBOLHOCTU

cJioeB aMOPHOHA U IPAHUYHBIX YCJAOBUU paciipeiesieHus
[Toctpoena matemaTuyeckasi MOJiesIb IIpoliecca B3au-  TeMIlepaTyphl IO ero CJI0SIM, YMEHbIIUT TPaBMUPYEMOCTh
MOJIefICTBHUSI Ta3epHOTO U3 aydeHus ¢ amOpuonom. Haata-  GiacToMepoB TPHU TEMJIOBOM BO3AEHCTBUM Jla3epa Ha aM-
e MOCTPOEHMSI MAaTEMAaTUYECKON MOJiesd, 3a/JlaHue Yuc-  OPHOH.
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Abstract

An embryo is a non-linear, non-stationary microbiological object consisting of three layers. In the chemical
composition, its layers consist of protein and water. The interaction of the laser radiation with an embryo causes
a nonuniform heating of the embryo, which leads to an injure of the blastomeres. 1o reduce the injure of the blas-
tomeres during the interaction of the laser radiation with the embryo, it is necessary to set the numerical values of
the coefficients of thermal conductivity of the layers of the embryo, and the boundary conditions of the tempera-
ture distribution in the multilayer structure of the embryo at the stage of construction of a mathematical model of
interaction.

The method of conductometry permitted to receive the specific conductivity of the layers of the embryo.
Applying Wiedemann-Franz law, we have obtained the numerical values of the coefficients of thermal conductiv-
ity of the layers of the embryo from the coefficients of electroconductivity of its layers.

The mathematical calculation of the temperature distribution in the embryo according to the spatial and temp-
oral coordinate were conducted applying Bezier curve and irregular grid.

At the stage of the construction of the mathematical model of the interaction of the laser radiation with the emb-
1Yo, the definition of the numerical values of the coefficients of thermal conductivity of its layers and the bounda-
ry conditions of the temperature distribution over the layers of the embryo will reduce the injure of the blastomeres
during the interaction of the laser radiation with the embryo

Keywords: mathematical model, coefficients of thermal conductivity, boundary conditions, method of condu-
ctometry, Wiedemann-Franz law



