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T. /1. TYI[OT

TEOPETUYECKHI AHAJIN3 KPOBOTOKA )KUBOTHBIX IIPA HAJTUMYUH ITYJIbCAIIUI JIAB-
JEHUA

PaccmoTpena TeopeTnueckasl MoJelIb KPOBOTOKA B KPYIHBIX KPOBEHOCHBIX COCYIaX >KHBOTHBIX, YUHTHIBAIONIAsl IEPHOIUUECKUE ITyIbCAL[UU JaBlIe-
HUS B HUX, CBSI3aHHBIC C pabOTOH cepiua, a TakkKe U3MEHEHUsI IpocBeTa B HUX. KpOBEHOCHBIE COCY/BI MPECTaBICHEl B BHAE OTHOPOIHBIX IIMIIHH-
JIPUYECKHX KaHAJIOB C XXECTKUMH CTEHKaMH, a KPOBb — B BHJIE HBIOTOHOBCKOH kuAKOCTH. Pemenne ypapnenuit HaBbe-CTokca IpoBeneHO B Ipero-
JIOXKEHUH, YTO MyJIbCAINK JAaBICHUS HMEIOT (HOPMY MPSIMOYTOJIBHBIX HMITYJIBCOB.

KiroueBble ¢j10Ba: KPOBOTOK, KPOBEHOCHBIH COCY], IEPEMEHHOE TaBIICHUE, COCTABILIONMAs CKOPOCTH, ypaBHeHus: HaBpe-CTokca, nuddepen-
IHanbHble ypaBHeHHUs, psix Pypoe.

Po3riIsiHyTO TEOpPETHIHY MOZEINb TeUii KPOBi Y BEIMKHX KPOBOHOCHHX CyJHHAX TBApHH, IO BPAaXOBYE IEPiOANYHI ITyJIbCaLlil THCKY B HUX, HOB'SI3aHi 3
po0OTOO CcepIlst, a TAaKOX 3MIHHM MPOCBITY B HUX. KPOBOHOCHI CyIMHM MpEJCTaBlIeHI y BUIJISAI OJHOPIAHUX HMJIIHAPUYHUX KaHAIIB 3 KOPCTKUMHU
CTIHKaMH, a KPOB — Y BUIJIS/II HBIOTOHIBCBKOI pifinHu. Pimenns piBusHb HaB’e-CTokca mpoBeneHO B MPUIYIIEHHI, IO MyJIbCallil TUCKY MalOTh (op-
MY HPSIMOKYTHHX iMITyJTbCiB.

Ku1ro4oBi cj1oBa: Teyist KpoBi, KPOBOHOCHA CyIMHA, 3MIHHUI THCK, CKJIa/I0Ba IBUIKOCTI, piBHAHHS HaB’e-Ctokca, mudepeHuianbHi piBHIHHS,
psan dyp’e.

The subject of this article is a theoretical model of blood flow in large blood vessels of animals. Periodic pulsations of pressure, associated with the work
of the heart, as well as changes in the lumen in the vessels are taken into account. Blood vessels are represented as uniform cylindrical channels with rigid
walls, and blood — in the form of a Newtonian fluid. The solution of the Navier-Stokes equations is carried out on the assumption that pressure pulsations
have the form of rectangular pulses. A longitudinal component of the blood flow velocity is obtained, which reflect the state of both the vessel and the pos-
sible deviations in the periodicity of pulsations.

A theoretical analysis shows possibility of the appearance of whole spectrum speeds in the pulsating blood stream. Accordingly, depending on the
parameters of vessel such as diameter, presence of obstacles, blood clots, inflamed areas, one or another speeds and consequently, different levels of elec-
tromagnetic radiation will prevail. The results were used for realization of external thermal mapping of organism with the purpose of exposure of diseases
and also research of the phenomena, related to affecting of external periodically changing factors, for example, electromagnetic fields on the bloodstream.

Keywords: blood flow, blood vessel, variable pressure, velocity component, Navier-Stokes equations, differential equations, Fourier series.

BBeueHne. BOHpOCBI JUHAMHWKHU KpOBU BE€CbMa Cy- O6YCJ'IOBI/IJ'I0 MOSABJICHUC OO0CTATOYHOI'0 KOJHYCCTBA pa-
IIECTBCHHBI IPHU COCTABJICHUHN (1)I/I3I/IOJIOFI/I‘JCCKOFO nopT- 60T, MNOCBAIICHHBIX ,Z[aHHOﬁ HpO6J’I€M€. O,Z[HaKO HX cyuie-
peTa KXUBOTHOTIO. H3menenns B KPOBOTOKE COIIPOBOK/Ia- CTBEHHBIM HEJOCTATKOM SABJISICTCSA PACCMOTPEHUE JIUIIb

IOT TPAaKTHYECKH JFOOBIC MATONOTHH OpraHu3Ma. ITo ©T. JI. 'ynon. 2017
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CTalHOHAPHOTO CIy4as. DTO 3HAYUTEIHHO OTPaHUYNBACT
MIPUMEHECHNE MOJMYYCHHBIX PE3YyIbTAaTOB IS NPOBEICHHS
BHEIITHETO TEePMOKAPTHPOBAHUS OpTaHU3Ma C IIETHI0 BEI-
SIBJICHMS 3a00JIEBaHUMN, a TaK)KE€ HCCIEIOBAHUS SBIEHUH,
CBSI3aHHBIX C BO3ICHCTBHEM HA KPOBOTOK BHEIITHHUX IIe-
PHUOIMYECKU U3MCHSIOMUXCS (HAaKTOPOB, HATIPUMED, IICK-
TPOMArHUTHBIX MOJIEH.

JluteparypHblii 0630p. 13 nuTepaTypHBIX HCTOY-
HUKOB M3BECTHO, YTO JIFOObIC M3MCHEHUS ()aKTOPOB BHYT-
peHHell W BHeWIHeH cpeAbl OpraHu3Ma, B TOM YHCIE U
mo0Oble 3a00IeBaHNs, HEMEUIEHHO CKAa3bIBAIOTCS Ha Iia-
pameTpax KpoBH U KPOBEHOCHOM cucTeMHl [1, 2]. B cBs3u
C 3TUM JaHHEII BOIPOC MOAPOOHO HCCIEAYETCs B IIETIOM
psiae myGnukanmii [3-5].

OpmHaKo CyYIIECTBEHHBIM HEIOCTAaTKOM, Ha Hall
B3TJIA, SIBIIICTCS TO, YTO 3/I€Ch M B OPYTruX paboTrax Io-
JIy4eHbl pe3yJbTaThl AJis CTAllMOHAPHOW 3a/Ja4yu, TO €CTb
JUJIsl KPOBOTOKA, HE 3aBUCAIIETO OT BpEMEHH. DTO 3HAYU-
TEJIbHO OTPAHUYUBAET MPUMEHEHHUE MOJYUYEHHBIX PE3Yib-
TaTOB B YMOMSHYTBIX paOoTax. B yacTHOCTH, OHH HE
MIPUMEHUMBI JIJIsl OIICHKU SIBJICHWH, CBSA3aHHBIX C BO3JEH-
CTBHEM HAa KPOBOTOK BHEIIHUX MEPHUOJUUYECKH H3MEHSIO-
mmxcs (PaKTOpOB, a TaKoKe sl TUCTAHIIMOHHOTO H3Mepe-
HUSI TEMIIepaTypbl BHYTPEHHHX OPraHOB >KUBOTHBIX. OT-
CYTCTBYeT B CYIICCTBYIOIIMX ITyONMKAIMAX W aHAJIH3
CHEKTPaJBHOTO COCTaBa MYJIBbCHUPYIONICH KPOBU B 3aBHUCH-
MOCTH OT JICSITEINEHOCTH CEPIECIHOCOCYIUCTON CHCTEMEL.

O0beKT, HeJb U 3aJauu HcciaeqoBaHuii. OObeKT
uccienoBanus. [Ipoiiecc NBMKEHUS KPOBH MO COCYIam
JKUBOTHBIX IOJI IEHCTBUEM MEPEMEHHOTO JTABICHHUS.

Hens pabotel. OnpeaeneHue COeKTPaIbHOTO COCTa-
Ba MYyJbCUPYIOUIEH KPOBU B 3aBUCUMOCTHU OT T€OMETPH-
YECKUX U BETEPUHAPHBIX XapaKTEPUCTHK COCYIIOB, a TaK-
e TapaMeTPOB ITyJIbCAIIUN TaBICHUS.

JJis JOCTHKEHHS MTOCTABICHHOW e HEOOXOIUMO
OBLTO PEIIUTH CIIEAYIONINE 3aJauu:

1. Pemuth ypaBHEHHE KPOBOTOKA C YUETOM ITYJIbCH-
PYIOIIETO JaBIICHUS B COCYaX.

2. Tlpoananu3upoBaTh XapakTep NPOAOCILHOU CO-
CTaBJISIONIEH CKOPOCTH B 3aBUCUMOCTH OT XapaKTEPUCTHK
coCy/la U MapaMeTpoB MyJIbCaIHil.

Pemienue ypaBHeHUsl IBHKEHUSI KPOBH € y4eTOM
nyJjbcaluii gaBjieHusi B cocyne. [Iycts nmeercs oaHO-
POAHBIA TUIMHAPUUECKUIN KaHal C KECTKUMH CTEHKaMHU
pamuyca R u nmunsl L. Kanan 3amosiHeH KpoBbIO, KOTO-
PYIO MBI OyZieM paccMaTpuBaTh Kak HPFOTOHOBCKYIO JKH/I-
KocTh [6]. Ha BXxozme kaHana JeicTBYeT MEepUOIUYECKUI
HCTOYHUK JaBIICHHUS.

B aToM ciryuae nmBUMKEHHE HRBIOTOHOBCKOW KHIKOCTH
MOXET OBITh OIMCAHO C IOMOINBI0 ypaBHeHHs Hamhbe-
Crokca [7]:

p(jj—}[/:—grad P+nAvV, (1)

rae V.o — CKOpOCTh KpOBOTOKa; P — mpuioxeHHOE Ha
BXOJIE KaHala AaBICHHE; O — IJIOTHOCTb KPOBU; 7] —
BA3KOCTh KPOBH.

VYpasuenwue (1) sBuseTcS HEMMHEHHBIM, TIOCKOJIBKY

av ov .

— =—+VdivVv.

dt ot

OpnHako TOT (akT, 4TO JABMIKEHHE KPOBH B COCYAax
SIBJISIETCS JIAMHUHAPHBIM, IAeT MPaBO CYUTAThH Cllaraemoe
vdivV =0 u TeM caMbIM JIMHEapU30BaTh 3amady. Kpome
TOTO, TAMUHAPHOCTh MOTOKA MPHUBOAUT K TOMY, YTO CKO-
pOCTb V HMMEeT JIHIIb OJHY KOMIOHEHTY V, .

C yderoM CKa3aHHOTO BbIIE ypaBHeHHe Hambe-
Crokca B HUJIMHIPUYECKOU CHUCTEME KOOPAMHAT MPHOO-
peraer BUL:

iﬂzo;
por
110p @
prop
ov, 1 0P 10( ov,) 175%, &%,
=———+V|——| T + =t
ot p Oz ror\ or) r°de° 0z
n

rle v — KUHETHYECKas BA3KOCTh, paBHAsS — .
Yol

[TpuaMMast BO BHUMaHHE, YTO TECUCHNUE KPOBH SBIIS-
eTCsl CONICHOMAANBHBIM, TO ecTh divV =0, mpuxogum K
BBIBOJLY, YTO:

N: o, 3)

oz

Ucnonb3yst BeipakeHue (3) COBMECTHO C CHUCTEMOU
(2), a Takxe YYMTBIBasS OCECHMMETPHUYHOCTH 3aJay

ov,
> =0 | 1 aOCOMIOTHYIO YIPYTOCTh KHUIKOCTHU, B CBSI3U
z
oP AP
C ueM 57 =———, e AP — mepenan gaBieHus B Kpo-
z

BOTOKC MEXKAY KOHIOM U Ha4YaJIOM KPOBCHOCHOTO COCYyJa
SaI[aHHOﬁ JJIAHBbI L , HOJIYYUM OKOHYATCJIbHO YPAaBHCHHUC
IUIs V, B BUIC:
ov, A, 16v,) 1AP
—v = =——
ot orc ror p L
ITo cBoemy xapaktepy BbIpaxkeHue (4) sSBIseTCS HE-

OJTHOPOJHBIM JHdepeHInaNIbHBIM YPaBHEHHEM C OJIHO-
POJHBIMU HAaYaJIbHBIMH ¥ I'PAaHUYHBIMHU YCIIOBUSIMH:

v, (r,0)=0; v,(R,t)=0 (5)

(4)

[paBast yacTe ypaBHEHHs! (4) CONEPIKUT BEIHMUUHY
AP, npeacrapnstontyto coboii nepenan nasnenns AP, B
KPOBEHOCHOM cocyze. B peanbHON CHTyalMud W3MEHEHHE
9TOM BEMYMHBI BO BPEMEHH HOCHT UMITYJIbCHBIN XapaKTep.

C /10CcTaTOYHO# CTENEeHBI0 TOYHOCTH MOXKHO CUH-
TaTh, YTO ITH UMIIYJILCHI UMEIOT KPYTOil (DPOHT U MOTYT
paccMaTpuBaThCs KaK MPSIMOYTOJIbHBIE UMITYJIbChI C JITH-
TeIBbHOCTBIO t, u mepuogom nosropenus t,. Ilpu stom

OTHOIICHHUC:

t, / t = 0
1
C OJHOH CTOpOHBI, SBJSICTCS BEIWYHHOW, OOpaTHON
CKBKHOCTH CJICIOBAaHHUS WMITYJIbCOB TIEpemnaja aaBiie-
HUS, a C IPYTOM CTOPOHBI YUHUTHIBAET MACTUIHOCTh KPO-
BEHOCHBIX COCYJIOB.
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s pemienust ypaBHeHUs (4) pa3noxuM (YHKITUIO
AP(t) B paxg Dypse [8] o kocuuycam:

AP(t)=%+iak cosztkl—”t. (6)
1
3n1ech
22 t,
a0=EjAP(t)dt=2EAPO, )

2
4

22 2k 2AP, t,
ak=a.[AP(t)cos(thdt= - sm(kﬂa) (8)

2

tZ
C ygerom toro, uto ==60,a — =1, OKOHUATEB-

HO HOHyLH/IM:
AP(t)=AP, (6+Eiwcos(klt)] ©)
VA

k=1

Jns perieHus ypaBHeHUs (4) BOCHOIb3yeMCsI METO-
JIOM pazJieieHus nepeMeHHbIX [9]. st 3Toro nojaoxum:

v, :an(r)Tn (t),

a MpaByr0 4acTh (4) pasiokuM Mo COOCTBEHHBIM (DYHK-
msM R, (r) :

(10)

LEE - LY AR (R, (1)

—_—=— (11)
p L pLH

Honcrasmss (10) u (11) B (4) 1 yuuTeIBast CBOHCTBO
OpPTOTOHAIFHOCTH COOCTBEHHBIX (DYHKIUH, MTOIYIAM JUIS
N - OM FapMOHUKHU BBIPAKEHUE:

T( t " !’
()L AR _ (RN IR} g
() pLT.() (R(r) r
YTO ONPUBOAUT K CUCTEME!
1

Rn”(r)+%R,;(r)+—/1n R,(r)=0, (13)
v

, 1

Tn(t)-’_ﬂ’nTn(t)_pLAPn(t)’ (14)

rae A, — coOCTBeHHbIE 3HaYeHUs ypaBHeHHus (13).

A v
n - ,_n ,a Y, (X)=R (r)=R, f— ,
onaras X » r,a y,(x) (r) ( i Xj

npuseneM (13) k ypaBHeHuto beccens mepBoro nopsiaka:

y,’{(x)+%y;(x)+ Yo (X)+0. (15)

Pemennem 3T0oro ypaBHeHHs OymeT JMMHEHHAS KOMOH-
HaIWsl LJIMHAPUYECKNX (DYHKIMH TIEpBOroO U BTOPOTO PoJia:

Yo () = A, (x) + AN, (). (15)
W3 ycnoBust orpaHMYEHHOCTH PEIICHUS] HAa OCH, TO
ecTb Y, (0) #oo, umeeM A, =0. Kpome Toro, u3 rpanuu-

HOT'O YCIIOBHUA V, ( R,t) =0 nomyuaem:

JO( ﬁRJ:O-

A
KopHeM 3TOr0 ypaBHEHHUS SBJISIETCS ,un(o) =, —-R.
v
Orcroza cOOCTBEHHBIE 3HAUCHUS
(0)Y?
Hn
=y| —
o
win, 0003HaJast Hn - ar(] ),nonqu/IM:
R
2
0
A = v(ar(, )) 17)

Peminm ypasuenme (14). C yuerom (17) oo mpu-
MeT BHI!

(1) () T ()= AR (1) 18)
Yo,

IPUYEM U3 HAYaIbHOTO yCIOBHS V, (r, O) =0 crenyer,

41O Tn(o):o.

Byz[eM MCKaTh PCUICHUE B BUJIC!

~ t 7‘/((1&0))2077) 1 , (19)
Tn(t)—_([e EAPH (r)dz
IIPU 9TOM A Pn (t) ¢ yaetoM (11) umeer Bux:
2AP(t) (20)
AR (1) = ——
=,
Ioncrasnsas (20) B (19) u yuutsisas (9), momydum:
(o) (-
Tn(t):ﬁ € (a ) ( r)AP0(¢9+
pLu Jl(/ln ) 0 (1)
+£zsm K70 cos klr].
7 k=1

Brruncienne nHTETpana 1aeT OKOHYATENBHOE BhI-
paKEeHHE JULL T, (t) :

()= 2APR, 0 1_e_v(ago))2t—+
T et () o) |
O el ] (22)
kll¢sin(klt)+ (k"l ) {cos(klt)_ev(“m‘”
2 &sin(k#d)
L= k © 22
1 14{‘/(0:')) ]

[TockonbKy paccMaTpUBalOTCS MPOLIECCH IPH
{ — 00, 10 nepexonubie mponeccs B pacuer He IPUHK-
MAIOTCsl, TO3TOMY:
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_ 2APR, 7 N
PLﬂgo)Jl (ﬂgo)) v(a,ﬁo) )2

. () CE)
ol sin(klt)+Tcos(klt)
2 & sin(kzo
+;z (k ) 272
k=1 V(aso))
1+ B

Psin B (23) siBisieTcst OBICTPO CXOISAMIAMCS, TIOATOMY
IUISL ONMCAaHWS MPOLECCOB, NMPOMCXOISIINX IPU JBHKE-
HUH KPOBH, MOXXHO OTPaHHUYUTHCS HEPBBIMH IBYMs-

TpeMsl TAPMOHMKAMU PA3JIOKECHUT A P(t). Yro xacaercs
pa3iokeHus 1Mo COOCTBEHHBIM (PYHKIHSIM, TO 3I€Ch JO-
cratouHo B3aTh N=1. Ilpu n>1 HemocpeacTBeHHas
MOJICTAHOBKa KopHew ¢(yHkmmm beccens HymeBoro mo-
psnka n HanOoJee XapaKTEPHBIX Pa3MEpOB KPOBEHOCHBIX
cocyioB B (23) mOKa3bBaeT NPEHEOPESIKMYIO MaloCTh
T,(t), T;(t) ur.x o cpasrennio ¢ T, (t).

YuuThiBasi BBIIIECKa3aHHOE, IIOMy4aeM BBIpaKEHHE
JUISL TIPOJIOJIBHOM COCTABIIAIOIIEH CKOPOCTH KPOBOTOKA V,
[10]:

v = 27AR ‘]O(al(O)r) o,
z = 2
Y e ey
isin(klt)+ 1 2v(oz“’))z cos(kit) (24)
sin(kz8) ki kl §

k=1 v (al(o) )2 :
1+
ki

[lepBoe cnmaraemoe B (UTYpHBIX CKOOKaX COOTBET-
CTBYET IBM)KEHHUIO KPOBH IIPH IMOCTOSIHHOM JABJIEHHH Ha
BXO/i¢ KPOBEHOCHOTO cocyna. OHO JaeT pe3ynbTaT, CXO-
HBIM Cc pemeHueM 3agaud Ilyazeins o TeUEHUHU BSI3KOH
KHUJIKOCTH B LIMIMHIPUYECKOM KaHaje IOJ BIUSHHEM IO-
CTOSIHHOT'O TIeperaia 1aBJIeHUH, TO eCTh napaboandecKuit
npoduiIb CKOPOCTEH B TIONEPEYHOM CEYEHHH COCYyAa.
Bropoe cnaraemoe gaeT nomnpaBky, CBSI3aHHYIO C ITyJIbCa-
uueit kposu. Ero mosiBieHHE O3Ha4YaeT, yTo MpoduIiIb
CKOpOCTEil KpOBOTOKa OYyZET COBEpIIATh NMEPHOANIECCKHUE
KoJIeOaHHsI OKOJIO CPEIHEro 3HAUeHHs C HEKOTOpOH da-
CTOTOM.

BoiBoabl. [Ipu BO3IEHCTBUM BHELIHETO MEXaHHUYeE-
CKOTO BO3MYIICHUS, CBSA3aHHOTO C COOCTBCHHBIM OJIICK-
TPOMAarHUTHBIM TOJIEM, IPOMOAYIUPOBAHHBIM C YaCTOTON
MyJbCalluy JABJICHUsI, BOZHUKAET PE30HAHCHBIN MPOIECcC
U OJTHUM U3 CJICIICTBHIA 3TOTO SABJICHUS OYAET yBEIHUCHHE
CKOPOCTH KpOBOTOKa M BO3MOXXHOCTH CTOJKHOBEHHS
(hOPMECHHBIX 3JIEMEHTOB KPOBH, HECYIIUX JCKTPUUCCKUI
3aps.
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YK 504.054
C. A. TPHHbD, A. C. FOCIOK, O. A. JIAIITHH

9KOJIOT'MYECKHUE MPOBJEMBI METOJIOB JIOBBIYUN CJIAHIIEBOI'O T'A3A B XAPBKOBCKOM
OBJIACTH

PaccMaTpuBatoTCs 5K0JI0rMuecKre MpooIeMbl METOIOB A00BIYM CIIAHLIEBOTO ra3a B XapbKOBCKOW obnacTy. J{is BbIsBIIeHUS Ppo0IeM ObUIO PaccMOT-
peHo BB 1006y ra3a Ha CIo00XKaHIMHE U B CTPaHAX C Pa3BUTOH SKOHOMHKOH. DPEKHHT MMeeT psI HeJOCTATKOB: 3arpsi3HCHNE MOI3EMHBIX T'0-
PHM30HTOB, BO3/IEIHCTBHE Ha IIOBEPXHOCTHBIE BOJOEMBI, CeHCMUUECKHE PUCKHU, BEIOPOCHL. B Xoze McciieoBaHus M CPaBHUTEIBHOTO aHAIN3a METOIOB
U3BJICUCHHUS 3AJICKEH CIIAHLIEBOTO Ta3a, yCTAHOBICHO PsiJi IPEUMYIIECTB MHHOBALIMOHHBIX 1 MOACPHU3UPOBAHHBIX COCOOOB HaJl METOAOM I'HIpoOpas-
PpBIBa IUIacTa. BEIIM MpeUI0Ke B! Ty TH PeNIeHHs] BBISIBICHHBIX IP00JIeM, KOTOPBIE 3aKIIFOYAIOTCS B ONTHMH3ALIH ITPOLECCOB JOOBIUH.

KuroueBrle cJ10Ba: CIIAaHIEBBIH Ta3, (PPEKHHT, THAPOPA3PHIB IUIACTA, OKPYKAFOIIask MPUPOIHAs Cpeia, Tuies, Heapa.

PosrsinaroThest eKoJIoTigHI TpobIeMn METOIIB BUIOOYTKY CIIaHIIEBOTo Ta3y B XapKiBChbKiil o6macTi. st BUsBIIEHHS MpobIieM Oyiio po3TIIsTHYTO CIO-
cobu BUIOOYTKY rasy Ha CrobokaHIIMHI Ta B KpaiHaX 3 PO3BHHYTOI €KOHOMiKoro. DpekiHT Mae psi HelOMiKiB: 3a0pyAHEHHs MiJ3eMHUX TOpPH-
30HTIB, BIUIMB Ha MOBEPXHEBI BOAHU, CeiCMiuHI pu3ukH, BUKUAM. [LIIsx0M ociiay Ta MmopiBHSIBHOTO aHalli3y METOAIB BUAOOYTKY MOKJIAIiB CIaHIIe-
BOT'O Ta3y, BCTAHOBJICHO PsIJI TIepeBar iHHOBAIIHHIX Ta MOIEPHI30BaHNX METOJIB HaJ COCOOOM TiZpopo3puBY IuIacta. Bymo 3ampornoHoBaHo nuisxu
BUPIIIEHHS 1CHYIOUNX ITPOOJIeM, SIKi ITOJSTaloTh B ONTHMI3alil Iporecy BUIOOYTKY.

Kuio4oBi ci10Ba: cnaniesuii ra3, Gppexinr, riqpopo3puB MIacTa, HABKOJHUIIHE TPUPOIHE CEPEIOBHIIIE, TUIesl, Hapa.

The ecological problems of the methods of extraction of shale gas in the Kharkov region are considered. To identify problems, the types of gas
production in Slobozhanshchina and in advanced economies were considered. Frecking has a number of shortcomings: pollution of underground
horizons, impact on surface water bodies, seismic risks, emissions. In the course of the study and a comparative analysis of the methods of extraction
of shale gas deposits, a number of advantages of innovative and modernized methods over the hydraulic fracturing method have been established.
Ways were proposed to solve the identified problems, which are to optimize the production processes. Ecological problems of methods of extraction
of shale gas in the Kharkov region consist in: pollution of underground horizons, impact on surface water bodies, seismic risks, emissions.

The extraction methods in the region are undeveloped and are a threat to the natural environment. To optimize production processes and to
avoid anthropogenic catastrophe, it is necessary to take into account the experience of solving similar problems by other countries, such as Japan,
China, Saudi Arabia and the United States. Ukraine has a reserve of minerals and needs to rationalize their extraction and further use.

It is necessary to realize that environmental problems always accompany the sectors of heavy metallurgy, mining, oil refining and gas
production. These problems have a solution, but are accompanied by serious economic costs.

Keywords: shale gas, frecking, hydraulic fracturing of the reservoir, surrounding natural environment, shattering, subsoil.

BBenenune. AKTyanbHOCTh JaHHOH IpOOJIEeMBI 3a-
KITFOYaeTCsl B TOM, YTO COBPEMEHHAsI TEXHOJIOTHS JOOBIYH
CJTaHIIEBOTO Ta3a B XapbKOBCKOH 00JIACTH MOXKET NpHBe-
CTH K ITaryOHOMY BO3/ICHCTBHIO Ha COCTOSIHHE OKpYXKaro-
el mpupoIHOHM cpenbl. Yrpo3oi mns Cino0oskaHIIUHBI
SIBIIIFOTCSL METOABI U3BJICUEHUS MOJE3HOIO MCKOMAeMOro
13 3eMHBIX HENp, Takue Kak QpexuHr. JlaHHBIH criocod
IIpe/CTaBIsIeT cO0OH TEXHOJIOTHIO JJOOBIYM Ia3a, KOTopas

MO3BOJISIET YBEJIMYHUTh KOJIMYECTBO JOOBIBAEMOTO CHIPbS
myTéM TuapaBindeckoro paspsiBa mwiacta (I'PIT). Dddexr
THAPOYAapa OCYLIECTBISIETCS 3a CYET 3aKa4MBaHUS B
CKB&KUHY BOJPbI, I1€CKa, XMMHUKATOB, ITOCJIE YETo IPOHC-
XOJIUT Pa3phIB «KapPMAaHOBY», B KOTOPBIX XPAHUTCS CHIPHE.
B pesynbrare yero, meneBod MPOIYKT MOJHMMAETCs HA
TIOBEPXHOCTb.
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