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Lnsixom 0ocniodcenns enaugy Hagpmu ma HaGmMonpooOyKmis Ha 00K BUSELEHO 0CODIUBOCTE (POPMYBAHHS
Hagmoeo2o 3a6pyOHeHHs Y NPOCMOPI i 8 YACI 3ANENHCHO BI0 WEUOKOCII DIIbMPayitiHo20 NOMOKY, 80A020CMI, NPO-
HukHocmi ma Qinempayii niacmis. Ilponuknicmo tpynmie y npoyeci Qitompayii HAPmonpooyKmie 3anexcums, 6
OCHOBHOMY, Gi0 CHIYNEHsl BOOOHACUYEHHSl Md BMICMY 2IUHUCMUX YacmuH. [ npoeHo3yeanns macuimabie Hagmo-
6020 3a0PYOHEHH S, sIKe 3aedHCUmsp L0 00 €My 8UMOKY HAGMU, NPOHUKHOCMI IPYHMIE MA IX NOMYAHCHOCMI, PeabeQy
Micyegocmi, a Mmakodic 2AUOUHYU 3ATA2AHHS. IDYHIMOBUX 80O, IX JHCUBTEHHS MA PO36AHMANCEHHS, QOYIILHO GUKOPUC-
mogysamu izuune MOOeN0BaAHHS.

KurouoBi cioBa: po3Bijka HaQTOBUX pONOBUIL, KOSDIIIEHTH MPOHUKHOCTI Ta (inbTpalii, MOJEIIOBaHHS, IIPO-
THO3YBaHHSI.

Ilymem uccredosanus enusinusi Hepmu u HemenpoOyKmos Ha OKPYICAIOUYIO cpedy 8bl6IeHbl 0COOEHHOCMU
Gopmuposanusi Hedhmano2o 3a2psi3HeHUs 8 NPOCMPAHCIGEE U 80 BPEMEHU 8 3A8UCUMOCTIL OM CKOPOCMU Quibmpa-
YUOHHO20 NOMOKA, GIAJICHOCU, NPOHUYAeMocmu U urempayuu niacmos. Ilponuyaemocms nous 6 npoyecce ¢hu-
Tbmpayuu HepmenpooyKmos 3asUcum, 6 OCHOBHOM, OM CIMENEHU BOOOHACHIUEHUSL U COOEPHCAHUS 2TUHUCTBIX YdaC-
metl. [{isi npoeHo3uposans Macumabos He@hmano2o 3azpsisHeHusl, KOmopoe 3asUcum om oovema ymeuku Hegmu,
NPOHUYAEMOCIU NOYE U UX MOWHOCMU, pelbeda MeCmHOCIU, a MaKdice 2IyOuHbl 3a1e2anusi SPYHMOBbIX 800, UX
NUMAHUsL U pasepy3Ku, YerecooOpasHo UCNOIb308AMb (PusUecKoe MOOeIUPOsaHue.

KiroueBnlie ciioBa: pa3Besika HEPTAHBIX MECTOPOXKICHUH, KOAPPUIIUEHT MPOHUIIAEMOCTH ¥ (QHIBTPALIUH, MO-
JIeTTUPOBaHKE, IPOrHO3UPOBAHUSL.

Through research on the impact of oil environment, peculiarities of formation of oil pollution in space and
time depending on the speed flow filtration, moisture permeability and filtration layers. Permeability of soil in the
process of filtering oil depends mainly on the degree of water saturation and clay content parts. To predict the
extent of oil pollution, which depends on the amount of oil leakage, permeability, soil capacity, terrain, ground
water, their power and discharge, appropriate use of physical modeling.

Keywords: discovering oil, permeability coefficient and filtering, modeling, forecast.

Po3poOka HaQTOBUX POMOBHIL CYNPOBOIKY-
€TbCs PISHOMAHITHUM BIUIMBOM Ha JIOBKULIA: Bifl-
OyBaroThCsl 3MiHU MPUPOIHOT'O CTAHY HOT'O KOMITO-
HEHTIB — MIOBEPXHEBUX Ta MiI3EMHHUX BOJI, IPYHTIB,
atMocdeproro moitps. Lli 3MiHH MOXYTh MpHU3Be-
CTH J0 3HAYHUX, HerepeadadyBaHWUX HACTIJKIB.
3amobiraHHsi MOXKJIMBOMY HETaTUBHOMY BIUIMBOBI
Ha JIOBKIJUIS MPU eKCIUTyaTallii HaTOBUX pOJOBHIIL
Ta 30€pPEeKEHHA IKUTTEBO HEOOXIMHMX q)yHKuiﬁ
NPUPOIHOTO CEPEOBHUILA € OHIEIO i3 HailBaXIIH-
BILIMX | HAHAKTYAlIbHIIIMX IPOOJIEM ChOTOJICHHSL.

Possurok HadTOBOI i Haq)Tonepep06H01 raiy-
3eil Oe3nmocepesIHbO 1 HEPO3PUBHO MOB’SI3aHUH 3
BUHUKHEHHSIM TIpOOJieM 3a0pyTHEHHS HaBKOJHII-
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HBOrO cepenoBuina. Brue HadTH Ta HadTOIpO-
NYKTIiB Ha JOBKULIS TOCTIIKYBaJIA Ta OMUCYBATIH Y
CBOIX poOorax Oarato HaykomiiB: B.}O.[lenyrar,
M.€. XKypagens, JI.K.yopoecbkuii, O.1.Kopanerrs,
B.I1.Mimenko, B.IL.Yrmspenko, .M.Cemuyk,
P.M.I'oBzsik Ta iHIIi, OHAK MpobieMa MopyIIeHHS
€KOJIOriYHOro 0anaHcy Hajp, IPYHTOBOTO MOKPUBY
1 MOBITPs y Mpolleci MOMYKIB, PO3BIAKH i PO3p00-
KM Ha(TOBHUX DPOJOBHII JIOCI 3aJIMIIAETHCS HEBH-
pillIeHO}O.

3a0pyAHIOBaYaMH  HABKOJIMIIHBOTO  CEPENO-
BUIIA € NPOMHBAIbHA piauHa, OypoBMA mutam i
OypOBi CTiUHI BOJM, MATMBHO-MACTHJIbHI MaTepianmy,
a TaKoXK (MIFOIIH, 110 HAIXOIAThH O HHOI'O I Yac

-
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Exosoriuna 6esnexa Ta paljioHaJbHE NPUPOROKOPHUCTYBAaHHS

Taoauus 1 — XapakrepucTuka ckiany i BaactTuBocTi HapTu (3a Ctokepom i Cirepom [1])

MacoBa yacTka Jiana3on Possummicts y
o . ):[I/ICTI/UH)OBaHII/I
Dpaxirii B CHpiit Ha(Ti, TeMIEpar
% KHUITIHHS, Xp BOJIi X 10 %
(3a Macom)
Mapadi Cs—Cn 0,1 -20 69 — 230 9,5-0,1
P Cizs—Cys 0-10 230 - 450 0,01 — 0,004
Lcronapadpism Ce—Cypa 5-30 70 — 230 55-1,0
P Cr— Co 5-30 230405 1.0-0
ApomaTuHi, ByTJIEBOIH,
MOHO- II[HHHKJIIHHI Ce— Cy; 0-5 80 — 240 1780 -0
MOMILHKTIH Cio—Cis 0—5 240 — 400 12,5-0
Haq)TOBo-quMaTHqu Co— Cas 530 180 — 400 1.0-0
BYTJIEBOIHI ’
3aIuIoK 10-70 400 0

aBapiiftHOro oHTaHyBaHHS 1 BUITPOOYBaHHS CBEP/I-
JIOBUH Ta IHTEHCUBHUX Ha(TOra3onposBiB, BUKIU-
KaHUX TOPYUICHHSM CTaHy KOHCEpBalii MOKIais
BYIJIEBO/IiB, TEPMETUYHOCT] CBEP/UIOBHH i T. iH.

ABTOpaMH  JIOCTIJDKYBAIHCh  OCOOJHBOCTI
(opmyBanHs HapTOBOIrO 3a0pyAHEHHS y MPOCTOPI
1 B 4aci 3aJeKHO Bil WBUAKOCTI (QinbTpauiiHOro
MOTOKY, BOJOTOCTi, MPOHHUKHOCTI Ta (imbTparii
TTACTIB.

3ynuHUMOCS Ha aBapiiHUX BHUKHIAaX Ha(TH,
razy i Bomu. BOHUW TpamisioThes, SIK MPaBWIIO, B
30HaX PO3BHTKY AHOMAallbHO BHCOKHX IJIACTOBHUX
THCKIB. 3a octaHHi 30 pokiB B YkpaiHi BinOymocs
86 aBapiiiHuX BHUKHAIB HadTH, razy i Boau (y
Juinposcbko-JloHenbkil 3anaauni — 43, y Ilepen-
Kaprnarcbkomy perioHi — 28, a B [IpudopHomop-
cbko-KpumMcbkoMy — 15), mo iHKOIM CympoBO-
JDKYBAITHCS TTOKEKAMH 1 JTFOJICBKIMH KEPTBAMHU Ta
CTaJi TPUYMHOIO BHCEIICHHS JIFOJIed 3 HACEICHUX
IyHKTIB, BTPAaTH CBEP/UIOBHH i NPUPOIHUX PECyp-
CiB, BUBEIIEHHS 3 JIa/ly OONIMPHUX TLIONI POIIOYNX
3eMenb i, BIIMOBIAHO, BEIMYE3HUX MATEpialbHUX
BUTPAT Ha iX JIKBiZaNi0. bulblicTh 3 LuX BUKUIIB
BIZOYJINCSL B PO3BIZYBAJIbHUX CBEP/UIOBHHAX BHA-
CIIIOK MOPYUIEHHS. TEXHONOTii OypiHHS i BUIPO-
OoByBaHHS, 1 e 20% — 3 He3aIeKHUX IPUYHH.

AHani3 BITYM3HSAHOTO 1 3apyODKHOTO JOCBIIY
CBIIYHTS, 110 HaTa 1 HAQTOMPOLYKTH € HANOUIBII
IIKIJJIMBUMA PEUOBMHAMHU JUIs JOBKiLLIA. Hamxo-
JDKEHHS HaQTOMPOJYKTIB y HABKOIMUIIHE CEPeo-
BHIIE BiOYBA€ThCS B MPOIIEC pO3POOKH Ha Had-
TOBHX POJOBHUILAX, CKCILTyaTallii CBEPIUIOBHH, IIc-
pepobku cupoi Ha(TH, i Yac aBapiil TaHKepiB, ix
OYMILCHHI Bif crapoi Ha(TH i HaTONPOAYKTIB,
pyiHYBaHHS HAQTOMPOBOJIIB TOIIO.

Hadra e ckmagHo0 CyMmilnto BYrjeBOIHIB 1 iX
MOXITHUX; KOXHA 3 IUX CHOIYK MOXE pO3risija-
THCS K caMOCTiHHUH TokcukaHt [1]. Jlo ckmany
Hadtu BXomaTh monax 1000 iHAMBIAYyaJbHUX Op-
raHIYHUX PEYOBMH, IO MICTATh 83-87% Byruelio,
12-14% Bopnto, 0,5-0,6% cipku, 0,02-1,7% a3oty i
0,005-3,6% KucHIO 1 HEe3HA4HI JOMIIIKK MiHepa-
npHEX cnoinyK. OCHOBHI XapakTepHUCTHKH HadTh
3BeZIeH1 10 Tabmui 1.

I[lix yac aBapiiHUX BUKHUIB TUIACTOBI (hIItoiqu
IPOHHUKAIOTh B YCI IIPOHMKHI IUIACTH, 1O TPaIlsi-
I0ThCs HA LLIAXY iX PYXY. Hpocoqy}quCL Ta (inb-
TPYIOUHCH Kpi3b IPYHTH, HaTa 1 HAPTOMPOAYKTH
MOXYTh TMPOHHKATH Y TPYHTOBI BOAM, 3 SKUMH
NUISIXOM KOHBEKTHBHOTO MEPEHECEHHS PO3IOBCIO-
JOKYIOTBCSI Ha 3Ha4HI BIJICTaHI, 3MIHIOKOYHN SKICTh
nuTHOI BOAM. B aTMocdepy BUKHIAEThCS 3HAYHA
KUIBKICTH 0pr1/IHI/IX pedoBuH (CO,, H,S, SO, SO,
Ta iH.), sIKi, 3MILIYIOYUCH 3 [TapaMH BUKUHYTOI BH-
COKOMIHEpAIIi30BaHOi BOJHM, PO3MOBCIO/DKYETHCS B
atMocdepi Ha 3HaYHI BifcTaHi, a MOTIM, KOHJICH-
CYIOUHCh, B aepO30JIbHOMY BHUTIISII, BHIIQJAECIOThH
Ha TIOBEPXHIO 3eMJIi, 3a0pyAHIOI0YH 1i. 3 BUKUHY-
TOI CyMillli Ha TPYHTOBUH TOKPHB PSCHO BHIIAJA-
I0Th COJli, HAQTOMPOAYKTH, OYpPOBHI PO3UYHH 3 Xi-
MIYHUMH _pearentamu [2]. HeratuBHuii BIUIMB 3y-
MOBJICHUH X TOKCHYHUMH 1 MOJAPa3HIOBATHHUMHU
BIIACTUBOCTSIMH.

3 TeopeTHYHOI TOUYKH 30py (opMyBaHHS Hag-
TOBOTO 3a0py[HEHHs BiIOyBAa€TbCSA 3a PaxyHOK
TPUMIpHOI (BLIbTpaliiiHol aucepcii B oaHOMIp-
HOMY BOJHOMY IIOTOLI, PyX YacTHHOK, y SIKOMY
i1 Ji€F0 BENMKOI KITBKOCTI BUIAKOBUX BEIUYMH
OITUCYETHCS BIIOMUM y Teopii BeHepiBChbKUM mpo-
ecom [3].

[To3nauumo uepes P(r,, 1, t) TYCTHHY pO3110/Ii-
Ty KOOPAMHAT T YaCTUHKH Ha(TOMPOAYKTIB 32 4ac
t micas BUXOZy i3 TOUKHM Ty I BUBEIEMO 3araibHy
(opmysy s po3nofiny KOHIEHTpallii 4aCTHHOK
Ha()TH-IHMKATOPA Bill IOBUIBHOIO JUKEPEa.

PosrusiHemo y TpHBHMIPHOMY 1pOCTOpi OZ-
HOMIPHHH BOJSIHHI IOTIK, AifiCHY IIBUIKICT SIKO-
ro y KOXKHIH TOYLI O3HAYMMO sK 8. [Ipumycru-
MO, L0 B JesKiid 00jacTi mpocTopy U B 00’eMi
BOJITHOT'O TIOTOKY, HE CIIOTBOPIOIOUU HOTO CTPYK-
TypH, HAIXOISATh YACTUHKA PEYOBUHH-IHAMKATOPA.
[Ipu mbOMy KiNBKICTh YACTHHOK, IO HAAXOAATH 32
OJIMHUITIO Yacy 3 OAWHUII 00’€My JpKepena, Io-
3HaynMo 4epes f (r, t). KinbkicTh YacTHHOK i3 J10-
CTaTHBO Majioro 06’emy AU B OKOJIi TOYKH T, JDKE-
pena 3a Malliii BiITHHOK qacy (to, to+At) craHoBu-
tume f (1o, t,) AU At. Lt KinbKiCTh YaCTHHOK PO3-
MOJUISATHMETHCSI B 00’€Mi pO3CIiFOBaHHS, TPOIOp-
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Exosoriuna 6esnexka Ta paljioHaJbHE NPUPOROKOPHUCTYBAaHHS

HifHOMY BIpOTiIHOCTI BIIy4aHHs y BIAMOBIIHY TO-
yKy. ToOTO poO3MOiI YaCTUHOK OMUCYBATHMETHCS
b opmyIor0:
An(r,t) = K- flroty) - P(ro 7, t—1ty) AU - At. (1)
[lnsxoMm iHTErpyBaHHS 32 00’€MOM JpKepena

UpuyaciBin 0 mote BHUpa3 JuId PO3IOUTY YacTH-
HOK Y HpOCTOpl B JIOBUILHUIT MOMEHT Yacy

n(r,t)zKIHP(rO,r,t—to)-f(ro,to)dUdto ,(2)
uo
Jie iHTerpain 3a 00’eMoM Oeperbesi 3a 3MIHHOIO T,
Oﬂepn(aHm‘/'I BHUpa3 I KOHueHTpaui'f Bi)j[pi3H$I€TI)-
cst Bia (1) koediuientom nponopuiiinocri K. 3a-
rajoM JUIsl 3aJIeKHOCTI KOHIIEHTpAIil BiJl KOOP.IH-
HAT i 4acy OTPUMAEMO:

t
C(r.t) =K, [[Plrg.r.t —tg)- f(rg. 10 )dU dtg . (3)
uo

VY upoMy piBHSHHI BiICYTHIM Tapamerp To-
3IIOBXXKHBOT JMCIIEpPCii, 10 CYTTEBO BIUIMBAE Ha
MPaBUJIBHICTh BH3HAYCHHS apeaiy 3a0py/HeHHs
BOJ Ha()TOMO.

[Mpumyctimo, o B Oyab-SIKHii MOMEHT Yacy 3
no4yatkoBoro nepepizy X = 0 y MoTik BXOJUTH TO-
HKUH map, HecKiHdeHu# y Hanpsmky Y i Z. [lin
Yac pyxy IIapu HE B3aEMOJIIOTh MK COOOI0, TOMY
JOCTaTHBO PO3TJSIATH TPOIEC PO3CIIOBaHHS B
KOKHOMY mIapi okpemo. Posmoxin koopauHaT
YaCTUHKH y MOMEHT t, i3 TOUKH JDKEpena y = Yo,
Z =7, X,= 0 y MOMEHT t CTAHOBUTHME:

P3() = 5, 2(t) = 2Lty = ¥ 2(t0) = 24 )=

I SN B e P S R R K
47#]T(t_t0) 4ﬂT(t_t0) ’

ne [r — mapamerp aucmepcii.

OTmxe, On€pXaHO TYCTHHY PO3MOMILNY YacTH-
HOK IH/IMKATOpa y BOAHOMY IOTOLI 32 TPUBMMIp-
HOIO PO3CIIOBaHHs, ¢ 3Ha4HY POJb BiAirpae ma-
pamerp aucnepcii X [4].

3abpynHeHHs aTMocdepH MpH aBapiiHUX BU-
KAJax HaQTONPOIYKTIB BiJIOYBAETHCS BHACHTIJOK
BUIIAPOBYBaHHSA JICTKHX (pakiii HadTH i iX camo-
3aliMaHHA, a TaKOX ClajoBaHHs HadTH i HadTO-
MPOAYKTIB 3 METOI JIIKBijalii HACHiAKIB 3a0py/I-
HEHHS.

CryniHb 1 MporHo3Ha OIliHKa 3a0pyAHEHHS
HABKOJIMIITHBOTO CEPEIOBHINA BH3HAYAETHCS T'pa-
HUYHO jaomyctuMoto koHnentpamnieto (I'IK) mkin-
JIMBHX PEYOBHH, IO HAIXOIATH [0 HABKONHIIHbO-
ro cepeoBuuIa. Y pasi NPUCYTHOCTI B BOMI, IPyH-
Tax Ta aTMOChepi OJHOYACHO ACKUIBKOX LIKIZUIH-
BHUX PEYOBHWH, iX Oe3po3MipHa cyMapHa KOHIICHT-
paliss He TMOBHMHHA IEPEBUIIYBAaTH YMOBHOI OJIU-
HHUII

C,
S s B INC)
Ceoky Ca0ky Caox,,
ne: Cy, Cy, ... C, — KOHIIEHTpAIIis IIKIJIMBUX Pe-

YOBUH Y KOXXKHOMY KOMIIOHEHTI HaBKOJIUIIHBOI'O
cepenosuma (y rpyHTi, Bogi Ta armocdepi); Crak;,
CF):[Kg CF):[Kn — MaKCUMaJIbHI JIOMYCTUMI KOHI[CH-
Tpalii MKIIJIUBUX PEUOBUH Y IUX KE KOMIIOHCH-
Tax [5].

Excriepumenranbai nabopatopHi jmaHi CBil-
9aTh, MO 33 PAXYHOK (inbrpauii, Hapronponykru
PI3HOI TYCTHHM i B’S3KOCTI IPOXOJATH KPi3b IPYH-
TH PI3HONO CKJIajy, TUIACTUYHOCTI i BOJOTOCTI.
[Mpu nocmimkenHi (inbTpalnifHUX MporeciB Had-
TOMPOAYKTIB Yy TMOPHCTOMY CEPEAOBHILI OKPEMO
BpaxOBYBAJINCS BIACTHBOCTI IPYHTY (depe3 Koedi-
LIEHT MPOHUKHOCTI K;) 1 BIACTHUBOCTI (binLprIo-
Qi pimuHM (32 TYCTHHOIO P, KI/M~ 1 B’SI3KICTIO V,
M/c). OTxKe, 3arajioM BIACTHBOCTi OPUCTOTrO ce-
penoBuIa i (b1ﬂpry}oq01 piAMHU BU3HAYMIIN KOE-
¢iientn ginprpamnii HaQTOMPOAYKTIB:

Ky=K, 2. (6)
1%

KoedimieHT MpOHUKHOCTi, B OCHOBHOMY, 3a-
JIOKUTH BiJ JiaMeTpa YaCTHHOK IIOPHCTOrO cepe-
JIOBUINA, BETUYNHHN e()EKTHUBHOI TIOPUCTOCTI IPYH-
Ty, CTPYKTYPH MOPOBOTO MPOCTOPY, WO BU3HAYA-
I0TBCSI (DOPMOIO YACTHHOK 1 3BUBUCTICTIO ITOPOBUX
KaHaMiB. Y IPyHTaxX 3 HE3MIHHOIO CTPYKTYPOIO T10-
pucroro cepeniopria 3HadeHHs K, moBuHHO OyTH
HOCTII/IHI/IM (ymoBuo mpuitnaro K,=1  mapci
(10™"*m )) Toni 3mina Ky mpu q)lnLTpauu HaTo-
HpOZ[yKTlB 3ajexaTHMe TUIBKH BijJ 3MiHH iX Tyc-
TUHM # B’S3KOCTI BHACIIJOK NMPOXO/UKEHHS B HUX
(isuKo-xiMiYHKX MPOIIECIB, IO i BPaXOBYBAIOCS Y
X0/l TIPOBEJECHHSI EKCIIEpUMEHTAIbHUX JOCHi-
JDKEHb.

Sk QinpTpyroua pigvHa BHKOPHCTOBYBAIMCA
cupa HadTa TycTHHOI 865 i 875 Kr/™M’ T3 CBITJII
Ha(bTonpozIyKTH rycrunoio 840 i 850 kr/m’. Kine-
MaTHYHA B 5[3KICTI) cnpm Ha()TH CTAHOBWJIA BiIIO-
BigHO 6-10°19-10° M*/c; cBiTIMX HATOMPOAYKTIB
~4,0-10°14,5-10° m’/c.

HaGopaTole JOCHTIDKEHHS ~ MPOHUKHOCTI
TIIMHACTUX TPYHTIB (TJIMH, CYTJIUHKIB Ta CYIICKIB)
MPOBOAMIIKCS Ha 3pa3Kax HEMOPYIIEHOI CTPYKTYPH
3a JIONOMOT'0I0 KOMIIpeciitHO-( LTbTpaliifHoro npu-
nagy M.M. Macnosa; ¢insrpyBanns nadpTonposuy-
KTiB Bii0yBanocs 3sepxy BHu3. O6’eM B3ipus min-
TpUMyBaBCS HE3MIHHUM. [iIpaBiiuHUi TpajieHT
(BITHOIIIGHHST CEPENHBOr0 HAMOPY 10 JOBXKUHH
nusixy ¢ineTpanii) y nocnmigax cranosuB 10.7 —
60.3.

Pe3synbraTu gochigiB CcBigYaTh, 110 NIBUAKICT
q)mLTpauu Yy TIMHHUCTHX IPYHTAX 3arajiomM € QpyHK-
II€F0 B’SI3KOCTI HAPTOMPOYKTIB Ta MIACTHYHOCTI
IpyHTIB (Tabn. 2). Tok NPOHUKHICTH TIMHUCTHX
IPYHTIB Ticisi TpuBanoi QiabTparii 3MeHIITyBaTH-
METhCs 31 30UIBIICHHSIM B SI3KOCTI SIK cUpoi HaTH,
TaK i CBITJIMX HAQTOMPOIYKTIB 1 HaBMaKu — 3011b-
IIyBaTUMEThCS 31 3MEHIICHHSIM IX ILIACTHYHOCTI.
Hanpukrarz, Koe(bluleHT q)lnLTpauu 3MIHIOETBCS
Bix (7.2 - 9.8) 10° m/n06y s cupoi HadT anmo-

BIAJIbLHUX TIJIMH Iulactiudictio  17-18%  no
(8.0 — 8.6)-107 M/106y uTs CymicKy (IIIaCTHUHICTIO
-4 %).

ExcniepuMeHTalIbHI  IOCHIJDKCHHS 3 BH3HA-
ueHHs KoedimienTa (inbTpanii Mmim@aHux IPyHTIB
MPOBOAMIKCS Ha (itbTpaniiHoMy npuiani (Tpyo-
Ka 3HaMeHcm<oro) Hocnipkenns npoBoauuncs 3a
MOCTIHOTO TiPaBIIYHOrO TPaJliEHTa 3 ypaxyBaH-
HsM TemriepaTypHoi nonpaBku. KoedimieHT ¢inb-
tpauii (Kg) obuncmtoeTses 3a hopMyoro

T50)
150 )
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Tab6auusa 2 — Pe3yabTaTu Aoc/ifKeHb NPOHUKHOCTI INTHHUCTHX IPYHTIB
nicas TpuBajoi pinbrpanii (154200 1id6) kpisb HUX cupoi HAPTH Ta CBITIIUX HAPTONPOAYKTIB

KoediuienT dinprpanii, M/mo0y

[pynr Jl\igpg%g cupoi HahTU CBITIIMX HA(QTONPOMYKTIB
6*10°° 9*10° 4.0%10° 4.5%10°

Ir 3,7%10™ 1,8%107 3,2%107 7,5%107

U 2r 2,7*10;‘ 7,9*10*3‘ 3,6*10'2 6,0*10'2
P 3r 3,1%10 2,3%10° 2,5%10 4,1%10°

4t 3,5%10™ 4,1¥10™ 2,7%107 1,05%107

5T 3,2%10™ 3,0%107 2,9%107 2,6%107

lc 1,510 3,7%10° 1,95%107" 1,2%10

JU— 2¢ 1,7*10‘2 2,96*10;2 2,4*10‘: 1,6*10':
pp—— 3¢ 3,8*10'3 3,1*10-2 1,1%10° 1,0%10°
4c 7,1%10° 3,2%10° 1,8%10" 1,7*¥10"

5¢ 6,4*%107 2,9%107 2,9%10 2,5%107

1o 4,3%107 2,7%107 6,0%10~ 8,0%10™

2n 4,9%107 5,010 7,010~ 9,0%10~

Cyrmicox 3m 4,7%107 2,6%107 5,5%10~ 8,5%107
41 4,1%10° 5,5%10™ 6,5%10~ 9,0%10~

51 4,010 3,5%107 7,5%107 9,5%10~

0 Tabanusa 3 — 3anexxHicTh cepeHiX 3HAYEHD
Ky = F I (7)  xoediunienta dinsrpauii (Ky) cupoi HagTu Ta

ne: Q — BuTpara mpodibTpoBaHOr0 HadTOMPO-
OyKTy, M’/c; F — TuIQIia morepeyHoro mepepiszy
MeTaTiuHoi TpyOKH, M’ t — TeMIIepaTypHa MOMpaB-
ka; | — rizpaBiidHA rpaieHT.

Y mporieci AOCHTIIKEHHS BHUBYABCS TaKOXK
BIUIUB BOJIOTOCTI IPYHTIB Ha mpouec (iIbTpartii.
Bonoricte mimiaHUX TPYHTIB XapaKTEPU3YEThCS
KOC(II[IEHTOM BOJIOHACHYCHHS (CTYIICHEM BOJIOHA-
CHYCHHS), IKUI po3paxoByBaBcs 3a (hopMYJI0K0 [6]

G="P
11

ne: p — TyCTHHA IpyHTYy; W — IpUPOAHA BOJIO-

ricte; II — mopHcTicTh TPYHTY.

Crin 3ayBakuTH, 0 32 KoedimieHTa BOJOHA-
CHYCHHS, OJIM3BbKOro N0 1, milllaHui IPYHT € ABO-
(ha3HOI0 CHCTEMOIO, 110 CKIAJA€ThCS 3 MIHEPalib-
HOI YaCTHUHH, BOJIU Ta MOBITPs. 3aJICKHO BijJ BEJH-
YMHU BOJOHACHYEHHS MIl[aHl IPYHTH 3TiHO 3 [6]
moninsgioTh Ha cyxi  (G<0,5), nmyxe Bojori
(0,5<G<0,8) Ta Hacuueni Bogoro (G>0,8).

Ak BUAHO 3 TaOMII 3, MBUIKICTH QLIbTpAIii

CBITNIMX HAQTONPOAYKTIB 3MEHIIYETHCS 3 301Ib-
MIEHHSIM Koeq)iuieHTa BOJIOHACHYCHHS ITICKY, IO
MOXC TOSICHGHO pi3HOIO TYCTHHOIO, HaTONPOIYK-
Ty 800 Kr/M° Ta BOJH 1000 kr/m>. [Ipotunexna
TEHJICHIIISI CIIOCTEPIraeThCsl Y BUNAAKY QiIbTparii
cupoi Hadtu. TyT mMBUIAKICTh QUIBTpaIil 301TbITY-
€TBCS 13 30UTBIICHHSM BOJIOTOCT1 MILI[AHUX TPYHTIB.
JlaHa 3aKOHOMIpHICTb, BIPOTiHO, IPYHTY€ETh-
csl, TIO-TIepliie, Ha TOMY, IO IIap BOJH, SIKUH 00-
MHBAa€ YaCTHHH IICKY, 3MEHIIIye abCopOIiiiHi mpo-
necu cupoi Hadtu Ha ix moBepxHi. [lo-mpyre, npu
MpOocoYyBaHHI HA(TH Kpi3h MICOK BiIOYBa€Thes il
YaCTKOBE PO3YMHEHHS 3 “BUKOPHCTAHHSIM ~ BUTBHOL
1, IEBHOIO MipOI0, 3B’s13aHOT BOJIU MIIAHOTO TPYHTY,

CBITJIMX HAPTONPOAYKTIB y APiOHO3EpHUCTOMY
nmicky Bin koedinieaTa Bononacudenns (G)

G K, M/mo0y
cupa HadTa | CBITI HAQTONPOIYKTH
0,06 0,85 0,3
0,2 0,8 0,4
0,4 0,75 0,6
0,6 0,68 0,75
0,8 0,5 0,8
0,97 0,1 0,82

110 IPU3BOAKTE JI0 30UIbIICHHS ©()eKTUBHOI TIOPH-
CTOCTI MICKY 1 3aKOHOMIPHO /10 30UIbLICHHS NPO-
HUKHOCTI cupoi HaTH.

Ha mnpoHukHIiCTE Ha@TONPOAYKTIB iCTOTHO
BILJIMBA€ BMICT TJIMHUCTHX YAaCTHH Y MIIaHUX IPY-
HTax (Tabm. 4).

Tab6aunus 4 — Xapaxkrep 3MiHu KoedinieHTa
¢inbTpaunii (Ky) B ApidHO3epHHCTOMY HiCKY
3aJ1e5KHO Bil BMICTY IJIMHMCTHX YacTHH &, (%)
B npoueci giabTpauii cupoi HadpTH Ta CBITIANX

HA(PTONPOAYKTIB
o Ko, M/noby
& % —
cupa HadTa | CBITI HAQTONPOIYKTH
2 0,92 0,58
4 0,93 0,5
6 0,9 0,4
8 0,75 0,25
10 0,6 0,15
12 0,4 0,1
14 0,2 0,05

_\
N
[y
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Exosoriuna 6esnexka Ta paljioHaJbHE NPUPOROKOPHUCTYBAaHHS

Bcranosieno, 1m0 i3 301UIbIIEHHSIM TITHHA3AIT
nicky koediuieHT ¢inbrpanii (Ky) pisko 3MeHIIy-
€Thes 1 3a 15-16% BMICTY IIMH HAOJIMYKAETHCS JI0
HYJISL.

TakuMm YMHOM, EKCTIepUMEHTAIFHUMHU J1a00-
PaTOpPHUMH JOCIIKEHHAMHA 3 (inbrpawii HadTo-
NPOAYKTIB KpPi3b IPYHTH PI3HOTO IPaHyIOMETPUY-
HOT'O CKJIay, TUIACTHYHOCTI Ta BOJOTOCTi BCTAHO-
BJICHO: AJIOBIANIbHI TJIMHH 1 CYTJIMHKH BOJIOJIIOTH
HU3BKAMH (DUIbTpaliiHUMK BIACTUBOCTSMH, KOe-
¢inient ¢inprpauii rpyHTiB B mpoueci dinbrpanii
Kpi3b HUX CHpOI Haq)TI/I Ta CBITHI/IX HaTOMPOIYK-
TIB CTaHOBUTL 7,2 10° — 1,4 10 M/100y. 3Biacu
BUIUIMBAE, MO JOCIIPKYBaHI IPYHTH € e(eKTHB-
HUM €KpaHOM, III0 3aXHIIA€ MiI3eMHI BOIU Bix 3a-
OpyZHEHHS y BHINAJKY aBapiifHUX BUKUIIB Ha(TO-
npoaykriB. Cymicok 3aliMae HpOMi)KHe CTaHOBU-
mie. Koe(buueHT g)IHpraHII cupoi HadTH 3MiHIO-
ereea Bim 1,1-107 mo 9, 7 107 M/;[06y, a CBITJIMX
Ha(bTonpoz[yKTlB -1,1- 102 -1 ,8:107 M/106y.

IIponnkHicTs HIH_[aHI/IX rpyHTlB y mporieci hi-
nbTpalii HAQTOMPOAYKTIB 3aJEKUTb, B OCHOBHO-
MY, BiJ] CTYIIEHSI BOJIOHACHYCHHS Ta BMICTY TJIHHU-
ctux yactul. OTKe, po3podKa HaGTOBHUX POIOBHIILL
Ha JUITHKAaX 3aJsIraHHs MMICKiB BUMarae mpodinax-
TUYHUX, 3aXMCHUX 3aXOJB i 3ac00iB s momepe-
JDKEHHS BHUKHUJIIB HAaQTONPOAYKTIB, OCKUIBKH IIi-
IIaHI TPYHTH BOJIOJIIOTH BHCOKHMH (inbTpamiii-
HUMH BIIACTUBOCTSMHU.

Macmrabu 3a0pyJHEHHS 30HH aepaiii MpH
BHUKHJaX Ha(QTOMPOMYKTIB 3aJIeKaTh, 31€0UIBIIOTO,
BiZl 00’eMy BUTOKY Ha(TH, MPOHUKHOCTI IPYHTIB,
iX TMOTY)XHOCTI, penbe]y MiCIIeBOCTi, TIITHOMHU 3a-
JSITaHHS TPYHTOBUX BOJI, 1X KHMBIICHHS Ta PO3BaH-
TaKEHHSI.

3a nauumu poborn [7] mporiec 3a0pyaHEHHs
30HM aepailii Ip¥ BUTOKAX Ha(TH Ha 3eMHIH TOBe-
PXHI MOXKHA TIOJINTH HA TPH CTaii.

[eprra cranist XapakTepu3y€eThCs YTBOPEHHIM
MOBEPXHEBOT'0 apeany 4yepe3 3armoBHEHHS Ha(TOO
3arMOMH Ha moBepxHi 3emui. Ha mpyriit cramii
BiIOYBa€ThCS, 3COLTBIIOT0, BEPTUKAIbHA TH(LIb-
Tpamiss HadTH. Tpers cramis XapaKTepU3yeThCs
O0KOBOIO Mirpartlielo HaQTH y IPYHTaX, IPHUOMY Y
OUTBII IPOHUKHUX TPYHTaX IEH MPOIEeC MPOsBIs-
€THCS| CUITbHIIIE.

BuBuenHst 3a0pynHEHHs TPYHTIB, IO 3aXH-
IIal0Th TPYHTOBI BOJH, MA€ TEOPETHYHE 1 MPAKTHU-
YHE 3HAYCHHS, OCKUIBKH Y OUIBIIOCTI BHIIAJKIB
BOHH € CBOEPITHMM E€KPAHOM ISl 3aXUCTY MiI3eM-
HUX BOJ BiJl 3a0pyIHEHHSI.

[ndinpTparniini nporecu HadTH MOXKHA 3aIld-
caTd pIBHAHHSM OaNaHCy PiIyHHM, IO HaBEACHE Y
pobori [8]:

h § ~ 0(0)-5(0). ©)
t

ne: h 1 s — BiAMoOBiIHA TOBIIMHA 1 IUIOHIA IIAPY
HadTH, 10 BUIMJIACSA HA MTOBEPXHIO; Q — KUIBKICTh
HaTH, 10 BWJIMJIACS BHACIIOK BIAMOBU TPY0O-
IIPOBO/Y; g — KUIBbKICTh HA(TH, WO iH(ITBTPYETHCS
B IPYHTI; t—4ac GurbTpalrii.

[HginbTpanis MOYMHAETHCS 3 JOCATHEHHS Ma-
KCHMaJIbHOTO 3MOYYBaHHs IOp IPYHTIB HadTOMO
IiJ] €0 CHIT TpaBiTallil 1 MOBEPXHEBOI'O HATATY. 3
4acoM TpaBiTalliiiHi MPOIECH MPOSBISIFOTHCS MAJIO.

3rizHO 3 KamiIIpHOI MOJEIUII0 MPOCOYYBaH-
Hsl HAaQTH Yy TPYHT 3a HE3HAYHOI BETMYUHM h cripa-
BemuBe piBHsIHHS (10)

2rr.ocos ©® =8 ﬂ,uxﬁ,

(10)

dt
Ie: Tx— pajiyc Kamiisgpa; ¢ — KOe]illieHT TOBEpX-
HEBOT'o HATATY HaTH; O- KyT 3MOYYyBaHHS IPYHTY;

L — B’SI3KICTh HAQTH.
Po3B’s3ytoun piBasiHHEA (10), omep:kxumMo -
6uHY X = B\ t Ta MBHAKICT IPOCOYYBAHHS:

v :%2\/7; Lo =+rocos®/2u . (11)

Bigrak, mo 3aBepumieHHi Ipyroi Ta TpPeThOi
craziii gopMyBaHHs apeaiis HaTOBOro 3a0pys-
HEHHs y BEpXHil YacTHHI 30HU aepanii HadTa abo
HAQTONPOIYKTH MOXYTh HAJXOIUTH Y TPYHTOBI
(mig3eMHi BOIH), 320pYAHIOIOUH TX.

Buknn HaTONpOAyKTIB y BOAHE CEPEIOBUILEC
€ HaWOUTBII IIKITTMBUM, OCKUIBKH 1X KOHIIEHTpa-
misg Big 0,1 Mr/a poOMTh BOAY HENPHUIATHOIO IS
BxkuBaHHs [9]. Kpim 1iporo, Ha moBepxHi BOIU Ha-
(dTa PO3NIMBAETBCA TOHKAM IIAPOM, YTBOPIOIOYH
Ha(TOBY IUISIMY, 1 3aXOILIIOE, 3AJIKHO BiJl MacIll-
Ta0iB BUKHUIIB, MPOCTIp y ACCATKH KBaJpPaTHUX
KUIOMETpIB, 110 BILIMBAE HA JKUBI OpraHi3Mu, sKi,
nepe0yBaroun MiJ IUIIBKOIO, ITOCTYIIOBO 3aauXa-
IOTBCHL.

3ayBa)xuMo: KILO mporec GopmyBanHs Had-
TOBOrO 3a0pyJHEHHS Ha BIIKPUTHX BOJHHX
00’€KTax J0CTaTHbO BUBYEHHUH, TO Yy MII3EMHHUX
BOJIaX — HEJOCTATHBHO, a CaMe BOHH € OCHOBHHM
JDKEPENIOM JUIsi TUTHOTO 1 TOCIOAapChKOTrO BOJIO-
nocra4anns. TyT Ha npouec popMyBaHHs apeasis
HaTOBOrO 3a0py/IHEHHS BIUIMBAIOTH TaKi mapame-
TpH, SK (i3UYHI BIACTUBOCTI BOIOMICTKHX TIDYH-
TIB, KOHBEKTHBHE TIEpEHECEHHS, copOIis, nudy3is,
MorepeyHa Ta MO30BKHS JUCIIEPCli, 3aXUIIECHICTh
BOJIOHOCHUX TOPHU30HTIB TOIIO.

Bpaxosyroun GaraTodpakiuiiiHicTh CHpOi Ha-
Ty i cknagHicTh BiOOPAKEHHS BKA3aHUX BHILE
YMHHHKIB JUISl QHAIITHYHAX PO3PaXyHKIB, 3 METOIO
NPOrHO3YBaHHs (OPMyBaHHs apeaiiB Ha)TOBOrO
3a0pyIHEHHS JOIUTLHO BUKOPUCTOBYBAaTH (pi3HuHe
MojentoBaHHs. [IpuHIMNM (GI3UYHOTO0 MOJEIIO-
BaHHsI IIPOLICCIB 3a0pYAHCHHS IPYHTOBHX BOJ CO-
JISTHAMU PO3YMHAMM PI3HOI KOHIIEHTpAIlii HaBeeH]
y pobotax [10+12].

BucHoBku Ta pekomeHaanii

AHani3 BITYM3HSAHOTO 1 3apyODKHOTO JOCBiIY
CBIMYHTS, 110 HaTa 1 HAQTOMPOLYKTH € HANOLIBII
IIKIJUTHBUMU PEUOBHHAMH U HABKOJIHMIIHBOTO
cepenoBuIla, NPUUYOMY IX HETaTUBHUMN BILIMB OXO-
ILTFOE Bcl Moro koMmroHenTy. LImaxoM TociimkeH-
Hsl BIUTUBY HaTH Ta HAPTOMPOJYKTIB Ha JOBKIILIS
BUSBIIEHO 0COOIMBOCTI (hpopmyBaHHs Ha(TOBOrO
3a0pyAHEHHs y HPOCTOPi i B 4aci 3aJEKHO Bil
MIBHJIKOCTI (PiIbTpaIifHOTO TOTOKY, BOJIOTOCTI,
MPOHHMKHOCTI Ta (uIbTpanii ruractiB. PesynbraTu
CIIOCTEPEKEHb 3a 3MIHOI KOHIIEHTpalii HaQTH Y
BOJIHOMY IIOTOIIi, CBiYaTh, M0 apea 3a0pyaHeH-
Hs1 (QOpMYETbCS BXKE 3 HAJIXODKEHHSIM MEPIINX
nop1Iii cupoi HadTH.

T )
152 )
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Macmrabu 3a0pyJHEHHS 30HH aepaiii MmpH
BHUKHJaX Ha(TOMPOMYKTIB 3aJIeKaTh, 31e0UIBIIOTO,
BiJ: 00’eMy BUTOKY HAa(TH; MPOHUKHOCTI IPYHTIB
Ta 1X MOTYXHOCTI; penbedy MICIEBOCTI; TTUOUHU
3aJsraHHs TPYHTOBUX BOJI, iX KUBJICHHS Ta PO3Ba-
HTaxXeHHs. [yl mporHo3yBaHHs MaciuTabiB Had-
TOBOTO 3a0pyAHEHHS JIOIUILHO BUKOPUCTOBYBATH
(i3uvHEe MOJICITIOBAHHSI.
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