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IIpUTOK KMIAKOCTH K TOPU30HTAJIbHOM CKBasKMHE PU AKYCTHYECKOM BO31eiiCTBHU HA IUIACT
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BBeaenne

OmBIT 3KCIUTyaTallid TOPH30HTATBHBIX CKBAKHH TMPH Pa3pabOTKe TPAJAUIUOHHBIX HEQPTSHBIX U
ra30BbIX MECTOPOXKICHUI CBUACTEIBCTBYIOT O TOM, 4TO OHHM Oosiee 3P PEKTHBHBI MO CPABHEHHIO C
BepTUKANbHBIMU CckBakuHaMu (JOshi, 1988). B cBs3u ¢ MCTOIEHHEM MECTOPOXKIECHHM <JIETKOI
He)TH M BO3pacTAaHUEM [OJIM TPYIHOU3BICKAEMBIX 3aIlacoB, a TAKKE HEOOXOAUMOCTHIO OCBOCHUS
MECTOPOXK/ICHHI BBICOKOBSI3KHX He()TeH M MPHPOAHBIX OUTYMOB 0CO0O aKTyalbHBIM CTAHOBHTCS
BONPOC TPHUMEHEHUsS] TOPH30HTAIBHBIX CKBRKUH ISl OCBOCHHS 3aJICKCH TaKUX YIJIEBOJOPOJIOB
(Kravtsov and Marfin, 2011). [TpoGiema noBbimieHns 3pHEeKTHBHOCTH pa3paObOTKU TaKUX HE(TIHBIX
MECTOPOXKICHHI MOKET OBITh PEIICHA 32 CUET UCTIOIB30BAHUS PA3JIMYHBIX METOIOB BO3ICHCTBHUS Ha
npu3a00WHBIC 30HBI U ILTACTHI.

Cpenu sKonoruyeckr 0€30MacHBIX METOAOB BBIACISIETCS METOJA BOJHOBOTO BO3JIEHCTBUS Ha IUIACT
(Kuznetsov et al., 2002; Gataullin et al., 2013). Teopuss W THpakTHKa MPUMEHEHHS PAa3THYHBIX
BapUaHTOB JMHAMUYIECKOTO BO3JICHCTBHS (celicMOaKyCTHYECKOTO, yIBTPa3ByKOBOTO,
BUOPOBOJIHOBOTO) YKa3bIBAIOT HA WHTCHCU(PHKANWIO BHYTPUILIACTOBBIX MPOIECCOB YIPYTUMH
konebanusamu (Beresnev and Johnson, 1994; Kravtsov et al., 2009; Mapdun et al., 2014) u,
00yCIIOBJIEHHOE 3THM, MNOBBIEHHE a00braH HedTu. COBMENICHHE K€ aKyCTHYECKOro METoa ¢
MIPUMEHSAEMBIMH TEXHOJOTHSIMA He(DTEHOOBIYN MOXKET JaTh CBepxcymMMmapHbIH dddexr. Tak, ombIT
COBMEIIIEHHS] TaKOTO BO3JCHCTBUS ¢ BHyTpuiuiacToBeiM roperwem (Marfin et al.,, 2015)
CBHJICTEJILCTBYET O KPATHOM HOBBIIIEHHU /1e0nUTa HE(TH, CHIKEHHH OOBOJIHEHHOCTH JOOBIBAIOIINX
CKB&KMH M CHW)KEHHH Y/ICJIbHBIX SJHEPreTHYECKUX 3aTparT.

B Hacrosimieit paboTe TEOpEeTHYECKH HCCIIEAYeTCs BIMSHHE BOJIHOBOTO BO3JCHCTBHS HAa TMPHUTOK
KUJKOCTH K TOPH30HTAJIBbHOM CKBakMHe. Bompoc pacuera ne0uTa TOPU3OHTAIBHOW CKBaKHHBI
OCBEIIICH B TPY/ax KaK OTEUECTBEHHBIX, TaK U 3apyOexxHbiX yueHbix (Joshi, 1988; Aliev and Butaev,
2006). Tak, B pabore (bopucos et al., 1964) npuBeneHo ypaBHEHHE TPHUTOKA K TOPU3OHTAIBHOM
CKBa)KHHE, PACIOJIOKEHHON B LEHTPE OJHOPOIAHOIO HM30TPOITHOrO IUIACTA C KPYTOBBIM KOHTYPOM
MHUTAHUSL:
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rae K — mpoHHIaeMocTs, Mm% H — TonumHa macra, M; p — Bsi3kocTh (urronna, Ila-c; AP=(P,-P,) —
nepenaj JaBjicHUS MEXKIY JaBJICHHEM Ha KOHType M Ha 3aboe, [la; L — jjiMHAa rOpU30HTaIBHOIO
CTBOJIAa CKBaXHHBI, M; R, — pajinyc KOHTypa MHUTaHUs, M; I, — paanyc CKBaKUHBI, M. B padore (Joshi,
1988) paccmaTpuBaeTCsi IPUTOK K TOPU3OHTANBHONW CKBAXKHMHE C SJUTHITUYCCKAM KOHTYPOM MHUTAHHSL.
BoiBog 9THX (OPMYNT OCHOBBIBAJICS Ha MOIETMPOBAHHM TOPM30HTAIBHBIX CKBAKHH Kak
BEPTHUKAIBHBIX, PACIIONOXKEHHBIX BIOJB IyTH TOPU30HTAIBHON CKBaYKHHBI, BCKPBIBIIME TLIACT Ha BCIO
TOJIIIMHY U C PACCTOSIHUEM MEXAy HHMHU, PABHBIM TOJIIIMHE TUIACTA. TakoW MOIXO/a HE MO3BOJSIET
y4eCTh HEKOTOPBIX 0COOCHHOCTEH MPUTOKA K TOPH30HTAIBHOM ckBakuHe. Tak, B padote (Marfin and
Abdrashitov, 2017) Ha OCHOBE METOIOB YHCIEHHOTO MOJCIHPOBAHUSA IIOKAa3aHO CYIIECTBOBAHHUE
3aCTOMHBIX 30H, HE YYaCTBYIOIIUX B Mporecce GUIbTPAIMU, KOTOPBIC PACTIONOKEHBI BOIHU3H KPOBIH
M TIOAOIIBBHI IJIaCTa HAA W TMOJA CKBAXMHOW COOTBETCTBEHHO. B 3ToM jke paboTe mpeacTaBicHa
MaTeMaTH4decKasi MOJIeNb JIeOUTa TOPH30HTATBHOW CKBKUHBI, YIUTHIBAIOIIAS HE TOJNBKO YKa3aHHbBIC
0coOeHHOCTH (WIBTPAIMH, HO ¥ HEOJHOPOAHOCTh CBOMCTB IIacTa W IutactoBoro ¢mrouma. Bompoc
BBIOOpA OMTHMATBHOTO PEXHUMA BO3JACHCTBUSA SABISACTCS TMPEAMETOM MHOTHUX HCCIICIOBaHMUIH,
manpumep B pabore (Marfin et al., 2016), HO mpu 5TOM BaXXHO YYHMTHIBaTH OCOOEHHOCTH
pacmpocTpaHeHusl yIPyrux KojeOaHwii Takoro Bo3meicTBust B camoii ckpaxkuue ([ataymamu et al.,
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2009). Ienpro HacTosIICH PabOTHI SBJISETCS OIECHKA BIMSHHS OCHOBHBIX (PAKTOPOB aKyCTHYECKOTO
BO3ICHUCTBHS Ha MTPOU3BOIUTEIHBHOCTS TOPH3OHTATLHON CKBaYKHHBI.
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MeToa BOJTHOBOI'0 BO3eHCTBHUSA

OdeBHIHO, YTO BO3JEHCTBHE aKyCTHYECKMMH BOJHAMH Ha MPOAYKTUBHBIA IUIACT NPUBOAUT K
W3MEHEHHUIO CKOpocTH (QuibTpaiiiu. B ycnoBwsix cranuoHapHOW (QHIBTpAIlU, OMHCHIBAEMOM
W3BECTHBIM ypaBHeHHeM [lapcu, Takoe M3MEHEHHE MOJl JeHCTBUEM YIPYTHX KOlIeOaHui MOXKeT OBITh
oOycmoBiieHo CcHIKeHHWeM Bsskoctu ¢umronna (Beresnev m Johnson, 1994) m mponmmaemoctn
nopuctoro kosuiekropa (Elkhoury et al.,, 2011; Manga u ap., 2012). Paccmotpum BapuaHT
aKyCTHYECKOTO BO3ACUCTBHSA peaju3yeMblii 3a cueT BO30YXKIEHHS YIOPYTHMX KoJleOaHUH B
TOPH30HTAJIBHOM  CKBaXMHE  M3JIyyaTeJeM, XapaKTepU3yeMbIM MOIIHOCTBIO W YacTOTOH
reHepupyembix konebanmid. [lpm pacmpocTpaHeHMH ympyrux BOJH M3 CKBOKHUHBI B IUIACT WX
aMIUTUTyla YMEHbIIAeTCs M B Ijacte (GOpMHUPYETCs TMoJe YNpPYrux KoleOaHWi, XapaKTepH3yemoe
pacrmpeieieHeM aMIUTUTYAbl 110 PACCTOSHHUIO OT CKBAXUHBI. [IpM 3TOM BS3KOCTH KUAKOCTH U
MIPOHHUTIAEMOCTh TIOPHUCTOM Cpebl OYAYT TaKke MEHATHCS B 3aBUCHMOCTH OT YAaJICHHUS OT CKBAXXUHBI,
MOCKONIBKY WX W3MEHEHHE HaNpSIMYyI0 CBSI3aHO C XapaKTePUCTUKaMH BOJHOBOTO Toyst. Jlimst
BBIABJICHUA 3aBUCUMOCTH M3MCHCHUA BA3KOCTH OT aMILIUTYAbI KOHC63HHI71 BOJIHOBOT'O BOSﬂeﬁCTBHH
6I>IHI/I IMPOBCACHLI CECPHUU SKCICPUMCHTAJIBHBIX I/ICCJ'ICILOBaHI/Iﬁ C Pa3siIMYHbBIMHU KUJKOCTSIMU, B TOM
YHCIie W BBICOKOBS3KON HE(PTH AIIATBFYMHCKOTO MECTOPOXKACHHA. Pe3ynpTar 3TMX HMccleqoBaHUi
0000IIICH B BUJIE SMITUPUYCCKON 3aBHCUMOCTH:

1, = 1t,(0.80498 —0.013468 - In(p,, +5.145-107)) )

TZIe Ly — BI3KOCTD XKHJKOCTH IPH aKyCTHYECKOM Bo3zeiictBuy, [1a-C; Ly — HauaiabpHas BA3KOCTS, 1la-C;
pw — amrumatynda koseOanuii, [la. VMcmomb3yst 3HaHUST O 3aKOHOMEPHOCTSIX PAacHpOCTPaHEHUS
KOJeOaHW W W3MEHEHHE BS3KOCTH B BOJHOBOM I0Jie, OBUIO TMONYYEHO paclpe/ieieHue
OTHOCHTENIbHOM BSI3KOCTH B IUIACTE€ IpPHU pPa3IMYHbIX dYacToTax KojebaHud (pucyHok 1). Otm
3aBUCHMOCTH OBUIA TIOTYYEHBI MPH MOIMHOCTH m3nmydeHHs paBHoW 1.0 kBt. Bumno, uro BOMM3H
CKB)KUHBI, TJIC aMIUIMTY 14 KOJICOaHUI MaKCUMaJIbHA, CHIXKEHHUE BSI3KOCTU jgocTuraeT 30%.

0.987

0.93~
a W/ B o0.88 2

Pucynox 1. 3asucumocms omuocumenvbHoU 633K0CMU 6 NAACME OM YaACmOombl KOJIeOaHUil 60JIHO8020
8030elicmeus U paccmosiiusd om CKedasCuHbl.

CrnenyromM  BaKHBIM — [TApaMETPOM,  XapaKTepU3yeMblii mpouecc  (HIbTPALUH  SBISCTCS
NpoHHUIIaeMocTh mopucToii cpensl. B padore (Elkhoury et al., 2011) mpeacraBieHsl pe3ynbTaThl
7a00OpaTOPHBIX HCCIICOBAaHUH W3MEHEHHs HPOHMUI[AEMOCTH MOPUCTOI Cpeibl HPH aKyCTHYECKOM
Bo3leiicTBMM Ha Hee. OO0OOLIEHHAs SMIHMPHYECKas 3aBUCHMOCTh OTHOCHTEIBHOTO H3MCHEHHS
MPOHUIIAEMOCTHU OT aMILTUTY bl KOJICOaHU NIPEe/ICTaBICHA B BHIC:
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rae Ky — HauanbHAs MPOHMIAEMOCTH TOPHCTON cpedsl, M°; P — mepermaj JaBIeHHs Ha o6Gpasie
MOPHCTOM cpeapl, obecnieunBaromIuii mpouecc Gpuibtpauny, [la. Mcnons3ys pazpabotannyio B pabote
(Marfin and Abdrashitov, 2017) mareMaTHYeCKyt0O MOJEIb MPUTOKA JKHUAKOCTH K TOPH30OHTAIBHOMN
CKBa)XKMHE PAaCCMOTPHUM BIHMsHHE Ha 3(P()EKTUBHOCTh aKyCTHYECKOI'O BO3IEHCTBUS TaKUX (HaKTOPOB,
KaK MOIIHOCTh M3IIy4yaTelnss M 4YacToTa TeHepupyeMblx KojeOaHwid. Jlns sToro ompenenum
XapaKTePUCTUKH  MECTOPOXKACHUS U  TOPU3OHTAJIBHOM  CKBR)XMHBI  MOAEIBHOIO  IUIACTA.
l'opuzonTtanpras ckBaknHa anuHONH L=300 M u pagmycom r':=0.1 M pacmonokeHa B IEHTpe IUIacTa
tonmmuHoW H=25 ™M wu pagmycom koHTypa mmranusa R,=500 wm. Ilmact xapakrepusyercs
MPOHHUIAEMOCThIO Ko=1 MKM’, BSI3KOCTBIO HepTu o=2.0 Ila-c, maBmeHMeM Ha KOHTYpe MHTaHUI
P.=6.0 MIla u na 3aboe ckBaxuubel P=3.0 MIla. [lns Takux yCIOBHH JeOMT CKBaKWUHBI,
paccuuTaHHBIN M0 yKa3aHHOW MareMaThueckoil momenu u dopmyne (1), 6e3 Bo3meHcTBUS OyneT
paBen npumepHo Qu=10.5 M*/cyT.

PesyabTaTsl
AKYCTHUYECKOE BO3JICHCTBHE NMPUBOJNUT K M3MCHEHHIO CBOMCTB HE(TH U MPOIYKTHUBHOTO IUIACTA, YTO

NpUBEAET K YBEIMYCHHUIO JeOuTa TOPHU30HTAIbHOW CKBaXHMHBL. Ha pHCyHOK 2 moKa3aHO
OTHOCHUTENILHOE YBEIUUEHHE AeONTa TIPH Pa3InYHbIX YaCTOTaX KOJICOAHUI U MOIIHOCTH U3Ty4aTels.

QulQo

Pucynox 2. 3asucumocmo omuocumenbHo2o Oebuma om yacmomvl KoJaeOaHull u Moy Hocmu
BOJIHOB020 8030EUCMBUSL.

Buano, 4to 3G QeKTHBHOCTh BO3ICUCTBHS YBEINIHBACTCS C YBEIHMUEHHEM, KaK YacTOThl KOJeOaHHH,
TaK ¥ MOILIHOCTHU M3iIydatens. [Ipu 3ToM MOKHO 3aMETHTh, YTO 3HAYMTEIILHBIA POCT OTHOCUTEIILHOTO
neOuTa TOPU3OHTAIBHOW CKBaKMHBI HAYMHAETCS C 4YacTOThl mpuMepHo 2,5 kln. Ha menpmmx
yacrtoraX 3(Q(EeKTUBHOCTh BOJIHOBOTO BO3JICHCTBUS OT MOIIHOCTH TPaKTHYECKH OTCYTcTBYeT. [lo
MOPSIAKY BEJIMYMHBI MPUPOCT JeOUTa COOTBETCTBYET NPOMBICIOBBIM JaHHBIM JJISI  YCIOBHUH
BEPTHKAJIBHBIX CKBOKUH, PE3YJIbTaThl KOTOPBIX omyOimkoBaHbl B padotax (Marfin et al., 2014).

BrIiBOaBI

B pesynprare MomenrpoBaHHs Pa3TUYHBIX PEKUMOB aKyCTHYECKOTO BO3ACUCTBUS Ha MPOTYKTHBHBII
IJJACT B YCIOBUSIX TOPU3OHTAIBHBIX CKBAXXKUH YCTAaHOBIEHO, YTO BO3ACHCTBUE YIOPYTHMH
KOJICOAHUSIMH Ha Tporecc J0ObdM He()TH NPHUBOAUT K YBEIHUCHHUIO JEOWTAa TOPU3OHTAIHLHON
CKB2)XHMHBI, TPUYEM, YEM BBIIIC YACTOTA KOJICOAHWUH M MOINHOCTh BO3JAEHCTBHUS, TeM S(PQeKT
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TOBBIICHHs neOuTa Oombmre. bonee »hGEKTHBHBIM PEXUMOM BO3IACHCTBHUS SBISCTCS PEKHM Ha
yactoTax kosieOanuii Beime 2.5 kl'm. IlomydyeHHble pe3ynbTaThl MOTYT OBITh UCHOJIB30BaHBI MPU
BBIOOpPE PEKHUMOB BOJHOBOTO BO3JCHCTBHS, a TaKXKe MPU Pa3pabOTKE TEXHUYECKUX CPEICTB
TeHepaIluy YIPYruX KoineOaHui.
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