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PaCCMOTpeHa (1)I/IJ'ILTpaHI/I${ He(l)TI/I B HU3KOIIPOHUIIAEMBIX KOJUIEKTOpaXx. HpoaHaanI/IpOBaHm OKCIIEPUMCHTAJIbHBIC
JaHHBIC 3aBUCUMOCTHU CKOPOCTHU (bHJ'[I;TpaL[I/II/I OT r'paIu€HTa NaBJICHUS. HOKaSaHO, 4TO 3aKOH (1)I/IJ'II>TpaIII/II/I B HU3KOIIPO-
HUNAEMbIX KOJUIEKTOpaX OTIIMYACTCA OT JINHEWHOTO 3aKOHA )Iapcn Y OT HEJIMHEHHOTO 3aKOHA C HaYaJIbHBIM rpaucH-
TOM HaBJICHUSA. 3KCHepI/IMeHTaHLHO 000CHOBAH CTEIEHHOW 3aKOH (1)I/IJ'II)TpaHI/II/I B HUBKOIIPOHUIAEMBIX KOJIJICKTOPax.
HpeunomeHH MOJICITY BIIUSTHUS HeJTMHCHHON q)HHLTpaL[I/II/I Ha Z[e6I/IT CKBa>XUHBI. HpOBeZ[eH aHaJIn3 BIIMAHUS [IapaMETPOB
HEJTMHEHHOI @Mnmpaunn Ha I[C6I/IT CKBa>XWH 1TpU TEXHOTEHHO-M3MEHEHHOU OKOJIOCKBOXKMHHOM 30HE.
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Beenenue

B Hactosimiee Bpems BO BCEM MUPE IPOUCXOJUT YXYI-
HICHHE CTPYKTYPBI 3a1acoB yrieBogopoaoB. C KaxXIbIM
rOJIOM TIOMCK M pa3paboTKa HU3KOIPOHMUIAEMBIX M CBEpX-
HU3KOIIPOHUIAEMBIX KOJUIEKTOPOB CTAHOBSITCSl Bce OoJiee
AKTyaJIbHbIMU 3aa4aMU.

HI/ISKOHpOHI/IL[aeMI)Ie KOJIJICKTOpA BBIACJIAIOT 110 I'paHnv-
HBIM 3HAYCHHUSAM aOCOJIFOTHON MPOHUIIAEMOCTH. Pa3muuHbie
MCCJIEZI0BATEIH JIAI0T OTIIMYAIOIIUECs TPAaHNYHbIC 3HAYCHUSI
0,5-5,0 10 mxm? (Xiong et al., 2009; Muxaiinos, 2008;
Levorsen, 1967; Wang et al., 2011).

OO6Hapy’keHHEe TPOTYKTUBHBIX HU3KOTIPOHUIIAEMBIX KOJI-
JICKTOPOB HauOoJiee BEPOSITHO Ha OOJBIIMX TIIyOWHAX, T
MIOPOBOE MPOCTPAHCTBO MOABEPIKEHO JCHCTBUIO OOJIBIINX
Harpy3ok. EJMHCTBEHHBIM HaJIS)KHBIM KpUTEpHEM OOHapyKe-
HHU HU3KOITPOHUIAEMBIX KOJIJICKTOPOB ABJIAIOTCS PE3YJIbTAaThI
ornpodoBanust. OHAKO YPPEKTHBHOCTH OIIPOOOBAHUSI 3aBUCHUT
OT 0COOCHHOCTEW (HUIBTPALMM B HU3KOINPOHHUIIAEMBIX KOJI-
JIEKTOpAx U OT CTEIICHN U3MEHEHHSI IIPUPOIHBIX (PHUIIBTPALIH-
OHHBIX CBOMCTB B OKOJIOCKBA)KMHHBIX 30HaX.

Xapakrep U 3aKOH (DUIBTpPAIMK B HU3KOIPOHHUIIAEMBIX
KOJUJIEKTOPaX 3HAYMTEIbHO OTIMYAIOTCS OT Xapakrepa
(bHJ'II)TpaLlI/II/I B BBICOKOIIPOHHUIACMBIX KOJUIEKTOpPax B CBA3U
C TEM, YTO B HU3KOIPOHUIACMBIX ILIACTaX MPUCYTCTBYIOT
KalWJUISIPbI MaJIOro paJinyca, OHU XapaKTepH3yIOTCs CIIOKHOM
CTPYKTYPOIi U BHICOKMMH (DUITBTPALIMOHHBIMH COIIPOTHBIICHHU-
ssMu. bosibIioe 3HaYeHre NprHoOpeTatoT MOJICKYIISPHBIE CHIIBI,
JICHCTBYIONINE MEKIY KHUIKOW U TBepaon (azoil. B ciyuae
JIBYX(a3zHo# (uUIbTpalK B HU3KOIPOHUIIAEMOM ILIACTE

" OtBeTcTBeHHBIH aBTOp: Hukomait Humosimy Muxaiinos

e-mail: folko200@mail.ru

© 2021 KosnekTis aBTOPOB

WWW.Zeors.ru

HaOJIIOaroTCsl OONbIINE 3HAUSHHUST KAMJUISIPHBIX CHJI U3-3a
MaJioro pajnyca rnop, M 5To CHIIbHO BIMSET Ha (DUIIBTPALIUIO.
Ecin naBiieHue BEITECHEHUS HEIOCTATOYHO JUISl TIPEOOICHUS
CONPOTHBJICHHS KAITMJISIPHBIX M MOJIEKYJISIPHBIX CHJI, TO JBU-
JKeHUe He()TH Oy/IeT NpephIBaThCSI, OHA Pa3JIEIUTCs Ha KaIlIH,
3TO NMPHUBEAET K YBEINUYCHHUIO CONPOTHUBICHHS (DHIIbTpaLiK 1
CHIKEHHIO A eKTa BEITECHEHUSL.

Crenuduka Guiabrpanyy B HU3KOTPOHHUIIAEMBIX KOJI-
JIEKTOpax 3aKJI0YaeTcs B CHIBLHOM BIMSHUU MEK(Da3HBIX
B3aUMOJICHCTBUI MeXAy (QUIbTpylomumucs Qiaongamu
1 BHYTPHUIIOPOBOI MOBEPXHOCTHIO. B HU3KONpOHUIIAEMBIX
TEPPUTCHHBIX KOJUIEKTOPaX YBEJINYMBACTCS COJEPIKAHUE
[JIMHUCTBIX MHUHEPAJIOB, 00IaJaloIMX MTOBBILIEHHON I10-
BEPXHOCTHOH aKTUBHOCTBI0. Crieniudrka HU3KOIPOHUIAEMBIX
KOJUIEKTOPOB — 3TO YBEJIMUSHHUE JIOJIX MUKPOIIOP, YBEJIHNUCHHUE
Pa3IMumii MOPOBBIX Pa3MEPOB MEXY MHUKPO- K MAaKpO-IIOpa-
MH, & TAK)KE POCT y/ICIbHON MOBEPXHOCTH IIPU YMEHBIICHUH
npoHuaeMocT. Takas crenpduka NPUBOJUT K aHOMaIbHBIM
MPOSIBIICHUSIM CHJI B3aUMOJCHCTBUSL MEXy (uronnamu u
CKEJIETOM IOpOJIbl pU (rutbTpanuu, 4to U 00ycliaBIuBaeT
HeJIMHEHHbIe (QUIBTPAIMOHHBIC () (PEKTHI.

JUJ1st TpaAMIMOHHBIX KOJUIEKTOPOB 3 (eKThI MeXK(Pa3HbIX
B3aUMOJICHCTBUI TIPEHEOPEIKUMO MaJlbl, U MX BIIUSHHUE HE
oTpakaeTcs Ha 3aKOHOMEpHOCTsIX (uibTpanuu. [Toaromy
JUIsl HUX 3aKOH (pruIbTpanuu Juis ABMKYILEHCs (Gas3bl cooT-
BETCTBYET JIMHEHHOMY 3aKkoHy Jlapcu:

v ==gradp, (1)

rae V' — ckopocTh (pUIBTpALNKU ABMKYIIECIHCS (Ba3bl, k — Kiac-
CHUeCKasl IPOHUIIAEMOCTD IIIACTa, / — BA3KOCTh (uitonsa.
MHOro4YMCIICHHBIC JIAHHBIC MTOKA3bIBAIOT, YTO B HU3KOIIPOHU-
LaEMBbIX KOJUIEKTOpax M3-3a B3aUMOACHCTBUS BHY TPUIIOPOBOI
[IOBEPXHOCTH U KMJKOCTU Ha BHYTPUIIOPOBOH IOBEPXHOCTU



Mopeny HeTMHEWHOH (QUIBTpalUK U BIXSHUE TaPAMETPOB. ..

BO3HHMKAET He(PTAHON rpaHndHbIA cioii (Mapxacun, 1977).
B rpanu4HOM ciloe cocTaB U CBOicTBa HE()TH CHIIBHO OT-
JIMYAFOTCS OT CBOMCTB MoABIKHOM Hedtn (Mapxacus, 1977).
I'pannuHblii ciioli ancopObupoBaHHOl HeTH 00yCIaBINBACT
ruapohodH3aIHI0 BHYTPUIIOPOBOH TIOBEPXHOCTH, YTO IPH-
BOJUT K M3MEHEHUIO cMaunBaeMocTu (Muxaumos u np.,
2019). [1pu 1abopaTopHBIX UCCIICAOBAHUIX MHAPOdoOU3arms
HaJIOKHO QUKCHpyeTCsl Aaxke npH Gpuibrpanun HedTu yepes
ruapoduibHbie Iopossl (Muxaiinos u ap., 2019).

[TosTOMY B HU3KOIIPOHHUIIAEMOM KOJUIEKTOPE HETh HE SIB-
JISICTCSI CTPOTO HBIOTOHOBCKUM (DIIFOMIOM, 00JIee TOTO, OHA HE
MOJKET OCTaBaThcs 0€3 M3MEHEHHsI BO BCE TOPOBOM CUCTEME.
OpniHaKo B OOJIBIIMHCTBE CIIy4aeB JUIsl CPE/IHE- U BHICOKOIIPO-
HHILIAEMBIX [JTACTOB JIBIKYILASICS HE(Th paccMaTprBaeTCs Kak
HbtoTOHOBCKUI (umronn. [Tpumensist 3akon lapcu, ycrnenHo
PpelIalTCss MHOTOUUCICHHBIE TPOOJIeMbI Pa3padOTKH CpeiHe-
1 BBICOKOIIPOHMIIAEMBIX IJIACTOB Ha OCHOBAaHWU TEOPUU
nuHeitHON (unbTpanuu. B cpenHe- 1 BBICOKOIPOHHIIAEMBIX
KOJIJICKTOPAX rPaHHYHBIH CII0H He(TH HEOOBIIIOH, K OTHOIIIC-
HHUE 00beMa I'PAHUYHOTIO CJIOS K 00IIeMy ITOPOBOMY 00beEMY
Toxe HeOobioe. COOTBETCTBEHHO, BIMSIHUE HEHBIOTOHOB-
CKOT'0 TIOBeJIeHUsI He()TH B TPAHMYHOM CJIO€ HE CKa3bIBACTCSI
Ha 3aKOHE (PHIIBTPAIMK, KOTOPBIA OCTACTCs JIMHEHHBIM. B
HU3KOIPOHHUIIAEMbIX KOJUIEKTOpaX, HAa000poT, 3TH 3 (eKThI
HEllb3s UTHOPUPOBATh, OHM O00YCIIABIMBAIOT OTKIOHEHUE OT
JIMHeWHoro 3akoHa [lapcu.

MHOrouYncIeHHbIe SKCIEPUMEHTHI, IPOBOANMBIE C cepe-
JIUHBI IBAIATOTO BEKa, TOKA3aJIH, YTO B HU3KOITPOHHUIIAEMbIX
KOJUJIEKTOpax (DUIbTpALMs HE MOAYUHSCTCS JIMHEHHOMY
3axony Japcu (baiikoB u np., 2013; JIu Croanbxans, 2015;
Baoquan et al., 2011; Hao et al., 2008; Wang et al., 2011).
3aBUCHMOCTh CKOPOCTH (pHIBTpalMU OT IpajiveHTa JaBlie-
HUsSI OIKMCBHIBAETCS HEJIMHEWHON (YHKIMEH, C BbIIEICHHEM
HAYaJILHOTO (ITyCKOBOT'0) TpaIueHTa JaBICHHUS.

TpanuioHHast anIpOKCUMAIIHSI 3aBHCHUMOCTH CKOPOCTH
(UIIBTPALMH OT TPaAMCHTA IABJICHHS 111 HU3KOTIPOHUIIAEMBIX
KOJIJIEKTOPOB MIOKa3bIBAET OYEHB OOJIBILIOE 3HAYCHUE Hauallb-
HOrO rpajiueHTa AaBIICHUS, 3aIlyCKaloIero (GuibTpaiuo
(0,1-1,0 MITa/m). ITpu TakuX BEICOKHMX 3HAYEHUSIX ITyCKOBOTO
rpaJreHTa JaBlieHus PUIBTPALsi BO3MOKHA TOJIBKO B IPHU3a-
00IfHOM 30HE, YTO HE COOTBETCTBYET TPOMBICIIOBOM IPAKTHKE.

3KCHepHMeHTaJ'II)HbIe JAaHHBbIE

B nensix ycraHoBieHHs 3aKOHOMEpHOCTEl (uiibTpanuu
B HU3KOIIPOHHUIAEMBIX KOJIJICKTOpAaX HaMHW IMOCTAaBJICHBI
CIICHUAJIBHBIC OKCHCPUMECHTHI IJId YTOUHCHHSA BHUJAa 3aBU-
CHMOCTH CKOPOCTH (MIIBTpAIMK OT TPAIMCHTA IABICHHUS.
HccnenoBanach KOUIEKIUSA TEPPUTCHHBIX 00pa3lloB KepHa,
00J1aIar0IUX CPEHUMHE BesnurHaMu ropuctoctd (ot 0,16 10
0,22) 1 HU3KUMH 3HAYCHUAMH a0COMIOTHOHN TPOHUIIAEMOCTH
(ot 0,7 mo 6 M/T). B kauecTBe (hiror1a HCIOIB30BATACH TPH-
ponHasi HeTh OJHOTO M3 MECTOpOXJIeHuH Bonrorpaackoi
o0macTH, ¢ HeBBICOKOH Bsi3kocThIO (~0,77 mlla-c) u HU3KUM
razocozpepkanuem (~101 M*/T). JleHCTBYIOIHMIA TPaaUeHT
nasiiennst medsuics ot 0,01 go 80 MITa/m.

B nporiecce sKCriepuMEHTOB MOJEITHPOBAINCH TepMOOa-
PUYECKHUE YyCIOBUA, COOTBETCTBYIOINE N3YUYaCMbIM OTJIOXKC-
HusM. J{aBiieHue u Temneparypa BRIOUpaIHCh MO pe3ylibTaTam
TUAPOANHAMUYCCKUX HCCHG}IOBaHHf/lI CKBa>XXHWH.

OcTrarouHasi BOAOHACHIIIEHHOCTh CO3/aBAJIaCh METO-
JIOM TIOJTYTIPOHHUIIaeMONH MeMOpaHbl Ha KamWUIApUMETpE,

gre

M.B. 3aiiue, H.H. Muxaiinos, E.C. TymaHnoBa

BEJIMYHMHA KOTOPOM HA OCHOBAHUU YTBEPKIACHHON BEJINYHHbI
HavaibHOU HereHachimeHHoCTH 0,40 1.€., IPUHSTOH B reo-
J0ro-(hM3NYECKUX XapaKTePHCTHUKAaX M3y4aeMOro O0ObeKTa,
cocrauia 0,60 n.e. Co3naHue HayaabHOW HE(TEHACHIIICH-
HOCTH OCYIIECTBIIIIOCH ITyTEM TOHACHIIIEHHS IT0]] BAKYYMOM
€IMHUYIHBIX 00Pa31I0B KEPOCHHOM, KOTOPHIH 3aTeM 3aMelacs
Ha He()Th [TPU IPOKAYKe MoCeHEH B KojrdecTe 10 opoBhIX
00BEMOB TIepes] HayaaoM dKcrepuMenTa. ['a3 B punbrpannu
HE y4acTBOBaJ.

I'padmueckne 3aBUCUMOCTH CKOPOCTH (HIIBTPALIMUA OT
IpaJleHTa JaBJICHHUS B 3THX IKCIIEPUMEHTAX IPEICTaBICHBI
Ha puc. 1.

HccnenoBanus mokasaia, 4TO OOJBIIMHCTBO JKCIIE-
PUMEHTAIBHBIX T'PApUKOB IEMOHCTPUPYIOT HEJIMHEHHYIO
B3aMMOCBS3b CKOPOCTH U I'paaneHTa naBneHus. OTcyTcTBHE
IKCIIEPUMEHTAIBHBIX TOUEK B OONACTH HU3KHUX CKOpPOCTEil
GubTpauu 00BSICHIETCS CIOKHOCTBIO CO3JJaHUSI HU3KUX
rpaauenToB nasieHus (gradp < 0,05 %), OJIHAKO BHUJL
9KCIEPUMEHTANIBHBIX 3aBUCUMOCTEN MOKA3bIBAET, YTO MpHU
YMEHBIIEHUH 3HAYeHUH TpajiueHTa JaBJICHUs] PErUCTpUpye-
Mast CKOPOCTh (PUIIBTpAIIH ITOCTEIIEHHO CTPEMHTCS K HYITIO,
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Puc. 1. Dxcnepumenmanvhvle 3a8UcumMocmu CKOpocmu (urbmpa-
yuu Hegpmu om epaduenma 0asieHus 015 pa3IUIHbIX 00paA3y08
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a HyJIEBbIE 3HAUSHHUSI CKOPOCTU (PUIIBTPAIIMH COOTBETCTBYIOT
HYJIEBBIM 3HAQYEHUSIM I'PAJIUCHTA JIaBJICHUSL.

TpaauuuoHHas anmnpoKCUMaIs Pe3yJbTaToB HAIIUX
HKCIIEPUMEHTOB 10 (PHUIBTpAIMK B HU3KONPOHUIAEMbIX
KOJUIEKTOPAX JINHEHHBIMH 3aBUCUMOCTSIMHU JICMOHCTPHPYET
He HyJIeBble 3HaueHus ckopocTh 0,5-3,0 M/CyT pu HyJIEBBIX
3HAYCHMSIX IPAaJUCHTa AaBICHUSA. JTO 00yClIaBIMBaeT He-
(u3nvHOCTH Tako# annpoxcumaiuu. Kak OblI0 0TMEUYEHO
BBIIIIE, JINHEHHAs annpoKCUMalys 3akoHa (QUIbTpalUU B
HU3KOIPOHHUIIAEMBIX KOJIJIEKTOPAaX MPUBOAUT K BO3HUK-
HOBEHHIO IyCKOBOTO (HA4aJlbHOTO) TPaHeHTa JAaBICHHUA,
KOTOPBIH He HaOJIonaeTcs MO JaHHBIM ITPOMBICIOBBIX
UCCIIEIOBAHMMN.

IIpoBeaeHHBIE HCCIIEIOBAHM ITOKA3AIIHN, YTO 3aBHCUMOCTD
CKOpOCTH (UIBTPALMK OT IPaJANEHTa JaBJICHUs, B COOTBET-
CTBHU ¢ (PU3UKOI TIpoLIecca, C BRICOKOW CTEIIEHbIO KOppesi-
IIUH AaIIIPOKCUMHUPYETCS CIEIYIOIINM COOTHOIICHUEM:

v ="(gradp)". 2)

OTMeTHM, 9TO IpH OOJNBIINX 3HAYCHHUSAX TpagueHTa
JABIICHUS CTETICHHAs 3aBUCHMOCTH (2) ¢ XOpOIINM TPH-
OMKEHUEM CTPEMHUTCS K JTMHEHHOH 3aBICUMOCTH CKOPOCTH
(uIBTpay OT IpaJiNeHTa JAABJICHNS, ¥ 3aKOH (DMIIBTpau
MOXKET OBITH ITPE/ICTABIIEH B BU/IE TMHEHHOTO COOTHOIICHHS C
Ha4yaJIbHBIM IPaIMCHTOM JaBieHus. OHAKO B IIMPOKOM JTHa-
Ma30HE N3MEHEHNS TPAANCHTOB AABJICHNS 3aKOH (DHIIBTPAIIN
C HaYaJbHBIM TPAIMEHTOM JABICHUS HENPUMEHNM. Takum
00pazoM, HENMMHEWHBIN 3aKOH (QUIBTPAllUN C HAYAIBHBIM
TPaZINEHTOM JIaBJICHUS SIBJISETCSI YAaCTHBIM ClTydaeM Oosee
00IIero CTENEeHHOTO 3aKOHA, OHAKO OH OIHCHIBACT JIMIIb
BBICOKO-TPATUCHTHYIO 00IacTh (pUIBTpanny.

B coorHomennu (2) mapameTpsl 4 u y SBISIOTCA TI0-
cTtossHHBEIME Kod(hdunnentamu. Kosdpdumment 4 mpu mo-
CTOSIHHOH BSI3KOCTH (DMIIBTPYIOIIETOCS (DIItonaa He SBISIETCS
aHasoroM (ha3oBOi MPOHUIIAEMOCTH, HO MOYKET OBITh CBS3aH
¢ a0COMIOTHOI MPOHHUIIAEMOCTHIO YEPe3 MOPOMETPHUIECKYTO
XapaKTepHCTHUKY KOJUIEKTopa. PasmMepHocTh KoddduinenTa 4.

sy

Ha puc. 2 nausi 3aBucumMoctu kodddurmrenTa 4 ot 3Haue-
HUH aOCOMOTHON MPOHUIIAEMOCTH KoJulekTopa. Vccnenona-
HUS TIOKa3aJTi, YTo 1151 00pa3IioB ¢ Pa3HON MUKPOCTPYKTYPOit
(c pa3HBIMHU 3HAUCHUSIMU a0COJIFOTHON MPOHUIIAEMOCTH) 3a-
BUCHMOCTH K03 unmnenta 4 ot 3HaueHud KodpduireHTon
a0COJTIOTHOI TPOHUIIAEMOCTH OTIIMYAIOTCSI.

Jlist 00pasioB co 3HAYCHUSIMU [TPOHUIIAEMOCTH, MEHbIIIE
3,8 M/l, 3aBUCHUMOCTh JHHEHHas; 11 00pa3IoB C MPOHHU-
1aeMocThio MeHee 6 MJ[ — HenuHelHas. [ 3HaueHui mo-
KazaTels CTENEeHHU Y 3aBUCUMOCTH OT 3HaYeHUH aOCOMOTHON
MPOHUIIAEMOCTH HEe 0OHApYKEHO. DKCIIEPUMEHTAILHO yCTa-
HOBJICHHBI! JUaIla30H U3MEHEHUH [TapaMeTpa HeIMHEMHOCTH
vy—orl g0 5.

HOCKOHLKy MOHATHUC NPOHUITACMOCTU ONUPACTCA Ha
JMHEHHBIN 3aKoH Jlapcu, To Ui HelnMHeWHOW (QuIIbTpaluu
3TOT MapaMeTp He MMEET CTPOroro ompeneneHus. IIpuHaB
JVMHEHHBIN 3aKOH (UIBTPALMU B HEOOJBIIOM JHana3oHe
U3MCHCHUM Tpaau€HTa JaBJICHUA, U UCTIOJIB3Yys B OTOM AHa-
Ma30He COOTHOIIEHHKE J{apcH, MOXKHO OIPE/ICTUTh HEKOTOPYIO
«(dexTuBHyI0» (azoByio NpoHULAeMOCTE (k ), KOTOpas He
Oy/ieT BEJIMUMHOI MOCTOSIHHOW. JTa MPOHUIIAEMOCTh Oy/leT
3aBHCETH OT JICHCTBYIONIETO IpaiueHTa JaBICHHUS.
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ConocTaBuB BBIPAKEHUS JUIsl CKOPOCTH (UIIBTPAIMH
1o 3akoHy Jlapcu ¥ 10 HENMHEHHOMY CTEIICHHOMY 3aKOHY,
MOYKHO MOJIYYUTh BhIp@KeHHE 1S (ha30BOU IPOHUI[AEMOCTH
o vedru (k):

kr = A(grad p)* ™. 2"

3aBuCUMOCTH (Da30BOW MPOHUIIAEMOCTH IO HE(PTH OT
rpajIneHTa JaBJICHUS WITIOCTPUPYET pHC. 3.

Kak BumHO U3 KpUBBIX Ha rpaduke, rpagueHT AaBie-
HUSI, 10 HEKOTOPOTO KPUTHYECKOTO 3HAYEHUS, OKA3BIBACT
CIJIBPHOE BIUSHUE Ha (a30ByIO IPOHUIIAEMOCTH IO HEPTH,
IpH MPEBBIIICHUH XK€ 3TOTO 3HAYEHUs MPOHUIAEMOCTh
MIPAaKTUYECKH HE 3aBUCUT OT IpajineHTa faBieHus. O0nacTsb
HEYYBCTBUTEIHHOCTH (aBTOMO/EIBHOCTH ) Ha 3aBUCUMOCTH
HEe(TEPOHNUIIAEMOCTH OT I'PAJUEHTA IABJICHNS COOTBETCTBY-
eT Inana3oHy U3MEHEHUsI TPAJUECHTOB JaBJICHNS, B KOTOPOM
3aKOH (UIBTPAINH THHEHHBIH. JImHetHOCTE 00ycaBIuBaeT
MIOCTOSIHCTBO HE(PTEITPOHUIIAEMOCTH B YKa3aHHOM JHaIa3o0-
HE N3MEHEHUH I'paJueHTa AaBlICHHUA. DTa IPOHNUIIAEMOCTb
MOXKET OBITh OXapaKTePHU30BaHA KaK «ACUMITOTHYECKAS».
CBsI31 MKy 3HAYCHUSIMHI aCHMITTOTHIECKOH (pa30Boif mpo-
HUIIAEMOCTH M 3HAUYEHHUSIMH a0COIIOTHOM MPOHMUIIAEMOCTH
HEe 00HapPYKEHO.
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Puc. 2. 3asucumocmo koappuyuenma A om abconromnou npoHu-
yaemocmu

s 0,025

2 o

=

o AbcomroTHas
= 0,020 TNPOHUIAEMOCTh
R (107 Mkm?)

=

2 0,015 ~-0,9
=

8 o —® =09
£ 0,010

T

:Om -~ 0,8
5 0,005 Lt

= 0, g - 0,7
5

T

0
01 2 3 45 6 7 8 9101112 1314 15
I'paguent nasnenns, MIla/m

Puc. 3. 3asucumocmv nepmenponuyaemocmu (K) om epaouenma
oaenenus



Mopeny HeTMHEWHOH (QUIBTpalUK U BIXSHUE TaPAMETPOB. ..

du3znueckas HHTEpIpETal st

IKCIIEPUMEHTAJBHBIX JAaHHbIX

YcTaHOBICHHBI HAMU CTEMICHHOW 3aKOH (HIIBTpAIUH
MPUHIUIHAIBHO OTINYAETCs OT paHee yCTAaHOBICHHBIX
HEJIMHEHHBIX 3aKOHOB. HenmnuelHoCcTh (hUibTpanuu oTinya-
eTCsl OT paHee U3BECTHBIX HEIMHEHHBIX 3aKOHOB MEXaHU3-
MaMH{ BO3HUKHOBEHHUS HETMHEHHOCTH. 3akoH Dopxreiimepa
CTIpaBe/TUB JUIsl BRICOKMX 3HAYEHHUHI CKOpoCTel uibTpanuu
u gyrcia PeitHombca. 3aKoH (GUIIBTPAIIUH BI3KOILIACTUIHBIX
KUAKOCTEN ompenensercs UX HEHbIOTOHOBCKHMMHU CBOM-
CTBaMH U JIEMOHCTPHUPYET HaYaJbHBIA IpaJUEHT AaBICHUS
(bacuues u np., 1993). AHaJIOTUYHBIN 3aKOH YCTAHOBIIECH U
ISl HU3KOTIPOHUIIAeMBbIX KoJuiekTopoB (baiikoB u ap., 2013),
OJIHAKO JIJISI HUX Ha4yaJIbHBIM IPaJIneHT AaBJIeHHsI 00yCIIOBIICH
(U3MKO-XUMUYECKIUMHU B3aUMOJICHCTBUSMH KOJUIEKTOPA
u darouna (JIu Croansxanb, 2015; Baoquan, 2011; Hao,
2008; Wang, 2011).

Bce ykazaHHBIE 3aKOHBI MPEATONAraloT MOCTOSTHHBIC
3HaUCHUS KOA(PPUIMECHTA TPOHUIIAEMOCTH. YCTaHOBJICHHBIN
HaMM HEJUHEWHBbIH 3aKOH JEMOHCTPUPYET MEpPEeMEHHbIE
3HaYeHus1 kodpduurenTa GIIOUIONPOHUIIAEMOCTH, YTO
MPUBOIUT K U3MCHEHHUIO OOIICTIPUHATHIX (PHIBTPAIIMOHHBIX
mozenei (JlookoBckuit u np., 2019). CreneHHO# Bua He-
JIUHEWHOTO 3aKOHA (HIIBTPAIMU OOBSICHSICTCS CreIu(UKO
BHYTPUIIOPOBOT'O B3aMMOJIEUCTBHUS MOPOA U (GIIrouoB (TIpH
(GUIBTpAK Yepe3 CUCTEMBI ITOpP, OCIOKHEHHBIX HATMYUEM
B HUX TPAHUYHBIX CJIOEB) U JIOKAJILHBIMH I'PAUEHTaMHU JaB-
JICHUSI, BOSHUKAIOIIMMU NPH (QUITBTPALIIH.

B morpaHuMYHOM cJI0€ MOJIEKYJISIPHOE B3aUMOJICHCTBHE
(ITIOHMIOB C TOBEPXHOCTHIO MOP JJOCTATOYHO CHUITLHOE, OJIHAKO
CTPYKTYpa M YCTOHYMBOCTb CJIOSI 3aBUCST HE TOJIILKO OT (PU3H-
KO-XMMHUYECKON aKTHBHOCTH CHCTEMBI (MITFOH] — [TOBEPXHOCTh
TIOp, HO U OT JICHCTBYIOIIETO rpaueHTa JaBieHus Gpuibrpy-
IOLICHCS )KUIKOCTH, KOTOPBIH cTpeMuTcs 1e(opMHpOBaTh
9TOT CJIOW. B TpajiMIMOHHBIX KoJIeKTOpax (GopmMHupoBaHUE
TPaHUYHOTO CJIOSI CBSI3aHO, MPEUMYIIECTBEHHO, ¢ (hr3nKo-
XUMHMYECKUMH B3aUMOJACHCTBUAMH, a BIUSHHE TPpaJueHTa
JlaBIeHUs sIBIsieTcsl mogunHeHHbIM (Mapxacun, 1977).
OO6pa3oBaHue KBa3WKPHUCTAJUIMYECKOTO CIIOSI MPUBOJIUT K
CHIDKEHUIO (ha30BOW MPOHHUIIAEMOCTH, YTO XapaKTEPHO JJIs
TPaJIMIIMOHHBIX KOJIEKTOPOB. PaspyrieHue sxe u nedopmariys
CJI0sI TIOZT ICMICTBHEM TPalMeHTA TaBJICHHs, XapaKTepHOe IS
HU3KOMPOHUI[AEMBIX KOJIJIEKTOPOB, HA00OPOT, MPUBOJIHUT K
yBeIHYCHHUIO (pa30BO MPOHUIIAEMOCTH.

B HH3KONIPOHUITAEMBIX KOIJIEKTOPaX MPH POCTE IPaaHeH-
Ta JaBJICHUS CITa0bIC MEKMOJICKYJISIPHBIC CHIIBI, (HOPMUPYFO-
M€ IPaHUYHBIC CIIOM, PEOI0JIEBAIOTCS, U (DUIBTpYIOIee
MOPOBOE MPOCTPAHCTBO yBeMMunBaeTcs. biaronapst ocodoit
cnenuduKe dTOro yBEJIUYCHHUS! BO3HUKAIOT aHOMAaJIMH 3a-
BUCHUMOCTH CKOPOCTH (DHIIBTPALIMH OT TPaIUCHTA JaBJICHUS,
KOTOPBIE BIMSIOT Ha (Da30BYIO MPOHHUIIAEMOCTb. YBEIMYCHHUE
(a30BOil NPOHUIIAEMOCTH TIPH POCTE IPAJUCHTA JAaBICHHS
MIPOMCXOJUT JI0 TEX IOp, IMOKa IPaHUYHBIC CIIOU HE OyAyT
MOJTHOCTHIO Ie()OPMUPOBAHBI, TOTAA PAKTHUYECKH BCE OT-
KPBITOE IIOPOBOE MPOCTPAHCTBO OYy/IET BOBICUEHO B IPoOIIece
¢bunbTpanmm.

TaxoBa ocobast crienuduka B3auMOACHCTBUS TOPOJ U
¢uron10B npu GUIBTPANMKA B HU3KOMPOHHUIIAEMBIX KOJI-
JIEKTOpax, KoTtopas o0yCIaBIUBaeT HEIUHEHHOCTh (UIIb-
Tpaluu U 0COOBIN MexaHU3M (popmupoBanus (Ha3zoBoi
MPOHUI[AEMOCTH.

gre

M.B. 3aiiue, H.H. Muxaiinos, E.C. TymaHnoBa

Hesmueitnas Moxenb puibTpanuu B

HU3ZKONIPOHUIAEMBIX KOJUIEKTOPAaX

[penaraercs ciienyroiias MOIC/ b HEJTMHCHHON (hIITBTpa-
uH. J1o T0CTHKEHHs HEKOTOPOTO KPUTHYECKOTO 3HAYCHUS
rpaaueHTa napicHus G U3MCHCHHE TMPOHUIIAEMOCTH OyieM
MOJeTUpoBaTh QYHKIIUEH OT rpaaucHTa nasieHus Q(gradp).
[Tpu npeBbIIeHNU TpagreHTa QUIBTPALUs IIPOUCXOIHUT CO-
IJIaCHO JIMHEWHOMY 3aKOHY.

CHadvaJsia pacCMOTPUM ITOCTAHOBKY 3a/1a4M B 00ILIEM BU/IE,
T.e. 0e3 yKkazaHus KOHKpeTHOro Buaa Qynkiwu. M3menenne
($ha30BOI MPOHUIIAEMOCTH (kf) I10]] BO3/ICHCTBHEM TPaTUCHTA
JaBJICHUA 6yz[eT OIMMCBIBATHCS BHIPAXKCHUCM

k = k02 (gradp), 3)
rae k — (a3oBas MPOHUIIAEMOCTH TPH TEKYIIEM 3HAYCHUU
rpajiMeHTa JaBJICHUsI.

B ob6miem ciryuae, KpoMe BBIIIEONMCAHHOTO M3MEHEHHS
MIPOHHUIIAEMOCTH TIO/T BO3ACHCTBHEM HENMHEHHOCTH, OyneM
YUUTHIBATh TAKKE M3MEHEHHE IMPOHUIIAEMOCTH BCIECICTBUE
TEXHOTEHHOTO 3arpsi3HEHUs (IIPH BCKPHITUH) U CKUMAECMO-
cTH (TIpu OTPOOOBAHHUY TUIACTA) C TIOMOIIBIO CHEIIHATBHBIX
Oe3pa3MepHBIX (PyHKIUHA M3MEHEHHUS MPOHHUIIAEMOCTH TI0
panuycy A(r) 1 ©3MEHEHUE TPOHUIIAEMOCTH PU U3MEHEHNHT
nmasnenus f(p) (3aiiues u np., 2004). MI3smenenue npupoaHoOi
TPOHUIIAEMOCTH TUIACTa k, B PE3yNIBTATe TEXHOTEHHOTO 3a-
TPSI3HEHMS Ha HTalle BCKPBITUS IJ1acTa OyJIeT MOJETIHPOBATHCS
¢byukumeit A(r), a I3MEHEHHE MMPOHUIIAEMOCTH BCIIEACTBHC
JnedopManuy CKejleTa IMOopoAbl Ha 3Tale BbI30BA MPUTOKA —
¢byHKImei f{(p), Tak 9TO B pe3yAbTaTe JSUCTBUS 3THX (PaKTOPOB
TEeXHOTCHHO-M3MEHEHHas (ha30Basi MPOHUIIAEMOCTH M0 HEPTH
Oyzet ornpenensaThes BeIpaxkeHueM (3aiftes u ap., 2004):

ke =koA(r)f(p) ,
rze k, — hasoasi IPOHMIIAEMOCTB 110 HE(TH [MKM*]; k, — He-
W3MCHEHHAs [IACTOBas MPOHUIIAEMOCTh 10 HedTH [MKM?];
A(r) u f(p) — Ge3pazmepHble QYHKIMH 3arpsI3HEHUSI U (HHITh-
TPALIMOHHOT'O YIIJIOTHCHUS.

Toraa mpoHMIIAEMOCTh C YYETOM HEJIMHEHHOCTH (DUIIb-
Tpaluu, B COOTBETCTBUHU C COOTHOIICHUEM (3), MOXKET OBbITH
MIPE/ICTaBJICHA B CIICYIOIIEM BH/IC:

k = kof (p)A(r)2(gradp), npu dp/dr < G. 4

[Tpn npeBBIIEHUN KPUTHYECKOTO T'PaJMEeHTA JIaBICHHS
IIPOHUIIAEMOCTb SIBIISIETCS TIOCTOSIHHOM BEJIMYMHON U BBIpa-
skaeTcst 00braHOM opmymnoii (3) (3aiiues u ap., 2004):

k = kof (p)A(r), npu dp/dr > G. 5)

PaccMoTpuM pasnanbHO-CHMMETPUYHYIO (DHIIBTPALHIO B
0ECKOHEYHOM TI0 POCTHPAHUIO U TOJIIMHE IIJIacTe.

Jlist paananbHO-CUMMETPUYHOIO Cllydasl ypaBHEHUS
(GUIBTpai MOTYT OBITH IPEOOPa30BaHbI K MOJSIPHBIM KO-
OpIMHATaM CIeTYIOMnM 00pazoM:

LL (ko f (A Ag2(gradp)) = O, ©
22 (ko f (A ) = 0 . ™

Takum 06pazom, nomyueHa cucrema qupGepeHInaIbHbIX
YPaBHEHUI sl ONpesielieHus pacupe/ie/ieHus AaBlIeHHs.
['paHUYHBIMU yCIIOBHUSMHU OyAyT YCIOBHUSI Ha CKBRXHHE U
KOHTYpe:

p|r=rk = Pk plrzrc = Pc. ®)
Kpome Toro, HeoOX0MMO BBIIIOJIHEHNE YCIOBHS PaBEH-
CTBa rpaJineHTa KpUTHIECKOMY Ha rpaHuiie 30H. O003HaYUM

HAYUHO-TEXHVHECKUV XKYPHAN

www.geors.ru | EOPECYPCHI
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paaryc Ipy JOCTHKEHUH KPUTHYECKOTO MPaIHEHTa JaBICHUS 1
depes r: 08
dp _dp _
arly=y, - T oar r=r ¥ =G ©) pp. 06
PP,

Pemenne 310l cHCTEMBI M BO3MOXHOCTH ITOJTYYCHHS
AQHAJMTHUYECKOTO PEIICHHUS 3aBUCAT OT BHAa QyHKIMHK £ U,
COOTBETCTBEHHO, BU/Ia TOJTydaromierocs 1uddepeHnnanbsHoro
YpaBHEHHUS.

Bynem paccMarpuBarh BEISBICHHBIH B X0/1€ SKCIIEPUMEH-
TOB ClTy4dail — CTENEHHAasl 3aBUCHMOCTh IPOHUIIAEMOCTH OT
rpajineHTa JaBJICHUS:

0(gradp) = (BD)°, (10)

rae o — 6e3pasmepHas koHCTaHTa (o > 0), a B — KOHCTaHTa,
3aBHCSIIAsl OT CBOMCTB IIacTa U (UIIOUIa ¢ pa3MEPHOCTHIO
[M/MITa].

e = Am)l/“
NniIn
P(pe,p) = (LY (1, 1) + G, mpur < r,
d)af(pl' p) = C3l‘UC((rllr) + C4-: npur > I'l, (11)
e
w(rn) = [ (AW) O(pip) = [} f(p)dp
Va(rom) = [}/ —"—, ®up)) = [} f ()" *dp

“(())

Koncrantel C —~C, onpenensiorcs U3 rpaHuYHbIX YCIOBUN
(8), a Tarxoke U3 yCI0BUS paBEHCTBA TPAJIMEHTOB U IABJICHUN Ha
rpasutie 30H (9). Pe3ynsrarom pemieHns cucTeMsl OyayT MOy-
YEeHHbIE BEJIMYMHBI Pa/IyCOB IPaHMUIIbI 30H U TaBJICHHUI Ha HUX.

Torna BeIpaykeHue Uil 1eOUTa MOXKET OBITh MOJIYYECHO B
CJIe/lyIoleM BHUJIE:

Q = 2mh Ko 2PePy) (13)

u ¥(rer:)

Jiist coxuMaeMoro miiacta HeBO3MOYKHO TOJTyYeHHE aHAIH-
TH4eckux pemreHnit cucremsl (11)—(13), mostomy B manHOU
pabote 1711 aHATH3a BIUSHUS TapaMeTPOB HETMHEHHOCTH Ha
JIeOUT CKBRKUHBI MbI Oy/IeM paccMaTpuBaTh HECKUMACMBIN
iacrt, T.e. fip) = 1. Torna cucrema (11-12) ¢ rpaHuYHBIME
ycnoBusaMH (8—9) MOXKeT OBITh CBEICHA K OTHOMY YPaBHEHHUIO
OTHOCHTEJILHO EPEMEHHOM 7:

Pk — Pe = GriA(r) ¥ (1., 1) +

+ GV AW, (11,7), (14)
YTO 3HAYUTCIIBHO ynpomaeT peH.ICHI/IC I/ICXO,I[HOfI CHUCTEMBI,
TIO3BOJIAS nonyanL, B TOM YHCJIC, U aHAJIUTHYCCKUC pemeHH;{.

Ha pI/IcyHKe 4 ITOKAa3aHO UBMCHCHHUEC HpI/IBe,I[CHHOFO JaBJiie-

HUS OT pajinyca IpH JIOTapu(MUIECKOH IKaIe B OTCYTCTBUH
3arps;3HeHus. TOUKaMi OTMEUEHO PacCTos-

HHE, Ha KOTOPOM JIOCTHUTaeTCsl KpUTHUECKUN 40
rpaaveHt gaBieHus G. Ha xpusoii 1 (ipu o
= (), a TakKe B JICBOI acTH rpaduka (Tam, 30

TAC TPaIUCHT JABJICHUA 0oJIbIIIe KpUTHU4C-

o
CKOTO0), TPY OTCYTCTBHH 3arpsI3HEHUS TeUe- Pk

HHE ITPOUCXOJIUT I10 JINHEHHOMY 3aKOHY, YTO 10

BBIP)KACTCS B TIPSIMOIIMHEHHBIX yJacTKax

KpuBbIX Ha rpaduke. [Ipn yBennaenny 3Ha- 00 77" )

YEeHHUH ITapamMeTpa HeTMHEWHOCTH 0L KpUBast

3 4

In(r/r,)
Puc. 4. 3asucumocmo npugedennoeo 0agienus 8 OKONIOCKBANCUH-
HOUL 30He Om N102apu@dMa npueedeHHo2o paouycda npu 3HA4eHUsIX
napamempa nenunetinocmu: o. = 0 (1); o = 0,5 (2); a =2 (3)

1

0,8 1

pp, 0
pk_p

€04

0,2

0 1 2 3 4 5 6 7
In(v/r,)

Puc. 5. 3asucumocmo npusedennozo 0asieHuss 6 OKOIOCKBUANCUH-
HOU 30He Om 102apudma npueeoeHHo20 paduyca 01 Ciyuas 3a-

SPSIBHEHHOU OKONOCKBAICUHHOU 30HbL NPU 3HAYEHUSIX NApamempa
nenunetnocmu: o.= 0 (1); a = 0,5 (2); 00 =2 (3)

Ipu nammawm 3arps3aenus (A(r) # 1) o0e acTi KPUBBIX
CTaHOBATCA HEMMHEHHBIMH (pHcC. 5). Kak BUIHO U3 puCyHKa,
3HaYCHUS MapaMeTpa HenmuHeHOCTH o B 3aBucuMocTH (10)
OKa3bIBAIOT OTPEACIAIONICE BIMSHUE Ha paclpeacieHue
JIABJICHHUS B OKOJOCKBa)XMHHOM 30HE, a, CIEJOBATEIBHO,
M Ha JeOWT CKBAXHUHBI. B TO ke BpeMs OPyTrHM BakKHBIM
apaMeTpoM, XapaKTepU3yIONUM HEIUHEHHYI0 (GuibTpa-
1Mo, OyJAeT pafuyc »,, Ha KOTOPOM JOCTHIAETCs 3HAYCHHE
KPUTHUYECKOTO I'paguenTa G, 1 MPONCXOAUT CMEHA pesKuMa
(hunpTpamy.

PaccMoTpuM 3aBHCHMOCTB pajuyca 7, OT IapaMeTpPOB,
XapaKkTepU3YIOIUX HETMHEHHOCTE Teuenns — o u G/G ), Tie
G, TPaIMEHT JIABIIEHNS Ha CKBOKMHE B CITyYae MpUTOKa Oe3
ydeTa 30HbI HETMHEHHOCTH:

G.o_Pe=pPc_ 1

0 TcA (rc) "U(rc: rk)'

Kak BunmHO 13 rpaduka (puc. 6), HaYUHAS ¢ HEKOTOPOTO 0,
KPUTHUYECKHUH PaJyc CTAHOBHUTCS PABHBIM PAINYCy CKBAXKH-
HBI, T.C. THHCWHBINA PEKUM He JocTuraetcs. [Ipu HeGompmmx
BEJIMYMHAX KPUTHUECKOTO I'PaIMCHTa KPUTHUECKUN Payc
(7,) mocTHTaeTCA BIAIN OT CKBXKMHBI, B TO JKE BPEMS, HAIMHAS
C HEKOTOPBIX 3Ha4eHUH G, peann3aiys JMHEHHOTO pexuMa
HEBO3MOJKHA.

|
6 8 10 0 0,02 0,04 0,06 0,08 0,1
G/G

0

BCE OOIBIIE OTKIOHSAETCS OT KIIACCHYECKOH  Puc. 6. 3asucumocms paduyca Oocmusicenuss Kpumudeckozo 2paouenma Oasienus om

MPSIMOI JTMHUU.
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Ap/p,

Puc. 7. 3asucumocmu 0ebuma cxeadxdcunsvl npu onpodoosanuy om
senuuuHvl denpeccuu (Ap), OMHeCeHHOU K OA81eHUI0 HA KOHMYpe
(p,) npu pasnuunbIX SHAYEHUAX RADAMEMPOE HETUHEUHOCTU. & =
05(1);a=1(2);a=2(); G/G,= 0,06

Bausinue (pakTOpOB HEJMHEHHOCTH HA

[[eﬁI/IT CKBA’KUHBLI ITPU onpoﬁonamm

BnusHue napameTpoB HEITMHEHHOCTH, B COOTBETCTBUU
¢ BeipakeHHeM (13), Ha 7eOUT CKBaYKMH NPOSIBIISICTCS Yepes3
creuu(uKy pacrpe/eeHus JaBICHHUs B OKOJIOCKBaXKMHHOM
30HE.

Ha pucynke 7 npencraBieHbl KpUBbIE 3aBUCUMOCTH BEJIU-
YMHBI OTHOCUTENbHOTO icouTa (Q/0,). O, — NEOUT CKBAKUHBI
0e3 y4era 3aBHCUMOCTH [TPOHUIIAEMOCTH OT I'paJUEHTa JIaBJjie-
Hus, T.e. npu o= 0. PocT 3HaueHMi napameTpa HeNMMHEHHOCTH
0. 00yCIIaBIIMBaCT CHIDKEHHE 1e0HTa BO BCEM PaCCMOTPEHHOM
Jliana3oHe 3Ha4eHUH Jenpeccuil Ha MiacT, MPU 3TOM BIIHsI-
HUE NPU HU3KUX JeTpeccHsx Bbime. Kak BUJHO U3 KPHBBIX,
IIPU JI0CTaTOYHO 00JbIIOM KO3 dunmente o (kpusas 3), 10
CO3JIaHMsl IeNPECCUH, TOCTATOUHOW Ul JTOCTUXKEHUS KpH-
THUYECKOTO I'PA/IMCHTA AABJICHHS, TEYCHUE TIPH ONIPOOOBAHNUH
IPaKTHYECKH OTCYTCTBYET, @ PH JIETIPECCHSIX, ONU3KUX K p,,
naJieHne 1eduTa B pesynbrare JeicTBHs (PaKTOpOB HEJIMHEH-
HOCTH MOKeT gocturars 90 %.

B ciyuae manbix sHauenni esnuunbl G/, KpUTHYECKHH
IpaJIMeHT JOCTHIAeTCs B JII00ON CUTYyalMH, BIHUSHHE KOI(-
¢dunmeHTa o Ha 1eOMT MUHIUMAJILHO. BenunHa KpuTHuecKon
NENpPEeCCUU B 3aBUCHMOCTH OT TlapamMeTpoB G/G 1 0. MOXKeT
nocturath 0,35p , uTo 0OyCIIaBIMBAET OYEHb KECTKHE Tpe-
OOBaHUS K YCIIOBHSIM OIPOOOBaHUS JUIsl (PUKCALIMH IPUTOKA
13 HU3KOIIPOHHUIIAEMBIX KOJUIEKTOPOB.

IIpennaraemast MOJIEJIb TaKXKe IO3BOJISIET PACCUUTATh MU-
HUMaJIbHO He0OXOIMMBIH ITeperna/l 1aBIeHU 1JIsl CO3/1aHus
MPUTOKA, KOTOPBIHA yBEIMUUBACTCS C yBeaudueHueM o. Emre
oIuH (pakTop pocTa MUHUMAaJILHO HEOOX0IMMOH Ierpeccuu
— 3TO 3arpsi3HEHUE OKOJIOCKBaXKUHHOM 30HBI IPU BCKPBITUH
uacTa. 3arpsi3HeHHe HHTEHCH(DUIUPYET IPOSIBIICHHUE HEJU-
HEHHOCTH NpH ONIPOOOBAHUY HU3KOTIPOHUIIAEMBIX IIACTOB.

3akiaoueHue

[TpoBeneH ananu3 reosioro-pU3NIECKUX MPUYNH HEJU-
HEIHO# QuIbTpaluy B HU3KONIPOHHUIIAEMBIX KOJUIEKTOPAX.

YCTaHOBIICHO, UTO ISl HU3KOIPOHHUIIAEMBIX KOJUIEKTOPOB
NOCTOSTHHOTO Kod(dduimenta $ha3zoBoil MPOHUIIAEMOCTH T10
HedTH He cymecTByeT. LleneBas npoHuaeMocTsb 1o HedTH
SBJIsIETCs (PYHKLIMEH TpaivieHTa IaBJICHHS U B 00JIaCTH MaJIbIX
I'PaJINEHTOB OINMUCHIBACTCSI HETMHEWHON 3aBUCHUMOCTBIO OT
3TOrO Hapamerpa.

gre

M.B. 3aiiue, H.H. Muxaiinos, E.C. TymaHnoBa

[pensoxeHa MOIeIb HEJTMHEHHON (DMIIBTPALIMH /IS OLICH-
Ki 3PPEKTHBHOCTU ONPOOOBAHUSI CKBAKUH. YCTaHOBJICHO
BIIMsIHUE ()AKTOPOB HEJIMHEWHOCTH Ha AEOUT CKBaXKHH.
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Abstract. Filtration of oil in low-permeable reservoirs is
considered. The experimental data of dependence of filtration
velocity on pressure gradient are analysed. It is shown that
the filtration law in low-permeability reservoirs differs from
the linear Darcy’s law and from the non-linear law with an
initial pressure gradient.

The power law of filtration in low-permeability reservoirs
is experimentally substantiated. Models of nonlinear
filtration influence on flow rate are proposed. The analysis
of influence of nonlinear filtration parameters on flow rate in
technogenically modified near-wellbore zone is carried out.
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