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AHHOTanua. AKmya/1bHOCMb VCC/Ie[J0OBaHUs 3aK/II04YaeTcs B HEO6XOAUMOCTH NMPOAOJDKUTb U3ydYeHHe 3aKOHOMEPHOCTel
pacnpegesieHus: GU3NUECKUX CBOMCTB MOPHBIX MOPOJ, 0 IVIOMIAAN U CONOCTABUTD C paHee NMPOBeJéHHBIMU UCC/Ie0BaHUSA-
MU 10 aHAJIM3y pacipejieeHds MIOTHOCTH FOPHBIX NopoA. O6IienprHsAThIe MOAXO/bI I0pa3yMeBal0T OCpeJjHEHNe KOH-
CTaHT, KOTOPBIE ABJISAIOTCH KJIIOUYEBBIMHU NPH pacuéTe GUIbTPALMOHHO-EMKOCTHBIX CBOHCTB. HeGosbiioe Kosim4ecTBO dak-
THUYECKHUX JAAHHBIX, MaJIblii BBIHOC KepHA, YIPOLIeHUsI MPUBOJAT K MeHee JIeTaIbHOMY Y4ETYy mapaMeTpOB, XOTs KOMIIbIO-
TepHbIe MOILIHOCTH MO3BOJISIOT 3TO JieJaTh. B jajbHeleM 3To cKa3biBaeTcs Ha GUIbTPALMOHHON MOJie/d, KOTZa y>Ke OT-
CYyTCTBYyeT IOHHMAaHHE, IZle MOTYT NMOSIBUTHCA OIUMOKU M HETOYHOCTH IPH CONOCTABJEHUH MOJENbHBIX U HUCTOPHUYECKHX
JIaHHBIX 100bI4M. Ilesb: co3aTh KapTy pacnpefiesieHuss MHTEPBaJbHOTO BpEMEHU Mpobera Mpo/0JIbHbIX BOJIH MO JJAHHBIM
JIabopaTOpHBIX UcCIeA0BaHUN KepHa. ChOpMHUpPOBATh NpeACTaBlIeHHe 0 3aKOHOMEPHOCTSX pacnpe/ieieHUsl HHTEPBaJIbHOTO
BpeMeHHU 10 momagu. 0603HaYUTh 06J1aCTH OHMKEHHBIX U NOBBIIEHHBIX 3HaYeHUH. OXapaKTepu30BaTh CTENEHb Bapua-
LU K03$dUIMEeHTa MIOPUCTOCTH MPU CONOCTABJEHUU CO 3HAYEHUSIMHU K03 duieHTa NOPUCTOCTH. 066eKm: HedTeHAChI-
LIEHHbIN IJIaCT TEPPUTEHHOTO COCTaBa MeCTOPOXaeHus1 ToMckol o61acTu. Memodsl. JlonosiHeHHe 6a3bl paclpeieéHHbIX
3aBUCUMOCTEN HOBBIMH NapaMeTpaMH N03BOJIsIET cGOPMUPOBATh GoJiee MOJHOE U AeTalbHOE IPEJCTABJIEHHE O MPOAYK-
TUBHBIX IJIaCTaX. [[POM3BOJUTCS aHAJIU3 KEPHOBBIX MCCJAEA0BAHUM 110 CKBaXKMHAM, a TaKXKe CPaBHEHHUE C pacnpejie/ieHueM
paHee BbISIBJIEHHBIX 3aKOHOMEPHOCTeH. B3aMMOCBs3b MeX/ly JaHHBIMU 110 06111eMy 06'bEMY CKBaXXHMH TaKXe GopMUpyeTcs
JUIS1 BbISIBJIEHHUS CTEIIEHU JUCIIEPCUU BbIGOPKU. B HTOre IeMOHCTPUPYETCsl KapTa pacupe/ie/ieHUsl MHTEPBAJbHOTO BpeMeHH!
npobera y/JbTpPa3ByKOBbIX BOJIH J/Is1 HArJIsIJHOTO MPEJCTABJEHHUsI O pe3ysbTaTaxX UCC/Ie0OBaHUs, U B JIONOJIHEHHE NPHUBO-
JIUTCSl KapTa pacnpejie/ieHusl MJIOTHOCTH CKesleTa W3 NMpPeAbIAYIIHUX HCCIeJOBaHUH. AHANIU3UPYIOTCSA pacnpefesieHus He
TOJIBKO OTZe/IbHbIX QU3NYECKUX XapaKTEPUCTHK, HO U UX B3aUMHas JuddepeHnranys no njiouaim.
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Abstract. Relevance. The need to continue studying the patterns of distribution of physical properties of rocks by area and
compare with previously conducted studies on the analysis of the distribution of rock density. Generally accepted approaches
imply averaging constants, which are key in calculating the filtration-capacitive properties. A small amount of actual data,
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small core removal, simplifications lead to less detailed accounting of parameters, although computer power allows this to be
done. In the future, this affects the filtration model, when there is no longer an understanding of where errors and
inaccuracies can appear when comparing model and historical production data. Aims. To create a map of the distribution of
the interval travel time of longitudinal waves based on laboratory core studies. To form an idea of the patterns of interval
time distribution by area. To designate areas of low and high values. To characterize the degree of variation of the porosity
coefficient when compared with the values of the porosity coefficient. Object. Oil-saturated formation of terrigenous
composition of the field in the Tomsk region. Methods. Supplementing the distributed dependency database with new
parameters allows us to form a completer and more detailed picture of productive formations. Core analysis is performed by
wells, as well as a comparison with the distribution of previously identified patterns. The relationship between the data on
the total volume of wells is also formed to identify the degree of dispersion of the sample. Ultrasonic waves interval time
distribution resulted in map and in addition matrix density from previous study is also provided for comparison. Individual
physical characteristics distribution is analyzed in parallel with their mutual interrelations.

Keywords: petrophysical dependencies, elastic wave speed, travel time, porosity coefficient, petrophysical parameter
distribution map, parameter variability
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BBeaenue

JIaGopaTopHbIE NCCIEIOBAHMS KEPHA SABISIOTCS HC-
TOYHHUKOM IEHHOH WHQOpMAIMKM MI8 JalbHEHIINX
9TANlOB MOJICIMPOBAHUS, U CaMOE IJTaBHOE — AJIS IO-
HUMAaHHS 3aKOHOMEPHOCTEH MeX Ty TTapaMeTpaMH.

CIIO)KHOCTh CTPOEHMSI M COCTaBa IIPOIYKTHUBHBIX
IUIACTOB MPUBOJUT K HEOOXOAUMOCTH BBISBICHHS JIO-
MOJTHUTENFHBIX B3aUMOCBSI3eH MEXAY (PU3NIECKUMH U
KOJUIEKTOPCKMMH CBOWCTBaMH mopon. Llemecoobpaszno
HauaThb  AHAIW3  W3MEHEHUs  (UIBTPALIUOHHO-
E€MKOCTHBIX CBOMCTB ¢ K03((HUIIMEHTa MOPUCTOCTH KaK
C KJIFOUEBOTO MapaMeTpa, KOTOPBIi NCTIONB3YeTCs MPH
pacuére  OCTalIbHBIX  (DPUIBTPAIIOHHO-EMKOCTHBIX
CBOJCTB ILIaCTOB-KOJIEKTOPOB [ 1-4].

T'eosrornyeckne 0CO6eHHOCTH 06 bEKTA
uccje0BaHUsA

Kak moka3beiBaeT mpakTHka, neTpou3nuecKkue pac-
4€THI 11eJIeCO00pa3HO MPOBOAMTE ¢ YYETOM T€0JIOTHYC-
CKUX 0COOEHHOCTEN CTpoeHus miactoB. V3 anmpropHoit
nH(pOpMAIHA O MECTOPOXKACHUU U3BECTHO, UTO Tecda-
HO-aJIEBPUTOBBIEC TOJIIU CJAaraloT OCHOBHOW IIeJIEBOM
wracT. Habmromaetcst pa3nudHas CTeNeHb COPTHPOBKH,
TNIMHU3auK, KapOoHaTm3amuu. Taxke B mpeaenax
KOHTYpa He(bTCHOCHOCTI/I OTMCUYECHBI JIMH3bI, OCJIOXK-
HEHHBIE JTUTOJOTUYECKUMH U KalIJUIIPHBIMUA OCOOCH-
HOCTAMHU CTpoeHusa. CaMO MeCTOPOXKAEHUE OTHOCUTCS
K KaTeropuu CIOXHOMOCTPOEHHBIX C HEOJHOPOIHO-
cTbI0 mo mmromtagu. Ilmact 1011_2 B COCTaBE HAAYyTroOJb-
HOM MayKy BEPXHEBACIOTaHCKOM MOJCBUTHI SIBIIACTCS
HETOCPEACTBEHHBIM 00BEKTOM HCCIeoBaHus [5].

IpeanoceLiku popMUpoOBaHUA NETPOPU3UYECKUX
B3aMMOCBs3eil TUIIa «kKePH-KepH»

C BHYTpEHHHM CTPOCHHEM BEILECTBA CBS3aH Iapa-
MeTp ynpyroctu. Ilpu 3TOoM camy yIpyrocTb MOXKHO
0XapaKTepHU30BaTh Yepe3 CKOPOCTh PaclpoCTpaHEHHs
YOpPYruxX BOJH. A B JaJibHEUIIEM depe3 YIpPYyrocTh Ie-
pPEXOIiIT K MEXaHHMYECKOMY CONPOTHBICHHIO (hopMBI

(TBEépapIc Tena) U 00bEMA I XKe TOJIbKo 00bhEMa (Tra-
3bl, JKUAKOCTU) TIOJ BIIUSIHUEM MEXaHUYECKUX HAMps-
xeHud. IlepBoe BCTyIUleHHE UMILYJIbCHOM YJIbTpa3By-
KOBOM BOJIHBI CIIy’)KUT MapKepoM, II0 KOTOpOMY OIpe-
JIEJIAI0T CKOPOCTh YNPYIHX HPOAOJNBHBIX BONH. st
3TOTO 00pa3zelr] MPO3BYUHUBACTCS C JABYX TOPIOB aKCH-
ANBbHO-TIONSIPU30BAaHHEIMU  TaTYUKaMu. JInbo mpoBo-
IUTCSA TPO(GWINPOBAHUE IO PAa3HBIM ITOBEPXHOCTIM
oOpasna, au00 HCIONIB3YyEeTCsl PE30HAHCHAsl 4acToTa
kosebanmii obpasna. K Topmam obpasna (2) mpu mpo-
3ByYMBAHUU MMPHUKUMAIOT U3IydaTesb U npuéMuuk (1)

(puc. 1) [6].
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Puc. 1. Cxema pacnososxceHus nve303/.eMeHMo8  npu
usMepeHuu ckopocmetl ynpyaux 804H U N02/10WjeHus
cnocobamu MHO20KpAMHbIX ompaxceHutll: 1 -
us/yyamesv U npUéMHUK, 2 — 20pHasi nopoda [6]

Fig. 1. Schematic diagram of the arrangement of piezoelec-

tric elements when measuring the velocities of elastic
waves and absorption by multiple reflection meth-
ods: 1 - signal source and receiver, 2 - rock sam-

ple [6]

CopocTh pacHpoCTpaHEHUSI TPOFOJIBEHONH BOJIHBI
MOJKHO BBIYMCIUTH, €CIIM M3BECTHA IUTMHA OOpasna u
BpeMmsi po0dera yJIbTpa3ByKOBOM BOJIHBI uepe3 oopaszer]

V,=S,t,

rae Vp — CKOpocTh NPOJIOILHOM YIBTPY3BYKOBOH BOJI-
HBI (M/C); Sp — paccTosHHE, MPOHICHHOE NPOAOIBbHOM
yIbTpa3ByKOBOH BoJHON (M); t — Bpems, 3a KoTopoe
MIPOJIOJIbHASL BOJIHA NPOIITIA OT MCTOYHUKA A0 MPUEM-
HUKa (C).
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B mMuHepanax auana3oH U3MEHEHHs CKOPOCTH Mpobe-
ra TPOAOJBHBIX BOJMH O4eHb MMpok (2000-18000 wm/c).
W3meneHuss Moryt OBITH TaKKe CYIICCTBCHHBIMH B
Cllyyae HaJM4usl ABYX M OoJiee DIIEMEHTOB B COCTaBE
MuHepajioB. [Ipy 3TOM B3aMMOCBS3b MEXIY CKOPO-
CTBIO M MacCO# aTOMOB, a TAKKE CTPYKTYPHBIM (DaKTO-
POM TIPOJOJDKAET CYIIeCTBOBaTh. MccinenoBarenn Tak-
K€ OTMEYAIOT BIIMSHUE aHM30TPOIHH CKOPOCTH BOJIH,
KOTOpasi 00yCJIOBICHA HEOJHOPOTHOCTHIO CHJI CBS3CH
MEXy MOJICKYJIaMH U aromamu [7].

JuHamuueckas TeOpUsi HACBHIIEHHBIX >KUAKOCTHIO
JneGopMUPyEMBIX TIOPUCTBIX IIIACTOB C KECTKUM CKeJie-
TOM SIBIISICTCSI OCHOBHOH TIPH BEISBJICHUN 3aKOHOMEPHO-
CTel pachpoCTpaHEeHHUs YIIPYTUX BOJH B MOPUCTHIX Cpe-
JIax ¥ U3y4aeTcss MHOTHMHE UccienoBatessiMu [8—15].

B ocamounbIx mopogax, 0OCOOCHHO €cI OHW HACHI-
IICHBI JKUAKAM (DIFOMIOM, Ha CKOPOCTD BIUSIOT H3ME-
HeHHue 00béMa (monaa OT HaMpsHXKEeHUs U Ko3(hhunu-
eHT mnopuctoctd. CTapTOBBIE 3HAYECHUS BIHSIOMINX
(aKTOPOB ONPENEIIIOT CTEIICHh U3MEHEHHS CKOPOCTH.
JlOTIOTHUTENBHO BIIMSHUE OKa3bIBa€T KOMITOHEHTHBIN
COCTaB CKelleTa, WIH C)XHMaeMOCTh TBEPAOH (asbl.
[Ipu yMeHBIICHUH TOPUCTOCTH MOPOMABI BIUSHHUE CHKH-
MaeMOCTH YCUIINBAETCH.

J1s 0cajouHBIX MOPOJT XapaKTePeH MIMPOKHMA JHa-
Ma30H U3MEHEHHS CKOPOCTH MPOXOXKICHHS BOJH B 3a-
BHCHUMOCTH OT Pa3yIUIOTHEHHBIX MECUYaHO-TIUHUCTHIX
mopox (300 M/c) 1o XOpOIIO CIIEMEHTHPOBAHHBIX HITH
KapOOHATHBIX oTioxeHui (6000—7000 m/c).

AKycTHU4YecKHe napaMeTpbl KEPHOBOr0 MaTepuasa

AKYCTHYECKHE HCCIIeoBaHHS 00pa3loB KepHa
MO3BOMAIOT  C(OPMUPOBATH  MOJEIU  PA3THYHOTO
HaIpaBlICHUS U CIOXHOCTH. B Tekymem Habope naH-
HBIX HPUCYTCTBYET TOJBKO CKOPOCTb IMpobera mpo-
JIOJBHBIX BOJIH. DTU IAHHBIC MOXHO MCHOJIb30BaTh IS
OTIPENICTICHUSI B3aUMOCBSI3H MEXAy CKOPOCTBIO MU KO-
3¢ HUIMEHTOM MOPUCTOCTH. PaccMOTpUM HATIISIHBIN
npumep (puc. 2).

B nmanHOM citydae cKOpocTh mpobera mpojobHON
BOJIHEI B MAaTpHIlEe, UCXOAS W3 YpaBHEHUs, OymeT co-
cTaBaTh 4,7825 KM/C, a UHTEpBAIBHOE BpeMs Mpobera
MpONMONBHON BoOmHBL B Martpume — 209,1 wMke/M
(1000/4,7825=209,1). TlomyuuBieecss 3Ha4YEHHE TOBO-
PHT O HEOOJBIION CTENEHH Pa3yIIOTHEHHOCTU OPO/IbI,
€CIIM CPaBHMBATh C TEOPETHYECKUM 3HAUCHUEM ISt
necyanuka, paBHbIM 170 Mkc/m. Takum obpaszom, mpu
CTaHIAPTHOW MHTEPIPETAIMU ISl BCEro Iuiacta Oyner
MIPUMEHSITECS €TMHOE 3HAUCHUE AJISI TIPEIBAPUTEIIHLHOTO
aHaNM3a CBOMCTB ITOPOA M BBIUHCIEHHS Kodddurmenta
MIOPHUCTOCTH. BO3MOXKHBIE PHCKH TaKOTO IOIXO01a — OT-
CyTCTBHE yuéra HU3MCHYHBOCTH JIUTOJIOTO-
MHHEPAJOTHIECKOTO COCTaBa IIOPOX B TIPOCTPAHCTBE.
VYrpoméHHable, CHHTETHYESCKIE WM OJHOPOIHEBIC Cpe-
Jbl — caMble MOAXOSIINE sl JalbHEHIIEro MCHOIb30-
BaHHS CIMHBIX Kod(duiwieHToB. [Ipn neraisHOM pac-
CMOTpPEHHH CHUTYaITIsl HEMHOTO BUIOM3MEHsieTcs (puc. 3).

-

6 v =-10.797x + 4.7825
R2=0.6774

o

s

(3]

CKOPOCT TpOBera MPOTOTBHBIX BOTH, KM/C
Compressional waves velocity, km/s
— W

0
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Ko, m.e.
Porosity, p.u.

Puc. 2. 3asucumocmbs ckopocmu npobe2a npodo1bHbIX 80H
om Koagpduyuenma nopucmocmu no kepHy. JlaHHbvle
no 8cem CK8AaMCUHAM

Fig. 2. Compressional waves velocity vs core porosity. All
wells datasets
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Puc. 3. 3asucumocmbv uHmepsa/bHO20 8peMeHU npobeza
npodosbHbIX 80/H Oom Ko3gguyueHma nopucmo-
cmu no kepHy. /laHHble N0 0MOeAbHbIM CK8ANCUHAM
(Kaxcdulll yeem coomeemcmayem 00HOL CKBANHCUHE)

Fig. 3. Interval transit time vs core porosity. Separate wells

datasets (each color fits one well)

IIpu ananu3e puc. 3 momxyyaercs, 4YTO MHOPUCTOCTb,
BEIUHCIsieMast 4epe3 C(hOPMHUPOBAHHBIE YpPaBHECHHS,
cocrasiger 0,106; 0,117; 0,125 u 0,143 n. e. Habumro-
JA0TCSl JIOBOJILHO OOJIBbIINE Pa3IUuMsl B 3HAYCHUSX.
Heo6xoauMo 3aMeTUTh, YTO HHTEPBATIBHOE BpEMs
npobera Bo (ironie B JaHHBIX pacyérax HE HCIOIb3Y-
eTcs. DTOT MapaMeTp 3aBUCHT OT MHHEpPAIN3aIiH L1a-
CTOBOM BOJBI, IUIACTOBOM TEMIIEPaTyphl U ILUIACTOBOIO
JIABJICHUS W BapbUpyeTcs mpuOmm3utenpHo oT 500 10
750 MKC/M, TEM CaMbIM MOXXET 3HAUYUTEIBHO BIHTH Ha
KO3 PUIHMEHT OPUCTOCTH.

WnTepBansHOE BpeMs mpobera BOJHBI B Oe3mopu-
cToi mopoxae Bapeupyercs ot 150 mo 190 Mkc/m
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(puc. 3). IIpy yMeHbIIEHUH 3TOTO MapaMeTpa U HEU3-
MEHHBIX BEIUYUHAX MHTCPBAJIHLHOIO BPEMEHHU B MOPO-
JIe ¥ )KUJKOCTH HaOIltoaeTcs yBearnueHne Koa(duim-
eHTa TopucTocTH. ECIM MCmomp30BaTh ycpeaHEHHOE
3HAa4YEeHHE MHTEPBAJIBLHOIO BpeMEHH Ipobera B 0Oe3mo-
pucTOt opoie, SkBuBalieHTHOE 170 MKC/M, M TIpH Ba-
puaruu 3toi BenmmuuHb! 10 150 u 190 Mkc/M k03 du-
LUEHT MOPUCTOCTH M3MeHsieTcs oT 14 no 21,3 %, co-
OTBETCTBEHHO. Takue 3HaueHus OyayT GOPMUPOBATHCS
IpH HWHTEPBAJLHOM BpPEMEHH Ipolera B JKUAKOCTH,

Porosity—Wireline, LWD

Sonic Tool
Porosity Evaluation—Open Hole

paBHOM 620 MKC/M, 1 ypaBHEHHH BBIYHCICHHS KO3(]-
¢unrenTa nopucrocty (Tabdnurma, puc. 4):

K, =(At-Aty)/(AtAty), (1)

rae K, — koadpunuent mopucrocty, 1. e.; Atn, — uH-
TepBaJIbHOE BPEeMs HPOIOJILHON BOJHBI B UICATIM3HPO-
BaHHOIl HEMOPUCTOM MOHO- MM HOJIMKPHCTAJLINYE-
CKOM mopoae, MKc/M; At — HHTEepBaIbHOE BpeMs Ipo-
JIOJIEHO BOJIHBI B TIOPOBOH KHMIKOCTH, MKC/M (TIpHHS-
TO paBHBIM 620); At — HHTepBaJIbHOE BPEMs IPOJIOIb-
HOH BOJIHBI B TIOPOJIE, MKC/M (IIPHUHATO paBHBEIM 250).

Schlumberger
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Puc. 4. BuiuucaeHue koagppuyuenma nopucmocmu (nasemka Por-2 Schlumberger)

Fig. 4.

Porosity coefficient calculation (chart Por-2 Schlumberger)
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Ta6auya. ConocmasseHue NOAYYEHHbIX 3HA4YEHUL K03g-
¢uyuenma nopucmocmu
Table. Porosity coefficients comparison
Atm, MKC/M At, MKc/M Ku, o.e. A%
(us/m) (us/m) Porosity, v/v ) 70
200 250 0,119 0,220
210 250 0,098 0
215 250 0,086 0,114

Ha cranun n3yueHus 1abopaTOpHBIX UCCIIEIOBAHUM
KEpHA CTAHOBUTCS BHIHO, YTO aKyCTHUECKHE MapaMeT-
PHL U CBSI3aHHBIC C HUMH (IUIBTPAIINOHHO-EMKOCTHBIC
XapaKTePUCTHKH BapbUPYIOTCS B JOBOJBHO OOIBIIOM
JIMaIa30He JUIS Pa3HBIX CKBAXKHUH.

Hedopmanmu Buna «pacTspkeHHe—CKaThe B ras3ax,
KHUIKOCTAX, TBEPABIX Tenax (OPMHPYIOT YIIPyTrHe
BOJIHBI, KOTOPBIC XapaKTEPU3YIOTCSI CKOPOCTBIO, a B
JaTbHEHIIEM 1 BpeMeHeM mpoobera.

WurepBansHOe Bpems npobdera B ckenere (Aty) uc-
MOJIb3yeTCcd B KauecTBE HACTPOEYHOM KoHCTaHThL. C
IIOMOIIBI0O HEE MOYKHO KOHTPOJIMPOBATH PACUETHI, H,
Kak IpaBUJIO, OHa HEM3MEHHA B IpeJeliax OJHOro Iuia-
cra [6]. Uepe3 skcriepuMeHTANBHBIC JaHHBIE, KK Mpa-
BWJIO, OIPEHCISIIOTCS yCpPeIHEHHBIC 3HAYCHUS IS
Habopa JUTOTHIIOB TOpof. [Ipm 3TOM HCIONMB3yIOTCS
HE MHHEpaJibl, TaK KaK C JUTOTUIIOM OIPEIEIUTHCS
ropasjo Mpolle, YeM ¢ MUHEpaIbHBIM COCTaBOM. Bme-
CT€ C TEM aJIEBPOJIMTHI, PHIXJIbIE U CLIEMEHTHUPOBAHHbIE
MECUaHUKU 3a4acTyl0 OXapaKTE€PU30BAHBl BPEMEHHBIM
nuamna3zoHoM ot 170 no 182 mkc/M, a MHHEpaibl B UX
COCTaBe MPHU 3TOM MOTYT OBITh MICHTHYHBIE. B mrore
UCTIOJIb3YETCsl YCPEAHEHHOE 3HAYEHUE HMHTEPBAILHOIO
BpeMeHH Mpo0Oera, ¢ MOMOIIBI0 KOTOPOTO B JAbHEH-
IIEM BBIYHCIETCS KO3 (OUIIMEHT TOPUCTOCTH.

B3anMocBsI3p MHTEPBAIBHOTO BpeMeHH Mpolera u
K03 GUIMEHTa TOPUCTOCTH OMHUCHIBACTCSA Pa3IMYHBI-
MH yYpaBHEHHSAMH. DTO 3aBUCHUT OT HAJTHYHUS MCXOIHBIX
nmauHbIX [16-20]. B xmaccudeckoM moaxojie IpUMeHs-
eTcs ypaBHEHUE CPEIHEro BPEMEHU, WIN ypaBHEHUE
Bumn (1). Tak npoucxoanT 1o MPpUYHHE HATHMYHS FC-
XOIHBIX IAaHHBIX, OCOOCHHO €CITM WX HEMHOTO WU
IPUXOAUTCS KCIONb30BaTh JOMYLICHUs. YpPaBHEHUE
UCTIOJIB3YIOT Ha IIyOnHax 2,5-3,5 KM Ui MOPOA C XO-
pomrelf CTENeHbI0 CIEMEHTHPOBAaHHOCTH, a TaKke
HACBILIEHHBIX He(ThIO WK Boxoi [21].

CocraB mopojpl, THI IIEMEHTA, ITyOHHA 3ajJeTaHus
— 3TO OCHOBHBIE (DAaKTOPHI, BIHAIOUINE HAa CKOPOCTbH
P YCIOBUH 3a(PUKCUPOBAHHBIX 3HAUEHHUH ITOPHCTO-
ctu. Bospact mopos Takkxe BIMSET Ha CKOPOCTh H ATO
JOTOJTHUTENBFHO OCTIOKHACTCS TUATCHETHUECKIMHU W3-
MEHEHUSIMH U IpolieccaMu o0pa3oBaHus cKIamok. Ec-
JIM paccMaTpHUBaTh OAUH PETUOH, TO Y Oojiee MOJIOBIX,
HO OJHOTHIIHBIX OTJIOXEHHUH, CKOPOCTh YNPYTHMX BOJIH
MEHBIIIE, a C YBEJIMYEHHUEM BO3pPacTa CKOPOCThH MOBBI-
nraercs [22].

TepMoauHaMUYECKHI PeXUM OCaTKOHAKOIUIEHUS U
rTyOMHA 3aJIeTaHus TAaKkKe OKA3bIBAlOT BIMSHUE HA

CKOpOCTh Mpo0era aKkyCTUYECKHX BOJH. YUYHUTHIBas
MOBBIIIICHHE TEMIIEPaTyphl U JaBICHHUS C TIyOHMHOMH,
HEOOXOMMO MPUHUMATH BO BHIMAaHHE, YTO U3MCHSATCS
COCTaB IOPOI, CTPYKTYpa, a BMECTE C HUMH U (pr3nde-
ckue cBoicTBa. Tum Hacelmaromero ¢urouaa, mopo-
BBIil 00BEM M cTapTOBas YNPYroCTh CKeJleTa TOPHOM
MOPOABI OMPEACIAIOT AMANa30H BapHalUH CKOPOCTH
YIOPYTUX BOJH. YIPYrOCTh CKeJeTa, B CBOIO OuYepe[b,
3aBHCHUT OT MOPUCTOCTH, CKUMAECMOCTH TIOp U TBEPIOH
dasel [7, 8]. Yapyrocts ckeneTa MoBBIMIAETCS C MOHH-
JKEHHEeM C)KUMAeMOCTH TIOp IpU YBEIMYEHHUH J1aBJie-
HUS, a 3HAYUT, PAcTET CKOPOCTh. [IpH MOBBIICHHBIX
3HAUCHISIX TOPUCTOCTH IWANa30H BapHaIl{ IUIOTHO-
CTH CKeJleTa YBEJIMYUBAETCA NPH MOBBIIIEHHOM JaBlie-
HUU U MOHIKEHHON C)KMMaeMOCTH 1Op. A IpU NOHHU-
KCHHBIX 3HAUCHHSX MOPHUCTOCTH M C)KUMAEMOCTH CO-
CcTaB TOpPOABI (CXKUMaeMOCTh TBEpPJOW (pa3wl) Urpaet
Bcé Oosee BaskHYIO poiib [23, 24].

PasHbIil cocTaB IleMeHTa M TOPOA000Pa3yIOMIHX
MUHEPAJIOB (POPMUPYET OOMIMPHBIN CKOPOCTHOM Iua-
Ma3zoH i necyanbix nopoi. CTpykTypa LeMeHTa U
MHUHEPAJIBHBIH COCTaB ONpPEICNAIOT 3aKOHOMEPHOCTH
mopox mpu jaedopmanusax. B yclnoBusxX yBenmdeHUs
JIaBJICHUsl HauOoJblllee 3HAYeHUE CKOPOCTU (PUKCHPY-
€TCs B TNIMHUCTBHIX TIOPOJaX, a HAaMMEHBIIIee — B TIOPO-
Jax 00JIOMOYHOTO THIIA C IIEMEHTOM KPEMHHUCTOTO WA
KBapieBoro tuma [25].

B Goiee TUIOTHBIX MOpOJIaX CKOPOCTH OyaeT 00ib-
e TPH OJWHAKOBBIX 3HAYCHHSIX MOPHCTOCTH 3a CUET
Oosee TBEPIBIX MOPOIOOOPA3YIOIINX MHHEPAIOB B
coctaBe U Oojee BBICOKMX ymnpyrux monyiei. Cko-
POCTHOM IHama3oH paciIupsieTcs: Oxaromapsi HATHIHIO
mpUMeceil B cOCTaBe, a TakkKe M3-3a CTPYKTYpHOM He-
onHOpOaHOCTH [26].

Ecimm paccmarpuBarh TpyIy CIIEMEHTHPOBAHHBIX
mopoJl, TO T[JMHBI Cpeau HUX OyayT oOjanaTh
HauOOJIBIIMM HWHTEPBaJbHBIM BpeMeHeM Mpoldera
BOJIH. DTO MPOUCXOINT M3-3a TOHKOAMCIEPCHBIX 3E€pPEH
TJIHHHUCTBIX MHHEPAIOB [27].

[MocTpoeHHbie rpaduku THUMA «KEPH—KEPH» MOKa-
3BIBAIOT, YTO MapaMeTPhl aKyCTUYECKUX CBOWCTB WHO-
rZla KapAWHAJIHHO OTIMYAIOTCS OT CKBAKUHBI K CKBa-
xune [28].

AKyCTHUYECKHE CBOMCTBa OYEHb TECHO CBA3AaHBI C
[EeJBIM HaOOpOM BIUAIONIMX (HaKTOPOB: CTPYKTYpPOH
MOPOBOT0 MPOCTPAHCTBA, TUIIOM LIEMEHTA, C)KUMAEMO-
CTBIO, JIABJIEHHEM, TEMIIEPaTypoH, CTemeHblo aedop-
Manuu. BrIIBICHHE HEOTHOPOAHOCTH paclpene’IeHuUs
AKyCTMYECKHX CBOMCTB MOPOJ COIPSIKEHO C 3aKOHO-
MEPHOCTSIMU paclpe/ielieHusl TUIOTHOCTHBIX XapaKTe-
puctuk [29].

PazymeeTcs, akycTHUecKHe XapaKTCPUCTHUKU CBS-
3aHbI C MJIOTHOCTHBIMU. TeM He MeHee, KaK BUJHO Ha
KapTax (puc. 5), n1a U B oO0mIel Macce MPOBEIAEHHBIX
HCCIIEIOBaHUM 1O (POHAY CKBaXXKHH, KOJIUIECTBO 3aMe-
POB MOXET CHUJIBHO pasnuuaThes. Tak, Hampumep, B
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YaCcTH CKB2XHH MOTYT OBITh TPOBEACHBI M3MEPCHUS
IUIOTHOCTH TI0 KEPHY, & B JPYrod YacTH CKOPOCTH
npobera MpoAOIbHBIX BOJH. KOMIUIEKCHPYsT 3TH BHIIBI
HCCIICIOBAaHUN MOKHO PACIIMPUTH 30HY OXBaTa U aHa-
JU3a JMANa30HOB BapHanuu (GpU3MIeCKuX mapameTposB,
a BMeCTe C HUIMH ¥ KO3 PUIMESHTA ITOPUCTOCTH.

UHTepBaTEHOE BpPeMS MPoGera, MKC/M

— —
1:200000

2000 4000 6000 8000 10000m

[§ &

CKOpOCTB TpoGera, Km/c

TLIOTHOCTS, T/CM?

Puc. 5. Kapma pacnpedesnenus nnjomHocmu ckesema, CKo-
pocmu npobez2a, UHMePB8AIbLHO20 8peMeHU npobeaa

Fig. 5. Matrix density, matrix velocity, matrix interval
transit time distribution map

Ha puc. 5 otoOpakeHO pacmpenelicHHe BETHYUH
CKOpOCTH mpobera B CKeJeTe, UHTePBaIbHOTO BPEMEHH
mpodera B cKeJeTe, MO CKBAXKHHAM H3Y9aeMOro Inia-
cra. Jlns comocTaBieHusl J0OaBiIeHa KapTa pacmpeje-
nenust wiotHocTH [30]. Ha kapte BbIAensiroTcs oOna-
CTH TIOHWXCHHBIX M ITOBBINMICHHBIX 3HAYEHHE CKOPO-
CTell ¥ MHTePBATBHBIX BpeMEH. CKOPOCTh BapbUPYETCsI
ot 3 10 6,8 KM/c, UHTEpBAIBHOE BpeMsi, COOTBETCTBEH-
HO, — oT 140 1o 310 mkxc/M. OTCIO1a SBHO BEIACIISIOTCS
obmactn mudpdepeHnuanuu koddduireHTa TopucTo-

ctu. [Ipu yBenu4eHun CKOpOCTH B ckenere KodhGuim-
SHT TIOPUCTOCTH OYyAeT YMEHBIIATHCS, KaK H TpPHU
YMEHBIIICHUH BpeMeHHU mpobera (puc. 4), mpu ydére
MOCTOSTHCTBA OCTaNBHBIX K03 ¢unueHToB. Chopmu-
pOBaHHbIE KapThl AAIOT IpeJcTaBieHHe o aAuddepeH-
[IUANUH IUIOTHOCTH U CKOPOCTH TI0 TIIOIIAAN TITacTa.

HecomuenHo, Ha HeTanu3auio KapTorpagpudecko-
ro MaTepualia BIHUAET KOJTUIECTBO CKBaKUH. OCOOEHHO
3TO 3aMETHO IIPH COTIOCTaBJICHUH KapThl IUNIOTHOCTH U
KapT CKOpPOCTH (MHTepBAIBbHOrO BpeMenu). Obmactu
MOCTPOCHUS] HEMHOTO Pa3HATCS M3-3a Pa3HOr0 KOJIHUYe-
CTBa CKBAXHH C IICJICBHIMH HCCIICIOBAHUSIMH. XOTS
oOmrasi KoHQUryparysi Ha TIepBBIA B3I COXpaHICT-
cs1, HaOJIOJAFOTCS HEKOTOPBIe pasiuyus. Tak, Harpu-
Mep, B IOT0-3alafHoli 00JacTH Ha KapTax CKOPOCTH U
BpeMeHH HaONIONaroTCsi MEHee BBIPaKCHHBIE aHOMa-
JTUH. A B BOCTOYHOW YacTH KapTHHA HEMHOTO U3MEHSI-
eTCs, BUIHBI PE3KHC BapHAIMM 3HAYCHHI CKOPOCTH.
B naneHeiimemM 3To npuBeAET K TOMY, 94TO KO3(QuIm-
€HTHI MMOPHCTOCTH, BBIYHCICHHBIC IO PAa3HBIM Teodu-
3MYEeCKAM MeTozaM, OyIyT pa3iauyarhCsl U, pa3yMeeT-
cs1, OyzieT BOIIpPOC O TOM, KaKUM MeToA0M Ko3dduiu-
€HT MOPHUCTOCTH TOIYJUIICS 60JIee JOCTOBEPHBIM.

3akJIl04eHye 1 BBIBOJBI
JeranpHOe HW3y4eHHE aKyCTUYECKHX CBOMCTB 00-

pa3loB KepHa NPUBOIUT K HEOOXOIMMOCTH paccMmart-

pUBaTh HE TOJBKO OOMIHIA 0OhEM TOUEK B CBOJHOM BBI-
0OpKE TI0 MECTOPOXKACHHUIO WM Ja)Ke MO OTAEIEHBIM

T1acTam, a HermoCPeACTBEHHO M0 CKBaXXMHaM. B Takom

ciydae ynaéTcsl BBIIBUTH MEHee MacIiTabHbIe H3MEHE-

HUS HE TOJBKO (HIBTPALIMOHHO-EMKOCTHBIX CBOWCTB,

a HEMOCPEICTBEHHO (PM3MUYECCKHX OTKIMKOB IMapaMeT-

poB. B manpHeiimem 3To crmocoOCcTByeT 3((EeKTUBHO-

CTH TTOCTPOCHUS TUAPOANHAMHICCKOH MOJIEITH C TOUKH

3peHus nporecca GpribTpanuu (IIOUI0B.

C noMomIpl0 IeKOMIO3HUIIMK BBIOOPKH HCCIIEA0Ba-
HUH KepHA 10 CHenn(UIHBIM YPAaBHEHHUSIM:

e TI0 CKBR)XHHAM ONpeJeNeHbl KOJTUUYEeCTBEHHbIE KPH-
TEepPUH MHTEPBAIBLHOTO BPEMEHH MpoOera akycTuye-
CKHX BOJIH;

e c(hopMHPOBAHO TPEACTABICHUE O BapHaluu (HU3u-
YECKUX CBOMCTB;

e OmpeneNeHsl HalpaBlIeHUS M3MEHEHHS (HUIbTPaLi-
OHHO-EMKOCTHBIX CBOMCTB;

e 0003HAa4YEeHBI 30HBI MOBBIIICHHBIX W TMOHMKEHHBIX
3HAYEHUH HMHTCPBAIBLHOIO BpEeMEHHU Mpobera aky-
CTHUYECKUX BOJIH;

e OIpeliesieHbl TMPEANOCHUIKH HEOJHOPOJHOTO pac-
MpeIesieHns] HMHTEPBANBHOIO BpEMEHH Ipodera
BOJTH.

[To pesynbraTam aHanmu3a (PAKTHYECKUX JTaHHBIX
CTaHOBHTCS] OYCBHIHO HATJISAHO MOHSITHO, YTO MHTEP-
BaJIbHOE BpeMs Mpodera akyCTUIECKUX BOIH HU3MCHS-
€TCsl MO TUIOIIAN paclpocTpaHeHHs Iulacta. B Teky-
IIUX YCIOBHAX HAIWYMS OOJBIIOTO KOJIMYECTBA aH-
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HBIX U KOMIBIOTEPHBIX MOIIHOCTEH JUIS UX aKKyMyJs-
MM U 00pabOTKM CTAHOBUTCS BO3MOXKHBIM YIITyOUTh-
Cs B JACTANIM3AIMIO CO3IAaHHUA IETPOPU3NIECKOH, a
BMECTE C TEM M TE€OJIOTHYECKOH MOJENH IuIacTa Jursd
JanbHEHIIero aHaau3a mpoueccos pa3padoTku. Pusu-
4ecKHe W (QUIBTPAIMOHHO-EMKOCTHBIE ITapaMeTphl
TECHO B3aMMOCBSI3aHBI JPYT C APYTOM, H, Ja)Ke eciH
CKBR)XUHBI HAXOJATCA Ha HEOONBIIOM PpacCTOSHUU
IpyT OT Jpyra, CTPyKTypa IOPOBOTO IPOCTPAHCTBA
MOXET M3MEHATHCS B JIOBOJBHO IIMPOKOM JHaIla3oHe.
Kak oka3zanoch, paHee NpOBEIEHHBIE HCCIIENOBAHMS
MIPOCTPAHCTBEHHOTO W3MCHEHUS IUIOTHOCTH HAXOMAAT
CBOE TOATBEP)KACHHUE W IIPH aHAIM3€ PacIpefeeHNs

JIpyroro (Qu3uuecKkoro mapameTpa — HHTEPBAJIBHOIO
BpeMeHH npodera ynpyrux BosH. Y ToT u apyroit ma-
paMeTp CBS3aHBI C OJHUM M3 CaMBIX BaXKHBIX K03(du-
IUEHTOB B METPOPU3NICCKON MOJETH — KOA(DPUIMCH-
TOM MOPHCTOCTH, OT KOTOPOTO B CBOIO OYEpE]b 3aBU-
CAT BCE JpYyTHE MeTpo(u3NIecKue mapaMeTpsl, a Tak-
K€ BBIYMCIIsIEMbIE 3aIachl yriieBoaopoaoB. HeoOxomu-
MO TMPOJIOJDKATh UCCIEOBAHUS U BKIIIOYUTh W3y4EHHUE
pacupeneneHus  JAPYTHUX — MOATPYNN  (DU3HYECKHUX
cBoiicTB mopona. HampaBieHus Bapuanud CBOMCTB
HEO0O0XOAMMO YYUTBHIBATH MPU BBIYUCIECHHHM W pacmpe-
JICNICHUN (PUIBTPALUOHHO-EMKOCTHBIX CBOHCTB HOPOI.
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