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Busnauenns xoegpiyienma epanynspnoi nopucmocmi € 0OHIEI0 i3 OCHOBHUX 3a0ay C8epON0GUHHOL 2e0izuKl,
KA PO36 A3VEMbCS 34 OAHUMU OKPEMO AKYCMUYHUX, PAOIOGKMUGHUX, eIeKMPUYHUX MeMOoOi8 Kapomaicy, d maxodic
KOMNIEKCHO20 ix euxopucmants. [Ipome, axycmuunuil Kapomas’ic npoooeICYe 3aTUULAMUCT OCHOBHUM MemOoO0OM
BUSHAYECHHA nopucmocmi 2IpcoKux nopid

Hns kinekicnoi inmepnpemayii mamepianie akycmu4Ho20 Kapomasiy UKOPUCMAHHA PIBHAHHA CePeOHbO2O Ha-
cy Oe3 idomocmeti npo IHMEPEANLHULL HAC POZNOECIOOMNCEHHS. NO63006IICHLOI XEUIL 6 CKeaemi nopoou NPaAKMuHO
Hemodcaueo. Ilapamemp inmepeanvrozo yacy 6 ckeiemi nopoou 0jisi OOHOMURHUX NOPIO-KOJEKMOPI6 3MIHIOEMbC 8
docmamubo wupokux medicax. Ilpodemoncmposano MiHaUGicmb napamempa iHmepeaIbHO20 Yacy pO3N06CIO0NCEH-
HSl NOG3006IACHLOI XBUNL 6 CKelemi Nopoou OJisi OOHOMUNHUX NOPIO-KOAEKMOPI6 He MINbKU PISHUX pooosuuy ma
cmpamuepagiunux 0OuHUYb, aie U PizHOSIUOUHHUX 6IOKIA0I6 0OHO20 BIKY. BukopucmanHs y3a2aibHeHUx GeIuyuH
Yb020 napamempa Modjce npu3eecmu 00 3HAYHUX NOXUOOK Nio yac usnavenHs nopucmocmi. Tomy na cmaoii one-
pamusHol inmepnpemayii 3a 6I0CYMHOCMI KEPHOBUX OAHUX UHUKAE HEOOXIOHICMb OYIHKU IHMePBAIbHO20 Hacy No-
630062ICHbOI X8UJLL 8 CKelemi NOPoOU OJisi KOHKPEMHUX 8I0KIA0I6, KL NPOUULIA C8ePONIOGUHA.

3 memoio oyinku 3asHavenozo napamempa po3e’si3aHo obepHeHy 3adauy — O0as 6l00MOI nopucmocmi ma
IHMEPBAILHUX UACI8 PO3NOBCIOONCEHHST NOB300BHCHBOI XBUINL 6 NOPOOi ma (ioiol 3 PIGHAHHS CePeOHbO20 YAaACy GU-
3HAYEHO THMEPBAILHULL YacC 6 cKelemi nopoou. [Iisi 6U3HAYEHHs NOPUCTNOCIE NOPIO 3ACMOCOBAHO MEMOO eNeKmpo-
mempii. Ompumani 3HQUeHHs1 IHMEPBATIbHUX YACI8 NPOXOONCEHHS XU 8 CKellemi nopoou 3a OaHUMU eleKmpoMem-
il ma aKkycmuyHo2o Kapomagicy npaKkmuyto 30i2aromvcsi 3 OMpUMAaHUMU 3a KoegiyieHmamu nopucmocmi 0is Kep-
HO0B8020 Mamepiaiy.

KirouoBi crioBa: aKyCTUUHHH KapoTaxK, KOe(illieHT TOPUCTOCTI, EIEKTPOMETPIsl, apaMeTp MOPUCTOCTI

Onpedenenue kodpguyuenma epanyiapHoll NOPUCMOCMU SISLEMCsi OOHOU U3 OCHOBHBIX 3A0ad CKBANCUHHOU
2eousuxu, Komopas peuwaemcsi N0 OAHHbIM OMOEIbHO AKYCIMUYECKUX, PAOUOAKMUBHBIX, EKMPUYECKUX MENO0O08
Kapomasicd, a makice KOMIIEKCHO20 UX UCHOIb306anust. Tem He Mmenee, aKyCmuyecKuti Kapomagic npooondlcaem
0CMABAMbCsL OCHOBHBIM MEMOOOM ONPeOeieHUsi NOPUCTIOCTHU 20PHBIX HOPOO.

[na konuuecmeennoll unmepnpemayuu Mamepuaios aKkycmuiecko2o Kapomaxica UCnONb306aHue YpasHeHUs
cpednezo epemenu 6e3 cedenul 00 UHMEPBATILHOM 8PEMeHU PACHPOCMPAHEHUst NPOOOIbHOL BOJIHbL 8 CKelleme No-
POObL npaxmuyecky Heeo3mModicHo. Tlapamemp uHmepearbHo20 6pemMenu 8 cKejiene nopoovl OJis OOHOMUNHBIX NO-
POO-KOJIEKMOPO8 USMEHSIEMCsl 8 OOCMAMOYHO WUPOKUX npedenax. B pabome npodemoncmpuposana uzmenyu-
60CMb NAPAMEMPA UHMEPBATILHOZO BPEMEHU PACHPOCPAHEHUsl NPOOOTbHOU BONHLL 8 CKeleme NOpoobl Ol OOHO-
MUNHBIX NOPOO-KOJLEKIMOPOS He MOAbKO PA3IUYHBIX MECIMOPOACOCHULL U CIPAMUSPADUUECKUX eOUHUY, HO U PA3HO-
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2NYOUHHBIX OMI0NCEHUT 00HO20 803pacma. Hcnonv3osanue 0600WeHHbIX 6eIUUUH D020 NAPAMEMPA MOICEM NPU-
6ecmu K 3HAYUMENbHLIM NOZPEUHOCIAM NpU oyeHke nopucmocmu. [losmomy na cmaouu onepamueHot uHmepn-
pemayuu npu OmMcymcmeuy KepHogblx OaHHbIX BO3HUKAEH HEOOXOOUMOCHb OYEHKU UHMEPBAIbHO2O 6PEMEHU NPO-
00IbHOIL 80IHBL 8 CKeJleme NOpOObl OJisk KOHKPEMHbIX OMIONCEHUT, KOMOPbIE 6CKPbLIA CKBANCUHA.

C yenvio oyenKu yKazauHo2o napamempa peuwiena oopammuas 3a0aia — 015 U36eCMHOU HOPUCIOCIU U UHIeD-
BANLHBIX 8PEMEH PACHPOCMPAHEHUs. BPOOOIbHOLU B0IHbL 8 NOPOOE U (DIIoUe NO YPABHEHUIO CPEOHE20 8PeMeHU Onpe-
OeleHo UHMEPBAbHOE BPEMsL 8 CKelleme Nopoobl. [l onpedeneHus NOPUcCmocmu nopoo NPUMEHAENICS Memoo dile-
kmpomempuu. ITlonyuennvle 3Hauenuss UHMEPBATLHOZO BPEMEHU NPOXOJICOEHUsL 80IHbL 8 CKeleme Nopoobl N0 OdH-
HbLM JJIEKMPOMEmpUU U aKyCmu4ecko20 Kapomaxca Npakmuyecku cO8naoaiom ¢ OnpeodeieHHbIMU HA KePHOBOM
mMamepuare.

KiroueBbie ciioBa: akyCTH4eCKHH KapoTax, KOI((UIMEHT ITOPUCTOCTH, HEKTPOMETPHS, TTapaMeTp IOPUCTOCTH

Determination of the coefficient of granular porosity is one of the main objectives of borehole geophysics,
which is solved separate according to acoustic, radioactive, electrical logging techniques, and integrated use of
these methods. However, acoustic logging continues to be a major method of determining the porosity of the rock.

Application of time-average equation without information about interval time of the P-wave propagation in
rock skeleton for a quantitative interpretation of materials acoustic logging is almost impossible. The parameter of
interval time in the rock skeleton for similar reservoir- rocks varies over a wide range. In this work the variability of
the parameter of interval time of P-wave in the rock skeleton for similar rocks not only of collectors of various de-
posits and stratigraphic units, but also of allopelagic sediments of the same age is demonstrated. Using of general-
ized values of this parameter can lead to significant errors in the estimation of porosity. Therefore, at the stage of
operational interpretation in the absence of core data is necessary to assess the P-wave interval-time in the rock
skeleton for specific sediment opened by well.

For this purpose, the inverse problem for a known porosity and P-wave interval-times in rock and fluid was
solved to estimate of indicated parameter. The interval time in the rock skeleton was defined by the time-average
equation. The electrologging method was chosen to determine the rock porosity. The obtained values of P-wave
interval-time in rock skeleton according electrologging and acoustic logging data practically correspond to the core

material

Key words: acoustic logging, porosity factor, electrometer, porosity parameter.

Bcmyn

BusHauenHs xoedimieHTa MiK3epHOBOI (rpa-
HYJISIPHOI) mopucTocTi (K),) € OAHIEI 13 OCHOBHHMX
3a1a4 CBEPUIOBHHHOI reo(i3uku, sKa po3B’s3y-
€TBCS 32 JTAHUMH OKPEMO aKyCTHYHHX, Pa{i0aKTH-
BHUX, CJIEKTPUYHUX METOJIB KapoTaxy, a TaKOX
KOMITJIEKCHOT'O iX BHKOpUCTaHHs. HaTomicTh, aky-
ctuuHuil kaporax (AK) mpomomxye 3amumaTucs
OCHOBHHUM METOJIOM BU3HAYEHHS MOPHCTOCTI Tip-
CBKHX TIOPiJI.

B ocHOBI BU3Ha4YeHHST KOeillieHTa BITKPUTOL
MDK3EpHOBOI MOPUCTOCTI JISKUTH TBEPIHKCHHSI, 1110
0CaJIOBI TIOPOJIN € TETEPOreHHUMH CEPEIOBUIAMH,
SKI CKJIAZIAFOTHCS 13 3epeH MiHepaliB Ta (QIroimiB y
nopoBoMy npocropi [1]. BmactuBocti ux cepemo-
BUII[ BHW3HAYAIOTHCS KOHICHTPAIISIMH OKPEMHUX
(a3, popmoro 1 38’s13K0M MK (azamu.

Havnpoctimmm, Ha nepuuii Nors, HuIsaxoM
BHU3HAYEHHS KoeQillieHTa MOPHCTOCTI € PIBHSIHHS

cepemHboro vacy [2, 3]
At, =AMt (1-K,)+Aty,K,, (1)

ne Atf. — iHTepBaJbHHUIA Yac MpOoOIry MOB30BXK-
HBOI XBUJII B HEIOPHUCTOMY MiHEPaIbHOMY CKENETi;

Aty, — iHTepBaNbHHUI Yac MPOOIry MOB3L0BXK-
HBOI XBUJI1 y (DIIIOTII, SIKMIT 3aTIOBHIOE TTOPH;

K, — KkoeQillieHT TOPUCTOCTi, BHUpPAKECHUI B
YacTKaX B1J OAVHHUIL.

Benuuuna Aty 3anexuth BiA MiHepaizauil
MIaCTOBOI BOJM, TEMIEpaTypd Ta ePEeKTHBHOTO
THUCKY. YcCi IIi YAHHUKH BPAaxOBYIOTHCS Y HOMO-
rpamax B.H. JIaXHOBa a00 TpH OIHII YHUCIOBUX
3Ha4eHb Af, 3a Binnosinuumu Gopmynamu [4]. Ha
CbOTrOJHI (i3MYHE PO3YMIHHS BETMUYMHU Aty 3Mi-
HIOETBCS. € poOOTH, B SIKUX BKA3YETHCSI, 10 BEITHU-
4uHy Aty CHiJ PO3IIIANATH SIK KEPOBAHY, 3HAYECHHS
SAKO1 y TIOpOoAax Pi3HOT HACHYEHOCTI OJM3BKE 10

Aty JUISL BUTAJIKY HACHYCHHS Hopi):[ BOJIOIO [5, 6].
Tax, nificno, Benuunna Al y piBHAHHI CEPEIHBOTO
qacy Mae (i3MYHMII 3MICT IHTEPBAIBHOIO 4acy
POBITOBCIOJKCHHS TTOB3/I0BXKHBOI XBHJII HE Y BiJlb-
HoMy (utroini (Boji), a TAKOMY, SIKHH 3HAXOIUTHCS
y Kamisipax, a, BiJIIOBiIHO, YTPUMYETbCS €IIEKT-
pocratnuHUMU cuiamu. Di3uyHe TIIyMauyeHHS Ta
KUTbKICHE BH3HAYCHHS I1i€1 BETMYMHHU € OKPEMHUM
MUTaHHSIM Ta MOTPEOYye JOAATKOBUX JIOCIIIKEHb,
pe3yabTaTH SKUX Oyae OmyONiKOBaHO B IOJAlIb-
HIUX poOOTax.

IHTEpBasIBHUIT YaC PO3NOBCIOIKEHHS IPYK-
HUX XBHIIb Yy CKeEJETi TIPChbKOI MOPOJH 3aJISKUThH
BiJl MIHEPAJILHOTO CKEJIETY, XapaKTepy pO3MOILTy
HEMEHTY Ta MPYKHUX BIACTHBOCTEH MIK3EPHOBUX
KOHTAKTiB.

Ananiz oocnioxcens i nyonixayii

3aramoM 3a eKCIepuMEHTATbHUMHI Ta CTaTHC-
THUYHAMH JaHUMH 3aCTOCYBaHHsI PIBHSHHS cepell-
HBOTO Yacy € e(peKTHUBHHUM JJIsl OI[IHKH MDK3EpHO-
BOI IOPHUCTOCTI MPH HACTYITHOMY TO€IHAHHI (Hi3u-
KO-T€OJIOTTYHUX OCOOIMBOCTEH TOPIiJ: THI MOpHUC-
TOCTI — TPaHYJSPHUI; BeMTUYMHA KoedillieHTa To-
puctocti — Big omuHuIb g0 20-30%; BenuuMHA
TIIHHHACTOCTI — He OLIbIIe OAWMHHUIIGL BIICOTKIB; IIO-
PH TIOPOJIH 3aTIOBHEHO BOJIOKO; epEKTUBHUN THCK —
He mentie 40 MIla [2].

IIpote KoNEeKTOPCHKI BIACTUBOCTI PO3KPUTOrO
CBEPVIOBMHOKO PO3pIi3y 3aleXkarh Bill LiIOi HU3KH
(akTopiB, sIKi 3MIHIOIOTHCSI HE TUIBKH 32 IJIOMICIO
(pomoBHILEM), @ HABITH y MEKAX ONHMX CTPATHI-
padiuHuX BIIKIAAIB y OKpeMmiii cBepanoBuHi. Bpa-
XyBaHHs 1MX (AKTOPIB € aKTyalbHOIO 3a/a4ei0 i
TOMY NPOTSTOM JIECSATUIITH PIBHSHHS CEPEAHBOTO
Yacy JOMOBHIOBANIM a00 BBOIWJIM BIATOBIIHI TMO-
MpaBKH: 3a TIMHUCTICTh, 32 TIIMOMHY 3alisiTaHHs

8 )
e
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Pucynok 1 — 3B’sa30k K,=f(Atp) s pisHUX cTpaTurpapivyHux Biakaagis
Kpy:xuiiscbkoro ta FOuiiBcbk0ro poaoBuin

KOJICKTOPA, 32 XapakTep HACHYCHHS 1 T.J. Yci Mo-
JKIMBI peatizauii piBHAHHS CEPEAHBOTO Yacy ONu-
caHi JeranbHO B sireparypi [1, 5, 7 Ta in.]. Ha
JaHHUH Yac BIIOMO JCKUIbKa JECATKIB PIBHSAHB, IO
MOB’SI3yIOTh  IHTEPBAIBHUI  4Yac  TOIIUPEHHS
MOB3/IOBKHBOI XBWJII Ta MDK3EPHOBY MOPHCTICTh
nopiz.

Hatomicth, Ui KUIBKICHOT —iHTeprperarii
MaTepiaiB aKyCTHYHOTO KapoTaKy BUKOPHCTAHHS
PIBHSHHS CEepeHhOrO 4acy 0e3 BiJOMOCTEH Tpo
IHTEpBAJILHAN Yac PO3MOBCIOJKEHHS ITTOB3JIOBXK-
HBOI XBHJI B ckeneTi mopomu (Af.) MPaKTUYIHO
HEMOXKINBO. Benmnunna At BU3HAYAETHCS JIITOIIO-
TYHAM THIIOM TOPOAM 1 3MIHIOETBCS TSI KOXKHOTO
JITOTHITY B JIOCUTh IIMPOKHUX MEKaX: JJIS IOJIOMi-
TiB — 126-143 Mxc/M, ama BamHSKiB — 143-
160 Mxc/m, 1uist mickoBHKIB — 160-212 mke/m [8].

V OinbLIOCTi BUIIAAKIB BenuunHa Af., BU3HA-
Ya€eThCsI MUISTXOM EKCTPATOISALIT pIBHSAHHS JTTHIHHOT
3anexHocTi Ar=f(K;,) 10 oci iHTepBaJILHOrO Yacy 3a
ymoBu K,=0. BenwuuHu iHTepBaJIBHUX YaciB TO-
B3JI0BKHBOI XBWJII B CKEJIETI MOPOAU JIIS MiCKOBH-
KiB pI3HUX POJOBHUII Ta CTpaTurpapiuHuX Ou-
HUIb, SIKi 3aJSTaloTh Ha PI3HUX TIUOWHAX, € pi3-
HUMH. BOHUW 3anuInaroThes IMOCTIHHOI BEIHYH-
HOIO Ha HEBEIMKOMY iHTepBaii po3pizy. Excnepu-
MEHTaJIbHI 3aJIGKHOCTI KoedilieHTa TOPHUCTOCTI
BiJl IHTEPBAJIBHOTO YACy PO3MOBCIOKEHHS II0-
B3JI0BXKHBOIT XBHI K,=f(A?p), sIKI HABEACHO B JIiTE-
patypi [9, 4, 6, 10, 11, 3, 5, 12 Ta iH.], miaTBep-
JDKYIOTh (akT 3MIHM IHTEPBaJLHOTO Yacy pO3Io-
BCIOJDKCHHSI TIOB3/IOBXKHBOT XBHJII Y CKEJIETI MOPiJI-
KOJIEKTOPIB 3 TIIHOHHOIO.

Buoinenns neeupiwienux uacmun npoonemu

HemnpencraBHuibki KepHOBI JaHi OKpPEMHX
POIOBHIIl HE JAIOTh MOYJIMBOCTI KOHKPETHO OIli-
HUTH Af, Ha KOKXHOMY 13 HHUX, XO04a TIpH iX
06 €/HAHHI JIEMOHCTPYIOTh 3arajbHy TEHIECHIIIIO
3B’s13Ky. 3 IHIIOTO OOKY, HEBpaxyBaHHS X04 1 Mi-
3epHUX KEPHOBUX JaHWX, BiAIOpaHUX B MekKax
KOHKPETHOTO POJIOBHIIA, & BHKOPHCTaHHS Yy3a-
raJbHEHUX BEIMYMH IHTEPBATIBHUX YaCiB MOB3/0-
BXKHBOI XBUJIl B CKEJIETI OPOJH MOXKE NPU3BECTH
710 3HAYHUX TTOXUOOK TPH OIIHIII TOPUCTOCTI.

Hino cmammi

Ha cranii omepatuBHOi iHTepIpeTalii, KOIH
Biz[cyTHi KepHOBi nai, Heo6xi):[H0 Biz[npau}oBaTH
MEeBHUH MeXaHi3M (CH0016) OL[HKH iHTEPBAIBHOTO
4acy MOB3/IOBKHBOI XBUIII B CKEJETI MOPOAM I
KOHKPETHUX BiJIKJIA/IiB, SKi IPOKIILIA CBEP/JIOBUHA.

Buceimnennsa ocnoenux oocniosicens

Excniepumentanbhi 3anexuocti K,=f(4tp), sxi
OTpUMaHi HaMu, IIl¢ pa3 MiATBEP/UKYIOTh 3MIHY i3
TITMOWHOIO 1HTEPBAIBHOIO Yacy PO3MOBCIOKCHHS
MOB3JIOBKHBOI XBWJII Y CKENET1 MOpPiI-KOJIEKTOPiB
(pucynoxk 1).

KpiM TOTO, JIUIsl OMHUX CTpaTUrpadiuHuX Bij-
KIaJiB JUIs Pi3HUX PONOBMIL BenuunHa Al Oyne
pi3HOIO0. SIK TIpUKIIa, Ha PUCYHKY 2 JJISl BiIKIAJiB
MOCKOBCBKOT'O SIpyCy CepelHbOro KapOOHy HaBe-
neHo nBomipHi 3B’s3ku K, =f(A4tp) mnst pizHUX po-
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Pucynox 2 —3B’s30k K,=f(4tp) ni1s1 BiAKJIAAiB MOCKOBCBKOIO SIPYCY CepPeIHBOr0 KapooHy
pizHux poaposuul IliBniuynoro 6opry Ta Cxignoi yactunu J1/13

nosui CximHoi Ta IliBHIYHOOOPTOBOI YacTHUH
AA3: N :

i Cxignoi yvactuau /I3 (Kpyxumicbke,
Bepryncbke, MapkiBcbke pooBHIIA

Atp=423,33K, + 200, R*=0,6914, n=67; (2)

st [liBHIYHOTO OOpTY Ta MPUOOPTOBOI Hac-
tuan JJJI3 (Makcanbcbke, bBopucisebke, ITiBaeH-
HorpakiBceke, JlpyxemoOiBcbke, BomoxiBchke
POIIOBHIIA)

Atp=513,36K, + 180, R°=0,8697, n = 43; (3)
s IliBaivaoro Gopty /I3 (BumHiBcbke
POIOBHIIE).

Atp=236,68K, + 210, R’=0,671, n=25. (4)

Cnin 3ayBakKuTH, IO 3HAYCHHS Af,, 3a sKi
BIJIMIOBia€ BUIBHUN JONAHOK y pIBHSAHHSX (2—4)
JUIS KOKHOTO POJIOBHINA € PI3HUMU 1 3MIHIOIOTBCS
B IIUPOKUX MEXKaX.

3rilHO BHWIICHABEACHUX PIBHIHDb HAIPOIIY-
€TbCsS BHCHOBOK, W10 3HAYEHHS Afoc sl OIHHX
CTpaTHrpaq)quHx n1):[p03;[1n113 Ta PI3HUX POnOBHILL
OyJe pi3HUM, IPUIOMY HOI0 BEJIMYMHA HE IMOBHIC-
TIO KOHTPOJIIOETHCS TIIMOMHON 3aisraHHs BiaKia-
JIB 32 YMOBH, IO IUIACTH-KOJICKTOPU 3aJISIraloTh
Ha mmouHax 10 3500 M. Posriran Takux gaHux Ui
rmbokux pomxoruil (0ubire 4000 M) mae migcTaBu

CTBEpJDKYBATH, IO BEIWYHHA Mapamerpa At JUis
OJIHAKOBUX CTpaTHrpadiqHuX BIIJIUIB € Maibke
OZHAKOBOIO Ta MpPHMAE 3HAYCHHS, OJIM3bKI 10
BKa3aHux B Jireparypi (A= 168- 172 Mkc/m). Hi-
TKOIO UTIOCTPAIIIEI0 CKA3aHOTO € PUCYHOK 3, 1€
MOKa3aHo 3iCTaBJICHHs TOPHCTOCTI, BU3HAYEHOI Ha
KepHOBOMY MaTepiami, Ta IiHTEPBaJILHOTO Yacy
POBITOBCIOJDKCHHS TTOB3/I0OBXKHBOI XBWIII JIJISL Cep-
nyxiBchbkux Biaknagie CrermoBoro ta Komomarib-
KOT'O POJIOBHIIL.

3 METOI OIIHKH iHTepBaHbHOFO qacy s
CKEJIETY MICKOBUKIB HAMHM PO3B’513aHO OOEpHEHY
3a/a4y — JUIsl BIIOMOI IIOPHCTOCTI Ta IHTEPBAIBHAX
4aciB PO3MOBCIO/UKEHHA TOB3J0BXKHBOI XBUII B
nopoai Ta Gumoiai 3 plBHsIHH;I cepenuboro yacy (1)
BU3HAYCHO IHTEPBAIBHUA 4Yac PO3IMOBCIOKCHHS
MOB3JIOBXKHBOI XBWIJII B cKeneri mopomxu. Crin 3a-
YBaXKHUTH, IO HIIEThCs MPO BiJHOCHO YMCTI, He3a-
IJIMHU30BaH1 KojiekTopu. OOepHeHa 3amada s
BHU3HAYEHHS napamerpa Af, Moxxe OyTH BHpillleHa
TLNBKH 32 YMOBH BiZJOMO{ ITOPUCTOCTI Ta BETUYUHU
Aty. Sxmo BenuuuHy Aty MOXHA BU3HAYMTH IS
KOHKPETHUX TepMOOapHYHHX YMOB 3a BiAIOBiJ-
HUMH HOMOTrpamMamu a0o BiJOMHUMH PIiBHSHHSMH
[4, 9], To KoediiEHT MOPHUCTOCTI MOTPIOHO OIli-
HIOBaTH 3a jonomororo iHmmx (He AK) meronis
reodiznunux pocmmkenb ceepiosut (I'IC).

10 )
10 )
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Aby MEC/M
270 ¢
250 Ay = 457 43K, + 168
R*=0935
230 |
210 |
Aty = 384,528, + 171,52
E’=08835

190 F
o : * -KomoMalbKe poJoBHIIE

* = CTeloBe poJoBHIe
150 . . . '

i 0,05 0,1 0,15 02K,

Pucynok 3 — 3icTaB/ieHHsI IOPUCTOCTI Ta iHTEPBATBLHOI0 Yacy PO3MOBCIOMKEHHSI MOB30BKHbLOT
XBUIJI U191 cepnyXiBchbKUX BinkiaaniB Ctenosoro ta Kosomaubkoro poaoBuin

3 [0CBify MONepenHix MOCITIDKEHb Ui BH-
3HAYCHHs! IIOPUCTOCTI MOPiJ HAMKH 00OPaHO METOx
enexkrpomerpii [9, 6, 10]. JouiapHICTh BHKOpHC-
TAHHS OTO METO/y MOACHIOETHCS HACTYITHUM:

— NMPAKTUYHO 3aBXK/M B PO3PIi3i HAasABHI MOTY-
JKHI, HE3arJIMHMU30BaHi, BUCOKOIIOPUCTI BOJIOHOCHI
IJIACTH-KOJICKTOPH;

— BHUIIE3rajaHi MiIacTH-KOJIEKTOPU KIIACHYHO
BHIIUIAIOTHCA 32 TaHuMu komiuiekcy ['JIC;

— HasABHI JaHi NPO NMUTOMHH ENEKTPUIHUHA
OIIp TIACTOBUX BOJ (OTPUMaHI B PE3yNbTATI BH-
npoOyBaHb BOJOHOCHHX IUIACTIB Ta XiMIYHOTO
aHaJII3y TUIACTOBHUX BOJ).

I[luM ymMoBaM BiAIOBIZAIOTh BiIKIAAH BEpX-
HBOT'O Ta CEPEIHLOr0 (MOCKOBCHKHIT Ta OAIIKUPCh-
Kuii spycn) KapOOHy, & YacTKOBO — HHKHBOTO
(cepryxiBChKHI Ta BI3CHCHKHH sIpycH) KapOOHY
jis popoBuuy Cxignoi yactunu Ta IliBHI4HOTO
oopry AJ13. dus Blm(namB JIC BIJICYTHI YHCTI BH-
COKOIOPHUCTI BOZOHOCHI ILIACTH (ymmLHem po3pi-
3M TIEPEBAXKHO CIIOCTEPIralOThCs y BI3eHChKUX BiJI-
KJIajax), Taka 3ajgada po3B’SI3YETHCS 3a IIOHOMO-
roio paxioakrusroro kaporaxy (PK) [9, 11]. H
KOPHCTh TaKoro BHOOPY BKa3ylOTh HasBHICTb y
pO3pizax YUCTHX YIIUIBHEHHX ILJIACTIB Ti€l XK JITO-

JIOTi1, 1110 1 TIOTEHIIIiHI KOJICKTOPH. ¥ TaKUX yMO-
Bax K, 3a nanumu PK Oyzne BH3HA4Y€HO HOCTaTHBO
TOYHO.

PosriisiHeMO OLIbII JIETAIBHO BU3HAYEHHS 10-
PHUCTOCTI BHCOKOIOPHUCTOT'O BOJOHOCHOTO IUIacTa
3a IJaHMUMH eJIeKTPOMETPii, a came 3a METOZIOM ITH-
tomoro enekrpuunoro omnopy (ITEO). I{o6 3amo-
OIrTM BUHUKHEHHIO TIOXHOKH TPH BU3HAYCHHI Al
y pO3pi3i CBEPAJIOBHHHM JJISI OKPEMOT'0 CTpaTHIpa-
¢iuHOrO BiAMUTY, BHOMPAIOTHh SK MIiHIMYM JIBA BU-
COKOIOPHUCTI BOAOHOCHI Iacta. Ha xpusux ['JIC
iM MOBMHHI BianoBigatu [9]:

— HaWHWKYI 3HaYCHHS TaMMa KapoTaxy s
JAHOTO JIITOTHUITY;

— HalBHIL 3HAYEHHS IapamMeTpa CaMOYMHHOI
noJsipu3anii (HC)

— JIOIATHIA NPUPICT HA KPUBHMX MIiKPOMETO/IIB;

— Hu3bki 3HaueHHs [IEO (mabarato HmK4Ye
BMIMIYIOUMX TIOPiJ) 32 JaHUMH OOKOBOr'O Kapora-
kHOrO0 30H1yBaHHs (BK3);

— BHCOKI 3HAQYEHHS MPOBITHOCTI 3a 1HIYKIIiH-
HUM KapOTaKeM;

— BHMICOKI 3HQY€HHS IHTEPBAJIBLHOTO Yacy po3-
MOBCIOJPKEHHSI ITOB3/I0BKHBOT XBHIII.
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Busnauenns K, 3a JaHUMU ITUTOMOTO €JIEKT-
PHYHOrO OIOPY TOPOIM 3BOAUTECSA 110 BUKOHAHHS
HACTYITHUX OMeparllii.

Crepiry OTpUMYIOTh EKCIEPHUMEHTAIBHY 3a-
nexHicts P,=f(K,), ne P, — napaMeTp MOpPUCTOCTI
MOPOJIU, SIKUA BU3HAYAETHCS

p, =L 5)
Pe

N€  Og — MUTOMHU EJIEKTPUYHHI OIip MOBHICTIO
BOJIOHACUYEHOI ITOPOJIN;

P — ATOMHI OIIp BOJH, sSIKa HACHYYE MOPO-
Ay.

st 3a71eKHICTh OTPUMYETBCS LLIAXOM CIIellia-
JIBHAX JOCIDKEHb CYKYIIHOCTI B3ipUiB KepHa,
HiIHATHX 3 nopin-konekropis [9, 6, 10, 11]. Jlna
peaJbHHX YMOB 3aJIeXHICTh mapamerpa P, Big K,
OITUCYETHCS EMITIPUYHUM BUPA30M

a
Pyt ©)
n
Ie a1 m — eMITIPUYHI BEIMYUHH, SIKI € KOHCTaH-
TaMU JJ1s1 KOHKPETHOT'O TUITY BIAKJIAIIB.

CTpYKTYpHUH TOKa3HUK 7 BHU3HAYAE BILIHB
Ha MapaMeTp MOPUCTOCTI CTYNEHSA KOHCOMiAauii
TOPI 1 CTPYKTYPH MOPOBOTO IPOCTOPY; @ — MO~
CTIHHUI KOe(]INIEHT, YHCIOBE 3HAYCHHS SKOTO
smirioetses Big 0,4 g0 1,4.

Crin 3ayBaXKWTH, IO EKCIIEpUMEHTabHA 3a-
nexHicte P,=A(K),), Ans moOynoBH SKOi MOTPiOHI
JOCITI/PKEHHS KEPHOBOT'O MaTepiay Ha TUIOIax, Je
BE/IEThCSI TMOIIYKOBE OypiHHS, BiICYTHS. Tomy B
TaKWX BUMAJKaxX Ui OMHCY 3B’s3Ky Mix P, i K,
BUKOPUCTOBYIOTH OiibIl mpoctuii Bupas P, = K,
[14]. 3 yckiagHEeHHAM CTPYKTYPH MOPOBOIO IPOC-
TOPY BEJIUYMHA M 30UIbIITYETHCA.

HactynHum kpokom Bu3HauyeHHs K, € BcTa-
HOBJICHHSI MTUTOMOT'O EIIEKTPUYHOTO OMOpY MOpo-
I, SIKa TOBHICTIO HACHYEHA IJIACTOBOIO BOJIOIO.
Jiist iboro HEoOXiAHI JaHi PO MUTOMUH eNeKTpH-
YHHI OIip BOJAH, SKHI HACHUYYy€E MOPOAY B 30HI no-
CIDKEHHs Te0(i3MIHUMH METOaMH. Y MPAKTHILL
I'JIC us BenuunHa anpiopi Bigoma 3a pesynbTaTa-
MH BUIIPOOYBaHb BOJOHOCHHMX IUIACTIB Ta 3 XiMid-
HOTO aHalli3y OTPUMAHKX 3 HUX IIACTOBHX BOL. Y
pasi BiICYTHOCT1 TaKWX JNaHUX ii MOXHA BH3HAYH-
TH 3a JaHUMHM TIOTEHINaJiB CAMOYMHHOI IOJIsIpH3a-
1ii [9] abo 3a TaHUMH aKyCTUYHOTO KapOTaxy MpH
Binomomy [TEO BMmimyrouux riuH [13]

t,, —230
=p,—— 7
Ps=Pacs0 (7

o€  Ps, P, — MATOMUIN eneKTquHHI‘/'I oIip BiANOBI-
JIHO TIJIACTOBOT BOJM Ta BMILIYIOUMX TJIMH (aprii-
TiB), OMM;

At,, IHTEpBAJIBHUIA Yac PO3MOBCIOIKECHHS
MOB3JIOBXKHBOI XBHJII Y BMIIIYIOUMX TIMHAX (apri-
JTax), MKC/M.

BuszHauenns K, 3a NUTOMHMM €IE€KTPUYHUM
OTMOPOM BOJIOHOCHOTO KOJIEKTOpa HEe MOXKe OyTH
BHUKOpPHUCTaHa U TPOXYKTUBHUX IUIACTiB-KOJIEK-
topis [11]. 3a nanumm GOKOBOro KapoTa)KHOrO
30H/yBaHHs, OCHOBHA METa AKOTO — HOCIIHKEHHS
pO3pi3y CBEPIIOBUH 30HIAMH Pi3HOI TITMOMHHOCTI,
HABIOPOTH MPOAYKTHBHHUX IUJIACTIB Y GinbImocTi
BUIAQ/IKIB OTPUMYIOTHh JIBOIIAPOBI KPHBi 30HIY-

BaHHS, IO BKa3y€ Ha BIJICYTHICTh 30HHM MPOHHK-
HEHHs a00 Ha JyXe BEINUKY 30HY MPOHHKHEHHS,
MeKa SIKOi 3HaXOOUTHCS 32 30HOI0 JIOCIIIKEHb
reodi3udHUX MeToAiB. Xoda MaJIoMMOBIpHO, 00
3a ONTUMAalIbHO BHOpaHUX yMoBax OypiHHs (HeBe-
JUKUX JEMpecisX Ha TUIACT) 30HAa MPOHHKHEHHS
ckianae Outpiie 8,5 M (HaOUIBIIMI pajiyc MOCi-
JoKeHHS 30H10M ASMIN).

BusHauenns K, 3a NUTOMHMM €IE€KTPUYHUM
OMOPOM 30HH TIPOHUKHEHHS BHUKOPHUCTOBYETHCS
JUISL TOCTaTHBO OJHOPITHHUX MPONYKTUBHUX, He-
TIIMHACTUX 1 CTaOKOTIMHUCTHUX KOJIEKTOPIB 3 MPO-
HukHicTio Outbmie 200-300 m/] [9, 11]. Bukopuc-
TaHHsI JAHOTO CIOCO0Y B TEPUTEHHUX KOJEKTOpax
13 3HAYHOIO TJIMHHCTICTIO (K PO3CITHOI, TaK i
IIapyBaTOK0) JOLUIBHO TUIBKH MPU TIHOOKOMY
MPOHUKHEHH] (QiTbTpaTy OypOBOr0 pO3duMHY B KO-
JIEKTOp, KON XapaKTEPUCTUKU KOJEKTOpa B 30HI
MPOHUKHEHHS TPUOIU3HO TaKi, sIK 1 B IPOMUTIN
30Hi. l{e MokHa 3a0€3MeYnTH MPH BENUKUX JICTpe-
CisIX Ha TIacT, TOOTO 32 YMOB IIOTaHOTO PO3KPHUTTS
MPONYKTHBHOTO TOPU3OHTY a00 y BUMAJKax, He-
CTIPUSTIUBUX JJISI BHBUCHHS HE3MIHHOI YaCTHHH
racra. SIKmo mepira yMoBa Ha MPaKTHII YaCTKO-
BO BUKOHYETKCS, TO JApyra Ma€ Miclie TUTbKH Y KO-
JeKTopax 3 TOTipmieHMMH  (inbTpamiiHo-
€MHICHIMH BJIaCTHBOCTSIMHU.

IIlo crocyerbcs Bu3HaueHHs K, 3a JaHUMH
IIUTOMOTO CICKTPUYHOTO OIOPY HPOMHUTOI 30HH,
TO CIIiJL 3BEPHYTH yBary, WO AaHUH Crocib BHKO-
PHCTOBYETBCSL VISl TEPUTEHHMX 1 KapOOHATHHUX KO-

JIEKTOpiB 3 mpoHukHicTI0 Outeiie 100-200 m/l
[11]. TIpu MeHIIH TPOHUKHOCTI TIPCBKUX IOPij
MPOMHTA 30HA BIJICYTHS 1, SIK PE3YNbTAT, OTPHUMY-
IOThCS 3aHIDKEHI 3HAYCHHS Koe(illieHTa MOprCcTOoC-
Ti. Ille omHiEIO CYTTEBOIO MPUYMHOIO, SKa BKa3ye
HAa HEMOXXJIHMBICTh BHU3Ha4YeHHs K, JaHWUM CIIOCO-
OoM, € Te, 10 MUTOMHIA EIEKTPUYHHIA OITip MTPOMH-
TOT 30HU O,; BU3HAYAETHCS 32 JOMOMOIOI0 MiKpo-
METOIB, OCHOBHOK yMOBOK) BUKOPHUCTAaHHS SIKHX
TIpH BUPILUICHHI Li€] 3a1a4i € BUKOPUCTAHHS Tipa-
BIIIYHUX OalIMaKiB.

Otxe, HamM# OyJIO BCTAHOBIICHO €KCIIEPHMEH-
TanpHy 3anexHicte P,=f(K),) Ta po3B’sa3ano chop-
MYJbOBaHy BHIIE OOCpHEHY 3ajady BHU3HAYCHHS
IHTEpPBAIBLHOTO Yacy PO3MOBCIOJIKEHHS TTOB3JIOBXK-
HBOI XBWJI1 B CKeJIeTi mopoau (Tabmuis 1).

Ananiz ompumanux pe3yibmamis

[Ipoanamnizyemo pe3ynbTaT BU3HAYCHHS Yacy
PO3MOBCIOKCHHS MTOB3I0BXHBOI XBHJII B CKEJIETI
MOPOJIM 32 PO3B’SI3KOM OOEpPHEHOI 3ajadi Ta eKc-
MepuMEHTATBHUME 3alie)kHOCTIMU K,=f(Atp), Ha-
BEJCHUMH BHIIIEC.

JIBoMipHE pIBHSIHHS, OTPHMaHE NP aHANTI3I
3B s13kiB “kepH — ['JIC” i BiAKIamiB, HAPUKIIA
CrernoBoro poaoBHINa, Ma€ BUTIIS (PUCYHOK 3):

At, =457,43K, + 168 . (5)

Hepaxko mo0auuTH, 110 OTPUMAHE 3HAUCHHS
At,=169 MKC/M NMpPaKTHUYHO CITIBIANA€ 3 THM, 5K
OTPUMAaHO TIpH 3iCTaBJICHHI Koe]illieHTa MOPUCTO-
CTi, BU3HAYEHOr0 Ha KEPHOBOMY MaTepiaii, Ta At,
(At.=168 Mkc/M 3rigHo 3 (5), muB. puc. 3).

7 )
12 )
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Taﬁ.]'[l/lllﬂ 1- Pe3y.]'II)TaTI/l BU3HAYCHHA iHTepBa.]'IbHOFO Hacy po3noBCIOIKCHHSA
l'l0B3Il0B)KHI)0i XBHJIi B CKeJIeTi nmopoau

InTepBain criocrepexens,
M

Bxinni mapamerpu

PospaxynkoBi napamerpu
[Mapamerp | Koegimient | InTepBanbHuii
MOPHUCTOCTI | MOPUCTOCTI | Yac B CKeJeTl
MOPOAH HOPOIH MOPOAH
P, K, Ate, MKC/M

Makxcanscoke pooosuuie

1892,0-1896,0 £:=0,03 OMM:

t=72°C

ITIEO (BK3) 1,8 Omm;
Atp=264 mKc/m;

35 0,170 190

1884,0-1888,0
t=72°C

ITEO (BK3) 1,1 Omwm;
Atp =260 MKc/M;
Ps =0,03 Omwm;

22 0,200 187

1870,0-1884,0
t=72°C

ITEO (BK3) 1,6 Omwm;
Atp =260 MKc/M;
ps =0,03 Omwm;

33 0,175 190

Kpystcuniscoke podosuuie

921,0—-944,0
t=34°C

ITEO (BK3) 1,2 Omwm;
Atp =290 MKc/M;
0:=0,062 Omm;

20 0,200 205

Buwniecvke pooosuue

2717,0-2733,0 0,03 O

t=90"°C

ITIEO (BK3) 1,8 Omm;
Atp =248 mKc/m;

60 0,130 200

Cmenoge pooosuue

4986,2—-4996,8

t=126°C

ITIEO (BK3) 1,8 Omm;
Atp =220 mKc/Mm;
0:=0,017 Omm;

42 0,120 169

AHamoriuHi pe3ynbTaTH OTpUMAaHI W JyIs iH-
MIUX PO3MIIIHYTUX pojosuil. Crix okpeMo 3ayBa-
KHTH, 10 y pa3i BIICYTHOCTI KEPHOBUX JAHUX JUIS
otpuMaHHs 3B’s3Ky P,=f(K,) BHUKOPUCTOBYETHCS
Kjnacu4yHe piBHsAHHS Apui—/laxHoBa 3 mimbopom
BIIMOBIIHUX KOEQIIIEHTIB TSI KOHKPETHUX I'€0-
noriyamux ymos [11].

Bucnosox

3anpornoHOBaHU HaMM CIIOCIO BHU3HAUCHHS
IHTEPBaJIBHOTO Yacy PO3IOBCIOUKCHHSI [OB3/I0BXK-
HBOI XBHIII B CKEIICTI MOPI/-KOJEKTOPIB € IPOCTHM
32 BUKOPUCTaHHSIM, HaJIHHUM 3a BiICYTHOCTI Kep-
HOBHX JIaHUX Ta 3 JOCTaTHBOIO JUIS IPAKTUKH TOY-
HICTIO MOXXE€ BHKOPUCTOBYBATHCSI IPHU OIEPATHB-
Hili inrepnperauii tanux ['JIC 3 MeTor0 BU3HAYCH-
Hsl KoedilieHTa TpaHyJIAPHOI IIOPUCTOCTI.

VYHiBepcamizaliss po3riisiHyTOro mijgxomy, 3Bi-
CHO, BMMAra€ IMOJANbIIOrO ONPALIOBAHHS BEITUKO
KUTbKOCTI CBEP/UIOBMHHMX i KEPHOBHX Marepiasis
3 MeTor (OpMYIIOBaHHS HEOOXIMHUX 1 TOCTATHIX
YMOB HOr0 BHKOPUCTaHHS, OOMEKYIOUUX KpPHUTEPi-
1B Ta TpaHMYHUX BHITAJIKIB HEIOLIIBHOCTI BUKOPH-
CTaHHS 3alPOITOHOBAHOIO y CTATTi CIIOCO0Y.
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