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OUR STRATEGIC FOCUS IS TO ATTRACT INVESTMENTS FOR DISCOVERY AND
EXPLORATION OF NEW OIL-FIELDS WITH THE OBJECTIVE TO EXPLOIT THE
UNEXPLORED OIL AND GAS POTENTIAL OF GEORGIA EFFICIENTLY. OUR COUN-
TRY ISINTERESTED IN PROCESSING THE EXTRACTED OIL LOCALLY.
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YK 550.831 N.b. Cadapos, X.b. Araes, K.B. Illaxmapaanos

MPUMEP U3YUYEHHUSA YIOPYIOM AHHU30TPOIIMU OCAJOYHBIX ITOPOJ IPHU
JABOPATOPHBIX YCJIOBHUAX U B PEAJIbHOH CPEJIE

PE®EPAT: B paboTe npuBeaeHbl pe3ynbTaTbl UCNbITaHMA 06pa3LL0B 0Caf04HbIX Nopoa npu gasneHusax go 0,9 Ma B ycTaHOBKe TMNa
UMAMHAP-NOPLIEHb M AaHHble BepTuKanbHoro Celicmuyeckoro Mpoduamposanmsa (BCM) B rnybokoi ckBaxkmHe. Onpeaenus
CKOPOCTU U KO3GOUUMEHT aHM3OTPONUM NPOAO/bHbLIX BO/MH, Kak B IabopaTOpHbIX YCAOBUAX, TaK U B peasbHOW cpeae,
YCTaHOBW/IM, YTO B HGO/BLIMHCTBE UCMbITaHHbIX OCaZ04HbIX Nopos Habntoganacb aHM30TPONMUA CKOPOCTEN YNPYIUX BOJH,
NPUYMHON KOTOPOW ABAAETCA Hanuume B obpasuax NPOHMLAEeMOCTU. PesynbTaTbl M3MEpPeHUI aHU30TPONUKU CKopocTel
pacnpocTpaHeHUs yrnpyrmx BOJH B 0CaA0YHbIX NOPOAAx Npu NabopaToOpHbIX YCIOBUAX U BO BHYTPEHHUX TOYKAX PeasibHoM
cpeabl NOKasanu, YTO HajMuMe aHU30TPONUWM B npegeniax nNpumepHo 8 — 12%. [na NpakTUYecKux Lenen oTMeYeHHble
CBOWCTBA MOTYT CAYXWUTb NPOrHOCTUYECKMMM NPU3HAKAMM HAaIMYMA KONIJIEKTOPOB.

KNIOYEBbLIE C/IOBA: aHM30TpOnuA; cecMopasBenKa; BEepTUKa/ibHOEe celcmuyeckoe NpodUAMpOBaHUE; NPOAOJ/bHbIE BOJIHbI;

nonepeyHble BOJIHbI; TepMmobapuyeckoe ycnosue.

1. BBeaenue

C menpio 6oliee TOUHOTO ONPEACTCHUS o
g \, TeOJIOTUYECKOTO CTPOCHHUS CPEIbl, BEUIECTBE- '
n\‘p HHOTO COCTaBa M KOJUIEKTOPCKUX CBOWCTB
- | OCaJIOYHBIX MOPOJ B celicMOpa3BeaKe Mocie- ¢
JTHee BpeMsl IIMPOKO MPUMEHSIOTCS HUCCIIeNO-

BaHUS IO U3YYCHUIO aHU3O0TPOIINH cericMuye-
CKHX CKOpOCTeﬁ. Kak HU3BCCTHO, aHU30TPOIINA

CKOpOCTEeil 00yClIOBIIEHA pa3IMyUeM CKOpO-
. . X.b. Araes
CTE€N pacupOCTPAHEHUs CECMHUYECKUX BOJIH B Hncruryr reonornn HAH

N.B. Cadapos
Huctutyt reonorun HAH
Asepbaiikana yepe3 cpeny. Jisd mpaBUIBHOTO IOHMMAHHS

3aBHCHMOCTH OT HAIPaBJICHHS MPOXOKICHHS Asepbaiiyxana

OpUYMH 00pa30BaHUs CEHCMHYECKOW aHU30TPONUHU (BBISBISEMBIX I10

JTAHHBIM CEMCMOpa3BEIKH, TakKe U Ui Oojee TOYHOro ee ydera, 0OpabOTKH M WHTEPIpEeTAIN

CCHCMHUYECKMX  JaHHBIX) HEOOXOOMMO  HW3yYCHHE  aHU30TPOIUHU

OCaJIOYHBIX IMOPOJ KaK B JIAOOPATOPUH, TaK U B PEAbHBIX YCIOBHSIX
[Cadapos, 2003;Araes, 2005].

B nanHOi1 cTaThe MPUBOASTCS HEKOTOPHIE Pe3yIbTaThl U3YUYCHUS

YIPYToil aHU30TPOMUU CKOPOCTEH MPOJOJBHBIX BOJH IO OCAJIOYHBIM
nopojamM, MO JaHHBIM H3MepeHuil B nabopaTopuu B TBeprodasHOi
YCTaHOBKE BBICOKOTO JIABJICHUS TUIA IIWJIMHIP-TIOPIIeHb [Bamaposuy u
K.B. [llaxmapauxon ap., 1974; Cadapos, Kupeenkosa, 1979; 1986] u Bo BHYTpeHHHX
Wucruryr reonorun HAH o
AsepGaiipana TOYKaX cpensl 1O JOaHHBIM  BeprukaimpHoro CeiicMHYecKOro
[Mpodpummuposanust (BCII) [[amemepun, 1982; Winterson, Paulsson,
1990] 8 riyooxkoii ckBaxxuHe [Araes, 2006].
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2. OCHOBHAd 4aCTh
Omnpenenenne aHM30TPONMU MO JAHHBIM Ja00PATOPHBIX HU3MEpPeHUid

HccreioBaHii0 aHU30TPOIIMU CKOPOCTH YIPYTHX BOJIH 110 OCAI0YHBIM ITOPOJIAM IPU BBICOKUX
TEepMOOAPUUECKUX YCIOBHSX YICSIETCS MOKA MAJO0 BHUMAaHHS M JaHHBIX 00 3TOM OYCHb BaKHOM
CBOWCTBE B HAy4YHOH JIUTepaType modtd He mmeercs. OIHAKO B TEX CIIydasX, KOTJa M3MEpPECHUs
(CKOpOCTH pPacIpOCTPaHEHHUsS] YIPYTHX BOJIH MPU BBICOKHUX JABJICHHSX) MPOBOIMIN B Pa3HBIX
HAIPAaBJICHUSAX B 00pasliax, MOYTH 00SI3aTEIbHO BBISIBISUIACH AHH30TPOIHS CKOPOCTH B OCAT0YHBIX
nopoxnax [batok u np., 1982;Cunaesa u ap. 1969; Cacdapos, 2003]. B nabopaTopHbIX YCIOBHSIX
(pu BBICOKHX TAaBICHUX B YIBTPA3BYKOBOM JHANA30HE YaCTOT) 3HAYCHHS AHU30TPOIIUH CKOPOCTEit
HPOJOJIFHBIX BOJIH B OCAIOYHBIX IOPOJAX ONPENENSIOTCS B 00pasiax, OTOOpaHHBIX Kak W3
CKBaXWH, TaK W3 CCTECTBCHHbIX oOOHaxkeHui. (II3BeCTHO, 4YTO 3HAYEHHUST CKOPOCTEU IIpH
nasinenusix Boime 150-200MIla onpenenstoTcss MUHEpaTbHBIMH CBOMCTBAMH IMOPOA, a MpPH
MEHBIIUX JABICHUSIX HAa HUX BIMSIOT Pa3lUYHbIe CTPYKTYpHbIE A€(PEKTHI, TaBHBIM 00pa3oMm
MUKPOTPEUIMHOBATOCTh. bojbmias dYacTh Ae(eKTOB BO3HHMKAET IPU MOIBEME IOPOJ C
rnyOunbl). [IpUHATO CUUTAaTh, YTO COIMOCTaBJICHHE JIAOOPATOPHBIX pE3YJIbTaTOB C
CeCMUYECKHMH JaHHBIMH BO3MOXKHO TOJIBKO B TOM CIly4yae, €CJIM MOJ BIMSHUEM JaBICHHS
CTPYKTYpHBIE Je(eKThl JTHKBUAHPYIOTCSA. CKOPOCTH MOPOJONBHBIX BOJH H3yYaluCh B
ropuzoHTaNEHOM (Vp, B KM/C ) 1 B BepTHKATEHOM (Vp, B KM/C) HalpaBiIeHHUAX, a KOIPOUIHEHT

AHM30TPOIINHU ONPEAEISIICS 110 COOTHOLIEeHUIO ckopocteit Vi, k V., B %.

B Tabin. 1 npuBeseHbl Te HEMHOTHE Pe3yIbTaThl, KOTOPhIE U3BECTHBI K HACTOSIIEMY BPEMEHH.

Tabmuma 1
CxopocTu NpoJoabHbIX BOJH V) (KM/c) IpH pPa3HBIX AaBJIeHHAX
p (I'a) n nioTHOCTH O, (r/em®) B 0cag04HBIX MTOPOAAX
- IIpu p,I'Tla
Top Mi IMopoxa, HOMEp P Tun pr P
KOBBIN F/CM3
obpasua BOJIHBEL | 0,001 0,1 0,3 0,5 0,7 0,9
HOMEP
1 2 3 4 5
Me3030ii — MaacTpuxTckue (AsepOaiimkan)
1 Arpuuter - 0718 Vpy 3,69 3,86 3,85 3,85 ,883 3,90
244 |\, [ 332 362 377 377 78 381
2 TlecyaHUK U3BECTKOBUCTBIM - Vpy 4,44 4,65 4,80 485 934, 4,98
0719 2,59 Vpy 4,04 4,39 4,49 463 834, 4,98
3 Meprens - 0720 Vpy 5,22 5,62 5,49 5,38 7,3 5,40
2541, [427 499 508 508 0%, 504
7R pP— »- 0721 Ver | 476 489 497 494 914, 487
2491 [415 458 476 482 8l4, 475
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1 2 3 4 5
Me303011 - CEHOMaHCKHE
5 | Tecuanmk - 0722 Ve | 415 457 494 506 18, 524
252\ [381 402 424 452 684, 480
6 | <> -0723 Ve | 438 462 493 503 2%, 535

2501 412 443 462 465 - .

Me3030i1 — KamMIlaH — MaaCTPUXTCKHE

7| Tecuamnx — 0724 Ve, | 448 465 482 492 505 510
258 |, [405 465 480 487 496 502

Heoren — tpetuynsIit

8 Ilecuannk M3BECTKOBHUCTHIN Vp1 2,59 3,35 3,60 4,00 - -
H=3200m - 685 2411, [210 285 315 360 - -
9 Ilecuannk M3BECTKOBHUCTHIN Vp1 1,41 3,60 3,91 423 - -
H=3000wm - 675 2241, [125 342 378 408 - -
Me3o3soiickue (darecran)

10 | Mecuarmx - 7218 Ve, | 475 573 595 605 - -
268 |\, [490 552 567 570 - .
TR P — » - 7217 Vei | 535 573 587 596 - -
268 |, [525 570 582 593 - .
12 L » -7220 Vpy 3,57 5,10 5,52 5,82 - -
2611, 352 510 554 582 - .
13 | lecuannx - 7245 Ve, | 539 548 550 552 - -
2651, [512 520 524 530 - -
W/ — » - 7230 Ve, | 453 490 518 550 - -
2551\ 445 462 476 49 - -
15 | Jlonowwr - 7242 Ve, | 2,88 3,77 436 496 - -
2701, [ 275 354 426 492 - .
16 L »-7239 Vpy 3,656 4,81 5,25 5,82 - -
2631, 360 480 526 578 - .

Hwmxnaenaneosoiicknue
17 ITecuannk Vp1 580 6,10 6,16 6,22 - -
KBAPICBHHBI - 7288 2821, [552 595 607 612 - -

31ech MpeCTaBIeHbl KaK MOJIOJBIC, TPETHYHBIE MOPOJBI, TAK M TOPOIBI ME3030MCKOTO H

JaXke Maje030MCKOro BO3pacta, HEKOTOPBIC U3 HUX HECYT CIIe/Ibl MeTaMOp(u3Ma — TOJIOMHUTHI.
OcanouyHble TOPOJBI 1O CBOMM YIPYIHMM CBOWCTBAM OKAa3aJUCh OYEHb PAa3HOOOpPA3HBIMU U
CHJIBHO pa3IMYaroTCs MEXKAy co0O0d 10 MHUHEpPaTbHOMY COCTAaBYy KaK OCHOBHOW MacChl, TaK H
[IEMEHTUPYIOIIETO BEIIECTBA. DTU MOPObI (C OOJBIINM COACPKAHUEM TJIMHHCTOTO WIN KaJIbI[UTO-
TJIMHUCTOTO IEMEHTA UMEIOT HU3KYIO BEJIMUMHY HAYaIIbHOM CKOPOCTH) XapaKTEPU3YIOTCS OOJIBIIUM
(mo 120-140% y3MeHeHHEM CKOPOCTH YIIPYTHX BOJH ¢ moBbieHueM aasienus. ([Ipu HeOombIoMm
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COJZICP)KaHUU TIIMHUCTO-KOpOoHaTHOTO HeMeHTa (5-10%) cKopoCTh MPOJOJIBHBIX BOJH IS HUX
W3MEHSETCS C IaBJICHUEM MeHbIie, a uMeHHo Ha 20-60%,mpu 0,1- 0,2['TIa).

Iecuanukn. HmwxHelopckue Menko3epHHCThIe necyanuku (o0p. 7217,7218, 7220, 7230,
7245) cocrost u3 obnomkoB (80-95%)u nementa (5-20%).B cocraBe 00J0OMKOB MPHCYTCTBYIOT
KBaplIl, CCpICHTUHU3NPOBAHHBIN TIIMHUCTHIM MaTepual, KapOoHaT, pyaHbIe, TuIarnokias3. llemeHnt
HUMEET TIMHUCTO — KapOoHaTHBIN coctaB. CKOpOCTh MPOA0IbHBIX BOH (moprucrocts 0,86-4,98%)B
ATHX TIECYAHHWKAX TAK)KE BBICOKAs, XOTS M HECKOJBKO HWXKE, YeM B IaJICO30MCKUX, a MMEHHO TIpH
HOPMaJIBHBIX yciaoBuUsX u3Mensiercs ot 4,600 5,20kwm/c, a npu nasnenun 0,5 Tla — ot 5,50 no
6,0 km/c. HayasbHble TUIOTHOCTH 3aK/IIOYCHB! B HHTepBane 2,60-2,68r/cm® (tabn. 1). HeBbicokue
3HAUEHHS CKOPOCTEH MPOJOJIBLHBIX BOJH IOJyYCHBI B Me3030i-ceHoMaHckuX (00p. 0722, 0723u
Me30301-KaMIIaH-MaaCTPUXTCKUX necuanukax (00p. 0724).Ins 3TuX mopoj IIOTHOCTh 00pa3IoB
pu aTMOC(EpPHOM JaBJICHUU HaXoauTcs B mpeaenax ot 2,50 mo 2,58 F/CM3, a 3HauYeHUE CKOPOCTH
MPOAONBHBIX BOJIH BapeupyeT oT 3,8010 4,40km/c. U3menenne ckopoctu nipu aasineanu 0,91TIa
coctasisieT ot 4,800 5,10km/c. [To atum nopogam u3mMeHeHue K03 puImeHTa aHU30TPONIUHU TIPU
YBEIIMYEHUH JIABJIICHUS HOCHT CIIOKHBIN Xapaktep (radum. 2,puc. 1 ). ITo necuanuuky (oop. 0722)
MPOUCXOUT yBenuyeHue anuzorponuu Ha 16,51%,npu yBennuenun nasnenus no 0,3 I'Tla. Ilpu
nanpHelmem yBenndenun fgaienus a0 0,9 Tla 3HaueHne aHU30TPOIIMU paBHO Kak MpH atMocde-
pHoMm naenenuu. [lo npyromy necyanHuky (00p. 0723), mpoMCXOIUT MPaKTUYECKU OOpaTHOE.
(OtmeueHHOE SIBICHHE MOXHO OOBSCHHUTH Pa3MUUEM XapakTepa W BETUUMHOU TPEIIUHOBATOCTH
X 00pasnoB). KoadduimeHT aHH30TPOITHKE CKOPOCTH MPHU aTMOC(HEPHOM JaBICHHH COCTABIISIET
1,5-6,5%,H0 ¢ yBenuYeHHEM J1aBJICHUS] aHU30TPOITHBIC CBOMCTBA TIECYAHUKOB JIJISI ATHX BO3PACTOB
Bo3pacrtarT, pocturas BenmuuuHbl oT 8,5 g0 10,80%. Mckmrouenue coctamisier obpasen 7220,
KOTOPBIU SIBJICTCS MPAKTUYECKU U30TPOITHBIM (Ta0i1. 2).

IlecuaHUKM M3BECTKOBHMCThIE. V3ydeHbI M3BECTKOBUCTHIC MecuaHuKu (00p. 675,685).0Tu

MECUAHUKHU U3 TPETUYHBIX OTJIOKEHHH MEJIKO-M TOHKO3epHHUCTHBIE, coaepkat 40-50%o0010MouHON
(bpakiyu 1 HEMEHTHPYIOIIee BEIIECTBO — KAIBLUTO-TJIMHUCTOE. B cocTaBe 00JI0MKOB — KBapll, 10-
JICBOH IIMAT KaJbIMUT, MIMHUCTOE BEUIECTBO. J[JIsi N3BECTKOBUCTHIX MMECYAHHKOB TPETUYHBIX OTJIO-
’KEHUI XapaKTepHBI JIOBOJILHO HU3KHE CKOPOCTH MpoaosibHbIX BoJH (1,25-2,59%M/c) B atMocdep-
HBIX YCJIOBHUSX, U CHIIBHOE BO3pacTaHue ux ¢ poctom aasieHus (10 200%).CkopocTh MPOoa0IbHBIX
BOJIH JIUIS ATHX TOPOJI ¢ yBenndeHneM aasienus 1o 0,51 nma, n3MepeHHBIX B IBYX B3aUMHO IepIie-
HAMKYJISIPHBIX HampasieHusx, cocrasiser ot 4,0 10 4,20kwm/c (puc.2). IItoTHOCTh 00pa3IoB HUCCII-
€IOBaHHBIX MTOPOJ] TAK)KE MUHUMAITbHAS M KOJIeOJIeTCs B mipeseax ot 2,2410 2,41r/em® (Tabm. 1).
JIns Me3030i-MaaCTPUXTCKUX HM3BECTKOBBIX mecyaHukoB (00p. 0719)o0buHO XapakTe-
pHa Bbicokas (4,0-4,4Gm/c 1 1axe BBIIIE) CKOPOCTh IPOJIOIBHBIX BOJIH B aTMOC(HEPHBIX YCIOBHUSX
U ci1aboe yBeIMYeHUE CKOPOCTH C POCTOM JaBIIeHHUs, KOTopoe coctaBisieT 15-25%. B atux mopo-
JaxX TEPPUTCHHBIE KOMIIOHEHTBI ITPECTABICHBI B OOJIBIIIMHCTBE KBAapIeM, IMOCICTHHI CHIBHO Tpe-
IIMHOBAaT W W3MEHEH, HEPAaBHOMEPHO pAacIlONOXKEH II0 BCEH Macce IMOpObI, MOIYYIJIOBaThIH,
MOJTYOKaTaHHBIA, W3BECTKOBAas Macca 3arps3HeHa TNIMHUCTBIMH YacTHIAMHM, TOpOJa IepeceucHa
KaJIBIIATOBBIMH ITPOKMIIKAMHI MEJIKO3EpHUCTOr0 00JuKa). [Ipn aTMocdhepHOM IaBiIeHHH IIIOTHOCTh
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00pa3IoB I 3TUX H3BECTKOBBIX MECYAHUKOB cocTamisier 2,59 rlem®. ITpu nanenun 0,9 I'Tla

CKOPOCTH TPOJIOJILHBIX BOJIH YBEJIMUUBACTCS U TocTUraeT 3HadeHus 4,98km/c (tadu. 1).

f’_’-."\
16 4 p \‘-\\ —e— [Meraamm - 0722 6.7 }
\ Mecsanm - 0723 62 ] o
,/" \ Apraoom - 0721 v
/ \, —a— Meprem - 0720 57 xu
1244/ o P
.'ff \\““x., 5.2 "
i 104} B — 47 T
< |/ ™~ s B
$ : E g
E 8 o 4 /.,»'.A "
g &. = 37 .*}/'.
% L X W p=0001 ITa
g9 ) 32 ]
N - 4p=0100 TTIa
Sk =
2.7 ] » p=0.300 I'Tla
4 4 . \'\\ S =0.500 TTla
e B 2,2 +p=0700 [Tla
- —— e A . " + P=0900 [Tla
04 1,2+
o0 ol 02 03 04 05 06 07 08 09 12 17 22 27 32 37 42 47 52 57 62 67
paEEneHde b, [Tla Vpl, mac
Pric. 1. AHH30TPOITHA CKOPCT € IPOJOTTEHBIX Puic. 2. CKOPCTH MPOAQIEHBIX BOH BTOPH0HTATTEHOM
BQITH [PH PATHMHBIX JABITEHHX H BePTHKATHHOM HAIIPARIIEHIX TP
PATITMHBIX JABITEHHAX
Tab6muna 2
3HaveHus K03 PUIHEHTA AHU30TPONIUH CKOPOCTH NMPOAOJILHBIX BOJIH Ap (%)
B O0COJOYHBIX napoaax l'IpI/l pa3J1H‘leIX JaBJICHUAX
ITopsia- IIpn p, ['Tla
N ITopona,
KOBBIH HOMeEp 0bpasia ~ 0.3 0,5
HOMED p o | 0.001 0,1 0,7 0,9
1 Apruatsr - 0718 Ap 11,14 6,63 2,12 2,12 2,64 2,36
2 ITecyanuk u3BecTKOBUCTHIN - 0719 Ap 9,90 5,92 6,90 4,75 2,07 0,00
3 Meprens - 0720 Ap | 22,24 12,62 8,07 5,90 6,34 7,14
4 o —— »-0721 Ap | 14,70 6,77 4,41 2,49 2,08 2,58
5 ITecuanuk - 0722 Ap 8,92 13,68 16,51 11,95 10,68 9,17
6 o —— » -0723 Ap 6,31 4,29 6,71 8,17 9,34 8,96
7 Ilecuanuk - 0724 Ap | 10,62 0,00 0,42 1,03 1,81 1,59
8 ITecyaHUK U3BECTKOBUCTHIN Ap 23,33 17,54 14,28 11,11 - -
(H=3,200m) -685
9 IlecuaHuk M3BECTKOBUCTHIN Ap 12,80 5,26 3,44 3,68 - -
(H=3000Mm) - 675
10 Ilecyanuk - 7218 Ap -3,06 3,80 4,94 6,14 - -
11 o — » - 7217 Ap 1,90 0,53 0,86 0,50 - -
12 o — » -7220 Ap 1042 0,00 -0,36 0,00 - -
13 Ilecyanuk - 7245 Ap 5,27 5,38 4,96 4,15 - -
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(N R— » - 7230 Ap | 1,79 6,06 8,82 | 10,88 - -
15 Jlonomur - 7242 Ap 4,72 6,49 2,35 0,81 - -
16 [ — »-7239 Ap 1,39 0,21 -0,19 0,69 - -
17 [Necuanuk KBapUUTOBUIHEIH - 7288 Ap 5,07 2,52 1,48 1,63 - -

AHU3OTPOIUS CKOPOCTH YIPYTHMX BOJIH B UW3BECTKOBBIX IIECYAHHKAX KakKk MeE3030ii-
MaaCTpUXTCKOro BO3pacCTa, TaK U HCOICH-TPCTUYHBIX OTJIOKCHUU YMCHBIIACTCA C IMOBBIIICHHUCM
JaBIICHUs, OMH M3 HUX Jaaxe moutu usorporeH. ([Ipu armocdepHoM naBieHuH KO3D UIUCHT
AHU30TPOIMH CKOPOCTH MPOAOIBHBIX BOJH MJisi HUX BapbupyeT oT 9,9 no 23,33%.Koaddunment
aHU3O0TPONHUH CKOPOCTU MPOAOIbHBIX BOJH mpu nasieHuu 0,5 [Tla my1s U3BECTKOBBIX MECUaHUKOB
HEOT'eH — TPETUYHOT'0 OTIIOKEHHH coxpanseT Benuuuny 4,0 — 11,11%1@6:1.1)).

IHecuanuk KBAPLUUTOBU/IHBIM. Huwxne—naneo3orckue MeTaMop(hH30BaHHBIC

KBapIMTOBUIHBIC MecuaHuku (00p. 7288),3aneraroiine cpeind CIaHIEB B CPESAHEM TECUCHUH PEKU
JlonoTsl, cocTosAT U3 obnomouHor ¢pakiuu (75%)u nementa. OOJIOMKHU MPEICTAaBICHBI KBAPIEM
(mo 80%), MexIy KOTOPBIM PACHONAraloTCsl XJIOPUT M MYCKOBHT, a TaK)K€ PYIHBIH MHUHEpall U
SMHIOT; IIEMEHT-KBapLEBbIA THUMa HapacTaHus. s mopojabl XapakTepHa Ci1a0OBBIpaKEHHas
roJjiocyarasi TeKCTypa, 00yclIOBI€HHAs! OPUEHTHPOBKOW JIMH3 XJIOPUTA, JITUHHON CTOPOHOH B OTHOM
HampaBiieHuu. [lecuaHuky KBapIMTOBUIHBIE MMEIOT JOBOJBHO BBICOKYIO CKOPOCTH MPOJOIbHBIX
BOJMH M TUIOTHOCTH. (CKOpPOCTh MPOJONBHBIX BOJH B 3THUX IMOPOJAX H3MCHSETCS B Tpeenax
arMocdepHoro masiaeaus ot 5,52 10 5,80km/c, a mIoTHOCTSH - 2,82F/CM3. [Tpu nasnenuun 0,9 Tla
3TH TIOPOABI TTOKA3BIBAIOT CJIAOBIN POCT CKOPOCTH, B cpenHeM — 7-10%,u mocTuraer BeTWYHHBI
6,12-6,22xm/c (Tadxa. 1)). KoadpuureHT aHU30TPONHOI CKOPOCTH B aTMOC(EPHBIX YCIOBHUIX IS
3THX MOpoa coctanisier 5,07%u yMeHbIIaeTcs ¢ MOBBIICHUEM JaBienus 10 1,63% ¢abm.2).
Apruwntel. Haumenbliee 3Ha4eHUE CKOPOCTH MPOJIOIBHBIX BOJIH CPEI OCAJI0YHBIX MOPOA
XapaKTEepHO Ui 00pa3loB Me3030i—MaacTpuXTCKuX apruumtoB (00p. 0718) mpu BBICOKHX
naBieHusX. (ITH MOPOIBI COCTOSAT U3 TOHKOIMCIIEPCHOTO MIMHUCTOrO BEIIECTBA, MO3TOMY HMEHOT
BBICOKYIO TOPHCTOCTh. Takwe CHIBHO TOpHCThIe (mopucTOCTh Oonee 17%) moposs
XapaKTEePU3YIOTCS TOYTH JIMHEWHBIM TMOBBINICHHEM cKopocTu ¢ naBinenueM mocie 0,1 I'Tla. TTpu
3TOM cKopocTh Bo3pactaeT Ha 40-60%mpu 0,1-0,21Tla mo cpaBHEeHHIO CO 3HAYEHUEM €€ TP
arMoc(epHoM AaBieHnH). CKOPOCTh MPOJOIBHBIX BOJH B aprHJUTUTAX MPH HOPMAIBHBIX YCIOBHUSX
usMensieTcs o 3,32 1o 3,69 km/c, a miotHOCTh 2,44 T/eMS. IIpu Beicokom nanenuu 0,9 I'Tla
CKOpPOCTh Tpoa0JibHBIX BOJH gocturaet 380-390 km/c (tabm.l). Ilpu armochepHOM maBiIcCHUU
KOA(QPHUIHUEHT aHU30TPONHUU CKOPOCTU MPOAOJIBHBIX BOJH JJIsl apruiuinToB cocrasisier 11,14%,c
YBEIIMYECHUEM JIABJICHUS aHU30TPOIIHSI CKOPOCTH y HUX yMeHbImaeTcst 10 2,36% (aoi. 2).
Meprean. Me3030i—MaaCTpUXTCKUNA CTPYKTYPHBIM 3TaX TakKe MPEICTABICH MEPresisiMu
(oop. 0720, 0721).B stux mopomax mMOJ MHKPOCKOIIOM OTMEYAlOTCS MHUKPOIOPHI M TPEIIUHBI,
3aMOJIHEHHBIC CBEXHM KAJIbIIUTOM (BOKPYr MOp MPOHMCXOAUT OTJIOKEHHE PYIHBIX MHHEPAJIOB
BIIOCJICAICTBUM PAa3J0KEHHBIX M HW3MEHEHHBIX). [lopoma mpeacTaBieHa PEIKUMH OCTaTKaMH
mukpodaynel. ([IIO0THOCTH HCCHIenOBaHHBIX O00pa3lOB Meprejeld B aTMOCHEPHBIX YCIOBHSX
koneGnercs B npenenax 2,49-2,54r/cm®. JUist HEX CpeHHe 3HAYCHHS CKOPOCTEH MPOIOTBHBIX BOIH
cocrapisitor: 4,20-4,70km/c npu armocpepHom naenenuu u 4,80-5,40km/c - mpu 0,9 I'Tla
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(tab6mn.1)). Kak moka3anu MCCIICAOBaHUS, MEPIelId XapaKTePU3YIOTCS 00Jiee PE3KUM BO3pacTaHUEM
ckopoctd ympyrux BoimH npu gaBieHusx mpo 0,1 T'Tla. ([locne 0,1 TI'Tla 3tu mopojsi
XapaKTePU3YIOTCS OJIM3KUM K TUHEHHOMY MOBBIIIIEHUEM CKOPOCTH C JABICHHEM. JTO OOBSICHIETCS
HanYreM 00beMHBIX 1op (mopuctocth 9-12%),k0TOpEIC HE 3aKPBIBAIOTCS MpH AaBieHusx a0 0,1-
0,2 T'lla. B cBI3W C OSTUM OTH TMOPOJABI HMMEIOT JOBOJBHO 3HAYHMTEIbHBIH KOIDOUIIMECHT
AHU30TPONHMH CKOPOCTH TMPOAOIbHBIX BOMH OT 14,70 no 22,24% npu aTMocEepHBIX YCIOBHSX,
YMEHBIIAOMIUICS ¢ yBeanueHnueM aaiaeHust 1o 2,53-7,14npu 0,91 Tla (tabm. 2)).

Josomuthl. Me3o3oiickue nonomutel (00p. 7242, 7239) -KpymHO3EpHHCTBIC MOPOBI,
CIIOKEHBI 3€pHAMH JIOJIOMHUTa B OCHOBHOM HEMpPaBWIBHOH ¢GopMbl. B 3TuX mopomax Mexmy
KpUCTAIJIAaMH  JIOJIOMUTA PACIONIOKEHA KPUNTOKPUCTAIIMYECKass KalbIIMTOBas Macca. Bce
JOJIOMHUTHI UMEIOT 3HAYUTEIBHYIO TOPUCTOCTh — OT 4 10 8%, 103TOMY CKOPOCTh MPOIOJILHBIX BOJH
B HUX HeBbICOKass — 2,75 — 3,65xm/c mpu atmocheprom gaBineHud. C MOBBIIIEHUEM JABICHUS
CKOPOCTH TIPOIOJIbHBIX BOJH pe3ko Bo3pactator (u mpu 0,5ITIa cocrassror 4,90-5,80xm/c (Tadu.
1). Me3o3olickre JOJIOMHUTHI MPH HOPMAIbHBIX YCIOBHSAX XapaKTEPH3YIOTCS IUIOTHOCTIMHU 2,63-
2,70 F/CM3). AHM30TPONIUS CKOPOCTH TMPOJOJBHBIX BOJH B JIOJIOMHUTax HEOOJbINas, MOpoja
NPaKTUYECKH sBJsieTcsl u30TporHOoW (Tabn. 2). Ho B mojomurax HaOIIOIAIOCH aHOMAaJIbHOE
M3MEHEHHE KOod(PQHIMEHTa aHU30TPOIUM CKOPOCTH: BHayaje HaumOONbIIeH OblIa CKOpOCTh B
HaMpaBJIEHUH TUIOCKOCTH TIACTa, a 3areM, npu nasineHuu 0,3 ['Tla, Haubonbpieii craga CKOPOCTh B
HalpaBJICHUH, TEPIEeHANKYIIpHOM Tuiacty. [Ipennonaraercs [CunaeBa, batok, 1969], uro sro
CBSA3aHO C HECIOKOWHOM TEKTOHWYECKOW OOCTAaHOBKOM B IUIaCT€, C HEPAaBHOMEPHOCTHIO
HanpspkeHuit (tadmura 1).

Takum 00pa3zom, B OOJIBIIIMHCTBE UCIIBITAHHBIX OCAJIO0YHBIX MOPO] HAOII0AaIach aHU30TPOTIHS
CKOpOCTH YIpyrux BoJH. [Ipy 3TOM OHa coXpaHsu1ach MPH BHICOKHUX JABICHUAX: TpH naBieHuu 0,3-
0,5 I'Tla, uto coorBercTByeT TiryomHe 10-16xkM, paznmuuue ckopocteit coctaBiser 3-8%,a ana 5
nopox u3 17 uzyuennsix — naxe 10-11,5%.

Omnpenenenne anmzorponuu 1o AaHHbIM BCII B riay6okoii ckBaskune

B ceficMopa3Benke maHHbIE 00 aHM3OTPONUU CKOPOCTEH HMCIOJIB3YIOTCS TPHU MOCTPOSHUU
CKOPOCTHOM MOJENIHM CPe/bl, MUTPAIlMM W WHBEPIUU CEHCMHUUYECKUX 3aIUCEH, T€OCEHCMUUECKOM
MOJIETTMPOBAaHUU U T. 1. Pe3ynbraTel 00pabOTKM M MHTEPHPETALUU JTaHHBIX CEHMCMHUKH C y4ETOM
AHU3OTPOMHBIX CBOMCTB CPEJlbl CBUIETEIHCTBYIOT O BHICOKON 3((EKTUBHOCTH MPUMEHEHHUS 3TOrO
napametpa [Thomsen, 2002]B nanHo#t paboTe aHU30TPONHS B pealibHOI Cpeie HCCIeA0BANIACh 1O
nanaeiM  BCII, mnpoBeneHHOro Ha OJHOW M3 TIYOOKHX CKBaXHH, pACIOJIOKEHHONH B
azepOaiimkanckoM cektope Kacnmiickoro Mopsi B padotax [Araes, 2005,206].

IMpu padorax BCII npumensiack cucrema HadmoaeHus mo meroauke «\Walkaway» ITyHKThI
B3pbiBa (I[1B) pacnonaranuce C mrarom 30 M Ha B3aUMHO MEPIECHANKYISIPHBIX 2-X MTEPECEKAIOITHXCSI
npobuisax IuHOK Kaxaoro npuMmepro 20 kM, mo 10 kM ciieBa u crpaBa OT CKBaKUHBI (puc. 3).
Bce nabmronenus nposoaunuck B myHkrax npuema (IIT) B ckBaxkune Ha rnyoune 4900-484Qv, Ha
6a3e npuema 60M C SToueyrbiM 3—kKoMIOHEHTHBIM 30H10M BCII. AHM30TpONIHS pacCUMTHIBAIACH
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JUIS TIAcTa, 3aJI€Talolero Ha BHIEYKa3aHHO riyOuHe, ¢ yrioM HakjioHa npumepHo 18°. Inact
COCTOUT, B OCHOBHOM, U3 NCPCCIauBaHUA TIIMHUCTBIX, AJICBPUTOBBIX U NCCHAHUCTBIX CJIOCB. Ha
yKa3aHHBIX TUIyOMHaX JaBjieHue M Temmeparypa coctaBisitor npumepHo 0.05-0.06 I'Tla u

90° —100° rpaxycos.
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THAMEHHI VIIcE {3)
* MEECTOMTTIOECHIE CEBRSIERT
—— meas npofdanet 1B
N3BecTHO, 9TO CYHICCTBYIOT Pa3JIMYHbIC CITOCOOBI OMnpeaACIICHNUA aHU30TPOIIMHU, B TOM YHUCIIC

no rojgorpadam oTpakeHHbIX BOJH. (OZHAKO B JAHHOM HCCJIECIOBAaHMM HCIIOJIB30BajIach IepBast

npononbHas BonHa (PB)), KkoTopas xapakrepu3yercs 0Ooiiee BBICOKUMH COOTHOLICHUSMH
cHrHaN/IIyM, CHTHAJ/IoMexa 1 0oJiee MIMPOKHM YaCTOTHBIM CIIEKTPOM, Y€M OTPAKCHHBIC BOJIHBI).
JInst ocnaGieHus peryasipHBIX BOJIH TIOMEX M IIYMOB, HHTepdepupyonmx ¢ P) BoiHoM, mpoBeaeHo
CYMMHPOBaHHE OPHEHTHPOBAaHHBIX 1Mo P, BoiHe ceificMuueckux 3ammcell KaJaoro Bo30YKICHUS

M0 5-M TOYKaM 30H[a, B OTAEIbHOCTH MO KoMIoHeHTaM X, Y u Z. CyMMHpPOBaHHUE MO3BOJIHIIO

Jydli€ BBIACIUTH CHUIHalI F%) BOJIHBI M OIIPCACINTDH Ooyiee TOYHBIE 3HAYCHMS €TO napamMeTpoB

nojsipuzanuu  [AraeB, 206]. DTto moxaTBep)kKgaeTcs emie TEeM, YTO 3HAUCHHE JIMHEHHOCTH

ImoJrApru3anuu F%) BOJIHBI CYMMHPOBaHHOﬁ 3armrMcCu 3aMCTHO BBILIE, YEM B CPABHCHUH C OAMHOYHBIMHA

3anmucsaMU. 3aTeM, MO0 HECYMMHPOBAHHBIM 3alMCAM OMNPENEISUIOCh BpEeMs IMEPBOrO BCTYIUICHUS

t (X) B, BomHBI, a MO CYMMHPOBAHHBIM 3alKCAM OMpenessUics Habmomaembiit  yron @ (X)
nonxona P) Bosmbl. [Ipy M3BECTHBIX 3HAYEHHUSX BPEMCHU MIPOXOKICHUs ) BOJHBI Yepe3 HHTEpBa

rnyoun 4900-4840mM, yrma moaxoma P, BomHBI B 3TOM ITacTe pacCUMTHIBAIACH IUIACTOBAS

cKOpocTh 10 Kaxkaomy [1B no cnienyromeit dpopmyne [[anbnepun, 1982]
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V. (X) = cosg(x) [Ah/At(x), (1)
rae: At(X) - pasHocTs BpeMen npuxona P, BoaHbI Ha KpOBJIE M Ha MOIONIBE ILUIACTA;
Ah -tomuuna nnacra, pasaas 60 M; @(X) - yron monxona P, BonHs! B mnacre.

Hcnonb3oBanue manubix «Walkaway VSP»103Bonniao paccuuTarh IJIACTOBYIO CKOPOCTh

IpY IIMPOKOM JWAIa30He YIJI0B U HampaBieHHH P, BoiHBI, mpoxopsmieil yepes3 BhIMIeyKa3aHHbIH
mnacT. V3MeHeHue 3HadueHHd \/ B 3aBHCHMOCTH OT @ OBLIIO TPUHSATO TMPU3HAKOM HATHYMS
aHU3O0TPONHUH CKOPOCTEH. AHAIN3 pe3ylbTaTOB pacdeTa MOKa3bIBaeT, YTO Mo Mepe ynajeHus (X)
[1B or uccrnenyemoii ckBakuHbl, @(X) yBenuuuBaercs (puc. 3), a a3UMyT HalpaBlICHHs MOAX0a
P, BoyiHBI, B OCHOBHOM, COBIaJaeT C HaNpaBieHUsIME npodueii [1B.

EctectBeHHO, uTo ¢9(X) 3aBUCUT OT reoMeTpun cucteMsl HabmoaeHuit BCII, reonorunuecko-
r0 CTPOCHUS Cpeibl, XapakTepa U3MEHEHHUs CKOPOCTEeH MO TuIomaau M 1mo riayoune. B Tabmwmie

¢, = f(X), naunnas npumepno ¢ X = 2300 + 250(m nnum yrios ¢ > 25° , mporcxoauT pe3koe

yBenuueHue 3HadeHnil @, (X) ¥ uX AUCTIEPCUH, YTO MPEACTABISLCTCS HePEeaTbHBIM. JTO BHIHO U Ha

rpaduke anuzotpornuu puc. 4. ITo-BuauMoMy, 3TO OOYCIOBIEHO TeM, uTo Tipu @ = 25°

MIPOUCXOIUT CHILHOE YBEIHYEHHE HWHTEHCHBHOCTH mpoxomsmmx (PS 1) u orpaxkennsix (PS 1)
obmenHbIx BOH [["ambnepun, 1982],B ocHOBHOM, Ha 3amucsix X U Y KOMITOHEHT, U W3MEHCHHE
WHTEHCUBHOCTH OTPAKCHHBIX MPOOIBHBIX BOJIH Ha Z KOMITOHEHTE. B pe3yinbTare HHTEphepeHIINH
BOJIH PA3JIMYHON TOJISAPH3AIMM WHTCHCUBHOCTH TPOUCXOIUT YBEIMYCHHE aMIUTHTY/IbI 3alllCei, B
OCHOBHOM, Ha X ¥ Y KOMIIOHEHTaX. KpoMe 3Toro, 1o Mepe yBeIMYCHUS X YMEHBIIACTCS pa3indne

Kaxymmxcsi ckopocterd P, Bonnbl u nomex [[anmbnepun, 1982], Tem cambiM, NMpH TPEXKOMIOHE-
HTHOM CYMMHPOBAaHHH yMeHbIIaeTcs 3(PPEeKTUBHOCTD BBIJEICHNS CUTHANa P, BoMHBI. YKa3aHHbBIE
(bakTopsl MPHUBOAAT K OINpPENEICHUI0 0ojiee BBICOKOTO 3Ha4YeHHUA @P(X), HE COOTBETCTBYIOILETO
UCTHHHOMY HampasieHuto P, Bomubel. O0 mHTEpdepeHInOHHOM XapakTepe curHaia Py BomHbBI Ha

ynanenusix [IB 6onee 2500-3000M Takxke CBUICTENBCTBYET PE3KOE yBEIHMUEHHE HEIUHEHHOCTH
noJisipu3aluu BoJHbL. [To3TOMy npu aHaM3e aHU30TPOIIUHU UCTIOIb30BAIKCH JaHHbBIC yIaleHHUH, He
npesblmatomux 6onee 2500Mm.

Ha ocHoBaHuu mapameTpoB NMPUMEHEHHON CHCTEMbl HAOIIOACHUS PACCUUTHIBAJICS CUHTETH-

ueckuit yron @.(X) npuxoma R, Bomusr ot IIB k IIII Ge3 ydera mpeaomieHHsT CEHCMHUYECKHX
aydeit mo ciosim cpensl. ComocraBnenune @(X) co 3HadeHusMHA @ (X) ST pasIMYHBIX yaaIeHHI

[1B u IIIT moka3piBaeT, 4YTO MO MEpPE YBEIMYECHHUS X YBEIMYMBAETCS PA3HOCTb 3THX YIJIOB, UTO U
cienoBato oxuaath. Hanpumep, npu ynanenun 2500Mm @(x) Gombme @, (X) B cpennem Ha 6°.

OTMeueHHOoEe pas3iiniuuc yrijioB, B OCHOBHOM, OGyCHOBHeHO BJIMAHUCM CJIIOUCTOCTU CpCabl, T.C.
KBa3uaHu3oTponuei [Pusnnyenko, 1985].
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I'padvik M3MEHEHUS] aHW30TPOITMM B 3aBHCHMOCTH OT (), TpUBEICH Ha puc. 4, rae mpu

H

¢, =25 pasmuume cCKOpocTeil B BEPTHKANLHOM M B HANpaBICHUH PACIpOCTpaHeHus P, BOTHEI

cocTaBisieT npumepHo 12%.

IIpencrasisno onpeneaeHHbI UHTEPEC COMIOCTABICHUE 3HAYCHUM aHU30TPOIINH, IIOJy4CHH-
bIX B J1a0OpaTOPHBIX YCJIOBHSIX MO KEPHOBBIM JAHHBIM M C BBIINICYKA3aHHBIMHU pE3yJlbTaTaMu IO
BCII. [Ins sToro maHHple J1aOOpaTOPHOTO aHAIM3a aHU30TPOITHBIX CBOMCTB aHAJIOTHYHBIX MOPO/I,
3aJIerallrX B yCJIOBHSIX, MOJTOOHBIX HMCCIETyEeMOMY MHTEpBALY B CKBa)KHWHE, ObUIM allllPOKCHUMHU-
poBansbl ¢ K03 dunmrerToM koppesiuu 0.97 ¢ npsmoii TuHUEeH, ypaBHEHUE KOTOPOTO YKa3bIBACTCS
HUXeE!

V,, =50057+0.9476V,,, [2
rae. Vpl n sz - CKOpPOCTH, COOTBETCTBCHHO, B TOPU30HTAJIbHOM H BCPTUKAJIbHOM HaIlPpaBJICHUMAX.

3areMm, 10 3TOM CKBaKMHE MHTEpBaJIbHBIE CKOPOCTH 10 AaHHbIM AK s rmy6un 4900-4840
OBLTH MEepEeCcCYUTaHbl N0 yKa3zaHHOH (opmyie (2) B \/° . Oka3aiock, 4YTO OCPEIHEHHOE TI0 IUIACTY
UH

3HAYEHUE Vj NPUMEPHO Ha 7% OGonblie, YeM Vp,. OTO SBIAETCA MPOTHO3MPYEMBIM 3HAYEHUEM

anuzotponu. [lo nanuem xe BCII, pasnnumne ckopocTell B HANpaBICHUSX BEPTHKAIBHOM U HOJ
yriaoMm 25° cocrasnser 12%. bosee NMOBBIIEHHOE 3HAYEHUE aHU30Tponuu mo ganHeiM BCII, mo-
BUIMMOMY, MOXHO OOBACHUTb TOJBKO HEJOCTAaTOYHBIM  IOJABIEHUEM  BOJIH-TIOMEX,

unrepdepupyromux ¢ Py BonHoii. Crienyer OTMETHTB, YTO 10 3TUM ke Marepuanam BCII 3Haue-

HUE aHU30TPONHUHU MO ToaorpadaM OTPaKEHHBIX MPOJOJBHBIX BOJH, OIpEIEIeHHOE paHee,
coctaBisuio mpumepHo 8%.

[Tonmy4yeHHble pe3yabpTaThl YKA3bIBAlOT HA HAJIWYME MO HCCIEAYEMOM Cpele aHM30TPONUU
CEHCMMYECKUX CKOPOCTEd IO TMPOJOJbHBIM BoOJIHAM. [IpHBENEHHBIM TIpUMEpP TMOKA3bIBAET
BO3MOKHOCTh OIpPEACIICHUs] aHU30TPONHUM celcMHuueckux ckopocted mno pganHeiM BCII ¢

HCIIOJIb30BAHUEM KMHEMATUYCCKUX U IMMOJIAPU3AIITMOHHBIX ITapaMETPOB FB BOJIHBI.

JIns TpakTHYecKuX IeNieil OTMEYEHHBIE CBOMCTBA MOTYT CIYKUTh IPOTHOCTHYECKUM
NPU3HAKOM HAJIMYMS KOJUIEKTOPOB. B yCIOBHMAX 3eMHOI KOpBI MOBBIIICHHAS YIPYyTasi aHU30TPOIIHS
IIPU TIOHM)KEHHBIX BEIMYMHAX CKOPOCTH, HE THIIMYHBIX JJIs1 KOHKPETHBIX MOPOJI, JOJDKHA CIYKHUTh
KpUTEPHEM BO3HHMKHOBCHMS PpA3yIUIOTHEHHOM 30HBL. OJTO HEOOXOJMMO YUYUTHIBATH NpHU
TUTAHUPOBAHHUM CEHiCMOpa3BeJOYHBIX paboT Ha HE(PTH U ras.

3. BuiBoanbl

Takum o00pa3oM, COBMECTHBIE HCCIIENOBaHUS Ja0OPAaTOPHBIX U pEATbHBIX JAHHBIX II0
W3YYEHHUIO0 aHU30TPOIIUHU MO3BOJSAIOT 0ojiee TOCTOBEPHO OIpPEASNIUTh AaHU30TPOIIHBIE CBOMCTBa
0CaJOUHBIX ITOpoA. B pe3yinbTare u3mMepeHnii aHu30TPONIUU CKOPOCTEN pPacIpOCTPAHEHUs YIPYIHX
BOJIH B OCAJIOYHBIX MOPOJAAX NMpH JaOOPAaTOPHBIX YCIOBUSAX U BO BHYTPEHHHUX TOYKAX pealbHOU
Cpeabl BUAKM, YTO HAIMYHE aHU30TPOIUH B Ipeaenax npumepHo 8-12%.11pu sTom oueHb BasKHBIM
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ABJIICTCA TO, YTO BCIMYMHA W XApPAKTCp HU3MCHCHUSA AHU3O0TPOIMH IIPU HU3MCHCHUMU [TaBJICHHUA
3aBUCAT OT BCIIMYMHBI U HAIIPABJIICHHUA NPOHUIACMOCTU IMOPOA. A 9TO IO3BOJHUT MO napameTpam
AHU3O0TPOIMUHU ONPCACINUTL HAIPABJICHHUC W BCIWYUMHY MNPOHHUIACMOCTU IOPOA IO AdAaHHBIM
CelCMOpa3BEeIKHU.
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UDC 550.831 |. Saffarov, H. Agaé&l Shakhmardanoff

HOW TO INVESTIGATE ELASTIC ANISOTROPY OF SEDIMENTARY
ROCKSIN LABORATORY AND REAL CIRCUMFERENCE

SUMMARY: The work deals with the results of sedimentarkrestings at about 0&1a voltages in a cylinder-piston-type system
and also data of Vertical Sismic Profiling (VSP)ardeep wellhole. Determining the longituinal waypeed and anisotropy
coefficient both in laboratory and real circumfarenit has been stated that in most seidimentasksralready tested the
elastic wave speed anisotropy was observed. Tlsemear it is its presence in permeable samplé®e results showed that
presence of anizotropy is within the limits of ab8u12%. For practical purposes the mentioned ptigsecould serve as
forcasting signs for collector presence.

KEY WORDS: anisotropy; seismic survey; vertical seismic pirdi; compressional waves; shear waves; thermoloaridition.

1. Introduction

For the purpose to determine with more accuraeygimological structure and composition
of the environment has been widely investigated sedimentary rock collector properties in
seismic survey of anisotropy of seismic speedspFaper understanding of the reason for seismic
anisotropy formation it is necessary to study seditary rock anisotropy both in laboratory and
real conditions as well [Saffaroff, 2003; Agaev03aD

In the present article some results of longitudiales elastic anisotropy of speeds study are
given according to sedimentary rocks, the data efsurments in laboratory, in solidphase
installation of high voltage of cylinder-piston gyp(Valarovich and others, 1974; Saffaroff,
Kireenkova, 1979, 1986) and also in the environadenteral points according to data of Vertical
Seismic Profiling (VSP) (Galperin, 1982; Wintersétgulsson, 1990) in a deep wellhole (Agaev,
2006).

2. The Body
Deter mination of Anisotropy according to laboratory measur ment data

Little attention is payed so far to investigatidretastic wave speed anisotropy according to
sedimentary rocks in high thermobarite conditionsl shere are no data on this very important
property in scientific works. Though in cases wineeasurments had been carried out in different
directions and samples the speed anisotropy immsadary rocks had been revealed nearly without
fail (Bajuk and group., 1982; Silaeva and grou®69%; Saffaroff, 2003). In the laboratory
conditions meanings of speed anisotropy of longiaidvaves in sedimentary rocks are determined
in samples selected both from wellholes and natuwak exposure. It is amitted to regard
comparison of laboratory results with seismic datly in case of structural defect liquidation under
pressure. Longitudinal wave speeds had been stugieal horizontal ,,km/sp) and vertical\(,,

km/sp) directions and anisotropy coefficient acamydo speed relationshipg,, k V., in %.
Speeds of longitudial waves/{km/sp) at various pressureg® (I'Tla) and density p,
(r/ev®) in sedimentary rocks.
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In table 2 poor results are given known so far.

Sedimentary rocks turned out to be rather verioukthey are distinguished by both basic
mass mineral consistance and cement substancellaaca@ding to their elastic properties. These
rocks are characterised by high (about 120-14086})ielwave speed change with pressure rise.

Sandstones. Lower jurassic smallgrain standstones consistebiid and cement containing
guarts, cerpentised clayey material, carbon, ptiase.

—a— [Temamm - 0722 67
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PHc. 1. AHH30TPOIHA CKOPCT eil NPOJaTbHBI Prc. 2. CropcTH NPoaQNTEHBIX BOIH TOPH30HTATEHOM
BQITH MPH PAsTHYHBE JTaBTeHHAY. H BEPTHKATLHOM HAPARTEHHAY IPH

PasMHELR JaBTIEHHA.

In these rocks the coefficient change of anisotrgpgomplicated when the pressure rises
(pic. 1). In sandstones (sample 0722) anisotropyeases by 16,51%when the ressure rises up to
0,3T'ma. At further rise of pressure up to 0;8a the meaning of anisotropy is the same as that of
atmospheric pressure. In another sandstone (s@7pR) it happens vice-versa.

Calcareous sandstones (from tretiary deposits) are small and fine-grdineonsist (40-
50%) of debris-quarts, felspar calcite, clayee wrz®. They are characterized by longitudinal
wave of rather low speed (1,25-2,59 km/sp) in aphesic conditions and pressure rise (up to
200%). For mesozoic calcareous sandstones longédldiave speed (4,0-4,20) is characteristic in
atmospheric conditions and speed slight growth wigssure risk (up to 15-25 %).

Longitudual wave speed for these rocks with pressige up to 0,%'ma is from 4,0 up to
4,20 km/h (pic.2).

Sandstone quartsitis consist of debris and cement, containing qualieya80 %), chlorite,
muscovite also ore mineral and epidote. Theyhawe ¢igh long wave speed.

Araqillities, masozoic-masstrikh are characterized by the loesfitudial wave speed out
of sedimentary rocks at high pressures. They coakine dispersive clayee substance, hence they
are high porous and are charactirized by lineaedpeowth with pressure over 0 ia.
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Marls. In these rocks micropor and cracks are observed under riiieroscope filled witt
fresh calcitis. Around the pores the ore mineralgasit which decompose andy later on. These
rocks have quite considerable speed anisotropyiceet of longitudnal waves in the tmospheric
conditions, they reduce with pressure growth up,53-7,14 at 0,9°TIa (fig. 2).

Dolomits are coars@rained rocks formed by dolomite grains basicallyrieegular form.

With pressure rise the longitudinal wave speed grovhe ongitudial anisotropy speed is not hi
in dolomites. The rock is isotropic (fig.

Deter mination of anizotropy according to BCII in a deep wellhole

The results of seismic data development and irg&xpon considering anisotrog
properties of the environment testifies to the hegfectiveness of application of this param
(Thomson. 2002). In the present work Anisotropy haén investigated ithe real environment
according toBCII carried out in one of the deep wellholes situatethe Aserbaijanian section
the Kaspian sea (Agaev, 2005, 20

. T
T - Tpa3

k3 a3
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\-¢

o

A oty a, Yo

2 o
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A
3 [ 15 4 sl kK i} KiEE | 4
FooR T
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THAMEHIT Vs {30
* MO TOMHMTOEEHHE CRELETERI
EeaEl npogartet [TB

Anisotropy was rated at seam deposited in the meed depth with angle slope abou®.

It is known that there exist various ways of determorabf anisotropy, among them o
according to reflected wave locus. Application Wdlkaway VSP” data allowed to calculate se
speed at the angles wide range P, of the wave passing though mentio seem. Changing the
meanings oV, depending o was accepted as the sign of anisotropy peed presefite result
of the analyses show that the mIIB moves from the wellhole under investigation the @& (x)
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increases (fig.3), and the asimut Bf wave Approach coinsides with directionsIoB profiles.
Graph of anisotropy change dependinggnis given in fig 4 where whep, = 25° the speed
difference in both vertical an®, wave propagation direction makes about 12%.

Especial interest is comparison of anisotropy nmggn obtained in laboratory conditions
according to core data with mentioned results atinogrto BCII. For that the anisotropy properties
laboratory analysis data of the analogous rocksbiegth approximated to the correlation coefficient
0,97 with direct line

V,, =50057+ 09476V, 2

For practical purposes the mentioned propertiegdcgerve as prognostic signs for collector
presence. In the conditions of the earth crusemsed elastic anisotropy at lower speed, thattis no
typical for certain rocks they should serve as ¢higerium for failed zone appearance. It is
necessary to consider it in seismic prospectingkg/planning for oil and gas.

3. Conclusion

Thus cooperative investigation of laboratory aedl data in studying anisotropy allows to
determine anisotropic properties of sedimentariksoc
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YIK 622.24 I.H. Batpamos

BbIHYXAEHHbIE KO/IEBEAHUA KPYT/10U NJIACTUHKW, ONEPTOU B
TPEX TOYKAX, B ®UINYECKU HEJIMHEMHOW NOCTAHOBKE OT
TAPMOHMUYECKU MEHAIOLLLEMCA PACNPEAENEHHOWU HATPY3KU

MNpeactaBneHa 3aBeayoWmMM Kapeapon CTPOUTENbHON MeXaHUKM A3epbaiaXKaHCKOro apXUTEKTYPHOrO 1
CTPOUTENbHOrO YHMBEPCUTETA, A.T.H.., npod. A. M. Ucaes

PE®EPAT: B paccmaTpvBaemoi 3agaye UCCNeayroTCA BbIHYXKAEHHble KoebaHua Kpyraoi naacTMHKK, onepToi B TPEX TOYKax no
KOHTYpY, B $U3MYeCKOW HEeNUHeWHON nocTaHoBKe. [ocTaBneHHaa 3ajaya pelaeTca ¢ MOMOLbIO NpUHLMNA FaMUnbTOHa,
npu sTom ¢Gu3nYecKan HeIMHEMHOCTb NPUHUMAETCA B BUAE YpaBHeHUA [eHKK. MocTpoeHbl pe3oHaHCHaA KpMBaa 1 antopbl
HaNpPsAXKeHU .

KNKOYEBbLIE C/TIOBA: Kpyriaa naacTMHKa; KanebaHune; KOHTYP; HEAMHENHHbIN; NPUHLMN FTaMUALTOHA; entopa.

PaccmoTpum M3rMbHble BblHY»KAEHHbIE KonebaHus Kpyrioin nnac-

ﬁ TUHKW, ONEPTOM MO KOHTYpy B Tpex TOYKaX, B PU3MYECKN HeNNHEenHOM
=] noctaHoBke (puc. 1). ®usnyeckasa HeNMHEWHOCTb NPUHUMAETCA B BUAE,

npegnoxkeHHom Kaygepepom [1].

@ y A
qoooset

Baiipamos I' H.

Puc.1
MocTtaBneHHad 3a/a4a pewaeTca C nOMOoLWblo NpUHUKUNA FamunnbTOHA

t2
F=[(P-A-K)dt.
t1
3aecb P 1 K - COOTBETCTBEHHO MOTEHUMANbHAA U KMHETUYECKaA SHEPrusa KPYraon nNAacTuHKKM; A -
paboTa BHeLWHEeN Harpys3Ku.
MocKobKy Npornb NAacTMHKK man, byaem ncnonb3osatb metoa Pypbe:
W(r,8,7)=P(r,8)q(t) (2)
3pecb p (r, ) — dyHKUMA, 3aBUCALLAA OT KOOPAMHAT; g (t) — 0606WeHHan GyHKUMA.
Mocne paga maTemaTUYECKUX Npeobpa3oBaHUM, MONYYNM:

P=aq*(t)+ba*()

K=o @F; A= dal), e
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rae KoaoduumeHTsbl a, ¢ U d 3aBUCAT TONIbKO OT KOOpPAMHAT r u ¢.
Takum obpasom, noactasus (3) B npuHumn FamunbToHa (1), NpuM 3TOM, B KayecTse
WHTepBa/ia BPEMEHU AN UHTETPUPOBAHNA BO3bMEM NEPUO 3TUX KoiebaHui, aenswminca ot t;=0

27 . ‘
o t, :Z’ M nepengem K 6espasmepHbim nepemenHbim 7 = wt . Moayunm:
1 2”{ ) Al T }
== [la*()+ba’(r)-ce?ld ()] ~da(r)Cosnrjar, (4)
0

6
roe W - KpyroBaa 4actoTa cobcTBEHHOro KonebaHuA Kpyrnou nnactuHkn, ] =—, 0 - yactoTta
w

BHELUHEWN HarpysKu.
OnddepeHumanbHoe ypaBHeHMe ditiepa, KOTopoe NpuaaeT uHTerpany (4) ctaumoHapHoe
3HayeHue, byaeTt UmeTb BUS,

b d
@ ¢+ La(r)|1+220°(0)| = s cosar. )
c a 2C
y a
Mepeia K HOBbIM MEPEMEHHBIM W= G =,|— WU q(r): > x(r), roe G, - Kpyrosas
C 2w°C
4YaCTOTa NN1IACTUHKUN B ﬂMHeVIHOVI NOCTaHOBKE, NOZTY4YUM:
x"+ x (L + ex?)= Cos npr, (6)
2
bd .
roe e =—— - be3pasmepHblii napameTp.
2a°

PeweHune HennHelHoro guddepeHumnanbHoro ypasHenua [ydouHra (6) byaem mckatb B
BMAE
x(r)= > X,Cos nnr. (7)
n=13.5
3aecb Xn— 6e3pasmepHas rapMoHUYecKan 1 cyneprapMoHMYecKas amnantyaa konebaHums.
MNoactasus (7) B (6), cpaBHMBasA KoadpdpuumeHTbl ognHakosbix Cos HNT M Npegnonaras, 4To
[Xn] >|Xn:1], coxpaHmB npu aTom nepsble Tpy YneHa B (7), NOAYyYUM:

3 3 3 3 3 3
(1_’72))(1 +€(Z x13 +§ X1X3X5 +ZX12X3 +§X1X32 +Z X32X5 +§ Xlxszj =1,

1 3 3 3 3 3
(1—9/72)X3 +e(z X} +Z Xy +E X, X X +E XX, +§x3)<52 +Z xlxszj =0, (8)

3 3 3 3 3
(1-2572)X, +{Z X, +fox3 +ZX1X32 +§x;-‘x5 +Exfx5j =0.

PelweHune HennHelHbIX anrebpanyeckux ypaBHeHUn (8) byaem uckatb no metoay 3engens. Mpu
3TOM A5 NePBOro NPUBANNKEHUA MNONYYUM:
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(1_’72))(1 +% X, =1,
3
Xy = ()
-1
— 3exlx3(xl + X3)
° 2572 -1 '

Takum obpasom, yuutbiBas dopmyny (7) B (2), nonyumm dopmyny ana onpeneneHus
NpornboB NNAaCTUHKK B BUAE

W(r,qzﬁ,r):2

Nanee, no n3BecTHbIM GopMyam OnNpeaenatoTcs KOMNOHEHTbI HanpaxXeHni [1].

OTMeTMM, YTO 3a4a4a peluaeTcs NPUBAMMKEHHO, T.e. 3a43eTcA KOOPANHATHAA GyHKUMA p
(r, &), ynoBneTBOpAIOLLan YCNOBUIO ONMPaHKA, a 3aTem onpeaenseTtca 06o06ueHHan dyHKuma r(T).
Mpornb NNacTMHKKM, ONepToi B TPeX TOUKax, npumem B Buae [2]

dzc p(r.¢) > X, cosnr. (10)

w n=135

plo.¢)=a,-ap*+p' -3 (a, -b,p*)o" cosmg. (11)
m=3
3pecb O = % , R - pagunyc Kpyrnom nnactmHkm,
go2B5tVo o o o 32 i 1o, 2k, 1]
07 14, ’ "3+, &l mm-1) @1-v,)(m-1)m* m(m+1) |
1, 2lvv,) 1

a, = b =—F———.
2 M
mm-1) (1-v,)(m-1m m(m +1)
[nAa 4ucneHHOro aHanus3a npegnonaraem, 4YTO Kpyrias naacTMHKA M3rotoB/ieHa W3
aNtOMUHMEBOWN BPOH3bI, NPU STOM NPUMEM:

a,=3.766, b,=0,798; a,=0,536; b, =0,228; = 50;
h

2
q, =10KPa; a=327,728 72 ; p=.0,4905%10° /PN
2R oR

2

3pecb [ — uMAnMHAPUYECKaA KeCTKOCTb NpU n3rnbe, L, — TONAWMHA NAACTUHKKU, B, — KOIGOUUMNEHT
MyaccoHa, r, — amMnNAnTyAa BHELIHEN HarpysKHu.

B aTom cnyyae nonyumm, yto e = - 0,031. Mpwu 3Tom ¢ Nomoupto popmysbl (9) NOCTPOEHbI
pe30HaHCHble KpuBble (puc.2).
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1,024

Puc. 2.
2 7l o
Hanee, npu N° =1 pnacedyenva ¢ =0 un ¢ = ? onpeaeneHbl KOMMNOHEHTbI HANPAXEHUN

N NOCTPOEHbI UX 3ntopsbl (puc. 3, puc. 4).

7% \ - liA
5 3
= N
o st ;
—y {P o st
17,99 > 2 7 p
- ,Gpdﬂ
«ég
/ dn l?‘ fb
20,434 S, T _srest
31,345 2189 g
Puc. 3. Puc. 4.

Gh ﬂORZ
1-10 64D

Bce oLeHKM NOCTPOEHHbIX 3Mtop HEOHXOAMMO YMHOXKMUTL HA

JIUTEPATYPA

1. Kayaepep I'. HennHelHaa mexaHuKka. Mocksa: UJ1, 1961.- 778c.
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UDC 622.24 Bairamoff G.

ROUND PLATE FORCED OSCILLATIONS RESTING ON THREE POINTS OF
PHYSICALLY NONLINEAR POSITION FROM DISTRIBUTED LOAD
HARMONICAL CHANGE

SUMMARY: The problem under consideration deals with investigation of forced oscillations of round plate resting on three points
around the circuit in a physically nonlinear position. The problem under consideration is solved by help of Hamilton
principle.With it the physical nonlinearity is obtained in a form of Genk equation. The resonance curve and stress epures
are built at the same time.

KEY WORDS: forced oscillation; round plate; curve; circuit; linear; Hamilton principle.

Let’s consider round plate forced bending oscillations resting in three points around the
circuit in physically non-linear position (fig. 1). Physical non-linearity is addmitted in a form offered
by Kauderer (1)

A

=V

fig. 1
The problem under discussion is solved by means of Hamilton principle

t
F=[(P-A-K)dt
4
Here P and K are round plate potential and kinetic energies, accordingly, A - work of
external load.
Since the plate bending is small the Fourier method is applied
W(r,¢,t)=P(r,¢)Lq(t) (2)
Here P(r,¢) - function depended on coordinates, q(t) - generalized function.
After a number of mathematic transformations, we have:

{P:aqza)mq“(t)
K=clg (t)]; A=dq(t)

Where ceofficients a, c and d depend on only coordinates r and ¢ .

(3)
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Thus substituting (3) in Hamilton principle (1) taking these oscillations period as time
2
interval for integration dividing from t;, =0 up to t, =< and going to nondimensional veriable
w

r=at, we get

21

=2 That)+bat(n)-cela (F - da(r)cosyr}ar @

0

I 6 .
Where « - angular freuency of round plate oscillation 7 =—, @-friquency of external
w

load.
Eiller differencial equation that gives integral (4) steady state value will be:
& q'(0)+ £a(0) 1+ 22°(r) | = - cosnr g
c a 2c
: : a d -
Going to new variable w=ay=,/— and (T) = x(r), where @, - plate circuit
Y 2wC
frequency in linear position, we get:
x" + x(1+ exz): cos NNt (6)
2
Where e =—3- nondimensional parameter.
2a
Solution of non-linear Daffing differencial equation (6) should be sought in
x(r)= > X, Cos npyr (7)
n=1.3.5

Here X, -nondimentional harmonic and superharmonic oscillation amplitude.
Putting (7) in (6), compairing coefficients of identical Cos HNT and supposing that |X,]|
>|Xn+1], with it keeping first three members in (7), we get:
3,3 3 3,2 3 2 3,2 3 2 _
(1—/72)x1+e(zx1 # XXX+ XX XX 2 XX XX, j—l

1 3 3 3 3 3
(1-9n?)x, + e[z X+ 2 Xy HOXXX+ D X2 X, + 5 X X + xlxszj =0 (8)

(1-2572)X, +e[:31 X2 +:31xfx3 +:‘°’1x1x32 +gx;x5 +gxfxsj =0

Solution of non-linear algebraic equations (8) will be sought according to Zeidel method.
For the first approach we get:
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(1—/72)><1+§ex13 =1
4
3
X3 :eX2—1 (9)
9anc -1
X5 =3eX1X3(X1+X3)
2502 -1

Thus considering formula (7) in (2), we get formula for determination of plate bendings in a
form of

W(r,¢,r):%p(r,¢)ixncosnm (10)

n=135
Then according to the wellknown formulas component stresses (1) are determined.
It should be noted that the problem is solved roughly, i.e. coorinate function p (r, §) is

assigned, setisfying the bearing conditions, then generalized function q(t) is determined. The plate
bending resting on three points is taken as (2).

p(o.¢)=a,-ap*+p* -3 (a,-b,0*)o" cosmg (11)
m=3
Here p :LR' R - radius of round plate.
00:5+|/0 +cm: C = 32 Z 1 N 2(1+v, - 1 ;
1+vg 3+v, | m(m-1) @-v,)(m-1)m~ m(m+1)
1 2L+v,) . 1

a, = + ; b, =—F—
" mm-1) (@-v,)(m-1)m? " m(m+1)
For numerical analisis we addmit that the round plate is made of aluminium bronze, so we

get:
a,=3.766; b,=0,798; a,=0,536; b, = 0,228; % = 50
2
q, =10KPa; a =327,728 ﬂz; b = -0,4905 * 10%° ”';f‘és
2R 2R

Here D - cylindrical stiffness when bending, h - plate thickness, V, - Puasson coefficient, g -
external load amplitude.

In this case we get that e = - 0,031. By formula (9) resonance curves have been built (fig. 2).
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2,50 € =-0,031
5,562F——

3IB6NIAID

fig.2.

. n :
Then when /72 =1 for secction ¢ =0 and ¢ = 3 stress components are determined

and their epures built (fig.3, fig. 4).

A

>

u =
= 3
2 <
- AN dn
N N
3
« Op
o
4,604 _ R
199 X o st )?
— % o,
17,99 )
G';//Y
&
PX:
n 4
20,434 oy [ ar.687
41,385 . i
31,345 218 o
fig. 3. fig. 4.

2
Gh R
It is necessary to multiply all estimations of epures built by 1o BC&—D
)
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UDC 5524 T. Darakhvelidze, N. Cosashvili

ON THE CONSISTENCE AND AGE OF THE STRIPED ROCKS
OF THE KISTINKA ROW MARKED IN KAZBEGI REGION

Presented by N. Foforadze, academician, Engineering Academy of Georgia

SUMMARY: The data collected during the studies of the sasnpii¢ained from the field have enabled us to catecthat the Striped
Rocks are neither a consistent part of the KistiRkav nor its contemporary. The conclusion is provgdhe following
arguments:

1.Metamorphism: Despite the low degree of metanierptthe Striped Rocks significantly differ from tloedinary
clayschists which have not undergone metamorphism.

2. Mineral consistence: The Striped Rocks are cheniaed by the hornblende injections which doeaxtur in the Lias
clay-schist and which are widely spread in the &ladnd Gveleti massifs of the paleozoic age. Tioeeethese injections
must be of the pre-lias period.

The purpose of our research of the Striped Rocks wafind the reason why these significantly diéfer rocks are
ascribed to the Kistinka Row. They had undergonemetphism, i. e. they are older than clay-schistsiaso, they cannot
be of the lias age and thus, cannot be ascribethadKistinka Row. These rocks should be classifisdaanew row,
supposedly called “Gveleti Row”.

KEY WORDS: Kistinka Row, Metamorphism, Striped Rocks, claysthilias age, Gveleti Row

1. Introduction

Kazbegi Region locates on the Northern slope ofGhecasus Range and has a general
geological construction. The Dariali and Gvelefistal massifs are exposed in the Dariali Canyon.
They consist basically of granitoid rocks and bgléo the Middle Carbon Age. The Dariali and
Gveleti massifs are crossed by a numerous dykethedfdiabasic rocks and thin streaks of
hornblendes.
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We have studied the geological section of the Matfianyon. During the studies we got
interested in the Kistinka Row exposed betweeniagali and Gveleti massifs which is mainly
represented by the succession of the ordinarylyeemmning off black clay- shale and sandstone

alternation.

The Clay-schist Cross-section Perpendicular to Schistosity

On this section of the Kistinka Row no fossil hagib detected but its Eastern part is dated
as Faunist and is considered of Lias Age. The iistiRows of power of 400-500 m, it runs 1.5
km along the road.

The exposed Striped Rocks of 50-60 m power neate@wdassif in the Southern part of
the Kistinka Row also belong to it; they are velliz sloped down everywhere and have a sub-
latitude position.

In the field conditions we studied the Striped Rodk details, also we microscopically
compared them with the ordinary clay-schists andcgavinced that we were dealing with quite
different rocks from the Kistinka Row that mighdtrbe considered as its part and they might need
to be classified as a separate Row.

2. The body
On purpose of deeper study of the problem in otdestate the conditions of the rock

formation, origin of age we have collected the slsifrom the field and conducted their detailed
research.

The Striped Rock Test-hole Sample
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The Striped Rocks are characterized with the weltked succession of the melanocratic
and leukocratic stripes alternation about 1.5-2nmh @.5-1.5 m power respectively. The rock is of
quite solid construction.

The studies of the rock sample preparation thratghpolarizing microscope have showed
that the rock is built of of the same orientatidripgs sericit, epidote-coyzit and hornblendes.
Occasionally some fine crystal aggregates of quertompany sericit. Hornblendes and quartz are
the secondary minerals in the rock. Considering thct and the porphyric structure, the original
rock must have been effusive(eruptive) and comeded to andesite in structure; otherwise, in
case of its alkalinous structure there should Hhatftethe trace of pyroxene or the products of
its(pyroxene) transformation.

Some idiomorphatic forms of plagioclase, replacgdséricit, have been detected in some
places in the preparation, though at 250-fold mfamation the trace of some polysinthetic twin
crystals has been detected in the undamaged ditaseycocratic stripes mainly consist of sericit
and its parallel coyzit ground aggregates; somerfiertential colors, characteristic to coyzit, are
shown in some places.

Relict Porphyric Structure
Dark stripes of this rock present the green-blisgieaks of hornblende of 4 mm power
stripe. They have sharp borders with the contaimragerial; at the same time there are some
streaks with the borders of less sharpness whickallggfill the neighboring areas with the
hornblende crystals.
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Another type of rock presented by quartzites isiémgresented by 0.5 m power dykein
stiped rocks. Its mother-rock might have been qudyke or rocky quartz gravel. Quartzite is a
mono-mineral metamorphic rock which is built by thee-crystal quartz aggregates strictly
oriented in one direction.

It should be noted that, during searching for teelggical reference sources, we came
across only one article by Tamaz Giorgobiani inclhihd supposition is given about these Striped
Rocks being considered as the oldest ones thowguibposition is not supported by arguments.

3. Conclusion

The data collected during the studies of the sasripten the field enable us to conclude that
the Striped Rocks are neither a consistent pathefKistinka Row nor its contemporary. The
conclusion is proved by the following arguments:

1. Metamorphism:

Despite the low degree of metamorphism the StriRedks significantly differ from the ordinary
clay-schists which have not undergone metamorphism.
2. Mineral consistence:

The Striped Rocks are characterized by the hordelémections which do not occur in the
lias clay-schist but which are widely spread in fregiali and Gveleti massifs of the paleozoic age.
Hence these injections must be of the pre-liasoderi

The purpose of our research and futher study ofStihiped Rocks was to find the reason
why these significantly different rocks are asadilte the Kistinka Row. As they have undergone
metamorphism, i. e. they are older than clay-sshasid if so, they cannot be of the lias age and
thus, cannot be ascribed to the Kistinka Row. Ssdhrocks should be classified as a new row,
supposedly called “Gveleti Row”.
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YK 665.622 :51(078) I'. Bapmanomunze, U. l'oryanze, 3. Kananpapumsum

O MATEMATUYECKOM MOZAE/IN NPOLLECCA OBECCO/IMBAHUA HEDTU

PE®EPAT: B HedTM ANnA yMEHbLUEHUA OCTAIOLWLENCA KOHLUEHTpaLMW OCTaTKOB MPUMECEN, 3/1eKTPOoCoNeyaansaowmxca B8
YCTaHOBKe, HEOH6XOAMMO PeLLNTbL BOMPOCHI ONTUMU3ALUK.
KJIOYEBBIE CJIOBA: obecconvBaHue; KOHUEHTPAUMWA; CPeAHEKBaApaTUYHOE OTKAOHEHUWE; YCPeAHEHHAs 3SMMUPUYEcKas;
MaTeMaTU4ecKoe OXnaaHue.

1. BBeanenue

XXI| Bek CTaBUT YEIOBEUECTBO IMEpei BHIOOPOM: WHTEHCHBHO HCIIOJNB30BATH IOJIE3HBIC
uckomnoembie (0cOOEHHO He(Th), WM MCKATh AJIbTCPHATHBHBIC UCTOYHUKH dHEPTUU. TeM cambIM B
MHUpPE CKJIaJbIBACTCS IMapaJoKcajbHas CHUTYaIlus. BBICOKOPA3BHTHIC CTapaHbl IEPEXOaIT Ha
HEIHEPrOeMKHE TEXHOJIOTHH, a PA3BUBAIOIIUECS - HHTEHCUBHO MOTPEOISIOT HEPTH. UTO U TOJIKAeT
He(TEeAOOBITYNKOB K YBEITUICHHUIO TOOBIYH.

2. OcHOBHAA 4YACThH

W3BecTHO, 4TO Tpu pa3pabOTKe HEPTSIHBIX MECTOPOXKICHUNH METOJAaMH 3aKOHTYPHOTO U
BHYTPUKOHTYPHOT'O 3aBOJHEHUS, HE()Th HAa MOBEPXHOCTh MOCTYNAET BMECTE CO 3HAYUTEIbHBIM KO-
JIMYECTBOM MI/IHepaHI/I?)OBaHHOﬁ BOJHbI. BBIXOI[I/IT, 4YTO BMECTE C He(bTBIO BO34T U BOAY. I[.HH pemie-
HUS JTaHHOW MPOOJIEMBI pa3pabOTaHbl CACIYIONIHE METOIbI 00e3BOKHBaHKUS HeTH: 1) MexaHHUe-
CKuil; 2) TepMudeckuii; 3) XUMUUIeCKuii; 4) TEIIIOXUMUYIECKHH; 5) afieKTpruueckuii; 6) pumbTparus.
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Jlis Kakoro U3 HUX paboTaeT Te3WcC. YeM MEHbIe KOHIICHTpAIUs COJiel Ha BXOJE ycTa-
HOBKH, TEM OHa MEHbIIIe Ha BbIxoje (rumore3a H), U C MO3UIMIA 3PaBOr0 CMbICIA OH BBITJISIUT
BITOJTHE TpaBionoa00Ho0. To ecTh, HY)KHO elle Ha HeTenmpoMBbICiIax, BTN OT MPOU3BOJICTBEHHBIX
IIEHTPOB CO3/7aTh MOIIHBIC MTPOMBIIIJICHHBIE YCTAHOBKH JJisi oOecconuBanus Hedrel. Hamu Obutm
TOOBITBI PEKUMHBIE JIMCTHI HE(PTENEPErOHHBIX 3aBOJIOB, B KOTOpPHIE BHOCSTCS 3HAYCHHS
HU3MEPSIEMBIX TEXHOJOTHUECKHUX IMapaMeTPOB.

Ha puc. 1 BuniuMm pe3ko nepeMeHYMBBIN «UCTEPUUECKHMI» <«(IMKOBBIN» XapaKTep HMKHEU
KPUBOM — KOHIIEHTpAIMs COJieH Ha BXOJIE €CTh CIICICTBHE IOCTYIUICHHS HePTEeH HE TOJIBKO C
pPa3IMYHBIX TOPU30HTOB WJIM CKBaXXHWH, HO M C Pa3HBIX MECTOPOXKICHUW M MO MHOTHM JIPYTUM
npuunHaMm. CornocTaBisisi JaHHbIE BEPXHEH M HUXKHEW KpUBBIX, paccMaTpuBasi UX 3HAYCHUS B
COOTBETCTBYIOIIIIE MOMEHTHI BPEMEHH, BPSJ JU MOXXHO YTBEP)KIaTh, YTO MEXIY HHUMH €CTh
(yHKIIMOHANIbHAS 3aBUCHUMOCTh. BCIECTBHE CIIOKHOCTH TIPOIECCa, YYUTHIBATH BCIO TaMMy
(UBUKO-XUMHYECKHUX, JJCKTPHUECKUX, TUAPOJAUHAMUYCCKUX, TEXHOJIOTHUECKUX H JIPYTHX
CITy4alHBIX MPOIIECCOB OOBIYHO HE YIAAETCS, M CTPOSTCS MOJEIHN IO JTaHHBIM WHTEPECYIOIIETO Hac
oObekTa. Takum oOpa3oMm, MOJENIb JOJDKHA MPABAONOAO00HO IMOBTOPHUTH MPOIECCHI, HIYIIHE B
JBOMHUKE. DTO CXEMAaTUYECKH MPEJICTABIECHO B BHUJI€ TaK HA3bIBAEMOI'O «UEPHOIO SIIHUKA» C TEMHU
’Ke€ BXOJaMH U BBIXOJaMH.

X(t) Y(t)

YcraHoBKa

Bbuti  Takke Y4TEHBI MOTPEIIHOCTH, BO3HHUKAIOIIME TMPH MPOBEICHUU 3KcriepuMeHTa: 1)
cucreMaTrueckue; 2) rpyosie; 3) cirydaiiHble.

CucreMaTu4ecKue — MOBTOPSIOIIUECS TPH KaXKIOM U3MEPEHUH, ObUIH OTMETCHBI.

I'pyObie —mo 3akoHy 3-X curMa

P{|X — M(X)| < 30,} = ®(3) = 0,997,
rae ®(a) - HOpMaIbHBINA HHTErPAJ, YUTCHBI.

Cnyuaitasie — st Hux M{|X — M(X)|} = 0, ecii @ eCTh HCTHHHAS «CTOMMOCTB» H3Mepsie-
moit Bemmumubel, To M(X;) = M(X,) ~ --MX,)=a, a=X, DX) =MX, —a)*> = M(X, —
a)? = -+ M(X, — a)? = 0 - uHTepBaN HaICKHOCTH.

VY4uThIBask BBINIECKA3aHHOE W OMHPAsCh HA MMEIOUIMECS TaHHBIC BBIOOPKH, KaK OOBIYHO B
mo0OHOM cHuTyaruu, Oepercst cpefaHee apupMeTHIeckoe Y, U MoxydaeM yCIOBHOE dIMIUPUUYECKOE
CpeaHee 3HAYCHUE, ISl BBIYHACIICHUSI KOTOPOTO HAJI0 3HATh paclpeieiicHHe BEPOSITHOCTEH H3ydae-
MO CIIy4allHOM BEJIMYMHBI, KOTOPOE HAM HEU3BECTHO.
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Puc. 1,a
Jns npBepKM MNPaBUIBHOCTH TUIOTE3bl Hy), Saq)I/IKCI/IpOBaJII/I KaKylO-TO BCIIMYUHY

KOHIIEHTPALlUM COJIe Ha BXOAE W BBIOpPAM BCE 3HAUCHUS KOHIICHTpAllMH Ha BbIxone. Ecmm
runore3a H, BepHa, TO Ha BBHIXOAE, NPU (PUKCHPOBAHHBIX 3HAYCHHSIX Ha BXOJC, OJDKHBI
COOTBETCTBOBAaTh OJIMHAKOBBIC 3HaUEHUS Ha Bhixoze. Ho u3 puc. 1a BUAHO, 4TO 3TO JaleKO HE Tak,
TO €CTh, MMEIOTCS 3HAYCHHUs B OMNpEAeNIeHHbIX MHTepBanax. Hampumep, mpu 500 M2 Ha BXOJE,
umeem (10 M1 =30 len) Ha BBIXOJIE, YTO M MOJTAIKHUBACT K YCPEAHCHUIO UMEIOIINXCS JTAHHBIX.
BcenepcrBue 3TOro mony4ymiau KHpHYIO TOUKy Ha rpaduke (puc. 1, a). [anpHeimas mporenypa
TaKOBa: CHayaja Ui pPa3JIMYHbIX 3HAYEHUW BXOJHBIX KOHIEHTpauud X  cTposTcs
COOTBETCTBYIOIIME TOUKH Y (mMoyiyyaeM 00JIaKO JAaHHBIX), a 3aTeM MPHU KaKIOM 3HauCHHH X, TO
€CTh, Ha KKJOW BEPTUKAIH, YCPEIHSIEM UMEIOIINECs NaHHBIC U MOJIydaeM Ha0Op >KUPHBIX TOUYEK
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(puc. 2), KOTOPBIi TaeT BO3MOKHOCTD OMPEAETUTh KOPPEIAIMOHHYIO CBsi3b Mekay X u Y. [Toxoxke,
YTO TOYKH JIEXKAT HA MPAMON — MOYKHO IIPOBECTH MPSMYIO, K KOTOPOH TOYKH IMPHUMBIKAIOT BECbMa
omusko. Ee ¥ B3aIM 3a MareMaTHyeckyi0 MOJeNnb CBs3W BbIxoja co BxoaoM. Croib
HE3HAYUTENIbHBIM HAKJIOH NpsAMOM oTHocuTenbHO ocu  OX yka3blBaeT Ha TO, YTO YCTaHOBKA
MaJI04yBCTBUTEIbHA K U3MEHEHIO KOHIIEHTPALIMU COJIEH Ha BXOJE.
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Puc. 2
N3menenne xoHuenrpamuu Ha Bxoxe B 10 paz (100 m/n <1000 m/n) maer m3meHeHHE

KOHIIeHTpanuu Ha Beixoze B 1,5 pasa (16 m/nm +24 m/n), (1 m/n nexur B mpenenax TOYHOCTH
U3MEPCHUS).
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YK 622.244 I.X. Bapwanomupgse, B. 3. Xutapnwsuau, M. O. AcatnaHm

WU3YYEHUE BINAHNA CMAYUBAIOLLLEM CNOCOBHOCTU ®U/IbTPATOB
BYPOBbIX PACTBOPOB HA B/ZIATronornoweHUE rNMUHUCTbIX NOPOA,

PE®EPAT: MNpu 6ypeHnM IMUHUCTBIX NOPOS, NOPOA0PA3PYLLAIOWMIA MHCTPYMEHT CO3J4aeT MUKPOTPELLMHBI, MPU KOHTaKTe GuabTpaT
6ypOoBbIX PaCTBOPOB MPOHUKAET B MUKPOTPELUMHBI U YBAANKHAET [IMHUCTYIO nopody. Yem nydylwe cmaumsaeTt GpuabtpaT
TAMHUCTYIO nopody, Tem Bosblwas macca pactBopa byaert etlo noraoweHa. 3TOT npouecc Bbi3biBaeT HabyxaHue nopog,.
TeopeTnyeckn UccneoBaHO BAuAHME dunbTpaTa BypoBOro pactsopa Ha BAAronorioleH1e rMNHUCTbIX nopoa. Ha ocHose
3TOr0 AeNaeTcA 3aKAYEHUEe, YTO NPU BypeHWU CKBaXKMH ONA NpeaynpexaeHus HabyxaHuAa TAUMHWUCTbIX nopoa mnpu
KOHTaKTe ¢ 6ypoBbIM pPacTBOPOM HEOHXOAMMO NPUMeEHeHWe pacTBopoB, 06paboTaHHbIX MHTMBUpPOBaHHbIMK A06aBKaMM.

KNKOYEBbIE CNNOBA: ¢punbTpat 6ypoBOro pactsopa; NPOHULLAEMOCTb; HabyxaHue; BaronornoLeHue.

1. BBegeHue

[Ipu BHenpeHHMH MOPOIOPA3PYIIAIOLUIETO MHCTPYMEHTAa B TJIMHHUCTYIO IOPOIY B CaMbId
HayaJIbHBII MOMEHT 0Opa3oBaHWs HOBOH TMOBEPXHOCTH (CTEHKH CKBa)XHHBI) MOPBI TJIHHUCTOM
MOpOJbl  €Ille He 3amoiHeHbl Boaoil. CrnaboyBinakHEHHas TJIMHUCTas MOpoJa BeleT ceds Kak
MOHOJINT, HO Cpa3y ¢ HauWHAeTCs (U3MKO-XUMHUYECKOE B3anMoJeicTBHE (uibTpaTa OypOBBIX
pPacTBOPOB C BHOBb OOpa30BaHHON MOBEPXHOCTHIO. HaumHaeTcs NMPOHMKHOBEHHE BOJBI B HOPEI
TJIMHUACTON mopoabl. B pesymbrare paboThl MOpOAOpa3pyHIAIONIEro MHCTPYMEHTA 00pa3yroTcs
MUKPOTPEIIMHBI, KOTOPbIE TaKXKe SBJISIOTCS KaHaJaMU JJIS TIONaIaHusl BJIard B TIIMHUCTYIO TTOPOTY.

Takum o00pa3oMm, NMpH KOHTaKTe (MIbBTpaTa C BHOBb 0Opa30BaBIICHCS MOBEPXHOCTHIO
TJIMHUCTOM TMOPOABI MOJ JCHCTBUEM KaNWUIAPHBIX CHJI (PHIBTPAT MPOMBIBOUYHOW >KUAKOCTH MO
opaM M MHUKpPOTPELIMHAM IPOHMKAET B MPOCTPAHCTBO MEXIY MHKpOArperatamu, YyBIaXKHSII
TJIMHUCTYIO TTOPOTY.

2. OcHOBHaA yactb

YeM nydmie cMauuMBaeT (QHIBTPAT TIMHUCTYIO MOPOAY, TeM OOiblIas Macca >KUIAKOCTH
Oymer ero mornomeHa (Tem Oonplie OymeT CTemeHb  3amojHEHHs Mop Bojoit). Ilpormecc
KaIlTMJUTISIPHOTO BCACBIBAHUS MIPOJOIDKACTCS 0 AOCTHIKCHHS PAaBHOBECHS, MTOCIIE YEro HAYMHAIOTCS
BTOPUYHBIC MPOIIECCHl — OCMOTHYECKOE TOTJIONICHHUE BJIATH, MPUBOIAIICE K HAOYXaHHUIO U TUCTIEp-
THPOBAHHIO TJIHH.

Ecnu ¢unbrpar npencrasisieT U3 ceds BOAY, TO MOTJIOLICHWE BOJbI MPUCTBOJIBHON 30HOM
Oy/leT MakCHMaJIbHBIM, €CIH K€ (QHIBTpAT MPOMBIBOYHOM >KUIKOCTU OyJeT cojepkarb B cebe
HHTUOUpYyoIKe 100aBKH, TO Macca MOMIOMICHHOTO PacTBOpa OyAeT MeHbIIe (32 CUET YMEHBIIICHHS
CMa4YuBaHMs).
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OueBuAHO, YTO MPUMEHEHUE OYPOBBIX PACTBOPOB, 00OpaOOTAHHBIX PACTBOPAMU 3JIEKTPOIIH-
TOB, HE MPEJOTBPAIIACT PA3PYLICHUS CTEHOK, a TOJIBKO YMEHBIIAET WHTEHCUBHOCTh OCHINEH U 00-
BAJIOB.

JlanHOE yTBepKJIeHUE MOATBEPKIAACTCA U MCCIECOBAaHUSIMU HaOyXaHUs TJIMH B Pa3IMYHbIX
cpenax. B pacTBopax 3leKTPOJUTOB U MOBEPXHOCTHO-AKTUBHBIX BEIIECTB IO CPABHEHUIO C BOAOU
HaOyxaHue YMEHBIIACTCs, HO BCe-TaKu uMeeT mecto [1-3].

VBenuueHue BIAXKHOCTU TIJIMH MPOUCXOAUT MYTEM BCACHIBaHMUS BOJBl M Pa3BUTHS
HaOyxaHUs. DTO COINPOBOXKIACTCS pPa3pacTaHUEM MOJUMOJIECKYISAPHBIX CIOEB U OClIabIeHHEM
BHYTPHUCTPYKTYPHBIX CBsi3eil. HaOyxaHue sIBIsS€TCS OCHOBHOW NMPUYMHOM TMENTHU3AIMU TIIMHUCTHIX
arperaros, MOATOTABIUBAIOIIEH MTEPEXO0/ X B CYCIIEH3UPOBAHHOE COCTOSIHOE MPHU U30BITKE BOJBI.

BcacbiBanue sBiseTcs KanmWULSIPHBIM MEXaHH3MOM, OOeCledMBarolIMM IMPOHUKHOBEHUE
JUCIIEPCUOHHOM Cpezbl, BHITECHEHHE BO3[yXa W3 IOp, CMAuMBaHWE BHYTPEHHMX MOBEPXHOCTEU
paszzena, pa3MsIrdyeHUE KOHTAKTOB MEXJIYy 4YacTUIAMU. B OTKpBITBIX TMOpax BcachlBaHUE
OTIPEIENIACTCS KAMWUIAPHBIME CHJIAMH, a 3aKPBITBIX — Pa3BHBACTCS aAre3HMOHHOE (KaMWLISIPHOE)
nasinenue. Kak u oObluHOE cMauMBaHUE, BCACBIBAHHE OCIOXHEHO THCTEPE3UCHBIMH SIBJICHHUSIMH,
BIIMSIHUEM JIUCIIEPCHOCTU U IOPUCTOCTH, MOJIIPHOCTHIO MOBEPXHOCTEN, UX 3arPSI3HEHHOCTHIO U T. II.
PesynpraroM 3TOrO ABISIETCS pacTATMBaHUE IPOLECCA BO BPEMEHM U TPYIHOCTh JOCTHXKECHHS
PABHOBECHBIX COCTOSIHUM.

ITo mepe pa3BuTHa HaOyXaHHs MPOUCXOAUT MEPECTPOIKa CTPYKTYpHI, pa3pylIeHUEe Mop U
NepeyKiIaKka YacTULl, CONPOBOXKIAIOLIASCS yCAaAKOW. Y TOIIMX, AWJIATAHTHBIX MHHEPAIOB 3TO
MPOSBIISIETCS TOCTATOYHO OTYETIMBO. Y Oo0jee IUIaCTUYHBIX OOBEKTOB IMEpPBOHAYAIbHAS yCaJKa
MacKHUpyeTcs, a 3aTeM B pe3ylibTaTe TUApaTaluu C H30bITKOM IEPEeKPbIBAETCS YBEITUYECHHUEM
o0bema. Ilpu 3TOM BO3HHMKAeT HOBasl CTPyKTypa, Onu3kass K TOI, KOTOpas HMEEeT MECTO B
CYCIIEH3MM, M OTJIMYAIoIasicid OT HEE JIMIIb 4acTOTOM KOHTakToB. K Takoil cucreme MHOHATHE
MOPUCTOCTH Y€ He mnpumeHuMo.llpucyrcTByromas B He MMMOOWIM30BAHHAS BOJA CIYXKHT
HMCTOYHUKOM JalIbHEUIIeH THapaTalliy TIyOMHHBIX 30H TTUHUCTHIX YacTull. CucTema 3Ta sSBIseTCs
TEPMOJAMHAMUYCCKH PAaBHOBECHOW. Bo3HMKaOmMiA B pe3yabTare TUApaTaluy 1eGUIIUT BOIbI B HEH
BOCITOJTHSIETCSI U3 OKPYIKAIOIIEH CpeIbl OCMOTHUSCKUMH criiamu [4].

Wrak, kanmuuisipHOE BCACBIBAHME BOJIBI B IMNIMHUCTYIO MOPOAY MPOUCXOIUT MOJ JEHCTBHEM

KalmuJUIAPHOI O JaBJICHUA!

P = cosby, (D

i€ 0q,-TIOBEpXHOCTHOE HATSKEHHE BOJbI;, O-yroy cMauMBaHus; h-IIMpUHA KamWUIpA.
B cnyuae, korma npumeHsieTcs HHIMOUPOBaHHAS MTPOMBIBOYHAS YKMJIKOCTh, UMEIOIAsl yroJl
CMaurBaHUs 01 U MOBEPXHOCTHOE HATSHKEHUE O,,, NP KOHTAKTE C TOW K€ IJIMHUCTOW MOpOJon

6y;[eT BO3HHUKATh KAIUIIJIAPHOC NABJIICHUC!

P, = cosby, (2)
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TOorJa
P o0y,cos0

o= 3

Py o,,c0s0,

VYron cMaunBaHus 6 pu KOHTaKTE MIMHUCTOU MOPOBI ¢ BOJOM cunTaeM paBHbIM 0, Toraa

P 012
b=, )
1 01,080
Wi
— = 5)

my  0,,c050;
IZIe M-Macca JKUAKOCTH, MOIJIOIIEHHAs INIMHACTOM MOPOJON IPU KOHTAKTe ¢ IUCTHIIIMPOBAHHOU
BOJIOM; mq-Macca BOJibl, MOMIOIIEHHAs! TJIMHUCTON MOPOJON IpU KOHTAKTE C (PUIBTPATOM HMHIUO-
MPOBAHHON TIPOMBIBOYHON JKUAKOCTH, HMEIOLIEN Yroia cmauumBaHusg O; U IOBEPXHOCTHOE
HATSKEHHE 07 .

01,€0S0

Takum obpazom, m; = m B nannoii ¢opmyne m- NOCTOSHHAs BeIMYMHA IS

012

KOHKPETHOT'O THUIIA TTTUHUCTOU MOPOIBI.

Ho u3Mepenue kpaeBoro yria cMauMBaHHUs Ha MIMHUCTBIX MOPOAAX HEBO3MOXKHO, TO3TOMY
MPUMEM JIOMYIIEHHUE O TOM, YTO Ha MOBEPXHOCTHU IIIMHUCTOM YaCTHUIIBI KPAa€BOM YroJ MEHSIETCS Tak
K€ KaK U Ha TOBEPXHOCTAX CTEKJIA.

N3BecTHO, 4TO n0OaBICHNE MHHEPATBHBIX COJIEH MPAKTHYECKH HE M3MEHSICT MOBEPXHOCT-
HOE HATSHKEHUE BOJIbI, TO3TOMY MOXHO CUUTATh, YTO 0-1’2:'40-12- Ucxons u3 sroro, ¢popmyna (5)
MIPUMET TaKOW BUJ!

m, = mcos6. (6)

Ha ocHoBe npBeAeHHBIX TEOPETUUYECKUX HMCCICAOBAHUN MOATBEPKIACTCI MHEHHE O TOM,
YTO Macca BOJIbI, KOTOpas TOTJIOIMICHAa TJIMHUCTOW TOPOJONH TIPH KOHTaKTe C OYpPOBBIMH

pactBopamu, oopadotanubivMu [TAB, paBHa:

01,€0S6
m; =m——.
012

Ho maccy Boabl, KOTOpasi MOTJIOUIEHA TIIMHUCTON TMOPOAOM NMpU KOHTAKTe ¢ OypOBBIMH

pacTBopamu, 00pabOTaHHBIMU AIEKTPOJIUTAMHU, MOKHO PACCUUTATh 1O hopmyIie
m,; = mcoso.

W3 BhIEn3m10k€HHOTO BUIHO, uTO AoOaBieHue [IAB B Bomy OypoBBIX pacTBOPOB CHUKAET
CIOCOOHOCTh CMAUMBAaEMOCTH JKUAKOCTH U PEryjlupyeT MOBEPXHOCTHOE HaTsDKEHHE, HO
n00aBlIeHHE 3JIEKTPOJIUTOB B BOJAY M PAaCTBOPHI CHIDKACT HMX CMAuyMBAaEMOCTh, a YTO Kacaercs
MOBEPXHOCTHOTO HATSKEHMs, TO 3Ta BEIWYMHA J00ABJICHHEM D3JIEKTPOJIUTOB IMPAKTUYECKU HE

U3MCHSCTCA.
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3. 3aKknroueHue

Taxum obpazom, yBrnaxkHeHHE U HaOyXaHHE MIMHUCTBIX NMOPOJ BBI3BAHO ITyTEM BCAChIBAaHUS
B MOphl. B TO ke Bpems MPOUCXOIUT CMauMBaHHE BHYTPEHHHUX MOBEPXHOCTEH TIOpP U CHUKECHHE
BHYTPHUCTPYKTYPHBIX CBsi3eii. HaOyxaHue sIBIsS€TCS OCHOBHOW MPUYMHOM TMENTH3AIMU TIIMHUCTHIX
arperaros, HOI[FOTaBJII/IBaIOH_Ieﬁ nepexoa HMx B CYCIHCH3HPOBAHHOC COCTOSHHC. BcacreiBanue
SABJIICTCA KAlIUWJIJIAPHBIM MCXaHHU3MOM, OGGCHG‘-II/IBaIOH_[I/IM IMPOHUKHOBCHUC I[HCHCpCHOHHOﬁ CpCablL
B nopbl. [Ipu OypeHun CKBaXXHH AJIS IPEayNnpexaeHus] HaOyXaHUs TTMHUCTBIX OPOJ HE00X0AUMO
MIPUMEHEHHE OYPOBBIX PACTBOPOB, 00pa0OTaHHBIX MHTHOMPOBAHHBIMU JTOOABKAMH.

Jluteparypa

—_

6. 83glsdg. bsgmmdols s soMol sdndOmamgdol dnOmgs. mdomobo: gsbsmemgds, 1993.

2. bynatos A. U, MeHkos A. U., Mpocenkos 0. M. CnpaBOYHUK NO NMPOMbIBKE CKBAXKMH.
M.: Hegpa, 1984.

3. baposckui H. A., ®aimaH B. M. bopbba c ocnokHeHUAMM Npu BypeHun rnyboKmx
CKBa)XUH 3a pybexom. M., 1986.

4. a. 3863smmdody, 3. boms®0dzomo, 3. sbsmosbo.  0630doGgdmmo Lsdndmo blbsGgdals

33960l Bqlfagms  mobydo  Jsbgdols  dpgmsmdsty  Fsdm®momgdol  dGmzalisl//

bsJsrmnggemel bsgommdo s asbo Ne24, mdoemalio, 2009.

68



LNIHNSINAOLM LIBIGE0IAM-GIFE3IA0 LIEBMAINGOM 34650 , IO UBIML 6530Md0 LS 3SB0-
SCIENTIFIC-TECHNICAL INFORMATION- INTERNATIONAL JOURNAL ,,GEORGIAN OIL AND GAS" A25, 2009
MEXXOYHAPOLOHbIN HAYYHO-TEXHUUYECKUA, UHOOPMALIMOHHBIN XYPHAN ,,HE®Tb U MA3 MPY3UN"

3IB6NIAIBY = IVAKINL IGITN SIT6NID R SHEMMBNI. IA03NL IISMIISNBIVNY -  SCIENCE

JS3 622:24 0. amg7edg, 8. 6g3bady

d6d®@3dN0L 35656 IBSR0D FId&MIS0

®J3BIGOB0:  65FO™ITo  [odBmpygbogmos  aobobangdswo  gbgdgool  gbgo  FysMmgdo gsdofol, dbol e
3emobgBgdol  LogMmgdo, GmameE  30Mggmso  gbgdaos s domo  goMEsdbbols B gd6ogn@o
Lodgoam gdgdo.

39Mdm, dmygobomos  Lobsmaol  gbgdaool  gm@mgmmGy@o o®MesJdbgdo  o39dms@me gan
45B0Mgolmob gomoE, GmIgmoi boByomgdol agodaggl 0bgg@lbodmgdoo gbom dogommmn 220 gmeando,
Lboddensgdod  2,5-3  333-9pg. 0p0 egolomgol ggmbmdoy®o s  ggmemmpogdse  Lygoms  Lobdgdss,

Gmdgeoi  Igbodmms  aodmygbgdyge  odbgl 830y @sbobargdygan  396JB9dF0,  By@olGym
0683G5LBOYJHYH>To, Jomlowgbgdols s3gol s Labogbogrm gagd@@mdmds@aggools LolidgdsTo.

1533560 LOBTZIBN: Aobobangdswo gbgdans; YmEMgmA YO0 yo®esdJdbgamo; 0bgg®@mmo.
dgbagamo

969000l aobobangdo  [yo@-
9ol [o@dmoagbl  wgesdofs, dby
> 3amobg@gdo, GmIggdoi ybgow od-
gq305b  gbg@gool, Gmdgmoi  bos
3oOEsgJdbsm  gagHogm  9bgdaooe
s> (3bmgMgdsdo godmgoygbmo.

l-ge0  Bob-bg  [o@dmwagbogros
969000l aobobgngdoo  [go®mygdo,

athsgmo 3@ygsdy,
B30bg0bdm  sgsgdools Lads@om &)(Y)BZ]Q(DO 2)08(’{):1{]6860 QQUSOBQ{]QO 30d6. 3906. @m0, Lemmo
sgoglogobo, bihgob »3ebgd- Bqdhogols o  Ggdbmemyools LTy 36ng. byl gmadbeodadbogels

3. 699bady,

moggdol dgeegol Bgdbogols
©8 Bgdbmermaoal® d0dstrory-

wgdol byedd@gebgemo, ob.- @0. XJOXJNMd00 3z0bes Fo@dmyo- @0l bymddmgsbgmo, Ladstmgg-
Bo. Bub. gofboGo, Wogmo  waobmo  dboli gbgdaool  ao@Esddbs  wob gyaaogl sgegoot Fos-
3oggboto 60, 1306706600 sgogdools Foger-go-
220JHO0gbgO0oR,  Omdgmdog o bosebronfibo
dmygbgdygmos  gowdoydol  dgdi3g9e00
BmAMgEgdgbBgdo, GmIgemms dog® [o®dmJdbogro gengB@m-
969005 do@mognos d3009g Lowoolss, dog@sd Lodysmgdols ygodenggl ao@sd]dbg-
oo dogowemm ol Loddensgdyg, @mdgenoi dgbsdanms godmoygbml gmggands mxobds
300500 dmbds®gdologol. dg-2 bob-bg dJmygobogros gangd@@mImdsdspgdol Lol gdol
beopswo Jgds, dmdgeoi ToMmdmowyobs go®ds Self-Contalned Power Super System-ds [1].
dbols Lobsmanol gbgmyool BmEMmgmE@Gyao gomesd]dbgagdo s o39dygms@m-
@gbol do@oMgs gOmoe [o®Imowagbls d3ocg Loddasg@ols ggmemaoydoe Lyxms
9690300l Fgodmb, Gmdgmoi dgodangds 9939]dg6e 0dbgl godmygbgdygao dEomy
Loddanog@ols gengdB@gao gbgdyools olgm dmdbds@godem gdolomgol, Gmdmgdoz oo

5 Rs 9maddOmbytaghogame Rsbsg-
0 -
OQZ]?)O(” (Y)OSO[) JBE oS ‘Hg]bodgm{]&{] 396900L  ©0sgbeligozol dodstro-

69



LNIHNSINAOLM LIBIGE0IAM-GIFE3IA0 LIEBMAINGOM 34650 , IO UBIML 6530Md0 LS 3SB0-
SCIENTIFIC-TECHNICAL INFORMATION- INTERNATIONAL JOURNAL ,,GEORGIAN OIL AND GAS"
MEXOYHAPOLHbIN HAYYHO-TEXHUYECKUN, UHOOPMALIMOHHbLIN XYPHAN , HE®Tb U FA3 MPY3UN"

N225, 2009

3IB6NIAIBY -

JbdMANOL d9606RIESR(OD Vdom(MIS0

30@3IRSR0O
J63@dO0L
Vdom(Mas0

35633 Id0

70

JVAKRINL IGITN SIT6NSD R SHEMEMBNI. PA0INL ISMIISNBIVNY

SCIENCE

J63®d00L J63@d00L 39(M®@SR0
436356030 &33603360) 3(Mb35®IS IR0
00MRd>ITbS 00MRd>IB6S J6J@d0S

BAMMIGISR IR0
LARSFOVOL BIMMI- IR0I5AMLIRIIG0

@35 I LOMB)

300 0IGISRAIG(0
MB3MBSRdIG0

J0RAHMIRIIGAHMLOR-
03330 LHSROSVHI) KRS
030MR06Id5R0

SGHILBIGIRNO 6>~
343806 SM@MI=RIdY

45@0L I6IGdIBHN3 IR0

SHIMLBIGIRO QAN65235®IB0

353606 8MdAHSM b

BR300
IRIIGAELSRDIGISB0

BHHRRIA0
= IRIIGAHMLORDIIGID

| 8584063563300
! IF2IGEMLSRBIGHIB0
res SRR e
' — 03960
RIRSBOVOL HIRS- 22IISHMLILB VIO
3060L °5 SBIN- | — ,
BIAML 0BCVIESH0- D i
56(M30L 03069350 4 02060 ©2850330
IRIIBAMLIRBIGIB0
30035L5HI
300BSLOL TSGBMT3S
BOSMLOEMILO
AMTHIMBOLM3S60,

@MIRI306 VomaMda-
6056 LOOIML

| 3me00massmmas
L

0L MBdIBN
3MRAI&GM@0

JI‘u(‘)(")(")C'S-'{’I}dt:‘at"w(")ﬂl’)“o()

LoV3530

603M0I@IdS

aMdaBoads RS 9(MdBI3S5-333d6I30L
949d633S INIIGAMLSRdIAIBO

bob. 1. aobobangdswo gbgtgool Fystimgdo dodomswo bsfogmo



LNIHNSINAOLM LIBIGE0IAM-GIFE3IA0 LIEBMAINGOM 34650 , IO UBIML 6530Md0 LS 3SB0-
SCIENTIFIC-TECHNICAL INFORMATION- INTERNATIONAL JOURNAL ,,GEORGIAN OIL AND GAS" A25, 2009
MEXOYHAPOAHbIA HAYYHO-TEXHUYECKUIN, UHOOPMALIMOHHBLIN XYPHAN , HE®Tb U FA3 MPY3UU"

3IB6NIAIBY = IVAKINL IGITN SIT6NID R SHEMMBNI. IA03NL IISMIISNBIVNY -  SCIENCE

e O

bob. 2. gagJBHmImIstsggdols 53Gmbmdogmo Loldgds Self-Contalned Power Super System

dobdognomss @sdm@gdyemo gangdB@ o 9bg@a00l Lool@@odyiom Jlgmowsb. do-
00 53 Jlgaosh 9bg@a00m 3390s o @g9dbogy@ Lodmymgbmsbss ©sgo3d0Mgdyeo
©>  93mbmdogyg®om  2o9ds@magdgeos. Sbgmgdos: dEoMgaoibmgsbo  wsbsbangdgdo,
2oblogym®gdom dJmosh Gs0mbgddo, GHy@olEymo 0bg@OSLEAGY]B Y, bogmdybogsiEom
LobEgdol o gggeo  mdogdBgdo, Lobogbogm s3s@e@ycs, @opomdydytgoo s
Lbgs. sbgmo Godol dmdbdodgbgamms g gdB@ymo gbgdao0m §bOYbggamymeys dgod-
@agds 2obbm®zogmogl 9 Igomme I gedogo ©gbom, 12-24V dodgomn ob  gOmBsbo
(3gs0oo gboom 220V dsdgoby.

_ e, N A

6ob.3. %ol boﬁom;m;)b 9696200L gemgJ@@ e gbgdgose oMmEsdJdbgmo 3s56gmo

71



LNIHNSINAOLM LIBIGE0IAM-GIFE3IA0 LIEBMAINGOM 34650 , IO UBIML 6530Md0 LS 3SB0-

SCIENTIFIC-TECHNICAL INFORMATION- INTERNATIONAL JOURNAL ,,GEORGIAN OIL AND GAS" AM25, 2009
MEXXOYHAPOOHbIN HAYYHO-TEXHUUYECKUA, UHOOPMALIMOHHBIN XYPHAN ,,HE®Tb U MA3 MPY3UN"
FBENIGEIBY = IVAKINL IHIN SIT6NIY QI SIFEMEMBNI. IIANINL I3SMIVISNBIBNY - SCIENCE

(geoo  ©gbols dmIbIoMgdagdol, dspsmomsw, bogmygsibmgdgdm  @gdbozols
G3gsoo  ©gbols  gbgdao0m  YbOYbggmymas  dgodengds  gobbm®Eogmogl Tyodml
dyedogo gbols (33eoE gbsw AoMWsJdbols ybom, 0bggMBM@OL asdmygbgdom [2].

5399 sBm@gdols do@o@gs [o@mdmowagbls dsdgols Fyodml dgomg dogs Fobo-
Omdom. 5303md, AoMsJdbolols godmygbgdygmo 9bws 0dbgl dodgol  sg@mbmdoy@o
06390@™@0, O®Igols 3@obiodgmo Lgds IJmgdygeos dg-4 bob-bg. 0agmolbdgds,
amd (3300 ©gbols gbgdaools ImIbds@gdgaos Logmgsibmg®gdm Ggdbogs, sdo@mad
06390F™MAO0L ©oB30Mmgs> >J@0ym-0bryioygcos.

VSl

.
[y

G

/‘

~

B

D S
200NV

VD3

VD4

DP ST

VsS4
6ob4. dodgol 53@™bmBon@mo 0bggMm@mmol gangd@@ymo Lgds

bobobbg 1 o®ol dboli Lobsmerols gbg@aooli BmEMmgmeEg@o bobggo®ysd@oe-
A0 3oMEsd]dbgamo, s39dgmsBm@gbol  doGo®gol  gangdB®mdsdmd@eggdgeo  do-
5. doogol Fygodml 3o@oggaa@o ho®mygmos oo Gggomdols 3mbogbls@m®o
h. 06390F™MA o 35dmygbgdbyemos dogodygamo Ljgds, @mdgeroi dogdmgdyeos Ry, L,
©5Bg0Amgobmsb. dobdo (3gamso ©@gbo doowmgds dobo 3g@omeyao dJog@mgdom -
©dogo dodgol  (yo@mbomob, ®o3 bmOGEogmegds VS3-VS4  Fodob@m@gdol  bsdey-
semgoom. VSL s VS22 Go@olmdgdol hodmgolsl @o@godmgsdo ©gbl g@mo d0ds-
Amgegds  ofgl. domo hoggBgol dgdwgy ©@oBg0Mmgsdo wgbo 0bs@hybgdls dods@-
0y gosl VD3ws VD4 womegdols Lsdgemgdoo.

sBgodmgsdo VS3 wo VS4 Fodol@mmgdl hodmgolol ©gbl gl Lofobsswd-
gy d0doOm Y gds, @mdgaols 0bs®@hybgdl HoMolGm@gdol hogg@gol dgdwgass,
VD1 ©s VD2 wompgdol bsdygoagdom.

305JHogms© Mgomobgdbymo d3zomg Loddgog@ol og@Bmbmdoyd  gbg@ymlol-
®9dodo gomgoeolifobgdbymos dmdbds®gdaolsmgols Jofmwgdyeo gang]@@mgbgmyools
bodolbols 9b®ybgganymas 969@a00L 3005393 Mgdol Mganmodmgdolsl s bEsdogno-
bo300l @odsFgdomo Loy gdols godemygbgdoom.

5b3gbs

d3009 boddgrsg@ols o33 mbmdoyg®o  9bgdambol@gds, ®mIgandoi odmygbgdey-
o> dbols 35bgangdo, o393 geo@m@gbol do@Go®gs s Igedogo @gbols geo© ©gbow

72



LNIHNSINAOLM LIBIGE0IAM-GIFE3IA0 LIEBMAINGOM 34650 , IO UBIML 6530Md0 LS 3SB0-
SCIENTIFIC-TECHNICAL INFORMATION- INTERNATIONAL JOURNAL ,,GEORGIAN OIL AND GAS"  AM25, 2009
MEXXOYHAPOLOHbIN HAYYHO-TEXHUUYECKUA, UHOOPMALIMOHHBIN XYPHAN ,,HE®Tb U MA3 MPY3UN"

3IB6NIAIBY = IVAKINL IGITN SIT6NID R SHEMMBNI. IA03NL IISMIISNBIVNY -  SCIENCE

2oM©5dJdbgano dmfymdoemmds egobomngol g3mbmdoygdsm dobsbdgfmboeno LoliGgdss
dgomgmobmgsbo  obobagdymo  39bJBgdol,  Gy@olRymo  0bg@SLEA®YIEY®ol,

Logmdybogozom s doenlbswgbgdol ©ogol s Labopbsgnm Lolidgdgdols gengl@d@m-
dmdo@op goolomgol.

@0 gM>GYMS

1. www. solarlightingitl.com

2. 3. ©39095dg. dogny@o  gangdB®mbogol  Loggydgergdo.  mdognolo:  Ggdbogyco
9b0gg@lo@g@o. 2009.

73



LNHNSINAOLM LIIGE0IAHM-GIFN3IH0 LIEBMNGINGON T3663520 ,1OIIGUBILML 63MMA0 LD ddBl-
SCIENTIFIC-TECHNICAL INFORMATION- INTERNATIONAL JOURNAL ,,GEORGIAN OIL AND GAS" AM25, 2009
MEXOYHAPOOHbLIA HAYYHO-TEXHUYECKUN, UHOOPMALIMOHHBLIN XYPHAN , HE®Tb U F'A3 FrPY3UN"

ABEMAWY - NINLSGIT VAN 63301M33IBLIRIGISN - SCIENCE

‘353 681.586.5 3 939sdg

JORLLIKRIGOL NN056MOL IMBNSMEH0630 M3&N3Ié-
oM&3M3560 &IF6MM30dd0L 3da3aMa00)

Fodeggbomos Lsgedmggemml beobgobtie 83809300l LadsBom s3segdogmlbol o. gmgnsdols g

@3BIGSB0:  In3gdne  bHIGH05d0  3dIMEgINos  Mm3GH03O  dmF3M3sbo  BHgdbmwmmaogdol ®sdpgbody Godob
30BLGHOMJ30900L  FMBsmdol 3606303900, Fowbsgbgdol JMHMbMdOL dmbo@mmobyol gsbbmMmEogwgdols
d0Bboo  Moms  NHOHWO3ggzgmm  Jolsogbol  MLoRGMbMYds,  gobboos  m3BH03MMo  dMF3Mb
306539bmdS bb3s 3gdbmemaogdmsb 803sGmgd530. LEHGH00L 93GMMOob 3096 AsIM39999w0s d93bogtvyem

33093909 ©99Ysmdao m3GH0doLEHMMO 39050 Mm3EGH03MM0 dMFIML IHBME MMEDBY MIYMO30O
LobGgdgdol o330l YOO MBlgWwlsygma3s©, s0b0dbos Mm3BH03MMo dmIF3mL 39ML3gJG0MEMds LHGIRs©
Dm0 g59mfj393900L bodslybme.

533569  LOBYZIBN: M3BH03MM-d0MF3m3960; Fobogbgdol gMHMMdOL Imbo@mMobyo; dgsboghmer 3393909

599456900 m3¢0dolEHWIM0 356(599000; M39M30vIo Loldgdgdol 330l M BOHWBblgEymes.
1. 9glsgoemo

dolsgbols dn0sbMdOL M HOMbzgymas 360d3bgemgsb-
05 B53MB30LY s 2oBOL BHOIBIMOEHOMYOOLLL. JoElogbols dorero-
56md0L oM3935 0§)393L 965 FoOGHM B53MBOLS O FoBOL IBs-
3963L, 50599 oMMl ©sd06IMMGISL.  Foboabol s33ols s
303960353000 sboero Loli@gds, sx3:9dbgdmEo M3EH03MM-0MF 300356
3996 my090%b9, BOH6390gmBL Jobo MLsgMPbMgdOL LsoTgEM-
MOJL.

awqoda,
remd@)mﬁw%o 2. 06030 bsfogro

dologbby gotg Bgdmgdggdol mw 30609 o3moL LHMGs® sdmbgbols o
699200900L 96560 FgLodgdErMdsls  235d¢9g3l Jogomm  LBsodgO™ S MGYYIMO
3905093930 9gds OHMYMEOE Im3wg s dMdge gosd39d boBgdbyg, s19g39 Jolisgbol
3s6sfoergdger Jugwrgdby.

3909 B99md89q00L 50dMbgbs BOHWB39MYMBOW0s M33H03M0 dmF3mL MbsGrom,
50dMBobML @5 obloBOZO™ML  55d0sbol ) bgarlisfyml  doge  dolagbby
296bmM 309930 H9dmddggdol LG dgdIMgMd..

93069 030930 dologbols dmger Loa™Mdgbg s50dmbgbowo @S F5BLEBMIMXIOs
A99396M5GHMOMHOL  WMmIIWOHO  0v)  SBMTsoM©mo (33000 gdool  dmbodmGmobyom o
390dgds 3oMEGH0350 0469L go8my9gbgd o dobsgbol BsGomm Jugerdo.

9069080 4oHBOL gogmbzol 9dmbggzsdo 04dbgds rm3zseMo 3030 Bmbgdo
dobogbols 2969 D300 BY, GHMALMb-xMmMol ds303909o  9R39JGHOL  F9IRO©,

74



LNHNSINAOLM LIIGE0IAHM-GIFN3IH0 LIEBMNGINGON T3663520 ,1OIIGUBILML 63MMA0 LD ddBl-
SCIENTIFIC-TECHNICAL INFORMATION- INTERNATIONAL JOURNAL ,,GEORGIAN OIL AND GAS" AM25, 2009
MEXOYHAPOOHbLIA HAYYHO-TEXHUYECKUN, UHOOPMALIMOHHBLIN XYPHAN , HE®Tb U F'A3 FrPY3UN"

ABEMAWY - NINLSGIT VAN 63301M33IBLIRIGISN - SCIENCE

3H9939M5GHMM0L (33€00gdol s oo 5YHOETYOIMYMBOL 5©0IMBYbs o AoBLEBEZMS
bgds LobEgdol Joge.

3Momy9gbmmo bsHgdo, MmamemoEss LNG (aombg3zsqdrmo dmbgdcmogo 25%o),
LPG(go00b93509990 65300md0l 5060), 580530, goowgbo ©s 5.0. Jdbob (303 DBmbydL
3950630l 990mbg935d0, M55 Bo6EH0350 d90degds 0469l oYgboro.

d0lo69080, HMIYd03 5GIMYOID 250MBIG 3MIMEYYJBHIOL, OHMYMOOESS bdgwo
Bogommdo, 36M5350nwdosbo 3MMm©IBHgd0, MmOMJwo s 5.8. F00sbMdOL IMM3930L
809056MH9Mds Jgodrgds ogboe 0dbgl (H9d3gMoGIMOL oBMHOm, 53 3MMEYJEHIOOL
39530b30L5L.

1599399LM 45HY39BHOWGdS Bs39009LM IMbs399930L Bogwydz9w by

MBOHMB39wYmRl BMLE ©d ©0bs303MNO 0bRmMIszosl 40000-bg dg@o Lbzoolibgs
53000 IMBOEHMMHObYOL Bolo@oMmgdEIs©

MBOHMB39wymxkgl  3nbogomed  dmbsi3gdgdl oMy Bgdmddggdol b ow3zMol
5030 IYO5MGMBOL F5BLEBVZMOM, Ldwdsmls Ms30193)MgdOLIMZ0L

BOHMB39wYmRl  3H9d39M0GIOHME  dmbs3gdgdl dowlbogbol LBEHMWMIGHMOMEO ©s
03MO0BMES(30M0 JNEP056MBOL dmbo@mMobyobomgol

06393dB Mo dmboGm®obaol 3osfy39dho

A®9bol 06399 BH SO0 35sfY39@0L  o3mbEHMMMgdgo Lgblbm®o (DTS)
BHMB3ggmxnl  3H9d3gMed Mol s ©odsdmdol dmbogdms 4ooEgdsl MYo®
©O™do Jolbogbol dmger Loa®mdgby, 5939 GH9gddgMsEGHMIOOL s oMy Bgdmddggdol
9mbs399990L 2oo39dsL 40000-d0g Lbgoslbgs sy0mosb, dsmo obwozomswy®o
5030 dgdsMHgMd0L Qomzswoliiobgdoom.

b LobBgds LEWMEYMBOWSE  SMHOL  BMOYGdo  FoEloEgbols  IEP0sbMmdOL
dmboBmEmobals  (LOOE WOV  WH3S3B0MGONIP0S  MISXMEO  Bgd3gMsGH IOV
330 g090m9b) s JolivsEgbol 4509 Bgdmddggdoobogsd sgol bLoldgdsby.

30 d0M0MIO }9JbMmEMmao0l bolinsmosd 459mdobs®g, 800sbMdOL dmbo-
GMOobyol bbgs LolGgdgdmsb JgsMgdom, DTS dowosbmdol LolEgdol w3oMmsEglcmdy-
d0o:

- YmM390OPOMM0  35MT935¢0  M3JMO30Io  3OM3gLYd0L  (BHAdML Botrogs-
390O™M35) 5 MbYgd0L (3300090930l D993 gboligsb oEMEIMds.

- Gologbol  Fobslosmgdgdol (33090900  Jobogbol  ©0539EHMTo,
LotMd39wgd0ol 8930(MMgds, JoElogbols EIBMMTSE0s) 330 J09d0LOT0 TJMIIMBS.

- 30b0go® (3300090900l (oMgdmlb  ($H9d3gMoGIOHMEo  3060HMdYdO,
360 EHoL LodWsbEY, BsBMMO (33¢00gds) baewdgmbgdEmds.

- 50356 M33039M0-0mF3Mmb bYbLMMYd0 sYgbgdE0s BoEsEgbol FoMgm, ol
56 5839MbgdL ol gbols ogs BEH03MOMBOM M3gMs309dL (Ydol-PIG go3390s).

75



LNHNSINAOLM LIIGE0IAHM-GIFN3IH0 LIEBMNGINGON T3663520 ,1OIIGUBILML 63MMA0 LD ddBl-
SCIENTIFIC-TECHNICAL INFORMATION- INTERNATIONAL JOURNAL ,,GEORGIAN OIL AND GAS" AM25, 2009
MEXOYHAPOOHbLIA HAYYHO-TEXHUYECKUN, UHOOPMALIMOHHBLIN XYPHAN , HE®Tb U F'A3 FrPY3UN"

ABEMAWY - NINLSGIT VAN 63301M33IBLIRIGISN - SCIENCE

LoLEGgdob Bb30Mo glsdErgdEmdYdO S MB30MEIMBYdO

Tran-ob 0b@9gwgd@wmom®o 4505§Y393 0L LYbLMMOL M35 aBGO30 36300
d9L5dgOMBGOO0 S Y30MBHIMOYOO:

- 50-8009 ™M3@03mE-0mF3m3560 56MHbOL bgedolsfzmdmds, Gmd MBEOWbggwyml
dologboll Bommm Jugerol dmbo@mMobao, DTS-ob gbhmo ghmgmwo geHmImEosbo
O™ F3mb dog6.

- 005 Bo3mdmbozszom sOJoBdgd@ e  FomEH03 s LY0TJEOM™ YMHMOGMHMJIJIISL
BOHMb3gergmxl Igladg Fbomob LoLEgdn® Jugwgdmsb (Ethernet, OPC, SCADAos 5. d.).

- 000MJ0 0Ebogbo J9HBMMIZ BMbgddo Tgodwrgds 2560LsBOZIOML Loybs-
w0DsE00lL 39w 3gMo 30390000 ©s Lo3MbEGOMm™ 8608369 mdom LoybswoBsool
3939990 GH03900LsmM30U.

- 3539060 69500300l 535M5GMo  MBOHMBlgymaBol FoGom  bdgd@Geo,
bgadobsfizmdo 3Mmgd@ol dmmbmgbgdols olisddoymBowgdws.

- 30390 OSRB6MLEH03MOO0 MZ0TIOMNZS S 93EMbMI0MEMO 3MFoMds MLOBOHNOLM
390OM30L5 S 93BMAdEHMOO 3593980l FgLsdEgdLMBO.

- m3&0316M-00F30m3560 35090l boodgm 3mblE®Y30o.

- L5303 BMbgddo 45dmygbgdolismzol dalaxggMolo s JegdE®™MIogbod Mo bgdmd-
3900900L5d0 IEPMO LoLEYTs.

- 99LoxggMOLO OO s IMPYHBODYOMWO 36OMgdEHgdolm30L.

dologbols dmbo@mmobyol 3GmaMsdrmo Nbembazguymass

DTS 89b9x 960l 36ma®58mwo BEOHb3gemymaols sbsds@ds SensorTran gobsgomo-
65 1393050 g5dmygbgdomo 3MMYMsds Jowrliv)bol Jmr0sbmdOL »bBMHMblgmymao-
Lomgob. LobiEgds LodsEgdIL 0dEg3s oMYl FolsEgbol JmE0sbmdols mw
3909 B99mgdggdol 36030930, 3H939MGHMOME0 358mbobmmgdgdo, LogmbEmmem
06533530900 DMLGHO Laboo.

59 LobiGgdol 6039MLHEMOMDdS BsTwYSEGdSL 0dY3s, S3MJM3Y, FoMTMoa0bmls
Ambs399m5 49dmLsbgs M9oe e GmM™Jo.

9059696 53938060930 M3BH03MM0 dMFIML AMOBOIMWO A5TMLEBLIMgdS
1539905l 0d9g35 oM YObML Folsgbol BoDo3MMO FEYMTIMYMOS.

dologboli BEaMmdstmds s dolo Fgddgho@OH o 3OHMBOWO (FMHOR0IIWO
@S $99396M5GHMOHMo  sbsmzgools  LEsmo)  GHMIBOME  ©OsRMHTBMID  gPHDo©
Bomoqss odmbsbmeo SCADA-U 3mbodm®by.

76



LNHNSINAOLM LIIGE0IAHM-GIFN3IH0 LIEBMNGINGON T3663520 ,1OIIGUBILML 63MMA0 LD ddBl-
SCIENTIFIC-TECHNICAL INFORMATION- INTERNATIONAL JOURNAL ,,GEORGIAN OIL AND GAS" A25, 2009
MEXOYHAPOOHbLIA HAYYHO-TEXHUYECKUN, UHOOPMALIMOHHBLIN XYPHAN , HE®Tb U F'A3 FrPY3UN"

ABEMAWY - NINLSGIT VAN 63301M33IBLIRIGISN - SCIENCE

Tia' fimpty Tadls e

o,
(ERsemimrni

| Pipakse St i‘pphm:

POAT TENE NE S I3 20000 35 36 3T 2038 010 30 W 36 8 0000 1A A A &

:-TH;'IEMWM ilulgnr

HEdHEH R EE

v
e

e 11 oo 1532 |
Trate e —

h Ph:ahhimlmﬂu,ri,lmr --Syrgm_'h‘uu.u
w's:?u a
el s
— — ™ m e S N
O e o
naphc @ | Ima. B3 P
Trcs Fokkin 5 EShm _?Emw -

e M 5= - B
0990bggzoms godmgmmgbs

Ground Level

T

Intrusion Event Leak Event
6711m i

[
o

&
=3
5
&
E
=

Distance {m) Distance {m)

33039160 dmF3mL 0bLEIESE05 ©s 3963MEMds

99560 Mm3GH03MM0  dmIFZML 3909w gdol  Gsdmm  b3gdBHeo  bgwdolsfgomdos
1393080329600 3MXMgdBHJOoLS @S LOOBLEBHIWSEOM FMPBM3H6gdOL lS3TIYMTBOMGIS.

77



LNHNSINAOLM LIIGE0IAHM-GIFN3IH0 LIEBMNGINGON T3663520 ,1OIIGUBILML 63MMA0 LD ddBl-
SCIENTIFIC-TECHNICAL INFORMATION- INTERNATIONAL JOURNAL ,,GEORGIAN OIL AND GAS" AM25, 2009
MEXOYHAPOOHbLIA HAYYHO-TEXHUYECKUN, UHOOPMALIMOHHBLIN XYPHAN , HE®Tb U F'A3 FrPY3UN"

ABEMAWY - NINLSGIT VAN 63301M33IBLIRIGISN - SCIENCE

3909900 890dEgds 0ogml FoMdmagboo s I0BLEHIWOMIdMo 3MOMDB0sT)IY0
0ol BsMHREgdd0 96 BMEsEOL K93860m SO FMMZ30e0 Bogbols 3MBLEHMMI300m, Boms
MBOHWB39gml dmF3mb Fo0owbsMolbosbo MdMPsTFHIOMDs. dMFIML 03900 dgMbgros
d9L5x396M0L0 3MBLEHOWJ300L oMLIE3Tom, TgusdsFoLO 3YI3IMSEGHMIO STIWOFGHIEOL —
196°C+700°C  ggo6e0qddo.

5MLYIMOL M3BH03MYMHO dMFIML 2obEsggdol IMO35¢MOEbM360 s Mbod03900,
30b63609FHwo 30mgd@gdol dmmbmgbqdby ©sdm30© WO s MIMHINWO EOHMOL

99D0"©03990m. 0BLEGHIWS300L  TJNMEIOO OO YMIMIOPIOIOMed  F9MBgMo, MM
MBEOHWB39egml Joguodoeymo Imgbomds 00 MM, MMES Fo®dm®aqbowos Lvwy3gmalim

9999603160 5(339.

I

stainless steel wires — R
. | lf"
|_‘ { o

optianal gel filling
oremply sosce ¥ n LB h

Ot

fibers with primary caating

stainless stes! loase tube

Ground LEVEl‘/ e

o R

M330399M-0mF3M3560 9dbmemyool 2563M3EMdoL GHodwmeMmo dgmm©gdo  IMoEO3L
©ob3935L,  Tgbobgzoll o  gosdMdsg39osl  Boglogbols  dogboo. 905 g6msb
53930069090, {obslfoe ©o0bLEBHIWOMmGOMo M3BH03MO0 dMmF3Mb 2sdwols slgmo
39000 NHBOHMb39wYmRBL Moo s BMLEGHO BmboEgdgdol Foedmmagbsls dolisgbdo
LOMOMUL 2o3M39EXgOOLSL, g BgIMJdnIOOLOYID WSTMY30IdWS.

78



LNHNSINAOLM LIIGE0IAHM-GIFN3IH0 LIEBMNGINGON T3663520 ,1OIIGUBILML 63MMA0 LD ddBl-
SCIENTIFIC-TECHNICAL INFORMATION- INTERNATIONAL JOURNAL ,,GEORGIAN OIL AND GAS" AM25, 2009
MEXOYHAPOOHbLIA HAYYHO-TEXHUYECKUN, UHOOPMALIMOHHBLIN XYPHAN , HE®Tb U F'A3 FrPY3UN"

ABEMAWY - NINLSGIT VAN 63301M33IBLIRIGISN - SCIENCE

™330360 dmF3m 890degds 0gmb FoMdmaqbowo g0mIM©osbo b mGHImosbo
©OMEMgdoL 3mbGRoMGs3000m.

mO3M0560 IOMEMGB0M Q5HMIZ5 59Ol FgoMEL, MHMEILSE dMF3M GO39 -
dMWMYO0M 5353306090 0s DTS gemgmmmsb bggmesl 3:mb65309mM530000. MmOHEdM-
©Mg00560 3mF3ML LMW GOOm FoBMIZJIOL W30MSEHJLMOS FEYMI>MGMIL 03530, BT
0™ F3mb sH0s6gd0L 6530905 LH35M9M F9gdmnbz93530, MOABSE dMF3M 3530060 ]-
dE0s LoLEBHYILMSD MO39 dMEM™O, Fgbodergdge0s LoLEJsd Ao58MAgEMml LYo
dmbo@m®obyo.

Sensor Tran-ols m306MEHglemd60

LgbLMOEH®60, NASA-L 39dbmwmaogdol Msbs8g30 GH9YIbmeEma0s, dmfmgdm-
05 *9BMHb39wygml IMboEMM0baMwo A5sfY39@0L 3mbogmmo AsbsHowgds. Lgblimm-
G®sbol LobBgds 99Jdboeros 306y MZ0MWWOMIOgdOL 9BgJEHMOO ODs0bols Igmm-
oM, LEMEbMM 0650660 FowsHY39GH0m s Lvodgm 3MBLEH®YJ300m. 0g0 Fodmo-
Bo3s 96535¢0dBM030 3mbEIBE0MM0 49630869000 s MHBOMBIgWYmaL Loodgm Mm39g-
(5309 BEO6IMEHJOL bobyMdwo30 OHMOL gobsgwrmdsdo.

3. sli33bo

56OL9dMBOL 65300M33OMY)IBHIO0L OMZ3MOLHYID o330l M350 Fxo™MO. bsgmm-
B0l O 2Bol Jologbgdols ImEr0sbMmdOL sE30L JMBLEHMI300 s Ly3MINboZszoM
LobB9ds, ©ox8dbgdwo M3GH03MM-3mF3M356 Ggdbmwmyoqdby, FoMmdmowygbl bogorm-
B0l 5 oBOL MBOBOPBM FHMIBL3MOEHOMYOOL 439w oDy Ls0dgEM LTS GdL. Mm3E0-
39960 3™ 3F3m 560oL Imdsgzeol 1dbodzbgwrmz569L0 GHgdbmermyos Moz S139JEd0; M3E0-
3960 dmF3mb 5943L Mbsmo 0gml FoMdmygbowo FsOmm s I6M935¢aBEOO3 O35DMbT0,
9336939, MBIMO  gosmBxmdJLML  3MbEGHGM®oO s LgblmOMwo  FgbodergdMmdgdO.
M33H03MOH0  dMmI3M  330035HMAL 303603530900l ©0535BMmbMMHo  ImEmEmddoL
33XP0Egosl, gl Losberg BMEOL  350geol  EOBS0BL, 5431 IIdOMO  BYYsgz9bs
bo3m39603530M 335630l M3gMOE0MWO 35659EMJOOL QomBx MdILYdoL db3mO].

3303160 0mF30b dogero 330030, OMIGEois 396300560900 O 29TMELOEO
153909 3060HMdYIT0, F9IEHM0GdL IMIbEIBL Lo3zmImbozszom LolEgdgddo, M OOHMbag-
ygmgxl 65 BHOSx3 s DM@ dmbo3gdms 25053795l s 5800 53306090 MoL3GOL BsgmMdOLs
@5 25DoL BHMIBLIMOEHOMGIOLL. B30 gL HomBmzs0a0bgm gOM-9M0 MZ5eLoRObM
355000 M33H0329M0 3mF3Mmb 3gdbmermyoqdols ©30MsEgumdols bgs &gdbmermyogdmsb
800560905d0, mB535¢0d0 5930 JOS® Pob30bowWws3m BHGMIBLEMMEH0MYdOL Mgsg08900L
9300 905L Mm33H0329M-00F3M3560 Fgdbmermyoqdols godmygbgdoo.

90535000 933608 M33H03M-0mF3M396 39gdbmermaogdl.

79



LNHNSINAOLM LIIGE0IAHM-GIFN3IH0 LIEBMNGINGON T3663520 ,1OIIGUBILML 63MMA0 LD ddBl-
SCIENTIFIC-TECHNICAL INFORMATION- INTERNATIONAL JOURNAL ,,GEORGIAN OIL AND GAS" AM25, 2009
MEXOYHAPOOHbLIA HAYYHO-TEXHUYECKUN, UHOOPMALIMOHHBLIN XYPHAN , HE®Tb U F'A3 FrPY3UN"

AVBEMEIY - NNLSAITIVIAN 6330MMB33IBLIRIGIBN - SCIENCE
@0oBIOIGYOS

1. Culshaw, B. and Dakin, J. P., Eds., 1996, Optkaler SensorsComponents and
Subsystems, vol. 3, Artech House

2. Carlson B. N., 1993, “Selection and use gpkpne leak detection methods for liability
management into the 21 century”, Pipeline Infrastructure 1l, Proceedingé the
International Conference of the American SocietCbémical Engineers, ASCE.

3. Tapanes, E., 2002, “Fiber Optic Sensintutims for Real Time Pipeline Integrity
Monitoring,” Future Fibre Technologies Pty Ltd. Coamy Article.

4. Natural Gas Leak Detection in Pipelines, Ywd8wathanu En’Urga Inc.

5. . dob@odyg, 3. go®dognmdody, 0. geyysdg, 3 Lodswsdgomo, g. JHoli@glosd-
gogno. dogoloegbgdols LEOYJGH YO0 dJngosbmdol dmboGmmobyo. dmd 3m-
356-m33 03900 25053 mgdo//lsdo@mggeml bogommdo s asbo, mdognolo,
2006 §. Ne19.

6. Udd, E. (1991), Fiber Optic Sensors, Wiley

7.“Fiber optic smart sensing” Optical Measuremeathhiques and applications, P. K.
Rastogi

UDC 681.586.5 G. Mgeladze

FIBER-OPTIC PIPELINE MANAGEMENT INTELLIGENT
SOLUTIONS

Presented by |. Goguadze — Honoured academician Engineering academy of Georgia

SUMMARY: The integrity of oil pipeline is always a majoring oil and gas transportation industry. Pipeline leak not only
leads to loss of oil, but pollutes environment. A new pipeline leak detection and communication system based
on optical fiber technology to ensure the pipeline reliability is presented. Dedicated fiber optic cables can be
used to detect and locate in real-time pipeline displacement and strain, enabling the early detection of
increased stresses. Optical fiber will be a critical technology in many aspects of future. Optical fiber already
offers a step change in bandwidth capacity for the communications backbone. The range of discrete and
distributed optical fiber sensors, being developed and in some cases field tested, will revolutionize sensing
tegnologies in safety operating systems, the future is optical fiber.

KEY WORDS: optical-fiber; integrity of oil pipeline; pipeline detection and communication system; dedicated fiber

opticak cabels; optical fiber will be a critical technlogy; the future is optical fiber.
1. Introduction
The integrity of pipeline is always a major concer oil and gas transportation .
Pipeline leak not only leads to loss of oil and,das it pollutes environment as well. Pipelineklea

detection and a new communication system is predemt the article based on optical fiber
technology to ensure the pipeline reliability.
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The implementation of Sensor Tran's advdné@ber-optic system based on Distributed
Temperature Sensing (DTS) solutions provides aifgignt advancement in the integrity and
intrusion management of pipelines.

2. Body

With the ability to quickly detect both intrusiomdh small leak events, these solutions
provide an affordable, proven and reliable soiu for both short and long transfer lines and
plant-wide pipeline distribution networks as well.

Intrusion detection is provided by the abilityfdfer-optic to detect and locate the position
of small strain events along an optical fiber causg people or equipment.

Small leaks along entire length of pipelines arected and located by small and anomalous
local temperature changes monitoring and can bdilyeapplied in a wide range of pipeline
applications.

As to gas lines, the escaping gas creates a |latdlzbne on the outer surface of the
pipeline due to the Joule-Thomson cooling effedt @@ temperature change and its location being
detected and measured by the system.

Cryogenic lines such as LNG, LPG, ammonia, ethylet®also create cold zones in case
of leaks which can be easily detected.

Lines carrying heated product such as heavy oiltifphase products, molten products,
heated water and steam also lend themselvégse integrity monitoring solutions as a restilt o
the local temperature increases which occur duleet@scaping product.

provides accurate and dynamic information in
real-time for up to 40,000 discrete points for
compliete monitoring

provides positional data to allow for identification
of leak and intrusion positions with no pror
knowledge of performance characteristics

provides temperature data for monitoring
pipeline structure effects and Insulation integrity

Intelligent Monitoring Solutions

Tran’s intelligent DTS monitoring solutions sengoovides real-time dynamic temperature
and strain event data along the complete lengthheflines providing up to 40,000 discrete
temperature and intrusion measurement readiogsidering their individual locations.

These systems perfectly suit the pipeline integnnitoring (where a leak is characterized
by alocal temperature event) and intrusiorectein of pipelines.

Hence the nature of their underlying technologgéhgystems have substantial benefits over
other integrity monitoring systems:
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. Not affected by day-to-day transients such as pstagt/stop and control valve operations
or changes to delivery rates.

. Immune to pipeline characteristics such as pipddiaeneter changes, internal roughness,
valve restrictions, pipe bends, etc.

. Immune to condition changes such as ambient teathyer, product viscosity or phase
changes.

. Since the optical sensing fiber is installedsale the pipeline these systems do not
prevent pigging operations.

System Function abilities and advantages

Tran’s intelligent solution provides sensor a wealt features and benefits:
* up to 50 fiber-optic channels availability to prd&i monitoring for plant-wide pipeline
networks from DTS single unit
« open-communication architecture provides reliabie @asy interfacing with
side system networks (Ethernet, OPC, SCADA, etggtteer with flexible remote control and data
output/input capabilities.

* intelligent and multiple alarm types and configioas can be readily tailored to each
specific project to alert the operator to anomaltamaperature/intrusion events, and leak
conditions.

» each pipeline can be defined in unlimited zonesbdwidual alarm types and set-points for
each zone, allowing alarms to reflect fully the riiag characteristics along its complete
length.

» specifically developed application of software prd@s the data in a meaningful,
representative and intuitive graphical form to thygerator with tailored report creation
facilities.

 wide range of hardware implementation packageslablai to meet exacting project
requirements.

» on-board and expandable data storage providesdimrical data achievement.

» extensive on-board self diagnostics and autononumésation with safe shut-down and
auto-start up capabilities.

» robust optical fiber cable design.

» suitable for use in hazardous areas and unaffégtetectro-magnetic interference.

» suitable for new and retrofit projects.

Pipeline Monitoring Software

DTS Manager Software complement, SensorTran ha<lagsd specific application
displays for pipeline integrity monitoring systemghis provides the human-machine-interface
(HMI) to present the integrity and intrusion caiwh, temperature profile, and alarm information
to the operator in a clear, precise and intuitiv@nrer. These HMIs are tailored to suit specific
project requirements so that they provide an ateuramic of the installation.
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In addition to displaying real-time data, the \atitgy of these systems also allow the
playback of historical data. Playback directiod aeview speed is provided by a single control.

Physical mapping of the optical fiber connectedhwithe pipeline allows a graphical
representation of the pipeline condition.

Pipeline condition status and its temperatuddiler(both graphical and temperature trace
representations) together with trend plots faecHjc points are clearly displayed on SCADA
monitor.
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Optical Fiber Installation and Deployment

A wide range of robust optical fiber cables areilab¢e to suit specific projects and
installation requirements. Cables can be suppliet @anstalled within an outer stainless steel
tube or Steel Wire Armoured (SWA) cable constauttio provide protection while ensuring good
thermal conduction to the fibers. Fiber types aleced suitable for coatings designed to meet
temperature limits within—196°C to +700°C.

Numerous alternatives of the optical cables ple® exist dependent upon the specific
project requirements and thermal time constrailmstallation methods are carefully selected to
provide maximum flexibility with best mechanicabpection.

S — — - —y =%=a R

il

optional gel filling

Or EETHILY SO8IE W Dot

fibers with primary coating

stainless stes! loose tube

Ground Level‘/

Typical optical-fiber technology deployment methadslude prefabricated cable, spooling
or pulling the fiber inside the previously installededicated conduit in close proximity to the pipe
surface. Such deployment ensures true represamtatipipeline heat distribution independent of
external influences.

The optical fiber can be configured in either ssaghded or double-ended configuration.
Double-ended measurement describes a method by wihath ends of the fiber are connected to
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the DTS unit in a loop configuration. An advargagf double-ended measurement is abence of a
fiber-break event; since the fiber is addressenhfboth ends to the system it can continudl f
monitoring.

The Sensor Tran Advantages

SensorTran, a NASA technology spin-off, is contedt to supply its customers with
smart, distributed monitoring solutions. Sensanlsystems are conceived to have a low lifetime
cost of ownership (LCO) due to efficient designpesior engineering and reliable construction.
Sensor Tran team is dedicated to providing “bestdustry” customer care from project
conception to the development of specificationgugh installation, training, etc.

Conclusion

There are a variety of methods that can deteclipgéaks. Design of oil and gas pipeline
leak detection and communication system based tinabfiber technology is the most reliable
feature. Optical fiber is the mosimportant techgglof future in many aspects. Once knowledge of
the availability of high bandwidth communicationcbenes widely distributed, many controls and
sensor improvements will appear, to make use ofatrelable bandwidth. Optical fiber already
offers a step change in bandwidth capacity for dbemmunication backbone. This performance
increases mean that the cable design no longexrhasnpact, what so ever, on the performance of
the communication link.

The range of discrete and distributed optical fisensors, being developed and in some
cases field tested, will revolutionize the commatimn system promoting quick and precise data
transmission thereby reducing the risks involvethwiansporttion of oil and gas.
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UDC 622.24.442 |.Gabrichidze, G.Kharabadze,
N.Bochorishvili, V.Gabrichidze

POSSIBILITY TO APPLY IRRIGATION CHANNEL COMPLEX
USAGE TO OBTAIN ELECTRIC POWER AND ECOLOGICALLY
CLEAN SUBSTANCES OF STRATEGIC AND ECONOMIC
IMPORTANCE

SUMMARY: The possibility of using irrigation and other si¢émportant channels of Georgia for receivingctlie power and
ecologically clean substance (hydrogen) is consitién the article. Electric power is generated lom Ibasis of micro
hydropower stations mounted on channels, while dyein is obtained as a result of water electroliysthe electrolyzer
for which low cost electric power generated at micydropower stations is used.

KEY WORDS: channel, micro hydropower station, hydrogen, ebdysis, energy carrier, waterlogging, pressure.

1. Introduction

Georgia, in particular, its east part is furroweithva lot of irrigation or other special purpose
channels, downfall springs, mountain streams andks which at present are not used for running
of small or great hydropower stations. Their usesimall power generation will not prevent the
construction of great power stations considergtiénmaster plan.

Comparatively low cost electric power received aseault of construction of micro
hydropower stations can be used for power supplydighboring settlements, as well as for
receiving ecologically clean substances (gasespar of which has strategic and economic
importance.

2. The Body

It is known that hydrogen and oxygen are obtaimedugh water electrolysis. Hydrogen [1],
as a technical product, is widely used in manydfebf economy such as: technical process of
petroleum refining, ammonia and methanol producéad metallurgy, different fields of science
and technique. In recent period hydrogen is consttlas a universal energy carrier with possibility
of energy accumulation.

As a result of scientific-technical progress thendad for energy resources is continuously
increasing. The most part of energy is generatedhenexpense of the so-called nonrenewable
resources (petroleum, natural air, coal, slategjrthesources being limited in the nature. As
hydrogen has high temperature of burning (aboum&g higher than that of hydrocarbon fuel) it
does not pollute the environment with detrimentaddoicts of burning, i.e., is ecologically pure
energy carrier which makes it different from orgafuels which are accompanied with atomization
of nitrogen, sulfur and carbon oxides and otherimental products into atmosphere and causes
ecological balance disturbance in the nature. kamgle, the accumulation of carbon dioxide in
atmosphere causes the so-called greenhouse efiattt ean provoke catastrophic results.
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All the above said and practically unlimited waseipply provides ever more substitution for
initial sources of organic origin with recyclableeegy carriers. On this purpose it is very
prospective to use hydrogen as a combustion producansport, in electric stations and municipal
engineering, in the new fields of science and tephe enabling successful solution of many
necessary energetic and technical problems. Asdhee time, when solving each concrete problem
connected with hydrogen it is necessary to obsseivietly technical safety rules that require
thorough knowledge of hydrogen properties in casisoproduction, transportation, storage and
using in different technical processes.

Hydrogen is about 14 times lighter than air, igialy volatilizing and in case of leakage
speedily goes up into atmosphere, is inflammabbk iancharacterized with high temperature of
burning. Its transportation is possible in liquarh through pipelines, in trunk-mounted and sea
tankers. At transportation and pumping-over intothar tank there happen losses caused by
leakage. From literature it is known that at trasgtion in 4500 kg tanks 3-5% of liquid gas istlos
during one haul.

The efficiency of small, medium and powerful elebzers is 0,1-1 rhhydrogen per day. In
powerful electrolysis plants 450 t and more watasrhe consumed per day while for producing 1
m® of hydrogen 3,5-4,5 kW /hr electric energy is reseey. In spite of such consumption of energy
water elecrolysis is a competitable method for bgen production as it provides high purity of the
obtained hydrogen (99,99%); it is possible to abtatermediate products (oxygen, heavy water) of
important value and water resource is practicalgxhaustible.

In order to determine power supply for electrolgzand current source for complex usage
power let water consumption passing irrigation elysthannel be Q = 2¥sec and channel decline
per 1 km be 3 m. In case of such incline 1 m watging head can be received in 3 places of the
channel and if we arrange 3 micro hydrostationg &m the power of each will be:

P =9,810QK, - n=9,8121.0.8 = 15,7 kW
wheren= 0.8 is efficiency coefficient per km of channeldaH,; =1 is the value of waterlogging
pressure.

In case of such parameters the received sum poewreregach km of the channel makes
3[15,7=47,1 KW.

It should be noted that the consumption of passiatgr may be 18 Fsec in some channels
and respectively, power will bd47,1=423,9 kW and 423,9/4,5 = 94,3 Imydrogen can be worked
out an hour.

Such micro hydrostations can be constructed bysdnods on the existing channels. If the
power of one hydrostation is admitted 10-15 kW, nththe obtained power will be:
P=3(10+15)16-1000=30+45 MW, on 1000 km length channel where 8ranhydrostations are
constructed per kilometer.

In case of complete usage of such power in elgzeol

(30+45) / 4,5 10° = (6666,7 10000) th
of hydrogen can be obtained per hour and
24- (6666,7 + 10000) = (159984 + 2400003 m
per day.
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For design and construction of perfect electrolyzkis-Chalmers Company (USA) used the
technology of thermal elements (Fig.1). The maiatdee of such electrolyzer is nickel porous
electrodes with high specific surface. Gas emisdimm the opposite surfaces of electrodes
happens with minimum polarization effect. Each célkhe device consists of two porous nickel
electrodes covered with platinum catalyst and sgpdrwith thin asbestos matrix [1].
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Fig. 1. Construction of Ellis-Chalmers electrolyze's final cell.
1 - cathod; 2 — botton; 3 — @cavity; 4 — H, cavity; 5 — bipolar plate; 6 — anode; 7 — asbestosatrix; 8 — cushion.

With the purpose to increase the efficiency of tle@ower generation it is possible to raise
water level 1.5 times with simultaneous increasewater waterlogging value without water
consumption increase in overground irrigation cledsnThe power of worked out electric energy
and the volume of received hydrogen is proportigriacreased. In order to provide the above said
at water level increase when micro hydrostatiorari@nged in the channel and to avoid water
overflow the water carrying chute is closed on #gstion with arch-form hood made of polymer
material (Fig.2) which is attached to chute bordeith inner rail secured with nuts, while for
pressurization the possible clearances are filled special foam. It is also possible to instalttbo
overground, and underground channel chutes a feexiblymer pipe, the height of which exceeds
chute border height by 0.5-0.7 m which analogotsithe above said will protect the channel from
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water overflow and will make the precondition forciease of micro hydrostation power and
produced hydrogen volume.

NAVELU SR RNNN

Fig. 2. Engineering drawing of water conduit chute.
1 — chute; 2 — longitudinal polymer hood; 3 — rod4 — nut; 5 — support; 6 — ground.

The shape of micro hydrostation encasement is tondd by the profile of the channel
where micro hydrostation is considered to be amdndhe number of aggregates on the given
section is determined according to water consumpiio the channel. Micro hydrostations are
operating in parallel regime and their powers armmed up to facilitate the creation of micro
energy system. Manufacture of various power mitatians by Georgian patents [2, 3] is possible
at Thilaviamsheni works.

The possibility of water level rise in channels edso be used for irrigation of slopes above
channel mark and for arranging the water hydroaculation reservoirs at higher mark. The water
accumulated there in case of need could be useddoy purposes.

It also should be noted that in Zestafoni on therrKvirila a headworks for water supply for
irrigation channels is constructed which can beduB® construction of small hydro electric
stations. Its presumable power may be 8-10 MgWihkse already exist a number of attributes
necessary for hydrostations construction, timeédeeming and energy cost will be comparatively
less than in usual conditions.
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3. Conclusion

Practical realization of the problems presentetthénwork allows to work out not only surplus
electric power, but to receive pure hydrogen in ami® that can make the product exportable. At
the same time the project will contribute to realike employment program.

References

1. Handbook. Hydrogen — properties, production, stpritransportation, using. Edit. by
D.Yu.Hamburg and N.F.Dubovkin. Moscow: Chemistr938Q.

2. Georgian Patent. l.Gabrichidze, A.Gelutashvili, &Zadze. Portable micro power station.
Pat. #P2151. 1998.

3. Georgian Patent. |.Gabrichidze, A.Gelutashvili, &/Zadze. Hydro agent. Pat. #
U779.2000

96



LNHNSINAOLM LIBIGE0IAHM-GIFE3IA0 LIEBMAINGOM 346520 , IO UBIML 6530Md0 LS 3SB0-
SCIENTIFIC-TECHNICAL INFORMATION- INTERNATIONAL JOURNAL ,,GEORGIAN OIL AND GAS" M25, 2009
MEXOYHAPOLHbIA HAYYHO-TEXHUYECKUI, UHGOPMALIMOHHBIN XXYPHAN , HE®Tb U MA3 MPY3UU"

3IB6NIAID - LI30IM SIIEMSIM3ND - SCIENCE

AS3 552.124.4:553.411°435 6. dogobgodzoemo, o. @sgmsdy

dOR6IINRNOL L3N IEI-MISHML LISIKML ISKR60560
3(M6363B0IS0

Fotrgqbomas Lsdstrmggmels 39(36096905ms gemgbgma s350qd00b §9361-30069L3be 6ol 3. dsaliadals
dogé

®3BIGOB0:  Jobgygmol  L3oewgbd-mJdml  Lsdswmlb  dobosh  3mbidgiogdl  sbobosmgdl ol eo
353039 gds. 0bobo  Lodoml Lobagbg@ogn® dowbgynm Lbyymgdmsb gohmsw ggmamaoy®d  k@oado
03539096 3oM3399%  LAGSHoadoxgogm ©mbgl, GmIgmoi sbogo s gmb@mmmyoyg®o  dmbsi3gdgools
bogygdggandyg  dogggmabs Reinhardtites anthophorJdS 656m3e0s6JBmby®d  Jggbmbsls (CC 22¢.
Lbodowml  Lbgowolbgs  bofomPo  dm3mggdyan  30mbiMgiEogol  sbobosmgdl  dbgsgbo  3mb9b@@ -
b gd@ogo ombogmds s Joebgymo dobg@oggdol gMmbso®o  Ygoagbogmds. dgdiggmo  Gyggool
RO EEmgsbo  IHggddomds  momolgddow  s@ol  dgdmbgggmo  3mbidg3ogdols  odagmog.  do@bosbo
30636930900l FomdmJdbs Logs@ogome dmbps LobagbgBoggdo dobosbo Lbggmgdol ©s dgdizggero
306960l gm@do@gdol mobsdmgms, 3 Jobgool LEgm ©osygbgdogg® aod33M0g39d59wy.

1533560 LOBTZIBN: dobyyaols Lodswm, dowbosbo 3mbyMy309d0, b5bM3@sbJ@mbo.

1. dgbsgsemo

dsbgmmols 1530@366-(*)[]60015 ho&st
dgdscgmdl  LadbOgm-smdmbsgmgen  Lsgser-

039m 3o,  deagmbobols  debosh  Bsomb3o. '
39335600l Bgdmbogy®o Bebsemmdols dobg- - 'fﬁ,.
300 (35399m0dg, 1997), dmembolols ds- |

S
e

©bosbo Msombo  gsbemsggdmos dsgo Bmgo- i w ¥ §
bs 8 (3968 6semm@o  3s339bools  Bgdgabols “
3Om30b-dcremboliols bddgmg063o, Gmdgmocs

ﬁoamgogq»obgo 9363B00l  3mbBobgbBols  s7- e Qo3m.>dg‘

6535 dog0690d30em0,

3. %36gadol ggmempools C‘)O‘U&)O JOQOB B@&)‘Ud@ﬂ&mh ‘Z%“’BQ’Z]M’]" 3em.x369madals ggmmmaools
obLBodado, agmmmzon®- dobgnemols  Ladomls  3mb36g(30980  oBlgod o, agmmmzoné-
dobgagmgoy® Lomsbspme o6 ool Bgbfegmoamo. Jotg  30bg@smmyon® dgi36ogeg-

dgbegBibsms gbeaado 0bggm@ds(308 dso Fglsbgd dmodmggds o. bs- 8003 goboreaho

botrgols 658630 (1966).
906¢8;336¢6>3 6536nddo 3&6050@36& dsbgmmols hébogmh dsbosbo deJ@a@ogboh bgor-

J&9090-B9dbdgeramo  0s30b960M96900,  Jobgdsmmgos,  3b3g30960L  Fgd;339mo  FMggd0ls
bgdsdoadsgonmo 3mboigos bedseml gGomdo ©s dsmo [s6rdmBmdols s jombado.

97



LNIHNSINAOLM LIBIGE0IAHM-GIFE3IA0 LIEBMAINGOM 346520 , IO UBIML 65300 LS 3SB0-
SCIENTIFIC-TECHNICAL INFORMATION- INTERNATIONAL JOURNAL ,,GEORGIAN OIL AND GAS" M25, 2009
MEXOYHAPOLHbIA HAYYHO-TEXHUYECKUI, UHGOPMALIMOHHBIN XXYPHAN , HE®Tb U MA3 MPY3UU"

3IB6NIAID - LI30IM SIIEMSIM3ND - SCIENCE

2. doGomseo bsffamo

33bgeols  Lsdspml  ggommaon@o  gGomo  doMomsEse  3396mmos  MomEs308)1O0
dg3960emmdols  Bmazgdols dggdom. olobo  J360sb sdMg30 BOMYdal IJmby gddemmgzseb  bamgs
Lo nest.

M698- s §0b@sdsc(33emm3zs60 g dMggd®ozo Bypxol dmEoagmds (sbge 1) Lsdseml
&Godo 0353901 J3ges Lgosdoadegonm ©mbgl ©s Fgoegl mobbolgddo gm®dol  gsgdofom
dooes®  Lbgnemls (9.7, gmdgnm 33960604 L), Gmdgmoi  bsbosmpgds  3339m60  3mbBsddom
25003935653 J3bgdmsb. 83 Lbgmedo bBgdmesb J3gdmm Bgdwgao dobgdsmm@o bmbgdos ©swagboemo:
3396(3-m35e0ls, 3356(3-LgBo30Bol s 3396 3-bgMo308-Jrmeodols (Fornwsnam, 1980).

306036 J6gdbyg MosbbImss gebesagdnmo 3¢gdhas-3mbammdg@sdynmo dmgogo (wsl-
&o 2), Gmdgmoi 3903936 Fnnol s s3®gm3zg smbodbmo  39gd0fon dwowsto Lbgmmols g&m-
Bools Fgegase  Fe®dmgdboen  3mslBgdl. s@obodbgds Gmgme sggobamo, sbggg ©sIMY3eemg-
dnmo 3msliggdo. dsmo Bmds 38600698l 133-s6 13-dg, p3oGsBglse 3s3@3gmgdnmos 1-10 33-
ol Bmdol gemsbBgdo. Beogxg® o3 Jobol (39396830 Lgscdmdls aobesdsd(sgemmgsbo Buxo, Beogy-
96 30 — bgeogoBol 33693580 (3395030l 33069 GsmeEgbmdom). Bmgogdo sa@gmzg s@obodbgds
&axob 3qsdeggdo (2-3 3-3y Loddmsg@ols). Bergogols dsdlbodsern®o Loddmsg®y 45 3 soffg3l.

s@dsgzoem  FGoels s3®dgemgdls mbgm3mggd®ogo  (30besdsé(33mmasbo Bago (osbges - 3).
03 Esligol Loddmsgdy dswbgnmols gmddsmols mbgdowsh 3gG0ggm00lsgge 120 39 @sdrg obGegds.
030 3go393L 397900 dwoes® (3356(30-m3sm0-d3069 Lgkoo@do) b “Igmegnmo 3350 i0d0L”
Imery  Lbynml, Omdgmoi  bsbosmegds  bBGs@ogm@dnmo  dndgmmemaoon  ©s  0sbbdmdomno
3339060 30688 JBgd00  J393390569 s dmdgmen  Jebgdmsh. 30gd0foo dwomsto  Lbgmemols dsd-
Lodsern@o Loddmagty 80 3-0s, bomemm msdgdsenmo 3s3fgmds sofgzl 340 39 @L.

89339650, 83 Lsdsmby s6lgdmdl gegdafom dpowsto m@o bbgnmo, GmIgmasi mfosgn

a36Lbgseggdnmo  LBMsBogdsgonmo ©mbggdo. Lsgsdsmoms, Gmd Jages Lbynmo (sédmoddos be-
30 L3960l e s JoeGmmg@dgmo Igzmol Fgegase, bome bgos — glgg@ty 3mda-
@oGdmemo  s3mGR o 3ogdofols ass3®aligemadols Bgegasce (Migineishvili, 2000; 2002). 33030
I(30609 OmE9bmbdom 3m0badbgds 33M9m3g  Joem(3gmbo, sermbo@do, gsmeabodo, SoMmgomodo ©s
0smboBo. mGogzg Lbggmo §edmoddbs 3sdsbgdol  3Gm(3gbsdeg, bBmgo dobg@smo  (sengbodo,
0smboBo s Lb3.) (e®dmogdbs nxem dmgz0s6960m, Gmam® 3s@s6dmdoxby g ebmdsd n®o
{o63mbsdbo.

bgdsdoadsgonmse bgdmm Bodgmegds bdgmdMmgadcoga, (dobos ©s Lsdnsmmds®3gemem-
3360 gl sl (esb@s - 4). ogo 9ozl 3obmemonn@o Brsgdol 08z0sm F7sd@ggol (do-
Go0sEsE  3anddsmmzsbo b Jdneol osmn® bsfomdo). slBol Loddmszg wssbrmgdon 70
398 ®00.

Lodoml  Lsdbergom-smdmbsgman  bsfomdo  dpgdsdgmdl  Gomesiodndo 9l Gnbonmo
bbggemo, Gmdmol geggbong®o “968” gedsgl dgmmby @sbBol  Jobgdl, bmmem Lsgqgddo Bgoczegl
©0bgbols 3gdhosl. 83 Lbgmmdo gsdmogmazs 30besdstr33emmgsbo Emaols Fnedeg (wsb@s 5).

GomEs30dc0  Igegaboemmdol  03603dGogol  byfsmo  (Loddmsgty wssbmemgdon 90 3)
5330613306901 Lsdsmls  gGoemb. dolo  Lsggdo lfm@dslffmems ©s 7osbbdmess  gsbesggdnmo
Igmnbg sbBol Jsbgdbg. 03b0dd@odo ndsebms, dsg™sd Bgoizegl 3ogdofjoo dwowsto Lbyymgdol
083050 Jlgbmeomqdls (Fyrywsunan n Ommnaase, 1988).

98



LNHNSINAOLM LIBIGE0IAHM-GIFE3IA0 LIEBMAINGOM 346520 , IO UBIML 6530Md0 LS 3SB0-
SCIENTIFIC-TECHNICAL INFORMATION- INTERNATIONAL JOURNAL ,,GEORGIAN OIL AND GAS" M25, 2009
MEXOYHAPOLHbIA HAYYHO-TEXHUYECKUI, UHGOPMALIMOHHBIN XXYPHAN , HE®Tb U MA3 MPY3UU"

3IB6NIAID - LI30IM SIIEMSIM3ND - SCIENCE

Lsdsnby  sm0bodogds  bmdasbgon®o ©s  lmddg@oeasbnmo  (doGomsse)  omse o
60393900, O@3gmos aslf3003 go@ssEanmgds M3dwgbody smgnm 9Ol sofg3l. sdsb getis, o]
hoene-smdmbagemagmno 3033010900l Lop@dnmo Gm3g30l s@lgdmdss bagedsnogdo  (Migineishvili
2002).

bsdoml  J3gdmm, bBgosdoowsb 800-900 B0l Lom@dgdo  Fsdydmomon  ©sEagbomas
a63b60E0MO0E)-3mOBEONMmo s 3390(3-EomO0d)-3mMgoGnmo 0bgAnbogmo Lbggmol s@lgdmds.

bodoe  dmozegl 9303969303060 ©@s LobggbgBogned  dsebgmen  dobg@smobaigosl.  sdsmasb
306390 390393k L3oggbdols s mJdml  dstsgol  dgdal bsfoml  ©s  FoMdmeagboemas
ds0399en-Hsbsf0b( gemo s dGgdhommo  Bodol dswbgdom. dGgdhommo dswbgdo  asg3d(3gemgdyeas
bodoml  Fms @, doMomsese, Bgos ©mbgadby s FeMmdmeggbomos  sa@gasBom, OmImgddacy
3%990Gom dpors®o Lbynmgdol wsgnobymo bsggbgdo Bg39996@)9dmmos dsbom. 9303969803700
dobgmeo  306g@seaba(300 doMoms@sE 3sbemagadnmos 3sgdoffoo dpors® Lbynmgdda, Gz gsdm-
U39mmos 3 Tbgyemols sdggd0 Jobgdols dsmsemo Lobolgoo ©s b33Gsmmgbgbom. sdsbmsb, 3sgdofon
doesdo  Jages  Lbymmo  30msdglse oozl 3396(3-3060)-Jsem 31 B0b- 31390006~ Joem gm3aco-
Bgmo dgegagborrmdols desbl, bmmm Baws, 3ogdoffoom dwows®o Lbgmemo, dgo3e3l 3356(3-306008)-
35608)-b3oemaM0d)-Jom 3m3oc0d)-asemgbodyn@o  Fgoagboemmdol dssbl. gl s®0l ds@sb(e®dmTmols
9600560 3O39L0l dobg@sermaon®o Bmbsenemds.

Lodoml  Lobggbgdozndo dsbgnmo  dobg@smobszos dgmstgboo dz06g dsbdBsdolss ©s
a3bmsggdemos 9303969037900 dsbosbo  Bebol 03By, 8 s@0b0Bbges dsGo@memo  J3080l, gm-
Omzs60  3390(3-0sG0dy o,  bomgddogo 33903~y o,  dsbogneo  dséod)-bggsemg@ad)-
3oGogygmo  Igoagboemmdol Lobggbgdozndo bg@sBogm®dnmo Lhyymgdo.

Lsdsmby @seggbomos mddml méo ggbgdsos (Fenenwsnnn, 1990): (1) sedgnmo mJém,
G0 MbsEO™Mmos dodomseo bmmaoegdols ©s (2) 33060 mOm, Gmdgmoai Foedmodbs
dodomseo  Lgmaoegdols dgdegy ©s Fsedmeagbomas bamsbo mddmmo. gl 13s6sl369emo doedm
393306 30s 0830800 @ommbgdols xaBol dobg@smgdmsb  (lmegmdoldgdodgdmsb ©s Bgmno-
©9006) ©5 336M9m3  dm(30bBOM-Fmbs3BolROm 335030l dsgolgd®  dsImgs39dmsb,  GeBegdacy

RIONMESS 3&35}03@363@0 3999000 doEse 151‘)3*2];'\036'80.

3636930980t 33363900t bgBsBoategonmo wmby, LBGHndGatnm-Badtdatamo
maaobabﬂﬁgbabo s 30636&Qm30o

bsdoml  egdsemg®o b6 ddnegem-monmemmaon®o s393d30L 3Gm3gLbdo  3sogol  smdm-
bogemgm 6sfoem@o 1070 3 Lodsmmol 3méobmbdby  sgsgodlodigm 7-8 3 Loddemsg@ols §dobes-
333300 mzsbo  Brggol  FOgbsc0, Gmdgmoz  Bgoegl  3MSgamMobmgsb  3mbiMgiosl,  G™Igmms
A0l bmgog®mo dsbasbos. gl dMgbsc0 dogzmmgbgds Fobs mszdo smfg@amo  Jsbgdols dgmmby
Esbgol  Jagos bsFoemb. 3mbsdgi0900l 393039 gd0l sGgemo s asorg3bgds sdgbody smgme
I9B®0ols 3sbdoenby. 0. BsbsON3zds (1966) Lsdsml wgdemamo ggmemgon®-besbzgmgm lednds-
900l Bsacgdolsl 3odggem s dgmey IBembgdBo (Bglsdsdolse 1011 3 s 1040 3 3méobmb-
$90%g Lsdseml Rowommm-psbsgmagn 6sfomdo) ©s sggmzg 3gsmg FBmebdo (937 3 3meobmb-
&by Lsdopml Ledbmgom-smdmbagmagn 65fomBo) ssgoflods 3swbosbo  3mb36Mg(30980, G@Bemgdlsc
390353090 @3bsmgdamo, @sgodmadgme @ gemobgbue  Eaggle. geMogrgmo fgboo, gls-
@938o(300l  Fggase  Lsdsmlb gl bsffoemo gl 339 gsdmdnBsggdnmos, dsg@sd  smbodbyemo

99



LNIHNSINAOLM LIBIGE0IAHM-GIFE3IA0 LIEBMAINGOM 346520 , IO UBIML 65300 LS 3SB0-
SCIENTIFIC-TECHNICAL INFORMATION- INTERNATIONAL JOURNAL ,,GEORGIAN OIL AND GAS" M25, 2009
MEXOYHAPOLHbIA HAYYHO-TEXHUYECKUI, UHGOPMALIMOHHBIN XXYPHAN , HE®Tb U MA3 MPY3UU"

3IB6NIAID - LI30IM SIIEMSIM3ND - SCIENCE

Bmmbgdols b OnJd e mmm-monmemaon®o a9adgdol sbsgmobols Lsggdzgembg dgagodmos sgs-
b3360m, O™ 3mbiMg30980L Bgd;339emo gl Brgxgdo ®megolo Lg@sBoa@sgonmo  dsbslosmgdemg-
door slg3g doggmmzgbgds dgmmby sl Jsbgdl.

domer MM,  dsbgmmols Lsdsemlb  Bgd;339em  J96903B0, s@dmgehabam 6563 sb by
3093emadligdo, G@Imgdoz Lobobgols (Sissingh, 197)7 dogé 3gdndsggdnemo (396 6363emsb-
JB™bol domrBmbsgrmdols gdol dobgrogom Bgqledsdgds 383356760 Lsdorgmol ™6 domlig@s@og-
Gogonem gémgael: 1. Ceratolithoides aculedss 65 (CC 20)ws 2. Reinhardtites anthopho-
rus-ob Jzgbmbsls (CC 22c)

30639000 sbBol  Bmagdo  Tgoegl  Ceratolithoides aculeuss bembol (CC 20) 6s6m-
gebomogdols  3md3emgdbl:  Ceratolithoides aculeus, Zeugrhabdotus embergeaiculites obscurus,
Prediscosphaera cretacea, P. columnata, C. verbeegianorhabdus cayeuxii, L. maleformis, Lithastis
grillii, Micula decussate, Quadrum gartnefl 5mbs Godmseagbl Jggos 3933360l bgws bsfoeml
s 399Lsb539ds O™l derbsg39mls Ceratolithoides aculeus-ols oohgbo@sb
Uniplanarius(=Quadrum) sissinghii-ols g3sfg6s3wy.

Uniplanarius (=Quadrum) trifidusol, Reinhardtites anthophorus-ol, R. levisol o
Eiffellithus eximius-ol 036550gdmds  Igmcrg, dgbsdy, dgmoby ©s dgbrmmg sbEgddo  doymmomgdls
Uniplanariug=Quadrum) trifidus-ols (CC 22) %mbol Reinhardtites anthophor@sC 22c) J3gbmbols
slgdmdaby. gl Jggbmbs §odmaggbl Bgws 3s33s6@0ls J3gs bsFoml ©s Fgglsdsdgds O™l
0689635001 R levis-ols gobgborst R. anthophorus-ol gswsd969ds3w9.

306360930900 3gd(339em0  FOgbsM0  FsGdmeagbomoas  Fgrsdgdom 3330030 s gbgogmo
(90bsds(33e0mzs60 B0l FMgadols  ImGoggmdom. 3096 Bngdo  smabadbgds  gG(3Emzsbo
399060038,  Omdgmoz LegOmm  BOggdc0mdol  3s@sergen®os.  3mb3Mg(30900  gsbmsagdgemas
gbzog0 Bngol 3699870, LsgnMsemadms gummmgsbo 3699800mdol s 3mb3eg30900ls g@mog-
O0EsINoEgdamads,  OMdgmoi  bmbbmdogd  bsbosols  sBemgdl.  3gdme,  guGmmzsbo
39906088 msmoligdtrse 30l Bgdmbzgnmo  3mb309(30980L oMazmog (Bsb. 1). asts 3eb36g-
(0900Ls, BYO(E3m™zsd  Bngddo  smobodbgds Fgosdgdom I 3oz BuRol @obbgdo, G™Igmms
atdgmo mg@do 3M99600mdals 3sGsmgemm®os. 3mb 3030900 gmoglmon®o gm®dobss. dsmo Bmds
356900698 2-20 13 gsérgemgddo.

~
.....

6sb. 1. 3ebgég30080L gobemsggds Bamel 8G6st8a. 1 —Bgpstigdom 3330030 Gamo; 2 — geséigdoon gbzog@o
&ag0 ©8 dobo gaGEmmgsbo Bhggd@omds; 3 — 8sbosbo mB3Hg30s

100



LNHNSINAOLM LIBIGE0IAHM-GIFE3IA0 LIEBMAINGOM 346520 , IO UBIML 6530Md0 LS 3SB0-
SCIENTIFIC-TECHNICAL INFORMATION- INTERNATIONAL JOURNAL ,,GEORGIAN OIL AND GAS" M25, 2009
MEXOYHAPOLHbIA HAYYHO-TEXHUYECKUI, UHGOPMALIMOHHBIN XXYPHAN , HE®Tb U MA3 MPY3UU"

3IB6NIAID - LI30IM SIIEMSIM3ND - SCIENCE

0 ' 5159

6ob. 2. dsbosbo 3mbiMg300l by mm-bmmagdtago smbsgmds astiogetEdm FMomda. 3ndo madgdo s
Ta6Bomgdo dgglisdadgds deebynmo dabgamadols gsdmbsgmagdl @yngels dsgeozsdo

99-2  bsb-by godmbobagl Aggb  dogd  Im3mzgdmemo  gPo-9Gmo  dswbosbo  3mb 3300l
3b3gdsls.  3b3g300l doBdois msgobo Fgeagboemmdon 86 gsblbgsgegds dgd;339mo  Jebobsgsb
s Fomdmegabomos §dobosdsd(33mmgsbo  dmaom. dsebymmo dobg@smgdo dslido gabzrgds aco-
o s dgesd@gdon dbbgomo Bsbsfobfgmgdol Lsboo ©s Fe®dmeagbomos 3oModom, Leggsemg®o-
Boo ©s 038308m0, gsmgbodom. bgsma®o@do smabadbgds Joemzmado@ol gdnmlon®o Rsbseog-
d0. adomo  Bsbsfobfgemgdo, dodomsese, 30M0dol oomdm®gne  3GolBemgdls  §eMmdmseeabl,
borgne  Fgesdgdom Abbgoem  3sdmbsymezddo  smobadbgds  Jlgbmdmegnmo doMoBol ©s Lgsmg@o-
Bob s3m939B)900. asemabodo sber30s(308808 OMYMG 30603 msb, oby LgsmgPoBmsb ©s ™oz
dobgMsmmsb  Jdbol  Fgbsbatrogdl.  dsbgmemo  dobg@smgdol  Rsbsfobf 3mgdo  3mb 330830
3903968 ge-bemmgddog Bl g@sl  Jdbol. 3mbiegi00l  (396BGsN®  bsfomPo  doMomsws®
306080l [adomo Bsbsob(3mgdom sggdmmo ssbemmgdon 2X2 d-ol bmdol dsbos asbemsgg-
dmemo.  dsbosbo  Rsbsfobf gemgdol Bgdmgao  beeo gofeem (2-3 33) Gamemol Lsbgls  sBetgdls.
dobgmemo  Rsbsfob(f 3emadols gstgms bmmo @ssbrmmagdon 1 13-0b Logsbolss. s@bsbod6s30, ed
0. 6sbBstmzols (1966) dogm dm3mzgadymo 3mb3®gi0gd0 sbggg 3mbgbB G M -beremgdtngo smbsgm-
dobss s Fomdmeagboemas  dobrsds@3gmmasbo  bgsmagmoBol s 3mmmdmeggmo  3omodol
Beamgdols dmGroggmdoo.

3. ©sls336.

330060360  3mb 3930980 asblsboemggm Lsdsmby Ledagdmmdls olggdygmo gs3@3gegdom
s Lsdsml g@omBo 039390L gsd339mem bGsdoadegongm ©mbgls — 9di3gmo  Jsbgdol dgmmby
Esbgol  3odsgboe  Jages  bsfomb. sbamo  SsemambBmmmaon®o  dmbs3gdgdol  Lsggndggem by
©30306s, M3 gl ©mbg Bqqbedsdgds Reinhardtites anthophoruss 656m3emsbJ@mban®  J39Bebsls
(CC 22¢)

bodomb Tbgeslibgs bsfoemBo dm3mggdnm 3mb369(3090L sbslosmgdl dbgsglo  3mb39683 -
Ne-Beamgd®030 3mbsgmds s dsbynmo dobyMsmgdol gPmbsomo Fgogabomamds.

bodomb  3mb3@gi3090L s Lobggbgdogn®  dsbgme  Lbgmmgdl  sbsbosmgdls  dswbgmemo
dobgMsemgdol momJdol oEgb@mo dobgdsmm@o Fgoagbommmds. gsds sdols, mMogy [oMdmbsgdbo

101



LNIHNSINAOLM LIBIGE0IAHM-GIFE3IA0 LIEBMAINGOM 346520 , IO UBIML 65300 LS 3SB0-
SCIENTIFIC-TECHNICAL INFORMATION- INTERNATIONAL JOURNAL ,,GEORGIAN OIL AND GAS" M25, 2009
MEXOYHAPOLHbIA HAYYHO-TEXHUYECKUI, UHGOPMALIMOHHBIN XXYPHAN , HE®Tb U MA3 MPY3UU"

3IB6NIAID - LI30IM SIIEMSIM3ND - SCIENCE

bodoml  d@omBo  mmgsmobgdnmos ghols ©s 0dsgg bEOsBogdsgonm  ©mbyby — dgmoby
sbiol Js69830.

9993390 BHR900l BuOEEmgzsbo  FM99dM0mds  Mmemaligd®swss dgdmbggnmo  dsebgmemols
Lodoml 30636930900l 0Ma3m03. 3mb3M930980L  FglFagmols Babg®dmoago oligmeool dombgos-
39, 333935690 0l EEgdeg 6 3GLYdmdl gOmosbo sBG0 3333300 ImEgmemaool Fedm-
4360l 394s60B30T sLeblbgmaee. @by 39300 dodregzsdo 3gsgl oo Bbol Fob Rsdmysmodgdme
dmbobergosls  (Newberry, 1878 6md sda30600 dodgmmmaos  (o03m0ddbgds  3sdb,  Grer(zs
306360930900 bO©s  d0dE0bsgmdl  bsfommddog  mblmmoromgdamo  bgodgb@gdol 3sc9dmdo,
3300 Ladmmmm 3893360390300 ©  3mblmmoes30sdeg (367 Lemgm  ©osggbgdogn®  asmwsdbs-
dg), Gmdgemoig 0ff393l megzse bgeodnbdgdol, dsa@sd oG8 133 dsas®0 3mb3Mgi30980l oRMEds-
Gosk. Bbgs, sbgag asgdgmgdamo dmbsbmgdols msbsbdse (Tarr, 1921),000;301536{‘)0 IOBICIMZ0S
560l 9930 bawodgbdgdol smgdzols 0d eOmalbsmzgol 0339 s@lgdam  3mbiMgis0sty, G™Igmac
3383 sa@dgmgdl bEOsl, M3, megol FbEog, 33bs30MMdgdL BgdmEsb wsmmgdoro  Lgeadgbdols
EgBmOdsiosl.  3oMggmo  dmbabmgds  s@lbgdomse  gmolbdmdls  3mb3Mg30900l  gm®docmgdsls
0339690l sgnmo Lswasty, beoamm dgmeg — LgeodgbBgdols Lobggbgdogn®ee. 3mbiMg;ogdols
Lobyabgdogneo [s®m3mBmdol gem-960m 0beogsmese sa@gmgy doRbynmos, Gmdgmodg Ggaombol
3sL3Bsdom, dsmo Logd(3mdMogo 3s3doto  gPm GmIgemady bBOsBoadsgonm ©embylnsb.

Bgdmo smfg@om dsbamsby sgdEbmdomn dgazodmos ©sz3sl 33650, GMI dsebyrnmol Lsdspmls
396360930900l Go63dmJdbs Logsdsnome dmbes Lobggbgdogg®o dsebosbo Lbgnmadol ©s dgmmby
bl Jsbgdol gm@dadgdols msbseOmMmse, 83 Jsbgdol Lermm ©osggbgdogn® 3983300390539,

Bobgy 690316 -s0Mg0s39698 0396 LBswasty.

ot ges

—_

9. 393ycgemodg  (1997).  3s333b00b s dolo  dmbsbogdy  sGggéal  Eggobgdo.

boJodronggemels 336, s3ee. dmsddy, 155 (3). 422-426.

2. Gamkrelidze E. (1997) Caucasus and Bull. Acad. Geprgia, 155, 3, 422-426, 1997
(in Georgian)

3. Tenenmunmu B.U. (1990).30moroHocHocTh ['py3un. Jlucc Ha COUCK. y4YCH. CIETCHHU
n.7.H. Touwnucu. -394.

4. Tormmeumu B.I'. (1980). Meracomaruyeckass 30HAIBHOCTh Ha  KOJIUYEIaHHO-
MoJIUMETaTHYecKuX MecTopoxaeHusx Kaskasa // Cos. reonorus, 4.C.86-98.

5. T'yrymBuau B.M., Omuanze .. (1988).THrubupoBsiii ByJKaHH3M U OpyAcHEHHE (Ha
npumMepe bormrucckoro pyanoro paiiona, Mansriii Kaskas) // TPM XXX (2). C.105-109.

6. Haszapor IO.M. (1966). OcobGenHocTH (HOPMHPOBAHUS MECTOPOXKIACHUN MEIHO-
komyenanaon popmanuu KOxuou ['pyzun. M.: Henpa. 227.

7. Migineishvili R. (2000). Formation of a volcanicgted massive sulfide deposit in a

shallow water setting: the Madneuli Cu-Au depdSigorgia. In:Gemmell JB, Pongratz

J (eds) Volcanic environments and massive sulfide depos@ODES Special

Publication 3:123-125.

102



LNHNSINAOLM LIBIGE0IAHM-GIFE3IA0 LIEBMAINGOM 346520 , IO UBIML 6530Md0 LS 3SB0-
SCIENTIFIC-TECHNICAL INFORMATION- INTERNATIONAL JOURNAL ,,GEORGIAN OIL AND GAS" M25, 2009
MEXOYHAPOLHbIA HAYYHO-TEXHUYECKUI, UHGOPMALIMOHHBIN XXYPHAN , HE®Tb U MA3 MPY3UU"

3IB6NIAID - LI30IM SIIEMSIM3ND - SCIENCE

8. Migineishvili R (2002) A possible model of formatidor the Madneuli copper-gold
deposit. Proceedings of the Geological Institutéhef Georgian Academy of Sciences,
New series 117: 472-479

9. Newberry J.S (1873) Geological structure of Ohiov@ean System. Ohio Geol. Surv.
Rep., 1: 140-167

10.Sissingh W (1977) Biostratigraphy of Cretaceousa@ous nannoplankton. Geologie
en Mijnbouw 56(1):37-65

11.Tarr W.A. (1921) Syngenetic origin of concretionsshale. Bull. Geol. Soc. Am., 32:
373-384

UDC 552.124.4:553.411'435 R. Migineishvili, T. Gavtadze

ORE CONCRETIONS OF THE MADNEULI CU-AU DEPOSIT

Presented by F. Maisadze, corresponding-member of the Georgian Natinal Academy of Sciences

SUMMARY: Ore concretions of the Madneuli copper-gold depase characterized by a discrete distribution.yThecupy a
definite stratigraphic level in the geological sectof the deposit. On the basis of new paleonioldglata this level is
assign to Reinhardtites anthophorus nannoplanktbaddie (CC 22c). Concretions from different parts efdbposit are
characterized by a concentric-banded structureetlsas by the same content of ore minerals. Tamihation of hosting
tuffs arch-like overwrap the concretions. Formatmnthe concretions presumably occurred contemmmasly with
syngenetic ore bodies, as well as with hostingspbkfore a complete compaction of these rocks.

KEY WORDS: Madneuli deposit, ore concretions, nannoplankton

1. Introduction

The Madneuli copper-gold deposit is located in the southeast part of Georgia, in the Bolnisi
ore district. According to tectonic zoning of the Caucasus (Gamkrelidze, 1997), the Bolnisi ore
district is situated in the eastern part of the Artvin-Bolnisi subterrane of the Black Sea-Central
Caucasus terrane. The Artvin-Bolnisi subterrane was formed within the active margin of the
Eurasian continent

Concretions of the Madneuli deposit are insufficiently studied. Poor information about them
is given by Nazarov (1966).

This contribution discusses structural-textural peculiarities and mineralogy of the ore
concretions, stratigraphic level of hosting layers in the geological section of the deposit, as well as
origin of their formation.
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2. The Body

Geological section of the Madneuli deposit is mainly built of tuff strata of rhyodacitic
composition. They form a dome fold structure with gently dipping limbs.

An alternation of coarse- and fine-grained thick-layered tuffs (package 1) occupies the lower
stratigraphic level in the deposit section and hosts a lenticular silica-rich body (so-called
“secondary quartzite”), which is characterized by sharp contact with overlaping rocks. In this body,
the following zones are identified from top to bottom: quartz-opal, quartz-sericite, and quartz-
sericite-chlorite (Gogishvili, 1980).

A breccia-conglomerate apron (package 2) unconformably overlaps the above-noted rocks
and contains tuff clasts, as well as those generated as a result of the above-noted silica-rich body
erosion. Clasts are angular and rounded. Their sizes vary from 1mm to 1m, but the most common
range is 1-10mm. Sometimes its matrix is dominated by fine-grained tuffs, and sometimes by
sericite (with minor quartz) aggregate. Within the apron, some tuff interlayers (up to 2-3m in
thickness) are also observed. The Apron’s maximum thickness reaches 45m.

Thin-layered fine-grained tuffs (package 3) follow this section upward. Thickness of this
package increases from the top to the peripheries of the Madneuli dome (up to 120 m). It contains
second silica rich (quartz-opal-minor sericite), i.e. “secondary quartzite” body characterized by a
stratiform morphology and by sharp conformable contacts with both underlying and following
rocks. Maximum thickness of this silica-rich body is 80 m, and lateral extention reaches 340 m.

Thus, at this deposit there are two silica-rich bodies occupying distinct stratigraphic levels.
Presumably, the lower one appeared as a result of sub-seafloor local hydrothermal alteration,
whereas the upper one has been formed as a result of recrystallization of amorphous cherts
accumulated on the seafloor (Migineishvili, 2000; 2002). They also contain minor chalcedony,
alunite, kaolinite, pyrophyllite and jarosite. Formation of both silica-rich bodies precedes ore-
forming process, but some minerals (alunite, jarosite, etc.) may have been formed later as near-
ore metasomatites.

Stratigraphically higher thick-layered fine- and medium-grained tuffs (package 4) are
exposed. They contain rare interlayers of pisolitic tuffs (mainly at the dome top) (as well as ore-
bearing (sphalerite-pyrite) concretions). The package thickness is about 70 m.

In the south-eastern part of the deposit, there is a rhyodacitic extrusive body. Its effusive
“tongue” conformably overlays package 4 and has in its sole a flow breccia. An interlayer of fine-
grained tuffs (package 5) is distinguished within this body.

An ignimbrite cover (thickness about 90 m) of rhyodacitic composition caps the deposit. Its
sole is characterized by a ragged morphology and unconformably overlies the package 4. The
ignimbrite is ore-free, but contains scarce xenoliths of silica-rich bodies (Gugushvili and Omiadze,
1988).

There are Sublatitudinal and submeridianal (mainly) local faults at the deposit. Relative
movements along them reach several tens of meters. Besides that, existence of a deep-seated
northeast trending fault is inferred here (Migineishvili 2002).

Beneath the Madneuli deposit, 800-900 metres in depth from the present day surface, there
is an intrusive body of granodiorite-porphyry and quartz-diorite-porphyry composition.
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This deposit contains both epigenetic and syngenetic portions of ore mineralisation. The
former holds the most part of the Cu-Au reserve and is presented by both vein-disseminated and
breccia-type ores. Breccia ores occupy the middle and mainly the upper levels of the epigenetic
ore zone where the angular bits of the silica-rich bodies are grouted with the ore. Epigenetic ore
mineralisation is mainly dispositioned in silica-rich bodies, that is caused by high fragility and
fissuring of these bodies. The lower silica-rich body contains mostly quartz-pyrite-chalcosine-
covellite-chalcopyrite ore, whereas the upper one contains a quartz-pyrite-barite-sphalerite-
chalcopyrite-galena assemblage. This is a reflection of a mineralogical zoning in a common ore-
forming process.

Syngenetic ore mineralisation of the deposit is comparatively small in scale and is situated
on the top of epigenetic ore zone. Here, syngenetic stratiform orebodies are observed the
following composition: barite sand, porous-spongy quartz-barite, banded quartz-barite, massive
barite-sphalerite-pyrite.

At the deposit two generations of gold are established (Geleishvili, 1990): (i) early fine gold
coeval with main sulphides, and (ii) later gold formed after the main sulphides. The latter one is
presented by native gold in close association with rare-metal group minerals (sulfobismuthites and
tellurides), as well as with (1-2 mm thick) veinlets of bluish-greyish thread-like quartz widespread
in silica-rich bodies.

Stratigraphic level of concretion distribution, structural-textural peculiarities and mineralogy

In the course of a detailed structural-lithological mapping of the deposit in the eastern part
of the open-pit at level of 1070m horizon, we have fixed tuff strata of 7-8m thickness hosting
numerous concretions, some of which are ore-bearing. These strata belong to the lower part of
the fourth package described in the previous chapter of this paper. The area of concretion
distribution here is traced at several metres’ distance. In the course of detailed exploration of the
deposit Nazarov (1966) discovered ore concretions in the first and the second edits (at 1011m and
1040m horizons correspondingly in the north-western part of the deposit), as well as in the tenth
edit (937m horizon in the south-eastern part of the deposit). As a result of the open-pit operation,
this part of the deposit is abandoned, but on the basis of structural-lithological plan
documentation of the adits we can conclude that the concretion-bearing tuffs by their
stratigraphic position belong to the fourth package of rocks.

Recently in the hosting rocks of the Madneuli deposit we revealed nannoplankton
complexes. According to Cretaceous nannoplankton biozonation of Sissingh (1977), they
correspond to the following two Campanian floor biostratigraphic units: (1.) Ceratolithoides
aculeus Zone (CC 20) and (2.) the Reinhardtites anthophorus Subzone (CC 22c).

Tuffs of the first package contain a complex of nannofossils of the Ceratolithoides aculeus
Zone (CC 20): Ceratolithoides aculeus, Zeugrhabdotus embergeri, Calculites obscurus,
Prediscosphaera cretacea, P. columnata, C. verbeekii, Lucianorhabdus cayeuxii, L. maleformis,
Lithastrinus grillii, Micula decussate, Quadrum gartneri. This Zone is the Upper part of the Lower
Campanian and corresponds to a time interval from the first appearance of Ceratolithoides aculeus
until the first appearance of Uniplanarius (=Quadrum) sissinghii.
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Coexistence of Uniplanarius (=Quadrum) trifidus, Reinhardtites anthophorus, R. levis and
Eiffellithus eximius in the rocks of the second, third, forth and fifth packages shows the
Reinhardtites anthophorus Subzone (CC 22c) of the Quadrum (=Uniplanarius) trifidus Zone (CC 22)
existance here. This Subzone is the lower part of the Upper Campanian and corresponds to a time
interval from the first appearance of R. levis until extinction of R. anthophorus.

Concretion-bearing stratum is presented by an alternation of comparatively strong and
comparatively friable fine-grained tuff layers. Comparatively friable tuffs are characterized by a
thin lamination being parallel to general bedding. Regularity in interrelation between the fine
lamination and concretion is noteworthy. In particular, thin lamination is wrapping around the
concretions arch-wise (Fig. 1). Besides the concretions, comparatively strong tuff lenses are
observed thinly laminated tuffs of tuffs, long axes of which are also parallel to general bedding.
Concretions have ellipsoidal shapes. Their sizes vary within the range of 1 —20 centimeters.

Fig. 1. Concretion in tuff strata. 1 — Comparatively strong tuff; 2 — Comparatively friable tuff and its thin

lamination; 3 — Ore concretion.

Figure 2 depicts structure of one of the ore concretions collected by us. Concretion matrix
does not differ from hosting rocks and is presented by fine-grained tuffs. There are both minute
and comparatively large ore impregnations in this matrix, which are presented by pyrite,
sphalerite and minor galena. Sphalerite contains emulsive inclusions of chalcopyrite. Minute
impregnations are mainly presented by idiomorphic pyrite crystals, whereas comparatively large
ones consist of an aggregation of anhedral pyrite and sphalerite. Galena associates with both
pyrite and sphalerite. Ore impregnations form a concentric-banded structure of concretion, in the
central part of which there is a small area (2x2cm) with pyrite minute impregnations. Next area of
ore impregnations has a form of a narrow (2-3mm) ring. The outer band of the impregnations is 1
cm wide. It should be noted, that concretions described by Nazarov (1966) also are characterized
by concentric-banded structure represented by alternating fine-grained sphalerite and colloform
pyrite.
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Fig. 2. Concentric-banded structure of the Madneuli concretion in a cross-section. Dark spots and dots correspond
to ore impregnations in a tuff matrix.

3. Conclusions

Ore concretions of the Madneuli copper-gold deposit are characterized by a discrete
distribution. They occupy a certain stratigraphic level in geological section of among the rocks
mainly of the lower part of the fourth package. On the basis of new paleontological data this level
corresponds to Reinhardtites anthophorus nannoplankton Subzone (CC 22c).

Concretions from different parts of the deposit are characterized by a concentric-banded
structure and identical consistance of ore minerals.

Concretions and syngenetic ore bodies of the Madneuli deposite are characterized by
identical consistance of ore minerals. Besides that both of them are localized at the same
stratigraphic level of the fourth package rocks.

Thinly laminated hosting tuffs are arch-wise wrapped around the concretions. Despite the
long history of concretion study, the issue on formation mechanism of such morphological feature
remains disputable. Even today is widely accepted the old interpretation of Newberry (1873) that
such morphological forms occur when concretions grow in partially consolidated sediment
conditions before their complete compaction and consolidation (i.e. untill complete diagenetic
transformation) that cause deformation the sediments but not the rigid concretions. According to
another widely accepted opinion the preexisted concretion body (Tarr, 1921) morphology occurs
as a result of sediment preciptation, on arching further growing. It goes on the first opinion
actually infers formation of concretions at an early stage of sediment diagenesis, whereas the
second implies the stage of syngenesis. Spatial association of concretions to a definite
stratigraphic level in a scale of separate region is recognized to be one of the indicators of their
syngenetic origin.

Based on the above described material we can conclude that formation of the concretions
presumably has occurred with syngenetic ore bodies, as well as with hosting rocks of the fourth
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package simulteniously before the complete diagenetic compaction of these rocks at the
syngenetic-early diagenetic stage.
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SECTION OF GEOFYSICS

UDC 550.831
HOW TO INVESTIGATE ELASTIC ANISOTROPY OF SEDIMENTARY ROCKS IN
LABORATORY AND REAL CIRCUMFERENCE. 1. saffarov, H. Agaev, K. Shakhmardanoff.

The work deals with the results of sedimentary rock testings at about 0,9 Ma voltages in a
cylinder-piston-type system and also data of Vertical Sismic Profiling (VSP) in a deep wellhole. Determining
the longituinal wave speed and anisotropy coefficient both in laboratory and real circumference. It has
been stated that in most seidimentary rocks already tested the elastic wave speed anisotropy was
observed. The reason for it is its presence in permeable samples. The results showed that presence of
anizotropy is within the limits of about 8-12%. For practical purposes the mentioned properties could serve
as forcasting signs for collector presence.

Key words: anisotropy of the velocities; seismic survey; vertical seismic profiling; compressional waves;
shear waves; solid-phase arrangement; thermobaric condition.

UDC 622.24
ROUND PLATE FORCED OSCILATIONS RESTING ON THREE POINTS IN PHYSICALLY
NONLINEAR POSITION FROM DISTRIBUTED LOAD HARMONICAL CHANGE. G.

Bairamoff

The problem under consideration deals with investigation of forced oscillations of round plate
resting on three points around the circuit in a physically nonlinear position. The problem under
consideration is solved by help of Hamilton principle.With it the physical nonlinearity is obtained in a form
of Genk equation. The resonance curve and stress epures are built at the same time.
Key words: forced oscillation; round plate; curve; circuit; linear; Hamilton principle.

SECTION OF GEOLOGY

UDC 550.4:551. 781. 5:551 (479.28)

ASYMMETRY OF THE STRUCTURAL PLANS OF THE GARE KAKHETI MOLASSE
TROUGH SOUTHERN SEGMENT. L. Basheleishvili; M. Qumelashvili; N. Tevdorashvili.

Within the southern segment of the Gare Kakheti molasse trough, and on the surface of Eocene and,
mainly, Mesozoic deposits structures of anti — Caucasian are observed directions while on the underlying
bed of the Sarmatian deposits the structures are of general Caucasion directions. On the basis of the
worked out structural maps it has been assumed that the above-mentioned structural asymmetry of these
units was conditioned by revealing of a structural scheme of the old crystalline substrate within the
younger deposits, on one hand, and by the existence of sub-horizontal failure or the detachment, on the
other one.

Key words: molasse trough, southern Segment, structures of anti — Caucasian direction, detachment.
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UDC552.4
ABOUT THE CONSISTENCE AND AGE OF THE STRIPED ROCKS OF THE KISTINKA ROW
MARKED IN KAZBEGI REGION. T. Darakhvelidze, N. Cosashvili.

The data collected during the studies of the samples obtained from the field have enabled us to
conclude that the Striped Rocks are neither a consistent part of the Kistinka Row nor its contemporary. The
conclusion is proved by the following arguments:

1.Metamorphism: Despite the low degree of metamorphism the Striped Rocks significantly differ
from the ordinary clayschists which have not undergone metamorphism.

2. Mineral consistence: The Striped Rocks are characterized by the hornblende injections which do
not occur in the Lias clay-schist and which are widely spread in the Dariali and Gveleti massifs of the
paleozoic age. Therefore these injections must be of the pre-lias period.

The purpose of our research of the Striped Rocks was to find the reason why these significantly
different rocks are ascribed to the Kistinka Row. They had undergone metamorphism, i. e. they are older
than clay-schists and if so, they cannot be of the lias age and thus, cannot be ascribed to the Kistinka Row.
These rocks should be classified as a new row, supposedly called “Gveleti Row”.

Key words: Kistinka Row, Metamorphism, Striped Rocks, clayschists, lias age, Gveleti Row,

SECTION OF DRILLING TECHNIQUES AND TECHNOLOGY;
AUTOMATIZATION OF CONTROL

UDC 665.622

:51(078)
ON MATHEMATIC MODEL OF THE ROUGH OIL DESALTING PROCESS. G. varshalomidze,
l. Goguadze, Z. Kalandarishvili.

To diminish the remainder concentration in oil as it is necessary to solve the optimization problem
taking place in the electrodesalting plant.
Key words: desalting, concentration, averaged empiric, mathematical expectance, standard deviation.

UDC 622.244

INVESTIGATION OF INFFLUENCE FACULTY OF DRILLING MUD FILTRATE WETTING
ON THE CLAY ROCK MOISTURE ABSORPTION. G. varshalomidze, V. Khitarishvili, M. Asatiani.
When drilling the clay rocks the rockfailure instrument leaves micro cracks. Contacting with drilling
muds the drilling mud filtrate penetrates into the microcracks by means of capillar forces impact and
humidifies them. The better the filtrate wets the clay rocks the more mud will be absorped by the rock. This
process causes rock swelling. The influence of drilling mud filtrate on the clay rock moisture absorption is
theoreticaly investigated. On this ground the conclusion is drawn that when drilling wellholes in order to
avoid the clay rock swelling while contacting with the mud it is necessary to apply the drilling mud treated
with inhibited additions.
Key words: drilling mud filtrate, penetration, swelling, moisture absorption.
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UDC 622.537.3
RESTORATIVE SOURCES OF ENERGY. 1. Goguadze, Sh. Nemsadze.

The work deals with restorative energy sources as the primary energy within the space of the Earth,
the Sun and Planets and their transformation by technical means.

In particular, light energy photo-volt-transformers are given with accumulator battery. It enables to
obtain 220V of about 2,5-3 kwatt power. At present it is economical and ecologically pure system, which
may be applied within small settlements, in tourist infrastructure, for protection of pipelines and in signal
electrosupply system.

Key words: restorative energy, photo-volt-transfomer, invertor.

SECTION OF MAIN OIL PIPELINES

UDC 681.586.5
FIBER-OPTIC PIPELINE MANAGEMENT INTELLIGENT SOLUTIONS. G. Mgeladze

The integrity of oil pipeline is always a majoring oil and gas transportation industry. Pipeline leak
not only leads to loss of ail, but pollutes environment. A new pipeline leak detection and communication
system based on optical fiber technology to ensure the pipeline reliability is presented. Dedicated fiber
optic cables can be used to detect and locate in real-time pipeline displacement and strain, enabling the
early detection of increased stresses. Optical fiber will be a critical technology in many aspects of future.
Optical fiber already offers a step change in bandwidth capacity for the communications backbone. The
range of discrete and distributed optical fiber sensors, being developed and in some cases field tested, will
revolutionize sensing teqnologies in safety operating systems, the future is optical fiber.

Key words: optical-fiber; integrity of oil pipeline; pipeline detection and communication system; dedicated
fiber opticak cabels; optical fiber will be a critical technlogy; the future is optical fiber.

SECTION OF MAIN TECHNOLOGY

UDC 622.24.442
POSSIBILITY OF IRRIGATION CHANNEL COMPLEX USING FOR RECEIVING ELECTRIC
POWER AND ECOLOGICALLY CLEAN SUBSTANCES OF STRATEGIC AND ECONOMIC

IMPORTANCE. I.Gabrichidze, G.Kharabadze, N.Bochorishvili, V.Gabrichidze.

The possibility of using irrigation and other special importance channels of Georgia for receiving
electric power and ecologically clean substance (hydrogen) is considered. Electric power is generated on
the basis of micro hydropower stations mounted on channels, while hydrogen production is done as a
result of water electrolysis in electrolyzer for which low cost electric power generated at micro hydropower
stations is used.

Calculation of the worked out electric energy power and produced hydrogen volume is given.

In order to increase electric power generation efficiency the versions of reconstruction of irrigation
channels’ water conduits are proposed which allow arranging of hydro accumulating water basins above
channel mark and using of accumulated technical water in many purposes.

Key words: channel, micro hydropower station, hydrogen, electrolysis, energy carrier, waterlogging,
pressure.
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UDC 552.124.4:553.411'435
ORE CONCRETIONS OF THE MADNEULI CU-AU DEPOSIT. R. Migineishvili, T. Gavtadze

Ore concretions of the Madneuli copper-gold deposit are characterized by a discrete distribution.
They occupy a definite stratigraphic level in the geological section of the deposit. On the basis of new
paleontological data this level is assign to Reinhardtites anthophorus nannoplankton Subzone (CC 22c).
Concretions from different parts of the deposit are characterized by a concentric-banded structure, as well
as by the same content of ore minerals. Thin lamination of hosting tuffs arch-like overwrap the concretions.
Formation of the concretions presumably occurred contemporaneously with syngenetic ore bodies, as well
as with hosting rocks, before a complete compaction of these rocks.
Key words: Madneuli deposit, ore concretions, nannoplankton.
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CEKUUA rEO®PU3UKU

Y/IK 550.831
NMPUMEP WU3YYEHUA YNPYIOW AHU3OTPOMUU OCAAO4HbLIX nopPOA NPHU
NABOPATOPHbIX YC/IOBUAX U B PEAJIbHOM CPEAE. Cadapos U.B., Araes X.B.,

WaxmappaHos K.B.

B paboTe npuseaeHbl pe3ynbTaThl UCNbITaHWA 06pa3L0B 0CagoUHbIX NOPoA Npu gasneHunax go 0,9
lMa B ycTaHOBKe TMNA UMAMHAP-MOPLWEHb U AaHHble BepTukanbHoro Celicmuyeckoro MpoouavposaHus
(BCIM) B rnybokoit ckBaxkuHe. Onpeaenns CKOpPocTn U KO3GOULMEHT aHNU3OTPONUU NPOAO/IbHBIX BOJH, KaK B
nabopaTopHbIX YCNOBMAX, TaK M B peanbHOM cpede, YCTaHOBWAM, UYTO B BO/bLIMHCTBE WMCMbITAHHbIX
0Caf0uHbIX MOpoA, Habaaanacb aHUM30TPOMNMA CKOPOCTEN YMPYrMX BOJH, MPUYMHOM KOTOPOM ABASAETCA
Hasnuyne B 06pasLLax NPOHMLLAEMOCTHU. Pe3ynbTaTbl MU3MEPEHUI aHN30TPONMUK CKOPOCTEN pPacnpPoCTpaHeHus
YNpyrux BOJIH B OCaA04HbIX NopoAax npu NabopaTopHbIX YCAOBUAX U BO BHYTPEHHMX TOUYKAxX peasibHoW
cpeabl MOKAa3anun, YTO Ha/sMuMe aHM3O0TPONUU B Npegenax npumepHo 8 — 12%. [AnA NpakTUYECcKUX uenen
OTMeYeHHble CBOWCTBA MOTYT C/IYKUTb NMPOrHOCTUYECKMMM NPU3HAKAMMN HA/IMUMSA KONJIEKTOPOB.

KnioueBble cnoBa: aHM30TPONWSA; CEMCMOpPA3BeAKa; BepPTUKA/bHOE ceicmuyeckoe NpPoPuaANpoBaHue;
NPOZOAbHbIE BOMHbI; MONEpPeYHble BOJIHbI; TepMobapuyeckoe yciosme.

YAK 622.24

BbIHYXAEHHbIE KOJIEBAHUA KPYT1I0W NIACTUHKU, ONEPTOM B TPEX TOUKAX,
B ®U3NYECKU HE/IMHEMHOWN NOCTAHOBKE OT TAPMOHWYECKU MEHAIOLLEENCA
PACMNPELENEHHOM HATPY3KMW. Baiipamos I"H.

B paccmaTpuBaemoi 3agavye MCCNedyloTCA  BbIHYXKAEHHble KonebaHus KPyrioi NAacTUHKM,
OnepToit B TPEX TOYKAX MO KOHTYpYy, B OU3NYECKON HeNuHelHOoM nocTaHoBKe. lMocTaBieHHas 3ajaya
pelaeTca ¢ NOMOLLbIO NpUHUMNA FaMnnbToHa, NPy 3TOM GU3MYECKas HeNIMHEWHOCTb MPMHUMMAETCA B BUAe
ypaBHeHUs eHKW. MoCcTpoeHbl pe30HaHCHAA KPpUBas M 3MOPbI HaNPAXKEHUH.

KnioueBble cNoBa: Kpyrias NAacTMHKa; KanebaHue; KOHTYpP; HeAMHEeNHHbIN; NPUHLMN FamMUAbTOHa; entopa.

CEKLUUA MEONOrun

Y/IK 550.4:551. 781. 5:551 (479.28)

ACUMMETPUA CTPYKTYPHbIX NNTAHOB HOXHOIO CEFMEHTA TAPE-KAXETUHC-
KO MOJZIACCOBOM BMAAWUHDI. Bawenenwsunu 1., Kymenawsunu M., Tesgopawsunu H.

B npepgenax lOXHOToO cermeHTa rape-KaXGTMHCKOVI MON1accoBOM BNnaguHbl Ha NOBEPXHOCTU 30L,EHOBbIX
N ME3030MCKUX OT/IONKEHUIN OTMEeYaeTca cyuwiecTtsoBaHMeE CTPYKTYP aHTUKABKA3CKOro HanpasaeHuA, a no no-
AowBe CapMaTCKux OT/IOKEHUM Bblpa*XeHbl CTPYKTYpbI 06LI.I,EKaBKa3CKOI'O NPOoCTUpPaHnNA. Mo cocTaBneHHbIM
CTPYKTYPHbIM KapTam YCTaHaB/IMBAETCA, YTO TAaKOIro poaa CTPYKTYpHad aCUMMMETPUNA Bbi3BaHa, C OAHOVI CTO-
POHDI, BbiABNEHNEM OPEBHENO CTPYKTYPHOIO nJjiaHa KPUCTananvyeckoro cy6CTpaTa B 6onee MmonoabixX OT/N0-
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KEeHnAax n, c ,u,pyroﬁ, CywecTtsoBaHMEM CY6FOpM3OHTaﬂbeIX CpblBOB —A€Ta4YMeHTa B NMOCTME3030MCKNX

OTNNIOXKEHNAX.

KntoueBble cnoBa: monaccosas BNaAMHa; FOXKHbIN CermMmeHT; CTPYKTYpbl aHTUMKABKA3CKOro HanpasaeHwuA,
AETAYMEHT.

YK 552.4
O COCTABE U BO3PACTE MOJZIOCHATbLIX MOPOA4 KUCTUHCKOM CBUTDI,
BbI,EI,EI'IEHHOIZ B KA3SBEFCKOM PAMOHE. Dapaxeenuase T., Kosawsunu H.

KUCTUHCKaa cBMTa NpeacTaBieHa MecyaHMKamn M [IMHUCTbIMKU CAaHuamu. WX BO3pacT- HUMKHUIA
nemnac. K aToli cBUTe NpMHaANeKaT nosocyaTble Nopoapl.

B pe3synbTaTte U3yyeHus 3TUX NOPOA, Mbl 3aK/1t0HaEM, YTO:

1. KauvectBo MeTamopduama nosiocyaThlX MNOPOA OTAMYAETCA OT HemeTamMopdUUECKUX
TNIMHUCTbIX CNaHLEB.

2. B nosocuyatbix Nopogax BCTPEYAKOTCA pPOrosBble 06MaHKM, KOTOpble He BCTPeYalTca B
NenacoBbIX TMHUCTBIX CAaHLAX, HO pacnpacTpaHeHbl B [BeNeTCKOM maccuBe.

Mo3Tomy 3TM MosiocyaTble NOPOAbl HE AO/MKHbI MPUHAANEXKATb K KUCTUHCKOW CBUTE W UX AOAXKHbI
BblAE/INTb B BUAE OTAE/NIbHOM CBUTbI. MMEHHO 3Ty CBUTY Mbl XOTUM ONPeLenUTb Kak «[BENeTCKY CBUTY».
Kntouesble cnosa: KUCTMHCKasA CBUTA; MeTaMOPOU3M; NO0CYATbIE MOPOAbI; TIMHUCTbIE CAAHLbI; eiac;

IBeneTcKas cBuTa.

CEKLMSi HOBOW TEXHUKU U TEXHOJTOMMU BYPEHUA, CUCTEM
ABTOMATUYECKOIO YNPABJIEHUA

YK 665.622
:51(078)
O MATEMATUYECKOM MOAENM MNPOLECCA OBECCO/IUBAHUA HEDTMW.

Bapwanomupnse I, Noryagse WU., Kananpapuwsunu 3.
B HedTM ANA yMeHbLUEHMA OCTalOWENCcas KOHLEHTPAUUM OCTAaTKOB MNPUMECEeN, 3/1eKTpocone-
YAANAOLWMXCA B YCTAHOBKE, HEOHXOANMMO PeLInTb BONPOCHI ONTUMMU3ALLUN.
KnioueBble cnoBa: obecconvBaHWe; KOHLEHTPaUMsA; CpeAHEKBaApPaTUUHOE OTKIOHEHWE; yCpeAHEHHas
3MNMpPUYECKanA; MAaTEMATUUYECKOE OXKMAAHMeE.

YK 622.244

WU3YYEHUE BNUAHNA CMAYUBAIOLLLEM CNOCOBHOCTU ®U/IbTPATOB EYPOBbIX
PACTBOPOB HA BJIATOMNOINNOWEHUE TAAUHUCTDBIX MOPOA. Bapwanomuase I.X.,

Xutapuweunu B.3., Acatnanu M. O.

Mpu BypeHun raMHUCTBIX MOPOL NOPOAOPA3PYLLAIOLLMNI NMHCTPYMEHT CO34aeT MUKPOTPELLMHbI, NPK
KOHTaKTe ¢MNbTPaT BypoBbIX PACTBOPOB MPOHUKAET B MUKPOTPELLMHBI U YBAAXKHAET TMUHUCTYIO Nopoay.
Yem nyywe cmaumBaeT puabTPaT FMHUCTYIO NOpoAay, TeM bonblias macca pacTBopa byaeT eto noraouweHa.
3TOoT npouecc Bbi3blBaeT HabyxaHue nopofd. TeopeTuyeckn uccnefoBaHo BAMAHWE ¢uabTpata 6yposoro
pacTBopa Ha BAAronor/ioLlleHMe [MHUCTBIX nopod. Ha ocHoBe 3TOro Aenaertca 3ak/loueHWe, 4To npu
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OypeHUN CKBaXXWMH ANA nNpeaynpexaeHua HabyxaHuWa FAMHUCTbIX MOpoa NPWM KOHTakTe ¢ BypoBbim
pacTBOpOM HeE0bXoAMMO NpMMeEHEHUEe PacTBOPOB, 06paboTaHHbIX MHIMOMPOBAHHbIMM A006aBKaMU.
KntoueBble cnosa: puabTpat OypoBOro pacTeopa; NPOHULAEMOCTb; HabyxaHWe; BAaronornoLLeHue.

YK/ 622.537.3
BO3OBHOB/IAEMbIE MCTOYHUKWN SHEPTUW. roryanse U.K., Hemcaase LA

B paboTe npepacTtaBneHbl BO30OHOBAAEMbIE UCTOYHMKKM 3emaun, ConHua, MAaHeT B KOCMUYECKOM
NPOCTPAHCTBE, KaK NEPBOMUCTOYHUKM SHEPTUU N TEXHUYECKME CPeACcTBA UX NpeobpasoBaHumA.

B yacTHOCTW, NpmBeaeHbl cBeETOGOTOBOIbTHbIE NPe0bpPa30BaTENM C AKKYMYNATOPHbIMK HaTapesamuy,
KOTOpblEe NO3BOJIAIOT NyTEM MHBEPCUMN NOAYUUTb 220 BOAbT MOLLHOCTBIO A0 2,5-3 KBT. 3TO Ha ceroaHsWHNni
[EeHb 3KOJIOTMYECKM camaa 4yucTas cucTema. Ee MOXKHO NpUMMEHATb B MasiblX HACeNeHHbIX NYHKTax, B
TYPUCTUYECKMX MHOPACTPYKTYpax, B 3aWMTHbIX cucTemax TpybonpoBOAOB, B CUCTEME CUFHAJIbHOMO
3NEeKTPOCHabKeHUA.

KnioueBue cnoBa: B0306HOBAAEMbIE UCTOYHMKMK; GOTOBOIbTONPEOOPA30BaTENb; MHBEPTOP.

CEKUMA MATUCTPAJIbHbIX HE®TEMA30MPOBOOOB

YK 681.586.5
MOHUTOPUHI LUENOCTHOCTU TPYBOMNPOBOAA C NOMOLWbBIKO BO/NOKOHHO-
OMTUYECKON TEXHONOMUWN. Mrenanze I

LlenocTHocTb HepTenpoBoAa - BCeraa Cyw,ecTBeHHAsA YacTb TPAHCMOPTMPOBKKM HedTH U rasa. Hapy-
LWeHMe LeIoCTHOCTU TPpybonpoBOAOB HE TOJ/IbKO MPUBOAUT K NoTepe HedTW, HO 3arpA3HAET OKPYXKaloLwyo
cpeay. MpeactaBneHble BOJIOKOHHO-ONTUYECKME Kabenn MoryT 6biTb MCMO/Ib30BaHbI 419 0O6HapyKeHUA U
onpeaeneHns MecToMo/IOKEHMA B PEXMME PeanbHoro BpeMeHu, nepemelleHus Tpybonposoga v aedo-
pMaLMKM, NO3BOJIAOWMX paHHee obHapyKeHWe MOBbIWEHHOro HanpsxKeHua. ONTUYecKoe BOJIOKHO byaeT
KPUTUYECKOM TEexXHO/IoTMelr BO MHOTMX acnekTax byaywero. OnNTMYecKoe BOJIOKHO YKe npegniaraer
nosTanHoe M3MeHeHWe MPOMNYCKHOM CNOCOBHOCTM Ha OCHOBE KOMMYHWMKaUMKU. [ManasoH AUCKPETHOTO U
pacnpeaeneHHoro ONTUYECKUX AaTYMKOB BOJIOKHA pa3pabaTbiBaloTcA M B HEKOTOPbIX C/AyYasx nonem
UCMbITaHUA ByaeT PeBo/IIOLMOHNPOBATL CUCTEMA OMepaLMoHHONM HbesonacHocTU. byayliee NpuHagNexXuT
ONTUYECKMM BOJIOKHaM.
Kniouesble cnoBa: LLeNoCTHOCTb HedTenpoBoaa; BONOKOHHO-ONTUYECKNE Kabenn; obHapyXeHMe NoBbIlWeH-

HOrO HanpAMKeHuA; byayliee NPUHAANEKUT ONTUYECKMM BOSIOKHAM.

CEKLUA rOPHOWU TEXHOJOIMU

YK 622.24.442

BO3MOXHOCTb KOMMNEKCHOIO UCNOJ1Ib30BAHUA OPOCUTE/NTbHbLIX KAHAJ/IOB
Ana nNONYHEHUA SNEKTPOSHEPTUUM U SKONTONMHYECKU YUCTbIX BELLECTB
CTPATETMYECKOIo U SJKOHOMMWYECKOIo 3HAYEHUA. ra6puunase 10., Xapabanse TI.,

Bo4yopuwsunu H., Fabpnungse B.
PaccmoTpeHa BO3MOMKHOCTb WMCMNO/Ib30BAaHMA CYLLECTBYHOWMX B [Py3nnM MHOMMX OPOCUTENBHbIX U
APYITUX cneunann3mpoBaHHbIX KaHaN0B A4 NOoJyYeHUs 3NEKTPOIHEPTUN N SKONOTMUYECKMX YNCTbIX BELLECTB
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(Bomopos). BbipaboTka 3NEKTPO3IHEpPrMM OCYLLecTBAAETCA Ha OCHoBe MUKPOIIC, yCTaHOBNEHHbIX B
opocuTenbHbIX KaHanax, a NPoOn3BOACTBO BOAOPOAA - B pe3y/bTaTe 3/1eKTPOAN3a BOAbl B 3/1eKTpoan3epax,
AJ17 YEero UCMo/Ib3YeTCA 3N1eKTPO3HEPIrMsA CPAaBHUTEIbHO Masiol cebecToMmocTy, BbipaboTaHHas MMKpolaC.

MpuBeaeHbl pacyeTbl MOLLHOCTM BblpabOTaHHOW 3/1eKpo3HeprMM M 06bEMa NpPoun3BeAeHHOro
BOAOPOAA.

Ona  ysennyeHuna 3GOEKTUBHOCTM  BbIPabBOTKM  INEKTPOIHEPrMM  MpPeasioKeHbl  BapuaHTbI
PEKOHCTPYKUMM BOAOCTOYMHOrO »Kenoba, YTo TaKKe [aéT BO3MOMKHOCTb 060pyAoBaTb TMAPOAKKYMY/IN-
pytoliee BOAOXPaHUANLLE Bbille OTMETKM KaHaia U UCMO/b30BaTb HAKOMNJIEHHYIO BOAY ANA Pa3HbIX Lenei.
Kntouesble cnoBa: KaHan, MMKpoldC; BOAOPOA; 3NEKTPON3EP; IHEPTONPOBOLHUK; NOATOMNEHUE; HaMop.

YK 552.124.4:553.411'435
PYOHbIE KOHKPELUMWU MAAHEY/IbCKOIrO MEAHO-30/10TOFO MECTOPOXAE-

HUA. Murunenwsunu P, FasTtagse T.

PygHble KOHKpeuun MagHeybCKOro MeCTOPOXKAEHUA XapaKTePU3YIOTCA AUCKPETHLIM pacnpocTpa-
HeHnem. COBMECTHO C CUHFeHETUYECKMMU PYAHbIMW TeflaMU MEeCTOPOXKAEHWUS, OHWU B Te0/IOrMYECKOM
paspese 3aHUMaIOT onpeaeneHHbl cTpaTUrpaduYecknin ypoBeHb, KOTOPbI Ha OCHOBE HOBbIX NasI€OHTO/1O0-
rMYECKUX AaHHbIX MPUYMCIEH K HaHOMMAHKTOHOBOM noasoHe Reinhardtites anthophorus (CC 22c). Ana
KOHKpeumit, cobpaHHbIX B Pas/IMYHbIX YaCcTAX MECTOPOXAEHWUS, CBOWCTBEHHbI KOHLLEHTPUYHO-No0CYaToe
CTPOEHME, a TaK}Ke OAMHAKOBLIM COCTaB PyAHbIX MUHEPANoB. JIMCTOBATas CNOUCTOCTb BMeLLatoWwmx Ty¢pos
CBOAO0OPA3HO CKAaAbIBAeTCA BOKPYr KOHKpeuui. GopmMMpoBaHME PYAHbIX KOHKpeuuit npesnonoxu-
Te/NIbHO NPOU30LLI0 OAHOBPEMEHHO C 0OpPa3OBaHMEM CUHIEHETUYECKUX PYAHbIX Ten, a TaKXKe BO Bpems
OCaXXAEHWUA BMELLAOLWMX NOPOA, A0 UX MONHOTO ANAreHeTUUYECKOro YNOTHEHUA.

KntoueBble cnosa: MagHey/bCKOe MeCTOPOXKAEHUE; PYAHbIE KOHKPELMU; HAHOMIAHKTOH.
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LOIANIBITML ANGIAIIAN AILIALIZN
63301MaNL 3M3IM3V3I LIIICMISNL INLILIND
3BT AMIMBNIRO | BMIMBIIRO
BOBSRM) 65300030 2008 V. | 65300030 2009 V. | 65300030
IV 33. ®065 I 38. BMES 2009 V.
11 33, ®06S
1. 806Ho560 932,910 936,53 1029,68
2. 356565 06530 127250 104,49 101,08
3. 60O 201,922 11125 137,149
4. LIBLY 35,040 40,68 43,63
5. L>SGLIBOLO 61,548 50,644 2717
6. ST, B>TSR0R0 _ - -
7. 153300 6765,718 6306,167 6739,778
8. BSBOB6S 1015,350 833,60 6312
9. FBMBOLIBSE0 319,360 221,65 190,11
10. 0)I20000 2233287 2078,889 2149,779
11, 5588, 158, 050 518,655 406,01 496,99
12, R5b, @IL0530
o9 sg0u00 664,261 663,44 691,55
13. 65boB2I0 102,250 98,61 100,08
14. 85606930 1053,990 169127 1498.45
15. 350 5,730 546 591
b 14037271 1404878 13897,556
oo DLOOLIBAR0 3654,170 3985,07 326131
1. 6060)V06RS 3654,170 398507 326131
2. SALS30 0,000 0 0

63301M3NLY I 33%0NL BILIN

2009 ool 16 bmgddg®l «PLATT”S EUROPEAN MARKETSCAN»-«FOB MED (ITALY)»-ob
dobg30m LogMHMITMOOLM GolYdO Bs30MBd3OMEJE OB F95009bU:
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09bbobo (A-92)- 690,50 MEs®0/GHMbsby;

o0bgo (L-62) - 612,00 omms0/GHmbsby;

Bogmo - 658,25 mwsmo/EHmbsby;

dobmmo - 474,25 ©m@sM0/EHmbsbY
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6B MIANTIBY
LNdAadI
©3I030 BI80 | Nd&EN | 3nen 33 La 326N
©I030 11111 0.083 0.0228 | H1.5E-5 | 2534 2354 03254
3350 12 1111 0.33 1.9E-4 | 30438 | 30348 | 033144
&AL 36 3 11111 57E-7 | 91434 | 91344 | 039144
ane2n 63360 5280 1760 /1111 | 1361E+6 | 1361E+5 | 160933
aneNadan | 0.0394 | 3.28E-3 | 0.0011 6.2E-7 11 031 03001
LI6BNAGAN | 0,394 0.0328 0.011 6.2E-6 10 11 0301
306N 39.37 3.281 1.094 6.2E-3 1000 100 11
linch = 2,5401:9;
119 = 0,394inch.
M6
66N | BIGAN | IMCISBMEY | 33N | INTMIAIAN M6
660 11111 | 0.0625 3.125E-5 28.35 0.02835 2.835 E-5
33660 16 1111 0.0005 453.6 0.4536 4,536 E-4
IMI3.6M6d | 32000 2000 11111 907185 907.2 0.907
3AdaN 0.035 | 0.0022 1.1E-6 11771 0.001 1E-6
JNE2M3AIAN 3.5 2,2 11E-3 1000 11111 0.001
M6 35274 | 2204 1.1 1E+6 1000 11171
£6339
33MLBIAM (33/L3) | PSI(BIGSHN/LINND |  BI6GSN/LINAN’
303IMLBIAM (33/L3%) 11111 0.0625 3.125E-5
PSI(B3650/23030%) 16 1111 0.0005
BI650/2IN3N> 32000 2000 1111
aMBISMIY
©anan’ g3580° 3@’ 33’ L3’ 3
©I03n* 1111 5.79 E-4 1.03 E-4 16.39 0.01639 1.639 E-8
g340° 1728 1111 0.178 2,83E+7 | 2.83E+4 0.0283
3G’ 9702 5.615 1111 1,59E+8 | 1,59E+5 0.159
33’ 0.061 3.5315E-10 | 6.29 E-9 1111 0.001 1E-9
L3’ 61.02 35315E-7 | 6.29E-9 1000 11111 1E-6
3 61024 35.315 6.29 1E+9 1E+6 1"
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LN3IIANII
(B.L.-BIARMINOIN LNAIIANSI - shtcific gravity)
BI650/332M6N PPG BI650/BI6EN’ APJ J3/2.3/L3FB.b. 33/3°
BI63N/3I2MEN PPG 1111111 7.4805 5.814 0.1198 119.83
BI650/ 363N 0.134 11111111 0,775 0.01602 16.081
APJ 0.172 1.29 111 0.0206 20.6
48/22,3/L3°.B.b. 8.345 62.43 48,54 11111111 1000
33/ 8.345E-3 0.624 0.04854 1E-3 1
0633320 IMBITM3Y
V66N | 3IN6DY | 33ADY | BIUM6N | 3IAIIN | =NdAN | 3T’ ¥
66N /111 | 00625 | 0.0315 0.0078 | 1.86E-4 | 0.0295 29,5 2.95E-5
3N6dd 16 i 0.5 0.125 0.0625 | 0473 | 4732 | 473E-4
33043 32 2 i 0.25 0.00595 | 0.946 946 | 946 E-4
3d=Mmen | 128 8 4 111 0.0238 | 3785 | 3.785 | 3.785E-3
3AITN | 5376 16 168 42 1111 159 158987 | 0.159
NSAN 34 2.1 1,057 0.264 0.00629 | //11/ 1000 0.0011
39’ 0034 | 2HE3 | 106 E-3 | 264E-4 | 6.29E-6 | 0.001 1111 1E-6
¥ 34000 | 2110 1057 2640 6.29 1000 1E+6 1
63301M3aNLY R 33%NL IMRIGY
(33C2M6N, 33AI2N, BI6GSHN)
@/60 | 3d/60 | BB/EM | 3A/EM | BS/LO | A/ | /L 3/ee
/60 i 0.264 0.035 6.29 E-3 212 9.057 17E-5 | 48E-4
adw/en | 3785 | /1] 0.134 0.024 8.02 34,29 63E-5 | 1.5E-3
35°/60 28.32 7.48 1111 0.178 60 256.5 47E-4 | 113E-2
3G/ 601 159 42 5.615 1111 337 1440 2,65 E-3 | 6.36 E-2
35°/L0) | 0.472 0.125 0017 | 297E-3 | [/l 4,27 8E-6 | 192E-4
/e 0.1 0.03 00089 | 9E-4 | 0234 1111 11E-4 | 264E-3
/vm 60000 | 158.52 0.118 377.4 127140 54320 1111 24
3/ 2500 6.605 88.25 15725 | 5297.5 | 226425 0.042 111
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G939 g@s
(C) (3gologlon =(F-32)*519;
CF) @066, g08om =(°C)*915+32.
BOVO3IHO 3IRN3330

3@3308030 gm0 dgeBogs . . . L Lo G 6,6720 (1076 (> %6 2
Lobsognols LoBdodg gogg9dBo . . . . . . ..o C 2,99792458 [10°9 [ya -
Bopbogg®o BqBogs . . . . L. My 1,25663706144 10°° ab M
909J@@gmo BgeBogs . . . Lo Lo &, 8,85418782 ELO_Q(B M
SQoﬁdols 3'2];93030 .................... h 6,626176 D.O_MX D§’8
g J@Gmbols «gdGomdols Bdls . . . ... L. m, 9,109534 (107 3o
5,4858026 [10™* do.g.
3Gm@mbol @d@omdols by . . . Lo m, 1,6726485 107 30

1,007276470 8.0.8.
16749543007 33

bgo@®@mbols 9gd@smdols Bob> . . . . .. m;

1,008665012 9.o.g.
9909J@®@mbols dxbGo (SOlmmgGa®o 60dgbgmmds) . . .€ 1,6021892 D.O_lgd
Blbols s@mBanto ghogmmo 1,665655(86) (107 3o
0gmdMmL 8qmogs . . . ... N, 6,02245 EI.OZSBMQO -
godoEgol BgeBogs . . . L L L F 96484,56 3 [Berogmo -
Bmgg@o gobgdo BaeBogs . .. L L L R 8,31441?@ [BMQO - Qj'l
doagm(38060l BegeoBoge . L L L L K 1,380662 (10 o [~

0 goEg@0 bo‘bnb Em(f)ﬂo@'ﬂ(‘m
ﬂva{]t‘m) ﬂmGﬂmeo Bm(ﬁﬁo@'ﬂt‘) 30(4)(')636'30

(t=0°C,p=10132543). . . ... ... ... A 2,2411107 8° /Beagooo
bodBomgdo s@Bmlggdgmo Foggs . . . . . . .. ... P 1013253>
oogoliggamo  gosMebols sho@gds (bo@Bomyg@o) . . . . . . 0. 980665 8/ \;’82
ggJ@Hmbols @dGomdols gbgtgos . . . . ... ... .. m ¢ 0,511034855
3Gm@mbol d@smdol gbgBos . . . . . . . ... .. L. m,c* 938,279693
Bgo@@mbols gd@smdols gbgBRos . . . . . . ... ... m,c® 939,5731833
Vgomdools s@mdols olbd . . . . . . oo 'H 1,07825036803
Bgo@®mbols sGmBol Bobs . . . . ... ’H 2,01410117958.5..
3gmomBols s@mBol Bols . . .. ... ‘H 4,0026032678.5..
deatrols m@dodol Gogoglo . ..o a, 5,2917706 [(10™3
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