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UDC 513.511.509 Z. Khvedelidze, T. Davitashvili,
N. Kutaladze, L.Megrelidze, I. Samkharadze

ON INTEGRAL PROPERTIES OF METEOROLOGICAL VALUE
FORECASTING SCHEMES, “SLOW MODIFIED” FLOW,
CONSIDERING OROGRAPHY

Presented by Prof. T. Chelidze corresponding-member of the Scientific National Academy of Georgia

SUMMARY: The article deals with prediction of meteorological element several invariants of numerical
schemeconsidering orography proposed on the bases of full system of hydrothermodynamic equations.These
invariants give us posibility not only define more exactly the quality of numerical scheme but use the
invariants as criteria of numerical schemes stability as well. For the “Slow Modified” atmospheric processes
regularity (constansy) of these invariants in the permissible accuracy is proved. Such kind of mechanism gives
possibility to make parametrization of different influence factors on regional processes and to analyse climate
circular changebility on the background of modern climate warming process.

Key words: advection; potential vortex; stationary; energy; vector.

1. Introduction

Weather forecast new directions of numerical methods have been established on the basis of
the achievements of theoretical meteorology and calculus mathematics for the last 30-40 years.
Kibel’s [1, 2], Charni’s [1, 3] and many other scientists recognized researches gave start to these
researches.

It’s accepted that the base of weather forecast is the system of nonlinear differential
equations of atmospheric hydrothermodynamics. The analytical solution of this system hasn’t been
achieved yet and nowadays only approximate numerical solutions are used. Such solutions cause
different kind of errors which are summed with time steps during integration and give undesirable
results.
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Hence it is necessary to follow fulfillment of numerical schemes integral properties based on
storage laws [1-5]. Such approach is especially important when regional prognostic model of
desired value is considered considering of orography [3, 5, 6].

2. The Body

It was noticed by Eliasen and Palm [11] that ““when waves are linear and stationary and the
stream is conservative, then divergency of the stream is equal to null™". According to this theory:

A VE - D+0(h%),
ot

. - A .
where A and D are averaged square functions of wave characteristics. a—t - term of the equation

describes non-stationarity, VF points to non-conservativeness, the last term characterizes
nonlinearity. It’s obvious that equality of divergence of vector to null is easier requirement than
solution of mean flow energy equation. Therefore this vector is used to study the nature of “Slow
Modified” waves. The mentioned approach allows to introduce quasi invariant integral
characteristic in case of “Slow Modified” wave disturbance in case of zonal flow advantage on the
Caucasus territory. With this averaging period is taken of decadal value based on synoptic practice.
Indeed on the territory of Caucasus ten or more cyclonic or anti-cyclonic vorticitie of diurnal period
with zonal propagation tendency occur quite often [1, 2, 3].

The problem:

Considering the hydrothermodynamical equations system for barotropic atmosphere the

earth surface orography influence in o = ﬁ coordinates system is as follows [1, 3, 5]:
J(xy,z
8_u+u8_u+V8_u_ev+8£_R_F_8In ps:O, 1)
ot ox oy OX OX
@+u@+v@—eu+a£—Rfaln—p5:O (2)
ot ox oy oy
o oud,)  ovd,) o 3.
ot OX oy

where p is atmospheric pressure; p, — surface pressure; X,y,o— coordinate axes; u, v — wind
speed horizontal and vertical projections towards x and y axes, accordingly; t —time; | = 2wsing -
Coriolis parameter, ¢ — latitude; w— angular velocity of the earth rotation around its axis; @ —
geopotential; R — universal gas constant; D=0 —®_,d, — value of geopotential.

Several conservative quantities are introduced.
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Conservation of total energy:

After representing the last terms of equations (1) and (2) in a way: RT olnF, ,RT olnF,

28 oy

+®) and summing, the final equation

2 2

(4), multiplying equation (1) on u, (2) on v, (3) on (u v

will be as follows:

d u?+v? =~ oD u? +v?

3¢ +®)D=—(u —+v—)<1) D(D + )D (5),
ox oy
where D is a plain divergence.
Let’s mark
Y 2, M
E0=CDU +\; +d (©),
then (5) will be written like thiS'
= DU L V) L 112 037+ 2w -0 ™
8t X oy 2 OX oy
Integrating this equation on S square, we get:
I_'[~u +Vv? +(I)ds (®)

This integral is conserved in barotropic atmosphere despite the solution method of initial
equations system.

Quasi invariant quantities:

Multiplying equation (1) on u, (2) on v and equation of continuity on RT , written in &
coordinate system in a form of:

din
EOP. (M, (©),
dt oX oy
after summing up we get
d (u V. RTInp) =02 (X Mypr gy IR g, AP
X oy oy oy X oy
Indicating RT In p, = -d_ and for middle level atmosphere, where D=0, we get:
—(“ V- ~®,) =V RTVIn p, +VVO (10)
If the right part
V RTVIn p, + VWD =0 (11),

where V is a mean wind speed, V — gradient, then the value
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2 2
u”+v

E=——— -, (12)

IS conserved.

E value in its physical meaning coincide with Eliasen-Palm F vector for so-called “Slow
Modified” flow. Both sides changes of equation (10) have been checked for of one-two days and it
turned out that changes of total energy E of (10) left side are by one or two lines less than of (11)
(table 1). Hence (12) can be taken as an invariant of “Slow Modified” flow and could be named as
quasi invariant quantity.

Using (1), (2), (9) and static equation and according to stationary rule it can be admitted the

equation of wind speed vortex: Q, = Ga_v — % [3, 5]. From
X

d dinp
—(Q+D)+(Q+1)——==0 13
dt( )+( ) pm (13)
it’s clear that:
M:const (14),
Ps

so in this model potential vortex is an conservative quantity. If (13) is written considering the
orography we get [1, 3, 5]:

d o, 0D 0, 0D

—(AD +1?(1-1In =b—(oc—)-a—(o— 15),

prl ( P ))=b—(c=") ay(060) (15)
where AD®=Q.; A- plain Laplasian; a:_élrops; b:_ﬁlgyps mountain influence

characteristic parameters along longitude, latitude, accordingly. The right side of equation (15) for
non - strong baroclinic processes, for symmetric mountain ranges as well is equal to 0. It means that
the value

AD +12(1—1In p, ) = const

Z=AD+K?D_ = const (16),
|2

where K? :5:0,12-10”%. Thus we got again quasi invariant z, truth of which was
m

checked on real material [5]. The given quasi invariants (12) and (16) should be checked for
numerical prognostic schemes in case of orography influence that is considered and can also be
used as characteristic of stability of computing schemes.

Values of diurnal changes of the right side of equation (15) and z value are given in table 1.
It shows that expression in the right side of equation (15) is at least by one order less then z value
variation during the same period. Hence, truth of (16) can be accepted by first approximation.

Values of diurnal relative variation of both sides of formula (15) also have been estimated
for air masses four determinant synoptic situations on the Caucasus region. Initial field was taken
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from AT,,, isobaric surface map according to July 1988. The material was taken in rectangular

grid node points with the centre in Thilisi (5X5 point quantities are given in the table), horizontal
step of 250 km. An assessment has been carried out in 100 node points. From the data it is clear that
the value is well conserved (1-1.5% accuracy).

From synoptic point of view in conditions of “Slow Modified” flow zonal shift with
meridian expansion becomes predominant on Caucasus territory as it can be seen from the structure
of isohypses of geopotential field on the isobaric surface AT, (fig. 1). The very processes in global

scales are described by Eliasen-Palm vector [3]. Such coincidence of global and regional processes
IS observed for the first time. The same phenomenon has been proved by influence functions of
atmospheric geopotential field constructed according to baroclinic model in the so called &

coordinate system (fig. 1).

Thus according to given examples it turned out, that in case of “Slow Modified” flow
transference of air masses over Caucasus territory occurres along the meridian direction by analogy
with global processes where the model is described by Eliasen-Palm vector. It must be noted that
under the relief influence isolines are shifting and extending along Big and Little Caucasus Ranges,
which is physically reasonable.

3. Conclusion

A conclusion can be drawn: the given quasi-invariants are conserved with a fair accuracy
when “Slow Modified” air flow propagation takes place over Caucasus territory. Of course their
application allows not only to precise quality of forecast but also assess properly the criteria of
numerical schemes stability as well.
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V]IK 550.831 P.I". Manaramse

O METOJIAX KOJIMMECTBEHHOMN NHTEPIIPETAIINN
PETMOHAJIBHON 'PABUTAIIMOHHON AHOMAJINN

npezacTaBieHa akageMukoM HanmonanbsHol akanemuu I'pysuu b. BanaBansze

B cmamve npueedén kpamxuii 0630p mMemooo8 UCcie008aHUs CMpOeHUs
3EMHOU KOPbL U Nepebie OaH 8bl800 (YOPMYilbl

Agzzn:(o'i —09)ai+(c' —op)b+(c" —o' Ye+24 (o' —op)(H,—H;)
i=1

paspabomonnoi axkademuxkom B.K. barasadsze 015 KOIMYECTBEHHOW uHepnpemayuu
PEGUOHANBHBIX 2PABUMAYUOHHBIX AHOMATUI.

PE®EPAT: B ctatbe npvBeAeH KpaTkuin 0630p METOAOB MCCrenoBaHWsA CTPOEHUSI 3EMHOW KOpbl U BrepBble AaH BbiBOA,
dopmynbl, paspabotaHHon akagemukoM b.K. BanaBaase, ons KONMMYECTBEHHOW MHTEPNpPETaLun perMoHanbHbIX
rpaBUTaALIMOHHbIX aHomanuit: Ag, = YL (op — o) a;+ (oo —a )b+ (o' — ")C + 2nf (o' — 0o)(H, — Hy).

CraTbd METOAUYECKOro xapakrtepa M MOXeT OkasaTb NMOMOLUb CTyAeHTaM M MOMOAbIM cneuuanuctam
npu OCBOEHUWN METOAOB KONMMYECTBEHHOW MHTEPNPETaLMy aHOManun Cunbl TSXECTH.

KNOYEBBLIE CNOBA: knaccudukaums rpaBUMTAUMOHHBIX — a@HOManui; MeTOAbl  WCCNedOBaHWs  PermoHarbHbIX
rPaBUTALMOHHbBIX aHOMarui.

1. BBeaenue

JInst u3ydeHus: CTpOSHUs 3eMHOM KOPHI Ha OCHOBE aHOMAITMM CHIIBI TsDKeCTH Ag pa3paboTaHb
MHOXeCTBO MeTofIoB [1, 2, 3]. YacTh 3TUX METOMIOB MCIIONB3YETCS IS OMPENEICHHs OOIIEH MOIITHOCTH
3eMHOM KOpblI [4, 5, 6], a npyrasti 4acTh — AJIsl U3y4EHHs 3€MHOM KOPBI IO OTENIBbHBIM cJiosiM [7, 8, 9].

Mertoa wHTEpHpeTaliid aHOMAJIUU CHJIBI TSDKECTH B CIIydae JABYMEPHBIX TEN, NI OJHOU
KOHTAaKTHOM MOBEPXHOCTH, ObLT pa3zpadboran npod. b.B. Hymeposeim [10], a MeTon onpenenenus N
KOHTAaKTHBIX TOBepxHocTel — akagemukoMm b.K. bamaBamze [8], cyTh KOTOporo cocTtoutr B

CIICAYIOIIEM: ITOJIHBIA TPaBUTALMOHHBIA A(PQHEKT Macc peaqbHOW 3eMHOU KOPBI, Pa3MEIIEHHBIX
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MEX/y JHEBHON MOBEPXHOCTHIO U OCHOBHBIMU KOHTAaKTHBIMH MOBEPXHOCTAMH (CM. PUCYHOK), B
CiIydae JIByMEPHBIX TeJl MOKEeT OUTh 3amucaH B Buje [11]

n © Z; (x)
Agnon=2f;[ UiLo _‘-0 ﬁdfdg J (D

rIe 0; - IUIOTHOCTH OCHOBHBIX CJIOEB (OC3JI0YHOTO KOMIUIEKCA, TPaHHTHOTO U 0a3ajbTOBOIO)
3eMHOMU KOpbL, a Z;(X) - TIIyOHUHBI 9THX CIIOEB OT YPOBHS MOPSI.

R -+ ES$E)-2 Fy33) -3 MIgNE-+4

Cxema riryOMHHBIX 3aJleraHMil IOBEPXHOCTEH pa3/esia 3¢eMHOM KOPbI:

1-ocamouHblii cJ10#i; 2-TPAaHUTHBII cJI0ii; 3-0a3abTOBBI CJ10ii; 4-TpaHUIBI pa3/ieJieHus IUIOTHOCTeMH
2. OcHOBHAA 4YaCTh

Ecnu 1IIOTHOCTH CIIOEB OCAaJOYHOTO KOMIUIEKCca OO0O3HA4MM Yepe3 0;, a IUIOTHOCTH
IPaHUTHOTO U 0a3aJIbTOBOTO CIOEB — Yepe3 0y U o', u3 popmysl (1), Oyaem umeTs:

- o e (%) 1(X)
Mo 2f Y [ [ 220 ot [ [0S0
iz 0 &+’ 0 &gt
(X 2)
2o I .[Z ) gdédg
2000 &2 4 g
rae h,(X) - TIyOMHBI OCHOBAaHUS CIIOEB OCAJOYHOrO Komiuiekca, a Z,(X) m Z,(X) - riryOWHBI

OCHOBAHHS TPAaHUTHOTO U 0a3a7IbTOBOTO CJIIOEB COOTBETCTBEHHO.
Ecnu cpennue rioyOMHBI OCHOBAHUSI TPAHUTHOTO M 0a3aJbTOBOTO CIIOEB 0003HAUUTH Yepes3
Hi u H2 (cm. puc.), u3 popmyiisl (2) noxydum:

I I Ih(X) §d§d§ j IHI gdédg
i & +g’ e &2 4 g
Z(x) H, Z,(x) (3)
fo,[ [ 4‘dfd€+2fa I @dfde‘ 2t [ [0S
- +g° M2 ST +g
C HCJIBO pa3aCiICHUS I'PaBUTALTMOHHOT'O 3(b(I)CKTa peaﬂLHOﬁ 3eMHOH KOpPBI HAa HOPMAJIbHBIC

U aHOMAJTbHBIC COCTABIIAIOIINE, BBOIUM 0003HaueHus: Aci = ov — 0i u Ad = ¢’ — 0, Toraa o; =
— Ao;, o' = 0y + Ac; npuHrMas uX BO BHUMaHue, U3 Gopmyisl (3) OyaeM UMeTh:
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6., =2t | o, ”hm gddde LJ“(X) qd&de I IHl §d§d§

& +¢’ & +¢’ 00 £+ g
700 U ww@ " qded
ol [ 2t ][ SR sama ] “;
2ta0, [ ;digumaj jjj*’%.

CymMa IepBOi, TpeTbei M ISTOH COCTABISIONIMX 3TOro Beipakenus AgQ, =27 foy H
IPEACTaBISACT IPABUTALIMOHHBIA YPPEKT OECKOHEUHOTO CIIOSI € INIOTHOCTBIO O, U MOIIHOCTBIO H),

YTO TO3BOJISICT BHIYMCIUTD IPaBUTAMOHHBIN 3()()EKT HOPMATIBHOM 3€MHOU KOPBI, & 110 OCTAaIbHBIM
[STH HWHTETPALHBIM BBIPAKEHUSAM BBIUUCISECTCS TPABUTAIMOHHBIA 3(PQEKT aHOMAbHBIX Macc
peanbHOI 3eMHOI KOpHI [8].

v déd

JleiicTBUTENBHO, BTOPOI uiieH (4) BbIpayKeHUs 2fAc7iI J. o

2
0 $+g
BaHUS 10 { W paslioeHus B psa Telnopa, COXpaHUB TEPBbI WIEH MAJOCTH MEPBOTO MOPSIIKA,

MOCJIE UHTETPUPO-

MPEJICTaBIsIeT TPAaBUTAMOHHBIN 3((}EKT 0CcagoyHOr0 KOMIUIEKCA U MOXKET OBITh BBIYHMCICH C
MTOMOIIIBIO MMAJIETKH, CIIOCO0 OCYIIECTBIICHUSI KOTOpOU mpuBeneH B padorax [8, 10, 11]. [To gyerse-
pPTOM, ceAbMON U BOCHBMOW MHTETPAIBLHBIM COCTABJISIOUIMM 3TOTO BBIPAKEHHSI, MOXKHO BBIUHCIHUTH
TPaBUTAIMOHHBIN APHEKT TeX aHOMAIBHBIX MAacC, KOTOPbIE 3aKIIIOUEHBI MEXKAY CPeIHUMH TIyOH-
Hamu (Hi u Hz) npoBenennsix mnockocteii u nosepxHoctssmu CC u DD (cM. puc.) cooTBETCTBEHHO,
U MOTYT OBITh BBIYHCIICHBI TAKXKE TOJBKO C MOMOIIIBI0 naneTok [8]. UTo kacaeTcst 4eTBEpTOro uie-
Ha, OH MpeACTaBIsIeT I'paBUTALMOHHBIN 3 dekT 6eckoHeuHoro ciosi MourHocThio Hz-Hi, u30biTo-
YHOI MIIOTHOCTBIO A = 0’ — g u onpenensercs Gopmyioit Ag, =24 (o' —o,)(H, —H,) [11].

CrnenoBatenbHo, nipu BbiBoje dopmynbl akaa. b.K.bamaBanse, mis BbIYHCIEHUS TTOTHOTO
IPaBUTALMOHHOTO 3¢ (eKTa peasbHON 3eMHON KOpPbI, UMEEM:
Agno,v = AgH +Aga !
rae An, =2moc,.H, BelpaxaeT rpaBUTAMOHHBIA 3(GEKT HOPMaATbHON (CTaHAAPTHON) 3eMHON
KOpBI, a JUIsl BTOPOM, MPUHUMAs BO BHUMAHHE BBIIICTIONYUYCHHbBIE PE3yabTaThl UIsl MATH YJICHOB
BBIpaXEHUS (4), TOJIyYUM BBIpAKEHUE!

n
I I I I
= Z (0,—0y)a +(c —oy)b+(c” —o' )c+24 (o —oy)(H,—H,), (6)
i=1

TO ecTh, (opmyny, pa3paboraHHylo akaa. b.K. banaBapase, MO3BOJAIONIYIO BBIYUCIUTD
TpaBUTAIMOHHBIN 2P PEKT aHOMATHHBIX MacC PEAIbHOM 3€MHOM KOPBHI.
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3. BLIBOaBI

OTOT METOJ KOJMYECTBEHHON MHTEPIIPETALNN PErMOHAIbHON IPaBUTALIMOHHONW aHOMAJIMH
OTJIMYAETCSl MPOCTOTOM M SCHOCTHIO MOCTAHOBKHM pPEIIaeMOW 3ajauyd, MHOrooOpasueM ImyTeil ee
pEIIeHNs, U SBJISIETCS CAMbIM YAOOHBIM METOJIOM ISl U3yYEHUHU CTPOCHUS 36MHON KOPBI.

C nmomouipio 3TOro MeToJa MPOBOIMIACh UHTEpIpEeTals rpaBuTanronHoro nous Kaskasa
U 3akaBKasbsi M psja JPYrMX PErHoHOB moBepxHocTH 3emun [8,12], pesynbTarthl KOTOPOTO
OKa3aJIuCh B MOJHOM COTJIACHH C JAaHHBIMH, IOJyYEHHBIMH T€0JI0T0-Te0(U3NIECKUMU METOIaMH,
9TO SIBJISIETCS SIPKUM IIOKA3aTelleM BBICOKOW WHTEPIPETAIIMOHHON CIOCOOHOCTH 3TOTO METOJa
MHTEPIPETAIMH PETHOHABHBIX TPABUTAIIMOHHBIX aHOMAIUH.

[Tonyyennble pe3yabTaThl BBHAY BHICOKON 3HAUMMOCTHU MPHUBJIEKIN BHUMAHUE BUHEHUIINX
yuénsix b. T'yrenbepra, WU.I'. J[xedpuca m mpuBOAMTCS WX KpaTKas XapaKTEPHCTUKAa B HX
U3BECTHBIX MOHOrpadusx — "Pusuka 3emubix Heap" [13] u "Ilnanera 3emits, ee IPOUCXOXKICHHUE,
ucropus u crpoerue” [14] u B paborax APyrux U3BECTHBIX yueHbIX [7,9,12].
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‘353 550.831 a6. dobsgsdg, a. Jrmgmos,
3. orgdgdody, G. dsbsgsdy

6633033I&NIR(0 3IMNMROD) XS336IMNOL BIBdS6HBI
RINSINTOL JISIOL SKE6S3M30L 33IANL B(M3NISO)0)
‘3IRIB0

Fotregabogmas Lsdstrnggmeml gémgbama dg6ag@gdsms s3s@gdaals s3segdogmb 3. dsemsgsdals dag@

IBIGHIGN: Rofedgdnmds  33emg39dds  sBgghs, Gmd S Lagmmgsmobsgom  356539B Mol bbgswslbgs 3608369mmdgdolsmgol A
303003gdsegmds s Loe@dgdo dolo gegdgemgdols dodstiomemgds, beome bmgaogeo bgmbsgtgm Bgdmbggzedo —
39939Lgl bodgz@oggms 3sdgmao bgsdomols Rsfmmols Lomedys.

39335608, sbsmgdo  Fggdal  33mg30Lsl  Lsmemgsmmobsigom  ggbiogdals  gedmygbgds  Bglsdmgdemmdsls

3335993l asszdem  a®s3039BM00ls  Bgdermbgdmmo  s3m(3sbols  Gogo  Lsgombgdo, Gsi  gMezodeEommo  ggmols
0bg@3GgBsegoobsls, 83 dgmmeals gsdmygbgdol dsmsr Fglsdmagdmmdsaby dgdygzgmadl.
1333386d(0 LOGI3IBO: xs35bgmol Bgasbo, aGszaBsEonmo 390, Logamgsemobsoem gmbdiogdo.

1. '831503.5;:»0

x935bgmol  Bgabols  TFobsgsbo  Lger-
Q J& 96900 Bglfogms  dsgmosh  gs@orgemgdgemas
2( > Sem3nE0 (303e00L  33036mOMag6 Mo (bgmggbn®-
‘ bnOM3ma9bqc0) g 36mc0  FoedmbsJabgdols
oo LoddmsgMggdol  gsdm. agmemaon@-ggm-
gobognéo  33magzol  dmbsygdgdom,  sGOmzab-

3togmgn 3s6sgsdg, drboliols dgem@Bols dmeboliols ©s Ksz3sbgmals 3768 Fmorgemos,

mls‘z]-h, ‘b‘ahé © 15.)6‘3686011-
dadgaame 8yabog@gdsms ggs-
mgboo  dbasglos, omdps xezsbgmols  J3gbmbols 3amBaB0, Sbogedgdgmo
36039 bme0

gobogs-dsmgdsgogols
39(3609658sms  3bo@sdo, jBa%(’)Sa&O déob@ogg(‘)o (B‘OSQoaasé)Ol} .)686‘3-
300bBomn®o  gubesdgbdo  ©sbsfg3tgdols  dsmsemo  bsmobboo s

Egesdofjol  Jgedol 339068  asdmbs@memo 6;:)(*)(5'36)-800%305‘360 .5336-
aemgdoon  bsbosmegds  [1].  denmzn@-dembsogn®

bBonddaegdomsbss 839330698 gmo  dlbgoemo m
3oboondo  (xs35890m00L, 83 mm-bsdlstol, bos- -
@slygn®ols  Jgogdo,  9Gn3gm-s@losbols  bgasbo) Aé' e/

s Eg30gbonmo (sbsgmdsemsdols, ©dsbolols, Goe-
3oL,  amdstgmols  3ememgdo) L negdol

dg9996 ornodgtody,
olg-l, byl ©s Lsdgbgdo-
b3thgaame 3yabog@gdems gmAdoMgds, GmMImgdai gOMdsbgmolbsgst 3339m- éralinesb 33633899,

|
B35GB, bérgmo UL, baBom-ggmmmaor-
3eeezglbintro o asblbgzegegds gum3sbobdols  gsdmgmobgdols (4(8,)3 ‘Bt’di'];’ 80 @?3 ﬁmz(:‘?
Rm®dom, gz dzgnmo dskols bogmog@o dgeag- GRawo 36mggbento
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bogrmdom s dmggmmdon [2].

x935bgmol  Bgabol  gedamgddo  bymagb@-bnGm3magb@o  dsgdsBobdol  asdmgemmabgds
©53538069d9m0s  derm39d0ls Bgdmdbsbrg@germ Lbgsslbgs dodsemnmadols Lom®dnm H®39390m36,
Omdmgdoz  sm3ndo  ogmol  a3086mGmygbymo  gm 3sbobdols  dsgdol s 3mbBBmemomgdge
dodomse bgEnddnegol Gemdmepggbl s omadeg Lgoldmsddozmdsl obs@hnbadlb.

%339bgmol Bgabols bgmagbn@-sbmem3magbn@o g sbndo 3md3mglgdol 4398 ©gosdofols

Jo®dol  Vom@dgm  s3géampdol  43mg3s el @bsdemmg)  agmemgeg@-ggmgotogghe
3936096900 gP0-900  doGomse  3Omdmgdsl  FeMdmamaabl s oo aosfy398el oo

09mG0mmo s 3M3¢03mmo 350’3353@0760 3603860.

2. doMomswo bsGogmo

©gesdoffol  Jgedol  sagdmmgdol  33emg3s AQ  3gemol  39d39mdom,  doMzggmse  3s339bools
330r130-30003960-Lsdb3r0-Bsmdosbols  3Omaggambg (6sb. 1), 1955 Faml s35093030b 3. dsemsgsdols

dogé  dgdndsggdnmo  Mgaombsemm@o  3Msz0B)s0mmo  bemdsgmools  Lsob@g@3egBsom  gmmdmemals

bagdagety aobboGEogmes [3]:

Ag=%(oi-c0)ai+(c"-c0)b+(c"-6")c+2nf(c"-0) ( H 2-H1), 1)
bos(y Ag 3939l 3bmdsemoss; Gi — sbsemgdo Fygdols 3md3emgdldo dgdsgsemo dMggdol, bmeme oo, o'
> G" — aMbogmmo, dsbsemBnGo s gmB®sdsbodynco (Lgdligmsgol) ggbgdol LodzzMmogzggdo,
F9Ls3030bs; Hi 0o Ha— gérsbodigmo s dsbomm@méo 396930l bsagdms Lowédggdos (6sb. 1); f —
dobo@mmmdols d7wdogs.

33930l gL 3gomeo, G@Igmoi (1) geGdInemol Lsggmdzgemby beoxd3ogmogds, asdmo®hgss
0s30b0  boggdlommbom. ol @aesdofols  Jgedol  @3Bodsgrg@o  g@sgodeiommo  dmegmols
sEag60lsl  dglsdmgdemmdsl  odmggs  asbbmd(z0gmeEgl  Amamei gm®dol, sbggg  Lodzz@ogol
dobsbosmgdgmo 3568398 Mg00l  (33momgds.  gsdes  sdols,  Fglsdmadgmos  (3eem-(39em3g  0dbgls

a3dmmgmoamo sbsemgdo Fygdol, g@sbodymmo s dsbsem@mdo g9bgdols admsgoBsomo 9539ddgdo
s 39533bEgl dsmo  ggmemaon@-a9mx0b03960 3568398 O gd0.

e |6 [zzzzzzzzr] 7

6sb. L. 1 — sbsgmgdo Fygdal gogengbols gedmmgmammo 8érmmo, 2 — dsbampmgéo gggbols asgmgbols asdmmgemogo
o, 3 — AQ I, 4 — g@sbogmmo ggbol gogemagbols as8mmgmoamo dmeo, 5 — gsbodygmo ggbs, 6 —
dsBsgadynéo ggbs, 7 — Lydbgesdo
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AQ 390l 0bBg@3gBe0olsls, &. dsgmsgzsdy bsmagdemmdes 1:1000000 3s3Esd0l gésgo-
IBGonmo G306 smgdmmo AJ  ggmom, Gmdmols acsgozo  dmgdnmos l-gem  bsb-%bg. 3
3emgomols Lsdbstol qdsbby (Imbsgggmo 125-225, Gmdgmoi xse38bgmol Bgasbby hggbo 33emg30L
3093 %’.5680)0;363615), AQ sbmdsemo@o ggemo Bsbosmegds gsdmomo Hggombsergco dobodndoo,
O0dgmbgi3 a0dmogmgs  Msdgbody  mmgsmm@o  sbmdsemos  [3]. sdsgg bebsbby deggdmmos (1)
goednmols  Loggndzgemby  sagdamo  agmmmgon®o oo,  Gmdgmo,  Rggbo  sBGom, oI
B0ty ©gesdafols  Jgedol smbsgmdols gggmasby Lags@smoem dmegmls Femdmawgabl. 3
3830900 bsogndggmls  g3sdemagl ol ascgdmgds, Gmd  domgdgemo  Fgregagéo  dggledsdgds o
Bothotrpdae g30ms 3gmemao® @8 3gmgoboga® g3mazol dmbsigdgdl [S]

S gL 1= a5 E
o i $
= € = % 3
< s 2 23
N = - )
% =S = YRR R T, Wi « - N
e - o === — === ﬂo
o e AT T L o T et Coa e o e
P e T T
<
- s e P 8 \2( - 70
10— %& TR & ex TTNTRTT
= = 777 X oI FZFIT 7
[ > — 20
20— : ’7;%( > /7/77754/777777 E
R S e
= Qﬂm‘%\ > — 30
30| /7/)/7/77777773 > o g o
- ol 777> %:77 7
- > ——
vo [F— § o3 3 z e
= 2 T X -
- < STBRIRT S ~1 570
30—
y
H, km

[—]1 [T~——]2 [7777777] 3 |=======x] 4 [ sxoszsee<| 5

6sb. 2. 1 — 3MaliBoron@o ggnbrsdgbde, 2 — gmsbogmm ggbsdo gsdmgmgomo bgmadatigda, 3 — dubomByn® ggbsdo

admgmgomo bgrsdatigdo, 4 — mbmemgahohol bgosdoto, 5 — Gmggggde

PoBotndmemds 330939035 sh3g6s, B @sbsmgdo Fygdol Loddmsz®g Lsdlstol «ds6bg 1.0-
4.0 30-08, a®sbodymemo gqgbols — 15-25 33, beoywe dsbsem@Bn@o gggbols — 20-22 39-

%939bgmols bgabol  Jg@dol Bgdamdo 33emgzs 83o@gdogml b, dogmsgsdols bymddmgebgemem-
dom, 1979-1982 Jm9ddoi a0a@dgmes, Gmdmol O™, 1:200000 3s19B)sd0ls  gMsz30dgBommo
dmbs(393980l  gots, asdmggbgdgmo ogm 1979-1981 (mgddo RsBedgdamo bgoldn®o 33emg3980L
Fqegagdoi [6], Omdmgdoz  FOomols Lsboo  dmzgdnmos 3g-2 bsb-by. AQ ggmobs s Lbgs
390ma0@-3gmgobogn®o  dmbs3gdgdol  Loggydzgenbg  sagdmmo 83 gGomom,  dogomgm
33593000 0633308 b9 Fygdsdo  Lodzzeoggms e gdsm®o  gebsfomgdol  Iglsbgd
(6sb. 3), M3 bgoldnco Igomeon sggdaem Fomby @ ogm sBsbomo.

Omgee 1979-1982 (Gmgddo RsBedgdnmo  3md3egdln®o  33emg3g800 0fbs swagboemo
[7], @sbsemgdo Gygdol Loddmsg®yg dsdlbodsern®os 333¢15-606m(dobools, ds3mM0s60ls bggsbols Lsdb-
Ao 6sforls s 8s37m0s60L doesdmgddo 1.0-3.5 33, beoygwm dobodsgrm@o — sbsgmdsemsdol Lsdb-
Ao 869880 0.5-1.0 33. 3MbGs@ols Bgs3ocols Rsfmmols Low®dy bgasbby 12-16 33 gs@mgmgddo
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(335e09850mL, Beormer ImbmGmgohobols — 25-18 33 ggetgemgdBo. 33skmsb, Geame; domgdmemo

'33;3333601} 'Baggoﬁ)abogoﬁ 063393, 1955 Fol,  aMsgadgdeommo  33emg30l  Tggagdo  geGase
03bb3gds 1979-1982 %’Qbab'ao 30Q36*Z]g1) 2613303980 8(*)638383615.

6sb. 3. 1 — asdgmgo ByosdoMgdo a6s30858G0mmo 8mbszgdgdom, 2 — asdymgo Bgrsdodgdo Lgoldgmo dmbs3g9530m,
3 — émggzol Bembgdo

1979-1981 (egdol Lgoldnéo  33em93980L  Bgogagdol  (6sb. 2)  dobgozom, 688960
(berdbgmo) -sbagm Joemso-6s 3160560l 3GImizom by, ©sbsemgd (ggdsdo, gsdmgmaoem odbs Lod33¢039-
08 3339mxz0 ghmo  bgsdoto, g@sbodynm @gbsdo — 2, dsbsem@yn® ¢qgbsdo — 3, beoeme Bgdo-
Bm600l ©sbstbgbo bsfoemo, Gogmo ggmdmegmmmgon®o 306mdgdols asdm, s@bs dgqlfsgmg-
0. 33s5Lmsbsgy, o) gogomzsemolifobgdm 0d as9dmgdslsi, ®md Lgoldn®o 33emg3900 gszoegdom
RO dZ060sR  @ofgdnmos, 3006 aMszodgd oo, (3bswos, 33maz0l olgmo gMsz0d9BGonmo
dgommeols Fgd1dsz90s, Omdgmai sbsemgd §ygdedo Lodzgdoggms asdymago bBgosdadgdol, Gmzgzals
s30mgbols s Lom®dol swagbols Lsdnsmgdsls dmga39dms, Lsgdsme sddnsen®os.

sbsmgdo  Fggdols smbsgmdols asdmbssgmagse, asdmgoggbgm  sbeM9g3-aM0g0bol, bodlimb-
bogstialis s sbsgmo Lsmegsemobsom ogbd(30980l 3Gmaoemamo 35606980 [9]:

FIAQ(X,S)]=Ag(X)-1/2[Ag(X-S)+Ag(X+S)], 2
FIAQ(X,S)]=1/2[Ag(X)-1/3[Ag(X-S)+ Ag(X+S)]+1/12[Ag(X-2S)+ Ag(X+2S)], 3
F[AQ(X,S)]=1/2[Ag(X+0.5S)-Ag(X-0.55)]-1/6[Ag(X+1.5S)-Ag(X-1.5S)], 4
FIAQ(X,S)]=1/3[Ag(X+S)-Ag(X-S)]-1/6[Ag(X+2S)-Ag(X-2S)], (5)

FIAQ(X,S)]=5/3[Ag(X+0.5S)-Ag(X-0.5S)]-5/6[Ag(X+1.5S)-Ag(X-1.5S)]+1/6[Ag(X+2S)-Ag(X-2S)], (6)
FIAQ(X,S)]=1/4[Ag(X-3S)+Ag(X-S) + Ag(X+S)+ Ag(X+3S)]-1/2[Ag(X-2S)+Ag(X+2S)], (7)
F[AQ(X,S)]=1/6[Ag(X-S)+Ag(X+S)]-1/6[Ag(X-2S)+Ag(X+2S)], (8)
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bos(y Ag(x), Ag(x£0,5S), Ag(x%S), ... 36mdsmools 360d369emmdgdos SGmegoemols X, x+0,5S, x£8S,...

96309880,  bmemem S
bagmm gsgmobazom 3561339860 zﬁmggabo.

3emgomol  Aggb  dogd  Fg@bgmemmo  dmbsgggmo,  GmIgenlss

b gbisogdo  Logn@seemgdms 03 mzgsmmbsb@obom, ©md s Lbgspslbzs  Gogols
bsggomd@som s sbmdsemon@o dslgdol Lodzgmoggms d0dstro  Lbgsslbgs dg@domdgmmds  sd3b
[9], ®m3mols gsdmygbgdsz @sbsemgdo §ggdol Fqlfegemols LaBmsemqgdsls odemgas.
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SOME RESULTS OF EARTH CRUST STRUCTURE RESEARCH
BY GRAVIMETRIC METHOD ON JAVAKHETI UPLAND

Presented by B. Balavadze Corresponding Member of Academy of Sciences, Georgia

SUMMARY: As a result of the investigations carried out it was possible to determine that by means of graphs built up on the basis
of anomalous field Ag, for various meanings of localization parametrs S, the problem of density divider surface existance
could be solved in the sedimentary complex, defined places of fracture and the direction of their extend in depth, also in
some favourable cases determine the depth of divider surfaces dipping density.

Thus application of localization functions in sedimentation complex investigation enables to solve a number of
converted gravimetric problems. It confirms great possibilities of this method when interpretting the gravitation field.

KEY WORDS: Javakheti upland, gravitation field, localization functions

1. Introduction

Investigation of inside structures of Javakheti upland is rather complicated because of the
large capacity of Alpian cycle later orogenic (neogenic-anthropogenic) volcanic formation.
According to geological-geophysical research data Artvini-Bolnisi block and Javakheti subzones
are alike by crystal fundament structure, though Javakheti sub zone crystal fundament is
characterized by high rate of dismemberment and by earth crust distinctly revealed block-mosaic
structure [1]. Large formation of positive (Javakheti, Abul-Samsari, Nialaskuri tops, Erusheti-
Avrsiani upland) and depressive (Akhalkalaki, Dmanisi, Tsalka, Gomareti plateaux) structures are
connected with block mosaic structures. They greatly differ from each other by volcanism display
form, erupted mass substance consistence and volume [2].

Neogenic-anthropogenic magmatism show up within Javakheti upland is connected with
depth breakages of various directions around blocks that are the basic controlling structures of
Alpian cycle later orogenic volcanism magma. They retain seismoactivity up to date.

2. The Body

Under Javakheti upland neogenic — antrhropogenic volcanic complexes the research of the
earth crust depth structure is still the main problem of geologic-geophysics science. Salvation of
this problem has great theoretical and practical meaning.

Research of the earth crust structure by means of Ag field was carried out first in Caucasus
on Batumi-Adigeni-Samgori-Shaumiani profile (Fig.1) in 1955. It was carried out on the basis of
regional gravitation anomaly interpretation formula by academician B.Balavadze [3]

Ag=%(oi-c0)ait+(c"-c0)b+(c"-c")c+2nf(c'-c0)( H 2-H1) 1)
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where Ag is Bouguer anomaly oi — density of layer included in sediment suite complex, oo,
c'and ¢" are basalt, granite and ultrabasite (substrate) layer densities accordingly. Hiand H ; are
granite and basalt layer depths (Fig. 1), f— the gravitation constant.

This method of research carried out on the basis of formula (1) is distinguished by its
universality. Stating the optimal gravitation model of the earth crust it enables to carry out
parameter characteristic changes of both form and density. Besides it is also possible to calculate
separately the sediment suite, granite and basalt layer gravitation effect and estimate their geologic-
geophysical parameters. When interpretting Ag field B. Balavadze applied Ag field of 1:1000 000
scales taken from gravimetric map. Its profile graphic is given in (fig. 1). On the Samsar section of
the profile (that is the object of our research) Ag anomalous field is characterized by regional
minimum where several local anomalies are distinguished [3]. In the same picture the geological
section built on the basis of formula (1) is given. We think it is the most possible model of the earth
crust structure. It could be proved by the results obtained that correspond all geological and
geophysical research data carried outhere (5).

The researches carried out showed that sediment suite thickness in the profile Samsari
region is 1,0-4,0 km, granite layer — 15-25 km, basalt layer — 20-22 km.

Figure 1. 1 — Computed curve of the sedimentary layer influence, 2 — Computed curve of the basalt layer
influence, 3 — Ag curve, 4 — Computed curve of the granite layer influence, 5 — granite layer, 6 — basalt layer, 7 —
substratum.

Further research of Javakheti upland crust under the guidance of B. Balavadze was carried
on in 1979-1982. Apart the gravimetric data of 1:200 000 scale (Fig.3) he applied seismic research
results [6] of carried out in 1979-1981. It is given in (Fig. 2) as a section. On the basis of the Ag
field and other geological-geophysical data by means of geologic section (Fig. 3) we obtained
additional information about the density lateral distribution in sediment suite.
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Figure 2. 1 — Crystalline foundation, 2 — surfaces separated in granite layers, 3 — surfaces separated in basalt
layer, 4 — Mohorovichich surface, 5 — paraclases.

As it was stated [7] by complex researches carried out in1979-1982 the sediment suite
density is maximum in Bavra-Ninotsminda Bakuriani upland south part and Bakuriani area 1,0-3,5
km, the minimum in Akhalkalaki south regions 0,5-1,0 km, the Conrad surface dipping depth is in
the range of 12-16 km in the upland but in the Mokhorovichich one within 25-18 km. With it as it is
clear from the results obtained the 1955 research results are in good accordance with 1979-1982
gravimetric research data.

According to seismic researches results of 1979-1981 (Fig. 2) Artashen (Armenia) —
Axhalkalaki-Bakuriani profile in sediment suite there was distinguished a surface-divider of
densities, in the granite layer — 2, in basalt layer — 3, other part of the territory remains uni-
nvestigated because of the geomorphologic conditions. With it considering the high cost of seismic
research compared with gravimetric one, it becomes clear that research of the gravimetric method
that enables to state density divider surfaces, breaks and depth in sedimentary suite is very actual.

To investigate the sediment suite structure profile variants of Andreev-Griffin, Saxov-
Nigaard (8) and new localization functions have been applied [9]:

F[AQ(X,S)]=Ag(X)-1/2[Ag(X-S)+Ag(X+S)], (2)
F[AG(X,9)]=1/2[Ag(X)-1/3[Ag(X-S)+ Ag(X+S)]+1/12[Ag(X-25)+ Ag(X+2S)], 3)
F[AQ(X,S)]=1/2[Ag(X+0.5S)-Ag(X-0.5S)]-1/6[Ag(X+1.5S)-Ag(X-1.5S)], (4)
F[AQ(X,S)]=1/3[Ag(X+S)-Ag(X-S)]-1/6[Ag(X+2S)-Ag(X-2S)], (5)

F[AQ(X,S)]=5/3[Ag(X+0.5S)-Ag(X-0.5S)]-5/6[Ag(X+1.5S)-Ag(X-1.5S)]+1/6[Ag(X+2S)-Ag(X-2S)], (6)

FIAQ(X,S)]=1/4[Ag(X-3S)+Ag(X-S) + Ag(X+S)+ Ag(X+3S)]-1/2[Ag(X-2S)+Ag(X+2S)], (7)

F[AQ(X,S)]=1/6[Ag(X-S)+Ag(X+S)]-1/6] Ag(X-2S)+Ag(X+2S)], (8)

Where Ag(X), Ag(Xz0.5S), Ag(X+£S), ...are anomaly meanings in (x), Ag(Xz0.5S),
Ag(X£S) points, but S is the profile segment chosen by us called localization parameter.
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These functions are of interest from the point of view of having different sensitivity [9]
towards filtration and anomalous mass density variability. It enables to investigate sediment suite.

e i‘i—«sffé’%f;%i

[ — 0
Figure 3. 1 — baundary surfaces with gravimetric data, 2 — baundary surfaces with seismic data, 3 — zones of
fractures
Graphics of these functions built on the basis of Ag field data in the direction of Artasheni-
Akhalkalaki-Bakuriani profile (Fig. 3) are given in Fig. 5, 6, 7, 8, 9, 10, 11 when localizing S
parameter is given to 0,5, 1, 1,5 ...6 km meanings in succession.
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As it is seen from the Andreev-Griffin localization function graphs (Fig. 5) built up on the
basis of formula (5) the Ag field minimum fixed in profile 0-15 section should be caused by earth
crust block dipping (Fig. 2) proved by seismic data this dipping on F[Ag] field graphs is presented
by negative meanings.

Ag field small amplitude minimum is observed at the beginning of profile 15-32 section
(Fig. 4) after which the meaning of the field increases by and by. It is caused by the Akhalkalaki
plateau elevation (Fig. 2), but in F[Ag] function field this elevation (Fig. 5) is presented by the
positive meaning.

On the profile section 32-50 Ag field value first decreases a bit, then it increases by and by
that is caused by block replacement in this section (Fig. 2, 4) and accordingly in F[Ag] function
field is fixed with negative and positive anomalies.

As to the remained part of the profile 45-80 section, here seismic research had not been
carried out, so Ag(x) field interpretation in profile 0-50 section will be carried out considering
obtained results.

For instance if F[Ag] function changeability character is analyzed in profile (45-80) section
we’ll see that starting with point 45 F[Ag] field anomalies are far more intensive and if we consider
the research results carried out in profile (0-45) section we may suppose that crust consistent block
replacements are more intensive in profile (45-80) part than it is in profile (0-45) section.

Now let us discuss density divider surface determination, problem. For this purpose if we
discuss x, abscissa crossing Andreev-Griffin function graphs in X axis built up for S=0.5, 1.0, 1.5,

2.0, 2.5, and 3.0 for meanings in profile (5-18) section we’ll see that their values considerably differ
from graphs built up for S=3.5, 4.0, 4.5, 5.0, 5.5 and 6.0 km meanings and the transitions (Fig. 5)
take place among x, abscisa values, it is one criterium to state the existence of density divider
surface in sediment suite, another one can be obtained by analysis of localization function extreme
values and form change like hop transition. To state the truthfulness of the obtained criteria on the
basis of Andreev-Griffin localization function graphs analysis applying (6), (7), ..., (11)
localization function graphs (Fig. 6, 7, ... 11) and analyse the hop-like transition points it will be
easy to believe the existence of divider surface in sediment suite.

Thus by means of the object under research by means of Ag field and localized F[Ag] fields
graphs we got a certain idea about existing block-like type objects elevation and dipping sections on
the territory under research in the earth crust and about existence of density divider surface in
sediment suite.

Now let us discuss the problem of fixing the zone fractures in the earth crust sediment suite
and distinguishing block-type objects. To solve the problem localization functions properties were
applied. For instance, by x, abscissa intersection with X axis of (4) and (8) localization function
graphs we can state the dipping places on the earth surface. As we have mentioned in 1987-1981 by
seismic method the dipping points and block-type objects have been studied up in detail on
Artashen-Akhalkalaki-Bakuriani profile (Fig. 2).
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If we compare these places with Xxo abscissa of Andreev-Griffin function (Fig. 5, 9) on the
same profile and places of dipping on seismic section scheme (Fig. 2) it will be easy to believe that
out of dipping fixed in profile points 5 and 17 in point 5 the dipping fixed by gravimetric method is
not included in the seismic profile section, because in the profile starting points the seismic method
does not always allow to determine the point of dipping. The dipping inserted in point 17 (Fig. 2) is
in good accordance with the intersection points of F[Ag] function graphs with X axis.

So is in good accordance the dipping fixed on seismic profile in the north of Akhalkalaki
with X axis intersection points abscises in point 34 of gravimetric profile and 2 dippings (Fig. 2) in
the north of point 34 are given properly with F[Ag] function intersection with X axis points (Fig. 5)
within profile points of 34-40 section. Also the dipping in the South of Bakuriani corresponds Xo
data fixed in point 42 of gravimetric profile. x, abscissa fixed in point 44,5 of gravimetric profile
presents the dipping of Bakuriani local elevation north part (Fig. 5) that is not given on seismic
profile (Fig. 2) because the seismic researches have been ceased at Bakuriani. Xo abscissa fixed in
points 46 and 54 are the elevated block sides in the north of Bakuriani but xo abscissa corresponding
points 60, 5 and 74 are conditioned by the block elevation existing between these points.

Analogically on the territory to be researched the places of dipping could be fixed if Ag field
and localization function F[Ag] graphs built up on its basis will be applied. For the same purpose
localization function graphs (6) and (7) can be used on which the dipping points are fixed by
maximums Xmax abscissa expedient for F[Ag] functions. Besides the mentioned above by
localization function graphs expedient analysis we can have the idea about the dipping spreading
character and block-type object inclination direction, because the dipping line plane travels towards
the side of inclination in case of inclined layer but F[Ag] graph becomes asymmetric (see-
localization function graphs).

As to (6) function graphs that is the analogy of Saxon-Nigaard function (Fig. 6) we can
have a certain idea about lateral variability of anomalous masses that help to determine the true
results obtained on the basis of (6) and (7) on the basis of localization function graphs configuration
analysis they are used to determine the dipping depth of density divider surface existing in
sedimentary suite [10]. For instance, the graph built up for (7) function S=0,5 km meanings is
expedient to (11) anomaly agreed maximum graph (point44.5) accordingly, in this point the density
divider surface depth is 0,5 km (Fig. 7) that coincides properly the divider surface depth fixed on
the seismic profile in the sedimentary suite (Fig. 2).

Thus when researching earth crust sedimentary complex by graphs built up for S localization
parameter various meanings on the basis of Ag anomalous field we can solve the problem of density
divider surface existence in the earth crust sedimentary suite, we can determine the point of dipping
on the earth surface and direction of its extension in the depth, in some favourable cases we can
evaluate the depth of density divider surface dipping.

3. Conclusion

Thus, we can draw a conclusion that when researching sedimentary suite application of
localization functions enables to solve a number of problems that face the reverse problem of

55



UNHNSINGOVEM L33IGE0IHM-GITE03IAG0 LNEBNHANGON FIA6320 , iIIOUNBILML 653030 LS ddBO+
SCIENTIFIC-TECHNICAL INFORMATION- INTERNATIONAL JOURNAL ,,GEORGIAN OIL AND GAS" MN24, 2009
MEXOYHAPO[HbIN HAYYHO-TEXHUMECKUIN, UHOOPMALIMOHHbI XXYPHAN , HE®Tb U FA3 MPY3UU"

BEMNAIB - 3AMNBNBOSD - SCIENCE

gravimetry. It shows high possibility of localization functions application when interpreting the
gravitation field.
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YK 550.4:552.5(479.22)

T.I1. bapabamze A.Jl. Hanamze, T.I1. D6panunse,
I'.b .Yaukotanse, 3.I1. ['onrnmuamsuiu

IF'EOXUMHNYECKASA XAPAKTEPUCTHUKA ITIOPOJ OCAJOYHOI'O
IHHOKPOBA I'PY3UU B CBA3U C UX HEOTETI'ASOHOCHOCTBIO

PEDEPAT: B Me30-KallHO30MCKUX OT/IOXKEHUAX C YY4ETOM JIMTONOMMYECKOTO COCTABa YCTAHOB/EHbI YCNOBUA OCAaAKO-

HaKonneHna nopon B paHHeM AuareHese, Koan4yecrtso U TUM HEPACTBOPUMOro opraHW4yecCckKoro sewiecrsa U

6VITyMOVILI,OB, BO3MOXHOCTU reHepauun yrnesogopoaos B Nnopoaax C y4eTomMm UX KaTareHesa.

KNTKOYEBbBIE C/TIOBA: nopoaa; opraHM4Yeckoe BeLLecTBo; bUTymouna; yrneBoaopobl; KaTareHes.

4
T.I'. bapa6an3e,
T'enepanbHblil [UpeKTOp

00O «CaxkreocepBucu»,
JIOKTOp I'€0JI.-MHH. HayK.

1. BBenenue

["'eoXxuMHUYECKHE UCCIIEIOBAHUS OCAJOYHBIX
OTJIOXKEHUH ['py3un B CBSA3H € MX HEPTETa30HOCHO-
CThIO OBbLTM HavaThl B 40-X TOAax MPOILIOrO BeKa
U C HEKOTOPBIMHU TIEPEPHIBAMHU NPOJOKAIHCEH JI0
Havana 2005 rona. Pe3ynbTaThl re0JIOrH4ecKux uc-
CIICZIOBAaHHUH PAa3IMYHBIX BO3PACTHBIX W JIUTOJIOTH-

YEeCKHUX MOPOJ] MPUBEICHBI B (DOHIOBBIX M OITyOIH-
A.Jl. Hanan3e,

KoBaHHBIX paborax M.U Baccoeuua, A.B. Vibs- JOKTOp 101 -MHH, HAYK.

HoBa, B.A. Cynuna u E.A. bapc, E. K. Baxanus,

A.Il'. JlanueBa, C.I'. Capkucsina u I'.A. llanmoBanosoii, M.®. JI3Benas, B.I'. [lymumno, C.1. Mu-

T.I1. D6panun3e,
JOKTOp T'€0JI.-MHH. HayK,
9IL-KOPp. AKaJIEMHH KO-
JIOTHYeCKUX Hayk I py3un

ponoBa u C.U. Bopoobneroii, T.A. JlaBpurieBoii,
III.K. KuroBanu [1.B, XKab6pena, I'.11. KaBrapanse,
H. U I'nontn, 3.I1. 'oHrmmamsumm u ap.

3amavyeil TeOXUMUYECKUX HCCIICIOBAaHUN B
HE(TSHOM TCOJIOTHH SBJISICTCS U3ydeHHUE TIPOIIECCOB
HAKOIUICHUS W TIPEeoOpa3oBaHUs OPraHUYECKOITO
BemectBa (OB), maromiero Hauano HedTH, MyTei

AKKYMYJISIIUM paccesiHHBIX yrieBoaopozaos (YB) B
3aJeXb U MyTel MOCIeqyoIUX IpeBpalieHui Hed-

THU MO IEMCTBUEM pa3IUYHbIX reojiorndeckux gaxtopo. To, uto HedTH He

3.1I1. I'oHrJMamBuIHA,

PykoBoauTeb reonoru-

yeckoro cepsuca OO0
«CakreocepBucCH».

o0pa3yercsi B IOPOJax-KOJUIEKTOPax, a MUTPUPYET

I'.b. Yankorana3e,
PyxoBomuTens rpymimbt
THIPOTUHAMUYECKHX
HCCIEIOBAHNN CKBAKHH
000 «CakreocepBUCHY.

B HUX U3 HedrerazonpousBoasmux nopoxa (HI'TIIT) — dakT xopomio ycra-
HOBJICHHBIN. OCHOBHBIM MOMEHTOM isi onpenenenuss HITIIT sBisiercs
ycra”oBiienne B Heil OB, kak pactBopuMoro (OuTymouja), TaKk U Hepac-
TBOpUMOTO (KeporeHa). ClieyIoluM 3TaroM SIBJISI€TCs ONpeaAesieHue TUIla
KeporeHa U COCTaBa YIJEBOJIOPOAOB U HEYIJIEBOJIOPOIOB, U3BIEKAEMbIX
PacTBOPUTEIISIMH.

Coneprkanne paccessHHOro oprannudeckoro emectsa (POB) u ero
TeHETUYECKUH TUIl B MOPOAax B OOILIEM 3aBHUCAT OT JUTO(AIHaTIbHOTO
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tuna nocneguux. OtTHocutenbHoe conepxkanne POB B TopHBIX opoiax MOKET OBITh OXapaKTepH-
30BaHO MO conepkaHuto B HUX Copr. Tak, cpemgnee conepkanue Copr B IIIMHUCTBIX IOPOJAX —
1,02%, B mecuano-aneBponutoBbix — 0,37%, B meprensix — 0,4%, B kapObonarax — 0,2%[13]. dus
OpUEHTUPOBOYHOM OIlleHKU coxaepxkaHuss POB B ropsix nopopax mo xkonuuectBy Copr MCIONb-
3YIOTCS ITepecyETHbIC KO3 PHUIIUEHTHI.

B Hacrosiiee BpeMsi HET €AMHOIO0 MHEHHS O MUHUMabHOM cojepkanuu POB win Copr B
nopoje, qocratoyHoM s oTHeceHus nopoasl k HI'TIIT (wim norenumansno x HI'TIIT). Buavane
HI'TIIT cunranuch nopoasl ¢ O4EHb BBICOKOM KOHIEHTpanueil OB — yriu, roproune cinaHipl. OT-
KpbITHE HE()TU B PErMOHAX M TOJIIAX, IJI€ ATH MOPOJAbI OTCYTCTBYIOT, B 3HAUUTEIHHON Mepe SBH-
JOCh TPUYHMHOM TOTO, YTO B KAUECTBE KPUTHUECKUX OBUIM MPHUHATHI 0OJee HU3KHE 3HAUYCHUS
koHueHTpauuu POB B noponax: A.Jl. Apxanrensckuii — 10 2% (1927r.), H.b. BaccoeBuu — 1o kia-
pkoBbIX (1954, 1958 r.r.), 3.JI. Maitmun — 0,3-0,4% (1953r.), H.b. Baccoesuu — 2,5%(1972r.), b.
Tucco u JI. Benbre — 60mee 0,5% st tmue 1 6onee 0,3% st kapobonatos (1981r.), E.C. Jlapckas
—Bbimie 0,25% (1983 r.).

B 50-60-e roasl pa3sHBIME HCCIIEOBATENISIMU OBUIO YCTaHOBIIEHO HECKONbKO TUloB POB B
1opo/iax. Y COBEPIIEHCTBOBAHUE METOJOB MCCIEA0BAHNN, HAKOIUIEHHE HOBOTO (PaKTUYECKOrO Ma-
Tepuasa, pa3BUTHE 0CaJ0YHO-MUTPALIMOHHON TEOpUHU 00pa3oBaHMs HEPTH U ra3a HEMPEPHIBHO pac-
LIMPSIET YKUCIO KPUTEpPHUEB, Ucnonb3dyemsblx i auarHoctuku HITIII. Xors B HacTosmiee Bpems
BPSIIT JTM BOBMOKHO BBIICTUTH Kakue-T1u00 aOCOTIOTHBIE KPUTEPUH, YIUTHIBAIOIIIE BCE MHOT000pa-
3Me NMPUPOIHBIX YCIOBUH, BIMSIOMIMX Ha Mpolecchl Hedrerazoo0pa3oBaHus, MOAABIISIONIEE OOIb-
IIMHCTBO HCCIEoBaTeNell B KauecTBE OOMIMX OOBEAUHSIOUIMX TUArHOCTHYECKHX OCOOEHHOCTEH
¢dopmuposanus noreHnuansao HI'TIIT Beaenstor: 1) HakomsieHne B cyOakBaJIbHOM Cpefie ¢ aHadpo-
OHOI OOCTaHOBKOM; 2) HaKOIUIEHHE Ha ()OHE OTHOCUTEIBHO YCTOWYMBOTO MOTpYXeHHUs OacceliHa
CeIMMEHTAIlUU B TEUEHUE PaCcCCMaTPUBAEMOI'0 OTPE3Ka M€0JIOrHYECKOI0 BPEMEHH.

B npouecce popmupoBanuss HePTEra30nponu3BOIAIINX TOJI] MOXKHO BBIAECIUTH HECKOJIBKO
JTaroB:

IlepBbIil 3Tanm — ceIMMEHTAlMOHHBIM — HaKoIUIeHHEe M 3axopoHeHue POB B ucxogHom
TEPPUTCHHOM WJIM KapOOHAaTHOM OcaJike B CyOaKBaJIbHOH cpezie ¢ aHa3pOoOHOI 0OCTaHOBKOH.

Bropoii 3Tan — auarenernueckuii-ucxoaHoi ninu norennuansuoit HI'TII va done mpomo-
JDKAIOILErocs MOorpyXeHus 6acceifHa Ha CTalMsAX JHUareHe3a M HauyalbHOrO KaTareHe3a WM MPOoTo-
katarenesa ([TK1-I1K3).

Tperuii 3tan — stan 3penoctu win norennuanbiord HI'TIT, Ha koTopoM mpoucxoaut (Ha
doHe nanpHeilero morpykeHusi OacceifHa cenuMmeHTanuu) TpaHchopmaius ucxonHoro POB B
KUJKHE U Ta3000pa3ubie YB. Beinenenne OCHOBHOW MaccChl )XKHAKUX Y B MpoWCXOauT Ha CTaamsIX
karareHnesa (me3okarareHeza) MK1-MKs, BeiienssMemMbIx B KadecTBE TJIaBHOU (pa3bl HedTeoOp30Ba-
uust (I'®H) [1,11,12,14] unu riaBHOM 30HbI HedTeoOpaszosanus (I'3H), cooTBeTcTBYIOIIEH TeMITe-
parypaOoMy uHTepBany 60-150°C. Brinenenne OCHOBHOI Macchl Ta3000pasHEIX YB mpoucxoaut Ha
ctausx karareHesa MK4-MKs (me3zokararene3) u AKi-AKz (amokarareHes), BblAeNs€MbIX B
KayecTBe TiaBHOM (a3bl razoobpazoBanus (I'®I') mnm rmaBHOM 30HBI TrazoobpaszoBanus (I'3I),
COOTBETCTBYIOIIEH TeMmepaTrypHoMy uHTepBany ot150-170°C o 250-260°C.
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B xauecTtBe Bemymmx (akTOpOB IPOLIECCOB KarareHesa (IIpeBpalleHHs] TOPHBIX MOPOJ U
POB B mporniecax norpyxeHus) oObIYHO pPacCMaTPUBAIOT TEMIEpaTypy,daBlieHHE, Te0JOTHUECKOe
BpEMsi, JINTOJIOTUHU U, PEKE, TEKTOHUYECKUE JABMKCHUS (CTpeccoBbie Hampspkenus) [6,10,11], npu-
YeM B KaueCTBE IIaBHBIX ()aKTOPOB OOBIYHO BBLACISAIOT TEMIIEPATypy M JaBiieHHe (TepMobapuue-
ckuii ¢axrop) [6,10,12,14].

Temmneparypa, onpenernss xo1 GU3NKO-XUMUYECKOH TpaHchopmarmu nopoas OB, sBise-
TCSl TJIABHBIM (pakTopoM yriepukanun u HedreoOpazoBanus. [ maBHOE BO3AEHCTBHE HA X0 KaTa-
rede3a POB oka3biBanu naneoreMineparypsl. B HacTosiee BpeMs OlleHKa NajleoTeMIIEpaTyp Mpou3-
BOJIUTCS 110 M3MEPEHHIO OTPaXKaTeIbHOI CIIOCOOHOCTH BUTPUTA B aHNUIN(aX, UM paCCUUTHIBAC-
TCSl HA OCHOBE PA3JIMYHbIX aHATUTUYECKUX METOAOB (MOJIEJIei) IO COBPEMEHHBIM TEMIIEpPATYpaM.

HwxHum noporom BiissHUS TeMIiiepaTrypbl Ha npeoOpa3oBanust POB cuurtarorcst temmepa-
Typs1 50-70°C, HO B 3TOM JMama3oHe peakunuyu npeobpazosanns POB mpospisioTces eme cnabo. B
TO e BpeMs IpH 3HaYeHusAX Temmeparyp 6omneel00-110°C Habmronaercs SKCIOHEHIMATBHBIA POCT
a¢dekTa TEIIOBOTO BO3ICHCTBHS HA TEUCHUE peaknuii nmpeoodpasosanust POB.

JlaBJjieHne, OOBIYHO JCHCTBYIOIIEE B HEPA3pPBIBHOHM CBSI3M C TeMIepaTypoil (Tepmobapu-
yeckuil (pakTop), UMeeT BaXKHeHIlIee 3HaUYeHe Npu KaTtareHese nopol. M3 repMoauHaMuKy U3BECT-
HO, YTO TE€YEHHE XMMHUYECKHUX PEAKIUIl OIpesesseTcs] TEMIIEpaTypoil 1 BpEMEHEM, a CTaTUYECKOE
JIaBJICHUE MPEMSATCTBYET UX PA3BUTHIO. DTO MOATBEPKAAECTCA IKCIIEPUMEHTAIbHBIMUA JaHHBIMU 110
MoenupoBanuto nporeccoB yrieukanun A. Xaka u K. [larrencku (1964 r.), H. Boctuka (1971
r.), JIx. Pomxkepca (1962 r.) u ap. B.B. CtaHoB Ha OCHOBE OIBITHBIX JAHHBIX CHOPMYTHUPOBAIT
oOmiee mpaBuiIo: YyeM OOJbllIe JaBiIeHHE, TeM IpH Oosiee BBHICOKOW TeMIeparype AOCTUIaeTCs
OJIMHAKOBas CTETNEHb KaTareHesa.

I'eosioruyeckoe Bpemsi — €ro pojib U BIMSHUE Ha Tpoliecchl karareHesa POB sBisiercs
HanOosiee TUCKyCCHOHHOM. CyIIECTBYIOT IBE KpailHUE TOUKH 3PEHUSI.

Cornacno oxguoit u3 Hux (.M. Amocos, B.1 I'opmikos, N.B. Epemun, B.H. u }0.H. Ha-
ropusle, C.I'. Hepyues, I'.M. IlapnapoBa u zp.), reojgoru4eckoe Bpemsi He UrpaeT Kakoi-mudo poiu
npu mpoiecce KarareHeza. OCHOBOWM MJisi MepexoJa OT OJHOM CcTaauM (CTETEeHH) KaTareHesa
(MeTamopdu3Ma) K Apyrod sIBJISETCS BIIOJIHE OIpECTICHHAs TeMIlepaTypa, He KOMIIEHCHpyeMas
JUTUTEIBHOCTRIO ee Bo3newcTust [10, 11].

CormacHo JIpyroif, KOTOPOW MPHAECPKUBAETCS OOJBITMHCTBO HccienaoBareneid (A.M.
Axpamxomxkaes, H.b Baccoesuu, H.B. Jlonatun, B.A. u b.A. Cokonossl, H. boctuk, /Ix. Kapsaii,
X A. Knemme, B Tucco u /1. Benbte, I'. @ununmnu u zap.), reoJoru4eckoe BpeMsi UTpaeT BIIOJIHE
OTIpEe/IeNIEHHYI0 POJib B Pa3BUTHHM KaTareHe3a — OHO KOMIIEHCHUPYET B TOM WJIM HMHON CTENeHu
AeGUIUT TEMITEPATYp JUIS IIepexoa OT OJHOM CTaIuH KaTareHesa K apyrou [6, 12, 14].

JInToJiorusi — €€ BIUsSHUE MPOSBISAETCS B KATAIMTUYECKOM BO3JIEHCTBUU KOMIIOHEHTOB MU-
HEpaJILHOM Cpelibl, Mpex/ie Bcero anoMocuinkaTos, Ha POB B npouecce HedreobpazoBanus. Tak,
B psane paoot (I'. lambeprepa, I'.M. Ilapmaposoii, [1.I1. Tumodeesa u JI.1. boromonosa, I1.A Tpy-
muHa, b.K. YUndya u np.) mokaszaHo, 4To creneHb karareHe3a POB B mecyanmkax MeHble (mpu
NPOYMX PaBHBIX YCIOBHSX), ueM B apruwsumutax u yriasx [11]. JI.A. Bypskosckuii u P.JI. J[xeBan-
mp mokazanu (1986 r.), 9To 1Mo MPUCYTCTBUIO MOHTMOPHILIOHUTA, SIBJISFOIIETOCS OCHOBHBIM JIUTO-
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JgoruyeckuM ¢aktopoM mnpeobpaszoBanus POB u VB, MOXHO OIleHHMBaTh MpEENbHYIO TIyOUHY
3aneranust [®H. B menom >xe BIUSHHE JIMTOJIOTHYECKOTO (pakropa (IIpH HEOCHOPHUMOM €ro
BO3/ICIICTBUM) ABJISETCS €I1l€ HEAOCTATOYHO U3YUYEHHBIM.

TexTonneckuii pakTop — BIUSHUE TEKTOHUYECKUX U CEUCMUUECKUX JBMKEHUH (HAMPSKEHUI)
Ha IIPOLIECCHl KaTarcHe3a, Kak U BIIMSHUE I'E€OJOIMYECKOrO BPEMEHH, SIBJIICTCS BEbMa CIIOPHBIM. Bo
BesikoM citydae (I.M. ITapnaposa, b.K. YUnuya u 1p. ) HE yCTaHOBIJIEHO Pa3HULIBI B CTENIEHU KaTareHe3a
(ITpy IPOYMX PABHBIX YCIOBHSX) CIIOKOMHO 3aJIETAIOIMX U MHTEHCUBHO JUCIOLMPOBAHHBIX MOPOI.

Pesromupyst Bce BBIIEU3I0KEHHOE, MOXKHO CKa3aTb, YTO €CIM BIIMSHUE TEMIIEPaTypbl U
JIaBJIEHMsI Ha Ipoliecchl KaTarenesa nopol u POB sBisieTcs HEOCIOPUMBIM U MPU3HAETCS BCEMU
HCCIIE0BATEISIMH, TO BIMSHUE T'€0JIOTHYECKOI0 BPEMEHH, JIUTOJOTHHA U TEKTOHUYECKHUX JIBHKCHHUN
ABJIIETCS IIOKA BEChbMa CIOPHBIM M MaJIoM3yuyeHHBIM (pakTopoM. Ha m3yuenuu tepmobapruyeckoro
(akTOpa OCHOBaHBI BCE METO/IbI IPOTHO3UPOBAHUS NTAIIEOTEMIIEPATYD.

2. OcHOBHAA YACTh

Tepputopust I'py3un OTHOCHUTCS K ABYM pa3iIHMYHBIM €IMHULIAM PErHOHAIBLHOTO He(Tereo-
JIOTUYECKOTro palonnpoBanus: 3anagHas ['py3us — k UepHoMOpcKoit HePTEra3oHOCHON 00JacTH;
Bocrounas- x KoOsictano-Kypunckoit obnactu HOxHo-Kacnmiickoro Hedrerasonocuoro Oac-
ceitHa. ['eonorunueckoit rpanuneit mexay obnacramu (3anaaHoit u Bocrounoit I'py3ueit) siBisiercs
JB3UpyIbCKUI KPUCTAIUTMYECKH MacCHB (BBICTYH IOIOPCKOTO pyHIamMeHTa I'py3uHCKOMN TIIBIOBI).

I'eoxumuueckas xapakTepucTHKa Me3030i-KaliHO30MCKUX OTiI0XKeHui 3anaaHoit u BocTou-
Hoi ['py3un npuBoautcs B Taba. 1 u 2 no ganHbM (poHm0BEIX padoT 3.11. I'onrnuamsunu (1984r.,
1986r., 1988r.), .. KaBrapaaze (1980r.) u onyonukoBanusix padbot E.K. Baxanus, A.I'. Jlanuesa
M.®. [I3Benas [2, 4, 5]. 1o yciaoBusM 00pa3oBaHus U CBOMM T'€OXHMHUYECKHUM XapaKTEPUCTHKAM K
notrenuuanbHo HI'TIIT B 3anmagnoii ['py3un MoryT ObITh OTHECEHBI IIECUAHO-CIIaHIIEBBIE OTIIOKEHUS
HWKHEH I0pbI, YITIEHOCHBIE IIECUaHO-aJIEBPOJIMTOBbIE 00pa3oBaHMs BEpXHero Oailoca-6ara, nmepexo-
JTHasl TIIMHUCTO-MEpreyibHas TONIA abO-CeHOMaHa, TePPUT€HHbIE MOPOAbl (IVIMHBI, aJIE€BPOJIUTHI,
NECYaHNKH) NaJICOIIEH-7011€Ha U MEeCYaHO-TIMHUCTHIE OTJIOKEHUS MalKOIICKOM cepuu (OJIUTOLEH —
HKHUN MuolieH). [1o crenenn kararenernueckoro mpeodpaszosanus POB k HI'TII, yxe peanu3o-
BaBIIMM CBOM moteHnuan Hedrerenepanuu (I1H), oTHOCATCS OTIOKEHUS HUXKHEH IOPbI, BEPXHETO
Oaitoca-0aTa, aib0-ceHOMaHa, MaJICOIEH-I0IICHa U HUKHEH YacTh MalKoOTICKON cepun. [loTeHrman
razorenepaunu (I1r) peanuzoBanu OTI0XKEHUS HUKHEH IOpBI M, 0TYACTH, BEpxHETo Oalioca-0aTa.

Jlns onpenenenust BpemeHu npoxoxaeHns narepsanos ['3H u 31" HI'TIIT pa3znoro Bo3pa-
cTa OBLT MCIMOJIB30BaH IKCIPECC-METO cymMmMmapHoro mmmyibsca Terua (meron CUT), paspabora-
Hubiii H.H. JlonatuaeiM [6] ¥ IMpOKO U yCIIENTHO MPUMEHSBINUNCS JIs1 IPOTHO3UPOBaHMS HedTe-
ra3oHOCHOCTH TeppuTopuil u Heap kak B ObiBmieM CCCP,rak u 3a pyOexoMm (I'epmanus, CLIA,
Kanana, Asctpanust). B 3anannoit I'py3un peanuzanus [1n vmxuaeropckumu HITIIT mpoucxoaua ¢
Hayaja JIOMEpCKOro BeKa /10 KOHIIa HEOKOMCKOro; peanusauus [Ir — ¢ Hagana 6appema 10 KOHIa
HIkHero MmuoneHa. Peanuzanus [1n Bepxuebaiioccko-6arckumu HI'TIIT navanack ¢ xoHIa Mena u
3aKOHYMJIACh C HA4YaJlOM capMaTCcKoro Beka; peanu3auus [Ir Hauanack ¢ HayajaoM capmara U mpoJo-
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JoKaercs 1o Hacrosimero BpemeHu. Peanuzanus [T HI'TIIT ans6-cenomaHa: Hadano — Ha4ayio TUIHO-

(ueTBepTHuHOro nepuona). Hauano peanuzanuu I1H 301eH0-

v

OCHa, KOHCI — Ha4daJio INICHUCTOLICHA

11 HE IpEBHEE BEPXHE-

v

, @ HU30B MalKOIICKOM CEpUU — C HACTYIUICHHEM

Taxum 00pazoM, MOKHO 3aKJIFOUUTh, YTO

b1 13 HePTETPOU3BOIAIINX OTIOKECHU

v

3a CHCT BCPTHUKAJIbHOU MUTpPALUN HE

IUICHCTOIICHA U IpoaOJIKACTCA 0 HACTOALICTO BPCMCHU.

dopmupoBanue HedTsHBIX MecTopoxaeHuil Cyrca u Llpomucybanu-L{kanmMuHIa TPOUCXOIUIO

BbIM HI'TIIT Hayanochk ¢ KOHLIAa CapMaTCKOro BEKA

HyTSIMI/I MUI'paliii BCPOATHCES BCCTO SABJIAJIMCH Pa3pbIBHBIC

v

I'0 P0II€HA X HU30B MaMKOIICKOM ccpuu.
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% i & ” 19TIHEID
KEHIIrALHEOHBLIJ0! IV = DIN ¢ m\~ ¢ Im Lo .iww L . _\_ - QI9LOMHHILI 'r
200¢ 8L-S0 0°T—680°0 I¥'1 = 9000 TTT— 66000 UNHHEROA[ ] edot KK
£€9°C1 Syl 960°0 €6€°1 1iurodgare 19 - q°f
KRHIIALUIIOMNO HIWBLOIW NV - DN gy 4 ﬁ\ i e Tom e HHERDD 1BQ-00HEQ
“KRHAIALHEOHBIII0H008I ) LIS — €50 €LO'TT —620°0 I¥'1 =900°0 6C°CI —TE0°0 W09 ] wnxdog
KEHIIrLHEOHRLID0d . . ) . PO—
1 BEHIIrdLHEOHBLOJ090Q01rD SOIN A mo\o ¢ ,N_v\n 9 ¢ ._ mw 9 ¢ .vn\m@ ¢ —— &
onHaaLIMANKA] ] Ty =Pl 8YL°€—TT00 PLT°0 = L00°0 9’y —+20°0 W edor gsHxdog
KEHILOLHIOMNO 4 y X C61" AEHLISHEN
o::mm?uibﬁ_.un_ TN »N\o.._. o@\_ - ¥ ,Nmm . ¢ .mmw_ - ¥ “Hoadaye R
2 11 99-70 S¥6°0 — S00°0 6€1°0— 10070 SIT'T = 65000 STLOMHHIT | 1O HHHYH]
KBHIIOLHEOHRII080Q0Ir) - 0F°L 670 $10°0 9€5°0 nraidow ST — qely
‘KRHIIFLUEOHRLII0E N 8'St — €20 6L°T—LT0O'0 £€50°0 —T00°0 6v°€ — $€0°0 QI9LOMHHIL | HEIWOH-Q4Iry
KRHIIOLHIOMN() EhyN £95C L01°0 €100 . VELO MNEHLOJEE ] .
0°0L-91°0 T 1 —€00°0 820°0 — 200°0 SS'1 —8€00°0 1raW yuHXdog
< ‘ 70 ¢ 2h0 wl T
KRHIILHEOHRLID0g] ST - LT 10°1 8S°1 200 86°1 HIHHEHhOAU d Hon
SE—81°0 81— €E71 80°0 — €00°0 8TT—99°1 H I9HHIC ] ~0€-HAMOAB|
IN =€
KRHAIDLHEOHBLOIOHOHII M O =5 = - ¢ .mm._. Y ¥ e i ,oh,_ ! =H_”.”“~“_wu= v_Ex_suuo :
o] SET—¥0°1 LSE—€E0 80°0 - 91000°0 SL'Y —¥¥°0 4 KENOUOAHEI
511 wo STT1 $900°0 SLI IHMIL <N HaToHN
KEHIIDLHEOHBLIIOGOHIIH)) LOT—11°0 86°CT—TL0 +0°0 — 100°0 STP—€0°1 M MNEHLOQEE]]
KRHIIrdLHEOHRLOJOSOHIITH) Ty .mm ! " .n_o._A s ¢ w0 2 i ,wv ! =H_““~.~__Mo: -deo punrrado
FI'e—61°0 Y0'T €0 80°0 — 1000 6'T--19°0 A B
KBHIIOLUEOHRLID0H0QRITD SI°1 18°0 100 9Z°1 N HaTIOHIr
o LI ; ’ G y g B aHmr | £
KEHIIALHIOHBLI00Y I'CI-L10 90°1 —9%°0 91°0—100°0 €91 -1L0 ynnxdog
KEHAIrLHEOHRII00g LT 620 80 £00.0 LET I9HHIT | N
8€0-€I°0 P01 — 190 $00°0 — 100°0 PL1-TO'I HONOHIT |
8 L 9 S 14 € (4 1
somtrads donrado
BNEOHELIQO BEOHAI or 10 doHradd doHradd
EHIOOLH][ 1oedeog
KEMOIhHINHX09 | -BIeN HHITEL) xg or 10 or 10 or 1o
“eox HIaHWALHG 9% ‘1do) Yy arodon g WALHG % g0 aunexdaro)

| BnuIrQe |,

unekd | nonreneg eaodyon 010HROTEO0 eXULONdILIRdRX KRXOORUIWHXO0J |

61



LNIGNIINA0LO LIIGE0IGM-GITE03IAH0 LIEBMHISEN TIH6320 , bdIIGUIZIML 65300M30 LS 3B

SCIENTIFIC-TECHNICAL INFORMATION- INTERNATIONAL JOURNAL ,,GEORGIAN OIL AND GAS"

£24, 2009

HE®Tb UTA3 IPY3UN"

MEXAYHAPOOHbIN HAYYHO-TEXHUYECKUWN, UHOOPMALIMOHHbIN XKYPHAI ,,

SCIENCE

ANM3ND

3IB6NIGIY

. . ] I9IIHRID —_o-
KRHIIQLUEOHRLOOOHOHIIN)) L1 : _lﬁ y : ow I ’ nmml_ [ : QIILOMHHUILI ¥ M:VE\_
riyy 08 — S0 ['T—600 1 —L00°0 S0TCT—v600 ‘IMHEROJ[ | H
KEHIIOLUEOHBLID0909RI) [\ . €951 : nmmm I . "omo 0 . "m@m I ] Mn;::oamw:m P
L1S—€S0 €L0'TT —6200 I¥'1-9000 6CCI—€00 WIHHERIS[T KKHITOd)
KBHYI[ALUEIOHRLII0E0QRID v ST'6 L0 1€0°0 +78°0 I9LUNOLIOY € edot
‘BBHIILUEOHRLIO0E Ty — 1 8¥L°€ —TT00 ¥11°0 — L000 91% — +¥20°0 ‘uirardoy sHXdog
; ; ; : HUMBHLOJEEN
0 _a% m_wweaswa:wm DV — N - Sl bl L ‘urardow L
HEoHL WHI] | 99-70 S¥60- 5000 6€10—1000 SO'T—9000 OMLOMHHL | HUAHXUH
‘ ¢ ¢ ¢ ST — qe'y
KBHAIrOLUEGOHBLID0E00RID ov'L 620 $10°0 9.0 urroadon ot
‘BRHIIQLUEOHRLI00g] DIV = SIN 8°Sy — €70 6LT—LT00 €50°0 —200°0 1€ - €0°0 SILLOUHMIL -garry
KBHAIQLUIOUN() : £9°st : nhoﬁo : ﬂm_o 0 F ,m: 0 : EBHLOJEE] o 1A
AN 00L—-ST10 YT 1 — €000 8200 —2000 8¢ 1 — €000 uunxdog
KBHAIALAGOHRLIJ0E0QRID LSy 79€°0 L10°0 20+°0 MIHHERhOJII -LMM M_M_MVM“:
KEHIIISLHEOHELOO0Y IN ™ DN 611 €1L0—2010 820°0—L000 [6L0—€I10 W IHHUI ] — HONIOAIrE[ |
KBHIIOLUEIOHRLIJ0Y SIN — DI ’ 6L°01 : “Nmﬁo : ﬂm_ 1’0 ﬁ ﬂv,moﬁo : MIHHEROI ¢°d Homoe
L19-9L7C S06'1—11€0 €0€0—-9100 8YTT—L9E0 M TIHMIL T unnxdog
50 ot'l £00°0 SL1 T -
KBRHIIQLUEGOHRLOOOHOHIIN)) . . ] ] ] ] ] ) ITHMIC | sudao
SIN - DIN SS0—S¥00 08'1—1680 1005000 STT—vIl KEMOLONHEIN
KRHIIQLUFGOHRLIO090QRI) : v8'l ; P L80 3 : 2000 : ,ﬂJ ; FDIHEROII SN Lewcles
S0 Yyl —610 LT -T2V 0 €0—-1000 LI'T—SS0 1 THHIC ] yuHIrad)
KRHAIOLUIOUM00QRID - 8¢l 720 8€0°0 1€0 I9HMILT . IN Lewded
‘BBHILDLULOMIQ oI 0L-01 8S¥°0 —6£0°0 v1¥°0 —S0°0 ¥9°0 — $S0°0 H IIMHEROS] | unnxdog
3 ¢ ¢ 3 Q NZ —uw _z
KRHILQLUIOUN() i 44 _n : 50 : nmoo 0 : ng 0 ¢ I9HUIC | : mt\_mom
“HIIT €S—0'1 I1L0—900 [¥'0—100 601—-600 gexoxedupyy
8 L 9 S 14 € [4 !
9oHIrado JoHradd 99HIado doHradd
BXHOHBLOQO BEOHOIRLEY or Lo or 10 or 1o or 10
EUIOLOLU][ Loedeog
KBXOOhHUINHMX09 | HUUITRL)) g Ny 9% €0
‘(beox MIIHWALIG o, ‘LdoD orodon & WALM] | supexdorros)
7 BIIMIQR ],

uneAd | HOHhOLOOg ©90d)OI OIOHROTEI0 BYULOMdILNRdRX BBNOORMINMXO09 |

62



LNIGNIINA0LO LIIGE0IGM-GITE03IAH0 LIEBMHISEN TIH6320 , bdIIGUIZIML 65300M30 LS 3B
SCIENTIFIC-TECHNICAL INFORMATION- INTERNATIONAL JOURNAL ,,GEORGIAN OIL AND GAS' AM24, 2009
MEXOYHAPOLHbIN HAYYHO-TEXHUHECKWIA, UHOOPMALIMOHHBIN XYPHAN ,, HE®Tb U MA3 MPY3UN"

3IB6NIGIY - 3INSM3NY - SCIENCE

®opmupoBanue HE(PTIHOTO MecTopoxaeHus Boctounsiii Yamaguan BO3MOXKHO IPOU-
CXOIWJIO 3a cyeT yacTHuHOU peanu3anuu [T anb6-cenomanckux HITIIT .

ITo macmrabam resepanuu He(TH U ra3a K BHICOKONPOIYKTUBHBIM OTHOCSTCS OTJIOXKEHUS
HIDKHEH IOpBI; CPEeTHENpPOIYyKTUBHBIM — OTJIOKEHHsI BepxHero Oaiioca-Oata, anb0-ceHOMaHa U
HH30B MallKOITICKO# CepUM; HU3KOIPOYKTHBHBIM — OTJIIOKEHUS MaJieoeH-301eHa [9].

Ha tepputopun 3anamgHoit ['py3un BBLAENSIOTCS JBE 30HBI HeTerazooOpa3zoBaHUs (30HBI
HI'O) wim ouaru Hedrerazoobpazosanus (1mo b.A.CokonoBy,1985r.), cooTBeTCTBYIOINE HAUOOIB-
IIMM MOIIHOCTSIM 0CaJ0YHOI0 TOKPOBA.

Konxunckas 3ona HI'O — cooTBeTCcTBYET LIEHTpaIbHBIM M CE€Bepo3anaaHbM dacTaM Oau-
nickoro u Ouamuupcko-Kynesckoro 6mokoB 3amaanoit (Komxuuckoit) 30l morpyxenus ['py3u-
HCKOW TJBIOBI. MOIIHOCTh OCaJI0YHOTO BBHIMOJHEHUS A0 12,5KM; OCHOBHBIE HE(TErazonpousBo-
JSIIUE TOJIIM — OTJIOXKEHUSI HUKHEU IOpBI, BEpXHEro Oaioca-0ara M, B MEHBIIEH CTEIEeHH,alIb0-
CEHOMaHa.

I'ypuiickas 3ona HI'O — TeKTOHMYECKH OTHOCUTCA K 3amafgHoi yacTu ['ypuiickoro cekropa
Axapo-Tpuaierckoil ckiiaayatoi 30Hbl.MakcuManbHasi MOUTHOCTh OCaJ0YHOTO MOKPOBA JIOCTH-
raet 13-14,5 kM Brosnb nodepexnbst UepHoro mops. [1o ycnoBusim 00pa3oBaHus U T€OXUMHYECKUM
XapaKTEepUCTUKaM BCE TEPPUIE€HHBbIE U TEPPUTrE€HHO-KapOOHATHBIE OTJIOKEHUS (32 UCKIIOYEHHEM
0CaJIKOB BEPXHETO IIMOLIEHA U YETBEPTUYHBIX, a TAKXKE BYJIKaHOT€HHBIX 00pa30BaHUil I0pbl,Mella U
CPEIHEro 30I1eHa) Me3030i-KaiiHO30 MOTYT ObITh OTHeceHbI K noTeHimaasno HI'TIIT. Bo3moxkHo-
ctb redepanuu HITIII sxuakux u razooOpasueix YB B ['ypuiickoM nporu6e ornpenesnsieTcs JIUIb
CTENEeHbI0 KaTareHeTuueckoro npeoodpazoBanusi POB. Mnrepan (rimyouna) passutus [3H u I'3I
HAYMHAETCSl OT HU30B MAWKOIICKOW cepuu (OTJIOKEHUM OJIUTOIIEHA) U TIPOCTUPAETCS 10 MIOBEPXHO-
CTH KPUCTAJUTMYECKOTO pyHIamMeHTa [7].

Taxum 06pa3oM, MOKHO CIeNaTh CIEIyIOIINE BEIBOIBI:

1. OcHOBHBIMU (peruoHaNbHBIMU) HE(PTENPOU3BOJAIIMMH TOJIIAaMU 3amagHoid ['py3un B
Konxuackoil nenpeccuu sIBISIFOTCST BBICOKOTIPOIYKTUBHBIE TIECUAHO-CIAHIEBBIE OTIOXKEHUS
HUOKHEH OpbI; CPEeIHENpPOAYKTUBHBIE ME€CYAHO-CIAHIIEBBIE C MPOCIOSMHU YIJIL IMOPOJbI
BepxHero Oaioca-0ara W TIIMHUCTO-MEpresibHbIe 00pa3oBaHus anb0-ceHomaHa.B ['ypwuiic-
KOM cekTope Amkapo-TpuaneTckoi ckjiaguaToi 30HbI K HUM J100aBIISIOTCS TEPPUTE€HHBIE (B
OCHOBHOM I1€CYaHO-TJIMHUCTO-aJIEBPOIUTOBBIE) TOJIIN MAJIEOLEH-301[€Ha U OJIUTOLICHA.

2. ®opmupoBanue HeTsHBIX MecTopoxaeHnit Cynca u lpomucybanu-I{kammuana mpowc-
XOJIMJIO 3a CUET BEPTHKAIbHOW MUTpalUU He(PTHU U3 OTIOKEHUI HE MOJIOXKE OJUTOlIeHa U
BepxHero soueHa. @opmupoBanue MectopoxkaeHns Bocrounsiit Yanaauam BO3MOXHO Mpo-
MCXOJIMIIO 32 CUET MUTPAIMU HEPTH U3 OTIIOKEHUH anb0-ceHOMaHa.

B Bocrounoii I'py3un (KoGwicrano-KypuHcks HedTerasoHocHasi 0071acTh) — BBIIEISIOTCS
Tpu ocHoBHble 30HBI HI'O [7]. Kapramiickas 3oma HI'O oTHOCHTCS K IEHTpPANbHOW YacTh
Bocrounoit (Kaptnuiickoil) 30HBI morpyxeHus ['py3uHckod TibIObl. MOIIHOCTH 0CaJOYHOTO
BBIIIOJIHEHMS COCTaBIsAeT 12-13kM.

Hanpanukansckas 3o1a HI'O pacnonoskena npumepHo B 25-30kM BocTouHee r.PycraBu,rie
10 re0(pU3NICCKUM JAaHHBIM OTMEUYAETCsI MOIITHOCTh 0Ca0YHOTO BhIoJHEeHHs 10 10-11kM.
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IOxno-Kaxerunckas 3ona HI'O oTHOCHUTCS K LIeHTpalibHOM, Harboiee Morpy>KeHHOM 4acTu
IOxH0-Kaxerunckoro HedrerazonocHoro paiiona (HI'P) ¢ MOmIHOCTBIO OCaI0YHOTO MOKPOBA JI0
14-15xm.

B Bocrounoil I'py3un, Tak k€ Kak M B 3alaJHOILII0 YCIOBUSM OOpa3oBaHUS U IIO
TEOXUMHUYECKOMY COCTaBY (CM. Ta0JI. 2) B KAa4eCTBE OCHOBHBIX He(DTEPOU3BOASIIUX TOJII BBIICTIS-
I0TCSl T1€CYAHO-CJIAHLIEBBIE OTJIOKEHUS HUKHEH IOPbI, IECUaHO-CIAHIEBO-aJIEBPOIUTOBBIE IOPO/IbI
BepxHero Oaifoca-0aTa, TTMHUCTO-MEpreyibHas TOJMIIA aab0-CeHOMaHa, TepPUTeHHbIE (B OCHOBHOM
[IECUYAaHO-TJIMHUCTBIE) OCAIKU MaJCOLIEH-HUKHETO J0IIEHA, BEPXHETO J0LIEHAa M OJIMIOLeHA (HU30B
maiikorickoit cepum). Ilo macmrabam HedTeoOpa3oBaHUS K BBICOKONPOIYKTUBHBIM OTHOCSTCS
HITII nuxHe#l 1opbl, BepxHero Oailoca-0ata M BEPXHEro H0ILIEHA; K CPEAHENPOITYKTUBHBIM
OTHOCSITCSI OTJIOKEHUS alb0-CEeHOMaHa, BEPXHEI0 H0LIEHA U OJIUIOLEHA; K HU3KOMPOAYKTUBHBIM —
HI'TIIT naneoreH-HuxKHETO Y011eHa[8].

[Io UCTOPUKO-T€OJOTHYECKUM MOJIEISIM KaTareHesa,liocTpoeHHsIM 1no Merony CUT ans
ocHoBHBIX 30H HI'O, BImENsIOTCS Ccleayroiye nepuoab Hedrerazoo0pa3oBaHus:

B kapranunckoii 3one HI'O peanuzanus [IH ocnoBueiMu HITIII mpoucxoauna:

- HIKHSAS 10pa- Ha4uajo-KOHEl HEOKOMA; OKOHYaHHe-CepelHa CEHOHCKOI'O BEKa;
- BepXHU 0ailoc —0aT-HavYaI0-KOHEI MEJIOBOU SMOXH; OKOHUYAHHUE-KOHEI] 3011eHA;
- aJIb-CEHOMaH-HaYaJI0-CEPEIMHA OJIMTOLIEHA; OKOHYaHUE-HAYallo TUIMOLICHA,
- BEpPXHMH DJOLEH-OJUIOLEH —peanu3zauus [IH Hauvamach ¢ KOHL@ CpEAHEro IUIMOLEHA U
POJOKAETCS O HACTOSALIETO BPEMEHU;
Peanuzanus IIr ocHoBubiMu HI'TIIT mpoucxoauna:
- HWKHSS 10pa-Hayallo —CepeIMHa CECHOHCKOTO BEKa; OKOHUaHUE-KOHEll IUIeHCTOIeHa;
- BepXHUI 0alioc —0aT-Havao0 —KOHEIl 0IIEHOBOM 3MOXHU U MPOJIOJKAETCS 10 HACTOSIIIIEE BpeMs,;
- aJ1b0-CeHOMAaH-HavaJI0- CepeIHa OJIMIOIIeHa U MPOJOHKAETCS JO HACTOSAIIETO BPEMEHU;

B Hanpanukanskoit 30He HI'O Hanuume (mpucyTCTBHE) IOPCKUX OTJIOKEHHMM SIBISETCS
BECMa CIOPHBIM, U IO3TOMY aBTOPbI OTPaHUUYMIIMCH JIMIIb KalHO30MCKOM HcTopuel Hedreraso-
o0OpazoBaHus.

Peamusanus [1n HI'TIIT npouncxonuna:

- OTJIO’KEHHUS MaJIEOLEH-HUKHET0 301[€Ha —Havyallo-HavyaJlo CPEHEI0IEHOBOM 3M10XH; OKOHUAHUE —
HAy4aJo MUOIICHA;

- OTJIOKEHHE BEPXHEro H0lleHa — HayajoCh C Hayaja MHOLIEHOBOM 3MOXM M MPOJOJDKAETCS MO
HACTOSIIEE BpeMS;

- OTJIO’KEHHUS OJIUTOlIEHA — Hayalo — KOHEIl BEPXHETro IUIMOLEHA U MPOO0HKAETCS 10 HACTOSILEro
BpPEMEHH.

Peanuzanus IIr oTnokeHus maneoneH-HIKHETO J0lI€Ha Hadajach C HadaJloM MHOLEHA U
MPOJOKAETCS O HACTOSAIIETO BPEMEHHU.

B HOxno0-Kaxerunckoii 3o0e HI'O peanuzanusa [Tn HI'TIIT npoucxoauna:

- OTJIOKEHHS HW)XHEH IOphl- HAyajJo — KOHEI[ D0LEHOBOW JIOXH; OKOHYaHHE — Hayalo
CPETHEMHOIICHOBOM AMOXH (Ha4yajao TOPTOHCKOTO BEKA);
- OTJIOXKEHHE BepXHero Oaifoca-06ata — Hayalio — KOHEIl OJINTOLIeHa;0KOHYaHNEe — HaYaJlo TUIHOIICHA,
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- OTJIOXKEHHUS aIb0-CEHOMaHa — HayaJlo — KOHEL| HU’)KHEMUOILIEHOBOH 3110XH; OKOHYaHHUE — KO-

HELl CPEIHETO TUIMOLICHA;

- OTJIOXKEHUs NAJICOLICH-HWKHETO J0L€HA — HA4yaJlo — KOHEll HW)KHETO MHOLICHA; OKOHYaHUE —
HavaJio TUICHCTOICHA;

- OTJIOKEHHsI BEPXHEr0 S0LEHA — HA4all0 — KOHEI] HMXKHETO0 MHOLEHA U IIPOJOJDKACTCA 10
HACTOSIIETO BPEMEHU;

- OTJIOKEHUs MaWKOIICKOM CEpUHM — HA4ajJ0 — KOHEL HW)KHETO IUIMOLEHA W IPOJOJIKAETCA 0
HAaCTOSIIIETO BPEMEHHU.

l'azooOpazoBanne wnu peanusanus [Ir HITIII HuwkHEH [OpbHl Havaloch ¢ Hayaia
TOPTOHCKOT'O BeKa, BEpXHero Oailioca-0aTta ¢ KOHIIa BEPXHET0 MUOLEHA, alb0-CEHOMaHa — ¢ KOHIIa
CPEIHETO IUIHOLEHA U IIPOIOJIKAETCS 10 HACTOSAILEIO BPEMEHH.

B IOxnoit Kaxerun oTio0keHUS MaiKOICKOW cepuu, B OTIMYUE OT JPYTHX paroOHOB
['py3un, nmonHocthio HaxoasTcss B ycnoBusix ['3H (mopoasl kpoBiu u3mMeHeHsl no0 craguu MKj,
nozomBel — 110 ctagun MK3). @opmupoBanue HeQTsaHbIX MecTopoxaeHuid FOxuoit Kaxeruu mpou-
CXOJWJIO 32 CYET BEPTUKAJIbHOM MHUrpallMd HE(PTU U3 OTIOKEHUH HE MOJIOXKE BEPXHEro HOLIEHA U
MalKorckoit cepun. Ha 3To ykaspiBaroT Tarxke qanHbie padotsl [3]. [1o 1aHHBIM TeOXHMMUYECKUX
UCCJIENOBAHUM B pas3pe3e BEPXHEM YacTH CPEINHETr0 CapMara,BEepXHEro capMmara M HUYKHEIrO
IUTMOLIEHA HE BBISIBJICHO MOPO/,KOTOpble MOTYT ObITh OTHEceHbI K HITIII.

Copepxanne OB B mopopax, 3a HCKIIFOUEHUEM TJIMH BEPXHEH YacTU CPEIHEro capmara,
MeHbIIE KIapKoBbIX. COOTHOIIEHHME pPA3IMYHBIX (OpPM 3Keje3a J1aeT OCHOBAHME I0JIararh,4To
HedTecoaeprKallye dIbAapcKas U MHUpaKcKas CBUTH (POPMUPOBATIUCH B OKUCIUTEIbHBIX YCIOBHSIX,
a MOpCKas TOJIIA U BEPXHSISI 4aCTh CPEIHEr0 capMara — B CIA000KUCIUTENBHBIX U C1a00BOCCTAaHO-
BUTENbHBIX. HedTsaHble 3anexu MecropoxkaeHuil Mup3zaanu, Ilatapa-Illupaku u Tapubanu
00s13aHbl CBOMM (OpMHUPOBAHHEM (IIPOMCXOXKJAECHUEM) BEPTUKAJIBHON MUTpaluud HEPTH U3
HIDKEJEKAINX OTIIOKEHUN MAaKOIICKOM CEpUU U BEPXHETO JOLICHA.

Bce HedTsanbie MecTopoxxaeHuss Bocrounoit I'py3un 00s13aHbl CBOMM (OPMUPOBAHUEM MHU-
rpamnuu (B OCHOBHOM BEPTHKAIBbHON) HEPTH U3 OTJIOKEHUN HE MOJIOKE HU30B MAMKOTICKOW CEpUH
(omurolieHa) U BEPXHETO 20lIeHa,M3MEHEHHbIX N0 cranuii kararenesa MKi — MKs. Ha monomoii
BO3pACT MECTOPOXKJICHUM YKa3bIBa€T U UX XUMHUUYECKHI cocTaB. [InmoTHOCTE HedTell konebnercs B
npenenax 825-885kr/M°, B HUX BBICOKOE COfiepKaHHe HadhTeHo-apoMaThudeckux (pakmuii. Takue
MIOKa3aTelH, 10 JaHHBIM pa0oT [6,14], XxapakTepHbI ISl MOJIOJIBIX KaifHO30MCKUX HeTEH.

3. BeIiBOabBI
1. Ilo ycrnoBusiM GpopMHUPOBAHUS U CBOMM I'€OXHMUYECKUM XapaKTEPUCTUKAM K pEerHOHalb-
HO He]Tera3onpou3BOIAIIAM (TO €CTh, PACIPOCTPAHEHHBIM Ha BCel TeppuTopuu I py-

3UM) OPOJaM OTHOCSITCSI OTJIOKEHHUS HIDKHEH Iopbl, BepxHero Oailoca-0arta, anb0-ceHo-
MaHa, MaJjeoLeH-HIKHETO U BEPXHET0 H01I€Ha U HU30B (OJIMTOLIeHa) MaKOTICKOM CepHH.
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10.
11.

12.

13.

14.

2. HedrerazonpousBoasimue MOPOABI ME303051 YK€ pPEaTM30BAIM CBOM MOTEHIHAJIBI
HedTe- U razoreHepanuu. 11o BO3MOXKXHOCTH TeHepauuu HeTH U ra3a mopojabl KaiHo-
3051 HAXOJUTCS B PAa3HOM CTaJMU CBOEH pealH3alud, B 3aBUCUMOCTH OT BPEMEHH BXO-
sxknenust B yesoBusa ['3H u I'317 u crenenu kararenesa POB.

3. ®opmupoBaHue OONBIIMHCTBA HEPTIHBIX MECTOPOXKAeHUU ['py3un mpoucxoauno u3
HeTEera3onponu3BOISIIUX MTOPOJI, BEPOITHEE BCETO, U3 OTIOKEHUI BEPXHEro 0IeHa U
OJIUTOIICHA.
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YK 550.4:552.5(479.22)

T.I1. bapabamze A.Jl. Hanamze, T.I1. D6panunse,
I'.b .Yaukotanse, 3.I1. ['onrnmuamsuiu

IF'EOXUMHNYECKASA XAPAKTEPUCTHUKA ITIOPOJ OCAJOYHOI'O
IHHOKPOBA I'PY3UU B CBA3U C UX HEOTETI'ASOHOCHOCTBIO

PEDEPAT: B Me30-KallHO30MCKUX OT/IOXKEHUAX C YY4ETOM JIMTONOMMYECKOTO COCTABa YCTAHOB/EHbI YCNOBUA OCAaAKO-

HaKonneHna nopon B paHHeM AuareHese, Koan4yecrtso U TUM HEPACTBOPUMOro opraHW4yecCckKoro sewiecrsa U

6VITyMOVILI,OB, BO3MOXHOCTU reHepauun yrnesogopoaos B Nnopoaax C y4eTomMm UX KaTareHesa.

KNTKOYEBbBIE C/TIOBA: nopoaa; opraHM4Yeckoe BeLLecTBo; bUTymouna; yrneBoaopobl; KaTareHes.

4
T.I'. bapa6an3e,
T'enepanbHblil [UpeKTOp

00O «CaxkreocepBucu»,
JIOKTOp I'€0JI.-MHH. HayK.

1. BBenenue

["'eoXxuMHUYECKHE UCCIIEIOBAHUS OCAJOYHBIX
OTJIOXKEHUH ['py3un B CBSA3H € MX HEPTETa30HOCHO-
CThIO OBbLTM HavaThl B 40-X TOAax MPOILIOrO BeKa
U C HEKOTOPBIMHU TIEPEPHIBAMHU NPOJOKAIHCEH JI0
Havana 2005 rona. Pe3ynbTaThl re0JIOrH4ecKux uc-
CIICZIOBAaHHUH PAa3IMYHBIX BO3PACTHBIX W JIUTOJIOTH-

YEeCKHUX MOPOJ] MPUBEICHBI B (DOHIOBBIX M OITyOIH-
A.Jl. Hanan3e,

KoBaHHBIX paborax M.U Baccoeuua, A.B. Vibs- JOKTOp 101 -MHH, HAYK.

HoBa, B.A. Cynuna u E.A. bapc, E. K. Baxanus,

A.Il'. JlanueBa, C.I'. Capkucsina u I'.A. llanmoBanosoii, M.®. JI3Benas, B.I'. [lymumno, C.1. Mu-

T.I1. D6panun3e,
JOKTOp T'€0JI.-MHH. HayK,
9IL-KOPp. AKaJIEMHH KO-
JIOTHYeCKUX Hayk I py3un

ponoBa u C.U. Bopoobneroii, T.A. JlaBpurieBoii,
III.K. KuroBanu [1.B, XKab6pena, I'.11. KaBrapanse,
H. U I'nontn, 3.I1. 'oHrmmamsumm u ap.

3amavyeil TeOXUMUYECKUX HCCIICIOBAaHUN B
HE(TSHOM TCOJIOTHH SBJISICTCS U3ydeHHUE TIPOIIECCOB
HAKOIUICHUS W TIPEeoOpa3oBaHUs OPraHUYECKOITO
BemectBa (OB), maromiero Hauano HedTH, MyTei

AKKYMYJISIIUM paccesiHHBIX yrieBoaopozaos (YB) B
3aJeXb U MyTel MOCIeqyoIUX IpeBpalieHui Hed-

THU MO IEMCTBUEM pa3IUYHbIX reojiorndeckux gaxtopo. To, uto HedTH He

3.1I1. I'oHrJMamBuIHA,

PykoBoauTeb reonoru-

yeckoro cepsuca OO0
«CakreocepBucCH».

o0pa3yercsi B IOPOJax-KOJUIEKTOPax, a MUTPUPYET

I'.b. Yankorana3e,
PyxoBomuTens rpymimbt
THIPOTUHAMUYECKHX
HCCIEIOBAHNN CKBAKHH
000 «CakreocepBUCHY.

B HUX U3 HedrerazonpousBoasmux nopoxa (HI'TIIT) — dakT xopomio ycra-
HOBJICHHBIN. OCHOBHBIM MOMEHTOM isi onpenenenuss HITIIT sBisiercs
ycra”oBiienne B Heil OB, kak pactBopuMoro (OuTymouja), TaKk U Hepac-
TBOpUMOTO (KeporeHa). ClieyIoluM 3TaroM SIBJISI€TCs ONpeaAesieHue TUIla
KeporeHa U COCTaBa YIJEBOJIOPOAOB U HEYIJIEBOJIOPOIOB, U3BIEKAEMbIX
PacTBOPUTEIISIMH.

Coneprkanne paccessHHOro oprannudeckoro emectsa (POB) u ero
TeHETUYECKUH TUIl B MOPOAax B OOILIEM 3aBHUCAT OT JUTO(AIHaTIbHOTO
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tuna nocneguux. OtTHocutenbHoe conepxkanne POB B TopHBIX opoiax MOKET OBITh OXapaKTepH-
30BaHO MO conepkaHuto B HUX Copr. Tak, cpemgnee conepkanue Copr B IIIMHUCTBIX IOPOJAX —
1,02%, B mecuano-aneBponutoBbix — 0,37%, B meprensix — 0,4%, B kapObonarax — 0,2%[13]. dus
OpUEHTUPOBOYHOM OIlleHKU coxaepxkaHuss POB B ropsix nopopax mo xkonuuectBy Copr MCIONb-
3YIOTCS ITepecyETHbIC KO3 PHUIIUEHTHI.

B Hacrosiiee BpeMsi HET €AMHOIO0 MHEHHS O MUHUMabHOM cojepkanuu POB win Copr B
nopoje, qocratoyHoM s oTHeceHus nopoasl k HI'TIIT (wim norenumansno x HI'TIIT). Buavane
HI'TIIT cunranuch nopoasl ¢ O4EHb BBICOKOM KOHIEHTpanueil OB — yriu, roproune cinaHipl. OT-
KpbITHE HE()TU B PErMOHAX M TOJIIAX, IJI€ ATH MOPOJAbI OTCYTCTBYIOT, B 3HAUUTEIHHON Mepe SBH-
JOCh TPUYHMHOM TOTO, YTO B KAUECTBE KPUTHUECKUX OBUIM MPHUHATHI 0OJee HU3KHE 3HAUYCHUS
koHueHTpauuu POB B noponax: A.Jl. Apxanrensckuii — 10 2% (1927r.), H.b. BaccoeBuu — 1o kia-
pkoBbIX (1954, 1958 r.r.), 3.JI. Maitmun — 0,3-0,4% (1953r.), H.b. Baccoesuu — 2,5%(1972r.), b.
Tucco u JI. Benbre — 60mee 0,5% st tmue 1 6onee 0,3% st kapobonatos (1981r.), E.C. Jlapckas
—Bbimie 0,25% (1983 r.).

B 50-60-e roasl pa3sHBIME HCCIIEOBATENISIMU OBUIO YCTaHOBIIEHO HECKONbKO TUloB POB B
1opo/iax. Y COBEPIIEHCTBOBAHUE METOJOB MCCIEA0BAHNN, HAKOIUIEHHE HOBOTO (PaKTUYECKOrO Ma-
Tepuasa, pa3BUTHE 0CaJ0YHO-MUTPALIMOHHON TEOpUHU 00pa3oBaHMs HEPTH U ra3a HEMPEPHIBHO pac-
LIMPSIET YKUCIO KPUTEpPHUEB, Ucnonb3dyemsblx i auarHoctuku HITIII. Xors B HacTosmiee Bpems
BPSIIT JTM BOBMOKHO BBIICTUTH Kakue-T1u00 aOCOTIOTHBIE KPUTEPUH, YIUTHIBAIOIIIE BCE MHOT000pa-
3Me NMPUPOIHBIX YCIOBUH, BIMSIOMIMX Ha Mpolecchl Hedrerazoo0pa3oBaHus, MOAABIISIONIEE OOIb-
IIMHCTBO HCCIEoBaTeNell B KauecTBE OOMIMX OOBEAUHSIOUIMX TUArHOCTHYECKHX OCOOEHHOCTEH
¢dopmuposanus noreHnuansao HI'TIIT Beaenstor: 1) HakomsieHne B cyOakBaJIbHOM Cpefie ¢ aHadpo-
OHOI OOCTaHOBKOM; 2) HaKOIUIEHHE Ha ()OHE OTHOCUTEIBHO YCTOWYMBOTO MOTpYXeHHUs OacceliHa
CeIMMEHTAIlUU B TEUEHUE PaCcCCMaTPUBAEMOI'0 OTPE3Ka M€0JIOrHYECKOI0 BPEMEHH.

B npouecce popmupoBanuss HePTEra30nponu3BOIAIINX TOJI] MOXKHO BBIAECIUTH HECKOJIBKO
JTaroB:

IlepBbIil 3Tanm — ceIMMEHTAlMOHHBIM — HaKoIUIeHHEe M 3axopoHeHue POB B ucxogHom
TEPPUTCHHOM WJIM KapOOHAaTHOM OcaJike B CyOaKBaJIbHOH cpezie ¢ aHa3pOoOHOI 0OCTaHOBKOH.

Bropoii 3Tan — auarenernueckuii-ucxoaHoi ninu norennuansuoit HI'TII va done mpomo-
JDKAIOILErocs MOorpyXeHus 6acceifHa Ha CTalMsAX JHUareHe3a M HauyalbHOrO KaTareHe3a WM MPOoTo-
katarenesa ([TK1-I1K3).

Tperuii 3tan — stan 3penoctu win norennuanbiord HI'TIT, Ha koTopoM mpoucxoaut (Ha
doHe nanpHeilero morpykeHusi OacceifHa cenuMmeHTanuu) TpaHchopmaius ucxonHoro POB B
KUJKHE U Ta3000pa3ubie YB. Beinenenne OCHOBHOW MaccChl )XKHAKUX Y B MpoWCXOauT Ha CTaamsIX
karareHnesa (me3okarareHeza) MK1-MKs, BeiienssMemMbIx B KadecTBE TJIaBHOU (pa3bl HedTeoOp30Ba-
uust (I'®H) [1,11,12,14] unu riaBHOM 30HbI HedTeoOpaszosanus (I'3H), cooTBeTcTBYIOIIEH TeMITe-
parypaOoMy uHTepBany 60-150°C. Brinenenne OCHOBHOI Macchl Ta3000pasHEIX YB mpoucxoaut Ha
ctausx karareHesa MK4-MKs (me3zokararene3) u AKi-AKz (amokarareHes), BblAeNs€MbIX B
KayecTBe TiaBHOM (a3bl razoobpazoBanus (I'®I') mnm rmaBHOM 30HBI TrazoobpaszoBanus (I'3I),
COOTBETCTBYIOIIEH TeMmepaTrypHoMy uHTepBany ot150-170°C o 250-260°C.
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B xauecTtBe Bemymmx (akTOpOB IPOLIECCOB KarareHesa (IIpeBpalleHHs] TOPHBIX MOPOJ U
POB B mporniecax norpyxeHus) oObIYHO pPacCMaTPUBAIOT TEMIEpaTypy,daBlieHHE, Te0JOTHUECKOe
BpEMsi, JINTOJIOTUHU U, PEKE, TEKTOHUYECKUE JABMKCHUS (CTpeccoBbie Hampspkenus) [6,10,11], npu-
YeM B KaueCTBE IIaBHBIX ()aKTOPOB OOBIYHO BBLACISAIOT TEMIIEPATypy M JaBiieHHe (TepMobapuue-
ckuii ¢axrop) [6,10,12,14].

Temmneparypa, onpenernss xo1 GU3NKO-XUMUYECKOH TpaHchopmarmu nopoas OB, sBise-
TCSl TJIABHBIM (pakTopoM yriepukanun u HedreoOpazoBanus. [ maBHOE BO3AEHCTBHE HA X0 KaTa-
rede3a POB oka3biBanu naneoreMineparypsl. B HacTosiee BpeMs OlleHKa NajleoTeMIIEpaTyp Mpou3-
BOJIUTCS 110 M3MEPEHHIO OTPaXKaTeIbHOI CIIOCOOHOCTH BUTPUTA B aHNUIN(aX, UM paCCUUTHIBAC-
TCSl HA OCHOBE PA3JIMYHbIX aHATUTUYECKUX METOAOB (MOJIEJIei) IO COBPEMEHHBIM TEMIIEpPATYpaM.

HwxHum noporom BiissHUS TeMIiiepaTrypbl Ha npeoOpa3oBanust POB cuurtarorcst temmepa-
Typs1 50-70°C, HO B 3TOM JMama3oHe peakunuyu npeobpazosanns POB mpospisioTces eme cnabo. B
TO e BpeMs IpH 3HaYeHusAX Temmeparyp 6omneel00-110°C Habmronaercs SKCIOHEHIMATBHBIA POCT
a¢dekTa TEIIOBOTO BO3ICHCTBHS HA TEUCHUE peaknuii nmpeoodpasosanust POB.

JlaBJjieHne, OOBIYHO JCHCTBYIOIIEE B HEPA3pPBIBHOHM CBSI3M C TeMIepaTypoil (Tepmobapu-
yeckuil (pakTop), UMeeT BaXKHeHIlIee 3HaUYeHe Npu KaTtareHese nopol. M3 repMoauHaMuKy U3BECT-
HO, YTO TE€YEHHE XMMHUYECKHUX PEAKIUIl OIpesesseTcs] TEMIIEpaTypoil 1 BpEMEHEM, a CTaTUYECKOE
JIaBJICHUE MPEMSATCTBYET UX PA3BUTHIO. DTO MOATBEPKAAECTCA IKCIIEPUMEHTAIbHBIMUA JaHHBIMU 110
MoenupoBanuto nporeccoB yrieukanun A. Xaka u K. [larrencku (1964 r.), H. Boctuka (1971
r.), JIx. Pomxkepca (1962 r.) u ap. B.B. CtaHoB Ha OCHOBE OIBITHBIX JAHHBIX CHOPMYTHUPOBAIT
oOmiee mpaBuiIo: YyeM OOJbllIe JaBiIeHHE, TeM IpH Oosiee BBHICOKOW TeMIeparype AOCTUIaeTCs
OJIMHAKOBas CTETNEHb KaTareHesa.

I'eosioruyeckoe Bpemsi — €ro pojib U BIMSHUE Ha Tpoliecchl karareHesa POB sBisiercs
HanOosiee TUCKyCCHOHHOM. CyIIECTBYIOT IBE KpailHUE TOUKH 3PEHUSI.

Cornacno oxguoit u3 Hux (.M. Amocos, B.1 I'opmikos, N.B. Epemun, B.H. u }0.H. Ha-
ropusle, C.I'. Hepyues, I'.M. IlapnapoBa u zp.), reojgoru4eckoe Bpemsi He UrpaeT Kakoi-mudo poiu
npu mpoiecce KarareHeza. OCHOBOWM MJisi MepexoJa OT OJHOM CcTaauM (CTETEeHH) KaTareHesa
(MeTamopdu3Ma) K Apyrod sIBJISETCS BIIOJIHE OIpECTICHHAs TeMIlepaTypa, He KOMIIEHCHpyeMas
JUTUTEIBHOCTRIO ee Bo3newcTust [10, 11].

CormacHo JIpyroif, KOTOPOW MPHAECPKUBAETCS OOJBITMHCTBO HccienaoBareneid (A.M.
Axpamxomxkaes, H.b Baccoesuu, H.B. Jlonatun, B.A. u b.A. Cokonossl, H. boctuk, /Ix. Kapsaii,
X A. Knemme, B Tucco u /1. Benbte, I'. @ununmnu u zap.), reoJoru4eckoe BpeMsi UTpaeT BIIOJIHE
OTIpEe/IeNIEHHYI0 POJib B Pa3BUTHHM KaTareHe3a — OHO KOMIIEHCHUPYET B TOM WJIM HMHON CTENeHu
AeGUIUT TEMITEPATYp JUIS IIepexoa OT OJHOM CTaIuH KaTareHesa K apyrou [6, 12, 14].

JInToJiorusi — €€ BIUsSHUE MPOSBISAETCS B KATAIMTUYECKOM BO3JIEHCTBUU KOMIIOHEHTOB MU-
HEpaJILHOM Cpelibl, Mpex/ie Bcero anoMocuinkaTos, Ha POB B npouecce HedreobpazoBanus. Tak,
B psane paoot (I'. lambeprepa, I'.M. Ilapmaposoii, [1.I1. Tumodeesa u JI.1. boromonosa, I1.A Tpy-
muHa, b.K. YUndya u np.) mokaszaHo, 4To creneHb karareHe3a POB B mecyanmkax MeHble (mpu
NPOYMX PaBHBIX YCIOBHSX), ueM B apruwsumutax u yriasx [11]. JI.A. Bypskosckuii u P.JI. J[xeBan-
mp mokazanu (1986 r.), 9To 1Mo MPUCYTCTBUIO MOHTMOPHILIOHUTA, SIBJISFOIIETOCS OCHOBHBIM JIUTO-
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JgoruyeckuM ¢aktopoM mnpeobpaszoBanus POB u VB, MOXHO OIleHHMBaTh MpEENbHYIO TIyOUHY
3aneranust [®H. B menom >xe BIUSHHE JIMTOJIOTHYECKOTO (pakropa (IIpH HEOCHOPHUMOM €ro
BO3/ICIICTBUM) ABJISETCS €I1l€ HEAOCTATOYHO U3YUYEHHBIM.

TexTonneckuii pakTop — BIUSHUE TEKTOHUYECKUX U CEUCMUUECKUX JBMKEHUH (HAMPSKEHUI)
Ha IIPOLIECCHl KaTarcHe3a, Kak U BIIMSHUE I'E€OJOIMYECKOrO BPEMEHH, SIBJIICTCS BEbMa CIIOPHBIM. Bo
BesikoM citydae (I.M. ITapnaposa, b.K. YUnuya u 1p. ) HE yCTaHOBIJIEHO Pa3HULIBI B CTENIEHU KaTareHe3a
(ITpy IPOYMX PABHBIX YCIOBHSX) CIIOKOMHO 3aJIETAIOIMX U MHTEHCUBHO JUCIOLMPOBAHHBIX MOPOI.

Pesromupyst Bce BBIIEU3I0KEHHOE, MOXKHO CKa3aTb, YTO €CIM BIIMSHUE TEMIIEPaTypbl U
JIaBJIEHMsI Ha Ipoliecchl KaTarenesa nopol u POB sBisieTcs HEOCIOPUMBIM U MPU3HAETCS BCEMU
HCCIIE0BATEISIMH, TO BIMSHUE T'€0JIOTHYECKOI0 BPEMEHH, JIUTOJOTHHA U TEKTOHUYECKHUX JIBHKCHHUN
ABJIIETCS IIOKA BEChbMa CIOPHBIM M MaJIoM3yuyeHHBIM (pakTopoM. Ha m3yuenuu tepmobapruyeckoro
(akTOpa OCHOBaHBI BCE METO/IbI IPOTHO3UPOBAHUS NTAIIEOTEMIIEPATYD.

2. OcHOBHAA YACTh

Tepputopust I'py3un OTHOCHUTCS K ABYM pa3iIHMYHBIM €IMHULIAM PErHOHAIBLHOTO He(Tereo-
JIOTUYECKOTro palonnpoBanus: 3anagHas ['py3us — k UepHoMOpcKoit HePTEra3oHOCHON 00JacTH;
Bocrounas- x KoOsictano-Kypunckoit obnactu HOxHo-Kacnmiickoro Hedrerasonocuoro Oac-
ceitHa. ['eonorunueckoit rpanuneit mexay obnacramu (3anaaHoit u Bocrounoit I'py3ueit) siBisiercs
JB3UpyIbCKUI KPUCTAIUTMYECKH MacCHB (BBICTYH IOIOPCKOTO pyHIamMeHTa I'py3uHCKOMN TIIBIOBI).

I'eoxumuueckas xapakTepucTHKa Me3030i-KaliHO30MCKUX OTiI0XKeHui 3anaaHoit u BocTou-
Hoi ['py3un npuBoautcs B Taba. 1 u 2 no ganHbM (poHm0BEIX padoT 3.11. I'onrnuamsunu (1984r.,
1986r., 1988r.), .. KaBrapaaze (1980r.) u onyonukoBanusix padbot E.K. Baxanus, A.I'. Jlanuesa
M.®. [I3Benas [2, 4, 5]. 1o yciaoBusM 00pa3oBaHus U CBOMM T'€OXHMHUYECKHUM XapaKTEPUCTHKAM K
notrenuuanbHo HI'TIIT B 3anmagnoii ['py3un MoryT ObITh OTHECEHBI IIECUAHO-CIIaHIIEBBIE OTIIOKEHUS
HWKHEH I0pbI, YITIEHOCHBIE IIECUaHO-aJIEBPOJIMTOBbIE 00pa3oBaHMs BEpXHero Oailoca-6ara, nmepexo-
JTHasl TIIMHUCTO-MEpreyibHas TONIA abO-CeHOMaHa, TePPUT€HHbIE MOPOAbl (IVIMHBI, aJIE€BPOJIUTHI,
NECYaHNKH) NaJICOIIEH-7011€Ha U MEeCYaHO-TIMHUCTHIE OTJIOKEHUS MalKOIICKOM cepuu (OJIUTOLEH —
HKHUN MuolieH). [1o crenenn kararenernueckoro mpeodpaszosanus POB k HI'TII, yxe peanu3o-
BaBIIMM CBOM moteHnuan Hedrerenepanuu (I1H), oTHOCATCS OTIOKEHUS HUXKHEH IOPbI, BEPXHETO
Oaitoca-0aTa, aib0-ceHOMaHa, MaJICOIEH-I0IICHa U HUKHEH YacTh MalKoOTICKON cepun. [loTeHrman
razorenepaunu (I1r) peanuzoBanu OTI0XKEHUS HUKHEH IOpBI M, 0TYACTH, BEpxHETo Oalioca-0aTa.

Jlns onpenenenust BpemeHu npoxoxaeHns narepsanos ['3H u 31" HI'TIIT pa3znoro Bo3pa-
cTa OBLT MCIMOJIB30BaH IKCIPECC-METO cymMmMmapHoro mmmyibsca Terua (meron CUT), paspabora-
Hubiii H.H. JlonatuaeiM [6] ¥ IMpOKO U yCIIENTHO MPUMEHSBINUNCS JIs1 IPOTHO3UPOBaHMS HedTe-
ra3oHOCHOCTH TeppuTopuil u Heap kak B ObiBmieM CCCP,rak u 3a pyOexoMm (I'epmanus, CLIA,
Kanana, Asctpanust). B 3anannoit I'py3un peanuzanus [1n vmxuaeropckumu HITIIT mpoucxoaua ¢
Hayaja JIOMEpCKOro BeKa /10 KOHIIa HEOKOMCKOro; peanusauus [Ir — ¢ Hagana 6appema 10 KOHIa
HIkHero MmuoneHa. Peanuzanus [1n Bepxuebaiioccko-6arckumu HI'TIIT navanack ¢ xoHIa Mena u
3aKOHYMJIACh C HA4YaJlOM capMaTCcKoro Beka; peanu3auus [Ir Hauanack ¢ HayajaoM capmara U mpoJo-
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JoKaercs 1o Hacrosimero BpemeHu. Peanuzanus [T HI'TIIT ans6-cenomaHa: Hadano — Ha4ayio TUIHO-

(ueTBepTHuHOro nepuona). Hauano peanuzanuu I1H 301eH0-

v

OCHa, KOHCI — Ha4daJio INICHUCTOLICHA

11 HE IpEBHEE BEPXHE-

v

, @ HU30B MalKOIICKOM CEpUU — C HACTYIUICHHEM

Taxum 00pazoM, MOKHO 3aKJIFOUUTh, YTO

b1 13 HePTETPOU3BOIAIINX OTIOKECHU

v

3a CHCT BCPTHUKAJIbHOU MUTpPALUN HE

IUICHCTOIICHA U IpoaOJIKACTCA 0 HACTOALICTO BPCMCHU.

dopmupoBanue HedTsHBIX MecTopoxaeHuil Cyrca u Llpomucybanu-L{kanmMuHIa TPOUCXOIUIO

BbIM HI'TIIT Hayanochk ¢ KOHLIAa CapMaTCKOro BEKA

HyTSIMI/I MUI'paliii BCPOATHCES BCCTO SABJIAJIMCH Pa3pbIBHBIC

v

I'0 P0II€HA X HU30B MaMKOIICKOM ccpuu.

HapymcHus, KOTOPBIC OrpaHUYMBAOT U K KOTOPBIM HIPHUMBIKAIOT He(i)TeHaCBIH_[eHHbIe I1J1aCThI

INECKOB,IICCYaHUKOB X KOHTJIOMCPATOB.
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®opmupoBanue HE(PTIHOTO MecTopoxaeHus Boctounsiii Yamaguan BO3MOXKHO IPOU-
CXOIWJIO 3a cyeT yacTHuHOU peanu3anuu [T anb6-cenomanckux HITIIT .

ITo macmrabam resepanuu He(TH U ra3a K BHICOKONPOIYKTUBHBIM OTHOCSTCS OTJIOXKEHUS
HIDKHEH IOpBI; CPEeTHENpPOIYyKTUBHBIM — OTJIOKEHHsI BepxHero Oaiioca-Oata, anb0-ceHOMaHa U
HH30B MallKOITICKO# CepUM; HU3KOIPOYKTHBHBIM — OTJIIOKEHUS MaJieoeH-301eHa [9].

Ha tepputopun 3anamgHoit ['py3un BBLAENSIOTCS JBE 30HBI HeTerazooOpa3zoBaHUs (30HBI
HI'O) wim ouaru Hedrerazoobpazosanus (1mo b.A.CokonoBy,1985r.), cooTBeTCTBYIOINE HAUOOIB-
IIMM MOIIHOCTSIM 0CaJ0YHOI0 TOKPOBA.

Konxunckas 3ona HI'O — cooTBeTCcTBYET LIEHTpaIbHBIM M CE€Bepo3anaaHbM dacTaM Oau-
nickoro u Ouamuupcko-Kynesckoro 6mokoB 3amaanoit (Komxuuckoit) 30l morpyxenus ['py3u-
HCKOW TJBIOBI. MOIIHOCTh OCaJI0YHOTO BBHIMOJHEHUS A0 12,5KM; OCHOBHBIE HE(TErazonpousBo-
JSIIUE TOJIIM — OTJIOXKEHUSI HUKHEU IOpBI, BEpXHEro Oaioca-0ara M, B MEHBIIEH CTEIEeHH,alIb0-
CEHOMaHa.

I'ypuiickas 3ona HI'O — TeKTOHMYECKH OTHOCUTCA K 3amafgHoi yacTu ['ypuiickoro cekropa
Axapo-Tpuaierckoil ckiiaayatoi 30Hbl.MakcuManbHasi MOUTHOCTh OCaJ0YHOTO MOKPOBA JIOCTH-
raet 13-14,5 kM Brosnb nodepexnbst UepHoro mops. [1o ycnoBusim 00pa3oBaHus U T€OXUMHYECKUM
XapaKTEepUCTUKaM BCE TEPPUIE€HHBbIE U TEPPUTrE€HHO-KapOOHATHBIE OTJIOKEHUS (32 UCKIIOYEHHEM
0CaJIKOB BEPXHETO IIMOLIEHA U YETBEPTUYHBIX, a TAKXKE BYJIKaHOT€HHBIX 00pa30BaHUil I0pbl,Mella U
CPEIHEro 30I1eHa) Me3030i-KaiiHO30 MOTYT ObITh OTHeceHbI K noTeHimaasno HI'TIIT. Bo3moxkHo-
ctb redepanuu HITIII sxuakux u razooOpasueix YB B ['ypuiickoM nporu6e ornpenesnsieTcs JIUIb
CTENEeHbI0 KaTareHeTuueckoro npeoodpazoBanusi POB. Mnrepan (rimyouna) passutus [3H u I'3I
HAYMHAETCSl OT HU30B MAWKOIICKOW cepuu (OTJIOKEHUM OJIUTOIIEHA) U TIPOCTUPAETCS 10 MIOBEPXHO-
CTH KPUCTAJUTMYECKOTO pyHIamMeHTa [7].

Taxum 06pa3oM, MOKHO CIeNaTh CIEIyIOIINE BEIBOIBI:

1. OcHOBHBIMU (peruoHaNbHBIMU) HE(PTENPOU3BOJAIIMMH TOJIIAaMU 3amagHoid ['py3un B
Konxuackoil nenpeccuu sIBISIFOTCST BBICOKOTIPOIYKTUBHBIE TIECUAHO-CIAHIEBBIE OTIOXKEHUS
HUOKHEH OpbI; CPEeIHENpPOAYKTUBHBIE ME€CYAHO-CIAHIIEBBIE C MPOCIOSMHU YIJIL IMOPOJbI
BepxHero Oaioca-0ara W TIIMHUCTO-MEpresibHbIe 00pa3oBaHus anb0-ceHomaHa.B ['ypwuiic-
KOM cekTope Amkapo-TpuaneTckoi ckjiaguaToi 30HbI K HUM J100aBIISIOTCS TEPPUTE€HHBIE (B
OCHOBHOM I1€CYaHO-TJIMHUCTO-aJIEBPOIUTOBBIE) TOJIIN MAJIEOLEH-301[€Ha U OJIUTOLICHA.

2. ®opmupoBanue HeTsHBIX MecTopoxaeHnit Cynca u lpomucybanu-I{kammuana mpowc-
XOJIMJIO 3a CUET BEPTHKAIbHOW MUTpalUU He(PTHU U3 OTIOKEHUI HE MOJIOXKE OJUTOlIeHa U
BepxHero soueHa. @opmupoBanue MectopoxkaeHns Bocrounsiit Yanaauam BO3MOXHO Mpo-
MCXOJIMIIO 32 CUET MUTPAIMU HEPTH U3 OTIIOKEHUH anb0-ceHOMaHa.

B Bocrounoii I'py3un (KoGwicrano-KypuHcks HedTerasoHocHasi 0071acTh) — BBIIEISIOTCS
Tpu ocHoBHble 30HBI HI'O [7]. Kapramiickas 3oma HI'O oTHOCHTCS K IEHTpPANbHOW YacTh
Bocrounoit (Kaptnuiickoil) 30HBI morpyxeHus ['py3uHckod TibIObl. MOIIHOCTH 0CaJOYHOTO
BBIIIOJIHEHMS COCTaBIsAeT 12-13kM.

Hanpanukansckas 3o1a HI'O pacnonoskena npumepHo B 25-30kM BocTouHee r.PycraBu,rie
10 re0(pU3NICCKUM JAaHHBIM OTMEUYAETCsI MOIITHOCTh 0Ca0YHOTO BhIoJHEeHHs 10 10-11kM.
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IOxno-Kaxerunckas 3ona HI'O oTHOCHUTCS K LIeHTpalibHOM, Harboiee Morpy>KeHHOM 4acTu
IOxH0-Kaxerunckoro HedrerazonocHoro paiiona (HI'P) ¢ MOmIHOCTBIO OCaI0YHOTO MOKPOBA JI0
14-15xm.

B Bocrounoil I'py3un, Tak k€ Kak M B 3alaJHOILII0 YCIOBUSM OOpa3oBaHUS U IIO
TEOXUMHUYECKOMY COCTaBY (CM. Ta0JI. 2) B KAa4eCTBE OCHOBHBIX He(DTEPOU3BOASIIUX TOJII BBIICTIS-
I0TCSl T1€CYAHO-CJIAHLIEBBIE OTJIOKEHUS HUKHEH IOPbI, IECUaHO-CIAHIEBO-aJIEBPOIUTOBBIE IOPO/IbI
BepxHero Oaifoca-0aTa, TTMHUCTO-MEpreyibHas TOJMIIA aab0-CeHOMaHa, TepPUTeHHbIE (B OCHOBHOM
[IECUYAaHO-TJIMHUCTBIE) OCAIKU MaJCOLIEH-HUKHETO J0IIEHA, BEPXHETO J0LIEHAa M OJIMIOLeHA (HU30B
maiikorickoit cepum). Ilo macmrabam HedTeoOpa3oBaHUS K BBICOKONPOIYKTUBHBIM OTHOCSTCS
HITII nuxHe#l 1opbl, BepxHero Oailoca-0ata M BEPXHEro H0ILIEHA; K CPEAHENPOITYKTUBHBIM
OTHOCSITCSI OTJIOKEHUS alb0-CEeHOMaHa, BEPXHEI0 H0LIEHA U OJIUIOLEHA; K HU3KOMPOAYKTUBHBIM —
HI'TIIT naneoreH-HuxKHETO Y011eHa[8].

[Io UCTOPUKO-T€OJOTHYECKUM MOJIEISIM KaTareHesa,liocTpoeHHsIM 1no Merony CUT ans
ocHoBHBIX 30H HI'O, BImENsIOTCS Ccleayroiye nepuoab Hedrerazoo0pa3oBaHus:

B kapranunckoii 3one HI'O peanuzanus [IH ocnoBueiMu HITIII mpoucxoauna:

- HIKHSAS 10pa- Ha4uajo-KOHEl HEOKOMA; OKOHYaHHe-CepelHa CEHOHCKOI'O BEKa;
- BepXHU 0ailoc —0aT-HavYaI0-KOHEI MEJIOBOU SMOXH; OKOHUYAHHUE-KOHEI] 3011eHA;
- aJIb-CEHOMaH-HaYaJI0-CEPEIMHA OJIMTOLIEHA; OKOHYaHUE-HAYallo TUIMOLICHA,
- BEpPXHMH DJOLEH-OJUIOLEH —peanu3zauus [IH Hauvamach ¢ KOHL@ CpEAHEro IUIMOLEHA U
POJOKAETCS O HACTOSALIETO BPEMEHU;
Peanuzanus IIr ocHoBubiMu HI'TIIT mpoucxoauna:
- HWKHSS 10pa-Hayallo —CepeIMHa CECHOHCKOTO BEKa; OKOHUaHUE-KOHEll IUIeHCTOIeHa;
- BepXHUI 0alioc —0aT-Havao0 —KOHEIl 0IIEHOBOM 3MOXHU U MPOJIOJKAETCS 10 HACTOSIIIIEE BpeMs,;
- aJ1b0-CeHOMAaH-HavaJI0- CepeIHa OJIMIOIIeHa U MPOJOHKAETCS JO HACTOSAIIETO BPEMEHU;

B Hanpanukanskoit 30He HI'O Hanuume (mpucyTCTBHE) IOPCKUX OTJIOKEHHMM SIBISETCS
BECMa CIOPHBIM, U IO3TOMY aBTOPbI OTPaHUUYMIIMCH JIMIIb KalHO30MCKOM HcTopuel Hedreraso-
o0OpazoBaHus.

Peamusanus [1n HI'TIIT npouncxonuna:

- OTJIO’KEHHUS MaJIEOLEH-HUKHET0 301[€Ha —Havyallo-HavyaJlo CPEHEI0IEHOBOM 3M10XH; OKOHUAHUE —
HAy4aJo MUOIICHA;

- OTJIOKEHHE BEPXHEro H0lleHa — HayajoCh C Hayaja MHOLIEHOBOM 3MOXM M MPOJOJDKAETCS MO
HACTOSIIEE BpeMS;

- OTJIO’KEHHUS OJIUTOlIEHA — Hayalo — KOHEIl BEPXHETro IUIMOLEHA U MPOO0HKAETCS 10 HACTOSILEro
BpPEMEHH.

Peanuzanus IIr oTnokeHus maneoneH-HIKHETO J0lI€Ha Hadajach C HadaJloM MHOLEHA U
MPOJOKAETCS O HACTOSAIIETO BPEMEHHU.

B HOxno0-Kaxerunckoii 3o0e HI'O peanuzanusa [Tn HI'TIIT npoucxoauna:

- OTJIOKEHHS HW)XHEH IOphl- HAyajJo — KOHEI[ D0LEHOBOW JIOXH; OKOHYaHHE — Hayalo
CPETHEMHOIICHOBOM AMOXH (Ha4yajao TOPTOHCKOTO BEKA);
- OTJIOXKEHHE BepXHero Oaifoca-06ata — Hayalio — KOHEIl OJINTOLIeHa;0KOHYaHNEe — HaYaJlo TUIHOIICHA,

64



LNIGNIINA0LO LIIGE0IGM-GITE03IAH0 LIEBMHISEN TIH6320 , bdIIGUIZIML 65300M30 LS 3B
SCIENTIFIC-TECHNICAL INFORMATION- INTERNATIONAL JOURNAL ,,GEORGIAN OIL AND GAS' AM24, 2009
MEXOYHAPOLHbIN HAYYHO-TEXHUHECKWIA, UHOOPMALIMOHHBIN XYPHAN ,, HE®Tb U MA3 MPY3UN"

3IB6NIGIY - 3INSM3NY - SCIENCE

- OTJIOXKEHHUS aIb0-CEHOMaHa — HayaJlo — KOHEL| HU’)KHEMUOILIEHOBOH 3110XH; OKOHYaHHUE — KO-

HELl CPEIHETO TUIMOLICHA;

- OTJIOXKEHUs NAJICOLICH-HWKHETO J0L€HA — HA4yaJlo — KOHEll HW)KHETO MHOLICHA; OKOHYaHUE —
HavaJio TUICHCTOICHA;

- OTJIOKEHHsI BEPXHEr0 S0LEHA — HA4all0 — KOHEI] HMXKHETO0 MHOLEHA U IIPOJOJDKACTCA 10
HACTOSIIETO BPEMEHU;

- OTJIOKEHUs MaWKOIICKOM CEpUHM — HA4ajJ0 — KOHEL HW)KHETO IUIMOLEHA W IPOJOJIKAETCA 0
HAaCTOSIIIETO BPEMEHHU.

l'azooOpazoBanne wnu peanusanus [Ir HITIII HuwkHEH [OpbHl Havaloch ¢ Hayaia
TOPTOHCKOT'O BeKa, BEpXHero Oailioca-0aTta ¢ KOHIIa BEPXHET0 MUOLEHA, alb0-CEHOMaHa — ¢ KOHIIa
CPEIHETO IUIHOLEHA U IIPOIOJIKAETCS 10 HACTOSAILEIO BPEMEHH.

B IOxnoit Kaxerun oTio0keHUS MaiKOICKOW cepuu, B OTIMYUE OT JPYTHX paroOHOB
['py3un, nmonHocthio HaxoasTcss B ycnoBusix ['3H (mopoasl kpoBiu u3mMeHeHsl no0 craguu MKj,
nozomBel — 110 ctagun MK3). @opmupoBanue HeQTsaHbIX MecTopoxaeHuid FOxuoit Kaxeruu mpou-
CXOJWJIO 32 CYET BEPTUKAJIbHOM MHUrpallMd HE(PTU U3 OTIOKEHUH HE MOJIOXKE BEPXHEro HOLIEHA U
MalKorckoit cepun. Ha 3To ykaspiBaroT Tarxke qanHbie padotsl [3]. [1o 1aHHBIM TeOXHMMUYECKUX
UCCJIENOBAHUM B pas3pe3e BEPXHEM YacTH CPEINHETr0 CapMara,BEepXHEro capMmara M HUYKHEIrO
IUTMOLIEHA HE BBISIBJICHO MOPO/,KOTOpble MOTYT ObITh OTHEceHbI K HITIII.

Copepxanne OB B mopopax, 3a HCKIIFOUEHUEM TJIMH BEPXHEH YacTU CPEIHEro capmara,
MeHbIIE KIapKoBbIX. COOTHOIIEHHME pPA3IMYHBIX (OpPM 3Keje3a J1aeT OCHOBAHME I0JIararh,4To
HedTecoaeprKallye dIbAapcKas U MHUpaKcKas CBUTH (POPMUPOBATIUCH B OKUCIUTEIbHBIX YCIOBHSIX,
a MOpCKas TOJIIA U BEPXHSISI 4aCTh CPEIHEr0 capMara — B CIA000KUCIUTENBHBIX U C1a00BOCCTAaHO-
BUTENbHBIX. HedTsaHble 3anexu MecropoxkaeHuil Mup3zaanu, Ilatapa-Illupaku u Tapubanu
00s13aHbl CBOMM (OpMHUPOBAHHEM (IIPOMCXOXKJAECHUEM) BEPTUKAJIBHON MUTpaluud HEPTH U3
HIDKEJEKAINX OTIIOKEHUN MAaKOIICKOM CEpUU U BEPXHETO JOLICHA.

Bce HedTsanbie MecTopoxxaeHuss Bocrounoit I'py3un 00s13aHbl CBOMM (OPMUPOBAHUEM MHU-
rpamnuu (B OCHOBHOM BEPTHKAIBbHON) HEPTH U3 OTJIOKEHUN HE MOJIOKE HU30B MAMKOTICKOW CEpUH
(omurolieHa) U BEPXHETO 20lIeHa,M3MEHEHHbIX N0 cranuii kararenesa MKi — MKs. Ha monomoii
BO3pACT MECTOPOXKJICHUM YKa3bIBa€T U UX XUMHUUYECKHI cocTaB. [InmoTHOCTE HedTell konebnercs B
npenenax 825-885kr/M°, B HUX BBICOKOE COfiepKaHHe HadhTeHo-apoMaThudeckux (pakmuii. Takue
MIOKa3aTelH, 10 JaHHBIM pa0oT [6,14], XxapakTepHbI ISl MOJIOJIBIX KaifHO30MCKUX HeTEH.

3. BeIiBOabBI
1. Ilo ycrnoBusiM GpopMHUPOBAHUS U CBOMM I'€OXHMUYECKUM XapaKTEPUCTUKAM K pEerHOHalb-
HO He]Tera3onpou3BOIAIIAM (TO €CTh, PACIPOCTPAHEHHBIM Ha BCel TeppuTopuu I py-

3UM) OPOJaM OTHOCSITCSI OTJIOKEHHUS HIDKHEH Iopbl, BepxHero Oailoca-0arta, anb0-ceHo-
MaHa, MaJjeoLeH-HIKHETO U BEPXHET0 H01I€Ha U HU30B (OJIMTOLIeHa) MaKOTICKOM CepHH.
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10.
11.

12.

13.

14.

2. HedrerazonpousBoasimue MOPOABI ME303051 YK€ pPEaTM30BAIM CBOM MOTEHIHAJIBI
HedTe- U razoreHepanuu. 11o BO3MOXKXHOCTH TeHepauuu HeTH U ra3a mopojabl KaiHo-
3051 HAXOJUTCS B PAa3HOM CTaJMU CBOEH pealH3alud, B 3aBUCUMOCTH OT BPEMEHH BXO-
sxknenust B yesoBusa ['3H u I'317 u crenenu kararenesa POB.

3. ®opmupoBaHue OONBIIMHCTBA HEPTIHBIX MECTOPOXKAeHUU ['py3un mpoucxoauno u3
HeTEera3onponu3BOISIIUX MTOPOJI, BEPOITHEE BCETO, U3 OTIOKEHUI BEPXHEro 0IeHa U
OJIUTOIICHA.
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dgodemgds Igd;z0tegl d9degabsoMsg:

) ©sdlggmagdse Lombgl ©sgds@ml Bgosdodnmaee sgdondo bogmog@gdsbo;

3) ©sdlggmgdse Loobyl sgdsBml gmgdd®mmopgdo;

a) ©33lggmadse Lombgls Bgmdiotegls PH;

©) 3s0bsteml $g33gMsdm@s.

dnez0ls 38006  (36mbamos, G™3  mobu®o  Jsbgdol  Lodd) o0l FgLslimbBgdmmaee
bodnoe  blbscrgdls  dsgdgh  gmgdddmmoggol  —  Bgosdorgmee  sfdon@  bogmogdgdgdls,
3006OM50dm BB, 333069896 blbseols PH- [2, 5].

3360350, F90dmgds 303508 mEmm, G0md mobn® 4569330 duemgzolsl gmgddemmo@gdol ds-
0bg0606093s0  dmJdgegdsl  Loggmdamse Mog3l 0gozg dmgmabs, sz Bgosdotrmmee sJdon® bo-
30096989805,  JoEOMAME0bsBm®gdols  ©sdsBgdolsls, PH-ol 93300900kl s #gd3g@sdnmols
23bOEalsl — moby®o Jobgdols sliggmgdsmdol Fgdis069ds, g.0. dsmo Jodmamdobsias off393b
godomasdramo  {f6930Ls s BFgbol Igmfggzeemdsl  Jsbgddo. Bggbo dmbsbegdol  Fglsdm(Fdgdems
SM(30g09mos  Bosedegl  asdmggmgagdo  mobol  60dndols  dogd  Bgbol  FmsbmJdsby
920dOOmod 0l dmgdegiol dyeazsr.

8379350, A3 [gsemmsb Fgbgdolisl saomo 343 moby@o Jobgdols domosh wsliggemgdsts,
9-0. 8% =0 s cos8° =1, 35306

2012
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FgomBo  gemgddOmmop)gdol  sdsBgdolsl, gggms  Lbgs  0bsdst0  306Omdgdol O™l
Bges306mmo sgodnmmds 1d60d3bgmme 0bMEgds, sdo@md
0121 = O122-
OO3meG5 (36mdomos  gsdoms@rnmo dsgs F
F =PS s F=mg,
ooz P godomstrngmo  (bggses, 33s; M-moby@  Jobbg Lombol  b9dmJdqegdolisl  dmsbmJdmemo
Bgbol  dsbs, 335 8-boddodol  dsemols  shdscrgds, g = 9,81 8/%’32; S-Bgbol  moby®  Jsbmsb
3008)3JBol gsdmmdo, 32,

sJosb
PS mg

= . 3
PraxScosf®  m,g ®
s my; omoby@  Jobby Lygos Gymoo bBgdmJdgegdolsl dmsbodnmo  Bgbols dsbss; m,-
mob@ Jsbbg gegdd@ememopol blbsdoon %aamjagQabohob BosbnJdnmo Bgbols dsbs.
3561005436950 Fgrgase dogomgdm:
my; 1 @
m, cosf°’
m, = mycos6°. (5)
hggbo by gmmdol  msbsbdse, Bgbo, GmIgmoz mobsd Bosbogs [ysmmsb  3mb@eddol
OOl 0f393L mobols 609()069@336&1} s [3603magabls je3oms@rmmse dosbnddnmo Bgbol m,; s
obdog@se  dosbnddgmo  Bgbol Mg x0L. s3GM0gse, moby®o  Jsbol  gsxotxggds Fysmmsb
30833 Jol eamb
KZ = mJ + M- (6)
®lbdondse  dnsboddngmo  Bgbo Qoamdogabﬂggoo 3o30ms@rmse  dosboddnmo  Bgbols
Ao bmdsby. ©sg7dzsm, Gmd
Mg = Amo)' (7)
8990086 23dmd0bsdry
K; =m,+ Am, (8)
bos(y A 309803096808, Odgemagy 083363615 @ bdogese dosbnddnmo [ymols ggoamd()Qa&z]Qaboh
39303 dnsboJdnem Fysmmsb. gl dshgabgdgmo dxmedagos moby@o Jsbol bodyBolsmzgob.
mobyco  Jebols aoxoéx&jbo Fgomosb 3mb@sddol oMb
&d Qoamdogga&agja&oh 3B3Q33Qm6o80 30Q360m d3gdymo  moby@o  Jsbols  bodwydols
23%06%39%0L ooy gmgddemmool blbsermsb 3mbBsddol O™l gsdmobsbgds gm@dnmon:
K21 - mo)l(l + A). (10)
8] My mobgdo Jobgdol 60dndol dogh gmgd@Ommogol BLbsOmsb  30bdoddol Ol
3930emsermse  dmsboJdmmo  @Fabols F).)(*)Qa&v)ﬁoa.

33603500
&_ m (1 +A) _om, (11
Kyy muy(1+A) my
3Jgcesb
K,m ,
K21 = . (12)
m,
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(5) gm®Inmol dbgezgmmdsdo dowgdom m, = mO,COSHO. (13)
83 383mbsbyemgdol asmzsemoli{obgdon (12) gm®dnms doomgdls sbgm Lsbgl:
K,m cos6°
Ky = ———; (14)
m
J
3Jgc0sb
KZl = KZCOSHO. (15)

B9dmm  smbodbyemols  dbge3zgemmbsdo  domgdom  Bgadmgds  omdzsl, G moby®o  Jsbols
603730l gox0mx3900L ooy gmgddOmmopol blbsermsh 3mbBsddol ©aml gdm@Borgds 0dsgy
396096Bm0gegosls, @sbsy moby®o Jsbol 60odxmdols dog®d Bgbols Tmnsbo Jds.

sl 3360

330050, gegddemmodgdomn sdndsggdnmo  bsdgoOmo blbsdgdol bgdmJdgregdols dgbfeg-
s moby®o  Jebgdol 60d93gdol gexodxggdols ©s Bg6dmsbmgdols Bgd306965bg g30h39690L, I
9L blbstgdo maba® Js653msb MPmogmmnJdgegdolsl o393t 93 Jebgdols JoeOmgmdobsgasl ©s as-
X0OR 39050 moby® Jsbgddo dsmo gsdmygbgdom  sdmdmamgdol duemgzolsl Jgbsdmagdgemas  dedey-
Aomgdols 39emagdols dpa@msemdol dgbs®hnbgds.

ot gGsdiahs

[a—y

6. 839Lsdg. 6s3mmols s 3060l FsdmOmomgdols dmGm3s. mdogobo: gsbsoagds 1993.

2. bynatos A.U., MeHbKos A.W., MNMpocenkos HO.M. CnpaBoyYHMK NO NPOMUBKE CKBAXWH, M.:
Heppa. 1984.

3. Kynunukuin /1.1. Ponb Boabl B GOPMUPOBAHUM CBOUCTB IIMHUCTbbIX Nopog. M.: Hepgpa.
1975.

4. Tapacesuy l0.N., OByapeHKko ®.[. Aacopbuua Ha rMMHUCTbIX MUHepanax. Knes, «HayKkoBa
AymKka». 1975,

5. bapgosckuit H.A. ®aiimaH B.I1. bopbba cocnoxHeHNaMN Npu BypeHnn rNyOOKUX CKBAXKUH 3a

pybyxom. M. 1986.
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VK 622.244.442 I''’X. Bpmanomunze, B.J. Xutapumsunu, M. O. Acatnanu

MN3YYEHUE BJIMAHUA UHI'UBUPOBAHHBIX BYPOBBIX PAC-
TBOPOB HA YCTOUYUBOCTH I''TUHUCTBIX MIOPO

PEDEPATMU: MNpun 6ypeHnn CKBa*KMH B IIMHUCTBIX NOPOAAX NPOUCXOAUT HabyxaHMe CTBOMA U NOTEPS YCTOMYMBOCTU CKBAXKMHbI. 1A
npesoTBPALLEHUA 3TOro npouecca NPUMEHAIOTCA WMHIMOMpPOBaHHblE OypoBble PacTBOPbLI, KOTOPble MOMYT CHU3UTb
CMayYMBaeMOCTb WM BNAronor/oWeHne rMHUCTBIX Nopod, T.e. HabyxaHue 3Tux nopog. O6bACHAETCA MeXaHM3M 3TUX
AB/IEHUN M YCTAHOB/IEHO, YTO BeNMYMHA HAbyXaHWA TNMHUCTBIX NOPOL MPU KOHTAKTE C 3NEKTPOAUTHBIMW PacTBOpammu
NOAYMHAETCA TEM XKe 3aKOHOMEPHOCTAM, YTO M B NOT/IOLLEHHAA 06pasLLOM Macca BAaru.

Takum obpa3om, npumeHeHnem BypoBbIX pacTBOpPOB, 06pPabOTaHHbIX 3NEKTPOUTAaMM, BOSMONXKHO YAEPKMUBATb
YCTOMYMBOCTb CTEHOK CKBAXKMHbI NPU BypeHUM B FIMHUCTBIX NOPOAAX.
KNKOYEBbIE C/TIOBA: 6ypoBoit pacTBop; MHIMBMpOBaHME; HabyxaHWe FIMHUCTbIX MOPOA,; BAronorioWeHMe.

1. BBeaenue

B T'py3un npu OypeHuH CKBaXMH HamOoJiee pPACIpPOCTpPaHEHBI T€ BUJIBI OCJIOKHEHHM,
KOTOPBIE CBSI3aHbI C Pa3pylICHUEM YCTOMUYMBOCTU MOPOJ U CYKEHHUEM CTBOJa CKBaxuHbI. K Takum
OCJIO)KHEHUSIM TPUHAJJICKAT OOPYIIEHUE CTEHOK CKBaXHHBI, HAOyXaHHE TIMHUCTBIX mopoa. Mx
oOpa3oBaHKe 00YCIOBICHO HAXOKICHUEM B I'€0JIOTUYECKOM Pa3pe3e BICOKOKOJIOUAHBIX MHH. Jlis
CHUKEHHUsI MHTEHCUBHOTO Tiepexoja pa3OypuBaeMbIX MOpPOA B OYpOBOM PacTBOp W TOBBIIICHUS
YCTOMYMBOCTH CTEHOK CKBQXHHBI HEOOXOIAMMO TMPHUMEHSTHh CIEelUalbHble HHTHOWPOBAaHHBIE
OypOBBIE PACTBOPHI, B COCTaB KOTOPHIX BXOJSAT AIEKTPOIUTHI WIIN TTOJIUIIEKTPOJIUTHI.

CnocoOHOCTh HHTHOUPYIOIIETO ASHCTBHSI SJIEKTPOIUTOB MPOSBIISETCS:

- B CHI)KCHUU TMOBEPXHOCTHU THApATAIMA OOMEHHOTO KOMIUJIEKCA TJMHUCTBIX KaTHOHOB 3a
CYET 3aMEHBI HAUMEHEE TUAPATUPOBAHHBIMU KaTHOHAMMU;

- B TMEPECTPOMKE TJIMHUCTBIX MHUHEPAIOB W MPEAOTBPAIICHUH MEXIIIOCKOCTHOM
TUApaTalny;

- B PETYJIMPOBAHHUH IIPOLIECCOB OCMUYECKOTO ITEPEHOCA BIaru B pacTBOP 3a CUET YAECPKAHUS
0oJiee BHICOKOW KOHIIEHTPAIIUHU DJICKTPOJIMTOB, YeM UMEIOIICH s B pa3dyprBaeMbix mopoaax [1, 2].
Ho BblnenepeyncieHHble MEXaHU3Mbl BO3JECUCTBUS DJIEKTPOJUTOB HAa CTEHKH CKBa)KUHBI,
COCTOSIIINE M3 TIWHUCTBIX TOPOJ, HE MOTYT OOBSCHUTH TaKue SBICHUS, KaK yJep>KHUBaHUE
YCTOWYMBOCTH HATPUEBBIX MIHH B pactBope NaCl; paspymrenne oOpasioB IIIMHUCTHIX CIAHIEB H
aprusuutoB B pactBope KCl; paspyiienue kampiiueBbix TNMH B Boje H.T.J. OCMHUUYECKUN TIEPEHOC
BO3MOJKEH TOJILKO B T€X CIIydYasx, KOT/ia TIIMHUCTHIC MOPO/IbI HACKIIIEHBI Biaroi [3].

2. OcHoBHAA YaCTh

W3 BBIICONMMCAHHOTO BHJIHO, YTO HEOOXOAMMO OIPEICIUTh MEXaHW3M BO3JICHCTBUSA
3EKTPOJIUTHBIX PACTBOPOB HA YCTOMYMBOCTH TIIMHUCTBIX MOPOJ, YTO B JAJIbHEHIIEM 3HAUUTEIHLHO
YOPOCTUT BBIOOpP cocTaBa OypoBOTO pacTBOpa i OypeHHs CKBaXHH B KOHKPETHBIX T'€0JIOTO-
TEXHUYECKHUX YCIOBUAX. JlJisg 3TOHM Lenu cHavala HeoOXOIMMO H3YYHTh BO3JCHCTBHE BOJABI Ha
TNIMHUCTBIE TTOpoabl. OHUM U3 (PaKTOPOB, KOTOPHIM BIMAET HA YCTOMYMBOCTh CTEHOK CKBa)KHHBI,
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SIBJISIETCSL  BJIQXXHOCTH TJIMHUCTBIX TOpOJ. B 3TO BpeMs BeIMYMHBI YIEIBHOM MOBEPXHOCTHU
VIMHACTBIX MUHEPAJIOB 3HAYMTEIIPHO pa3iiMyaloTcs Jpyr OT Apyra. Hampumep, s KaoauHUTA
yZlelbHas MOBEPXHOCTh COCTaBIsAeT 5-15 M?/r, a s MorTMopumionuTa 800 M%/r. B 3aBucumoctu
OT yJIeJIbHON MOBEPXHOCTH TAaKHE € COOTHOILICHUS MMEIOT BEIUYMHBI HaOyXaHUs O0OBOHEHHBIX
JIMHUCTBIX TOpOAbl. sl CHMKEHUS MPOYHOCTH ApPTUJIMTOB MaJOW YACIbHOW IOBEPXHOCTH
noctaTo4Ho 10% -HOM BIaXHOCTH MACChl IOPO/I.

Bojna nponukaer B IJIMHUCTBIE TOPOABI MPOHUKAET Yepe3 MOpbl U MUKpOTpeniuHbl. Cpeau
MHUKPOArperaToB CyIIECTBYIOIIME TMOPhl MMEIOT 3HAYUTEIBHO OOJBIIHE OO0BEMBI, KOTOPBIC HE
3amnojiHeHbl BOAOW. [lo3TOMY TOBBINIEHHE BJIAKHOCTA B TIOPOJE BBI3BIBACT CHIXKCHHE €€
MIPOYHOCTH, YTO 3aBUCHUT OT BEJTUYMHBI 3aIIOJIHCHUS STUX TIOP BOJIOM.

[Ipu OypeHMHM CKBaXHH B TIOpPOJaxX IMOSBISIOTCS MHUKPOTPEHIMHBI, B 3TO BpEMS
YBEJIIMYUBACTCS BIAXKHOCTH INIMHUCTBIX MOPOJ U pacTeT HaOyxaHUe CTEHOK CKBaKMHBL. HaOyxaHue
SIBJISICTCSI OCHOBHOW NMPUYUHOM MENTU3ALMK TITUMHUCTBIX arperaroB, KOTOPHIN MOATOTABIMNBAIOT UX K
nepexoay B CYCIEH3UOHHOE cocTostHue [4]. BcachiBaHue sBISIETCS KaNMJUIPHBIM MEXaHHU3MOM,
KOTOPBIA O00€ecreynBaeT MPOHWKHOBEHHUE PACTBOPOB B TOPHI, YTO BBI3BIBAET CHUKEHHUE CBS3H
MEXy YacTUllaMU. B OTKPBITHIX MOpax BCAachIBaHWE MPOUCXOAMT IO BIUSHUEM KaNMIIISPHBIX
CHJI, @ B 3aKPBITHIX TIOpaX BCAChIBAHUE PA3BUBACTCS 1O/ BO3JICHUCTBUEM aAT€3MOHHOTO JIaBJICHUS.

KanunnsipHoe naBieHue onpeensercs ¢ moMobio GopMyIbl

= cosf°, €Y

r7ie 0, - MOBEPXHOCTHOE HATSKeHHe (puibTpata pactBopa; O° - yron cmauuBaHus; h - MUpUHA
KaIMIUIspa.

Takum 06pa3oM, Ul OHOM M TOH ke MOPOJAB! sl CHMKEHHS KAMMJLISPHOTO JABIIEHUS
HeoOxoauMo ysemmdenue A° u cHIKeHnE 0755.

JIomycTUM, 4TO TIPU KOHTAaKTe C BOJOH TIIMHUCTBIE MOPOJLI MOTHOCTHIO CMAUMBAIOTCS, T.€.
0° = 0 u cos@® = 1, rorna

204,

P = . 2

. @

B BOoAC IIpU I[O68.BJ'I€HI/II/I OJICKTPOJIUTOB, IIPpU BCEX [JpPYIruxX paBHbBIX YCIOBUAX,
IMOBEPXHOCTHOC HATAKCHNEC YBCIINYACTCA HESHAYUTCIIBHO, ITIOOTOMY

0121 = O122-
Kak n3BecTHO, kamwuisipHas cuia F paBHa
F=PS uF=mg
rae P-xamwuisapHoe nasienue, Mlla; S-mumomans koHTakTa BiIaru ¢ TIIMHUCTOW MOPOJIOH, M?; m-
Macca IOIVIOIIEHHON BJIard MpHU BO3JAEHCTBUM PAaCTBOpPA HAa IVIMHUCTYIO MOPOAY, KI; g-YCKOPEHUE
CHJIBI TSDKECTH, 8§ = 9,81 m/c2

Orcroma
PS mig

PraxScosf®  m,g’ ®
3mech m4- Macca MOTJIONIEHHON BJIary MPH BO3JICHCTBUN YACTOW BOJIBI HA TITMHHUCTYIO TTOPOLLY; M-
Macca MOTJIOIIEHHOH BJIaru MpH BO3ACHCTBUH JIEKTPOIUTHOTO pacCTBOPA Ha IMNIMHUCTYIO MOPOJY.
Taxum o6pa3om mocie NpeBpamieHus MoIyIuM
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my 1
m, cos§° )
0TCI0NIA m, = mycos6°. (5)
Brnara, koTopyro IiMHA MOTJIOIIAST MPU KOHTAKTE ¢ BOAOH, BBI3BIBACT HAOYXaHHE MOPOJ U
MPEJCTABISCT CYMMY KalWUIAPHO IMOTJIOMIEHHOW BJIard M, W OCMHUYECKH IOTJIONICHHOW BIIaru
m,.. Takum oO6pa3om, HabyXaHHE TIIMHUCTHIX MOPOJI PU KOHTAKTE C BOJOW PaBHO
K, = my + m,,. (6)
Ocmudeckd MOTIIONICHHAS BlIara 3aBUCUT OT KOJUYECTBA KAMMIISPHO MOTJIONICHHON BIIary.
JonycTum, 4To
m,. = Amy, (7)
OTCIOJIA
K, = m, + Am,, (8)
rae A-npuHATHIA KOA(OUIIMEHT, KOTOPBIA MOKa3bIBAET 3aBUCUMOCTh OCMHYECKH IMOTJIONICHHOW
BOJIBI C KANWIISIPHO IOTJIOMIEHHOW BOJIOW; ATOT IMOKA3aTelb SBISETCS MOCTOSHHBIM JJIsi 00pasia
TJIMHUCTOM MOPO/IbI, TOT/Ia HA0OYXaHUE TIIMHUCTBIX MTOPOJT PABHO
K, = m.(1 + A). 9
W3 »orToli 3aBUCUMOCTH BEIMYMHA HAOyXaHHsS TJMHHUCTBIX TOPOJA TPH KOHTAKTE C
AJIEKTPOJIUTHBIM PACTBOPOM BBIpAXKALCTCS POPMYIIOM
Kz = m (1 +A). (10)
31ech my 4 -KOJIMYECTBO MOTJIONMICHHON BIIard 00Pa3IoM TJIMHUCTON MOPOIBI IPU KOHTAKTE C
AJIEKTPOJMTHBIM PACTBOPOM.

Takum o6pazom
K, m(1+4A) my

Ky mg(1+A) my (1)
Otcrona
Kpmy
Ky, = m—K (12)
[Tpunumas Bo BHUMaHUE (5), TOTY4UM:!
m,; = m,cosf°. (13)
CornacHo 3ToMy BbIpaxkeHuto (12) npumer Takoil BUA:
K,m,cosf°
K21 = m—K (14)
Otcrona
K,; = K,c0s6°. (15)

Takum o6pa30M, BCIIMYHUHA Ha6yXaHI/I$I 06pasua TJIMHUCTOM mopoabl IMpU KOHTAKTC C
OJICKTPOJUTHBIM PACTBOPOM MOAUYMUHACTCSA TEM XKE€ 3aKOHOMCPHOCTAM, UTO M Macca HOFJ'IOH.[@HHO?I
BJ1aru 06p3.31_[0M TJIUHUCTOMN TIOpPOJBI.

3. BuiBoaBI

N3yuenne Bo3aecTBUS OypOBBIX pacTBOPOB, 00PaOOTAHHBIX DJICKTPOIUTAMH, HA CHIDKCHUE
HaOyXaHHs ¥ BIArOMOTJIONIEHUS 00pa3IloB MIMHUCTBIX MOPOJ, TTOKA3bIBAET, YTO 3TU PACTBOPHI MIPH
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B3aI/IMOZ[eI\/'ICTBI/II/I C MNIMHUCTBIMU NTOPOJAaMH BBI3BIBAIOT UX I‘I/II[pO(I)O6I/I3aI_II/IIO, U NPUMCHCHUC 3TUX
PacTBOpPOB AJIA 6ypeHI/I${ CKBa>XHH B Ha6yxaI-OH_[I/IX TJIIMHUCTBIX IIOpOJax IOBBIIIACT YCTOﬁqHBOCTB
CTCHOK CKBAa)>XUHBI.
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DS 622.24.442 5. Joobasdy

606(MY3N6ROL SKIMLI3NI0) LAGIISIGHBI
FO5IHRNRVIdNL 3 IAHRL30L LHML SO LASIO 3IML(MBdNIS0
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UDC 622.24.442 A. Chichinadze

GEOLOGICAL COMPLICATIONS ANALYSIS AND FIGHT
AGAINTS THEM WHILE DRILLING IN NINOTSMINDA EAST
STRUCTURE

Presented by |. Goguadze, prof., Academician of the Georgian Academy of Engineering

SUMMARY: In Ninotsminda eastern structure the following complications occur while drilling in clayey layers:
narrowing of the shaft and wall fault. They often cause drilling tool stickings. To prevent the complications it
is necessary to apply inhibitted drilling muds. Polymere calium drilling muds and fluids on the hydrocarbon
bottom have been recommended. It is necessary to work out their effective compositions in order to reduce
considerably the costs of well hole construction.

KEY WORDS: geological complications; conglomerates; argillites; cabonate clays.

1. Introduction

Main oil-gas-bearing zones in Georgia are located in the Achara-Trialeti folding zone
eastern ending. Most prospective among them is Manavi area with its license territory of 45 km2. It
is located 60 km east from Thilisi and belongs to Thilisi adjacent region, from oil and gas geology
viewpoint, representing an eastern continuation of Samgori-Patardzeuli-Ninotsminda oil fields.

2. The Body

The Manavi structure itself is a brachyanticline of sublatitudinal direction with its length of
18 km and width 6 km. In 2001-2006, CanArgo Georgia drilled two deep wells (M11 and M12) in
Upper Cretaceous reservoir with the purposes to explore oil and gas deposit and specify its
geological structure. According to these wells, geological section here is as follows:

0-300m Lower Pliocene (Meotian-Pontian); konglomerates, cabonate clays, polymictic sandstones
with siltstone interlayers and lenses.

300-1900m | Upper Sarmat; conglomerates, clays, sandstones, rare siltstones in the upper section (300-
1200m); clays with rare siltstone and sandstone interlayers in the middle section (1200-
1500m); clays, sandstone and siltstone sequence in the lower section (1500-1900m).
1900-3820m | Middle Sarmat; carbonate clays and marl aleuronic clays with siltstone, sandstone and
rarely (in the upper section) conglomerate interlayers.
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3820-3980m | Maikop (Oligocene-Lower Miocene); non-carbonate clays and mudstones with siltstone
interlayers.

3980-4125m | Upper Eocene; a) 3980-4050m — Thilisi cumulate section — Bentonite and argillite-type
clays with sandstone and siltstone interlayers; b) 4050-4150m — Navtlugi section —
argillite-type clays, carbonate clays with sandstone and siltstone interlayers; 4100-4150m
— Lyrolepise horizon — carbonate clays, greywacky sandstones, tuff-sandstones, tuff-
marls, tuff-limestones.

4125-4430m | Middle Eocene; andesitic and andesitic-dacitic tuffs with rare tuff-limestone and tuff-clay
interlayers.

4430-4495m | Lower Eocene; clays with tuff (upper part of the interval), tuff-mudstone and tuff-siltstone
interlayers.

4495-4545m | Paleocene; brownish-cherry, rarely grayish-greenish clays and mudstones.

4545-5109m | Upper Cretaceous; limestones and clayey marls in the upper section (4550-4850m), and
tuffs with rare limestone interlayers in the lower section (4850-5100m).

Various complications, mainly associated with the tectonic fault zones, were observed
during drilling this structure.Presumably there are around 4-5 tectonic fault intervals identified
here. From drilling point of view, significant complications were observed during drilling clays of
Middle Sarmat, Maikop and Upper Eocene, high reactivity against drilling mud filtrate and low
stability as well are characteristic for these layers. Complications are basically revealed in hole
frequent narrowing and wall slaughing, which in most cases are accompanied by circulation
pressure increase and loss of drilling mud, leading to drilling string stuck. Elimination of such
complications and accidents are connected with significant costs eventually causing extension of the
drilling terms and significant increase in the primary cost.

There are several methods to avoid the above complications. One group of specialists
believes that it is necessary to reduce drilling mud fluid loss and hydrostatic pressure significant
increase in the wellhole in order to create an excess pressure from wellhole towards the formation.
This method was widely used in the past. For instance, drilling mud densities mostly used during
drilling above formations in Nintominda field were 1,9 g/cm3 and even 2,05 g/cm3 in some cases.
However, the above mentioned wells were drilled with significant complications and took quite a
long time. The second group of specialist think (this approach is supported by the article authors),
that the mentioned method works for a just short period (during 4-5 days) and then the complica-
tions become grave, the hydrostatic pressure significant excess in the well hole over the formation
pressure causes deep penetration of the drilling mud filtrate into the clayey zones. It causes swelling
of clays from the well deeply hole towards rocks. After certain period of time it leads to stability
loss and gets more complicated . This approach is supported by the evidence, that since early 1990,
mud densities used in drilling the same Ninotsminda field formations were far lower (from 1,28
g/cm3 to 1,55 g/cm3) and led to less drilling time and less complications. This method is not used
in the wells with high formation pressures and kicks, for example, Ninotsminda North Flank, where
the formation pressure gradients are high enough. Also, if we compare t wells M11 and M12
drilled in Manavi field we will easily notice, that M12 well was drilled with less complications
since the mud used here was of oil-based one of lower density on the oil bottom. (1,2) .
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Hence this problem needs more complex approach and more attention rather than to the
increase of mud density. Privilege of oil-based mud over polymere mud in drilling above mentioned
formations is not under suspect, but it is more expensive than polymere mud. Besides, there is a
problem related to its utilization. Hence it is very important to work out such new muds or
inhibitors, that will be less reactive to the clayey reducing the costs relatto to well drilling
construction.

3. Summary

From the mentioned above we can draw a conclusion that in complicated geological
conditions it is necessary to provide strict controlling regime and drilling mud parameters in order
to fix timely the created situation since if preventive measures are not taken timaly its further
complication may lead to same accident.

odg@sdiahs

L 0. gmanedy. Bsgomdols s aobol Fedmdmomagdol 3Hm3z0l Bgbogs ©s Bgfomemmagos.
2004 7 514 a3

2. . WN. Jenpycenko, B.N. UBaHuKoB, M.U. Jiunkec. bypoBble pacTBOpbl CMaIMM
coaepxaHmem Teopaoi ¢asbl. M. Hegpa. 1985 r. 158 c1p;

3. K.B. MoraHceH. CnyTHUK bypoBuKa; M.: Heapa, 1998 r. 290 cTp.

99



UNHNNINGILE L33ICE0IHM-GITE03IGH0 LIEBNHNG0N TIAE=0 , idIIO NI 6530130 LS 3dB0-
SCIENTIFIC-TECHNICAL INFORMATION- INTERNATIONAL JOURNAL ,,GEORGIAN OIL AND GAS" AN24, 2009
MEXOYHAPOLHbIN HAYYHO-TEXHUYECKUIA, MHOOPMALIMOHHbLIN XYPHAN , HE®Tb U FA3 MPY3UN"

B6NIGIDY = 3I9AKIOL IO SII6NIY RI SIIEMSMIB0I. PANBAL I3SNISNBILBNY - SCIENCE

‘853 622.24 0. gma9sdg, 3. bomstndgzamo

LAY IGHRD bLESHOL 30)S60)T3S FISIGRNRLISOL dIGHR3DOLIL
3d9B6353(M320636330)d6 34IM20L RAHML

®IBIGIGN): 9obyodmgm0bgdgdmsb d@dmeol wamML bdodse seyomo o3l 8960l Jop@masbanghol, @odsi dg-
0dangds godmogoml Lodydwo blbs®ols dnsbndds. 53 dmgegboli mogowsb sbisEoggomsm sygEoagdy-
@05 [o®8mgdgl dsogdmombg dmddgmo §693900L jmbA®mamo ©s Mgyumomgos. sbiggg aoblsggm@g-
b0 Lagodms 3693960mG o Lolgdgdol omgsgoghgds s dgdm{dgds.

153356d0) GOGI3330: Jnsbm Jdgdo, do@sgaogg@o aobemghs, gobols oliFYoo, Aobgmopmds, dodydmomols Mowo-

9bo.
1. dgbsgsgmo

bodgemo  blbstrol dnsbmJdgdls dg-
bademms  sgomo  9469L  396930L  Joe®sg-
@ognco  3obmaholi AL 86 golsd e
&omdo  (0bBgezsemdo)  s@lgdnmo  dsms-
mo  Fgmf93s0mdols  (3eb3emspmdols), dg-
Baboe  ©sdsmo  Fobsmmdol  gom@@siools
dJmby 3939060 36 bs3Gsemmgsbo  o39bg-

3390 Bometndgomo,

oo gmma 3370y,
Lsobgobhien sgowgdool badsy-  dols 3G lgdmdom. meogg dgdombzgzsdo dmsb- bsgstrmggmmels bsobgobtier sgs-

o 33809d0gmbo, gl ,,qs- ) ©gdools §936-306gb3mbegbd)o;
Bgroomnbol 960l Bad- 03900l Go63mJdbolemzgols LogodOms  ase 0. . eoddeto;  biy-b

Bogobs ©s Bafbommyaol™ do-  339mm FBg3sms Lbgemdol sOlgdmds Gode-  »dsdatromael dghegol Hod-

seorgmgdols byemddmgsbgema, 6ogols s Bgdbmrermaools® d0ds-
0G0, B, oo, Aomls ©s ggbgdls dmmob. sdskosb, o3 Goremnbols shgzobgbamo

bogmo  36mxglodo 6ols 300\)(4)(*)601’);::3601) O™l 830(4)0\)360 ao- 3Goggloto

Gomgdon  bsgmagdo  Bosboddomo (6935, oMy %96d0  bs3GMsmgdols
(o63m Jd6oLsls.

2. dof)omoggo bsfogmo

33630b0mm  B0sb:ndol 3em3glol  Bmgogdmo  msgzaligdngdgdo, GmIgmai F¢dmoddbgds
25b353m30m06985L036  dAdmols EOML. ©sg7dz00, 3obasdmgmobgdol EAML FsdmGmamols dogmgs-
g Ogmen® boghgdo [e®dmoddbs gsbol sbBgdo, GmAmgdoi mbes sdmzorgl  sdmegi3bgol
36039530 Bgsdodmby, 9Mm-9Omo (36mdogo Igmmeon. BmsbmJdol §edmTmdol oo semdscmmds
36 gdmdl, asbLsgnmegdom, bsfgol dmdgbdo (306 3mms300l smEyqbols dqdregy, GmEs gebo Kx96
30093 0dgmezgds  LsbgMgaol  dsbramdmmmdsdo, Moeash  Lfmége 83 3gMomedo  dedmdmomols
3909emby (6930 0bMEgds dsdlodsemn® Lowowgdey [1-3].
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badgemo blbseol dmsboJdol bdgds, GmIgmoag Fgglsdsdgds dols Lsfgol 3g@omel asdmbs-
bagmos 1-g 6sb-By. blbstol bodrixo gobol ©slipgdl J3gdmo Fmmos Bnddmgdols dofmegdols Q
boeoeobs. asbol sbgol Bgdm, Bgos LebmgOosh dmnsbmgdol Bmbsdwog 0b@gegsemdo blbsmol
bastixo asblbB3gs30098s Bddmls doferregdol Lowowolsgsh ©s 3sbolsbmg®gds gm®dnmon:

Qp = ugk, M
bosy Up bBgos Lobmgadby blbsdol o6 gobol (83 Fgdnbzggzsdo blbstol) bLobBJstrgs; F - -
23603339001 gsGO™bo.

0360 Jdol  gsdm  Ladgdmo  BLbs®o  bsffommdcog 6 dogosbse  dopol 139680, sdoBma
Beagoe d9dmbggzedo, segommo 9d69ds dgdwga Bmmmdsl:

Qg = Q1+ Qy, (2)

boss @1 Bonsbongdol @gdoBos; Q-lsdndmo blbstol bstigo, dosbmfdols bmbol bgdmo.
Aosbndnmo bLbseol dnddemds ggbBo de(39dnm 306989800 sBdMgoL  sGSlBe(30mbsGem

bslosol. LodserBogolbsmgols 8370300, O3 Bmsbndol egdoBo smoffa®gds ©sdm joegdnmgdon
2mkh Pc—Pg—Pr
= Zmkh PPy T 3
& Ao+ |5 )
boesz K BonsboJdols gqgbols Bgmfggzeemdss (3sbgmaemmds); h - ggbols Loddmsgeg; U — Bosbod-
dIgmo  Loobols Lodmsbdg, P, - {69308 bLowowg sdg®@ardo; nggﬁ - ggbols (by30L  Lorogg
FnsbnJdngem bmbsdo; P - @sds$gdomo (6930 bowowg T; Bmsbmdol obem; 1. - sdgdoomols
Gswobo [14,15].

1
-
!
|
1
|

6ob. 1. bodémn Blbstol Bosboddol 36mglol bigds gebgedmgmabgdslosb d¢dmmols pOHmb

(769308 ooy 93gbol dmsboJdols ob@g®zgsendo
P =P, + pgH + Py, 4)
boss By (6930 boorgs Fsdgdmomol 306bg; H - Bosbngdols bom®dols bopowy; Pgkr-3o®s-
303960 {obssmdpgamdol boworg Gamen® Logézgdo.
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0s30b dbMog

P, = Qip/2¢*f?, (5)
Py = ADQ2pH /m?(D — d)3(D + d)?, (6)
(3) = (6) gmEFnmgdols gsmzsmolifobgdomn g39469s Bgdrgao godmlebamemads:
2mkh
uBF = X
U
Q3p 8Q7pH ,
+pgH + 1 ~ Pnn — P
20%f2 w2 (D —d)3(D + d)?
20°F O~ dy 'O+ d) vo, o

In (1 + ﬂ)gt)
rC

s bBgos Lsbomgsd by asbol Lohdsdy

2
Up
Q L3.Fp3.I‘ [1 + A Zg(D — d)]
Up = — + Up . (8)
F 2 22 2
[L p A tpl _ usk ]
PN T 20~ " 29977
(7) s (8) gsbmmadsms Loliggdgdo donmosbse smfg@l Ledn®mo BLbseol BmsbomJdols

360(39bL, a0basdmgmobgdol Gobssmdrgy dGdmols ™.

33630bommm b 3Ogd e dsgsmonty bmgogdmo dmgmgbol dodobsgmdols 3G0b(303emo
05309096968 s dobo  Bemgogdmo Fglsdmmem  35608(30960. 837 A3sm, 33dmzgeabgds  Balosmwgds
399930 Lofgobo  dmbs(3999800. Lowdy L} = 4000 g; Lg.‘b =100 3; Pg.‘b =515 3d3s; pg =1,24
3/1583 P,=1,36 3/1583; P3=54 33s; Q=24 »/G3; D=243 33; d = 141 3a.

3373350, dmGge hsbBmdol 3Gm;3gldo asbols bgos Labomamol 2250 3 Lowm®dgbg dm-
bs Ladnomo Blbserol Fnsbogds (Bmsbngdols bebols Lope®dy 1800 dgE&os, GmdgmBoz gqbols
(6930L bowoeg smfgsl 19 33s). Ledpdmo Blbseols BmsboJdsd Bglsdemems Lbgemslbzgs abggbloy-
™oy 3sdmofz0mb, M3 ©sdmgoEgdnmos ggbol dsbsbosmgdbmgdby, mgom Lsdbnydwo BlbsGols mzgo-
b9d98%bg, (6935ms Lbgsmdsby s Lbgs dobgbgdby. sm36036mm 39-3 3563 mmgdsdo Lowpowpgms g@-
0mdmomds N-mo s gnfmemnn sk osbodols 0b@gblonmmdol  3mgnaiagbdo. gegssbsemobmm

Fob3mdols 3¢zglo 1 Fgdrga0 Lowowggdol mml: 170, 230 s 270 33/ (0@9-0s39.835).
2rtkh 1

H h1<1-+ ”ﬁl
T,

=1 €)
?)
badgemo  bLbsol Fosbnddols asdem 6930l 360Tgbgememds  Fsddmamols 306ty dogmgsty
bog@3980 33390600  ©sg3ds  (656.2,5). (baz0l  @so39ds  a9b306mdgdmmos  Lsdmemo  blbscols
GomE9bmdols F9d30698000. 83335650, (6930l ©s(3930b boworg ©sdmoegdnmos Lsdgdmo Blbsdol
FmsboJdol 0b@)gblbogmdsty.
Fodmdmomols 306y (6930l s39ds megolbmsgse offgggl Lsbadgzbg §6930L  9d306938k
(6sb. 2,0) gu6m Igdee, zo06g (6935, GmIgmoi Lsbadgzby gesbasedgdom doomgds Py,
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DbO030mgmgl dmigdae  9gafbgzsl SOm@yidegm Bgbby. Moz, dmigdum Bgdebzggedo
bsba@gaby [6930L Loworg 9399 m8e™ ©sdms, gocg iggbols (bg3ss.

’ ¢ ) aann e 2
4 1UUL LUUU LML, M

3) 3)
6sb. 2. 6730l (335mgdsmdal gMsgage Fedndmamol 306y o) s Libamgzbg 3) Ladadmo blbstal BmsboJdol
6Ol

Fode@omols 306%y ©s, 5Tsbaesdg, Fsdndmoaroals bsbgMgzbaos §6930L sweagbolsmgols
bogo®ms as3bs@@mo  dosgmozndo obsmmds @390ty gb 3o Igbsdmagdgmos oy 938930~
@900 dols gsdsgsem 3sb03339mL, dogMsd FsdmMmoamols oy bgz0l asbOes asdmoa(fgggl Bosb-
04390 Loobol GomEgbmdols 3sb®esl, Gmeglsg 11 =170 83/(QQ—Qa33. 33s), 33806 {6730l Lo-
EoEy  dmEagds  Lsomsbspm  assbasd0dgdols  bsggndzgembg,  Omeglbs 9 migeol  asbogzzzgmol
RsOmmdo  Beamo  asbegds 0,6 132, & OO, A3ash Bosbogdol  sbsffyoldo  IB3geob
3960333900 g3s@mmdo  Bgqlsdsedgdmes 2,6 192-, dnsboJdgmo Loobols Gomegbmds dsdynemmdos
11,6-s6 18,9 Q/v-aga. oy n =230 (83/QQ-§Q083.830), 3590b  9B(3960L dmosbse 8398 30bsls
(693> Fodmdmomol 300ty @ smeggds bsfyol bowowgdreg, GmIgmoi Fggbsdsdads dmsbmJdols
(063 Jdbols  dmdgbBls, sdsborsh, TBym39c0l  asbogzzgmols gsdmmdol  Igdizogdom 0,6 B32—3Q3.
bsbgg3bg Fglsdemems dogomemo  Lsba@gzols (bgzs 52 33s, g0. 9xdm dsmsmo, 306y 59bol
(69399, 33 LsBgamgdsl dmgz39dl  3e393Mdgmmom  sdmeg3bgol  3Gemigko, ogdEs  Bgdeamddo
se0dsm, ggbols {6938 gsbdgmegdomn asbegds MG dsmseo, goedg Lsba®gzol (bggss. Gmeglsg
n =270 33/(QQ—Q¢83. 335), Laba®gzol {6935 Ghgds Nudm sdsmo, Foeg ggbol {6g3ss 0d
d90mbggasdoz 30, OmEgbsz  BmEgel  domosbse  ©s339E93m.  9Jgsb  3sdmdobsty, asdmg-

069398036 3ol asgcdgmgds Bzgmmgddogo gmmeon 1339 F9ndmgdgmos, MaEash soaomo
3dal Ledgdmo blbsmol LeOgm  dnsbmdsl. 3 dgdmbgggzsdo  Igbsdmms  9x39ddneo  s@dmhbegl

hobdmds  dz0my  [6930m, Aol O™l bsffomo  6930L  Lowowolbs  dmoblbgds  dsdm@moemals
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390maboesh.  [obssmdregy  9dmbgg3sdn, Bzgnmgddog, aeodemregds Bmdgdo Blbs®ol  dmsbmJdols
0b@gblom@mdols 3glsd(30696emsc.

bsbBgsmgs®gmals 3sdozs00 gsdmme 383G ;39egdamos J3ges gsdmgmobgdols Bembols ob-
omsiool bgdbo  dstogmgmo  Lagmdgdols dmemgdzol  d9d3gmbom.  gmggmogg «dols Fgdwgy  doms-
600350036 drdmems 360T3b69mmzbse omegds.

0360 Jdols Fo613Jdb0ls dcdnbBoesh 0Om®mgg3e ©sdsmsbligdmmo Bemmmds Lsdnom doggddo
23630050907 (bg3sls s dogmasey Gammaéd Loghgdo dmddge (bg3el meols 396y
dogmosbo Bmsb;mJdol O™l ohm3zgzs 6930l dsmzgals Fglsdemgdmmds sdn®dmamdo, dgndmadgemo
bogds slgzg Fedmdmomol Mgemado (693980 0bB)gM3mmsias Bgsdomby s@lgdmmo bgzgdals
dobgogom. FByn;3960l domosbse ©s39B30l dgdregy (6930 Lowowy Lsdyodm doemgddo s Fedn®-
momols 306Tg @ o;gmgds. asc3399mo Mmool gsligmols dgdwga dglbedmmgdgemas dgbadbme of-
bl (bg30L gobeIs dogmastg Mm@ Logigdo gsbols sdmbgmols dgrogase. gmggemogzg gl ©sl-
Bgoegds Lsmsbsem sbsgmoBogn®o 33mg3980l Lsggmdzgenby.

dsgash bdoMse bsdndmo blbsol dmnsbmds, asbgsedmgzmobgdgdmsb ddmmol eamls §o6-
dcJdbols dogs sdmbmesl. 83 AL gobo 6 bbgs gmmoeo ©szgdomo  Fsdgdmomol oMol
39006393530 dogferegds 539bo@sb sbmdsgrn® (bgz00 Bosbmdgem 96Bn. 3eabgdols dodserormemgds
dgodmmgds agml Gemames J3gdmesd Bgdmm, slggg bBgdmesd J3gdmm. dsemBgre Lsdodos sdmbemens
B90m3gdscg  gbgdorsb, MeEasbsy asbOar 8B 3oMmzgsls  asbozeols Mool Bgdmdregdedy
3mM0bmbE)gda. sbgm 306Hmdgddo Fglsdmms seaomo 946gl gMexmbgdols FsedmJdbsls, GmImmgdms-
bs(3 0Mdmems dsGrmgs(y dsgmash dbgmos.

bbgseslibgs Fsdmmmamgddo Lsdgdmo Blbstol dmsbmddgdl sl 0sg0lgdndgdgdo, gmgge
3963098 d93:mbggzedo domgdamo 3asy39d0mgdgdo Mbes 9e3dbagdmegl ddm3zol 306393k,
GmImgdaiy dgbfogmomo mbos 0ol (3sm3gnm  Lodygeosdo. o) Bosbmgds bsfgols dmdgb@do
bsGoemd@ongas, 3330b  Lsgodms domgdnm 0dbgl  gmzgmazsto Bmdgdo dobo  s@dmegbz@molsmgzals.
80539 AL (306039m300L  F9656Bb690sLM6  gPMmeE, Mbrs bmO(309mEgdmEgl 4sbgsdmgmmabgds-
bosh dedmems.

bsdgdmo blbsol Jgligems 39600 ©s Bmsbmdds dgbsdmms Fgd;z0mgdme odogl Jsdndwo-
ol 306%y {6930 Bgd3060900m, M3 Mmegobmsgse  3g8d306090L  939F6930L  Lowoegls 3Gmend-
Boge ¢gbbg. 83 AL syiomgdgmos LFmAse  Fgislegl  dsJlodsen@se  ©slsdggdo  (bggsms
Lbgemdol bowoeyg Lsba@gzby. Bemgog@mo 3Gsddognmo  asdmioomgdol  Lsggndzgembg dglbsdemms
(693908 Lbgemdols bowowg Lsbgmgzols @s iggbols (69378 Bmeol 0,7 33s-dg 8933060091,

3. @sl336s

L 30639mmgL  gmgemols, Lsgo®ms  FsdndmomBo Omameyy bsdn®dm  dogdogs  Logdzol
76930b bowowol Pgg, sbgzg domasty Loghzob (6g30l ool Pg, 30b@termo;
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2. Losmsstogm 336980 s730egdmos dgoglml Ledgdmo  blbsdol  Lszdscolo  Gsmegbm-
300, G0dmol Lsdmemgdon dmbegds Fedmmmomols 3g3Lgds Ledn@mo 0s@smols sdmmy-
3ol EOMl. gl 3emiggbo bodogmegds s33mdsdyn®s;

3. Logodrms Fedmdmomol 3060l ©smzgsmog®gds s 89dmdgds  Lolidgdsdnese. gsblss-
Q09500 9bEs a33MbEOMmEIls 369396@mA Mmoo Lolidgdgdo.

oGy

1. o. am393dg, 0. eosdzomo. gsddgibo Ladbndmo blbsegdo. dgmmen@o domomgdgdo.
boJotrnggmels §gfboznmo gbogg@lodgdo, 1999 §., 40 as.

2.0. amg7sdy. 9JL3960396@ 0l ©sgqadzs s dsmgdsoznco Imegmotgds (bsgmmdols s
asbol 369{39e5580). bafstrmzgmml Bgdbogn@o mbogg@lodgdo, 2003. 332 g3.

3. B. 4. WeBuoB.. PerynnpoBaHua gasneHua B bypawmxca ckBaxkuH. N3a.: «Heagpa», 1984
r. 190 ctp.

YIK 622.24 U. K. Tl'oryanze, B. 3. Xurtapumsunu

HOT'JIOIMEHUE BYPOBOI'O PACTBOPA IIPU BOPBBE C
I'A3OIIPOABJIEHUSAMHA

PE®EPAT: MNMpu 60pbbe c ra3onpoasieHUAMMN YacTo MMEET MECTO MTMAPOPA3PbIB NNACTA, 3TO MOXKET Bbl3BaTb NOT/IOLLLE-
Hue 6ypoBoro pactsopa. [na npefoTBpalLeHUA 3TOr0 ABAEHMA HEOOXOAMMO KOHTPOAMPOBaTb WU peryau-
poBaTb AaBfeHUE B CKBaXKMHe. B To e Bpems TpebyeTcs ocmaTpuBaTb U NPOBEPATb NPEBEHTOPHbLIE CUCTEMDI.

K/ZTKOYEBbLIE CJ/TIOBA: norsioweHune; rmapaBaMyeckmii paspblB; ra3oBble NaYku; NPOHNLAEMOCTb; PAANYC CKBAXKMHbI.

1. BBeaenue

[Tornmomenne 6ypoBOTo pacTBOPa MOMKET OBITH 00YCIOBIEHO THIPABIMYECKHM Pa3pPhIBOM
MJIACTOB UJIM HAIMYHMEM B MPOXOJMMOM pa3pe3e BHICOKOMPOHHIIAEMBIX, OONbIIEH 4acThiO0 Tpe-
IIMHOBATBIX WM KAaBEPHO3HBIX IJIACTOB C HEOONBIIMM COMpOTHUBICHUEM ¢GuiabTpanuu. B
o0oux ciydasx JJs BO3HHUKHOBEHHsS TOTJIOMICHUS HEOOXOAMM OIpeaeNICHHBIN mepemnaj aaB-
JIEHUN MEXYy CKBAXXMHOM M tuiacToM. [Ipuuem, nipu ruapopa3pbiBe yCTAaHOBUBIIEECS JaBJICHHUE
MOTJIOMICHUS 3HAYUTEIbHO MEHbBINE TEPBOHAYAIBLHOTO JaBICHUS 00pa30BaHUS TPEIIUHBI.

2. OcHOBHAA YACTDH

PaccMoTpuM 0COOEHHOCTH MPOTEKAHUS MOTJIOLIEHHS, BOSHUKIIET0 BO BpeMsi O60pbObI C
razonposiBiieHueM. IlycTs B pe3ysbTaTe NpOSBIEHHUS B KOJbLEBOM NPOCTPAHCTBE CKBAXKUHBI
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oOpa3oBajach Iauka rasa, KOTopas 10JKHa ObITh BHIMBITA Ha IOBEPXHOCTh OAHUM U3 U3BECT-
HBIX METOJ0B. BO3HMKHOBEHHE MOTIOIICHUsI Hauboyee BEpOATHO B MEPBbIE MOMEHTHI MOCIE
BOCCTAHOBJICHUS LIUPKYJISIIIMK, KOTJAa ra3 emle HaxoAuTcs BOIU3U OT 320051, TaK KaKk MMEHHO B
9TOT HEPHOJ] JaBJICHUE Ha CTEHKH CKBa)KMHBI BO3PACTACT A0 MaKCUMaJIbHOH BelH4HHBI [1-
3].

Cxema nporecca HOIVIOIIEHUS! TPOMBIBOYHOM ’KMJIKOCTH, COOTBETCTBYIOIIAs €0 Hadallb-
HOMY Iepuojy, u3oOpaxeHa Ha puc. 1. Pacxon pacTBopa HUXe MayKky ra3a paBeH BEIMYMHE
nogauyn HacocoB Q. Brlle mauku rasa B MHTEpBaJIe OT €€ BEpPXHEH IpaHUIBl 1O 30HBI MOTJIO-
LIEHUs PACXOJ pacTBOpa OTIMYAETCS OT BEIMYMHBI MIOJAa4d HAcOCOB U ompenensercs ¢o-
pMyon

Qp = ugF. (1)
(Psr | Py
i! | El:'_-:j\l:fl E oy !
:: JI i lf‘ : { ! ~
=~ Uy
EJI -3 | _[__.._.u..“
| I
ooy
!_
{
|

Puc. 1. Cxema npouecca norJioeHust 0ypoBoro pacrsopa npu 6opb0e ¢ ra3onposiBjieHueM

BcinepcrBue morsomeHus OGypoBOM pacTBOP YAaCTHYHO WJIM IIOJTHOCTBIO YXOLUT B

miacT. B obumem ciyyae nmMeeM

Qp = Q1 + 0y, (2)
rae @, — nebut nornomenus; , — pacxoa OypoBOTO pacTBOpA BHIIIE 30HBI MOTIIOMICHHS.
JBm>KeHne MOorjaomaeMoro pacTeopa B IUIACTE MPU PAaCCMOTPEHHBIX YCIIOBHUSIX UMEET SIBHO HEC-
TalMOHApHBIM  xapakTtep. 11 TPOCTOTBI  JOMYCTUM, YTO JACOUT TOTJIOMICHUS OMHUCBIBACTCS
3aBUCHUMOCTBIO

_ 2mkh Pc — Pun — Pt

H In (1+ m;t)
rC

(3)

1
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rac k - IPOHHUIACMOCTD Imorjiomarouero mnjiacra,- h - MOIIHOCTH Iuj1acTa, U - BASKOCTH IIOTJIoIa-

eMOﬁ KUAKOCTH, pc - JaBJICHUC B CKBAXKHHC, prm - IJ1aCTOBOC JaBJICHUC IIOIJIOIIAIOIICTO I1J1acTa,

paBHOC KOHTYPHOMY IJIsI HEOKCILNIYATUPOBABIICT OCA 06’beKTa; p‘r - JOIIOJJTHUTCIIBHOC JaBJICHUC HA

MPEOI0JICHUE CUJI TIACTHYHOCTH TIOTJIONIAaeMOro OypOBOrO pacTBopa; t - BpeMs; 7, — paauyc

CKBa>XHUHBI.

I[aBHeHHe B CKBAKHHC B I/IHTepBaJIe IIOTJIOIIAKIIICTO I1JIaCTa onpenenﬂeTcsI Bpra)KeHI/IeM

Pc =Py +pgH + pgn, (4)

r;[e: py - [OaBJIeHHEe Ha YCTBe CKBAXUWHDBI, H - FHyGI/IHa I/IHTepBaJIa IIOTJIOIICHU A pK.l'[ -

IruaApaBIUYCCKOC COIIPOTUBJICHUC B KOJIBLCBOM IIPOCTPAHCTBC. B cBoro o4uepcanb,

py = Qip/9*f?, (5)
pxn = A8Q3H/m?(D — d)*(D + d)? . (6)
C yuetom popmyi (3) — (6) 3amuiem BoipaskeHHUE:
2rkh
ugF = ——x
Qp 8Q3pH ,
372 TPGH + A —m——33 7~ Pn — Pr
XZ(p f n?(D —d)3(D + d) 0, %)
Tt
In (1 + > )
rC
CKOpOCTh BepXHEU IPaHUIIBI ra3a
U2
Lypsp |1+ A5—FE—
Q S ariuEr)
Ug = F + Up g 7 - (8)

2 2
Pg [L1 + 15 T E 2]
gD —d)  2g¢*f

Cucrema ypaBHeHu#l (7) u (8) MOTHOCTBIO OMHUCHIBAET SIBJIIEHUE TOTJIOMICHUS OYpOBOTO
pacTtBopa BO BpeMsi O0pbOBI ¢ Ta30MPOSBICHUEM.

PaccMoTpuM Ha KOHKpPETHOM MpUMEpe MPUHUIUNHAIBHBIE OCOOEHHOCTH MPOTEKaHUs SB-
JIEHUSI U HEKOTOpble BO3MOXHBIE ero Bapuauuu. IlycTh mposiBI€HHE XapaKTepHu3yeTcs cle-
OYIOUIMMH UCXOJHBIMHA JaHHBIMU: L., = 4000 M; L, . = 100 M; p,. = 5165 MIla; p; = 1,24
r/em®; p; = 136 r/em®; p3 = 54 MIla; Q = 24 n/c; D = 243 mM; d = 141 mm. JJomycTHM, 9TO
B TIpoliecce MIAaBHOTO TIIYIICHUS MpU TIIyOMHE BepXHEH TpaHullbl raza 2250 M MpOU30IILIO MOT-
nomenue (rmybuna 3oubI nornomenus 1800 M, mractoBoe nasinenue B Heit 19 MIla). [lornomre-
HUe OypoBOTO pacTBOpa MOXKET UMETh PA3TUYHYI0 WHTEHCHUBHOCTH, 3aBUCSIIYIO OT XapaKTepHc-
THK TUIacTa, CaMOTO pacTBOpa, Nepenajaa JaBjeHus U apyrux npuduH. O003HauYuM B ypaBHEHHHU

(3) COBOKYITHOCTH BETUYUH
2rtkh 1

=1 €))
H In <1 + ?gl>

c

1 Ha30BeM ee KOd(pGUIIMEHTOM MHTEHCUBHOCTHU Toromenus. [Ipoananusupyem nanbHeHIui xon
Tpolecca TIyIIeH s IPK 3HAYeHusX 1), paBHEIX 170, 230 u 270 M%/(cyr-MITa).
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a) 0)

Puc. 2. I'paduku n3MeHeHNs TaBJIEHHUS HA YCThe (@) W Ha 3a00€ (0) NMPH NOTJIOIIEHUH MPOMBIBOYHOMH KAAKOCTH

B cBsi3u ¢ BOBHUKHOBEHHUEM MOTJIONICHUS JaBICHUE Ha YCThE CKBAXXHHBI B KOJIBLIEBOM IPO-
CTpaHCTBE pe3ko manaet (puc. 2, a). [lagenue naBneHus o0yCIOBICHO YMEHBIIICHHEM KOJIUYECTBa
pactBopa, NPOXOAAIIEr0 B €AUHHUIY BPEMEHHU Y€pe3 IITYLEP, U CHIIKEHUEM Ha HEM T'HAPaBINYEC-
KHUX COHpOTHBJ’IGHHﬁ. TaKI/IM 06p330M, BCJIMYMWHA IMAACHUA HdAaBJICHUA 6YI[CT 3aBUCCTh OT MHTCHCHU-
BHOCTH TIOTJIOIICHHS] OYpOBOTO pacTBOpa.

BCJ'IGI[CTBI/IG CHUXXCHUA yCTBCBOFO TaBJICHUS YMCHI)HIaCTCﬂ JABJICHUEC U HA 3&606 CKBAKUHBI
(puc. 2, 6) HIKE 3HAYEHUS g pacy, OOECTIEUMBAIOIIETO 33IaHHOE POTHBOIABIIEHUE Ha MPOSIBIIAIO-
i wiact. B nanHoM cimyyae 3a00ifHO€E J1aBlIeHUE Ma1aeT HUKE BETMYMHBI TIJIACTOBOTO.

Jl1st BOcCTaHOBJIEHUS JIaBJICHHUS HA YCThE, a 3HAYUT, U Ha 3a00€ CKBAXUHBI HEOOXOIUMO
YBEJIMYUTH THIPABIMYECKUE COMPOTHUBIICHUS Ha MITYIEpPE. DTO MOXKHO CJENaTh, TOIBKO YMEHbINAs
ero MpoxoHoe cedeHne. Ho yBennyeHne naBjieHns Ha YCThe BBI30BET YBEIHMUEHHE KOJINYECTBA T10-
rnomaemoit xuakocty. IIpu n = 170m%/(cyr-MIla) naBieHHMe Ha YCThE COTJIACHO pacyeTaM BOC-
CTAHOBHUTCS, KOTJIA TUIONIAAb CEYeHMs INTylepa cTaHeT paBHO# 0,6 cM2, B TO BpeMs KaK Hauaiy
TIOTJIONIEH s COOTBETCTBOBANA IUIOMIAb ceueHus 2,6 cm?. KomuuecTBo TOTIOIAeMoro pacTBopa
TIpu 5ToM BospacTaet ¢ 11,6 1o 18,9 n/c. Ecm sxe = 230M%/(cyr-MITa), To faxke OpH TIOTHOM 3a-
KPBITUH HITYIEpa JaBICHHE HA YCThE HE BOCCTAHABIUBAETCS JI0 HAYAIHHOT'O, COOTBETCTBYIOIIETO
MOMEHTY BO3HHKHOBEHHS TIOTJIONIEHHsI. BMecTe ¢ TeM, YMEHBIINB TUIOIMIAAb CEUSHHS MTYyIepa 10
0,6 cM2, MOKHO TIOTy4HTh Ha 3a00¢e JaBieHne 52 MIIa, T. e. BbIlle TIACTOBOTO, YTO AAeT BO3MOK-
HOCTB TIPOJIOJDKATh MPOIIECC TIPOMBIBKH, XOTSI B JaJbHEHIIIEM, ITO-BHIUMOMY, TIACTOBOE JaBIICHHUE
OTIAITH CTAaHeT BhIIIe 3a0oitHoro0. IIpr 1 = 270M%/(cyr-MIla) 3a60iiHOe HaBIEHNE OCTACTCS MEHBIIE
IJIACTOBOTO JIaXKe B CIIy4ae MOJIHOTO 3aKpbITHs mTylepa. CliejoBaTeabHO, MPOJOJIKEHHE 0OPHOBI C
ra3oIposiBJICHUEM 110 OOBIYHONW METOJMKE YK€ HEBO3MOXKHO, TaK KaK IMPOMCXOAUT MOJIHOE MOTJIOo-
meHue OypoBoro pactBopa. D(PPEKTUBHBIM MOXKET OKa3aThCSA B 3TOM CIIy4ae TTyIIEHWE C HU3KUM
JaBJICHUEM TIepe]] MTYIEPOM, TP KOTOPOM CHUMAETCS 4acTh JABJICHHsI Ha CTEHKU CKBKWHBL B
MIPOTUBHOM CITy4ae OOBIYHO MPUHUMAIOT MEPHI 110 CHUYKEHUIO HHTEHCUBHOCTH MOTJIOIICHHUS.
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B 3apyOexHON MpaKkTHKE MIMPOKO PACHPOCTPaHEH CIOCO0 M3OJIAINH HUKHEH MPOSBIISIO-
I 30HBI TOCPEACTBOM HaMbIBa 0apUTOBBIX MPoOOK. [Tocie sToro 60psbda ¢ MOrIoNICHHEM 3HAYH-
TEJIbHO 00JIeryaeTcs.

C MOMEHTa BO3HUKHOBEHUS TIOTJIOMICHUS HAPYIIACTCS CBS3b MEXIY JABICHHUEM B OypHIIb-
HBIX TpyOax U B KOJBIEBOM IPOCTPAHCTBE Mepel] TylepoM. [Ipu moaHOM MOIIIOMIEHUN TepseTcs
BO3MOKHOCTh YIIPABJICHUS JIaBJICHUEM B CKBA)XKMHE, CTAaHOBUTCS HEBO3MOXKHOM TaKXke M HH-
TEPHOJISAIUS PEAlbHbIX CKBAXUHHBIX JIABJICHHUI MO JaBJIEHUSM Ha moBepxHocTu. [locie momHOro
3aKpBITHS IITYIIEpa AaBJICHUE B OypHIIbHBIX TPpyOax U Ha ycThe He u3MeHseTcs. Co BpeMeHeM, mpa-
BJIa, MOYKHO HAOJIIOJAaTh POCT JAaBJICHUS B KOJIBLIEBOM MIPOCTPAHCTBE 3a CUET BCILIbIBAaHUS raza. OT-
MEUYEHHbIE 0COOCHHOCTH MOATBEPKIAI0TCS TPOBEICHHBIMU AHATTUTUYECKUMHU UCCIICOBAHUSIMU.

Hepenko B pe3ynbTaTe MOIJIOIIEHUS PacTBOpa BO BpeMsi OOPHOBI C Ta30MpOsIBICHUEM BO3-
HUKAaeT BHYTPUCKBOXKUHHBINA BBIOpOC. [Ipu 3TOM ra3 wim apyroi (iroua npu 3aKpbITOM yCThe TOC-
TyHaeT U3 IJIacTa ¢ aHOMAJIbHBIM JJaBJICHUEM B MOTJIOUIAIONIMIA miacT. HanpaBnenue neperoka mMo-
KeT OBITh KaKk CHU3Y BBEpX, Tak U cBepXy BHU3. Oc0o00 omaceH BHIOPOC B BHINICISKAIIUE TUIACTHI,
MTOCKOJIbKY MOBBIIICHHBIM Harpy3kaMm MOJBEPraeTcsl BEPXHAS YacTh pa3pesa. [Ipu n3BecTHBIX yciio-
BUSX B OTOM CJlydae BO3MOXXHO OOpa3oBaHHE TPU(POHOB, OOPOTHCS € KOTOPHIMH BCETAa OYEHb
TPYIHO.

[Tornomienus: Ha pa3HBIX CKBAXHMHAX UMEIOT CBOM OCOOCHHOCTH, MOATOMY B KaXKJIOM KOH-
KPETHOM Cllyuyae MPUHSATHE PELICHUS TOJKHO OCHOBBIBATHCA HA 3HAHWU BHYTPUCKBAKMHHBIX YC-
JIOBUM ¥ BO3MOXHBIX IIyT€W pa3BUTHUA CUTyallMH. ECiu moryioneHue ¢ camoro Hadajaa 4aCTU4HOE,
TO HEOOXOAMMO MPHUHSITH BCE MEPHI, YTOOBI HE JAOMYCTUTh YBEIMYEHUS €r0 MHTCHCUBHOCTH. B TO
KE BpeMs, OAePKUBAs LIUPKYJIISALUIO, CIIEAYET NPOA0IIKAaTh O0PHOY € ra30IpOsSBICHUEM.

Yxoa 6ypoBOro pacTBopa B IJIACT MOKHO YMEHBIIIUTh CHUKEHHEM JIaBIICHUS Ha YCThE, UTO
MOBJIEYET 3a COOOM yMEHbIIEHHE 3amaca MPOTHUBOJABICHUS Ha HposBistouuil miuact. [Ipu stom
HE0OXOIMMO OIEHUTh MaKCUMalbHOE JOMYCTHUMOE 3HAa4YeHHE Iepernana aaBieHuil Ha 3adoe. Ilo
3apyO€KHBIM JIaHHBIM, B KPUTHYECKUX CUTYaIMsIX MOXKHO CHIDKATh Tepernaj; Mexay 3a00MHBIM U
I1acTOBBIM AaBieHueM a0 0,7 MIla.

3. 3akia04yeHnune

1. B nepByto ouepeab AOKHO KOHTPOJUPOBATh JaBICHHE: BHYTPU OYypOBOTrO HHCTPY-
MeHTa Pg U B HAPYKHOM MPOCTPAHCTBE OYPOBOr0 MHCTPYMEHTA Py .

2. B ob6s3aTesbHOM IOpALKe BCeTZa AOJDKHBI 3aIIOTHATHECA OYpOBBIM PacTBOPOM 3alla-
CHBIEe YaHBI, TaK KaK IIPU NOZBEMe OYpOBOTO MHCTPyMeHTa HeOOXOZVIMO aBTOMATH-
YeCKHU 3aII0JIHATH PACTBOPOM CKBOKUHY.

3. B ob6s3arenpHOM NOpSAKe AODKHBI KOHTPOJIMPOBATHCSA BCE IIPEBEHTOPHI, OCOOEHHO
WX yIPaBIAIONHe YCTPOMCTBA.
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geoobo aodmbsgogmo RACICRAISIUELE 530 3G9gs %
a9 % Cu, % Au, a@/@ Cu Au
+0.2 16 0.06 0.32 17.8 11.6
-0.2+0.140 10 0.05 040 93 9.0
-0.140+0.1 16.5 0.05 0.51 184 19.0
-0.1+0.074 6.0 0.06 0.52 5.6 7.1
-0.074+0.044 5.5 0.06 035 6.1 44
-0.044 46 0.05 0.67 42.1 489
Lgen 100 0.05 044 100 100
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930053 gbmds gbokgds 5083 ©0sdgB®0lL JoEAmE0 embl. sdo@md dgdoamdo gJl3g@o-
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% 50/} 0056 0gsb
7/120 20 0.14 | 109 | 11.15 126 48.5 24.6
6/120 15 022 | 1146 | 12.61 123 355 17.9
50/14 5/120 14 0291 206 | 2470 | 2.38 64.1 3234
4/120 7 031 | 247 | 292 4.06 54.65 27.6
50/16 5/120 9 0.26 - - 1.0 17.3 8.7
4/120 5 045 - - 1.75 16.8 84

Omam6 3 gbMomowsh hobl, Logggmgbm dgogagoo domgdbyen odbs, GmEglss
aoEsbogbols s Loangdol bogdms  ©0sdgB®gdol Bodwmds dy/ dy=3.5 Jgopagbs.
50b0dbye 300mdgddo dowgdyan odbs Loangdo MmOl sdmyz®ggom 32-34 %, d99:339-
gmdom 3-4%.
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bogmbEgbdPS30m 3s5g0©sby 3d3oEAYdS

9JL3940396@ 9d0 ho@omgdyen odbs CKII — 2 Fodol godm@s@m@oygen bogmbig-
bB®SG0m dogosby. Ggdbmmmaoy@o 3s@sdgBMgool oagbogo m3Fodsgny@do dbo-
‘dgbgermdgdol @OML, GmEgbsi ©ggol @bggoms @ogbgo N=3500b/Fm, ©gz0L Lgaols
Log@dg 8-1089 s gzol ob@s 1.5-2.50-3pg gdols golsdgomagdaamo dgogygoo dm-
(3999eos d9-3 3bGoado.
agb®ogoo 3
L53mb396@Mo30m 35005%g 5d0EMgools golisTysmgdnmo dgrgygdo

(ool N ?)OBMEZBOQO ‘d99(3390mds> sdm3@99as %
Cu % Fe% S% Au% | ®39M5300056 | Lofyoliowsb

I 3o 4-4.5 0.26 392 49.1 73 56.1 283
II 3o 4-5 0.23 353 47.05 72 56.02 282
I s 4-5 0.35 40.5 512 7 559 28.1
Vs 4-5 03 38.7 49.7 7.1 56.1 28.01
390950 974 0.08 3.7 0.52 100 492
Lo golio 100 0.52 43 1.03 100

OO 3 IoEgdgeo gogagdosb Hobl, Lsgmb3gb@®dsGom dogowsby  odwo-
950l Bgdbmemaon®o  bodolbmddogo dohggbgdagdo owgds@gds  Jow@m30 M-
690bg aodo®gdols dohggbgdegdl, dog@sd dobo LoFo®Imm Jo®mbdgddo godmygbgds,
d3009 [o@3omdols 3odm, s®5dobsbdgfmbognos.

9Jb39603gb@ gd0lomgols odmygbgdbyao ogem ,L,UTOMAK”-0ols @odol @sdm@s@m-
oo 396GM0sbymo  3mbigbdMs@mmo Fomdswmdbomn 1005/ Lm. 9Jl3gMmodgbdgdols

oo dygoa gdyao dgogagoo dnzgdygeo dg9-4 b®ogndo.

gb®ogoo 4
306(396¢®5@™ODY godomgdols Ygogagdo
360©mdE0 608(*)1;030@0, ‘d99(33920 0>
/o. Cu % S, % Au 26/
3Mb3gb@®SE0 0.35 043 25.1 3.12
3Mb3gbB@s@0 04 041 242 32
Q. 390950 0.07 3.7 0.52

3Mb3gbB®SAM@gdols  asdmygbgds  3ogdol  aodpo@dgdols  Lofyol  9Bo3by
5M5d0bobgfmboanos, @oasb Derobol  godmbogogro o@  omgds@gds 0.5-1.0% oo
Ygboden gdgamos asdmgoygbmm dbmeme msgobyggomo maml asdmbsymeysw.
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K OBOCHOBAHHIO YI'JIA OTKJIOHEHUA UT'JIbI OT
PATUAJIBHOI'O HAITPABJIEHUSA

PE®EPAT: [ns TeopeTMYECKOro aHaan3a B3aMMOAENCTBMA POTALMOHHbBIX UFO/IbYaTbIX AMCKOB C MOYBOM AaHbl Yribl
BXOZa W BbIXO4a pagmManbHO NOCTaBNEHHOM UIbl B NoyBy. OnpegeneHa aanHa AedhopMUpyeMoro yyacTka Ha
NOBEPXHOCTM NOYBbI.

K/IIOMEBDBIE CJ/IOBA: MeTo4 BKa/blBaHMA; WronbyaTblil AUCK; MNOBEPXHOCTb MOYBbI; CEAbCKOXO3AMCTBEHHbLIN;
aedopmaums.

1. BBeaenue

HauOonee nepcrneKTUBHBIM IPUEMOM IIPU IPOBe-
JICHUH TOBEPXHOCTHBIX OOpPabOTOK MOYB Ha CKJIOHAaX i’ N
SBJISICTCA METOJ| HAaKaJbIBaHUA, a TAKXKE M TO, YTO JJIs o=
OCYILECTBIICHUS €r0 TPEOYIOTCS OpYyIUs C UIOJIbUATBIMU P
paboyrMu opraHamu.

ArpoTexHUYECKHE MOoKa3aTeau padoThl UroJibya-

TBIX JUCKOB ONPENEIAIOTCS MPEXKIe BCEro mapaMeTpamu

H. UobamBuimn,
KaHmuuar Texamuecknx M PEKUMOM paboThl uri. B. Iopstukun [1]ykassiBai, uro B. Xomacypunse,

aKageMuK AKaJeMuu
OCHOBHBIM BOIIPOCOM IIpHU CO3JaHUU BCIAKOI'O OpyAus 9KOJIOTHYECKUX HayK

o I'py3un
CJICAYCT CUYHUTATDh 000CHOBaHHE ONTHMAIbLHON (I)OpMBI €ro
pa60qel71 4aCTH, KOTOpasAd XapaKTECpU3yCT HE TOJIbKO KaYC€CTBO pa60qer0 nponecca, HO U BCIUYNHY
TATOBOI'O COIIPOTUBJICHUS. Takue nmapaMeTpbl MOTYT OBITh YCTAHOBJICHBI Ha OCHOBEC PC3YJIbTATOB

HayK

TEOPETUICCKO—IKCIIEPUMEHTATBHBIX HCCIICTOBAHUH.
2. OcHOBHAA YACTH

ArpoTexHHYEeCKHe U PHEPreTHYeCcKHe MoKa3aTeNu paboThl UTOJbYATHIX JUCKOB 3aBUCIT OT
pabGouero mpodwis Wri, riyOMHBl X0Ja, Yrja aTakd, KOJUYECTBA WIJ, OJHOBPEMEHHO HaxoJs-
LIUXCS B TIOYBE, U CKOPOCTHU ABMKEHMS. [Ipy IBMKEHNM UTOJIbUATBIX AUCKOB B MOYBE MO YIJIOM K
HaNpaBJICHUIO JIBWKEHUS XapakTep AeQOopMaliu MMOYBbl U3MEHSETCd B 3aBHUCHUMOCTHU OT (pu3mko-
MEXaHUYECKUX €€ CBOMCTB ( TBEPAOCTH, BIAKHOCTH, CLEIJIEHUS, KOAX(P(GUIUEHTOB TpPEHUs) U
MapaMeTpoB UroJbYATOro AMCKA (€ro AUaMeTpa, IUPHUHBI UTJ1 U UX KOJMUYECTBA B JHUCKE).

B oaHoM ciydae mnpu HEOOJIBUIOM KOJIMYECTBE UTJT M HEIOCTATOUYHON MX HIMPUHE, MAJIOM
3HAYEHUHW yriia aTaku JedopMainusi MOYBBI MPOUCXOAMT OT Ka)XJOH WIJIbl B OTAEIBHOCTH, B
pe3yiabTare 4ero o0paszyroTcs JIyHKU. B npyrom — nousa aeopMupyroTCsl BCIEICTBUE B3aUMHOTO
BJIMSIHUA UTJ B JIMCKE, U paboTa UTOJIbYATOro JUCKa NMPHUOIMKaeTcs K padoTe CIIONIHOTO JHCKa.
[Tpuyem, Ha xapakTep mporiecca aedopMaliy MOYBHI CYIIECTBEHHOE BIUSHHE OKa3bIBACT 3a/iepHE-
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JIOCTh BEPXHErO CJIOs MOYBBI, €€ BIAKHOCTh M Jp. Bce 3T ¢dakTopsl B HOCAT JONMOJHHUTEIbHbIC
TPYIHOCTH B TEOPETUUECKUI aHAIN3 B3aMMOJICHCTBHS UT0JIbYAThIX JUCKOB C IIOYBOM.

[TosTomy misi obocHOBaHUS (OPMBI OOKOBOTO MPOGMISA WUIJIBl TEOPETHUECKUI aHaIn3
B3aMMOJICHCTBUSI UIOJIBYATOTO JUCKAa C IOYBOW NPOBOJUM IpHU (POHTAIBHOM KAuy€HUM, IpU
KOTOPOM I04Ba /1e()OpMUPYETCS B OCHOBHOM IyTeM cMsATHs. OOOCHOBaHME PALMOHAIBHOIO yIia
aTaky Oarapen Mrojb4aThiX JUCKOB OOYCIOBIEHO BBIOOPOM KOJIMYECTBA MIVI B JIUCKE, IIMPUHbI
UIJI, PACCTOSIHUEM MEXIYy UIJaMHM M JAMCKaMu B Oarapee M Majo 3aBUCUT OT (OpMbl OOKOBOIO
npo¢uis uriasl. BeIOOp Ipyrux panroHadbHBIX TAPaMETPOB UTOJIBYATOrO OpraHa (JuaMeTrpa JIucKa,
paccTosHUS MEX1y AMCKaMH, KOJIMYECTBA U IUMPUHBI HUIJ B JUCKE) HA OCHOBAHUU TEOPETUUYECKOIO
aHaJuM3a 3aTPYAHUTENICH, YKa3aHHBIC MapaMeTpbl HEOOXOIMMO ONpeAesTh Ha OCHOBAaHUH
AKCIIEPUMEHTAJIbHBIX UCCIIET0BAaHUM.

C nocTaTouHON Ui NPAKTUYECKUX PAacueTOB TOYHOCTHIO MPUHMMAEM, YTO HPSIMOM WIJIOH,
YCTAQHOBJICHHON II0J] HEKOTOPBIM YIJIOM K pajuycy JAWCKA, W WUIJION, IMpeJICTaBIAIOLIed yacTb
OKPY>KHOCTH HEKOTOPOI'O paJnyca, MOXKHO onucaTh padoTy J000ro TUIa uri.

JUis CpaBHUTENIBHOW OLIEHKM PBIXJIALIEH CIHOCOOHOCTH IV PA3JIMYHOTO THIA: MPSIMOIA,
pajuaJbHO YCTaHOBJIEHHOM; NPAMOM, OTKIOHEHHOM OT pajvalbHOTO HalpaBleHUs Ha yroil f H
BBINOJIHEHHON I10 OKPYXXHOCTH C paJuycoM KpUBU3HBI Y,, HEOOXOAMMO ONpEeAEIUTh MJIUHY U
IUI0IIAb 1e(POPMHUPYEMBIX YYACTKOB ITOYBBI B IIPOIOJIBHO — BEPTUKAIBHOM MIIOCKOCTH.

[Ipu npoBeieHUN TEOPETUYECKUX MCCIIeI0OBAaHUN PUHSATHI CIEYIOIUE IOMYIIEHUS:
[louBeHHas cpela UMEET OJHOPOAHBIN COCTaB; TIIyOMHA MOTPYKEHUsS B MOYBY U MOCTYyNAaTeIbHAs
CKOPOCTb JBW)KEHMSI JHMCKA IOCTOSHHBI, OC HIOJbYATOTO JUCKA IEpeMelIaeTcsl Mo MpsIMOH,
MapajuIeIbHON TOBEPXHOCTH TOJIA.

B mpouecce pabGoTsl nucka cedeHue aeOpMUPYEMOro y4dacTKa TMOYBBI B IMPOJOIHLHOM
HampaBJICHUU OTPaHUYMBAETCS Orudaromieil cemeicTBa JMHUNA — COOTBETCTBYIOUIMX IMOJOXKEHHUH
UTJIBI M JIMHUH TIOBEPXHOCTH moJist [2].

VYpaBHEeHHE OJTHOTO U3 MOJOXKEHUI NMPSAMOU WIJIbL, Wi ypaBHeHue npamoit 0;4; (puc.l) B
oOuiem Bue

Y=Y, =KX -X,);
B HalllEM CIIy4ae
X 0= R(p’
Y, =R,

rne K = tg (g — (p) = ctge.
R - paguyc aucka IO KOHLAM WIJIbI;
¢ - yroJl MOBOPOTa UTOJIbYATOTO AUCKA, Pa/l.
Torna ypaBuenue npssmori 0;A; 3anuiiercst B BUIE
Y—R—(X—Rp)ctge = 0.
JIisi aHaTUTUYECKOTO BBIPAXKEHHUSI CEMEUCTBO MPSIMBIX JIMHUM (TIOJIOKEHHE UIJI) peliaem

COBMECTHO C YPaBHEHUSAMH
Y—R—ctg(X —Rep) =0,
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0
3y [Y =R — ctgp(X — Rp)] = 0; €Y

nocie audGepeHnpoBaHUs BTOPOE YpaBHEHHE cucTeMbl (1) mpumMer Bu
X =Re — %Rsian).
[ToncraBum 3HavyeHue X B epBoe ypaBHEHUE BhIpaxkeHus (1), moryuum:
Y — Rsin?¢ = 0, 2
OTKYy/1a

(3)

Yrubl BXOJa U BBIXOJA PaJAUaIbHO IOCTaBICHHOM WIJIBI B IIOYBY MOXKHO OIPENEIUTH U3
BBIPAKCHU I

— ! Y
Py = arcsin R
_ R-Y
Qpux = —Aarc cos R
4 0: (x.. %)
b 4
-y
EN (S
7 TR
¢ ~
sﬂ’? )
o Lo o m.-

Puc.1. K BeIBOAY ypaBHEeHHs1 OTHOAIOLIEH JUISI IPSIMOM, PaAHAJIbLHO YCTAHOBJICHHON HIJIbI

Boipaxxenue (2 ) MOXKHO 3anucath B BUIE
R
Y — E(l —cos2¢p) =0,
OTKYyJa
R
Y = 5 (1 — cos 2¢). 4)
VYpaBHeHuUs 17151 onpeieTICHUsT OTHUOAIOIIIEH MPEACTAaBUM B BHJIE

R
X = 5 (2¢ — sin2¢),
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R
Y = 5(1 — coS2¢). (5

Bripaxkenue ( 5) siBiisieTcs ypaBHEHUEM IIUKIIOUIBI C PAIAyCOM IPOU3BOISIIETO Kpyra R / 2

yrojl TMOBOPOTa KOTOPOTO OIpeneNsercs yriaoM 2¢@. VCKmo4yuB mapaMeTp ¢ ¥ IOJCTaBHB
BeIpakeHue (3) B mepBoe ypaBHeHue (1), moydnm ypaBHEHHE OTHOAIOIEHB HESIBHOM BUJIE

X = R arcsin g— (\/Y(R — Y)). (6)

Hcnonw3ys Beipakenue (6), onpeaeanm JTHHY 1e(OPMUPYEMOT0 yd4acTKa Ha MOBEPXHOCTH
MOYBBI TIpU Y = h

h
Xosx = —Xopux = R arcsin i V(R —h). (7N

VYpaBHeHME NPSAMON POXOIUT uepe3 TOUKY A; (puc.2).
Y-Y, =KX -X,).
Koopaunatel Touku A;:
X1 = R — R sing,
Y; = R(1 — coso).
VrnoBoit  kospdumment K = tg[90 — (¢ + B)] = ctg(p + B), mnpu sTOM ypaBHEHHE
MIOJIOKEHMSI UTJIbl, OTKJIIOHEHHON OT paJualibHOTO HAIpaBJIEHUs] Ha yroil [5, IPUMET CIEAYIOIIUN

BUJI:
sinf
(Y—R)tg(<p+ﬁ)+Rm=X—R<p. (8)
[TpoauddepenurpoBa no ¢ BelpaxkeHue (8), MOTyUUM:
Y = R[sin?(¢ + B) — sinf sin(¢p + B)].
3 Qi(xo Yo)
B,
9+ 9
R W
et 2
i
BN
] o
[ = X

Puc. 2. K BbIBOAY YpaBHeHHs Orudaromeii 1,1 NPAMOii UIJIbI, OTKJIOHEHHOH 0T PaiaJbHOT0 HANIPABJICHHS.
sinf sin?p N Y
2 = 4 R

OTKyZa @ = arcsin

—B. 9
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Toraa npu Y=h yribl BX0aa ¥ BBIX0/Ia UTJIBI B TOYBY OMPEACISIOTCS U3 BHIPOKCHUI:
sinf N sin?p N h
2 4 R

_ﬁ;

(Ppx = arcsin

Ppx = — |arcsin

mp B = 0; @py = Pppx = arcsin"h/R.

[ToacraBuB 3HaueHue Y B ypaBHeHue (8), moayduM ypaBHEHHE ISl OIpPEACTICHUS

orubaromiei ceMeicTBO JTMHUH (COOTBETCTBYIONIMX MMOJOKECHU I UTJIBI):

x=Rfp+ % ~ tg(p + Plcos’(p + B) + sinfsin(p + HI};

Y = R[sin?(¢ + B) — sinBsin(p + B)].
3. BoiBoabI

HauGonpiiee 3HavueHne yria [ MOXKHO ONPEACIUTh M3 YCIOBHS IPEICIHbHOr0 pabodyero
MOJIOKEHHSI UTJIbI (3aHMMAeT TOPU30HTAILHOE MOJOKEHHe) (cM. puc.3):

] oiD R-—h
SiBuax = T = g
yFOJ’I OTKJIOHCHUMA UT'JIBI OT pannanLHoro HaHpaBJ'IeHI/ISI IOJIDKCH HAXOAUTHCS B Hpeﬂenax
R—h

0 < pB < arcsin

R

B

/ <
' x

Puc.3. Cxema k OIIPEACJICHUIO NMMPEACJIBbHOI0 YIJjia OTKJIOHCHHU S UIJIBI OT PAAUAJIBHOI0 HATIPABJICHUA.

|
|
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ON THE PROBLEM OF NEEDLE ANGLE DEVIATION FROM
RADIAL DIRECTION

SUMMARY: For theoretical analysis of the interaction of rotary needle discs with the soil the input and output angles
of the radially set needles in the soil are given. The length of the deformable plot is determined on the soil
surface.
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1. Introduction

The most perspective way in carrying out soil surface development on the slope is the
pricking method; for carrying out it the implement with needle-shaped working parts is demanded.

The agrotechnical indices of the needle-shaped disks are being determinined, first of all, by
parameters and the regime of the needle work. V. Goryachkin (1) used to point out that when
constructing any implement the basic problem — grounding the optimal form of its working part
should be considered. It characterizes not only the quality of the working process but also the value
of the draught resistance. Parameters of that kind can be installed on the basis of theoretical-
experimental results investigation.

2. The Body

Agrotechnical and power idices of the needle-shaped disk work depends on the needle work
profile, depth of motion, angle of attack, number of needles in the soil at a time and the speed of
motion. At the needle-shaped disk motion in the soil under the angle towards the motion direction
the character of the soil deformation varies depending on the soil physical-mechanic properties
(firmness, moist, clutch (adhessiveness), friction coefficient) and parameters of the needle-shaped
disk (its diameter, needle width, and their number in the disk).

In one case at a few quantity of needles but not suffice width, with angle small meaning of
attack the soil deformation takes place from every needle sperarately as a result of which there
appear holes. In another case the soil is deformed as a result of inter-influence of needles in the
disk and the work of the needle-shaped disk comes nearer to the continuous disk. At that the soil
upper layer sod formation, its moistness, etc has considerable influence on the soil deformation
process character. All these factors create additional difficulties in theoretical analysis of the needle-
shaped disks interacrion with the soil.

Thus for grounding control of the needle side profile form theoretical anylysis of needle-
shaped disk interaction with the soil is carried out by frontal swinging (motion). At this moment the
soil deforms through bearing stress. Grounding of the angle of attack of needle-shaped disk battery
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is conditioned by choice of the number of needles in the disk, width of needles, space between
needles and disks in the battery and it is less dependent upon the needle side profile form.

Choice of other rational parameters of the needle-shaped organ (disk diameter, space
between disks, number and widths of needles in the disk) on the basis of the theoretical analysis is
difficult; the given parameters should be defined on the basis of experimental investigation by all
means. With accuracy quite suffice for practical calculations we assume that with a straight needle
set under an angle towards the disk radius and the needle that is a part of the circumference of a
radius, the work of a needle of any kind could be described.

For comparative estimation of the needle ripping ability of various type: (straight, radially
planted; straight, deviated from radial line to angle 8 and carried out about the circumference with
curvature radius Y, it is necessary to define the length and area of deformed soil plots in longitudial
vertical plane.

Carrying out theoretical inverstigations the following assumptions had been assumed:

Soil medium is of homogeneous composition; depth of setting into the soil and increasing
speed of disk motion are constant; the needle-shaped disk axis move in a straight line parallel to the
field surface.

In the process of disk run the deformed plot section of the soil in the longitudinal dierction is
restricted by the rounding line group corresponding the needle position and the field surface line (2)

Equation of one of straight needle positions or equation of straight line 0;4; (pic. 1) in a
general form is as follows:

Y-V, =KX -X,)
in our case
Xo =Ro
Y, =R

where K =tg (g - (p) =ctge

R-disk radius at the needle points

@-turning angle of the needle-shape disk.

Thus equations of straight line 0;A; will have the form:

Y—R—(X—Rp)ctge =0

For analytical expression of straight line group (position of needles, the equation is solved

jointly

Y-—R—ctg(X—Rep) =0
=Y = R = ctgp(x - Rp)] =0 M
having differentiated the second equation of sysem (1) will be

1
X =Rep — ERsinZgo

Inserting meaning X in the first equation of expression (1), we get
Y — Rsin¢p =0 (2)
from which
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_ Y R—Y )
sing = |=; cosQp = |——
= IR ¢ R

Input and output angles of the radially placed needle in the soil can be determined from the

expresiions:
Y
= arcsin |—
(pBX R

R-Y
Qprix = —arc cos
4 0: (x.. %)
18
@,
EN (S
7 TR
¢ ~
sn’? ) -
o Lo o XL

Pic. 1. For obtaining the equation of rounding for the straight needle that is set radially

Expression (2) could be written in a form of
R
Y_E(l —cos2¢) =0
from which
R
Y = o) (1 —cos2¢) 4)
Equation for determination of the rounding is presented in a form of

R
X= 7 (2¢p — sin2¢)

R
Y = 0 (1 — cos2¢p) (5

Expression (5) is the cycloid equation with the radius forming a circle R/Z, turning angle of

which is determined be angle 2¢. Excluding parameter ¢ and inserting expression (3) in equation
(1) we get equation of the rounding in an inevident form

X=R arcsin\/g — (w/Y(R - Y)) (6)
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Applying expression (6) we define the length of the plot under deformation on the soil
surfacewhenY = h

h
Xopx = —Xopux = R arcsin i Vh(R — h) @)

Equation of straight line passing through point A; (pic. 2)
Y-V, =KX —-X,)
Coordinates of point A;:
X1 =R — R sing
Y; = R(1 — cosop)
The angle coefficient K = tg[90 — (¢ + B)] = ctg(p + B),

at that position of the needle deviated from the radial direction to angle g will have the form
as follows:

sinf
(Y—R)tg@'*‘ﬁ)‘i‘Rm:X—R(P (8)
Differentiating expression (8) according to ¢ we get
Y = R[sin?(¢ + B) — sinf sin(p + B)]

8 Ot(xo yo)

By

\‘?"9

et x 2
-
5 \
pra—
7] I o o

Pic. 2. Getting the equation of rounding for the needle straight line, deviated from the radial direction

sinf sin?B Y
2 T 77 Tr)7F ©)

from which ¢ = arcsin

SowhenY = h needle input and output angles into the soil are determoned from expression:

sinf sin?f h
2 4 R

. sin?f h sinf
PpLix = —|arcsin \/: — T — '3

Py = arcsin

- B
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. |n
when 8 = 0; @y = Qg = arcsm\/;

Inserting meaning Y in equation (8) we get equation for determination of the rounding group
line (corresponding needle positions)
_ sinf B 5 ) ) }

X=R {(p + —cos((p 5 tg(p + B)[cos*(p + B) + sinBsin(p + B)]

Y = R[sin?(¢ + B) — sinfsin(p + B)]
3. Conclusion

The greates meaning of S angle could be determined from the condition of the extreme
working position of the needle (in horizontal position) (pic.3)

) oiD R-—h
SlnﬁMax = O_A = T
The needle deviation angle from the radial direction should be within

R—nh

0 < pB < arcsin

'p
i
.

Pic. 3. Scheme for determination of the extreme angle of needle deviation from the radial direction
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OIIPEJAEJEHME JJIMHBI 1 TJIOIIA AN TE®OPMUPYEMBIX
YYACTKOB ITOYBBI IPSIMOM UT'JIOM

PE®EPAT: [1na OUEHKM BAMAHMA Yria OTKNOHEHUA UMbl OT PaAMa/ibHOrO HamnpaB/iieHWA Ha A/ UHY U Mowanb
Aebopmaumm 1 ynpoLLeHns JanbHENIMX pacyeToB BBeAeHbl KO3QOULMEHTbI OTHOCUMTE/IbHOTO U3MEPEHMUA.
Ha ocHoBaHWW pacyeToB NOCTPOEHbI rPadUKKM 3aBUCMMOCTU KO3IDPUUMEHTA OTHOCUTENIBHOTO M3MEHEHMUA
AMHBI M naowaan aedpopmmnpyemoro yyacTka. Ha oCHOBaHMM TEOPETUYECKUX Pa3paboToK MOMKHO CKasaTb,
YTO ANA MPAMbIX UMM OCHOBHbIM GAKTOPOM, ONPeAenAoWMM PbIXAALLYI0 CNOCOOHOCTb WA, ABNAETCA YroN
OTK/IOHEHWA UTNbl OT PagnanbHOro HanpasieHuUA.

K/ZTIOYEBbBIE C/IOBA: paguanbHoe HanpasneHue; gepopmaums; KOIGGULMEHT OTHOCUTENBHOIO M3MEPEHUS; rpaduk
3aBUCMMOCTU; fedopMUpPYyEMBIIt YHACTOK.

1. BBeaenue

B mporecce paboOTBl POTALIMOHHBIX JIHCKOB,
JUTSL OTIPEJICTICHUS JJIMHBI J1e()OPMHPYEMOTO ydacTKa s ™
P, mipu BXOJ€ WIJIbI, OTKJIOHCHHOW OT paJUaIBLHOIO o =
Hanpasienuss Ha yron [ (puc.l), oboznaunm P, =

X k Py = Ko A
v
H. Hobamsmm, 2. OCHOBHA% YaCTh
KaHauaaT TCXHUYCCKUX

HayK B. Xomacypunse,
o o aKaJleMUuK AKaJIeMun
st onpenienieHust orudaromieit ceMencTBo 5KOTOTHYECKHX HayK

JIMHUU UMEEM: Tpysun

X =R {4 tg(p + lcos?(p + ) +sinfsinp + DI ()

V= [sin?(p + B)- sin Bsin(p + B)].
I[Tocne moacTaHoBKU B ypaBHeHue (1) HalileHHBIX 3HAYEHUH YITIOB @y M (g, TOTYUHM
3aBUCHMOCTHU I ONpeieeHUs IIMHBI Je(OPMUPYEMBIX YYACTKOB IPOJOILHO — BEPTHKAILHOM
IJIOCKOCTH MIPH BXOJIE U BBIXOJIE MIJIbI U3 OUBBI:

sinf sin?f h R sinf
— |-R —
2 + 4 + R A+

cos[arc sin( Sl;lﬁ + 7 tg)l

X o = P, = Rarcsin

sin sin? h sin
—Rtg |arc sin 2'8 Z k R cos? |arcsin k +
sinf sin’?f h
+si + +—= | 2
sinfs > 2 R (2)
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, sin?f  h  sinf R sinf
Xpox = kP = — Rarcsin 2 +E_T - RB + +

+Rtg[arcsin

(3)

Puc.1. Cxema Kk onpeejieHUI0 JJMHbI M IO 1eGOpPMHPYEMOro y4acTKa UIJIOH, OTKJIOHEHHOI OT
PaaNaJbHOT0 HANIPABJIEHHS.

IMpu B = 0 Beipaxenus (2 ) u (3) nepenuiryTcs B BUIC

h
Xopx = Xopux = —Rarcsin i Vh(R — h).

[Tnomane neopMUpyeMOro ydacTka MOKHO BBIPA3UTh B DJIEMEHTAPHBIX (PYHKIIHUSX JIUIIb B
ciydae, korga [ = O:

h
|y
:F'OC}'M:“F;BX-I_“]:;;LIXZZJ" Rarcsin E—\/Y(R—Y)ay =
o

3 Yy R? 2h
=(§R—h>\/h(R—h — R(R — 2h)arcsin oy %—arcsin(l—?ﬂ. 4)

[Tyrem TpuroHomeTpuyeckux NpeoOpazoBaHuil ypaBHEHHE (4) MOXKHO NPUBECTH B BUIY
M3BECTHOMN 3aBHCUMOCTH JJISl ONIPENIENIeHNUs IUIOIAAHN POJIOJIBHOIO CEUYEHUs JTyHKH, 00pa30BaHHON
JonacTHbIM Kosiecom (1):

3 h 3 2h h
Foeym = R <§_§> VRh - h% — R? (———) arcsin 7 (5)

2 R
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[IpousBenem pacuer nedopManvy MOYBBI ISl IPSIMOM UIJIBI, PACIIOIOKEHHOM MO YTIoM f3
K paauanbHOMy HampabiieHuio (cMm. puc.l). 0A = R; OB = 1, — paguyc CTYNHUIbI HUTOJbYATOrO
JTUCKA.

[Tpu Bo3pactanuu yrina [ anuHa AeGOpMHPYEMOro ydyacTKa U COOTBETCTBEHHO IUIOLIA/Ib
IpU BXOJE WIJbl B IOYBY YBEIMUYMBAIOTCS, a NPU BBIXOJAE YMEHBILIAIOTCA, OJHAKO MEHee
uHTeHcuBHO. [ToaTomy oOmias nuHa ydyactka qedopMaluy pacrer.

YMeHblIeHue JJIMHBL 1ehOpMUPYEMOro y4acTKa MPHU BBIXOJI€ UTJIbI U3 MOYBHI MPOUCXOAUT
10 [ = 0.31 pan. (18°). danbHeiiiee yBenudeHUE yriia OTKIOHCHHS HE OKa3bIBAaCT CYIIECTBEHHOIO
BIIUSTHUS Ha BEIWYMHY JAceQopMarviy MMPU BBIXOJE HMTJIBI, TaK Kak mpoduib (GopMHUpYeT KpailHss
TouKa urisl A; (puc.2).

Hedopmarnuss B gaHHOM ciiydae Tpu Bbixone (mmHa KP) ompenensiercs w3 ycnoBus

JBIDKEHUS TOYKH A; TI0 IUKIIOHJIE:

R-Y
X+Y-(2R-Y) =Rarccos R

npu Y =nh

—Jh 2R =h).

I[J'ISI OLICHKU BJIMAHUSA yIJIa OTKIIOHCHHA UIJIbI OT PaAWaJIbHOI'O HAIIPABJICHUA Ha UIMHY U

/X oppx /min = Rarccos

Ijiomaib z[e(bopMauI/m " YIPOUICHUA JaJbHEUIITNX pacuc€ToB B BCIACM K03(1)(1)I/II_II/ICHTBI OTHOCHUTCJIb-
HOI'O UIBMCHCHHMUA.

2L

Puc.2. Cxema k onpejeneHUI0 BeTHYHHBI eOpMany NOYBbI IPH BBIXO/E UIJIbI.

JnmuHel v mmomanu neGopMupyeMoro ydacTka, HE 3aBUCAIINME OT TIIYOMHBI MOTPYKCHHS

UTJIBI.
XCM
kip = y; 6
L. (6)
Feym
k,p = —2—. 7
2 Fm

1€ Xy, Feyn~ IVIMHA U TUIOMIA/H 1€GOPMUPYEMOTO yIACTKA UTJIOH, OTKIOHEHHON OT PAIHaIbHOTO
HaTpaBJICHUs Ha yroi f5;
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Xocymr Focyw~ IMHA M IUIOWAnL JAeQOPMUPYEMOro ydacTKa IIPAMOH, pajuajibHO
pacnojoxenHou urioi (S = 0).

Ha ocHoBanuu pacuetoB nmoctpoeHsl rpaduku (puc. 3,4) u no meroauke [2] - kosdduiineH-
ThI OTHOCHTEJIBHOTO U3MEPEHUS JUTHHBI TUIOMAIU 1eOPMUPYEMOT0O yJIacTKa armpOKCHMUPOBAHBI

BBIPpAXXCHUAMUA .
1
kg = ————; 8
B~ 1-076p ®)
kg = — 9
2671 -0,86B" )
rac B - Yr'oJI OTKIIOHCHHA UTJIbI OT PAAUAJIbBHOI'O HAITPAaBJICHU, PA.

B obmiem cnydae anuHa aeopMupyemMoro yuyactka

h
Xeym = k15 (Xopx + Xopux) + B = kqp2 Rarcsin\/; —vh(2R—-h)|+B, (10)

rae B - mmpuHa urisl .

L

ol ' //
L4

J LA

10 K/

0 g4 02 4 f4 o5 p’@

Puc. 3. 3aBucumocTn K03(l)(l)l/llll/leHTa OTHOCHUTECJIBHOI'0O U3BMCHCHUSA TJIMHBI Zle(l)Ole/IpyeMOFO Y4yacTKa oT yrJja
OTKJIOHCHUS UIJIbI OT PAHAJbHOI0 HAIIPABJICHUSA

o /

!

/
I /

14 : /’/(

iz v
v

1,0/

0 04 02 03 o4 & jipp

Puc.4. 3aBucumMocts K03 (pHIIMEHTA OTHOCHTEIHLHOTO H3MeHEeHHs IO M AepopMUPYEeMOro y4acTKa oT yriia
OTKJIOHEHUSI UTJIbI OT PAAHAJILHOT0 HATIPABJICHHUS
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3. BLIBOaBI

[Tnomane nepopMupyeMoro yaactka

3 h 2h
Feyu = kap (ER_ h)\/Rh— h? — R(R — 2h)arc sin R 7|z @ sin (1 -y )] + Bh. (11)
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DETERMINATION OF THE LENGTH AND SPACE OF THE
DEFORMABLE SOIL PLOTS WITH STRAIGTH NEEDLE

SUMMARY: To estimate the influence of needle deviation angle from radial direction on the length and space
deformation and simplification of further calculations we introduce relative measurment coefficients. On
the basis of the calculations the relative changes coefficient dependence graphs of the deformable plot
length and space have been built.

On the basis of the theoretical development it could be said that for straigth needles the main
factor that determines the loosening capacity of needles is the needle angle deviation from radial direction.

KEY WORDS: influence, needle deviation angle, radial direction, relative changes, deformation.

1. Introduction

In the course of rotary disks run we mark P,, = Xy, k P, = Xy, for determination of the
length of the deformable plot P, at needle penetation deviated from the radial direction to angle g
(pic. 1).

2. The Body

To determin the group line rouding

X=R{p+ ooy~ 9 + Plcos(p + §) +sin f sinp + HI (1)
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V =[sin?(¢ + B) - sin Bsin(p + B)]
Inserting obtained meanings of angles ¢,, and ¢,,,, in equation (1) we get dependences for
determination of the length of the deformable plots of the longitudinal-vertical plane at the needle
input and output into/out of soil:

sinf sin’?f h

R sinf
2 * 4 +R

. —
cos[arcsin(# + S”}}’B+%)]

X .. = P, = Rarcsin

-RB +

sinf sin’?f h 5 [ sinp sin?B h
+ + = cos“ |arcsin

2 | 4 'R 2 Y2 Tt

—Rtg |arc sin

sinf sin’?f h
2 "7 "R @)

_ sin?f h  sinf R sinf
XBbe:kP:_RaTCSln _ e ———]- Rﬁ + 4
4 R 2 . sin?f  h  sinf
cos |arc sin T tE o

_ ’Sinzﬁ h sinf 5 , /sinzﬁ h sinf
+Rtg[arcsin 1 +§— > 1{ cos*[arcsin 1 +§— > ]-

sin?f h sinf

+sinf

—Ssin +=—— 3
B x TR (3)
Ve P
7~ : \\\
/ \
8 / 1 ! \
op % ] ; |
X ix . -
B \ !
uc) - Bt /
ilgl /2 Vi
NN e
v J x
Pic. 1. Scheme to determine length and space of the deformable plot with needle deviated from the radial
direction.

When S = 0 expressions (2), (3) will be copied as follows:

Xosx = Xosux = —Rarcsin /h/R —+Vh(R—h)

The space of the deformable plot could be expressed in elementary functions only in case
when g = 0.
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h
y
TocyM=ﬂx+ﬂblx=2f.lRarcsin E—,/Y(R—Y)ay =
o

= GR — h)\/h(R——h— R(R - 2h)arcsin\/§—%2 % — arcsin (1 — %)] 4)

By means of trigonometric transformations equation (4) may be brought in a form of the
known dependence for determination of the longitudinal section space of the hole formed by the
paddle wheel (1).

3 h 3 2h h
Foeyu = R (E_E) VRh - h? — R? (———) arcsin\/; (5)

2 R

Let’s colculate soil deformation for the straight needle situated under the angle towards S
radial direction (pic.1).

0OA = R; OB = r, - radius of the needle shaped disk nave.

When angle g increases the length of the deformable plot and accordingly the space at
needle intput into the soil increases but at output it decreases, though with less intesiveness.
Therefore the overall length of the deformable plot increases.

Deformable plot length decrease at needle output from the soil takes pleace up to g = 0.31
pag.(18°). Angle deviation further increase has no considerable infuence on the deformation size at
the needle output as the profile forms the extreme needle point A; (pic.2).

Deformation at output (length kP), in this case, is determined from the condition of the
point A; motion along the cycloid.

R-Y
X+{Y-(2R-Y) =Rarccos

WhenY =h

7 h—w/h(ZR—h)

For estimation of the influence of the needle deviation angle from the radial direction
towards the deformation length and space and simplification of further calculations we introduce
coefficient relative changes.

/X osix /min = Rarccos

2L
pic.2. Scheme for determination of the size of soil deformation at needle output.
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Length and space of the deformable plot independent on the needle penetration depth:

chM
kig =—— 6
8=y (6)
TcyM
kop = 7
8= @)

where Xy, Foyu- longth and space of the deformable plot with needle deviated from the
radial direction towards f;

Xocym» Focym — lEngth and space of the deformable plot with straight radially situated needle
(8 = 0).

On the basis of the built up graph (pic 3,4) calculations and according to methodics (2)
coefficients of the length relative measurement of the deformable plot are approximated by
expressions (8) (9).

1

6= 170768 ®
1

kop = m, 9)

where S — angle of needle deviation from radial direction.
In a general case the deformable plot length

Xeyw = k18 (KXony + Xopux) + B = kig2 |Rarcsin \/é— JhR-n)|+B, (10)
where - needle width.
ks | I,
6]

v

i4
oL LA
10 L‘Z/

0 ¢4 02 Q3 P4 05 p’@

pic. 3. Dependence of the length relative change coefficient of the deformable plot on the needle deviation angle
from radial direction.

133



UNHNSINGOVEM L33IGE0IHM-GITE03IAG0 LNEBNHANGON FIA6320 , iIIOUNBILML 653030 LS ddBO+
SCIENTIFIC-TECHNICAL INFORMATION- INTERNATIONAL JOURNAL ,,GEORGIAN OIL AND GAS" MN24, 2009
MEXOYHAPOLHbIA HAYYHO-TEXHUYECKMIM, UH®GOPMALIMOHHBIN XKYPHAN , HE®Tb U FA3 MPY3UN"

BEMNAIB - 632N 30MMRIBNL 333MTIEIBI LIPVENIAM J3V3I3 9N - SCIENCE

’?jf /]
/
A

v
10

0 04 02 03 04 & Q.3

pic.4. Dependence of the space relative change coefficient of the deformable plot on the needle deviation angle
from the radial direction.

Space of deformable plot

3 h R? 2h
Foyns = kg (ER . h)\/Rh— 2 — R(R — 2h)arc Sin\/;—— T aresin(l — )] +Bh (11)

3. Conclusion

On the basis of the theoretical development it could be said that for straight needles the main
factor that determines the loosening capacity of needles is the needle angle deviation from radial
direction. Relative meansurement coefficients have been introduced to estimate the influence of
needle deviation angle from radial direction on the length and space deformation and simplification
of further calculations.
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ONPEJEJEHUE NJJIAHBbI H IVIOIMAJIA TE@OPMHUPYEMBbBIX
YYACTKOB ITIOYBbI UTJIOU, U3OTHYTOHU IO AYTE

PE®PEPAT: [1na OUEHKM BAMAHMA Yria OTKNOHEHMA WMAbl OT PaAMANIbHOrO HanpaB/feHWs Ha AJ/MHY W Naowagnb
Aedopmaumun 1M ynpoweHns AanbHenmx pacyetoB BBeAeHbl KO3QPUUNEHTbI OTHOCUTENBHOFO U3MEPEHMA.
Ha ocHoBaHwWu pacyeToB NOCTpoOeHbl rpaduKu 3aBUCMMOCTUM KO3DPUUMEHTA OTHOCUTE/IbHOTO WM3MEHeHMUA
OJ/MHbI U nowaan AedbopmMmUpyemMoro yyactka. Ha ocHoBaHWMM TeopeTUyecKunx pas3paboToK MOMKHO CKasaTb,
YTO AR MPAMbIX UM OCHOBHbIM GAKTOPOM, ONPEAENAIOLMM PbIXNALLYIO CNOCOBHOCTb WA, ABAAETCA Yron
OTKJIOHEHWA UT/bl OT PaAVasbHOTO Hanpas/ieHuUA.

K/NTKOYEBbLIE C/TOBA: yron oTKNOHEHUA; paauanbHoe HanpasieHue; gepopmaums; pbixaawas cnocobHoCTb.

1. BBeaenue

ArpoTexHUYeCcKHEe IOoKa3aTeau paboThl Uro-
JbYATHIX JIUCKOB OMNPEIENIAIOTCS PEXUMOM padOThI f'\ A Y
HIIIL . = =
Paccmotpum pa®oTy WIJIbI, BBIIOJIHEHHOHN IO
OKpYXHOCTH (puc.l). Rt
Bennumnna paanyca KpUBHU3HBI UIVIBI  XapakTe- )
pHU3yeTCsl OTHOCUTENBHBIM KOA(P(QHUIHUEHT KPUBHU3HbI

H. UobamBuimn,

KaHIUIaT TEXHMIECKHX HTIJIBI b. Xomacypussze,
HayK 0. A aKageMUuK AKaJeMun
k = uili Ty 9KOJIOTMYECKHX HayK
- ~— Tpysuu
0,4; R

2. OcHOBHAA YACThH

Jlnst onpeiesieHys OJIOKEHUS IEHTPA KPUBU3HBI OTHOCUTENIBHO LIEHTPA UT0JIbYATOr0 JUCKa
BBEJIEM YHCJIEHHBIM IOKa3aTelb, XapaKTepU3YIOIIHMM CMEIIEHHE LEHTpa KPUBHU3HBI HIJIBI IO
OTHOILIEHUIO K [IEHTPY UI'0JbYaTOr0 IUCKA!

O
04/
rae O;/l;- paccrossHME OT LIEHTpa JUCKa J0 HPOEKIHMHM LEHTpa KPUBU3HBI WIVIBI Ha €€
paguanbHOE HAIPABIICHUE;
0; A; = R - pagnyc HCKa MO KOHIIAM WIJI.

YCI0BHO cyMTaeMm, YTO €CIM MPOEKLMs LEHTpPa KPUBHU3HBI HWIVIBI HA €€ pagualbHOE
HaIpaBJICHUE CMEIIEHA OT LEHTpa AucKa Touyku O; MO0 HAmpaBJIEHUIO K KOHIly MIJIbl B TOYKE A;,
3HaueHHUe N OyAeT OTPULIATENbHBIM, B IPOTUBOIOJIOKHOM HANPaBICHUH — MOJIO0KUTEIbHbBIM.

VYpaBHeHHE OKPYXHOCTU B IPUHSITON HAMH CHCTEME KOOpAUHAT (puc.l) 3amuiercs B BUIE

135



UNHNSINGOVEM L33IGE0IHM-GITE03IAG0 LNEBNHANGON FIA6320 , iIIOUNBILML 653030 LS ddBO+
SCIENTIFIC-TECHNICAL INFORMATION- INTERNATIONAL JOURNAL ,,GEORGIAN OIL AND GAS" MN24, 2009
MEXOYHAPOLHbIA HAYYHO-TEXHUYECKMIM, UH®GOPMALIMOHHBIN XKYPHAN , HE®Tb U FA3 MPY3UN"

30609/ - 5N 3I0MMLRIBNL 333MYIEIBI LIFIBENIGM J3L2I3IdN - SCIENCE
(x — xoi)z + - yoi)z = ruz-
KoopauHatel LEHTPa OKPYKHOCTH:

Xo;i = R — rysin(@ +y);
Xoi = R —rycos(@ +y);

e
_ 0yl JK?—(1-n)?
"9y = 0l n '
34
5 Olf(x-}{o)
T
N
N
\\.3 ~Li/;

7 L2

Puc.1. Cxema K BbIBOAY YpPaBHEHUIi orudaroueii 1Jisi MIJibl, BHINOJHEHHOH M0 OKPYKHOCTH.

Torma YpaBHCHHUEC OKPYKXKHOCTHU MOKHO IICPCIIUCATh B BUJC

(x — Rp)? + 2r,(x — Rp) sin(p + y) + (y — R)? + 2r,(y — R) cos(¢p + y) = 0.
Jln1st IoTy4eHus orubaroIeil COBMECTHO PEIIaeM yPaBHEHHUS

(x = Rp)? + 21,(x — R@) sin(¢ + ¥) + (y — R)? + 2r,(y — R) cos(p +y) = 0;
d
F =[(X —Rp)? + 2r,(X — Rp)sin(p +Y) + (Y —R)? + 21,,(Y — R)cos(p + Y)] = 0. (1)
[Mpomuddepenmporas BTopoe ypaBHeHue /1/, momyuum

rsin(o +y) —my, @

— Ry = =
X rcos(p +y) R’

riae
_ ksin(p +y)
m= kcos(p +y) —1°
[Tocne moacTanoBKY 3HaueHHst X B mepBoe ypaBHeHue (1), nmeem:
(m? + 1)y? + 2[r,msin(p + y) + 1, cos(¢ + y) — R]y + R?> — 2Rr, cos(p + y) = 0.
Toraa ypaBHeHust orubaroieit cemMeicTBa JIMHUKA (IOJI0KEHUI UTJIBI) 3aMHIITYTCS B BUJIE:
x = Ry + my,;
(Mm?+ 1)Y?+ 2R [kmsin(p +Y) + kcos(p + Y)-1]Y + R? [1-2kcos(p + Y)] = 0. (3)
3HaueHHe OpIUHAT MOXKHO OINpENeNuTh, pemuB ypaBHeHHe (3) Kak KBaJIpaTHOE,
MIpeIBAPUTENILHO 33AaBIIMCh 3HAYCHUSIMH YTJIa .
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[lpu ¥y = h, 01 = Quy, P2 = Ppux- TOrma juMHa AePOPMHUPYEMOrO y4YaCTKa, ONpEIEICHHAsA W3
bopmyisr (2):

ksin(p+y)
kcos(p +y)—1"

ksin(p +y)
kcos(p +y) —1

[Ipy OTHOCHTENBHO MAJIBIX paguycax KpMBU3HBI MBI (puc. 2) rpanuna aedhopMUPYEMOro

yyacTka B (ha3e BBIXOJA €€ W3 MOYBHI, 00YCIOBJIEHA JBHKEHHEM KpaiiHel Toukd (A;) Wbl U HE
3aBUCHUT OT paJiyca KpUBU3HBI I1OCIIETHE:

(Xgx)min = R arc cosRTjh —h(2R — h) (5

Xpx = Rpgy + (4)

biIX = R(pBle +

nmpu 1, = o0, yrony ="/,
Torna ypasaenus orubaromei (1) mocne npeo6pa3oBaHuii IEPENUITYTCS B HESBHOM BUJIE:

X = Rarcsin %— VYR — h.

B nanHOM ciyyae ypaBHEHHE MPOJIOJIBFHOTO MPO(UIIS JTYHKU TaKoe ke, Kak U y PagrualbHO
pacroyioskeHHo npsmoid urisl ipu = 0.

[Tnomane nehopMHUpPYEMBIX YY4aCTKOB OINPEEIIIN METOJOM MPHOIMKEHHOTO HHTETPHUPO-
Banus (1). [To aHanoruu ¢ Urioi, OTKJIOHEHHOW OT paJHalbHOrO HAPABJICHUS Ha yroi 3, BBEAEM
OTHOCHTENbHBIE KOX(P(UIUEHTH BIUSHHUSA pajdyca KPUBH3HBI HWIJBl Ha JUIMHY M IUIOLIA]b
neGopMHUpyeMOro yyacTka:

xC
ki = = ) (6)
Xocym
Feyw
Kppy = ——. (7)
2ru E) ey
3nech Xcyws Feyw - IVMHA ¥ TUIOMA B 1€POPMUPYEMOTO yIaCTKA MPAMON UTIION (7, = ©0).
Vm L
A -~ N
. - TN
1
) \
0 - . |
i \ X /
WAL B 0, /
: 2
7 7
/S =
\ — 4.-:/ apage,

Puc.2. Cxema k OonpeaejJeHuIo NpeaejbHoro paanyca KpuBM3HbI UIJIbI IIPHU OﬁllleM cJaydae pacnojaoKeHus
HEHTPpa €€ OKPY/KHOCTH.
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Ha ocHoBanuu pacuetoB moctpoeHsl rpa¢uku (puc. 3 u 4); oTHOCUTEIbHBIC KOd(PHIH-
SHTbI BIUSHUS pajinyca KPUBU3HBI MIJIbI HA JJIUHY U IUIOMAAb 1e(hOPMUPYEMOTO Y4acTKa ammpo-
KCUMHUPOBAHbI BHIPAKCHUSAMU:

ru
Kipy = ; 8
= . — 0,88IR — 0,68R ®
ru
Koy = . 9
2T —0,86I1R — 0,78R ©)

Ha puc. 3 u 4 BUIHO, YTO ¢ YMEHBIICHUEM PaInyca KPUBU3HBI UTJIBI M TICPEMEIICHUEM I[CH-
Tpa KPUBHU3HBI BBEPX 10 OTHOIICHUIO K IEHTPY MTOJIbYATOrO JUCKA, JUIMHA M TUIOMAab nehopMu-
pyeMoro Urioi ydactka yseanuuBaroTcsi. Hanbomnee nenecooOpa3HbIM SBISETCS OTHOILLIEHUE N =
—0.5 ... 0. IIpu 3TOM panmoHanpHbIe 3HAYCHUS paguyca KpUBU3HBI UTIbI 1;, = (1 ... 2)R HaxoasaTcs
B IIpejieNiax, yI0OHBIX il KOHCTPYUPOBAHUS.

JlnvHa u wiomaas 1eOpMUPYEMBIX YUACTKOB YBEIIMYEHBI IO CPABHEHUIO C aHATIOTMYHBIMU
MOKa3aTeJsIMU MPU PauaibHO PACIONIOKEHHON UIJIe COOTBETCTBEHHO B 1,6...2,6 u 1,5...2,3 paza
1 B 00IIIeM ciy4ae OnpenesstoTcss mo GopMyiam:

h
Xeym = Kiru(Xopx T Xoppx) + B = K1y 2 Rarcsin\/; —+h(R—h)|+ B; (10)

3 h R? 2h
Feg = kory, {(ER - h) vhR — h? — R(R — 2h)arcsin R g— arc sinl — ?)]} + Bh.(11)

Ananu3 Beipaxenuii (8), (9) mokassiBaet, 4TO cpaBHEHUE PAOOTHI MPSMBIX M HU30THYTHIX UIIT
BO3MOXKHO TIPU TOMOIIM OTHOCHTENBHBIX KOd(pduunentoB Kig, Kiry Kip, Kopy, Xapaxrepusy-

HOIuUxX COOTBETCTBCHHO MJIMHY U IJIOMIAAb Yy4YaCTKa ,Z[e(i)OpMI/IpyCMOFO OJHOM UIJIOoH IIpu OAUHAKO-
BOM KMHEMATUYICCKOM PECIKUME NBUKCHUS.

Kz

20 \ \ \
‘=08 | n=4{

\\ n==0,5 4 n=0,5

158 N\ N\ \XN_/fr=0

b / f
\ 5 4

1,0 R i v

0 20 4.0 60 80

K

Puc.3. 3aBucumMocth K03 PpUHEHTA OTHOCUTETbHO U3MeHEeHHUs! JUIMHBI 1e)OPMUPYEMOro Y4acTKa oT paauyca
KPHUBHU3HBI H TIOKA3aTeJIsl PACTIOJI0KEHUSI HEHTPAa KPUBH3HBI PO (IS UITHI.

138



UNHNSINGOVEM L33IGE0IHM-GITE03IAG0 LNEBNHANGON FIA6320 , iIIOUNBILML 653030 LS ddBO+
SCIENTIFIC-TECHNICAL INFORMATION- INTERNATIONAL JOURNAL ,,GEORGIAN OIL AND GAS" MN24, 2009
MEXOYHAPOLHbIA HAYYHO-TEXHUYECKMIM, UH®GOPMALIMOHHBIN XKYPHAN , HE®Tb U FA3 MPY3UN"

83B603A3d - 6N JINMRIBNL 333MYIEIBS LIZIVENIGM JIIII3 3N - SCIENCE
Kszu n=+
\ \ o
%0 ' %5
NS
15 -
1,0 |

0 20 40 60 80 %y
Puc.4. 3aBucumoctsb K03(pPuLHEHTA OTHOCUTEIBLHO H3MEHEHUs II0IAAU 1e)OPMHPYEMOro y4acTKa OT
paauyca KPUBU3HBI M MOKAa3aTeJIsl PACHOJIOKEHUS IEHTPa KPUBU3HbI UIJIbI.

Jlia ompeneneHuss MUHUMAJIbHOTO pajndyca KPUBU3HBI MIVIBI PACCMOTPUM IIPOLIECC €€ BXOJa B
nouBy (puc. 1).

Kacarenpnast A;C k moBepxHOCTH OOKOBOTO MpOGWIS UTIBl B MOMEHT BXOJa B IOYBY
COCTaBIISIET C MMOBEPXHOCTHIO MOYBBI YTOJ @y, KOTOPBIA (10 aHAIOTWU C HPSIMBIMH HIJIAMH) HE
JOJDKEH NPUHUMATh OTPULATENIbHBIX 3HAUCHUMH !

_ ] (1 h) ) (1+n)>0
a, = arc sin R arc sin )20

CJ'Ie)IOBaTeHBHO, paanyC KpUBU3HBI UTJIbI JOJIKCH YAOBJICTBOPUTHL COOTHOICHUTO

1+n
n2R—7 (12)
I=-zr

U3 YCIIOBUSL 3ariyOJIeHHs WIJIBI JHMCKa B TOYBY IOJ JEHCTBUEM BEPTHKAIbHOM HArpy3ku u
JBUKEHMSI TTOBEPXHOCTH OOKOBOTO MPOQUIIs UTJIbI B IOYBY CO CKOJIB)KEHUEM B MOMEHT BXOXKJICHUS
UTBL. YTONI MEXIY BEKTOPOM CKOPOCTH TOYKM Aj U HOPMajbl0 K MOBEPXHOCTH OOKOBOTO
npo¢ I UTJIbl B 3TOM TOUYKH JTOJIKEH ObITh HE MEHEE YIjla BHELIHETO TPEHUs:

¢ = Prp.

N3 puc. 1 BuaHO, 4TO

Q= g < 0;A;C — % = % —arc sinHTn - %arccos (1 - %) 2 Prp- (13)
W3 Beipaxkenus (13) momyumm:

1+n 1 h
( ) < cos [(pr + Earccos (1 - E)]
Paanyc KpuBU3HBI UTIIBI MOYKHO BBIOMPATh U3 COOTHOLICHUS
r 1+n
K= R = (14)

<p+%arccos(1—%)
nmpua =0
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14+n
Tumin = h
"R

IMpu 1, < rymin TOUKa A; (HaYagO WUIJIBI) B MOMEHT BXOXKJICHHS UIJIbI B [TOYBY HE OyJeT
KacaTbCsl MOBEPXHOCTH MOYBBI. Mria mpu 3TOM CKOJB3UT IO MOYBE CBOCH BBIMYKJIOW YACTBIO.
3arny0OJieHre ee B MOYBY IIPH 3TOM OyIET COMPOBOKAATHCS YBEIHMUECHUEM BEPTHKAIBHON HArpy3Ku
Ha JHUCK, BO3MOXHBI MU3TUO ¥ MONOMKa WL [lpu yMeHbIIeHUH paanyca KPUBU3HBI UIJIBI JIUCKA,
wiom@aap AeGopMUpyeMoro  Wrjiod ydacTka IOYBbI B MPOJOJIbHO-BEPTUKAIBHOM IUIOCKOCTH
yBenuuuBaetcs. ClieoBaTenbHO, W3 YCIOBHUS MOBBIIICHHS KaueCcTBAa KPOILIEHUS, MUHHUMAIbHBIN
paaryc KpUBH3HBI UTJIBI, OnIpeaessiemblii 3aBucumoctsivu (12), (14), sBasieTcst paliiOHAIbHBIM.

Amnamus 3aBucumocteir  (12), (14) mokaseIBacT, 4To ¢ MPHOIMKEHHEM IICHTPA KPHUBHU3HBI

MIJIBI K LOCHTPY MIOJbYATOIO JWMCKAa PpaauyC KPUBU3HBI MIJIbI JOJDKCH YBCIMYMBATHLCA:

=— h_1 1, - 0
paroHanpHBIe ero 3HadeHus npu n = —0,5...0 (R =3 Pp = 20...40 ) HaxoAsaTCAd B
npenenax 1,(1..2)R.

3. BLIBOIBI

Ha ocHoBaHuuM TeopeTnyecKux pa3padoTOK MOXKHO CJENaTh CIEIYIOIINE BEIBOIBI:

1. PaGouwnii mpoduiib UMbl B TUIOCKOCTH UTOJIBYATOTO AUCKA 3HAYUTEIHHO BIUSET HA UTHHY
neopMUPYEMBIX UTJION YY4aCTKOB U IJIOMIAAb CeUeHUs AeQOopMUpYyeMON MOYBBL. J{JIs MPSMBIX UIJI
OCHOBHBIM (DAKTOPOM, OTMPEIEISIFOIINM PHIXJISIIYI0 CIOCOOHOCTD UTH , SIBISIETCS] YO OTKJIOHEHHS
UIJIBl OT PAJUAIbHOTO HAMpPABJICHMS, JUISI U30THYTHIX — PAJUYyC KPUBU3HBI U TOJOKEHUH IIEHTpa
KPUBHU3HBI UTJIBI OTHOCUTENIHHO IIEHTPA UTOJIHYATOTO JINCKA.

2. C 1uenpio MONYYCHHS MaKCHMATbHO IeOPMUPYEMOr0 WIJIOH y4dacTKa B IPOJIOJIEHO-
BEPTUKAIBHON TUIOCKOCTH, YUUTHIBAs, YTO yroJI BXOJA UTJIBI B TIOYBY JOJKEH OBITh HE MEHEE yriia
BHEIIIHETO TPEHUSI UTJI, 3HAUYEHHUS YTJIa OTKJIOHEHUS OT PAJAHAIbHOTO HAMPABICHUS JIJIsl IPSIMBIX UTJI
JTOJDKHBI HaxomuThesi B mpemenax 0.35...0.52 pax. (20...300). Jlns HM30THYTBHIX IO Jyre
OKPYKHOCTH WIJ pAallMOHAIbHBIM pajnyC KPUBU3HBI 3aBUCUT OT TMOJOKEHHS LIEHTPAa KPUBU3HBI
uribl. [Ipu mokaszaresie MOJOXKEHHUS IEHTPa KPUBU3HBI WIIIbI, paBHOM - 0,5...0 (oTHOIIEHHS
paccTostHusL OT LEHTpa AMCKA JI0 MPOEKIUU LEHTpa KPUBHU3HBI UIJIbI HA €€ paJualibHOE Harpa-
BJICHHE K PaJNyCy JKUCKA), paJnyc KPUBU3HBI UTJIbI HAXOIUTCS B Tipeenax 1...2 paauyca JIucKa.
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DETERMINATION OF THE SOIL DEFORMABLE PLOT LENGTH AND
SPACE WITH THE NEEDLE BENT ALONG THE ARC

SUMMARY: The article considers determination of needle curvature minimal radius. On the basis of the calculations
the deformable plot length and space coefficient relative change dependance graphs have been built. On
the basis of the theoretical development it may be said that for the curved needles the main factor that
determines the needle loosening capacity is the curvature radius and needle curvature position center
towards the needle disk center.

KEY WORDS: needle curvature, deformable plot, graphs, curved needle, loosening capacity, needle disk.

1. Introduction

The agrotechnical indices of the needle-shaped disks work are being determined by the needle work
condition.

Let us consider the needle work carried out within circumference (pic. 1).

The needle curvature radius value is characterized by needle curvature relative coefficient.

_ OuAi _ Tu
k‘mm_R
2. The Body

To determine the curvature center position towards the needle-shaped disk center let us introduce
the numerical index characterizing the needle curvature center displacement towards the needle-
shaped disk center:

O:[;

0;4;

Where 0; [1; — space from disk center to needle curvature center projection in its radial direction.

0; A; = R - radius of the disk on needles both points.

We consider under condition that if the needle curvature center projection towards its radial
direction has been displaced from the disk center point O; towards the needle end point A; then the
meaning of n will be negative; in the opposite direction it will be positive.

The circumference equation in the coordinate system (pic. 1) assumed by us will be

(x — xoi)z + - yoi)z = Tuz

Coordinates of the circumference center:

Xoi = Rp —nsin(¢ +y);
Xoi = R —rycos(¢ +y);

n =

Where
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Oii Kz—l—nz
gy = Quli _ VK20 -m)
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g t
Pic.1. Scheme for derivation of the equation envelope for the needle carried out within the circumference

Then circumference equation could be copied in a form of:

(x — Rp)? + 2r,(x — Rp) sin(p +y) + (v = R)? + 2r,(y —R) cos(p +y) = 0
To obtain the rounding the equations are solved jointly:

(x —Rp)? + 21,(x —Rp)sin(p +y) + (y — R)* + 2r,(y —R) cos(p + y) = 0
0
3 =[(X — Rp)? + 21,(X — Rp)sin(p +Y) + (Y = R)? + 21,,(Y — R)cos(p + Y)] = 0 (1)
Differentiating equation two (1), we get

Ro — rsin(e +y)
x (p_rcos((p+y)—Ry

= my (2)
Where
_ ksin(p +y)
m= kcos(p +y)—1
After inserting meaning X in equation one (1) we get
(m? + 1)y? + 2[r,msin(p + y) + 1, cos(p +y) — R]ly + R?> — 2Rr,, cos(p +y) =0
So the equations of rounding group lines (needle position) will be: x = Rp + my;
(m?+1)Y?+ 2R [kmsin(p +Y) + kcos(p + Y)-1]Y + R? [1-2kcos(p + Y)] =0 (3)
Meaning of ordinates could be determined by solving equation (3) as square that is given ¢
angle meanings beforehand.
When y = h, 91 = @4y, @2 = @5« then the deformable plot length is deduced from formula

)
ksin(p +y)
kcos(p+y)—1
ksin(p +y)
kcos(p +y) —1

XBX = R(pBX + (4)

biIX = R(pBbIX +
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At relatively small radii (pic. 2) of the needle curvature pic. 2 the bound of the deformable
plot in the phase of its output from the soil is conditioned by extreme point (4;) needle movement
and it depends on no needle curvature radius.

—Jh@2R = h) (5)

(Xg)min = R arc cos

when
r, = oo, angle Y=T/,
So envelope equations (1) after transformations will be copied in an inevident form

X = Rarcsin %— VYR —h

In this case the longitudinal hole profile equation is the same as for the radially situated
straight needle when g = 0.

The space of the deformable plots was determined by the method of close integration (1). By
analogy with the needle deviated from radial direction to angle g we introduce relative coefficients

of needle curvature radius influence on the length and space of the deformable plot:
X M
ki = = ) (6)

ocyMm

cym

()

Pic.2. Scheme to determine the extreme needle curvature radius in case of common situation of its circumference
center.

On the basis of computation some graphs have been built up (pic. 3,4): relative coefficients
of needle curvature radius influence on the length and space of the deformable plot are
approximated by expressions (8,9).

ru
k = ; 8
1™y, — 0,88IR — 0,68R ®

T
ko, = v ; 9
2T —0,86I1R — 0,78R ©)
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In pic. 3,4 it is evident that the less the needle curvature radius and by replacing the
curvature radius upward towards the needle shape disk center the more the length and the space of
the deformable plot deformed with needle. The most expedient is the relation n = —0,5 ... 0. In this
case the rational meanings of the needle curvature radius r, = (1...2)R are within the limits
convenient for construction.

Length and space of the deformable plots are increased compared with analogous indices in
case of radially situated needle, accordingly by 1,6...2,6 and 1,5...2,3 times and generally they are
determined according to formulas:

Xeyw = Kiry(Xopx + Xopux) + B = ki 2 [Rarcsin \/% —Jh(R—h)+B (10)

2
Fyn = kory {GR — h) VhR — h? —R(R — 2h)arcsin\/§ — R? E —arcsinl — Zth)]} + Bh (11)
Analysis of expressions (8,9) shows that comparison of works of straight and curved needles
is possible by means of related coefficients Kz, K1, K2, Kory, Characterising length and space of

the deformable plot with one needle in case of equal kinematic condition of motion.

Ko

20

>

‘=08 | n=4{ 1
'h==0,5 & n=0,5
15\ A\ XX A’)E——

b]

N

1,0 "
0 20 40 6,0 80 u

pic. 3. Dependence of the coefficient towards the deformable plot length change on the curvature radius and the
index of the needle curvature profile center position.

Kz'zu n=+ [
n=405
2,0 \ \ %5
I\ NOKE
1,5 ~_
10 |
0 2,0 40 60 80 Zu
K

pic. 4. Dependence of the coefficient towards the change of deformable plot space on the curvature radius and
the index of the needle curvature center position.
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For determination of the needle curvature minimum radius let us consider the process of its
input into the soil (pic. 1).
Tangent A, C of the needle side profile at the needle penetration in the soil makes angle a, of
the soil surface that (by analogy with straight needles) should not take negative meanings.
, h , 1+n .
ap, = arc sin (1 — E) — arc sin (T) =>0;

Hence the needle curvature radius should satisfy the ratio

1+n
T, = R 7 (12)
=37

From the condition of needle disk penetration into the soil under vertical load and surface
travel of the needle side profile into the soil with side slip at the moment of needle perpetration the
angle between A; point vector speed and normal to the surface of the needle side profile in this
point should be no less than the angle of outside friction:

® = Prp
From (pic. 1) it is erident that
s o T o 1+n 1 h
<p=E<0iAiC—E=E—arcsm e —Earccos(1—§> 2 Prp (13)

from expression (13) we get
1+n 1 h
( X ) < cos [P + Earccos (1 - E)]

Needle curvature radius could be chosen from the relation

T 1+n
K==2> (14)

R (p+%arccos(1—%)

incaseof a =0

1+n
Tumin =

In case of 1, < r,min Needle A; point (top of needle) at the moment of needle penetration
into soil will not touch soil surface. The needle slips into the soil with its bulging part. Its
penetration into soil will be attended by vertical load increase on the disk; needle curving and break
may take place. With decreasing the disk needle curve radius the space of the soil deformable plot
with needle will increase in the longitudinal-vertical plane.

Hence from the condition of increasing the loosening degree the minimal radius of the
needle curvature determined by dependences (12,14) is rational.

Dependences analysis (12, 14) shows that drawing nearer the needle curvature center to the

needle-shaped disk center the needle curvature radius should increase more rationally than its
1 1

meaning whenn = —0,5...0 (% =i Prp =20 ...400) is within the range r,,(1 ... 2)R
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3. Conclusion

On the basis of the theoretical elaboration the following conclusions could be drawn:

1. The needle working profile in the needle-shaped disk plane considerably influences on the
length of the deformable plot with needle and the space section of the deformable soil. For straight
needles the main factor that determines the needle loosening capacity is the needle deviation angle
from the rational direction; for the curved ones — the curvature radius and needle curvature center
position towards needle-shaped disk center.

2. On purpose of obtaining maximal deformable plot with needle in the longitudinal-vertical
plane, considering that the needle penetrating angle into soil should be no less than the needle
external friction angle the meanings of deviation angle from rational direction for straight needles
should be within the range of 0,35...052 (20°...30°%) radius. For needles curved along the arc
circumference the curvature rational radius depends on the needle curvature center situation. When
the needle curvature center position indicator equals — 0,5...0 (the relation of space from the disk
center up to needle curvature center projection on its radial direction towards the disk radius) radius
of the needle curvature is within 1...2 of the disk radius.
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PREVENTION OF FIRE ON CONSTRUCTIONS

Presented by D. Tavkhelidze, member of the Academy of Sciences, Georgia

SUMMARY: The article carries a discussion on: “The test results for revealation of building material burning group”.
The authors group offer different methods for burning group revealation, in particular, to test constructions
in real conditions and natural state.

KEY WORDS: electrowelding, fire-proof, combustible, provide security, fire-danger.

1. Introduction

The most widely spread reason for fire occurrence in the process of construction is unforseen
fire security measures in the air and electrowelding process. Such cases cause great damage since the
technological equepment have already been mounted in most cases and fire ruins rhem.

When doing welding the place to work in should be at a distance of 5m radius from the
combustible materials and at a distance of 10m radius from the blasting materials. Electro and air
welding at a time in a closed area, locked premises are prohibited.

Modern construction is impossible without blasting activity, besides these works require to
follow the security rules, only competent individuals could be allowed to carry out the work with
blasting materials. They provide security for working personnel and others as well. Works attended with
explosion must be carried out in non-working hours or during breaks. It is preferable to do it in the day
time period. The charges placed in the wellhole beforehand should not be left without attention.

During the construction the storehouses create considerable problems from the firedanger
point of view. With it according to statistics the most cases of traumatism occur in the pcocess of
loading-unloading operations.

Table 1
Open expenditure Storehouse capacity m? Distance from sto_rehou_se to neighbouring building, m
storehouse mass of material, ton fireresistance degree
' land Il 11, lla, b IV, IVa, V

5000 _ 10 000 ton 12 4 15
Coal 500 _ 500 ton 8 10 14
<500 ton 6 8 12
Peat lump peat 1000 _ 100 000 ton 24 30 36
<100 ton 20 24 30
Timber and wood 100 _ 500 ton 36 40 50
< 1000 m® 12 16 20
easily blasting material 1000 _ 5000 m? 30 36 40
(sawdust, chip etc) <1000 m3 24 30 36
500 _100 m3 30 40 50
easily blasting liquids 250 _ 500 m* 24 30 40
10 — 250 m? 20 24 30
<10 16 20 24
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Wooden storehouses should be dispositioned considering the fire-fighting distance, also the
constant wind direction. The wind should not be given the chance to spread the fire from
storehouses about the whole territory.

The storechouses should be equipped with fire - extinguishing technique.

The fire-fighting distance among storehouses and buildings is determined according to the
type of the storehous, space capacity and neighbouring building fire-resistancy degree (table 1).

2. The Body

According to the blasting degree the building material are devided into three groups: non-
burning, hard to burn and burning. There are several methods to determime the burning group.

We have worked out a method by help of which it is available to distinguish the burning
materials group. We have tested the following materials: wood, organic glass, pressed material
DCII, polymere glassplast, ply-®&C® covered with coat consisting of: crushed ground chalk 25%
and sifted brick 15%, water glass-60%.

We have prepared 6 specimens 150x35x10 for the test. The specimens had been wieghed
before the test and fixed on the stand vertically at 5 mm from the lamp. After switching on the
specimen the lamp had been removed. We counted the length of independet burning period. The
switching on period should not exceed 2 min. We weighed the specimen again, loss of weight is
calculated by formula:

AG = (G, -G, /G,)x100%

Where G an G, are the weights before and after the test. After having tested all b specimens
we calculate the average meaning of weight loss AG aver.

Material is considered to be combustible if:

1) Independent burning and smouldering period lasts more than 60 sec. and the weight loss
is more than 20% for even one specimen out of 6 ones.

2) Independent burning with flame or smouldering lasts less than 60 sec but the flame is
spread all over the specimen surface and the whole bulk of the material is burnt.

If these conditions are not satisfied then the material is fire-proof or hard to burn. It needs
further testing.

3. Conclusion

As a result obtained from the test we get that ply-wood is a combustible material but if it is
coated with the fire-proof material by deep-saturation methods it will turn into hard to burn material.
The inflamation group and fire-proof limit determine the degree of construction fire-resistancy (pic 1).

Determination of the building constructions fire-proot limit is carried out experimentally in
special furnaces. The fire-prevention distance between industrial buildings is standartized and
should be taken from tab. 2.
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Table 2
Distance between building and construction at various fire-
proof degree (m)

Fire-proof degree of the
construction

land Il Il IV and V
land Il is not standartized 9 12
11} 9 12 15
IV and V 12 15 18

Fire-danger and inflomation-danger buildings should be dispositioned considering the wind
direction and relief.

Roads, entrances and squars should provide fire vehicle free drive to the building without
any difficulty.

The discussed preventive measures allow to avoid the damages caused by fire fully or
partially.
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SECTION OF GEOFYSICS

UDC513.511.509
ON INTEGRAL PROPERTIES METEOROLOGICAL VALUE FORECASTING SCHEMES,

“SLOW MODIFIED” FLOW, CONSIDERING OROGRAPHY. z. Khvedelidze, T. Davitashvili,

N.Kutaladze, L.Megrelidze, I. Samkharadze.

The article deals with prediction of meteorological element several invariants of numerical
schemeconsidering orography proposed on the bases of full system of hydrothermodynamic
equations.These invariants give us posibility not only define more exactly the quality of numerical scheme
but use the invariants as criteria of numerical schemes stability as well. For the “Slow Modified”
atmospheric processes regularity (constansy) of these invariants in the permissible accuracy is proved. Such
kind of mechanism gives possibility to make parametrization of different influence factors on regional
processes and to analyse climate circular changebility on the background of modern climate warming
process.

Key words: advection; potential vortex; stationary; energy; vector.

UDC 550.831
ON QANTITIVE INTERPRETATION OF REGIONAL GRAVITATION ANOMALY. R.

Managadze.
It is the first time that the article deals with the formula deduction developed by academician B.
Balavaze.

Ag = Z(ao —o)a; + (00 — a')b + (a' - a")c + 27Tf(0' — 00)(H2 —H,)
The article is of methodic character and it can help students and young specialists to master the
methods of anomaly gravity quantitive interpretation.
Key words: gravitation anomaly classification; methods for regional gravitation anomaly research;
guantitive interpretation.

UDC 550.831
SOME RESULTS OF EARTH CRUST STRUCTURE RESEARCH BY GRAVIMETRIC
METHOD ON JAVAKHETI UPLAND. G. Managadze, G. Kutelia, B. Tutberidze, R. Managadze.

As a result of the investigations carried out it was possible to determine that by means of graphs
built up on the basis of anomalous field Ag, for various meanings of localization parametrs S, the problem
of density divider surface existance could be solved in the sedimentary complex, defined places of fracture
and the direction of their extend in depth, also in some favourable cases determine the depth of divider
surfaces dipping density.

Thus application of localization functions in sedimentation complex investigation enables to solve a
number of converted gravimetric problems. It confirms great possibilities of this method when
interpretting the gravitation field.

Key words: Javakheti upland, gravitation field, localization functions
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SECTION OF GEOLOGY

UDC 550.4:552.5(479.22)
GEOCHEMICAL DEFINITION OF THE ROCK SEDIMENTARY COVER OF GEORGIA IN

CONNECTION WITH THEIR OIL AND GAS POTENTIAL. T. Barabadze, A. Nanadze, T.
Ebralidze,G. Chankotadze, Z. Gongliashvili.

The article deals with the determination of the rock sediment accumulation conditions considering
lythologic structure, quantity and type of insoluble organic matter and bitumoids in mezzo-cainozonic
sediments; also generation potential of hydrocarbons in rocks considering their catagenesis.

Key words: rocks, organic substance, bitumoid, hydrocarbons, catagenesis.

UDC 552.578.2.061.4(479.22)

ROCK SEDIMENTARY COVER HEADER PROPERTIES OF THE TERRITORY OF GEORGIA.
A. Nanadze, T.Barabadze, G. Chankotadze, T. Ebralidze, Z. Gongliashvili.

On the basis of the reservoir classification according to the rock lithologic composition it is stated
that the existence of 1-st (clastic or terrigenous), 2-nd (carbon) and 5-th (volcanogenic and volcano-
sedimentary) groups in the sedimentary cover of the territory of Georgia has been proved. Existance of 4-th
group (magmatic and metamorphic rock crust depletion) may be admitted hence the common geological
point of view.

The article carries summary description of sedimentary cover crust header properties of west (Rioni
depression) and east (Mtkvari depression) Georgia.

Key words: lithological composition, terrigenous, volcanic, crust depletion, sedimentary cover, rock header
properties.

UDC 624.131.31
ENGINEERING GEOLOGICAL CONDITIONS OF CONSTRUCTION CORRIDOR OF

“NAVTLUGI TO THE SAGURAMO” GAS PIPELINE. M. Lapiashvili, Sh. Chikhradze, R.
Chikhradze, S. Stamboloshvili.

In the article the engineering-geological conditions of construction of main gas-pipeline corridor are
analyzed. Study of physical-mechanical properties of the rocks gives possibility to foresee development of
expected unfavorable geological processes, to make their estimation and to develop the security measures
in case of necessity to select the categories of manual or mechanical development. It will be possible
together with other (seismic, geodynamics, geophysics, geomorphologic, hydro geologic) data to develop
measures from construction point view and further safe exploitation of considered site of gas pipeline.

Key words: ground, erosion, landslide, consistency, moisture, plasticity.
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SECTION OF DRILLING TECHNIQUES AND TECHNOLOGY;
AUTOMATIZATION OF CONTROL

UDC 622.244.442
INVESTIGATION OF INHIBITTED DRILLING MUD INFLUENCE ON THE CLAYEY ROCK

STABILITY. G. varshalomidze, V. Khitarishvili, M. Asatiani.

When drilling wellholes in the clayey rocks the shaft swell and wellhole wall stability loss take place.
To prevent this process the inhibitted drilling muds are used which can reduce wetting and moist
absorption by the rocks, i.e. rock hydrofobisation or shaft swelling reduction. This phenomenon mechanism
has been explained and it is determined that clayey rocks swelling volume when in contact with inhibitted
electrolite mud follow the same regularities as moist mass absored by the model.

Thus applying drilling muds treated with electrolites it is possible to retain wellhole wall stability
while drilling in clayey rocks.
Key words: drilling mud, inhibite, clayey rock swell, moist, wetting.

UDC 622.24.442
GEOLOGICAL COMPLICATIONS ANALYSIS AND FIGHT AGAINTS THEM WHILE
DRILLING IN NINOTSMINDA EAST STRUCTURE. A. chichinadze.

In Ninotsminda eastern structure the following complications occur while drilling in clayey layers:
narrowing of the shaft and wall fault. They often cause drilling tool stickings. To prevent the complications
it is necessary to apply inhibitted drilling muds. Polymere calium drilling muds and fluids on the
hydrocarbon bottom have been recommended. It is necessary to work out their effective compositions in
order to reduce considerably the costs of well hole construction.

Key words: geological complications; conglomerates; argillites; cabonate clays.

UDC 622.24

ABSORPTION OF DRILLING MUD WHEN FIGHTING AGAINST GASSHOWS. I. Goguadze,
V. Khitarishvili.

When fighting against gasshows there often occurs stratum hydrorupture that may cause
absorption of the drilling mude. To prevent that it is necessary to control and monitor current pressure in
the sellhole. At the same time it is required to inspect and cheek the systems.

Key words: absorption; hydrorupture; gas patches; wellhole radius.
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SECTION OF MAIN TECHNOLOGY

UDC 622.765
ADDITIONAL EXTRACTION OF GOLD FROM TAILS OF MADNEULI CONCENTRATING

FACTORY. A.Abshilava, Z.Arabidze, Z.Gordeziani, R.Sturua, D.Talakhadze.

On the basis of experimental materials the technological scheme of additional extraction of gold
from tails of Madneuli concentrating factory is developed. As a result of realization of the given technology
of additional gold about 100 - 110 kg a year is possible to extract.

Key words: a concentration table; a cone hydrocyclone; the Centrifugal concentrator.

SECTION OF APPLYING NEW METHODS IN SCIENTIFIC
RESEARCHES

UDC631.312
622.271.282.2

ON THE PROBLEM OF NEEDLE ANGLE DEVIATION FROM RADIAL DIRECTION. N.

lobashvili, B. Khomasuridze.

For theoretical analysis of the interaction of rotary needle discs with the soil the input and output
angles of the radially set needles in the soil are given. The length of the deformable plot is determined on
the soil surface.

Key words: pricking method, needle-shaped disk, soil surface, agrycultural, deformation

UDC631.312
622.271.282.2

DETERMINATION OF THE LENGTH AND SPACE OF THE DEFORMABLE SOIL PLOTS
WITH STRAIGTH NEEDLE. N. lobashvili, B. Khomasuridze.

To estimate the influence of needle deviation angle from radial direction on the length and space
deformation and simplification of further calculations we introduce relative measurment coefficients. On
the basis of the calculations the relative changes coefficient dependence graphs of the deformable plot
length and space have been built.

On the basis of the theoretical development it could be said that for straigth needles the main
factor that determines the loosening capacity of needles is the needle angle deviation from radial direction.
Key words: influence, needle deviation angle, radial direction, relative changes, deformation.
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UDC631.312
622.271.282.2

DETERMINATION OF THE SOIL DEFORMABLE PLOT LENGTH AND SPACE WITH THE
NEEDLE BENT ALONG THE ARC. N. Iobashvili, B. Khomasuridze.

The article considers determination of needle curvature minimal radius. On the basis of the
calculations the deformable plot length and space coefficient relative change dependance graphs have
been built. On the basis of the theoretical development it may be said that for the curved needles the main
factor that determines the needle loosening capacity is the curvature radius and needle curvature position
center towards the needle disk center.

Key words: needle curvature, deformable plot, graphs, curved needle, loosening capacity, needle disk.

SECTION OF SECURITY TECHNICS

UDC 658.382

FRE PREVENTION ON THE CONSTRUCTION. N. Razmadze, L. Bardavelidze, S. Metonidze, L.
Skhirtladze.

The article carries a discussion on: “The test results for revealation of building material burning
group”. The authors group offer different methods for burning group revealation, in particular, to test
constructions in real conditions and natural state.

Key words: electrowelding, fire-proof, combustible, provide security, fire-danger.
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CEKUUA rEO®PU3UKU

YAK 513.511.509
OB UHTErPA/IbHbIX CBOMCTBAX NPOrHOCTUYECKUX CXEM «MEAJIEHHO U3ME-
HAIOLWUXCA» ATMOC®EPHbIX MOTOKOB C YYETOM OPOIPA®UWN. 3. Xsenenuase,

T. DaButawBunu, H. Kytanaase, J1. Merpenugse, . Camxapagse

B HacToAwen paboTe npeasnorKeHHO HECKOJIbKO MHBAPMAHTOB YMC/IEHHbIX CXeM MPOrHo3a MeTeopo-
JNIOTMYECKMX 3N1EMEHTOB C YYETOM oporpadmm Ha OCHOBE MOJIHbIX YPAaBHEHUN TMAPOTEPMOAUHAMUKMN. ITH
MHBAPWAHTblI AAOT BO3MOXHOCTb HE TONIbKO YTOYHWUTb KA4ecTBO MPOrHO3a, HO TaKMe MCMOo/b30BaTb KakK
KPUTEPUIN YCTONYMBOCTb YNCNEHHBIX NMPOrHOCTUYECKMX cxeM. TaKyKe A0Ka3aHO NMOCTOAHCTBO NMpPUBEAEHHbIX
MHBAPWAHTOB C AONYCTUMOM TOYHOCTbIO, 4/1A TaK Ha3blBaeMbIX «MeAJEHHO U3MEHAOLWMXCA» aTMOCHEPHbIX
NpOoLLeccoB. ITOT MEXaHN3M NO3BOAAET NaPaMeTPU3NPOBATb BAUAHUE Pa3IMYHbIX PAaKTOPOB ANA pPermoHa-
JIbHbIX MPOLLECCOB 1 NPOBOANTb aHANN3 FOA40BOrO U3MEHEHUS KAMMaTa Ha GoHe rnobanbHOro KAMmaTmyec-
KOro noTenneHus.
KnioueBble cnoBa: agBeKUMA; NOTEHLMAN; BUXPb; SHEPTUA; BEKTOP.

YK 550.831
O METOAAX UHTEPMNPETALUU PETMOHA/IbHOMN FPABVITALIMOHHO“ AHOMA-
JIUN. Manaragze P.I".

B cTtatbe npmBedeH KpaTKnit 0630p MeToA0B UCC/Nef0BaHUA CTPOEHUA 3eMHOM Kopbl M Bnepsble
OaH BbIBOA dopmysibl, pa3paboTaHHoM akagemukom b.K. banaBagse, 41a KOAMYECTBEHHON MHTEpRpeTaumm
PernoHaibHbIX rpaBUTALUOHHbIX aHOMaUN:

e . . . ,

hg, =3 (o, — 0, )a, + [ gy — 0 }b— |:::r —a ]IC' + E-Tiff[ﬂ' — cr,}}[Hj — Hlj.

CTaTba METOAMYECKOTO XapaKTepa U MOXKET OKa3aTb MOMOLb CTYAeHTamM U MONOAbIM cneumanmnc-
Tam Npu 0CBOEHUN METOA0B KONMUYECTBEHHOW UHTepNpeTauun aHOMaann CUbl TAXKECTU.
KnioueBble cnoBa: KnaccuouKauma rpaBUTaLMOHHbBIX aHOMaAWUA; MeToAbl UCCAed0BaHMA PernoHasbHbIX

rPaBUTAUNOHHDbIX aHOMaNnM.

YJIK 550.831
HEKOTOPbLIE PE3YJ/IbTATbl UCCNEQOBAHUA CTPOEHUA 3EMHOM KOPbI AXA-

BAXETCKOIo HAropba rPeABUMETPUHMECKUM METOAOOM. Manaragse I'.O., Kytenus
I.A., Tyt6epunse b. [l., Manarapse P.I'.

B pesynbTaTe NPOBEAEHHbIX WUCCAeA0BaHWI yAANOCb YCTAHOBWUTb, YTO C MOMOLLBIO FPaduUKoB,
NOCTPOEHHbIX HA OCHOBE aHOMa/IbHOTro NonA Ag, ANA pasHbIX 3HAYEHWUIA NOKANM3ALMOHHOrIO NapameTpa S,
MOHO pPewWwunTb 33aZadyy O HAJMYMKU NNOTHOCTHbIX FPaHWUL, B OCAaAOYHOM KOMIJIEKCe, YCTAHOBUTb
MECTOPACMO/IOXKEHNE Pa3/IOMOB U HanpaB/JeHUE UX PAaCNPOCTPaHeHUs ¢ r1yObuHOM, a TakKe, B HEKOTOPbIX
61aronpUATHbLIX CAyYasx, ONpeaenuTb rMyobuHy 3aneraHua NAOTHOCTHbIX FPaHWUL,
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Takum 06pa3om, UCNOMb30BaHUE NOKaNM3aUMOHHBIX GYHKUMIK NpU MccieaoBaHUM 0Cago4yHOro
KOMM/IeKCa [AaeT BO3MOMKHOCTb pelleHusa paga obpaTHbIX 3a4ay rPaBMMETPMM, UYTO CBUAETE/IbCTBYET O
BbICOKMX BO3MOKHOCTAX 3TOr0 METo/a Npu MHTEPMpeTaLmnmn rpasBuUTaLMoHHOro noa.

KnioueBble cnosa: [kaBaxeTcKoe Haropbe; rpaBUTaLMOHHOE MoAe; 10KAaNN3aLMOHHbIE GYHKLMM.

CEKUUA MEONOrn

YK 550.4:552.5(479.22)
FTEOXUMUYECKAA XAPAKTEPUCTUKA NOPOA4 OCAAOYHOIO NMNOKPOBA ITPY3UU B
CBA3UN C UX HEDPTEFA3SOHOCHOCTDbIO. Bapa6apse T.l., Hanapse A.0., d6panugse T.M.,

YaHkoTanse IN.B., TloHrnuawsunu 3.11.

B Me30-KaMHO30MCKMX OT/IOKEHMAX C YY4ETOM JIMTONIOFMYECKOTO COCTaBa YCTaHOB/IEHbl YCNOBUA
OCaZIKOHAKOM/IEHUA MNopoa B pPaHHEM guareHese, KOMYECTBO M TUM HEPACTBOPMMOTO OPraHMYecKoro
BellecTBa U 6BUTYyMONA0B, BO3MOXKHOCTM TeHepauuu yrieBogopooB B NOpoaax C y4eTOM MX KaTareHesa.
KnioueBble cnoBa: Nopoa; OpraHMYecKoe BELLeCTBO; BUTymona,; yrneBoLopoabl; KatareHes.

YOK 552.578.2.061.4(479.22)
KONNEKTOPCKUE CBOWCTBA MOPOJA, OCALOYHOIO NMOKPOBA TEPPUTOPUU

F'PY3WUW. Hanapse A.Ll., Bapa6aase T.I., Yankotagse I.6., 96panuase T.MN., Fonrnuawsunm 3.M.

B ocago4yHOM MOKpoBe TeppuTopuM [pPy3MM Ha OCHOBE KAacCMPUMKAUMKM  KONINEKTOPOB MO
JINTONIOTMYECCKOMY COCTaBY MOPOJ AO0Ka3aHo cywecTBoBaHWe 1-oi (06nOMOYHbIE UM TepUreHHble), 2-0i
(kapboHaTHbIE) 1 5-0i (ByKaHOreHHbIe U BY/IKAHHOreHHO-0caA0uHble) rpynn. CyLiecTBoBaHME KONJIEKTOPOB
4-oif rpynnbl (MarmaTMyeckme M meTamopouyeckMe Mnopodbl KOpbl  BbIBETPUBAHMA) MOMHO /IMLWIb
npegnonaratb U3 06LLLEre010MMYECKUX COOOPAXKEHUI.

B paboTe gaHa cCBOAHas XapaKTEPUCTMKA KOJJIEKTOPCKUX CBOWMCTB NOpoA, 0OCafo4vyHOro NnokpoBsa
3anagHoli (PMoHcKaa BnaguHa) u BocTouHol (KypuHckas BnagumHa)lpysuu.

KntoueBble c10Ba: 0Caf04HbIM MOKPOB; COCTAaB MNOPOL,; KOJIEKTOPCKME CBOMCTBA NMOPOA,

YAK 624.131.31
MHXXEHEPHO-TEO/TONMYECKUE YCNNI0OBUA CTPOUTE/IbBHOIO KOPUAOOPA MAIU-
CTPAJZIBHOIO rA30MnPoBOAA «CATYPAMO-HABT/IYITU». Nannawsunun M., Yuxpagse

L., Yuxpapse C., Cram6onuuwBunu C.

B cTaTbe NpoaHa/IM3npPOBaHbl MHKEHEPHO-TE0IOFMYECKUE YCI0BUSA CTPOUTEIbHOrO KOPMAO0Pa Maru-
CTpanbHOro rasonposoga. N3yyeHne GU3NKO-MEXaHUYECKMX CBOWMCTB FOPHbLIX NOPOL A3eT BO3MOMKHOCTb
NPOrHO3MpoBaTb OXWAAEMOEe Pa3BUTME HEMKeNaTeNibHbIX Fe0N0rMYECcKUX MPOLLEeCCOB, MNPOM3BECTU WX
OLLEeHKY W pa3paboTaTb 3aluUTHbIe MeponpusaTua. B ciyyae HagobHOCTU BbIOPATb KAaTEropMKM PyYHON MK
MexaHMyYecKon paspaboTkn. Bmecte ¢ apyrumu (cemcMmmyeckmMmm, reoguHaMmyeckumm, reopusnyeckumu,
reomopdoIorM4yeckumu, rmaporeoNorMyeckMmm) AaHHbIMM paspaboTaTb MeponpuATMA C TOYKU 3peHus
CTpOUTENbCTBA M AanbHenwen 6e30nacHoM aKCnNayaTaLnmn paccMaTpmMBaeMOoro y4acTka rasonposoaa.
KnioueBble c10Ba: rpyHT, 3p03UsA, ONON3EH, KOHCUCTEHLMNSA, BNIAXKHOCT, MN1ACTUYHOCTD.
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CEKLMSi HOBOW TEXHUKU U TEXHOJTOMMU BYPEHUA, CUCTEM
ABTOMATUYECKOIO YNPABJIEHUA

YOK 622.244.442
U3YYEHUE BNINAHUA MHTUBUPOBAHHDLIX BYPOBbIX PACTBOPOB HA YCTOW-
YUBOCTb IMTUHUCTbIX MNOPOA. Bapwanomuase .X., Xurapuwsunm B.3., Acatnanm M. O.

Mpn O6ypeHun CKBaXKWMH B [MHUCTbIX MNOPOJAX NPOMCXOAWUT HabyxaHue cTBOJA M noTepA
YCTOMUYMBOCTM CKBaXKMHbl. [nAa npeaoTBpalleHMAa 3TOro npouecca NPUMEHSIOTCA WHIMBUPOBaHHbIE
b6ypoBble PacTBOPbI, KOTOPbIE MOTYT CHU3UTb CMAYMBAEMOCTb M BArOMOrNoLWeHne IAIMHUCTbLIX Nopoa, T.e.
HabyxaHue 3Tux nopofd. O6bACHAETCA MEXaHU3M 3TUX ABAEHUIA M YCTAHOB/IEHO, YTO BeAUYMHa HabyxaHus
FAVHUCTBIX NOPOA, NPU KOHTaKTE C 3/1eKTPOAUTHLIMU PacTBOPamMM NOAYMHAETCA TEM e 3aKOHOMEPHOCTAM,
YTO M B NoriouweHHan obpasLLom macca Bnaru.

Takum obpasom, npumeHeHnem BypoBbIX pacTBOpPoB, 06paboTaHHbIX 31EKTPOAUTaMU, BOSMOXKHO
YAEPXUBATb YCTONYMBOCTb CTEHOK CKBaXKMHbI NPY BYpPEeHUN B IMHUCTLIX NOPOaaX.

KnioueBsble cnosa: 6ypoBoii pacTBoOp; MHIIMOMPOBaHME; HabyxaHWe FIMHUCTbIX MOPOA,; BAAronor/ioleHmne.

YAK 622.24
NOrNOWwEeHUE bYPOBOIo PACTBOPA MNPU BOPbBE C TA3OMPOABIEHUAMMW.

lForyapse W. K., Xutapuwsunn.B. 3.

Mpn 6opbbe c ra3onposaBAEHUAMM HACTO UMEET MECTO rMAPOPa3PbIB M1ACTa, 3TO MOXKET BbI3BaTb
norsouieHme byposoro pactsopa. [na npefoTBpalLeHns 3TOro ABAEHUA He0HXO0AMMO KOHTPOAMPOBATL M
perynmMpoBaTtb AaB/eHWE B CKBaXKMHe. B To ke Bpemsa TpebyeTcs 0CMaTpuBaTb U NPOBEPATb NPEBEHTOPHbIE
CUCTEMDI.

KnioueBble cnoBa: Mor/iolleHue; rMapaB/NYeCcKMA paspbiB; Fa3oBble Mavyku; MPOHULAEMOCTb; pPaanyc
CKBaXXUHbI.

CEKLUA rOPHOU TEXHONOINu

YK 622.765
AONONHUTENbHOE U3BJIEYEHUE 30/10TA U3 XBOCTOB MALHEY/IbCKOMN OBO-

FATUTE/IbHON ®ABPUKMW. A6wunasa A., Apabugse 3., lopaesuanu 3., Ctypya P., Tanaxaase J.
Ha 0CHOBaHMM 3KCNepUMEeHTaNbHbIX MaTepuanos paspaboTaHa TEXHONOTMYECKaAA CXema JOMNOAHU-
TeNbHOrO M3BJeYEeHUA 30/10Ta U3 XBOCTOB MagHeybckol oboratuTesnibHoi Gpabpuku. B pesynbTaTe ocyLiec-
TBJEHUA AaHHOW TEXHOMOMMM BO3MOXKHO MOJIy4eHue JOMNO/IHUTENbHOTO 30/10Ta B KoandyecTse 100 - 110 Kr B
rog .
KnioueBble cnoBa: KOHLEHTPALMOHHbIV CTO/I; TOPOTKOKOHYCHbIN TMAPOLMKAOH; LLeHTPOBEMXHbI KOHLLEH-
Tpatop.
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©JBI60SGI0 - PED®EPATDI - SUMMARYS
CEKLUA HOBbIX METOAOB NPUMEHEHUE B HAYYHbIX
UCCNEOOBAHUAX
Y[K 631.312

622.271.282.2
K OBOCHOBAHMUIO YINIA OTKNOHEHUA WUIr/bl OT PAOUAZIBHOIO HATPAB-

NEHWUA. Uo6awsunn H., Xomacypupase B.
[lnA TeopeTNYecKoro aHann3a B3aMMOAENCTBMA POTALMOHHBIX MrONbYaTbIX AVCKOB C MOYBOM AaHbl
YINbl BXOAa W BbIXOJA pPaAManbHO MOCTaBAEHHOM Wbl B nousy. OnpegeneHa AavHa AepopMUpPyemMoro
y4aCTKa Ha NOBEPXHOCTU MOYBbI.
KnioueBsble cnoBa:MeTos, BKa/blBaHMA; MrOMbYaTbIii AWUCK; NOBEPXHOCTb MOYBbI; CENbCKOXO3ANCTBEHHbIN;
aedopmaums.

YAK 631.312
622.271.282.2

ONPEAENEHUE ONMHbI U NNOWAAUN OEPOPMUPYEMbBIX YHYACTKOB MNMOYBbI
NMPAMOM UINTOMN. Nobawemuam H., Xomacypuaze b.

[NA OLEHKU BAUAHUA Yr1a OTKAOHEHMA UTbl OT PaAManbHOrO HanpaB/ieHUs Ha OJWHY M Naolagb
AedbopmaLMm 1 yNpoLLeHUs AasibHENLLMX pacyeToB BBeAeHbl K03adPULMEHTbI OTHOCUTEIbHOTO U3MEPEHWA.
Ha ocHOBaHWKM pacyeToB NOCTPOEHbI rPadUKM 3aBUCMMOCTU KoddpduumeHTa OTHOCUTENBHOTO U3MEHEHUS
O/VHbI U nnolwaamn aeGopmrpyemoro y4acTka. Ha ocHoBaHWMM TeopeTuyecknx pas3paboTok MOXKHO CKa3aTb,
YTO ANS MPSAMbIX UF1 OCHOBHBIM GaKTOPOM, ONpeaenAtoWwUM PhIXALLYI0 CNOCOBHOCTb U, ABAAETCA YroN
OTK/IOHEHUSA UMbl OT PaANANbHOIO HanpPaBAeHUS.

KnioueBble cnoBa: paguanbHoe HanpasnieHue; gedbopmaums; KoaddMUMEHT OTHOCUTENBHOIO U3MEPEHUS;
rpadumKk 3aBUCMMOCTU; AePopMUPYEMbIA YHACTOK.

YK 631.312
622.271.282.2

ONPEAENEHUE A/IMHbI U NNOWAAN AESGOPMUPYEMbIX YYACTKOB MOYUBbI
UrNON, N3OTHYTOM MO AYTE. No6awsmunu H., Xomacypuaze B.

0nAa oueHKN BAMAHKUA yria OTKAOHEHUA UMbl OT PaauanbHOrO HanpasAeHUA Ha AJAUHY U NaoWwanb
AEd)OpMaLI,I/IVI nynpoweHuma ILl,c’:\l'leElL/:ILlJl/‘IX pacyeToB BBEOEHDI KOBd)d)I/ILI,VIeHTbI OTHOCUTENIbHOTO N3MEPEHNA.
Ha ocHoBaHuu pacyeToB MOCTPOEHDLI I'pad)MKVI 3aBUCNMMOCTH K03(bd)VILI,MEHTa OTHOCUTENNBHOIO N3MEHEHUA
ANNHbI 1 Naowaan p,ed)opmmpyemoro yyacTKa. Ha oCHOBaHMKM TeopeTUyYecKmx pa3pa60TOK MOXHO CKa3aTb,
YTO 414 NPAMbIX U1 OCHOBHbIM d)aKTOpOM, onpegenAarowmMm pbiXnAulyro CNocobHOCTb nurn, ABNAETCA yron
OTK/IOHEHUA UTNbl OT PaanaZibHOro HanpasaeHuA.
KntoueBble cnoBa: yron OTKAOHEHUA; pagmabHOe Hanpas/ieHue; I,CI,(E('.I)O[I)MF:!LI,MFl; pbiIXnAawan CNOCcobHOCTb.
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»IBIGIGI0 - PE®EPATBI - SUMMARYS
CEKUUA TEXHUKUA BE3OMNACHOCTU

YK 658.382
NMPEBEHLUMA NMNOXAPA B CTPOUTE/IbCTBE. Pasmaase H., bapaasenunase /1., Metonuase C.,

Cxuptnaase /1.

PaccmoTpeHbl pesynbTaTbl OMNbITOB MO BbIABJAEHUIO BO3ropaemocCTV CTPOUTE/IbHbIX MaTepuanos.
ABTOpbI NpeanaratoT HOBYHO METOAMKY UCCNeA0BaHMA CTPOUTENbHBIX KOHCTPYKUMIA B peasibHbIX MPUPOAHbIX
YCNOBUAX.

KnioueBble €noBa: 3/1eKTPOCBA/IKA; NOXKAPOYCTOMUMBLIN; BOCM/IaMeHsOWNnca; obecrneyeHne H6esonacHo-
CTH.

173



UNHNNINGILE LSIGE0IHM-GITE03IGH0 LEBNHNG0N TIAE=0 , idIIO NI 6530130 LS 3dB0-

SCIENTIFIC-TECHNICAL INFORMATION- INTERNATIONAL JOURNAL ,,GEORGIAN OIL AND GAS" ANi24, 2009
MEXOYHAPOIHbIN HAYYHO-TEXHUYECKUI, UHOGOPMALIMOHHBIV XYPHAN , HE®Th U FA3 MPY3UN"
LIINANBZIIML ANGIAI VAN AILIALISH
3 3MBIIR0 3MIMBI>DR0 3M3M3I WO 3‘%‘1(33%2(?0
L5BSRM) 6530030 2008 §. 653000030 2008 ¥. T | 653000930 2008 V. S
1 38. BOBS 38. BOBS I 33. BM6S v R s
1. 306H560 815,79 824,42 962,72
2. 358565 B0BSI0 30,07 67,31 844
3. 6OG0M 61,00 100,807 97,68
4. LIBLS 49,65 52,02 31,72
5. LOGBIEOLO - 18,247 -
6. S8, BSRSRORO - - -
7. 153300 738,57 6946,593 6993,607
8. BS®0B6S 155,84 137,97 182361
9. BEMBOLIBSE0 22943 23425 407,66
10. MI=IN0 2694,514 2304,639 2192,61
11 15533, 153, 0520 502,11 583,07 617,36
12. 230, GILOS30 286,11 660,75 679,74
13. 65bOB2I30 96,97 99,32 97,66
14. 8Y5606930 - 151,66 231,87
15. 350 537 6,09 535
b 12255424 12188,046 14225,987
0S30IBSR0 35H0 S0, & 5146,57 3799,18 Us591
1. 6060I¥B062S 5146,57 3799,18 45591
2. SIS0 0 0 0

63301M30LY RY 33HBNL BILIJN

2009 Garob 25 0909635¢b «PLATT”S EUROPEAN MARKETSCAN»-«FOB MED (ITALY)»-
ol dobg300m LHGOPSAMOHOLM Boligdo 653MB3MOMY3H)dDY Tgoy9bl:

396%0bo - 395.50 mes®mo/Embaby;
©0H9wo - 347.00 ms®0/Embaby;
6ogmo - 398.25 mes®mo/Embaty;

3sBmo - 237.00 MEs®0/GHmbsby.

174




UNHNNINGILE LSIGE0IHM-GITE03IGH0 LEBMHANG0N TIAH65=0 , idIIO NI 6530130 LS 3dB0-
SCIENTIFIC-TECHNICAL INFORMATION- INTERNATIONAL JOURNAL ,,GEORGIAN OIL AND GAS" ANe24, 2009
MEXOYHAPOLHbIN HAYYHO-TEXHUYECKUN, UHOOPMALIMOHHbLIV XYPHAN , HE®Tb U FA3 MPY3UN"

LITIANBITIL N6IAEIVAN AILIALISN

6B MANTIdY
L03AID
©IN3n 3350 | NdGLN anen a3 La 336N
©I030 111 0.083 0.0228 | H1.5E-5 254 254 0,254
3350 12 11111 0.33 1.9E-4 3048 3048 03144
0d&eN 36 3 1111 5.7E-7 914.4 9144 09144
anen 63360 5280 1760 1117 161E+6 | 161E+5 1609,3
anenN3Idan | 0.0394 | 3.28E-3 | 0.0011 6.2E-7 1 0.1 0,001
LI6BNAIGAN | 0,394 0.0328 0.011 6.2E-6 10 11111 0,01
32060 39.37 3.281 1.094 6.2E-3 1000 100 i
linch=2,540109;
118 =0,394inch.
6M6d
J66NY | BI6SHN | IMIS.BMEY | 3N | JNTMIAIAN M6
680 11111 | 0.0625 3.125E-5 28.35 0.02835 2.835 E-5
33680 16 11177 0.0005 453.6 0.4536 4.536 E-4
aMead.6M6d | 32000 2000 111 907185 907.2 0.907
353N 0.035 | 0.0022 1.1E-¢ 11111 0,001 1E-6
JN2MIANAN 3.5 2.2 11E-3 1000 1111 0.001
4M6d 35274 | 2204 1.1 1E+6 1000 11111
66339
36IMLBIAM (33/b32) | PSH(BIESN/RINAN) | BI6SN/LININ2
3BAMLBIGM (33/0L32) 11111 0.0625 3.125E-5
PSI(B3680/2303N2) 16 1111/ 0.0005
BI650/°23IN3N2 32000 2000 1
IMBILMID
©IN3N? 3950° 333 33° La? *»
©IN3N° 111 5.79 E-4 103 E-4 16.39 0.01639 1.639 E-8
3980° 1728 1111 0.178 2.83E+7 | 2.83E+4 0.0283
3VGITMN 9702 5.615 1111 1.59E+8 | 1.59E+5 0.159
a3: 0.061 3.5315E-10 | 6.29 E-9 11111 0.001 1E-9
Ld? 61.02 3.5315E-7 | 6.29 E-9 1000 111 1E-6
X 61024 35.315 6.29 1E+9 1E+6 11111

175



UNHNNINGILE LSIGE0IHM-GITE03IGH0 LEBNHNG0N TIAE=0 , idIIO NI 6530130 LS 3dB0-

SCIENTIFIC-TECHNICAL INFORMATION- INTERNATIONAL JOURNAL ,,GEORGIAN OIL AND GAS" M24, 2009
MEXXOQYHAPOOHbIW HAYYHO-TEXHUYECKUIWA, UHOOPMALIMOHHBLIN XXYPHAN , HE®Tb U A3 NrPY3UN"
LITIANIZICAML N6IAI2IAN AILIALIBO
L033I3ANII
(B.L.-BIARMINON LNAIIANSD - shtcific gravity)
BI66N0/332M6N PPG BI660/BI6EM APJ 33/22.3/L3.B.L. 33/33
BI63N/3¥M6N PPG 1111111 7.4805 5.814 0.1198 119.83
BI650/ BI6SN 0.134 i 0.775 0.01602 16,081
APJ 0.172 1.29 1111111 0.0206 20,6
33/22.3/L3.B.b. 8.345 62.43 48.54 11111111 1000
43/ 8.345E-3 0.624 0.04854 1E-3 i
0N6I33R0 IMBITMIY
J66NY | IN6DY | 333MDY | BI2MEN | 3VAIN | NdAN | IR ¥
66N /111 | 00625 | 0.0315 0.0078 | 1.86E-4 | 00295 29.5 2.95E-5
369 16 /1 0.5 0.125 0.0625 0.473 | 4732 | A73E-4
RERVLR) 32 2 i 0.25 0.00595 | 0.946 946 | 9.46E-4
332M6N 128 8 4 /1 0.0238 3785 | 3.785 | 3.785E-3
3)AIN | 5376 16 168 42 i 159 158987 0.159
2N6AN 34 21 1,057 0.264 0.00629 | ///1/ 1000 0.0011
39 0.034 | 21E3 | 106 E-3 | 264E-4 | 6.29E-6 | 0.001 1111 1E-6
¥ 34000 | 2110 1057 2640 6.29 1000 1E+6 1
63301M3NLY B 3I%0L IMNRIGY
(3322M6N, 33AIN, BI6GSHN)
/60 | 3X2/60 | BB/EO | IAL/E0 | BS/LO | dAE/RT | /L0 /e
/60 1111 0.264 0.035 6.29 E-3 212 9.057 1.7E-5 | 48E-4
3d/6M | 3785 1111 0.134 0.024 8.02 34.29 63E-5 | 1.5E-3
35/601 28.32 7.48 1 0.178 60 256.5 47E-4 | LI3E-2
3G/ 601 159 42 5.615 11111 337 1440 2,65 E-3 | 6.36 E-2
33°/L0) 0.472 0.125 0.017 297 E-3 | /1] 4,27 8E-6 | 192E-4
/e 0.1 0.03 00089 | 69E-4 | 0.234 11111 11E-4 | 264E-3
a/Lm 60000 | 158.52 0.118 377.4 127140 54320 1111 24
/e 2500 6.605 88.25 15725 | 52975 | 226425 0.042 1111/

176




UNHNNINGILE LSIGE0IHM-GITE03IGH0 LEBMHANG0N TIAH65=0 , idIIO NI 6530130 LS 3dB0-
SCIENTIFIC-TECHNICAL INFORMATION- INTERNATIONAL JOURNAL ,,GEORGIAN OIL AND GAS"
MEXOYHAPOLHbIN HAYYHO-TEXHUYECKUN, UHOOPMALIMOHHbLIV XYPHAN , HE®Tb U FA3 MPY3UN"

Ne24, 2009

LITIANBITIL N6IAEIVAN AILIALISN

B993gBGa®s
(°C) (39e0l0e9 00 =(°F-32)*519;

(OF) @396 go§oo =(°Cy*915+32.

BOBO3IA0 FIRBN3330

6(4)630(2)660"3;{10 3"3Q3036 ................ G
150560)@01) bof)db(ﬁa 866'3‘33'30 ............. c

Bgbod g0 8adogs . . ..o y7a
ag&aj@(ﬁﬂ@o 3@;930&5 .................. &,
B;Qéﬁdols Ogodogs . . .. h
agadéﬁmﬁob ”(-]d(ﬁémbnb dLS . .. m,
30m@mbols @d@dmdols by . . . L. L L m,
5806@(’05015 ﬂdﬁbmbob dLS . .. m,

ag&aj@(ﬁmﬁob 3'3'660 (b?)lsmgvz]@)‘ﬂ(f)o 350‘3353@(\0&5) .. .e

3 Lols b@maﬂﬁo 3(‘)0)3@@0

53md®Bml qdogs . . . L L L L N,
godoEgol BgeBogs . .. L. L L F
dogag@o a3bg@o Ggbogs . .. R
deagn(3Bbol FgoBogs . . L K
0goE®o  a5bols broE3smgco

Boogne0) Beazgmds  be@dsma®  JoGedgdBo

(t=0°C, p=101325335). « « o o v oo v,
bo@dsgngdo s@dmliggdgmo Fobggs . . . . . . L oL Pos.
m5golgadmo  gsdbols shfomgds (bo@dsgrg@o) . . . . . . g;
90 J@Gmbols qd@smdols g6gégod . . .. ... m. c”
3Gm@mbols d@smdols ghgBaos . . . . . ... .. ... m,c?
Bgo@®mbols «d@omdols gbgBRos . . . . . . ... ... . m,c*
Fyomdool s@mBols Bl . . . ... 'H
Bgo@®mBols d@mBol Bols . . . .. ... *H
3gmomgBols d@mBols Bobs . . . .. .. ‘H
3ol mBdoGol Googlbo . . L ... a,

6,6720-10 687 - g
2,9979245810°3 - 3"
1,2566370614-10°56- 9"
8,8541878210 % ¢3-9"
6,626176-10 o - £

9,109534-10’31(56
5485802610 d.o.g

16726485107 3
1007276470 8.5,

1,6749543-107" 3o
1,0086 65012 8..g
16021892107 3
1,66565%86)-10" 3o
6,02245: 10® Beagoo™
96484563 - Beagmo™!

8,3144.‘%@ . 8(*);21071 . dfl

138066210 % g - 3"

2,241-107 8’ /8mgno
101323
980665/ 9’
051103483
938279633
93957313
1,07825036s;)
2,0141011798..g
4,00260326B..,
52917706103

177



UNHNNINGILE LSIGE0IHM-GITE03IGH0 LEBNHNG0N TIAE=0 , idIIO NI 6530130 LS 3dB0-

SCIENTIFIC-TECHNICAL INFORMATION- INTERNATIONAL JOURNAL ,,GEORGIAN OIL AND GAS"

Ne24, 2009

/ HE®Tb U F'A3 rPY3uUNn"

MEXOYHAPOOHbBIN HAYYHO-TEXHUYECKUWN, UHOOPMALIMOHHbBIU XXYPHAT ,,

LITIANBITIL N6IAEIVAN AILIALISN

Rl 0uQCe "
£ 701 X£610°1=0 | & 0TIRQerydeLe d o cQuaeRCANCp
. EQgeusgon
pAer 1'o=d pA<r vged-oatelyep d ogele 0plPogequds
€/9 0l = ea/udp | wo/ukp Lq,uQlpuidgen cguds cQuaslgofeds
£/9 6£6S'FI = UNAl 1 e Lq, Qg vgw@log ynal Pq, @9l <imep-Qglits vasfyogedily,
q,@qlt
gree . (g unja) s epp b
L01X297T = (@ pap 1 | O ¢ Caglodt BEQepdetl odop-R9be | ogeuzene qutte)
°¢ 88410 = 29001/41 q nfo%mm Wn?mw% wenm.@mpw .
o¢ 10 = AP . 2/uAp qu&leuRgeq Cpaiell cgo cewusl.ecpe
°C 9L'689 = M | * vaelqse ] Cogfuod WEQowdeLl «dmep-QqkB |  oylPugefly ‘<0lgd
/et €687 =199/qi | Cq,wQ0g _Mmap_ Mﬁa_wn.m chMMo..
@0 cozg'eli =T8Il | /R0 18| qgwase? vQg
£/ 81001 = YAl | YRR ogey@uwasel 8/l 0,008 wlelP oQel CLopePgon
9.0l =ukp | <quas
9 Z8vb'y =3JAI | 9 ugw@Cog qi ca3ep-0Qgl.t equl ‘eidep
CF ogsr'0=qi | er opeolwasol ql QgL o<
€ OIXPS8L'E =[¥3 | 8 CWW%
8 0651°0=199 , 199 vasbyeg
@ LOIXLIEET =Y | e 09Qle ouliell ! 0QRB uylQlP cQutHug
DIX9ISH9 =Mt | 0@l ul 0golld oI Qey bl
MM 701 XEO6T'6 = 21 | £ 033 Qipdicl® u 0QLE v Peraiels souowed
B 0IXYST = fiw | i _,.wcm
T= ul UphLUG!
B /01 X¥S'C ...m " e o Qe : pe
B 8¥0E'0 = toyon
e ugeeeqle egfip uguse colaslqeq<as ogbp vgoie cebasbiqeqeas el atbgeqods
cwaslluyl vaslilwwl 1D oglBLlwpl vlfoype foasuaion

0p,eCaBllwul Yo wa&cmw&ﬁnSﬁn 0BRLoulEe <gebledel oeLRgLoHVBLWE <cwldodion

178



