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Abstract. The genetic algorithm is a method for solving both constrained and unconstrained optimization
problems that is based on natural selection, the process that drives biological evolution. Thus the genetic algorithm
is similar to the evolutionary processes in nature. It is used in a population composed of genes with discrete values
to find the best of the substance when the substance changes are caused by the reciprocity process. Recently the
use of genetic algorithms to solve different tasks has become relevant.

The paper discusses examples of the use of the theory of genetic algorithms. Namely, their use in medicine,
which is very important for the effectiveness and modernization of the fields of medicine.

The article reveals the advantages and disadvantages of the theory of genetic algorithms.

The use of genetic algorithms in the diagnosis of cardiovascular diseases (as well as in the diagnosis of coronary
arterial narrowing) and the processing of electrocardiogram data are described. An example of creating context-

free grammar in a medical reference book is also considered.

Key words: Context-free grammars; coronal; evolutionary algorithms; mutation.
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Amnnoramusa. [eHeTuYecKuil aJrOPUTM - STO METOJ, PENIeHHsS KaK OTPAHWUYEHHBIX, TAK M HEOTPAHUYEHHBIX
3ala4Y OINTHMMU3AIMY, OCHOBAaHHBIH Ha eCTeCTBEHHOM OTOOpe, Ipoliecce, KOTOPHIH BeleT GHOIOTHYECKYIO DBOJIO-
IIUIO, T.€., TeHeTHYECKUI aITOPUTM IIOXOXX HA SBOIIOIMOHHEIE IpoLeccs B Ipupoge. OH UCHOIB3yeTcs B IOITYJIA-
LMY, COCTOsIIIeHl M3 TeHOB C AUCKPETHHIMM 3HAYEHUAMH, YTOOBI HAWTH JIydllee BEIIECTBO, KOTJa H3MEHEHUs
BelllecTBa BBI3BAHBI IIPOIIECCOM B3aMMHOCTH. B mocienHee BpeMs MCIIONIB30BaHHE TeHETHYECKUX aJITOPUTMOB IJIg
pellleHns pasJINYHBIX 33/1a4 CTAJIO aKTyaIbHbIM.

B pabGoTe paccMaTpuBalOTCs NPUMEPHI KCIONB30BAHUS TEOPUHM T€HETUYECKUX aarOPUTMOB. A HMeHHO uX
KCIT0/Ib30BaHUE B MELUIIVMHE, YTO OYeHb BAXXHO /Jis 3G (GeKTUBHOCTH U MOJePHHU3ALNY 00/1aCTel MeAMIUHEI.

IIpuBesens! IperMyIIecTBa ¥ HELOCTATKY TEOPUY FeHETHIECKHX aJITOPUTMOB.

OmmcaHO UCITONB30BaHNE T€HETUYECKHX aJITOPUTMOB IIPU AUATHOCTUKE CEPJEeYHO-COCYAUCTHIX 3ab0meBaHuil (a
TaKoKe IIPU AUATHOCTHKE KOPOHAPHOIO apTEPHUATIBHOTO CYXKEHU), IIpK 00paboTKe AaHHBIX 3JIeKTPOKAPLAOTPAMMBL.

Taxke pacCMaTpUBaAETCA IIPUMEDP CO3MaHMA KOHTeKCTHO-CBO60,II;HOfI TpaMMaTUKH B MEAJUIITMHCKOM CIIPABOYHHUKE.
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3bMowo 1
1 500016,0741 4601152,445 15 0,057433568
2 499960,6697 4601049,551 15 -0,264005287
3 500126,883 4601136,615 15,5 0,053666216
4 500095,2233 4601025,806 15,8 -0,375389294
5 500229,7769 4601144,530 15 -0,121660098
6 500372,2454 4601168,275 16 -0,059090781
7 500522,6288 4601152,445 16,5 -0,133549863
8 500206,0321 4601009,977 22 0,13830884
9 500356,4156 4601033,721 22,5 0,073043907
10 500498,8841 4601033,721 23 0,206298208
11 499952,7548 4600922,913 235 0,136128811
12 500055,6487 4600772,529 245 0,29327203
13 500087,3084 4600907,083 25 0,208579671
14 500229,7769 4600907,083 25 0,151125294
15 500356,4156 4600914,998 24 0,25816011
16 500475,1393 4600930,827 22 0,033772661
17 500625,5227 4600946,657 22 0,129446863
18 500087,3084 4600780,444 22,5 -0,119036286
19 500237,6918 4600796,274 16 -0,423357034
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Abstract. In order to conduct geological or environmental research, it is often necessary to know the value of a
variable over the entire study area, but for some reason it is impossible to take samples at some points and
therefore, we cannot determine any variable parameters in these areas. To draw conclusions we need a full range of
data. In this case, to determine the value of any variables at the point where it is not calculated, we use spatial
interpolation. There are various interpolation methods.

For conducting spatial analysis, geographic information system programs have special methods and tools. Each
method has its own set of input parameters, with which you can choose a method for a specific case and for
specific data. In the Surfer software package, 12 interpolation methods are presented. To create an interpolated
model that is close to the idea, it is necessary to choose the right model as well as its parameters. The answer to the
question whether the created model is adequate to the real model can only be obtained after analyzing and
calculating the so-called residuals. The article contains a table and a map of discrepancies, where clearly visible the

quality characteristics of the created model.

Key words: Ecology; geology; interpolation; software package.
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OrmeHka KadecTBa HHTEPIIOIALUK B IPOTPaMMHOM Nakere ,,Surfer®
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B.B. A63uaHuzse VHCTUTYT TuUAporeosornu M HHXeHepHOU reojoruw, I'pysmsa, Towmmucu, 0159, cero
Juromu, yn. Cs. Hunsr 1
E-mail: veriko_abz@mail.ru

[J.B. AG3nanunze VIHCTUTYT THAPOTEONOTMH U WHXeHepHOU reosmoruu, I'pysusa, T6mmucu, 0159, ceno
Juromu, yi. Ce. Hunsr 1

E-mail: dimitri.abz@mail.ru

PerienzenTsr:

H. [xamapupse, akazeMud. /JOKTOP TeOJOTHH, aCCHCTEHT-IIpodeccop TeoJOTHYecKMX HayK TOpHO-
reosorudeckoro daxyiuabsrera I'TY

E-mail: ninojap@gmail.com

T. Bapabaz3e, kaHAUAT HAyK, accoll. mpodeccop ropHo-TeoIorudeckoro daxynsrera ['TY

E-mail: t.barabadze@gtu.ge

Amnnoramua. Yacto a8 TpOBelEHUS TEOJOTMYECKMX WJIM SKOJOTUYECKHX HUCCIEJOBAHUIM HY>XKHO 3HATh
3HaUYeHUA IIapaMeTpPOB OOBEKTa Ha BCeH HCCIefyeMOH TeppHTOPUU, HO IO KAKUMHU-TO BECKUMHU IPUYMHAMU
HEBO3MOXXHO B3ATh OOpa3iipl B HEKOTOPHIX TOYKAX, BCJIEICTBHME JTOIO MBI He MOXEM OIpeleNuTh 3HadueHue
ucciaenyeMoii IepeMeHHOI B 3TUX MecTax. Ho /4 pesyIbTHPYIOUIUX BRIBOZOB MCCIeOBaHUM HyXeH BeCh CIeKTP
JaHHBIX. B Takux cirydasx, KOrja HeoOXOAUMO ONpeseIiTh 3HaUeHUe IIepeMEeHHOM B TeX TOUYKaX, Ile OHU He ObUIN
omnpeeleHbl IPaKTUYeCKH, UCIIOIb3yeM IIPOCTPaHCTBeHHYIO HHTEPIIOIAIHIO.

CymwecTByIoT pasHble MeTOABl MHTepHoaAUMH. [l IpoBeleHUs IPOCTPAHCTBEHHOIO aHAJM3a y IPOrpPaMM
reOMH(MOPMAIIOHHOM CUCTEMBI eCTh CIelHaIbHbIle METOLbI M MHCTPYMEHTHIL. Y KaXJOTO METOZA eCTh CBOM Habop
BXOJAINUX I1apaMeTpPOB, IIPM IIOMOIIM KOTOPBIX MOXXHO BBIGPaTh METOX /M1 KOHKPETHOTO Ciaydas H s
KOHKPETHBIX JaHHBIX. B mporpammuoMm makere Surfer mpezcrasiens: 12 meTomoB nHTeprmonafnuu. Jas cospanus
IpUGIIDKEeHHOM K UeaTy NHTEPIIOJIHMPOBAaHHON MOZeIN HeOOX0LUMO IPaBIIBHO I0Z00paTh KaK caMy MOZENb, TaK
U BXOoZgIye B Heé mapaMerpsl. OTBeT Ha BOIIPOC, HACKOJIBKO CO3/IaHHAA MOJEJb afleKBaTHA peaJbHON MOJEeNIH, MBI
MOXXeM IIOJIyYUTh TOJBKO IIOCIEe €€ aHa/IM3a U BRIYMCIEHIS T.H. HEyBsI30K. B cTaThe mprBeseHs! TabIuIa U KapTa

HEYBA30K, I'le HAaTIAAHO BUAHBI Ka9€CTBEHHBIE XapaKTePUCTUKHU COB,ILHHHOI‘/JI MO EJIN.

K]IIO‘IEBBIe CJIOBA: re0JIoTuA; UHTEPIIOIALINUA; IIPOI‘PEIMMHI:Iﬁ IIaKEeT; DKOJIOTUA.
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Abstract. The article describes an application that is intended to collect and present data on the incoming calls
in the call centre. This is an electronic system that allows managers to get instant access to the critical performance
indicators of centre’s work. These figures can be current data and of last days as well. Obtaining the data in such a
short time allows the organization to take appropriate steps to improve the productivity of the centre.

The application is multifunctional. It can present both the current and the specified time data in the desired
format. System presents data through visual charts. Depending on what kind of data is required, the chart may be
of different types: pie chart, column, linear, etc.

The application has a responsive design. Elements are positioned automatically, depending on the size of the
screen it is displayed on.

The article considers electronic system advantages. Herewith the software technologies used to create the
application are described, statistical analysis of incoming calls is made, the results of the work of the visual part of

the system are illustrated, and the ways of future improvement of the system are shown.

Key words: Algorithm; call center; database; data processing; electronic system.
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CucreMa MOHMTOPHMHTA KOJUI-IIeHTpa

P.I'. KyraTemanze JemaprameHT 6M3HeC-afMUHUCTPUPOBAHUSA, ['PY3MHCKUN TEXHUYECKUN YHHBEPCHUTET,
I'pysus, 0160, T6unucu, yn. M. Kocrasa, 77
E-mail: r.kutateladze@gtu.ge

A.A. Kobuamemmm JemnapramMeHT 3KOHOMIYeCKOH MHGOPMATUKY, ['Py3HHCKHUI TeXHUIECKHUH YHUBEPCUTET,
I'pysus, 0160, Téwnucu, yia. M. Kocrasa, 77
E-mail: anakobia@hotmail.com

H.E. Japunameuan JemapTaMeHT 3KOHOMUYECKON MHPOPMATHKY, ['pysSUHCKUI TeXHUYeCKUi YHUBEPCUTET,
I'pysus, 0160, T6mmucu, yn. M. Kocrasa, 77
E-mail: nodo619@gmail.com

Periensentsr:
P. Camxapazze, mpodeccop, ZOKTOP TEXHUYECKUX HayK (aKyIbTeTa HHPOPMATHKU U CUCTeM ympasiaeHus I'TY
E-mail: kkamkamidze@yahoo.com
M.Kuxnazze, mpodeccop bakynbTera nHGOPMATUKY U cucTeM yipasreHus [TY
E-mail: m.kiknadze@gtu.ge

Amnnoramua. OnucsiBaeTcs NPUIOKeHHe, TPeHA3HAYeHHOe i c60pa ¥ MPeJICTABIeHHs JAHHBIX O BXOAAILAX
BBI30BAaX B KOJUI-LIEHTP. DTO DJIEKTPOHHAfA CHCTeMa, KOTOpas IO3BOJIAET MEHeIKepaM IIOMYYUTh MTHOBEHHBIH
IOCTYTI K KPUTHYECKUM MHAMKATOpaM 3(P@eKTUBHOCTH paboTHI IeHTpa. DTU UHU(PHl MOTYT OBITh KaK TEKyLUIUMH,
TaK U OT npomenmux gHeil. [loryueHne JaHHBIX B CTOJIb KOPOTKHE CPOKH TI03BOJIAET OpraHM3alUy IIpeJIpUHATD
COOTBETCTBYIOLLYE LIATH JJI IOBBIIIEHUA IPOU3BOJUTEIFHOCTH LIeHTpa.

[Ipunoxxenue MHOrodpyHkuuoHanIbHOe. OHO MOXXET IIPeACTAaBIATh JAHHBIE TEKYLIETO W YKAa3aHHOTO BpeMEHH B
Hy>HOM dopmare. CucTeMa IIpeiCTaB/IgET JaHHbIE B BUJe BU3YaJIbHbBIX JHUATPaMM. B 3aBUCHMOCTH OT TOTO, KaKO THII
IAHHBIX TpeOyeTCs IPeACTaBUTh, JUarpaMMa MOXKeT OBITh Pa3HBIX THIIOB: KPyroBad, CTOJI0YaTad, IMHEHHAT U T. .

B Bu3yasbHOI YacTH NPUJIOXKEHHUA 3IeMEHTBI COPTHPYIOTCA aBTOMAaTUYEeCKH, B 3aBUCMMOCTH OT pa3Mepa dKpaHa.

B craTre ommcsiBaloTcA NpeuMylecTBa BbINIeyKa3aHHOI 3JeKTPOHHOH CHCTeMBI, ONMCHIBAIOTCA IIPOTpaMMHBIe
TeXHOJIOTUH, KCIIOJb3yeMble IJI CO3JaHUA IPUJIOXKEHMHA, CAeJIaH CTaTUCTHYeCKHH aHajIW3 BXOJAIIAX BHI30BOB,
WJITIOCTPUPYIOTCS Pe3yJIbTaThl paboTH BU3YalbHOM 9aCTH CHCTEMSI, a TakK)Ke IIOKa3aHbI MyTH JaJbHeHIIero cosep-

LIeHCTBOBaHUSA CUCTE@MEI.
KitoueBsie C10Ba: anroputm; 6a3a JaHHBIX; KOI-IEHTP; 06paboTKa JAHHBIX; 3IeKTPOHHAS CHCTEMA.
356bogrzolb ostomo 04.04.2019

d9dealizemol ovstoeo 10.04.2019
bgerdeafg@oeros sbsdsioso 25.06.2019
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Solution of some complex linguistic problems by interdisciplinary approach (for etymology of
the term “Georgia”)

G. Gvinepadze Department of Automated Control Systems, Georgian Technical University, 77
M. Kostava str, 0160 Thbilisi, Georgia

E-mail: gvinepadzegela@gmail.com

Reviewers:

G. Surguladze, Professor, Faculty of Informatics and Control Systems, GTU

E-mail: usurg@gmx.net

K. Pkhakadze, Dr. Sci. in Physics and Mathematics, Director of Educational Research Center for
Technologization of the Georgian Language

E-mail: gllc.ge@gmail.com

Abstract. The establishment of the etymology of words is a complex linguistic task, especially when it comes to
the ancient vocabulary of a language. We believe that the word GEORGIA belongs to this particular language
layer. It should be noted that there is no consensus among linguists on the etymological origin of this term. This
article describes the analysis conducted by its author and the result obtained on the basis of an interdisciplinary
approach to solving the problem. The author proceeded from the assumption that the basis for the name of the
country could be the lifestyle of their inhabitants, but he believes that the word Georgia has local roots and it
originated from the name of the cult building for farmers - the primitive sundial called GIV + RAGGIVARG. This
structure was a pillar (ROK) connecting the Earth (GIV) through the ROK, located in the center of the circle “dial”
(or semicircle) - with Heaven. Later on, the name GIV + RAG was transferred to other languages in one or another

modified form.

Key words: Etymological study; Georgia; interdisciplinary approach; linguistics; sundial.
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UDC 004.5
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Pemenue HEKOTOPBIX CJIOXKHBIX IMHTBUCTUYIECKHUX 3a/la¥ C IIOMOIIBIO NHTEPANUCTUILINHAPDHOT'O

nozxoza (k aTumonoruu Tepmuza Georgia)

I'.III. I'sunenasnze JemapraMeHT aBTOMAaTH3MPOBAHHBIX CHCTEM YIpPaBIeHUdA, | PySMHCKHMI TeXHHYeCKHI
yuusepcuret, I'pysus, 0160, Téwrncu, yi. M. Kocrasa, 77

E-mail: gvinepadzegela@gmail.com

PerienzenTsr:
I'. Cyprynapaze, mpodeccop dakynpreTa nHGOPMATUKH U cucTeM yipaBienus ['TY
E-mail: gsurg@gmx.net
K. ITxaxaznse, moxrop ¢us.-MaT. Hayk, Aupektop HU meHTpa 110 TEXHOIOTU3ALMY TPY3SHHCKOTO SI3bIKa

E-mail: gllc.ge@gmail.com

AnnHoTanud. YcTaHOBIEeHYE STUMOJIOTHH CJIOB SBJISIETCS CJIOXKHOM JIMHIBACTHYECKO# 3a7adeif, 0COGEHHO KOT-
Iia ZesIo KacaeTca ApeBHeH JIeKCUKU TOTO MIM MHOTO A3bIKa. CuMTaeM, YTO MMEHHO JAHHOMY fA3BIKOBOMY ILIACTY
mpuHagiexut u cioBo GEORGIA. Otmernm, uTo cpesiy A3BIKOBE/IOB II0 BOIIPOCY STHMOJIOTHYECKOTO IIPOUCXOXKIe-
HUA JAaHHOTO TepMUHA e[UHOTO MHeHHA He CyllecTByeT. B maHHOM cTaThe OIHMCHIBAaeTCA ITPOBEeHHBIM ee aBTOPOM
aHaIM3 U IONydYeHHBIH pe3ysbTaT Ha OCHOBe HHTEPAUCIUIUIMHAPHOTO IIOAXOZA K pelleHMIO 3azayu. M asrop
HCXOAUJ M3 TPEZIIIONIOXKEHUs, YTO OCHOBAaHMEM Ha3BaHMA CTPAHBI MOT IIOCTYXKUTh 00pa3s XXKM3HU UX JKUTelel,
OIHAKO OH CUUTAEeT, YTO CI0BO Georgia uMMeeT MeCTHbIe KOPHM M IIPOM3OLLIO OHO M3 HAa3BaHUA KYJIBTOBOTO IJIA
3eMJIeJie/IbIIeB COOPY)KEHUs — IPUMUTHUBHBIX COJHEYHbIX 4acoB mog nHasBaHueMm ['VIB+PAT [ TUBAPT. Jlannoe
ctpoenue npezcrasisio coboit cronb (POK), coepunsiomuit 3eminio (I'VIB) wepes POK, mHaxopsmerocs B meHTpe
kpyra-«uudepbrata» (unu norykpyra) - ¢ He6om. B manpreiimem mHassarnue I'TIB+PAT mepemino B fpyrue S35IKH B

TOM WUJIN UTHOM MO,ZI;I/I(bI/IIJ;I/IPOBaHHOM BULOE.

KitoueBble C€I0Ba: MHTEPAMCUWIUIMHAPHBIA INOAXOZ; JWHIBHUCTHKA; COJHEYHble gackl; TepmuH Georgia;

STUMOJIOTHYECKHE NCCII€JOBAHUA.

356bogrzolb mstomo 16.03.2019
d9dealigemol ostomo 8.04.2019
b9cndefgGmoeros psbsdgFos 25.06.2019
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Method and algorithm to evaluate the distribution of disturbances in the system
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Abstract. Study of an area and dynamics of distribution of the “disturbance” caused by the variation of the
elements determining the structure is of great importance for the assessment of stability of systems structure.

One of the best methods to analyze the system structure is the graph theory, which shows the typology of a
system structure. Other famous methods of system analysis are the catastrophe theory, cluster analysis, etc. It
should be noted that the mentioned methods do not cover the properties of the system-constituent elements.

One of the best methods to study the structure and elements of the system is Q-analysis, which has a wide
spectrum of application. It is used for the mathematical modeling and controlling social, economic, technical and
other systems. Q-analysis allows studying “anomalous” elements of a system and is an indication of the need to
improve system properties, the system resistance to the external impacts in the first instance.

The work gives the algorithms, which can be used to evaluate the intensity of “disturbances” and examples

illustrating the gained results as well.

Key words: Analysis; stability; structure; system.
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B. Meca6numBuiay, riaBHbIH ydueHsl coTpysHuk Mucruryra matemaruku umm. A. Pasmagse TOunmcckoro
TOCyJapCTBeHHOro YyHuBepcurera MB. /I>xaBaxumsuiau

E-mail: bachimesablishvili@gmail.com

Amnoranud. Bonbmoe sHaveHwe s OLEHKU YCTOWYMBOCTH CTPYKTYPhl CHCTEM MMeeT M3ydeHHe apeana U
IMHAMIKY PaCIPOCTPAHEHUS ,,BO3MYLIEHNUS ", BRI3BAHHOTO U3MEHEHIEM OIIpe e IAIONINX CTPYKTYPY DIeMEHTOB.

Jlna aHamMsa CTPYKTYpBI CHCTEM YacCTO HCIIONB3YIOT Teopuio rpados, KoTopas HArIsgHO OTOGpaXKaeT TOIIO-
JIOTHIO CTPYKTYPBI CHCTeMBI. Tak)ke H3BeCTHBIMM METOJAMHM JJIA aHAJM3a CHCTeM ABJIAIOTCA Teopua KaTacTpod,
KJIacTepHEIH aHamu3 u fAp. Cpasy ke HaZo CKa3aTh, YTO YKa3aHHBIE METOJBI He BKJIIOYAIOT CBOMCTB COCTaBHBIX
3JIEMEHTOB CHCTEeMBL.

OZHMM M3 HaWIYYIIUX METOAOB M3yYeHUA CTPYKTYPHL CHCTEMBI U ee DJIEMEHTOB fABjigerca MeTon QQ aHamu3a,
KOTOPBIH MMeeT WIMPOKHIl CIIEKTP IPAKTHIECKOro mpuMeHeHusa. OH HCIIONB3yeTCA AT MAaTeMAaTHYeCKOTO MOZe-
JIMPOBaHUA U yIPaBJIeHHUS COLMATBHBIMY, SKOHOMHUYECKHMH, TeXHUYECKMMU M IPyTMMHU cucTeMamu. Q aHanu3
IIpeJIOCTaBJIAeT BO3MOXKHOCTD HCCIEJIOBATh ,aHOMAJIbHEIE" 3JIeMeHTHI CHCTeMBI M yKa3bIBaeT, KaK HAJ0 YIyYIIUTH
XapaKTepUCTUKU CHCTEMEI, B IIEPBYIO O4epesib, ee yCTOHIMBOCTD II0 OTHOIIEHHUIO K BHEITHUM BO3eHCTBUAM.

B pabore mpezcTaBIeHbI aITOPUTMBL, IIOCPELCTBOM KOTOPHIX BO3MOXHA OI[€HKA NHTEHCHUBHOCTH ,,BO3MYIIEHUHN .

IIpuBeseHs! IpUMepHI, IULIIOCTPUPYIOIIYE ITOTyIeHHbIe Pe3yIbTaThL.

KirroueBble c10Ba: aHanus; cucTeMa; CTpyKTypa; yCTONIHBOCTS.
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AmnoTanusd. PaGora mocBsineHa M3yYeHUIO HOBBIX
IpefiCTaBUTENIEH BBIMEPIINX TOJOBOHOTUX MOJITIOCKOB
— ammonuToB. Cpenu Hux geTsipe Buza (Colchidites de-
licatus sp. nov., C. subangulatus sp. nov., Paraimerites
nelliae sp. nov., P. aff.katsharavai Rouch.) npunaze-
KaT K 6appeMckomy cemeiictBy Heteroceratidae Spath,
a ocranbHble — K paHeanTckuM Deshayesitidae Stoya-
now (Deshayesites tamarae sp. nov. ) u anT-aas0CKUM
Douvilleiceratidae Parona et Bonarelli (Pseudoche-
loniceras accommodatum sp. nov. u Cheloniceras quad-
rarium modicum subsp. nov.) cemeiictBam. Crexyer
CYNTATh TIOATBEPXKAEHHBIM (PAKTOM PacIpOCTPaHEHUI
IIpefiCcTaBUTENIEl TePMUHAIBHOMN TPYIIIBI KOIXUAUTOB -
C. securiformis Djan. B mo3gHeGappeMCKHIl SITUKOHTH-
HEHTAJIBHBIA MOpPCKOH OaccaeitH /[I3upyibcKOro Mmac-

cuBa. Ha ocuoBanuu H3y49eHNI HOBOI'O IIaJIEOHTOJIOTH-
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JecKOro Marepuana Gosee yGeLUTeTBHBIM CTaHOBHUTCSI
coobpakeHHe O POACTBEHHBIX cBA3fx Douvilleicera-
tidae Parona et Bonarelli (Cheloniceras) u Acanthohop-
litidae Stoyanow (Gargasiceras, Colombiceras). Mzyue-
HUe IIpeJCTABUTeNeH BHINEYIOMSHYTHIX POJLOB U
ceMeiCTB MMeeT GOJIBIIOE 3HAYEHUE [AJII OIIpe/eIeHuUsI
OTHOCHTEJIFHOTO BO3PacTa BMEUIAIONINX IIOPOJ, JeTalb-
HOTO pacwieHeHWs W KOPpeNAlUH OTIOXKEHUH U pe-
KOHCTPYKIMH (pu3MKO-TeorpaduiecKux yCIOBHUH IIPO-

IMeAINNX I'eOJIOTUYECKUX JII0X.

KiioueBble cmoBa: ammoHuT; ant; 6appem; Bup;
30HA; JIONIACTHAs JIMHUA; OOOpPOT; pa3pes; PaKOBHHA;

CKyJIBOTYPA.
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Beeaenue

HiokHemesoBble OTIIOXKEHHS (6appeMCKUii, alTCKUii
U anpOCKU APYyCHI) IMIPUHUMAIOT yYacTHe B CTPOEHUU
Me30-KaifHO30MCKOTO 0Cafl0OYHOr0 Yexia JI3pyibcKoro
Kpucrauindeckoro Mmaccupa (3amagmas ['pysma). Onu
IIpeACTaBJIeHbl MaJIOMOLIHBIMU KapOOHATHBIMHU, Tep-
PHIeHHBIMM U BYJIKaHOT€HHO-OCAZOYHBIMU ILIaT(HOp-
MeHHBIMM 00Pa30BaHIAMH U XOPOIIO OXapaKTePU30BaHBI
doccuAMKU  pasHBIX TPYII OPTaHU3MOB. I'0JI0BOHO-
TUMHM MOJUIIOCKAMH 0cOoGeHHO OoraTsl BepxHebap-
PEMCKO-HIDKHEANTCKUe Pa3sHOCIOUCThIe TIMHUCTO-IIeC-
YaHUCThIE U3BECTHAKU U Meprenu. B ocHOBy Hacrosmieit
CTAaThU JIETJIa YacTh KAMEHHOTO MaTepuaia, COGPaHHOTO
HAMH B Te4YeHHe MHOTOJIETHHX IIOJIeBBIX paboT Ha
I0KHOH nepudepuitHoit yacTu /I3UpyIbCKOro MacCHBa, B
npegenax ['opemra-Xaparoynbckoil u MoIUTCKON CHH-
xiuHane#. OmucaHHble HOBbIe BHBI IIPUHANJIENKAT K
IIMPOKO PACIPOCTPaHEHHBIM CeMeNCTBaM aHIUJIOLe-
pacoB — Heteroceratidae Spath, Deshayesitidae Stoyanow
u Douvilleiceratidae Parona et Bonarelli, xoTopsie
HMMeIOT BOXXHOe 6rocTpaTurpadudeckoe 3HaUCHHE.

Vcnonp3yeMas TepMHHOJIOTHA IPU OIMUCAHUKM MOHO-
MOp(}HBIX aMMOHHUTOB 3aMMCTBOBaHa u3 pabor B.B.
Hpymuna, T'S. Kpsmvronsma, A.E. I'masynosoii, JIL.C.
Jlu6poBuda, a IpU HU3YYEHUU TeTePOMOP(HBIX KOJIXH-
IWUTOB IIOJIB30BANINCh TEPMUHOJNOTHEH U GyKBEHHBIMU
o6osHauenusmy, npumensemsivu M.B. Kaxabazze [1,2].
VismepeHusa oOpasloB B TeKCTe CBeZE€HBI B OOILIYIO
TabINIly U JAIOTCA B MIUUIMMETpAX, a cooTHomenus B:/l,
IT: M1, [im: /T — B poleHTax.

OmnucaHHbIe 5K3eMILIAPBI XpaHATCA B Mysee um. I'.[I.
XapaTUWIBUIN JemapTaMeHTa NPHUKIATHON Ie0JIOTUU
I'py3sHHCKOTO TEXHMYECKOTO YHHUBEPCHUTETa IIOJ KOJ-

JIEKIIMOHHBIMU HOMepamu 8 u 4.
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OcHoBHas 9acTh

IMogotpsaa Ancyloceratina Wiedmann, 1966
(emend. Besnosow and Michailova, 1983)
HancemeiicTBo Ancyloceratoidea Gill, 1871

CemeiictBo Heteroceratidae Spath, 1922
Pop Colchidites Djanelidzé, 1926
Colchidites delicatus Scharikadze, sp. nov.
Ta6n.l, pur. la-g.

HA3BAHUE BUJIA ot delicatus naT. — KpacuBBIH,
TIpeJIeCTHBIM.

TOJIOTUIT — ax3. Ne8-2/98-40, oxpecTHOCTH CeI.
lopemra, 3amagmas I'pysus; Bepxuwmii OappeM, 30HA
Colchidites securiformis.

MATEPUAJL. Opun 5K3eMILIIp XOpOIIEeH COXpaH-
HOCTH.

®OPMA. PakoBrHA KPYIIHBIX Pa3sMEpPOB, COCTOUT U3
TeJIMKOMAAIBHOY, IUIOCKOCIMPAJIBHOKM M  pPasBepHYTOM
vacreif. ['eJMKC JIeBO3aBEepHYTHIN, COCTOUT, TIOBUAUMOMY,
u3 4-5 o6oporos. IlmanocmupanbHas (ZMCKOMZAIbHASL)
YacTh IpeJCTaBleHa U3 OZHOTO HEeCOIPHKACAIONIETO U
6s1cTpOBO3pacraromiero obopora. CreGesrs KOPOTKUiA, ClIa-
60 wusormytsiii. Kpiouok moBonpHO mmpokuii. Ilome-
pedHOe ceueHue IOCIefHero 060poTa TeIMKCa OKpYTJIoe C
IIpeBbIIIEHNEM IIUPUHBI HAZ BBICOTOM, HA NUCKOMIAJIB-
HOI 4acTy U Ha cTebiie- 3IUIMIICOMAIbHOE, a Ha KPIOUKe
— OBaJbHOe, MpHOMIKAIOmeeCs K IIPAMOYTOJBHOMY.
BoxoBble cTOPOHBI B Hauaje IUIAHOCIIHPAIBHOTO 060poTa
BBIIYKJIbIE, 3aTeM IIOCTEIIEHHO YIUIOMAIOTCSA U HA KPIOUKe
CTaHOBATCA cyOmapautensHsiMu. [lupokas BeHTpasbHaA
CTOpOHA B Hayaje IJIAHOCIHMPAIBHON YaCTU IIOCTENIEHHO
CY>KHBaeTCs, a Ha KpIOuKe CHOBa pacmupsiercs. Jlopcais-
Has CTOPOHA OCTAeTCs HEM3MEHHOI — IOYTH IIIOCKat U

IMpe BeHTPaJIbHOM.
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Ne oks. B Bl biid I b B I O

B[, | U4 | Am:J | B:IIO pIb; B1 I B2 1>

8-2/98-40 | - | 9,0 | 10,7 | 22,0 | 41,8 | 16,1 | 14,4 | 15,0

39 34 1,12 36 34,0 | 24,8 | 20,5 | 25,2 | 22,3

CKVIJIBIITYPA. IlocrmegHue OGOpPOTBI TeIHKCA B
cepenyHe OOKOBBIX CTOPOH YKpAlleHbI YaCTHIMU IIPUIIOZ-
HATBIMM peGpaMy, M30THYTHIMU BIEPes U IeIsIiMUCST
Ha JiBe paBHbIe BOJIHOOOpasHbIe BeTBU. Ha IutaHOCIMpaIh-
HOI 4YacTu pebpa [JOBOJIBHO CHJIBHBIE, TIPOCTHIE, PELKO
IBYBETBUCTBIE, IIpAMbIe, IIOCTEIIEHHO YTOJUIAIOTCA B
BepxHell 4acTu GOKOBBIX CTOPOH U TI€peceKaroT BEHTPaIh-
HYIO CTOPOHy CO cyabGbIM u3THGOM Bueper. Pexko mpu-
CYTCTBYIOT KOPOTKHeE IIPOMeXyTouHble pebpa. YacTo Hab-
JofaeTcs KynucoobpasHoe 3amemenue pebep. Ha Goko-
BBIX CTOpOHaX cTeGyisi pe6Gpa HECKOJBKO CIIa’KHUBAIOTCA.
Ha xprouke CKyJabITypa IIpefCTaBjIe€Ha IIMPOKOPACCTaB-
JIEHHBIMU U CHJIBHBIMU OZMHOYHBIMU peOpaMu, KOTOpbIe
Ha BEHTPAIBHOHM CTOPOHE HECKOJIBKO YCWIMBAIOTCA U
3aMeTHO BbIrmOaioTcs Brepexs. Ha mopcasnpHOi cropone
JUCKOUIAIBHON 4acTH U cTebJis I1aBHbIe pebpa ZeiTcs
Ha JIBe TOHKUE, H30THYThIE BII€pe]] BETBIL.

JIOITACTHAS JINHUWSA. BenrpanpHas J10onacTs mo-
BOJIBHO y3Kasg, pasfielieHa BTOPHYHBIM CeZJIOM Ha IBe
vactu. JlaTepajibpHas JIONIACTh HECKOJIBKO [JIMHHeE BeH-
TPaJIbHOM, TpeXBeTBUCTasA U Clab0 acHMMeTpHYHAs.
VHTepHMIaTepaIbHAS JIOMACTh ACUMMETPHYHAA U TTOYTH
B [IBa pasa Kopode JaTepanbHoii. JlopcanrbHas JIONAcTh 0
IJIMHe paBHA BEHTPAJBHOM, C OYeHb Y3KOW 3a0CTPEHHOM
BeTBBIO. Bce Tpu cezijla CXOLHBI IO OYEPTAHUIO — UMEIOT
pacuIMpeHHOe OCHOBaHHWE, OJUHAKOBYIO BBICOTY M Ha
BepUIMHe pa3feleHbl HAa [Be HepaBHbIe BETBH BTOPHU-
YHBIMU JIOIIACTSIMU.

CPABHEHUE. Ilo obmeit ¢opMe u CKyJIBIType
OIKCHIBAEMBIH BHJ, JOBOJIBHO Y€TKO OTIMYAETCSA OT BCEX
BuzoB, Bxomamwux B rpymmy Colchidites colchicus
Djanelidzé. Cpepu Hux HauGosbllee CXOLCTBO OH IIPO-

spiasser ¢ C. apolinarii Royo y Gomez (3, p.468, pl.
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LXXIV, fig. 1), oT KOTOpPOTO OTINYAETCS HeCONPUKACAIO-
IUMCA 060POTOM JUCKOUAAIBHOM YaCTH, CI1a00 M30THY-
TBIM X KOPOTKHMM CTe6JieM, HEeMHOTOYHUCIeHHbBIMU U 60-
see cunpHbiME pebpamu. Ot C. multicostatus Kakab. (1,
crp. 67, tabn. XII, ¢ur. 3) Ham Buz oriamdyaercs Gosee
PasBEpHYTHIM ¥ HU3KUM IUIOCKOCIIMPAIBHBIM 000POTOM,
HMMEIOIIUM CyOIpAMOYTOIbHOE IIOIepeYHOoe CedeHHe,
6osee CHUIBHBIMA U OTHOCHUTEIBHO MAaJOYHCIEHHBIMH
pebpamu. B ormane ot C. rouchadzei Erist. (4, p.239, pl.
X1V, fig. 6) xapakTepusyercs OIZHHM, 0Ojee TOJICTHIM
IIAaHOCIHPATIBHBIM 060POTOM, CPaBHUTETBHO KOPOTKHUM,
C1abOM3OTHYTBIM CTeOJIeM U KyJIMCOOOpPasHBIM 3aMe-
meHueM peGep.

MECTOHAXOXJEHUWE. 3anaguas I'pysus, okpect-
HocTu c.l'opema, Bepxumit Gappem, 3onHa Colchidites

securiformis.

Colchidites subangulatus Scharikadze, sp. nov.
Ta6umx. I, pur. 2a-t.

HA3BAHUE BUJA or sub — noz, u angulatus sat. —
YTJIOBaTHIM; IO CyGKBaZpaTHO-IPAMOYTOJBHOMY Cede-
HUIO IIJIAHOCTIMPATIBHBIX 060POTOB.

T'OJIOTHUII — ok3. Ne8-4/282-1, oxpecTtHOcTH celL.
Jlamre, 3amagnas [I'pysus; BepxHuit GappeMm, 30Ha
Colchidites securiformis.

MATEPUAIJL Opzo BHyTpeHHee AP0 YIOBIETBO-
PUTEIBHOM COXPAaHHOCTH.

®OPMA. T'enukc He coxpanmuca. Ilmaxocmupans-
Hafd 4acTh COCTOMUT u3 Oojlee ABYX MeJJEHHO BO3pac-
TAIOIUX OGOPOTOB, IIONEPEYHOE CedeHUe KOTOPBIX C
POCTOM MeHsSeTCa OT CyOKBaApaTHOIO IO CyOIpIMOY-

TOJIBHOTO C BBICOTOH, IpeBblmaromeil mupuny. O60-
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POTHI c1a60 06BeMITIONIYe, HAaUOOIbIIAs ITUPUHA KOTO-
PBIX MPUXONUTCA B HIDKHEN 9acTHU. DOKOBBIE CTOPOHBI

CJIeTKa BBIMYKJIbIe, IIOYTU IUIOCKHe, CyOmapasiienbHsle,

TOBOJIEHO Pe3KO IIePeXOZAT B CIAOOBBITYKIYIO M IIH-

POKYIO BeHTpPaJbHYIO CTOPOHY.

Ne oka. B Bl iid I pil

B I Plfis B: 2

.4 | Ao | B:II

8-2/98-40 - - - - 64,0

243

195 | 25,0 | 38 30 40 1,25

CKVYJIBIITYPA. BoxoBble CTOPOHBI HA4aJIBHOTO ILIA-
HOCIIMPAJIBHOTO 000POTAa HOKPHITHI NMPAMBIMU, KYJIHCO-
00pa3HO 3aMeLIAIOMIVMU U CJerKa M30THYTHIMHU BIIEpe],
Ha BEHTpaIbHOM cTOpoHe pebGpamu. OueHs pesko Hab-
JIOJAIOTCA TIPOMEXYTOYHBIE U BeTBAlmuecs peGpa. Ha
GOKOBBIX CTOPOHAX IOCIemHero obopora pebpa S-o6pas-
HO M3OTHYTSHI, B HIDKHEH U BepXHell TPeTH KOTOPhIX HeC-
KOJIBKO CTJI2)KEHBI, 8 B CepelHe IPUIIOTHATHL U YTOJ-
IeHbl; HA HAPY)XHOW CTOPOHe OHU BBITMOAIOTCA BIIEpe[,
U yCHIMBAIOTCA. B KOHIle TmociefHero momyo6opoTa, Ha
BEHTPAJIbHON CTOpPOHE HacuuThIBaeTcs 31 pe6po.

JIOITACTHAS JIMHUS He coxpaHumack.

CPABHEHMUE. Cpenu BUZOB, IPYyNIUPYIOLUXC BO-
xpyr Colchidites shaoriensis Djan., omucsIBeMsIii Bu,
6ospure Bcero moxox Ha C.rionensis Sim., Bac., Sor. (5,
cTp. 172, Taba. VI, dwur.1); oranyaercsa oT HEro CpaBHU-
TeJPHO HU3KUMHU M TOJICTBIMM MeJJIEHHO BO3pacTalo-
UMY, C1a6006BEMIIOIUME 060POTaMHU, Y3KUM IyII-
KOM, IIMPOKOM, ITOYTHU IUIOCKOM BEHTpaJbHOU CTOPOHOM
Y MHOTOYHMCIeHHBIMU pe6pamu. B ornnune ot C. shao-
riensis Djan. (6, Tabu. 1, dur. 2) Ham BuA XapaKTepusy-
eTcs, TJIaBHBIM 06pasoM, Gojiee TOJICTBIMHU CyGIPIMOY-
TOJIBHBIMA OGOPOTaMHU M CPaBHUTEIBHO MHOTOUHCIIEH-
ueiMu pebpamu. Ot C.atsharensis Rouchadzé (4, p. 246,
pl. XVIII, fig. 2) oriuyaercs WMHUPOKUM IIYIIKOM,
CyOKBapaTHO-IIPAMOYTOIBHBIM CedeHueM OOOpPOTOB,
OTHOCUTENBPHO MAJIOYUCIEHHBIMH M B OOJIBUIMHCTBE

CJTyyaeB HeBETBANIMMUCSH, KyJIMCOOOPa3HO 3aMelraio-

IIUMU APYT Apyra pebpaMu.
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MECTOHAXOXJAEHWE. 3anaguas I'pysus, oxpec-
tHOCTHU ces. Jlamre, Bepxuwuit Gappem, 3oHa Colchidites

securiformis.

Pox Paraimerites Kakabadze, 1967
Paraimerites nelliae Scharikadze, sp. nov.

Ta6a. I1, ¢pur. la-g, 2a-8

HA3BAHWE BUJA B uects mameonrtosnora Hemmu
JomenTtreBus! Kyuynopus.

T'OJIOTUII — ax3. Ne 8-2/98-18, oxpectHOCTH CelL.
lopema, 3amagnas I'pysus; Bepxuuii GappeM, 30Ha
Colchidites securiformis.

MATEPHAJL. [lpa 5K3eMILIApa YZLOBJIETBOPUTEIb-
HOM COXpaHHOCTHU, IPeACTaBIeHHbIE IOCIeAHUMU 1-2
060pOTaMu rejIKCa U IIAHOCIIMPAIbHOM YacThIO.

®OPMA. fAxpa cpesuux pasmepos. [enmkc seBo3a-
BEPHYTBHIH, COCTOAIINIHA, TO-BUAUMOMY U3 4-5 OKpyTIeH-
HbIX 000poTOB. IlIaHOCTIMpaTbHAsA YacTh IIpefiCTaBIeHa
Y3 OLHOTO HECOIPHKACAIOIIETO U GBICTPOBO3PACTAIOLIETO
o6opora. [lomepeutoe ceueHue OBaJIbHOE, C HAMOOIb-
el IIMPUHON B HIDKHeM TpeTH BBICOTHL bokoBbIe
CTOPOHBI CJIeTKa BBIMYKJIble, COMIDKAOIUECS B BepXHEH
YacTH, He OYeHb Pe3KO IePeXOAllre B JOBOJIBHO Y3KYIO
U YIUIOIEHHYIO BEHTPAJIBHYIO CTOpOHY. J[lopcaabpHas
CTOpOHA IIOCKas U 6ojee IIMPOKAasd, YeM BEHTpaJbHAA.

HyHKOBBIe CT€HKH HU3KHE U II0JIOTHE.
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Ne oka. B Bl biig I pill B I A B4 | W[ Auo:J1 | B:III
8-2/98-18 - 1 62| 60 | 126 | 338 | 12,0 | 109 | 142 | 35 32 42 1,10
(romoTum)
8-2/98-13 - 1 60| 55 | 123 | 288 | 102 | 100 | 122 | 35 35 42 1,02
CKVYJIBIITYPA. o06opoThl reimukca IOKPBITHI IO-  TepajbHad JIONACTh y3Kasd, TpexpasfiesbHad, IOYTH B IBa

BOJIBHO Pe3KMMH, MHOTOYUCIEHHBIMY BOJTHUCTHIMU Peb-
pamu. Ha mmanocmupanpHO# uwactu pebpa muddepeH-
nupytorcs. Cpeiy HUX TIaBHbIe CHayaga IpsAMbIe, a B
BepxHeil YacTH OGOKOBBIX CTOPOH CEPIIOBUJHO W3THU-
6aroTCsa U C Pe3KUM IIeperuboM IepeXoaT Ha BeHTpalb-
HYIO CTOPOHY, 00pasys c1absIit BRIru6 Biepes. Mx morme-
pedHOe ceyeHMe Ha GOKOBBIX CTOPOHAX 3a0CTPEHHOe, Ha
BEHTpPaJIbHOMN — CJIerka TpamenuesusHoe. Ha mocienaem
060poTe TejIMKCa y TJIaBHBIX pebGep IO KpasfM BeHTPasb-
HOM CTOPOHSBI IIOABJIAIOTCA IIapa TOHKUX U 3a0CTPEHHBIX
GyTOpKOB, IIOCTEIIEHHO YCWJIMBAIOIIUECA O CEPeJUHBI
IUTAHOCTIMPATIBHOrO 060poTa. MeXOy TJIaBHBIMU IIO
OIHOMY UepeZAyIOTCA OTHOCUTEIBHO TOHKHe Oe30yropya-
ThIe TIPOMEXXYTOUHBIe pebpa, Gepylire HadaIo B BepXHeit
JacTH GOKOBBIX CTOPOH. B KOHIle 060poTa CKYJIBITYpa
ocnabisercs, GyTOpKH MCYe3aioT, pe6pa, KyJIncoo6pasHO
3aMelnas Jpyr-Apyra, C 3aMETHBIM U3TUOOM BIIepe, Tie-
pecekaloT BeHTpaslbHYIO cropoHy. Ha HapyxHoI dacTu
BTOPO#1 IIOJIOBUHBI IIAHOCIIMPAIBHOTO 060pPOTa HACUU-
thIBarorca 38-40 pebep.

JIOITACTHASA JIMHUA. BeurpansHas JomacTb
y3Kad, YCJIOXKHEHa BTOPUYHBIM HM3KMM cezyoM. Jlare-
pajJbHAA JIONACTH CHUMMETPHUYHO TpeXpasfeibHasd, Hec-
KombKo pAiauHHee BeHTpanbHOi. Cexmmo V/L cmabopac-

CEYE€HHOE, aCHMMMETPHUYIHO ABYypa3aeabHOe. I/IHTepHI/IJIa—

pasa Kopode JIaTePaIbHOA.

CPABHEHUE. B ornuuue ot P. planus Rouch. (4, p.
262, pl. XXI, fig. 8-9) HOBBIII BHA XapaKTepU3yeTCs
CPaBHUTEJIBHO HUSKMM H TOJICTHIM IUIAHOCIIHPAIbHBIM
000pOTOM, LIMPOKKUM ITYIIKOM, MHOTOYHMCIEHHBIMU Pel-
paMH U IIPUCYTCTBHEM IIPOMEXXYTOYHBIX peGep.

MECTOHAXOXXJIEHWE. Oxpecraoctu c. 'opera,
3amaguaa ['pysus, Bepxuuii Gappem, 3oHa Colchidites

securiformis.

Paraimerites aff katsharavai Rouchadzé

Ta6x. II, ¢pur. 3a-r

MATEPUAJL. OpuH 5K3eMIUISP YAOBJIETBOPUTEIb-
HOM COXPaHHOCTH.

®OPMA. fzpo ymroleHHOe, KPYIHBIX pa3MepOB.
lemuxc me coxpanmca. IlmaHOCTIMpanabHAA 9acTe coc-
TOUT U3 Oojiee JIBYX yMepeHHO BO3PacTAIOUIUX CJIeTKa
06BeMIIAIOMIUX 060POTOB, (hOpMa MOIEPETHOTO CeYeHUT
KOTOpBIX CyGTpamenueBugHasd. HauGosnslnas urupuHa
IIPUXOSUTCA B HIDKHEIl TpeTH OGOKOBBIX CTOpOH. BeH-
TpaJbHAsA CTOPOHA CJIeTKa BBINYKJAs, [JOBOJBHO DPE3KO
IepexoAAmas B IIOYTH IUIOCKME U BBICOKHE GOKOBBIE
cTopoHsl. IIymok [OBOJIBPHO IIMPOKHI, CTYII€HYATBIMH;

CTEeHKH ITyIIKa HU3KHE, OTBECHBIE.

Ne sk3. B Bl biig I , B I Ao B:Z 1. /1 Hr: T B:III

8-19/52-1 - - - - 91,0 | 29,2 | 258 | 36,7 32 28 40 1,13
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CKVIJIBIITYPA mnpezncraBieHa CUIBHBIMU OLUHOY-
HEIMU pe6Gpamu. OHH 3apOXZIAIOTCA OKOJIO IIOBHOI
JUHUY U Ha IIepBOM 06OpoTe, uMMes I'peOHEBUIHYIO
¢dopmy, HampaBifloTca paguanbHo. C Hadaja BTOPOTO
06opoTa, IIOCTEIIEHHO YCHIWBAasACh, OHU B BepXHel
TpeTH GOKOBBIX CTOPOH CJIETKA BBITMOAIOTCA BIIEPEZ, C
IIpeJIOMJIEHNEM II€PEXOAT Ha BEHTPAIbHYIO CTOPOHY U
OJHOBpeMEHHO yTOJIIIAACh M CJIeTKa yIIIONasch, obpa-
3YIOT 3aMeTHbI# u3ru6 B cTopoHy ycrha. I[lo Kpaim
BEHTPAJIbHOM CTOPOHBI pebpa CHaGXeHBI JOBOIBHO
CIUIBHBIMM KOHYCOOGPa3HBIMU GYTOpKaMH, IIOCTEIIEHHO
CTIQXUBAIOIUMUCA K KOHILY IIpeJIocIeHer0o 060poTa
(D=48 mm). Ha mociemuem obGopore pebpa (B Komu-
yecTBe 32) CTAaHOBATCA OoJlee CHJIBPHBIMH U IIMPOKO
PacCTaBIeHHBIMU.

JIOITACTHAS JIMHUS He coxpaHuiacs.

CPABHEHHME. Ilo dopme u xapakTepy CKyJIBITYPEI
ONKCHIBAEMBIM aMMOHMT KMeeT MHOTO ofuiero ¢
Paraimerites katsharavai Rouch. (4, p. 262, pl. XXI, fig.
7); oTIMYaeTCs, B OCHOBHOM, OTHOCUTEIBHO HU3KUMU U
IIUPOKUMHU CyOTpanerueBUHEIMI 060pOTaMU M HaIu-
yueM M30THYTHIX pebep. B oriamume or P. gumbriensis
Rouch. (4, p. 265, pl. XXII, fig. 3) ox xapakrepusyercs
CPaBHUTEIBHO HM3KMMHU OOOpPOTaMH, OTCYTCTBHEM
IIPOMEXYTOYHBIX M BETBAIUXCS pebep; KpoMme TOro,

oblee KOIU4IecTBO pebep Ha 0OOpOTe MeHBIIE, 4eM y

MECTOHAXOX/JIEHUE. Yumense p. Kopueba (mpa-
BBII IIpUTOK p.Uxepumerna), 3anagHas ['pysus, BepxHuit

6appewm, 3oHa Colchidites securiformis.

HapcemeiictBo Deshayesitoidea Stoyanow, 1949
CewmetictBo Deshayesitidae Stoyanow, 1949
Pog Deshayesites Kasansky, 1914
Deshayesites tamarae Scharikadze, sp. nov.

Ta6a. III, ¢ur. la-r.

HA3BAHWE BUJA B yecTs majeoHTONIOra TamMapsl
Huxkomaesusr bormamnoBoii.

T'OJIOTHUII — ox3. Ne8-5/234-1, oxpectHOCTH CeIl.
Jlamre; 3anmaguas ['py3us; HUKHMIM amT.

MATEPHAJL. OpuH XOpOLIO COXPaHUBLIMHCA K-
3eMILISIP U OLUH 00JIOMOK.

®OPMA. PaxoBuHA KpPYIHBIX PasMepOB, YIIIOIEH-
Hafd, ¢ yMEpeHHO BO3PACTAIOUIVIMU IIOJYHHBOIIOTHBIMU
o6opoTaMu, HMepeKpHIBAOIUMY APYT-Apyra Ha 2/3 BbI-
coTer. CedyeHMe IOCIeNHETO OGOPOTa SILUIUIICOUAAIB-
HOe, BRITAHYTOE B BBICOTY. BeHTpanbHas CTOpOHA y3Kadi,
3aKpyTJIeHHasd, Ha PaHHUX 00OpOTaxX ClerKa YILIOLIeH-
Has. BoKoBBIe CTOpOHBI CIaGOBBIIYKIIBIE, JYyTOOGPasHO
IIepeXofAT Ha BEeHTPaJbHOI cTopoHe. [Iymok moBoisHO
Y3KUH, CTyIIeHYaThIl, HerTyOokuii. CTeHKU IyIIKa HU3-

Kue, cmabo HAKJIOHEHHBIE, YE€TKO OTIPaHUYE€HHBIC OT

CpaBHUBAEMOTO. 60k0BbIX cTOpOH. JKmmas kamepa sanumaer 2/3 moc-
nexHero obopora.
Ne oka. pill B I Ao B:Z 1. /1 pikiepill B:III B:s
8-5/234-1 80,0 | 36,3 | 20,4 18,3 25,3 45 26 24 1,78 1,43

CKVIJIBIITYPA. PebGpa riaBHble U IIPOMEXYTOY-
Hble, HA PaHHHUX 060POTaX CPaBHUTENBHO CIabble, a HA
XKIJION KaMepe CHUJIbHBIE I MHOTOYMCIeHHbIe. [1aBHbIe

pe6pa HAa4YMHAIOTCA YYTh BBINIE IIOBHOM JWHUU, Ha
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IITYIIKOBOM IIEPEI‘I/I6G YTOJIAIOTCA M HECKOJIBKO 3aru-
Garorcst Hasaz, Ha GOKOBBIX CTOpPOHAaX CHJIBHO S-OGP&BHO
M3rUOAIOTCA M IIOCTEIIEHHO yTOMmasaCh U YILIOIAACH,

IyrooGpasHO IIepeceKaloT BEHTPaJIbHYIO CTOPOHY. B
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GOJIBIIMHCTBE CIyYaeB OHU ONMHOYHEIE, JIMIIb B HAYAJIE
mociefHero o0OpOTa HEKOTOphle IejlATCI Ha [JBe
HepaBHBIe BeTBU. [IpoMexyTouHble peGpa B Hadaie
mocsieiHeT0 060pOTa IO /Ba, a 3aTeM IO OFHOMY depe-
IOyIOTCSI MeXZIy TiaaBHbIMHM. Ha BeHTpanbHON CTOpOHe
Bce pebpa HEOTIMYMMSBI IPYT OT ApyTa M HECKOJIBKO
IPUTIOZHATHI; UX IepefHAA JacTh IIOJNOTas, 3afHIA —
KpyToOIlofiaiolas, IOBEPXHOCTh YILIOIeHHast. Koiu-
YecTBO pebGep Ha BEHTPAJbHON CTOPOHE IIOCIELHETO
o6opoTa 55, Ha TyIIKOBOM Ileperube — 24.
JIOITACTHAS JIMHUSA coxpanuiack ¢pparMeHTapHO,
TUNWYHASL i1 poja. HeriayOokas BeHTpajIbHas JIONMACTb
pasfeneHa BTOPUYHBIM LIMPOKUM cemyoM. JlaTepanbHas
JIONACTh 3HAYMUTETBHO [JIMHHEe BEHTPAIbHOH, acuM-
MeTpUYHad C TpeMsA HepaBHbIMU Jenectkamu. Ceznno V/L
IIIPOKOE, aCHMMETPUYHOE, Pa3fieleHO Ha JBe HepaBHbIE
JaCTH JOBOJIBHO TTyGOKOM BTOPHIHOM JIOTIACTBIO.
CPABHEHME. Tlo obmemy 06IMKy OIHCHIBa€MBIi
Buz cxogzen ¢ Deshayesites kudrjavzevi I.Mich. (7, ctp.
26, tabx. I, dpur. 6); orinyaercs OT HETO CPABHUTEIHHO
BBICOKMMM 06OPOTaMHU, Y3KUM IIyNIKOM, GoJjiee U30THY-
THIMH U MHorouucieHHsiMu pebpamu. Ot D. dechyi
Papp (8, p. 171, pl. IX, fig. 3) HOBSI BuZ OTIMYAETCS
6oJiee BBICOKMMHU UM Y3KMMHU 060pPOTaMHU, CPaBHUTETIBHO
MomHbIMU pebpamu. B oriuuue ot D. gracilis Casey (9,
p- 324, pl. XLVII, fig. 10) oH uMeeT CpaBHUTEIBHO
cabble U MaJIOYHCIeHHBIe peOpa U y3KUI IYIIOK.
MECTOHAXOXJAEHMWE. 3anaguas I'pysus, oxpec-
tTHOCTH cell. Jlamre, ymense p. Jlamucrese (JieBblit pu-
TOK p. Uxepumesna), HIDKHUM anT, KOHJAEHCUPOBAHHBIH

IIOTpaHUYHbIH cioi 30H deshayesi u furcata.

HagcemeiicrBo Douvilleiceratoidea Parona et
Bonarelli, 1897
Cewmeiicrso Douvilleiceratidae Parona et Bonarelli,
1897
IToxcemeiicTBo Cheloniceratinae Spath, 1923
Pog Cheloniceras Hyatt, 1903
Cheloniceras quadrarium modicum Scharikadze,
subsp. nov.

Ta6a. IT1, ¢ur. 2a-r.

HA3BAHUE TIOJABUIA or modicum jar. —
yMepeHHBIH, HeOOIBIIOM.

T'OJIOTHUII — ok3. N°8-11/64-12, oxpecTHOCTH CeJl.
lumna, 3anmaguas ['pysus; HIDKHUI anT.

MATEPUWAIJL [la sk3eMIUIIpa XOpouieil COXpaH-
HOCTH U TPX 00JIOMKA.

®OPMA. PaxoBuHa CpemHUX pPa3MeEpPOB, CHIBHO
B3gyToe. OGOPOTHI YMEPEHHO BO3PACTAIOIIHE, ITOTY3BO-
JIIOTHBIE, IIUPHUHA KOTOPBIX B IIOJITOPA pasa IpeBhINIAeT
BeicoTy. [lomepeuHoe cevyeHme paHHUX 060pOTOB (ZO
KOHI]A YeTBEPTOTO) TpalelueBUAHO-CyOKOPOHATHOE,
6oJlee MTO3THUX — IPSIMOYTOJIBHOE C IIMPUHOMN, 3aMETHO
IIpeBOCXOAIEeH BBICOTY. MecTo HauGoblIel IIMPUHEI
TPUXOSUTCS B BepXHei TpeTu GOKOBBIX CTOPOH. HeBsI-
COKMe YIUIOLIeHHbIe GOKOBBIE CTOPOHBI IUIABHO IIepe-
XOZAT B IIUPOKYI0O M IIOYTU IUIOCKYIO BEHTPAJIbHYIO
CTOPOHY. IIyIIOK yYMEPEHHO UIMPOKMH, CTyII€HYaThIH.
ITynkoBsle CTeHKU HU3KHE, HAaKJIOHHBIE, IIOCTEIIEHHBIM

IIepexon0M CBA3BIBAIOTCA C GOKOBBIMHU CTOpOHaMH.

Ne oka. pil B I A B B: I 1 Hr: /T B:III B:B
8-11/64-12 27,0 9,9 15,3 8,8 6,8 37 57 33 0,65 1,41
(romoTum)
8-11/64-31 27,5 10,3 15,0 8,9 7,3 37 55 32 0,65 1,45
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CKYJIBIITYPA. Pebpa ToHKHe, CileTKa HaKJIOHEH-
Hble Ha3az. Ha 1oHBIX 060pOTax OHM 3aMETHHI JIHUIIb Ha
BEHTPAJIBHON CTOPOHE, U30THYTHL BIIEPEZ U COIMPOBOXK-
JAIOTCA HeTTyOOKMMH IepeXuMaMHu. YXKe Ha BTOPOM
o6opoTe, 1O KpagM pEe3KOTO BEHTPAJbHOTO Ieperuta
06pasyioTcs ocTpsle mumoBugHse 6yropku. Ipn [1=3,1
MM IIOABJIAIOTCA TOHKHME OJUHOYHBIE IIPOMEXYTOUHBIE
pebpa, KoTopsle pesKo (II0 OZHOMY) YepeLyIOTCI MeX-
Iy TIaBHBIMH. HecKosibKO IO3)Ke HEKOTOpBIE TIaBHBIE
pebpa B 6oxoBbIX Oyropkax paszsamsatorcs. [Ipu =10
MM Yy HHUX Ha ITyIIKOBOM Itlepern6e o6pasyioTcs BHOIbpe-
GepHBle YTOJLIEHHI, KOTOPBlEe NOBOJIBHO GBICTPO IIPH-
HUMAOT (GopMy 0O6OCOGIEHHBIX OCTPBIX OyTOpKOB M
BCerja yCTyNaloT IO cuie KpaeBbIM. IIo Mepe pocra
PaKOBHHBI, KpaeBble OyTOPKH CMELIAIOTCS HIKE BEHT-
pampHOro Ieperuba U CTAaHOBATCA BePXHEOOKOBBIMU.
Ha BeHTpasbHOH CTOpOHe IOCIeZHEro 060opoTa Yy
TOJIOTUIIA HACUUTHIBaeTCA 42 €1ab0 M3OTHYTHIX Hasag,
pebpa, cpexu KOTOPHIX AUIIH 8 B BEPXHEOOKOBBIX OY-
ropKax ZeiATcsa Ha IBe MOYTH paBHBIE BeTBU. Mexzay
Humu (“TIaBHBIME’) HeperyIipHO depexyiorcs mo 1-3
“mpoMexxyTouHoMy” pebpy, Oepylux Hadajo Ha NyI-
KOBOM Ileperube UIH C PasHBIX MECT GOKOBOM CTOPOHSI;
CpefiX HHUX HEKOTOpHIE COIIPOBOXKZAIOTCA CIabbIMU
BepXHeOOKOBBIMU YTOJIIIEHUAMU. B KOHIle IociefHEro
o6opoTa pebpa B OGOJBIIMHCTBE CJIy4aeB CTAaHOBATCI
OJVHOYHBIMU, CyOpafUaIbHbBIMKA U PABHBIMU IIO TOJ-
IMHE Ha BEHTPAJIBHOI CTOpOHE; GYTOPKH 3aMETHO OC-
1a6eBaloT, a epeXXKUMBbI NCYe3aloT.

CPABHEHME. B orinyue OT M3BECTHBIX AHTJIUIC-
xux mozaBuznoB — Cheloniceras quadrarium quadrarium
Casey (10, p. 227, pl. XXXVI, fig. 10) u Ch. quadrarium
dispansum Casey (10, p. 229, pl. XXXV, fig. 6), omnu-
CBIBaeMbIi TOJBHJ OTIWYAETCH HAIUYMEM OTKIOHEH-
HBIX Hasag peGpaMu, a TakKe GOIBIIUM KOJIHYECTBOM,

HUHOrma CHa6>XeHHBIX BePXHe6OKOBLIMI/I 6YI'0PKOBI/I,II;-
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HBIMU B3LYTUAMHU, IPOMEXYTOUHBIX pebep. Kpome

TOrO, HAll HOABUZ, B OTIWYME OT IEpPBOTO, Xapak-
TepusyeTca 6ojiee LIMPOKUMU 060pOTaMHU, a OT BTOPOTO
— cpaBHuTenbHO y3kuM mynkoM. Ot Ch. seminodosum
seminodosum Sinz. (11, s. 165, taf. 1, fig. 3-6) omucs-
BaeMBIH IIOJBUJ, OTINYAETCS KOPOHATOBHUAHO — IIPS-
MOYTOJIbHBIM Ce4eHIeM 000POTOB, IJIOCKOH U ITUPOKOH
BEHTPAJIbHON CTOPOHOMN, CPaBHUTEIBHO TOJICTBIMU 000-
pOTaMH U Cllerka HaKJIOHEHHBIMH Hazaz pebpamu. Ilo
ofbmeMy OOJIMKYy OH HECKOJIBKO HAIOMHHAET TaKXKe
mpegncraBureneit poja Procheloniceras Spath., oznako
OT/INYAeTCS OT HUX, B OCHOBHOM, HAJIMYVMEM BETBAIIU-

MUCS TJIABHBIMM peOpaMu, HeCyIUMHU Gojiee CHUIBHEBIE

BepXHeOOKOBEIe, YeM IIPUITYIIKOBbIe OYTOPKU.

Popx Pseudocheloniceras Scharikadze, 2015
Pseudocheloniceras accommodatum Scharikadze,
sp. nov.Ta6u. III, dur. 3a-r.
2015 Pseudocheloniceras accomodatum Scharikadze:
[Mapuxaaze, 2015, ctp. 192 (pars), ¢ur. 123; cTp. 128,
puc. 77.

HA3BAHUWE BMIA or accommodatum jar. —
IIPUCIIOCOGIEHHBIH, IIPUTOLHBIH.

TOJIOTUII — ak3. N°4(3057/5-49), oxpectHOCTH Ce
JleBamu, JlarectaH; GpeK4HA-KOHTIOMEPATOBBIH (,CTPY-
JKEHHBIN) TOPHM30OHT HA I'PAHUIE HIDKHETO M CPeIHEro
amra.

MATEPHAIJL. Yerslpe 5K3eMIUIIpa YAOBIETBOPHU-
TeJIbHOM COXPaHHOCTH U HECKOJIBKO OOIOMKOB.

®OPMA pakOBUHBI MEJIKUX ¥ CPELHIX PasMepOB, C
B3ZYTHIMH YMEPEHHO BO3DPAaCTAIONMMHU IIOJyHHBOIIOT-
HEIMU oboportamu. IlomepedyHoe ceyeHmHe paHHUX 006-
POTOB IIMPOKOOBAaJIBHOE, HA B3POCIOH CTafuu CyO-
IIPAMOYTOJIbHOE, Ha pebpax — MATUTPAaHHOe C IIUPHHOMH,

3aMEeTHO TIpeBBINIatomell BbicOTy. MecTto Hambosbimeit
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IIUPUHBI NPUXOAUTCA B HIDKHEN TpeTH GOKOBBIX CTO-
poH. BeHTpanbHas CTOpOHA IOHBIX 0GOPOTOB BBITYKJIAA,
3aKpyrieHHad, nmpubmusutensHo ¢ J=15-17 MM ymro-
IIaeTCs ¥ paciupsaeTcs. boKkoBble CTOPOHBI HEBBICOKHUE,

YMEPEHHO BBIIIYKJIbBIE, IIJIABHO IIEPEXOAAT B BEHTPAJIb-

HyI0 cTopoHy. IIymok OT yMepeHHO WIHMPOKOrO X0
JOBOJIBHO IIMPOKOTO, CTYIIeHYaTHIH, OTpaHUYeH HU3-
KHMU U KpyTonagaromumy creHkamu. [TynkoBerit mepe-

6 3aKPyTIeHHBIH.

Ne sxka. pit B 1T ik B B: /1 IIT: /T A [T B:.II B:s
8-3/235-3 41,7 6,0 22,2 15,0 11,5 38 53 36 0,72 1,31
4-3057/5-49 36,7 13,7 19,3 15,3 10,0 37 53 42 0,71 1,37
(romoTum)

8/234-20 23,0 9,0 12,1 8,6 6,0 39 53 37 0,74 1,50
8-234-21 21,8 9,5 11,1 7,1 5,5 44 51 33 0,86 1,73

CKYJIBIITYPA rpy6as, npeacraBieHa pafuaabHbI-
MH, TJIaBHBIMH GYTOpYaTBIMU U IIPOCTBIMHU IIPOMEXY-
TOYHBIMU pebpamu. I'71aBHBIe pe6pa, B KonudecTBe 5-6
Ha paHHUX U 7-8 Ha HO3LHUX 06OpOTaX, HAYMHAIOTCSI
OKOJIO IIOBHOM JIMHUU, HAa GOKOBBIX CTOPOHAX HaIlpas-
JITIOTCA PafuaibHO, YTOMUAIOTCS U C Pe3KUM Ieperu-
60M IPAMOJIHHEIHO IepeXOAAT Ha BEHTPAJIbHYIO CTO-
pory. Ha mynkoBom meperube OHHM COIPOBOXAAIOTCS
BIOJIbpeGepPHBIMU OCTPBIMU YTOJIUIEHUAMHY, a B CEPeIu-
He GOKOBBIX CTOPOH — MOIHBIME B3AyThIMU OyTOPKaMHU
(ua sappe), roe memATcA Ha IBe, OUYE€Hb PELKO Ha TPU
HepaBHBIE BETBU — NE€peJHAA CHIbHee OCTaNIbHBIX. Ilo
KpasgM BEHTPaJIbHOM CTOPOHSI IIepeIHAI BETBb, CPAaBHU-
TEJIBHO PEAKO U OCTaJibHbIe, CHaGXeHbI BAOIbpebep-
HBIMH GYTOPKOBUIHBIMH YTONIIEHUAMU, MEXAY KOTO-
pPHIMM 3aMETHO IIOHIDKAIOTCA U HHOTAA Gojee MIn
MeHee YILIOWIAIOTCA. Y TOJIOTHIIA BIIEpeJU IIaBHBIX pe-
Gep 3aMedaeTCsA MEePeXXUMOBHUAHOe yriy6ieHue. besoy-
ropyaThle IIPOMEXyTOUYHBIe pebpa Ha paHHUX 060poTax
IO ZiBe, a HAa IOCJEHEM Yallle II0 OZHOMY YepemyITCs
MeXzy riaBHbIMU. Ha GOKOBBIX CTOPOHAX OHM HMEIOT
rpebHeBUAHYIO (GOPMY, 2 HA BEHTPAJIBHOM — 3aKpyTJIeH-

HyI0; MHOT/IA, HAanogoOue TIaBHBIM pebpaM, 37eCh OHU
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IIOHIDKAIOTCA. B KOHIe IociefHero o06opoTa IIaBHbIE
peOpa CTAaHOBATCH OZMHOYHBIMU. Ha BeHTpaIbHOU
CTOpOHE HACYUTHIBAETCI
17-18 peGep.

JIOITACTHASA JIMHUA coxpanumack Ha 60Jb-

ImocjieaHero IIOJIO60POT3

muHCTBe 9k3eMIuripax. CyZis 1o ee OHTOreHETHIECKOMY
pasButuio, y rosoruma [12, ctp. 128, puc. 77], mocre
penykmuu ym6rukansHo# sonactu (U), HOBEIH aie-
MeHT (I2) Bo3HHMKaeT Ha BHYTpeHHEM CKJIOHE MHTepHUJIA-
TepaJbHOM yomactu I, BOmu3u BepmuHsl cegia L/I; uto
caMmoe IJIaBHOE, JIaTepaJbHAd JIONACTh L IMOYTH CHMMeT-
PUYHO [elWUTCA HAa TPH BETBU. Y3Kad AOPCATbHAL JIO-
IacTh OCTaeTcs OLHOKOHeuHOH. Illmpokoe M BBICOKOE
cemmo V/L rocmopcTByeT Haj IPYTMMH dJIeMEHTaMM.
Takum 06pasoM, IO TUIY ¥ MOpQOTeHesy JOMACTHA JIN-
HUA ONKCHIBaeMoro Buza (u B menoM poma Pseudochelo-
niceras) MMeeT 4YepTHI, XapaKTepHble KaK y IIPeACTaBU-
teneit Douvilleiceratidae, Tak u Acanthohoplitidae.
CPABHEHUE 11 3BAMEYAHUE. B neznasneit ony6-
JIMKOBaHHOM Hamu pabore [12] mpuBOAUTCS JULIH AUAT-
HO3 HOBOrO poja Pseudocheloniceras Scharik., a taxxe
(OTOCHUMKM M PUCYHOK OHTOT€HETHYECKOTO PasBUTHIL

JIomacTHO# muHuuy ronoruna P. accommodatum Scharik.,
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9K3eMIUIIPa, IIPOUCXOAUBLIETO U3 T.H. ‘CTPYXKEHHOIO
TOPM30HTA B Pa3pe3e alTCKUX OTI0KEHHN OKPECTHOCTEMH
cen. Jlepamm ([larecran). Omucanvie JaHHOTO BUA 37eCh
IAeTCs BIIEPBBIE, HA OCHOBAHUU HM3ydYeHUs TPY3UHCKOTO
U [JaTeCTaHCKOTO KaMeHHoOro MaTepuaiua. Ciexyer same-
THUTH, ITO TPY3UHCKUE SK3eMIULAPHI, B OTIMYHE OT TOJIO-
THIIA, XapaKTePUSYIOTCA CPaBHUTEIBHO Y3KUM IIYIIKOM,
MeHBbIIe!l YIUIOWEHHOCThIO pebGep HA BEHTPAJIbHOM
CTOPOHE M OTCYTCTBUEM II€PEKUMOBUAHBIX YITyOIeHMIA.
OmnuceiBaemsIit BUZ, IO TaOUTYCy ITOXOX Ha GOpMY, KO-
topas, o MueHuio E. Kemmepa (13, taf. 4, fig. 3),
apgerca mepexopHoit mexzay Cheloniceras cornuelia-
num d’Orb. u Ch. cornuelianum latispinosum Niksch.;
OTJIMYAETCS OT HErO CPABHUTEIBHO Y3KUM ITyIIKOM, CJIa-
OBIMY 1 MaJIOYUCIEHHBIMY IIPOMEXXYTOYHBIME PeOpaMH.
Kpome Hamuaus acHMMETPUYHO TpexpasfesbHOH jaTe-
panbHO# somacty, or Ch. cornuelianum d’Orb. (14, p.
364, pl. 112, fig. 1,2) oTauyaeTca CpaBHUTEIBHO Y3KUMU
Y HUBKHUMHU 060OpoTaMu, Gosiee TpyOOil CKYJBITYpOIL,
MEHBIIMM KOJIHYECTBOM IIPOMEXYTOYHBIX pebep, a OT
Epicheloniceras aff. debile Casey (10, p. 246, pl. XXXVII,
fig. 4,7) Gonee cuabHBIMM OyrOpKaMu, MEHBIIMM KOJIH-
yecTBOM 6e30yropyYarsix IIPOMEXYTOYHBIX pebep.
MECTOHAXOXJIEHHE. OxpecrHoctu c.JleBamu,
Jarecran, Gpexums — KOHIIOMepaTOBBIH (“CrpyKeH-
HBII”) CJIOHf B OCHOBaHWU CpejHero amrta (30HBI subno-
dosocostatum); c.c. Jlame u Yuameru, 3anagnas ['pysus,
KOH/IEHCHPOBAaHHBI ~OpeKUYMeBUIHBIM ITOTPAaHUYHBII

citoii 30H deshayesi u furcata.

3axrrouenue

OnucaHHble BUABI OTHOCATCS K TPYIIle aMMOHWTOB,
o0besuHeHHOM B nofoTpsazse Ancyloceratina Wiedmann,
1966 (emend. Besnosow and Michailova, 1983), mpex-
CTaBUTEIX KOTOPOTO HMEIOT pellaloliee 3HAYEHUe It

000CHOBaHUS BO3paCTa BMEILIAIOIIMX IIOPOJ, AE€TAJIbHOIO
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pacuIeHeHUA pa3pe30B HIDKHETO MeJla M UX KOPPeJLAIH.

Kax u3BecTHO, KOJIXUIUTOBBIE CIOU 3aHUMAIOT BEPX-
HIOIO YacTh BepxHeGappeMCKOTrO paspes3a M XapaKTepu-
3yIOTCS, B OCHOBHOM, IpeAcTaBuTenimu pozos Colchi-
dites, Paraimerites u Imerites. ITo mopdodyrkumO-
HanpHOMY cBoeoOpasuio cpexu Colchidites Djanelidzé
BeIfeNAOTCS ciaepyiomue rpynmsi: C. intermedius
Djan., C. colchicus Djan. u C. shaoriensis Djan. [1, 3].
Cpeznu onucauusix HOBBIX BuzoB C. delicatus otHOCHT-
cs x rpynne C. colchicus, a C. subangulatus — x rpymme
C. shaoriensis. Cresyer OTMeTHTb, YTO IIPEICTABUTENN
ImocjIefHell TPYIIBI A0 HACTOALIETO BPEeMEHH [OCTO-
BEpDHO He OBUIM WM3BECTHHI B Ipefenax J3MpyIbCKOTO
MaccuBa. JIBa gpyrux Buza MPUHALIEKAT K T.H. “Gyrop-
yaTeIM® KoaxuguraM _ pomy Paraimerites Kakabadze.
PaxoBunsl ogHOro u3 Hux — P. nelliae mo xpasam BeHT-
paipHOM CTOPOHBI CHabXeHBI Cl1abbIMKU OyropKaMu,
KOTOpble BUHBI JIHUIIb O CEPEAMHbI I€PBOrO IJIAHOC-
nupanbHOro obopora. OueBUIHO, HApALY C OIM3KUMU
Bugamu (P. semituberculatus Rouch., P. planus Rouch.
U Ip.) OH SBIAETCA CBA3BIBAIONIMM 3BEHOM MEXIY
poncrBenusiMu pomamu Colchidites u Paraimerites.
Bropas ¢opma — P. aff. katsharavai umeer cxozmusie
mopdonorudeckue npusHaku ¢ P. katsharavai Rouch. u
P. gumbriensis Rouch. CxyzrocTs manmeonronormyec-
KOTO MaTepHaja U CTeIeHb OTIMYUTEeIbHBIX IPU3HAKOB
He JAlOT BO3MOXXHOCTH BO3BECTH €TO B PAHT CaMOCTOS-
TEeJIBHOTO BHJA.

Deashayesites tamarae sp. nov. oGHapy>keH B MaJIO-
MOIIHOM OpeK4YneBHAHOM (CKOpee BCEro, KOHIEHCHPO-
BaHHOM) CJIoe, mogcrunamomeM 30Hy Dufrenoyia furcata
B paspesax yuiebsa p. Uxepumerna (c.c. Jlame, Yyamern).
Bmecre ¢ Hum 6simu Berpeuens:: Deshayesites sp. ind.,
Dufrenoyia formosa Casey, Cheloniceras crassum Spath,
Ch. disparile Casey, Ch. cornuelianum d’Orb., Ch.

seminodosum naltshikensis Niksch., Pseudocheloniceras
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accommodatum Scharik. sp. nov., Procolombiceras
aptum Scharik., P. antiquus Scharik., P. sp. u gp. ITo xa-
pakrepy Mopdonormueckux mpusHakoB D. tamarae
IIPUHAAJIEXKUT K rpymie Bunos deshayesi — dechyi.

B amMMoHHUTOBOM KOMILTEKCe HIDKHero amra JI3u-
PY/IBCKOTO MacCHBa TOCHOZACTBYIOT TIPeJCTABUTENH PO-
na Cheloniceras Hyatt. Dx3eMIIsIpsl HOBOTO IIOJBHAA
Ch. quadrarium modicum o6Hapy>xeHsI B OpeK4us-
KOHIJIOMEpPAaTOBOM CJIoe B OCHOBaHMHU 30HBI deshayesi
okpectHocreit cerma lluma. Bmecre ¢ HuMu co6GpaHsb
aMMOHUTHI, XapaKTepHble KaK [JI1 HH30B HIDKHETO
amTa, TaK ¥ [ BEpPXHEM YaCTH BEpXHEro Oappema:
Imerites favrei Rouch., Barremites cf. strettostoma Uhl.,,
Macroscaphites microcostatus Sim., Bac., Sor.,
Procheloniceras albrechtiaustriae Hoh., Deshayesites cf.
deshayesi Leym., Cheloniceras seminodosum Sinz.,
Mesohibolites uhligi Schw. u gp. [pyrue usBecTHsIe
mogsuzasl — Ch. quadrarium quadrarium Casey u Ch.
quadrarium dispansum Casey IpPOMCXOAST U3 30H
deshayesi u bowerbanki wmxzero anra IOxHOI
Anrnuun. Clenyer 3aMeTUTh, YTO HATUYHEM IIMPOKOH 1
HHU3KOW BTOPUYHOI JaTepanbHO# jnomactu L2, odeHb
BBICOKOTO cenna V/L, cabo sarHyTsIMu Hazaz, peGpaMu
Y CPaBHUTETBHO MEHBIIUM KOJTUYECTBOM BETBAILIUXCS
pebep I'Py3HHCKHII NOABUZ, HAIOMHHAeT IIpPeJCTaBH-

teneit poga Procheloniceras Spath.
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Yro xe kacaercsa Pseudocheloniceras accommodatum
Sp. NOV., SBJIAIONIETOCS TUIIOBBIM BHUIOM POJA, €r0 OIIK-
CaHUe [aeTcs BIIEPBble HA OCHOBAHHM H3yYeHUS TIPY-
3MHCKOTO U [areCTaHCKOTO MaTepHana. OK3eMIULIPHI
maHHoro Buza B llenrpampHoM J[larecrane (c. Akyma)
6b11M coOpaHs! B “crpyxeHHOM (bocdopuToBOM) TOpH-
30HTe CO CMelIaHHOM ¢(ayHo#l Tpex 30H — deshayesi,
furcata (mwxHu# ant) u subnodosocostatum (cpexmuit
ant). Ha Jl3aupynbckom MaccuBe, B paspesax c.c. Jlamre u
YyaMmeTu IIpe/iCTaBUTENN HOBOTO BHZA IPOUCXOIAT U3
KOHJIeHCHPOBaHHOTO CJIOSI, OCHOBaHuUsA 30HHI futcata, co-
JepiKalryio cMelraHHyio ¢ayHy 30H deshayesi u furcata
(cm. Beimre). Ha ocHoBanuu crpaturpaduiecko-maIeoH-
TOJIOTUYECKUX WCCIEHOBAHUN MOXHO IIPE/IIOJIOXHUTH,
41O cTpaTUrpadmuIecKoe paclpoCTpaHeHVe TAHHOTO BHU-
Ja (xax u B uenoMm poza Pseudocheloniceras) orpanuyn-
Baercs 30HOM furcata. P. accommodatum umeer 4eprTsr,
XapaKTepHbIe, C OGHOM CTOPOHBI, [JiA IIpelCTaBUTeIel
Cheloniceras Hyatt (o6mjuit raburyc, Haaudue OXHO-
KOHEYHO! JOpCajbHOH JIONMACTH, TOCIIOZCTBYIOLIEe
mosnoxenue cegna V/L) u ¢ gpyroit — aia Gargasiceras
Casey u Colombiceras Spath (mammume ymomeHHBIX
peGep Ha BEHTPaNbHOM CTOPOHE U €1a60 aCHMMETPUYHO

TexpaszeIbHOM JIaTepuanbHoii omacTu L).
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TABJIL. I

®@ur.1. Colchidites delicatus sp.nov.; 3x3. Ne8-2/98-40 (rosiotun); 1r-sonacraas Junus npu =50 mm
(x1,7); 1a-nonepevHoe ceyeHUe B KOHIE IVIaHOCHUPaJIbHOH yacTu. 1=53 mm (x1,3); 3anagnas I'py3us,

okpecTHOCTH ceJl. 'opewna, BepxHuii 6appem, 30Ha Colchidites securiformis;

@ur. 2. Colchidites subangulatus sp. nov.; 3k3. Ne8-4/282-1 (rosiotun); 1r-nonepeynoe ceueHue nNpu

J=50 mm (x1,2); 3anaanas I'py3usi, okpecTHocTH ceq. Jlame, BepxHuii 6appem, 30Ha Colchidites
securiformis
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TABJL II

\
W

()

-
P (
"r!\

3r

®@ur.1. Paraimerites nelliae sp. nov.; 3x3. Ne8-2/98-18 (rosiorun); 1r-nonacruas Junus npu =28 mm
(x2,5); 1a-nonepeyHoe ceyenue npu =34 mm (x1,8); 3anagnas I'py3usi, okpecTHocTH c. ['opemna,

BepxHuii 6appem, 30na Colchidites securiformis;

@ur. 2. To :xe BuI; 3k3. Ne8-2/98-13; 3anagnas I'py3usi, okpectHocTH c. ['opeina,

3oHa Colchidites securiformis;

@ur. 3. Paraimerites aff. katsharavai Rouch.; 3x3. Ne8-19/521-1; 3r-nmonepeyHoe cedyenue npu

J1=82 mm (x1); 3anaanas ['py3us, ymeabe p. Kopueda. Bepxuuii 6appem, 30na Colchidites securiformis
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TABJI III

®ur.1. Deshayesites tamarae sp. nov.; 3x3. N°8-5/234-1 (romoTum); 1r - momepedHoe ceueHuUe IPH
[1=79 vy (x1); 3anagras ['pysus, p. Jlamucresne, HIDKHMIA anT, B IOTPaHUYHOM GPEKIHEBUIHOM CIOE

30 Deshayesites deshayesi u Dufrenoyia furcata;

®ur. 2. Cheloniceras quadrarium modicum subsp. nov.; sx3. Ne8-11/64-12 (roxorum); 2r-n1onacraas
uaua mpu [1=19,5 mm (x2,5); 25-nonepevHoe cedenue mpu J1=27,0 mm; 3anapas 'pysus, oxpecrHOCTH

c. Iuma, Gpexwia-KOHTIOMEPATORHIL C/I0if B OCHOBAHMM HIDKHETO arTa (3omsI deshayesi);

®ur. 3. Pseudocheloniceras accommodatum sp. nov.; k3. Ne8-5/235-3; 3r-mmomnepeusoe ceueHue mpu
[1=40 vy (x1); 3anagras ['pysus, p. Jlamucresne, HIDKHMIA anT, B IOTPaHUYHOM GPEKIHEBUIHOM CIOE

3o Deshayesites deshayesi u Dufrenoyia furcata
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3bM@5305. 3989690990 153839H0560 dmElizgdol — sdmboEgdol YTy MEbmdo 8300 Fo@dm-
0500396006 mmbo (Colchidites delicatus sp. nov., C. subangulatus sp. nov., Paraimerites nelliae sp. nov. o P.
aff. katsharavai Rouch.) 3s6Ggdwven (Heteroceratidae Spath) myobl 8093036905, bmwm  ©sbs@hgbo —
50M953316 (Deshayesitidae Stoyanow) (Deshayesites nelliae sp.nov.) ©s 53@"M-oewd6 Douvilleiceratidae
Parona et Bonarelli (Pseudocheloniceras accommodatum sp. nov., Cheloniceras quadrarium modicum subsp. nov.)
mxobgOL. oILEHMOOWMWOos 3MWboOEJOOL GJMdobsemmo xawynol (Colchidites securiformis Djan.)
§o60mIo39bwgdol 3930390 gdol BogBHo ool dslogzol a305605Mm9dme 9303mbEH0B36GHMG brgsdo.
3905 500LY, 9boro  35EgMbEHMEMyomEmo  FoLoerol dmdogdols s dgufagerol Logdzgwdg MBOM
©505%9M909¢0 HBJds FMLsbBMGds 650glomMo (BowmygbgbmMo) 393006M0L dglsbgd Douvilleiceratidae-U,
(Cheloniceras) s Acanthohoplitidae-ls (Gargasiceras, Colombiceras) de®ob. Hgdmm s0bodbwwo g35M9d0lLs s
mx5bgdoL Fomdmdsygbergdol 33wg3sL oo 3603369mmds 9boFgds 9933geo Jsbgdol FgxeM©adomo

©IMIM00JOOL, Boangdgdol IGSwIMHo bsF0oIdOL, BMEMmYIMEO FMOMIESE00LS S SEMIFIMEMO g3mJol
130D039IM-39MAMB0MO 306MdJBOL (1930mbLEHOMJ300L Laddgdo.

1533960 LO@Y39d0: sdMBOEGHO; 53BH0; BMYI0; Bmbs; BogsGy; Lobgmds; LZME3EHMOY; GHobMoL bsdbo;
FOHowo; bggmaro.
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Abstract. Seven new species of ammonites, representatives of the extinct Cephalopod mollusks, are described
in the article. Four of them (Colchidites delicatus sp. nov., C. subangulatus sp. nov., Paraimerites nelliae sp. nov.
and P. aff. katsharavai Rouch.) belong to the Barremian family Heteroceratidae Spath, but the rest — to the Early
Aptian family Deshayesitidae Stoyanow (Deshayesites tamarae sp. nov.) and Aptian-Albian family Douvil-
leiceratidae Parona et Bonarelli (Cheloniceras accommodatum sp. nov., Ch. quadrarium modicum subsp. nov.).
Distribution of the terminal group of Colchidites — Colchidites securiformis Djan. within the Late Barremian
epicontinental sea of the Dzirula massif has been proved. In addition, based on study of the new palaeontological
materials the assumption of the phylogenic connection between the Douvilleiceratidae Parona et Bonarelli
(Cheloniceras Hyatt) and Acanthohoplitidae Stoyanow (Gargasiceras Casey, Colombiceras Hyatt) seems more
convincing. The study of the above mentioned groups and families has great significance for the relative dating of
the oil-bearing rocks, detailed subdivision and correlation of sediments, as well as for reconstruction of physical

and geographical properties in Early Cretaceous.

Key words: Ammonite; Aptian; Barremian; sculpture; section; shell; species; suture line; winding; zone.
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Abstract. The simplest and the most practical way to
remove large dispersed medium impurities from waste-
water is sedimentation. During computation of the grit
chambers and settling tanks, it is necessary to obtain data
on the fall velocity of weighted particles, which is not a
simple task. If a trajectory and acceleration of a single
particle are determined, it is possible to predict the
dynamic variability of the entire dispersal system. This
work deals with the sedimentation process of wastewater
dispersing phase in laminar flow (Stokes’s mode), ac-
cording to the example of gravitational sedimentation of
a small spherical particles. Movement of particle in la-
minar and turbulent flow around the particles and forces
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acting on it where studied. We have received an equ-
ation for computing the fall velocity of particles, taking
into account the laminar flow around the particles du-

ring accelerated motion.

Key words: Fall velocity; flow around the particles;

Reynolds number; Stokes' Law.

Introduction

The simplest and the most practical way to remove
large dispersed medium impurities from wastewater is -
sedimentation. Insoluble impurities are removed in
special structures such as grit chambers and settling

tanks. During computation of these structures, it is
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necessary to obtain data on the fall velocity of weighted
particles, which is not a simple task since the was-
tewater is a poly-disperse, heterogeneous and aggrega-
tely unstable system.

In order to solve the practical problems, as a rule,
instead of a single particle, an assembly of dispersed
particles is considered, which contains thousands of
separate particles. However, in small concentrations the
motion of each individual particle is not depended on
its neighboring particles. Therefore, if a trajectory and
acceleration of a single particle are determined, it is
possible to predict the behavior of the entire dispersal
system. This approach can only be used in low value of
volumetric concentrations.

When a small spherical particle settles at the bottom
of still water, it experiences gravitational, buoyancy
and drag forces. The gravity and buoyancy forces are
permanent which are directed in opposite directions.
The hydrodynamic resistance is the sum of friction and
pressure resistances.

The values of friction and pressure resistances are
both depended on Reynolds number (Re).

If Reynolds number is small, then the friction force
has a great impact on the movement of the particle and
pressure resistance can be ignored. Together with
increasing Reynolds number, the role of pressure
resistance increases as well. If Reynolds number is high,
then the movement of the particle is mainly affected by
the pressure resistance and friction resistance has
practically no effect on its movement.

The force of friction is proportional to the dynamic
viscosity coefficient, shape of particle and velocity of
fluid. Resistance of the spherical particle is calculated

by the Stokes’ Law:

b&¢m-ob 3Gm3gdo — Work of GTU — Tpyas: I'TY
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F = 3zudu,

Where uis a dynamic viscosity of fluid, (Nxs)/m?;

d— diameter of particle, m;

u — velocity of particle, m/s.

If the particle moves at a high velocity, Reynolds
number obtains high values. Flow around the particle
occurs in turbulent mode. In this case, the pressure
resistance is prevailed which is proportional to the

square of particles motion velocity:

pru?
bl

Fpr = CdS 2

where p; is the density of the liquid phase;
S - particle projection on the plane, which is per-
”dz

pendicular to the direction of movement, S = =

cq - is the dimensionless resistance coefficient,
which is usually determined experimentally and highly
depends on the Reynolds number.

The coefficient of resistance keeps its constant value in
the condition of the unchanged Reynolds number. When
the Reynolds number changes, the resistance coefficient
changes as well, therefore it is becoming the function of
the Reynolds number. In Stokes’ Law when the flow
around the particle occurs in a laminar mode and Rey-

nolds number Re<1, the resistance coefficient is equal to:

o, =2
d ™ Re

At the beginning of sedimentation, the velocity of
particle is very low. The movement is caused by the
force of gravity and the movement is accelerated. As
the velocity increases, the resistance force is also
increased. When the force of resistance is equal to the
resultant of the gravity force and the buoyancy force,

the particle acquires a constant velocity [1-6].
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Main part

Let’s consider the gravitational sedimentation of the
spherical, small size particles of dispersing phase within
the Stokes’ Law (Re<1). Let’s project the given forces on

the axis, which is directed downwards (see Fig.1).

[

E-H”‘ ;;'l‘

(D
/

el

hy
Fig. 1. Forces acting on a particle

during sedimentation

The following forces act on the particle:

pn:d3

Fgr =mg — the force of gravity (m=
particle's mass, g — free fall acceleration);

Fapp=—p;"V,-g= —m g Archimedes force (p,

is the density of the partlcle partlcle s volume);

md? P

Fres = —¢S 22— = —cq "2~ ~ the opposing force.

Within the Stokes’ Law flow around the particles is

24 plu

laminar (¢q = _—; Re==—) and according to the

above mentioned forces, the equation of gravitational

sedimentation of the spherical particle looks like:

du _ Fgr—Far —Fres
dat m

>

du Pp —P1 18
s A _“Zu (1)
dt Pp ppd

In a static mode, when Z—I: = 0, the fall velocity of

particles is defined by the following equation:

= L) o 2)

u
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Let’s express the equation (1) in dimensionless form.
For the time scale we choose the value that has the

dimension of time - t,:

_ppd®
t* - 18},[ . (3)

For the velocity scale let’s choose u,:

= (o —p)d® )

u
* 18u

Let us assume the designation:

y=- (5)
r== (6)

t.
By the end we get the following dimensionless

equation:

o1y, ?)

dr

According to the initial conditions (t = 0; y = 0), the

equation will be looked like:
y=1—exp(-1)=1—e"". (8)

Let’s determine the numerical values of the
dependence of particle velocity on time and build the
following graph (see Fig. 2).

The above diagram illustrates that up to a certain
point the particle moves at an accelerated velocity, after
which its velocity becomes constant. The constant
velocity is calculated using the equation (2).

To get an accelerated movement of sedimentation in

the dimensional form we insert equations (5, 6) into

equation (8):

2oi-en(-2)

*

T )

After inserting the values u, and t,, the equation of

sedimentation velocity in accelerated motion will be
looked like:
18
LISl

da?g(pp —p1)
u(t) = L) [1
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Fig. 2. Dependence of particles velocity on time.

18u
Pp daz

When the expression 1 — exp (— t) approaches 1,

the accelerated motion of the particle becomes
stationary.

In the case of relative (dimensionless) values, the
accelerated motion reaches the limit value, when the
expression 1 — exp(—7) approaches unity. The graph
(see Fig. 2) shows that when T = 4,66, the value of
1 — exp(—7) is approximately equal to 1, the deviation
of the settling rate does not exceed 1% from the sta-
tionary velocity. Hence, the transition of the accelerated
motion to the stationary mode occurs, when:

T= ti = 4,66. (10)

*

. pp d?
If we insert t, = -
18u

in equation (10), we will get

the time which is necessary for a particle to reach a

stationary mode:

(11)

dZ
t = 4,662
18p

From the equation (11) it follows that the duration

b&¢m-ob 3Gm3gdo — Work of GTU — Tpyas: I'TY
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of motion of a particle in the transient mode depends
on the particle's density, it's diameter and dynamic
viscosity of the dispersion medium. The obtained
dependences (9) and (11) allow us to specify the fall
velocity of a spherical particle in the Stokes’ mode and
determine after what time the particle starts to move in
stationary mode with a constant velocity.

In order to determine the dependence of velocity of
the particle and the distance passed by it (the settling

depth), let us accept the distance scale:

az\?
h, = u.t, = gps (ps — Py) (Eu) . (12)
Let us assume the following relative value:
h
$= (13)
since:
de =2,
u
accordingly:
_ dgn.
dt = —. (14)

Let’s insert the value h, from equation (12) into
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equation (14):

_ détau,
dt = - (15)
Insert (15) into equation (1), then:
dy us ¥ _ GPp—PL_ 18
a XX —Pp _pp W (16)

Into equation (16) we introduce ui = y. Multiply
both sides by i— and introduce the values of u, and t,.

The equation will be looked like:

{=—-ly+In(1-y)]

The dependence of the distance passed by a particle

(18)

from its velocity expressed by means of relative values
is given in the graph (see Fig. 3).

According to the graph, it can be determined that,
when & = 3.21, the deviation of the settling rate from
the stationary velocity does not exceed 1%. According

to this, the transition of the accelerated motion into the

yd_z’ =1-y. (17) steady mode occurs when:
d
h
Based on the initial conditions (£=0; y=0) the §= o 3,21. 19)
solution of the differential equation (17) will be:
£ ¥ .
¥ 12
0,00 0,00
0.01 0.10 oloc 087 P52 1,00 1,00 1,00 1,00
10 T — - —ot——
0.06 0.30 T ——]
0,19 0.50 T
0.50 0.70 08 57
1.00 0,84 /
1,40 0,90 06 |
2,05 0,95 ;‘
254 0.97 0.4
3.1 0,99
4.30 1.00
0,2
5,22 1.00
5,91 1,00 I
6,42 1,00 00
—= 00 0 1 2 3 4 5 6 &

Fig. 3. Dependence of the distance passed by a particle on its velocity

Considering the equation (19) into (12), we get that
the distance passed by a particle before transition into a

steady mode is:

2\2
h=32180, (0, — ) (53) - (20)

For a more accurate definition of the laws of

ISSN 1512-0996
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unsteady motion of a particle, it is necessary to take into
consideration additional forces acted on the particle
force [8, 9]: which is related to the acceleration of the
fluid displaced by the particle; Basset force (or history
term), which occurs during unsteady processes in the

formation of the boundary layer around the particle.
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Conclusion — period of time after which begins the movement
According to the conducted researches we obtained of the particle in a stationary mode at a constant
equations to determine with satisfactory accuracy in velocity;
the Stokes’ mode, under laminar flow around a sphe- — distance, passed by the particle before the transi-
rical particle: tion to stationary mode.

fall velocity in both accelerated and stationary

motions;

References

1.
2.

Prandtl L. Hydroaeromechanics. Regular and chaotic dynamics. SRC. Izhevsk. 2000, 576 p. (In Russian).
Bezrukov L.V. Physics. Part 1. Mechanics. Molecular physics. Novocherkassk State Reclamation Academy.
Novocherkassk. 2011, 232 p. (In Russian).

Schlichting G. The theory of the boundary layer. M.: Nauka. 1974, 714 p. (In Russian).

Ivanov S.A. Gas dynamics. Samara State Technical University. Samara. 2014, 61 p. (In Russian).

Dueck J. The sedimentation velocity of a particle in a wide range of Reynolds numbers in the application to
the analysis of the separation curve. Advanced powder technology. 24 (1). Erlangen. 2013, 150-153 pp.
Kruashvili I, Inashvili I. Theoretical basis of transportation of suspended solid particles by a non-pressure
water flow. Proceedings of the Armenian Agricultural Academy. No. 5. Yerevan. 2005, 88-93 pp. (In
Russian).

Metzger B., Nicolas M., Guazzelli E. Falling clouds of particles in viscous fluids. Journal of fluid mechanics.
Ne 580. Cambridge. 2007, 283-301 pp.

8. Nigmatulin R. I. Dynamics of multiphase media. Part I. M.: Nauka. 1987, 464 p. (In Russian).

Neopane H. P. Sediment erosion in hydro turbines. PhD thesis. Norwegian University of Science and

Technology. Trondheim. 2010, 105 p.

b&¢m-ob 3Gm3gdo — Work of GTU — Tpyas: I'TY ISSN 1512-0996
Ne2 (512), 2019 86 www.shromebi.gtu.ge



bs0bgobtm bsgdg — Eengineering — MmxenepHoe feno

UDC 628.339
SCOPUS CODE 2205

580b56mer 90080 LRIOHMUYdOmO bsfoszol sgdzol 39bmbbmdoghHgdgdo

0. 0bs5830¢o 094o8mBs653900UL, Fysws®mobadol, MdME0MHIMIsMagd0Ls ©s Tgbmdsms LsobgobGHm

s FMM30L ©Y35MEGH5TGBGH0, LodsOmrMZzgEmL 3H9dbo3MHo bogzgMLoE GO0, LodsOmggerm,
0160, ®doobo, 3. 3mbEogsl 68°
E-mail: i.inashvili@gtu.ge

0. ©9bolmgs 09oc0dmFo653900b, Fyowsmobgdol, mdMO0MHIMToMaaqdoly s d9bmdsms Loobgobmm

50 FMO30L ©I35MGH096G0, LogoOMzgEml Bgdbozmmo Mbogzgdlodg®o, bads®mzgwm,
0160, ®doobo, 3. 3mbEogsl 68°

E-mail: i.denisova@gtu.ge
3- 0B0s3s 0950080652900, §Yseo6m0bgd0l, MdMI0MmIMTM2gd0Ls s Fgbmdsms LsobgobM™

0 FMM30L ©Y35MEHSTGBGH0, LodsOrMZzgEmL 3H9dbo3MMmo boggdLoE G0, LodsOmggem,
0160, mdoobo, 3. 3mbEogsL 68°
E-mail: k.bziava@gtu.ge

69306963 9%0:
3 LebgEos, bE-ob Lsddgbgdwm 893 EHIGHOL 98gmoEMLo, 3OMEBgLmOo, Ggdbogolb dgEbogdgdsms

©MJEHMOO

E-mail: g.soselia@gtu.ge

0. 4mv5830¢0, LGv-ob saMmsMmwo d936096MHgd9gd0Ls s BoMLOLEYIGOOL 0bgobgMObaol Bs3MEEHgEOL
360x39bmO0, $gdbozol dg3bogMgdsms md@m®o

E-mail: iraklikruashvili@yahoo.com

3b6m@5309. B330bsMY fyagdowsb dbbgzowwoldg®lomwmo 306593900l dmdm®gdol yggwsBy dsGEH030
5 359my96985000 gonmEos bgodghEsEos. J308sleFgMmadols s LagdMgdoL oMzl S430EgdIE0S
dgfmboro Boffoeszgdol 30Mmagwo3mmo Lolbmlb dglisbgd dmbsgdqdol domgds, Mog o6 oMol dsmE030
50m3965. 0 Bmbs (39390 boffos3gdol GHMmogd@mEmools s bLoBoMol oygbs, dgladwgdgewro bgds
90090 oL3gMLowo LolEgdol 0b5303MM0 (335GOIPMBOL 3O MYBMDBOMYdS. Bsd0bstg fywrgdol ol-
3960Lbowmo BsBol Lgodgb@sgool 3MmMmEglo gobbowrwos wWsdobstrmw Mgyoddo (LEHmJuol ©gg0ddo),
93069 Bmdol bgzgHMLgdOO bsffoszol yMsgz30EO30O owgd3ol Togswromby. dgbfagerowos baffoemszol
9dMomds  530boder s GHMMOMWIBEHMG  AsMLdgdmEabol Mgg0ddo s TobBy Bmddgo dsergdo.
90090905 3000M53¢039M0 LOLLML LssbysMm0dMm IMI0IOWMWYdS, boffoszol sdobsMen go®lidgdm-
©g60b gomzgswolffobgdom, dolo shds@gdmeo mdMomdol EMmU.

1533960 LoGY3gd0: Bffowszol Fos®LBgdmYbs; Hgobmew@Lol Moabgzo; LEHMboL 356mbo; 30Gsg-
03MGo Lolbm.

ISSN 1512-0996 by2-0b Bmgdo — Work of GTU — Tpyet ITY
www.shromebi.gtu.ge 87 Ne2 (512), 2019



bs0bgobtm bsgdg — Eengineering — MmxenepHoe feno

UDC 628.339
SCOPUS CODE 2205

BaKOHOMepHOCTI/I CeIMEHTalI N C(i)ePI/I‘IeCKI/IX YaCTHUII B IaMHHAPHOM peXXnuMme

N. 1. Unameuin JemapramMeHT BomoCHabGXeHUsA, BOZOOTBEAEHNU, TEIJIOTa30CHAGKEHNS H MHXEHEePHOTO
OCHallleHU 3maHuil, ['pysuHCKuil TexHudeckuil yHusepcurer, ['pysus, 0160, T6mnucwy,
y71. M. Kocrapa 68°
E-mail: i.inashvili@gtu.ge

U.A. Jlenucosa JemnapramMeHT BOJOCHAGKEHUs, BOJOOTBEIEHU, TEIJIOTra30CHAOKEHNS U WHXXEHEPHOTO
ocHameHus 3maHui, ['pysnHCKuil TexHudeckuil ynusepcuret, I'pysus, 0160, Towriucu,
yn. M. Kocraga 68°
E-mail: i.denisova@gtu.ge

K.T. B3uara JemapraMeHT BOoZOCHabGXeHUsA, BOZOOTBEAEHNU, TEIJIOTa30CHAGKEHNS  UHXEHEePHOTO
OCHallleHUs 3maHuil, ['pysuHCKuil TexHudeckuil yHusepcurer, ['pysus, 0160, T6mnucwy,
y71. M. Kocrapa 68°
E-mail: k.bziava@gtu.ge

PerienzenTsr:

I'. Cocenns, smepuryc, mpodeccop, ZOKTOP TEXHUIECKUX HayK CTPOUTEIbHOTO dakyasTera I'TY

E-mail: g.soselia@gtu.ge

H. Kpyamsmiu, mpodeccop, FZOKTOp TeXHUYECKMX HAayK (aKyJabTeTa arpapHbIX HayK U MHXEHEPHUHTOBBIX
6mocucrem ['TY

E-mail: iraklikruashvili@yahoo.com

Amnnorarua. CaMbIM IPOCTHIM ¥ HanG0JIee IPAKTHIHBIM CIIOCOO0M YAAIEHUS KPYTTHOAUCIIEPCHBIX 3aTPA3HAIO-
IUX BEIECTB U3 CTOYHBIX BOZ ABJIAETCA CeZMMeHTaunus. Bo BpeMs pacueTa IeCKOJOBOK M OTCTOMHHUKOB HeO6XO-
JUMO MMETh JaHHBIE O THPaBIN4YeCKO KPYIIHOCTH B3BeIIeHHbIX YAaCTHUIl, YTO SBJIAeTCA HelpocToi sajadeii. Ecau
OIIpeziesIeHbl TPAaeKTOPUA U CKOPOCTh OTZAEIBPHOHM YaCTHUIBI, MOXKHO IIpe/iCKa3aTh IIOBeZleHHWe BCeH IUCIePCHOH
cucreMsl. B maHHOI paboTe paccMaTpuBaeTCA IPOLECC OCAKIEHMA TUCIEPCHOH (asbl CTOYHBIX BOJ, IIPU JIAMHU-
HapHOM pexkxuMe (B pexxume CTokca) Ha IpUMepe TPaBUTAIMOHHOTO OCAXKAEHUA MEJKHX CPepUYecKHX YaCTHII.
Wzy4yeHo ABM)XKeHUe YaCTHUIIBI TP JTaMUHAPHOM U TypOyJIeHTHOM OOGTeKaHWU U HeMCTBYION[Ye Ha YaCTHUILy CHIIBL.
Briio mosnydeHO ypaBHeHMe IJIA pacyeTa CKOPOCTH CeJUMEHTAI[MU IIPH JIAMUHApDHOM OOTeKaHWM YaCTUIBI BO

BpeMs YCKOPEHHOTO [JBIKEHUS.
KitoueBsie c10Ba: ruppasnmaeckas KpynHoCTs; 3akoH CToKca; o6TeKaHwe 9acTHL; IUCIo PeliHonbaca.
The date of review 28.03.2019

The date of submission 02.04.2019
Signed for publishing 25.06.2019

b&¢m-ob 3Gm3gdo — Work of GTU — Tpyas: I'TY ISSN 1512-0996
Ne2 (512), 2019 88 www.shromebi.gtu.ge



bs0bgobtm bsgdg — Eengineering — MmxenepHoe feno

UDC 643.33
SCOPUS CODE 2209

399060 093Bob golisermmdo s bsdMmdo 33060580 Godol

0bm353071M0 ©sbsasMo

o. 99Mgerody

33900L 0bELEHMOOL Y356 F096G0, LodoMmzgwml &gdbozMMo MbogzxmLOGYEO,

Logotmggerm, 0160, ®dowobo, 3. 3MbE szl 68°

E-mail: tmegrelidze@yahoo.com

0. 0bs353g

33900L 0bEMLEHMOOL ©J356G096F0, Logdotmzgwml &gdbozMMo MbogzxmLOGYEO,

LodoOmggerm, 0160, mdorobo, 3. 3mb@oegsl 68°

E-mail: tamazisakadze@gmail.com

- 39d0)sdz0o

339906 06EMLEH®MO0L ©I35MEHTIBEG0, Logds@mzgwml Bgdbozm®o Mboggdbo@gdo,

Logotmgqerm, 0160, ®d0wobo, 3. 3MbE szl 68°

E-mail: Givi.Gugulashvili@gmail.com

69306D9bBd0:

B. %5835M00dg, LEH-0L LoG@BL3MOEM s TobJsbsmNTTGbgdMBOL B3 MMEHIEHOL 3O MBILMOO

E-mail: zurabjaparidze@yahoo.com

B. bwyensdg, 3L ,Lodo®mz9@mlb To3035M0395@ g0l Gga®mm3gd0ls s MYE303womgdol 396GH®OL oMgd-

&™M0, $9dbozol 936090 gdsms MIGMMO

E-mail: sulkhansuladze@gmail.com

3bM@5305. 359060 mMg3bobl Fobsermdo ag3o0-
500 3Ho3ol 0bmgoomMo bsasMo Mboggm-
Logr®o LoLEGIss, GMIol dgdgqgmdom Fgbodeng-
0905 OHMYMOG 399obmwo MgzBob ommds, ol
3900FOMBS ©FMH0Ed0L EOMUL. EBIPAMIO godm-
0MBgzs  3mdsmdol oo gRadBHIO™mdom, 3JMbLE)-
doob bLodsOEoz0m, d30Mg 9bghamEsbsbadxom,
30354 BHMOHMdOom, 93069 3505M0GH0M s 3069 Wo-
0MbE93500Mmd0m. SLgmo BHo3oL 0bmgszom®mo Gad-
Beagrmyom®o 30boiombgho dBsEgds Bobx ol
G030l 3mboigombg® BK-1500-0b dsbsbg. dobo

ISSN 1512-0996
www.shromebi.gtu.ge

Logogol AHomIMIdWMds @y = 1740 35@0L GHMEWOo,
Mo3 0059 993Y39wgdl, Gmd dobo  godmygbgds
30Bobdgfimboo 0dbgds dotmg Lsfomdmgdolimgob.
9L 30 bgwl dgufiymdl dzomg doBbglbol 3 Jmmboom
396300000905, sLgmo G030l GHgdbmemmyom®o 3mb-
©030mbgMoL  ImALsbMgds 4o8mm0MmBY3d B0
Bsbatxol oo 93mbmdoom. @gdbmammaomemo
3b0E0mbgMHo 3v9dscmdly mbmbmlsgOmbm bogmog-
6905 R290-%g, Mmdgwoi 80969360030 35303565396~
05 5 5J3L MBMbOL oLy s JEMBSWGHO
QomMdMBIOL Bmermgzsbo d3m@Egbiaoseo. R290 ds30396-
9396 0Lm30L gmagligds@os dobgMom®mo Bgmgdo.

bA¢-ob 3GMAgdo — Works of GTU — Tpyas: ITY
Ne2 (512), 2019



bs0bgobtm bsgdg — Eengineering — MmxenepHoe feno

9 Bogd@B™meo 3o 86083690 mabo sBxmdglgdl o-
BosM0L §3mbmdozme dshg9bgdgdL.

1533960 Lo@GYz9d0: OHMLYEO; 396GHOWWSGHM-
40; 3033609bMM0; 316BLGMEMO; LomMmgagdgwo.

99Lsg5¢0

A99bm@maom®mo  30boEoMmHgdolsal  3sgmo  9v-
05300905 — 35000Mds 93b05BIBOm, omdMBS MM~
000, 25303905 BJ60sbgdOM 96 45303905 2oTOM-
00m. 93Bol, bedEobs s M®Jol IMg)H3gemdoL Ls-
§omdmgddo 35960L  Egdbmemaommo 3mboogotmgds
§om3mgdl 990930  Bgdbmwmyon®o  3Mmisglgdol
BaLOGIMPOWs©: 3oyobmmo mgzbol b gogobomemo
bmOEoL 2owmmdobol, dmbo®dmwo 56 Imbs®dmun-
d90moo dgbgol go303900Lsb, babggo Ggdmemo-
o 56 M3 Fgdmowo dgbgol godMHmdolol o
4390l sdfoxggdolsl. LEG0sdo fosMdmoygbowo
399060 30MmI@HIdoL FoMMBdOLS s FOHMdOL
A9dbmmaos  dogwBy  od@HeEMos  5©0bodbyeo
360G IO0L FoOImgdolsmzol.

doGomso bsfjogro

23940bmmo  93bol  25eOMBdOL  I)TYsHJOGEO
3OmEgLo G0 BEHIO0! baliosmgds: 3039w Lds-
©05BYg  204obmwo mg3Bol Bgs3oMmol  (BHgd3gs-
GO0Oo  typ= —18°C-0056 0BOEIdS Bogs  359M0L
6590b FoOGHowol Gga39Me@Mesd@g, t; = 18°C (L.
2, 3mB.E). 99meg LEoosbg mg3bol Bgsdomol
399390M5@ MG Bogs 3596M0L Bsdol HadGowolb G9o-
39653700  0BMHEYds  3Mbogomgds Lszsbdo

sMLYdME 3596M0L 3Hgd3gHe® Mooy, t 9= 20°C.

93b0bL 29eMmdol sM3YsMHIdIo 3OMEILOL 306-
39 LEHO©05BY, MMEILsE Fobo BgysdoMol gd3g-
Oo&Ms 0DOEYS Ly, = —18°C-b t; = 18°C-3qy,
0930 3905 s §oMdmogddbgds @gbol 3mbgbls-
305, QO05aM335%Y 50 TYMBoMGMOL AsdMbsbogl E
P9 GHowo.

3940bmwo mg3bol gommdol sdystgdgwo
36MHm3gLbol Igmeg bEHIOsBY, HMEILsEG MY3BOL bY-
©53060L G933965¢wOs Bsdol FadGHowol 3Hgd3dgeo-
GMOBY 50005, Foa™ed 3960 50fg3l Bug®MEn
96003690 ™dsl, 53 EOML 359M0L ©s3To3980L 3OHM-
3obo §o®mBmadl dobo QomdMdom. mg3bol bgwe-
30606 30 BH9bo s gdsl 0fygob.

MOmEOgbsg 093BolL  Bg3oMmol  FHYI3gMHo@EGs
299GHMEEYYS  3mboEoMgds©  Lomaglido 35560l
39939605@ O, LobEBgds offygdol 3Tomdsl ©sdYs-
690 ©97508d0. 5 ©@OML 96900l sbsbotxo
mdbodzbgerms -  9bgGyos

obstxqds  dbmEmE

1539680 35960L 356599EBHMJdOL FgbsePmbgdsBy.

by, 1. 3540690 0930l sliogEMdo 43060500 BHo3ol
0603530960 ©boyMol 3G0ob303mwo iggds
1-39406mmo 393b0 BHsMd0, 2-3960msdmto,
3-383691060, 4-306gbLOGMG0, 5-EOHMYwoO,
6-bsmOMIemgdgE0, 7-359960, 8 5 9-359BbsBMHYd0

ISSN 1512-0996

www.shromebi.gtu.ge

bA¢-ob 3G™3gdo — Works of GTU — Tpyam I'TY
Ne2 (512), 2019 90



bs0bgobtm bsgdg — Eengineering — MmxenepHoe feno

BT T T I e T T R LR b LR R RSN 24 S Eillﬁlﬂtﬂlﬂ

d“"/

r;/

1

"

P

>
% L
’ ’
B * NN\
e N N\% |~
q
\ 3 L * -
. > », [
.

® ®. o

> i | L~

3 ® -
s

IR {

o T =

8 -

_5_ p—
()

-‘ al

f | -

by, 2. 35960l 8853980l 3BGmEgLoL I-D osy®sds

35960 9853905 B9dbmmyon® 3mbooiso-
9050 ©65PMd0 bgds 899gy0 Msbsdodwgz-
M0 35900, MMIGEOE OO ofodm3zbgdwby-
53060056 3mbYbLOGHMOMIb Tgbgdobsl (e, 1
3m%P. 4), 396@0ws@MOOL (3mD. 2) d9dzgmdoo dog-
™05 343065080, L3 OIESRJONE0S Yoboyobo
93D0 BHoM5d0. MOOWO 359M0 oyobmwo mgzbo-

ISSN 1512-0996
www.shromebi.gtu.ge

56 0f393L BHgbol slodoErs3Eosl. Lomdm, MHmdgwos
9090™mgds gogobomer mgzblL 3596MH0b, BHgd3dgme-
GMOoms bbgomdolb bogwdggabyg, obobxgds &Hgbol
smOMJwgdsby, Gob Loxwdzgwbgs 359M0L BH9ddg-
G3GHMOS  3gdMEmdlL, bmwmm  3gbosbmds  Todvy-
@MdlL. 3m6OE0MYds©O  Lomoglbosb  sdmligerols
999009m0 Bgbosbo 3sgMo dgbgdsdo dmol ofiodmg-

b3¢-ob 3GM3gdo — Works of GTU — Tpyas: ITY
Ne2 (512), 2019



bs0bgobtm bsgdg — Eengineering — MmxenepHoe feno

6909w Hg3060056 LomOMJgdgwmsb, Losg 359-
M0 (3030905 S IMYds. 59 EOHML 359606 FH9bo yo-
9Mm0YmRs. 2530390990 s 23FIGso 35960 30
dgbgdsdo dmolb obgg 3mbgbloGMMm™Mb s 3ol
9990099 35960b ©59v)d53900L (30300 FJMOYDL.
35960l 59853900l 3Om3gboL I-D ©osy®sds
6563969000 09-2 LE-by. 94300500 BHodob 3sdg-
6580 396G 0Wo@™MOol Foge dofimgdmewo 35960l
356599BHMgd0 dmEgdmwos A fghGowdo: Ggd3dgeo-
GMM0s 36°C, bowm 3gbosbmds — 35%. 230090
39996580 3080bsMgMdL  3596MH0L  0bmgbmswmdom®o
5396056905, MLoE Asdmbabog AO fomo. O Fgm-
oo 3gdsMgmdl e=95% Fo@by. AO foo, goomo-
o, A 9ymIsmgmdol 359MHols s O dymds-
69md0L 359M0L 99930l 3MMEgLos. Botgzol oG Eo-
ol 356M5893Mgd0 Fgglodsdgds B HodGHowol 3sMos-
d9GHMoL. B §ahGowo dmdpgbo 3sgMol damas-
Hgmd0L JobolosMYOGE0s, LG 399MOL 356M0TgEHMY-
005: $99396M5GMGS — 25°C, $H9bosbmds — 80%.
3060306050500 Ls0sgLOEE 3ogM0ol Fofiodm3by-
0 HY306056 LMW gdgmsb dgbgds s dolo
L0(30300 3v9d53905 ORMT>BY FodmULsbwmos BC
fotom. C FamGHowdo 359m0l 356509@@M900s: ¢9d39-
53OS — 20°C, BsOHEMB0MO 3Hbosbmds — 90%. 3s9-
6oL 2500md0L 3OHMEILO FoH0dM369d99BYI30MH0H
30609bLoGHMO™b Ggbgdoliol osy™Bsby godmliobyy-
@os CD fotom. 58 dmb $gbdgd33gwrmds dmwdogo
MBgds, bowm $gd3gmadwMs 00s@gdl 34°C-0g. 359-
0oL 89000MdL 396EHOWsGHMMT0 g53mLobagl DA foto.
Otz 3mbgbLo@MMol BsdoMby, sdsi 3sgMmol
&96899339mds  ddogzo MRS, bmem  G9a3gMo-
GO oG emdL s LadmErmm 36°C-b 5fig3L.

bA¢-ob 3G™3gdo — Works of GTU — Tpyam I'TY
Ne2 (512), 2019

039653500900 299695603905

1. 9m3Lobweg 39OLMBsEOLEAE Fgdmbireo 0dm-
d9b653500900;

2. 9mfiymdomdgdoLsgsb dgdmbvmmo  0dmIgbs-
3909003

3. 396500930596 F9dmMmlvEo dMP9hs35009d0;

4. LYAOMDBO FoLoEGBOLORSE Fgdmbiryeo dMIYbos-
3909003

5. 06gow@HMo300m d90mlvero 0d30mIgbs3swgd0;

6. 8900035633006 dgdclivyeo 0dMmTgbs3500900.

3990099 3°0M3mM3E0m X s9MM 0dMFgbs350090L:

2. Q = Quservo + Qaopy + Qo5+ Qs + Qosy + Qiggor

9689653500900b 25563500890

1. 8cdbobmeg 39OLMBsEoLIRsE Fgdmliymo @9b-
d9653500900;

2. 15dOMBO  Toboergd0EsD Fgdmlmwo G9bdgbs-
3909003

3. 0bgow@®ms300m dgdmbvyero ¢Hgbdgbezswgdo.

299M30030000 % 53)M Egbdgbso3ogdl:

2W = Weembo + Wag + Wogg,
003ME96056mdob 3mgznoEogbdo

_Ze
=3y

23969 35960 MoMmEabmdsl 3oMBg300 Lobo@s®ovy-
@0 Bra®dol dobgzom.

dofimgdvyemo 3sgM0b Hom@gbmds

L=—2%_gp0;

T pxCpxAt
©GH300035 3mbgblsGM®bY

Qpsr = P X L X AL 338,

ISSN 1512-0996

www.shromebi.gtu.ge



bs0bgobtm bsgdg — Eengineering — MmxenepHoe feno

53365

2394060 393B0b oLOEMdO 430M050wo Fo-
30L 06M3530vIMH0 BIHIMOL EITBIEIds s FobO
9JB3MSEO30s 96 FMOoMbM3L OO BWOE b~
botxl o oblogmmegdmer  Lodbgargl.  3sgMol
©539953900L g39as 3GmEgLbo FoMmBmIdL ,BbxXMOL”
G030L Logmaosbmz®gdm 3mbooiombymol dsbsby

@OGIOSGOS

99J8boewo 3gdbmewmaommo 3mboozombymols doge.
b3 339008 3OH:MEYYJEHJool bodolbols s dm-
39I™dOL 2oBOEs ML J399bol gHm-gHmo LGMo-
39200 JobBsbo, sbgmo 3mbLEBHOWI300L EHgdbm-
@MR0OH0  3mboEombymgdol Homdmgds 860dgbg-
@M30600 50b0db0 59M(3560L A55HY39GOLLL.

1. Megrelidze T., Gugulashvili G., Sadagashvili E. Influence of body form on the length of freezing. Transactions
of Technical University of Georgia. # 2 (472). GTU. Thbilisi. 2009, 100-103 pp. (in Georgian).

2. Megrelidze T., Sadagashvili E., Mgebrishvili S., Gugulashvili G. Theoretical analysis of freezing and defrosting

processes of products. Proceedings of international scientific-technical conference “The new technologies in

modern industry”. Tbilisi. 2010, 14-17 pp. (in Georgian).

3. Megrelidze T., Maglakelidze N., Gugulashvili G. Device for freezing the tires. Journal “Transport and
machinebuilding”. # 2 (36). GTU. Thbilisi. 2016, 85-94 pp. (in Georgian).
4. System trouble shooting measuring instruments. Danfoss A/S (RC-SM/MWA), 09-2002. (in Russian).

5. Honeywell refrigerants. Honeywell International Inc. 2006.

ISSN 1512-0996
www.shromebi.gtu.ge

93

bA¢-ob 3GMAgdo — Works of GTU — Tpyas: ITY
Ne2 (512), 2019



bs0bgobtm bsgdg — Eengineering — MmxenepHoe feno

UDC 643.33
SCOPUS CODE 2209

Innovative tunnel-type equipment for thawing and drying of frozen fish
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Abstract. Innovative tunnel-type equipment for thawing and drying of frozen fish is a universal system
through which you can defrost frozen fish and also dry it during salting. The equipment is characterized by its high
efficiency, simplicity of design, low energy consumption, compact size and low metal consumption. This type of
innovative process-oriented air conditioner is based on the BK-1500 type air conditioner. Its cooling capacity is
exactly Qo = 1740 watts. This indicates that its use is appropriate for small businesses. This will contribute to the
development of small businesses in this regard. Such type of maintenance of air conditioners is very cost effective.
Process-oriented air conditioner works on ozone-safe substance R290, which is a natural fridge and has zero
potential for ozone depletion and global warming. Mineral oils are compatible with R290 refrigerant, and this

factor significantly improves the economic performance of the equipment.

Key words: Compressor; condenser; evaporator; throttle; ventilator.
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MOPOXKEHOI phIOHI
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Periensentsr:
3. xamapupse, mpodeccop dakyabTeTa TPAHCIIOPTA U MauIHHOCTpoeHus I'TY
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C.Cynagase, moKTop TeXHUYeCKUX HayK, AupekTop lleHTpa c60pa 1 peruKIMPOBaHUA XJIa0aTeHTOB I'pysun

E-mail: sulkhansuladze@gmail.com

AnHoTanud. VHHOBaUMOHHOE 060PYZ0BAHIE TOHHEIBHOTO THIIA I PASMOPAXKUBAHYA U CyLIEHUS MOPOXKEHOH
PBIOHI IIpe/ICTaBIgeT YHUBEPCATBHYIO CUCTEMY, Yepe3 KOTOPYIO MOXXHO Pa3sMOPO3HUTH 3aMOPOXKEHHYIO PhIOY, a TakxKe
BBICYIIMTH BO BpeMs: ee 3aCOJIKH. YCTPOMCTBO OTJIMYAeTCH BBICOKOH 3(hQeKTHBHOCTBIO, IIPOCTOTON KOHCTPYKIUH,
HeOOJBIIMMY 3aTpaTaMK DHEPrUU, KOMIIAKTHBIMH pasMepaMHd M MaJIO¥ MeTa//IOEMKOCTBIO. OTOT THUII MHHOBA-
IIMOHHOTO TeXHOJIOTWYECKOTO KOHAMIIMOHEPA TPOM3BOAUTCA Ha ocHOBe KoHzunuoHepa tuna BK-1500. Ero xomozo-
IIPOU3BOIUTEIBHOCT paBHAa Qo = 1740 BaTT. DTO yKa3bIBaeT HA TO, YTO €TO IPUMEHEHUe LeeCO00pasHO A MAaIbIX
IpeAnpuATHil. TO GyZeT CIIocO6CTBOBATH PAasBUTHIO MAJOro GM3HECa B STOM OTHOIIEHUH. DTOT BUJ, TEXHUIECKOTO
06CTy>XKMBAaHNA KOHIUIIMOHEPOB OTIMYAeTCs GOJBIION SKOHOMMEH JeHEXHBIX CPefCcTB. TeXHOIOTUYeCKUN KOHIM-
IUOHep paboTaeT Ha o30HOOe3omacHOM BemecTBe R290, xoTopoe ABIAETCA IPHUPOSHBIM XOJIOAUIBHUKOM H HMeeT
HYyJIeBOM IIOTEHLMAJ O30HOpaspylleHMs M TIJIOGAIBHOTO IOTeIUIeHMdA. MuHepaapHble Macjaa COBMECTHUMEI C

xmagarerToM R290, 1 aT0oT hakTOp 3HAUMTENBHO yIydlIaeT SKOHOMUYECKHE TTOKa3aTeIu 060pyAOBaHNA.

KirioueBbie cI0Ba: fpoccebHbIH BEHTUIIATOP; KOMIIPECCOD; KOHAEHCATOP; UCIapHUTeIb.
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Two-stage rotating compressor of innovative design
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Abstract. The two-stage rotating compressor of innovative design is distinguished by the simplicity of its
structures, with smaller dimensions and metalwork. This type of compressor works with one electric motor with
inverter type drive. The compressor does not have any suction valves, which plays a major role in simplifying its
design. The two-stage compressor of innovative design is distinguished by easy servicing and high quality of
reliability. The compressor is made on the base of the rotator compressor of the BK-1500 air conditioner. 300 grams
of mineral oil are loaded in the compressor. The two-stage rotating compressor is equipped with intermediate
cooling system, where the cooling of the refrigerant is cooled with an axle ventilator mounted on the compressor
engine shaft. Thus one electric drive serves two stages of the rotating compressor and the intermediate cooling
system, which significantly reduces the electricity costs. Electricity expenses also reduce the inverter type of

aircraft which can regulate the refrigeration capacity.

Key words: Compressor; cylinder; heat exchange apparatus; rotor; ventilator.

ISSN 1512-0996 bA¢-ob 3GMAgdo — Works of GTU — Tpyas: ITY
www.shromebi.gtu.ge 101 Ne2 (512), 2019



bs0bgobtm bsgdg — Eengineering — MmxenepHoe feno
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,Z[By’XCTyrIGH‘I&TBIfI POTaHHOHHBIﬁ KoMmIrpeccop HHHOBall;HOHHOfI KOHCTPYKIIUH

T.S. Merpenuase JemapraMeHT nuueBoil MHAYCTpUY, I'pysuHCKUI TexHUYeCKHi yHUBepcuTeT, I'pysus,
0160, Téunucu, yn. M. Kocraga, 68
E-mail: tmegrelidze@yahoo.com

T.A. Ucaxanze JemnapraMeHT nmumeBoi WHAYCTpuHU, ['py3sMHCKUI TeXHWYeCKWH yHUBepcureT, ['pysus,
0160, Téunucu, yn. M. Kocrasa, 68
E-mail: tamazisakadze@gmail.com

I.JI. Tyrynameumn JemapramMeHT nuieBoil MHAyCTpuH, ['Py3UHCKUI TeXHUYeCKUI YHUBEpCUTeT, [pysusd,
0160, Téunucu, yn. M. Kocraga, 68

E-mail: Givi.Gugulashvili@gmail.com

Periensentsr:
3. xamapupse, mpodeccop ¢akyIbTeTa TPAHCIIOPTA U MaUTHHOCTpoeHus I'TY
E-mail: zurabjaparidze@yahoo.com
C.Cynazase, moKTOp TeXHUYeCKUX HayK, AupeKTop lleHTpa c60pa 1 peruKINPOBaHUA XJIa0aTeHTOB I'pysun

E-mail: sulkhansuladze@gmail.com

AmnHoTaua. [[ByXCTyeH9aThIil POTAMOHHbINA KOMIIPECCOP MHHOBALUOHHON KOHCTPYKIIMY OTINIA€TCS IPOC-
TOTOH €ro KOHCTPYKIMH, MajJbIMH pasMepaMy M MeTa/UIOKOHCTPYKUIMAMM. DTOT THUII KOMIIpeccopa paboTaeT C
OJHUM 3JIeKTPOJBUTaTeNeM deli IPHUBOJ, HMHBEPTOPHOTO THIIA. Y KOMIIpeccopa HeT BCACBHIBAIOIIMX KJIAIlaHOB,
KOTOpBIE UTPAiOT BXXHYIO POJIb B YIPOLIEHUH €T0 KOHCTPYKIUU. JIByXCTyIIeHYaThIil KOMIIPECCOP MHHOBAIIMOHHOM
KOHCTPYKLIMU OTJIMYAeTCs IIPOCTOTOM 06CTyKUBAaHUA M BBICOKUM KadeCTBOM HaZexXHoCTU. KoMIpeccop BBIIIOTHEH
Ha 6ase porauuoHHOro Komupeccopa kougunuonepa BK-1500. B xommpeccop 3arpyxkaercs 300 r MuHepaIpHOTO
Mmacia. JIByXCTyIleHYaTsIi POTAIlMOHHBINA KOMIIpECCOp 0OOpYyLOBaH IIPOMEXYTOUYHOM CHCTEMOM OXJIaXIeHUd, Ihe
OXJIaXKJeHIe XJIaJlaTeHTa IIPOU3BOJUTCA OCEBBIM BeHTHJIATOPOM, YCTAHOBIEHHBIM Ha BaJly JBHUTATe KOMIIPeCccopa.
Takum 06pa3oM, OZMH SIEKTPUUECKH IPUBOJ, 0OCTYXUBAET [Be CTYIEeHH KOMIIPECCOPa U IIPOMEXYTOUHYIO CHC-
TeMy OXJIXAEHHUA, BCe U3 KOTOPHIX 3HAUUTEIBHO YMEHBLIAIOT 3aTPAThl Ha DIEKTPOdHepruio. Pacxonsl Ha sieKTpo-

9HEPTHIO TaK)XKE€ YMEHBIIAET THUII NMHBEPTOPpa, KOTOPLIfI MOXKET IIJIAaBHO PETryJJIMPOBATH XJIaLOIIPON3BOAUTEIBHOCTD.

KirioueBbie CI0Ba: BEHTUILATOP; KOMIIPECCOD; POTOP; TEIUIOOOMEHHUK; LIMIMHAD.
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Abstract. One of the main details of the architectural solution of the building and the structure is the entrance
door. It largely determines the attitude of people before entering the interior. Therefore, appropriate decoration is of
particular importance and this is most important for the doors of temples and churches. There are a lot of such

wonderful examples in the world and always when building new churches a lot of attention is paid to the decoration
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of doors. It should be noted the interesting and innovative decorations of five doors of the temple named after the
Iberian Icon of the Mother of God, which was recently built in Tbilisi on Makhata mountain. The bas-reliefs and
individual details of the design are cast in brass, but the door handles in the form of the praying hands of the Mother

of God are especially attractive.

Key words: Bas-relief; brass; decoration; detail; door; handle; temple.

UDC 2(02)
SCOPUS CODE 2216

Hogoe pemenmne xynoxecTBeHHOTO opopMIeHH BXOJHOI IBepH XpaMa

N.B. KBapas JemapTaMeHT TEXHOJOTHMM TPaXJAHCKOTO U  IIPOMBIIUIEHHOTO CTPOUTENIBCTBA,
I'pysuHckuit rexundeckuii yausepcuret, I'pysus, 0160, Téwrncu, yi. M. Kocrasa, 68°
E-mail: irakvara@yahoo.com

JI.H. T'mopro6uanu JemapraMeHT apxuTekTypsl, ['pysuHCKUIl TexHu4eckuil yHuBepcureT, I'pysua, 0160,
Townnucu, yn. M. Kocrasa, 68°

E-mail: : lika.giorgobiani@gmail.com

PerienzenTsr:

T. Cammxwmzse, mpodeccop, ZOKTOP HCKYCCTBOBEJUECKMX HAyK (aKysnbTeTa apXUTEKTypbl, YPOAHUCTUKU H
nusaiiga I'TY

E-mail: t.sanikidze@gmail.com

H. Mcxunazse, nmpodeccop crpourtensHoro gaxymnsrera I'TY

E-mail: mskhiladzenini@yahoo.com

Annoranua. OpfHON U3 OCHOBHBIX JeTajell apXUTEKTYPHOTO PELIeHUS 34aHUH M COOPYXKeHWH ABISETCA
BxogHasa nBepb. OHa B OOIBIION CTEIIEHM OIIpeiesiseT HACTPOH JIIofiell epe/ BXOZOM BO BHYTpeHHee IOMeleHHe.
[TosToMy ocoboe 3sHaUeHHE UMeeT UX XyJOXXeCTBeHHOe opopMIeHNe U 3TO Haubojee BAXXHO A1 ABepeil XpaMoB U
IepkBeil. B Mupe oYeHBP MHOTO TaKuX 3aMedaTeNbHBIX IIPUMEPOB M BCETZa NPHU CTPOHUTENBCTBE HOBBIX XPaMOB
6ospIIoe BHUMaHHUe obpalaeTcs Ha XyAoKecTBeHHOe odopmieHue ABepeil. IHTepecHO 1 1m0 HOBOMY OOpMIEHEI
IATH gBepeil xpama umMeHu VIBepckoii mkoHsl boxueit Marepu, ImocTpoeHHOTO HeZaBHO B TGmiIncu Ha rope
MaxaTa. Bapenbeds! u oTfenbHbIe feTanu 0GOPMIEHUS OTIUTHI U3 JATyHU, HO OCOOEHHO IIPUBJIEKATEIbHBI PYUKH

IBepeli B BU/le MOJIAIIMX PYK Boxueit marepu.
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Abstract. In 2016 Georgian masters cast the largest bell in Georgia for the under-construction temple named
after the Iberian Icon of the Mother of God, in Tbilisi, on Makhata mountain. The brass was used in the form of
melted shells of artillery shells for its casting. Its weight is 3000 kg, height - 1.8 m, diameter - 1.5 m. Four more
bells were cast from this material for this temple, weighing 1600, 800, 400 and 200 kg respectively. They all stand
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out for good, clean sound. The tonality of the bells was verified by the famous composer of church music, Nodar

Mamisashvili, and according to his recommendation, they were placed in the bell tower.

Key words: Bell; bell tower; brass; placement; sound; temple.
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Amnoranus. B 2016 rogy ans crposimerocs xpama nMeHu Msepckoit nkonst Boxueit Matepu B T6unucu Ha
rope Maxara Ipy3MHCKIMHU MacTepaMu GBI OTJIUT CaMbIi GOJIBIION KOJIOKOJ U3 KOTAa 160 OTIUTHIX B ['py3uu Ko-
710K0JI0B. JIJIf ero JUThA MCIIONB30BaNaCh JIATYHb B BUJe IIepelaBIeHHbIX THIb3 apTUIUIePUICKIX cHapamoB. Ero
Bec cocrasistet 3000 xr, BeicoTa 1,8M, guamerp 1,5m. VI3 saToro MaTepuasa GBITH OTIUTHI €llfe YeTHIPe KOIOKOIA AJIs
JaHHOro xpama, Becom coorBercTBeHHO 1600, 800, 400 m 200xr. Bce oHM BBIZENAIOTCA XOPOIIMM, YUCTBHIM
3ByuaHHeM. TOHAJIBHOCTh KOJIOKOJIOB ObLIa IIPOBEpeHa H3BECTHBIM KOMIIO3UTOPOM LIepKOBHOM Myssiku Homapom

MamucamBuiy u 1mo ero PEKOMEHAL N IIPOU3BEAEHO NX pasMeIleHNe Ha KOJIOKOJIbHE.

KJIIO‘IEBBIe CJIOBA: 3By4YaHUE; KOJIOKOJI; KOJIOKOJIbH; JIATYHb; pa3MelleHre; XpaM.

3sbbogngol mstowo 04.04..2019
d9deabgamol ostomo 08.04.2019
b9endefgmoeros osbsdg s 25.06.2019
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UDC 51
SCOPUS CODE 2607

300MB6EMM0 dMBHYgmo ggmdgEMoeo oyMmgdo

P. 50953300

05009353030l 9356329960,

Lodo®mggeml  Ggdbogmmo  MboggdlLodgdo,

Logodmgzqerm, 0160, ®dowobo, 3. 3mbEsgel 77

E-mail: diophant_zura@rambler.ru

69306D9bBd0:

3w, 306000509, LE¥Y-0b 06BMEOHsBH030LS s BorN30L LOLEHIIGOOL Bo3MEEHIEHOL SOMBIMOO

E-mail: kirtadze2@yahoo.com

8. 33605, MLY-0L 5. MSBTodol FsgdoEo30olL 0bLGHOGHMEOL IMs35M0 B9360gM0 sbsIIMHMIgeo, GoBOZs-

0o00905@030L 3936096305 MJEHMMO

E-mail: mania@rmi.ge

36e35300. dongerBoEbgs dBOAYI BgmIYEHHON
33039090l OMAbEBHMOL 39Hm©gdo 03 InEoz300m,
O DoMMYMEo Bomsbol mM30Lgdgd0lL alyg-
Boo LoFoMmms 2563390 OMBBEHWMHO A6EMEg-
00U (296EMe0gdsms LobiEgdol) sdmblbs.

Dma0gM00 3n3d0bsGHMEOYo mM30Lgd0L Tqlolifag-
@O G90mogdal $ghdobgdo: doomasb@m®mo (obgoo
OMFBBEHMOHO  8M535¢3mbgo  (B6og5efobbogs),
3ol ymzgeo Mo §3ghmb 3mm®oobs@o  ©g-
396G HMIgEodg JoMm3Mmbs 3nmMEOobs@ms Lol-
90580 dgodamgds  amdmoanbogl dogwmzmmmo-
Bogd0s6 Goddowgdl), BLgzemEomgBAHNMO (ly-
00 90M535¢0310Hg0 (FM035¢(obbogys), Mol y39-
WS 23900 25dMolabgds  BodwMomm®o Gogbgom,
053650 099653 JON-JMO EOsRMBIO 56 OO go-
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debobremo  Gsgombogmmo  Gogbgom), RLgzEMdO-
©omRBGHMOHO (0O BBYZEMPOMRBBEHMMO  TMo-
395¢399MbaOo  (A6Mg5¢fobbogs), GMIwolL  ymgzgwro
039000  Gga30dwos  FoMmdmzsaobmo  dogungm-
065390056 F90EGH0g050 ©g3MHEHOL ToMm3mbs
3mmOEobsGms LoliBgdsdo); sbggg 9g0mygedgl bbgo-
33900 ¥OGBYJo  49m3gEHOM0Mo  BogwyMgdoLsm3zoL
OMBBEHMOMIOL,  BOPOMGBIBEBHMOMOOL,  BLgM-
OMBBEHMOMIOLs s BLYZOMBOLOMARBEHWOHMdOL
3690990 @s 99m33¢gMEo dsmo 3nddobsEMEo
30199900. bs3m3605  BLY3EMdOEOMBBEHWMO Go-

23990900 §abog®o 1-39mbgol yz9ws 360dg6gwmds.

1533960 BoEY3900: doMPOMBIBEWMO; OM-
3396¢60; BLYIZOMEOMBBEHWOO; BLg3EMEOdOM-
3b@MOo.
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99Lsg5¢00

MbLeZsMo  EOMOEH  Fomgdodozmbgdo  ©s0b-
GIOILIRIYwBO 04366 dmgrMoEbzs ygmdgBHorwo
30gMMd0L 13090900l 33g30m. SFOL FoQIWOM0s
»300536M0 1593790bgO".

MO0y o0 0d69dms 9933960065, MM sligmo go-
370900 03090980 33€93000 L06EHIMY9dMEbo
093696 00 FomgdoB03zmbigdos: 3.39603s, 3.93. 2oL,
. goegMo, 3. bym30blgo, 3. 9BHgoblsmbo s Lbgs.
05059500 909905 0004350, B 53 BE30bMLD o353~
F06g0mo 8500 096 F5FMHO 53m396505 B3gdBHMO
(39390 58M39Bgd0m 8g0mogscIys.

9L, OHMEs by Ol o0 Fo09gBoE0350 BgL-
3900 ©s bYHOMBMWOo BobGMTo o390 0lgmds Bo-
0935303wMds  2obbMod, MHMAMMOB OMRBBENMO
390209305 (b 9Ol Bs0gdo@ozol ob byggmm, MHmIg-
o3 990Lfogeol Foge s ME0MbIEME sTmMblBIdL

3¢90 4obBHMEgdsms LobEgdgddo. Lbgsagzstao
68 30g30,, Fgobfagwol @omBBHNO FbGHMEY-
090l 5WAJOMHM0 g9mIgEHMmOoL IgoMEIdOm), 38307~
GMdm MO 56 SOOL 0l EOM, OHMES SJG¥IIIMO
239bgds dmgamogbgs 3gmdgEBHommwo 5oy wMgdol
90m 356900l 30330bsEMOHYmo  ™30LgdgdoL  Tgufog-
@Ol 599(30GOCMDS.

4m3903g 5J9sb 9s9mdobstyg, Bz96L Fobsdy
533000 5dmEsbs  FgEOEH3s IMBgEHMmOMEO Go-
30900L  30000065@MOHMEo M30LgddoL dgbfogero-
Lomgolb 99339Jdbs olgmo doMmomso, BbsdgbE«Y-
60 58m@EBsms B3gdEBHMo, OMIgEoE 9mdsgserdo Lo-
BIZLIQ EHIPIOMES 53 FMbom FBIGHMIdIO
bg3gMMUL BsdmyseodgdSL.

dc3q0eo 9Omds 58 mgdol bafoeros. dgdmbgg-

300 56 3MHMmOYm JNGMHoEbzs 3gmdgBHMomE Bo-
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A7Mg0L OMBBEHMMO. gl 49353990 03 IMEH030m,
600 DoMMYMEo Bomsbol mM30Lgdgd0lL alyg-
B0 LogoMms 35633999 OMRBBEMMO 356EHMEgdOL
(3963 ™ gd50m5 Lol gdol) sdmblbs.

6590330 93999005 COMBBEHMMO, BOLOMFBB-
OO0, BLIZEMEOMNBBEYHO,  BBHZEMIOEOMRB-
AO0, 335H00MRBBGHMOO s 335D0BOOMRBE -
60 399G BogwMgdol dgbogowo bofogo.

do®omso bsfjogro

296LsBE3MYds 1. FadBHowb 39fm©Mmo omgsb-
GO0, 00 BoLO MOMMIYWO JNMOOBIGO 36
Gob FoOHNIMbs 3nMmOHE0bsGMs LobEgdsdo dmgwo
603b300m 5MHOL A5FMBIbErO.

256LBM3MYs 2. 3065339l 3fMEM™ EOMRP G-
&O0, mv) dobo Loa®mdg 2s0molabgds BadmGom®mo
60Eb30m (3.0. 56 GO 530YdJo Jolo dMEMIdO
0y4mb omg3sbEGHMo oM@ owgdo).

390LsBmzMPRs 3. B0OMBBEHWMmO  3Pmomm
0bgom OoMRBBEHME dmbs3zgml, HMICOL MmMogzg dm-
@ omgBBGMOo 9O GH0wgdos.

296L5BEZMYPRs 4. COMBBGHMOO M35t 3MMbyLO
(86535 obbogs) 3Mfimmm 0bgo IMogzow39mbgl
(86535 obbogs), HmIgol Bxdolidog® m® Fzgmml dm-
0oL 56doo 359molabgds Bo@ Moo Gogbgom.

390LsBM3MYVS 5. B0EOMGBIBEHVIMO FMOZOWIMbY-
@O (8M35@fiobbogo) 3ofimemo olgo ©omBBEHN®
0535¢039900bgEL  (IMeg5fabbogs), MmIcol ymgg-
@o {i396m omgsbAMo fadGHowos.

390LsBM3MPVs 6. BLIZMEOMBBEHWMO FMsZoen-
390bgEgd0  (80535wfabboggdo)  gofimme  obge

(062535¢fobbogqdo),  H@Iol

96535¢03790bggdL
4m39wo 23900 (fodm) godmolobgds bodm®maowm@o
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6oEbgom, Foacoed OGMIgEodg ©osgmbools Log®mdg
(6890dg 56599)BMdgo Mo {3gmmb dgdsgOog-
090 9mbs33900L LoaMdy), o6 As8mMoLsbgds Mogom-
Bogom®o Mogbgom.

390LsBMzMYPPs 7. BLY3EMBOPOMGBBEHWMO G-
35@3mbggdo (335w fisbboygdo) 3rfimmgm obgm
BLI3RMEOMBBAHNO FOZ>503ObIEIOL (B35~
§obbsggd0), H™mIol gymggaro §3g6MHm 8933000 ot~
9013500306mm» ©oMmgBBEHMGOO FghEHowol bsboo.

296LBO3MYs 8. oMBBEHWMO FMfmomoe §Og-
oL, GM@IOol Moolo gs9mobobgds bo@m@ow®o
Mogbgzom.

296LsBEZMYPs 9. BoOMRBBEMOO fiOgfioMo 3wfm-
M 0lYm EOMBBEHME FOHgHoML, MmOl 39bGMO
©0oMGBBEHMOO FgHEHOWO..

296LBMzMYds 10. COoMBBEHMOO FMfmEmem 3o-
OB, GMIGog  3dodmobsbgds  y = ax’ +bx+c
296G MEgdom, oo @, b, ce Z s a#0.

390LsbmzMgds 11. doomxybEMMo 3fmomm
0lbgo  EOMBBEHMO  3sMVMWL, MMIoL  F3gOm
©OoMRBDBEHWOO HadEowos.

390LsBmzMYds 12. geoxrbl 3Mfmmo ©Eomgsb-

2 2

&0, vy ob Imoigds Lz+ y
a

o =1 ge®IYwom, Lo-
@53 a,be N, ce N.

390LsBmzMgds 13. doEomEBBEHMMO Ifmomm
0bgom EoMBIBEHWO gEorll, MmOl Bm3MLYdO ©Oo-
0x355GMOo F9OGHowgdos.

390LsBMzMPos 14. 3039MdMEOL 3MfmEMoe ©oMm-

X2 y2

39b6GHMM0, 0 ol Imogds 7 0 1 ge®3mwom,
a

2

Lbogsga, be N, ce N.
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390LsBmzMgds 15. doEomEBBEHMMO Ifmomm
obgom EOMBBEHWO 3039MDMEILL, (MOl BM3I-
19d0 EOMGBIBEHWOO FgMBHOWVOS.

39b6b5BM3M7ds 16. FOHBIL 3MPmOM®d OoMGBIEE¥-
60, 09 dobo HoMmImpgbs Fgladergdgwos 899ga0
Loboon:

AX+By+C=0,bs053 A BeZ,; CeZ. (1)

3bo0s, ®md bgdoldogMo Imge3mgn030gbGE9-
00560 obBHmegds A | x+By+C, =0 39330d¢0
00309356m0 dm3gdoee Lobgbyg (1). (Bsy., —2X+3y—
-7=02x+3(-y)+7=0), 535bms6 (1)-0l mGogy
om0l gOmfiggmgool d =(A; B; C)-Bg 3oymu00
303009000 296EMEgdsL:

Ax+B,y+C, =0,

Loo(3 A, BeZz,;, CeZ

©> (A B, C)=1. @

99900ddo ymgzgm3zol gsbgzobowsgm (2) Lsbol
©0MgsbEHWO Or3ql.

B3960 FoBsbos ©s3500a0bmm: 1. omxsbEm®o
D9OG0gdOL  Mom©abmds  Bgdmowbodbre  Boy-
690%9; II. 30OMGBEHNMMO Imbs3zzgmgdol Mommgbm-
05, ®MIEo0L dMEMYd0 EYOIMYMBL 53 FoyMMdDY.

500L5m30L ob30boEMo H8body s8mEsbo.

5003965 1. 30330 EoMBBEMOO FOROL yzgws
©0MxsbEHWMo FgoEGHowo.

1. A=B=C =0. 53 99dmbggzodo (1)-b s3059ma30-
@g0L LOBdMEHYOL Y39 OMRBEHMGO fahEHowo.

{Ce z\(qp, >0 3090803330 (1)-0b sB>30>-

94mx0gd9o FgMEH0E0 56 SOLYOMDL.
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o0 dgdmbgggsdo (1)-b 03059my0-

A=C=0;
2a.
Be N.

@b (X); 0), b3 X) € Z 3nm®O@obs@gdol dgmby

94395 O0MABEM®O HgMGH0owos.

) Ae N;
* 1B=C=0.

Bo@gdL (0; Yp), Ldd3 Yo €Z  3mmOEobsddob

50 Ggdombggzsdo (1)-bL 5305ym-

9Jmbg y39es omgBBEHMGO HadGHowos.

A=OBEN o Bobanaso By+C
cez\o. 0 Y00obsogedoBy+C=

=0 y= —%. 000bsmM30L, ®MI Y ogml dmgwo, Lo-

JooOms  modgdbel ke Z\{0},  ®mdobmgolss

C=k-B. 853M50, 3obsosb (C;B)=1, sdo¢Hmd B=1.
0505L5qsdg, 53 dg8mbggzsdo omxsbEHmo Hod@Eo-
@gdo  9MbgdMdL  dbmeme  9sdob, Gmags B=1.
sdo@md, 50 0gdmbggzedo  ©oMysbEHme  HMHzgby
8gd5MgMBL FaOEHOWIBO 3NMOEOBHId0m (%,;~C),
BO@OG X, € Z - (35500, 35Dy 8gdscgmdl 2159Msg0
00©OMRBEHMMHO Imbs3z9mo.

{Ae N;B=0;

59 9q9mbanasdo 593L:
Cez\(0. 08mb393 33°J3

Ax+C =0 X= —% . 59, ®mgmO3 31-00, 080LSMZOU,

6Omd  (1)-Bg  80gdsMHgMdEIL  omEsbEMo  §gc-
GO0,  3730gdgos A ogml  1-0l  Gmevo.
0585L50599, (1)-B9 oMBBGHMOO FaOGHowgdo dwg-
05MHgmdl  dbmerme 35806, Mmas A=l ©s o0
d9d;mbggzsdo 58 M50l omgsb@nmo HodEowgdol
300OoBHI0s (—C; Y, ), Lo©sg Yy Z . 9953, 9Bs-
WMyoMMs  31-0by, dobBy FYdMGMBIL  MEdMS30

0000MRBIBEHWMOO dmbszzgomo.
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ABeN;
3s. 50 B90;bggge80 @35dal: o _Ay.
{c =0. Y="g*
(1)-%g 0800gdsHgmMdl omEBBEHMGo FodGowgdo 3m-
m6EbGom (BK; — Ak), s ABeN;
ke Z.
4. |ABEN, d900bgg3sd0 (1)-0b yz9es dog-
Ce Z\{0}.

@0 53mbsblbo dmoEgds BmMIMEgdo:

x, = (-C)A”® 1+ Bt;
1- Ai/'(B)
B

®3)

y, =(-C) - AL, te Z.

53 §jOx90g 9gdaMy Y3gws omBbGco (go-
GOWOob 3mMOHEObEJO0 Im03g0s (3) BMEOIMEOom.

b ©535030bMmm M5 30MHMdYPRL  Mbs 5305~
gogo@goEgL (1)-bg 9wgdety foddowgdol  3m-
60053700, Mmd dobby 9gdsMHIMdEIL dOOM-
3396GHM0 916533907900 (300MA6EHWMHO JrM©gdo).

3H505, HMI 00 dBoEOMRBBEHMOO Tmbszzgmgdol
3006000653700, HMIWIO0E 5M535MOWIWIM0s 302~
MmOH0bsGHs  gMdgdol, dmoigds  BmOIMWGd0:
(2 =n?)k; 2mnk) 6 (2mnk; (m2—n2)), bscosg
mne N ©s m#n, ke Z\{0}.

306500056

ABe N ©> sdo@md

(AB)=1,
Idmne N, m>n o (M;n)=1, Gadgwmsnzolsg

{gz ;nzm: n”; ob {gz fnzrm_ 2 0585b500dg 0doboom-
30L, ®md (1)-By 9modxRbML doomEsbEHwMGO Bm-
65339900, 530w 9dgw0s 3Jmbgl 999cgao Lsby:

(2 Jx+2mnys-(n? —n?Jg =0
o6 2mnx+ (m? —n? Jy+ 2mng=0,

B5sG mne N, m>n, (mn)=1qeZ .
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b9 ©> OMFBHO0 FadGHowol Bgdgzgww 3m- |%,| = 2mnk; |%| = 2mnk;
MOEOBsGMs ©IMAGBOL 3sM3egEv® FMBI9dOL 3vy- 56 ‘Y1‘ =(m2 —nz)k; 56 \yl\z(mz—nz)k; ©)
Frmomm dBoongsbEmGo fiHgggdo. |%,| = (p2 -q° )l : %|=2pdl;

sbs 2963L5HO3OM® doomxsbEdo FMHghomol ‘Y2‘ =2pql. [v2|= ( P* - qz)l.
00©0MRbEHNMMHO IMbs33907900L MrotmEgbmds. (5) > (6)-56 33593L:

0003965 2. 303m3mm Y439y olgMO BOEOMEPB- m-n_ p’-q .

GMO0 JoOmm3Mobs Lsd3mbgo, MOl gmageo mfm:]z ) 222 ’
330000  3mmOHEobsGMs  0IMIJOOL 563560~ m -
oo m 1 _p 1.

©5327335m, G™I n mgqg p’

A ACB (ACB=90°, AX;Y) , B(X;Y5) C(xg;yg)) o " d o
oL 0bgMO  BOEOMGBBEHMGO  FoBmIMmby  Lod- m_ T iip_11_ 4
3Mmbgo, HMIWOL MOMMIMWO A439MEO 5O sHOL " TJ a 5
3550 300MEobsGms gMdgdol. C  Fgm- - )

Gowdo 3nMmOHEObsGMs Lomz0L 35MOEIGEMHO Ao~ (%_gj{r:_gﬂjzo
5396000 3030090 SHae 3MMMEOBsEM LOLEYISL, VRN Py _Py =N
6ol Jodshmog  FgOGH0wgdo  B00mgdL  sbogn %_?’_—1 %_ qu =0
30mOEoBHIOL: A(X;; Y, ), B(X,:Y,) @ C(0;0). L q q

ACB=90°, 5990056 200mB0bsty: m p.

(% =% ) + (¥, = V) =|AB"; %, %, V., Y, € Z; & :] g+q 7)
x?+y,: =|ACl’; ) N p-g

2 2 2,
X, +Y, =[BC|"; 099 3530035¢0bfjobgdm, Gmd (m;n)=(p;q)=1 ©>

|AC|” +|BC|” =|AB|", |AC],|BC], |AB|€ N.
pq = 0(mod 2), 35306 (7)-csb dogowgdon:
(4)-0056 dogomgdom ﬂ = M 5) m= p; o [m=p+a; ®)
M n=q. n=p-q.
(4)-c056  a98mBoboty  Mbs  Fmodgdbml 8535150059
{:1’3’:1’ n,>ke N , (#) Hdg@momzgobsgs: m +n?=p’+0°;
y P>0. rnz_nzzpz_qz; (9)
= (-t [Pl ==k 2mn=2pg
|| = 2nmnk; 56 [ya| = 2mnk; m’ —n® =4pgq;
‘x2‘=(p2_q2)|; |X2|=2pC]|; o6 2mn:2(p2—q2); (10)
V| =2pal. |y2|=(p2—q2)l. m’ +n® = 2(p? +q2).
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Clpt-a 22,0

L. 1

3obgobowmm 30©OMBBEHMM0 J6ghomo
x2+y?=R? @5 53499350, OG0 Bobbyg gobeoggd)-
@O 39> @OMBBHIO0 M(xy: Y,) Faddoo-
Bsm30L (x,; R)=(y,; R)=1.
058906, 3boos, @I sLgmo HadEHOWwgdol 3mme-
0653 gd0o:
: =12pq;
sl [V
Yo =£2pq. oni(p —q )

bsosg  paeN, (p; q)=1, p°-qg’#0(mod2),

pg=0(mod2). ©s3283sm, G®md R-0b Fo@dmoyghs
™O0 3390MG0L xodol Lobom Tglsdargdgeros, 9.0.
3p.6,puaeN, (p; a)=(p;; o) =1, Gedgmsmzo-
bog:
p>-g*#0(mod2), pg=0(mod2),
P’ —q’° #0(mod2), pg =0(mod2),
p'-d’ = p’-q’,

pg# pa, PP+’ =p’+q’ (13)

(13)-0b gggews 50mboblbo doomgds (14) AsbEHM-
©gdsms LobEGgdoo [4]:

p=l(rrs+nr); q=l(ns—mr);
2 2 14
1 1

o) =E(ns+mr); q =E(ms—nr),
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Lssg mnsreN, (m; n)=1, ms>nr,

NS> NT , 5356006 gMHMoE, s S b MG0gy wfos,
b M N, S, I - 3960 [4].
0585b500009
(p2-a?)-(p:? —q12)=%(m2 —n?)s?-r2);

2pg-2p,q, =& (m2 —nz).

(15)

2 2

3065056 (05(m2—n2)(sz—r2)) + (sr (mz_nz)) =

(05(m2 _n2)(52 + rz))2 , 5003™m3  [ac],  Losg
A(pz _q2 ; 2DQ) @ C (p12 - q12 ; Zplql)’ 6()@0(00306_
&160 dmbozzgmos.

sBomgonmae [BC], bswsg B(-(p?-q?); -2pa)

s C (p12 -q,%; 2plql), d0@OMRBBEHOO b53390000.

|BC|:\/((pz—q2)+(p12—q12))2+(2pq+2p1q1)2 =
=mn (32+r2) .

&
&

Al-lp* -a* Jr:2pgk)
4[—2P@k;[¢’*-@*3kl}<

C(lp* -q* Jb: 2pgk)

NG pges (p* - k)
>z

\ q/ |_>5'| (2pgh:- (p* - g° k)
K[-[p* - g*J; ~2pgk) Bl[p*-g* ;- 2pgk)

L. 2

5990056 298mdobsty, A ABC 6ol obgomo do-

©0MxsbEHWMO bsd3Mobgo, OGMITOL OMMIYEO
33960 300mMEOBsGMs ©IMAIFOOL MM
605, dgm  LsI3mbgms Hombmdol 3mgzbs sd
Lsdzmbgby FgdmbsBmer  doomxzsbEwme  §6g-
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ooy 80gd5M9 O0MBbEHWMO FgME0owgdol 3mgzgbols
AMERLOoS.

3H505, H®MI doEOMBBEHME® HMgHoHbg dgdsmy
00©0MRbEBHMM0  Imbs33900900L  MoMmEYbmds, G-
W03 3MOWIWMH0S 3NMOPObsGMs ©vgMdol, o3
POghomby  000gdsmg ©oMBbEHMMo  HadGowgdol
AMWOos (B5OOEOE, OMMINWO OMBbEHMOo C
P9OGH0wo 58 doomgsbEH FMgfomdo Jdbol do-
©0MxsbEHWO F500039NbIEL). 9996 3odmI0bsty,
0¥ 50EOMBBEMMO FOHGFoMOL MHoEOMLL o6 dsoBbos
(p?+g?) Lsbob, bssg p,gqe N, psdymgo, 85806
0olByg 56 9JOIMHIMBL 5O 90 OMBBGHMEO Fgc-
OO s, 3Hs0s, 5O 8m0dgdbgds 0bgmo dOOM-
3obGHMM0 8mbs339m0, BIMIOL dmEmgdo dmEgd-
o {iOgfocol HabEowgdos.

31939 9300 JoLabzxEM0s, HMI BOPOMGIbEHH
POH9homby doomxsbEHmmo dmbszzgmgdol Msmg-
Bmds, H™MImadoE  3MmOHEObsGHMs WIMHAOL 356roeg-
@O0, EIMIOEIVUYCI0s ME0wLOL (p2 +q2) Lobols
2909898y, besg p,de N @ (pig)=L1.

3000 M3 453903390 53 Lsgombdo, o35G I0-
oo, o) (ab)=1, 35306 (a2 +b2)—0b DOMMYIYD
2999mag3l 946995 sbigomogg Loby.

5005030l 3593303Mo Wqds 1 o ¢gds 2.

wgds 1. oy (a®+b?) Lobob Gogbgo, Lssg
a,be N s (a;b)=1, ogngs mbsdom (c2 +d2)= P
JoBH0g  Mogbgbg, 05906 asbsgmaos  dgagodwos
§o6MHIm350306m0 sligmogg Laboo.

(c;d)=1, c®+d?=P 3568030 GoEbgos Degs-
©MdoL dgHBOMEgs®.  30J3%m, c>d. obgobo-
MO 03039M900:

(a?+b?)(c?+d?)=(ab—cd)* +(ad +bc)?; (16)

bA¢-ob 3G™3gdo — Works of GTU — Tpyam I'TY
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(a2 +b?)(c? +d?) = (ad —bc) +(ac+hbd)*; (17)
(ad —bc)(ad +be) = a*(c? + d?)-c? (a® +b?); (18)
(ac—bd)(ac+bd)=a?(c? +d?)-d? (a% +b?). (19)
306500056 cZ4dZ=P Bs6Fogo 6oghgos o
a’+b® =0 (modP), sdo@ma (18)-c0sb

ad —bc = 0(mod P);
ad +bc=0(modP).

(20)
(21)
o) ad-bc=0(modP), 85806 (17)-cos6 ac+bd =
=0(mod P) > 85806
(ad —bc)? = 0(mod P?);

(ac+bd)? = 0(mod P?);
(a2 +b?)c? +d?)=0(mod P?).

1)

17)-56 m®039 dbstol mommgmmo gmofgzmol
P2 -%9 3945300 d0300900 L3 30(39090L.
oy ad+bc=0modP), 35806 (16)-cosb ac—bd =
0(mod P) s 85806
(ad +bc)? = o(mod P?);
(ac-bd)? = 0(mod P?);
(a2 +b?)c? +d?)=0(modP?).
500@™mI, (16)-sb6 ®mMogg dbsGol MOoMMYMEo
960360l P?-bg goymzom 303009000 ©sLsdH-
303999
®gds 2. o) (a2+b?) (22) Lsbob Gogbgo, Lssg
a,be N @5 (a;b)=1 ogmxgs ds6GH0g Goebgbdy, G-
3903 96 359molobgds slgmo boboom, 3s80b gobsgmals
993L 2909mg30, HMIGEoa 56 253Mmolebgds (22) Lsboo.
07

©53783%00, @’ +b* =p,p, P, Py

P Psye- P, Y390 B5OG0Z30 Moisbgo sGob  (22)
Lobol, 35006 803g3MMdOm 2594mBom XIO P -bY,
99900

P, -bg @ 5.8. P,-bg, MomOMgM 253gmRl P, -ob
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Boozmom, fobs ¢gdsby ©oyMbmdom, Mbws 3Jmb-
b (22)-0b ULobg. gb 3o Tgdegdgos. 5Jgsb
299m30bsMgMdL, Mmd M9 oMs3 p-b
(i=12...,n) 56 593L (22)-0b Lisby.

ogogls. 1. o abe Nws (a;b)=1, 85806
(a2 +b? )—ob 0000099 25994l 53l 99990 boby:

300d3500, a,be N @ (a;b)=1 > 3s8gmg X-b 56
543 (22)-0b Loby. 53606 (2% +12) sligo> Gogbggdly

Bodolb 9930005, Fo@dmgsacbmm A > b

09090 Loboox:  a=mxtc,b=nxtd, ULowsg

m,n,c,de N,

c\sl ©d ‘d‘gf, 05806 a®+b?=
2 2

m?x? + 2mxc + ¢ + n*x* + 2nxd + d* = Ax+ (Cz+d2) =
0(mod x) . 5d9s6 353mBobsMY, ¢*+d? = yx. (23)

o) Y,C @ 0L 543l 1-bogsb gsblbgsggdryero
LogMom  aodymgo, 3sdob ol o oymgs  X-bg,
306500056 0l gogmzs A-Ls ©> D-Lsg. Bsp®90
(a;h)=1. (23)-0b ®mGogg Fos@ob (c;d)*-by pogmzom

90300900 € + f 2 = zx (231), 53sbosb 7< X, 5d90sb
2

2 2 2
x=e+ +f2302++d23[§j +(§J =§.

56 560L M0 HOEb3oL 335MsEJOOL K sd0, Bsdob dg-2
g5 ©YMbmdom Mbs sMLGdMdEIL Z MoiEb-
30b 519039 39994mBo (5036086mm ol Z, -om), rmdg-
o3 99M0wgdgEos FoMdm3zsa0bmom 33500M5@gd0L
xo00L Lobom, BogMsd gl 30309439605 Lsli¥yenm
05039050007). 39©L3E0m X -sb, MMIgwoa 2ogmxal
MODNOJONTMOGH030 MHoEbgzgdol 33500MEJOOL Xsdl
WBOM 353o6S Z; Mogbzbgy, HmIgwlsg 03039 030~
1gdIOO 5JaL. 599 298MT0bsMY, X 4930wPdWS©
§oM3m5gbL 33500M0EJBOL Koab.

o p,ge N, (p; q)=1 ©> R= p?+g° do©omngs6-
Ao HOHoMoL Gaomlol yzgus oMmEGH030 Aodym-
B0 P, Py,y... P,s 95806 L3O EOBIG™ ©gHIJoOL
356590 00 30OoMBBGHMOO  Imbs3zzgmgdols,

OHmIol  dmemgdog  §Oghomol  HadEowgdos,
50100960B0b 2BLEBEIMS 56 SHOL MoIMEO.

3H505, dB0EOMRBEHMMO [HMgloMol MomMgmEo
©0mxsbEHWOMHo FadGowo Foedmddbol -0 Hoghombg
00©0MmRbEHMOH ACBK 356:00379mbgb. sLgmo doMom-
300bggdol HrpmE 33000, 0lY OsFMBIEwgdO
00©O0MRBEBHMM0 Inbs339009005, 9.0. 0¥ SOLYOMBL
00bsE M0 OMABEHMMO [F9MHEHOWo doEOMRB-
GO GOghombg, 9506 dobby 9E0EPdWOE 0oMlg-
090l 3MMOEOBsGMS  VIMIPIOL  35MOWGEIMMO O
3M535M5WYMOHO B0OMAPBEHMOHO Imb33900900 o
om0 Mom©abmds sbgmo ACBK 3stozrombggdols
65m©96MdOL GHMEos.

d399m0o  0ma39s3L  Bmase©  obgmo  doom-
39bEGHMMO B3 mbs Lsd3zwmbgol Laby, HmIols
3390900  3MMOEObsGHMS  IMAZOOL  5535MI5g-

G005
F
B o,
F
1 [
A " o Tx
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| AB| = 2mnk; |AE| = (m* —n?)k;

BE| = (m* +n*)k;
\ED\:Zmnp;‘FD‘=(m2—n2)p; |EF|=(m?+n?)p;
[BF| = (m? +n®)(m? + ")l k=(m" =n7)l;
p=2mnl,
Loosg  myn,m;,n,le Nym>n; m >n, ©»
mn(mlz - n12) > rnlnl(m2 - nz).

0003965 3. sOLGOMBL M) B> BOOMBBEME

9oxlbBY d00MEBBEHMOO dmbs3zgmgdo?

Y
¥
Jq':xl;.}'ljlr’fi:lf 7 .lIB('x‘E;-}I?:I
Fi-c.0) O F(c;ny x
N e
A i-x,-00 _;—ijﬂ‘{xu;'.}'u:'
L. 3

000Lsm30l, MM FomdmAgbs 3odmbomm doom-
396EHMM0 geroxgLioll dBoomzsbEMem dmbszzgmgdby,

2 2
sz + Lz ~1, (241), Ly
a- b

29630b0mo 9bGHMmgds:

2

a 2

—-c?=b® > a,b,ce N, (24).
3H505, OHMI (242) 2obEHMEgdOL gggers Smblbs

9m0o3905 BOIMEGdO”:

a=(n+n’)k ;
b=(m -n’ )k ;

c=2mnk

(251)

bA¢-ob 3G™3gdo — Works of GTU — Tpyam I'TY
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a:(m2 +n2)k :
b= 2mnk;

c:(mz—nz)k,

o6 (252)

Ldcsg M N, ke N ©s m>n.
©33798350, 603 M (Xy; Y,) Q0OBBGHYO0 §oo-

oo dggl 59 gerogxlibyg, dsdob

|FM|=a—£><0 ;
o 26)

c
|F,M|= at—x,
bb@éG Fl(C; 0), Fz (_C; O), M (Xo; yo) >
Xos Yo, c€ Z \{0}-
30093500, EXO e z\{0}» 85806 (251)-@s6 @35J3L
a

2mn

. (27) 5 30b50sb

FM|=(m*+n® k-
FM[= (" + )

Xo

(m2 +n?; 2m)=1, 38043 Tle N, GmdJEms-
gobsg X, = (M2 +n?)l. (28). (25)-0bs> > (28)-0b

Bolldoon  (241)-80 s  oM©sgddboon  dogomgdo:

Vo' = (k*~17)m? -n?)".

Losg te N, 9.0. 3 p,q,r,ee N, Om3gemomgolsgs:

850oboady kP —1% =t?,

k=(p2+q2) e;
I=(p’-q) e; 29)
t=2pge
k=(p*+a°)e;
6 )1 = 2pge: (30)
t=(p’>-q?)e.

(29)-0b (251)-bs s (252)-80 BSLAO® LOdMEMMO

903009000
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a=(m +1*)(p*+0)e,
b=(n?—r*)(p*+q’)e, c=2m (p’+q’)e,
= (o) (e, v, =2pa(n )
©>
a=(m+n*)(p’ +q')e
b=2m(p’+q’)e, c=(n?-r’)(p’+ e,
x0=2pq(m2+n2)e, Y, = 4mnpae.

9b5eM oG (30)-0b (251)-bs s (252)-80 slidoo
d0300900:

(o 417 )
o= 17 )(# ). c=2mm(p" ')
X =2pq (M +n’)e, y,=(p"~q’)(m’ -n’)e.
o (o 477 )
b=am(p e, o=(rt 1) " <)
X =2pa(n? +n°)e, Y, =2mn(p* -’ Je.

3H5009, 30O0MABEHMMO gErogLol MOMmMYYo
©0MxbEHWOo FgdGowo M Fomdmddbol 9 geonl-
g MM MME d0©OMB6EHWO Botrmn3ymbgpb. sbgomo
0560 3Mbggdol 339MHId0 B0OMBBEHWOO Bm-
65339009000, 9.0. 09 sGOLYOMOL NWYBEOE JHO EOM-
39b6GHMM0 FaOGHOwo doomeabEBM® gwonli®y, ds-
dob 3By 99930090 05MLYOIOL JMOPODIEHMS
©9MIGOOL 391 GEMBO B0EOMBBEHMOMO Imbs3zg-
0900, OGS O3MEIbMBS Sbgmo  JoMmIMmby-
900l 2500bH 393900 B3EIbMBOL GHrroo.

ISSN 1512-0996
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My
)///
Mz

b6, 4

50m3965 4. 5OLYOMOL MY) MO BOPOMARBEHO
3039605y B0EO0MRBBEHMEOO dmbszzgomgdo?
sbaws  gobgobowmm  doomxzsbE o  30396-
0Mnd, HMIgEoE ImEgdmEos BMOIMEoom:
:é-g;:l, (33)
Lsog ¢? =a® +b* a,b,ce N. (34)
3b50s, ®mI (34)-0b yzges 5dmbsblbo dmoEgds

B0OINYGO00:

c:(m2+n2) k;

b=(r‘r12—n2) k; (351)
a=2mnk
c=(m? +n?)k;

56 b = 2mnk: (352)

a=(m’>-n)k.
©53998350, O®M3 M (x,; Y,) FodAowo dgds-
9mBL 3039M0MEsbyg, d5dob

{|F1M|:‘%+a .66

S AVIE

C
)
a

Lo
Fi(=¢;0), Fy(c; 0), M(xy; ¥,):

Xy, Yo,Ce Z\{0}.
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3009350, %e Z\{O}’ 05906 (351) o (36)-sb
a

235J3L
m? + n?
FM|= + 2mnk| x
[FiM| ‘ 2 °
m’ +n? s
x| |[FM|= ot (M -k (37)

©5 3065036 (m2 +n?; 2mn)=1, s8o@md Ile N,
H@Iolmzgobsg

¥ =2mnl (x, = (m? —n?)l).

(351)-0bs s (38)-0b bolildom (33)-8o dog0mqdm:

i = () )

(38)

(vo' = (1> =k 2m) .
8585b500539, |2 —k?2 =12, g0. 3 p,q,r,ee N,
Mg sm30L53
I =(p2 +q2)e;

k=(p*-a’)e
t=2pge

(39)

| =(p? +0?)e;
o6 k =2pge;

t:(pz—qz)e.

(39)-0bs s (351)-0b Bsbdood (352)-80 LvdMEMME

(40)

80300580
o=(m+r)(p e,
b=(m —)(p’ ~a’)e, a=2m(p’~q)e
X =2m(p*+c' ), y, =2pq(n7 - )e
o c=2pg(n7 +n’)e,

b=4nmpge, a=2pq(n7-n’)e,

bA¢-ob 3G™3gdo — Works of GTU — Tpyam I'TY
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X =(m-n*)(p*+q')e, y,=2m(p’-q’e.

3boeM0vMo, (40)-0bs s (351)-0b Bslidoom (352)-
do dogowgdo:

c=2pg(n7 +n’)e,
b=2pq(n? -n’)e, a=2mpae,
X =2m (p*+q’)e, v, =(m-n’)(p’-q’)e
@ c=2pq(n’ +17)e,
b=2mmpge, a=2pqg(nt -n’)e,
=0 ) -rP)e, y,=2m(p-g')e.

9953, 80OMRBBEHNMMO gErogLoL sBsEIMYOoMMa,
000OMJNWO E0MBBEHWOHO FgoOEGowo M §o6dmdd-
Bob 93 3039M0MEsHy doomgBBGHMEG MM MM
o3 mbgl. sbgomo ommzmmbgogdol 439Md0
00©O0MRBEHMM0 Imbs339009005, 9.0. 0¥ SOLYOMBL
00bs3 9M0 OMAbEHNMMO oM EH0Wwo doEOMRBB-
GO 303900dmrsbg, 8590b LBy 5 E30EgdEs©
050YOGOL  3:MEOBEHMS VIMTGOOL 35O GEIMGO
00©O0MRBEBHMO0 Inbs33000900, OHMIgEms MomEg-
Bmdo  sbgmo oM 3Mmbggdol  Aommb3nEgdIENo
5m©obMdOL FHmEos.

50m3365 5. 5MLYOMBL MY) 9O BOPOMARBEHO
356158 5HY BOOMBBEHIM0 Fbs339m7d0?

29b30bowmm

00@OMBIBAHNMM0 35O MD,

GHMIgwog dmEgdnmos y = ax’ +bx+c gmOINwom
@5 gobgobowmnm ®mMo  omxsbEmo HodGowo:
Al Y1) ©@ B(XY,) @ @38z, Gmd [AB]
95806 I m,n,le N,

00©OMAbEGHMM0, m>n,

(m; n)=1, G@dgwmsmngolsg
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{Xz_Xl:(mz_nZ) . (41)
Y, -y, =2ml
— — | ;
56 o zm? . (42)
y2—y1=(m -n ) l

239m3seolfjobgdom
Yo = Y1 = (Xz ! )(a(xz + X1)+ b) @5 (41)-0bs o
(42)-0b dsLs8o Bsldood Fog00gdm:

{Zmn =(m2 —nz)(a(x2 +x1)+b);

m? —n? = 2mn(a(x, + %) +b).

(43
(44)

(43)-bo 5 (44)-b 56 gosBbOS 5FMBIbLBO dmEgdmwo
3060md9d0m, 30650056 mne N, m> n, (m; n)=1.

0585b50509, 56 Im0dgdbgds BOOMBBEHME 3s6ro-
0MsHY 30O0MBBEHMOO dmbs3zgmo, HrMdgwog 3m-
005G 0IOAOL 35MIMBHO 5O 5HOL. Mo 99-
9bgds  80OMBBEBHMMO  3oMdMol 03 dOOM-
RBGHMO  9b53390090L, MMIIdOE 35O IEIMH0S
306OH0bsGH™Ms Ox 0gMdols (3bswos, Oy gddol 3o-
(om0 3960 069d5), 95000 MomMEYbmds sdm3o-
©g0g0s a(X, + X, )+ b =0 asbFHmegdol (45) sdmb-
UBsby X, @5 X, dmgw Gogbggddo, Lswsg ae Z\{0}

©> beZ.
(45)-036 X, + X, = —Ee Z, 9-0. 50©0MGBBGHNG
a

356000moBg  gmzggemzol sMLgdemdl Ox  gMdol
35659 YMH0 BOOMBBEHMMO Jrs.

sbams  gobgobowmm Msdgbody sdmEsbs {obog®
QOMBBAHYO, B0OMBBEHYO, BLIZEMEONBBHO
©5  BLYBEMOOEOMBBENO  JgMIJHOONL  BOF)-
6909

50m3965 6. 303m3Mmm yzgws Halogho omgsb-

&YYo n-39mbgo.

ISSN 1512-0996
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Ar Az

A
A7

dmz: AA LA, Gobogho  ©omgsb@m@o  n-
3Jmombgo.
‘AiAz‘ =‘A2A3‘ =.. .\AnAl\zae N;
Alezz...Anzﬂ(nn_z);ne N;n> 3.

00 ©sdggdom, M3 AAA A, -0 ©OMBBGHIO0

Lod3mbgos s 53bb Az — 77 -0 0565BMmIs0

('&2=ﬂ(n_2),ne Nj’ 2B0md 6, 7, 8, @ 9
n

50m 396900056 gs9mAobstryg Az :% , 9:0 §gbogho -

3Mbggdosb  dbmemo  Fgbogho  Lsdzwmmbgo
990d@gds 0gmb omBsbGMeo.
59m(3965 7. 303m3mo g4zgws fgbog®o dooma3sb-

GO0 n-3Mmbgo.
Y a a el
I Bl
A0 a0’

306500056 {gbogho 1-37mbgogdosb dbmeme
P9b0ge  LsdzMobgl  od3l  Bgbodagdemds  0gml
00©OMRBEHNMM0, 500G™MI 99-7 5dm 365 slig Ggodegds
R8M35945¢0dMm: sMLGBMBL 034 565 BOOMRBBEMGO
§9bogMo Lsdzmmbgo?

3b5005, 23Bbsbowggmos Fbmewmo ™Mo Jgdmb-

3330
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L. 58 990mb393580 oMmEBBAHMGo FobogHo AABC
15939MbgEO 56 5MHOL BOPOMBIBEHMEO, 30650006 B

D9OE0ob MmOHEobods ng N.
IL.
B0, Mp) o)
A0 a)
A fo,0) O (p.o) );

9m3g0w0s AMND, Losg M, N ©s D om-

3obGHMM0  HoOGHowgdos. oMz o0  8gdmbggzedos
00©O0MRBEHMMO [alogMo Lsdzmmbgo.

053993350 Lofiobsowdgam. 300d3509, AMND fgbo-
960 O0MRBBEHWOHO Lod3obgEos s Jobo F3gmmg-
00 0MgBEHMMO H9HEHOEd0s. 53540 FoMIM0d-
b0 3NMOEOBsGHMS ©gMHdgdoL 08 35MoGMMHO

§60539900m, GMIWIdBgEs3 dgdsmgmdls AMND -i

03960mgdo:

MD|*V/3
‘MD‘EN:SAMNDZ‘ ‘2 e(?

Jdgmg dbMog
Sanp = Sasco ~ Samen ~ Sanep ~ Sammo € Q>
653 090w gdqw0s, 9.0 B3960 533905 B3IM0S b
56 5MbYOMAL  dBoEOMRBBEGHMMO  Fabogmo Lod3mo-

bgwo.
3000609 BLYIZ3OMOOEOMAGBEHMMO Falogho 1-3790m-
b99d0b Lsgombl 8939bgd0m dobgobowmo @wgds 3.

@q0ds 3. 90330390, OMI v oce[O;gj, o
1 -0l mbsHMIsos s tgare Q, 95906 sv930egd-

T

QOQ ¢ =
4
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300935m, P p,ge N, p#q,

o = arctg a Uo@s3

(p;d)=1 560 1 -b MbsBMB>O, 9.0. o = M, bo-
n

©@3 M, ne N (m; n)=1. 30L5MRZGOWMD FNOI)-
©9d00:
(cosar+isine)" = cosnar +isinna
©s (cosa—isina)" =cosna—isnna,

30650056 4 = m., s8o@md siNna =sinzm=0
n

© gk (cosa+isina)'= (cose-isna)".

i
cosa #0, s e (O;Ej, 6039 Gbscol cos" o -

B9 39Y4MB0m, 10300900:

n

(1+itge)" = (L-itger)" 969 (Hip] =(1_ipa} Lso-
q q

@3bsg (q+ip)" =(a-ip)" -

(a-ip)" =(a+ip)" = ((a-ip)+2ip)" =(q-ip)" +
+C,'(g-ip)"'2ip +C,2(q-ip)"*(2ip)*+ . . . +
+C,"(g-ip)(2ip)™" +(2ip)".

9990056

~(2ip)™" =(a-ip)x
x(Cal(a=ip)™? +C, (q=ip)2ip+ . . . C,"(2ip)™?)-
AM@Mdol  mM03g dbogl 23543l 3MI3EgdumGo
M0o3bggdo. 85000 FMEMEYIOL  AoGHMEgdom 3030-
Q)OO

(2p)*"* =(9* + p*)B,
Loogs

B=|C,(q-ip)"* +C,*(q—ip)"2ip+...C," " (2ip)"?|e N -

90.  (2p)Y"?=omod(p*+q*)) (*). 306506

s00¢m™d 2=

(pra) =1, (*)-@3sb6  dog3009d0:
ISSN 1512-0996
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o(mod( p> +q%)) . 306500096 {p,qe N; s00@md P o
(pg) =1

g 6 mMogg 396305, 6 ghmo 396GH0s s Tgmég

wgfo.
0o p ©> g bbgoslbgs wwf-396EMm3b9d0Lss,
85906 (p*+q°) odbgds 396H0 s »vy P=2n+1 o

2 2

g=2s+1 (mMogg 35306 p-+qg° =

396¢02),
=2(2n* +2n+28> +25+1) 35600505 @gffos, Bopd
B903o3L 396 Bs0Gglsg 2(n* +n+s* +8)+1. gb

3960 0506Mog3w0 1-0b GHemeo dobogds dFbmermo
bbgo

922 _

p =q=1-bsmgob, 890mbggzsdo
o(mod(p’ +a%)) . @o330Rs  gobgobommom  Jgdmbgggze:

a= arcth = arctgl:z.
p 4

50m(3965 8. 303m3mm Y3z9ws BLYZMBOOMGBS6-
GO0 figbogHo n-3rombgo.

29630bowmo bsdo dgdmbgggs:

L tgoe Q, 306500056 A, A, ©> A ©ompsb-

&IO00;

¥y ¥

I I
Aa’
2] o Aya. 2 Ao 5 Az
Az
III\/
ﬂ}a
o
N
1 Az
2tgp V4
I tga =tg(r-28) =—tg2p = Bz=
9o =tg(7 - 2f) = -192f3 tgzﬂ—leQﬂ 7

(9b 299MmB0bsMgMdL 0Josb, ™A A, A, s A

©0MxsbEHWMO FgMEH0wgd0s);
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tgor =tg(n—(p+7)) =BT o

L sdogs toBtgy -1

B+y¢§ (3900800B5GdL 0Josh, G@d A, A, s

A, ©omxsbEHMmo HoMEH0wwgd00).

o
" n . 599096 gd0mdgo-
tgae Q.

Lsdogg dgdmbggzsdo

6569, 99-3 @gdol msbsbdo, o Tsbgzowo 3Mmombo-

Lsmgol r_z, Lo0obsg 17=8, Fog®od J3gdmo 3oh-
n 4

39690, O™ 56 sOLYdMOL FglogMHo BLYIZLMOOPOM-

396EHMB0 H35390bgo.

Ar

o
.d./

NOIOIGAEE
I = 99gmdwgdgwos, gobsosb o =%—bom30b

AA KA, 396 0dbgds d0omgz3sb@Mo;

~ 3
IIi — 9990w gdg0s, 3065006 EA A =?ﬂ—bom—

30l AA EA 396 0d6905 800000a356¢8w9M0;

I - 3060056 sinS,cosg,

8909090909,

. (37
Sn(T—ﬁj IONOOMNYI© MBEs 0yml Gogombs-
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@mB0 Gogbgdo, BopHod sin( 3T7Z'_ ﬂ]zsin[ % . ﬂjz BBHMOO  Lsd3YMbyo, GMIol y3gws Fgosbs
QOMRBDBEHWOO dMbs3zgmos. s1gm Jombzsby 3slwgbo

2

7(9 n S+ cos ﬁ) , 53 8999 gdIE00. QY0000 5¢03MBBS.

oM 25330b0oragl dbmerm Halogho mmbzmmby-
ol 990;mbgg3zs, HMIgwog 530594mxzoegdl s3m3sbol
30000L, 9.0. BLHZEMOOEOMBIDBEHWOHO  GoyMMg-

006 FbmEmE BLYZ3EMEOMARBEHMOO 3350MGHO

9933030s LOdMAEY by FoMmdmzsaobmm olg, Mmd
dobo §3960mgdo 0yml omxsbEwmo FgdEowgdo.

©0omx3s6GM@mo 39m3gGHMoMEo BogMMgdo

b6, 6

Lsd3mbgl 3fmEgo omgsbEwGo, oy dobo
3390900 oMAsbEHMEGO Imbs339mados.

39230005 358396mm, GMI vy ABC Lodzmo-
bgool a,b,c (a,b,c — @wufio Gogbgzgdos) a39M OO
©> 8qbsdsdolo  my,my,m. (my,m,,m.eN) 8905690
03054mxz3omadl  Hgdmombodbme  30MHMdL,  d5dob
0039  30MMdL  ©95385YMBOEgdL  1sI3McbgEO
339Mqdom: 2m,,2m,,2m,. 4 AOK -l (L. 6) a396-

2 2 2
900l LogMdggdos: Ema' Emo ngnl’ 0-0. 3b939

9933030s  Lsd3mbgol dgoagbs dmbszggomgdoom,

L. 5

Mmdgwms  Log®Mdggdos:  2m,, 2m, ©@s 2m. oy
a%630bommm  AABC  a,b,c 3396090000 o

a'|b7 c

24930m35¢0l{obgdo 0g039mdIdL
9glodsdolbo  m,,m,,m.  9gosbgdom, |

1 ) \2 2 ) ’ 2 > ) _3b
dolgdH®olgdom, h i, h, Lodswwggdoo (bwye. 5). E\/Z(JZb +2¢° & ) +2(\/2a +20 —cz) —(\/Za +2¢° b ) =5
1 2 2 ? 2 2 2 ’ 2 2 . 3 .
300b35By, s®LGBMBL M) 55 OLYMO OMFIBEHNGO 5\/2(*/% +2c -2 ) +2(J2a +2¢-b ) —(Jza +20 _Cz) :70 *
15837900bg0, HMIWol gmggewo d9wosbol Logmdy %\/Z(x/Zaz+2b2—cz)z+2(x/2a2+202—bz)z—(x/2b2+262—a2)2 =37b,

39900bsbgds BoBdowrMo Mogbgzom, 3sbvbo .-

©JO0M0s. . JogMds s1go bd3MMbyYddo Fodm-

00300900, M3 LsI3MNbgO, HMIOL 2439M©Y-

m3scs  dgotgbo  39Mmodg@mol  ddmby:  a=136, 8% JIPPIR O 83000
0oL bLoa®mdqgdos:

V2b* +2¢® —a* =2m,, y/2a% + 2b% - c? = 2m, ©d
v2a® +2c¢? —b? =2m,

b=170,c=174, m, =158, m, =131, m =127 [3].
005005 30mbgzs: ymzgemzol sOLJOIMOL M) 5O
sbgmo  bsd3MmobgEolsmzol dobo SMEdLYI3LO OM-
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©0MmxsbGHWOMHo  bsd3MobyEos, OGMIWol  Igosbols

Log®dggdos: i;,%,i;, Loog ab,c conffo Bogey-

Moo MHoEbzgdos.

sbas 398396mm, H™MI 0y OMBBEHMEMO 1s0-
3Mobgol, ®mdwol  990sbgdo  omzsbEHMmo
00b53393gd0s, 890569000  dgaqbowo  Lsdzmom-
bgo 9O 890dwgds 0gml dbgaglo 13300390
Lsdz3wmbgob.

993608bmm, M3 bgdmbligbgdmwo bsdzmombgoo
56 990damgds 0ymb BHMEA3gMs. 9J9sb 4sdmdwo-
6569, 0 ol BHrrEBgPEss S AAOK dobo dbgsgzlos
(Lye. 6) (AAOK -l 30896905 bgds gmdol IbHosH),
05806 s@300 LsB3gbgdgEr0s, HMI 153W30M3gw0
OOLBIOS LIIINNBIO B> 0gMb HMWRZIOWD,
53 8979900, 9.0 M) YO AABC sOLGIMBL,
05906 ol 930 gdEIsE MBS 0ymb  Lbgowslbgs-
3300©o.

53999350 Lofjobosowdgam, g.0. 30J350, AABC
Lbgoslibgo339M0®s OMBIBEHM0s, OMABBEHMMO0S
dobo 990sbgdoE s 93 8gosbgdom dgygbowo
Ls93mobgo 3o dbasgbos AABC-Lo 56 ABAC-Lo, 6

ABCA-Lo 56 AACB-Lo, 56 ACAB-Lo 56 ACBA-ULo.

30650036 \AO\:%ma, \OK\=§mb) \AK\=§mC’

s00¢md

I
1I

[AAOK @ AABC:
AAOK @ ABAC;
A4OK © ABCA, 1
AAOK @ AACB: TV
AAOK @ ACAB: vV
| AAOK @ ACBA. VI

29630b0mm Mmommgwo dsmysbo:
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v2a? +2¢? -b?
v2a® +2b* - ¢?
V2a? +2¢? -b*

W42 -a
2a’b* +2b%c? —b* = 2a* +2a’b? —a’c?;

2a%c? +2¢* —b?c? = 2a%b? +2a%c? - a*.
ﬁ{

= 2c4+(a2+b2)cz—(a2+b2)

a.
bl
L AAOK t» AABC =

|

=

oo

2a* +b* —a’c? -2b’c? = 0;

2¢* +a* —b?c? —2a%h? =0.

2

c? =—(a2+b2)<0;
=0

2 2 >
2 2 +b .
2
2 2
Bop@0d,  ovy  r=2 ;b . 8806 m, =
2 2
%\/2b2+2-a LN =§be N, Gog ofobosed-

Q93909 503560l 306-MdI.

\2a® +2¢* - b?
\2a® + 2% - ¢?
\J2a?+2c® —b?

2b% +2¢* -a®

II. AAOK «*ABAC =

-l

<:>{
2a* —2c¢* —4a’b’ +4b’c’ = 0;

(=1 =
2¢* —2b* —=3b*c? +2a’c* + a’b? = 0.
a’=c%; *)

& qla’+c’ =4b’; {**)

2¢* —2b* —=3b*c? +2a’c? + a’b? = 0.

2a* + 2a’c® —a’h? = 2a’b? + 2b* —b*c?;
2a%c? +2¢* —b?c? = 2b* + 2b*c? - a%b?.
2a* —2b* —3a’h* +b’c? +2a’c* =0;
2¢* —2b* —3b*c? +2a’c? + a’b? = 0.

(*¥) = 89m0gdgEr0s, 3060 HmamGE bgdmo
50360369m, AABC 56 G90dengds 04ml Goegg®s.
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(=) — ov a+c’ =4b’, 85806 m =

%\/2-4b2 -b’ :@E N, G53 gfoboswdogagds s8m-

3960 306HMBSL.

v2a®+2c®-b® b,
v2a® +2b* - c? ¢
v2a?+2c* -b*
J2or 1 2ct—a?

2a’c? + 2¢* —b’c?® = 2a%b? + 2b* —b?c?;
2a" +2a°c® —b%*a® = 2b* + 2b°c® —a’b’.

ITII. AAOK ¢=ABCA=>

o | T

2c¢* —2b* —2a’b* +2a’c* =0;

N PN
2a* —2b* +2a*c® —2b*c’ =0.
ct-b*—a’b’ +a’c’ =0;

(=1
a' -b* +a’c® -b*c* =0.
(cz—az)(cz+a2+b2):0;

PR VRN
a'-b*+a’c*-p’c? =0.

a’=c’;
a'—-b*+a’c*-p’c? =0.

b 30 99mdgdgE0s, 306506, MmymMz Bydmo
5¢360869m, AABC 56 dg0demgds 0gmls GeerggMs.

V2a®+2c’-b® _a,
[542 2_ 2 ¢
IV. AAOK cr AACB = | V2& 20" —C
v2a’+2¢*-b* _a
2b?+2c°-a*> b

2a%c? + 2¢* —b?c? = 2a* + 2a%b® —a’c?; -
2a’b? + 2b*c® —b* = 2a’b® + 2ac® —a*.

2¢* —2b* +3a’c? —2a’h* —-b*c? =0;
a*-b* +2b°c* -2a’c* = 0.

2¢t —2b* +3a’c? —2a’h* —-b*c? =0;
o o
(a2 —bz)(a2 +b? —202) =0.
2¢* —2b* +3a’c® -2a’b* —b*c* =0;
a’+b’ =2¢’.
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Bop®38, o @ +b’=2c’, 85806 m =

= % [2.26 —-¢* = %e N . ®53 9§0bss8gaqds s0m-

3960 306HMBSL.

v2a®+2c’-b* ¢

Jeal v 27 ¢ @’
=

v2a*+2¢*-b* ¢

2b*+2c?-a> b

Q

V. AAOK AACB=

2a* + 2a’c? — a’b?® = 2a°c® + 2b°c® —c*;
- {ZaZb2 +2b°c* —b* = 2b*c® + 2¢* —a’c’.
[

2a* +c* —a’b’ -2b°c® =0;

{204 +b' —a’c’ -2a’’ =0.

54

2a* +c* —a’b® -2b’c* =0;
=N

2514—(02+b2)f;12—(c2+b2 Y =0. <
2a* +c¢' —a’h’ -2b’c’ =0;
a’ :—(cz+b2)<0;
¢’ +b’
2

=1

aZ

, Cc+b’
a =

359650,
o 2

oY) ,  0580b m, =

%\/Z‘Zaz -a

3960 306OHMBSL.

@E N, 53 9Hobso0dgagds s8m-

v2a® +2¢® -b?
J2a? 127 2
v2a®+2¢? —b*
Jorvaci-a?
2a’b’® + 2b%c? —b* = 2a’c? + 2b*c? - c*;
{Za“ +2a’c’ —a’h’ = 2b°c® + 2¢* —a’c’.
@{c4—b4+2a2(b2—c2)=0; -
2a* -2¢* +3a’c’ —a’b’ -2b°c’ =0.

C.
b’
VI AAOK «ACBA= =

oo

*)
{**}.
—a’h’ —2b*c? =0.

CZ =b2.
= L%bz =2a’

2a* —-2c* +3a’c?
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(*) = 99dgdgos, 306500096, MMM 3 Bgdmom
50360d69m, AABC o6 G90dengds 04ml Gmesg®s.
(k%) — c’+b*=2a’, 85306

07 m, =

%\/Z-Zaz -a =%e N, 653 9fobssmdogy)ds s9m-

3560L 306HMBSL.

5000 3sPg9bgm, HMI sbgmo bod3mobgol dg-
005bg00LsYs0 F99yeMo Lsd3zmmbgwo o6 dgodergds
0ymb 003005300390l dbasgLbo, sdo@md mvy Badmg-
Bos HmIgerody Bgdmmddero bsdzmmbgo, dsdob
4m39m30L 99330dwos 3030300 dolo sMsdbyogLo,
6903 53059530 gdlL sdm3Esbols 30HMBSL.

9600 dgbgz0m Bgdmo dmyzsbow 9@30390580
439exgMHo Hoabgs, BogMsd gb sbg 96 sMol. bdom
9900bgg35d0, Logzombol {obsbffato sbscroBo ogo-
3000 5830MIOL Fglolitregdgero bsdmdoml dmEe-
@dsL. 993608bmm, ™A 0 dgdmbggzsdo AABC -do
a<b<c, 85806 m <m, <m, @os 530BH™I gsblaboen-
390 0gbgdms dbmerme dgmdg dgdmbggzs. gl gob-
15399000 9d0M babgalolidgos.

3000b35%7, sOLYGdMOL M¥) 5Ms OLYPO EOMY6-
GO0 Ls93MMbyOo, HGMIWOL ymgzgwo dolgdE®mobol
LogMdg 258mobobgds Bo@MMoww®mo GHosbzom, 3obvy-
bo o6 560b 36mdoro.

36mdowos, HMI sHLGdMBL 0bgMO OMBIEEHMGO
L. 7) Lodzmmbgo, GMIwol ymggwo bodswerg
399m0Lobgds boGwMowmEo MoEbzom:

|AC|=2mn(n? +n?); |BC|=(n7 —n’)(n7 +n’);
|AB] = (n +1¢ )’
|CD|=2mn(n? -n*); m, neN; m>n

B396 8096 65303605 5M5EHMWBINLS OMBOEH)-
60 b533Mbyo, HMIWol MWbEsz gHmo dolgdd-
0L 25dmMobobgds bodwMowrmemo Mogbgom (L. 8).
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3mdzsm, AABC -8o
|AB|=m* + m’k?; |BC| = n’m’ + n’k?;
|AD|=m* —m’k?; |DC| =n’m? — n’k?; |BD| = 2m?nk,

(RGN mn,ke N; m>n>Kk.

36mdowos, HMI sO®LFIMIL LJdMs30 OLYMO os-
AMWRIOES OMBBEGHMMO bsd3Mobyo, HMIwol
00bsE 9gMmo 890565 2sdmoliobgds bodwm®awmMo
MoEbgom. sbgo LFMMbYIE FoTMEYTDs MMBESE
69%0L00gMo  30mogmMsl  Lsd3Mmbgo,  HMIOL
30303961 250molabgds rryfo Gogbgom (. 9).

ACB = 90°;

BC| = 2pq;

AC|= p*-d?;
p*+q’

|AC|=p® +q*; |CD|= >

Losg P,ge N; p>q @ P, g @fo Gosbzgdos.

3000b35D7, sMLJOMBL M¥) 9 0LYO SMSEME-
3IOOS OMBDBEHNMMO Lod3mbyo, GMmIwol 0b-
53 900 LoTo®erg 25dMoLEbYds  BoGESEMMO
603b30m, 35bbO oINS (L. 10).

E
D
o A
bey®. 7
Fe)
A ) [0
by6. 8

bA¢-ob 3GMAgdo — Works of GTU — Tpyas: ITY

133 Ne2 (512), 2019



B5098>¢03> — Mathematics — MaTremarnka

b6 9

FoOOES3, 3003435 p,ge N; p>1,5q s A ABC -
do
|BC|=4p? +49°; |DC|=8pq;

|AD|=4(p-q) - (p+qY; |ABl=4(p-q) +(p+q);
IBD| = 4p? - 49°.

M3 dggbgds obge BHMEWRINES EOMBIBEHMGO
L5939 mbgEol sMLYdMBLL, GHMIol boss gHmo
LoBsErg, gM0 99E0sbs s JMHO BOLgIEBHOOLS yo-
9m0lbobgds BB mo MoEblzom, 5L Y-
00005 (L. 11 s bye. 12).

2. 10

bA¢-ob 3G™3gdo — Works of GTU — Tpyam I'TY
Ne2 (512), 2019

FoODo0s  39Lbo  A53909wos 53 3ombgqdby,
053650 56 560l ba3m3zb0 yzgams sLgmo Lsd3rmbgo.

5 bs Gg3b0dbmm, HMI ©OoMBBEHMOO dgm-
39GHOHOMWo BogMgdol 330930l 83560G0 dm©Toz30
0593390000 M0Eb3Ms JegdgbBeMveo mgmMools. ol
000Jdob gmggeo 59mEsbol 40sFM0olsl 5agbl o
bLboL got339w90 Lobol EOMBBEHME FobEHMEdL
(Bmax g6 olgmbyz, Mol gobbowzs ©Mgdog o6
g4mgzoms oL {abdoado), Gomsg 3ModE0gmwo ©o-
690gds dgodobs s 9g8mbggz000 o6 5oL, Grd
b9 BogOIRL 32 EOMBBETMO 39 H-
MOMWO BOAMMYO0. LN 58MEBIMS sEgoem-
03Ls @5 LoOMWGHBY HoMmTMAJDs M 30dmbomom,
249630b0mom 39m 9@ gob3svbol Moo s3m39bs.

00m@sbs 1. [2] oOLGdMBL mv) oo dogaE®oEhgs
Lsd3vmbgo 0bgmo 239MIdOM, GMIWOL gwdyHy
050390990 Lodserg 3ol Gmeos (bE. 13).

50 3ombgsBy 3sbbo oMymaomos: 1edzMmbyo
5003560l 306MdG0 Im(E3gdEo M30LII0M 6 M-
1gOMBOU.
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[

b6, 13

3mJ350, A ABC -b 3390gd0s a,b,ce N (Lyé. 9).
©> |CD|=|AB|=c. §obsLfse Bgzb0d6mm, Gmd a# b
(fiobsowdgy 89dmbgggzato bes Ol G-
@M0d (2a)2:5cz, 653 09999d@gd90s). BMASOMIOL
B9bOM©ogs© ©i3dzsm a>b (8936086mm, HGmd
89:710egdgenos BgHrryergl YAmEwmds b<C).

Y] 29530035¢0b{obgdm Lsd3Mmbgol gargdgb-
3oL ImMolL  sdM30dEgdsl, d5dob dogzomgdm

399099 LobEYIOUL:
a=c+u ; a=c+u’;
b’ =c’+V' ; (1) 86 {b* =c>+v’; (1)
C=u+v C=uU -V,

Los3 U, V, Uy, v, € N

5OWE 53000 bsB396909w0s, O™ u, v, U, Vv,
Bo@u®sem®o Gogbggdos.

306506 a>c, sdo@md k=u’=a’-c® Bsyv-

a’-b*-c?

Moo MHoibgzos, >
c

bowme  u= €qQ,-

307350, u=ap,bb®«>e p.de N > (p,q)=1. 33593b:

c.p.a.ke N; (p,a)=1;

k=u*;p’=kg*; u=—; v=c-u.

oo
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{c,pe N ;q=1;
= =
u=p ;v=Cc-u.

{ue N;

=

ve N.

9:0. U Q5 V Bo@u®ommedo HoEbzgdos.

9bsmyomMms 993300c0s 93593 30EM®M, MMI
Mosbzgdo U, v,e N, g.0. 9mEgdnmo  s3mEsbol

59mbLbs ool Lol ol sdmblbsby:

2_h2—(2_\? -
{a b*=u’-v* ; 31)
C=u+v
aZ—-b2=u?-v?:
o6 ' (41)
cC=u-—V.

Bodeoened a,b,C, U,V Gogbggddo, bswsg a>b>c.
©5359¢306Mmm, ®MI a’ —b* =u? -v? gobFHmeg-
B30l 53mblibs Bodrmoma® a,b,u,v (a>b) Gogbggd-

4o dmogds gmMIMEgdoo [4]:
1
a=—(ms+nr);
(o)

b=%(ms—nr);
(51)

1 )
u_E(ns+mr),

1
V—E(ns—mr),

Loog M, N, I, S BsGryMommo Hogbggdos, oligomgdo,

Gmd (mn)=1, ms>nr, ns>mr, s9sbmsb S s r

603b39%0 gOHNOOMWMWsE wwfos b M N, r,s y3g-
s MHoEbgzo 396@0s.
a® —b? =u? - v? gsb@Bmmwgdol MoMMgrIEwo sdcm-
Boblbo bodm®owm® GoEbgzgddo (51)-0m dmEgdme
M0(3b39980 335300505 IbMEME gOmbgw. 3o8396mo!
©53m33sm, a,b,u,ve N Hogbgndo 23059mzgoemadl
a®—b? =u® - v? a3b@m@wgdsLs (61).
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godgom, s=(a+b,u+v), 85806 a+b=ms,
u+v=ns, bosg MNEN s (Mmn)=1. oy Rogl-
3580 dogdryw (a+b) s (U+V)-b (a+b)(a-b)=
(U+V)(u=-v) bBHMWRsFo, dogowgdm (a—b)ym=
(u=v)n (71), gobsosb (m,n)=1, s30@md (a-b)=
0(modn),  BsaM>d a>b,

3065000506 sdo@md

(a-b)=nr, Losg r Gmdgwowsg BodrGowemo
60Ebg0s. 59 13565536900l (71)-do Bsbidoo dogowgdm
nrm=(u—-v)n, Loosbsg U—v=nr, g0. a35J3L:

atb=ms,u+v=ns, (a-b)=nr,u-v=nr, Lso-

5653 90300900 (51)-U.

30650056 u,ve N, 500@m3 Mbs LEwIdMEIL
MGHEemdgdo: NS>MF s MS>Nr . 535l QoMs, 1
©> S by 0gml gMHmbsoto  fi-3963m36900L.
FoMs3, 0¥ 0dbgdms covfjo, bmem s - 396@0,
05806, ms+ nr =2a GMEMmdosb 2s8mdobsty, n
096995 o, beewm ns + mr = 2u B0 MBI -
m o, dopcsd (m,n):l. 0 r s S Mogbggdo
39600, 35806 ms + nr = 2a GHMEMmd0H J5dmIobs-
69mdL, O3 M ©s N-03 396G MoEbzgdos (306506
m 5 N 9OPEOMYYIE 5O Fgodwgds ogml wfo
((m,n)=1) ©s 56 890dwgds ogml Lbgsslbgs wwyf-
396¢m36980L (30650096 MS+ NI = 2a). 59G0ogs, r
©5 S 9OMOOMMEO© wrfios b M N,Tr,s gMo-
OHOYIQ 3IHO-

dgmbyg  dbMog, 0w  BoGmGorm®o  Mogbgzgdo
mn,r s s bosg (MNn)=1, sol %gdmo s0-
6036mo m30lgd0l, sdsbmsb NS>NMr s MS>nr,
35806 (51) Mmoo dmigdimo Gogbzgdo abu
@5 v 93059m@ogdl a’ —b* =u® —v? a3bEHmEgdsL.
50030000 dgLsdm{jagdgeos, Mmd 53 4ebGHMEgdol (51)-

bA¢-ob 3G™3gdo — Works of GTU — Tpyam I'TY
Ne2 (512), 2019

0 9mE99MEo  MOoMmMYMEo  sdmbsblbo  a3b3gds
dbnwmnE  ghombgw.  JoOowsg  (51)-b  2o8ma-
©0BsM9mdL, Gmd a+b=ms, u+v=ns (3065006
(mn)=1), go. s=(a+b,u+v). sjgsb gsbygboo,
6emd MHosbzgdo S,M,N s r O Fbobsbrg-
690 a,b,U s vHogbggdom. 6.©..

(11)-00056 ©5 (51)-006 Bogomgdor: MPs” +nr? =
4n*s? +n’s? +mir? 56y (mz—nz)(sz—r2)=
(" -n?)(r?-") =4’ (8). s33borsb (m,n)=1.

©53593)306Mmm, O®md  (81)) ©@o (91) gobGHMEgdL
(m2 —n? XSZ - 2)= 4m’r?  (91), Gmdgmog oomgds
(51 )-0b (21)-8o BsLBom, 56 2o5BBOS 53MbILLBO Bodywm-
Moervy® GHobggddo.

begdMdol BgbeEsgiR ©igrdzee (r,s)=1
(@9 (r,8)=d>1,85806 r =d-r;, s=d-s;, bsosbag
(m? = n2)s.? - 1,2)= 4n?s?, bocosg (11, 5,)=1).

30rgom, (M -n?, 4s?)=a (m>n). 85806 NT —n? =
=ay, 48" =, bssg ¥ ©s O BodrGswemo Gogb-
390005, 595Lmsb (y, 0) ):1. (81)-do BsLJO” F0300GOM
(52 —rz)ocy:nzocé b9y (s?-r2)y=n?s. gobsowsh
(7,6)=1, s80@3md (52 - rz)s 0(mod §) > 5J9sh
358080bs6y S° — T2 =B, bysg f G@Bgmonss
Bod Moo GoEbgos. s9M0ad©, Byd =n2s by
LdME@memE n? = By . dgmeg dbGog, oo o,P,y,0€ N
om?* —n? <ay, s-r?2=B3§, n’ =By, 48’ =apf, sd0-
G™d (m2 —nz)(s2 —rz):4nzs2 .

306500056 (m2 -, n ) =1 (g 2959m30bsMHYMdL
(m,n)=1-0056), 5d03md ¥ =1, bogm §* —r? =3,

488 =0d o 4s? - 4(S2 —r? )= 4r 2 3oeeedgdosh,
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39133600, M3 4r’=0(mods) > 4s?=0(modS).
30650056 (r2,52)=1 (9L 99mB0bHYML (r,s)=1-
00sb), s00@H™d 4=0(mod §). s9mogsw, 8=4 b & =2,
o6 6=1.

85806 m’-n’=¢", §*-r?=4n%,

o 6=4,

S4nt=m’, r +(2n)2 =5, 3s650369@0 BHOEMdo-
56 (306500096 (r , s) =1) 35000bsMgMdL, G dmo-
3986985 P,ge N obgogdo, Gmd n=pg, s= p* +q*,
(p.a)=1. s +n*=p*+

3p’q’ +q* =m’ (100).

5J99b  290m30bsty,

3B, 3030byBMbs ©59HI0E, O™ x* +k x?y? +
vyt =7 a6@BHmmgdsl 56 gooBb0s 53mbablbo Bodys)-
GoM® X, Y,2 Gogbggddo K-l bmgogmoo 8608369-
@mdobsmzgol, 8500 Fmemol K =3-Lomgolsg (d300m-
bggmo F s3mEsbs8do obowsgl £=3-0L ©sdEI0EJOOL
B39bL 3560563ls)

o) §=2, 8806 m>—n’=2s,s*-r>=2n" Hy
n®+2s*=m’, r?+2n° =5,

306039000  GHMEMdOL

0mM0gg dboscob I 2 %9, begm dgmeols M?-%g 35963-
mer? +

wqdom  dogogdom  n’r? +2r?s? = mir?,

2m’n® = m’s?, boosbog 2m?n? + 2r?s? = m?s? —n?r2.

1
3odgom, x=mn, y=rs, @ =5(ms+nr),
by :l(ms—nr).
2
30650056 Gogbgo (M?s? — n’r?) effos, sdo@md

6o3b3gdo0 MS s NI 96 G039 9JOPOOHMESE W)-

§09, 56 MmMH039 JOHNOOMMs© 395G0. 9J9sb 4sdma-
©0bs6gMdl, M3 a, s by bsEmomeo Gogbag-

d0d. 5300 Fqbsdmffdgdgwos, MM x* +y® =2ab,

ISSN 1512-0996
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© xy=a’-b? 5906 gs0mdobstg, X! +3x*y* +

+yt = (a +h ).
0505L050g,  33ws3 80390  3m3w0byE™bol
23963 g05L00b, MMIgEbog o0 goshbos sdmbsbLbo

Bo@u®ogrm® Moibzgddo.
Lodmwmme, o 0=1, m-n’=45" @
S-r’=n". n2+(@2sP=m? ((mn)=1-0b googo-

@obfiobgd00) 30053l gobEMYd0b 353360m,
O™ s @f0s. 30m53mOb N2 +r? = 52 dgmey gs6-
AOIB06 (3065006 (r,s)=1) gs0mBobsmgmdl,

M3 < 396@00. 3595b5sT] FIBGHMEgdsms LolBgds

{nz +(2$)2 =m

oo " §0B5000©amdM0300.

9bsemyoMms 9933000 3593 30EM™, MMI
o) M<N, 85806 (91)-b dogygsgzs@o foboswdwg-
3™d589.

5000950, 0bgmo Lsd3MmbgEo, GMIWOL a396-
©J00  258m0bobgds dmgo MoEbzgdom s gOHm-
9600 bodsweg 00 339MEOL GHMEos, HMIgEBILE
ol 560l 53390990, 56 SOLYOMOL.

B3gb doge 0dbs ILAMWO sdmiEsbs /-0l dugoglo
0003960 2/ 5 58m3sbs 3.

00m@sbs 2. sOLYRMBL vy 9o OMBBEHWMO
Lsdgobgoo &0 s ¢ a39M©IPom, GMIOL
MmIgwody 339MoLs©I0 Jo3wgdo dgEosbs o3
3390OL GO0

58 50m3560L 50mblBs s0yz969ds 2b* +2¢* = 5a’
QQOMBDBEHWOHO gobBHmegdol s8mblbs®g, MHMIgarlsg
53l 9006580  Bmbsblbo: b= (3m’ +2mn—3n?)t;

c=(m +6mn—n’)t; a=(2nf+2n°)t,  Lesg

m,n,te N > m>n.
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D

by, 14

00m@sbs 3/ sMLYPPMBL MYy 9Ms  OMBBEHWMO
bs93Mobgo &b s ¢ a39MIPOm, HBMOl G0dg-
@o0dg 339MOLSEA0  Fo3egdYeo  doLgd@®mols 53
3390©OL GO0

§obolifot d93608bmm, HMI 0w sbgomo  om-
3396GHMM0 bAZMPbYEO SMLYDdMBL, 5006 0sMLGOYIL
90539 ®30LgdoL TJmbg obgmo EOMGbEHMEGO bsd-
3Mobgog, GMmdwol Lsdogzg 339M@OL  MoEgbo
2999mgo 1-0b Gmeo 0gbgds.

300g3sm, gb Lsdgmmbgos AABC  (bme. 14),

Iobmzolas [AD] 00LgdBHMOLos; |AD| = |BC| =a,

|AC/=b s |AB =C lssga, b, ce N; (ab,c)=1.

o _|AC] _b.
|AD|  |AB| ¢’
[AD] Bobggemobs _, CD|+|AD| = a;

|AD[" = |Ac]-{AB|-|cD| |DB];
|AD|=a; |AC|=b; |AB|=c.

be(b + ¢)?

— (1
bc+ (b +c)? g

L50@sbsE Jog0wgdm a’ =

godgom, (b;c)=t (2). 85806 Bgdmogdeeowsb
(a;t)=1. (2)-056 3o3mBObsGY dm0dgdbYds B; Ce N
obgmgdo, GmIgwmsmgolbsg b=B-t;c=C-t o
(B;C)=1(3).

(3)-0ob (1)-80 Bg@Hobom o godsMBH03gd00> do-

300900:

bA¢-ob 3G™3gdo — Works of GTU — Tpyam I'TY
Ne2 (512), 2019

138

. BC(B+O)* @
B?+3BC +C?

(B;C)=1= (BC(B+C)*; BC+(B+C)’)=1. (5)
(5)-0b5 s 080l Fomzgaolfiobgdom, ®md (a;t)=1,
(4)-c056 dogomgdm

t?=B%*+3BC+C?;
{ (6)

a’ =BC(B+C)".

B,C > (B+C)* §y30-fig30eo@ msbsdstHozo
603b3g005, sd0@MI 8m0dgdbgds p,qe N olbgmgdo,
6Hmd

e

(7)-0b (6)-80o Bslldoo dogz0Lgdm
t =(p”+d”)+(pa)’;
a=pa(p’ +q’); ®)
(pig)=1
t*=p*+3p’q° +q*;

a=pq(p®+q°);
(pia)=1.

56y )

2o630bo@mm  gdbBHMmEgds  Z% = X% +3XY +Y?,
Loogs

X,Y,Ze N;(X,Y,Z)=1. (10)

b 3963MEgds gMma35MM35605 o, 9d9sb godm-
Jabols

©o0boMy, Goabgzms fyzowo x= é, y=%

C: (X2 +3xy + yz)c R fodL, 6mdgwos, GmymOs

5Q030O©  ©36M[Ibgdom, Fgodwgds  3565dgd)-

1-2°
0B 0gdbgb 999090 Loboom: X = ———;
0o ogbgb dgdcgy YT
RYRyy x—1
=———, boog A=2—=. (10)-obL S
y 21 Q53 -y J30
d0ga0o 53mbsblibo 0gbgde:
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X =n* —nv;

Y =3m? -2mn;
Z=-n" +3m-n?,

(11)

bom (11), (12) ©s8s¢gdomo 3oMmdoom dmy33gdl

10)-0b g39ws Bo@GMGow® 59mboblibgdls:

=a’+b"m =a’ —b1
L @)a.beN;a>b;(a;:b)=1
(a7 +b% a’-b?)=1

= (16)

(16)-0b  Bslidoo (14)-ob dgmMyg  bGHMEgdsd0,

2 903009007
mne N ; —=n<m<n; (mn)=1. (12) )
3 Qo = my (3my -2y ) =
by asb30bowmm  asBGHMgdst? = pt +3pig’ +
@S 3OOZObO 30(HMY P +3p°q (aiz_blz) (3(a,2—b12)—2(a12+b12)): a7)
+q*, oo t, P,ge N oo o o
a” —-b a° —5b
(t p)=(t a)=(p; a)=1. (13) (a7-7) (a )
300d35m,  (13)-0b  Bo@r@oeve®  58mboblbmo (ash)=1, (a:ly)=1;
(a12+q2'a12—b12)— = (zqz-af—qz)=1:>
Bs9gr)0s (ty; Po; ) > OMgEosmgoLsg (to; Py)= ' ; . a8)
b)=1

(to; d)=(Po; Gp)=1 > 505Ls6 t, ¢d30OYLOs.

(11) s (12)-0b 05bsboc, dmodgdbgds My, N, € N o

(aih)=1 (a :
= (4b12;a12—b12)=1.:> (aﬁ—q2;a12—5q2)=1.

%no <m, <Ny, boosbsg (17) > (18)-sb odmIEobstyg, dmodgdbgds
l,ke N; (I, k) =1, 60dgmsmgobsg
P’ =ny’ —m’; a’—h? =12
G =3m,” ~2myrny; a>-5h’ = _
mh; Mo; Po; G € N; - abk,leN;
2 ‘h)—(1- -
ThSM < (M) = (mid)=t (a5B) =(1 k)=
2 2 2 a’ =b’+1%;
Ny =P +My PRINE
2 _ _ . = 19
=% =m (3m -2y ); - abk,leN; 4
m)'.no'po-%E.N, (al;b1)=(l; k)=1
(mying)=(Poi ) =1 2 _p2,2
a’ =b"+I1%;
(14)-@s6  3508c0BsGg, 8m0dgd6gds 3 .b € N; P =(20) +Kk
a,bk,leN;
(a.b)=1, a >h, Gxigmnsmgobss Y ’
(asb)=(1; k)=1
n’ =a’+h’; 9:0. 3m0dgdbgds a,,b, € N, GmIgwmsmzobsg
m=a’-B% (1) 15) l—al+h’
=2ab; (2)) 2by =28,0;
a.beN; a>b;(m;n)=(a:b)= aZ=h+1%;
29630bowmom mMo dgdmbgggs: ab.gyeN
ISSN 1512-0996 bA¢-ob 3GMAgdo — Works of GTU — Tpyas: ITY
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a® = (auhy)’ +(2* +b?)
a,,h,,ae N.

= (20)

(17)-056
a’>sh’ =
=a’(a’-1)> 507 (sb” -1)> b7 (567 +1) = (21)
=a'-sh'>a’+h’ =t >n, >4

b 9fobsswdgaqds B39bL ©s339dsL. g.0. (8)-U 50

3000000  BoGMGome  Moabggddo 9O gosbbos
5dmbsblbo.
N, =a,” +b?;
IL (2,) )Mo =2a1b;; (22)

a,b e N; (a;by)=1;
(al2 +b?; 2a1b1): 1.

(22)-0056 258m3obatg s (23) Lbgoslibgs -
396369005 (22)-0b Bsbdoo (14)-ol dgmeg AobEM-
70580 803009007
a,2 —b?). (24)

(22), (23) o (24)-36 259mIE0bsGY, Imodqdbgds

%2 =my (3m0 - 2”0): 4a,b, (3a1b1 -

a,,b,e N, (a,,b)=1 obgmgdo, Hmd

a, =a,",b =h’. (25)
(22), (24) s (25)-36 59mIE0bstY, dmodgdbgds
Ae N, 6Gm3wobmgolsg 8ol y39@d 3802b02—

—ao4 - bo4 = A Bo@®oqw® 53tmbablibl 9dbgds Laby:

lp.ko € N3 (I ko) =1 (ay;by) =1
a0’ =(ly+ky ) +1o%;
by’ =(lg +ky)" ko'
A=12 +3l,k, +k, .

(26)

306000096 a, 6 b, w@nfhos, sdo@md (26)-ob
30639 96 dgmg 2obEHMEgdL o0 J69ds 58mMbsblbo

Bo@m®ow® Hogbggddo (Fy30-{430ms 0obsdom-
3030 3005MmM3L 1sdgrerol 303mEHgbmBols Log™dy

bA¢-ob 3G™3gdo — Works of GTU — Tpyam I'TY
Ne2 (512), 2019

56 990dgds 0gml eovfjo. gl YIS doe0sb ot~

303500 0()3030905. 33bobowgds bsdmgdo, GmIg-
003 0000gds oMx39bs o FotEbgbs Tbomol 4-Bg

2394mx0m). sdo@md smg (8)-b gdbgds sdmboblibo bs-
GMOo® Mob3gdd0.

LsdMEMME F030090m, GMI (8)-bL o6 goBbos
50mboblbo BodvMowne GoEbgzgddo, Gog 0dsL bod-
Bogl, MM 56 5OLJOMOL OMGBBEHMMO bd3Mmbgo,
60903 53054Mmx30gdl dg-3 58mEsbol 306HMdGOL.

296LsBEZMYds. 39Mmbols Lsdgmmbgol Mfimgdgb
0bgo g MOEb3a39MEYB0B  Lod3Mmbgl  (sbv
B30690MMo®©  ©oMGebEMG  bsd3zmmbgol), GmIol
BMHNMOO 45MOLbYDS BoEwMowMo Mosbgom.

396mbol Lsd3mbggdol dsmEHo39b0 Togowo-
09005 (0b. bv®. 7 ©s bvy®. 8) GHmwagms bsd3mom-
bygbo 3396@gboo: 9) P +q7, p*+a7, 2p* ~2¢7; D)

2 2

p>+q>, p+q’, 4pg; (p.ge N; p>q) -

6039 dgdobgggzsdo S, =2 pq( p’ - qz) . 396mbol

939 Bs93Mmbgol dobomgds obbowmwmo Mbs
0gbgL Lsdo 89dmbgggs: 1, II, oo II1.
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o
=
-
=

S

~ 3
i

L

tx

p,g.mn,l t,a,b,ce N;

27
p>qg;a+b>cb+c>aja+c>h. @7

Lo {

o  396Hmbol  y3z9gws  byd3Mmbgol  Fobomgdo
Mbs  50moblbsl 99090 ©OMBBEHWMO  gobFBHM-
@q0900: Ti-bsogols — 2pqt=(m2—n2); L-bsongol —
2pgt =2mnl ; I-bsongolb — v; bsdozg dgdombzgzsdo
b5 0yml g9035¢0lfobgd o 30MmMds (27). 396-
dm, 390mbol GHMIgeodyg Lsdzmmbgol  dowmgds

zmni

=(m-n‘)l
=2

2

2ot

=(m*-n’)i

)

{ D
2pat
0903, 9bsEmyom®ms I-oby, 3gMmbol yggers Lod-
319mbgol dobomgds Mbs s3mblbsl, (27) doMHm-

dom,

39000920  ©OMRBBEHMMO  obFHMEgdgdo:

999009265005 MOl Tglodwgdgeno: sg., Ii-Loomzgol I -Us;gols — 2pgt = (mz _ nz) ; TT2-b o> MIs-bsogols —

LS. dor | =t=1, m=2m; n=2n,
agedsh s 0 2300000 M ' 2pqt = 2mnl (p2 - qz)[ = (m2 - nz) . 3oBLbgsg9dEos
’ N 3 ’
boog ™ e © <M < dbmerm c-b 3m3bol 36Om3gEWOs.
p= m; n_ m+n,q=m-n= =2m —2n,, 35306 5953, Grmymeg I-ga 9900b3935d0, BogrmyomMa

99330d0s 893000306mm 3gHmbol Gmdgeodg  bod-

A 3obIEo.
20m@sbs 4. 303mzmm  396H@bol  Lsdmmbgol
3396900 56v) 303Mm3Mmm 0lgMO EOMBBEHMEOO Lsd-
3190bgo, OHMIWol BOOMMBO Jodmobobgds bodvy-

o Moo MHogbzom.
a=(rr12+nlz)—(2m—2nl)2=5m2—6mr11+5r112; A
b=4m’ +4n’;
c=(m+n)’ —(2m -2n)’ +8mn, = -3m? +18mn, —3n?;
SA=DQC=6(”12—H12) (6mn1—m2—n12). 4 o

3H505, 30MogMEL Ymzgwo bsd3MmMbyo 3ghHm- m;: AABC; | AB| —c |BC| —a | AC| —b:

Bobagss. BsGomesg, S, =05|BC|-|AC|= pq( p —qz)tz, Susc =S,
a,b,c,Se N.

9.9 ab,c.

p>d.

Loos p.g.te N;
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A ABC -bsm30l 396Hmbols g3m®dvenom §3993L:

(a+b+c)(a+b-c)(a+c—b)(b+c—a)=16S". (1)

300J300,

c=(n+p)t;

(a+b-c)=2nmt; b ( p))t
=(m+n

(b+c-a)=2nt; = ( t )
a=(m+p)t;

(a+c-b)=2pt. (m+p)
a+b+c=2(m+n+p)

(2)-0b (1)-8o Bsbdood dogomgdo:
t*(m+n+ p)mnp=S°>= S=t*/(m+n+p)mnp .3)
30d35m, S=t’pv. (3)-8o BsLdoo Bogoadm:

(m+ n)mn

vzmn’

m+n)
[m+ 7 jt, b=(m+n)t; c=[n+

_t(m+ n)mnv

(m+n)mn

(4)
V2 —mn

ot =V =M, 35306 (4)-©s6 dogomgdom:
{a: m(v2 +n2); b=(m+ n)(v2 -

S=mnv(m+ n)(v2 —rm).

rm); c= m(v2 +m2); )
9.0. 09 5300g0m oLy M, N,V -b, GHMIGLMIN-
g0bsg: MNVe N @s V>, 85306 (5)-000 0d6gds
dm99w9@o bsdogdgero 8,0 s ¢ a39MEgdo (gbsos,
365 39Hmbob yz9ws bedzwmbgol).
9.0.
a=m(v’+n’); b=(m+n)(v:—m); c=n(v’+n?);

>

S=mv(m+n)(v:-m).

Lssg mNnve N s v>~/mn.

0o0005©, v v=m>n, 85006 (5)-sb

00300900 5dmbsbLBMS GBHIOMIOMBSL:
a=m(m’ +n’); b=(m+n)m(m-n); c=2ntn;
S= mgn(m2 —nz), Lssg MNEN ©s m>n (6).

(6)-0056 3o0mBobstg

bA¢-ob 3G™3gdo — Works of GTU — Tpyam I'TY
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25 2m’n(m’—n?)

h]:?: m(m? -n?) B
2
2mn; hc—zcS %:m(mﬂnz).

9:0. 515900 Lsbol OMGBBEHWG Led3mbgdo MmGo

dmbs33gmos:  535L0r9b

OMRBIBEGHMOO
n=k?®+1 ke N,

Lodogeny

m=k(k®+1) o 85906  Lsdogy

Lodoeerg 06985 CoMEBBEHMEOO Bmbszzgmo.
§6O9homb  39fmge  oMmasbEGHMMo, 0w dobo
650000 g59moLabgds Bo@ Moo MGoisbzoom.
00m@3sbs 5. 303mzmm obgmo ©omgsb@vmo Lsd-
3Mmbgo, HMIwolmgolsg dsbby 9gdmbsbymo ©s
3ol8o BobsBmo FOHgHoMmgdo oMme3sbErMgdos.
3bgMO 1sI3MPBYPO LPTMSZ05. ToROWOMSE MY
(5)-80 Bogliz980> vV =mn , 35306 Iolsbyg Fgdcmbsbryem,

R _
4s

m(v> +n’) n(v2+m)£m+n)( -m) (v +n?) (v2+mz):

mnv(m+n)(v? —m) - v

(mzn2 + nz)(mzn2 +m2) ~ mznz(m2 +1)(n2 +1)

mn - mn
mn(m? +1)(n* +1),
50 0MEBBEHMG LsdzMmbgdo Bsbsbwmo iMgfoMol
650000 0gbgdo:
25 2mn(m+n)(v’ —m)

r=FA= 2(m+n)v? B

2
mn(v* —m) _ mn(m’n’ —mn) P
v mn

9:0. 50 OMABEMG bd3Mmbgdo H@AMOE Fgdm-
bsbygeno, obyg Bsbobwgeno fiOghomo omagsb@m®os.

Lo0bEgMHLM, sMLIOMBL vy sG> 0bYO EOM-
5396GH1M0 159 3MbYO, HMIOL Yym3zgeo Gogs JMm-
by 7 -0l 0965BMTs0s. 53 Lo30mMbmb ©s353d06Y-
000 25630boMo sdm(39b0.
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(@gds) 50m3sbs ¢. ©53593B30aMmmM, MMd oy o
500l T -0l 0obsbmBoo s cosare Q, 35806 COS -U
dgmdeos  dooeml dbmeme  ghm-ghoo 960dgzbg-

@d5 BOGMMZE0Em06: —1; _%; o; %; 1.

0500995303900 06300l Fgomeol  godmyg-
Bgd0m 53000  ©dLLGHZOGIOI0s, MmD Ccoska =

2% cosfa+b -cost?a+..,, (1), bosg ke N\{L;

b.b,,...e Z\{0}.

(1)-096 298mBobstry, o COSa Gogombogmsy-
605, 35306 Gagombsevy®o 0dbgds coska -g (ke N).

b 3mdzem, & 5MoL 7z -0l Mobsbmdoo, g.o.

m m
a=—m, Loss MeZ, neEN @> cos—rz=
n n

Yiu,ve Z\{0}; (U;v) =1) . 85306 (1)-0b dsawom
\

k

mr ., U
cosk— =2 —+A -

n v

+..., )

Lseog ke N; AL A,,....e Z\{0}.

k=n-bsmg0L mG0gg dbsGol V'™ by 4s0Gsgw09-

n-1 2

b0 doopgds: A= 2 U +B (3), boog ABeZ o

n|ul,ve N .

o) v om0l 27 bogsh goblibgaggdrymo Gogbgo,

n-1 n

asdop 2_Y ¢ Z, 306500056 (u;v) =1. gl 30 899demg-

0905 (3)-96, sdoGmd v=2° pe Z, (4).
Sbs 3odzsm, pe Z; s P=2. (5)

50 gdmbgggzsdo 3sh39bmm, MHmI o cosna =£ibn ,

(a; 2)=1 > nlalbeN, 85306

b>b,>..>b s (a;2)=(a,;2)=...=(a,;2)=1.

Loog3
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www.shromebi.gtu.ge

©53593)303Mm»  JomgdoGo3@o  obwmdiool dg-

0oL gsdmygqbgdoo:
u
n=1-bomgol cosa = o (a;2)=(u;2)=1.
2 _92p1
n=2 -LamzgoL CcoS2¢ = W’ (az; 2) =

(u?-2%"%2)=(u%2)=1 @ b, =2p-1>p=h. o>
3999350 BONGdmos N=K -Lsmngol, g.0.

& .

coska =—*; cos(k—-1)o = L=
2 Kk

2bx—1;
(a; 2)=(a.; 2)=1les b >b >..>b.

©939593)306Mmm» Lo BB PWmdS N=Kk+1 -

Loomgol

cos(k+1)a = 2coskar cosar — cos(k —1) o =

a_-u-a, 2T g,
2P+l TP

832030 (a.i2)=(a u-a,- 2 MM 2)=(aui2)=1
©> b, =p+h -1>b,.

8og009m, M3 oy V=2, Losg pe Z,\{0;1},
85806 Ccoska 396 gobgds Bogwo 396G 9eMO
Bo@ym@ocmm@o K Gogbgobomgol. dgmeg  dbcog,

cos2na = cos2n % = cos2rm=1, go. v=2" o
n

pe {0;1}, Lsosbsiz B0300900 LSTEHIOFIOILL.

50 @q00sb  asdmdobsty  omxbEHMMo
L5939 MbyEJdoLIMZOL A35d3L:

0gmMyds 1. o) ©omgysbBHMmo Lsdgmmbgool
g39es Gopd 3Moby 7 -0b bsBMToos, 35d0b ol
SYBFOLWIOLIQ HOWEZINQ.

0gmMyds 2. o) ©omBBEHMOO bsdgmmbgool

9OD-9OM0 3Moby 7 -0l MbsHBMPoos, s80b ol

b

d90dangds 0gml dbemermeo: % .

w|N
NN
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3H5009, 56 sMLYdIMOL 0LYMO OMGBBEHMO L50-
31mbgo, ®MIwol Ibmewmo mMo doys 3Mobgs 7 -

ob  03bsBMIso, 3065006 VBodzMmbgols  Fogo

399mbgos %590 7 -0l GHeoo.
0003965 7/. 303m3mm 439w 0bgoo OMGBbEHWMO

Ls93vMbyEO, HMIEOL Jogs 3Mmby % -0l Geagros.
B3 A ABC; A:%;
|BC|=a; |AC|=b; |AB|=c.

«.3. a,b,c.
BM50Md0L JgMBOM©ZQ 300J35m, Mmd b>C.
B

4 2 e

A ABC -6 30bo6bgdol ogm®gdom 33s3u:
a’=b*+c’- 2bccos% =
b? +¢? —bc=(b-c)* +c(b-c)+c?,

9:0. a’=(b-c)’ +c(b—c)+c?. 1)

29630bowmom meo 9gdmbgggzs:

b=c;
1) AT =a=b=c (2) g.0. LIZMObywO
=3
OOWIO;

2) b>c. gobgobowmo Z? = X*+ XY +Y? @om-
BBETOO F9BEHMEd, Losa (X,Y,Z) =1. dob ygges
Bo@)Oowe® 5mBoblibl g3sdmggl Z% =X +xy+Y’;
X =y?—x% Y?=x* - 2xy 3o0mbobregdgdo,  Lswsg

XYEN; y>X s (x,y)=1.
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(b,c)=t=((b—c);c)=t, s3o®md (1) y3ges Bo-
GO0 58mbsbLBO 0gbgds:
a=(x*+xy+y*)tic= (X +2y)t;
b—c:(yz—xz)t;
t,xyeN; (xy)=1%y>x,

a=(x"+xy+y’)tic=(X" +2xy)t;
boosbag b=y +2xy)t; 3)
t,x,ye N; (xy)=Ly>x
LodMEWMME 335d3L, OMI (2) s (3) 0deggzs by
Q©OMRBBEHWO 153 3MbygdL.
3903965 &. 303m3mm 439w 0bgmo OMGBBEHWOO
Ls9d3v9MbyEO, HMIOL JO-gMHm0 3mbgs % .

A

& C
355000, sgmo LYFZMMbILII0s 300sYMMSL Ym3g-
o 15939mbgo. 5doE™T, 4ymzgwo SBIMO EOMRBB-
&0 15939MbyEO Mo Egds BMOTNWOo:

c=(¥+y’)t;
b=(y2—x2)t;

a= 2xyt;

tLxyeN; (xy)=1 y>x

c=(X+y’)t;
b = 2xyt;
o6 o (4)
a=(y’-x)t;
t,xyeN; (xy)=1 y>x
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3903365 9. 303m3mm 439 0lgmo OMGBBEHWOO
L533Mbgo, OHMIWoL ghmo Fogs 3Mmby %72’ -ob

Gmeroo.
995G, 593965 7/-0b 5B5EMy0Me, G03009dm

a=(X+xy+y°)t;
b=(y*-x)t;
c=(x+2y)t;

t,xyeN; (xy)=1 y>x

a=(X+xy+y°)t;
b=(x2+2xy)t;

c=(y" -x)t;

t,xyeN; (xy)=1 y>x

o6 5)

89360860mm, G@d bz C, Y =X =X +2Xy GHown-

~1+4/3
2

0005 3090w MdM X , 603 89mdegdy-
y

@O0, G50 X,y N.

53369
Bongeobgs BOGYIRO FIMTIOOOIwo GoyINI-
00l BMAOIOHMO  3MIBOBIGHMOMWO M30LgdoL Fglols-

fogmo  aobgobomgm  ggmdgEmommo  goywegdo.

Lo BogOMHRPRL 39HM©IN OMRBGHMOO 0d ImEo-
300, MM oMOMGYo  Bomysbol  30L9d0L -
Loa9bs LoFoMms 256133999000 ©O0MRBBEHWMHO 406~
AM300L (296G MEgdsms LobEBgdol) s3mblbs.
d99m@sboeos d8gao Ggmdobgdo: doEoMmRsb-
GO0 (0190 OMRBBEMMO IMsZ5WIMMNbgEO (AGS-
3900Hobbogo), Mol ymgzgero mMo F3gmml 3nme-
©0bsHO  ©939MGHOL  ToMMNIMbs  JMMHEOObsGHMS
Lobi@gdsdo Fgodergds 0gmlb dmgu3mmemEobs@gdosbo
fadGowgdo),  BL3RMEOomgBAHIMO  (dbgmo  8Gs-
30Q3IYOLIRO (36535 ffobbogd),  Gederol  yggas
330600  358m0bsbgds  BoGryMow®o
053058 b3 JHM-gM0 ©OsRMBIEO 56 Mol

Mogbgom,

23o0mbobmmo  Mogombsgr®o  Gogbgzom),  xLY3-
©MB0EOMBBEHMOO (0bgmo BLY3EMPOMARBEHMMO
96535¢039900bg0 (36535 Fobboas), MHmIol ymgg-
o0 {3960 Homdmoyqbowos ;g 3mmemobs@gdosb

090GV ©935MGHOL JoOHMIMoby 3nMmOHObsE)-
5 LobEYdsdo). sbgzg FgdmEsboos  Lbbgoagsto
0" BHYJo 29mIgEHMHO0MO  B0AMGGBOLIMZ0L  OM-
3obGHMOMBOL,  B0OMBIBEHWOMIOL,  BLYIOMPOM-
39bEGHMMHMIOLS O BLYZOMIOOMRBEMOMBOL (369-
0900 ©5 odM33WYMer0s Fomo  33d00bsGHMOMEo
®30L90900. Bs3m360s BLY3EMOOEOMGBBEHMGMO Bo-

376900L §9bogmo 12-39mbgol yzgws 36odzbgemds.
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UDC 51
SCOPUS CODE 2607

Flat Bidiophantine Geometric Figures

Z. Agdgomelashvili Department of Mathematics, Georgian Technical University, 77 M. Kostava str., 0160
Thilisi, Georgia

E-mail: diophant_zura@rambler.ru

Reviewers:

Al Kirtadze, Professor, Faculty of Informatics and Control Systems, GTU

E-mail: kirtadze2@yahoo.com

M. Mania, Dr. Sci. in Physics and Mathematics, Chief Research Worker, Andrea Razmadze Mathematical
Institute of L. Javakhishvili Tbilisi State University

E-mail: mania@rmi.ge

Abstract. The work considers some combinatorial properties of integral flat geometric figures. The author calls
such figures Diophantine as far as to determine the properties of each of them it is necessary to solve certain
Diophantine equation (system of equations).

The author coins a term - Bidiophantine polygon (this is a Diophantine polygon (many-sided), in which the
coordinates of each two angles may be (integral coordinate points) in any Cartesian rectangular coordinate system;
Pseudodiophantine polygon (this is a polygon (many-sided), in which the length of each side is expressed with a
natural number, but the length of even one diagonal is not a rational number); Pseudobidiophantine polygon (this
is a Pseudodiophantine polygon (many-sided), in which we can imagine each angle as an integral coordinate point
in any Cartesian rectangular coordinate system). The author also gives such concept as Diophantine,
Bidiophantine, Pseudodiophantine and Pseudobidiophantine for other flat geometric figures and has studied their
combinatorial properties. He has found all meanings of all Pseudodiophantine regular polygons, for all natural n.

The work is easily conceivable and deserves special attention as far as it presents the fundamental introduction
to a whole actual theme “Diophantine, Bidiophantine, Pseudodiophantine, Pseudobidiophantine, Quasidiophan-

tine and Quasibidiophantine geometric figures”.

Key words: Bidiophantine; diophantine; pseudobidiophantine; pseudodiophantine.
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UDC 51
SCOPUS CODE 2607

BI/I,Z[I/IO(i)aHTOBBIe IIJIOCKHE I'eOMETPpUICCKHeEe (1)I/II‘YPBI

3.I. AraromenamBuan ~ [lemapraMeHT MaTeMaTHKH, ['pysuMHCKWiT TexHudYeckuil yHusepcuter, ['pysus, 0160,
T6unucu, yn. M. Kocrasa, 77

E-mail: diophant_zura@rambler.ru

PerienzenTsr:

An. Kupragze, mpodeccop baxynbrera nHGOpMaTHKY U cucteM yupasiaenus ['TY

E-mail: kirtadze2@yahoo.com

M. Manus, r1aBHBIH HayYHBIA COTPYAHUK, HOKTOP (QU3MKO-MaTeMaTH4eCKux Hayk MHCTHTyTa MaTeMaTHKU
umenu A. Pasmazze TT'Y

E-mail: mania@rmi.ge

Amnnoramuda. B mayuyHOM TpyzZe WM3y4eHbI HEKOTOpPble KOMOWHATODHBIE CBONCTBA IETOYMCIEHHBIX TIOCKHUX
reoMeTpUIecKux QUryp.

Taxwue Gurypsl aBTop CTaTbH Ha3bIBaeT AUOGAHTOBBIMHY, TeM MOTHBOM, UTO [JI YCTAHOBJIEHHA CBOHCTB KaXKI0TO
13 HUX HeoOXOLUMO pellleHue ONpeeeHHbIX fr0o(aHTOBIX YpaBHEHNUH (CUCTEM ypaBHEHMUI).

ABTOp BBOAUT TepMHUHBL: O6uAMO(aHTOBSIH (3TO TaKoM AUO(aHTOBBIH MHOTOYTOJIBHUK — MHOTOIPAaHHUK), [Be
J1065Ie BEPUIMHBI KOTOPOTO MOTYT OBITH IIPeACTaBIeHbI KaKOM-HUOY b MPSIMOYTOIbHO B AEKapTOBO CHCTEME, KaK
TOYKU C IeJIOYMCIEHHBIMH KOOPAUHATAMU; IICEBIOAUOMAHTOBBI 5TO TaKOH MHOTOYTOJIBHHUK (MHOTOTPaHHUK),
JIAHBI IWArOHajJedl KOTOPOIO BBIPaXKAIOTCA HATypaJIbHBIMM YMCIAMH, HO XOTh OJHA W3 [JIMH JUaroHajgei He
ABJIAETCA PallMOHAIBHOMN; ICeBTOOUMO(AHTOBBIN- 3TO TaKO ICeBIOMAHTOBBIH MHOTOYTOJIbPHUK (MHOTOTPAaHHUK),
KaXKZas BepIIMHA KOTOPOTO MOXKET OBITH IIPeiCTaBIeHa 1eJIOKOOPAUHATHBIMHE TOYKAaMU B HEKOTOPOH IPSIMOYTOJIb-
HOM JIeKapTOBOH cucTeMe.

ABTOp Tak)Ke BHOCHUT CBeJEHHI O AUO(AHTOBHIX, OMANO(AHTOBHIX, IICEBIOANOPAHTOBBIX U IICeBLOGHANODAH-
TOBBIX [JI HEKOTOPBIX IUIOCKUX TeOMETPUYeCKUX (PUIYP U HCCIeAyeT HeKOTOpble MX KOMOMHATOpHBIE CBOMCTBA.
Haiinens! Bce nceBnoanodaHTOBbIe IPaBUIbHBIE YTOJIBHUKKA U ICEBAOGHO(GAHTOBbII IIPaBUIBHBIM MHOTOYTOJIBHUK
JLI BCEX.

Tpyn 3acayxuBaeT cepbe3HOTO BHIMAHMA, MCXOZA U3 TOTO, 9YTO OH IIpe/iCTaBIAeT QYHAAMEHTAIbHYIO BBOAHYIO
9acTh BeChMa aKTyanbHOM TeMsl: «/lmodanToBsie, 6unrodaHTOBbIE, IICEBAOANOPAHTOBbIE, IICEBROOU0(aHTOBEIE,

KBa3uAUOpaHTOBbIE U IICEBOKBA3UANO(MAHTOBbIE TeOMETPUIECKUE (DUTYPEI».
Kimrouessie ciioBa: 6unanodanTHslif; zuobaHTHEIN; HceBAOAu0bAHTHBII.
3sbboengol omstowo 15.01.2019

d9deabgemol ostoeo 21.01.2019
b9¢crm8mf96G0m0s osbsbgios 25.06.2019
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MO0 H3BIM0MJOS©0 3 EH0EOLE03E0bHo 39MH0MEYYIEo godm3gds, MMIgog MYRoLEMOMIdWOs
LogOHDTMOHOLM GeEgdBHOMbME Imbs390ms d5Bsdo — Index Copernicus International.

* bLEASAOS (F00PYOS JoBM, 0bOLYIM, G 9690%g) J39YbIdS MBOYOBsOL 965%Y.

* bLAOGHO0L 9ZBAMOMS MOMPIBMDS 56 b 50q8sEJdMgL bodl.

*533™MOL  99mdeos  LogsdmdEgdanm  Lobwdo  399d035300Lsm30L  dMmy3sfmeml 96  gwgdBHHmbmwo
gmb@oom sagamomcemlosakhli@yahoo.com doLsds0nBY  499ma309Do36mL ghmo b Godwgbodg LiEs-
G095, 530gM39 MbOMYWo  ©MIMTYEEHIGO0L ILIBYMIBMWO Foowrgdo, TogMsd MOl 9o
Bmdg™do 3s9md399bgds dbmermo mGmo 6sddgzs60.

9. @e2bdoom Udsdoobl gsdmg bsgbol Fgdorbz93580 3oobmzor gsomgserolfjobmor dgdoggo dmarbmzbgdo:
—  Subject 39e»80 (02905) 80902003907 359890l @sbsbIEIBS ©5 539 Ob (339 H980L) 33560.

= 85000496900 R50¢mol 808:86985 (Attach).

- @OoEO 8oy Bol 350¢nols 8900b393580 3590996900 SGJoz5¢32Go (ZIP, RAR).

* bAoB0s F9gbowwo Wbs oymb ToHMETYBHY39EgdoLy s BHIMT0bMEIMPO0L ©O(3300. S3GMOO
(53¢™Mg00) s Hg396%96¢ OO 3sbIblL 539095 LEsEHO0L FobssOLLS s bs®obbby.
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2°030mMoEbmb LoFo®m mabbs (1 3900 — 10 sM0) s LEHIGH0L MIMTIBEHIGON (Mo MY3gcBos @
mO2560Bs300lL  bdgEboghm LsdFml FJodoMmzs LEHsGooL LEW-ol IHMIgdoL 3MgdwMwdo gsdmd3zggbgdols
99Lobgd) sMMNML 4oabEOL J30MM0. MBS0 ,35bEOL BOTbMEgds* Mbs BsoFgHML ,LEsGHOOL
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368356080; 85630 3m@0: TRESGE22; Jodmgbol s6356G080: bsbsbobe oo 708977259.

30535DMdm 159360 gHm LGsEHool 35530MTgdOL Holl:

o LEBYG0s FoMImEygbowo Mbs ogmb bodgFo Loboom A4 gm®Is@ol GMOEIwDdg, 9Mbs3egd
5 439M0bs (569900 — 2 19, 0bBHgM3zswo — 1,5).

o LABH0S Jgliermemaduyemo wbs ogml doc o6 docx gsowol Lsbom (MS Word) s Bsfigdoeo
— BgdoLdogH FogboGN® FoBoMgdgeby;
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o600 GgduGolomgzol godmoygbgo IhoxEo Acadnusx, bmds 12;
060obmEo s HYLmEo GgdbGgdologol — dhox@o Times New Roman, bmds 12;

UBo@osb v16s gMhmzmegl 39090 0bxm™MmIsiz0s:
153 (116039MLoEMMH0 SMBOMO JEHLOGO3ZHG0S) JMOO.

36mdgd0 93BMMOL (53GHMMIOOL) o MY3gbBIbEHIOOL TgLobgd oG, 0baEoly® ©s MLy
9b90%Y:

g39ms  933MOMOL  Lobgeo s a39Mm0 LW, E-mail-o, bsdgsboghm §moads s bozmb@sd@dm
GIL9Bmbo;

©793503H5396¢30L ©obEbgEgds. MmEMYRBOBoEooL LEMWmo Lobguwfimgds — gymzgao s3GMmGmOL 3w93smdol
53O0, J399969, Joesdo.

69396%96EGHs 3350900 s LEbgEgdo LOMES, JEgdBHOHMbMWo GmbEOL dobsdsMmo, Lsdgzboghm
§0905, ©935M¢H5IgBGOL 96 LsFMTom 5EHOWOL ILIbWgds.

LBo@os bos 8goEoggL:

9Bm@9300L  JoMoram, 0baolvy® ©s Gy 9bgdbyg (100—150 LoByzs). eibmgero dzombagerobsor-

30 sbexhsgos  stob  bdsool  Fobsstlbobs s Gsbdo  gsdmpglermo  39¢7930b  Gggg960b  dgbsbgd
0b65mGAs300b 9H0sgm00 fystim. bferdbgo 0go s6bsbm3ms3b 0b63gegblb dgpbog®mol bsdkbmdol dodstor s,

As8sbsqsdg, beamgoanl, sofiyml oli3e3bos sgheakborsh, 3sdroombegeals idsdool beswamo Bgdbdo s 5.0.

3b6mBsgos #1bs oyeals:

06%06G053029¢70 (56 #9bs Jg03s30Il brgs bodyz90bs @s (s bydb);
A976H0 0bgcrolryts s Grybeen 9698 B9 b 0yl mGHogobseritio;

29bs sbsbsgIb bhodoolb dotGooms Jobsstbls s 33¢930b 89c093980;
BAOXIA9H0G9829¢m0 (039398020098 bhodosdo d9cogag80l smpgtol ¢rmgozsl).

29bgs Fgopsz09b:

Udshoolb bsgsbl, 09956, Gobsbl (Gadengdbsg 29000039800 08 F9gdobz93580, 0wy gb 56 sGob 3bso
byo§ool bsoseymosb);

23¢7930b  B3¢35(980L dgoreaols 56 Ggormqeaermgosl (bsdwydscl BshsGgbols Ggom@olb s6 dgoremaom-
800b s@P9cs Jobsbdgperbocros od d9dobz93500, 0w 080 835002006935 Losberoom, Usobdg®gbers
deapg0-9¢m0 b536HmIob 0395¢7bs bGHoboo);

38€J80b F9@g898b;
G90098980b 359029969800 st395¢l;
@oli39650;

bo3396dm LoEYzgdl, oEsgdElL s6dS6OL BobgEz0m (JsGMME, 0byEoly® ©s G 9bgdbY);
LEoG05d0 J39L5M8EHGOOm 59M33gMOE Fglo35¢ml, JoM0MSE Boffowl s olig3zbal;
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e LMEomgdOL o6 BMEBHMIOOL  333099BHIMH 35M056GL, LB GdMEL  BIdoLIogHo  FMSBOIWWO
BOIoBH00m, F9MBIZ5MBS — 5653 gd 150 dpi-bo.

* @OoBIOOHYMS
= bogOmsdmeobm bodgsboghm  gm@Mboergdol dmbogdms 35BgdoL M93magbwsEoom, #odmygbgdmeo
WOGHIMGHYOOL MoMEIbMds LobMZ9gE0s 0gmb 5M9Bs3Egd s00bS.

§96m0ma0a960 339mbsdazgybgdge BESEH0s8o gsdmygbgdnmo wo@gMe@vol gsxgm®dgdols Hall:

g439@s 93GHMMOL 3395M0 s 0bogoswgdo dmEgdmwo Mbs 0gml Womoby®o s6ds6ol sbmgdom, g.0.
AMBLE0GHIM53000, BEASGHO00L LobgefmEgds — MMATB0Eo 0baEOlwME, Fys®ml (3MbsEol, HMIgdOL
3M90obl, 306539696300l Foboergdol) Lobgwfimgds — EOMBLEOEHIMSE300m; Fodmbalgagwo dmbs3gdgdo
— 0baol® 965%9 (LESEHO0L 9bs Bogmomgds OHRbowgdYO).

@Oo@9MsGHIMS (603430)

1. Jacques Sapir. Energy security as a common advantages.
http://www.globalaffairs.ru/rumbler/n_7780 (In Russian).

2. “Official website of the International Energy Agency:
http://www.iea org/topics/energysecurity/” (In English).

3. International Energy Agency “Key World Energy Statistics” 2014 (In English).

4. Energy strategy of France McDoleg_butenko20 May, 2009 (In Russian)

5. G.G. Svanidze, V.P. Gagua, E.V. Sukhishvili “Rene-wable energy resources of Georgia”, Leningrad,
Hydrometizdat, 1987, pp. 75-76 (In Russian).

6. Revaz Arveladze, Tengiz Kereselidze “The Georgian Full Independence of Electry Power Is Supported By
Hydropower”. Sakartvelos Teqnikuri Universitetis Archil Eliashvilis Saxelobis Martvis sistemebis Institutis
Proceedings. N18 2014. Thilisi (In Georgian).

300350md0  LEsGHooL  FoMdmygbolomgol  Logomm  ©M3MIFBEHE00L  BsIMbsmZoel  Lods®mggemls
3996037960 “60396L0EHIEHOL 96FIOMIGBOLS s EMJEHMMBEJdOLMZOU:

* MO0 MHg396%os (ob. bodmdo)

http://publishhouse.gtu.ge/site_files/recenziis nimushi.docx

* 353790 GIGHOL bogedmIEgderm boddol IMRMBGMOZ0 3Tolool MmJdol s8mbsfgdo
(ob. odnm3o) http://publishhouse.gtu.ge/site_files/aqgtis forma.docx

©M309896(300 ©Ffjagd o JbEs 0gmb B3N HIGOL 8)IQO.

3306 dgeyderos bodwdsqo 3s8moggbels 598-9¢mols 96H0r-9k00 Beagmer bmdgo.
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39030l bod=do

bagatoggeenab Gggbogame gbogghlodadob B23ILOIOO

Lobfogerm-Ledgbogmm wo@gms@mol MHZMIM 030 3mdobool
s &oNe

Ubgmdsls guimgdmbgb:

MMdM030 3mdoboob 9369do:

(Gozmoongo 3mBolool G9dswggbermds)

256bsbogao  LEHIGHOOL S3EMMO/S3EHMMYD0: (Formomge bsbgero @5 33560 bEGLs®, bsddsm s@30ero ©s

bs8g6090m fergds, 5350900960 bstobbo btraemsgo, ger. 3mbds, bszbBsider Ggergimbo)
1

2

3

09396%963900: (Gorymomgor bsbgero @s 33560 bGwes@, bsdrdsm spgoero @s bsdgsbogtier fmmgds, 535@09009G0
botobbo beeyers, ger. 3obBs, bszmbdsgde Bgargnmbo)
1

2

500l dmfizggmero L3gEosolGgdo:

1. 6586030l gsbbongs

2. (Bogomoogo 3o3Ag00k @bsbyergbs)
Lobfogem-s3g360960 wo@gMo@ Mol sdaMmd®m0g 3mdolosdo oblobowggms dgdmgows
33GMM0l/53BMM9d0L doge IMIBsdEo bsdgaboghHm LGS

(Bor30000907 bdsoob beryemo @sbsbyemgds)

Lobfogem-Lsdg360gMHm WoEIM GOl HRMOMO30 3ndolool Jogh asdmymaowos MY396Bgbdgdo:
1

2
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2. 6536030L Loy s 4sbbowgs

1. 3mobdobgls: 533MMOL/53EMMGdOL (GoL102003903) 0b6RMGDs305 3oBLabOEZ s FoMmImygbowo bGs@ool
dqLobgd.

6586m30l sbrahsz0s

3. 9moldobgl:  M9EgbbgbEoL/Mg396%g6GYdOL  (Bomm00gm)  SGymAgbBoMgdmmo  Fgxsbgds  bGs@ool
394G MMdoL, bLosbrol s gsdmEgdol doBsbdgfimbowmdol gbobgd.

4. 9moldobgl:  Bo3MWEIBHOL  bsGolbol  MYHBOHMBlgwygmaol  LsdbobyMol  slzba-M93mIgbsEos

(802909009900 Fr2dbligbgberol 30658s) LBHSGO0L godm3980L dgLobgd.

sBMOo gsdmmdzqL:

Q5500b69UL:
Bogdo®mgzgeml ¢gdbozn®o 1bogg®Lodgéol Bogrnwdgdob

(Bogm00290> B39 EIOOL @sbsbgergds)

Lobfogem-Ledg360gMHMm WoEIMHSGNMMOL MAMOdMOZ 3MTobosdo dsBlsboggws dgdmgo©s
93GHMO0L/53BHMMgd0L Foge InTBsYdo Lsdgaboghm bEGsGos

(Bor3000907 bdsoob beryemo @sbsbyemgds)

9339605305L 9f93L LESGH0L A59MI399b9gdsL LEGHY-ob IOHMTsms MO do.

B53MEIHOL MYMIMG0Z0 3:30LOOL 130X MIsMY

3dobools dogzsbo

33obool §fgg6gdo: 39379 A 0L ©MMIM030 3m30L00l Ms3dXRMISGOL
bgandmfigmol Lobsdwzomgl 3osbBYIMgd
B3I HIGOL ©93960 (bgrdeafips)
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G696 ool bodydo

1. 6596030l ELObYEgds LOYEs©

2. 533MMH0L/533H™M9o0l bsdg3boghHm {mmgds, Lsdwdsm 50O, bo3MbEJE™
063mMH 35300, ga. BMLES

3. 6596™dd0 LMo sIMEIbOL dm3eng dodmbogngs

4. 259mb59d399b9g0o ImIBogdeo BsdMMIob og@rgoeEmMmds

5. 06050 5B39JGHJd0, OMIYOO3 IbboEIMWs s3EMMOL Boge

6. ©93M39605305 63IOMAOL godmd399b9d0oLomz0L ( 0d dgdmbggzsdo mvy bLamgzgbBom
Bod™mdo Lo 3609MM LEHSG0, 5930egdgos BsdY3609HM FM@MBswol sbobgmgdol
30000905)

7. ©93396%963H0L 23500 5 Lobgeo LOHYISE, LETMTom SO0, Bsdg3bogemm frqgds,
Lo3mbESIB™ 0bgMmMTo305, g. ML (LESG00L MyEgbHoMYdOL dgdmbggzsdo
©9396%96E0L 3mMbs399900 259tmd39969d99c0 046935 biEeEosLMb 9Mm)
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Guidelines for Authors

Collection of Academic Works of Georgian Technical University is a multidisciplinary quarterly refereed periodical

included in Index Copernicus International.

An article (accepted in Georgian, English or Russian) is published in the original language;

The number of authors of an article should not exceed three;

Authors should submit original copies of one or more articles for publication to the publishing house or send scan
versions to sagamomcemlosakhli@yahoo.com along with supporting documentation, but only two articles from

the same author(s) will be published in one edition;

To submit scan versions via email please follow the instructions:
— In the Subject line indicate the collection of works and the name(s) of author(s).
—  Attach the file(s) properly;

— Use ZIP or RAR file compressors in case of large files to attach.

The article should be literal, well-structured and apply proper terminology to convey the author’s constructive
arguments relevant to the subject. The authors and reviewers are responsible for the content and quality of an article;
The collection of works of GTU is a non-commercial publication and running the articles of our researchers and for
PhD students is free of charge;

According to the Resolution No.200 of GTU Academic Council (22.01.2010), authors who are not the employees at
the University, should make the preliminary payment by cash or transfer to have their paper published (10 GEL
per page). Copy of the payment receipt should be enclosed with the supporting documentation (two reviews and
a reference by the organization’s academic board on publishing the article in GTU collection of scientific papers).

“Cost of article publication” shall appear as subject in the “purpose of payment” field.

GTU bank details: LEPL Georgian Technical University; organization’s identification number 211349192;

beneficiary bank: State Treasury; beneficiary: joint treasury account; bank code: TRESGE22; Account number:
treasury code 708977259.

How to form an academic article:

e The text should be presented in print-out form (A4), no less than 5 pages (margins - 2 cm, line spacing - 1,5);
e Only MS Word versions of texts are accepted (doc or docx) presented electronically on any magnetic carrier;
e For Georgian texts: font - Acadnusx, font size - 12 pt;

e For English and Russian texts: font - Times New Roman, font size - 12 pt.

The accompanying information to the article should include:

e Universal Decimal Classification (UDC)
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e Information about the author(s) and reviewers in Georgian, English and Russian:
— Full name, academic title, email and phone number of each author;
— Department, full name of organization — place of employment of each author, area/town, country;

— Full name, email, academic title, department or place of employment of each reviewer.

The article should include:

e An abstract in Georgian, English and Russian (100-150 words long). For foreign readers an abstract is the only
source of information about the content of an article and results of the research conveyed by it. An abstract
therefore defines the reader’s interest towards the article and possibility of further outreach to the author for
the full text, etc.

An abstract should be:
— Informative (free of generalized terms and statements);
—  Original (with quality translations in English and Russian with the proper application of terminology);
—  Specific (conveying the core content of an article);

—  Properly structured (consistent with the research results given in the article).

An abstract should contain:

The subject, topic and objective of an article (indicated in case if these are not clear from the title);

Method or methodology of research performed (expected to be described when and if this method or
methodology are new and interesting with reference to the article);

Research results;

Area of application of research results;

Conclusion.

Key words sorted by alphabet (Georgian, English and Russian);

Sections should be outlined Introduction, Main Part and Conclusion;

Digital version of drawings or images in any graphic format, resolution 150 dpi;

Reference

— By the recommendations of Databases of International Scientific Journals the number of references should be
no less than ten.

How to form the reference section in the article:

Name and surname of each author should be given in Latin letter initials, title of the articles — translated in English,
name of the source (journal, collection of works, conference materials) — with transliteration (original language of the
article should be indicated in brackets).

References (sample)

1. Jacques Sapir. Energy security as a common advantages.
http://www.globalaffairs.ru/rumbler/n_7780 (In Russian).

2. “Official website of the International Energy Agency:
http://www.iea org/topics/energysecurity/” (In English).
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International Energy Agency “Key World Energy Statistics” 2014 (In English).

4. Energy strategy of France McDoleg_butenko20 May, 2009 (In Russian).

5. Svanidze G.G., Gagua V.P., Sukhishvili E.V. “Rene-wable energy resources of Georgia”, Leningrad,
Hydrometizdat, 1987, pp. 75-76 (In Russian).

6. Revaz Arveladze, Tengiz Kereselidze "The Georgian Full Independence of Electry Power Is Supported By
Hydropower”. Sakartvelos Teqgnikuri Universitetis Archil Eliashvilis Saxelobis Martvis sistemebis Institutis
Proceedings. N18 2014. Thilisi (In Georgian).

Requirements for the submission of articles by the employees and for PhD students of Georgian Technical
University:
e Two reviews (see the sample at)
http://publishhouse.gtu.ge/site_files/recenziis nimushi.docx
e Minutes of the sectoral committee of the faculty publishing (see the sample at)
http://publishhouse.gtu.ge/site_files/aqtis forma.docx

Documents should be verified with the faculty stamp.

Notice to Authors

Authors may consider one of the previous editions of GTU Collection of Academic Works as an example
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K cBegeHuio aBTOpOB

CO60pPHMK Hay4HbIX TPyAoB PY3MHCKOrO TEXHWUYECKOrO YHUBEPCUTETA ABAAETCA €XKEKBAPTaNbHbIM MYyNbTUAUCLMU-
NAVHAPHbIM pedepupyembiM NEPUOAUYECKUM U3LAHMEM, KOTOPOE 3aperucTpupoBaHO B MeXAyHapoaHoW base
3/IeKTPOHHbIX AaHHbIX — Index Copernicus International.

e CraTb¥ (NPUHMMAIOTCA Ha FPY3MHCKOM, aHTIMACKOM, PYCCKOM fA3blKax) MyOAMKYOTCA Ha A3blKe OpUrMHana.

e Ko/IM4ecTBO aBTOPOB CTAaTbW HE AOKHO NPeBbIWaTh 3.

e ABTOP MOXET MpepocTaBnATb Aasa nybavkauuum B M34aTeNibCKOM JOMe WAW MO 3NEKTPOHHOW nouTe (Ha

cneayrolwmin agpec: sagamomcemlosakhli@yahoo.com) ogHy Man HeckonbKo cTaTen, a TakKe B CKaHWMPOBaH-
HblX darnax ConyTCTBYIOLWYIO AOKYMEHTALMIO, HO B O4HOM HOMepe MOryT 6biTb OnyB/AMKOBaHbI TO/IbKO Age

paboTbl.

e B cnyyae cmameli, npucbinaemsix no 3. noyme, npocbba npedycmompems caedyroujue mpebosaHus:
- yKkaszameo 8 3. Subject-e HazsaHue cbopHuUKa (mema) u hamunuro asmopa (aemopos);
- ucnosnv3zosams Attach (npuaoxcume ¢aliin);

- 8 cnyyae 60abwWo020 0b6vema ¢palina npumeHums apxusamop (ZIP, RAR).

e CraTbs [JO/IKHA bbITb COCTAaB/MIEHA MPAMOTHO, C COBAOAEHMEM TePMUHOAOTMU. ABTOP (aBTOpPbI) U peLLeH3EHTbI
HECYT OTBETCTBEHHOCTb 3@ COAEPKAHUE U KQYECTBO CTATbMU.

e [locKonbKy CHOPHUK TPpYA0B PY3UHCKOTO TEXHWUYECKOro YHMBEPCUTETA ABAAETCA HEKOMMEPYECKUM U3AAHUEM,
ONA COTPYAHMKOB CTaTbk Nyb6AnKytoTCA BecnnaTHo.

e CornacHo NoCTaHOB/IEHUIO aKagemmyeckoro coseta Ne200 (22.01.2010 r.), ¢msmyeckoe 1L, He ABAsOWEeeca
COTPYAHUKOM yHUBeEpCUTETa, ANA Ny6anKaumm ctatbM B COOpHUKE TPYAO0B AOIXKHO 3apaHee BHECTU AN NePEeYUCIUTb
Heobxogumyto cymmy (1 cTpaHuua ctomT 10 napu) 3a CTaTbO M COOTBETCTBYHIOLLYIO AOKYMEHTALMIO (4BE PELLeH3UN U
HanpaB/eHWe HAay4YHOro coBeTa OpraHu3auumn o nybankaumm ctaTbm B cbopHUKe TpyaoB [TY), NPMNOXKMB cnpaBKy 0b

onnate. B rpadJe «Ha3HayeHue onnatbl» cnegyert 3anncaTtb KCTOMMOCTb I'Iy6I'IVIKaLJ,VIVI CTaTbu».

baHKoecKue peksuzumeol TY: Opuduyeckoe auyo nybauyHoz2o npaea (KOJIMM); py3uHcKuili mexHu4yecKuli
yHusepcumem; u@eHmMuguKayuoHHolili Kod 211349192, 6aHK npuema; 2ocydapcmeeHHAsA KdA3HA; HA38dHUe

nonyyamens: eOuHblli ciem Ka3Hbl; K00 6aHKa: TRESGE22; cuem noayyamens: KOO Ka3Hol 708977259.

MNpepanaraem nopapoK opopmieHUA Hay4HHOM CTaTbu:

® (TaTbA JO/IKHA ObITb NPeACcTaB/eHa B Hane4YaTaHHOM BMAe Ha cTpaHuLe dopmaTa A4, coaepKaTb He MeHbLle 5
cTpaHuy, (nons — 2 cm, nHTepsan — 1,5);

® (CTaTbA A0/KHa BbITh BbiNONHEHA B Buae ¢aiina doc uam docx (MS Word) 1 3anucaHa Ha 1t060M MarHUTHOM
HocuTene;

® /1A FPY3UHCKOro TeKcTa NpumeHATb wpudT Acadnusx, pasmep 12;

o WpKdT 4NA aHrAMIACKOro U pyccKoro Tekctos Times New Roman, pasmep 12;

CTaTba J,0MKHA CONPOBOXKAATLCA cneayloweit UHpopmaumeil:
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Koa YAK (YHuBepcanbHas gecatuyHana Knaccuduraums).

CeefieHua 06 aBTope (aBTOpax) Ha rPY3NHCKOM, aHTIMACKOM M PYCCKOM fA3bIKaxX:

NONHOCTbIO UM U damunnns asTopa (aBTopos), E-mail, HayyHas cTeneHb U KOHTaKTHbIN TenedoH;
HasBaHWe AenapTameHTa, NOHOe Ha3BaHMe OpraHM3auumn — MecTo paboTbl KaxkAoro aBTopa — CTpaHa, ropog;

NOJIHOCTbIO PaMUIUM U UMEHA PELLEH3EHTOB, afipec 3/1eKTPOHHOM MoYTbl, Hay4YHOe 3BaHMe, Ha3BaHWe aenap-

TaMeHTa Uan mecta pa60TbI.

K craTtbe A0NXHbI NpuaaraTbCca:

AHHOTaLMA Ha rPY3MHCKOM, aHI/IMACKOM U pyccKom a3bikax (100-150 cnos). 18 uHocmpaHHbIX Yyumameneli

GHHOMayusA Aesndaemcsa e0UHCMBEHHbIM UCMOYHUKOM UHdJOpMauUU 0 pe3ynbmamax uccnedosaHulil, ﬂpUBeaEHHbIX

e COOEPMGHUU cmamou. UmeHHO smo onpedetmem UHMepec y4eHoeo K paGome u, coomeemcmeeHHo, 3esnaHue

Hayamo dua(yccuro € aemopom, NO3HAKoOMUmMaosCA € NoO/IHbIM meKcmom cmamaouu u m.o.

AHHOMayusa 00a1Ha bbims:

UHGOPMAYUOHHOTL (He O0NHCHA coOepaHcamb 00WUX C08 U Ppas);

OPUUHATLHOU (NePedod HA AHRIUTCKOM U SDY3UHCKOM A3bIKAX O0JXNCeH Oblmb KAUECMEeHHbIl, Npu nepesooe
credyem ucnonb3068ams CREYUALbHYIO MEPMUHOIOUIO),

€O0epACamenbHol (O0NIHCHA OMPANCAMb OCHOBHOE COOEPICAHUE CIAMbU U Pe3YIbMAmbl UCCLE008AHUS),

CMPYKMYpUpO8aHHoll (ciedosams 8 CIambye 102uKe ONUCAHUSL Pe3YIbIMAmos).

JonxHa codepicame:

npeomMem cmambu, memy, uenb (Komopble yKa3bieaom 8 MmoMm cayvyae, ecau 3mo He ACHO U3 3a2/a8us
cmameu);

mMemoO uau memodosoeuro NMpoeedeHHo020 uccnedosaHus (onucaHue Memooad uau memodosaoauu
nposedeHHol pabomsi ueanecoobpasHo 8 MOM cay4ae, ecsu OHU 8bI0eAAIOMCA HOBU3HOU, UHMEpPECHbI C MOYKU
3peHus 0aHHoli pabomel);

pe3yanbmamsi Uccnedo8aHus;

apeas ucnosb308aHUSA pe3ysbmamos;

8b1800bI;

K/JtoYeBble C/I0Ba, PACNONOXKEHHbIE N0 andaBUTy (Ha FPY3MHCKOM, aHTTMIACKOM U PYCCKOM A3bIKaX);
B CTaTbe A0/1XKHbl ObITb BblAe/eHbl MOA3ar0N0BKMW: BBeAEHWNE, OCHOBHAA YacTb M 3aK/todeHMe (BbiBOAbI);
KOMMbIOTEPHbIE BapMaHTbl YepTexxen nnmn potorpaduit 4o/1XKHbI ObITb BbINOJIHEHbI B 1t060M rpaduryeckom

dopmarTe, paspewieHnem — He meHee 150 dpi.

JlntepaTtypa

Mo pekomeHgaumu 6a3bl AaHHbIX MeXAYHapOAHbIX Hay4YHbIX »XYpPHasoB, 4YUCNO NCMNO/Ib30BaHHOM NNTEpPaTypbl

XenaTtenbHo A01XKHO 6bITb He meHbLue 10.

MpepcraBnsem nopaaok opopmaeHua B ny6anKyemoii cTaTbe UCNOIb30BaHHOWN ANTEPATYPbI:

bA¢-ob 3G™3gdo — Works of GTU — Tpyam I'TY ISSN 1512-0996
Ne2 (512), 2019 161 www.shromebi.gtu.ge



damuama U MHULMANbLI BCEX aBTOPOB AOMKHbI ObiTb BbINOJHEHbI ByKBaMW NaTUHCKOro andasuTa, T.e. TPAHC/IMU-
TepauuMeit; Ha3BaHWe CTaTbM C NEPEBOAOM Ha aHMIMACKUI A3bIK; Ha3BaHME UCTOUYHUKOB (KypHana, cbopHMKa TPyAaos,

MmaTepuanos KoOHpepeHUNn) — TpaHCAUTepaL el (A3blK CTaTbM YKa3aH B CKOBKax).
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Proceedings. N18 2014. Thilisi (In Georgian).

[na npeactaBneHun ctaTby AOMKEH ObITb MPUAOKEH NepeyYeHb HEOBXOAMMBIX SOKYMEHTOB ANSA COTPYAHUKOB U

[OKTOPaHTOB PY3MHCKOro TEXHMYECKOro YHUBEPCUTETA:

e Be peueH3uun (cm. obpasel)
http://publishhouse.gtu.ge/site_files/recenziis nimushi.docx

® BbINMCKa M3 NPOTOKO/1a OTPaC/IEBON KOMUCCUMM NO U3aaTensckomy geny dakynbteta (cm. obpaseu)
http://publishhouse.gtu.ge/site_files/aqtis forma.docx

AOKYMEHTbI A0/1XKHbI 6bITb yO0CTOBEPEHDbI Ne4YaTbio ¢aKyaneTa.

Asmop moxcem ucnonbL308ams 8 Kayecmee o6pa3ua 00UH U3 NocnedHuUx Homepoe u3zdaHus.
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