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Resume

The thesis discusses the issue of efficient use of the infrastructure of Low freight/load
railway lines (LFRL), which is the most severe problem from the point of view of the
effective operation of the Georgian railway, the solution of which requires solving the
practical problems that have principally arisen on the basis of in-depth research, and by
creating such a system and adaptive mechanisms which will make it possible to manage
and organize the Low freight/load railway lines (LFRL) by the creation and development
of a universal process model.

Based on the analysis of their functioning in terms of load intensity indicators of the
railway lines, those railway sections whose load intensity varies within the limits from 0
to 1.5 million t.km.gross/km.year were defined as low freight/load railway lines and it was
established that today, in the process of forecasting and managing the situation for the
modern railway industry, it is relevant to consider the determination of the parameters of
the operational indicators of the railway lines, for the development of an environment
favorable to prospective development and management methods and strategies that adapt
to the existing system.

The paper discusses the characterization of the existing conditions for the use of the
infrastructure of low-load railway lines, the technical-economic indicators of the existing
infrastructure and rolling stock, and the financial and economic indicators of the use of
their infrastructure. The thesis includes an overview of the world scientists' research on
increasing the efficiency of low-load railway lines: the main reasons for the reduction of
rail freight and passenger transportation, aspects of railway management, ways to improve
the use of railway infrastructure, requirements for the equipment of the railway system in
conditions of small traffic, the use of resource-saving and energy-saving technologies,
discusses the relevant regulations and the conservation conditions of the LFRL. It has been
determined that Low freight/load railway lines (LFRL) are significantly different in terms
of lengths and operating parameters, therefore, measures to increase their efficiency or
solve problems require a systematic approach to specify measures of unprofitability and
reduce shipping costs, to develop measures in the normative-legal and economic direction,
and overall, to formulate strategies, as it can be understood from the description above,
each parameter of the LFRL should be analyzed during decision-making process.

The thesis presents a common methodological basis for the development of the use
and interaction mechanisms of the infrastructure of Low freight/load railway lines (LFRL),
which later should be used in the process of the transportation on the Low freight/load
railway lines, in order to simplify organizational decisions based on complex approaches
for their current and prospective activities. This serves the optimal and practical solution
to the problems of using the infrastructure of low-load railway lines, increasing the
efficiency of interaction between the structural units of the railway industry, taking into
account the current and prospective state of the political and economic environment. The
research presented in the thesis carries the significant practical value, since the
introduction of a systematic approach to increasing the efficiency of Low freight/load
railway lines (LFRL) is an opportunity for the development and establishment of transport
corridors of JSC "Georgian Railway".
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Initially, within the framework of the thesis research, 4 priority strategies for the
use of the infrastructure of Low freight/load railway lines (LFRL) were determined,
taking into account foreign experience: economically justified use of the (LFRL)
infrastructure or its modernization (reduction of ongoing maintenance costs); transferring
under the private ownership or leased, with subsidies from interested parties (entities,
shippers); Conservation of LFRL; Closing the LFRL by dismantling the infrastructure. The
development of the adaptive mechanism for determining the modernization strategies of
low-load tension railway lines, which is a combination of the procedures for forecasting,
planning, financing and stimulation of the profitable activities of the railways, was based
on what we presented in the thesis.

The results of the study showed that the effective use of the infrastructure of the
LFRL should be based first of all on the selection of a priority strategy, for which it is
important to use such an adaptive mechanism in practice, based on which their
characteristics (quantitative and qualitative) will be regulated, and to develop a scheme of
engineering and economic measures for practical action, which It will confirm the
correctness of using their infrastructure and actually improve their economic efficiency.

In the basis of the adaptive mechanism, the structure is defined: "Manager" -
(infrastructure directorate)" in agreement with the railway performs the function of
regulating the use of the infrastructure of the railway station (line financing, technical
staff, material and technical supply), resource allocation procedure and strategic
forecasting. Low freight/load railway line Department operates as a "center" with its own
budget. It has the following management functions for the "implementer": adaptive
forecasting of the operation of the line, allocation of resources for its maintenance,
planning of tasks (repair, load tension, train weight, average length of the train, cost of
shipments) and stimulating and rewarding the service personnel. The "implementer" can
be represented by the LFRL, which consists of economic units that employ the main funds
for each line, such as: track and necessary infrastructure buildings, automation and
telecommunication, electrification and power supply, wagon depot, civil facilities, water
supply and drainage, repair and operation of machines, mechanisms and other
infrastructure facilities.

The priority of the use of the mentioned mechanism is the planning of the "Division
of the LFRL" and the coordination of the operation of the LFRL. In the event that the
established plan is unfulfilled by the LFRL for any reason, " LFRL management unit" uses
the method of qualitative evaluation (ranking) of the results and assigns the received
evaluations to a defined class in comparison with the adaptive norms.

Essentially, the use of quantitative and qualitative evaluations of the activity of the
LFRL is the basis for building an integral evaluation model of the activity, in order to
systematize and structure the work of these lines for specific production situations
(evaluations of management subdivisions and line service enterprises) using this method
of research, which is practically important Considering the groups of assessment factors.
With the developed adaptive mechanism of evaluation and ranking of the activity of the
LFRL, the results are compared with the norms and the assessment of the LFRL is

determined, on the basis of which the ranking norm is adjusted to determine the rank of
the LFRL.
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The thesis presents a model of adaptive integral evaluation of the production and
economic activity of the LFRL, which allows to develop the methodology of using the
LFRL 's infrastructure in the modern conditions of the operation of railway transport for
the purpose of real-time analysis of the activities of the LFRL and the feasibility of
financing.

The thesis provides an overview of the Low freight/load railway lines of the
Georgian Railway, in order to improve the efficiency of their infrastructure use, the
problems in the management of these lines are evaluated in terms of complex track,
locomotive, signaling, centralization and blocking, and the problems of railway
transportation management. In general, the Kakheti railway line as one of the Low
freight/load railway lines has been identified from the total of 13 railway lines of the
Georgian Railways, and its modernization is discussed in order to establish a new
international railway direction in the country and is justified by considering its potential
in the context of the strategies developed by us. As mentioned above, the implementation
of a systematic approach to increasing the effectiveness of the (LFRL) is an opportunity in
the development and organization of the transport corridors of JSC "Georgia Railway" by
assigning a new function to the Kakheti LFRL, especially in the conditions of the current
geopolitical situation shaped in recent years.

It is demonstrated in the study that the Kakheti Railway Station, which is connected
to the Belakani railway station, gives us the opportunity to open a third customs office in
the east for the main railway, which will enable the loading of the main railway to 100
million tons per year without delay, the smooth operation of which is due to the
intermediate stations "Samtredia" proposed by us, by extending the useful length of the
"Kopitnar" and "Brotseula" receiving-transmitting tracks and adding a new receiving-
transmitting track, the diagrams of which are presented in the paper.
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f - LEHOMEOMYdS (LEGHOTMOo P, );
Yi- 890050 (39300b BogHedG030 BgbO)Ewgdo);
£- 99609007 3530965 (LEHMJLEHMOO EVHIMWYDS £ €O < R®);
©GHOb-U 2098605  goM339M90  3mBHbE0sEo, GMIol  LsBE3Mgddo olobo
23bJ30MmboMmgd9b.  585300MMMEs©  Boddosbmdol  Lsdmermm  3sB3969dgo  sGol

399ml635¢0, MMIgeog 98396908 oo dggal. ©GH®H-U FgBOM©30L Imgwo M
sofigfowos 394GHMO)ew R™  Log®agdo  9odmdogsero 95839690 gd00m
Y=Y Ym) €Y(P). ©BOb-L godmdogowo LodMogemg Y(p) 560l Bszgdowo,
53069joo ©d ©FM30©IONOos 30GHIbE0swDBY (P =(U,£)):Y(P) DW(p), basg
W(p) - 560H0b @®b-b LEBOZOOL Jobsliosmgdgo 3m@EHgbEoswo Y (p).

190l 3o9bMmOROL dobggzom, Y (U,E) LodMsgwyg (MFY39GH0sO -Bg s U -
b9, UeU-0bmzgolb s &e®-obmzol. sdsbmsb Y (U,E) gosdmmzgds O -By, g.0.
306mds Yy e W (U, ££) 999m0gdoos 4 -0 303s0m, OmEs YeY (U, &), uelU s 4o9hbos
335360 3mbm@EMmbmO™ds Y (U, &) O -Bg bgdoldogho ueU -mgol W(U,E) W (Uu,&) =
D, £E+<&', £,5€0.

LobGgds 0fjggdL BMbJgombomgdsl 3gMomedo t,t =01,....., 0Josb, H™I G®b-U
L53FOMZGEML LOTIMMI350 F0gHMYds: 29gads (96 B®mTs030) X, s MLwmEdLO U,
(05290mo©, F0bsbLXYMHO) AMgIML ghHEOMMNo Bgdmddggdom LEHMIsLbEMOO
©VM3MgdoL & Lobom, (93mbmIogw®mo daMdsMgmds 9394sbsdo s Abmgeromdo,
dmbm3zbs Lo@MobL3MMM FMBLIHLYMYOsDY, LeBMBMOMBdS, J0BOEMWMdOL Ms0mbo,
693006930l 0bxMILEHMMIEHMOOL dyMIsMgMdY), Hdol 360d3zbgemds (36mdOw0s
©GHOb-bm30U, Boas8 M36Md0S PEGHOH-L LYFT>MMZIMLIMZOL.

5360350, EGH®H-LMZoOL FEMdOo bEgds LodMagwy Y (U,, &) s ob 0®Ry3L
YLOMgdsl Y €Y (U, &) . LoddoMm3zgmm 533060908 OEHML-U JguOmgdsl Y, -b ©s
39bLOBEZMO3L g gdols Jgxzoligdsl a,,; 3gMomdo t+1:

8, =13, ¥:).8 =" (10)
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a - &b 390950L dgislgds a, < RY, t=01,..., I(ay)<=C!, I(ay)Ta,
A®Y - A,.

ae A b69d0LdogMo 60d3b9geMdOBsM30L 0M3Egds, GMI  3OHMmEgEMGS (10)
53054mxz30gdl 99dgy 30Mmdsl: ac A, (@ y)2l@y)eou <O, yeW(, ),
Y eW, i), puzy, uelU, 50506 @GHmemdsl syowo d9odwgds  3Jmbogl
dbmem, OMEs =y’ .

) yeW(u,u), Yy eintY(u,$), 85006 I(ay)=>1(@,y). yUu,&)-ob 0935300
3bmGHMbMHMBOL  gom35wobfjobgdom O -bg  sOBYOMBIL JOHMOIODO 356(1599GHMO
HE B, OMImolmzobsg Y eW (U, 1). Lsosbsg 299mIobocmgmdl, Mmd Lbgsalbgs
3mGH9b30solomgol  p=(u,u), p'=Uu), pu=u, ueU olbgomgdolbsmgol,
OMMg00355 WU, )3y, WU, )3y 8ggbsdsdgds ULbgoolbgs dga3sligds, 9.0.
I(ay)=I1(aYy).

5950 3909, &, -0b Loggwndz9e B ,EHMb-b LsdTsOMZIEM* 0Ygbgdl oy9d30L
T Q5 ©9299woMgdol Q 3MMm(39MmIOL, 0d0LsMZ0L Moms obolyBOZOML Jmdsz5¢0
29305 (6m®s®H0g0) X,,; s Mgbwy@Lo U, €U, U, =Q(a,.;), 3g6om@obomgol t+1:
X, =7(a,,), X, € Xy, 7(@) Ta.

Loo3 7 960L 9353609 IMBMEHMbMGms© BM©I©o GMbdisos a-vg. MgyMwomgdols
Q@5 ©2373930L 7 36mEIRIOIB0 Yig30O0 BIbIE0I00>.
0950 Y, 35903353900L, o900 X, 259M3MTo3905Lmb FgoMgdols

09009390  »OG®b-U  BsddoMMN3gm”  AoBLIBOZMLZL  LBEGH0TIMWL  EGHOb-L;mZoL
(8595000005, 253D0MBIM0BMBS, F5@IMGOEGOOL FMIMSMdOL LoBJsMOl AsHBEMS,
095653960 gd0lL 309306M90s):
o =T(x,y)peR, feC, (11)

Loosg T - BEGHodmwomqdolb MHY39¢ 0 3bIEoss.

50b0dbmem t 3gMom@do LobBgdol GMbE0MmboGmqds Fmog3MEIdS > YIS
3960m@o t+1 s 5.9.

©GHOb FoBbs 0Lsbogl omMYm369de0g AIBIOML Ms30L0 LGOI OMHGdS,
0dolbom30L, Goms MBOWB3gMYgmRow 0dbgl LEGH0IMWoMmYds FJMBogserdo. sdoEmd
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©GHOb- JoBbol BMbJ305 (OEGHGB-U 9BgIBHWOMIOL 3M0GHIM0mdo) t 39Homdo
0090L 9809 Lobgl:

t+T

V=Y po, (12)

P
boog £ Bobo3wgdol 3m9xn0309bEG0s dmdsgswdo LEG0dMEomgdol MmOl t
8080bstrg dmdgb@odg woyzsbom, 0< p<1;
T- ,Lod®b-U bsFTsOM3gm“-l  [Fobobgomwgds odmbs@reo  OHMOL
3960m9ddo.

158353 M 13NN 3FEHYBE0SEXOL S 298MTMT53900l FJIMIIOMO 3OMY-
Bnbo sE30wqdgmos EG®H-LMZ0L, HMIgWoE 0™ FodloTsWIMHIE PoBIG-
M 989JAGMIOMO0L 3O0EIO0Mdo (12). 5Tobsmzol 45dm0Yygbgds oM 3393w MdOL
5000x3b3M0L M3gMsBHMMO EGH®Y-G0 3000bsM] B IMEgdgdol dodsdom, t—E,
3960080, 00 306Mmdom, MM 63doLI0YOO MFyzgEo Bbdzos J(&,), Omgs & €0,
3m0bobgds &+ e ® GMAwobmzobss EL9(&) = g(S*) s 3sduodo%sgools m39Gs@m®og

©GHMH-U 8M35¢ Jgbsdem Fggabg 39Gomdo 7:M_ = max

v (p)
©GHMH 3@ g6305w0ols s 990l  3OHMYbmBYdOL Asm35olobgdom Hyz9@U
dobbolb BMbJz00L  Mm3BH0T0BsEgool (12) s3mEsbsl Y,  9MBg30L  Fglobgd  doo-

093930wgdol doloegds t 3g9MHom©do. ,EEGHOb-U LsddsOMNZIWM* MIEHOToWMHO
89009308 LodOEZOL Lsgdz9Dg (Ve Yiir) 00BI3L M3GH0BonH 3mDoEon®
LA 900L, OHMYMOE OGHOH-L 3mEYbE0sEol BMbJEosl d0dEobstg s F9dymdo
39000m@900LsMZ0L: Y, ¥,y Y1 (P), 7=t t+T.

09 OGHOH-LEZ0L bMBOOs B IMJdgdoL 3b60d36gmds &, t 3gHomdo,
35306 99Lodergdgwos P, 3mBGH)bE0seols goblsbma®s. 580l 899y ©GHMb 0Mbg3l
3085 m® 399aL Y * =Y. (P,) . ™3&08sevmo 3mBoE0vmo LE®a@gaool sGRygol
3603960 990939006  (Viree Yior)  U589903900%9, Omam®E ©@®d-U 30@Egbgoswols
396dgos ofiggds t+T  3900m©osb. 8909y 890MB9zs B9g9a0 Y, Ompmes
M3&00or®o t 39Momdo. bmMIs@0o30 X1, OMIJEoE ©odm3zogdwos & . ©d

A, (Y tSv<t+T) @ ©@@®b-U  Pur 30696305y, 0m3emgds  Fobolffo®
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9399w s. @EGH®B-B JoBbob FMbJEos (12) VY,,1 -0l 035G ImEgdMEo 3060HMOJdO-
Lomgzol &, m3E0dobomgds M, 1 m39Ms@m®ol 39d39mdoo.

©H®D-L 330w M0 3mbogon®o LEMHIR0S Vi1 (Pur), t+T 39Hom©do
3oboLsbOzMgds, MmamedE &1 BMbJgos. t+T -13900m©do ©E®b-I JoBbol
B6J300L  Mm3BH0dobsgool (12) Fob Y, ,-000 ©dMIMegdol 360d3bgermds & ¢
M3bmd0s, o3 dmombmgl dol G0 Q9MEM3393™MdOL SIMBHZOLL. sdobomzol
390Mm0yg4qbgds 206 339300Md0L 5©0IMbIRbIMYo Mm3ghs@meo E, ., & ;-ob dodserom

80BbmdG0g 13630530 (12) ©oygbowo Y, 1 =Y,.1(&.1)-0b 303s60. 30090 GOm-

X955 8933930 ©GHMH-U JoBbMdIM030 FMbJE0sl, HMIgwoE Aoblblzszwgds (12)
30BbMdM030 B6J300L590 29633930 MOOL  sIMBHIMTo GHOb-L 3m@H9bios-

ol s 9990l dodsmmgdsdo t+T 3gMHomedo.

3960530l M, . ; 99939mdom t+T -1 3gMomdo EGMH-b 3mEHgbgoswobs
@5 IgbOHmegdol FJodsMm  Q9MM3393MdOL  SIMBH3MITo  LMMEPEIOS OEGHMH-I
893393000 30Bbol BbJ300L M3BH0T0DBIE0S, Y14 0909aDY. 99Moye t+T -1
3900m@©30 EGHMH-U M3EH0B>MHo 30BoEoNO0 BEH®HR05 Y1 1(&.r4) 35b0Lsb-
@360, Ge3m®G Yir 1 BI6IG0d Vir 1= Y 1(Sir 1) HO@0BOL @a8Y5Gd0L Fxdge
E®MH-L 89339300 F0BbMOIMO30 BYbJ300lL F0TM™D Q5TM0Y9bgds 259M 3393 MdOL
5000xbzmolb  E ;1 0m39003m60, & 1 ,-0b 0085600m. 3909390 3009000 ©GHMH-U

635350 3933930 J0BboL BMBJ305L 996 3393wMdOL SMIMBRHBIMO00 TJEIAOLS >
303963 0swol 0dsmo t+T s t+T —139M0m©gddo.

50b0dbmwo 3M:m(390MMJO0L godgmmgds t+1 39MmomEol Bsm3wom 0m3wgds

©A®L-U T -xgMo 8933930 J0B6MdG0Z BMbJzos© V (X, Y,) , ®®Igeros 3oblbgsg-
©995 (12) 30Dbol 53mbJ3o0Logsb 39633930 MdOL 5©IMRb3MsT0 EOb-b 3mEH9bios-
obs s 99090l dodommgdsdo t+T, t+T -1, ... ., t+139600m©gddo.

536035, t 390030 V (X, Y,) ©GH®Hb-U Inboem©byeo 9539J¢wIG0 g3wbdgom-
Bo6M9gdol  3003HgMH0MTol Lobom [omdMoygbl X, aqadols s Y,  dguOegdols

2bd3090L.  3m@9bEoswols @y Fguermemgdol 3OMABMBoMgdOl  Mm3EH0ToDsgool
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58m356900L 3594393 0LIL EHML 0MRY3L BsJuodoboMmgdme V(X,Y,) B80doboMy

Y 89003b-
©GHOb-b  BMbJ30mboMYdOL  IMBsermbgwo  989JGHMIOMOOL  3B0EIOO0MIol
V(X,Y,) 356bsbegcs 8gbsdamgdgeros (12) 360E 9030l msbomsbmdomo gsdm-

496900l abom, m3ghodmdgoob M,.;, E.;, M1, E.14 v My, B, 000s60,,

3901603393 Md0L  sdmxbzmom Y, dggaolb ©s P, 3m@G9bgoswols 89damdo
95839690 gd0l dodstom, t+T, t+T -1, . ..., t+1 3gMomgddo. M'=EM,..EM ,

E/=E,..E, 3060mdgdol  ©5330Lol, ©@G®b-I  ImbsemEbywo  gn9IGHNOO

R96J30mboMmgdol 3Ho@GgMomdo X, 293dobs s Y, FgLOMEgdoLsL:
t+T
VOGY) =MEV =g+ 2 p M0 (6 ), 0. (4:Y) = T (X %) (13)
r=t+1
boosg X =x(a),a,,=1@,y,), Yy, €Y(p,), p,eP, r=tt+T.

LG gdol Yt LodGsgwg BMBJE0mboMYBdOL 9539dEOMBOL FogdLodservy@o
dmboewrmbgwro  3GoGg®omdol  (13)  doLowfgzs  39M0MmEAdo  gbolaBO3MYdS
3m39b30seol s 9990l 3OMabmbom Mm3EGH0dobsEool sdmE39BgdoL  A9wsHY39-
A900L LOAOSZO? s oBbos Fgdgao Laby R(Z, p,) =argmaxV (X, Y,) .

YeeY (py)

©GHOH- 533GHMOO Bogddosbmdols d9gdoboBdol (s13) Mm3EGH0doerEmo Lomgbob
53m3565©0 @OHMOL MoMMgME 39H0MEI0 0MZEWgds Jngero LoLEAOL W (X, U,,Y,)
dobBbol  gMbdiool  FoduododoBsE0s,  BMIJWOE  ITIMZOIINMNWOS  EEHGMB-U
OuOBIobY,  308030BY  ©@>  FgEgyRvY,  3MGIbEoswol s Fgwgaol
R(Z) = r?eig miny (X, Uy, Y) 2999633930Md0L 35m35eobfobgdoom.

yeR(Z(p))
©GHOH-U 5053GH1MH0 15gdosbmdol FgdoboBdol (s13)-0b LobmgBo byl Mfiymadl
99000930 G030l 99gdoboBIgdol FMEOT0MGOSL: 835300 MYAWsTgbEHE0s, dmdbowo
695306905 5 B5dd0sbMdOL L3930 LEBOZIMYGIOL OWYIS.
©GHOH-U 50330 Bogddosbmdol dgdsboBdol (sbbd)-0l I353M0 MYaEsdgbES(30s
©GHOb- 69gdoldoge 3m@Egbaoswbdy, MBOMMB3gYmRL gqadgdols s FgggdoL
006506OMdL X, =Y, pPeP. 506086990l  s®LGdMBOLIMZOL  530EGIIW0S O
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153056005, MM X =7(a) €Y (U,&), 9.0. MYEOLMOWS® MBS LOMWIdMEIL 2930s -
9L 306HMdS 00390 33536 J9DL39.

©GHOb-L 533EIM0 Logdd0sbmdOL FgdsboBdo (s1b3d) gbTocYds EHEB-L, Moms Asb
0399d5ml 9300 FgLodgdEMdGOOL BMZoMHDY s LEOEESE 49dM0Ygbml Mogolio
33963050 OHMoL 69dolidoge 3gMomedo:

RE, p)= A, p)=W(p,), peP (14)
offmgds dmgbowo ©gogoMgdol dgdsbobdo. gl s®OL 3MOMOOEIGHO, Gog byl
Pymdl EEGOb-b 3m@H9bE0swol LOWMWI A9dM3EgbsL.

©GHOL-U  53GH MO0 15dd0sbMmdol  8gdsboBIol  (sLF) dmgbowo  MYorOcmNds
36MHMyMglmeros a gxsbgdom X =(1,7,Q, f) 03 3oOHmdom

M, f(z(a),y)Ta aech, (15)

6md  dogdlodsgrEo  BEG0IMoMYds OHMOL ghmgmedo 0BMHEYds a Jgxslgdols
35¢%905bmb ghHmo.

8080bstrg LBEGHO0IMWOL DBOEILMID gOHMoE  FoGHMEMdL a Jgisbigdsis. 08
990mbggzo8o, MmEs  Fgxnslgdol  3OHMyMgLEmds  MHOWB39wYmRL  GHOb-UL
503390 Bogdd0sbmdOL d9dsboBIoL (s13) 3BrIMYMILLYIMBSL, MOLMZ0LSE Bs3TsMOLOS
d090bsmg LEGodmol BOHEs Js@gdom Y, d9093b9.

©GHOL-U  503GH MO0 15dd0sbmdol  gdsboBdol  (sLF) dmgbowro  MYorOEmNds
2=(1,7,Q, f) Ggacabmeos a 998559300 03 306H-MO00

M, f(z(a),y)Va, aeh, (16)

OMEd ©OMOL 9ehmgwdo  dsgdbodseriMo  BEGH0MWomds  3egdImdL  FggAol
995355900L BOLOMID JOHMO®. GHOH-U 5@3GHMOO b5Jd0sbMdOL dgdsbobdo (s1),
OmIgo3 93059mzowgdL (14) ©o (15) 30MHMdYdL, Jdbol M 3e0sbl, GMdgwos
dmbm@MmbrMos dqi3ol905d0.

50608360 394560BTol 3Br0MMOE IGO0 ,»OGHMH-U LsFTsOMZgErm -l 39239
@5 GHMb-L BMB30MmboMIBOL 3MMOmEObs30s. 08 d98mbzg3580, MMEs sAgbowo
39205 ©GMH-L oghH 5099 JoBgBom TGO GdGE0s, 85306 0l F3EOWMBL HBols
doofioml  85Jbodserwy@o  bsGolbom, 0MRI3L Fggal  A(X, p,) cW(p,) Lodesg-
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0B, M 39305 Mo MEOS© FIBBMO309egd50s, F580b EHMd 0MRl3L g9gadol
OO gbOYgdl: A%, P) =% » 07 % €Y(p,).
©GHOb-L 5053GHM0 LoddosbmdOL 8gdsboBdo (s1d), HMIgerdos

) €Y (P,
R(Z, py) < B(x, p,) = {Xt Y % YRy } a7)

A%, p) =W (p;) oy x2Y(p,)

ofim©gds  1ogd0sbMmdol  sLYIZgd0  LYBOZMOL  OYIboL  FgdoboBdos. dolo
9903900  bm®309w©gds  ©GHMH-U  bJd0bMdOL  3MMOEOBsE30S. M Agadds
69505, 350406 ©GHMb 0MBg3L X, T9gaL, GmIgwoi dogzs oL ,,EGOHb-U
L53FsOMNZ M -l Jogh. {obsowdgy d90mb3935d0 EGHMH FOWMdL dosmfomls dsb
dogdubodseMo bstolbom. EEG®b-b Fobosmbgoomdols d9dmbggzsdo T =0, bmwm
R(Z, p,) =argmax f (X, p,) 306mdol  35GmMgdweomdolsl  @G®b-U  5Qd3EGHMOO

yeY (py)

15dd056MmdOL d9gdoboBIoLsmzolL (s13) Bl ogd3b dgdgao  Laby:
F(Z,p)=B(x.,p) (18)
©GHOH- 5©3GMM0 15J80sbMdOL FgdoboBdo (s1d), MMIgroi 93859mTBOEOL
(17) 3060d5L, Jabol 11 3awslls.
©AGHOb-U  1bSJF0bMOdOL  EILYIZgd0  LEHBWZIMJOOL  OYIbOL  FgJsboBIol
59m356900L dmgeo L3gdB™o dYdSMYMBL 11 MM 3e5L80. ¥) O3w9d39dm, MHMA
A(X,, p,) BoOBHowo 560l Bgdobdogo p e P -obomgol, 85806 ©EH®b-U 5©sd3EHv@o
15dd056MmdOL dgdsboBToL (s13) Tobslinsmgdgero boddosbmdol sLsdzgd0 LsbL3MYdOL

©oLOYPbs© X =(1,7,Q, f) g5boloBLzMYds, Hmyme s 3MbdEos:

t+T

Ve (X ¥) =D P ELT 0. (% V) (19)

—t
0. (x.y)=f(X.Z), Z €B(X,p.), X, =7(a,), P.=(U..¢) (20)

0 =Q@),a=1@3_,7,), r=t+1..,,t+T, 8 =a, 7 =2 1)

©GHOH-U 5©3GHMM0 15gd0sbMmdOL dgdsboBToL (sbT) Logdosbmdol ILEdz9d0
LYBO3MGOOL LGB0 Foboliosmgdgos 93399dEIOMdOL 3M0EHIM0MAOL TMbowMm©-
Bgwo 86033690 mds 9356y 56BR9G3560L gMbdiz00L Lobom, M) 3035M9MYdM

™I EGMH-U y39ms 999amdo 3905HY39G0Wwgds 046905 bgwliogdrgero s dolswgdo
»OGOH-U L5FT>OMZGEMbIMZOL. ,EGHMH-U LsddoMmzgwm“ doohbg3s LN
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3960L39JAH035©  "0-(06x8MLEGHOWMIGHMOOL  oMgJ30s)" -0l  B0dsmm. "0@-(06g3M-
LAHOMIEHMOOL OMYJ309)"-0b Jogh g9gadgdol Fglermegdol 6 ggadgdol doglods-
WO bsGolbom obbm309gdol s0bEHIMILgd0L 306HMdgddo LOEEIds (17)
306Mds, HMIJWOE 094356905 (20) s (21) 306H:MBYOdY. LHFsOIW0sBo dmddgg-
oL Jgdmbgzgzsdo  9ME0Egdgos s 13MOL0S, MMI IER0bEIL  EH®B-L
5Q33G9M0 Bogdd0sbmdol F9doboBdol (sL3) Logdosbmdol Bmddggdol LsbwzMgdo,
030Lsm30L MM IMIogzs¢ndo FogduodoMO 989JGIOMdOL 3O0EIM0do Jorfigme
0969L LEFsONE0560 JggdgdoL Fgdmbggzsdo d0dobstrg 39M0MmEdo, 9.0. GHMb-U
36MabMBMwo s J0dobotg 999900 GHMeo Mbs 0yml oligmo JguMIegdgdols,
OmIgog m3GH0dommo 0d690s ,,EG®b-L LsATsOMZGLML“-5030L  bEHMJsLEGHMOO
Botr930L 300093303 30.

530L 990009 3ob0LIBOZMDs EEGHODb-b 53EHWMO Logdosbmdol dgdsboBdols
(5b9) dmgboro MYgoa0Mmgdol X =(I,7,Q, f) Bsbsbosmgdgwo, MMmYMOE Bwbdsos:

t+T

Vi ¥ =D P BT 0.(%0 V) (22)
0. =%, V) =f(X.Z), ZeAX,P.), X.=x(@), p.=(@,.&), (28)
0.=Q@),a =137, r=t+l...t+T, 4 =a, Z =2 (29)

OGHOb-U 5Q3GHM0  15Jd0bMOOL TgdoboBTol (sd) 3OMAMLMEEO  obsolios-
09090 56MH0L  9B9JEGHO™dOL  3MH0EIM0MIoL  dmbosgrmbyro 36033690 mds @
Pom0m@aqbowos, GMmam®3 Y, 956Mbg3560L 3Mbd30s L, 03 35M9MOm, MM Yym-
390 899™30 2505(Y393H0wgds bgarbogtguo 0db9gds @EGHMb-Lmzol. oM,
0 ©GHMH ©06EHYIMYLJdM0s G-I LsddsMM39ML* BoBbMdGOZ0 BMbIi30L
3ogdlodoeMo@  JOBOOm, T5dob  LOHMEEGds  3OMAMIMEMOOL  (14) 3oMHMdS,
(390G 009439690  (23) s (24) 306M09359Y. »OGH®H-L LoddsGrMzgEml“ doge
1593 M3GH0TSWMOO  45HY39GH0WGd9d0L JoMgdol F9dmbgglzsdo, EHMb-UL
9%393GMOMdOL 3H0GHIOH019F0 500fgMH9ds (19) o (22) FsbslosmgdEgdOm.

©GHOH-U 503G M0 15gd0sbMdOL d9doboBIol (s13) 3HMgdBHoMmgds ofygds (19)
@5 (22) 3sbsliosmgdegdols Bsbsagwgdom, MHmIwgdos dgqledsdnds 99Hmw39dL s
©59M3000939gd9gdL ©gR30L 3OHMYBbMBOMmYOOL, LEBH0IMWOMmIOOL s MYREO-
6900L 3OM(390IMJODBY. 5doLsmM30L AodM0Yghgds 899306093 EEHMB-U 53EHIMO
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15dd056mdoL d9gdobobdo (s1D) X' = (7', f), GMIgEbog 0 sOLYIMOL MY OMHJOOL

36MHMEIMYOS S I35 M09 gds fHobs 3gMommol 999agd0Ls s 2939900l
Lowdz9wBY. X, 39309 t+1390m0mEobomzol a0bwgds 39990 A9dmbobIEgdoo

0

X =7 (6 V)s %o =X, Ve €Y (Py),
booog 77 - M 236BmIogdol  39dBHMM-13bd30ss, GMIgwoE dmbmEHMmbrms
0DBMHYOS M530L0 3565d9GMJd0m.
©GHOB- 5©3GHMM0 B5dd0sbMmdol Fgdobobdol (sbB) LYLGHO IOMYOILYMDS

(11)-80 @dbLsBEO3MgL  f -, HMyeOE BOEI© Y, BBJE0L ©d Jwgds© X
B6J30sL,  bmem G-I 3300390500  39dBHMMmO  Gmos U, €U,
Pp,=U,&)eP=U®O. 85dbodom®s@  35036@0090dMwmo 8909306  domgdol
3606303900l dglsdsdolo ©GHMD  M3EH00BsE00L dM3BsL Y39l Tgguols s

3396300l 9x3sL900m, 5699 439wsbg 6530gde bgarboy®gwo d9w09agd0@sb p
396305 ool LodMsgE oL 7 3gMomedo E, =min Gmgs t<7<t+T.

p,eP

530l 9990099 990Y356905 M3gMo@GHMmMo

d§= min mmn mmn min Mmin ..M M —
v=0,T—1 pyeP YoeY(py) PeP Y, eW(p)  YreP yreW(pr) d§

D& = max max max max max ..max max —
V=0T-1 poeP YooY (o) BeP yeeW(p)  yreP yreW(pr) d&

©5 OGHMB-L 5053EM0 Bodd0sbMdOL 8gdsboBToL (sLA) FoBHBoEs

UJ :dyj¢’ I:| :_dxiv+l€0v+1’ ij = Dijk ’ H'k :_DXkVX

i iv+1>
Loosg vV=0,..T -1, 0bgdugdoom i, j,k 1-sb m-dyg.
©GHOH-U 503G MH0  1ogdosbmdoL dgdoboBdol (s13) Tos@®moEol RsbsfigMgddo

99x58905 bmGmE09w©ads ®omMmgMEo 0bgduol dobggzom, GMIgEois a3b3wgds
dbmemnE gohmbgm 300390 ©s JgmMg 50 gdBY. oMozl bsdMs3mo 7 -xge

5006086905 7:(H,4)" =(H Hg...H. ). s80@® 8303000800 ©GH®b-b 50033 vMo
15dd056MmdoL 8gdsboBdol (sD)  3OMYMYLEMds X' = (7', f) YBOHMB3gEymzowos
39900930 306:Mmd0L gl IEgd0:

.
U, Zzeri(Hik)Flej’ j=L..m (25)
=1

69
LIJIMMBIML GIIBNIIMN
J6N3AMLNGIGN
1922 BCONEL6



(25) MEHMEMds 5949bgdl 9999 30MMINL: OEGHOH-U 5©3EMOHO Loddosbmdol
999o60Ddob (sbd) 653¢9ds®E bglsgMgmo 3mEgbEoswol dgdmbgzgzsdo s EHb-I
990l 2oBMOL T9gdmbgzg35d0  FoesbEHOMYdMEos 39dsboBIgdol dshgz9bgd-
©q00L BOHEOL JMbMEHMBMOMDs. GHODb-b 5©3EMIMHO 1Jd0sbMdOL dgdsboBdol (s10)
36MH™E90O00L6 LobmgBol Jodsmm slgmo doymds YHOOHMB39YMBL  EEGHMH-U
doBbMdM030 73Mbd300L FogloToEMOMBIL S FMOMBM3L FoBHMoEoL gegdgbEgdols
39633900 0565835MHEMO:

U; =dyjp, K =-0X,0.1, Gy =Dy;X, Hy =—DX¢ X1,
969, 3930900Ls @ Hoboeoligdol BMHOL  3Hgd3gdo 80dobstry 29ad9gdols
090092900L  35BOEOLLL. 50b0TBMEO MBIBIMEMOOL IMM393> 03938 ©EGHML-L
153910500 33963050l sMLGMWYMBOE 250MmYgbgdsl s dmnosbs LoliEgdol
6930 IAMIdMGMds0 gmgbsl. MmEs ©I3gad3s bmME30gwgds domfigmwo
090929000056 ©GHOb 56O 9M0olL  I06EHIMJLIOMO  BoZMmIM0  A9B30mMdOM.
894960Bdol  3OHMPMGuMEMmds bagwls MFymdl 53 Bo@IsEool 05306 S3OWgdsL.
39399006 BOHOL  Hgd3gdol 2sBeMEs 0fj393L  Hobowroligdol FoBgool  s30e9d-
@Md3LSE, 0993 LME0sXMOO 3OHMYMILOL Qom35¢olHobgdom MmdogdEwmsw bwgds
©GHOH-U  FmOLIFINOYBHIMOOL BOHEs. F9doboBToL  3BIMAGALMWMBOL  goM5bEH0S
590gMgdL  350oe0 LG0T oMgooL (309005)  39dMYgbgdsl, GMIGEms LOWOY
99D0MME0s. TgLsd5d0LOE OEHMD-I FMOLIFIMYEHJMOOL BOHO®M, dglsdwgdgEros
13969600, HMES ,,EGMb-b LoAToOMZYEM* 5O DO MB3xYMBL EEGHOb-L SEI3GHMOO
15dd056MmdOL dggoboBdol (s1F) 3OHMPMYLMEMBSL. 5ToLMIB EHMH-U 3mMEHIbE0SWO O

096905 2590my9bgdIemo, G 393l Imsbgbl Aol 3mb3MMmBEHWBsM0BbMdBY.

2.3.2. ©305¢0 3300003d5019MdoL 630603 B0l bsBbol (©EMmY) Lsgdosbmdols
(om©9bmdMog0 dgx3sligdols dmegeo

398359005 O Mb710MYOOL 53O0  9JoboBIYdOL Loxzdz9w By 0Jdbgds
©GHOb-U BoddosbmdOL  A5sHY39@H0Wgdol 80dmMgdo  FBsMIFIOOL  LobGHgds. gu

39996030 0003w gds 0639gdB OGO s 3963MmM3bowos EEHMB-I dsmmM30L
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LoLEBHQTsdo 5s305BOL JoMFH030 ,Jd(393000° BMJ630gdoL  33eegfoMIMgdoLIM30L,
o3 MHOHMb39wymxzl ©GHOb-U BMb30mbomIOOLIMZOL  LoFoMm Loxgobsbbm s
LS0BRMOTo30M 653500900 498 FOMZOWMBSL.

5Q33G¥M0  gRoLgdol dgdsboBdo (59d) odmoygbads EH®HB-L glcergdol
650 9bMdM030 F9x35L930L LEYYbs© (65b.5)

r -..., .- - - =-=-=--=-==== =1
©AHOb-b b>dI>GNZggE™ = (X ,E)
89935L9d0b 39Js60Bdo
X ©5393930b 3GmEgENG>

Xg-,-.j =X(Xf:}i')

Xy

8915L9gdob 3bmggEes
Ce=E(X:,);)

r
1

99930

bsb.5. od®b-U bsf00560280b Hscagbadmog0 dRslgdol dgsbobdo

509bMdM030 Fgx351g00L BMOMT0MGdS 4oboLEDBYZMNOS 93BG BMTsE0-
399056 990920l Fgb50530LMdOL boMolbom. ©EHMb-b 0dobstg dggaol Y, ©s X
Bm®3s@030L  Loxywdzgwby °s3GHWOO  FgBoligdol  dgdsbobddo (s0)Z. = (X, E)
3960L5sDBP3MGOS 53BHIM0 X5 Ba®Bs@og0 G900 t+1 3gMomoolosm3zol:
X = X (%, Y1)
Bosg X (X, Yy) - 00030905 505360 Bm®I0Mm)d0L 3OM390wIMO,

!

t=1T, x, =X
9990p™d, Y, 990930 99056005 X, bmMdo@o3l, Goms gobolisdrzmml @®mb-U
509bMdM030 T9z35L9ds:
e =E(X. ),
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Loog E - 89g5L9d0olL 30m3gm®mss.
0Y) OGO ©06EHIMILgdMos L3NG F0dEobsMg s 39ML3gdGH0Mwo
99335b90900L 9BOOm, 35dob dolo Jobbol BMbJEos WITIM30YdIMWOs TggaoL

V= (Y ¥y ) 399G™MODY 5 4960L5BO3MBS FMEOHIMOm:

Uc(y) =D p7E(X. V), (26)

t=1
boog £ - LOBMIAsgerm Fgx3oLgdgdol BobEOZgdolL 3M9R0E096EGH0S F0dEObsty
3960m@do.
»OGOH-U LM MZ9wMb™ JogH bMmOIoEH03900L gobloBrzMol 8999y ©EGHMH
0OB3L  M3BH0B@NG  YE= (Y, %Yo ) 3580ldgoel,  80BBol  gobgool  (26)

859080bsEo0bsmg0l: Ve (y*) = max Vg (y). sLgo L581Iz9mBy bEgds MOMOIOMDMBS
y

»OAOb-L LEFTIOMZIMLS* S PEH®H-U FmMOL, OHMIgEdog 53Mmbsblbms LodMogwrg

§o68m50996L EHMB-b BgYagd0L JOMMdWOMdL: G(Z, p,) =arg maxV, (y)
y

050098530301600 M0, OMIJoE 9393806090l Jobbol BmbJiosl, 3m@Egb-
3050, 990093900L5 s bMEMTsE03900L FgRolgdsl, 5oL s §Y39dL 9©3GHMEO
99x358900L  99goboBIoL  (583) M3BH0ToMo  LobMgBOL  5TMEsbgAL,  H™Igeros
MBOHM639mYmRL @GHOD-U TgbeOreEgdsl, MMAMOE 3OHMEIMOHIOOL GODMICOMBSL,
OmIgeog Lobymzgwos G- LsddsMM39MBsmM30L”. GHML-I 3mEH9biEoswols
390163393 Md0L 3060HMdYOT0 53BWM0 dgxslgdol dgdsboBdol (583) Mm3EGH0dsermEo
LobMgGBOL 5TM3565L 543l Tgdgao Loby:

min_  min ®(Xx,y)——>max,
p P t=1T yeG(Zg,p) E

Loo (X, y) - »OEOb-L LM N3G ML “ FOBOMIM0Z30 BbdE0ss.
X=Xy Xp)  9Q083GWIO0  BB3H03900L  gHOMO0MdS  Fm®LIF3M9G9-

©wmdol 396-0MmEJo;

Y=Yy ¥r) @BOb-L Bgcogagdo (Y, < p, t=1T).

AbOEMm©bg0s, HMI EEGHMH-U TGO gdoL HBOEILML ghmsw doBbMdGOZ0

3164305 3BMEMEGHo© 0DO@YdS: D(...y Vigseen) S Py Yorren) s Vi VYo 1=1T .
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d9do60bdo, H™Iol dobgz0m EHOb-U M3E0ToEr MO 899900 T9gbodsdds

D03 (Y* <P, t=1LT ) 3m396305¢0b 560L 3O:MAMILME0 5Q3EGHMMO F9535L9d0L
d9dob60%bdo (580) =, = (X, E).

2.3.3. 03¢0 3300005350 mdOL 6 30603Bol bsbols (EH®Mb) Logddosbmdols
bsHolbmdM030 98351900l FmyeEro

5Q33GH¥M0 F9xslgdol dgdsbobddo (588) domgdmwo €, Fgxslgdol dgomgds
533G N, bbb, 54oodgdl EEGH®B-L godmdMTs3gdol boMolbbmdmog dgxs-
LgdSb.

©GHOL-U BMbJ30Mmb06HGOOL  (335¢gdS®© 30MMDYdT0 Fo0  M3b70MGIOLIMZOL
336H0MOMo 0bxzm®mds3z0s bIoMo 96 sMmOL b30sMoLO. EGHMB-U godmdmdsgzgdols
63650609006 MO 300D gHM-9gOHNDY F060FJds bME309wYdS 58MbLlbOL Holgdols
b593dz9BY, HMIgoi oby Mbs oyml ImMYJdIMo, Moms dobodwxdsdwg ogmb
59435600  ®bg0Mm9gd00  99M[)39Mo  ©IB3MYgd0. 98 FoBbom  godmoygbgds
b0l 533G ME0 09dsbobdo (053), GMIgEdos »GHMH-U LsdTsOMZgEM* EHMH-L
33963050l 251033930 ™d0L  3060MdYddo  0ygbgdl  LHogwrgdol  ®sbgoMgdmen
360 (390OL (65b.6).

obaol 503G Mo  dgdobobdo  (0sd) M0l IM30EIdIMgds X, =(N,R),
Omdgewdog N 56MoL b6m®Iomgdol 3MmEgmms, R - 6sbgomgdol 36Mm390Ms.
Bm®I0M9d0L 30mEgn®s N, =N(N,€6) 50a96L G365060980L 5©3GHNG N, ML,

boem  MbgoMgdol  3Omag®s L, =R(N,Y,)  2obLsbEgcsgl  @EH®b-L
390039353990 I, Gobal :

Lomas e 2n;
= R(nt’et) = (34)

0,0m@3> € <n,.
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r -—. ..., .- - - = = = - - - = = =1
©AHOb-b b>dd>HNZggE™ s (N,R)

65bameo 37456000 I

;. Besbogozsgoob Lfsgergdol 3GMEyOG
;. :N(ﬂb e.)

56:50M900lb 3GMEgETEHS
r-!' :R (Bt;};t )

|
|
|
1
Bm®ds n, |
|
|
|
|

65bgo | 1,

I |

r
1
I
|
|

©OOb

990930

65b.6. AOb-U UsgBos6edols bs@olbmdtogo ((sb3eemo) dgislipbol Gagsbobdo

©GHOb-b 459MmF0d53900L LOIMIZOL BMYOIGOHPO EBsYMmBo A s©360dbmm A,
2

@5 A,-00 MO0 5HOLIMZ0L U =A, . 6mOIoOHdOL 3GMmEgmGoLasmgol N, =N(n,e)
k=1

»OGOH-U  LsdTsOMZYEM =L 5dMEsbs  IEYMIMIMIL  GHOB-U  A9dMIMTo3900L
565069000 2obloBM3Msdo, Mv) Mg LodMs3gl J0939mM36005 A, 96 A,. VY, > X
306MdoL  JguMIEgdolsl EEG®H-U dEAMTsMgMds 8093936905 06500505385y~
R0WYdI“ 3sLL, obosmdgy 890mb3zg3580 30 ,050530594MBOEGOGE Jawsbls

Lo FoMHMgOL LEBH0INOMYOSL. ,EEGHOH-L LETT>OMZIEM“-l  gmggaEr 2505(Y39GH0W GO
096 5bEsgl 4960339990 Bobsblwmo MHoblo (sbs356MYRYd0). 30M3ge Fgdmbggzsdo

1EH0MoMGdOL ToBHJOoLOL ,,EMD-I LoddsMMZg M-l 635MYJd0 F, To@EweEmdls
3900039353990l Y, 89930609d5msb ghms. Lbbgs Fgdmbgzgzsdo ,EHMH-U bsdT6)-
039m“-l 9653502900 F  0BMH©gds ©GH®H-U  458m3MTsgzgdol Y, BOEILmD
9O»5©, LEGHOIMWoMGdoL T9gd30Mgdol JobgBom. 0dolomzol, Msms dobod)dsdwy

0969L 59435600 M3B50M900L 3MIME39IMHOL IYRIBowo BMMAOL Lydmsem Mob3o,
B®30Mgool 3OMm390MEML Mbs Jmbogl 9dgao Loby:
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N +7,003s Y, <n;

(28)
n —M,60m3Es Y, 2N,

Ny = N(nt7et) :{

Bo@o@3 7 - 9003335300l Loggbm@os, ¥ >0.
U - 6306 gdol 3OHMEgMO0L 356Ms8g@®o, U >0.
©GHOb-L 06¢IMHgLOL  306:Mdgddo JoBbMIMOZ0 F0dE0bscy s Bodmdsgzem
969930l J0BboL 316305 gobolsDLgmgds 890gabsoMma:

Vo (y) =D p RN, L), (29)

t=1
0d0bosm30L Moms d0b0dsdg 0469l oyzsb0o EEHMB-I sdMIds39d0l
696500900L  bsMolbol Jgdx3sLgdgo  Bsdwmserm  gobsblmMo Molzo mommgme

A LoBGS3g80, k=12 Tga3953L ©@bs3oM3agdol  F (C,&)  gmbdzos  ©@®b-U

39903353930l M9B50MOOL 5dMbLBOL ool ¢ 356599EHM™ME ghoms:
2 -
J(€) =Y [ (e, p)a(p)d(p) ——> min (30)
k=1

95806  Lodmoem  gobsblmMo Molgol (30) 8060dobsEgool  3oMmdsL  9dbads
09900990 Labg:
2 dF(c,
Mp{Z(C’ p)%}zo, (31)
k=1 c
Loamas pel,;
F.(c.p)= k
0,0m@3s peA,.
53mblibol ool 60dsbo gobobsBwz®mgds P -b 3Mmzbogdom A s6glimsb:
H,(C, p)=F(c, p)—F,(C, p): peA, 09 14,(C, p) <0, p €A, 0009 14,(C, p) =0, (32)
0Y¥) ©53499399m, MM, F(c,p)=p-vc, v<1, F(c,p)=d(c-p), ve<p<c, o

doo BogLigsdm (32) 3m®3mersdo 30300900 sdmblbol Fgbl E®b-U 4sdmdMdog9d0l
6565060900U5L:

peA, oo p<d+v

C,
d+1

d+v
d+1

peA,, oy p= c, (33)
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(30)  50m3sbol  sdmbLbs  (31) 3oMMdo® ,EEGHOb-b  LsddsMMNZgEm“-Lomgzol
3bmdowo q(p) @gobloDEgcegl OEGHMB-U 250 MTs3900L  Mbg0MIOOL  STMbLBOL
Pobolic 356539BHOU.

OmEs  ,OAGOb-b  LEATsOMZgEM“-bgolL  w3bmdos  q(p), T5dob  Lbsdmogom
10656bH0  GoLZoL (30) m3GH0T0BOE00L sTMEsbol sdMbLbs MImsem© € 39Mo-
d9BHMOL  2obLobEBMZIMz9 Fgdwgdgos. (30)-0l JobodoBszoolsmM3z0L  9mEOwg-
0905 5dmbLboL falol € 35605993 M9d0L MYYMoMmgds EEH-b 99 BY 3306039~
00 P;. (33) BmMINob 45035¢obobgdom s (30)-0l sTMBablbgs LMol o-
399600  dosbErmgdol  dgomEol  godmygbgdom  m30mLfagergdol  3MMm3gEELL
(59mblLbobL Fgbol 356589EMIO0L godscrmn3s) 9dbgds 9gdgyo Loby:

d+v
C, + WV, 003 P <—d +1ct;
Ciin = Ik(Ct’ pt):

c, —,0mEs P = ngVCt.

+1

7 3980309630 8g0MBg3s obg, M8 & ——>c*k=argmax J(C).

b0l 533G Em0 99doboBIol (M58) M3GH0TscMmo Lobmgbolsl mzomLfoz-
@900l 36MEIIOOL 3s3mygbgdolsl T, = (1,7, f) s8mblBol §gbol (34) 3561509¢-
6900l 0d0bsg 9535193900l Boggndz9wHg bgds EHMH-L LEHMEoMgd.:
ea=1"C.Y), & ——cx,
Boog Yy - ©@&®b-b J9ga0s, GMIgog o gdmbggzs 3m@Hgbzosel (Y, < p,),
»QOAOb-L LTS MNZgEM“-U O330M39d0m.
B0l 53¢ NGO 99d960BA0L  (B58)  m3BHodobogoosmgol T, = (1%, f)

153056M0L0os

d+v
f (et’ yt) = Q(yt _et[mjj ’ (35)

Lyi=%
0,Y, <X

1 Jt

Looig Q(Y, —X,) = { } - ©GHMH-U BEGH0IMWOMHYOOL MOBYMO LolEHYTss.

5653503900L 53964300l 35059BHMJO0 50MBI35 9F30MH0ME0 AaBO. J0Z300M™
35659930 h=(d +v)/(d +1), Gmgs t=1T, 6 =€ @5 7 5053&5300L bsggbm@ol

@OML 6mOHTJO0L €, ©s9ggbgdol M3EH0Ts M 3OHMEIEOSL 9d69ds 9dgao Labg
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he, +hw,dmaGs Yy, <he;

(36)
he, —hyd,®@m@Es Y, > he,.

het+1:h|k(etlyt):{

o) 503608653 S, =hg, u=hw, u=d/v 85806 (36) BMGOIMl 96909

99900990 Lobg
S+ u,0m3s Y, <S;

(37)
S, —mu,dmEs Y, =S,

St+l= N(St’ Yt)={

05099530390 OO M) 5 LEWEEIds MobgoMgdol bm@ds S, =heg, 85806
Bn®ds dmdsgoedo 0BOYds, bmem vy LEOWMWEYds, 3580b bmMTs TgLsdsdobo
d30M©9ds. gl 396MBBMT0gMHgds 9Bl F9dgy Pabl: EHOb-U  E®9396gwo
DomBo@gds 593060908 M5b50MGd0L bMMAsL ImBogzo¢do. 580EH™3 0dolomM30L, MM
MBOHMB3gygmzo 0dbgl Gobaol ss3@Mo dgdobobdol (o) 3MMAMBMEMdS,
1530560005 2odmygbgdmem 0dbgl  Mbg0MmYOOL  3OHMEIOMGOL  EITIMIOEIOMEYDS
33b0g3035300L BMAsLMb S, =he, s PEHH-L J9agdBg Y, 065BIOOMBO:

Lomas ¥, =S;

R(Stf yt) ={ (38)

0,0m@3s Y, <S,.

0b5060930L  (38) s BM®MT5EH03900L BMOIoMgdoL (37) 3OHMEIMIMYd0 byl
MHYgmdL HoLZgdol J0bodsH0E0L 3¢oll0B0 353008 EOML (55b.7).

(34) s (35)-0L Fglsdsdolso GHMH-U Fowowo sdmdMTsgzgds (Y, ) 9930690
153910500 gBoLgdoL Bm®mBsBHogl d9damad 39MHom©do (X, ;). sdom bmME0gw©gds
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boog I - 9maev)3900L 3m9x303096@0s.

5Q53GvM0 Jgxs9d0L 39doboBdol (s33) 3OHMYMLMEMds MBGOHWB3gEYmBOos
39000930 306Md00):

v+ /(1-1) <1 <1, (47)

95396900l Bm®AsGogzo  9Judmbgbioscmmo  dmayzgdol  dgoomeols

259myqbgd00m 009dL 8999 Labgl:
Xeog =X (Y, —X,) (48)
LoO3 Y, ©GHMH-LJF0sbMdOL FsB3969d90s t 39M0m©To;
X, - 8985900l beaMdsGHogos t 39MHomedo.
t 3900m©do, GHOH-U 250mdNdog900L Fgg3slgds 4oboLsBMZMIds (52) FmETy-
wom. (46) s (47) BMOIMEIBOL J9EIMYd0m, 3MIMYOIIMOOL 306MHMdIL (48) oJ3L
99900990 Laby:
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v+u<l.

©GHOb-U 15gd0BMBOL  3MBEHOMEOLIMZOL 5©I3EGHOO F9dsboBAGdOL godmyq-
Bgool 3OmEglo s 899900 obbowmwos 4gad0L  glerEgdol  3MbEHMM®Ol
999o60Bdol o0 mMDY ®Y-©sd9gdo Y30 ToEM9dEgdOL Mom@gbmdols dobg-
300. ©53M6309Ggdwo 35839690 gd0 BH3060m30L G030, BodeMgdeol fmbol o
5.9. 9obg300m  9035wlofiobgdmmos  Fgbsdsdolbo  dgdoboBdgdom.  3OHMYMSTd
sfgMowos “Mathematica” - LoddMEWMOH gbsby. Im3gdneos dobo dm3-Lggds
(65b.10) @5 o9baoMm0dqd0L  Fggagdo [39]. ©®I-©sdgdo Y30ToESMgdEXgdOL
(5m©OYbMdOL  g9gadol Y, gobbmME0gmwgdol sbsgrobol 8999y, dobo sI3GHMEIO
99x358900L 6M®BsBH030 8Mdogzseo t+1 3gMH0MmEOLImM30L BMOIOMEYdS SI3GHIOMO
99935b900L dgdobobddo (533)

X1 =% — (X —y)/t,t=12,...3L x5 =x°.
B9835b9d0L (X! =X,) Bmeds@ogo t 39Hmodo 3mMgdEoM@gds Fobs 39Gomools
396053wmdsd0 (430 ToBHoMgdgdol  MomEabmdol  g9gadol gl egdols
2905¢0oLobgdoo.
65b.10-%Bg dIm3gdmos EGH®B-L LsJdosbmdOL 3MBEHMMEOLIMZOL SEI3GHOO
399960D39d0L g5dmyggbgdols bEGMwydEmes, Gmdgerdos:
denm301-3. Lafgobo dmbs399900L Fg@sbs s B9Fw35;
dm30 4-7. X1 - 89969d300L 3obLsBO3Gs, Imbs3999d0L 39F3s s 3MR030L
53909;

dmzo 8-13. K, - g3mbgdio0l goblobmg®s, dmbs3gdgdol 893w3s s eMexz030L
53909;

dmzo 14-19. K - g36d300L 296Lsb@3Ms, Imbs3gdgdol 093w3s s JMHGOIOL
539095;

dem30 20-23. N, - 3MBIE0oL gobloBeams, 3mbszgdgdol 89335 WS FMOTR03oL

53909;
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( @sbsfigolo )

1

1
/_ S

Xeri= Xe - (Xe-Ye )/t

1

X1

Y

'

7
X1 -b a®553030b 53905

'

A

=131
[y
9
26>
X, sY;
i
30
10
K[ = V(Y—f _Xt)
- Y
& 11 v
'y
K= p(Xe-Ye)
- Y
12 Y
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bsb.10. o&®b-I bsgdos60280b 30265 Gc20m0b50230L 50053590 91560 Dd980b 3590996980l

bl

e

13

Kr L a0359030L 53905

A

14
=131
15
365
Xr <1
3o

16

Fr=Vv(1-Xt)/K;

[ )

i

Y
17 ! —
Ft:ﬂ(lYI_I)/KI
]
18 Y
Fy

\i

19

Fr -1 a®553030L 53985

21

n,=v: K, (1-F)

Y

1]

22
vf

¥

23

;1 36355030L 53905
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2.3.6. B0 G3000005350vEMdOL HI30BogbOL bsbol (GH®b) Lsgdosbmdols
998990l mgeoMgdols 3Mma®msdols 3osbasM0dgdols 39¢gagdo

=[1l] =3
veD.3
uwiD. 4

¥y={3,2,2,2,1,1,2,3,4,4,3,2,
2,2,1,1,2,3,2,3,2,3,3,2,1,1,2,3,4,1, 1}

(3, 2, 2, 2, 1,1, 2, 3,4, 4, 3, 2, 2, 2, 1, 1, 2, 3, 2, 3; 2, 3; 3, 2,1, 1, 2, 3,4, 1, 1}

Dofx[t+1] =x[t] = (=[t] =¥ [[t]]) /£, {t, L, 30]}]

Table[M[x[t]],. {t, 31}]

{3., 3., 2.5, 2.33333, 2.25, 2., 1.83333, 1.B5714, 2., 2.22222, 2.4, 2.453455, 2.41647,
2_3B46Z, 2_.35714, 2.26667, Z.1EBTS, 2.17647, 2.22222, 2.21053, 2.25, Z.2381,
227273, 2.30435, 2.281&7, 2.24, 2.159231, 2.1B8319, 2.21429, 2. 27586, Z.23333}

ListPlot[Table[x[t], {t, 31}].
PlotStyle - PointSize[D.03];, Joined -» True, AxesLabal -» {t, x}]

4
i

|

|

L .
5 ‘nll’/ 1y IS m 15 in
. i

Do[I£[=lt] & y[[t]1]. k[t] = v {y[[t]] ==[E]}, k[t] = p (=[] =¥ [[=]]}]. {t, 31}]"

bad
(L)
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Table [M[k[t]], {t, 31}]

{0., 0.4, 0.2, 0.133333, 0.5, 0.4, 0.05, D.342E57, O.&, D.533333,
0.1&, 0.181818, D.1&€66&67, D.153E46, 0.542857, 0.50&8867, 0.075,
d.z4705%, 0.088B8E89, D.236E42, 0.1, D.22E571, 0.218182, 0.1217358,
0.516&6&67, 0496, D.076923]1, 0.244444, 0.535714, 0.510345, 0.493333}

ListPlot[Table[k[t], {t, 31}].
FlotStyle « FointSize[0.03] , Joined -» True, AxesLabael = {t, k}]

[ 8]

L% ]

[
(5]
—

LA

Do[If[x[t] €1, F[t] = v {L=-x[t]) /fk[t], F[t] = u (x[t] =1} /k[t]], (t. 2, 31}];
Table [M[F[t]]. {t, 2, 31}]

(2., 3., 4.,1., L., 6.6666T7, 1., D.GEEEET, 0.9166E67,
3.11111, 3.2, 3.4, 3.6, 1., 1., 6.33333, 1_90476, 5.5, 2.04444, 5.,
2.166&6T7, 2.33333, 428571, 1., 1., 6_.%, 1.93939, 0.906667, 1., 1.}

ListPlot[Table[F[t], {t: 31}].
FlotEtyle -+ FointSize[D.03], Joined -» True; AxesLabal = {t, F}]

ll.-
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Do[n[t] = k[e] »y[[E]] » (1 -F[t]). {t, 2, 31}]

Table[M[n[t]], {t, 2, 31}]
(-0.8, -0.8, -0.8, 0., 0., -D.566667, 0., 0.8, 0.177778, -1.14,

-0.8, -0.8, -0.8, 6.02692x10"%%, 0., -0.8, -0.6705688, -0.8, -0.742105,

-0.8, -0.8, -0.872727, -0_.E, 0., O., -D_H, -0_6E8885, 0_2, 0., .’.'I.:

ListPlot[Table[n[t], {t. 31%].;
PlotStyle » FointSize[0. 03] , Joined -» Troe;, AwesLabel = {t; n}]

0sF ||

-

_L___
=Y

—fm-t
(]
=

__'H'-

- | | | [ 1 |

Y ll-"l

2.4. 3560300 35005%Y3930¢90900L 30d3egdlols mGToMYdS IBSWO
H30005d350mdoL M 306080l bsBgdol (EGHMB) 0bgMILEHMXYJEHwMOL
299my9gbgdoL 95399dE056MdOL golisrydxMmdILYOsE UL ,,lsdsMmggemls
30603B0L" 5350 By

0683M5LEIBHMMHOL 09305 (,0©") FNWOBbMdIT0 FoMTMEYIBL La®3oboy-
B HMBLIMOEHOL 0bROIEHOMIGHMOOL Tgdsagbgero Bsfogdols Qo9 m0sbgdsL,
393H03900L 3MHMEILOL MYBEDYEMOOL TGOl s FMIMSMOOL MLSBROMBMY-
0L MboL oBOOL MBEOMB3gMLIYMBIE. MROM FYBHOE, 0949Woms©, vy B3gbo
d3994bol  BogoomBg  gobgobowrogm, dsb  Mbs Fgodgocdmli Ll ,LogdoBomzgarmls
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©30602B0L“  bodxgdo  Loddosbmdol  FHo3gdol  dobgz00  MRWGDSIMLOEGdYOOL
3980%3b0L  aBom, °MIMEBbZOL  BMOIMGO0  LEHOWIEHIOMO  J39895659mRqdgdOL
dmdsmdsdo, MMIJos MOMN09OHJd9gd96 250sD0©3930L JoMm30L 3MMmEgldo s
39DMmML F5000 35LIbolidygdMdS IRJATOWO 35 gdgdOL FglcrIgdsDY.
06x3MLGHOMIGHMOOL  oMYJ3ooL  FomM30L  535M9E0  0gddbgds  @0sbsROL,
Loaboarobogool,  GH9gwgdgdobozols s  dEXM30M900L,  JargdBHM0R0Is300Ls @S
909dGHOMIM6M53900L,  FMdMo30  F93oA96WMdYdOL  ©g39MIEBHTIBGHIOOL  d5BBY,
OMIwgdo3 o300  BbJ30mboMgdoLIM30L  BoFoMmmgdgb  dMdog  Bobsbly®

©5b6sbaMIRGOL O 3M5gdBH03MEs© 396 599396 Tmygdols Logdo®mzgwml G30b0aBols
(bob.11).

O bogremzmdn@ogm 890©6gemds
o Logrosbopm 3gryebgmdos

o bagogmber 89GBgeads

B 2505P0gggdol 3g:©Hbgmds

o ULEd @ 3938063508mdol
99y@0bgmds

@ bsdgPbogtca 89)@bgmds

B &30b6ogbob bgs 8g=@bymdgdo

bsb.11. 0bx®EsbAGAIAIOI0 8929698980l ©65bsGI980L UAGLIIANDS
Us330608 B2 336302 HOL Forgmosbo bsggbder=asdhsgom osbsbs@ygdowsb
VS0 B30MHMEAs0MMdOL H3060aB0L bsHgdol (EEHMY) A9wsbB0EZJdOL
36MH™mEqLd0 BIOMMWO OMMIME0 (3503990 FgMbgmdolomzol, 89949353900
omm30L  glodwm  99HY39G0Wgdgd0 @S MMmboldogdgdo dsmo  93mbmdozMemo
9899 EHMO®BOL goliordx mdILJdS.
2.4.1.bs¢mosbosgm 89obgmds
5055050  LO9gJuB3EBSE0Mm  boxgdol  Fd30Mgdol  3OHMDdMGIoL  Yy39wsby
3936039900 2oHY393)9 bgRsliol IBMY3s (5MLEGMEo Lsddsm Y, 33069).
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056ogoL  dMboGHMEMIOOL  MroMm©gbmdol  Mm3GH0Tobsgos B39  bmEE09w©Yds
w05bogol  d0d@0bstry  dm3zes-dgbobgzol  go®339mwo  Godol  bsdMdomgdol
399960Bs3ool boOx by, 033, g ©Mbolidogds Ym3z9wm30l 96 s®Ool dgladergdguo
@5  GoLoegdo.  BMmY0gOHmo  J0dsMmMIgdom  dMdOMOOL  LoBRJoMol  4oBEM©OL
A96096305 0mbmgl  3mbEH0bRIBEHOL  FOBOEIL 0Bl B0dEobstg  dmgws-
d965b30L 99b5MPmBgd0l dobbom.

5)  LoEosbogm  860R5EIdOL  ILBEYZ9©  B3YE0ImO  3m33egd@gdol
399my9bgds  (390dBH™me0), o3 5930MgOL  LoerosbEIM  LsdMTomgdols Bo@oMgdols
500300l 93mx35M23w0l  bstxqdl. Mgwlgdby ©sdsMIOM0s  ©IBIJBHMOIdO,
OMIWgdo3  ©99330039090L  MaBegbol Goom b bIm3zsb  Logbswl. a39MHom
©056ogdo  LoEr0sboym  sbJobgdols  FMTomdol  Jgdmbggzsdo  ©330609dOl
G9B5309Hg  800saMgd o 303300 IM{YMIOWMdOL  1LYFIgdom  bgds
39BO®MbLOWGds  F5EIMJIOL  JmobEomgdols  Jglobgd.  s©0bodbmwo  ©mbolidogdgdo
0602500 999500396 MmdOL MH5MEIbMdOL T933060900L LodwgsEgdsl 0dEg3s, HMAMOS
306039 ™6 dqLogbsgrobl. 93mbmdo3MMmo 9539dEH0 IbEMgdom Jg5096L 19200 go®ls
Docroffodo mommgeo dM0YIOEB. bIBOIMOMBOL 35¢ss - 1,3 ™3g.

0) 300535600 3530LEMogd0B IMbLBOO 0sbIYOL s Bodgbol TsLaergdols
bgdgm®9 3odmygbgds. HElindol goofymds osbsado Mgeligdols dmds Fobbogols
80850007 gdols J9(33e0m. X3509900L J39LsYd9d0L, BILHIdJdOL s B3sengdols
39005(ymds 500 99339009006 8930093.

) 9mALaby9dol dbM03 IOMIsE 935000 bol 8350909 2obaroggdmwro MHymemeo
0560l 3MBLEHMW300l Fg33ws ,,Pandroll”-ol &Hodol Lsdsg@gdosh ®30bsdgE™bols
335¢0090Dg  39boggd o M306Ms30MHMm  WosbEsom. gi ™mboldogds dmombmgls
360036900Mm356 093053060390 353039 dSBEYBIL, bmerm  SbgmO  osbsyol
51599690 es© 96 ©93mbLEHMWJ300LOM30L  LoFoMH™M BIBOIMIMHMOOL 35S TgoYIbL
Lodmoem 25 foenb.

©) Q0O FHZ30MMETodYmdOL M30608B0L bsbgdol (EHMH) Jolsbigwrge
056y )B5© 3905943565 WO0sboroll  B08obscg  Fm3zes-dgbobgzol  boGxgdols
(@05bogoL 39-5 3wsbo) d9030M900L LT gdsls 0derggzs. sdobmsb, 0BEMEIdS
393M6900L  Bsfmgdols s godm@sbol GHot0x3900, 03wgdl dmmbmgzbs LoGz0MmmM
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3905H0390Dg s gLsdsdobo F30MEYdS 9dMbogEgdol Mby. sbgmo Mbolidogds
918399EHMM05, HMEILIE VIO BHMNZOMNITOMEMIOL ©30608H0oL bsHgdol (EH®Y)
Lboa®Mdg o6 s6ob 1039-bg dg@o.

9) 90m{gmdoEmdgdol 459myghgds dOMI0L bsboGRgdOL Tgbsdi06M9dws. bols

33500gd0L, boolis s gosdyzs60 dgargdol §mblowgdo Imfiymdowmds.
2.4.2. bsemeazeadeahozer Ggyrbgeads

5) Q00 33060350 MdOL 630608BOL bsHgdol (EHMH) 250sB039dL
SbmM 3099096 93mbMmT03MMs 992900560 8deozM0 FsaolEMIMMO LoG3zo0MHmM™
@5 LodyBogMm MOMIozwgdo b gardsgzargdo, MHMIEO0E 96 dMdomdgb LMo
AH30MM300.

0035390l sMLYdMEo BgMool sbseroBds 583965, HMA olobo LMY 396
53054mx30gd9b  ©Idso  B30MmMITdMEMdol  M30604BoL  bsHgool  (EHOD)
9998530l 306M¥gOL. Fo LFOMEYdSM OLYMO MBO3gMLO MO (Haz0l Lodwgogds,
OMIglsg 99mdeos 396930930l Boo®mgds 00 89950 9bwmdgdmsb, ®mdwgdos
LM 909gb LsToGHIMYGOM M3GMH30gOL. gl LogrMm3MmIMEH03M 35030l 0939 YYBOHM
918399EHMM© 259myqbgd0lL Lodmoegdsls 0derg3s.

0) @m3mInGoz0L  Lofo®mdmm  39gMbmbogroll  Mm3EG0dobogos:  LaymGby
©@m3mIM@GH03L doMr53L 99964969 096589300l o698, oEHoM9deol d9dgbgwro 30
0m53L90L 390564560l 96590l IMzoegMdsL. 98 Mbolidogdols 93mbmdozmeo
99%393d&°0 Hawoffodo Lsdrmseme 99sagbl 35 000 WGl 9O WM3MIMEH0306 (2
390564960L 3965899%9 33¢09d30 1500 60 M30M0 565HWsMgds) ©d MbBolidogdols
3990myg9gbgds M9aI0MHEYds SAOWMIM030 0bLEGHMYI30900m FOMIOL o330S
&996mma0m6m0 3GM39900L, BoGZ0MmMM LsFTomgdol s bsTsbg3MM LLsdMTomgdols
B350 m-Ls8sOmMWgdM030  FoMYRMIW0MmYdgo  ©M3Fg6Ggd0m, ©s  sbg3g
00035¢00lH0obgdl 898567560Ls @ BodocMmgdEol F999bgeol 493MEPOMGdSL.

3)  Logabie  53@™dMLgdoL  godmygbgds 15 GHmbsdg ©gMHdbg  dmbyyero
©OAHZ0MOMZ30m, 53 5930093l ©0bs303ME Bgdmddggdsl M3060aBoL WosbEIyHY
@5 dobo dm3zEs-dgbobgzol botrxgdl. 300MS303IM0 Foo3EJ99d0L 49dmygbgds o
353Mb900L 8993060980 ffmbs  5330MgdL  sBJomgdOLS s  F9bgwgdol  OMU,
59306090L  9angdBHM™gbgeool  obsboMxgdl, Yyz0wmM35egdol  HMEsbgdol o
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2.4.3. bogbsemobsgool, ggbdmsemobsgool s Benm06980l d9oytibgads.
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dmdOsmdoL  339Ombme  LoLEGYIsDY. 080 0m35¢0oLHobIAL 396FGH0 ToBo®mgdergdols
©3005@gumdsl FoGoMm9dE0L 496Gl BMOGIoMGdsdo. sOLgdMwo Logbsgrobsgool,
390EH®90BS300L s dM30Mgdol  LoLEHJIgool @YIMbEsgo 96 3MbLYGMZs300
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0yl MBIRODHMYGOOL Lomsbsm ©EMbY. IBsO 3H30MHMsdsdIMdOL M 30608Bol
bsH900l (GHMH) g935MGH0390wo 53¢MIsEH0Do300l LolEgdol dgddbols 3HGomGo-
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153 BZOM BT Fomgdol (335¢0g35 306MHMBYOMD MPYHBODBIEOOLS WS 9I3ESFOO0L
99L5dgdEMds 535Gl 3mA3¢gdbols FMBLIBMGOOL  bobymAE0gMdSL. MomS3
0D 905 Jobo 499mYygbgdol 93mbmB03M0o 9339d30.
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358g9bgd o woBHghsH YOS
CTH I1-01-1995. CrpourenpHo-TexHU4YecKHMe HOpMBI MuHuCTepcTBa IIyTei
coobmenus Poccuiickoit Qenepanun. XKemesusie moporu xoneu 1520 mwm. [Ipuka3s
Nel4IT or 25 centabpsa 1995 - M.: MunucrepcTBo myTeii coodbmenus Poccuiickoit

demepanuu, 1995.-20c.  https://docs.cntd.ru/document/1200032134  (35690-

369o 290053mfdgden 0dbs 15.05.2023 §.).
CHull 32-01-1995. JKenesuste goporu xonen 1520 mm. Ilocranosnenne Ne 18-94

or 18 okta6ps 1995 - M.: Mununcrepcrso crpoutenscrsa Poccuiickoit Penepanuu,

1995. - 50 c. https:/files.stroyinf.ru/Data2/1/4294854/4294854736.pdf (+93565b3-

B9eo 39sdmfjdgdme 0465 15.05.2023 §.).

WHCTpyKUuK 1O TeKylleMy COJep>KaHUIO Xeje3HomopoxkHoro myrtu III1-774 21

suBaps 2008 N 69p. - M.: Tpaucmopr, 2000. - 223 c. https://www.samgups.ru

/about/struktura_universiteta/filialy/vpo/nnov/tsentr-dopolnitelnogo-

professionalnogo-obrazovaniya/%D0%98%D0%BD%D1%81%D1%82%D1%80-

774.pdf (493565L36900 490059m{jagdem 0dbs 15.05.2023 §.).
Pacnopsoxenne OAO «PJKI» or 17.05.2017 Ne 944p «O6 yrBepxaeHUHN

Permamenra skcmayaTanuu ¥ OOCTYXXMBAaHMUM HHOGPACTPYKTYyphl Ha MAaJIOHUH-
TEHCHUBHBIX JKeJIe3HOOPOXKHBIX yyacTKax». M., 2017.

Pacmopsoxkenne OAO «PXKJ» Ne 3188p or 31.12.2015 r. «O6 yTBepxmeHUU
pe3yJIbTaTOB KIACCU(PUKAIUN XKeIe3HOJOPOXKHBIX TMHUM». - M., 2015.
0560l dmfymdols s F9gdbozmemo dmaLobwmgdols 0blEMmvyd30s. 0do-
@@obo. bygoMm3zgeml G30b0ybs. 2017. — 139 3.

MasanoBa M.B. Cdepsl panuoHaIpHOIO IPHUMEHEHUS >KeJIe3HOZOPOKHOTO M
aBTOMOOMJIBHOTO TPaHCIIOPTAa B MEXAYTOPOSHBIX ITaCCAXXMPCKUX IIepeBO3Kax (B
npamMoM coobmeHuu). ABropedepar muccepramumu. -M.: ITHMKW MIIC, 1955.
https://search.rsl.ru/ru/record/01005890968 (49356513690 2o0009m{jdgdwe 0d-

6o 15.05.2023 §.).
Benensxuit, M.H. CebecTomMOCTh IIepEBO30OK IIACCR)XUPOB MECTHOTO U
IPUTOPOJHOTO COOOLIEHMA aBTOMOOMIBHBIM U >KeJIe3HOJOPOXKHBIM TPAHCIIOPTOM /

Benensxuit M. H. // Bompocst skoHomuku tpancmopra. 1960. Nel6. C. 49-67.
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0gdbs 15.05.2023 §.).
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IOPOXKHOTO ~TPAaHCIIOPTa HA MAaJOJEeATEJBHBIX IPUTOPOJHBIX YYacTKaX U
KOOpAMHAINuA ux paborsl. /lucc. couck. yd4. cTemeHM KaHZ. TexX. Hayk. M., 1968.
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0g6s 15.05.2023 §.).
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BHUMIKT. 1996. Ne3. C. 56-62. https://search.rsl.ru/ru/record/01007215055
(93965136900 4909dm{dgdmem 0dbs 15.05.2023 §.).
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