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ABSTRACT

Kuzmenko LV Methods and models for creating the advanced guaranteed
automated systems for managing critical infrastructure.l Manuscript

The dissertation for the degree of a candidate of technical sciences on the spec
05.1306h I nf or mat i on technol ogi es. 0 | nsti
Information Space of the National Academy of Sciences of Ukraine, Kyil, 202

The dissertation work is devoted to the decision of an actual scientific problem coimsistin
development of theoretical and applied bases of construction of information technology (
for creation of perspective guaranteeable (GH) automated control systems (ACS) of obj
of critical infrastructure €IF), and also definition of influence gamocesses. functioning of
such systems of anthropogenic and technogenic interventions and threats.

The object of research in this work are the processes of creating promising guaran
ACS and the functioning of such systems under the influence of asdierip and man
made interventions and threats. The subject of the study is IT, aimed at forming a typ
version of the construction of GHG ACS, as well as determining the impact of threats
i ntegrity, confidenti al i tioging afrsth aasgstem. sTkei
purpose of the work is to build information technology to create promising warranty AC
CIF of Ukraine, able to provide subscribers with guaranteed necessary services and
services, which in the given modes and conditminapplication, taking into account the
state of protection of such systems from threalS Afjustified to trust.

To achieve this goal in the work:

possible threats are investigated and their actual set, and also set
vulnerabilities of safety of furtimning of ACS ofCIF is formed,;

developed a partial model of security threats to the GHG ACS;

developed a method for determining the impact of threats on the functioning
promising warranty ACEIF;

the method of formation of a standard variant of construction of perspecti
guaranteeing ACS d€IF is improved.

The method of forming a typical variant of construction of GHG ACS include:
the procedure of choosing a prototype topology of network infretsire, the
procedure of choosing a typical workstation of rational configuration and th
procedure of rational choice of software (software) application I&de). (



7

The solution of the problem of choosing a prototype of the topology of th
network infragructure for the construction of a promising guarantee ACS OKI is
carried out in two ways. The first of them is based on the application of classical a
derivative decisiormaking criteria in conditions of uncertaintythe criteria of Wald,
Savage and @reme optimism. It was impossible to choose a rational prototype of th
network infrastructure topology according to these criteria, as they provided almc
identical results. Therefore, an additional study was conducted in the work, which
based on themethod of analysis of hierarchies. The application of a systemat
procedure of hierarchical representation of the elements of ZIE®n the criteria of
cost, functionality and compliance with technical requirements, taking into account t
place and comibution of indicators that meet each of these criteria, allowed to crea
conditions for organizing access to the network and providing computing resourc
and services to their subscribgmgblic IR, managing their exchange, transmission,
storage and r@wal and, in contrast to existing ones, to make informed decisions
choosing among a number of possible variants of the prototype of the netwc
infrastructure topology ACEIF rational structure.

The solution of the problem of choosing a typical workista of rational
configuration for the construction of a promising warranty ACH- is based on
annual savings from the introduction of workstations and those investments that
spent on their implementation. The annual savings in turn depend on thas@dn
income caused, for example, by the reduction of the salary fund of workstation us
and changes that may occur with the introduction of a unified workstation, such
reducing the time to prepare documents through the introduction of electror
document management. Investments in the implementation of workstations consist
the cost of purchasing a system unit, monitor, scanner, printer, general and spe
software. Such costs should be kept to a minimum. As a result, taking into account
functionality of software and hardware architecture of workstations, namely the
system, flexibility, stability, efficiency, ergonomics, etc. and the implementation c
new IT in the process of performing functions installed in the workstation, allowe
users ¢ access their own and extern@ldnd their machine processing and, in contrast
to the existing ones, to make informed decisions on the choice of a ratior
configuration among a number of possible workstations.

The solution of the problem of rationethoice of software of the application level
(AP) of the promising warranty ACE&IF is carried out by two dimensionless
calculation coefficients of functionality and rationality. The coefficient of
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functionality allows taking into account when comparingtwafe of the same
functional purpose such functions as the application of the data model, t
introduction of functionality and ensuring reliable operation of the software. Each
these functions in turn can be implemented by one of the options offetied work.
Their combination is carried out by applying the technology of morphological map
Based on the results of morphological map processing, the most functional softwar:
selected in terms of implementation of selected functions (criteria). Basetthe
results of further rating of alternative solutions and raciitieria evaluation of their
guality according to several partial criteria of optimality, the final decision is made c
the selection of the most effective software option.

A comprehensivesolution within the improved method of forming a typical
version of the GHG ACZIF is an approach that is formed on the basis of criteric
calculated in previous stages of work and which most fully characterize a particu
ACS CIF in terms of its topolog, architecture (including workstations) and software,
and also its inherent functions and allows you to choose among the alternatives for
construction of ACS the best (rational).

The method of determining the impact of threats on the functioningoofipmng
warranty ACSCIF includes a semantic model of confrontation of the GHG AT
protection system with the attacking party, an algorithm for detecting and recoveri
data in theGHG ACSCIF and a model for assessing the securitGbiG ACSCIF.

The solution of the problem of confrontation between the security system of tt
ACS CIF and the attacking party is based on the procedure of potentially possit
crypto-conversion of information in the system. Its implementation allowed to pla
measures and obse rational methods to repel the attack of the attacking party ar
mitigate its consequences and, in contrast to existing ones, to monitor the impac
malware, knowingly fake software and malicious encryption codes on informatic
technology processes ACS CIF.

The solution of the problem of detection and recovery of data in EGSis
based on the technology of cluster analysis, the use of which allows comparable ¢
to be divided into groups so that subtasks within groups were similar to each otr
and subtasks from different groups differed significantly. As a result, it allowed t
divide many tasks into groups and form a ilike hierarchical structure of a number
of subtasks in each and during the simulation experiment to explore the posseibility
using cluster analysis to parallelize vulnerabilities or true key valsed to encrypt
data and evaluate stability. from external cybernetic influences and cryptocurrenci
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The obtained result will significantly depend on the following factors:ahsence of
clearly the best criterion for the quality of clustering; uncertainty about the previol
number of clusters for a certain criterion; the dependence of the clustering result
the degree of proximity of the tasks for the recovery of encrygéed, the choice of
which is also subjective and determined by the expert. As a result, it allows to cre
prerequisites for assessing the stability of cryptosystems.

A comprehensive solution within the developed method of determining the impact
threas on the operation of promising warranty ACI is a model for assessing the state of
protection of promising ACEIF from threats of integrity, confidentiality and availability,
which, in contrast, allows to assess events that may affect and directly or indirectly harn
owners and users, make informed decisions about the state of protection GIFALSN
the impactof cyber attacks and, as a result, protect AQE from unauthorized access
(UHA) to its resources and information circulating in it.

The simulation experiments on the comparative evaluation and selection of
prototype of the MI topology, the configtian of the workstation and the software of the
GHG ACS of the CIF of the applied level are carried out. The possibilities of application
cluster analysis for parallelization of processes of search of vulnerabilities or true value:
keys used for datencryption, and also estimation of stability of cryptosystems from extern
cybernetic influence and cryptocurrencies are investigated in the work.

A comprehensive solution in the dissertation research is information technolo
to create promising guaranteed ACS CIF, the implementation of which, in contrast
existing: allows you to assess events that may affect the information and technolog
processes on the CIF and cause damage to both owners and users; provides guara
provision to subscribers of necessary services and / or services, which in the gi
modes and conditions of application, taking into account the state of protection of st
systems from threats of violation of integrity, confidentiality and availability, may be
reasonably trusted. The implementation of this IT also contributes to:

increase, due to the prompt identification of the set of possible most significa
threats, the féectiveness of the actions of persons responsible for ensuring the safe
of GHG ACS CIF;

reduction of time for making weltonsidered management decisions on the
construction of GHG ACS CIF.

Keywords: security, impact, warranty, availability, efficienctool, computer,
confidentiality, critical infrastructure, network, reliability, program, prototype,
integrity, functionality, system, topology, management
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Reduction in

B Societal' Cumulative Value 2016-2025 CO, Emissions  Jobs
] Industry to Society and Industry ($ billion) (million tonnes)  (000s)
(fn) consurer I T A 2 4
Automotive 3141 667 540 NA
Logistics 9878 2217
@ Electricity 15,849 3,158
Telecom 289 1,1002
@ Aviation' 405 250 780
0il & Gas 12840 57
Media PIERY 1,037 -151 NA
Mining* 106 JJfj 321 608 -330
Chemistry* 2 308 60 0

(1) Total societal value at stake includes impact on customers, society and the environment; the impact on external industries has not been considered; (2)
Excludes the Extending Connectivity digital initiative; (3) Reduction in emissions for Oil and Gas refers to reduction in CO,e emissions (4) Aviation refers to
Aviation, Travel and Tourism industry. Mining refers to Mining and Metals industry. Chemistry refers to Chemistry & Advanced Materials industry. Source: World
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1 OtcO3j stcd tsy' dg¥ 9 Odedz? MdMmilsj dsded = B dzSE ' 8 SO

vOCIsse O v OC Ists w J B MY } tetsH 2| .
- fesyj fs| YoMkt lBIfr]B ¢ | hop, [229ME o m| L Y
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5 | Celeron1000 233 1x 128 DIMM 10 7200 40 18.8
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IsogA: 89 ' dzH jCf) odf OHC ot kL aetsuyjdshis' &BOedy! L

lsogB: 249 ' dzH j € f) odf OHCSots' kL EtsHYjdsis' &BOedy! L

Nekc: 3 s'  dz €' Mils: jCfjel' o
Ntm: # s d €' Myl Htshd HAkoOddR ki sdse' 2 fkyOfddn

[Sid HyloOd Issfsdsd' ' d&jsjy:

1 - boftsdksd " ‘shfdatsc w "L ©6 0"

2 - bofSdsc v BEfEesd Y "M & dBfCse O
15601 ddCd 10 wCd&kd fwodssils! v ksfsdse * MEzyof

Nitx: 30 ¢ 100" HB3So sMIs A2 € 'Siplsi2O H dzO dzdzv
09 NedHC' Ml! 7 cdzyS' fls!
A5 - Edzd o tof) Odz/Aliz: fyls O¢ dzesfls & o O dzdz®
08 BOMhIlsOBGe G- & OB j &z dz® MdMmlsj GO
04 58 dzkzc 5o kzep@dzddyis dzls O y

41 2 2 9 41 1 1 3g 41 1 2 54 41 05011 0.25
51 1 7g 1 1 1 34 1 1 2 4; 1 0.2 0.3%
a2 0 p2. &£ 0 a3 £ 0 pq. 2 Y
&5 1 1 60 @1 1 1 20 @505 1 30 @5 1 20
€0.110.14 0.17 1% 0330330515  ¢0.20.250.331% ¢5 3 05 12

41 0.330.11 18 41 0.50110.115 410501419 41 4 2 8y

1 0.333; 1 02 0.24 1 0.2525 25 1 0.333;

ns: & 0 pp: & 0 a7, 2 0 gy B 0
@ 3 1 90 @5 1 10 & 4 1 70 &5 3 1 90
¢l 03301115 95 1 1% ¢l 0.50.141% ¢0.130.330.11 1%
41 05033035 4110503

1 05 056 1 0.50.33%

A9:§'Ez QAlo:ééL ?O 1. ..¢10 - &BOBLdY" § Otedzdn
®2 1 10 ®R21 10 ysy L0 Coydedds §5COL S
32 1 1= 331 1=
811 103302 1 1 0.330.110.1%

& 0
W 150331 1 3 1 033025
ad 021 1 0.2 0.330.330.330.14 0.14)
?’ 331031 1 1 0.330.33{8 | B . Goseqyv

@153 1 1 5 1 1 15 fOtodzd = f§ Sto' o " dz!
a1 3 1 1 1 0.330.110.10 fsCOLddC" o HdY
& 5 sSfSdse’ 2 CKM

131 021 1 1 03303P
& 0
B8 131 3 1 1 1 13
® 373 1 9 3 1 1 160
fa'a) a)
9573 1 9 3 1 1 1=



i: % Ntm j: % Ntm
k: % Nttx n: % Nittx kl: % Nttx- 1 nl: % Nttx- 1
ldL dzOyj dzdz® o dzOfpdzdr L dz2Oyj dz! Sy dets’™ BOtedy'

evl0

1 d1L dzOyj dedz® o dzOfpdzed 7 L dzOyj dz

evl: feigenvaldAl))

ev7: feigenvalgA7))

)
evd: feigenvalgAd)))
)
)

. HeigenvalgAl10)))

evBB: feigenval{BB)))

ev2: HeigenvalgA2)))
ev5: feigenvalgAb)))
ev8: HeigenvalgA8)))
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ev3: feigenvalgA3)))
ev6: HeigenvalgA6)))
ev9: feigenvalgA9)))

®Olwqy' 1]

ldL dzOuy W BOCMdBOdz desets o dzOfpdetsets L dzOyj dedzv € 5y dzts’
9jC 50O
Reavl Rgmaxevl)) Reavl=4.016 X1: esigenvedAl,Reav] éﬂ 4.016 g
Reavz Rgmaxev?) Reav2=4.016 X2: =sigenvedA2,Reav) . 28209 10 3+ 0.275(:;:)
. evl=ge 0
Reav3d Rgmaxev3 Reav3=4.013 X3: eigenvedA3,Reav . o
dmatevd) genved 3 288.209 10 °- 0.2750
Reavd Rgmaxevd)) Reav4=4.001 X4: =sigenvedAd,Reavd g'- 0 A
Reavhs: Rgmaxevh)) Reav5=3.987 X5: eigenve¢A5,Reav)
Reave Rgmaxev6)) Reav6=3.996 X6: =igenvedA6,Reav§
Reav7. Rgmaxev?)) Reav7=3.992  X7: ®sigenvedA7,Reav]
Reav8 Rgmaxevs)) Reav8=4.069 X8: =sigenvedA8,Reavd
Reavd Rgmaxev9) Reav9=4.005 X9: =igenvedA9,Reav9
ReavlQ RdmaXevl()) Reavl0=4.016 X10: sigenvedAl0,Reavl(
%3.78% %).58% %.6718 %).09@ %).10@
A4 5 .58H .63% 16% 31
xi= &M, @8, D88, D% o %
a®.42D a®.528 3®.353 .864 a®.939
¢0.07% ¢0.215 ¢0.136- ¢0.465 ¢0.104-
%).07% %0.138 330.818 ;%0.2 g %).26%
143K 254 .198; 34% 26F
X6:°'@ :b X7:°'@ [b X8:°Fé) % X9:6‘9 % XlOzaé) %)
a®.698 &e0.950 a®.540 a®.640 a®.580
¢0.69& ¢ 0.13+ ¢0.075 ¢0.647% ¢0.718

LamA: ¢£Reavl Reav2 Reav3 Reav4 Reav5 Reav6 Reav7 Reav8 Reav9 Reavl(Q

LamA= 1 2

10

14.016 {.016

1.013 #.001

8.987

8.996 B.992 1.069

1.005

1.016

l iClstste 9«
LdzOu Is te

01. . .01
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1l d1L dzOyj dedz ROC fd BOdz! desets o dzOMdese s L dzOyj dade?
BZOltedy' BB SO o' Hftse' Hdzsets 2Bz o d&zOMdsets o] Clststs
1
1 D.091
ReavBB RgmaxevBB) 2 D.204 1t5h ¢ ' dzHjC MO L GiSHY
1
ReavBB= 11.359 3 1.074 ROIsted uy 01...610. 0]
4D.211
XBB: =igenve¢BB,ReavBB XBB=| 5 ] 385
6 b.144 ndsgla: ~AMA- Nim
| zOfyded? o jClstste mll [7hss Pd S (Ntm- 1)
s € Odz! dzd o lth‘IStQQIsils's)zsg COLdedC" &, Nt
pdCtedilstsolby ls! w ' f st o dzv dadgv ReavBB. Nitx
btsf sdse’ 2 fiky0ofded® |05 IndSglBB; —————
10).576 (Nttx - 1)
IndSglA= 1 2 3 4 5 6 7 8
11 472%1367%1| 447%1] 0754¢1|. 176L|. 25BL]|. 718L| 0.023

1 5h PG Cts ol myudztirfiastOn 3 | dztsfyls ' H dzw

Coyds 'L 0kLgus0opsy . i komse AF9%00®@ omsger ANWSIER, QR
¢ IsogA = ¢ IsogB =
OtnSgA= 1] 23] 45 |6 7 ] e8] 9 | 10

110.608 [0.596 [0.494 |0.023 {0.464 [0.139 [0.301 [2.571 |0.184 [0.596

OtnSgBB=10.131

[ dzv Coydets’ Ul . BAPARPEE W s W' y'  desd o' Hdesmdets™ kL et
Yy desds S sy dzO@ ROIsted yw Wstodiso OdzO f teOo d dz' dats 2 By §

Atstedzreo Odedzw  d3OIstedy’ 61 "1 o dkOMdzdr o CIststc’ 8 dBOIsted y!
Xyl: augmenf{X1, X2) Xy2: augmenfXyl, X3) Xy3: augmenfXy2, X4) Xy4: augmenfXy3, X5)

Xy5: augmenfXy4, X6) Xy6: augmenfXy5,X7) Xy7: augmenfXy6, X8) Xy8: augmen{Xy7, X9)

1 2 3 4 5 6 7 8 9 10
1p.789 D.581 D.671 D.091 p.104 p.075 (0.13 (0.81 0.2 D.263
210.44 D.581 D.637 D.169 D.312 D.143 D.254 D.198 D.349 ).263
3 D.422 D.528 D.353 D.864 D.939 D.698 |0.95 D.546 D.647 D.587
4 0.073 D.215 D.136 D.465 D.104 D.698 |0.13 D.075 D.647 D.719

AB: augmenfXy8,X10 AB =

Stedizo Odzdz" L dzOy j dz Olsted y" Il (s Mlssofywd®) HE fSHI
1 2 3 4 5 6 7 8 9 | 10
T AB; | 1).458 D.305 D.373 D.057 D.071 D.047 D.089 D.497 .109 D.144
LK™ Ntm ABn=12h255 D.305 P.355 [.107 D.214 D.089 D.173 D.122 ).189 ).144
a AB; 3.245 D.277 ).196 D.544 D.644 D.432 D.649 D.335 D.351 D.321
i=1 4 D.042 D.113 D.076 D.202 D.071 p.432 D.089 D.046 D.351 D.392
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B &z W pjCltsttl cdtse Odz T fe stedljls’
Cydets’ | bktsftsdse 2 MezyOfddi ssf, ht

41.04
é Nttx 7] é) 67%
- 8 A - u =&
ABlpr: £ (ABI’kk XBBkk)l\J ABgpr="2" o
A k:l '] ~ A
& u c0.592
4 | | |
3t — 3
ABglpy 2=
2 — p—
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[ BHOBG

[ " Msdde¢ ftesctcOdizd f stc’ o dgV dz! detsc s
SHBRZOSC Sosets WEkdeC y' sdzOdz! dese s fftedL dzOyj o



Il ste' adgWdadz? wUU LO 3 ssHisdE OOz’ L2 * ' tof
R1 - o Wragle Enterprise Edition
R2-4 v [(IBM DB2
R3 - ¢ Wicrpsoft SQL Server
ORIGIN: %
IsogD: 6.58 IsogKK1l: 6.58 IsogKK2: %£.24 IsogKK3: .58 IsogTTX: %.49 IsogA: %.49 IsogB: #%.t
Fl-YOChtte toj Odz' L OY"' ' (BsHj dz' HOdz]~"
sl-Ctodlstf s Bted &3¢ d tB' ' Cldets- Stg' ' dzlstso Odets’™ ZtsH § dz'
2Qtsq’lsw‘tchl§tsq’d3§q’ MsOdzH Otclsdzgdn Isdf " & toj dzw y' 2 ded =
F2 - W OCIstste WlkdeSy' tsdzOdz! dgdr sy dzdo sfylsj 2
s3-Ctedlbjte’" 2 LOBJLY jyjdedew ssfIsdds" LOYy" ° LOfdIls' o
s4-Ctedlbjte’" 2 LOBJLY jyujdedew " HIsted &3¢ d d3jtejydedn ¢ to
s5-Ctedlsjte’" 2 LOBJLY jujdedew oLy tsH' dzj dets’™ tBtetsB ¢
s6-Ctedlsjte’ 2 LOBjLY jyjdedz" LBjte' ¢Odedzv / sBtotsB S/
s7-Stedlsjte’" 2 LOBJjLY jyjdedzg?w BOGCOLEGd dkzsets OdzOdz' L Iz
E3 -W OCIstste OH ' 2detsfyls’
s8-Ctedlsjte’ 2 dsydotsMmils' o' Hdzso dzj dgdzv ' Madzv LB 9
s9-Ctedlsjtc’ 2 dBsydotsfmis® tjLjtcodzsets S " ¥ 9 Odzgdgv Is O
s1-CGtcdlsjte" 2 dwBsydotsmis" LORdMmMlE o' H dgj MOdzC y' BSdzs o
w. ldL Oyj dgdgv WkdeC y' LOMssmMEze Odgdz? W ¢ 5° ‘ adL
1.1 Asted3ze O w Olsts ‘ Otedzts@ts ff stc’ o dgw dzdz” WhkdzC y' 2
31 0.250.33
NFak: 8-€' d ¢ fyls:  wp0cBse’ @ 9
o ° ~
93 05 1 =+ 3 3.015 0

o]
1.2 Jdi dzOyj dzdew o dzO fdzd = evl:dgRigehvddgD1)W0O leid e &7 69D10 ;> + 0.237%

2 - 6
(}-7.693 10 - 0.237+

1.3 1dL doyj W BO¢ Odz! Zcts o ZOMdsets | dzOyj VI -1}
20.186
Reavl Regmatevl)) Reavl=3.015 d1: sigenvedD1,Reav) dlzz).SS%
c0.488
1.4 1650"6C " dujChmo biLatuyj tdshb %%S\é%kt—'\":%l%lstslddﬂglmmwa 16
1.5 1hG CrsjW' y' "4 dlsk o' H datsfydes’ ELetHY | s’ Hd
BROIsted y* D1 (w¢hts oSz odsjuddhtge ' 1HOdzt84 OEI&dﬂngm
st B Qdz0 Qs d dz' dgs 5Q g tsg|go@§§9s(g R IY ok

Hdzv f sHOdz' hda tesLteORkzds " 9)

a1 80.123
1.6 1 ttedk' & o d&Ofmd L dzOVj dzda® 1.d3xm38<trscfd41‘nl:£_1_'u_ts dﬂm:@wﬁ%
3 di ¢ 0.32+
i=1
IRl [ I [ O3B  dh odLOyoOdz dzddsd fted odetste™ wviy * Wkdz

Wkd Yy sdz0dz dzd(R3) Bsy dzd o tsfyls j 2 ( F2)
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ww. JdLoyjdedz Stedlsjte’ "o, ¢ tpds 2 ‘od LWdkAZEAdz 2dzd did

2.1 AttedlzoOdadz" Olsted y’ Ote dzd & ste' o dgv dz! Ctedls
Ctodlsjte' ' o R daC. 6 L O
Ctodlsjte’ ' o W& @CARIOG L O
NFaktl: 2 -S ' dz' €' fls! Whwdlts o LO
NFakt2 §-S ' dz' €' fls! WhuwdsPts o LO
NFakt3 8 -¢ ' dz! €' Mmis! W& Rt o L O
41 0.140.25 0.5 0.3%
? 1 3 5 49 al 3 29
a1 4p 0 5
KK1: % A KK2: g8 033 1 4 39 KK3: 331 0.28
(;0.25 1+ Y 5 <] 0
& 0202 1 059 c054 1 =
~, A
30250332 1 +
2.2 ldL dzOyj dzdzw o dzOfpdzd 2 L dzOy j dz@ BOIsted y! ss 1, ss2 O s
evkKK1: §eigenval{KK1))) evKK2: feigenval§KK2))) evKK3: eigenvalgKK3)))
2 5.142 G
& s o)
. 25.31% 10 °+0.879 & 3103 §
_as0 _ae i o] _a& 0
evKKl_g%g evKK2=2 0 o 2 16 3. 0.5708 CVKK3= 20052 0.5728
® .0.066+0.02i O G-0.052 0.572¢
f=) (9]
¢ -0.066 0.02i =
2.3 JIdL dzoyj W kOC 0 dz! o e &0 oL dzOyj dz Olsted y!
_ ) o _40.97 2 0,095
ReavkKK1l: RgmaxevkK1l)) ReavKK1l=2 Xkk1l: eigenvedKK1,ReavkKK]) Xkkl= 2o A av-veQ
0.243 2) 85%
ReavKK2: RgmaxevKK2)) ReavkkK2=5.142 Xkk2: sigenvedKK2,ReavKK2 Xkk2=g8.446
5_0.805 %13@
ReavKK3: RemaxevkK3)) ReavKK3=3.103 Xkk3: sigenvedKK3,ReavKK3 ka3=§.19% 83.21&.‘
¢0.559
2.4 1whbC " dznjCf' © k1L ctsH Y j dsmls’ Hdzv &BOlstedy! ssl, s52
Indsglkk1: —eavkKl- NFakil IndSgIKK1= 0
(NFaktl- 1)
Indsglkkz: ~eavkK2- NFaki2 IndSgIKK2= 0.035
(NFakt2- 1)
Indsglkka: ~eavKKS- NFakis IndSgIKK3= 0.052
(NFakt3- 1)
2.5 1thp¢C CrjW' y' ‘dlsk o' ndetsfdets’ kL ctsHyj daetsfyls’ udzw ldsOk
9’ Hitso' Hdzts RBOtd Y’ Ysteiso Odz' Qo ddz! dgs 5O ' 2 dstsy dg®
2INdSgIKK1, & 2INdSgIKK2, & 2IndSgIKK3, &
otnsgkks: ANISIKKL, 08 Omsgrkz AINISIKKZ, 0@ Onsgkka AINISAKKS, o @
¢ IsogKK1 = ¢ IsogKK2 = ¢ IsogKK3 =
OtnSgKK1= 0 OtnSgKK2= 2.858 OtnSgKK3= 8.898
2.6 1 ttoedizeo Odzdzw o d&zOMmdzd = L dzOy j dzdz! BOIsted y ss 1, ss2 IsO
i: 4. NFaktl I: % NFakt2 i % NFakt3
Xkk Xkk3
kkin = Xkk] Xkkan =—% Xkk3n =1
" NFakt1 N'ff"ktzxkk Nf?ktSkag
g Xkl a g a ]
) =1 j =

i=1 =1
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30.05%
°n ax 23-48§ 80.518
~a0.8 _ ’ _ ) 10h
Xkkin=% A Xkk2n= 58.256 Xkk3n= 9. 128
(;0.2+ Y e 0
.o7Y ¢0.35%
== A
c0.125
1 R b l §®28" " & " o9dLOYyoOdzr dzgddsd L © Wkdty" "¢ F1 ° Ctod s j
YEdzC Yy F2Z2L0O Ctodlsj te" K4 IsO s5;
YEdzCYy F3LO Ctodlsj to" s8 kO K10.

Wwww.Oyljodedzy dzsC Odz dzgd R Yo' stedlsjls' 8 Stdljte’ o W
3.1 Atstedibko Odedg” Olste : Ot o Ste' edzwdz kf' 8 Stdlsj

al 2 5 3 0330253 2 05039 NCYBD: 8 -¢ ' dz' €' fpls HUJ T
e

(0)
ae0.2 0.331 0.5 0.250.330.2 0.16 0.14 0.2

@.33 052 1 3 5 4 0.250.330.25:8
1y 23 02540331 3 5 050203%
@4 0.333 02033 1 3 0.330.5 028
@.33 0.55 0.25 0.2 0.33 1 0.16 0.2 0.148
05 2 6 4 2 3 6 1 3 2§
®2 3 7 3 5 2 5 031 0140
fa'al N
C3 4 4 4 3 4 7 2 7 1=+
3.2 1diL dzOyj dedz" o &zOfded S L &zOyj &' EOLwdy' TTX,
BOC M| BOd ket » KOMMGSEE L O] dagef—sO—o"—m{ 5o ' HeEgs
23z 9 ZOMdetsiets o j CIststc O
. 1 12.914 1 [.249
evTTX: &eigenval{TTX)) 2 | -0.455+4.427i 2 |.226
ReavTTX RemaxevTTX) ReavTTX=12.914 3| -0.455-4.427 3 |.053
4 | -0.072+3.224i 4 | 207
ttx: eigenvedTT X ReavTTX evITX=|5 | _-0.072-3.224i ttx={ 5 | 207
6| 0.056+1.505i 6 172
7| 0.056-1.505i 7 o071
8 -1.501 8 [.457
9 0.19 9 |.348
10 -0.662 10(.659

3.3 1®hbpC ' dHjCMO kL gty dtsils’ Hdv &Otedy' TTX:

ReavTTX- NTTX

IndSgITT X IndSgITT X= 0.324
(NTTX- 1)
3.4 1whbGC CtjW' y' ‘ dlsk o' udzgsfdats’ L GtsHY j datsfyls' W dzw
0 % sts o' Hi ts9 ' H dats Olsts w Wsted3dts o OdzO f Qo d dz! [dzls (SO
adStstcdMmissoalzoOIlsd HdzW {f tsHOd "dr L tcOnkzds " o) 1 10.094
o . 2 [0.085
otnsgTTx ANISITTX 0@ OinsgTTx=21.733  i: 2. NTTX s oo,
¢ lsogTTX =+
ttx, 4 |0.078
3.5 1ttdkoOdada" o OMdad s L dzOU d’ tixesOdstegy T oh=[B o oB t d ¢
5O tilsted BOdzdzY  dzOB tstelr dztsC Odz! dedm § BT KtcdIlsjls* o IHE"
5 6 0.0
o ! 7 [0.027
NTTX NTTX 8 [0.172
ttxl: = ttxI ttx1=2.649 ttxnl: =3 ttxnI ttxnl=1 9 (0.131
i=1 i=1 10]0.249
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3.6 AttedBlzo O Olste ) Odz‘ Qts s’ UU M _Hdzw sSte
9 iCIsstc@O- Mists o 9 Octsd Cts ' ‘i dzlst 9 9 Oy d&zd 9 sMiIs” ¢
a3 4 45 I BudMmdzj dzgdzv k& B OdzOn dzts tc 3z ©
2 5 0 GO H O dz® € 53 dad BhJ)C M flsj Qe lsssedzydi(f dz
249 MjtojHds sEets L dzOyj dadaw SOG'TSSUE)ZG'
g 8Nekc:3 s d €' flss  jCMfjtkl e
aeSS('j NTTX: 230 g ' dz! € ' fyls ey jtels' o Nekc
5 44 ~
. 2 ° %0 a Bh
a 3 20 h: % Nekc k: £ NTTX Bk h h=1
a% fo) Bbk h = bnk: =
o 3 2(-j ; NTTX Nekc NTTX
ad 3 46 Bion a a By,
& 4 30 k=1 h=1 k=1
:‘31 4 Sr'\
¢ ' 1 2 3 1
1 (0.094 (0.118 |0.125 1 (0.112
2 (0.094 (0.088 |0.094 2 (0.092
3 (0.094 (0.059 |0.125 3 (0.093
4 10.125 |0.088 |0.094 4 10.102
m'_l_,[_«l_lgﬁi o p @ daq ds Bz= 5 [0.094 [0.147 [0.125 bn={5 |0.122
1. 1 028" 1 adL Oyo dz!
hts of dzdo O Is! %O odB" GUdT . | 6 ]0.094 [0.088 [0.063 6 (0.081
s1, s 4, s5, K8 O K10. 7 10.063 |0.088 |0.063 7 10.071
2. 1 kZttORkzo Odedzw a5 o3 S k2 ® ¢8|0.125 |0.088 |0.125 | o 8 [0.113
fitejd ¢ odLdzOYOd ddn Stdilsj ' [g0.004 0118 |0.094 9 [0.102
LOdzdh O Is Mw sOSdd3 34 daj L &3 dz
s 1, s 4, s5, K8 SO K10. 10]0.125 |0.118 (0.094 10]0.112
NTTX
beym: =& bn, bcym=1
k=1
wV . l dLOyj dzedzv tcOy' tsdzO dz' dzts’ VN LO fMmEzCkfd fm
4.1 AtSteddzeo OdzdzWw ROIsted y* fOtcdzed 2§ stc’ o dzgW dz’ gL LO ¢t
a1 4 3p 41 0.50.16 41 0.14 0.1 al 3 43§ 41 0.250.33%
Al: Bos1 20 a2 B 1 03P A3 B 1 050 a4 B3z 1 20 as: B o1 50
e (0] e (0] e (0] e (0] e (0]
¢0.330.5 1+ ¢c7 3 1+ c7 2 1 + ¢0.250.5 1+ ¢3 0.2 1 +
341 5 29 41 0.14 0.2 al 2 5p al1 3 2% 41 0.330.2%
A6: ®21029 A7: F 1 19 a8 Bs 1 59 a9 Raza 20 Al0: B 1 20
e 0] =] (0] e e e (0]
(;0.54 1 =+ g4 1 1 =+ (;0.2021— 905051— (;4 0.5 1 =+
4. 2 | L dzO 9 dzO 0L dz0O Olste 4 1 o 2, ¢ 3,
evl: feigenvalgAl))) ev2: feigenval{A2))) ev3: feigenval{A3))) ev4d: feigenvalgA4)))
evh: feigenvalgAb))) ev6: € eigenval{Ab))) ev7: feigenvalgA7))) ev8: feigenvalgA8)))
ev9: feigenvalgA9))) ev10: feigenval{Al0)))
4. 3 1| L dz0O (OXY O dz! 9 dzO oL dzO 4 Olste
Reavl Rgmaxevl)) Reavl=3.103 X1: weigenve¢Al,Reav)
Reav2 Rgmaxev2)) Reav2=3.037 X2: wsigenvedA2,Reavl & 3.025 0
. ev6="20.012r 0.272%
Reavd Rgmaxevd)) Reav3= 3.036 X3: eigenvedA3,Reav3l e 70
. ¢-0.012 0.272+
Reav4d Rgmaxevd)) Reav4= 3.015 X4 : sigenvedA4,Reavd
Reavs Rdmaxevh)) Reav5= 3.195 X5: eigenvedA5,Reav)
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Reav6: Rgmaxev6)) Reav6=3.025 X6: ®sigenvegA6,Reavf
Reav7. Rgmaxev?)) Reav7=3.029  X7: ®sigenve¢A7,Reav]
Reav8 Rgmaxevd)) Reav8=3.054  X8: =sigenvedA8,Reavd
Reavd Rgmaxev9)) Reav9=3.133  X9: =sigenvedA9,Reav9
Reavld Rgmaxevl)) Reavl0=3.103 X10: =sigenvedAl0,Reavl)

20.92% 20.14% 20.10% 20.91G5 20.15%
x1=%318 x2=F.20P x3=% 51 x4 = % 348 x5 = % 948
& 0 &0 20 &0 & 0
0.22% 0.943 c0.854 c 0.2+ 0.293
30.854 30.13% 20.83% 3.0.865 20.19%
x6=%.148 x7=.76% x8 = & 528 x9 =% 419 x10= %9 80P
&0 & 0 &0 & 0 & 0
C0.499 0.63% c0.133 c0.298 ¢0.559
4. 4 st dzlz 9 O dadd?O fipdgdSnls sitedzO u j dz!  3OIstedy! ¢ 1. . . ¢ 10

LamA: £Reavl Reav2 Reav3 Reav4 Reav5 Reavb Reav7 Reav8 Reav9 Reavl(

1 2 3 4 5 6 7 8 9 10
1 |3.103 |3.037 |3.036 [3.015 (3.195 (3.025 |3.029 |3.054 |3.133 |3.103

LamA=

4.5 160bC " GHiCh' o biatuy]dshls dandeyasEREegNe B0 1 g1
(NCYBD- 1)

1 2 3 4 5 6 7 8
1 0.052 0.018 0.018 |. 69131 0.098 0.012 0.015 0.027

IndSglA=

4.6 1thpC CtsjW' y' “dzls' 9 o' Hdetsfpdets’™ 1L GtsH ) jdetsfyls' Hdzw o

9 ' HYtso"' Hdzs ROIsted y" Vstekso Odz' fteOoddz! dzs SO ° & sy dzd
2INdSgIA .. 5

otnsgA: 90 0R omnsga=| | L | 2 | 3 | 4 |5 | 6 |7 |8 |9 |10
G ISogA + 1(3.464 [1.234 |1.196 |0.516 [6.548 [0.825 [0.985 [1.799 [4.473 |3.464

4.7 AttedlzoOdadz? &Oltedy' 61 | o zOMddR o jCkstk' o &Okkd

Xyl: augmen{Xl1, X2) Xy2: augmenfXyl, X3) Xy3: augmenfXy2, X4) Xy4: augmenfXy3, X5)
Xy5: augmenfXy4, X6) Xy6: augmenfXy5, X7) Xy7: augmenfXy6, X8) Xy8: augmenfXy7, X9)

1 2 3 4 5 6 7 8 9 10
1(0.922 |0.147 [0.102 |0.916 |0.152 [0.854 |0.131 |0.839 | 0.86 [0.193
2 10.319 [0.297 |0.511 |0.348 [0.944 (0.146 |0.763 [0.528 (0.413 |0.807
3 10.221 (0.943 0.854 0.2 10.293 (0.499 |0.633 0.133 |0.298 [0.559

AB : augmenfXy8,X10 AB =

4. 8 Stedlzo Odzdz” o dzO B LdzOyjde KBOHd WCYBPL k: ¢ (NETX HTS
AB, NCYBD AB, ,
ABN | : = : syml = § AB , Symiln =—— NCYBD
K NCYBD e ~ Syml ABnL: = § ABn
A AB. =1 k Lk
a ik i=1
i=1

Syml=1.461 Symllrr 0.631
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2 1
3| 1
1 2 3 4 5 6 7 8 9 10 7 1
ABn = | L ]0-631 [0.106 | 0.07 [0.625 |0.109 | 0.57 [0.086 [0.559 |0.547 |0.124 pBni=[E 1T
2 (0.218 (0.214 (0.348 (0.238 0.68 [0.097 0.5 (0.352 [0.263 |0.518 5 1
3 (0.151 | 0.68 |0.582 |0.137 |0.211 |0.333 |0.415 |0.089 0.19 |0.359 7 1
8| 1
. 9 1
ANTTX o as6.54%
. . .. . A 10| 1
i: £ NCYBD CYBDL: £ 3 ABn  @xn0d00  CYBDI= B5.132
] ; |,k 0 oe (0]
ck=1 - G27.325
CYBD1 41.33%
CYBD1n: =—— cyBD1r & 328
" min(CYBD)} al 0
g —

ANTTX ) 434.93%
N & .8,

i 2 NCYBD CvBDzag: 23 Aen | bn 0A00 CYBDzag= ?5.153
ck=1 + 929.912-

CYBDza 41.16%

CYBDnzag =————— CYBDnzag- K 178

mirn(CYBDzay <] 1 [o)

(; -

l .t OR 5o kz¥uydl, Miérasoft SQL ServerdzO B dz2' BOdz' dzed?2 f ' stedls g ls,
LeOLSCO ftod tsLtcOnkdSEz ELOGCOd dzj dzgsets ff sC OL dzd €
Hsfpdz" HykEoaOdzdr. J dRtsHwyd L Y’' séts LOGOdz dzd

IR [l [s:
1028 dz h WhkdSy' t5dzOd dzedds 5O dzOH' 2 dzd ds, I8BM DBR2J H dzts
\ A
1-]
0.5
e
-_lEr' 5} T =

CYBDnzag



163

[ SHOIsSSEC |

] " mMsddze ftescteOdzd ¢ dzOMmlsj edL Oy~ 5B O
Hylsj Slszo Odzdz? ° o' Hdstso dzj dzdzVv H



{ TtJatofmsdtrevohnrRl Avdd S [ Lt wph iy }
iy ViR wraws [ ¢ 8 U [ { RUF-G-Ammmmmmmmoo s }

{ 1 dsteizo Odzdzv 53 L O BOS id BOdz' dzd d3 L dzO yffj teaflz" .G’
{ 1tesotsHdl! MY L tORkzdsS Ct5j W dzj Mizq j toj ydebmls
{ jekdvtedL Oy ' f(oodtsets fjtejBtstelz ' o do jH}j dadaw
S — 99 jdatlg" o d R ' H-eBe-m----H-O-daef-r---mmmmmmmemmmeeem- }
USES CRT,MATR3F5,Stop_REZ{,WinAPI};

const

{n=6dz § SCHIBsdbOF IS’

{p=2;{¢adz ¢ " s & ' Mdzed}F L d2OC

kI=2; {Cdz ¢ "M% Mded » } 5L dzOC

nd=7{f sls iz dgj fqls ' dlatitstsiL dZO S o

n5=4;{ff tsls iz dej fls ' JcdzlftstsiL dZO €
var

f1,f2,f3:text; {f1-% O pdz v " G tHagd dz] 2 }

{f2,f3-% O2 dzgftc j o }

p4,pS5:tp4;

a,al,sora,sorb,soral,sorbl,cyl:te5;

z1,b1,zA,zB: varte6;

ed,e5,e,ml,m:varte7;

pa,pb:varte7;

bA,bB,bAl,bB1:varte8;

,,11,i2,i3,i14{,kd1,k11},r:integer;

iz,jziinteger;{ d3' Hzdz? H Bt Glzdzv tcdL Oy
rlinteger; {f d3' ézdz® s ek aytse d L dgOyJ dzdzv
psl,ps2,ps3,0st,0stl,ost2:real;

{p4:array[1..n,1..n4] of real; }{zO MY S . g f-itsL dZgOC d
{p5:array[1..n,1..n5] of real; ¥z Cdfirp¥ C. g pitsL dZOC d
ps:array[1..p] of real#30 Migte j..HdRQ Hz

j11:integer;

z:array [1..100] of integer;
BEGIN
ClrScr;

{writel iydmeigsdp =" ) ;

readin (n);

writeln (1 8 jowd MIZtsdzy ¢ &5 indEd

readin (p);}

{--mmmmmeee- w ¢ g dztle® &-g------------ }

{ dethLd-31} {ded € d-52} jto j{8MB } jto J-B4) M dzdf € d-B5}
{p4[1,1]:=0.7; p4[2,1]:=0.7; p4[3,1]:=0.2; p4[4,1]:=0.2; p4[5,1]:=0.7;
p4[1,2]:=0.2; p4[2,2]:=0.2; p4[3,2]:=0; p4[4,2]:=0; p4[5,2]:=0.2;
p4[1,3]:=0; p4[2,3]:=0; p4[3,3]:=0; p4[4,3]:=0; p4[5,3]:=0;
p4[1,4]:=0.6; p4[2,4]:=0.6; p4[3,4]:=0.6; p4[4,4]:=0.6; p4[5,4]:=0.6;
p4[1,5]:=0.5; p4[2,5]:=0.5; p4[3,5]:=0.8; p#5]:=0.8; p4[5,5]:=0.5;
p4[1,6]:=1; p4[2,6]:=1; p4[3,6]:=0.4; p4[4,6]:=0.4; p4[5,6]:=1,
p4[1,7]:=0; p4[2,7]:=0; p4[3,7]:=1; p4[4,7]:=1; p4[5,7]:=0;}
{Mmitc J.-81} {odMm 5-62} {fytc j.-83} {dzdf & d.-54} {dzf € d.-54}
{p5[1,1]:=0; p5[2,1]:=0.3; p5[3,1]:=0; p5[4,1]:=1; p5[5,1]:=1;
p5[1,2]:=0.3; p5[2,2]:=1; p5[3,2]:=0.3; p5[4,2]:=0.5; p5[5,2]:=0.5;
p5[1,3]:=0.7; p5[2,3]:=0.5; p5[3,3]:=0.7; p5[4,3]:=0.5; p5[5,3]:=0.5;
p5[1,4]:=1; p5[2,4]:=0.8; p5[3,4]:=1;p5[4,4]:=0.2; p5[5,4]:=0.2;}
{------ 1 [ [ s B&%'td ¢t deges------—-------- }



fori:=1to p do
begin
forj:==1tondo
begin
writeln ('p1[.i,",",},'1=); readin (p1][i,j]);
end;
end;
{p1[1,1]:=4; A[2,1]:=8.5;
pl[1,2]:=12.5; pl[2,2]:=4;
pl[1,3]:=4; pl[2,3]:=6;
pl[1,4]:=7.5; pl[2,4]:=2.5;
pl[1,5]:=6; pl[2,5]:=8.5;
pl[1,6]:=11; p1[2,6]:=5.5;
pl[1,7]:=4.5; pl[2,7]:=7.5;
pl[1,8]:=2; pl[2,8]:=11,;
pl[1,9]:=2; pl[2,9]:=2;
pl1[1,10]:=7; p1[2,10]:=7;
pl[1,11]:=11; p1[2,11]:=13;
pl[1,12]:=7; pl[2,12]:=14;
pl[1,13]:=14; pl[2,13]:=1;
{p1[1,14]:=2; pl[2,14]:=15;
pl1[1,15]:=13; pl[2,15]:=10;
pl[1,16]:=12; pl[2,16F10;
pl[1,17]:=12; pl[2,17]:=9;
p1[1,18]:=13; p1[2,18]:=9;
{p1[1,19]:=13; pl1[2,19]:=15;}
writeln (MemAsza dzts, daDtc tf @R OWC 2
readin;
{2 ] s 1kp Otedguz’ ¢ ke }

{------- 1B yd M dgodatig@dz! dzts ¢ Wg---+--€zO-4-4} dz
Max_STR;

{-- 2.1 & B @ dzdg? dzesef-mr------------- }
{ writeln@sw/[%ddigduw 5 R
fori:=1to p do

begin

for j:=1to n do
p[i.jl:=p1[i,j/max[i;

end,;

{fori:=1to p do

begin
forj:=1tondo
begin
writeln(' p17[',1,"," ), 1=, p1[i,j]:4:4);
end;
readin;

end;}

{-——1 [ {8 265lstizth BZBE@AdAE]dy] ¢ SMH)is------}
{158 Y d f)dnj Cadaeed | H fiHsd®dz'dz S dg'dalpdzd A
{writel ngCrizsfiio " wiids@dzjd2' ¢ * sy O OB
{GETMEM (I, SizeOf(te7));}

Ev r;
{fori:==1ton do

165



166

begin
forj;=1ton do
begin
write (" I'[\i,", ) 1=0100):4:4);
end,
readlin;
end,
{------ 2.8 Y d M dnj Uakaod | H fiHsd®d'* . deg ~dzelzd -
{writeln(" & z 3@ CHwiafBo * H M ls @RS M dzd di3d edij|HrO ¢ O &z
{GETMEM (e4, SizeOf(te7));}
Ev_r1 (n4, p4 seada)d;mfd] exspysthpls o Pt
{fori:z=1ton do
begin
forj;=1ton do
begin
write (' ed™['\i,")"],' =", e4[i|j]:4:4);
end,
readlin;
end,
{writein(" & &z dj®@CriafBo ' H fls AR 2 dzd di3d B O ¢ O &z
{GETMEM (€5, SizeOf(te7));}
Ev_rl (n5,p5,e5);ff tc sy j 5 HEzipddm dej dedipsShel. b fiptee
{fori:=1ton do
begin
forj;=1ton do
begin
write (' e5™['\,i,","), 1=,e5[i1Nj]:4:4);
end;
readin;
end,;
{writeln( & z 3®©CriaB o * H Mls @] M ded &3 €i5j]);#20 ¢ O d3d
{GETMEM (e, SizeOf(te7));}
SUMMA (e4,e5,e)f tec sy J H tizHc@9o 62 diaig
{fori:=1ton do
begin
forj;=1ton do
begin
write (" e™[',i,","),' =" e[i|j]:4:4);
end,
readlin;
end,
writeln(' & 2z d®@H jo Cvlaxford * H ) lsn=diEji]2€[i j]);}
{GETMEM (m1, SizeOfte7));}
SUMMA (l,eml){ff tctsy j H tizHc@s | [Oj¢lzfii ,j]}
{fori:=1ton do
begin
forj;=1ton do
begin
write (‘' m1[',i,","j,'1=",m1[i]\[j]:4:4);
end,;
readin;
end;}
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{writein(" [ ¢ut £RA [ RS fafoqull R )}
{GETMEM (m, SizeOf(te7));}
D_.m (ml, m); {Htst yf wdz@En R w8al’ H b Odzj 2
{for i:=1ton do
begin
forj;=1ton do
begin
write (' m”[Li,',)"),' 1=, m[i|N]j]:4:4);
end,
readlin;
end;}
{ sud fis S 'Oy dptPigH d3
fori:=1tondo
begin
FREEMEM (I[i], n*sizeof(real){SizeOf(te7)});
FREEMEM (e4][i], n*sizeof(real){SizeOf(te7)});
FREEMEM (e5[i], n*sizeof(real){SizeOf(te7)});
FREEMEM (e[i], n*sizeof(real){SizeOf(te7)});
FREEMEM (m1[i], n*sizeof(real){SizeOf(te7)});
end;
writeln (MemAvail, '1 O D15 dzff 'idatds y d Mmlledede,ml ),

readin;

Sor _1 (m, a); EHofOckgysjpbzte @ C migtusds d y
L el A T O o O B B }
{writeln (&ftuwlui12xduv

kd1:=(n*n-n) div 2;
{for i:=1to sz do
{begin
Stop_Kadr (i);
writeln (" a[',i,']=",a[i]:4:4);
end,
readin;}
GETMEM (z1, SizeOf(te6));
Dip (am,z1);{ f tctsyj H z e ® O Bty dg dz' $
{--- IRITrr v CrY vf U gommmmms }
{writeln (' W ts tizdy O dzdpy SR Is tdeydgd Cidy;
for j:=1to kd1 do
begin
Stop_Kadrl (j);
writeln (¢ H toy Y &'dggue------------ "
write (-z1[1,"j,'1=,z1MN1,j]," );
write (~z1[2,"},1=,21"2,]1," ;
writeln (----a[',},']=",a[j]:4:4);

end
readin;}
GETMEM (b1, SizeOf(teb));
Dipl (z1,b1);
{tesyjHEZtO o' HM' COdgdzy L O2odr} HdYBdZ 98 HAzvw W stsl
e LY O I N o T }

{ writelmdwW '@ dpedesdaft 8
ASSIGN (f1,'d:\Work_pnKlast1fSdipol4');

REWRITE (f1);
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{for i-=1 to 2 do begin
for j:=1to k1 do
write (* ",b1Mi,jD);
writeln;
end,
readin;}
fori:=1to 2 do
begin
for j:=1 to k1do
begin
write (f1," ",b1i,j]);
end,;
{writeln;}
end;
FREEMEM (b1, SizeOf(te6));
FREEMEM (z1, SizeOf(te6));
{CLOSE (f1);}
ASSIGN (f2,'d\Work_pAKlast1fBPodA";
ASSIGN (f3,'d\Work_phAKlastlfSPodB");
{(—-BtecOdz" LOYy' v ydé&dzz Hdzw Htso dL dzOx}j dedew dzj MY § to
{----k1--C " dz» € " fMlsy HdfBdZ 9 k& §" ' HM' yjdg' 2 dBOBdYy' H
rl:=round(exp(k1*In(2)));
j11:=0;
ost1:=0; iz:=0;
REPEAT
{for iz:=1 to 1{r1} {do}
{Begin {} syOlg&eztso d L dgOyj dzdzv
iz:=iz+1;
{LydiszeoWodzyr L
RESET(f1);
for ;=1 to 2 do begin
forj:=1to k1 do
read (f1,b1i,j]);
{writeln;}
end,
j11:=j11+1;
for jz:=1to k1 do
begin
if jz=1 then
begin
if odd(j11)=TRUE then z[jz]:=1 else z[jz]:=0
end else
begin
i4:=round(int(j11/2));
if odd(i4)=True then z[jz]:=1 else z[jz]:=0;
j11:=i4;
if jz=k1 then j11:=iz;
end,;
end,
{foril:=1to k1 do
begin
write (* ',z[i1]);
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write;
end;
readin;}
{f 4 o] oHsdeftstddzj 2
foril:=1to k1 do
begin
if z[i1]<>0 then
begin
13:=b17[1,i1];
b1M1,i1]:=b17[2,i1];
b172,i1]:=i3;
end;
end,

{writel™dv rkdstomgkzesdzp gz
{fori:=1to 2 do

begin

for j:=1to k1l do

write (" ",b1Mi,jD;

writeln;

end;

readin;}

Podmn (m,b1,pa,pb);
{fesyjHEZEO Wtstedizo OdzdW 35 @ dzdetsy ddz s H' § Sdz

{ B3OIS' B dzf & fjls------mm e }
{---mmmme- IRlItrrvl cr v Pus--u---mmmmmmm- }
{writelnofel Yo}

{for i:=1to k1-1 do
begin
for j:=i+1 to k1 do
write (‘pa’[',i,"," ), 1= palilj]:4:4," ");
end,
readin;}
{-- I dojHj dzde) 'O s fe-ef-34}
{for i:==1 to k1 do
begin
for j:=1to k1 do
begin
pa[j]il:=pali]"{il;
write (‘pa”[,i,", ), 1= palil*l]:4:4," ');
end;
end;
readn;}
{writein " p [ 1 { R ¢ -—-B--—--)}
{for i:=1to k1-1 do
begin
for j:=i+1 to k1 do
write ('pb™[',i,","), 1= eb[1]:4:4," );
end,;
readin;}

— I dojHj dzdefn‘dBOIs te-€f-+}



{ for i:=1 to k1 do

begin

for j:=1to k1 do

begin

Pb[jI[i]:=pb[i]"[i];

write ('pb[,i,""),' 1=, pb[i1Nj]:4:4," *);
end,

end,

readin;}

{feYjHEzKO ne3udips Qdzdz” } 1 °

Sor_1AB (pa,sora)ftesyj HkztcO Mbtclskzo Odadzv ¢ }j dzj d3j dzls* o

| e L SO o O B R o }
{writeln (&[guwluhawedy [ R}

{for i:=1to sz do
begn
Stop_Kadr (i);
writeln ('sora[',i,"|=',sora[i]:4:4);
end,;
readin;}

GETMEM (zA, SizeOf(te6));
Dip_ AB (sora, pa, zlAa Qi 4§ 6 tsdz) -0 Isicd tgd3
{- JRITT T UL €LY 0 U oo )
{writeln (' ¥ ts tizalz@ida d § ts dzy dd datfoled--¢ -----');}
kd1l:=(k1*k1-k1) div 2;
{for ;=1 to kd1 do
begin
Stop_Kadrl (j);
writeln (¢ H teg Y ='ge-------m---- ;
write (~zA[1,"],'1=,zANL,j]," ;
write (-zA[2,"],1=",zZAN2,]]," ");
writeln (-----");
end;
readin;}
Sor _1AB ( pb, s diysigls;iz ofe}cirisi dplifids datiooizeB}
{------ il R O O O o O I R }
{writeln (" nlun2boddme i-d-----)}
kd1:=(n*n-n) div 2;
{for i:=1to sz do
begin
Stop_Kadr (i);
writeln (* sorb[',i,']=',sorbl[i]:4:4);
end,
readin;}
GETMEM (zB, SizeOf(te6));
Di p_AB (sor b, pl 2Bk { it tsdzj ?-zB@5tcd y
{--- IRItrr1rvce vf us g5-mmmmmmmemes }
{writeln (' W s tzlz@iz H d & dAAS oiff--B-----);}
kd1l:=(k1*k1-k1) div 2;
{for j:=1 to kd1 do
begin
Stop_Kadrl (j);
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writeln (¢ H tog @Y SgZw---mmmmmmeo- Y);
write (-zB[1,},']=",zB 1,j]," );

write (-zB[2,",},1=",zB"2,j]," ");

writeln (-----");

end;

readin;}

{writeln ( MemAlxadetd ,daPtc g RodstRaizaits j tcj 0 O ¢ ' ) ;

readin;}
Derevo_AB (zA, kd1}lzgktiM) o j@Elifc@yjHEtcO
clrscr;
{--- IRltrevvendt Sl oo ra-i-t4-¢}
{writeln(\W s tc i3ts & O dzj'H egdaetfeceppdsOsfd H ' ) ; }
k:=0;
for i:=1 to kd}1 do
begin
S:=0;
for j:=1 to k1 do
s:=s+bA[i]V[j];
if s<>0 then begin
k:=k+1;
getmem(bA1[k],k1*sizeof(integer));
bAL[K]™[]:=0;
for j:=1 to k1 do
for j:=1to k1 do
begin
bAL[KI[]:=bA[i]"[]; {Stop_Kadrl (k);}
{write(" ",bAL[K]"[]]):}
end,;
{writeln (" k="k," ");}
end;
end,
{readIn;}
{LOfdMm o WMHO2ndg tajdeORy jAdZ
{ASSIGN (f2,'d\Work_pAKlastlfAPodA")}
REWRITE (f2);
fori:=1to k do
begin
for j:=1to k1 do
begin
if j=k1 then
writeln (f2," ,bAL[i]"[]]) else
write (f2," ",bAL[iJID;

end;
end:
Derevo_AB (zB,kd1,k1,bB);{f tc sy j WH tizt@wz j tc JJo O
clrscr;
{---mm- IRltrevvendtf Ll ovd4d 1 ett44 B
{writeIn('a¥¥ tstc 3ts © O dzj'H eggeteePdsEOstff H ' ) ; }
k:=0;
for i:=1 to kd*1 do
begin

s:=0;
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for j:=1to k1 do
s:=s+bBJ[i][j];
if s<>0 then begin
k:=k+1;
getmem(bB1[Kk],k1*sizeof(integer));
bB1[K]"[j]:=0;
for j:=1to k1 do
for j:=1to k1 do
begin
bB1[K]™[]:=bB[i]"[]; {Stop_Kadrl (k);}
{write(" ",bB1[K]"[[]);}
end,;
{writeln (" k="k," ");}
end;
end,
{readin;}
{LOfdMm o WOIHY ta jodBOY JldE
{ASSIGN (f3,'d\Work_pAKlast1fAPodB');}
REWRITE (f3);
fori:=1to k do
begin
for j:=1to k1 do
begin
if j=k1 then
writeln (f3," ,bB1[i][]]) else
write (f3," ",bBL[i][D;
end,
end,;
KRIT (bA1,bB1,k1,cyl);
i2:=0;
for i:=k1-1{1} downto 2 do
begin
i2:=12+1;
{writeln('s ¥.dzj § totsls d YT © tz@dy ts/1[i2]:4:4);
readin;}
Append(f3);
writeln (f3,'s GWV.dzj §f tetsIs d 6 CY, O © tz@)dy &/1[i2]:4:4);
end;
{---tfigio'tc ¢ O LdtzOQqy &z=0 dzO { tebf g+ tslzy Asdae jtadrodz fsiddz O y
clrscr;
{writeln (@¥. dzj f tetsls JtsQ ayyfde tsin'ls) s; s
writeln ( T EEREEEE R EE PR 0}
ost2:=0;
for i:=k1-{1}2 downto 1 do
begin
if cy1[i]=0 then
begin
ost2:=0st2+1,
writeln ('s Bv. dzj § e tsis d GGV, 49, tyi]ik4:4);
{readIn}
ost:=0;{L d3' dztlz® d}dzS d
end
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end;

if (ost2=1) and (ost=0) then readin;
oo }
{writeln ( MenAbbadidl,tc s oty G2 Is
readin;}

FREEMEM (zA, SizeOf(te6)),
FREEMEM (zB, SizeOf(te6));

for i:=1 to kd1 do begin

FREEMEM (bA[i], kd1*sizeof(integer));

FREEMEM (bBJ[i], kd1*sizeof(integer));
end;

for i:=1 to k do begin

FREEMEM (bALl[i], k1*sizeof(integer));

FREEMEM (bBL1][i], k1*sized(integer));
end,

fori:=1to k1-1 do
begin
FREEMEM (pali],{sizeof(te7)}k1*sizeof(real));
FREEMEM (pbl[i],{sizeof(te7)}k1*sizeof(real));
end,
{writeln (MemAvail, "1 ODI5 dzo dadpy d &uias e d L dgD yJ dzdzv
readin;}

ostl:=ostl1+1;

until ((((ost=0) and (ost2=1))) or (ostl=rl));

{end{S dzj' W d &ifiAs --HIso d L dz®Dyj dzdz™
CLOSE (f1);

close(f2);

close(f3);

fori:=1ton do

FREEMEM (m([i], n*sizeof(real));

writeln ( MeanmAdzffifdatisyd'mis©@Yl ) ;
readin;

END.
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PO BIPOBA[Kenng pﬂ?\’ﬂl»’l‘ﬂTlD ZIHC?p’I'lIllHHOI"O qocH l,J)K&HH)!
Kyspmerko Jiai Boxoannvmpinitu

Harum aKToM 3aCBLTIVETECH, LUO HHKYSTIEPSTIYeH] HAYKOBI ITONIOMKCHHN, & Cane:

1EXUOAOMNS CTROPSHHA T8 BHOOPY PALIUHHILHOID BAPIAHTY NOOVIOBH aBTOMATHAORAIION

cueten yripariiHas (ACY ) manosoro coryvariiroro nerTpy (CLD), sica nocyye s cobi:
MERIOD (FPMYREN s PANIOHATORGE Kor@izypawdt npomonnary: APM muncsezo CLI
Menod Guapy paylokarero2o eapicny I3 nowciadnozo piens munceozo CLL

TCXHOJIOTIS RI3IHAYSHHA BILTHBY 31p03 Ha upoucch gynkigonynanms Tanosoro CL1
T4 OULIKH CTany HOTO 2ANHINSHOCTI, AKA LOEunyve 15 cobi;

CRAINMAHY MO Fposmubopemiea cucnieai 2oy CLLma cnengsodor comapesag

MoOERL oyingu cmany savagenocwi ACY CL eio xidepsazper;

WEWIOD QEMEKIMBEHHS A RIORORICHHR dory & CLT -
o pospodacHi Kyanvenxo JLB, muxopuetaso s Inciwrynl mpoGnen wMaTenMaTHeHMX

mawmy 1 cncrem HAH Yrpairot mix gac suxoranns v 2019 — 2020 poxa\ 3a /leprcaniinm

koHTpakToM B 09.08.2018 Ne 183/182 HaykorO-mOCTIEHOL pudoiu «busme-Haykay
(aeprkapBMH HOMCP peecT pait 011900000421¢), cOpAMOBAHOT HA BHAPITISHHES [MTAHbL
nohy¥IonH Mepeui 1upadtosiaarinx Cl ] cextopy Gestieku i oSopoim (CBO).

OtpuMadi JLB.KysnMenxoe pesymeTard §ylio BMKOPHCTANO MPH IOCHLDKEHH]
npodnenu Hody osr pianopipx ivdopvauiiinux cucrem (IC) pizaux CL ChO Ta
OOMIHY Janwmy MK THMH B KOHICKCTT NPUANSTTS OODTPYHTOBAHMX piens Moo
subopy npototHmy APM  pauionannioi  koudirypamii Ta pamionatnoro [13
UPHEIIHOMD  PINIS U KoMiniekrysanis APM ta tunosoro CIL B nizony.
BINCILAKOBYBAHHA BIUTHBY IMKI;UTHIMX Tporpan, sasiuomo datnmmporo I13 i
LIOAKICHUX IMHOPYIOTHX koain 1a inpopManifigo-texsonoriuni npouecu 8 ACY CI,
d TAKOX OLIRFOBAHHA CTaNy 3axXHIIEHOCTI BapianTty nofyiord ACY CLI sijy sarpos
MOPY¥IIeHH Liniciocti, koubiaeHuiEHOCT! i 1ocivinoeTi Ta yoesneenns sin HCI 10
pecypeis Cl1ta irndopyalil, Wo 5 HUX LKHPKY.TIOF.

Orpumaini aBTOPOM  PC3yNBTATH - IOIBOLAIOLE  LIABMUIMMTH  APEKTHBHICIB
thynxnionyBagss Mepexi rapairosnatinx CLL B nogaswmony ix Gyme BHxopHCcTano
g noGYIOBH MO rsacMofil MpH cTeopenni mepead Cl1 opragis gepscasiiol rnasmm,
me facTs 3mory of’curamy Ix IC B eamne indopmaniiine nmone ofmisy manmve Ta
TO3BO/LL LB 3HA'HO TIPHCKOPHTH 1 CLPOCTUTH TX 1HTEMDaTTiFo,

Sasigysay siamiay 235 INMMMC HAH V KpaiHs, ! " -"»""‘:3'3“;5:’34*'“""‘/
K.T.M. _——BabTT pcaaninon
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