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Jomartova Sh.A., Ziyatbekova G.Z.

To the question of problems of development of an automated system for warning and forecasting break-
throughs of dams

Summary. This article describes hydrotechnical structures that are hazardous to human life and health, as well
as the monitoring of water levels in seas and rivers.In addition, it is a basic method to create an automated system for
solving problems.The overall objective of the article is to draw attention to the massive material damage and to the
problems that arise from natural disasters and emergencies that may result in human life. The article also discusses the
methods of water level monitoring in the reservoirs.

Key words: forecasting the effects of floods, disaster, GIS-technologies.

JKomaptona IIL.A., 3usaroexosa I'.3.

Bererrepain 0y3bUIybIH ANIBIH-AJY #KJHe 00JIKAYy YIIIH aBTOMATTAHABIPbUIFAH KYlHeHi 33ipiey macene-
ciHiH cypakTapsl

Pe3rome. byrr makarmaga amam emipi MEH JIeHCAyNbIFBIHA KayilTi OONBIN TaOBUIATHIH THAPOTEXHUKAIBIK KYpPHI-
TBIMIAp, COHIAl-aK, TCHi3ep MEH ©3¢H-KeIIepHAeri Cy JCHTreHiHIH MOHHTOPHHTIH JKYpPTi3yre CHIATTaMa OepiireH.
CoHBIMEH KaTtap, 0J1 MacesIeep/Ii ey YIIIiH aBTOMATTaHABIPBUIFaH )KYHe KYpy Heri3ri o/ic 00bIn Tadbutaaspl. Maka-
JIAaHBIH KaJIIIbl MaKCAThl —ayKbIM/Ibl MATEPUAIIBIK IIBIFBIHHBIH JKOHE aJaM eMipiHe HYKCaH KEeATIpeTiH Ayiel amaTrap
MEH TOTEHIIIC XKaFAalIapablH calJapblHaH TYBIHIAWTBIH MOCEJe/ieprere ajgam3aT Ha3apblH ayaapy OOJbIN TaObLIAIbI.
Conpaii-ak, Makanaia cy KoiMatapbIHJarbl Cy JCHIeHiHIH MOHUTOPHHTIH JKYPri3y oicTepi ®alblH/a alThUIa/IbL.

Tyiiinai ce3nep: cy TacKbIHBIHBIH 3apanrtapbiH Ooswkay, Taburu anar, I'AXK-texHosorusnap.

VJIK 539.3

Naizabayeva L., Orazbekov ZH.N., Nurzhanov CH.A, M. N.Satymbekov, G. Turken
(Institute of Information and Computing Technologies, Al-Farabi Kazakh National University,
Almaty, Kazakhstan, E-mail: O.Jas@mail.ru)

DISTRIBUTED DATABASE FOR CORPORATE INFORMATION CONTROL SYSTEM
OVER ENTERPRISES NETWORK

Abstract. The article herein considers the task of building the corporate information system for the network of
big geographically-distributed enterprises of retail sales, as well has studied the design of distributed database and its
operation parameters computation.  Currently there are active processes of small enterprises integration into
corporations. Corporation information systems, as a rule, shall secure the work of several geographically-distributed
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subdivisions. In that respect it becomes impossible to use database centralized architecture. Information resources shall
be distributed. Proceeding from the executed work there were formulated the criteria allowing selection of base
software products, meeting the requirements of the future corporate information system (CIS). For the present time
there have been recommended DBMS Progress (v 9.1B), OS Windows XP for a front end, OS Windows 2000 Server
for a back end and network protocol TCP/IP.

There has been elaborated a general model of corporate information system distributed database structure; class
ERP for controlling over branches network and methods of its operation optimal characteristics computation.

Key words: distributed database, business process, corporate information system, database managing system
(DBMS), data models, replicating.

Introduction. Timeliness is conditioned with the fact that at present the network technologies make
up the base of corporate information systems of contemporary enterprises, the business of which demands
continuous, reliable communication facilities operation and data processing [1]. An important task is
securing the network technologies reliability. Upon fails and rejects in hardware and software facilities of
corporate information system all system users’ normal operation is disordered, also such malfunctions in
data storage information processes, such as data loss or data distortion are very dangerous. The mentioned
disorders in the system operation bring to enterprise’s big losses [2]. Therefore it is necessary to draw the
most careful attention to information processes, occurring in the system, trace its reliability and correctness
of the information processing results being obtained [3].

The research of the system thereof is made in scientific works of foreign scientists Dyllick T.,
Hockerts K., Hahn R., Cohanier B., Biberstein N., Earle T., Kumar B.V., Mabruk M.l., Josuttis N.M.,
Robinson R., JI. Westerman D., Russian scientists, involved into corporate database research are Grekula
V.1., Samarina A.V., Popova S.B., etc. In the field herein we can distinguish the works of such Kazakhstan
scientists as Kuandykov A.A., Niyazov R.S., Naizabayev L., etc.

Corporate information system, as a rule, shall secure the work of several geographically-distributed
subdivisions. In that respect it becomes impossible to use database centralized architecture. Information
resources shall become distributed. Distributed database is a complex of logically interconnected database,
distributed in the computer network.

Nowadays from the sphere of retail sale there is practically disappeared the phenomenon of «surplus
profity, which have had place at the dawn of market relations establishment. Under competitive
circumstances the revenue generation is possible, mainly, through retail margins abatement and sales
turnover increase [4]. But not merely the low prices attract a buyer. Sales volume is influenced by a number
of factors. As an example we can exemplify an assortment structure. A shop should present the commodities
a buyer is interested in. And the task is much more complicated than simple revelation of the most saleable
goods names, as availability of certain goods can make an impact on other commaodities turnover [5,6].

Taking into account insufficient means, allocated for marketing and management there is needed a
qualitative transition. Management performance upgrading means using the information system.

Corporate information system architecture for enterprises network control. Integrated system of
trading enterprises network automation system is a complicated set of hardware and software [7]. System’s
performance, reliability and functional potentials to a large extent depend on the corporate information
system’s efficiency.

Concept-based statements having become the basis for corporate information systems designing have
been solved by the tasks, facing a shop, being a structural unit of commodity-money circulation area [8,9].

The offered structure can operate solely at overall automation of every shop and at smooth-running
operative information exchange [10]. That is, there is required a corporate information system able to solve
the set problems.

As far as hardware structure is concerned, it is designed, first and foremost, to secure the trading
process operation. In other words, it is indispensable to organize efficient front-office devices functioning,
i.e.: checkout counters, electronic weighting units and labels printers [11,12]. Hardware structure might be
considered efficient, if it makes possible an operative data exchange and continuous front-office facilities
operation. In that respect there is introduced a dedicated server to manage counters, weighting units and
printers [13].
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Structure of distributed database for corporate information system of control over the branches
network

Herein we consider an enterprise, consisting of one-type branches network N and one control center.
Distributed database, in this situation, represents the complex of logically interconnected database control
center and N similar branches’ database. As data changing transactions, as a rule, do not go beyond the local
network, their optimization method is the distributing the computation for local database. Let’s focus the
main attention at optimizing the requests to database [14].
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Upon the conditions of direct links unavailability between the branches. All requests to the distributed
database might be classified as follows:

1. Requests to a branch data within the branch local network

2. Requests to a branch data from the center

3. Requests to a center data from the branch

4. Requests to a center data within the center local network.

Local area network of a branch Local area network of the center
Branch data Data center

Figure 3. Request types

As well all requests can be broken down additionally into one-time (data is transferred
simultaneously) and manyfold (one and the same data is transferred repeatedly). It should be noted that the
most expensive are remote requests, i.e., requests between a branch and center. Particularly, the requests
thereof shall be drastically optimized. First of all, it is reasonable to use distributed computing upon
transmitting only final data, and total front-end processing is fulfilled within the remote database server.
Naturally, in that case there is being increased the load on the database server, but it is in most cases paid off
at the expense of considerable acceleration of requests fulfillment and traffic decrease [15]. To increase the
speed of manyfold requests processing there applied data storage techniques, which execute data
aggregation. Aggregation demands additional computing resources and memory volume on hard disks [16].
Aggregation process can be executed asynchronously, when processing is performed after initial data
changing. It allows distributing computing resources at a time more evenly, but hereby there occur the
problems of data consistency and truth. Replicating is frequently applied for repeated remote requests
optimization, also in cases of particular requirements to single-shot requests execution speed. Upon
replicating there again occur the tasks of the data consistency and truth [17,18].

Operation of distributed database of branches network control

There are N similar local database branches and one control center’s local database. Let’s consider the
case, when branches do not interrelate, center and branches are connected by means of ADSL. Replicating
the center’s reference table to the branches actually is the global control transmitting. Apart from the global
control there is fulfilled the local self-control over a branch.

Let us introduce indications:

Branch local network fulfills transmitting express requests results and requests outcomes through
applications server.

TF — aggregation period of the branch operative database

TG

K,fg,a "~ aggregation factor of the branch database

vF— flow rate of the branch database initial data
Vv

~ replicating period of the branch storage

" = flow rate of the branch users database requests
q" users requests number
N — pranches number

c —
4 center’s reference table volume
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T >» — local control period

Toon— replicating period from the center

V!iﬂ?! ~ data volume being processed for local control computing
Vion — data correcting volume after local control computing
Sav— processing time of the branch’s DBMS data unit

s" = processing time of the user’s operating station CP data unit
Z — computing distribution parameter

Ksi ~ relative data reduction upon fulfilling the request through applications server.

Branch’s DBMS fulfills initial data recording, aggregation data recording into the storage, replicating
data recording from the center, local control recording, reading the data requested by the users, reading data
for aggregation, reading data for replicating to the center and reading the data for local control. At that, one

. . F . .
recording operation corresponds to Ka» reading operations.

Ve vE Vi = KF vE 1
Kz (VP +VE K, 4o to ) LV EVE 4 S T
E_gr?" cr.m + Te + TF cr.:-n + TF Te + TF cr.:-n + T Sib (1)

Branch’s local network fulfills express requests results transmitting and transmitting the requests
results through applications server.

_r @)
g F

natwork

zeV®+(1—z) =KL =V" <

Global network fulfills transmitting replicating data from a branch to the center and from the center to
a branch. At that an incoming. In this case, the incoming speed in KADSL is greater than the outgoing.

Ve vE«KF 1
N = KADFL C F TN* c Ei’" = ADEL (3)
ctm +T°+T r+T Snamork
KADEL VF KEFQ'?" + Vc 1 (4)
ADSL
Te + TF can +T°+ TF snsmork

User’s operating station CP executes express requests data processing.

sepm e & 5)
S?!

Branch server CP apart from serving DBMS operation fulfills aggregation computing, local control
and requests data processing computing through applications server.

c F
v I;H-IZ'I:I"I.

VF
F o, (vF F, pF n F F
g5, * (de (vF+v Klor + e T 7) +VT+VE + +;F=Lm T )

F
& & il
F agr con n
Gagr*V" +— 7+ e G,*(1—z)=V

(6)

519 ro

Average time of users’ requests processing:
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Ve VF VF - K’F
*(Kib*(vuv*’#ff*’ + + )+v”+v?+—“g’"
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F F F

IV 50 e h)
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()
Penalty for exceeding the global network traffic:
. \ F . F
APk = O VA < T < VL™, whereV4Psk = N « v + V" * Kagr
CADEL- - (VADSL #T — V;E.L.??EL Tc};n 4+ T4 TF T 4+ TF (8)
Penalty for local control delay:
0, T +T7F < TF,
cE = CF e 1_& 9)
comn Tin _|_ TF
Penalty for global control delay:
. ':IJ' Tim + Tc + TF {c ch';vn (10)
Ccon = 7 . . Tcm
Ccon #T*|1-— F
chﬂ?‘! + TE + T
Penalty for users’ requests processing delay:
n 1
cn — { [IJ' tﬂi'.-‘El?"EgEl < Tﬂvsrﬂgﬂ (1]_)
averags .
C::FEIP"EHEI * [t:FE?"EHE - TEHFE?“EHEI)

. F F -
Operation parameters (T T Teons Teons Z) shall be selected so as to reach penalty minimum sum.

el ol N Y
SADSL' + Cfﬂ'?‘i + C:D?‘E + C;L‘EI?"EQ'EI = mi'n (12)
1<TF<T
1<T5 +TF<T

1<T°4+1<TFf<T
1<T5 +T°+TF<T
0=-z<1

Based on the offered algorithms there was fulfilled distributed database operation parameters
computing to minimize operating cost based on the following initial data.

DBMS: Enterprise Progress 9.1B28

Server: Intel 2 x Pentium 111 800 RAM 512 RAID 5 OS Windows 2000 Server.

Client: Celeron 700 RAM 64 OS Windows 98

T =43200 minutes (period)
ve =1560 (branch database initial data flow rate)
V™ =30000 (flow rate of the branch’s users data requests)
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4™ =50000 (users requests amount)
N =3 (number of branches)

V< =5000 (center’s reference table volume)

Vizon ~25000 (data volume being processed for local control computing)
Vi =4000 (data correcting volume after local control computing)

angr ~0.05 (aggregation factor of the branch database)

Kfa =0.1 (relative data volume reduction upon fulfilling the request through applications server)
Kz =30 (ratio of recording speed to the reading speed of database)

K APSE =5 (ratio of ADSL data receive and communication speed)

S natwork =1.53¢-6 (ADSL data communication time)

S petwork =2.38e-8 (branch area communication time)

Sén ~1.05e-5 (branch DBMS recording processing time)

5™ =166e-5 (user working station CP recording processing time)

S igr ~4.16¢-6 (recording aggregation time)

S =2.00e-6 (time of recording preprocessing time on database server)
S igr' ~0.007 (time of aggregated data block recording)

S éon =0.05 (time of local control block recording)

Var ™ =2.10e+6 (prepaid network traffic)

C jﬂﬂ' ~1.72¢-5 (payment for exceeding traffic network)

Tzon =60 (tolerable delay of local control)

Clon =0.29 (payment for local control delay)

Téon =1440 (tolerable delay of central control)

Ceon =0.13 (payment for central control delay)

Tlon =1 (tolerable time for user’s request processing)

Caverage ~1000 (payment for user’s request processing delay)

T¥ =g

T =300
Tion =0

Tfon =0

z=)

CADSL + CE.FI'J?‘! + C:ﬂ'?‘! + CEHL‘E?‘E_Q'E =0

Thus, operation will be performed according to the next plan:

Every 60 minute (1 hour) there is fulfilled branch’s data aggregation. With periodicity 360 minutes (6
hours) branches’ aggregated data is replicated to the control center. With periodicity 360 minutes (6 hours)
the global control is replicated from the control center to the branches. Local control is fulfilled with
periodicity of 60 minutes (1 hour). Overall users’ requests processing is executed on the database server.

Conclusion

Active developing the information technologies sets up prerequisites for creating and applying
corporate information systems. Despite a large number of systems presented at the Russian market, the
enterprises’ management has to take decisions on elaboration of similar systems in retail trade area. In
particular, it has the big practical importance.
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In the result of the fulfilled work there have been formulated the criteria allowing to choose the base
software meeting the requirements of the future corporate information system. Currently there were
recommended DBMS Progress (v 9.1B), OC Windows XP for front end, OC Windows 2000 Server for a
server and network protocol TCP/IP.

There has been developed the common model of distributed database for corporate information system
of class ERP for control over branches’ network and its operation’s optimal characteristics computing
methods.
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KocinopbIHHBIH TapaThLIFAH JIepeKTep KOpbI KeJilepiH 0ackapy yIIiH KOPIOPATHUBTIK aKNapaTThIK Kyie
KYpY

Tyiiingeme. byn makanana ipi ayMakThIK cayzaa OeJiek »ejiiepi YIIiH, TapaTbUFaH KOPIOPaTUBTIK aKmapar-
TBHIK JXYHECiH Kypy Maceseci, COHaii-ak OeiHTeH aAepekTep 0a3achiH jk00anay >koHe OHBIH )KYMBIC iCTey mapameTpJie-
piH ecentey Kapanael. Ka3ipri ke3qe marblH KOCIMOPBIHIAPABIH KOPIOopanusiapFa HHTETPpAUsUIay YPIici KapKbIHABI
namyna. KopropanusiHbIH aKIapaTThIK KYHeci, ofeTTe, OipHelIe ayMaKThIK OOTiHIeH OipIiKTepIiH *KYMBICBIH KaMTa-
Mace3 eryi Tmic. OchifaH OaiyIaHBICTBI OPTAJIBIKTAHABIPBUIFAH JiepeKTep Oa3achIHBIH COYJETiH MalAaliaHy MYMKiH
emec. AKIapaTTHIK pecypcerap yiaecTpMeni 6oy kepek. JKypri3inre >kyMbIC HOTHXKECIHIE KaJIbIITaCKaH KPUTEPHUAIep
6omamak TM/ TananTapbiHa colikec KeJETiH Heri3ri OarjapiaMaiblK eHIMAEp/l TaHIayFa MYMKiHAIK Oepeni. Kasipri
yakpitTa 613 CYB/] Progress (v 9.1B), kimenTrik 6emix ymin Windows XP, cepsep ymin Windows 2000 Server xone
TCP / IP xemninik MPOTOKOJBI YCHIHBLIFAH.

@unnan xxernicin 6ackapy *oHe OHBIH XKYMBIC iICTEYiHIH OHTaMIIBI CHIIaTTaMallapblH ecenrey aaicrepi yuriH, ERP
KJIACBIHBIH OOJIIHT€H JIEPEKKOP KYPBUIBIMBIHBIH, KOPIOPATUBTIK aKIapaTTHIK KYHECIHIH KaJITbl MOJEI] KYPbIILIbI.
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Tyiiinai ce3nep: TapaTeiIFaH Jepekkop, OM3HeC yepici, KOPIOPaTHBTIK aKIIapaTTHIK Xyie, Tepek KOpeH Oac-
Kapy xy#eci (AKBX), nepekrep yirinepi, permkanus.

Haitzabaera JI., Opasz6exos XK.H., Hypxanos I11., Cateim6exoB M.H. Typken. I'.

PacnpenenenHasi 6a3a JaHHBIX s KOPNOPATHBHOH WH(POPMANMOHHOW CHCTEMBI YIPABJIEHHS CETHIO
npeAnpusaTHi

Pe3rome. B nanHOI cTaThe paccMaTpuBacTcs mpoOaeMa MOCTPOCHUS KOPIOPATHBHON MH(OPMAIIMOHHOMN CHC-
TEMBI JJIsl CETH KPYMHBIX TEPPUTOPUATBHO PACIPEISICHHBIX PESIIPHUITHI POSHUYHON TOPTOBJIH, a TAKIKE PACCMOTpE-
HO MPOCKTUPOBAHKE PACIPEICICHHON 0a3bl JaHHBIX M pacyeT MapaMeTpoB ee PYHKIMOHUPOBaHHS. B Hacrosiiee Bpe-
Ms1 aKTUBHO TMPOTEKAIOT MPOLIECCHl HHTEIPALUK MEIIKUX NPEANpUsITHil B Kopriopauuu. MHdopmannoHHas cucteMa Kop-
MOpaliy, KaK MPaBUIIo, JODKHA 00ecrednBaTh paboTy HECKOJIBKUX TEPPUTOPUANIBHO PACIPENENICHHBIX MOApa3/ere-
HUA. B CBSI3U C 3THM CTaHOBHTCS HEBO3MOXHBIM MPUMEHEHHE LIEHTPAIN30BAHHON apXUTEKTyphl 0a3bl AaHHbBIX. MH-
(bopMaIOHHBIE PECYPCHI AOJIKHBI CTATh paclpe/eieHHBIMH. B pe3ynbpTaTe BhIMOIHEHHOI paboThl ObLTH cHOPMYITUPO-
BaHHBIC KPUTEPHH MO3BOJIAIOT BHIOMPATh 0a30BBIC MPOTPAMMHbBIC MPOAYKTHI YIOBICTBOPSIOIINE TPESOOBAHMIM OyIy-
uieit KMC. Ha nactosumii MomeHT pekomernoBanbl CYB]I Progress (v 9.1B), OC Windows XP st KITHEHTCKO# vac-
11, OC Windows 2000 Server s cepepa u ceteBoii mporokoa TCP/IP.

Paspabotana o0riass Mojeib CTPYKTYPBI paclpeeiICHHONW 0a3bl JaHHBIX KOPIOPATUBHOW HHGOPMAIMOHHOM
cucrembl knacca ERP nnst ynpaBnenus cetblo (puinalioB U METO/BI pacyera ONTHMAIbHBIX XapaKTEPUCTUK ee (yH-
KIITUOHHUPOBAHUA.

KuaroueBoe cioBo: Pacripenenennast 6a3a JaHHBIX, OM3HEC-TIPOLIECC, KOPMOPATUBHAS HH()OPMAIIMOHHAS CHUCTE-
Ma, cucteMa yrpasnenus 6azamu nanHabix (CYB]I), Moienn TaHHBIX, PETLTHKALIUSL.

YK 621.372
I'.Bb. Kamaranosa, >°A.Y. Kaanm:kanosa
(*Kaszaxcko-AMepUKaHCKHI YHUBEPCHTET,
2MucTutyT MH(GOPMALMOHHBIX U BRIYUCIUTENBHBIX TexHonoruii AH MOH PK
SAJIMAaTHHCKMI YHUBEPCUTET SHEPIE€TUKHU U CBSA3H
Anmarsl, Pecrryonmka Kazaxcran guljan_k70@mail.ru)

KOMIIEHCAIIMA JUCHEPCHUU HA OCHOBE BOJIOKOHHBIX PEHHETOK BPJOITA

Pe3ome. PaCCMOTpeHI)I OCHOBHBIC BHU/IbI AUCIIEPCHUU B ONITOBOJIOKHE U BJIUAHUEC TUCIICPCUHN HA MEpEIavy CUTHaA-
Jia, a TaKKX€ paCCMOTPEHBI BOIMIPOCHI KOMIICHCAIIUA JUCTIEPCHUN B OIITOBOJIOKHE.

KiroueBble cjI0Ba: OITHYECKOE BOJIOKHO, BOJIOKOHHO-ONTHYCCKHUEC JIMHUA CBA3U, AUCHCPCHUA, MCEIKMOJIO0BaAsA
AUCTICPCUs, XpOMAaTHYICCKAasd JUCTICPCUS, TOJSIPU3alIMOHHAsA MOJ0OBAas AUCIICPCHU, KOMIICHCAIUA JUCIICPCHUU.

BostokoHHO-ONITHYECKHE TEJIEKOMMYHHUKAIIMOHHBIC JINHUN CBSI3U YK€ TIPOYHO BOILIITH B COBPEMEHHYIO
KW3Hb. [IprMeHeHne cliennaabHBIX ONTHYeCKuX BOJOKOH (OB) B cucTemax CBsI3U YK€ JOCTHUTIIO CYIIe-
CTBEHHOTO Tporpecca, o0emas eile HeMaao HOBBIX BO3MOXKHOCTEH HCITONB30BaHUS B 000pyIOBaHUM CETeH
CBSI3H CJIEIYFOIIETO TOKOJICHHUS.

B ocHOBe (QyHKIIMOHMPOBaHHS ONTUYECKUX BOJIOKOHHBIX CETEH JIKHUT MPHUHIUI PACTIPOCTPAHEHHUS
CBETOBBIX BOJIH IO ONTHYECKUM CBETOBOJIAM Ha OOJIbIIHE paccTosHUS. [Ipu 3TOM 3IIeKTpUYeCKHe CUTHAIIBI,
Hecymue uH(GopManuo, mpeodpasyoTcsl B CBETOBBIE HMITYJIbCHI, KOTOPBIE C MUHUMAJIbHBIMH HCKaKEHUSIMH
TIepeIaloTCsl TI0 BOJIOKOHHO-onTHYecKuM JMHUAM cBsizu (BOJIC). bombinoe pacmpocTpaneHue mogoOHbIE
CHCTEMBI MOJTyYHII OJiarojapsi IeJioMy psily JJOCTOMHCTB, KoTopble ecth Y BOJIC mo cpaBHEHHIO ¢ cHCTe-
MaMH TepeJaydu, UCIONb3yIOIMMIA MEAHbIe Kabelu Wi paguodgup B KauecTBEe cpeibl mepegadd. Takas
[0JI0Ca Ta€T BO3MOXHOCTDH IEepeAaBaTh MOTOKM MH(OpMALKU B HECKOJIIBKO TEPaOUT B CEKyHAY. BaskHbIMU
npenmyiectBamMu BOJIC sBistroTcst Takue (akTopsl, Kak Majioe 3aTyXaHHe CHTHAJIOB, ITO3BOJISIOINIEE, TIPU
WCTOJIb30BAaHUH COBPEMEHHBIX TEXHOJOTHH, CTPOUTH YYaCTKU ONTUYECKUX CHCTEM B CTO U 00Jiee KHUIIOMET-
poOB 0€3 peTpaHCISIHH, BHICOKAs IOMEXO3alIUIICHHOCTh, CBSI3aHHAsI C MAJIOW BOCHPUUMYHUBOCTBIO ONTHYE-
CKOT0 BOJIOKHA K 3JICKTPOMArHUTHBIM TIOMEXaM, U MHOTHE JIpyTHE.

Onruueckre BOJIOKHA — OAMH U3 OCHOBHBIX KomioHeHToB BOJIC. OHu mpeacraBisioT co0oii koMOHHa-
L0 MaTEepUaJIoB, UMEIOIIMX Pa3INYHbIC ONTHYECKUE U MEXaHWUECKUE CBOWCTBA. BHEIIHsAA 4acTh BOJIOKHA W3-
TOTaBIMBACTCS OOBIYHO M3 TUIACTMACC WM STIOKCHIHBIX KOMITO3UIIMH, COUETAIOMINX BHICOKYI0 MEXaHHUYECKYIO
MIPOYHOCTb U OO0JIBIION KOI(D(DHUIMCHT NPESIOMIICHHS CBETa. DTOT CJIOM 00eCIeunBaeT MEXaHUUCSCKYIO 3allUTy
CBETOBOJIA U €r0 YCTOWYMBOCTh K BO3ICHCTBUIO BHELTHUX UCTOYHUKOB ONITHYECKOTO M3TYUCHHUSL.
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