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AHHOTAIINA

B pabote cpeacTBaMy HHBONIOTHBHBIX PAaCHpeelIeHHl T€OMETPUIECKON TEOPUHU YIIPABICHUS
noirydeHa paboTocrmocoOHasi TUHeWHas MaTeMaTHdecKas MOJCNb JBWKEHHS AH3eb-oe3aa ¢
JIBYMsI OKBHBAJICHTHBIMH TATOBBIMH JJEKTPONPUBONAMH, KOTOpas 3KBHUBAJICHTHA HEIMHEHHOM
MaTeMaTU4ECKOU MOJICIIH, OIIUCBIBAEMON CUCTEMOH HEJIUHEUHBIX OOBIKHOBEHHBIX
muddepeHINANBHBIX ypaBHEHHH 24-TO TOpsAKa ¢ YeThpbMs yrnpaBieHusMA. C TOMOIIBIO
NpuHOUIIa MaKCHUMyMa PCHICHBI ABC 3adadd OITUMAJIBHOIO YIIPABJICHHUA TATOBBIM IIPHUBOAOM:
MaKCHUMaJIbHOTO OBICTPOACWCTBUS W MHHHUMHU3AIMU B3BEIICHHOW JMHEWHON KOMOWHAITUN
BPEMEHU M PACXOJIbI KBaJpaTa YIpaBICHUS. DTO TO3BOJUIIO, C OJHON CTOPOHBI, MOIYYUTH IS
KOKIOr0 yd4acTKa JKEJNEe3HOAOPOKHOIO IIyTH 3aKOHBI YIPABICHHUsS, KOTOPBIE OIPENECISIIOT
MUHHMAJIBHO HEOOXOJMMOE BpeMs JJIsl IPEOIOJICHHs TIEPETOHa, a C APYrol CTOPOHBI, MONyYaTh
3aKOHBI yIIPaBIeHUs, O0ecieurBaloye rpaguK ABMKEHUS 1 MUHUMH3ALUIO PAcX0/a TOIIMBHO-
JHEPreTHYECKUX PECYPCOB.

KuroueBble ciioBa: reoMeTpuueckas TEOpUs YIpPaBICHUS; JIMHEHHAs MaTeMaTHYeCcKash MOJEb;
ABHUXCHUEC TU3CIIL-TIOC3/]1a; IPUHIIUIT MaKCUMYyMa, OIITUMAJIbHOC YIIPABJICHUC.

UDC 681.5

Dmitrienko V.D. GEOMETRIC CONTROL THEORY IN THE PROBLEM OF OPTIMIZATION
Zakovorotniy A.Yu. | OF ENERGY CONSUMPTION OF TRACTION ROLLING STOCK

National Technical University «Kharkov Polytechnic Institute»
21 Frunze St., Kharkov, 308015, Ukraine.

Abstract
In the course of the study, by means of involutive distributions of geometric control theory, the
authors produced a workable linear mathematical model of the motion of a diesel train with two
equivalent electric traction drives, which is equivalent to a non-linear mathematical model,
described by a system of nonlinear ordinary differential equations of the 24-th order with four
controls. With the help of the maximum principle there were resolved two tasks of optimal
control of the traction drive: maximum performance and minimization of the weighted linear
combination of time and cost control of a square. This allowed, on the one hand, to receive
control laws for each section of railway track, that specify the minimum time necessary to
overcome the haul, on the other hand, to receive the control laws ensuring the timetable and
minimizing the consumption of fuel and energy resources.
Keywords: geometric control theory; linear mathematical model; diesel train movement;
maximum principle; optimal control.

Ilocmanoexa npobaemol u anaaus 1umepamypol B o0jacTH  pa3BUTHUA COBPEMCHHBIX  BHUJOB
OgHuM U3 OCHOBHBIX  CTPaTETHYECKUX JKEJIE3HOIOPOKHOTO TpaHCIopTa SIBIISICTCSI
HaIpaBIECHUH TOCYJapCTBEHHON TOIUTHUKHA Y KPAHHBI MIPUBJIEYCHHE K WX MPOW3BOJICTBY OTEUECTBEHHBIX
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MPOU3BOANTENEH, HYTO OOECHEeYUT yMEHBIICHHS
WMIIOPTHOM 3aBUCUMOCTH Y KPAaMHCKHUX JKEJEe3HBIX
JIOpOT  OT 3apyOeXHBIX TIOCTABOK IOABMKHOTO
cocrana [1, 2]. IIpu aToM 0co00e BHUMaHUE yICICHO,
C OJHOW CTOPOHBI, BHEAPEHUIO COBPEMEHHBIX
sHeprocOeperalonx TEXHOJNOTHH, a ¢ Jpyrou

CTOPOHBI, paIlMoOHATBHOMY HCIIOJIb30BaHUIO
umerommxcsi  dHepropecypcoB  [3].  Ilocmemnee
pemaercss ~ IyTeM  COBEPIICHCTBOBAHHS  YKE
CYLIECTBYIOIINX CUCTEM aBTOMAaTUYECKOTO

YOPABJICHUSI TOABMKHBIM COCTAaBOM C  LIEJIBIO
MUHHUMH3AIUU ~ 3aTpaT  DHEPropecypcoB  Mpu
coOroneHun rpadukoB aBwkeHus. s YkpauHsl
OTOT BOIIPOC MBJIACTCA aKTyaJlbHbIM, IIOCKOJIBKY
pacxoll 3HEPropecypcoB Ha MEPEBO3KY IPY30B H
MacCaXUPOB B HAlled CcTpaHE BhILIE, 4YEM B
OOJIBIIMHCTBE PAa3BUTHIX CTPAH MHPA.

Ceronas BOTIPOCAMH CO3IaHus u
COBEPIIICHCTBOBAHUS CHUCTEM OIITUMAaIBLHOIO
YIIpaBICHUS TATOBBIM 3JIEKTPOTPUBOIOM

MOJIBIKHOTO ~ COCTaBa  3aHUMAETCsl  MHOXKECTBO
CHELUAINCTOB KaKk B YKpauHe, TaK W B CTpaHax
ONVKHETO M JalbHeTo 3apy0ekbs. [Ipu 3ToM paboTh
3TUX YYEHBIX OCHOBBIBAIOTCS HAa TEOPUHU YIPABICHHUS
U TEOPUH ONTUMAJBHBIX CHUCTEM YIIPABICHHA, a
TaKxe METO/0B JUHAMHYECKOTO
MIPOrpaMMHUPOBAHUS, KJIACCHYECKOTO BapHUaIlMOHHOTO
WCUHUCIICHHs, NpuHOMNA Makcumyma [loHTpsarusa,
hyHKIHI JIsamyHoBa, AHAJIUTUYECKOTO
koHCTpyupoBanua Kpacosckoro u JleroBa-Kanmana,
TEPMUHAILHOTO YIpaBICHUS, CHHTE3a POOACTHBIX
cucrteM ynpasienus u 1.1. [4 — 10]. Ho, HecMoTps Ha
9TO, B TOJHOM O00BEeMe MpobieMa ONTHUMAaIbHOIO
yIpaBIeHUS TATOBBIM 3IEKTPOTIPUBOIOM
NOJBIKHOIO COCTaBa HE pELIeHAa M 10 CEeW JIeHb,
IOCKOJIBKY ~ HEe  pelleHa mpoOiiemMa  CHHTE3a
ONTUMAJILHBIX CHCTEM YIpaBlIeHHUS IJisi OOBEKTOB C
HECKOJIbKUMH yIpaBlIeHUSMH, KOTOpbIE
OTMCHIBAIOTCS HEJIMHEHHBIMU CUCTEMAMU
OOBIKHOBEHHBIX  JAH((dEepeHMaIbHbIX — ypaBHEHUH
BBICOKOI'O IIOPsIIKa. DTO, B CBOIO OUEPElb, IPUBEIIO K
pa3paboTKe METONOB JIMHEApU3alHH HCXOIHBIX
HEJIMHENHBIX CUCTEM u HOCIETYIOIEMY
NPUMEHEHUIO  XOpOIIo  pa3paboTaHHONH  TEeopuu
JUHEWHBIX cucteM ynopasineHus [11]. Opnnako
HauOojiee 4YacTO NpHUMEHseMas JHHeapu3alus o
Telinopy, Mo3BOJAOIAs JIMHEAPU30BaTh CUCTEMY B
JIOCTaTOYHO  MaJlol  OKPECTHOCTH  BbIOpaHHOI
paboueil TOUYKM, MPAaKTUYECKH HENPUMEHHMA JUIs
CIIO)KHBIX OOBEKTOB, OMHCHIBAEMBIX HEITMHEWHBIMH
cucTeMamMH OOBIKHOBEHHBIX U (EepeHITHATBHBIX
ypaBHEHUIl BbpICOKOro mopsaka. Ho Hayunas
MIPUBJIEKATEIBHOCTD TEOpUn yIpaBIeHUS
JUHEHHBIMM ~ CHCTEMaMH, KOTOpas  I103BOJIIET

CHUHTE3UPOBAaTh ONTHUMAJIBHBIE CUCTEMBI YIPABICHHS
JUISL TMHEWHBIX 0OBEKTOB JIF000TO TOpsIKa, TTPUBEIa
K pa3pabOTKe HOBOTO METO/Aa — TEeOMETPUYECKON
JMHEapU3allil, OCHOBAaHHOI'O HA TE€OMETPHUYECKOM
MIOAXOJE K TEOPUM YIPABIEHUS, TEOPHUHM TPYIIL,
muddepeHnnansHONR reoMeTpuu, anreops! Jlu u T..
Ycnexu 3TOro Merona JIMHEapU3alUd JIeTTd B
OCHOBY CO3JaHMsl HOBOTO HAYYHOTO TEUCHHUS —
€IUHOM TEOMETPUYECKOH TEOPUH  YNPaBICHUS
[12-14], xoTopas ¢ moMOIIBIO OOpaTHO# CBsI3H B
MIPOCTPAHCTBE «BXOJI-BBIXO» WIH «BXOJI-
COCTOSTHHE» MTO3BOJISIET npeo0pa3oBbIBATH
HEJIMHEHHBIE CHCTEMBl  BBICOKOTO IOpAIKa C
HECKOJIbKUMH ~ YIPaBJICHUSIMH B OKBHUBAJICHTHBIC
JUHEWHBIE CHCTEMBI. JTO CTAHOBHUTCA BO3MOKHBIM
Omarofapsi NTEKOMIO3WIIMKA HWCXOAHOW HEIMHEHHOW
MOJeNu O00BEKTa, TNPEACTABICHHONH B HEKOTOPOM
MIPOCTPAHCTBE COCTOSHMN, Ha PSIX HE3aBUCHUMBIX
JUHEHHBIX MOACHCTEM MEHbBLIEH pa3MEPHOCTH B
KaHOHHMYeCKOW (opMme BpyHOBCckoOro, KOTOpBIC
MPUHAJUIEKAT COOTBETCTBYIOUIUM IOANPOCTPAHCT-
BaM HCXOJIHOT'O MpOCTpaHCTBa cocTosiHui. [Ipu atom
Ka)k/1asl TMHENHas IOJICCTEMa YPaBHEHHI CONEPKUT
TOJIBKO OJTHO yrpaBienue [12].
IIponecc monyyeHust JAUMHEHHOrO0 3KBUBAJICHTA
I UICXOOHOU HEJIMHEUHOM CUCTEMBI BHUIa
X _Fx+3uG McR", (1
G “FR+LUG.00, xe MR, (M)
rae X = (X, X,,...,X,) — BEKTOp (a30BbIX KOOPIUHAT
HEJIMHEMHOW CHCTEMbl YIPABJICHHMS HA IJIAJKOM
MHOrooopasuu M pasmeproctu n; F(X), G, (X) —

[JIAJKHe BEKTOPHBIC IO HAa MHOrooOpazuu M,
KOTOpPBIE B JIOKAJIIBHBIX CHUCTEMaxX KOOPAMHAT UMEIOT

n a n a
F(x) = (X)— G, (X)= (X)=—;

B F(X) ;@,( )axj u G, (x) ;\Vk,( )axj
o;(X),  w,(X), j=1,n - rmagkne yHKUEH

BEKTOPHOTO apryMeHTa X, ONpEJeNeHHbe B
JIOKAIILHBIX CHCTEMaX KOOPIWHAT Ha MHOTrooOpasuu
M; u,k=1m — ynpaBieHus, MOXET OBITh
chOopMyJIMPOBaH CJACIYIOIIUM 00pa3aM: HEOOXOIUMO
HaWTH TaKyl0 TJaIKyl0 3aMeHy  KOOpIWHAT
z=2(x), zeR" w ynmpaBienuii  V=V(U,X),
v=V, V,, ..., V,), (u=(u, U, ..,U)), uTO
cuctema ypaBHeHuidt (1) mnpuBOAMTCS B HOBOWM
CHUCTEME KOOPJIMHAT K HEKOTOPOU €l SKBUBaJIEHTHOU
yIpaBIsieMON JIMHEHHON CUCTEME

E=Az+Bv, zeR", veR"™, m<n. 2

dt
3necs Mmatpunbl A W B WMEIOT COOTBETCTBEHHO
pasMepsl NxN ©W NxM U SBISAIOTCS OJIOYHO-
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RESEARCH RESULT_
JuaroHaJbHbBIMH MaTpuaMu
A =Dblockdiag[A,, ca AL LA
B =blockdiag[B,, ..., B, B, ], rae
0 1 0 0
0 0 1 0
A, = ; By=|.| . p=Lm,
0 0 O 1
0 00 aea, -
rae qp y p =1,_m — MHWHACKCHI  YIIPABIACMOCTHU

m

JMHEIHOM cHcTeMbl ynpasienus (2), ».q, =n. Ipu
p=1

m=1, T.e. OpU CKAIAPHOM YNpaBJIEHUH, CHCTEMA

ypaBHEHUH (2) CBOJAUTCS K KAHOHUYECKOH hopMe:
z z
d—zl:zz;%zg; ...—d =7 d”zv, (3)
dt dt dt dt

MoNy4YuBIIeld Ha3zBaHWe ¢opmbel bpyHoBckoro. B

Clly4ae BEKTOPHOIO YIIPaBJIEHHUs MPOCTPaHCTBO R’
NpEICTaBIAeTCI B BHIAE  IOPAMOH  CYMMBI
m
HOANPOCTPAHCTB MEHbIIEH pasmepHocTh: R" = SI?1 R.
[Ipu 3TOM, Ka)10€ U3 noanpocTpadcTs R” sBisiercs
MOJIIPOCTPAHCTBOM COCTOSIHUM JIJIsL p-il OJCUCTEMBI
JEKOMIIO3UPOBAHHOM  HMCXOJHOM  CHUCTEMBI B
npocrpanctee R". PasMepHOCTH MOANPOCTPAHCTB, a
CIEeIOBaTe€IbHO, W Pa3MEPHOCTH  JIMHEHHBIX
MOJICUCTEM B CHUCTEMe ympaBiieHHs (2) OJHO3HAYHO
ONPEJICTISIOTCS  MHJCKCAMU  YIIpaBisieMocTd

p=1m nuneitHo# cuctemsl (2). Kaxnas nuHeiiHas
MOJICHCTEMa YPaBHEHUI UMEET OJHO YIpaBIICHHE U
CTPYKTYPYy CHUCTEMBI ypaBHeHWH Buna (3), Te YUCIO
muddhepeHIMaNbHBIX YpaBHEHUH pPaBHO WHAEKCY
yrpasnsieMocTd. [Ipu 3TOM penieHue, MoTy4eHHOE
MIPH COBMECTHOM WHTETPHPOBAHMUA M HE3aBUCHMBIX
JUHEHHBIX TIOJICUCTEM YPaBHEHUMU, SBISIOMIMXCS
pe3yJIbTaTOM JIEKOMITO3UIIMM UCXOJHOW HEIMHENHOU
CHCTEMBbl yYpaBHEHMH B HEKOTOpod obmactu V,,
npoctpancTBa R", He MOXeT B caMOoM 0OIIeM
Cllyyae COBMNAJaTh C pEHIEHHEM HEJIMHEHHOMN
cucremsl (1) B 910 ke obmactu V,,. [l nepexona

OT HenWHEeWHOW cucrteMbl ypaBHeHuil (1) x
KaHOHWYeCKoi Gopme BpyHOBCKOTO HEOOXOIUMO, C
OJTHOM CTOPOHBI, OTIPEIEIIUTD WHJIEKCHI
ynpasnsemoctu d, (p =1m),ac JIPYroil CTOPOHBI,
BBITIOJTHEHUSI JIOTIOJTHUTENBHBIX YCIIOBHS — YCIOBHS
MHBOIIOTHBHOCTH pactpenenernii M (j=0,n—m)
CBSI3aHHBI  C

[12],  xortopsie COBMECTHBIM

WHTErPUPOBAHUEM
MHOT000pazuu M.

B namem cnydae ¢ HMCXOJHOW HeMMHEHHOU
cucteMoir (1) cBA3ambl  pacnpeneneHue A,
BEKTOPHBIX noJseu G, (%), G,(X), ..., G, (X)
A, =span{G,(x), G,(X), ..., G, (X)}=span{G(x)},
rae span — JjuHeiHas obomouka G, G,, ..., G

BEKTOPHBIX nojei Ha

m
BEKTOPOB B TOYKE X (MHUHMMaJbHOE NPOCTPAHCTBO,
MOPOXAEHHOE 3TUM  Ha0OpOM  BEKTOpOB) U
pacupenenenne A=A, +F =span{F(x) +G(x)},
rie A. — pacmpeneneHue, cMelleHHoe Ha moae F
OTHOCHUTENBHO pacmpeznenenus A,. C noMmompro
YKa3aHHBIX PacIpelesIeHud A, U A. OIpPENEIseTCs
CJeYIOLIUE ABA CEMEICTBA paclpeaeIeHU:

A=A M°=A;
A’ =span{A’*[A;,A]} M =span{M " [F,M ]}
A" = JA; M~ =M,

j=0 j=0

rae [F, G] — ckobku JIu AByX BeKTOPHBIX mojei F,
G, 9TO BEKTOpHOE MOJIe, XapaKTepU3YIOIee CTEeHb
"cBsi3aHHOCTH" Ha MHOTOO0Opa3nu M moneit F u G. B
paccMaTpuBaeMOM  CIy4ae OHH  XapaKTepU3yloT
BO3MOXXHOCTh HJIM €€ OTCYTCTBHE AJISi COBMECTHOTO
HWHTETPUPOBAHMS 33JaBAEMBIX BEKTOPHBIMHU IOJISIMU
F u G na rmagxom MHOrooOpasuu M ypaBHEHHI B
YaCTHBIX MPOon3BOAHBIX. CkoOKH JIu JUIsI BEKTOPHBIX
noneii F, G B mMartpuuHnoii (opme, ompenenstorcs
CJICAYIOIIMM 00pa3oM:

76100 = =X ) - T g9,
W) o)
0G(x) 0X, OX, .
rje —— = ;
O ETAC A Y
o X,
00X a0
OF(x) _ OX, oX, _
xop() | dp( |
a0 . el

GO =W (X), -y W (X))
FO)=(@(x), ... @, ()"
B ciyuae HEHMHBONIOTHBHOCTH pacIpene/CHuUi
M’ (j=0,n—m) Tounas TMHeapM3aLMA BO3MOXKHA

32 CUET YBEIMYCHHUS PA3MEPHOCTH MPOCTPAHCTBA U
MOJIY4Y€HUA WHBOJIOTHUBHBIX pacnpeueneHHﬁ YK€ Ha
pacumpeHHoM mpoctpadcTse [12].
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TeopeTtnyeck  Tako  MOAXOJ  MO3BOJSET
mpeoOpazoBaTh K JIMHEHHOMY BHy HIMPOKHM KIacc
HEJIMHEHHBIX ~ CHCTEM  YIPABJICHHS,  MPUYEM
HE3aBHUCUMO OT MX pa3MEpHOCTH, OJHAKO €ro
MPAKTHYECKOe MPUMEHEHHUE, SBISETCS YPE3BBIYalHO
CIIOXHBIM W TPYIAOEMKUM, TakK Kak TpeOyer
BBITIOJTHEHUST OOJIBIIIOTO KOJIMYECTBA aHATUTHUECKUX
MpeoOpa3oBaHM: BBIUMCICHHWE TPOW3BOJIHBIX H
cko6ok JIu, a taxke nuddepeHnnpoBaHus (HyHKITHA
BJIOJIb COOTBETCTBYIOIIMX BEKTOPHBIX TMOJEH Ha
HEKOTOPOM MHOTOOOpa3sMM M T.A., KOTOpPHIE He
aBTOMATH3WPOBaHBI HH B OJHOM W3 W3BECTHBIX
IMaK€TOB MOACIMPOBAHU. B cBs131 ¢ O9THM, B pa60Tax

[15-17] Obuim  pa3paboTaHBl  COOTBETCTBYIOIIHE
GbyHKIUU JUTS YHHBEPCATHHOTO raKeTa
MOJICTTHPOBAHHS Matlab, TTO3BOJISIONITHE
ABTOMATU3UPOBATH CJIOKHBIC AHAJIUTHYCCKUC

MpeoOpazoBaHUsl TEOMETPUYCCKON JIHMHEapH3alih
HEJIMHEWHBIX MaTEMaTHYECKUX MOJENIEH OOBEKTOB,
9TO, B CBOIO O4YEpEeIb, YCTPAHWIO Pa3phIB MEKIY
TEOPETHUECKUMH  pE3yJbTaTaMU T'€OMETPUUCCKOM
TEOpUU YIPABICHUS W PEUICHHEM MPaKTHIECKUX
3amad. Kak  cieacTtBue  3TOro,  IMOSBUJIACH
BO3MOXXHOCTh TIPUMEHEHHSI T€OMETPUUECKON TEOpUU

yIOpaBiIeHUs Ui CHHTE3a CHUCTEM YIPaBICHUS
d
dd_{l =a, Y,
% =8y Y, Yt ayYsYip T ayYs +a,,
d
f =a5Y, T, Y,
d
% =8, Y, +3,Y5 — YoYios
d d .
f =8 Y5 T a,Ys + Yo % =U,
dy, .
O|dt = Yo
d_y8 - a71£ +a,Y19 + AY;;
t 13
d
f =85 YsY1 T8 YsYio T AgYs + a84y92 + &g,
d
g;o =8y Y0t 85 Y11~ YoYas
d d .
;/;1 =y Yt Ayt Yo % = Uz;

TAC Y, — PacCTOSAHHUE, IIPOXOAUMOE NU3EIIH-TIOC30M
U OTCUUTBIBACMOC OT Ha4aJla ICPCroHa, t-— BpEMsI;

By 1,855, 8y 4y Ay By By HOCTOAHHBIC
KOA(GUIUEHTBI, KOTOPhIC YUYHUTHIBAIOT IapaMETphI
JBYX OKBHBAJICHTHBIX TMPUBOJOB OOMOTOPEHHBIX

dy,,
dt
dy,,
dt
dy,s
dt
dy,s
dt
dy,;
dt
dy,,
dt
dy,,
dt
dy,,
dt
dy,,
dt
dy,,
dt

HEIIMHEHHBIMA O0BEKTAaMU BBICOKOTO nopsaka ¢
HECKOJIbKUMH YIPAaBJICHUSIMU. OI[HB.KO OIIPEACIICHUEC
OINITUMAJIbHBIX 3aKOHOB YIIPABJICHUS B KaXJI0Hh u3

MOJICUCTEM  HE  TapaHTUPYeT  ONTUMAIBHOCTH
yhnpaBlieHHs  OOBEKTOM B IEJIOM,  IIO3TOMY
HEOOXOUM  aHajW3 TMOJYYCHHBIX  PE3YJIbTATOB
ONTUMU3AIUU u, npu HEO00XO0TUMOCTH,
KOPPEKTHPOBKA TOJYUYEHHBIX Pe3yJIbTaTOB.

Hear  pa6orel. OnTtuMmsanus  3aKOHOB

yIpaBieHUs JIBIKEHUEM IM3€Tb-110€3[1a C TATOBBIM
SNIEKTPONPUBOJAOM HAa  OCHOBE  JIMHAMHYECKOI
JIMHEApH3allid MAaTEeMaTHYCCKOW Mojenn 00beKTa
YIpaBJICHUA cpeacTBaMu HMHBOJOTUBHBIX
pacrpeeneHuit reOMEeTPHYECKOI TEOPHH
yIpaBJICHHSL.

MaremaTidyeckasi MOJCIb JBIDKCHUS TH3CIIb-
moes3a COCTOAIIErO0 M3 Tpex BaroHoB [15],
YUYHUTBIBAIOIIAs], C OJHOH CTOPOHBI, OCHOBHBIC BHJIbI
KoJicOaHWH  BaroHOB  TOJIBHJKHOTO  COCTaBa |
pacrmpe/eieHie CHUIT B3aUMOACHCTBHS MEKIY HUMH, a

C JIpyrod  CTOPOHBI, TapaUICIbHYI0  paboTy
SKBHUBAJICHTHBIX TATOBBIX ACHHXPOHHBIX JIBUTATEJIEH
JBYX OOMOTODCHHBIX BaroHOB, MOXET OBITh
MPEJCTABIICHA CIEAYIOLEH CHUCTEMOW HEJIMHENHBIX
mudGdepeHIMaNbHBIX  YpaBHEHUH € YETBHIPHMS
YIPaBICHUSAMU:
=8y Y5+, Yy, T &5,
=8 Y13 T Q12 Y155
= Q31 Y16 Yos T sy Yir Yoo + AizaYia + A
= Y16+ QY17 — Y Yoos
dy, .
— . 18 _ .
- a151y17 + a152y16 + ylS’ dt U3’
= Yo
_ yZO 4 + .
- a171 a172 y7 a'173 y19 '
13
— 2 .
- a181 ylG y23 + a182 y17 y22 + a183 y21 + a184 yZl + a185’
=g Yo T &0 Yos — YaYie
dy. .
_ . 24 __
- a'201 y23 + aZOZ y22 + y24’ U 41
dt
BarOHOB M IOJBIMJKHOTO COCTaBa; V,, Viz: Vis

CKOpOCTU  ABMIKCHUS, COOTBCTCTBCHHO IICPBOrO,

BTOPOIO U TPEThEr0 BaroHOB JIM3EJIb-TI0E3/1a;
Var Vi JIEUCTBYIOIINE MEXIY
COOTBETCTBEHHO IICPBBIM W BTOPBIM, U BTOPBIM H

CHIIEI,
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TPETbMM BarOHaMu IO€3Ma; V., V;; U Yy, Vo

IPOEKIUH HA OCH 0 M [ MOTOKOCLEIJIEHHH CTaTOPOB
OKBHMBAJICHTHBIX ~ JBHTaTelleh COOTBETCTBEHHO
IIEPBOTO M BTOPOTO OOMOTOPEHHBIX BArOHOB; Vg, Vi,

A Vips Vos
O6MOTOK CTaTOpOB 3KBUBAJICHTHBIX ,HBHFaTeﬂeﬁ
COOTBETCTBEHHO IIEPBOIO M BTOPOTO0 OOMOTOPEHHBIX

— MPOEKIMU Ha OCH O M 3 HaNpsHKEHUH

CKOPOCTH BpalleHusi  POTOPOB JIBUTATETeH
COOTBETCTBEHHO TIEPBOTO M BTOPOT'O OOMOTOPEHHBIX

BaroHOB; Y,; — BEIWYMHA OOKOBOTO OTKJIOHCHUS
BTOPOrO  BArOHa; Vg, Vo IPOMEKYTOYHBIE

NIEPEMCHHBIC, y19 — YI'oJI BUWJIAHHSA BTOPOT'O BaroHa.

C mOMOIIBI0 WHBOJIOTUBHEIX pacIpeneIcHui

reOMETPUYECKOM TEOpHHU yIIpaBIEHUS B
BaroHOB; V,, Vg 51 Y10: Vo — TIPOCKIMH Ha OCH o 11 NPOCTPAHCTBE «BXOJ — COCTOSHHE» HCXOIHAs
IIOTOKOCHCIICHUH pOTOpPOB SKBHUBAJICHTHBIX HEJIVHEHHAs MAaTeMaTHYecKas MOJENb JIBIKEHUS
JIBUTATENIEHl COOTBETCTBEHHO IEPBOIO U BTOPOrO M3ENb-TIOE3Aa  MOKET OBbITh  MpeobpasoBana K
OOMOTOPEHHBIX BaroHOB; Yo H Yy YTJIOBBIC CleayIolel JMHEHHONH CHCTeME B KaHOHHYECKOU
thopme bpyHOBCKOTO:
O =123 1261218 ooy By OB 00 @)
dt dt dt dt dt

MOXHO TIOJIyYHTh BBIPAXKEHHUsS JUIS OMPEICICHHUS
HNEPEMEHHBIX:  Z,, Z,, Z,, Z; W3 OQyHKuma T,(Yy);
Zy, 24, 2y, 2, W3 QyHkuun T,(Y); Z,, 7, 2, Z;;
us QyHkun  T,(Y); Zy, Zy, 2y, 2,3 M3 QYHKIUH
T,(y) . brarogaps aToMy OBUTH [OJTy4CHBI (YHKINH,

rae v, (J=14) - ynpasnenus.
Jloist JTAHHOM MaTeMaTUYEeCKON MOJEeIN

onpenensoTcs pynkuuu T, (y) =T, (Vir Yo eos o) (

j=14), npeobpasylolue nepeMeHHbe HCXOHOI
HEIMHEHHOW Monenn OOBEeKTa YIpaBIeHUS B
MepeMeHHble  JIMHEHHOW  Momemu B dopme
bpynosckoro: 7, = T1(y); 2, =T,(y), 75 =T,(Y);
z,, =T,(y). Metonuka onpeneneHust 3Tux (GyHKIUH

ommcaHa B paborax [12, 15— 17]. U3 stux dyHKIMIA
nyteM TocienoBaTenbHoro auddepenmpoanus

. dz, . dz, .
=Y, I, = E =a,Y,, L= E = a11(azz1 tagy;+ayYuY.t a22y10y5)’

dz
Z,= d_ts = a11a'z3(aaz Yis + a?.lyz) + 811321y11(a41y4 +8,Ys — Yoo yg) +a,a,Ys (aglylo +ag,Y, — Y, yg) +
+ 83,85 Y, (Y1 + 102 Yio + B0 Yur) + 8018 Vio (Vs + 852 Yo + 851 Y5);

CBS3BIBAIOLIME  IEPEMEHHbIE B  JIMHEHMHOW U
HEJTWHESHHON MOJCIISIX.

Jlis mepBoi TOJCHCTEMBI ypaBHEHHE B (opme
BpyHoBckoro nosy4yeso

dz
Z; = d_'[4 = a:l.l(y12 + Yo T yll)(a101a21y4 + 8,8, Y, +8,8,Y5 + 8,85, — a5 Y yg) - a:l_l(a21y10 Y tayy, ys) :
: (384 y: + a5 T8+ 8, Y, Y, ta,Yi ys) + an(ye +ag,y, + a51y5)(a21a42 Yiu 8585 Y10 T 8585, Y10 + 3585, Y, —
—ayY, yg) + a11(3~41y4 +a,Ys — Yoo yg)(azlyn +8,0,8,, Y10 + 1085 Y1y 85,8y Y1y T 3585 Y0 — 3, Ys Y9) + 311(ag1y10 +
+a5,Yu— Y, yg)(azz Yo T Q100851 Y,y T 885 Y, 8585 Ys + 85,85 Ys — a21y11y9) +a,a,a,, (am +a,Y, t a111Y3) +

+ a1la'23a31 (a24 + a23 y3 + a21y11y4 + a'22 le y5)

Jns BTOpO# moncucreMbl ypaBHEHHH B ¢opme
BpyHOBCKOTO 1I0JIy4eHO

dz d
Z;=Y7: Zg = d_'[7 =VYar L :d_zts = (3-71y3 ta,YiYe t a73y13y7)/ Yiss
dz
Zy= d_; = (a721y8 +a, y123 Yoo T35 y123 Yo — Q1387 Ys 87185, Y13 Yie — Q11,871 Y1u Ys — Q101871 Y3 Ys 871855 Y1s y7) / yl23;
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dz

le = d;o = a'72 (a171 y20 + a173 yl3 y19+ a'172 y13 y7 )/y13 - ((a71 y8 + a'72 y13 y19 + a‘73 y13 y7 ) (all3a71 - a73 y123 - a‘721-|-a'112 a‘71 y14+

+ a8, Vo) )at (8 (Bus + 8y, Yy + 801 Ya) (8015, — 287, — 80 VigYao + 28015 Yae Yo + 280115 — 8y Yis V7 )i+
+ (a71a72 Y20 )/y13+(a71a73 ys)/Y13 - (a112 a71 Ys (3121 Yis + a122 Yis ))/y123 - (aman Ys (aaz Yis + aSl Y, ))/y123

AHanoruyHo MOJTY4YEHBI hyHKIIIH, IIOJICHCTEMBl YpPaBHEHHH B KaHOHWYECKOW Qopme
CBSA3BIBAIOIIINC NEPEMCHHBIC B HHHCﬁHOﬁ nu BI)YHOBCKOFO IMOJIy4YCHO:
HEJIMHEWHOW Monensax Juisi TpeTe W ueTBepTou

d d
Z3=Yi5 Ly = % =, ¥ a,,Y, Y, Zs= % =03,815 Y13 T Q4,805 Y15 T 84,85, Y13 T 8,5,85, Y5,
d
Zg= ;5 = (a112a121 + amasz)(ans +a,,Y, t a111y3) +a,,8), (a134 F A5V T Ay YieYos T A Yiy yzz) +
+ a111a31(a‘24 oy, TayynY, ¥ ayY Y5);
. leQ . d220 .
Zig =Ygy Zp = W =Yy Ly = dt = (a171y20 +873Y13 Y10 T 7, y13y7)/ Yi3s
dz
Ly = dil = (a'1271 Yoo T Q73 y123 Yoo 37, y123 Yo = Q1371 Yoo + 718473 Y13 Yo — Q12@i71 Y14 Yoo —

- a'111a'171 y20 y3 + a2].71a'l72 y13 y7 ) / y123 ;

Takum  oOpa3oM, WCXOQHAs  HEJIUHEHHAs c(hopMyIIUPOBAThH JIBE OCHOBHBIX 3a7a4u

MaTeMaTH4yecKas MOJENb IBIDKECHHS IHU3eb-110e31a
24-ro mopsaka Obuta  pa3buTa  Ha  YeTHIpe
HE3aBUCUMBIX  JIMHEHHBIX MOJCUCTEM  IIECTOrO
nopsi/ika B KaHOHWUYeCKod ¢opme bBpyHOBCKOTO,
KaXaass M3 KOTOPBIX COIEPXHUT TOJBKO OJTHO
yHpaBieHHE.

JluneliHas MaremaTHveckass MoOJIENIb OOBEeKTa
ynpasineHuss B ¢opme BpyHOBCKOro coctout wus
YeThlpeX  OJMHAKOBBIX 10  BHEIIHEMY  BUAY
MOJICUCTEM T depeHInanTbHbIX ypaBHEHUH,
KOTOpbIE ONHCHIBAIOT 3KBHBAJICHTHBIE ACUHXPOHHBIE
ANIEKTPONPHUBOABI JIByX OOMOTOPEHHBIX BaroHOB
nusenb-moe3fa. IlocKoJIbKy — 3MEeKTpONpUBOIBI B
OOMOTOpPEHHBIX BaroHax B IE€PBOM NPHUOIMKECHUU
MOYKHO paccMaTpuBaTh KaK OJWHAKOBBIE, TO Oylem
OTIPEETATh ONTHUMANIbHBIE YIPABICHHUS TOJIBKO IS
OIHOTO JKBHBAJEHTHOTO AaCHHXPOHHOTO TPUBOJA,
yIOpaBlieHHEe KOTOPBIM  OCYIIECTBIISICTCS — IyTEM
M3MEHEHHUS! aMIUIMTYAbl W YacTOThl IHTAIOIIErO
HanpspkeHus. Tak Kak TpW YIpaBICHUH TATOBBIM
MPHUBOZOM YacTO BBIACPKUBAIOT OIpPEAETICHHbIE
COOTHOLICHHUS MEXIY aMIUIMTyIOH W YacTOTOH
MUTAIONIETO HANpsDKEHUsT (HapuMmep, OTHOIICHHE
aMIUTATY/IBl K YaCTOTE PaBHO KOHCTAHTE), TO MOXKHO
OCYIIECTBIATh  IMOMCK  TOJNBKO  OJHOTO U3
yIpaBlieHUH, HaOpuMep, aMIUTUTYIbl HHUTAIOMIETO
HAIPSDKEHUSL.

B 3aBUCUMOCTH oT TpeOOBaHMIA,
OPEeObsABISIEMBIX K JABIKCHHIO COCTaBa, MOXHO

ONTUMAJIBHOTO YNPABJICHUS TATOBBIM IPHBOAOM:
MaKCUMAaJIbHOTO OBICTPOAEHCTBUA M MHMHUMM3ALUHU
B3BCIICHHOW JIMHEHHONH KOMOHWHAIMM BpEMEHH U
pacxojia KBajpata yrpaBJCHHS.

PemrM BHawaze C TOMOLIBIO IPHUHIMIA
Makcumyma [loHTpsrmHa 3ajady MaKCHMAalbHOTO
obicTponelicTBusA. [lockobKy JIMHEHHAs MOJEb
oObekTa ympasneHus B Qopme bpyHOoBckoro (4)
COCTOUT M3 YETBIPEX OJMHAKOBBIX I10 BHEIIHEMY
BUly mojacucteM augepeHInanbHbIX YpaBHEHHH,
TO MOXXHO PaccMaTpHUBaTh ONpPEACICHUE YIIPABICHUS

V, , MUHUMHU3UPYIOLIETro (QyHKIIMOHAT
4
J=[dt, (5)
t0

rne t, u f
YIpaBI€HUs, TOJbKO JJIi OJHOM M3 TOJACUCTEM —
[IEpBOi:

Ha4YaJlI0OO W KOHCI] HHTCpBAJIa

dz, —. dz
—* =z k=15, —=C=v. 6
dt k+1 dt 1 ( )
Heob6xomumo HalTH YIIPaBJIECHHUE v,

MUHHMU3Upyomee (yHkuronan (5) mpu mepeBone
oovekrta  (6) U3  HaYyaJlbHOTO COCTOSIHUSA

2 =(t)=0,i=16 &
z,=()=L, z,=()=0, j=2,5. Ilpu >Tom Ha

KOHCYHOC COCTOSAHHUC

ylpaBieHUE V, HaJI0)KEHbl OrpaHUYEHUS:
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Vimin SVLSVyas Vimin <0, V0 > 0. ) 3anmmem Qyuknuto ['aMuapToHa:
H(Z ), wi(0), Vi) =12, + Vo2, + W2, + W, Zs + Wi Zg + WV, + W2, 1=0,6; (8)
H(z (1), wi(0), v)) =maxH(z (), vi(t), v.), o = |Vima¥e, pH g >0, ©)
rine  z,=1 — jomonHuTenbHas — (aszoBas " VininWe, mpH g <O.
IIepeMeHHas], YUUTHIBAIOAs HaIuune (QyHKIMOHAA CONpsUKCHHBIE  [IEPEMCHHBIE v, (i= 0,6)

(5); vy, (1=0,6) — conpspxennsle nepeMenHsie; G —
00J7acTh JIONMYCTHMBIX YIPABICHUIA, 3a1aBaeMas

HepaBeHcTBaMH (7).
B cuny nuneliHocTM TaMuibTOHMaHa (8) TO

OTHOLIEHHMIO K YNPABJIECHHIO V, IOJNYy4aeM, 4TO OH
JIOCTUTAeT CBOEr0 MAaKCHUMAaJbHOIO 3HA4YEHHUS IpH
YCJIOBHMH, 4YTO YINpPAaBJIE€HUE V; IO CBOEMY 3HAKy

IPOTUBOIIOJIOKHO CONMPHKEHHOM IIEPEMEHHON /g

d d d d
\VO — 0’ \Vl — 0’ \VZ — _Wl; \VS — _Wz;
dt dt dt dt
Wnrterpupyst auddepeHunansiple  ypaBHEHHUS
(11),  wmaiimem  compsHKEHHBIE  IIEPEMEHHBIE:

ONPEACNSAIOTCS W3 CUCTeMbl JupdepeHIHaATbHBIX
ypaBHEHUI

dy, oH .
_I:__, t = _,|:O16, 10
d t azi WI ( l) \Vll ( )
roe vy, (t) (i= Tﬁ) — 3HAUEHHS COMPSHKEHHBIX
IIEPEMCHHBLIX B KOHEUYHBIA MOMEHT HMHTCpPBaja
YIIpaBIICHHUS.
Bremonusss  muddepennmpoBanne  mpaBbIX

yacreili ypaBHenuid (10), ¢ yuetom BoipaxeHus (8),
MOJTyYUM:

dy, dy; dy,

=y, =—y,; =—y,. 11
Ve o T Ve g T Vs (11)

C C C
Vo =Cos W1 =Cp; W, =—CL+C, v, :Eltz —Cl+Cy v, :_Elt3 +32t2 —Ct+C,;

G

C C
Wy, = —tt - 2t +?3t2 —Ct+C v, =

24 6

rae C, (k=0,6) — koHCTaHTBL

Taxk kax xoHctanTsl C, (i =0,6) HewsBecTHbI, TO

NpUMEHEHNEe NpUHIOUNA Makcumyma [loHTpsruHa
OPUBOJIUT HA OSTOM OJTale K KadyeCTBEHHOMY
ONMCAHHWI0 W3MEHEHUs ynpasieHus. [lockombky
GbyHKIMA W, (t) MOXET MEHATh 3HAaK He Oolee MATH

pas, TO M ympaBlIeHHE V, MOXKET UMEeTh He Ooiee

ISTH W3MEHEHWH 3HaKa YIpaBlieHus, T.e. He Ooiee
mIeCTu HWHTCPBAJIOB IIOCTOSTHCTBA YIIpaBJICHUA.
OnHako B paccMaTpUBaeMOM CiIydae pELICHHUE
CYIIIECTBEHHO YIPOINAETCs, MOCKOJIBKY MPH POBHOM
y4acTKe  JKEJIE3HOJOPOXKHOIO  IIyTH  II€peBO3Ka
MaCCaKUPOB JIN3EIb-110€30M HAaYMHAETCS C pa3roHa,
JOCTHKEHUS MaKCUMAaJIbHOW CKOPOCTH, JIBUKEHHSA C
3TOM CKOPOCTBIO, a 3areM — TOPMOXEHUE U
OCTaHOBKa, TO €CTh HaOJMIOJaeTcss TOJNBKO JBa
WHTEpBaja IIOCTOSIHCTBA  yHpaBleHUs.  Bpews
MIEPEKITIOYEHHS] C OIHOTO TOCTOSHHOTO YIPAaBJICHUS
Ha JpYroe MOXeT ObIThb OIPENENIEHO C IIOMOIbIO

120

(12)

£ +%t“ —C—63t3 +%“t2 o+,

WTEpaMoOHHON Tporenyphl. llepemenHsIit npoduib
NyTH Ha pPaBHUHHOW MECTHOCTM HE BHOCHT
CYIIIECTBEHHBIX H3MEHEHWH B 3aKOH YIIPaBIEHUS,
OJTHAKO BpeMs MEPEKIIOUYEHHUS C OJHOTO yIpPaBICHHS
Ha JPYyroe MOXET H3MEHAThCS M MOXET He ObITh
WHTEpBaja BPEMEHH C TIOCTOSHHOM CKOpPOCTBHIO
JIBUKECHHUS.

IIpn  pemennn  3agaum MUHUMH3ALUH
B3BEIICHHOW JMHEWHON KOMOWHAIMM BpEMEHH
IOBIDKEHHS U pacxoja KBaJpaTa ylpaBlIeHHs], OObEKT
yIpaBiieHUs OMHKCHIBAETCS CHCTEMON ypaBHeHHH (6),
a yIpaBJIEHUE OMpPEENSIeTCs U3 yCIOBHSI MUHUMYyMa
¢dyHKIIMOHANA!

Y
J=[@+ky)dt, (13)
0

riae K, — nocTossHHbIH K03 duImeHt.

OCHOBHBIE COOTHOIIIEHUS ITPUHIINIIA MAKCUMyMa
IloHTpATrHHA UMEIOT BUJL;

H(z, (1), v; (1), V) =W,Z, +W,Z, +W,Z, + W, Zs +WeZ, + gV, +(1+ kvvlz)\lfo’ i=0,6;
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H(Z,0), wi(0), v) =max(H(z,0), v,(1), v)), i1=0,6;

— 4()=0,i=16 7(t)=Lz(t)=2, =26

dz, oH —
dt oy,
dy, oH
dt g
rne G — o0nacTb [OOMyCTUMBIX —YIpaBICHUH,

3agaBaemast HepaseHcTBamu (7); z(t,), z(t) -
3HAYCHUST (Pa30BBIX TEPEMEHHBIX COOTBETCTBEHHO B
HAa4YaJIbHBII M KOHEYHBIH MOMEHT BpeMeHH t,, t,
i=1,6; () — 3HaYeCHUSI CONPSDKEHHBIX

NIEPEMEHHBIX B KOHEUHBII MOMEHT BpeMeHH t,
i1=0,6.

Conpsoxennble nepemernsie , (t), 1 =0,6, kak
M B 3aJaue MaKCHUMaJbHOTO OBICTPOACHCTBHS,
oTpeAenstoTcs: cooTHOMmeHusME (11).

Ecnu ynpaBieHue vV, B PEKUME TATM HAXOAUTCA
BHYTPH JOIyCTUMOW obnactu ympasieHwuid G, Torma
CIIPaBEIIBBI COOTHOIICHHS

oH
O=—=y,+2kVy, =0, v, =- Ye < Vimax:
v, 2K,y
Ilo ocHOBHOM TeopeMe MpUHIMIA MaKCHUMyMa
[18] BEKTOP COIPSDKEHHBIX IIEPEMEHHBIX

l//=(l//o,l//l,...,l//4) OIlpelesieH C TOYHOCTBIO JI0
IPOU3BOJIBHOTO  IOCTOSHHOTO  IOJOXHUTEIBEHOIO
MHOXUTENA  H W, (t) =const< 0 (curyanus
AHOPMAJIBbHBIX  BapWAIMOHHBIX  3a4ad,  Korja
y,(t)=0, He paccMaTpuBaercs, IMOCKOJIbKY
pellaeMas 3ajaya K 3TOMY KJIAcCy HE OTHOCHUTCH),
IOATOMY MOKHO IPUHATB: Wy, =—1.

B paccmarpuBaemol 3ajade B HMHTEpBaje
BPEMEHH YHPABJICHUS PEKUMOM TSTU BBITOJIHIETCS
PaBEHCTBO

H= TeanH(zi (t), v;(t), v,) =const=0. (15)

WNmess nBa wuuterpana H u @ ypaBHeHwit
JBIDKCHUS, MOKHO C TOMOLIbI0 cKoOOK [lyaccona
HOJIyYUTh TPETHI HHTErpal aBrkeHus [19]:

>(0H 0@ OH oD
[H@]sz ____T =0 (16)

nIn

[H®], =, =0, (17)
rae [HD], — ckodku Ilyaccona nurerpanoB H u @
YPaBHEHUH IBHKECHUSL.

vi(t) =y, i=0,6, (14)

Uz Beipaxenwii (12) u (17) cunemyer, utO

c c c
Y, =t -2 +E3t2—c4t+c5 =0, I03TOMY

24 6
¢ =0 i=L5ny, =0,i=15.
Takum obpasom, mpu y,=-1, y, =0,1i =15
UMeeM:
H =y, —(1+kV?)=0 u y, —2kyv, =0. (18)

Hckmouas Y, wu3 Bepaxkenud (18), mnomyuum

v, =Kk, .
Ilpn Maneix 3HaueHwsaAx K, ympaBieHue V, B

PEXUME TATH MOXKET MPEBOCXOAUTH V, T.C.

max 2
BBIXOJWTh 32 TPEAeNbl JOMYCTUMOH  OO0JIacTH
YIPABJICHUH, II03TOMY OHO JOJDKHO OIPENEIIATHCS
COOTHOIICHUCM:

V1K, , ecmn (1K, <V, ..,
Vynao €CTH /1K, >V,

Imax?

1
max*
Omnpenenum MUHAMAILEHO

3HaueHue Kodddummenta Kk

JIOITyCTUMOE
ymin» KOTOpOE HMMEET

CMBICJI UCTIOJIb30BaTh B hyHKItHOHATE (13):
1

vmin = 2
Imax

CrnenosarenbHO, TOJbKO pH K, > K., pelenue

paccMaTpuBaeMoil 3amadu  OyJeT OTIUYaThCcsl OT
pelICHUA 3aa4i MaKCUMAaJIbHOT'O GBICTpOHeﬁCTBHH.

Hcxons u3 U3M0KEeHHOTO MOXHO CAENaTh BHIBOJ
0 TOM, 4YTO I YMCHBIICHUA pacxXoda SHEPruu UJIn
TOIUIMBA, HEOOXOJUMOTO Ha MepeMelIeHHE COCTaBa C
pa3UYHOM 3arpy3kod U3 HA4albHOTO B KOHEUHBIN
MYHKT Ha3HA4YeHWsT 3a OMpeJeliecHHOe BpeMs,
MaIIMHUCTY HEOOXOJUMO BECTH JIM3ENb-TI0E3]] C
MUHUMAJIEHO BO3MOXKHOH CKOPOCTBIO, TPU KOTOPOM
oOecrieunBaeTCcs 33JaHHBIA paclucaHueM Tpaduk
JIBWKEHUS 110 IIEPETOHY.

OpnHako 3HaHWE ONTHUMAIBHBIX YIPABICHHHA IS
KQXJIOM TOJIOBKH JIU3eIIb-TI0e3/1a HE TapaHTUPYyeT
OINITUMAJIBHOI'O0 YyHpaBJICHUA BCEM COCTaBOM, 4YTO
MTOATBEPXKIACTCS W TPAKTUKON 3Kcruryararuu. Kak
MOKAa3bIBACT IIpaKTUKa JBHXXCHHUA JU3CIIL-TIOC3/10B
J2JI-02 Ha MapripyTax IPHTOPOIHOTO COOOIICHIS
Opecckoll  KENMe3HOM OporMm TpH  MEpPEeBO3KE
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acca)kXMpoB HAa PAaBHUHHOW MECTHOCTH (Korna
NepEeMEHHBIA ~ NpoQuiIb  HyTH  HE  BHOCHUT
CYLIECTBEHHbIX WM3MEHEHMH B 3aKOH YIpaBIICHUS),
pacxoll 3HEPropecypcoB IPU BEIECHUH IMOJIBMKHOIO
COCTaBa C MOMOIIBIO JBYX TOJOBOK AM3ENIb-TIOE3]1a,
paboTalOIKX CHHXPOHHO HAa OAMHAKOBBIX HMO3HUIUIX
KOHTpOJIJIEpa MAIIMHKCTA, BBIIIE, Y€M IPU BEACHUHU
COCTaBa Ha OJHOM TOJIOBKE MO€3Aa C IOJHOCTHIO
BBIKJTFOUEHHOH BTOPOW TOJIOBKOW (B JIETHHUH TEPHOI
roja), WM C YaCTHYHO BKJIIOUEHHOH BTOpOH
TOJIOBKOHM (B 3MMHHUI Tepuofa), KOrAa HeoOXoauMa
BbIpa0O0TKa SHEPTUU AJIsl BHYTPEHHUX HYX 110€371a U
oborpeBa BaroHoB. [Ipu 3TOoM MeHBIIHI pacxof
9HEPTrOpecypcoB HAOMIOAACTCS Jayke HECMOTPS Ha TO,
YTO MAIIMHUCTY MPUXOAUTCS OCYILECTBISATH Oosee
WHTEHCHUBHBII pa3roH COCTaBa Ha OJHOM TOJIOBKE C
NoMOIbI0  OoJiee  BBICOKMX TATOBBIX  MO3HMLMUH
KOHTpOJJIepa MaIlMHUCTAa [0 OOJbIIeH CKOPOCTH
JIBUKEHHS, a TaKXKe OCYIIECTBIATh WHTEHCHBHOE
TOPMOKEHHE  JUISI  BBIIEP)KUBAHHS  BPEMEHH,
CBSI3aHHOTO C DPACIHCAaHUEM [BI)KCHHUS IOe3[a II0
JAHHOMY MapuIpyTy.

PaccMoTpuM  mpuMepsl  JABM)KEHUS — TU3ENb-
noesga MEXIy IBYMS CTaHLMSIMU MaplipyTa Ha
PaBHOM YYacTKe KEJIE3HOJOPOKHOTO MyTH JITUHHON
L =3 kM 3a Bpemsi t = 5 MUH ¢ y4eTOM JeHCTBYIOLINX
orpanmueHnii Ha ckopocth (V<50 xM/4) m
MaKCHMAaJlbHOE 3HaUYE€HUE YCKOPEHHUS a MpH BEACHUH
MOJBIJKHOTO COCTaBa CBSI3aHHBIX C  KOM(OPTOM
MOE3JKM MAacCaKHUPOB B pEeXUMax pasroHa H

topmoxenns (—1+—07 m/c? <a<0.7+1m/c?).
Ha puc. 1 mpencraBiensl rpaduku H3MEHEHHS BO
BpemMeHn no3unuid TiIroBoro (Ngyv) U TOPMO3HOTO
(Ntkm)  KOHTpOJUIEPOB — MAIMHHCTA,  CKOPOCTH
JBIDKEHHUSI TIEPBOIO, BTOPOIO M TPETHEr0 BaroHOB
M =22,V =0, Vs = 055),
YCKOPEHUS IEPBOT0 BaroHa rnoeszja (&), poiaeHHOro

JIM3€eIIb-TI0E3/1a

yTd (S = y,), CUIIbI, AEHCTBYIOIIME MEK/Y HEPBBIM
1 BTOpBIM ( F, = ),), ¥ BTOPBIM ¥ TPETHHM BaroHaMu
noesna (F,, =y,), a Takxke pacxonoB sHepruu (E)

HOTpe6J'IeHHOﬁ JAU3CIIb-TIOC3I0OM 1pU  ABUKCHUU

MeXIy IByMsi cTaHiusmu. [Ipu atom Ha puc. 1, a, 6
MIPEICTaBICHBI rpaduku MIPOIIECCOB pu
OJTHOBPEMEHHOM  KCIIONB30BaHUM B Ipoliecce
JIBIDKEHHSI IBYX MOTOPHBIX BarOHOB JU3ENb-TI0E371a,
paboTaroIIMX CUHXPOHHO HA 1-3 TO3MIUAX TATOBOTO
KOHTPOJIIEpa MAIIMHUCTA B PEKUME PAa3rOHA Moe3/1a
(c 0 mo 80 cex) W Ha 2 TO3WIIMA B PEKUME
MOJJICpKAHUS 33aJJaHHOW MaKCHMAalTbHOW CKOPOCTH
(V=50 xm/a) mgewkenns (¢ 81 mo 245 cek), a Ha
puc. 1, 6, 2 — Ipu UCHOIB30BAaHUK OJJHOTO MOTOPHOTO
BaroHa Ju3enb-ioe3na paboraromeid Ha  1-6
MO3UIMAX TATOBOTO KOHTpOJUIEpa MAaIIWHUCTA B
pexume pasrona moe3ga (c 0 mo 145 cex) u Ha 4
MO3UIMA B PSKUME MOAJCPKAHHUS — 3aJaHHOM
MakcuManbHOH ckopoctr (V = 50 km/4) aBmkeHust (c
146 o 245 cex).

Kak Bugno u3 rpadukoB Ha puc. 1 pacxon
sHepruu E Tpu BeneHHMM MOABMKHOTO COCTaBa C
MOMOIIIBIO JIByX OOMOTOPEHHBIX BaroHOB JIM3€JIb-
noesqa, paboTalOUIMX CHHXPOHHO Ha OJWHAKOBBIX
MO3UIUAX KOHTPOJJIEpa MAIIMHUCTA BBIIIC, YeM MPU
BE/ICHUH cocTasa c MOMOIIBIO OJTHOTO
OOMOTOpPEHHOTO BaroHa Toe3Zla C TOJHOCTBIO
BBIKJIFOUYCHHBIM BTOPHIM OOMOTOPEHHBIM BAarOHOM.
OTO CBS3aHO C TEM, YTO Ha HWKHHX IO3UIUSIX
KOHTpOJUIepa MAIlMHUCTa K.II.J. HMCIIOJIb30BaHUS
TOIUIMBA JUIS PEAIM3al[UK YIPABICHUS MEHbIIEC YeM
Ha BBICHIMX TIO3MIMAX KOHTPOJUIEpPa MAIIMHHUCTA.
Tak, HampuMmep, CyMMapHasi MOIIHOCTh, KOTOpas
BBIpa0ATHIBACTCS JIBYMSI TATOBBIMU T'€HEPATOPAMH
musenb-oe3ga JDJI-02 ans peanmuzanmmuu  BTOPOM
MO3UIUH KOHTpoOJLIepa MAaIIMHUACTA npu
MO/I/IEpKAaHUK CKOPOCTH JBIKeHHs moe3na Vp = 50
kM/u (puc. 1, a, ¢ 81 mo 245 cek), npu ycioBuH
CUHXPOHHOTO HMCIOJIb30BaHMS JBYX OOMOTOPEHHBIX
BaroHOB,  BBINIE, YEM  MOIIHOCTb, KOTOPYIO
BbIpa0aThIBACT  TATOBBI  I'eHEpaTop  MEPBOTO
OOMOTOPEHHOT0  BaroHa  JW3eNb-oe37a I
peanuzanuyd  YETBEPTOW TMO3MWIMH  KOHTpPOJUIEpa
MammHucta (puc. 1, 6, ¢ 146 mo 245 cex) npu
MOJAJIEpKAHUM  TOW  KE  CKOPOCTH  JIBHDKCHUS
MOJIBHKHOTO cocTaBa (Tadi. 1).
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A N, Npoy x0.L ¢x0.02, m/c?;
V;, V,, Vg, kM/a; S x50, M; E, MJTk;

>
=]

E0

af-

20

20

40

ANy Ny X030 20,02, m/c?;

V,, Vs, Vg, kM/4; S x50, M; E, M]Tx;

New |
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Puc. 1. Fpaq)m(n MOJYYCHHBIC TP ABUKCHUU JU3CIIb-T10€31a Ha PABHOM YYAaCTKEC IYTHU C UCIIOJIb30BAHHUEM:
a, 8 — IBYX TATOBBIX TOJIOBOK (CHHXPOHHO); 0, 2 — OTHOM TATOBO TOJIOBKU
Fig. 1. Graphs of a diesel train moving on the level track with the use of: a, B — 2 traction drives (in synchronism);
0, T — one traction drive

Tabnuya 1
YacroTa Bpamenus (n,) 4 TAroBoro reieparopa (P,) no mo3uuusaM KoHTposIepa Mamunucra (KM)
Table 1
Rotation rate (n,) and traction generator (P,) by reference to the main controller (KM
TTozunms KM 0 2 3 5 6 7 8
Ny MHH 800 800 1000 1200 1400 1600 1800 2000 2100
P., kBt 83 83 128 190 246 333 386 432 472
CrnenoBatenbHO, HeoOXomuma MOAU(UKALIUS BAaroHOB JU3€Jb-TI0€3/1a, a IPYTOM, ONTUMHU3AIUIO Ha
METOJAa  ONTUMM3AalMU  DHEpro3arpar  TIroBOr'O YpPOBHE JIBIKEHUSA BCET0 cocTaBa 110
IIOJABMXKHOTO COCTaBa, CBA3aHHAsA C BBEICHUEM JKEJIE3HOIOPOKHBIM IIEPETOHAM.
JOMOJIHUTEIIBHOIO JTama IIOUCKa ONTUMAIIbHBIX
yOpaBJIeHWH, T.6. ONTHMH3ALMI0  HEOOXOAUMO 3akniwouenue

IIPOBOJUTE B HECKOJIBKO J3TallOB, OAWH M3 KOTOPBIX
nmpeanojaract NOouCK ONTHUMAJIbHBIX ynpaBJ’ICHI/Iﬁ Ha
YPOBHEC TATOBBIX 3JICKTPOIIPUBOAOB O6MOTOp€HHBIX

CpencTtBaMy  HMHBOJIOTHBHBIX —pacIlpeneieHui
FEOMETPUUYECKOW TEOpPHHM YNpaBICHHUA MOJydeHa
paborocmocobHasi ~ JNMHEHHAs ~ MaTeMaTH4yecKas
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MOJENh [JBW)KCHHS JAHW3eNb-Tioe3a C  ABYMSA
SKBUBAJEHTHBIMH TATOBBIMH  3JIEKTPOIPHUBOIAMH,
KOTOpast 9KBHBAJICHTHA HEeNMHEeWHON
MaTeMaTHYeCKOH MOJENH, OMHCHIBAEMOW CHCTEMOM
HEJTMHEHHBIX OOBIKHOBEHHBIX IH(dEpeHIHATEHBIX
ypaBHeHUl  24-ro  mopsAgKka € YETBIPbMS
yrnpaBieHUsIMUA. YHCIO ypaBHEHHH B 3TOM MOAEH,
M0 MEHBIIeW Mepe, B IATh paza Ooibplle, 4eM B
M3BECTHBIX puMepax, rae MIPUMEHSAETCS
reoMeTpuueckas Teopus ynpasieHHs. C MOMOIIBIO
MONydeHHOW MOJEeNd ¥ TPUHIUIA MaKCHMyMma
[loHTpsirMHAa pemieHsl ABE 33JaYd  ONTHMAIBHOTO
yIpaBIEHUS JU3EIb-TI0E3I0M.
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AHHOTAIIUSA

B pabore paccMaTpMBAIOTCS OCHOBHBIE AaCHEKTHl CHCTEMHO-OOBEKTHOTO HMMHUTAI[HOHHOTO
MOJICJIMPOBAHMSI CUCTEM MAacCOBOTO OOCITYXHBAaHHUSI C MPUMEHEHHEM IMPOTPaMMHOIO CPelcTBa
UFOModeler. IlpuBomutcs KiaccHyeckoe ITOHMMAaHHE CHUCTEMBI MacCOBOTO OOCITyKHWBaHUS,
paccMaTpuBarOTCS BapuaHThl (opMalbHOrO TOCTpoeHHs Mojeneil. OCHOBHas 4acTh CTaTbH
MOCBSIICHA pea3aliy pUMepa MPOCTONH CHCTEMBI MaCCOBOTO OOCITY>KUBAHUS, COCTOSIIECH U3
JIBYX OJIOKOB: ouepelnb U y3en o0pabGoTku. [Ipumep Mojaenu paccMaTpUBaeTCs B TEPMHHAX

noaxofa «Y3en-OyHkuusa-O0beKT».

KaroueBble cioBa: cucreMa MaccoBOrO OOCTY)KMBaHUS, (YHKIMOHHUPYIOLIAs CHCTEMA;
COCTOSIHUE CHCTEMBI;, WMHTAIIMOHHAS MOJICNb, JIWHAMHKA CHCTEMBI; TrpadOoaHATUTHUECKOES

moaenuporanue; «UFOModelery.
UDC 519.876.5
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SYSTEM AND OBJECT SIMULATION MODELING OF QUEUING SYSTEMS

Belgorod State National Research University, 85 Pobedy St., Belgorod, 308015, Russia
e-mail: zhikharev@bsu.edu.ru, 888615@bsu.edu.ru, manzulanich@bsu.edu.ru, matorin@bsu.edu.ru

Abstract

The article covers the main aspects of the system and object simulation modeling of queuing
systems using UFOModeler software. The classical understanding of the queuing system is given;
the options of the formal creation of models are considered. The main part of the article is
devoted to the implementation of an example of the simple queuing system consisting of two
units: a queue and a node of processing. An example of model is reviewed in terms of the "Node-

Function-Object" approach.

Keywords: system of mass service; the functioning system; a condition of system; imitating
model; dynamics of system; graphic-analytical modeling; "UFOModeler".

C cucremamu MaccoBoro obciyxuBanus (CMO)
MBI BCTpeuaemcsi MoBceIHeBHO. JlloOoMy U3 Hac
NPUXOANUIOCH KOTAA-TO >KAATh OOCIHYXHBAaHUS B
ouepenu (HarpuMep, B Mara3nHe, Ha aBTo3arpaBke, B
oubnuoreke, kade U T. 1.). AHaJOTHYHBIE CUTYalun
BO3HHMKAIOT MpH MOTPEOHOCTH BOCIIOJIB30BATHCS
TeIe(QOHHOW  CBSI3bI0 HWJIM  BBINOJHUTH  CBOIO
nporpaMMy Ha KommeloTepe. bomee Ttoro, moboe
IPOU3BOJCTBO MOJKHO MIPEICTaBUTh KaK
HIOCJIeI0BAaTEIIbHOCTh  CUCTEM  oOcmyxuBaHus. K
THUIUYHBIM CHCTEMaM OOCITy>KHBAHHUSI OTHOCAT TaKkKe
PEMOHTHBIE U MEAULIMHCKHE CITY>KOBI, TPAHCIIOPTHBIE

CHCTEMBI, a’dpOTOpThI, BOK3aibl U Jpyrue. Ocoboe
3Ha4YeHUe MPUOOPETH Takhe CHUCTEMBI NIPH U3yUCHUH
poreccoB B HMH(OpMATHKE. JTO, MPEXIE BCETO,
KOMIIBIOTEPHBIC CHCTEMBI, cetn nepeiadn
nHpopmaruu, OC, 6a3bl u 6aHKH AaHHBIX. CUCTEMBI
OOCITy’)KMBaHMSI HIPAIOT 3HAYUTENBHYIO POJIb B
MOBCEJHEBHOW  JkM3HU. ONBIT  MOJETUPOBAHUS
pa3HBIX THIIOB JUCKPETHBIX COOBITHHHBIX CHCTEM
CBHUJIETENILCTBYET O TOM, 4TO Hpubiau3urenasHo 80%
3TUX Mojenel ocHoBansl Ha CMO [1].
Taxue cucTeMbl MOXKHO ONUCATh, €CIIH 33JaTh:
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—BXOIAMIMK ITOTOK TpeOOBaHWH WM 3asIBOK,
KOTOpbIE IOCTYNAIOT Ha 00CITyKUBaHUE;

—IMCLUIUIMHY [OCTAaHOBKU B O4Y€pelb M BBHIOOD
U3 Hee;

—IpaBWJIO, MO KOTOPOMY OCYIIECTBISETCA
o0cCITy>)KUBaHHE;

—BBIXOSIIINHI MMOTOK TpeOOBaHM;

—PEXUMBI PabOTHI.

Jns Takux cUCTeM NPUMEHMMO JHUCKPETHO-
COOBITMIIHOE MOJENHUPOBAaHHE — MOJCIUPOBAHUE
CUCTEMBI B JMCKPETHBIE MOMEHTHI BPEMEHHM, KOTAA
MIPOUCXOMST COOBITHS, OTpakarolue
M0CJIE0BATENBLHOCTD HU3MEHEHUS COCTOSIHUM
CUCTEMBl BO BpeMeHU. B panpHeillieM Takoe

Bxoaauwmi
NoOTOK

Ouepeab

YCTpOWMCTBO

MOJIeIUpOBaHue OyJeM Ha3blBaTh WUMHTAIIMOHHBIM.
PaccmarpuBaemble  371eCh  CHCTEMBI  SIBIISIFOTCS
JUHAMUYECKUMH, TO €CThb W3MCHSIOMIUMUCS BO
BpemeHH. [loaTOMy COCTOSIHME CHCTEMBI, CBOMCTBa
00BEKTa M YHCIIO aKTHBHBIX 0OBEKTOB, IMTAPaMETPOB,
JNEHCTBUI W 3allepeK — Bce OHU (yHKIMH IO
BpEMEHH M MOCTOSHHO M3MEHSIOTCS B Tpolecce
MOJICITUPOBAHHS.

CyIlecTBYIOT CHCTEMBI C OJHHM YCTPOWCTBOM
00CITy’)KUBaHHUs, & TaK K€ MHOTOKaHAJIbHBIE CHCTEMbI
MaccoBOTO 00CITy)KUBaHUSI. Paccmotpum
OJTHOKaHAITLHYIO (c OJTHUM YCTPOHCTBOM
obcirykuBannsi) CMO, moka3aHHYIO Ha CIEAYIOIIEM
pUCYHKe.

Beixoaawmil noTok

q

S

Puc.1. Ctpykrypa ognokananeHoi CMO.
Fig. 1. The structure of single-channel system of mass service

Hns o6o3znavennss CMO wuCONB3YyIOTCA TpH
napametpa: X/Y/Z, rie X — pacnpeienieHue BpeMEHH
nocTyruieHus; Y  —  pachpenelieHHe  BpEeMEHHU
oOciayxuBanus; Z — YHUCIO OOCITYXHBAIOIIUX
ycrpoiictB. B Teopum CMO  HekoToOpble
aHATTUYECKWE pEHIeHUs OBbUTM TONyYeHBI IS
cucrem Buga D/D/1, M/M/1 u M/G/I [2]. dns apyrux
3HAQUEHWH TapaMeTpoB CHCTEM OOCITYKHBaHUS
aHATMTUYECKHUE pellleHHs He ObUIM IOJy4YeHBI, TO
eCThb 3Ta MpoOJieMa MOTHBHPYET WCIIOJIb30BaHNE
MOJICITMPOBAHUSL.

Camast U3BeCTHasi MOJIeNIb — 3TO TaK Ha3bIBaeMasi
CMO tuna M/M/1, rne M — MapKOBCKHE TPOIIECCHI
pacnpeneneHus BpPEMEHU HOCTYTIICHUS u
o0cCITy>KuBaHMs C OJHUM ycTporicTBoM. Hampumep, B
CUCTEME M/M/1 BpeMsI MEXIy JIBYMSI
MOCTYIUICHUSIMH B CHCTEMY TpeOOBaHUN W BpeMs
00CITy>)KUBaHHSA HMEIOT 9KCHOHEHIUAIbHBIE
pacnpenencHus. Takas CMO wuHOrma ucronb3yercs
KaK MOJIEJb JIJIsl OJTHOTO MPOoIleccopa KOMITBIOTEPHOMH
CHCTEMBl WJIM KaK CTaHAapTHOE YCTPOMCTBO BBOJA-
BBIBO/IA (HAIIpUMeEp, MarHUTHBIN JHCK).

Cucrema D/D/1 -  nerepMHHUpOBaHHAsS
cuctema, torga kak D/M/1 — cmemannas. Eciau o
CHCTEME Majl0 HM3BECTHO, 3TO O0O3HA4aeTcs Kak
G/G/m, TO ecTh cucTeMa C TMPOM3BOJILHBIMU
pacrpeneneHus MU 1 M yCTPOHCTBAMH.

Mmuorokanameaas CMO (¢ HECKOJIBKHMH
OIMHAKOBBLIMU yCTpOWCTBAMU 00CTyKUBaHUS)
uzo0pakeHa Ha puc.2. B omimuume ot
onHokaHAIBFHEIX CMO MHOroOKaHaJdbHBIE CHCTEMEI
paccauTaTh CJIOJKHEE. Teopus MaccoBOI'0
00CITyKMBaHMsI [TO3BOJIAET OJIy4YaTh aHATUTUYCCKUEC
3aBUCHMOCTH JUISI PAcueTOB XapaKTEPUCTHUK PaOOTHI
MHOTOKaHaNbHEIX CMO B cTanmnoHapHOM pexuMe
paboThI, OJTHAKO, 3TU 3aBUCHMOCTH MOXHO IOJIYYNUTh
TOJILKO U1 cucteMbl M/M/m.

PaccMoTpuM  BO3MOXKHOCTH — MTPOTPaMMHOTO
komiuiekca «UFOModelery [3] ¢ Touku 3penus
pa3pabOTKH  HMMUTAIIMOHHBIX  MOJIEICH  CHCTEM
MaccoBOTO OOCITy>KWBaHUS. B €ro OCHOBE JIEKUT
METOJ CHUCTEMHOTO aHanmu3a Y3enl — DyHKuua —
O6wexT (Unit — Function — Object) UFO-moaxon [4].
Meton UFO-ananuza — 3T0 HOAXOJ K CHCTEME Kak
(byHKIIMOHATBHOMY  OOBEKTY, COCTOSAIUIA B
MPEACTABICHUH €€ B BHJIE TPEXDJIECMCHTHOM
KOHCTPYKITUH: «Y3en—DyHKIuI-O0BeKT»
(UFO-moxxox). Ha ocHoBe pmaHHOrO mOAX01a
pazpaboran  (QopMaTbHO-CEMAaHTUYECKH  METO/I
UFO-aHann3a, TO3BOJSIONMA  KOHCTPYHPOBATH
CHCTEMHO-O0BEKTHEIE MOJEIM KaKk KOMOWHAIINN
UFO->1eMeHTOB.
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Bxoasaw M\ NoTok

NP1

BbexoaAaw MK noTok

MPmM

Puc. 2. Ctpykrypa mHOTOKaHaNMEHOM CMO
Fig. 2. The structure of multichannel system of mass service

IIpencraBienns 00 y31moBBIX, (PyHKIIMOHATHHBIX
1 OOBEKTHBIX XapaKTEPUCTHKAX CHCTEMBI TIO3BOJISIOT
OIMCHIBATh cucteMbl ux kak UFO-3yieMeHThI, T.€.
OJTHOBPEMEHHO KakK «Y3ibl — OyHkimu — OOBEKTH)
W XpaHUTh OTy HHPOPMANNIO B CIENHATHHBIX
oubnnorexkax UFO-smeMeHTOB. ITO  IO3BOJISET

3HAYUTEIHHO 00JIerYnTh pabory o
MOJICJIUPOBAHHUIO, QHAIN3Y U ONTHUMHU3AIMH OU3HEC-
IPOIIECCOB.

[MoctporM ¢  TOMOMIIBIO  MPOTPAMMHOIO
obecrieuennss UFOModeler Momenp  mpoctoid
CHCTEMBl MAacCOBOTO OOCIYKMBaHHS — MOJEIb
paboThl OaHKOBCKOIO TepMUHaNa. B 0aHKOBCKOM
OTJCNICHMA HaxXxomuTcs TepMmuHal. Onepanuud ¢
HAJIMYHOCTBIO ~ KJIMEHTHl OaHKa MPOU3BOIAT C
NOMOIbI0  OaHKOBCKOTO  TepMHHaIA.  Bpems
oOCITy’>)KMBaHHs KJIMEHTa 33/1aH0 C  I[TOMOIIBIO
MCEBJIOCIYYalHbIX yucen B uHTEepBaje oT 1 go 10

muHyT. [Ipu 3ToM B oTaeneHun OaHka kaxmasie 10
MHUHYT @puxogatr oTr | go 10 dyenoBek
(mceBnocmydalfHOE YHCIIO) U XKIYT CBOCH OUepeu.

Jna Havanma co3maguM MOJENb W Ha30BEM ee
«Otnenenne OaHKa», 3aTeM CO3JaIuM JBa y3Ia
«Ouepenp» n «Tpanzakuus kiaueHTtay. Ciaemayromum
3TarioM HEoOXOAMMO CO03/aTh CBs3u. CBsI3U — 3TO
BCEBO3MOJXKHEIE TTOTOKH MaTepHH WA HMH(POpMAIHNHY,
OUPKYTUPYIOIINE B MOJCIUPYEMOW CHCTeME |
MEXIYy CHUCTEMOM M  OKpyXKarolled  cpenoil.
Ocobennocteio UFO-mmogxona sBISIETCS TO, YTO B
HEM cymiecTByeT OazoBasi mepapxus cBsseil. CBssw,
KOTOpBIC HCIOJB3YIOTCS B MOJEIH, NOOABISIOTCS B
9Ty HEpapXuio, pacimmpssi e€, T.e. Kakaas HoBas
CBsI3b SBIISIETCS TOABHJIOM cCylecTByromeld. Ha
PUCYHKE HW)KE NPEJCTABICH pe3ybTaT J00aBJICHUS
CBsI3€i Ha IMarpaMmy.

T UFO-Modeler: OTgenenne banka - A X
a, tenn - 7 OcHoBHDE ’\ WHeTpyreHTEl
> ¥, .
Yzen Cense Bxogawan cease  MoxogAwan cesse 3anycTHTE MOgEs Akcnopr
Tunkel cEAsEHA - OTaeneHue GaHka
Hamu...
-

Bl Whe

= K HEHTRI

Ouepens T KNMEHTE

KMHEHTH
KIHEHTH

CTpykTypa ofbEKTOR AMarparme!
Hafmu... Q

Macwrab

I Q 11

Puc. 3. IlpencraBienue cBs3ed y37I0B Ha CXeMe
Fig. 3. Connection of nodes on the chart

C TOYKH 3pC€HUA BTCKAKOIMUX W BBITCKAOMIUX
MOTOKOB/CBSI3EH, KaKJas CUCTEMa XapaKTephu3yeTcs
(OYHKIIMOHAIBHBIMH  CIIOCOOHOCTSAMH,  OOecreyu-
BAIONIMMHU  NPeoOpa3oBaHe  «BTEKAIOMIMX»  II0

CBSI3IM PECYPCOB B «BBITEKAIONIME» PECYpPChl. DTH
(yHKIMOHANBHBIE  CIIOCOOHOCTH  00ECIIeUHBAIOT
OayaHC «IIPUTOKA» M «OTTOKa» 1O (PyHKIMOHAIBHBIM
CBSI3SIM y3Jia, 3aHMUMAaeMOTo JaHHOU cuctemoit. Ilpu
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9TOM OaylaHC OJHOTO W TOTO K€ y3Jia MOKET OBITH
obecrieueH, B TPHUHIUIE, pa3HBIMH HabOpaMu
(YHKIMOHANBHBIX ~CIIOCOOHOCTEH, T.e. pa3HBIMHU
(DYHKIIMOHATBHBIMU ~ 3aBUCUMOCTSAMH  BBIXOJa OT
BXOJIa. dopmanbHas (yHKIMOHATBHAS
XapaKTePUCTUKA CUCTEMBI SBIISICTCSI BTOPOCTEIICHHOM
U XapaKTepu3yeT TEOPETUYCCKYI0 CIIOCOOHOCTH
(IOTEHIMATEHYTO BO3MOYKHOCTD) CHUCTEMBI
cOaaHCUPOBATh ONPECIICHHBIN Y3ell.
3a 00paboTKy BXOASIIUX U UCXOISIIUX MIOTOKOB

JAHHBIX Y3714 OTBeYaeT (YHKIHMSA, OmNKMcaHHAs C
nmoMomplo  s3pika  YDO-cKkpunT ¢ BHEAPCHHEM
CICIMALHBIX METOMOB JIII O0pa0OTKH IIOTOKOB
BBOJa/BBIBOJIa  JIaHHBIX. TakuMm 00pa3oM, KOJ
¢byakmmu st y3na «QOQuepens» OyAeT BBITIAACTh
CIIeTFOIIAM 00Pa30M:

var x,i: integer;

begin
X:=0;

i:=0;
while 1>0 do

begin

i=i+1;

X :=x + round(Random * 10);
SetLinkOut('kruenmoi.cpKonso' X I 1);
SetLinkOut('kruenmor.oocudarouwue' X);
SetObjProp(‘#buzy', round(x / i));

if x /i >=100 then

SetObjProp(‘#active', true)

else

SetObjProp(‘#active', false);
delay(10);
end;

" Mogens OTtgenexnne banka

SanycTuTe MNayza MpogomuTe OcTaHoEMTE

EI; Oraensrue GaHka
@f Ouepeas

28 Tpansakuma ket

Iuarpara | Mporparma | CocTosmue

{ —

Haumenosanue | SHaveruwe
Hbuzy a3
Hactive True

OJIDANIE 7

Cuepeas

KMHEHTE

end.
Kon dynknmu s y3na «TpaH3akIiys KIHeHTa:

var ojidanie,obsluj:integer;
percentCount,v:real;
begin
while GetLinkInl('xauenmot.oocudarowue') > 0 do
begin

if GetLinkInl('kiuenmesi.oxcudarowue’) <> ojidanie
then

begin

percentCount := 100.;

ojidanie := GetLinkInl("kiuenmuol.osxcudarowue’);

v := (1/ ojidanie) * 100;

end;

SetObjProp(‘#buzy', round(percentCount));
SetObjProp(‘#active', true);

ojidanie := ojidanie - 1;

obsluj := GetLinkInl('knuenmuot.o6cnysrcennvie’) + 1;
SetLink("xnuenmot. oorcuoarowgue’, ojidanie);
SetLink("xnuenmot.0ocnyocennvie’,0bsluj),
SetLinkQut("knuenmol.obcnyscennuvlie’,obsluj);
percentCount := percentCount - v;
SetObjProp(‘#buzy’, round(percentCount));

if ojidanie = 0 then

SetObjProp(‘#active', false)

else

SetObjProp(‘#active', true);

delay(1);

end;

Jlasiee HEOOXOIUMO 3allyCTUTh BBINIOJHEHHE

MOJIEIH, TIOCIIe Yero MOJb30BaTelb YBUAHUT MPOIECC
paboThI MOJIENH, TPEICTABICHHBINA HA PUCYHKE HHXKE.

O fo3HaYEHHA
Ml Huzkaa sarpyska
I Cpeanan sarpyzka

CaxpariTe I Ericokan sarpyska

Nor | Koncone | Mpaguk. | Naparerpel

KMUEHTE

KMUEHTS

oxMoawHesT
cpkonec=2,00

0BSLUY 19
PERCENTCOUNT 875
Y 125

M oEocnyxeHHue=19

Puc. 4. Cumynstop dyaknnonupoBanus CMO
Fig. 4. The simulator of the mass service system functioning

W3 Monenu cieayer, 4To cpelHee KOIHYECTBO
MOTIOJIHEHUST ~ O4YepeAr JIIOABMH  COCTaBiseT 2
YeIIOBEKa, KOJIMYECTBO OXKHUIAIOMUX OOCITYKUBAHUS
KIMEHTOB COCTaBJsIET 7 UYENOBEK, KOIUYECTBO
00CITy’)KEeHHBIX KJIHEHTOB COCTABILIET 19 denoBexk.

[Tpu sToM momnoca ciepa ot 61oka «TpaH3akiys
KIIMEHTa» OTpa)kaeT 3arpyKeHHOCTh TEpMHHAIa, a
mojioca cneBa oT Onoka «Ouepens» oOO3Ha4aeT
CpeiHee KOJIMYECTBO MIOTIOJHEHUS OUePeIH.
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W3 BBIIIE OMKMCAHHOI'O IPUMEPA MOACTUPOBAHHMS
CMO MOXHO chenaTh BBIBOJ, YTO HCIIOJIHL30BaHHE
(hopmanbpHO-ceMaHTH4eCKOro MeToga Y DO-ananusa,
MO3BOJISIET KOHCTPYHPOBATh CUCTEMHO-OOBCKTHBIC
MojieNd Kak koMOuHauuu Y @O-351emeHTOB. MOIeib,
MOCTPOCHHAST B MpUMEpPEe SBISICTCS HATJSAHONH H
WH(GOPMATUBHOW, YTO IO3BOJIACT TPOBECTH aHAJIH3
MOJIEIT! Ha BU3yaIbHOM ypPOBHE.
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Abstract

The paper presents a comparison of some measures of difference between the original signal and
the result of the introduction of additional information. The comparison was based on the analysis
of the implementation of the results-based steganographic method of spectrum spreading. The
paper presents the results of the comparison of some measures of difference based on the analysis
of speech signals in their division into segments of equal length.

Keywords: speech signals; steganography; measures of differences; correlation coefficient; mean

square error; signal-to-noise ratio; Itakura-Saito measure of distance.

VI]IK 004.415.24

JIuxou00 I1I.T. HUCCIEAOBAHUE YYBCTBUTEJIBbHOCTU HEKOTOPBIX MEP KAYUECTBA
MeaBenesa A.A. CKPBITUS HH®POPMAIIUU B AYJIUOJAHHBIX

JInxoroauna E.C.

Munmaa 0.0.

Benropoackuii rocyapcTBEHHBIM HAIIMOHAIBHBIN HCCIIE0BAaTENECKUI YHUBEPCHUTET, yiI. ITo6ens! a.85,
r. benropon, 308015, Poccust
e-mail: likholob@bsu.edu.ru, medvedeva_aa@bsu.edu.ru, elza9313@gmail.ru, olgamishina96@gmail.com

AHHOTAUA

B crarbe npencTaBieHO CPABHEHUE YYBCTBUTEIBHOCTH HEKOTOPBIX MEP Pa3iIuuds MEXAy
HCXOJIHBIM CHUTHAJIOM M CUTHAJIOM, IOJIyYCHHBIM B pe3yJibTare JOOaBICHHS IONOJHUTEIbHON
nHpopmanun. CpaBHEHHE OCHOBAHO HA aHAIM3E PE3yJibTaTa pealln3allii CTeraHorpaduiaecKoro
METOAa pAaCHIMPEHUs] CcIeKTpa. B 1aHHOM cTaTbe paccMOTpPEeHbl pe3yibTaThl CpPaBHEHUS
HEKOTOPLIX MEP pas/iniusa, OCHOBAHHBIC HAa aHAJIM3€ PCUCBLIX CUI'HAJIOB IIPU UX pPa3JACICHUN Ha
OTPE3KH PaBHOM JJIMHBI.

KiroueBble ciaoBa: pedeBble CUTHANIBI, cTeraHorpadus; Mepsl paznuuus; KodQQHUIMEHT
KOPPEJSILMY, CPEeIHEKBAIPaTUUIECKOE OTKIOHEHHE, OTHOLICHHE CHUTHAI/IIYM, MEpa PacCTOSHHUS

Urakypsr-Caiito.

The development of modern information and
telecommunication systems is aimed at ensuring the
possibility of providing natural human forms of
information exchange. One of these forms, the most
commonly used, which is convenient for a person, is
speech. Modern information systems allow the
storage and transmission of voice messages at a
distance. The provision of such opportunity led to the
rapid development of technology, to ensure the
implementation in the audio records of additional
information that will not be perceived by human
senses. This can be a label date and time, label,
confirming the copyright, etc. The introduction of

additional information in such a way that the fact of
implementation was discovered, is used in
steganography. This aspect describes the basic
principle of steganography [2].

In the case of the use as an object, which will be
implemented information (container), the speech
signal, the result of the implementation, i.e. the stego-
container are (the container along with the embedded
information), "hearing" should not differ from the
original container.

Obviously, the most effective methods of change
detection (identifying the degree of change) are the
subjective assessment. However, the increasing
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demand for stego-algorithms and, as a consequence,
the increase in processed speech data leads to the
need for automating the process assessment of results
of introduction of additional information.

This requires the use of objective methods in
some numerical form to assess the degree of
difference of speech signals before and after the
introduction of additional information.

In addition, for methods that evaluate the quality
of the attachment has the following requirements:

—the method must allow expressing the sound
quality of a quantitative measure;

—the method should consider the properties of
auditory perception;

—the method should not need to use experts, but
it is necessary that it should provide the best
correlation with subjective evaluations.

—the method should allow to determine the
critical level (detection threshold) at which changes
caused by the steganographic method of encoding
will be noticeable to the ear;

—the method should not depend on parameters
of the analyzed signal (sample rate, bit count, etc.), it
should equally respond to changes in the time and
frequency domains.

Currently, the most widespread use of received
methods of evaluating the differences of the
compared signals, is based on the analysis of
segments of speech signals in the time domain. Using
such estimates of the differences as the mean square
error (MSE), relative error, the signal-to-noise (SNR),
the correlation coefficient (cor), measure the distance
Itakura-Saito (distance maximum likelihood, ISD).
Each of these assessments allows us to identify the
differences in the signals. However, they have
different sensitivity.

In particular, the mean square error (MSE)
measures the absolute difference between the energy
of segments signals in the time domain [7, 12, 3]:

N
MSE = 3 (xn — %n )2 - @)
n=1
where x — the amplitude of the initial data segment,
%, — the amplitude of the segment of data containing

additional information, N — the number of samples of
the compared segments of the signals.

This measure allows identifying the differences
in the envelopes of the amplitudes of the segments of
speech signals. The fewer changes can be made when
introduction additional information, the closer the
value for this score to zero.

However, this estimate does not take into
account the energy of the signal itself, and this means
that the choice of this evaluation has a difficulty of

choosing a threshold. Therefore it is more likely to
use the normalized estimate of the MSE to the norm
of the original signal [2]:

N N
MSE = 3 (xn =% )? / 3 xp? - 2)
n=1 n=1

The reaction of this assessment is a similar
reaction of MSE.

Also, to consider the extent of differences
between the original signal and the result of the
introduction of additional information it is necessary
to make use of the assessment which is sensitive to
the time alignment of the compared segments of the
signals [7, 12, 3]:

N
ZXn2
SNR:lO-IgN”;' ©)

> (xn —Xn )2
=1

The higher the SNR rating, the less changes
were made. In case of equality of two segments
(source and exposed to changes in coding) the
evaluation will be equal to infinity (o).

To assess the degree of similarity of two
segments of data, they often use the mutual energy of
these signals, determined by the correlation
coefficient [7, 3]:

N 1 N 1 N
o i) foie
cor — n=1\ n=1 n=1 . (4)

N 1 N 2 1 N 2
fo it ik
\n:l n=1 n=1

The closer the correlation value to one, the
higher the similarity of the segment of data
containing the control information and the source.

All the above estimates calculate the extent of
the differences used for comparison the values of
samples in the time domain. However, along with
changes in the time domain it is also necessary to
account for differences in the frequency domain. To
do this, we use a measure based on the distance
Itakura-Saito [7, 12, 3]:

7 )ﬁ('(u)2 v)?
ISD = | [X(U)Z +1In ;EU;Z —1}10/27;- )

It is known that the energy of the segment of the
signal can be expressed as follows [2,11]:

HXHZ _ %;ﬁ = ER:‘L j \x(,))‘2du /2;:J=zzpr , (6)

-

r=QveQ,

where P. — the value of the energy of the frequency
components of the segment signal.
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Then measure based on the distance Itakura-
Saito can be represented as:

5o
ISID =Y Awy | +InJ-1|/x, (7)
o1 Pr Pr
where P, — the value of the energy of the frequency
components of the initial data segment, P. — the
value of the energy of the frequency components of a
segment of data that contains additional information.

Measure is a sense of distance between spectra
of the two signals, and estimates the discrepancy
between the energy changed and the source of the
segment data. In case of equality of the segments of
data, the measure becomes zero.

The comparison of the sensitivity estimates was
based on the use of one of the most common
steganographic methods [12], taking into account the
frequency characteristics of the voice signal — the
spread-spectrum method.

The method involves adding to the segment of
the original speech a signal pseudorandom sequence
(SRP) in accordance with expression [4, 8]:

X=X+am €m0, (8)

where X — the original segment of the data, U —
interval corresponding pseudo-random sequence, apn
— the weighting factor, e, — a code mapping binary
bits of the control information determined by the
equation:

em=26m -1, m=1...,M, ©))
where e, — bits of the control information in the
binary system, €, € {0, 1}, M — the amount of secretly
encoded control information, e, - a code mapping
binary bits of the control information, €, €{~11}, m

— the sequence number of bits of control information.
Weight coefficient a, determines the secrecy of
the system. In [10] it is proposed to choose is equal

to:
(x.0)
=",
il
It should be noted that the use of non-mutual
energy with the data X as a noise signal design U

allows to increase the noise immunity
steganographically encoded control information e,

and the use of projection ratio «, increases the
stealth of the control information.

m

(10)

Decoding bits of the control information from
data is performed by determining the sign of the
scalar product of the segment data and the pseudo-
random sequence:

[ sign(<§,u>), (11)
where sign( ) — the allocation operation of the sign.

Table 1 presents the results of the evaluation of
the considered measures of differences for all sounds
of Russian speech. For the analysis there was used
the segments of speech signals recorded with a
sampling frequency of 8 kHz and bit depth 16 bit. To
implement spread-spectrum speech signals were
divided into segments of the same duration, T=32mc.
It is also important to note that the study of these
measures were carried out during the implementation
of the overlay of noise on the signal in the absence of
cross-correlation and using a weight:

K
tam="—"5 (12)
o

The parameter Km was varied in the range from
0.0001 to of 0.2000.

From the above data, it is seen that the values of
all the measures, except for measures based on
distance Itakura-Saito, depend only on the coefficient
Km. In turn, the value of a measure based on distance
Itakura-Saito depends on the coefficient Km and the
type of sound. So for the voiced sounds of Russian
speech the addition of broadband noise causes more
significant increasing measures, based on distance
Itakura-Saito, than when adding the same fragment of
the noise to hissing sounds. Thus, the measure based
on distance ltakura-Saito takes into account the
features of the energy distribution of the Russian
speech sounds.

As shown by research, for evaluating speech
guality it is necessary to use measures that take into
account the distribution of the speech signal in the
frequency band.

This is due to the perception of the speech signal
by person, regardless of the language of
communication. The methods  that use
psychoacoustics model [1] and the methods of
prediction do not always provide ease of playing,
because it have many settings [1, 2]. Thus, the use of
measures based on distance Itakura-Saito, it is
advisable to evaluate measures of the quality of
hiding information in speech signals.
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Table

Evaluation of differences of the original signal and implementation results using steganographic

technique sprea

ding (T=32ms)
S

Type of sound Kn SD NSD SNR cor ISD
0,0001 0,0001 0,0001 80,0000 1,0000 0,0021
0,0002 0,0002 0,0002 73,9794 0,9999 0,0045
A 0,0100 0,0100 0,0100 40,0000 0,9950 0,4529
0,1000 0,1000 0,1000 20,0000 0,9524 6,3492
0,2000 0,2000 0,2000 13,9794 0,9091 13,3037
q 0,0001 0,0001 0,0001 80,0000 1,0000 0,0002
0,0002 0,0002 0,0002 73,9794 0,9999 0,0005
0,0100 0,0100 0,0100 40,0000 0,9950 0,0182
0,1000 0,1000 0,1000 20,0000 0,9524 0,3009
0,2000 0,2000 0,2000 13,9794 0,9091 0,8142
1 0,0001 0,0001 0,0001 80,0000 1,0000 0,0007
0,0002 0,0002 0,0002 73,9794 0,9999 0,0014
0,0100 0,0100 0,0100 40,0000 0,9950 0,0523
0,1000 0,1000 0,1000 20,0000 0,9524 0,6402
0,2000 0,2000 0,2000 13,9794 0,9091 1,5429
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JInxos106 Ilerp I'eoprueBudu, crapmuii mpemnogaBaTeib
Kadenps MHPOPMAITMOHHO-TEJIEKOMMYHHUKAITMOHHBIX
CHCTEM U TEXHOJIOTHI

MeaBeaeBa AJgekcanapa AJiekcaHapoBHa, JloueHT
Kagenpsl NudopmManmoHHO-TeIEKOMMYHHKAITMOHHBIX
CHCTEM U TeXHOoJorui, Kannuaar TeXHu4eckux Hayk
JInxoroguna EnuszaBera CepreeBna, CtyneHT kadeapst
MH()OPMAMOHHO-TEIEKOMMYHUKAIMOHHBIX ~ CHCTEM U
TEXHOJIOT U

Mummuaa Oasra  OgaeroBHa, CrygeHtT — Kadeapsl
I/IH(bOpMaHI/IOHHO-TeHeKOMMyHI/IKaHI/IOHHBIX CHUCTEM )5
TEXHOJIOTHH
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AHHOTAUA
B cratee paccMmaTpuBarOTCS  BOIPOCHI,

CBSI3aHHBIE C cO3JaHueM HWH(POPMAIHOHHO-

00pa3oBaTelbHOM Cpeabl By3a KakK OCHOBHOTO KOMIIOHEHTa CHCTEMBl YIPaBICHHUS U

aJIMUHHUCTPUPOBaHMUA y4eOHOro mporecca.

OmuceIBaeTcst IMOAXOX K  aBTOMAaTHU3aIiHA

TPaJUIIMOHHBIX ISl POCCHHCKOro By3a (yHKImH nexaHata (Ha mpumepe FOro-3amagnoro

rOCYJapCTBEHHOI'O YHUBEPCHUTETA).

KaioueBbie ciioBa: wHGOpMAIMOHHO-00pa3oBaTelbHas cpena; HWH()OPMAIMOHHAS CHUCTEMA;
3JIEKTPOHHBIN JEKaHaT; Web-HpI/IJIO)KCHI/IC 0a3 JaHHBIX.

UDC 004.738.5
Anikina E.I. AUTOMATED INFORMATION SYSTEM "DEKANAT ON-LINE”
AS A COMPONENT OF THE SWSU INFORMATION-EDUCATIONAL
ENVIRONMENT
Southwest State University, 94, 50 let Oktyabrya St., Kursk, 305040, Russia
e-mail: elenaanikina@inbox.ru
Abstract

The article discusses the issues related to the creation of the university information-educational
environment as the main component of education process control and administration. The
approach to automation of traditional for Russian higher educational establishment functions of
the dean’s office is described (on the example of Southwest State University).

Keywords: information-educational environment; information system; electronic dean’s office;

database web-application.

Beeoenue
WNudopmanmonHoe 0OIIECTBO CO37aeT HOBBIE
CEKTOPbI aKTHBHOT'O OOILIECTBEHHO-3KOHOMHUYECKOTO

pocta u COOTBETCTBYIOLIHE BBI30BBI
00pa3oBaTeIbHbIM WHCTUTYTaM. I'moGanpHas
TEHACHIINS «uHpOpPMATU3AIH KUZHI u

o0pa3oBaHHMs OTMEYEHa BO BCEX  KIFOUEBBIX
JOKYMEHTaX COLHAJIILHO-DPKOHOMHUYECKOTO Pa3BUTHS
Poccun. Cucremnbie mpoOieMbl 00pa3oBaHUs BO
MHOTOM  BBI3BaHBl ~ €r0  OTCTABaHUEM  OT
MHQOPMALTUOHHOTO o01ecTsa, OTCTaBaHUEM
BHEJPCHNUS HOBBIX TexHONOTHH. CTpeMuTenbHO

pa3BUBAIOILANCSH HAyYHO-TEXHHUYECKAsl PEBOJIOLHS
TpeOyeT  THo0albHBIX  HM3MEHEHHH  Mpolecca
nHpopMaTu3aMu Bcex cdep xu3Hu odmectBa. Bo
BCEX Pa3BUTHIX M B OOJIBIIMHCTBE Pa3BUBAIOLIUXCS

cTpaHax OCYIIECTBIISFOTCS MIPOTPaMMBI
IUPOKOMACIITaOHOM WHpOpPMAaTH3AIHN
o0Opa3oBaHMs.

Undpopmaruzanmsa, Kak oOydeHHs, Tak U
BCIIOMOTATENbHBIX IPOIECCOB B BY3e, SBISIETCS
CerofiHA  HACyIIHOM  HEOOXOAMMOCTBIO.  OTO
O3Ha4yaeT, 4TO MepeA KaKIbIM BBICIINM YYEOHBIM
3aBEJICHHEM CTOUT CJIOKHAas  MHOTro(akTOpHas
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3a/1a9a co3gaHus HHPOPMAITHOHHO-00pa30BaTeIbLHOM
cpensr (MOC) moaroToBKM CHEIHATUCTOB C YUETOM
HE TOJBKO CETOAHALIHMX TpeOoBaHWW, HO U
COLMAIILHON NEPCIEKTUBBI, CTPEMHTEIILHOTO
pacmpocTpaHeHus] HOBBIX HMH(MOPMAIIMOHHBIX U
KOMMYHHKAIHOHHBIX TeXHOJIOTHi [1].

B 2014-2015 romax BmIIIIAa Cepus TMPUKA30OB
MunoOpraykn «O0 yTBepX)AeHHH (enepaTbHbIX
TOCYJapCTBEHHBIX  00pa3oBaTeNbHBIX  CTaHIApTOB
(®I'OC) Boicmero 06pa3oBaHus MO HAMPABICHUAM.
®OI'OC 3+ mpeapsSBISIOT Cepbe3HbIe TPeOOBAaHUA K
pecypcHOMy oOecredeHnIo y4eOHOro mpolecca, B
TOM 4YHCIE M K DJCKTPOHHOUW WH(POPMAIIMOHHO-
oOpa3oBarenpHON cpene By3a. HMHdopmannoHHO-
oOpa3oBarenbHasl cpenia By3a JIOJDKHA 00eCcreYnBaTh:

—IpPOBEAECHUE BCEX BUIOB 3aHATUM, MPOLEIYP
OLICHKM  pe3ylabTaToOB  OOyuYeHHS,  peanu3alus

KOTOPBIX MIpEeyCMOTPEHA c NIPUMEHEHUEM
3JICKTPOHHOTO 00y4eHws, JIMCTaHITHOHHBIX
00pa30BaTeIbHBIX TEXHOIOTHIA;

—B3aUMOJCICTBUE MEXKIY Y4aCTHUKAMHU

o0Opa3oBaTebHOTO  Ipolecca, B TOM  YHUCIE
CHHXPOHHOE ¥ (WMJIM) aCHHXPOHHOE B3aWMOJICHCTBHE
MOCPENICTBOM CETH IHTEepHET.

—(ukcanuio xoaa 00pa3oBaTENBHOTO Mpollecca,
pe3yabTaTOB  MPOMEXKYTOUYHOW  aTTEeCTallMd |
Pe3yIbTaTOB OCBOCHMS OCHOBHOI 00pa3zoBaTesbHON
POrpaMMBl;

—(hopMHUpOBaHUE  BIIEKTPOHHOTO  MOPTHOINO
oOyyaromerocs, B TOM YHCIE COXpaHEHHE pPadoOT
00yJaroIerocsi, perieH3uil U OIEHOK Ha 3TH PabOThI
CO CTOpPOHBI JIOOBIX YYaCTHHKOB 0Opa30BaTEIbLHOIO
npoiiecca.

Pezynvmamot ucciedosanusn
B IOro-3amagnom roCyJ1apCTBEHHOM
yausepcutere (FO31'Y) Ha NpoTsSEHUH HECKOIBKUX
JeT NpoBOAMTCS paboTa IO Pa3BUTHIO EAWHOU
MHQOPMaMOHHO-00pa30BaTeIbFHON Cpelbl By3a C

HUCIIOJIB30BAHUEM COBPEMCHHBIX HUHTCPHET-
TEXHOJIOTHA. HudopmarionHo-o0pa3oBareibHas
cpena 1031y - 3TO COBOKYITHOCTh
I/IH(i) OpMalMOHHBIX CCPBHUCOB, SJICKTPOHHBIX

00pa3oBaTeNIbHBIX PECYPCOB, CPEJICTB U TEXHOJIOTHIA,
CO3MaHHas Ha OOmIel MPOrpaMMHO-AIAPATHON
wiatopme, KoTopas 00ecreunBaeT MOAKIIOUYECHUE H
UCIIOJIb30BaHKE JJIEKTPOHHBIX PECYPCOB M CEPBUCOB
B oOpa3oBarenbHBIX Tensx. OCHOBOM KOHIEHIIMH
noctpoenuss MOC IO3I'Y  sBnsiercs uHTErpanus
JTAaHHBIX, NPUIOKEHUH U MIPOLIEAYP ux
ucHoab30BaHus [2]. B HacTosiee BpeMsi OCHOBHBIC
(dhyHKIIME UHPOPMAITMOHHO-00PA30BaTEIBHON CPEIIbI
IO3T'Y peanusyioTcsi BBICOKOIPOU3BOAUTEIBLHBIMU

anmapaTHeIMH ~ CpeacTBamMu  Web-cepsepa
HOPOrPaMMHBIMH  MOJYJISIMH  Web-mipunoxenuii  6a3
JaHHBIX, KOTOPHIE JOTMYECKH OOBETUHSAIOTCS B JIBE
CHUCTEMB:  CHCTEMY  MONICPKKH  TEXHOJIOTHUI
AMEeKTPOHHOTO 00ydeHust «YuebHsle Kypcol KO3['Y»
[3] u aBrOoMaTuM3MpoBaHHYI HMH(POPMAIMOHHYIO
cucremy «Jlekanat On-Liney.

TexHOMOTNU 3MEKTPOHHOIO OOYYEHHsI MPOYHO
BOIIUIM B IIOBCEAHEBHYIO NPAKTUKY OpTaHU3aLUU
yuebHoro mpomecca HO3['Y u  HONONHSIOT
TPagULMOHHBIE  00pa3oBaTEeNbHBIE  TEXHOJOTMU
OYHOM, 3409HOM ¥ 0YHO-3209HOI (hopM 00ydeHus 1o
nporpaMMaMm  OakalaBpuaTta,  CHEHHUANATETa U
Marucrparypsi [4].

Cucrema NOAAEPKKU TEXHOJIOTHIA
ANEKTPOHHOTO 00ydeHust «Y4ueOHsle Kypcol KO3['Y»
MOCTPOCHA Ha TUIATPOPME YIIPABICHUS SJICKTPOHHBIM
obyuerrem MOODLE [5] ¢ 60abIIuM KOJTHIECTBOM
IJJATHHOB COOCTBEHHOHM pa3pabOTKW W peain3yeT
CIIEAYIOIIME OCHOBHBIE (QYHKIHH MO OOECIICYCHHUIO
00pa3oBaTeNbHOTO Mpoliecca:

—TIeJarOrn4ecKoe CONPOBOYK/ICHHE
CaMOCTOSTEIbHON pabOTHI CTYICHTOB;
—3ddexTrBHOE u oTepaTHUBHOE

KOHCYJIBTUPOBAaHUE ¥ METOJUYECKas TOMOIIb CO
CTOPOHBI MPETIo IaBaTEs;

—KOHTPOJIb BBINOJIHEHUS CTYACHTaMH y4eOHBIX
3aIaHui, IPEAYCMOTPEHHBIX TPOrPaMMaMH KypCOB;

—TpOBEpKa BBIIIOJIHEHHBIX CTYACHTOM 3aJaHui,
BKJIFOYasi KOMITBIOTEPH30BaHHBIE (POPMBI KOHTPOJIS, a
Taoke (OPMHUPOBAHUE 3JIEKTPOHHOTO «IOPTQHOINO»
BBITIOJTHEHHBIX 33JaHUI KaKIOTO CTYIIEHTa, KOTOPOEe
MIO3BOJISIET OTCIICKUBATH MPOTPECC M YCIEBAeMOCTh,
(UKCUPOBATH CPOKHU ClIaud padoT;

—o0ecrieyeHne  CTYJEHTOB  pa3laTOYHBIMH
yueOHBIMU MaTepHuajgaMu 0e3 HX JOPOTOCTOAIIETO U
HEI(P(PEKTUBHOTO THPAKHPOBAHUS,

—BO3MOXHOCTb HMCIIOJIB30BaHHUA AUCTAHIIMOHHO,
a TaKKe HEMOCPEJICTBEHHO B ayJAHTOPHH y4eOHO-
METOJUYCCKHX KOMINNIEKCOB, MMCIOOINX HE TOJBKO

TEKCTOBYI0, = HO W  (Ipu  JUIAKTHYECKOH
HEOO0XOIUMOCTH) MYJIbTUMEAUHHYIO
COCTaBJISIOMIYIO.

[Ipenmucannsie  ®IOC  (3+)  Qynkuum
3JIEKTPOHHOTO JI€KaHaTa PEATU3yIOTCS C MOMOIIBIO
MOJyJIed aBTOMAaTH3WPOBAHHOW WH(OPMAIIMOHHOMN
cuctemsl (AUC) «/lexanat On-Liney.

Ho cosmanuss  AUC  «Jlekanat  On-Liney»
corpynHuku nekaHatoB FO3['Y wucnonmp3oBasii Ha
CBOMX pabo4ymx MecTax JIOKaJbHBIE  BEPCHH
KOMMEpPUECKOro MporpaMMHoro mnponaykra ACY
CIIPYT ¢  ormenbHeIMH  0Oa3saMd  [JaHHBIX.
Hcnonp3oBaHuEe KOMMEpPYECKOIO  IIPOrPaMMHOIO
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MPOAYKTa C 3aKPBITBIM KOJOM HCKIIOYal0 €ero
MOAU(HUKAIINIO, KOTOpast SBJISETCS HEOOXOTUMOM H3-
3a MOCTOSIHHO MEHSIOMIMXCSl BHEIIHUX U BHYTPEHHHUX
TpeOoBaHMI K (YHKIMOHUPOBAHUIO JEKAHATOB.
Kpome toro, oTnensHbIe JeKaHATCKHE 0a3bl TaHHBIX
coJepKau MHOTOKPaTHO MOBTOPSIOIINECS
9K3EMIUIIPBl OJJMHAKOBBIX JAHHBIX, OTHOCSIIUXCS K
oOrmmieil st yHUBEpCUTEeTa B IeJIoOM HH(popManuu o
kadeapax, HaIIPaBIEHUSIX MOJITOTOBKH, KOHTHHTEHTE
npenojasareneil U tak ganee. [Ipu HEeoOXxoauMocTH
MoauduKanmuA JF000T0 KOMITOHEHTa OOIe mis
YHHBEpPCUTETA nHpOpMaIIn TpebOBaAIOCH
NpOBe/IcHHEe MHOTOKPAaTHOM MOAM(UKAIMH OJHUX U
TeX K€ JK3EMIULIPOB JaHHBIX B JIOKANBHBIX 0azax
JMAHHBIX BCEX JEKAaHATOB. BBIIO MPHHATO pelieHue
OTKa3aThCS OT JIOKAIBHBIX HEMAaCIITaOUpPyEeMBIX
OTICTBHO (QYHKIHOHHPYIOUIMX B  KaXIOM U3
JNEKaHATOB CHCTEM ©  CO3JaTh COOCTBEHHYIO
WH(POPMAITMOHHYIO CHCTEMY C €IMHON 0a301 JaHHBIX
KaKk KOMIIOHEHT HWH(OPMaIOHHO-00pa30BaTeNbHON
cpelpl  yHHMBEpcUTeT Ha  0aze  HMHTEpHET—
texgonoruii. AVC «Jlekanar On-Line» saBmsercs
COOCTBEHHBIM MPOIYKTOM KOJIJICKTHBA
paspaborunkoB IO3['Y wu mnpencraBiser coOoi
Mmacirabupyemoe Web-nipuioskenne 6a3 TaHHBIX ¢
OTKpBITOM apxuTekTypoil. ba3a mamnsix AMNC
«lexanar On-Line» QyHKIHOHUpPYET B cpene
CHCTeMBbl yIpaBiieHus Oazamu maHHbIX Microsoft
SQL Server. B cucreme peann3oBaHBl Kak
JOTHYECKOe, TaK W (U3HUYECKOE pa3rpaHHUYCHUS
WHQOPMAIMOHHOTO MpoCcTpaHcTBa (akyabTeToB. B
npouecce ¢yHkunonupoanusi AVUC ocymecTsiseT
B3aUMOJIeHiCTBUE C 0a3aMU JaHHBIX OT/ENa KaJIpoB
COTPYIHUKOB  yHUBEpcUTETa, 0a30d  JaHHBIX
CTYJIEHYECKOTO OTAeNla KaApOB, OyXTanTepuu W
0a30ii JaHHBIX TPUEMHOW KOMUCCHH YHUBEPCHUTETA.

AUC «/lexanat On-Line» MO3BOJISET
aBTOMATHU3UPOBATh TPAJAHUIIMOHHBIE I JIeKaHaTa
pOcCCcHiicKOTO By3a PyTHHHBIE ONEpallH, CBSI3aHHBIC
C peanuzaieil ClIeAyonmMx 0a30BbIX (YHKIIMIA:
yIpaBlieHHE JBHXCHUEM KOHTHHTEHTa CTYJCHTOB U
MarucTpaHTOB; Y4eT M CTaTUCTHYecKas oO0padoTka
JaHHBIX 00  yCIEBaeMOCTHM  CTYAEGHTOB U
MarucTpaHTOB;, Y4YeT JIOCTHXKEHHH CTYJCHTOB U
MarucTpaHTOB; OpraHu3alusl JOKyMEHT000OpoTa
JieKaHara.

Moaymu AUC «Jlekanar On-Line» peanusytor
take mnpeanucanayio PI'OC  (3+) dukcanuro
pEe3yAbTaTOB TEKYIIEr0 M HUTOTOBOTO KOHTPOJIA
pe3ynbraToB oOy4yeHusi. B Hacrosmiee BpeMs B
IO3I'Y neiictByeT OaiibHO-pEHTHHIOBas CHCTEMa
yu€Ta pe3yiabTaToB OOYYEHHUs, B COOTBETCTBHU C
KOTOpOH OLIEHKa CTYACHTOB MO KaXIOH U3
U3y4YaeMbIX JHCHUILIMH (QopMUpyeTcss Kak cymMma

0aJuUI0B, MOJNYYEHHBIX CTYACHTAMH IO pe3yJabTaTram
TEKyLled aTTecTauud, W OayjoB, MOJYYCHHBIX Ha
3auéte wnM sk3ameHe. llpenonaBatenu 4 pasa B
TEYEHHE CEMECTpa BBICTABIAIOT NS KaXKIOW W3
aKaJAEMUYECKUX TPYII PEe3yabTaThl aTTECTALUU
(bamnpl 3a mOcemaeMocTh W ycmeBaeMocTh). Bo
BpeMs 3K3aMEHAI[MOHHOW CecCHM IpernoAaBaTeiu
BBICTABIIIIOT OLIEHKH B 3Ty e cuctemy mo 100-
OayeHOM  mikanme.  CrHenmuaibHOS — TPHIIOKCHHE
M03BOJIIET aBTOMAaTMYECKH MPOCYMMHPOBATH BCE
HaOpaHHBIE CTYJEHTOM Oautbl ¥ CHOPMHUPOBATH
BEJOMOCTb C pe3yjbTaTaMM 3adeTa WM dK3aMeHa C
OIHOBPEMEHHBIM  aBTOMAaTHYECKUM  IIE€PEBOJIOM
OLICHOK B TpaaULIMOHHBIE OLICHKH
(«HEYIOBIIETBOPUTENBHO»,  «YAOBIECTBOPUTEIHHON,
«XOpOIIO» U «OTIu4HOY). Ilpenogasarento ocraercs
TOJILKO BBIBECTH BEJIOMOCTH Ha T€4YaTh W MOCTaBHTh
CBOIO JIMYHYIO TIOATIUCH.

B cootBercTBMM C meHcTBYyrOmieH OayutbHO-
PEUTHUHIOBOM CUCTEMOM CTYAECHT MOXKET IIOJIy4YUTh OT
JieKaHaTa MpeMUaNbHbIe OauTbl 32 JOKYMEHTAIBHO
MOJITBEP K ICHHbIE JOCTHKEHHUS. Hoctwxenns
CTYACHTOB H TIOATBEPKAAIOUINE WX JOKYMEHTBHI
JIEJISTCS Ha PsAJl KaTErOpuid:

— - JOCTHXEHHS B Y4eOHOH [esTeIbHOCTU
(zurutoMbl U cepTU(UKATBI O MPOXOXKIECHUH KYPCOB
JOTOJIHUTEIBHOTO  00pa3oBaHMs, AWIUIOMBI 32
no0elbl U ydacTHe B TPEJAMETHBIX OJMMITHAAX M
rpoeccHoHaIbHBIX KOHKYPCaX);

—JOCTHXXEHHSI B HayYHO-HCCIEIOBATENbCKON
JESITeIbHOCTH (CTaTbu, CepTUGUKATBI M AMIIOMBI
yYaCTHUKAa B MNPOQWIBHBIX KOHPEpPEHIHUAX U
HAy4YHBIX KypHaJax);

—JIOCTHXXEHHSI B OOILIECTBEHHOH MesTeIbHOCTU

(yuactue B BOJIOHTEPCKUX JIBI)KCHUSIX,
CTY/ICHYECKUX COOOIIeCTBaxX);
— IOCTHXKECHUS B KYJIbTYPHO-TBOPYECKOU

JIEATSILHOCTH (JIMIJIOMBI 3a TOOEAbI M y4yacThe B
TBOPYECKUX KOHKYpPCaX);

—JIOCTHKEHHUS B CIIOPTUBHOHN JIE€ATEIBHOCTH
(pororpadum  Harpan, TpamMoT 3a mobeapl B
COpPEBHOBAHMSAX);

—OMBIT PabOTHI (CIIUCOK MeCT paboThI, CIHCOK
MIPOEKTOB, BBITIOJTHEHHBIX o0ydaeMbIM 3a
BO3HATPaXJICHUE).

CTymeHThl CaMOCTOSATEIBHO pa3MellaloT Ha
cepepe AUC «/lexkamar On-Line» saekTpoHHBIE
BEPCHUY TIOJITBEPIKAAFOIINX JOCTHKECHUS IOKYyMEHTOB
yepe3 JIMYHBI KaOWHET CTYAEHTa, a COTPYAHHKH
JICKaHATOB PAcCMAaTPUBAIOT HMX IPU Ha3HAUYCHUH
MPEeMHUATFHBIX OAJJIOB JIeKaHaTa Iepell KaxJoi
ceccHeil.
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3akarouenue BEJIOMOCTH Benroponckoro TOCYIapCTBEHHOTO
B FOro-3amammom rocy1apcTBEHHOM yauBepcurera. Cepus: OkoHOMuKa. MH(popmaruka.

YHHUBEPCUTETE CO3[aHa, YCIEeUIHO (PyHKIMOHUPYET U
NPOJIOJDKAET Pa3BUBATBhCSA €AMHAs MYJIbTUMEIHIHAS
nH()OPMAITMOHHO-00pa3oBaTelbHAs cpema Ha 0Oase
MHTEPHET-TEXHOJOTHH IIHPOKOMOJIOCHOTO JOCTYIIA,
OCHOBHOM  KOHIICTIMEH  TOCTPOCHUS  KOTOPOH
ABJSIETCS. MJIES] MHTETPALluK JaHHBIX, IPUIOKEHUN 1
OM3HEC-TIPOLIECCOB. ABTOMaTH3UPOBAaHHAS
uHdopmanmonnas cucrema «Jlekanar On-Line» kak
KOMITOHEHT nH(pOPMAITMOHHO-00pa30BaTEIHLHOM
cpenst FO3I'Y mpencrasnser coboit Macmrabupyemoe
cepBepHOe Web-TipuiiokeHne 0a3 JaHHbBIX, KOTOpPOe
ABTOMAaTH3UPYET MPAKTHYECKH Bce OU3HEC-TIPOIIECCHI
B JIeKaHAaTaX YHHMBEPCUTETA U IO3BOJISIET BBIBECTH
JESITeNbHOCTh COTPYAHHUKOB JeKaHaTa Ha
COBPEMEHHBIN npodecCHOHANTBHBIN YPOBEHb.
Otxkpeitas apxutektypa MOC KO3I'Y obecrieunBaer
BO3MOYKHOCTH JANBHEHIIET0 Pa3BUTUS U OBICTPOH
agartTaiguu K IOCTOAHHO MCHAIOIIMUMCA BHCUIHUM H
BHYTPEHHUM YCIIOBUSIM peanuzanuu
00pa3oBaTeIbHOM AESTEILHOCTH BY3a.
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AHHOTAUA

UccnenoBanue MOCBSAIMIEHO NpoOJIIeME WHBECTHPOBaHHS WH(POPMAMOHHON 0e€30macHOCTH
MIPOMBINIUICHHBIX TPeaNpUsATHil. BrlgeneHsl WHBECTHIMHA B WH(MOPMAIMOHHYIO 0€30MacHOCTb.
OnpeneneHsl U NMPOAHATU3UPOBAHBl PUCKA HHBECTUPOBAHUS WHGOPMAIMOHHOW 0€30macHOCTH
MPOMBIIIJICHHBIX TNpeanpusaTuii. B kaudecTBe pemieHusi uccienyeMold MpoOieMbl MpeioKeHa
¢dopmanu3oBaHHas MOAETb OLEHKM W  MPOTHO3MPOBAaHHMS  PUCKOB  WHBECTHPOBAHUS
WH(OPMAITMOHHON 0€30TaCHOCTH MPOMBINUICHHBIX MpeanpusaTuii. JlaHHas Moens OCHOBaHAa Ha
OMpeACICHNU 3HAYNMOCTHU I/IH(I)OpMaHI/IOHHBIX AKTHBOB, OLICHKHW PHUCKOB H IIPOTHO3UPOBAHUH
yimepOa. [TpoBenéH psa 3KCIEPUMEHTAIBHBIX MCCIACIOBaHMI ¢ pa3pabOTaHHOW MoOjeiblo. B
KauecTBE WHCTPYMEHTA pealn3aliy JaHHOW MOJend BBIOpaHa HWHTEPAKTHBHAs Cpenma IS
MPOTPpaMMHUPOBAaHUSl YUCIEHHBIX pacu€ToB W Bm3yamm3ammu pesynpraroB  MATLAB.
OKcliepUMEHTAIBHBIE  UCCICIOBAHUS  TNPEMIOKEHHOH MOAENH  IOKa3ald  BO3MOXKHOCTh
MOBBIIIEHAST 3(PPEKTUBHOCTH W CHIDKEHHS PHCKOB, a TaKkKe MPOTHO3HPOBAHHWE PHCKOB
WHBECTUPOBaHMS WHPOPMAITMOHHONW 0€30MaCHOCTH MPOMBINUICHHBIX MPEATNPUATHIA TPH TTOMOIIN
pa3paboTaHHOTO METO/1a OLEHKH U TIPOTHO3UPOBAHUSI.

KiioueBble cioBa: TpPOMBIIUICHHBIE TPEANPUATHS, OIEHKA; MNPOTHO3UPOBAHHE; PHCK;
WHBECTUPOBaHME; NHPOPMAIMOHHAs 0€30MaCHOCTh; MOJIEIh, POIIECC.

UDC 004.942
Babenko A A. MODEL OF EVALUATION AND PREDICTION OF INVESTMENT RISKS
Kozunova S.S. OF INFORMATION SECURITY OF INDUSTRIAL ENTERPRISES
Volgograd State University, 100 Universitetsky Prospect, Volgograd, 400062, Russia
e-mail: ba_benko@mail.ru, one1100on@gmail.com
Abstract

The research is devoted to the problem of investment information security industry. The authors
identify the investments into information security. Besides, they analyze the risks of investing the
information security industry. As a solution to the problem of the study the authors propose a
formalized model for evaluating and predicting risks of investing the information security
industry. This model is based on the determination of the importance of information assets, risk
assessment and forecasting damage. The model was used in a series of experimental studies. As a
tool for the implementation of the model the authors selected the interactive environment for
programming numerical computations and visualization of MATLAB results. Experimental
studies of the proposed model showed the possibility of improving the efficiency and decreasing
risks, as well as forecasting the risks of investing the information security industry with the help
of the developed method of estimation and forecasting.

Keywords: industry; evaluation; forecasting; risk; investment; information security; model;
process.
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Beeoenue
Ha s pexTuBHOE (hyHKIIMOHUPOBaHUE
MIPOMBIIIIEHHBIX MpEeanpUsTUI (T117) u
noJiep:KaHue BBICOKOT'O YpOBHS ux

nHdopmarmonnoit  6e3omacaoctn  (MB), mommmMo
SKOHOMUYECKOW  Cpefpl, BIUAET  yCTOHYMBad
KOHKYPEHTOCIOCOOHOCTh, ~KOTOpasi  3aBHCUT  OT
[IEHHOCTH MHQOpMaMOHHBIX akTHBOB (UA), yTedek
nH)OpPMAITUH, TPEICTABIIONIEH OCOOBI HHTEpec
JUIs KOHKYPHPYIOLIIX NPENpUITHH,
3JI0yMBIIUICHHUKOB U MOIIEHHUKOB. [1o3TOMY 01HOI
n3 ocHoBHBIX 3ama4 [1I1 ssisercs obecneuenue UB, ¢
LEJIBIO OCYIIIECTBIICHUS HENPEepbIBHOCTU
TEXHOJIOTMYECKUX  MpoleccoB. B ycroBusax
PBIHOYHBIX OTHOLICHWH MpoOjeMa HWHBECTUPOBAHMS
Wb TIII npuobperaer Oompmioe 3HadeHHWe. PocT
ctoumoctn MA Breuyer usMeHenue ctpykrypel UMb
[II1, gTo 00yciaBIMBaeT BOSHUKHOBEHUE PA3TMIHBIX
BUJIOB PUCKOB uHBecTtupoBanus Ib, panee He
npucymux npoekram Ub.

OCHOBHOM  NPUHIMN,  KOTOPBIA  JOJDKEH
cobOmromatecss mpu  wHBectupoBanuu Wb TII —
addexTrBHOCTh. st 3pGEeKTHBHOCTH HEOOXOIUMO
YMEHBIINTh ymep0d W MHUHUMH3HPOBATh PHCKU
naBectupoBanns Mb. Ha IIIl nHaGmomaeTrcst poct
yreuek uH(popmanmu (Pucynok 1). Ilo xommdectBy
yTedeK KOH(QUICHIINAIbHBIX JaHHBIX IEPBOE MECTO B
MupoBoM peidTuHre 3aHmmaer CIIA, BTOpoe —
Poccusa, tperbe — Kanaga [1]. 3a 2014 r.
MaKCHUMAaJIbHBIN yiep0 oT ogHoro uHiMAcHTa 1B B
POCCUHCKHX KOMITAHUAX COCTaBmwiI 30 MUJUITMOHOB
JIOJUTApOB, a cpegHuil ymepd B wmupe — 25
MUJUTHOHOB JA0JUTapoB [1].

Hdonst poccuiCKMX yTedek HWHpOpMaluu B
MHUpPOBOI cratuctuke 3a 2013 r. cocraBuna 6%, 4ro
npesbicuiio 2012 rog Ha 4% [3].
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Puc. 1. lunamuka yredek nHPOpMauu
Fig. 1. The dynamics of information leaks

Amnanu3 pabot [4-10] moxkaszan, yto mpobiema
OLICHKH HMHBECTULIMOHHBIX puckoB b He pemena.
OTKpBITHIMU SIBIISTFOTCSI BOIIPOCHI: CHIDKEHHE yIepoa
oT norepu UHQOPMAIIH, paspaboTka
MHBECTUIIMOHHOM CTpaTeruy, OLIEHKa

s dexTuBHOCTH TIpoekToB moctpoermss Wb IIII.
OTCYTCTBYIOT METOABl HMHBECTHUI[MOHHOTO aHallN3a
Wb, xapaktepusie ans [1I1. Metonuku HOCAT 0O
XapakTep, M HX CIOXKHO aJanTUpPOBaTh TOX
(hyaxmonanpHabie poneccs [1I1.

Hneecmuposanue ungpopmayuonnoi
be3onacnocmu nPOMbLULICHHBIX RPEONPUANUTE

ABTopel [4,6] momuépKUBAIOT HEOOXOIUMOCTH
ynpasieHus uHBecTHLIMsSMH B Wb He TOmbKO Kak
CaMOCTOSITETIbHON €OUHMIIECH, HO M KaK COCTaBHBIM
00BEKTOM yIIPABICHHUS.

Hns III1, xapakTepHsl clielyole WHBECTUIUU:
MaTepHajbHbIe (peanbHBIC AKTHBBI);
HeMaTepuanbHble (IAaTEHTbl, JHUIEH3UH, HAyYHO-
TEXHUYECKas JOKyMEHTalUs u MPOEKTHO-
KOHCTPYKTOPCKHE pPabOThl); (UHAHCOBBIC (LICHHBIE
OyMaru, AEHO3WTHI, LIeJeBble OAHKOBCKHE BKIIA[IbI);
mpsiMble  (y9acTHe WHBECTOpa B BBIOOpEe 0OBEKTa
WHBECTHPOBAHMA); KOCBEHHbIE (MHBECTHLMOHHBIC
GoHIBl, KOMIAHWH, pa3Mellalie Handoee
3¢ (hekTHBHO (PMHAHCOBBIC CPECTBA).

UuBectupoanne Wb — 4gacte  obmiero
WHBECTUIIMOHHOTO  TIPOEKTa,  MHBECTHIIMOHHBIE
MPOLIECCHI 3aBUCST oT CTPYKTYpBI III1.
CnemuduunabiM sBisieTcss ¥ (OPMUPOBAHHUE 3aTpPaT
Ha Wb IIIT [4,10]. Ilog mpOMBINUIEHHBIM PHUCKOM
OyZeM NOHUMATh PUCK, KOTOPBHIH BO3HHMKAET NpHU
M00BIX  BUAAX  JCATENbHOCTH, CBSI3aHHBIX  C
MPOU3BOJICTBOM  MPOAYKUHUHU, €€ pealn3aluei,
(hHAHCOBBIMH OTepaIysiMy, MapKETHHTOM,
KOMMeEpILHEH, OCYILIECTBIICHUEM COLMANIbHO-
9KOHOMHYECKHX M HAYYHO-TEXHHUYECKHX TPOEKTOB.

s I XapaKTEPHBI clenyromue
HWHBECTUIMOHHbIE mpoueccel HMb: 3arpatel  Ha
npuoOperenne texuuueckux cpeacts (TC); 3aTpaTsl
Ha TMOKYNKY OOOpYJOBaHHUS, TPOTPAMMHBIX U
anmapaTHBIX ~ CpPEACTB; TIOKyIKa M BBOA B
SKCILTyaTalMi0 cucTeM 3amuTel nHpopmarmu (C3N);
nproOpeTeHne JIMieH3nii Ha ucnons3oBanne C3U u
TC; npuoOperenne 1 BBOJ B IKCILUTyaTalllIO CPECTB
o0ecrieyeHus]  OTKa30yCTOWYMBOCTH;  pa3padoTKa
TEXHUYECKOW NOKYMEHTAlMH. TaK, HHBECTUPOBAHUE
Wb IIII  sBasieTcss  CIOXKHBIM  IMPOIECCOM.
Heob6xonmumo ympaBnsate uaBectHuusmMu B UDb,
OLIEHUBAS U MIPOTHO3UPYSI BO3MOXHBIE PHCKH.

Pucku uneecmuposanus unghopmayuonHoi
0e30nacnocmu nPOMbLULICHHBIX RPEONPUAMUTL
BonpmmHCcTBO prckoB nHBectupoBanus Wb III1
MOJTHOCTBIO YCTPAHUTh HENbB3sl, OJTHAKO WX MOXHO
CHM3UTH. Hanmnune Takux puCcKOB MOXKET MPUBECTU K
MTOCTPOCHUIO HEKaueCTBEHHON WU
Maja03¢G(EKTUBHON CHUCTEMBI 3aIlUThl HH(OPMAIUH
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(C31), uro mnpuBenér k yrpare HHOOPMAIUH.
W3MmeHeHuns, MPOUCXOSAIINE B pPa3HBIX OTPACIAX
SKOHOMUKHM U PBIHOYHON KOHBIOHKTYpE, MPUBEIH K
BO3HUKHOBEHHIO HOBBIX BUI0OB puckoB Ub, xoTopsie
panee He Obutn pucymumu [111 [4].

K puckam nnsectupoBanus b 111 otHOCATCS:

1. Meeaskonomuueckue 3aBUCAT OT Pa3BUTHA
SKOHOMHUKH B MUDE.

2. Maxkpoosxoromuueckue pHUCKH
3KOHOMUYECKOH CUCTEMBI FOCY1apCTBa.

3. Muxposkonomuueckue — BHYTPEHHHE PHCKU
OTJIEITFHOTO TIPEATIPUSTHSL.

4. Ilpouszsoocmeennvie  —  TPOCTOM  Ha
MIPOU3BO/ICTBE, BBIXOJ U3 CTPOS NMPOU3BOJCTBEHHBIX
(hoHmOB.

5. Bpemennvie — HapymieHUs] CPOKOB TTOCTaBKU
NPOAYKIMH WJIA HU3TOTOBJICHUS, a TaKXEe CpPOKOB
BHEJIpeHUs IpoekToB 1o Ub.

6. @Quwuancosvie —  YOBITKH, OTCYTCTBHE
BO3MO’KHOCTH BBITUIAYMBATH 00s3aTEIIbHBIE TIATEXKH.
7. Kommepueckue —  cHmKeHHe  00bEMa

peanmzanyy, W3MEHEHHE Kypca BalllOT, HAJIOTOBOTO
3aKOHO/IaTeNIbCTBA, CTOMMOCTH aKTHBOB.

8. PulnouHOU  KOHBIOHKMYpbl — W3MEHEHHE
HSKOHOMHUYECKOH  KOHBIOHKTYPHI,  HecTaOWIbHAA
CUTYaIUsl 5KOHOMHYECKOTO PHIHKA MTPOIYKIIHH.

9. Cmpaxosvle — TIOCIEACTBUS, TIPOUCXO/IAIIHE
MOCIIE 3aCTPAXOBAHHBIX COOBITHIA.

10.0Opeanuzayuonnvie - MTOCIIEACTBHSA,
MPOUCXOMSIINE B  pe3ylibTaTe HEKAYeCTBEHHOU

OpraHH3aIlHH.
11.Kpedummusvie — BO3MEIEHUE JEHEIKHBIX
CPEJICTB TI0 KPEIUTY.
12. Texnuxo-npouzeo0cmeenHble — BBIXOI W3

CTPOSI TEXHMYECKUX CPEJICTB M CHCTEM.
13.1Ipedungeecmuyuonusie CBs3aHBl C BHIOOPOM
CTpaTeTuy HHBECTUPOBAHUSI.

14. Yucmeuole - CTUXHUIHBIE OencTBU,
KaTacTpodbl, HeIeeCOCOOHOCTh OPTaHU3aIINY.
15./lonycmumvle — QUHAHCOBBIE TOTEPU HE

NPEBBINAIOT  PAcYETHBIE CYMMBI TPUOBUTH IO
MHBECTUPYEMOMY OOBEKTY.

16.Kpumuueckue —  (GUHAHCOBBIE TOTEPH
NPEBBINIAOT PAacYETHBIE CyMMBbI BaJIOBOTO JIOX0J[a TIO
MHBECTUPYEMOMY OOBEKTY.

17.IlocmunsecmuyuonHvle — HECBOEBPEMEHHBIH
BBIXOJ] TIPOM3BOJICTBA Ha  MPEIYCMOTPEHHYIO
MPOCKTHYIO MOIIHOCTh, HEJIOCTATOYHOE 00ecTieueHHe
CBIPbEM, MaTepuallaMH, TEXHUUYECKUM OCHAIICHUEM,
cnabasi MApKETHHTOBAS TTOJINTHKA.

B [7] mupemmokeH MeTOn pacHpeneiIcHIs
PECYpCOB, OLIEHKA M aHAJU3 3aTpaT U BBIro. JlaHHbIH
METOJ MOXKHO HCIOJNB30BaTh Kak HHCTPYMEHT
OLICHKH PHUCKOB. B kKauecTBe MHCTPYMEHTA CHIKEHHS

puckoB uHBectupoBanus Wb TIIII  aBTopamu

peUIoKeHa MOJICITb, 9KCTICPUMEHTAITLHBIC
WCCIICIOBAHMS KOTOpOH MTOATBEPIAITH e
3¢ (HEeKTUBHOCTD.

Dopmanuzosannan mooenb OUEHKU U
NPOZHO3UPOBAHUS PUCKOE UHEECIUPOBCAHUS
UHOpMAUUOHHOIU HE30RACHOCIU NPOMBIULTICHHBIX
npeonpusamuil

basoBass  eguHMmAa  MoJIenM  OIEHKH U
MPOrHO3UPOBaHUsI pUCKOB MHBecTupoBanus Mb III1T
— orneHka 3HagnMocT UA:

_ CO )

Sign, =—,
C

rae CO — croumocth MA; C — kanural, BI0KEHHBIN
B oaKcmiyarauuio 3toro HMA. 3naunmocts HA
u3MepsieTcss B eauHunax. 3HauumMmocte MA — 3to
OpOIIeCC  OMpeleNieHHs] I[EHHOCTH HWH(OpMaIuH.
[Ipusnak 3¢ dexTuBHOCTH 3aTpar Ha moctpoenue Ub
JUIEE

S @)
-

rae ef — okumaeMslii sKoHOMHUUECKHH 2B eKT; a —
pacxoms! Ha pa3padotky C3U.
EnunuuHbIil pUCK ONpeaenseTcs Kak:

Ri =P -u;, (3)
rae Pi — BEPOSTHOCTh pealu3aldu [-OH yrpo3bl
Hapymenuss Wb; Ui — ymep6 ot i-0i yrpo3ssi

Hapymenuss Ub IIII. Onenka COBOKYITHOTO pHCKa
unBectupoBanus Ub I1I1:

ﬁ:iRi. )

O6o3Hayum rpynmy npuopurera kak Gj, rae
j=1k, k<n, a Wj — Bec HpOCTBIX PHCKOB IO
rpynraM IpHOPUTETOB. UNCIIO PUCKOB, BXOJSIINX B

G;, o6osmauuMm N;. Beca mpocThix HCKOB
j j
YIOBJICTBOPSIIOT CJACIYIOIIUM YCIOBHSIM:

W, >0u > W, =1. ®)

OrHomenne mpuoputetoB A, TO €CTh HX
CpaBHEHHUE:!

w; N (6)
Wk
BCC rpyrmbl C HAUMCHBIIIUM HpPIOpI/ITeTOMl
2 (7)
N == .
T k- (A+1)]

Bec apyrux rpynn mpHOpUTETOB OIpeneisieTcs
TaK:
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W 1 ®)

W. = [(k—j)-A+j-1]

J k-1 '
Pacu€r BecoB mNpoM3BONBHBIX (PAKTOPOB IS
€MHUYHOIO0 PHUCKAa BHYTPH OJHON HPUOPUTETHOU

TpYMITBI IPOU3BOAMTCS 1O popMmyIie:
W, 9)

[Norennmanbuerit yepd UA:

U=p, AT, (20)
rane A — BoszelicTBUe yrpossl Hapymenus Wb (nmm
pucka) Ha UA; T — uenHocts UA; Py, — BEPOSTHOCTH
BO3HMKHOBEHHUSI M-I'O PUCKOBOTO COOBITHSL.

IIpornosupoBanue puckos uHBectupoBaHus b
IIT ocHOoBaHO Ha O0IIEeM oOxumaeMoMm yiiepoe U,
KOTOpPBIi MOET OBITh HAaHECEH BCEMHM PHCKaMHU
WHBECTHPOBAHMSL:

(11)

[Iporno3upoBanue pucko nHpectupoBanus Ub
IIII cBomuTCcs K TOJHOMY WIA YaCTHUYHOMY
yCTpaHEeHHI0 (MUHMMHU3alWK). V3MEHeHHEe YHCTBIX
WHBECTULIMN ONPEAEIACTCS TaK:

28— 1. bz)—ko.(blb by) (12)
0 0
rae Inv — BennunHa WHBECTHUMH B OTYETHOM
nepuoje, KoTopas BIMAET Ha HH(GOPMaLUOHHBIE
npoteccsl npeanpustus U noctpoenus C3U; ko —
BEJINYMHA KPATKOCPOUYHBIX 0053aTENLCTB B OTYETHOM
MEPUOZE, HAXOMAIUXCA B  3aBHCUMOCTH  OT
TEXHUYECKUX CPEJICTB MPOU3BOJICTBA U MX MaclITada;
by - daxkrnyecknii 00BEM mpomax; by —
IPOTHO3UPYEMBIH 00BEM MTPOAAK.

Takum o00pa3oM, NPOTHO3UPOBAHUE PHCKOB
unBectupoBanuss Wb IIII mno3Bonser nocTuub
dKOHOMHYecKoro  3¢dekra U OCYIIECTBUTh
onrumMuzanuio nasectuimi B b T1I1.

Ipgexmusnocmov u pabomocnocoonocmo
nPeonoHcenHoll mooenu
C dopmain3oBaHHOH MOJEIbIO OBLI HPOBEAEH
psn wucneitannid B MATLAB, mokasaBmme
3¢ (HEeKTUBHOCTP ¥  BO3MOXHOCTh  IIPUMEHEHUS
JAHHOW  Mojenmu  Ha  mpakTtuke.  JlaHHbBIE,
YUYaCTBYIOIINE B HCIBITAHWH, OBUIM TIPEIOCTABICHBI

IIIl, njmesTEeABLHOCTH  KOTOPOTO  CBsi3aHa  CO
CTPOUTENIECTBOM M IIPOEKTUPOBAHUEM COOPY KEHUH.

I[lo  pesynpraTaMm  OpoOBEeNEHHS  OLCHKU
3HaunMocTd VA MmakcumaibHas OICHKa COCTaBWIIA
200 mpu crommoctu A B 2000 py0. m kamuramom,
BIIOXKEHHBIM B 3KcIUTyatanuto UA, pazmepom 10000
py0. MunumaneHas oueHka — 2,6 NP CTOMMOCTH
HNA 446000 py6. m 171000 py6. — xamuTadn,
BIIO’KEHHBIN B dKcITyaTtaruio NA.

[Ipu3znak 3P PEKTUBHOCTH 3arpar Ha
noctpoeane Wb cocraBun 0,25, a oOXHIAEMBIiA
skoHOMuYeckuil addext — 250000 py6. IIposenena
OLICHKA  TIPOCTBIX  PUCKOB  MpPH  Pa3IMYHBIX
BEPOSITHOCTAX pean3anuu yrpossl Hapymenus Ub.
YTeuka NPOEKTHOM JOKyMEHTAllMM OIICHEHA B
115000 py6 (0,5). Hapymenue memoctHoctn MA —
2100 pyo (0,3). Iloteps mOKyMEHTaluH IIO
WCCIIEIOBAHUIO MapKeTUHTroBoi momutuku — 600
py6. (0,1). Yreuka mmaté&xapix manHeix — 320000
py6. (0,8). PesynbTaThl ompeneiacHHs NPUOPHUTETA
PHUCKOB TpejacTaBieHbl B Tabmuie 1. OmnpeneneHue
NPUOPUTETOB PHUCKOB HHBecTHpoBanusa Kb TIIIT
OpeAcTaBiIseT Cco0oil  HACHTU(UKAIMIO PHCKOB.
[IporuosupoBanue MO3BOJISET OTIPEICIIUTh
MOCTIEICTBUS NPUUNHEHHBIX YILIEPOOB.

B pesynpTare mpOrHO3MPOBAaHUS, BO3MOXKHO
OTIPEJICNINTh, KAKHE MOTEPU MOYKHO NMPUHSTD, a KaKue
[OoTepH MNPUBEAYT K YXYALICHUIO IIOJIOXKCHUS
MPEaIPHUSTHS. Mogens, SIBIISIETCS PHCK-
OPHCHTUPOBAHHOW. OTO TpeArojaraeT HaINYMe
CHUCTEMHOTO aHalHu3a CHUTYalllu, SIBISIOMICHCS

MHAVBUIYaTbHOU I ONpeAeNEHHOTO
IIPOMBILUIEHHOTO IIPEITPUATHSL.
IIpun IIPOrHO3UPOBAHUU PHUCKOB

unBectupoBanus Ub I1I1, npexpocrapistomet yciayru
B cepe razoBoro o0OPyAOBaHUS, OBUIH TONYYEHBI
CIIEAYIONIAE PE3YIbTaThl: MAKCUMAaJbHBIA DPUCK OT
160000 py6. no 17900 py6., cpegamii — ot 86000
py6. mo 102000 py6., Huskuii — ot 3800 pyd. mo
22000 py©. (PucyHok 2).

Ha ocHOBe pe3ynbTaToB, TIONYYEHHBIX MpPU
WCIOJNB30BAaHUM  TNPEUIOKEHHONM  MOZENH, OBbLIO
[IOCTPOCHO  JIePEeBO  pELICHHH, OToOpakaroliee
IIPOTHO3bI IPU NpoBeAeHUn uHBecTuposanus 1b I111
(Pucynox 3). JlepeBo pelieHuit  oTOOpakaeT
pe3yabTaThl MPOTHO3UPOBAHMSA, IOIyYEHHBIE IIPH
WCTIONB30BAHUN TIPeIOKeHHOW Momenn. Al, A2 u
A3 — npomnieccol maBectupoBanus Wb I1I1.
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Tabnuya 1
Pe3ysibTaThl onpeneieHusi NPUOPUTETA PHCKA
Table 1
The results of the risk priority

ITpuoputer pucka OTHOIIICHHE TPHOPUTETOB Bec mpocThIX puUCKOB

Cpennamit 0,7 4

Cpennuii 0,33 2

Huszknit 0,08 0,5

Bricokuit 1 6

Oomiee KOJIM4ecTBO | Bec HammeHwlero mnpuoputera: | Bec Japyrux mpuHOpPHUTETOB:

IpUOPHUTETOB: 4 0,16 0,32

[orenumanererii ymepd MA BosneticTBue yrpo3sl (nim pucka) | BepostHOCTh

Ha UA BO3HMKHOBEHUS PUCKa

187789 ThIC. pyO. 80000 pyo. 0,9

338000 ThIC., pyo. 78000 pyo. 0,4

108000000, mi1H. pyo. 900000 py®. 0,6

360000, TrIC. PYO. 36000 py0. 0,2

108333 ThIC. pyoO. 15000 py6. 0,1

11250 ThIC. PYO. 6000 pyO. 0,1

OO6mui oxunaemeiii ymep6: 109005672 pyo.
<) Regression tree viewer = F| X
File Tools Desktop Tree ‘indow Help ~
Click to display: Identity 3 Magnification: 100% 3 Pruning level: |0 of 18 % ‘

¥3 < 537630 Lax3 »= 53,7639
%l = 32226 LT == 32.276 %1 < 7B.64B0 £y == 76.6468
x2 < 20.8723 A52 »= 208723 %2 < 35 5975 B2 »= 35 5375 x1 < B8.834 A1 == BB 834 %3 < B4 5882 A3 »= B4 5882
¥3 < 26,4191 £Ex3 >= 264191 w1 < 21.904 Hul »= 21.99% g 6)% < 40,3867 Hux3 = 40:EE270.4409 L2 »= 40.4409%3 < 858608 Zux3 »>=586004633 k2 »= 854633 x1 < 93.115 Huxl »=93.115
2 SIS 2 2= AT 3973 47 Mas 64 Pons aeMonn 1o ¥o0e e ¥ <59 1022 3 o= S 100RR0y e froy g5 Yams 1720t < 65 2853 ghe2 >= B5 gRRyg,
ey <D il =20 106%ea 123%ee 160%a12 1798011

w2 < 16.1329 L@ »>= 15.13‘? Boco

220333 3865102

Puc. 2. Pe3ynabpTaTsl NporHo3upoBanus puckoB nHBectupoBanusd Ub I1I1
Fig. 2. The results of investment risk prediction of IS of IE
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E—
BnaronpusTHoe
cobbiTne
P=0,5 ﬁ - cTabunbHOCTb, NPUBLINL 130 Bemrpbiy 25000
MpoBoAUTbL TPy A e
nporHo3npoBsaHne
A2 - ywep6 B 130 ThiC py6
- IMBO HeT NpuGbINK
HeGnaronpustHoe
cobbiTne
P=0,5
Al
OTCyTCTBUE OLIEHKN
puckos
He nposoanTb a3 Morepu-200000
NMPOrHo3npoBaHn
porHosunpoBsaHue A3
MpuBbinb
alr 25000
Puckosble cobbitua
He HacTynunun
pa;ﬁ'r:::Mbl YS?:ITOK a0
He6naronpustHoe MHopmaLmMm 130000 a0
Puc. 3. lepeBo pewienuii naBecTunoHHON monutuku 1B T1I1
Fig. 3. Investment Policy Decision Tree of IS of IE
Al — npussTHE pemeHHs O NOPOBEACHUU omHomy pucky. Cobertms a0 wu al  Hocar

WHBECTUIIMOHHON MHOMWUTHKHU Mo 3amure MA. A2 —
MPUHATHE PEIIeHUS O IMPOrHO3MPOBAHUU PHUCKOB
unBectupoBanus Ub IIII. A3 — npunsTue peuieHus
00 OTCYTCTBHUHU MIPOTHO3UPOBAHUS PHUCKOB
uneectuposanus Ub III1.

CoObiTHsI,  HACTyNHMBIIME B  pe3ylibTare
NPUHATHS KaKoro-1u0o pemeHus 0003HAa4YeHbl Kak
a0, al, a2, a3. biaronpusiTHoe coObITHE a2 — PUCKH
WHBECTUPOBAHUSA b ObLIH KOPPEKTHO
CIIPOTHO3MPOBAaHBI, C YCTaHOBJIEHWEM NpuObuH 130
TeIC. py0. B pesynbrare HacTymieHust cOOBITHS a2
Obla MoJy4eHa NMPUOBLIL pa3MepoM 65 ThiC. pyo. H
130 TteIC. pYyO. llocne nHactymienwe coObITHS a2,

*
nocienoBano coberrme Al , KoTopoe 106aBHIIO
JIOTIOJTHUTENBHYIO TIPUOBLIL B pazmepe 25 Thic. pyo.
(poct croumoctu MA) u 175 TthIC. pyO. (CTOMMOCTH
cucrtembl obecnieuenus Wb TII1 u3-3a Bo3pactranus

*
oTKasoycToiunBocTH). A2 — COGBITHE, HOCAIICE
HeOJIaronpusATHBI  XapakTep, TIpH TMPOBEIACHUU
HEI0CTATOYHOTO 170041 omrO0YHOT0
NPOTHO3MPOBAHMs. DKCIIEPUMEHT MOKa3all, YTO
nporHo3upyembiil yuep6 coctasui 061 130 ThIC. pyo.
[Ipy npuMeHeHMH MPEJIOKEHHOM MOJAENH, TaKoe
cobpiTie He mnpowusomnuio. CoOwiTne a3 oTpaxaer
OTCYTCTBHE OIICHKH W TPOTHO3UPOBAHUS PHCKOB
uaBectupoBanuss Wb, B pe3ynbrare  4ero

npeanpustue Moxer mnorepsars 200 Teic. pyo.
*
HeiirpansHoe cobsrrne @l mporsosupyer npuObuts

25 TBIC. PyO., KOTOPYIO MOXKHO IIOJIYYHTh, B CITydae
ecnu wHBecTupoBanue Wb He moaBepriock HH

HeOIaronpusATHBIN XapakTep, ¥ HACTYMAIOT B CiIydae
YAaCTUYHOI'O WM IOJHOTO BhIBoAa u3 crpost C3U.
I[Ipy  HaACTyIUIeHMM  TaKuX  COOBITHH  MOXET
MIPOM3ONTH HyJeBoW puck, wiu a0 — coObITHe, B
pe3yabTaTe  KOTOpOTO  HAcTymaeT (DUHAHCOBBIH
yobITOK B pasmepe 130 Toic. py6. Ilpu cobwithm al
(uHaHCOBBIE OTEPU HE HAOJIIOJATTUC.

3aknrouenue
B pesynprare peammzaniid MOJIEIH OLECHKUA H
NPOTrHO3UpOBaHUsl puckoB uHBecTUpoBanusa Wb TIIT
HabIromaeTcs MOBBIIICHHUE KauecTBa
WHBECTHUPOBAHHUS Ub, CHIDKEHHE PHCKOB
unBectupoBanuss Wb IIII, yTo MmO3BOJSET OLICHUTH

KOMILIEKC  TNPOBEAEHHBIX  MEPONPUATHH  Kak
3¢ (HEeKTUBHBIM.
PazpaGorannas MOJIENb OLICHKH u

IIPOTHO3UPOBAHUSI PUCKOB HHBecTHpoBaHus UMb
(YHKIIMOHUPYET B YCIOBUSAX, XapakTepHbIx s [1I1.
Pacuér, na 0a3ze KOTOpPOro MPOU3BOIMTCS OLEHKA
PHUCKOB, aBTOMAaTU3HUPOBAH. IIpenmyiiecTBOM
pa3paboTaHHOW MOJENIH, SBJISETCS BO3MOXHOCTb
MIPOTHO3MPOBAHHUA pPHUCKOB MHBecTHpoBaHus !B,
npucymux I1I1.
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Abstract

The main issue addressed in our case study is the evaluation of the drinking water resource. Water
guality has an important impact on human health since different diseases can be the result of poor
quality. This paper presents several strategies to manage water quality in order to protect human
health by building a decision support system to help the authority of water supply stations to find
information about water management. The water quality service uses a set of (13) water-quality
parameters according to the water quality index (WQI) analysis. The system suggests a decision
for treatment the water so that it can be used by humans after detecting the causes and type of
pollution. Water quality DSS tests the data from the water management stations using
mathematical models. In this paper we use Machine learning and Data mining to build the
decision making system.

Keywords: Decision Support System (DSS); water decision support system; water quality; data

mining.
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AHHOTAUA

OcHOBHOI1 TIPOOIIEMOA, paCCMOTPEHHON B JIAaHHOW padoTe, ABISIETCS Mpo0iieMa OI[eHKH KayecTBa
BOJHBIX PECYpCOB, B TEPBYIO Ouepe/lb MHUTHEBOM BOJABI. YPOBEHb KauecTBa BOJBI HMEET
3HAYUTENIFHOE BIIMSHUE Ha 370POBHE UEIOBEKA, TaK KaK HEYJIOBJICTBOPUTEILHOE €€ Ka4eCTBO
MOXKET CTaTh MPUYMHOMN pa3iINyYHBIX 3a0oneBaHuid. B naHHOI paboTe mpeicTaBieHbl HEKOTOPEIE
CTpaTeruy KOHTPOJIS M YIPaBICHHS KaueCTBOM BOJBI C LIETHI0 OXPaHBI 3I0POBBS UEIOBEKA MyTEM
co3llaHus cUCTeMBl mojyiepkKku npuHstus pemenuii (CIIIIP) mist mcnonp3oBanus B pabote
COTPYZIHUKOB BOJOOXPAaHHBIX CIIy’)KO W TpeNocTaBlieHHs UM JAOCTyna K HH(opMmamuy,
HEO0OXOMMMON N7l yHpaBieHHs BOAHBIMH pecypcamu. BomoHam3opHbie CiTyKOBI MCHOJB3YIOT
KoMIUIeKC u3 13 mapaMeTpoB KadecTBa BOABI HA OCHOBE aHAJIM3a MHAEKca KadecTa Boabsl (WQI).
CucrteMa MOXET MpeJyiarath pemeHus mo o0padoTke BOAbI, TaKUM 00pa3om, ee 1enecoodpasHo
WCIIONIb30BaTh MOCIe onpeaeneHus npuduH U Thna 3arpssHeHus. CIIIP nns onenkm kauectBa
BOABI W3y4yaeT JaHHbIE C BOJOHAJI30PHBIX M BOJOCHAOXKAIOMIMX CTAaHIUN TPH TTOMOIIU
marematunueckux wmogneineil. Jannas CIIIP ocHoBaHa Ha TakuxX mpoleccax Kak MalIMHHOE
00y4eHHe U UHTEIUICKTYaJIbHBIN aHaIN3 JaHHBIX.

KaroueBble ciaoBa: Cucrema monaepxku npuHsatus pemenuii (CIIIP); CIHIP mia oueHku
Ka4ecTBa BOJIbI; KAYECTBO BOJIbI; MHTEJUICKTYaIbHBIN aHamM3 qaHHbIX (data mining).

1. Introduction access to simulation results on flow water- quality

The issue of drinking water quality is very conditions and to offer sophisticated scenario testing
important in the world, so a web-based decision capabilities for research and water-quality planning
support infrastructure has been developed to provide through the graphical user interface with known
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controls [1]. Water crises around the world often
occur because of global climate change and the
increasing intensity of human activity. The main
cause for water crises is the lack of sustainable
methods of water resource management. In response
to the real water resource management problems, a
water-DSS has been designed as an easy-to-use and
user-friendly interface. The DSS consists of an
information management system that leads data
collection, verification, management and
visualization, and models estimated water demand
and water distribution [2]. The management of water
is a complex engineering problem that includes
various technical, social, economic, environmental,
cultural and legal issues depending on the various
forms of uncertainties such as fluctuations,
randomness, the cognitive nature of parameters and
model algorithms. The application of the DSS is
employed in various areas of the management of
water resources such as the management of water
resources, water and wastewater treatment [3]. The
visualization, design and implementation of an online
course on the topic of Decision Support Systems in
River Basin Management is very useful to avoid the
pollution crises. The Planning and Management of
Water Resources increasingly depends on the ways of
decision support such as simulation and Multi
Criteria Analysis [4]. The drinking water networks of
the surface water are weak in the short-term variation
of inputs of organic matter. This affects raw water
quality and increases the intensity of rainfall as well
as the frequency of heavy rainfall events. These
changes may strongly affect the water quality and
processing operations [5]. The development steps of
a decision tool prototype of geographic information
systems (GIS) and the general framework are based
on the decision support system of the river health
diagnosis (RHD-DSS). The system integrates data,
mathematical models and human knowledge on the
river health status, causal factors diagnosis and
restoration decision making in order to assist decision
makers during river restoration and management. It
has four functional components: input module,
database  management,  diagnostic  indicators
management and visual result module [6]. The
problem of water quality degradation and the lack of
water quantity is urgent in different parts of the world
[7]. The new application model for designing this

software system-composite, service-oriented and
multilayered web information system for the
management of lakes and reservoirs describes the
architecture and services of the application model,
together with the structure and functionalities of the
software solution [8] and is then connected with the
Water Management Information System [9]. To
support water quality management under hybrid
uncertainties, we have developed a model-based
decision support system based on a hybrid uncertain
programming model with fuzzy and interval
coefficients. The system provides an effective tool
for decision makers in dealing with the problems of
water quality and developing policies and strategies
[10]. The fields of water resources, water quality and
river management have greatly influenced the DSS
over the past few decades, resulting in a variety of
decision support systems, such as the Sonhua River.
The aim of this paper is to present a DSS to support
water managers and scientists who have used the
predictive capabilities of the water management
models. These models typically use mathematical
process representations.

2. Design of the water quality-DSS

The water quality-DSS will consist of a set of
guidance and software tools designed to allow
decision-makers to make their own decision-specific
model using interactive tools that permit them to
generate graphs and input data, charts, and
mathematical analyses to teach decision-makers how
to use this conceptual model. Various decision
options can be quantified and evaluated in the larger
context of the conceptual model by using these tools.
Fig. 1 shows the components involved in the
framework design of the water quality-DSS.

The components of the water quality-DSS
approach are many fields as a user interfaces (see
Figure 1). 1 — interface control panel: contains
information about the stations users such as the new
authority user interface and station details,
2 — Applications interface: Includes the programs for
calculating water quality and water pollution. 3 —
Report: send the water state report for decisions of
supplying or not supplying water to the people. The
graphical user interface (Ul) for water quality-DSS
was programmed in visual C#, and SQL server for
save database.
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The main interface of the system (for all
users)

Interface control panel Interface (compute water quality Interface (compute water
(Only the administrators) (for all users) pollution) (for all users)

Add a new user and save his .
{ data in the database (Only the Acﬁ;Zggiae?g:‘ev:arﬁrcgllf::;yng Add new sample and calculgting
administrators) . <. . the degree of water Pollution
According to s.peC|f|c algorithms {According to specific algorithms
and save that in database(for all and save that in database (for
users) all users)
Delete user from the database

(Only the administrators)

Send an email (for all users) .
Send an email (for all users)

Update user (Only the
administrators)

Delete sample (Only the

administrators) Delete sample (Only the

administrators)

Edit sample (Only the

administrators) Edit sample (Only the

administrators)

Reports (Only the

administrators) Reports (Only the

administrators)

{Charts (Only the administrators
(Only ) Charts (Only the administrators

Fig. 1. Water quality-DSS Application Framework

3. Water quality-DSS implementation and becomes an important factor to estimate and manage
discussions water, as an indicator. WQI is a mathematical

Water quality index (WQI) is one of the most instrument used to transform large quantities of water
effective tools to communicate information about quality data into a single number, which provides a
water quality to assist people in making a decision. It simple and understandable tool to managers and
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decision makers concerning water quality. The water
quality index provides a single number that expresses
the overall water quality at a certain location and
moment in time, based on several water quality
parameters. Data acquisition is made by 100 unit per
water sample and the results are public [11]. The
water quality index (WQI) was calculated using the
weighted arithmetic index method. The quality rating
scale for each parameter (gi) was calculated using
Equation (1):
qi = (g) xloo 1)

A quality rating scale (qi) for each parameter is
assigned by dividing the observed concentration (Ci)
for each water sample by its respective standard
value (Si) and the result is multiplied by 100.
Relative weight (wi) is calculated by a value
inversely proportional to the recommended standard

value (Si) of the corresponding parameter using
Equation (2):
wi=-< 2)
In general, the water quality index (WQI) is
calculated by compiling the quality rating scale (qi)
with unit weight (wi), written in Equation (3) as
follows:
woI = (ZiZfwix qi) (3)
Where qi is the quality parameter, and wi is the
weight unit of (i) parameter, n represents the number
of parameters, WQI had been discussed for the
specific use and meaning of water quality index. In
this study we considered WQI for drinking purposes
are (100) values using Equation (4).
Xt wiqi
WQI = Srwi 4
Based on the calculated WQI, the classification of
water quality types are given according to [11], as
shown in Table 1.

Table 1

The conditions used to evaluate water quality

Water qualit .

No | WQI value classifi?:atior?/ Water quality

1 <50 Excellent Excellent (water is clear and not in contact with domestic wastes. Ideal
for different purposes. No treatment required).

2 50-100 Good water Good (initiation of serious changes in water quality due to
environmental deterioration. Useful for domestic and industrial
purposes, suitable for wildlife and waterfowl).

3 100-200 Poor water Poor (drastic changes in water quality begin to occur the water can be
used for domestic and industrial purposes after intensive treatment).

4 200-300 Very poor water | Very poor (dangerous changes may occur in the ecosystem. Constant
disturbing smell. Conventional treatment costs are augmented).

5 >300 Water unsuitable | Unfit for drinking (highly dangerous pollution. Danger in any form of

for drinking water consumption).

The current time : 02.11.2016 22:16:34

3¢

Fig. 2. Authintecation window to input water quality
data

Figure 2 shows the login page to input water
quality data. The user can input a user name and
password), and can change his user name and
password.
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BbINMCANTENBHBIE KAYECTEA EOADI
The current user
User-name: jalal Surname: karwi Name: jalal q
Identi flcatlon number 2 Usertype: admin Station 1 City : baghdad
The water quaﬂy i )
arameters default  Ci Wi qi Wigqi D Sumame  Name Usemame Type Cy Sation  pHval *
pH value (pH unit) 7.5 |7.5 |D.1333 I 100 I 13.33 I 1 karwi jalal jalal admin baghdad 1 75
| | | | 2 lkewi l@al Jigll  [admn [baghdad [1 [75 |
Allcalinity (mg/L) NP G| IRV S| W T S [ | |3 kawi  jalal ala admn  baghdad 2 75
Turbidity (NTU) 5 5.0 0.2 100 20 4 karwi jalal jalal admin baghdad 1 75
Dissolved Solids (ma/L) 500 500 0.002 |100 02 5 karwi jalal jalal admin baghdad 2 75
== ] 3 karwi jalal jalal admin baghdad 2 75
Hardmens (mp/L) 100|100 [o01 [100 |1 7 dd s hus  nomal  baghdad 2 75
| Calcium (mg/L) 100 100 0.01 100 1 1 8 dul hus hus nomal baghdad 1 75
'Magnesium (mg/L) ‘ 30 |o0333 w0 |33z | % T s e g i =
3 S us norms Mm ¢
Chioride (mg/L) ﬁ ‘ 250 |0.004 (100 |04 | | kawi  jalal jalal admin  beghdad 2 75
'Sulphate (mg/L) ‘ 250 (0004 (100 |oa | 12 karwi jalal jalal admin baghdad 1 0,
Ammonia (mg/L) 02 |5 100 [s00 | < ‘ - "
Fluoride L Cratye
m (m(I':;II ) . ] L L. ﬂ The total number of tests 29
0.3 3.3333 100 33333 ) (WQI Water Quality Index)
“‘“""““"‘ (mg/L) 0.2 3.3333 |66.667 |222.221  ypheresult 91,3129770992366 Good water
Sum l 13.1 l 1266.7 I1 196.2 Useful for domestic and industrial purposes, suitable for wildlife and waterfowl
Just for administrator
: karwi B s Send message from e-mail et
i . ~ Reports E{ Charts h\ - -
T e e 0 e b X

The current time : 02.11.2016 22:14:32

Fig. 3. Main window of data analysis and modeling for water quality calculation

Figure 3 shows the interactive page. The user
can input the data of water quality and also perform
the analysis to calculate the water quality index. The
data analysis and modelling environment can be
retrieved through DBMS in order to calculate the
water quality and actual water status, which is further
provided as an input for analyzing the ecosystem
model to obtain actual advice and benefits of the
distinct practices for avoiding water pollution.

Furthermore, a simulation report generation service
was also provided to the client to facilitate a
comparative analysis of different possible planning
strategies to achieve an optimal solution. All
information is stored in a meta-database. The user
will input data in (Ci) column only, which represents
the observed concentration of each water sample, the
rest columns will be automatically calculated and will
display the data analysis result.
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. _______________________________________________

I
BbIYNCINTENBHDBIE Ka4YECTEa ECADbI
The current user
ame: karwi Name: jalal q
Send message from E-mail | on: 1 City: baghdad
e Usemame Type City Station pHval A
PUITSE G R BT jalalalgaisy1@gmail.com jalal admin baghdad 1 75
StD jalal admin baghdad 1 75
i jalal admn  baghdad 2 75
Your Name » " il. jalal admin baghdad 1 75
jalal admin baghdad 2 75
Password jalal admin  baghdad 2 75
hus nomal baghdad 2 75
Subject
- hus nomal baghdad 1 75
jalal admin baghdad 1 75
Message change the font hus nomal baghdad 1 75
A special report on the water quality, which were ?ala] admf" baghdad |2 75
| examined jalal admin baghdad 1 10 5
>
About the sender :
: karwi
: jalal 29
L ‘:)ZZ‘;};:?“"” : 0992366  Good water
. ndustrial purposes, suitable for wildlife and waterfowl
about the parameters : 5 i Send message from e-mail
pH value (pH unit): 7,5 c u -
— ok R
The current time : 02.11.2016 22:17:33

Fig. 4. Main window to send an e-mail report of each data analysis for the stations

The report containing all this information can be quality parameters, which attach information file to
sent via email. Figure 4 shows the main window that an alert mail to provide a suitable decision basis to
allows printing of data after calculating the water the water authority.

chartform ) - B ) ) i T - T e e E W S
g of 1 b M |« @ | & B A3 =~ | 100% - Find | Next
Water quality
—200 - quality
150
99 [99 99 [99 |65 [oal10d 100 100] 99 [99] 99 [99 [99 [99 [89] 99 [100[s9 Tes100]s9] 100 H

50

156.07.201620:38:34 23.06.2016 15:57:52 23.06.2016 16:48:25 23.06.201623:21:02 23.06.201623:30:31 0

Time
& I il

'- Fig. 5. Time series of all water parameters in the stations

Figure 5 shows the variation of water quality and make a comparison between the parameters.
parameters in the stations. From these, we can choose Finally, the report containing all this information is
the date of the input data from the retrieval button sent to the water station suppliers (figure 6).
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reportform

user_r city  statior ph_va alkalir turbidi dissoh hardn¢ calciu magne chloric sulphz ammo fluoridi iron  alumin quality datete A
bag... |1 ‘ ‘ 250 | 103 (02 |10 230.
admin |jdlal |bag.. |1 |75 [100 |50 |500 |100 |100 |30 |250 |250 |02 |10 |03 |02 |100 |220..
admin |jglal |bsg.. |2 |75 |100 |50 |500 |100 |100 |30 |250 |250 |02 |10 |03 |02 |10 |230.
admin |jdlal |bag.. |1 |75 |100 |50 |500 |100 |100 |30 |250 |250 |02 |10 |03 |02 | |230.
admin |jglal |bsg.. |2 |75 |100 |50 |500 |100 |100 |30 |250 |250 |02 |10 (03 |02 |s8 |230.
admin |jdlal |bag.. |2 |75 |100 |50 500 |100 |100 |30 |250 |250 |02 |10 |03 |02 |%8 |230.
nor.. |hus |bag..|2 |75 |100 |50 |500 |100 [100 |30 |250 |250 |02 |10 |03 |02 |99 |230.
ror.. |hus |bag..[1 |75 [100 [50 |50 [100 [100 [30 [0 [250 [o2 [10 [03 [0z [s [z0.
|admin |j@al |bag.. |1 |75 |100 |50 |00 |100 |100 |30 |250 |250 |02 |10 |03 |02 |88 |230.
lnor.. |hus |bsg.. |1 |75 |100 |50 |s00 |100 |100 |30 |250 |250 |02 |10 |03 |02 |99 |230.
lidal |admin |jslal |bag.. |2 |75 |100 |50 |500 |100 |100 |30 |250 |250 |01 |10 |03 |02 |%9 |230.
i |jglal |admin el |bag.. |1 |10 |100 |50 |500 |100 |100 |30 |250 |250 |02 |10 |02 |o2 |83 |230.
lidal |admin |jslsl |bsg.. |2 |75 |100 |50 |500 |100 |100 |30 |250 |250 |02 |10 |04 |02 |152 |230.
i |jglal |admin @l |bag.. |1 |75 |100 |50 |500 |100 |100 (30 |250 |250 |02 |10 |033 |02 182 |230.
lisl [acmin |idl [bag.. [t |75 10 |50 (50 [100 [100 |30 [250 |20 [02 [10 |03 [02 |10 :23‘0'2\«
=% i e
lhh.k 1 ~ Print report for one test ) | Print report for all tests B
The current time :: 02.11.2016 22:19:14

Fig. 6. An

Figure 6 displays the data analysis result used
for calculating the water quality index (see the
equations above). Table 1 shows the conditions used
to evaluate water quality which, if the WQI value is
100-200, then the water quality status is poor water
(see Table 1). Finally the program will send an email
report to the authority person which includes all the
test information.

4. Conclusions

The design and implementation of an
environmental decision support system is a challenge
in multi-criteria, involving software engineering,
environmental modelling, as well as service and data
semantics. In this paper, we have proposed an
application for environmental crises, water
management systems incorporating data and
presentation services as well as dynamically selected
simulation models able to calculate water quality
status from real time. Also, we have provided the
analysis tools for estimating strategies to avoid water
pollution effects resulting from the waste industry, oil
pollution and different causes. The present prototype
of the water quality-DSS is limited to 13
environmental criteria water quality and 24 for water
pollution. In this study, a hybrid decision support
system was designed and developed based on a
scoring method and experimental results. A rule-
based system was also created. This system has the
potential to provide useful information for the

example for input data for cé—lculating the water quality index

optimum selection of water treatment combinations
depending on the type of application and target water
guality. In the case of water pollution, various causes
are observed and processed by using a mathematical
model. The program compares the real value of
pollution parameters with the standard value of these
parameters in order to identify the kind of pollution
and to give an appropriate suggestion for the water
pollution treatment. The water quality-DSS system
automatically computes and measures the water
quality. The water quality-DSS services provide
water management inputs, such as the measured
water quality or the water pollution test per water
application unit. In the future, based on the feedback
received from users, we hope to optimize the water
quality-DSS Dby collecting improved data sets and
addressing the additional environmental criteria
identified by the users.
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AHHOTAUA

B craTphio 3ai0keHBI OCHOBBI HCHOJIB30BAaHHS T€OMH(POPMALMOHHOW CHUCTEMBI M TEXHOJIOTHH,
KOTOpasi MO3BOJUT OINEPaTHBHO M MNOAPOOHO aHANM3MPOBaTh HMMEIOLIYIOCS Treorpaduyecku
MPUBSI3aHHYI0 WHGOPMAIMIO Pa3IUYHBIX AIbTEPHATUBHBIX OJHEPreTHYECKUX BapHAHTOB.
OneHnBarOTCSI BO3MOXXHOCTH HCITOJIB30BAHUS BETPOIHEPTETHUECKAX PECYPCOB, co3maeTrcs: 0asa
JIAHHBIX B 00J1aCTH PHEProoOecleueHnsl B TPYJHOAOCTYIHBIX OTJAJCHHBIX HACEJICHHBIX MyHKTaX
ctpanbl. C TOMOIIBI0 TEOPETHYECKUX pPACUETOB BBIBEACHBI JMIHPUYECKHAE ypaBHEHUS,
cocTaBJieHa KapTa BeTposHepreTudeckux pecypcoB mist [ IC m 060cHOBaHBI SHEpPreTHYECKHeE,
9KOHOMHUYECKHE, SKOJIOIMYeCKHe MOTEHIHaNbl JIJs peaju3aliil TOoCyJapCTBEHHBIX MHpOrpamMm
TypkMeHHCTaHA Ha OCHOBE BO30OOHOBIISIEMBIX HCTOUHUKOB DHEPTETHKH.

KaioueBbie cjioBa: BO300HOBIsIEMass HSHEPreTHKA; BETPODHEPTETHKA; TE€OMH()OPMAIMOHHEIE
CUCTEMBI; TEXHOJIOTHH; SHEProd(eKTUBHOCTD; SKOJIOTHS; 3K0Ou3Hec; TypKMEHHUCTaH.
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GEOINFORMATION SYSTEM IN DEVELOPMENT WIND POWER
IN TURKMENISTAN
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rJ100JIBHBIX MUPOBBIX MTPOOJIEM, YCIIEITHOE peIlIeHHE
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e-mail: ampenjiev@rambler.ru

Abstract

The article discusses the geoinformation systems (GIS) and creation of geoinformation
technologies (GIT) which allow to analyze operatively and in detail the geographically connected
information of various alternative variants of energy supplies. The author assesses the
possibilities of using wind power resources and creates a database in the field of energy supplies
in remote areas of the country. Using the theoretical calculations, the author deduces some
empirical equations, makes a map of wind power resources for GIS, and substantiates the power,
economic and environmental potentials for implementing the state programmes in Turkmenistan
on the basis of renewable energy resources.

Keywords: renewable power economy; wind power resources; geoinformation systems;
technologies; ecology; environmental business; Turkmenistan.

Beeoenue ouocdeprl. OpHUM U3 TMEPCHEKTHBHBIX ITyTel

Axmyanvnocms ~ npoonemol. B CBOMX peleHus 3Toil MpoOjeMbl SABJSETCS NPUMEHEHHE

BBICTYTUICHUSIX [pe3unent TypkMmeHucTaHa HOBBIX JHeprocoeperammmx TEXHOJIOT Ui,

['ypbanryner  bepasiMyxaMesoB  HEOJHOKPATHO WCTIONB3YIOMINX HETPaTUIIMOHHBIE BO30OHOBISIEMEIE
MOAYEPKUBAIL mpobaemy 0 panroOHaIbHOM WCTOYHMKM 3Hepruw [1, 11,12,19].

UCIIOJIb30BaHUN TOIJIMBHO-YHEPT € THUECKUX HecmoTpst Ha TO, 4TO COBpeMEHHAasi SHEPreTHKa

B OCHOBHOM 0a3upyercs Ha HEBO300HOBJISAEMBIX
HCTOYHMKaX oHepruu (okoio 80% B MHUpPOBOM

KOTOPOM MUMEET OMpeessionee 3HaYeHHE HE TOJIbKO
JUIS JATBHEHIIIET0 pa3BUTHS MHUPOBOTO COOOIIECTBA,
HO W I COXPAaHCHHWS CpPEIbl €ro OOWTaHUSI —

SHEPreTHUYECKOM OallaHCEe COCTaBISIOT He(Th, ra3 U
KaMEHHBII yrolib), WHTEpeC K BO300OHOBISIEMBIM
ncroyHnkaM dHeprun (BHD) HEykIOHHO pacTerT.
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I'maBHBIMEH apryMeHTaMu Ui HCroib3oBaHus BUD
SBIISIOTCSA BBICOKAs II€HA TPAJAWIMOHHOTO TOILINBA,
3HEepreTHYecKas OezomacHOCT I CTpaH-
UMIIOPTEPOB HEe(TH U rasza U NPOOIEMBl OXpaHbI
OKPY>KaroLlEel cpebl.

B 370l cBfi3M OOHOM M3 BaXXHEMIIMX HAay4dHO-
TEXHUYECKUX TMPOOJIeM HApOJHOTO XO3AHCTBA B
SHEPTeTHYECKOM OTpaciy SBISETCS OOecIeueHue
reonHpopManuoHHeIME  TexHoJorusmu  (TUT) wu
MOJIEpAKKA TPUHATHS YNPABICHUECKUX PELICHUH
TOCY/IapCTBEHHBIX OPraHOB B cdepe IUIaHUPOBAHUS
pa3BUTHSL CEKTOpa SHEProoOecredeHrnss Ha OCHOBE
BUD. Crparerust pa3BuThs dHEPreTHKH ISl JIFOOOTO
peruona TypkmeHucrana u BosieueHue BUD B ero
SHEPreTHYEeCKUi OalaHC HampsSMyK 3aBHCAT OT
UMEIOMIETOoCS TMOTEHIaNa, KaK IO OTIENbHBIM
BHUJIaM, TaK M 1O COBOKymHOCTH BHI0B BUD
(xoMIuIeKCcHOrO ToTeHnuana) [3, 8-10, 22].

N3yuyenue HEPaBHOMEPHOCTEHN
MIPOCTPAHCTBEHHOI'O  paclpesiesieHus IOoTeHIHaIa
BUD wu BwIsiBIeHHE Haubollee MEPCIEKTHBHBIX
paiioHOB TOJI CTPOUTENBCTBO HYHEPTOTCHEPUPYIOIINX
O0OBEKTOB B COBOKYIHOCTH  C  aHAIH30M
UHQPACTPYKTYphl B AAaHHBIX paiioHax 3(h(HEeKTUBHO
npu WCTIONIb30BaHUH CIEIMATU3NPOBAHHBIX
TEXHOJIOTHA TEOMHPOPMAIIMOHHOTO MOJISITUPOBAHUS.

B HacTosIIee BpeMs OTCYTCTBYIOT
WCCIICJIOBAHUS, MTOCBSIIIIEHHBIC BOIpOCcCam
MIPUMEHEHUS] T€OMH(POPMAIIMOHHBIX TEXHOJOTHNA IS
BBITMIOJTHEHNSI TIPOCTPAHCTBEHHOTO MOAEIHPOBAHMS
MOTEHI[Mala  BO30OHOBIIAEMBIX  DHEPrOPECypCOB.
I'eonndopmarmonnsie cucremsr (I'MC) B manHO#
MpeIMETHON 00JIacTH HCIONB3YyIOTCA, KaK MPaBUIIo,
TOJIBKO JUIS BHU3YyalIM3allMM TOYEYHBIX pPE3yIbTaTOB
pPaCCUMTAHHBIX BEIUYHMH. OTO BBHIMOJHAETCA II0
CIIeTyIOIel CXeMe: a) PacCUUTHIBAIOTCS TOUYEUHBIE
3Ha4YeHUs] ToTeHnuana; 0) ¢ ucrnonszoBanuem [MC
o0riero Ha3HAYCHUS BBITIONHSETCS
MHTEPIOJISALUOHHOE CIIIaXUBAHHUE MO MIPOCTPAHCTBY;
B) B Toil e ['MIC oOmiero Ha3Ha4eHUs PE3yIbTATHI
BU3YQIM3UPYIOTCI B BHAE KapThl apeajoB WIH
u3onuHuil. [IpuMeHeHrne Takoll CXeMbl OINpaBIaHO
MIPU MAaKCUMAJIbHOW MJIOTHOCTH MCXOAHBIX TOUEUHBIX
JTAHHBIX, KOTOpas MOXKET OBITh obOecreueHa JINITh Ha
Mmenkux macmrabax. [Ipu paGore co cpenHuMu u
KPYIHBIMH ~ MaclmTtabamMd  HEOOXOOUM  APYrou
moaxoa. llomxom, B paMkax KOTOpPOro OymayT
YUUTBIBATBCA Pa3Iu4yUsl B IUIOTHOCTH HCXOJHBIX
JaHHBIX [ApaMEeTPOB, BIMAIOIUMX Ha 3HAUYCHUE
MOTEHITHaIa HMCTOYHHUKOB BO300OHOBIISIEMBIX
SHEPTOPECYPCOB, B YACTHOCTH BETPOIHEPTOPECYPCOB
TypkMeHucTaHa ¥ Kaxablii mapameTp Oyzaer
PaccMOTpEH OTIENBHO B MPOLECCE HEPApXUUIECKOrO
pelIeHns TIOCTaBIeHHBIX 3a1a4 [3, 8-10, 22].

Hcxonsa w3 Bbllle NMPUBEACHHBIX 3374, aBTOP
MOJITOTOBWJI CTaThl0, KOHEYHO, OH OCO3HAET, YTO MPU
HalMCaHUM CTAaThbU HE BCE 3aJyMaHHOE YJaJoCh
peanuzoBaTh B TONHOM o0Obeme. OH MpeKpacHO
MOHUMAET, YTO OH JIeJlaeT IepBbIC IlIard B 3TOM
HalpaBJICHUHN, MO3TOMY UMEIOTCS HEJOCTATKH KaK B
TEOPETUYECKOM IUTaHE, TaK B MPAKTUYECKOH W
npukiagHo 4vactu. Ho TeM He MeHee 3aJ0XKHUTh
OCHOBBI BoIlpoca ucnoiab3oBanus [ UC TexHOMOTHi B
o0JacTH  TPUMCHEHHS  BETPOIHEPIrEeTUKU  JUIS
sHeproobOecrieueHnss  OTHAJICHHBIX  HACEJICHHBIX
IIYHKTOB U CMATYEHUI aHTPONOTEHHBIX HAarpy30K Ha
OKPY)KAIOIIYI0 CPelly C IMOMOIIbI0 BO30OHOBIISIEMBIX
HWCTOYHUKOB JHepruii croutr. Fcnonb3oBaHHBIE
MaTepuajgbl ¥ METOAWKa TOAX0Aa MOTYT OBITh
MOJE3Hbl i1 M[PUMEHEHUS HX HE TOJIbKO B
TypkMeHHUCTaHe, HO U B IPYTUX CTpaHAX MHpA.

Lenvio u 3a0aueii cmamvu ABNSETCS pazpaboTKa
I'MC, texnonoruii u Ha ocHoBe BMD obecneueHue
WH(GOPMAITMOHHOTO, TPOTPAMMHOI0 TreouH(popMa-
[IMOHHOTO MOJCIHMPOBAHUS IS PEHICHHS 3a7ad

OIICHKH pacnpeneneHus BO300HOBIIIEMBIX
SHEPropecypcoB, B YAacCTHOCTH paclpeleleHus |
COCTaBJICHUS KapThI, MIPOEKTHO-CMETHOM

JOKYMEHTallUl I  TEXHHUKO-3KOHOMHYECKOTO
000CHOBaHUSI, UCIIOIB30BAHMS BETPOIHEPTETHUECKUX
pecypcoB Ha Tepputopud TypKMeHHUCTaHA.

Hayunasn HO6U3HA. OxapakTepH30BaHBbI
OCHOBHBIE TIOJIO)KUTENBHBIE MOMEHTBHI TOCTPOECHHS
HoBOM ['MIC M TexHONOTMH W co3JaHa OCHOBA [
peueHus 3a1a4 KOMIIJIEKCHOM OLIEHKH
BO300HOBIISIEMBIX pecypcoB, B YaCTHOCTH
BETPOIHEPIOPECYPCOB M MUX  BKOJOTMYECKOIO
NOTEHIMAJIa Ha  Teppuropur  TypKMEHHUCTaHa.
BrmepBole ¢ mnpuMeHeHHEM TeOMH()OPMALIOHHBIX
TEXHOJIOTMH  TIOCTPOEHBI:  JHEpreTHYecKas M|
JKOJIOTUYECKasl KapTa NOTEHIHAJA BETPOPECYPCOB U
paccunTaHa TEXHWYECKas JOCTYIMHOCTb BETPOIHEP-
FeTUYEeCKUX PEeCypcoB Ml DIIEKTPOCHAOKEHHS Ha
Tepputopun TypKMEHUCTaHa.

1. Ocnoevl 2eoungpopmayuonnvie cucmemol 6
obnacmu 60300H061:€MOIl IHEP2EMUKU

I'MC - »2T0 wuWHTErpupOBaHHbIE B EIWHOW
nHPOPMALUOHHON cpene JIEKTPOHHBIE
[IPOCTPAHCTBEHHO-OPUEHTUPOBAHHBIE N300payKeHUs
(kapThl, CXeMBI, IUTaHBI U T.11.) ¥ 0a3bl qanHbix (BJ1).
B Ka4yeCTBe bJ MOI'yT HCIIOJIb30BaTHCA
TEOPETUUECKUE  pacyeThl, TaONUIbl, MaclopTa,
WJUTIOCTPAIIAY, PACTIMCAHUS U T.1. Takas MHTETparius
3HAYUTENTHFHO PACHIMPSAET BO3MOKHOCTH CHCTEMBI U
MO3BOJISIET YHPOCTUTH aHaNUTHYECKHe paboThl C
KOOpAWHATHO-NIPUBSI3aHHON  mHpopmManmerd  [3,
8-10, 22].
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T'ncC XapaKTepU3yITCA
MOJI0KUTEJIbHBIMUA MOMEHTAMU:

—HarJsITHOCTh TPEACTAaBICHUS CEMaHTHYECKOU
unpopmam 3 B/l 3a cuer oroOpaxkeHus
B3aMMHOTO  NPOCTPAHCTBEHHOTO  PACIOJIOXKCHUS
JaHHBIX;

—yBelIMYeHHEe  WHPOPMAIMOHHOH  €MKOCTH
OpOAyKTa 3a CUYET CBSA3M INPOCTPAHCTBEHHO-
OpPUCHTUPOBAHHBIX M300paKEHUI C CEeMaHTHYECKOH
nHhopmarmeit u3 b/I;

—yIy4llIeHHE CTPYKTYPUPOBAHHOCTH HH(pOpMa-
MK W, KaK CJCACTBHUE, MOBHIMICHNE dPHEKTHBHOCTH
ee aHanm3a U 00pabOTKH.

Tpamumonusii Habop ¢yakuui ['MC npum
paboTe ¢ KapToil BKIIFOYAET:

—T0Ka3 KapThl B Pa3IMYHBIX MaciiTadax;

—BbIOOp Habopa cioeB wuHpoOpMANUK IS
MoKa3a;

—3aBUCUMOCTH BHEIIIHETO BHJAa OOBEKTOB OT MX
CEMaHTHUYECKHX XapaKTEPUCTHUK;

—omepaTUBHOE TMoydeHue wHpopManmuu 00
00BEKTE TPH BBIOOPE €ro KypCOPOM MEIIIIH;

—BO3MOXHOCTh pacreJyaTku JOOBIX
(hparMeHTOB KapThl.

Obénacmu npumeneHus U UCHOTb30BAHUA
T'HC - mexnonozuii. DHEPreTUUECKUE KOMIAHUH
mupoko ucnone3ytor IMC  ang  paspabortku
MPOCKTOB. Hanpuwmep, c UCIIOJIb30BaHUEM
nokanbHEIX [MC TexHomorwii, OHHM IIO3BOJIMIN
MHTETPUPOBATh U B KOMIUIEKCE MPOAHATU3UPOBATH
MHOTHE JIMIMUTHPOBANIA (aKTOpbl, KaK MyTb H
WHTEHCHBHOCTh CYJIOXO/ICTBA, TEPPUTOPUH
pa3paboTKi HE(PTIHBIX MECTOPOKACHUH U IyTH
NPOKJIAAKH He(QTEenpoBOAOB, MapUIPYThl MHUTPaLUU
NTHII, OTPAaHHYECHHUSI CO CTOPOHBI BOCHHBIX BEJIOMCTB
U MHOroe apyroe. IIpu olieHKe y4uThIBajIl BIUSHHUE
Kax110ro (akTopa, Ipu 3TOM 00eCICUNIN AeTaIbHBIN
aHam3 MPUTOTHOCTH u JKOJIOTHYECKYIO
YYBCTBHUTENBHOCT, TOTO WM WHOTO Yy4yacTka B
mporecce  BbIOOpa MecT A CTPOMTENbCTBA
SHEPTETUUECKUX 00BHEKTOB.

T'UC »>ddexkTuBHEI BO BCeX 00IacTsIX, Tae
OCYILIECTBIISIETCS. YUET U yIpaBlIeHHE TEPPUTOPUEH U
o0beKTaMH Ha Hell. DTO NpakTHYECKH Bce
HAIpaBJICHNS JICATEILHOCTH OPTraHOB YIpaBJICHUS U
aJIMUHUCTpALMil: 3eMeNbHBIE PECypChl M OOBEKTHI
HEIBHXHMOCTH, TPaHCIOPT, MH)KEHEPHbIE
KOMMYHUKAallUW, pa3BUTHE OW3HEca, oOecreueHue
npaBoropsiZika ¥ Oe3onacHoctd, ynpasienue YC,
nemorpadus, 3KOJI0rus, 3ApaBoOXpaHeHue u T.4. [3,
8-10, 22].

Huarerpammonnsie BozmMoxxHoctr [ IC monctuHe
0e3rpaHuYHBL. JTH CHUCTEMBI MTO3BOJISIFOT BECTH YUET

CIEeTYFOIINMHI

YHCICHHOCTH, CTPYKTypel M  paclpeneieHus
HaceleHUs M OJIHOBPEMEHHO MHCIOJIb30BaTh JTY
uHpOpMALMIO AN IUIAaHHPOBAaHHWA  Pa3BUTHUSA
COUMANBHOH  HMHQPACTPYKTYphl,  TPAHCHOPTHOW,

JHEPreTHYECKON CETH, ONTUMAJIBHOTO pPa3MEICHUS
O00BEKTOB  3[IPaBOOXPAHEHUs, MPOTHUBOIMOKAPHBIX
OTpAI0OB M CHJI IIPaBOIOpsAJKa W Tak jaiee
[3, 8-10, 22].

B nmamHOlf paboTe paccMOTpUM CO3TaHHE
OCHOBBEI ic 5 TEXHOJIOTUIO CITY>KOBI
JHEpProodecnedeHuss  OTHAIEHHbIX  IYCTBIHHBIX
palloHOB M moaydeHuss — uHbOpMAUMU UL
rpadMuecKoro IMOCTPOSHHS KapT, KaK OTICIbHBIX
Pa3IUYHBIX JKUBOTHOBOJIUECKHX 00BEKTOB,
YIIyYIIEHHs] CEIbCKUX JKUTENEH, HX IKOHOMUYECKYIO,
JKOJIOTHYECKYI0O M COLMaJbHYI0  HPOOJIEMBL
OTMedeHHBIE Ha KapTe O00JIACTH BO MHOTHX CITy4asx

ropaszio HArJsIHEE OTpaXarT  TpeOyemyro
uHpOpMaLKIO, YeM IECATKH CTPAHUI[ OTYETOB C
TaOJIUL[AMU.

Hcnonb3oBanre BO300OHOBISIEMBIX HCTOYHHKOB
SHEPTUHM UMEET BaXKHOE 3HAYCHUE TSI O0eCTICUeHUS
NOTPEOHOCTEH HACEJCHHUS, NPOMBIIUICHHOCTH U
CEJIbCKOTO XO34KMCTBA B TEIUIOBOM M AIEKTPUUECKOMN
SHEPTUH, I[IO3BOJIIET pemaTh JHEPreTHYECKHUE,
COLMAIHHO-3KOHOMHYECKHE, 9KOJIOTUYECKHE
npo0ieMsl perioHoB TypKMeHUCTaHa, yIanEHHbBIX OT
[IEHTPAJIN30BAHHBIX YHEPTOCUCTEM.

Ocobennocmu 60300H06IAEMBIX UCHOYHUKOS
IHepzuu. BozobHoBsIeMast SHEpreTHKA
XapakTepu3yeTcs  MHOTOTPAHHOCTBIO,  Pa3HO00-
pasueM  XapakTepm3yloumx e€ KpPUTepUEB U
COCTAaBISIIOMIMX. B mepeyHe 3ajgady  BO3HHUKAET
OCYIIIECTBIICHHE TPOEKTOB TI0 BO30OHOBIISIEMOMH
sHepretuke (BD) (MOMHMO TEXHONOTHYECKUX W
TEXHHYECKUX), OCO00 BBIIEISAIOTCS  MPOOIEMBI
OLICHKM BO3MOKHOCTH W 3HEprodHeKTUBHOCTH
WCTIONTb30BAaHUS ~ BO30OHOBJISEMBIX  HMCTOYHHKOB
sHeprun (BUD) nmns sHeproskomoroodecreueHust
peruonos [8-10, 22].

OueBWIHO, YTO TPH 3TOM C OJHOH CTOPOHBI
HEOOXOIUMBI OOIIMpPHBIE MAacCUBBI HHGOPMALUH,
OXBaTbIBAIOLIEH Kak  OpPUPOAHBIE  PECYpPCHI
TEPPUTOPHUH, TAK U SKOHOMHYECKHE, DKOJOTHMIECKUE
XapaKTePUCTUKU peruoHa (napacTpykTypa
SHEPTeTUKH, OJHEpPreTHYeckue OanaHChl, JUHUU
JJIEKTpONiepesiady, HAJIWYHE OTpacied  MPOMBIIII-
JICHHOCTH; XapaKTEePUCTUKH CEIHCKOX03IHCTBEHHOTO
MPOU3BOJCTBA, MACTOMIIHBIX KHUBOTHOBOJYECKUX
X03s1icTB W mpoume npyrue.). C Opyroil CTOpOHSHI,
HEOOXOJIMMO  TIpUBJIEYh  TaKUE  HHCTPYMEHTHI
aHalM3a, KOTOpblE IO3BOJSUIM OBl  coOMparts,
OTIEPAaTUBHO MOJICPHU3UPOBATh U MpPe0oOpa3oBBIBATH
S9TH MAacCHUBBl JaHHBIX, OTOOpaXkaTb WX IyTeM
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BCECTOPOHHETO aHANINM3a U IHOJy4aTh Ha MX OCHOBE
00OCHOBAaHHBIE OLIEHKH U J€1aTh TEXHOJIOIMYECKHE
pacyeTsl.

OOHOBpEMEHHO  ClEAyeT  YYWUThIBaTh, YTO
3a4acTyl0 I10JIb30BATENII MHTEPECYIOT KOMIUIEKCHBIE
OILIEHKH IO PAa3JIMYHBIM BHJIaM HCTOYHUKOB 3HEPTHUH.
B KkoHKpeTHBIX pernonax Haubojee 3PPEKTUBHBIM
MOXET CTaTh JIMOO HCHOJNb30BAaHHE TI'MOPUAHBIX
JHEPrOYCTaHOBOK, JHOO CO3JaHHE HECKOJBbKHX
YCTAHOBOK (CTaHIMIA) Ha pa3iIMYHbBIX THUIIAX YHEPTHUH.
B cBs13u ¢ KOMIUIEKCHOCTRIO YKa3aHHOI poOIeMbl, a
TaKXKe H3BECTHOM «PETHOHAIBHOCTHIO» BO300HOB-
JEMOW DHEPreTHKH, CTAaHOBUTCS BO3MOXHBIM U
aKTyaJbHBIM  HCIOJBb30BaHME  WHCTPYMEHTapHs
reoMH()OPMAIIOHHBIX TEXHOJIOTHII.

3apybesxcnwviii onvim ucnoavzoeanus I'HC ¢
60300H061A€MOUl IHEP2ENUKE.

B Hacrosimuit MOMEHT 3a pyOexoM uMeeTcs
JIOCTaTOYHO YCIELIHbII onbIT ucnois3oBanus ['MC-
TEXHOJIOTH B obnactu BO300HOBIISIEMOM
3HepreTUKkU. PaccMOTpeHHbIE B XOJI€ HCCIeI0BaHU
3apyOeXHBIX aBTOPOB 10 TeOHH(DOPMAIMOHHBIM
pecypcam BD MoOXHO mOApa3nenuTh IO OXBaTy
TEPPUTOPUN  HA:  JIOKAJIbHBIE;  PETHOHAIBHEIE,
HaIMOHANbHEIE;, Tio0anpHBIe. Hanmpumep: 1) Atmac
BO300HOBIIsIEMO# 3Hepretukn Bepmonra [3] —
pernonansHas [MC, paspaboraHHas Ha OCHOBE
ArcGIS 9.3.1. Bxmrowaer B ce0s JETATBHYIO
UHPOPMALIUIO 0 JEWCTBYIOLINX 00BeKTax
BO300HOBIIIEMOW DHEPTETHKH HA TEPPUTOPUH IITATA
Bepmont (CIIIA). 2) Cozgannas B HarmoHanbHOM
naboparopun BUD CIHIA (NREL USA) Renewable
resources map and data [3, 8] sBusgercs
reoMH(QOPMAIIMOHHON CHUCTEMOW  HAIMOHAILHOTO
ypoBHa. Ilo TemaTHuyeckod mHUpoTe, O0O0BEMY
NPEOCTABIISIEMOM uHpOpMaLUK U OXBaTy
teppuropun ganHas [ IC sBnsercs, mo-BUIUMOMY, B
HacTosilee BpeMsi HaumbOosiee MPeACTaBUTEIbHON U
pa3BUTOH  cpeau  AHAIOTWYHBIX  3apyOEKHBIX
HaroHanbHbIX ['MIC. OtkpeiTas st CBOOOIHOTO
Joctyma  Bepcusi B VHTepHeT — BKIIIOYAeT:
JUHAMUYECKUe KapTbl, 0a3bl JaHHBIX, HHCTPYMEHTHI,
MO3BOJISIIOLINE  IIOJIB30BATENI0 HMETh JOCTYN K
KapTaMm, JaHHBIM W TPOBOAWTH AaHAJIU3 PECypPCOB
BO300OHOBIIEMON JHEPreTHKH Ui OIpEIeeHHUs,
Kakhe TEeXHOJOTMM Haubosiee IKU3HECHOCOOHBI
(xonkypenTocniocobnsr) aist CIIA u apyrux crpas.
3) 3TIER RenewableEnergy [3, 9, 10] -
KOMMEpPUYECKUI I'MC-nponyxkr, KOTOpBIN
MPEIOCTABISAET B OTKPBHITOM (IEMOHCTPAIIMOHHOM)
pexkuMe Tonbko yenyry Firstlook mo mepBuuHO#M
OLIEHKE PECypCOB TPEX HCTOYHUKOB BO3OOHOBIISIEMOM
SHEPruM: BETpa, COJHIA U BOAHBIX MOTOKOB. OHa
IIO3BOJIAET ~ ClleJlaTh HEKOTOpPbIE 3aKJIOYEHUs O

CoJlep)KaHUuHU u BO3MOKHOCTSIX JTAHHOTO
MIPOTPaMMHOTO MIPOAYKTA. Ornenka
BETPOIHEPTETUUECKUX PECYPCOB OCHOBHIBAETCS Ha
JaHHBIX HAONIOJCHUH M pe3yibTaTax YHCIEHHOTO
MOJIETTUPOBAHUS  aTMOC(QEPHOW  MUPKYJSAIUH  C
yu4eToM  penbeda  MECTHOCTH M CBOMCTB
MTOBEPXHOCTH.

Takum obOpazoMm, TPOAYKT, TpeasiaraeMbIid
kommanuen 3TIER, xapakrepusyercsi Hagmdnem
MOCTOSIHHO OOHOBISieMO#l 0a30if JaHHBIX, a TaKKe
BO3MOXXHOCTBIO TIOTIONTHEHUSI €€ COOCTBEHHBIMHU
MAHHBIMU TIOJB30BATENS; MHCTPYMEHTAMH aHaJIH3a
JAHHBIX JUISl TIOJY4YeHHs Ha HX OCHOBE HOBOM
«MPOU3BOJHONY»  WH(POpMAIMH, TMpencTaBICHHEM
pe3yNbTaToOB B BUAE AWarpaMm, rpadukoB, KapT U
IPYTUX BU3yalbHBIX 00beKTOB. OIHAKO, OTCYTCTBHE
uHQOpPMaIK O METOJMKAaX MPOBEJCHUS PacieTOB, a
TaK)Ke OIIEHOK TOYHOCTH MPOTHO3a SBISIFOTCS BEChMa
KPUTHYHBIM.

IlepBpie maru B Poccum  craenmanel ¢
ucnionb3oBanneM ['MC B obnactu BO300HOBIsIEMOMR
sHepreTuku yueHHsIMUA u3 MI'Y HoBakosckum b.A.,
[IpaconoBoit A.M., Kucenesoii C.B., Paduxo-
Boit 10.10. u npyrumu [8, 9].

B TypkMmeHucrane Ha [OaHHbIA MOMEHT HET
ananoroB 3apyOexxubiM ['MIC mo Bo300HOBIsIEMOI
sHepreTuke. Ha OTEYECTBEHHOM pBIHKE CO3/IaHUE
IT'UC cnepxxuBaeTcsi HOPOrOBU3HON —cHEUANINU3U-
POBaHHBIX TPOTPAMMHBIX CPEACTB, JITUTEIHLHBIMU
CpOKamMH pa3pa0OTKU U BBICOKMMHU TPEOOBaHUSIMU K
"KOMIBIOTEpHOH" KBaIMpHUKAMK TepcoHana. [Ipu
3TOM 3KOJIOTMYECKHE BONpPOChl Ha ocHOBe BUD u
9KOJIOTUYECKHE  TOTEHIHANbl  MPAKTUYECKH  He
uzyuenbl, TeM Oosee I'MIC u TtexHojorusmu |3,
8-10, 22].

Havamom moeli paGoThl B 3TOM HamnpaBlIeHHUH
cTana WHUIMATHBA o WCTIOJIb30BAaHUIO
BETPOIHEPTETHYECKUX YCTAHOBOK B ITYCTBIHHOW 30HE
Kapakymsl.  [loTeHmman  BETpO3HEPreTHUECKHUX
pecypcoB Ha TeppuTOpun TypKMEHHCTaHa OTPOMHBI
[10-19] wu =xapakTepucTuueckass 0a3a JaHHBIX
coOpaHa, TEOPEeTHYECKH pACCUMTaHA M IIOJyYEHBI
smmupuyeckue Gopmysr [6,11-15].

[lo wumerommM pe3yapTaTaM HaNpaBICHHOCTH
Boienuin ogHokomnoHeHTHeie [MIC BeTposnepre-
THYECKYI0 OOCTAaHOBKY W MHOTOKOMIIOHEHTHBIE
(BrITROUArOIIUE B ce0S HECKOIBKO KOMOMHUPOBAHHBIX
BUD).

[lo Tumy wHpoOpManuu, BKIIOYUIH B OCHOBY
I'MC BHWD O0#HOKOMIIOHEHTHYIO, B YacCTHOCTH
BETPOIHEPTETHUECKUX pecypcoB BBLICTTIIIN
CIIeTyIOIIME HAMpaBIEeHUs 3aaun:

—JaHHBIE JUIS OIIEHKH BETPOIHEPTETHUUECKUX
pecypcoB (KOMILIEKC METEOPOIOTHIECKUX, BETPOBBIX
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PEXKUMOB, YJHEPTETUIECKOTO MOTEHITHANIA, KaJacTpa U
WX OCOOEHHOCTH YMCIIEHHOCTh HACEJIEHUSI MECTHOCTH
Y MHOTHIX JIPYTUX MapaMeTpOB);

—TEXHUUYECKUE XapaKTEePUCTUKN BETPOIHEPTETH-
YeCKUX YCTaHOBOK (U1 pacueTa MpeAarnojiaracMoi
BBIPAOOTKH AJIEKTPHICCKON DHEPTHH );

—DKOHOMHYECKHE MPEANOChUIKH (IEHBl Ha
SHEPTHUI0 OT TPAAULIHUOHHBIX M BETPOIHEPIeTHUECKUX
YCTAaHOBOK (B WLEJSIX CPaBHEHHsI SHEPTETHUECKYIO,
9KOHOMHUYECKYIO I1eJeCO00Pa3HOCTh M BOSMOXHOCTH
CO3MaHMs HKOOW3HECa Ha OCHOBE TIPOJAaXe KBOT
yrnepogHoMy QoHay u BcemupHomy Oaky ans
MoJIep>KaHusl MexaHn3Ma guctoro passutus (MUP));

—DJHEPreTHYECKUE OanmaHchl peruoHoB
(mpennpusATHs, TPOWU3BOASAIINE BETPOIHEPTETHUEC-
KyI0 yCTaHOBKY, WHBECTHIIMH B JaHHYIO 00JacTh,
HaJIOTOBEIC JIBTOTHI Ha UCTIOJIb30BaHKE
BETPOIHEPTETUIECKOTO pecypcoB, 3apIUIaThI
pabOTHHKOB OOBEKTOB HA CTAHIMU U T.].);

—COLMANIbHBIE TPEANOCHUTKA (pemenus
COIMAILHO-OBITOBBIX YCJIOBHI, MOTEHIHAT Pabounx
MecTa, 3aHATOCTH HaCeJeHUs OTTOHHBIM
>KHBOTHOBOJICTBOM B IYCTHIHHOU 30HEe Kapakymbl u
Opyrux xossictBax. IIporHo3 oObema BbeIpaOOTKH
ANEKTPOIHEPTUH, YMCHBIIICHHUE HETaTUBHBIX
(hakTOpOB, BIUSIOMIMX HAa 3/IOPOBHE HACEIICHUS 3a
CYET CHIDKCHUS BPEHBIX BEIOPOCOB U T.1.);

—DKOJIOTHYECKHE aCTIEKThI: BEJIMUMHA CHIKCHUS
BpEIHBIX BBIOPOCOB MPH HCIOIb30BAHUH BETPOBBIX
PECYPCOB, CHIDKEHHE 3arps3HEHUS OKpYKalomei
CpeIlbl, TTOYBKI, BOJBI, YPOBHS PaAHAMOHHOTO (hOHA

(BBIOpOCOB KPHUIITOHA B paiioHax, rie
MCIIOJIB30BAJINCh aTOMHBIE 3JIEKTPOCTaHLUU U Ap.)
[7-10, 12].

Hcxonst, w3 BeIIE TOCTABIEHHBIX 3a/1ad, B
CTaTbe CJeJaH yIop Ha CO3JaHHE OCHOB TIO
HCIIOJIb30BaHUs I'nucC TEXHOJIOTUI B
BeTpodHepreTuke TypKMeHUCTaHa.

Oobwue  uzuko-zeozpagpuueckue  ycnosus
Typkmenucmana. TypKMEHHCTaH — HEWTpaJbHOE,
He3zaBucUMoOe rocynapctBo B LleHTpansHON A3sum,
pacnionokena Mexay 35° 08 u 42° 48' ceBepHoit
wupoThl U 52° 27" u 66° 41’ BOCTOYHOU IOITOTHI,
cesepHee rop Komergara, mexny Kacnuiickum
MOpEeM Ha 3amajie U pexol AMyAapbsi Ha BOCTOKE.
IIporsoxeHHOCTH € 3amaga Ha BOocTOoK — 1110 kM, c
rora Ha ceBep — 650 km. Ilnmomaap rocygapcrsa —
491,2 TeIc. KB.KM. Ha ceBepe OH TpaHWUUT C
KazaxcranoM u Ha ceBepe U Or0-BOCTOKE C

VY30ekucranom, Ha tore — c Hpanom u Ad-
ranuctanom [1-2, 11, 12, 19].
Typxmenuncran obnmanaer BBICOKHM

SHEPTeTHUECKUM MOTeHITHAIOM. CTpOUTENHCTBO 1 KM

muHUR  anekrTporepenad  (JIDII)  oOxommres
rocymapctsy B 18-25 teic. momr. CIIIA, 9to
9KOHOMHYECKH HE IIeJIecO00pa3HoO, TO3TOMY OJHHUM
U3 TEPCIEKTHBHBIX, HampaBieHHEe O00ecTeyeHus
SHEprueil  OTHANEHHBIX  HACEJCHHBIX  IIyHKTOB
CTpaHBbl, SIBIACTCS UCIOJIb30BaHNE BO300HOBISIEMBIX
HMCTOYHUKOB 3Hepruu. Ilo M3ydeHHBIM NaHHBIM Ha
TEPPUTOPUHN TypkmeHucTaHa  SHEpreTU4ecKui
noteran BUD orpoMen u coctasiseT: CoiHIa —
4-10® x/ix mmt 1.4 -10° T y1. B rom Berpa —
640 -10° kBt u B roJi; TeOTEPMAaNIbHBIX BOI — 2,5 MIIH.
TY.T B Ioll, KpOME TOr0 €Il JOCTaTOYHO SHEPIHu
OMOMAacChl U MaJIbIX PEK.

[Ipunstue pewmenuit wucnons3oBanus ['MC u
TEXHOJIOTMM Ha OCHOBE BETPOBOM SHEPrUU B
pa3paboTke, COCTaBJICHUH  INPOEKTHO-CMETHOM
JIOKYMEHTAIH, HEOOXO0TUMO TEXHHUKO-
9KOHOMHMYECKOE OOOCHOBaHME AJISI INPOECKTUPOBAHHUS
B CTPOMTEIBCTBE HHEPreTHYECKUX OO0BeKToB. J[lis
9TOr0 HYXXHBI Pa3IMYHOTO poJia reorpaduyueckoe
MECTOPAcCIOJIOKEHNE, SHEPreTHUYEeCKHe pecypchl U
co3naHue 0a3pl [JaHHBIX C COOTBETCTBYIOIIMMH
norernuanamu [10-15, 19].

Co3manue COBpPEMEHHOW WHQPACTPYKTyphl Ha
OCHOBE MHHOBAI[MOHHBIX TEXHOJOTMH M MOBBILICHUE
pocTa  CeIbCKOXO3SHCTBEHHOIO MPOM3BOACTBA B
MYCTHIHHOM 30HE SABJSETCS OJTHUM U3 IPUOPUTETHHIX
HaNpaBJICHUH COLNAIBHO-3KOHOMHYECKOTO PA3BUTHUS
TypkMeHUCTaHa Ha JOJTOCPOUHYIO IEPCHEKTUBY [1].

Bempoeoii pexcum u ezo ocobennocmu ¢
Typkmenucmane. Berep Ha pasIMUHBIX BBICOTaxX B
atMocepe 3emnu AN KOKIOM TOYKH €€
MOBEPXHOCTH XapaKTepU3YIOTCSI €ro CKOpPOCTHIO,
KOTOpasi, CTPOr0 TOBOps, SBISIETCS CIIy4alHON
[IEPEMEHHOM B IIPOCTPAHCTBE U BPEMEHH, 3aBHUCSAIIEH
OT MHOTUX ()aKTOPOB MECTHOCTH, CE30Ha rofa M
MOTOJIHBIX ycJioBUM. Bce mponecchl, HampsMyro
CBSI3aHHBIE C HCIIOJI30BAaHUEM TEKYIIEro 3HAYCHHUS
CKOpPOCTH BETpa, B YaCTHOCTH, IPOM3BOJCTBO
3IEKTPOIHEPTUU B BETPOIIEKTPHUUECKUX YCTAaHOBKAX,
MMEIOT  CIOKHBIM ~ XapakTep, Tak 4YTO WX

XapaKTepUCTUKH o0manaroT CTaTUCTUYECKUM
pa3dbpocoM W HEONPEHENIEHHOCTBIO  CPEAHHUX
O)KAJaEMBIX 3HAUECHUH.

Knumar TypxMeHucTana pes3ko

KOHTUHEHTAJIbHBIM ¢ KOPOTKOM, TOBOJBHO XOJOIHOM
3UMOM U CyXUM KAPKUM MPOJOJIKUTEIIBHBIM JIETOM.
Hns  xonomHoro mepuojila paccMaTpuBaeMon
TEPPUTOPUM HamboJiee XapaKTepHA FOro-3aragHas
nepudepuss CUOMPCKOr0 AHTHUIMKIOHA, a TaKXKe
BBIXO/IBI C IOra IOXKHO-KACIHUHCKHUX M MYypPrabCKux
LUKIOHOB. B stHBape Ha mobepexwse Kacmuiickoro
MOpsI HaOJIOMAIOTCS TPEUMYIICCTBEHHO BOCTOYHBIC
BETPHI, BEI3BAHHBIE B CHIIY MYCCOHHOHN HUPKYJISIHH
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CMEIIeHNEM BO3/yXa C XOJONHOW CymM Ha Oomee
teruioe  Mope  (mosropsemocth  30-40%). B
Hentpaneueix ~ Kapakymax — Hambomee — 9acThl
BOCTOYHBIE u CEBEPOBOCTOUHBIE BETPHI
(moBropsiemocts  25-35%), 0OyCIOBIEHHBIE B
OCHOBHOM [0Tr0-3amagHoi nepudepreli cuOMpPCKOro
AHTUIUKIIOHA, & TAKKE BBIXOJOM FOKHO-KaCITMHCKIX
LUKJIOHOB. ITo KpailHeMy FOr0-BOCTOKY
TypkMeHucTaHa B 3TO BpeMs Toaa HaOIIOaroTCA
NPEUMYIIECTBEHHO  IOr0-BOCTOYHBIE W CEBEpO-
3amaHbple MOTOKK Bo3ayxa (moBropsieMocth 15-25%)
[2, 10-14, 19].

2. Ocnognvie ymanst cozoanus I'HC kapmuot

eemponomenyuana Typkmenucmana

Hns cozmanuss  ocHoBel  IMIC  kaptel
BETPOIHEPIreTUYECKOro  MOTeHLHalda  IpojesaH
UMb pAl  HAyYHO-UCCIEAOBAaTENbCKUX PadoT:
MaTeMaTHIeCcKHe oTeparuu " pacdeTsl
BETPOMNOTEHIMANa; AKCIEPUMEHTAIBHOE  pacrpe-
JICJICHHE CKOPOCTH M pactpencicHue BeliOyma;
BpPEMEHHBIE 3aBHUCHMOCTH CPETHEH CKOPOCTH BETpa;
pacmpesneneHuss yIeNbHOM MOIIHOCTH BETPOBOIO
NOTOKa Ha TeppuTopun TypKMEHHCTaHa; MOJENb
MOCTOSTHHOTO KO3 (UIMEHTa TOJE3HOTO IeHCTBHA
BBIXO/Ia  BETPORIIEKTPHUYECKOW  yCTAaHOBKM  Ha
pacuUeTHBI pPEXHM W MHOTHE JIPyTHE pacueTsl,
KOTOpBbIE TPHUBENCHHI B MOUX HAYYHBIX TpyJax
[5, 12-21].

Pacnpeodenenue Y0enbvHoll MOugHOCIU
6empoeozo nomoka Ha meppumopuu
Typkmenucmana. Jlns QoHOBOTO palioHWPOBaHUS
PaBHHMHHBIX TEPPUTOPUN IO YIEIBHOM MOIIHOCTH
BETPOBOTO MOTOKA  HCIOJB3YIOTCS  JaHHBIE
METEOCTaHIIMA, PACIONOKEHHBIX B  OTKPBITOM
MECTHOCTH Ha TUIOCKHX WJIM BBIMYKIBIX (hopMax
penbeda (Kmacchl OTKPHITOCTH 110 MuiieBCKOMYy — 60
W BbIIE). B COOTBETCTBHU C ATHUM IPHHIIAIIOM IS
paiionupoBanust s TypkMmeHucrana  ObUIO
OTOOpaHO OKOJIO 72 METCOCTAaHIWA W BHIBEICHBI
paiioHBI, COOTBETCTBYIOIIUE CIEAYIOIIUM IIECTH
JMATIA30HAM YJIENbHON MOIIHOCTH Betpa, Br/M°, Ha
Beicote 10 m: 1) <75, 2) 75-125, 3) 125-250, 4) 250-
500, 5) 500-1000, 6) 1000-1500. CocraBienue KapThl
BETPOIHEPreTUUECKOTO  IMOTEHIHMaja  MO3BOJIAET
ONpENIeNINTh  YIENBHYI0 BETPOBYIO DJHEPrHI0 Ha
POBHOM OTKpBITOM MeECTHOCTH. Eciu ke CTaBUTh
[ENbI0 pa3MEIIeHHE BETPOINEKTPUIECKUX yCTAaHOBOK
B DHEpreTHyYecKu OoJiee OJaronpUsITHBIX YCIOBHSIX,
HanpuMep, Ha BEPXHHUX YacTAX CKJIOHA, TO CIEIyeT
BBECTH IMONPABKH, yYUTHIBArOIIUE (GOpMy penbeda
mectHocTH [4, 11-19, 21].

Banoevii nomenyuan eempoeoii 3Inepzuu.
BanoBriit  (TeopeTnueckuil) TOTEHIIMAT BETPOBOM

SHEPTHUM pEernoHa — O3TO  CPETHEMHOTOJETHS
cyMMapHas BETpOBas SHEPTHs JIBKECHIIS
BO3AYUIHBIX Macc HaJ JaHHOW TeppUTOpUEH B
TE€YEeHHE OJIHOTO Trojia, KOTopas JOCTyHHa JUIs
HCTIONTE30BaHUSI.

[lonHoe wucnonb30BaHME »JHEPIMHM BETpa Ha
BBICOTE€  OCYILIECTBJISETCS  BETPOIHEPreTHUECKOMH
CHCTEMOU, B KOTOPOWM POJbI BETPOIHEPIETUUECKHUX
YCTaHOBOK, OPHEHTHPOBAHHBIX TMEPIEHANKYIISIPHO
HaIpaBJIEHUIO BETpa, OTCTOSAT ApPYr OT Jpyra Ha
pacCTOSHUHM, TaK YTO TMOJHAs BETPOBas DJHEPTH,
3axBaThlBa€Mas  yCTAaHOBKAMH  Ha  IUIOIIATH
TEPPUTOPUH M° B TOJ — PE3yIbTAT PAcyeTa dHEPIUH
BeTpa. Hampumep, mns octpoBa KeBpui-Cy Ha
nobepexxbe Kacnmiickoro mopsi paBen 0,623 108
kBr* w/(M* * rox) [4, 11-19].

Texnuueckuii nomenyuan 6empoGoIl IHEPUU.
TexHndeckuil  MOTEHIWAl  BETPOBOW  DHEPIHH
pernmoHa — 3TO CyMMapHas 3JIEKTPHYECcKas dHeprus,
KOTOpass MOXET OBITh IMOJy4eHa B pEruoHe OT
WCTIONTF30BAaHUS BAJIOBOTO IIOTEHIMANA BETPOBOI
SHEPrUu NpU COBPEMEHHOM YPOBHE pPa3BUTUA
TEXHUYECKUX CpEICTB u co0JII0IeHNN
9KOJIOTHYECKHUX OrpaHUYECHUH. TexHuueckui
noteHiman i ocrtpoBa Kei3ei-Cy cocTaBiser:
9,8 10* kBt 4/ rox [13, 14].

TexXHUYECKUI U SHEPreTUYECKUH MOTEHIMaN C
YAEThHBIM  pacueToM  MOIIHOCTH,  JHEprueit
BETPOBOTO  TIOTOKAa M C  HCIOJIb30BaHUEM
OKCIICPUMECHTAJIBHBIX PE3YJILTATOB ITOBTOPACMOCTH
CKOpocTH BeTpa Ha BbicoTe 10 M, mpencTaBiieH Ha

pucyHke 1.

IJKoHOMUUECKUI ~ NOMEHUUAN  6empoeoil
9Hepeuu. ODKOHOMHMUECKUH IOTEHIMal BETPOBOM
SHEPTUM PErHoHa — JTO BEJIMYHMHA TOJOBOIO

MTOCTYIUICHUS 3JIEKTPUUECKON SHEPTUHN B PETHOHE OT
WCIIOJIb30BaHMUSI BETPOAIEKTPHUECKUX  YCTAHOBOK,
[TOJIyYE€HUE KOTOPOH SKOHOMHYECKH ONPABIAHO NPH
CYLIECTBYIOILIEM YpPOBHE II€H Ha IPOU3BOJACTBO,
TPaHCIIOPTUPOBKY, MOTpeOIeHNE SHEPTUH, TOTLTUBA U
COOJTFOIEHNH SKOJIOTUIECKUX HOPM. DKOHOMUYECKHUI
MTOTEHLINAI peruoHa  MpEJCTaBISIET CyMMY
9KOHOMUYECKUX IOTEHIHAIOB COCTABJIAIOIIUX €ro
301 [11-19].

VY neneHas CTOUMOCTh YCTaHOBJIEHHOM
MOILHOCTH BETPOVIEKTPUUECKHUX CTaHIIWMH,
MTO/IKJTFOYEHHBIX K YHEPrOCHCTeMaM, YMEHBIINIIACH B
4 paza ¢ 4000 momn/xkBr mo 1000 momn./kBrT.
OKOHOMMUECKAsS 3 PEKTUBHOCTB, CTOMMOCTb
BBIPa0aTHIBAEMOM AJIEKTPOIHEPTHUH M YCTAHOBJICHHOM
MOIIIHOCTH, a TaKXe CPOK OKYIAeMOCTH W CITy)KOBI
BETPOVIEKTPUUECKUX YCTAHOBOK IIPEJCTABICHBI Ha
pHUCYHKE 2.
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Puc. 1. BerposHepreTuueckue pecypchl TypKMeHHUCTaHa
1 — paiioHbI, I YHEPrHs BO3AYIIHOTO MoToKa ¢ 90%-HOi 00ecedeHHOCThI0 cocTaBuT Meree 100 kBru/M B rog;
2 —ot 100 1o 200; 3 — ot 200 mo 400; 4 — ot 400 o 600; 5 — ot 600 10 800; 6 — ot 800 mo 1000; 7 — 6osee 1000
Fig. 1. Wind power resources of Turkmenistan
1 - areas where the energy of an air stream with 90 % supply will make less than 100 kWh /m? in a year; 2 — from
100 to 200; 3 - from 200 to 400; 4 — from 400 to 600; 5 — from 600 to 800; 6 — from 800 to 1000; 7 — over 1000

Cpok  OKymaemMoCTH  BETpO3JIEKTpUUYECKON
YCTaHOBKH, OTPEAEIICHHBIM MO BBIIIE H3JI0KESHHBIM
pesympTaTam, ans  octpoBa Kepur-Cy  paBeH
2,3 rogam.

Ha pucynke 2 mpencraBieHsl rpaduku
W3MEHEHUS CTOMMOCTH BEIpabaThIBaeMO
3JEKTPOPHEPTUH U YCTAHOBJIEHHOM  MOIIHOCTH
3apyOeXHBIX CETEBBIX BETPOIIEKTPUUECKUX CTAHIIUI
no rogaM. B 1996 r. CTOMMOCTB 3IEKTPO3HEPIrUu
cocrapisuia MeHee 5 1eHT/(kBT 4) u Oblia cpaBHUMA
CO CTOMMOCTBIO  DJHEpPIMM, IIOJy4aeMOH Ipu
WCTIOJb30BaHUH TPAJAMIIMOHHEIX TOIUMB. bonee Toro,
B HacTosIIee BpeMs, HalpuMep, B JJaHWu CTOMMOCTH
3JEKTPO’HEPTUN OT BETPOAIEKTPUUECKUX CTaHLUI
MEHBIIIE, YeM OT 3JEKTPOCTAHLIUM HA YTJIE.

3a ToT ke 15-metHuil mnepuox  yaenbHas
CTOUMOCTH YCTaHOBJIEHHO MOIIIHOCTH
BETPORIEKTPUUECKAX CTAHIWW, TMOAKIIOUEHHBIX K

15

SHEpProcHcTeMaM, YMeHpIIMJIach B 4 paza c
4000 momr./xBt mo 1000 mosur./kBT.

CroumocTh YCTaHOBJICHHOM MOIITHOCTH
BO306HOBJI$I€MLIX HNCTOYHUKOB OHEPTHUU JUIsL
KOHKPETHOT'O peruoHa, B TOM qucie
BETPOJJICKTPUUECKHUX  YCTAHOBOK,  BKIIOYAaeT B
CTOMMOCTb MPOM3BOICTBA COOTBETCTBYIOIIIEE
00OpyZiOBaHKEe, PacXoJlbl MO €ro TPAHCHOPTUPOBKE
HA MECTO YCTAHOBKM W CTOMMOCTh CTPOMTEIILCTBA.
OmpesiesieHHe CTOMMOCTH YCTAaHOBKH, a TaKKe
pecypca ee¢ pabOThl B HATYpHBIX  YCJIOBHSIX,
MO3BOJISIFOT ~ YCTAHOBUTH  CTOMMOCTH  BBIPA0ATHI-
BacMOM TMOJIC3HOW SHEPrUd W JAI0T BO3MOXKHOCTh
NIPOU3BECTH CPAaBHUTEIBHBIM aHAIU3 C APYTMMU
WCTOYHUKAMHU DHEPIrUM, B IIEPBYI0 O4YEPEAb C
TPAJUIUOHHBIMU. TeM caMbIM MOXHO OIPEACIUThH
9KOHOMHYECKYIO I[eJIeCO00pa3sHOCTh W IPPEKTUB-
HOCTBH HCITIOJIb30BaHUs MHOT'O BHA BO306HOBH$ICMI)IX
MCTOYHHUKOB YHEPIHHU B JAHHOM PETHOHE CTPAHBI.
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Puc. 2. I3MeHeHHe CKOPOCTH BETpa U yAeabHask CTOMMOCTh 3JICKTPOIHEPTUH
Fig. 2. Change of wind speed and specific cost of the electric power
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JKonozuueckue  6v1200bl  OM  BHEOPEHUA
eéempIHepzemuyiecKkoil  ycmanoeéku. BruipaxeHue
BBITOJIA omnpenensier 9KOHOMHUYECKYIO

3¢ GEKTUBHOCTD U HE YUUTHIBACT BIMSIHUE BBOJHMBIX
YCTaHOBOK Ha OKPYKAIOMIYI0 MPUPOJY, COUATHHBIC
YCIIOBUS JKU3HU M JICSITETBHOCTH YEJIOBEKa, B IIEJIOM
9TO OmpenenseTcs SKOJOTHYECKHUMHU YCIOBUSIMH.
Bo3oOHOBISIEeMbIE ~ HCTOYHMKH ~ JHEPTHM IO
CPaBHEHHIO C TPAJMIMOHHBIMH O0NAAI0T BAXKHBIMHU
NPEUMYIIECTBOM, 3aKIIOYAIONIMMCS B BO3MOXKHOCTH
o0eCreYeH!s] JKOJIOTUYECKONW YUCTOTHI BBOJMMBIX
YCTaHOBOK, & B HEKOTOPBIX CIy4asX — BO3MOXHOCTH
YIyYIIEHHUsI SKOJIOTHYECKOH 00CTaHOBKH.

Opnnodt w3 QopM ydera BIMSHUS BBOJUMBIX
HCTOYHUKOB SHEPTUU HAa HKOJOTHIO PErHOHA MOXKET
OBITh BBEJICHHE B YJCIHHYIO CTOUMOCTh TOJTy4aeMOM
9HEPTUU PETHOHAIBHOTO 3KOJIOTHYECKOro (akTopa
HCTOYHUKA, YUUTHIBAKOIIETO OTHOCHUTEIBHBIC
pacxojibl Ha KOMIICHCAIMIO BPEIHBIX IMOCICICTBHN
BBOJIA €IMHUIIBI SHEPTHH TOTO WM MHOTO UCTOYHHKA
B peruoHe. Ecnm yzaenbpHas CTOMMOCTh HMCTOYHHKA
SHEPTUU B MPOU3BOJCTBE, TO YACIbHAS CTOUMOCTD C
y4eToM KodpuLmeHT PErMoHaILHOTO

(hakropa <l JUTSE WCTOYHHKA, YIyYIIaloIero
9KOJIOTHYECKYIO OOCTaHOBKY B PETHOHE; IS OJTHOTO
1 TOTO € UCTOYHHUKA B PA3IMUHBIX PETHOHAX MOXET
HU3MEHATH BEIUYMHY, CTAaHOBHUTHCS OOJbIIE WIN
MeHbIe equHues [11-19].

Kak BumHo w3 pucyHka 3  OXHUZaeMble
COKpalleHHe  BBIOPOCOB  Pa3MUYHBIX  BPEAHBIX
BEIIECTB B OKpPYXKaIOIIyl0 cpeay B TypkMmeHncTaHe
TIPH CPeAHEH TOA0BOM BRIPAOOTKE BETPOBOM IHEPTHH
300 Br/m? ¢ yAEIbHON MOLTHOCTBIO Ha 1 KB.M U IIpH
skBUBajeHTe pacxoma TormmmBa — 0,12 Kr/rom, To
COKpAIlleHHE 3arps3HAIONMX BEIIECTB COCTABHT:
SO, -2.5 xr/rox; NO, —1,4 kr/rox; CO-0,2 kr/rox;
CH; -0,4 xr/rog; CO, -191,8 xr/rom; TBepABIX
Berects — 0,3 kr/roz.

Takum o00pa3oM, ¢ yYE€TOM pPErHOHAITBHBIX
(aKkTOPOB CTOMMOCTH TOIUIMBA M PETHOHAIBLHOTO
9KOJIOTHYECKOTO (haKTopa CpPOK OKYIMAeMOCTH W
SKOHOMUYECKHUI ad ekt HCTIONTE30BaHUS
BETPOIIEKTPHUUYECKOH YCTaHOBKH B OOIIEM CiIydae
OTIpeIeISI0OTCS BKJIFOUEHHEM ko3 Pumenta
PEerHOHALHOTO dKONIorndeckoro gakropa. Ha puc. 3
MpeJcTaBjeHa TUCTOTpaMMa, a B Tabnuie | 3HaueHus

9Kosloruueckoro (akropa, mnpuueM KodpduuueHT 9KOJIOTMYECKOT0  TOTEHIHajda  BETPOYCTaHOBKHU
PETHOHAILHOTO JKOJOTHYecKoro dakropa >1 mis BhIpaGaThIBacMoii sHeprun 100 u Gomxee 1000 Br/m?
WUCTOYHMKA, MPUBOLSAILETO K YXYALIECHUIO W BO3MOXHOCTb  COKpALIEHHUS  3arps3HSIOMIAX
JKOJIOTHYECKOW  OOCTAaHOBKM B  PETHOHE, U BEIIIECTB OT BBIPAOOTKH C OTHOTO KBaJPaTHOTO METpa
KOX(PGUIIMEHT  PETMOHATBHOTO  JKOJOTHYECKOTO BETPOBOTO NoToKa [13,14].
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Puc.3. T'ncrorpamma sK0I0ruyeckoro morennyana Beipadotku Berposreprur 300 Br u 900 Brc 1 m
Fig. 3. The histogram of ecological potential of the development of wind power of 300 W and 900 W with 1 m?

3. T'HC Ixonozuueckas Kkapma 0,11 KOHEYHO20

nonv3zoeamens
Koneuno#t 3amaueit paspaborannonn ['MC
TEXHOJIOTHH SIBJIAETCS (dhopmupoBaHue

J00poXKeTaTeIbHOW WH(POPMAILIMOHHONW Cpebl IS
MOJIL30BATEINS — HATISAHAS DKOJIOTHYEeCKast KapTa.

HNudopmanimoHHO-3K0OIOTHYeCKass KapTorpadu-
geckas cpema cdopmmpoBamack B pe3yibTaTe
CO3JIaHHBIX 0a3 JaHHBIX U MAaTEMaTHYECKUX PAacUETOB
MIPUBEACHHBIX Ha PUCYHKE 4 1 MOIM(UIMPOBAIACH B
poriecce OMBITHOM 3KCIUTyaTalluy, B COOTBETCTBHH C
YTOUHSIOIIUMHUCS ~ TpeOoBaHMSIMH  pa3paboTaHa
MIPHUBEACHHAS SKOJIOTHYECKasl KapTa.
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Tabnuya 1
IKOJOTHIeCKHIl NMOTEHUHUAJ OT BETPOIHEPIrE€eTUICCKUX PECYPCOB C KBAAPATHOI'0O ME€TpPa B TypKMel—ll/ICTaHe
Table 1
Ecological potential of wind power resources from a square metre in Turkmenistan
kBT1/kB.M SO 2 1/rox NOx 1/rox CO 1/rox CH4 1/ron CO2 t/rox Teepaie
BemectBa 1/TOA

100 0,000831 0,000448 5,81395E-05 0,000122 0,063953 8,72093E-05

200 0,001663 0,000895 0,000116279 0,000244 0,127907 0,000174419

300 0,002494 0,001343 0,000174419 0,000366 0,19186 0,000261628

400 0,003326 0,001791 0,000232558 0,000488 0,255814 0,000348837

500 0,004157 0,002238 0,000290698 0,00061 0,319767 0,000436047

600 0,004988 0,002686 0,000348837 0,000733 0,383721 0,000523256

700 0,00582 0,003134 0,000406977 0,000855 0,447674 0,000610465

800 0,006651 0,003581 0,000465116 0,000977 0,511628 0,000697674

900 0,007483 0,004029 0,000523256 0,001099 0,575581 0,000784884

1000 0,008314 0,004477 0,000581395 0,001221 0,639535 0,000872093
VYuuTeiBas  BBIINICHA3BAHHBIE  ITOCTaBJICHHBIC BETPOIHEPTETHUECKUX PECYpPCOB B TypKMEHHUCTaHE C

3aJaud W COo3JaHHble 0a3bl JaHHBIX IO PErHOHAM KBaJpaTHOTroO MeTpa (CM. pUCYHOK 4).

CTpaHbl  ToOCTpoeHa ofgHokoMmmoHeHTHas ['UC
sKonoruueckas kaprta cokpamenuss CH4 u CO2 or
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Puc. 4. TUC sxonoruyeckas kapta cokpameHuss CH4 u CO2 oT BeTpoIHepreTHiecKux pecypcoB B TypKkMeHHUCTaHE C
KBaJIpaTHOTO MeTpa. 1 — palloHBI, I'/ie SHEPTUs BO3AYIIHOT0 MoToKa ¢ 90%-Holi obecrniedeHHOCThI0 1 cokpamienus: CO2
coctasut Meree 0,000122 u 0,063953 1/ B rox; 2 — ot 0,000122 u 0,063953 m0 0,000244 u 0,127907; 3 — ot 0,000366 u
0,19186 100,000488 1 0,255814;4 — ot 0,000488 u 0,255814 mo 0,000733 u 0,383721; 5 — ot 0,000733 u 0,383721 no

0,001099 u 0,575581; 6 — ot 0,001099 u 0,575581 mo 0,001221 u 0,639535; 7 — Gonee 0,001221 u 0,639535 .

Fig. 4. The GIS ecological map of reduction of CH4 and CO2 from wind power resources in Turkmenistan from a square
metre. 1 — areas where the energy of an air stream with 90 % supply and reduction of CO2 will make less than 0.000122 and
0.063953 tn a year; 2 — from 0.000122 and 0.063953 to 0.000244 and 0.127907; 3 — from 0.000366 and 0.19186 to 0.000488
and 0.255814; 4 — from 0.000488 and 0.255814 to 0.000733 and 0.383721; 5 — from 0.000733 and 0.383721 to 0.001099 and

0.575581; 6 — from 0.001099 and 0.575581 to 0.001221 and 0.639535; 7 — more than 0.001221 and 0.639535
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Omnupuueckas HO6MOPAEMOCHb CKOPOCHU
eéempa. B TypkMeHHUCTaHE 0 HACTOSLIETO BPEMEHHU
OLICHKA BO3MOXKHOCTH HCIOJB30BAaHHUS SHEPTUU
BETpa OCHOBBIBAIACH Ha HCCICAOBAHUAX KPYITHO
MacmTabHOTO TEPPUTOPHAIBHOTO paclpeaeeHs
CKOpPOCTH U YACTBHON MOIIHOCTH BETPOBOTO MOTOKA
[4-6], mo maHHBIM HAONIOJCHUI 38 CKOPOCTBHIO BETPa
Ha cern Mereoctanmmu (MC) [4]. Ha ocHoBe
nmonmydeHHbIX 0a3 gaHHbIX MC OBUIH  BBIJEIEHBI
paiioHbl HanOoee MEePCIEeKTUBHBIE C TOYKH 3PEHHS
MPAKTHYECKOTO UCIIOIF30BaHMS SHEPTHUH BETPa.

B pesynaprare MaremaTmueckoil 00paOOTKH
(hakTHUECKUX MaTepHaoB 1o 72 MC
TypKMCHI/ICTaHa 6LIJ'II/I BBIYMCJICHBI CTATUCTUYCCKHEC
XapaKTePUCTUKH OMITMPHYECKUX  PpachpeesieHui
CKOPOCTH BETpa U MO HUM HallIeHbl ypaBHEHUS 3-X
TUIIOBBIX PEKUMOB IOBTOPACMOCTH CKOPOCTHU BETPA:

Pexxum  MOBTOpSIEMOCTH  CKOPOCTH  BETpa,
XapaKkTepHbI a1 moOepexxkbst Kacmmiickoro mopst
(Xazap, KapaOora3sroi) MoxeT ObITh NpEACTaBICH
3aBUCUMOCTH B ipoMuiisix (%0):

AS 9 70.75&)2’0
t,=1571—=-—e 9
g &

(1)
PexxuM TOBTOpAEMOCTH CKOPOCTH BeTpa Ha
PaBHUHHOU TeppUTOpUid MycThIHN KapakyMsr:

0,45 1,45
t, =12582 [ %
5 9

9
e—0.87(§)

2)

Pexum moBTOpPSEMOCTH CKOPOCTH BETpa B IOTO-
BocToyHOl wactu Typkmenucrana (baaxeiza,
BEPXOBBAX AMYAapbH):

0,03 9, 1,0
AG (8 ~0.99()

t=1017=| 2| e 3)
g 8

N3 ypaBuenuii (1-3) mis Bcex TpexX THUIIOB

3

BBIYMCIICHBI IOBTOPSIEMOCTH TS 9 or 2,0 1o 8,0 m/c
yepe3 0,2 M/C W TIONyYeHBI 3HAYEHUS B MEJBIX

IPOMUJISIX [UTsl K&XKJOH CKOpocTH Betpa % ot 0 1o

25 m/c.

3aknawuenne. CTpeMIIeHHME 4YeNOBEYECTBA K
VIIyYIICHUIO YCIOBYIA )KU3HH HAYMHAET TPUBOJUTH K
W3MEHEHHIO cpejibl oouTanus. B To ke camoe BpeMs
OTBET Ha BBI30OBBI MOCIICIHUX JECATHIICTHH JICKUT,
YTO HA3bIBACTCSA, Ha IOBEPXHOCTHU. MBI JOCTUTIIU
TOTO YPOBHS 3HAHUH, KOTJa OSHEPTUIO, CTOJb
HEOOXOTUMYIO JUTSL cOaaHCUPOBAHHOTO
CYIIECTBOBAaHUS W JBWXKEHHS BIIEPEN, MOXHO
JoOBIBaTh 0€3 HaHECEHHS Bpeaa OKPYKAIoIeMy Hac
MHUpPY, M HUCIHOJb30BaTh C Tropa3ao OoJIbIICH
3(()EeKTUBHOCTBIO, YEM 3TO JENaeTCs CEeroJHS.
I'oBOpS S3BIKOM SKOHOMUKH, YEIOBEYSCTBO MOXKET U
JIOJDKHO YEeCTHO M OTBETCTBEHHO JENUTh MHPOBOM

9KOJIOTHYECKUI PBIHOK CO BCEMH BUAAMHU U (OpMaMHU
KU3HU Ha 3emue. Bormpocsr pa3BUTHUS
BO300HOBJISIEMBIX UICTOUHMKOB SHEPTUH aKTYyaJIbHBI U
it TypkMeHHCTaHa, BCTYNHMBILETO B  CTaIulio
MOJIEpHU3AINH 1 THHOBAIMOHHOTO POCTA.

Haunbonee mepcrneKTUBHBIME UIS pa3MelleHHs
BETPOHEPTeTUUYECKUX  YCTAHOBOK JJISI  CTPaHbI
siBiseTcst mobepexkpe Kacrmiickoro Mopst U ydacTku
nx menbdoB. Tak kak Ha menb(ax Moper yaeapHas
MOIITHOCTh BETPOBOTO MOTOKa nocturaet 6omnee 1000
Br/M?, a Ha mobepexbix 500-1000 B/M?, B To BpeMmst
KaKk Ha yJalleHHHd OT MOoOepeXuit M B TIyOMHHBIX
pailoHax CTpaHbl YJelbHas MOIIHOCTb BETPOBOrO
noroka cocrasiser 100-500 Br/m.

us PacCMOTPEHHBIX BBITIEH3IIOKEHHBIX
TTO3UINI MOXKHO CIIENATh CIIEAYIONNE BHIBOABI:

1. B coorBerctBun c¢ pazpaboranueiMu [HMC
TEXHOJIOTHSIMM UM  COCTABJIICHHOM 3KOJOTMYECKOU

BETPONOTCHIIMATa  KapTOH W METOJHMYECKUM
MOJX0IOM MOy YEHBI OLICHKU 9KOJIOr0-
3KOHOMUYECKOH 3G PEeKTUBHOCTH BHEApPEHUS

"HOBBIX" TIPOEKTOB IO COKpaIeHnto BeIOpocoB CO2.
[IpuBeneHHBIE pe3ynbTaThl B TAOMMIAX W PUCYHKaX
MIO3BOJIAT OLICHUTH KOHKYPEHTOCIOCOOHOCTD
PaccCMOTPEHHBIX  IPOEGKTOB [0  COCTABJICHHIO
[IPOEKTHO-CMETHYIO JIOKYMEHTALUIO [UI TEXHHUKO-
skoHOMHUYecKoro obOocHoBanus (TD0), a Taxxke
OTHOCUTENIBHO TMPOJAXH KBOT B PETHOHE U
[IPOPAaH)XUPOBaTb HX IO CTEHNEHH MPUBJIEKa-
TEJILHOCTH JJIi MHBECTOPOB, 3aMHTEPECOBAHHBIX B
NOJY4YEHUH KBOT IO COKpAIEHHIO BBIOPOCOB st
9KOJIOTHYECKOT0 On3Heca.

2. TlpencraBiieHHbIE OMIUPHYECKHE PACUETHI
(1-3), cocraBieHHas KapTa 3KO3HEPreTHYECKUX
PECYpCOB  HCIIONB30BAHUS  BETPOIHEPreTUUECKUX
YCTAaHOBOK Ha TeppuTopun TypkmeHucrana, OynyT
3G PEKTUBHBIM, JOCTYTIHBIM CPEICTBOM
9HEeprocOepekeHus U OOECIIeYeHHE SKOJIOTHUECKON
0€30IacHOCTH OKPY)KaloLIel Cpeibl MECTHOCTH.

3. Tlpu cpenneit rojj0BO# BBEIpabOTKE BETPOBOU
sueprun 900 Br/M® ¢ y/enbHOH MOIIHOCTBIO HA
1XB.M HW TpH DKBUBAJIEHTE pacxoia TOIUIMBA —
0,36 kr/rog, COKpalieHHe BpEAHBIX  BBIOPOCOB
cocrasut: SO, —7.5 xr/rox ; NO, — 4,1 xr/rox; CO —
0,6 xr/rom; CHy — 1,2 xr/rox; CO, —575,2 xr/rox;
TBepAbIX BemiecTB — 0,9 kr/rox cM.

CocraBieHHast BETpO3HEpreTHIecKas KapTa gaer
KOJIMYECTBEHHYIO OIICHKY BETPOIHEPTO-
pacmpeiesieHlsl PEeCypcoB; HCIONB3Ysl €€, MOXKHO
MOJICUNTaTh  DHEPreTUYecKue,  HKOHOMUYECKUE
pecypchl  MACTOMIMHBIX PAiOHOB HA TEPPUTOPHH
TypkMeHUCTaHA. Hampumep, TrOJI0BOM
9KOHOMHYECKHH S(PPEKT OT KOMOWHHPOBAHHOTO
HCTOJIB30BAaHMS TEIIMOBETPOIHEPIETUICCKUX CUCTEM
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TETIOXJIaI0CHA0KEH)SI JIOMa B CEITbCKOW MECTHOCTU
miomansto 150 M? cocraBur 0.4 THIC. JOIAPOB H
COKOHOMHUT Ha naymy BHeceHus 180-200 xr.y.T. 3a
CUeT BeTpoarperata MOXHO YJOBJICTBOPUTH OT
40%-85% sHepronoTpedIcHus.
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Abstract

Advances in information and communication technologies have led to a global information
society and the emergence of a new digital world in which the development of each individual,
communities, states, politics, and economics greatly depend on the use of telecommunications. At
the same time global informatization allows to use new information and communication
technologies to destabilize social situation in different countries, government authorities as well
as to conduct illegal and destructive activities of political, criminal and terrorist organizations.

In conditions of increasing instability of the situation in international relations and global
economy there appear new challenges and threats to national security and sustainable
development in Russia and other countries, including in the virtual environment. In this regard,
the special relevance of the problem of cybersecurity for public authorities, economic entities and
ordinary citizens in the processes of their interaction on the Internet, including ONS.

The article puts forward a method of analysis of activity and identification of participants of the
online social networks conducting illegal activity. Besides, it considers the structure of the
information system of monitoring of their behavior.

Keywords: Cybersecurity; illegal activity; online social networks; telecommunication;
information system.
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Cassa 10.Bb. MOHMTOPHHI U AHAJIN3 ITIPOTUBOITPABHOM NEATEJBHOCTH
YYACTHHUKOB BUPTYAJIBHBIX COLIMAJIBHBIX CETEM B KOHTEKCTE
PEIHHIEHUSA 3AJIAYM OBECIHHEYEHUS BE3OITACHOCTHU JIMYHOCTHU
N TOCYIAPCTBA

OpJoBckuii rocynapctBeHHblil yauepceuter umenn M.C Typrenesa, yi. Komcomonsckas, 95
r. Opemn, 302026, Poccust
e-mail: su_fio@mail.ru

AHHOTaNUA

Hoctwxenuss B ob6nacti MHGOPMAIMOHHBIX W KOMMYHHMKALMOHHBIX TEXHOJIOTHH NPHUBENTH K
CO3JIaHMIO TII00aJTBHOTO WHPOPMAIMOHHOTO O0IIECTBA U MOSBICHUEM HOBOTO LU(PPOBOrO MHUpA,
B KOTOPOM pa3BHUTHE KaXKJOTO YeJOBEeKa, OOIIECTBa, TOCYAApCTBa, MOJMUTUKH W SKOHOMHUKH B
3HAYUTENFHOW CTENEeHH 3aBHUCAT OT WCIOJIB30BAHMA TEJNEKOMMYyHHUKanuil. B To ke Bpems
rmofanpHas MHGQOpMATH3alUs TO3BOJIIET HCIONB30BaTh HOBblE HMH()OPMALMOHHBIE U
KOMMYHHKaIIMOHHBIE TEXHOJIOTHH, YTOOBI JeCTaOMIN3UPOBATh COLMAIbHYIO CUTYAIHIO B Pa3HbIX
CTpaHaX, NPaBUTEIHCTBEHHBIE OPTaHbI, a TAaK)Ke MPOBOJIUTH HE3aKOHHBIE W JNECTPYKTUBHOM
JEeSATENbHOCTH TOJUTHYECKNX, KPUMHUHAIBHBIX U TEPPOPUCTUIECKIX OPTaHU3aIUH.

B ycnoBusix Bo3pacTamomeidl HeCTAOMJIBHOCTH CHTYallMd B MEXKIYHApOIHBIX OTHOIICHUSX WU
MHUPOBOH 3KOHOMHUKHM BO3HUKAIOT HOBBIE BBI30BBI M YIPO3bl HALIMOHAIBHOW 0€30MacHOCTH U
ycTolunBOro passutusi B Poccun M Apyrux crpaHax, B TOM 4YMCJIE U B BUPTyaJIbHOHM cpeze. B
CBSI3H C 9TUM, 0COOYIO aKTyaJbHOCTh MPHOOpEIH Mpo0IeMbl o0ecreueHusT KHOepOe30macHOCTH
JUIL OPT@HOB TOCYJapCTBEHHOM BIJIACTH, XO3SHCTBYIOIIMX CYOBEKTOB M IPOCTHIX TPaKIaH B
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mporeccax ux B3aHMOJCHUCTBUS B CETH I/IHTepHCT, B TOM 4YHCJIE B BUPTYAJbHBIX COLHAJIbHBIX

CCTsX.

B crathe mpemioKeH METOJ aHanmM3a JCSITCIBHOCTH W WACHTU(GUKAIUK yYaCTHUKOB
BHPTYAJIBHBIX COIMAIBHBIX CETEH, OCYIIECTBIAIONINX MTPOTUBOMPABHYIO NEATEIBHOCTD, 8 TAKXKE
CTPYKTYpY WH(GOPMAITMOHHONW CUCTEMBI MOHUTOPHHTA UX TIOBEICHMS.

KaoueBbie cjioBa: KuOepOE30MaCHOCTS,

IPOTUBOIIPABHAsL JACATCIIBHOCTb, BHUPTYAJIbHBIC

COIIMAJIBHBIC CCTH, TCIICKOMMYHHUKAIINH, I/IH(bOpMaHI/IOHHaH CHUCTEMA.

INTRODUCTION

The Internet provides opportunities to enhance
the degree of social integration, and at the same time,
it contributes to the development of deviant behavior
of users due to their partial or complete anonymity.
Users can be both active participants in social
networking, concerned with promoting and
implementing the criminal actions and passive
participants, who are exposed to the effects of the
relevant information. At the same time the state
security threats and identity are the propaganda of
terrorism, extremism, drug abuse and drug trafficking
through the web-sites of the Internet and online social
networks (ONS, web 2.0). These circumstances
require monitoring, and in some cases, close
monitoring of the user's network in order to analyze
their actions and to identify actors’ destructive effects
on law-abiding participants in social networking.

The VKontakte (InContact) network is one of
the most popular ONS in Russia. Being popular, it
has led a network of young people whose
consciousness is still being formed and to the choice
of the VKontakte network to analyze activity of its
participants conducting illegal and destructive
actions. Quick updates and dissemination of
information in social networks makes the process of
monitoring and analyzing reports  difficult.
Furthermore social networks represent large amounts
of data, which are practically not indexed by
traditional search engines. In addition, the message
texts are not always structured and grammatically
correct. To complicate the understanding of the
topics discussed by the uninitiated, to complicate the
search and discovery of persons involved in criminal
activity, the communication often uses a special
slang.

To solve the problem of activity analysis and
identification of participants in the network
VKontakte there has been developed an information
monitoring system of the network. The structure of
information for monitoring and analyzing network
system includes 6 software packages and four data
bases.

1. THE SOFTWARE PACKAGE TO IDENTIFY
THE ACTIVITY OF PARTICIPANTS IN ONS

This software package is designed for the
formation of the history of the activity of selected
participants in ONS, including date and time of the
activity status and the device, including its type, with
which there were recorded the visits to personal
pages of participants. Gathering participants' activity
is carried out using a «cron» type task scheduler on
the server every 5 minutes that runs a script that
collects the required data, which are entered into a
database. A feature of this software package is to use
the structure as an architectural pattern MVC (Model,
View, Controller), and the presence of an expandable
list of device types that are used by users to visit the
ONS. There was developed a software package to
identify the activity of the participants of ONS for
desktops (Windows XP and above) as well as for
mobile devices and tablets (running Android 4 and
above).

The result of the operation of software package
for identifying activity of the controlled participant of
ONS is presented in figure 1.

2. SOFTWARE PACKAGE FOR AUTOMATED
CONSTRUCTING OF SOCIAL GRAPH OF
CONTACTS OF PARTICIPANTS OF ONS

This software is intended for information search
about contacts of a particular participant’s contacts in
ONS, having a personal identifier, identifying
connections between a pluralities of found contacts
and constructing a social graph. In terms of data
mining, ONS is a heterogeneous multirelational array
of data presented in a graph. Therefore, to study the
ONS structure in this software we used the cluster
analysis algorithms to split the network nodes
representing objects into classes based on their
relationships as well as their attributes.

Information search is conducted for keywords
and phrases in the pages of the participants of ONS,
as well as on the "Wall" — the data is laid out by these
parties on the overall review and comments.
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Fig. 1. Report on the acti

The object of the database "Participants”, which
describes the participants of social network
VKontakte, has the following structure:

1) Standard fields

—id (identifier),

—first_name (hame),

—last_name (surname),

—deactivated (refundable in case if the user page
deleted),

—hidden (returns the unit if the user page is
hidden from outsiders);

2) Additional fields including:

—nickname,

—activities,

—occupation,

—status,

—last_seen,

—followers_count,

—common_count,

—wall_comments,

—lists (list IDs of friends) and others.

A total of 46 additional fields provided.

A feature of this software package is
incorporated in its base graph drawing an algorithm
based on particle physics with gravity field around
each node, and the links mechanism is implemented
on the basis of the springs.

Figure 2 shows a graph of contacts of the
controlled participant's ONS.

3. CRAWLER
Crawler collects data by iterating through the
pages of users and communities in ONS. Content

Yerpolicrae
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B oo
vity of the controlled participant in ONS VKontakte

reviewed by the crawler pages is passed to the
indexer.

Depending on the problem to be solved by the
user of information system fuzzy text search in the
text of the message of participants of ONS can be
carried out in the following variants (for example, an
evolved search for participants, promoting the use of
narcotic drugs and psychotropic substances):

—Using the entire database jargon;

—Only for certain selected groups of illegal
drugs and psychotropic substances;

—For the jargon related to the group of the most
characteristic of the speech and signaling addicts on
unique accessories authors of these messages to the
field of drug addiction.

Indexer is a collection of several modules where
the input data for one module are output to another.
The content of the page in question is subject to an
initial analysis of the natural text presented in the
form of a chain of ASCII characters, generates the
information  needed for  further  processing
morphological and syntactic processor, the result of
which is a set of lexical units. At this stage, if
necessary, a word with a certain degree of probability
exposed deobfuscation subject to the rules remove
the obfuscation. Next fuzzy text search is carried out
among the set of lexical units with the use of a
linguistic database (LBD) jargon. The database
accumulates slang and word forms permissible in a
particular area. Accounting morphology will increase
the accuracy of the information retrieval. In addition,
there is interpretation and storing for each rank
jargon. Rank is the degree of specialization jargon -
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vernacular vocabulary, slang and vernacular
specialized vocabulary. Vernacular vocabulary
becomes jargon only in a context that is particularly
special difficulty in identifying keywords in the text.

Common words form a collocation - phrases that are
signs of syntactically and semantically coherent units.
This collocation receive new semantic value is not
peculiar to their lexical components separately.

Fig. 2. Graf of contacts of the controlled participant of an ONS

If the page content contains keywords found
with the degree of probability, given at the fuzzy text
searching, then the page is indexed. Thus, the index
database stores information only about the suspicious
pages. Unlike traditional search engine, the ranking
in the monitoring system of the results takes place
before the formation of the index. Such an approach
is determined by the purpose of the monitoring
system — detection of individuals involved in the
promotion of deviant behavior and provocations.
Pages containing highly specialized words, that are
located on the top search, are already in the process
of forming the index.

4. PACKAGE FOR REMOVING OBFUSCATION
OF THE TEXTS

The obfuscation of the texts in ONS may be
applied to conceal the machinery from the search
correspondence concerning illegal activities such as
trafficking of drugs or weapons.

In general, the following methods are used for
obfuscating the text message (either separately or
together):  intentional  misspelling;  improper
segmentation of words; substitution alphabet to
characters similar in appearance or character
combinations; pasting insignificant characters; for the
Russian language — the use of transliteration. It is
necessary to take into account that the participants of
ONS often use slang and neologisms.
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Most of the existing research is focused on
content filtering and spam e-mails. The most
commonly used (alone or in combination) include:
regular expressions, N-programmatic probabilistic
models, phonetic similarity search obfuscated strings
with key words, the distance Damerau-Lowenstein.
However, these methods do not solve the problem of
opening the obfuscation of texts for all kinds of
deobfuscation. The method, which allows to solve the
problem of deobfuscation in all these ways earlier
text obfuscation, is the use of a hidden Markov model
(HMM). This probabilistic model code obfuscated
text is observation, and the task is to find a sequence
of hidden states corresponding to the characters of
the alphabet, which most likely correspond to derived
observations. This package wuses the Viterbi
algorithm.

This model uses the lexical tree constructed on
the basis of a dictionary and determining the
probability of transition between states HMM (tree
nodes), based on pre-calculated word frequency. For
the processing of words that are not in the dictionary,
there is a second part of the model. As the transition
probabilities between the states of the second part of
the model used by the statistical data of letters to
each other for a specific language. The probability of
observing symbols when in a particular hidden state
is empirically determined from training patterns.

A disadvantage of this model is the large
number of states, which constitute the lexical tree that
leads to considerable working time of the Viterbi
algorithm. This issue is critical in the case of the
Russian language: in it, unlike English, which was
developed for the specified model, significantly there
are more word forms for each word. Each word must
be stored in the tree for the accuracy of
deobfuscation, which increases the number of states
(instead of word forms in the lexical tree may store
only word stems to form a word form under the rules
of the language, but for jargon and neologisms
detected during the operation, the automatic detection
of word forms is not trivial, so that the construction
of tree using word forms) was chosen.

To solve this problem, all of the state’s
corresponding to one symbol alphabet determined in
the super-state. For each super-state is entered
redundant, allowing to determine the cases forcing
the insertion of characters and repeating characters.
The transition probabilities are determined by
checking whether it is possible to find obtained in
this step of the Viterbi algorithm a sequence of
hidden states in the lexical tree, considering only that
part of the sequence that corresponds to the intended
last word.

The package uses two approaches: the use of
super-states of the lexical tree and states for the
words out of the dictionary (also duplicated to
account for the possibility of inserting characters).
This algorithm has been developed that allows the
lexical tree be left to stand too long in view of the
addition of new words. This allows you to more
accurately conduct deobfuscation, identifying and
adding the most common words and adding
specialized dictionaries on particular subjects (eg,
substance abuse). Basic Dictionary was compiled
based on the most frequently used word forms of the
Russian language, which cover about 70% of the text,
"The Russian National Corpus."

For correct operation of the HMM required
parameters defining the probability that in a latent
state does not occur surveillance symbol (delete
character in the word), a transition to the redundant
hidden state (symbol insertion), the probability
distribution of the symbols of observations for each
super-state, and the ratio which determines the ratio
of the transition probability in one of the two parts of
the HMM. To calculate these parameters using the
machine learning is used sampling obfuscated
messages. To calculate the frequency of words that
do not belong to the initial dictionary used
accumulated in the process of bringing the frequency
statistics from the word to the unit «imp» (number of
cases per million words).

5. STATISTICAL TEXT ANALYSIS PACKAGE

The purpose of this package — the collection,
evaluation and optimization of the statistical data of
the Russian language for the implementation and
effective functioning of the statistical language
models within the obfuscation algorithm opening
message texts.

Since the implementation of the algorithm
opening obfuscation as a data representation model
uses a HMM, it is necessary to calculate its
parameters, in particular, such as the probability
distribution of observed states. This problem is
solved as follows. It is necessary to create a table of
possible obfuscation (the observed states of the
model) of the respective characters of the Russian
alphabet (hidden states of the model). Next, you need
to optimize the initial assumptions about the
parameters of the model based on the marked training
sample. As an optimization method is used EM-
algorithm for the maximum likelihood estimation.

6. PACKAGE FOR MESSAGE CLASSIFICATION
AND CLUSTERING OF SOCIAL GRAPH
Classification of participants in the social

network on the data from their posts held by
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constructing mathematical model messaging of
participants of ONS. This allows the message text
classification (formally, to determine the category of
simulated), to make recommendations on how to add
new terms to the dictionary with an indication of their
possible categories, as well as the classification of
participants of ONS based on the categories of
messages. On the basis of the text messages housing
members of the network, methods of topic model
generated a thematic model that determines the
probability distribution of the documents and the
probability distribution of words in the topics. As a
method of thematic modeling algorithm used latent
Dirichlet allocation (LDA).

s G

'*'-h-'/ ~ e

‘7;’; e

Next to the distributions of words each topic
classification method used to determine the topics in
a particular category. For this training set is used,
which is actually a dictionary where each word is
marked categories. After that, the decision on
affiliation of each user to a certain class of pre-
characterizing suspicious message content network
participant. For the above two actions appropriate to
use a naive Bayesian classifier as the implementation
of the method. It is also one of the results of the
thematic modeling is the ability to identify new
words not found in the dictionary, and a
recommendation on awarding them to the category.

The clusters highlighted on the graph, which is
shown in figure 2, are presented in figure 3.

Fig. 3. Clustering of the graph of contacts

The clusters presented in figure 3 is selected
according to the frequency of contacts: 1 — weekly
contact; 2 — contacts with periodicity not less often
than once a month; 3 — contacts, carried out not more
frequently than once a month; 4 — contacts, carried
out with a frequency of less than once in three
months.

7. DATABASE
The database of information system may contain
various terms for text search. Consider a database
structure in the example of the jargon which is used

in the sphere of illicit trafficking in narcotic drugs
and psychotropic substances.

To identify the jargon of the database in the text
of the message we need to solve the problem which is
called the identification of entities or recognition of
named entities. As a result of solving this task
were allocated to the following entities:

—Substance — narcotic drug or psychotropic
substance;

—SubstanceGroups — group of narcotic drugs
and psychotropic substances;

—Semantics — entity denoting semantics of the
jargon;
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—WordFroms — word form;

—PseudoBasis — pseudosasa of jargon.

In figure 4 the fragment of the chart of classes of
information system of search of jargons in the sphere

Substance
+name: string
+group: string [] i

..*f+substances: string []

of illicit trafficking in drugs and psychotropic
substances is presented [1].

SubstanceGroups

+name: string

+add (item:string)
+change(item:string)
+delete(item:string)
+assignGroup(lists:string [])

+add (item:string)
+change(item:string)
+delete(item:string)
+assignDrugs(lists:string [])
0..*

i
J}l

Semantics
——t+name: string

+description: string
+substance: string
+group: string

+add (item:string)
+change(item:string)

+delete(item:string)

Pseudobasis

+name: string 1

+isReducing: string
+exception: boolean

1..%
WordForms

+form: string
+semantics: string
‘-partSpeech: string
-num: string

'-gender: string
'-tense: string
-ifSelf: string
-formVerb: string
-case: string

+range: int

‘-basis: string
+pseudobasis: string
+ending: string
+pseudosuffix: string
+add (item:string)
+change(item:string)
+delete(item:string)
+assignSemantics(lists:string [])

Fig. 4. Fragment of the chart of classes of information system of search of jargons in the sphere of illicit trafficking
of drugs and psychotropic substances

Drugs are mostly distributed in groups of
substance (assignGroup method), but allowed to have
a database of substances not associated with any of
the existing groups. Methods “add”, “change”,
“delete” allow us to add a new drug, edit and delete
an existing drug substance, respectively.

The user of information system has a possibility
of creation of new groups of narcotic substances
according to any desirable criterion, for example, the
drugs limited in a turn or new synthetic drugs. Then
substances from the database are brought in new
group.

Semantics of jargons can represent the name of
drug or the whole group of substances, and also
designate the narcotic state, tools, persons
distributing and wusing drugs, etc. There is a
probability of a polysemy when one jargon can

designate several values and vice versa, one type of
semantics can extend to a set of jargons. The
“description” attribute of essence “Semantics” allows
the user to add the expanded text description for this
or that value of a jargon by the principle of the
explanatory dictionary.

For word forms pseudo-bases which are used by
information search are allocated. The ending and
pseudosuffix attributes of essence WordForms
represent the termination and a pseudo-suffix of a
word form respectively. The range attribute defines
degree of a specialization of this or that word form,
basis represents a word basis if at word change the
reduction fact takes place, other attributes are
grammatical features. The assignSemantics method
allows appropriating to a word form a set of values.
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CONCLUSION

Linguistic analysis of text messages the
participants of ONS using a database developed by
the jargon in the field of illicit trafficking in narcotic
drugs and psychotropic substances allows using
software to conduct the construction and analysis of
the structure of these networks, as well as the
properties of individual communications and thus
solve the problem of identification of actors included
in the promoting individual and community
distributing narcotic drugs and psychotropic
substances on the Internet.

The information system considered in this paper
is used in regional departments of Russian police.

Currently underway database work to fill these
terms from other areas: terrorism, extremism and

others. This will extend the scope of the information
system for the monitoring of ONS to solve the
problems of safety of the personality and the state.
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AHHOTAUA

Mob6wunsnbie ad-hoc cetn (MANET) ato camoopranusyromniecs 6eCrpoBOIHBIE CETH, KOTOPbIC
MPEACTaBISIIOT cO00W cUcTeMy y310B 0e3 (hMKCUpOBaHHOW WHPPACTPYKTYpPHI U KOTOPHIE MOTYT
OBITh OBICTPO Pa3BEPHYTHI B TAKHX YCIOBUSIX KaK CETH BOCHHOTO HA3HAYCHUS, CETH B 30HAX
YpE3BBIYANHBIX CHUTYAIMi, BUPTyalbHbIE AyIUTOPHA H HEKOTOPHIX APYrMX. Y3Jbl B CETIX
MANET MoOwiIbHBI U CIIOCOOHBI K aBTOHOMHOW caMoOpraHuzanuu. B pesynbrare, TOMOJIOTHS
CeTH IMOCTOSHHO IUHAMHUYECKH u3MeHsercs. [lo 3Toll mpuyuHE, MaplIpyTH3alusi B CETIX
MANET sBnsieTcst 3Ha4UTENFHO OOJiee CIIOKHOM 3amadeif, 4eM MapuipyTH3alus B MPOBOIHBIX
cersx. Ilporokonsl Mapmpytuzanuu B ceTsx MANET mnonpasnensroTcsi Ha NPOAaKTHBHEIE,
peakTHBHbIE W THOpHIHBIE. B peakTHBHBIX TPOTOKONAX MapmpyT (opMHUpYyeTcsl MpH
HEOOXOJMMOCTH, B TO BpeMsI KaK B MPOAKTUBHBIX OH 3a/aeTcs cpaldy. Kak mpoakTHBHBIC, TaK U
PCaKTHBHBIC TMPOTOKOJIBI HMMEIOT ONPE/CICHHBIC OrPaHUYCHHS, HAMpPUMEp, MPOAKTHBHBIC
MIPOTOKOJIB HCIIONB3YIOT OONbIINi 00beM Tpaduka Aist 00paboTku MHGOPMAIMK O MapIIpyTax,
TOrJIa KaK PEaKTUBHBIM MPOTOKOJIaM TpeOyeTcst OOJbIlie BPEMEHH JJIsl YCTAaHOBJICHUS MapIIpyTa.
IIpoTOKONBI HOBOTO TMMOKOJICHHSI COBMEIAIOT B ce0C XapaKTePUCTUKU pPEAKTUBHBIX H
MPOAKTHBHBIX MPOTOKOJIOB M HA3bIBAIOTCS TMOPUIHBIMUA TPOTOKOJIAMH MapuipyTuzanuu. Llenb
HACTOSIIETO HCCIICIOBAHMSA — OIEHKa MPOU3BOIUTENbHOCTH TpoTokoioB AODV (Ad hoc On-
demand Distance Vector) u DSR (Dynamic Source Routing) mpu momomy CHMYJISITOpa CETH
NS2. JIns cpaBHeHUs pabOTHI MPOTOKOIOB MPUMEHSJINCH JJBE METPHKH MTPOU3BOJUTEIBHOCTH —
CpeAHssl MPOITyCKHAsi CIIOCOOHOCTh M CPEIHSA 3a/IeP)KKa, HA OCHOBE TAaKHX MapaMeTpPOB Kak
pasMmep makera U CKOPOCTh y3JIO0B. AHAJHM3 MOJYYCHHBIX PE3YJIbTATOB MPOJEMOHCTPHPOBAI, YTO
mporokonn AODV o6magaer Oonee BBICOKOW MMPOU3BOAMTEIHHOCTBIO, YeM DSR B rurane
MPOMYCKHOH crmocoOHOCTH, B TO BpeMs kak DSR sBnsiercst 6onee a3ekTHBHBIM B TIaHe Oojiee
HU3KUX MOKa3aTeNied cpeTHel 3a1ePIKKH.

KaioueBble cioBa: MoOwibHble ad-hOC ceTH, MPOIyCKHAs CIOCOOHOCTh, CPEIHSS 3aJepXKKa,
pasMep nakera, ckopocts y3io, AODV, DSR.
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Belgorod State Technological University named after V.G. Shoukhov, 46 Kostyukova St., Belgorod, 308012, Russia
e-mail: akeelab2000@gmail.com, p_v_m@mail.ru

Abstract

Mobile Ad-hoc Network (MANET) is an automobile wireless network and a collection of nodes
that has no fixed infrastructure and can be rapidly deployed in any environment like military
applications, emergence response, virtual classrooms, and some other applications. Nodes in
MANET can organize themselves autonomously and are free to move in any direction. Hence, the
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topology of this network is changing frequently and dynamically. Because of this, routing in
MANET is a lot more difficult than routing in a fixed wired network. Routing protocols in
MANET are classified into proactive, reactive and hybrid routing protocols. In reactive protocols,
a route is established only when needed while the route in proactive protocols is available
immediately. Both proactive and reactive approaches have their own limitations, for example, the
proactive protocols use excess bandwidth in maintaining the routing information while, the
reactive ones have long route request delay. The new generation of protocols have a nature that is
reactive and proactive, and are known as hybrid routing protocols. The goal of this paper is
performance evaluation of Ad hoc On-demand Distance Vector (AODV) and Dynamic Source
Routing (DSR) routing protocols, using NS2 Simulator. We applied two performance metrics,
average throughput and average end-to-end delay, based on packet size and speed of the nodes.
The final analysis with realistic outcomes shows that AODV has better performance than DSR in
terms of throughput whereas DSR is better for the low average end-to-end delay.

Keywords: Ad hoc network; throughput; End-to-end delay; packet size; speed of nodes; AODV,

DSR.

1. BBEJIEHHE

OmauM w3 HauOojee  MEPCIEKTHUBHBIX
HAIpPaBICHUM CETEBBIX TEXHOJOTHI SBISAIOTCS CETH
MANET, Onaronapss yHUKaJdbHOM BO3MOKHOCTH
pa3BepThIBaHUS STHX CceTeld B JOOOM MecTe W B
moboe Bpemsa. Cetu MANET — sto GecripoBogHbIE
CeTH C AMHAMHYECKOH TOIOJIOTHEH, COCTOSIINE M3
MOOHMIIBHBIX Y3JIOB M HE UMEIoIe (PUKCUPOBAHHOMN
UHQPACTPYKTYpHI WIn LEHTPaIN30BaHHOTO
ynpasnenus [1]. Cetm MANET wmoryr crath
3¢ ()EeKTUBHBIM pEIICHHEeM JUIs Pa0O0Thl Pa3IMUHBIX
NPWIOKEHUH M cpel B TakUX YCIOBUSAX Kak
aBapuiHBIA pexuM paboTbl (HampuMep, B 30HAX
JUKBUJIAINHA YpEe3BbIUANHBIX CHUTyalui), B CETIX
BOGHHOI'O W TpaxkAaHCKoro HaszHaueHus. Ceru
MANET yno0HBI B HCIIOJIb30BaHUH, TaK KaK OHU HE
TpeOYyIOT jgoporocrosmield WHQPACTPYKTypHl, B
OTJIIMYKE OT TPAJAUIMOHHBIX OECIIPOBOIHBIX CETEH.

B cBA3u ¢ OTCyTCTBMEM CTAaTUYHBIX Y3JIOB B
cetsix MANET u ux MOOWIBHOCTBIO IJI1 HACTPOUKH
U paboThl JAHHBIX CETEH Mpeiaraiich pa3iudHbIe
MPOTOKOJIBI MapiipyTu3anu, B ToM uuciie AODV u
DSR [2]. Kpome Toro, kaxnsli U3 Y3JI0OB B
OeCIIpOBOIHBIX CeTsX MANET
MHOTO(QYHKIIMOHAJIEH,  SIBIISISICH  OJTHOBPEMEHHO
MapLIpyTHU3aTOPOM U XOCTOM, NPH 3TOM Iepenada
JaHHBIX MEXIY Y3J1aMH OCYLIECTBIAETCs 0€3 KaKkoro-
00 IEHTPAIM30BAHHOIO YIPaBleHHs. 3a Cc4eT
MOOMJIBHOCTH Y3JI0B, TOIOJOIHS CETH HOCTOSHHO
n3Mensercs. [y ocylecTBICHHS! MHOTOLIAroBOM
MapUIpyTU3alMA ~ MEXIy  y3JdaMu  TpeOyroTcs
a¢dexkTrBHBIE TPOTOKONBI MapmpyTu3amuu. Ilo
CpaBHEHMIO ¢ TpoBoAHBIMU ceTsimu cetd MANET
o0aafoT YHUKAILHBIMU  XapakTepucTukamu. B
CBSI3U C OTPAaHHYCHHBIM PAJNYCOM TPAHCMHUCCHH B
OeCIpOBOJHBIX CETSIX, MAapIIPyTH3alMsi B CETAX
MANET sBnsercs MHOTOmaroBoii [3]. 3a mocieatee
BpeMs HEMajJo MCCIECJOBaHUM OBLIO IOCBSILEHO

mapuipytuzanuu B ceTsix MANET, uro o0yciioBieHO
HEO0OXOUMOCTBIO TIOMCKAa HanOOoJee ONTHMAIIEHOTO
1 3(pQPeKTHBHOTO TPOTOKOJIA MApHIPYTHU3ANNAN IS
JIAHHBIX CETeH. Hus  peumieHus — mpoOiiem,
BO3HUKAIONIUX MpHU ucnoib3oBanuu cerer MANET,
TaKUX KaK IOJBIXHOCTH Y3JIOB, BBICOKHI ypPOBEHB
noMex, HHU3Kas MPOIMYCKHas CIOCOOHOCTh KaHala W
BBICOKOE SHEpronoTpedIcHne (4], ObLTH
PEKOMEHTOBaHBI pa3ImgHbIC pEaKTUBHBIE,
MPOAaKTUBHBIE M THUOpHUIHBIE TPOTOKONBL. Tem He
MEHee, pasziuyhe MeXIy OJTUMH IPOTOKOIAMH
3aKJIFOYAEeTCs TIIaBHBIM 00Pa30M JIUIIb B MEXaHHU3ME
oOHOBIIEHUST MHpOpMarmu O MapupyTtax. Llembro
JAHHOW paboTHI sIBJIseTCS aHaTU3 S(P(PEKTHBHOCTH
JIBYyX PEAKTHBHBIX IPOTOKOJOB MAapIIPyTHU3AlUU -
AODV u DSR. HccrnenoBanne mpoBeeHO Ha OCHOBE
TaKUX METPUK TPOU3BOJUTEIBLHOCTH KaK CpEIHSISI
NPOITYCKHAss CIOCOOHOCTh U CPEIHSIS 3aJiepKKa, PH
M3MEHSIONUXCA 3HAYCHHSX pa3Mepa IaKeTOB W

CKOpPOCTHU Y3JIOB, C HCIHOJB30BAHUCM CHUMYIIATOPA
NS2.

2. Ob30P JINTEPATYPHbIX HCTOYHHUKOB

2.1 IIpomoxon mapwpymuszayuu AODV (Ad-
hoc on-demand distance vector)

AODV mpencraBisier Cco0OH  peakTHBHBIN
MPOTOKOJI HAa  OCHOBe  mpoTokojoB  DSDV
(Destination-Sequenced Distance-Vector Routing) u
anroputMoB nporokona DSR. B mportokone AODV
MpPUMEHSIETCS MOMCK  MapuipyTa  aHAJIOTWYHBIN
nporokoiy DSR, a moHsTHE MOAEpPIKKY MapIipyTa,
MIPUCBOCHUS TIOPSJKOBBIX HOMEPOB M IPHMEHEHUE
MAasikOB peasin3yercsi o obpasuy nporokoiga DSDV
[2]. Jms mowcka W yCTAaHOBIEHHUS TyTEH MEXIy
y3JIaMH TIPOTOKOJI HCHONB3YEeT pa3iIMuHble BUIbI
cooOmeHuit: coobmenus 00 ommOke (cooOeHus
RERR, Route Error), orBetrsl (coobmenus RREP,
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Route Reply) u 3ampocsr (coobmmenns RREQ, Route
Request) [5].

[lponecc momcka MapumpyTa HWHUIHUAPYETCS
OIHUM W3 Y3JIOB NPH HEOOXOAWMOCTH, T.€. KOrIa
MeXIy ABYMS y3JaMu HeT Tpedyemoro mapmipyta. C
LENBI0 TIOMCKAa Y37a Ha3HAuYeHHs Y3ell-MHULUATOP
OTIpaBisieT IuMpokosenatenbHsle RREQ-3ampocsl
COCeTHMM Yy37maM. Takke mpouecc YCTaHOBICHHS
Mapumpyra MOXeT OBITh HHUIMUPOBAH, €CIH
MapupyT ObUT KakuM-muOo obpa3oM paszopBaH [6].
Jdns moctpoeHust oOpaTHOrO Mapumipyra K Y3iy-
OTIPABHUTEIIO TPEOYeTCsl y4acTHE IPOMEKYTOUHBIX
y310B, noixyuuBmux —coobmienne RREQ. Bo
n30exKaHne o0Opa3zoBaHus UKJIOB npu
MapIIpyTH3anuu TaKeTy MIPUCBANBACTCS
nopsinkoBbld HoMep. Koraa ysem-aapecar momydaet
3arpoc RREQ, oH oTnpasisier 0TBETHOE COOOIIECHHUE
RREP, conmepxamee wHpOpManmuioo o HOMepe
MoJIy4yaresass M KOJMYECTBEe perpaHcmsiuil. g
YCTAHOBJICHHUSI KaK MPSIMOTO, TaK U OOpaTHOrO MyTH
OT WHUIMATOpa K Y31y Ha3HAYeHHs, COOOIIECHHE

RREP ortceimaercs mo ycTaHOBICHHOMY MapuIpyTy
o0paTHO K  y3iIy-uHHUOHATOpy. Eme  oaHuUM
mapaMeTpoM  MaplIpyTH3alUU  SIBISIETCS  BpeMs
CylIecTBOBaHUS MapuipyTa. Eciu 3a 3TO0 BpeMs HU
OJIMH TIAKET HE MPOXOJIUT 10 JAHHOMY MapIIpyTy,
STOT MapuIpyT yAansieTcs u3 Tadmuisl [7].

B mporokone AODV kaxaplii y3en pacchiiact
coobmenus  «hello» B pexume  TOATEPKKH
MapmipytoB. Korma ysen oOHapyKUBaeT pa3pbiB
YCTAHOBJICHHOTO  MapuipyTa, OH  OTHpaBiseT
coobmenue 06 ommbdke (RRER) npenpiaymmm y3mam
maaHoro mapmpyrta. CooOmenne 00 ommoOke
OTCBIIACTCS Y3J1y-UHUIMATOPY, & TMPOMEXYTOUYHBIE
y3ibpl  mociie moiydenus —coobmenus RERR
OOHOBIIAIOT TaOIHUIy MapIIpyTOB. Y3el-HHHUIIAATOP,
moiryunB coobmenne RERR, nHaummaer mpormecc
(hopMHpOBaHUs MapLIpyTa 3aHOBO [8, 9].

Ha Pwuc.1(a) m 1(6) moka3aHbl COOTBETCTBEHHO
mytn makeTa-3anpoca RREQ u orBeTrHOro makera
RREP B nporokone AODV.

@ yzen-

©)

. Y3€J1 Ha3HAYCHUA

Puc. 1. Ilporokon mapmipytusanuu AODV: (a) maker RREQ; (b) maker RREP
Fig. 1. AODV Routing Protocol: (a) RREQ Packet; (b) RREP Packet

2.2 IIpomokon  mapwpymuzayuu  DSR
(Dynamic  Source  Routing, /Junamuueckan
MaApuipymu3ayus om ucmoyHuKa)

[IpoTokon DSR — 3TO MPOTOKOI
MapHIPyTU3AIHH, KOTOPBIH (GOpPMUPYET MapHIPYyT 110
TpeOOBaHUIO M B KOTOPOM y3€l-OTIPaBUTENb 3aJacT
MOCJIEOBATEIBHOCTh  Y3JI0B, HEOOXOOMMBIX IS
nepefpays  Nakera  JIaHHBIX.  WHpopmamus o
KOJINYECTBE Y3JIOB JJIsl MapIIPYTH3aLUU COAEPKUTCS
B 3aroJIOBKe makera. sl M3y4eHUs MaplpyTOB OT
UCTOYHUKA KaXKIbIH W3  y3JI0B  HAKAIIMBaeT
uHQOpMaIUIo 0 MapuipyTax. [ JlaBHbIE KOMIIOHEHTHI
pabotrel DSR — 3T0 mouck Mapuipyta U MOIAEpiKKa
MapIipyTa, KOTOpBIC (YHKIIMOHUPYIOT

OJTHOBPEMEHHO JUTSL
MOAJCP)KUBAHUS ~ MapIIPpyTOB B
HaIpaBIICHUSX.

Ienpro pa3paboTKM MAHHOTO TPOTOKOJA ObLIa
HEOOXOJMMOCTh CHU3UTh TOTpeONieHne Tpaduka
ynpasisitolmiuMu nakeramu B cetix MANET. 3Oto
JIOCTUTAETCs TMyTeM OTKa3a OT WCIOJIb30BaHUSI
CIIy)kKeOHBIX CcOOOIIeHNT 00 OOHOBIEHHAX (KaK B
MIPOTOKOJIaX ¢ TaOMWYHBIM monaxoxom). Kpome toro,
DSR sBisiercss caMOHACTpaUBaIOIIMMCS TTPOTOKOIOM
Ui OecpoBOAHBIX ceTell. Takke OH MOXKET
MPUMEHATBCS B MOOWIBHBIX CETSIX W CHCTeMax
COTOBOI MOOHMJILHOH CBSI3U C KOJMYECTBOM Y3JIOB 0
200. Cetb, wucnonp3ytomas npoTokon DSR,

YCTaHOBJICHUS u
Pa3IUYHBIX
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crocoOHa HacTpaWBaTh M KOH(QUTYpHUPOBaTH cama
cebss 0Oe3 BMemAaTeNbCTBA  YEJNOBEKa. 3ajmada
YCTAHOBJICHUSI KaXXAOTO MapuipyTa B TPOTOKOIE
DSR pemiaeTcsi € y4eTOM  BO3MOXKHOCTH
UCTIOJIb30BaHMS  JAHHOW  WHpOpMamuu  JIIs
(hbopMHUpOBaHUS  MOCISAYIONIMX  MapumpyToB B
BEIOpaHHBIX  HampaBiCHUSAX. JIByMs  TIJIaBHBIMH
KOMITOHCHTaMH Pa0OThI JaHHOW CETH SIBISIOTCS YiKE
YIIOMSIHYTBIC TIOJIJIEPKKA MApIIPyTa U YCTAHOBJICHUE
Mapuipyta. OTO  TO3BOJSET  YCTaHOBICHHOMY

=
—_
—_—
—_—
—_

—> RREQ
__, RREP

MapmpyTy  GYHKIHOHUPOBaTh  3(PPeKTHBHO U
n30eraTb BO3HMKHOBEHMS IE€TENb MPU HU3MEHEHHUSIX
cetu. llogmepxka MapmipyToB  oOecrednBaeT
TPaHCMHCCUIO JAaXe NpH MoAu(UKamusIX ceTH, a
(yHKLIUS  YCTAaHOBIEHHMS  MaplpyTa II03BOJIIET
HAaXOAWUTh ONTUMAJBHBIA MYTh MEXKIy Yy3JIOM-
oTIpaBuTeNEM M y31oM HazHadeHusd [10]. Ha puc. 2
[IOKa3aH NPUMEP YCTAHOBJICHHUSA MapLIpyTa MEXIY
y3JIOM-MHMLMATOPOM W Y3JOM HAa3HAa4eHUs, u
BO3MO>KHBIE NPOJIOKEHHBIE MTYTH.

y3€JI Ha3HA4YCHUA

Puc. 2. [lpumep noucka MapuipyTa MKy y3JIOM-UHULMATOPOM U y3JI0M Ha3HAUCHUS,
1 BO3MOXXHOC IIOCTPOCHUC MapHIpyTa MCKAYy HUMU
Fig. 2. An example of route discovery between source and destination nodes and possible discovered paths

3. YCII0OBHUHA MOAE/IHPOBAHUA

B nmanHOM pasgene TpejicTaBiieHa  cpena
MOJIETUPOBAHUS U M3Y4YeHUS (DYHKIIMOHATBHOCTH
npotokogoB AODV wu DSR. [lnsg osrtoil nenm
MPUMEHSICS  CUMYJISITOp  OECHpOBOJHBIX — CETe
NS-2.28, koTOphlii MOJECIUPYET MHOTOIIATOBYIO
6ecrnipoBoanyto ad-hoc cucremy 1 MAC-ypoBens. B
x0/J1e JKCIIEPUMEHTA HCTIOJIb30BAIACH IiBa
NEepEMEHHBIX TIapaMeTpa CEeTH, a HUMEHHO pa3Mep

rakera u CKOpOCTb Y3JIOB. [TapameTpsl
MOJIeJIMPOBaHMs yKa3aHel B Tabmure 1.
Tabauya 1
ITapameTpbl MoeIMPOBAHMA
Table 1
Simulation parameters
Cumynsatop NS2
IIporokon AODV u DSR
MAapIpyTHU3aLAN
Tur aHTEeHHBI Omni AHTEHHBI
MAC-ypoBeHb IEEE 802.11
KousnuectBo y310B 50

Bpewms 50c¢
MO/JICITMPOBAHHUS

Pasmep cetn 1670 M x 970 m

CKOpOCTb y3JI0B 5,10, 15,20 mM/c

Monems mobmnpHOCTH | CoryvaiiHast

Tum Tpaduka Hocrostansnii 6utpeiit (CBR)

Pasmep nakera 128, 256, 512, 1204 Gaiir

Bpewms nayssl 24 ¢

3.1 Mempuku npou3eooumenbHocmu

JJisi OLeHKH TPOHM3BOAMTENLHOCTH MPOTOKOJIOB
MapIpyTU3aluu AODV u DSR npu
MOJICJIMPOBAaHUN ~ HMCIIOJB30BAINCH JIBE METPUKHU
MPOU3BOJUTEIBHOCTH -  CpPEelHsSSl  TPOIyCKHAs
criocobHocTh (throughput, TP) u cpennsis 3amepixka
(e2e delay).

3.1.1 Cpeonsa nponycknasn cnocoonocms (TP)

CpenHss MpoITycKHas CIIOCOOHOCTh — 3TO 00bEeM
JIAHHBIX, T[OJy4aeMbIX y3JOM Ha3HauYeHHs 3a
CIUHUILY BpPEMEHHU. Cpennsist MPOIyCKHAsI
CHOCOOHOCTD BBIYHMCIISIETCS 110 cIeyomle hopmye.
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Throughput TP(kbps) =

3.1.2 Cpeonssa 3a0epaicka (e2e delay)

CpenHsist 3aepKKa — 3TO CpeaHee KOJIUYECTBO
BPEMCHH, HEOOXOAMMOE JUIsl YCHEIIHOW Mepenavyn
MaKeTa JaHHBIX M0 CETH OT y3/1a-OTIPABUTEIS K Y31y
Ha3HaueHus. OHa BKJIIOYAET B ceOs BCe BO3MOKHBIE
BUIBI 3aJCPXKCK, Takhe KakK HHU3Kas CKOPOCTh

> Packets received by destination

€y

simulation time

nepenaun, Oydepusanuss Ha HaYaIbHOW CTaguu
(hopMHpOBaHUS MapIIpyTa, OXHWJAaHUE TIIaKeTa B
ouepead, 3ama3[IblBaHUE Ilepefadd W IOBTOpHAs
nepenaya. CpeaHsis 3ajepKKa pacCUUTHIBACTCS TIO
crenyromei popmye.

1 (Ri—S)

Average end — to — end delay(ms) = ——— (2)

rze i — HoMep HakeTa JaHHbIX, R; - BpeMsl OIydIeHus
Makera JAaHHBIX, S; - BpeMs OTHpaBICHHs MakKeTa
JaHHBIX, N — 00LIee YHUCIIO MAKETOB JaHHBIX.

4. PE3YJ/IbTATbI MOJAE/THPOBAHHUA

Kak mokazano Ha puc. 3, mpotokon AODV
Oonee 3PQeKTUBEH O CPABHEHUIO C IMPOTOKOIOM
DSR mnpu mepenade makeToB AaHHBIX pa3MepoOM OT
128 no 1024 Gaiit. AODV umeer 0ojiee BBICOKYIO

n

NPOMYyCKHYI0 ~ CIIOCOOHOCTP  TaKk  Kak  IpH
YCTAHOBJIGHWH MaplipyTa 1o TpeOOBaHUIO C
Oonplield Joneld BEpOSTHOCTH CHOPMHUPYET HOBBIH
MapmpyT, Toraa kak DSR ¢ mMeHbmmM xommdyectBomM
MIAKETOB B YCJIOBHAX HM3MEHEHHS TOIOJOTUH CETH
HUMECT TCHACHIHNIO HACTpaWBaTb U KOPPCKTHUPOBATH
MPOJIOKEHHBIE MapLIPYTHI, YTO MOXET HPUBECTH K
BBIOOPY HEBEpHBIX MapIIPyTOB M, KaK CIEICTBHUE,
CHH3HTH MPOITYCKHYIO CITOCOOHOCTD.

2

J

J

== AODV

=@ DSR

110
_ 100
g
£ 9
=

~ 80
G

g 70
S 60
o

(%)

© 50
S

= 40
:

Z 30
s

Z 20
=}

2 10 .

128 256

Pasmep nakera (6aiit)

512 1024

Puc. 3. I'paduk 3aBUCUMOCTH CpeIHEH MPOIYCKHOMN CIIOCOOHOCTH OT pa3Mepa Makera
Fig. 3. Average throughput versus packet size

Ha puc. 4 mnokazaHo BIHsSHUE YBEJIWMUYCHHS
CKOPOCTH Y3JIOB Ha MPOIYCKHYIH CHOCOOHOCTb.
[IponyckHolf crOCOOHOCTBIO Ha3bIBa€TCSl 00BEM
JIAHHBIX, TIepe/IaBaeMBbIX 110 KaHaTy OT OJTHOTO y3Jia K
JpyroMy 3a eAWHHUIy BpeMeHH. OQQeKTuBHbIC

IIPOTOKOJIBI ~ MapUIPYTH3aLMA HMEIT  BBICOKYIO
MPOMYyCKHYI0 cnocoOHocTh. Kak MbI BHIuM Ha
MIPEICTaBICHHOM rpaguke, HPOITyCKHAs
crocoOHocTh  mpotokosa AODV  Belime, dem
npotokonia DSR, amst ckopoctu y310B oT 5 10 20 m/c.
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N

= = o— AODV

——DSR

nponyckHasa cnocobHocTb (kbps)

5 10

cKopocTu y3nos (m/c)

15 20

Puc. 4. I'padyk 3aBUCUMOCTHU CPEHEH MPOMYCKHON CIIOCOOHOCTH OT CKOPOCTH y3JIOB
Fig. 4. Average throughput versus node speed

Ha puc. 5 npencraBiena cpeasss 3aiepxka Jyis
pa3MYHBIX ~ Pa3MEpPOB  MAKETOB;  Pe3yJbTaThI
WCCIIEOBaHMS TOKa3bIBaOT, 4To mporokon DSR
oomnee sddexruBen, uyem mnporokon AODV, npu

repeiaye MakeToB JaHHBIX pazMepoM oT 128 no 1024
Oaiit. Tak kak m3nepkku Mmapmpyrtuzamud y DSR
MeHbine, yeM y AODV, 370 cnocoOCTByeT MEHbIIEH
3arpy’kKeHHOCTH KaHasa.

150 ’

130 /
110 / /
/ == AODV
/ == DSR
JE—

[Yo)
o

3agepKa (ms)
S

vl
o

w
o

128 256 512 1024

Pasmep nakerta (6aiit)

Puc. 5. I'paduk 3aBHCHUMOCTHU CpeIHEH 3aIep:KKH OT pa3Mepa HaKeTa
Fig. 5. Average end to end delay versus packet size

MeHbIIy0 3anepxkky, dem AODV. bonee Toro,
MaKeThl MapIIpyTH3alUuK B HeM 0ojiee ONTHMAaJIbHO
UCTIONB3YIOT MPOITYCKHYIO CIIOCOOHOCTh KaHasa, YTo
emre 6ojiee CHUXKAeT 3aiepkKy B mpotokosie DSR o
cpaBHeHHIo ¢ poTokosiom AODV.

Ha puc. 6 mnokazana 3¢h(EeKTHBHOCTD
nporokosoB AODV u DSR B 1utaHe 3HaueHUs
CpeHeH 3aJep>KKU AJI1 CKOPOCTH y3710B OT 5 1o 20
M/c, mpu konmdectBe y3i0B 50. Kak BumHO U3
rpaguka, mnporokon DSR wumeer 3HaUMTENHHO
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Puc. 6. I'padmk 3aBUCHMOCTH CpeTHEH 3a1€P’KKU OT CKOPOCTHU Y3JI0B
Fig. 6. Average end to end delay versus node speed

5. 3AK/IOYEHUE

B naHHOM uccneoBaHWYU NPEACTaBICH KpaTKui
0030p ¥ CpaBHUTENBHBIA aHATH3 (DYHKIIHOHATEHOCTH
poTokojoB Mapiipytuzanun ADOV u DSR. Beuiu
CMOJICJINPOBAaHBI CETU C OAUHAKOBOM TOIOJIOTMEN H
IPOBEJCHO  AIKCIIEPUMEHTAIBHOE  HCCIIEI0BaHHE
paboTHl JBYX pa3iMyYHBIX PEAKTHBHBIX IPOTOKOJIOB
MapHIPYTH3AIMHU JJ1s MOOWJIBHBIX ceTed. Pe3ynbraThl
MOEIHPOBAHUS HPOJIEMOHCTPHPOBAIIH, 91O
npotokona AODV 6onee s pexTrBeH, yeM TPOTOKOIT
DSR, B 1uiaHe TPOMYCKHOH CIOCOOHOCTH, B
0COOEHHOCTH NIPY YBEIMYCHUHU Pa3MEPOB MaKeTa WU
CKOpPOCTH y3II0B. B TO e Bpems, uccienoBaHue
nokasaio, 4ro npotokosn DSR Gonee addexrruBen B
TUTaHEe 3HAYEHUS CPEAHEH 3aJepKKH, OCOOCHHO TpHU
OJTHOBPEMEHHOM 3HAYHTEILHOM POCTE KaK pa3MepoB
MaKETOB, TAK M CKOPOCTH Y3JIOB.
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AHHOTAIUA

B cratbe npennaraeTcs oAUH U3 BO3MOXHBIX MOJIXOJ0B K MOJICIUPOBAHHUIO Tpoliecca OUCKa U
OOHApYKCHUS PaJU03aKIAIHBIX YCTPONCTB, NepelaroIux WH(GOPMAIUIO OJHOKPATHO WIIH
MOPIUSAMH, C IENbI0 BBIPAOOTKU PEKOMEHIAIUN MO CHIKCHUIO BPEMEHH U COOTBETCTBEHHO
TIOBBIIIICHUIO BEPOSITHOCTA OOHAPYKEHUS TAKUX yCTPOUCTB.

KiawueBble cj10Ba: CKaHUPYIOIIUA NPUEMHUK;

AWara3oH; CKOPOCTb CKaHUPOBAaHUA.
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Abstract

The paper suggests a possible approach to the modeling of the process of search and detection of
radio bugging devices transmitting information once-off or in portions, to make recommendations
to reduce the time and thus to increase the probability of detection of such devices.

Keywords: scanning receiver; bugging device; modeling; frequency range; scanning speed.

Beeoenue
B HACTOsIIEE BpEMSI BOIIPOCHI
COBEPILEHCTBOBAHUS METO/IOB MOMCKa

HECAaHKI[MOHWPOBAaHHBIX  paJAMONepefaomuX U
pamuo3akiIagHBIX yCTPOMCTB (3aKJIAOK) SIBIISIOTCS
aKTyalbHBIMA BBUAY HEYKIOHHOTO BO3pacTaHUs
poiu MH(POPMAILTIOHHOM 0e30macHOCTH B
roCyJapCTBEHHOW W OOBIYHOM chepax IesTeNbHOCTH,
a TaKKe BO3MOKHOCTEH TEXHHUYECKHUX CPEICTB
pa3zBenku. CoBpeMEHHBIE 3aKJIaJKH KOHCTPYKTUBHO
OTIIUYAIOTCA IPYT OT APYyra, HO MOTYT HMCIIONb30BATh
cleflyronmuye oOImme MeTOAbl COKPBITHS —KaHala
nepegavyy JaHHBIX:

—METOJl HaKOIUIEHUSI NAaHHBIX C TOCIETyroImen
X Tepefadell B TeUeHHE 3aJaHHOTO IMPOMEXYTKa
BPEMEHH (/10 HECKOIBKUX MUIJTUCEKYH]);

—METOoJ HaKOIUJICHUS nHpOpPMaLUH c
MOCIEAYIONIEH MHOTOKpPAaTHOW Iepenadyeid depes
ONpeZcCHHbIE HHTEPBAJbl BPEMEHH WIH II0CIE
MOJTyYEHMs BHEIITHEH KOMaH/IbI;

—Ieperadya € BO3MOXKHOM  mepecTpoukoin
YacTOTHI KaHaNa;

—HCIIOJIb30BaHHE LIMPOKOTIONOCHBIX
[IYMONOZOOHBIX CHTHAJIOB, KOT/Ia SHEPTUsl CHUrHajia
COCpeloTOYeHa B IIMPOKOH TOJOCE YacTOT W He
HMMEET BBIPAXKEHHOI'O MIPEBBILLICHUS HAJ| LIIyMaMU;

—BBIOOp JIMAaNa30Ha YacTOT M3IY4YCHHUs] CHTHAJa
pPAAOM C CHWJIBHBIM HCTOYHMKOM  JIETUTUMHBIX
CUTHAJIOB, KOTOpbIE TEeperpykaroT IMpHEM IOnCKa
CKaHUPYIOUIETO YCTPOMCTBa NpPHU HEAOCTATOUHOM
JMana3oHe CKaHUPOBAHUS;

—MAacKHpOBKa IO/ CTaHIAPTHbIE KaHAaJbl CBS3U
[1].

BrlmenepeuncieHHple METOABI HE OXBaTBIBAIOT
BCE BO3MOJKHBIE MPUHLUIIBI MacKHPOBKH,
WCIIONIb3yeMble 3aKiaaKkaMy. J[aHHbIE METOJBI MOTYT
TaK e U KOMOMHHPOBATHCS IPYT C APYTOM.

Kakne OBl CIOXHBIE aNTOPUTMBI COKPBITUS
KaHajla Tepedadyd JaHHbIX HE  HCIIOJIb30BaIH
3aKJIQJIKH, OHU BCE€ PaBHO MOTYT OOHApYXHTh ceOs
OINpEAEICHHON MEPUOJUYHOCTHIO Nepeadl JaHHbBIX
WM HUCIHOJB30BaHUEM OIPAHMYEHHOIO JHaIa3oHa
yactor. JlaHHble TIpU3HAKH  OOHAPYKUBAIOTCS
OlepaTopoM IPH BPEMEHHOM AaHAJIN3€ YacTOTHOIO
CIEKTpa. Nwmenno 4aCTOTHO-BpPEMEHHON
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RESEARCH RES T I
MNEPUOJUIHOCTBIO 3aKJIaaKn OTIINYAaKTCA oT I[J‘I?I IIOUCKa 3aKJIag0K HaunoOoJee qacTo
CﬂyqaﬁHOFO myma, KOTOpBIﬁ MOXHO IIpUHATH 3a HCIOJIB3YCTCA PEXUM ABTOMATHYCCKOT' O
3aKJIaIKy [2] CKaHHMpOBaHWA IMPUEMHHKA B 3aJJaHHOM JHAIIa30HE
HpI/I IMOUCKE HWCTOYHUKOB H3JIYUCHHA  TaKOTO qacCToOT. HpI/I OTOM PpPCXKUME YCTAaHABJIMBAKOTCA
TUIIA HE CTOHUT II0JararbCsa Ha HNX MI'HOBCHHOC HadYaJlbHast MW KOHCYHasA YaCTOTbl CKaHHUPOBaHUA
oOHapyxkenue. YToObl HAWTH 3aKIagKy HEOOXOIHM UCXOS U3 BO3MOXKHOCTEH  CKaHUPYIOIIETO
PAAUOMOHUTOPUHT B TCUCHHUC JJIIUTEIBHOI'O OpueMHHKa, Mmar HepeCTpOﬁKH IO YaCToTC, BUIO
BpEMEHHU: OO0 CYTOK HIIH Oosee ¢ MOCICAYIOINM MOAYJIAINU u mopor YYBCTBUTCIIBHOCTH I

aHaM30M  BCEX  HANNEHHBIX  CUTHAJOB B
npejcTaBieHuu crekTporpammsel [3]. Hcxoas wu3
3TOT0 U NPEABSIBIAIOTCS TPEOOBAHUS K aJrOpPUTMaM,
KOTOpble  JO/DKHBI ~ OBITh ~ pEalIn30BaHbl B
OpOrpaMMHOM OOECTeYeHHH KOMILIeKca. Bompockr
UCCIICIOBaHUSl TYTEH IOBBIIICHUS BEPOSTHOCTH
0OHapyXEeHHUs CIIOXKHBIX CUTHAJIOB U UX UCTOYHUKOB
MOTYT OBITh TIONIE3HBIMH HE TOJNBKO B cdepe
MHQOPMAIIMOHHOH O€30MacHOCTH, HO M B JAPYTHX
CMEXHBIX IPHIIOKEHUAX U cpepax AesITenbHOCTH [4].
OmHUMH W3 OCHOBHBIX  XapaKTEPHCTHUK
CKaHHPYIOLIETO MpPUEMHHKA SIBIAIOTCS JAWAa3oH
YaCTOT CKAHUPOBAHMS U CKOPOCTh CKAHUPOBAHHSI.

O6H3.py>KeHI/I$[ 3aKJIaZIOK ¢ HU3KUM YpPOBHEM CUTHAJIa

[5].

B  nmamHol  paGore  OBUIO  TPOBEICHO
MOJICIMPOBAHKUE TPOLEAYpPhl TOMCKA 3aKIaIKH C
BO3MOKHOCTBIO HM3MEHEHUS napaMeTpoB

CKaHMPOBaHUS W 3akiajkd. B Tabnuie 1 mokaszaHsl
apaMeTpsl SKCIIEPUMEHTOB.

Lenp  MomenupoBaHMs — 3aKioyanach B
HCCIIEIOBAHUH 3aBICHUMOCTH BPEMEHU CKAaHHUPOBAHUS
MpHEeMHUKa (KOJWYeCcTBa TMEPHOAOB TMOWCKA) OT
CKOPOCTH  CKaHMpPOBaHUs B  (PUKCHUPOBAHHOM
JMana3oHe YacTOT [0 MOMEHTa OOHapy)KeHHs
3aKJIaJIKH C 3aJaHHBIMH BpPEMEHEM U MEepPHOIOM
M3TydeHus Ha (PMKCUPOBAHHOW HECYIIEH J4acToTe.

Tabruya 1
IMapameTpbl MOIEJIMPOBAHUS
Table 1
The modeling parameters
Jlnanason Uar . Cropocts, Bpewms pabotst Tepuox [Tonoca vacror
Ne | ckaHupoBaHus, IIEPECTPOVKH | CKaHWUPOBAaHUSA, paboTsI
MI'g gacToTel, MI'I1 KaHaJIoB/C 3aKiIajikH, © 3aKJIAJIKH, C saxnazxu, MI'n
1 0-1000 1 or 10 10 100 1 5 99.5-100.5
2 0-1000 1 or 10 10 100 0.5 5 99.5-100.5
3 0-500 1 or 10 10 100 1 5 99.5-100.5
4 0-200 1 or 10 10 100 1 5 99.5-100.5
Pesynbrarel MOAENUMPOBAHMS OTPAXKEHBI HaA Oxcnepumentsl 1, 3, 4 omIMyYalTCI 10O

pucyHkax 1-4. B xaxmom sKCIIEpUMEHTE CKOPOCTb
ckaHupoBaHus u3MeHsutack ot 10 mo 100 xaHamos/c.

TakumMy  mapaMeTpaMM ~ CKOPOCTH  00JaiaroT
OOJBIIMHCTBO COBPEMEHHBIX CKaHUPYIOIINX
YCTPOMCTB.

CKaHHPYEeMOMY  JHAala30Hy  YacTOT,  KaXIbId
MOCIEAYIONUI  OKCIIEPUMEHT  yYMEHBIIAeT  ero
OTHOCHUTENFHO  TIOJOCHI ~ YacTOT  3aKJIagHOTO
yCTpOUCTBA.

OKcnepuMeHTHl 1, 2 OTIHYaroTCcsl 10 BPEMEHHU
paboThl 3aKiajgku, TAe BpeMs paldoThl BO BTOPOM
CiIy4Jae YMEHBIIICHO B 2 pasa.
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B xonme nmpoBeneHHOrO HCCIEAOBAaHUS IO
pesynbTaTaM aHaju3a IpauKoOB, NPEICTABICHHBIX
Ha pPHUCYHKax 1-4 MOXXHO BBIICIHUTH CICAYIOIINE
0COOCHHOCTH BBISIBJICHUS 3aKJIaJ0K, paOOTAIOINX B
"HUMITyTbCHOM" pexXHuMe:

—C TIOBBILIGHHEM CKOPOCTH CKAaHHUPOBAHUS
YaCTOTHOTO  JHana3oHa KOJMYECTBO  IIEPHOMOB
nmoucka (T.e.  BpeMsl CKaHHPOBAaHUS 3aJJaHHOTO
JUana3oHa 4YacToT JI0 MOMEHTa OOHapyXeHHUs
3aKJIQIKM) HE BCEr/la CHIDKAETCS, YTO OOBSICHIETCS
Pas3InIHBIM COOTHOLLIEHUEM 15507001 (0):]
CKaHMPOBaHUS M PAOOTHI 3aKJIaJKH, BIUSIONIAM Ha
0OIIYIO JUIUTENBHOCTH €€ TIOMCKA;

—CKOpPOCTh CKaHMPOBAaHHs 3aBHCUT Kak OT
IIMPHHBl aHAIM3UPYEMOTO Mara3oHa 4acToT, TaK U
OT IIara NEePecTPONKH YacTOTHl BHYTPU JAHHOTO
Juana3oHa;

—Ha pucyHke 4 mpu ckopoctu 40 KaHaNOB/C
HaOJIIOAeTCs CHHXPOHHU3AIMsA IEpHoAa IOHCKa
NPUEMHHKA W TEepHoAa padOThl 3aKJIagKH, KOTOPbIE
COCTaBJISIIOT MO 5 C, UCXOZS M3 Yero CKaHUpyrollee
YCTPOMCTBO HE MOXET "momnacTs" B HepHOA paboThI
3aKJIaJIKM, a ,CJIel0BAaTeJIbHO, M HE OOHApYXUT
JTAaHHO€ YCTPOMCTBO.

Ilo pe3ynbraTaM  HCCIEIOBaHUA  MOXHO
MIPEJICTaBUTh CIEAYIOUINE BBIBOABI U PEKOMEHIAINH
o HACTpOIKe MPOrpaMMHO-aNIapaTHOTO
o0opymoBaHUSI  TOWCKA  HECAHKIIMOHHPOBAHHBIX
MEPEJAroIINX YCTPOICTB:

1. llpu mnowmcke 3aKiafoOK, paboOTaOLIINX B
"AMITyTbCHOM" ~ peXXMME TIOBBIIIEHHE CKOPOCTH
CKaHHpPOBaHUS HE 00s3aTeNbHO MPUBOAUT K
CHIDKCHHMIO BPEMEHU MX OOHApY>KEHHs, TaK KaK JJIs
TaKOM CHTyallud BaXKHBIM SIBIAETCS HE CKOPOCTH, a
9uciIo "CKaHMpOBaHWH'" BRIOpAHHOTO JWaria3oHa I0
COBMAJICHUS CKAaHUPYEMOM YacTOTHI M TOJOCHI

aCcToT 3aKjJaJkKu, €CJIU B Z[aHHLIfI MOMECHT OHa
H3Iy4aeT.

2. 3axmanka, w3nydaromas B "HMITyITbCHOM"
pekHMe, MOXKET OBITh COBCEM HE OOHapyXKeHa, eCIH
nepuoJ| ee cpabdaThiBaHUSI M MEPUOJT CKAHUPOBAHUS
(BpeMs OJHOTO NHWKIA CKaHUPOBAaHUS BBHIOPAHHOTO
ILI/IaHaE}OHa) OKa3bIBAIOTCA KPpAaTHBIMU BECJIMYHNHAMU.

3. I[JIS[ MOBBIICHUA BCPOATHOCTU BBIABJICHUA

"mynbcupyromux" 3aKJIaJ0K 1enecoodpasHo
MIPOTPaMMHO OpraHU30BaTh BO3MOXHOCTb
ABTOMAaTHYECKOW  TPOIENyphl  HE3HAYUTEIHHOTO

W3MCHECHHS 3aJaHHOTO JMara3oHa CKAaHWPOBAHUS B
OOJBIIYI0 W MEHBIIYID CTOPOHBI [UISI KaXXIOTO
MOCJICTYIONIETO "MPOXOXKIECHUS" Nrara3oHa, 4ToO0bI
YCTPaHUTh KPATHOCTh MEPHOIOB PAOOThI 3aKJIAJKH U
MPUEMHUKA W TE€M CaMbIM TIOBBICHTH BEPOSITHOCTH
00HapyKEHUS TAKUX YCTPOUCTB.

Takum o00pa3oM, MOJAEIMPOBAHHE Mpolecca
BBISIBJICHHSA 3aKJIaJIOK, TNepefaroInnX WHQOPMAIIHIO
MEPUOANYECKH W  KPaTKOBPEMEHHO, TIO3BOJISIET
000CHOBaHHO  CKOPPEKTUPOBaTh W  HACTPOMTH
porpaMmmy YIpPaBICHHS CKaHUPYIOLTUM
MIPUEMHHUKOM HITH Y4eCcTh H3JI03KEHHBIE
pPEeKOMEHIAIMK TIPU TOMCKE 3aKIaloK B "pydHom"
pexuMe CKaHHUPOBaHUS TSI ITOBBITIIEHUS
BEPOSATHOCTH OOHAPYKEHUS TAKUX YCTPOUCTB.
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