ISSN 2222-8772

MATEMATMLIECI{ME
CTPyI{TbeI
U
OJE/IMPOBAHUE

M




MHWHHUCTEPCTBO OBPAZOBAHHUYA U HAYKHA
POCCUMCKOW ®EIEPAIINU

PENEPAJDBHOE T'OCYJAPCTBEHHOE BIOJI2KETHOE
OBPA30OBATEJIBHOE YYPE2XKJTEHHUE
BBICHIETO ITPOPECCHOHAJBHOI'O OBPA3ZOBAHHA

«OMCKHWH T'OCYIAPCTBEHHBIN YHUBEPCUTET
M. ®.M. JOCTOEBCKOI'O»

MATEMATHNYECKHE
CTPYKTYPbI

]
MOAEJHUPOBAHHE

Ne 4(32)

Owmck
2014



MaremaTnyeckue CTPYKTypbl U MoaeaupoBaHue. — Owmck : OMCKHE rocynapcTBeH-
Hblil yHUBepcuTeT, 2014. — Ne 4(32). - 258 c.

ISSN 2222-8772 (print)
ISSN 2222-8799 (online)

Pe}laK]_II/IOHHaﬂ KoJljierus

H. ®. BoraueHKO TeXHHUeCKMH peNakTop, KaHX. (M3.-MaT. Hayk, noueHT, OMCKHH rocynap-

cTBeHHbIH yHHBepcuTeT UM. .M. JlocToeBcKoro.

B. 4. Boakos JIOKTOp TeXH. Hayk, mpodeccop, 3aB. Kadeapoi HauepTaTeJbHOH TreoMer-
pUM, MHXKEHEepPHOH M MallMHHOH rpadukd, CHOMpCKasi TrocynapcTBeHHas
aBTOMOOHIbHO-nopoxkHast akagemusi (Cu6A JIN).

A.T. Tpunsn JOKTOp (hH3.-MaT. Hayk, npodeccop, Kadenpa kubepHetuku, OMcKUl rocy-
napctBeHHbIH yHHMBepcuTeT uM. P.M. JlocToeBcKoro.

C.H. T'opaos JNOKTOp (pu3.-MaT. Hayk, npodeccop, HuxHeBapTOBCKUH TrocynapCTBeHHBbIH
YHHUBEPCUTET.
A.K. I'yn TJIaBHBIA pelaKkTop, NpeacenaTes]b PeJakLHUOHHOH KOJJErHH, NOKTOp (U3.-

Mart. Hayk, npodeccop, 3aB. kKadpenpoi kubepHeTukd, OMCKHUN TOCynapCTBEH-
HblH yHUBepcuTeT uM. .M. JlocToeBcKoro.

A.H. KaGanoB  kann. ¢us.-maT. Hayk, Kadenpa kubepHeTUKH, OMCKHH TOCylapCcTBEHHBIH

yauBepcuret um. @.M. JlocToeBcKoro.

IT. A. KopuaruH [0KTOp TeXH. Hayk, npodeccop, CHOUpPCKas rocyiapCcTBeHHAs aBTOMOOHJIBbHO-
nopoxkHast akanemusi (Cu6A1N).

. H. JlaBpos BBIYCKAIOILMH pefakTop, KaHA. TeXH. HayK, [OLEHT, 3aB. Kaf. KOM-
NbIOTEPHBIX TEXHOJOTHH U ceTell, OMCKHE TOCYlapCTBEHHBIH YHHUBEPCHUTET
um. ®.M. JlocToeBCKOro.

A.A. Fedorenko Ph.D., Researcher (CR1) at the French National Centre of Scientific
Research (CNRS) Laboratoire de Physique de 'ENS-Lyon, France.

V. Kreinovich Ph.D., Professor, Computer Science Department, University of Texas at El
Paso, Texas, USA.

Yupenurtean

DenepasnbHOe rocynapcTBeHHOe 6r0fKeTHOe 06pa3oBaTesbHOe
yupexxJieHHe BbICLIEero MpohecCHOHANbHOT0 00pa30BaHUs
«OMmcku#t rocynapcTBeHHbl#l yHuBepcuteT uMeHn d. M. JlocToeBcKoro»

CBHIETEeNbCTBO O PETHCTPALMU CPeACTBAa MacCcOBOM HH(OPMALUU
[T Ne &C77-57908 ot 28 anpens 2014 r.

Anpec HayyHOW peJaKINu

Poccusi, 644077, Omck, mp. Mupa 55A
Omckuil rocynapcTBeHHEIH yHUBepcuTeT M. @. M. JlocToeBckoro
(akyJbTeT KOMIBIOTEPHBIX HayK

E-mail: guts@omsu.ru, lavrov@omsu.ru



MATEMATHYECKHE

CTPYKTYPBI
u

MOJIEJUPOBAHHE

B xypHase ny6aukyioTcs
CTaTbM, B KOTOPBIX H3Jjara-
I0TCSI  pe3yJibTaThl HCCJeNo-
BaHUU MO (PyHIAMEHTAIbHOH
W TPHUKJAJHOH MaTeMaTHKe,
TeOopeTH4YeCcKoH (PHU3HKe, KOM-
MbIOTEPHBIM HayKaM, (huJoco-
(MM ¥ HCTOPUM MaTeMaTH-
KM U UH(OPMATHKH, a TaKxkKe
pasMbllLJIEHHs], Kacakoluecs
OKpY2Kalollled Hac MPHPOABL U
o6urectBa. O6BEKTH HCCIENO-
BaHUSl [JOJKHBI OBITb Tpel-
CTaBJ/IeHbl B (JOPMe HEKOTOPBIX
MaTeMaTHYeCKHUX CTPYKTYp H
MozeJel.

KypHan siBnsercs pedepu-
pyemblM. Pedeparbr crareil
nybaukyoTcsi B «PedepaTus-
HOM XKypHajle» U B »KypHaJsax
«Zentralblat fiir Mathematik»
(Tepmanus) u «Mathematical
Reviews» (CIIIA).

DJIeKTPOHHAST BEPCHS KYyP-
Ha/ja TpeicTaBjJeHa B CeTH
HHTepHeT no agpecam:
http://msm.univer.omsk.su

http://msm.omsu.ru

2KypHas u3paércs Ha KOMMep-
Yyeckue CpencTBa (Daky/bTeTa
KOMIBIOTEPHBIX HayK OwmcKo-
ro rocyIapCTBEHHOTO YHHUBED-
cuTeTa.

[TonnucHOH WHIOEKC HA BTO-
poe TMOJIyrofie MO KaTaJory
«[Ipecca Poccun»: 94082

DneKTpPOHHAs Mo4Ta IJIaBHO-
ro pefakTopa:

guts@omsu.ru

9J'I€KTpOHHaH mo4yTa BbIIIYyC-
Karouiero penakropa:

lavrov@omsu.ru

COHEP2>KAHHE

q)y'H}_IaMeHTaJIbHaH MaTeMaTHuKa 1 q)nsnxa

C.1I0. Jlanuna, B.B. Epemuna, O.C. Kocomnarmo-
Ba. Moduguyuposarnvie opmyrv. ONmu1ecKkoeo
NOKQA3AMEeNS NPEAOMACHUSL . .. ...

I0.A. Jle6eneB. Modeab 6ecKOHeuHOMEPHOEO
MYAbMUCOOLIMULIHO20  NPOCMPAHCMEA-BPEMEHL
Murkosckoeo u gusuueckuti cmolCA 3gepemmu-

UECKUX BEMBACHULL U CKACCK . ...

A W. Hukutun. Omcymcmeue eaobanrvholx peule-
HULL HA4ANbHO-Kpaesvlx 3a0a4 04 cucmem noay-
AUHelHbLX napaboiuyecKux YypasHeHull ¢ Heau-
HeLHbIMU HeAOKANbHbIMU SPAHUYHBIMU YCAOBUSL-

I0.B. Tpy6uukos, M.A. OpexoBa. O nocmpoenuu

H0B020 KAACCA KBAOPAMYPHOIX QOPMYA. . ... ... ..

O. Kosheleva. How to
Geometry More Robust

Make Elementary
and Thus, More

Practical: General Algorithms...................

J. Lorkowski, V. Kreinovich. How to Gauge
Unknown Unknowns: A Possible Theoretical

Explanation of the Usual Safety Factor of 2.....

HpI/IKJIalIHaH MaTeMaTUuKa U MOAeJHpOBaHUE

B.B. Tonbranun. Beposmrnocmuoiti memod ¢op-

MmuposarHust CUMNMOMOKOMNAAEKCOB . ............ .

B.A. Bonosonenko, H.A. Edpemora, B.1. Edpe-
MOB. Mapkosckue npoyeccol 8 MOOeAUPOBAHUU

3B0AIOUUU 2e0QUBULECKUX NOACLL . ... ... .

E.A. Kopuesckas, JI.B. Mapkosa, A.H. Kpacot-
KuHa. Asmomamusuposannas cucmema pacnpe-
0eNEHMbLX BbIMUCAEHUL 0Nl HUCACHHO2O PeLULeHUs

An2ebPAUUECKUX 3A0AU . .. ..o

O.M. KynaukoBa. Cyenaproe cmpameeuueckoe
NAGHUPOBAHUE: MAMEMAMULecKas NOCMAaHO8KA

3adauu u ajseopumm noCmpoeHust .............. .

B.K. HaproB. Memod uxmusHoix nomoxos

8 modeasnx nepebpoCKU Pecypcos ............... .

A.P. Hypratun. Memod yayuuienus areopumma

Buoaot-I{ocornca ...



Hammu

nyOoIuKaIuu

WATENATHYECKHE
HETOflbI

T
B

MATEMATHYECKHE
MOJXEIN

COUMATBHEX
cucrem

fluckpeTHas
Matemaruka

COUMAJILHBIE
CHCTEMBI

KOMITbIOTEPHOE
MOJIETHPOBAHUE

AK.Tyi

Tnobansnas
tEorii OTHOCOWHMONOTHS
W KPUTITOFPAGHH

TPOSIHCKVE

KOHU

ox

H

A.M. IlyproB. Hcnoarvsosanue Komnvromep-
HbLX MEeXHON02ULL U MAmemMamu4eckux memooos

045 QHAAU3Q A8MOMPAHCNOPMHbLLY cemell .. . . .. .

B.U. Ilskunnsa. Hoenmugurauus mamemamuue-
cKkoli modeau pobomMomexHuLecKol CUCmemol . . .

E.B. Pa6unosuu, K.C. I'anunn, U.M. [lynsiies,
[.C. lledens. Modeawv ceiicmuneckoco umnyro-
ca, 8O3HUKaOWe20 Npu euopasiu4eckom paspol-
B8 MAGCMIQ ... oo e i

B.A. loBuH. PakmopHoe moderuposarnue ¢ no-

MOUWLIO HEUPOHHOU CEMU . ..o,
V.A. Marenko, O.N. Luchko. Cognitive
Modelling Application for Social Tension

Study . ...

B. Rivera, F. Zapata, V. Kreinovich. Granularity
Explains Empirical Factor-of-Three Relation
Between Probabilities of Pulmonary Embolism
in Different Patient Categories .................

L.V. Rozanova, A.Y. Temerev, E.V. Myakisheva.
On applications of Lennard-Johnes potential as
a social force for crowd behavior modeling. . ...

KomnbplorepHble HayKu

H.B. Acranenko, E.C. Monoxenko. Paspabomka
cucmemol n000epICcKU NPUHAMUS peuleriull omOe-
aa 3axosoeuudeckol axcnepmusol I'Y «[lenapma-
menm npupodrolx pecypcos CKO» ..............

H.B. Acranenko, A.A. Hocos. Paspabomka web-
npuroxcerus <«Meponpuamus» 0as cauma Ka-
Gedpor HC . ....... ... .. . .

H.B. Acraneuko, A.B. IloBenbeB. Paspabomka
web-npuroxncenus «Kypamopcmeos 0Oas caima
Kagedpor HC . ... ... .. ... ... .. ... ... . ........

H.B. Acraneuko, C.B. Tapacos. Paspabomka
caima 0aa noddepicKku opeanHudayuu NPaKmuKy
8 YUEOHOM NPOUECCe BY3QA . ...

H.B. Acranenko, P.K. Hlotkun. Paspabomxka
web-npuroxncenus «llosviuienue Ksarupurayuus
oas catima kagedpor HC . ......................

W.E. EpnokumoB. Cospemerrole menderyuu npu-
MEHEHUSL CYNepKoOMnvbiomepo8 8 UHMCEHepHOM Oe-

.100

.105

112

.116

.128

134

.146

152

157

.163

.169



B HoMmep BKJIIOUEHBI MOJI-
Hble TeKCTbl cTaTed Ma-
tepuanoB Il MexnyHa-
pomHOHM Hay4yHOH KOH(e-
peHuuH <«MartemaTnyeckoe
U KOMIIbIOTEPHOE MOJIEJ/H-
poBaHHUe», KOTOpPasl COCTOs-
Jacb Ha (pakyJabTeTe KOM-

nbloTepHblX Hayk OwmI[Y
um. D.M. JlocToeBcKo-
ro 21 Hos6ps 2014 .

npu urnancosoli noddepicke
Poccuiickoeo ¢ponda ¢ynoa-
MEHMANbHBIX UCCIe008aHUL
(npoexm N214-01-20511).

C re3ucamMu [OKJIAN0B H
AHHOTALUSIMH CTaTeHd MOXK-
HO O3HAaKOMHUThCS B cOOp-
HUKe MaTepuanoB Mexny-
HAapOOHOM Hay4yHOH KOH(e-
peHuMH «MaTtemaTHyeckoe
U KOMIbIOTEPHOE MOJEJH-
pOBaHHeE>.

Marepuasnel BTOPOH
KOH(pepeHLIUH, MpPOBeN&H-
Hoit 21 Hosi6ps 2014 r.,
TNpeacTaB/eHbl 110 afpecy:

http://www.univer.omsk.su/
departs/compsci/nauka/

Conf/second.pdf

Marepuasnel nepBox
KOH(pepeHLHH, MPOBeiE&H-
Ho#t 18 okrtabps 2013 r.,
NpelcTaBJeHbl M0 ajgpecy:

http://www.univer.omsk.su/
departs/compsci/nauka/
Conf/first.pdf

CaiéiT ¢akysnbreta KOM-
MbIOTEPHBIX HAYK:

http://fkn.univer.omsk.su

B.C. Benenees, 1.B. BoiukoB. [Ipumenenue akc-
MPeMANbHOCO NPOCPAMMUPOBAHUSL NPU pa3pa-
b6omKe HAYUHbLX NPUAOHCEHULL . .. ... ..o ..

C.H. BepsynoB, H.M. Jleiuenko. Paspabomka
a8MoOMAMU3UPOBAHHOL CcUCmeMbl OAf QAHAAU3A
2eOMACHUMHbBLY 8apuayull Ha OCHOBe seligiem-
MEXHOAORULL . . oot

A.1O. Bopo6béB. [Ipedmemmo-opuernmuposarHuolii
A3bIK NPOEPAMMUPOBAHUS OAS pa3pabOmKU npo-
epammHoeo obecneueHuss OAsL MeCMUPOBAHUSL
INEKMPOHHBLX YCIMPOUCMB . ..o

AJ1. TynsieBa. Paspabomka uHGOPMAULOHHO-
ynpasasioweli cucmemot no00epHKU U conpo-
803C0EHUS HAYUHO-UCCAeD08amenbcKol pabombl
BUYBQ . oo vttt

AK. Tyu, AT. Hpyxuuus. Hupopmayuornmo-
anarumudeckull mooyse 00Ae0CPOUH020 OUCNAH-
ceproeo Habao0eHus NayueHmos, nepeHécuiux
UH@APKM MUOKAPOQ . .. .ot

E.A. Kosak, E.B. llleBuyk. [lpumerernue moburs-
HbLX MexHOAOcUL 8 YueOHOM npouecce 8Y3a. ... . .

E.A. Tiomenues. Kapmot Hlyxapma kax uncmpy-
MEHM NoBblLULeHUS HAOEHHOCMU 8 AKMOPHOL MO-
OCAU . oot

HNudopmannonHas 6e30macHOCTh

C.B. Benum, E.A. Wniomeukus. [Ipumenenue ce-
Mmeticme OpmocoHANbHbLX QYHKYUL 0N NOCMpPO-
eHUs. YcmouuusolX Uu@pposoLx 800HbLX 3HAKOS .

.M. DbBpeuka, P.A. Hcun, M.B. Illa6aHosB.
[Ipoepammuas pearudayus ar20puUmmo8 nOUCKa
HEeCAHKUUOHUPOBAHHLLX OOCMYNOB ... ........... )

B.C. Benenees, U.B. briukos. Cucmema suvissie-
HUSL UHCAUOCPOB . . oo

T.B. Baxuuii, A.K. I'yu, C.IO. Kysbmun. Onmu-
MaAbHBLL 10060p AHMUBUPYCHOL NpoepamMmbl U
Mmenccemesoeo IKPAHA ¢ NOMOULLIO MeopuL uep .

II.A. Mocksun, J.B. HBanoB. Paspabomka u
IKCNepUMeHmanbHas OUeHKA Memod08 3auiiumol
becnposodHbLY CAMOOPSAHUYOWUXCS cemel . . .

JI.C. HocoB. Ouyenxa sawuwérnrnocmu CBT ny-
mém modeauposarnus kanara IOMHH .........

180

.198

.206

221

.225

.240

247

.254



Mamemamuueckue
cmpykmypol 1 modeauposanue YIK 621.315
2014. Ne4(32). C. 6-12

MOIUPUIINPOBAHHBIE ®OPMYJIbI OIITUYECKOI'O
IIOKA3ATEJI] ITPEJIOMJIEHUA

C.10. Jlanuna
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DenepanbHOe ToCynapCcTBEHHOE OIOKeTHOe 06pa3oBaTe/ibHOe yupexXaeHne «AMypcKui

rOCYyLapCTBEHHBIH YHUBEPCUTET», I'. BsaroserieHck

AnHortauusa. PaccmarpuBaercss BbIBOA (DOPMYJT [/151 BBIYMC/IEHHS ONTHUECKOTO
noKasareJisi IpeioMJeHHUs] U ONTHUECKOTO N0Ka3aTe/Isl MOIVIOLIeH s, IPOBepsieT-
€5l afleKBaTHOCTb IMOJIYYeHHBIX 3aBUCUMOCTEH peasibHbIM CIeKTpaM paccMaTpu-
BaeMbIX XapaKTepPUCTHUK.

Kirouessle cjioBa: ONTHUECKUH T0Ka3aTesb [peJioMJeHHU, ONTHYECKHUH IMOKa-
3aTeJib IOTJIOIIEHH .

B3auMocBA3b XMMUUECKOT0O COCTaBa AM3JEKTPUKA, €0 CTPYKTYPBI C ero MoJspU-
3alMOHHBIMHA CBOWCTBAMM OOBIYHO BBISIBJISIOTCS 32 CYET aHA/NIM3a YAaCTOTHBIX CIIEK-
TPOB, OTOOpa)KAWLIUX IPEeJOMJICHHE HJIU IOIVIOIEHHE WM CBETOBOTO H3JyUEHHS.
Kpome Toro, ontuyeckre NocTosiHHble B 06J1aCTH COOCTBEHHOIO MOIJIOLLEHHS Bellle-
CTBa AIBJAIOTCA (PyHAaMeHTaJbHBIMU KOHCTAaHTAMH, XapaKTEPU3YIOIUMHU LeJbIH Psl
(PU3UKO-XMMHUECKHX IapaMeTpoB BellecTBa. K3MepeHHe oONTHUECKUX XapaKTepu-
CTHUK MaTepHaJ/ioB B BBICOKOYACTOTHOM 00JIaCTH 3/J1€KTPOMArHUTHOrO CIIEKTPa MO3BO-
JileT pacCYUTAThb ero XapaKTepHble NUIJEKTPUYECKHe ITapaMeTpbl, SKCIepPUMeHTaJ b-
HO€e ompeneJsieHHe KOTOPbIX APYTHMH CIOCOOAMM B HACTOSLIMH MOMEHT TE€XHHUYeCKH
He peasu3yeMo. B cBoio odepenb, akTyajbHa ¥ oOpaTHas 3ajaya, CBI3aHHAas C MPO-
THO3UPOBAHHEM ONTHYECKUX XapaKTePUCTHK NepPCleKTHBHBIX MaTepHaJlioB, NPOBOAU-
MbIM Ha 0a3e UMUTALHMOHHOIO MOAEJHPOBAHUS UX MOJSPU3ALUOHHBIX CIIEKTPOB.

Kak usBecTHo [1], mpu paccMOTpeHHH B3aUMOAEHCTBHS BellleCTBa C MepeMeHHbIM
3JIeKTPOMarHUTHBIM [0JIeM BbIPaXKEHHUS KOMIIJIEKCHOM QU3/EeKTPUUYECKOH NpOHHMIIae-
MOCTH 00paslia U ero KOMILJIEKCHOTO IOKa3aTeJss NpesoMyeHus n(jw) NpUHHUMAIOT
BUJL NMOA00AIIIMX KOMIJIEKCHBIX (PyHKLIMH:

n(jw) = n(w) + jx(w);

1
c(ji) = () + je" (), M
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rae n(w) 1 x(w) — COOTBETCTBEHHO, YACTOTHbIE 3aBUCHMOCTH TOKa3aTeJisi MPeJsioM-
JIEHUS] W TI0Ka3aTeJisi TOrJIOIIeHHUS .

B cBow ouepenb, NprHUMas BO BHUMaHHe COOTHOLIEHHe n? = ¢, 4aCTOTHbIE 3a-
BUCUMOCTH pa3bupaeMbiX (hyHKIIMOHAJIbHBIX 3aBUCUMOCTEH OOILENPUHSITO CBSI3bIBATh
MeXay co00i Ha 6ase HEMOCPEACTBEHHO BBITEKAIOIIErO BbIPAXKEHHUS:

"(w) + je'(w) = n*(w) — x*(w) + 52n(w)x(w). (2)
Ninu
e'(w) = n*(w) — x*(w);
e"(w) = 2n(w)x(w).
PaccmoTpum MaremaTuyeckoe onucaHue (3) B KaueCcTBe CUCTEMbl JTMHEHHBIX aJl-
re6panuecKUX ypaBHEHHH, OTBEYAIOLIMX YaCTHOMY BUIAY QYHKUHH n(w) u x(w) npu

CKaJIIPHOM 3HAU€HWH YacTOThl, XapaKTepHOMY [Jis NEHUCTBHSI CTaTHYeCKOr'0 BHeEII-
Hero noJsi. B aToM ciayuae, uck/04eHHe TIepeMeHHOH Y, 1aéT ypaBHEHHe

(3)

nt —e'n? —0,25¢" =0, (4)

peuieHrne KOToporo JIa€T JBa BellleCTBEHHBIX W JBa MHHMBIX KOpHA:

\/ oS Y g
n12::|:
' 2

;o nga ==k : (5)
’ 2

[locko/ibKy Hccnenyemasi XxapakTepuCcTHKa, M0 CBOEMY OMNpe/eJsieHHI0, OMUChIBAeT
YHCJEHHYI0 (DYHKIIMIO BellleCTBEHHOH YaCcTH KOMIIJIEKCHON XapaKTepUCTUKH N(jw), TO
U3 TOJIyUeHHBIX pelleHHH cjenyeT OTOPOCHUTb MHHMBle KopHHU nl,2. Paccmarpubasi
OCTaBILUYIOCS Napy BeleCTBeHHbIX KOPHEH W NPHHHMMAasi BO BHUMaHHUe (PU3HUUECKYIO
CYLIHOCTb pacCMaTpUBAeMOM (PYHKUHH, IOJYYHMM, UTO MPAKTHUECKOH LEeHHOCTBHIO
00/1aiaeT eIMHCTBEHHBIN (MTON0XKUTEbHBIH) KOPEHb.

CuienoBaTesibHO, YaCTOTHAS 3aBUCUMOCTb ONTHUUYECKOTO T0Ka3aTesisi MPesJoMJIeHHs
MOXKeT OBbITh NpeJCTaBJieHa B BUIE:

2 (w) + £ (w) + €' (w)
n(w) = \/\/ 5 : (6)

JelicTBYsl aHAJOTHYHBIM 06pa30M, U3 UCXOJHOW CUCTEMbl YPaBHEHUH HCKJIIOUUM
NepeMeHHYIo n:

Xt +ex?—-0,25¢" =0, =

—8/ A /8/2 + 6”2
2

Y

—&! 4?2 4 g7 (7)
X34 = 5 :

X12 = &

Paccymnaﬂ dAHaJIOTU4YHO, MOJYYHMM, 4YTO 4YaCTOTHad 3aBHUCUMOCTb OIITHYECKOI'O
[ToOKa3ateJid IOIJVIOLEHHUA UMeEeT BUI:

o) \/ NEmE: 5;2(w) —¢w) .
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YuuteiBas, uto ypaBHeHus (6) u (8), onmuchiBaoIIle YaCTOTHBIE XapPaKTEPUCTUKH
KOMIIJIEKCHOTO T0Ka3aTeJ1s IpeJIOMJIeHHs, BKIIOYalOT B ce0sl BblpaKeHHe aMIIUTY/-
HOU YaCTOTHOH XapaKTEePUCTUKH 5Am(w) KOMIIJIEKCHOH AU3JIeKTPUUYEeCKOH MpOHHULIA-
€MOCTH, TO OHU MOTYT OBITb 3KBHBAJEHTHO NPeNCTaBJIEHBl B BUIE:

n(w) = \/ anld) £el), 9)

2 I

) = \/aAm(w)Z_ 5/<w). (10)

Takum o06pasom, NpUHHMAas BO BHHMaHHE CTPYKTYpPbl UAaCTOTHBIX 3aBUCUMO-
CTeH ONTHYECKUX MOKaszaTesied MpesoOMJeHHS W IOIVIOLLEeHUS MPeNCTABJEHHOIO TH-
na, MOXKHO OTMETHTb, YTO OHH XapaKTepHU3YIOT B3aHMOCBSI3b UYAaCTOTHBIX CIIEKTPOB
peaJsibHBbIX COCTaBJISIOLIUX KOMIIJIEKCHOH OU3/eKTPUYECKOH MPOHUILAEMOCTH MaTepu-
aja.

C ueJsibio poBeeHNs] KaueCTBEHHOH OIleHKH MPaKTHYecKod 3(h(PeKTUBHOCTH pac-
CMaTpHBaeMbIX YpaBHEHUH OBl BBINOJHEH Ps BBIYUCAUTENbHBIX 3KCIEPHMEHTOB,
001IHMM 00BEKTOM KOTOPBIX MOCJYXKHJ TMIIOTeTHUYEeCKUH IU3JNEKTPUK, COCTOSLIUN U3
YacTUL, OJHOH M TOH Ke Pa3HOBUAHOCTH. Pa3bepéMm BbISIBIEHHBIE C UX IOMOILBIO
0COGEHHOCTH BHEIIHEr0 BHUAAa MMHTALMOHHBIX rpadukoB n(w) U x(w), HOCTATOU-
HO OOBEKTUBHO XapaKTepU3YWLIHUX 00LHe 0COOCHHOCTH M3ydaeMbIX CIEKTPaJbHbIX
3aBUCUMOCTEH MPHUMEHUTE/bHO K Pa3[e/bHOMY PACCMOTPEHHUIO YIIPYTMX U peJlakca-
LIMOHHBIX KoJIeOaHUH 4acTHULL.

[TepBas yacTb nMpoBen€HHOr0 HCC/ENOBAaHUS 3aKJjiouanach B pacuérax CHeKTpa
n(w) IS YCIOBHS CYLIECTBOBAHHUS YIPYTUX KoseOaHU# 4acTHL, KOI(PPUIHEHT 3a-
TyXaHHUsl KOTOPBIX MoJiarajcsi B AecsATb pa3 MeHbLIMM YacTOTbl MX COOCTBEHHBIX
KosneOaHUH wy. Bropas yacTb 3KcreprMeHTa MpeacTaBJsa MOAEJHUPOBAHHE CIEK-
Tpa n(w) /g peJaKCalHOHHBIX KoJeOaHHH TeX Ke CaMblX YacTHI, KO3(P(UIHEHT
3aTyXaHMUs KOTOPBIX 33JaBaJjCs B AeCATb pa3 OoJblle YaCcTOT UX COOCTBEHHBIX KO-
qne6annii. [losyyeHHble UMUTALIOHHBIE CIIEKTPbl U300paxkeHbl Ha puc. 1.

AHanu3 rpadukoB mokasas, uto rpaduueckuil 06pa3 4yacTOTHOro crekTpa n(w),
UMHUTHPYEMOTrO I YNPYTUX KoJeOaHWH YacTHL, CYLIeCTBEHHO OTJWYaeTcs OT
€ro peasibHbIX aHaJOrOB, KOTOpble 4Yallle BCero MpeaCcTaBJsOT COO0H pe30HAHCHBIH
BCIJIECK C OCTPBIM YIJIOM B HHMKHeH 4yacTH. B cBolo ouepelb, CIEKTP, PaCCYUTAHHBIN
Ha 6as3e HCMO/b30BaHUS (popMyabl (6), obafaeT BHO BblpaXkKeHHBIM FOPH30HTAJIb-
HBIM y4YacTKOM, HaxXOASIUMCS BOJU3H YAaCTOTh COOCTBEHHBIX KoJie6aHui (puc. 1, a).
[Ipy aToM 17151 MOAeJNMPOBaHHUs crieKTpa n(w) B Cjaydae pesaKCallMOHHBIX KoJeba-
HUH TeX »Ke CcaMblX YacTHL MoA0OHas BBIYUC/UTE/]bHAs aHOMAaJHs OTCYTCTBYeT, a
NoJIy4eHHble IPaMKU XOPOLIO COOTBETCTBYIOT AAHHBIM (PU3HYECKOrO SKCIIEPUMEHTA
B paMKax HMX OLIEHKH C KaueCTBEHHOH TOYKH 3peHHs (puc. l, 6).

[TpuurHa nosyueHHOro HeCOBNALEHHSI MOXKeT 3aKJ/04aThCs B CJAeAyIOLleM: C Ofl-
HOH CTOPOHBI, BelleCTBEHHAsl YAaCTOTHAS XapaKTEePUCTHKA KOMIIJIEKCHOH IU3JEeKTPH-
4yecKOl MpoHHLIaeMOCTH pa3bupaeMoro obpasia, AeTanusupyemas B 00JaCTH 3JieK-
TPOMAarHUTHOI'O PEe30HAHCa ero YacTULl Jsl cjaydash UX yOpyrux KoseOaHUH, 00-
JafaeT Kak TO0JOXHUTEeJbHbIMH, TaK M OTPULATENbHBIMU 3HAYeHUSIMH; C APYyrod —
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Puc. 1. PacueTHBle CIeKTPBl ONTHUECKOTrO MOKa3aTessl IPEJIOMJEHHS: a) — YIpyTHe KosebaHus
4acTull; 6) — peJsaKCallHOHHbIE KosleGaHHs

ero MHMMasi 4aCTOTHAsl XapaKTePUCTHKA HMeeT NPAKTUYECKH HyJeBble 3HAUeHHs BO
BCEM J[HaNa3oHe YacTOT 33 MCKJIOUEHHEM y3KOTO SHEpPreTHUecKoro BeIGpoca ¢ Mak-
CHMyMOM Ha pe3oHaHCHOH 4yactoTe. CJlef0BaTe/bHO, IPUCYTCTBHE FOPH3OHTANBHOTO
y4acTKa, OTMEYEHHOrO BhIlle Ha CreKTpe n(w), OKa3blBaeTcst BbI3BAHHBIM TeM, 4TO
MpH COBMECTHOM BBITIOJIHEHHH YCA0BHH € (w) ~ 0 1 £ (w) < 0 3aBucHMOCTb BHaa (6)
HaéT NpUOIHU3UTE/IbHO HYyJIeBble 3HAUEHHS, 00yC/IOB/IEHHbBIE B3AUMHBIM MOJaBJEeHHEM
TEKYLIMX BeJUUUH £ (W):

e?(w) +0—¢&'(w) =0. (11)

C/102kUBILIAsICS CUTYaLMs] MOXKeT ObITh MCIIpaB/eHa 3a CUET HCIOJb30BAHUS TOJb-
KO aGCOJIIOTHBIX BEJIMUHH BellleCTBEHHOH YAaCTOTHOH XapaKTepUCTHKH &(jw), T.e. BH-
JIOU3MEHEHHSs CTPYKTYPBl TPAAULHOHHOTO BblpaXKeHHs n(w) K ero ajJbTepHaTHBHOMY
NPEeACTABJICHUIO B BUJE:

\/ V@) ) + e (w)
n(w) = : (12)
2

PesysbTaTel MMUTALIMOHHOIO MOJEJIUPOBAHUS YACTOTHOH 3aBUCHMOCTH OITHYeE-
CKOT0 TMoKasaTeJsl IpeJIoMJIeHHs], NPOBEIEHHOr0 Ha 6a3e UCM0/b30BAHUS MOAU(PUILLU-
poBaHHOUH (opmynbl (12), uzobpaxkensl Ha puc. 2. O6GbeKTHUBHAs OllEHKa BBITEKA0-
IIMX U3MEHEHWH BHEILHEero BHJAa UCCJEAYeMOro CreKTpasjbHOro rpaduka rnokasbBa-
€T, YTO NPUHSTHE NpelJaraeMblX aBTOPaMH Mep, HalpaBJIeHHbIX Ha ero KaueCTBEeH-
HOe yJyullleHHe, OKasbiBaeTcsl BecbMa 3(dekTUBHbIM. CJie0BaTe/NbHO, TPUMEHEHHe
ypaBHeHus (12) nsis npoBeleHHs PAKTHUECKUX PACUETOB UACTOTHBIX 3aBUCHMOCTEN
n(w) MO3BOJISIET UMUTHPOBATh ONTUYECKHE CTIIEKTPBI MaTepHaoB, HauboJ/ee aleKBaT-
Hble UX (PU3UUECKH MU3MepsieMbIM CBOHCTBAM.

AnasornuHeiM 06pa3oM OblJIM MOCTPOEHBI HMUTALHOHHBIE CIIEKTPBI, MOJyYeHHbIe
¢ nmomollblo ypaBHeHHus (8) U n306pakéHHbIe Ha puc. 3. Heo6Xx0onMMoO OTMETUTB, YTO
(brsnueckre u3MepeHUs pa3dUpaeMblX 3aBUCUMOCTEH MOKAa3blBAIOT, UTO BHEIIHWU
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Puc. 2. MopuduuupoBaHHbil pacuéTHbIH criekTp n(w)

F{w) ' ' ' )

w @ ) @ _
] a 0)

Puc. 3. PacuéTHble crieKTpbl ONTHUECKOrO MOKa3aTesisi MOTJIOIIEHHUS: ) YIpyTHe KoseGaHUsl YacTHll;
6) pesakcalMOHHbIE KOJeOaHHUs

BUJL UX rpaMKOB MpPeACTaBASET COBOKYIHOCTb SHePreTUYeCKUX BHIOPOCOB, CUMMET-
PUYHBIX OTHOCHUTEJIbBHO CBOWX BePTHKAJbHBIX OCEH.

AHanu3 mpencTaB/eHHBIX TPAQUKOB IMOKA3bIBAET, UTO PACUET OMNTUYECKHUX Xa-
PaKTEepPUCTHUK peslaKCALMOHHBIX KoJieOaHUH NaéT n300paKeHHue MOJ0CH! MOIVIOLEHHS,
KayeCTBEHHO COOTBETCTBYIOLEe UX peasbHOH KapTHHe. B cBoi ouepenb, mpu pac-
CMOTpPEHHUH YNPyTUX KoJeOaHUH 4acTHL MMHUTALMOHHBIH CIEKTP ONATb MPUHUMAaET
HeeCTeCTBEHHBIH BH/L.

[IprurHa ouyepenHOH BBHIYUCJIUTENbHOH aHOMAJIMHU, TaKXKe KaK U B MpPeAblIyLIieM
cjlyuae, MOXKeT ObITb CBsi3aHa ¢ (DaKTOM CYIIECTBOBaHUs OTPHULIATEIbHBIX 3HAUEHUH
£'(w), XapaKTepHLIX AJs YHNPYTHX MOJAPU3ALMOHHBIX MPOLECCOB, H YCTPaHeHa 3a
CUET HCIOJIb30BAHHUSI TOJNBKO €€ abCOMIOTHBIX BeJHUHH. J[Jisi 3TOr0 ypaBHeHHe ua-
CTOTHOH 3aBUCHUMOCTH Y (w), obJajnamliee TPAAULIHUOHHON CTPYKTYpoi (8), HOKHO
OBbITh MOIU(MHUIIUPOBAHO K BHIY:
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w

Puc. 4. MopuduuupoBaHHblil pacuéTHbI# criekTp X (w)

e \/ V) ) — ) .

Pesy/ibTaThl HMHTALHOHHOTO MOJEJHPOBAHMSI YaCTOTHOH 3aBHCHMOCTH OIITHYE-
CKOTO TOKasare/isi TOIJIOIIEeHHs, TPOBEIEHHOr0 Ha 0ase mpemsaraeMoit (GopmyJibl
(13), nzobpakeHsl Ha puc. 4.

OreHKa MOJyYeHHBIX H3MEHEHHH HCCJIeIyeMoro rpaduka MOoKasbiBaeT Kaue-
CTBeHHOe yJayuineHue ero Bupa. CjenoBaTesbHO, MOAH(DHIHPOBAHHOE YpaBHEHHE
(13) mosBoJIsteT UMHTHPOBAThH ONTHUECKHE CIIEKTPhI MOKA3aTeJist MOTJIOIeH s MaTe-
pHaJioB, HaHboJIee aJleKBaTHble UX (PU3UYECKH H3MePsieMbIM CBOHCTBAM.

B 3akJ/0ueHHH OTMETHM, YTO MOJydeHHble Pe3y/IbTaThl MO3BOJSIOT 0O0CHOBAHHO
copMyIMPOBATL CJAEAYIOLIME BBIBOIbI: YaCTOTHBIE 3aBHCHMOCTH ONTHYECKHUX I10-
KazaTesiell MPeJIOMJIEHHS] M TIOTJIOIIEHHS] CBETOBOTO M3JIyUEHHs THIJEKTPHUECKHM
MaTepHaoM LEJUKOM ONpPeNeNsioTCs B3aUMOCBS3bI0 BEJMYMH BEIEeCTBEHHOH M aM-
MJIMTYAHOM YaCTOTHBIX XapaKTEPUCTHUK ero KOMIJIEKCHOH TH3JEeKTPUUIECKOH MPOHH-
11a6MOCTH; MaKCHMYMbI 10JI0C TOTJIOIIEHHSI COOTBETCTBYIOT PE30HAHCHBIM YacTOTaM,
BEJIMUMHBI KOTOPBIX MEHbIIle 3HAYeHHH 4YacTOT COOCTBEHHBIX KOJI€GaHHH 4YacCTHIIL.
[Ipy sToM MX (H3HUecKH HaOJromaeMasi pasHHIlAa OCOOEHHO SIPKO BbIpaXkaeTcs B
peJiakCcalHOHHBIX MPOIeccax.

JIUTEPATYPA

1. IOxueBuu I'.B. MHdpakpacHas cnekrpockonust Boasl. M.: Hayka, 1973.

2. 3onorapeB B.M., Moposos B.H., Cmupnosa E.B. Onrtuueckue noctosiHHble TPUPOTHBIX
1 TexHuueckux cpen. CrnpaBounuk. JI.: Xumus. 1984.

3. Epemnna B.B. Oco6eHHOCTH MOJISIPU3ALHOHHBIX CIIEKTPOB KOHIEHCHPOBAHHBIX AH3JeK-
Tpuueckux cpen. I // Mudopmarrka u cucremsl ynpasaenus. 2009. Ne 2(20). C. 60-65.



12 C.IO. JlanuHa u np. MonupuiupoBaHHble (POPMYJBI OITHYECKOTO. . .

MODIFIED FORMULA OPTICAL REFRACTIVE INDEX

S.Y. Lanina
Researcher of the Laboratory of modeling, information processing and management,
candidate of physical and mathematical sciences, e-mail: swetl.lanina@yandex.ru
V.V. Eremina
Associate Professor of Information and Control Systems of the Faculty of Mathematics
and Computer Science, PhD in Physics and Mathematics, e-mail: anysheva@mail.ru
0.S. Kosolapova
post-graduate student, Department of Information and councils-Barking Systems Faculty
of Mathematics and Informatics, e-mail: chess.kosolapova@gmail.com

Amur State University, Blagoveshchensk

Abstract. We consider the derivation of the formulas for the calculation of the optical
refractive index and optical absorption coefficient, and verify their adequacy to the
real spectra of the characteristics.

Keywords: optical refractive index, optical absorption coefficient.



Mamemamuuecxkue
CMpyKmypol U MOOeAUPOBAHLE YK 514.82:115.4
2014. Ne4(32). C. 13-22

MOJIEJb BECKOHEHYHOMEPHOIO
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MockoBcKH# rocynapCTBEHHBIH TeXHHUUECKUH yHUBepcuTeT uMeHu H.D. Baymana

AHHoranus. PaccMorpeH (u3nuecKHi CMbICA MOAeNH OeCKOHEeUHOMEPHOro
npoctpaHcTBa-BpeMeHd Munkosckoro (MBIIBM). Ilokasano, 4yTo 3ta Mo-
JeJlb KaueCTBEHHO OTpPakaeT TaKhe OCOOEHHOCTH 3BePeTTHYeCKOro pPaccMOT-
peHHs] NIPOCTPaHCTBA-BpeMeHH MMHKOBCKOIO, KaK 3BepeTTH4YeCKHe BeTBJIeHHs
U CKJIEHKH, HO SBJ/ISIeTCS HEIOJIHOH, MOCKOJBKY He Y4HUThIBAeT HaJlH4He IICH-
XOMJHBIX KOMIIOHEHTOB DBITHMSI — cO3HaHHS M padyMma. BbisiBieHbl uieliHo-
metonuueckue csiau MBIIBM c runoresoit A.K. I'yua o cyuiecTBoBaHuM CTa-
LIMOHAPHBIX KJACTEePOB MPOCTPAHCTBA-BPEMEHH — HCTOPHUYECKHX 3II0X, a TaKXKe
¢ merabonryeckuM nonxomoM A.Il. JleBuua K oObsicHeHHIO (heHOMEHa BpeMme-
HHU.

KaroueBble cioBa: MoJesHpOBaHHe, IPOCTPAHCTBO-BpeMss MUHKOBCKOro, 3Be-
peTTHKaA, 3BepeTTHYeCKHe BETBJICHHS, 3BePeTTHUECKHEe CKJIEHKH, COSHAHHe, Me-
Tab0JIMUeCKUH KOHCTPYKT NpocTpaHcTBa-BpeMenu, DIIP-napanoke.

B pa6ore [1] mpemsoxeHa Momesb GeCKOHEYHOMEPHOTO MPOCTPAHCTBA-BPEMEHU
Munkosckoro (MBIIBM), B KoTOpo# KBaHTOBble (PJYKTyallMd BaKyyMa OIMHCHIBA-
IOTCSl C TIOMOLIBIO BBeIEeHHs 6€CKOHEYHOr0 KOJMYECTBA OPTOTOHAJNBHBIX K OCH «Ma-
TEeMaTHYeCKOT0 BpeMeHH (ict)» HOBBIX BpeMeHHBIX ocel (icy7x). IlockosbKy mpeno-
JKeHHasi KOHCTPYKLHSl NpelHa3HaueHa MAJs1 ONUCaHUsl (PU3UUECKOro sIBJEeHHUS KBaH-
TOBBIX (DNYKTyalM# B HallleM yHHUBepce, (PaKTHUYECKH B PacCMOTPEHHE BBOIUTCS
KOHTHHYaJ/IbHOE MHOXeCTBO OeCKOHEeUHBIX MPOCTPAHCTB-BPEMEH, KaxKIbld 3Je€MeHT
KOTOPOT'0 OMHUCHhIBaeT (PIyKTyalUHUU dHEPruu onpenenéHHoro macuurada. Kaxkpas mo-
caenymolas k-Tasi ocb nepecekaeT oCb MaTeMaTHUeCKOT0 BpeMeHH uepe3 BpeMeHHOH
uHTepBaJ At, COOTBETCTBYIOIIMH 3Hepruu k-toi daykryaunu AFEj, paccydUThbIBae-
MbIH M3 COOTHOLIeHUS HeonpenesnéHHocTel [efisen6epra-bopa:

At = h/AE, (1)

roe h — nocrtosaHHasa [lupaka.

[lockosnbKy KOJMMYeCTBO (PAYKTyaUWid B NAaHHOH MNPOCTPAHCTBEHHOW TOYKe B
NPUHLMIIE HEOTPAaHUUEHHO, k TpeAcTaB/seT coOOH HaTypasjbHOe YMCJO0, U pasMep-
HOCTb MOJEJIM PaBHA CUETHOH OeCKOHEYHOCTH.
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ITOT MaTeMaTHUUeCKUH KOHCTPYKT MOXKeT ObITb HCIOJb30BaH Kak MOJEb YHHU-
Bepca 3BepeTTHYecKoro tumna. [lapamerpy mMomenu cj («CKOPOCTb CBETA MO OCH Tg»),
(hU3MYeCKUE CMBICJ KOTOPOTO aBTOpaMu paboThl [1] He obcyxmaeTcs, MOXKHO MPH-
JaTh CMBICJ YACTOTBl MPOXOXKIEHUS «(DIYyKTyallUOHHOTO KBaHTa» uepe3 «(pusuye-
ckylo Touky» (Az, Ay, Az, At) npoctpaHcTBa-BpeMeHH MunkoBckoro. [Ipu stom
yactoTod Oyner mapamerp vy = c¢/Al (rae | — XapakTepHBEIH pa3Mep 3TOH «TOu-
KH»).

Cnenyetr uMeTh B BHIY, UTO OCH t U T CyOCTaHLHOHAJbHO MPUHLUIIHAIBHO
pas3JIMuHbl — BpPEMeHa Ty SBJSIOTCS KBAHTOBAHHBIMH CyOCTaHLIMOHAJBHBIMH BpeMe-
HaMH, KBaHTbI KOTOPBIX A7, o6sanaioT sHeprueidt AFEy, paccuutbiBaemoii no yp.(1),
a MaTeMaTH4yeckoe BpeMs ¢ — peJIILlMOHHOe BpeMs, oNpefiesiioleecss KOoNn4eCTBOM
HacTyNJeHUH coOblTUS A B HaHHOH NMPOCTpPaHCTBEHHOH Toyke x. MMeHHO 3Ta oco-
6eHHOCTh MOfiesId — e€ NUHAMHUYeCKHH XapaKTep, OTpaKarolluil h3MeHeHHe COCTO-
SIHUSl CUCTEMbl B TOUKE T — eCTb COOBbITHEe A WM HeT coObITUS A — U onpenessieT
MYJbTHCOOBITHMHOCTb pacCMaTPHUBAEMON MOMEJIH.

B Takom cnyuae mapametp ¢, OylaeT onpenessiTb BEPOSITHOCTb OCYILECTBJEHUS
cobbitusl A(Pf;) — B3aUMOIEHCTBUS (DIYyKTYallMOHHOTO KBaHTa C HAaXONSLIMMCS B
9TOH «(U3HYeCKOH Touke» 0O6beKTOM B B HallleM yHHUBepce (Hampumep, U3JydeHHs
3JIEKTPOMAarHUTHOTO KBaHTa BO30YXKAEHHBIM aTOMOM) B €IMHHUIY «DeJSIHOHHOTO
BpeMeHH t». Marematuuecku cBsisb Py ¢ ¢ uMeeT BUL: Py = ¢, At/Al

[Tpu Takoil MHTeprnpeTaluM Ha KaxkAoM BpeMeHHOM oTpe3ke Al BO3HHKaeT Ou-
HapHOe 3BepeTTHYeCcKOoe BeTBJeHHe: coObiThe A 160 Mpou3olaéT, aub6o HeT. JTO
BCKPBIBAET BaXKHbIH 3/71eMEHT MeXaHU3Ma 9BepPeTTHUUECKHX SBJEHUH — BCSKOE CJIOXK-
HOe BeTBJIEHHE SIBJISIETCS MOCJEI0BATENbHOCTBIO 3J€MEHTAPHBIX aKTOB, KaXKAbIH M3
KOTOPBHIX OMHapeH. DTOT 3JeMeHT AeMOHCTPUPYeT nposiBaeHue [IsaTol akcHOMBI 3Be-
pertukH [2] o (pakTasbHOM XapakTepe (PU3HUECKHX 3aKOHOMEPHOCTEH — TOYHO
TaK)Ke KaKIbld UCTHHHO 3JIeMEHTapHBIH aKT BCSKOrO (DU3UUECKOro (a Takxke U XH-
MHYEeCKOro, ¥ GUOJIOTHYECKOTO, H COLMAJIbHOTO) B3aUMOIEHCTBUS Bcerga OWHApeH.
OneMeHTapHBIH aKT Bcerga ajbTepHaTHBeH — Ju60 A, qu6o He-A. W passurtue
B3aMMOJIEHCTBHUS TPOOJIKAETCS M0 TOMY K€ N1yaJbHOMY MeXaHM3My pacrajga He-A
Ha b u He-b.

Cyl1ecTBeHHO TO, UTO, IOCKOJbKY OCH © U Tj ONHUCBIBAIOT TeyeHHe CcyOCTaHLHO-
HaJIbHO Pa3JIMUHbIX, HO OHTOJNIOTMYECKH PaBHOINPABHBIX BPeMEH, paBHO ObITHHCTBEH-
HBIMU U aKTHBHBIMHU SIBJSIIOTCS U OyAyllee, W MpoLIioe A5 060K TOYKKU HA OCH t.
HesaBucrumoe TeueHue BpeMEH 7, MOPOXKAAET BETBJIEHHs IPOLLJIOro Aaxke Oosee
MHTEHCUBHO, 4eM BeTBJeHUs Oyanyuero. Kak Ovl1o mokasano B [l], aTo cBsizaHo ¢
KOMIIJIeMeHTapHOCTbIO 3HakoB At U AFE B yp. (1) /s BpeMeHHOH KOOpPAUHATHI ¢ —
npotsoe (At > 0) «BBOgUT» 3Hepruio B cucteMy (AE < 0), a 6ynyuiee (At > 0)
«BBIBOAUT» €€ u3 cucreMsl (AE > 0).

Mexanusm MDBIIBM o6bsicHsieT U BOSHUKHOBEHHE HEOOXOAUMBIX YCJOBUH IJ5
IBEpPeTTHYECKHUX CKJleeK. B KOHTeKcTe 9TOoH Moaesrd HeoOX0ooMMOe yCJloBHe IJIs1 BO3-
HUKHOBEHHS CKJeHKU — 3TO IlepeceyeHHe BeTBeH a/bTepBEPCOB HE3aBUCHMBIX CO-
ObITHH A;, TIPUUHHHO 06YCJIOBJIEHHBIX COOBITUSIMH B TOYKaX k3i (HayasibHBIX TOUKaX
BeTBJEeHUH B Monesu [1]) (puc. 1).

DTO YCJIOBHE, OfHAKO, SIBJISASACH (PU3UKO-FeOMETPUYECKUM, He MOXKeT OBITb M10-
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Puc. 1. dpakranbHoe MoIeMpOBaHUe MPOLecca IBepeTTHUeCKUX BeTBAeHUH U cKieeK. Touku (M)
— cOOBbITHS, KpecThl (x) — ckJeiiku (mo [1]).

cratouHbiM. OHO ofecreynBaeT «KacaHWe» BeTBeH aJjibTepBepca, HEOOXOMUMOe st
CKJIEHKH, HO HUYero He TOBOPHUT O HaJbHEHIIEH 3BOJMIOLUUH TOYKH KacaHusi. C 3Be-
PETTHYECKOH TOUYKM 3peHUsl KacaHHWe MpeBpallaeTcs B CKJAEHKY B pe3y/bTaTe BOBJe-
UeHHs B Mpolecc B3auMoaeicTBUsl co3HaHUsl. OHO BBINOMHSET ABe (PYHKLHHU.

Bo-mnepBBIX, OHO HesiaeT BBIOOD CJeYIOIIero Iara mo ocu ict. B paccmatpubae-
MOH JBYMepHOH MO MpocTpaHcTBY MHHKOBCKOTO MOIETHM B 3aBUCHMOCTH OT TOTO, B
Kakod u3 touek — (t; +nAt;) unu (t; — mAt;) 1o 0csM T;y, WJIH T;_,, UMEETCs aK-
THBHBIH [IJIs1 JaHHOTO Tpoliecca (MJIYKTYalHOHHBIH KBaHT 3Hepruu. [1pu 3HaueHHsX
n 1 m OoJibllle eTUHHUIIBI aKT BeiGopa nopoxnaet AIIP-napamokc.

Bo-BTOpBIX, OHO (DUKCHpYeT clesaHHBIA BbIOOp B MaMmsTh HabJronatesss cobbl-
s A. 3anosHeHHe ouyepeNHOH sUeHKH MaMsiTH Habgonatesss GOPMUPYET CTpesy
BpPeMEeHH M0 OCH ict, BBISIBJISAS TEM CaMbIM PeJIILUOHHYIO0 NPUPOAY ITOTO BPEMEHH.

K coxaseHuto, co3HaHue, KaK aTPUOYT BCAKOTO COOBITHS A, sIBJSOIIErocs Co-
OTHECEHHBIM KBAaHTOBBIM COCTOSIHUEM «00BeKT-HabJtoaaTesb», He MpeACTaBJeHO B
KauecTBe cyliHocTHoro ajemenTa B MBIIBM. KocBeHHbiM 06pa3om B 3TOH Mopenu
oTpaxKeHa BTopasi (PYHKLHS CO3HAHHS, MOCKOJbKY IOCJeNOBaTeNbHOCTb At; Npen-
cTaB/eHa B (popme ocu BpeMeHH. [TosTomy MBIIBM sBasieTcs HEeNOJHON MOAEJBIO
nedcTBUTEbHOCTH. Mcmosb3ys aHaJOTHI0 ¢ KBAHTOBOHW MEXaHHUKOM, BBITEKAMOLLYIO
u3 [1aTOl akcHOMBI 3BepeTTHKH, MOXKHO cKa3aTb, 4To MBIIBM — sto monesnb op6u-
TaJ/I4, 110 KOTOPOH ABHKeTCs co3HaHMe Habgonartess. Torna co3HaHHe Kak CBOHCTBO
ObITUHCTBYIOILEH HAa OpPOUTA/IM CYLIHOCTH aHAJOTMYHO CIUHY KBAHTOBOH YaCTHLBI.
Kak u3BecTHO, CIIUH SIBJISIeTCS MPOsIBJAEHHEM HEKHX BHYTPEHHHX CTereHed CBOOOIbI
KBAaHTOBOTO 00beKTa, aBTOHOMHBIX OTHOCHTEJNbHO MPOCTPAHCTBA-BpeMeHU opbOuTa-
au. [lockonbky npoctpaHcTBo-BpeMsi B OTO sB/sieTcsi CBOHCTBOM TPaBUTHPYIOLIKX
TeJ, a TPaBUTAllMOHHble CBOHCTBA MMMAHEHTHO MPHUCYIIH JI0OOMY MaTepHasbHOMY
00BEKTY, CIUH He CBfI3aH C MAcCOH, He MOABEpPKEH BJHSHUIO IPABUTALUN U MOTOMY
IBJISIETCS NIPOSIBJIEHHEM HEeKOTOpPOH He-MaTepHa/bHOH CYLIHOCTH.
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Ho ecsu crnuHy W ero mposiBle€HHIO B MPOCTPaHCTBE-BpeMeHH — COOCTBEHHOMY
MOMEHTY HMMIy/1bCa 3JE€MEHTapHbIX YaCTHUL — IOCBSILLEHO OrPOMHOE YHCJI0 (PYyH-
IaMeHTaJbHbIX (PU3UUECKUX paboT, TO CO3HaHHe, OyNyuH TakxKe He-MaTepHaslbHOU
CYLIHOCTBIO [3], O HACTOSIIIEr0 BpPeMeHH He PacCMaTpUBaeTCss HU B KBAHTOBBIX,
HU B TPAaBUTALMOHHBIX (PU3HUYECKHX MOJEJAX, KaK COBMECTHMBIH C HUMH aTpuUOyT
OBITHS.

Xoresoch Obl HafeATbCS, YTO OCO3HAHUE 3BEPETTHUUHOCTH OBITHS JOCTATOUHO
ObICTPO MPHUBJEYET BHUMAHHE TEOPETHKOB K CO3HAHHIO, KaK CTOJb Ke (PyHIaMeH-
TaJbHOU (PU3NUECKOU CYLIHOCTH, YTO U CIHH, U NpobieMa MaTeMaTHUYeCKOro ornuca-
HUSI CO3HAHUS U ero NposiBJeHUH B NIPOCTPAHCTBe-BpeMeHHU OyleT pelleHa B paMKax
MeXKAUCLHUIIJIMHAPHOTO PACCMOTPEHHUsI CJIENYIOLEro réneeBCKOro ypoBHSI CTPYKTY-
pbl OBITHS — yPOBHS U3yUeHHUsl He-MaTepHaJ/bHbIX CYLIHOCTEH U X B3aUMOAEHCTBUSA
C BELIeCTBOM, BKJIIOUas U TEMHOE, U (PU3HUECKHUMHU MOJSIMH, BKJIOUasd UH(PJIAHTOHHOE
U noss XUrrca.

Ha nyTu K pelueHuto 3Toél npo6JeMbl yKe MpeofoJieHbl 1Ba CePbE3HBIX MCUXO0JIO-
rHYecKuXx Oapbepa: (hU3MKa paccMaTPUBAeT MHOTOMEpHble MPOCTPAHCTBA (CTPYHHBIE
TEOPHH), a TCHUXOJIOTHS OMHUCHIBAET MHOTOYHCJEHHBIE THUIBI CO3HaHUA. Hacrosimas
paborta, BBOASIAs B pacCMOTpeHHe 6eCKOHeUHOMepHble BpeMEHHbI€ MHOXKECTBA, I10-
TMOJIHSIET KOPIyC TEeMIOPOJOTHYeCKUX paboT, NOCBALIEHHBIX MHOTOMEPHOMY BpeMeHH
(cMm., Hanpumep, [4,5]).

OnHum u3 uHTepecHbiX caenctBuil MBIIBM sBasietcsi o60cHOBaHMe BO3MOXK-
HoctH peanusaund upen A.K. I'yma o cyulecTBoBaHMH CTallMOHApHBIX KJacTepoB
NPOCTPAHCTBA-BPEMEHU — HCTOPUYECKHUX 3M0oX: «Bce HcTopuueckue 3MOXHU Cyllle-
CTBYIOT, OHM He CMEHSIIOT OJHa JPyTyl, OHH SIBJISIOTCS oOpasuaMu (maTTepHaMH)
PeasnbHocTtu» [6].

IT0 siBJleHHEe MOXKHO CUMUTATh MPOSBJIEHHEM 0COO0H MPOYHOCTH MEHTAJIbHBIX CBSl-
3eil B Xxopoino c(hOPMUPOBAHHBIX MeTaBUIyyMax («3moxax» B TeMuHosoruud A.K. I'y-
1na).

Ero cyTb coctout B caenytouieM. JlonycTHM, Mbl paccMaTprHBaeM KaKylo-TO KOH-
KPETHYI0 HCTOPUUECKYIO0 3M0XY, HAmpuMep, <«MyLIKHHCKYI 3M0Xy». DTOT MNpUMep
B3SIT MPOCTO TOTOMY, YTO BPSIL JIK HY>KHO OOBSICHATb UMUTATeNI0 JIOOOTO THMA —
«(U3HKY» JIH, «JIUPUKY» JIM, UTO MUMeeTCsd B BUJY 3110Xa, KOrja yMOHAacTPOEHHUS B
o0uiecTBe ObIIU «OHETUHCKUMU», OBIT — «JaPUHCKHM», 2 HAyKa — «HbIOTOHOBCKOM».
dTa COBOKYMHOCTb OOLIECTBEHHBIX OTHOLIEHWH W OINpenessieT 310Xy, €€ HeloBTO-
puMmblil «apomat». OOecreunBaeTcss XapaKTePHOCTb 3TMOXH MEHTAJbHOH CKJEHKOH
JofieH, XKUBYLIKX 10 eé 3akoHaM. OfHaKO B MOCTyNaTebHOM JIBUXKEHUU UCTOPUU B
KaKOW-TO MOMEHT MOSIBJISETCS OTKPbITHE, JUTepaTypHOe MPOU3BeleHUe, MYy3blKaJlb-
HBIH CTHJ/b, IPOCTO MOJA, KOTOpble 3Ty CKJEHKY pas3pyllalT, U HAcTylaeT HOBas
snoxa. B mpuBenéHHOM mpHMepe OHA U3 <«IYLIKWMHCKOH» MEPEXOAUT B «HHUKOJAeB-
CKYIO»...

Konnenuusa A.K. I'yna cocTouT B TOM, 4TO Mepexon B HOBYIO 3MOXY, KaK BCAKHU
BbIOOp MyTH, MMeeT ajbTepHaTuBbl. K mpomaxHuce [aHTec — NyLIKMHCKas 3M0xa
MorJia Obl IPOLOJIXKUTb CBOE pa3BUTHe B Hallled BeTBU ajbTepBepca. Mau, Tounee, n
Hanrec, v [IyluUKMH B MOMEHT BBICTpeJia MPUHSAJN pelleHusl, KOTOpble MepeBeJsid Hac
B HUKOJIA€BCKYIO 3TOXY.
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MeHTanbHbBIl KOHCTPYKT — 3M0Xa — TakKe, KaK M KU3Hb UeJOoBeKa, B aJb-
TepBepce MOXKEeT pa3BHUBAaThbCs, He mpepbiBasich. Jra unes A.K. I'yua aBnasercs pas-
BuTHeM uiaed M. Termapka o «kBaHTOBOM GeccMmeptuu» [7]. Bcien 3a rumortesoit
Termapka o nuyHoOM GeccMepTUH HHAMBUAYYMA, runote3a ['yua siBssercs runoTe3on
0 JIMYHOM OecCMepTHH MeTaBUAyyMa.

U1 ecau oHa BepHa, rje-To B MBILIHOH KPOHE POCCHHCKOTO ajbTepBepca «JI0 CUX
nop» (ecau CMOTpPeTb B «abCOJIOTHOM BpeMeHH» ) HeU30eXKHbIH TeXHUYeCKUH U
COLlMAJ/IbHBIH Mporpecc coyeTaeTcss C MOHSATHSIMH YECTH, NOCTOMHCTBA, MYKCKOTO
Ipy»KecTBa TaK ’Ke, KaK M B MYLIKWHCKYIO0 31oxy. M cerogHsmHsas cKiedka ¢ MeH-
TaJbHOH KOHCTPYKLHEH TAKOro THIA MOXKeT NPHUBECTH HalJ/rofaTesss B MU3AHCLEHY,
rne, kak Hanucana J. CamoiinoB, «/lywkun [loedem 6o deopeu B cepebpucmom
asmomobune C kpenocmuoim uogpépom Cagerouuem». «B peanbHON UCTOPUU» MEH-
TaJbHO TepenyTaHHbIM C MYIMIKUHCKOH 3M0X0H Obl1 KaHi/ep ['opuakoB — «mocJen-
HUU JIULEUCT»...

Tor Bapuant MBIIBM, xotopsiéi npensioxkeH B [1], He BosHe 0OBsICHSIET BO3-
MOXKHOCTb 00pa3oBaHusl TakMX narTepHoB. [leno B ToMm, yto Bapuant MBIIBM
13 paboThl [1] HHUEro He TOBOPUT O reOMETPUUYECKOH CTPYKType BEKTOPHOTO MPO-
cTpaHCTBa {7)}, MOApa3yMeBasi TOJbKO €ro KOMIMJIaHAPHOCTb ¥ OPTOTOHAJBHOCTD 0
OTHOLIEHHIO K ocH ict. BHeceHHe NOMONHUTEbHBIX YCJIOBHH, KOHKPETH3UPYIOLIMX
B3aMMOHAINPABJEHHOCTb MPOCTPAHCTBEHHBIX M BPEMEHHBEIX KOOPAMHAT B 3TOH MO-
[ieJ1d, TO3BOJISIET OMHCBhIBATb MPOCTPAHCTBEHHbIE KOPPesNsUHUH COOBITHH Ha OCH T,
3HAYUTEJNBHO Pa3HECEHHBIX 0 MPOCTPAHCTBEHHOH KOOPAMHATHOH OCH X (TMapamokc
AIIP). Hns storo HyxkHO paccmatpuBath MBIIBM ¢ mapassienbHbIM MM aHTHMA-
paJiJiesIbHbIM PacIooKeHHEeM MPOCTPAHCTBEHHOH OCH & U BPEMEHHBIX OCeH T.

YcrolunBoOCTE Ke 00pa30OBaBILKXCH MATTEPHOB, T.€. UX OHTOJOTHUECKOE CyIlle-
CTBOBaHHUe MpPH Pa3BUTHH albTepBepca, A0JKeH 00ecrneyuTb MeXaHU3M CHHXPOHHU3a-
UM MyJbCalluil KBAHTOBBIX (PJIYKTyalHH. DTy 3afady MyTéM COOTBETCTBYIOLIEH Ha-
CTPOMKH NapaMeTpoB ¢j HOJKHO BBINONHATb CO3HAHHE MeTaBUAYyyMa HCTOPHYECKOH
3M0XH, KaK OJHOI0 M3 METaBHUAYYMOB BCSIKOTO «ceHuac»: «Kaxkaas oOllecTBeHHas
rpynmna, T.e. KaXKAblH MeTaBUAYYM (OPMUPYeT CBOK “NyTeBOAHYI HHUTb » [8, cTp.
305].

[IpennosioxkeHre 0 BO3MOXKHOCTH HACTPOUKH MapaMeTpPOB ¢y MO3BOJSET paccMar-
pUBaTh 3aKOH COXPaHeHHs dHepPruu B aOCOJIOTHOH opme: MPU BCAKOM (hU3UUECKOM
B3aUMOJEeHCTBHH, BKJIOYasl U KBAHTOBble (PJYKTYyallMH, CyMMapHOe H3MeHeHHe dHep-
THH U30JIMPOBAHHOH CHCTEMbI PaBHO HYJIIO.

[IprumeHuTEIBHO K MpouLeccaM BO3HUKHOBEHMS] KBAHTOBBIX (DJIYKTYalUHUH 3TO
o3Hauaet, 4yto (Qayktyauus F., sBJseTCS CyNeprnosMuyedl OBYyX COCTOSIHUU F., U
F_:

U(Fy) =aV(FL) +bW(F,). (2)

OTmeueHHas paHee 64Jbllas aKTMBHOCTb IMPOLIJIOTO B TeHepaund (PJayKTyaluui
NOJKHA MPUBOAUTH K TOMY, UYTO JJII HOPMHPOBOUHBIX KO3((HULHUEHTOB a U b B yp.
(2) momxHO OBITH CIIpaBeNJIMBO HEPABEHCTBO b > a.
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" npouecc BO3HUKHOBEHHA (p.HYKTyaU,I/II/I B HallleM «3JeCb-H-celdac» SBJISIETCS
[IpOLeCCOM MAEKOTepeHUHU CYIIepPIOo3UuLUuU (2) MoJ, BO3JEeHCTBUEM CO3HAHMUS Ha JiBa
COCTOSAHHA:

F,: At AE_ =h, (3)
F_: At_AE_ =h. (4)

[Ipu sTom:
AE, =AE_, +AE_ =0. (5)

Cocrosinve F, COOTBETCTBYET MEPEXONy CHUCTEMbI B «aOCOJIOTHOE Oyayliee», a
cocTosinie F,. — B «abCOMIOTHOE TPOILLIOe». 31eCh «a0COMOTHOCTE» COOTBETCTBYET
MepeMeIeHHI0 10 OCH ict B opMe CTPeJIbl BPEMEHH.

Kak BugHO u3 (D), HEprusi CUCTeMbl MOCJe <«HCUe3HOBEHUS] (DIYKTyallUH» He
MEHsIeTCsl, OIHAKO, B MaMsITH HabJirofaTe st 0CTalTCs HH(OPMAIMOHHBIE CJIEMbl TPO-
TeKaBIIHX BO BPeMs CYIIECTBOBaHHS (PIYKTyallHH MPOLECCOB, MOCKOJIbKY, B COOT-
BETCTBHH C [9], paBeHCTBO 3HEPrMH KBAHTOB He SIBJSIETCS AOCTATOYHBIM YCJOBHUEM
X HAEHTHUUHOCTH. KpoMe 3Hepruu KBaHT COAEPXKHT U MHGOPMALHIO, KOJHUECTBO U
«KauecTBO» (CMBICJI) KOTOPOU OMpene/siioTCs MapaMeTpaMy ero KBaHTOBOM MaMSITH
(cm. yp. 9 B [9]).

OueBUaHBIM caefcTBHEM (D) IBISETCS COOTHOLLIEHHE:

Ame, = Am_, +Am,_ =0, (6)

roe m — macca QJyKTyaluu.

Takum o6pazom, npu KaxKa0¥ KBAHTOBOH (PJAYKTyauuu, opmabHO «6e3Macco-
BOW», IIPOUCXOAUT «KOPPE/ISALHUOHHBIA 0OMeH» U HMH(pOpMaLueHd, U MaccoH, KoTopas
SIBJISIETCSl HOCUTEJIEM 3TOH HH(pOPMALUH.

CootHowenre (6) siBasieTcss (popMajbHBIM OCHOBAaHHWEM [JIs1 YTBEPXKIEHHUS BO3-
MOXKHOCTH He TOJIbKO MEHTaJIbHbIX, HO W MaTepHasbHbIX 3BEPEeTTHUUYECKUX CKJeekK.
Ho onuceiBaembiél yp. (6) 0OMeH BbI3BaH He MPSIMBIM «[lepeMelleHHeM Macc» U «Ie-
penadeil MHpoOpMaUMU», 2 KBAHTOBO CKOPPeJHPOBAHHBIMU MPOLIECCAMH B CHUCTEMax
tuna (2).

[Ipy koppensiuMaX ONMCBIBAEMOrO THMA CUCTEMbl «O0OMEHHBAIOTCH» HE CTPYK-
TYPHO WIEHTHUYHBIMH, & TOJIBKO KOJMYECTBEHHO PaBHBIMM M0 Macce (B eIHHMLIAX
SHEPTyH) U M0 «MH(POPMALMOHHOH HACBIIIEHHOCTH» (B OWTax) MmaTTepHAMH NeHCTBH-
TeJIbHOCTH.

[lonpo6Hee Bompoc 0 pU3NUECKHX OCHOBAHHSAX IPOLIECCOB TAKOrO POAA paccMar-
puBaer M.X. Ulyneman B pabore [10], B KOoTOpo# OH 0000l1aeT OMHCaHHE JIO-
KaJIbHbIX KBAHTOBBIX MPOLECCOB HA HeJOKaJjbHble ¢ 0ObSICHEHHEM KBAHTOBOH MpHU-
ponbl DIIP-napanokca Ha ocHOBe MpeANoOJIOKEHUSI O KOPPEISILHOHHBIX MeXaHHU3MaxX
HeJIOKaJ/IbHbIX B3aHMOBJIMSIHUI: «TIOHATHE “HeJIOKAJbHOCTb , B KOHLIEe KOHII0B, PaBHO-
3HAYHO YTBEPXKAEHHUI0 O BO3MOXKHOCTH CKOJIb YTOAHO OOJBIIMX CKOPOCTEH, ec/au He
B3aUMOJEUCTBHS, TO, [0 KPAlHEH Mepe, HEKOTOPOro B3aHMOBJIMSIHUSA, CYLIHOCTh KO-
TOPOTO HYKJAETCS B IBHOM U SICHOM (DU3UYeCKOM omucaHuu». CyTb 3TOTO OMHUCAHHUS
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cBoguTCs K caenymouemy: «Ilepenaua uHpopmauuu cBsgsaHa ¢ nepenadell HeHyJIeBO-
ro KOJIMUECTBA IHEPTHH (CO CKOPOCTBIO He 6O0Jblile CKOPOCTH CBeTa), TOrAa KakK AJis
KOppeJIILMK J0CTaTOYHO OOMeHa 3Heprueil mpu B CPeIHEM HYJEBOM KOJHUECTBE
nepenaBaeMoOl 3HEPrUH, HO OTJIMUHOM OT HYJS CpelHEM KBajipaTe IepefaBaeMoi
JHEPruM, CKOPOCTb 3/leCh He orpaHHuuBaetcsi» [11].

C TOYKHM 3peHHs paccMaTpHBaeMOro MexaHHU3Ma KBAHTOBBIX (PJYKTyallUH peasib-
Ha BO3MOXXHOCTb KOppeJsILIMOHHOr0 oOMeHa MH(opMalKed ¢ MpOLIbIM U OYAYLIUM.
B cBsizu ¢ 3TUM npuMmeuareser caenyromuii gakt. B 2007 rony [1.P. AMHyasb ony6-
JuKoBas moBecTb «O 4éMm mymasna KopoJsieBar’», B KOTOPOHU ONMH W3 repoeB OTKPBLI
HeKoe MoJie, OTBETCTBEHHOe 32 BO3HHKHOBEHHEe 3BepeTTHYECKHUX CKJeeK. «KBaHTBI
3TOro moJsi — s MpUAyMasJ UM Ha3BaHHE «CBSA3HUKH», connectors mo-aHIVIMHACKH,
— MPOSBJSAIOT ce0s B TOM, UTO BBI3bIBAIOT CKJEHKH, POKIAIOT B HalleM MHpe OIU-
HOUHBle COOBITHS, He MMeEIOLlHe 3[eCh HU MPUYUHBI, HHU CJAEACTBHS, MOTOMY YTO
3TO COOBITHSI HHOH BeTBH MHoromupus. A Kakue-TO BIOJIHE TPUBHAJbHbBIE COOBITHS
Halllero MHpa TpU CKJeHKe OKasblBalOTCS Ha CocCelHEH BeTBH M TaM HaBepHSKa
TOXKEe BBI3BIBAIOT U3yMJeHHe HabJrofaTesiell: TaM OHU TOXe eMHUUYHblE siBleHUs 6e3
MPUYMHBL U CJeACTBUS» [12]. YnuBHUTEBHO He TO, UTO 1/ 0OBSCHEHHS] BO3MOXKHO-
CTH 3BEPETTHUYECKHX CKJeeK TpelJIoKeHO ClelHasbHOoe MoJje (3TO OYeBUAHBIH IJIs
(baHTaCTHKH TMOCHLJ), a TO, UTO OMMCAHHbIH MeXaHHU3M oOMeHa UH(OPMALHed MeX 1y
BETBSAMM aJibTepBepca SIBASETCS UMEHHO (PJYKTYalUHOHHBIM M MOAYMHSIOLIMMCS OT-
MeUYEeHHOH «KOppeJIsIIUOHHOH 6e3/TMKOCTH» — colepKaHue (CMBIC/) BO3HUKAIOIIEH U
Mcye3arolleld Npu ckaeldkax WH(MOPMaLHUK He CBSI3aHO IPYT C APYTOM.

OnHo#t 13 HanboJee OIU3KUX (PU3NUECKHUX MOJeseldl MUPO3IaHHUsl, KOTOPble MOTYT
OMHKCBIBATbCSl MaTeMaTHyeckKUM KoHCTpykToM MBIIBM, aBasietcs cybcTaHLMOHAb-
Hbl# MeTabouueckuit moaxon A.I1. Jlesuua [13-15]. On npeanosaraeT OTKPLITOCTh
Halllero YHHBepca K MOTOKAaM BHEIIHUX 0 OTHOLIEHUIO K HeMY CYyOCTaHUMH, Kaxaas
M3 KOTOPBIX MMeeT YHUKAJbHYIO CYLIHOCTb U «He CMelluBaeTcsi» ¢ Apyrumu. Kosu-
YeCTBO 3THX CYLIHOCTeH MOxeT ObITh BecbMa BesivKo. [1o MmHenuio A.I1. JleBnya ux,
M0 MeHbLIeH Mepe, CTOJBbKO, CKOJBKO CYILIEeCTBYeT PAa3JUUHBbIX B3aUMOAEUCTBUH KaK
(pu3nuecKor, Tak U He-(pU3HMuecKoH Mpupoabl. MHBIMU cJ0BaMM, He HCKJIOYAETCs
BO3MOXKHOCTb TPOSIBJIEHHUSI CYyOCTAaHIMSIMH (M NPHUBHECEHHWS UMM B Halll YHUBEPC)
He-MaTepHUasbHbIX XapaKTePUCTHK.

Bo3MoxXHOCTb BBeleHUS JI000r0 KoJu4yecTBa (PU3WYECKH OCMBICJEHHBIX THIIOB
«4acoB» MeTaboJM4yecKOHM Mojesu B reomerpudyeckudd KoHcTpykKT MBIIBM pena-
eT ero TeXHWYeCKM IpUBJeKaTeJbHbIM [J5 MOjesed 3Toro KJjaacca. Kpome toro,
MOCKOJIbKY «TedyeHHe BpeMeHH B MeTa00JUUeCKOM MOAXOM€e OTOXKAECTBJEHO C TOSIB-
JileHneM (HMCue3HOBEHHEM) 3JIeMeHTOB cyOcTaHUMH B cucTeMe» [15], Kakmoe Bpe-
MeHHOe H3MepeHHe T; MOXKeT OBbITb OJHO3HAUHO OTOXKJAECTBJIEHO C MeTab0JHYeCKUM
3apsiioM omnpeneséHHoro tuna. [lpuBnekaresnbHa U CBSI3b MeXAY YTBEpPKIEHUEM Me-
Tab0/JMYECKOr0 MOAX0Aa O TOM, UTO «0ObelHHeHHe LIeioB cybcTaHUUH OT BCceX
MCTOUHHMKOB-3apsiOB TOPOXKIaeT NMpocTpaHcTBO» [15] U yTBep:xkaenuem MBIIBM o
peJISILMOHHON NPUPOJe MaTeMaTHyecKoro BpeMeHu ¢. COBOKYMHOCTb 3TUX yTBEpKe-
HUI yKpernJisieT yBEPeHHOCTb B TOM, UTO NPOCTPAHCTBO-BpeMsi MHUHKOBCKOro, TaKKe,
KaK U reoMeTpHyeckoe MPOCTPAHCTBO — He-MaTepHhaJsibHble CYLIHOCTH. PessiLHOH-
HOCTb CYLIHOCTH MPOCTPAHCTBA B MeTa0O0JHYeCKOM MOAXOAE CJedyeT U3 yTBepxKe-
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HUs: «Pa3MepHOCTh MpocTpaHCTBa onpejesieHa KaK KOJMYECTBO THUIOB 00pasyrolux
MPOCTPAHCTBO cybcTaHUUi» [15].

MHTepecHa W BO3MOXKHAsi B3aWMOCBSI3b CBOHCTB 3J1eMEHTOB cyOcTaHUUU (eé
KBaHTOB) C BO3MOXHOCTbIO (uandeckoil peanusanuu IIIP-mapamokca. MoxkHO
NPEeANOJOKHUTb, UTO 3TO SIBJIEHUE CTAHOBUTCS BO3MOXKHBIM, €CJM KBAaHTbl CyOCTaH-
LIUHU SIBJASIOTCS a0COJMIOTHO YNPYTHMH (PepMHOHAMH W HUX LU «MaKCUMaJbHO
MJIOTHO» 3arO0JIHSeT COOTBETCTBYIOLLYIO BPEMEHHYIO OChb T;.

B cusay Ttoro, 4yto B AaHHOH MOAeJNH NPUHSTO MapaJjJesbHOe WM aHTHUIApaJ-
JIeJIbHOE PacIioJioKeHWe OCel 7; U x, MyThb, NPOXOAUMBIH CHUTHAJOM 00 HU3MEHEeHHH
cocrossius IDIIP-mapbl oT ogHO# YacTuubl cybcTaHUMHU Lteldda 00 Apyrou, Oymer
PaBHATbCS IJaHKOBCKOH NJIMHe [, — HauMeHblleMy NYyTH B npocTpaHcTBe MuH-
KOBCKOT'0 Halllero YHHBepca. DTO 03HAYaeT, YTO CHUTrHaJ nepenaercs B «(PU3NYECKOM
MPOCTPAHCTBE» TOJBKO Yepes3 «IJIaHKOBCKHUH 3230p» MeXKIy KBAaHTaMH (YacTHULAMH)
cyO6CTaHIMHU, MOCKOAbKY NpuHUMMN [laynu He mo3BossieT hepMHOHAM B3aHMOIPOHH-
KaTb ApYyr B Apyra. MexaHusm nepenaud CUrHasa B 3TOM Cjydae aHaJOTHUeH Me-
xaHu3My ['porryca «mnepenaur» NpOTOHOB MPH aHOMAJIbHOU AU(PPY3UH B KUAKOCTAX
C BOJOPOAHOH CBsi3blo [16]. B o0ieM ciydyae 3TO «IPUHIMI MAfaiolUero ITOMHHO»
[17]. Ilpu Takux ycaoBUAX Vi, — Kaxyllascs CKOPOCTb pacrnpocTpaHeHHUss HHPOpP-
MalW{ MO0 OCH T; — OMNpPeNeJsSeTCs COOTHOLIEHHEM:

Ving = —— - ¢, (7)

rie Axr — JUHEHHBIH MapaMeTp KBaHTa CyOCTaHIUH, PACCUUTHIBAEMBIH M3 COOTHO-
1IeHUs HeomnpenenéHHocTel ['efisenbepra, ¢ — ckopocTh cBeTa B BakyyMme. OTHollle-

x o

HUe 7 SIBJISIETCSl OTHOILIEHWEM JIMHEHHBIX pa3MepoB (MaciiTaboB) pesisiIHOHHOTO
p

MPOCTPAHCTBA, CBSI3aHHOTO C OocsiMH t WU 7;. V3 (7) oueBHAHO, 4TO HJsi JIEOOOTO

peasibHOTO Auanas3oHa Heprui, KOTOPbIH COOTBETCTBYET 3KCIEPHMEHTaJsbHbIM AaH-
HbIM, Vinr > c¢. Tak, B kJaaccuyeckoit pabote A. Acne u II. Ipanxuepa [18] ¢
ONTHYECKUMH TepexoaaMu B aToMe Kanblust, Ax ~ 400uM 1 Vi ~ 2,5 - 10%c.

Cyl1ecTBEHHO OTMETUTb, UTO MOAOOHOTO poJa aHOMAJMH BO3MOXKHbI TOJNBKO /151
(hepMHOHOB. DTO 03HAYAET, YTO IKCIIEPUMEHTHI MO TMPOBEPKe HapYllIeHHs HEPABEHCTB
bBenna ¢ momouiblo OTOHOB CBUIETENbCTBYIOT O HAJUUUMU YACTHI-MEeIHATOPOB Ile-
penayu curHaja (pepMHOHHOH NPHUPOLHL.

JanbHelilllee cpaBHeHHe CTPYKTYpbl H  (YHKIIMOHHPOBAHHS KOHCTPYKTa
MBIIBM c¢ onucanuem ocoOeHHOCTEH MeTaOOoJHYeCKUX MOfeJieHd MOKasbiBaeT BO3-
MOXKHOCTb aJleKBAaTHOTO OTOOpaXKeHUsl 3TUX OCOOEHHOCTEH B paMKax HUX ONHUCaHUSA
¢ nomoiibio MBIIBM.

BriBoabr:

[IpoBenénHoe paccmoTpeHHe (PU3UUECKOrO CMbICJAA MoAeu OecKoOHeuHOMep-
HOro TpocTpaHcTBa-BpemMeHH MunkoBckoro (MBIIBM) mnokasano, uto 3Ta Mo-
Ie/Jb KayeCTBeHHO OTpakaeT Takhe 0COOeHHOCTH 3BEPETTUYECKOr0 PacCMOTPEHUS
NPOCTPaHCTBAa-BpeMeHU MUHKOBCKOTO, KaK 3BepeTTHUeCKHe BeTBJEHUS U CKJEHKH,
HO $IBJISIETCSl HEMOJIHOM, MOCKOJbKY He YUMThbIBaeT Ha/JUuMhe MCUXOUIHBIX KOMIIO-
HeHTOB DbITuSi — co3HaHUsI U pasyma. BreisiBjeHbl HAeHHO-MeTOOUUECKHEe CBS3U
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MBIIBM c¢ runorezoit A.K. I'yuna o cymecTBoBaHHH CTalMOHApHBIX KJACTEPOB
MPOCTPAHCTBA-BpEMEHH — HCTOPUYECKHX 3I0X, a TakxkKe ¢ MeTabOoJUUeCKUM IOJ-
xonoMm A.Il. JleBuua kK o6bsicHeHHI0 (peHOMeHa BpeMmeHH u DIIP-napamoxca.
BaaropapHocTu:
Agtop 6marogaput M.X. Ulynemana, I[1.P. Amuyaas, A.4. dynecdan u A.IT. Jle-
BMYA 32 MJIOJOTBOPHOE 0OCY»KIeHHe HEKOTOPBIX MOJIOKEHUH HacToslleld paboThl.
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MODEL OF A MULTI-EVENT INFINITE-DIMENSIONAL MINKOWSKI

SPACE-TIME AND THE PHYSICAL MEANING OF EVERETTICS BRANCHING

AND FUSIONS

Yu.A. Lebedev
Ph.D., Associate Professor, e-mail: lebedev@bmstu.ru

Moscow State Technical University named after Bauman

Abstract. The physical meaning of the model of an infinite-dimensional Minkowski
space-time (MIDMST) is considered. It is shown that this model qualitatively re-
flects such features of everettics consideration of Minkowski space-time as everettics
branching and fusions, but it is incomplete because it does not take into account the
availability of psychoid components of Genesis — consciousness and intelligence. The
ideological and methodological MIDMST connections with the hypothesis of A.K.
Guts about the existence of stationary clusters of space-time — historical eras, as
well as with the metabolic approach of A.P. Levich to explaining the phenomenon of
time and the EPR paradox are revealed.

Keywords: modeling, Minkowski space-time, everettics, everettics branching, ev-
erettics fusions, consciousness, metabolic construct of space-time, EPR paradox.
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OTCYTCTBHE I'JIOBAJIbHBIX PEIIEHUA
HAYAJIBHO-KPAEBBIX 3AJAY OJI CUCTEM
MMOJIYJIMHEUHBIX INAPABOJIMYECKHUX YPABHEHHUH
C HEJIMHEMHBIMH HEJIOKAJIbHBIMH TPAHUYHBIMU
YCJIOBUAMH

A.M. HukutuH
acniupanT, e-mail: ip.alexnikitin@gmail.com

Bure6ckuii rocynapcTBeHHbIH yHHBepcuTeT UM. [I.M. Maueposa

AnHoTamusa. PaccMoTpyM HauasnbHO-KpaeBYIO 3amady AJsi CHCTEMbl peakiHu-
IU(Py3UH ¢ HeJTMHEHHBIMHM HeJIOKaJbHBIMH TPAaHUYHBIMHU YCJOBUSIMHU U HEOTPH-
LlaTeJbHBIMH HauaJbHbBIMU JaHHbIMHU. [IpuBeféM noCTaTOYHBIE YCJIOBUSI OTCYT-
CTBHSl II00A/IbHBIX PelleHuid s caydas min(m,n) > 1.

KaroueBble ciaoBa: napabo/juyeckhe ypaBHEHHS, HEJHMHEHHOCTb, HeJOKallb-
HOCTb, peakUHUU-IU(PDPY3HH.

B aroii pabore paccmarpuBaeTcs 3agadya AJs CUCTEMBI NOJyJUHEHHBIX ypaBHe-
HUH C HeJIOKaJbHBIMH T'PAHUUYHBIMHU YCJIOBUSIMHU:

uy = Au+ ci(x, )P v, = Av + eo(x, t)ul, = € Qt >0,

U({L’,t) = fQ k1($7y7t)um(y7t)dyv YIS 8Q,t > 0, (1)
v(z,t) = [, ka(z,y, )" (y, t)dy, x €00, t>0,
u(z,0) = up(x),v(x,0) = vo(x), x €,

rae p, g, m,n — MOJOXHUTeJNbHble KOHCTAHThI, min(pg, m,n) > 1, ) — orpaHHueHHas
obmacte B RY, N > 1, ¢ mocrarouno rmaakod rpanuuedt 02, c(x,t),co(x,t) —
HeOTpHIlaTe/IbHbIE JIOKAJTbHO HEMpepbiBHBIE MO [esbaepy (QYHKIHH, ONpeaeseHHbIe
npu x € Q, t > 0, ki(z,y,t), ko(z,y,t) — HeoTpHLaTeNbHbE HEMpepPbIBHbIE (DYHK-
KK, onpejeseHHble npu x € 9Q, y € Q, t > 0, ug(z), vo(x) — HeoTpHLATENbHbIE
HerpepbiBHble (DYHKLHH, YAOBJIETBOPSIOLIME TPAHUYHBIM YCJIOBUSAM MpH ¢t = 0.
Cucrema (1) copmynupoBaHa u3 (Gpu3ndeCcKUX MOJeJeH, BOZHHKAWIIUX B pas-
JIMYHBIX 00JIACTSAX MPHUKJIaAHON Hayku. Hampuwmep, oHa MOXeT ObITb HHTEPIPETHPO-
BaHa Kak 3ajiaua O TeIJIONPOBOIHOCTH C HEJMHEHHBIMH HEJOKAJbHBIMH UCTOUHUKA-
MH Ha TpaHHlle MaTepuasbHOro Tesa. B stom caydae u(x,t),v(z,t) npeacTaBASIOT
TeMIepaTypy B3aUMOJAEHCTBYIOIIHX KOMIIOHEHTOB B MPOLeCCe UX U3MEHEHHS.
Jloka/ibHOE CyIleCTBOBaHHE, BOMPOCH €IHHCTBEHHOCTH PELIEHHUS, a TaK¥XKe TPHH-
[IUN CPaBHEHMs pellleHHH HauaJbHO-KpaeBoH 3amauu (1) OblIM paccMoTpeHbl B [1].
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Bynem roBoputs, 4to peutenue (u(z,t),v(x,t)) 3anauu (1) paspyluiaercs 3a KOHed-
HOE BpeMsl, eCJIM CYIIECTBYeT TaKas MOJIOKUTeNbHasi KOHCTaHTa 1’ < 0o, YTO

Jim (a0l =@ + [0 D) (e) = oo

B stom cayuae 7' Ha3bIBAIOT BpeMeHeM pa3pyLIeHHs pelleHHUs.

[Tycts ¢ — cobcTBeHHasi GyHKUHUSA 3anaun Ap + Ao = 0, v € Q, ¢ = 0 54
x € 02, COOTBETCTBYIOIIAsi MEPBOMY COOCTBEHHOMY 3HAUeHHIO A, KOTOpasi BblOpaHa
us yenosus [, p(z)dz = 1,¢(x) > 0 pis z € Q. O603HaunM

Ps = mﬁaxgo(x), (2)
Ql(t) = mjn 1 ($, t)7§2(t) = m,in C2(x7 t)v (3)
Q Q
A A
[TycTtb
Wi(t) = [ u(eOpla)de Wa(t) = [ ol p(od. 5)

[Tponuddeperunposas Wi (t) mo ¢ v Bocnonb30BaBLIKCh hopmysoi ['puna, momyuum

Wi(t) = /ut(a: t)p(z dm—/(Au—l—cl(x t)oP)pdr =

= /Agpudx—i—/ <,0ds— —uds+/ 1(z, t)vPpde.
a0 0 a0 0

— (2% —
YuuteiBasi, uto @(x) = 0 gag x € OS2, paBeHCTBO fBQ 50ds = —\ ¥ IpaHUYHbIE
ycaoBus B (1), umeem

0

Wi(t) = —/)\ugpdx—/ 77 </ kl(x,y,t)um(y,t)dy) dS—i—/Cl(.iE,t)Up(pde
Q a0 On \Jo Q
> [ b+ o (e 6)
Q
[IpoBensi aHasornuHble NpeoGpa3oBaHMUsi, MOXKHO MONYUYHUTD, UTO

W) 2 [ (ot k(00" + eltutpds (@)

Q

s max(p,q,m,n) > 1 paccMOTpPUM CJeAYIOULYIO CHCTeMy IU(pepeHInaTbHbIX
YPaBHEHHUH:

J'(@t) = =Af (@) + Ex () () + ci(D)g” (1), t>0,
g'(t) = =Ag(t) + E5(t)g"(t )+ ()t ) t>0, (8)
f0) = Jquo(x)p(x)dz, g(0) = [ vo(x

rae ki(t) = ky(t) mpu m > 1 u kj(t) = 0 npu m < 1, Eg(t) =ky(t) npun >1wu
E5(t) = 0 mpu n < 1, ¢(t) = ¢, (t) mpu p > 1w cj(t) = 0 mpu p < 1, &5(t) = (1)
mpu ¢ > 1 u c5(t) =0 npu g < 1.
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Teopema 1. [Iycmo p > 1,q > 1,pq > 1 uau max(m,n) > 1 u 3adaua Kowu (8)
He umeem 2a0basvrozo peuierus. Toeda sadaua (1) He umeem HempusuasibHO2O
2206aAbH020 peulerus.

Hokazameavcmeo. st onpeneseHHOCTH PAacCMOTPUM cJaydad p,q,m > 1,n < 1.
JlokazaTesbCcTBO [/ OCTa/bHBIX CJyuyaeB aHaJoru4yHO. [IpyMeHHB HepaBeHCTBO
Hencena x (6), (7), monyuum

Wi(t) = / (=Au A+ kg ()u™ + ¢ (0P )pda > =AW () + ki ()W () + ko () W3 (1),

W(t) = /Q (=0 + By (0" + ey (H)u)pdx = =AW (t) + ¢ (E) W (2).

Torpa W3 npuHLMNA CPAaBHEHUS pelleHUH N/ cCUCTeM OObIKHOBEHHBIX NU(depeHIIu-
aJbHBIX YpaBHEHHH U yCJOBHH TeopeMbl CjenyeT, 4To 3agadya (1) He uMeeT HeTpu-
BHAJIbHOTO HEOTPULIATEJbHOTO TJI00AJbHOTO PelleHHUs . |

3ameuanwne 1. 113 Teopembl | MBI MOXKEeM MOJY4YUTb yCJOBHS OTCYTCTBUS IJIO-
6anbHOro pelnenus 3agaud (1) mias gocTaTouHo GOJBIIMX Haya bHBIX HAaHHBIX. Ha-
npuMep, Jerko yBUAETb, YTO MpU m > 1 U BBIIOJHEHHOM YCJOBHH

1
m—1

Wi(r) > ((m — Dexp(—=A(1 —m)T) /00 ki (t)exp[(1 — m))\t]dt>_ ., (9

uwmn>1u

n—1

Wo(r) > ((n — Dexp(—=A(1 —n)T) /OO ko (t)exp[(1 — n)At]dt) : : (10)

rjle T — HeKOTopasi HeoTpHllaTeJbHast KOHCTAaHTa, 3aada (1) He UMeeT HeTpPUBUAJb-
HOrO ry100aJ/IbHOTO pPeLIeHUSs.
Mz (9) u (10) caenyert, yto mpu m > 1 u

/OO ki (t)exp(A(1 —m)t)dt = oo, (11)
0
WM mpun > 14
| maernni - njd = o (12)
0

3amaua (1) He UMeeT HETPUBHAJBHOTO IVIOGANBHOTO PeLIeHHS.
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THE NONEXISTENCE OF GLOBAL SOLUTIONS OF INITIAL BOUNDARY
VALUE PROBLEMS FOR SYSTEMS OF SEMILINEAR PARABOLIC
EQUATIONS WITH NONLINEAR NONLOCAL BOUNDARY CONDITIONS

A.I. Nikitin
graduate student, e-mail: ip.alexnikitin@gmail.com

Vitebsk State University n.a. P.M. Masherov

Abstract. We consider initial boundary value problem for a reaction-diffusion system
with nonlinear and nonlocal boundary conditions and nonnegative initial data. We give
sufficient conditions of nonexistence of global solutions for the case min(m,n) > 1.

Keywords: parabolic equations, nonlinearity, nonlocality, reaction-diffusion.
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BI'Y umenu I1.M. MamepoBa, r. Bute6ck, Pecniybarka benapycs

AnHoramusa. [loctpoeH kKsace ¢opMysa KBaapaTypbl, OCHOBaHHBIH Ha MOCTPO-
€HUM MHOroYJeHa HauJydllero npudankeHuss B npoctpaHcTBe L. [losu-
HOM HaWJy4llero NpUO/MKEeHHsS B MPOCTPAHCTBe L SBJSETCS WHTEPINOJs-
IMOHHBIM, a y3JaMH HHTEPMOJSLIUHN SBJASIOTCS KOPHHU TMOJHHOMOB UeObiléBa
BTOPOro poAa.

KaroueBble cioBa: anmpokcHMallMs B MpocTpaHcTBe Lj, MHorouseHbl YeOwl-
WéBa, KBaApaTypHble (OPMYJIHL.

[Tpu usyyeHunu Bompoca O TMOCTPOEHHWH ONTHUMAaJbHBIX KBaApaTyPHBIX (OPMYJI
MOXKHO BBIJIEJUTh JABe ocHOBHble KoHIenuuu K.P. Iaycca u A.H. Kosmoroposa.
OnHa 13 OCHOBHBIX HeH OOJBIIMHCTBA METOJNOB UHCJEHHOrO MHTErPUPOBAHHS CO-
CTOUT B 3aMeHe MOAbIHTErpasbHON (HYHKIUU KAKUM-JIUO0 HHTEPIIONSIIUMOHHBIM MHO-
rouyjieHoM. ABTOpaMU JaHHOH CTaThH MOCTPOEH KJacc KBaApaTypHbIX (hOPMYJI, OCHO-
BAaHHBIH Ha MOCTPOEHUH MOJHMHOMA HAWJIYUIIero NMpUOJHKEHHSI B POCTPAaHCTBe L.
[TonvHoM Hausyuiiero NMpUO/MKEHHS B MPOCTPAHCTBe L SIBJSETCS HHTEPIOJSIH-
OHHBIM, & y3JIaMH HHTEPMOJSIHH SIBJASIOTCS KOPHU MOJUHOMOB YeObIIEBa BTOPOTO
pona.

[Henblo HacTosleld pabOThl SIBJASETCS HAaXO0XIEHHWE 3KCTPEMAJIbHBIX MOJUHOMOB
P,(z) nnsa 3nauenuii n = 2,3, ...,7 U IOCTPOEHHE KJlacca KBAAPATYPHBIX HOPMYJI

/_llf(x)dx ~ /_11 Py (x)dx.

PaccmoTpum mpoctpanctBo Ly = Li[a,b] cyMMHpyeMbIX Ha MpOMexXyTKe |a, b
(OyHKUHH ¢ HOpPMO#

|VH=/Wﬂ@wx

[Iycts G — HeKOTOpoe KOHEYHOMEPHOE MOAMPOCTPAHCTBO MPOCTpaHCTBa L. dne-
MEHTBI 3TOTO MOANPOCTPAHCTBA OyneM HasblBaTb MOJHHOMAMH.
Jlemma 1. [lycte ¢pyHkuuu f € Ly ¥ noJuHOM ¢ € (G TaKOBbI, YTO PaBEHCTBO

b
| b signls (o)~ p(o)lds =0 (1)
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BbIMOJIHSIETCA 1151 J1000d PpyHkuuu h € G. Torna ¢ ecTb MOJKMHOM HaWJy4YlLero
npubIMKeHUsT (IKCTpeMasibHbIE MoJuHOM) QyHKUMK f B moanpoctpaHcTBe G. Jlo-
KasaTeJbCTBO MMeeTcs B [1].

®DakT, chopMyIUPOBAHHBIN B JieMMe |, BBITEKaeT U3 TOTO, YTO UHTErpaJs B JIeBOH
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OCHOBHBIM pe3yJibTaTOM PabOThl ABJASIOTCS CHOPMYIUPOBAHHBIE: TeopeMa | 0 BU-
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COOTBETCTBYIOLIEH KBAAPaTypPHOHU (POPMYJIBIL.
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Abstract. Many results of elementary geometry assume exact equality be-
tween some angles or distances. In practical geometric configurations, how-
ever, we only have approximate equality. In such situations, traditional results
do not allow us to make any conclusions. To make elementary geometry more
practical, it is therefore necessary to make it more robust, i.e., applicable also
to situations when we have approximate equality. The need for such robust
versions of geometric results is well understood, and many such versions are
known. In this talk, we provide general algorithms for generating such robust
results.
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1. Formulation of the Problem

At first glance, geometry is very practical. In contrast to more abstract notions
of algebra, elementary geometry looks very practical. Many geometric shapes that
we study in elementary geometry are frequently encountered in the real world: a
sheet of paper is a rectangle, a can is approximately a cylinder, a football is a
sphere, etc. Indeed, all the textbooks like to emphasize that the very name of
geometry — which, in Greek, means “measuring Earth” — indicate that it started
as a very practical discipline. So, at first glance, it looks like geometry is very
practical.

In the first approximation, we can indeed apply geometric results to the real
world. For example, according to the Pythagoras Theorem, the hypothenuse AC' of
a right triangle is equal to v AB? + BC?2. Thus, when we have a real-life figure of
the triangular shape, one of its angles B is right (90°), and we know the adjacent
sides AB and BC, then we can use Pythagoras Theorem to compute the length
AC of the third side.

[T we have a real-life figure of triangular shape, and we know that its two sides
AB and AC are equal, then we can conclude that the corresponding angles B and
C are equal too — thus, it is sufficient to measure just one of these angles.
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Elementary geometry is about ideal objects, and real-life objects are not
ideal. Elementary geometry is about ideal bodies and shapes, and real-life objects
are rarely ideal. In the first approximation, the angle between the lines AB and
BC may be close to 90°, but the real-life angle is never exactly equal to 90°, it is
usually somewhat different.

Similarly, we may have points A, B, and C' for which AB is close to AC, but
in real life, the sides AB and AC are never exactly equal.

Need to make elementary geometry more robust and thus, more practical.
Elementary geometry states that when the angle B is equal to exactly 90°, then
AC = AB? + BC?. Traditional elementary geometry, however, says nothing
about the cases when the angle is close to 90°.

Intuitively, it makes sense to expect that if the angle is close to 90°, then AC
should be close to vV AB? + BC?, but the traditional elementary geometry results
do not tell us how close these two values will be.

Thus, to make elementary geometry more practically useful, it is desirable to
make its result more robust, i.e., valid even when conditions are only approximately
true.

What is known and what we do in this paper. The need to make geometry
more robust is well understood. There are many research papers and books that
show how to make different specific geometric constructions more robust; see,
e.g., [1,3-7].

In this paper, we provide general algorithms for generating such robust results.

2. Analysis of the Problem

What we do in this section. Our goal is to make geometric results more
practical. To do that, we will recall the typical structure of the current geometric
results, and the typical practical problems for which such results can be useful.

At first, we will describe both the results and the practical problems in com-
monsense terms. Then, we show how these commonsense descriptions can be
reformulated in precise terms. Once such a precise description is formulated, we
will be ready to state our main results.

Typical structure of results from elementary geometry: brief reminder. In
elementary geometry, there are two types of results.

Some of the geometric results simply describe consequences, without invoking
any constructions. For example, the Pythagoras Theorem says that if A, B, and
C are three different points, and the angle ZABC is equal to 90°, then AC? =
= AB? + BC?. In general, results of this type state that if some property P(z)
is satisfied for a geometric object = (or for a combination of geometric objects
x), then for this object x (or combination of objects) some other property Q(z) is
satisfied as well:

Y (P(r) = Q(x)).
Other geometric results describe the possibility of constructing new objects.
As an example, we can have a simple result that for every rectangle, there exists a
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point which is equidistant from all four vertices of this rectangle. Another example
is the result that if two points are different, then there exists a straight line that
goes through these two points. In general, results of this type state that if some
property P(x) is satisfied for a geometric object = (or for a combination x of
geometric objects), then there exists an object y such that the pair (x,y) satisfies

some property Q(z,y):
Va (P(z) = Jy Q(z,y)).

Most other geometric results can be reformulated in these terms. For example,
the results about uniqueness of an object x satisfying a certain property P(z)
(e.g., of a line that passes through two given points A # B) can be reformulated
as follows: if we have a pair of objects (z,2’) for which P(x) and P(z’) are both
true, then z = 2':

V(z,2') ((P(z) & P(z')) = x = a').

Typical practical problems: brief reminder. In relation to each geometric result,
two types of practical problems are possible.

[t can be that we have an object = for which the property P(z) is “approx-
imately” satisfied — in some reasonable sense. In this case, we expect that the
resulting property Q(x) is also approximately satisfied — or, for results with con-
struction, that there exists an object y for which Q(z,y) is approximately satisfied.
For such problems, we would like to know how accurately Q(x) will be satisfied,
and — in the case of construction results — how to construct the corresponding
object y.

We will call such problems forward problems. The reason for this name is
that in this problem, we follow the direction of the original implication result:
we know that P(z) implies Q(x), and we want to transform accuracy with which
the property P(x) is satisfied into an accuracy with which the property Q(x) is
satisfied.

Another practical situation is when Q(z) is the property that we want to
achieve. In this case, due to the implication P(z) = Q(z), we know that if
we guarantee the property P(z), then Q(x) will also be true. A related question
is: if we want to guarantee (Q(x) with some accuracy, how accurately do we need
to satisfy the property P(z)?

In these problems, the desired direction is opposite to the direction of the
implication: we know that P(x) implies Q(x), and we want to transform accuracy
with which the property @Q(z) should be satisfied into an accuracy with which
the property P(z) should be satisfied. Because of this opposite, we will call such
problems inverse problems.

Comment. In relation to inverse problems, it is worth mentioning that while for
some parts of the property Q(z), it makes sense to require that these parts should
be satisfied with some accuracy, other parts may need to be satisfied exactly.

For example, when we use geometry in design, it is important to make sure
that two different parts of the design do not occupy the same point in space —



Mathematical Structures and Modeling. 2014. N.4(32) 35

otherwise, this design is not feasible. The corresponding requirement is that the
distance d(A, B) between the sets A and B forming the parts should be positive:
d(A, B) > 0. This is an absolute requirement: if we only require that an approxi-
mate inequality d(A, B) > —¢ is satisfied, then we may have d(A,B) =0, ie., A
and B having a common point.

In general, solving an inverse problem can be reduced to solving a few
forward problems. If we can solve forward problems, then we can also algorith-
mically solve inverse problems. For example, to find the accuracy ¢ that would
guarantee that the conclusion is satisiied with a given accuracy ¢, we should check
different values of ¢ until we find the largest value A of the accuracy ¢ that still
provides the desired accuracy e.

This can be done very efficiently by bisection: we start with some large value §
for which the resulting inaccuracy is larger than . Then, we know that the desired
largest A is somewhere in the interval [d, _], with § = 0. On each iteration step,
I+

5

o If for this midpoint m, we get the desired accuracy ¢, this means that

we apply the forward problem to the midpoint m =

A € [m,d].

e [f for m, the inaccuracy is too high, this means that A € [0, m].

In both cases, we shrank the width of the interval by a factor of 2. Thus, in
k iterations, we get a new interval whose width is 2% of the original one. The
midpoint of this interval provides a 2~(**1-accurate estimate for A. So, in a few
iterations, we get a very accurate solution to the inverse problem.

Because of this reduction, in this paper, we will only consider algorithms for
solving the forward problem.

From common-sense description of results and problems to a precise de-
scription. Our description of geometric results and practical problems talks about
objects, properties of objects, and the possibility to satisfy such properties with
some accuracy. Thus, to make our descriptions precise, we must formulate, in
precise terms,

e what is a geometric object,
e what do we mean by properties of geometric objects, and
e what does it mean for some property to be satisfied with a given accuracy.

Let us provide these three formulations one by one.

What is a geometric object: towards a precise description. In elementary
geometry, we deal with basic objects such as points, straight lines, planes, line
segments, polygons, polyhedra, circles, spheres, arcs, etc.

Each such object can be naturally described by finitely many real-valued pa-
rameters. For example:
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e a point on the plane can be described by its two coordinates;

a point in the 3-D space can be described by its three coordinates;

e a circle or a sphere can be uniquely described by its center (a 2-D or 3-D
point) and a non-negative radius;

a polygon can be described by a sequence of vertices (2-D points);

a polyhedron can be described by its faces, and each face can be described by
a sequence of its vertices (3-D points), etc.

From this viewpoint, in the following text, by a geometric object, we will under-
stand a tuple z = (z1,x9,...) consisting of several real numbers.

Properties of geometric objects can usually be reformulated in terms of
geometric quantities. Most basic geometric properties can be reformulated as
equalities or inequalities between geometric quantities characterizing the corre-
sponding object(s), properties such as:

e the distance between the two points,
e the angle between two directions,

e the area of a given polygon, etc.

Geometric quantities: towards a precise description. Geometric quantities
are — whenever they are defined — continuous (and computable) functions of the
corresponding parameters. For example:

e the distance d(z,y) = \/(z1 — y1)® + (z2 — y2)? + (3 — y3)? between two 3-D
points x and y is a continuous function of the corresponding coordinates z;
and y;;

o the angle a« = ZABC which is formed by directions AB and BC at the
point B can be obtained from the cosine theorem AC? = AB? + BC? —
—2AB - BC' - cos(«) and is, thus, also continuous wherever it is defined, etc.

A general description of a geometric quantity f(x) is that it is a continuous and
computable function of the tuple x. The precise notion of a continuous function is
well-known. In contrast, the notion of a computable function is less known; so, for
reader’s convenience, we briefly describe the corresponding notion in the Appendix
to this paper.

Properties of geometric objects: towards a precise description. The main
reason we formally described what is a geometric quantity is that we want to
describe geometric properties, and most basic geometric properties are equalities
or inequalities between geometric quantities.

Basic geometric properties. Some basic geometric properties are naturally de-
scribed as equalities (=) between quantities. For example:
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e If two sides of the triangle are equal, then the corresponding angles are equal
as well.

e If an angle is equal to 90°, then AC? is equal to AB? + B(C?, etc.

Some basic geometric properties deal with non-equality (#). For example, if
two points A and B are different (A # B), then there exists one and only one line
passing through both points.

Some basic geometric properties deal with non-strict equality (< or >). For
example, the triangle inequality states that for every three points A, B, and C, we
have AC < AB + BC.

Some basic geometric properties deal with strict equality (< or >): for exam-
ple, there are results about triangles with acute angles, i.e., with angles which are
smaller than 90°.

In general, a basic geometric property is either an equality between quantities

f(x) = g(x), or an inequality such as f(x) # g(x), f(zx) < g(z), or f(x) < g(z).

General geometric properties. Many geometric results require that several basic
geometric properties Pi(z), ..., Py(z) are satisfied. In this case, the correspond-
ing property P(z) has the form Pi(z) & ... & P, ().

Properties Q(z) (or Q(z,y)) in the conclusion part may be even more com-
plex, since it may be that instead of single property, the corresponding geometric
theorem states that one of several alternatives is possible — e.g., that a triangle is:

e cither a right triangle (with one of the angles equal to 90°),
e or an acute triangle (with all angles smaller than 90°),
e or an obtuse triangle (with one of the angles larger than 90°).

In general, such properties have a form Qy(z) V...V Q,(z), where each Q;(x) has
the form Qa(x) & ... & Qi (x), and Q;;(x) are basic geometric properties. Such
formulas are known as formulas in DNF (Disjunctive Normal Form).

What does it mean for a property to be satisfied with a given accuracy
e > 0. Let us start with a simple example of the property: the property P(A, B)
that the two points A and B are equal. In terms of geometric quantities, this
property has a simple equality form d(A, B) = 0. In this case, it is reasonable to
say that this property is satisfied with accuracy ¢ if d(A, B) < e.

I we consider two points on an oriented line, then we can consider a directed
distance d_,(A, B) which can be positive or negative depending on whether the
direction AB coincides with the given direction on this line or not. In this case, it
is reasonable to say that this property is satisfied with accuracy ¢ if |[d_, (A, B)| < .

In general, we say that the property f(z) = g(z) is satisfied with accuracy ¢ if
[f(z) —g(z)| <e.

If the property is that B is on the right side of A, i.e., that d_,(A, B) > 0, then
it is reasonable to say that this property is satisfied with accuracy ¢ if B is e-close
to the right side of A, i.e., that d_,(A, B) > —e¢.
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Alternatively, we can understand approximate satisfaction of this property as
stating that even if the directed distance d_ (A, B) is the result of measuring the
actual (unknown) directed distance with accuracy e, we can still guarantee that
B is actually on the right side of A. In this case, the corresponding property is
approximately satisfied if d_,(A, B) > «.

In general, for a property f(x) > g(z), we can have either f(z) > g(z) — ¢ or
f(x) > g(x) +e.

Which of the two definitions to select depends on the practical problem:

e If we know P(z) approximately, and we want to know how approximately
we can conclude Q(z), then it is reasonable to use the approximation f(z) >
> g(x) — .

e On the other hand, if we want to guarantee the property Q(x) of the form
f(z) > g(x), then it makes sense to consider an inequality f(z) > g(z) + ¢
which indeed guarantees that f(z) > g(x).

Important fact about strict inequalities. It is important to note that the choice
between two formalizations is possible only for non-strict inequalities < or >. For
strict inequalities (< or >) there is no choice. Indeed, e.g., if f(z) > 0 implies that
g(x) >0, then it is reasonable to expect that for sufficiently small ¢, if f(z) > —¢,
then g(z) is also either non-negative or close to a non-negative number.

On the other hand, if f(xz) > 0 implies some property @Q(x), then it is not
always reasonable to expect that this property will be approximately satisfied when
f(z) > —e (or even when f(z) > 0). For example, if f(z) is a distance from a
point x to the unit disk (interior of the unit circle), then the condition f(z) > 0
describes all the points x outside the disk, while the condition f(z) > 0 describes
all the points on the plane.

Need to consider bounded regions in practical problems. Elementary ge-
ometry deals with potentially infinite lines, potentially infinite planes, etc. In
practice, we always deal with a bounded region of space. In this bounded region

of space, all the parameters xy,xs, ... describing a geometric object are bounded
by some constants b, and b;: b; < x; < b;. In other wor(is, we only consider tuples
x = (21,9,...) from the corresponding box B = [by,b1] X [by,bo] X ..., and the

corresponding geometric results of the type

Veep (P(x) = Q(x)).

Similarly, from the practical viewpoint, we are only interested in constructed ob-
jects y from a certain bounded region Y, so the corresponding geometric results
will have a form

Vaep (P(x) = Jyey Q(z,y)).

Comment. There is also a theoretical need to restrict ourselves to bounded domains,
a need which is easy to explain on the following simple geometric example. If two
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lines ¢ and ¢ are parallel, then for every two points A, A" € ¢, the distances from
these points to the line ¢ are exactly the same: d(A,¢') = d(A', ().

In practice, lines are never exactly parallel, they are approximately parallel. If
¢’ is approximately parallel to ¢, and close enough to being parallel, then within
each bounded region B, the difference d(A,¢") — d(A’,¢') is still small. However, if
we consider the whole plane (or the whole 3-D space), then, no matter how small
the deviation from parallelism, the difference d(A,¢') — d(A’, ¢') grows to infinity if
we consider points A and A" which are further and further away.

In other words, to properly formulate the robustness property, we need to
restrict ourselves to bounded regions.

Now, we are ready to formulate the main results.

3. Deiinitions and Results
3.1. General Definitions

Definition 1. By a geometric object x (or a combination of geometric objects),
we mean a tuple of real numbers x = (xy1, T, .. .).

Definition 2. By a geometric quantity f(x), we mean a computable and contin-
uous function of several variables .

Detinition 3.

e By a basic geometric property, we mean a property of one of the types
f@)=g(x), f(x)#g(x), flz)<g(x), or f(z) <glz).

e By a geometric property of type P, we mean a property of the type
P (z)& ... & P, (z), where all P,(x) are basic geometric properties.

e By a geometric property of type Q, we mean a property of the type

Qi1(x) V...V Qun(x),

where all Q;(x) are geometric properties of type P.

Comment. In this definition, we do not explicitly list basic geometric properties of
the type f(x) > g(z) and f(z) > g(z), since they can be reformulated in the form

g(x) < f(z) or, accordingly, g(x) < f(z).

Definition 4. Let P(x) & P(x)& ... & P,(x) be a geometric property of
type P, let 6 = (1,...,0m) be a tuple of computable positive numbers, and
let x be a computable geometric object. We say that the geometric prop-

erty P(z) is satisfied with accuracy o0 is the object x satisfies the property

Pi(z) € P(2)& ... & P’ (x), where for every i:
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if P,(x) has the form fi(x) = gi(x), then the property P?(x) has the form

| fi(x) — gi(x)] < &;

if P,(x) has the form fi(z) # gi(x), then the property P?(x) has the form

|fi(z) = gi(2)| = 033

if Pi(z) has the form fi(z) < gi(x), then the property P?(x) has the form

fiz) < gi(z) + bi;
if P,(x) has the form fi(z) < gi(x), then the property P?(x) has the form

fi(z) < gi(x) — 6;.

Definition 5. Let Q(z) o Qi1(z) V...V Qn(x) be a geometric property of type

Q, where Qi(x) = Qu(x)&Qu(x)& ..., let ¢ > 0 be a computable positive
number, and let x be a computable geometric object. We say that the geometric
property Q(z) is satisfied with accuracy e is the object x satisfies the property

Q°(2) ¥ Q5(x) V...V Q5 (x), where Q5(x) = Q5 (2) & Q5(x) & ..., and for every
1 and j:

e if Qij(x) has the form fi;j(x) = gij(x), then Q5;(x) has the form
| fij(z) — gi5(z)| < &
o if Q;;(x) has the form f;;(x) # gij(x), then no inequality need to be satisfied;

o if Qij(x) has the form fi;(x) < gi;(x) or fij(x) < gi;(x), then Q5;(x) has the
form f”(ZL‘) S gzj<5(7) + €.

3.2. Case of No Constructions

Proposition 1. Let P(z) be a geometric property of type P, Q(x) be a geometric
property of type Q, and let B be a box. Then, for each tuple §, there exists
an ¢ > 0 for which Vacp (P°(z) = Q°(z)). Moreover, there exists the smallest
non-negative number ¢ for which this implication holds.

Comment. For reader’s convenience, all the proofs are placed in the special Proofs
sections.

Notation. For each P(z), Q(x), B, and 0, the smallest number ¢ for which the
implication Yxcp (P°(z) = Q°(x)) holds will be denoted by cpq 5(9).

Proposition 2. /f Vocp (P(x) = Q(x)), then epgp(d) — 0 as § — 0.

Comment. Replacing an equality f;(z) = g;(x) with an inequality | f;(z) —g;(z)| < 6
weakens the original condition (makes it more general and easier to satisfy).
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On the other hand, replacing the condition f;(z) # g;(x) with the inequality
|fi(x) —gi(x)| > §; > 0 makes the condition stronger. Can we leave such conditions
fi(z) # gi(x) intact and still get meaningful results — e.g., Proposition 2? A simple
example shows that this is not possible.

As such an example, let us consider the historically first use of Pythagoras
theorem - to make sure that the angle is right. The corresponding geometric
result states that if AB # 0, BC # 0, and AC? = AB? + BC?, then the angle at B
is equal to 90 degrees.

Our result states that if AB > 6, >0, BC > §, > 0, and |AC? — AB? — BC?| <
< 93 > 0, then the angle at the vertex B is close to 90°, and the difference between
the actual angle and 90° tends to O when §; — 0.

On the other hand, if we simply keep the inequalities AB # 0 and BC' # 0, and
only replace the equality with the corresponding inequality |AC? — AB? — BC?| <
< 93 > 0, then we would not be able to say anything about the angle at B —
because we could take any triangle, with any angles, shrink to a small enough
size, and the inequality |[AC? — AB? — BC?| < 65 will be trivially satisfied, simply
because all three sides AB, BC, and AC are very small.

Discussion. The value epg 5(0) is the smallest number e for which, if the ge-
ometric property P(z) is satisfied with accuracy d, then the geometric property
Q(z) is satisfied with accuracy . In other words, this number characterizes the
“degree of robustness” of the original result Vzcp (P(x) = Q(x)) to the fact that
the geometric property P(z) may only be satisfied with a (given) accuracy §.

The following result shows how to compute this “degree of robustness”

5p,Q,B(5).

Definition 6. For any real number n > 0, we say that the tuples § = (01,09, ...)
and &' = (07,04, ...) are n-close if |6; — 0| < n for all i.

Theorem 1. There exists an algorithm that:

e given a geometric property P of type P, a geometric property Q) of type
Q, a computable box B, a computable tuple o, and a computable number
n>0,

o returns computable real numbers &' and <" for which " < epg p(d) < &
and for which €' = epg p(0') and " = epg p(d") for some tuples §' and §"
which are n-close to .

Discussion. In other words, we can compute the desired degree of robustness with
an arbitrary accuracy.

Comment. The fact that we are allowing to slightly change the values §; is OK
from the practical viewpoint, since in practice, we usually only know the accuracies
0; themselves with some uncertainty. From the theoretical viewpoint, something
like this is inevitable, because the exact computation of the “degree of robustness”
epg.B(0) is not always algorithmically possible:
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Proposition 3. No algorithm is possible that, given a geometric property P of
type P, a geometric property Q) of type Q, a computable box B, and a computable
tuple 9, always computes the value cpg (9).

Comment. It should be mentioned that even when an algorithm for computing
epg.5(0) is possible, this algorithm may take a very long time. For example, in the
situation when we have no conditions P(x), and Q(x) consists of a simple equality
g(x) = 0 for some non-negative function g(z), the problem of computing the value
epg,B(0) becomes the problem of computing the maximum of a computable non-
negative function g(z) on a given box B. This problem is known to be NP-hard;
see, e.g., [2,8].

3.3. Case of Constructions

Proposition 4. Let P(x) be a geometric property of type P, Q(z,y) be a geomet-
ric property of type Q, and let B and Y be boxes. Then, for each tuple 0, there
exists an € > 0 for which Vazcp (P°(z) = Jyey Q°(z,y)). Moreover, there exists
the smallest non-negative number ¢ for which this implication holds.

Notation. For each P(z), Q(z), B, Y, and o, the smallest number ¢ for which the
implication Yxcp (P°(x) = Jyey Q°(x,y)) holds will be denoted by cpg 5y ().

Proposition 5. If Vocp (P(x) = Jyey Q(z,y)), then cpgpy(d) = 0 as 6 — 0.
Theorem 2. There exists an algorithm that:
e given a geometric property P of type P, a geometric property @ of type

Q, computable boxes B and Y, a computable tuple §, and a computable
number n > 0,

e returns computable real numbers ¢ and <" for which " < epgpy(d) < ¢
and for which ¢’ = epgpy(d') and " = epg py (") for some tuples §' and
0" which are n-close to 6.

Comment. In this result, we simply return the corresponding degree of robustness.
[t is also possible to compute the corresponding object y:

Theorem 3. There exists an algorithm that:
e given a geometric property P of type P, a geometric property Q) of type

Q, computable boxes B and Y, a computable tuple o, a computable object
x € B that satisfies the property P°(x), and a computable number n > 0,

e returns a computable object y' € Y which satisfies the property Q°(x,y),
where € = epg py(d') +n for some tuple 0" which is n-close to 4.
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4. Proofs

Proof of Proposition 1.

1°. Let us first analyze the property P°(z).

By definition, the property P°(z) is satisfied if all the properties P?(x)
are satisfied. ~ Each of the properties P?(x) is an inequality of the type
f(z) < g(x) for some continuous functions f(z) and g(z). Thus, for each i, the set
{x: f(x) < g(z)} of all objects x that satisfy the property P?(z) is closed. Hence,
the set of all the objects = which satisfy all m properties P?(x) is also closed.

The box B is closed and bounded. Hence, the set S° of all the objects z € B
that satisfy the property P°(z) = P}(z) & P§(z) & ... is a closed subset of the box,

and thus also bounded and close — therefore, compact.

2°. Let us now analyze the desired property @Q°(x). This property is a logical
combination of the properties Qf;(x).
For each x € S, the property QF;() is equivalent to ¢;;j(v) < e, where:

o for basic properties @Q;;(z) of the type fi;(xr) = g¢i(z), we have
def
qij(z) = |fij(x) — gi5(x)|; and
e for basic properties ();;(z) of the type f;;j(x) < g;j(x) or fi;(z) < gij(z), we
def
have ¢;;(x) = fi;(x) — gi; ().

It is known that the condition (a(z) <€) & (b(x) < €) is equivalent to a single
inequality max(a(x),b(x)) < e. Thus, each property

Qi (2) = Q5 () & QL& ... = (ga(x) <e) & (gio(x) <e)& ...

is equivalent to ¢;(x) < e, where ¢;(z) o max (g (), gie(z),...).
Similarly, the logical combination (a(z) < ) V (b(x) < ¢) is equivalent to a
single inequality min(a(x),b(x)) < e. Thus, the property

Q) =Qi(x) VA5V ... = (qi(z) <€)V (g2(z) <) V...

is equivalent to g(z) < e, where ¢(z) & min(q(z), ¢2(), . ..).

3°. From Parts 1 and 2 of this proof, we conclude that the implication
Vaep (P°(z) = Q°(z)) is equivalent to requiring that q(z) < ¢ for all x € S°,
i.e., equivalent to requiring that ¢ is larger than or equal to the maximum of the
function g(z) on the compact set S°.

The function ¢(z) is obtained by applying continuous functions max and min to
continuous functions ¢;;(x) and is, therefore, continuous itself. Every continuous
function is bounded on a compact set S°, and thus has a finite maximum. This
maximum is the smallest € for which the above implication holds. The proposition
is proven.

as 0 — 0, i.e.,

Proof of Proposition 2. We want to prove that epg p(d) — 0
f 9; < [ for all 4, then

that for every a > 0, there exists a § > 0 such that if ¢;
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ep.B(0) < a. Let us prove this result by contradiction. Let us assume that this
property is not true, i.e., that there exists an a > 0 for which, for every § > 0 -
in particular, for § = 1/n for every natural number n > 0 — there exists a §(n) for
which d(n); < 1/n for all i and epg p(d(n)) > a.

According to Proposition 1, epg 5(d(n)) is the maximum of the function ¢(z)
on the set S°™ = {x € B : P’™(x)}. For each n, this maximum is attained at
some point z(n), so we have epg p(d(n)) = ¢(x(n)) and thus, ¢(xz(n)) > a.

Since the box B is compact, from the sequence x(n), we can select a convergent
subsequence. Without losing generality, we can assume that x(n) is this convergent
subsequence, i.e., that x(n) — ¢ for some point ¢ € B.

From the condition ¢(z(n)) > «, in the limit, we get ¢(¢) > a > 0.

For each n, the point x(n) satisfies the property P (x). For i for which P;(x)
has the form f;(z) = g;(z), this means that |f;(z(n)) — g;(x(n))| < d;(n) < 1/n. In
the limit n — oo, we get [fi(¢) — g;({)| < 0, hence f;({) = g;(¢). Thus, the point
¢ satisfies the property P;. Similarly, we can prove that the point ¢ satisfies all m
properties P;(z). Therefore, the point £ € B satisfies the property P.

Since we assumed that for elements of B, the property P(x) implies Q(z), we
thus conclude that the property Q(¢) holds as well. One can check, however, that
the property Q(z) = Q1(x) VQ2(z) V..., with Q;(z) = Qi1 (z) & Qia(z) V... implies
that

q(z) = max(q(z), g2(2),...) =
max(min(qi1 (), q12(z), . ..), min(ga1 (), ga2(x), .. .),...) <0,
which contradicts to our conclusion that ¢(¢) > 0.

The contradiction proves that epg 5(6) — 0 when ¢ — 0. The proposition is
proven.

Proof of Theorem 1. For each tuple § = (01,02,...) and for each real number
n' > 0, we will consider the tuple §' = (61, 65,...) in which 6] = 6; + s; - 0/, where:

e for the indices ¢ for which the property P;(z) has the form f;(z) = g;(x) or
fi(z) < gi(z), we take s; = 1, and

e for the indices ¢ for which the property P,(z) has the form f;(z) # g¢;(x) or
fi(z) < gi(z), we take s; = —1.

. . def
For each real number 7" > 0, we will also consider 67 = §; — s; - 1"

In the proof of Proposition 1, we showed that the property Q°(zx) is equivalent
to a single inequality ¢(z) < e for an appropriate computable function ¢(z). Let us
describe a similar equivalence for the property P% (x):

e For properties P;(z) of the type fi(z) = gi(z), the corresponding property
P (z) has the form |fi(x) — g;(z)| < & + 7/, i.e., equivalently, p;(z) < 7,
where p;(z) © | fi(z) — gi(x)| — 6.

e For properties P;(x) of the type fi(z) # gi(z), the corresponding property
PY(x) has the form |fi(z) — g;(z)| > §; — 7/, i.e., equivalently, p;(z) < 7,
where p;(z) < 6, — | fi(x) — g:()].
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e For properties P;(x) of the type fi(z) < gi(z), the corresponding property
PY(z) has the form f;(z) < gi(z)+0;+1/, i.e., equivalently, p;(z) < n/, where

pi(z) € fi(z) — gi(x) — 3.

e For properties P;(x) of the type fi(z) < gi(z), the corresponding property
PY(z) has the form fi(z) < gi(z) — (6; — 1), i.e., equivalently, p;(z) < 77,

where p;(z) def fi(z) — gi(z) + 6.

In all four cases, each property P?(z) is equivalent to p;(x) < n/. Thus, the
property P (z) = P{ (2) & P§ (¥) & ... is equivalent to

(p1(z) <7') & (pa() <) & ...,

i.e., to p(z) <1/, where p(z) o max(p; (), p2(x),...) is a computable function.
Similarly, the property P°(z) is equivalent to p(z) < 0, and the property P (x)
is equivalent to p(z) < —n".
The value epg 5(6) is the maximum of the computable function ¢(x) on the set
S = {x € B: P°(z)}, i.e., on the set S° = {z € B : p(x) < 0}. Similarly, the
value epg p(d’) is the maximum of the computable function ¢(x) on the set

S" ={x € B:p(x) <n},

and the value epg p(0”) is the maximum of the computable function ¢(x) on the
set % ={x € B:p(z) < —n"}.
Here, ¢(z) < =1 = q(x) < 0= ¢(z) <n'. Thus,

{reB:plx)<—n"}C{rxeB:px)<0} C{xeB:px)<n}

The largest the set, the larger the maximum of the given function over this set;
therefore, €P7Q,B(§H) < €p7Q,B((S) < €p,Q7B<(5,).

[t is known (see Appendix) that for every computable function f(x) on a com-
putable compact set K (in particular, on the box B) and for every two computable
values a < @, it is algorithmically possible to find o € (a, @) for which the set
{z € K: f(x) < «a} is also a computable compact set. Thus, if we take o = 0 and
a =, we can find / € (0,7n) for which the set {z € B : p(z) < '} is a computable
compact. This is exactly the desired set S%'.

Since i’ < n, the corresponding tuples ¢’ and  are indeed n-close.

[t is also known that it is possible to algorithmically compute the maximum of
a computable function on a computable compact set. Thus, we can algorithmically
compute the corresponding value epg 5(d').

Similarly, by taking a = —n and @ = 0, we can find a value o € (—n,0) for

which the set {r € B : p(x) < a} is a computable compact. If we take n” ',

then the set {x € B : p(z) < a} = {x € B : p(x) < —n"} becomes exactly the
desired set S%".

Since a > —n, we have 1" < n and thus, the corresponding tuples ¢” and § are
indeed n-close.
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By computing the maximum of the computable function ¢(x) on the com-
putable compact set S%, we thus algorithmically compute the corresponding value
epo.p(0"). The theorem is proven.

Proof of Proposition 3 is based on the known fact that it is not possible to
algorithmically check whether a given computable real number a is equal to O or
not. Let us take B = [—1,1], let P(z) be an equality max(x,0) = 1, and let Q(x)
be an equality x = 1. The condition P(z) is only satisfied when = = 1, so clearly
here Vxep (P(x) = Q(x)).

In this case, the value epg p(d) is the maximum of the function |z — 1| on the
set $° = {z € [~1,1] : |max(z,0) — 1| < &;}.

Let us take 0, = 1 —|a|. If @ = 0, then §; = 1, so S° = [~1,1], and the
maximum epg p(6) is equal to 2 (it is attained when z = —1).

On the other hand, if a # 0, then §; < 1, so the corresponding condition P‘;(x)
has the form |max(z,0) — 1| < < 1. This condition is not satisfied when z <0,
because then max(z,0) = 0 and thus, |max(z,0) — 1| = 1 > ¢. Thus, for such a,
we always have z > 0, max(z,0) = x, and therefore, S° C [0,2]. In this case, the
largest value ¢ of the function |z — 1| cannot exceed 1.

If we could compute the value epg 5(§), then, by computing it with accuracy
1/3, we would be able to tell whether epg 5(d) =2 or epg 5(d) <1, and thus, we
would be able to tell whether a =0 or a # 0 — and this is known to be impossible.
The proposition is proven.

Proof of Proposition 4. Similarly to the proof of Proposition 1, the property
Q°(z,y) is equivalent to g(z,y) < e. Thus, the property Jycy Q°(x,y) is equivalent

to Jyey q(x,y) < ¢, i.e., equivalently, to ¢'(x) < e, where ¢/(z) = mi}r/l q(z,y).
ye

Since the function ¢(z,y) is continuous, and the set Y is compact, the function
¢'(x) is also a continuous function defined on a compact set, and thus, it has a
finite maximum. This maximum is the smallest ¢ for which the above implication
holds. The proposition is proven.

Proof of Proposition 5 is similar to the proof of Proposition 2, since the function
¢ (x) is continuous.

Proof of Theorem 2 is similar to the proof of Theorem 1, since for a computable
function ¢(z,y) on a computable compact Y, the maximum ¢'(z) = mi}r/l q(z,y) is
ye

also computable.

Proof of Theorem 3. By applying the algorithm from Theorem 2, we find
the value epgpy(8) for some 7n-close tuples & for which S° C S%. Here,
for every object x € B for which P°(x), we have P%(x) and thus, we have
Fyey Qereny (@) (z,y).

This means, in its turn, that gél}l/l q(z,y) < epgpy(d). On a compact set, the

minimum is attained, so there is some point y, for which ¢(x, yo) < epg By ().
By definition of a computable compact, for every n, we can algorithmically

produce a computable 27"-net in this set. By enumerating all possible elements

of these nets, we will get, in particular, points y which are arbitrarily close to .
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For such points, ¢(z,y) can be arbitrarily close to ¢(x, ). Thus, by considering
all such points y and computing ¢(z,y) with sufficient accuracy, we will eventually

find y for which g(z,y) < e ¥ epgpy () +n. This means, in terms, that these z
and y satisfy the property Q°(x,y). The theorem is proven.

[u——y
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A Computable Functions: Brief Reminder

For details, see, e.g., [2,9].

e A real number z is called computable if there exists an algorithm that, given
a natural number k, returns a rational number ry, for which |r;, — z| < 27

o A tuple is called computable if all its elements are computable.

e A function f(zy,...,z,) from real numbers to real numbers is called com-
putable if there exist two algorithms:

— an algorithm that, given rational numbers r,...,7,, and an integer £,
returns a rational number r for which |r — f(r,...,7,)] < 27%; and

— an algorithm that, given a rational number ¢ > 0, returns a rational
number § > 0 such that if |x; — 2}| < § for all 4, then

|flar, . m) = f(@,. 2| <e.
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A compact set K is called computable if there exists an algorithm that, given
a natural number n, generates a finite 27 "-net for this set, i.e., a finite set
such that every element z € K is 27"-close to one of the points on this list.

e There exists an algorithm that, given a computable function f(xy,...,z,) on
a computable compact set K, returns the maximum and the minimum of the
function f(x) over this set.

e There exists an algorithm that, given a computable function f(z,y) on a
computable compact set X x Y, returns the computable functions max f(z,y)
ye

and min f(z,y).

e For every computable compact set K, for every computable function f(z),
and for every two computable numbers o < @, we can algorithmically find
a value a € (o, @) for which the set {x € K : f(z) < a} is a computable
compact set.

KAK CIEJIATb 3JIEMEHTAPHYIO TEOMETPHIO BOJIEE YCTOHYHUBOH
U TEM CAMBIM BOJIEE MPAKTUYHOW: OBIIIUE AJITOPUTMbI

O. Komenesa
K.(.-M.H., nouent, e-mail: olgak@utep.edu

Texacckuit ynusepcutet B dsib [laco, CIIA

AHHoTauma. MHorue pe3ysbTaThbl 3J€MEHTAPHOH TeOMETPHUH MPEATOJAaraloT mouHoe
paseHcmB80o MeXIY HEKOTOPBIMH yIJaMH WM paccTosiHusiMH. OnHako, Ha MpPakTHKe,
PaBeHCTBO OBIBAET TOJBKO MPUOMHKEHHOE. B TaKMX CUTyalUsiX TPaoULUOHHBIE Pe3YJb-
TaThl HE T03BOJISIOT HAM JieJaTh KaKue-Jau0o0 BbIBOALL. TakuM o6pa3oM, 4ToObl cliesaTh
3JIEeMEHTapHYI0 reoMeTpuio GoJiee MPAKTHUECKOH, HYXKHO clesaTh €€ GoJiee yCTOHYM-
BOM, T.e. IPUMEHUMO#H TaK>Ke U K CUTYyallUsiM, KOT[la y HAC €CThb TOJBKO MPUOJUKEHHOE
paBeHCcTBO. Heo6XxonMMOCTb TakOH yCTOMYMBOH BepCHM reOMETPHUYECKHX pPe3y/lbTaToB
0YeBHIHA, U CYLIECTBYET MHOTO TaKWX Bepcui. B artoii pabore Mbl mpuBoaMM o6IiHe
aJITOPUTMBI [1Jis1 TIOJY4YeHHs] TAKUX YCTOHUMBBIX PE3YJIbTAaTOB.

KaioueBbie ciioBa: 3/ieMeHTapHasi TeOMETpPHUs], YCTOHUUBAS FeOMETpHs, PaKTHYeCKHe
TIPUJIOKEHHST TEOMETPUU, TeOMETPHUUECKHE aJTOPUTMBL.
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Abstract. To gauge the accuracy of a measuring instrument, engineers ana-
lyze possible factors contributing to the instrument’s inaccuracy. In addition
to known factors, however, there are usually unknown factors which also
contribute to the instrument’s inaccuracy. To properly gauge the instrument’s
accuracy — and thus, to make sure that we do not compromise our safety
by underestimating the inaccuracy - we need to also take these “unknown
unknowns” into account. In practice, this is usually done by multiplying the
original estimate for inaccuracy by a “safety” factor of 2. In this paper, we
provide a possible theoretical explanation for this empirical factor.

Keywords: safety factor, measurement accuracy, Laplace principle of indiffer-
ence.

1. Safety Factor: Description of the Problem

What is a safety factor? When engineers design an accurate measuring instru-
ment, they try their best to make it as accurate as possible. For this purpose, they
apply known techniques to eliminate (or at least to drastically decrease) all major
sources of error. For example:

e thermal noise can be drastically decreased by cooling,

e the effect of the outside electromagnetic fields can be drastically decreased
by barriers made of conductive or magnetic materials,

e the effect of vibration can be decreased by an appropriate suspension, etc.

Once the largest sources of inaccuracy are (largely) eliminated, we need to deal
with the next largest sources, etc. No matter how many sources of inaccuracy we
deal with, there is always the next one. As a result, we can never fully eliminate
all possible sources of inaccuracy.
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At each stage of the instrument design, we usually understand reasonably well
what is the main source of the remaining inaccuracy, and how to gauge the corre-
sponding inaccuracy. As a result, we have a good estimate for the largest possible
value A of the inaccuracy caused by this source.

This value A, however, does not provide a full description of the measurement
inaccuracy. Indeed, in addition to the “known unknown" (the known main source
of remaining inaccuracy), there are also “unknown unknowns” — smaller additional
factors that also contribute to measurement inaccuracy.

To take these “unknown unknowns” into account, practitioners usually multiply
A by a larger-than-one factor. This factor is known as the safety factor.

A related idea is used when we design engineering objects such as roads,
bridges, houses, etc. For example, when we design a bridge, we want to make
sure that its deformation caused by different loads does not exceed the limit after
which catastrophic changes may occur. For this purpose, we first estimate the
deformation caused by the known factors, and then — to be on the safe side —
multiply this deformation by a safety factor.

Safety factor of 2 is most frequently used. In civil engineering, a usual recom-
mendation is to use the safety factor of 2; see, e.g., [6].
This value has been in used for more than 150 years: according to [5], the
earliest recorded use of this value can traced to a book published in 1858 [3].
This value is also widely used beyond standard civil engineering projects: e.g.,
it was used in the design of Buran, a successful Soviet-made fully automatic
pilotless Space Shuttle [2].

Comment. 1t should be mentioned that in situations requiring extreme caution —
e.g., in piloted space flights — usually, a larger value of safety factor is used, to
provide additional safety.

Open problem. The fact that the safety factor of 2 has been in use for more than
150 years shows that this value is reasonable. However, there seems to be no
convincing explanation of why this particular value is empirically reasonable.

In this paper, we provide a possible theoretical explanation for this value.

2. Safety Factor of 2: Qur Explanation

Analysis of the problem. We know that in addition to the largest inaccuracy
of size A, there is also next largest inaccuracy of size A; < A. Once we take
that inaccuracy into account, then we will need to take into account the next
inaccuracy, of size Ay < Ay, etc. The final inaccuracy can be estimated as the sum
of all these inaccuracies, i.e., as the sum A + A; + Ay + ..., where

< A <A< < Ay <A <A

To estimate this sum, it is therefore necessary to estimate all the sizes Ay, Ao,

Let us estimate these sizes one by one.
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Estimating A,. The only information that we have about the value A; is that it
is larger than 0 and smaller than A. In other words, in principle, A; can take any
value from the interval (0,A). We have no information about the probabilities of
different values from this interval.

Since we have no reason to think that some specific value from this interval
is more probable and some other specific value is less probable, it is reasonable
to assume that all the values from this interval are equally probable. This argu-
ment — known as Laplace principle of indifference — is widely used in statistics
applications; see, e.g., [1,4]

In precise terms, this means that we assume that the distribution of possible
values A; on the interval (0,A) is uniform. For the uniform distribution on an
interval, the expected value is the interval’s midpoint. Thus, the expected value of
Ay is equal to A/2.

This expected value is what we will use as an estimate for A;.

Estimating A,, etc. Once we produced an estimate A; = A,, a next step is to
estimate the next inaccuracy component A,. The only information that we have
about the value A, is that it is larger than 0 and smaller than A;. In other words, in
principle, Ay can take any value from the interval (0, A;). We have no information
about the probability of different values from this interval. Thus, similarly to the
previous section, it is reasonable to assume that A, is uniformly distributed on
the interval (0, A;). In this case, the expected value of A, is equal to A;/2. This
expected value Ay = A;/2 is what we will use as an estimate for A,.

Similarly, we conclude that a reasonable estimate for Az < Ay is Az = Ay/2,
and, in general, that for every k, a reasonable estimate for Agy1 < Ay is Apyq =

Adding up all these estimates lead to the desired explanation. From A; =
A/2 and A1 = Ag/2, we can conclude, by induction, that A, = 27%.A. Substitut-
ing these estimates into the formula for the overall inaccuracy § = A+A;+As+. . .,
we conclude that

S=A+2""A+4277 A+ .. =(1+27"+272+..) A

The sum of the geometric progression 1+ 271 42724 ... is 2, so we get § = 2A.
This is exactly the formula that we tried to explain — with a safety factor of
two.
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TEOPETHYECKOE ObbACHEHHME HCIIOJIb30OBAHHUA KOYPPHUIITUEHTA
«HAJTE2XKHOCTH» 2

Hx. JlopkoBckuii
acmupanT, e-mail: lorkowski@computer.org
B. KpeitHoBuu
K.(.-M.H., npodeccop, e-mail: vladik@utep.edu

Texacckuit yHuBepcutet B dsib [laco, CIIA

AnHoTtauusa. YToObl OLEHHUTb TOUHOCTb MU3MEPUTENBHOI0 NPUOOpPa, HHXKEeHepbl aHaJu-
3UpYIOT BO3MOXKHble (DAaKTOPbl, COCOOHbIE BbI3BaTh MorpemHocTb. OnHaKo, B 106aBOK
K M3BEeCTHBIM (paKTOpaM, OOBIUHO CYIIEeCTBYIOT HEH3BECTHbIE (hPaKTOPBI, KOTOPbIE TaKKe
CNoCOGHBI BbI3BATH MOrPELIHOCTh. UTOOBI MPaBUIBHO OLEHHUTb TOYHOCTb Mpudopa U
TeM CaMblM YOeIUTbCS, YTO MBI He PHUCKyeM Hal&XHOCTbIO, HENOOLIeHHBasl NOrpeLl-
HOCTb, MBI JIOJKHBI TaKKe PUHHMaTb BO BHHUMaHHe 3TH «HEH3BeCTHble HEH3BECTHHIE».
Ha npakrtuke /51 3TOr0 M3Ha4aslbHYIO OLIEHKY I[OTrPELIHOCTH OOBIYHO YMHOXKAIOT Ha
KO3((PUINEHT «HANEKHOCTH» 2. B naHHOH cTaTbe MBI TIPEACTABJSIEM BO3MOXKHOE TEO-
peTHuecKoe 0ObsICHEHHE /sl 3TOT0 IMIUPUYECKOr0 KOd((PULIKEHTA.

KuaroueBbie cioBa: KodD(PULHEHT HALEKHOCTH, TOYHOCTb HU3MepeHUs, NPUHIUN 6e3-
pasauuus Jlansnaca.
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AnHoTtanusa. Pazpa6oTaH MeTOL M NMOCTPOEH BBIUUC/UTE/bHBIH alrOpPUTM, M03-
BOJISIIOIIME (POPMHUPOBATh JHATHOCTHYECKHE CHMTOKOMIIJIEKCH C MOMOILbBIO Be-
POSITHOCTHOTO MeTOla paclo3HaBaHHs. B pamMkKax Teopuu JaTEHTHOTO aHa/au3a
c(hOpMYyJIUPOBAHBl YTBEPXKAEHHE, JeMMa H TeopeMa, IMO03BOJSIOIINE HAaXOAUTb
anoCcTepHOpHble BEPOSITHOCTH Ha 6ase aJibTepHATUBHBIX MOKa3aTeJseld ¢ UCIOJb-
30BaHHMEM OPTOrOHAJbHOH (paKTOPHOH CTPYKTYPHI.

KuroueBble cjoBa: CUMITOMOKOMILJIEKC, (paKTOpHAasi MOfeJib, JaTeHTHas Mo-
[eJib, KOppeJsILMOHHBIN aHaNn3, MapruHajbHOe pacrpenesieHrde, MapruHal.

1. Beenenue

M3BecTHO, YTO MHOrOMEpHBIH (PAKTOPHBIH aHAIN3 NPUMEHSeTCs IPEeUMYILeCTBeH-
HO i1 00pabOTKH KOJIMUECTBEHHBIX MOKa3aTesed. B ocHoBe /060ro (hakTOpPHOrO
UCCJIeIOBAHHUS JIEKUT KOppeJsiiMOHHAas MaTpula, MoJyyeHHas Ha 06as3e HCXOAHbIX
KOJIMYeCTBEHHBIX [0Ka3aTeJied, HMEeILMX HopMaJ/bHOe pacnpeaeseHre Ul X0Ts Obl
6auskoe K Hemy [1, 2]. Ho, K coxkajieHWt0, He Bcerga nepeMeHHble MOTYT ObITb
n3MepeHbl KosnndecTBeHHO. Oco60 4acTo BCTpeyalTcsl MepeMeHHble, KOTOpble 00-
JIaJal0T aJbTepPHATHBHOW Bapuauued. Huxkecjenyrmolmuid MateMaTHuecKHMd anmapat
M03BOJIIeT HCIIOJb30BaThb MOAENH (PAKTOPHOIO aHa/Iu3a AJjs 00pabOTKH ajbTepHa-
TUBHBIX JaHHBIX U (DOPMHUPOBATh 3aBUCUMble M HE3aBUCHMble CUMIITOMOKOMIJIEKCHI
C TIOMOILILBIO JIATEHTHOTO aHAaJ/HN3a.

2. IlocraHoBKa 3amauu

O603HaUUM KOJIMYECTBO OOBEKTOB HCCJAENOBAHUS KaK m — 00beM BBIOOPKH, a
KOJIMYEeCTBO M3MepsieMbIX MapaMeTpoB KaK m — pa3MepHOCTb BBIOOPKHU. Torma uc-
XOJIHble aJibTepPHATHBHblE NaHHble AJ51 (PAKTOPHOIO HCCJeJOBAHUS NPEeACTaBJSAOT-
csi B BUIe TaOJHILbl, CTOJOLB KOTOPOH — OOBEKThl HCCJAEeOBaHUS, a CTPOKH —
3HAYeHHUs M3MepsieMblX MapaMeTpoB Y KOHKpeTHoro obObekra. [lasee mnosydeHHas
Tab/julla 3aMUCbiBaeTCsl B BHIE MaTpULBl Y pPasMepHOCTH m X n. DJNeMeHT 3TOH
MaTpuLbl 0003HAYUM Kak ¥;;, TAe MHAEKC i=1,...,m OTHOCHTCA K NapameTpam, a
uHaekc j=1,...,n — K oObeKkTaM, q; — UHUCJIO €AUHUI] B ¢-Oi CTPOKE MATpUIlbl Y .
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Ka)K}lbIﬁ CTOJI6€L[ 3TOH MaTpHuLbl MOXKHO paCCMaTpUBaTb B BHIE BeKTOpa-O6’beKTa

ucc/IeIoBaHUs U 0003HauaTh 4; = (Yij, .- -, Ym;). CTaHIApPTHOE OTKJOHEHHE U BbI-
60poUHOe MaTeMaTH4yecKoe OXKHAAHHe i-TO MoKasaTesiss 0003HaYUM COOTBETCTBEHHO
1 a? _ Q;
KaK s; = o —— | By, = —.
n—1 n n

I[.HH AJIbTEPHATUBHBIX OaHHBIX MOAEJb (paKTOpHOI‘O daHaJiM3a IMpenJiaraetcda B
cjenyroumem BUOE:

Z = AF, (1)
rae /Z — MaTpulla CTaHAAPTHU30BAHHBIX NAaHHBIX, MOJYYEHHBIX MO Qopmysie

Q;
o Yij — —
— yzg yt n (2)

Si 1 a?
a; — —
n—1< n)

pa3MepHOCTH m Xn, A — mMatpuua (akTOpHOTO 0TOOpaKeHHsT Pa3MepPHOCTH m X1, F'
— Marpuia (akTOPHbIX 3HAYEHHE PA3MEPHOCTH " X N, ' — KOJUYECTBO BbIAEJSIEMBIX
daktopoB. Huxe cienyioliasi Teopema Mo3BoJisieT HaM CTPOUTH (haKTOPHbIE MOIEJH
Ha aJbTePHATHBHBIX MMOKa3aTeJIsix.

Teopema 1. ®yHnnamenranbHasi Teopema TepcToyHa crpaBeluBa Js ajbTep-
HaTUBHBIX OaHHBIX [1].

[Tonarast oTCyTCTBHE KOPPEJSIHOHHON 3aBUCHMOCTH MeXIY (haKTopaMu, MaTpPH-
Iy BECOBHIX Harpy3ok (hakTopoB A MOXKHO HaXOHHTb Pa3JUYHBIMH OPTOTOHAJBbHBIMH
MeTofaMH (haKTOPHOrO aHa/ K3a (MeTOM IJIaBHBIX (DaKTOPOB C BapUMaKC BpAIllEHHEM,
MEeTOJl MUHHMaJIbHbIX OCTATKOB, METOA MakCHMMyMa npasaononobus u T.a1.) [1, 2].

Jlnsi ompenesieHHs] KOJIMYECTBA BhIJeNsieMbIX (DAKTOPOB MpejJjaraetcsi BHIOpPaTh
OJIHY WJIK HECKOJIbKO MPOLIEAYP: ONpeiesieHHe, OCHOBAHHOE Ha TpeBapUTEIbHOM HH-
(dopmanuu; onpejeseHle, OCHOBaHHOe Ha COOCTBEHHBIX 3HaueHUsIX (AaKTOPOB (Kpu-
TepUH «KaMEHHCTOH OCBIMH»); OMpeleseHre Ha OCHOBE MPOLEHTa 0ObSICHEHHON aHcC-
MEePCHH; METO/ PACIEeNeHUst U KPUTEPHH 3HAUHMOCTH.

3. BeposrHocTHBIN MeTOn (hOPMHPOBAHUSA OUATHOCTUYECKHX
CUMIITOMOKOMILJIEKCOB

CyTb JIaTEHTHOrO aHa/ju3a COCTOUT B 0O6pabOTKe TecTa WJIM aHKEThl, COCTOSILEH
U3 T BOIIPOCOB, KOTOpBbIE OTHOCATCH K HM3y4aeMOH CKpPHITOH XapakTepucTHKe. Bbl-
LleJleHHble BOMNPOCHI HAa3bIBAIOT SIBHBIMHU TepEMEHHBIMH, a CKPBITYI0 XapaKTEPUCTHKY
— JIaTeHTHOH nepeMeHHOH. B Teopuu TeCTOB CKpbITash XapaKTepPUCTHKA UHTepIpe-
TUPYEeTCS KaK ONHOMEPHBbIH JIaTeHTHBIH KOHTUHYYM (HempepbiBHasi JlaTeHTHas Ie-
pemenHasi) [4, 5]. [lepexonsi HemocpenCTBEHHO K MOCTPOEHHIO JAaTEHTHOH MOIEJNH
Ha 6ase a/jbTepHAaTUBHBIX NAHHBIX, BBENEM CJiefylollide 0003HAYeHUS: p; — OTHO-
IIEHHe YHKCJa JHL, T0J0XKHUTEJbHO OTBETUBIIMX Ha i-bld BONPOC K 0OOLIEMY YHUCJIY
PECHOHJEHTOB; p;; — OTHOLIEHHE UWCJIA JIMIL, MOJIOKHUTEIbHO OTBETHBLIMX Ha ¢-bId



Marematudeckue CTPyKTYpbl H MofeaupobaHue. 2014. Ne4(32) 95

M j-bld BOMPOCHI K OOIIEMY YMCJy PECHOHAEHTOB; p;; — OTHOLIEHHWE YHCJ/a JIHI,
T0JIOKMTEJbHO OTBETHUBLIMX HA i-bIH U OTPHULLATEJNbHO Ha j-bId BONPOCHI, K 0o0LleMy
UMC/IY PECHOHAEHTOB; p;; — OTHOLIEHHE YMCJIa JIML, OTPULATENbHO OTBETUBIINX Ha
t-bli M J-BIH BONPOCHI K OOILEMY YHMCJy DECIOHAEHTOB; p;j; — OTHOLIEHHEe 4YHCJa
JIMLL, TIOJIOKUTEJbHO OTBETUBIIUX HA i-blH, j-bli U k-blii BOMPOCH, K OOLIEMY UHUCIY
PECMOHIEHTOB; p;j; — OTHOILIEHHEe YKMCJ/IA JIMLL, MOJIOXKUTENbHO OTBETHBILIMX Ha i-bli
¥ k-blil BONPOCHI W OTPHIIATEJIbHO HA j-bli, K OOLIEMY YHC/Y DECIOHAEHTOB; P —
OTHOLLUEHHWe YHUCJ/a JIML, OTPULIaTe]bHO OTBETHUBILUMX Ha i-bId U j-bll BONPOCHI MPH
TOJIOXKUTEJNBHOM OTBETe Ha k-bl BOMPOC, K 00LIeMYy UHCJIY PecroHAeHTOB; p(x;) —
4acToTa, COOTBETCTBYIOILAS OTHOCUTEJIbHOMY 00BEMY i-TO KJacca; f](:v,) — Bepo-
STHOCTb TOJIOXKUTEJbHOIO OTBETa PECHNOHJEHTa Ha j-bld BONPOC, HAXOAACh B i-OM
KJacce; fjk(xl) — BEpPOSITHOCTH TMOJIOXKUTEJbHOIO OTBETA PEClOHAEeHTa Ha j-blH U
k-blli BONIPOCEI, HAXOAACh B 7-OM KJIaCCE; f~123(xi) — BEPOSATHOCTb MOJIOXKHUTEJBHO-
rO OTBETA PECHOHJEeHTa Ha IepBbId, BTOPOM U TPETHH BOINPOCH], HAXOAACH B i-OM
KJlacce.

Hcnoab3ys aTM NaHHble NPU NMOCTPOEHUH JaTEHTHOW MoJesHM Ha 0as3e ajbTepHa-
TUBHBIX TP HaJHW4YUM TpPeX BONPOCOB MU ABYX JATEHTHbIX KJ/acCOB, MOJy4aeM JHUC-
KPETHbIe KJIACChl PECIIOHIEHTOB U PA3PELIMMYI0 CUCTEMY YPaBHEHUH C NUCKPETHBIMU
rlepeMeHHbIMU:

)
p1 = fl(ﬂfl)ﬁg(fl) 1($2)€5(5E2)
p2 = fa(z1)d(x1) + folwa)d(x2)
p3 = f3(z1)d(x1) + f3(22)B(x2)
)

\

Jlnsi pelleHHs! cHcTeMbl ypaBHeHHUs (3) TpenJsaraetcst BOCIOJNb30BATbCS Pe3yJib-
TaTaMu U (OPMYyJIaMH U3 HHXKe CJIeAYIOLLero yTBepKAeHHs, JeMMbl U TeOPEMBI.

YrBepxkaenue. [Ipy 1M3BECTHOCTH BEPOSITHOCTEH JIATEHTHOH MOAEJNH C ABYMS
KJaccaMH M TPeMsi BONPOCAMU HAXOXKAEHHe 4acTOThl P(x;) CBOAUTCS K KaHOHHUe-
CKOMY YPaBHEHHIO TPSIMOH C TOYKOH (py, pa, p3) U HAINPABJSIOLIUM BEKTOPOM

= (fi(z:i) — fi(xy), fa(@i) — folzy), f3(2:) — falzy)),

rie i # j.

Jlemma. OTHollleHHe YCJOBHOTO MPOU3BeNEHHUS] TPEX BOIMPOCOB K MPOU3BENEHHIO
JIBYX BOINPOCOB B JIATEHTHOW MOJEJIM PABHO MPOU3BENEHUIO BEPOSTHOCTEH MOJIOXKHU-
TeJIbHOTO OTBETA PECIOHIEHTa Ha YCJOBHBIH BOMPOC.
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Teopema 2. Hanuure Bcex MapruHaJ/oB AJisl JaTeHTHOM MOZeNH C ABYMS KJacca-
MM U TpeMs BONPOCAMHM I103BOJISIET CBECTH IOUCK BCeX HEH3BECTHBIX BEPOSTHOCTEH
K pelleHHI0 TPEX KBaJApPaTHbIX ypaBHEHUH.

[lanee mpenmnosiaraeTcsi COBMECTHOe HCIOJb30BaHHE JIATEHTHOH MOJEIU U Op-
TOTOHAJIbHOH (DAaKTOPHOM CTPYKTYphl I/l MOCTPOEHMs ajaroputMa Mertona. [lepmas
3afaya Metoja — c(hopMHUPOBaATb HAOOP CUMIITOMOKOMILJIEKCOB, ONHUPAsiCh Ha OPTOro-
HaJ/IbHYI0 (PAKTOPHYIO CTPYKTYPY C yUETOM YPOBHSA 3HAYUMOCTH @ KO3(PpHULHEHTa N0
x? kputeputo. Bropast sagaya metona — [Jii KaxA0ro CHMITOMOKOMILJIEKCA HAHTH
AUAaTHOCTHYECKYIO LIKaay Ha 0ase mpocTeHlled JaTeHTHO-CTPYKTYPHOH MOJEJIH.

Jlns ynpouienus B Uessix AajbHeHIIero U3JnoKeHus BBeAEM (PYHKLHIO

ﬁ-k(xl), ecu y;; = 1

. (4)
1 — fir(z), ecam y;; =0,

Y (Yij) =

rie | — HOMep KJjacca U MOXeT NPUHHUMAThb 3HayeHWe 1 UM 2, k — HOMep CUMII-
TOMOKOMILIEKCA, fix(#;) — BEPOSITHOCTb MOJIOMKUTENBHOTO OTBETa PECHIOHIEHTa M3
[-oro kmacca Ha i-bli BONPOC, BLIOPAHHBIM KaK MapaMeTp, COCTABJSAIOIIMNA CUMIITO-
MOKOMILJIEKC. YCJIOBUEM BXOXIEHHUS NapaMeTPOB B 3aBUCUMbBIH HJIM HE3aBUCHUMBIH
CUMTOKOMIIJIEKC SIBJISIETCS 3HaUeHHe BECOBBIX Harpy30K COOTBETCTBYIOLIEro (pakTopa
Ha ypoBHe He HHXKe 0, .

BepodaTHOCTb NpPHUHAANEKHOCTH IE€PBOMY KJaCCy BBIYUCASETCS MNOCPeACTBOM
dopmy.bl baefica ¢ ucrnosnb3oBaHWeM BBeAEHHOH (PYHKLUHH

’Ylk(yakj)%k(ybkj)%k(yckj)
P(UYayjs Yorjs Yers) = 7 ()
(13fars: Yous» Yeus) ZQ%k(yakj)%k(ybkj)%k(yckj)

=1

rie ay, bg, cp — HOMepa TPEX mapaMeTpoB k-ro CUMITOMOKOMILJIEKCA.
Auaroputm meTtona:

1. W3 matpuubl Y nyTém 3/eMeHTapHOro npeobpa3oBaHusi MoJaydaeM MaTpuly Z
pasMepHOCTH M X n.

2. Buiuucssiem KoppessiiHoHHYI0 MaTpuny K.

3. C uesiblo UCKJIOYEHHS He3HAUYMMbIX MOKa3aTeJsied BbIUHCJSIEM BepPOSTHOCTHBIE
3HaYeHHs] YPOBHEH 3aBMCHMOCTH 10O (opmyse X2 = n - ¢ NPU eIUHUYHOH CTe-
MeHu CBOOOBI.

4. OmpenesisieM HauMeHblllee KOJHYECTBO BbIAEJSEMBIX (HAaKTOPOB (KPUTEpHH
['yTT™MaHa, KpUTEepHUH «KaMEHHOH OCBIMU» WJH APYTOH aneKBaTHBIH KPUTEPUi)
[1].

5. Haxomum oGIIHOCTH JIIOOBIM U3 U3BECTHBIX METOMAOB (Jyulle B3siTh METOH MH-
HUMaJIbHBIX ocTaTkoB) [1, 2, 6].

6. BeruncssieM mepBHYHYH OPTOTOHAJNBHYIO MAaTPULy BECOBBIX HArpy3ok (hakTo-
poB A pa3MepHOCTH m X r (METOA TJIaBHBIX (PAKTOPOB, METOA MUHHMaJbHBIX
OCTaTKOB WJIH /000U Apyro# agekBaTHbd Meton) [1, 2, 6].

7. TlonydyeHHY10 Ha MpelbIAYIIEM IIare MaTPUIly BECOBBIX HATrPy30K MOABEpraeM
OpTOrOHaJbHOMOY BpAILleHHI0 B COOTBETCTBUH C BapUMakC KpuTepuem [2, 6].
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8. OcyulecTB/sieM aHaJW3 OPTOrOHAJbHOH (PAKTOPHOH CTPYKTYPHI, MOJY4YEHHOH
nocJ/e BpallleHHs, U (POpMHUpyeM 3aBUCHMble U He3aBHUCUMble CHMIITOMOKOM-
TJIEKCHI.

9. lns KaXX10ro CUMITOMOKOMILJIEKCa (POPMUPYEM AMArHOCTUYECKYIO LIKAaJYy, Bbl-
UHCJIAS MapruHaJdbl U pellas CUCTEMY YpaBHeHHH (3), UCMOMb3ys pe3ysabTaThl
TeopeMbl 2.

10. ITo dopmyne (4) BbIYMC/IsIEM YaCTHBIE allOCTEPUOPHBIE BEPOSITHOCTU [JIsl BCEX
00BEKTOB HUCCJ/Ie0BaHUS.

4. 3akJjueHue

Jlano MaremaTuueckoe 0OOCHOBaHHe BO3MOXKHOCTH IPUMEHEHHs aJbTepPHATHB-
HBIX IaHHBIX B (DAKTOPHOM HCCJeN0BaHUHU. [lJI5l JaTeHTO-CTPYKTYpPHOH MOzesnH cop-
MYJHUPOBaHbl U [OKa3aHbl: YTBepKAeHHE, M03BOJSIOIIEe HAXOAUTb OTHOCHUTEJbHBIN
00beM COOTBETCTBYIOLLETO KJacca yepe3 KaHOHUYeCKOe ypaBHeHHe NpsaMoi; Jlemma
0 COOTHOLLUEHHWU YCJIOBHOT'O NPOU3BEAEHUS TPEX BONPOCOB K IPOU3BEIEHUIO IBYX BO-
npocos; Teopema 0 CBeleHHWH pelleHUs] CUCTEMbl yPaBHEHUM JATEHTHO-CTPYKTYPHOU
MOJZIeJIM K peLIeHUI0 TPEX KBAaAPATHLIX YPaBHEHUH.

Ha 6a3e nosyuyeHHBIX TeOpeTHUYECKHUX BBIKJIAN0K ITOCTPOEH BBIUHC/AUTE/bHBIN aJl-
TOPUTM, TO3BOJSIOIIMA CTPOUTb AUATHOCTHUYECKHE CHMTOKOMILJIEKCH Ha 0ase aJb-
TE€PHATUBHBIX NAaHHBIX, ONTUMAJbHOH OPTOTOHAJNBbHOH (PAKTOPHOW CTPYKTYpBHI, NPO-
CTeHIIel JaTeHTHO-CTPYKTYPHOH Moneaun u (opmysbl Baefica.
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THE PROBABILISTIC METHOD OF THE SET OF SYMPTOMS FORMATION

V.V. Goltyapin
PhD(Math.), Associate Professor, Senior Reseacher, e-mail: goltyapin@mail.ru

Omsk Branch of Sobolev Institute of Mathematics, Siberian Branch of the Russian
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Abstract. This paper presents a method for calculating the redistribution of the initial
and / or ongoing resources in a wide range of practical problems of optimal control.
The presented method is based on a special extension of the dynamic equations of the
system that formalizes the original problem. Additional terms of the right sides of
the equations describe the managed switch in currents linking the components of the
system state. Within a given intensity-sharing switch allows arbitrary reallocation of
module components (resources) while maintaining their current amount. The form of
the function, majorizing flow rate, is determined by the type of task. In problems of
the first type accommodation of the initial resources is a part of optimizable initial
conditions, and the reallocation of resources to the control interval is prohibited or
physically impossible. In problems of the second type initial conditions are hard
coded, but it is allowed to reallocate current total resources in the control interval. In
problems of the third type it is allowed to optimize the initial resource accommodation
as well as the reallocation of resources in the control interval.

Keywords: accommodation, reallocation, resources, flows, switching, dynamic sys-
tems, neural networks.
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HaunonanbHBIH HcCIen0BaTeNbCKUE TOMCKHN MOJUTEXHUUECKUH YHUBEPCUTET

AHnHoTtanusa. B cratee paccMaTpuBaeTcss MonesHpoBaHHE reo(U3HUYECKHUX I10-
Jeil. PerieHne 3a1ay, CBI3aHHBIX C H3yUeHHEM CBePXIJHHHONEPHOHBIX Tpollec-
coB, TOTPe6oBaNO pa3paboOTKH HOBBIX METOIOB MOIEJNHPOBAHHUS U SKCIIEPHUMEH-
TaJbHOTO aHa/ln3a NaHHbIX. ABTOPBI MMPENJAaraloT UCMOJb30BaTh CIEKTPAJbHBIN
MeTOJ pelleHus cucTeM nuddepeHIHaNIbHBIX YPAaBHEHHH, OMUCHIBAIOLIMX AHHA-
MHKY H3MeHEeHHs BepOSiTHOCTEH COCTOSIHMSI MapKOBCKOI'O Mpolecca B YCJOBH-
X HeCTalMOHAPHBIX BEPOSTHOCTEH Mepexona. YTBepKAaeTcsl, YTO MapPKOBCKHe
MpOLEeCChl SIBASIIOTCS OQHOW M3 BaXKHeUIIHWX MoOJeJeHd AJsl peajsbHO MPOTEKaro-
IMX TPOLECCOB B MPUPOLE, TaK KaK ammapaT UX AOCTaTOYHO XOpollo paspado-
taH. Mcnosb3oBaHue CrEKTPasbHOTO METOAA [Js PellleHUust CUcTeM nuddepeH-
LIMaJIbHBIX YPaBHEHWH NaéT cjelylollHe MpeuMyliecTBa: 1) oqHOponHoe mpen-
CTaBJIeHHe [1J1s Ofepaliil U NpoLeayp; 2) OXHOPOIHOe MPeACTaBJIeHHe OIHOMEp-
HBIX CHTHAJIOB; U 3) BO3MOKHOCTB MapaMeTpupoBaHus cpenbl. OcoOblil HHTepeC
BBI3bIBAET TOT Psl OOCTOSATEbCTB, KOTOPHIH CBfi3aH C OCJabsieHHeM BpeMeH-
HBIX 3aBUCHMOCTeH MopeJsiel, KoTopble B 06/1aCTH ONEPaTOPHBIX MPeACTaBIeHUN
CBOAATCS K NPOCTBIM NapaMeTpPHUYeCKUM CBSI3SM. TakuM 00pa3oM, JOCTHUraeTcs
He TOJbKO BO3MOMKHOCTb pelleHHs 3ajad U3 Oosee OOLIMPHOrO Kjacca, HO U
BO3MOXKHOCTb HAKOIJIeHHs] HHpopmauun. Pabota MoxKeT MpeacTaB/siTb HHTEpeC
IJ1s TeX, KTO 3aHUMaeTCsl MOJIeIMPOBAHUEM MPUPOAHBIX MPOLIECCOB.

KuroueBbie cioBa: MonenrdpoBaHue reoru3ndecKux MoJeld, AMHAMHKA H3MeHe-
HUH, MapKoBCcKHe Mpolecchl, HECTALLMOHAPHOCTH, HEYIOpPsII0YeHHbIe BEPOSITHO-
CTH, Te0JIOTUYECKasl CTPYKTypa, CTaTUCTHUECKHE METOABI, CTPYKTYpHOE H3Me-
HeHMe, CeTKa, CJydaliHble BeJIMYUHBI, TUCKPETHbIe epeMeHHble, METOJ HHTep-
NOJISILMH, CTALHOHAPHBIM CJay4YalHBIM MPOLeCC, NIUCKPETHOE COCTOSIHKE, IOCTO-
sIHHasl BpeMeHH, Mpefies 1peoOpa3oBaHusl.

Beenenue

Pabora nocpsilleHa MomenHpoBaHMIO reou3uueckux mnoJei. Ha coBpemeHHOM
JTare pasBUTHS HAyK O 3eMJie MPUXONUTCS MMEThb JeJO C MHOXKECTBOM, COLepXKa-
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ILIKM OTPOMHOE UHCJIO HEYTOPSI0UEHHBIX 3/1eMeHTOB. [IpakTHUuecKu onucaTh Bce 3TH
3J1eMEeHTBI, OTHOCSILIIMeCs K pasHbIM 00/acTsM 3HaHUH obllell HaykKu o 3emJie, OKa-
3bIBAETCS HEBO3MOXKHBIM. PellleHne 3a1a4, CB3aHHBIX C U3yYeHHEM CBepXIJIHMHHOIe-
PHUOJHBIX MPOLIECCOB TaKKe M0Tpe6oBao pa3pabOTKU HOBBIX METOIOB MOJEJUPOBa-
HUS U aHajiM3a dKCIIePUMEHTaJbHbIX NaHHBIX. ABTOpbl NaHHOU PaGOThl MpeAJaralT
UCIOJIb30BaTh CMEKTPaJbHbIH METOJ pelleHHUs] CUCTeM NHU(QepeHHaNbHbIX YpaBHe-
HUH, OMMUCBIBAIOIIMX NUHAMHUKY H3MEHEHHUS BepOSATHOCTEH COCTOSHHUS MapKOBCKOIO
rmpolecca B YCJIOBHSIX HECTAllMOHAPHBIX BEPOSITHOCTEH mepexona. ABTOPBI MPUBOASAT
000CHOBaHHUe MpejJaraeMoil MeTOAMKH: MapKOBCKHe MPOLECCHl ABJSIOTCS OLHOH U3
BaXXKHEHIIUX MOJeNeH Ui pea/lbHO NPOTEKAIIIUX MIPOLeCCOB B IPUPOJE; annapar ux
JOCTaTOUHO XOpoIlo pa3paboTaH U Ap. [IpakTHyecku Bce MpoLecch MOAEJIUPOBAHHUS,
B TOM WJIK MHOM CJyuae, HOCAT caAydalHblil xapakrtep. OTJAUUNUTENbHON 0COOEHHO-
CTbIO MAapPKOBCKHX IPOLLECCOB ABJISIETCH TO, UTO B KaXK/Jblil KOHKPETHBI MOMEHT Bpe-
MeHH JaJbHEeHIINH XOA TakKoro rnpouecca o6ycaaBaUBaeTCsl TONBKO €ro COCTOSIHHMEM
B 3TOT MOMEHT W He 3aBHUCHUT OT XapaKTepa Te4YeHHUs Npouecca B NpeallecTBOBABIINE
nepuonel. J{s MapKoBCKOro nporecca cyxeHue (1 Mofesb) 0 OyAyIIeM HUCKOJIBKO
He MeHsieTCs B CJlyyae paclidpeHHUsl WU Pe3KOro M3MeHeHUsl 3HAHWU OTHOCHUTEJbHO
NpeAllecTBOBaBIIEro nepuona. Mcrnonb3oBaHue CreKTpaJbHOIO METOAA A/ PelleHUs]
cucteM auddepeHIMaNbHBIX YPaBHEHHH NaéT cjenylollle npeuMyiectsa: 1) oqHo-
POZIHOE TIpelCTaBJeHHe MJis ONepalril U MPOLeAyp; 2) OLHOPOLHOE IMpeNCTaBJIeHHe
OJIHOMEPHBIX CHUT'HAJIOB; 3) BO3MOXKHOCTb MapaMeTpupoBaHus cpenbl. OcoOblil HHTe-
pec BBI3bIBAET TOT PN 00CTOATENbCTB, KOTOPBIM CBA3aH C ocJab/jeHreM BpeMeHHBIX
3aBUCUMOCTEH MojeJ/ed, KOTOpble B 00/1aCTH ONEepaTOPHBIX MpeNCcTaBJeHHUH CBOAAT-
CSl K MPOCTBIM MapaMeTpPUYeCKUM CBSI3SIM. TakuM 00pa3oM, AOCTHUraeTCsl He TOJbKO
BO3MOXKHOCTb pelleHUsl 3afad U3 Oosiee OOLIMPHOrO KJacca, HO U BO3MOXKHOCTb
Hakorn/eHus: uH(opmauuu. CrHeKTpasbHBId METOA TO3BOJSET MO0 JHUHEHHBIM ypaB-
HEHUSIM 3alucaTh SIBHOE BbIpaKeHHe MX pelleHUsl B 3aMKHYTOH (popme, MOJb3ysICh
CUMBOJIMKOH MaTpul. Mcrnosnb3oBaHHe CIEKTPaNbHOTO MeTOAa NPUBOAMT K aJqreb-
pandeckoi (opme CBfi3ed MeXIy XapaKTePUCTHKAMHU CUCTEeMBl. DTH CBSI3U yHOOHO
MPeICTaBUTh B MAaTPUUHO-ONEPATOPHOU (popMe. DTO MO3BOJSET MONYUNUTh BBIpaxKe-
HUe NepefaTOYHbIX (DYHKLHH, BBIXOAHBIX CUTHAJOB CUCTEM M HX XapaKTEPHUCTHK B
SIBHOM BHJ€, IPOBOAUTHL NpeoOpa3oBaHUe BbIPaKeHHUH, OMUCBIBAIOLIHAX UCCJ/EeNyEMYIO
CUCTEMY, B CHMBOJIMUECKOH (popMe C 11eJiblo UX ympolleHus. M nulib Ha KOHEUHOM
JTane UCCJaefloBaHUS 1151 HaXOXKAEHHS1 KOJMYECTBEHHbIX XapaKTEePUCTHK BBINOJIHATD
BBIYMCJIEHHSI Ha KOMIIBIOTEpe 0 MaTPHUYHO-ONepaTOpPHbIM (opMysnaM € MOMOLIbIO
CTAHJAPTHBIX MOANPOrPaMM M CIIPABOYHOIO MaTepHuala.

Teopusa

B pa3BUTHUM COBpeMEHHOH reOJIOTMM HaMeTHJach XapakTepHas TeHAEeHLHUS I10-
CJIe]0BaTeNbHOTO Tepexona OT AeTasbHbIX HCCAeNOBAaHHWH CTaTHYECKOH CTPYKTYpbI
pasyMuHBIX 000/04eK 3eMJH K H3yUeHHUI0 MPOLeCCOB, MPUBOASLIMX K 3BOJIOLUU
pas3JIMUHBIX Te0O(pU3UUECKHUX MOJeH U XapaKTepUaylollnuxcs O0NbLUIMMHA BpeMeHHBIMU
Maclutabamu. Pa3BUTHIO BpeMEHHOro acrekTa B MpoOJeMaTHke reo(ru3UyecKUux Hc-
CleOBaHWH BO MHOTOM CHOCOOCTBOBaJso co3naHue akagemukoM M.A. CanoBckuMm
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HOBOH MoOJeJH reo(pU3nyeckod cpefibl, pacCMaTpUBAIOILEH Cpefy Kak AUCKPETHYIO
HepapxuuecKylo CUcTeMy OJIOKOB U OTAEJNbHOCTeH, C 9HeProoOMEeHOM MexXXy MOCJIe]-
HUMH, CYyILleCTBEHHBIMH MPOSIBJIEHUAMH HeJUHEHHBIX CBOMCTB, B YACTHOCTH BpeMeH-
HOW HM3MEeHYMBOCTbIO XapakTepucTHK [1]. B obmiem ciyuae cioxHble 06BEKTH pas-
JIMUHOM MPUPOIAbl MOXKHO pacCMaTpUBaTh B 3TUX 3aflayax, KakK AUCKPETHYIO CHCTEMY
¢ OOJIBLIMM YHUCJIOM B3aWMOAEHCTBYIOIIMX 3JeMeHTOB. Peakiusi Tako# cUCTeMBbl Ha
BHeIlIHee BO3JeHCTBHE MPeNCTaBJseTCs B BUe COBOKYMHOCTH HeCKONbKUX (a3 [1]:

1) HaKom/IeHNe NOTOJNHUTEbHBIX HANPS2KEHHH B CHCTEMe 32 CUET SHEPTUH BHeLl-
Hero BO3IEHCTBHUS;

2) BBICBOOOXIEHHE HEKOTOPOH YAaCTH MOTOJNHHUTEIbHBIX HAMpsiKEHUH CHUCTEMBI
HernocpeACTBEHHO MOCJe MpeKpalleHHsl BO3AeHCTBUS;

3) mepecTpoiika Hampsi>KeHHH B cUcTeMe 0e3 BBICBOOOXKIEHHS SHEPTHH B BHJIE
KosileOaHUH, KOTOpasi IPO0JI2KaeTCsl B TeUeHUe HEKOTOPOro BPeMeHH, OIpee/IieMoro
CBOHMCTBAMH CHCTEMBI U €€ B3aHMOJEHCTBHSIMHU,;

4) camonpou3BOJIbHbIE KOJeOGaHUsi, KOTOPble YIPAaBJASIOT CUCTEMOH TaKUM obpa-
30M, YTO OHA MEPeXOAUT B YCTOWYMBOE IHEPreTHUeCKoe COCTOsSIHME C BbICBOOOXKIe-
HUEM MaKCUMaJibHO BO3MOXKHOH 3aMacEéHHOU SHepPruHu.

BHeliHee Bo3nedcTBUe HAa NTUCKPETHYIO CUCTEMY 3aKJ04aeTcsi, B KOHEUHOM CUé-
Te, B Iepefaue 3HEPrMM BO3JAeHCTBUS €€ 3jleMeHTaM M MepecTpoiKe BHYTPEHHHUX
Hanpsi>KeHWH, YTO MPUBOAUT K U3MEHEHUSIM €€ BHYTPEeHHEH CTPYKTYpbl U HepreTH-
YeCKOro COCTOSIHUS. 3HAUMTeJbHAs YacTh SHEPTUU BHEIIHEro BO3[eHCTBUS OCTAETCS
B JIUCKPETHOH CHUCTeMe B BHJe 3aMaCEHHOW 3HEPruM IocJje CHATHS BHELIHEro BO3-
NeldCTBUS W OlpenesisieT MOCJeyollMe AMHAMUYECKHe MPOoLecChl B3aUMOAEHCTBUS
e€ CTPYKTYPHBIX 3JIEMEHTOB C BBICBOOOXKAEHHEM 3alacéHHOH 3HepPrud U BTOPHY-
HbIMU HeJIMHEHHBIMU 3(eKTaMu peaklMH CHCTeMbl Ha BHellHee Bo3nedcTBHe. Ha
6a3e 3TUX NpeACTaBJeHUH 3a MOC/AeHHUe oAbl YAAJ0Ch MONYYUTh LEJbIHd Pl Bax-
HBIX (DyHIAMeHTaJ/bHbIX Pe3yJbTaTOB [0 XapaKTePUCTHKAM CBePXIJUHHONEPHUOAHBIX
negopMalMOHHBIX npoueccoB. K uMcay Takux SIBJI€HHH OTHOCATCH HM3MEHEHHUs BO
BpeMeHH XapaKTepUCTHK THUAPOTeoJMHAMHUUeCKHUX MpolieccoB. [/ XapaKTepUCTHUK
noss gedopMauvd M OPyrux reorU3nyecKUX MoJied B 3e€MHOH KOpe YCTaHOBJEH
BOJIHOBOH WJIM KOJleOaTeJbHbIH XapaKTep U3MeHeHHUSs C MPOAOJKUTEbHBIMH BpEMeH-
HBIMM LMKJIaMHM MM MacliTabaMM, HACUMTHIBAIOLIMMH OT HECKOJIbBKUX JeT U OoJee.
Pelenne 3anay, CBI3aHHBIX C H3y4YeHUEM CBEpPXAJHMHHONEPHOAHBIX Ae(POPMaLHOH-
HBIX TPOLECCOB MOTPebOBAIO Pa3pabOTKU HOBBIX METONOB HAOJIONEHUN M aHaan3a
9KCIIEPUMEHTAJIbHBIX JAaHHbIX.

AHanu3 nMHAMHUECKHX TPOLECCOB, MPOUCXOASIINX B re0(hHU3NUeCKOH cpele Tof
BO3/1efCTBHEM PA3JIMUHBIX M0J1eH, MOXKeT MPOU3BOAUTLCS Ha OCHOBE MHOI00Opa3HbIX
MaTeMaTH4YecKUX Mopesed. Ecau peub UAET O CO3MaHHUU MoneJied reoJorMyecKuX
CTPYKTYP C pPa3BHUBAIOLIMMHUCH BO BpeMeHM MpolleccaMM, TO MJis OMHUCAHHUS TaKUX
MpOLIeCCOB HEOOXOAUMM MaTeMaTHYeCKUH amnmnapar aJeKBaTHBbId 3TOMY KJaccy IMpo-
neccoB. MHorue xapakTepuUcTHUeCKHe OCOOEHHOCTH MpPOLECCOB, MPOUCXOASIIUX B
reoJIOTHYeCKUX CpeflaX, MOXKHO OTHECTH K 0COOEHHOCTSIM KJlacCa CTallMOHAPHBIX CH-
cTeM. 3/1eCb MOJ KJacCOM CTAlMOHAPHBIX CHUCTEM IOAPa3yMeBaIOTCS CUCTEMBI C M0-
CTOSIHHBIMM BO BpeMeHH NapaMeTpaMH U CTPYKTypo#. B atom ciydae npumeHsitoTcs
MOJeJIM MPSIMOTo THIA, OCHOBAHHblE HA CTATHUCTHYECKHX METONAX: PerpecCHOHHBIH,
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(hakTOpHBIN aHa/N3, METOJ IPYMIIOBOTO yuéTa apryMeHToB U T.A. B ciyyae paccmot-
pPeHHs NMHAMHYeCKHX MPOLEeCCOB NpHUBJeKalTcs AUu(depeHMalbHble YpaBHEHUS C
MOCTOSIHHBIMU Ko3((ruueHtamu. CyllecTByeT, OfHAKO, KJacc 3anad, AJas KOTOpPO-
FO 3TH METONbl SIBJASIOTCS MaJONPUTOAHBIMU. DTH 3afa4M CBSI3aHBI C TPOSIBIEHUEM
SIBHOH BpPeMEHHOW W CTPYKTYPHOH HeCTAalLlMOHAPHOCTH. B 4acTHOCTH OKa3blBaeTcs,
4YTO H3MEHEHHEe MapaMeTpPOB Te0JIOTUUeCKOHW cpelbl BO BPeMeHH MOXKEeT MPUBOAUTH
K HM3MEHEHHIO €€ CTPYKTYpbl, UTO NPUBOAUT K HENPUMEHHMOCTH MaTeMaTH4eCKOro
anmnapara, npefHa3HaueHHOro AJs ONHCAHUSA CHUCTEM C MOCTOSIHHBIMH NapaMeTpaMu
U CTPYKTYPOH.

TUNHYHBIM NPUMEPOM TaKHUX CHUCTEM SIBJSIOTCS TeOJIOTMUYeCKHEe CUCTeMbl, HC-
NbITBIBAlOLIMEe Ha cebe BO3JeHCTBUE TEXHOIEHHBIX (PAaKTOPOB MU 3IHIOTEHHBIX Te0-
JIOTUUeCKUX mnpolieccoB. [Iprmepom mepBoro Tuma npoueccoB SIBJISIOTCS MPOLECCHI,
BO3HHUKAIOLLME MPU pa3paboTKax ra3oBblX U HePTSAHBIX MecTOpoxaeHWH. Crenna-
JIACTAM XOPOLIO HM3BECTHBl MOCJeACTBUSA OypeHHsi CKBaXKHMH, NPUBOASILLKE K KaTa-
CTPO(PHYECKUM HU3MEHEHHUSIM CTPYKTYpPbl BOIOHOCHBIX M He(TSAHBIX MJacToB. Bropoi
TUI NPOLECCOB MOXKHO HaOJ/IOaTh B paMKax CHUCTeM, MOJBEPXKEeHHbIX HIOTeHHbIM
re0JIOTMYECKUM MpolieccaM. TO Pa3MbiB 6€peroBod JUHUH PeK, MPOLECCH BETPOBOH
9pPO3UH U Jpyrue NpOosIBJAEHUS CTPYKTYPHO-ITapaMeTpPUUeCKOW HeyCTOWYHUBOCTH.

MenseHHOe pa3BUTHe TAKHUX I'eOJIOTMUECKUX CHUCTEM U fIBJeHHWH Ha (poHe ycTa-
HOBHBILEr0CSl CTALMOHAPHOTO peXXMMa CMeHbl BHELIHUX BO3LAEHCTBHU MOXKET pe3-
KO M3MEHUTbCS MpPH MaJjielllleM BMellaTeJbCTBE CO CTOPOHBI yesoBeKa. B Takom
c/Jyyae MpollecC Pa3BUTHS JIETKO MEPeXOAUT B KaTacTPO(HUUECKYI0 CTaIHI0 U, KaK
CJe[CTBHE, MEHsleT CBOM MapaMeTpbl. Y:Ke B HauaslbHOHM CTaiuM 3apoxKAeHHS Bce
NIpUMeHsieMble MeTOJbl OMUCAHHUS, OPUEHTUPYIOLIHMECS Ha CTAallMOHAPHOCTb, TEPSIOT
aJleKBaTHOCTb TPOLIECCY U CTAHOBATCS HENPUTONHBIMU AJS ONHUCaHUs siBneHUH. [las
COXpaHeHHUsl aleKBATHOCTH MOJEJU TOMY IPOLlecCy, KOTOPbIM OHA OMHCHIBAET, IPUXO-
IUTCS MEHATb MaTeMaTH4YeCKYI OCHOBY INPeNCTaBJEHHS OCHOBHBIX 3BEHbEB MOJEJIH.
CmeHa MaTeMaTH4YeCKOH OCHOBBI MOPOXKIAeT Psifi BOIPOCOB, 0e3 paspelleHHs KOTO-
pbIX JajibHeHIllee pa3BUTHe MPOLECCa MOAEJHPOBAHUS CTAHOBUTCS HEBO3MOXKHBIM.

OnHUM M3 TaKUX BOIPOCOB sIBJsIeTCS] BONPOC 00 ypOBHE COIJIaCOBAHHOCTH Ma-
TeMaTHYeCKOro, aJrOPUTMHUUYECKOT0 U NMPOrpaMMHOro obecrneyeHus NpoLEecCcoB Moje-
JIUPOBaHHUsl YU TpejicTaBJeHHs AaHHbIX. [Ipy BHHMarTesbHOM pacCMOTpeHHMH 3anauu
MOJEeJUPOBAHUA Mpolecca pa3spabOTKH M 3KCIyaTalUHd He(TAHOrO WU Ta30BOr0O
MECTOPOXKAEeHHUS] OKa3blBaeTCSl, UTO BCE NAHHble, HeOOXOAMMBlE JaKe Ha HadaJbHOU
CTauM MOJEJUPOBAHHUS UJIM NPOEKTUPOBAHUS, MPEeACTaBNEHbl B O4eHb pa3HooOpas-
HOH (opMe M TpeOyIOT He MeHee Pa3HOOOpa3HbIX CTPYKTYP /S CBOEro INpeacTaB-
JeHusi. MHoroo06pasye CTPYKTYp HaHHBIX MOPOXKAAaeTcsl He TOJbKO NPUPOAOH HX
BO3HMKHOBEHHS, HO BO3MOXXHOCTSIMA UX KOMIIJIEKCHOTO NPEACTABJIEHNS, XPAHEHUS U
006pa6oTKH. OCHOBOH AJS pelleHUs] BCero KOMILJIeKCa 3aTPOHYTBIX BOMPOCOB MOXKET
CJIY2KUTb NPaBUJIBHO NOAOOPaHHBIA MaTeMaTHUYeCKUH annapart, aleKBaTHbIH NpUpoLe
ONHCBIBa€MbIX T€0JIOTHYeCKHUX IPOLECCOB, C OJHOHW CTOPOHBI, U 00eCrneYuBaOLINH
OZHOPOJHYIO MPOLENYPY MOJAEJHMPOBAHHS MPOLECCOB U NpPeACTaBJeHUS] NAHHBIX — C
IPYTOH.

C Hawell TOYKH 3peHHs TAaKMM MaTeMaTHUeCKHM amnmapaToM MOXKeT ObITb IMpH-
KJaqHOH (DyHKIMOHAJbHBIA aHa/au3. Ha ero ocHoBe BO3MOXKHO MOCTPOEHHE CHUCTEM
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MOJeJIUPOBaHusl, 006JaaoKMX AOCTATOYHO OOLIMMH HWJIU YHHBEPCAJbHBIMH CBOM-
CTBaMH B 00/1aCTH CO3/1aHUSl TEOPETUUYECKUX MoJeJied, UX aJrOpUTMHUUECKOro U Mpo-
rpaMmHoro o6ecrneueHus. CTOJb MIMPOKAs YHHUBEPCAJNbHOCTb TMPENJIOKEHHOTO MOJ-
xofa 6a3upyeTcs Ha TOM, UTO Ha OCHOBE METOMOB, MOPOXKAAEMbIX B paMKaX (hyHKIH-
OHaJIbHOT'O0 aHa/iM3a, MOXKHO BECTH OMHUCAHHE He TOJbKO CaMOro Mpouecca MOoIesu-
pOBaHHUs, HO U npoueccoB 06paboTKH AaHHbIX. [Ipy 3TOM Bce OMHCAHUS AOMYCKalOT
olepaTopHOe MpeAcTaBjaeHHe. B cBowo ouepenb onepaTtopHasi popma MpencTaB/eHUs
CTPYKTYp, aJTOPUTMOB U MpoleAyp 0OpabOTKH AAHHBIX B 3HAYUTEJNbHOH CTeleHU
MOBBILLIAET THOKOCTD IMpoliecca MoAeUpoBaHusi. boJsiee Toro, 3a CY4ET OQHOPOAHOCTH
NpeaCTaBJeHUs] 3BeHbeB MOJeJiel B BUE MAaTPUUHBIX CTPYKTYp, @ CUTHAJIOB B BUJE
BEKTOPOB JOCTUraeTCsl HalE€KHOCTb U YHUBEPCAJbHOCTb MPOLEAYP MOAEJIUPOBAHUS
CUCTeM, JIOMYyCKalolMUX 6J0UHOe OMUCaHHe B BUME MOCJeN0BaTeNbHO-MapaJeabHbIX
CTPYKTYPHBIX CXEM.

Haubosee uHTepecHBIMU MpUMepaMM peasu3alUd{d pacCMaTPUBAEMOro MOAXOAA
SIBJSIIOTCS TAaKHe MEeTONbl KaK CMeKTPaJbHbIH MeToN pacuéTa HecTallMOHAPHbIX CH-
cTeM [2], uHTeprnoNsiLUOHHBINA MeTox [3], MeTox HU300pa)kawuux BeKTopoB [4]. Bee
M3 YKa3aHHbIX METOMOB JIETKO UHTEPIPETUPYIOT Mpoliecchl 00pabOTKH AaHHBIX B CTa-
[IMOHAPHOM M HeCTallMOHApHOM caydasx. boJsee Toro, BO3MOXXHO HX UCIOJIb30BaHUE
0J151 ONIUCAHHUS ONepauuid HaJ NUCKPEeTHBIMH MepeMeHHBIMHU.

B pamkax crekTpa/jbHOrO U COMYTCTBYIOUIMX €My METONOB BO3MOXHA He TOJIb-
KO CTPOro JeTepMUHHPOBAHHAs MOCTAHOBKA 3aJayM, HO AONYCKaeTCs HCIO0Jb30Ba-
HUe CJAYyUYaHHBIX BEJUYUH. DTO 0OCTOATENbCTBO MMO3BOJSET YUUTHIBATh MOTPEOHOCTH
NPaKTUKOB, KOrZla pedyb UAET 00 yuyéTe CAydyalHBIX (PAaKTOPOB U MPOLECCOB, Pa3BU-
BAIOLIMXCSl HAa (POHE CTPOTO OMpeleséHHbIX 3aKOHOMEPHOCTEH.

Pewienve psina 3amad Assi caydadiHBIX MPOLIECCOB JIIOOOro BHAA MpPeNCTaBJsieT
6osbiire TpynHoCcTH. OnHAKO yHaéTcsl TMOJYyYUThb CPABHUTENBbHO IMPOCThIE METOJbI
pacuéra, ecJqu 0TKa3aTbCsl OT PACCMOTPEHHs CJAydalHBIX MPoLeccoB 00llero BUAA
U OTPAaHUYUTBHCH TOJBKO MPOLECCaMM, 00JaAIIUMU HEKOTOPBIMU CllellhaJbHbIMU
CBOMCTBAMH, U T€M HE MeHee HMEIOLIMMH HEeNOCPEeACTBEHHBbIH NMpPaKTUUeCKUH HH-
Tepec. TakuMM mpoleccaMu U sIBJASIOTCS MapkoBcKHe [4]. MapkoBcKue Tporecchl
SBJISIOTCS OJHOW U3 BaXKHEUIIMX MOJAeJeH A/ peajbHO MPOTEKAIIIUX NPOLEeCcCOB B
MpUPOJE, U amlnapaT UX JOCTaTOUHO XOpOLIO pa3paboTaH.

CayuaiiHblfl mpoliecc, MPOTeKaUUH B cucTeMe S SBJsSETCS MAapKOBCKHM, €CJH
OH obJsiafaeT CJAeAYIOUIMM CBOMCTBOM: BEPOSITHOCTb TOTO, UTO CUCTEMa OKaXKeTCs
B HEKOTOPOM S, B HEKOTOPbIH MOMEHT BpeMeHH ?; 3aBHCHT TOJbKO OT TOro, B
KaKOM COCTOSIHUM HaXOAuJachb CHUCTeMa B MpeNbIAyIIUHd MOMEHT BPeMeHU t;_ 1 U
He 3aBUCHUT OT 3BOJIIOLMH CUCTEMbl 0 MOMEHTa BpeMeHH t;_i. [pyrumu cjoBamu
B MapKOBCKOM CJIyuyaliHOM IMpolecce, Oyayllee pa3BUTHE €ro 3aBUCHUT TOJbKO OT
HaCTOSIIIEr0 COCTOSIHUSI CUCTEMBI U He 3aBUCHT OT «IIPeIbICTOPHUH» Tpolecca [D].

[Iyctb naHa ¢usuueckas cucrema S, KOTOpasi MOXKeT HAXOAUTHCS B COCTOSTHUSX:

Sy, 5%, ..., Sp,

HpI/ILIéM nepexoabl CUCTEMbBI U3 COCTOAHHUA B COCTOSAHHME BO3MO2KHbBI TOJIbKO B MOMEH-
Tbl BpEMEHHU!
t1,10, .0y Uk
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CayyaiiHbId TIpoliecc OyfeT MapKOBCKHM, €CJIM [Jisi KaXKJ0T0 MOMEHTa BpeMeHH Be-
pOATHOCTb Iepexoja M3 J000ro COCTOSHHUA S5; B J11000€ COCTOSAHHE S; He 3asucum
om moeo, Koeda u Kak cucmema npuuira 8 cocmoarue S;. MapKoBcKre Tpoliecchl
OTHCBIBAIOTCS C TOMOILBI0 TaK Ha3blBaeMbIX geposamuocmeti cocmosaruil. ITyctb B
JIT0O0OH MOMEHT BpeMeHH (rmocJe 060ro k-ro miara) cucreMa S MOXKeT ObITb B OHOM
U3 COCTOSIHUMU:

S1, 59, ..., Sn,

T.e. OCYILLIeCTBUTCS OfHO M3 MOJHOH TPYIIbl HECOBMECTHBIX COOBITHH:

sk gk gk,

n

O603HauMM BEpPOSITHOCTH THX COOBITHH:

m(l) = P(Sfl)),pz(l) = P(Sél)), oy Pa(1) = P(Sfll)) — BEpOSITHOCTH IOCJIe Tep-
BOTO IlIara,;

p1(2) = P(SP), p2(2) = P(SY), ..., pu(2) = P(S?)) — BeposiTHOCTH TOC/E BTO-
poro 1iara;

¥ BooOule nocJje k-ro mara:

pi(k) = P(S{V), pa(k) = P(SSY), ..., pu(k) = P(SP).

Jlerko BUIeTh, YTO AJ/151 KaXKJA0ro HoMmepa wiara k

pr(k) + pa(k)+, ... +pa(k) = 1.

BepositHocty py(k), p2(k), ..., pn(k) — Ha3bIBalOTCS BEPOSITHOCTSIMU COCTOSIHUU. Jloisi
Jmoboro mara (MOMeHTa BPeMeHH tq,to, ..., tx WIKM HOMepa 1,2, ..., k,...) CYLIECTBYIOT
KaKHe-TO BEPOSITHOCTH TepeXofla CHUCTEMbl M3 COCTOSIHHS B COCTOsiHHWE (HEKOTOpbie
M3 HUX MOTYT OBITb PaBHBI HYJIO, €CJIM HElNOCPEACTBEHHBIH MepeXoi 3a ONWH Liar
HeBO3MOXKeH). Takue BepOSTHOCTH Ha3bIBAIOTCS MEPEXONHBIMH BePOSITHOCTSIMH. Ec-
A1 0003HaUNTb P,;; BEpPOATHOCTb Mepexofa CHCTeMbl 32 OAMH LIAr M3 COCTOSHHS
S; B cocTosiHHe S;, a P, BepoATHOCTb 3alePXKKH CHCTEMBl B COCTOSIHHH 5;, TO
nepexoJHble BEPOATHOCTH F;; MOXKHO 3alucaTh B BHJE NPSMOYTOJbHON MaTPHILbL:

Py P Py Py
Py1 Py Py Py
Pa Py Pj Pp
P, Pu P,y P

121 =

HekoTopble M3 mnepexoiHBIX BeposiTHOCTeH F,;; MOTYT ObITb paBHBl HYJIO: 3TO
O3HauaeT, 4TO 3a ONMH IIAr Tepexol M3 i-F0 COCTOsIHME B j-e HeBo3MoxeH. [lo
IJIABHOM [MaroHa/jyd MaTpULBl MEPeXOIHbIX BEpPOSITHOCTEH CTOAT BEpOSATHOCTH P
TOTO, YTO CHUCTEMa He BbIHJET U3 COCTOSIHUS S;, @ OCTAHETCS B HEM.

Hab6op BeposiTHOCTe#

Q = {qo(l)’QO(2)v ...,Q()(S>}
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Ha3bIBAIOT HauaJ/JbHBIM paclipefiesieHHeM, KOTOpPOe OmpenesisieT COCTOSHUE CHUCTEMBbI
B Haya/JbHbIH MOMEHT BpeMeHH (T.e. mpu ¢t = 0). MapkoBcKHe MpPOLECCH MOJHO-
CTbIO 3aJaK0TCs MaTPULEH TePeXOAHbIX BEPOATHOCTEH F;; 3a OJMH Iar U BEKTOPOM
HauyaJ/bHBIX 3HAUYEHHUU

Q =1{q0(1),9(2),...,q0(s)} .

Ha npaxkTrke 3HauMTesbHO yallle BCTPEYAIOTCS CUTYALHH, KOTAA MEpPeXOipl CH-
CTEMBl U3 COCTOSIHUS B COCTOSIHUE TPOUCXOAAT He B (PUKCHPOBAHHblE MOMEHTHI Bpe-
MeHH, a B Cly4yalHble MOMEHTBl BpeMeHH, KOTOpble 3apaHee yKa3aTb HEBO3MOXKHO.
Jlns onucaHusi TakUX MPOLECCOB B psiie CaAydaeB MOXKeT ObITb C yCIIeXOM MpUMe-
HeHa cXeMa MapKOBCKOrO CJy4aHHOro Ipolecca C OHCKPETHBIMU COCTOSSHUSMHU U
HelpepblBHBIM BpeMeHeM. BeposSTHOCTH COCTOSHUH YAOBJIETBOPSIOT ONpenesEéHHBIM
nuddepeHIHaNBHBIM YPaBHEHHUAM, TaK Ha3biBaeMbIM ypaBHeHHsiM Kosmoroposa [5]:

dP;(t

# = Pult)frj, i.j=12 ..

— npsiMasi cucteMa Ad(ddepeHLHaNbHbIX YpaBHEHHUH,

dP;;(1) o
dj_T :Zfikpkj(t)a i,j=1,2,..

— oOparHas cucteMa AudQepeHLHaNbHbIX YPAaBHEHUH; f;; — MJIOTHOCTb BEpPOSITHO-
cTel mepexona.

Pemasg 3TW cHCTeMBl ypaBHeHHH, TOJNydYalT BEPOSTHOCTH COCTOSTHUH
p1(t), pa(t), ...,pn(t) KaK QyHKIMH BpeMeHH. HadasnbpHble yc/0BHS yCTaHABJIMBAIOT-
csl U3 (PU3NYECKHX COOOpaKeHHUH B 3aBUCHUMOCTH OT TOTO, Kakoe ObLIO HadasbHOE
COCTOsIHHe cucTeMbl (T.e. t = 0).

Kak yxe Obll0 3aMe4yeHO BBbIlIE, €CJH CJAy4YalHBIH MpoOLecC SIBJASETCS MapKOB-
CKHM, TO Psii 3afad peliaeTcsi cpaBHUTebHO mpocTo. OmHAKO O/ TOrO, 4TOOHI
TEOpHUsT MaPKOBCKHUX TPOIeCcCOB Oblja MPUMEHHMa Ha MPaKTHKe, HEOOXOAUMO CJIedy-
fortee: 1) yOemUThbCs, YTO JaHHBIH peaJsibHbIH MPOLECC IBJASETCS MapKOBCKUM; 2) TM0-
Ka3atb cnocob perieHusi ypaBHeHuil Kosmoroposa. B nanHo# pa6ote mpensnaraercs
IS 3TOH LeJM HCII0JIb30BaTh CIEKTPAJIbHBIA METOL.

Pu(t) Po(t) ... P ] [put)
dP | Pu(t) .. .. Pan(t)| |p2(t)
dt | | e ’
PNl(t) PNN(t) pN(t)
pit)=> mWi(t) = | .. | == S(p(1)),
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20
00 21
pa(t) = zojmwi@) = | e | =T =S,
| T2N—1 |
T30
0o 31
ps(t) = ZO:Wg,,-\I/i(t) = | e | =T = Ss(t),
| T3N—1 |
d
—P — D7y,
i — T
D 0 0 1 m pll(t)A(]i; t) ..........
0 D 0 7_'('2 + | = e e e
0 0 D T3 ns| | e e pnn(t)A<t, t)

B kauecTBe mpuMepa NpHUMeHEHHUS CIEKTPaJbHOIO MeTOda K MOJEJHPOBAHHIO
CJly4aHHBIX MPOLECCOB PaCCMOTPUM pelleHHe CUCTeMbl NU((epeHIHaNbHbIX YpaB-
HEHWH, ONUCBIBAIOLIMX THMHAMUKY U3MEHEHHUsI BePOATHOCTEH COCTOSTHUS MapKOBCKOTO
npolecca B YCJI0BUSX HECTALMOHAPHBIX BePOSATHOCTEH MepexoloB.

Pewienue cucrembl JUHEeHHBIX AU(GhepeHLHa bHbIX YPaBHEHUH CHEKTpaJbHbIM
MeTOI0M

Dr+n = PA(t, t)r,
PP

BaouyHo-MaTpuuHas gopma

{5 - PA(t,t)} ™=,

pp

-1
T = |:5—PA<t,t):| N = |7y

pp
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3akJjroueHue

AHanu3 nMHAMMYeCKHUX TPOLECCOB, MPOUCXOSAUINX B reo(PU3NUeCcKON cpefie TOj
BO3J€HCTBHEM PAa3/IMUYHBIX MOJIEH, MOXKET IPOU3BOAUTBCS HA OCHOBE MHOr0OOpa3HbIX
MaTeMaTH4yecKux Mmojesed. J[MHaMUueckHe MOAeNM C MOCTOSSHHBIMU MapaMeTpaMu
4acTo MOMYCKAIOT MoJydyeHHe pelleHUH B fIBHOM BuJe. Hannune Takux BO3MOXKHO-
CTeH MO03BOJISET NPOCAEANTb HA aHAJHUTHYECKOM YPOBHE BJIMSIHHME TeX NapaMeTpoB U
XapaKTepPUCTHK, KOTOPble ONpefessiioT NPUPOAY M Pa3BUTHE NMPOLLECCOB BO BPEMEHH.
OnHako TMoOMbITKA y4ecTh M3MeHEHHe TapaMeTpPOB Ie0JIOTMYeCKOH Cpelbl, H3MEHSIO-
IIMXCA BO BPEMEHHU Ja)ke B JMHEHHOM CJjy4ae, MPHUBOAUT K YCJIOXKHEHHIO BbIKJA-
noK. Eciiu B cTallMoHapHBIX cydasix NPUMeHUMbl METOAbl HA OCHOBE MHTEerpaJsbHbIX
npeobpa3oBaHuil Jlamjaca, To A/15 HecTallMOHApHBIX BO BPeMeHM MpOLeccoB 00pa-
lleHHe K NpeoOpa3oBaHUsIM UHTerpajbHOH NPUPOIBl YACTO NPUBOAUT K YPaBHEHUSIM
B CBEPTKAx. DTO B 3HAYUTEJNbHOH Mepe YCJOXKHSET AaJbHEHIIYI0 MPOLeNypy peLle-
HUS, JeJasi e€ NJIUTe/bHOH M HeHanéxHOH. TeM He MeHee, Jake NpeAINOJIOKEHHE
00 M3MEHEHUH HEKOTOPbIX XapaKTePUCTHK BO BPEMEHH OCTaBJisieT MHOTHE 3a1ayd B
paMKax KJjacca JuHeHHbIX 3anad. [Ipy 3ToM uHTerpaJ/ibHble NpeoOpa3oBaHUsl OCTa-
I0TCS HeNpHeMJIeMBIMHM, HO MOXKHO yKa3aTb KJIacC MeTOJOB, M03BOJISIOLUIUX MOJY-
YUTb aHAJHUTHYEeCKHe 3aBHUCHMOCTH, NMPUTOAHBIE [J/5 ONHCAHUS MPOLECCOB B LEJOM.
YcaoxxHeHHe YCJI0BUH 3afadyd NMPHUBOIUT K HEKOTOPOMY YCJOXKHEHHI0 MaTeMaThye-
CKOro anmnapata. B yacTHOCTH, CTaHOBUTCS HEOOXOAHMMBIM NEPEXOf OT ONepalMOH-
HOTO MCUYHCJ/IEHHUS K ONEepPaTOPHBIM MeToJaM OO0ILLeH MPUPOABI.

[Tpu paccmoTpeHHMH MapKOBCKHX INPOLECCOB C U3MEHSIIOLIMMUCS BO BPEMEHH Be-
POSITHOCTSIMM CMeHBl COCTOSIHHUM MOXKHO yKa3aTb KOHKDPETHble MeTOJbl HUCCJIel0Ba-
HU: MeTol M300paXKalollMX BEeKTOPOB U clleKTpasbHbll MeTon. O6a MeTona opueH-
TUPOBAHBl HA UCCJel0BaHHE OPTOrOHAJIbHBIX (DYHKIIMOHAJIbHBIX 6a3UCOB B IIPOCTPaH-
cTBe (pyHKIMH C OrpaHHYEHHOH SHEPTHed, YTO COOTBETCTBYeT (PU3HYHOCTH NOJyda-
€MBIX pe3yJbTaTOB C OJHOH CTOPOHBI M CHOCOOCTBYET IOSIBJIEHHIO CIIELHAJIBLHOIO
ONePaTOPHOrO BbIPAXKEHHS, OMHUCBIBAIOLLETO eO0JIOTMYeCKHe SIBJI€HHS Ha KOHEYHOM
npoMeXyTke BpeMeHM. IIpvpoma mosyuyaeMblX COOTHOLLIEHUMH TaKOBa, 4TO B Kauye-
CTBE HOCHTeJsI MH(OpPMaLMK O Mpollecce HCMOJb3YIOTCS MaTpPUUHble MNpeacTaBJie-
HUS JMHEHHBIX ONepaTopoB. B 3TUX c/ayyasX CTAaHOBUTCS BO3MOXKHBIM MpPHUBJEUEHHE
YUCJIEHHO-aHAJUTHYECKHUX TIPOLEAYP MOIEJUPOBAHHUSA, NOMYCKAWIIHUX pealu3aluio
Ha YpOBHe COBPeMEHHBIX KOMIbIOTEPHBIX Nporpamm. Kcnosnb3oBaHue crnekTpasbHO-
ro MeTOofa AJisl pelleHHUs CUCTeM AU(depeHlIMalbHbIX YPAaBHEHUH NAET CJefyIoLine
peruMyllecTBa:

1. OnHopoaHoe mpencTaB/eHye AJsl ONepalrid U Mpouesyp.

2. OpHoponHOE NpefcTaB/leHHe OIHOMEPHBIX CHIHAJOB.

3. Bo3MOXKHOCTb MapaMeTpUpPOBaHUS CTPYKTYpHI.

OcoO6blil UHTepeC BBI3BIBAET TOT Psifl 0OCTOSATENBCTB, KOTOPBIH CBsI3aH ¢ ocJsabJe-
HHMEM BpPEeMEHHBIX 3aBUCHMOCTeH MojeJsied, KOTopble B 00JAaCTH ONepaTOPHBIX Mpe-
CTaBJIEHUH CBOAATCA K IPOCTHIM NapaMeTPUYECKHUM CBsI3sIM. TakMM oOpa3oM JOCTH-
raeTcs He TOJMBKO BO3MOXKHOCTb pelleHHs 3a1ad U3 OoJiee OOLIMPHOrO KJacca, HO U
BO3MOXXHOCTb HAKOIJIeHHS HH(OpPMaLHUH, YTO OCOOEHHO BaXKHO AJIS Ie0JIOTMYeCKHUX
NIPUJIOKEHUH.
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Abstract. The paper discusses the geophysical field simulation. Solution to the prob-
lems concerning the study of super long-period processes required the development
of new methods of experimental data simulation and analysis. The authors propose
the use of the spectral method to solve differential equations to describe the time
history of condition probabilities of Markovian processes under unstationary prob-
abilities of transformations. It is stated that Markovian processes are regarded as
the major models for real processes in nature since their mechanism is considered
to be a reliable one. The use of the spectral method to solve the systems of dif-
ferential equations has the following advantages: 1. Uniform notion for operations
and procedures. 2. Uniform notion for one-dimensional signal and the possibility to
parametrize the structure. The number of circumstances related to the weakening of
the temporary dependences of the models, which in the sphere of operator expressions
come to the simple parametrical bonds are of a particular interest. The suggested
method allows to solve more general tasks and to accumulate information crucial for
geological supplements. The paper might be of interest for those who deal with the
simulations of natural processes.

Keywords: geophysical fields simulation, time history, Markovian processes, un-
stationary, disordered probabilities, geologic structure, geologic medium, statistic
method, structural alteration, grid, random variables, discrete variables, interpoliza-
tion method, stationary random process, discrete state, constant time, transformation
limit.
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Burte6ckuil rocynapcTBeHHbIH yHUBepcuTeT uMeHd [1.M. Maiueposa

AHHoTanusa. ABTOpaMH NpeasiaraeTcss HOBBIE MOAXON K peLIeHHI0 OCHOBHBIX
3a/la4 BBIUHUC/UTEbHBIX METONOB anreOpbl Ha OCHOBAHWU IIPUHLIUIIOB 0ObEKTHO-
OpPHEHTUPOBAHHOI'O NPOEKTUPOBAHHUSI U CIOCOOOB CO3[aHHUS NapaJlyesbHbIX aJjl-
TOPUTMOB. Bce BBIYMCAUTEbHO-KOHCTPYKTHUBHBIE MMOHATHUSA JIMHEHHOH ajreopel
paccMaTpUBAIOTCA B KayecTBe 0OBEKTOB M MPEeACTaBJ/eHbl elMHON KJacCU(pHUKa-
LUOHHOH Hepapxuel.

KuroueBble cioBa: ajqropuTMbl, apasiesnn3M, IporpaMMHUpPOBaHUe, TOTOKH.

[IIupokoe BHenpeHHe el MNapajjenu3Ma B pabOTy BbIYHCAHTEJbHBIX CHCTEM
IBJIsIeTCSl HauOoJsiee MEePCNeKTUBHBIM M JHHAMHYHBIM HalpaBJeHHEM YBeJUYeHHS
CKOPOCTH pellleHHs] NMPUKJAATHBIX 3a1a4.

B HacTosilee BpeMs cyliecTByeT 60J/bIIOE KOJIHUYECTBO Pa3HOOOPA3HBIX TEXHOJIO-
TH{ OpraHu3aluu NapaJjjienn3Ma npyu paspaboTKe NMPUMOKEHUH B CUCTEMax ¢ 00LLed
naMaTbio. Bce OHM passMyaloTcs MOAENSIMU UCIIONHEHUS U NJIaHUPOBAHUS pacrpese-
JeHns Harpyskd. OT crnenu(pUKH peasnu3yeMoro ajroputMa B 60JbIIMHCTBE CIy4aeB
3aBUCHUT 11€/1€CO00Pa3HOCTb NPUMEHEHHUS] KOHKPETHOH TeXHOJOTHH.

CosnaHue MOTOKOB — 3T0 0a30BbIH C0CO0 NOCTHXKEHHUs NapasJjenusaMa B MpUJIO-
JKEHUSIX, pa3pabaTbiBaeMblX A8 CHCTeM ¢ obulell namsaTelo. [lapannenusm Ha ypoBHe
siiep mpolieccopa o6ecrneynBaeTcss MHOIONOTOYHOCTbIO. [ToToKM MoryT pelaTth Kak
OLHOTHUIIHbBIE 3a/la4¥ HA Pa3HbIX HabOpax BXONHBIX AAaHHBIX, TaK U Pa3HOTHIIHbIE.

Pelenue 60sblIMX CHCTEM JMHEHHBIX ypaBHEHWH NMPHUHAMJIEXKHUT K KPyry 3anad,
IJIS1 KOTOPBIX MPUMEHEHHe HOBeHIIeH BBICOKONPOU3BOAUTEJbHOU BBIYUCIUTEJNbHON
TeXHHUKH JaeT MaKCHMaJbHYI0 3((EeKTHUBHOCTbD.

[TpunepxuBascs OCHOBHBIX NPUHLIUIIOB MeTOMOJIOTHH 00BEKTHO-
OPUEHTHPOBAHHOTO MPOrpaMMHUPOBAHUs, aBTOPHl pa3paboTa/iu HepapXHUK MaTPUUHBIX
KJIACCOB M aJTOPUTMOB JIHHeHHOH anre6pel [1]. Co3naHHe KOHKPETHOrO MAaTPHUHOTO
KJlacca CBOAMTCS K peasju3alluM Habopa omepauuil ¢ 3jJeMeHTapHbIMM MaTPULAMH.
3HauuTeJbHAs 4YacTb ONepaluil HeNoCcpeICTBEHHO peaju3yeTcss B BepPXHHUX
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MaTPUUHBIX KJaccax. TeM He MeHee, repeornpejeseHre UX B KOHKPETHBIX KJjaccax
C YY4€TOM YaCTHBIX MaTeMaTH4YeCKHX CBOHCTB, 0COOEHHOCTEH KOHKPEeTHBIX CTPYKTYP
INAHHBIX MO3BOJSIET MPU HEOOXOAUMOCTH NOOUTbCS HauboJblied 3(PheKTHBHOCTU
nporpaMMHoro kogpa. IlpensoxenHas aBTopaMu KJaacCH(PHUKaLMS 3JeMeHTapHbIX
MaTpul, onpefensieT 6a30BbIH HaOOp MAaTPUUHBIX NpeoOpa3oBaHUH, YYACTBYIOLIUX B
MeTOofiax JIUHeHHOH anredpsl [1].

MartpuuHble onepauud ABJSIOTCA 0a30BBIMM MaKpoOoNepaluusMU [Jisl MHOTHX 3a-
nad JuHelHo# anrebpel. [loatomy 3deKTHBHBIH MapaJJenbHbll aaroOpuTM omnepa-
UMH HaJl MaTpULAMM MO3BOJISeT 3HAUHUTEJbHO YBEJHWYUTb Pa3MepPHOCTb MOJOOHBIX
3afay 6e3 yBeJHYeHHUS BPeMEHH UX pelleHHs.

Hcnoab3ys cpopmupoBaHHblE HepapXHuyecKHe CTPYKTYpbl, aBTOPbl OMHUCANH U
peany30Ba/id AJrOPUTMBl pacnapaJjJ/euBaHUsl OCHOBHBIX MAaTPHUYHBIX Olepauui
Ha s3blke nporpaMMmupoBaHusi C++ ¢ HCHOJb30BAaHUEM TEXHOJNOTMH OOBEKTHO-
OpPUEHTHPOBAHHOTO NPOrpPaMMHUPOBAHHUS.

B kayecTBe npumepa npuBeféM CXeMy MapaJjijiesbHOr0 ajropuTMa Mpou3BeaeHUs
KBaJpaTHbIX MaTPHL, OCHOBAHHOTO Ha OJIOUHOM MpeACTABJEHWH MaTpHILL:

1. Pacnpepensiem mo npoueccopam 60k MaTpul A, B Tak, Kak N0Ka3aHO Ha
pucyHke 1.

2. IlapannenbHo Ha BcexX Mpolleccopax CUCTeMbl NPOM3BOAMUM BbIUHCJ/IEHHE KOM-
MIOHEHT COOTBETCTBYIOIIUX 6/J0KOB MaTpulbl C'.

3. Tlepenaém Ha OmMH M3 NPOLLECCOPOB BCe BBIUHCJ/EHHblE OJOKH U (HOPMHUpPYEM
matpuny C.

4. 3ameTUM, KpOMe TOTO, YTO JIETKO MPENJOXKHUTh MHOXKECTBO MOIU(DUKALIMN NaH-
HOTO alrOpuUTMa:

® BMECTO CTPOKOBOTO paclpeesieHHst 6J0KOB MaTpHIlbl A MO Mpolieccopam
MOKHO HMCII0/1b30BaTh pacrpeneseHue no cronabuam;

e MOXKHO HCIOJIb30BaTh pa3bueHue matpull A, B Ha 6/I0KH TakuM 06pasom,
4yTOOBl OOlLIee KOJHUYECTBO OJIOKOB OBIJIO PAaBHO KOJHYECTBY IPOLECCO-
pOB B CHUCTeMe, M KaxKJOMY IpOLEeCccCopy Ha3HayaTb BbIYMCJEHHE OJHOTO
6JI0Ka.

CyulecTByeT 1Ba NMOAXOAA K aHa/JHW3y BpeMeHU paboThl aJropUTMa: TeopeTHue-
CKMH M TIpakTH4YeCcKHH. B ocHOBe TeopeTHUeCKOro Noaxoia JeXHUT MOCTPOEHHE U
[0Ka3aTe/IbCTBO AHANUTHYECKHUX OLEHOK TPYLOEMKOCTH. J[aHHBIH MOAXON TEOpeTH-
yeckM 00OCHOBaH, aOCTparupoBaH OT KOHKPETHOH BbIUMCIUTEJbHOH apXHUTEKTYphI
U JeTajled NPOrpaMMHOH peanvM3aluM, ONHAKO, NPU TAKOM MOAXOHAE IMONYYUTb JO-
CTATOYHO TOYHble OLEHKH BpeMeHH paboThl aJrOpUTMa B CEKyHAAaX He BO3MOXKHO.
B HekoTOpbIX ciydasix HeOOXONHMMO OLEHMTb BpeMs B CTaHAAPTHBIX €AMHHLIAX —
CeKyHIax, MHHYyTax, yacax, ONUpPascb Ha KOHKPETHYI BBbIUMCJHUTEJNbHYIO apXHUTEeK-
TYpy W CPeldCTBa MPOrpaMMHpPOBaHHUs. B TakuxX CHUTyalUsiX NPUXOAUTCS npubderartb
K BBIYMCJIUTEJBHBIM 3KCIIEPUMEHTAM.
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Marpuua A

CTtpoka OTOKOB A

Ctpoka OIIOKOB A,

CTtpoka 0M0KOB Ay

____VY_%

Marpuua B

Puc. 1. Biok-cxema aJITOprUTMa NnapaJsijie/IbHOTO NMPOU3BEAEHHUA KBaAPATHBIX MaTpPHUL]

HpI/I BbITIOJTHEHHW W BBIYUCJAUTEJ/IBHOTO 3KCIIEPUMEHTA HeO6XOIlI/IMO YUHUTBIBATDH CJie-

AYIOlLlMe MOMEHTBI: TPaMOTHO peasjiM30BaTh 3aMepbl BpeMeHH, Nofo0paTh pernpeseH-
TaTUBHble HA0OPbI TECTOBLIX AAHHBIX, HA KOTOPBIX OYAYT MPOU3BOAUTLCS U3MEpPEHHs,

MPOrpaMMHYI0 peasin3alnio BEIOPAHHOTO aJropuTMa HeOOXOAMMO alanTHPOBATh IJIsi

BBIUUCJIUTETbHON APXUTEKTYPBI U T.A.

Jlns aHanusa BpeMeHH pabOThl MPHUBENEHHOIO BhIlLE AJropuTMa Obll BbIOpaH

HpaKTI/IHECKI/Iﬁ MoAXOM. BrinmosnHs1ach cepud 3KCIEPUMEHTOB C pa3JHMYHBIMHU Tapa-
MeTpaMu: pasMepHOCTb MaTpHLbl, KOJIMYECTBO 3a71e¥CTBOBAHHBIX MOTOKOB.

HpI/IBe,U,éM pe3yJ/abTaTbl CpaBHEHHSA IOCJ/eN0BaATE/JIbHOIO M IlapaJijieJibHOro YMHO-
KEHHA KBaAPaTHBIX MATPHUIL:

Tabauna 1. Pesynbrarel BEIUMCAUTENBHOTO SKCIIEPUMEHTA

PasmepHocTb
MaTpHLbl

10

50

100

200

1000

Bpewms
N0CJ/1e10BaTeNbHOTO
YMHOXKeHHUS

0.016

0.094

23.744

Bpewms
napaJ/iesbHOTOo
YMHOXeHHS (KOJI-BO
IIOTOKOB)

0.005(2)

0.005(5)

0.016(5)

0.01033(65)

0.1(75)

M3 Tabauubl BUIHO, YTO MapaJJjesbHOe YMHOXKEHHEe KBaJpaTHBIX MaTPUL HUMeeT
MPEeUMYILeCTBO MpH OOMBLIOH pa3MepHOCTH MaTpulbl. B ckobkax ykazaHO ONTH-
MaJ/IbHO€ KOJIM4eCTBO MOTOKOB, HEOOXOAMMBIX [JIl Hau/yulled pabOThl MapaJJesib-

HOro aJiroputMma.
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AHHoTamusa. B craTbe yTOYHEHO omnpenesieHHe CLEHAPHOTO CTPATETHUECKOrO
NJaHa, UCMOJb3YeMOTO TPH pellleHHH 3a1ad ONTHMAaJbHOTO YIIPaBJAEHHUS CJIOX-
HBIMM JHHaMHUeCKUMH oObekTaMu. [IpuBeneHBl MaTeMaTHuecKas MOCTAHOBKA
3a/la4y Y aJrOPUTM MOCTPOEHUS CLIEHAPHBIX CTpaTernyecKux IJaHOB.

KuaroueBble cioBa: cTpaTerdueckoe yIpabsJjeHHe, CLeHapHbIH MOAXON, cTpaTe-
THsl, CTpaTerdueckuil m/iaH.

1. BseneHue

OnHo# 13 OCHOBHBIX TMPOOJEM COBPEMEHHOTO PYKOBOAMUTEJIS OPTAHMU3ALUH SIBJISI-
€TCA HEeOCTATOYHOCTh UJIM OTCYTCTBHE IOCTOBEPHOH MH(OPMALIUU O BHELIHEH cpefie
npennpusitust [1, 6, 2], uto 3arpynHsieT pa3paboTKy U MPUHSITHE YIPaBJIEHUECKHX
pewleHuii. PazpabotaHHoe ynpaBjeHUYecKoe pellleHHe MPU HeNOCTaTOYHOM OO0BEMe
JNOCTOBEPHOM WMH(OPMALMH, peasn3yeMoe B YCJIOBHUAX BBICOKOH HEONpeNesEéHHOCTH,
THIIePKOHKYPEHLUH, U, CJIe0BATENbHO, PUCKA, MOXKET NIPUBECTH COBPEMEHHOE Ipej-
NpPUATHE K HETaTHUBHBIM IOCJEICTBUSIM, B TOM YHUCJe U K OAHKPOTCTBY.

B coBpeMeHHBIX YCJOBHAX [JsI CHUKEHHUS HeONpelesEHHOCTH BHeLUHeH cpesbl
NPU pelleHHWH 3afay YINpaBJeHUs CJA0XKHBIMH AMHAMUYECKHUMHU OOBEKTAMH MCIIOJb-
3yIOTCS MaTeMaTH4eCKHe MeTOAbl U aJTOPUTMBbl, KOTOPble MOTYT OBITh IOJIOXKEHBI B
pa3paboTKy KOMIBIOTEPHBIX aJTOPUTMOB U MPOTPaAMM.

OnHUM M3 OCHOBHBIX 3TAlNOB YIpaBJAeHUS $IBJASETCS CTpaTernyeckoe MJIaHUPO-
BaHME, OCHOBHAs 3ajauya KOTOPOro — pa3paboTKa ajJropuTMOB JeHCTBUH 00beKTa
(MpennpusATHSI) BO BPEMEHH, YBSI3aHHBIX C WUCTIOJHHUTENSMH U BpEeMEHHBIMH HHTEp-
BaJlaMU BBINOJHEHUS, PUBOASLIMX B A0JTOCPOYHOU MepPCleKTHBE K MOCTAaBJEHHBIM
neasm [1]. Ho HemocTaTKoM TpaaHIIMOHHOTO MOAXOAA K CTPaTEerHUecKOMY IJIaHH-
POBaHHIO B MeHeIKMeHTe SIBJISeTCs HeJOCTATOUHBbIH y4éT HU3MEeHseMOCTH BHelIHel
cpelbl, TOCKOJNbKY CTpaTernyecKUi MiaH npeacTas/iseT coO00H NJaH Noc/aenoBaTe lb-
HOT'O BBITIOJIHEHHUS NeHCTBUEH (omepaluil). B HacTosiiiee BpeMmsi MpeanpUHUMAIOTCS
MONBITKH PeLINTb NAHHBIH BONPOC C NPUMEHEHHWEM MeTONOB KHOepPHEeTUKH, JIOTHKH,
MaTeMaTHUKH, TeOPHUH OINIIUOHOB.

PaspaboTaem a/nropuTM MNOCTPOEHHUS CTpaTerHyecKUX IJIAaHOB, I103BOJISIOLIUX
YUHUTBIBATh BAPUAHTHI PAa3BUTHS BHELIHEH U BHYTpPeHHeH cpell 00beKTa yNpaBJeHHs.
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2. Maremarnueckad mocTaHoBKa 3aJgadyu

Jlns yyéta BapuaHTOB pa3BUTHS BHeLUHeH W BHYTpPeHHeH cpel oObeKTa ynpas-
JIEHUS] UCMOJb3yeM cleHapHblil moaxon. CJenoBaTe/bHO, BAPUAHTBI PAa3BUTHS Cpejl
UCcyelyeMoro o0beKkTa ONMUCBIBAIOTCA C IIOMOILbIO cLieHapueB. Kicxons us atoro, BBe-
IEM TEPMHH, CILIEHapHBIH CTPaTernuecKuil MmiaaH — 3T0 MHOXKeCTBO P = {p1, pa...pn}
3aMJIaHUPOBAHHBIX BO3MOXKHOCTEH (B TEOPUH OIIMOHOB WX HA3bIBAIOT ONIHOHAMH
UM peasibHBIMH BO3MOXHOCTSIMH [5, 4]), mpenctaBieHHoe B dopme muaHa. Kax-
OB 37eMeHT MHOXKecTBa P xapakTepuayeTcsi CAeAYIOUIUMU TOKA3aTeIsIMH: a) THII
(6a30BBI WM BapHaTHBHBIH; 0A30Bble 3J€MEHTbl — BO3MOXXHOCTH MPEBPaLalOTCs
B [eHCTBUS NPHU JIOOOM ClleHapuM, BapHaTHBHble — peaJsiM3yl0TCs NPU BO3SHHKHOBE-
HUU 3aJJaHHOTO CleHapusi); 6) BpeMeHHOH HMHTepBaJ peasu3alllH, ONpelessionHi
Ha4aJso U KOHel[ peasju3allid BO3MOXHOCTH; B) PYKOBOAWTEJb U UCIOJHUTENH (OHH
MOTYT MEHSITbCS BO BPEMEHH M TPU CMeHe CIleHapueB); T) HeOoOXOAMMBbIE PeCypChl
(st KaXKJIoro TakTa BPEMeHH); 1) 3HaYeHUs PUCKA; €) HeOOXOMUMble pe3epBbl IJIsi
CHUXKEHUS pHUCKa.

CueHapHbIl CTpaTerduecKWi MyaH pa3pabaThiBaeTcsi HA OCHOBaHUM C(HOPMHPO-
BAHHOT'O YTpaBJEHUYeCKOro pelleHUs, 3aJaHHOro B (hopMe MHOKecTBa 0a30BbIX U
BapuaTUBHBIX OMUHOHOB O = {0p1, 0p2, - - -, Opny Oul, Op2, - - -, Ot [2]. OToHUMEM clie-
HApHOTO CTPATeruyecKoro InjaHa oT pa3pabOTaHHOIO YIPaBJeHYeCKOro pelleHUs sB-
JsieTcs OoJiblIas feTanu3alusl, 3ajaHue pyKOBOAUTEJS U UCIOJHUTe el Ha KaXaA0M
JTarne, NpeacTaBjaeHue B rpadudeckoil opme (Hampumep, B popme nuarpaMmbl [aH-
Ta).

Jlexxalpe B OCHOBe CLIEHApHOIO CTpaTernMyeckoro IJaHUPOBAHUS yIpaBJ/eHYe-
CKHe pelleHHUs CTPOSITCS Ha OCHOBAHMM pacuéra MaTpHULbl 3HaYeHWH yNpaBJseMbIX
(baxTOpoB A/l KaxAOro Takra BpeMeHH U; = ||lu;;||, rne j — Homep cueHapusi, ¢t —
MOMEHT BpeMeHM, W AJS KaxKAOTo ClieHapus. YrpasJ/sieMble (aKTOPbl BBIAESIOTCS
M3 MHOXeCTBa 3HaYMMBIX (GakTopoB X, = {x.1,Z.0...7,,}, KOTOpOE (DOpMHUpYeETCS
13 MHOxKecTBa (pakTopoB X = {x1,Zs...x,}, BAUSIOLWINX HAa OOBEKT YIpaBJeHHUS.
BapraHTbl pasBUTHA Cpel HUCCJelyeMOoro Nnpouecca 3aJalTcsl ¢ IOMOILbIO CLIeHAPH-
€B, KOTOpble OMpefieIioT H3MeHeHNe CLieHapHBIX (PaKTOpoB BO BpeMeHH. ClieHapHble
(baKTOpBI BBIAEJSIOTCS U3 MHOXKECTBA X, U UX 3HaUeHUs] BO BpeMeHHU OIpele/sioTCs
Matpuueit S; = ||s;;||. PaxTopsl, BXoasuKe BO MHOXKecTBO X, HO He NpHHAMJe-
XKallde K TpyMrne CUeHapHbIX, SIBAAIOTCH OOLIMMH — HMX 3HAYeHUs MEHSIITCS BO
BpPeMEeHH, HO He HM3MeHSIOTCS NpPU CMeHe cleHapus. M3 o0wuX (pakTopoB BblaeJs-
I0TCS CTPYKTYPHBIE (DAKTOPBI, Jexallhe B IPOMEKYTOUHBIX CJIOSIX HepapXHhuyecKod
MOJeJIM, U CBSI3bIBAIOLIME (DAKTOPHI U LU MeXAy COOOH.

MHuoxectBo A = {ay, as. ..a,} POPMUPYET COBOKYMHOCTh LieJIEBbIX MOKa3aTeJed.
3HaueHUs LesIeBbIX 0Ka3aTesel 1715 KaXKA0ro TakTa BpeMeHU 3aal0TCs C TOMOLLbIO
MaTpHLBI LeJeBbIX Nokazareneid A; = ||A;;|.

BsaumocBasu Mexay QaktopamH, (pakTopaMd M 1LleJIeBbIMM MOKa3aTessIMH 3a-
JAI0TCS C TOMOILbI0 Hepapxuyeckoi Momenu. B kauecTBe cBsi3bIBAOIIMX (DYHKLMH
MOTYT ObITb UCIOJb30BAHbl HEPOHHbIE /M THOPUHbIE CeTH, YPAaBHEHUS PErpecChH.

[Ipyn pacuére 3HaueHHH ympaB/sieMblX (PAaKTOPOB MOXKeT ObITb pelleHa Mpsmas
uin obpaTHas 3anaua [3]. [Ipsimasi 3ajaua mpenmnosiaraetT pacyéT LeJeBHIX MOKa3a-
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TeJiell Ha OCHOBAaHWHU 3HAUEHHUH ympaBJsieMbix (hakTopoB. B ocHOBe oOpaTHON 3anaun
JIEXKUT ONpefiesieHe 3HaYeHUH ynpaBJsieMblX (PaKTOPOB MO LieJieBbIM [10Ka3aTeJsIM.
B obpaTHoii 3amaue LeJsieBble MOKA3aTean [Jis KaXKI0r0 MOMEHTa BpeMeHH Jnbo 3a-
[AI0TCSl SKCIIEPTOM HJIM OMPENENSIOTCS ¢ IPUMEeHeHHeM MaTeMaTHYeCKHX METOI0B Ha
OCHOBAaHHWM 33/laHHOTO Mana3oHa JOMYCTUMbIX 3HAUYEHUH yIpaBJ/sieMblX (PaKTOPOB.

3. AJropuTMm nocTpoeHUs CLEHAPHBIX

CTpaTerndeCKux IIJIaHOB

CueHapHble CTpaTerdueckye IMJaHbl CTPOSATCS MO CJAeAYIOLEMY alrOPHUTMY.

l.

11.

12.

13.
14.

[Toctpoenne UML nuarpamm, onuchiBamILUX (PYHKLUHOHHPOBAaHHE OObeEKTa
yIpaBJ/IeHHS.

3anaHue nepuona ynpasijeHus — 7' U I1ara MOJEJbHOTO BPEMeHH — h.
3agaHue MHOXKECTBA LiesIeBbIX Mokasatened A; = || A,

3ananue mMHOxecTBa (aktopoB X = {zy,Ts...T,}, BIUSIOIMUX Ha OODBEKT
ynpasseHus. OnpeneseHrde W BbIOOP NAHHBIX (DAKTOPOB OCYIIECTBJSETCS Ha
OCHOBaHHUM 3KCHEPTHOro aHanusda auarpamm UML.

[TocTpoeHue MHOXKecTBa 3HaYMMbIX (hakTopoB X, = {z.1,Z.s...7,,}, BAUSIO-
MX Ha 00BEKT YIpaBJeHHs, C IPUMEHEHHEM PerpecCHOHHOro MeToja (Takke
IISE pellleH|s] TaHHOU 3aJaud MOXKET ObITh MCIOJb30BAHO COYETAaHHE HEHPOH-
HBIX CETed C TeHeTHYECKUMH aJrOPUTMAMH).

[locTpoeHune mepapxuyeckodl MojesH, onpenessiollell cBsI3H MeX1y 3HaYUMbl-
MU (PaKTOpPaMH M LieJIeBBIMH M0Ka3aTeJsIMHU.

3anaHue 3HaYeHWH 0OLIMX (PAKTOPOB /51 KaXKAOr0 TaKTa BPeMEHH.
[TocTpoenue cuenapues.

Bribop THNa pelaeMoi 3afaud.

. 3ajaHve OOMYyCTUMOrO NHana3oHa 3HAYeHWH YTpaB/sieMblX W CTPYKTYPHBIX

(hakTOpOB, BXOASAIIUX B MOAesb. B ciayuae mpsMoi 3amaun Takxke 3afalTCs U
3HaUeHHd YNpaBJ/sieMblX (PaKTOPOB.

Pacuér 3HaueHul LesneBbIX Mokasateseil. B npsimMoit 3agaue nesieBble Mokasare-
JIM PAaCCUMTHIBAIOTCS HAa OCHOBAaHWHW 3HAUeHUH ympaBJ/sieMblX (pakTopoB. B 06-
paTHOM 3a/iaye pacyéT 3HaYeHUH lleJIeBbIX N0Ka3aTeseld MOXKeT MPOU3BOAUTLCS
C NpPUMeHeHHeM IeHeTHYeCKUX a/JTOPUTMOB WJIM KCIIEPTHOTO aHaJN3a.

Pacuyét 3HaueHUl ympaB/sieMblXx (PAKTOPOB AJs KaxKAOT0 TAaKTa BPEMEHH IpU
pelleHHH 0OpaTHOH 3aiauy.

[TocTpoeHne OMIIMOHOB YIIPaBIEHUECKOTO PeLIeHHs.

Paspa6oTka clieHapHOTO CTpaTeruyeckoro nJjaHa.
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4. 3akJarueHue

Hcnonb3oBanue pa3pabOTaHHOTO ajrOPUTMa TMO3BOJUT MOBBICUTh 3(DPEKTUB-

HOCTb yIpaBJ€eHHUA CJOXKHBIMA JUHAMUYECKHUMHU 00BbEeKTaMHU HYTéM [TOBbILIEHHUSA TOY-
HOCTH H aq)q)eKTI/IBHOCTI/I 3Tama CTpaTeru4eckoro mnjJaHupoBaHUA.
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SCENIC STRATEGIC PLANNING: THE MATHEMATICAL FORMULATION
AND ALGORITHMS OF CONSTRUCTION

0.M. Kulikova
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The Siberian State Automobile and Highway Academy, Omsk

Abstract. The article clarified the definition of the strategic plan of the scenario
used in the solution of problems of optimal control of complex dynamic objects. The
mathematical formulation of the problem and the algorithm for constructing scenarios
of strategic plans are shown.

Keywords: strategic control, scenario-based approach, strategy, strategic plan.
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®DenepasnbHOE TOCYNAPCTBEHHOE GIO’KeTHOE yupexaeHHe HayKu MHCTUTYT MaTeMaTHKH

um. C.JI. CoboseBa Cubupckoro otaenenuss Poccuiickoil akajeMuu Hayk, r. OMck

AHHoranusa. B paGoTe npencrasieH MeTon pacuéra nepepacrpefesieHdsl Ha-
YaJbHBIX H/W/M TEKYILIHX PecypcoB B IIMPOKOM KJjacce NMPaKTHYeCKHX 3anay
OINTUMaJIbHOTO yIpaBJ/eHusi. [IpencraBnaseMbll MeTO OCHOBAH Ha ClleLMa/bHOM
paclIupeHUH ypPaBHEHHUU NUHAMHUYECKOH CHCTEeMBI, (popMaM3yOLeld UCXOOHYIO
3anady. [lono/sHUTeNbHBIE C/araeMble MPaBbIX HacTed ypaBHEHHH OMHUCHIBAIOT
yInpaBJ/sieMbld KOMMYTaTOpP MOTOKOB, CBSI3BIBAIOLIUH COCTABJAIOIINE BEKTOPA CO-
CTOSIHHSI CHCTeMbl. B npenesnax 3afaHHOHM MHTEHCHBHOCTH OOMeHa KOMMYTAaToOp
JOIyCKaeT TNPOU3BOJIbHOE TlepepacripesieieHre MOLysel coCcTaBsoLMX (pecyp-
COB) TMPH COXPaHEHHWH HX TeKylled cyMMbl. [Ipu 3TOM BHA (YHKUMH, Maxo-
pUpyIOLlel HHTEHCHBHOCTH TOTOKOB, OIpelessieTcsi TUNOM 3amadu. B 3amauax
NEePBOTro THMA pa3MellleHHe HayaJbHbIX PeCypCOB SBJIS€TCH YaCTbIO ONTHMH3U-
pyeMBIX HauaJbHBIX YCJIOBHUH, a INepepaclpefeseHUe pecypcoB Ha HHTepBaJe
yIpaBJ/leHHs] 3alpelleHo WM (pU3HUYeCcKH HeocyllecTBMMoO. B 3amauax BTOpoOro
THINAa HayaJlbHble YCJOBUS KECTKO 3alaHbl, HO paspelleHO MepepaclpenessiTh
TeKyllle CyMMapHble peCypchbl Ha MHTepBaJe ynpasjaeHus. B 3agayax TpeTbero
THMNa pas3pelleHbl KaK ONTHMHU3aLMs HAa4yaJbHOTO pas3MelleHHs] pecypcoB, TakK M
ONTUMM3ALHMS Nlepepaclipefie/leHUsl pecypcoB Ha MHTepBaJse YIpaBJ/eHHS.

KuioueBbie ciioBa: pasMellleHHe, repepacrpeneseHye, pecypcel, TOTOKH, KOM-
MyTalus, TMHAMHUECKHe CHUCTEMBI, HEHPOHHbIE CETH.

Paboma svinosnena npu gurarcosoi noddepicke PODH,
npoexkmor Ne 14-08-01132 u Ne 14-07-00272

Beenenue

B Hacrosiuie#t paboTe npensoxeHHbi# B [1-4] «MeTon (DUKTHBHBIX MOTOKOB» pac-
MPOCTPAHEH HA TPH OCHOBHBIE T'PYMIbl MPAKTHYECKHUX 3ala4 ONTHUMAJbHOIO YIpaB-
Jenus pecypcamu. [Ipu satoMm mpeanosiaraeTcsi, UT0 UCXOAHbIE 3ala4M CBeIEHbl UJU
MOTYT ObITb CBelleHbl K 3ajiadyaM OINTHMAaJIbHOIO YyMpaBJeHUs T[aJKUMH AUHAMMU-
4eCKMMH cucTeMaMU. /15 HaryIssHOCTH Mbl OIPAHHUUMJUCh WCXOAHBIMM 3afadaMi,
B KOTOpbIX (DYHKIHOHAJ KayecTBa yIpaBJeHUs sBJsSeTcs (QyHKIUeH BeKTopa Co-
CTOSIHUSI JAMHaMHuyecKod cucteMbl. [Ipu 3ToM mon pecypcamMu MOHHMMaeTcss CymMMa
MOJYJ/IeH COCTABJ/ISIIOLIUX BEKTOPA COCTOSIHUS.
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Hcnonb3yeMblil MOAXOA OCHOBAH Ha ClELHaJbHOM PACLIMPEHWH ypaBHEHHUH AU-
HaMHU4eCcKOH cUCTeMBbl, opMa/usyiolleld UCXonHYlo 3aaady. JlonosHHTe/bHbIE CJa-
raemMble MPaBbIX YacTell ypaBHEHHWH ONMUCBHIBAIOT YIPaBJsSeMbI KOMMYTaTOp MOTOKOB,
CBSI3BIBAIOLHE COCTABJSIIOLIHE BEKTOpPA COCTOSIHUS CUCTEMBbI. B mpenenax 3agaHHOH
MHTEHCUBHOCTH O00OMeHa KOMMYTaTOp AOMYyCKaeT IPOU3BOJIbHOE MepepacnpeneseHne
MOJYJIEH COCTABJISIIOIIMX BEKTOpPA COCTOSIHUS (PeCypcoB) MPU COXPAaHEHUH HUX TeKY-
el cymmbel. [Ipy atoM BuA (YHKUHH, MaKOpupylolledl HWHTEHCHMBHOCTH IOTOKOB,
OmnpefiesisieTCsl TUIIOM 3aJayH.

1. 3agaum mepBOro THMa: ONTUMU3ANUS HAYAJIbHOTO
pa3MelIeHUs] PeCypCoB

PaccMoTpuM rankyio yrnpasiaseMylo CUCTEMY

Pi(t) = fu(Pi(t), .., Px(t), x(t),1),1 < k < N, (1)
rae x(t) — BeKTOp yMpaBJieHHs.
3ajaB najee HauaJbHble yCJI0BUs, UHTepBas yrpasiaeHus (O,T) u MHOXKeCTBO
ynpasJieHUH X, 3aMylleM UCXOAHYIO 3a1ady:

J@*) = inf J(x), @)
J(x)=F(P(T),...,Pn(T)), (3)

rie F' — HenpepblBHO AH(depeHLHpyeMa.
Pemraemasi nasee 3afaua COCTOMT B OTBICKAHHM ONTHMAJbHBEIX B cMbicye (1) —
N
(3) snauennit Py(0) npu tunuuHoM orpanuueHuu y . P,(0) = C, rme C — 3anaHHoe

k=1
YHCJIO.

paCCMOTpI/IM NpeaABapUTeJbHO BCIIOMOTAaTE/JAbHYI0 NHUHAMUYECKYIO CUCTEMY

Za(t) = —U(t) - Zu(t) + %ZU,-(t) 7). 1<k <N, (4)

C 3aJaHHBIMH HaydasbHBIMU ycaoBusiMH Zi(0), rne Ug(t) — 3amaBaeMble Hempe-
pBIBHBIE (PYHKIHH.
O603HaunM:

U (t) = {U(7)/Us
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Eciu Zj(t) ecTb XapaKTepUCTHUKH HEKOTOPbIX 0OBEKTOB, TO CHCTEMA ypaBHEHH
(4) omuchIBaeT ymnpaBJ/sieMblil «<KOMMYTaTOp» MOTOKOB XapaKTEPUCTHUK M3 00beKTa B
00bekT. [lepBoe cnaraemoe B (4) — mMoToK U3 k-ro 06beKTa B KOMMYTaTOp, BTOPOe
cjaraeMoe — IMOTOK M3 KOMMYyTatopa B k-H 0O0beKT.

[Ipu sToMm (4) obaanaer caeAyIOLIMMH MOJEe3HBIMHA CBOHCTBAMHU:

1. [Tpu m06bIX HayasnbHBIX ycaoBUsiX Z(0) mpousBoJbHOe yrpaieHue U(t) co-
XpaHsieT HavyaJ/JbHblH pecypc C, To ecTb

k=1 k=1

2. JlioGoe ynpasienue U™ (t) oToOpa)kaeT Mpon3BOJIbHBIA HabOp HEOTpHUIIATEb-
HbIX HauaJbHbIX XapPaKTePUCTHUK B HEKOTOPHIH HAa0Op HEOTPHULATE/bHBIX KOHEUHBIX

XapaKTepPUCTHK, TO €CTh
Ut(t): ZT(0) — ZH(t),

U, 6oJee TOro, nJs JOOBIX OBYX HabOOpPOB Zi; U Zo, C COBMNAJAMLIHMHU CYMMaMH
XapaKTepUCTHK U Jitoboro ¢ HalnéTces

Ut(t): Z'(0) — Z*(t) = Z*F,

TO €CTh /151 JI000r0 3aJaHHOTO BPeMeHH YIpaBJieHUs U JI00bIX ABYX 3aJaHHBIX Ha-
60pOB HeOoTpULIATe/bHBIX XapaKTePUCTUK HAUAETCS HeOoTpUllaTe/bHOEe YIpaBJieHHe,
NPUBOJSiLEe MEPBbLIH HAOOP KO BTOPOMY.

3. Jlio6oe ynpassenue U™ (t) oTo6pakaeT Mpou3BOJbHbBIH HAGOP OTPULIATENbHBIX
Haya/bHbIX XapaKTEPUCTHK B HEKOTOPHIH HAa0Op OTpULIATE/NbHBIX KOHEYHBIX Xapak-
TEPUCTHK, TO €CThb

Utt): Z7(0) = Z (1),

u, Gosiee TOro, IJs JIOOBX ABYX HaGopoB Z'" u Z? ¢ coBmajamlUMH CyMMaMH
XapPAKTEPUCTHUK U JIIOOOro ¢ HalnETcs

Utt): Z'(0) — Z~(t) = 2,

TO €CTb JJid JI0OOr0o 3aJaHHOrO BpPEMEeHHW YIpaBJeHHUS U JIOOBIX ABYX 3aJaHHBIX
HaOOpOB OTPULIATeNbHBIX XapaKTePUCTHK HAHAETCA HeOTpULaTesNbHOE yIpaBJ/eHHe,
NPUBOJSILLEe NEePBbIH HAOOp KO BTOPOMY.

PaccmoTpum Teneph cienyrouyo MOAM(DHUKALNIO HCXONHOH CUCTEMBl ypPaBHEHHUH

(2):

Pu(t) = fu(Bi(t), .., Po(t), (), t) — UpBy(t) + %im(t)é(t), 1<k<N, (5)

=1
C HayaJbHBIMH YCJOBHSIMM U MHTepBaJsioM yrpasienus (O,T) u3 3agauu (1) — (3) u
MHOKecTBOM yrpasiennii X = X @ U, rae U = {Ut(£)/0 < Up(t) < p(t),1 < k <
< N,0 <t < T}, rae Ux(0) 3anansl;, p(t) — 3amaHHasi HeNpepbIBHO yObIBaioLlast
(PyHKLHS.
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[Ipu stom H; = inf p(t) Ha uHTepBane (0,At), Hy = sup(t) Ha UHTepBase
(At+6,T), At u 6 — peryaupytoTcs napamerpamu ¢(t) HezaBucumo. KoHKpeTHBIN
BUI (t) BIOJIHE TPOU3BOJIEH.

PaccmoTpum nanee njisi cucTeMbl (5) 3amauy

1@ = inf (@), ©)
roe _ .
‘](%) :F(Pl(T)vapN(T))v (7)

(em. (3), (4)).

HMcrob3yst Tenepb riagkocTb HCXOAHOH cucTeMbl (1) M HCXOmHOTO QyHKIIHOHANA
KadyecTBa (3) U CBOHMCTBa BCIIOMOraTeJibHOM cHCTeMbl (4), MOXKHO MOKa3aTb, YTO MPH
ucxonHoMm orpaHuueHud Pr(0) > 0, 1 < k < N nmm P(0) < 0, 1 < k < N
AJs1 060U HucxonHoU 3anauu Buaa (1) — (3), COOTBETCTBYIOLIEH BCIIOMOraTesbHOM
3anaun (5) — (7) u Jqoboro € > 0 HalpéTes Takas ¢(t), 4To

|P:(0) — Po(At+0)] <e, 1<k <N,

rae P,(0) — McKOMBle ONMTHMaJsbHble HayasbHble XapaKTePUCTHKH HCXOMHOH 3a1a4u
(1) - (3); f’k(At + ) — XapaKTepuCTHKH W3 pelieHus 3anaud (5) — (7), B3siThle B
MoMeHT A t+94.

Mbl paccMOTpesid 3amauyd MepBOrO THIA, B KOTOPHIX pasMelliaeMble HadajbHble
pecypchl SIBJSIIOTCS 4acTbiO ONTHUMHU3HUPYEMbIX HadasbHBIX YCJOBHUH, a Mepepacrpe-
JieJieHHe PecypCcoB Ha HHTepBaJie YIpaBJeHUs 3ampelieHo Uad (GU3HUeCKH HeoCyle-
cTBUMO [4, 5.

B sToM cayyae maxopupytomas GyHKUHUsS () I0MycKaeT MPOU3BOJbHBIN 00MeH
pecypcamu B HayasbHOM HHTepBase Bpemenu (0, At), MajoM MO CPaBHEHHIO C HH-
TepBajsioM yrnpasienus (0,77), a 3atem OJoKHpPyeT oOMeH. B pesysbraTe peleHue
MOAM(HUIIMPOBAHHON HUCXONHOHM 3aJauyM, B3TOE B KOHIIE Majoro HayajJbHOTO MHTEp-
Basia (At +0,T), COIep>KHUT BEKTOP COCTOSIHHUS, CKOJIb YTOMHO OJIM3KHE K HCKOMOMY
ONTUMaJIbHOMY HayaJbHOMY BEKTOPY COCTOSIHUSI HCXOAHOH 3amayd.

2. 3apauu BTOpPOro THUIIA: MepepacnpenesieHue pecypcoB
Ha MHTEpPBaJie yIpaBJeHUS

B 3agauax BTOporo Tumna HauaJjbHble YCJOBHS XKECTKO 3aJaHbl, HO pa3pelleHo I1e-
pepacnpene/saTb TeKylllie CyMMapHble peCcypchbl Ha MHTepBaJje ylnpasjeHHs. B aTom
caydyae Makopupymlouue (yHKLUHM [OCTOSSHHBI Ha BCEM HHTepBajie YyIpaBJeHHs, a
UX 3HAYeHMs ONpenessroTcs (pU3HYeCKHMH OTPaHHUYEHHSIMH Ha UHTEHCHBHOCTH II0-
TOoKOB. TakuM oOpasom, pelleHHe MOAU(PULUHMPOBAHHOW MCXOQHOW 3a0a4d COLEPIKUT,
NOTOJHUTEbHO, TJIaH ONTHUMAaJbHOIO IepepacnpenesieHUsl PecypcoB Ha UHTepBaJe
ynpasJ/ieHHus1, (PaKTHUECKH peasM3yeMblll 3aTeM B pea/bHOM MacluTabe BpeMeHH. Tak,
NPU paclIMpPeHUH MeTOAA Ha HEKOTOpble TPAHCIOPTHBIE 3a[aul JIMHEHHOTO MPOrpam-
MHUPOBaHUS BCIOMOraTe/bHas 3aiada MOAU(PULUPYET MaTPULy NePeBO30K B TeUeHHe
(0,T) npu ¢(t) = const .
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3. CMemaHHbIe 3aJayy TpeThero TUIa

B samauax TpeThero THMa pa3pellieHbl KaK ONTHMH3alldsl HayajbHOrO pasMe-
IIIeHUsT PECypCoB, TaK W ONTUMH3alLlMs MepepacrpeeseHns pecypcoB Ha MHTepBaJje
ynpasJeHus. B atom caydae maxkopupyioiasi GyHKIEs ¢(t) siB/sieTcss KOMOHHAIMEkH
Ma>KOpPUPYOIIUX (PYHKIHUE 3aia4 MepBOro U BTOporo TUoB (Ha uHTepBasax (0, At)
u (At +6,T), coorBeTcTBeHHO). [IpH 3TOM HTOTOBOE yrnpaB/eHHe WCXOMHOH 3a1a4yu
peaJsii3yeTcs 1o CJeAyIolled cXxeme: N

1. B nHauasbHble ycJOBHS TOACTAaBAsIIOTCS 3HadeHus: Py(At + 0) M3 pelueHus
BCIOMoOTraTe ibHOM 3anauu (5)—(7).

2. 3arem Ha untepBasne (0,7 — At — §) peanusyercsi ynpaBJeHHe U3 HHTepBaJja
(At + 6,T) BcnomoraresbHo# 3anauu (5)—(7).

3akJjrueHue

1. Pemenue BciomoratesnbHo# 3amaud (5)—(7) mo3BosisieT MOJYUYUTb ONTHMaJb-
Hble HauaJbHble XapakTepucTuku P;(0) ucxonHoil 3amaun (1)-(3) 3a onuH wiar, ox-
HaKO LleHa NOTOJHHUTE/bHbIX OrPaHUYEHUH W YMCJIEHHOrO MpeacTaBjeHHs] (PYHKLUN
©(t) B peaqusymolleM aJirOpuTMe MOXKET B KOHKPETHOM CJlydae OKa3aTbCsl HelpHeM-
JIEMOH.

2. TlpencraByieHHBIH METON PACMpPOCTPAHSIETCS U Ha 3a4ayd ONTHMAJbHOTO pas-
MellleHHs] HadyaJlbHbIX PeCypCOB HEYTNpaBJ/sieMblX MMIaAKUX cucteM. [Ipu 3ToM QyHK-
[IMOHAJ KadyecTBa (3) 3amMChIBAETCsl B BHIE

J(z) = F(P\(T), .., Py(T)) = F(P(0), ..., Px(0), T).

3. Bo MHOTHX HMCXOIHBIX 3a/auaX YMpaBJjeHHs] 4acTh HayaJbHBIX COCTABJISIONIHUX
BeKTOpa cocTosiHusl B (1) siBisieTCs HEONTUMU3UPYEMBIMHM MapaMeTpaMd. B 3Tom
caydae B cucrteMe (5) BcrmomoraTesnbHOH 3amaud (5)—(7) momuduuupyroTes aud-
(bepeHLMaNbHbIEe YPaBHEHHS JIMIIb TeX COCTABJSIOLIMX, HauajbHble 3HaYeHus Fj(0)
KOTOPBIX MOTYT OTNTHMHU3HPOBATHCS.

4. TlpensiaraeMblid OAXOM HCIIOJb30BAJICSl HAMHM B MOJEJHPOBAHHH KOH(JUKTOB
yIpaBJ/sieMbIX TMOABHUXKHBIX 00BEKTOB. B uyuciie IpPyrux BO3MOXKHBIX MPHJIOKEHHH
MOXKHO YKa3aTh TPAHCIOPTHbIE 3a7a4M JIMHEHHOrO MPOrpaMMHUPOBAHUS, 3aaul TJia-
HUPOBaHHUSI U yNpaBJeHHsT (PU3HUECKHMH IKCIEPUMEHTaMH U yrpaBjeHHe BbIUHUCIHU-
TeJIbHBIMU pecypcamu. Tak, Harpumep, OH 00CYK1aJcsi TPUMEHHUTEIbHO K UMHTALIUH
¥ yrpaBjeHHuio GU3NYeCKMMH IKCIIEPUMEHTaMH B KOHTeKcTe pabot [6-8]. Ilpu stom
OBIJIO OTMEUYEHO, YTO MPOCTEHIIHE KOMMYyTaToOp (4) MOXHO MHTEPIPETHPOBATb Kak
3aMKHYTYI0 HEHPOHHYIO CeTh HEMPEPbIBHOIO (PYHKIIMOHUPOBAHHSI C BeCaMH CHHAI-
COB, ONTHMHU3UPYEMBbIMH BHeIIHeH 3a1aued.

5. XoTsi MpeACTaBJeHHbIH MPUEM Ha3BaH «METOAOM (PUKTHBHBIX MOTOKOB», OH
M03BOJISIET ONTHUMHU3UPOBATh ylpaBjeHWe Kak (PUKTUBHBIMH (B 3amauyax ONTHMH3a-
IMM HayaJbHBIX YCJOBHH), TaK M peaJbHBIMH (PU3MYECKHMMH MOTOKAMH DECypcoB
(MaTepua bHBIX, SHEPreTUYECKHX, HH(POPMALIHOHHBIX).
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THE METHOD OF FICTITIOUS FLOW IN MODELS OF TRANSFER
OF RESOURSES

B.K. Nartov
Ph.D. (Math.), Associate Professor, Senior Researcher, e-mail: nartov@ofim.oscsbras.ru

Omsk Branch of Sobolev Institute of Mathematics, Siberian Branch of the Russian
Academy of Science, Omsk

Abstract. This paper presents a method for calculating the redistribution of the initial
and / or ongoing resources in a wide range of practical problems optimal control. The
presented method is based on a special extension of the dynamic equations of the
system, formalizes the original problem. — Additional terms of the right sides of the
equations describing the managed switch in currents linking the components of the
system state. Within a given intensity-sharing switch allows arbitrary reallocation of
module components (resources) while maintaining their current amount. The form of
the function, majorizing flow rate, determined by the type of task. In problems of the
first type of accommodation is a part of the initial resources op timiziruemyh initial
conditions, and the reallocation of resources to the control interval is prohibited or
physically impossible. In problems of the second type of initial conditions are hard
coded, but allowed to ne-reraspredelyat current total resources to control interval.. In
problems of the third type are allowed as the initial optimization of resource allocation
and reallocation of resources to optimize the range of management.

Keywords: accommodation, allocation, resources, streams, switching, dynamic sys-
tems, neural networks.
This work supported by RFBR, projects N 14-08-01132, N 14-07-00272
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METO[ YJIYYIIEHUA AJITOPUTMA BUOJIBI-I2KOHCA

A.P. Hyprarun
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Ues16MHCKHUE TOCYyIapCTBEHHBIH YHUBEPCUTET

AnHoTtauusa. Ha naHHBI MOMEHT CyllecTByeT MHOKECTBO METO0B OOHapy:xe-
HUSI 00BbEKTOB Ha HM300pakeHWH, K mpumepy, merton Buosbl-[[>xkoHca. OnHako
MPaKTHUECKH BCE 3TH MeTOAbl OCHOBAHBl HAa BBIYMC/JEHHH CBEPTKH C Ompe-
HeJEéHHBIM MaTTepHOM. TakoH MOAXOA BeleT K CYIeCTBEHHOMY BO3PacTaHHIO
00bEMa BBIUMC/JAEHWH NPH YBeJWYeHHH Pa3MepOB HCXONHOH CLIeHBl, 4TO [eJa-
eT ero MaJopUMEeHUMbIM B CHCTeMaxX peasibHOTO BpPeMeHW M OTpaHHUYeHHBIX
BBIUMCJIUTENBHBIX MOLIHOCTSIX. B craTbe mpensaraercss MeTon yJaydlleHHs aJ-
roputMa Buosbl-J[2koHca, MO3BOMSIOUIMH CHU3UTb BHIYMC/IUTENbHbIE HATPy3KH
6e3 yumepba TouHocTH. JI/1 JaHHOTO MeToJa TaKxKe [OKa3aHbl Pe3y/bTaThbl Te-
CTUPOBaHMUS, NEMOHCTPUPYIOILHE €r0 MPUMEHUMOCTb.

KuroueBbie cioBa: anroputM Buosbl-I[)KoHca, pacrno3HaBaHue o6pa3os, o6Ha-
py’KeHHe JIUI, CUCTEMBl PEaJIbHOTO BPEMEHH.

BBenenue

Merton Buoanbl-[>xoHca, SIBASIOIIAACA Ha NAaHHBIH MOMEHT OJHUM M3 CaMbIX
NOMYJISIPHBIX AJATOPUTMOB OOHapy»KeHHs 00bEeKTOB Ha H300paKeHMsIX, OCHOBAH Ha
TMPUHLUIE CKAHUPYIOLLEro OKHa. DTO BeAET K yBeJHueHHI0 06béMa TpebyeMblX BbI-
YUCJIEHUH ¢ yBesJH4YeHHeM pa3Mepa 00padaTbiBaeMOro H300paKeHUs, UTO HEXOPOLIO
npu o6paboTKe B peabHOM BpeMeHH. B naHHOH cTaTbe npeasaraercs 3Qp@peKTHBHbIN
MOAXOJ pelleHusl NaHHOH mpobJeMbl 6e3 NoTepHd TOUHOCTH.

1. Omnucanme meroga BuoJni-JI2kKoHca

OcHoBHbIE IIPUHIOMWIIBI, HAa KOTOPbIX OCHOBAH METOH, TAKOBBI:

MCIOJIb3YIOTCS H300pakKeHHsi B HHTErpaJbHOM IMpeacTaBiaeHuu [1], uto mo3so-
JISleT BBIUMCJ/SATh OBICTPO HEOOXOAUMblE 0OBEKTHI;

MCIOJIb3YIOTCS MPHU3HAaKK Xaapa [2], ¢ MOMOILILbI0 KOTOPBIX MPOHUCXOMUT MOUCK
HY>KHOTO 00beKTa (B JaHHOM KOHTEKCTe — JIULA U ero 4epT);

HcrnoJibayeTest 6ycTUHr [3] muist BiGopa Haubosee MOAXOAAIIMX MTPU3HAKOB JJIsI
MCKOMOro 00beKTa Ha NaHHOH 4acTH H300pakKeHHs,

BCe MPHU3HAKH MOCTYMAalT Ha BXON KJjaccudukaTtopa [2], KOTOpbli Haét pe-
3y/IbTAT «BEPHO» JUOO «JI0XKb»;

MCIOJb3YIOTC KacKazbl TPHU3HAKOB [ ObICTPOro OTOpachiBAaHUS OKOH [4],
rIe He HaUAEHO JIULO.
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2. 0030p cylmecTBYIOIMX peleHUumn

Ha naHHBI MOMEHT MMeeTCsl HECKOJbKO ONTHMH3alUil ajroputMa Buossl-
Ilxonca [5, 6, 7], HO naHHble pelleHHs TPeOYIOT 3HAYHUTENbHBIX HHXKEHEePHBIX
YCUJMH, BO MHOIOM ONTHUMM3aLHsl CBOIUTCS K OoJiee ONTHMaJbHOH peasn3aluu
aJTOpUTMa Ha 3aJJaHHOH mJaTdopme.

Hpyroii cnoco6 no6utbes paboThl aArOPUTMa B peajbHOM BpeMeHH — peaJsiu3a-
uusg Ha GPU [4]. OgHako 3To peleHue HEeNMpakTUYHO IS TIPUMEHEHHs] BO BCTpau-
BaeMbIX CHUCTEMax

B pa6ote [8] aBTOpHI NpensaraioT pelieHre Ha ocHoBe peanusaund Uz OpenCV,
ONTUMHU3UPOBAHHOE [J/151 BCTPAaWBAaeMBIX CHUCTEM, HO cama peaJsiM3alids OCTaéTcs
HensMeHHOH. [lpensaraemasi B cTaTbe ONTHMH3aLMS YJayullaeT CKOPOCTb PabOTHI
aJTOPUTMA 32 CUET CHUKEHHUS] 00bEMa BBIUMCJIEHUH C COXpAaHEHHEM TOYHOCTH.

B pabore [9] aBTOpHl paccMaTpHBalOT METON, OCHOBAaHHBIH Ha MOJEJH BHU3Y-
aJbHOTO TMOWCKA /sl OblcTporo obHapyxKeHHs 06bekToB. CpaBHUB CBOIO PaboTy ¢
netektopoM Buosbi-I:konca B OpenCV, oHU moJydu/IM yCKOpeHHe B CpPEIHEM B
2 pasa 3a c4yéT HeOOJBLIOrO CHHXKeHUsl ToyHOCTH. [loaxon mpepsaraercs aJsi uc-
M0JIb30BAHUSA C U300paKeHUSIMH, COlEPKALLUMH TOJMbKO OAHO JIMLO, U He SICHO KakK
NPUMEHSITh TAKOH MOAXOA K M300pa’KeHUSIM C HECKOJNBKUMHU JIMLLAMHU.

3. AganTuBHBIA MeTOJ CKaHUPOBaHMS
naa anroputMa Buosbi-IxkoHca

B wmerone Buosbl-I3)koHCa OKHO ABUraercs Mo HM300paKeHHWIO € IIaroM CKaHHU-
poBanusi A\. [lpensnaraercss UCrnosb30BaTh pa3/jMUyHblE pa3Mephbl IIara Mo OCH T H
y: Ax, Ay. B cayuae Ax = Ay Gynem no-npexxHeMY HCMONb30BaTh 0603HaUeHHe
A. Illar ckaHMpOBaHHS BJHSIET KAaK Ha TOYHOCTb OOHApy»KeHHe, TaK H Ha Ipo-
MyCKHY10 crnoco6HOCTb. C yBesNHYeHHEM IlIara yMeHbIIAETCS BEPOSITHOCTh JIOKHOTO
cpabaTbhiBaHUSI B OJHOPOAHBIX 00/acTAX. TakKe BO3MOXKHO yBeJHUEHHE CKOPOCTH
paboThl aAropuTMa 3a CUET yBeJHUEHHSs IlIara CKaHWPOBaHHUS B TeX 06JacTAX, TIe
00bEKT OTCYTCTBYeT. B CyllecTBYIOIIUX peaqu3alusx pasMep Liara, Kak IpaBuJIo,
BeiOUpaetTcst A =1 uan A = 2.

Ha3oBéM cTymeHblo BBIXOHA HOMep KJjacCH(pHUKaTopa B KacKalae, Ha KOTOPOM
JlaHHOe OKHO OTBepraeTcs. B mpencTaB/eHHOM aHa/M3e BBISBJSETCS B3aMMOCBS3b
HaJIMuusl JUla B 006J1acTH U300paXKeHUs U CTYIeHH BBIXOAA.

Ha pucyHke 1 Kaxablii MHUKCeNb MMeeT SPKOCTb 0OpPaTHO MPOMOPLHOHAIBHYIO
CTYIEHH BBIXOJA.

JlaHHBI TOAXOM T03BOJISIET yYBEJMUHMBATH pPa3Mep Iara MpH MaJjblX 3HAYEHHSX
CTYTIEHHW BBIXO[A M YBEJHWYMUBATb €ro Mpu NMPUOIHKEHUH K 00beKTy roucka. Takxke
JIaHHBIH TIOAXOJ M03BOJIsIeT U36eXKaTh AOMOJHUTEbHBIX PACXOL0B HA HOPMAJHU3ALHIO
nofokHa. JlaHHasi HopMa/u3anusi HeoOXOMUMa IJisi MUHUMH3ALUH BJIUSHUS Pa3Jidu-
HBIX YCJIOBHH OCBellleHHs1 B MeTone Buosbi-IxkoHca [2, 8].

Ha pucynke 2 paccmoTpeH nocTosiHHBIN mar Ay = 2 uad Ax = 3, BUIHO, 4TO
JIeTEKTOP He B COCTOSIHUM Pa3MeCTHTb OKHO B JIOKAJbHOM MaKCHMyMe, B OTJIHUHE
OT afanTHUBHOrO mara A.
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Puc. 1. OKHO CKaHMPOBaHHsI OTBEPraeTcss Ha PaBHOMEPHBIX 00J1aCTSX, He COIep:KalluX HCKOMBIH
natTepH, paHblile. [Ipy npuOIHIKEHUH Ke K JIULY CTYINeHb BbIXOAA HAauMHaeT BO3pacTaThb

£\

!

Puc. 2. Pasnuunbie A. Cepbie 6/10kH — yBeaudeHHble nukceu ot 204 no 213 (ock x) u ot 144 no
122 (och y). Uépueiit mukcenb B nosuiiuut (209,117) cooTBETCTBYET MPAaBOMY HHXKHEMY JIMILY Ha
pucyHke 1

4. Pe3syabraThl

DkcnepuMeHThl nmpoBoxuauch Ha Intel Core i7 ¢ TakroBoi uacroro# 2.2 I'Tu.
HcnonbsoBanacek 6asa auiy CMU-+MIT [10].

Peann3oBaHbl cjenyolye MoaX0abl:

1. (I) cratuueckasi: Ax ¥ Ay TOCTOSHHBI ¥ paBHH 1, 2 uu 3;

2. (IT) OpenCV 1: Ax = 2 nas Bcero uzobpakeHusi. B ciyuae He oOHapyKeHHSsI
auna Ax yMmeHbliaetcsi Ha 1, Ay = 1;

3. (IIT) OpenCV 2: A = 1, ecsii COOTHOLIEHHE Pa3MePOB OPUTHHAJBHOTO H300-
pakeHWs U yMeHblIeHHOro Gosee yeM 2, uHade A = 2.

B rtecrax Takxe  HCMNOJNB30BaNHCh  KO3(D(PULUHEHT  MaclITabUpOBaHUS
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(scalingfactor) s wu mopor causinus (merging threshold) ~ rakue, uytO
s€{1.1,1.2,1.3,1.4,1.5} u v € {1,2,3,4,5}.
J1J1s1 cpaBHEHHs MOJy4aeMblX Pe3yabTaTOB UCMOJb3YIOTCS CJAEAYIONIHe METPUKH:

I TP o TP
recall = TP+ EN precision = TP+ ED’

roe TP — 4ncso NpaBUJIbHO ONpefeéHHBIX 00beKTOB, /N — 4MCJO0 MPONMyLIEHHBIX
00beKTOB, F'P — KOJNYeCcTBO JIOXKHBIX CpabaTbiBaHUH.
[losyueHHBle pe3ynbTaThl cpaBHUBaOTCsA B [lapeToBCcKOM cMblce.

5 | | | [ O Rasw
+: ! ! ! 'l 4+ Static |
DG- C)penC‘u’L;
¥
g D frereomenieann
"o :
- :
o ~
EDS- jg
— . : : : : : :
e
0.1 ._&‘i‘
"%ﬁr 4=1—-H- ' 5 | 5
"&/"' ! . :
0 i +ﬁ‘++|# i + i j
0 0.1 0. 2 0.3 0.4 0.5 0.6 0.7

1-(recall)
Puc. 3. peSyﬂbTaTbI TECTUPOBAHHUA. METPUKHU — OT3bIB U TOYHOCTDb

Ilnsi yno6erBa BBenéM metTpuky F'1 [11]:

preciston X recall

Fl1=2x — )
precision + recall

ITo CyTH F1 — CpeoHeB3BECUIEHHOE OT3biBa U TOYHOCTH.

5. 3akgaroueHue

B naHHO# cTaTbhe mpensiaraeTcsl MCIOJNb30BaTbh aNANTHBHOE CKAaHUPYIOLIEE OK-
HO 1J151 yJaydlleHusl rnpouecca oOHapyKeHHs1 o0beKTa aaroputmom Buosbl-[[KoHca.
[IpencraBnensl pe3ynbTaThl AJs peanu3aluu jAetektopa Jul Buosael-I[koHca, HO
JlaHHasi ONTHMU3aLUs MOXeT ObITb NPUMeHeHa /s JO0ro ajiropuTMa oOHapyxe-
HHUSI 0OBEKTOB, B KOTOPOM HCIOJb3YIOTCS CKaHUPYIOLee OKHO M KacKaIHBIH KJjac-
cuduxarop. [lo cpaBHeHHIO ¢ CylieCcTBYIOUIMMU MOAXOAAMH, aJanTUBHBIH obecre-
YMBaeT JIyulllde MOKasaTe/u B MPOCTPaHCTBe recall/precision, 4To 0co6eHHO BaXKHO
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Puc. 4. Pesysnbratel TecTHpoBanus. Merpuka: F'1

IJ151 CHCTeM peasibHOro BpeMeHH. [Ipu 3axBare n3o0pakeHUsl C BHUAEO MOXKeT OBbITh
NPUHATA BO BHUMaHHEe TaKXe W BpeMeHHas HEONHOPONHOCTb AJS ellé OOoJbLIero
CHUKeHHUS] 00bEMa BBIUHUCJIEHUH.
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ADAPTATION FOR VIOLA-JONES METHOD

A.R. Nurgatin
Graduate Student, e-mail: nurgatin@csu.ru

Chelyabinsk State University

Abstract. In recent years, there has been developed many algorithms to identify
objects in images, including the scheme offered by Viola and Jones. However, as in
all of the algorithms based on a scanning window, if the size of screen grows the
amount of computation increases too. The paper proposes a method of increasing the
speed without sacrificing accuracy. This paper also demonstrates the effectiveness of
the proposed algorithm.

Keywords: Violla-Jones method, object recognition, adaptation, pattern recognition,
face detection, window-scaning, real-time system.
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WCIIOJb30BAHUE KOMIIbIOTEPHBIX TEXHOJIOTUI
N MATEMATUYECKHX METOAOB QJII AHAJIU3A
ABTOTPAHCIIOPTHBIX CETEH

A.M. IlyptoB
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AHHoTamusa. Pazpa6ortaH crnoco6 nprMeHeHHs TAKCOHOMHUH, PeNyKUHH rpacos
M MeTONOB IeOMH(OPMALMOHHBIX CHCTEM MJIl aHa/lHh3a BJHSHUS 3alepkKeK Ha
BpeMs MPOXOXKJEeHHS MapIIPyTOB B aBTOTPAHCIOPTHBIX CETAX. Te€XHOJOTHS [e-
MOHCTPUPYETCSl Ha MPUMepe aHaju3a nomysspHoro mapupyra r. Omcka. [Ipu-
Bel€H MpPUMep HCIIOJNb30BAHMS TAKCOHOMMHU /sl aHAJIM3a Pe3yJbTaTOB PenyK-
uud rpada. [TokasaHo cXOACTBO pes3y/bTAaTOB BHU3yasbHOH M aBTOMaTH4eCKOH
TaKCOHOMHUHU. PesynbraThl TakcoHomun ortobpaxkeHol Ha [MIC — kapte rpada
MmapuipyTa. Paspa6otaHa uMHUTalMOHHAs MOfeJb Nepekpéctka. Mopenb 3amnpo-
rpammupoBana Ha GPSSW.

Kirouessie cJioBa: FeOI/IHq)OpMaU,I/IOHHaH CHucTeMa, UMUTalMOHHOE MOAEJIUPO-
BaHHe, pedyKLuUd I‘panOB, TaKCOHOMHSA, aHaJ/Ju3 HNaHHBbIX, ABTOTPAHCIOPTHLIE
CeTH.

Paboma svinosnena npu noddepicke eparnma PODH [2-07-00149-a

Beenenue

Poct Bo3MoxkHOCTell mpuoOpeTeHHst aBTOMOOUJeH HaceJeHUeM MPHUBOAUT K Iie-
perpyske aBTOTpaHCHmopTHbIX ceTel. [loaTomy 3amauu aHanuza u opraHusalUM aB-
TOLOPOXKHOTO JBUKEHUS] CTAaHOBATCS Bce OoJiee akTyasbHbIMH. COBpeMeHHble KOM-
NbIOTEPHBbIE TEXHOJIOTHH U MaTeMaTHYecKHe MeTO[bl UMeloT GoJbliie BO3MOXKHOCTH
I/ pellieHUs] TaKoro pofa 3anad. MHTerpauus pasavyHbBIX METOIOB U CPEACTB IM03-
BOJISIET C Pa3HBIX CTOPOH MOCMOTPETh Ha Bo3HHKawiue npobseMbl. Co3naBaemasi
aBTropoMm cucrtema GisAuto opueHTHpOBaHA HA aHa/JW3 BpeMEHH MPOXOXKAEHHUS pas-
JIUUHBIX yuacTKoB nmyTH. B GisAuto mpenmosiaraercsi COBMECTHOE HCIOJb30BaAHHE
MeTozoB reonHpopManuoHHeix cucteM ([MC), maremaTtHuecKUXx MeTONOB, B 4acT-
HOCTH, METOJIOB pPelyKUHH rpadoB, TAKCOHOMHUH, UMHUTALLMOHHOIO MOJEJHPOBAHHUSI.
B [1-3] 6osee monpo6HO, UeM B TpensaraeMoil cTaTbe, MOKa3aHa 3((eKTHBHOCTD
MHTerpalyy TepeurceHHbIX MeTonoB. Havasno mupokoro ucnonb3osanus ['MC nas
oToOpakeHUsl U pellleHHs MpoOJeM Ha TPAHCIOPTe MOXKHO OTHECTH K KOHLY Mpo-
wioro Beka. [lpencrabasiemasi pabora opHeHTHPOBAaHA HAa aHAJ/NU3 BPEMEHH MPOXO0K-
JIeHUsl MapILIPyTOB C LIeJIbI0 ONEPAaTHBHOIO YIIpaBJeHUs] TPAHCIOPTHBIMU MOTOKAMHU
M CTPaTeruyeckoro MnjaHUPOBAaHHs aBTOTpPAHCNOPTHOU ceTu. CyTh paspabaTbiBaeMoOn
TEXHOJIOTHH MOXXHO OTOOPa3HTh CJAEAYIOIIUMHU 3TamnaMHu.
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1. Iloctpoenne I'MC-monenun 3anmep:kek Ha OCHOBHBIX MaplipyTax ropoga. 3a-
Iep:KKH MPOUCXOAST Ha TepeKpécTKax, cBeToopax, MelIeXoIHbIX Mepexonax.

2. Tloctpoenne Ha [MC-kapTe rpadoB uccaenyeMblX MapuipyToOB.

3. Cbop nmaHHBIX O 3amep:kkax. Ha 3Tom 3Tame MoryT 6bITb MCIONb30BaHBI JKC-
MepTHBIE, PacUETHBIE OLEHKH, pe3y/bTaTbl HAaOJIONeHHH, HMUTALHOHHOIO MO-
IeJTUPOBAHHUS.

4. Ananu3 MapuipyToB METONOM penyKUHH TpadoB. B pesysbraTe mosyuarwrcs
K03(h(DUIMEHTBI, MMOKa3bIBAIOLINE BAUSHUE KaXKIOH 3alep:KKH Ha oOulylo 3a-
IepXKKY MPH MPOXOXKIEHUH MapLIpyTa.

5. Packpacka 3anepxkek (BepmnH rpaga) Ha ['MC-kapTe B 3aBUCHMOCTH OT HX
3HAYUMOCTH.

6. AHa/nn3 MoJIy4eHHBIX pe3ysbTaToB. BhIsiBJIeHHe 3aiep:KeK U yUyacTKOB, OKa3bl-
BAaIOLIMX HauboJblilee BAHSHUAE HA BPEMSs MPOXOXKAEHHUS MapIlIpyTa.

7. MukpoaHaiu3 npoOJeMHBIX YY4ACTKOB ([OMOJHUTE bHbIE HAOMIONEH S, HMUTa-
IIMOHHOE MOJI€JIUPOBaHMUE).

B cratbe Ha mpuMmepe aHasM3a OHOTO M3 MOMYJSPHBIX MapupyToB r. Omcka
MOKA3aHO BbIMOJIHEHNE TepeyrcaeHHbIX 3TanoB. HoBu3Ha paspabaTbiBaeMol TEXHO-
JIOTUH 3aKJI0YaeTCsi B OPUTHHAJIBHOM COUETAaHHHM pa3pabOTaHHBIX aBTOPOM MOJEJeH,
peaJsIM30BaHHBIX PA3JHUUHBIMA METONAMH.

1. Ilocrpoenue 'MC-monenu 3agepxkek u rpa)oB MapuIpyToB

[NC-monenb 3ajmep:kek Ha goporax paspabaTbiBaeTcsi C 1eJblo MpPerocTaBJe-
HUS TIePBUYHBIX AAHHBIX AJIS aHAIM3a TPAHCIIOPTHBIX CeTel pas3JMuHBIMH METOAAMHU
(aHanMTHUECKOE M HUMMTALlMOHHOE MojeJupoBaHue, reoaHasnus). Ilogpoono 'MC-
MOJIeJIb 3aliep>KeK M TMOoCTpoeHHe rpadoB MaplipyToB omucanbl B [1]. OCHOBHBIMU
00bEKTaMH MOJEJH SIBJASIOTCS 3aJePKKH M yuyacTKH AOpOr. BbimesieHbl cienytoliue
TUINBl 3aJepKeK: MepeKpECTOoK, cBeTodop, NewlexoaHbld nepexon. OcTaHOBKH mac-
CaKHPCKOTro TPAHCIOpPTa B MOAEM He yudThiBaloTcs. Ecau Ha mepexome umeercs
cBetoop, 3amepkKKa IMepel HAM OTHOCHUTCA K THMY «cBeTodop». Ecau mepekpé-
CTOK 000pynOBaH CBeTO(OpaMH, 3aJePKKH HAa HEM OTHOCATCS K THIy <«IepeKpé-
CTOK». Y4acTKM gopor coenuHstoT 3aaepxkku. Ha ocnoBe 'MC-momenu 3anepxex
cTpositcsi rpadel MapuipyTtoB. /1 mepeMelleHHss MeX1Yy IBYMSI TOUKaMH MOTYT
UCII0JIb30BaThCsl pasHble MyTH. Ha ocHOBe MHOXecCTBa OCHOBHBIX MyTeH MOJyyaeTcs
rpa¢ mapuipyTa. B sneBoii yacTu puc. 1 mokasaHbl OCHOBHBIE 33/IepP’KKH Ha J0porax
r. Omcka. B npaBoii yactu puc. 1 mokaszaH rpag oqHOTO U3 TOMYJASPHBIX MapLIPyTOB
r. Omcka (n. ConHeunblii — 3aBox bapaHoBa).

[MC-monenb 3amepxkek U rpad MapluipyTa peann3oBaHbl cpeictBamu nakera GIS
ArcView 3.0.

2. Awnamu3 mapuipytoB Mmerogamu 'C u penykuuu rpagos

Merton penykiuu rpadoB /5 aHaAW3a BEIUUCAUTENbHBIX MpolieccoB B DBM 6bln
npensoxen b. Badiuepom [4]. Penykuus 3akirodaercss B cBEpTKe (Moc/enoBaTelb-
HOM YTIpOILEHHH) rpada ¢ MOMOLIbI 3aMeH (DparMeHTOB rpada pas3paGoTaHHBIMH
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Puc. 1. TUC-kapra 3amepxkek 1 rpad mapupyra

YIIPOLIAIUIMMHU MoACTaHOBKaMU. B nanbHeiimem meton B. Bafiuepa 6bin1 mMonudu-
unposad B.H. 3agopoxueim [5]. [IpumMepsl 1BYX 13 BOCbMH MOICTAHOBOK MPHUBEAEHbI
Ha puc. 2.

Pija
Mi
Dji
Pij1=Pij+Pik Mi1=C(PijM j+PikMkI/Pij1 Piji=Pij+Pik Mi1=PijMj/Pij1
Dj1=Pij(Dj+MjMj)/Piji+Pik(Dk+MkMKkI/Pij1— Dj1=Pij(Dj+MjMjI/Piji—MjiMja1

-MjaMj1
Puc. 2. TIpuMepsl YIpOLIEHHS] U CBEPTHIBAHHS

[IporpammHasi peanusauusi Metona Oblya CAeNaHa aBTOPOM CTaTbH.

CyTb MeTona 3akJrouaercs B caenymoueM. OLeHKH MaTeMaTHUECKOTO OXKHIaHUS
Bpemenu (7;) u pucnepcuu (D;) 3amepKeK, BeposiTHOCTeH BbIGOpa B y3JaX MyTel
cnenosanus (P;;) 3ajgaloTcs Ha BXO#e NporpaMmbl penykuuu rpagos. Ha Beixone
MpOrpaMMbl TOJNYUalOTCsl 3HAYEHUS CPefHEeH 3a/epKKH MPH MPOXOKAEHUHU MapLIpy-
ta (T), nucnepcun T(D), Ko3pPHULHEHTOB UyBCTBUTENbHOCTH 1" U D K mapametpam
3allepKeK ¥ BEpOSITHOCTSM MepeXoioB (mecsiTb Kod(pduuueHto). s mosydeHus
OLEHKH CpeNHero BpeMeHM IpOXOxXKAeHHUS MaplipyTa HeoOxogumo K 1 no6aBHUTb
BpeMsi cBoOoHoro npobera (6e3 3anepxkek). Haubosee npoctyro u pusudecku o6b-
SICHUMYIO MHTEepIpeTalnio UMeloT abCOMOTHBIH KO3(PPULHUEHT UYyBCTBUTEIbHOCTH
T x T; (K,T,T;]) u oTHOCHTe/bHBIE KO3(PQUIHUEHT 4yBCcTBUTEbHOCTH T K T;
(K,[T,T;]). Heno B TOM, UTO TpPH MPEITOJNOXKEHHH O HE3aBUCHMOCTH MapaMeTpoB
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ucxonHoro rpada, K,[T,T;] npencraBasier coboil yacTHyto npousBogHyw T mo 77,
UHTepIIpeTHPYyeMYyI0 KaK BEpPOSITHOCTb peasiM3alryd 3afep:KKW 1 Mpu MpoXoXAeHUH
MaplpyTa. BoinosHsieTcsi paBeHCTBO:

T= ZKG[T, T;]T;, rme n — 4UCJIO BeplIMH rpada.

i=1

Pasnenus o6e yactu paBeHcTBa Ha 7', nonydaem cymmy K7, T;], pasuyto 1. Ta-
KUM obpas3oM, koapduuueHt K7, T;] mokasbiBaeT B A0JX OT 1 BKJIAA 3amepKKu
T; B obuyio 3amepxkKy 7. YuutbiBas coiictBa K[T,T;], OyneM Ha3biBaTbh €ro Ko-
3(ppULIHEeHTOM 3HAYUMOCTH 3alepXKKHU. Jlpyrue Ko3(Pp(pULUHUEHTb UyBCTBUTENbHOCTH
He UMeIOT TaKOH MPOCTON MHTeprpeTalnd. TeM He MeHee, OHHM MHOTJA OKa3bIBAIOTCS
TOJIE3HBIMH /1 OLeHKHM BJWsIHUA napametpos 1;, D;, P; Ha T n D. Panee Mme-
TOJ WCIOJIb30BAJICS aBTOPOM CTaTbM /I aHAJM3a MPOLECCOB IMepefaud NaHHBIX B
KOMIbIOTepHbIX ceTsix [6]. [Tonpo6GHO mpuUMeHeHHe MeTona [Jsi aHajH3a aBTOTpaHC-
MOPTHBIX ceTel omnucaHo B [1].

[lesbto aHa/M3a ABJSETCS CPABHUTENbHAS OLleHKA BeJHYUH 3aJepKeK U BeposiT-
HOCTeH BbIOOpAa Y4YacCTKOB AOPOT C TOUKH 3PEHHsl CTElEHH UX BJMUSHHUS Ha OOILYIO
3a/lepKKY TPH MPOXOXKAEHUH MapiupyTa. s 10CTHKeHHUS 1eIU BBIIOJNHSAIOTCS CJle-
AyIOLIUe NeUCTBUSA:

1. Boibupaercs Touka A (mepBasi 3afep>KKa Ha MapuipyTe) U Touka b (nmocsentsis

3ajiepKKa Ha MapuipyTe).

2. Ha THC-kapre 3amepxeK BbIOMpalOTCS Te 3aJepKKU W yUyacTKH OOPOT, IO
KOTOPHIM OOBIYHO ABHKETCS aBTOTPAHCIOPT M3 ToukH A B Touky b (Mapupyt
ADB).

3. CpencrBamu GIS ArcView aBroMaTHUecKH CO3[AIOTCS CJIOH 3alep:KeK U CJIOH
y4acTKoOB mopor, oTHocsimuxcs K Mmapupyty AB. Ciou orobpaxkatorcs Ha
[MC-kapTe. B pesynbrare nonyvaercs rpad mapupyta Ab (puc.l).

4. Onpepensitorcs (pa3aMYHBIMM OOCTYTTHBIMH METOAMHK) M 3aMHChiBaOTCs B 6a-
3y JaHHBIX OLIEHKH MCXOAHBIX mapametpos rpada T;, D;, P;.

5. McxonHble mapameTpel Tpada MogarTcs Ha BXOA MPOTpPaMMbl PeIYKILHH TIpa-
¢os.

6. Ha Bbixome mporpaMMbl penyKUHH rpacoB MOJNYyUaIOTCS OLIEHKH MapaMeTpoB
T, D u 3HaueHUs1 KO3(P(DUIHUEHTOB YYBCTBUTEIbHOCTH.

7. BpibupatoTcsi HHTepecHble AJS HccienoBaTtesss KO3 (ULUHUEHTb UyBCTBUTE/b-
HocTH. Co31al0TCsl CJI0M, Ha KOTOPBIX 3alep:KKHU M yuyacTKH JOpOr H3obparka-
I0TCS B 3aBUCHMOCTH OT 3Hau€HUH COOTBETCTBYIOLIUX KO3(D(DHULHEHTOB 4yB-
CTBUTEJIBHOCTH.

8. IlpoBomuTcs reoaHasu3 Mo BCeM TOJyYeHHBIM pe3ysbTaTaM (10 pesyJsbTaTaM
OJIHOTO WJIM HEeCKOJIbKHUX 3KCIIePUMEHTOB, M0 pe3yJbTaTaM aHaJjau3a OHOrO HJH
HECKOJIbKHX MaplUIpyTOB).

9. PesysbraThl aHa/au3a NpPeACTaB/SAIOTCA AJS 00CYKIEHUS U TNPUHATUSA pellle-
HUU.

Ha puc. 3 nmokasaHbl pe3ynbTaThl aHa/au3a rpada, npeacTaBieHHOro Ha puc. l.

3aepKKH 1300pakeHbl B 3aBUCHMOCTH OT 3HaueHHs Koadduuuenta KT, T;].
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Puc. 3. Koa(hpuiHeHTH 3HAYNMOCTH 3a1epKeK Ha MapIipyTe

B seBoii yacTu pucyHKa MOKa3aH BeCb MapLIpyT, B MPaBOH 4acTH H300pake-
Ha LeHTpasbHast yacTb r. Omcka. Kak Bbilie Ob10 ckaszano, Kp[7T,T;] B mosisx ot
e[IMHULBl T0Ka3blBaeT BKJaA 3a/lepKKU B oOllee BpeMs MPOXOXKAEHHs MapLIpyTa.
[Tostomy KT, T;] HasbiBaeM Ko3(dunreHTOoM 3HaunMocT. Ha puc. 3 yem GoJblie
K03(D(QUIMEHT, TeM KpylnHee TouyKa (maHHble pa30uUThl Ha 3 Kareropuu). KpecThl
MOKa3bIBAIOT 3alepKKH, OKa3blBalollle HauboJblliee BIAUSHUE HA BpeMs MPOXOxKIe-
HHUS MaplupyTa. PHUCYHOK Ha ypoBHe ropojia Har/siiHO NOKa3blBaeT CTeleHb BJIHUSAHUS
KaXKJ0H U3 3alepKeK Ha OOLLyI0 3a4epKKy IPHU NMPOXOKIEHUH MapLIpyTa.

CyliecTBYIOT 3alepKKH, 3HauMMble /51 HECKOJbKHX MapuipyTtoB. Ha puc. 4
oto6pakeHbl Koappuuuentsl K,[T,T;] yuacTkoB mMapuipytoB 1 u 2 B nentpe r. Om-
cka. Mapuipyt 1 — ot Paguocranuuu (Ha mp. Mupa) mo X.1. Boksasa. Mapuipyt
2 — or n. CosnHeuHbldl 10 3aBoja bapanoBa. [ns mapuipyrta 1 kosdduumreHThl
Ky|T, T;] uaobpaxkeHbl GebIME OKPYKHOCTSIMU. [11s1 MapiipyTa 2 — Kpectamu. Yewm
Goabiie K3[T, T;], Tem KpynHee cuMBodJl. K3 puc. 4 BUAHO, HAapUMep, YTO 3aaepKKa
Ha mepecedeHud yJa. Kpacublii myTb u yn. @pyHse HaubGosee 3HaUMMa IJs1 0O0HX
MapLIpyTOB.

3. Hcnogb3oBaHMe TAKCOHOMHHU AJI aHAJHU3a 3aJeprKeK

[To knaccudukanuu 3amad aHaauMsda OaHHBIX, npensoxenHod H. . 3aropyii-
Ko [7], TakcoHoMus1 (KJaccudUKalUsi, KJaacTepu3allksl, KaTeropusalus) 3akjioua-
eTcs B paslesieHuH «0OBEeKTOB MO IMOXO0XKEeCTH MX CBOHCTB». [Ipu sTom B 1ikase
HaVMEHOBAaHUH KaKaasi rpymia MOX0XKHX 00BEKTOB Kak-To o0o3Hadaercs. OCHOB-
HBIM HayUHO-NPAaKTUYECKUM HaNpaBJeHHEM B TAKCOHOMHH SIBJISI€TCS aBTOMATH3alUs
KJacCU(PUKALMH B MHOTOMEPHOM TPOCTPaHCTBe NMapaMeTpoB (MpusHakoB). B HacTo-
silllee BPeMsl HeT YHHBEPCAJbHOTO aJTOPUTMA TAKCOHOMHH, «KOTOPBIH MOr Obl CO-
CTaBUTh pPeaJbHYyI KOHKYPEHIHIO ueJoBeYecKo# CIocoOHOCTH K 06o0iieHH0» [8].
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Puc. 4. KoapdurureHTsl 3HaYMMOCTH 3a[epKeK Ha IBYX MaplipyTax

[Tostomy nns takcoHomuu B (GisAuto ucmosb3yroTcss aBTOMAaTHUecKash TaKCOHO-
MUS U MPeJIOKEHHBIH aBTOPOM CTaTbH METOJ BHU3YyasbHOH TAKCOHOMHH CPeACTBAMH
['1C [9].

[ns aBTomatndecko# TakcoHomuu crynentkod Cu6A IV OxorHukoBoi K.B. npu
BBIMIOJIHEHUHM OHUIJIOMHON paboThl co3naHa B cpene C++ Builder mporpamma, pe-
amusyromas anaroputMel FOREL, FOREL-2, KOLAPS [7]. B craTbe npuBeneHbl
pe3y/IbTaThl UCTONb30BaHUS BH3yaslbHOH TakcoHoMuH H anroputmMa FOREL-2, cyts
KOTOPOT0 3aKJII0YAeTCsl B CJIEAYIOLLEM.

B anroputme FOREL-2 takconsl numeroT opmy runepcdepsl (1Ba mapamerpa —
KpyT, Tpu napamerpa — iap). [lapameTpbl 06bEKTOB CUMUTAIOTCS HUX KOOPAHUHATa-
MU B n-MepHOM mnpocTpaHcTBe. [lapameTpel HOpMHUpYIOTCS, NPUBOAATCH B €AMHBIN
nuanasoH, Hanpumep, oT O no 1. Cuuraercsi, uto 4yeM OoJiblile OOBEKTHl MMOXOXKHU
Apyr Ha Apyra, TeM OJiMKe pPacoJoKeHbl B MPOCTPAHCTBE COOTBETCTBYIOLLME UM
ToukM. Torma 3ajgaua TAKCOHOMHMM COCTOUT B TOM, YTOOBI BBISIBUTb CTYCTKH TO-
yeKk U OObEeIMHHUTb UX B MOAMHOXKECTBA C MOXO0XHUMH MapaMeTpamu. B asnroputrme
FOREL-2 Ha BXope 3anatoTcst orpaHHueHHe Ha J0MYyCTHMOe KOJHUUeCTBO TaKCOHOB,
MaKCUMaJbHBIH U MUHMMaJbHBIH panuychl runepcdepel. OnNTHMaIbHBIM CUUTAETCS
TO pa3bueHHe, MPH KOTOPOM MHHHMAaJbHa CyMMa PAcCCTOSIHHH TOUeK A0 LEHTPOB
TaKCOHOB.

[Ipy Bu3yanbHOH TaKCOHOMHH BbIOMpaeTcs mapa rnapameTpoB o0bekToB. Hopmu-
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pOBaHHble MapaMeTpbl CUMUTAIOTCS KOOPAHWHATAMH O00BEKTOB Ha myockocTu. Cpen-
crBamu [MIC ¢ momolbio reomMeTpuyecKUx (UTYp TMPOU3BOJBbHOH (OpMBI (KPYT,
MPSIMOYTOJIHUK, MHOTOYTOJIbHUK), HUCIIOJb3ysl BbIOpAaHHbIE KPUTEPHH, TOUKH, COOT-
BeTCTBYWOLIHE 00beKTaM, OObEIUHSIOTCS B TAKCOHBI.

OcHOBHOe MpPeHMYIIECTBO aBTOMATHUYECKOH TAKCOHOMHHU IO CPAaBHEHHIO C BU3Y-
aJIbHOW 3aKJI04YaeTcsl B BOSMOXKHOCTH BBISIBJIEHHS MTOX0KECTH 00bEKTOB B N-MEPHOM
npocTpaHcTBe. Kpome orpaHMUeHHOCTH JBYMEpPHBIM MpeACTaBJeHUeM MapaMeTpPoB K
HeoCcTaTKaM BHU3ya/JbHOH TAKCOHOMHH MOXKHO OTHECTH CYyObeKTHBH3M pa3OueHHs
Ha TakcoHbl. C Apyro#l CTOPOHBI, BU3yasbHasi TAaKCOHOMHSI HMeeT CJedyIoline Ipe-
MMYIleCTBa 110 CPaBHEHHUIO C aBTOMATHUECKOM:

- BO3MOXKHOCTb HCIIO/Ib30BAHUS 3IBPUCTUUYECKHX MpoLenyp NpU pa3bUeHUH Ha
TaKCOHBI;

- OBICTPBIH Mepexol OT OAHHUX KPUTepHeB KaacCU(pUKALUN K IPYyTHUM;

- 6oJlee mpocTas U JIOTHYHAsh UHTepIpeTalus pe3yabTaToB TaKCOHOMUH.

Ha puc. 5 nmpencraBsieHo BU3yasbHOE W aBTOMaTHYeCcKoe pa3breHHe 3aiep:KeK Ha
TaKCOHBI. [IyHKTHpPHBIE IMHUM 0003HAYAIOT BBIUMCJIEHHBIE CpelHUe apU(MeTHUeCKHe
3HaueHus mapameTpoB 3axepxek T; u K,[T,T;|. BusyanbHoe pazbueHue Ha TaKCOHbI
M0Ka3aHO TeOMeTpHUecKUMHU (purypamu. [Ipu pazéreHUH HCIONb30BAINCh KPUTEPUU
6JM30CTH (KyUHOCTH, TTOX0XKECTH) M BEeJIUUMHBI OTKJOHEHHUs1 0T cpenHero. Mcmosb-
30BaHMe CpeIHMX 3HAUEHUH YINpollaeT HWHTeprpeTaluio pe3yjbTaToB. Hampumep,
B MepBbId TaKCOH MONaNd 3alep:KKH CO CpPeJHUMH 3HAYeHHSIMH NapaMeTpoB, BO
BTOPOM TaKCOHE — 3aJepKKH C BbICOKUMH 3HAYeHHSIMH MapaMeTpoB, B TpeTbeM
TaKCOHE — 3aJepPKKH C BBICOKMM 3HaueHueM T; u cpemHuM 3HaudeHnuem K[T', T;].
Takcon 3 mokasbiBaeT, 4YTO He Bce OOJblIME 3aIepPKKHU CYIIECTBEHHO BJIMSIOT Ha
BpeMs MPOXOXKIAEHUS] MapulipyTa. DTO M3-3a MaJOH BEPOSITHOCTH peasiM3alliu 3TUX
3ajiepxKexk.

PesysbTaThl aBTOMaTHUeCKOH TAKCOHOMHH IMOKa3aHbl Pa3HbIMU (pOPMaMM TOYEK.
Hanpumep, mesikue TOUKH Mmonaju B OAMH TAKCOH, TPEYTOJbHUKH B APYrod. B neBoit
YaCTH pHC. O MPEACTABJEHBl Pe3yJbTaThl aBTOMATHUECKOH TAKCOHOMHH IO aJTOPUTMY
FOREL-2 ¢ ucnonb3oBanuem napametpos T; u K[T, T;]. BosHuk Bompoc o ToM, Kak
M3MEHSTCSl pe3y/lbTaThl TAKCOHOMHUH, ecau obpadortaTtb amroputmom FOREL-2 tpu
napametrpa. Ha Bxox nporpamMMbl TaKCOHOMHMU OblLJIM MOAAHBI 3HAUEHHUS NapaMeTpoB
T;, K,|[T,T;) u K,[T,T;]. B npaBo#i uacTu puc. 5 nokasaHbl pe3yJbTaTbl TAKCOHOMHH
B muiockocTu napametpoB 1; u K[T,T;]. B pesynbrate yuéra napamerpa K,[T,T;]
B YHCJO BJIHSITEJbHBIX NOOABUJIHCH TPH 3alepKKHU (0603HAUEHHBIX KBaApaTaMH),
MMelol11e BBICOKYIO BEPOSTHOCTb peasu3alluH.

Ha ocHoBe pe3ysibTaToB, NMpeACTaBJAEHHBIX Ha PUC. D, MOXKHO CleJ1aTh BBIBOL:

- B pacCMaTpUBaeMOM CJydyae BU3yasbHas TAKCOHOMMS MaJjo OTJIHYaeTcs OT aB-
TOMAaTHUYECKOH;

- TAaKCOHOMHUS IO ABYM IapaMeTpaM MaJjo OTJIMYaeTcsi OT TAKCOHOMHH IO TPEM
napaMeTpam.

Ha puc. 6 nokazaHo usobpaxkeHue 3a/iep:KeK Ha MaplIpyTe B 3aBUCUMOCTH OT
HOMepa TaKCOHa, B KOTOPbIH OHM MONaJju NMPHU BU3YaJbHOU TAKCOHOMHH.

KpecTbl 1 KpynHBIE TOUKH MMOKAa3bIBAIOT Hanbo/lee 3HaUUMble 3a1€PKKH (TaKCOHBI
2 u 5). KBagpatsl (TakcoH 3) HJMIOCTPUPYIOT 3aAePXKKH ¢ GosbliuM T;, HO PEIKO
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Puc. 5. BusyasnbHast U aBTOMaTHueCKas TAKCOHOMHHU

peasnusyeMmbie. Mesikie TOUKH (TakcoHbl 1 1 4) 0603HAUAIOT 3a0ePXKKHU, OTHOCHTEJb-
HO c/1a00 BJMSIOILME HA MPOXOXKIeHUe MaplipyTa. Pagymeercs, 31ech peub He UAET
O CIIOHTAaHHO BO3HHMKAMOUIMX Ha poporax npobkax. KMsobparkeHue 3ajnep:kKek W HX
3HAYUMOCTH Ha peasibHOH KapTe MO3BOJSIET MCMO/Nb30BaTh IBPUCTHUECKHE METOJbI
aHaJ/M3a JaHHBIX W TMPUHSATHS pelleHWH NMPU Pa3BUTHU TPAHCIOPTHOH ceTH. Bosee
noapo6HO HCrosb30BaHue TakcoHoMHH B GisAuto usnoxeHo B [2].

4. HmuTtauuoHHasi MoAeJdb NMepeKpecTKa

MmMuTauroHHoe MofesupOBaHHE MOXKET HCIIOJNb30BAThCS Kak TPH OIEeHKe HC-
XOJIHBIX J@HHBIX JJIS YKa3aHHBIX BbIlIe METONOB, TaK W AJs JeTaJbHOTO aHaJ/H3a
TMOJIyUeHHBIX pe3ynbTaToB. PaspaboTaHHasi KOHLENTyaJbHas MoOfe/b MepeKpécTka
JIeMOHCTpPUpYyeTCcsl Ha puc. 7. PeasbHble MepeKpéCTKM HUMEIOT MHOXKECTBO PasHBIX
KOH(PUTypaLUH, T0JN0C U HampaBjJeHUH ABUKEHHS, CIOCOOO0B pa3MelleHHUs CBeTO-
¢opos. [lpennaraemasi Mmopes b 1OCTAaTOUHO yHUBepcasnbHa. OHa MO3BOJSET C MOMO-
LbIO YIIPOLIEHHUH 0TOOPa3UTh OOJBLUIMHCTBO MePEKPECTKOB (32 UCKIIIOUEHHEM CaMBbIX
CJIOXKHBIX).

Ha nepexkpécTke B KaxKIOM HalpaBJieHHH CYyLleCcTByeT odepelb, ylpaBJjsemas
cBeToopamu. B Mozesisix Ha ypoBHe KJlaCCMYECKHUX CHUCTEM MacCOBOTo 00OC/yKHUBa-
HHS TOHKOCTH yTIpaBJieHHsl cBeTo(popaMy OOBIUHO He yUHTBIBalOTCS. B npennaraemoit
MO/ Ouepelr 3aBUCAT HE TOJBKO OT 3a/l€PKEK M MHTEHCHUBHOCTEH MOCTYIJEHHUS
Tpan3akToB, HO U or CYC. Ilpennaraemass mMomesnb He YUUTBHIBAeT TaKHe JAeTaJfH,
KaK INepecTpoeHUe aBTOMOOMJeH B Apyroil psin, nosefeHue soputesedt, ATII. das
MIOCTPOEHHUsI Mofiesiell GoJiee feTallbHBIX, YeM IpejJaraemMasi, UCIoJNb3YIOTCS Apyrue
MeTO[lbl, HallpUMep, METO/ KJETOUYHbIX aBTOMaToB. /s mocTaB/eHHbIX B paboTe Iie-
Jiel, CBSI3aHHBIX C OLEHKOH 3aJep:KeK aBTOMOOHWJEH nepes NepeKpECTKOM, CJAHILIKOM
JeTajibHble MOJEeNH He TpeOyloTes.
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Puc. 7. Mozenb nepekpecTka

VHTEeHCUBHOCTD MOCTYIJIEHUSI aBTOMOOUJIeH Ha MepeKPECTOK (MHTEHCUBHOCTD Ie-
Hepalyy TPAaH3aKLHH) B KaXKJOM M3 HaNpPaBJeHUH 3aBUCUT OT MPeAbIAYILEH 3a1epK-
KU (mpenslayinii ceetodop, nepexon). KoHuenryasnbHas mMonesb nepekpéctka pea-
Ju3oBaHa aBTopoM ctaTbt Ha GPSSW (cTyneHueckasi, cBoOOOIHO pacrnpocTpaHsiemast
Bepcusi). Bbosiee monpo6HO MOnesib, a Tak)Ke MPOBeNEHHbIE IKCIEPUMEHThl ONMUCAHbI

B [3].
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PaspaboTaHHasi UMUTAllMOHHAS MOJEJb MOXKeT ObITb HCIOJb30BAThCS KaK B CO-
craBe GisAuto /s MUKpoaHa/H3a MepeKPECTKOB, TaK U aBTOHOMHO, HANPUMep, IJIs
CpaBHEHHS aJTOPUTMOB yIpaBJeHUs cBeTO(pOpaMU U MOTOKAMH aBTOMOOUJEH.

3akJaueHue

B craTbe Ha npumepe paspabaTbiBaemoi cucteMbl GisAuto nmokaszaHa adekTHB-
HOCTb COBMeCTHOro Hucnosb3oBaHus ['MC-TexHosorun v MaTeMaTHuyeCKMX MeTOJ0B
MpY aHa/KM3e aBTOTPAHCHIOPTHBIX ceTed. [lasnbHediee passutHe GisAuto cBsizaHo ¢
MOJepHHU3aLHel paspab0TaHHOM TEXHOJIOTHH W BKJ/IOYEHHEM B Heé€ APYTMX MeTOJOB.
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USE OF COMPUTER TECHNOLOGIES AND MATHEMATICAL METHODS
FOR THE ANALYSIS OF AUTO-TRANSPORT NETWORKS

A.M. Purtov
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Abstract. The way of application of taxonomy, reduction of graphs and geoinformation
systems methods is developed for the analysis of routes in transport networks. The
technology is shown on examples of the analysis of popular routes of Omsk. The
example of use of taxonomy for the analysis of results of a reduction of graphs are
shown. Similarity of results of visual and automatic taxonomy is shown. Results of
taxonomy are represented on GIS — map of the graph of delays. The imitating model
of crossroads is developed. The model is programmed on GPSSW.

Keywords: geoinformation system, simulation, reduction of graphs, taxonomy, anal-
ysis of data, auto transport networks.
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UITEHTU®PUKALIUA MATEMATHYECKOH MOJIEJIH
POBOTOTEXHHUYECKOH CUCTEMBI
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HanuonanbHbil vccenoBaTesbCKUE TOMCKUM MONUTEXHUYECKUH YHUBEPCUTET

AnHoTtanusa. B pa6orte npensiokeH MeTOl MOJydeHHs] MaTeMaTHYeCKOH MOIENH
JIMHEHHOro 00beKTa Ha NpUMepe pelleHUs 3afayd WIeHTHU(PUKAUUU yrpaBsJse-
MOH po6OTOTEXHUYECKOH cHcTeMbl. MeTon oCHOBaH Ha MPUMEHEHWM YacTHOTO
cayyas npeobpasoBaHus Jlansaca ¥ UHC/eHHBIX METOMOB PelleHHs] CUCTEM JIU-
HelHbIX anre6panyeckux ypaBHeHUH.

KuaroueBble cioBa: nepenatouHas (QpyHKIHs, poOOT, pPOoOOTOTEXHUUYECKAs] CH-
cTeMa, WAeHTU(UKALWs, JUHEHHas cucTeMa, npeobpa3oBanue Jlamsaca.

Beenenue

[Ipo6/siema nosyueHHsi MaTeMaTUYeCKOH MOJEJH HCCJelyeMoro o0beKTa WJH CH-
CTeMBbl UMeeT OTPOMHOe TeOpeTHUecKoe U MpaKTHUeckoe 3HayeHHe. AjekBaTHasi Ma-
TeMaTH4yecKas MofeJsb, a, 3HaYUT, U TOYHOEe ONHUCAHHe CBOHCTB 00BbEKTA, M0O3BOJISET
MOHSITh U CIIPOTHO3UPOBAThb €ro jAaJjbHeillee MOBeleHHe, a TaKKe CHHTE3UPOBAThb
onTUMaJsbHOe ynpasjeHHe. [locTpoeHne MaTeMaTHUeCKOH MOAENH peasibHOrO Ipo-
MBILIJIEHHOTO 00BbEKTa Ha OCHOBE (PU3UYECKUX 3aKOHOB HepPeiKO OCJO0XKHEHO HeBO3-
MOXKHOCTBIO NIPUMEHEHHS 3THX 3aKOHOB WJIM UX H3JMILHEH CJI0XHOCThIO. B HHXKe-
HepHBIX MPUJIOKEHHAX 4acTO BO3HMKAeT 3a/ada, Korga uMeeTcsl HEKOTOPbIH Habop
JNAQHHBIX B BHJE MacCHBOB 3HaYeHWH BXOAHBIX U BBIXOAHBIX CUT'HAJIOB M Ha UX OCHO-
Be TpeOyeTcsl MOCTPOUTb MOJEJ/b THIIA «BXOM-BbIXOM», UCIIOJNB3YEMYIO B JaJbHeHIIeM
AJ151 CUHTe3a peryasaTopoB. /151 MOCTpOeHHUsI TaKMX MOAeJeHd UCIOMNb3yITCS MeTOMbI
UEHTU(UKALHUH CUCTEM, SIBJSIOLIEHCS CllellMaJbHbIM pa3e/ioM TEOPUH aBTOMaTHye-
CKOT'0 yTpaBJieHHsl, U MO3BOJSIOLIEH Ha OCHOBe CIellMaJ/bHbIX aJrOPUTMOB MOJYUHUTh
MaTeMaTHyecKhe MOJeNd AMHAMUYECKHX CHUCTEM M0 NAaHHbIM HabusoneHUH. B naH-
HOll paboTe OyfeT pacCMOTpeHa KOHKpeTHas 3ajaya MOCTPOEHUS MaTeMaTHYeCKOH
MOJieJIM pOOOTOTEXHUUYECKOH CHUCTeMbl, NPeICTaBJEeHHON B BHJeE MOABHUXKHOTO 3BEHA
npombiteHHoro po6ota [1]. Beibop B KauecTBe HccienyeMoro o6bekTa po6oToOTEX-
HUYECKOH CcHCTeMbl 00YCJIOBJIEH TEM, UTO TaKHe CHCTEMbl UMEIOT 00Jiblloe 3HAaUeHHe
1151 TIPOMBILLJIEHHOTO MTPOM3BOACTBA, 4, 3HAUUT, NPEACTABJSAIOT UHTEPeC I/ TEOPUU
aBTOMATUYECKOr0 yMpaBjeHUsl U eé npusokeHHWH. [IpaBU/ibHO MocTpoeHHasi cCUCTe-
Ma aBTOMAaTHYeCKOro yIpaBJieHUs Ha OCHOBe MOJYyYEeHHOH MaTeMaTHUeCKOH MOAesH
poOOTOTEXHUYECKOH CHCTEMBl MO3BOJNUT ONTHUMAJbHO YNPaBJsATb 00BEKTOM C TOYKH
3peHus1 ObICTPOAEHCTBUS UM 3aTPaT SHEPTUU, UTO MPUBEIET K MOBBILIEHUIO dDdek-
TUBHOCTH NPOU3BOACTBA.
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Janee nonpo6HO omuIleM HUCMOJNb3YeMbIH MeTON HAEHTHU(HUKALHH, KOTOPbIH Oy-
IeT UCMOJb30BaThCs [J51 pelleHUsl TOCTAaBJeHHOH 3a/1auu.

1. Onucanue Merona MAeHTU(PUKAMU

[ monydeHus MateMaTU4eCKOH Mojesu Obl BbIOpAaH METOA HAEHTHU(PHUKALHH,
OCHOBAHHBIH Ha MPUMEHEHHH BeIeCTBEHHOr0 WHTeproJsiuuoHHOro Meroxa (BMM)
[2,4,5], nokasaBiero cBow 3(P(HEKTHBHOCTh U HEGOJbIINE BHIUHCIUTENbHBIE 3aTpa-
THI.

BUM npuHannexut K MeToiaM, ONEepPUPYIOLIUM ¢ MaTeMaTHUeCKUMH OMHUCAHUS-
MU B 00s1acTu u3o0pakeHud. OCHOBOW MeTo[a SIBJISI€TCS BellleCTBEHHOe MHTerpaJb-
Hoe npeobpa3oBaHue:

F(0) = /OOO f(t)e™otdt, s € [C,00),C >0, (1)

rie opuruHany f(t) cTaBUTCS B COOTBETCTBHe M300paxkeHHe F'(§), mpeicTaBiIeHHOe
Kak (DyHKIHs BelleCTBeHHOU nepeMeHHOH §. @opmyny (1), sBASIOLUIYIOCS MPSMBIM
npeoOpa3oBaHHEM, MOXKHO PacCMOTPETb KaK YaCTHBIH caydail npeobpasoBanus Jla-
mJjaca, CBI3aHHBIA C 3aMeHO MepeMeHHOH: KOMIJIEKCHOH p = § + jw Ha BellleCTBEeH-
HYI0 0.

Hcnonb3oBanue npeobpasoBanus (1) mis pelueHus 3aiaud MIeHTHOUKALMH, KaK
1 B 6a30BOM cJyyae MpHMeHeHHs1 npeoOpa3oBaHus Jlamnaca, cBsi3aHO ¢ ompenesie-
HHeM IepefaToyHoll (GyHKUMK W (p) 1Mo M3BeCTHBIM CHIHajaM BXoja z(t) W BIXOAA
y(t). Otnnyre 3ak/ouaeTcss B Mepexole K BelleCTBEHHBIM H300paxkeHusm W (J),
X () = L{z(t)}, Y(6) = L{y(t)}, 6 € [C,00),C > 0. Ha ocHOBe 3THX MOmesel
(popmupyetcst ypaBHeHue Y (§) = W (4)X(4), B KOTOPOM MNPUCYTCTBYeT HCKOMast
dyukuus W(0).

[lanee, umest MaTeMaTH4ecKoe BblpaXKeHHE BHUIA

y(t)e otdt
W(0) = (2)

x(t)e—otdt

o glo—g

MOXKHO HaHTH BellleCTBeHHYW nepenatouynyto ¢pyHkuuio W (0). Ilepexon k nepena-
ToyHOH QyHKuMHU 1o Jlannacy ocyluectBiasieTcss ¢hopMabHOH 3aMeHOH BelllecTBEH-
HOW TlepeMeHOH J Ha KOMIIJIEKCHYIO p B COOTBETCTBUHU C peKOMeHAauusiMu [2, 4].
[TpakTHyecKoe MpHMeHeHHe COOTHOIIeHHs (2) TpebyeT ellé AByX MosicHeHHH. Bo-
MepBBIX, B PAaKTUYECKUX 3aauax BXOJAHbIE U BbIXOIHbIE CUrHAJbI y(t), x(t) 3amaHbl
cBouMH oTcuétamu y(t;), x(t;), i = 1...n. D1a ocobeHHOCTb TpebyeT Mepexoaa B
dopmyse (2) K UHCIEHHOMY HWHTETPUPOBAHHUIO, UTO [eJAeTCs NOCTAaTOYHO TPOCTO.
Bo-BTopeiX, TexHosoruss BUM wncnonbsyer unciensusle pacyétel. [loatomy no ¢op-
MyJie (2) uILeTcs peBapUTENbHO TaK Ha3blBaeMas YHUCJIeHHAsi XapaKTepPUCTHKA:

{W(éz)}n = {W(él)v W((S?)a R W(én)}’ L= 1a e 17,
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KOTOpasi sIBJIsIeTCS UUCJEHHOH (OPMOH MaTeMaTHYeCKOrO OMUCAaHUS AHHAMHUECKOTO
ob6bekTa [2, 4], mo3BoJIsIsT 3HAYMTENBHO COKPATUTh 0ObeM BBIUMCJEHHH IO CpaBHe-
HHUIO C TPAAULIMOHHBIMH METOJAMH.

C yuétoM ckazaHHOro pacuérHasi popMmysia MPUHHUMAET BHUI:

y(t)e %tdt

Ji=1,...,m. (3)
x(t)e~%tdt

W(d;) =

o glo—y

Martematnyeckas Monesb B hopMe YUCJEHHOH XapaKTepUCTUKU 0ObeKTa yrpas-
JIEHUsSI W MCXOJHas HeINpepblBHAs BellleCTBEHHAsl IMepefaToyHas (PYHKLHUS HUMEIT
OlHO3HAauHyi0 CBsi3b [4]. OHa ycTaHaB/JMBaeTCs MPHU MOMOLIKM CUCTEMbl JHUHEHHBIX
anrebpanyeckux ypaBHeHu# (CJIAY), B KOTOpO# KOJIMYECTBO HEU3BECTHBIX Mapa-
METPOB M + 1 PABHO KOJIMYECTBY TOUYEK HHTEPIOJSALHUH 1):

/

m m—1
W) = bm51n+ bm_laL,1 o+ b6+ b07
an51 —+ an,1(51 + ...+ a151 +1
bin0)" + b 107" .+ b6y + bo
Wion) = - on fa, 0n L+ . tao,+1
\ nfn T Hn=10% "

[Ipu BoimOTHEHHUH HecoKHBIX yeaoBul CJIAY unMeeT pellleHHe, U OHO eTUHCTBEHHOE
(2, 4, 3].

M30xeHHble OCHOBBI BellleCTBEHHOTO WHTEPMONSIIMOHHOTO MEeTOa U ero rnpume-
HeHHs K 3aiaue UAEeHTU(PUKALNHU NT03BOJSIOT NepelTH K PaCCMOTPEHHIO KOHKPETHOH
3a/lauy MOJy4YeHHs] MaTeMaTHYeCKOH MOJeJNH U eé pelleHHIo.

IIpumeHeHne MeToda MAeHTUDUKALIUI

3a 3KcreprMeHTasbHble IaHHbIe OblJa B3ATa MepexoaHasi XapaKTepUCTHKA IBYX-
MaccoBoro noaBuxHoro 3BeHa podora IRB 1400 ¢pupmbl ABB [1]. Xapakrepuctuka
3Ta MoJydyeHa MyTéM U3MeHeHHs YNpaBJ/isiollero MOMeHTa BpallleHHs BaJja 3JeKTpo-
ABUratTe/s ¥ 3alUCH C MOMOLILbIO JAaTUUKOB MOJYYEHHOH YIJIOBOH CKOPOCTH Bpalle-
HUSl 3BeHa. Hannuyue nomex B U3MepUTEJbHOM TpaKTe 00ycJaBJUBaeT e€ KoJeba-
TeJbHBIH U «HEPOBHBIH» xapakTtep. OgHako cBoiicTBo BUM, a umeHnHo mpouenypa
CaMOro BeIeCTBEHHOr0 MHTErpaJbHOro npeodbpasosanus (2, 3), Mo3BoOJSET MONyYaTh
aJleKBaTHYI0 MaTeMaTHYeCKylo MoJeJb B YCJOBUAX HeOOJbILIMX MOMeX H3MepeHHH
[3]. Bun xapakTepuCTHKHU TIpeCTaB/IeH Ha pucyHke 1. 3a MateMaTHUYeCKyI0 MOMIEJb,
aJleKBaTHO OMMCHIBAIOLLYIO TOBe/leHHe 3BeHa, BblOpaHa nepefaroyHas QyHKIUS:

byD™ + by p™ L+ bip+ k
App™ + Qp_p" P+ . +ap+ 1’

W(p) =

rnen <3, m<3.
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Tabauua 1. PesysnbTarsl HaeHTU(UKALUY

Wa(p) Ahg,
10
—_ 24, 59
0,015p + 1 :
0,051p+ 1
051p+ 10 17,52
8,4-10"7p2 4+ 0,024p + 1
f— . =52
4,71-107%p> +0,1p + 10 21,84
2,1-10=5p2 +0,0325p + 1
0,07p + 10
19,5
4,03-10-8p3 +8,1-10"6p2 +0,02p + 1
0,0008 p? + 0,03 p + 10 9.9
5,3-10-7p3 40,0001 p2 +0,02p + 1 ’

A 12 : :

10

L 1 1 1
0 0.05 0.1 0.15 0.2 0.25 03 0.35 0.4 0.45 0.5

Puc. 1. IlepexonHast xapakTepUCTHKa MOJBHUKHOI'O 3BeHa

Bei6op Takoro BHaa nepegaToyHOH (PyHKUHH 0OyCJIOBJIEH BO3MOXKHOCTBIO INpeJ-
CTaBJIEHUS] UCCJIeyeMOro o0beKTa B BUJe JIMHEHHOU CUCTeMbl O€3 MOTepu TOUHOCTH
OTHCAHHUS.

Hcnonb3yem npensokeHHbIH aJropuTM HAEHTHU(PHUKALLUM, OCHOBAHHBIM Ha HC-
nosab3oBanun BUM. [lpu npoBenenuu npouenypsl HAEHTUPUKALUHU YUTEM, YTO HAM
U3BECTHO KOHEYHOe 3HaueHHe NMEePexXONHOW XapaKTePHUCTHKH, a, 3HAUMUT, U KO3 PH-
LIMEeHT yCHJIeHHs1 HccaenyeMoro oobekta k& = 10. 3a BesIMUMHY, XapaKTepU3YyIOLLYI0
Ka4yecTBO MOJyYeHHOH MofesH, Obla1 B3SIT KpuTepuil YebbiléRa:

max |y, (t;) — y(ts) |
1€[1,n]

Ah% - )

ymax
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TI€ Ymax— MAKCHMaJbHOE 3HAaUeHHe BBIXOJHOro CHrHaJja. PesysnbraTel HaeHTH]UKA-
LMW NPU Pa3JAYHBbIX 3HAUEHUSIX MOPSAKA YUCAUTEJNs U 3HaMeHaTeJisl NpeAcTaBJeHbl
B BUJe TaOJULBbI 1.

Takum o6pazom, Hanbosiee TOUHO JBYXMAaCCOBO€E MOJABUXKHOE 3BEHO OMUCHIBAETCS
nepefaTOYHON (DYHKLMEH ¢ MmapameTpaMu n = 3, m = 2.

3akJjroueHue

B pesynbraTe npopesnaHHOH paboThl Obla MOJydeHa MaTeMaTHyecKash MOJeJib
poBOTOTEXHUYECKOH CHCTEMBl B BHJE IMEPeNaTOUHOH (DYHKLUMH TPeTbero MOpsioKa,
MCII0JIb3Ys BEllleCTBEHHbIH UHTEPTIONSIIMOHHBIA METOL.
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IDENTIFICATION OF ROBOT SYSTEM’'S MATHEMATICAL MODEL

B.I. Pyakillya
Graduate Student, e-mail: pakillaboris@gmail.com

National Research Tomsk Polytechnic University, Tomsk

Abstract. In this paper a method of obtaining the linear mathematical models in
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HoBocubupckuii rocynapcTBeHHBIH TEXHUUECKUH YHUBEPCHUTET,

q.)aKy.IIb’I‘ET aBTOMAaTHKHU W BbIUMCJAMUTEJbHOW TEXHUKHU

AnHotamusa. IlpencraB/ieHbl pe3ysbTaThl 3KCIIEPUMEHTAJBHOTO M TeOpeTHUe-
CKOTO MCCJIeIOBAaHHS OPUTMHAJIbHOH MoJesu celicMuyeckoro ummysabca. Ilpen-
JIOYKEHHBI UMITYJIbC BO3HUKAET MpH (DOPMHUPOBAHUU TPEILLMHBI B MpPOLEcce THUM-
paBJIMUECKOro paspeiBa mjacta. [IpuBeneHO cpaBHeHME C U3BECTHBIMH CEHCMHU-
YeCKUMHU HMITYJIbCaMH.

KuroueBbie cioBa: ceficMUUeCKUH HMIYJ/bC, THAPABIHMYECKUN Pa3pblB IJacTa.

BBenenue

['unpaBnnueckuil paspois nnacta (IPII) sBnsercs addeKTHBHBIM CpeacTBOM
yBeJHYeHHs] TeMIoB oTOOpa He(TH M3 NPOAYKTHBHBIX MJAacTOB U 0OoJiee MOJHOH
BEIpa60TKH MecTopoxKaeHHs. OH co31aéT B MyacTe BbICOKOMPOBOASLIME KaHas /s
MOCTYIIJIEHHSI B CKBAXKHHY NOMOJHUTENbHOH HEe(TH.

Cytb I'PII 3aksiouaercss B TOM, 4TO B 3a00e CKBaXKMHBI NyTEM 3aKauKH XKHJAKO-
CTH CO3/1a8TCsl aBJeHHe, TpeBbIllIalolllee rOpHOe AaBjeHHe. B mopoae nponyKTUBHO-
ro TJIacTa MPOUCXOIUT MIHOBEHHBIH Pa3peiB, U 06pa3yloTcs TPEIIHHBl (MOBEPXHOCTH
(pakranbHoro Buna). [Ipomo/keHue 3aKaukd BJIEUET yBeJHUEHHE PA3MePOB 30HbI
TPELIMHOBATOCTH. BMecTe ¢ »KMAKOCTbIO B TPeLIMHBI [J1acTa TPAHCIIOPTUPYETCS pac-
KJWHHBAIOLIMH areHT, KOTOPbIH MOcJ/e CHSATHS AaBJEHUS yIep:KUBAeT TPellUHbl B
3aKpenJyiéHHOM PacKpbiTOM COCTOSIHHH.

[IpoBenenue I'PII compsikeHO ¢ pUCKOM AOPOrOCTOSILIErO THAPOAHHAMHUYECKO-
ro KOHTaKTa CKBaxKMH. CHHKeHHe 3TOro pHcKa OCYLILeCTBJSeTCS MPU MOMOILH MO-
HutopuHra ['PII, kotopsii Ha ocHoBe 00paboTku Bo3HHKawlMUX B npouecce ['PII
celiCMHUECKHUX CUTHAJIOB MO3BOJISET CJAEIUTb 32 MPOCTPAHCTBEHHBIM Pa3BUTHEM 30-
Hbl TPELIMHOBATOCTH. MOHUTOPUHT NaET UH(pOPMALUIO A/ YIIpaBJAeHUS] OCHOBHBIMHU
napameTrpamu ['PII — o6béMoM U TemMnamy 3aKayku KUJIKOCTH B MJACT.
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Inst monutopunra ['PIT B [1-4] npensiokeH opurdHaJbHbIE METOM JIOKALUK TO-
YeyHbIX UCTOYHUKOB aKYyCTHUECKHX KoJieGaHUH, BOSHUKAIIIMX B KPaTKOBpEMeHHbIe
MOMEeHTbI 00pa30BaHUs TPeIWH B MOPOJEe MPOAYKTHUBHOrO miacta. [IpuMeHeHue Me-
Tona obecreynBaeT MoJAaBJeHHe UCKYCCTBEHHBIX W €CTECTBEHHBIX MOMeX, BO3HHKA-
IOLMX M3-32 HEJUHEHHOCTH PaclpoCTpaHeHHUsl CelCMUUECKOro CUrHaJjMa U pe3oHaHc-
HBIX CBOHCTB MOPOABI KOJIJIEKTOPA.

Meton ocHOBaH Ha UCMOJNb30BAHWH aHTEHHBI, KOTOpasi MpeacTaByseT coboil ce-
CMOCTaHLHMIO ¢ 48 celicMONPUEMHHUKAMHU, PACIIOJNOKEHHBIMU B IBYX lepeceKaroluxcsl
HarpaBJeHUsIX. AHTeHHa CKaHUPYeT Y3J/bl TPEXMEpPHOH CeTKH, BHPTYasbHO HaJO-
JKeHHOW Ha 30HY TPeLIHHOBATOCTH. Kakablii celicMONpUEMHHUK aHTEHHBI PerucTpH-
pyeT NPUHATBIA CeHCMHUYECKUH CHTHaJ B BHUJe BpPeMeHHOH (PYHKLHMH — HCXONHOU
ceficMorpammel. J{/1s1 KaxK10ro y3J/a BUPTyaJbHOU CETKH JIOKALIMK BBIYUCSAETCS CyM-
MapHasl cedicMorpaMma, HakalJ/JuBawlllas BKJal BCeX HUCXOAHBIX CEHCMOrpaMmM.

Ha unHTepBasax 3agaHHo# anuTesbHOCTH T cymMMapHasi ceiicmorpamma y(t) pac-
cMaTpHBaeTcs Kak KoJjeOaHHe, HMeollee BHJ CyMMbl H3BECTHOIO KBa3HAETEPMHHH-
POBaHHOT0O CeHCMHYeCcKOro uMnysbea s(X,t) 1 noMmexu n(t) ¢ anpuopHO H3BECTHHIMH
BEpPOSITHOCTHBIMH XapaKTepPUCTHKAMH:

y(t) =6s(X,t) +n(t),0 <t <T.

3nechb caydyaiiHas BeJUUMHA ¢, MPUHHUMAlONIAs TOJNbKO ABa 3HaueHus 1 wan 0, X —
TeKyllass KOOpAHHAaTa CeHCMHUUECKOr0 UMIYJIbCa.

JIokalus TOUeYHOro UCTOYHHUKA CEHCMHUYECKOT0 UMITYJIbCa OCYILECTBJSETCS MPH
TIOMOLIM aJrOPUTMA ONTHUMAaJbHOTO OOHAPYKEHHS] CUTHAJIOB, KOTOPBIH 10 3HAUEHHIO
napameTtpa o oleHuBaetr ¢akT Hanuuus (§ = 1) uau orcyrerBus (§ = 0) ummysbca
s(X,t) B KOHKpeTHOH peanusauuu y(t) Ha uHTepBase 1.

Y3/l CeTKH, KOTOPHIM CONOCTaBJIEH TOUEYHBIH HCTOYHUK CEHCMHYECKOro HM-
MyJ/1bCa, UCMOMNb3YIOTCS AJS MOCTPOEHUS AMHAMHYECKOH MOAENH 30HBl TPELIMHOBA-
TOCTH MPOLYKTHBHOIO MJacTa. JTa MOJAesJb — TOHKHUH CJI0H HepaBHOMEPHOH TOJILIH-
Hbl B 00bEMe KoJlJeKTopa mnJjaacta — pesyabtaT MoHuTopunra ['PII, onpenensitonii
NoJI0XKeHHe, pa3Mepbl U THHAMUKY Pa3BUTHS TPELLUH.

Jlokalyst TOUeUHOT0 MCTOUHHKA CEHCMUYECKOr0 HUMIYJbCa SIBASETCS THIHUHOH
3anaueli oGHapy»KeHHUs1 cUTHasa Ha (oHe momex. [ljist €€ peleHHsi HEOGXOAUMA WH-
dopmanusi o Buge pyHkunu s(X,t).

C uesbto ompenesieHusi (POPMBI U MapaMeTPOB CelicMUYecKOro ummynbca s(X,t)
OblJIO TIPOBEIEHO 3KCIePUMeHTa/]bHOe HCC/ef0BaHHe aKyCTHYeCKOro KoJeOaHHs,
BO3HMKAIOLLLEr0 NPU paspylleHnH o0pasia nopois! Kosanekropa. [Ipennoxena Monennb
CEeHCMHYEeCKOr0 MMITYJbCa, BO3HUKAIOUIEro NMpU 00pa30BaHUU TPELIMHBI KOJJeKTOopa
B npouecce nposeneHusi ['PII. IIpoBeneHo e€ cpaBHeHHe ¢ U3BECTHBIMH MOJIEJSIMH
CeCMHUYECKUX UMIMYJ/bCOB.

PesynbraTel McCC/e10BaHHUA MOIEIU CEHCMHYECKOro HMMITYJbCa, BO3HUKAIOLLETO
npyu 00pa3oBaHUM TPEILMHBl B NPOAYKTHBHOM IJ1acTe, IPHUBENEHbl B 1aHHOU paboTe.
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Puc. 1. AkycTuueckuil UMIYJIbC

1. 3KCI’[epI/IMeHTaJ1bHO€ MOJCJUPOBAHUE
AKYCTHUYECKOIro mMmiyJjbcCa

DKCIepUMEHT COCTOSIJI B 3aMMCH 3BYKOBBIX CHI'HAJ/OB, BO3HUKAIOLIUX NPU paspy-
IeHHH (MyTéM pas3faBJHMBaHUS MPECCOM) KepHOB 00pasiia MOpPOAbl, COCTABJSIONIEH
NPOAYKTHUBHBIH MJACT peasibHOr0 MeCTOPOXKAEeHUS YIJeBOIOPOAOB.

PaspyliieHre npou3BOAUNOCH C TMOMOILbID MeXaHHYECKOTO Mpecca, 3amluchb CO-
NYTCTBYIOIIHUX 3BYKOBBIX CUTHAJIOB OCYLIECTBJAJACh B MOHO()OHHUECKOM pexXHMe C
nuckperusauueit 8 kI.

Ha puc. 1 B BepxHeM OKHe KpacHBIM LIBETOM BbIieJIeH aKyCTHYECKUE CHIHAJ pas-
pyleHusi KepHa. Bo BTOpOM OKHe — CHMrHaJ B yBeJHYEHHOM MaciuTabe MpeacTaBJisi-
eT co60H PaJMOUMITY/JIbC — BBICOKOYACTOTHOE KoJeGaHHe, MOAYJIUPOBAHHOE MO aM-
MJIMTYe HU3KOYAaCTOTHBIM HUMITYJIbCOM (orubaroiieit). B Tpetbem okue puc. 1 n3o6-
pa)keHa HU3KOUaCTOTHAsI Orubaroliasi akyCTUUECKOTo pagrouMiyJibca. [ToHsiTHO, 4TO
MOTPELIHOCTH TPOBEIEHHsI SKCIIEPUMEHTa, ero afeKBaTHOCTb MPOLeccaM, MPOUCXo-
ASIIAM B MPOLYKTHBHOM [JIaCT€ MO 3eMJIEH, 1al0T BO3MOXKHOCTb TOJIbKO BeCbMa
NPUOJIU3HUTEILHOTO OMpeiesieHkss (hOPMbl U TapaMeTPOB CeHCMMYECKOro HMIyJbca
s(X,t).
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2. BoJgHoBasi MojaeJib CEMCMUYECKOT0 UMMYJbca

[Ipn monutopunre I'PII B KossekTope NpPOAYKTHBHOTO IJjacta HalJ/I0faeTcs
CJI0KHO€e COYeTaHHUe MpoLecca Pa3BUTHUS MAarUCTPaIbHOH TPELIUHbI U CEHCMUUYECKUX
COOBITHH, CO3AIOUIUX TOMEXH MOHUTOPUHTY.

PasButre maructpasbHOH TpeLIMHBl MOXXKHO CUMTAThb MOCJEL0BATEJbHOCTBIO aK-
TOB TPeLIMHOOOPa30BaHUS, PACIPOCTPAHSIOLIEHCS 110 HANpaBJeHUSM MHHUMaJbHOH
MIPOYHOCTH MOPOABI KOJJIeKTOpa. B KaxKaoM akTe NPOMCXOAUT Pa3pblB MOPOABI KOJI-
JIEKTOPA B 30HE MOBBIILIEHHBIX HAMPSXKEHUH Y OCTPUS TPELLHHBI.

CkaukooOpa3HblHl pa3pbiB MOPOAbI COMPOBOXKIAETCS BO30OYKAEHHEM aKyCTHYe-
CKOro KoJsieOaHHUsl B JIOKAQJU30BAHHOM IIPOCTPAHCTBE OCTPUS TPeLIUHBl. Takoe HM-
MyJbCHOe KosieGaHHe (TpecK) MOpPOXKAAeT, MPH HAJUUHHM TUCIIEPCHHU BOJH B ITOPO-
1€, BOJIHOBOW MaKeT — CEeHCMHUYEeCKYI0 BOJIHY, Orhbarmuias KOTOPOH JIOKAJHU30BaHA
B MPOCTPAHCTBE.

[Tocko/ibKy pasmephbl 30HbI pa3pbiBa MOPOALI KOJIEKTOPa MHOTO MeHbllle PacCcTosi-
HHUS 10 CEACMONPHUEMHHUKOB, TO C BBICOKOH JOCTOBEPHOCTbIO Pa3pblB MOKHO CUHUTAThb
TOUEYHBIM HCTOYHHMKOM [D] celicMMYeCKMX HUMIYJbCOB B MPOCTPAHCTBE MPOAYKTHB-
Horo nsacra. CeficMUUeCKHe UMITYJbChl PACTIPOCTPAHSIOTCS ¢ H3BECTHOH CKOPOCTbBIO
B KOHKPETHOH Cpelle U PETUCTPUPYIOTCS HA MOBEPXHOCTH 3eMJIM CEHCMONPUEMHHUKA-
MH.

CelicMMYeCcKHH UMIMYJabC (BOJHOBOH TaKeT) SIBJISETCS pelIeHHEM COOTBETCTBY-
IOLEro HeJUHEeHHOT0 3BOJIIOLHMOHHOIO YpaBHEHMS, ONHCHIBAIOLLErO HAINPSKEHHO-
ne(OopMHUpPOBAHHbBIE COCTOSIHHSI MOPOABI MPOAYKTHBHOro miacta. OObIYHO pelleHHs
TaKUX YpaBHEHUH UILYTCS B BUJE HEJUHEHHbIX BOJH CTALLHOHAPHOTO NPO(uJs, B KO-
TOPBIX 3aBUCUMOCTb OT KOOPAWHATHl U BpEMEHHU OMNpee/sieTcss eIHHbIM BblpaKeHHUeM
(X — Vt), rne V. — rpynmnoBasi CKOPOCTb BOJIHBI, IBHXKYIIeHcs B HanpaBjaeHuu X .

Hcxons u3 (opMbl aKyCTHUECKOrO HMMIY/bCa, MOJYYEHHOTO INPU 3KCIepUMeH-
TaJbHOM MOJAENHPOBAHUM, U peLIeHUH H3BECTHBIX HeJUHEHHbIX 3BOJIOLHOHHBIX
YpaBHEHHUH, Oblya MpefsokeHa MOfe/ b CEUHCMUUeCKOr0 UMIYJbCa B BUIE

cos(kX — wt 4 0)

o (X - Vt)
To

rie ¢ — Ko3(p(ULUHEHT NPONOPLUHUOHANBHOCTH, 3aBUCSALIMN OT BUAA 3BOJIIOLMOHHOTIO
ypaBHeHus, A u Ty — aMIIUTyAa U IJIUTENbHOCTh UMIy/abca, X = & — xy — pac-
CTOSIHUE MeX1Yy CEHCMONPUEMHUKOM M HUCTOYHUKOM MMIMYJbCa, w = kv — YIJOBas
4acToTa, KOTOpas paBHA IMPOU3BENEHHI0 BOJIHOBOIO uHcaa k U (Pas3oBOH CKOPOCTH
BOJIHBI v, § — (ha30BbIH CIBUT BOJHBI.

CrekTp MMIy/bca BbUKC/SETCS 110 (hopmyie

s(X,t) =cA

(X, Q) = /OO s(X,t) exp(—i2t)dt =

[e.o]

22 el Gl (G BE0) B (G EES0) ) TGN

T v mTo(w + ) +
ch | —————
2V
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E:/oo 2(X. 0t 2 A2 WTOECOS (2 <k—%)X+9> o

S 4 4 sh <7TTO£>
v
B 3aBHCHMOCTH OT QUCIEPCHOHHBIX CBOHCTB MOPOABI MPOAYKTHBHOTO MJacTa pac-
CMOTpEeHbI pelleHUs] TPEX IBOJIOLUOHHBIX YpPaBHEHUH.
Jucnepcus BosiH OTCyTCTBYeT. PellileHre — BOJHOBOU MaKeT CTALMOHAPHOTO Mpo-
(usst BoJIHOBOrO ypaBHeHHUs ¢ mapamerpamu: ¢ = A =1,75 = 0.049w,V = v = £1.
Jucnepcrs BoqH canabasi. PelieHue — conmuTOH MOAU(UIUMPOBAHHOIO YPaBHEHHS

Kopresera-ne ®pusa ¢ napamerpamu ¢ = /24, A = T V = 3k
0
Jrncnepcrs BoJiH cusbHas. PelleHre — COMMTOH HeJMHelHOro ypaBHenus LIpé-

1

= 2k.
TO,V k

JMHTepa ¢ napaMeTpaMu: ¢ = /2, A =

3. CpaBHeHue MopeJiell ceiCMUYECKUX UMITYJIbCOB

B ceficmopasBenke mss MpUOMHKEHUS peasibHbIX CeficMOrpaMM HCIOJb3yeTcs
HeCKOJIbKO PasHBIX MofeJsiell ceHCMUYeCKUX HMIMYJbCOB:

1. Bepaare: w(t) = t" exp(—bt) sin(wt).
Tenbganna: w(t) = exp(—bt?) sin(wt).
3aryxatouiell cuHycouanl: w(t) = exp(—bt) sin(wt).

IysbipéBa: w(t) = exp(—2t)? sin(wt).

ok W

Pukkepa: w(t) = (1 — 2(¥1)?) exp(—(£t)?).

Ha puc. 2 nns cpaBHeHUS NpUBeNeHbl HOPMHUPOBAHHbIE BpeMeHHble (OPMbI U
YaCTOTHBIE CMEKTPbl MepeyUCJeHHbIX Bbille Mojeseld CeHcCMUYEeCKUX UMIYNbCOB U
NpeiJIoKeHHOH MoJesd B BHUJE COJMTOHA HesMHeHHoro ypaBHeHus Ilpénunrepa.

Jlns cpaBHeHMs HecCyllas 4acToTa 5~ MMIYJIbCOB BhiOpaHa paBHok 1 ['i. 3Havyenus

AOOIMOJHHUTEJIbHBIX [MapaMeTPOB HUMITYJbCOB:

1. b=>5n=6.
2. b=23.
3. b=2.

[Ipennoxxennasi monesb GJsaromaps nonbopy (pasoBoro ciBura ¢ MoxkeT NMPUHUMATh
BHUJ HYJb-(Da30BbIX (UMIy/abChl 1, 3 U 5) U MHUHHUMaJbHO-(PA30BbIX (HMIYJIbCH 2 U
4) celicCMUYeCKHX HMIYJbCOB.

PrcyHKH MOKa3bIBalOT BBICOKOE CXOACTBO MPeAJIOkKEHHOH U BCeX 0CTaJIbHBIX MO-
fesedl ceCMHUYeCKUX HMMITyJbcOB. BeposiTHO, YTO mocse BCECTOPOHHEro HCCJ/em0-
BaHHUSl YAAcTCs M0Ka3aTb BO3MOXKHOCTb HCIOJB30BAHUS MPENJNOKEHHOH MoIeau B
KayecTBe 000011at01Iel MOAENH CeHCMUUECKUX HMITYJbCOB.
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Puc. 2. CpaBHeHI/Ie H3BECTHBIX U MPEAJIO2KEHHOTO CeHCMUUeCKHUX HUMITYJIbCOB

4. 3akJjgueHue

Hcnonb3yst skcnepuMeHTa bHOE MOAENHPOBAHHE M MeTON MaTeMaTH4yeCKOH aHa-
JIOTHH, Oblja MpejJioxKeHa U opoOoBaHa MOJesb CeCMHUYECKOro CUrHaja, BO3HHUKa-
[olero npu o6pasoBaHHU TpellMH KoJuiekTopa B pedyabrate ['PII. Mogenas moxer
ObITh MCIIOJb30BaHA /51 CPell ¢ pa3HbIM YPOBHeM Aucrepcuu BoJaH. Mopesnb sBJs-
eTCsl I0CTATOYHO YHHUBEPCANbHOH, TaK KaK XOPOILO MPHO/IMAKAET H3BECTHBIE MOJEIH
CeHCMUYECKUX HUMIYJ/bCOB.
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Abstract. The results of experimental and theoretical research of the original seismic
pulse model are presented. The under study seismic pulse is arising at formation of a
fracture in the process of hydraulic fracturing. The comparison with known seismic
wavelets is shown.
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Owmckuil punnan Yupexxnenus Poccuiickoil akagemuu HayK MHCTUTYTa MaTeMaTHKU

uM. C.JI. CobosneBa Cubupckoro otnenenuss PAH

AnHotamusga. [lpennaraercss HOBBIH MeTOHN MOCTPOeHHsT (DaKTOPHOH MoOIesad Ha
OCHOBe NPOrpaMMHOH peaju3allil HEHpPOHHOH CeTH M ajJroputMa oOpaTHOro
pacrnpocTpaHeHHsl OWIHUOKH. DTOT MEeTOA $IBJSETCS asbTepHATHBOH KJ/accuue-
CKOMY (paKTOpPHOMY aHa/nn3y. B pabore mpoBenéH UHC/AEHHBIH KCIIEPUMEHT Ha
CTAaTUCTHYECKHX NAHHBIX apTepHasbHON THIIEPTEH3UH.

KuaroueBbie cioBa: apTepuasbHasi TUIepTeH3Us, (PAKTOPHBIM aHaJU3, HEHPOH-
Hble CETH, aJrOPUTM OOPaTHOTO PaCIpOCTpPaHEHUS OLUHUOKH.

Knaccuueckuit aktopHbiil ananus [1] mo3BosisieT Ha 6ase BBIOOPOK PasHUHBIX
nokasartesed cQOpMHUPOBATH (PAKTOPHblE M0OKa3aTesad, ¢ HeOOXOOHMMOW TOYHOCTbIO
OIHCHIBAIOIIME HCXOAHBIH OOBEKT M BOCCTAHABJHBAIOIIHE HCXOAHBIE CTaTUCTHUe-
cKkue naHHble. PaKTOpHbIE MMOKA3aTeNH SIBJSIOTCS JHHEHHOH KOMOWHAIMEH HCXOJ-
HbIX MokasareJseil (dhopmyna 1). Tem cambiM (hakTOpHBIE MOIENH HOCST JIMHEHHBIH
XapakTep.

Z):ailﬁ+&i2172>+"-+aig@>+dim} (1)

M — YHCJIO TepPeMeHHBIX, § — UYHCI0 (haKTOPOB, 2/ — HMCXONHbIE MepeMeHHbIE, i
— obuue (hakTopsl, u — cneupruyHble (PaKTOPHI.

HefipoHHasi ceTb M03BOJISIET BOCCTAHOBUTb JIOOYH ONHO3HAUHYK 3aKOHOMEp-
HOCTb MeXJy HMCXOAHBIMHU M LieJieBBIMU ToKasaTesasMu. [Ipu saTom BoccTaHaB/uBa-
eMble 3aKOHOMEPHOCTH MOT'YT UMeTb HeJHHeHHBIH XapakTep. s BoccTaHOB/IEHUS
3aKOHOMEPHOCTeH MeXXAy MapaMeTpaMHu UCNOJb3yeTcs ClellMalbHbIH aaroputM oly-
UeHHUs] HEHPOHHOH CEeTH: aJrOPUTM OOPATHOrO paclpocTpaHeHHs OomuOkH [2]. dtoT
aJTOPUTM C MaTeMaTHUUeCKOW TOUYKM 3peHHUs MpeacTaBJ/sieT co00W TpagueHTHBIH Me-
TOZ ONTUMM3ALUHU.

CyTb HOBOro MeTofa JJ/s1 TIOCTPOEeHHUH (PaKTOPHBIX MojeJsel 3aKJI0UYaeTcs B TOM,
4TO AJS BBISIBJEHHUS 3aKOHOMEPHOCTEH MexxAy NnapamMeTpaMH HCIOJb3yeTcsl MaTema-
THYeCKash MOJeJb HEUPOHHOU CeTH.

B naHHOM MeTone mocTpoeHHs (PAKTOPHOM MOJE/H JaTeHTHble XapaKTePUCTHKHU
CTaBATCS B COOTBETCTBHE HeHpOHaM CKpBITOro cjos. IIpy 3TOM 4HMC/I0 HeHpOHOB
CKPBITOTO CJI0S1 T10J1aral0T MeHbIIHMM YHCJa HeHPOHOB BXOAHOIO CJIOSl AJ/151 OCYILeCTB-
JieHUs1 (PAaKTOPHOTO CXKaThsl BXOAHOHW HMH(opMauud. [l OUeHKH uucja HeHpPOHOB
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CKPBITOT'O CJIOSi MOXKHO MPHUMEHSATb KpuTepuil ['yTMaHa k/jaccuueckoro (pakTOPHOTO
aHanu3a. HelipoHaM BXOQHOrO M BBIXOJHOTO CJIOS CTaBATCS B COOTBETCTBHE MCXO-
Hble XapaKTepPUCTUKHU OOBEKTOB HcCCaeNoBaHUSA. Takas KOH(PUrypauusi HeHpPOHHOM
CeTH COOTBETCTBYeT KJACCUUECKOMY (DAKTOPHOMY aHaJ/IU3Yy.

C nomoriblo 00ydeHHUs] HEHPOHHOM CeTH BHIUHCJ/SIOTCS Beca BXONHBIX CBsI3ed
HEHUPOHOB CKPBITOTO U BBIXOAHOIO CJIOSI, KOTOPblE COOTBETCTBYIOT 3JieMeHTaM 00parT-
HOTO U NPSIMOro (paKTOPHOro oToOpakeHUsl. Beca HelpOHOB MILYTCA B MHTepBaJe
[—1,1]. HanonHeHnue (hakTOpOB HCXOAHBIMU IMepPeMeHHBIMH ONpeNessieTcs ¢ MOMO-
I[bl0 3HAUEHUH 3/1eMeHTOB (PAKTOPHOIO OTOOpaKeHHS U BbLIOPAHHOTO MOPOTOBOrO
YPOBHSI 3HAUUMOCTH.

[lonyueHHast nrHeliHAs B3aUMOCBS3b MepeMeHHbIX COOTBETCTBYET KJIaCCHYECKOH
MozieNIn (PaKTOPHOTO aHa/K3a, B KOTOPOHU (paKTOphl SBJASIOTCA JUHEHHBIMH KOMOU-
HallUSIMHM HCXOIHBIX MepeMeHHBIX (popmynbl 2, 3, 4). 3amaua noucka (HakTOPHOTO
oToOpaxKeHusl U 3HAauUeHUH (PAKTOPOB CBOAUTCS K 3ajiaue MOHCKA BECOB HEHPOHHOM
cetd. [lockonbKy (pakTopHOE 0TOOpaxKeHHe U 3HAueHHs] (PAKTOPOB SIBJASIOTCS HEU3-
BECTHBIMH, HEOOXOAMMA CeThb C MPOMEXKYTOYHBIM cjoeM. CeTb B LEJOM OCYLIECTBJIS-
eT TOXKJeCTBeHHOe NpeoOpa3oBaHUe, T.e. BBIXOAHOH CHUTHAJ Ha ¢-OM HeHpOHe BXOJ-
HOT'O CJIOS paBeH BBIXOAHOMY CHTHaJsy i-TO HeHpoHa BbIXoAHOro cJjosi. OTaesnbHble
YacTH CeTH (BXOOHAsh M BBIXOJHAsS UYaCTb) COOTBETCTBYIOT NMPSIMOMY U 0OpaTHOMY
(haKTOPHOMY OTOOpa’KeHHUIO.

pi=o (> wiPu+17 ), (2)
=1
2 2,3 3
=0 2w+t ) 3)
1=1
2
- 4
o () 1+exp(—z) @

,t
Z; — HCXOIOHbIE TEepeMeHHbIE, w(s )

ij
J-BIM HEUPOHOM t-ro CJI04, tES) — TIIOPOTrOBBIA YPOBEHb i-I'0 HEHUPOHA S-TO CJIOS, P;
— BBLIXOJHO® 3HaueHHe -T0 HeHpOHa CKPBITOTO CJIOSI, Z; — BBIXOAHOE 3HAaYeHHe i-ro
HeMpOHa BBIXOAHOTO /1051, 0 () — aHTUCHUMMEeTPHUHAsi CHTMOMIAJ/bHAsK MepenaToy-
Hasl (PyHKLUS.

Jlna nonydyeHuss uHTepnperadeqbHOr0 (PaKTOPHOrO OTOOpaKeHHs BBOAMUTCS M10-
TMIOJIHUTEJIbHOE CcjlaraeMoe B OOILYIO LiesieBYl0 (PYHKLHIO KBaApaToB HeBsI30K (dop-
MyJia 5), COOTBETCTBYIOIlee KPUTEPUIO «BaDUMAKC» KJACCHUECKOTrO (PaKTOPHOrO aHa-
JIM3a, — 3TO MAaKCUMHM3alLHs AMCIEPCHHM HArPy30K IepeMeHHOH, NMPUXOASALIMXCS Ha
Bce (haxkTophl (popmydel 6, 7).

— CBfI3b MeX/y ¢-bIM HEHPOHOM S-TO CJIOSl U

E = Z('Z’ — z;)2 (5)

g 2
Dl =3 (wl? - Eu?)’ 5 max ©)
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1

)

Yuer «BapuMaKC» KPUTepUs TPUBOAUT K MOSIBIEHHIO NOTOJHUTEJNbHBIX CJarae-
MBIX TIPH M3MeHEHHWH BeCOB HEHPOHHOW CeTH Ha BBIXOAHOM cJjoe (popmyna 8, 9).

Aw@’g) _ OF 1

i _fya o) =7 5 (w%v?’) _ lez(]%?’)) . (8)
Wy (D w(2’3))

ij

wg’g) = wg’g) + Awg’?’). 9)
AHasorHUHBIN YYET IJIaBHBIX YCJOBUH (PAaKTOPHOTrO aHa/lM3a HAa CYMMY KBaJIpaToB
(baKTOPHBIX HAaTrPy30K [epeMeHHOH, MPUXOAsAIIMXCS Ha Bce (haKTopbl, MeHblled I
(bopmyna 10) u mouck QaxkTopHBIX Harpy3ok B uHTepBate [—1,1] (popmyna 11)
MPUBOAMT K TONpPaBKaM Ha H3MeHeHHe BecOB HEHPOHHOH ceTH B MeTode 0OpaTHOro
pacrnpocTpaHeHHsl OWNUOKH [J/1s1 BBIXOAHOTO cJjiosi (popmyna 12, 13).

> (w§f’3’)2 <1. (10)

w? e [-1,1]. (11)

Zg: (wg’g))z — min. (12)

Aw? = —A% = 22w, (13)
w;;

[Ipensioxken ajnbTepHAaTUBHBIA METON MOCTPOEHUS] (PAKTOPHOM MOJEJH Ha OCHOBE
HeHPOHHOW CeTH W aJropuTMa oOpaTHOro pacrnpocTpaHeHus owubku. [Ipeumyiie-
CTBa JaHHOTO MeTOJa 3aKJI4yaeTcss B TOM, UTO OH oObelHHsSET B cebe BCe 3Talbl
KJIaCCHYeCKOro (paKTOPHOIrO aHasM3a: MOUCK (PAaKTOPHOrO OTOOpaKeHHUS U 3HAUeHUH
(hakTOpOB. DTOT METOJ OCYILIECTBJSET KOCOYTroJbHbIH (PaKTOPHBIH aHaMu3, TeM ca-
MBIM MMeeT MaKCUMaJ/bHYIO CTeNeHb OOLIHOCTH AJS JUHEHHOHW MOMEJH.

B Xome unc/ieHHOToO 3KCIepUMeHTa C JaHHBIMH apTepHasbHOM THIIepTeH3HuH OblIO
YCTaHOBJIEHO, YTO XOpollas 00y4yaeMOCTb HEHPOHHOH CeTH NOCTUraeTcs MPH YHUCJ/e
HEHPOHOB B CKPBITOM CJI0€ He MeHblleM BepXHeH TIpaHHLBbl 4YHMcsaa COOCTBEHHBIX
3HaYeHUH HCXOAHBIX MepeMeHHbIX Mo Kputeputo ['yrmana. Ilpu meHbliem uucie
HeHPOHOB B CKPBITOM CJioe HaOJIONaNHCh 3HAYUTeJbHble OLIMOKM Ha OoO0ydYarolled
BBIOOPKE.
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1. Introduction

Society is a social system. It can be in a steady state, if the social expectations
of individuals correspond to reality. Social tensions arise otherwise. It is reflected
in the mood, judgment and behavior of individuals. Social tension is concerned with
insecurity, aggression and other negative reactions. Social tensions experienced
individuals who can not adapt to social changes due to high prices and low incomes,
fear of losing their jobs due to the inability to change the current picture of the
world. Such individuals experience cognitive dissonance. Cognitive dissonance is
the state of a potential participant of social conflicts.

The purpose of the paper is the fixation and analysis of cognitive dissonance,
the study of its causes and manifestations.

2. Methodology

The task of the research conducted is the multifaceted study of cognitive dis-
sonance with the cognitive approach application. The cognitive approach includes
cognitive information structuring using graph theory, the construction of the cogni-
tive matrix in linear algebra, carrying out simulation experiments to find significant
controlling factors. Scientists all over the world are making a great contribution
to the development of models of unstable social processes.

Perov E.V. used cognitive approach to the study of social tensions of society.
He made up the circuit in the form of a cognitive map, which identifies factors
gain of conflicts of society. The cognitive map is applied to determine the cause of
social tension strengthening [1].
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Belyaeva N.A. offered the method for social tensions measuring by income
differentiation. [2].

Radko K.S., Ivanova M.I., Moshchenko [.N. conducted the factor analysis of
the social tensions of society. They made up the images of emotional attitudes
towards the existing political order. The semantic differential method was used for
the processing of empirical information [3].

Proshin E.N., Zhuravleva N.A., Martynov V.V. created an information model
for the description of social tension. They made up a mathematical model for social
tensions calculation [4].

Dolomatov M.U. and other researchers have created an information system
Assessment of the level of social tension. They offered two models. One model
describes the distribution of income. The second model calculates a comprehensive
assessment of social tensions based on the entropy approach [5].

Orlik L.K. constructed a predictive model. Empirical studies and a mathematical
model are used to predict the probability of aggression among students [6].

Abramovich E.S. and Gryzlov I.N. used mathematical statistics to measure
social tension [7, 8].

Shvedovskii V.A. developed mathematical model-building groups with the use of
differential equations. Population groups are divided into supporters and opponents.
The model describes the dynamic behavior of groups. He built the system of
Makrosotsium and defined the oscillation period of socio-political tensions in the
Caucasus with its help [9].

Garcfa-Barrios L.E., Speelman E.N., Pimm M.S. developed a simulation sys-
tem to generate options for the development of the object, which would suit the
conflicting parties [10].

Juska A., Woolfson C. dedicated their work to clarification of the structure and
causes of social conflicts in the specific examples [11, 12]. M. Lobo analyzed
the causes of conflicts between ethnic groups [13]. Professional aspects of social
tensions highlighted Kepplinger H.M. [14]. Aggressiveness is investigated in the
work of C. Nathan De Wall, Craig A. Anderson, Brad J. Bushman [15] and others.

2.1. Self-esteem and aggressive mood

Human activity has been studied with the help of the computer metaphor of
the brain. This approach is currently inadequate. It is necessary to study mood
and other people’s emotions [16].

We applied the cognitive approach. It allows you to intensify the process of
knowledge, understanding and explaining the information. We make extensive
use of schematization. Schematization — these are different ways of individuals
considerations about possible cause-and-effect relationships between the objects of
the problem area. The conclusion is based on limited information in this case [17].

A person has self-esteem, his own attitude to communication, behavior, activ-
ities, experiences. It is influenced by the estimation of the society. Self-esteem
may be optimal and non-optimal. We conducted experiments to determine the seli-
esteem of students of the university. Low self-esteem has 30-40 points. Average
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Figure 1. Fuzzy set of seli-esteem

self-esteem has 50-60 points. High self-esteem has 70-90 points. Fuzzy set of
self-esteem is shown in Figure 1. It shows the degree of property by points.

In the experiment conducted the students were offered statements. The re-
sponses showed their propensity for conflict or compromise in conflict situations.
Responses were divided into three groups. The first group was choosing a com-
promise in conflict situations. The second group had an interim choice. The third
group was choosing conflict in any situation. We used the correlation coefficient
to characterize the relationship between self-esteem and aggressive mood. The
correlation coefficient had the value of minus 0.18 (weak feedback). The analysis
showed that 11% of students with high self-esteem, and 4% — the average self-
esteem, and 3% — low self-esteem, tend to conflict. Half of the students chose a
compromise in one case, and in another one —a conflict, regardless of self-esteem.
High self-esteem may be the cause of aggressive mood. High seli-esteem destroys
self-government, self-control and idealizes one’s own image.

Aggressive mood of a person has destructive and constructive direction. The
constructive direction vector is oriented against processes of the entropy.

2.2. The example of entropic processes in society

The causes of social tension are: unemployment, poor quality of life, low in-
comes, the inability to get a good education and good health care, as well as
an increase in crime. We examined the information on the growth of crime in
the regions of the Russian Federation and the country as a whole. The data are
available on the website of the Federal State Statistics Service.

Violation of the law is a socially dangerous act. It is contrary to the rule of
law. Crime can be regarded as a subsystem with the position of system analysis.
Subsystem has a behavior and can change the state. The behavior is a function of
the subsystem:
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Figure 2. The number of registered crimes

c(t) = [e(t = 1), y(1), z(t)],

c(t) — the state of the subsystem at the moment of the time ¢, y(f) — control
actions, x(t) — disturbing influences.

In our research work the behavior of the subsystem is defined by the values
of recorded crimes (Fig. 2). The numbers on the x-axis correspond to the time
interval from 1995 to 2009. Number 1 — 1995. Number 2 — 1996. And etc. The
numbers of reported crimes are on the y-axis.

Discussion. The behavior of the subsystem has cyclical nature. System laws
can not be undone. They can not be prohibited. Any system must be managed in
accordance with the laws of the system to produce a positive decision. The cyclical
nature should be used for the successful management. During the periods of crime
recession it is necessary to accumulate the resources for effective decision in the
growth.

The properties of multidimensional systems are difficult to investigate. They
have a large number of variables. The scientists have used the method of reduction
for simplification. A large number of differential equations is reduced to a smaller
number. Reduced system of equations is called the base system. It contains two
equations for the variables x and y:

dr/dt = A- P(x,y);dr/dt = B - Q(z,y),

A and B — coefficients; P(z,y) and Q(z,y) — non-linear functions. This method
is the method of the phase portrait construction.

The baseline data are presented as a table. The values in the cells of the table
show the number of crimes according to years and species. They are on the website
of the Federal State Statistics Service [18].
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Table 1. Number of reported crimes in the Russian Federation (in thousands)

1 |23 4|5 6 7 | 8
1990(15,6|14(15(83,3|16,5|913,1(16,3]96,3

2009

The first column shows the number of murders and attempted murders. The
second column shows the intentional infliction of harm. The third one is abuse or
attempt to abuse. The fourth one is robbery. The fifth one — brigandage, the sixth
— theft, the seventh — crimes connected with unlawful narcotic circulation, the
eighth — breaking of traffic rules and transportation exploitation.

The values are non-linear functions in the cells of the table. They are used for
charting. The subsystem of crime is divided into three groups according to the
years: 1990-1995; 1995-2000; 2000-2005 (Fig. 3, 4, 5).

Discussion. The markers indicate the status of the crimes subsystem at different
times in the graphs. The data on crimes increase were plotted on the y-axis. The
number of crimes is plotted along the x-axis in the normalized form. Markers are
numbered in accordance with the types of crimes on the charts (Table). What do
you see on the charts? The crimes subsystem varies. The distance between the
markers either increases or decreases. The markers fill charts occasionally. We
limit some area. The convex curve surrounds the markers (Fig. 5). The entropy
S(t) can be determined by Ya. Sinaya’s formula [19]:

S(t) =k -In(G(t)/Go),

k — Boltzmann constant, G, — the unit cell of the phase space.

Each time the interval coincides with the crimes subsystem state. Three states
of the crimes subsystem are shown in fig. 3, 4, 5. The markers are closer or
farther apart. Ongoing processes correspond to an increase or decrease of entropy
in the subsystem of the crime.

Crime rates comparison. We have compared the crime rates in the Russian
Federation as a whole and in the region of the Omsk region. The lines are marked
in accordance with the normalized data on crimes in the Russian Federation. The
dotted lines are marked in reference to the normalized data on crimes in the Omsk
region (Fig. 6). We studied the periods from 1995-1998 to 2007-2010 (4 years
correspond to 4-axis in Fig. 6).

Crime has become lower in the Omsk region in 2007-2010. Its normalized
values are smaller than in the Russian Federation as a whole.

Discussion. Disorder is the system regularity of closed systems. The law
enforcement system needs to restore order. The entropy of closed systems can
not decrease. The system openness is one of the factors of entropy decrease.
The system can increase the degree of its organization and reduce the entropy by
entropy transmission into the environment.
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Figure 6. The number of reported crimes during the 4-years period
(Line — Russian Federation, dotted — Omsk region)

We can operate the system in accordance with the objective laws and to have
positive results. We must learn to control the amplitude and frequency of entropy
oscillation to ensure the stability of the system [20].

2.3. The study of cognitive personality dissonance

Cognitive dissonance is an unpleasant mood. Unmet needs are reasons for such
situations. To satisfy needs fully is impossible. There is a barrier of discontent,
after which there is an explosion. We want to find the measure of discontent, or
the amount of cognitive dissonance.

The construction of a cognitive map. We applied schematization and constructed
cognitive maps to identify new points of view concerning the problem. We analyze
cognitive schemes of our own and others’ to improve the decisions. Every person
has a set of mental models. He uses it to analyze the causes and solutions variants.

Discussion. The first researcher chose the mood as the target factor. Mood
and health are two interrelated concepts. If health is poor, the mood is bad (direct
relationship). The mood can be improved by the high quality of medical services
or entertainments(inverse relationship). Both ways require good incomes (direct
relationship). Good incomes can improve mood (direct dependence) (Fig. 7).

The second researcher chose the degree of cognitive dissonance as a target
factor. Establishing of relationships leads to the construction of a cognitive map 2
(Fig. 8).

[T the health of the individual is bad, then the degree of cognitive dissonance
will be high (inverse relationship). He is seeking to reduce its level. He addresses
a medical or entertainment institution. The degree of cognitive dissonance will
be high, it means that medical services or entertainments are necessary (direct
dependence) (Fig. 8). These means require good incomes. High incomes help to
reduce the degree of cognitive dissonance (inverse relationship). The quality of
medical service is high, the health is better (direct relationship). The better the
health the more success at work (direct relationship).
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Figure 7. Cognitive map 1 "Mood depends on various factors”
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Figure 8. Cognitive map 2 "Cognitive dissonance depends on various factors"
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Figure 9. The dotted line is the degree of cognitive dissonance when increasing the factor of work
by 10 conventional units
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Figure 10. The dotted line is the degree of cognitive dissonance when increasing the factors of
work and health by 10 conventional units

2.4. Discussion of research

We have two cognitive maps. The mood concepts and degree of cognitive dis-
sonance can not be interchangeable because they have different relationships with
other concepts. Let us compare the mood and the degree of cognitive personality
dissonance. The mood is better, the degree of cognitive dissonance is lower (inverse
relationship).

Simulation experiments were performed using the procedure [21, 22, 23]. We
have developed a software tool [24, 25]. We used the actions:

- construction and transposition of cognitive matrix;

- perturbations were introduced in the nodes a of the graph;

- disturbance was introduced on the ways of graph.

Change in the control factors. Figures 9 and 10 show the change in the target
and control factors on 18 steps. Work factor was increased by 10 conventional
units. The factor degree of cognitive dissonance (dotted line) reaches 20 con-
ventional units in this case. The minus sign indicates an inversely proportional
relationship between the factors.

The results of simulation experiments are presented on 18 steps with an in-
crease in factors of work and health by 10 conventional units given on the fig. 10.
The factor degree of cognitive dissonance has 30 conventional units. These results
are consistent with common sense: the better the work and health, the lower the
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Figure 11. Dotted cognitive dissonance is about 20 conventional units. (The relationship of quality
of medical services and health are constant, equal to 0.8); the relationship of health and quality of
medical services is —0.5 (weight of the arc)
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Figure 12. Dotted cognitive dissonance is about —1 of conventional units. (The relationship of
quality of medical services and health are constant, equal to 0.8); the relationship of health and
quality of medical services is —0.8 (weight of the arc)

degree of cognitive dissonance.

Changing the values of relationships. The results of simulation experiments
are shown in Figures 11, 12. The relationship between factors of health and quality
of medical services are not constant. (The relationship of quality of medical services
and health are constant, equal to 0.8). The relationship of health and quality of
medical services is -0.5 (weight of the arc).

The degree of cognitive dissonance increases, if the relationship between the
factors of health and quality of medical services are reduced.

Conclusion

Cognitive approach allows to conduct the following research work:

- Various factors are analyzed and the relationships are analyzed too;

- Consequences have no single cause, and the reasons have the nonlinear struc-
ture;

- A new view point concerning the problem;

- The stability of the system could be researched on the basis of consonance
and dissonance characteristics.
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Abstract. Pulmonary embolism is a very dangerous difficult-to-detect medical
condition. To diagnose pulmonary embolism, medical practitioners combine
indirect signs of this condition into a single score, and then classify patients
into low-probability, intermediate-probability, and high-probability categories.
Empirical analysis shows that, when we move from each category to the next
one, the probability of pulmonary embolism increases by a factor of three.
In this paper, we provide a theoretical explanation for this empirical relation
between probabilities.

Keywords: pulmonary embolism, granularity, factor-of-three relation, low-
probability category, intermediate-probability category, high-probability cate-
gory.

1. Formulation of the Problem

Pulmonary embolism: a brief reminder. One of the most dangerous medical
conditions is pulmonary embolism, a blockage of the main artery of the lung (or
one of its branches) which can lead to collapse and sudden death; see, e.g. [1].
Pulmonary embolism is responsible for about 15% of sudden deaths.

[f detected on time, pulmonary embolism can be treated: either by anticoag-
ulation medicine like heparin or warfarin, or — in severe cases — by a surgery.
The problem is that pulmonary embolism is difficult to diagnose: lungs are mostly
normal, fever is either absent or low-grade, etc.

Scores: a brief description. Since pulmonary embolism is difficult to directly
diagnose, hospitals’ emergency departments take into account different variables
like age, heart rate, different types of pain, etc., to produce a numerical score.
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A high score indicates a high probability of pulmonary embolism; so, the doctors
start applying aggressive treatment to such patients.

One of the most widely used ways to assign scores is known as the Geneva
score; its latest version is described by [4]. Depending on this score, patients are
classified into three categories:

e patients with low scores are classified into the low-probability category;

e patients with intermediate scores are classified into the intermediate-
probability category; and

e patients with high scores are classified into the high-probability category.

Scores: empirical fact. According to an empirical study [4]:

e in the low-probability category, approximately 8% of the patients had pul-
monary embolism;

e in the intermediate-probability category, approximately 28% of the patients
had pulmonary embolism; and

e in the high-probability category, approximately 74% of the patients had pul-
monary embolism.

From each category to the next one, the probability increases by a factor of three.

What we do in this paper. Division into categories is a particular case of
granularity; see, e.g., [5]. In this paper, following ideas from [2,3], we use
granularity techniques to provide a theoretical explanation for the above empirical
relation between probabilities.

2. Explanation

Main idea. We are interested in the situation where we estimate probability —
a quantity which can only take non-negative values. In general, to estimate the
values of a non-negative quantity, we select a sequence of positive numbers

Lo<egpg<ep<e <.,

(e.g., 0.1, 0.3, 1.0, etc.), and every actual value = of the estimated quantity is
then estimated by one of these numbers. Each estimate is approximate: when the
estimate is equal to ¢;, the actual value x of the estimated quantity may differ from
e;; in other words, there may be an estimation error Az =e; — z # 0.

What is the probability distribution of this estimation error? This error is
caused by many different factors. It is known that under certain reasonable condi-
tions, an error caused by many different factors is distributed according to Gaus-
sian (normal) distribution (see, e.g., [7]; this fact — called central limit theorem —
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is one of the reasons for the widespread use of Gaussian distribution in science and
engineering applications). It is therefore reasonable to assume that Ax is normally
distributed.

[t is known that a normal distribution is uniquely determined by its two pa-
rameters: its average a and its standard deviation o. Let us denote the average of
the error Ax by Ae;, and its standard deviation by ;. Thus, when the estimate is
e;, the actual value x = ¢; — Az is distributed according to Gaussian distribution,
with an average e; — Ae; (which we will denote by ¢;), and the standard deviation
0;.

For a Gaussian distribution with given a and o, the probability density is
everywhere positive, so theoretically, we can have values which are as far away
from the average a as possible. In practice, however, the probabilities of large
deviations from a are so small that the possibility of such deviations can be safely
ignored. For example, it is known that the probability of having the value outside
the “three sigma” interval [a — 30,a + 30| is &~ 0.1% and therefore, in most appli-
cations to science and engineering, it is assumed that values outside this interval
are impossible.

There are some applications where we cannot make this assumption. For exam-
ple, in designing computer chips, when we have millions of elements on the chip,
allowing 0.1% of these elements to malfunction would mean that at any given
time, thousands of elements malfunction and thus, the chip would malfunction as
well. For such critical applications, we want the probability of deviation to be
much smaller than 0.1%, e.g., < 107%. Such small probabilities (which practically
exclude any possibility of an error) can be guaranteed if we use a “six sigma”
interval [a — 60, a+ 60]. For this interval, the probability for a normally distributed
variable to be outside it is indeed ~ 1075.

Within this Gaussian description, what is the optimal granularity?

Optimal granularity: informal explanation. In accordance with the above idea,
for each e;, if the actual value = is within the “three sigma” range

I; = [e; — 30y, ¢; + 304],

then it is reasonable to take e; as the corresponding estimate.

We want a granulation which would cover all possible values, so each positive
real number must be covered by one of these intervals. In other words, we want
the union of all these intervals to coincide with the set of all positive real numbers.

We also want to makes sure that all values that we are covering are indeed
non-negative, i.e., that for every i, even the extended “six sigma” interval

le; — 60y, €; + 60;]

only contains non-negative values.

One of the main purposes of granularity is to decrease the number of “labels”
that we use to describe different quantities. So, we want to consider optimal
(minimal) sets of intervals. Formally, we can interpret “minimal” in the sense
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that whichever finite subset we pick, we cannot enlarge their overall coverage by
modifying one or several of these intervals. Let us formalize these ideas.

Optimal granularity: formal description. In the following definitions, we will
use the fact that an arbitrary interval [a~, a™] can be represented in the Gaussian-
type form [a—30, a+30]: it is sufficient to take a = (a=+a™)/2 and 0 = (a™—a")/6.

Definition.

o We say that an interval I = [a — 30,a+ 30] is reliably non-negative if every
real number from the interval [a — 60,a + 60| is non-negative.

o A set {I;}, i = 1,2,..., of reliably non-negative intervals I; is called a
granulation if every positive real number belongs to one of the intervals I,.

e We say that a granulation can be improved if, for some finite set {i1, ..., iy},
we can replace intervals I;; with some other intervals I{j for which

k k k k
UIiJCU[l{i U["'j#UIZ{N
=1 =1  j=1 =1

and still get a granulation.

e A granulation is called optimal if it cannot be improved.

Proposition. /n an optimal granulation, I; = [a;, a;11], where a;11 = 3a;.

This explains the fact that each next probability is three times larger than the
previous one.

Proof.

1°. Let us first prove that for every interval I; = [a; — 30y, a; + 30;] from an optimal
granulation, a; = 60;.

Indeed, since all the intervals I; must be reliably non-negative, we can conclude
that a; — 60; > 0, hence a; > 60;. So, to complete this part of the proof, it is
sufficient to show that we cannot have a; > 60;. We will prove this by showing
that if a; > 60y, then the corresponding granulation can be improved.

Indeed, in this case, we can take o} = a;/6 > o;, and consider a wider interval
I = [a; — 30},a; + 30}] D I;. Due to our choice of o/, this new interval is also
reliably non-negative. Therefore, if we replace the interval I; by I/, we still get a
granulation, and I; C I/, I, # I]. Thus, the original granulation can be improved.

So, if the granulation is optimal (i.e., cannot be improved), we have a; = 60;.

2°. Let us now prove that for every interval I; = [a; ,a;] from an optimal granula-
tion, a; = 3a; .

Indeed, from Part 1 of this proof, we can conclude that for an arbitrary interval
I; = [a; ,a}] = [a;—30;,a;+30;) from the optimal granulation, we have 30; = 0.5-q;,

10

hence a; = a; — 30, = 0.5 a; and af = a; + 30; = 1.5 - a;. Thus, aj = 3a; .
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3°. Let us now show that if two intervals from an optimal granulation intersect,
then this intersection can only consist of a single point.

To prove this, we will show that if two intervals I; = [a;, /] and I; = [a],a]]
have a more extensive intersection, then the granulation can be improved. Without
losing generality, we can assume that a; < a; .

We already know that since both /; and I; are intervals from an optimal gran-
ulation, we have a; = 3a; and a] = 3a;. Since a~ < a;, we thus conclude that
ai =3a; < 3a; = a;-r.

The fact that the intervals I; = [a; ,3a; ] and I; = [a;, 3a;] have an intersection
means that a; < 3a;; the fact that this intersection is not simply a single point
means that a; < 3a; . In this case, [; U [; = [a; , 3a;].

Let us show that we can improve the granulation if we replace I; by itself I/ = I;
and I; by I} = [3a; ,9a; |. Indeed, both new intervals are reliably non-negative, and
the new union I U I} = [a;,9a; ] is a strict superset of the old one — because
a; < 3a; hence 3a; < 9a; .

J b

4°. So, in an optimal granulation, every interval must be of the type [a, 3a], these
intervals must cover the entire real axis, and they cannot intersect in more than
one point. Thus, right after each interval [a;, 3a;], there should be the next interval
[a;+1,3a;41], so we should have a; 1 = 3a;.

Thus, we get the description from the formulation of the theorem.

5°. One can also easily prove that the granulation in which I; = [a;, a;41] with
a;+1 = 3a; cannot be improved and is thus optimal. The proposition is proven.
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Abstract. In this paper we provide the short overview of the currently existing
approaches to modeling the crowd behavior. We consider the crowd as a set of
particles moving under influence of physical, social and psychological forces.
Starting from the Helbing’s social forces model to describe the crowd motion
we introduce Lennard-Johnes potential for modeling interaction force between
individuals in the crowd. We show that Lennard-Johnes potential can account
for the people’s desire to preserve an optimal physical and social distance
between each other; however, some modifications needs to be introduced in
its calculations to account for directional anisotropy and other physical and
behavioral aspects of motion of people within the crowd. In order to provide
a performance evaluation of this model, we show a preliminary set of results
obtained in a simulated scenario.

Keywords: social force model, evacuation modeling, crowd modeling,
Lennard-Johnes potential, particle model.

1. Introduction

Crowd dynamics modeling is an open research topic that has attracted many
investigations so far. The complexity of this problem stems from some objective
difficulties in formalizing the human behavior, which dynamics are determined by
parameters of physical, social and psychological nature that can’t be accurately
represented in their totality; their stochastic nature and complexity of verification,
even with rich experimental statistics accumulated. On the other hand, crowd
modeling has now become an important issue in many fields including architectural
design, military simulation, safety engineering, computer-generated imagery etc.

To investigate the crowd dynamics researchers concentrate on different aspects
of the crowd dynamics, e.g. movement patterns, handling external events, emerg-
ing effects in large crowds etc. Despite the fact that this research area is actively
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developing, only a small number of existing proposals takes into account all sides
of crowd behavior in complex. In most existing models, only the physical and
social interaction aspects of crowd motion a considered, neglecting to account for
individual psychological variations, which make a significant contribution to the
choice of strategy and tactics of the movement of individuals and overall crowd
dynamics.

Many approaches and modeling methods are used to describe the crowd behav-
ior. They can generally be divided into several classes:

e Flow-based: These models are based on an analogy with the continuous flow
of fluid or gas and describe changing of density and velocity with time using
partial differential equations such as Navier-Stokes or Bernoulli equations
(Henderson, 1971; Bradley, 1993; Hughes, 2002 et al.).

e Particle-based approach to crowd modeling stems from the representation of
the crowd as a set of homogeneous particles which motions in physical space
are determined by the influence of various forces described by some global
and local laws on the basis of Newtonian mechanics (Helbing, 1995; Bratsun,
2013 et al.).

e Agent based: each individual in a crowd is represented as an autonomous
agent, which behavior is regulated by sets of properties and interaction rules.
Each agent may take decisions independently (Braun, 2003; Pelechano, 2005
et al.).

e Cellular automata based: the moving field is represented as a finite regular
grid of cells each in one has a finite number of states with the given transition
rules. These rules determine a new state of each cell in terms of its current
state and states of the cells in its neighborhood (Varas, 2007; Daoliang, 2006;
Chertock, 2012 et al.).

e Mixed approaches that use a combination of several of the above modeling
methods (Zheng, 2002; Guo, 2008 et al.).

We are going to consider the particle-based approach, outlined by the Helbing
model, with some additions from agent-based models.

The social force model proposed by Helbing [1] has made a significant con-
tribution in this area. In this model each individual in a crowd is represented
as a particle with associated mass and velocity moving under influence of mixed
physical and social forces. Some modifications of the model give a possibility to de-
scribe the crowd behavior in the state of panic during the evacuation in emergency
situations such as fire [2].

In recent years the social forces models has received numerous modifications
and extensions by other researchers [1,3,4].

Among the models of this class the work of Hoogendoorn and Bovy [5] should
be noted. They investigated pedestrians behavior in the choice of routes and activ-
ity scheduling. The model was optimized by dynamic programming methods for
different traffic conditions.

Another interesting model [6] was developed to describe short term behavior
of individuals as a response to the presence of other pedestrians. Authors used a
dynamic and individual-based spatial discretization, representing the physical space.
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The model was calibrated using data from actual pedestrian movements, manually
taken from video sequences, and produced good results.

Thus, we can summarize that particle-based models successfully simulate the
most typical phenomena of crowd dynamics and achieve very realistic simulation
results. The main problem of this approach is the necessity of homogeneity of the
particles that in reality, of course, is not observed. Assigning individual parameters
to particles in such models in most cases moves them into the agent-based or mixed
classes that makes them much more difficult in analytic investigation.

2. Model description
2.1. Crowd behavior: determinants and principles of crowd movement

Crowd dynamics modeling makes it necessary to take into account a huge
number of factors that affect the behavior of each individual in the crowd. First
of all, these factors include physically measurable parameters, such as the motion
space configuration, physical position and velocity of each participant.

Social factors, for example the presence or absence of social ties, social norms
and cultural characteristics of individuals in the crowd are more complex to mea-
sure. These factors are more difficult to be formalized, but they make a significant
contribution to the overall crowd dynamics, determining such phenomena as fol-
lowing the leader, grouping, queues formation, hustling etc.

Finally, the individual psychological characteristics of participants: their emo-
tional state, assessment of the situation, decision-making, forecasting and planning
are essential but very difficult to represent, especially analytically.

Also, it might be necessary to take into account the variety of participants’
physical condition, e.g. their age, the presence of certain disabilities, as well as
characteristics of the environment, such as visibility, presence of signs, etc. Taking
these factors into consideration, we formulated the following principles describing
the movement of each individual in the crowd:

1. Each individual tries to achieve a certain target can be a location (e.g. "Exit")
or direction (e.g., "right"). Also, the target can be dynamic (e.g., "follow the
leader" or "go to the nearest aisle").

2. Each individual tends to move with the most comiortable velocity which de-
pends on the psychological evaluation of the nearest space and the individual
state.

3. Every individual makes a decision about his future movement based on his
local knowledge about the nearest environment limited by his or her field of
view, trying to avoid collisions with other people, walls and obstacles and
minimize uncertainty.

2.2. Interaction levels

Similar to Helbing’s social forces model let r,(t) be the location of an individual
a. The change of the current position with time is given by the equation:
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dry(t)
dt

= v, (). (1)

Denote F,(t) the sum of physical, social and psychological forces influencing
each individual « and £,(¢) — random (or caused by factors not included in the
model) fluctuations of the individual behavior, then:

dv,,
o = Fult) + alt). @

2.2.1. Physical space: target direction and obstacle avoidance

The target force may be directed to the nearest visible exit marker (sign, wide
door), or actual exit. The location of actual exit is not always known beforehand.

Also is possible that the desired direction ef moves from physical point to the
individual. By this way we describe a leadership phenomena. In this case known
phenomena caused by the emergence of a leader in the crowd can be represented.

Each individual « is moving to the direction ¢ adapting the actual velocity v,
to the desired speed v, v, = v2e?, within a relaxation time 7,. F,(t) is then given
by the equation:

Fa(t) = i(vgeg - Ua) + ZFaﬁ(t) + ZFaO(t) + ZFaP(t)’ (3)

Ta Bo 0] P

where F,5(t) is a social distance function describing the social forces acting on
the individual, F,o(t) is repulsive forces describing the individual need to keep a
safety distance to walls and obstacles O, F,p(t) is a psychological field force in the
part of psychological map P.

Individuals keep a safety distance from walls and obstacles. The closer he or
she is to them, the more uncomfortable the individual feels and the more intensive
a repulsive force F,o(t). This force decreases monotonically with the distance
lra — r3|| between the place of the individual r, and the nearest point of the walls
and obstacles. In the simplest case, this force can be expressed by the following
equation in terms of a repulsive potential Vp:

Faolt) = Folra(t)) = =V, Vo(llra — ). 4)

2.2.2. Social interactions: constructing the social distance function

As we have already noted, at the social level interpersonal interaction is deter-
mined by many social and socio-psychological factors such as social norms, cultural
features, social boundaries, social relations etc.
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Thus, the physical distance between people during movement is different and
depends on social features as well as the requirement to avoid collisions and provide
a free space for movement. On close range, people will attempt to keep distance
between each other; but on longer ranges, they will try to come closer, to seek
support and look for exit together. The grouping tendency is enhancing in the
situations of uncertainty. An illustration of this fact is the herding behavior and
movement along the walls in the situation of poor visibility or disorientation in the
absence of guidelines or contradictory impulses to action.

For modeling this force we propose to use the function similar to the Lennard-
Jones potential directed from the individual o to § (Fig.1). Its advantage is that it
can account for both "attractive" and "repulsive" forces in Helbing model:

12 6
- _ % ) _[_%a8
ﬂw”‘vm%de—mp Qm—wﬂl’ ®

where ||r, — 73|l is the distance between « and f, €,5 is the depth of potential
well (max attraction force), and 0,4 is the distance where the attraction becomes
zero.

For homogeneous populations e,3 = € and 0,5 = 0. In general case €, # €sa
and o,5 # 0ga-

The Lennard-Jones potential can also be approximated by Buckingham’s func-
tion with the exponential repulsive part, that could be more convenient to imple-
ment due to the relative computational efficiency:

_ v, ¢ llra —rsll (&)6

o Vw%dwp ot nm—wn]' v

Social distance function is computed for each pair of individuals in their field

of visibility. The gradient of this potential creates a “social force” that can be

attractive or repulsive depending on the distance between individuals. Intensity of

this force varies according to the social relationships between them. In particular,

attraction force is more intensive between familiar people, members of a group or
family.

The proposed function allow us to take into account both of the opposite trends

in social behavior observed during the motion — keeping a comfort distance and

grouping.

2.2.3. Psychological field: mapping the motion space

The individual moving trajectory is determined not only by the physical and
social forces acting on the person, but also his/her psychological evaluation of the
situation and surroundings.

Having cognitive abilities, an individual is able to estimate possible trajectories
of movement and to choose subjectively optimal from them. Thus people precept
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Figure 1. Social distance function

the surrounding area and create individual cognitive field maps. Each map includes
areas with more or less comfort zones. The person choosing the trajectory tends
to minimize the psychological costs, e.g. moving to the most psychologically
beneficial parts of the field. Note that this path is not always the shortest or less
time expensive [7].

[t is also important to note that the behavior of an individual can be both field-
dependent and field-independent, determined by cognitive personality, emotional
state and specifics of the situation [8]. People who exhibit field-dependence tend
to rely on outer information in decision making; field-independent people tend to
be more autonomous, that may be a significant factor in determining individual
movement strategies.

The individual psychological mapping has a pronounced specificity in a situation
of certainty and uncertainty. In last case people are more likely to take emotional
decisions; they show field-dependence behavior (including socio-dependent).

How to systematize the cognitive field map of different people? It is clear that
the mapping is individual, but some common features to all or certain categories
of participants exist. For example, a dark space will be less attractive than illu-
minated, the familiar path has more priority then the unknown, guide signs and
signals may also mark parts of field as a more or less favorable to the movement.
Furthermore, the occurrence of obstacles (e.g., the collapse of building structures)
can mark the surrounding area as dangerous and costly for movement. Maps of
people with different disabilities, such as blind or injured, or disoriented people (for
example in the poor visibility situation) will also have similarities — they will seek
a support and move along the walls or in the company of other individuals, and
avoid open space, i.e. areas near walls will be marked as more suitable for further
movement.

Psychological field map can be represented as a landscape with different heights
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or areas with greater or lesser density, which can be formalized in terms of the
social-forces model as additional forces acting on the individual. In discomfort
(dangerous) areas the force F,p(t) directs toward the more psychologically com-
fortable (safe) zone will acts on each individual. In the individual field of view,
there are may be several such zones, and, assessing a cost function for each pos-
sible path to the current time, we describe a process for forecasting and planning
for each person.

Such zones can be either homogeneous or heterogeneous, depending on the
situational context and structure of the motion space. For example, a psycholog-
ical risk evaluation is not uniform near the fire, building collapse or radioactive
contamination zone and practical uniform close to walls in the situation with low
visibility conditions. In the last case the walls act as orientation points.

So, the psychological field function can be taken as:

) (7)
Vel = 75 Ds P 0aS s,

Ta ¥ Pmax Pmax

C Pish
Fop(®) :{ P, is homogeneous,

where Cp is a constant, different for different parts of field, V,
potential from the maximal discomfort point pyay.

is a repulsive

max

3. Simulations

According to the model we have created a Mathematical simulation for investi-
gation the pedestrian flow dynamics in some simple situations.

The simulation environment is constructed as follows. We start with the rect-
angle region delimiting the evacuation space. Within this region, the following
objects are set up:

e People — individuals trying to escape the space, modeled as particles with
specific constraints. People are the only moving objects in the model;

e Walls and obstacles — rectangular impassable regions;

e Exits — the target regions where people should arrive, completing the evac-
uation. When a person crosses the exit boundary, she disappears from the
model and its calculations;

e Special regions — the delimited areas where psychological forces and/or
movement constraints are added.

The simulation advances in discrete timeframes. Within each timeframe, the
following sequence of operations is performed:

e For each person in the model, the total force acting on him is calculated. It
is a vector sum of all specific forces, which are:

e Repulsive forces of walls and obstacles. In some contexts, walls can use
Lennard-Johnes potential, but most commonly, exponential potential is
applied;

e Attractive force of the exit region. This force is constant; if there are
multiple exits, the force operates on the nearest one.
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e Lehnard-John potentials of all other individuals in the model. It works
as the attractive force if the individual considered is far enough, and
the repulsive force if she is nearby. The individuals can be arranged in
"groups"” — where the attractive part of the force between individuals in
different groups is omitted, which enables gathering effects. To avoid
extremely strong forces, the scale of these vectors is capped at some
pre-selected level.

e Special area forces — e.g. the psychological forces of uncomfortable
environment, leading away from the region;

e Fluctuations — a small force with random direction and random mag-
nitude is applied to each individual, to account for inevitable random
variations in behavior.

e The total force is used to calculate acceleration applied to each individual,
using the Newton’s second law;

e Using Velocity Verlet integration algorithm, the acceleration vectors are in-
tegrated to velocities vectors;

e Human movement constraints are applied to all velocity vectors (all velocities
are anisotropically rescaled and/or capped according to physical capabilities
of individuals and movement direction — e.g. people move much faster in
forward rather than backward directions.)

e Velocities are then integrated (again with Velocity Verlet) to the new posi-
tions of all people;

e Collisions are processed. If a person is too close to another person or to a
wall or an obstacle, he is moved back to the minimum distance, and their
velocities are modified according to the equation for two-dimensional perfect
inelastic collision (walls and obstacles are not moving, of course).

This simple process can account for many peculiarities of human movement,
enabling rich behavioral patterns observed in real evacuation experiments. We
consider the following simulation set-ups:

1. A square room with the single exit and an obstacle;

2. A square room with the central area of poor visibility and the single exit;

3. A rectangular room with two exits and two randomly assigned groups;

4. A rectangular room with two exits on the opposite sides, a narrow pass and
two opposite streams of evacuating persons.

Initially (at time ¢ = 0) all pedestrians stand at some random location in the
room and start to move in order to escape from the room according to the imple-
mented rules.

3.1. Egress from the room with the single exit and obstacle
Even with this simplest configuration, complex interaction phenomenas can be
observed, described in Helbing’s papers and elsewhere. Among them are following:

e Herding and ignorance of available exits. If people are not sure what is the
best thing to do, there is a tendency to show a “herding behavior”, i. e. to
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Figure 2. Egress the room with the single exit and obstacle

imitate the behavior of others. This effect is modeled by attraction factor
in Lennard-Johnes potential (and, specifically, the relation of resulting gra-
dient force to target force). When the target-directed force is weak enough,
pedestrians observably gather in herd-like structures.

e “Freezing by heating”. At sufficiently high pedestrian densities, lanes are
destroyed by increasing the fluctuation strength: "a solid state" is formed. It
is characterized by an at least temporarily blocked, “frozen” situation so that
one calls this paradoxical transition “freezing by heating”. As we use the
capped version of Lennard-Johnes potential, the repulsive force might be not
enough to stop people from stumbling upon each other, and the "solid state"
of densely packed crowd becomes clearly visible. It is the most prominent in
the near-exit area, where an obstacle blocks direct movement.

3.2. Egress irom the room with poor visibility

We investigated the pedestrian behavior in the situation of evacuation from a
room with poor visibility with different initial conditions.

We assumed that the zones close to the walls was more psychological comfort-
able (safe) for movement that all another space, so in conditions of poor visibility,
pedestrians prefer to move along the walls to the nearest exit that widely reported
in numerous research: the trajectories are concentrated along the walls, which are
the support of the search output (for example, [9,10]).

As results of simulation we obtained this characteristic pedestrians behavior and
according to our results, we can say that Lennard-Johnes potential enables this and
other predicted effects much better than the exponential repulsive potential in the
base Helbing’s model.
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Figure 3. Egress the room with poor visibility

Figure 4. Egress from the room with two assigned groups

3.3. Egress irom the room with two assigned groups

While in this configuration the evacuating individuals are randomly and uni-
formly distributed across the room, each of them is randomly assigned to one of
the two groups — and the members of the same group are attracted to each other
with much stronger force than to people in other groups (which is implemented by
changing the coefficient in the attraction term in Lennard-Johnes potential). This
simple arrangement leads to pre-grouping — the new effect that is not predicted in
Helbing models, but easily observable in real experiments.

3.4. Two pedestrian streams moving in opposite directions

In this configuration we observe the lane formation: forming lanes of uniform
walking direction. When the distance between pedestrians became too high, the
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Figure 5. Two pedestrian streams moving in opposite directions

force of attraction is diminished. This leads to formation of several lanes moving
to the target direction, where the social force of attraction applies only within a
lane.

Also, we obtained the oscillatory flows predicted by Helbing’s model. The
structure of Lennard-Johnes potential combined with inertia naturally leads to
oscillatory flow, as the potential gradient easily changes sign after crossing the
repulsion-attraction barrier.

4. Results

The proposed model reflects the general properties of crowd behavior and takes
into account individual characteristics of participants of movement, even though a
quite simple representation of social forces with Lennard-Johnes potential is used.

The model is flexible and it able to be adapted to different situations (construc-
tion of physical space, specifics of participants — their physical and psychological
conditions, age and others characteristics).

The extensibility of the model makes it possible to incorporate new factors and
to accommodate new features with additional constraints and capping rules.
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AnHoTaumsa. B HacTosilell cTaThe CONEPKUTCS KPAaTKUU 0630p Pa3NHUHBIX METONOB
MOJEJIUPOBAHUS MOBENeHUsI ToJIN. B paMkax Monesedl TOJIBl, OCHOBAHHBIX Ha TOBe-
IEeHUHM 4YacTHLl, pacCMaTpPUBaeTCs MCIOJb30BaHMe TNoTeHUMasna JleHHapaa-IlxoHca B
Ka4yeCTBEe OCHOBHOH «COLMAJNbHON CHJIBI», ONpeLessIoield B3auMoIeHCTBHE MeXIY HH-
IMBUIYYyMaMH. BrimosHeHHasi ¢ moMolipio mporpamMMHoro nakera Mathematica cumy-
JISIUST IOATBEPXKAAET AJIl 3TOrO MOAXOAA HAJHUHe CJIOXKHBIX IMEPTeHTHHIX (heHOMEHOB
MOBeJIEHUsI TOJITIbl, OMMCAHHBIX B MOJENH XeJOWHTa U IPYTUMH aBTOPaMH.

KiroueBbie cjioBa: 1MoBefeHHe TOJIbI, IBaKyallusi, MOJe/b COLHAIbHBIX CHJI, MOMEJb
Xen6unra, noreHuuasn Jlennapna-I>koHca.
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CeBepo-Kazaxcranckuii rocynapctBeHHbld yHuBepcuTeT uMeHd M. Kosribaesa,

r. [lerponasnoscek, Pecny6anka Kazaxcran

AnHoTtamusa. OcHoBHAsl ujes MPOeKTa 3aKJ/JH4YaeTcss B CO3AaHUU HH(POpPMALH-
OHHOH CHCTeMBbl, OXBaTblBalolled BCe BO3MOXKHble METOIbl OLEHOK COCTOSIHHUS
OKpY2Kamwllel cpefbl, peannu3ys UX B MAKCUMaJbHO UHTYUTHUBHOH W MPOCTOH B
UCIOJIb30BAaHUU 000JI0UKeE.

KuaroueBble cjoBa: 5KoJ0rHuecKas 3KCIepTU3a, CUCTeMa MOAAePXKKH NPUHATHS
pelleHHH.

OnHuMm U3 HauboJiee Ba)KHBIX (PAKTOPOB, ONPENENSIOUIUX BO3JEHUCTBHE BHEII-
Hero MHUpa Ha KHUBble 00BbEKTbl, SIBJAsSETCS COCTOSIHME BO3AYIIHOH cpenbl. HayuHo-
TeXHUYEeCKUH Mporpecc, pasBUTHE MNPOMBILIJIEHHOCTH U TpaHcHopTa TpeOylOT Bce
6oJiee HHTEHCHBHOI'O UCIOJ/b30BaHUS IPUPOIHBIX PECYPCOB 3eMJH, YTO B COUETAHUU
C POCTOM HaceJileHUSl M Helpekpallamwlleics ypOaHH3aluyed MPUBOANUT K YCHJIEHUIO
HArpy3KH Ha OKDPYKAWILYI0 Cpefy M, B IepBYI0 o4yepelb, — K 3arps3HEHHUI0 aTMO-
cepsl.

B Hacrosiulee BpeMmsi HauWHaeT OTUETJIMBO MPOSIBJAATHCS B3aWMOAEHCTBUE TPO-
MBILIJIEHHBIX BBIOPOCOB Pa3HbIX CTpPaH, KOTOPOE YrpoXKaeT CYLIeCTBOBAHHUIO »KU3HHU
Ha 3emsie. [losTomy 6opbba ¢ 3arpsisHeHHEM aTMOC(hEePbl CTAHOBUTCS OHOH U3 BaXK-
HeHIIMX COLHAJbHBIX MpobJseM rjo0albHOro Xapakrtepa U TpebyeT LLIHPOKOTO BHEJ-
pPeHUs Pa3IUUHBIX OPraHU3ALMOHHBIX U TEXHUYECKUX MEPONPUATHH, yJaydllaiolinX
COCTOSIHME aTMOC(epHOro BO3ayXa.

Bnaronaps OblcTpoMy pocTy B 00/1aCTH MH(POPMALHMOHHBIX TEXHOJIOTHH B JIaH-
HbI{ MOMEHT CTaHOBHTCSl BO3MOXKHBIM HX MCIIOJIb30BaHHE axKe B TAKUX NAJEKUX OT
3TOro 06/1acTAX Kak 3K0J0THs. [JTaBHBIM HHCTPYMEHTOM HH(OPMALMOHHBIX TE€XHOJ0-
THH B IaHHOW 00JIaCTH ABJSAIOTCS pas3/MuyHble NPUJOXKEHUS, 00Jeryarline pacyéTsl,
pasinyHble OUEHKH, MOHUTOPHHT, MPUHSATHE pelleHHH.

B naHHOM npoekTe 06beKTOM MCCief0BaHuUs fBasgeTcs opraHusauus ['Y «[lenap-
TaMeHT NpUpoaHbIX pecypcoB CKO». A MMeHHO — OTHeJs KOJOTHUECKOH IKCIepTH-
3bl 3T0r0 ['Y, KaKk 00beKT, 3aHUMAIOLMHCS HEOCPeICTBEHHO KOHTPOJEM COCTOSIHHUS
OKpy2Kalolllel Cpefbl.
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DKoJsloruyeckKas sKClepTH3a — YCTaHOBJIEHHEe COOTBETCTBHS HaMeuaeMOH XO3s5H-
CTBEHHOW W UHOH JeATeJbHOCTH KOJOTHYeCKHM TpeOOBaHUSM M NOMYCTUMOCTH pe-
anu3auuu 00beKTa 3KCIepPTH3bl B LieJdX NpelylpekIeHHs BO3MOXHBIX HeOJjaro-
NPUATHBIX BO3JAEHUCTBUU 3TOH NEATENbHOCTH HA OKPYKAKULIYK MPUPOAHYI CPeny H
CBSI3aHHBIX C HUMM COLMAJ/IbHBIX, 9KOHOMHYECKHUX U MHBIX MOC/EACTBUH peanu3anuu
00beKTa 9KOJOrMYeCKOH 3KCIepPTHU3HI.

[locse Toro kak Obl1a M3yyeHa npeaMeTHass 00/1acTb, COBMECTHO C 3KCIIepTa-
MM OT[eJla 3KOJOTHUeCKOH 3KCIepTH3bl OblIM ONpelesieHbl TpeOOBaHUS, a TaKkKe
paspaboTaHa MoleJib NPHUJIOKEHUS] U 0a3a NAaHHBIX, OblJ1 peasrM30BaH MPOrpaMMHBIH
NPOAYKT — CHCTeMa MNOAJEepPKKH NPUHATHUS PelleHHH OTHesa KOJOTHUeCKOH 3KC-
NepPTHU3HIL.

Paccmotpum uHTepgelic nporpaMmel. Ha prucyHke 1 npencrasseHa riaBHast (op-
Ma npuJjoxeHdus. Bo Bpems pabGoThl Ha Hel oToOpaxaeTcsi MH(poOpMauUMWs O MNapa-
MeTpax TeKyllero pacuéra. Takxke 3[ecb NPUCYTCTBYeT KHonka «[logpoGHOo», oHa
103BOJISIeT MOJYYUTh MOAPOOHYI0 MH(POPMALHUIO 00 UCTOUHHUKAX 3arps3HeHUs Mpe-
npusitis. Bropas kHomka «Paccunrtarh» 3amyckaeT HemocpeACTBEHHO CaM Pacyér.
[1aBHOe MeHI0 M03BOJISIeT MOJYUYUTb AOCTYI K Pa3/IMYHBIM (DYHKLHAM MPUJIOKEHHS.

NaHHEe PacuéThi HacTpoliku FesyneTathl MomMowb

MHPopMaLMA o TeKyWEM pacuETe

[NapameTpe HICENEHHO MO MYHKTa NapameTpH NpeanpuATAA

HazeaHue: r. MNeTponaenoBck HazeaHwe: TOO "PeHuwuc”

KosoaouumenT crpamadraian (A): 200 Yicno sarpasHAmowmny o feeKToe: 1
CropocTe setpa U™ (m/c): 7 Yicno MoTouHMKDE: 2
CpeoHAR CHOpOCTE BETRAE (M/C): 59 TousuHBX 2
TemnepaTtypa netam ("C): 249 TTHEAH B 1]
TewmnepaTtypa sumoi (°C): -18.1 MrowapH sx: 1]
Ko3oouumeHT penseda () 1 Nompatio
Ofwan uHPopMaLma

Buo pacséta: OmvHounwd notoudmk  Cesod: OTonwTensHwi  Yuét ooda: Bes yiéta $oHa Paccuntate

Puc. 1. ['naBnas ¢opma

Menw «[laHHble» comep:KUT OBa MoaMeH10: «[laHHble s pacuéra» u «basa
naHHBIX». MeHIo «PacuéTbl» ckpbiBaeT 3a co6oi 4eTbipe noameHwo. «OCHOBHOM»,
«O6patHbiil», «Pacuér yuiepba cpene» u «Pacuét yuiep6a JjoasM». DTH MOAMEHIO
3aMyCKalT COOTBETCTBYIOUIMH WX Ha3BaHHIO pacyéT. TouHee ero ¢opMHpoOBaHHUE.
Menio «Hactpoliku» 1mosBoJjisieT HacTpauBaThb HEKOTOpbIE TapaMeTpPhbl MPUJOKEHHS.
MeHnio «PesynbTaThl» 1M03BOJISIET TPOCMOTPETb PE3YJbTAThl MOCAEHEr0 pacuéra, aa-
JKe ec/id OHM Obliu 3akpbiThl. MeHto «[lomolib» comepkuT B cebe TPU MOAMEHIO:
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L T pacuéta

YiEEMTE TMN pacuéTa: |DD.HHGI'-IHHE WCTOMHKM KW Vl

OTtMeHa

Puc. 2. Tun pacuéra

paboTol

BrGepwTe matKk patoTs NPpeonpMATMA (CE30H):

Puc. 3. I'paduk padoThl

L Vuer (OHa

YyNTHEATE DOHOELE KOHUEHTRaLMA I:‘

Bewecreo: |.|'-‘:.331T:| AEYOKMCE M

KomuecTteo (Mrimad): 0.02 LofaeuTe

.D.DEEB]'EHHHE: Aﬁgm ABYOKMCE
AsoTa owace
AHMMOpWE CEPHACTER
Bexzlajmpen
K¥enesa xnopua
KincnoTa asoTHan
MNene Heopradwyecrkan (Huse 20%) M

Puc. 4. Yuér dona

«CripaBka», «CripaBouHuk» U «O mporpamme...». «CripaBKa» 3amyckaeT CIpPaBKy I10
pabore ¢ nmporpammoH, «CnpaBoUHHK» 3aMyCcKaeT 3/JeKTPOHHbIH CIPaBOYHUK IO pac-
4yéTy BBIOPOCOB 3arpsi3HSIIOIIMX BeIIeCTB M, HaKoHel, moameHio «O mporpamme...»
3anyckaet okHO «O mporpamme...».

PaccmoTtpum npumep (opMHpPOBaHUSI pacyéTa M ero IpoBelleHHe Ha IpHUMe-
pe ocHOBHOro pacuéra. Mrak, 3anycTus (opMHpoOBaHHe pacuéra, Mbl BUIUM OKHO
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| L e

Dencue

Puc. 5. BeiGop HaceséHHOTO MyHKTa

D 3arpAsHANLIHE 0DbEKTHI

BufepuTe 3amAsHAKWME 0TbEKTH, YISCTEVOWME B DECHETE:

KoTteneHas (1)

[] Kotenswas (2)
Crra yrna

[] Oawc fneue)

2paHne omca neys)
[ Mocr oxpans {neys)

s

Puc. 6. BeiGop 3arpsisHsiOINX 00BEKTOB

Q] ITapamMeTpbl pacyeTHOM HapThbl

KoopmHaTa X ugHTpa:

KoopmwHata Y ueHTpa: 0 {ﬁ
Orna (M) 1000 {ﬁ
hapiara {m): 1000 {ﬁ
War ceTit no X: 0 %
War ceTwt no Y: o %
YpoEEHE KOHUEHTPAWAM Ha rpaHiue C33 (porw NMOK): ! %

Monpaexa T332 no pose E2TpoE:

I 38ESpWWTE QOPMWDOBAHWE PaCIETa I

Puc. 7. [TapameTpnl pacyéTHOH KapThl

«Tun pacuéra», peann30BaHHOE B COOTBETCTBHH C PHUCYHKOM 2. 31ech HEOOXOOH-
MO BHIOpATh THUIT OCHOBHOTO PacyéTa: Mo OAMHOUHBIM HCTOYHHMKAM, JIMHEHHBIM HJH
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[9 Pesynbrar E @ w

PesynsTaTa paciéma

Bu npouzezm pacuéT anA npeanpuATMR TOO «Perukes (r. MNeTponaenoeck), koTopoe
MMeeT 2 3arpASHAILNX 00berTa, BKMCYaiLnX B 2GR D NCTONHWKDE SarpRSHEHNA.

C Y4ETOM YKA33HHBIX BASNAEM bIX 33 MPASHAMWKMX BEWECTE, MX NPeasneHan CyMMapHan
CpPEOHECYTONHARA KOHUEHTPALWAR ANA A3HHOMD NPpeanpuATMA paeqa 0,14 mrim3.

PacuéT nokasan, 4To MaKcMMansHaA MPMSSMHER KOHUEHTPAUMA B6GpacHEasMEX
S3AMPASHAKLLKMX BalecTe paeHa 0,18 mr/m3, uto cocTaenmeT 1,29 npeneneHoi gonycTMMoi
KoHueHTpawm (MOK).

MakomansHan MPWU32MH3A KOHUEHTPAUMA BH&JECHBEE MbBIX 33 PRASHAWKMX BEWECTE

LOOCTMMAETCR HE PACCTORHMA 342 M. 0T MCTOMHWKE BHGPOCE NpKW oNacHoi CKOpPOCTH BETPa
0.48 m/c.

BosmosHbe PeWeHnA

HafrogaeTcr NpeERWEHE MEKOMMENEHOIA MPM38 MHOM KOHUEHTDELW EPEOHEX BEWECTE.
Pewerunem moxeT SuTe:

YBEMMYEHUE BHICOTH LHMOBHX TPYGHa 1.2 M.

MNoEHWEHWE TEMNEPETYDE ME30E0SAYWHOA cMac Ha 32 °C .

Cowpallerne EpeMeni patoTs MCTONHWKOE BEOSNEHWA HA 2 Yaca B CYTHA.

BiiTi E rMBEHOS MEHIC CoxpaHuTE ] [ MNevate

Puc. 8. OkHo pesynbrara

HarnpuMep aBTOMOOUJIBHBIH pacuér.

Jlanee BCE MpPOXOAUT B TaKOW Ke MHTYUTHUBHO-AHMaoroBoi popme. Heobxonrnmo
OmnpeneNuTh TpapuK paboOThl MPeanpusATHs (PUCYHOK 3), a 3aTeM ONpelneuTh, OyaeT
JIM TIPY pacuéTe yUHUTHIBATbCs BHELIHUH (DOH 3arpsA3HAIOILMX BellecTB, U eCJad Aa,
BBIOpaTh, KaKHe BeleCTBa MPUCYTCTBYIOT U B KAKOM KOJMYecTBe (PUCYHOK 4).

[locsie Toro, Kak onpenesieHbl JOMOJHUTE/bHbIE TAPAMETPbI, B PACUET HEMOCPes-
CTBEHHO M3 0a3bl JaHHBIX BHIOUpAETCs HACEJNEHHBIH MYyHKT (PHUCYHOK D).

3areMm BbIOHMpaeTCsl NpPeANpUATHE W3 JOCTYMHBIX B 3TOM HacesJEéHHOM MYHKTE,
(opma 1151 BeiGOpa peasn3oBaHa aHaNOTHUYHO hopMme «Bbibop HaceJEHHOTO MyHKTa».

[Iocne toro, Kak OblJIO BEIOPAHO MPeNNpPUSITHE, TPOUCXOAUT BLIOOD U3 3arpsi3HS-
IOIIUX 00BEKTOB, MPUHAIJEKAIIUX STOMY TPeINpPUIATHIO (PHCYHOK 6).

3aKJ/I0YUTENbHBIM 3TANIOM (DOPMHUPOBAHHUS 3TOTO THIA OTYETA SIBJSETCS OMpee-
JIeHVe TapaMeTPOB PACUETHOH KapThl (PUCYHOK 7). DTH NaHHble HEOOXOAMMBI [JIs
OCYLLEeCTBJIEHUSl IpauuyecKoro pacyéta — OTOOpaKeHHUS U30JMHHUH KOHLEHTpauuu
BEILleCTB U CAaHUTApPHO-3aLIUTHON 30HbI. CjiefyeT OTMETHUTb, UTO AaHHas (YHKLHS
ellé He peasiM30BaHa, HO OyneT noOaBjeHa MO3XKe.

[locne Toro, kKak BBeldeHbl MOCJe[HHE [NaHHble, HEOOXOAUMO Ha)KaTb KHOIKY
«3aBepinTh (opMUpoBaHHe pacuérar. [locse 3Toro mosb3oBaTesNb BO3BpALIAETCS
Ha TJaBHYI0 (OpPMy M MOXKeT 3alyCTHUTb pacuét, HaxkaB «Paccuurtath». Pesysbrar
BBIBOJIMTCSl B BUJI€ TEKCTOBOT'O COOOIIEHHS, UTO MaKCHMaJIbHO YIIPOLLlaeT ero BOCIPH-
siTie (pUCyHOK 8). B 3TOM Ke OKHe MOTYT BbIIABaThCsl PEKOMEHAALMH 0 PelleHHIo
BO3HHUKILHX NPOOJIEM.

Tak kak Bcs paboTa NPOM3BOAUTCS HA OCHOBE ONpeleséHHOW MeTOAMKH, Mpefo-
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CTaBJIEHHOH COTPYAHUKAMH OTHeJa 3KOJOTHUYECKOW 3KCIepTH3bl, TO yIOMHHaeMble
BbILlIe pellleHUs] TakxKe orpefeseHbl U (PUKCUPOBAHBl. DTO U €CTb TaK HasblBaeMble
MEepONpPUATHS M0 yperyaupoBaHuio BeiOpoco. CjenoBaTesibHO, HET HEOOXOAUMOCTH
B UX N00aBJE€HUH U yIaJeHHH.

Bo BpeMs BblBOja pesyJsibTaTa MOJb30BaTe b MOJydyaeT He TOJbKO Pe3yJbTaThl
pacuéra, HO U Cpasy »e BCe BO3MOXKHble BapUAHThl pelleHUsl NMpobJeMbl, eclrd OHa
eCTb.

B npouecce BbeinosHeHUSs MpoeKTa Obla COIPOEKTHPOBaHA U pa3paboTaHa cUcTeMa
NONJEPKKH MPUHATHS PelleHUH oTHesa 3KoJoruueckod skcrnepTussl ['Y «/lenapra-
MeHT npupoaHbix pecypcoB CKO». Mpes takoro mporpaMMHOro MpoayKTa Mokasasa
CBOIO COCTOSITeNIbHOCTb. [IpusioxkeHue BhiMosHsAeT Tpebyemble (yHKUHMHU. B utore
cJenyeT OTMETUTb, UTO MpPOrpamMma, peasn3oBaHHAasi B JAaHHOM IPOEKTe, SBJSETCS
He KOHeyHOH Bepcuel. 1y co3naHus noJHOMacCIITaOHOro NPUJI0KEeHUS He0OX0AUMO
106aBUTh ellé MHOTO (DYHKLUHH. DTO MOKET OBITh AOCTUTHYTO yCOBEPILEHCTBOBAHH-
eM JIaHHOH MporpaMMbl B OyAyLIEM.

CREATION OF THE SYSTEM OF SUPPORT OF DECISION-MAKING
OF DEPARTMENT OF ENVIRONMENTAL ASSESSMENT FOR "DEPARTMENT
OF NATURAL RESOURCES OF NKS"

N.V. Astapenko
Senior Teacher, Magister, e-mail: astankin@mail.ru
E.S. Molozhenko
Student, e-mail: astankin@mail.ru

North Kazakhstan State University n.a. M. Kozybayev, Petropavlovsk, Republic
of Kazakhstan

Abstract. The main idea of the project consists of creation of the information system
covering all possible methods of estimates of a state of environment, realizing them
in the most intuitive and simple cover in use.

Keywords: environmental assessment, system of support of decision-making.
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PA3ZPABOTKA WEB-IIPUJIOJKEHUY «MEPOIIPUATHUS »
NJI9 CAUTA KA®ENPHI UC

H.B. AcraneHko
MarucTp TeXHHUECKHX HayK, CTapliuil mpenonaBatesb Kadenpol «MHbopmMannoHHbe
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CeBepo-Kazaxcranckuii rocynapcTBeHHbIH yHUBepcuTeT uMeHn M. KoabiGaesa,

r. [lerponasaosck, Pecnybauka Kazaxcran

AnHoramusa. OcHOBHasi wuaes TNpOeKTa 3aKJUaeTcss B CO3MaHUHA web-
NpUIOKeHUsT «MeponpusiTusi», MO3BOJSIOIET0 AaBTOMATHUECKH CTPYKTYPHPO-
BaTh JOKYMEHTBl Ha OCHOBe WH(OPMAalLWH, BBeAEHHOH B 6a3y NAaHHBIX Mpernoia-
BaTeasiMu Kadenpel HC.

KaioueBbie cioBa: web-npusoxeHue, cucteMa 10KyMeHTO060pOTa, MEPOIPHS-
THS.

CyllecTBeHHOe TNPeUMYIIeCTBO MOCTPOEHUs Wweb-TpuioKeHUsl 3akjauaercs B
TOM, 4YTO ero padoTa He 3aBUCHUT OT OMNepalHOHHOH cucTeMbl KjaueHTa. OTnapga-
eT HeoOXOAUMOCTb CO3[aBaTh MPUJOKEHHUS JJisl PAa3JUUHBIX ONEPALUOHHBIX CUCTEM,
4TO HAET BO3MOXKHOCTb HCIOJb30BAThb CUCTEMY aBTOMATH3alMMU JNEKTPOHHOTO M0-
KyMeHT0000pOTa He3aBUCHUMO OT MJIaT(OpMbl KIHeHTa. B 1aHHOM mpoekTe paccmar-
puBaeTcsi cozmaHue web-npunoxenus «Meponpusitus» s caita Kadenpsl «MH-
topmanmoHHble cucTeMbl» CeBepo-Kazaxcranckoro ['ocynapcTBeHHOTO YHHUBEpPCHTe-
ta uMmeHn M. KoseibaeBa. Kadenpa «MHpopMaunoHHble cUCTeMbl» aKTHBHO BENET
paboTy Mo BHeApPeHHI0 HMH(GOPMALHMOHHBIX TEXHOJOTHH B yueOHBIH Mpolecc, pas-
BUTHIO BHYTPEHHeH CeTU YHHUBEPCHUTETa, BHeJPEeHHI0 wWeb-TeXHOJIOTHH U Cco3daHus
web-uHTepdeicoB aJs MoJb30BaTeNen.

B Hactosilee BpemMs Ha paboTy ¢ OTUETAMH O MEPONPUATHAX 3aTpPayUBaeTCs [0-
CTaTOYHO 00JIbILIOE KOJHYeCcTBO BpeMeHU. OQHAKO He OblJIO HU OHOTO IIPOrpPaMMHOTr0
U1l web-uHTepderica, KOTOpPbIH Obl aBTOMAaTUYECKH CTPYKTYPHPOBaJ IMpPUKPeEIisie-
Mble (pai/ibl K MeponpUATHSM. Takoll MHTep(elc MO3BOJUT 3HAUUTENbHO YIPOCTHUTD
paboty ¢ daiiamu.

[Tpu paspaboTke mpoexTa OBbLIM BbIAEJNEHBl YETHIPE OCHOBHBIX pasjesa IJs web-
NpUJI0KeHUsT «MeponpusaTHsi»: IPOCMOTP MepPONpPUATHH, N0OaBJEHUST MEPONPUATHH,
yhajeHue MepornpUsATHH, pelaKTHPOBaHWE MEPONPUSATHH.

Pasnen «IIpocmoTp MepomnpusiThil» Mo3BoJisieT NMPOCMATPUBATh HH(DOPMALHUIO O
3al/JaHUPOBAHHBIX U MPOLUEALINX MEPONPUSATUAX, KOTOpble OblK 100aBJ/eHbl B 6a3y
OnaHHBIX. [locTynm K NpPOCMOTPY HMMeIOT BCe TM0Jb30BaTeNH, TaK KakK OTCYyTCTBYeT
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BO3MOXXKHOCTb M3MeHeHUs HH(OPMALKK U JaHHble O MEPONPUATUAX He KOH(HUIEHLIU-
anbHbl. IHTepdelic pasnena npocMoTpa MepoONpUSTHI NpeCTaB/eH B COOTBETCTBUU
C pUcyHKoM 1.

WHurepgeiic mpocMoTpa AeNUTCS HA TPU I'PYMIbl 3J€MEHTOB!

1. ¥YcranoBka ¢uabTpa nonydyaeMoll MH(OPMALUH;
2. Boi6op BbIBOAMMOU MH(DOPMALUH;
3. OrobpaxkeHue 3anpallrBaeModl UH(OPMALUKU O MEpPONPUATUAX B BHUIE TaOMH-
LLbI.
[Tonsi «OTBETCTBEHHBIH», «BUI» U «THI» MEPONPUATHH 3aMOMNHSIOTCS COIIACHO HH-

(opmanuu, xpaHsuleiica B 6ase faHHBIX. DTy HH(DOPMALMIO MOXKET 100aBJAATh TOJb-
KO aJIMHUHUCTPATOP BHYTpeHHero caita kKadenpsl «MHpopMaLioHHbIE CUCTEMBbI».

MpocmoTp LOoBaeuTe Pegaktupoeatb Yoanute

Bce ¥ | OTBETCTBEHHBI

Bce ¥ | Bug meponpuatua

Bce ¥ | Tun mMeponpuATUa

2014-03-08 2014-04-21 [aTa 3annaHupoBaHHan (rrr-mMm-04)
2014-03-10 2014-04-21 [ata daxkTnyeckas (rrr-Mm-na)
Bce ¥ | CocToaHne

¥ Bug meponpuatus # Tun meponpustna ¥ [Nata sannanuposantas @ [larta daktuyeckas
¥ OteetcTeeHHbil ¥ YuyacThukn ¥ [puspennéHHbii QoKyMeHT

BbibpaTh Bce Y6Bpatb Bce

QbHosnT

lMokasaTe ANA neyaru

Hazeanue Bug Tun Oara Oata OTBETCTEEHHBIA  Y4yacTHHKM [loKymeHT
THA Mepony MEONPHATHA 3annaHupoBaHHan dakTHyeckan
Meponpuatie DaKyneTeTCKoE WHiog -aHANUTHYECKOE: 2014-04-08 2014-04- Bonkosa AxHa nc-10 CPcn
1 OpraHn3aLMoHHOE 1 METOAMUECKOE 08 BacuneesHa ne-11
obecneuexne BocnUTaTeNLHOA paGoTel nc-12
MeponpuaTtie YHuBepCHTETCKDE MeponpHATUA N0 rpaskgaHCKo- 2014-04-21 2014-04- I'ynAeea i lab14
2 NarpuoTUYECKOMY 1 NpasoBoMY 21 AHrenuHa W2
BOCAUTaHUK NbeoBHa
Meponpuatne KadegpansHoe MeponpuATMA, HANpPaBneHHsIe Ha 2014-03-08 2014-03- [Honmarosa nc-10 lab13
3 OpMUPOBAHHE COLMANEHO-IHAYUMBIX 10 Napuca
KauecTs M KOMMYHUKaTUEHOM KynkTypel BnagumuposHa

NUUHOCTU CTYEHTOR, Pa3BuTHe 1
NOASepXKa TANaHToR

Puc. 1. UHTepdeiic mpocmoTpa HHGOPMALHMK O MEPONPUATHSIX

YcTaHoBKa AManasoHa MoMcKa Mo JaTe COCTOMT U3 JIBYX IMOJeH: HHUKHSS FPaHU-
1a U BepxHsg rpaHuuia. C MoMOLLbIO TaKOH CTPYKTYphl BbIOOpa AaT MOXKHO T'HOKO
3allaBaTh pa3/MuYHble NMANa30Hbl AJd Noucka. HukHasa rpaHuua 3anjaHrpoBaHHOM
U (paKTUUeCcKOU NaT npeacTaBJseT co60Hd MUHUMAJbHYIO ATy, HaXoAsllylocs B 0ase
NAHHBIX, @ BEPXHSS TPaHMLA — MaKCHMaJbHYI0 ATy cOOTBeTcTBeHHO. [lose «co-
CTOSIHHE» MOXKeT NPUHHUMAaTh TPHU 3HAYEHUS:
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e Bce. [IpousBoautcst BbIOOP BCeX COCTOSIHUH MepONPUATHH.

e 3anyaHupoBaHHble. MepoNpUATHS, K KOTOPBIM elllé He OblJI MPUKPENEH OTYET
O BBITOJIHEHHUH.

e [Ipowenmue. MeponpusiThsi, KOTOpble COAEPKAaTh OTUET O BLINOJHEHHUH.

OTtob6paxkeHue TpebyeMoll MH(POPMALUK NPOU3BOAUTCS MyTEM YCTAaHOBKH raJjou-
KW Ha HYXHbIX cTojbuax. [lo ymosuaHuio moc/e 3arpy3kW CTpPaHHLbl YCTaHaB-
JINBaeTcsl BbIBOA BceX cToJb1oB. [lomHMo BriGOpa BBIBOAUMBIX CTOJNOLOB TabJHULIbI
Oblin 100aBJeHbl ABe KHOMKHU. [lo KAMKY Ha omnpenesnéHHYI0 KHOMNKY MPOU3BOIMTCS
yCTaHOBKA BceX (PJ1aroB M WX ynaJjieHHe COOTBETCTBEHHO.

Jlns ynpoueHusi popMUpOBaHUS OTUETA O MEPONIPUATHAX Obljia J00aBJaeHa KHOM-
Ka «[lokasaTb nnsg neyatu». [Ipyn HakaTuu Ha Heé MPOUCXOAUT (POpPMHUpPOBaHHE Tab-
JIMLBl COIJIACHO YCTAHOBJEHHOMY (PUJIBTPY W BblOpaHHBIM cTO/0ULaM. [locse yero
ctopMupoBaHHas Tabsaula 0ToOpaXkaeTcsl HA HOBOW CTpaHHUlLe, He HUMeIoLled UHTep-
(berica.

O6patienus Kk 6a3e DaHHBIX IJs1 MOJyUeHHs HHPOPMALIUU TIPOU3BOASATCS MOCPE-
CTBOM TexHoJioTHH Ajax. JlaHHOe pellleHHe IMO3BOJISIET MOJyUYaTh 3anpaliiBaeMylo
uHpopMauuio 6e3 0OHOBJEHUS] CTpPaHHULbl. Takasi 0COOEHHOCTb HAET BO3MOMKHOCTb
CIPOEKTHPOBATh HHTepdeilc TakuM 00pa3oM, 4TO BO BpeMs 3alaHUsi (pUIbTPaA MOMUC-
Ka 1 BblOOpa HY>KHOH HH(OpMaUUK AJs1 0TOOpaKeHUsl cpa3y MNPOUCXOAUT obpallle-
HUe K 6a3e, U Ha cTpaHule (popMUpyeTcsl TabauLa, YIOBAETBOPSIOLLAS BbIOPAHHBIM
KPUTEPHUSIM.

[Ipy ksvke Ha onpene/néHHbIH 3aroJoBOK TabJMLbl POU3BOAUTCS COPTHPOBKA
BCeX J@HHBIX M0 3HAaUeHHUAM BblOpaHHOro crojbua. [lo ymomyanuto, ecad copTHUpPOB-
Ka BBINOJIHSIETCS B MepPBBIA pa3, JaHHble OyAyT YHOPSAOYEHBbl MO0 BO3PACTaHUIO, B
MPOTUBHOM cJjlyyae AaHHble OYAYT yHNOPSAOUEHbl MO yObIBAHHUIO.

Pasnen «[lo6aBneHne MeponpusTHil» MO3BOJsET MPOU3BOAUTL N0OABJEHHE HO-
BOro MaTepuasa B 06a3y naHHbIX. MHTepdefic pasnmena nobGaBjieHHss MepONPUSATHH
TpefCcTaB/eH B COOTBETCTBUU C PUCYHKOM 2.

3HaueHUs TOJEeH <«OTBETCTBEHHOTO», «THUIa» W «BUAA» MEPONPUATHH OepyTcs
U3 0a3bl JaHHBIX BO BpeMs 3arpy3kd CTPaHHLBI C HUCIOJNb30BAHHEM TEXHOJOTHH
AJAX. lns noGaB/ieHHsl NaHHBIX HEOOXOMUMO yKasaThb Ha3BaHWE MEPOMPHUSITHS, ero
3an/JaHUpPOBaHHYI0 naty. Takve MeponpusATHS OyayT CUHMTATbCS He BBIIOJHEHHBIMH.
Ecnn Heo6xoauMo n06aBUTh UH(OPMALUIO O BBIOJHEHHOM MEPONPUSITHH, TO HAJ0
N00aBUTh JIOKYMEHT, MOATBEPKAAIOUIUH ero BbIMOJIHEHHE, U YKa3aTh (haKTHUeCKYIo
[aTy NPOXOXKAEHUS MepPONpPUATHS.

B pasnene «PenaktupoBaHue MeponpUATHH» MPOU3BOAUTCS PelaKTHPOBaHNE HH-
(opmauuu 0 MeponpuATUAX. Takas (yHKLHMS MOXKET MOHAaA0OUTbCS B CJyyae OLIM-
OOYHOr0 3aloJHEeHHs AaHHBIX O MEPONPUSITHU JUOO, ec/Jd HeoOXOAUMO, OTMETHUTh
3an/JaHUpOBaHHOe MeponpusiTHe Kak mnpouleninee. MHTepdelic BblBOna NaHHBIX O
MepOIpUATHSX MPaKTUYECKHU aHaJOTHYeH ¢ UHTepdeilicoM nmpocMoTpa H00aBJeHHbIX
MepornpusaTHi. BeiBonrmas uHpopMaLus 0 MePONPUATHSAX OCYLIECTBJSETCS TEM Ke
CKPHUIITOM, UTO U B OCTaJ/bHBIX pasjenax. BeiBoagumas tabmulia COAEPKUT JaHHbIE O
BUJIE U TUIIE MEPONPUATHS, €ro Ha3BaHUH, 3aMJIAHUPOBAHHOU U (PAKTHUYECKOU [arax,
yUaCcTHUKAX U NPUKPENNEHHBIX NOKYMEHTaX, eCI1 UMelTcsl. DTOH HH(pOpPMaLHHU [10-
CTaTO4YHO, YTOOBl HalTH B 0a3e NaHHBIX 3alpalliiBaeMoe MepornpusaTue. B cayuae
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MpocmoTp  [oBaBuTb PepakTuposaTs  YganuTb

Ha3seanue meponpuaTia
KathenpansHoe ¥ | Bun MeponpuaTua
WH(opMaLMOHHO-aHANUTMYECKOE, OPraH3aLMoHHOE M MeToAuHecKoe obecneyw ¥ Tun MeponpuATUA

[aTa 3annoHuposaHHas (Irr-Mm-a1)

Nata daktudeckan (rrr-mua-a4)
Amanxonosa AfraH »KongbibaesHa ¥ | OTBETCTBEHHbLIA

| AoBaenTe | | YAanuTe BeiOpaHHoro | Y4acTHKa

| Beibepure aiin | Paiin He soiSpan

CoxpaHuTs i CBpocuts

SNEKTPOHHBIA PEKTOPAT BLICTABNEHWE PEATMHIA SNEKTPOHHAA BWENMOTEKA NOWCKOBAA CUCTEMA "VIPENC"

@ CKIY, Kadeapa "VIHpOPMaLMOHHEIS CHCTEMEI" 1998-2014

Puc. 2. Crpanuna no6aBJjeHdsi HOBOTO MEPONPHUATHSA

BbIBOJIA BCeX CTOJOLOB, xpaHsawuxcs B BbJl, Tabauua cTaHOBUTCS CJMILIKOM O0Jb-
ol nJsi eé oToOpaXkeHUs B TeKylleM MakeTe caiTa. [Ipu HakaTuu Ha 3arosoBKax
TIPOU3BOJUTCS COPTUPOBKA NAHHBIX 110 YKa3aHHOMY cTosb1y. B BeiBonuMo# Tab.uie
no6aBjieHO OHO MoJie, cofepxKalllee KHOMKY «K3m.». [locne kauka Ha 3Ty KHOMNKY
MIPOUCXOMUT MEePeXOof Ha CTPAHHULY PelaKTUPOBAHHs BbIOPAHHOIO MEpPONpPUSATHS.

Pasnen «YnaneHve MeponpusiTHH» CAYKHT I/ yaajeHUs UHQOPMALHUHA O Mepo-
NpUSATHN U3 6a3bl naHHBIX. [lepen ynaneHueM CUUTHIBAIOTCS Ha3BaHUe MepOIPUSTHS,
ero BUJ W THII, 3allJlaHUPOBaHHAsl U (hakTHueckas naTel. [locse mosyyeHUs: HyKHBIX
3HaYeHWH OHM mnepepatotcs B ¢pyHKunio DelMer.

Paspa6oranHoe web-npusnokeHrne «MeponpusiTusi» pacnoioxkeHO Ha BHYTpPeH-
HeM caiite Kadenpsl «MHpopmauronHbie cuctemMel». Jlo6aBiaeHue, pelakTHPOBaHHE
U ylnajeHue MepoNnpUsATHH MOTYT MPOBOAUTb TOJbKO cOTpynHUKH Kadenpsl MC. Pas-
paboTaHHBI MOAYJ/b MO3BOJIUT CUCTEMATH3UPOBATh NOKYMEHTHI, OTHOCSLIMECS K Op-
raHMW3allu¥ MepOIpUSATHH, TeM caMblM 3HAYUTEJbHO COKpalllasi BpeMs MOJyueHHs
UH(pOpPMaLHUHU O HEOOXOAUMOM MEPONPHUSATHUH.
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CREATION OF THE WEB APPLICATION OF “ACTION” FOR THE SITE
OF CHAIR “INFORMATION SYSTEMS”

N.V. Astapenko
Senior Teacher, Magister, e-mail: astankin@mail.ru
A.A. Nosov
Student, e-mail: astankin@mail.ru

North Kazakhstan State University n.a. M. Kozybayev, Petropavlovsk, Republic
of Kazakhstan

Abstract. The main idea of the project consists of creation of a web application
"Actions" allowing to structure automatically documents on the basis of information
entered into a database by teachers of the chair "Information systems".

Keywords: web application, system of document, action.
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CeBepo-Kazaxcranckuii rocynapctBeHnblél yHuBepcuter uMeHd M. Koswibaesa,

r. [lerponasnosck, Pecny6inka Kasaxcran

AnHoramusa. OcHOBHasi wuaes TNpOeKTa 3aKJUaeTcsi B CO3MaHUHA web-
npunoxenus: «KyparopctBo», KOTOpoe MO3BOJIUT aBTOMaTH3UPOBAHHO (POPMHPO-
BaTb BCEBO3MOXKHbIE TOKYMEHTHl U OTUETHI [JI KypaTOpPOB TPYMI U JeKaHaTa.

KiroueBbie cioBa: WEb-HpI/IJIO)KeHI/Ie, CUCTEMa IIOKYMGHTOO60pOTa.

JlesaTeIbHOCTb JI00OBIX OpraHM3aurid, OCOOEHHO TIOCYyNapPCTBEHHBIX, CONPOBOXK-
[aeTcsl KHAMOW NOKYMEHTALHH, UTO SIBJSETCS UCTOYHUKOM INpoOJeM, CBSI3aHHBIX C
HaKomJyeHUueM 60J/bIIOro 00béMa JOKYMEHTOB, HEOOXOAUMOCTbIO UX COCTaBJIEHUS U
00paboTKH. B TO e BpeMs UCMO/b30BaHHe OYMaXKHOH NOKyMeHTalUH KpaiiHe He3d-
(ekTuUBHO. OnHUM H3 CrOCOOOB CHUXKEHHUSI OCTPOTBI JAHHOHU MPOoOJeMbl SBJSETCS
BHeJlpeHHe B OpPTaHMU3alUU CUCTEM aBTOMATU3UPOBAHHOTO (DOPMHPOBAHHUS JOKYMEH-
ToB. Takue cucTeMbl MOTyT ObITh CO3[aHBl C NpHMeHeHHeM web-TexHOJIOrui, rue
YUaCTHHUK JOKYMeHTO00O0pOTa SIBISETCS M0Jb30BaTEJEM CEPBUCA CETH NMPeANpPUATHS,
a 00pabOTUMKOM BBICTYINAaeT CIelluaJbHbId cepBep, BBIMOJHAOLWIUE MpuéM, 06paboT-
Ky, XpaHeHHe W Bblauy MH(OPMALHUH 10 3aMpocy.

AKTyasbHOCTBIO JAHHOTO MPOEKTa SBJSETCS HEOOXOAMMOCTb B CO3[MAaHUM pas-
nena «KyparopcTBo» cHcTeMbl aBTOMAaTH3HPOBAHHOTO (DOPMUPOBAHHUSI NOKYMEHTOB
nns caiita Kadenpsl «HMHpopmaunonHele CUcTeMbl», KOTOpas Mo3BoJsijaa Obl aBTO-
MaTH4YeCKH CO3[aBaTh JOKYMEHTbl Ha OCHOBe BBENEHHOH MOJb30BaTe/sIMH B 0asy
INaHHBIX HH(popMauuu. PaspabarbiBaemasi cUCTeMa IMO3BOJUT 00JerduTb padoTy ¢
IOKyMeHTaluel nepcoHasa kadenpsl «MHpopmalMoHHbBIE CHUCTEMbI», TO3BOJIUT aB-
TOMaTH3UPOBATH CO3JlaHHE OTYETOB O AeATeNbHOCTH KypaTopoB rpynm kagenps MC.

Kypatop — ToT, KTO HabJsofaeT 3a XOAOM OIpeleséHHOH paboThl UJIU UHBIM
npoueccoM. B pabore co cTyfeHTaMH MJaALIUX KypPCOB KypaTop SIBASETCS KJioue-
BbIM 3BeHOM. BocnuraresnbHas neiTeNbHOCTb KypaTopa OXBaTbiBaeT CaMble Pa3Hble
HafpaBJeHHUs: BOMPOCHl yCIIEBAEMOCTH U TOCEIaeMOCTH, MOATOTOBKHU K CEeCCHH, I10-
MOILH B CECCUOHHBIM TePUOM M aHa/u3a pe3y/nbTaToOB CeCCHH, paboTy C POAUTE/SIMHU
CTYIEeHTOB, HH(POPMHUPOBAHHE O NMPOBEJEHUH Pa3/IMUHBIX MepPONpPUATHH, aKLUH, KOH-
KYPCOB U T.I., IOMOILLb B OPraHU3alUH PA3JHUUYHbIX KOJJEKTHUBHBIX J€J, COLHAJNBHO-
MICUXOJIOTHUECKasl MOAJepPKKA U Tak jajee. Takxke B 00S13aHHOCTH KaXJ0ro Kypa-
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TOpa BXOIUT COCTaBJIeHHEe OTUETa O MPOAeNaHHbIH UM paboTe, ITOT MPOLECC MOKET
ObITh 3HAUUTEJBHO ONTHUMHU3UPOBAH C MOMOILBIO CHCTEMbl aBTOMAaTH3alUK (POPMHUPO-
BaHHUS JIOKYMEHTOB, KOTOpasl SIBJSETCS YaCTblO CUCTEMbl aBTOMATU3aLHH JOKYMeH-
To060pOTA.

Crpyktypa mMonyJsi «KypatopcTBo» IJisi pa3HBIX KJacCOB M0JIb30BaTe el pa3Jiny-
Ha. [lnsa kaacca «Kypatop» oHa BBIMISAUT CJAEAYIOIIAM 00pa3oM:

1) meponpusTHs — B NaHHOM pasfesie KypaTop MOXeT IPOCMaTpHBaTb MepOINpH-
ITHSl, B KOTOPBIX ydacTByeT OH WJM ero rpynna. [{o6aBiasTb coOCTBeHHble
MepOIpUSATHS;

2) WTOTH ceMecTpa — B JIaHHOM paseJsie KypaTop BHOCHUT HOBble WJIH M3MeHsSeT
y2Ke UMelollrecs JaHHble 00 ycreBaeMOCTH I'PYIMIbl 38 BBIOPAHHBIM UM MEPUOL
o0OyueHHs,;

3) uH(popMauus o rpynne — HaHHBIE pasies MO3BOJSET T0Jb30BATENI0 BHOCHTD
HOBYIO M M3MEeHATb CTapylo MH(OpPMALHIO O IpyIIe 3a BBIOPaHHBIA UM MEpUOL;

4) akTHB IPYyNnbl — HAHHBIA pasfes NAéT BO3MOXKHOCTb KypaTopy HO0aBJSTh U
yAaaSaTh NOJKHOCTH B TPyIIe, a TakxKe Ha3HauaTb HA 3TH JOJJXKHOCTH CTy-
NIEHTOB;

D) OTUETBl — NAHHBIM pa3jies MO3BOJISET MOJb30BATEN0 MOJIYUYUTh OTYET O MPO-
NeJaHHOW paboTe, HA OCHOBe MMeIOLleHcs B 0a3e NaHHBIX MH(OPMALUHK.

Jlnst knacca «AIMUHHUCTPATOP» CTPYKTYpPA BBIMJISIAUT CJEAYIOMIHAM 06pa3oM:

1) Kyparopbl — B JaHHOM pa3jie/ie aAMUHHUCTPATOP MOXKeT A00aBJATh B CUCTEMY
HOBBIX KYpPaTOpPOB W 3aKpeIJSATb 32 HUMHU I'pynnel. Takxke B JaHHOM pasfeJe
NPOU3BOAMUTCS PENAKTUPOBAHHUE U YAaJIeHUe KypaTOPOB M3 CUCTEMBI;

2) rpynmel — B OAHHOM pasfesie aAiMHUHHCTPATOP MOXKeT N00aBJATb 3aluCH B
CIIMCOK T'PyNN MMM yAaJsATh 3allUCH M3 CIIMCKA TPYMII.

Ecau nosb3oBaresib kjaacca «AIMHHHUCTPATOP» SIBJSETCS 110 COBMECTHUTEJbCTBY
noJsib3oBartesieM kKaacca «KypaTtop», To IOMHMO CBOMX pasleJ/ioB OH MOJydaeT AOCTYII
KO BCeM pasjie/laM MoJsib30BaTess Kaacca «Kyparop».

[Tpu BXone Ha calT NPOUCXOAUT aBTOPU3ALMS 110/1b30BaTesl 10 JIOTHHY B olepa-
LIMOHHOH cucTeMe. Ecau nosb3oBaTesnb NpoLIE aBTOPU3ALHUIO KaK KypaTop, TO OH
noslyyaeT LOCTYI K CJEeNyIOLIUM pasjesaM: MepONpUATHS; UTOTH CeMecTpa; HH(Op-
MaLHs O TPyIIe; aKTUB TPYIIIbl; OTYETHI.

Bupn sarpysuBlierocsi OkHa I0CJe YCIELIHOW aBTOPU3alMH IPelCTaBJ/eH B CO-
otBeTcTBUU ¢ pucyHKoM 1. Ilpocuab KypaTopa no3BossieT MaHUMY/JIUPOBATH MOYTH
BCEH MH(pOpMaLHeH, 3a/J0KeHHOH B 0asy.

B paspese «MeponpusiTug» KypaTop MOXKeT NPOCMAaTPUBATb MEPOIPHUATHSA, OT-
COpPTHpOBaHHbIe IO AaTe, JUOO BCe CPasy, B KOTOPBIX y4yacTByeT ero rpylna, W/H
KypaTop NPOBOAUT MX CaM, YAAJATb CBOM MepONPHUSATHS, OTMedyaTb BbINOJHEHHbIE
MepornpusitTusi. CIIUCOK MepONpUSTHH NpeacTaBjaeH B COOTBETCTBUU C PUCYHKOM 2.
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[lepexon kK c¢opme nobGaBieHUST MEPONPHUSATHS OCYLIECTBJASETCS MO HaXKaTHIO
KHONKU «/[06aBUTb MepOnpUsATHE».

Jlo6aBseHre MeponpUsiITUH MPOUCXOAUT MOCPENCTBOM (DOPMBI, COAeprKalllel cJe-
AYIOLLUe T0J: Ha3BaHUe MepOINpUATHS; BUJ MEepPONpPUATHS; TUIl MEPONPUATHS; AaTa
3amnJ/aHUpOBaHHAS.

Brinapatoiye Cnucku «BUA MEPOMPHUSATHSI» U «THUIT MEPONIPUATHS» (DOPMHUPYIOTCS
IUHaMHUYECKH MoJNydeHHeM UX U3 6a3bl JaHHBIX.

[Ipu Haxaruu Ha kHOmKy «[lompoOHee» KypaTop mojydaeT HocTyn K ¢opme,
M03BOJISIIOLLEH eMy MOJYy4UThb OoJsiee AeTanbHYI HH(OpPMaLHI0 00 HHTEepecylolleM
€ro MepONpHUSITHH, OTMETUTb BBIMOJHEHHE 3TOr0 MepPONPUSATHS JUOO0 yIaJUTh €ero.
DyHKUMSA yAaNeHUs IOCTyIHA TOJbKO B TOM CJydae, €CJHU OTBETCTBEHHBIM 3a Me-
pornpusiThe, oToOpaxkaemoe Ha popMe, SIBJSIETCS CaM KypaTop.

i1 [ lecalhostkuratorstva/ine
enn B Mepteozan Google 3" Py ecoc o) ¥um Lo b phehbiidans 351

<, KA®E[OPA
‘:I% | WHPOPMALIMOHHBX
L e

CHCTEM

ImapHan COCTAR KA DERph Haysian pabora Lz 0 ofacTd kauwecTa CNeIHarmEOCTH Hals BLaTYCat

Mhaguas Bac npHBeTCTBYeT MOAYNb KYpaTopcTeo!

Meponpisrmia
1350k Bal WOEETE
VITan CenscTa
MPICUOTPETE LEPCOPMATIE, B KITOP pHAICTOYETE Bl AN B FpyTna;
DefasnaTe CoBeTEEHHE®R LERONPUATIE,
OTMEHETE B RONHEHE MEROTDIATHIE
EratiuTe aifui PEARTURIBATE QArHesd D MTOMAM L& NSLTRA
BHICITS WFS PEAATIRIRaTE J38HEE O YNne;
TP POBATe AT FPyIfie]
TCNY<iITE OTSET O NPOIEnaHHCd B3I PADOTE 13 BSpakHLA NEpo] oifHeHIR

Hrbopiiawiea o rpmnne
AXTUHE rpyTIR
OTUETRl

I R

Puc. 1. Ycnemnas aBropusaunus

[Ipy coxpaHeHUM BBeNEHHOW naThl B 6a3e AaHHBIX M MPU CUHUTHIBAHUMU JAThl U3
6a3bl NaHHBIX [NaHHble aJanTHPYIOTCS NoA TpedyeMbll opmar.

Pasnen «HMtoru cemectpa» mpenHasHauyeH Ajsi 100aBjeHHs, MPOCMOTPa U pe-
NAKTUPOBAHUS Pe3y/bTaTOB, BIOPAHHBIX B BbINAJAIOIIEM CIIMCKE «CEMEeCTP» U TeK-
CTOBOM II0JIe «TOH», y4eOHOTO MOJYTOAWs TPYIIbl, 3aKPeNJEéHHOH 3a KypaTOpOM.
Hutepeiic naHHoro pasiesna peasu3oBaH B COOTBETCTBUM ¢ pucyHKoM 3. [locse
HaxkaTusi Ha KHonKy «CoXpaHWTb» JAaHHble ¢ (OpMbl 3aHOCATCS B 6a3y NaHHBIX,
€cJ/IM 3aMuChb 32 BbIOPaHHBIH MEPHOM YyKe CYLIECTBYeT, TO OHa OOHOBJSETCS, B IpO-
TUBHOM CJy4yae CO3[aéTcsl HOBas 3alMCh.

dopma COCTOUT M3 CEMM TEKCTOBBIX MOJeMH, MATh U3 HUX BBOASATCS BPYUHYIO, a
J1Ba MOCJEIHUX MOJIS PACCUUTHIBAIOTCS MO (DopMyJiam.

Pasnen «Mudopmauus o rpynne» mnpenHasHaueH s no6aBJjeHUss B 0asy oc-
HOBHBIX [JAHHBIX O TpyIIe U pelaKTUPOBAaHHS 3THUX NAHHBbIX. Takxke Kak W pasjesn
«Mtoru cemectpa» Kaxaas 3anucb MUMeeT MPUBS3KY K FOLYy U CEMeCTpY.
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] Kypamaps i uae, Nt BALE RS NpoEneme RAAB0CTHEBOM ANKETAMIINA
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Puc. 2. Cnucoxk mMeponpusiTuii
rnaeHas Wtoru rpynnel UC-11 za cemecTp
MepanpHATHA
Cemetp Toa
Hitorm ceumecTpa Becesst | 24
AKTHB FRYAnE Komiec 70 QOMyILeHIss CTYAEHTOE: [ ]
OTIETH HomsecTEO HEQOMYLLEHHE D CTYREHTOR: 5
HorstecTBO CTYIEHTON, CAABILIS IKIAMEH Ha F! T

HompqecTon 0TANDE oD o [pynng: 1

KomMecTBD yaapHUK08 B rpynne: 5
MoOUSHT Y NESaEMOCTH IpyNNe:; &0
TMPOUENT K4S TED B Tpynne 24

Puc. 3. Utoru cemectpa

B pasgene «AKTHB rpymnmbl» KypaTop MMeeT BO3MOXXHOCTb (POPMHPOBATb AKTHB
TPyMIbl, TO eCcTb N00aB/ATb AOMKHOCTH M Ha3HayaTb Ha 3TH JOJKHOCTH CTYyIeH-
ToB. Pasnen nmeet nBa tuna ¢opm. Ilepsas popma npenHasHadeHa ass no6aBJeHUs
LOJM?KHOCTH, OHA COCTOHT M3 OLHOTO TEKCTOBOTO MOJS, MOA UMeHeM «Jlo/KHOCTb» U
KHONKHU «[[o6aBuThb». Bropasi (hopma npenHasHauyeHa [/ Ha3HAYEHUS! CTYAEHTOB Ha
JOJKHOCTb WJIM YAaJeHUs NOJKHOCTH, OHa COCTOMT M3 ABYX IMOJIEH U IBYX KHOIOK.
[TepBoe mosie mpenHasHayeHo [/ BBOJA B HEro MMeHM CTy[eHTa, BTOpOe IoJie He
pelakTHpyeTcs, a TOJbKO oToOpakaeT WH(popmauuio. [locse HaxaTHs Ha KHONKY
«Hasnauutb» KypaTop 3aKpemnJsieT 3a JO/KHOCTBIO CTyIeHTa, UMsI KOTOPOTO BBeJe-
Ho B noJie «DPHO». [Tocse HaxkaTUA KHONKU «YIAJUThLy 3alUCh 00 3TOH NOJXKHOCTHU
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“MEpOFENTER N0 AYTETNG- NPANCTEENNGY BHENTINERS
MNen'm Hwcae Temarna OrneTcrmennsll DTHeTE & BLITATHenEn
L 02-03-2014 (I CUTTE 140 0 TR0 PARM K10 2 Tvanepa Asrenioa Taeorna TTpoToroT MRS 22EHE 0TI IMTSIATE
¥ 03-14-2004 Egaftia-Paner mia vewy Maceats ooms Actanenke Hatanx Ba Dt anpaTepa
3 05-04-2014 Dt onvpenem Sepelk Yoo Barguies Bryccsmosna Mporanns
“MeponpuATIR, NANPIRAENELE WA COENATL BT K3 ECTE W KOSV RTINS KR TLTYPM TNTHGCTIE CTETENTON, PAEDITIE B N0LTHFERS T3330T00
| Mo | Hwere I Temyruis | OrneTereenusel I OFEseeTas & BLImaTnenEn I
| L | 10-03-2014 | Kvpatogpoian us: ua teuyno-usuunpmuwu| Yoaces Earepine Ervectnommna | Oquer patepa l
eMloponpanTion o Fpas, i 3 EEEnETAN
| Nen'm | mcas | Temarnia | OrneTermsenmasii | Druera & BHEATnensn |
| 1 | 15-05-2004 | Trvih CIINCTBA HAPOIOE RAFIETAS | Ymmosa Bavepies Bruccaasosna | Orits agpatepa |
X Hrorm cemectpa
f— Rot-no 3o0ymenmas Eos-ns B 108y mikiy Bok-ne cry1#Ros, £INAMIT MARMEE Mpanesy Mpomesr ReasiseTog Hotsuecres
] CTFICNTON na “F* FOEERIEHOCT EXMECTRE LLITHIE D ¥AXpHUKOD
=T} 2 S T 2 H L ]
Yeaens B Brescrmonies

Puc. 5. Oryer uyacts II

B pasnene «OTuéTel» KypaTop Ha OCHOBE BBEIEHHBIX UM B MOAYJe TaHHBIX HMeEeT
BO3MOXKHOCTb TOJIyYUTb FOTOBBIM OTYET O NMPOJAEJAHHOM MM KYpPaTOPCKOH AesiTeJb-
HOCTH C 3aKpenJyiéHHOH 3a HUM rpynnoi. [Ipumepsl 0TUETOB MpUBeeHbl HA PUCYHKE
4 v pucyHke 5.

AnmMuHMCTPaTOpP MOIYJS B OTJHUYHE OT KypaTopa HMeeT IpaBo Ha n06aBJieHHe
B CHCTEMY HOBBIX KypaTOpPOB, HOBBIX DY, a TaKKe MOXKET BBINIOJHUTb 3aKpel-
JleHue KypaTopa 3a rpynnod. [Ipy HaKaThu Ha KaXKAyl0 KHOIKY CHCTeMa BbIBOAUT
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noATBepKaallee CooOlleHHe, T103BOJS0llee PelOTBPAaTUTh CaydaliHble HexeJa-
TeJIbHble HaXKaTHd Ha KHONKH OTIIPaBKHU (POPM Ha cepsep.

[Ipu BbIMOSIHEHUM MpoeKTa Obl1 CAesNaH aHa/JIu3 MpeIMeTHOH 00J1IacTH, PacCMOT-
peHBl CYLIECTBYIOIINE aHAJNOTH pa3paboTaHHOro web-npunoxeHus, BeIOpaH UHCTPY-
MeHTapui peasnusauuu, paspaboraHa 0asa AAHHBIX, CIIPOEKTHPOBAH U PeaNU30BaAH
uHTepderic monyas «KypartopcTBo».

PesysbraToM npoekra cTaja cHCTeMa aBTOMAaTH3UPOBAHHOIO CO3[aHMUS OTYETOB

«KyparopctBo», no3poJsionias o6JaerduThb npouecc AOKyMeHToo00poTa Ha Kadenpe
HC.

CREATION OF THE WEB APPLICATION "COACHING"
FOR THE SITE OF IS CHAIR

N.V. Astapenko
Senior Teacher, Magister, e-mail: astankin@mail.ru
A.V. Povelyev
Student, e-mail: astankin@mail.ru

North Kazakhstan State University n.a. M. Kozybayev, Petropavlovsk, Republic
of Kazakhstan

Abstract. The main idea of the project consists in creation of a web application
"Coaching” which will allow is automated to form various documents and counting
for curators of groups and dean’s office.

Keywords: web application, system of document.
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PA3PABOTKA CAUWTA JJId NOAOEP2KKH
OPTAHHU3AIINU ITPAKTUKH B YYHEBHOM ITPOIIECCE
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H.B. Acranenko
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CeBepo-Kazaxcranckuii rocynapcTBeHHbld yHUBepcuteT uMeHn M. KoabiGaesa,

r. [lerponasaosck, Pecnybnuka Kazaxcran

AHHoTauusa. /s NOBHIIIEHHsT KauecTBa y4yeGHOro Tpolecca, B YaCTHOCTH, Ka-
yecTBa MPOBEAEHUS MPAKTUKU, ObLJIO pellleHO pa3paboTaTh HH(DPOPMALUOHHYIO
CUCTeMY, KoTopasi Obl obecreunBaja CTYAEHTOB BO BpeMsl NMPOXOXKIEHUS TNpak-
THKM HeOOXOMUMBIMU MaTepuasaMM, a TakxKe MpefocTaBuia UM online-cBs3b ¢
PYKOBOJIHUTEJIEM MPAKTUKH.

KuioueBsie ciioBa: HHCpOpMaU,HOHHaH CUCTeMa, opraHusalua NMpakTUKH, CaMT.

OmHUM M3 KJOUeBBIX TPeOOBAHWH MOATOTOBKH CIELHATHCTA SBJSETCS YETKO
BbIpaXKeHHasl Npo(ecCUOHaNbHasl HAMpaBJEHHOCTb Y4yeOHOro mpolecca Ha (pOpMHU-
pOBaHHe Yy CTYAEHTOB HaBBIKOB, CBSI3aHHBIX C XapaKTepoM MNpeNCcTOsILed TPYLOBOU
nesitesibHOCTH. [loaTOMy oOyuatroiiMess HeOOXOAUMO 3aKpelJeHue MoJyueHHbIX 3Ha-
HUH M HaBBIKOB B peaJsibHBIX YCJIOBUSIX, YTO OCYILECTBJSETCS BO BpeMs MPOXOXKIe-
HUS UMM NIPAKTHUKH, AJS 3(P(HEeKTUBHOIO NPOBENEHHs KOTOPOH HeoOXoauMa 4éTKas
OpraHusauus.

[losiBnieHre HMHGOPMALMOHHONW CHUCTEMBI MOANEPKKHU OpPraHU3allMu NPOBeNeHUS
NPAaKTUK CMOXKeT MOBBICHTb MH(MPOPMHUPOBAHHOCTb CTYNEHTOB W, KaK CJeICTBHE, I0-
BBICUTb KaueCTBO OPraHM3allMM U NpoBeldeHUs NPakKTHKHU. [[aHHas cuctema A0/12KHA
ObITb NOCTYINHA KaK CTydeHTaM, TaK U PYKOBOAMUTE/SM MPaKTHK, a TakxkKe NOJKHA
UMeTb MPOCTOM U MHTYUTHBHO MOHATHBIM MHTEPQENC.

B npouecce o0ydyeHUs] CTyAeHTbl B COOTBETCTBUU C TOCYAAPCTBEHHBIMH 0Ollle-
00513aTeJIbHBIMU CTaHAapTaMu 00pa30BaHUs NMPOXOAAT pa3/UUHble BUIBI POdeccHo-
HaJIbHBIX NPAKTHK: yueOHO-03HAKOMUTe/bHAs, YueOHas, A3blKoBas, Negaroruyeckas,
NPOU3BOACTBEHHAS, MpeNIUIJIOMHAs U ApYyTHe.

[IpakTuka siBasieTcsi 006s13aTe/bHONW 4YacTblo yueOHOro mpolecca, HanpaBJieHHON
Ha TOJyYeHHe CTyNeHTAMM IMPAaKTHUYeCKOro OMNbITa U HABBIKOB, HEOOXONHWMBIX [JIf
JajbHer el npoeCcCUOHANbHOHN 1eSTeNbHOCTH.

PykoBoauTes b MpakTHKH 10 €€ Hayaja OpraHu3yeT HeOOXOAHMYIO MOATOTOBKY
00y4alIIKXCsl, TPOBOAUT KOHCYJNbTALHMH B COOTBETCTBUM C MPOrpaMMON MPAKTHUKH,
OCYLLECTBJIIET KOHTPOJIb 34 XOLOM MPOXOXKIAEHUS NPAKTHUKH, NPOU3BOAUT MPOBEPKY
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BupTyaJibHas NpakTUKa

Mocnegxne Dg=BJ|€Hm]

Tema: MeToanueckoe NocoGHe No NpeAAMNIOMHOI NpaKTMKe

[I06ABNEHO METOAMYECKOE NOCOBME NO NPEAAWNNIOMHONA
NpaKTUKe ANA CTYAEHTOB rpynnsl UC-05

Mara: 09.04.2009 18:05:24
Tema: Mnad 0TYETa No NPeAMNNOMHON NPaKTHKe

B MaTepuansl AcbaBneH NinaH OTHeTa Noe NPeainnaoMHoN
NPaKTMKE, @ TAKKE HECKOMBKO COBETOB NO HAMMCAHWID OTYeTa.

Nara: 11.04.2009 09:37:44

MpocMoTp MaTepuana

061

onucaHue:

0buweHue

3nekTpoHHas GubnuoTtexka

KabuHeT pegakropa
Onucanme:

Tema: PexomeHayemas nuTeparypa
[0BaB/eH CNMCOK PEKOMEHAYEMOM NATEPATYPEI ANA HANKMCAHUS
OnK1caHme: | OTHETa N0 NPEAAWMNOMHON NPAKTMKE 1 HECKOMBKO CChINOK Ha
YH4eBHUKW SNeKTpoHHOM BrbnroTexn CKIY.
Mara: 11.04.2009 09:42:44
Tema: CpOKM CIa4W OTYETA

W3MEHEHBI CPOKIM CAAYW OTUETOS Mo NPEAAWNNOMHON NPaKTHKE.
OnucaHue: | 3a 6onee NonHo HGopMauMeil oBpaARTeCs K CBOMM
PYKOBOAWTENAM NPaKTUKM.

Nara: 11.04.2009 09:45:25

Puc. 1. ['naBHas cTpaHuLa CHCTEMBI

OTYETOB 00yYaIILKXCS 110 NPAKTHKe, NPeACTaB/seT Ha Kadeapy NUCbMeHHbIH OT3bIB
0 MPOXOXKAEHWH MPAKTHUKH, IPOBOAUT MPUEM 3aLIUTHI OTUETOB.

Jlns noBeIlIeHHs KayecTBa y4yeOHOro Mpouecca, B YaCTHOCTH KayecTBa MpoBeJe-
HHS TIPAKTHUKH, OBLJIO pelleHO pa3paboTaTh MH(MOPMALMOHHYIO CUCTEMY NPOBENEHHS
NPaKTHK 110] Ha3BaHUeM «BupTyanbHas npakTUKa». «BupryasnbHasa npaktuka» Oyner
NPeCTaB/sATh cOOOH caliT B CeTH By3a, C MOMOLLbI0O KOTOPOrO MPAaKTHUKAHTHl MOTYT
03HAaKOMMTbCS ¢ PaOOYHMMH MPOrpaMMaMH MO NpaKTUKaM, HeOOXOAUMBIMU MeTOAHYe-
CKMMH MaTepuajaMu, wabJOHaMH JOKYMEHTOB K NPaKkTHKe U APYrod HH(popmauueH.
PykoBoauTe i MmpakTHK, B CBOIO O4epelb, MOI'YT N00aBJATb 3TOT MaTepuas MpsMO
yepe3 creLuanbHble GopMbl Ha caiiTe. JlaHHAas cucTeMa N0J2KHA BBINOJNHATh CJeNy-
OllMe 3aflayM: MOUCK MaTepuasa MO NpakTHKe; CKaYMBaHUe MaTepualsa; MpPOCMOTP
00DbsAB/JEHNH; No0aBjeHUe OObABJIEHUH; N00aB/Je€HHE W peNaKTUPOBaHHUe IPaKTHK;
nobaBjieHUe MaTepuasa Mo NpakTHKe. Takxke 1715 MOAAepXKaHHUsS TMOKOCTH CHUCTe-
Mbl HeOOXOAMMO peasn30BaTb MeXaHW3M H00aBJeHHS U PeNaKTHUPOBAHUS yUETHBIX
3anucell 175 paboThl MoJib30BaTeJsel, KOTopble OynyT N00aBAATb U pelaKTHPOBATH
MaTepuasa U 00bsBJIEHUS.

[Tpu Bxome Ha ca#T n060H nosb3oBarens cuutaercss CTyIeHTOM U eMy JOCTYIHBI
clenymolre (pYyHKLIUH: IOUCK MaTepHana K NpakTHKe, CKaYMBaHUe MaTepuaJa, Mpo-
cMoTp 00bsABeHUH. Takke OyneT peanusoBaHa (pYHKLUHS aBTOPU3ALMH pefaKTOpa,
NpefcTaBJ/eHHAs NMPOCTOH (hOPMOH, 3ampallvBaloled UMS [10/1b30BaTeJsl U MapoJib.
Ecny BBeleHBl BepHBIE MM$ M0J1b30BaTeNs U MapoJb, TO NPOMCXOAUT aBTOPU3ALMS,
M I0JIb30BaTeJb MOJy4aeT JOCTYN K (DYHKUHUSIM pelakTopa W/IM aJMHHHCTPATOpA.
[naBHas cTpaHuLa AJs CTyJdeHTa peajH30BaHA B COOTBETCTBHU C PUCYHKOM 1.
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BupTyaJibHasi NpaKTUKa

NpocKoTp MaTepuana

Obbapnexus
DakynsTer

Katenpa

Obuwenune

OnexkrponHas bubnuoreka

KabuHet pegakropa npaKTMKa

Hpocucn‘p MaTepHana
Ee
Bl d LI |
| MiHepopmMaLmonHsle cucTemel L\j

CneunansHOCTb ;:ETE_QT_DilﬂHq)OpM%EQjEHE CVICTEP_‘I_I:I_‘:‘_J

| MpenovnnoMHan NpakTika \‘:]

Onucanme:

MeToauHeckoe nocobue No NPeaaNAoMHOI NPaKTUKe AN
CTyZaeHTos rpynnel MC-05

waiin:

MeToanYeckoe Nocobue No NPEAAUNNOMHON NPaKTUKE

ABTOpbI:

KBaHoB .M.

[ara:

11.02.2009 15:30:24

Onncanne:

MnaH oT4eTa N0 NPEAAMNIOMHON NPaKTMke

Daiin:

MnaH oT4eTa

ABTOpbI:

MeTpos H.A.

[ara:

11.02.2009 15:32:02

Onucanne:

CMUCOK PEKOMEHZYMOI TMTEPATYPLI ANA HANWCaHWA OTHETa No
NPEAAMNICMHON NMPaKTvKe

waiin:

PeKoMeHAYEMAR NMTepaTypa

ABTOpbI:

Bacunees A.B.

[ara:

11.02.2009 16:42:28

Puc. 2. CrpaHuua noucka marepuana ¢ pe3ynbTaTaMM IMOHCKa

[TpocmoTp MaTepuana no npakTHkKe U OObSIBJEHUH peaM30BaHbl UAEHTUUHBIM
006pa3oM U MpefcTaBjaeHbl Ha PUCYHKe 2. PedysnbraThl norncka oTobpaxawTcs B Tad-
Juue, B KOTOPOH OOBSIBJEHUS OTHeNeHbl APYr OT Ipyra >KHpHOH JuHueHd. Kaxknoe
00bsIBJEHHE COMEPKUT TaKue aTPUOYyTHI:

1. Onucanne — comepKHUT omnucaHue (paiiya, KOTOpoe BBOAUT pedakTop NpH 3a-
rpyske Qaisa, packpbiBaeT cojiep:kaHue ¢ania,

2. @atin — comepkUT UMs (paiina, KOTOpPOe TaKKe BBOAUT PEAAKTOP MPU 3arpysKe
(ba#i/1a, KPAaTKO ONHCHIBAET COLepKUMOe (paksa, TakxKe SBJISeTCS CCBIIKOU IJI5

CKaUMBaHHA,

3. ABtopel — oToOpakaeT aBTOPOB (aksa, STOT aTPUOYT BBOAUTCS PENAKTOPOM

Npu 3arpyske (akna U conepKUT (paMUIHMK aBTOPOB JAAHHOTO MaTepHaJa;

4. Jlata — comepKUT OaTy 3arpys3kd (aljaa B CUCTEMY, 3alHChIBaeTCsl aBTOMa-
THYeCKU NpU N00aBJeHUU (aina.

JI1060# K3 ¢aiinos, 0ToOpaKEHHBIX B TabJUIlEe pe3yJbTaTOB OMHUCKA, MOXKHO CKa-
YaTb, HaXKaB Ha CCHIIKY B CTPOKe ¢ HMeHeM Daii cooTBeTcTBYIOMIEro (haitna. YToowl
BBIMIOJIHUTb MOUCK IO IPYTUM YCJOBHSAM, IOCTAaTOUHO B 3TOH K€ CTpaHHIle BbIOpATh
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BupTtya/ibHasa NpakTuka

ﬂngnneune mMarepnana

MpocMoTp MaTepuana

06LABNEHHA
GakynbTeT UT

Kadenpa |MH¢0pMﬁuwcHthe CUCTEMEI

0bweHne

CneuyanbHocTh | 050703

=] [E]

MNpaKTuka | MpenovnnoMHas NpakTuka
[MobaBnexue MaTepuana Qaiin: | “ Oszop... |
Nobaenexue obbLABNEHHA Haasanme: | |
PepakrupoBaHue
CO T Onucaxme:
NobaBnexHwe NpakTuK
PeaKTHpOBaHWe NpPaKTUK
AeTOp (bI): [

[oGaenTe charn >>

Puc. 3. Crpanuna no6asjeHuss Matepuasa

BupTyaJsibHasA NpakTUKa

PefakTnpoeanne Dg=BJNEHHVI

MpocMoTp MaTepuana

3aronoBoK
0O6LABNeHHA
MeToauyeckoe nocobie Mo NpeAaMNAOMHOI NpaKTUKe
0ObweHue .
MnaH oTYeTa NO NPeAAMANOMHON NPaKTHKE
PekoMeHyeMas UTepaTypa
Coo cam omes

Nobaenenue Marepuana

Nobaenenne obbABNEHWH

PefaKTHpOBaHHe
obLaBneHKA
NobaBneHue NpakTHK

Pe/]akTMPOBaHKE NPaKTUK

Puc. 4. CrpaHuua penakTHUpoOBaHUs 00bABIECHUN

Apyrre NyHKTHI B BblllaJaOUIUX CIIMCKax CpOprI [TIOMCKa, KOTOpass HaXOAUTCs BbIlle
TabJH LBl Pe3yJabTaTOB, U HaXXaTb KHOIIKY HpOCMOTpeTb. CucTeMa BBIIOJHUT MOUCK
10 HOBBIM YCJIOBUSIM U BBIBEAET PE3YJbTAT B Ta6.HI/II_ly BMECTO pPE3YyJIbTATOB TPEIAbI-
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AYLIEero MouckKa.

Ccrinka «KabuHer penakrtopa» Mo3BoJisieT aBTOPU30BATbCS KJacCy MOJb30BaTe-
Jeil «Pepakrtop». CTpanuua a/1d pegaktopa peann3oBaHa B COOTBETCTBHUHU C PUCYH-
KoM 3. [lnsi penakropa AOCTYNHBI Takue (PYHKLUHUH Kak fo0OaBjeHHe U pelaKTHUpPOBa-
HUue o0bsSBJIEHUM, N00aBJeHre U pelaKTHPOBaHUe MPAaKTHUK, N0OaBjeHHe MaTepHaJa
K npakThkaM. [Ipy no6aBseHUM NPaKTHUK U OOBABJIEHUH B (pOPMbI BBOAUTCS TOJBKO
TeKCTOBast HH(OpPMaLKs, KOTOpasi 3aTeM COXpaHseTCs B COOTBETCTBYIOILIUX TabauLax
B 0a3e NaHHBIX.

[Ipy nob6aBseHuM MaTepuasa KpoMe TeKcTa N00aBJsoTCs ellé U (alibl, KOTOpble
HeoOXOAUMO 3aapXHBUPOBATH, IPUCBOUTh UM YHHUKaJ/bHble HMeHa, TIOMECTUTh B CIle-
LMaJbHYIO TamnKy, a UHQopMaUHio o (aiaax (omucaHue, CChUIKY AJs CKAUUBAHUS)
HY?>KHO 3anucaTb B 0a3dy 115 NOCJ/eNyIoLero Noucka 1 J0CTyna K HHUM.

PaccmoTpum conepkrMoe cTpaHuULbl. B BepxHel yacT (popMbl HAXOASATCS BbINa-
JawlMe CIIHCKU 115 BbIOOpa CleLHaJbHOCTH U MPaKTUKH. Kak ynomuHa/loCh BILIe,
KaXKIbli pefakTop MoxeT paboTaTb TOJNBKO C TeMH CHELUaJbHOCTSMHU U MPaKTHKa-
MU, KOTOPBIE OTHOCSTCS K Kadenpe, KOTOPyto OH npenctasiser. Crnucku Pakyabrer
1 Kacgenpa conepxaT o offlHOMY 3J1eMEHTY, TO eCTb B crnrcke Paky/abTeT HAXOAUTCS
TOT (paKy/abTeT, K KOTOPOMY OTHOCUTCS Kadenpa, Ha KOTOpo# paboTaeT pemaxkTop,
a B cnucke Kadenpa HaxonuTcsi, COOTBETCTBEHHO, 3Ta Kadenpa. B cnuckax Creru-
anbHOCTb U [IpakTHKa HaxomATCs Te 3JeMeHTbl, KOTOpble COOTBETCTBYIOT Kadeape
penakropa.

Js 3arpysku Qaisa HeoOXOOHMO 4TOOBI Bce MoJisi (POPMBI ObLJIM 3aTOJHEHHI.
Psnom ¢ nonem Paiin Haxomutcs kHomka O630p, MO HaXKaTHIO Ha KOTOPYH OT-
KPBIBAE€TCA OKHO BblOOpa (haksia, B KOTOPOM HEOOXOAUMO BbIOPATb HYXKHBIH (haiy U
HaxaTb kKHONKY OTkpeiTh. [locse aToro anpec ¢aitna orobpasutcs B noje Paiin. B
nose HasBaHue HeoOxonrMMo BBeCTH Ha3BaHMe (paiisna. HasBaHue NO/KHO OTpakaTb
comepxuMoe (paina, Tak KakK OHO OyieT BIIOCJIEACTBUM OTOOPaXKeHO B BHUJE CChLJI-
KA 0715 cKaurnBaHus (aisaa. B mose Onucanue Hy»KHO BBECTH KpaTKoe OMHCaHUE
ColepKUMOro (haiia WM KOMMeHTapuu K daiiny. B nose ABTop(bl) HE0OXOAHMO
BBECTH aBTOpPa MJIM aBTOPOB JAaHHOro (aina. JlaHHbIH aTpubyT 0COOEHHO MoJie3eH
KOIJla 3arpyxkatoTrcs (aijbl ¢ OAMHAKOBBIM Ha3BaHHeM, HO OT Pa3HbIX aBTOPOB.

[locsie Toro, Kak Bce MoJis 3amoJiHEHbl, HY»KHO HaXaTb Ha KHOMKY Jlo6aBUTb
¢ain. Cucrema NMpousBeNET MPOBEPKY 3aMOJHEHHBIX NaHHBIX M, €CJHU BcCe MoJs 3a-
MOJIHEHbl KOPPEKTHO, TO 3arpy3uT A00aBjsieMblil (paiy U BbAACT COOOLIEHHE O TOM,
yTo (pals ycnewHo n06aBJieH, HHAUYe BbIAACT cooOlieHHe 00 OLINOKe.

Ecau npu nob6aB/ieHUH 0ObSIBJAEHUS] PElaKTOP AOMYCTUJ OLIMOKY UM UH(DOpMA-
sl B OOBSIBJAEHUU yCTapesa, TO PelAaKTOP MOXKeT OTpPelaKTHPOBaTh 0ObsIBIEHHE U
BHECTH B HEro COOTBETCTBYIOLIMe U3MeHeHUsl. UToObl 0TpenakTUpOBaTh KaKoe-a1u6o
00bsIBJEHHE, HYKHO BbIOpaTh B MeHIO MYHKT PenakThpoBaHue o0bsiBaeHUH. [loce
3TOr0 CHCTeMa OTOOPA3UT CIIUCOK MOCTYMHBIX OOBSBAEHHUH, U PANOM C KaxKAbIM
00bsiBIeHHEM OyleT HaXOOUTbCS KHOMKa PenakTHpoBaThb (PUCYHOK 4).

Ha nanHo# cTpaHuLe oTOOpaXKeHbl BCe NOCTYIHbIE PelaKToOpy OObSBJIEHHUS, KO-
TOpble MOXKHO OTPelaKTUpPoBaTh. UTOOBI mepelTH K (hopMe pelakKTUpPOBaHHS, He0O-
XOMMO HakaTb KHONKY PenakTHpoBaTh psiioM ¢ HYXKHBIM 00bsiBneHueM. [locie
3TOT0 CUCTeMa OTOOPa3UT (POpMy PeNaKTHUPOBAHHUS OOBSBJIEHHS.
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Tak:ke B (PyHKIIMU penakTopa BXOAUT AoOaBJeHHE MPAKTUK [JIsl CllelHaNbHOCTeH
cBoell kagenpel. Popma no6aBaeHUs IPAKTUKU A0BOJBHO NpocTta. B nose Hassanue
MPaKTUKU HY>KHO BBECTH O(HIIMaNbHOE Ha3BaHHe MPaAKTHUKH, B cnucke Crienuasb-
HOCTb BBIOpaTb HYXKHYIO CIELHaJbHOCTb, B criucke Popma 0OyueHHS HY>KHO Bbl-
Opatb Gopmy oOyueHus (0OYHYIO, 3a04HYIO H Mp.), B crucke Kypc BbIOpaTh HYXKHBIU
Kypc, AJsl KOTOPOro ocyluecTBasercss nobaBseHHe npakTHKH. [locse 3Toro HyxHO
HaxKaTb Ha KHOMKY CoXpaHUTb, YTOObI CHCTEMAa COXPaHHUJ/IA HU3MEHEeHHUS.

B pesy/brate BbINOJHEHHS NPoeKTa Oblja NOCTUTHYTA ero Lejb — pa3paboTaHa
cUCTeMa, OTBeydawllas CJAeAYIIUM TpeOOBaHUAM: N00aBJeHHe W MU3MeHeHHe INpak-
THK; 3aTpy3Ka MaTepuasa K MpakTHKe; IPOCMOTP U CKauyMBaHHe MaTepHaJsa; 100aB-
JieHue U npocMoTp oObsiBneHUH. Co3naHHas cucTeMa MOXKeT ObiTb B JAaJjbHeHlIeM
nopaboTaHa.

CREATION OF THE SITE FOR PRACTICE ORGANIZATION IN EDUCATIONAL
PROCESS OF HIGHER EDUCATION INSTITUTION

N.V. Astapenko
Senior Teacher, Magister, e-mail: astankin@mail.ru
S.V. Tarasov
Student, e-mail: astankin@mail.ru

North Kazakhstan State University n.a. M. Kozybayev, Petropavlovsk, Republic
of Kazakhstan

Abstract. It was decided to develop information system for improvement of quality of
educational process, in particular qualities of carrying out practice. It has to provide
students with necessary materials during practical training, and also provide them
online-communication with the head of practice.

Keywords: information system, organization of practice, site.
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PASPABOTKA WEB-IIPUJIO2KEHHU{ «IIOBbBIINIEHUE
KBAJIU®PHUKAIIUU» OJ9 CAUTA KAPEJPHI HC

H.B. AcraneHko
MarucTp TeXHHUUECKHUX HayK, CTapLINH mpernopaBatesib Kadenpsol «MHbopmanonHbe
chcTeMbl», e-mail: astankin@mail.ru
P.K. lllorkun
cTyneHT, e-mail: astankin@mail.ru

CeBepo-Kazaxcranckuii rocynapctBeHnblél yHuBepcuter uMeHdn M. Ko3wibaesa,

r. [lerponassnosck, Pecny6inka Kasaxcran

AnHotauusa. OcHOBHasi uJes TpOeKTa 3akJjlodaeTcs B CO3AaHUM web-
npuoKeHus «[loBbllleHHe KBAaTUPUKALMK» IJI9 YUETA U YIIPAaBJAECHUS OTUETHBI-
MU JIOKYMEHTaMH, CBS3aHHBIMH C MOBBIIIEHHEM KBaJH(PHUKALUK MPO(eccopCKo-
MpernoiaBaTe/bCKOr0 COCTaBa By3a.

KuaroueBbie cioBa: web-npu/oxeHde, cUCTeMa AOKYMeHT0060pOTa, TMOBbIIIeE-
HUe KBaJU(pHUKALHKH.

CeronHsi KaxKAblH NpernofaBaTe/b CTapaeTcs MOBLICHTb YPOBEHb CBOWX 3HAaHHUH
NyTEéM IMPOXOXKJAEHHs KypCOB MOBBILIEHUS KBajdu(pukauuu. [locse okoHUaHUH Kyp-
COB HEOOXOAUMO COCTABUTb OTYET U CHe/aThb KOMHIO CepTU(UKATA A/ JaJbHEeHIIero
XpaHeHHs B OyMaKHOM BHJe B apXHMBaX. [akuM oO6pa3oM, KOJUUECTBO MPOUAEHHBIX
KBaJl(PUKALUMKA U NOKYMEHTOB YBeJUUMBAETCS, U BCe CJOXKHEe NMPOXOAUT NOKyMeH-
TO060POT. AKTyasJbHOCTBIO NAHHOTO TIPOEKTa sIBJsSeTCS HEOOXOAMMOCTb BHECEHHS
UH(pOpPMAaLUK O MOBbILLIEHUU KBaJIU(PUKALUM NIpernojgaBatesnell s BHyTPeHHero cai-
ta Kadenpol «MHpopManronHsie CUCTEMBI».

PeanuzoBanHOe web-npu/oKeHHE TO3BONUT MPOUH(POPMHUPOBATH MOJb30BATENEH
0 KBalU(pUKaALUAX TNpernofaBatesned, a TakKe BHOCUTb U pPelaKTUPOBaTh HH(OpMa-
LIUI0 O KBaJU(UKALMK TpenofaBaTe/sIMH.

[Tpu sanpoce OC Ha ayTeHTH(HKALHIO MOJAb30BaTEb BBOLUT JIOTHUH W NapoJb
IJ151 BXOAa B CUCTeMy, JaJjee, €CJd M0Jb30BaTesNb BOWAET B Moaynb «[loBeileHue
KBaJl(PUKaLKUK», TIPOU3OUAET ayTeHTU(PUKALHUSA [0Jb30BaTENs MO JIOTHHY W KaXKJIo-
MY JIOTHHY OYyAYT CONOCTaBJ/IeHbl MIpaBa AOCTYIaA.

Y Mopmyasi cylllecTByeT 3 ypoBHSI AOCTyma:

® aJIMUHUCTpATOpP;

e IIpernojaBaTedib;

® TOCTb.

«AnMuHHCTpaTOp» — [1J15 IaHHOTO MOJb30BaTe sl OTPAaHUYEHHUS B IOCTYyIIe He Cylie-
cTBYIOT. TakuM 00pa3oM, «aAMUHUCTPATOP» MOXKET AeJaThb TO, Yero He MOTYT JeJaTh
ocTasibHble MoJib30BaTe . /15 Kyacca «aAMUHUCTPATOP» HEOOXOAMMO peasii30BaTh
caenytomue QyHKIUU:
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3arpy3ka HOPMaTUBHOI'O JIOKYMEHTA;

no6aByieHre MH(MOPMALKK O MOBLILIEHUH KBaJU(HUKALHKH;

no6aByieHUe WH(MOPMaLKK O 3aMJaHUPOBAHHOM MOBBILLIEHUHU KBaJIU(PUKALUHY;
CKauyMBaHHe HOPMATHBHOTO JOKYMeHTa;

perlakTUpOBaHHe BHeCEHHOW HH(OpMaLuH;

ylajeHre HOPMaTUBHOIO NOKYMEHTa;

ylajieHlhe BHeCEHHOH HH(OpMaLHH;

NIPOCMOTP MH(OPMALMHU O NIPOHJEHHbIX U 3allIAHUPOBAHHBIX TOBBILIEHHUAX KBa-
JU(PUKALMK OPYTUX NpernojaBaTesiel.

«[IpenonaBaresnb» MMeeT BO3MOXKHOCTb BHOCHTb MH(OPMALUIO O MNPOHIEHHOM U
3aMJIaHHPOBAHHOM IOBBILIEHUM KBaJH(PUKALKHY, TaKXKe UMeeT (PyHKIHU PelaKTHPO-
BaHHs U YHaJeHHs, HO JIMLIb UHAWBUIAYaJbHBIX AAHHBIX, U HUUbHUX OoJblue. /s
KJlacca «IpernojaBaTe/b» HEOOXOAUMO peann30BaTh Cjedylolue QyHKLHHU:

e 00aByieHHe HH(OPMALMH O MPOUAEHHOM JIMYHOM MOBBILIEHUHU KBaJHU(PHUKALNH;
e 100aBsieHHe HH(OPMALMHK O 3alJIaHUPOBAHHOM JIMUHOM MOBBILLIEHUHU KBaNH(U-
KalluH;

CKauyMBaHHe HOPMATHUBHBIX JOKYMEHTOB;

penakTUpOBaHHWEe BHECEHHOW JINYHOW HH(OpMaLUH;

ylaJjileHlhe BHeCEHHOH JIMUHOHM HH(OpMaLHy;

NIPOCMOTP MH(OPMALKHU O NPOHJEHHbIX U 3allIAHUPOBAHHBIX TOBBILIEHUAX KBa-
JU(PUKALMK OPYTUX NpernogaBaTesiel.

«['ocTb» MOXKET TOMBKO MOCMOTPETh HH(POPMALHIO 63 BO3MOXKHOCTH U3MEHEHHS,
pelakTUpPOBaHUS U ynaseHus. /s Kjiacca «rocTb» HEOOXOOUMO peasii30BaThb CJe-
Ayloliie QYyHKLIHUU:

® CKauMBaHHEe HOPMATHUBHBIX JOKYMEHTOB;
® IPOCMOTP MH(OPMALUH O NMPOUAEHHBIX U 3aMJAHUPOBAHHBIX MOBBIILIEHUSX KBa-
JU(PUKaALUH.

PaccmoTtpum HekoTopble UHTepGeHch U3 pa3paboTaHHBIX B JaHHOM MpoekTe. Tak
IJ151 TI0J1b30BaTeNsl cTpaHuua Mony/asi «HopMmaTHBHble NOKYMEHTBbl» HMeeT BBbIBOI B
BUZe TaOJ/MLBbl, Ile K KaXAOH CTPOKe IpPUJIOXKEeHbl OCHOBHble (DYHKLMH: CKayaTb
LIOKYMEHT, TOMeHsITh UM (aiiia B 6ase, ynanuTb (aiya U 3arpy3uTb HOBBIH (aii,
B COOTBETCTBHUHU C PUCYHKOM .

Crpannua Monyns «3amn/jaHUpOBaHHBIE KBaJU(PHUKALKH» C PacloJiokKeHHeM oc-
HOBHBIX 3JIeMEHTOB: BbIOOpPKa MO ToAay, BblOOpKa Auana3oHa, TabJsuiia, COPTHPOBKA
10 3aro/IOBKaM CTOJIOLOB U (PYHKLHOHAJNbHbIE KHONKH IPHUBENeHbl B COOTBETCTBHUU
C PUCYHKOM 2.

Jlo6aB/ieHre 3an/aHMPOBAHHOrO NOBBLILIEHUS KBa/JIU(PHUKAUUU — BCe NaHHblE 3a-
MOJHAITCS agMUHUCcTpaTopoM, Beioop PO npenonasaress U3 BelMafaoLIero Cuc-
Ka MPUBELEHO B COOTBETCTBUM C PUCYHKOM 3.

Takxe npu BBOe AaThl aAMMHHUCTPATOPY HET HEOOXOAMMOCTH BBOAUTb AaTy B
¢opmare, noHnmMaeMoM 0a30d. 31eCh HCIOJNb3yeTCs IMOAKJOUAEMBbIH KajeHaapb C
MIPUATHBIM AHW3aHHOM, TJie JIETKO MOXKHO BbIOpATh ONpeNeséHHYI0 NaTy, U 3HAUEHHSs
aBTOMAaTHUYECKH 3aHeCyTCsl B MOJIe.
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© (@ [ [E] | 88 / & Hopmemonbie goymer: X \ 4} localhost /127,001 / bes % — — = |
<« C M [ localhost/kvall/n_d_show.php | =
i3 Mpunoxcerins || MpocwoTp pefirur,

HOPMaTVIBHbIe AOKYMEHTbI
HassaHne (‘)ﬂﬁﬂa Crayatb MOMEHATL YaannTs
wMs daiina | pain
BGase
E— % W ®
YKa3aHuA N0 HaNMCaHHIo 0THETa O NPOXOKASHUN KBanHpUKaLm1 é B ®
T —— é L ®
"= @ = A
Puc. 1. Crpanuua monynast «HopmaTHBHBIE 1OKYMEHTBI»
© (@ [0 ([E B8 /% 3annannposarmbie sany % \ 4, localhost /127001 / bas: % .9
& = @ [ localhost/kvall/kval_zap_show.php al =

i Mpunoxerna ] Mpocmorp peitrunr,

TI0BLIWEHIE KEANABHKALIAN

Mpoligentsie

HOPMATHBHEIE A0KYMEHTE!

3aNNaHIPOBEHHEE

P

BribepuTe r0g;
[ * [Batpare

Emﬁewrennanssw

[ " |Buspars]
Cpoon Mecro TemaTuca aTa | Nipameuanw Pepaxrn | Yganums
NDOXOAEEHNA | MpOXOKAEHHA nnemmlm posaTe
xypcon

ﬂapm:a
Enagimanpos

Wesvyk Onera

30
Bnagimposa

YVwakosa

VINMK ey

VINK CRrY

WINTK eRTY

raw.uapcraemm 20120403 :;"““‘

WNMK CKTY,

i Hank M \\
rpynne(sa cueT |

cKrY)

20110606

"
obyueHiA

WINMK CKIY,
e NP HENHYMM N5
2011-02-08
CKIY)

Puc. 2. Crpanuna Monyns «3aniaHWpOBaHHBIE KBaJH(DHUKALNH»

»

PenaxkTrpoBaHMe 3anaHUPOBAHHBIX MOBHILIEHUH KBaMU(PUKALHUH OCYI1eCTBISET-
csl yepe3 (opMy, Iie B IOJs 3aHOCUTCS y»Ke BHeCEHHast MH(popmauus, 1/s yao06-
CTBAa M3MeHEHHUH, HO ToJb30BaTesNb H0JKeH BHOBb BbiOpaTh PHO mnpenonasaress
M3 BblIMafamollero crnucka, tak kak biBog PHO npu nobassenuu B dopme penak-
THPOBAHHUS SIBJSETCS HEKOPPEKTHBIM (MeHseTCsl KOIMPOBKA TeKCTa), TNPHUBEIEHO B
COOTBETCTBUHU ¢ pucyHKoM 4. CtpaHuua «Jlob6aBieHue MHGOpMaLUU» peasu30BaHa

B COOTBETCTBHUHU C PUCYHKOM 5.

[Ipy no6aBsieHUH MPOHAEHHOrO MOBbILIEHHS KBaJIU(PUKALMHU M0Jb30BaTe0 He0b-
XOLUMO BHECTH JaHHble W 3arpy3uTb CepTU(PHUKAT U OTUET O MPOXOXKAECHUHU KYpCOB,
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LYRER | 22 /3% 3annannposarmsie ksan %\ i), localhost /127,001 / bas: %

o5l =

€« C A [ localhost/kval1/kval_zap_show.php?action=addform
3 Mpunoscera [ Mpocwotp peiirnr..
Moswenne Keanukatym HopmaTheHLIe fokymenTs 3annakiposaHHLIe

MpoiienHbie

NoBasButb

Mpiesakna®

Puc. 3. ®opma no6aBneHus 3anaaHUPOBaHHBIX KYpPCOB

A RMR 88 4 localnost /127001 [ bas % / 8 3annaruposasnsie kaany x

€« C f [ localhost/ky

5 Mpunoxcerna | ') MpocmoTp peiTunr...

tkval_zap_show phpZaction=editform&id=29

Pepaktuposatb
ABMHHICTRATOP He 3a0yALTE, NP1 PEAAKTHPOEAHHN 2ANNCH, BHOBE Bbi3paTe SO npenojasaTena

BuiGepure npenoasarens

Cpokt npoxoxaeHIi 40
MeCTo NpoXoa eHrA WNNK CKry

Tematuka V1ayueHne roc/IapciBeHHora Asbika
Jlata npeAsIAYLY X kypCoB(rTTT-uni-44)2012-04-03 [i]

WK CHTY mpw mamram rpymm({sa cuer CKTY)

Mpumeuakia”
P
Corpanime Omenie
B

Puc. 4. ®opmMa penakTHpoBaHUs 3aMJaHUPOBAHHBIX KYPCOB

IPU BBOAE AATbl IPOMCXOAUT MPOBEPKA, B Cjydae €CJd JaTa Hadaja OoJiblle JaThl
OKOHUYaHUS, MPOUCXOAUT BbIBOA 006 ouinbke. TakKe mpoBepka Ha BBOJ BCEX NAHHBIX
TNpHBeleHA B COOTBETCTBHH C PUCYHKOM b.

Hurepdeiic crpanuiibl «[IpolineHHbIX KBanupUKaUnii» ¢ pacnoioKeHreM OCHOB-
HBIX 3JIeMEHTOB pea/iM30BaH KaK Ha CTpaHMLe «3alJaHUpOBAHHbIE KBATH(UKALUUY.

B pesynbrare BbIMOJHEHUS MPOeKTa OblIM W3YUeHBbl JOKYMEHTBI M0 TOBBILIEHUIO
KBaJU(UKaLMK [IpernojaBaresel, CIpoeKTUpoBaHa 0a3a NaHHbIX, BBIIIOJHEHB! pa3pa-
60TKa, TeCTUPOBaHME U OT/NaAKa Web-NpUIoKeHHUS.

PaspaboTaHHBI MOAY/b aBTOMAaTHU3UPYeET MPOLECC AOKYMeHTO000poTa Kadeapsl
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LYRER | 88 . localhost /127001 / bas: % / % Mpofigenmbie ksanndumca X
<« C M [ localhost/kvall/kval_proid_show.php?action=addform

i Mpunoxerna [ MpocmoTp pefirunr...

ImaeHan CocTas kathenpbl HayuHan pabota Llenu B 0bnacTv kauecTsa Cnelj#anbHOCTH Halum BbINyCKHAKA

MoBbiweHue KeanpukaLm HopmMaTuBHbIE JOKYMEHTbI 3annaHupoBaHHble Mpolinetsie

HNobaBuTb
Eb\ﬁEpliTE npenojasaTens
TemaTuka
MecTo NPOXOKAEHHA
[lata Hauana kypcos(rmrr-Mm-a1) 5]
[lata OKOHYaHWA KypCOB(ITIT-MM-1) 3
3arpyauTs cepTudmKkaT BeiGepute daiin | daiin e suibpan
3arpysuTh OT4ET Buibepute gaiin | Daiin He suibpan

Coxparne Ommermre

<«

] —~ —_ — .

Puc. 5. ®opma nobaieHus HHpOPMaLUH

WC, ynpowas no6aBjeHue U 4yTeHHe HHGPOPMALMU O MOBBILIEHUH KBaJU(DHUKALHUH
npenonasateseld. [lockonbKy NaHHBIH MOAY/b BIepBble OyAeT HCIOJNb30BaH I/ Ka-
¢denper IC, To B uTOre OyneT oTBeUaTh CJAeAYyIOMIUM TPeOOBAHUSM:

® CKayMBaHHEe HOPMATHBHBIX JOKYMEHTOB,;

® [IPOCMOTP MUH(OPMALUU O TOBBILIEHUH KBaJH(DPUKALNH;

e yIpaBJ/eHHe HOPMATUBHBIMHU JOKYMeHTaMH;

e yrpaBJ/eHHe HH(GOPMALMEH O TOBBILIEHUH KBaJIU(PUKALIUHU.
B nanbHeiem Monynb MoxeT ObITh 10paboTaH, a UMEHHO: peajl30BaHO yBelOMJIe-
HUEe O HeoOXOOUMOCTH IMPOXOXKAEHUS MOBBIIIEHUS KBaJW(PUKALKH, OTIPaBKa c000-
ILleHHs Ha BHYTPEHHIOIO MOUTY NpernofaBaTels.

N.V. ASTAPENKO, R.K. SHOTKIN

N.V. Astapenko
Senior Teacher, Magister, e-mail: astankin@mail.ru
R.K. Shotkin
Student, e-mail: astankin@mail.ru

North Kazakhstan State University n.a. M. Kozybayev, Petropavlovsk, Republic
of Kazakhstan

Abstract. The main idea of the project consists of creation of the web application
"Professional development" for the account and management of the reporting doc-
uments connected with professional development of the faculty of higher education

institution.

Keywords: web application, system of document flow, professional development.
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COBPEMEHHDBIE TEHAEHIIUU IIPUMEHEHUA
CYIIEPKOMIIBIOTEPOB B MH2KEHEPHOM JIEJIE

H.E. EBgokumoB
K.(.-M.H., e-mail: i.evdokimov@rus-helicopters.com

HHULL AO «Beptonérsl Poccun»

AnHoTauusa. B cratbe mpoBeiéH aHanu3 pasJUYHLIX paboT B 0OJACTH MPH-
KJIaJIHOTO KOMIIBIOTEPHOTO MOJENHPOBAHUS (pU3HUecKUX InpolueccoB. OCHOBHOE
BHUMaHHUe yJeJseHO BONpPOcaM MOJe/JHPOBaHUS Ta30AMHAMHUYECKUX MPOLECCOB,
MMeIOLIUX OO0J/bLIYI0 BBIUUC/IUTEbHYI0 €MKOCTb W TpeOyIoLUX peasn3alun
CJIOXKHBIX aJTOPUTMOB paclpefesnéHHbIX BblUMcAeHHH. Ha mpumepax aByx 3a-
Jlau pacyéTa TeueHUs B OCEBOM KoMIpeccope, nocrtaBiaeHHbx B 2009 u 2013-
2014 rr. B pasHbix yHuBepcutetax ®PI, mokazano moutu TpéxkpaTHOe yBeJsH-
yeHHe MKOCTH 3alauH, a Takxke NPUMepHO 14-KpaTHoe yBeJUyeHHe 3a[elCTBO-
BAaHHBIX BBIYUCJUTENBbHBIX pecypcoB. OTMeueHO, YTO 3afa4dl YPOBHS HAyUHOTO
yHUBepcuTeTckoro uccaenoanns 2009 rr. B HacTosiliiee BpeMsi yXKe SIBJSIOT-
csl MHAYCTPHANBHBIMM 3afadaMH, KOTOpPble MOTYT ObITb pellleHbl HHXKeHepaMH
JIOCTaTOYHO BBICOKOH KBaM(PHUKALKUK C MPUMEHEeHHeM COBPEMEHHBIX PACYETHBIX
NporpaMM W MPOMBIILIJIEHHBIX KJaacTepoB. [lomumMo oco6bix TpeGoBaHUE K KBa-
JU(UKALUK HHXEeHepOoB-HCcCleloBaTeell U3MeHeHe HHCTPYMEHTOB U MOJX0/10B
K paboTe OT/HeJ0B HH(POPMALIMOHHOTO oOecreyeHUs: Takxke TpeOyeT MOATOTOB-
KU OCOOBIX CIE[HAJUCTOB B 00JACTH pa3paboTKH MPUKJIAAHBIX MPOTPaMM [Js
yIpaB/eHHs KJacTepaMy, aIMUHUCTPATOPOB BHIYMCIUTENbHBIX CHCTEM U paspa-
OOTUMKOB aJTOPUTMOB pacrpefeqéHHbIX BblYUCAeHUH. [IOMHMO BBIYHCIHTEb-
HBIX KJIaCTEPOB, KOTOPbIE yXKe CTaJU TPaAUIHOHHBIMA KOMIIOHEHTaMH J060T0
MCCJ/IeI0BAHHUS, CBS3AHHOIO C KOMIIbIOTEPHBIM MOJE/HpOBaHHEM B JIIOOOH Ha-
YyUHOH 00/1aCTH, B CTaTbe YyJAe/JeHO BHHMaHHe HCIOJIb30BaHMIO T'paduuecKux
yckoputeseil (GPU) u texnosorun CUDA nsisi yiyuiieHHs: KauecTBa KOMIIbIO-
TEPHBIX MOJeJed W CHHXKEHHSI PAacXOlOB Ha BblYHCJEHHS. DblIM paccMOTpeHbI
pesysbTaThl, ONyOJHMKOBaHHbIE B pPa3/M4HbIX pabotax B PP u 3a pybexom, no-
CBSILLLIEHHble pa3paboTKe ClelHaNbHbIX pellaTesel ¢ UCMOJb30BaHHEM BO3MOXK-
Hoctet GPU. B uacTHBIX cayuasx, pa3paboTuMkaM TakKUX peliartesed ynaércs
IOOUTbCS 3HAUUTENBHBIX Pe3y/bTAaTOB B MJaHe YJIydlleHWs YHHUBEpPCAJbHOCTH
CBOMX pacCuéTHBIX Mporpamm OJarogapsi LIMPOKOMY HCIIOJNb30BAHHUIO T'OTOBBIX
OUO/MHMOTEK U MeTalporpaMMHUPOBAHHUIO.

KuroueBbie cj10Ba: BbICOKONPOU3BOAUTEJbHBIE BEIUUCAUTE/bHBIE CHCTEMBI, KJla-
CTepbl, KOMIIbIOTEPHOE MOJeJHpOBaHHe, HHXKeHEepHBIH aHaJ/u3.
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Beenenue

[IpoekTHpoBaHUe COBpeMeHHOH TEXHUKU B Hallle BpeMsl He MOXKeT 0OOUTHCh 6e3
NPYUMEeHeHHs] Pa3HOOOPA3HBIX BBIYMCJUTE/bHBIX cpeAcTB. HecmoTps Ha HepoctaTku
YMCJIEHHBIX MOJeJlel, SKCIIepUMeHTa/lbHble MCCJIeJOBAaHUS NIPOJOJIKAIOT COKPALLaTh-
cs B oOulel jgoJie UCCJeloBaHUH NPU BHEIPEHUHM HOBbIX M300peTeHHH U CO3[aHHUU
HOBBIX 00Pa3LOB TeXHUUYECKUX yCTpoHcTB. HecMOTpsl Ha OTUETIIMBYIO TEHAEHLUIO K
yBeJIMUeHHI0 MaclTaba MaTeMaTHYeCKUX MojeJseld, CTOMMOCTb U 9HEPro3aTpaTHOCTh
KOMIIBIOTEPHOIO MOJE/NHPOBAHUSl CHHUIXKAETCs, B TO BPeMSl KaK CTOMMOCTb IpOBeJe-
HHUS U CJOXKHOCTb 3KCIepUMeHTa — pacTyT.

KosnuecTBO BBOAMMBIX B CTPOH CyNepPKOMIIBIOTEPOB HeNpepbiBHO BO3PacTaerT.
CoBpeMeHHBI MHXKeHep MOXKeT MMeTb Ha paboyeM MecTe KOMIbIOTEpP, HE MbICJH-
Mblii ewé 15-20 net Hasan. B xypHane Innovative Supercomputing in Deutschland
[1] omy6aMKOBaH 3HAUMTEJbHBIH CIHMCOK YHHBEPCHUTETOB [epMaHHH, OCHAIEHHBIX
BBICOKOIIPOU3BOJUTE/IbHBIMH KJIACTEPHBIMU CHCTEMaMH. fBHBIMM JHMAepaMH CIIHCKA
www.top500.org siBasitorcsi yHuBepcutetsl CILIA, onHako, 3aMeTHBlEe MecTa B HEM
3anuMaoT Kurta#, dnonus, I'epmanusi, PpaHuus U yHUBEPCHUTETHl APYTUMX €BpO-
MelCKUX CTPaH, UTO SIBJsSETCS MOKa3aTesieM Pa3BUTHS HAayKH W TeXHUKH. B crucke
TOP500 ¢urypupyioT He TOJNBKO rOCylapCTBEHHbIE HHCTHUTYTHI, HO M YaCTHBIE KOM-
MaHUM B cepe aBHALLMM, KOCMOHABTHKH, 3JIEKTPOHUKH M Ja)Ke CTPaXOBble KOMIIa-
HHH.

[IprmeHeHnue cynepkomnbioTepoB B Poccuu BCTpeuaeT psifi CHCTEMHBIX NMPOOJEM,
npexJe BCero CBSI3aHHbIX C HEeJOCTAaTKOM CIHEeLMaJUCTOB B Pa3JUUHBIX 00/1acTAX:
KBaJU(UIHUPOBAHHBIX UHXKEHEPOB, YMEILIMX M0Jb30BaThCs TEXHOJOTHAMU MacIlTa-
OHUpyeMBbIX BBIUMCJIEHUH; CHCTEMHBIX aIMUHUCTPATOPOB, CIIOCOOHBIX MOAAEPXKHBATH
KJIacTepbl Ha NPedNpUATHSAX U B YHHUBepcHTeTaX. [laHHble CUCTeMHble MPOoOJIeMBbl
MOAMHUTHIBAIOT CTEPEOTHIIl B OTHOLUEHUM NMPHUMEHEHHUS KJaCTepPOB U CYNEePKOMIIbIO-
TEPOB B HAYYHOH U MHXKEHEPHOH HesITeNbHOCTH.

O6pa3oBaHue CHEHATUCTOB B TEXHUUYECKOH, HHIKEHEPHOH 00J1acTH HMeeT cJa-
Oyl0 CBSI3b C TEXHOJIOTHSIMU BbICOKONPOU3BOAMTEJbHBIX BblUuMcAeHUH. [laHHasi Te-
Ma Jaubo He paccMaTpuBaeTcss B KypcaX HH(pOpPMaTHKH, JUOO He 3aTparuBaeTcs
B CIelUa/JU3MPOBAHHBIX KypcaX IpernojaBaTessiMU B CHJy OTCYTCTBHSA AOCTYNa K
KJIaCTepPHBIM CHCTeMaM M3 y4yeOHOro KJacca.

OnpenenéHHbIN porpecc B JaHHOM HampaBJieHWH Obl1 JOCTUTHYT B paMKax Ipo-
rpaMMbl «YHUBEPCUTETCKHUH KJacTep» B OTHeNbHbIX By3ax. [Iporpamma ymnyduinna
CUTYalUIO C HAJUYHMEM BBIUMCJAHTENbHBIX CUCTEM B yueOHBIX 3aBe/leHUsX, OIHAKO,
BONPOCH! PUMEHEHUS] ITUX CUCTEM LEeJUKOM U IMOJHOCTBIO 3aBUCAT OT JIOKAJbHbBIX
YCJIOBHUH Y JIMUHBIX Ka4eCTB JIO[eH, KOTOpble 3aHUMAIOTCS IpobieMaMu 00pa3oBaHuUs
B By3aX, OCHALLEHHBIX CYNePKOMIIBIOTEPAMH.

1. COBpeMeHHBIe HWHIXKEHEPHbIE 3ada4Yi U CYIIEPKOMIIbIOTEPbI

MoxXHO OLIEHUTb NUHAMHUKY pocTa MacluTaba WHXKEHEpHbIX 3ajau Mo psay nyo-
JUKaLUWHA B CHeLHaJU3WpOBaHHBIX KypHanax. Hampumep, B xypHane inSeDe 3a
2009 ron [2] 6blna omyGuaukoBaHa crtathsl «Numerical Investigation of a Highly



176 HU.E. EBnokumoB. CoBpeMeHHbIe TEHAEHIHH IMPHUMEHEHHS. . .

Loaded Axial Compressor Stage with Inlet Distortions». Ilpu npoBenennn asponu-
HaMHUYeCcKOro pacuéra KOMIpeccopa aBHALMOHHOTO JBUTraTess HCIO0Jb30BaJjlach pac-
uyéTHasi ceTKa KoJIu4ecTBOM y3J0B 6osiee 50 mMuanoHoB. CTalHOHApHbIE U HECTAllU-
OHapHBle BBIUKCJEHHs mpousBoauanchk Ha 130 mpoueccopax, obiiee KOJHUUECTBO HC-
M0JIb30BaHHOM MaMsTH cocTaBuyo 495 ['6. C TaKUM KOJIMYECTBOM TMPOLECCOPOB Oblya
JocTUrHyTa npoussBopuTesbHocTb 3000 uTepauuii B 1eHb, BCEro pacyéT MpOBOAMJICS
6 MecslleB 17151 HeCTalMOHApHOro pacyéra, cocrosiuiero M3 128 maros no gusuye-
cKoMy BpeMeHH. [sis1 pacuéToB ucrnosb3oBascs cynepkommbioTep Leibniz Computer
Center in Garching.

B pa6ote 2014 roga «Numerical simulation of the rotating instability in an axial
compressor stator», mpencraBnenHodl Ha KoH(epeHuun CEAA B r. Cersoropcke
[3] ObLIM H3JI0’KEHBI Pe3y/IbTaThl M0 YHUCJIEHHOMY MOAEJIMPOBAHHIO KPYTOBOI'O CPhIBA
B Komnpeccope. Mopesb Kommpeccopa coctosizia U3 188 3jeMeHTapHBIX 0OBEMOB,
B JaHHOM CJy4ae MPOBOAMJICS HECTALlMOHAPHBIH pacyéT, BeIYUCAeHUS Aauauch 40
nHedl Ha 1860 mpoueccopax. O6muil 06BEM padoTel oueHMBajCA B 1,8 MuIMOHA
gyacoB mnpoueccopHoro BpemeHu (Supercomputer HLRN-II of the North-German
Supercomputing Alliance).

W3noxxeHHble npuMepsl, 6e3ycJOBHO, pasjuuyaloTcss nmo xapaxkrtepy. OueBHAHO,
IJs JaHHBIX pabOoT OCYIIeCTBJAACh pas3/iuyHasi Mo oOBEMY MOAJAEPKKA HCCJeNo-
BaHUH M3 pas3inyHbIX (POHHOB. Ho MOKHO ¢ yBepeHHOCTbIO CKa3aThb, UTO Hay4yHas
pa6ora 2009 roga no o6bEMY BBIUHCJIHUTEJNbHBIX PECYPCOB IIPUMEPHO COOTBETCTBYET
BO3MOXKHOCTSIM PSIIOBOTO TPOMBIIIJIEHHOT0 KJacTepa CEerofHsl.

Bodo Reimann B npeseHTauuu [4] NpuBOOUT psil 3agad U3 00/aCTH KOCMOHABTH-
KW U XapaKTepU3yeT UX BbIUUCAUTE/bHYIO CJI0KHOCTb. Kak npaBuso, faHHBIE 332Ul
MUMeIOT OTHOLIeHHe K 00JIaCTH BBIUMCJUTEJNbHOH ra3oBOH AUHAMUKH. PaccmoTpum
3TH 3ajauu:

1. 3apaua pacuéra GapTHHra ocHOBaHHs pakeTbl Ariane 5: 12 MHUJIHOHOB y3-
qoB, >350000 CPUh nmasi mopmenupoBanus 100 ms peasibHOro (pU3HUUECKOTO
BPEMEHH.

2. BsanmopeiicTBre (pakesoB ABUraTesed B KocMoce: 2 MUJJIHOHA siueek, 80 MuJ-
sauoHoB yactull, 120 cy6momenos ~35000 CPUh maa 130000 wmiaros B mMeTome
Monte-Kapuo.

Kak Mbl BUAMM, 3a1aua MOLeNHPOBAHUS PAKETHOIrO JABHUraTtesisi O CBOEMY Mac-
tady HaXOAMTCH OOCTATOYHO OJM3KO K 3ajaye MOJEJHPOBAHUS CPbIBA B OCEBOM
komrpeccope. [Ipy HeoOXonUMOCTH MoOAeJNUPOBaHHs OoJiee NJIUTEJbHOrO BpeMeHH
BBIYMC/IUTE/bHbIE CJI0OKHOCTH 3aa4 MOTYT CPaBHATBCS.

[loBcemMecTHO B NpakTHKe WHXKEHEPHBIX PACYETOB HaOJ/I0NAeTCsd OTXOH OT 3M-
MUPHUUECKUX Teopul. PaKT HMeeT OTHOILLIEHHe K 06JIaCTH BBIUHUCIUTEbHOH Ta30BOH
IUHAMHUKHU U CBSI3aH C YMeHblIeHHeM HCI0Jb30BaHUS Mofiesiell TypOyleHTHOCTH, pas-
pa6otanubix ¢ 1940 mo 2000 rr., UMeOLUIMX 3HAUUTE/bHbIE SMITUPHUYECKHE OCHOBHI B
CBOUX (HOPMYJIUPOBKAX.

Bospacrarwiias BbIYMC/IUTENbHAS CJI0XKHOCTb 3afady TpeOyeT COOJIONEHUS MHO-
rUuX TpeOOBaHUU K UCNOJAb3yeMOMY OOOPYLOBAHUIO U MPOrpaMMHOMY 0OecleyeHHIo.
HecmoTpsi Ha BO3MOxkKHOe cOOJ/II0[eHHe 3aKOHA MaclITaOUpPOBaHHUS, peasibHasi MPOU3-
BOAUTEJbHOCTb CUCTEMBI MOXKET CUJBbHO CTpPajaThb MPHU HENPaBUIBHOM OOC/YyXKHBa-



Maremarryeckue cTpyKTypbl H MoaeaupoBaHue. 2014. No4(32) 177

HHH OHean,I/IOHHOﬁ CHCTEMBbI H O6OPYHOB3HI/IH. [TocTossHHBIN KOHTPOJIb 3a COCTOA-
HHEM BbIYHUCJAUTEJJbHOI'O KJacTepa CTAaHOBUTCSHA HaCYLLLHOIjI 3ajauedt aJs ar000H opra-
HHW3alWH, KOTOpasd €ro UCIoJb3yeT.

2. Bpruucaenusa Ha GPU. Tengenuuu B HPC nas nHKeHepoB

3a BCE BpeMsl Pa3BUTHS TEXHOJOTHHU Pacy€TOB Ha rpauyecKHUx Mpoleccopax,
unu GPU, B ocHOBe KOTOpPBIX, Mpexae Bcero, jexut TexHosorus CUDA komnanun
nVidia, HakomnsieH GOJBIIOH OMBIT MPUMEHEHHUS paclpelesNéHHBIX AJATOPUTMOB BBI-
yncseHuid. PaboThl B 06/1aCTH BEIUKCINUTEbHON razoBoil fuHamMmuku Ha CUDA yauge
MMeIOT Hay4HBIH XapakTep [5].

DTO CBSI3aHO CO CJIOXKHOCTbIO MPOEKTHUPOBAHUS BBHIYUCIUTENBHOTO AJTOPUTMA H
TpyIHOCTbIO ero peanusauuu. [losromy kpyr 3anau, peiaembix Ha GPU B yacTHbIX
Hay4HO-HCCJIeN0BATeNbCKUX MPOEKTaX, He BeJIHK.

OnHako B mocjenHee BpeMsi HAMETHJ/NCh TEHIEHLUHH K CO3JAHHUIO YHUBEPCAJb-
HBIX PACYETHBIX MPOrpaMM JJIs UHUCJEHHOTO MOJEJHPOBAHUS C HCMOJIb30BAHHEM
CUDA. OpnHo#t u3 HauboJiee SIPKUX $IBJsI€TCS NpOrpaMMa NEepPMCKHX pas3paboTdu-
koB GHOST CFD [6]. OcHoBHble KayecTBa NaHHOW MPOrpaMMbl: HCIOJb30BaHUE
MEeTOI0B BBICOKOT'O MOpsiiKa AJs pacuéra TypOy/JeHTHBIX TeYeHWH, HUCIOJb30BaHUE
BUXpepasperaniliX MEeTOL0B AJsl ONUCaHUs TYpOyJeHTHOCTH. Bo3MoKHOCTL Mofe-
JIUPOBAHUs aKyCTHUECKUX siBJeHHH B cpefe. B noknane Ha koH(pepenunu CEAA
2014 r. aBTOpBl MPOAEMOHCTPHUPOBAJIM XOPOLIYIO MPOU3BOAUTENBHOCTh pa3paboTaH-
HOM mporpaMMbl NMpU pellleHHH 3aayd pacyéTa LiyMa BeHTHUJTOpa aBUALlMOHHOTO
nBuraress. [lokasaTenn npou3BOAUTENBHOCTH CPABHUBAJUCH C LIMPOKO pPacnpocTpa-
HéHubIM KomriiekcoM ANSYS CFX. B pesynbrate pacyéToB 1MoKazaHO MpewMylile-
CTBO B CyMMapHOM BpeMeHH pacuéra Ha BBIUHUC/JIUTENbHOH CHCTEME, OCHALIEHHOH
GPU.

[ToBBIlIEHHBIH HHTEpPEC K CO3JaHHI0 YHHBepCaJbHBIX MPOrpaMM C IpUMeHEeHHeM
crnenuanusupoBaHHbix npoueccopoB GPU nHa 3amanme nokaseiBaeT co3faHue W ak-
THBHas padpabotka mporpammbl pyFR (http://www.pyir.org). [aHHbIH pacyéTHBIN
Kommieke paspabareiBaetcs B Imperial College of London B Tom uncse /s KoHuep-
Ha BAE. B uesom oH xapakTepudyeTcsi aHaJOTMUHBIM MOAXOAOM: HCMOJb30BAaHHUEM
MeTOJI0B BBICOKOTO MOpSiiKa JJisl OfHOBPEMEHHOro pacuéra TypOyJeHTHbIX TeYeHHH
U IBJE€HUH a39pP0aKyCTUKH BHXpepaspellaolluMyd MeTOAaMHU JIsl pacuéra TypOyneHT-
HocTH. [lnaHupyercs peanusanusi conpskéHHbIX MeTonoB pacuéra (Fluid-Structure
Interface) masi coBMecTHOro pacuéra KOHCTPYKLHs — oOTeKalolias cpea.

Cy1ecTBeHHbIE TPEUMYIIECTBA B TIPOM3BOANUTE/BHOCTH (IeCATKH pa3) MOKa3blBa-
IOT, UTO NPU CPABHHUTEJbHOH CJIOXKHOCTH pacuéTHbiX momesedt GPU obecrneunBaior
MeHBLIYI0 pecypcoémMKocTb pacyéToB. HecmoTpss Ha TO, UTO MeTOAbl pacuéra Ha
GPU apanrtupytorcs anas takoro nakera kak OpenFOAM, npenmyiiiectBa TeXHOJO-
THH 3a4acTylo peaju3yloTcs B MeHblleM oObEMe, 4eM B caydyae pa3pabOTKH HOBOTO
peliatesisl ClelualbHO 1/ rpaduueckux yckopureseid. Ilpu stom onblT mpoekTta
pyFR yxe nokaseiBaeT TO, 4TO clielHaU3UPOBAHHBIA KO MOXKeT ObITh HEOOJbIINM
— 5000 crtpok nas ypaBHeHu# HaBbe-CToKca B NpenrnosioXeHHH CXKHUMaeMoi cpe-
nbl. B To ke Bpemsi yckopenue pacuéta Ha GPU nns OpenFOAM uaure Bcero
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p33pa6aTbIBaIOTCH JJ1 HeC2KMMaeMbIX pemaTEHEﬁ, U 3TO CBSI3aHO C 0COOEHHOCTSIMHU
aJITOPUTMOB peLHaTeJIteI JUIS1 C2KHMaeMoH cpennl.

3. OOumue BLIBOAbI

OueBunHO, B GanKakieM OynyiieM OyneT MpoaoJ/KeHa pa3paboTKa Crelurasu-
3MPOBAHHOTO MporpaMmHoro o6ecrnedyenus anas pacuéros Ha GPU, 3to cBs3aHO ¢
CYLLeCTBEHHBIM MPUPOCTOM MPOU3BOAUTENBHOCTH AAHHOTO BHAA CUCTEM 10 CpaBHe-
HUIO C TpoleccopaMu obulero HasHadeHus. [lonoxxkutebHbIM (hakTOM SBJSETCS TO,
uTo Takue pas3paboTku Kak PyFR siBisiioTcs OTKPBITBIMH, UTO MO3BOJISIET UCIOJb30-
BaThb YK€ UMEIOILHHUCS OMBIT U CKOHLEHTPUPOBATHCS B MOJYyUYEHUH HOBOI'O 3HAHUS U
HOBBIX BBIYHCJHTEIbHBIX METOJOB.

Yke 3apekoMeHIoBaBlIHe ceOsi nporpamMHble makeTsl OpenFOAM usiu ruraHt
ANSYS, 6ynyT peanu3oBbiBaTh CBOU COOCTBEHHBIE METOABI PACUéTa, UCIIO/b3YIOLINE
JOCTOMHCTBA TpauuecKhX MNpoLeccopoB. Takod BapHaHT pa3BUTHSI COOBITHH yxke
HabJstonaercst 151 otkpbiToro nakera OpenFOAM. J1060# OTKPBITBIH MPOEKT MOXKET
CTaTb MEXIYHApONHBIM, & y4acTBYyIOLIMe B HEM yYHUBEPCHUTETBI MOTYT MPHOOPECTH
nepefioBOM OMBIT, 0OMEHUBASACh APYT C APYTOM NOCTHKeHUAMHU. [losaTomy s ymayd-
ILIeHHS1 KauecTBa MOATOTOBKH CIELHaNUCTOB CO BCEX CTOPOH BaXKHO BCTPAHMBATHCSH B
CUCTEMY MeXXIyHapOAHBIX MPOEKTOB.
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Abstract. Modern approach to high performance computing is discussed in the ar-
ticle. It describes several large scale engineering and computational fluid dynamics
problems which were solved from 2009 to present times at different universities all
over the world. The growing interest for solving future engineering problems is in the
using of the graphical processor units and the developing of the universal software for
using in GPU systems.
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1. IJKcTpemMasbHOe MPOrpaMMHUPOBAHUE

DKCTpeMabHOE TPOrpaMMHUPOBAHHE — METOLOJOTUS pa3paboTKKU MPOrpaMMHOrO0
obecrieuenus (manee — I10), mpupymanHas rpynmoi paspadotuukoB (Kent bBek,
Yopn Kanuunrem, Maptun Paynep u np.). [IpumeHeHHe 3TOH METOHOJOTHH NAET
BO3MOXKHOCTb OBICTPO pa3pabaTbiBaTb OHU3HEC-NIPUNOKEHHUS, a TaKXKe AT O0JbLIYIO
rUOKOCTb MPU pa3paboTKe B clydae H3MeHEHUS YCJI0BUH 3aKa3urnka. KCTpeMaabHOe
NporpaMMHUpOBaHHEe OPHEHTHPOBAaHO Ha paboTy B KomaHze. [Ipu aTom cylectByer
BO3MOXKHOCTb Pa3paboTKKU C MpPUMeHEHHeM 3TOH MEeTOLOJOrMHM OZHHUM pa3padoTyu-
KOM.

[IprmeHeHMre 3TOH MeTOHOJOTHU NaéT GOJblIOE MPEUMYILECTBO MPU pa3paboTke
6usHec-npusoxeHui. [leppoe — npumMeHeHHe pa3pabGoTKH yepe3 TecTHpoBaHUe (aH-
rs1. Test Driven Development, nanee — TDD) naér He ToJbKO HEKOTOPBIH YPOBEHb
rapaHTHM B KauecTBe MPOrPAMMHOTO MPOAYKTa (T.e. COOTBETCTBHSI M3HAYasbHBIM
Tpe6OBAaHUSAM 3aKa3uHWKa W TMOJHOTO COOTBETCTBHS 3aMBIC/TY Pa3pabOTUHMKOB), HO U
NaéT yBEepPeHHOCTb Pa3pabOTYMKOB B TOM, YTO HOBBIH (hyHKLHMOHAJ He OyHeT BHO-
CUTb KOPPeKTHUBHI B 6a3uc paspabarbiBaeMoil cucTeMbl. Kpome Toro, npu BeISIBIEHUU
ownbOoK B pa3zpaboTke UAKU HeYyuUTEHHBIX cuTyauud TDD naét yBepeHHOCTb B TOM,
4YTO owMOKa He MOBTOPUTCS BHOBb. Broc/jencTBuu, Npu AJNHUTeNbHOH pa3paboTke
6oJbIIMX cucTeM npuMeHeHHe TDD naér 6oJblioe npeuMyleCcTBO B CKOPOCTH pas-
paboTKH mepen TPaAWLHOHHBIMU METOHOJOTHIAMH.

Kpome TDD B 3kcTpema/sibHOe POrpaMMHUPOBAHHE COAEPXKHUT PSAL APYTHUX MpakK-
THK [1]:

e Koportkui nuks obparHoit cBsisu (Fine scale feedback)
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HWrpa B nnanuposanue (Planning game)
3akasuuk Bcerpa psaoMm (Whole team, Onsite customer)

[Tapnoe nporpammuposanue (Pair programming)

e HenpepbiBHBIH, a He MakeTHbIH Mpolecc
HenpepoiBaas unrerpauus (Continuous Integration)
Pecakropunr (Design Improvement, Refactor)

Yacrtole HeGosbive pennsbl (Small Releases)

e [loHuMaHue, pasnenseMoe BCEMH
[TpocroTa (Simple design)
Mertacopa cucremsr (System metaphor)

Konnextusnoe Bianenne kogoM (Collective code ownership) uin Bri6pan-
HbIMU 11abaoHamu npoektupoBanus (Collective patterns ownership)

Cranpapt konupoBanus (Coding standard or Coding conventions)

e CoumasnbHas 3alulleHHOCTh porpamMmmucta (Programmer welfare)

40-uacoBas pabouas Henens (Sustainable pace, Forty hour week)

[Ipn paspaGoTke KOMaHIOH H3 OJHOTO YesJOBEKA MHOTHE MPAKTHKH CJIHBAIOTCS
BO eIuHO. PelleHue o NprMeHEHHWH WM HENMPUMEHEHUH TOH WM WHOW MPaKTHKH
oCTaéTcs Ha yCMOTpeHHe pa3paboTuHKa.

[Ipu paspaGoTke OZHHUM 4YeJOBEKOM 3TOT 4eJOBEK CTAaHOBUTCS MU pa3paboTyu-
KOM, ¥ PYKOBOAMTEJEM MpoekTa. B ciyuae pa3apabOTKH HayuHBIX MPUJIOXKEHHH OH
sIBJISieTC ellé W 3aKasyukoM. [loaToMy MHOrue mMpakTHKH MOTYT «MyTHPOBAaTb» M
M3MEeHSIThCS.

[Io MHeHuIO aBTOpa, HauboJsee ynOOHBIM HaOOPOM MPAKTHK B TAKOM CJyyae SiB-
JISIOTCS:

1. TDD u pecaxropunr

2. HenpepriBHasi uHTerpaunus
3. Ilpoctora

4. Meracopa cuctembl

Pacmugpyem Kakablil U3 TEPMHUHOB.

PedakTopuHr — onTUMM3aLMs KOA POrpaMMbl C LEJIbIO IOCTHKEHHUS TPOCTOTHI
M YUTaeMOCTH Koia U Ap. 6e3 U3MeHeHHUs MoBefeHUs nporpammbl [2]. [IpusHakamu
KOJla, KOTOPble CBUETEJbCTBYIOT O HEOOXOMUMOCTH pedakTopuHra (T.H. «KOA ¢ 3a-
MaIKoM»), SIBJSIOTCS CJAeYIOLIMe SBIEHHUS:

L4 ILy@HHpOB&HHG KOoI4a,

e JJIMHHBIH METOL;
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e 0OOJIBLIOH KJlacc;
e JJIMHHBIA CIUCOK MapaMeTpOB,;

® «3aBUCTJIMBbIe» (PYHKLUHMHM — 3TO MeTOH, KOTOPBIH 4ype3MepHO obpaliaercs K
[AHHBIM APYTOro 00beKTa;

e 130LITOUHBIE BpEMEHHbIE [T€PEMEHHDIE;
® KJIACChbl JAaHHBIX;
® He CrpylnnupoBaHHbIE NJaHHbIE

Kaxablil 13 BbIlIEyKa3aHHbIX MPHU3HAKOB CBUIAETEJNBbCTBYET O TOM, UTO KOJ SB-
Jasietcss HeaPpeKTUBHBIM. be3 MopuduKauMM 3TOT KOA MOXKeT IOoBJedYb 3a OO0
el OoJsiblliee KOJUUECTBO HEONTUMAJIBHOIO KOA4, YTO B KOHEYHOM MTOre IPUBO-
OUT K TPYyIHOIIOHUMaeMOMYy KONy, KOTOPbIH OyleT coiepxkKaTb TPYIHO BbISIBJISEMbIE
owMOkU. MeTonpl pepakTOPUHTra MO3BOJNAOT ONTUMHU3HPOBATH NPOrPAMMHBIA KO U
UCKJIIOUaTh HaKOIJIeHHe OLIHUOOK.

[{uka onepauuit npu paspaboTke ¢ ucnosab3zoBaHueM TDD BBIMISANUT cleAyOILAM
o0pa3om:

1. Hanucanue tecta (onucanue 6ynyiiero pyHKIHOHAJA)

2. Hanucanue Koma — «3aryyliku» AJsi KOMIHJSLIHAE TPOrPaMMBbl

3. Hanwucanue mosHOro Kofa 1Jist TOTO, UTOOB! BBIMOJIHSJIMCE BCE TECTHI.
4. PeaKTOpHHT.

PedakTopunr sBisercs HeoTbemJseMol yactbio TDD. OnHum U3 crnoco6oB pedak-
TOpUHTa sIBJsieTcsl peaKTOPUHT C UCIOJb30BaHHeM I1abaoHOoB (nmatTepHoB). 1la6-
JIOHBl IPOEKTUPOBAHUSI — 3TO THUIIOBbIe NPUEMBI POrPaMMHUPOBAHMUS, MO3BOJISIOLINE
MX HCIO0Jb30BaTh B OOJIBLIMHCTBE ONepaluil NpU NPOeKTHPOBAHUU U pa3paboTke
nporpaMMHoro o6ecriedenus [3].

2. S.0.L.I.D.

Takxke B TpUJIOKEHHAX MOTyT ObITb MCIOJNb30BAHbl TMPUHUHUIB 00bEKTHO-
OPUEHTHPOBAHHOTO TpoeKTHpoBaHus, HasdbiBaemble S.O.L.I.D., nmo mepBbiM 6ykBam
Ha3BaHWU METONOB Ha aHIJIMHUCKOM si3biKe. [4]

Single responsibility principles — mpuHIUN eIUHCTBEHHOCTH OTBETCTBEHHOCTH
MO pa3yMeBaeT, YTO KaKIbli KJIacC NOJI’KEH BBITOJHIThH TOJbKO OMHY 3aauy (H0JK-
Ha JIeXKaTh TOJILKO OHA OTBETCTBEHHOCTh).

Open/closed principles — TPUHIKI 3aKPBITOCTH/OTKPHITOCTH TOAPa3yMeBaerT,
YTO CYILIHOCTH NOJIKHBI OBITh OTKPBITHI AJsI PACIIMPEHHS, HO 3aKPbITHI /151 U3MeHe-
HUH.
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Liskov substitution principle — npununn JIuckoB o3HayaeT, 4TO CYLIHOCTb MO-
xKeT OBITb 3aMeHeHa CBOMMM MOTOMKaMH (B paMKax Hac/el0BaHMs) 6e3 M3MeHeHHs
CBOHCTB MPOrPaMMBbl.

Interface segregation principle — mpuHuMN pasneneHHss WHTep(elica o3HaUaeT,
4TO pas/MYHble YacTHble HHTep(EHChl ABJAITCA Oosiee MPEeANOYTUTENbHBIMH, YeM
OfUH 60JbLION U BCeOOBEMJIIOIIUN UHTepdEC.

Dependency inversion principle — npuHIUN HHBEPCHM 3aBUCHMOCTeH MOApasy-
MeBaeT cieayollee:

1. MO,HY.HI/I BEPXHEro ypoBHA He NOJKHBI 3aBUCETH OT MOﬂy.HGﬁ HHU2KHEro ypoBHA.
Oba JOJI2KHBI 3aBUCETb OT 36CTpaKHI/II/I.

2. A6cTpaKuny He JOJIKHBI 3aBUCETb OT jAeTaseld. JleTasu NOMKHbBI 3aBUCETb OT
abCTpakKIUH.

3. OrpaHuueHusi MeTOHOJIOTUN MNpPU pa3padOTKe HAYUYHOTO
IpOrpaMMHOro odecreyeHus

HecmoTpsi Ha Bce mpeuMylliecTBa MepeyUCTeHHBIX BbIllle METONOJOTHH MpPH pas-
pab6oTke Hay4yHo-HccaenoBatebckoro [10 cymiecTByeT psifi yc/oBHE, orpaHUUYHBAIO-
IIMX NPUMEeHeHHe YKa3aHHBbIX Bbllle MeTOIHUK.

OnnuM u3 ycnoBu# npumeHeHuss TDD siBnsieTcss TOUHBIH pe3ynbTaT, KOTOPBIH
IOJIKeH ObITh MOJydueH B UTore. B ciayuae OusHec-cucTeM pesy/bTaT OyneT Mpe-
CKa3yeMbIM: OW3HeC-NpOollecChl MaKCUMaJ/bHO AeTePMUHUPOBAHBI AJS1 UCKJIOUEHHS
PUCKOBBIX cUTyalu#. [Ipy BbIMOJHEHWH HayuHBIX BBIUMCJAEHHH pe3yJbTaT 3apaHee
HeusBecTeH. [losatomy mpu ucnosnbzoBaHud TDD yacTe MHTerpauvoHHBIX TECTOB
COCTOUT B TOM, YTOObl NMPOBEPUTb, CXOAUTCS JHM aJTOPUTM: OIPAHHYEHB! JIU KaKHM-
HUOYIb KOHEUHBIM 3HAUEHHEM ero pe3yJbTaThl.

BropbiM croco6om MpoBepKH sIBJsSieTCS] MPOBEPKA Ha OTCYTCTBHE 3arpelléHHbIX
COCTOSIHMH (K NpUMepy, pe3y/nbTaThl pabOThl alroOpUTMa HOJKHBEI OBITh HEOTpHLIa-
TeJbHBIMU H JIP.).

TpeTbuM crioco60M MPOBEPKH SIBJSETCS HalWYHe «THUIOBBIX 3HaYeHUM», T.e. KOH-
KpeTHble pelleHUsl JUOO 3apaHee U3BeCTHble pe3ysbTaTbl pabOThHl a/JropuTMa IpH
omnpezeNéHHbIX BXOIHBIX 3HAYEHUSX.

B cayuae, ecau anroputm pazbuBaercss Ha 6JOKH, TO ¢ nmomoulbio TDD moxHO
TIPOBEPUTDH KaxKAyI0 U3 yacTell ajiroputMa. JTO MO3BOJSET BBISIBUTb «apupMeTHYe-
CKHe» OMIMOKH MpH HanucaHuu Kozia. [lonoOHble TECTBl MOMOT'YT BbISIBUTb MPaBUJIb-
HBIH MOPSNOK apu(MEeTHYECKHUX BblpaKeHWH, BBIBUTb, K MPUMEpPY, HUCIOJb30BaHNE
CJI0KEHUS] BMECTO BBIUMTAHHSI, YTO BO3MOXKHO TPH HAaNHUCAHUMU OOJBLIMX y4yacTKOB
KOJa, Hajl KOTOPBIMH HEBO3MOXKHO NMPOBECTH pe(aKTOPHUHT.

TecTel moMoraT NPoBEpUTb UH(MPACTPYKTYPY, OKPYIKAMIILYI0 HUCCAEAyeMbll aJ-
TOPUTM: KOPPEKTHOCTb MOATOTOBKH BXOAHBIX NAHHBIX, 0OpPaOOTKH MOJyUYeHHBIX pe-
3y/lbTATOB, OMEpPaLUKU UMIIOPTA U IKCIOPTA NAHHBIX.

B cBsizu ¢ 3TuM ucnosnb3zoBaHue TDD, HecMOoTpsi HA KaXKyLLyOCs U3OBITOYHOCTD,
M03BOJISIET MAaKCUMaJIbHO UCKJIIOUUTh HEOoNpeaeéHHOCTb MPU UCCJe0BAHUU KaKOTro-



184 B.C. Benenees, 1.B. BerukoB. [IpHMeHeHHEe 5KCTPEMAJIbHOTO. . .

Ju60 SIBJIE€HHUS WK aJrOPpUTMa U LEJHUKOM COCPENOTOUMUThCS Ha UCCAeNOBAaHUHU MPO-
6sembl. [IpumeHeHre MeTOMOJIOrME TMOKOH pa3pabOTKH TaKKe COMEPKHUT KaxKyLILy-
F0Csi, HA MEePBBIH B3rJsAN, U30BITOYHOCTD, ONHAKO, HA 3Tale UCCJAeOBAHUHU TO3BOJIS-
FOT OBICTPO MepPeKJ/JoUaTh aKLEHThl W HalpaBJeHUs UCCJeNoBaHUN Oe3 mepepaboTKh
6OJIbLIUX YUaCTKOB KOJA.

3ayacTyio npoObl HM3MeHEHHsI BXOAHBIX NAHHBIX, KO3((ULUHUEHTOB, OTAENbHbIX
6/10KOB 00paGOTKH NAHHBIX [Js MOJYUeHHsl OMNpedeséHHbIX pPe3yJbTaTOB U €CThb
BaKHeM1Ias coCTaBJsoollass HaydyHOH paboThl. B ciydae HeanekBaTHBIX pe3yJsbTa-
TOB CHUCTeMa KOHTPOJISI BEPCHH MO3BOJIUT ObICTPO BEPHYTHCS K MPENbIAyIIeMy 3Tarmy
pa3paboTKH.

4. 3akJaueHue

Hcnonb3oBaHre MeTONOB 3KCTPEMaJibHOI'O MPOrPaMMHPOBAHHUS TPU pa3paboTke
HayyHoro [1O nosBoJisier 6blcTpo Mpo6oOBaTh W NPUMEHSTb HOBble HAEH U METOJHI.
ATOo MO3BOJISET B JOCTATOUHO CXKaTble CPOKU MPOBEPSITh Hay4yHble MPeNIOJNOKEHHs,
BO3HMKAIOILIMe MPU U3y4eHUH TOH WM UHOH mpobsembl. HecMoTpsi Ha Kaxyllyocs
M30BITOUHOCTh, METOIBI SKCTPEMAJIBHOTO MPOrPAMMHPOBAHUS MO3BOJISIOT COXPAHUTD
THOKOCTb CHCTEMBI TIPU €€ POCTe, UTO BIOCJEACTBUU MO3BOMSAET U36exaThb KoJlaanca
U HeOOXOAUMOCTH pa3pabOTKH CUCTEMbI 3aHOBO.
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Kuipreizcko-Poccniickuil ciaBsAHCKUE YHUBepcUTeT, I. buiikek

AnHoTtamusa. PaspaboTaHbl MeTOIMKa W MPOrpaMMHBIE CPEeACTBA AJs aHAJAU3a
reOMarHUTHBIX Bapuauui Ha 6ase BelBJseT-npeobpaszoBanusi. Ha npumepe ana-
JIM3a2 MarHUTHBIX Bapuauuil nokasaHa 3(p(HeKTHBHOCTb pa3pabOTaHHOH MeTONHU-
Kd. B yacTHOCTH GBIIO BBISICHEHO, UTO /ISl IEPHOLA MarHUTHBIX Oypb XapakTep-
HO TIOSIBJIEHHE KBa3UIEPHOAMYECKUX BapHalMil MAarHUTHOTO MOJS C MEPUONAMH
B 120 u 30 muHn. [Iporpammubie cpenctBa padpabotaHsl Ha s3biKe Python 3,
SIBJSIIOTCS KPOCCMJIAT(POPMEHHBIMU U UMEIOT IIUPOKUH (PyHKIHOHAI.

KiroueBsbie cioBa: BefiBsieT-npeo6pasoBatue, nugpposas o6paboTka HecTaluo-
HapHBIX HepaBHOMEpHbIX BPeMEHHBIX PsJI0B, aHA/JIM3 eOMarHMTHBIX BapHalMi,
MporpaMMHble CpeacTBa.

1. IIpenmer u 3agauu pa3pabdoTKu

M3yuenuto Baprauuii reOMarHdTHOTO MoJist 3eMJIH MOCBSIIEHO MHOXKECTBO paborT,
MPH 3TOM B OCHOBHOM [IJIsl aHAJ/KW3a U3MEPUTEbHONW HH(DOPMALIMK TPAAUIIMOHHO HC-
noJb3oBaJcs annapat @ypwe-npeodpaszoBanusd. OnHAKO B CUJY SIBHOH HecTalMOHAp-
HOCTH MarHUTOBAapPUALMOHHOIO cUrHazsa Pypbe-aHanu3 He CrocobeH AaTh A0CTaTOU-
HO MOJHOH MH(OpPMAalMUKU O CUTHaJaX. YyuecTb O0COOEHHOCTH HeCTAaLHOHApPHBIX Bpe-
MEHHBIX PSIOB BO3MOXKHO, HCIOJIb3Ysl BEHBJET-TEXHOJOTHH, TIPUMEHEHHUI0 KOTOPbIX
B aHaJ/M3e TeOMarHUTHBIX JAaHHBIX B MOCJelHee BpeMsl MOCBSILIEHO 3HAUUTEJbHOE
KoJipuecTBO padot [1, 2, 3].

HepnocTtaTok npensioxkeHHBIX B HacToslllee BpeMsl MEeTOAMK aHaJ/u3a BpeMeHHbIX
PSIOB 3aKJ0YaeTcss B TOM, YTO OHH He YYUTBIBAlOT 0COOEHHOCTEH MarHUTOBapHa-
IIMOHHBIX JaHHBIX — JIOCTAaTOYHO OOJIbIIOH pazMepHOCTH (mopsinka 216 B TUMIHYHOM
cJyyae) W HaJW4Ms MPOMYCKOB, BO3HHUKAWOIIMX BCJENCTBHE COOEB MPUMEHSEMOTO
000pyIOBaHHUs, a Tak)Ke TMOMeX B KaHaJjaX Mepefadyu NaHHbIX. B oTiuuue oT mero-
JIOB, TIPeNJIOKEHHBIX B padoTax [2, 4], B HacTosilied pabGoTe MpeasaraeTcsi UCIOJb-
30BaTh UHTEPIOJSALMIO AJs 3aM0JHEHUs] HeOOJIbIIUX MPOIMYCKOB, BCErJa UMEIOINXCS
B peaJsibHbIX NaHHBIX Takoro poaa, u Pypbe-ananus (BIID), nockoabKy oH 3ddek-
THUBEH NPU HCCJIEOBAHWM NAHHBIX OOJbIIOW pa3MepHOCTH. B meTome, mpemsioxeH-
HOM B paboTe [l], nist aHa/nM3a MarHUTHBIX BapHalMH HCIOJb3YETCs TUCKPETHOE
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BeliB/1eT-nipeo0pa3oBaHre, KOTOPOe I03BOJsIeT aHAJNU3WPOBaTb CUTHAJ TOJBKO IO
MacuitabaM M CABUraM, PaBHBIM CTeneHHW ABOHKH. OgHaKo 1/151 MarHMTOBapHallMOH-
HOTO CUTHaJia HelpepbiBHOE BelBJeT-peoOpa3oBaHue 6oJjee yL0OHO; ero HeKoTopas
M30BITOUHOCTD, CBfI3aHHASl C HENpPEepbIBHBIM H3MEHEHHEM MacIITaOHOr0 KO3(PPHIIU-
eHTa W MapameTpa CIBUra, SIBJAsETCS MPHU 3TOM MOJOKHUTENbHBIM Ka4eCTBOM, TaK KakK
no3poJsisieT 6oJsiee MONHO U YETKO NPeACTaBUTb U NPOAHANHU3UPOBATL COAEPKALLYIOCS
B [aHHBIX HH(pOpMaLHIO, I03TOMY B HacToslled paboTe MpeisoKeHO UCIIO0JIb30BaTh
HelpepbIiBHOE BelBJ/eT-npeodpa3oBaHue.

Llenb nanHo# paboTbl — pa3paboTaTh AJrOPUTM W MPOrpaMMHbIE CPeACTBa AJs
aHa/M3a FeOMarHWTHBIX BapHalMH Ha OCHOBe BeHBJ/eT-NPe0o0pa30BaHHUs, M03BOJISA-
ouMe caenatb LAQPPOBY 00pabOTKy BPEMEHHBIX DPSANOB Ieo(PU3H4eCKHX NAHHBIX
INOCTYTTHOH LIMPOKOMY KPYTY YUYEHbIX, 3aHUMAIOLIUXCS aHAJTU30M BapHalMi MarHUT-
Horo noJs 3emsd. PagpabGoTaHHas aBTOMaTH3UPOBAHHAs CUCTeMa MpejiHa3HayeHa, B
NepBYIO o4epenb, AJ5 MPOCMOTPA U BeHBJeT-aHANN3a BAPUALIMU OHOM U3 COCTaBJISA-
IOLIMX F€OMAarHUTHOrO MO0Js, OAHAKO, OHAa MOXKeT ObITb HCIIO/Nb30BaHa AJIS aHA/IM3a
JIIOOBIX OJIHOMEPHBIX NAHHBIX, MpeacTaBaeHHbIX B (hopmate CSV (Comma Separated
Value — 3HaueHus, pasneséHHble 3ansiToi). B KauecTBe WCXOAHBIX NAHHBIX [JIA
OTJIaKM W HJIIOCTPAllMM paboThl aBTOMAaTH3UPOBAHHOW CHCTEMbI HCIOJb30BaHBbI
JlaHHBle WHTEPAaKTHUBHOTO pecypca IO CoJHeuHO-3eMHOH ¢u3uke (Space Phisics
Interactive Data Resource, SPIDR). PaszpaGoTaHHBbIil airopuT™ aHajlu3a reoMarHurT-
HBIX BapvallMi BKJIOYaeT [Ba 3Tana: npenodpadoTka M3MepHUTebHOH MH(POPMaLHU
(MHTeproNUpOBaHHE, UCKJIOYEHHE TPeHIa) U coOCTBEHHO aHa/au3 Ha ocHoBe Dypbe
¥ (MJK) BeliBJeT-TpeoOpa3oBaHUH.

2. Pa3paboTka aaroputMa aHajJu3a reOMarHUTHBIX JAaHHBIX
2.1. JlaHHBbIe AJs aHaJu3a

Kak 6b170 cka3aHo BbIlle, JaHHbIE [AJis aHAJMH3a MPENOCTABJ/ISET NHTEPAKTHBHBIM
pecypc mo cosHe4yHo-3eMHOH (usuke (Space Phisics Interactive Data Resource,
SPIDR, http://spidr.ngdc.noaa.gov/spidr), KOTOpPBIH MPOEKTHPOBAJCS
KaK pacrpele/iéHHas ceTb CUHXPOHHBIX 0a3 HaHHbBIX, M03BOJSIOILAS M0JAyYaTh, BU-
3yaJM3UpPOBATh U MOJAENUPOBATb NAHHBIE MO0 KOCMHUYECKOH MOTO[e MPH MOMOIIH CETH
WutepHer. B paccmarprBaeMoll aBTOMaTH3UPOBAHHOM CHUCTEME MOJb30BATEb MOXKET
cnenathb 3anpoc Ha cepep SPIDR, BriGpaB nHTepBas BpeMeHH, HEOOXOAUMbIE HaH-
Hble U CIUCOK CTAaHUMH HJIM CIYTHHKOB (MapaMeTpbl JaHHBIX). 3aroJHeHHbIe POPMBbI
00pabaTbIBAIOTCS Ha CepBepe MpU MOMOLIM Java-cepBJ/eToB, KOTOpble paclpenessioT
3anpochl Ha cepBepbl 6a3bl JaHHBIX, CepBep MOCHIIAET Pe3yJIbTaT MoJb30oBaTe 0 [6].
Ha puc. | mokaszaHa 3amucb MO/ BEKTOPA MAarHWTHBIX BapHalUi ¢ MHHYTHBIM
ocpenHeHueM u3 o6cepBatopud HoBOCHOUPCK B MepuHOA MOLIHOH MAarHWTHOH Oypu
20 Hos6ps 2003 ropa, nosydyeHHass myTém 3anpoca kK 6ase panHbix SPIDR.

2.2. HHTepmnojsuusa MCXOIHBIX JAHHBIX

Tak kak wcxomnHble AaHHBIE (BpeMEHHOH psifi) BCJENCTBHE HECOBEPLIEHCTBA HC-
N0JIb3yeMOH anmnapaTypbl U KaHaJIOB Nepefayd JaHHBIX COAepKaT NPONyCKH, He00Xo-
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Puc. 1. McxonHble naHHble — BapHallMKi MOIYJSi BEKTOpPA HAIMPSXKEHHOCTH MeOMarHUTOrO MOJsi B
nepuon ¢ okTs6ps no nekabpb 2003 ropa, 3anucaHHble Ha ctaHuud HoBocu6upcek. [To ocu abecuucec
OTJIOXeHBI JaHHbIE; TT0 OCH OpAMHAT — HampsiKeHHOCTb, HT (http://spidr.ngdc.noaa.gov/

spidr/servlet/ImageServlet?width=800&height=400&representation=
UNDEF&elem=F, 1, Geom, NVS_min&dateFrom=20031001&dateTo=20031231)

numa ux uHrtepnosiuus. [lo rpaduky ncxogHoro psiga BUAHO, UTO XapPaKTEPUCTUKU
CHUTHaJa He OCTAlTCS MOCTOSIHHBIMU, U3MeHsieTcsl ero (hopma, 4acToTa U aMIJIUTY-
na. B cBssu ¢ atuM mas annpokcumauuu psapa f, = f(t,), 3afaHHOrO B MOMeH-
Tbl tg, t1, ..., L, 3HAUEHUSIMU fo, f1, ..., fn, HCTONB3YeTCS DYHKUUSA ©(t,) (KyOudecKui
cliafiH), onpeneéHHast Ha MHTepBaJse ¢ € [t;_q,t;| Kak

g01<t) = a; + bl(t — tifl) + Cl(t — ti,1)2 + dz(t — ti,1)3, (1)

roe a;, b;, c;,d; — K03(ppuUUMeHTHl cryakHa, ¢ = 1,2,3,...,n — HOMep CIJalHa.

KoadhduuueHTsl cnyiaiHa HaXoAATCs 110 METOAY MOATOHKH, MOAPOOHO OMHUCAHHO-
My B pa6ore [6]. CorsacHO 3TOMy MeTOny KO3(hGMHUIHEHT a; = f;_1, KO3 UIHEHT
b; = (fi— fiz1)/hi(ciy1+2¢)h; /3, tme hy = t;—t;1, 1 < i <n, d; = (ciy1—¢;)/(3hi).
To ecTb ocTanbHble KOI(PPUIHEHTHl BblpaXkaloTcs yepe3 KO3(PPUIHUEHT ¢;, a caM OH
HaxXooUTCs Mo (popmyJie:

c; = ki — Liciya, (2)
roe [;, k; — crneuuasbHble MOATOHOYHBblE KO3(P(MULHEHTH, KOTOPbIE OMNpenessoTCs
COOTHOLLIEHHUSIMH:

ri — hioikio h; 3
ki:: ) -h = ) ( )
s; — hi—1hi— s;— hi—1d;_y

rae s; = 2(h;—1 — h;), npu aToM ki = 0, [; = 0.

B npouecce BbiMOJHEHHUS NPSIMOrO XOAAa MeTOAA IMOATOHKHM BBIUMCJSIOTCH BCe
TMOATOHOYHbIE KO3(P(UUHUEHTH [;, k; 10 peKyppeHTHOMY cooTHoueHuo (3). Hasee
nocJieoBaTeNbHO MpUMeHsieTest opMysa (2), KoTopasi MO3BOJISIeT HAUTH 3HAUeHHUs
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BceX KO3(D(ULHMEHTOB ¢;, 3Hash KOTOpbIE JIErKO BBIUMC/IHUThL BCe OCTasbHBbIE KO3((H-
LIUEHTHI CIJIAHHOB.

[Tocsie 9TOr0 HHTEPHOMHUPYIOMLYIO (DYHKIMIO MOXKHO PACCYUTATH C TOMOLLBIO CO-
otHowenust (1) B s11060# MOMeHT t Ha uHTepBase [tg,t,]. [locne uHTeprnoNALUM
BPEMEHHOH DSl 3a[aH 3HaueHHsIMH (YHKLUHH, CJANYIOLIHMH APYT 3a APYroM ¢ Io-
CTOSIHHBIM L1arom At:

fo=ft) te = kALE=0,1,..,N — 1. (4)

2.3. HckaiouyeHue JMHEHMHOTO TpPeHAA

B Hacroswem anroputme 00pabOTKH MpeasaraeTcs UCM0/b30BaTb KaK BeHBJeT-,
Tak U Pypbe- npeobpa3oBaHue, NOCKOJbKY JJsi HEKOTOPbIX HHTEPBAJIOB BpEMEHHbIX
psnoB Pypbe-aHanu3 Takxke BrnosHe HHpopmaTuseH. [lostomy, T.K. npeobpasoBaHue
@®ypbe oueHb YYBCTBUTENBHO K JHUHEHHOMY TpeHIy, a BeHBJIeTbl MepBOro MOpsiiKa
He MeHee YyBCTBUTEJbHBI, €r0 HEOOXOAUMO HUCKJIOUUTh. DTO MOXKHO CleaTh MyTEM
3aMeHbl HCXOAHBIX 3HaYeHHH psifa (4) mepBbBIMHU MOCJAEI0BATENbHBIMUA PA3HOCTSIMH.

[lycte 4 = y¢ + €15 Y1 = a + bt, rhe €;; — OTKJIOHEHHe OT TPeHAa.

Torma Ay =y —y1=a+bt+e—(a+b(t—1)+e11) =b+ (6t — £1-1).

KoapduuueHt b — KoHCTaHTa, KOTOpas He 3aBUCUT OT BpeMeHU. [Ipu Hannuuum
JIMHEHHOU TeHAEHLIUU OCTATKH £; NOCTATOYHO MaJlbl U HOCAT CJAy4YaHHBIA Xapakrep.
[TosTomy mepBble pasHOCTH ypOBHeH psina A; He 3aBUCAT OT TepeMeHHOH BpeMeHH,
MX MOXKHO MCIIOJIb30BATh /14 JaJbHeHllero aHaausa.

KoadduuueHt b — cpenHee 3HaueHUe psfa OnpefensieTcs 1no Gopmyde:

1 N
b - N;Ah

TOTJla LIeHTPHUPOBaHHBIN psif onpepensiercs: xy = Ay — b.

Ha puc. 26 nmoxkasaH LeHTPUPOBAHHBIH U OCBOOOXKAEHHBIN OT JIMHEHHOTO TPeH[a
psn. OnHako Tak Kak JUHEeHHbIH TpeH[ OueHb MaJl, pe3y/nbTar OyAeT 3aMeTeH TOJbKO
NpyU BHUMAaTeJbHOM CPaBHEHWH MepHUoAorpaMM B 00JIaCTH HU3KHUX 4acTOT.

2.4. IlocTpoeHue nepuoaOTrPaMMbI

[lepuomorpamMmma BbIUMC/SIETCS C HCIOJb30BAHMEM OBICTPOro MpeoOpa3oBaHUSs
®ypbe curnana x aauHod N mo dopmye:
N/2—-1 N/2—1

2

X = Y onify € 8™ Y wpppady, m=0,1,..,N —1 (5)
n=0 n=0

npu nomoty anroputma Kynu-Teioku [7]. TTocne HaxoxaeHus: npeo6pasoBanus Py-
pee (5) mepuomorpamMmMa BBIUHCJSETCS CJAENYIOMAM 06pa3oM:

D

;= m[(Rexj)2 + (ImX;)?], 7=0,1...,N/2
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Ta6muna 1. Yacto ynorpebiasiemble BelBJeT-0a3HCH

HasBanue  BeliBset-|OnpeneneHue dypbe-o06pas
6asuca
DOG (derivative of|¢m(t) = (—1)mar" [e—ﬂ, rae |0, (k) = m(ik)me"s
a QGaussian — mpo- om=om[.]/otm m > 1
U3BOAHAA  (PYHKLHH
[aycca)
. t2 - (k—k)?
Mopau Y(t) = ethole™ 5 P(t) = O(k)e =2
rie O(k) — QyHKuMd
XeBucanna

[Ipu HeuéTHOM N BbIUHCJAeHHs TponoskalT 10 N/2 + 0,5. OTcuéTtsl mepuono-

1
rpaMMbl COOTBETCTBYIOT dactoraM v; = Avyj,j =0,1,...,N/2, rne Av = VA

2.5. IlocTpoeHme cKaJOrpaMMbI

151 BeIuMC/IeHUS1 BeHBJ/eT-peoOpa3oBaHNs MOXKHO BOCIOJIb30BATHCS (POPMYJION:

1 L[tk —b
rae N
-1 t,—b\?2
n(a,b) = e_%< =)
k=0

Beiipier-pyHkius (6) BbUHCAsSETCS /s 3HAUeHWH apryMeHTOB a; W b;, rae i =
=0,1,...N,— 1, b =0,1,.... N, — 1 [8]. Ucnonb3ys (6), Temepb MOXHO BBECTH
OLIEHKY JIOKAJIbHOTO CIIEKTpPa HEPrud — ckajorpammy [9]:

S(az, b;) = [Walas, b;)|?

[TapameTp @ — macuta0, oH onpezensieT pazmep BelBJseta. [lapamerp b — caBur,
OH 3aaéT BpEMEeHHYIO JIOKaJU3allMio BelBJjeTa, a CUMBOJIOM % 0003Ha4yeHa TMpole-
Lypa KOMIIJIEKCHOTO COTIPSIXKEHHsI MaTepUHCKOH (6as3ucHOM) BeiiBjeT-(yHKIMH. B
taba. 1 nmpuBeneHbl HauboJee yacTo ynotpebsieMble BelBaeT-6a3uch [10].

Brui6op ¢yHkuMu t(t), 6a3ucHoro BelBJjeTa, KakK MPaBUJIO, ONPENeNseTcs TeM,
KaKylo MH(opMalHio He0OOXOAUMO U3BJeub U3 curHaJsa. Kaxkaplil BelBjeT UMeeT Xa-
paKkTepHble 0COOEHHOCTH BO BpeMEHHOM U B YaCTOTHOM MPOCTPAHCTBE, I03TOMY HHO-
IJla C MOMOLIbBIO PAa3HBIX BEHBJETOB MOXKHO IMOJIHEE BBISIBUTh M MOAUEPKHYTh T€ HJH
MHble CBOWCTBAa aHajusupyemoro curHaja. Hampumep, MHAT-BeiiBner (Mexican
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hat — «Mekcukanckas wisinas), noaydaercs u3 DOG npu m = 2. OH uMeeT y3Kui
SHepreTHYeCKUH CMEKTP W ABa PaBHBIX HYJIO MOMEHTa, XOPOLIO MPUCHOCOO/eH AJs
aHaJ/iM3a CJOXKHBIX CHUTHAJOB, TaK Kak Ko3h¢uuueHTsl W (a,b) 3aBUCAT OT Majoro
MHTepBaJsa 06JacTH YacToT BekBjera [11].

Jpyrum yacto npumeHsieMblM 6asucoM siBasieTcsl BeiBJseT [layns. Yem Gosblie
m, TeM GOoJblile HYJIEBBIX MOMEHTOB HMeeT 3TOT BekBJeT. Beiiner Mopsu npencras-
JisileT co0O0M TMJIOCKYIO BOJIHY, MOAYJHPOBAHHYIO TayCCHAaHOM €IMHHUYHOH ILIUPHHBI.
C yBesuueHueM kj BO3pacTaeT 4yacTOTHasi M30HpaTesNbHOCTb 6asuca, HO yXyAlla-
eTcsl BpeMeHHOe pa3pelleHHe BelBJeT-peobpasoBaHus. Ha puc. 2r, e nokasaHsl
CKaJIOrpaMMBl, BBIMOJTHEHHBIE BeliBjaeToM MopJ/ie B pa3HBIX IUAnMa3oHaX 4acTOT TPH
ko = 5. Heo6xonuMo OTMeTHTb TaKxKe, YTO y BeliBjera MopJe paBeH HYJIO TOJbKO
HYJI€eBOM MOMEHT, MO3TOMY OH YYBCTBUTEJIEH K JIMHEHHOMY TpeHAy. Tak:Ke CBOMMH
ocobeHHOCTSIMU obJsiafaeT BekBJeT Xaapa.

B paspaboTaHHO} aBTOMaTH3HPOBAaHHOH CHCTEMe HCCJef0BaTeNI0 MpeloCTaB/Is-
eTCsl BO3MOXKHOCTb BbIOOpa JI0OOT0 U3 ONMHUCAHHBIX 0A3UCHBIX BeHBJ/IETOB.

2.6. IlocTpoeHue ckeijorpaMmsbl

OueHKa r106a/7bHOTO CIEKTPA IHEPTHH HJJIIOCTPUPYETCS MOCTPOEHHEM CKeHJIo-
rpamMMbl

Glar) = 53 3 Sl by,

4 o
rme N — 4YHCJI0 TOYeK, MO KOTOpOMY ocyiectBasietrcsi ocpenHenue [10]. Ckeit-
JorpaMMa SIBJsIeTCS MPSAMbIM aHAJOrOM CIJIaXKeHHOH mnepuogorpaMmbel B Dypbe-
aHaJuae.

2.7. IlocTpoeHue BeliBJIeT-CKeJleTa

[IIupoxkue KOHTYpbl JUHHUH OJU3KHUX MO YACTOTE HA PUC. 2I' MELIAIOT NPOCAeUTh
3a 3BOJIIOLMEH HMX 4acTOT BO BpeMeHH. UToObl HUBEJUPOBATb BJHWSHHE KOHTYPOB,
He0OXOMMO MOCTPOUTD BeHBJET-CKeJeT (CKeJEeTOH), BBIEIUB Te TOUYKH CKaJIorpaM-
Mbl, B KOTOPbIX OHa HMeeT MaKCHMYMBbI 10 Macilitaby a u casury b [1]:

Sij; eCJIx Si—l,j < Si,j > Si—i—l,j HJIH
Sc(ai, b;) = Sij, ecmn S i1 < Sj; > Sijq1, (6)
0, B NPOTUBHOM cCJiyyae,
roe S;; = S(a;, b;). Ha ckenetonax puc. 3 Xopollo 3aMeTHO pas3juine MexK1y NepH-

ONMYECKHMH KOMIIOHEHTAMH CHTHaJja, HAYILIMMH TapaJjejbHo ocH BpeMeHH (3a) u
CJAy4YalHBIMU, HAYIIMMH MapaJjjesbHO OCH mnepuonos (30).



Maremarryeckue cTpyKTypbl H MoaeaupoBaHue. 2014. No4(32) 191

10° T T T T T
m -
A Aahadad A drad "
] A .y”r,v‘y‘. ¥ Wevpdpe L
=00
40|
R
00|
0 L L L L L
10° = p L ey L prs | 0ct0 2003 0et 202003 Nov 132003 Now 172008 Dee 01 2003 Dec 152003 Des 202003
10 10! 10? 10 10 10 10°
vor [ = ]
o
w0 b i
. . . 1
- 0062003 0a1 202003 Nov 03 2000 Noi 172003 Dec 01 2003 Dec 152003 Dec 28 200
W e a0 10 e e 1er e e o
107
Oct 06 2003 0ol 202003 Nov 032003 Now 172003 Dec 012003 Dec 152003 Dec 282003
B T T T T T R T LR T LT

Puc. 2. Ckefisiorpamma a) U ckajorpamma 0), BbIIOJIHEHHAs! BeliBjaeToM MopJe BO BCeM BO3MOKHOM
Irana3oHe 4acToT; CKelsiorpamMma B) M cKajorpaMma r) B ananazoHe 4actoT no 700 muH.;
MepHOAOTpaMMa /) LeHTPUPOBAHHOIO U OCBOOOKIEHHOTO OT JIMHEHHOrO TpeHIa €)
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Puc. 3. CxesieToH, MoJyyeHHbIH NpH NOMoLLM BeliBreta MopJse Bo BceM BO3MOXKHOM AHarasoHe
TIepHOOB a) U B auanasoHe 1o 700 gacoB 6)

3. bBuok-cxema AJropruTMa dHAJMW3d FT'€EOMAIrHUTHBIX JAHHBIX

Kak cienyer U3 BBILIEH3JI0KEHHOTO, aJrOPUTM aHaju3a reOMarHUTHBIX Bapu-
AWM Ha OCHOBe BEeUBJIET-TEXHOJIOTHUH MOXKHO MPEeNCTaBUTb B BHUIE CJeAYIOLIEH
nauarpammbl fesitesbHocTH (Activity Diagramm), BoimosHeHHO#H B cpenme UML-
moznesupoBanusi Umbrello UML Modeller (https://umbrello.kde.org/)
(puc. 4).

Jlnst Toro yTo6Bl HaYaTh aHaJM3, M0Jb30BaTe/b JOJKEH 3aaTh apaMeTpsl AaH-
HbIX — BpPEMEHHOH WHTEepBaJj, KOMIIOHEHTY BEKTOpa HAMPs>KEHHOCTH MAarHUTHOTO
noJist, Ha3BaHWe CTAaHIMK, MHTepPBaJ NUCKPeTH3alUuu W (Mau) umsi Qaiaa. B mo-
Jie 3TU JaHHble aBTOMaTHYecKH 3arpyxaroTcsi u3 xpanunuia SPIDR wuau cpasy
UMIIOPTUPYIOTCS M3 (aisia Mo KeJaHHIO Tosb3oBaTess. [l XpaHeHUs OaHHBIX
ucrosb3yercss ¢aiin B popmare CSV, 4TO Mo3BOJIsIeT aHAJIM3UPOBATb HE TOJBKO
MarHWTOBapUaLHOHHbIE JAHHBblEe, HO W J0Oble ApPYrde OfHOMEpHble BpeMeHHbIe psi-
Ibl, €IMHCTBEHHBbIM YyCJOBHEM siBJsieTcsl coOJjtofneHre TpeboBaHui cdopmata CSV.
Crnenyomuil mwar — HHTEPHoNsLUUs JaHHBIX W TOCTPOeHHe rpaduka HHTepoJH-
pPOBaHHOTO BpeMeHHOro psiia. Ha ocHOBaHMH moJsiydyeHHOro rpaduka MoJb3oBaTesb
LOJI’KEH TIPUHATD pelleHHe, CONEPKUT JIU UCCJAelyeMblid CUTHAJ JUHEHHBIH TPeHN, U
B 3TOM CJy4yae AaTb KOMaHIYy CHCTeMe UCKJIOUNUTh ero. Heob6xoauMbIM 3TanoMm aHa-
JIM3a SIBJISieTCsl TOCTPpoeHUe ckasorpamMmMbl. OHa 1a€T BO3MOKHOCTb OLIEHHUTb CTeNeHb
HeCTaLMOHAPHOCTH CHrHaza. B ciyyae ecsau Ha HccelyeMOM ydacTKe XapaKTepH-
CTUKH CHTHaJa (aMILIUTYyIa, NEePHOI) OCTAIOTCS MPUONHU3UTEBHO MOCTOSTHHBIMHU, TO
I/l er0 aHa/ju3a JOCTAaTOYHO MOCTPOUTH NEPUOAOTPaMMy, OHA JOJKHA OTPaxKaTb
BCe 3HAYUMMble O0COOEHHOCTH CHrHaJja. B mpoTuBHOM ciydae TpeOyeTcsl MOCTpoe-
HUe CKeHJorpamMMbl, KOTopasi NAéT BO3MOXKHOCTb ONPENeNUTb, COLEPKHUT JIU CHT-
Hasl OJM3KHe 0 YacTOTe KOMIIOHEHTbI, UTO TOBOPUT O HEOOXOAUMOCTH MOCTPOEHHS
BeliBJeT-cKesieTa. HekoTopble Hcc/enoBatesv MoJaraioT, 4TO CKEJETOH He TOJbKO
4éTKO 1 6e3 JIMUIHKUX JeTajeld BU3yanu3upyeT CTPYKTYpy aHaJHU3UPYyeMOro CUrHaJja,
HO U COEPKHUT BClo MH(popMmanuio o HeM [11]. OnHako ecyid BeHBJIET-CKesleT He MO-
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Mone3oBaTenkt OaHHBIE ABTOM-HaA cUCTeEMA SPIDR

! — » )
[3a,anMe napameTpoB ,D,aHHbIXJ ObpaboTka sanpoca

INaHHsle oT SPID == datastore => [_CDODMMD-E 3anpoca K E,EI,J
*.csv chaiin \L;
AaHHele n2 thaiina /]\ [ MHTepnonaumua 4aHHex ] frbopr«mp-e BLIBOpKM ,D,aHHbIX]
\L} 1]
fSap,aHMe BpeMeH-T0 MHTEPpEana ] ,{ MocTpoEHWE MHTEepN-ro paga ]

Fpadguk

aHHbIE COfEpaT [IMHERHIA TpeHa ( NeknioyeHWe NTMHEAHOrD TpeHaa ]

v
ﬂ/ﬂ Ha4e \]/

| MocTpoeHWe ckanorpaMmel ]

Ckanorpamma

Xapak-Kiu CUrHaNa Mano M3MEHAITCA Co BpEMEHEM
ey
MocTpoeHWe NepMo4Or PaMMEl
<{ Ha4e I, g 0T

W

CkelnorpamMma f{—[ MocTpoeHME CKeRNorpaMml ]

[HBMEHEHME napameTpoB npeobp-a J

%MME}OTCH BnvskKMe No YacToTe KOMMoH

eHTbII’
=l MocTpoeHWe CKeJ’IeTOHa‘]

MHa4e
CkeneToH
MHave

PesyneTaT yaoBNgTEOPMTENEH

Puc. 4. AnropuTM aHa/jM3a reOMarHUTHBIX Bapualliil Ha OCHOBE BEHBJIET-TEXHOJOTHH

Ka3blBaeT HYy>KHOH MH(OPMALHMH, 3TO 0O3HAYAeT, UTO TPeOyeTcs U3MEHUTh MapaMeTphbl
BeliBJ/IeT-Npe00pa3oBaHUsl — THUI WJIM MOPSLOK BelBJjeTa, a, BO3MOXHO, U 1UaNa3oH
HccielyeMblX YaCTOT. DTa BO3MOXKHOCTb TaKXKe IMOJePKUBAETCS aJrOPUTMOM.

Taxkum obpasom, mpoliecc aHa/au3a MOJHOCTbIO KOHTPOJHUPYETCS MOJb30BaTeEM,
OH YIIpaBJisieT BCeMH 3HAUMMBIMHM IapaMeTpaMH, OT KOTOPBIX 3aBUCHUT pe3yJbTaT
paboThl CHCTEMBI, KOTOpPasi, B CBOIO o4yepelb, OepeT Ha cebs1 HauboJee TPyLOEMKHE U
PYTHHHBIE ONlepallui — 3arpy3Ky JaHHBIX, IOCTPOEHHE MEPUOAOTPAMMbIl, CKeJeTOHA
U IpyTue.

4. OOwas CTPpyKTypa aBTOMaTU3UPOBAHHOU CHCTEMbI

[IporpaMMHasi 4acTb aBTOMAaTH3HPOBAHHOM CHUCTEMBl HAMKMCaHAa Ha sI3bIKe
Python 3 u ucmosnbsyer cjenyiouide BHEIIHHE KOMIOHEHThl 0e3 HW3MeHEHHs HC-
xonHoro kKoja (puc. 5). Numpy — peasu3yeT uucCJeHHble aJTOPUTMbl U paboTy C
Matpunamu. Scipy — 6u6aMoTeKa HayuHBIX ajaroputmoB ans Python, us storo mo-
LyJISi UMIIOPTUPYIOTCST (PYHKLHS UCKJIOUYEHHS JIUHEHHOro TPpeHaa U raMma-(yHKIHs
nns BekBaer-6asuca [laynsa. Matplotlib 1.3 ucnonesyercs /s noctpoenus rpagu-
KoB. Qt 4.8 nmpumeHsieTcst 1J15 mOCTPoeHUs rpaduyecKoro nHTepdenca noab30BaTe s
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SPIDR Scipy Numpy Matplotlib qQta
O [ O O O
CQI . IScipy INUMmpy IMathotIib Py 4
Painter
IWavelet
GUI
Loader E

O R

ILoader

Puc. 5. CTpykTypa aBTOMaTH3UPOBAHHON CHCTEMBI

(GUI — Graphic User Interface) Bepcuu 4.8, Tak Ha MOMEHT HalUCaHHUs MPOrpaM-
Mbl Bepcust Matplotlib 1.3 ne mopnepxusaer Qt 5 Bepcuu. PyQt — o6ecneunBaer
uHTepdeiic nas ucnonb3oBaHuss Qt 4 cosmectHo ¢ s3pikom Python. Bee atu mo-
LyNH TOCTaBJSIOTCS C UCXOAHBIM KOAOM MO TOH MJIM MHOH CBOOOAHOH JMLEH3UH U
LOCTYIIHBI /IS MCTOJb30BAHUS B HAYUYHBIX U KOMMEpPUECKHUX MPOeKTax.

Jlns ynporieHusi pa3paGoTKH M CONPOBOXKAEHHS KOJ IporpaMMbl pa3bUT Ha
HecKoJibKO Jiorndeckux moayned. GUI — conmep:KUT GOpMbl U KJacchbl, OTBeYAIOLIHE
3a MOCTpPOeHHe rpaduyeckoro HHTep(elca mosab3oBarensi. Wawelet — KoMmIoHeHT,
coziepKalliil BeHBJEeTbl, W KJacc, HeOOXOAWMBIH /sl BBIMOJHEHHUS HENpepbIBHOTO
BeliBsieT-nipeoOpasoBanus. Monyab Painter — oTBeuaer 3a mocTpoeHue cKasorpam-
Mbl, CKeHsorpaMMbl U nepuogorpaMmMel. Loader — comepKUT KJacchl, HeOOXOANMbIE
IJ1s 3arpy3KM JaHHBIX M3 ceTH MHTepHeT W MMMopTa UX B Mporpammy. JTOT KOM-
noneHT no uHrepdeiicy CGI (Common Gateway Interface — ofmumii untepdeiic
mt03a) cBsisbiBaetcsi ¢ pecypcom SPIDR, o koTopom monpo6HO pacckazaHO BbIILE.

OTJIUYUTENbHBIMA 0COOEHHOCTSIMU TPOrPAMMHBIX CPEICTB SIBJSETCS AOCTATOUHO
IUMPOKUH HaGop 6a30BbIX BEHBJETOB M perylupyeMblX MapaMeTpoB Ipeobdpas3oBa-
HHUs, rpaUuecKHdl HHTepdelic monb3oBaTess, KpoccnaaTtdopMeHHOCTh (6aronaps
UCII0JIb30BAHUIO UHTepripeTaTtopa si3blka Python mporpamMMHble cpeacTBa MoryT pa-
60TaThb MOA yNpaBJeHHEeM IIHPOKOro Kpyra onepalydoOHHBIE CUCTEM, He Tpebys mpu
3TOM YCTAHOBKH TaKHX TS’KEJOBECHBIX U TPeOYyIOILIUX NPHOOpETeHUS JULEH3UH Cpef,
Kak, Hampumep, Matlab). Bce ¢yHKIUM, BBINOJNHALIIHE IJUTeIbHblE MaTeMaTH-
yecKHe pacyéTel, BBHIMOJHSAIOTCS B (POHOBOM peXHMe U OTAeseHbl OT HHTepdelca
T10/1b30BaTeJIsl, UTO MO3BOJUJIO JOCTHUb XOPOLIeH OT3bIBYMBOCTH I10JIb30BATENbCKOTO
UHTepdenca.

5. OOcyxpaeHue pe3yabTaTOB aHAJIU3a

[Ipy nmomoumu onucaHHOW Bblllle aBTOMAaTM3MPOBAHHOW CHCTEMBbl aHaJ/IHW3a Teo-
MarHUTHBIX BapuallMil HAa OCHOBE BEHBJIET-TEXHOJOTHH OblJI HCC/e0BAaH BPEMEHHOM
PS4 MOJIHOTO BEKTOpa HAMNPSIXKEHHOCTH MAaTrHUTHOTO MOJIS B NMEPHOM 3HAYMTEJBHBIX
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MaTrHHUTHBIX BO3MYLIeHUH oKTAOpsi-HOos16pst 2003 roma no nanHbiM o6cepBaTopun Ho-
Bocubupck (puc.l). B nmepuonmorpamme (puc. 2a) psina, oCBOOOXKAEHHOTO OT JIMHEH-
Horo TpeHna (puc. 26), MOXKHO BHIeTb 4 3HAUHMMble KOHLEHTPALUH MOLIHOCTH C
nepuonamu 1440, 720, 120 u 30 munyrt. [lepromorpamMmma cuabHO H3pe3aHa, YTO
CBUIETEJNbCTBYET O 3HAUMTENbHOH CTOXaCTHUYHOCTH, NPUCYLIEH IMpolieccy reomar-
HUTHOH akTHWBHOCTH. CrnekTpasnbHas nosoca c¢ mepuonoM 1440 muH. (24 u) — rak
HasblBaeMasl CyTOUHasi Bapualus, sIBJseTCS CJAeACTBHEM BpalleHHs 3eMJd BOKPYT
cBoed ocu. Bapuauus c nepuomom B 720 MHH. Has3blBaeTcsl JIYHHOH M BO3HHKaeT
13-3a NpuanBHOro nekictBus JIyHbl. IlpyunHa ocTa/bHBIX ABYX BapUaLWd JIEXKHUT B
COJIHEUHO-3eMHbIX B3aMMOJEHCTBHUSIX, OfHAKO, UX NPHUPOJA U MeXaHH3M BO3HHUKHO-
BEHHs 10 KOHIA ellle He W3BecTHB. Kpome Toro, UCrno/sbaysi TOIbKO EPUOAOTPAMMY,
HEBO3MOKHO BBISICHUTb, KaKHWe M3 3THX BapHallUH XapaKTepHbl IJ/s TepuHojia Mar-
HUTHOH OypH, a KaKue MPOSIBJSIOTCS U B MarHUTOCHOKOWHble nHU. CliefoBaTesbHO,
B aJITOPUTMe aHaJ/M3a FeOMarHUTHBIX BapualWi ONpaBiaHO HUCIONb30BaHHE BEHBJET
npeoOpa3oBaHHUS.

M3 puc. 2r, e BUIHO, YTO CYTOUHble U JYHHble Baphallid OCTAIOTCS IOCTO-
SHHBIMU. B HeGoJblIMX Mpenenax H3MeHseTcs uUx amnautyna. Hanportus, 30 u
120-MuHYTHBIe BapuallMu HaOJ/IOAAIOTCS MPEUMYIeCTBEHHO B MarHHTOBO3MYIIEH-
Hble AHU, npudeM 30-MUHYTHBIE MyJbCallMU HAOIIONAIOTCS TOJBKO BO BPeMs 3HAUU-
TeJbHBIX MArHUTHBIX Oypb, Hampumep, Takux Kak 23 oktsa6ps u 20 Hosops 2003
roga.

3akJroueHue

Takum o6pasom, ageKBaTHOCTb U 3(PPEKTUBHOCTb Pa3pabOTAHHBIX METOAUKHU U
MPOrpaMMHBIX CPEICTB MOKAa3aHa Ha MPUMepe aHa/IM3a MAarHWTHBIX BapHalUH B OK-
T516pe—Hos16pe 2003 ronma. B yacTHocTH, OblIO BHISICHEHO, YTO AJis MEPHUOAA Mar-
HUTHBIX Oypb XapaKTepHbI MOSIBJAEHHSI KBa3HUIEPHONUUECKUX BapHallMil MarHUTHOTO
nossi ¢ nepuonamu B 120 u 30 muH.

Paspa6oraHHasi aBTOMaTH3UpPOBaHHAsl CHCTeMa MpefHa3HayeHa, B MepBYIO oue-
pelb, OJs TPOCMOTpPA M aHa/NMW3a BaphalUWi ONHOH M3 COCTABJSIOLUIMX I'€OMarHHUT-
Horo mosst. OmHaKO OHa MOXKeT OBITb HCIOJb30BaHA MAJSI HCCJAENOBAHUS JIOOBIX
OIHOMEpHBIX NaHHBIX, TpeacTaBjeHHbIX B ¢dopmare CSV. [lpouecc ananuza mnoJ-
HOCTbIO KOHTPOJIMPYETCS TO0JIb30BaTeJieM, OH YIIpaBjsieT BCEMH 3HAYMMbIMH TIa-
paMeTpaMH, OT KOTOPBIX 3aBUCHT pe3y/bTaT pabOoThl CUCTEMBl, KOTOpPas, B CBOIO
ouepenb, OepeT Ha ceOsi Haubosee TPyNOEMKHE U DYTHHHblE OlepalUd — 3arpys-
Ky JaHHBIX, TIOCTPOEHHE TMepPHOAOTPaMMbl, CKejeToHA U ApyrHe. OTIHUUTEbHbI-
MU OCOOEHHOCTSIMU pa3paboTaHHBIX MPOTPAMMHBIX CPEICTB, NOCTYTHBIX IO afpecy
https://github.com/abalckin/tesla, fBasieTcs NOCTATOYHO LIMPOKUHU Ha-
6op 6a30BbIX BEHBJETOB U peryaupyeMblX MapaMeTpoB Npeobpa3oBaHus, rpaduye-
CKUU HHTep(elc nosb30oBaTeNs, KPOCCIIATPOPMEHHOCTD.
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Abstract. The methods and software tools for the analysis of geomagnetic variations
on the basis of wavelet transform are developed. An analysis of magnetic variations
demonstrated the efficacy of the developed technique. In particular, it was found that
for the period of magnetic storms the appearance of quasi-periodic magnetic field
variations with periods of 120 and 30 min is typical. Software tools are developed in
Python 3, they are cross-platform and have a wide functional.

Keywords: wavelet transform, digital processing of non-stationary non-uniform time-
series, analysis of geomagnetic variations, software.



Mamemamuuecxkue
cmpykmypoL 1 modeauposanue YIK 004.434
2014. Ne4(32). C. 198-205

IMNPEJMETHO-OPUEHTHPOBAHHBIN 43bIK
ITPOTPAMMUPOBAHUA OJII PASPABOTKH
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AHHoTanusa. B paHHOl cTatbe o0O0CyKIaeTcs BO3MOXKHOCTb IPUMEHEHUS
peIMeTHO-OPHEHTHPOBAHHOIO SI3blKa IPOrpaMMHPOBAaHUSA [/l OBICTPOH U 3(-
(heKTUBHOU pa3pabOTKH MPOrpaMMHOr0 OOecCHeueHHus AJsi aBTOMAaTHU3HPOBAHHO-
ro KOHTPOJISI TAPaMeTPOB 3JEKTPOHHBIX YCTPOHCTB, HANPUMEp, PalHONPHEMHBIX
yerpoiictB. Ilpennosaraercs, uto [/1s Takod NPOBepPKH HEOOXOAUMO YIIpaB-
JISITb HECKOJIbKHMU yCTPOHCTBAMU: aHa/M3aTopaMU, reHepatopamu u T. A. Pac-
CMOTpeHO MpuMeHeHHe rumoretrdyeckoro BHyTpeHHero DSL (Domain Specific
Language, DSL). Buytpenuuét DSL — 3T0 omuH M3 croco60B HCMOJIb30Ba-
HUA s3bKa ofmero HasHaueHus. Kom Bo BHyTpenHem DSL — 3to Banun-
HbI/l KOJ B $i3blKe OOLLEro Ha3Ha4eHHUsl, HO HCIOMB3YIOLIUH TOJbKO HEKOTO-
poe moaMHOXxecTBO Bo3MoxkHocTe# [1]. [Ipensaraetcs ncrnosb3oBaTh 06BEKTHO-
(yHKLHOHAJbHBIH f3bIK 00l1ero HasHayeHus: Scala [2]. Baaropmapsi ncnosbso-
BaHHWI0 Takoro runotetudeckoro DSL npu paspabotke [10 nns aBTOMaTH3UpO-
BAHHOIO KOHTPOJISI MapaMeTpPoOB M3[eNUH pa3paboTUMK MOXKeT COCPeloTOYHTh-
csl TOJIbKO Ha OM3Hec-JIOTHKe MPHJIOXKEHHUS, 4TO 103BoJsieT pa3pabdarsiBaTh [10
3HaYUTeNbHO ObICTpee U 3dekTHBHee. Takol pe3ysbTaT AOCTUTAETCS 32 CUET
COKpallleHHsl KOJM4YecTBa Koja, HeoOxomumoro ansi Hanucanus 1O, u ymeHb-
IIEHUST CJIOXKHOCTU pa3paboTKu Ojaronapst Tomy, uro DSL BHyTpeHHHE U co-
JePKHUT TOTOBblE aOCTPAKLMHU [AJsl pelleHHs 4acTO BCTpPeyaloluXxcs 3a1ad.

KuroueBble cjioBa: nporpaMMHpoBaHHe, NpeIMeTHO-OPHEHTHPOBAHHbIE SI3BIKH,
texHosoruueckoe [10O, aBTOMaTH3aLMsl, aBTOMAaTH3HPOBAHHBIE KOHTPOJIb TMapa-
METPOB.

B Hacrosiliee BpeMsi B cooOllecTBe pa3pabOTUMKOB MPOrpaMMHOro obecreue-
nus (I1O) BospactaeT UHTepec K peasU3alHH IPeIMeTHO-OPHEHTHPOBAHHBIX SI3bIKOB
(Domain Specific Language, DSL) nporpammupoBaHust IJsi pelleHHs] y3KOCIelna-
JIU3UPOBaHHBIX 3afad. DSL — 3To s3blK MporpaMMHUPOBaHHUS C OTPAaHUUEHHOH BHI-
PasUTeNbHOCTBIO, CMelHaIU3UPOBAHHBIN JIT KOHKPETHOH 00/1aCTH mpuMeHeHus [1].
[TpeumyiiectBa ncnosnbsoBanus DSL 3akmiouaiorcst B CylIeCTBEHHOM CHHMXKEHHU Jle-
HEXXHBbIX M BpPeMEeHHBIX 3aTpaT Ha pa3paboTky. B HekorTopwix cayuasx, Ojaromaps
CHM2KEHHUIO CJIOXKHOCTH, pazpadarsiBath [1O0 MoryTt Jtoau, moBEpXHOCTHO 3HAIOLIHE
NporpaMMHUpOBaHHUeE.
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Ha npennpusiTusix-npon3BOAUTE/SAX PA3JUYHOH 3JEKTPOHUKHU U pajuoamnmnapa-
TYpbl pa3paboTaHa CUCTeMa KauyecTBa BblllyckaeMo# npoayKuud. KoHTposb Moryt
MPOXOAUTb BCe M3MeNusl W KOMILJIEKTYIOIIWe, MOCTyNalllide B NPou3BoAcTBO. [lis
CHM2KeHHs1 ce0eCTOMMOCTH NMPOAYKLHH, a TaKXKe COKpAlleHHWs BPEMEeHU Ha MOBEPKY,
MPeANpPUATHS JaHHOTO THIA CAMOCTOSITEeNBHO paspabareiBaloT U npuMmeHsoT [10 pis
aBTOMATU3UPOBAHHOI'O KOHTPOJIS TapaMeTPOB BhITyCKaeMbIX H3/leNHH. B cBsA3Hu ¢ ak-
TUBHOH pa3paboTKON HOBBIX U3[eNHUH U MOAU(UKALUEH CYILIECTBYIOIHX OCTPO CTOUT
3ajlaya CyUIeCTBEHHOr0 TMOBbIIeHUs 3(PPeKTUBHOCTH pasdpadoTku [1O TexHUuyecKoh
OUArHOCTUKH H3MeJ/HH.

Huxe Oymer paccMoTpeHO TpHMeHeHHEe THUMOTETHUeCKoro BHyTpeHHero DSL.
Buytpennuit DSL — 370 onuH U3 cnoco60B UCNO/Ib30BaHUS S3blKa 00LLEr0 Ha3Haye-
nusi. Kon Bo BHyTpeHHeM DSL — 3To BaiuaHbIN KO B si3blKe 0OLIero Ha3HauyeHUs,
HO HCIIOJIb3YIOMIMH TOJBKO HEKOTOpPOE MOAMHOXKeCTBO Bo3MoxKHOCTel [1]. B nanHOM
caydae OyneT MCIOAb30BaH 0OBEKTHO-(DYHKLIMOHAJNBHBIN 3BIK OOLEro Ha3HaYeHHs
Scala [2]. K npeumyiiecTBaM 3TOro sisbika aJs cosganusi DSL oTHocsiTes [2]:

e cTporas cTaTuueckas Tunusauus, 6aarogaps yemy DSL 6yner Tunobesonace;

e (DYHKIMHU BBICIIEro MOPsiiKa, KOTOPble MOT'YT OBITb MPHUCBOEHDI, TepefaHbl KakK

apryMeHT W BO3BpalleHbl;
e BbiBeleHHEe THUIIOB MUHHMH3UPYeT HEOOXOMHMMOCTb MJisi IBHOTO YKa3aHHUS TH-
T0B;

® KDAaTKUU CHUHTAKCHC;

e HesBHble KoHBeprauuu (implicits), mo3Bosisiomine HesIBHO NepefaBaTh apry-
MeHTBbl (DYHKLHH;

e Makpochl [3].

Bnaropapsi TakuM BO3MOXKHOCTSIM $13BIK Scala XOpoILIo MOAXOOWUT AJs PEelIeHHUs T0-
CTaBJIEHHOH 3a1a4H.

Huxe Oyner npuBenén npumep runotetudeckoro DSL Ha Scala nss pazpa6otku
[TO aBTOMaTH3MPOBAHHOrO KOHTPOJS MapaMeTPoB pafiHonpuéMHoOro usneans. CTout
OTMeTHUTb, 4To Takod DSL momoinér nasi aHaJoOrHUHBIX U3ENHH U PaOOYUX MECT.

PaccmoTpum paguonpuéMHoe M3nesue ¢ BBIXOJOM CUTHAJIOB B aHAJOrOBOH (op-
Me. Jlyist MpoOBepKH TaKOro yCTpoiicTBa HE0OXOAUMO aHAJHW3UPOBATh CUTHAJM aHAJIU3a-
TOPOM CIeKTpa, a TakKe reHepupoBaTh HAa aHTEHHbIH BXOJ M3/eJHs YUCTHIH CUrHAJ
reHepaTopoM curHasa. CTOUT OTMETHTb, UTO COBPEMEHHbIE aHAIU3aTOPbl CIEKTpa U
TeHepaTopbl CUTHaJja OObIUHO UMeloT UHTep(delchl A yoaJ€HHOro yIpaBJeHHs MO
Ethernet unu USB. Takoe pab6ouyee mecTo U3oOpakeHo Ha puc. 1.

[Ipu paspabotke IIO nas KOHTpoOJS mapaMeTpPoB TAaKOro U3JeJHs He0OXOIHUMO,
npexzie BCero, cosfaTb KJacchl 1J/5 B3aUMOAEHCTBUS ¢ ycTpoicTBaMu. McxonHbil
KO TaKHWX KJIacCOB MOXKHO pasje/iuTb Ha JABe cocTaBjsioliue. [lepsass comepkut
KOMaH/ibl ¥ 3ampoChl U3 MPOTOKOJA COMPSKEHUS YCTPOHCTBA, JIOTHKY UX OTIPaBKH
1 00paboTKy OIIMOGOK. A BTOpasi — KOA, HE OTHOCSILIUECS K OH3HEC-JIOTHKE, HaTpH-
Mep, OTKPBITHE U 3aKpbITHe COKeTOB, Mpolleaypa COeAUHeHHUs, MPOBepKa JOCTYITHO-
CTH ycTpoHcTBa U T.4. Kox 13 BTOpO#i cocTapssiiolield 06bIYHO YaCTHYHO ME€PEHOCT
B OTHAEeJbHYIO MporpaMMHyl0 OubaHoTeKy. Bpemsi pazpaboTkKu mpu 3TOM COKpalla-
eTcs, HO He u3baBJisieT pa3pabOTUHMKa OT HEOOXOAUMOCTH pPeasii30BbIBATb METO[bI
I/t KaXkKA0H KOMaH[bl, a TakKe 3HaTb U yMeTb npumeHsiTb API stoii 6ubanoTeKH.
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l—TepenaeT curian B asanoroeoi hopwe ——  [poBEpAEMODE
AHanu3aTop cnexkTpa paguonpuemHoe
Wagenve

YNPEENAST NApameTpamMi 3ame YIpaENAST XapaKTepUC TGN
pa paMET Bl Pa, M3 0enHA MogasT CHrHAN HA aHT BHHEIA

CHUTBIEAET IHAYEHHA
P BXOO M3 08NHA
COOTHOWEHWA CAMHENWYM, NAKE 1 T.4.

KomneloTep ¢ MO anA YnpaenreT XAPAKTSPHCTHKAMM
BBETOMATWEWPOBAHHOrD| — CHIHANS, MODYMRLKEW M T M. FeHepaTop curHana

KOHTPONA NapameTpoBl——

Puc. 1. Pabouee mecTo 1151 MPOBEPKH PafiHONPUEMHOrO M3AEMHUS

AddexTrBHEE OymeT MOAXOMA, NMPHU KOTOPOM KJACCHI JJIsl YIpaBJEeHHS YCTPOHCTBOM
TeHEPUPYIOTCS 10 TPOTOKOJY COMpPSiKEHUsT 3TOro yctpoicTBa. PacecMoTpum mpumep
Ha DSL:

class AgilentGeneratorDefinition
extends RemoteDeviceDefinition{
name = "Agilent"
// Tun mpoTokoia
protocolType = tcp
// appec ycTpoHCTBa O YMOJIUAHMUIO
defaultAddress = "192.168.0.5"

// Cnucok koMaHpn (He BO3BpallalT 3HAUSHUS)
def commands = Seq(
TcpDeviceCommand (
"setFrequency",
"setFreqg x",
"On error message"
) .withArgs(classOf[Int])) .withArgsMapper {
case arg: Int => String.valueOf(arqg)
}
)

// CHOMCOK 3ampoCoOB (BO3BpamalT 3HAUEHUE)
def requests = Seq(
TcpDeviceRequest (
"getModuleStatus",
"getModStat x",
"On error message"
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) .withArgs(classOf[String]) .withResultMapper {
// TlpeobpaszoBaHue pes3ysbTaTa
case s: String => new ModuleStatus(s)
}
)
}

Knacc "AgilentGeneratorDefinition" npencrasssier co6oit onpeneseHne NpoOTOKO-
Jla YCTPOHCTBa, a TaKKe 3a/aéT HEKOTOpble HACTPOHKH Mo yMmosauaHuio. OH MOXKeT
ObITh paclIMpeH ¢ A00aBJeHHeM IepexBaToB U CHelU(PUUYHBIX HACTPOEK [IJs oIlpe-
neJEéHHBIX NMpoTokoJoB. [Ipennonaraercs, uto Takoi kJaacc Oynet o6paboTaH C mo-
motuibio TexHUKH Reflection [4], mocsie uero GymeT creHepupoBaH KJacc yrpaBJeHHs
yerpoiicTBoM. CTPyKTypa TUIIMYHOHM KOMaHIbl TAKOBA: Ha3BaHHWe METOAA B CreHe-
pPHUPOBAaHHOM KJjacce, Ha3BaHHe KOMaH[Ibl U3 MPOTOKOJA COTPSIKEHHUS] YCTPOUCTBA C
yKa3aHHeM MecCTa, B KOTOPbIH MOACTaBJIeTCS apryMeHT, coollleHHe 00 OLIHOKe,
TUNBl apryMeHTOB W (YHKLHUS KOHBepTauuu aprymeHta. Ecau Oyner ykasaHo 1Ba
apryMmeHTa, HalpuMmep X Uy, TO [Js1 TeHepalUru Kjacca yrpaBJ/eHus OyneT Heobxo-
OUMO yKasaTb o0a Tuna. Iljsg 3ampoca MOXKHO yKas3aTb aJrOpUTM MpeoOpa3oBaHUs
pesysnbpTata ¢ nomoiiblo Metona "withResultMapper" u TexHHMKH comocTaB/eHUS
¢ obpasuom (pattern matching) [2]. CreHepupoBaHHble KJacChl /sl yIpaBJeHHS
ycTpoHcTBaMU OynyT 0ObsIBIEHBl C MOMOLIbIO KJl04YeBoro cjoBa "object”, yto mos-
BOJIUT obpamiatbcs K HUM K3 q060i Touku [1O u mepemaBaTh Kak aprymeHt. [lpu
3TOM OHM OyAyT CyIIeCTBOBATh B €IUHCTBEHHOM 3IK3EMILJspE.

Tako#t mopxon 3dekTHBEH TeM, 4TO pa3paboOTUMK yKasbiBaeT TOJbKO Te Ha-
CTPOUMKH W MapaMeTpbl, KOTOPble OTHOCATCS K Ou3Hec-joruke. Her Heo6xomumocTH
OnuChIBaTh peanusdaurio B3aumonericteus uepe3 TCP unu UDP coketsl.

Kpome ympaBsieHusi ycTpoHCTBAMH HEOOXOAMMO OMHUCHIBATh UCMbITaHUSA. B ucmnbl-
TaHUM OOBIYHO TIPUCYTCTBYIOT YeTbIpe KOMIIOHEHTa:

® QJITOPUTM UCIIBITAHUA;

e Tab/Mla pe3yJbTaToB, KoTopas OyneT oTobpaxkaTbCs B MHTep(erice Moab30Ba-
TeJs;

® OTYeT C pe3y/]bTaTaMu ucnbeiTaHusl B ¢popmate PDF;

e uH(popMaLUs 00 HUCMBITAHUH (LeJb HCIBITAHHUS, METOAbl KOHTPOJS, HOPDMbI U
T.0.).

Ha DSL onucanue ucnbiTaHUs BBIMJISIUT CJAeLYIOLIUM 00pa3oM:

class Sensetivity extends
Challenge[List[Frequency], List[BigDecimall]]{
requirements = List(
new DeviceRequirement (AgilentSpectrumAnalyzer),
new DeviceRequirement (AgilentGenerator)

)
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// HcxopnHele OaHHLBE
data = List (4000 kHz, 5000 kHz, 7000 kHz)

override def algorithm {
results = List()
// AJIrOPUTM UCIHTAaHUS
for (Frequency f : data) {
if (interrupted) return
AgilentGeneartor.setFrequency(f + 1 kHz)
Receiver.getChannelByNumber (1) .setFrequency(f)
results :+ new BigDecimal (SpectrumAnalyzer.measureSnr())

def report() {
// TeHepupOBaHUE OTUeTa

}

def view: ChallengeTable = {
// TeHepupoBaHUe TabiUlE PE3YJILTATOB

}

def info: ChallengeInfo = {
// HAudopmauus o6 HCHOHTAHUU

}

Knace "Challenge", o3Hauatoiuiu#i ucneiTaHue, napaMmeTprusoBaHHbiH. [lepBoiii THI
YKa3blBaeTCsl Ui UCXOMHBIX NAHHBIX HCIBITAHHUS, HAMIPUMEpP, MPOBEPSiEMbIX YACTOT.
BTopoii — pas pesynbrTaToB. AJITOPUTM TeHepalUM OTUeTa paclofaraercs B Me-
tope 'report”. nsa cospanusi PDF n0oKyMeHTOB MOXHO HCIOJ/b30BaTb MPOrpaMM-
Hyto 6ubauoreky iText [5]. [eHepupoBaHue TabIHIBI PE3YNbTATOB OCYLIECTBJISETCS
yepe3 abcrpakuuio "ChallengeTable", ckpeiBasi ToHKOCTH peanusauuu. bmaropaps
HesIBHBIM TPe0Opa3oBaHUsIM BO3MOXKHO HcMosb3oBaHue KoHcTpykuuu "4000 kHz".
Wudopmaunio 06 UCOBITAHWH MOXKHO TOJYYUTb C TOMOIIbI0 (pyHKUHH "info".

WuTtepdeiic nonb3oBaTens mnpenanosaraetcs co3gaBaTb C MOMOIIbIO TEXHOJOTMH
JavaFX 8 [6]. ABToMaTHuecKasi reHepalus HHTepdekca B JaHHOM Cjydae HelleJe-
cooOpasHa, TaK Kak MOTYT NPHUMEHSTbCS pas3Hble YCTPOHUCTBA C pPa3HbIMH THIAMU
KoMaHA. Torga 6bl NPUILJIOCH ONUCBHIBATD JIOTHKY 'eHEPUPOBAHUS AJIs KaXKAOTO THUIA
koMaHael. TexHosorusi JavaFX 8 cmoco6¢cTByer GBICTpOl paspaboTke nHTepdeica
T0JIb30BaTe s, TaK KaK CONEPXKHUT Pa3BHUThIE CPEACTBA BH3YaJbHOIO KOHCTPYHpOBa-
HUS UHTep(eHcoB.

BxoznHasi Touka mporpaMmbl BHIVISIUT CJIEAYIOUIMM 00pa3oM:

class MainApp extends MainApplication {
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// Perucrpauus HUCIHTAHUN
challenges += Seq(new Sensetivity,
new Selectivity, new Intermodulation)

// TaHenb Oya yNnpaBJIeHUs YCTPONCTBAMU
deviceControlPanel = new DeviceControlPanel

// BepxHee MeHIO
menuBar = new MyMenuBar

// DomnonHWTesnbHas NaHesb
additionalPanel = new SpectrumAnalyzer
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Puc. 2. Ilpumep maHe M UCHBITAHUH

Knace "MainApplication" comepxut meton "Application.launch”, kotopeiii 3a-
MyCKaeT MporpamMMmy. 3/1eCb €CTh BO3MOXKHOCTb HAaCTpaWBaTh MHTepQelc Mosab30Ba-
Tesis ¥ 100aB/ISATh HA HEro MoJb30BaTeNbCKHE 3/1€MEHTHl, HAallpUMep, BepXHee MeHIO,
naHeJ b 151 BbIOOpa TMPOBEPSIEMOr0 TPAKTa M MPOrPAMMHBIA aHaIHU3aTOp CHEKTPa.

Tak Kak Kjacchl AJisl yIpaBJeHHUs] YCTPOUCTBAMU 0OBSIBJIEHBI C TIOMOIIBIO KJllOue-
BOro cJioBa "object”, To HeT HEOOXOMUMOCTH perucTpupoBaTh UX. O6palleHHe K HUM
BO3MOXHO M3 J1I060H TOUKH MporpaMmbl. VCIBITAHUST PErHCTPUPYIOTCS B CrelUalb-
HOM KOJINIEKL[MH, U3 KOTOPOH OHM 3aTeM OyIyT NOCTaBaThCs M MPeoOpPa3OBLIBATHCS
K HyKHOMYy BHAy. Jloruka paGoThl ¢ WCIBITAHHUSIMH, @ HMEHHO 3amyCK, OCTaHOB-
Ka, reHepalusi OT4€Ta U T.I., pacnosaraercsi B kjaacce "MainApplication”. [Ipumep

BO3MOXKHOTO HHTep(elca Mmosb3oBaTesss n300paKEéH Ha puc. 2 U 3.
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Puc. 3. [lpumep ynpaBJieHusi ycTpoiicTBaMu

Taxo#t nHTepdeiic ynobeH. B HeM MOXKHO BbIAENUTD Ba PexKUMa pabOThI: PyUHOH
1 aBToMaTuyeckKWi. Ha BkJsanke "Bri6op ucnbiTaHus" pa3MelléH CIHUCOK HUCIBITAaHUH
17151 aBTOMaTHUeCKOH NHAarHOCTUKM M3nenus. Ha Bk/aanke "YnpaB/ieHue ycTpoicTBa-
MH" pacroJgiaraetcss WHTepdelc IJis pydHOTO yIpaBJeHHs yCTpoHcTBaMH. Pasmepsl
KaXJI0M BKJIaJKH MOTYT ObITh M3MEHEHbl [10 YCMOTPEHHIO M0JIb30BaTeJIs.

Bnaronaps ucnosb3oBaHuio Takoro runoretndyeckoro DSL npu paspabotke 10
1151 aBTOMaTHU3UPOBAHHOIO KOHTPOJISI 1apaMeTpPOB U3Je/UH pa3paboTUMK MOXKeT COo-
CpPelOTOUNUTLCS TOJNBKO Ha OM3HeC-JIOTHMKe MPUJOXKEHHS, 4TO M03BOJsgeT pa3padaTbl-
BaTh [10 3HauuTenbHO ObicTpee U 3(pdeKTHBHee. Takol pe3dysabTaT AOCTHTaeTcs 3a
CuéT CoKpalleHHs KOJHYecTBa Kona, HeoOxomumoro njs Hanucauus [10, u ymeHb-
ILIEHUs CJI0KHOCTH pa3paboTku Osaropaps Tomy, uto DSL BHyTpeHHUH U COmEPKUT
rOTOBble a0CTPAKLMUU /ISl PelleHHs] YacTO BCTpevaroluxcs 3aaay.
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DOMAIN-SPECIFIC LANGUAGE FOR DEVELOPING SOFTWARE FOR
AUTOMATED TESTING OF ELECTRONIC DEVICES

A.Y. Vorobyev
postgraduate student, e-mail: flyenj@gmail.com

Omsk State University n.a. F.M. Dostoevskiy

Abstract. This article discusses the possibility of use of domain-specific program-
ming language for rapid and effective develop of software for the automated testing
of physical devices, such as radio receivers. It is assumed that for such a test is
necessary to control multiple devices, for example analyzers, generators, etc.

Keywords: domain-specific languages, technological software, automation, auto-
mated control of parameters.
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AnHoramusa. CosgaHa W yCHeUIHO BHeApPeHa WH(POPMAIMOHHAS CHCTeMa
051 3(hPeKTUBHOTO yIMpaBJeHHsT HaydHO-HCCJeN0BaTebCKOH paboroii. Pas-
paGoTaHHasi CHCTeMa [IpefHa3HaueHa MJs CTYIEHTOB M IpodeccopcKo-
TpernojiaBaTe/bCKOro CoCcTaBa, OHa BKJOUYaeT B ceGs MOHMTOPHUHI paboThl CTy-
JIeHYeCKOr0 HayyHOro obl1ecTBa, YIIpaBjaeHHe U3aHUSIMU, yIIpaB/IeHHe TUIJIOM-
HBIM M KYPCOBBIM TPOEKTHPOBAHUEM C 3JIeMEHTAMH HCKYCCTBEHHOTO HHTeJJIEeK-
ta. [lo pe3ysnbraTaM BHeADEHHUS 3TOH CHUCTEMbl YHHUBEPCHUTET AOCTUTHET CJeNly-
IOLIMX pe3y/nbTaToB: OyfeT HabJIOAATbCSl POCT YAOBJIETBOPEHHOCTH BCEX CYOb-
eKTOB 00pa3oBaTe/IbHOrO npolecca; OyaeT NPoCMaTpHUBaTLCS SIPKO BbIpakeHHast
TeHJEeHLHS HHHOBAlLlMOHHOTO Pa3BUTHS BCeX MOJACHCTEM Ha BCeX ypOBHSX. B
nporecce peajyU3aldd MPOrpaMMbl PA3BUTHSI MOBBICHTCS KOHKYPEHTOCIOCO0-
HOCTb YHHBEPCHUTETA B COLUYME.

KiroueBble caoBa: MHpopMaTtH3anus 00pa30OBAaTENBHOIO  YUpeXKIeHHS,
MH(OPMaLMOHHO-YTIPaBJsIoOLLas CUCTeMa, HaydHO-HCCIe0BaTenbcKas pabora.

[Iponeccsl aBTOMaTH3aUMK Ha COBpEMEHHOM 3Talre pa3BUTHUS OOLIECTBA MPOHUK-
JIU BO Bce c(eprl NeATeNbHOCTH 4YesoBeKa. BHenpeHne MHPOPMALMOHHBIX TEXHO-
JIOTUH TMpoueAypbl aBTOMaTH3aLUWK yMNpPaBJeHHsT B 00pa3oBaTe/bHBIX YUpexKIeHUIX
IBJISIETCS OMHOM M3 MPHOPUTETHBIX 3aJau COBpEeMeHHOH cucTeMbl 06pasoBaHus [1].

Db heKTHBHOCTL 00pa30BaTeIbHOH W HAYyYHOH AeSTEeJbHOCTH BBICIIMX Y4eOHBIX
3aBelleHUH B COBPEMEHHBIX YCJIOBHUSX OIpelessieTCsl CBOEBPEMEHHOCTbIO M Kadye-
CTBOM YIIpaBJeHYECKUX pellleHHUH, NPUHHMAaeMbIX B YCJOBHUSX HeONpeneséHHOCTH
U DUCKA, KECTKHX BPEMEHHbIX OTpaHHUYEeHHH, HEMOJHOTbl U HeJOCTOBEPHOCTHU HH-
(hopmaLMK, SKOHOMHUYECKOH Lesecoo0pasHOCTH. BaxKHas posb B 3THUX Ipoleccax
OTBOJIUTCS AKTUBHOMY NPUMEHEHHI0 COBPEMEHHbIX MH(OPMALMOHHBIX TE€XHOJIOTHH,
CMOCOOCTBYIOLMX MOBBIILIEHUIO KaueCTBa, COKPALLEHUIO BPEMEHH U CHUXKEHHIO Tpy-
NOEMKOCTH TIPUHSITHS YIpaBJeHYeCKUX peleHud [2].

B coBpeMeHHBIX YCJ0BHSX MUPOBOTO COLIMAIbHO-9KOHOMUUYECKOTO PAa3BUTHS 0CO-
OeHHO BaXXHOM 00J1aCThIO CTaN0 HMH(pOPMAaLUOHHOe obecreuyeHHe Mpolecca ynpas-
JIeHUsI, KOTOPOe COCTOUT B cOope U mMepepaboTKe HUH(POPMALKUU, HEOOXOOUMOH MJid
MPUHATHUS 0OOCHOBAHHBIX YIPaBJEHUECKUX PeLIeHHH. DTO KacaeTcss U CUCTEMbI 00-
pa3oBaHMs, a B UACTHOCTH YIPABJEHUS HAYYHO-UCCJEI0BATENbCKOH pabOTOM By3a.
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HayuHo-uccnenoBatenbckasi paboTta siBJsieTCsl COCTAaBHOH 4acTbl0 AeATENbHOCTH
KOJIJIEKTUBA yHUBEpPCUTeTa, Hepa3pbiBHO CBs3aHa C y4eOHO-BOCHUTATENbHBIM MPO-
[IECCOM, CMOCOOCTBYeT 0OecrneyeHUI0 TECHOrO0 B3aUMOAEUCTBUS 0OyUeHUs, HAYKHU U
MPaKTHKH, HalpaBJ/JeHa Ha NOCTHXKEHHEe BBICOKOTO KayecTBa MOATOTOBKH CIeLHA/IH-
CTOB, MOBbILIEHHEe KBaJU(UKALKH NPENofaBaTe/]bCKOr0 COCTaBA.

PaspaboTka cucTeMbl yrnpaBJ/eHUs HayYHO-UCCAeN0BATEbCKONH paboToOH CTYyAeH-
TOB U Npo(eccopcKo-NpenofaBaTe/bCKOro CoCTaBa, BKJYamwllas B ceOs MOHUTO-
pPUHT paboThl CTYAEHYECKOT0 Hay4yHOro obuiecTBa, yrnpaBjeHHe HW3JaHUSIMH, YyIpaB-
JIeHWe JMIJIOMHBIM U KYPCOBBIM NPOEKTHPOBAaHUEM C 3JleMEHTaMHM HCKYCCTBEHHOTO
MHTeJJIEKTa CTAHOBUTCS 6oJiee aKTyaJbHBIM, KOT/1a B COBPEMEHHBIX YCJIOBHSX MOBbI-
meHre 3pPEeKTHBHOCTH yTPaBJeHHs BBICIIUM Y4eOHBIM 3aBeleHUeM SIBJISIETCS OLHON
U3 KJIOUEeBBbIX 3a/1a4, CTOSILLMX Nepefl pyKoBOACTBOM By3a. [locTosiHHOe yBesnuueHne
00BEMOB M MHTEHCHBHOCTH MOTOKOB HH(OPMALKK NMPUBOAUT K HEOOXOAMMOCTH HC-
10/1b30BaHUSA UH(DOPMALIMOHHBIX CPEACTB U TEXHOJIOTHH [Jisl MOBbILIEHHs] OlepaTHB-
HOCTHU U aJIeKBaTHOCTU €€ BOCHPHUATHS U 00pabOTKHU.

Hcnonb3yemble B HacTosilee BpeMst B OOJIbILIMHCTBE BY30B CHCTEMbI YIIpaBJeHue-
CKOH NesiTeJTbHOCTH UMEIOT PSifi CepbE3HBIX HEJOCTATKOB, CYIIECTBEHHO CHUKAIOIIUX
pe3yJbTaTUBHOCTb UX (DYHKIIMOHUPOBAHHS B LI€JIOM:

® [IpOrpaMMHble KOMIIJIEKChl aBTOHOMHBI, He HHTEIPUPOBAHbI B €IUHYI0 CUCTEMY;
e ycTapeBllas cpefa U ans-cepBepHasi TEXHOJOTHS;

e Hes(ppeKTUBHbIE CTPYKTYypbl 0a3 NaHHBIX, XpaHHMble AaHHble He OTpPaxKaioT
peasibHOTO COCTOSIHUSI ONUCBIBAeMbIX 00OBEKTOB;

® XpaHUMbl€ NaHHBbIE PA3JUUYHBIX MOACUCTEM HE COIJIaCOBaHbl APYT C APYTOM;

® TOYHOCTb, aKTyaJbHOCTb H CBOEBPEMEHHOCTb AaHHBIX HEYIOBJETBOPUTEJbHBI
13-32 HECOIJIACOBAHHOCTH TpoleAyp c6opa ¥ BBOAA NAHHBIX B Pa3JHUHBIX
MporpaMMHbIX KOMILJIeKcax [3].

ABToMaTH3anus yrnpaBieHUs yueOHbIM 3aBeleHHeM, TIPUMeHeHHe cpelIcTB HH(opMa-
IIMOHHBIX U TeJEKOMMYHHUKAIIMOHHBIX TEXHOJOTHH MO3BOMHUT [4]:

® 3aBTOMAaTU3HMPOBATb U ONTHUMHU3UPOBATb OCHOBHblE MH(POPMALMOHHbIE NTPOLECCH
Mexy 00pa3oBaTeJbHBIM yupexkIeHUeM MW OpraHaMM yIpaBJjeHHs oOpa3oa-
HUEM;

® CTPYKTYPHUPOBATb MH(OPMALHUIO U cle/aTb e€ yIoOHOW M NOCTYIHOH IJI aHa-
JIN3a;

® [OBBICUTb 3(PPEKTHUBHOCTb U KayecTBO PabOTBl CIELHAJUCTOB CUCTeMbl 00pa-
30BaHMS Ha BCEX YPOBHAX 3a CYET ONEPATHBHOCTH B MOJYUYEHHH AOCTOBEPHOH
UH(pOPMAaLKK O COCTOSSHUM OOBEKTOB yIpaBJeHUS U COKpallleHHs BpeMeHH Ha
NPUHATHE PEIeHUH U KOHTPOJS HUCIIOJHEHHUS.
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Jl1st pa3paboTKH CHUCTeMBbl yIpaB/eHHs HayuHO-HCCJeloBaTe/bCcKOH paboTod By3a
HEeO0OXOAHMMO pellUTb CJelyIoll1e 3alaun:

® 13yuWTb HOPMATHBHYIO 0a3y Hay4yHO-HUCCJeNOBaTeNbCKUX PaboT CTyIeH-
TOB, a TaKKe MHUCbMEHHbIX PabOT M BHIIBUTb KPUTEPUH [JIsi TOCTPOEHHS
MH()OPMALIMOHHO-YTIPABJISIONIEH CUCTEMBI 110 MUCbMEHHBIM padoTam;

e [aTh KpaTKoe OMHCaHHe MOACHUCTEM, KOTOpble OYAyT BXomuTh B coctaB UYC,
a TakXke 00BEKTOB CHCTeMbl (OMpefeUTh 0ObEKTH CUCTEMB);

e onucaTb UH(POpPMaLMOHHBIE TOTOKH noacucteM MYC;
® OIpelesUTh KJACChl N0/b30BaTeNed U pasrpaHUuyeHre 1paB A0CTYNa,;

e cnpoektupoBath ~ MYC  mommepkKu M CONPOBOXKAEHHS  HAyuyHO-
UCCJIe0BATENbCKOM PaboThl BY3a;

e paspaboratb MY C nopmepkKu U COMPOBOXKIEHUS] HAYUHO-HUCCJEI0BATENbCKON
paboThl BY3a;

e TecTupoBaHMe M orTiagka WYC noamepKKW M CONPOBOXKAEHUS HayyHO-
UCCIe0BaTe/IbCKOH paboThl BY3a;

e pa3paboTaTh CTPYKTYpPYy U colep:KaHHe PYKOBOACTB M0JIb30BaTeNeH CHCTEMBI.

[TpumeHeHMe NaHHOM CHCTEMbI MO3BOJMT OCYLIECTBUTb HAaWUJYYIIMM 00pa3oM opra-
HU3aLUI0 Hay4YHO-HUCCIel0BaTebCKOM paboThl, a TaKKe OCYLIeCTBJAATb MOHUTOPUHT
paboThl CTYAEHYECKOr0 HAay4yHOro oOlLlecTBa, ylpaBJeHHe HU3NaHHUIMH, YIpaBJeHHe
IUIVIOMHBIM U KYPCOBBIM IIPOEKTUPOBAHHEM.

[To pesysnbratam BHeapeHHs HH(OPMALMOHHO-YIIPABJSOLled CUCTeMbl MOALEPXK-
KW W COIPOBOXK/IEHHS HAy4YHO-UCCJIEN0BATEJbCKOH paboThl YHUBEPCHUTET AOCTHUIHET
CJeyIOlHUX pe3y/bTaToB:

e OyneTr HabJIOAATHCS POCT YIOBJETBOPEHHOCTH BCeX CyOBEKTOB 00pa3oBaTelib-
HOTO Tpollecca;

L4 6y11eT [IpoCMaTpUBaATbCA APKO BblipakK€HHad TeHACHU NS WHHOBALMOHHOI'O pas-
BHUTHSA BCEX MOACHUCTEM Ha BCEX YPOBHSX.

B npouecce peanusauuy nporpaMmbl pPa3BUTHS MOBBICUTCS KOHKYPEHTOCIIOCOOHOCTh
YHUBEPCHUTETA B COLHUYMe.
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RESEARCH WORK SUPPORT AT UNIVERSITY
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Abstract. For an effective management of research work the information system
was created and successfully implemented. The system is intended for students and
teaching staff and includes monitoring of the student scientific society work, man-
agement of editions, management of graduate works and course projects with the
elements of artificial intelligence. As a result of the project realization at university
the satisfaction of all educational process subjects will grow and trend of innovative
progress of all subsystems on all levels will appear. In the process of the development
program realization the competitiveness of university in a society will rise.

Keywords: informatization of educational establishment, information management
system, research work.
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AnHortauus. OnucbiBaeTcs Co3IaBaeMblid MPOrPaMMHBIH KOMILJIEKC, MpeacTaB-
JsA0MUE co60i MH(POPMALIMOHHO-aHATUTHUYECKHUH MOMYJb NOJATOCPOYHOTO IHMC-
MaHCepHOro HaOJIIOfEHUS MAalMeHTOB, MepeHECIUX MH(ApKT MHoKapaa. XoTs
pasauuynble ACY BHenpsitotcss B MeguuuHy ¢ 1970-x romos, mpencTaB/eHHBIH
MOAY/b CO3[a&TCs ¢ Lesblo 0oJiee TeCHOTO B3aHMOAEHCTBUS KIMHUKH U NalH-
eHTa 0e3 NMPUBSI3KH MallieHTa K KOHKPETHOMY Bpady. DTO MOBHIIIAET KaK [IaHChI
60JIBHOTO Ha MpOBe/ileHHe CBOEBPEMEHHOr0 JleueHHsl, TaK OTBETCTBEHHOCTb KJIH-
HHUKH 32 3[0pOBbe MalHeHTa.

KuaroueBbie ciaoBa: MonyJib, IporpaMma, NaluueHT, HHPApPKT MUOKapAa.

Beenenue

OcHalleHre BBIYHUCIUTEJbHOH TEXHUKOH KJWHHK 31PaBOOXPaHEHHs T03BOJISET
JIETKO pelaTh NpoOJeMbl, ¢ KOTOPBIMU paHee MeIWlMHA He CIpPaBJsjachb, U 3TO
MPUBOJIUJIO JIKOO K MOBBILIEHHOH CMEPTHOCTH CPelr ONpeNesEHHOW KaTeropuu 00Jb-
HBIX, JIMOO K TMOBTOPEHHIO TsXKEJ0ro 3aboseBaHus. K 3Tol KaTeropuu OTHOCATCSA
30% mauueHTOB, KOTOpPBIE TepeHecJd UH(APKT MHOKapAa U MepeHOCSIT ero BHOBb B
TeyeHUe OJMKAUIINX MSATH JeT BCJAEeICTBUE HEYNOBJETBOPUTENBHOTO aMOYyJIaTOPHOTO
aucrnaHcepHoro HabOswoneHusi. [IpudyuHbBl CTOMb MeYaJbHOTO OOCTOSITENBLCTBA CaMble
pa3HooOpasHble: 3TO U 3aHSATOCTb Y4YaCTKOBOTO Bpaua, M yacTas CMeHa Yy4dacTKo-
BbIX Bpaued U cecTEp, BKJOYas He TOJbKO yBOJbHEHHE, HO U OTMYCK, MOBBIIIEHHE
KBaJU(HUKALKH; HAKOHELl, 3TO CBfI3aHO C TeM, YTO He KaxKAblh MalHeHT MOUIET B
MOJUKJIUHUKY, €CJIM ero He MPUTJIACUTh Ha MPUEM.

PewenneM nanHoil npo6J/eMbl IBJseTCS CO3laHUe MH(DOPMALlUOHHBIX CUCTEM, Ha-
NpaBJeHHbIX HA W3BJIeYeHHe CTaTUCTUUeCKOW UH(POPMALHU O MalKMeHTaX, COCTOSIINX
Ha aucrnaHcepHoM yuéte. MHaue roBopsi, TpebyeTcsi co3aaTh ClelHaNU3HPOBAHHBIM
NPOrpaMMHBIM KOMIIJIEKC, MTPEACTABJSIOIINN cOO0W HHPOPMALLMOHHO-aHAJUTUUECKUH
MOAYJ/Ib JOJIFOCPOYHOTO NHCMAHCEPHOrO HAOJIONEHUS TMALUeHTOB, NepPeHECIIUX WH-
(apkT MHokapaa, unm, cokpameHo, MAM TTMKC.

MAM TTUKC noskeH Mo3BOJHTh pellaTh CAeAYIOLINEe 3a1auH:
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noJydaTb OOCTYN K JAaHHBIM MallU€eHTa, HE3aBUCHMO OT €ro y4acTKOBOH MpHU-
Ha/lJIeXKHOCTH;

BHOCHTb, U3MEHSITb W AHAJHU3UPOBATb [aHHble KJIWHHYECKOHW KapTHHBI KOpO-
HapHOH 0O0JIe3HH cepalla, UCTOPUU 3a00JIeBaHMS, IPOBOAUMOTrO JieueHHUsl B pe-
aJIbHOM BpEMeHH;

® OTCJ/IE2KHMBATb CPOKH M Ka4Y€CTBO BLITIOJTHEHNWA peKOMeHﬂaU,I/Iﬁ Bpaya;
® BLI3bIBATDL [MTALIMEHTOB Ha HpI/IéM Hy’I‘éM aBTOMaTI/ISI/IpOBaHHOﬁ OTCBIJIKH IMallUEH-

TaM CMcC- ¥ email-coob1eHn# B COOTBETCTBUM C YCTAHOBJIEHHBIMU YYaCTKOBBIM
BpPauoOM CPOKaMH;

Ha OCHOBAHWHU BBENEHHBIX PE3YyJbTATOB J1a00PATOPHO-UHCTPYMEHTANBHOTO 00-
CJIeJOBAaHUSI CUTHAJNM3UPOBATh Y4aCTKOBOMY Bpauy 00 OTIpaBKe MallUeHTy COo-
o0L1eHHUs1 0 CpoKax U 0ObEéMe o4yepeqHOro 0OC/eN0BaHUSA U IBKU K Bpady;
otobpakaTb Ha 3dKpaHe CIIMCOK MALHWEHTOB, MPOLIENIIUX U He MPOIIeAIInX
HeoOXooUMOe 00CJ/ief0BaHHUE.

Wnes pazapaboTKK Takoro nporpaMMHOr0 KOMILJIEKCA IPUHAAMNEKHUT COTPYAHUKAM
Kadenpel MporneneBTHKH BHYTPeHHUX Oose3Heir OMCKOH rocyiapCcTBEHHON MeIUIIMH-
ckoit akazemuu. [Torpebutenem MAM TTMKC B cooTBeTCTBHM C UX MJaHAMH OyIyT

010K

€THbI€ W HaCTHbIE YUYPEXKIAEHUA Owmckoit O6JIaCTI/I, 3aHHUMammecsd OoKasaHueM

MEAUIIHMHCKHUX YCJIYT I10 pea6I/IJII/ITaI_[I/II/I U OHUCIIaHCEPHOMY Ha6.HIOJl€HI/IIO [MallMEHTOB,

nepeH

1.

€clIMX MH(papKT MHOKapAa.

Ilnan peanusanuu npoekra

JIns co3naHusl onMcaHHOro NMPOrpaMMHOI0 KOMILJIeKca HeOOXOAUMO NPOBECTH pa-

00THI,
1.

@

2.

caenys CaefylolleMy MJaHy:

Cosnath 6a3y AaHHBIX O KAMHUYECKUX HccienoBaHusax (150 yes.):
® 3aKyMHUTb pPEaKTUBBbl [JI MCCAENOBAHUS arperalMoHHOW aKTHBHOCTH
TPOMOOLIUTOB M JIMIIMJHOTO CHEeKTPa KPOBH;
e npuo6pectu Beretotectep BHC-Mukpo ans nccnenoBanus BapuabesnbHo-
CTH CEepleYHOr0 PUTMa U aHaJ/IM3a HAJU4HUS KU3HEYTPOXKAIOLUUX Hapylle-
HUU CepaeyHoro puTMa.
Cospmatb mporpaMMHBIH MPOAYKT U MPOBECTH €ro TeCTHPOBAHHE.
[TonroToBUTH PyKOBOACTBO /151 MOJb30BATEIS.
[IpoBecTH HEe3aBUCHMYIO 9KCIEePTHU3Y NpOrpaMMbl B JieyebHo-
npoUIaKTHIeCKUX yupexaeHusx r. OMcka.
OcyuecTBUTb NPOABHUXKEHHE NPOrPAMMHOr0 MPOAYKTA Ha PbIHKeE.

IIporpammHas yacTth

OcHoBHas LieJib ONMCAHHOTO NPOEKTa — COKpalleHHe CMePTHOCTH MOCTUH(APKT-
HbIX OOJIbHBIX M MOJIHAasl 3aMeHa KapThl OOJIbHOrO 3JIeKTPOHHOW KapToH MalMeHTa,

BCJIE]

CTBHE 4Yero MpOU30HAET SKOHOMMS CPelNCTB M BpeMeHH, MOTpayeHHBbIX Ha 3a-

[IOJTHEHHE 6YMa)KHbIX KapT.
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B cBA3M ¢ LIMPOKUM POCTOM MOMYJSIPHOCTH BeO-TE€XHOJOTHH, MPOCTOH U yHoO-
CTBOM MX MCIIOJIb30BaHHUS, a TaKyKe BO3MOXKHOCTbIO yHaJEHHOro I0CTyNna K Ipo-
rpammHoro monyawo, MAM TTMKC 6bi1 co3nan Kak BeO-NpUJIOKEHHE.

[Tporpammueiit komnaeke MAM TTHMKC paspa6oTan Ha 0CHOBE COBPEMEHHOI'O U
nonyaspHoro php-framework CakePhp ¢ mprmeHeHMeM HOBEHIIMX TEeXHOJOTHH B
cthepe BeO-ungyctpuu php, mysql, html, css, javascript, json.

C nesibio cesaTb KOMIJIEKC NPHBJEKATeNbHBIM He TOJBKO [/ KapAUOJOroB, ap-
XUTEKTypa MporpaMmbl ClJIaHUPOBaHA TaKMM 006pa3oM, YTO OHA MOXKeT OXBaThlBaTb
He TOJIbKO 00/1aCTh KapAHOJNOTHH, HO U Ji060e Apyroe HanpaBJjeHHS MeIHULHUHBI, TO
€CTb TpelyCMOTpeHa eé MaclTabUpyeMOCTb U YHHBEPCANbHOCTb.

3. JocTUurHyTtbie pe3yabTaThl

Pa6ora no cospanuto MAM TIMKC Benércsi B paMkax 2-X rOIHYHOIO MPOEKTa
«YMHHMK» COBMECTHO C COTPYAHHKaMH OMCKOH rocynapcTBeHHOH MeIMLHMHCKOH aKa-
nemuu. Ha nanHoM sTane paspaGoTKHU aHAJIUTHYECKOTO MOAYJIS PelleHbl Claefyoliue
3ajauu:

1. ObGecrneueHa Beicokast 6€30MacHOCTb OT B3JIOMa TPOTPaMMbl 3JI0yMBIIIJIEHHH-
KaMH.

2. IlpenycMoTpeHa BO3MOKHOCTb N00aBJeHUSs], pelaKTHPOBAHUS KapTOUKU MalH-
eHTa.

3. PeanusoBaH ynoOHBIM MOWCK MallHeHTa C aBTO3aMOJHEHHEM.

4. Co3paHa cucTeMa HalOMMHAaHMUS BpauaM O MalHeHTaX, KOTOpble HYXKAATCs

B NpHéMe MO0 NHCMNAHCEPHOMY HAOJIONEHHUI0 WJKM B CPOYHOM MOPSiAKE — IO
3aHMXKEHHBbIM WJIM 3aBbIILIEHHBIM MapaMeTpaM B pe3yJ/bTaTe JabopaTOPHBIX HUC-
CcJIeIOBaHUH.

5. PeanusoBaHa cucTeMa yBelIOMJIEHUs MAllMEHTOB MOCPEACTBOM PACCHIJIKH CMC-
U e-mail-cooOiIeHunH.

6. Kaxnoe neiicTBue mosib3oBaTesist (Bpaya) B MporpaMmMe COMPOBOXKAAETCs 06s-
3aTe/IbHBIMU alpeCHBIMU YBEIOMJIEHUSIMHU.

7. PeanusoBaH cO0p CTaTUCTHUKH M COOTBETCTBYIOIIAsl aHAIUTHKA (CM. puc. 1).

8. IlpenycMoTpeHa BO3MOXXHOCTb PaCUIMPEHHs] CMUCKA W 3HAUEeHUS MapaMeTpoB,
roKasaTeJsied, HanpaBJeHHUs JedeHHUs .

9. BosMoxkeH BBIBOJ Ha 9KpaH KapTOuKa MalHeHTa.

10. TlauueHT He MpUBsi3aH K KOHKPETHOMY Bpaudy, UTO MO3BOJISIET MOCTOSIHHO CJie-
IUTb 32 €0 3[I0POBbEM.

11. Bo3aMOXXHOCTb COCTaBJIeHHS TJaHa JeueHHUs Ha rof U 6ojiee ¢ MocjeqyoluM
yBeIOMJIEHHEM 3a Mecsll 10 npuéma (cMm. puc. 2).

12. IxcropT naHHBIX MalUeHTa B excel-tabauiy.

13. BbiBox KapTouyKM MauueHTa Ha Meyarhb.

O6paTvM BHMMaHHe Ha (PMHAHCOBYIO CTOPOHY MPOEKTa, KaCaloLLyl0Cs pacChlIKH
cMce- 1 email-coobuennii. OueBUAHO, UTO CUCTEMa JOJKHA MOJACUMTBIBATDH JEHEX-
Hble 3aTpaThl KJAMHUKH Ha NAHHYIO PACChlIKY U HH(OPMHUPOBaTb 00 MU3pacxOdOBaH-
HBIX CPEACTBaX COOTBETCTBYIOLLYIO CJAyKOYy KJIMHHUKH.
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fABkm e —— OucnaHcepHoe
Sepcenues Anexcanap Feoprueais HabnogeHue
EOIEE TNiiHas KapTouka — BepceHbes AnlekcaHap = )
3208.05.2013 Teopruesus (10 net) Kowapatses Anekcei Auapeesns
I 22 04.12.2012 oruzae oba0na ans Ananosoro
: orEonoKasaH o6cnenosanua no nokasatento: (Y
TR e 21112012 i (T or0s 2015
IR 52 05112012
R
=3
s
T 01.05.2013
Yonecrepun
=3

= MapameTpsl Xonecrepuna (fepceHbes Anexkcasap reopriesny)
< 06.11.2012 o 08.05.2013

unerp [Toa] 3u [Bee

Puc. 1. Kaprouka nanuenra ¢ rpadukoM, COCTaBJeHHbIM Ha OCHOBE TOKa3aTeJsel, BBEAEHHBIX
BpayoM B nporpaMmy. KpacHbIM I[BeTOM Ha BKJaJKe «XoJecTepHH» 0TOOpakéH MoKasarelb,

KOTOprﬁ HUMeEEeT 3aHUKEeHHbIe HJIKW 3aBbILIEHHbIE MTapaMeTpPhbl (HI/I}Ke HJIK BbIlIE HOprI)

PeAAKTHDOBATE KAPTONKY NALMEHTA KOHAPATLOB ANGKCeR AHAPEORIN

P——

Mnan AucnaHcepHoro HaﬁﬂlO.D.EHHﬂ

p— e g —

———

%* H B S E sEEEe o E =

- o E O EEEEE B EE
- - e FfEeeEE B @8
HE B EEEEE B EE
HEH O EEEEE B EE

- - - S EEEE e - - -

P— ey ——————

Puc. 2. [lnan aucnaHcepHoro HabJoneHus (MaaHoBoe 06c/enoBaHUe), KOTOPbIH MOXKET COCTaBHUTh

Bpay Ha TEeKYLIMH U NOCJAeNYIOLUH Fof AJs naluueHTa. Bpau W nanueHT OynyT moJydarb

COOTBETCTBYIOLLIWE YBEAOMJIEHUS (pI/IC. 3) 3a Mecdll O 3allJTaHKWPOBAHHOM BbI3OBE€ INAallMEHTA MIJ1s

MIJIAHOBOTO 06CJIeIOBAaHUS WJIH IS HampaBJIeHUS Ha obcyieloBaHHe K KOHKPETHOMY Bpaudy
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OucnaHcepHoe
HabnoageHue

KoHgpaTees Anekceil AHOpeeBuny
OX¥MA3ET Bbi30Ba ANA NNAHOBOMO
obcnenoBaHus K m 01.05.2013

Bepcereer Anekcanap Freoprueeny
OXWAAET Bbi30Ba ANA NNaHOBOTO

o6cnenoBanns K LaliLure vy
01.05.2013

Boi3BaTh

Puc. 3. ¥YBenom/eHHs 10 TJIAHY AHCIAHCEPHOTO HAOJIONEHHS

BelzBaTk NauueHTa

3Aets MOKHO BEBATE Bep Feopruesny Ha NpHeM
K KApQHOXHPYRTY

05292013 A

He Mn Bt Cp v mr c5 B

18 1 2 3 4 5

19 6 7 8 9101112

20 13 14 15 16 17 18 19

29 20 29 2 23 24 25 2%

2 o B B W N

Puc. 4. Bri3oB nauueHrta
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[IpencraBum HekoTOpele MOMeHTHl B paboTe mporpammbl. Ha puc. 1 mpuBeneHa
KapTo4yKa MalkeHTa ¢ rpadukoM, COCTaBJEHHbIM Ha OCHOBe IOKa3aTeJsieH, BBENEH-
HBIX BpauyoM B mporpammy. Ha puc. 2 mpencraB/ieH TJaH AHWCIAHCEPHOrO HabJIO-
neHusi (njaHoBoe obcJieoBaHHE), KOTOPBIE MOXET COCTaBUTb Bpay Ha TEKYIIHH U
MoCJeNyIOKN rof AJs naudeHTta. Ha puc. 3 mpuBeneHO OKHO «YBeNOMJEHHS MO
MJaHy AWCNaHcepHoro HabJtoneHusi». [Ipu HakaTuM Ha KHOMKY «BbI3BaTh» OTKpBI-
BaeTCcsi OKHO «Bpi3BaTh marueHTta» (puc. 4), B KOTOPOM Bpad MOXKeT BbIOpaTb AaThl
BbI30Ba TallMeHTa Ha MPUEM. YBeldoMJeHHe OyleT OTIPAaBJEHO B BHIE CMC- HJH
email-coobl1eHus] MalUeHTy, eCJU COOTBETCTBYIOIIME NaHHbIe NPHUBENEHbl B JUUHOH
KapTouke. EcaM mamueHT sIBUJICS, TO Bpad HaKMUMaeT KHOMKY «OTMETHUTb SIBKY»
(puc. 3), mocse yero yBemOMJIeHHE HcYe3aeT, a B mjaHe (puc. 3) oToOpaxaercs
3aMUCh O TOM, YTO MALUEHT SIBUJICH.

4. JNanbHeiillee pa3BUTHE KOMILIEKca

PaspaboTaHHBI porpaMMHBIA KOMIJIEKC NpeAnoJaraeTcs pa3BuBaTh B CJedyl0-
1LleM HanpaBJ/eHHH:

1. PeanusoBaTb aBTOMaTHuecKoe CO3[aHUe Y4YETHOH 3aMUCH MalHeHTa NpH J0-
O6aBJeHHH ero KapTO4Kud BpadyoM. B pesysnbrare mnauueHT OyaeT BHOETb B
aHAJUTUYECKOM MOJIYJe NaHHBIE TOJBKO CBOEro JieueHWsi U 00C/eI0BaHHUS B
pexume OH-JaKH.

2. CpenaTb BO3MOXKHBIM MOJIy4eHHe LIMPOKOr0 CeKTpa aHAJUTHYECKUX NaHHbIX:
CTaTUCTHUKH KOJMYECTBA MYKUYHMH W XKEHILHH, pa3jiejieHne UX Mo pailoHam 00-
CJY>KUBAHHS y4aCTKOBBIMM BpauaMM, CTaTUCTHKH, Kacamollelcs npuéma rmpe-
napaToB.

3. PeanusoBatb 3arpysKky B porpaMmy pe3yabTaToB 00C/eJ0BaHHUS, IPOrHO3UPO-
BaHHMsI Ha OCHOBE CTATHUCTHYECKHX NAHHBIX U aHa/M3a NoKa3aTeJsel NalueHTOB.

3akJjroueHue

Xots pasznuunble ACY BHenpsitotTcsi B MenuuHy ¢ 1970-x romos, mpencrtaBJ/ieH-
HbI MOIY/b CO31aéTCs C Lesblo 6oJiee TECHOTO B3aWMOIEHCTBHUS KJAMHHUKH U Ma-
nveHTa 6e3 MPUBSA3KU MalMeHTa K KOHKPETHOMY Bpady. DTO TOBBIILAET KaK ILIaHCHI
60JIBHOTO Ha MPOBeleHHe CBOEBPEMEHHOTO JieUeHHUs], TaK OTBETCTBEHHOCTb KJIWHHUKH
3a 3/I0pOBbe MallUeHTa.
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THE INFORMATION AND ANALIYTYCAL PROGRAM OF LONG-TERM
DISPENSARY SUPERVISION OF THE PATIENTS WHO HAD A MYOCARDIAL
INFARCTION
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Abstract. The created program complex representing the information and analytical

module of long-term dispensary supervision of patients with a myocardial infarction
is described.
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NPUMEHEHUE MOBUJIbHBIX TEXHOJIOTHH
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CeBepo-Kazaxcranckuii rocynapctBeHHbld yHUBepcuTeT uM. M. KosbiGaeBa,

Pecnybnuka Kasaxcran, r. Ilerponas/iosck

AHHoTamusa. B cratbe paccMaTpuBalOTCs HampaBJ/eHHS HCIIOJIb30BaHHUS MO-
OUJIbHBIX TEXHOJIOTHH B COBPEMEHHOM BbiCLeM 00pa3oBaHHWH. BO3MOXHOCTH U
JIOCTOMHCTBA UX PUMEHEHHS.

KuroueBbie ciioBa: MOOU/bHBIE TEXHOJNOTHH, MOOUIbHOE OOYUEHHE.

Hacrosiiee Bpemsi xapakTepusyeTcss 0CO3HAHHBIM MUHTEPECOM K IMOBBILIEHHIO Ka-
yecTBa 00pa30BaHMS Ha OCHOBE COBPEMEHHBIX CPelICTB MH(OpMaTHh3auuu. bypHoe
pasBUTHe MOOUJBHBIX TEXHOJIOTHH HeNmpeMeHHO BJeuéT 3a coO0OH MX JaJjbHeHllee
6oJiee aKTUBHOe TMPOHHKHOBeHHe B obOpa3oBaHue. CoBpeMeHHOe U CBOEBpPEMEHHOe
UCII0JIb30BaHHE MOOUJIBHBIX TEXHOJOTMH B 00pa3oBaHUM aKTHBHU3UPYeT MO3HAaBa-
TeJIbHBIH HMHTEpec CTYAEHTOB, NAET BO3MOXHOCTb CTyHeHTaM U IpernofaBaTessM
BapbHUpOBaTh Npolecc o6yueHHs 10 UHTEHCUBHOCTH, CIIOCO0y MoJaydeHUus UHGopMa-
LUK M APYTHM aclekTaM Ipouecca oOydyeHHs, CHHKAeT OrpaHUuYeHHUsl AJS MoJyyde-
HUsl 06pa3oBaHUs BHe 3aBUCUMOCTH OT MECTOHAXOXKJEHHUS C MOMOILbI0O MOOUJIBHBIX
YCTPOHCTB U TexHosorui [1].

[Tpesunent Pecny6smuku Kazaxcran H.A. Hazap6aes B cBoém «Ilociannu Hapo-
ny crpaterus “Kasaxcran-2050"» ymessieT 60/ibllloe BHUMaHHE MOIEPHU3ALHH Me-
TOAMK NpEeNnojaBaHUs U Pa3BUTHIO OHJAHH-cHcTeMbl oOpa3oBaHus. Kcnosb3oBaHue
MOOUJIBHBIX TEXHOJOTUH U 00ydyalollUuX MPUIOKEHHUH MO3BOJUT COBEPIIEHCTBOBATH
negaroruyeckuit nmpouecc. MHorue yuéHble U rnegaroru yBepeHsl, 4yTo 6ynyiiee o0y-
yenusi ¢ nopaepxkkod MKT cBs3aHO U 3aBUCUT MMEHHO OT pacnpoCTPaHEHUS] MO-
OUNbHBIX CPEACTB CBSI3H, MOMYJSPHOCTH CMAPT(OHOB U ali(hOHOB, MOSIBJIEHUS] OOJb-
LLIOT0 KOJIMYeCTBa Yy4eOHbIX MPUJIOKEHUH U MPOrpaMM, a TaK»Ke HOBBIX TEXHOJOTHH,
KOTOpble PacCIIHpPSIIOT BO3MOXKHOCTH U KaueCcTBO 00pa30BaHUS.

HecoMHeHHBIMU NperMyIleCTBAMH HUCIOIb30BAHUS MOOUJBHBIX YCTPOUCTB U TeX-
HOJIOTUH SIBJISIIOTCS:

® ObICTPBIH NOCTYN K ayTEHTHUYHBIM y4eOHbIM W CIIPABOUHBIM pecypcaMm U Ipo-
rpaMMam B Jito6oe BpeMs U B JIIOOOM MecTe;

e 1OCTOSTHHAs o6paTHasi CBS3b C MpeMNojaBaTeseM U y4eOHBIM COOOLIECTBOM;
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® YUYéT UHAMBUAYAJbHBIX 0COOEHHOCTEH CTyleHTa — AUArHoCTHKa MpobJeM, HH-
NUBUIYaAJNbHBIA TeMN 00yYeHHs U T. I.;

® J[IOBbIIII€HHE MOTHBALIUHU 06y1{a6MbIX 32 CYET HCII0Jb30BAHUS 3HAKOMBIX TEXHMU-
YEeCKHX CPpeACTB U BUPTYaJbHOTO OKPY2XKEHHU;

® OpraHu3alysd aBTOHOMHOTIO O6yquI/IH;

® CO3[laHHUE TIepCOHAJHN3UPOBAHHOIO HpO(iJGCCI/IOHa.HbHo OpPHEHTHPOBAHHOTO O6y-
qalouiero npoCcTpaHCcTBa CTYOAEHTA;

® DAa3BUTHE HaBBIKOB U CrocoOHOCTeH K HEIIPpEePbIBHOMY O6yquI/I}O B TedeHHe
2KHM3HH.

Bo/IbIIMHCTBO COBpEMEHHBIX CTYAEHTOB TEXHUYECKH W ICHUXOJOTMYECKH T'OTOBbI K
UCMOJIb30BAHWI0O MOOUJIBHBIX TEXHOJOTHH B yueOHOM Mpoliecce, U He0OXOOMMO pac-
CMaTpUBaTb HOBbIE BO3MOXKHOCTH /151 6osiee 3(h(PeKTUBHOTO UCIIONb30BAHHUS MOTEH-
Maja MOOUJBbHBIX YCTPOHCTB M TEXHOJOTHMH. PelleHue 3ToH 3agaud TpebyeT opra-
HU3aLLMOHHBIX YCHUJHUH CO CTOPOHBI MEAaroroB, UCCJeN0BATENbCKOH U MeTOAUYEeCKOH
paboThl mpernojpaBatesiell 1Mo BHEAPEHUIO CTpaTerduil, GopM U MeTOLOB MOOUJIbHOTO
00ydeHHs1 B y4eOHBIH MpollecC BBICIIKMX y4eOHBIX 3aBeneHuil [2]. [lemaroru yxe He
MOT'yT He ofpalllaTh BHUMaHHe Ha OUEBUAHBIH (PAaKT — MOMYJSPHOCTb MOOUJIbHBIX
CPeACTB CBSI3U CPelM MOJIOAEXKH; HMEHHO MO3TOMY CJedyeT POaHaJU3UPOBaTh, KakK
JaHHble BUMbl CBSI3U MOT'YT CINOCOOCTBOBATh ONTHMHU3ALUMHK TMpoliecca oOyueHHUs B
By3e [3].

Cy1lecTByeT psii CocoO0B NMPUMeHEHHsI MOOUJbHBIX YCTPOUCTB B yueGHOM Tpo-
ecce:

e [/ BOCIPOHU3BENEHHUS MYJbTHMEAWHHBIX 0oOydaroliux BeO-pecypcoB (aymauo-
(aiabl, Buneodaitibl, MoAKacThl, rpaguka, KapThl, U300pa’KeHHSs);

e /1 obecreyeHUs ObICTPOro AOCTyNa Ha oOyuawollyde CalThl, pecypchl, Crpa-
BOYHMKH, CJIOBAPH;

e KaK cOOCTBEHHO oOyyalollee CpeiCcTBO MPU YCJ0BHUH Pa3pabOTKU yueOHBIX Ma-
TepHaJoB, afaTUPOBAHHBIX I/ MIAaTHOPM MOOUIBHBIX cpencTB cBsizu (SMS-
TeCThl, y4eOHble MOCOOUS] U MHCTPYKLUUHU Ha 6a3e MOOHJIBHBIX MPHUJIOKEHHH);

e s yueOHOH KoMMYHUKaUuu (SMS-coobienusi, Twitter, BeGunapsi, Skype u
T. II.).

[lepcrieKTUBHBIM HampaBJ/ieHHeM MPUMeHeHHs MOOUJIbHBIX TeXHOJIOTHH AJs MOJA-
JepKKH TpPaAMLHUOHHOrO ydyeOGHOro mpoliecca sBJsSeTCsS MNpefocTaB/eHHe o0yualo-
IIMMCSI BO3MOXKHOCTH JOCTYyNa K y4eOHOHM HH(poOpMalLuUH, COmepxKalledcsa B ceTe-
BBIX Kypcax, yepe3 o0pa3oBaTeJibHBIA MopTaJ/ obyuarwolled opraHu3aluu, afanTHpo-
BaHHBIA /151 MOOWJ/IbHBIX YCTPOHCTB. YKa3aHHble pPecypchl MOT'YT HCIOJb30BaTbCS
CTyIeHTaMH B peKHMMe CaMOCTOsATeJbHOH paboThl [/5 MOATOTOBKM K y4acTHIO B
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ceMMHapax W JAMUCIyTax, BBIIOJHEHUS TPYNIMOBBIX MPOEKTOB, 3aJaHUH U KYpPCOBBIX
paboT, a TakKe CaMOTeCTHUPOBAaHUS, POMEXKYTOUHOTO U UTOTOBOIO TECTUPOBAHHS.

Kpowme Toro, yuammumcsi MoxeT NPefOCTaBJSATHCS BO3MOXKHOCTH I0Jy4aTb Ha
CBOM MOOHJIbHBIE YCTPOHCTBA YBeNOMJIEHMs, HAalOMHHAHHUS, a TaKKe pe3y/bTaThl
MPOXO0XKJIEHUSI KOHTPOJIbHBIX MepOonpUsTHH. B paMkax moaaepKKH O4HOTO y4yeOHO-
ro mpouecca MoOHJIbHbIE YCTPOHCTBA MOXKHO HCIOJ/b30BaTb TakxKe MJI NpOBeJe-
HUSl KPAaTKOTO TECTUPOBAHHUS B KOHLE 3aHATHUSA, (PUKCHPOBAHMS BaXKHOH MH(OpMa-
MK (KCrob3yst PYHKLUHUIO ayoro3anucy U (pOTOKaMephl), OMepaTHBHOTO JOCTYMa K
CIPaBOYHBIM U HH(OPMALMOHHO-00pa3oBaTeNbHbIM MaTepHaaM BO BpeMsl 3aHATHUH.
MoO6ubHble yeTPOHCTBA He3aMeHHMBI /151 POBEeleHHsl TPAKTUUECKUX 3aHATHH BHe
KOMITBIOTEPHOTO KJlacca.

Taxkum o6pazom, BHeipeHHEe MOOUJIbHBIX TEXHOJIOTMH B yueOHbBIH MpoLecc Mo3Bo-
JIUT:

e 00ecreunTb HENpepbBHOCTh M LIEJOCTHOCTb 00pa3oBaTesNbHOro Mpolecca 3a
CUéT BO3MOXKHOCTH HENpPePBIBHOTO AOCTYMA K CIIPaBOUHLIM MaTepHajiaM H 00-
pasoBaTeJsIbHBIM pecypcam;

® MOBLICUTb KauecTBO TMpENnofaBaHHsl 3a CUET OMepaTUBHOM peasM3alMM 00OpaT-
HOM CBfI3W (HampuMep, MyTEM IpPOBedeHHS KPATKOTO TECTHPOBAHHUS B KOHLE
3aHSITHSA, YTO I03BOJIMT MpernofaBaTesssM MOJy4YaTh ONEPaTHBHYI HH(OpMa-
nuio o6 YCBOEHMM MaTepuasa CTyAeHTaMH (Kakas yacTb yueOGHOro MaTepua-
Jla YCBOEHa ydallUMMCs Jydlle, KaKUM pasfiesaM cjaefyeT YAeJUTb OoJblie
BHUMAaHHS ¥ HACKOJIbKO TOJIAEP:KUBAETCS KOHTAKT C ayIUTOpHeH); Ha OCHOBE
N0JIy4YeHHOH MH(OPMaLMy NpenofaBaTesb MOXKeT KOPPEKTHPOBATh HU3JI0XKeHHe
MaTepuaJa,

e o0ecrneyuTb HHPOPMALHMOHHYIO U MeTOAUUYECKYI MOAAEPKKY MPaKTHUeCKHUX
3aHSTHH;

® MpeJoCTaBUTh OoJiee KaueCTBEHHble YCJAYTH B YaCTH OpraHU3auuUd OOydeHMUS:
yOaJEHHBIH [OCTYN K MJaHy OOydYeHHs, PacChliKa Pas3MYHbIX HOBOCTEH WU
YBEIOMJIEHUH.

[IprmeHeHMe MOOUIBHBIX TEXHOJIOTUH A/ MOAepKaHUsl 06pa3oBaTeNbHOTO MpoLiec-
Ca MOXKeT MOBBICUTb KayeCcTBO OOy4eHHs WM IIPUBJIEKATENbHOCTb NPENOCTaBJsIeMbIX
06pa3oBaTeibHBIX YCJAYT A5 CTyHeHTOB By3a. OOyueHHe CTAHOBUTCS CBOEBpEMEH-
HBIM, IOCTaTOUHBbIM M [1€PCOHAJNU3UPOBAHHBIM. B CBA3H C BBILIEU3/I02KEHHBIM MOXHO
CHesaThb BBIBOM, YTO Ha HACTOSILUMKA MOMEHT HCCJIENOBAHMS, CBSI3aHHbIE C MeTOAMKaA-
MU U METOAAMH UCIOJIb30BAHUS MOOUJbHBIX TEXHOJOTUH, SIBJASIOTCS CBOEBPEMEHHBbI-
MM, NEPCIeKTUBHBIMU U aKTyaJ/bHBIMHU.
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AHnHoTamus. B nocsienHue Bpems pacTéT MHTepec K aKTOPHOH Mojesu Ha-
MHACaHUs TapaJ/eNbHbIX MPUJI0KEHUH. AKTOpHAsi MOJesb HellelyKTHBHA B TOM
CMbICJIe, YTO BBIYMC/MTE/IbHbIE LIATH B JAHHOH MOMIEJNH MOT'YT He CJeoBaTb
U3 MpeAblAYLIMX 1AaroB. A 3HAUUT [/ MOMCKA M UCIIPaBJeHUs OLIHOOK, MOBbI-
1ieHus1 HaféXHOCTU pabOTaLUMX MPUJIOKEHHUH TPeOyIOTCS WHble UHCTPYMEH-
TBI, UeM B CJy4ae IMOCJeN0BaTebHBIX MPOrpaMM. B KauecTBe ogHOr0 M3 TaKHX
uHcTpyMeHToB B 6ubauoreke HWdTech.DS 6bino anpobupoBaHo mpuMeHeHMe
KoHTpoJbHbIX KapT Ulyxapra.

KoHTpoJsibHBIE KapThl ObIJIK UCIIOJIb30BaHbl HA OfHOM MOpTaJse GecrnaaTHBIX 00b-
sBJIeHNUH ¢ exxeHeBHOMU mocelntaemoctbio B 30000 nmocetntesieil U Gosee THICAUH
eXeJlHeBHO pasMellaeMblX 00bsBJEHHH.

Bsaronapsi KOHTPOJIbHBIM KapTaM ObLIM MOJyUeHbl CJAeYIOLHe Pe3ybTaThl:

1. CHMKeHHe KOJMHUecTBa OLIMOOK MPH OTKPBITHH cTpaHull ¢ 7% mo 0,01%.

2. YMeHbllleHHe BpeMeHH OTKJHKa Ha 3ampockl nosb3oBatesns ¢ 4,5 ¢ go 0,8 c.
3. CokpaleHue BpeMsi onpeneseHnss HCTOUHHKOB TPOGJIEM.

4. O6HapyXeHHe HEKOTOPBIX BHUAOB aHOMAJIbHOTO MOBELEHHS M0Jb30BaTeNeH.

KuioueBbie ciioBa: akTopHasi Moziesib, kKapthl [llyxapra.

B nocsnennue necsite et HabJ0gaeTCs POCT HHTepeca K aKTOPHOH MOJe/ M Haru-
CaHMsl mapaJJenbHbiX npuaoxeHui [1]. OObsicHeHHe 3TOMY MOXHO HalTH B [2]. B
[3] 6bL1 omMcaH moaxom K paspaboTke OMOJIMOTEKH MJisi HAaMHMCAaHUS MapaJsijiesbHbIX
npuaoxenuit B moneau akropoB HWdTech.DS. Hanomuuwm, uto B TO# cTaThe Oblia
nocrasjeHa 3anada — 6ubauorka HWdTech.DS mosmkHa cooTBeTCTBOBATH H3MEPHU-
MOMY YPOBHIO COTJIaCHO Mojesiu 3pesiocT aposbna Kepunepal4].

B [5] 6bl0 mokasaHo, UTO aKTOpHAas Moje/b He NelyKTHBHA B TOM CMBICJIE,
YTO BBIUMCJIUTEJIbHBIE 1IAaTH B JAHHOH MOJENH MOTYT He CJeI0BaTh M3 MPeIblIyIIHX
aroB. DTO MOXeT 3HAUMUTEJbHO OCJOXKHHThb TOMIArOBYIO OTJAAKy OTJaAKy IMPH-
JIOXKEHUH, peasiu3yIolMX MOJe/]b aKTOPOB, KOTOpas LIMPOKO MPUMEHSIeTCsl B Tpa-
AMLHAOHHOM MPOrPaMMHPOBaHMU. A 3HAUUT BO3HHUKAET MOTPEOHOCTb B MPUMEHEHHH
MPUHLMITHAJIBHO APYTHX MHCTPYMEHTAax MAJs TMOMCKA W HMCIpaBJIeHHs] OLIMOOK, Me-
TOJIOB TOBBIIEHUS] HAIEXHOCTH paboTaoIIMX MPUIOKEHUH. B KauecTBe OmHOTO H3
TakuX UHCTPyMeHTOB B 6ubmnoreke HWdTech.DS 6b110 anpo6upoBaHo nmpruMeHeHHe
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KoHTposbHbIX KapT llyxapra. B [6] mogpo6HO omucaHbl caMyu KOHTPOJIbHBIE KapThl,
MX CBOHMCTBA M MPUMEpPHl UCIIOJIb30BAHHUS.

Kontposbuele kapter Llyxapra 6b111 co3nanbl Yoarepom Lyxaprom B 1929 rony
M HUCIOJb3YIOTCS [JIS1 ONpeleseHHss MOMEHTOB BbIXO4Aa IpolLlecca M3 CTaOUJIBHOTO
COCTOSIHUS C 1I€JIbI0 YCTAHOBKH BO3MOXXHBIX MPHUYUH TOSIBUBIIEHCS HECTAOUIBHOCTH.
KoHTposibHBIE KapThl 06/1a1aI0T TPeMSs CYIIeCTBEHHbIMH MPEHMYILI1eCTBAMH:

1. IlpocTel mng pacuétoB — ObLIM CHelUabHO pa3paboTaHbl Tak, UTOObl UMH
MOIJIH T10/1b30BaThCsl paboure 6e3 BBICIIET0 00pa30BaHMUS.

2. MwmeroT BU3yasibHOE TNpeNCTaBJEHHE.

3. Mmeror uétkue KpuUTepUH, KOrAa MpoLecc MepexoquT B HecTaOUJIbHOE COCTOS-
HHUe, TaK 4TO UX JIETKO aJTOPUTMHU3HUPOBATH U BBIUUC/SATH aBTOMATHUECKH.

KoHTposibHBIE KapThl OBIIM HCIONb30BaHbI HA OJHOM TOpTaje OecryaTHbIX 00BsIB-
JIeHUH ¢ exkeqHeBHOH noceniaeMocTtbio B 30000 moceTuTtesieli U 6oJiee THICSAUHU €xKe-
JIHEBHO pa3MelllaeMblX 0ObsIBJIEHHUH.

Baaronapsi KOHTPOJIBHBIM KapTaM OBLJIH MOJYy4YeHbl CeAYIOlIe Pe3ybTaTh:

1. OnHa u3 npuuMH, KOTOpasi 3acTaBW/a aAMUHHCTPALUIO CalTa 3alyMaTbCs O
MepennuCcbiBAHWN BCETrO CalTa LEJUKOM: TOUHOE KOJUYECTBO HEM3BECTHO, Ofi-
HaKo, ecad CcyauTb mno Joram, nopsiaka 70000 sampocoB cTpaHHI B JA€Hb
He Y[aBaJoChb BBIIOJHUTb M3-32 IeHepalWd Pa3HOTO BHAA HCKJIOYEHHH WU
7% ot oOl1ero yuc/aa 3anpalinBaeMblX CTpaHUL. BaxXHO He TOJNBKO HOOGUThCS
CHHKeHMS] OOLIero yucJa OWMOO0K, HO ClenaTh Tak, 4YTOObl CO BpeMeHeM HX
KOJIMUECTBO He BEPHYJOCh Ha MpPEKHUH ypPOBEHb.

Ha caiite nsis ocHOBHBIX (DYHKLHH, NpeaocTaBJ/sieMblX CalTOM, Oblla CO3[aHa
cBOsl KOHTpoJibHasi Kapta LllyxapTa, Ha KOTOpPOH (hUKCUPOBANOCH KOJIUUECTBO
OLIKMO0K, BOSHUKILKX MPU BBIMOJHEHUH 3TOH (DYHKUHHU 32 CYTKH.

Cama o cebe (puKcauus KOJHUeCTBa OLUIMOOK B pas3pese Onepandil Mo3BOJHIA
BBISIBUTb HaubOoJiee mpobseMHble (PYHKUHH M CKOHLEHTPUPOBATb HAa HUX BCe
BHUMaHHe B MepBYyI0 ouepelb. [Ipy BHeCeHUM UCTIpaBIE€HUN Mbl CMOTpPEJH, KaK
MEHS$JICSl YPOBEHb OLIMOOK 110 TOH WM MHOH (DYHKLMH, a IVIaBHOe, HacTynaJna
JIU cTabunnsanus npoiecca. [leygo B TOM, 4TO ecid Mbl BHOCHM HCIIpaBJeHHE
B KOJ U NpPHMeHsieM ero K paboyell cucTeMe, TO Mbl He MOXKeM YTBEpPKAAaTh,
TIOMOTJIM JIK 3TH U3MEHEeHHs B MMOJHOH Mepe UJM HeT — HeU3BeCTHO, KOTAa 3Ta
omnbka BO3HUKHET B cjenylouui pas. Ec/iu ke BbiKJIaabiBasoch 0OHOBJIEHHE,
KOTOpOe ColepKasio OIIMOKH, KOHTPOJIbHbIE KapThl HAM CHIHa/NHW3UPOBadd 00
3TOM. 3a TpU Mecslla yAaJoCh CBECTH KOJNHYECTBO OLIMOOK MpHU 3arpoce cTpa-
L 10 1-2 B Hemeso.

2. C roMmol1bl0 KOHTPOJbHBIX KapT yHAa/JoCh M0Ka3aTb, YTO HECKOJBKO IMOIMbBITOK
penusaiiHa caiiTa He HOCTHUIJIH XKeJjaeMoro addekra. [Tocse o6HOBNEHUS caliTa
HabJiIoa/1ach MOBBILIEHHAS aKTHBHOCTb MoJb3oBaTesell — Ho KapThl [llyxapra
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0 KOJIMYECTBY MOJAHHBIX 00bSBJIEHUH, KOJUUECTBY OTPEAAKTUPOBAHHBIX, Y-
JIEHHBIX OOBSBJEHHUH M0Ka3a/i, YTO BCIJECK HMeJs KPaTKOCPOUYHbIH 3(deKT,
CBSI3aHHBIH JIHLIb C HEOOXOAMMOCTBIO alalITUPOBAThCS K HOBOMY HHTep(delcy
y TOCTOSIHHBIX MOCETHTENEH.

3. DKOHOMHSI BpeMeHU NpU oOHapyKeHWH TpobseM. B kKommanuwu, Baamerollei
CalTOM, HCTOPHYECKH CJOXKHUJINWCh nABa noxppasnenenuss MT-crnenunanucros:
NPOrpaMMUCTBl U CUCTEMHble aIMHUHHCTpaToOpbl. KoMMyHHKaLus MexXnay OT-
JenaMu Obljla Ha HHU3KOM ypoBHe. [losTomy, ecu Bo3HMKaMu NpoGseMbl ¢ pa-
60TOH caiiTa, TO ycTpaHeHHe MpobJeM L0 N0 CXeMe: CHauasa NporpaMMUCThI
MbITANNCh OMNPEeNeNUTb — He SIBJsSeTCs JH HCTOYHUKOM MpoOJeMbl OlIHOKa
B MPOrpaMMHOM KOJe, €CJAM OHHM He MOIJIM HalTH OLHOKY, TO MepenaBanu
npo0JeMy CUCTEMHBIM aJAMHHHUCTpaTopaM. EciM cHCTeMHBble agMHUHHUCTPATO-
pbl UCMPaBJANN OLIKUOKY, TO OOBIYHO MPOrPAMMHUCTHl He 3HAJH, YTO SIBJSJNOCH
NpUYMHOH npobsembl. OCO6EHHO 4YacTO BO3HMKAJMM NPOOJEMBl C MPOU3BOAU-
TeJbHOCTbIO 0a3bl JAHHBIX, UYTO CHJBbHO BJIMSJO Ha obllee ObICTpOAeHCTBHE
BCero caiTa. bblia HacTpoeHa KOHTPOJIbHAsI KapTa TPYINOBBIX 3HAUEHHUH, KO-
Topasi u3Mepsijia CKOPOCTb BbimosHeHUs: 10 MOApsiA BBIMOJHEHHBIX OAMHAKO-
BBIX 3aMPOCOB B OMpele/éHHble MPOMEXYTKH BpeMeHH. B 0ObIYHOM COCTOSIHUU
JlaHHasl KapTa MoKasblBaja CTaTUCTHYECKYI0 CTabU/IbHOCTb. Teneps, ecyu mpo-
rPaMMHUCTHI TIPY HAaNMCaHUM 3aMpPOCOB Jesasy OWMOKH, TO AaHHAs KapTa cpa-
3y MOKasblBaja HaM BO3HHKHOBeHHe 0C00O0H MPUYUHBI 3aMelJeHUs] U oLIHOKa
ONepaTUBHO yCTpaHsaack. Ecau ke Habsonanoch 3aMefJleHHe CKOPOCTH pa-
60Tbl 6a3bl, MPU 3TOM KOHTPOJIbHAs KapTa He JaBaja HaM [0 3TOr0 HUKAaKHX
CUTHAJIOB, TO, CKOpee Bcero, mpobJjeMa 3akJ/iovasach B HaCTPOHKaXx, KOTOpble
OblIM BBITNIOJIHEHbl CHCTEMHBIMH aMHUHHUCTPATOPaAMH.

4. OpgHaxKAbl KOHTPOJbHblE KapThl TOMOIJIM BbIIBUTh KOHKYPEHTa, KOTOPBIH,
MoJb3ysICh pecypcaMu caiTa, npefJsaraja BOCHOJb30BATbCs IPYTUM CEPBUCOM.
OnHa 13 KOHTPOJIbHBIX KapT Oblla HACTPOEHA Ha KOJMUYECTBO COOOILIEHUH, KO-
TOpble MOJIb30BATEH CalTa OTHPABJSAIOT APYT APYry. B onuH neHb OblI mOJY-
YeH CHUTHaJ OT KapThl, CBUIAETENbCTBYIOLINHI 00 0cOO0H MPUUKHE BO3POCIIETO
KOJIMUEeCTBA M0J1b30BaTENbCKUX co001IeHUH. [loBepXHOCTHBIN aHaU3 MoKasad,
YTO 3TOT POCT MPOMU3OILIEN H3-32 AKTUBHOCTH OJHOTO I0JIb30BaTe/Isl, KOTOPBIH
OT CBOEro MMeHHU MpepJaraj APyTUM IM0Jb30BaTe/]sIM Pa3MeCTUTb 00bsBJEHUS
Ha CalTe-KOHKYpEHTe.

[IprBenéHHble MpUMepbl 1eMOHCTPUPYIOT BO3MOXKHOCTH MPHUMEHEHHUS] KOHTPOJIb-
Heix kapT Lllyxapra nns aHanausa paboTel U pa3pabOTKH MapasiiesbHbIX MPUJIOKe-
Hui. C nomoiubto kapt Llyxapra ynanock cyliecTBEHHO MOBBICUTb HAAEXKHOCTb pa-
60THl MopTasa 0ObABAEHUH, a TakxKe 0OHAPYXKHUTb Psll MpobJeM, O CylleCTBOBaHUU
KOTOPBIX He OblJ10 U3BECTHO BOOOILLE.
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Abstract. In the last ten years there has been growing interest in the Actor model
of parallel applications writing. The Actor modelis nondeductive in the sense that the
steps in the computational model may not follow the previous steps. So to find and
fix bugs, improve the reliability of running applications it requires different tools than
in the case of sequential programs. As one of such tools in the library HWdTech.DS
the use of Shewhart control charts was tested. The charts were used on a portal of
free ads with a daily attendance of 30,000 visitors and more than a thousand daily
published advertisements. Thanks to the charts the following results were obtained:
1. Reducing the number of errors in the opening pages from 7 % to 0.01 %.

2. Reducing the response time to user requests from 4.5 s to 0.8 s.

3. Reducing of time for identification of the sources of problems.

4. Detecting of certain types of abnormal behavior of users.

Keywords: actor model, Shewhart charts.
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daxyabTeT KOMNbIOTEPHBIX HayK, OMCKHH rocynapCTBeHHBIH YHUBEPCUTET

uMm. ®.M. JlocToeBCKOro

AHHOTamusa. PaccMoTpeHO NpHMeHeHHe CeMeHCTB OPTOTOHAJbHBIX (PYHKIHUH
IJ1s1 TIOCTPOEHUS LU(POBLIX BOASHBIX 3HAKOB. [IpensioxeH ajaropuTm Kopupo-
BaHHSA COOOIEHNH HAa OCHOBE CBOMCTB OPTOrOHA/bHBIX (DYHKIIMH, KOTOPBIX M03-
BOJISIeT CTPOUTb LHU(POBbE BONAsIHble 3HAKH, YCTOHUMBHIE K DPa3JIMUHBIM BO3-
HIelcTBUSAM Ha cTeraHorpaduyeckuil kouteiHep. Mcenenosano Bausinue Boibopa
cemelicTBa (PYHKIIMH Ha CTOMKOCTb LU(POBOTO BOASHOTO 3HaKa, MOCTPOEHHOIrO
10 NpelJoXKeHHOMY alTOPUTMY, K PALY MCKaxKaloIIUX BO3AEHCTBUH.

KuaroueBbie cioBa: ceMeiicTBa OpPTOTOHAJIbHBIX (PYHKUHH, LU(PPOBbE BOASHbIE
3HaKH, MHOrouJieHbl YeObrléBa, PyHKIUN YoJllla, UCKaXKalolle BO3IeHCTBHUS.

Beenenue

BHenpeHue ckpbITOH MH(OpMAUMU B pacTpoBble M300pakeHUs SIBJASETCS OJHHUM
U3 JUHAMHUYHO DPA3BUBAMIIUXCA Pa3/eJoB MH(POPMALHMOHHOH 0e30MacHOCTH, MOJIY-
YMBLUMM Ha3BaHUe cTeraHorpauu. Ha ceromHslIHME NeHb paspaboTaHo GoJblioe
KOJIMYECTBO aJrOPUTMOB BCTPAaWBaHHUS MH(MOPMALMH KaK B MPOCTPAHCTBEHHOH 006-
JIACTH U300paKeHUH, TaK U B 4YACTOTHOH. JlOMOJHUTEJbHBIH UMMY/bC B Pa3BUTHH
cTeraHorpa(uy MOSIBUJICS B CBSI3U C PAa3BUTHEM HAMpaBJeHHUSs, KOTOPOe IMPHUHSATO
Ha3blBaThb LUU(PPOBBIMU BOASHBIMM 3HAKaMHd. [lon LH(POBBIMU BOASHBIMU 3HAKAMH
MIPUHATO OHUMATh HEKOTOPYIO HH(pOPMAlIUIO0, BCTPOEHHYIO B U300paKeHHe U HEOTb-
eMJIEMO CBSI3aHHYIO C HHM, O3BOJISIIOLLYI0 OJHO3HAUHO HAEHTH(PHULHUPOBATb MCTOY-
HUK TMPOUCXOXKIeHUS M300pakeHUs1. ONHO U3 OCHOBHBIX TPeOOBAaHUH K aJrOpUTMaM
BCTPaUBaHUSA LU(PPOBBIX BOASHBIX 3HAKOB — YCTOMUYHMBOCTb K BO3[E€HCTBHIO HA KOH-
TeiiHep. To ecTb, BcTpauMBaeMas MH(OpMaLHMs NOJKHA BOCCTAHABJAMBATHLCH I0CJe
LIUPOKO PaCNpOCTPaHEHHBIX NMpeoOpa3oBaHUM PACTPOBBIX H300parKeHUH, TAKHUX KakK
MU3MeHeHHe (popmaTa, NpHMeHeHHe CIVIaXKUBAILUX (PUIBTPOB U T.[.

YCTOHUMBOCTE 0OJIBLIOTO KOJHMYeCTBA CTeraHOrpauyeckKUX ajJropuTMOB K BO3-
nelcTBUIO cayuakiHoro rayccoBa myma U JPEG-cxkarus 6bina nccienoBana B pabo-
te [1]. Ha ocHOBe KOMIBIOTEPHOTrO dKCIEpPUMEHTa ObIIO MOKA3aHO, UTO HAWJyUllIeH
ycTOHYMBOCTBIO 0b6sanaioT Metoabl Koxa [2], Kyrrepa [3] u ©@punpux [4].
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B nanHo# pa6ore pa3pabarbiBaeTcs aJropuT™M (OPMHUPOBAHUS LH(POBBIX BOAS-
HBIX 3HAKOB, YCTOMYMBBIX K Pa3JWYHbIM BO3[eHCTBUSM, C UCIOJb30BaHHEM CBOHCTB
ceMeHCTBa OPTOTOHAJNbHBIX (DYHKLHMH, MPENJOXKEHHOTO B cTaThe [D] /s KOmHMpoOBa-
HUS UH(QOpMaLHH.

1. KonupoBaHue HU(POBBIX BOAAHBIX 3HAKOB M IIpoleaypa
BCTpanuBaHUA B KOHTeﬁHep
JLns mocTpoeHus1 yCTOHYUBBIX BOASIHBIX 3HAKOB OyleM HCIOJb30BaTh CEMEHCTBO

OpTOrOHA/NBHBIX (PYHKUHH — MHOXKecTBO (pyHKuui {f;(x)| i € N} takux, dto cy-
L[eCTBYeT BecoBasi PyHKUMS w(xr) ¥ UHTEpBAJ [a, b], I/ KOTOPHIX

/mwmwwm:%, (1)

rae 0;; — cumBoJa KpoHnekepa.

[Iyctb nHpopmanus, KOTOpylo He0OXOAHMO 3aKOAUPOBATh, MPeACTaBJASeT COO0H
MOCJ/IeI0BATENbHOCTh BEIEeCTBEHHBIX uncesa k; (i = 1,...,n). Mcrnonb3ys cemeHcTBO
oproroHasnbHbIX QyHKUMH { f;(z)| i € N}, noctpoum dyHKUHIO:

F(z) = Z kifi(z). (2)

HcxonHble uncsa k; MOTYT ObITb BOCCTAHOBJEHBI W3 F'(x) Ha OCHOBE CBOHCTBA Op-
TOTOHAJIBHOCTH C TIOMOLIBIO NIPOCTOrO COOTHOLIEHHUS:

b= [ H@) s 3)

Ha ocnoBe paccMOTpeHHOro Bhlle M0AX0[a MOXKHO ITOCTPOUTH CJIeAyIOLIHUH anro-
PUTM KOIUPOBaHUS k-OUTOBOH cTPOoKH (by, b, ..., bx) BOASHOTO 3HAKA B BHJE MacCHBA
M3 1 3HAUYeHHH:

1. Beibpatb k ¢pyHkumii: fi, fo, ..., fr U3 ceMeHCTBAa OPTOrOHANbHBIX (DYHKIHUH

2. Bbibpath n TOYeK pi, P2, ...p, Ha OTPE3KE OPTOTOHAJNBHOCTH [T, T3]
k
3. Hns kaxnoro ¢ = 1,...,n BRIUUCIAUTE CyMMY v; = > b, fi(pi)
=1

[TonyuuBuuiics maccuB (vy, ..., v,) NPeACTaBAseT COO0H AUCKPETH3WPOBAHHBIM
CUTHaJI, KOTOPbId MOXKeT ObITh 100aBJeH K UCXONHOMY M300pakeHuto. [as mydinero
pacrpenesneHusi HH(OPMALUKA O BOASIHOM 3HaKe MO M300paKeHHIO CHUTHAJ MOXKHO
n106aBJsATb B 4aCTOTHOM oOsacTh u300pakeHHs. B HaumeMm ciaydyae sl nepexopa B
YaCcTOTHYIO 00J1aCTb MCIIOJb30BaNOCh AUCKPETHOE KOCHHYCHOE MpeoOpasoBaHHUe.
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M3Bneub pnaHHBIA UH(POBOH BOASHOH 3HAK MOXKHO, NMPUMEHHUB UMCJIEHHOE HH-
TerpupoBaHue Mo ToukaM p;, j = 1,..,n. Jlna 6ura b 3HayeHHe HHTerpupyemoin
(YHKLHMH B TOUKe p; ONpenessieTcsl Kak mpoussenenue f;(p;)r;w(p;), roe r; — 3Ha-
YeHHsl TeX TOUYeK BOASHOrO 3HAKa, B KOTOpPBIE OH Obl1 paHee BcTpoeH. OueBHAIHO,
3HaYeHUs NAHHBIX TOUEK CKJ/aAbIBAIOTCS He TOJbKO M3 BCTPOEHHOTO CHrHaJja, HO U
M3 UCXOAHBIX 3HaYeHWH To4yeK KOHTeHHepa. TeM He MeHee, Ha MpPaKTHKe HUCXOIHBbIE
3HaueHHUsl KOHTeHHepa MaJjio KOPpeJHUPYIOT C OPTOroHaJbHBIMH (PYHKLUHMSAMH, U HX
BJAMSIHUEM MOXKHO NpeHeOpeyb.

K nosy4yeHHBIM olLleHKaM b, MOXXHO MPUMEHHTb TOPOrOBYIO CXeMy, O0TOOpazkaio-
LIYI0 BeIeCTBEHHYIO TpsiMyl0 Ha MHoxecTBO {0, 1}, moJsy4uB TeM caMblM BOCCTa-
HOBJIEHHOE COOOILIEHHE.

[IockosbKy n He 3aBUCHUT OT k, UCXONHYIO UH(GOPMALIUIO TPOHU3BOJIBHOIO 0O6bEMA
(HO He NpeBBIMIAIONIETO MPOMYCKHOH CIOCOOHOCTH KOHTeHHepa) MOXKHO PaBHOMEPHO
pacTAruBaTh Mo PUKCUPOBAHHOMY KOJHUYECTBY TOUEK, NOCTYIHOMY /I BCTPaUBaHHUS
B JaHHOM KOHTeHHepe. IDTO M03BOJsET 3(P(PEKTHUBHO M TMOKO MCIIOJAb30BaTb BCe
LOCTYIHBIE /IS BCTPAaUBAHHUS TOUKH.

2. TIlocraHOBKa KOMIIbIOTEPHOI'0 IKCIIEpUMEHTA

B xone skcnepuMeHTa Obl1a MPOTECTHPOBAHA YCTOMUHMBOCTh LU(POBBIX BOASHBIX
3HAaKOB, C(HOPMHUPOBAHHBIX C MOMOLIbIO MPENJOKEHHOTO METOAA, K PsAy MOMyJsip-
HBIX NpeoOpa3oBaHUi M300paxkeHHss — 3awymnaeHuto, JPEG-cxkartuio, pasmbliBato-
el ¢uabTpauuu. Mepoll KOppeKTHOCTH PaClO3HABAHUS LU(POBOrO BOASHOIO 3HA-
Ka SIBJISJIOCH OTHOILIEHHE KOJIM4eCTBAa HeBEPHO PAaClO3HAHHBIX OUTOB COOOLIEHMS K
ux obuemy uucay, Bit Error Rate (BER). B posn KoHTeliHepoB BHICTYNAIM LIKPOKO
UCIMOJb3yeMble [JI1 TeCTHPOBAHMS PA3JHMUYHBIX MeTOAOB 00pabOTKM LiBETHBIE M300-
paxkenus «Lenna», «Mandrills u «Pepper» pasmepom 512x512. Bce Tectupyemble
MeTOIbl MCIIOJb30BaJ/IM A/ BCTPAUBAHHUS KaHaJ SPKOCTH, 0003HauyaeMblil OYKBOH Y
B 11BeToBOH cxeme YCbCr.

Beiio mpoTecTHpoBaHO TPU BHIA 3alIYMJISIOUMX BO3AEHCTBUH: aqqUTHBHBIN
ILIyM C TayCCOBBIM pacrpejeseHueM, aAJUTHUBHBIM LIYM C PAaBHOMEPHBIM pacrpe-
NieJleHHeM W HeaaQUTUBHBIA UMMyJabCHbIH wyM. [log anaUTUBHBIM LIYyMOM TMOHUMAa-
JIOCh U3MeHeHHe IPKOCTH KaXKI0H TOYKHU U300pakeHHsl Ha 3HaueHHe 3JieMeHTa I1CeB-
JNOCTYYaHHOU TOCJeN0BATEebHOCTH BeLIeCTBEHHBIX YHCeJ, UMEKLled pPaBHOMEpPHOE
UM HOpMaJ/lbHOe pacrpefieieHde C 3afaHHbIMKM napaMmeTtpamu. [lapameTrpom pas-
HOMEpHOro IMiyMa $iBJsiJach BepXHfS TPaHMLA HWHTepBaJjga BO3MOXKHBIX 3HAueHHH,
CUMMETPUYHOTO OTHOCHUTEJIbHO HYJIl. DTOT Ke MapamMeTp paccMaTpHUBaJICs Kak Mepa
UCKaKalllero Bo3nelcTBus. s rayccoBoro iyma napaMmeTpoM M, OIHOBPEMEHHO,
MepoH BO3IEHCTBHUS ABJSANOCH CTAHAAPTHOE OTKJOHEHHE HOPMaJsIbHO pachpenesiéH-
HOH cJy4alHOH BeJIMUMHBI C HYJE€BBIM CPeIHHUM, KOTOPYI UMUTHPOBAJA MCEBAOCTY-
yaiiHasl mocJ/enoBaTeNbHOCTb. HeanqUTUBHBIA WMIyJAbCHBIH 1IyM OblI peasu30BaH
KaK 3aMeHa ¢ (PUKCHPOBAHHOH BepPOSTHOCTBIO p KaxKIOHW TOUKHU H300pakeHHs Ha
TOYKY C MAaKCHMaJIbHOH SAPKOCTbIO. B KauecTBe Mepbl HCKaXKawllero Bo3AeHCTBUS B
[AHHOM CcJy4ae BBICTyMaJja BeJUYHHA p, BbIpakeHHasl B MPOLEHTax.

Jsi peanusanuu pasmbiBawolleid PUAbTPALMK HUCIIOAb30BAJCS MPOCTOH apudme-
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TUUECKUH (DUABTP, 3aMeHSIIOIIMUN 3HAaUeHHe SIPKOCTH KaxKAOH TOYKHU H300parkeHus
Ha cpelHee apU(MeTHUeCKOe 3HaueHHe SPKOCTH B OKHe pasMepoM 3xJ3 Touku. [las
KpaeBbIX HEYIJIOBBIX TOUeK CpelHee 3HAYeHHE BBIUMC/AIOCH 10 MPSIMOYTOJbHUKY
pasMepoMm 3x2, a I YIJIOBBIX — M0 KBanpaTy pa3mepoMm 2x2. B kauecTBe cu-
JIbl MCKaXKawllero BO3AEHUCTBUSI PacCMaTPHUBANOCh KOJUYECTBO IOCJEN0BATENbHBIX
PUMEHEHUH (PUJIBTPA.

[Ipu JPEG-cxkatuu ucnonb3oBascsi craHpapTHeid anroputm JPEG, B KauyecTBe
CHUJIbl BO3JIEHCTBUSA pacCcMaTpUBaJICs apamMeTp aJropuTMa, MPOLEHTHO BblpaKaroLuH
Ka4eCcTBO M300paKeHHs MOCJIe CIKATHUS.

YroObl OnpenennTb 3aBUCUMOCTb TOUHOCTH M3BJI€YEHUS] BOASHOTO 3HAKA OT CHUJIbI
MCKaXKaIoLLero BO3AEHCTBUS U TMOCTPOUTh COOTBETCTBYIOLIME TpauKH, B KayecTBe
BOJISTHOTO 3HaKa MCI0JIb30Basach cjaydyalHas oc/eoBaTe/lbHOCTb U3 32 6alTOB, 10-
BTOpeHHasi 16 pa3 B LesiX Ha€KHOCTH. TakuM 06pa3oM, KaxKAbli OUT BCTpaUBaJICs
1 u3BJekancs 16 pas, a ero UTOroBoe H3BJEYEHHOE 3HAUEHME ONpPenessiioch Kak
OKpYTJIEHHOE Cpe/lHee BCceX ero M3BjedueHHH. UToObl YMEHBLUIUTb MOTPELIHOCTD, BbI-
3BaHHYIO CJyYalHbIM XapaKTepoM JaHHbIX, IKCIIEPUMEHT MPOBOJAHUJICS MO0 HECKOJbKO
pas Ha KaK/IoM M300paKeHHH U 3aTeM yCpeaHsJICS.

B kauecTBe crioco6a YMCIEHHOTO HHTErPUPOBAHUS HCIOJb30BAJICS METOA Tpare-

o

LHHUH.

3. BausiHue BbIOOpa ceMelCTBA OPTOrOHAJbHBIX (DYHKIUN

B skcnepumeHTe OBIIM PACCMOTPEHBl YEThBIpe CeMeHCTBa OPTOTOHAJNBHBIX (DYHK-
muii. TlepBoe — cemeficTBO cuHYCOB BUAa f,(z) = v/2sin(nnz). Jas nanHoro ce-
MeHCTBa HCIOJb30BaJCsl 0TPe30K opToroHasbHOCTH [0; 2]. UT0ObI MUKH pa3JHUHBIX
(YHKUMH CyMMBl He COBMajajd, UMeeT CMBIC/] BbIOMPaTh (PYHKLHUH ceMeHCTBa CO
B3aUMHO MPOCTHIMU MEPUOAMH, TO €CTb, CO B3aUMHO NMPOCTHIMH HOMepaMmu. Torna
32 CYET CHHIXKEHHUSI MAKCUMaJIbHbIX HCKa)KeHUH KO3(P(PULUHEHTOB MOXKHO OyaeT mo-
BBICUTb KO3((DULHUEHT CUJIbl BCTPauBaHUs 0e3 yliepOa AJs KauyecTBa M300paKeHHUS.

MHorousensl YeObIéBa MepBOro MopsiaKa BbUHCASAIOTCS 1Mo dopmyne f,(z) =
= cos(narccos(z)) ¥ UMEIOT eIMHCTBEHHBIH OTPE30K OpTOroHajbHOCTH [-1; 1], Ha
KOTOPOM M BBIUHCJSJINCh 3HAUEHUs] CyMMbl (yHKIUH. XapakTepHOH 0COOEHHOCTbIO
MHOTro4sieHOB YeObilIéBa SBJSETCS TO, UTO OHH HMEIOT HeTPUBHUAJBHYIO BECOBYIO
(PYHKLHIO, TPH YMHOXKEHHH Ha KOTOPYIO MPOM3BENEHHE IBYX MHOIOYJEHOB CTpe-
MUTCS1 K OECKOHEUHOCTH Ha IpaHHULax OTpe3Ka OpPTOrOHAJbHOCTH. BBICTpEIN pocT y
TPaHMLl OTpe3Ka YCJOXKHSeT BOCCTAHOBJEHHe MO TOYKAM — IIPU BBIUMCJEHHUH HH-
TerpaJsa MPUXOAUTCS HEMHOIO CY»KaTh Mpefiesibl HHTETPUPOBaHUs (B HalleM ciyuae
— Ha 0.1%). Idnas Gosee TOUHOH OLIEHKH BO3MOXKHO TpPHMeHEHHe HepaBHOMEPHOH
CEeTKH.

Muorounensr Jlexxanapa Takxke MMEIOT €IHHCTBEHHBIH OTPE30K OPTOTOHAJBHO-
¢t [-1; 1], HO B OT/IMUME OT MHOTOY/IeHOB YeOkIIEBA UMEIOT TPUBHAJBHYIO BECOBYIO
(YHKLHIO U He co3aatoT npobJeM Ha KOHLAX OTpe3Ka.

Hakonel, 6b110 IpOTECTHPOBAHO CeMeHCTBO OPTOrOHA/NbHBIX (DYHKUHH Youlua,
KOTOpBIe, KaK ¥ MHOro4JjeHbl JlexkaHapa, UMeIOT TPUBHAJNbHYIO BECOBYIO (PYHKIIHIO
M OTPe30K OpPTOTOHaJbHOCTH [-1; 1].
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Puc. 1. YcToHUHBOCTb pasjHUYHbIX METOIOB K MCKa)KalollMM Bo3aeHcTBusAM: a-b) JPEG-cxkatue,;
c-d) PaBHoMepHBI# 11yM; e-f) MIMmyabcHBIN mIyMm.
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4. PesyabTaThl 3KCIEpUMEHTa

[lo pe3dynbrataM npoBea&HHOTO KOMIIBIOTEPHOTO JKCHEPHMEHTa OblI0 MOCTPOEHO
HeckoJsibKO Tpadukos (puc. 1). [To ocu abcuunce Ha rpadukax OTJOXKeHA CHJA UCKa-
)KaloIlero Bo3aeHcTBUs, Mo ocu opauHat — 3HadeHue (1 - BER). Pesynbrath pns
pasMbiBawlled (UIbTPALMK He TMOKa3aHbl, TaK KaK BCe NMPOTECTUPOBAHHBIE CeMeH-
CcTBa (DYHKLUHMH OKa3a/JUChb He CTOMKUMH K NAaHHOMY BHIY HCKaXKawoLIero BO3JeH-
ctBusi. Ha pucynkax 1 (b, d, f) mokasanbl pesybTaThl KOAMPOBAHHS MO MPEIJIONKEH-
HOM HaMHU CXeMe MJis Pa3IU4YHbIX ceMeHcTB (PyHKUMHA. BuuHO, UTO mpakTHUecKH Ha
BCeX yYacTKax Jy4lIHM{ pe3yJbTaT MOKa3blBaeT CeMeHCTBO MHOTro4JjeHOB YeObllé-
Ba mepBoro pona. Bropoii pe3ysnbrar nmokasbiBaeT CeMeHCTBO TPUTOHOMETPUUECKUX
(DyHKLUH.

Pesysnbratel, mosyueHHble A MHOTouYJeHOB YeOblléBa, OBIJIH COMOCTABJEHDI C
pe3y/bTaTaMH HECKOJbKHX XOPOIIO HM3BECTHBIX METONOB BCTPaWBaHUS — METOMOB
Koxa [2], Kyrrepa [3] u ®punpux [4] (n1eBbiii cTonben Ha puc. 1 (a, c, e). Ilpen-
JIOXKEHHBIA MeTOJ OKasaJjcsi ycTohunBee MetonoB Ppuapux U Koxa k 3amymieHuto
pPaBHOMEPHBIM U HUMMYJIbCHBIM LIYMOM, 6oJjee ycrtoiuuB K JPEG-dunaprpanuu, yem
meton Ppunpux (puc. 1).

PasBuTHe uIeH HCMONb30BAHUS OPTOTOHAJNBHBIX CeMEHCTB (DYHKUMH /s IO-
CTPOeHHsT TU(PPOBLIX BOASHBIX 3HAKOB MOXKET 3aKJ/JH0YaThCsl B ampoOaluu APYTHX
CeMelCTB U UX CPaBHEHHUHU Ha 6oJjiee LIMPOKOM CIEeKTpe MCKaXKaIKWX BO3AeHCTBUH.
BakHBIM 1IaroM Tak:kKe SIBJSIETCS HCCJeNOBAaHUE BJHSHUS MeTONa UHUCJIEHHOTO MH-
TErPUPOBAHHS Ha Pe3ysbTaT BOCCTAHOBJIEHUS BOASIHOTO 3HAKa JJis PA3JHUHBIX Ce-
MEHCTB OPTOTOHANbHBIX (PYHKLHH.
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Beenenue

B pa6orax [1-4] npeanaratoTcst airopUTMbl MOMCKa t@-MyTel 0CTPOBOB, MOCTOB,
HavyaJ/bHbIX M KOHEUHBIX NIPOJETOB MOCTOB B rpage poctynos. s noucka tg-mytei
npejJiaraeTcss MOIM(ULUUPOBAHHBIHA aAropuT™M [leAKCTphl, AJs MOMCKa OCTPOBOB —
MOAU(ULHUPOBAHHBIN anroputm Psoiiaa, A5 MOMCKa MOCTOB, HauyaJbHBIX U KOHEY-
HBIX IPOJIETOB MOCTOB IpelJ/aralTcsi OPUTHHAJbHble aJTOPUTMBI, OCHOBAHHBIE Ha
aJropUTMax MOWCKa B IMyOMHY M B LIMPUHY. Jlajee omucaHa nporpaMMHasi peaJsiu-
3alMs ¥ ONTHMHU3alMsa aJIrOPUTMOB MOUCKA tg-myTel, 0OCTPOBOB U MOCTOB.

[ peanusauuu aAropuUTMOB MOMCKA HECAHKLHMOHHPOBAHHBIX AOCTYIOB OBLIO
pelleHO HUCIO0Jb30BaTb 00BEKTHO-OPUEHTUPOBAHHBIN MOAXOA K NMPOrpaMMHUPOBAHUIO.
B kauecTBe si3blka mporpaMMHUpoBaHUs Obla BblOpaH Java. [lasi pazpaboTKu U OT-
JIAJIKK TIPOTPAMMHOI0 KOIa HCIOJb30Bajach WHTErpHpoBaHHasi cpefa pas3pabOoTKH
IntelliJ IDEA.

Jly1s moucka OCHOBHBIX CTPYKTyp B rpade goctyna Obljio pa3paboTaHO TpH OT-
LleJIbHBIX MPUJIOKEHHUS, BBIIIOJHEHHbIX MO 00LIel cxeMme:

1) BBOJ JAHHBIX;
2) cosnanue rpada OOCTYNOB B MaMsATH KOMIIBIOTEPA;
3) mpeo6pa3oBaHue Tpada AOCTYIOB;

4) nmpruMeHeHHe COOTBETCTBYIOIIETO AJTOPHUTMA,;
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D) BBbIBOI Pe3yJbTaTOB pPabOTHI.

[Tpusoxkenuss pasnuualTcs Ha stanax 3 U 4, Tak Kak AJs MOUCKA Pa3JUUHBIX
CTPYKTYp B rpacde IOCTYyNOB HeoOXOAMMO pasjHuHOe NpeoOdpa3oBaHHe HCXOLHOIO
rpada ¥ nmpuMeHeHHe PA3JIUYHBIX aJTOPHUTMOB.

JlaHHBIe 3Tanbl B MNPUJOXKEHHSX peasu3yloTCsl pas3JHYHBIMH KJjaccaMu. Tak
Mmouck tg-myTu peanusoBaH kKjaaccom Dijkstra.java, mouck ocTpoBoB — KJjaccom
Floid.java, nns moucka mMocToB ucnoJsb3yeTcsi Kaace BridgeSearcher.java.

[Tomumo KsaccoB, peanU3yoOIIUX OCHOBHOW (PYHKIIMOHAJ, B MPOrPaMMHBIX TPO-
IYKTaX TaKxXkKe HUCIMOJb3YITCS BCIIOMOTATesbHbIE KJACCHhI:

1. Node.java — onucbiBaet y3es rpada I0CTYIIOB.
2. Link.java — omnucbIBaeT CBfI3b MeXIy BepLIMHAMH rpada.
3. Input.java — ucnosnb3yercs n/d peanusalrd BBOJAA AAHHBIX B IPOrpaMmy.

4. Main.java — CJyXHT A/ CBSI3M KJIaCCOB B €MHYIO CTPYKTYpy M BbIBOIA
pe3y/1bTaToB PabOTHI.

BcrnomoratesibHble Ks1acChl OAMHAKOBBl A/ BCeX TPEX NpusoxkeHUH. Beon naH-
HBIX B IIPOrpaMMy OpraHusyetcst uepes (ais gopmara csv, CofepKalllui MaTpUyHOe
npeacTtaBsaeHue rpada noctynos. [JaHHBINA ¢aiin go/KeH ObITh MOATOTOBJIEH 3apaHee
BPYUHYIO HJIM C TOMOLIBIO CHeLHaNbHBIX mporpaMM. dopMaTt MaTpHULbl IPUBEIEH Ha
pucyske 1 (kpaliHuil JeBblil cTos0el n00aB/ieH Ha PUCYHOK AJis SICHOCTH, B (haije
OTCYTCTBYyeT). B nepBoil cTpoke ¢atina 3anuceiBaloTcs BCe BEPLIMHBI r'paga, BO BTO-
poii — ompenesnsieTcss TUN BeplMHbL. [locsenytolie cTpoKH cofep:KaT MaTpUUHOe
npexnctas/aeHre rpada. [lo MmaTpule MOXKHO onpeneNUTb HaNpaBJ/eHHEe NyTH: HadaJb-
Hasl BepLUMHA 3alKcaHa B CTPOKe CJieBa, KOHeYHass — CBepxXy. BblBoA pe3y/bTaToB
paboThl MPHUJIOKEHHUS OCYILECTBJSETCS B KOHCOJIb.

B cayuae nmoucka tg-myTe#, MOCTOB M NMPOJIETOB MOCTOB Ha BXOJ MPUJIOXKEHHUIO
Tak»Ke IMepelaloTCcs Ha3BaHMUS BepLIMH, MeX1Yy KOTOPBIMH OTBICKMBAETCS COOTBET-
CTByMOLIAs CTPyKTypa. HaspaHus BepllMH NpenarTcs yepes napaMeTpbl KOMaHAHOH
CTpPOKH. B KauecTBe pesysbrata pabOThl NPUJI0KEHHUS BBIIAIOT:

1. B cayuae moucka oCTPOBOB — MaTpHUIy AOCTHKHUMOCTEH, MO KOTOPOH MOXKHO
JleJ1aTh BBIBOJ O HAJMYUHU UJIU OTCYTCTBHUH OCTPOBOB B rpade.

2. B cayuae noucka tg-nytell — AJMHY MyTH, a TakKe MaTPULy BeCOB MAJif
anroput™a JledKCTpbl, 10 KOTOPOH MOXKHO BOCCTaHOBUTb CaM NyTb, JHOO CO-
oO0llleHHe O TOM, YTO MyTb He HaHleH.

3. B ciyuae moucka MOCTOB ¥ MPOJIETOB MOCTOB — BBIBOAMTCSI CIMCOK BEPILIHH,
BXOASIILIUX B MOCT (TpoJsi€T), ub0 cooblieHre 00 OTCYTCTBUH MOCTa (IIPOJIETA).

Ananus MMPOMU3BOAXUTEJ/JILHOCTHU MPOrpaMMHBIX MPOAYKTOB MPOBOAXUJICA Ha KOMIIbIO-
Tepe CO CJieAYIOIIHMMH OCHOBHBIMHU XapaKTepHUCTHKaAMMU:!

1. Tlpoueccop: Intel Core i5-3210M 2.50Ghz.
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Puc. 1. ®opmar BxopHoro daitna ajasa aHanusa 6€30MaCHOCTH KOMIbIOTEPHON CHUCTEMBI. * — MOJHbIH

Habop npas; 0 — HeT OyrH.

2. O3Y: 8 I'e6.
3. OC: Windows 8 x64.

PesysbTaThl TECTUPOBaHUS NMpHUBedeHbl B Tabaulle 1 B BULe 3aBUCUMOCTH BpeMe-
HU paboThl Ka)K0r0 aJroOpuTMa OT KOJHYeCTBa BEPIIMH B HCXONHOM rpade.

Ta6suua 1. PesynbTarsl TecTHpPOBaHUS 3((HEKTUBHOCTH PabOTHl aJrOPUTMOB MOMCKA
HeCaHKIHOHHPOBAHHBIX JOCTYIOB

KosnuectBo
BepILIUH 18(30(60(120| 512 | 612 | 712 | 810 | 1024

[louck tg-nyTteit

(mc) 1121214 ] 16| 20| 29 36 40
[Touck ocTpoBOB

(mc) 113]|6]12]326|703 | 1556 | 2711 | 5475
[Touck mocToB

(mc) 1| 1]4]33[4942/9939|2585841176|77997

Kak BUAHO U3 TabHLbl 3, MPOU3BOAUTENBHOCTD aJITOPUTMOB HMeET IKCIIOHEHI[H-
aJbHYI0 3aBUCHMOCTb OT KOJIHUECTBA BEPIIHH, YTO COOTBETCTBYET TEOPETHYECKUM
OlLleHKaM, MpPUBeNEHHBIM B [1-4].
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Uensi6MHCKHUE TOCYIAPCTBEHHBIA YHUBEPCUTET

AHHOTaI.lI/Iﬂ. B crarbe pacCMOTpPEH OMNbLIT CO3AAaHHUA CHUCTEMbl BbIAIBJIEHHWSA HH-
CaﬁﬂepOB Ha OCHOB€ CaMOOPraHU3YIOLINXCA cetedl Koxonena.

KatoueBble cioBa: caMoopraHusymouecda ceTu KOXOHeHa, HHcafIﬂep.

1. Beegenue (onucaHue npooJEMbI)

3ajgaua noucka MHcalaepoB B MH(POPMALMOHHBIX CUCTeMaX MPEeANPUSATHH SBJISA-
€TCsd ONHOW M3 OCHOBHBIX, CTOSIILIMX MNepen CAyKO00HW MH(OPMalLLMOHHOW Oe3omacHo-
ctu. MHcalinep o6aanaer 60/bIIMM HaOOPOM TOJHOMOYMH [Jis BBIIOJHEHHS CBOUX
JOJMI?KHOCTHBIX 00513aHHOCTEH, UTO 1aéT eMy BO3MOXKHOCTb BOCIIOJIb30BATbCS CBOUMHU
MOJTHOMOYMSIMU /151 HaHeCeHHs yulep6a NpennpUsThIO.

Yiiep6 MoxeT ObITb SKOHOMHUECKHM, pPelnyTalHOHHBIM, B HEKOTOPBIX CJydasx
MOKET TIPUBECTH K HapylleHHI0 paboThl MPeATPUATHS (Hampumep, B caydae BbIBOAA
M3 CTPOSi CEPBEPHOr0 WJM KOMMYTAllMOHHOTO 060pyHOBaHHs). BblmensitoT caenyto-
IMe BUIbl HHCAKIepcKux atak [1]:

1. MoLIeHHHYeCTBO
2. Caborax

3. Kpaxa nHTennekTyasbHOH COOCTBEHHOCTH.

BrisiBieHHe WHCANIEpCKON aTakH, 32 UCKJIUYeHUEeM KpalHUX CJyudaeB, MpPeacTaB-
JisieT co60i TPYAHOBBIIONHUMYIO 3afauy. Heobxonumo us obuiero notoka uHdopma-
LUK U COOBITUH BBIEJNUTD T€, KOTOPbIE SBJSIOTCS BPEJOHOCHBIMH.

Takne coOBITHS MOTYT COOTBETCTBOBATbH 3apaHee YCTAHOBJEHHBIM MpaBUJaAM
UM NaTTepHaM — HalpuMep: KONHpPOBaHHe KOH(PUAEHLHaJbHOM HH(POpPMALHUHU Ha
Hey4YTEHHble HOCHTEJH, MOMBITKH BXOJA IOJ YYXXUM aKKayHTOM, Noa0op mnapoJei
1 T.m. OnHaKo B OOJBIIMHCTBE ClyuaeB MHCAHIEPCKHE aTaKW MPeNCTaBJSIOT cOO0H
IEeHACTBHS, KOTOPbI€ BIIOJHE MOTYT MOKAa3aThCsl JETHTUMHBIMU. OTIMUUTL B TAaKOM
c/ydyae BPeIOHOCHBbIEe NEHCTBUS OT pabourX 3ajay MOXKHO JHIIb B paMKaX KOHTEK-
CTa, KOTOPBIM MOXKHO Ha3BaTb «HOPMaJsbHOH pabdoToi». To ecTh TOH paboTHl, KOTO-
pylo «0ObIUHO» JesaeT NaHHBIA cyObeKT. [locTpoeHHe TakKoro KOHTEKCTa SIBJASETCS
TPYIHOBBINOJIHUMOM 3anadyeil. B GoJbIIMHCTBE C/yuyaeB, KOHTEKCT CTPOUTCS, UCXOAS
U3 SMIUPHYECKUX 3HAHUU W OMBITA.
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2. BapuaHTbl pemieHUN

OnHuM M3 TepBBIX MaTeMaTHYecKHUX pelneHUd Obina cuctema IDES, paspa6o-
tanHast Jlopotu Hennunr (Dorothy E.Denning) [2]. Cucrema ycraHaB/iuBaia npo-
¢uab akTHUBHOCTH paboThl nosb3oBatens Ha [IK. E€ cucrema Obla paccuurana Ha
TEPMHUHAJNBHOIO I0JIb30BaTe/sl, OAHAKO, MOXKET ObITb M pacliMpeHa AJjsi OObIYHBIX
M0JIb30BATENEH CUCTEMBI.

Paspa6oTaHo 60Jibll0e KOJHUYECTBO CPENCTB 3alUUThl UH(POPMALWU, HaNpaBJeH-
HBbIX Ha BBbISIBJIEHMe HMHCaWIepCcKUX atak. B mepByio odyepenb — 310 DLP-cucrembl
(data leakage protection — mpenmorBpaieHue yredek uHpopmauuu). DLP-cucrembr
KOHTPOJIUPYIOT MOTOKU UH(popMaluu, uupkyaupytouire yepesd [1K, ¢ uesnbio BhisiB/Ie-
HUS Tepefladd KOH(UIeHIHAIbHBIX NaHHbIX. @yHKuMoHaA DLP-cuctem nocratouHo
mupok. OnHako B GoJiblIMHCTBe caydaeB DLP-cuctembl MOryT JHILb 3aUKCHPO-
BaTh (DakT yTeukd HHpopmauuu. Hecmorps Ha To uto DLP-cucremer o6sianaior
(byHKLMEH OJNIOKMPOBKH Iepefayu MH(OPMALKH, 3TOH ONLHEH MOJb3YIOTCA KpakHe
penko. JTo CBSI3aHO C TeM, YTO OJOKHPOBKA MOXKeT CYL1eCTBEHHO CHU3UTb CKOPOCTb
MH(OPMALIMOHHOT0 0OMeHa MPeANPUATHUS C OKPY2KAIOIUM MHUPOM, T.K. IPUHSITHE pe-
ILIEHUS CTeLHATUCTOM Mo 0e30MacHOCTH O Mepefaye AAHHBIX T0Cse UX OJOKHPOBKH
3aHUMaeT HeKOTOpOe BpeMsl.

Kpowme Toro, HekoTopeie DLP-cucTembl BKIIOUAIOT B ce0s1 CUCTEMbl MOHHUTOPHHTA
paboThl nosb3oBartess Ha [IK — kakue mporpaMMmbl OH 3amyckas, CKOJbKO BpeMeHU
NPOBEJ B CHUCTEME W T.I.

Tak:ke K cucTeMaM BbISIBJEHHUS MHCAHAepPOB MOXKHO 100aBUTb cucTeMbl Honey-
pot, Honey-net u um nono6ueie [3,4]. Honey-pot npencraBnsitoT co60é CUCTEMBI, KO-
TOpbIe MPEACTABJSIOTCS CETEBBIMU CepBUCAMM, OIHAKO, HATIPSIMYIO HE HUCIOJb3YIOTCS
1 OTKpBITO He my6sukyioTcsi. OCHOBHAs UX Lesb — MPHUBJeYb BHHMaHHe HapyLIH-
TeJs1sl, KOTOPbIH NPOBOAMUT Pa3BefiKy BHYTpHU ceTH. Jlo6oe obpauenue k Honey-pot
MOXKHO paccMaTpuBaTh B KadecTBe MHcakmepckod ataku. Honey-net mpencrasisier
co6o# Heckosbko honey-pot, 06beIUHEHHBIX B OJHY CETb.

Takum 06pasoM, cyllecTByeT HEKOTOPOe KOJHYeCTBO HWHCTPYMEHTOB, KOTOpBIE
M03BOJISIOT BBISBJAATh MHCAHAEPCKHE aTakd 10 3apaHee ONpee/éHHbIM MaTTepHaM
UJIM TIpaBUJIaAM.

[lomuMoO BBISIBNEHHS MHCAUEPCKUX aTaK KpailiHe MepcreKTUBHBIM HalpaBJ/eHHeM
IBJISIETCSl NpeacKa3aHhe MHCAWIEepCKUX aTak, a UMEHHO — BbIBJEHHE JUUHOCTEH,
CKJIOHHBIX K MHCAHAepPCKOH NesiTeNbHOCTH.

3. IIpennaraemoe pemeHue

B cBoell pa6oTe Mbl pacCMOTpPeJM BO3MOXKHOCTb NPHUMEHEHHsS CaMOOpraHHU3ylo-
muxcs ceteit KoxoHeHa 17151 BbISIBJI€HUS! MHCAHIePOB B KOPIIOPATUBHBIX UH(OpPMALIU-
OHHBbIX cucTemax. Bribop cerell KoxoHeHa B KauecTBe MaTeMaTHUeCKOro amnapara
CUCTeMBI OBblJ CeJaH MO CJAeAYIOIHUM NPUYMHAM:

1. Cetn KoxoHeHa oTHocATCS K ceTsM ¢ «oOyueHHeM 0e3 ydHTeJsi», UTO MO3BO-
JileT aBTOMaTHYeCKU CTPOUTb YIOMSIHYTBIH Bblllle KOHTEKCT.
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2. Cern KoxoHeHa crnocoOHbl MPOBOANUTH KJacTepuU3alUi0 WH(OPMALKH, TeM ca-
MBIM NPOBOJMTH aBTOMAaTHUeCKOe pa3OUeHHe JIeMeHTOB Ha TPYIbI.

3. Ha ocHoBe knacrepusanuu ynoO6HO MPOU3BOAMUTH MOUCK aHOMAJIHH.

OcHoBHas uzesi COCTOUT B CJeAYIOlleM: Ha OCHOBE MOHHUTOPUHTA JA€HUCTBUH MOJb-
30BaTe/Isl BbISIBJAATb AHOMAJIbHYIO [eSTeJNbHOCTb, AEATENbHOCTb, KOTOpPas MOXKET
COOTBETCTBOBATb MHCAHIEpCKON NesiTebHOCTH. Ha ocHOBe 3THX MaHHBIX CTPOMUTH
noptpet/o6pas Mmosb3oBaTe/Is.

Cetu KoxoHeHa BBICTYNalOT B JIBYX POJSIX: BO-NEPBHIX, CJAYXKAT HUHCTPYMEHTOM
17l BBISIBJIEHUS] aHOMAaJIbHOH JesiTeIbHOCTH, BO-BTOPBIX, CJAYKAT HHCTPYMEHTOM AJIs
000011eHUs] JaHHBIX O MOJb30BaTeJIe.

B nporpamme wucnonbzoBana 6udauoreka CUDAfy.NET nmasi pa6othl ¢ rpadu-
yecKMMHU ajanrtepamu, npousdBenéHHbiMu Komnanued NVidia, NoSQL 6aza nanHbIX
Redis. Redis Obln BbIOpaH B CBSI3W C BBICOKOH CKOPOCTbIO paboThl. OCHOBHBIM €ro
OrpaHUYeHHeM $iBJIsieTCs TOT (hakT, 4To Mpu pabore 6a3a AaHHBIX BBITPYKAeTCs B
O3Y. B cBsi3u ¢ 3TUM B OyAylleM NPU UCIOJAb30BAHUU OOJBIINX MaCCUBOB JAHHBIX
Redis 6yner ucmosb3oBaThcsi B KauecTBe KIIIMPYyMolled 6asbl AaHHBIX, a B Kade-
CTBE OCHOBHOH OyZeT MCIIOJb30BATHCS OQHA U3 «TPAAULHOHHBIX» PEJSLHOHHBIX 0a3
IaHHBIX.

['paprueckuil MHTepdeiic mporpaMMbl BBIIIOJHEH C HCIOJb30BAaHHUEM TEXHOJIO-
rui WPF (Windows Presentation Foundation) u marreppa MVVM (Model-View-
ViewModel). UcnonbzoBanue narreppa MVVM nano Bo3MOXKHOCTb OBICTPO Mepe-
CTpauBaTh rpaduueckuii HHTepHENC NMpyu U3MEHEeHHH JIOTUHKU MPOrpaMMbl. DTO AaJ0
BO3MOXKHOCTb M3yuaTb ceTH KoxoHeHa B MHTepPaKTHBHOM pexXHUMe, a TakxKe MOoAOU-
paTbh ONTUMAaJbHBIH coco® 0OHAPYKEHUS aHOMaJbHbIX A€HCTBUU MOJIb30BATENS.

Ha Tekymu#i MOMeHT peasiM30BaH MOUCK aHOMAJIMH cpein BeO-aKTUBHOCTH I0JIb-
3oBareJisi (MOcellleHHe HHTEpHeT-CalTOB), aBTOPHU3aLMOHHBIX NAaHHBIX (BXOAax/BbI-
XO[aX W3 CHCTEMbI), 3aMyCKaeMbIX MPOLECCOB M MPOrpaMM, aKTHBHOCTb PaGOTHI ¢
(haitsoBo# cucteMoi. J[aHHble BBOASITCS B MPOrpamMMy BPYUHYIO.

B cBsA3u ¢ TeMm, 4TO moJsiyyeHHe peasbHBIX HHCAHIEPCKUX JAHHBIX — 3TO TPYAHO-
BBIMIOJIHUMAsl 3a7adya, TO MpoBepKa paboTOCIOCOOHOCTH CHCTeMbl MPOU3BOAMTCS Ha
YPOBHE HHTETPALlMOHHBIX TECTOB.

bauxaiilive njaHupyeMble paboThl — pacludpeHue obJjacTell, Cpeiu KOTOPBIX
BeETCS MOUCK aHOMAaJ/Ui, a TaKKe — IMOCTPOeHHUe cJos AJs1 00001eHHs] TaHHbIX U
HernocpeaCTBEHHO — IMOCTPOEHUs MOPTpPeTa MoJb30BaTesl.

4. 3akJjgueHue

HcnonbsoBanne ceteil KoxoHeHa 1151 oMCKa HHCAUAEPOB B KOPIOPATHBHBIX HH-
(hOPMALIMOHHBIX CHUCTEMaX $IBJSETCS MepCHeKTUBHBIM HaIpaBJeHHeM, TPeOyoLUM
NpopaboTKU INpU co3faHUU peatbHbiX cucTeM. CeTn KoxoHeHa MMelOT 00JIbLIOH
NOTeHIMaJ pacrnapaJlijie/]MBaHusl, 4TO M03BOJSAET JOOUTbCS BBICOKOH NPOU3BOAUTEb-
HOCTH BCEH CHUCTEMHBI.
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CDaKy.IIbTeT KOMIIBIOTEPHBIX HaYK, Omckui I’OCY,U,apCTBeHHbIﬁ YHUBEPCUTET

um. ®. M. JlocToeBCKOro

AnHoranusa. OnuceiBaeTcss NpUMeHeHHe TeOpeTHKO-UI'POBOrO MOAXOAA K IO-
UCKYy HauboJjlee ONTUMaJ/bHOIO Habopa MNpPOrpaMMHBIX CPEACTB 3alLUThl KOM-
NbIOTEPHBIX HH(OPMALUOHHBIX PecypcoB Ha NpuUMepe noadopa aHTUBUPYCHOH
CUCTEMBl U MEXKCETeBOI'0 KpaHa.

KaroueBble cjioBa: onTUMasbHbIE Ha0Op CPeNCTB 3alUThl, 3allUTa MH(pOpMa-
LIUH, TEOPUS HIP.

BBenenue

Pa6ota B rmo6anbHOi cetu MIHTepHeT cBsi3aHa C MOCTOSTHHBIMU YIrpo3aMu UH(DOP-
MalHMOHHOH Ge3onacHOCTH. KoMmbloTepHble CHCTEMbl MPEANPUSTHH U OpraHu3auuii
O4YeHb YaCcTO CTAHOBATCS 00bEKTaMM, Ha KOTOpble HalpaBJeHbl MOMBIC/IbI 3J10YMBbILI-
JeHHUKOB. [TocpencTBoM KOMMbIOTEPHOH aTakKW MOXKHO JIMOO YHUUTOXKUTb CUCTEMY,
Ju60 BPEeMEHHO OTPaHUUUTb NOCTYIN K Hed. B jrobom ciayuae mpennpusiTusi HeCyT
KaK (PMHAHCOBble MOTEepPH, TaK U MOpaJbHble, KaK, HanpuMep, 0aHKH, YPOBEHb JI0Be-
pUs K KOTOPBIM NaJlaeT, eC/AU OHU CTaJ/M KepTBAMH aTaKH XaKepoB.

Araku Ha MH(pOPMAMOHHBEIE PECYpPCHl MOTYT OBITh CAMBIMH Pa3HOOOPA3HBIMU: OT
HEeCaHKIIMOHUPOBAHHOIO TPOHWKHOBEHHS [0 3apaKeHWs CcHUCTeMbl BUpycamu. s
3alUThl JAHHBIX OT BPEJOHOCHBIX MPOrpaMM M BHEIIHHWX XaKepCKUX aTak, HUCMOJb-
3YIOILHUX YSI3BUMOCTH B NPOrpaMMHOM oOecredyeHHH, HeOOXOAHMBI, Ipexie BCero,
AHTHUBHpPYCHAsl CUCTeMa U MexKceTeBOH 3KpaH. Mcnosb3oBaTb aHTUBHUPYCHYIO CUCTe-
My CO BCTPOEHHBIM [epPCOHAJIbHBIM MeXKCeTeBbIM KPaHOM He BCerjla OKa3blBaeTcsl
MPEeATNOUTUTENbHBIM pelleHreM. B TakuX cjydasix CTAHOBUTCS aKTYyasbHBIM BOIPOC
nonbopa aHTUBUPYCHOM CUCTEMBI U MEXCETEBOr0 3KpaHa.

CoBpeMeHHblE aHTUBUPYCHBIE CUCTEMbl M MeKceTeBble 3KpaHbl 06sanaioT 60Jb-
ILIMM KOJIMYeCTBOM Pa3HO0OpPa3HOro (pyHKLHOHANA U UHCTPYMEHTapHUsl /51 pPelleHUs]
3a7ay 3allMThl JAHHBIX, NPH 3TOM y HUX MOTYT YaCTHYHO COBNaAaTb (PyHKLHO-
HaJbHbIe BO3MOXXHOCTH. AIMHHHUCTpaTOPy 06€30MacHOCTH Cpeld BCero pasHoobpa-
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3Usl TIPeACTaBJEHHBIX Ha PbIHKE MPOrPaMMHBIX MPOAYKTOB MPUXOAUTCS MPUHUMATb
CyOBbEKTHBHBIE PEIleHHs], OCHOBBIBAsICh JIMLIb HAa M3yUeHHH MX OMHCAHHUS.

B nanHoil paboTe npensaraeTcsi IPUMEHHTb TEOPETHKO-HUI'POBOH MOAXOM K MOA00-
py HauboJiee ONTHUMANBHOrO Habopa aHTUBHUPYCHOH CHCTEMbl U MEXKCETEBOTO IKpaHa.
Ba)KHO OTMETHTb, UTO TEOPHUSI UIP B MOCJEIHHE TOIbl HHTEHCHUBHO HCIOJIb3YeTCs B
MCCNIeIOBAHHUSAX 110 OPraHU3alMK CHCTEM 3alIUThl KOMIBIOTEPHBIX HH(POPMALHOHHBIX
PEecypcoB OT BHeLIHUX yrpo3 [1].

1. IlocraHoBKa 3agauM M UTPOBOU TOIXOL,

Jlna noucka HauboJsiee ONTHMAJBHBIX CTpaTerui 3alUThl HH()OPMALMOHHBIX pe-
CypcoB Oblyia IpOBeleHa MaTeMaTHuecKast Urpa IByX UrpokoB [1-3], onHUM K3 KoTO-
pBbIX fIBJISJ1aCh CHCTEMA 3aLIUThl KOMIBIOTEPHOH UH(POPMAaLUH, a APYTHM — BO3MOXK-
Hble yrpo3bl 6e3omnacHocTH UHPopMauuu. [TockobKy Lesblo [aHHOH paboThl SBJIS-
JIOCh OMpefiesieHre ONTHMAaJbHOH CTpaTeruu 3aluThl (TaKoro Habopa MPorpaMMHBIX
MPOAYKTOB, KOTOPBIH 00€eCneunT cBefleHne K MUHUMYMY yllep6a, HAaHeCEHHOTO KOM-
MBIOTEPHOH CHUCTEME), TO MOXKHO CUHTATh, UTO BO3MOXKHBIE YTPO3bl 3JI0yMbIIIJIEHHHU-
Ka HalpaBJieHbl Ha HaHeceHWe HauOoJbliero yulepba KomnbloTepHod cucteme. [lpu
TAaKOM MNPeNMNOJIOKEHUHU BBIMIPbIL Xakepa OyneT paBeH MPOUTPHILY aAMHUHUCTPATO-
pa 6e30MacHOCTH, U MOXKHO paccMaTpyMBaTb MAaTPUUYHYIO UTPY ABYX JHL C HYJeBOH
CYMMOH.

B kauecTBe cTpareruil agMuHHUCTpaTopa 6€30MacHOCTH OyaeM MOHUMAaTb CTPOKH

x; (i=1,...,n) (pa3nuuHble CPeACTBA 3aLIUTHl KOMIbIOTEPHOH MH(POPMALUK) HEKO-
TOpo# MaTpulbl (Tabs. 1), a B KauecTBe CTPaTerHi 3JI0yMblIIJIEHHHKA — €€ CTOJIOLbI
y; (7 =1,...,m) (Bo3aMOXHble yrpo3sl 6e3omnacHocTH HH(popmauun). K crparerusm

TaKXKe MOXKHO OTHECTH pa3JIMYHble COYETaHUS U3 YrPO3 U PA3JNHUYHBbIE COYETAHUSA
CpencTB 3awuThl. [IpekpallleHHe HCNONb30BaHUA WM H00aBJeHHe HOBOH YIpo3bl
WJIM CPelCTBA 3alMThl MOXXKHO pacCMaTpPUBATh KaK Mepexof OT OfHOH CTpaTeruu K
IPYTOH.

[ToctpouB urpoByto maTpuiy (taba. 1) U mpoaHaJu3UpoBaB €&, MOXKHO 3apa-
Hee OLIeHUTb NPOLEHT BO3MOXKHOIO MPONMYyCKa yrpo3 M 3aTpaThl KaxKIOro pelleHUs]
Mo 3alluTe KOMIbIOTepHOH HH(opMauuu. [IpoBeneHue MaTpUyHOH UTpBl MO3BOJNUT
onpeneuTb HauboJsee 3(Qp(peKTUBHbIE BAPUAHTBI AJI BCEro AMarnasoHa yrpos.

Tabauua 1. Tabauna MaTpuyHOH UTPHI

Y1 Y2 Ym
T p(%) ar a2 A1
T2 p(%) Q91 22 A2,
L p(xn) Qn1 Ap2 Anm

Jlnst mpoBenieHHsT HA KOMIIbIOTEpe WUTrPbl A HANO Tak»Ke 3HAThb Pe3yJbTaThl UI'PHI
TIPH KaxJI0H 1ape CTpaTerul x; 1 yrpo3 y; (Hanpumep, a;; — MPUIUHEHHBIH yIIepo)
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1 BEPOSITHOCTH peanu3aluy p(y;) KaKA0H yrpossl y;.

B nanno# pa6ore K03()(OULHEHTH MATPHILBI @;; ONPEALJIAIN, YUUThIBAS TONBKO T
YyTpO3bl, KOTOpPbIE IPONYCKAJIUCh, T.€. HE OTPaKa/JUCh COOTBETCTBYIOLIMMH CpPeiCTBa-
MM 3awuThl. [ng onpenesneHrs Ko3(p(pUUHUEHTOB MaTPULIbI UIPbl MEXAY YTpO3aMHu
M CpPEeACTBAMH 3AIIUTHl ObIIO MPOTECTHUPOBAHO MPOXOXKIEHHE MakeTa M3 15 ThicAU
yrpo3 uepe3 paszJjiMuHble aHTUBUPYCHble CHCTEMbl U MexKCeTeBble 3KpaHbl. BeposT-
HOCTb PeasiM3alliy KaxI0i yrpossl p(y;) onpenensach KaK OTHOIIEHHE KOJHYeCTBa
Yyrpo3 NAHHOIO THNA K KOJMYECTBY BCEX YIpO3 B MaKeTe.

Haunyuueil B ycnoBusx nMerolleicss nHpopmaurdu 06 yrposax cuuTajgach CTpa-
Terusi CUCTeMbl 3aLIUTBl KOMIIBIOTEPHOM MH(OpMaLMH, T. €. HA0Op CPeACTB 3alLUTHI,
IJIS1 KOTOpPOH OyzneT MUHHMMaJbHa CyMMa

m

> aiply;).

J=1
B pacuyérax mis KaxkI0H cTpaTernu B KadecTBe KO3((HULMEHTa a;; BbIOMpaeTcs

HauMeHbIUUH M3 KO3(P(PULHUEHTOB [/ COOTBETCTBYIOLIMX NPOrPaMMHBIX CPEICTB
3alUThl UH(POPMALHUH B OTAEJbHOCTH.

2. Marpuua urpbl

Jns onpeneneHus K03(p(ULUHEHTOB MATPULbl UTPbl MEXKAY Yrpo3aMd W aHTH-
BUPYCHBIMM CHCTEMaMH OblJIO MPOTECTHPOBAHO MPOXOXKIAEHHe MakeTa U3 15 Thicsu
yTpo3 uepe3 pas/HUuHble aHTHBHUPYCHBIE cUcTeMbl. B Tabsuiue 2 mpencrtaBJeHbl I10-
JiyueHHble pe3ysabTaThl. Ha mpeceueHUM KaxKOoOH CTPOKU U C€TOJOLA CTOHUT UYMUCIO
NPONYLIEHHBIX YyIPO3 COOTBETCTBYIOLIEH aHTUBUPYCHOU CUCTEMOH.

Ta6nuna 2. PesynbTaThl pacuera BEpPOSTHOCTH Yrpo3

© 2 as
2l Ele| 5| 5| 2| E| 2|3
=, o = Jes) (= =
2 E| 2| 2| E|E|E|E| 5
= - = r] 1 = =
Ala|<|S|R|g|&|~]|7
foa)
Kaspersky Antivirus 3 5 2 3
McAfee Antivirus 3 2 3
Avast Pro Antivirus 5 2 5 4
Eset Nod 32 5 2 1
Panda Antivirus 2 3 1

BeposiTHOCTb peanusaliuu Kaxkaod yrposbl B JaHHOH paboTe ompenessaach Kak
OTHOLLEHHe KOJIMYecTBa Yrpo3 MAAHHOTO THMA K KOJMUYECTBY BCeX Yrpo3 B MaKeTe.
B rabsnuue 3 npuBeneHBl MOJyUeHHble 3HAUEHHUS JJis BCEX BO3MOXKHBIX YI'po3 B Ma-
KeTe.

[Tocko/IbKy yCTaHOBHTBH cpa3y HECKOJbKO aHTHBUPYCHBIX CHUCTEM OIHOBPEMEHHO
HeJb35l, TO Jyullled OyaeT Ta, KOTOpas MPOMYCTHUT MeHbllee YUCAO Yrpo3. Takoii
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AHTUBUPYCHOH crcTeMo# okazanach McAfee Antivirus. AHasoruuno GblLIM ompene-
JIeHbl KO3(PPULHUEHTBl MaTPHUILBl UTPBl MEXKAY YrPO3aMH U MexKCeTeBbIMH 3KpaHaMH
(cMm. Taba. 4). HavMeHblllee YHCIO yTPO3 Cpeld PAaCCMOTPEHHBIX MeXKCETEBhIX dKpa-
HoB nponyctua Kaspersky Internet Security.

[Tocnie coctaBneHusi obuieil MaTpULbl UIPbl, B KOTOPOH CTpaTerdusiMH agMHUHU-
cTpatopa 6e30MacHOCTH OblIM aHTHBHUPYCHBIE CHUCTEMbl U MeXKCETeBble 3KPaHbl, U
NPOBeJIeHUs] MaTPUUYHOH Wrpel, HanboJee ONTUMaJbHBIM HabOpPOM OKa3asHChb aHTH-
BupycHas cuctema Eset Nod 32 u mexcereBoil skpaH Kaspersky Internet Security.
JlanpHeliliee 1OMOJHEHHE MATPULl IPYTHMH BHAAMH YI'PO3 U CPEeNCTBAMH 3aLIUTHI
M03BOJIMT Mofo6paTh Haubosee ONTUMAJ/bHBIA Ha00p U3 0OJIbLIEro YUcaa IPorpaMm-

HbIX CPEeACTB 3alllUTHhHI.

Ta6nuna 3. PesynbraTel pacuera BEpPOSTHOCTH YIpo3

Y1 Y2
Bupycol 13% | Be6-yrpossr 13%
Spyware |12% | ®uiuunr 9%
Adware 10% | Tposttbl 16%
Maleware (9% |Uepsu 8%
Bauunepsr | 10%

Ta6suua 4. Yncno nponyleHHbX yTpo3 MeXXCeTeBbIMH 3KpaHaMHU

@ =
2l 2| gl 5| 2| 2| E] 2| =
S| E| el | 2| &l §| E| &
S| E| 22| Bl F|E| 2|2
Rla| || Rlg]|& ="
Qa
Kaspersky Internet Security 3 4 2
McAfee Internet Security 1 3 3
Avast Internet Security 2 5 2 4
Eset Smart Security 1 4 3 2 1
Panda Internet Security 3 3 )

3. Hutepdeiic peann3oBaHHOr0 NPOrpaMMHOr0 NMPUIOKEHUS

Ha ocnoBe onucanHoro nogxoga Obll0 CO3[aHO NPOrpaMMHO€ NPUJIOKEeHHe, KO-
TOpO€ 10 BBEAEHHBIM 3HAYEHUSIM CTOMMOCTH CPEACTB 3aLUUTHl, IPOLEHTY NPOHUKHO-
BEHHS yrpo3 M BeJUUYHMHAM BEPOSITHOCTEH MX peasiM3allMM BBIUMC/SET ONTHMaJbHbIN
Habop CPeACTB 3aLUMThl U3 UMEIOLIMXCH B PaclopsKeHUH aiMUHUCTpaTopa 6e3onac-
HOCTH TMPOrpaMMHBIX NPOAYKTOB. B peanu3oBaHHOM TMPHUJOKEHUH NPeLyCMOTPEHO
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JaluWTHEIE CREACTES: CToMMOCTE NpooyKTa: Yrpozel:

1)Kaspersky Intemet Securty 1600 pyGnei 1)Bupyce
ZMcAfee Intemet Securty 1990 pyGnei Z)Spyware
F)Awast Intemet Securty 1450 pyGneit IAdware
4)Eset Smart Securiry 1750 pyGnen A Maleware
B)Panda Intemet Security 1249 py@neii BlBaHHepk!
G)Kaspersky Antivirus 1200 pyGnei BWeb+yrposw
TiMchAfee Antivirus 599 pyGnen TyPuwmHr
8)Avast Pro Antivirus 650 pyGneli B)TpoAH
)Eset nod 32 1130 pyGneir HHepen
10)Panda Artivirus 599 pyBnen

OrpanwueHwa no uene po: | 2500 Hauats urpy

Puc. 1. UnTepdelic HaYanibHOrO OKHA MPHUJIOKEHUS

Cambii 3aUMILEHHEIA BapveHT: Raspersky Intemet Securty v Eset Mod 32
Kan-en mpormyuersr wpos: 161 T -

CrovraocTe: 2720 pytinen NOD 32

Cambid AOPOrDCTOALLMA BEAPHAHT SawThl: MoAfes Intemet Security w Kaspersty Anthirus
Kon-eo npormywetsrwoos: 6,12 %

CravragcTe: 3130 pylined
Mchfee'
SECURE

Cambid asumsHHER DapkeHT © orparsetod wetiod: Panda Intemet Securty v Panda Antivins
Kon-oo mporyweroe yrpos: 4.5 %

CravmocT: 2248 pybned

Orparrenne no uene: 2500 pyBnes

Puc. 2. OKHO TIpUJIOKEHUS C PE3yJIbTATOM HUIPbl

HaXO0XK/JeHHe ONTHUMAaJbHOro Habopa C BO3MOXKHOCTBIO OTPAaHUYEHHS 110 CTOMMOCTH
nporpaMMHoro o6ecriedenus (puc. 1).

[IpumeHeHMe npensoKEHHOr0 NPOrPaMMHOIO NPOAYKTa MO3BOJISET HAXOIUTh
HauboJiee ONTHMaJbHBIA HAOOp CPEACTB 3alUThl KOMIBIOTEPHOH HMH(OPMALMU U
aHa/M3HUpOBaTh MOJyUYeHHble pe3yabTaThl. Ha puc. 2 mokasaHbl pe3y/bTaThl pacuéToB
HauJsydlled napel IIpU BbIOOpPe M3 aHTHBHUPYCHBIX CHCTEM M MeXKCeTeBbIX 9KDPAHOB.

PeanusoBanHOe NpHJIO’KEHHE MO3BOJISIET 60see JeTanlbHO IPOCMOTPETb Pe3yJIbTa-
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1 2 3 4 5 8 7 E: 9 10
2780pyS  298%pyS  3170pyS  250%py6  2440pyS  248py6  224BpyS  2250pyE  3190pyS  1929py6

1. Kaaperaky intomet Secunty w Eset Nod 12
2 Meliee Inteme w MeAfee antivines

lmlnwmumm
5. Panda Internet Security m Kasporsty Arlvines 10. Panda Internet Security w fuast Probelivine

Puc. 3. Pesynbratel aHanusa NpoHUKHOBeHUS yrpos mjs 10 aydiux peleHUi

TBI TIPOBEIEHHBIX PACUETOB s IeCSITU HanboJjiee ONTHMAJbHBIX pelleHul (puc.3).

[Tpusnoxkenue 6bl10 paspaboTaHo Ha s3bIKe TMporpammupoBanus C# nns ome-
pauuoHHOH cHucTeMbl Windows. B peann3oBaHHOM MNpHJIOXKEHUH TpeATNoJaraeTcs
IOTIOJIHEHHe MaTpULbl APYTMMH BHAAMH YIpPOo3 W CPeNCTBAMHU 3allUThl. B ciyuae
HECKOJIbKHX pelleHHH MpeAnodyTeHHe oTAaéTcsi 6oJiee Nel1éBoMy Habopy MporpaMm-
HBIX MPOAYKTOB.

4. 3akJaoueHue

[IpumeHeHMe MpenoKeHHOrO B JAHHOH paboTe MPOTPAaMMHOIO MPOAYKTA OACT
aIMUHHCTpaTopy 6e30MacHOCTH BO3MOXKHOCTb BbIOpaTh HauboJsiee ONTHMAJbHBIH Ha-
60p CpeincTB 3alIUThl KOMIbIOTEPHOH HH(OpPMAaLHKH, a TakXKe OLEHUTb 3(P(HeKTUB-
HOCTb Y2K€ MCII0JIb3yeMOro MpOorpaMMHOr0 oOecreyeHus.
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Abstract. Application of the game theory approach to search for the most optimal set
of defence computer system software is described on the example of antivirus system
and firewall selection.
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Cankr-Iletep6yprekuii rocynapCcTBEHHBIH MOMUTEXHUYECKHH YHUBEPCUTET

AnHoTamusa. PaccmaTpuBaercsi 6e30nacHOCTb 6eClPOBOAHBIX CaMOOPTraHU3YIo-
IMXCA CeTel, WCC/eNoBaHA W MpoaHainW3upoBaHa artaka «UépHasi neipa», Ha-
npaBJieHHast Ha HapylleHWe paboTOCMOCOOHOCTU TaKHUX CeTed, a TaKKe MpPUBe-
JIeHbl pPeKOMeHAaluu 1o 60opbde ¢ Hew.

KunroueBble cjioBa: camoopraHusywoliuecs cetd, ad-hoc, mesh, 6e3onacHocTb,
araka.

Mex1yHaponHBIH ONBIT MOCJENHHUX JieT I[0Ka3biBaeT, uTo mpuBblyHasg WT-
UH(ppacTpPyKTypa B JIOOOH MOMEHT MOXKeT NaTh COOH, 00YyCJIOBJIEHHBIH COBEPLIEHHO
pasHbIMU TpuurHaMu. [locse 3Toro cBsi3b ONpefeséHHOrO CerMeHTa C OCTaJsbHOM
ceTblo Tepsietcs. Hanpumep, Ha T'autu nocsne semserpscenns B 2010 rony rsiaBHbIM
CPeICTBOM CBSI3U CTaJid CIYTHUKOBbIE TeJiehOHBI, MPe0CTaBAeHHbIE B KauecTBe I0-
MollHU. Mcrnonb3oBaHre TakUX Tese(OHOB CTaN0 CKOpee BbIHYKIEHHOH MepoH, a He
9KBUBAJIEHTHOH aJbTepHATUBOH CYLIECTBYIOMIUM cpeicTBaM cBsidu. OcHOBHas mpo-
6sema B TOM, UTO He TOJbKO NPUPOJHbIE KATAKJIU3Mbl CIOCOOHBI BBIBECTH U3 CTPOS
COBpEMEHHYI0 HH(PACTPYKTYPY, HO U HaHaIbHOE OTKJIOYEHHUE 3/JeKTPONUTAHHUS CIIO-
CcOoOHO MpeBpPaTUTh HALIKM MOOWUJbHBIE YCTPOHCTBA M KOMIbIOTEPHI B «OecroJjie3Hble
urpymku» [1, c. 297].

AnekBaTHOH peakiiheil Ha Takue MPOOJEMbI SIBJASETCS PaCcTyIIMH UHTEpeC K Hiee
co3naHust 6eCrpoBONHON caMoopraHusymwllelics (Hau TUHaMHUecKol, ad-hoc) cetn.
BecnpoBoiHble caMOOpraHU3yloLHecs CeTH — JeLeHTPaNu30BaHHble CeTH, He UMe-
[oLMe TOCTOSHHOH CTPYKTYphl. K/iHeHTCKHe yCTpOHCTBA COENUHSIOTCS «HA JETYy»,
o0pasys Mexay coboi ceTb. KaxKaplil y3es ceTH MOXKeT SBJATHCH NOCPEJHUKOM B
nepefaye NaHHBIX, NpefHAa3HAYeHHbIX APYruM yaJjaMm. [Ipy 3ToM mouck moJsyuare-
JISl JAQHHBIX NIPOM3BOAUTCH NUHAMHYECKH, HAa OCHOBAHUHM TeKyllleHd CBSI3HOCTH CeTH.
JlanHasi ocobeHHOCTb 6eClpOBOJHBIX CAMOOPTaHU3YIOLIUXCS CeTell sIBJsieTcs UX OC-
HOBHBIM OTJIMYMEM OT MPOBOAHBIX CeTel U yNpaBJseMblX OeCHpOBOAHBIX CeTel, B
KOTOPbIX 3afady ylpaBjeHHs MOTOKAMH NAHHBIX BBINOJHSIOT MapLIPyTH3aTophbl (B
TMPOBOAHBIX CETAX) WM TOYKH JAOCTyna (B YNpaBJseMblX OeCHpPOBOAHBIX CETSX).
Takasi cetb cnoco6Ha ¢dopmupoBaTh cama cebsi KaxKIbli pas, KOrjaa creluadbHbIM
006pa3oM 3amnporpaMMHpPOBaHHbIE MOOWJIbHBIE YCTpoicTBa (TesedOHBl, MJaHIIETHI,
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HOYTOYKM M IIp.) OKasblBalOTCs B Mpefesax mpsimoro poctymna. Kaxkpoe u3 Takux
YCTPOHCTB HCHOJHSAET poJib W NPUEMHHKA, U NepefaTyuka, a TakxKe sIBJsSeTCsS pe-
TPAHC/ASTOPOM ISl APYTUX YCTPOHCTB B CETU. YCTPOUCTBA, PACCTOSIHHE MEXKAY KOTO-
PBIMH TIpPEBbILIAET AAaJbHOCTb MPSIMOTO NOCTYTA, MOTYT MOAIEPKHUBATD MEXIY COOOH
CBfI3b MOCPEACTBOM APYTUX YCTPOHCTB B CeTH, 00pasys, TakUM 00Opa3oMm, mnogodue
LIEMOUKH M3 Y3JI0B, THe KaXKAblH U3 HUX Mepefaét uHhopMalHio CBoeMy coceny [2,
c. 43].

Hcnonb3oBaHue CaMOOPraHU3YIOIIKUXCS ceTedl OyAeT MOJe3HO He TOJbKO B CJY-
yae CTUXHMHHBIX OGencTBUi. Takue ceTu GyayT Tak:kKe BOCTpeOOBaHbI B ciydae, ecjau
BO3BeJleHHe CTAallMOHAPHOW 0a3bl SABJSETCS CJAMILKOM AOPOTOCTOSILIUM, AOJTUM HJH
TPyLoEMKHUM rporeccoM. Hanpumep, ynanénusle noceseHus, BO3BeleHHE B KOTOPBIX
CTAalMOHAPHbIX 6a3 He MJaHUpyeTCs, CMOTYT IOJYYUTb AOCTyN B ceTb KHTepHer
MOCpenCcTBOM OeCcrnpoBOAHBIX CaMOOpraHudyouuxes ceted. lpyrod npumep — mnpu
OpraHM3alny «yMHOrO» IOMa BCe JOMalllHHe YCTPOHUCTBA CMOTYT NepenaBaTb UH(Op-
MalWio APYT APYTY, 0CBOOOXKJas OT HEOOXOAMMOCTH MPOKJNAAKHU NOMONHUTEIbHBIX
NPOBOJOB U 00beNUHSS BCIO NOMALIHIO TEXHUKY B OAWH yIOOHBIH KOMIJeKc. Tak-
JKe CeTH MoJ0OHOro KJjacca LMIMPOKO NPUMEHSIOTCS BOEHHBIMU BEIOMCTBAMM pPa3HbIX
CTpaH [/l OPraHHW3alMH ONMEepPaTHBHOH CBA3M B TAKTHUUECKHUX LeJsX, HalpuMep, BO
BpeMs MPOBEeeHNs aHTUTEPPOPUCTHUUECKHUX OMepaluii, B 30HaX JIOKaNbHbIX BOEHHbIX
KOH(JIUKTOB.

[lntoc Ko BceMy BhbILIeNEpPeUHCIEHHOMY, B TOCJeqHee BpeMsl MOJYUYUIU Paclpo-
CTpaHeHUe TeJleKOMMYHHUKALMOHHbIE CETH Mepelaul AaHHbIX, OPraHH30BaHHbIE B CO-
OTBETCTBHH C TOMOJOTHel caMoopraHuayouuxcs ceteil. Maciitabbl TaKUX POEKTOB
YBEJUUHUJIUCH 10 COTEH ThICAY MOJb30BaTe el Mo BceMy MUPY. CeTH ¢ TUHAMUYeCKOH
OpraHuszauuedl MpefoCTaBJsIOT HauOoJiee MPAKTHUUHbIE pellleHHsl, WUHTerpupylolie
pasinyHble OeCnpOBOAHbIE TEXHOJOTHH. B0O3MOXKHOCTb OpPraHM3alMd C TOMOILbIO
IMHAMHYeCKO# TomoJoruu JjokaabHbiX W ropoackux (LAN u MAN) cerei, Jer-
KO MHTerpupyembix B rjio6anbHble ceTd (WAN), siByisieTcss XOpolied nepcrnekKTHBON
I/l OTIepaTOpPOB CBSI3H, PA3BOPAUMBAIOIIMX CBOM CETH B MeraroJiucax, U 3TO ellé
pa3 MOATBepXKIaeT pesieBaHTHOCTb U aKTyaJbHOCTb MCIIOJNb30BAaHHSI CAMOOPraHU3y-
IOLLIUXCA CeTeH.

3BecTHble aTaku Ha CeTH C JUHAMUUYECKOH OpraHu3aluedl Ha caMOM BepxHeM
YPOBHe NeJ/ISITCS Ha MacCHBHble W aKTHBHble. [laccuBHbIE aTaku npecsaenyloT JHILIb
1leJ1b TPOCJYLIMBAHUSL M MepexBaTa INepefalleics B ceTd uH(opmauuu (Hapyiue-
HUe KOH(UAEHLIMAJNbHOCTH), YTO HeJIaeT UX KpalHe TSKENbIMH 1Jis 0OHApPYKEHHUS.
AKTHUBHbBIE aTakKd, B CBOIO Ouepelb, HANPaBJeHbl HA HEMOCPEACTBEHHOE B3aWMOJei-
CTBHE C MH(OpMaLHed B CeTH: MU3MEHEHHe WJH CKPBbITHE MaKeTOB NAHHBIX fBJSET-
Csl OCHOBHOM 11€JIbI0 TAaKMX aTak (HapylleHHe LEeJOCTHOCTH U JOCTymHOCTH). Tak-
»Ke pas3JIMualoT aTaky BHelIHHe (OpraHu3yeT BHEIHWH HapyLIWTeNb) U BHYTPEHHHE
(BHYTpPeHHHH HapyLIUTEJb).

Haunbosee crneunduuHOd A/ CaMOOPTaHU3YIOUIUXCS ceTel fBJSETCS araka
«YeépHast npipa». OHa 3akJ/ioyaeTcss B TOM, YTO YCTPOHCTBO-3JIOYMBILIJIEHHUK Mac-
KUPYyeTCs TMOA y3eJl CeTH, yepe3 KOTOPbIM MPOXOAUT KpPaTyaHIIUK NyTb K y3JY, UH-
(opMaLHrIO OT U AJ51 KOTOPOTO 3JIOyMBIIIJIEHHHK XOueT MoJyduTh. Ha camom nese
y3eJ/1-3JI0YMBILIJIEHHUK MOXKeT ObITb BOOOILLe He CBfI3aH C y3JIOM-XKePTBOM B paMKax
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CeTH.

TpanuuMOHHBIM MeTOAOM pelleHHs MpobseM 6e30MacHOCTH B 6eCpOBOAHBIX ca-
MOOPTaHU3YIOLIUXCS CeTAX SBJSETCS HCIOJb30BaHHE LIM(DPOBAHUS HA MPUKJATIHOM
YPOBHe, 4TO He Bcerga ynoOHO, TpeOyeT JHMIIHUX 3aTpaT PecypcoB, a TakxkKe He
3alllMlaeT OT Yyrpo3, HampaBJeHHBIX Ha NOCTYyMHOCTb WH(opMauuu. [losTomy s
obecreyeHnst 6€30MaCHOCTH ceTel ¢ IMHAMHUYeCKOH opraHusaunedl Heo6XoaIUMO MpH-
MEeHAITh creln(ruyecKkrie MeTOAbl 3aLIUTHI.

MHorue npoTokoJsbl B3aUMOAEHCTBUS B CeTSAX C NMHAMHYECKOW opraHusaluei
UCIMONb3YIOT CJAEeAYIOUMH MeXaHU3M /I HaXOXKAEHHUS ONTHUMAaJ/bHOTO MyTH A0 y3Ja
LeJIU: y3eJ-UHUILIMATOP MochlaaeT mnpoKoBeliaTebHbld RREQ-3anpoc, koTopeiii 3a-
MyCcKaeT Mpolenypy MOUCKa KpaTdaiilero Mapuipyra. Kakaelil mocaenymommui ysen
cetu nepenaér RREQ-3ampoc nmasblie mo 1enodyke, moka OH He JOWIET 1O y3Ja-
nesnd. Ysena-ueib otseTHT RREP-oTBeroM, KoTOpblii OymeT nepenaH B 0OpaTHOM
HarpaBJeHHe yepes Te ke yaJbl, uTo 1 RREQ-3anpoc [3, c. 2].

Araka «Uépnasi nbipa» peasiu3yeTcss 3a CUET TOTO, YTO Yy3eJ-3JI0yMbILIJEHHUK
mozker, nonyunB RREQ-3amnpoc, He cMOTpst Ha CBOE MoJI0’KeHHE OTHOCHUTEJBHO y3Ja-
uesu, nepenatb oopatHo RREP-oTBert, Tak, Kak OyATO HMEHHO Yepe3 Hero MpOXOAUT
ONTHMAaJIbHBIH MapLIPyT, MPU 3TOM 3JIOYMBILIJEHHUK He 00si3aTe/IbHO HAXOMUTCS Ha
ONTUMAaJbHOM NYTH MeXIY Yy3JO0M-UHHLHATOPOM CBSI3H U y3JIOM-LIEJIbIO.

Y KaxXaoro ysja ceTH, B KOHTEKCTE PeaKTHBHBIX MPOTOKOJOB, CYLIECTBYeT CO0-
CTBEHHBII1 HOMep MOCJIe0BATeIbHOCTH, KOTOPBIH H3MeHsIeTCs JIMLIb B IBYX CAydasx,
Kak 3To onucbiBaeTcs B ctrannapre RFC 3561 [4, c. 11].

Jnst 3amuTel oT ataku «YépHasi abipa», KoTopas Oblja ONMUCaHa paHee, MOXHO
UCMO/b30BaTh CJAeAYIOIIUHA MeTon. Bce y3/bl B ceTH NO/KHBI XPaHUTb TaOJHILY
HOMEpOB MOCJe0BATENbHOCTEH BCEX Y3JI0B, OT KOTOPBIX OBIIM MPUHATHI NAHHBIE.
[l 3TOrO NMpU MHULMAIU3ALUHK CETH BCe YUaCTHUKU 0OMEHHBAIOTCS IPYT C APYyrom
Hello-coo6menusmu. [Ipu 3amycke mporenypbl MOKMCKa MaplipyTa y3eJ-WHULUATOP
ornpasnaser RREQ-3ampoc, Ha KoTOpbIH y3es-Lenb WIM MPOMEXKYTOUYHBIH y3es ¢
«freshenough» mapmpyToM no/KkeH OTNPaBUTb MCTOUHHKY HOMeEp MOCJEN0BATENb-
HOCTH, C KOTOPbIM OH B MOCJEIHUH pa3 KOHTAKTUPOBAJ C y3JOM-LEJbIO.

3aTeM TPOMeXYTOUHBIH y3eJ (y3eJs TPOBEPKH) CPAaBHHBAeT Pa3HUIy MeXAy HO-
MepOM TIOCJIe0BATENbHOCTH, OTIpaBJeHHBIM y3ja0M ¢ «fresh-enough» mapmpyrom
U HOMEpPOM TOCJeN0BaTeNbHOCTH, C KOTOPbIM OH CaM IOCJeIHUH pa3 B3auMofei-
CTBOBaJ C Y3JoM-lLeJ/blo. Eciu 3To 3HaueHMWe NpeBhbIlIaeT 3apaHee OrOBOPEHHYIO
BesqnuuHy L, To y3es, ornpaBuBwui 3ToT RREP, BeposiTHo, siBnsieTca 3a0ymbiii-
JIEHHUKOM.

BennuuHa L usMmepsieTcsl CTaTHUCTHUECKUM 00pa3oM 1151 KaxkKIOH LieJieBOH CeTH
U TpejcTaB/sieT U3 cebsl cpelHee 3HAUEHUe PA3HOCTH MeXAYy HOMEPOM I0CJe/10Ba-
TeJbHOCTH, OTIPaBJAEHHBIM Yy3J0M ¢ «Iresh-enough» mapuipyTom, U HoMepoMm mnocJe-
JI0BATeNbHOCTH, C KOTOPBIM y3eJs MPOBEPKH caM MOCJeIHUH pa3 B3aUMOIeHCTBOBAJ
C Y3J/I0M-LeJbIO0.

[ oueHku mnpensoxeHHoro merona noctpoeH MakeT MANET-cetu. Ilpo-
rpaMMHasi peaju3allisi MakKeTa OCYILECTBJSETCS C MOMOIILbI0 CPEACTB S3blKa MPO-
rpaMMHpOBaHUsl Java. YmpoleHHasi cxeMa TeHepUpyeMOro MpOrpaMMOH MakeTa
npeacTaBjeHa Ha PUCYHKe 1.
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CmonenupoBaHHasi ceTb paboTaeT C/AeAYIOUIMM 00pa3oM: Ha ydyacTKe pa3MepoM
1000 Ha 1000 mMeTpoB caydaliHbIM 00pa3oM reHepUPYIOTCS y3Jbl CETH MyTEM 3aJauu
KaXXJIOMy W3 HHMX YHHKaJbHOU mapbl KoopauHaT (double X,y). KosmuuectBo y3s0B
paBHO 25.

Node2
GPS(random(x,y))
Neighbours(Node8)
BlackHole_isBad=True Node?

SEQ_Table(Destination, 100000) @

E] NodeS Node8

Node1 E] @ \\
—8 ./ J

Source @ Destination
GPS(0,500) @ /

GPS(1000,500)

Puc. 1. YnpouwénHas cxema Maketa cetu u3 10 y3snoB Ha miockoctd 1000 x 1000 MeTpoB

[Tocsie aTOro yssel npoBepsitOT CBSI3AHHOCTb C COCEASIMH U 0O0beIUHSIOTCS C HHU-
MU KaHaslaMy cBsid3h. CBS3aHHOCTb C COCelsIMU MpOoBepsieTcsl MyTéM CpaBHEHHs pac-
CTOSIHHSI MeXAY y3/JaM{ Ha [ByMepPHOH MJOCKOCTH W paguyca OXBaTa TEXHOJOTHU
nepefayy AaHHBIX. [/ MPOCTOTH pafnyc oxBata B MakeTe NMpuHAT 3a 150 meTpos.
Ira BeJMUYMHA MOXKET JIerKo ObITb H3MEeHeHa.

Tak:ke B MakeTe ceTH 3alaloTCsl y3eJ-UCTOUHHK (source) W y3eJs-mosydaresb
(destination) mMexny KOTOpPBHIMH HaJlaXKHUBAeTCsl CBSI3b.

HekoTopeie U3 y3/10B reHepupyloTcs Kak y3Jel, o6nanatomure freshenough mapui-
PyTOM 10 y3Jia-ToJsyyareds.

OnvH ysesa ceTH rapaHTHPOBAHHO Ha3HAyaeTCsl B MakeTe HapylLIMTeJeM B 3aBH-
cumocTu ot mopenupyemort araku (BlackHole_isBad=true).

[Ipexxne yem roBopuTh 00 OLlEHKe MeTOAa 3allUTHl OT aTaku «YépHas mwipar,
HY?KHO 3aTPOHYTb BOMPOC BbIOOPA ONTUMAJBHOTO 3HAUEHHS JIMMUTA PA3HULIBl MEXIY
HOMepaMH M0C/1e0BaTe/IbHOCTH Y3JIOB.

CyTb 3akJ/i04yaeTcsl B TOM, YTO B3§IB 3a JUMUT OYeHb MaJjleHbKOe 3HaueHHe pas-
HOCTH, Mbl 06e3omnacuM cebsi OT Tpomnycka aTak (OLIMOOK MepBOro pojaa), Ho GymeMm
BBIHY?K/I€HBI TepreTh 0O0JblIOe KOJNWYEeCTBO JIOXKHBIX CpadaTbIBAHHH, TaK KaK pas-
HOCTb HOMEpOB IOCJIeIOBATEJNbHOCTH OYeHb 4acTo OyleT MpeBHIIAaTb JUMHT. B3aB
3a 3HaUEHHe JIMMUTA CJAMILIKOM OOJIbLIOE YHCJO, N0JIS JIOKHBIX CpabaTbiBaHUHU OyzeT
CTPEMHUTbCS K HYJIIO, HO KOJIMYeCTBO IPONYCKOB aTaKH BO3PACTET.

Taxkum o6pa3om, METOH NOJKEH HACTPAUBATBbCS HA KOHKPETHOW LieJIeBOH cHCTe-
Me JJIs ToucKa 6ajiaHca MeXay AOJSMH OLIMO0K MepBoro M BToporo poma. CTOUT
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3aMeTHUTb, YTO GajaHc He (PUKCHPOBAH U 3aBHUCHUT OT KOHKPETHBIX MpeNNouTeHUH H
TIPUOPUTETOB CETH: €CJIM CETb TepPIUMa K JIOXKHbBIM cpabaTbiBaHUSM, TO CTOUT OTAATh
NMpeANnoYTeHHe YMEHBIIEHHUIO OJIM MPOMycKa aTak M 3HayeHHe JTUMHUTA CTOUT UCKaTh
JleBee TOYKH, 0003HauUeHHOH Ha pucyHKe. C APYrod CTOPOHBI, €C/H CeTb He MOXKET
MO3BOJIUTh cefe CJAWILIKOM 4acTo OJOKMPOBATH Y3Jibl, JIO2)KHO OOBUHEHHbIE B aTake,
TO CTOMUT MCKaTb 3HaYeHHe JUMHTA, KaK M0Ka3aHO Ha pUcyHke 2. M B TpeTbeM, ca-
MOM PEeIKOM CJ/lyuae, KOra OTCYyTCTBHE JIOXKHBIX cpabaTblBAHHH BaxKHee OTCYTCTBHUS
TMPOMYCKOB aTaKM, CTOMT MCKATb 3Ha4yeHHe JHMMHTA MpaBee TOUKH OTMEUYEHHOH Ha
PHUCYHKe.

B pesysnbrare MHOTOYMCJ/IEHHBIX NPOBEPOK ObIJIO BBISABJIEHO, YTO ONTHMAaJsbHBIM
JUMHTOM [/l PA3HOCTH HOMEpOB I0CJeN0BaTeJbHOCTH Mojyuarens sjasercs 11
000. 3pmech JMMHUT BbICUMTAH [J/151 HEUTPaJbHOH CUTyalUM, Ile HeT MpearouyTeHHH
MeX1y OIHOKaMH{ TepBOTr0 U BTOPOTO PoJa.

BepoRTHOCTL
cpabateisavua, % Y

LT R S — e !

-

OnTUMAanEHOE 3HadYeHne L MaX " 3HaveHue pasHocTH
(11 000) HOMEpOB

I _ 6 nocneaoBaTenkLHOCTH,
ownBku nepeoro poaa YCNOBHbIE 4.

II = ownbkn BTOpPOro poaa

Puc. 2. Tpaduk naMeHeHHs IOJNH OLIMOOK TEPBOrO U BTOPOrO poja B 3aBUCHMOCTH OT 3HaUEHUS
JUMHUTA

PesysbTatr ThiCSYM HCHBITAHWH CO3aHUSI YHHKAJBHOTO MaKeTa M OLEHKH Ha HEM
MeTOJla 3alUTHl OT aTaku «YepHasi nbIpa» MOKas3aJ Cjefylollue pe3yJbTaTbl, OTpa-
JKEHHBIe HA PUCYHKe 3.

M3 1000 ucnbitanuit 834 cuenapus ObLIM JeTHTUMHBIMHU, B 24 ciydasix M3 HUX
MPOUCXOIHUNH JIOXKHbIe cpabaTbiBaHUs. 166 clieHapHeB MPOLILJIK KaK aTakylollde,
JULb B 7 caydasx Obll 3aperHCTPUPOBAH MPOMYCK aTaKH.

ons owubok mepBoro popa (Mpomyck ataku) coctaBuia 4%, B cBoio ouepenb
10/ OIIMOOK BTOPOTO poja (/oxkKHoe cpabaThiBaHue) cocTaBusa 3%, 4TO SIBJASETCS
XOPOIIHM T0Ka3aTeJseM.

Takum o6paszom, TexHOJIOTHSI OeCIPOBOAHBIX CAMOOPTaHU3YIOLIUXCS CeTel $iB-
JIieTCsl TIePCIeKTUBHBIM M aKTyaJbHBIM [Jis MCCJIeN0BaHUE HampaBjeHHeM. B cBowo
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1000

MCNbITaHUN

166 834
aTakylowmnx nerMTUMHbIX
cueHapnes cueHapus
|
] ] | |

pggfoaanzlilo nponzfcr:os 24 NO}HBIX nerm?r:d{r::mblx
cpabarbiBaHnA
BEPHO aTakn P 3aKnoYeHni

Puc. 3. Pesy.anaTbI TBICSIYH MCIBITAaHUH MEeTOJa 3alIMThl OT aTaKH «LIepHaH AbIpa»

oyepelb CyLleCTBOBAaHHE aTaK Ha MOAOOHBIE CETH fesaeT TEXHOJOTHIO BaXKHOH AJis
M3yUeHHsI ¢ TOUKH 3peHHus1 WH(popMauuoHHOW Oe3zonacHocTH. Paspaborunku mesh-
ceTell U3HAUAJbHO MPEAYCMOTPEIH HUCIONb30BaHNE MEXAHHU3MOB 3alIUThl, HO OCHOB-
HYI0 YyIpo3y OHM BHJeJNH BO BHellHel cpene — B MHTepHeTe M B APYTHMX BHELIHUX
Hapywutensx. M ato otnnuno padoraso, Korna mesh-ceTH HCMONB30BATUCH JIOKA/b-
HO, Ui pelleHHUsl Y3KOTO Kpyra 3auacTylo KpaTKOBPEeMEeHHBIX 3a[au, U B HUX IPHU-
CYTCTBOBaJIO (PUKCUPOBAHHOE MHOXKECTBO JOBepPeHHBbIX y3J0B. OfHAKO B mocjeqHee
BpeMsl BCJENCTBHE POCTa KolMdecTBa U Maclutaba mesh-ceTell Ha foBepre KO BCeM
y3J1aM pacCUMTHIBaThb yxKe He MPUXOAUTCH — TMOSIBUJIACh YyIpo3a BHYTPEHHEro Hapy-
IIUTENsI, K KOTOpoMYy mesh-ceTH oKasanuch He TOTOBBL. [loaTOoMy anis manbHeHIIero
pasButus U ucnosb3oBaHuss WMNs HeobxonrMa pa3paboTKa HOBBIX TEXHOJOTHUH U
CPeNCTB JJISl UX 3aALIUTHI.
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Abstract. The article considers rapidly developing technology of self-organizing wire-
less networks. "Blackhole" attack targeting security breach of such networks is in-
vestigated and analyzed. The recommendations for defending from such attack are
provided.
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OILIEHKA 3AIIUIIEHHOCTHU CBT NYTEM
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I/IHCTI/ITYT TOUHBIX HAYK H I/IHq)OpMaLLI/IOHHbIX TeXHOﬂOFHﬁ, CbIKTbIBKapCKI/Iﬁ

FOCYI[apCTBeHHbII;,I YHUBEPCUTET

AnHoTauusa. B pa6ote npuBenén noaxon K oueHke damuiménHoctd CBT nyTém
MaTeMaTHYeCKOr0 MOIEJHUPOBAHHUS PACIPOCTPAHEHUS 3JEKTPOMATHUTHBIX BOJH
ot CBT.

Kurouessie caosa: [I9MUH, oueHka 3allMIIEHHOCTH, TEXHUYECKUE KaHAaJIbl
YTeYKH MH(POPMAIHH.

BBenenue

[To6GouHble 37eKTpOMarHuTHbIe H3JaydeHus U HaBonku ([IDMUH), cosnaBaembie
CBT (nanpumep, ysnamMu H cxemMaMu Ojokamu [ID9BM, KOMMyHHKallMOHHBIM U
o(ucHBIM 000pyIOBaHHEM), HABOASTCS Ha CHUTHajbHble KabesbHble JUHUH, JUHUH
3JIEKTPOMUTAHUS U 3a3eMJEHUS] U MOTYT PaclpoOCTPaHATbCA MO HUM Ha OoJiblINe
paccrosinus. HaBonku, eciivi OHH JOCTAaTOYHO BBICOKOTO YPOBHS, MOTYT TaKxe Iepe-
n3aydatbcsi. Hanbosbiyio onacHocTh yTedkd nHpopmaunu deped [I9MUH npen-
CTaBJSIOT y3Jbl U ycTpoiicTBa [I9BM, obpabaTeiBaomine HHPOPMALUIO B MOCJEN0-
BatesibHOM Kone (VGA, USB, SATA u np.).

1. Ouenka 3amuménHocTy no Kanany II9MHUH

CorylacHO IeHCTBYIOLUIMM HOPMaTHBHO-METOAUUYECKHM JOKYMEHTaM IpH MpoBeje-
HUM CTeLHabHBIX HCCJAeNOBAHUN TpebyeTcss M3MepeHHe WH(pOPMATHBHOTO CHrHaJsa
no kanany [I9MUWH. Takue n3naydeHus COCTaBJSIOT JHUIIb Majayl OOJI OT BCEro
CreKTpa H3Jy4YeHUH TeXHUYeCKOro cpeicTBa. Bce mpouue u3aydeHUs He NOJIXKHBI
(ukcupoBaTbCcsl NpU H3MepeHHsAX. [ss Toro uToOBl BBIAENHUTb WH(POPMALUOHHbIH
[I9MUH, Ha uccnenyeMoM TeXHHYECKOM CPeNCTBE MPelyCMaTPUBAIOT Cliel[HaJibHble
TECTOBble PexXUMbl ero paboThl. TpeOGoBaHHA K TeCcTaM OINpefesisloTCs B COOTBET-
crBytominx [OCT u meTomukax. B COOTBETCTBHH ¢ METOOMKOH INpPOBENEHHS CIie-
LIMaJbHBIX HCCJAEJOBAHUH TEeXHUYECKUX CPEeICTB MO M3MEPEHHI0 MX COOCTBEHHOIO
3/IeKTPOMArHUTHOTO U3JyUeHHs MPOBOAATCS CJAeNyIOLIHe OMepaluu:

1. KoHTposupyemoe yCTpOHCTBO BKJIIOYAETCS B TECTOBBIH PEXKHM.
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2. Ha onpenenénHom paccTosiHuU (06bIUHO 1 M) OT YCTPOHCTBA yCTaHABJIMBAIOTCS
MOoOUepENHO AHTEHHBI JJIs NMpHUEMA 3JEeKTPHUUECKOH W MarHUTHOH COCTaBJSO-
IIUX TOJIsI, U3JIyUyaeMOro aHaJu3UPyeMbIM YCTPOHCTBOM.

3. DJIeKTPUYECKHH CHTHajJ C BBIXOAAa aHTEHHbl MOJAETCS Ha BXOH MPHEMHO-
PErvCTPUPYIOIIEr0 H3MEPUTENBHOTO YCTPOHUCTBA, C MOMOILBIO KOTOPOrO IO
pesysbTaTaM HM3MEePeHHH M0 ONpeneNEéHHOH METONHKE MPOU3BOAUTCS PACUET
omacHbIX 30H [1].

[IpakTHyecky Bce MeTONUKH CBOASATCS K pasieseHuto kaHasa [I9MUH na tpu
30HBI: OJIMXKHIOW, TIPOMEXYTOUHYIO U HajbHIO. OHHU HUCXOAT U3 amMpoKCUMAalUU
3aBUCUMOCTEH YpOBHSI HMH(OPMATUBHOIO CHUTHaJjJa OT PACCTOSHUS 3aBUCHUMOCTSMHU
1/r, 1/r% u 1/r3 ¥ «CTBIKOBKH» 3THX 3aBUCHMOCTEH Ha IpaHMIAX COOTBETCTBYIO-
mux 30H. CoBpeMeHHbIH YpPOBEeHb Pa3BUTHS BBIYMCJIWTENbHONW TEXHHUKH T03BOJISET
MPOU3BONUTHL GoJiee TOUHOe MonesupoBaHue KaHana [IDMIMH.

2. II9MHUH kak KaHaja pacnpoCcTpaHeHUS IJEKTPOMArHUT-
HOUM BOJIHBI

PaccMOTpuM 3/ieMeHTapHBIE 3/1€eKTPUUYECKH H3aydaTesb (qunoab [epua) B cde-
puueckoit cucteme koopaunat [1] (Puc. 1).

~

Puc. 1. DneMeHTapHBIH 3/MeKTpUYECKHH AUNOJb B chepudeckoil cuctemMe KoopauHat [1]
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3aBUCHMOCTb SHEKTqueCKOﬁ M MarHMTHOU COCTaBJISIIOLIMX 9JIEKTPOMATrHHUTHOT O
[10Ji1 OT BpEMEHH M paCCTOAHHUA MOXKET OBITh OoIpenes€Ha Kak:

kil [ 1 , .
o« = ) {E cos(wt — kr) — sin(wt — lm“)] sin(v);
kLI, 1
F = —" | —s¢i _ _ .
v {kr sin(wt — kr) + cos(wt k:r)] cos();

K21 1 1
Ey = [( - 1) sin(wt — kr) + — cos(wt — kr)] sin(1);

- ATwer k22 kr

Hr:HﬁzEa:O;

rie: k — BOJIHOBOH BeKTOp, [ — pa3Mepsl 3JeKTpPUUeCcKoro aunosns, [, — aMIIuTy-
na KosebGaHUH TOKa B AMIOJE, € — aOCOJIOTHAS AM3JIeKTpHUecKas MPOHUIIAeMOCTb
Cpenbl.

He TpynHo mokasaTb, UTO aMIIUTyAa HAMPSXKEHHOCTH 3JEKTpUUecKod F,, u
MarHATHOH H,, COCTaBJAIOUIUX 3JeKTPOMAarHUTHOIO TM0J5, KOTOpble U3MepSIIOTCS C
UCMO/Nb30BAHHWEM 3JIEKTPUYECKUX U MAaTHHUTHBIX aHTeHH OyayT UMeTb BUI:

kLI, 3 5 ) 1 1
E, = ( + ﬁ) cos2(V) + k2sin?(0) + ——

Antwer k24 k2t 2’

kll, | 1 )
Hmzm W—i‘l -sm(19).

[lapameTpel 3/€KTpHYECKOr0 AMIOJNSA, CTOSIIME Tepel KOPHEM B YpaBHEHHSX
s B, v Hy,, MOTyT OBITb OINpeleseHbl U3 U3MepPEHHUH 3JIeKTPUYECKOH U MarHuT-
HOH cocTaBJssolLlel 3jeKTpoMarHuTHoro noJs kaHasna [I9OMMH. Takum obpasom,
oueHka sawuiEéHHocTd CBT mo kanany TI9MMH moxker ObIThb CBefeHa K 4YHC-
JIEeHHOMY pellleHul ypaBHeHud Buna FE,, = E, u H, = H,, rie BejuuyuHn L,
u H, omnpenensitoTcss HOPMAaTUBHO-METOAUYECKUMH AOKYMEHTaMH M3 COOTHOLUEHHS
«curHan/mym» [1].

3akJaueHue

B pabGorte mnpensoxeH noaxon K oueHke 3amwuméHHoctd CBT no xanamy
[I9MHUH nytém yucieHHOro pellleHUsl ypaBHEHUH N/ 3JeKTPOMArHUTHBIX BOJIH.
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