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Mepa nHpOpPMAIIMOHHON MOIITHOCTH
Te3aypyca u e€ NpuMeHeHHe

[Tapamonos U. 1O., Cmarun B. A.
BKA nm. A. ®. Moxaiickoro
Canxr-IlerepOypr, Poccus
va_smagin@mail.ru, ivan_paramonov(@mail.ru

Annomayusa. IlpennoxeH nMoaxoa K KOJIN4eCTBEHHON OLIEHKe
Te3aypyca HHQOPMAIMOHHBIX cHCcTeM. B kKayecTBe KoJMYeCTBEH-
HOIi XapaKTePHCTHKH PeKOMeHIyeTcsl HCNO0Ib30BaTh Mepy HH(pop-
MALHOHHOI MOLIIHOCTH Te3aypyca, KOTopasi onpejeJsieTcst yepe3
JHTPONHIO U ¢€ MOMEHTBI, GYHKIHUIO pacnpeaeeHns JHTPOIHH.
Ilox Te3aypycoM moHUMAaeTCsl COBOKYNHOCTb BO3MOKHBIX AeiicTBHI
TeXHHYeCKOH MJIH 3PraTuveckoii cucTeMbl A5 JOCTHKEHHS 1M0-
cTraBjeHHOH neau. CTpyKTypa Te3aypyca BKJIIOYaeT HECKOJbKO
ypoBHeii. [IleppoMy ypOBHIO, CHHTAKCHYECKOMY, N10C/JIE10BATEIbHO
MOKeT HOTUHHATHCS HeCKOIbKO CeMAHTHYeCKUX ypoBHeil. UileHbl
CHHTAKCHYeCKHX YPOBHeil COMOCTABJISAIOTCS € «CyIIeCTBUTEIbHbI-
MH», 2 YIeHbl CEMAHTHYECKUX YPOBHEH — ¢ «IpHIaraTeJbHbIMIDY.
pennoxen KoIUYECTBEHHDII M0OKa3aTe/Ib OLCHHBAHHUS Te3aypy-
ca — ciIy4yaiiHasi BeJIMYUHA — ero nuHGopManoHHas MOIIHOCTBL. OHa
MO:KeT OLeHMBAaTbCsl MOMEHTaMH SHTponuu. Ha ocHoBe MoMeHTOB
MOKeT ObITh IOCTPOeHA U (PYHKIMS pacnpeeeHus] BeJTMYHHbI MOLL-
HOCTH Te3aypyca. IlpuBenensl npocreiinme npuMepbl IPHKJIATHOIO
HH(OPMALMOHHOI0 XapaKTepa.

Knrouesste cnosa: Tezaypyc, nHdpopManusi, MOUTHOCTD Te3ay-
pyca, Mepa Te3aypyca, ypPOBHH Te3aypyca, CHHTAKCHC, CEMAHTHKA.

BBEJIEHUE

[TocTtymarensHOE MPOTPECCUBHOE PA3BUTHE TEXHUKH CBA3A-
HO C HEenpepbIBHBIM Bo3pacTtanueM e€ ciokHocTh. «X VIII cro-
jerue — Bek yacos, XIX cronerue — Bek apoOBOW MallUHBI,
XX croneTue — BeK yHPaBISAIOMINX, WIN CISIALIINX, CUCTEM.
Ham XXI Bek MOXKHO Ha3BaTh BEKOM HH()OPMALIMOHHBIX CHCTEM.
bnaronaps pa3BUTHIO CTATUCTUUECKON MEXaHUKH U TEOPUU CBS-
31 MOSIBIIIOCH TTOHSATHE SHTPOIHMH, C KOTOPBIM CBSI3aHO MOHSTHE
«xomaecTBO mHMopMarwm» [1]. B pamkax craTucTudeckoit Teo-
PHUH CBS3M NEPBUYHO MMOHITHE SHTponwH [2, 3].

ITporpecc pa3BUTHS TEXHUKHU CBSI3aH C MIPOLECCOM CTAHOB-
JICHWS M COBepLIeHCTBOBaHU nuBmin3anuu. K. Mapunac ot-
MmeuaeT: «l{uBnnm3anys — BeDKUBaHUE crnadoro. SBnssck cia-
ObIM 1 0e33alUTHBIM KHUBBIM CYIIIECTBOM Ha IIJIAHETE, YEJIOBEK
B TO K€ BpeMs o0JiaZiaeT caMbIM OOJIBIINM MO3ToM. MHorue
JKMBOTHBIE U PACTEHUsI TaKKe OMOJOrHYeCcKU ysI3BUMBL. 99 %
JKHUBBIX CYIIECTB B CBOE BpeMs HCUE3IH. A 4eloBeK co3/1al Lu-
BWJIM3ALIMIO U TIPU 3TOM yuenem» [4].

YernoBex y1st OOLIEHHS HCTIONb3YEeT 3HAKOBYIO CUCTEMY, a BCE
YeJI0BEYECTBO — MHOXKECTBO SI3bIKOB. K HM BOCXOIUT TIOHSTHE
Te3aypyca, no-rpedecku — cokposuile [4-6]. B [8] nox Tezay-
pycoM TpejuiaraeTcs MoOHUMaTh HH(OpPMAIHIO 00jIee HIKHETO
YPOBHSI, KOTOpasi HEOOXOIMMA JUTS PELETIINH W/UIIN TeHepanuu
nHpopMaluu Ha Ooyiee BRICOKOM ypoBHe. Hanbomnee kpaTkoe
onpenesneHue: «Tezaypyc — cioBapb, CTPEMSIIHUICA OXBATUTh
JIEKCUKY TaHHOTO s13bIKay [9]. Tezaypyc nmeeT CHHOHMMBI: CBO/,
cobpanue, clioBapb, yiaoxkeHnue. Bornpoc. MoxHO 71U Ha3BaTh
CHCTEMY KOMaHJ| BHIYMCIUTEIBHON MalIuHBI €€ Te3aypycom?

B pamkax nHGOPMATHKH M UCKYCCTBEHHOT'O MHTEIUIEKTA — TO-
yemy Obl HeT. [ToaToMy BBEJEM pacIIMPEHHOE OINpEeICHNUE.
WHudopmannoHHbIil Te3aypyc — CJI0Baph COBOKYIHOCTHU JICH-
CTBUH U CBsI3¢il MEXIy HUMH (CEMaHTUKH) HH()OPMAIHOHHO-
YIPABIAIOLICH TEXHUYECKON UM 9prarudeckoi cucremsl. [pu-
Mepbl NOA00HOT0 pacuIMpeHysl TPAKTOBKU JTAHHOTO TEpMHUHA
UMCIOTCS B TEXHUYECKOW JIUTEpaType. ITO 00yCIOBICHO HEOO-
XOIUMOCTBIO BBINOJIHATH HAyYHBIE UCCIIEI0BAHUS IPU HATTMUUH
MHOKECTBA HEOIPEIENEHHOCTEN.

Iens mpeyraraemMoii craTby — 10Ka3aTh LENEeCO00pa3HOCTD
UCITOJIB30BaHUs MOHATHUS Te3aypyca B HAYYHO-TEXHUYECKHUX
uccienoBanusax. st 5Toro BBOAUTCS KPUTEPUI U NOKA3aTENb
MOIITHOCTH NH(GOPMALMOHHOTO Te3aypyca. [IpuBoastes npu-
MEpBI pacy€ToB.

ITPOCTOIT TEBAYPYC U ET'O MEPA

BBeném nonsarue moirHocTH Tezaypyca. Kpurepuit MoniHo-
CTH Te3aypyca ONpeaessIeTcs ero MHPOpPMaMOHHBIM ITOTESHIHA-
nom. [TokazateneM MOXKET CIYKHUTh IOJIHAst SHTPOITUST MHOXe-
cTBa 271eMeHTOB. [IycTh MHOXKECTBO 3JIEMEHTOB Te3aypyca co-
CTOUT M3 71 3JIeMEHTOB. KaX/Iblil 2JIEeMEHT OTOXECTBISIETCS
TOJIBKO C OJJHAM CYILIECTBUTEIBHBIM H HE IMEET HH OTHOTO TIPH-
JaraTeJIbHOTO, Kak 3To paccMmarpusaetcs B [10]. [Tycts BeposT-
HOCTB BEIOOpA JTI000TO AIIEMEHTA U3 COBOKYITHOCTH OJITHAKOBA

1
U paBHa p =— . B 3TOM cily4yae cpeqHsis BeJIMYMHA S3HTPOIUHU
n

Ha OJJUH 3JICMCHT U JJIAd BCECX DJICMCHTOB 6y}1€T paBHa

({2l

M(n):nH(lJ.

n

)

Bennuuna sHTponuu OyneT 3aBHCETh HE TOJIBKO OT KOJIHYe-
CTBa JIEMEHTOB, HO U OT OCHOBaHUs jorapudma. s onpene-
JNEHHOCTHU Oy/IEM UCIIOIb30BaTh HATyPaJIbHBIA aITOPUTM, €AH-
HUIIEH N3MEepEeHust IPH 3TOM OyIeT HUT.

Jlis annmpoKcUManuy BeJTUYMHBI MOITHOCTH KaKMM-JITHO0
pacnpenelieHHeM BEPOSITHOCTH ONPEACINM TaKiKe BTOPOH Ha-
YaJbHBIII MOMEHT, CPEIHEKBAIPATHIECKOE OTKIOHCHUE SHTPO-
MUY 1 BEIMIUHY K0d(D(HUIIEHTA BapHaIliy Te3aypyca:

2 2
n n n n n
1 Y
o(n)= |n A[—J— H(—j ; (2)
n n

Humennekmyanvnovle mexnonozuu na mparucnopme. 2016. Ne 4 5
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n(n) =o(n)/ M(n). )

Ha puc. 1 mpusenens! rpaduxu ¢ynxmmii (1)—(3). ITo Bugy
KPHUBBIX CIIEIyET, YTO MapaMeTpPbl PacIpeeIeHuUs CiIydaiiHoi
BCJIMYMHBI MOIITHOCTU YBCIIMYUBAIOTCA C POCTOM KOJIMYECTBA
SJIEMEHTOB Te3aypyca 7. [IpenesbpHas BeauunHa KO3 puimeHTa
BapHallid MOHOTOHHO cTpemMuTcs K M(o) =1. [{ng anmpokcu-
Malli¥ pacripeieSieHus! CITy4aiiHOW BEMYMHbBI MOIITHOCTH Te3ay-
pyca Ipolie BCero BOCIOIb30BaATHCS NPU T <1 HOpPMaNbHBIM,
anpu m~1 — HKCIIOHEHINAILHBIM 3aKOHAMH PacIpe/eICHUsI.
PaccmoTpum npumep.

0 20 40 60 80 100
Puc. 1. I'paduxu Qynxmmit M (n),o(n),n(n)

[pumep 1. ITycts umeroTcs aBa Tezaypyca, ogut ¢ n = 10,
BTOpoit — ¢ n = 50. B cooTBeTcTBHM ¢ puc. | mapameTpsl pac-
npeneneHuit Oynyt paBubl: a = M(10) =3,251; 6 = c(10) =2,084;
b=M(50)=4,902; c =c(50) =3,853. O6a ko3¢ duieHTa Ba-
pHaLUK MEHbIIIC eNUHHUIIBL. TpedyeTcs 00beMHUT 00a Te3aypy-
ca B OJMH JISl IByX 3HAYCHUH ¢ KOI(PPHUIMEHTOM KOPPEsIIuT
r=1unr=0,3. JIng BBIIOIHEHNs ONlepalliy CyMMHPOBaHHs BOC-
nosip3yemMcst opMyIIoit Ut IByMepHOro pacrpeneiaeHus [11]:

p(x,y)=

2no, 6, N1-r

expx

| (e , G-a)y-b) (-b)’
2 2 ’
2 1—}"2 G, chy Gy

KOTOpast Jyulsi CyMMHUPOBaHHMsI IPUBOJUTCS K hopmylie

B (x—a—b)2
1 e 2(G§+2r6XGy+G§,)

p(x)=

2 2
\/27tcx +2ro,6, +0),

B Hamewm ciyuae uist ABYX pa3HbIX 3HAUEHUN MapaMeTpoB
1 kK03 GHUIKMCHTA KOPPEILIIMN MPEACTABUM MX Kak p1(x) u p2(x).
Ha puc. 2, 3 npeacrasnens! rpaduku GYHKIHNA TUIOTHOCTH Be-
POSATHOCTEH U (DYHKIMIA pacTpeeSiCHUsT CyMMapHON MOIITHOCTH
TE3aypyCoOB IIPU YKa3aHHBIX 3HAYECHUSAX [IapaMETPOB.

0.1 T T T T

o =]
S} —_
~ ~
NN
S
(e} S
B (o)}

I I

Puc. 2. ®yHKIUM MIIIOTHOCTH

F1(x)

F2(x) 0.5

1 1 1
-20 0 20 40
X

Puc. 3. dyHkuun pacnpenencHus

PaccMoTpeHHbI B TaHHOM pa3ziesie Te3aypyc Ha30BEM Ipo-
CTBIM CHHTaKCHYECKUM Te3aypycoM. CielyeT OTMETUTh, 4TO
TaKOM Te3aypyc MOXKET ObITh PACIIUPEH 10 TOPU3OHTANIN. DTO
MOXHO OG’I)SICHI/ITI) TEM, YTO €ro OCHOBHBIC YJICHBI MOT'YT 6])ITI:
JIOTIOJTHEHB! IPOM3BOAHBIMU useHaMu. Ho u Takoit Teszaypyc
ocTaéTcsl TAK)Ke CUHTaKCHYECKUM, XOTSI U CTaHOBHTCS OoJiee
CJIOKHBIM, TTOTOMY YTO JIOTIOJIHUTEJILHBIC WICHBI Te3aypyca Ho-
npesxHeMy sIBIsttoTcsl, o KapHarry [12], He «punarateIbHbIMIY,
a TOJIBKO «CYIIECTBUTEILHBIMIY.

COXHBIN TE3AVPYC U ETO MEPA

YTouHuM onpeneneHue Tezaypyca s CJI0XKHOU CUCTEMBI.
WHbopMaIimoHHBIN Te3aypyc — CJA0BAPh BO3MOKHBIX JACHCTBHIA
Y CBSI3aHHBIX C HUMHU CEMAaHTUUYECKUX CBOWMCTB ATUX JEHCTBUI
JUIS OTIpeJIeIICHHS M BEIOOpA MOBEACHHMSI YITPABIISIONICH TEXHIYE-
CKOM MJTM praTuyeckoi cucteMbl. CTpyKTypa Te3aypyca uepap-
xmdeckasi. OHa BKITIOYAET B ¢e0sl OJTMH CHHTAKCHYCCKHUI YPOBCHB
1 HECKOJIbKO CEMaHTHUYECKUX YPOBHEH, MOJUUHSAIOIIMUXCS CUH-
Takcuaeckomy. Ha puc. 4 ycIioBHO n300paskeHa nepapXudecKast
CTPYKTYpa CIIO)KHOTO Te3aypyca.

CuHTaKkcu4eckuil ypoBeHb

i-CEMaHTUYCCKHE CBOMCTBA
1 ypoBHA

i=1-N

j-CeMaHTHYeCKHe CBOICTBa
2 ypoBHs

|

k-cemaHTHUECKHE CBOMCTBA
L ypoBns

K=1-K

Puc. 4. Uepapxuueckas CTPyKTypa CI0XKHOTIO Te3aypyca

Humennexkmyanwvnvie mexnonozuu na mpancnopme. 2016. Ne 4 6
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CornacHo [12], cHHTaKCHUECKUI yPOBEHB OTPAXKACT «CYIIe-
CTBUTEIIbHBIC) YICHBI, & BCE CEMAHTHYECKHUE YPOBHU — IIPH-
JlaratejbHbIe» CBOWCTBA ONMPEENIEHHOTO YPOBHS HEepapXuu
Te3aypyca.

dopManbHO YCIIOBHASI TPASKTOPHUS IBMYKEHHSI IO ITyTH Ha
rpade MOXKET OBITH NPEJCTaBIeHa TAKUM I0CIIEI0BATEIbHBIM
BBIOOPOM IIaroB:

P(H), P(H,/ H), P(H ;| H;,H),...P(H, ,..../H; | H),

rae P(H) — BeposTHOCTB BEIOOPA OMPENeIEHHOTO «IOIeKallle-
ro» 4ieHa resaypyca, P(H,/H) — ycnoBHas BEpOATHOCTH BbI-
0opa «IIpuIaraTeIbHOTO» i-T0 YPOBHS Te3aypyca IIPU YCIOBUH,
YTO «ITOJJICKAIINI» YJICH CHHTAKCHYECKOTO YPOBHS OBLI BBI-
Opan. 3aTeM NOCIEeIOBATEIFHO OMPECIIAIOT YCIOBHEBIC BEPOST-
HOCTH BBIOOpA IS «IIPUIIAraTeIbHBIX) CEMAHTHUYECKHX CBOMCTB
H;, .. H.

OnpenenéHHas TpaeKTOPUS CIIy4aifHOTO TIpOIiecca CIIe0Ba-
HHS O3HAYAEeT BHIOOP ONPEIEIISIFOLIETO MOBEACHHS YIIPABIISIOLICH
cucremsbl. [Tokazarenp 3T0ro BbI00Opa — BEPOATHOCTD WIIN HEKO-
TOpas Ipyras Mepa HeolpeaeIEHHOCTH BBIOOpa.

IIpumep 2. CuHTaKCUYECKUI YPOBEHb T€3aypyca COACPKUT
YeThIpe IEMEHTa, BEIOOP KaXI0r0 U3 HUX PABHOBEPOSITEH C Be-
posTHOcThIO 0,25. Kaxk1oMy 3JIeMEHTY 3TOr0 YPOBHS IOJUHHS-
I0TCS ISITh 3JIEMEHTOB IEPBOTO CEMAHTUYECKOTO YPOBH:I, BEIOOD
Ka)/1I0T0 U3 HUX TaK:Ke PABHOBEPOSTEH ¢ BeposaTHOCTHIO 0,20.
Torma BeposSTHOCTH BEIOOpA JIFO00H OHOM TOITHOM TPAeKTOPHH
cocrasisier P(H)P(H;/ H)=0,05 . Benuuuna cpeHeil nonHoi
SHTPONMMHON MOILHOCTH JAHHOTO IByXYPOBHETO T€3aypyca co-
crasuster H2=4(H,+5H;)=12,248 uur. 3necs H, H — Be-
JIMYMHA SHTPOIUH OJHOTO 3JIEMEHTa CHHTAKCHYECKOTO U OHO-
IO — CEMaHTHUYECKOI'0 YPOBHEH.

Ecnu Te3aypyc uMeeT 1Ba CEeMaHTHYECKUX YPOBHS, MPUIEM
BTOPOI YPOBEHb COJICPKUT IMATH PABHOBEPOSTHBIX AJISI BBIOOpA
3JIEMEHTOB, TOTAA BEJIMYMHA CPEIHEH I10JHOM dHTPONUIHON
MOILHOCTY Te3aypyca cocrapisieT H3 =4(H,+5(H, +5H,)) =
= 62,248 uut. MoxHO 3anucars GOpMyIy IS ONpEACICHIS
cpenHel MOJHON YHTPONUITHON MOIIHOCTH YETHIPEXYPOBHETO
Te3aypyca ¢ IPON3BOIBHBIMYU 3HAUCHUSIMH BEJIMUUH BETBIICHUS
Ha ero ypoBHSIX:

H4(n,m,k)=n(Hy+m(H, +k(H, + jH3))) autr.  (4)

dopmyna (4) nerko 06001IaeTCsI AT TPOM3BOIBHOTO YKCTA
ypoBHeii Te3aypyca. [Ipu 3TOM ¢ yBeln4eHHeM Yuciia ypoBHER
U BETBJICHUI B HUX SHTPOMHUIHAS MOII[HOCTh Te3aypyca Bo3pac-
TET TABUHOOOPA3HO.

JInst HaXOKICHUST HOPMAIBHOM (QYHKIIMH pacTIpeIeIICHHsI
BEJTMYMHBI MOIITHOCTH Te3aypyca CIeyeT HAWTH U CPETHEKBA-
JpaTHYeCcKoe OTKIIOHEHNE BEIMIUHBI MOITHOCTH. [Tomarasi, 4to

CyMMapHasi IUCIEePCHs Te3aypyca MOJUNHACTCS MPUHINITY af-
JUTHBHOCTHU CJIAaraeMBbIX TUCIIEPCHH, HAWAEM BBIpaKEHUE IS
JIUCTIEPCHUU, COOTBETCTBYIOIIECH BhIpaskeHUIO (4):

D4(n,m,k) = n(Dy + m(D, + k(D, + jD3))) Hur,

rae D — nuernepens, a ee HHACKC OTpaXkaeT ypOBEHB Te3aypyca.

[pumep 3. l1st 1ByXypOBHETO Te3aypyca CpeaHssl BEIMUnHA
MOILHOCTH paBHa 2 = 4(H +5H,) =12,248 Hut, qucnepcus
motuHoctd — D2 =4(Dy +5D;) =13,004 Hut?, cpenHexBapa-
TH4eckoe oTkiIoHeHue 3,606 HuT, koddduinent Bapuarym 0,294,
IInoTHOCTB BEPOATHOCTHU BEIIMYUHBI MOIITHOCTH TE€3aypyca pu-
HUMAaECT BU]

(x-12,248)?

1 2(3,606)2
px)=—F——— ’
V213,606

[Tpumep 4. ImeroTcst 1Be MPOTUBOOOPCTBYIOIINE CTOPOHBI:
Ku C. Ilo pesynsraram pa3seaku K u onpoca ueTsIpéx skcmep-
TOB COCTaBJIeHa Ta0luIa, OTpakarolas BEpOITHOCTb BEIOOpa
OJTHOTO U3 YETHIPEX CPEACTB MPOTUBOACHCTBUS.

B Tabnune ykazaHbsl BEpOSTHOCTH BBIOOpPA CPE/ICTB (JIEBBIC
CTOJIOIBI) M COOTBETCTBYIOLIME UM 3HAUCHHS SHTPONHHU (TIpa-
BbIE CcTONONBI). [To MUHUMYMY SHTPOIHHU BBIOMPAIOT HKCIIEpTa
W CPEACTBO MpOTHBONEHCTBUA. HanMenbIe# sHTponmeii oona-
JTaeT TIePBBII SKCTIEPT U cpeacTBo Ne 4.

3AKJIIOUEHUE

ITon Te3aypycoMm B CTaThe MOHUMAETCS. COBOKYITHOCTh BO3-
MOXHBIX ACHCTBUN TEXHUYECKON MM 3praTH4ecKoi CHCTEMBI
JUIsL IOCTUKEHMS OIPEAeNEHHOM nocTaBieHHoN nenu. CTpykTy-
pa Te3aypyca BKJIFOUAET HECKOJIBKO ypoBHEN. [lepBoMy ypoOBHIO,
Ha3BaHHOMY CHHTAKTHYECKUM, MTOCJIEA0BATEIbHO MOXKET MOJ-
YHHATHCS HECKOIBKO ceMaHTH4YeCKHX ypoBHell. ComnacHo [12],
YICHB! CHHTAKCHIECKOTO YPOBHSI COTTOCTABIIAIOTCS C «CYILECTBH-
TETbHBIMIY, & YICHBI CEMAHTHUECKIX YPOBHEH — C «IIpuitarareiib-
HBIMID.

[TpocTbIM KpuTEpueM Te3aypyca MOXKET ObITh KOJIMYECTBO
ero wieHoB. OHAaKO B MPHUKIATHBIX HH(OOPMAITMOHHBIX HC-
CJIeIOBaHUAX OH MajomnpuroaeH. [Ipennaraercss aApyroit koau-
YEeCTBEHHBIH MOKa3aTeNb OLEHUBAHMS Te3aypyca — clydaiiHas
BCJIMYMHA — UH(POPMAIIMOHHAsI MOIIIHOCTH Te3aypyca. OHa Mo-
JKEeT OLIEHUBATbCAd MOMEHTaMU SHTponun. Ha ocHOBe MOMEHTOB
MOXKET OBITh IOCTPOEHA U (PYyHKLUS paclpeieeH s BEITNUHHEI
MOIIHOCTH Te3aypyca. B mpukimaaHbx nHPOPMAIMOHHBIX Ha-
YUYHBIX HCCIIEIOBAHISIX MOTYT NCITOIB30BATHCS] METO/IBI TEOPHUHU
BeposiTHOCTeH. [IpuBeneHs! mpocTeiinme mpuMepsl IpUKIIa HO-
r0 HHPOPMAIMOHHOTO XapakKTepa.

Tabnuna
BeposiTHOCTH BBIOOpA CPEICTB MPOTHBOACHCTBHS
OKcrnepTsl
Cpencrsa
MIPOTHBOACH- 1 2 3 4
CTBU
p H p p H p H

Ne 1 0,10 0,325 0,25 0,562 0,18 0,471 0,15 0,423

Ne 2 0,20 0,500 0,15 0,423 0,32 0,627 0,25 0,562

Ne 3 0,60 0,673 0,55 0,688 0,47 0,691 0,45 0,688

Ne 4 0,10 0,325 0,05 0,199 0,03 0,135 0,15 0,423
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of the Thesaurus and Its Application
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Abstract. An approach to the quantitative assessment of the the-
saurus of information systems is proposed. As a quantitative mea-
sure of the characteristics recommended to use in-formational power
thesaurus, which determined by entropy and its moments, entropy
distribution function. By thesaurus understood as a set of possible
actions or ergatic technical system to achieve a certain goal. Thesau-
rus structure includes several levels. The first level, called syntax, the
sequence may submit multiple semantic levels. Members of the syn-
tactic levels compared with the “nouns”, and members of the seman-
tic level — with “adjectives”. A quantitative measure of estimating a
thesaurus is a random variable — its information capacity. It can be
evaluated moments entropy. On basis of moments can be constructed
and the power function of the distribution of the thesaurus. Simple
examples of applied informational character presented.

Keywords: information, thesaurus power, thesaurus measure,
thesaurus levels, syntax, semantics.
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DpakTajJbHbIA METOI O0HAPYKEHUS
rPYNIOBBLIX 00bEKTOB TPAHCIIOPTHOM
HH(PPAKCTPYKTYPbI HA H300paKeHUSX

Mapkos E.II.
000 «Ametuct»
Cankr-IlerepOypr, Poccus
¢_markov(@mail.ru

Annomauua. 3agaya pacno3HaBaHus 00beKTOB Ha HH(POBHIX
H300paKeHUAX CTAHOBUTCH Bee §oslee aKTyaIbHOI B CBSI3H ¢ pa3-
BUTHEM HHTENIEKTYAIbHBIX POOOTH3HPOBAHHBIX cHcTeM. [lepBo-
HAYaJIbHBIM 3TAINOM JIO0BIX METOAHK PACIIO3HABAHNSA SIBJIsSIETCS
npeABapuTelbHasn cejlekuusa o0bexToB. Ilpeniaraercs meron ce-
JIeKIIMH 00beKTOB, 00J1aJal01Hii BLICOKOH TOYHOCTBIO M HU3KOI
BBIYHCIHTEIbHON CJI0KHOCTBIO.

Kniwouesvie cnoga: jieTare/1bHbII annapar, AHTPONOIr¢HHbIH 00b-
eKT, pacno3HaBaHue, paKkTalbHbINA MeTOI.

BBEIEHUE

B macrosmee Bpems B paMKax MOBBITICHHS 0€30aCHOCTH
JIBIKEHUS JKEIIe3HOIOPOKHOTO TPAHCIIOPTA TUTAHUPYETCS TIPH-
MEHSTH OECTIMIIOTHBIC JIeTAaTeIbHBIC alllapaThl, C TOMOIIBIO KO-
TOPBIX MOXKHO B PEXKHME PEaIbHOI'O BPEMEHH MOJy4aTh H300pa-
YKEHHsI TPAHCHIOPTHOH MH(pacTpyKTyphl. OCOObI HHTEpEC IPH
9TOM MPEACTABISET ABTOMATHYECKOE OIPE/ICIICHUE PaCIIONoKe-
HUS U OIICHKA COCTOSIHUS ITOJIBMIKHOTO COCTaBa JKEIIC3HOI0POXK-
HOTO TpaHCIoOpTa. PenieHne mocTaBICHHON 3aja4i BKITFOYACT
B ce0s1 HECKOJIBKO ITAIIOB.

[TepBErif ATan COCTOUT B 0OHAPYKEHUU OOBEKTOB HCKYC-
CTBCHHOTO IPOUCXOXKICHSI, B YACTHOCTH ITOJBIKHOTO COCTaBa
YKEJIC3HOMOPOKHOTO TpaHcmopTa. [Tox oOHapyKeHHEeM 00BEKTOB
MTOHUMACTCS MPUHATHE PEIICHUS O HATWMYUU WIH OTCYTCTBHH
00BEKTOB B aHATH3UpyeMoM m300pakeHud [ 1]. Tak kak B moie
3peHusl CheMHOM KaMephbl OECIIIOTHOTO JIeTaTeIHHOTO amma-
pata, KaK IpaBuJIo, TONagacT He OJUH BJIEMEHT MOABHKHOTO
cocTaBa (BaroH), a HECKOJIBbKO, TO pedb JOJDKHA UATH 00 aBTOMa-
TH3aMK 00HAPY)KEHHS IPYIIOBBIX aHTPOIIOICHHBIX 00BEKTOB
TPAHCIIOPTHOM HHPPACTPYKTYphl. TakKe BBIIENISIOTCS OOHAPY-
YKCHHBIC 00BEKTHI: 0003HAYAFOTCS, TIOICBEUNBAIOTCS, MAPKUPY-
FOTCSl YYaCTKHA CHUMKA, HA KOTOPOM aJITOPUTM «ITOJI03PEBACTY
HAJIMYHE UCKYCCTBCHHBIX OOBEKTOB.

Ha BTOpOM 3Tare pacro3HaBaHWS IPOBOIUTCS CEIIEKITHS 00b-
eKTa: TOYHO OTIPENEIIIETCS MECTOITONIOKEHHE, TMHEHHEIC pa3Me-
PBI, OPHCHTAITHNS ¥ TEOMETPHUSCKUHN IIEHTP 00BEKTa B CHCTEME
KOOpIMHAT CHUMKA.

TpeTuit aTan BKIOYAET paclo3HaBaHUE, T.€. TOUCK U aHa-
JIN3 IPpHU3HAKOB O6'beKTOB IJId peIICHUA KOHerTHOﬁ 3aJa4u.
B yacTHOCTH, B HEKOTOPBIX CIy4asiX IPU IIOMOLIHU IIPOCTEMIINX
METOZIOB MOYKHO Pacro3HaTh 0OBEKT J0 KJlacca, aHAIU3UPYS JTU-
HEIHBIC pa3Mephl ero N300PaKCHUS.

Mertombl pactio3HaBaHUsl OOBEKTOB Ha H300PaKCHHUSX, TTOITY-
YCHHBIX C IOMOIIIBEO ONITHKO-3JICKTPOHHBIX CHCTEM, Pa3BUBAOT-
cs ¢ 1970-X roioB — ¢ TOro BpeMEHHU, KOr/ia MOSIBUIIUCH MEPBbIe

Amnppycenko A. C., lIlabakos E. 1.
DI'KBOY BO «BoenHo-KOCMHUYECKAsT aKaIeMHUS
uM. A. D. Moxaiickoro», MO PO
Cankr-IlerepOypr, Poccus
artyom.andrusenko@gmail.com

U(PPOBBIC U300paKEHHUS, IIPUTOIHBIC JIJIsl aHATN3a C TIOMOIIIBIO
koMmnboTepoB [2, 3]. [Mocaeanue 10 net 3amaun pacrno3Hana-
HUS HaXOJIST BCE HOBBIC IPHUKIIAIHBIC 00IaCTH IPUMCHCHHUS.
[Inpoko U3BECTHHI M MPUMEHSOTCS aBTOMAaTHICCKHE CUCTEMBI
pacrio3HaBaHUs aBTOMOOMILHBIX HOMEPOB [4 ], HIeHTU(HUKAITHS
YeIIoBeKa 10 M300pakeHHIO JTUIA [5], aBTOMAaTHICCKUHA aHAIN3
CIIEH B IIENIAX OE30IMaCHOCTH, CUCTEMBl TEXHHYECKOTO 3PCHHUS
B poboToTexHuke [6] u T. 1.

Iems HacTosmIeH cTaThH — pa3paboTaTh U UCCIIEIOBATh ajlro-
PHUTM aBTOMATHYECKOT0 OOHAPYKEHHUS IPYIIOBBIX AaHTPOTIOTeH-
HBIX 00BEKTOB TPAHCIIOPTHOH HH(PPACTPYKTYPHI 10 a3POKOCMHU-
YEeCKMM CHHUMKaM Ha OCHOBE ()paKTalIbHBIX MPEOOPa30BaHUIA.

JIroboe n3o0paxkeHNe 3eMHON MOBEPXHOCTH COACPIKUT J[BA
KJ1acca OOBEKTOB: €CTECTBEHHBIE (IIPUPO/THBIC) U HCKYCCTBEHHBIC
(anTpomorennsle). st MOIETMPOBAHNS IPUPOIHBIX OOBEKTOB
UCTIONB3yeTcs (hpaKTaIbHAsi FeOMETPHs, KOTopasi Obliia BBEJCHA
B. Mannens0poToM B Kimacciyeckux padorax B 1977-1982 rr. [7, 8].

CornacHo mosicHeHUsM MaHens0poTa, TepMUH «PpaKTam
MIPOMCXOIUT OT JIATHHCKOTO fractus — M3JIOMaHHBIH, TPOOIEHBIH
[9]. ®pakTanom Ha3BIBaeTCA MAaTEMaTHYECKOE MHOKECTBO, 00-
JIaJaroIIee CBOMCTBOM camMoronoous (00beKT, B TOYHOCTH WUITH
MPUOIMKEHHO COBMAIAIONINN C YacThIO ce0s caMoro, T. €. UMEeT
Ty e GopMy, 4TO U OJlHA MM OoJiee yacTeil), Ui KOTOPOro
cymiecTByeT MeTpuka Xayciaopda be3nkoBnda u oHa cTporo
OoJble eBKIMI0BONH METpUKHU. Eciiy B3sITh €BKINAOBY ILIO-
CKOCTb, TO OHa OyJIeT «IJIa/IKOi» B JIIOOOM HalpaBJICHUH, a JIBU-
JKYIIAsICS TOUKA MOYKET MEHSITh KOOPIUHATHI X 1 Y, HO HUKOT/Ia
HE TIPUITOAHUMETCS HaJl TNIOCKOCTBIO M HE OITyCTHTCS HIKE (KO-
opnuHara Z 1mocTosHHa). B aToMm ciydae metpuka Xaycnopda
CTpPOTO paBHA eBKJIMI0BOI. Ecim ske moBepXHOCTh pakTaibHa,
TO TUIOCKOCTh CTAHOBHUTCS M3JIOMaHHOM, M JIBIKYIIASCS TOYKA,
BO-TIEPBBIX, IPOMIET OOJIBIIHIA ITyTh, BO-BTOPBIX, OylIE€T HEMHOTO
MEHSTh CBOIO KOOPJIMHATY Z C TOUKH 3peHus HaOoaTes, Haxo-
JAIICTOCS BHC TaKOU IIOCKOCTH. HpI/I 9TOM JBHXKYHIAsACA TOUKa
ocraeTcs Ha IockocTu. J{ist Takoi GppakTalbHON MIOCKOCTH
MeTpHKa Xaycaopda cTporo Oonbliie eBKINA0Boi. UeM Oosbiie
meTpuka Xaycnopda, Tem Oonee n3aomMaHa MOBEPXHOCTb.

DyHIaMEHTAIBHBIMU XapaKTepPUCTHKAaMHU (DPaKTaIoB, O3BO-
JISTFOIIIIMU MOJIETIMPOBATh IIPUPOTHBIE OOBEKTHI, SIBIISIOTCS:

1) 3aBUCHMOCTB MX METPHUECKHUX CBOMCTB (JIIMHA, ITMPHHA,
TUIOIIA/Tb) OT MaciuTaba U3MEPEHUs, KOTopast BhIpakaeTcs Ia-
pamMeTpoM, Ha3bIBaeMbIM (hpakTaibHOM pasMepHOCThI0 D (KO-
3¢ UIIEHTOM, OTHCHIBAIOIINM (hpaKTaTbHBIE CTPYKTYPHI WITH
MHOXECTBa Ha OCHOBE KOJIMUECTBEHHON OLIEHKU UX CII0KHOCTH);
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2) camorogo6me — CrocOOHOCTh YBEIMYSHHOTO (hparMeHTa
00BeKTa BRIIAACTD HACHTUYHO HCXOOHOMY OOBEKTY.

B Martemaruke cymiecTBYeT LIEJbli KJIacC MHOMKECTB, KOTO-
pble Ha3bIBalOTCs PpakranbHbIMU. OHM 001aJaI0T CaMOIO/0-
OueM B CTpOroM cMbicie. B kauecTBe npumepa MOXKHO ITPUBECTH
¢dpakransl Mannensopota, XKynua.

B ocHOBe npakTHUECKUX MPWIOKEHUH (PpakTaIbHOM reome-
TPHU JISKHUT BBIUUCICHUE (PpaKTAIBHON pa3mMepHocTH D nccie-
IyeMbIX 00beKTOB. [1oydeHHe YHCICHHOTo 3HaYeH s D 103BO-
JSIET CJIeNaTh BBIBOJ O MMPUHAISKHOCTH 00BEKTa K KJIACCy MpH-
POIHBIX WITH, HA000POT, CMOZIETHPOBATh OOBEKT C 3apaHee 3a-
JAHHOH CTEMEHBIO «IIPUPOIHOCTH T10 3a/JAHHOMY 3HAY€HHUIO D, .

Jnis peanbHBIX OOBEKTOB M MX N300paKEHUH CTPOroe MaTe-
MAaTHYECKOE BBIYUCICHUE (paKTaIbHON PasMEpHOCTH HETIPH-
MEHHMO. BMecTO 3TOro HCIOIB3YIOTCS Pa3IMYHbIe OLIEHOUHbIE
MeTobl. [IpuMeHuTENnbHO K (pakTaibHOMY aHAJIU3y M300pa-
YKEHHH, TOJYYEHHBIX ¢ OECIIMIOTHBIX JIETaTeNIbHBIX alllapaToB,
TIOIXOISIT METO/IbI, BBIYMCIISIIOINE [ TOBEpXHOCTH, (hopMupye-
MOW 3HaYCHUSIMU SPKOCTH HH(POBOTO ONTHKO-JICKTPOHHOTO
n300paxkeHus. JIJ1s 3TOro NCTIOIB3YIOT CKOJIB3SIIIE OKHA PAa3HBIX
pa3MepoB, 3aBUCSILKX OT LICJICBOr0 HA3HAYCHUS, U IPUMCHSIOT
(dpakTambHBIC METONBI (TIPHU3M, MOACYETa KyOOB, OPOYHOBCKOM
Mozenu u apyrue) [10].

Metox nipusm pazpaboran Kmapk B 1986 r. ans Beramciie-
Hust D Tonorpadudecknx nosepxHocreii. [lo mudposomy n3o-
OpaXCHHIO TIEPEeMEIacTCs CKOJIb3sIIee OKHO «wWindow sizey.
OHpe}IeHHIOTCﬂ SHAUYCHUA APKOCTU IJIA YITIOBBIX U HEHTPAJIbHBIX
MMUKCEJIOB. 3aTEeM BBIYMCIISIIOTCS IIomanan 4€ToIpeXx NpocTpad-
CTBEHHBIX TPEYTOJILHUKOB, C(HOPMHUPOBAHHBIX COOTBETCTBYOLIH-
MU OTCUeTaMu sipkocTH. Kak/iblii Takoil TpeyrojabHUK SIBISIETCS
BEPXHEH MOBEPXHOCTHIO MPHU3MBI, TOCTPOCHHOI OT OCHOBAaHUS
(stprocTb 0) 10 COOTBETCTBYIOLIMX 3HAYEHNUH sIpKOCTH (puc. 1).

O4eBHIHO, YTO CyMMapHasl IUIOIAAb BCEX YETBIPEX IPo-
CTPAaHCTBEHHBIX TPEYTOIBHUKOB, (POPMHPYIOIINX (PpaKTaTbHYIO
MTOBEPXHOCTB, OyZeT OobIIe 00 paBHA eBKIMAOBON IIOIIAIH
CKoub3sIIero okHa. dpakranbHas pa3MEpPHOCTh BBIYUCIISACTCS
KaK OTHOIIICHHE JIOTapH(PMOB IUIOIIaAeH (hpaKTaTbHON U eBKIIU-
JIOBOM TTOBEPXHOCTEN B OKHE:

p = 108ap).
log($)
JJisi KOpPEKTHOTO BBIYKCICHUS D METOIOM IpU3M TpeOy-

eTcsl IpaBUJIbHBINA BBIOOp pasMepa okHa. [Ipu ciuiikom mMaiom
pa3Mepe OKHa pe3ynbrar OyJeT BHIIVISIETh CIMIIKOM IIIaIKHM,

Q)

Log (area)

/ o/

15

10

MaJIeHbKOE OKHO OyAET CKOJIBb3UTh IO «CKJIOHAM» BOJH SIPKOCTH,
BblJJaBasi MUHUMaJIbHbIE 3HaueHus D. [Ipu crnumrkom 0osbIiom
pa3Mepe OKHa MPOITYCKAIOTCs TIeperiaibl SPKOCTH U PE3yJIbTar,
BOOOIIIE TOBOPSI, CTAHOBUTCS ciydalHbIM. [IpaBUIbHBIN pa3Mep
OKHa JIOJDKEH COOTBETCTBOBATH pa3Mepy dJIeMEeHTa CaMOIIOI00ust
n300paxkeHus. ITo, HAPUMEp, pa3Mep TPAHCIOPTHOTO Cpel-
CTBA, PACCTOSIHUE MEK/1y BOJIHAMH Ha MOPCKOH ITOBEPXHOCTH,
CpeIHMIi pa3Mep CKJIOHA TOPHOTO MAccUBa, CPEAHHH pazMep
«3aBUTKa» oOyaka u T. 1.

TouHOE CyMMHpOBaHNE TOBEPXHOCTEH BCEX 3IEMEHTAPHBIX
IIPHU3M B OKHE J1aeT 0oJiee TOYHBIC PE3yNbTaThl U MO3BOJSIET
YMEHBIINTH BIUSHNAE pa3zMepa OKHa Ha PEJIeBAaHTHOCTHh METOJa
[10].

OcHoBOI1 [u1s1 Ki1eTouHOro MeTona (box-counting) siBisieTCst
npuoIKeHHast GopMyIa Juisi BbIUUCIeHUs: (paKkTaibHON pas-
MmepHoctH [11]:

logN(g) =logc— Dloge, 2)

TIIe € — pa3Mep CKONB3SIIero OKHa; N(g) — KOTUIESCTBO OKOH,
MEPEKPBIBAIOIINX N300paXKeHHE; ¢ — KOHCTAHTA.

leomeTpuyecku hpakTanbHas pasMepHOCTH D IPECTaBISIET
co0oit yron HakioHa rpaduka 3aBucumoctu logN(g) ot loge.

Jlnst Berumciienus: D HeoOX0IUMO TIPOU3BECTH HECKOIBKO H3-
MEpEHHI ¢ pa3HbIMHU pa3mMepamu okHa €. [Ipu ucrnonbzoBaHumn
JIBYX Pa3MepOB OKOH I10JIy4acM CUCTEMY JIMHEHHBIX YPABHECHUH,
13 KOTOPOI MOYKHO MOTY4UTh 3HaYeHue D:

LogN(g;) =logc—Dloge,;

L 3
0gN(g,) =logc—Dloge,.

[Tpu GonpiieM BEIOOpE pa3MepOB OKOH TOYHOCTH BBIYHCIIE-
HUs ToBbIaercs. [Ipu aToM 1enecoodpa3Ho IPUMEHHUTh METOJ
HaUMCHbIINX KBaJApaToB.

Jnst BeAesieHus obnacteil n300pakeHus, B KOTOPBIX MOTYT
HaXOIUTBCS LEJH, IIPUMEHSIOTCS] METOABI (ppakTansHol 00padboT-
Ku. PesynbratoM nx padoTs! siBisieTcst OMHapHOE N300paskeHue
C BBIJICJICHHBIMH YYaCTKaMH, Ha KOTOPBIX PacloJIOKEHbI aHTPO-
MOTCHHBIC OOBEKTHI (pHC. 2).

@DpakTanbHbIe METO/IBI PACCUUTHIBAIOT JUISI KXKJOH TOUKH
n300pakeHns 3HaYeHNe (QpaKTaIbHON pa3MepHOCTH — 0a30BO-
TO IMapaMeTpa QpakTaIbHON TEOMETPHH. YCTAHOBUB ITIOPOTOBOE
3HaueHUE (PPaKTaNbHON Pa3MEPHOCTH, MOKHO ONPENIENUTh, OT-
HOCHUTCS JIN JaHHAs TOYKa U300pa)xKeHUs K IPUPOAHOMY HIIH
K aHTpPOIMOreHHOMY 00bekTy. MccienoBanusi, TpoOBEICHHbBIC

D=2.23

Log (step)

Puc. 1. TpeyronbHas npusma (a) 1 perpeccupytonuit yuactox D (6)
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Puc. 2. Boiienenue THIIOB 00BEKTOB METOIOM (ppaKTaIbHOW CEICKIINHI

B [12], onpenenstor mopor ¢ppakTaabHONH pa3MEpPHOCTH IS
CHHMKOB, TTOTY9EHHBIX ¢ OCCITMIIOTHBIX JICTaTeIbHBIX allllapaToB
1 KOCMHYECKHUX ONTHKO-3JIEKTPOHHBIX CHIMKOB, B IHANa30He
2,5-2,7.

Pesynbrar dpakranbHOi OuHapu3aiuu nudpoBoro uzoodpa-
YKCHUS, TIOJTYYEHHOTO ¢ HU3KOBBICOTHOTO MAJIOTO OCCIIIOTHOTO
JICTATEIILHOTO arapara, IpeACTaBICH Ha puc. 2.

s hpakTana METpUUCCKIE CBOMCTBA (UTMHA, IIMPUHA, TUIO-
Ia]1h ) MPOIIOPIUOHATBHEI MaciTaldy. [Ipu 3ToM, Hanpumep, is
JUTAHBI L OyJeT BBIOTHATHCS PaBeHCTBO [ 13]

L&) = k"D, “4)

rae o — Macmrad; D — dpakranbHas pa3MepHOCTb; k — koaddu-
LUEHT MTPOIOPIHOHAIBHOCTH.

DTO 03HAYALT, YTO TPH MOCIICA0BATEILHOM YBEIMYCHUHU N30~
OpakeHus1 JIMHEHHBIC pa3Mephl (ppakTala TAKKe YBETMYHBAIOTCS
3a CYeT IOSIBJICHHS HOBBIX, PaHEee HE BUIHBIX, MEJIKUX JIeTajeH.
Knaccuueckuit mpumep — Oeperosast JIMHHS, KOTOpast IIPU TPH-
OJIDKCHUH OTKPBIBACT BCE HOBBIC M3THOBI, TPUBOJISIINC K YBE-
JUYEHUIO €€ U3BECTHOM 00IIeH mpoTsukeHHOCTH [ 14].

®paxraibHas pa3MepHOCTh D XapaKTepu3yeT CTeIeHb (hpak-
TaJbHOCTH CBSI3€H JIEMEHTOB MHOXKECTBA 1 orpenersiercs [13]

D=E+1-H, (5)

rae £ — 4uciio He3aBUCUMBIX U3MepeHuil; H — napameTp caMo-
nomobus (0 < H<1).

®pakraiabHas Pa3MEPHOCTh €CTh BEIIECTBEHHOE YHCIIO U
MIPUMEHHUTEIBHO K «IIPSIMOID» JISKHT B Anamnazone 1 < D <2,k
«IUIOCKOCTM» — B Auamna3one 2 < D < 3.

OObekT obnamaer camonono01eM, eciu Jito0oii ero npous-
BOJIbHBIN (pparMeHT, Oyyun yBEJIHUYEH J10 pa3MEPOB HUCXOIHOTO
00BbEKTa, CTAHOBHUTCS MTOA00EH (B CTPOrOM CMBICIIE — HACHTHYEH )
aTomy 00bexTy [13]. Harpumep, ecitit B3Th BETKY LIBETHOU Ka-
MYCTHI M IOCJIE0BATENBHO OTACIATH OT Hee Bce Oojiee MelKue
1o0ery, To MPH OIMHAKOBOM YBEIIMUCHNH i-TO SJIEMEHTA B I10JIE
Ka/Ipa Bce UTepanuy OyyT MaJIopa3ImuiMbl MeX 1ty coOoii (Tio-
JTOOHBI).

Bcnen 3a BerancinenneM gpakTaibHON pasMepHOCTH D is
pemreHus 3aaun GppaKkTaIbHON CENEKINH eIed HeoOX0IuMo
Ha (hpaKTaIHLHOM OMHAPHOM M300paKeHNH 0OHAPYKHUTH BCE 00-
JIaCTH, TIIe TperonaraeTest Hajanuue nenu. Kak BuaHo us puc. 2,
00J1aCTH PacCIOIOKEHHS IIPUPOIHBIX 00BEKTOB Ha (PPAKTATHLHOM
OMHApHOM M300paKeHNH 00JIa1aI0T HYJIEBOW SPKOCTBIO, a 00Ia-
CTH PacHOJIOKEHHsI aHTPOIIOT€HHBIX 00BEKTOB — MAKCHMAIIbHOM
SIPKOCTBIO.

®pakranbHoe OMHApHOE M300paKeHNE 00BEKTA MPEICTABIIS-
eT co00ii CKOIUIEHHE TOYEK C MAKCHMAJILHOH SIPKOCTBIO, pa3Mep
1 (opMa KOTOPOTO COOTBETCTBYET STAJIOHHOMY N300paKEHHIO
o0BeKTa B 3aJaHHOM MaciITade caumka. [Ipu sTom obmiee konu-
9ECTBO APKHUX TOYEK OMHAPHOTO n300paxkenus oobekTa C, cTa-
OMIIBHO M MOXKET OBITh MOITYYEHO 3KCIEPUMEHTAIBHBIM ITyTEM
13 ATAJIOHHOTO M300pakeHUsI 0OBEKTA.
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Jlst 0OHapyKeHNS BCEX yYaCTKOB CHUMKA, HAa KOTOPBIX MO-
JKET 3aXOIUTHCS N300pakKeHHue 00BEKTa, HEOOXOTUMO CKAaHUPO-
BaTh CHUMOK ITPY ITOMOIIHU CKOJIB3SIIIEr0 OKHA, pa3Mep KOTOpOro
COOTBETCTBYET pa3Mepy oObekTa. Ha kakaoM 1mare ckaHupoBa-
HUS TpeOyeTcs! MOACYUTHIBATh SIPKUE MUKCEIbl (PpaKTaabHOro
OMHApPHOTO N300paKEHUSI B OKHE U TIPH COBIIAA€HUN BBIUHCIICH-
Horo C, ¢ 5TaJIOHHBIM OTMEYaTh JTaHHOE MOJIOKEHHE OKHa Kak 00-
JIACTh BO3MOKHOTO PacIoNoXeHHs: 00beKTa IS TOCIIEIYIOIIETO
aHaJM3a.

[ToaBMXKHOM COCTaB KEIE3HOJOPOKHOTO TpaHCHOpTa 00Ia-
JTaeT U3BECTHBIMU Pa3MepaMu, KOTOPBIE MTO3BOJISIOT OIIPEIEITUTh
JUTMHY CTOPOHBI CKOJIB3SIIEr0 OKHA TP IOMCKE 00ObEKTa Ha IU]-
poBoM u3obpaxkennu. Kak mpaBuio, GoTorpaMmeTpudecKue
rapaMeTpbl H300paKeHUsI U3BECTHBI, TOITOMY IPUBECHUE JIU-
HEHHBIX Pa3MepOB 00bEKTA K PE/IIoJIaracMoMy H300paKEHHUIO
00bEKTa HAa CHUMKE HE BBI3BIBAIOT TPYAHOCTEH [9].

Tak xak mpejiaraeMblii METOJ CErMEHTAaluU 00BEKTOB pa-
6oTaer ¢ OMHAPHBIMH M300PAKEHUSIMH, €TI0 BEIYUCIUTEIbHAS
CJIOKHOCTb HE3HAUUTENbHA.

AmHanu3 nporecca InepeMelIeHNs CKOJb3SIIEro OKHa, pazmMep
KOTOPOTO COOTBETCTBYET pazMepy 00beKTa, 10 (ppaKTaIbHOMY
OMHApHOMY M300paXKEHHIO ITOKA3bIBACT, YTO T10 MEPE HaIoi3a-
HUSI CKOJIB3AIIEr0 OKHA Ha M300pakeHne 00bEKTa BHIYMCICHHOE
Ct OyIeT yBeIMYMBATHCS U JOCTUTHET MaKCHUMyMa, KOorna 00b-
€KT ITOJIHOCTBIO TIOMAAET B OKHO (cM. rpaduk 4 Ha puc. 3). [Ipn
JaNbHEHIIEM IBHKEHHH OKHAa C OHO HAYHET YMEHBINATHCS.

Jlns nanpHEeHIINX pacyeToB IeJIeco00pa3HO BBECTH MOHATHE
(pakTanbHOI MIOTHOCTH DN, B aneprype [L, x L ]:

LL

2 BG.)H|/C, (6)

i, j=0

DNfr =

rae B(i, j) €[0,1] — spkocTs (ppakrampHOTO OWHAPHOTO U300pa-
JKEHHUs B TOUKE [i, j]; L, — HanGonpIuuii pasmep 0ObEKTa B TTHK-
cenax; C,— YHCII0 MUKCENOB B 3TATIOHHOM (ppaKTanbHOM OHHAp-
HOM H300paXeHUH 0OBEKTOB.

[pu 3HaueHny ppaKTasbHON IFIOTHOCTH IS 33 JAHHOMU LIEJIH
DN ;21 B Touke GMHAPHOTO M300paXeHUs i, j PUKCHPYETCs
HenTp obmactu n3obpaxenus [L, X L], B KOTOPOM MOXKET Ha-
XOIUTHCS OOBEKT.

MakcuManbHBII KpUTEpUH TIONCKa 00BbEeKTa:

Conax = DN 21. (7)

max

Kputepnii G yYHTBIBAET HAMYHME B OKHE (PPAKTATBLHOTO
OWHApPHOTO ITyMa M (PParMEeHTOB JPYTUX aHTPOIIOTCHHBIX O0BEK-
T0B. OTMETHM, YTO KpUTEPUH G ABJISAETCS CIMIIKOM CTPOTUM
JUIsl IPaKTUYECKOTo MpUMeHeHus. B camom fiene, cyiecTByeT

700

MHOYKECTBO (haKTOPOB, KOTOPBIC MOTYT IPUBECTH K yMCHbIIIC-
HHIO YHCJIa IHKCEIOB PEasbHOro (ppakTaabHOro GHHAPHOTO
N300pakeHns1 00bEKTa OTHOCHTENILHO ATAJIOHHOTO. DTO MOXKET
TPHUBECTH K MPOIYCKY 00bekTa. [103TOMY BO3MOXKHO MpUMEHE-
Hue Gosiee MATKHX KPUTEPUEB, HAIPUMED:

GO,9 = DNfr > 0,9 (8)

Br16op xputepus moucka o0bekTa TpedyeT JabHeHIero
9KCTIEPUMEHTAILHOTO U3Y4EHHS.

OdYeBHUIHO, UTO TIPU JTFOOOM KpUTEPUN OOHAPYKEHUS 00B-
€KTa BCEr/ia BO3MOXKHA CUTYALHs], KOTIa Ha N300pakeHUH OyneT
IPUCYTCTBOBATH AHTPOTIOTEHHBIN 00BEKT, C, KOTOPOro GonbIne,
dem C, 00beKTa TPAHCIIOPTHOM HH(PPACTPYKTYPBI, YTO MPUBEIET
K OIIUOKE THIIA «JIOKHOE OOHAPYIKEHHE .

Tak xaK Ha MEPBOM dTale ONPEACISIOTCS TOJIBKO 00IacTH
BO3MOYKHOTO HaXOXKI€HHS TPYNIOBBIX 0OBEKTOB TPAHCIIOPTHOM
MH(PACTPYKTYPBI, KOTIa CTOUT 3a/1a4a MUHIMH3HPOBATh BEPOSIT-
HOCTb IPOITycKa 00bEKTa, YBEIIMYECHHE BEPOSITHOCTH JIOKHOTO
0OHAPYKEHNUS JIOMYCTHTh MOXHO.

B o0miem ciiyqae 00beKT Ha CHIMKE HMEET MPON3BOIBHYIO
opueHTaluo. CKomb3siiee 0KHO, pa3Mep KOTOPOTro TOYHO COOT-
BETCTBYET pasMepy 00beKTa, OyJeT JaBaTh OMIMOKH THITA «IIPO-
MyCK 00BEKTa» U3-3a TOTO, YTO IPOU3BOIEHO OPHEHTHPOBAHHBIH
00BEKT HUKOT/IA HE TIOMAJIET MOJHOCTHIO B OKHO. DTO TpoobIIe-
Ma pelaeTcs 3a CUeT YBEJIUUCHHs pa3Mepa CKOJB3SIIEro OKHA
10 MaKCUMaJIbHOM JUTMHBI 00bekTa L. B npenenax okna [L x L ]
00BEKT MOXKET PACIIOIAaraThCs MPOU3BOJILHBIM 00pa30M — BCET-
Jla HalJieTcsl HECKOJIBKO TTOJIOKECHUI OKHA, B KOTOPBIX OOBEKT
MIOJTHOCTBIO TTOTIA/1aeT B HETO.

Takoe pelieHHe CyIeCTBEHHO YMEHBIIACT BHIUYMCIUTEIBHYTO
CIIO’KHOCTB METO/1a, TaK KaK OTIa/[aeT HEOOXOANMOCTb B CIIOXKHOM
npoueaype mogdopa OpueHTaH 00BEKTa ¢ NCIOIB30BaHNEM
ap$uHHBIX Mpeodpa3zoBaHuil [9] Ha KaXKIIOM IIare CKONb3SIIe-
TO OKHA. B pe3ynbrare anroputM cTaHOBHUTCS OJHOTIPOXOIHBIM.

OKCIEPUMEHT C a9POCHUMKAMHU, Ha KOTOPBIX HAXOAATCS
TPYIMIIOBbIE 00BEKTHI (CM. pHC. 2), ITOKa3all IPUMEHUMOCTh ()pak-
TaJbHOI'0O METOoAA JJIsA aBTOMAaTHYECKOM CCJICKIMU I'PYHIIOBBIX
AHTPOINOTEHHBIX 00BEKTOB TPAHCIIOPTHOW UHPPACTPYKTYPHI
1 OLICHKH BBISIBJICHUS MacmTa6a, TMMOPOTOBOI0 3HAYCHUA.

3 AKJIIOYEHUE

Pa3paboran u nccienoBaH ajJropuTM aBTOMAaTHYECKOH ce-
JICKLIUH PYIIIOBBIX aHTPOIOTCHHBIX 00BEKTOB TPAHCIOPTHOM
HHPPACTPYKTYPHI.

ANTOPUTM OCHOBaH Ha (PpaKTaNIbHBIX NMPEOOPA30BAHUSIX,
B OCHOBY KOTOPBIX ITOJIOXKEH MeTo NpH3M. [IpeiokeHHbIi ai-

600

1. McxogHoe u3obpamerue

----- 2. ®pakTantHoe BuHapHoe wsohpakenue

500

3. DPaEKTaNEHEA NNOTHOCTE

400

4 Yucno ApEKME NMKECENCE B aNepType

a7 125

i61 1583 235 257 289

Puc. 3. I'paduku dpaxranbHO# cenekuu
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TOPUTM YYBCTBUTEJCH K MAacIITa0y MCXOTHOTO M300pakeHUs
U MOPOTOBOMY 3HaueHuto. [lJis ero peanuszanun HeoOXOAUMO
3HATh JTUHEHHbBIE Pa3MEPBI BBIACTIACMBIX O6’I)€KTOB, YTO BBIIIOJI-
HSCTCSI 1T 00BEKTOB TPAHCIIOPTHOM HHPPACTPYKTYPHI.

HccnenoBanust mokaszaiu, 4TO pa3Mep CKOIb3SIIEro OKHa
HaJI0 BBIOMpATh KOMIIPOMHUCCHO, IPUMEHUTEIHHO K KOHKPET-
HBIM YCIIOBHSM ChEMKH M KOHKPETHBIM ITapaMeTpaM ChEMOYHOM
amnmaparypsl OCCIIIOTHOTO JIETaTeIIFHOTO aIiapara, ¢ y4eTOM
BEPOSATHOCTH TIPOITyCKa 00BEKTa M BEPOSTHOCTH JIOKHOTO 00-
HapPyKCHHUS.

Merton hpakTaabHOH CeNeKINN TPUMEHUM K JTFOOBIM THITaM
IUPPOBBIX N300paKECHUH 1 IEMOHCTPUPYET HATCKHBIC PE3YIThb-
TaThl B O0OHAPY)KEHUHU TPYIIOBBIX aHTPOTIOTCHHBIX 00BEKTOB
TPaHCIOPTHOM HHMpAaCcTPYKTYpbI. J{0Js1 OIIMOOK THIIA KITPOITYCK
00BeKTay cocrasisieT He Oonee 8,5 % B 3aBUCHUMOCTH OT JIaH/I-
madTa ¥ yCIIOBHiA HAOMIOICHUSI.

Merton ob0iaaeT HU3KOH BBIYMCIUTENBHOW CI0KHOCTBIO,
YTO MO3BOJIIET PEATU30BaTh ABTOMATHYCCKUI TTOUCK 00BEKTOB
B PEIKUME MOCTYIJICHUS TaHHBIX.
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Abstract. The task of objects recognition on digital images is
becoming increasingly urgent in connection with the development
of intelligent robotic system. The initial stage of any methods of rec-
ognition is a pre-selection of targets. A method of objects selection
which has high accuracy and low computational complexity.
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Abstract. The article describes an approach to the development
of an intrusion detection system for computer networks. It is shown
that the usage of several data mining methods and tools can improve
the efficiency of protection computer networks against network at-
tacks due to the combination of the benefits of signature detection
and anomalies detection and the opportunity of adaptation the sys-
tem for hardware and software structure of the computer network.

Keywords: computer network, intrusion detection system, data
mining methods, support vector machine, principal component
analysis.

INTRODUCTION

Nowadays there is a tendency of integration information re-
sources into computer networks, this changing the order of infor-
mation interaction and the software logic that leads to necessity
of improvement the protection of computer networks. With the
development of information technologies the problem of large
data becomes particularly relevant. The main task of Data Min-
ing methods is to detect information in unstructured data and
presenting it in a visual form [1]. The set of parameters that
are analyzing by intrusion detection systems is a considerable
amount of data that determines the possibility of their processing
exactly by Data Mining methods [2].

The purpose of the research is to improve the efficiency of
network attacks detection in computer networks through the ap-
plication of various Data Mining methods, used in the adaptive
detection system. The novelty of the work lies in the design of
dynamic intrusion detection system (IDS) architecture that can
work both with a precise description of the attack, and to analyze
a various statistical criteria, thereby combining the advantages of
the classical anomaly detection systems and signature detection
system. An important difference from other studies is the ability
of IDS to adapt its functionality to the structure of the protected
software and hardware environment. It worked out the possibil-
ity of using different methods and tools of Data Mining in the
problem of intrusion detection.

THE MODEL OF ADAPTIVE INTRUSION DETECTION SYSTEM

Most of the existing IDS can be represented as four main
blocks: event, database, analyzer and the reaction block [3]. For
effectively protection of the computer network it is necessary to
distribute the IDS components to network units and create the
ability to adapt to every unit. Fig. 1 shows all the possibilities of
adaptation IDS components within a separate network unit.

The main task of the research is to develop the analyzer block
that handles a lot of parallel detection processes on every physi-
cal network units. The detection module is an indivisible part of

Echt block

A

hdapmﬁan\{ \Event L statistics |

i Detection module V'

Reaction block

Fig. 1. The possibilities of IDS adaptation

analyzer block that allows detecting some kind of network attack
or anomalous characteristics.

The developed model of IDS suggests different variants for
distribution functional blocks in the computer network that are
shown on Fig. 2. Depending on the computing capability, the
basic information flow between units and performing tasks it is
possible to create unified centers of decision making for the col-
lected data from multiple units or signals from detection modules.

The ability of adapting the IDS to software and hardware
structure of the computer network was created. Each detection
module is associated with a set of attack classes, on which he
responds with a certain probability. In the training dataset the
considered attacks supplemented with options such as the types
of potential targets and attack category. Detection module de-
pendences are shown in Fig. 3.
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Fig. 3. Detection module dependences

For automatically changing the event block each detection
module is associated with a set of sensors that provides extraction
of all necessary data features. Adaptive model consists in possi-
bility of automatically change the set of using sensors and the set
of detection modules, depending on the structure of the protected
software and hardware environment and a variety of potential
attacks. Depending on the potential invasion targets changed the
list of processed network packet types and composition derived
from traffic data, as well as the structure of the database tables
used to calculate the statistical parameters of traffic. Depending
on the detected attack categories in analyzer block varies com-
position of detection modules, and according to it changes the
set of records in database decision rules.

THE ARCHITECTURE OF INTRUSION DETECTION SYSTEM

The analysis of the applicability of various methods of Data
Mining was carried out to solve the problem of network attacks
detection. Data Mining methods are used for classification,
clustering and optimization. Among the existing approaches of
network attacks and anomalies detection the most effective are
Decision and Regression Trees, Support Vector Machines, Clus-
ter Analysis, Association Rule Learning, Genetic Algorithms,
Hidden Markov Models, Artificial Neural Networks and Fuzzy
Logic [4-10]. As a result, the research highlighted a set of prom-
ising directions of Data Mining methods and their correspond-
ing subtasks associated with the detection of network attacks in
computer network, which are shown in tab. 1.

Table 1
The order of application Data Mining methods

Di i f D . . . .
1r.e§t10n of Data Realizable functions in network attacks detection
Mining methods
o Th i f th 1 f
Classification ¢ assignment of the analyzed vectors to sets o
normal or attack
Dimension Increasing the speed of network analysis by
reduction forming optimized features space
. Construction an optimized set of detection
Clustering
modules
. Organization of interaction detection modules;
Fuzzy logic . .
creating redundant IDS modular architecture

The classification methods categorize a sequence of net-work
packets as either a set of attacks or as normal traffic. The dimen-

sionality reduction methods construct an optimal feature space
based on network traffic parameters to detect specific sets of at-
tacks. The clustering methods divide various attacks into classes
for a particular attack-detection module. Using fuzzy logic al-
lows reducing the number of errors first and second kinds in the
process of interaction among attack-detection modules.

For each of the subtasks corresponding directions were ana-
lyzed and the specific methods and tools were chosen. For the
purposes of this investigation a program prototype of the intru-
sion detection system was developed using support vector ma-
chine (SVM) [11] as a classifier, principal component analysis
(PCA) [12] for feature space formation that are most suitable
for each attack under consideration and k-means method [13]
for generate detection module set. C language has been used
as a programming language. LibSVM was used to work with
the SVM, with DARPA training files being used for investiga-
tion [14].

The designed architecture is based on the parallelization of
the detection process, i.e., a number of attack-detection mod-
ules simultaneously run in the system in which each module is
responsible for detecting a particular group of attacks (from a
single network packet to the set of attacks according to some
category). Fig. 4 shows a simplified scheme of a single detection
module, which includes the following:

« extraction of relevant training information from network
dumps;

* defining a set of clusters corresponding to the detection
module with k-means method;

« training the PCA on the extracted dataset;

» translating the initial data into a lower-dimensional space
according to the obtained transformation rules;

* training the SVM on the transformed data;

* testing the obtained SVM model;

* automatic adjustment of PCA and SVM parameters.

In the block of basic parameters extraction, the following
basic parameters are extracted from the network traffic:

* network layer header parameters (IP, ICMP packets);

« transport layer header parameters (TCP, UDP packets);

« application layer header parameters (HTTP, FTP, DNS and
SMTP packets);

« statistical and time parameters of the TCP session.

I Automatic adjustment

I I l
|| Dimension | | SVM-
| reduction | training

Clustering

asic traffic,
features

l ]
/ New feature| | SVM-
Detection module L space model

Fig. 4. Detection module formation

Both multi-bit parameters and divided eight-bit parts are tak-
en into account, e.g., the IP address can be represented by one,
two, or four parameters. The output of this block is a set of vec-
tors. Each vector contains a label, i. e., attack (—1) or normal traffic
(+1), and extracted parameters.

Fig. 5 shows a diagram of a network packet analysis. After
extraction by a plurality of sensors, a common list of basic pa-
rameters is transferred to the detection module. In operation, the
database system accumulates detection signals of the detection
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modules potentially dangerous traffic. The decision to invade is
adopted on the basis of signals of all modules.

DIMENSION REDUCTION OF ANALYZING
TRAFFIC PARAMETERS

In the dimensionality reduction block, a dimensionality re-
duction method is applied to the extracted vectors to construct
a new feature space [15—17]. Principal component analysis was
chosen for the problem solution. Its application resulted in con-
struction of a weight matrix W, for calculation of new param-
eters as:

Skxn = kapX

pxn>

where, the k£ — dimension of new space; p — dimension of base
space; n — number of vectors in base set; X — base vector set;
S — new vector set.

For this method, it is important what kind of matrix is ana-
lyzed. Here, the following matrices are used: correlation ma-
trix, covariance matrix, and sums of squares and cross products
matrix.

For the automatic selection of a sufficient number of new
parameters and the filtration of less important basic parameters,
the following two threshold values are used:

* & is the minimum importance of a new parameter at which
the parameter is usable;

* § is the minimum value of the coefficient in the transforma-
tion matrix of basic parameters.

From k parameters considered are those for which the cor-
responding eigenvalue of the analyzed matrix exceeds a thresh-
old:

S'={s;|i e[Lk],

}"i| > &},

where, the A, — eigenvalue of the analyzed matrix. Discarded X,
basic parameters, for which is true this condition:

X'={x; | j elln],Viell; p):|w;| <8}

Upon training the PCA on the initial data, a list of new pa-
rameters is created that represents the new parameters via initial
parameters and specifies the importance of the former. Based on
the importance, different methods of reducing the dimensional-
ity imply different objects; in particular, for the PCA, the impor-
tance is eigenvalues of the analyzing matrix. New parameters
are represented as a linear combination of basic parameters and,
to calculate new parameters, a matrix of linear representation
coefficients is constructed.

The PCA is characterized by the need to scale the input data.
In the detection system, upon extracting basic parameters, the
following three scaling techniques are used:

* The maximum and minimum values for each basic parame-
ter are found and this parameter is translated into the interval [—1;

+1] by the formula y = 2(x — min) / (max — min) — 1, where x is
the basic parameter and y is the scaled parameter.

* The largest possible value of the basic parameter is taken
as the maximum value (for example, the maximum lifetime of
the IP packet is 28 = 256) and all basic parameters are divided
by their maximums.

¢ The maximum and minimum values for all basic parameters
are found and all basic parameters are translated by the formula
y =2(x —min) / (max — min) — 1.

For different types of data (various protocols and specific
attacks), the best results are obtained by different data-scaling
techniques.

The output of this block is the vectors containing attack la-
bels and lists of new parameters.

CLASSIFICATION OF NETWORK PACKETS

The classification block is responsible for training and testing
the SVM, as well as selecting the best parameters of the SVM
kernel. For the SVM, the selection of the kernel is essential [18].
All used types of the SVM kernel are shown in tab. 2.

Table 2
SVM kernel types
Kernel name Kernel formula
Linear u'—v
Radial basis function e—y(u’—v)2
Polynomial (y-u'x v+ coefy )dcg ree
Sigmoid tanh(y - u' x v+ coefy))

In addition to kernel selection and kernel parameter adjust-
ment, the effectiveness of the SVM also depends on the C pa-
rameter, which controls the error tolerance and the position of
the hyperplane. This parameter allows one to adjust the ratio
between the maximum width of the separator and the minimum
total error.

SVM adjustment selection is based on the construction of
the search grid for radial basis kernel by C and y parameters. An
algorithm of SVM parameter selection for radial basis kernel
by C and y parameters is suggested by the authors of library
LibSVM [11]. When attempting to apply this algorithm for the
considered data it was found that the suggested intervals for
log,C and log,y are not appropriate. Moreover, with log,C ex-
ceeding a certain constant the result of SVM work depends only
on y parameter.

In the course of the performed study an automatic algo-
rithm of SVM parameter selection was developed: first, log,y
parameters with the least number of support vector in training
are determined for C = 2% (selection is performed with an in-
terval A(log,y) = 2). The log,C parameter in the area of the
best log,y values is found. Next, search grid with an interval
A(log,C) =2 and A(log,y) = 2 is constructed and the best val-
ues in the area of best points obtained at the previous algorithm
stage are found.

The distribution of the best points based on the experimental
results for various attacks and basic parameter sets is shown in
Fig. 6.
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Fig. 6. SVM with radial basis kernel adjustments

Hues of color indicate the areas with identical detection per-
centage and support vector number. The darkest area corresponds
to the best values set. All points below the first curve have a great
number (up to several thousands) of support, vectors, with the
training process lasting from several minutes to several hours.
A dramatic reduction of support vectors number and, accord-
ingly, a dramatic increase of training and testing speed is in the
area to the right of the second curve.

To the right of the third curve the number of support vec-
tors and the correct classification percentage do not change with
further increase of C parameter. The best points can lie on the
horizontal ray starting from curve 3 or at the point of the distinct
area between the second and third curves After obtaining the best
result for SVM testing (the least number of errors of the first and
second kinds (FN and FP) and the least number of support vec-
tors in SVM model) the automatic adjustment block changes the
parameters in dimension reduction block and repeats the same
operation cycle in SVM module.

To increase the capabilities of the programming complex the
feature of principal component training for an attack set only was
added. With such an approach the dimension reduction block
determines internal dependencies between the parameters within
the framework of attack packages rather than those in the entire
training set. In the attack, set training application of new param-
eters with the least eigenvalues of the weight matrix is similar
to the attack signature.

We noted that such an approach depends considerably on
the training set, which can result in an overtraining problem and
considerable number of false responses. This approach proves
highly efficient for certain attacks (not exceeding 5 now param-
eters and less than 20 support vectors for 100 % recognition),
however, it entirely inapplicable for others, which makes this
approach only an additional means in the designed program-
ming complex. Automatic adjustment in the dimension reduction
block boils down to the selection of the matrix to be analyzed,
a set of vectors to be considered (all packages or only attack
ones) and the selection of two threshold values of § and . As a
result of the automatic adjustment, Mock work the system best,
parameters are found:

* The least FP and FN values determine the attack detection
quality.

* The least number of basic parameters, new parameters and
support vectors of SVM-model determine the system’s perfor-
mance speed.

The training procedure yields a SVM model that is used to
classify the vectors.

To test the SVM model, the following characteristics are
evaluated: the number of correctly detected attacks (TP), the
number of false positives (FP), the number of correctly classified
normal packets (TN), the number of missed attacks (FN), and the
percentage of correctly classified vectors.

CLUSTER ANALYSIS AND FUZZY LOGIC FOR INTRUSION
DETECTION MODULE MANAGE

For subtasks forming composition of detection modules dif-
ferent hierarchical and iterative cluster analysis methods were
analyzed. The main drawback of hierarchical techniques is
the inability to handle large amounts of data [19, 20], and for it-
erative methods — the need for a priori knowledge of the number
of clusters [21]. The technique of cluster analysis, which allows
eliminating both of these shortcomings as part of the problem is
solved.

To determine the number of clusters and their centers to the
set of attack vectors applying agglomerative hierarchical method.
Then, using the method of k-means clusters are formed for the
entire training sample. Experiments have shown that for differ-
ent training samples clustering the best results are achieved by
using the following distance metrics: Euclidean distance, squared
Euclidean distance and Manhattan distance.

The use of fuzzy logic has improved the performance of
the intrusion detection system due to generalization of meth-
ods of support vector machine and k-means (C-means) for the
application of probabilistic assessment when the classification
and construction of overlapping clusters. Also, fuzzy logic al-
lows correlating the signals detection modules with the known
attacks: while cluster analysis is formed by a matrix belonging
to a variety of attacks:

25:1 Cmi 2§:1 Cmi

where, the # — number of known attacks, m — number of detec-
tion modules, ¢, — the number of vectors attack j in the training
set for module i.

Probability that the detected signal belongs to a specific at-
tack, taking into account the previous signals from the same
source:

-1
pi =ap+p; (l-ay),

where, the / — number of the module, issuing a signal of an at-
tack, a,— element of matrix 4, ; x — the serial number of the

current signal of attack from a given source.

APPROACH RESULTS

Experimental research were carried out with the IDS proto-
type on attacks categories User-to-Root and Remote-to-Local,
which are the most difficult to detect. Experimental research
was divided into five stages: performing classification by sup-
port vector machine for multi-bit traffic parameters and divid-
ed into eight-bit of the traffic parameters, the formation of a new
parameter space by principal component analysis, the formation
of the detection modules using the method of k-means and syn-
thesis methods of support vector machine and k-means using
fuzzy logic. The results are shown in Tab. 3.

Tab. 4 shows the results of other researches of using Data
Mining methods for intrusion detection [4—10].
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Table 3
The results of experimental research stages
Stage description TP, % FP, %
SVM (multi-bit) 85 5
SVM 91 2
SVM + PCA 94 3
SVM + PCA + k-means 98 1
SVM + PCA + k-means + fuzzy logic 99 0,6
Table 4
The results of other researches

Using method TP, % FP,%
Quarter-sphere SVM 65 1
SVM 95,5 1
SVM + Genetic algorithm 99 -
SVM + fuzzy logic 99,56 0,44
C4.5 95 1
C4.5+PCA 92,16 -
C4.5 + Artificial neural network 93,28 0,2
k-means clustering 65 1
Single leakage clustering 69 1
Y-means clustering 89,89 1
k-nearest neighbor 92 1
Artificial neural network + PCA 92,22 -
Genetic algorithm 97,47 0,69

CONCLUSION

The experiments performed with the program prototype show
robustness of intrusion detection system and applicability of the
selected data mining techniques for the specified purpose. The
support vector machine allows identifying a considerable part
of attacks under investigation with 100 % confidence, with an
error for the rest not exceeding several percent of the total pack-
ages number. The principal component analysis allows reducing
the information volume required for network packages classi-
fication for 2,5-3 times and considerably increases the system
efficiency.

The method of k-means allows identifying fragments of typi-
cal attacks in separate detection modules and breaking complex
attacks on several modules, resulting in improved detection per-
formance by 3—-5 %. The use of fuzzy logic has increased detec-
tion performance by 1 %, allowing classifying the vector having
different labels in the training set. In modular architecture of
the intrusion detection system while designing several classifiers
of the same packages type, the dimension reduction methods
allow to construct pretty simple SVM models that identify in-
trusions much faster and more accurately than a single general
classifier with a great number of parameters and support vec-
tors in a SVM model.

The application of various methods, possibility to adjust in-
ternal settings, threshold values enables one to obtain the best
possible correlation between the system efficiency and intrusion
detection accuracy.
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Annomayusa. CTaTbsi NOCBSILIEHA ONMMCAHUIO MOAXO0A K MOCTPO-
€HHIO CHCTEMBbI 0OHAPY /KEHHs CEeTeBBbIX aTaK B pacnpeneJéHHbIX
BBIYHCINTEIbHBIX ceTsX. [loka3ano, 4To npuMeHeHne KOMIIJIEKCa
METO/I0B M CPEICTB HHTENIEKTYAILHOI0 AaHAJIN3a JAHHBIX I103B0JIsI-
€T MOBBICHTH 3()(PeKTUBHOCTD 3AIUTHI PACTIPEIETEHHBIX BBIMHCIH-
TeJBHBIX ceTell 0T ceTeBBIX aTAK 32 CYET COUETAHHUS MPEHMYIIECTB
MOWCKA CUTHATYP U aHOMAJINIL M BO3MOKHOCTH alaNTALHU CHCTEMBI
MO/ MPOrPaMMHO-ANNAPATHYIO CTPYKTYPY CeTH.

Knroueenvie cnosa: pacnpe):[enéﬂﬂaﬂ BbIYMC/IUTEJIbHAsA CETh,
CUCTEMa 06Hapymemm CE€TEBLIX aTAK, METOAbI HHTC/IJIEKTYAJIbHO-
0 aHaJIM3a JAHHBIX, METOA OMMOPHBIX BEKTOPOB, METOA ITIABHBIX
KOMIIOHEHT.
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Abstract. An application for the cloud-based system with a
web interface and the use of filters, filter estimated impact on the
performance of cloud services. Calculations are based on queuing
theory and synthesis of multi-channel systems models with “cool-
ing” and not an approximation of Markov processes with the help
of phase-type distributions. Describes charts and transitions matrix
microstates multichannel queuing system for modelling applica-
tion with a web interface, a diagram to calculate the stationary
distribution of the number of requests in the system and developed
a JAVA program that implements a filter for the data encryption.
The scheme of mutual validation of models of multi-channel service
delivery systems with a “cooling” is presented.

Keywords: servlets, filters, cloud computing, cooling, web inter-
face, queuing theory.

INTRODUCTION

With more and more devices getting connected to the inter-
net every day, and by moving from the internet of computers
to the internet of things, with a big demand that devices get
smaller, lighter and more powerful with fast connectivity all at
the same time. It all heads for the need of faster connections so
that a request from a client doesn’t consume a large bandwidth or
memory, and an efficient way to deal with the request once it is
on the server’s side.

In order to connect with devices that are different in size,
shape, capacity, power, user language and operating system,
a very simple and global interface is needed, that can connect to
devices using very simple protocols. Today almost any device
can be connected to the internet and communicate via a web in-
terface, that’s why if you need to move your applications and
data to the cloud, it would be easier and better if the applications
had a web interface, as the whole idea of moving to the cloud is
so that you can have access anytime from any device with maxi-
mum reliability and unlimited computing power.

In this paper a cloud system application with a java based
web interface using filters is examined and tested to calculate
how filters effect on the overall performance of the cloud ser-
vice, as performance is one of the key factors for moving to the
cloud. It based on queuing theory and extend its applications by
studying the multichannel systems with “cooling” and phase-
type approximation of Markovian and non-Markovian processes.
Transition diagrams and matrices for the microstates of a sample
application with Web interface model described, and a scheme
for computing the stationary probability distributions for requests
number and waiting time is developed.

Andruk A A.
Emperor Alexander I Petersburg
State Transport University
St. Petersburg, Russia
aaandruk@gmail.com

Servlet filters are powerful tools that are available to web ap-
plication developers using the Servlet 2.3 specification or above.
Filters are designed to be able to manipulate a request or re-
sponse (or both) that is sent to a web application, yet provide this
functionality in a method that won’t affect servlets and JSPs be-
ing used by the web application unless that is the desired effect.
A good way to think of servlet filters is as a chain of steps that a
request and response must go through before reaching a servlet,
JSP, or static resource such as an HTML page in a web applica-
tion. However this consumes time, and the time it consumes shall
be calculated to see the overall effect of performance.

Croup CoMmPUTING USING A WEB INTERFACE
CoMMON CHARACTERISTICS

Cloud computing is a number of computing resources that
are delivered as a service over a network connection (usually
the internet). Therefore Cloud computing relies on sharing a
pool of physical and/or virtual resources, rather than deploy-
ing local or personal hardware and software. A user is able to
connect into a supply of computing resources rather than man-
aging, operating, maintaining, securing and servicing the equip-
ment needed to generate it themselves; just as the same way as
a consumer tapping into the national electricity supply, instead
of running their own electric generator. Thereby the service is
billed likewise where you pay for the amount of service that you
consume.

Also likewise cloud computing is more reliable, flexible,
scalable and most importantly more economical. You can choose
between different types of clouds depending on the amount of
security that you demand for your business, these types are:
public, private and hybrid cloud. You can also choose the type
of service that you need for your business, the major types of
services are: SaaS (Software as a service); PaaS (Platform as a
service) and TaaS (Infrastructure as a service).

In order to connect with devices that are different in size,
shape, capacity, power, user language and operating system,
a very simple and global interface is needed, that can connect
to devices using very simple protocols. Today almost any de-
vice can be connected to the internet and use different protocols
to communicate, that’s why if you need to move your appli-
cations and data to the cloud, it would be easier and better if
the applications had a web interface, as the whole idea of mov-
ing to the cloud is so that you can have access anytime from
any device with maximum reliability and unlimited computing
power.
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Internet connections use protocols to connect between differ-
ent devices, so that after every handshake every device knows
what it should do and how to do it. A Web service, in very broad
terms, is a method of communication between two applications
or electronic devices over the WWW. Web services are of two
kinds: Simple Object Access Protocol (SOAP) and Representa-
tional State Transfer (REST).

WEB INTERFACE BASED ON Java PLATFORM

Applications with Web interface on Java platform used serv-
lets and applets. Servlet is a Java-program running on the server
side and expand server functionality. The servlet communicates
with clients by processing HTTP requests. Filters allow perform-
ing actions on the request before it is processed by the servlet
or on the response after its formation. Filters implement model
“interceptor request”, and for each resource in the web applica-
tion has its own filter chain can be arranged.

The client can use any device he likes, as long as that device
has a connection to the internet and a web browser. Almost no
or very little amount of data need to be stored or computed in
the client side, all the data is stored and processed in the cloud’s
side.

SERVLETS

Servlets provide a component-based, platform-independent
method for building Web-based applications, without the perfor-
mance limitations of CGI programs. Servlets have access to the
entire family of Java APIs, including the JDBC API to access
enterprise databases.

A servlet is a small program that runs on a server. The term
usually refers to a Java applet that runs within a Web server
environment.

Using Servlets, you can collect input from users through web
page forms, present records from a database or another source,
and create web pages dynamically.

Java Servlets often serve the same purpose as programs im-
plemented using the Common Gateway Interface (CGI). But
Servlets offer several advantages in comparison with the CGI:

« performance is significantly better;

« servlets execute within the address space of a Web server.
It is not necessary to create a separate process to handle each
client request;

* servlets are platform-independent because they are writ-
ten in Java;

* java security manager on the server enforces a set of restric-
tions to protect the resources on a server machine;

« the full functionality of the Java class libraries is available
to a servlet. It can communicate with applets, databases, or other
software via the sockets and RMI mechanisms that you have
seen already.

Servlets Architecture:

Following diagram shows the position of Servlets in a Web
Application (fig. 1).

The Http Servlet class reads the HTTP request, and deter-
mines if the request is an HTTP GET, POST, PUT, DELETE,
HEAD etc. and calls one the corresponding method.

Let us consider how possible modelling peculiar properties of
the process functioning of application with Web interface using
models of queuing theory.

HTITP
Protocol

Web Browser

Servlets
Program

Databhase

—

Fig. 1. Position of Servlets in a Web Application

FILTERS

A filter is an object that intercepts requests to a servlet, JSP,
or static file in a web application. The filter has the opportunity
to modify the request before passing it along to the underlying
resource and can capture and modify the response before send-
ing it back to the client. Since filters can be specified declara-
tively using the web application deployment descriptor, they can
be inserted into existing web applications without altering any
of the existing code.

There are many cases where some pre-processing of the re-
quest for servlets would be useful. In addition, it is sometimes
useful to modify the response from a class of servlets. One ex-
ample is encryption. A servlet, or a group of servlets in an appli-
cation, might generate response data that is sensitive and should
not go out over the network in clear-text form, especially when
the connection has been made using a non-secure protocol such
as HTTP. A filter can encrypt the responses.

Servlet filters are useful for many purposes, including log-
ging, user authentication, data compression and encryption.
Many filters can be chained together, each performing one spe-
cific task.

A filter is where you want to apply pre-processing or post-
processing to requests or responses for a group of servlets, not
just a single servlet, so when your application is working in a
cloud environment filters are very useful tools. Filters are de-
signed to be able to manipulate a request or response (or both)
that is sent to a web application, yet provide this functionality in
a method that won’t affect servlets and JSPs being used by the
web application unless that is the desired effect.

A good way to use filters is as a chain of steps that a request
and response must go through before reaching a servlet, JSP, or
static resource such as an HTML page in a web application. Fig. 2
shows the commonly used illustration of this concept.

Possible main usage of filter include following:

* recording all incoming requests;

* logs the IP addresses of the computers from which the re-
quests originate;

e conversion;

* data compression;

* encryption and decryption;

* input validation etc.

TESTING APPROACHES SIMULATION MODELLING

In our test we used an encryption filter to illustrate the ef-
fect of cooling, as encryption is very common and widely used
after main processing so that the response is encrypted before
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Fig. 2. Using filters with servlets

sending it back over the internet. Following is the filter that we
used in our test:

public class EncryptFilter implements Filter {

private static final boolean debug = true;
private FilterConfig filterConfig = null;

public Encrypt() {

public void doFilter(ServletRequest request,
ServletResponse response,
FilterChain chain)
throws I0Exception, ServletException {

long start = System.nanoTime();

String text = request.getProtocol();

String keyWord = “text”;

byte[] arr = text.getBytes();

byte[] keyarr = keyWord.getBytes();
byte[] result = new byte[arr.length];

for(inti = 0; i< arr.length; i++)

result[i] = (byte) (arr[i] * keyarr|i % keyarr.length]);

}

long finish = System.nanoTime();

long res = finish - start;
System.out.printin(“Bpemsa pabotbl dunetpa “ +
res);

As can be seen from fig. 2 the filter or filter chain can run
before call of servlet (or JSP, or HTML) and/or after finishing
servlet execution. In first case (at the entry of servlet) filter can
make any preparatory work (for example, decompression of
data), that named by “warming-up” or “warm-up”. In second
case (after returning from servlet) filter can make any final work
(for example, data compression), that named by “cooling”.

The request then reaches the servlet container in the web ap-
plication to be processed, the servlet must process the request and
generate as much of the response as the application requires.

RELATIVE CHECKING MODELS

It is easy to show that the distribution of Erlang k order E, is
a special case of distribution of k order Cox C,. H, -distribution
can be transformed to the form equivalent C, distribution. Equiv-
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alent transformations used for selecting parameters in solving
the problem of the approximation of an arbitrary distribution of
phase type distributions in the case where the parameters of the
approximation expresses analytically one kind of distribution,
but doesn’t express the others. Solution of the equivalent trans-
formation H, -distribution to the form C, is reduced to solving a
system of differential equations. Thus, between the probability
distributions of phase type C,, H, and E, there is a link that al-
lows you to establish a relationship between them. Note, how-
ever, that a direct comparison of E, and H,, is impossible, since
E, -distribution is not an equivalent hyperexponential distribution
of k-th order.

Scheme perform mutual authentication results using various
types of distributions illustrated in fig. 3, which shows the pat-
tern realized on the generality from the left most basic general
distribution to the exponential using a two-stage Cox.

Common Queuing System Models with “Cooling”

Ex/M/M/n | Ho/M/M/n | G/M/M/n

M/M/M/n C/M/Cy/n

M/M/Ex/n | M/M/Ho/n | M/M/Co/n

Fig. 3. Common queuing system models with “cooling”

EXISTING MODELS

For queuing theory Kendall’s notation is the standard system
to describe and classify a queuing node. It uses three factors
written A/S/n, where A denotes the time between arrivals to the
queue, S — the service time distribution and n denotes the number
of servers at the node. It been extended to A/S/n/K/N/D, where
K and D mean the capacity of the queue and queuing discipline
and N denotes the size of the population of jobs to be served.
Best studied QS M/M/n — with channels, service time distribu-
tion and the distribution for the time between arrivals follow an
exponential distribution. Because of the assumptions made, such
models known as Markov models, have limited appliance and do
not fit for most practical systems.

The most examined are the relatively simple M/M/n models.
The simplest example is M/M/1 queue, for which textbooks per-
taining to performance evaluation usually present the results to
compute the steady state distribution of number of requests. Well
studied class of one-channel models with specific flow charac-
teristics, discussed e. g. by Ryzhikov in [1] or Eremin [2], which
analyse the behaviour QS with determined delay in starting the
service.

The biggest interest was recently been focused on the inves-
tigations in multichannel non-Markovian queues where flows are
approximated by phase-type distributions. For example, Bub-
nov in [3] models to forecast software reliability characteristics,
such as number of corrected errors, required debugging time,
etc. Brandwajn and Begin in [4] propose a semi-numerical ap-
proach to compute the steady-state probability distribution for
the number of requests at arbitrary and at arrival time instants in
Ph/M/c-like systems.

Cox showed in [5] that an arbitrary distribution of length of
a random variable can be represented by a compound of expo-
nential stages or phase-type distribution. The advantage of such
a representation is that it ensures convenience of approximation

of the random process to a Markov process and gives the power
of creating and solving the system of equations describing the
behaviour of the corresponding model.

Described here multichannel non-Markovian QS with warm-
up require more complex mathematical description, compared
to the Markov models, e. g. the request flow can be recurrent
or represented by an arbitrary stochastic function. Examples of
previous works addressing QS with warm-up are by Kolahi in [6]
or by Kreinin in [7] for the characteristics of single channel QS,
or by Bin Sun, A.N. Dudin in [1] studying the MAP/PH/n mul-
tichannel QS with warm-up and broadcasting service discipline.
Mao and Humphrey in [8] examine the influence of the warm-up
during virtual machine startup in the cloud system.

Examples of early works on cloud performance subject can
be found in [2] and [9]. In a fairly recent work of several authors
investigate questions of evaluation of performance of cloud and
other systems on the basis of models of multi-channel queuing
systems with warming [10] and cooling [11, 12].

MODELS WITH “COOLING”

To study the cloud systems with described “cooling” it is use-
ful to introduce an enhanced notation A/S/C/n, which compared
to original Kendall’s notation contains additional C denoting the
cooling time distribution.

Let’s describe the parameters of a model which is set up.
To approximate the distribution of the cooling time we propose
to apply a generalized Erlang distribution of the second order,
which refers to the distributions of phase type and consists of
two consecutive phases with exponential distribution delays in
each of them. This distribution allows with reasonable accuracy
[13]. This distribution allows with reasonable accuracy to ap-
proximate random variables with a coefficient of variation v €
[0,7; 1), which corresponds to the many practice areas. For the
case when the coefficient of variation of u > 1, can be applied
hyperexponential distribution of second order, as was done in
article [14]. Received QS M/M/E /n with cooling has the micro-
state diagram, shown in the fig. 4.

The cooling process has two parameters p and p, —
intensities of “cooling”.

The leftmost column in the diagram shows the current num-
ber of customers in the system and indicates the number of the
state. Each tier system is in one of three states: a service state and
two phase cooling states. In this model, the duration of cooling is
characterized by a generalized second order Erlang distribution.
After the last service the request moves to the first phase of the
cooling with intensity p_, then to the second phase with intensity
1., and after that system goes into service state. Service proceeds
with intensity g, multiplied by the number of occupied service
channels. At full occupation (in tiers with the numbers more than
n) the diagram stabilizes at all the lower tiers.

Based on Markovian QS transition diagram a matrix of tran-
sition intensities are constructed and vector-matrix balance equa-
tions of transitions between microstates are solved.

Denote as Sj the set of system microstates when exactly j
requests are served, and by 6j — number of elements in S;- Then
from the microstates diagram, analytically the following matrices
describing the system are defined:

* 4j[lo;x0;,] —in SH (request arrival);

* Bj[o;jxo; ]~ in ij1 (request service completion);
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* Cjlojxo;] —in S, (request service in progress);

* Dj[o;x0o;] —leaving microstates of tier j (a diagonal ma-
trix).

For each tier j denote by vectors v ; = {yj,ij,l’“"Yj,Gi} the
probability that a QS is in microstate (j, i), j = 0,1,.. Then it is
possible to write the system of vector-matrix balance equations
describing transitions between microstates:

YoDo =v0Co + 118,
ViDj=v;04;0+7;C;+vjuBi, J=L2..

An iterative numerical method introduced by Takahashi and
Takami in [10] is then used to solve the system and find the
steady-state microstates probability distribution.

MUTUAL MODEL CHECKING

Java program has been developed to implement the described
numeric method. It has been designed to perform actions on ma-
trices in general, and therefore it allows obtaining results for both
presented models as well as for models of other systems within
the comparable classes of phase-type distributions.

The initial data has been produced from test statistics gath-
ered for a sample cloud system as shown on fig. 1. To collect it
a simulation performance testing in an Apache JMeter tool was

Service Cooling
Phase 2 Phase 1
J=0
J=1
J=2
J=n-1
J=n
J=n+l

Fig. 4. Diagram for M/M/E /n QS with “cooling”

run with 300 threads in parallel and independently performing
queries of various kinds.

The following computational resources were used to perform
the testing:

Application servers have the following characteristics:

* CPU Intel Xeon X7560 (2.26 GHz), 8 cores;

* hyperthreading disabled;

* 512Gb RAM;

* memory allocated in the range of 6—8 Gb per node;

« average CPU load in the range 0.3-0.5 per core.

Network segments have the following characteristics:

* nodes reside in the same logical network segment;

+ 100/1000 Mbps Ethernet ports are used.

It is useful to experiment with the model parameters under
different scenarios and determine the conditions for receiving
the desired QoS level.

We considered the following inputs — the intensity of the in-
coming stream A = 3; the average cooling time a = 1; service rate
p=1,5; the number of channels n = 3. We calculated for different
cooling coefficients of variation v = {0.7, 0.8, 0.9, 1.0}. These
stationary probabilities of states of the system are shown in fig. 5.

Fig. 5. Probabilities of stationary states QS M/M/E,/3 with “cooling”

The graph shows a significant effect of the variation coef-
ficient on the probability of the system states.

The study demonstrates the influence of the cooling patterns
on the performance and shows the need to collect data and exam-
ine cooling patterns to assure that the system capabilities are ap-
propriate for significantly different levels and patterns of demand
that might be relevant during a given time period.

CONCLUSION

With the use of a multichannel queuing system model with
“cooling” our paper demonstrates the effects filters have on the
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performance when the filter is used after the return from the
servlet. Where a Java program was developed to simulate a cloud
computing system with a java web-interface using filters.

The further study is to focus on:

» Expanding the characteristic distribution function of the
described models on to the networks of QS with multiple nodes.

* Expanding the research on Hyper exponential distribution
case with complex coefficients.
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TecTrupoBanue NporpaMMHOIo
KOMILJIEKCA pacyeTa MHOTOKAHAJIbHBIX
CHUCTEM MACCOBOI0 00CJYKUBAHUS
C «oxJIazKaeHueM» u K -annpokcumanuen
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Annomauua. PaccMoTpeHo npuio:kenue s 00/1a4HOM cucTe-
MbI ¢ BeO-uHTepdeiicom ¢ ncnonb3opanueM GpuiabTpos. OnennBa-
eTcs BJMsIHHE (PUIBTPOB HA MPOU3BOAUTEIbHOCTH 001aYHBIX cep-
BHCOB. PacueThbl 0CHOBaHBI HA TEOPHH MACCOBOI0 00CIYKHBAHUS
H 00001IeHNH MojieJieil MHOTOKAHAJILHBIX CUCTEM € «OXJIaKAeHH-
eM» U annpokcuManueil He MapKOBCKHMX IPOLECCOB ¢ NOMOULIBIO
pacnpeneenuii ¢pazoporo Tuna. Onucanbl JMArpaMMbl Nepexo10B
M MaTPHIIbI MUKPOCOCTOSIHHIT MHOTOKAHAJIbHOIl CHCTEeMbI Macco-
BOI0 00CJY:KUBAHMSA 1JIs1 MOJACTUPOBAHUS NPUJIOKEHHUS C BeD-
uHTepdeiicoM, MOKa3aHa cxeMa A BHIYUCICHUS CTAIIMOHAPHBIX
pacnpeeseHuil YHcIa 3aMPocoB B cucTeMe U pa3padorana JAVA
nporpamMma, peajnusywmas GujabTp 1Js mudpoBaHus TaHHbBIX.
[puBenena cxema B3aUMHOIi IPOBePKH Mo/esieiil MHOTOKAHAJILHBIX
cHCTeM 00CTY:KMBAHUS C «OXJIAKICHHEM.

Kniouesvie cnoga: cepBiieTbl, GUILTPLI, 00Ja4HbI¢ BHIYHCICHHUS,
oxJaxeHue, Be0-unTepdeiic, Teopus MaccoBOro 00CaIyKUBAHMSA.
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ba/uIbHO-peTHHIOBAsI CHCTEMA
KOHTPOJISI YyCIIEBAEMOCTH 00Y4aAKOIIUXCH
0 OTAEJbHbIM JUCHUIIJIAHAM

AxyOunx I1.I1.
[eTepOyprekuii ToCyIapCTBEHHBI YHUBEPCUTET My Tel coobmerns Mmmeparopa Anekcanzapa |
Canxkr-IlerepOypr, Poccus
Pjakub@mail.ru

Annomayusn. Paccmorpena 0anjibHO-peHTHHIOBAs cCUCTEMa
OLEHKHU 3HAHUI o0y4yarommxcs, yYUThIBAKOIAs Bce BUABI CTY-
JeH4YeCKHX padoT, kauyecTBO UX HcnoaHeHus. [IpuBenen npumep
OLIeHKH CTeleHU OCBOEHMs 00y4yaroluMucs y4eOHOro MatepuaJjia
no aucuuminHe «HacocHble H BO31yX0AyBHbIE CTAHIIMID B X0/€
TeKyLero KOHTPOJIsl ycreBaeMoCTH U MPOMe:KYTOYHOM aTTecTa-
uuu. Jlana ouenka 3ppeKTUBHOCTUH IPUMEHEHUS JAHHOM CUCTEeMBbI
HA NPaKTHKe. YKa3aHO, 4YTO o0yyalomuecsi NOHUMAOT 0a/VIbHO-
PeiiTHHTOBYIO cHCTeMYy KOHTPOJIsI YCIIeBAeMOCTH, MOBBIIIAETCS HX
HHTEpec K 3aHATHAM, aKTUBU3HPYeTCs CUCTeMaTH4YecKasi caMo-
CTOsITeIbHAsA padoTa B TeueHHe BCero npouecca 00yueHus 1no KoH-
KPeTHO# JHCIMILINHE.

Knrouegvie cnosa: 6alibHO-peiTUHIOBAsI CUCTEMA, KOHTPOJIb
3HAHUH, ceUAIbHAs JUCUUIINHA, GOHI OLEHOYHBIX CPEACTB,
peliTHHIOBas OLICHKA.

BBEJIEHUE

B ®enepaiibHbIX rocyaapcTBEHHBIX 00pa30BaTesIbHBIX CTaH-
JlapTax BCeX IMOKOJICHUH MPE/ICTaBIeHbl KOHKPETHBIC TpeOoBa-
HUS K Ka4eCTBY 00y4IeHHs M K KOHTPOJIIO 3HAHUH 00yJaroIIixcs.
[posiBnerrem >THX TpeOOBaHUI U OXHOW M3 COBPEMEHHBIX TCH-
JICHIMH pa3BUTHA BBICIIEH IIKOJBI B paMKax MpoeCCHOHAb-
HOM HaIpaBIEHHOCTH O0YYEHHsSI CTaJIO MCIIOIh30BaHMe mpodec-
CHOHAJIbHO OPHEHTHUPOBAHHBIX MEarOTHUYECKUX TEXHOIOTUH,
K KaKOBBIM OTHOCHUTCS M 0aJlIbHO-PEHTHHIOBOE OIICHUBaHUE
Pe3yNIbTaToOB 00YUYCHUS.

OB30P ITYBJIUKALMI

CucreMbl 0aUIBHO-PEHTHHIOBOTO OLICHUBAHUS PE3yIlb-
TaToB 00y4eHHsI, pa3pabaTsIBacMble B By3aX, MOIYYHIH HIH-
pPOKOE MPAKTHYECKOE MPUMEHEHUH M 3aHSUIM 3HAYUTEIbHOE
MECTO B Hay4IHBIX myOnmkamusax. B craresax 3. K. AnrasuHo-
Ba, JI. A. l'abnpaxumosa, U. E. [leBstooii, M. C. Kynpssiena,
T. B. Mansimesoit, T. FO. HoBuukosoii, JI. H. [TonomapeBoii
paccMaTpuBarOTCsl pa3HbIe ACIEKThl IPUMEHEHHS Ha MPAKTHKE
0aJITbHO-PEHTHHTOBBIX CHCTEM M aHATU3UPYIOTCS UX MIPEUMYIIIE-
CTBa IO CPAaBHEHUIO C JPYTHUMHU CUCTeMaMu olleHku [ 1-7]. Pomu
0aJTbHO-PEUTHHIOBOI OILIEHKH yCIIEBAEMOCTH 00y4YaeMBbIX I10-
csuiensl ctatbu A. C. JleBuna, B. U. OmnpstoBa [8, 9]. bamibHo-
PEHTHHTOBBIM CHCTEMaM OLICHWBAHUS 3HAaHUH, 00eCIIeYeHUI0
Ha MX OCHOBE BBICOKOT'O Ka4eCTBa y4eOHOTO ITPOLEecca U OLIEHKH
COIMAIbHON aKTUBHOCTH CTYACHTOB OOJIBIIOC BHUMAHHE YIS
etcs B myonmukanusax B. . Onpstosa, P. M. Paxumosa, b. A. Ca-
3onH0Ba 1 O.B. Tapacenko [9-12]. /laHHOH TeMe MOCBSIIEHBI
Hay4yHbIE pabOTHI yueHbIX [leTepOyprckoro rocy1apcTBeHHOTO
YHUBEpcHUTeTa myTei coobmenus mmneparopa Anexcanapa I

A.TL Jlensera, C. B. Mukonu, B. 1. Kopanena, [1.I1. fIxy0Ounka,
JI.11. bypaxosa [13—15].

Bomnpock! nosblnenns 3pGEeKTHBHOCTH OpraHu3aliy Mpo-
1ecca 00y4YeHUs U OLICHKHU €r0 KauecTBa pacCMOTPEHbI BO MHO-
rUX paboTax 3apyOeXHbIX aBTOpOB, Hanpumep [16—18]. B gact-
HOCTH, B CTaThe [16] 3aTparuBaroTCs TEXHOIOTUH, 1EMOHCTPU-
pyIoIne KOMIIETEHTHOCTh CTY/ICHTOB B 00JIaCTH 3THUKH U TPO-
(heccHOHANBHBIX CTAHAAPTOB; B cTaTbe [17] — hopmupoBanme
npodeccroHaIbHBIX KOMIIETEHIINH CTYICHTOB B HH)KCHEPHOM
oOpazoBanny; B [ 18] — oreHKH mpodeccnoHaIbHON PUTOTHO-
CTH OIIEPaTOPOB YEIIOBEKO-MAIIMHHBIX CHCTEM.

['maBHO¥ 11eN1bI0 peanu3anuyu 0alIbHO-PEUTHHTOBOM CHCTe-
MBI OIICHUBAHUS PE3yJIbTaTOB 00yUCHHS SIBIISCTCS MOBBIIICHHE
KayecTBa 00pa30BaTeIbHOrO Mpolecca By3a B 1IEJIOM U KauecTBa
3HaHUH Ka)K10ro 00y4aeMoro B 4aCTHOCTH.

Vcnonb3oBaHue NaHHOM CHCTEMbI KaXK/IbIM ITPEMOIaBaTesIeM
MO3BOJIAET:

* TOBBICUTH Ka4eCTBO y4eOHOTO IpoIiecca M yCIeBaeMOCTh
Ka)KJI0ro 00y4aroIerocsi Ha OCHOBE PEIIAMEHTAIIMN CEMECTPO-
BBIX KOHTPOJIBHBIX MEPOIPUSATHI 110 BCEM y4eOHBIM TUCIUII-
JIMHAM;

* YIOPSIOYNTh, CIENaTh MPO3PAUYHBIMK M PACIIUPUTH BO3-
MOKHOCTH IIPUMEHEHUS PA3IMYHBIX BUJOB U (hopM TeKyIero
U IIPOMEKYTOYHOTO KOHTPOJIS, IIPOLiecca U Pe3ybTaToB 00y-
YEHHUSL;

* (hopMupoBaTh y 00yHdaIOIUXCS MOTHBAIMIO K PETyISpPHON
ayJIUTOPHOMU, BHEAYTUTOPHOM U CaMOCTOSITEIBHOI padoTe;

* COBEpPILECHCTBOBATh Pa3BUTHUE IIPUHIIMIIOB UH/MBUIyAJIbHO-
TO M0JIX0/1a B 00pa30BaTeIbHOM ITpOoIecce;

* IIPOKO HMCIIOJIb30BaTh B y4eOHOM MPOIIECCce HOBBIE (JOPMEI,
METOIbI M CPE/ICTBA 00yUCHHMSI, 00ECIICUHNBAIOIINE PEATH3ALIIO
00pa3oBaTeIbHBIX NMPOTPAMM, B TOM YHCIIE C IPUMEHECHHEM
COBPEMEHHBIX HHPOPMAINOHHBIX ¥ AUCTAHIIMOHHBIX TEXHO-
Joruii.

XAPAKTEPUCTUKA BAJUJIBHO-PEATUHTOBOI CUCTEMBbI

Hcnonp3oBanue 6amIbHO-PERTHHTOBOI CHCTEMBI OCHOBAHO,
MIPEIK/IE BCETO, HA €IMHBIX TPEOOBAHUSX K 00yJarOIMMCSL, IIpe-
YCMaTpUBAIOLIHX B [IPOLIECCE U3yUESHUS AUCLUTUTHBI IPOXOK Ie-
HHE QUKCHPOBAHHOTO KOJINYECTBA TECTUPOBAHMUI, BHITIOTHCHUE
OITpEe/IeNICHHOT0 YHCIIa KOHTPOJIBHBIX, Ta00paTOPHBIX, KyPCOBBIX
U IPYTUX CaMOCTOSITENBHBIX paboT. bamusHo-peliTnaroBas cu-
cTeMa OIIEHKH TpeOyeT 0T 00yJaromerocsi HoCTOSHHON pUTMHUY-
HOM paboTHI B TEUCHHE BCETO CEMECTPa, TaK KaK M3ydaeMBbIi
MaTepuai CAAeTCs 10 YacTsIM U BPEMS €T0 OCBOCHUSI CKOHIICH-
TPHPOBAHO U OTpaHNYeHO. Pa3zpaboTka n peannzamnus OGaIbHO-
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PEUTHHIOBOM CHCTEMBI IPEyCMATPHUBAET IOBBILIEHUE KadeCTBa
IUTAHUPOBAHUS M KOHTPOJISI yueOHO-METOANYECKOI esITeIbHO-
CTH KAXJ0To ImpenogaBareida, 4YTO JOIKHO 6BITI) YE€TKO onpeaec-
JICHO B €0 MHAMBHUAYaJIbHOM ILIaHE. HCO6XO)11/IMOCTI: HCIIOJIb-
30BaHuUs B yueOHOM Mporecce 0alIbHO-PEUTUHIOBOI CHCTEMBbI
3aKJII0YAETCsl B TOM, UTO C €€ IIOMOILBIO TOUHEE OIICHUBAETCSA
YPOBEHb 3HaHUI 00Y4aIOMINXCs, OHA MEHEE CyObEKTHBHA, YeM
TpaJuLOHHAs CUCTEMA.

CreneHp ocBOCHHUS 00yHarOIMMHCS Y4eOHOrO Marepuaia
10 KaKA0H ANCHUILIMHE NPpH O0aTbHO-PEHTHHTOBOM cHcTeMe
OLICHUBAETCA B XOJI€ TEKYILEr0 KOHTPOJISL YCIEBAEMOCTH U ITPO-
MEKYTOUHOW arrecTaiuuu. TeKylnuid KOHTPOJIb YCIIEBAEMOCTH
MIPOBOMTCS B XOI€ AyANTOPHBIX 3aHATHH 110 PaCITUCaHUIO yueO-
HBIX 3aHATHH U (MIN) TOTOJHUTEIBHBIX KOHCYIBTALUH IIPOBEp-
KOM YPOBHsI OCBOCHMS 3HaHUH B TeueHue cemecrpa. IIpomexy-
TOYHas aTTCCTalusd o6yqafom1/1xc;1 MMPOUCXOJIUT I10 3aBCPUHICHUN
H3JI0KEHMsI TIperojaBaTeseM AUCIUILIIMHBI B KOHIIE CeMeCTpa
B BHJIE 3a4€Ta WU B IEPHOJ CECCUU B BHJIE FK3aMeHa. TeKyIuii
KOHTPOJIb MOKET IIPOBOANUTHCS B POPME MMMCHMEHHBIX U YCTHBIX
OITPOCOB Ha ITPAKTUUECKHUX H JIAOOPATOPHBIX 3aHITHUSIX, TECTHPO-
BaHUS M0 MaTepraiaM OTIeILHOT0 y4eOHOT0 MOJTYJIsl, BHITIOTHE-
HUSI KOHTPOJIBHBIX, JTA00PAaTOPHBIX M CAMOCTOSITEIBHBIX PadOT;
HaTMCaHUs dcce U pedepaToB C OTISTOM (3AIIUTOI) B YCTAHOB-
JieHHbIe cpoku. [Ipy TeKyeM KOHTpOJIE yCIIeBaeMOCTH IIPETIO-
JTaBaTeslb MOXKET YUUTBIBAThH PETYISIPHOCTD ITOCEIIEHUS 00yUaro-
LIMMCS ayAUTOPHBIX 3aHATHH.

HpOMe)KyTO‘-IHaH arTecTaus COCTOUT B ONIPEACIICHUN CYMMbI
0aJuIoB, TIOJYYSHHBIX 0 pe3yJbTaraM, JOCTUTHYThIM 00yyaro-
IIMMCS B XOJI€ TEKYIIEro KOHTPOJIS yCIIeBaeMOCTH, U 0aJlIoB,
MOJIyYEHHBIX MIPU cJlade 3K3aMEHa, 3aueTa, 3alllUThl KypCOBOIO
npoekra (paboTsl).

Cretyer OTMETHUTB, 4TO OAIIbHO-PEHTHHIOBAsI CUCTEMA OLie-
HUBAHUSI PE3YJIHTaTOB 00yUYCHUS JIOJDKHA YIUTHIBATh HE TOJIBKO
(axT ayanTopHOI1 paboTHI, HO M KaYECTBO €€ BHITIOIHEHHS. YUeT
(akTa u KauecTBa pabOTHI Ha 3aHATUAX TODKEH OBITH 00BEK-
THUBHBIM, OLIEHMBATHCS 110 3aPaHEE YCTAHOBIEHHBIM IPaBUIIaM,
a He 3aBUCEThb OT IIPOM3BOINA npenoaasarend. Ha mam B3z,
JTa CHUCTEMA JOKHA OBITh:

* 00bEKTUBHOM, IPOCTOM M MOHSITHOM NperoaasaresiemM u 00-
YUaIOMIUMCS;

* HETPYIOEMKOI1 U He TpeOyroIel CrieuaTbHON MOATOTOBKH
IIpenogaBaTeis;

* YUUTBIBAIOIIEH BCE BU/IbI AyTUTOPHOM M CAaMOCTOSITEIBHOM
paboTHI 00Y4aIOMIErocst M Ka4eCTBO €€ BBITOTHEHUSL.

C yuerom 3TuX TpeboBaHUI Kadenpa onpenenser Koiau-
YEeCTBO, COZIEP’KAaHKE Pa3AeIOB U OICHOUHYIO IIKaTy 0ajuIoB.
Wudopmariyst o TeKyIeM KOHTPOIIE YCTIeBAEMOCTH H IIPOMEXKY-
TOYHOW aTTeCTallny AOJDKHA (PUKCHPOBATHCS B KadeapalbHOM
AKypHAJIE TPYIIBI X OBITh TOCTYIHOM AJISl CTYZICHTOB.

BAIIBHO-PEATUHIOBASI CUCTEMA I10 AUCIIAIIIMHE
«HACOCHBIE U BO3JYXOAYBHBIE CTAHLIUI

B Tabnuiie mpuBeneH npuMep OpraHu3auy OaJTbHO-pei-
THUHTOBOM CUCTEMBI OLICHUBaHUA PE3YJIbTATOB O6y‘{eHI/I$I 110 CI1e-
uuaanoﬁ JUCILIUIITINHE «HacocHble n BO31yXOAYBHBIC CTAHIIUM)
JIUISL TIONTOTOBKY OakallaBpOB MO HarpaBieHH0 «CTpOUTEb-
CTBOY, Ipod b «BomocHaOkeHNE U BOTOOTBEIICHHECY.

HucnuruimHa «HacocHBIC U BO3yXOyBHBIC CTAHIIAN U3Y-
4aeTcsl B TCUCHHUE JIBYX CEMECTPOB U BKITFOUACT J1a0OpaTopHbIE,
MPAKTHYECKHE 3aHSATHS U 9K3aMEH B [IEPBOM CEMECTPE; BBIIIOJI-

HEHHE KYypPCOBOT'O NMPOEKTa U BTOPOH 9K3aMEH — BO BTOPOM Ce-
Mectpe. OO0Immast TpyI0eMKOCTh TUCITUTUIMHBI COCTaBIISIET & 3. €.
(288 u).

B nponecce npenopasanus cnenyanbHou qucuuuingel «Ha-
COCHBIE U BO3yXOBO/IHbIE CTAHIIMI) CIIOIBb3YIOTCS CIIETYIOIINeE
00pazoBarenbHbIe TEXHOJIOTHH:

* JICKIIMY C MCIIOJIb30BaHUE COBPEMEHHBIX NH(OPMAIMOHHBIX
cpencTB 00y4eHHs;

* 7a0OpaTOPHBIC 3aHSTH, HA KOTOPBIX BBITIOIHSIOTCS HCCIIe-
JIOBaHMS HACOCOB B Pa3JIMYHBIX COUYETAHUSIX, 00pabOTKa OIbIT-
HBIX JAHHBIX U TOCTPOCHHE TPAPHUKOB, IO KOTOPBIM OIpEIes-
I0TCSI PHEPTETHUECKHIE TTAPAMETPBl HACOCHBIX YCTAaHOBOK;

* MICHbMEHHBIE IOMAIIIHHUE 33JaHUsI, B KOTOPBIX 00y4aromunii-
Cs1 JIOJDKEH PEIINTh HE MEHee IIECTH 3ajiad 3a ceMecTp (T10 JBe
3a/1a4l B OTHOM 3a/IaHHH);

* BBIIIOJIHEHUE KYPCOBOTO IIPOEKTA 10 MHAMBUIYAJIbHOU
TEME;

* [IPOMEXKYTOYHBIC TECTHPOBAHUS 10 OIIPEIEICHHBIM MOJTY-
JISIM JIMCIMIUINHEI,

* caMOCTOsITeNIbHAsE paboTa 00yJalomuXcsi, B KOTOPYIO BXO-
JIIT OCBOCHHE TEOPETUYECKOTO MaTrepHala, MoJAroTOBKa K BbI-
TIOJTHEHHIO JTAOOpaTOPHBIX padOT, BHIMOIHEHHE IOMANTHHUX 3a-
JAHUH W KypCOBOTO MPOEKTa, paboTa ¢ 3IEKTPOHHBIM yUeOHO-
METOANYECKIM KOMIUIEKCOM, TIOJITOTOBKA K TEKYILIEMY TECTHPO-
BaHMUIO U C/1au€ 9K3aMEHOB.

Bce BBl KOHTPOIIS yCIIEBAEMOCTH 00YyYarOLIUXCs O JHC-
uIInHe otennBarorces o 100-0amibHol mkase. OueHKa Bbl-
CTaBJISIETCSl B COOTBETCTBUH C MpHUBeNEeHHON Tabmuieil. Ha Te-
KyIIUI KOHTPOJIb yCIIeBaeMOCTH oTBoAUTCS 60 6auioB, Ha y4eT
MOCEIaeMoCTH o0yJaroumucs Jiekiuid — 10 6aios, Ha mpo-
MeXyTOo4HYI0 arrectanuio — 30 6amtos. [ToanementHoe pacrpe-
JiefieHne 0ayuIoB Ha TEKYIIMi KOHTPOJIb yCIIEBAEMOCTH U TIPO-
MEKYTOYHYIO aTTeCTallMI0 YCTaHaBIMBACT Kadeapa.

Ipu TexymeM KOHTpoJIe ycreBaeMOCTH 110 tuciuruiiHe «Ha-
COCHBIE ¥ BO3AYyXOIyBHBIE CTAHIIMM» B TIEPBOM CEMECTPE y4UH-
TBIBAIOTCS BBITOJTHEHHUE U 3aIIMTa B CPOK JIAOOPATOPHBIX padoOT
mo 3 Gaa 3a omHy pabdoty (Bcero 5 x 3 = 15 6annoB), BEIION-
HEHUE ¥ 3allUTa B CPOK TPEX JOMAITHHUX 3aJaHui 10 5 0alioB
3a offHO 3amanue (Bcero 35 x 5 =15 GamioB), ycrneurHoe mpo-
XOXKJIGHUE TPpeX TEeKyIIUX TecTUpoBaHuii mo 10 6ayuioB 3a oHO
tectupoBanue (Bcero 35 x 10 = 30 6amios).

[Tpu TexyuieM KOHTpoOJIE YCIIEBAa€MOCTH 1O AaHHOM JuC-
[UITHHE BO BTOPOM CEMECTPE YUHMTHIBAIOTCS PUTMUYHAS pa-
60Ta HaJl KypcOBBIM ITpoeKToM (Bcero 30 0aiioB) U ycHenrHoe
MIPOXOXKJICHNE €IIe TPEX TeKyIIUX TecThupoBaHuii mo 10 6amos
3a Kaxoe TectupoBanne (Bcero 35 x 10 = 30 6amro). bammer
32 PUTMHYHYIO paboTy HaJl KypCOBBIM IIPOEKTOM YCTaHABINBACT
Kadenpa ¢ pa30MBKOI 1O OTAETHHBIM pa3ieiaM MPOeKTa | CPo-
KaMU BBITTIOHEHHUs. Tak, ecnn oOygarommiics Kk 27-1 yueOHOM
Hegene (B yueOHOM Toay 54 Henenn) BeIOpasl peskuM paboThI
HAaCOCHOM CTaHIIMH, TO OH Tody4aeT 6 6amoB, k 31-i Henene
MPaBUJIBHO OINPEJEIIHI PACUETHBIC MapaMeTpbl HACOCHOH CTaH-
K — 8 0aJLIoB, K 35-it Hezene mogo0pat 1Mo KarajioraM HacoCk
JUIsl TPOEKTUPYEMOIT HACOCHOW CTaHILIMK M BBIIOJIHKII I'padude-
CKHIf aHanm3 ux padboThl — 8 OaitoB, K 39-i Hexene pazpadboran
YepTeK HACOCHON CTAHIMH U YCIEIIHO 3alUTHII KypPCOBOH MPO-
eKT — emte 8 6ayuoB. MakcHManbHOE KOJIMYECTBO 0alIoB, KOTO-
POE MOXKET HOJTYIHUTH 0OYJAIOIIMICS 38 KYPCOBOI IIPOEKT, PaBHO
30. IIpu TakoM KOJTHYECTBE OaIIOB OOYJAIOIIHIACS TIPH 3aIUTE
KypCOBOTO MPOEKTa MOIy4aeT OLEHKY «OTINYHOY». [Ipn MeHb-
IIIeM KOJIMYECTBE OaJIJIOB OLIEHKA MPH 3aLIUTE KYpCOBOTO MPO-
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Tabnuna
BanibHO-pelTHHTOBas CHCTEMa OLIEHKH 3HaHUI 00y4aloImuxcs 1o auciuiuinie «HacocHble 1 BO3/1yX01yBHBIE CTAHIII
KomugectBo vacos MaxcumasnabHOE KOJTHYECTBO
Bup yueGHOII NeaTebHOCTH B CPOKH KOHTPOJIS 110 cemecTpam 0ajuIoB 1o cemecTpam [Ipumewanue
3 4 3 4
1. Jlexun 36 34
1.1. ITocemaeMoCTh JIEKIUI 10 10
(0,6 6ama 3a OHY JICKIHIO)
2. Tekymmii KOHTPOJIb 18 -
2.1. JJaboparopHbie pabOThI 1 OMAIITHHE 3a/IaHHUS:
* BBINOJIHEHHE U 3aLIUTA JIAOOPATOPHBIX paboT 15
10 pacnucaHuio 3ausaTui (5 J1.p. x 3 Gayna);
¢ BBINOJIHEHHE U 3all[ATa JOMAIIHUX 3aJaHUI 15
o rpaduky (3 1.3. x 5 6aoB).
2.2. BeimonHeHue KypcoBOTO MPOEKTa:
* BbIOOp pexuMa pabOThl HACOCHOM cTaHIMU (27-51 17 6
HeJens);
* OIpE/IeNICHUE PACUCTHBIX apaMeTPOB HACOCHO 8 Jlomyck Kk sk3ameny: > 50 Gar-
cranuun (31-5 Hepens); JIOB U 3aIUTa JIAOOPaTOPHBIX
* 10a00p HACOCOB U aHAN3 UX PaboThI (35-51 Hemens); 8 paBoT, JOMAIIHIX 3a1aHIH —
* pa3paboTka yepTea HACOCHOW CTAHIMU U 3alliTa 8 B IICPBOM CEMECTPE; 3al[UTa
KypCOBOTO TpoeKTa (39-s1 Henens) KypCOBOI'O POEKTa — BO BTO-
340 330 pom cemectpe.
Basiel HaUNCIISAIOTCS TOIBKO
3. TectrupoBanue
3.1. Tecrsl 110 nexkuusM Ne 1 — Ne 5 10 tipu BHHOH}?HHH Beex Bil-
3.2. Tectnl mo neximssm Ne 6 — Ne 10 10 ZI0B yaeGHOM JeATeNLHOCTA
3.3. Tecrtsl 1o nexkumsim Ne 11 — Ne 14 10 B YCTAHOBJICHHEIC CpOKH
3.4. Tectsl 110 nexuusaM Ne 15 — Ne 19 10
3.5. Tects! mo nexmmsm Ne 20 — Ne 24 10
3.6. Tectsl 110 exkuusaM Ne 25 — Ne 28 10
>30 >30
4. Dx3amMeH - - 30 30
Hroro: >°100 >°100
5. UToroBasi onenka
5.1. «OTIUIHOY» 100-86 100-86
5.2. «xoporuo» 85-75 85-75
5.3. «yIOBIETBOPUTEIHLHO» 74-60 74-60
5.4. «HEYIOBICTBOPUTEIILHO» >59 >59

€KTa OIpeJIeIsIeTC s IPENOoIaBaTeNieM B 3aBUCHMOCTH OT YPOBHS
OTBETOB 00YYarOIIETOCs.

Takum 006pa3om, I TOTYUYEHHUS] UTOTOBOM MOJIOKUTETHHON
OLICHKHU ITO AUCHUITIIMHEC «HacocHrbie CTaHIOWU U BO3AYXOAYBHBIC
CTaHIMM) OOYYAIOIIUICS B KAXKIOM CEMECTpe TOIDKEeH HadpaTh
cymmy OamoB B npenenax ot 60 po 100. J{ns nomycka k ok3a-
MeHaM 00y4arOIIUICs 10 UTOraM TEKYIIEro KOHTPOJIs ycIieBae-
MOCTH JIOJDKEH HaOpath He MeHee 50 OayutoB. B mpuBeneHHO#
Ta0JIUIE MTPEJICTaBICHO COOTHOIICHNE PEHTHHTOBBIX 0aJuIOB
K 9K3aMEHAIMOHHOI! OIICHKE.

MakcuManbHOE KOIUYECTBO 0auIoB, KOTOPOE MOXKET T10-
JYyYUTH 00yJaromuiics Ipyu cade sk3aMeHa, pasao 30. Munu-
MaJIbHOE KOJIMYECTBO 0alllIoB, KOTOPBIMH MOXKET OBITh OILICHEH
YIIOBJIETBOPUTENBHBIN OTBET, — 11.

[epeBon ypoBHs 0TBeTa 00y4arOIIEro Ha YK3aMeHe B OallIbl
[G1(13% 101117178

* [TOJTHBIE OTBETHI Ha BONPOCH — 25-30 6asuios;

* JIOCTATOYHO IOJHBIC OTBETHI HA BOIPOCHI — 2024 Gasuia;

* HETIOJIHbIE OTBETHI Ha BONPOCHI WJIM YacTh BOIPOCOB —
11-20 6amos;

* HET OTBETOB HA BOIIPOCHI MJIM BOIPOCHI HE PACKPBITHI —
0 GaoB.

OO0y4aroHiACs, MOTYYUBIINA CyMMY 0aJUIOB C YIE€TOM CIaqr
sKk3aMeHa MeHee 60, aTTecCTyeTCsl HeYIOBICTBOPUTEIBHO, EMY
MIPE/ICTABIACTCSA BO3MOKHOCTD JIMKBUIUPOBATh 3310JDKCHHOCTh

0 IVMCIUIIINHE B JHU TTEPEIK3aMEHOBOK MIIH 110 WHANBUIYaITb-
HOMY IUTaHy.

3AKJIIOUEHUE

Crientyet OTMETHTb, 4TO TIpesiaracMas 0aiIbHO-PEHTHHIOBasI
crcTeMa KOHTPOJISl YCIIEBAEMOCTH 00YYaIOIINXCs 110 OT/ISJIBHOM
CHEMAIbHON JUCIUIUIMHE TIPOCTA JUTS TIPETIOAaBaTels, TaK KaKk
COCTaBIISIET €r0 IPUBBIYHYIO PAOOTY, U IOHATHA 00y YaOIIHMCSL.

IMoncder 6amoB Mo Kaxa0My BHIY y4ueOHOH pabOTH 00y-
YAOIIEerocs He TPeOyeT CIeHaTbHBIX 3HAHUH U YMEHHUIH Tpero-
JlaBaTelIs, a TAK)KE BPEMEHHBIX 3aTPaT, BBIXOSIINX 32 PAMKH €0
0OBIYHOH Harpy3ku. MTorosas oneHka 1o AUCHUILIMHE HOCHT
OOBEKTHBHBIH XapaKTep, TaK KaK YCTaHABIMBACTCS HE3aBUCHMO
OT MpOU3BOJIa npernoaanaress. [[puMeHeHre JaHHON CHUCTEMBbI
aBTOPOM Ha MPaKTUKE MOKa3ai0 dPPEKTUBHOCTb U IIOHUMaHUE
ee 00yyaroNMMHCS], TIOBBIILICHNE X HHTEpPeca K 3aHATHSIM, CO3-
JIaHUE YCIIOBUI 00YUarOIMMCSI JIJIsl aKTUBH3ALUH CHCTEMaTHYe-
CKOM CaMOCTOSITENNBEHOM pabOTHI B TEYEHHE BCETO Y4EOHOTO To/1a.
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Point-Rating Performance Monitoring System
of Students in Certain Disciplines

Yakubchik P.P.
Petersburg State Transport University
St.Petersburg, Russia
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Abstract. We consider the score-rating system of an estimation
of knowledge of students, taking into account all types of student
work, the quality of their performance. An example of assessing
the development of studying of educational material on the subject
“The pump and blower stations” during the ongoing monitoring
of progress and intermediate certification. The estimation of the
effectiveness of the system in practice. Indicated on the learners
understanding of score-rating performance monitoring system,
increasing their interest in activities and intensification of system-
atic independent work during the whole learning process a par-
ticular discipline.

Keywords: score-rating system, control of knowledge, a special
discipline, evaluation fund, rating estimation.
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Annomayus. Onncana nejosasi urpa «Opranusanus padoTbl
paiioHa ynpaBJieHHUs», KOTopasi He00X0AMMA ISl MOJTyYeHUsl 3SHAHMI
B 00JacTH o0ecnevyeHHs1 0€30NaCHOCTH ABHKeHHUs U IKCILIIyaTalluH
#KeJIe3HOI0POKHOI0 TPAHCIIOPTA, COOIIOeHNS 3aKOHOAATE/IbCTBA
Poccuiickoii ®enepanun 06 oxpane Tpyaa, no:xkapHoi 0e3onacHo-
CTH M 3a1lIlUTe OKPYKalouieil npupoaHoii cpeabl. Urpa HanpaBieHa
Ha (popMUPOBaHHeE TOTOBHOCTH K MCIO/Ib30BAHHUIO MOJYYeHHBIX
B Heii 3HaHMIi M yMeHU#i B Ipo()ecCHOHATBHOI JeATeTbHOCTH.

Knrwouesvie cnosa: odydenue, 1e710Basi UTPa, paiioH ynpasJieHuUs,
JCII, JHLI, opranu3auusi padoTsl, ynpasjieHHe IKCIJIYaTallHOH-
HOIi padoToii.

BBEJIEHUE

[TonroToBka BHICOKOKBAIH(DHIMPOBAHHOTO KOHKYPEHTO-
CHOCOOHOTO CITEIMAIICTA C BHICIIUM 00pa30BaHUEM CETrOJHS
HEBO3MOXKHa 03 ITPUMEHEHHSI COBPEMEHHBIX NH()OPMAIMOHHBIX
TEXHOJIOTHH B yaeOHOM nporiecce. OOydeHue CTyIeHTOB JKele3-
HOJIOPO’KHBIM CIEIMAIbHOCTSIM HAKJIAABIBAECT HA By3 0COOYIO
OTBETCTBEHHOCTb, TOCKOJIBKY OT KBaJIN(HKALINK BbIITyCKHUKOB
HaNpsMyIO 3aBUCUT 0€30IaCHOCTH IIEPEBO30YHOr0 Ipolecca.
Takoke MOATrOTOBKA CHELUAICTA C YYETOM COBPEMEHHBIX IIPO-
(eccroHaNBHBIX KOMIIETEHIIUH 1Opa3yMeBaeT OBJIA/ICHHE Ha-
BBIKaMHM OTIEPaTHBHOIO BIMSHMS Ha IEPEBO30YHBIN mpouecc [1].

Bbe3ommbouHoCTh NeHCTBHI pAOOTHUKOB IIPU MIPUHSITHH Pe-
LICHUH B YCIOBHAX Je(QUIUTA BPEMEHHU U TP BOSHUKHOBEHUH
HECTAHAAPTHBIX W aBapUIHBIX CUTYAIlMii 3aBUCHT B OCHOBHOM
oT Tpex (pakTopoB: MPohecCHOHATBHON MTPUTOJHOCTH, YPOBHS
po(hecCHOHANBHBIX 3HAHUHW M HAJIMYNS YCTOMYUBBIX HABBI-
KOB M yMEHHH paboThl B KOHKPETHBIX yCIOBUSAX. Pa3BuBaThH
1 KOHTPOJIMPOBATh 3TU KAUECTBA MO3BOJISIOT CUCTEMBI OLIEHKH
YPOBHS PO(ECCHOHATBHBIX KOMIIETCHIINI, aBTOMAaTH3HPOBAH-
Hble 00y4YalolIMe CUCTEMbl U HHTEJICKTYalbHbIE TPEHAKEPbI-
UMHTATOPBI.

OpHa W3 NPUYMH HECTAaOMIBHOM paboThl IpKU OpraHu3a-
LIUM TIEPEBO30K — HapyIIEHHE HOPMaJIbHOM pabOThl yCTPOMCTB.
UroOb! Oyaymunii crienuanucT Haie)kHo obecrieunBai Oe3omnac-
HOCTb B TaKMUX CHUTYAIMsIX, HYXHBI HE TOJBKO 3HAHHS ITOPSI-
Ka JICHCTBUI, HO U, TIABHOE, YCTOWYMBBIC YMEHUS U HABBIKU
6e3ormacHoi paboThl. BeIpabaThIBaTh HABBIKK U YMEHHS MOKHO
TOJIBKO TPEHUPOBKAMH, IIPOBOANTH KOTOPHIE B IPON3BOJCTBECH-
HBIX YCTIOBHAX BO BPEMsI IIPAKTHKH HEBO3MOXKHO. VICKyCCTBEHHO
CO03/1aBaTh aBapUIHBIE CUTYyallMH Ha CTAHIMAX AJISI OTPAOOTKH
HaBBIKOB 0e3aBapuiiHOM pabOThI HE BCErJa BO3MOXKHO, TaK Kak
9TO CBSI3aHO C MPUHY/UTEIbHBIM BMEIIATENILCTBOM B paboTy Jieii-
CTBYIOLIMX YCTPOMCTB. J[pyras IpuynHa HapyllIEeHUil B IpoLecce
OpraHu3aluy paboThl — HECOIIACOBAHHOCTh 0OMeHa HH(opMa-
el onepaTuBHBIMU PaOOTHUKAMH.

OcBoeHMe MOTY4YEeHHBIX TEOPETUUECKUX 3HAHUH U YMEHUH
OIIepaTUBHOM PabOTHI, T. €. TOTOBHOCTH K MPO(ECCHOHATIBHOMN

JEATEINBHOCTH BBIITYCKHUKOB 110 CTIEINAIbHOCTH «KCIITyaTaIns
JKEJIe3HBIX JIOPOTY» TMPOBEPSIOT BO BpeMs 1eioBoi urpsl ([AN).
JAUW — 3T0 MeTo UMUTALMK TIPUHSTHUS PEIICHUIN PYKOBOMISIIIUX
pa6OTHI/IKOB WK CIICHHUAIMCTOB B pa3JIMYHbIX ITPOU3BOJACTBCH-
HBIX CUTyalusax, OCyU.leCTBJ'lHeMbIﬁ 110 3aJaHHBIM IIpaBUJIaM
TPYIIIOH JIIO/IEH MITH YeJI0BEKOM C aBTOMAaTH3UPOBAHHBIM Pabo-
YMM MECTOM B JIMAJIOTOBOM PEKUME MPH HATHYMH KOH(INKT-
HBIX CUTYyalMii WM MH(POPMAIIMOHHON HeonpenaeaEHHOCTH [2].

I[EHOBBIE UI'PHI ITPU ITOAT'OTOBKE I10 CIIEHNMAJIBHOCTU
<(3KCHJTYATALU/ISI JKEJIE3HBIX JOPOI»

JIU B y4eOHOM TIpoLiecce MPUMCHSIOTCS yKE JaBHO U 3aKpe-
MIAJIA CBOE MECTO, 00ecTieurBasi MUHIMAILHBIN TTEPHOJ alall-
TaIi B MIPOM3BOJICTBEHHBIX YCIOBUAX. HECKOIBKO TaKUX HTP
pa3paboTanu npenogaBareny Kadeapsl « YIpaBiaeHHE YKCILTya-
TAIIOHHOHN PaboTOI»:

* «Jlucnetuep» — 3aKkperyieHne 3HaHUH 10 TEXHOIOTUU pabo-
ThI KPYITHOW COPTUPOBOYHOM CTAaHIIMU M yIpaBieHus ero [3];

* «JICHHC» — MmomenupoBaHue padbOThl JBYXCTOPOHHEH CO-
PTUPOBOYHOM CTAHINH;

* «/IHLl» — MopenupoBaHue MOE3IHON PabOThI KOTICICHHSD
JIoporu (TepPMHHOIIOTHSL, Uctoiib3yeMas 10 2004 1.);

* « IHL1O» — MmonenupoBaHrue CMEHHO-CYTOYHOT'O IJIaHUPO-
BaHUI paOOTHI OTHCTICHHUS,

* «[ICII» — MmonmenupoBaHue pabOTHI CTAHIINY;

» «KommnekcHas BeimyckHas nemoBast urpa (KBAM)» — uc-
TIOJTH30BANIACh B KAYECTBE TOCYIAPCTBECHHOTO dK3aMeHa /IS CTY-
JICHTOB CTEIHaTbHOCTH «OpraHu3aIys IepeBO30K 1 YIPaBICHUE
Ha TpaHCIOpTe (FKEIC3HOAOPOKHOM)».

[Tposenenue stux JIM nonpasymeBano opraHu3anyio padoThbl
Kak B «PYYHOM» PEKUME, TaK U C UCIOJIb30BAaHUEM aBTOMATH-
3MPOBaHHBIX pabounx MecT. OTHUM K3 IPUMEPOB OpPraHNU3aIuN
TaKMX aBTOMaTU3MPOBAHHBIX pabounx MecT siBisiercst «KoMmbro-
TEepHBbIN TpeHaxep-umutarop» [4, 5]. OCHOBHBIE aITOPUTMBI
JICUCTBHI ONepaTHBHBIX PAOOTHUKOB B TEX MJIM HHBIX CHTYaILlUIX
nozipo6Ho omnmcansl B pabote H. A. Carmrynosa [6].

Ceronus [IU npeacraBiseT co00i IMUATAIHIO TPYIIIOHN CTY-
JICHTOB TIEPEBO30YHOTO MPOIECCa B KPYITHOM ITOIPa3ICICHIH
JKEJIE3HOM TOPOTH — paifoHe yIIpaBIeHHUS IPOTHKEHHOCTEIO 00-
nee 300 kM. HaBBIKK pabOTHI CTY/ICHTHI TTOTYy4YaroT BO BPEMs BBI-
MIOJTHEHUS TaOOPaTOPHBIX pPabOT MO JUCHUIUINHE « YIIpaBIeHHE
IKCIUTyaTallMOHHOHN paboToii» Ha 3, 4 Kypce u nucuumnae «Op-
raHu3anus paboThl pailoHa ympaBieHus» Ha 5 Kypce (puc. 1).

Llens nzydenust aucuuiuinHbl « Opranusanus padboTsl paiio-
Ha YIPaBJICHUS» — NOIYyYUTh 3HAHMS B 00JacTH oOecredeHHs
0€301acHOCTH JABMKEHHS U SKCIITyaTalllH JKeJIe3HOIOPOKHOTO
TpaHcHopTa, coOMOCTH 3aKoHOAaTeNIbCcTBO Poccuiickoit dexe-
pamuu 00 oxpaHe Tpyaa, MOKapHOH 0e30MaCHOCTH | 3alIUTe
OKpY’KafoIei PUPOTHON cpenbl, ChOPMUPOBATH TOTOBHOCTH
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3 Kypc
O6yyeHune
OCHOBHbIM HaBbIKaM
B pabote [1CI

—

5 kypc
OTpaboTka B3aumoaencTems
MeXay onepaTvBHbIMU paboTHUKaMK
parioHa ynpasrneHus

4 xypc
O6yyeHune
OCHOBHbIM HaBblkaM
B pabote OHL]

Puc. 1. DTamnsl MOATOTOBKY CTYAEHTOB

UCIIONIb30BaTh MOJyYCHHBIE B PE3YyJIbTaTe N3YUYCHUS JUCIUIIIH-
HBI 3HaHHS ¥ YMEHHS B Ipo(heCCHOHAIBHOM AesiTenbHOCTH. s
JIOCTIDKEHUS TIOCTABJICHHBIX IeJIel PEelIaloTcsl CIeayIoIue 3a-
JIatH:

* MproOpeTeHNe 3HaHNH, YMEHHUI W HABBIKOB B 00JIaCTH Op-
TaHW3annu padOThl pailoHa yNpaBIeHUs A UX MPUMEHEHUS
B IPO(eCCHOHATBHOMN JAEATETBHOCTH IPH 3KCILTyaTallnH JKeJie3-
HOZIOPOXKHOTO TPAHCIIOPTA;

* (hopMHpOBaHHUE XapaKTepa MbIIUICHUS U [IEHHOCTHBIX OpH-
EHTaIMii, IPH KOTOPbIX 3((eKTHBHAs 1 Oe30macHas opraHusa-
1151 pabOTHI JKEIE3HOJOPOKHOTO TPAHCIIOPTA PACCMaTPUBACTCS
B KaueCcTBE PHOPUTETA.

[Ipouecc n3yveHus IUCUMILTMHBI HAITPaBIIeH Ha (OPMHUPOBa-
HUE CIICTYIONIHNX MPO(eCcCHOHATBHBIX KOMITETCHIIUH:

* TOTOBHOCTH K Pa3padOTKe U BHEIPEHHUIO TEXHOJIIOTHYECKUX
MIPOLIECCOB, TEXHUKO-PACTIOPSANTEIBHBIX aKTOB M HHOHM TEXHH-
YECKON JIOKyMEHTAIHH JKEJIC3HOIOPOXKHON CTAHIINMY;

* TOTOBHOCTH K Pa3paboTKe TEXHOJIOTHH IPY30BOH U KOMMEp-
YecKol paboThl, K INTAHMPOBAHHIO M OPTaHM3AINN TPY30BOii, Ma-

HEBPOBOU M TOE3THOH pabOTHI Ha JKEJIC3HOTOPOKHON CTAaHIIH
U TIOJIUTOHE JKEJIC3HBIX JOPOT.

[enn nabopaTopHBIX 3aHATHI Ha TPEThEM Kypce — obyue-
HHE 1 0TpaboTka 6e3aBapuitHbIX JEHCTBUH 1O YIIPABICHUIO IBU-
JKEHHEM T0€3/10B U MaHEeBPOBOIl pabOTON Ha COPTUPOBOYHOM
M YYaCTKOBBIX CTaHLUSX, IPHOOPETEHNE HABBIKOB B3aMMOICH-
CTBUSI OIIEPATUBHBIX PAOOTHUKOB CTAHIINH, a TAK)KE 3aKPETUICHUE
3HaHMH TEXHOJIOTHU paOoTHI cTanimii [7, 8]. Bo Bpems 3ansTHit
CTYJICHTBI 3aITOJHSIOT pabovne JTOKyMEHTHI: JKYPHAJIbI ABMKCHUS
03710, TPaMKA HCIIOTHEHHOH paboThI, BEZIOMOCTH yUeTa pa-
60Tb1. ITo OKOHUaHMH KaXKJIOTO 3aHATHS 3aIl0JHEHHbBIE paboune
JIOKyMEHTBI ITOATIUCHIBACT Mpernoaasarens. KomruiekT padoanx
JIOKyMEHTOB TI0 BCEM 3aHATHUSIM COCTABJISIET OTYET IO Jabopa-
TOPHBIM paboTam, IpeACTaBIsIeMbli K 3a4eTy. [Ipu moxroroke
1 MIPOBEICHUH JJAOOPATOPHBIX 3aHATUI MOTYT OBITh HCIIOIB30Ba-
HBI pe3yJIbTaThl pACYETOB HOPM 3aKPEIICHHS] COCTABOB U IIJIAHOB
cocTaBo0Opa30BaHusl, BHIIOJIHEHHBIX paHee Ha MPaKTHYECKUX
3aHATUSAX.

Llenn maGopaToOpHBIX 3aHATHH Ha YETBEPTOM Kypce — 00y-
YyeHne M oTpaboTka Oe3aBapuiHBIX JICHCTBUI 110 YIIPaBICHUIO
JIBIDKEHHEM IT0€3710B U MaHEBPOBOW paboToii, mprodpeTeHne
HaBBIKOB B3aMMOJCHCTBHUS ONEPATUBHBIX PAOOTHHUKOB, & TAKKE
3aKperUIeHIe 3HaHM paboTHI TOS3HOTO ArcIeTYepa. BrimoHe-
HUE Ta00paTOPHBIX pabOT HAaIpaBIICHO HA N3yYCHNE U OCBOCHUE
OCHOBHBIX YNPABIISIOIMNX (DYHKINH TTOE3THOTO JUCIIETIepa IPH
OCHAILIEHUU AUCIIETYEPCKOT0 y4acTKa AUCIETYEPCKOM IIeHTpa-
nu3arueii [9]. Bo Bpems 3aHATHII CTYACHTHI 3alOIHAIOT pado-
Yr¢€ JOKYMCHTHI: Fpa(bm( UCIIOJTHCHHOT'O IBHUXXCHU A, BEAOMOCTH
yueta paboThl. [To OKOHYaHUM KaXKJJ0TO 3aHSATHS 3all0JIHEHHBIE
paboune TOKYMEHTBI OAIUCHIBACT IIpernoaBareib. Komriekt
pabovmx JTOKyMEHTOB IO BCEM 3aHSITHSIM COCTABISET OTUET
110 J1abopaTOpHBIM paboTaMm, PECTABIIEMBIH K 3a4eTy.

Ha nsitom kypcee peanusyercst padoTa paiioHa ynpaBiIeHUs
JKEIIE3HOM IOPOTH, COCTOSIIIEH U3 TPEX TUCIIETYEPCKUX KPYTOB,
TPEX YIACTKOBBIX CTAHITUI U COPTUPOBOYHOM CTaHINH (puC. 2).
Crynentsl — ygacTHUKH V] — pacpenesisitoTest 1o UTPOBBIM KOJI-

Puc. 2. Cxema paifona ynpaBieHus
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JIEKTUBAM — JIS)KypPHBIM cMeHaM 13 2025 genoBek B kaxaoi. JI1
MIPOBOAUTCS B YUeOHOM IIEHTPE YIPaBICHHUS TIEPEBO30K, KOTOPHII
BKJIIOYAET B ce0s1 00bEMHO-TTPOCTPAHCTBEHHYIO KOTIHIO MOJIUTO-
Ha YKEJIE3HOH JIOpOTH — KEJIE3HOMAOPOKHBIH MAKET U KOMITbIO-
TEpPHBIH KJ1acc, OCHAIIEHHBI BUPTYaJIbHBIMU TpEeHaXepamH [5].

Cy11ecTBYIOT HECKOJIBKO aBTOMATH3UPOBAaHHBIX TPEHAXKEPOB
JuIsl 00y4YeHHs ONlepaTUBHBIX paOOTHUKOB cTaHIMN. TpeHaxep-
MMHTATOp B ABTOMATH3HPOBAHHOI CHCTEME OIIOTOBKH JAEXKYP-
HBIX TI0 cTaHnuu [4, 5], pazpaborannsrii A. 1. Ko)keBHUKOBBIM
u H. A. CamyHOBEIM, HcTIONB30BaIcs Ha Kadenpe g0 2007 1. mpu
N3YYeHNH AUCIUIIINHBI « YIIpaBIICHNE SKCIITyaTal[MOHHOH pabo-
TOH U Kau€CTBOM I1E€PEBO30K». JJaHHBIN TpeHaXep NPEACTaBIIsI
AQHAJIOTMYHYIO CXEMY paiioHa yNpaBIeHUs, a TAKkKe MOT Mojie-
JIMPOBaTh HEMCIIPABHOCTH U JIaBaJl BO3MOXHOCTb T€CTUPOBATh
00yyaeMBbIX Ha 3HaHUE MHCTPYKINH, HEOOXOIUMBIX IS Opra-
HU3allMu OBUXKCHHA. Cpe)m KJIIOYCBBIX HECAOCTATKOB JJAHHOI'O
TpeHakepa — HEBO3MO)KHOCTh OPraHU3aluy JIEKTPOHHOTO J10-
KyMEHT0000pOTa 1 BEACHHS JIEKTPOHHOTO rpadrika HCIOIHEH-
HOTO JIBMKCHUSI.

Ceituac Ha Kadeape eCcTb HECKOJIBKO JCHCTBYIOMNX TpeHa-
KEPOB:

* «Benenne rpauka NCIOIHEHHOTO JIBI)KEHHUS MO/ ayJJHO-
COOOIIEHNUS» UCIIONB3YETCs B Iporiecce oOydeHus Ha 4 Kypce
[10];

* MaKeT JKeJIe3HOH Joporu, coctosmuid u3 10 crannuit u
OCHAIIIEHHBIN AEHCTBYIONIMMU aBTOMAaTH3UPOBAaHHBIMU CHCTeE-
Mamu «I U/I-Ypam», «cACY cranuum» [11];

* pa3paboranHbIii kKaeapoit coBmectHO ¢ «LIKXKT» Tpena-
JKep yIpaBJeHHs paboToi COPTHPOBOYHON cTaHImy [12];

* aBTOMaTU3MPOBaHHBIN TpeHaxep «CoOpTHPOBOYHASI TOPKa
Jutst 00ydeHHS XK/ AUCIIETYEPOB ITOBCETHEBHBIM 00S3aHHOCTSIM,

B OCHOBE KOTOPBIX JIGKHUT pachopMUpOBaHUE U (OPMHUPOBAHIEC
rpy30BbIX Moe3710B [13]. B HayuHO#i paboTe MCMOIB3yIOTCS
1 ApYyrue€ aBTOMaTU3UpPOBAHHBIEC CUCTEMBI, KOTOPBIC IMO3BOJIAIOT
MOJIEIMPOBaTh paboTy AMCIETYEPOB PA3HOTO YPOBHS U YIPaB-
JIsieMbI€ MOJIUTOH, Y4acTOK, cTanuuio [10].

Nmutanmonnsiii TPEHAXEP JICIT/IHI]

BupryasibHBIM TpeHa)KEpPOM Ha aBTOMATH3MPOBAHHBIX Pado-
9uX MecTax aBisiercs «mutannonusiit TpeHaxkep JCIT/THLy.
OH MozenHpyeT paboTy AIEKTPHUUCSCKOM IIEHTPAI3AINH KeTe3-
HOZIOPOKHBIX CTAHIMH, OJIOKMPOBKM Ha TEPEroHax, ABMKCHHUE
MOZIBUKHBIX €AMHUI. B HEM peann3oBaHbl pa3HbIE THUIIBI CTAH-
LWH, a MyJIBT-MaHUITYJIATOP, KOMIIBIOTEPHBIN UM aHAJIOTOBBIH,
MOJIHOCTBIO KOITUPYET paboTy peajbHbIX yCTpOHcTB (puc. 3).

Ha Tpenaxkepe oToOpakaeTcsi MyJbT-MaHUITYJISITOP CO BCEMH
9JIEMEHTaMH YIIPABIICHUS, IPUCYTCTBYIOINMH B PEaJIbHBIX yCIIO-
BUSIX: ITyTE€BOE Pa3BUTHE CTAHLUH, IOBTOPUTENIN CBETO(POPOB,
KHOITKH 33/1aHHsI/OTMEHBI MapUIPYTOB, PYKOSITKY WH/INBH/yaJlb-
HOTO TIepPEBO/Ia CTPEIIOYHBIX IIEPEBOIOB, AMIIEPMETP, BCIIOMOTa-
TeINIbHAs! KHOITKA, NCKYCCTBEHHAsI pa3/ielika, yCTaHOBKa KPACHBIX
KOJITTAYKOB, IEPEBOJ] CTPEJIOK C MOMOIIBIO KypOers, 3anupanue
Ha 3aKJIaJKy ¥ HaBECHON 3aMOK, BCIIOMOTaTeIbHAsl CMEHA Ha-
MIPaBJICHUS JBIDKEHHSI TI0 aBTOOJIOKHPOBKE U T. 1. Monenupy-
etcst paboTa JIOKOMOTHBHOTO JETIO, paboTa Ha MyTsIX HEOOIIero
T0JIb30BaHMUS, BOCCTAaHOBHUTEIIBHBIN 110€3]], YCKOPEHHE HIPOBOTO
Bpemen# [ 14]. I1pu 00yueHnn Ha TpeHaKepe UCTIONB3YETCs OJIHA
13 BepCcuil:

* JIOKaJIbHAsl — KX/IbIH M0JIb30BaTEIb 00y4aeTCsl MHUBH-
JyaJbHO, HE3aBUCHMO OT JPYTHX, BEIOMPAET MOJIUIOH U MPH-
cTymnaeT K o0yuenuio (Ha 3 u 4 Kypcax);
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Puc. 3. Umuranunonnstii Tpenaxep JCIT/IHL
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* ceTeBasi — Ha O/IHOM IIOJIMTOHE 00y4aeTcsi rpyIina Moib30-
Baresel ¢ paclpeesieHueM posieid, e 0TpabdaTbIBacTCs B3aUMO-
JieficTBHE ONepaTUBHBIX pabOTHUKOB, pykoBoauTens JIU nmeet
BO3MOYKHOCTB CO CBOETO pabo4yero Mecra KOHTPOJIMPOBATh X0
JI1, BHOCUTH KOPPEKTUPOBKU: UMUTHUPOBATh HECTAHIaPTHbIE
CUTyalllul, MEHATh BBOJIHBIE.

OcHOBHas Irpynna UrpokoB pacHpenenasieTcs no JOMKHO-
CTSIM:

* moe3aHbIx aucnerdepos (JAHLI-1, 2, 3);

* JIOKOMOTHBHOTO JHCIETYEPA;

* MUCIIeTYepa o0 MECTHOM pabote;

* CTApIIETo AUCIIETYEpa palioHa yIpaBIeHHs, KOTOpbIe obec-
TIEYHBAIOT POITYCK MOE3/I0B 0 y4aCTKaM B COOTBETCTBHH C I'pa-
¢bukom;

* IKYPHBIX M0 YYaCTKOBBIM CTAHIIMAM U JICKYPHBIX IO Tap-
kam coptupoBouHoil ctanuuu (JCIIII — mapka mpubsITHS,
JICIII" — coprupoBounoii ropku, J{CI1® — mapka ¢popmupoBanus,
JICIIO — napka ornpasnenusi, TU/] — nesxypHoro 1o Jero).

Mamnespossiii aucrierdep (JACL]) u crapmmii nucnieruep paid-
ona ympasnenust (ALC) crposr nadopmannoHHo-rpadudecKyro
MoJIeNb pabOoThl, COOTBETCTBEHHO, CTAHIIMH M pailOHa yIpaB-
JICHUSI B PyYHOM PEKMUME Ha OCHOBAHWHU PAabOUYMX JOKYMEHTOB
U ayH0-BU3yalbHON HHPOPMANNH, TI0Ty4aeMOi OT TTOTINHEH-
HBIX I10 UIpe NapTHEPOB U CHUMAEMOI ¢ MOHUTOPOB TpEeHAXKEpPa.
Pabota onepaTopoB CTaHIIMOHHOTO TEXHOJIOTHYECKOTO LIEHTPa
(CTI) uMuUTHPYETCS B PYIHOM PEKUME, UTO CIIEIAHO YMBIITUIEH-
HO JUTS MTOJTyYCHHUS CTYJCHTaMHU HAaBBIKOB 3aMIOJHEHUS pabodnx
JIOKyMeHTOB [ 15].

Urposas yacte /I MakcumanbHO MpHOIMKEHA K MTPAKTH-
YeCcKoi paboTe Ha pealibHbIX CTAHLMSAX M y4acTKax. B Ha3Ha-
YEHHOE PaclUCaHUEM BpeMs KOJIJIEKTUB CMEHbI 3aHUMAET CBOU
paboune MecTa, 0 KOMaH/Ie PYKOBOJHUTEIISI UTPBI BKIIFOYAETCS
UTPOBOE BPEMS, M BCE YYACTHUKH MPHUCTYNAIOT K PeaIn3anui
MIPOM3BOJICTBEHHOTO TIpOIiecca B paiioHe ynpasieHus. [lucner-
YepCKUil TIepcoHa paiioHa ynpaBieHHs (MOe3THBIC TUCTICT-
gepsl kpyros) (JHLI) mpou3BoanuT BCe omeparuu mo Ipuemy,
OTIIPABJICHUIO, TIPOITYCKY MOE3/10B, a TAKKE MPH MAHEBPOBBIX
paboTax 4eTKo, TOUHO BBINONHSAA [IpaBuiia TEXHUYECKOI 3Ke-
IUTyaTauy, MHCTPYKIMIO IO CUTHAJIM3AMK Ha KEJIe3HBIX J0-
porax M TeXHHYECKO-PACIOPSAUTEIIBHBINA aKT CTAHIIUN.

Pabora kaxmoit cMeHbI poponkaercs 4—6 yacos. Cucrema
peryJimpyemMoro yueOHOro BpeMEHH 3a 3TOT TePHO]] TI03BOJISET
npourpark paboty 6—12-dacoBoii cmensl. [To okoHuanum cMe-
HBI K&KABIH YYaCTHUK UTPBI TOJCUNUTHIBACT KOJINYECTBEHHBIE
1 KaueCTBEHHBIE TI0Ka3aTeI CBOCH padOTHI 10 YCTaHOBICHHOMH
MeTonuke 1 oopmisieT oT4éT 0 padore. Ha ocHOBaHnMM >THX
OTYETOB PYKOBOJHUTEIH UIPHI OLIEHUBAIOT PaOOTy OTAEITHHO KaX-
JIOTO YYaCTHHKA, a TAKKe KaKJOTO UTPOBOTO KOJUIeKTHBa [1].

3AKJIIOYEHUE

st yenenHo# paboTsl HTPOKH JTOJIKHBI TIPOJIEMOHCTPUPO-
BaTh TEOPETHUCCKUE 3HAHUS TI0 TEXHOJOTHH PabOThl COPTUPO-
BOYHOI CTaHIIH, TI0 OPraHM3allUK TIOS3THON U MECTHOM pabOoThI
HA YYaCTKaX, 10 CHCTEME 00CTYKHBaHUs TTOE3/[0B JIOKOMOTHBA-
MU, 110 HHPOPMAIIMOHHOMY 00ECIICUCHUIO MapTHEPOB, CTPYK-
Type YIpaBJICHUsI HA JKEJIE3HOJOPOKHOM TPAHCIIOPTE, a TAKKE
YMCHHUE aHATM3UPOBATh ONICPATUBHYIO OOCTAHOBKY, B TOM YHUCIIE
Ha OCHOBE HKCIUTyaTallMOHHBIX ITOKA3aTENIEH.

B xone urpel geiicTBYeT cucTeEMa CTUMYJIMPOBAHUS KaueCTBa
paboThI B UTPE, B TOM YHCIIE ITO BBOAHBIM. DTa CHCTEMa Tpe-

CTaBJIsIeT 000 YETKO pernaMeHTHPOBAaHHBIH MOPSIOK HAauKCIIe-
HUS U yaepkaHus 6amios [16, 17] 3a KOHKpETHBIE JTOCTHKESHUS
U ymyuieHust B padore. bamisl HauNCAAIOTCS ¢ MOMOIIBIO TT0-
BBILIAIONIET0 KA duUIeHTa 32 BHIIOIHEHHBIH 00bEM pabOTHI
¢ y4éToM €€ KauecTBa, HalpuMep, 3a KOJIMYECTBO TPUHATHIX
W CIaHHBIX [10€3/I0B M BarOHOB, IIPOCTOM BArOHOB HA CTAHIHSX.
Jnst KXo posIM MCHOIB3YIOTCS CBOM MoKasateny. [ToHmxkaro-
muit K03((UIMEHT BBOJUT PYKOBOIUTEIH UTPHI 32 HEBBINOJI-
HEHHE 3aJJaHWi, TTOKa3aTeel, 3a HapyIeHUs JTOJKHOCTHBIX
uncrpykuuit, I1TD, UIAII, pernmamenta neiicTBuil u nepero-
BOPOB, MOPSI/IKA BEACHUS TEXHUUIECKOM M MOE3IHON JOKyMEH-
TaIuu.
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Business Game Using Automated Equipment

Bessolitsyn A. S., Fedorova N. B.
Emperor Alexander I Petersburg State Transport University
St. Petersburg, Russia

bessolitsyn@pgups.ru

Abstract. Described business game “Organization of work area
management” which is necessary to gain knowledge in the field of
traffic safety and operation of railway transport, the implementa-
tion of the legislation of the Russian Federation on labour protec-
tion, fire safety and protection of the natural environment, and is
aimed at the formation of readiness to use the obtained knowledge
and skills in professional activities.

Keywords: training, business game, district management, the
management of the railway, organization of work, railway opera-
tions.
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Pa3zpaboTka nporpaMmmbl

JIJISL SKCIIEPTHOIO0 OLCHUBAHUSA TPAHTOB
cryaenToB II'YIIC

Kapmosa T. C., becryxeBa A. H., Manenuea C. lO., [Imutpuesa E. H., Bonkosa A.H., J/Ipémonsa E. B.
[MeTepOyprckuii ToCyIapCTBEHHBI YHUBEPCUTET My Tel coodmenns Anekcanapa |
Canxkr-IlerepOypr, Poccus
t.s.karpova@gmail.com

Annomayus. Pemaercs 3agaya pa3padoratb NporpaMMHbIii
KOMILIeKC /1 MOAJAePKKH NPHHATHUS PellieHHil Mo BblleJeHHI0
JeHEeKHBIX CPeICTB CTYIeHYeCKHM HAy4YHbIM KoJJIeKTHBaM. Pa-
00Ta BBINOIHEHA NIPU NoAJAep:KKe cTydeHYeckoro rpanta IIIYIIC
2015 r. lsis oueHUBaHMS NPOEKTOB BHIOPaH MeTOJ aHAJIU3a He-
papxuii. [IpoexTHpoBaHue 6a3bl AAHHBIX BBINOIHSJIOCH C HCOIb-
3oBanueM CASE-texHoJsiornii, Moge1upoBaHue padoTbl CHCTEMbI
NPOBOJWJIOCH B HHCTPYMEHTAJIbLHOI cpene Denwer, naTepdeiicnl
noJib30Bareieil pa3padaTbIBAINCh ¢ TOMOIILIO CKPUIITOBOTO SI3bIKA
PHP. Pe3yabTaTom padoThl HaJ MPOEKTOM CTaJ MUJOTHbII KOM-
IJ1eKc, 00ecneyuBAOIMil OrpaHnYeHHbIH GYHKIHOHAJ, peain3o-
BaHHBIH KaKk web-npujioxkeHne, KOTopoe MOkeT padoTaTb B yCJI0-
BHUAX CTAHJAPTHOTO X0cTHHTa. PazpaboTanHas cucTeMa Mo3BOJIMT
NMPOBOJUTH HAYYHO 000CHOBAHHBI 0TOOP PadoOT CTYIeHTOB, Npe-
TEHAYIOIMX HA FPAHTHI YHHBEPCUTETA, U NMPeIoJiaraeT BO3MOKHOe
paciiMpeHye ¢ BBOJIOM HOBBIX IAPAMETPOB OLEHKH CTYICHYECKUX
NMPOeKTOB 0e3 mepenporpaMMHPOBAHHUS CHCTEMBI.

Knrouesvie cnosa: rpaHT, IKCIEPTHOE OIleHNBAHHE, METO aAHA-
au3a uepapxuii, CASE-TexHoJsiornu, 6a3a 1aHHBIX, IPH3HAK, HH-
(osnornueckast Mmozesb.

ITOCTAHOBKA 3A7AUN

B IletepOyprckoM rocynapCTBEHHOM YHHUBEPCUTETE MyTei
coobmenust Mimmeparopa Asiekcanpa I cymiecTByeT KOHKypC-
HBI OTOOD /IS BBIJICNICHHS TPAHTOB CTYCHUECKUM Hay4YHBIM
kosuiektiBaM [ 1]. PamkupoBaHne npoekToB Oy/ieT MPOBOIUTHCS
B /1Ba dTana. [lepBeIii 3akmodaercss B 0TO0Ope OnpeaesiéHHOro
KOJIMYECTBA paboT CTyleHYecKnX HaydHbIX KomtekThnBoB (CHK)
13 BCeX, MOJABIINX 3asBKH. Ha BTOpoM pamXupyroTcs 3aBep-
IICHHBIC TIPOCKTHI U BEIOUPACTCS TOOSTUTEID.

[Tpu ornpezeneHny Jy4IINX UCCIIEIOBATENILCKUX PAdOT, mpe-
TEHAYIOIUX HAa I'PAHTBHl YHUBEPCUTETA, UCIIOJIB3YETCS METO,
9KCIIEPTHOTO OLIEHUBAHMUS. B Takux cirydasix MOXKET HpOSIBIATHCS
cyobexTuBU3M. HeoOxonumo ObIII0 ONTHMaJIbHBIM CIIOCOO0M
YMEHBIINTH €T0 MPYU OIIEHKe MO/IaHHbIX MTpoeKToB. [lepen aBro-
paMu ObIJIa MOCTaBlIeHa KOHKPETHAs 3a/1a4a C OrpaHUuYCHHBIMU
CpOKaMH peaiu3aliii U ¢ TPeOOBaHUEM CHENATh CUCTEMY Mac-
mTabUpyeMoid, IPOCTOH IS TOJIB30BATEIICH, ¢ TPUMEHEHHEM
COBPEMEHHBIX HH(POPMAIHOHHBIX TEXHOJIOTHHI, JOCTYIHON IS
peann3anuy KOJUICKTHBY MOJIOZBIX HCCIIeJOBaTeNeH.

[Ipu BBIGOpE apXHUTEKTYpPHI pa3pabaTbIBaéMON CHUCTEMBI
HpeANoYTeHHE ObIIO OTAAHO COBPEMEHHBIM MTOPTAIBHBIM pe-
meHusM. [TonoOHast apxuTeKTypa Mo3BOJISIeT HOAKII0YATh JIF0-
00€e KOJIMYeCTBO MOJb30Bareleil, 00ecreunBaTh HACTPOIKY TpaB
M0JIb30BaTENeH, UCIIOIB30BaTh U3BECTHBIE MEXaHM3MbI ayTEH-
TU(QUKALMN JUTS pa3rPaHUueHHs M 3aIUThI ATUX 1IPaB U HE CTa-
BUTH CHELHNAIBHOE IPOrpaMMHOE 00ECIIeUeHNE Ha KOMITBIOTEPHI
nosb3oBarelnie. B kauecTBe KIIMEHTCKOTO MPUIIOKEHUS B 9TOH
ApXUTEKTYpe UCHOJIB3YETCsI CTaHAapPTHBIH Opay3ep.

JAnst XpaHeHUs TaHHBIX B 3TOH apXUTEKType ¢ MePCHEeKTHBOI
ee JaJbHEeHIIero paciiupeHus HeIecooOpa3Ho HCIIOIb30BaTh
COBpEMEHHBIE cepBepa 0a3 TaHHBIX U CHCTEMBI yIIpaBIeHHs 0a-
3amu gaHHbIX (CYB/]). Bech pyHKIIMOHAT B 3TON apXUTEKType
pazpabarbIBaeTCsl Kak HaOOp B3aUMOCBSI3aHHBIX CEPBEPHBIX CIIe-
HapHeB, KOTOpbIE UCIIOHSIOTCS HA BeO-cepBepe. B aToMm ciyuae
MCXaHU3M BSaHMOﬂeﬁCTBHﬂ KJIIMCHTA U CEPBCPa BLIITIAAUT TaK,
Kak MpeCTaBIeHO Ha puc. 1.

JlaHHast apXUTEKTypa B HACTOSIIMH MOMEHT LIMPOKO pac-
MPOCTPaHEHA JUIsl HOCTPOCHUS CHCTEM BE/ICHHS DJICKTPOHHOTO
Ou3Heca M cunTaeTcs Haunbosee NepCIeKTHBHON B CHITy CBOCH

Mporpamma Mporpamma
pacwmpeHun paclwupeHna HTML
obospesatena cepeepa
T Apgpec URL i l
—_—
Weh-o6ospesatens Web-cepsep > Basa
- OaHHbIX

HTML-gokymeHT

VIHTEpHET UMK UHTpaHeT

-
-

Komnelotep
none3oeatens

\J

Cepeep

Puc. 1. Apxurekrypa pa3pabaTbiBacMOil CHCTEMBI
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ruoKocTH. OCOOEHHOCTH 3a/1a4 HKCIICPTHOTO OIICHUBAHUS U PaH-
KUPOBAHUS CTY/ICHUECKUX IPAHTOB HE OTHOCATCS K CTAHIaPTHBIM
Ou3HEC-TIpoLIeccaMm, JUlsl KOTOPBIX YKe CYLIECTBYIOT TOTOBBIE pe-
LLIEHUs B paccMarpuBaeMoii apxutekType. [loaTomy aBTOpckoMmy
KOJIJIGKTHBY OBLIO HEOOXOAMMO peajin30BbIBAaTh MTPOEKT MOJIHO-
CTBIO CAMOCTOSITEIBHO.

Jnst xpaHeHust ”HGOpPMaIKHU B HAIIEM ITPOEKTe NoTpedoBa-
JIOCH CTIPOEKTHUPOBATh YHUKAIBHYIO 0a3y JaHHbIX. OcOOEHHOCTh
CTPYKTYpBI Oynymiel 6a3bl JaHHBIX COCTOUT B TOM, YTO KpOMeE
CTaHAAPTHOW HOPMATHBHO-CIPABOYHON HH(OPMALNH 00 ydacT-
HUKaX MPOEKTOB, 00 IKCIIepPTax, 00 HepapXuIecKoi CTPYKType
YHuBepcuTeTa B HEll 10JKHA XpaHUThCS MH(OPMALUS U O Me-
XaHH3Max 3KCIEPTHOTO oleHuBaHusL. [Ipu 3ToM npezmnonaraer-
Cs1, 4TO 9TH MEXaHW3MBbI JIOJKHBI a1alTHPOBATLCS B IIpoLiecce
paboThI cuCcTeMBI Ha MOIb30BaTEILCKOM YpOoBHE. B cucteme
MIPEUIOKEH CIIOCO0 XpaHeHHsI KaK CaMUX OLIEHOYHBIX IIKaJ,
TaK U UX TUIOB C BO3MO)KHOCTBIO JalbHEHIIEro pacIMpeHust
n usMeHeHus. KpoMme Toro, JOoNoNHUTENBHO NpeoaaraeTcs
XpaHUTb HH(OPMALIUIO O CTETICHN JIOCTOBEPHOCTH OLIEHOK JKC-
MIEPTOB 110 OTHOWICHHIO K Pa3IMYHBIM IIKajaM. EcTecTBeHHO
CYNTATh, YTO B OOIIEM Cllydae HKCIEPTHI MOTYT OBITh CIICLHU-
AJIMCTAaMH 110 OTHONICHHUIO K OTPAHNYEHHOMY IEPEUHIO TTOKa-
3arenei.

B cucreMy 3aj10)keH MEXaHU3M, KOTOPBII MOAEIUPYET KAK
UCTIONB30BaHNUE PA3IMYHBIX THIIOB LKAl (peasibHOMH, MOpsIIKO-
BOH DKCIIEPTHOM, OAITLHOM SKCIIEPTHOM), TaK M MATPHUIIBI Map-
HbIX cpaBHenuii (MIIC).

[Tpu pa3zpaboTke cUCTEMBI IPHHSATA COBPEMEHHAs CITUPAIIb-
Hasi MOJIeJIb KU3HEHHOTO IMKJIA IPOrpaMMHOI CHCTEMBI C T10-
STAITHBIM HapanuBaHueM ee (GpyHKIHOoHaIA.

B cucreme nmprumeHeHa cTaHIapTHAsE MHOTOypOBHEBasi MO-
JIeNb y4eOHOT0 3aBe/IeHHs, TPEACTaBIeHHas Ha puc. 2. DTO Mo-
3BOJISIET MCIIOJIB30BATh CUCTEMY B JIFOOOM yueOHOM 3aBeICHUHN
TIPU BBICTPOCHHOM CTPYKTYpE.

‘YHuBepcHTeT
DakynbTeT 1 ®Daxynsrer K
Kadenpa Kadenpa
Kadenpa 1 Kadenpa N 2.1 2M
I I J I J I
I'pymna |~ I'pynna I'pynna I'pynma

Puc. 2. Uepapxuueckasi CTPyKTypa yHUBEPCUTETa

OcHOBHas 3aj7a4a COACPKUT HECKOJIbKO moj3anad. Kpome
MPOEKTUPOBAHUS CIEIHATLHOTO MPOTrPAMMHOTO 00CCIICUCHHUS
aBTOPaM HEOOXOMMO OBLIO:

* BBIJICJIUTh MPU3HAKH, 10 KOTOPHIM MOXHO OLIEHUBATH IIPO-
€KTBI U3 Pa3HBIX 00IACTe! NEATETHPHOCTH 110 HAYYHOMY YPOBHIO
1 3HAYUMOCTH;

* OMPECIUTh [IKAIIBI;

* CIIPOEKTUPOBATH 0a3y JaHHBIX U HATIOJIHHUTH €€ HOPMATHBHO-
crpaBoYHOH HH(pOpMaIHeit;

* PaHXHUPOBATH MTPOEKTHI IO OTOOPAHHBIM MPU3HAKAM.

BBEJIEHUE

OneHuBaHue SBISETCS MPUHINIHAIBHO BAXKHOM 3a1adeit
nepes NpuHATHEM pemeHui. [Ipu 3ToM IpUMEHSIOTCS pa3HbIe
METOJBl M YUYUTBIBAECTCSI MHOXKECTBO (DAaKTOPOB, T. €. 3aaada
CTaHOBUTCSI HETPUBHAIBHON. [0/l MpUHATHEM pEIeHHs TTOHHU-
MaeTcs Mporeaypa BHIOOpa Ha OCHOBE YCTAaHOBJICHHBIX TpE-
MOYTEHNH M OTPaHMUYECHUIT OTHOTO MIIM HECKOJIBKHX BAPHAHTOB
MHOXeCTBa X ¢ U3BECTHBIM HJIH HEU3BECTHBIM HCXOJIOM BBIOOpA
[2]. Cniucok BapraHTOB OMpeAeNsseTcs: MPeIMEeTHON 00IacThIO,
B KOTOPOI mpuHUMaeTcs perrenue. Ilox mpenmMeTHoi 061acTbio
[IOHUMAETCSI COBOKYITHOCTb CYIIIHOCTEH U OTHOLUCHUN MEKIY
HUMHU, BBIJICJICHHAS C IeJIbI0 pelIeHns cHOopMyIupOBaHHOM
nipo0siemMsl [2]. UToOBI OBITh PEaTUCTUIHBIME, MOJICIIH JTOJKHBI
BKJIIOYATh B €051 M MO3BOJISITH U3MEPSATH BCE BayKHBIE KOJIMYC-
CTBEHHBIE M Ka9eCTBEHHBIE (PAKTOPBL. DTO KaK pa3 To, YTO JIeJa-
eTcs B MeTozie aHanu3a uepapxuil (MAN), mpu KOTOpOM Takxke
JIOIYCKAIOTCS Pa3JINuMsi BO MHEHUSIX U KOH(IIMKTHI, KaK 3TO ObI-
BaeT B peanbHOM Mupe [3]. MAU — maremaTudecKuii HHCTpPY-
MEHT CHCTEMHOTO IOAXO0/1a K CIOKHBIM IPOOIeMaM MPHHATHS
pemenuii [4]. DToT MeTox pa3paboTai aMepUKaHCKU MaTeMaTHK
Tomac Caaru. [Ipu pacuére NPUOPUTETOB 110 MATPHUIIE APHBIX
CPaBHCHHUH PaCCUUTHIBAIOTCS 000OIIEHHBIC OLCHKH CYIIIHOCTCH:
cpeznHee apudmMeTHuecKoe 1 cpeaHee reomerpudeckoe. O000-
méHHas popmya:

a=(c-A+E)f e,

rae A — Marpula 3HaYeHHUH; ¢ — MaTpU4HbINH K03 duumenr; k —
JUTHHA 1IeTI0YKH; £ — eMHIYHAS MaTpHLa; e’ — TPAaHCIIOHUPO-
BaHHBII €JUHUYHBII BEKTOP.

[IpunsTHE pemennii CBsI3aHO CO MHOTHMH BUJIAMH JIESITEIIb-
HOCTH. B CBSI3M ¢ 3TMM NOMCK HAWIYYIINX BAPHAHTOB IIPHUCYT-
CTBYET B JUCHUIUIMHAX Pa3HBIX MPO(UICH — OT TEXHUIECKOTO
JI0 TYMaHUTapHOTO. 3aadil ONTUMH3AINH PAcCMaTPHUBAIOTCS
B MaTeMaTHYECKOM IPOTPAMMUPOBAHHUHU, B TEOPUU HPUHATHS
pELICHUH, B BApHALIMOHHOM HCUYHCICHUH, B TEOPUH ONTHMAIb-
HOTO yTIPaBJICHUS.

ABTOpBI IIPEJIIIOIIAraoT, 4YTo pa3paboTaHHask CUCTEMa MOXKET
CITY’)KUTb IJIaTOPMOM ISl OLIEHUBAHUS JIIOOBIX TIPOEKTOB Ha-
YUYHBIX KOJUIEKTHBOB B JIIOOBIX YHHBEPCUTETAX.

IIPOEKTMPOBAHME BA3bI JIAHHBIX
C HUCIIOJIb3OBAHUMEM CASE-CHUCTEMbI

BakHbIM 3TaroM peaju3anuy MNpoekTa ObIJI0 MPOSKTUPO-
BaHMe 0a3bl MAaHHEIX [5, 6] ¢ ucrons3oBanueM CASE-cucteMsr
(Computer Aided Software Engineering) [7, 8]. CoBpemeHHbIE
CASE-cucteMbl — 3TO CpencTBa pa3padOTKH HE TONBKO MPO-
TPaMMHBIX, HO ¥ OPTaHNU3aI[MOHHO-YIPABJIIONINX cHcTeM [9].
Hens CASE-cpencTB — oTIennuTh MPOLECCH MPOSKTHPOBAHUS
OT MPOILIECCOB MPOrPaMMUPOBAHUSL.

Jlnst obecrieueHust HE3aBUCUMOCTH TIPOSKTUPOBAHUSI JIOTHYe-
CKOH CTPYKTYpPBI 0a3bl TaHHBIX Pa3pabOTUYMKU MIPUMEHUIN CO-
BpPEeMEHHY0 CBOOOMHO pacnpocTansiemyto CASE-cucremy [7, 8]
Open System Architekt [10, 11]. Beibop ganHOrO0 mipogykra 060-
CHOBAaH €ro KOPPEKTHOCTBIO ITPpH (POPMHUPOBAHUH KJIACCUYECKOH
nHpoIornyeckoit Mozesn «cymHocth — csa3b» (Entity Relation
Ship ER) [8] ¢ BO3MOXXHOCTBIO TTOJTy4eHHUs CLIEHAPHS TeHepa-
uH 0a3bl TaHHBIX B COOTBETCTBHUH CO cTaHmapToM SQLI2 [12].
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Pazpaborannas ER-mozmens compeput 31 CymHOCTB, TO3TO-
My MpEACTaBUTh €€ MOTHOCThIO HE MPEACTABISIETCS BO3MOXK-
HBIM.

@parMeHT Joruueckoi Moenau 0a3bl JaHHBIX MPUBEAEH Ha
puc. 3.

B cymuoctu «MPC» npuBoaaTcs OLEHKU ABYX MPOEKTOB,
MOJTy4YeHHBbIE NTPU MOMAapHOM CpaBHEHHU. B cymiHocTu «type
MPC» xpaHATCs TUIIBI MATPULL TAPHBIX CpaBHEHUN. CyIIHOCTb
«expert» XpaHuT ganHble 00 skcneprax: ux PO, Homep Tere-
¢doHa, agpec 3MEKTPOHHOHN MOUTHL. CyIIHOCTH «projects» co-
JICP>KUT AaHHbIE O TPOEKTaX, a IMECHHO Ha3BaHME, 1aTy TO/1a4H,
HOMEp 3asIBKH, [IeTIb paOO0THI U IUIaHUPyeMble pe3ynbrarsl. Cy1-
HOCTB «estimations projects» COAEpKUT JaHHbBIE O MTPU3HAKAX,
110 KOTOPBIM BeJach OLIEHKA, U CAMH 3HAYCHMs dTUX TPU3HA-
koB. Ha puc. 3 mpuBeneHs! TakxKe CBA3H MEXAY 3TUMH CYII-
HOCTSIMH.

Poin nonb30BATENEN

Jnst paboThI ¢ cHCTeMOi OBIIO BBIIEIEHO 3 TPYHIILI TOJIb-
30BaTelen:

* aIMUHHCTPATOPBI;

* DKCTIEPTHI;

* [IPEACTABUTEIH ITPOECKTHBIX KOJIIEKTHBOB.

[Tocne anamm3a noTpedbHOCTEH KaK 101 TPYTIITHI TOTE30BaTe-
et ObUTH onperiereHbl (PYHKIMOHAIBHbIC BO3SMOKHOCTH KayKII0H
TPYIIIBL.

B rpymnns! aiMMHACTPAaTOPOB BXOIAT II0JIb30BATENN, KOTOPbIE
JIOJKHBI BBOJIUTH HOPMaTHBHO-CIIPABOYHYIO HH(OPMAIIHIO O ca-
MOM YHHBEPCUTETE, IEPEUCHb 1 OCHOBHBIE XapaKTEPUCTUKU €ro

(hakynpTETOB, TIEPEUCHb U OCHOBHBIE XapPAKTEPUCTHKU Kadenp
Ha KaXJIOM (akynbTreTe, NepedeHb HalpaBiIeHUH TOATOTOBKH,
KOTOpBIC BEIyTCsl HAa KaX101 Kadenpe, U CIIUCOK IPyIIII, KOTO-
pbI€ B TEKYLIMH MOMEHT 00Yy4aroTCsl 1O KKIOMY HaIpaBJICHHUIO.
Pabora afiMUHUCTPATOPOB ¢ HOPMATHBHO-CIIPAaBOYHON MHDOP-
Maluel npeanonaraeT He TOJIbKO €€ BBOJ, HO U BO3MOXHYIO
KOPPEKTUPOBKY B XOZI€ HKCILTYyaTalluU CUCTEMBI.

Kpome BBOna 1 pegakTHpOBaHUS HOPMATHBHO-CIIPABOUHON
nH(pOpMAIMHU Ha TPYTIIE JISKUT QyHKIHS BBOJA M IIPEOCTABIIE-
HUs ONPEJETIECHHBIX IPaB APYTUM ITOJIb30BaTENSAM CHCTEMBI — DKC-
nepTaM U NPeACTaBUTEISIM MIPOEKTHBIX KOMaH. B HacTosmmii
MOMEHT MMEHHO aJJMHHUCTPATOPbI MOTYT IOJIyYUTh PE3YJIbTaT
OLICHKH ITPOEKTOB B BUJIE PAaHKUPOBAHHOTO IO BCEM IOKa3are-
JISIM CIIHMCKA IPOEKTOB. B najbHeIeM IIaHupyeTCs BBIHECTH
B OT/ICJIbHBINA HHTEP(]EHC pe3ynbTaThl OLEHKH U PACIIUPHUTH €ro
J00aBlIeHUEM Psijia aHATNTHYECKUX (YyHKIMN, MO3BOJISIOINX
CpaBHUBATh KOHKYPCHI 110 TO/1aM NPOBEACHUS, 110 FPYIIaM JKC-
NEePTOB U MO APYTHM 3Ha4MMBIM napamerpam. [Ipumep panxku-
POBAHHOTO CIKCKA MPOEKTOB MPEACTABICH Ha puC. 4.

Bropas rpynmna nomns3oBateneil — 3To rpynmna dKCIEpPTOB.
Kaxnomy skcriepTy nmpeacTaBisiroTes: 00e3/IMUeHHBIE ToKa3aTe-
JIM IPOEKTOB JUI UX OUEHKH. OLIEHKY JOCTOBEPHOCTH 3KCIEPT-
HBIX OLIEHOK Ha3HAYa€MbIX DKCIIEPTOB IO OTJENBHBIM IIKaIaM
JIOJKHA IIPOBOANTB TAKKE TPyIINa dKcrepToB. [pn nansHeimem
Pa3sBUTHH CHCTEMBI BO3MOYKHO Pa3JeNeHUE TPYIIIBI SKCIEPTOB
Ha psiJ MOATPYII ¢ AuBepcuuKanueil ux mpas.

HakoHew, TpeTbeli rpynoi nosib30BaTesieil ABIS0TCS Ipel-
CTaBUTEIH MPOCKTHBIX KOMaH/I, KOTOPbIE BBOJSIT HH()OPMAIHIO
0 cBOMX MpoekTax. MuTepdeiic 11 oHOI U3 Pyl M0Ib30Ba-
Tenel MpeCcTaBlIeH Ha puc. 5.

Puc. 3. ®parment ER-mMonenu 6a3b1 JaHHBIX
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Puc. 4. TabGnuia paHKHPOBAHHBIX TPOCKTOB

Beoa naHHBIX IO TPaHTy

Beennre HasBaHNe Bamero nNpoekTa:

Llemu 1 3a024H 0 IPOSKTY:

ue Sonee 500 MeYATHHX 3HAKOE

OmucaHne MaHApyeMolt paGoTEl 0 TPAHTY:

ue Sonee 500 MeYATHHX 3HAKOE

OXHIaeMEIE PE3YIBTATEL

Puc. 5. Untepdeiic aus yaactarnko CHK

Jns obecrieueHnst HEIPOTUBOPEUMBOCTH M MAKCHMAIIBHO BO3-
MOKHOM KOPPEKTHOCTH BBOJIa MH(OPMAIMK BO BCEX MHTEP(EH-
cax obecrieynBaeTcs 3aMeHa IpsMOoro BBoJia HHPOPMAIIUIO Me-
XaHU3MOM MOACTAaHOBKHU U3 33aHHON HOPMAaTHUBHO-CIIPABOYHOM
nH]pOpMaLUK, XpaHsIelcs B 6a3e JaHHbIX [6].

OpnHol 13 To3a1a4 IpH peanu3anuy npoekra «PazpadoTka
MIPOTPaMMBI JUIS TIPEJIPKCIIEPTHOTO OIICHUBAHUS IPAHTOB CTY-
nentoB [II'YTICy» ObIT MOMCK TaKUX MPU3HAKOB, 110 KOTOPHIM
MOXKHO ObLTO OBI cpaBHUBATH poekThl CHK u3 pasHbIx chep
nearenbHocTH. 1Ipu3Hak — cBOMCTBO, XapaKTEPUCTHKA, UMEIO-
mas Uil KaX10M paccMaTpuBacMON aJIbTEpHATUBBI HEKOTOPOE
3HaueHue. B maHHO# paboTe ajgbTepHATHBAMHE SBJISIFOTCS IIPO-
extel CHK. TIpu3Haku BBOIATCS JJIsl TOTO, YTOOBI TPOBECTH PaH-
KUPOBAHUE TMPOEKTOB.

IIPM3HAKHM W LIKAJIBI

B xoze peanmzanuu mpoexTa oToOpaHbl CleAyIoIue Ipu-
3HAKH:

* onbiT yyactust CHK B Hay4HO# JesTenbHOCTH (KOJIMYECTBO
TIPOEKTOB WJIH KOHKYPCOB);

* COOTBETCTBHUE IIPOEKTA SKOJOTHUECKUM H IPYTUM HOPMaM;

* KOJINYECTBO TPYAOB HAYYHOTO PYKOBOIHUTEILS;

* KOJIMYECTBO TPYAOB HAYYHOIO PyKOBOIUTENS IO TEME IPO-
exra CHK;

* BO3MOKHOCTb yCOBEPIIICHCTBOBATD TTOMYIEHHBIH IPOTYKT;

* HEOOXOMMOCTD JJaTbHEHIIEH MOIACPKKH MOTYICHHOTO
MPOIYKTa;

* 005acTh MPUMEHEHHUS: IPEIPHUSITHE, OTPACIIb, BHE 3aBH-
CHUMOCTH OT OTpPacily;

¢ KOJIMYCCTBO Hpe)IHpHHTI/Iﬁ, 3aMHTCPCCOBAHHBIX B JJAHHOM
MPOrpaMMHOM IPOJYKTE.

Cucrema 0KHAa UMETh BO3MO)KHOE PaCIIMpeHHe KoJIude-
CTBa IPU3HAKOB 0€3 KOPEHHBIX U3MEHEHNH KOJia IPOTPaMMBI
pacueToB.

OneHuBaHue NPEANONaraeT HaludKe ONPeAeICHHOTO KOIU-
YecTBa IIKaJl, 10 KOTOPBIM MO>KHO OLICHUBATh KayKIbIH TIPOEKT.
[Ipu ncronbp30BaHNK HEKOTOPBIX THITOB IIIKAJI, HATIPHIMED, TAKOH
kak MIIC, Hy»xHO npuBiekars skcnepra. [Ipumep omHOTO U3 TH-
nmoB MIIC, ncnonp3yemMoii B paboTte, MpencTaBICH B TaOIHIIE.
B mepBoii peann3anuu OIeHKA TPOBOIUTCS MO (DaKTHUECKUM
mapaMeTpaMm IPOEKTOB, KOTOPBIE 3aHOCSATCS] OTBETCTBEHHBIMU
ucnonautensmMu CHK mpu perucrpanmuu npoeKkToB B CUCTEMY.

Tabnuna
Matpuia napHbIX CpaBHEHHH (BBIMIPBILIN/TIOTEPH)
Ne CymHocTu 11213 4]5
Cucrema ayTeHTH()HUKALUIN U pasrpaHude-
1 | Hus mpaB 10CTyna B MOOWIBHOM YCTPOIi- 58162 ]68|78

ctBe oz ynpasiaernem OC Android

PazpadoTka yueOHOro KomIuieKca-
2 | tpenaxepa ympasieHus paboToi coptupo- | 46 33|56 |72
BOYHOMW CTaHIIUU

IIpoexTrpoBaHue 3aIUTHBIX COOPYKEHUI
JKEJIE3HOIOPOKHON HHPPACTPYKTYPBI

Ha OCHOBE METOJIMKU aBTOMATU3UPOBAHHO-
3 | ro pacuera a3poJMHAMHYECKOTO BO3ICH- 77 | 69 65| 88
CTBUSI BBICOKOCKOPOCTHOTO MOJIBHYKHOTO
cocraBa Ha 0OBEKTHI TPUOITMKEHHBIX
CTPOCHHH

PazpadoTka nmporpamMmsl UIsl IPEIIKCIIEPT-
4 | HOrO OLIEHMBaHHS TPAHTOB CTYCHTOB 51|58 |68 67
III'vIiC

MuTennexryanbHast CHCTEMa 3alUTHI OT-
5 | BETCTBEHHBIX yYACTKOB JIBUIKECHUS CKO- 85176 (89|70

POCTHBIX KEJIE3HOAOPOKHBIX Mamc*rpaneﬁ
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BbIOP MHCTPYMEHTAJIBHOI CPEJIbI

[Ipun peanmzanuy nMpoexTa B kKadyecTBe 0a30BON MHCTPYMEH-
TanbHOH cpenbl Obuta BeiOpana cpena JEHBEP — cucrema, pea-
JIN30BaHHAs OTEYECTBEHHBIMU pOrpaMMucTamMi [ 12], mo3Bossto-
I1ast Ha JIOKAJIbHOM KOMITBIOTEpE CMOJICITUPOBATH paboTy BCEX
KOMITOHEHT, BXOJSIIIIMX B TPOEKTUPYEMYIO CHCTEMY: BeO-cepBepa,
(YHKIIMOHANBHBIX CLICHAPHEB, cepBepa 0a3bl JaHHBIX. B Kaue-
cTBe BebO-cepBepa ObLT BEIOpaH Hamboee MOMyIAPHBIN cepBep
Apache, B xagecTtBe cepsepa 0a3 qaHHBIX — cepBep MySQL, B ka-
YeCTBE A3bIKa CEpPBEPHBIX crieHapueB — sa3bik PHP [13, 14]. lan-
HBIH BBIOOD OTpEJIeNieH TeM, YTO yYKa3aHHbIi KOMIUIEKT CoJiep-
JKUT TOJILKO CBOOOJIHO paclpoCTpaHsIeMoe MPorpaMMHOe o0ec-
MIEYCHUE U XapaKTePEeH MPaKTUYECKHU JUIs BCEX XOCTHHIOB B CETH
WHTEpHET. B HacTosmmii MOMEHT 3TO Hanbosee IKOHOMUIHOE
pelieHre, KOTOpoe MO3BOJIMT YCTAHOBUTH CUCTEMY Ha JII000H
XOCTHHT ¥ B JAJIbHEHIIIEM CBOOOIHO TIEPEHOCUTD €¢ Ha Jpyrue
XOCTHHTH.

AJrorutm PEAJIM3AIIMU PAHXMPOBAHUSA

1 nosyueHus pe3yabTUPYIOLLETO CIIUMCKA IPOEKTOB IOCIIE
BBOJIa UCXOJHBIX MapaMeTPOB MPOEKTOB IKCIIEPTHI MOCIEI0Ba-
TEJIbHO MPOBOASAT MONAPHOE CPABHEHUE, PE3YJbTaThl KOTOPOTO
3aHOCATCS B cucTteMy. OJJTHOBPEMEHHO JIOJDKHBI OBITh OICHCHBI
10 BAKHOCTH BCE MPU3HAKHU, TI0 KOTOPBIM BEJIETCS OLIEHKA. DTH
JTAHHBIC MOTYT OBITH BBEJICHBI PYKOBOIUTEIISIMHU TIPOBOIMMOTO
KOHKypca. Jlanee pe3ynbTaThl OCIeA0BaTeIbHO 00pabaThIBa-
FOTCS C YYETOM Ba)KHOCTH NPU3HAKOB U BBIYUCIIEHHUS BEKTOP-
CTOJIOIa OTHOCUTETHHBIX KO3(D(QUITMEHTOB 0N 3HAUCHUN KaXK-
JIOTO TIPOEKTAa B CyMMe 3Ha4YCeHUI 110 Ipu3HaKy. Takast oOpaboTka
MIPOBOANTCS IO BCEM TpH3HaKaM. [lomydeHHyI0 TaOIuIry MBI
HMHTEpIpeTUpyeM Kak marpuny. [lotom naHHas maTtpuua nepe-
MHOYA€TCs1 HA BEKTOP BECOB IIPU3HAKOB, B PE3YJIbTATe M10Iy4aeT-
cs1 BeKTOp-cTonnOer 3HaueHui. [TocienHuM nelicTBUEM SIBIISIETCS
orepanysi HOpMUPOBAHHUS.

3 AKJIIOYEHUE

B xoze BBINIOTHEHYS TIPOEKTa ObLIa pean30BaHa CIICIHAIH-
3UpOBaHHAsI IPOTPAMMHAs CHCTEMa, XPAHSAIIast OOIBIIOE KOITU-
yecTBO JaHHbIX [15]. IlpuMeHenue aexnapaTUBHOIO OMUCAHUS
MEXaHU3MOB OIEHHBAaHUS MO3BOJIMIIO CIENIATh CUCTEMY Mac-
mTabupyeMoi U pacmmpsieMoii. B paMkax anamnmsa u monoopa

6a30BBIX MIPU3HAKOB U IIKaJ OBUIO POBEICHO IEPBOHAYAIIBHOE
3aroJIHeHUE 0a3bl JaHHBIX BBIOPAHHBIMU MIPU3HAKAMU U IaHHBI-
MH O peasIbHbIX KOHKYPCHBIX MpoekTax. [IpoBeseHa onbITHAs
JKCILTyaTalusl Ha4aJabHOTO 3Tana pa3paboTaHHOMN CUCTEMBI, MO-
JIy4eH paH)KUPOBAHHBIN CIIHCOK OLIEHHBaeMBbIX MPOEKTOB. [1o pe-
3yJbTaTaM ObLIT BBITIOJIHEH CTEHJOBBIN J0KIaa. Paspaborannas
cucrema sBIsieTCst 0a30BOM IS JAbHEHIIIMX SKCIICPUMEHTOB
0 OLIEHUBAHUIO IPOEKTOB.
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Development of Software for the Expert
Evaluation of Grants Students PSTU
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Petersburg State Transport University
St. Petersburg, Russia
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Abstract. It solves the task to develop software for decision sup-
port for allocation of funds by student research groups. The work
supported by the student grant of the University 2015. The selected
method for evaluation of projects: the analytic hierarchy process.
Database design case technology was performed using simulation
of the system operation was conducted in the Isma instrumental
environment Denwer, development of user interfaces was performed
using the script language PHP. The result of the work on the project
a pilot system that provides limited functionality, implemented web
as an application that can run on a standard hosting. The developed
system will allow for a scientifically based selection of students ap-
plying for University grants and suggests possible expansion with
the introduction of new parameters of evaluation of student projects
without reprogramming the system.

Keywords: grant, experience evaluation, analytic hierarchy pro-
cess, CASE tools, database, sign infological model.
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