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AHHOTanusa

[Ipy 06yyeHHUU MIKOJBbHUKOB WJIH CTY/EHTOB, HE3aBUCUMO OT U3y4YaeMOM JUCLUIJIMHBI BECbMa Ke-
JIaTeJIbHO OCYILECTBJATb INPOrHO3MpPOBaHME 3HAHUM yvauuxcs. [Ipy aTOM OAHUM K3 BO3MOMHBIX
$aKTOpOB, HA OCHOBAHUU KOTOPBIX CTPOUTCS] MPOTHO3UPOBAHKE, MOTYT ObITh 3HAHUS yYaLIUXCs 110
paHee U3y4YeHHBIM pa3/iesiaM JaHHOHU AUCUUIIKMHBL [[0CTpOEHHBIN MPOrHO3 MOXKET N03BOJIUTH GoJiee
3¢ PeKTUBHO OCYIIeCTBASATh UHAUBU/AYAJbHBIA MOAXO0/ K yYallUMCsl, MOBBICUTb KauyeCTBO MpoLecca
06y4eHus1. [I0cKoJIbKY BCe pa3zesibl IPAKTHYeCKH JII0O0ro yueGHOro Kypca sIBJISII0TCS B3aUMOCBs3aH-
HBIMH, MO’KHO IIOCTPOUTD rpad, MOJeJUPYIOIUHA CTPYKTYPY CBsi3ed B paMKax BCel AUCLUIIMHbI U
KaKOH-/IM60 ee yacTH. B cBsI3u ¢ TeM, UTO CBA3U MeXAY pa3/ielaMH JUCHUIIMHBI HMEIOT Pa3InYHYI0
CTeneHb 3HAYHMOCTH, IIPUYEM OIpe/ie/ieHHe 3TOW 3HAYMMOCTH HOCUT CyO'beKTUBHBIN XapaKTep, AJs
MO/IeJIMPOBaHUS 1[eJ1IeCO006Pa3HO UCIO0JIb30BaTh HEUETKUH rpad, cCTeneHu NPUHAAJIEXHOCTH YT KO-
TOPOr0 MOJIEJIMPYIOT TECHOTY CBS3U MeXAY pas3fiesiaMH JUCIHUIUIMHBI B paMKax pacCMaTpUBaeMoOu
Mozesd. Ha oCHOBe ITOCTPOEHHOI'0 HEYeTKOro rpada MOXKHO IOCTPOUTh CUCTEMY HEYeTKOr'0 BBIBO-
J1a, TIO3BOJISIOILYI0 IPOTHO3UPOBATh PE3yJIbTAThl yUe6HOU AesiTeNIbHOCTH 10 AucLUIIMHe. O4eBu/I-
HO, YTO NOCTPOEHHe MOJe/IM B KaXKJOM KOHKPETHOM C/Iy4yae JO/KHO OCYLeCTBJASTBCSI COBMECTHO
y4yuTeJIeM WJIK CIeNUaJIMCTOM 10 METOJUKEe NpPenoJaBaHus AaHHOf/’I AUCHUIIJIMHBI U ClIeJUaJIMCTOM
B 06JIaCTH HEYETKOTO MOJle/IMpOBaHus. B paboTe paccmaTpuBaeTcs IpuMep NOCTPOEHUS] HEYETKOTO
rpada 1 CHUCTeMBbI IPaBUJI /11 IPOTHO3UPOBAHUS PE3yJIbTATOB 06Y4eHHUs 10 KypCy aare6psl 7 KJac-
ca cpeJiHel LIKOJIbl U KOMIBIOTEPHOH peasM3aluy NOCTPOEHHON MO/Ie/IU CPeJCTBAMU GHUOIMOTEKH
Fuzzy Logic Toolbox nakera MatLab 1 pazpa6oTaHHOr0 HaMH IPOrPaMMHOI0 IPUJIOKEHUS HA SI3bIKe
C# c ucnosnbzoBaHueM 6ubrMoTeku Accord. OcyliecTBIsIeTCS CpaBHEHME JIBYX 3THX MOJIX0/I0B K pea-
JIM3aLUH MOJEJIH.

Ki1roueBsble C/10Ba: npor1o3upoBaHue Pe3yabTaToB 06yIeHH s], HeYeTKOe MOJeTMPOBaHIe
Asmop 3ases5em 06 omcymcmeuu KOHGAUKMA UHMEPecos.
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Abstract

When teaching schoolchildren or students, regardless of the discipline being studied, it is highly de-
sirable to predict the knowledge of students. At the same time, one of the possible factors on the basis
of which forecasting is based may be the knowledge of students in previously studied sections of this
discipline. The constructed forecast can allow for a more effective individual approach to students,
improve the quality of the learning process. Since all sections of almost any training course are inter-
connected, it is possible to build a graph that models the structure of connections within the entire dis-
cipline or any part of it. Due to the fact that the connections between the sections of the discipline have
different degrees of significance, and the definition of this significance is subjective, it is advisable to
use a fuzzy graph for modeling, the degrees of belonging of the arcs of which model the closeness of the
connection between the sections of the discipline within the framework of the model under consider-
ation. Based on the constructed fuzzy graph, it is possible to build a fuzzy inference system that allows
you to predict the results of educational activities in the discipline. It is obvious that the construction
of a model in each specific case should be carried out jointly by a teacher or a specialist in the method-
ology of teaching this discipline and a specialist in the field of fuzzy modeling. The paper considers an
example of constructing a fuzzy graph and a system of rules for predicting the results of training in the
algebra course of the 7th grade of high school and a computer implementation of the constructed model
using the Fuzzy Logic Toolbox library of the MatLab package and a C# software application developed
by us using the Accord library. The comparison of these two approaches to the implementation of the
model is carried out.
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BBegeHue

OfHMM U3 myTell noBbllleHUs 3QGEKTUBHOCTU Ipolecca 06y-
YeHHUs LIKOJbHUKOB WM CTYAEHTOB JII0G0H JUCLUILIMHE y4eob-
HOTO ILIaHa ABJIAeTCS MHAMBUAYyaIusalusa obydeHus. [lis Toro,
YTOObI BHIPAOOTATh UHAUBUAYATbHBIN MOAX0/ K 00y4alolleMycs
IIKOJIbHUKY WJIU CTYAEeHTY, LjeJeco06pasHo TeM WJIM HUHBIM CIIO-
COGOM OCYIIeCTBUTb IPOTHO3UPOBAHUE Pe3y/JbTAaTOB O0y4YeHHS.
[TocKOJIbKY KaX(AblH yyalMicsl MHAUBU/IYaJIeH, U JII060H NPOrHO3
€ro pasBUTHS MOXKeT 6bITb TOJbKO CyO'beKTUBHBIM, IIPU MIPOTHO-
3UPOBAHUY, HA HAll B3IVIAA, MOXET GbITh BecbMa 3 $eKTUBHBIM
HCNO/b30BaHHEe He4YeTKOM MaTeMaTHKH M CHUCTeM He4eTKOro
BbIBOJIA. [Ipy 3TOM IPOrHO3 MOXKET ObITb MOCTPOEH Ha OCHOBE
pasJuYHbIX $paKTOpoB. B padoTe [1] B kayecTBe TakuX GaKTOPOB
paccMaTpUBaIUCh pa3/IM4YHble UICTOYHUKY MOTHUBALUU CTYAEHTOB
K 00y4eHMIO: MHTepecC K U3y4yaeMoH AUCUUIIIMHE, BIUSHUE POJU-
TeJleH, KeJIaTeJIbHOCTb MOJIyYeHUsl CTUNeHAUN. JaHHbIN MOJXOA,
B IIpeJjijlaraeMoM B 3TOH pa6GoTe BUJle MOXKET ObITb MCIOJIb30BaH,
KaK YKa3bIBalOT ero aBTOPHI, /11 pabOoThI C ONpe/ieIeHHOM KaTero-
puell 06yyaeMbIX: CTY€HTOB EPBBIX KYPCOB BY30B.

B HacTof1el paboTe paccMaTpUBaeTCs UCIOJIb30BaHUE MOJX0/a,
KOTOPBIM MOKET, Ha Halll B3IV, HCI0JIb30BaThCs /I paboThI C
y4yalMMUCs JII0ObIX y4eOHbIX 3aBe/leHUH U J1I06bIX BO3PACTOB NPU
M3y4eHUHU NPAKTUYeCKH JII0O0H AUCLUIIIMHBL. TOT MOAXO0J OCHO-
BaH Ha HCIOJIb30BaHUU IIPH IIOCTPOEHUHU NPOTHO3a CBeIeHUH 06
YyPOBHEe 3HAaHUH y4alMXCs 110 NPeAbIIYIUM pasjeiaM AUCIUIIIN-
Hbl. OH GBI NpejJIoXKeH HaMu B paboTax [2] u [3], ofHaKo B HUX
OBbIJT OCTPOEH TOJIBKO HEGOJIBLION HWJIIIOCTPATUBHBIN MpPHUMeED,
BKJIIOYAIOLIUH TOJIBKO TPU pasjiesia Kypca MaTeMaTHKU CpeJHeH
IIKOJIbl M Ha €r0 OCHOBE 6bljla TOCTPOeHa JeMOHCTPaliMOHHasA MO-
Jesib B cucteMe MatLab, nossoJisilomas MLk B OCHOBHBIX YepTax
N0Ka3aTh pa60TOCNOCOGHOCTh JAHHOT0 NNoAxo/a. Tenepb HaMu 110-
CTpOeHa Mo/ieJlb, ONMChIBaloLas NOJIHbINA Kypc aare6pbl 7 Kjaacca
cpeaHei mkosbl. Kpome Toro, B nocjiefHue rofibl NosBUJIaCh BO3-
MOXHOCTb, HapsJy C MOJle/ITMPOBaHUEM C UCN0JIb30BaHHEM Cpe/ibl
MatLab peann3oBbIBaTh HEYeTKHU BbIBOJ, Ha si3bike C# B cpene
nporpaMmmupoBanust Microsoft Visual Studio. Kaxzapiii u3 atux
JIByX CIIOCOGOB peajM3aljii HeuyeTKOro BbIBOJA MMeeT CBOHU [i0-
CTOMHCTBA U HEJJOCTAaTKH, KOTOpble GyAyT pacCMOTPEHBI B Npej-
JlaraeMoi cTaTbe.

ILenb uccae0BaHUS

]_[ef[bl-O Hccie0BaHUA ABJIAETCA paspa60T1<a METOAUKHU IMPOTrHO-
3UPOBaHHWA pe3y/ibTaTOB O6y‘lEHI/IH Ha OCHOB€ HEYETKOI'0 MO eJIn-
poBaHUA.

[locTpoeHHe MaTeMaTUYECKON MO e/

[IpakTUvecky Jobass yde6Has AUCUMIUIMHA MOXET GBbITb Npej-
CTaBJIeHa, KaK GblJI0 yKa3aHO BhIlIe, B BUJe MHOXKeCTBa B3aUMOC-
BsI3aHHBIX MeXJy co060# pa3aesoB uin TeM. Kak 6bl10 MOKa3aHo,
B yactHoctH, [l.A. BosspunoBbiM (cM. [4]) u C.II. I'pyumeBckum (cM.
[5]), MaTeMaTHYeCKOH MO/E/IbI0 3TOM B3aHMMOCBSI3U MOXKET ObITh
rpad. Ha Haw B3ruisiz, 6oJiee aleKBaTHBIM Npe/iCTaBJIeHHEM yueo-

HOW JUCLHUILIMHBI MOXeT CJIYXKUTb HeuyeTKUH rpa¢ (cM. Hampu-
Mep, [6]). ITO CcBA3AHO C TeM, YTO CTeleHb B3aUMOCBA3U MEX]Y
pas/JMYHBIMU pa3fieslaMd K3y4yaeMOro MaTepuasa MOXeT ObITb
pasIMYHOM € TOYKU 3peHUs Pa3IUYHbIX MeTOJUYECKUX NOJXO/0B.
[ToaTOMy OHa MOXKET GbITh XapaKTepPHU30BaHa C IOMOLIbIO CTENIEHU
NPUHAJJIEKHOCTH pebpa, MOJENHUPYIOLIero B3aUMOCBA3b MEX/Y
JIByMsl pasjieslaMu, He4eTKOMY rpady.

[TocTpoeHHbIH HeYeTKUH rpad MOKET CJIYKUTb OCHOBOM /151 TPO-
FHO3MPOBAHUSA Pe3y/bTaTOB 06y4eHUsl. A UMEHHO, Ha er0 OCHOBe
CTPOUTCS CUCTEMA HEYeTKOI'0 BbIBOJIA, BXOAHBIMU IlepeMeHHbIMU
KOTOPOH MOTY CJIYy>KUTb OLEHKH 3HAaHHMH MO Haya/bHbIM TeMaM
Kypca, a BBIXOAHBIMU — 10 BceM nocneyomuM. Kak ykasaHo B [6],
«IPOIeCC HEYETKOTro BbIBOJA MNPEeJCTaBseT COG0H HEKOTOPYIO
npoueaypy WJu aJrOpUTM MOJyYeHHs] HeYeTKHUX 3aKJII0UeHUH Ha
OCHOBe HeYeTKHX YCJOBUH UM IpeANoChlIOK». [IpuMeHeHe He-
4eTKOr0 BbIBOJIA B IAHHOM CJIy4ae 060CHOBBIBAETCSI TEM, UTO KaK
CBSI3M MEX/y pasjie/laMy AUCLHUILIMHBI HOCAT, KaK yKa3aHo BhbILIe,
He4YeTKHH XapaKTep, TaK U OljeHKa 3HaHWUH y4alluXcs HOCUT TOXe,
0 CyILeCTBY, He4eTKUH xapakTep. O/lHaKO CBsI3b MeX/y yclieBae-
MOCTBIO 110 NIpeIIeCTBYOLMM U OCJAeYIOLIUM TeMaM O4eBU/Ha,
0CO6EHHO, eC/IM pedb UJET O JUCIMIIJIMHAX eCTeCTBEHHOHAYyYHOI 0
N ER

[IponsmrocTpypyeM OonMCaHHBIM NOAXO/ Ha NpUMepe Kypca aJre-
6pbl 7 KJacca 061eo6pa3oBaTebHOM mKobl . JIaHHBIH KypC co-
CTOUT U3 6 paszesioB. [lepBblil pa3zes — BbIpaXKeHUs, TOXKAECTBA,
ypaBHEHHUs, BTOPOH — QYHKUUHU, TPETUH — CTeleHb C HATypasb-
HBIM [TI0Ka3aTeJseM, Y4eTBEPTbIH — MHOTOYJIEeHb], IATBIN — GOPMYJIbI
COKpAILleHHOT'0 YMHOX€EHHS, IeCTOH — CUCTeMbl JIMHEHHbIX ypaB-
HeHuM. [locTpouM HeueTKUH rpad, MoJeMPYIOIIUI B3aUMOCBSI3U
B paMKax 3TOTr0 Kypca.

P uc. 1. HedyeTkuii rpad, MosieIMpyrolMi B3aUMOCBSI3U B Kypce anredpbl 7
KJs1acca

Fig. 1. A fuzzy graph that models relationships in the 7th grade algebra course

31ech BeplIUHbI rpada npeAcTaB/IAT pas/esibl Kypca, a A Kax-
Jloro pe6pa ykasaHa cTelleHb IPUHAANEXKHOCTHU rpady.

CrnefyeT MoA4YepKHYThb, YTO pacCMaTpPUBAeMblil MpUMep HOCUT B
3HAYUTeJbHOW Mepe WJJIIOCTPAaTUBHBIA XapakTep. Bompoc o no-
cTpoeHUU rpadoB B3aUMOCBSA3eH [JA pas3JWYHbIX AUCLUIIUH
HYX/1aeTcsl B IJIyOOKOW MpopaboTKe C yYaCTUEM CHELUaTUCTOB B
06J1aCTH METOJUK NPeNoAaBaHUs 3TUX AUCLUILINH.

! Anre6pa. 7 kJacc: yueb. s o6ieo6pasosat. yupexgenuit / 0. H. Makapoiues, H. I Munamok, K. U. Heuikos, C. B. CyBopoBa; nog pes. C. A. TessikoBckoro. M.:

[pocBemenue, 2013. 256 c.
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[Janee nas kaxzaoro paszesna Kypca BBoaATca jJuHrsuctudeckue IF Themel IS Bad AND Theme?2 IS Excellent THEN Theme3 IS
nepeMeHHble. Kaxx/Jas U3 HUX CO/lepKUT 1o 4 JMHrBUCTUYecKHe  Satisfactory.

nepemeHHble: Bad, Satisfactory, Good, Excellent, coorBeTcTBy0- 3zmech Themel ecTh TMHIBHCTHYECKas TepeMeHHas], CBsI3aHHasi ¢ 1
Liye OlleHKe 3HAHMM yYallluXcs N0 COOTBETCTByIOlleMy pasfeny. paszesnoM, Theme2 - co BTopeiM, Theme3 - c TpeTbum.

[IpuBesieM npaBuJIa, ONKChIBalOLMe cBA3U Mexay 1, 2 u 3 pasge- Ilpu mocTpoeHWM NpaBUJI HCIOJB30BAJICH CAEAYIOLANA MOJXO/:

JIAMH. €CJIM OLleHKH 0 BXOJHBIM TeMaM pa3/IM4aloTcs Ha 6asii, TO AJs
IF Themel IS Bad AND Theme2 IS Bad THEN Theme3 IS Bad; BBIXOZHOM NepeMeHHOW BBIOMPAETCS TepPM, COOTBETCTBYHOL[UN
IF Themel IS Bad AND Theme?2 IS Satisfactory THEN Theme3 IS  oueHke 3a pa3jeJ, 6ojiee TECHO CBSI3aHHBIN C BBIXOAHBIM, TO €CTh
Satisfactory; B JJaHHOM CJIyyae 3a BTOPOH pas/ieJi, TOCKOJbKY CTeleHb MPUHAJ-
IF Theme1l IS Satisfactory AND Theme2 IS Bad THEN Theme3 IS  siexxHoCcTH rpady ayru 2-3 Gosiblie, yeM ayru 1-3.

Bad; AHaJIOTUYHO OCYIeCTBJSETCS MOCTPOEHHE OCTAJbHbIX NPABUIIL
IF Themel IS Satisfactory AND Theme2 IS Satisfactory THEN  Takum o6pa3oM, AJ/1s1 JaHHOTO rpada CTpOUTCs 52 mpaBuJa.
Theme3 IS Satisfactory; Jlns1 Bcex TepMOB JIMHTBUCTUYECKUX [€pEMEHHBIX OIlpejesisieM
IF Themel IS Satisfactory AND Theme2 IS Good THEN Theme3 IS  Buj pyHkuumit npunazaiexsoctu. s tepma Bad ato z-pyHkiuus,
Good; s TepMoB Satisfactory u Good 3To TpeyroJyibHble QYHKIUH, IJ1s
IF Themel IS Good AND Theme?2 IS Satisfactory THEN Theme3 IS  Tepma Excellent 3To s-dyHKIus.

Satisfactory; [locsie mocTpoeHUs1 HEYETKOM MOZENM MOXHO NPUCTYNaTh K ee

IF Theme1 IS Good AND Theme2 IS Good THEN Theme3 IS Good; KOMIIbIOTEPHOU peajn3anuu.
IF Themel IS Good AND Theme2 IS Excellent THEN Theme3 IS

Excellent; Peanunsanus mogeiu B cpege MatLab
IF Themel IS Excellent AND Theme2 IS Good THEN Theme3 IS
Good; OJIHUM U3 HMIHPOKO U3BECTHBIX CPe/ICTB KOMIIbIOTEPHOM peasn3a-
IF Themel IS Excellent AND Theme2 IS Excellent THEN Theme3  1uu cucTeM He4eTKOrO BbIBOJa siBJsieTcs nmakeT MatLab. OH co-
IS Excellent; JepxuT 6ubauorexy Fuzzy Logic Toolbox, npejHa3HaYeHHYO A
IF Themel IS Bad AND Theme2 IS Good THEN Theme3 IS paGoThl c TAKMM cUCTeMaMu. PaccMOTPUM peann3alyio NOCTPOEH-
Satisfactory; HOU MO/IeJIU Cpe/ICTBAMU 3TOU OUBJIHOTEKHU.
IF Themel IS Good AND ThemeZ IS Bad THEN Theme3 IS BHauaje cTpoATCS BXOJHble U BbIXOJHble IMHIBUCTHUECKHE IIEpe-
Satisfactory; MeHHble. B HaleM ciiydae MOXKHO JIM60 MOCTPOUTD IIECTb BXOJHBIX
IF Themel IS Satisfactory AND Theme?2 IS Excellent THEN Theme3  nepeMeHHBIX U YeTbIpe BbIXO/JHbIe, IOC/Ie Yero Nocjae[0BaTeJbHO
IS Good; 10JIy4yaTh 3HAY€HHWs BBIXOJHBIX NE€pPEeMEeHHbIX, NIPUPaBHHUBasA 3Ha-
IF Themel IS Excellent AND Theme?2 IS Satisfactory THEN Theme3  4eHus elie He NOJIy4eHHBIX [IepeMEHHBIX K HYJIIO, JIUGO CTPOUTH
IS Good; OTeJIbHble CHUCTEeMbl HEUYEeTKOTO BBIBOJA [AJIS1 KaKJOW BBIXOJHOU
IF Themel IS Excellent AND Theme2 IS Bad THEN Theme3 IS nepeMeHHO} U mo/iyyaTb 3Ha4Y€HUS 3TUX NlepEMEHHBbIX TaKXe I0-
Satisfactory; c/lefloBaTeNbHO. B HacTos1el paGoTe GbLT BbIGPAH NePBbIX CII0COO.
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Fig. 2. System Variable Entry Window
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[locyne aTOro AJsl KaXK/JOHW HMX HepeMeHHBbIX CTPOUM OQYHKIUU
NpHHa/JIeXXHOCTH TepMoB. Kak ykasaHo Bblle Jis1 TepMoB Bad
u Excellent BbIGpaHbl COOTBETCTBEHHO Z-QYHKILHUs U S-PyHKIHUS,
JUJIs1 OCTaJIbHBIX TEPMOB - TpeyroJibHble GpyHKIuH. Kak ykasaHo,
HanpumMep, B [6], z-QyHKIHUs eCTb QYHKIUS, KOTOPAsk MOXKET GbITh
3a/jJaHa QaHAJIUTUYECKH CJIelYIOIMM BbIpAXKeHHEM

1 x<a

f(x)= l+lcos ey ;. a<x<b
2 2 b—a
0 x>b,

TZe a U b - napaMeTphl, 33/jlaBaeMble M0JIb30BaTe/eM (B HalleM
ciyyae B3iTo a = 2, b = 3).
s-QyHKLUS onpe/esisieTcsl COOTHOIIEHHEM

B3 Membeship FuncionEdor educ
Fle Edt view

0 x<a,
1 1 x=b
X)=<—+—cos |, as<x<b;
/) 2 2 b—a
1 x>b.

B namem npumepe B3sTo a =4, b = 4,5.
TpeyrosibHasi GYHKIUS eCTh KyCOUHO-JMHeHHas: QYHKIMs, onpe-
JiesisieMasi COOTHOIIeHHeM

0 x<a;
Z_a; a<x<b;
fw=1"1
. b<x<g
c—b
0 x>b

Jlnst TepMa Satisfactory umeem a =2, b = 4, ¢ = 3, g1s Tepma Good
a=3,b=5c=4.
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™
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s
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‘

P u c. 3. OkHO nocTpoeHust QYHKIUH IPUHA/JIEKHOCTH

Fig. 3. Construct Membership Functions Window

@®yHKLMM NPUHAANEKHOCTH CUCTeMa M03BOJIeT BbIOUpaTh U3
cnucka 11 BO3MOXHBIX, TapaMeTphl JIM60 BBOJATCS M0J1b30BaTe-
JieM, 160 HaCTPauBaIOTCS B UHTEPAKTUBHOM pexxuMe. AHaJIOIUY-
HO CTPOATCA GYHKL MU NPUHAAJIEKHOCTH U AJIS OCTA/IbHBIX Ilepe-
MEHHBIX.

[Tocsie aTOrO OCyIIEeCTBAsIETCS BBOJ NnpaBui. B MatLab cymectBy-
eT NpocTas HHTepaKTUBHAs NpoLeAypa, H03BOJSAILAs BBOAUTH
npaBuIa.
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[Tocsie 3TOrO OCYyLIECTBASAETCA peasu3alys HeueTKoro BbIBoja. B
CUCTEMY BBOJSTCS OLlEHKM 3HAHUHM y4alUXCs M0 JABYM IEepBbIM
TeMaM U HyJH JJIs BCeX OCTalbHbIX TeM. Cucrema MatLab BbI-
HOJIHSIET aJITOPUTM HEUETKOTO BbIBO/IA (110 YMOJIYAHUIO 3TO aJIr0-
pUTM MaM/iaHW) U BBIBOJUT HPOTHO3 OLleHKU 3HAHUH y4allUXCs.
[Ipy 3TOM MOXKeM BNOC/e[CTBUM 3aMyCTUTb CUCTEMY C OIleHKaMHU
3a NepByI0, BTOPYIO U TPETbIO TEMY Ha BXO/e, MOJYYUB IIPU 3TOM
HOBBIE IPOTHO3bI 110 NOCAEAYIOIUM TeMaM (a2 MOXKEM CAeJIaTh 3TO
1ocJie U3y4eHUs] TPEeThed TeMBI).
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B R itor: ecuc
Fle Edt View Options

. If (Theme1 is satisfactory) and (Thems2 is good) then (Theme3 i good) (0.7)

6. 1f (Theme is good) and (Theme? s satisfactory) then (Theme3 is satisfactory) (0.7)
17 1f (Theme is good) and (Theme?2 is good) then (Theme3 s good) (0.7)

& 1f (Theme

‘o If (Theme1 is good) and (Theme2 s excellent) then (Theme?3 i Good) (0.7)

B Rule Viewer educ
Fle Edt View Options

P u c. 4. OKHO BBOZIA IPaBUJI

Fig. 4. Rule Entry Window

8 3 B N B R RNERNRS

CoBpemeHHble
MH(OPMALUOHHbIE
TexHonormu

n UT-o6pasoBaHue

Puc. 5. 0kHO BbIBO/la pe3yJIbTaTOB paﬁo'rm CUCTEMbI IPOTHO3UPOBAHUA

Fig. 5. Output window of the forecasting system
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TakuM 06pa3oM, ONMUCAaHHAsE HAMU KOMIbIOTEPHAs peasn3alusi
CHCTEeMbl NMPOTHO3UPOBAHUS Pe3yJbTAaTOB 0GY4YeHHsl MO3BOJISIET
JIOCTAaTOYHO JIETKO U 3¢ $EeKTUBHO CTPOUTH NPOrHO3 3HAHUI y4a-
HUXCS.

Peanusanus Mmoae v C IOMOLIBLIO
nporpaMmmsbl Ha sA3bIKe C#

B cBs13U ¢ pOCTOM MHTepeca K HeYeTKOMY MOJIeJIMPOBAHHUIO U pac-
MIMpeHueM 06J1acTel ero NPaKTU4eCKOro MpUMeHeHH sl B OCJIe/-
HHUe TOZAbl NMOSIBUINCh GUOJHOTEKH, MO3BOJIsAIONIMe pa3pabaThbl-
BaTb INPUJIOKEHHWA, UCIIOJIb3YyIol1e HEeYeTKUH BbIBO/J, CpeacTBa-
MU KJIACCUYECKHUX S3bIKOB NporpaMMupoBaHus. OLHON U3 TaKUX
6ubsnoTek sBJasieTca 6ubaunoreka AForge.fuzzy, conepkaias
CpeJ/iCcTBa /iJIs peaiM3allud HEYeTKOro BbIBOJA. JTa GUG/IMOTEKA
COZIEPXKUT ONpesiesieHUs OCHOBHBIX QYHKIUN MPUHA/JIEKHOCTH,
HCIIOJIb3YeMbIX NJid 3a/laHUA TepPMOB, NO3BOJIAET CTPOUTb Ha UX
OCHOB€ JIMHI'BUCTHYeCKHWE NepeMeHHble W 3allUCbhIBATh IpaBUJia
CHUCTEeMbl HEYETKOI'O BbIBOA.

PeasnnsyeM c moMolbio 3TOH 6UGJIHOTEKH IOCTPOEHHYI0 HAMU CH-
CTeMy AJ1sl IPOTHO3UPOBAaHUSA Pe3yIbTaToB 06y4yeHus. [lockonbKy
HedeTKUH rpad, MoJeUPYIOIUN Kypc aare6psl 7 Kjaacca, UMeeT
JIOCTATOYHO CJIOXKHYIO CTPYKTYPY, Hallla peain3anus 6yAeT BKIIO-
YyaTb B ce6s1 HECKOJIBKO IPOIlelyp HEYETKOTO BbIBOAA, YTO I103BO-
JIUT MOJIY4aTh NPOTrHO3 AJIA NOCJeAYIIIUX TEM IMO3TAIIHO.
HOCKOJIbe BCe JIMHI'BUCTUYECKHE [IepEeMEeHHbIe, BXOAAIWEe B HAllly
CUCTEMY, UMET OIL[I/IHaKOBblI‘/Jl Ha60p TEepPMOB, UMEIIUX OJHU U Te
xKe CI)yHKLU/II/I NPpUHAJIEX)KHOCTH, Mbl MOXeEM 3aJaTb UX OJUH pa3
JU1s1 BCeH MPOrpaMMBl.

FuzzySet fsBad = new FuzzySet(“Bad”,
new TrapezoidalFunction(2,3, TrapezoidalFunction.EdgeType.
Right));

FuzzySet fsSatisfactory = new FuzzySet(“Satisfactory”,
TrapezoidalFunction(2, 3, 3, 4));

new

FuzzySetfsGood=newFuzzySet(“Good”,newTrapezoidalFunction(3,
4,4,5));

FuzzySet fsExcellent = new FuzzySet(“Excellent”,
new TrapezoidalFunction(4, 5, TrapezoidalFunction.EdgeType.
Left));

[lepBass koMaHja 3ajaeT z-QyHKIMIO, BTOpasg U TPeTbsl — Tpey-
rojibHble QYHKILMH, YeTBepTas - s-QyHKIHI0. TakuM 06pa3oM Mbl
onucaay GyHKIUHU MPUHAJIEKHOCTH JIJIs1 OLLeHOK 110 BCeM TeMaM.
[TocJie 3TOTO CTPOMM JIMHTBUCTUYECKHE IepEMEHHbI€ JIJIsl TeM, Ha-
npuMep A5 NepBOH TeMbl

LinguisticVariable IvThemel = new LinguisticVariable(“Themel”,
0,5);
lvThemel.AddLabel(fsBad);
lvThemel.AddLabel(fsSatisfactory);
lvThemel.AddLabel(fsGood);
lvThemel.AddLabel(fsExcellent);

AHaJIOTMYHO ONMUCHIBAKOTCA U OCTaJIbHbIE TEMBI.
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3aTeM CTPOUM CIIMCOK, BKJIIOYAIOIUN B cebsi BCe JIMHIBUCTHYE-
CKHe lepeMeHHble, KOTOPbI€ BKJIIOUEHBI B MOJIEJb.
fuzzyDB.AddVariable(lvTheme1);
fuzzyDB.AddVariable(lvTheme2);
fuzzyDB.AddVariable(lvTheme3);
fuzzyDB.AddVariable(lvTheme4);
fuzzyDB.AddVariable(lvTheme5);
fuzzyDB.AddVariable(lvTheme6);

3aTeM CTPOUM IEPBYI0 CUCTEMY HEYETKOrO BBIBOJA, NMO3BOJISIO-
LL[y}0 IPOTHO3 /1JIs1 IepPBOH TEMBIL.

InferenceSystem IS1 = new
CentroidDefuzzifier(1000));
[S1.NewRule(“Rule 17, “IF Theme1 IS Bad AND Theme?2 is Bad THEN
Theme3 IS Bad”);

[S1.NewRule(“Rule 2", “IF Themel IS Bad AND Theme2 is
Satisfactory THEN Theme3 IS Satisfactory”);

[S1.NewRule(“Rule 3”, “IF Themel IS Satisfactory AND Theme?2 is
Bad THEN Theme3 IS Bad”);

[S1.NewRule(“Rule 4”, “IF Themel IS Satisfactory AND Theme?2 is
Satisfactory THEN Theme3 IS Satisfactory”);

[S1.NewRule(“Rule 5%, “IF Themel IS Satisfactory AND Theme?2 is
Good THEN Theme3 IS Good”);

[S1.NewRule(“Rule 6", “IF Themel IS Good AND Theme2 is
Satisfactory THEN Theme3 IS Satisfactory”);

[S1.NewRule(“Rule 7”, “IF Themel IS Good AND Theme2 is Good
THEN Theme3 IS Good”);

[S1.NewRule(“Rule 8”, “IF Theme1l IS Good AND Theme?2 is Excellent
THEN Theme3 IS Excellent”);

[S1.NewRule(“Rule 9”, “IF Themel IS Excellent AND Theme?2 is
Good THEN Theme3 IS Good”);

[S1.NewRule(“Rule 10", “IF Themel IS Excellent AND Theme?2 is
Excellent THEN Theme3 IS Excellent”);

[S1.NewRule(“Rule 11”7, “IF Themel IS Bad AND Theme2 is Good
THEN Theme3 IS Satisfactory”);

[S1.NewRule(“Rule 127, “IF Themel IS Good AND Theme2 is Bad
THEN Theme3 IS Satisfactory”);

[S1.NewRule(“Rule 13", “IF Themel IS Satisfactory AND Theme2 is
Excellent THEN Theme3 IS Good”);

[S1.NewRule(“Rule 14", “IF Themel IS Excellent AND Theme?2 is
Satisfactory THEN Theme3 IS Good”);

[S1.NewRule(“Rule 15" “IF Themel IS Excellent AND Theme?2 is
Bad THEN Theme3 IS Satisfactory”);

[S1.NewRule(“Rule 16", “IF Theme1l IS Bad AND Theme?2 is Excellent
THEN Theme3 IS Satisfactory”);

InferenceSystem(fuzzyDB, new

[lepBas cTpoka 3/ecb onpefeseT, YTO CUCTeMa OyAeT paboTaTb
C 33/laHHBIMHU BBbIlIe IMHIBUCTUYECKHMHU [lepeMeHHBIMY, a TaKXe
MeTO/, N03BOJIAIOIUN MOJYYUTh YUCIEHHOEe 3HaYeHHe [Ji Bbl-
XO/IHOW NepeMeHHOW (KaK rOBOPST, OCYLeCTBUTH Aedas3nuduka-
IIU10) ¥ TapaMeTp 3TOro MeToZa. B ocTaNbHBIX CTPOKAX 3aMMCAHbI
IpaBUJIa CUCTEMBI HEYeTKOI0 BbIBOJA.

[Tocsie 3TOro OpraHU3yOTCA BBOJ HCXOJHBIX 3HAUY€HUH OLLEHKU
3HAHMMU U 3aIyCK CUCTEMBI.

string Themelinp = tbtheme1.Text;
float Themeld=Convert.ToSingle(Themelinp);
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[S1.SetInput(“Theme1”, Themeld);

string ThemeZ2inp = tbtheme2.Text;

float Theme2d = Convert.ToSingle(ThemeZ2inp);

[S1.SetInput(“Theme2”, Theme2d);

Single theme3v = IS1.Evaluate(“Theme3”);

tbtheme3.Text = theme3v.ToString();
3HayeHMHe pe3yJbTaTa HEYETKOrO BbIBOJAA 3aMHCHIBAETCA B Ile-
peMeHHy0 theme3v, KoTopast B JjaJbHeHLIeM UCIOJIb3YeTCs KaK
BXOJ{Hasl JJIf TOJIy4eHUs IPOTHO30B M0 CJIeAYI0IUM TeMaM.
AHasoru4HbIM 06pa3oM CTPOUTCS HeYeTKUH BBIBOJ, AJ1s1 IPOTHO3a
pes3y/IbTaTOB 110 OCTaJIbHBIM TEMaM.
PaGoTa nporpaMMbl npe/icTaBeHa Ha PUCYHKE 6.

g5l Cucrema nporHosmposaHia pesynsTatos ofy4eHma - [m] X

BxofgHele nepeMeHHLIe

- Temal

i

BeixogHeie nepemMeHHbsIe

Tema3
Temad Pacuet

P u c. 6. Pa6ora nporpaMmsl

Fig. 6. Program operation

TakuM oGpa3om, ucnosb3ys 6ubanorTeky AForge, Mbl MOXeM J0-
CTaTOYHO MPOCTBIMHU CPEACTBAMU NMOCTPOUTh PeaTu3aluio Npes-
JlaraeMo# MaTeMaTH4eCcKOHW MOJeJH.

CpaBHUTe/JIbHBIA AaHAJIU3 NIPeA/IaraeMbIxX
NOJXO0A0B K peaiu3aliu MoJeu

TaxuM o6pasoM, peAsioKeHHass HAMU MOJie/lb IPOTHO3UPOBAHUSA
pesy/IbTaTOB 06y4eHUs MOXKET ObITh peaJl30BaHa Kak CpejCTBa-
MU cucteMbl MatLab, Tak u ¢ nomouybto 6ubauoreku AForge. Kax-
JIbIH U3 3TUX NOJXOA0B UMeeT CBOU AOCTOMHCTBA U HEAOCTATKH.

Cucrema MatLab no3BoJisieT cTpouTh nepeMeHHble, QYHKIUHU NTPU-
Ha/IJIeXXHOCTH U CUCTeMY IPaBUJ B UHTEPAKTUBHOM PEXUME, YTO
He TpeGyeT HAaBbIKOM IporpaMMmupoBaHus. [Ipy aToM HacTpoiika
GYHKUUN PUHAAJIENKHOCTH OCYIECTBIISAETCS JOCTATOYHO JIETKO.
Kpowme Toro, MatLab no3BoJisieT ycTaHaBJIMBaTh Beca MpaBuJI, OT-
JIMYHbIE OT eAMHUILBL, YTO JieJlaeT CUcTeMy 6oJiee TOUHOH. OfHaKoO
MatLab He faeT BO3MOXHOCTH OCYIECTBJISATD 0CJIe/J0BATENbHbIN
BbIBOJI, TO €CTh HCII0/Ib30BaTh 3Ha4€HHUS BbIXO/JHbIX lepeMeHHbIX
KaK BXOJHble Ha c/leJylolieM sTane. YTo6Gbl peannsoBaTh Ipej-
JlaraeMylo MoJieJlb, Hy»KHO JIN60 JBaX/bl 33/laBaTh OJHY U Ty Ke
nepeMeHHYI0 KaK BXOJHYI0 U BBIXOAHYIO, IPOBOJASA KaXAblH pas
3aHOBO NOCTpoeHUe QYHKIMH NPUHAJJIEKHOCTH, 9YTO U ObLIO CAe-
JIAHO HaMH, JIN6O CTPOUTb HECKOJIBKO CHCTEM HE4YeTKOIr0 BbIBOJA,

CoBpeMeHHble
nHgopMaLMOHHbIe
TexHonornu

n UT-o6pasoBaHue

IepeHoCs pe3yJIbTaThl PabOThI OJHON B APYTYIO BPYUYHYIO.
Peanusauus Mozesnu cpejactBaMu 6ubanorekd AForge u sizbika
nporpaMMupoBaHua C# M03BoJISET JIETKO OCYLIeCTBJATb MoCJ/e-
JloBaTeJIbHbIN BBIBOJ. [IpU 3TOM, NOCKOJIBKY B Hallleld MO/iesiu Bce
TepMbl OJJMHAKOBBI, OHU 33JJal0TCSA OJIMH pa3 U B laJIbHel1eM npo-
CTO OOG'BABJIAIOTCA CBOMCTBAMU 00'bEKTOB, MOJI€/IMPYIOIMX JIMHT-
BUCTHYECKHEe NepeMeHHble. [I0CKOIbKYy CTPOUTCA CTaHAapTHOe
npunoxxeHue Windows Forms, jierko nocTpouTb ycTpanBarolUi
nosib3oBartessi MHTepoeiic. OHaKO NMpPU HCHOJIb30BAaHUU 3TOTO
N0AX0/a K peaiu3aliy MOZlesIM Heo6X04MMO BJIafleHHe 6a30BbIMU
HaBblKaMU NporpaMmmupoBaHus. Kpome toro, 6ubanoreka AForge
He NM03BOJISIET, K COXKaJIeHUI0, yKa3blBaTh JJ151 IPaBUJI Beca, OTJINY-
HbI€ OT e/JUHULbL

3ak/iloueHue

TakuM 06pa3oM, HaMU NpejJlaraeTcs npoleaypa nporHo3uposa-
HUSA Pe3yJIbTaTOB 00yYeHHs, OCHOBAaHHAsl HAa HEYETKOM MOJeJid-
pOBaHHUHU. ITa MOJieJib, HA HAll B3IJIsAJ, MOXET ObITh JJOCTATOYHO
3¢ deKTHBHA B CHJy MPUHLMIMAIBHO HEYETKOI'0 XapaKTepa CBsi-
3ed MeX/y pasjiesaMu yuyeOGHbIX JUCUUIUIMH U OLEeHKH 3HAaHUH
yyamuxcs. JlasbHedas pa3paboTka NpejJiaraeMoro IMoJxoja
TpebyeT yyacTHsl CIeLUaJUCTOB [0 METO/MKe PenoiaBaHusl JAUC-
LIMIUIMH LKOJIbHOTO U BY30BCKOIo Kypca. Ero peanusanus nosso-
JIUTh C/leJIaTh Npolecc 06ydeHus: 6oJsiee NMpeacKa3yeMblM, U TEM
caMbIM, IOBBICUTb €ro 3¢pPeKTUBHOCTbD.
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