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UNIVERSITET TOLOBOLORININ AKADEMIK FOALIYYOTININ
NEYRO-QEYRI-SOLIS YANASMA METODOLOGIYASI IL® TODQIQI

Hazirda ali tohsil miioassisalorinds Boloniya prosesinin prinsiplorine uygun olaraq
tohsilin keyfiyyatinin giymotlondirilmasi sistemi foal sokildo hoyata kegirilir. Bu, proses
universitetlorin ugurlu faaliyyati vo beynalxalq bazarda ragabst gabiliyystinin artirilmasi tigiin
lazimdir. Eyni zamanda tahsilin keyfiyyastinin giymotlondirilmasi bir ¢ox amillordan asili olan
miirokkob prosesdir. Pedaqoji 6l¢malorda ¢ox vaxt geyri-rogamsal molumatlarla islomok
lazimdir ki, bu da tahsilin keyfiyyatini giymatlondirmayi ¢oatinlogdirir. Magalods talabalarin
akademik foaliyyatino tosir edon amillor aragdirilir. ©nonavi olaraq bunlara asagidakilar
daxildir: tohsilin mozmununu formalagdirarkon amak bazar1 ilo garsiligh alagonin keyfiyyati,
abituriyentlorin vo tolobalorin bilik bacariglari, tohsil texnologiyalarinin keyfiyyati, todris
prosesinin todris vo maddi-texniki tominatinin keyfiyyoti, habelo miosllim heyatinin todris
keyfiyyati.

Talaba tohsilinin keyfiyyatini giymatlondirmok digiin iki saviyyali sistema osaslanan
metodlar toklif edilmisdir. Buraya MatLab -da tatbiq olunan adaptiv neyro -geyri-salis natico
cixarma sistemi (ANFIS) vo geyri-solis siini neyron sobokasi paketi daxildir. Sagirdlorin
oyronma keyfiyyatina tosir edon dérd qrup amillarin har birini giymotlondirmok {iglin siini
neyron sobokalorindon istifado etmoklo dord modul yaradilmisdir. Hor bir siini neyron
sobokosinin giriglorinin say1r miivafiq qrupa daxil olan bir sira amillordon asilidir. Amil
gruplarinin  doyarlori  universitet tolobolorinin  tohsil keyfiyyatinin  giymotlondirilmasi
sisteminin ikinci saviyyasi olan ANFIS-in girisino verilir. Cixis doyisoni ANFIS toalobo
oyronma  keyfiyyotinin ododi giymatlondirilmasidir. ikiqatli hesablama siini neyron
sobakalorinin talimi igiin malumatlarin toplanmasina va siini neyron gabokoalorinin vo ANFIS-
in tolimi ti¢iin ekspert miilahizolorinin formalagdirilmasina kémok edir, giris molumatlarini
yaratmaga imkan verir. Toalobo tohsilinin keyfiyyatinin giymatlondirilmasi tigiin toklif olunan
sistem tohsil miossisasinin  foaliyyatinin vo todris prosesinin  somoraliliyinin imumi
gostaricisi olan adadi giymatlondirmani nozards tutur.

Acar sozlor: tohsilin keyfiyyati, siini neyron sobokoalori, adaptiv neyro-geyri-solis natico
¢ixarma sistemlari, ekspert giymotlondirmalari

Giris

Pedaqoji todqiqat prosesindo geyri-odadi vo ya zoif simvolik informasiya ilo islomok
zorurati qacilmaz olaraq yaranir. Bununla oalagodar olaraq pedaqogika ilo bagli proseslorin vo
obyektlorin kamiyyatca tosviri metodologiyasinin islonib hazirlanmasina ehtiyac var [1, 2].
Tohsil sisteminin formalasmasinda tohsilin keyfiyyati asas rol oynayir. Bu gostarici tohsil
miiossisasinin foaliyyatini vo onun iginin comiyyatin vo miixtalif sosial qruplarin ehtiyac vo
gozlontilorino uygunlugunu oks etdirir.
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Tohsilin keyfiyyotinin qiymotlondirilmosi ona gora ¢otinlasir ki, bu gdstariciyo bir ¢cox
amillar tosir edir va tosirin xarakteri molum deyil. Notics etibart ilo tohsilin “mohsulu” — tohsil
miiossisasinin mazunu Oziinomoxsuslugu ilo miirokkob bir sistemdir. Tohsilin keyfiyyotini
giymatlondirmok ii¢lin bir ¢ox tisul vo alqoritmlor mévcuddur [2,3]. Bu moagalods neyro -
geyri-salis yanasma osasinda universitet tolobolorinin tohsil keyfiyyatinin qiymotlondirilmasi
metodologiyasi toklif olunur .

Moasalanin halli

Ik ndvbada, sagirdin tolim prosesine on ¢ox tasir edon amillori miioyyan etmok lazimdir
[4]. Bu amillori asagidaki kateqoriyalara bolmok olar:

1. Tahsilin mozmunu:

—Miitoxassislarin hazirliq saviyyasi amak bazarmin toloblarine cavab verir.

—Tadris programlarinin formalagmasinda miiossisolorin istiraki.

—Miiossisalar torafindon verilon molumatlarin soviyyasi.

2. Universitetlor vo miiossisalor arasinda qarsiligli slago:

—Miitoxassislor {igiin sifariglor sisteminin mévcudlugu.

—Miiassisolorin niimayandalari ilo lizbaiiz vo qiyabi goriiglorin kegirilmasi.

—Universitetlorlo miiqavilslorin baglanmasi.

3. Tolobo xiisusiyyatlori:

—Xarici tolobalarin nisbati.

—Mozunlarin mosgullugunun tohlili vo moaggulluq soviyyasinin artirilmasi.

—Tadris materialinin monimsanilmasinin cari saviyyasi.

—Qaliq biliyin hartorafli giymatlondirilmasi.

—Miixtalif saviyyalords problemlari hall etmak bacarigi.

—Sertifikatlagdirmanin son soviyyasi.

4. Tohsil prosesinin keyfiyyati tohsil texnologiyalarindan, metodiki vo maddi-texniki
tominatdan asilidir:

—Sagird nailiyyatlorinin soviyyasine nozarst sistemi, reyting texnologiyasi.

—Tadris vo metodik materialin saviyyasi.

—Tadris prosesi ligiin kitablarla tominat saviyyasi.

—Xiisusi laboratoriyalarin mévcudlugu.

—Hazirliq vo toskilateiliq tigiin fordi toloba planlar.

5. Miallim heyatinin keyfiyyati:

—9sas tohsilo uygunlugu noazoro alinmagla miosllimin todris tocriibasi vo ixtisas

Soviyyasi.

—Miiallimin ixtisas saviyyasi (elmi daraco, ad, vazifo).

—Miiallim va tolobalor arasinda sosial-psixoloji miinasibatlorin soviyyasi.

—Doarslar kegirmak ti¢iin miixtalif sonaye sektorlarindan miitoxassislorin davat edilmasi.

MatLab-da ANFIS paketinin alotlorindon istifado etmok toklif olunur [5]. Bu
vasitolordon istifads naticosindo siini intellektin hoyata kegirilo bilon {isul vo vasitalorini olda
etmok miimkiindiir.

ANFIS sistemi geyri-solis linqvistik parametrlori aradan qaldirmaga vo bes soviyyadon
ibarat ¢1x1s aldo etmoys imkan veran hibriddir. Bu sistemin iglotmok ti¢iin dérd qrup amildon
istifado edirik: omok bazarinin formalagmasinda tohsil mozmununun keyfiyysti, abituriyent vo
tolobalarin qarsiligh alagasi; tohsil texnologiyalari, tadris prosesi, metodiki vo maddi-texniki
tominat, miiollim heyoti. ANFIS sistemi universitet tolobolorinin tohsil keyfiyyatini odadi
ballar vo funksiyalar vasitosilo qiymaotlondirir. ANFIS sistemini qiymotlondirmok {i¢iin
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“gonastboxs”, “yaxs1” vo “ola” kimi miioyyon edilon linqvistik parametrlordon istifado olunur.
ANFIS sistemi “qeyri-qonastboxs” qiymatlondira bilmoz, ¢ilinki bunun ii¢clin “qeyri-
gonastboxs”s uygun olan parametrlori toqdim etmok lazimdir.

Simvolik formada bunu asagidaki kimi yazmaq olar: ={UD< 1>, XO<i > OT<i >}.

Kolleksiyanin keyfiyyotinin universitet tolobalori torofindon verilon giymotlondirilmasi
asagidaki monalar ifado edir: = {“qonastboxs”, “yaxs1”, “sla”,} vo ya simvolik formada: =
{UD, XO, GRASS,} .

Birinci soviyys xiisusiyyat lizvlilyli liclin xiisusi doyari olan qovsaqlardir.

Ikinci soviyyas qaydalarin, osaslarin va toriflorin istehsalinda uygunlasmayan vo sarbost
olmayan qovsaqlardir. Miivafiq siranin har bir qovsaginin ilkin sortlari var.

Ugiincii saviyya qoyulan problemin hoallorini toskil edir: P = {p;, p,, 03}

Qeyri-salis mantiq qovsaqglar1 “AND” prosesi hoyata kegirir (daq).

wq = min (My'ql (Vl); #y,LLZ (VZ); .uyp,B (V3)) ’
W2 = min(ﬂxo1(V1); .LLXOZ (VZ)’ ‘LLXO3 (V3))’

W3 = min(l'l'OTl (Vl): Hor2 (VZ)J Hor3 (V3))
Performans qovsaqlarinin bu tobagasi icralarin har birini yerina yetirmok ti¢iin y1gilmis
i¢ geyri- salis yanasmadan istifads edir.
W, = wp /Y3, w;, buradah =1, ..., 3 — proseslorin say1
4-cii tobagqodo soboko ¢ixisinda hor bir geyri-salis istehsal qaydasimin doayarlori
(qaydalarin comi) formula ilo hesablanr.

@) = (v + v+ vV + 0PV + PV, )

burada v,(f)— (1=0, ..., 4) — cixis funksiyasinin omsallari.

Soviyys 5 biitiin doyarlori imumilosdirir:

3
Yy = Z Yi-
i=1

Tadqiqat ¢ar¢ivasinda universitet tolobalarinin tohsil keyfiyyatini giymotlondirmak {i¢iin
ANFIS sistemi hazirlanib. Sistemin strukturu Sokil 1-do gostorilmisdir.

ANFIS 24 dovrlii zaman sirasinin istifadosino osaslanan hibrid metoddur. Sistemin
islonmosi zaman1 miixtalif ndv funksiyalar, masslon, Qauss funksiyalari, xatti funksiyalar vo
onlarin olagoalori aldo edilmisdir. Bu omsallar sistemi 6yrotmok ii¢iin istifado edilmisdir.

Tadqiqatin naticalori Sakil 2-do toqdim olunur.

Todris prosesi zamani tohsilin keyfiyyatino tosir edon dord osas amili nozara almaq
lazimdir. Bu amillara tohsil proqraminin mazmunu, amak bazari ilo alags, tohsil prosesinin
keyfiyyati daxildir.

Tohsilin keyfiyyatini giymatlondirmak tigiin dord moduldan istifads olunur [6-8]:

1. Modul Nel: abituriyentlor va talabalar.

2. Modul Ne2: tohsil texnologiyalari.

3. Modul Ne3: tohsil dastoyi.

4. Modul Ne 4: fakiilto.
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Sokil 1. Universitet tolobalarinin tohsil keyfiyyatinin gqiymatlondirilmosi iizro ANFIS

sisteminin strukturu
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Sakil 2. Funksiya grafiklari tigtin Matlab pancaralari
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Sakil 3. Talobs tohsilinin keyfiyyatinin giymatlondirilmasi sistemi

Bu modullarin har biri konkret tohsil sahasinin xiisusiyyatlorini nozoro almagla tohsilin
keyfiyyatini giymatlondirir [9-12]. Tohsilin keyfiyyatini giymotlondirmok iigiin universitet
tolobolori tiglin hazirlanmis sistemlordon istifado olunur. Hor bir modul ii¢iin miivafiq
amillorin say1 miioyyon edilir. Faktor doayarlori 0-dan 1-o godor miqyasda giymotlondirilir.
Kolmoqorov teoremi gizli tobagoalordoki neyronlarin saymi Oyronmo funksiyasi ilo
olagalondirir. Modullar problemlori effektiv hall etmoys vo istifadodo yiiksok samaralilik
niimayis etdirmaya imkan verir. Tolim segarkon saboaka strukturunu diggatlos tahlil etmalisiniz.
Sigmoid neyronlarin parametrlori vo gizli tobogolorin sayr istifado olunur. Tohsilin
keyfiyyatinin giymatlondirilmasi {igiin hazirlanmis sistemlar do sokil 3-do gostorilmisdir.

Notica

Tolim zamant TRAINLM metodunun optimallasdirilmasina yonolmis todqigatlar
aparilmigdir. Naticodo universitetdo tohsilin keyfiyystina tosir edon amillor miisyyon edilib.
ANFIS-i totbiq edon ikinci soviyyoli sistemin keyfiyyotini qgiymotlondirmok {i¢iin
molumatlarin toplanmast vo ekspert qiymotlondirme metodlarindan istifads edilmisdir.
Alinmis giymatlondirmalor riyazi statistika metodlarindan istifads etmokla tohlil edilmisdir.
Tohlillorin noticalori universitetds tohsil sisteminin keyfiyystini vo todris prosesinin
somaraliliyini qiymatlondirmays imkan verib.
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METO/JOJIOTUST AHAJIM3A AKAJTEMUYECKOU YCIEBAEMOCTH
CTYAEHTOB YHUBEPCUTETA B KOHTEKCTE HEMPO-HEUETKOCTU
PE3IOME

Kniouegvie cnosa: xadecTBO 00pa3oBaHMs, WUCKYCCTBEHHBIC HEUPOHHBIE CETH,
aJIalITUBHBIE CHCTEMbl HEHPOHEYETKOrO BBIBOJAA, HKCIEPTHBIE
OLICHKH

B Hacrosimee BpeMsi B BBICIIMX y4YEOHBIX 3aBEICHMSIX aKTUBHO BHEAPSAETCS CUCTEMa
OIICHKH KadyecTBa 00pa3oBaHHs B COOTBETCTBHUHU C MpHUHIMNAaMH boioHckoro mpoiecca. 3To
HEOO0XOIMMO /ISl YCTIENTHOM pa®oThl BY30B M TMOBBINICHUS MX KOHKYPEHTOCHOCOOHOCTH Ha
MEXIYHapOAHOM pbIHKe. OgHAKO, OLIEHKa KadyecTBa 00pa3oBaHUs MpEACTaBIseT co00it
CJIOJKHBIN TIPOIecC, 3aBUCINNN OT MHOXKeCTBa (GakTopoB. K TOMy ke, IpH meaarorndyeckux
U3MEPEHUSIX YacTO MPUXOIUTCS paboTaTh C HEUUCIOBOM HH(pOpMAIUEH, YTO 3aTpyIdHSET
OIICHKY KauecTBa oOpa3oBaHus. B pabore paccMOTpEHBI (paKTOPHI, BIUSIONIME HA O0yUCHHE
CTYZIEHTOB. TpalMIIMOHHO K HUM OTHOCSITCS: KAUeCTBO B3aUMOJIEHCTBUS C PHIHKOM TpyZa IpH
(GopMHUPOBAaHUHU COZIEPKaHUS 00pa30BaHuUsl, KaYeCTBO aOUTYPUEHTOB U CTYAECHTOB, KaUY€CTBO
00pa3oBaTeNbHbIX TEXHOJOTUH, KaueCTBO 00pa30BaTEIbHOTO U MaTepUaIbHO-TEXHHUYECKOTO
obecrieyeHns 00pa30BaTEIBLHOTO MPOIECCa, & TAKKE Ka4eCTBO MPENOIaBaTeILCKOTO COCTABA.
Jl1s o11leHKH KauecTBa 00pa3oBaHUs CTYACHTOB ObUIM MPEIOKEHBI METO/Ibl, OCHOBAaHHBIE Ha
JIBYyXypoBHEBOM cucTeme. OHa BKJIIOYAeT B ce0s aAanTUBHYIO CHUCTEMY HEUPO-HEUETKOTO
BeiBoZa (ANFIS), peannszoBannyto B MatlLab, u maker MCKycCTBEHHBIX HEHPOHHBIX ceTel
Fuzzy Logic Toolbox. Yerbipe Moayssi ObUTH CO3/1aHBI C UCIOJIB30BAHUEM HCKYCCTBEHHBIX
HEHUPOHHBIX CETeW M OLEHKH KaXAOW W3 UeThIpEX rpynn (aKTopoB, BIUSIONUX Ha
KauyecTBO Ipolecca o0y4yeHHsl CTyAeHTOB. Koin4yecTBO BXOJOB KaxJOHW HCKYCCTBEHHOM
HEHpPOHHOM CeTH 3aBUCUT OT psAAa (AKTOPOB, BXOAIIMX B COOTBETCTBYIOLIYIO TPYIIY.
3navenus rpymnm (akTopoB nojaaroTcs Ha Bxog ANFIS — BTOporo ypoBHsI CHCTEMBI OIEHKH
KadyecTBa 00pa3oBaHMs CTYIEHTOB BY30B. Brixomnas nepemennas ANFIS mnpencrasnser
co0O0il YHUCIIEHHYIO OLIEHKY KadecTBa OOydeHHUs CTYIEHTOB. J[ByXypOBHEBBIE BBIUHCIICHHUS
obnerdaroT cOOp JaHHBIX JJIs1 OOy4eHHUs MCKYCCTBEHHBIX HEMpPOHHBIX ceTell u
(bopMyIMpOBaHNE KCIEPTHBIX OLIEHOK JJIsi 00Y4YEeHHs MCKYCCTBEHHBIX HEWPOHHBIX CEeTed U
ANFIS. Oto no3Boiser chopmMupoBaTh BXOAHBIE AaHHbIe. [Ipennaraemas cucremMa OLIEHKU
KauecTBa 00pa30BaHUsS CTYACHTOB NpPEAYCMaTPUBAET YHCIOBYIO OLIEHKY, KOTOpas SIBJSETCS
Oo0IIMM TIOKa3aTesneM JesSTeIbHOCTH 00pa30BaTeIbHOTO yupexaeHus U 3(deKkTuBHOCTH
00pa3oBaTeNbHOTO MpoIiecca.

96 xabarmacmua@gmail.com



S.S.Salmanova

UDC 519.2
S.S.Salmanova
Ministry of Science and Education of the Republic of Azerbaijan
Azerbaijan State University University of Petroleum and Industry

METHODOLOGY FOR ANALYZING THE ACADEMIC PERFORMANCE OF
UNIVERSITY STUDENTS IN THE CONTEXT OF NEURO-FUZZINESS
SUMMARY

Key words: quality of education, artificial neural networks, adaptive neural fuzzy
inference systems, expert assessments

Currently, a system for assessing the quality of education in accordance with the
principles of the Bologna process is being actively implemented in higher education
institutions. This is necessary for the successful operation of universities and for increasing
their competitiveness in the international market. However, assessing the quality of education
is a complex process that depends on many factors. In addition, pedagogical measurements
often require working with non-numerical information, which makes it difficult to assess the
quality of education. The paper considers the factors influencing student learning.
Traditionally, these include: the quality of interaction with the labor market in shaping the
content of education, the quality of applicants and students, the quality of educational
technologies, the quality of educational and logistical support for the educational process, as
well as the quality of teaching staff. Methods based on a two-tier system have been proposed
to assess the quality of students' education. It includes the adaptive neuro-fuzzy inference
(ANFIS) system implemented in MatLab and the Fuzzy Logic Toolbox package of artificial
neural networks. Four modules were created using artificial neural networks to evaluate each
of the four groups of factors affecting the quality of the student learning process. The number
of inputs to each artificial neural network depends on a number of factors included in the
corresponding group. The values of the factor groups are submitted to the input of ANFIS, the
second level of the educational quality assessment system for university students. The ANFIS
output variable is a numerical assessment of the quality of student learning. Two-tier
computing facilitates the collection of data for training artificial neural networks and the
formulation of expert assessments for training artificial neural networks and ANFIS. This
allows you to generate input data. The proposed system for assessing the quality of students'
education provides for a numerical assessment, which is a general indicator of the activities of
an educational institution and the effectiveness of the educational process.
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