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Universitet miialliminin faaliyyatini aks etdiran akademik indeksin hesablanmasi iigiin “neuro-fuzzy” yanasmasi

GIRIS

Miixtolif  Qorarlarin = Dastoklonmosi  Sistemlorinin = (QDS)  (Andreychikov,
Andreychikova, 2000) inkisafi noticosindo standartlasdirma idarsetmonin miixtolif sahalo-
rinda, o climlodon idareetmonin timumi prinsiplari va tohsil prosesinin vahid strukturu ilo
forglonon Boloniya tohsil sistemi g¢orgivosindo miioyyonedici amilo ¢evrilib. Boloniya
prosesi ¢arcivasinda tohsil xidmaotlorinin gostorilmasi yalniz ona qoyulan miivafiq toloblorin
unifikasiyasindan sonra biitiin Avropa mokaninda kiitlovi bir hadisoys ¢evrilir. Universi-
tetlordo QDS bdyiik hocmdo akademik informasiyani toplayan, saxlayan vo analiz eden,
bununla da biznes-tohsil prosesi c¢orgivasindo toskilati qorarlarin qobul olunmasini
asanlagdiran kompiiter osasli qorar qobuletmoni dostokloyon sistemdir.

SINAM MMC informasiya texnologiyalar1 sirkoti bu ciir QDS-i Elektron Tohsil
Idaroetmo Holli (EMPRO) soklindo hazirlaytb. EMPRO tohsil prosesinin idare olunmast,
monitoringi, sonadlogdirilmasi, hesabatliligi, tohsil mozmununun ¢atdirilmasi vo tohsilo
nozarot alotlorini 0zilindo birlogdiron totbiqi programdir. Bu sistem, osason, tohsil
miassisolari {igiin nozords tutulub, lakin korporativ tolim, attestasiya vo sertifikatlagdirma
vasitosi kimi miiassisalar {i¢iin do maraqli ola bilor. EMPRO miiasir tohsil prosesinin togkili,
tolim programlarinin hazirlanmasi, tohsilin mazmununun idars olunmasi, bilik saviyyasinin
monitoringi, foaliyyatlorin vo naticalorin izlonilmasi, tohsil foaliyystlorinin idars olunmasi,
zoruri hesabatlarin hazirlanmasi, mosafodon dorslorin kegirilmasi vo foaliyyatin tomin
olunmasi ti¢lin nozards tutulmus proqram tominatidir.

Beloliklo, EMPRO-nun interaktiv istifadosi universitet rohborliyino miisllimlorin
akademik foaliyyoti baroado ilkin monbolordon bilik formasinda faydali molumatlar togdim
edo, homginin yaranan togkilati problemlorin halli iigiin biznes modellari toklif eds bilar.

Bir ¢ox universitetlordo miiollimlorin ¢oxsaxoli foaliyyotinin inteqrasiya olunmus
qiymotlondirilmosi Insan resurslar1 (IR) sdbosi torafindon hoyata kegirilir. Bu sobo
universitet rohborliyi vo ekspert icmasi ilo six omokdagliq edorok universitetin akademik
heyatinin idaro olunmasina dair ixtisaslagmis funksiyalar1 yerino yetirir (Bonczek,
Holsapple, Whinston, 2014), yoni insan resurslarinin idaro olunmasini hoyata kegirir.
Adoton, IR meneceri 6z subyektiv miilahizalorine asaslanir vo zehni olaraq &ziiniin iistiinliik
verdiyi fikirlori formalasdirir. Menecer miiollimin foaliyystinin komiyyot xarakteristikalarini
qiymatlondirsa bels, onun qiymatlondirmasi yena do fazzi xarakter dasiyir, ¢iinki menecer
har zaman keyfiyyat gostaricilorindon istifade etmays macburdur. Bu sababdan, universitet
miolliminin foaliyystinin qiymatlondirilmasini kompleks notico kimi nozoro alaraq toklif
etdik ki, bu foaliyyotin hor bir komponenti miivatiq fazzi comlo tosvir olunan linqvistik
dayisen termini soklinds taqdim olunsun (Mardanov, Aliyev, Rzayev, Abdullayev, 2023).
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Ekspert-fuzzy paradigmasindan ¢ixis edorok, miollimin faaliyyatinin inteqral
giymatlondirilmaosi {iclin maqalodo EMPRO sistemino inteqrasiya olunmus analitik opsiya
(variant) toklif edilir. Bu opsiya universitetdo Boloniya tohsil sistemi iigiin informasiya vo
analitik dostoyi tomin edir. Toklif olunan yanasma ekspert giymetlondirmalorini, alter-
nativlorin ¢oxmeyarli (multi-criteria) fazzi modellorini, eloco do geyri-salis ¢ixaris sistemi
(Fuzzy Inference System, F1S) asasinda oldo olunmus mohsullarin bazasinda formalasdirilan

neural-fuzzy (hibrid) modellosdirmao sistemini birlogdirir.

MOSOLONIN QOYULUSU

Toklif olunan ali tohsil miiassisolori miisllimlorinin foaliyyatinin qiymotlondirilmasi
prosedurlarinin adekvatligi bir sira amillordon asilidir, o climlodon: qiymotlondirmo
meyarlarinin ¢akilorinin miioyyan edilmasi; hor bir meyar iizra miisllimlorin faaliyyati ilo
bagli konsolido olunmus ekspert qiymotlondirmalorinin Insan resurslarinin idars edilmosi
(HRM) s6bosinin tstiinliik skalasina uygun sokildo diizgiin togkil olunmasi, toplanmasi vo
saxlanmasi; qeyri-solis ¢ixarig sisteminin (FIS) tipine uygun dil qaydalarmin diizgiin
secilmosi; keyfiyyot gostoricilorini oks etdiron geyri-solis ¢oxluglart borpa edon iizvlik
funksiyalarinin miioyyonlosdirilmosi vo s. (Bonczek, Holsapple, Whinston, 2014;
Mardanov, Aliyev, Rzayev, Abdullayev, 2023). Bu osasda, hor bir gostorici iizro ekspert
qiymatlondirmalori vo onlarin ohomiyyat doracesi nozere alinmaqla miisllimlorin elmi-
pedaqoji faaliyyetinin coxmeyarl qiymatlondirilmasi metodologiyasinin neyro geyri-salis
paradigmasinda iglonib hazirlanmas1 mogsadouygundur. Bu metodologiya miivafiq analitik
niivoyo malik funksional variant soklindo qurulmali vo miiallimin cari akademik indeksini
daxili korporativ ragabat faktoru kimi hesablamaq imkanina malik olmalidir.

QEYRI-SOLIS CIXARIS SISTEMI VASITOSILO

MUOLLIMLORIN FOALIYYOTININ QiYMOTLONDIRILMOSI

Universitet miiollimlorinin  foaliyyotinin ¢oxmeyarli qiymotlondirilmosi {i¢iin
Tennessee Texnologiya Universitetindo (ABS) hazirlanan vo asagidaki gostoricilora
osaslanan meyarlar sistemi istifado olunub (Bonczek, Holsapple, Whinston, 2014;
Mardanov, Aliyev, Rzayev, Abdullayev, 2023):

x1 — pedaqoji effektivlik;

X2 — elmi-todqiqat foaliyyati;

x3 — xaricdon maliyyolosdirilon todqigatlarda istirak;

xa — todqiqat layiholori vo ixtisaslagmis todqiqatlar lizro texniki hesabatlar;

xs —niimayanda orqanlarinda istirak;
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xs — elmi faaliyyatlo alagoli olmayan ictimai toskilatlarda tomsilgilik va ¢ixislar;

x7 — ictimai vo dovlot siyasotineg tosir edon orqanlarda tomsilgilik;

xg — baladiyyo, hokumoat vo moslohat orqanlarinda, miixtolif komitalords xidmaot;

X9 — elmi nagrlorda islorin istinad soviyyasi;

x10 — komitalords, komissiyalarda va isci qruplarinda faaliyyat;

X1 — cari texnoloji masalalor lizro maslohoateilik;

x12 — istehsalatla, isagdtiiranlorle birbasa alaqo;

x13 — texnoloji lisenziyalagdirma, sertifikatlasdirma vo patentlor.

Universitet miiolliminin akademik indeksinin daxili korporativ rogabat faktoru kimi
istifado olunmasi toklif edilir. Bu indeksin hesablanma iisullarindan biri [2]-do ¢okilarlo

comlomo (weighted summation) diisturu soklinds togdim olunub:

13
Cae
R = (1)

= 13
max{z:l_=1 ae}
€

Bu diisturda o; — x; qiymotlondirmo xiisusiyyetinin spesifik ¢okisini (i=1+13), e; iso

miollimin homin meyar tizro 10 balliq skala iizro konsolido olunmus ekspert
qiymotlondirmosini gdstorir. indeks R no qoder yiiksokdirss, miiollimin coxsaxali foaliyyati
iizro ugur gostaricisi do bir o godor yiiksok hesab olunur.

Niimuns olaraq, biz 30 miiallimin a; (k=1+30) faaliyystina dair x; (i=1+13) meyarlar1
izra ekspert qiymatlondirmolorini vo onlara uygun [2]-do miioyyanlosdirilmis ¢okilori (o)
se¢dik. Bu giymotlondirmolor vo homin qiymaotlor asasinda diistur (1) ilo hesablanmis
inteqral indekslor R codval 1-do timumilosdirilib.

Yuxaridaki izahdan vo x; xiisusiyyatlorinin sorhindon aydin olur ki, bu gdstoricilor
keyfiyyot xarakterli (vo ya zoif strukturlagmis) kateqoriyalardir vo onlari on yaxsi geyri-salis
coxluglar tosvir edir. Bu mogsadlo miiollimlor g alternativlor kimi gqobul edilorok, A={a:, a2,

.., aso} coxlugu universal ¢oxluq kimi secilib. Qeyri-salis alt¢oxluglarin monsubiyyat
funksiyas1 kimi Gauss funksiyasi gobul edilir, burada: e; — k-c1 miisllimin x; meyarina
uygunlugu ilizro orta ekspert qiymoti; =5 iso fuzzifikasiya tliglin secilmis standart

konarlagmadir vo o biitiin hallarda eynidir:

Hy, () =exp[—(e, —10)° /071 (2)
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Cadval 1. Miiallimlorin ekspert giymoatlondirmoalari asasinda alds olunmus akademik indekslari

Miisllimin qiymatlandirilmasi meyari
g X1 | X2 | X3 | X4 | Xs | X6 | X7 | X3 | X9 | X10 | X11 | X12 | X13 R
é Qiymatlondirms meyarlarinin ¢akilari ¢; (i=1+13)
0.134{0.131{0.114{0.093|0.073{0.031| 0.037 | 0.029 | 0.108 | 0.048 | 0.054 |[0.057|0.0897

ar | 0.10]0.12 | 1.50 | 2.89 | 2.95 | 2.86 | 5.11 328 | 212 | 286 | 3.01 | 1.25| 4.09 |0.209
a [ 0911991 |487| 181|688 |196| 2.76 | 6.85 1.81 1.67 | 229 | 4.08| 3.61 |0.409
as | 136|707 |1.73|196| 193 |3.78| 474 | 7.59 | 3.16 1.77 | 6.11 | 2.15| 6.26 |0.369
as | 1.05]4.32|3.06|4.83|4.64|152| 2.65 1.25 | 2.97 1.77 1.85 | 1.89 | 1.28 |0.284
as | 9.19] 127|686 | 735|457 897 | 009 | 793 | 2.17 | 879 | 424 |295| 2.69 |0.516
as | 3511279540059 271|070 | 825 | 0.60 | 8.04 | 4.31 330 | 8.79 | 3.89 |0.428
a; | 883144 | 1.15]0.65]|9.83|7.28 | 3.16 | 9.62 | 554 1.85 | 9.02 | 7.87 | 7.31 |0.534
ag | 462|141 (953 | 156|258 751 393 | 490 | 956 | 449 | 3.01 | 2.87| 4.78 |0.489
as | 419 ] 9.11 | 856 | 1.15 | 4.64 | 0.46 | 0.55 1.60 | 548 | 7.65 | 729 |5.05| 7.69 |0.576
ao | 294209 |4.12|289 383|639 | 834 | 476 | 853 | 4.11 9.85 | 3.09 | 6.06 |0.485
ain | 839619 | 2.18 | 6.81 | 3.52 | 2.51 | 8.46 | 4.85 193 | 260 | 7.06 |425| 1.25 |0.482
a2 | 0.01 | 469|574 271|124 |222| 298 1.33 692 | 030 | 6.44 | 451 | 2.34 |0.352
a3 | 293|123 |7.55 (558|763 (231 | 255 | 851 2.71 1.21 6.06 | 546 | 0.15 |0.402
ais | 6.79 | 585 | 1.72 { 0.31 | 890 | 8.61 | 983 | 259 | 6.73 | 6.78 | 991 |3.62 | 6.74 |0.583
ais | 2.281925]5.75|847|545|0.61 | 882 | 031 8.80 | 7.01 1.64 | 8.16 | 0.90 |0.581
a | 2.55| 748 | 8.44 | 520|873 | 430 | 9.55 1.75 7.41 0.00 | 7.61 |4.54| 1.73 |0.574
a7 [ 994 |255]798 198|612 |555| 480 | 849 | 654 | 245 | 233 | 643 | 4.82 |0.572
aig | 7.82 | 643 | 443 | 2.60 | 464 | 830 | 6.72 | 0.50 | 6.55 | 9.08 | 0.77 | 880 | 0.00 [0.535
ap | 8.11 334|959 |6.68 | 7.11|3.11| 357 | 9.54 | 520 | 2.5l 517 | 5.66 | 9.24 |0.657
ax | 0.02|3.15[2969.70 | 948 | 853 | 584 | 5.21 9.66 | 230 | 2.74 | 149 | 0.19 |0.452
ay | 7.05|895]120 058|217 |4.15| 894 | 332 | 042 | 929 | 7.03 |6.76 | 0.31 |0.445
an | 438|087 (812 |095|892|1.13| 1.90 | 580 | 3.60 | 330 | 9.44 |4.67| 9.35 |0.495
as | 443 |3.78 | 4457521192 |6.85| 5.13 9.72 | 3.21 827 | 876 | 7.56 | 5.50 [0.543
ax | 6.52 | 5.63 120|121 |9.21 | 8.84| 5.06 1.01 7.80 | 5.06 | 430 | 649 | 536 |0.535
axs | 7.70 | 9.74 | 0.48 | 6.94 | 9.27 | 8.62 | 493 | 234 | 283 | 6.13 512 | 7.08 | 7.10 |0.631
ax | 8.07 1956985037956 |8.17| 7.83 8.23 6.41 350 | 6.89 | 337 | 7.88 |0.732
axy | 5.62|4.07]6.26|0.17| 031|001 ]| 3.60 | 483 872 | 4.67 | 8.02 | 800 | 136 [0.463
ax | 1.05 | 1.55 | 1.67 | 2.05 | 1.46 | 2.22 | 1.35 1.09 1.05 1.28 1.05 | 1.08 | 0.01 |0.132
ay | 046 | 1.22 | 3.71 | 415 | 531|651 | 995 | 984 | 745 | 030 | 7.77 | 929 | 6.23 |0.475
az | 9.80 | 9.77 | 9.60 | 9.16 | 5.86 | 534 | 4.28 | 4.42 1.38 | 934 | 623 | 848 | 4.18 |0.743
max | 9.94 |1 991 | 9.85|9.70 | 9.83 | 897 | 995 | 9.84 | 9.66 | 934 | 991 |9.29| 9.35 |9.712

Beloliklo, agor x; gostoricilorini linqvistik doyisonlor kimi qgobul etsok, onlarin

qiymatlorindon biri — KAFI termini uygun A diskret universal ¢oxlugun JX; qeyri-solis

altcoxluglar vasitasils asagidaki kimi oks olunur:
X1=1{0.0198/a1, 0.0367/az, 0.0504/as,
X2 =1{0.0201/a1, 0.9997/az, 0.7098/as,
Xz ={0.0556/a1, 0.3491/az, 0.0648/as,
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..., 0.0406/azs, 0.0262/a9, 0.9984/az};
..., 0.0575/azs, 0.0458/az9, 0.9978/azo};
..., 0.0623/azs, 0.2059/az9, 0.9936/azo} ;
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X4 =1{0.1324/a1, 0.0682/az, 0.0755/as, ..., 0.0798/azs, 0.2549/az9, 0.9719/azo};

X5 ={0.1370/a1, 0.6775/az, 0.0738/as, ..., 0.0541/azs, 0.4152/az9, 0.5030/azo};

X6 = {0.1301/a1, 0.0756/az, 0.2123/as, ..., 0.0888/azs, 0.6140/az9, 0.4190/azo};

X7 =1{0.3846/a1, 0.1226/az, 0.3305/as, ..., 0.0501/azs, 0.9999/az9, 0.2703/azo};

Xz = {0.1643/a1, 0.6720/az, 0.7932/as, ..., 0.0418/azs, 0.9989/az9, 0.2882/azo};

Xo = {0.0833/a1, 0.0681/az, 0.1535/as, ..., 0.0406/azs, 0.7710/az9, 0.0513/azo};

Xio0 = {0.1301/a1, 0.0622/az, 0.0665/as, ..., 0.0478/azs, 0.0232/az9, 0.9829/aso};

X1 = {0.1413/a1, 0.0925/az, 0.5458/as, ..., 0.0406/azs, 0.8199/az9, 0.5665/aso};

X12 = {0.0468/a1, 0.2463/a2, 0.0851/as, ..., 0.0415/azg, 0.9800/a29, 0.9118/az0};

X13={0.2473/a1, 0.1957/az, 0.5719/as, ..., 0.0185/azs, 0.5662/a9, 0.2579/azo}.

Indi do forz edok ki, universitetin professor-miiallim heyotinin akademik faaliyyatini
qiymatlondirmak ti¢iin HRM (Human Resource Management) departamenti 6z {istiinliik
skalasim1 osas tutaraq, asagidaki montiqi cohotdon ziddiyyotsiz miilahizalori nozoro alir
(homginin [3]-2 bax).

di: Tadris effektivliyi (TE) vo elmi-tadqiqat foealiyyati (ETF) kafidirse, todqiqat
layihalari iizro texniki hesabatlar (TH) va ixtisaslasmis todgiqatlar (IT) kafidirse, tomsilci
organlarda (tolobalorin vo ya miioyyon qruplarin adindan gorar qobul edon qurumlar nozordo
tutulur) istirak kafidirso, komitolordo, komissiyalarda vo is¢i qruplarda foaliyyot kafidirss,
sonaye ilo birbasa olago kafidirss, texnologiyanin lisenziyalagdirilmasi kafidirse, onda
miiollimin faaliyyeti qonastbaxsdir;

d>: di-do geyd olunan sortloro olavo olaraq, elmi foaliyyotlo alagoli olmayan ictimai
toskilatlarda tomsilgilik vo ¢ixiglar kafi, ictimai vo dovlot siyasating tosir edon orqanlarda
tomsilcilik kafi, baladiyyas, hokumat vo maslohat orqanlarinda, miixtalif komitslorde xidmaot
kafi, cari texnoloji mosalolor iizro maslohateilik kafi soviyyadedirse, onda miiollimin
foaliyyoti daha ¢ox qonastboxsdir;

ds: Biitiin foaliyyaot saholorindo miiollimin istiraki kafidirsa, onda miisllimin foaliyyati
miikommoldir;

da: Tadris effektivliyi vo elmi faaliyyet kafidirss, xarici maliyyaloasdirilon todqiqatlarda
istirak kafidirso, texniki hesabatlar vo ixtisaslasmis todqiqatlar kafidirso, nlimayondo
organlarinda istirak kafidirso, nosrlordos isloro istinad kafidirso, komito, komissiya va is¢i
gruplarinda foaliyyat kafidirss, cari texnoloji maesalolor iizro maslohatgilik kafidirso,
isogotiironlarlo birbasa alaga vo texnoloji lisenziyalasdirma, patentlogdirme kafidirss, onda
miollimin foaliyyati oldugca qonastboxsdir;

ds: Tadris effektivliyi vo elmi foaliyyot kafidirso, xarici maliyyolosdirilon todqiqatlarda
istirak kafidirso, texniki hesabatlar va ixtisaslasmis todqiqatlar kafidirso, tomsilgi orqanlarda
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istirak kafidirse, elmi faaliyyastlo slagali olmayan ictimai toskilatlarda ¢ixiglar kafi deyil,
ictimai vo ddvlot siyasotino tosir edon qurumlarda tomsilgilik kafi deyil, komitolords,
komissiyalarda vo is¢i qruplarinda foaliyyot kafidirso, cari texnoloji mosololor iizro
maslohatcilik kafidirse, igogotiiranlorls birbasa alaqge kafi deyil, texnoloji lisenziyalagdirma
vo patentlosdirmo kafidirso, onda miiollimin foaliyysti yeno do qonastboxsdir;

ds: Tadris effektivliyi vo elmi foaliyyot kafi deyil, texniki hesabatlar kafi deyil, elmi
isloro istinad soviyyosi kafi deyilsa, onda miisllimin foaliyyati qeyri-qonastboxsdir.

Bu ekspert miilahizolori KAFI adi altinda giymotlondirmo anlayislarini giris kimi
gobul edon osas verbal model soklindo qobul edilo bilor. Cixislar (naticolor) iso asagidaki
anlayislar soklindo ifado olunur: “QEYRI-QONASTBOXSDIR”, “QONAOTBOXSDIR”,
“DAHA  COX QONASTBOXSDIR”, “OLDUQCA  QONASTBOXSDIR”,
“MUKOMMBOLDIR”. Bu modelin qeyri-solis miihitds totbiqi iiciin ovvalcaden miioyyan
edilmis X; (i=1+13) geyri-solis c¢oxluglar1 soklindo girisloro malik uygun bir geyri-solis
¢ixaris sistemindon istifads edilo bilar.

Cixislarin geyri-solis tosviri tiglin U={0, 0.1, 0.2, ..., 0.9, 1} diskret ¢oxlugu universal
coxluq kimi gobul edilir. [4]-9 asason har bir u€U {igiin mansubiyyat funksiyalar1 asagidaki
kimidir:

e Qonaotboxsdir (s): us(u)=u;

« Daha ¢ox qonaatboxsdir (m5): wms(u)=u'""?;

e Olduqca gonaatboxsdir (vs): ts(u)=u?;

e Miikommaoldir (p): up(u)=1, agor u=1, oks halda x,(u)=0;

e Qeyri-qonaotboxsdir (us): pus(u)=1-u.

Notica etibarilo, di+~ds miilahizolori simvolik formada asagidaki implikativ qaydalar
soklindo yenidon ifads oluna bilar:

di: (x1=X1)&(02=X2) & (x4=X4) & (x5=X5) & (x10=X10) & (x12=X12) &(x13=X13) = (y=S);

do: (x1=X1)&(02=X2) & (x4=X4) & (x5=X5)&. .. &(xs=X3)&(x10=X10)&...&(x13=X13)=> (y=MS);

d3: (x1=X1) & (x2=X2) & (x3=X3) & ... &(x12=X12) &(x13=X13) = ()=P);

da: (=X & ... & (x5=X5)&(x0=Xo)&(x10=X10)&(x11=X11)&(x12=X12)&

(x13=X13) = (=FS);

ds: (x1=X1) & (x2=X2) & (x3=X3) & (xa=X4) & (x5=X5) & (x6=—Xs) & (x7=X7) &
(x10=X10) & (x11=X11) &(x12=—X12) &(x13=X13) = (=S);

de: (x17—X1) & (x2=—X2) & (xa=—X4) & (xg=—Xo) = (=US).
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Qaydalarin sol hissalorindon olan qeyri-salis ¢oxluglarin kasigmo amaliyyatini hoyata

kecirmoklo vo Lukasevi¢ implikasiyasint u(a, u)=min{l, 1-u(a)+u(u)} [4, 6] totbiq

etmoklo, miivafiq geyri-solis miinasibotlor agagidaki matrislor soklinds aldo olunub:

0

0.1

0.2

0.3 0.4

0.5 0.6

0.7

0.8

0.9

1

0.0198
0.0367
0.0504
0.0406

0.0232
10.2579

0.9802
0.9633
0.9496
0.9594

0.9768
0.7421

1.0000
1.0000
1.0000
1.0000

1.0000
0.8421

0.3162

1.0000
1.0000
1.0000
1.0000

1.0000
0.9421

0.4472

1.0000 1.0000
1.0000 1.0000
1.0000 1.0000
1.0000 1.0000

1.0000 1.0000
1.0000 1.0000

0.5477 0.6325

1.0000 1.0000
1.0000 1.0000
1.0000 1.0000
1.0000 1.0000

1.0000 1.0000
1.0000 1.0000

0.7071 0.7746

1.0000
1.0000
1.0000
1.0000

1.0000
1.0000

0.8367

1.0000
1.0000
1.0000
1.0000

1.0000
1.0000

0.8944

1.0000
1.0000
1.0000
1.0000

1.0000
1.0000

0.9487

1.0000
1.0000
1.0000
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1.0000 |
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0

1.0000
1.0000
1.0000
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1.0000
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0

1.0000 1.0000
1.0000 1.0000
1.0000 1.0000
1.0000 1.0000

1.0000 1.0000
1.0000 1.0000

0 0

1.0000 1.0000
1.0000 1.0000
1.0000 1.0000
1.0000 1.0000

1.0000 1.0000
1.0000 1.0000

0 0

1.0000
1.0000
1.0000
1.0000

1.0000
1.0000

0

1.0000
1.0000
1.0000
1.0000

1.0000
1.0000

1.0000
1.0000
1.0000
1.0000

1.0000
1.0000

0
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1.0000
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0.0367
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0.0406
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10.0513
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0.9633
0.9496
0.9594

0.9768
0.9487

0.9802
0.9633
0.9496
0.9594

0.9768
0.9487

0.01

0.9802
0.9633
0.9496
0.9594

0.9768
0.9487

0.04

0.9802 0.9802
0.9633 0.9633
0.9496 0.9496
0.9594 0.9594

0.9768 0.9768
0.9487 0.9487

0.09 0.16

0.9802 0.9802
0.9633 0.9633
0.9496 0.9496
0.9594 0.9594

0.9768 0.9768
0.9487 0.9487

0.25 0.36
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0.9633
0.9496
0.9594
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0.9487

0.49
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0.9633
0.9496
0.9594

0.9768
0.9487

0.64
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0.9496
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0.81

1.0000
1.0000
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0.0406
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0.9768
0.9487

0.9902
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0.1

1.0000
1.0000
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1.0000
0.9887

0.2

1.0000 1.0000
1.0000 1.0000
1.0000 1.0000
1.0000 1.0000

1.0000 1.0000
1.0000 1.0000

0.3 0.4
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1.0000 1.0000
1.0000 1.0000
1.0000 1.0000

1.0000 1.0000
1.0000 1.0000

0.5 0.6

1.0000
1.0000
1.0000
1.0000

1.0000
1.0000

0.7

1.0000
1.0000
1.0000
1.0000

1.0000
1.0000

0.8

1.0000
1.0000
1.0000
1.0000

1.0000
1.0000

0.9

1.0000
1.0000
1.0000
1.0000

1.0000
1.0000 |

0.0198
0.0367
0.0504
0.0406

0.0200
0.0882

0.9802
0.9633
0.9496
0.9594

0.9800
0.9118

1.0000
1.0000
1.0000
1.0000

1.0000
1.0000

1.0000
1.0000
1.0000
1.0000

1.0000
1.0000

1.0000 1.0000
1.0000 1.0000
1.0000 1.0000
1.0000 1.0000

1.0000 1.0000
1.0000 1.0000

1.0000 1.0000
1.0000 1.0000
1.0000 1.0000
1.0000 1.0000

1.0000 1.0000
1.0000 1.0000

1.0000
1.0000
1.0000
1.0000

1.0000
1.0000

1.0000
1.0000
1.0000
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1.0000
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1

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

0

0.8676
0.0003
0.2902
0.6570

0.2290
10.0016

1.0000
1.0000
1.0000
1.0000

1.0000
1.0000

1.0000
1.0000
1.0000
1.0000

1.0000
1.0000

0.9324
1.0000
1.0000
1.0000

1.0000
1.0000

0.8324
1.0000
1.0000
1.0000

1.0000
1.0000

Qeyri-solis miinasibatlor R1, R, ..

0.7324
1.0000
1.0000
0.9430

1.0000
1.0000

., Re-n1n “min” amaliyyati ilo kasismasi naticasinda,

0.6324
1.0000
1.0000
0.8430

1.0000
1.0000

0.5324
1.0000
1.0000
0.7430

1.0000
1.0000

iimumi funksional holl R matrisi soklinds olds olunub.

0

0.1

0.2

0.3

0.4

0.5

0.6

0.4324
1.0000
1.0000
0.6430

1.0000
1.0000

0.7

0.3324
1.0000
0.9098
0.5430

0.9710
1.0000

0.8

0.2324
1.0000
0.8098
0.4430

0.8710
1.0000

0.9

0.1324
0.9997
0.7098 | -
0.3430

0.7710
0.9984 |

1

0.9802
0.9633
0.9496
0.9594
0.9526
0.9710
0.9697
0.9478
0.9565
0.9181
0.9531
0.9815
0.9794
0.9767
0.9636
0.9816
0.9238
0.9816
0.8939
0.9814
0.9766
0.9643
0.9267
0.9545
0.4503
0.9755
0.9790
0.9815
0.9768
0.7421

0.9802
0.9633
0.9496
0.9594
0.9626
0.9710
0.9697
0.9478
0.9665
0.9181
0.9531
0.9815
0.9794
0.9767
0.9736
0.9816
0.9238
0.9816
0.8939
0.9814
0.9766
0.9643
0.9267
0.9604
0.5503
0.9755
0.9815
0.9798
0.9768
0.8421

0.9324
0.9633
0.9496
0.9594
0.9803
0.9710
0.9697
0.9478
0.9738
0.9181
0.9531
0.9815
0.9794
0.9767
0.9767
0.9816
0.9238
0.9816
0.8939
0.9814
0.9766
0.9643
0.9267
0.9604
0.6503
0.9755
0.9815
0.8798
0.9768
0.9421

0.8324
0.9633
0.9496
0.9594
0.9803
0.9710
0.9697
0.9478
0.9738
0.9181
0.9531
0.9815
0.9794
0.9767
0.9767
0.9816
0.9238
0.9816
0.8939
0.9814
0.9766
0.9643
0.9267
0.9604
0.7503
0.9755
0.9815
0.7798
0.9768
0.9487

0.7324
0.9633
0.9496
0.9430
0.9803
0.9710
0.9697
0.9478
0.9738
0.9181
0.9531
0.9815
0.9794
0.9767
0.9767
0.9816
0.9238
0.9816
0.8939
0.9814
0.9766
0.8829
0.9267
0.9604
0.8503
0.9755
0.9815
0.6798
0.9768
0.9487

0.6324
0.9633
0.9496
0.8430
0.9803
0.9710
0.9697
0.9478
0.9738
0.9181
0.9531
0.9815
0.9579
0.9767
0.9767
0.9816
0.9238
0.9816
0.8939
0.9814
0.9766
0.7829
0.9267
0.9604
0.9503
0.9755
0.9815
0.5798
0.9768
0.9487

0.5324
0.9633
0.9496
0.7430
0.9803
0.9710
0.9697
0.9478
0.9738
0.9181
0.9531
0.9815
0.8579
0.9767
0.9767
0.9816
0.9238
0.9816
0.8939
0.9814
0.9766
0.6829
0.9267
0.9604
0.9734
0.9755
0.9815
0.4798
0.9768
0.9487

0.4324
0.9633
0.9496
0.6430
0.9803
0.9710
0.9697
0.9478
0.9738
0.9181
0.9531
0.9815
0.7579
0.9627
0.9767
0.9816
0.9238
0.9816
0.8939
0.9814
0.9766
0.5829
0.9267
0.9604
0.9734
0.9755
0.9815
0.3798
0.9768
0.9487

0.3324
0.9633
0.9098
0.5430
0.9803
0.9710
0.9697
0.9478
0.9738
0.9181
0.9531
0.8840
0.6579
0.8627
0.9767
0.9751
0.9238
0.9816
0.8939
0.9814
0.9766
0.4829
0.9267
0.9604
0.9734
0.9755
0.9815
0.2798
0.9710
0.9487

0.2324
0.9633
0.8098
0.4430
0.9803
0.9582
0.9697
0.9478
0.9738
0.9181
0.9531
0.7840
0.5579
0.7627
0.9767
0.8751
0.9238
0.9274
0.8939
0.9814
0.9766
0.3829
0.8826
0.9246
0.9734
0.9755
0.9815
0.1798
0.8710
0.9487

0.1324
0.9997
0.7098
0.3430
0.9744
0.8582
0.9468
0.9924
0.9687
0.9168
0.9017
0.6840
0.4579
0.6627
0.9778
0.7751
0.9998
0.8274
0.8671
0.9963
0.9566
0.2829
0.7826
0.8246
0.9973
0.9923
0.9367
0.0798
0.7710
0.9984 |

[4]-0 asason miiollimin faaliyystinin gonaatboxs olub-olmamasi ils bagl geyri-salis

noticonin ¢ixarilist U universal coxlugunun E; geyri-salis alt¢oxlugu soklindo ifado olunur
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va bu alt¢oxlugun monsubiyyat funksiyasinin uygun qiymatlori R matrisinin k-c1 satrindon
gotiirtlir.

Qeyri-salis naticolorin ododi qiymaotlorlo qiymsotlondirilmosi {i¢iin defazzifikasiya
iisulu totbiq olunur. Masalon, a: miisllimin faaliyyatinin qonastbaxsliyi ilo bagh geyri-salis
notico asagidaki geyri-salis coxluq soklinds togdim olunur (R matrisinin 1-ci satring bax):

E1={0.9802/0, 0.9802/0.1, 0.9324/0.2, 0.8324/0.3, 0.7324/0.4, 0.6324/0.5, 0.5324/0.6,
0.4324/0.7, 0.3324/0.8, 0.2324/0.9, 0.1324/1}.

Bu geyri-salis ¢oxluq ii¢iin uygun a-soviyyali altcoxluglar (£,,) miioyyonlosdirilir vo
onlarin miivafiq kardinal adadlori (elementlorin sayca ¢okili qiymotlondirilmasi) asagidaki

diistur vasitasilo hesablanir:
1 n
M(E)==>u,.
ns

Belo ki, asagidakilar tapiriq:

e ogor 0<a<0.1324: Aa =0.1324, E1, = {0,0.1,0.2, ...,0.8,0.9, 1}, M(E1.) = 0.50;

e ogor 0.1324<a<0.2324: Aa = 0.1, E1a={0,0.1,0.2, ..., 0.8, 0.9}, M(E10) = 0.45;

e ogor 0.2324<a<0.3324: Aa =0.1, E1o= {0,0.1,0.2, ..., 0.7, 0.8}, M(E10) = 0.40;

e ogor 0.3324<0<0.4324: Aa=0.1, E1o= {0,0.1,0.2, ..., 0.6, 0.7}, M(E14) = 0.35;

e ogor 0.4324<0<0.5324: Aa = 0.1, E1x. = {0,0.1,0.2,0.3,0.4,0.5, 0.6}, M(E14) = 0.30;
e ogor 0.5324<0<0.6324: Aa=0.1, E1o= {0,0.1,0.2,0.3,0.4, 0.5}, M(E1) = 0.25;

e ogor 0.6324<0<0.7324: Aa=0.1, E1o= {0, 0.1, 0.2, 0.3, 0.4}, M(E1,) = 0.20;

e 0gar 0.7324<0<0.8324: Aa = 0.1, E1,= {0,0.1,0.2, 0.3}, M(E1.) = 0.15;

e ogor 0.8324<a<0.9324: Aa = 0.1, E1o= {0, 0.1, 0.2}, M(E14) = 0.10;

e ogor 0.9324<a<0.9802: Aa = 0.0478, E1,= {0, 0.1}, M(E14) = 0.05.

[4, 6]-0 osason miiollimin foaliyyatinin gonaatboxsliyi ilo bagli geyri-salis naticonin

odadi qiymotlondirilmosi agagidak: diisturla hoyata kegirilir:

F(E,) = aLj M(E,)da (k=1+30).

max

Xiisusi halda, a1-o miinasibatda geyri-solis natica li¢lin asagidakilar: aliriq:

0.9802
1

[0.5-0.1324+0.45-0.1+0.40-0.1+0.35-0.1+

1
F(E) = [ M, )da =
0.9802 3 0.9802

0.30-0.1+0.25-0.1+0.20-0.1+0.15-0.1+0.1-0.1+0.05-0.0478] = 0.2944.
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Eyni qayda ilo Cadval 2-do iimumilosdirilmis digor miiallimlorin akademik
foaliyyotinin keyfiyyoti ilo bagli qeyri-solis noticolorin ododi qiymotlondirmalorini
hesablamagq olar. Bu coadvoldo hom do hor iki {isulla miiollimlorin siralanmasi toqdim olunur.
Defazzifikasiya edilmis on yliksok giymoto malik olan miisllim on yiiksok akademik

foaliyyot keytiyyotino sahib olan miisllim kimi hesab olunur.

Cadval 2. Miisllimlorin akademik indekslorinoe asason siralanmasi

Miisllim (1)-den istifads etmokla FIS-in todbiqils
Indeks Doaraca Indeks Doaraca
ai 0.209 29 0.2944 29
a 0.409 24 0.5182 5
as 0.369 26 0.4779 23
as 0.284 28 0.3846 27
as 0.516 14 0.5020 8
as 0.428 23 0.4935 17
as 0.534 13 0.4988 13
as 0.489 16 0.5225 4
as 0.576 7 0.5010 10
aio 0.485 17 0.4999 11
an 0.482 18 0.4973 16
an 0.352 27 0.4698 24
ai 0.402 25 0.4168 26
ais 0.583 5 0.4664 25
ais 0.581 6 0.5014 9
aie 0.574 8 0.4837 22
a7 0.572 9 0.5380 3
as 0.535 12 0.4894 20
a 0.657 3 0.4985 14
a 0.452 21 0.5075 7
asi 0.445 22 0.4990 12
an 0.495 15 0.3616 28
ans 0.543 10 0.4898 19
ax 0.535 11 0.4914 18
as 0.631 4 0.5941 1
as 0.732 2 0.5085 6
azz 0.463 20 0.4978 15
ass 0.132 30 0.2699 30
a9 0.475 19 0.4838 21
aso 0.743 1 0.5409 2
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EKSPERT-FUZZY QiYMOTLONDIRMOLORIN COXLAYLI NEYRON

SOBOKOSININ MONTIQI BAZISINDO KOMPILYASIYASI

Neyron soboko modeli (1) vo FIS osasinda ekspert roylori ilo oldo olunmus
alternativlorin inteqral qiymeotlondirmalorinin xarici tesvirini effektiv daxili tosvira
cevirmoklo oldo olunmus biliklorin toplanmasi vo sistemlosdirilmasi {i¢iin istifado olunur.

Bizim aragdirmalarimizda 30 miiollimin qonastboxs elmi-todris foaliyyotino dair xarici
biliklor

30
(X5 Xapsmens X3 ) = Vit

informasiya modeli soklinds toqdim olunur; burada y; miisllimin akademik indeksidir vo bu
indeks hom (1), hom do FIS-don istifado olunmaqla hesablanir. Komiyyatco
giymatlondirmolords heg bir siibho olmadigi halda, F xoyali ¢oxfaktorlu funksiyasi ti¢layl
feedforward neyron sobokasi ilo approksimasiya oluna bilor. Bu iso

r 13
%o ZF‘ Cf(p[zi=1 WiiXig _ej] (k=1+30)

cixis signallarina (k=1+30) gotirib ¢ixarir, burada » — simulyasiya zamani istifadogi
torofindon secilon gizli layda olan geyri-xatti neyronlarin sayidir; w;; vo ¢; uygun olaraq giris
va ¢ix1s sinoptik olagalorin ¢okilaridir; g gizli layda yerloson j-ci geyri-xatti neyronun hodd
(bias) qiymetidir; ¢(-) gizli layda yerloson qeyri-xoatti neyronun ¢(f)=1/[1+e "] sigmoid
tipli aktivasiya funksiyasidir.

9ks alaqa (sohv)
E — -
£ Cakilorin
= E‘ uygunlasdiriimasi
4
Mo~
ob N
£85
o= = @
£EE - | +
2ES
t-“ = .g . . .
i :: (Talim verilanlari)
N - 3 .
- Miixtolif ssenarilorda
é ’E" & miiallim
==t performansinin
r @ . .. .
e % 2 giymatlondirilmosi
Z 5 =

Gizli gat (kompilyasiya)

Sakil 1. U¢layli neyron sabakanin talimi (6yradilmasi) proseduru
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Sokil 1 neyron sobokosinin parametrlorinin tonzimlonmosi yolu ilo Oyradilmasi
sxemini gostorir: giris vo ¢1x1s alagolorinin ¢oki omsallar1, homginin gizli laydaki geyri-xotti
neyronlarin hiidud soviyyalori. Soboko (x1x, X2k, ..., X13%) giris vektoru soklindo
formalagdirilmis ekspert qiymotlondirmolorinin konsolidasiya olunmus signallarini qabul
edir. Arzu olunan c¢ixiglar iso iki ssenari, yoni (1) vo FIS-in vasitosilo hesablanan
gostaricilordir. Bu iso tosovviir edilon kosilmoz funksiyanin approksimasiyasi ii¢lin tolob
olunur: F: R —R".

Birinci ssenari tizra tolim kegdikdon sonra, masalan, (0.10, 0.12, 1.50, 2.89, 2.95, 2.86,
5.11, 3.28, 2.12, 2.86, 3.01, 1.25, 4.09) (Cadval 1-do 1-ci satir) giris molumatlarina neyron
sobokoasi ¢ixisda 0.209-dan ixtiyari doracodo kicik konarlagsma signali ilo cavab vermolidir.

Miizakira olunan mosalo vo onun holli ohomiyystli dorocodo daha miirokkobdir.
Umumi halda asas problem miiollimlorin yekun akademik gdstaricilorinin hesablanmasinda
istifado olunan meyarlarin mahiyyastinin vo onlarin nisbi ¢okisinin miioyyon edilmosidir. Bu,
komiyyat metodlari ilo aparilan tohlilin asas ¢otinliyi olaraq qalir. Ekspert sistemlorinin vo
ekonometriya modellorinin garsilasdig: ¢otinliklori nozors alaraq, miiollimlorin ¢oxmeyarl
qiymatlondirilmasine yanagsmanin miimkiin halli ham obyektiv (komiyyst), ham do
subyektiv (keyfiyyot) gostoricilorlo sorbast isloyo bilon xiisusi riyazi niivoyo osaslanan
giymatlondirma sistemidir. Belo niive, mosalon, ¢oxlayli neyron sobokonin montiqi bazisindo
qurulmus hibrid modellosdirmo sistemi ola bilor, masalon, ¢oxlayli neyron sabokosinin
montiqi bazisindo FIS formasinda (Rzayev, 2016; Zadeh, 1975). Belo bir sistemin niimayis
niimunasi ANFIS-dir (Adaptiv Neural Fuzzy Inference System). ANFIS giymotlondirmo
xiisusiyyotlorini linqvistik doyisonlor formasinda qobul etmoklo 6lgmolorin vahidliyi
prinsipini, birmenali anlasigligi vo ¢oxmeyarli qiymotlondirmenin yekun niimunasinin
adekvat togdimatini tomin eds bilir.

Beloliklo, neural-fuzzy paradigma osasinda universitet miiolliminin elmi-pedaqoji
faaliyystinin inteqral qiymatlondirilmasi ticiin hom ekspert qiymatlondirmalarini, hom do
coxmeyarl alternativlorin geyri-salis modellarini birlesdiran funksional-analitik niiva toklif
olunur. Bu niivonin strukturu sokil 2-ds toqdim edilib. Bu struktur [2 vo 3]-do tosvir olunmus

bizim todqiqatlarimiz1 da 6ziindo birlosdirir.
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Ekspert qrupunun yenidan
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Sakil 2. EMPRO sisteminin informasiya-analitik niivasinin strukturu
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NOTICD

Gostorilon biitiin niimunolordo osas molumatlarin vahid, ardicil vo ziddiyyetsiz
olmasina baxmayaraq, imumi ¢okili qiymatlondirma {isulu ilo alds olunan reyting naticalori,
FIS vasitasilo oldo olunan miivafiq naticolordon shomiyyatli deracads forqlonir. Bununla
belo, implikativ gaydalara asaslanan evristik yanagmani reallasdiran adaptiv FIS on ugurlu
giymatlondirmo mexanizmi hesab oluna bilar, ¢linki onun formalasdirilmas1 xiisusi riyazi
biliklor tolob etmir. HR-menecerlor FIS-in asasinda duran sifahi modelin strukturuna daim
diizalislar eds bilarlor.

Beloliklo, mogalodo hom ononovi, hom do hibrid versiyada miiollimin akademik
indeksini — onun ¢oxsaxali foaliyyatini oks etdiron inteqral gdstoricini hesablayan neyron
sobako strukturunun (ham ononavi, hom do hibrid versiyada) yaradilmasi tiglin tolim

niimunoasinin formalagdirilmasinin iki iisulu toklif olunub.
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