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Annotatsiya: Ushbu ilmiy tadqiqotda "Sintez gaz kimyosi va texnologiyasi" fani doirasida
bo‘'lajak muhandis-texnologlarning transprofessional sub’ektligi va ekologik-gomeostatik
barqarorlik darajalarini latent baholash muammolari ko‘rib chiqgilgan. An’anaviy pedagogik
sinovlardagi sub’ektivizm va chiziqli foizli reyting tizimlarining cheklanganligi tahlil qilinib,
muhandislik didaktikasida ilk bor Rasch (Item Response Theory - IRT) logistik modelini qo‘llash
uslubiyoti asoslangan. "Navoiyazot" AJ ishlab chiqarishidagi avariyalar (Fisher-Tropsh termik
ingirozlari va membranali fouling effektlari) asosida yaratilgan test topshiriglarining ob’ektiv
qiyinchilik darajalari va talabalarning sub’ektiv operatsion qobiliyatlari umumiy logit shkalasiga
o‘tkazilgan. Kolmogorov-Smirnov, Fisher hamda Styudent mezonlari integratsiyasida olingan
statistik natijalar taklif etilayotgan latent metrologiyaning an’anaviy baholash metodlariga
nisbatan yuqori aniqlik va xolislikka ega ekanligini raqamli isbotlagan.

Kalit so‘zlar: Transprofessional sub’ektlik, latent o‘lchov, Rasch modeli, IRT nazariyasi, logit
shkalasi, qiyinchilik darajasi, qobiliyat parametri, Kolmogorov-Smirnov testi, pedagogik
metrologiya.

MODEL FOR LATENT ASSESSMENT OF TRANSPROFESSIONAL SUBJECTIVITY
IN CHEMICAL TECHNOLOGY EDUCATION

Abstract: This scientific research examines the problems of latent assessment of the
transprofessional subjectivity and ecological-homeostatic stability levels of future engineer-
technologists within the framework of the discipline "Synthesis Gas Chemistry and Technology."
The subjectivism and limitations of linear percentage rating systems in traditional pedagogical tests
were analyzed, and the methodology for applying the Rasch (Item Response Theory - IRT) logistical
model in engineering didactics was substantiated for the first time. In the study, the objective
difficulty levels of test tasks created based on accidents at the production facilities of JSC
"Navoiyazot" (Fisher-Tropsch thermal crises and membrane fouling effects) and the subjective
operational abilities of students were transferred to the general logit scale. The statistical results
obtained through the integration of Kolmogorov-Smirnov, Fisher, and Student's criteria
numerically proved that the proposed latent metrology possesses high accuracy and objectivity
compared to traditional assessment methods.

Keywords: Transprofessional subjectivity, latent measure, Rasch model, IRT theory, logit
scale, difficulty level, ability parameter, Kolmogorov-Smirnov test, pedagogical metrology.

MO/EJIb JATEHTHOH OITEHKU TPAHCITPO®ECCHOHAIFHOM
CYBPBEKTHOCTHU B XMUMHUKO-TEXHO/JIOTHYECKOM OBPA30OBAHUH

AHHOTanys: B 1TaHHOM HayYHOM UCCJIeJ0BAaHUM pacCMaTPUBAIOTCA IIPO0IeMBbl
JIaTeHTHOM OLIeHKHU YPOBHEU TpaHCIPOodeCcCHOHAJIbHOM CyObeKTHOCTH U 3K0JIOTO-
TOMEOCTaTUYeCKOM YCTOMUYMBOCTU OYAYIIIUX HHXKEHEPOB-TEXHOJIOTOB B paMKax
TUCITUILIUHBI "XUMUA U TeXHOJIOTUSA CUHTe3-Ta3a." AHaIU3UPYeTCa CyObeKTUBU3M B

116




INNOV ATIVE “ILM-FAN VA INNOVATSIYA” RESPUBLIKA
‘ ‘ ‘ ACA :)E:V"(_ ILMIY-AMALIY KONFERENSIYASI

in-academy.uz/index.php/si

TPAAUIIMOHHBIX IIeaTOTMYeCKHUX TeCcTaX M OIPAaHUYEHHOCTh JIMHEMHBIX
IIPOIIEHTHBIX PEUTUHTOBBLIX CUCTEM, @ TAK)Ke BIIEPBEIE B HH)KEHEPHOMN AULaKTHKe
000CHOBBIBAEeTCSI METOAUKa IIPUMEHEHHUs JIOTUCTHYeCKOor Momeau Parra (Item
Response Theory - IRT). B Xozme ucciaemoBaHUsI 00bEKTUBHBIE YPOBHU CJIOKHOCTU
TECTOBBIX 3aJJaHUU, pa3spaboTaHHBIX HAa OCHOBe IIPOM3BO/CTBEHHBIX aBapuil Ha AO
"HaBounasoT" (TepMUUYecKHe Kpusuckl duitepa-Tporina U 3ppeKThl MeMOpPaHHOTOo
3arpsasHeHus), U CyObeKTUBHbIE OIlepallMOHHBIE CIIOCOOHOCTU CTYAEHTOB OBLIU
IepeBe/leHbl B OOIYI0 JIOTUT-IIKAMY. CTaTUCTUYECKHE pPe3yJsbTaThl, II0JydeHHbIe
IyTeM HUHTerpanuu Kpurepues KosmoropoBa-CmupHoOBa, duliiepa ¥ CTBHIO[EHTA,
YHCJIeHHO JOKa3bIBAKT, UTO IIpeiylaraeMas JaTeHTHasd MeTpoJIorus obsiazaet 6oJiee
BBICOKOM TOYHOCTBH) W OOBEKTHUBHOCTHIO II0 CPAaBHEHUIO C TPALUIIUOHHBIMU
METOlaMHU OITeHKH.

KiaroueBsle cioBa: TpaHcrapodeccroHaJbHasAd CYOBEKTHOCTh, JIaTEHTHOE
nusMepeHue, mojenpb Parra, Teopusa IRT, JIOTHUT-IIKaJa, YPOBEHH TPYAHOCTH,
mapaMeTp CII0OCOOHOCTH, KpuTepud KosimmoropoBa-CMUpPHOBA, IIe/laroruyeckKas
METPOJIOTHS.

KIRISH. Muhandislik ta’lim klasteri sharoitida talabalarning faqat tor ixtisoslik bo‘yicha
reproduktiv bilimlarini emas, balki tarmoqlararo (kimyoviy kinetika + sanoat ekologiyasi + ragamli
simulyatsiya) chiziqli bo‘lmagan harakat traektoriyasini - transprofessional sub’ektligini
shakllantirish bosh pedagogik magsaddir. Birog, oliy ta’lim amaliyotida qo‘llanilayotgan an’anaviy
baholash tizimlari (standart reyting ballari va foizli indikatorlar) talabaning real qobiliyat
ko'rsatkichlarini xolis o‘lchash imkoniga ega emas. Foizli baholash topshirigning ob’ektiv
qiyinchilik darajasiga to‘g‘'ridan-to‘g'ri bogliq bo‘lib, o‘quv testlarining tarkibi o‘zgarganda
(masalan, osonroq yoki giyinroq keyslar kiritilganda) talabaning reyting balli ham sun’iy tarzda
tebranadi.[1-5].

Pedagogik o‘lchovlardagi ushbu sub’ektivizmni bartaraf etish hamda talabaning
transprofessional layoqatini topshiriqlar tarkibiga bog‘liq bo‘'lmagan holda xolis baholash uchun
zamonaviy metrologiyaning Rasch ob’ektiv o'lchov modeli (Item Response Theory) algoritmlarini
muhandislik didaktikasiga integratsiya qilish metodologik zaruriyatga aylandi. Georg Rasch
tomonidan taklif etilgan bir parametrli logistik model talabaning qobiliyati va topshirigning
qiyinchilik darajasini bitta umumiy chiziqli interval o‘lchov birligi - logit (logarithm of odds)
shkalasida parallel baholash imkonini beradi, bu esa baholash natijalarining invariantligini
gonuniy ta'minlaydi.

METODOLOGIYA. Tadgiqot doirasida "Navoiyazot" A] "Ammiak" va "GTL" majmualarining
texnologik va ekologik inqirozli ssenariylari asosida 40 ta ko‘p bosqichli integral test-topshiriqlari
(keyslar) banki shakllantirildi. Mazkur testlar tarkibida talabaning texnologik datchiklar oqimini
o‘qishi, Fisher-Tropsh reaktoridagi issiqlik inqirozini (Runaway crisis) va transmembrana
bosimining sakrashini Aspen HYSYS simulyatorida jilovlash layoqatlari latent invariant ko‘rinishda
joylashtirildi. Talabaning muvaffaqiyatli javob berish ehtimolligi bir parametrli Rasch logistik

, N exp|(Q,— B
modeli formulasi asosida hisoblandi:(1+ x| =1+E+PU(X =1 PlQf)

11 "7 Q.B; 1+exp(Q—B|

Bunda X;;= i-chi talabaning j-chi muhandislik keysiga bergan to‘g‘ri (adekvat) proaktiv javobi;
Qi - talabaning sub’ektiv transprofessional qobiliyat darajasi (logits); B;- o‘quv keysining ob’ektiv
pedagogik giyinchilik darajasi (logits).
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Dasturiy muhitda olingan natijalar Maximum Likelihood Estimation (MLE) iteratsiyalari
yordamida gayta ishlanib, test topshiriglarining ichki muvofigligi (Infit/Outfit MNSQ statistikasi)
qat’iy me’yoriy doirasida kalibrlandi [2; 11]. O‘quv tajriba guruhlari tajribadan oldin va keyin ushbu
logistik shkala yordamida diagnostika qilindi.

NATIJALAR. Latent baholash metodikasining ishonchliligini matematik isbotlash uchun
tajriba guruhidagi TG2 = 64 nafar talaba) logit ballarining taqsimoti Kolmogorov-Smirnov
noparametrik testi yordamida tekshirildi. Hisoblangan maksimal empirik farq Dcalc = 0.074
ko‘rsatkichni berdi. o= 0.05 ahamiyatlilik darajasida jadvallik kritik giymat Dcrit = 0.170 ga teng
bo‘lib, Dcale< Decrit sharti to‘liq bajarildi, bu esa logit shkalasidagi ballar tagsimotining normal
Gauss gonuniyatiga mutloq mos kelishini ko‘rsatdi. Normal tagsimot aniqlangandan so‘ng,
an’anaviy foizli reyting tizimi va yangi Rasch modeli orqali olingan ballar orasidagi bogliglik Pirson
chiziqli korrelyatsiyasi yordamida tahlil qilindi. Ikkala tizim o‘rtasida mutloq yuqori to‘g'ri
korrelyatsiya 0.95 aniqlandi. Biroq, an’anaviy tizim chekka nuqtalarda (o‘ta past va o‘ta yuqori ball
olgan talabalar kesimida) bilimlarning real farqini parchalab ko‘rsata olmasligi (ordinal masshtab
effekti) ma’lum bo‘ldi. Rasch modelining logit shkalasi esa talabalarni qobiliyat darajasiga ko‘ra
chiziqli va xolis masofalarda joylashtirdi.

Yangi metodika joriy etilgandan so‘ng tajriba guruhi talabalarining transprofessional
qobiliyat ko‘rsatkichlari boshlang‘ich -124 logit ko'rsatkichdan yakuniy +2.48 logit
ko'rsatkichgacha o‘sdi. Bu o'sish Styudent parametrik kriteriysida tekshirilganda, uning
hisoblangan qiymati teac = 14.32 > teie = 1984 ekanligi ma’lum bo‘ldi va olingan natijalarning
tasodifiy emasligi 99.9% aniqlik bilan matematik muhrlandi. Rasch modeli dars jarayonida
talabalarning kognitiv charchash funksiyasi bilan sinxron ishladi: talabaning joriy qobiliyat logiti
pasayib ketgan soniyalarda sun’iy intellekt agenti avtomatlashtirilgan tarzda topshiriq ssenariysini
soddalashtirdi yoki yo‘naltiruvchi prompts-ko‘priklar (Scaffolded Prompts) yordamida talabaga
didaktik yordam ko‘rsatdi [6-8].

XULOSA. Oliy muhandislik-texnik ta’limida Rasch (IRT) modelining qo‘llanilishi,
talabalarning transprofessional sub’ektligi va ekologik-gomeostatik barqarorligini an’anaviy
reyting baholash tizimlaridagi sub’ektivizmdan xoli, invariant va ob’ektiv baholash imkonini
beruvchi fundamental pedagogik-metrologik instrumentdir. Kalibrlangan logit shkalasi dars
jarayonida sun’iy intellekt agentlarining real vaqt rejimida moslashuvchan didaktik promptlar
ko'prigini (prompt-scaffolding) aniq shakllantirishi uchun ragamli poydevor bo‘lib xizmat giladi.
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