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The bakery industry is one of the most important branches of the food industry, providing

Baking industry the population with valuable food products. In order to increase production efficiency and
! product quality, automated control systems (ACS) are widely used in bakery enterprises.

Automated control | Ths article examines the application of ACS to optimize baking processes in industrial

systems, enterprises. The main stages of the technological process of bakery products production
Optimization of are analyzed. These stages include receiving and storing raw materials, dosing and mixing
technological of ingredients, kneading, dividing and forming dough, proofing, baking and cooling of the
finished product. The main factors affecting the technological process and the quality of
proce_sses, the final product have been identified. These include temperature, humidity, storage time
Quality of bakery at separate stages, and other indicators. It is explained how these parameters are controlled
products, and regulated by automated control systems (ACS). During the study, technical documents
Productivity, related to ACS used in bakery enterprises were studied, the experience of applying these
Resource saving systems in production was investigated, and their impact on product quality was practically
verified.

More accurate measurement of the main raw materials with automatic dispensers,
correct maintenance of temperature and humidity during dough fermentation and baking,
as well as precise time control at process stages have been studied. The conducted studies
Subject area: have shown that the application of AIS makes the production process more stable and
significantly improves the quality of bakery products. Thus, reducing the error in flour
. dosing to +1% leads to a deviation of the dough moisture content from the given indicators
PhyS|caI, by an average of 0.3-0.5%. Correct regulation of the dough fermentation and bread baking
Mathematical and | processes increases the volume of products by 10-15% and improves the structural and
Technical Sciences mechanical properties of the interior. It has also been determined that the use of automated
. control systems reduces raw material and finished product losses by 5-7%, reduces energy
Research field: consumption by 8-12%, and increases the productivity of technological lines by 10-15%
compared to traditional control methods. Therefore, the results of the conducted studies

Industrial show that the application of AIS is very effective in optimizing baking processes in
: industrial enterprises. The developed recommendations can be used to increase the quality
Automation and competitiveness of bakery products during the application and use of these systems.
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Acar sozlar: ANNOTASIYA

Corakbisirmo sonayesi ohalini doyarli qida mohsullart ilo tomin edon qida sonayesinin an
Corakbisirmo miihiim sahalorindan biridir. istehsalin samaraliliyinin vo mohsul keyfiyyatinin artirlmasi
k maqsadilo ¢orakbisirmo miiassisalorindo avtomatlagdirilmig idaroetmo sistemlori (AIS)
Sanayesil, genis sokildo totbiq olunur. Bu moqalodo sonaye miiossisalorindo ¢orokbisirmo
Avtomatlasdirilmig proseslorinin optimallagdirilmasi iigiin AIS-lorin totbigi aragdirilir. Isdo ¢érok-bulka
idaroetma sistemlari, mohsullarinin istehsalinin texnoloji prosesinin osas morhalolori tohlil edilmisdir. Bu
Texnoloji proseslorin morhalolors xammalin gobulu vo saxlanmasi, inqrediyentlorin dozalanmasi vo
qarigdirilmasi, xomirin yogurulmasi, bdliinmosi vo formalasdirilmasi, mayalandirma,

JOURNAL

op.tlmallasdlrllmasg bisirmo vo hazir mohsulun soyudulmasi daxildir. Texnoloji proseso vo son mohsulun
(;orek-bulka keyfiyyatina tasir edon asas amillor miioyyan edilmisdir. Bunlara temperatur, riitubat, ayri
mohsullarinin morhololordo saxlanma vaxti vo digor gostericilor daxildir. Bu parametrlorin
keyfiyygti, avtolmatlasghr.ll.mls idaraetma sistemlari (AIS) Vas?t@sils neco r}szargtde s.aglamldlgl Vo
Mohsuldarlig, tonzimlandiyi izah olunur. Tadqigat zamani ¢orokbisirma miiassisalorinds istifads olunan

AlS-loro aid texniki senadlor dyrenilmis, bu sistemlorin istehsalatda totbiq tocriibesi
aragdirilmis vo onlarin mohsul keyfiyystins tosiri praktiki olaraq yoxlanilmigdir.

Osas xammalin avtomatik dozatorlarla daha doqiq 6l¢iilmasi, xomirin mayalanmasi
vo bisirilmosi zamani temperatur vo riitubstin diizgiin saxlanilmasi, homginin proses
morhalalorindo vaxtin daqiq idaro olunmasi tadqiq edilmigdir. Aparilan aragdirmalar
gostormisdir ki, AlS-in totbigi istehsal prosesini daha sabit edir vo ¢érok memulatlarmin
keyfiyyotini shomiyyatli deracads yaxsilasdirir. Beloliklo, unun dozalanmasinda xotanin
Saha: +1%-9 endirilmasi xomirin riitubatinin verilmis gostaricilordon orta hesabla 0,3-0,5% az
konara ¢ixmasina sobob olur. Xomirin mayalanmasi vo ¢drayin bisirilmosi proseslorinin
L. . . diizgiin tonzimlonmasi iso momulatlarin hocmini 10-15% artirir vo i¢ hissesinin qurulus
FIZIka-RIyaZIyyat vo mexaniki xiisusiyyotlorini yaxsilasdirir. Homginin miioyyon edilmisdir ki,
va Texnika Elmloari avtomatlagdirilmig idaroetmo sistemlorindon istifade, xammal vo hazir mohsul itkilorini 5—

- - 7% azaldir, enerji sorfiyyatini 8-12% asag1 salir vo texnoloji xotlorin mohsuldarligini
Tadqlqat sahasi: ononavi idarsetmo lsullart ilo miiqayisado 10-15% artirir. Bu sababdon aparilan
tadqiqatlarin naticolori gostorir ki, sonaye miiassisalorindo ¢érokbisirma proseslorinin
Sgnaye optimallagdirilmasinda AlS-in totbiqi cox effektivdir. Hazirlanmis tdvsiyalor bu
sistemlorin totbiqi vo istifadosi zamani ¢érok mohsullarinin keyfiyystinin vo raqabot
qabiliyyatinin artirilmasi {igiin istifads oluna bilor.
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AHHOTAIMS

XneOonekapHas NPOMBIIUIEHHOCTh SBJISETCS OJHOM M3 BAXHEWIIMX OTpaciied NuILeBOit
[IPOMBIIUIEHHOCTH, 00eCIIeurBasi HaceleHNue [IEHHBIMU IPOIXYKTaMH NUTAHUs. [y MOBBIIEHHS
3¢ (heKTUBHOCTH IIPOU3BOJICTBA H KAYECTBA IPOAYKIINH B XJI€OOMEKAPHBIX MPEAIPUATHAX HIHPOKO
HCIIOJIB3YIOTCS  aBTOMAaTU3UpPOBaHHbIE cucteMbl ynpasieHus (ACY). B paHHOW crathe
paccmatpuBaercs npuMeHerne ACY 11 ONTHMH3aIMH IPOIECCOB BHIIIEYKH Ha POMBIIIIEHHBIX
HPEANPUATHAX. AHAIN3UPYIOTCS OCHOBHBIC 3Tallbl TEXHOJIOTMYECKOIO Ipolecca MPOU3BOACTBA
XJICOOOYJIOYHBIX M3EIMH. DTH 3Talbl BKIIOYAIOT NPUEM M XPAHEHUE CBIPbS, JO3UPOBAHUE U
CMEIIVBAaHHE HWHIPENVEHTOB, 3aMelMBaHWe, pa3ielicHHe W (OpMOBaHHWE TeCTa, PacCTOHKY,
BBIINICUKY M OXJIAXKJICHHUE TOTOBOH NMPOAYKLHH. BEIABIECHBI OCHOBHBIC (DAKTOPBI, BIHAMOIIHE HA
TEXHOJOTMYECKHIl MPOLIECC U KaYeCTBO KOHEYHOro Npoaykra. K HUM OTHOCATCS Temmeparypa,
BII2)KHOCTb, BPEMsI XpaHEHHsI Ha OTJENbHBIX dTalax M Jpyrue mokazarend. OOBICHASTCS, KaK OTH
HapaMeTpbl KOHTPOJIUPYIOTCS M PErYJIMPYIOTCS aBTOMATH3UPOBAHHBIMU CHCTEMaMH YIIPaBJICHUS
(ACY). B xozme uccnenoBanus ObUIM M3y4eHbl TEXHHUYECKHUE IOKYMEHTHI, Kacatoupecs ACY,
HCTIONB3YeMBIX Ha XJIEOONEKAPHBIX NPEANPHATHSIX, HCCIEIOBaH OIBIT IPIMEHEHHS 9TUX CHCTEM
B NIPOM3BOJCTBE U MPAKTUYECKH IIPOBEPEHO UX BIMSAHHE HAa KAUYECTBO MPOIYKIHH.

bbuti u3ydeHsl 6ojee TOYHbIE M3MEPECHUSI OCHOBHBIX CHIPHEBBIX MATEPUAJIOB C IIOMOIIBIO
aBTOMAaTHYECKHUX JI03aTOPOB, IPAaBIIBHOE MOAJEPKAHUE TEMIEPaTyphl H BIAKHOCTH BO BpeMs
(bepMeHTaUMK TecTa M BBINEYKH, a TaKXKe TOYHBI KOHTPOJIb BPEMECHM Ha 3Talax I[polecca.
IIpoBesicHHBIE MCCNICIOBAHHMS MOKA3ajdd, YTO MNPHMEHEHHE aBTOMATH3UPOBAHHBIX CHCTEM
YIIpaBJICHUs JieTaeT IPOU3BOACTBEHHBIN Hporiece 6oiee CTAaOMIBHBIM M 3HAYUTENHHO YIydIIaeT
KauecTBO XJ1e000ymounbIx n3nenuil. Tak, CHIMKEHHE MOTPEIIHOCTH JO3HUPOBAHMUA MyKH 110 £1%
MPUBOIHT K OTKIOHEHHIO BIAKHOCTH TECTa OT 33/IaHHBIX MoKasarelneil B cpexaem Ha 0,3-0,5%.
[IpaBmiibHOE peryaMpoBaHHE MPOIECCOB (pepMEHTAlUM TecTa W BHIICUKH XJieOa yBEIMYMBAET
o0beM mpomykuuu Ha 10-15% u ymydmraer cTpyKTypHO-MEeXaHHYECKHEe CBOWCTBAa BHYTpEHHeH
yacty. Takxke ObLIO yCTaHOBIICHO, YTO HCIIOJIb30BAHHUE aBTOMATH3UPOBAHHBIX CHCTEM YIIPaBICHHUS
CHIJKAET MOTEPH CHIPhSI M TOTOBOM MPOIYKIINN Ha 5—7%, CHIKaeT sHepronoTpebnenne Ha 8—12%
U TOBBIIIAET HPOH3BOAUTENBHOCTh TEXHONOrMueckux nuHUi Ha 10-15% no cpaBHeHuio c
TPaJUIMOHHBIMA METOAAMH ympaBieHus. TakuM 00pasoM, pe3ynbTaTbl MPOBEACHHBIX
HCCIIeIOBaHUH OKA3bIBAIOT, YTO MPHMEHEHHE aBTOMAaTH3HPOBAHHBIX CHCTEM YIPaBIEHHS OYCHb
3¢ (heKTUBHO IS ONTHMHU3ALMKM HPOLECCOB BBHINMCYKM HA IMPOMBIIUICHHBIX IMPEINPUATHSIX.
Pa3paboTaHHbIC PEKOMEHAALMM MOTYT OBITH HCIIONB30BAHBI JUIS TOBBIIICHHS KadyecTBa U
KOHKYPEHTOCIIOCOOHOCTH XJIe000YITOUHBIX M3JENUi B Ipoliecce MPUMEHEHUs U UCHOJIb30BaHUS
ITHX CHCTEM.
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1.Giris

COrokbisirma sonayesi oshalinin osas gida tolobatini 6doyan, iqtisadiyyatin sosial
baximdan miihiim sahalorindon biridir. Miiasir soraitdo ¢orokbisirma muassisalori ragabatli
muhitda foaliyyat gostorir vo bu muhit mahsulun keyfiyyatino, ¢esiding, elaca do istehsal
resurslarindan samarali istifadoys yiksak talablar qoyur. Bu vazifalarin halli tglin texnoloji
prosesin optimallagdirilmasina vo onun daha yaxsi idara olunmasina imkan veran innovativ
texnologiyalarin vo avadanliglarin tatbiqi zoruridir.

COrokbisirma texnologiyasinin tokmillosdirilmasinda perspektivli istigamatlordon biri
avtomatlasdirilmis idaroetmo sistemlorinin (AIS) totbigidir. Bu sistemlor texnoloji prosesin
gedisi haqqinda molumatlarin toplanmasini, emalint vo tohlilini, homginin proses
parametrloring tasir edon idarsedici todbirlarin hazirlanmasini vo hayata kecirilmasini tomin
edir [ABpamurikoBa, 2022].

CoOrokbisirmo miiassisalorinda AIS-in totbiqi bir sira vacib masalalorin hallino imkan
verir. Bunlara mohsul keyfiyystinin sabitliyinin artirilmasi, avadanligin mohsuldarliginin
yuksaldilmasi, istehsal itkilorinin vo enerji sorfiyyatinin azaldilmasi, eloco do istehlakei
tolobinds vo xammal keyfiyyotinds bas veron doyisiklikloro operativ reaksiya verilmasi
daxildir.

Ononavi idarsetmo isullarindan - yani texnoloji proses parametrlorinin vizual nazarot
va al ila tanzimlanmasine asaslanan metodlardan farqli olaraq, avtomatlagdirilmis idaroetma
sistemlori avadanligin is rejimlarini fasilosiz izlomays vo verilmis parametrlari avtomatik
sokilda yiiksok dagiglik va siiratlo saxlamaga imkan verir. Bu iso temperatur, riitubat, tozyiq,
axin va digor texnoloji gostaricilori 6lcon miiasir sensorlarin, hamginin optimal tanzimloma
algoritmlorini hayata keciron mikroprosessorlu idarsetma qurgularinin istifadasi sayasinds
mumkun olur.
2.Maqgsad

AIS-in Ustlinliikloring baxmayaraq, onlar1 ¢érokbisirma miassisalorinds totbig etmok
bozi ¢atinliklarlo baglidir. Bu, texnoloji prosesin miirokkabliyi vo xammalin xiisusiyyatlori
ilo slagadardir. Coroak istehsali ¢ox marhalali olub, moarhalalor bir-birina baghdir va un,
maya Vo digar xammalin keyfiyyati doyiskondir. Buna goro do, prosesds bas vera bilocok
doyisikliklori nozors alan adaptiv idaroetma sistemlorine ehtiyac var. Buna goras do, AiS-in
texnoloji prosesin ayrt marhalalorinds neca islomosinin optimallagdirilmasi vo bunun hazir
mohsulun  keyfiyyatino tosirinin  dyronilmasi  vacibdir. Bu todgigatlar noticasindo
corokbisirmo miiassisalorinds AIS-in totbigi Gclin tovsiyslor hazirlanacaq vo istehsalin
somoaraliliyi ilo mohsulun keyfiyyati yaxsilasacaq [Aramos, 2019].

Bu isin moagsadi sonaye muassisalarinda ¢Orokbisirma proseslorinin optimallasdiriimasi
liciin AIS-in totbigini 6yronmok vo onlarn istifadasi tizra praktik tévsiyslor hazirlamagqdir.
Magsads ¢atmaq liglin asagidaki vazifalor qgoyulmusdur:

1. Corok-bulka mohsullarinin istehsal texnoloji prosesini tohlil etmok vo onun

samaraliliyina vo mohsul keyfiyyatina tosir edon asas amillori misyyonlogdirmok.

2. CoOrokbisirmo sonayesinda istifado olunan miiasir AIS-in qurulus prinsiplorini vo
funksional imkanlarini dyronmak.

3. Corokbisirmo texnoloji prosesinin ayri marhalalorinds (xammalin dozalanmasi,
Xomirin yogurulmasi, mayalanma) AiS-in is rejimlorinin optimallasdirilmas: {izro
eksperimental todgigatlar aparmag.

4, Optimallagdirilmis AIS is rejimlorinin ¢6rok-bulka mohsullarmin keyfiyyot
gostaricilarine va istehlake xiisusiyyatlorina tosirini gqiymatlondirmak.

5. Corokbisirmo miiossisalorinds AIS-in totbigi vo istifadosi ticlin praktik tovsiyalor
hazirlamagq, bununla da istehsal somaraliliyini vo mahsul keyfiyyatini artirmag.
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Todqgiqatin obyekti sonaye miiassisolorinde muasir AiS-ls tochiz edilmis ¢orok-bulka
istehsal prosesloridir. Predmeti iso AIS-in is rejimlorinin texnoloji prosesin somaraliliyina
va mohsulun keyfiyyatina tasiridir [baxmer u ap., 2021].

Isin elmi yeniliyi AiS-in texnoloji prosesin ayr1 marhalolorinds optimal is rejimlorini
gostormokda, istehsalin somoraliliyini vo mohsulun keyfiyyatini artirmaqda, hamginin
corokbisirmo miiassisalorinds AiS-in totbigi tigiin praktik tévsiyslor hazirlamaqda 6ziinii
gostorir [Ctemanos u ap., 2022].
3.Materiallar vo tadqiqat metodlar:

Tadgigatin osas istigamotlori asagidakilardan ibaratdir:

e AIlS-don istifado etmoklo ¢orokbisirma texnoloji proseslorinin optimallasdirilmasi

problemins aid elmi-texniki vo patent adabiyyatinin tohlili vo imumilagdirilmasi;

e CoOrok-bulka istehsal proseslarina vo mohsul keyfiyyastina qoyulan taloblori miayyan
edon normativ-texniki sonadlorin  (QOST, TU, texnoloji tolimatlar vo s.)
oyranilmasi;

e Miiasir AIS-lo tochiz edilmis ¢Orokbisirmo miassisalorinin texniki-igtisadi
gostaricilorinin tahlili;

e Eksperimental todqiqatlarin laboratoriya vo Sonaye avadanliglarinda aparilmasi,
eksperiment planlasdirma vo statistik molumatlarin emal tsullarindan istifado
olunmasi.

AlS-in is rejimlorinin optimallasdirilmasinin hazir mohsulun keyfiyyotino tasirini
giymatlondirmok tigtin ¢orok-bulka mahsullarinin keyfiyyatini misyyan edan imumgsbul
edilmis metodlardan istifado olunub - organoleptik, fiziki-kimyavi va struktur-mexaniki
gostaricilor [Ixxanyni, 2017].

Xususilo, osas xammalin dozalanmasinin dogigliyinin ¢orok keyfiyyatino tosirini
Oyronmak tcuin eksperimentlor aparilib. Eksperimentda birinci sort bugda unundan formali
¢oroak bisirilib vo avtomatik dozatorlarla unun £1,0% vo +2,0% sohvlo Olgiilmasi sinagdan
kecirilib.

Xomir 10-12 dogigo periodik foaliyyat gostoron xomir yogurma masininda yogrulub,
Xamirin temperaturu 28-30°C-o catana godor hazirlanib. 0,4 kg-liq test yarimfabrikatlari
35-40°C temperaturda vo 75-80% nisbi riitubstdo konveyer tipli mayalanma kamerasinda
40-45 dogige mayalandirilib, sonra 230-240°C temperaturda 25-30 doagigo konveyer
sobasinda bisirilib. Bisdikdon sonra ¢orok 3 saat orzindo 25-30°C temperaturda soyudulub
Vo organoleptik va fiziki-kimyavi gostaricilor Gzra keyfiyyati tohlil edilib [Koctiodenko u
ap., 2022].

Xomir yarimfabrikatlarinin mayalanmasinin ¢orok keyfiyyatins tasirini yoxlamaq Gglin
eksperiment aparilib. Formali ¢orok bisirorkon AIS sistemi istifado olunub: bu sistem
mayalanma kamerasinda temperaturu £0,5°C va rituboti +2% dogigliklo tonzimlonib. AIS
olmadan bigirilon ¢Orok ise nozarat nimunasi olub. Mayalanma miiddsti 4045 dogigo olub.
Corok xtisusi hacm, forma davamliligy, i¢ hissonin qurulusu ve dadi tizra giymatlondirilib.
4.Naticalar vo mizakira

Aparilan eksperimentlor gostordi ki, AlS-in is rejimlori texnoloji prosesin somaraliliyine
Vo ¢Orok-bulka moahsullarinin keyfiyyatina birbasa tasir gostarir. Cadval 1-in tahlili gostarir
ki, avtomatik dozatorlarla unun dozalanmasindaki xatanin +2,0%-don £1,0%-5 endirilmasi
AIS vasitosilo xemirin riitubatini 43,5-44,0% diapazonunda sabit saxlayir. Bu gostorici
texnoloji tolimatin miioyyoan etdiyi optimal doyarlora uygundur. Bundan basqa, xomirin
ritubatindoaki forg orta hesabla 0,3-0,5% azalir, bu da xomirin xtsusiyyatlorinin stabilliyini
artirir va istehsal itkilorini 3,5-4,2% azaldir.
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Gostarici Unun dozalanma xatasi, %
+2,0
Xomirin rutubati, % 42,8-44,7
Rtubatin toyin olunmus dayardan 0,6-1,2
(44,0%) forgi, %
Istehsal itkilari, % 5,8-7,3

Cadval 1. Unun dozalanma dagiqgliyinin xamir xtsusiyyatlarina va istehsal itkilorina tasiri

AIS ilo xomirin mayalanma parametrlarini optimallasdirmaq (temperatur +0,5°C,
ritubat £2%) corok keyfiyyatini yaxsilagdirir [Cadval 2]. Xisusi hacm 10-15% artir, ig¢
hissonin deformasiyast 8—12% azalir, forma davamliligi vo soth vaziyyati yaxsilasir
[SIkymieB & MatBuenko, 2017].

Corak keyfiyyat gostaricisi Mayalanma parametrlari
AIS olmadan (nazarot)
Xususi hacm, sm3/100 g 270-310
I¢ hissonin iimumi deformasiyasi, vahid 48-56
Pod ¢Orayin forma davamliligi, H/D 0,38-0,43
Sothin voziyyati Hamar, iri catlar vo qopmalar yoxdur

Cadval 2. Mayalanma parametrlorinin ¢orok-bulka mohsullarinin keyfiyyatine tosiri

Toadgigatlar gostordi ki [Cadval 3], 0,4 kg-liq formali ¢orayin 230-240°C temperaturda
konveyer sobasinda optimal bisirmo miiddati 27-29 dagigodir. AIS ilo +1 dagige dagigliklo
bisirmo vaxtim idars etmok mohsulun fiziki-kimyoavi vo organoleptik keyfiyyatinin
stabilliyini tomin edir. Bisirma middati 25-26 dagigoys gadar azaldigda i¢ hissonin rutubati
47-49%-o yiksalir, xususi hacm azalir va i¢ hissanin elastikliyi pislasir. 30 dogigadan uzun
bisirma iSa i¢ hissanin ritubatini 39-40%-o salir, tursulugu artirir vo qabigin rongi pislosir
[CremanoB u np., 2022].

Keyfiyyat gostaricisi Bisirmo muddati, dag
25 - 26
I¢ hissonin ritubati, % 47,0-49,0
Tursuluqg, ° 20-2.2
Masamoalilik, % 68 - 70
Xususi hacm, sm3/100 g 280 - 300
Qabigin rongi Agiq - sar1

Cadval 3. Bisirma middatinin formali ¢orayin keyfiyyatino tasiri

Corak-bulka istehsalinda AIS-in is rejimlorinin texnoloji prosesin somaraliliyina tasirini
giymatlondirmok tictin kompleks somoralilik gostaricisi (Ks) istifado olunub. Bu gostarici
avadanligin mohsuldarligindaki, xammal vo enerji Sarfiyyatindaki dayisikliklori, hamginin
mohsulun qusurlu saviyyasini nazars alir [Maxmytosa, 2018]:

(M Sx1 Se1 9
Ko= (32) x (22) x (2) x (2)
Burada M1, M2 — AIS tatbigindon avval vo sonra texnoloji avadanligin mohsuldarhigi,
kg/saat;
Sx1, Sx2 — AIS tothigindon ovval vo sonra xammalin xiisusi sarfiyyati, kq/t;
Sel, Se2 — AIS totbigindon avval vo sonra enerjinin xiisusi sorfiyyati, kVt-saat/t;
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Q1, Q2 — AIS tathigindan avval va sonra mahsulun qiisurlu saviyyasi, %.

Hesablamalar gostorir ki, ¢orok-bulka istehsalinin ayri morhololorinds AiS-in totbiqi
kompleks samaralilik godstaricisini ananovi texnologiyaya nisbaton 1,15-1,25 dofs artirir
[Sokil 1]. ©n boyilik tesir xammalin dozalanmasimnin vo mayalanma parametrlarinin
optimallagdirilmasi ilo baglidir ki, bu da istehsal itkilorinin azalmasina vo mohsulun
keyfiyyatinin yuksalmasina sabab olur [Ecaynko u np., 2013].

12
10
[ik:]
06

Q.

-

02

oo

Bnanavi texnologiya Istehsal texnologiyasl Als-in kompleks tatbigi

Sokil 1. AIS-in ¢Orak-bulka istehsalinin samaraliliyina tosiri

Saxlama prosesi zamani ¢orok-bulka mohsullarinin istehlak xiisusiyystlarinin doyismo
dinamikasimin tohlili g6stormisdir ki, AS-in totbiqi onlarin keyfiyyatinin qorunmasina vo
saxlanma muddatinin uzadilmasina komak edir. Belo ki, 48 saat saxlamadan sonra, sananavi
texnologiya ilo istehsal olunan ¢orayin icliyinin Umumi deformasiyast 30-35 % artir,
halbuki AIS istifads edilmoklo alinan mohsullarda bu géstarici comi 20-25 % toskil edir.
Bu hal, istehsal prosesinds Xomirin mayalanmasi va bisirilmasinin optimal parametrlori
hesabina formalasan borabar masamalilik ilo izah olunur [Kocosan & IllamomniHnkoBa
2015].

Bugda ¢orayinin gida doyarini vo keyfiyyatini artirmaq moaqgsadilo resept torkibinin
optimallagdirilmasi iigiin riyazi modellogdirma iisullarindan istifade olunmusdur. Xiisusilo,
gida olavalarinin dozalar1 (bugda kopayi, soya unu, quru sud zordabi) ilo momulatlarin
umumi keyfiyyat gostoricisi (Y) arasinda komiyyat slagasini mioyyan edan reqgressiya
modeli islonib hazirlanmisdir:

Y=804+27X1+18X>+12X3—1,4X1X2-0,9X1X3-0,6Xz2X3

Burada X1, X2, X3 — miivafiq olaraq bugda kapayinin (6-12 %), soya ununun (3—7 %)
Vo quru sid zordabinin (2-6 %) dozalaridir vo unun Kkitlasino goro faizlo ifado olunur
[[Tonomapega, 2022].

Aparilan todgigatlar naticasindo miayyan olunmusdur ki, gida alavalorinin diizgiin va
optimal miqdarda istifadasi ¢Orayin ham qida doyoarini, hom do istehlak keyfiyyatini
ohomiyyatli doracados yaxsilasdirir. Belo ki, bugda kopayinin 8 %, soya ununun 5 % va quru
stid zordabinin 4 % miqdarinda olave edilmasi ¢érayin torkibinds ziilalin migdarini 15-20
%, gida liflorinin miqdarini isa 3040 % artirir. Bununla yanasi, ¢orayin dadi, qoxusu, rongi
Vo qurulusu kimi orqanoleptik gostaricilor do yaxsilasir. Noticada, bu clr slavalordan
istifado olunan ¢orak nimunalarinin Gmumi keyfiyyat gostaricisi, heg bir slava gatilmayan
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nozarat nimunalari ilo migayisads 10-12 % daha yuksok olur [ITeuepckuii & 3abenkoBa,
2021].

Todgiqgatlara osaslanaraq ¢orokbisirma muoassisalorinde AIS-in totbigi tglin tovsiyalor
bunlardir:

e Miuossisonin guct, mohsul c¢esidi vo iqtisadi gostoricilorine uygun totbigin

asaslandirilmasi;

e Miuasir texniki vasito vo program tominatinin segilmasi;

e Xammal vo mohsul parametrlorino osaslanan idaroetma alqoritmlorinin

hazirlanmasi;

e lscilorin AIS iizro tolim vo ixtisas artirimu.

COorayin torkibini riyazi modellagdirma ilo optimallasdirmaq [Sakil 2] protein migdarini
15-20%, qgida liflarini 30-40%, B grupu vitaminlarini 20-25% artirmaga imkan verir, eyni
zamanda yiksak dad va goriiniis gostaricilori gorunur. Hesablamalar gostorir ki, tam taxil
bugdasi, yulaf vo c¢ovdar unu osasinda hazirlanan 10-15% miqdarda kompleks
zonginlosdiricilor istifado edildikds, ¢Orokdo ovozolunmaz amin tursulari 18-22%,
minerallar 25-30% artir, enerji doyari iSo 5-7% azalir.

Xomir yogurma morholosindo AIS-in totbigi yogurma miiddotini 10-15% azaldir vo
yogrulmus xomirds gaz tutma qabiliyystini 8-10% artirir. Bu, yogurma mexanizminin
firlanma siiratinin optimallasdirilmas1 vo komponentlorin doqiq dozalanmasi sayasinda
mumkin olur. Eyni zamanda, enerji Sorfiyyati 6-8% azalir, xomir ¢ixist isa 1,5-2,0%
yuksalir [Huxonenko u np., 2018].

Xomir yarimfabrikatlarinin mayalanma marhalasinds parametrlorin avtomatlagdirilmis
idaroetmo sistemi AIS vasitosilo dagiq tonzimlonmoasi istehsal prosesinin daha somorali
aparilmasina imkan yaradir. Bu sistemdon istifads edildikde mayalanma middati tobii
soraitds aparilan proseslo mugayisadsa 15-20 % qisalir, eyni zamanda ¢orayin xiisusi hacmi
10-12 % artir, yani ¢Orok daha yingul va masamali olur [[Tonomapesa, 2022].

Bu misbat tosir, mayalanma kamerasinda havanin temperaturu va nisbi riitubstinin sabit
Vo nozaratdo saxlanilmasi ilo izah olunur. Bels ki, temperatur £0,5 °C, riitubat iso +2 %
daqgiglikla tanzimlanir. Bundan slava, Xamirin son tursulugunun optimal saviyyads — 3,0—
3,2 doraca haddinds saxlanilmasi xomirin dlizgiin yetismasini toamin edir. Noticodos ¢orayin
strukturu, hocmi vo Umumi keyfiyyoti nazorogarpacaq dorocads yaxsilasir [Skymes &
Skymes, 2017].
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Xiisusi hacm (sm>/100 g Umumi ig hisse deformasiya Pod ¢éraklerin forma
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Sakil 2. Xamirin mayalanma parametrlorinin optimallasdirilmasinin ¢érak momulatlarinin
keyfiyyatina tasiri
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5.Natica

Todgigatlar gostorir ki, AIS ¢orok-bulka istehsalin1 optimallasdirmaqda ¢ox effektivdir.
Onun totbiqi avadanligin mohsuldarligini 8-12% artirir, xammal vo enerji Sarfiyyatini 5—
7% azaldir, mohsulun keyfiyyatini va toravatini yaxsilasdirir.

Riyazi modellorlo reseptlorin optimallasdirilmasi ¢orayin gida doyoarini 15-40% artirir,
dad vo goriiniisiinii qoruyur. AiS-in tatbigi xemirin mayalanma muddatini 10-15%, test
yarimfabriklarinin mayalanmasini 15-20% azaldir va xisusi hacmi 10-12% yiiksaldir.

Prognozlar gostorir ki, 2030-cu ilo godor AIS ilo istehsal olunan corok-bulka
mohsullarinin payr sonayeds timumi istehsalin 60—70%-o cata bilor. Bu ¢Orokbisirma
muassisalorinin rentabelliyini 15-20% artiracaq vo ohalini ylksok keyfiyystli mshsulla
tomin etmo saviyyasini 95-100%-o qaldiracaq.

Golacak tadgigatlar tigiin magsadauygun istigamat ¢orokbisirmo texnoloji proseslarini
idars edon agilli sistemlorin hazirlanmasidir. Bu sistemlor bulaniq mantig va neyron sobaka
algoritmlorins asaslanaraq xammalin xiisusiyyatlori va istehsal sortlorine real vaxt rejiminds
uygunlagsma imkani veracak, belaliklo istehsal somoraliliyi vo mahsul keyfiyyati daha da
yuksalacak.

Noticada, aparilan is elmi vo praktik baximdan ¢orokbigirma Senayesinin inkisafi tigiin
ohomiyyatlidir vo movcud miuoassisalorin - modernlogdirilmasi, yeni muassisalorin
layiholondirilmosi, eloco do innovativ texnologiya vo avadanliglara ssaslanan sonaye
programlarinin hazirlanmasinda istifado oluna bilor.
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