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AnHOTamms. B crathe mpencraBieHO HayYHO-TEXHHYECKOE IPOTHO3MPOBAaHHME MOJECPHU3ALMHM TEXHOJOTHYECKHX IIPOIECCOB
npoun3BoJcTBa KoHpeT Badens ¢ HaunHKOHU. [IpoBeIeHHbIe HCCleJOBaHUS HAIIPaBJICHBI HA YIyYIIeHHE XapaKTePUCTHK 000pyI0BaHHS
ULl HAHECEHMsI HAYMHKH Ha Ba(eNbHBIC JIMCTHI, YTO MIPaeT KIIYEBYIO POJb B HOBBILICHUH KayeCcTBa BHITyCKAaeMON NMpoAyKuuu. B
paboTe UCIOIIB3YETCSI MOJIEINb «IEPHOTO SIIHKa», KOTOPasi CTPYKTYPUPYET IPOIIECC IO BXOIHBIM (YIIPABIISIONINE U BO3MYIIAIOIINE) U
BBIXOAHBIM (yIpaBisieMble W HaOmrogaeMeie) mapaMeTpam. MeToa SKCHEPTHOrO OICHHBAHHUS IMO3BOJMI BBIIBHTH 13 KITFOUEBBIX
(axTOpOB, BIUAIOMNX Ha KadecTBO mpomyknuu. Hambonee 3HaUMMBIMHU (haKTOpaMH ONpPENeTeHbl BIXKHOCTh HAUYMHKH, KadeCTBO
noay¢pabpuKkaTOB M BIKHOCTh TOTOBHIX Badelb ¢ HAaunHKOW. [l OLEHKH IenecooOpasHOCTH MOAEPHHU3AIMU O0O0PYIOBAHUS
BBIIIOJIHEH aHAIN3 TEXHUYECKOTO YPOBHS KOHCTPYKIHH, KOTOpBI coctaBmi 0,67, 9TO CBUACTENBCTBYET O IEPCHEKTHBHOCTH
npeularaeMelXx u3MeHeHunit. [Ipeanoxxennsle MoguduKanny 000pyI0BaHNs HalpaBiIeHbl Ha IOBHIICHHE aBTOMATH3AIMK IIpoLecca,
yIydIlleHHe PaBHOMEPHOCTH HaHECeHWs HAYMHKHM M CHYDKCHHe dHepros3arpar. Kpome Toro, B paboTe paccMaTpuBaeTcsl BIMSHHE
YCJIOBHH OKpY>Karoleil cpebl, KauecTBa ChIPhsl X TEXHHYECKOT0 COCTOSTHUS 000pyI0BaHMs Ha TEXHOJIOTHYECKHH Nporiecc. Buenpenne
MOZAEPHH3UPOBAHHOTO 000PYA0BAaHMS JEMOHCTPUPYET 3HAUUTENPHOE YITyqIIeHHE KadecTBa MPOLyKIIH, CHIKEHNE Ce0ECTOMMOCTH H
COOTBETCTBHE CAHUTAPHBIM HOPMaM. Pe3ynbTaTsl HCCIeJ0BaHUS HIMEIOT BaXKHOE 3HAUCHHUE [T Pa3BUTHS ITUIIEBON IPOMBIIUICHHOCTH,
TaK Kak CIOCOOCTBYIOT aBTOMAaTH3AalMHU IIPOIECCOB, OOECIIEUCHUIO IKOJIOTMYECKOil 0€30MacHOCTH U COOTBETCTBUIO IPOIYKIHU
CaHUTapHBIM HOpMaM. Martepuaisl cTaTbi OYAyT MOJE3HBI JUI HHKEHEPOB, TEXHOJIOTOB M YUCHBIX, 3aHUMAIOIIUXCS Pa3pabOTKON U
COBEPILCHCTBOBaHHEM 000PYIOBaHMS B HIIIEBO IIPOMBIIUICHHOCTH. [IpecTaBIeHHbIE pe3yIbTaThl TAKXKE MOTYT HAWTH IPUMEHEHHE
B IIPAKTHKE NPEANPUSITHIL, OPHSHTHPOBAHHBIX HAa NOBBIEHNE (P HEKTHBHOCTH MPONU3BOJICTBEHHBIX ITPOLIECCOB.

KuroueBble ciioBa: IMPOTHO3UPOBAHUE, Ba(i)J'II/I, Ha4YuWHKa, KOH(beTHaH macca, «'—{CpHLIfI SIHK .

Forecasting the development of technological processes using the example
of the leading equipment of the candy waffle production line with filling
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Abstract. The article presents scientific and technical forecasting for the modernization of technological processes in the production of
candy waffles with filling. The conducted research focuses on improving the characteristics of equipment used for applying filling to waffle
sheets, which plays a key role in enhancing product quality. The study utilizes a "black box" model to structure the filling application
process based on four groups of parameters: controlling, controlled, disturbing, and observable. The expert evaluation method identified
13 key factors influencing product quality. Among the most significant factors are the humidity of the filling, the quality of semi-finished
products, and the humidity of the finished waffles with filling. To assess the feasibility of equipment modernization, an analysis of the
technical level of the machine's design was conducted, resulting in a score of 0.67. This indicates the viability and relevance of the proposed
changes. The proposed modifications to the equipment aim to increase process automation, improve the uniformity of filling application,
reduce energy consumption, and ensure compliance with sanitary standards. Additionally, the article examines the impact of environmental
conditions, raw material quality, and equipment technical condition on the technological process. The implementation of modernized
equipment demonstrated significant improvements in product quality, reduced production costs, and adherence to sanitary regulations. The
research findings are of great importance for the development of the food industry. They contribute to the automation of production
processes, ensure environmental safety, and enhance product competitiveness. The materials of the article will be valuable for engineers,
technologists, and researchers involved in the development and improvement of equipment in the food industry, as well as for enterprises
aiming to increase the efficiency of their production processes.
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BBeaenne

CoBpeMeHHBIE YCIOBUSI PHIHOYHOW SKOHO-
MUKH TPEOYIOT ITOCTOSTHHOTO COBEPIIIEHCTBOBAHS
TIPOM3BOICTBEHHBIX TPOIIECCOB W TTOBBIIIEHHS Kade-
CTBa MPOMYKIMU. B ycIOBUAX TI00ATBFHON KOHKY-
PEHIIMK Pa3BUTHE MAIIBIX M CPETHHUX MPEANPHATHI
CTaHOBUTCSI BaYKHBIM 3JIEMEHTOM SKOHOMHYECKON
CTaOMIIBHOCTH, TaK KaK TaKKe IPENNpyUsITys 00naaatoT
BBICOKOW THOKOCTBIO B aalTallid K M3MEHSFOLIAMCS
3ampocaM TOTpebuTeneil. BakHbIM HMHCTpyMEH-
TOM UX YCHEUIHOTO Pa3BUTHS SABJSICTCS BHEAPEHHE
WHHOBAIIMOHHBIX TEXHOJIOTHIA, KOTOPBIE HE TOIBKO
MO3BOJISIIOT COKPAaTUTh 3aTparhl, HO M CIOCO0-
CTBYIOT CO3JIaHUIO MPOAYKIHU C YIyUIIEHHBIMA
xapakrepuctukamMu. Oco0oe 3HadeHue mpuodpe-
TaeT MOJAEpHH3AIHsI 000pyAOBaHUS U pa3padoTKa
HOBBIX TEXHOJIOTHYECKHX IMOIX0J0B, KOTOpKIE
CHOCOOHBI O0ECIIEYHTh MPEINPHATHAM KOHKY-
peHTHbIe penmyinecTsa [1].

[IumeBast TPOMBIIIEHHOCTh, KakK OJHA
13 HauboJiee 3HAYUMBIX OTpacieil, OpUeHTUPOBaHA
Ha yIy4lIeHHEe KayecTBa IIPOAYKIHNH, paCIIUpPEHHE
ACcCOpPTHMEHTA ¥ CHWKEHHE CeOECTOMMOCTH MPOU3BOI-
crBa. [l 3TOro BHEAPSIIOTCS COBPEMEHHBIE METOIBI
MPOTHOZUPOBAHMSL, aBTOMATU3AIIMK U IM(PPOBU3AIIIY.
OmauM U3 Hanboee aKTyallbHBIX HATPABICHUN HC-
CIICJIOBAHUI B 3TOW c(epe sBIACTCS MPOU3BOJICTBO
Bad)eIlb ¢ HAYMHKOH, KOTOPOE BKITIOYACT TAKUE BAYKHBIE
JTarbl, KaK IOATOTOBKA CHIPhsI, HAHECEHNE HAYMHKU U
YIIaKOBKa TOTOBBIX W3NENHH. Y COBEPIICHCTBOBAHNE
KIIFOUEBBIX Yy3JI0B TEXHOJIOTUYECKUX JIMHHUN, B
YaCTHOCTH OOOPYIOBaHMUS ISl HAHECEHUs] HAYMHKH,
TI03BOJISIET 3HAYMTEITHHO ITOBBICHTH KAY€CTBO MPOTYK-
MU ¥ IPOM3BOIUTEIBHOCTH[1-3].

J14 muiieBoid MpOMBIIUIEHHOCTH KPUTUYECKU
Ba)XHbI CTPATCTUYCCKUC IPHUHIMUIIBI, HAIIPaBJICHHBLIC
Ha YJIYUHICHHUE IIPOU3BOJCTBCHHBLIX IIPOIICCCOB,
MOBBIIICHUEC Ka4Y€CTBA MPOAYKIINU U OGCCHe‘IeHI/Ie
AKOJIOTHUYECKON ycToumBocTH. OCHOBHOM 3aadeit
0CTaeTCsl IEPEX0/1 OT PYYHOTO TPY/a K MOJTHOCTHIO
MEXaHN3UPOBAHHLIM U ABTOMAaTU3HPOBAHHBIM TEXHO-
JIOTHSIM, KOTOPbIE CIIOCOOHBI 3HAYMTEIIHHO TTOBBICHTD
MPOM3BOAUTENLHOCT M CHU3HTD M3/iepkKu. s pea-
JIM3aLUM 3TOTO HEOOXOIMMO HE TONBKO YBEJIMYHTDH
00BEM BBICOKOTEXHOJIOTHYHOTO O0OpYIOBaHUs, pa-
00TaIOIIEero B ABTOMAaTHYECKOM PEKUME, HO U 00ec-
MIEYUTH €ro aAANTALMIO K Pa3IMYHBIM BUIAaM CBIPbS 1
MPOAYKIMH. DTO CO3MIAET YCIOBUS JJIsi THOKOCTH
MPOU3BOJICTBEHHBIX MPOLIECCOB M MO3BOJSET YAO-
BIIETBOPSTH Pa3HOOOPA3HEIE MTOTPEOHOCTH PHIHKA.

Pacmmpenue accopTUMEHTa U MOBBILICHHE
Ka4yeCTBa TMPOAYKIUU ABJIAIOTCA BaXXHBIMU AaCIICK-
Tamu pa3BuTusl. ParonanbHas nepepaboTka UCXO-
HOTO CBIPBSI, BKJIIOYAs MCTIOJb30BaHUE BO3BPATHBIX
OTXOJIOB, CIIOCOOCTBYET CHIDKEHHIO MPOU3BOJ-
CTBEHHBIX MOTEPh U YIYULICHUIO SKOHOMHYECKON
s¢pekTuBHOCTH. BaykHOE 3HaUCHHE HMEET pa3BUTHE
JUHEHKN AUETUYECKUX MPOAYKTOB, OOOTAIIEHHBIX
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BUTAMHHAMH, JIETCKOTO TIUTaHHS ¥ TIONTy(haOprKaToB,
BKITI04asi OBICTPO3aMOPOKEHHBIE OBOIIH, (PYKTHI
Y TOTOBBIE OJII0Ia, KOTOpPEIE HE TPEOYIOT TOTIOTHH-
TeIpbHON KymnmmHapHOW 00paboTku. IIpom3BomcTBo
TaKOW MPOAYKLIMK OTBEYAET COBPEMEHHBIM 3alpocam
nmorpeduTenel, OpPUEHTUPOBAHHBIX Ha yI00CTBO,
30POBbE M KauecTBo [4-6].

OTnenbHOE BHUMaHUE YeNseTcs yakoBOY-
HBIM MaTepHaiaM, KOTOPBIC IOJDKHBI COOTBETCTBO-
BaTh TPEOOBAaHMUIIM IKOJIOTMYECKON 0e30MacHOCTH
Y OBITh ANTHPOBAHBI JUISl PA3IUYHBIX BUJIOB TPO-
JYKITHY — TBEPIBIX, XKUJKHX, CHITYUHX MU BA3KHX.
Co3nanue BBICOKOKAUECTBEHHBIX YITaKOBOYHBIX
pelleHHN SIBISIETCS HE TOJIBKO BOMIPOCOM yI00CTBa
W COXPaHHOCTH TPOJIYKIIUH, HO M BaXKHBIM (haKTo-
POM KOHKYpPEHTOCIIOCOOHOCTM Ha pbiHKe. [lis
obecrieueHns1 6E30MMaCHOCTH MPOIYKIIUN Ha BCEX
sTanax e€ MpoU3BOJCTBA TPEOYETCsl CTpOroe coOIIto-
JCHHUC CAaHUTAPHBIX H 63KTepI/IOJ'IOF HNYCCKUX HOPM,
HaYWHasl C MOCTYIICHUS CBIPhs HAa IPEATPHUSATHUS U
3aKaH4MBas YIAKOBKOH T'OTOBBIX M3zeiuil. Dddek-
THBHBIC MEPOIPHUATHS 10 MUHUMH3AIMH BIIASHUS
BPETHBIX TPOU3BOJICTBEHHBIX (DAKTOPOB MO3BOJISIOT
HE TOJILKO YITYHIIUTh KA9€CTBO MPOAYKTOB, HO U CIO-
coOCTBYIOT OOIIel YCTOWYMBOCTH U HAJEKHOCTH
MHIIEBOW POMBIIIICHHOCTH[6-7].

MarepuaJibl M METOABI

Baduu sBIAIOTCS My4YHBIMH KOHIUTEP-
CKHMH H3JICITHUSIMH, M3rOTOBJICHHE KOTOPBIX OCY-
HIECTBIISIETCS M3 BaEeIbHBIX JINCTOB, COJCPIKAIINX
MEXIYy CIOSMH JIUCTOB DA3JIMYHYI0 HAYHHKY.
Camu BagesbHBIC JHCTHI, B 3aBUCHMOCTH OT pe-
HENTYpbl MPUMEHSIEMOr0 TOCTa, JEJSTCS Ha TPU
CIIETYIOIHMX BU/IA:

— CIOOHBIC caxapHble, B PElENT KOTOPBIX
BXOJISIT MyKa BBICIIIETO COPTa, SIMYHBIE JKEJITKH, caxap,
KHP U MOJIOKO;

— TOJIycaxapHble, B PEIENTe OTCYTCTBYET
MOJIOKO;

— TpPOCTBIE, JUIS U3TOTOBJICHHUS KOTOPBIX
HE MCHOJIB3YETCsl caxap, MOJIOKO, MacJIo ¥ XKUP.

[TpousBoacTBo Badenb ¢ HAYMHKOW OCY-
HIECTBISIETCS. HA MOTOYHBIX JIMHHSAX, B KOTOPBIX
pean3yroTCsl HEMPEPHIBHBIC MPOIECCHI BBIMECYKA
Ba(eIbHBIX JIMCTOB, HAHECEHNE HAYMHKU M Pe3Ka
BaQeIbHBIX JIUCTOB. TakuM 00pa3oM MOXKHO BBLICITUTD
CIIE/IyIOLME OCHOBHBIC CTAJIUH IPUTOTOBICHUS
Baeb ¢ HAUNHKOM:

— MOJIrOTOBKA CHIPHS;

— MIPUTOTOBJICHNE BaEITLHOTO TECTA;

— MPUTOTOBJICHNE HAYUHKH;

— IPUTOTOBIIEHHE BaebHOTO JINUCTA;

— OXJIXKJICHUE Ba(eIbHOIO JIHCTA;

— HaHECEHHe HAYMHKH Ha Ba()eNbHBII JINCT;

— NPUTOTOBJICHUE Ba()eNIbHBIX OJIOKOB;

— pe3ka BadeIbHBIX OJIOKOB Ha 3aTrOTOBKH;

— ynakoBKa Baesib B HOTPEOUTENBCKYIO H
ToproByo Tapy [9].
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Pe3yabTaTsbl
boulo  mpoBeseHO  HAyYHO-TEXHHUYECKOE
[IPOTHO3UPOBAaHUE, C LEJIBI0 IPOAHAIN3UPOBAThH

1eJ1ecO00Pa3HOCTH  M3MEHEHHH B KOHCTPYKLHMH
MaImHbL. J{j1s1 3T0ro cocTaBiieHbl OnepaTopHast MOIEIb
TEXHOJIOTMYECKOr0 TpoLecca MPon3BOJICTBA Badelb,
MOJIENIb «YEPHOTO ALIMKa» ONepalvyd HaHECCHUs
HAuYWHKK Ha BadenbHbld suct. [ng ymoOctea
CTPYKTYPHPOBAHUsI X OLICHKH 3HAYMMOCTH (haKTOpOB
WCTIONB30BaH METOJl SKCIEPTHOTO OLCHUBAHHUA,
pe3yabpTaThl OTOOpaKEHBI B BUAE MATPHLBI paH-
roB. Pazpaboran I'OCT ans onpezneneHus: ypoBHs
TEXHUYECKOTO Pa3BUTHA MPOTOTHUIIA U YCOBEPILICH-
CTBOBAaHHOH MAaIlIMHBI JAJISl HAHECEHUS! HAYMHKU
Ha BaebHBIH JHCT.

HccnenoBanre XapakTepuCTHK, OKA3bIBAFOIINX
BO3/ICICTBIE HA BBITIOJHEHHE IPOLIECCa HAHECCHHS
HAYMHKU Ha BaQelnbHBIN JHCT, OBUIO BBITIOIHEHO
C HICTIONB30BaHMEM YETHIPEX PA3INYHbIX MapamMeTpoB,
KOTOpBIE SIBJSUINCH YIPABJSIIOIIAMHY, YIIPABJISIEMBIE,
BO3MYIIAIONINE U HAOII0JaeMble, a cCaM TEXHOJIO-
THYECKHI MpOIlecC HAaHECCHHs1 HAYMHKH Ha Ba-
(eNbHBIN JIMCT BBIMOTHSIICS B KOMOMHUPOBAHHON
MalllMHe, PeJHA3HAYCHHON U1 HAHECCHUSI HAUMHKU
Ha BadeNbHBIN TUCT. BEISBIGHHBIX TOKa3aTemnei,
OKa3bIBAOIIHX BIMSHIE HAa KAYeCTBO 0OPabOTKH TIO-
nydabprkara, oka3anoch 13, KOTOpbIe MpeICTaBICHBI

post@uestnik-vsuet.ru

Ha pucyHke 1. Ha pucyHke npezicraBieHa MOJeNb
«YEpHOTO SIIWKa», NPUMEHUMOTO MJsl IMOJICH-
cTeMbl 00pa30BaHHsA MPOMEKYTOUHOTO MPOAYKTA,
XapaKTepu3yeMOoro 3aJaHHBIMH  TEXHOJOTHYe-
CKMMH MapaMeTpaMy KauecTBa.

Mojiesb YepHOro SIHKa MPOoLecca HAHECCHUS
HAYMHKA BKITIOYAET B ce0st BXOIHBIE (YIIPABIISIOIINE
¥ BO3MYIIAIOIIKE) | BBIXOAHBIC (YIpaBisieMble U
HaOJII0IaeMBIe) TIapaMeTPhI.

BxojHbBIC TapaMeTphl IeNATCs Ha:

VYnpasnsrone — mapamMeTpbl  Hemocpen-
CTBCHHO BIMSIOT Ha TEXHOJOTMYECKHH TpoIiece.
VX MO>XHO M3MEPUTH U TeJICHATIPABICHHO N3MEHUTH,
YTO MO3BOJISIET YIIPABIATH MPOIIECCOM.

Bo3Mymiaronye napaMeTpsl — 3T0 IEPEMEHHBIE,
KOTOpBIC BIMSIOT Ha XOJ] TEXHOJIOMUYECKOTO Mporiecca,
HO HE MOTYT OBITh U3MEHEHBI IIEJICHAPABICHHO.

BbIXo1HBIC TApaMETPBI BKITIOYAIOT:

— ynpaBisieMble TapaMeTphl: MEepEeMECHHBIC,
W3MEHEHUE KOTOPBIX JeMOHCTpUpPYET d(PQeKTHB-
HOCTh TEXHOJIOTHYECKOTO MpoIiecca.

— Ha0JIr0JaeMbIe MapaMeTphl: MEPEMECHHBIC,
KOTOpbIC KOCBEHHO CBS3aHBI C XapaKTepoM Mporiecca
1 OTPaKAIOT COCTOSIHUE UCCIIEAYEMOro 0OBEKTa.

BXOI[HI)IG mapaMeTpEhI ABJIAIOTCA BHCIIHUMUA
M0 OTHOLICHHUIO K MPOIECCY, B TO BPEMSI KaK BbI-
XOJHBIE ITAPAMETPEI ABJISIOTCA BHYTPEHHUMU.

Bosmywarowue gpaxmopoi:
Disturbing factors:
- Ka4€CTBO CBhIPbA;
- the quality of the semi-finished product;
- MapaMeTpbl BHEIIHEH Cpe/bl;

- parameters of the external environment;
- UCTIPAaBHOCTb MAIIMHBI JUISI HAHCCEHUS
HA4YUHKH.

- serviceability of the filling machine.

Vnpasnsowue gpakmopoi:
Controlling factors:

~~

Ynpasnsiemvie pakmopui:
Controlled factors:

- TeMIeparypa HAYWHKH,
- filling temperature;
- BJIQJKHOCTh HAYUHKH,
- the humidity of the filling;
- KOHCUCTEHIIMS HAYUHKH,

Hanecenve HauMHKU

Applying the filling

- Macca u3acius,
product weight;

- BJIQXKHOCTb U3CIIHS;
- product humidity;
- BBIXOJ U3IEIIHS;

- product output;

- the consistency of the filling;

- CTpyKTypa Bades.
- waffle structure.

i

- INIOTHOCTB U3JICIINA.
- product density.

Habmiooaemvie ghaxmopoi:
Observed factors:
- BJIAXXHOCTh Ba(esb C HAUMHKOM;
- humidity of waffles with filling;
- KOHCHUCTCHIIUA Ba(i)eJ'IL C HaYMHKOA.
- the consistency of waffles with filling.

Pucynok 1. Mojens «4epHOTo SIITHKAY
Figure 1. The "black box" model

K ynpasaarowum napamerpam paccmarpu-
BAa€MOT'0 TEXHOJIOTMYECKOTO MPOLIECcCa MOXKHO OT-
HECTH CIENYIOIINE TapaMeTPhI:

— TeMIepaTypa HaulHKH;

— BIIQXKHOCTh HAYMHKH;

— KOHCUCTEHIINS HAYMHKH;

— CTPYKTypa Badelb.

70

K ynpasnsemsim mapamerpam paccMarpuBae-
MOT'0 TEXHOJIOTHUYECKOTO TPOLIECCa MOKHO OTHECTH
CJeyIOIINe TapaMeTphI:

— Macca H3JIeNus;

— BIQXKHOCTb U3JIENNS;

— BBIXOJI U3JIENNUS;

— IUTOTHOCTH M3/IEIHSL.
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K 6oz3mywarougum napamerpam paccMatpuBae-
MOTO TEXHOJIOTHYECKOT0 TPOIecca MOYKHO OTHECTH
CIIETYTOIINE TTapAMETPHI:

— KaueCTBO CBIPBS;

— MapaMeTpbl BHEIIIHEHN CPeJIbl;

— MCTIPAaBHOCTh MAIIIMHBI IS HAHECEHHS
HaYUHKH.

post@uestniR-vsuet.ru

K nabnrodaemvin mapamerpam paccMaTpuBac-
MO0 TEXHOJIOTMYECKOTO IMPOIIECCa MOYKHO OTHECTH
CIIEYIOIIHE TTAPAMETPHI:

— BJI&YKHOCTb Bad)ellb ¢ HAYMHKOM;

— KOHCHUCTeHIMs Badens ¢ HaunHkow [10].

[Tpu paccMOTpeHHH YepHOTO SIIIUKA (PUCY-
HOK 1), 6 sKcmepToB Aanu oreHKy ot 1 10 13, pac-
cTaBUB (haKTOPHI IO 3HAYUMOCTH JIJIS Tpoliecca
HaHEeCEeHMs HaunHKHK (Tabnuma 1).

Ta6bnuma 1.
Pe3ynbTaThl 3KCIIEpTHOTO OMpoca
Table 1.
The results of the expert survey
E
DOkcneptsl | Experts x % 5
=2} (5]
= |s | Eg|E2|s & |¢
1123|415 6 o2 S S x 8 8% | Ea'B 5 e 2
55| =% | =8| 55 |z |225,| 8| &8
g = o (=R < -—
®dakrop ég £ g £ Eg Ei Eac‘_ﬁ% 8% EE
= g: =] §3 oc 5z=8 =22 s O
The factor S E 5g > o= °cZz| 85 | &=
SE| E8 | 2E| 85 | £S5 | 2E2° 28| g©o
Pauru orenKu OZ 2= = 25 £5 | §95 EC | @2
Grades of assessment S = %3 EE|E S |
5| ¢
wn
KauectBo nomyadpuxara
Quality of semi-finished product 1113|137 | 5 10 59 13 5 42 17 289 12 0,022
ITapamerps! BHEIIHEN Cperibl
Parameters of external environment 2154 |13]10] 13 4 13 2 42 3 25 9 0,055
HcnpaBHocTh MallMHb _
Serviceability of the machine 1110036 4 1 23 10 1 42 17 289 3 0121
Macca m3nenmst
Product weight 8127 |13] 3 12 35 12 2 42 -7 49 5 0,099
Brixon m3nemis
Product output 71419 (10| 7 9 46 10 4 42 4 16 8 0,066
Braxxnocts n3nenust
Product humidity 9138 (11|11 | 11 53 11 3 42 11 121 10 0,044
[TnotHOCTH M3METHS
Product density 6(1[2]2|6 |6 | 23 6 1 42 | 19 | 361 2 | 0132
Braxxxocts Baens ¢ HAUMHKON
Humidity of waffles with filling 1019 (12|19 9 7 56 12 7 42 14 196 11 0,033
Koncucrenmus Badenb ¢ HAUMHKON
Consistency of waffles with filling 5|6]5]4]2 : 30 8 2 42 -12 144 4 011
TemnepaTypa HAUUHKA
Filling temperature 12|18 |11| 5| 8 2 46 12 2 42 4 16 7 0,077
BrnaxHoCTh HAUMHKI
Filling humidity 131121012 | 13| 5 65 13 5 42 23 529 13 0,011
KoncucTenms HaunHKN
The consistency of the filling 41111111 3 21 11 1 42 -21 441 1 0,143
CrpykTypa Badenb j
Waffle structure 3|17(6(8|12] 4 40 12 3 42 2 4 6 0,088
Illectn OIPpPOIIEHHBIM 3KCIIEPTaM  OBLIO — CpeaHee 3HaYeHHe CyMM paHroB L
TPEJTIO’KEHO OIEHHUTh 13 (pakTopoB, OKa3hIBAIOIINX 13
BIIMSIHUE HAa pa3jielicHne KOH(ETHOW Macchl B ar- L= —ZSi , (2)
perare 1S pe3ku KOHPETHON Macchl. BrisiBieHue ni=
3HAYMMOCTH BECOMOCTHU 3TUX KPUTEPUEB OCYILIECTB- — CyMMa KBaJpaTOB OTKJIOHEHHUH S
Js10Ch 110 13-0aibHOi 1Kajie, B KOTOpOi Haubosiee n )
3HAUMMBIii [TOKA3aTeNb PUpPaBHUBACTCs exuHuIie [11]. S= Z ( Si— L) , ()
Pacuer mapameTpoB s MONMy4YeHHBIX (Dak- i=1
Topos [12, 14]: — k03¢ ¢punmeHT koukopaauu W
— CyMMa paHroB S 13S
W= s )
m’(n®—n)

Si = Zaij , 1)
j=1
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Oo6cy:kaenue

B pesynbTare pacueToB ObLT MOAYUIEH KO-
¢duiment koHkopaaiuu, paBHbid 0,94, OmHako,
MIPY TIOJTHOM COTJIACOBAHHOCTH MHEHHUI SKCIIEPTOB
B YaCTH BBISIBJICHHUS 3HAYNMOCTH BIHMSHUS (DaKTO-
pPOB HaHHBIA KOA(D(HUITMCHT MOJDKEH OBITh paBeH
enuuune [13, 15-16].

Harmsimnoe oToOpakeHHE pPaH)XUPOBAHUS
MHEHHH 3KCIIEPTOB MPEACTABICHO B BUJIE THUCTO-
rpaMMBbI Ha pUCYHKE 2.

140 ]
120 i
100 2
80
60
40

= LB IL

1 2 3 4 5 6 7 8 9 10 11 12 13

B cymma panros | the sum of the ranks
Ogec ¢akropa | factor weight

Pucynok 2. I'ucrorpamma paHros
Figure 2. A histogram of ranks

ITprcBOMM NOPSIAKOBBIN HOMEP JJI KaXA0M
CYMMBI paHTOB, NPH 3TOM HyMepamuio OyaeMm
OCYIIECTBIIATH IO BO3pacTaHuio. Takum oOpa3oM,

post@uestnik-vsuet.ru
HOJyYHM, YTO YeM BBIIIE CyMMa paHra, TeM Oosee
3HAYMMOE BIIMSHHE OKa3bIBAETCS HA TEXHOJIOTHYE-
CKUH TpOLIeCC HAHECEHUs HAUMHKHU. AHAIM3UPYS
HOJyYeHHYIO THCTOTpaMMy Ha PUCYHKeE 2 BHJHO,
YTO BCE PACCMOTPEHHBIE (haKTOPBI YCIOBHO IEIISTCS
Ha TPH TPYIIIBL, IepBasi rpymnima: ¢pakTopsl ¢ 1 o 3;
BTOpast — ¢ 4 mo 9; Tpetbs — ¢ 10 mo 13.

[To pe3ymbTaraM 3KCIEPTHBIX OIEHOK IIPH
pamkupoBaHur (GakTopoB (PUCYHOK 2) yAanoch
BBIJICJIUTh 3 OCHOBHBIX (DaKTOpa, BIUSIOIIUX Ha
nporecc. TO BIAKHOCTh HAYMHKH, KA9eCTBO I10-
my(padpHuKaToB U BIAXHOCTH Ba(ellb C HAUMHKOM.

I[NepcrieKTHBHOCTL MOJCPHU3ALMH 000PYI0Ba-
HHSL MOYKHO OIpPENENUTh C MOMOIIBI0 TeHEpaTbHON
orpeenuTeNbHON Tabuipl. OHa TIO3BONISIET TTOHATH
TEXHUYECKUH YPOBEHb CTPYKTYPBI TOACHCTEMEI,
KOoTOpbIi paBern Yo = 0,67. Texuuueckuir ypo-
BeHb dNieMeHTa Bxoaut B npezen ot 0,60 mo 0,79,
COOTBETCTBEHHO, JTaHHAsI MOJICPHU3AIIHS SBIISETCS
nepcrekTuBHO# [17-20].

3akiIoueHue

B pesynbTare mpoBeIEeHHBIX MCCICAOBAHHUN
MOJKHO CHIENaTh BBIBOJ, YTO B TEXHOJIOTHYECKOM
npolecce HAHECEHHMsT HAUYWHKK Ha BadelbHBIN
JIMCT K CYIIECTBEHHBIM (haKTOpaM MOKHO OTHECTH
cienyromuye Tpu (akTopa: BIAKHOCTh HAYMHKH,
KauecTBO MoiypabpHKaTOB W BIAXKHOCTH Badeib
¢ HauMHKOM. Taxke ycTaHOBJIEHA NEPCIEKTUBHOCTh
MOJZIEpPHH3AIIMN 000pYIOBaHUS 1A IIpoLiecca HaHe-
CEHMS HAUYMHKH Ha BaeIbHBIN JIHCT.

Jluteparypa

1 TIporHo3 Hay4yHO-TE€XHOJOIMYECKOTO pPa3BUTHUSl arpolpOMBIIUIEHHOro KoMiuiekca Poccuiickoit denepaunu Ha
mepuog g0 2030 roma. HammoHanbHBIM — UCCIIEOBAaTENbCKUM  yHHBepcuTeT "Brpicmmas ImKoiga IKOHOMHUKH'.
URL.: https://issek.hse.ru/data/2017/05/03/1171421726/Prognoz_APK_2030.pdf

2 MaromenoB I'.O., OneiinukoBa A.f., Kypasnes A.A., IlleskoBa T.A. Msirkue Badau ¢ HAYMHKOM HAa OCHOBE
ThiKBeHHOTO TIope // Bectauk BI'YUT. 2013. Ne 2 (56). C. 115-118.

3 Tlar. Ne 2608729, RU, A23L 2/52. Croco6 mojydeHHss HHCTAHT-TPOJIYKTOB HA OCHOBE KOHIICHTPATOB ILIOJIOBO-
STOJIHBIX COKOB, COZIEPXAIMX pa3inuHble (yHKunoHanbHble n00aBku /| B.B. Tuxono, H.B. TuxoHoB, N.H. TuxoHoBa.

Ne 2014141885; Passi. 16.10.2014; Omy6m. 23.01.2017.

4 Cxobensckas 3.I'., bansixun M.I'., Xacanosa C.[., ['mac M.C. IlpuMeHeHre aMapaHTOBONH MyKH B POU3BOJCTBE
Ba(eIbHBIX JINCTOB TOBBIICHHOW MUINEBOH HeHHOCTH. JocTwxkenuss Hayku W TexHuku AITK. Ne 34 (6). C. 92-96.

doi: 10.24411/0235-2451-2020-10618

5 Aussanasuwannakul A, Puntaburt K, Pantoa T. Enhancing Gluten-Free Crispy Waffles with Soybean Residue (Okara)
Flour: Rheological, Nutritional, and Sensory Impacts. Foods. 2024. Ne13(18). P. 2951. d0i:10.3390/foods13182951

6 Bochkaryov P. Yu., Korolev R.D., Bokova L.G. Comprehensive Assessment of the Manufacturability of Products.
Advanced Engineering Research. 2023. Ne 23(2). P. 155-168. doi.org:10.23947/2687-1653-2023-23-2-155-168

7 bazpoB B.M. OGOGecrneyeHne TEXHOJIOTUYHOCTH

KOHCTpyKIMH w3genuil. HaykoemMkuwe TexHOIOrMHM B

mammsocTpoerun. 2020. Ne8(110). C. 18-22. doi:10.30987/2223-4608-2020-8-18-22
8 UYeprenoB A.H. MeTobl TeXHOJIOTHYECKOTO HporHosuposanus // Bectank Hayku. 2019. Ne 6 (15). C. 124-129.
9 Ckobensckas 3. I'., F'onuapyk U. B., ConoBaposa A. E. Pacumpenue accoptumenTa Badensb Npo(QuIakTHIecKoro

nasnauenus // [Tumesas npompinuieHHOCTh. 2016. Ne 9. C. 20-22.

10 Pesanuenko U. 1O., Areenko J[. [I., llermos M. C. AHamu3 kadecTBa MYYHBIX KOHIWTEPCKHX W3ICITHHA C
HCIIOb30BAHNEM METOIa pa3BepThiBanus GyHKImK kadecTsa // ITomsyHoBckuit Bectrrk. 2022, Ne 2. C. 42-50.

11 Topbkuit A.C. Cuctema OleHKH ¥ POrHO3UPOBAHHUS MIEPCIEKTUB PA3BUTHS PETHOHATBHBIX TPOMBIIIICHHBIX CHCTEM
C y4eTOM WHHOBAIMOHHO-TeXHOMOrHmIeckoro (akropa // Bectamk Camapckoro ymmsepcutera. T. 14. Ne3. C. 50-58.

doi:10.18287/2542-0461-2023-14-3-50-58

12 Kaganoga JI.C. Meronrka nporHO3UpOBaHHS M CIICHAPUH PA3BUTHS TEXHOJIOTHYECKHUX MPOLECCOB MPOM3BOJICTBA U
HNPUMEHEHHsI OPraHMYeCKUX yA00peHHii B arpapHOM cekTope s5koHOMUKH // HHoBanwu u naBectuimu. 2018. Ne 7. C.107-110.



Yemunoea JO.B. u dp. Becmuux BTYHIIL, 2024, IIT. 86, Ne. 4, C. 68-74 post@vestniR-vsuet.ri

13 CepsixoB I'.H. Pa3Butne METOMONIOTHUECKUX AaclEKTOB IPOrHO3MPOBAHUS IPOLECCOB Pa3BUTHS HOBOIO
TEXHOJIOTHYECKOT0 yKiiaja akoHoMukH // Bectauk [Mosorkoro rocynapcrsenHoro yausepcurera. 2018. Ne 6. C. 86-93.

14 Smolikhina P.M., Muratova E.l., Dvoretsky S.I. The study of structure formation processes in the confectionery
mass // Advanced Materials & Technologies. 2016. Ne 2. P. 43-47.

15Ho, T.T., Tran L. V., Tran H. M., Dao S.V. Machine Learning in Demand Forecasting. International Research Journal
of Advanced Engineering and Science.2022. V. 7. Ne 3. P. 225-233.

16 Ho T.T., Tran L.V., Tran H.M., Dao, S.V. Machine Learning in Demand Forecasting. International Research Journal
of Advanced Engineering and Science. 2024. V.6. Nel. doi:0.36948/ijfmr.2024.v06i01.14204

17 Garre, A., Ruiz, M.C., Hontoria, E. Application of Machine Learning to support production planning of a food
industry in the context of waste generation under uncertainty. Operations Research Perspectives. Ne7. P. 100147.
doi: 10.1016/j.0rp.2020.100147

18 Sacco R., Guidoboni G., Mauri A.G. A Comprehensive Physically Based Approach to Modeling in Bioengineering
and Life Sciences, Academic Press. 2019. P. 805-817. doi:10.1016/B978-0-12-812518-2.00047-0

19 Hassija, V., Chamola, V., Mahapatra, A. Interpreting Black-Box Models: A Review on Explainable Atrtificial
Intelligence. Cogn Comput. 2024. Ne 16. P. 45-74. doi:10.1007/s12559-023-10179-8

20Singh, P., Ban, Y. G., Kashyap, L., Siraree, A. Sugar and sugar substitutes: recent developments and future
prospects. Sugar and sugar derivatives: changing consumer preferences. 2020. P. 39-75.

References

1 Forecast of scientific and technological development of the agro-industrial complex of the Russian Federation for the
period up to 2030. National Research University "Higher School of Economics”. URL: https://issek.hse.ru/data/
2017/05/03/1171421726/Prognoz_APK_2030.pdf

2 Magomedov G.O., Oleinikova A.Ya., Zhuravlev A.A., Shevyakova T.A. Soft waffles with pumpkin puree filling //
Vestnik VGUIT. 2013. no. 2 (56). pp. 115-118. (in Russian).

3 V.V. Tikhonov, N.V. Tikhonov, I.N. Tikhonova. A method for obtaining instant products based on fruit and berry
juice concentrates containing various functional additives. Patent RF, no. 2608729, 2017. (in Russian).

4 Skobelskaya Z.G., Balykhin M.G., Khasanova S.D., Gins M.S. The use of amaranth flour in the production of wafer
sheets of increased nutritional value. Achievements of science and technology of the agroindustrial complex. no. 34 (6). pp. 92-96.
doi: 10.24411/0235-2451-2020-10618 (in Russian).

5 Aussanasuwannakul A, Puntaburt K, Pantoa T. Enhancing Gluten-Free Crispy Waffles with Soybean Residue (Okara)
Flour: Rheological, Nutritional, and Sensory Impacts. Foods. 2024. no. 13(18). pp. 2951. doi:10.3390/foods13182951(in Russian).

6 Bochkaryov P. Yu., Korolev R.D., Bokova L.G. Comprehensive Assessment of the Manufacturability of Products.
Advanced Engineering Research. 2023. no. 23(2). pp. 155-168. doi: 10.23947/2687-1653-2023-23-2-155-168

7 Bazrov B.M. Ensuring the manufacturability of product designs. High-tech technologies in mechanical engineering.
2020. n0.8(110). pp. 18-22. d0i:10.30987/2223-4608-2020-8-18-22 (in Russian).

8 Chernetsov A.N. Methods of technological forecasting // Bulletin of Science. 2019. no. 6 (15). pp. 124-129. (in Russian).

9 Skobelskaya Z. G., Goncharuk I. V., Solovarova A. E. Expanding the range of wafers for preventive purposes // The
food industry. 2016. no. 9. pp. 20-22. (in Russian).

10 Reznichenko 1. Yu., Ageenko D. D., Shcheglov M. S. Quality analysis of flour confectionery products using the
method of deploying the quality function // Polzunovsky Bulletin. 2022. no. 2. pp. 42-50. (in Russian).

11 Gorky A.S. A system for assessing and forecasting the prospects for the development of regional industrial systems
taking into account the innovation and technological factor // Bulletin of Samara University. Vol. 14. no. 3. pp. 50-58.
d0i:10.18287/2542-0461-2023-14-3-50-58 (in Russian).

12 Kachanova L.S. Methods of forecasting and scenarios for the development of technological processes for the
production and use of organic fertilizers in the agricultural sector of the economy // Innovations and investments. 2018. no. 7.
pp.107-110. (in Russian).

13 Seryakov G.N. The development of methodological aspects of forecasting the development of a new technological
structure of the economy // Bulletin of the Polotsk State University. 2018. no. 6. pp. 86-93. (in Russian).

14 Smolikhina P.M., Muratova E.I., Dvoretsky S.I. The study of structure formation processes in the confectionery mass
/I Advanced Materials & Technologies. 2016. no. 2. pp. 43-47. (in Russian).

15Ho, T.T., Tran L. V., Tran H. M., Dao S.V. Machine Learning in Demand Forecasting. International Research Journal
of Advanced Engineering and Science.2022. Vol. 7. no. 3. pp. 225-233.

16 Ho, T.T., Tran, L.V., Tran, H.M., & Dao, S.V. Machine Learning in Demand Forecasting. International Research
Journal of Advanced Engineering and Science. 2024. VVol.6. no.1. doi: 0.36948/ijfmr.2024.v06i01.14204

17 Garre, A., Ruiz, M.C., & Hontoria, E. Application of Machine Learning to support production planning of a food
industry in the context of waste generation under uncertainty. Operations Research Perspectives. 2020. no. 7. pp. 100147.
doi:10.1016/j.0rp.2020.100147

18 Sacco R., Guidoboni G., Mauri A.G. A Comprehensive Physically Based Approach to Modeling in Bioengineering
and Life Sciences, Academic Press. 2019. pp. 805-817. doi:10.1016/B978-0-12-812518-2.00047-0

19 Hassija, V., Chamola, V., Mahapatra, A. Interpreting Black-Box Models: A Review on Explainable Artificial
Intelligence. Cogn Comput. 2024. no. 16. pp. 45-74. doi:10.1007/s12559-023-10179-8

20Singh, P., Ban, Y. G., Kashyap, L., Siraree, A. Sugar and sugar substitutes: recent developments and future prospects.
Sugar and sugar derivatives: changing consumer preferences. 2020. pp. 39-75.

73


http://dx.doi.org/10.1016/j.orp.2020.100147
https://doi.org/10.1007/s12559-023-10179-8

Ustinova Y.V. et al. Proceedings of VSUET, 2024, vol. 86, no. 4, pp. 68-74

Caenenns 00 aBTopax

IOana B. YceruHoBa K.T.H., IOIEHT, Kadeapa TEXHOJIOTHU
XpaHeHUs] ¥ TepepabOTKH TPOAYKTOB IKMBOTHOBOJCTBA,
Poccuiickuii TocynapcTBeHHBIN arpapHblii yHuBepcuteT — MCXA
nvern KA. TummpsizeBa, TummpsizeBckas yiu., 49, r. Mocksa,
127434, Poccust, yul48888048@ya.ru
https://orcid.org/0000-0002-1649-889X
Makceum B. IIpocuH X.T.H., JIOLEHT, Kadeapa HpOLECCOB H
anmapaTtoB IepepadaThIBAlOIIMX IMPOU3BOACTB, Poccuiickuii
roCyAapCTBeHHbIH arpapHblil yHuBepcuter — MCXA uMeHH
K.A. TumupszeBa, TumupsizeBckas yi., 49, r. Mocksa, 127434,
Poccus, prosinmv@yandex.ru
https://orcid.org/0000-0002-4615-5628
Jmurpuii M. Bopoxysun 1.17.1H., ipodeccop, kadeapa TEeXHOIOTUH
XpaHEHWs U TIepepadOTKU MPOIYKTOB KHBOTHOBOZCTBA, Poccuiickuii
roCyAapCTBeHHbIM arpapHblil yHuBepcuter — MCXA uMeHH
K.A. TumupsizeBa, TumupsseBckas yi., 49, r. Mocksa, 127434,
Poccust, borodulin@rgau-msha.ru
https://orcid.org/0000-0003-3035-0354
Henuc B. /lons x.T.H., JOLEHT, Kadeapa MpoIeccoB U anmnapaToB
nepepadaTHIBAIOIINX MPOU3BOICTB, Pocchiickuii rocyaapCcTBEHHBIH
arpapubiii  yHuBepcuteT — MCXA wumenn KA. Tummpsizesa,
TumupsizeBckas  yn., 49, 1. MockBa, 127434, Poccus,
doniadv@rambler.ru
https://orcid.org/0000-0002-5818-0804

Bkiag aBTopos

Bce aBTOPHI B paBHOﬁ CTCIICHU IIpUHUMAJIA Yy4aCTUC B HallMCaHUU
PYKOIIMCH U HECYT OTBETCTBCHHOCTD 3a Illaruat

Kouduukt narepecon
ABTOpBI 3asIBISIFOT 00 OTCYTCTBHH KOH(IJIMKTAa HHTEPECOB.

post@uestnik-vsuet.ru

Information about authors
Yulia V. Ustinova Cand. Sci. (Engin.), assistant professor,
Department of technology of storage and processing of animal
products, Russian State Agrarian University, 49, Timiryazevskaya st.,
Moscow, 127434, Russia, yul48888048@ya.ru
https://orcid.org/0000-0002-1649-889X

Maksim V. Prosin Cand. Sci. (Engin.), assistant professor,
Department of Processes and Apparatuses of Processing Industries,
Russian State Agrarian University, 49, Timiryazevskaya st., Moscow,
127434, Russia, prosinmv@yandex.ru
https://orcid.org/0000-0002-4615-5628

Dmitry M. Borodulin Dr. Sci. (Engin.), professor, Department
of technology of storage and processing of animal products,
Russian State Agrarian University, 49, Timiryazevskaya st., Moscow,
127434, Russia, borodulin@rgau-msha.ru
https://orcid.org/0000-0003-3035-0354

Denis V. Donya Cand. Sci. (Engin.), assistant professor,
Department of Processes and Apparatuses of Processing Industries,
Russian State Agrarian University, 49, Timiryazevskaya st., Moscow,
127434, Russia, doniadv@rambler.ru
https://orcid.org/0000-0002-5818-0804

Contribution
All authors are equally involved in the writing of the manuscript and
are responsible for plagiarism
Conflict of interest
The authors declare no conflict of interest.

IMocrynuaa 21/10/2024

IMocae pexakuun 14/11/2024

Ipunsita B neyats 28/11/2024

Received 21/10/2024

Accepted in revised 14/11/2024

Accepted 28/11/2024

74



