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Summary
In the process of work, the drying temperature of pasta from 50 °C to 60 °C and the drying time from
105 to 110 minutes, during which the drying process of pastais carried out at optimal humidity values.
This model describes the drying processin real form and ensures the convergence of calculations with
observations. The model was used to develop a temporary drying protocol for belt conveyor dryers
with phased heat supply.

Abstract
Introduction. The drying procedure is the key to obtaining pasta of a given quality and at a certain
price. However, the existing models are mainly intended to describe the drying process in a stationary
state. Materials and methods. The mathematical model of gluten-free pasta drying based on non-
traditional raw materials allows us to determine the temperature and humidity gradient curve for tubu-
lar pasta. Results and conclusions. Thus, a mathematical model was built that allowed to set their op-
timal values in the right amount, the best settings for minimizing the cost of thermal energy while
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maintaining good quality of the dried product are with indicators such as the humidity of pasta (wm,
%) up to 10, the drying temperature of pasta from 50 °C to 60 °C and the drying time from 105 to 110
minutes, during which the drying process of pastais carried out at optimal humidity values. This mod-
el describes the drying processin real form and ensures the convergence of calculations with observa-
tions. The model was used to develop a temporary drying protocol for belt conveyor dryers with
phased heat supply. The analysis of three-dimensional spatial models shows that in the field of optimal
search, the values necessary for the optimality of the optimization criterion are achieved. This means
that the degree of change in input factors is taken into account when planning experiments. The fol-
lowing graphs show the optimal ranges of variable values of the drying agent temperature (Ta, °C) and
drying time (td, min), at which the pasta drying process is most effective, the humidity values are op-
timal. The dependences yn=f(Ta, td), given from the variables Ta and td that determine the drying
process, allow usto predict with sufficient accuracy the change in the value of wm (%) in the studied
range of values. At the sametime, it is possible to determine the predominant influence of each factor
on the efficiency of drying raw pastafrom non-traditional ingredients. This information is then used to
approximate the kinetics of the technological process in the drying device. Adjustment and optimiza-
tion of a variety of parameters in the production of pasta led to optimal values of these parametersin
the required amount: pasta humidity (wt.%) from 10 to 15, drying temperature from 50 °C to 60 °C
and drying time from 105 minutes to 110 minutes.
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ONITUMM3ALMA NTPOLECCA CYHIKH BE3I'JIIOTEHOBBIX MAKAPOHHbIX
W3IEJIAN W3 HETPAJUIIAOHHOT O MYUYHOT' O ChIPbSI:
MATEMATHUYECKOE MOJEJINPOBAHUE

A. U. Kabbliaga, kanouoam cenbcKoXo358UCmMBeHHbIX HAYK, PYKOBOOUMEb NPOEKmda
A. C. Kaxbi0ekoBa, Oaxanasp mexHuku u mexHoi02uu, HayuHolli COmpyOHUK
K. 3. Ypa3zoaeB, 0oxmop mexnuueckux HayK, HaAy4Hulli COMpPYOHUK
H. M. Kepum06ekoBa, vacucmp ceibCKOX03UCMBEHHbIX HAVK, HAYYHbIU COMPYOHUK

Acmanuncxui gpuauan TOO "Kazaxckuil nayuno-ucciedo8amenbckuil UHCTRUmMym
nepepabamsisaioueli U nuuesol npomvliieHHocmu"”
2. Acmana, Kazaxcman

Hccnedosanun npogoounucy 6 pamkax HaAy4Ho-mexnuueckoi npozpammvl Munucmepcmea
cenvckozo xozaiicmea Pecnyonuku Kazaxcman na 2021-2023 20001 BR10764977 «Pazpadomka
cospemenHbIX mexnonozuit npouzeoocmea bA/los, pepmenmos, 3axeacok, kpaxmana, macen u op.
6 Uenax obecneyeHus pazeumun NULLEEO NPOMbLUUIECHHOCHU

AKTyanbHOCTb. [Iporienypa cymku SBiIsieTCs KIIF0UOM K MOTYYSHHI0 MaKapOHHBIX M3/IENHH 3a-
JIAHHOTO KauecTBa U 10 Ompe/ieNieHHo 1ieHe. OHaKO CYIIECTBYONIHE MO B OCHOBHOM IIpe/IHA3HA-
YEHBI JJIs1 OMKCAHMS MPOIIECCa CYIIKHA B CTAlIAOHAPHOM COCTOSIHMH. MaTepuajbl U MeToAbl. Marema-
THUYECKasi MOJIEINTb CYIIIKM MaKapOHHBIX U3/ 0e3 TIII0TeHa HA OCHOBE HETPAJUIIMOHHOTO CHIPhS 03-
BOJISIET OIPENENTUTh KPUBYIO TPAJUEHTOB TEMIIEPATYPHI M BIAXHOCTH TSI TPYOUATHIX MaKapOHHBIX W3-
nenuii. Pe3yabTaThl U BBIBOAbI. Takum 00pa3oM, ObUIa MOCTPOEHA MaTeMaThdecKas MOJIENb, TT03BO-
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JIUBIIAS YCTAHOBHUTh HMX ONTHUMAJbHBIC 3HAYCHUS B HY)XHOM KOJIMYECTBE, CAMBbIMU HAWIYUIINMU
HACTPOUKAMHU JJIi MHHUMU3AIIMU 3aTPaT TEIUIOBOM HEPTUM MPU COXPAHCHUM XOPOIIErO KauyecTBa BbI-
CYIIMBAEMOT0 MPOIYKTA SIBISETCS C TAKUMH TIOKA3aTEIISIMU, KaK BIa)KHOCTh MAaKapOHHBIX M3JEIHHA (Wm,
%) mo 10, TemmepaTypa CymIku MakapoHHBIX m3enmii oT 50 °C 10 60 °C u Bpemst cymku ot 105 mo 110
MUHYT, B T€YCHHE KOTOPBIX MPOIECC CYIIKH MAKAPOHHBIX M3JICJIUN OCYIICCTBISICTCS TIPU ONTHMATBHBIX
3HAYEHHSX BIAKHOCTH. DTa MOJIENb OITUCHIBACT MPOIIECC CYIIKU B pEabHOM BHJIE U 00ECIICYHBACT CXO-
JIIMOCTh PacueToB C HaONoAeHUSIMH. Mojenb Oblia MCHONB30BaHa JIIsl pa3pabOTKU MPOTOKOJA Bpe-
MEHHOM CYIIIKU JUIS JICHTOYHBIX KOHBEHEPHBIX CYIIMIOK C ITO3TAIHOM MOJaueH Teruia.

Knroueswvie cnosa: ckopocmsv cyuiKu MaKkapoHHulX uzoenutl, (QyHKYUOHAIbHOe Numa-
Hue, Oe321lomeHo8ble NPOOYKMbl, HeMPAOUYUOHHOE Cbipbe, NUWEBAs YEHHOCHb MAKAPOHHBIX
usoenutl, peyenmypa MaKapOHHbIX U30eull.

Huruposanue. KaOvuiga A. U., Kaxsibexona A. C., Ypasbaes XK. 3., Cepukoaii I'. C. Ontumusanus
mponecca CyluKku 6C3FHIOTCHOBLIX MaKapOHHBIX I/I3}1€J—II/II\/’I U3 HETPAAUIIUOHHOI'O MYYHOI'O CBbIPbA: Ma-
TeMaTH4yeckoe MojenaupoBanue. Mzsecmus HB AVK. 2023. 4(72). 507-518. DOI: 10.32786/2071-
9485-2023-04-51.

ABTOpCKI/Iﬁ BKJIa/1. Bce ABTOPBI HACTOALICTO UCCIICAOBAHUA NPUHUMAIN HETTOCPEACTBEHHOC Y1aCTUC B
IUTAaHUPOBAHWH, BBIIIOJIHCHUN UM aHAJIM3€ TaHHOT'O UCCIICIOBAHUA. Bce ABTOPLI HaCTOHH_[eﬁ CTaTbu O3HaA-
KOMMIIHUCH C IPEACTABJIICHHBIM OKOHYATCIbHBIM BApUAHTOM U OHO6pI/IJ'IH €ro.

KOH(l).T[I/IKT HHTEpPECOoB. ABTOpLI 3asIBIISIIOT 00 OTCYTCTBUHA KOH(l)J'II/IKTa HUHTEPECOB.

BBenenne. Ha ceronusmnauii 1eHs 1eUIUT MUKPOIIEMEHTOB (MHUHEpAIOB M BHUTa-
MHUHOB) B PallMOHE HACEJICHUS MPHU3HAH MPOOJIEMOil MUPOBOTO YPOBHS. DTO XapaKTEPHO IS
Bcex cTpaH mupa — Adpuxu, A3uu, EBponsl u Amepuku. [lo maenuto skcnieproB BO3, ne-
(GUIUT MUKPOHYTPUEHTOB (HaTypalbHBIX OEJIKOB) CTAaHET INIaBHBIM KpU3HUCOM (TpoOIemMoii) B
nuTaHuu HaceneHus: Mmupa B X X1 Beke [1].

[Ipon3BocTBO OE3IIIOTEHOBBIX MAKAPOHHBIX U3/EIUN BO BCEM MUPE SBIISETCS OJHUM
U3 CaMbIX MEPCIEKTUBHBIX HAIPaBJICHUN CO3/1aHUSI WHHOBALIMOHHBIX MPOAYKTOB. MakapoH-
HbIE U3/IeNNS U3 HETPAIUIIMOHHBIX UHTPEIUEHTOB UMEIOT PAJl MPEUMYIIIECTB Mepe]l IPYyTUMH
BUJAMHU MYKU: 00JIaal0T BHICOKOW YCBOSIEMOCTHIO OCHOBHBIX MHUTATEIbHBIX BEIIECTB, BHICO-
KUMHU NMOTPEOUTEIbCKUMH CBOMCTBAMH, JUIMTEIBHBIM CPOKOM XPaHEHUsI, HEJOPOTH U JOCTYII-
HBI BCEM CJIOAM HaceneHus [2]. OTo umeer ocoboe 3Hau€HHE, TOCKOJIbKY COBPEMEHHBIE TEH-
JEHIIMM B MIPOU3BOJICTBE MAKaPOHHBIX M3JENUIN BbI3bIBAIOT MHTEPEC K HMCIOIb30BaHUIO O€3-
TJIFOTEHOBBIX MHIPEIMEHTOB JJI MPOU3BOACTBA JIUETHUUECKHX MAaKapOHHBIX u3nenuil. B co-
CTaB ATOTO ChIPbS BXOJUT MYyKa, MOJyUYEHHAas! U3 Pa3IMYHBIX 371aKOB (TpeuHeBas, pucoBas, Ky-
Kypy3Hasi, UYHEBas, COpro, oBcsaHas U 1p. HexkoTopble U3 HUX OJHOBPEMEHHO MOBBIIIAIOT
OMOJIOTHYECKYIO U MHIIEBYIO IEHHOCTh MPOAYKTOB [3]. DTH 700aBKH TaKkKe COXPAHSIOT Mep-
BUYHBIC MaTepUabl U MOBHIMAIOT UX YPPEKTUBHOCTH [4].

TpaguioHHO B KayecTBE CBIPhS ISl MPOU3BOJICTBA MAKAPOHHBIX M3AEIUI HCIOJb-
3yIOTCSl TBEPJIbIE COpTa MILEHUIIbI, KOTOPhIE CUUTAIOTCA HU3KOMUTATENbHBIMU. B CBsI3u C
TUM MOXHO TIOBBICHTH MHUIIEBYIO IIEHHOCTh MAaKapOHHBIX W3JEINN, 3aMEHUB HHTPEIUCHTHI
Ha MIISHUILY, KYKYpY3y, IPOCO, TPEUKy, SYMEHb WM OBEC, a TAKXKE APYrHe KPYIbl, XUMUYE-
CKH OTJIMYAIOIIUECS OT TPAAUIIMOHHBIX MHTpenruenToB (Kum u ap., 2017). B pe3ynbsrare npo-
M3BOJICTBO MAKAPOHHBIX M3JIEJINI HA OCHOBE HETPAJUIIMOHHBIX UHTPEAUEHTOB SIBISETCS OJI-
HUM U3 Hanbosiee NepCcrleKTUBHBIX HAMPABICHUH co3AaHMsl (PYHKIIMOHAIBHBIX TPOYKTOB.

Takum o0Opa3om, 0030p TEKYIIETO0 COCTOSHUS MaKapOHHOM MPOMBIIIJICHHOCTH CBHJIE-
TEIbCTBYET O TOM, YTO OTPAaCib XapaKTEpU3yeTcs AUHAMHYHBIM pa3BUTHEM. C KaxabIM To-
JIOM IIPOUCXOJUT YBEINYEHHUE MTPOU3BOJCTBEHHBIX MOIIHOCTENH. OCHOBHOW IIPUPOCT MOIIHO-
CTEH MPOUCXOJUT MPEUMYIIECTBEHHO 33 CYET PACHIMPEHUS M PEKOHCTPYKLUHU CYIIECTBYIO-
IIMX MPOU3BOACTBEHHBIX MOLIHOCTEN, UX TEXHUYECKOTO NEPEBOOPYKEHHUS, a TaKKeE MOCTO-
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STHHOT'O PacCHIMPEeHHs] acCOPTUMEHTa Bhimyckaemoit nmpoaykuuu (Ilueiiaep, 2012). Crout ot-
METHUTH BBICOKOE KaUECTBO BBIIYCKAaEMON MPOAYKIIHMH, XapaKTEPU3YIOLIEECs] OTIIMYHBIMU I10-
TpeOUTEIbCKUMHU CBOMCTBAMHU. A BBICOKOKAYECTBEHHOE OTEUECTBEHHOE ChIphE JeNaeT MaKa-
POHHBIE M3/IETH OTEYECTBEHHBIX MPEANPUATHI KOHKYPEHTOCIIOCOOHBIMU Ha PBHIHKAX COCE[I-
HUX CTPaH U MOKET COCTaBUTh KOHKYpEHIUIO B LleHTpaabHOa3MaTCKOM PEeTHOHE.

Pe3yabTartsl uccjieqoBaHuil. MakapoHHbBIE WU3/ETIUS, ITPUTOTOBIECHHBIE U3 HETPAJHILIM-
OHHBIX 3€PHOBBIX MHIPEIUEHTOB, ObUTH HMCIOJIb30BaHbl B KaueCTBE OObEKTa MCCIEAOBAHUS IS
U3y4eHHsI MpoIiecca CyIKH. TecTo /il MakapoH ObLIO CO3JaHo 1O TpeM perentam (Tadmuima 1)
U3 HETPAJUIIMOHHBIX 3€PHOBBIX MHIPEINEHTOB. B To ke BpeMs ObUI0 100aBiieHO 25% KyKypy3-
HOT'0 KpaxMasia JUlsl '3BMEHEHUS! PEOJIOTHUECKUX CBOMCTB TecTa. TecTo, NOIy4eHHOE B Pe3yJIbTaTe
OpOXEeHUsI MaKapoH, OTIIMYAJIOCh OT JPYrHMX MaKapOHHBIX MacC T€M, YTO 3aMEIIMBAIOCh O]
OOJIBIIIUM YIJIOM, BIAXKHOCTBIO 28-38%, COCTOSUIO U3 MYKH, KyKYpy3HOro Kpaxmana u Bojbl. C
TECTOM HETIPEPHIBHO MAaHUITYJIMPOBAIIH, TIOKA He ObLIa MOoJTy4eHa IUIaCTUYHAs Macca.

Tabmuma 1 — Penentypa My4dHOW CMECH IS IPUTOTOBJICHUS TECTa IS MAaKaPOHHBIX H3ICITHH C
collepkaHueM KyKypy3HOTO Kpaxmana 25%
Table 1 — Recipe of flour mixture for making pasta dough with a corn starch content of 25%

Ne | Ha3zBanue coIpbst | Iennoctu, % | PacyeTHas nuTaTenbHAs LEHHOCTh CMECH
Penent Nel
1 | xykypy3a 33.33 6emox — 18,028%;
2 | rpeuka 33.33 kpaxmai — 60,256%6;
3 | HyT 16.67 kieryatka — 8,076%;
xup — 8,61%;
4 | cos 16.67 3oma — 3,664%;
sHepreTuyeckas neHHocTh — 405,847 kkan
Pentent No2
1 | xykypy3a 50.0 6enox — 17,824%;
2 | rpeuka 16.67 kpaxman — 63,076%;
3 | HyT 16.67 KkJier4yatka — 6,684%;
xup — 8,348%;
4 | cos 16.67 3011a — 2,946%;
sHepreTuueckas nmeHHocTs — 408,028 kkan
Penenr Neo3
1 | xykypy3a 35.0 oemox — 18,5%;
2 | myr 15.0 Kpaxmai — 56,7%;
3 | rpeuka 33.3 kneryarka — 13,23%;
4 | cos 16.7 KUpBI — 7,76%;

30ia — 5,34%;
sHEepreTuyecKas meHHocTh — 406,07 xkkai

Tecto s MakapoH GOpMUPOBATIOCH HA TIEPBOM CTYIICHHU IIHEKA B KaMepe MpeccoBa-
Hust. [lojx eificTBUEeM JIOMACTH ITHEKA TOPOIIKOOOpa3Hasi CyOCTaHIMs TTOCTENCHHO YIUIOTH SI-
nacek 1 popmoBanace. Ha Bropom aTamne TecTo Ui MakapoH BBIIABIUBACTCS H SKCTPYAUPYET-
csl uepe3 KoHTeiHephl. B pe3ynbraTe BbhIIaBIMBaHUS MOJIy4alu TpyOuaTble MaKapOHHBIE HU3-
nenusi B popme TpyOouex.

[Mocne npuganus MakapoHaM ONpeIeIeHHON (HOPMBI HAaUMHAJICS TPOLIECC CYIIKH Ma-
kapoH. Kpome Toro, Bu3yanabHOE Tpe/icTaBlIeHNE (PU3NYECKOro Mpolecca CYIIKM MaKapOH-
HBIX M3JEIHH aHAJTOTUYHO TAaKOBOMY JUISL APYTHX MOPHCTBHIX KAaNWILISIPOB, PE3YIbTaT CIEIy-
IOIIMI: TIepBasi CTAaUs XapaKTepU3yeTcss HEYKIOHHBIM CHIDKEHUEM COJICPIKaHHS BIIATU B ITH-
IIEBBIX MaTepHajax Mo mepe Oosiee TIyOOKOTO YAaJeHHs BIard, BTOpas CTaausl XapaKTepu-
3yeTcsi CHIKEHHEM CKOPOCTH CYIIKH, 00€3BOKHBAETCS OCIKOBas COCTABIISIONIAs MPOAYKTA,
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3Ta 4acTh MPOAYKTA CHUIIbHEE yJIEpKUBAET Biary, yeM kpaxmai. IIpennocnennuii atamn — tpe-
TUH U nocaeHui npouece cymku. KpaiiHe BaKHO ClieAUTh 3a TeM, YTOObI HAIPSYKEHUs CABU-
ra He IPEeBbIILAIN JOMYCTUMOIO Ipejesa. DTO CBA3aHO € Te€M, YTO MPOAYKThI B JaHHBIH MO-
MEHT HaxOJsTCA B COCTOSHUM 3JIaCTUYHOCTH, U JH000H M3/IMIIEK IPUBEAET K pacnary cTpyK-
Typbl MAaKapOHHBIX M3AEIHH. B 3TOM KOHKPETHOM CLieHapuu KpaiiHe Ba)KHO MOAJIEPKUBATh
paBHOBECHE MEKAY CKOPOCTbIO MCHAPEHUs BIaru ¢ MOBEPXHOCTH U CKOPOCTBIO MOIJIOLICHUS
BJIard BHYTPEHHUMH CIIOSIMU M3 CAaMBIX BHYTPEHHHX CIIO€B. DTO MOAXOJAIIECE BPEMs, YTOOBI
00BEIMHUTD MPOIIECC CYIIKU C PEBUTATU3ALIUCH.

[Ipu paccMOTpeHNHM BU3YaJIbHOTO IPEJICTaBICHUS MPOLIECCa CYIIKM MAKapOHHBIX U3-
JIeNTUi CTAaHOBUTCS SICHO, YTO 3HAUUTENIbHOE 00E€3BOKHBAHUE MOXKET MIPOUCXOIUTH TOJIBKO Ha
HAYaJIbHBIX CTAIUAX CYIIKH, KOIJla TECTO JJIl MaKapOH HaXOJUTCS B MOAATIMBOM COCTOSIHUU
U MEHEee CKJIOHHO K JIOMKOCTH. JIto0as mombITKa 0ojiee CTPOTro YHpaBisATh MPOLECCOM HEU3-
0eKHO MpUBEJET K 00Jjiee YaCTOMY PACTPECKMBAHUIO MAaKapOHHBIX W3JIEJIUH, MOBBILIEHHOMY
I'PAJAMEHTY BIAKHOCTH U MOBBIIIEHHOMY CTPECCY. JTO CBSA3aHO C TEM, YTO TECTO JJIsl MAKapOH
nproOpeso XapakTepUCTUKU 3JIACTUYHOIO BEIECTBA, YTO JAEJIaeT HEBO3MOXKHBIM JONOJIHU-
TEJIbHBIE IPOLIECCH] 3aTBEPICBAHMSL.

UroObl YMEHBIIUTH MOSBIEHUE TPEIIMH B TEXHUKE, CIIEUAIMCTBI UCIOIb3YIOT MIPOLIECC,
Ha3bIBAEMbIl OMOJIOKEHUEM WJIM YBIAXXHEHUEM. DTO CBS3aHO C YBEJIWYEHUEM OTHOCHUTEIILHOMN
BJIQKHOCTH, YTO MPUBOJUT K TOMY, YTO IIOBEPXHOCTHBIN CJIOW CTAaHOBUTCSI MArdYe M3-3a MOIJIO-
1ieHus Biard. B pe3ynbrare rpaJueHT BIaKHOCTH YMEHBIIAETCS, a BO3HUKAIOILME U3-3a HETO
HAIPsODKEHHS YCTPAHSIOTCS. DTOT MeTo]] Hanbosee 3(h(eKTUBEH MPU HUCTIOIH30BAaHUH TIPH BBICO-
KUX TeMIepaTypax U YPOBHSIX BIQXKHOCTH, TaK KaK 3TH YCIIOBUS YCKOPSIOT CKOPOCTh TU(dy3un
BJIary, yMEHBIIIAs [IPU 3TOM KOJIMYECTBO BJIAry, UCTAPSIOIIEICS ¢ TOBEPXHOCTH.

Jlnst oueHKH 3(pPEeKTUBHOCTU CYIIKHM ChIPBIX MAKapOHHBIX M3/EIHA KOHTPOJIMPOBAIU
Temrneparypy cymuiabHoro arenta (Ta, B rpagycax Llenbcust) U IpoaoIKUTEIbHOCTD MPOoLec-
ca cymku (td, B MMHYyTax), Tak Kak OHM 00a BIMSIOT Ha ONTHMAaJbHOE COJEpKaHUE BJIArU B
MakapoHax (wm, B MpoleHTax). JJabopaTopHbIil KypHan UCIONb30BAIICS AJIS 3alIUCH IKCIIe-
PUMEHTAJIbHBIX 3HAUYEHUH Ipoliecca, a 3aTeM pe3yJbTaThl ObUIN 3a10KYMEHTHPOBAHbI B HJIEK-
TpoHHOU Tabymie Microsoft Excel. 3aTeM ¢ MCMOIB30BaHHEM ITHUX SKCIEPUMEHTAIBHBIX Pe-
3y/lbTaTOB ObUI MOCTPOEH IpaUK 3aBUCUMOCTH BPEMEHHM BBICHIXaHHSI MAKapOHHBIX W3/ETUil
(t, B MUHYTax) OT (UKCUPOBAHHBIX ypoBHEH BiaxHocTH (W, B IPOLIEHTAX).

MaremaTtnueckas MOZAEIb BIUSHUSA TEXHOJIOTHYECKUX TAPAMETPOB Ha IIPOLECC MPUTO-
TOBJICHUSI MAKAPOHHBIX U3JIEIHMH.

Jlns omnpezneneHus napamMeTpoB, BIMSIOIIMX Ha MPOLECC MPUTOTOBJIEHUSI MaKapOHHBIX
U3/1eNuii, ObUIa MOCTPOEHa MaTeMaTHdecKas MOJIeNIb TEXHOJIOTMYECKOTo Mpoliecca, MpeIcTaBIs-
fommasi co0Ol ypaBHEHHME PErpeccuy, HCIONb30BajlCs MOBOPOTHBIM IUIaH BTOPOTO MOpSIKA
(Boxing plan) npu xonmuyectBe haktopoB K=3, Koim4ecTBe KOJMUECTBO HKCIEPUMEHTOB IJIaHa
coctaBmwiio 20, KOJIMYECTBO HKCIIEPUMEHTOB B HYJICBOM TOYKE COCTABHJIO 6, 8 KOJMYECTBO KOA(D-
¢urmentoB ypaBHeHus coctaBuwio 10. Ha ocHoBaHUM 3KCTIEpUMEHTAIbHBIX UCCIIEOBAaHHUN MPO-
1iecca MPUTroTOBJIEHHUS MaKapoOH ObUIM BBISBIICHBI CIEAYIOMIME (DAaKTOPbI: TEMIIEPATYpPhl CYIINIb-
Horo arenra (Ta, °C) U IPOJOIKUTENLHOCTh CYIIKH (tg, MUH), KOTOPBIE BIMSIOT HA KPUTEpHUil
ONTUMH3ALMH — BJIXHOCTh MaKapoHHBIX m3aenuit wm,%. B xone uccnenoBanust Obu1 onpese-
JIEH OBEPUTEINbHBIN MHTEPBA TOYHOCTH M3MEPEHUI M0 BCEM OCHOBHBIM IOKA3aTENsIM M pac-
CUMTaHbl MaTEMaTUYECKHUE XapaKTEPUCTUKH MOJTYYEHHBIX pe3ysibTaToB. B Tabnuiie 2 npuBeaeHbl
3HAUEHUS YPOBHS U MHTEPBAJIbI U3MEHEHHSI BXOJHBIX (DaKTOpPOB.

Marpuna riaHupoBanus npuseaeHa B tadaune 3. Koadounment ypaBHeHus perpec-
CUU bl cunTasCs 3HAYUMBIM, €CITH €ro aOCOJIOTHOE 3HaueHHue ObUTO0 OoJbIlle WHTEpBajia Abi.
B npotuBHOM cityyae 3TO CUMTAETCS HE3HAUUTEIbHBIM U JIOJDKHO OBLIO OBITh MCKIIHOYEHO U3
MaTteMaThueckoi Mozenu. [locne orcenBanus He3HAYUMBIX KO3()(PUIIMEHTOB ObUIO BBIBEJCHO
YPaBHEHHE PETPECCHH B €r0 OKOHYATEIbHOM BUJE U HAlJIEH ONTUMYM (YHKIIMU OTKJIMKA.

511



sdokkk H3BECTHS +xxkk

HH>XHEBOAXCKOIO ArPOYHHBEPCHTETCKOI'O KOMIIAEKCA:
HAYKA H BBICIIEE TIPOPECCHOHAABHOE OBPA30BAHHE

N 4 (72), 2023

Jlig co3maHus MaTeMaTUYeCKOM MOJENu Ipolecca CYIIKM MaKapOHHBIX H3ENINH,
TPAAUIIMOHHO HE M3TOTaBIMBAEMbBIX M3 MYKH-CBIPIA, MPU UX MPOU3BOACTBE, MPEACTABIISIO-
nieit coboil ypaBHEHHE perpeccuu, MPUMEHsUICS POTAMOHHBIN IUIaH BTOporo mopsjaka (Box
plan), mpu K = 2 uyncno onpiToB 60sbiie 20, KOJUYSCTBO ONBITOB B HYJIEBOM TOUKE paBHO 6, a
KOJIN4eCTBO KO3 purrentos pasao 10.

Ha ocHOBe mpoBeneHHBIX AKCIEPUMEHTAIBHBIX MCCIEI0BAaHHUNA Mpolecca CYIIKH 00-
pasnoB MakapoHHbIX u3neaui Nel, No2, Ne3, 2 Obutn ycTaHOBIIEHBI (PaKTOPHI — TEMITEpaTypa
cymibHOro aredTa (Ta, oC) U mpooIKUTENLHOCTD CYIIKH (td, MUH), BIUSIONIUE HA KPUTE-
pUHU ONTUMHU3ALNU — BIAKHOCTh MAKAPOHHBIX M3AeIUi wm, %.

Jlanee Mbl 3aKOIMPOBAIIM UHTEPBAJIBI U YPOBHU U3MEHEHUS BXOJIHBIX MTapaMeTPOB, KO-
TOpbIE MpeACTaBICHBI B Tabnuie 2. Matpuiia miaHupoBaHus IpecTaBieHa B Tabnuie 3.

Tabnuua 2 — KogupoBaHue HHTEPBAJIOB U YPOBHEW BapHallMi BXOIHBIX (DakTOpPOB
Table 2 — Coding of intervals and levels of variation of input factors

DakTophl YpoBHH Bapuauuu Bapuanus HNHurepBansl
EcrectBennniii | 3akoaupoBaHHbIi | -1,68 -1 0 +1 +1,68
Ta °C X1 40 45 50 55 60 5
ty, SEC X2 37 74 111 | 148 185 37

Tabmura 3 — Martpuia poTarioHHOTO IJIAHUPOBAHUS IKCIIEPUMEHTAITBHBIX HCCIEeIOBAHHM TTpoIiecca
3aMeca MaKapoHHOTO TecTa
Table 3 — Matrix of rotational planning of experimental studies of the process of kneading pasta dough

3aK0IMPOBaHHBIE Ecrecrsennbie 3 o
KCIIEPUMEHTAJILHbIE 3HAYEHUS, W, %0
No 3HAYEHHs LIEHHOCTH
X X2 Ta °C ke, SeC PeueﬁlT Nel PeueﬁzT Ne2 Peueﬁ?’T No3
1 2 3 4 5 6 7 8
1 -- - 55 148 10 9,8 9,9
2 - + 55 74 14 13,8 14,2
3 + -45 45 148 155 15,2 15,6
4 ++ + 45 74 16 15,8 15,9
EI 41 0 42,93 111 155 151 15,6
6 | +1,41 0 57,07 111 13 12,8 13,2
7 0-1 141 50 58,682 25 25,5 26
8 0 +1,41 50 163,318 22 21,8 22,1
9 0 0 50 111 12 12 12

B Ta6JII/II_Ie 4 OpUBCACHBI 3HAYCHUA NJOBCPUTCIILHBIX MHTCPBAJIOB KPUTCPUCB ONITUMU-
3aluy Ipouecca N3MEJILUCHUA B 3KCHepI/IMeHTaHI)HOI\/'I YCTaHOBKCE.

Tabnuna 4 — 3HaueHus JOBEPUTEIHHBIX HHTEPBAJIOB
Table 4 — Vaues of confidence intervals

TTponece 3aveca Tecta Bxonuble JloBepHTEIIbHbIE HHTEPBAJIBI
mapamMeTphl Abyg Ab; Ab; Abj;
Penent Nel, (W, %) Vi +0.00 +0.00 +0.00 +0.00
Perenit No2 (W, %) Yo +0.00 +0.00 +0.00 +0.00
Penenrt N3 (Wi, %0) Y3 +0.00 +0.00 +0.00 +0.00

[locne BBIUUCIIEHUS JOBEPUTENBHBIX HWHTEPBAJIOB MBI OMpeneayii Kod(h ULIHUEHTHI
perpeccu, npeacTaBieHHbIe B Ta0nuIle 5, KOTopble OyayT MPUHUMATh ydacTHe B paciuu -
POBKE YpaBHEHUN PETPECCHUMU.
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Tabmuua 5 — KoagdunmeHTsl ypaBHEHUH perpeccuy BEIXOJHBIX TapaMeTpoB
Table 5 — Coefficients of regression equation of output parameters

No | Kpurepwnii onTUMHU3aIAN Koadhpurmmentsr | 3HaueHus mporecca SKCTPY3UH
Jlns1 KomupoBaHHBIX 3HAUYECHUH KO3 (OHUITMEHTOB
bo 12,18463
b, -1,40007
b, -1,10914
b1, -0,88813
b1y -0,14322
by, 4,549736
1 Penent Nel, (Wi, %) st HaTypanbHBIX 3HAUYEeHUH K03 (HUIIEHTOB
Bo 29,49448
B 0,825746
B, -0,52774
B, -0,0048
By -0,00573
B 0,003323
F, 0
Jist KomupoBaHHBIX 3HAYSHUN KOA(PHHUITEHTOB
bo 12,18461
b, -1,3515
b, -1,24741
b1, -0,86275
b1y -0,33336
by, 4,5879
2 Penent Ne2 (W, %) J1s HaTypalbHBIX 3HAUYEHUH KO3 (DUIIMEHTOB
Bo 11,51416
B, 1,5808
B, -0,54452
B, -0,00466
Bu -0,01333
By, 0,003352
F, 0
1 KOMMpOBaHHBIX 3HAYEHUH KO3 PULIMEHTOB
Bo 11,51416
B, 1,5808
B, -0,54452
By, -0,00466
Bu -0,01333
B 0,003352
3 Peuent Ne3 (Wm,%) st HaTypanbHBIX 3HaYeHHH K03 (HUIIEHTOB
Bo 27,01859
B. 0,934137
B, -0,53
B, -0,00549
Bu -0,00599
B 0,003467
F, 0
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Jlanee MBI HCKalT ONTUMYM (YHKIHMHA OTKJIMKA ¢ HAUOOJbIIEH TOYHOCTBIO (pelIeHne
KOMITPOMUCCHOM 3a/1a4yM), HEe UCKJII0Yasl MpU 3TOM HE3HAYuMble KO3 UIMEHTHI U3 ypaBHE-
Hull perpeccun. Takum 00pazoMm, ypaBHEHHUS PErpeccuu JUIsl Mpoliecca MPEecCOBaHUs MaKa-
POHHOTO TECTa, COCTABJICHHBIC TI0 HAy4YHO 000CHOBaHHBIM perentam Nel, No2, Ne3 u3 Herpa-
JULAOHHOTO MYYHOT'O ChIPbsl B KOJUPOBAHHBIX 3HAYEHUSX, IPUMYT CIEIYIOLIUNA BUJL:

y, =12,00456—1,379375x, —1,09275x, — 0,875, X, —0,141105x” + 4,482499x2 (1)
y, =12,004542 —1,331525x, —1,228975x, — 0,85%, X, —0,328436x + 4,520099x>;  (2)
y, = 0,003302—1,,3492x, —1,264325x, —1x,X, — 0,147543x? + 4,676x%; (3)

[Tocne pacumbpoBKH HE3aBUCUMBIX MEPEMEHHBIX B ypaBHEHUsX (1-6) Mbl monydaem
YpaBHEHHUS PErPeCcCUH Ui HaTypalbHbBIX 3HAUCHUH (HaKTOPOB:

W= 29,0586+ 0,813543T, —0,519939t,_ —0,000473T, t_ —0,005644T,” +0,003274t *; (4)
W2 =11.3440 +1,557438T, — 0,536475t, — 0,004595T,t_ —0,013137T,” + 0,003302t.*; (5)

W3 = 26,6193 + 0,920332T, — 0522171t — 0,005405T,t, —0,005902T,? + 0,003416t_%; (6)

Fp ®dumepa oneHMI TOYHOCTH MAaTEMAaTUYECKUX MOJIEJICH, MOJy4YeHHBIX Ha OCHOBE
JaHHBIX. 3HAYCHHS, pacCUYMTaHHBIC 110 FP, mpuBeaCHBI B TaOIHIIE 5.

B pesynbTare, mockonbky Fp<Frabn siBisieTcs moka3aTelieM TEXHOJIOTUYHOCTH IMPOo-
1ecca CyIIKM MaKapOHHBIX M3JIENHHA U3 HETPaAULMOHHONW MYyKH, 00pa3iel Ne 1, Ne 2 u Ne 3
MO>KHO CYUTATh MOAXOASIIUMHU C TOBEPUTEIBHONU BEPOSTHOCTHIO 95%.

[locne xaHOHMYECKOTrO MpeoOpa3oBaHUs MOJENEH BTOPOro MOpSAKa ObUTM BBHIBEICHBI
YpaBHEHUS PErPEeCCHH B KAHOHUYECKOM BHUJIE, @ 3HAYCHUS IMapaMeTPOB ONTHUMM3AIUN PAaCCUUTa-
el B Microsoft Excel, ¢ ucnonb3oBanreM 3THX ypaBHEHHE CO3/IaHa TpEXMEpHas MPOCTPaH-
CTBEHHAsl MOJI€JTb, KOTOPAs MPEJICTaBIIsIa COO0M IMITOCKOCTh, OMMCHIBAIONIYIO 3aBUCUMOCTH MEX-
Iy Temneparypoii cymmibHoro arenta (Ta, oC) ¥ mpomomKUTeNbHOCTBIO CYHIKH (111, MUH), 3TH
(axTOPBI MOBIHSIIA HA KPUTEPHM ONITUMHU3AITNH - BIAKHOCTh MAaKapOHHBIX n31emuid wm, %0.

h—- no,

LqMmMin
[ ]

Pucynok 1 — TpexmepHast 3aBUCHMOCTB TEMIIEpaTyphl CyIIHIILHOTO areHTa (ta, 0C) U BpeMeHu CyIIKH
(td, MuH) OT U3MEHEHHS BIAXKHOCTH MaKapOHHBIX H3/euit (WM, %), IpUroTOBIEHHBIX 0 perenty Ne 1
Figure 1 — Three-dimensional dependence of the drying agent temperature (t a, oC) and drying time
(td, min) from changes in the moisture content of pasta (wm,%) prepared according to recipe No. 1
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Ha pucynke 1 nmokazaHa TpexmepHasi 3aBUCUMOCTb MEXY TEMIIEPATypOi CyIIUIbHO-
ro arenta (t @, 0C) u BpemeneMm cymiku (td, MUH) B 3aBUCHMOCTH OT COZEP KaHUs BjIard B Ma-
KapoHax (WM, %), CO3JaHHbIX I10 IIEPBOMY PELIENTY.

Ha pucynke 1 nokaszaHo, yTo BbIOpaHHasi 00JacTh BXOJHBIX IEPEMEHHBIX COAEPIKUT
UX ONTHUMAaJIbHBIE 3HAUYEHUs, 00ECIeUnBaIOIINEe MAaKCUMAaJIbHBINA BBIXOJ] CYLIIKH MakapoH. Ta-
KUM 00pa3oM, Ha pUCYHKE | MOKa3aHbl ONTUMAJIbHBIE PE3YJIbTAThl, TOJyUYEHHbIE IIPH CYLIKE
MakapoH npu temneparype 60 rpagycos mpu 110 MuH Biaa)kxHOCTb MakapoH cocTtaBuia 7,5%,
YTO CBHJETEIBCTBYET O TOM, YTO TEMIepaTypa CYIIKA U BPEMs CYIIKH MPSMO MPOHOPIHO-
HaJIbHBI IPYT PYTY.

W3 pucynka 2 cienqyer, 4To IpH TEMIEpaType CYLIKU MakapoH 55 rpaaycos npu 105
MUHYTaX, BIIQKHOCTh MAaKapOHHBIX M3Jenuii cocrasuia 8,0%.

Ha pucynke 3 — temnepaTypa CylmKd MakapoH cocTaBuiia 60 rpaaycoB, 0 BpeMEHHU
105 MuHyT, BIa)KHOCTH MaKapoH coctaBuia §,5%.

—

Pucynok 2 — TpexmepHast 3aBUCHMOCTB TeMIIEpaTyphl CyIIHILHOTO areHTa (ta, 0C) U BpeMeHH! CYIIKH
(td, MuH) OT U3MEHEHUsI BIAKHOCTH MAaKapOHHBIX H3ENHid (WM,%), MPUrOTOBICHHBIX 10 perenty Ne 2
Figure 2 — Three-dimensiona dependence of the temperature of the drying agent (t a, oC) and the
drying time (td, min) from changes in the moisture content of pasta (wm,%) prepared according to
recipe No. 2

_.
wias, B

W25 0500

miin

Pucynok 3 - TpexmepHast 3aBUCUMOCTh TeMITepaTyphbl cymmibHoro arenta (ta, 0C) u Bpemenu cymiku (1C,
MHH) OT H3MEHEHUS BIa)KHOCTH MaKapOHHBIX n3aernii (WM, %) mpuroToBiieHo 1o perenty Ne 3
Figure 3 - Three-dimensional dependence of the temperature of the drying agent (t a oC) and the drying
time (tc, min) from changesin the humidity of pasta (wm,%) prepared according to recipe No. 3
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BI)IBOI[LI. Ananuz TPEXMEPHBIX MMPOCTPAHCTBECHHBIX MOI[CJ'ICI‘/'I IIOKa3bIBACT, YTO B 001acTH oII-
THMAaJIBHOTO ITIOMCKa AOCTHUIAalOTCA 3HAYCHUA, HCO6XO,Z[I/IMBIC IJI4 OIITUMAJIBHOCTU KPUTEPHUA OIITUMU-
3alluu. 9T0 03Ha4YacT, 4YTO CTCIICHb U3MCHCHUA BXOJHBIX (baKTOPOB YUYHUTBIBACTCA IIPU MJIaHUPOBAHUU
OKCIICPUMCHTOB.

Ha CJICAYIOIUX rpa(bm(ax IIOKa3aHbl ONITUMAJIBHBIC TUAITIa30HbBI IIEPEMEHHBIX 3HAUEHHUI TEM-
nepatypsl arenta cymkd (Ta, oC) u Bpemenn cymku (td, MUH), IPH KOTOPBIX MPOLECC CYIIKA MaKa-
POHHBIX M3 HanOoee 3¢ HEeKTHUBEH, 3HAUCHUS BIAKHOCTH ONITUMAJILHBL.

3asucumoctn yn=f(Ta, td), mpuBenennsie ot mepeMeHHbIX Ta u td, ompenenstonx mporece
CYIIKH, MMO3BOJISAIOT C I[OCT&TO'-IHOf/i TOYHOCTBIO MPOTHO3UPOBATH USMCHCHUE BCJIMYUMHBI Wi (%) B HUC-
CJIEAyEMOM JUaria3oHe 3HAUECHUM . HpI/I 9TOM MOYKHO OIIPEACIINTE MPEUMYIICCTBEHHOC BIIMAHUE KaXK-
noro (akropa Ha 3p(HEKTUBHOCTH CYIIKH CHIPBIX MaKapOHHBIX W3ENNH M3 HETPATUIIMOHHBIX HUHTPE-
JUCHTOB. 9Ta I/IH(I)OpMaHI/ISI 3aTCM HUCIIOJIB3YCTCA JId HpI/IGHI/BI/ITeHbHOFO OIMMCAaHUS KMHETUKU TCXHO-
JIOTUYECKOT0 IIPoLEecca B CYLIUIBHOM YCTPOUCTBE.

KoppekTupoBka U ONTUMH3ALUSI MHOXKECTBA MAPAMETPOB IPH IPOU3BOJCTBE MAKapOHHBIX
I/I3IL€IH/II7[ IMPUBECJIA K OINTUMAJIbHBIM 3HAYCHUAM 3TUX IApaMETPOB B Tpe6y€MOM KOJIMYCCTBEC. BJIAXK-
HOCTh MakapOHHBIX m3aenui (Mac.%) ot 10 mo 15, Temnepatypa cymku ot 50 0C mo 60 0C u Bpems
cywikd ot 105 munyt 10 110 MunyT.

Conclusions. Analysis of three-dimensional spatial models shows that in the optimal search
area, the values necessary for the optimality of the optimization criterion are achieved. This means that
the degree of change in theinput factorsistaken into account when planning experiments.

The following graphs show the optimal ranges of the drying agent temperature variables (Ta,
oC) and drying time variables (td, min) at which the drying process of the pastais most efficient, the
humidity values are optimal.

The dependencies yn =f (Ta, td) given by the variables Ta and td determining the drying pro-
cess make it possible to predict with sufficient accuracy the change in the wm (%) value in the studied
range of values. At the sametime, it is possible to determine the advantageous effect of each factor on
the drying efficiency of raw pasta from non-traditional ingredients. This information is then used to
approximate the process kinetics of the dryer.

Adjustment and optimization of multiple parameters in pasta production resulted in optimal
values of these parametersin required quantity: moisture content of pasta (wt%) from 10 to 15, drying
temperature from 50 0S to 60 0S and drying time from 105 minutesto 110 minutes.
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Summary
The article presents theoretical results on determining optimal (best) parameters of a new wide-spread
sprinkler using the Rechtshafner method. The coefficients BO, Bi, Bij and Bii were obtained based on
experimental data and presented in form of a mathematica model, the significance of which was as-
sessed using the Student's test. For identifying the correctness of the experimental results obtained us-
ing the Fisher criterion studied the coefficients gave an error of 5%, which is quite acceptable. As a
result of the compromise solution task, we determined the optimal values of factors for the wide-cut
section sprinkler.
Abstract

Introduction. Design engineers are tasked with developing a new generation of irrigation equip-
ment using modern construction materials, with reduced energy consumption, with maximum au-
tomation, and a wide range of adjustable parameters when used for certain irrigation conditions.
The quality of irrigation with a sprinkler is characterized by the uniform distribution of irrigation
water over the area. To determine the quality of uniform distribution of artificial rain by wide-
span sprinklers, the coefficient of effective irrigation is used, which characterizes the uniformity
of the distribution of irrigation water in the irrigated area. Object. Wide-span pivot irrigation ma-
chine. M aterials and methods. Theoretical studies were carried out to determine the optimal pa-
rameters of a new wide-spread sprinkler using the Rechtshafner method. Results and conclu-
sions. The coefficients By, B, Bj; and B;; were obtained based on experimental data and presented
in the form of a mathematical model, the significance of which was assessed using the Student’s t-
test. To determine the correctness of the obtained experimental results using the Fisher criterion,
the studied coefficients gave an error of 5%, which is quite acceptable. As a result of solving the
compromise problem, we determined the optimal values that ensure uniform distribution of rain
with an effective irrigation coefficient of at least 0.8.

Key words: sprinkler machines, sprinkler equipment parameters, sprinkler equipment design.

Citation. Kozinskaya O. V., Ovchinnikov A. S., Bocharnikov V. S., Tronev S. V., Bocharnikova O. V.,
Denisova M. A., Borovoy E. P. Optimization of design parameters of wide-grip sprinkler equipment.
Proc. of the Lower Volga Agro-University Comp. 2023. 518-528 (in Russian). DOI: 10.32786/2071-
9485-2023-04-52.

Author’s contribution. All authors of this research paper have directly participated in the planning, execu-
tion, or analysis of this study. All authors of this paper have read and approved the final version submitted.
Conflict of interest. The authors declare no conflict of interest.

518



