XonoaunbHa TexHika Ta TexHonoris, 54 (4), 2018

ABTOMATUKA, KOMITKOTEPH | )
TA TENEKOMYHIKAUIMHI TEXHONOTrI

YJIK 004.051:664.3.032.8:637.5.02

UHTerpaumna po6oToTexHU4ECKOro KoMnrekca npoMsBoAcTBa 3amMopo-
XeHHbIX nonycgadbpukaTtoB 0cobbIX chopm

0. Bypzlol, B. EFOpOBZ, II. Fony61<0133, J. HyTHI/IKOB4, B. FOHFaJIOS, K. l"a6ye]3.6

Opecckast HAIMOHAIBHAS aKaIeMUs MMUIIEBEIX TexHoIorul, yin. Kanarras, 112, Ogecca, 65039, Ykpanna

ORCID: 0000-0002-2630-1819; 20000-0003-4699-834X; 0000-0002-7663-6772; “0000-0003-2577-8858;
®0000-0002-5392-6574; °0000-0003-0704-9774

E-mail: terma_onaft@rambler.ru, 2mechatronics.robotlab@gmail.com, *pavelsergeevichgolubkov@gmail.com,

*ulkiorrrra@gmail.com, *skipper9629@gmail.com, ®kostyacart@gmail.com

Ha mexywuii momenm, cpepa cozoanus nonygabpuxamos nocmosauno pacuupsaemcs. Ilpoyecc nonyyenus nonygao-
PUKAmMOo6 00CMAamoyHO XOPOUio U36eCmer U pacnpocmpanen. Jlanuas paboma exnouaem 6 ceds HOGbl 632150 HA NPO-
U3600CME0 U paspabomxy pobOMuUsUPOBAHHO20 KOMNIEKCA N0 NPOU3EOOCHE) NeTbMEHHOU NPOOYKYuu 0codbix op.
Ocobas, mpyoHopeanuzyemas gopma, 3auuuiaem npooyKyuio om noOO0eNKU U AGNISemcs 2apaHmueli Kauecmeda npous-
sooumens. Ilpu paspabomke makozo Komniekca, Ovlaiu nocmagnensvl 0se 3adauu. Ilepsas — oocmuub mpyoHopeanusye-
Mou opmbl. Bmopas — 000umbcs cokpawjenus IKOHOMU4ecKol cocmasnaowel, Ha npouseoocmee. B nawem ciyuae,
paspabomka 060pyo00eanus cnocoocmeyem UCNOIb308aAHUI0 Papuia 8 3aMOPOICEHHOM BUde, MAK YMO NOBMOPHAS
PA3ZMOPO3Ka NPU UCHOIB308AHUL HOBO20 000pYd08anusl, ne mpebyemcs. Dapuiedble 3a20MOBKU NOCMYNAIOM HA TUHUIO
npouU300CmeEa 8 3aMOpPOd*CeHHOM 8ude ¢ memnepamypotl om -13°C 0o -30°C. Umo 6 c8or ouepedsv A6iiemcs HOpMOL
oA npoussoocmea 1111 kamezopuu A.

Knioueevie cnosa: nuwjesas npomuluiieHHOCMb; NOAYDAOPUKAMBL; NETbMEHU; NPOUZBOOCEO; POOOMOMEXHUKA.

IHTerpauis po60TOTEXHIYHOroO KOMNNEeKCYy BUPOOHMLTBA 3aMOPOXKEHUX
HaniBcabpukartiB ocoonusux coopm

O. Bypno, B. €ropos, I1. 'ony6xos, /1. [TytHikos, B. 'onrano, K. 'abyes
Opnechka HalliOHaIbHA aKaJeMis XapuoOBHX TEXHOJIOTIH, By KanatHa, 112, M. Oneca, 65039, Ykpaina

Cb0200Hi chepa cmeopenns naniggpabpukamie nocmitino poswuproemocs. I[lpoyec ompumanns nanispabpuxamis 0o-
cums 0obpe gidomutl i nowupernuil. Jlana poboma exiroyae 8 cebe HOBUL NO2A0 HA BUPOOHUYMEO i pO3POOKY pobomu-
308AHO20 KOMNAEKCY NO 8UPOOHUYMEY npooykyii ocobaueux gopm. Ocobruea, 8axckopeanizoeana gopma, 3axumae
npooyKkyiio i0 niopobku i € eapanmicio axocmi eupobruxa. Ilpu po3podyi maxoeo Komniekcy, OYi0 HOCMABIEHO 08d
sasoanus. Ilepuie - docaemu gasckopeanizogysanoi popmu. [pyea - domoemucs 30inbuleHHs eKOHOMIYHOI CKIA008OI,
Ha upoOHUYmMSEI. Y Hawomy eunaoxy, po3pobKka 061a0HAKHS CRPUSAE BUKOPUCMAHKIO (hapuly 8 3aMOPOA’CEHOMY 8UnA0,
omaice NOBMOPHE POIMOPOHCYBAHHA NPU BUKOPUCHAHHI HO8020 001AOHAHHA He nompibHo. Dapuiesi 3a20MosKu HA0Xo-
O0simb HA JIHII0 UPOOHUYMBA 8 3aMOPOICEHOMY 8u2isidi 3 memnepamypoio 6id -13 ° C 0o -30 ° C. Il]o 6 csoto uepey €
HOPMOT0 0151 BUPOOHUYMBA NPOoOYKYii kamezopii A. Poboma nHao po3pobKo 1068020 KOMNIEKCY 00IAOHAHHS 3 8UPOO-
HUYMea neavbMeHHol npooyKyii 0cobausol, Kyoiunol popmu, 0 30i1bULEHHS eKOHOMIYHOT CKIA0080T MOJICe 3IMKHYMUCS
3 HU3KOI0 MPYOHOWis, AKi Heobxiono noooaamu. OOHIEI0 3 HUX € 3aHYPeHHs papuily 3 MIHYCOBOI0 mMeMnepamypor 8
micmo, wo Mae KiMHamuy memnepamypy. byno npoeedeno psd akmusHUx eKcnepuMenmie 3 3amopodcenum gapuiem i
MeniumM mecmom, ompumano i 0b6poobneno ompumani pezyiomamu. Cmeoprosane 001a0HAHHI NOGUHHO MAMU He Milb-
KU CUCeMY A8MOMAMUYHO20 YNPAGIIHHS, WO BKIIOUAE 8 ceOe MOICIUBICIb YNPAGAMU KOMIIEKCOM, d U MICIMUmu a-
ecopummu, SKi 0a0yms MOACIUGICIb PO3PAXOEYEAMU 30 MAMEMAMUYHUMU MOOENAMU HeOOXIOHY 0/ NIOMPUMAHHS 61~
cmusocmel micma memnepamypy. A maxoic KIOYUMU 8 MONCIUBOCIT KOMIIEKCY KOMN tomepHy 00pobKy ompumanoi
nPOOYKYIi i 3 BUKOPUCMAHHAM CYYACHUX TEXHOJI02il KOMyHiKayil, 3abe3neyumu nepedauy ingopmayii, sika 6yoe 0o-
cmynHa 0118 6i00anenHoi pobomu K camo2o KOMMWAeKCy, max I iHopmayii wooo UsUeOmosieHoi HuM npo-
OyKkyii. Buxopucmosyouu HO8Y, 8axdcKopeanizoeany opmy i cyuacHi mexunonoeii, cmeoperull KOMIIeKc 8 Maubymuo-
oMY 0aCmb MOJICTUBICINb He MINbKU 8USOMOBISAMU HO8Y NPOOYKYIIO 3 YOPMOI0, 3aXULeHoI0 8i0 NiOpobKu, a Ui CKOpO-
mumu sumpamu eupoonuymaa. Egexmusnicmo 6yde 06ymosnena we i @ momy, wo Ha npooyKyito maxoi popmu modice
oymu nioguwjena yina 3 MipKy8aHb 8MICMYy Kpawjux iHepeoicnmié i MONCIUBOCI GUKOPUCMANHS Oilbl KOMIAKMHOT
ynaxoexu. Tax sk 6 naukax nanisgpabpuxamu xyoiunoi popmu, paxmuuno 6yoe ioCymue Giibhe micye, Ha GIOMIHY 8i0
CYYACHUX NAYOK 3 NeTbMeHHOI NpooyKyieto, wo micmums 0o 20% nosimpsa. L{e max camo dacme npupicm eghexmug-
Hocmi npu 30epieanni i nepemiwieHHi NPoOYyKYii. 0ONAOHAHHS 3MOJice 8UPODIAMU HOBI 8U0U NPoOYKyii Hanieghabpu-
Kamie, wo 6KIIOYAMb 8 cebe He MINbKU 8UKOPUCTOBYIOMbCSL 8 OAHULL YaC NOUUPeH] IHepedicHmU, MaKi K CUHUHA I
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1. BBeaoeHune

MsiconepepabaThIBaromiee MPOU3BOICTBO, B YACTHOCTH
MIPOM3BOJICTBO OBICTPO3aMOPOKEHHON MNPOIYKLIUH (IIEb-
MEHEeH) — BBITOJHBIA OM3HEC C JAOCTATOYHO OBICTPOI OKY-
[IaEMOCTBIO BIIOXKEHUMH. [ 1aBHOE — BO-TIEPBBIX, MPABHILHOE
MO3UIIIOHUPOBAHNE Ha PHIHKE, BO-BTOPBIX, HE OLIMOUTHCS
¢ BBIOOpPOM TOCTaBIIMKa 00OpyAOBaHUS U MH(OpPMALMOH-
HOTO M TEXHOJIOTHYECKOTO CepPBHCa.

Jnst HeOONIBIINX U MaJIBIX XO3SHCTB, OCOOCHHO TEX, T
HUMEIOTCSI COOCTBEHHBIC IPOM3BOACTBEHHBIC MOIIHOCTH,
N30BITOK MSICHOTO CBHIPbSI W/WJIM MYKH, aKTyaJbHBIM SIBIIS-
eTCsl M3rOTOBJICHHE HanOoJiee MOMYJIAPHBIX BHIOB IIOJNY-
(abpukaToB - OBICTPO3aMOPOKEHHBIX IEIbMEHEH. ITO
HEJIOPOroe MPOU3BOJICTBO, KOTOPOE MO3BOJIUT HPEIIOKUTh
MOTpeOUTENsIM TOTOBBIE U3Jenusa. brmaromaps paszHooOpa-
3MI0 HAYMHOK, MEIbMEHHYIO TPOAYKIHIO MOXHO IPOHM3BO-
JIMTh B TEUEHHE BCEro roja, 4yro oOeclieunBaeT LIMPOKHil
ACCOPTHMEHT M OTHOCHUTENbHO CTaOMIIbHBINA CIIPOC HA MpO-
JYKIIHIO.

[TpousBoncTBO METbMEHENH MOXKET OBITh BBIACIECHO Kak
OTIETbHAs OTpacib MMEHHO Onaromapst OoibLION momy-
JsipHOCTH. JI71s1 pa3BUTHS MalbIX IPOU3BOJCTB CYIIECTBEH-
HOH TIOJIOKUTENEHONH OCOOEHHOCTBIO CIpoca SIBISETCS MO-
BBIIIIEHHBI WHTEPEC HACENICHNS! K MaJOCEPUHHON NMpOayK-
UM, UMEIONIEH SIBHbIE OTJIMYMS OT NPHUBBIYHBIX CTaHIap-
TOB MacCOBOTO MPOU3BOJCTBA. J[pyroil 0COOEHHOCTHIO Ma-
JIOTO MPOM3BOJICTBA, OJIATONPUSATHON Uil Pa3BUTHUS MaJlOro
U cpenHero Ou3Heca, SBISETCS MPOCTOTA, YTO MO3BOJISET
ObICTPO ero HajxaauThb. [Ipy HEOOXOIUMOCTH LEX MOMKET
OBbITh JOYKOMIUIEKTOBAH JIPYTUM 0OOPYIOBaHUEM, YTO 03~
BOJIUT OBICTPO MEPEOPUEHTUPOBATH MPOMU3BOJICTBO HA JIPY-
THe BHIBI TPOAYKIIHH.

MHorue MsconepepadaThIBalONe MPEINpPHIATHS pac-
HIAPSIOT TIPOU3BOJCTBO, OPHEHTHUPYSCh Ha IOKYHaTeNb-
ckuit cripoc. OJTHOI M3 OCHOBHBIX 3a]1au HpeINpUHIMATEIs
SIBIISIETCST BBIOOp OOOpYMOBaHUS Uil TNEJIbMEHEH, Belb B
HacTosIlIee BpeMs YKPaHMHCKHME W HHOCTPAHHBIC 3aBOJIbI-
M3rOTOBHUTENIM TPEIaraloT MIMPOKHH CHEKTp 00opyaoBa-
HUsL JUIs BbIpaOOTKH, (haCOBKM W XpaHEHHs IeJIbMEHE.
OCHOBHBIMH KPHUTEpHSMH BBIOOpA dYaIlle BCETrO SBIISIOTCS:
LIeHa, TPOM3BOAUTEIbHOCTh, KOMIUICKTAIUS JINHUH, TapaH-
THH KayecTBa 000pyI0BaHMUSI.

Jnst yrnakoBKHM TeJIbMEHEH B MalbIX HPOU3BOJICTBAX
HanOonee 11e1ecoo0pa3HO  MCMOJNBb30BaTh  (pacoBOYHO-
yIaKOBOYHBIE YCTPOHCTBA C BECOBBIM JIO3MPOBaHUEM. YTIa-
KOBKa ITPOM3BOAUTCS IOCHe 3aMopakuBaHus. lcronb3ye-
MBIi YIaKOBOYHBIH MaTepuall, B OCHOBHOM — IOJIMIIPOIIH-
JICHOBBIE MaKEThl C 3alasHHBIMU IIBaMHU. ['OTOBBIE MaKeTHI
MOMEIIAFOTCS JJIsl XPaHEHHUs] B CPEAHETEMIePaTypHYIO Ka-
Mepy.

Kak ObIIO OTMEYEHO BBIIIE, I OPTaHMU3AIMH MabIX
MPOM3BOJICTB 10 MPOU3BOJCTBY IMeEJNbMEHEH B CTpaHax

YxkpauHsl u OmmKHETO 3apy0OekKbs, MPOU3BOAUTCS He-
CKOJIBKO MOJEJIeH anmnapaToB pPa3IMYHBIX KOHCTPYKLUH.
Hampumep, Takue u3BeCTHBIE NpeanpuATHsS Kak Yepkac-
ckoe 110 «TEMII», benononbckuii MalIMHOCTPOUTENbHBII
3aBoJl (YKpawHa) BBITYCKAIOT HECKOJBbKO MOAU(HUKALMMA
MeJIBMEHHBIX alNapaToB. 3acily’KeHHOH MOMyJISPHOCTHIO
Cpeld IPOU3BOJUTEIICH MENbMEHEH IOJB3YIOTCS KUTal-
CKH€ MeJIbMEHHBIE alapaThl IPOU3BOACTBA XapOMHCKOTO U
HNEKUHCKOTO 3aBOJIOB.

KpynHele mpeanpusaTHsa, BBITYCKAOIUE TaKyl Mpo-
OYKIHIO, HUCHOIB3YIOT HUTAJbSHCKHE IEIbMEHHBIE JHHHU
¢upmer «LB Italia». A nmpeanpuHAMaTETH, KOTOPHIC HAYH-
HaJli MIPOM3BOACTBO HAa OTEYECTBEHHOM M KHTalCKOM 000-
PYIOOBaHMU CTPEMATCS BBITyCKaTh OoJiee KadeCTBEHHYIO
HOPOAYKIMIO W IMO3MIIMOHUPOBAaTh €€ B JPYroM IEHOBOM
CerMEHTe, NMPUOOPETAIOT UTAIBbSIHCKUE NEJIbMEHHBIC arra-
paTbl, Takue, HarmpuMep, kak aBTromarsl RS-250 (mpousBo-
mutenabHOCTh 140-160 kr/gac) u RS-540 (mpousBoauTeib-
HocTh 300 kr/4ac). MneanbHbIM BapuaHTOM 00OpPYJOBaHHS
JUIA 3aMOpPaXMBAaHUS U XPAHEHUS NEIbMEHEH U CBHIPhS SB-
JS€TCSL MCHOIB30BAHUE CKOPOMOPO3HIIBHBIX KOHBEHEPHBIX
arperaToB, MO3BOJAIOIUX 3aMOPAXKHBATh MEIBMEHH C TOI
e CKOPOCTBI0, C KOTOPOI oHM npon3BoniaTes (50 kr/gac u
6osiee). OgHAKO 3TH ammapaThl BECbMa JOPOTH U B MajbIX
MIPOU3BOJCTBAX NMPAKTHYECKH HE UCIIONB3YIOTCS, a UCTIOJNb-
3YIOTCSl XOJIOJHMIIBHBIE KaMephl C MPOM3BOJUTEIBHOCTBIO,
KOTOPOI JOCTaTOYHO JUISI OOECTIEYEeHUS OXJaKICHUS IIPO-
JIYKLIMH, TIPOU3BEAEHHOW 3a CMEHY, B TE€UEHHE TEKYIUX
CYTOK.

st mpousBoaurenbHocTh oT 50 10 250 Kr/yac ucnosnb-
3yl0TCA KaMepsl ¢ 00béMOM OT 4 10 20m°. Hns xpaneHus
MPOAYKIUHN HCHOIb3YIOTCS HU3KOTEMIIEPAaTypHBIE KaMephbl
(-18 °C) ananoruunoro o6béma. Ha kaxmom srare mpowus-
BOJCTBA, 10 OTHEIBHBIM OINEPALUSIM TEXHOIOIHYECKOTO
mmpouecca, OCYLIECTBISIETCS KOHTPOJIb 32 HM3TOTOBICHHEM
MPOAYKIUH B COOTBETCTBUU C TEXHWYECKHMHU YCIOBHSMHU.
Hns obecrneyenuss Haubosee palMOHAIBLHOTO TIpolecca
M3TOTOBJICHUS CHIPBSI COCTABIISIETCS IUTaH paboT ¢ yKa3aHH-
€M, ITOCTIeIOBATEIbHOCTH OTIEPALNii C CHIPhEM, MOPSAKOM U
criocobamu. B cBs3u ¢ 3THM Bech Ipo1ecc paboTHI ¢ CHIPb-
&M pacuJIeHAeTCS Ha OT/IeJIbHBIE COCTaBHBIE YaCTH — TEXHO-
Jorryeckue orneparmu. [1]

2. AHaJaM3 CyIIeCTBYIOIIMX CXeM PadoThI MpenpusiTHii

TexHonOrMYeckui mporecc NPOU3BOJICTBA 3aMOPOKEH-
HOW NEITbMEHHOM MPOAYKIHH, AOJKEH OCYILECTBIATHCS B
COOTBETCTBUM C CAHMTApHBIMU MpaBUJIAMH U C HHCTPYKIIH-
el mo Moike M TpOPUIAKTHYECKOW AEe3MHPEKIUHU JUIs
NPEANPUATUI MSCHOM HIPOMBILUIEHHOCTH. TexHojoruue-
CKMI TIpOIIeCC HAYMHAETCSI C TOATOTOBKH CBIPBS: MYKH,
Msca W MHIPeAHeHTOB. Ilepen 3amMOpaKMBaHHWEM OTIITAM-
MTOBaHHBIC TIEJIBMEHHU HE JOJDKHBI HAXOAWUTHCS IPHU IITFOCO
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BOH Temrieparype 6osee 20 MUHYT.

3aMopaxrBaHUE TIEIbMEHEH MPOW3BOAMTCS /O TEMIIe-
parypsl B nieHTpe nenbMers (B ¢apme) munyc 18°C. Ioa-
HOCHI C TIETBbMCHSMH Pa3MEIIaloT Ha CTEIUIAKHOU TEJIekKKe,
KOTOpasi BKATHIBACTCS B XOJIOIMIBHYIO KaMepy. XOJIOIUITb-
HBIE HU3KOTEMIIEpaTypHBIE KaMephl 00ECIeunBaIOT 3aMO-
PO3KY U XpaHEHHE MPOAYKTOB IIPU TEMIIEpaType 10 MUHYC
50°C mpu Temmeparype okpyxkaroiero Bosayxa ot 12°C o
+40°C (puc. 1).
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TemnepaTypa B Kamepe

Toe monwuna onoxa: 1-0.1m, 2-0.2m, 3-0.3m, 4-0.4m, 5-
0.5m, 6-0.6m

Pucynok 1 — 3aBUCHMOCTh BPEMCHH 3aMOPaKUBAHUS MsIC-
HOTO CBHIPBS B OJIOKax B ropTape OT €ro TOJIIWHBI U TeMIIe-
paTypsbl U B Kamepe IpHu 001yBe BO3yXOM ¢ 00X CTOPOH.

YnakoBka M MapKUpOBKa 3aMOPOKEHHBIX IeJIbMEHEeH
NPOU3BOJUTCS Ha aBTOMaTax ()aCOBOYHO-YITAaKOBOUHBIX/
nenbMeHH GacyioT B MAaKeThl U3 MOJUIPONUICHOBON MIEH-
ku 110 500 T wim 1000 r. KonnuecTBo nenbMeHel ¢ pa3phi-
BaMU TECTOBOH O0OJIOYKM HE JOJDKHO MpeBbImAaTh 5% OT
0011eit Macchl; JOMyCTUMOE OTKJIOHEHHE Macchl HeTTo +14
r. Ha ymakoBke TumorpaCcKuM cHocoOOM IOJKHA OBITH
yKa3zaHa HeoOxomumas HWH(oOpMamus s MOKyIMaTelns, B
YaCTHOCTH, HAaWMEHOBAHHE MPEIIPUATHI-H3TOTOBUTEINS,
TOBapHBIH 3HAK, 1aTa H3TOTOBJICHUS. XpaHEHUE TIeTbMCHEH
B YIAaKOBaHHOM BHJIE OCYIIECTBISCTCS B XOJIOMMIBHBIX
Kamepax pu Temmeparype He Hike Munyc 10°C B Teuenue
He Oojiee OHOTO Mecsla co AHA BeIpaboTku. Cpok xpaHe-
HUSl U pealu3allvM NeJbMEHEH B TOPrOBOM CETU IIPU TEM-
neparype munyc 5°C He Gonee 48 yacos. [Ipu oTcyTCTBUHM
XO0JIOa IeJIbMEHH XPAaHEHUIO U pearu3aliy He MOIJIekKaT.

[lerbMeHN — OHO M3 CAMBIX JIEMOKPATHYECKHX OO,
WX MOXHO HalTH B MEHIO KaK pabOuYMX M CTYAEHUYECKHX
CTOJIOBBIX, TaK M JJOPOTUX pecTopaHoB. Pazymeercs, mo0oi
NOKJIOHHUK TEJbMEHEeH CKaXXeT, YTO NoIy(paOpUKaThl
HE CPaBHHTH C JIOMAaIIHUMU TeiabMeHsMu. Ho umeHHo Gua-
rofaps TEXHOJOIWU ObICTPOH 3aMOPO3KH IIEIBMEHH IIpe-
BPaTWINCh W3 JIOMAIIHEro 0Josa, TpeOYIoIero BpeMeH-
HBIX 3aTpaT W ONPEJEICHHBIX KyJINHAPHBIX HABBIKOB, B €1y
JUTs OBICTPOTO TPUTOTOBIEHUS. EcTecTBEeHHO, Takas muma
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HE aCCOLMUPYETCSI CO BKyCOM, KadyecTBOM M Moib30il. On-
HAaKO TPOMBIIICHHUKN ITIEIbMEHHBIX MPOU3BOJCTB yTBEP-
XKIIAI0T, YTO TOBAp TOBAPY PO3Hb, U KPYNHBIE MPOH3BOAH-
Tend moiy(haOpuKaTOB MOAXOIAT K 3TOMY BOIPOCY TO-
pasHOMY.

Janee, paccMOTPHM KIACCH(HKAIMIO M COCTaB MEIb-
MeHHOW mnponykuuu. Kak u apyrue IpOomyKThl, NETbMEHU
JETSITCSL  TI0 LIGHOBBIM cerMeHTaM. K IepBoMy cerMeHty
OTHOCSITCSl TICIbBMEHH TaK Ha3bIBAEMOH JKOHOMHUYHOH Iie-
HOBOW KaTEeropuH, KOTOpPBIE MOJIB3YIOTCS TOIMYJISIPHOCTHIO
3a CYeT HeIUIOXOro KadecTBa IO Ipuemiemoit neHe. HeBbl-
COKasi CTOMMOCTb TaKOW MPOIYKIMH 4acTO 00ecreYnBaeTcs
3a CUET 3KOHOMHHU Ha CHIPbE, OTCYTCTBHSI KPacOYHOH yma-
KOBKM ¥ MHHHMAaJIbHBIX 3aTpaT Ha peknamy. Ilo kauecTtBy
1 BKYCOBBIM CBOWCTBAaM IpPOAYKIOHS OONBIIMHCTBA MapoK
9TOH IPYNIIBI HE YCTYNAET IMEeIbMEHSIM CPEIHETO Kilacca.

B neHOBOI KaTeropuu CpegHEro CErMeHTa NpeacTaBiie-
Ha IIUPOKas acCOPTUMEHTHas JHHEHKa. IlenbMeHu usro-
TaBJIMBAIOTCA W3 BBICOKOKAYCCTBCHHBIX COPTOB T'OBAAMHBI
U CBUHHHBI C}lOﬁaBHeHHeM APYTUX UHIPECAUCHTOB. Hexko-
TOPBIC ACCOPTUMCHTHBIC TIO3UINHU MIPOU3BOIATCA
¢ 100aBJIEHUEM YECHOKa, YKpOmNa, KapToQens, KamycCThl.
OKOHOMHUS TOCTUTAETCS 3a CUET UCHOIH30BAHUS HEJOPOTHX
YTIAKOBKH H CBHIPbS.

[Mpomykuust BHICOKOH IIEHOBOH KaTeropuH — HEIbMEHH
13 Ka4EeCTBEHHOTO CHIPhS B SIPKOH KPACOYHOM YIAKOBKE.
OHH M3TOTaBIUBAIOTCS. M3 TOBSAWHBI, CBHHHUHBL, MYKH
BBICIINX COPTOB. [leJlbMEHN MHOTHX HaMMEHOBAHWI 3TOH
TPYIIBI OTIMYAIOTCS «IOMAITHAM BKYCOM.

IlenbMenu knacca «OpEMHUYM» OTINYAIOTCA TOHKUM
HU3bICKAaHHBIM BKYCOM, H3roTOBJICHBI
U3 BBICOKOKAa4eCTBEHHOI0 ChIphs. Kak mpaBuio, 3To menb-
MEHU DPYYHOM JICNIKM, BBIIIOJIHEHHBIC I10 OPUTHMHAIBHOMN
peuentype M yrnakoOBaHHBIE B IIPOYHYIO M OPHUTMHAILHYIO
YIaKOBKY.

K coxanenuto, Ha pBIHKE 3JIMUTHBIX IEJIbMEHEH ecTb
MOIIIEHHUKH, KOTOpBIE IUCKPEIUTHUPYIOT caMy HJICIO
«QJINTHOTO KJacca» M, BBIITYCKAIOT SKOOBI «HATYpaJIbHBIC»
u  «100% HacTosAmMe» TEIBMEHU IIO BHICOKOM  IICHE.
B KpynmHBIX ~ KOMOAHMSAX  IPOM3BOAMTENM  OTMEYAIOT,
YTO MOJJIENIOK MHOTO, HO UX OTJINYUTH MOJKHO
10 KaYeCTBY, TaK KaK AJIMUTHBIM IPOAYKT — IIOYTU BCeraa
pyuHoit nenku. Kpome T0oro, 00BIMHO BCE SITUTHBIE MPOIYK-
THI (acyroTcsl B KAPTOHHYIO YIIAaKOBKY C MHOTOYHCIICHHBI-
MH 3aIUTaMH OT TOAIENOK. [2]

ABTOMaTI/ISI/IpOBaHHaSI JIMHUA TIPOU3BOJICTBA MejabMeHei
JlaeT BO3MOXXHOCTh TIOJIydaTh Ha BBIXOZAE MPOIYKIHUIO pa3-
HOTO BHa. Bripouem, 3T0 OTHOCHTCS M K W3IETHAM, MOIY-
YaeMbIM B JOMAIIHUX yCJIOBUsX. 1 ocHOBHas kiaccuduka-
LuUsl 37eCb OCHOBBIBAETCS Ha BHJE Msca, KOTOpoe 3ajeil-
CTBOBaHO B Ipouecce. Llex mensMeHeil py4HON JIENKH I10-
TpeOyeT 3HAYMTEIbHO MEHBIIMX 3aTpar, HOCKOJbKY He
MpHUAETCS 3aKynaTh Joporocrosmero obopymoBanus. Ho
3/1eCh MPEACTOST JOIONHUTEIBHBIE TPATHl Ha 3apaOO0THYIO
JIaTy COTPYAHUKOB, KOTOpBIE BCIO PabOTy OyayT ocy-
IIECTBIIATh BPYUHYIO. Takoi MOJX0J] 3HAUUTEIbHO CHHUKa-
€T MPOU3BOAUTCILHOCTD, 3aTO JCJIACT BBIIMYIICHHYIO IIPO-
OyKIOHio Jopoxe. 1 onmpeneneHHbIi cerMeHT noTpedureneit
TOTOB NEperIadnBaTh 3a HaTYpaJbHbIE KAUEeCTBEHHBIE ITPO-
JOYKTBl. B mrore momy4aercs, 4yTo BBIpydYka C IpPOJaXk MO-
XKeT OBITh NMPAKTHYECKH TAKOH ke, KaK U B CIIlyyae C aBTO-
MaTH3UPOBAHHBIM MUHHU-IIEXOM.
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Pucynok 2 — CtpyktypHas cxema pabOThI IPEANPHATHS [0 IPONU3BOJCTBY OOBIMHOM NMEIbMEHHOH MPOIYKIIUH

OTKpBITHE NEJIBMEHHOTO IeXa C HAIMYHEM BBICOKOIIPO-
W3BOJUTENFHOIO 00OPY/ZIOBAaHUs TO3BOJIUT HA BBIXOZE IO-
Jy4aTh OOJIbIINE 0OBEMBI TOTOBOU MPOIYKIIMHU, U ceOeCTO-
HMOCTh ee OyneT Heckonbko Hmke. Ho BBICOKHE 3aTpaThl,
KOTOpBIE MpPUIETCA MOHECTH, OCHAIlas 3aBOJ, NPU Haja-
JKEHHBIX KaHajlax cObITa OKYISTCS IOCTATOYHO OBICTPO.

B mpousBoicTBE NENbMEHEW € MOMOIIBI0 aBTOMAaTH4e-
CKHX YCTPOMCTB Ba)kKHO, 4TOOBI U (haplll, U TecTo oOIagamu
OTIpeIeTICHHBIMA MEXaHUYECKUMHU CBOHCTBAMH. A MMEHHO:
TECTO JOJDKHO OBITH 3JaCTHYHBIM M HE JIMIIKUM, a (apmr —
OJTHOPOJHBIM, C YMEPEHHOH BSI3KOCTBIO, T.€. HE CyXOH M He
KUPHBIH, dYTOOBl oOecreunBaiach HEOOXOAMMas TEKY-
YeCTb.

g 3aMOpakuBaHUS U XpaHEHUs NEIbMEHEH UCIOJIb-
3YIOTCSl XOJIOIWIIBHBIE KaMepbl o0beMoM ot 4 1o 20 M ¢
COOTBETCTBYIOIUMH TEXHHYECKUMH mapaMeTpamu. Eciu
MO3BOJISIIOT (PMHAHCOBBIE BO3MOXXHOCTH M €CTh HPOU3BOJI-
CTBEHHAs1 HEOOXOAUMOCTh, TO IPHOOPETAIOTCA CKOPOMOPO-
3WIbHBIC KOHBEWepHbIe arperaTel. Takoe o00OpynoBaHHE
JI0pOTroe, HO MO3BOJISIET 3aMOPAXXKUBATH TEIbMEHH C TOH XKe
CKOPOCTBIO, ¢ KOTOPOH MX MPOn3BOIAT (B cpenHeM 50 Kr B
4ac). A JUIs COXpaHEHHs] BKYCOBBIX KaU€CTB U YMEHBIICHHS
MOTEPh MACCHI NEJIbMEHEH Kak pa3 HeoOX0UMO OBICTPO HX
3aMopaxuBaTh. [Iponecc 3aMOpO3KH OCYLIECTBISIETCS Ha
JIOTKaX, KOTOPBIE YCTaHOBJCHBI HAa PaMbl WU TEIECHKKH,
ITOMEIIaeMbIe B MOPO3HUIIbHBIE KaMepHI.

[locne 3amMopaXMBaHHS TMEIBMEHH JIOJDKHBI TPOUTH
ranToBKy. [Ipm BpameHuu rantoBo4HOro OapabaHa Ieib-
MEHH OYHIIAIOTCS OT KPOIIEK, MyKH U OTIEINSAIOTCS APYT OT
apyra. Takum oOpa3oMm yiydinaeTcsi TOBapHbBIH BHA IPO-
JOYKIMH, a OTXOAbI, coOMpaeMble B JIOTOK noj OapabaHoM,
HaNpaBJsIOTCS: KpOLIKa — B KOJOAacHOE HpPOM3BOJICTBO,
NpOCesiHHAs MyKa — B TeCTO (pHc.2).

Jnst ynakoBKH TelbMeHel HeoOX0MMO IPUMEHSTh (a-
COBOYHO-YIIAKOBOUHBIE YCTPOHUCTBA C BECOBBIM J03aTOPOM.
YnakoBKa MPOU3BOIUTCS MOCIE TaITOBKH.

YnakoBaHHas TPOXYKIHA XPAHUTCS B CpeqHETEMIICpa-
TYPHBIX XOJIOMWIBHBIX KaMepax. XpaHHTh TOTOBYIO IMPO-
OyKIK0 HeoOxoauMo ¢ Temmeparypoit He Boie —10°C u
He 0oJiee OTHOTO MECSIIa CO JHS UX U3TOTOBJICHUS.

PaccMoTpuM ymakoBBIBaHHE MEIbMEHEH. 3aMOpOXKEH-
HbIC TICIBMCHH (acyIOT B KAPTOHHBIC MAYKH MACCOW HETTO
350, 500 1 1000 T wiHM maKeThl U3 MOJUATUICHOBOH IIJICHKU
C TaKOM ke Maccoi.

XpaHeHHe, TPAaHCIIOPTHUPOBAHUE, Peai3allys MeIbMe-
Hell. [lempMeHH XpaHAT HA MPEIIPUATHAX-H3TOTOBUTEISIX
B YIIaKOBAaHHOM BHJIE TpH Temmeparype He Bbime -10
°C He Oomee 1 Mecsma co IHS W3TOTOBICHHA. B cirydae
0oJiee ITUTEIBHOTO XPAHCHHS MEIbMEHH MOTYT OBITH pea-
JIU30BAHBI C PA3PEIICHUs BETEPHHAPHO-CAHUTAPHON CITyXK-
Ob1. [leabMEHH, BBITYCKAEMbIC C NPEANPHSITUS, JTOJDKHBI
UMeTh TeMIepatypy He Bore -10°C.

3aMOpOXKEHHBIC TIEIBMEHH TPAHCIOPTUPYIOT —aBTO-
TPAHCIIOPTOM C U30TEPMHUCCKUM HITH OXJIAXKIACMBIM Ky30-
BOM, a TaKXKE B M30TEPMHUYCCKUX WM OXJIaXIACMBIX Ke-
JIe3HOAOPOKHBIX BarOHAX.

XpaHeHUe W peann3anus IeIbMEHEH B TOPTOBOH CETH
Y Ha MPEIPUATHAX OOIIECTBEHHOTO IUTAHUSA OCYIIECTB-
JSIIOTCSL TIpH Temriepatype He Beiie -5°C He Oosee 48 u.
Ilpu  oTcyrcTBHM  XOJOAa  MEIBMEHH  XPAHCHUIO
U peanu3aiyi He nojiexkat. Ha pucynke | mpuBemeHs
pe3ynbTaThl pacdera Mpoiecca 3aMOPO3KH MUIIEBOTO ChI-
pest o ypaBHeHHIO (2). IlomydeHHbIN TpaduK MO3BOISIET
OIICHUTH BpeMs 3aMOpo3kH (10 -18°C B meHTpe mpoayKTa)
B 3aBUCHMOCTH OT TEMIIEPATYPhI XJIAJOHOCHTEIS U TOJIIIH-
HBI TPOJIYKTa WM TEM CaMbIM ONPEACIHUTh PAIOHAIBHBINA
€1oco0 3aMOPO3KH U €T0 IPEAIONaracMbIe PEKHMBL.

PeanbHbIC peskKUMBI 3aMOPaKUBAHHUS ITHIIECBBIX TPOTYK-
TOB TIO3BOJIAIOT CHEHHAIACTAM OICHHBATh CTCIICHb aJleK-
BAaTHOCTH HCIOJIB3YEMBIX MOJICNEH TEHCTBUTEIEHOMY IPO-
meccy. B ciaydae HEOOXOIMMOCTH B MOJIENIb MOTYT OBITh
BHECEHBI COOTBETCTBYIOLIKE HONpaBKH. [3].
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Pucynok 3 — CTpykTypHas cxema padOoThI IPENPHUATHS [0 IPOU3BOJICTBY NEIbMEHHOM MPOIYKIH 0COOBIX (hOpM.

3. AHaau3 cxeMbl padoThl MPeINPUATHS M0 MPOU3BOI-
CTBY NeJIbBMEHHOI MPOAYKIMHU 0COOBIX (hopm

Hcxozst n3 BhIICNEPEUUCICHHOTO MOXXHO TPEIUIOKUTh
MPOHU3BOJICTBO 1M0Jy(HaOpUKATOB APYroi, OPUTrHHAIBHON U
TPYIHO BOCIPOU3BOJMMON (hOPMBI, KOTOpasi 3aIUTUT U3-
JIenmue oT mojuenku. Takod (Qopmoil MOXET cTaTth JHOO
Kpyrias, mubo Kyomdeckyro. OueHuBas 3TH JBe (POPMEI,
MOJKHO TIPUUTH K BBEIBOIY, YTO MPOAYKIUSA, UMES CTPOTYIO
KyOmdyeckyro ¢opMmy OyaeT, Io MUMO IPOUYEro, SKOHOMHTH
MECTO Ha CKJaJe MpeABAPUTEIHHOTO XpaHEHUS U MECTO B
ymakoBke. Tak Kak Ha TEKyIIMAd MOMCHT, B YIaKOBKax
MeIbMEHHON mpoxykiuu cogepxxutrcs g0 30% Bo3ayxa.
Ecinu B35Th 32 OCHOBY TO, YTO IPU XPAaHEHUH M TPAHCHOP-
THUPOBKE OyJIET UCIOJb30BAThCS MOJHOCTHIO 3arOJHEHHAs
Tapa, TO DKOHOMHYECKAas COCTaBISIONIAsl BO3pACTET JIO
TpUALATH TpoleHToB. Kpome TOro, mmeer CMbICH, NpH
MPOU3BOJICTBE MMONy(padpHUKaTOB HOBOH, CTpOro KyOwde-
CKOH (hOpPMBI, HCIOJIB30BATh MHI'PEIUEHTHI, KOTOPBIE BBIC-
[IEero KadecTBa, TaK KakK dTa MPOIyKUUs OyleT 3aluiieHa
CBOEU TpymHOpeanm3yeMod ¢opmoil oT moxnaenkd. CTouT
TaK >Xe MOAHSATH BONPOC O TOM, YTO HPH IPOHU3BOJICTBE
JAaHHOTO THUMa TO0Ny(haOpUKaTOB, TPUAETCS HW3MEHUTH
CTPYKTYPHYIO CXeMY Pa0OThI MPEIIPHUITUSI U BHECTH KOP-
PEKIIHIO B CYIIECTBYIONIYIO. JTO OymeT HeoOXOauMo st
TOro, 4ToOBI MOTHATH 3(dexTnBHOCTH. Ilpn momydeHHn
Msica, OyeT HeoOX0IUMO cpa3y IMociie TIEPBUIHON pasel-
KW TyII HOPOM3BOJUTH (apll W cpa3y OTIPaBISTH €ro Ha
CKJIaJl CHIPbsSI B YK€ MOArOTOBJICHHBIX JJIsI 3TOro (hopmax.
Ha texymniuii MOMeHT, XpaHeHHe (apiia Ipu TeMIepaTypax
ot -15 °C 10 -30 °C MOKeT JIUTLCSA OJaMM, a Ui [IPOM3-
BOJICTBA IOJy(adpukaToB HeoOxoanma Oyner pa3padoTka

66

000pyoBaHus, O CPEACTBAM KOTOPOTO (apin He HyXKHO
OyzmeTr pa3MOpaxHBaTh.

Takoe obopyaoBaHue OyneT MPOU3BOAUTH MOIyhadpu-
KaTbl HCIOJIb3Ysl 3arOTOBKU C OTPULATENILHOM TeMIepary-
poii. Tak xe, mpu pa3zpaboTke 000PyAOBaHUS CTOUT TPEY-
CMOTpETh TaKHWe BapUaHThl, B KOTOPHIX OY/IET OTCYTCTBO-
BaTh ranToBka. YTo, Tak ke CKaXETCsl Ha YIKOHOMHYECKOM
nenecoobpasnoctu. [lociae Mpou3BOACTBA TOTOBBIX IMONY-
(habpuKaToOB, UX MOXHO OY/IET XpPaHUTh JOCTATOYHO JJIH-
TenbHOe BpeMs. K ToMy ke, JUls yBEIMYCHUS] SKOHOMUYE-
CKOM COCTaBISIFOIICH, MOXKHO YCTAHOBHUTH B MECTO YeJIOBeE-
YEeCKOr0 KOHTPOJISI 32 KAYECTBOM, CUCTEMY, KOTOpast OyaeT
TPOHU3BOUTH OICHKY [TPOU3BEACHHON MPOIYKIIMH, U OyaeT
HCIIONIB30BaTh TaK HA3BIBAEMOE «KOMITBIOTEPHOE 3PEHUE)»
[4,5] (puc.3).

4. MopeaupoBaHue TEMIOBbIX POLECCOB

Paccmotpum paboTy obopynoBaHusl, cojepikaliee B ce-
0e 3JIeMEeHThl KOHCTPYKIIMH, KOTOpBIE B CBOIO o4epenp Oy-
YT BBIOJNHATH JICHCTBHS 110 OOJIETAaHHUIO 3aMOPO’KEHHOTO
¢apma B Temoe tecro. Ha mepBom 3rtame mpoBenem uc-
ClIe/[OBaHNE TapaMeTpUUYecKOil MOJenH Iporecca B OT-
JIETIBHOM DJIEMEHTE arapara — B pabodyeM yuactke (puc.4).

[Mapamerpamu KauecTBa CUHTAeM TEMIIEPaTypy Ha MO-
BepxHOcTH Tecta (TT) M ynempHBIE 3aTpaThl PHEPTUU Ha
nepepabotky 1kr mpomykra (j, Jlx/kr). BxomHbiMu mapa-
MeTpaMH, B OOIIeM ciydae, SBISIOTCS TEIIO(pU3NIEeCKHe
CBOMcTBa (haplia U TecTa, ero pacxoi, HadalbHble 3HaYe-
HUSI TEMIIEpaTyphl. Y YUTHIBAIOTCSI KOMIUIEKCHI I1apaMeTpoB,
KOTOpBIE XapaKTepH3yIOT KOHCTPYKIMIO ammapara ¥ SHep-
reTUYECKHE TI0Ka3aTeNId HarpeBaTelei.
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Pucynok 4 — IlapameTprueckast MOJICIb.

Ha ocHoBe cxemsl (puc.4) coctaBieHa (pU3NIECKas MO-
Jenb ammapara (puc.5), KOTopas SBISCTCS MOCTaHOBKOH
3a7a49¥ (POPMUPOBAHKSI MATEMATHIECKON MOJIEIIH.

ITockonbKy 3amada SBISIETCS OCECHMMETPUYHOH, TO
paccMaTpuBaeTcsi MOJENb 10 LEHTpa (apiia, KOOpAuHATA
koToporo Xu. Takum o6pazom:
30Ha 1 — okpyxkatomas cpena ¢ koopauHatamu 0 < X < Xj;
0<Z<Z;; ucremneparypoit —t.;
30Ha 2 — 3axBar ¢ koopauHatamMu X; < X < Xp; 0<Z<7Zy;
U C TEKYIIEH TeMIepaTypou — ty;
30Ha 3 — TecTo ¢ koopauHatamMu X, < X < X3 0<Z<7Z;

U C TeKYILEH TeMIIepaTypou - t;;
30Ha 4 — ¢apru ¢ koopamHaTaMu X3 < X < X; 0<Z<7Zy;
U C TEKYIEH TEMIIEpaTypoi - ty,.

Z, ‘T

Oxpyxaomast
cpena

XBaT

Jns mopnepkaHus HEOOXOIMMOTO 3HAUCHHS TeMIlepa-
Typbl TecTa Ha YpoBHE TT HCHONB3yeTCS HarpeBaTelb,
MOITHOCTH KoTOporo N.

CraButcs 3amada pa3paboTaTh MaTeMaTH4ecKyl0 MO-
Jenb ammapara Uil IPOM3BOACTBA MEJIbMEHEH. Ammapar
cocrout m3 4 30H (puc.5). B TpeTpeit 30He Ha TecTo MpHU
HEOOXOUMOCTH OCYILIECTBIIACTCS IHEPreTHUYEeCKOe BO3eH-
CTBHE Ha uccienyeMmyto cucrtemy. Ilogson suepruu N - npu
I'V 11 pona. TertoBoii MOTOK OTBOAMUTCS OT IIEHTpa (apia
B OKpYKAIOIYIO CpeLy.

B ocHoBe MozenupoBaHUs MEPBBIM 3aKOH TePMOAMHA-
MUKH ¥ ypaBHeHue Dypre-Kupxroda, koTopsie oTpakaror
TETIJIOBBIC B3aMMOJECHUCTBHS MEXIy JJIEMEHTaMH paccMart-
pHUBaEMOI CHCTEMBI.

Tecto (apm

N

R R

X1

A

X2
X1

v

A 4

Pucynok 5 — IlocTaHoBKa 3a/1a4¥ MOJIETUPOBAHNS.

HOCKOHBKy pa60Ta, COBEpHICHHAA TCJIOM, B COOTBET-
CTBUH C IIOCTaBIICHHOH 3ajadeid paBHa HYJIIO, TO HepBBIﬁ
3aKOH TEPpMOJUHAMHUKU [JIA OTOr0 Cilydas 3alulleTCs B
BUAC:

Qcm + QV = AU: (1)
rae Qcm — KOJIMYECTBO TCIJIOTBI, OTAAHHOE TCJIOM 4YE€pe3

MOBEPXHOCTh KOHTakTa (S); Qy —KOJHYECTBO TEILIOTHI,
KOTOpOE TMOIJIOUIaeTCs MNPOAYKTOM OT 3JEKTPUYECKUX HC-
TOYHHUKOB 3Heprun; AU — n3aMeHeHne BHyTpEeHHEH SHEepTUH.

KomnmaectBo Temnoter Q.,, Qy 1 W3MEHEHHE BHYTpEH-
HEll SHEpTHH TeJla MOXET OBITh BBIYHCICHO IO HIKE MPH-
BEJICHHBIM (hOpMyIIaMm.
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. T z ot
Q. - [[dsr,Q = [Ja,avar, AU =[ o0 " avdr.
S0 Vo Vo N

rae, ,— yAeabHas MOLTHOCTh BHYTPEHHUX UCTOYHUKOB
terotsl, Br/m®.

C yuetoM (2), ypaBHeHUst Pyphe nepBblil 3aK0H
TE€PMOJAMHAMUKH B I€KapTOBOM cHCTeMe KOOPAUHAT MpH-

MET BUJ
T

f J- dQdr =
- 05, 5.05) - 5 (8) + G| ave. o
IToacraBus nanee (3) B (1), mveeM

et e, af,at) af,at (4
S _Las |- L as |- & 1S |-q, dvdr=0.
H{Cvpar ax[ axj ay[ ay] 6’2( azj qv} ‘
Ecnu Bce xapakrepuctuku B (4) — HenpepbIBHbIE QYHK-

LMY KOOPAMHAT U BPEMEHH, TO UHTErpajl PaBeH HYJIO IIPU
PaBEHCTBE HYJIO MOJBIHTErPAIbHOTO BbIpaxkeHHA. Cneno-

BaTENBHO:
Cvpat:awjﬁmlz8(1&}6@&}% ©)

Oor or\_ or) ror r°op\ Op) 0OI\ 0Oz

YpaBHeHue (5) yCTaHABIHMBAeT CBSA3b MEXIy BPEMEH-
HBIM H TIPOCTPAHCTBCHHHIM H3MECHEHHEM TEMIIEpPaTypHl B
m000i#1 Touke rccexyeMoro oorema. [Ipu mocTosiHHOM Terr-
JIOTIPOBOJJHOCTH ypaBHEHHE (5) YIpOIIaeTcs W MPUBOTHUTCA K
THHEHHOMY TUQQEepeHINATEHOMY YPaBHEHHIO B YaCTHBIX
MPOM3BOIHBIX BTOPOTO Mapadonmdeckoro Ttuma. OOmme
3aKOHOMEPHOCTH (5) MO3BOJSAIOT KOHKPETU3UPOBATh MOJIE-
JU 1715 BeeX 4 30H ammapara.

s 4 30HBI (puC.5) W3BecTHO: 00BbeM mpoaykTa Vi;
sHeprus, Temrnepatypsl — tr. Ha nepBom stane nmpoucxoaut
TOJILKO TIOBBIIICHHE TEMIEPATYphl 30HBI 4 W CHIKCHUE
TEMIIePaTyphl B OCTAJIbHBIX 30HAX.

Just Beicot 0 < Z < Z;; xoopmuHat X3 < X < X

Hauansaeie yenmopus (t=0): t; = t,

oty ot, o, o, (6)
T8 Tt T |
or x2  oyr @z

rze a = A(cyp) — KO3 PUIHEHT TeMIIepaTypOIIPOBO/I-
HOCTH, M“/C.

Jlnst TpeThelt 30HBI aHAJKM3 BBITIOJHUM OTIENBHO i |
sTama (HarpeBa TecTa He MPOBOAMTCS, TECTO OXJIAXKAAETCS
OT Ha4yaJILHOU TemIepaTypsl tr = tr, 10 TemnepaTypsl, KO-
raa Tpedyercs ero nogorpes tp = ty,) U qs 2 srana, xoraa
BKITIOYAIOTCSI HATPEBATEIH.

Jis mepBoro sTamna:

2 2 2
a _, (0, ot o) @)
or ¢ oy @

Ha BTOPOM 3TalIC BKIIIOYAOTCA HAIrpeBaTCJIN U SHCPIUsd,
notpedisemMas IpoayKToM, paBHa NNt
2 2 2
%=arat§ 8t§+atzr N N7 o ®
ot OX oy oz V,C,pr

Jli1st 2 30HBI MOJIENH TTOOOHEI 30HE 3.
Jns nmepBoro sTana:

68

N _ , azt3+azt3+azt3 , 9
or ox* oy* ozt

Ha BTOpOM 3Tare BKIIOYAOTCSl HAarpeBaTEIH

ot, a(aztg ok,
3

2.
_2 = > + > + a t23 +£
or OX oy 0z

V¢4 ’

(10)

Jdnst 1 30HBI cleqyeT y4ecTh KOHBEKTHBHBIN TEII000-
MEH Ha y4JacTKe «Hapy»Has IOBEPXHOCTh 3aXBaTa — BO3AYX
OKpYXarollen cpenb».

YpaBHEHME SHEPTUU:

2. 2 2
%:aB at§+6t§+8t§ ’ (11)
or OX oy 0z
CleAyeT JONOJHUTh yPaBHEHUEM CILIOMIHOCTH:
oXx oy oz
u ypaBHeHueM Hasre-CTokca
pwgradw = pg — gradP + pvw, (13)
Ha rpanune 1 u2 30n I'Y 3 pona
at
2= =Rty — t3), (14)
Ha rpanune 2 u 3 308 I'Y 4 pona
ats\ oty
% (5), = = (5, (15)
Ha rpanune 3 u 4 30u I'Y 4 pona
oy _ o, (%
AT(BX)T_ Af(ax)f‘ (16)

[IpuBeaeHHbIE COOTHOLIECHUS AOMOJIHAIOTCSA YCIOBUSIMU
OJTHO3HAYHOCTH, BBIPAKAIOUIMMHU TEIIO(QU3NYECKHE CBOM-
CTBa AJIEMEHTOB BCEX 30H.

B cootrormrennsx (2) — (16): a - koahduimenHt rerio-
oTaauu; A - KO3QQUIUEHT TerionpoBoaHocTH; N - mori-
HOCTh 3JIEKTPHUECKOI0 HarpeBatess; T - BpeMs paboTshl;
HHJEKCH B — Bo3ayXx okpyskarouei cpeapl; 3 — MeTajinye-
ckwuii 3axBat; T — tecro; f - dapui.

AHaJOrM4HbIe YpaBHEHUs CIE€IyeT 3alucath U B KOOP-
muHatax Z — Y u X - Y. Hckomas Temmeparypa Tornaa
ONpEAEIISIeTCS U3 YCIOBUM Cyneprno3uLuu.

Takum o0Opaszom, cuctema cootHomenuit (2) — (16)
OTIpeNIeNIAI0T HEeCTAI[HOHApHOE MOJie TeMIIepaTryp, MaTepH-
AIBHBIA M DHEPTeTHYECKUIl OalaHChl MPOIECCOB TEIUIONE-
penaun. OmHAKO TPaKTHYECKas peann3alusi MOJETH OKa-
3BIBAETCS CJIOKHOM. Il MOIy4YeHUs] HHKEHEPHOM METOIH-
KM [IPUBJIEYEM METOJIBI TEOPHUH TTOZ0OHS.

Janee paccMOTpUM TETIOPHU3MIECKYIO CXEMY TEIUIone-
peroca. OCHOBHBIMH 3JIEMEHTaMH CXEMBI SIBJISIOTCS (api
C HavaJbHOH Temmeparypoi t;, Tecto tr, xBart t, U okpyxa-
omas cpeaa tg. g ycnoBus OTKIIIOYEHHBIX Harpesartenei
TemIeparypHoe nojie onpeaensercs: t; < ty, < t3 < tg. s
yCIIOBHSI BKIIOUEHHBIX HarpeBareneil TeMIepaTypHOe MoJie
onpenensierca: t < ty, < t3 > tg. Hanpasnenue tensiosoro
MMOTOK OIPEAENSIETCS U3 CXeMbI (pHc.6).

TennoBoil MOTOK NPEOJOIEBAET TOCIEAOBATEIHHYIO
[enb TEPMHUUYECKUX COMPOTHUBICHUH. OJIEKTPOTEILIOBYIO
MOJIENB [Tt cXxeMbl (puc.6.a) otoOpasum Ha (Puc.7).
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Oxkpy:xamomas
cpeaa XBaT TecTo ¢(hapi
< ! >
Cof Q3o Qaf
a) 0)
a) - Hazpesamenu bIKIOUEHDL; ) - HAZPESaAMeNnU GKIIOYEHbL
Pucynok 6 — Cxema TeIIOBBIX OTOKOB.
1) 3 it ts [8i¢
—e—» R | —e—» R3;r |——>» RiIf | > Ru |—ee—

Pucyuox 7 - 3J'I€KTpOTeHJ'IOBa$[ MOZCJIb CXEMbI IEPCHOCA TCIIJIOTBL

TepMI/I‘IeCKI/Ie COIIPOTUBJICHUS BbIPAKAtOTCs B BUJC!:

VY4acToK «BO3AyX OKPYXKAIOIIEi Cpeibl — MOBEPXHOCTh
XBaTa»
1
R, = , an
ok,
VY4acToK «IMOBEPXHOCTD XBaTa - MOBEPXHOCTH TECTA»
0.
R, = 3, (18)
AR,
VY4acTOK «MOBEPXHOCTDH TECTA — MOBEPXHOCTH (hapIiay
o)
Ry = _“r (19)
E
Ar By
TepMudeckoe CONMPOTUBIICHUE caMoro (apia
fo)
R = 4 (20)
A+ Fy

B coorHomenusx (17) - (20) mpuHSTO, 9TO TepMUUe-
CKHC COIIPOTUBJICHHUA KOHTAKTa MEKAY MMOBCPXHOCTAMH
37eMeHTOB paBHbI 0, a caM Mpolecc TeIIonepeHoca — Kpa-
3UCTallMOHApHBIM. Torna TEIIoBOH IHOTOK OINpPEnesseTCs
CyMMOﬁ NMPUBCACHHBIX TEPMUYCCKUX COHpOTHBHeHHﬁ.
JBwxymieil cuoil mpoiiecca SBISIETCS pa3HOCTb TeMIIEpa-
Typ BO3ayXa OKpykaromel cpeanl (tg) U B meHTpe ¢apia

(t)-

Qo = (Re3 + R3r + Rrf + Ru) (15 - 1), (21)

[MTockonbKy TeMIepaTyphl 3JIEMEHTOB ITOCTOSTHHO H3Me-
HAIOTCS (KpoMe lg), TO M3MEHseTCs M BeMYMHA TEIIOBOTO
MIOTOKa, a caM IPOIecC SBISIETCSI HECTAllMOHApHBIM. B Ta-
KUX ciydasix npuHsTo [6] Mcrmonb3oBaTh uucia MOx00Hs
buo u ®@ypre.

Bi = (Ren)/(Rn), (22)

Fo = (at)/(8?), (23)

Cwmeicn uncna buo (23) — 310 cooTHOIIEHNE BHYTpEH-
HEr0 TEPMHUYECKOTO CONPOTHUBIECHHS TEMJIONEpEHOca K
HapykHOMY. JlaJIbHEHIIMN aHa/IU3 IPOBEAEM IIPU JOIYIIe-
HUSX:

- Hapy»HO€ TEePMHYECKOE COIPOTHBIICHHE OIpPEAenseTcs
KOHBEKTUBHBIM TEIUNIOOOMEHOM MEXIYy BO3AYXOM H IIO-
BEPXHOCTBIO XBaTa;
- BHYTPEHHEE TEPMHUUYECKOE CONPOTUBIIEHUE ONPEAEIsIeTCA
cymmoii R3t, Rtf u R
- B CBSI3M C MaJIOM Maccod TecTa M XBaTa UX TEIIIOEMKO-
CTBIO TIpeHeOperaem.
Torna, RBH u3 uncia bro nmpumer By

514 + 5T + 53 ,
AR AR AR

UYuciio dypre paccuuThiBaeM TOJBKO Ui Qapiia, mo-
CKOJIBKY €T0 TeIUIOEMKOCTh OMPEeIeIISIomasl.

MakpOoKHHETHKY TEIIONEPEHOCca OT MOBEPXHOCTU XBa-
Ta K BO3JyXY OIpPEJEIsieM 110 CTaHAAPTHBIM METOAUKAM.

Vckomas TeMIiepaTypa OIpeeNsieTcst ¢ MOMOIIBI0 HOMO-
rpammsl. [7]

Resn = (24)

5. AKTHUBHBIN 3KCIIePHMEHT

[IpoBeneHne AaxkTHBHOTO HKCIEPHUMEHTa MPOXOIUIIO
cnenyromuM obpazom: J{is Hadana Oputa co3gaHa dapiie-
Bas 3arOTOBKA, B KOTOPYIO OBUIM YCTAHOBIICHBI TEMIIEpa-
TypHBIE ITATYUKH, W TIOMENIEHa B MOPO3MIBHYIO KaMmepy.
Bce maHHBIE OXJTQXXKICHHUA W 3aMOPO3KH (PUKCHUPOBAIUCH, U
3amuchIBAINCh. [l03Ke MO IOSy4YEeHHBIM JaHHBIM OBLIH
COCTaBJIEHBI TpaMKH OXJIAXKACHHS, NMEpexoJHOi ¢a3bl n
3aMOpO3KH 10 Temueparypsl -15°C. JlaHHbIe SKCIIepUMeHTa
(Puc. 8) mokaszamu, 4TO OXJAXKICHHE OT TEMIEPATyphl
+25°C npoucxoaut B Teuenuu 30 munyT 1 gocturaet -3°C,
MePEeXOAHbIN Tporiecc 3aHuMaeT 40 MUHYT W TeMIieparypa
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omyckaercs a0 -4°C. Jlanee HauMHaeTCs MPOLECC 3amep3a-
Hus 10 -15°C u mmuarcs oxoio 4 9acos.

3aMoposkeHHass (apiieBasi 3aroTOBKa C HAXOIIIIAMUCS B
Hel nmaTdymkamu U temiepartypoit -15.5 °C (puc.9), 6puia
nomenieHa B Tecto. C OXHOH CTOPOHBI, Ha IEIBMEHHYIO
3arOTOBKY OBII yCTaHOBJICH HarpeBaTEIbHBINA JJIEMEHT
(puc.10). Ilpu nogaue HampsbkeHHs B 12 BONBT HarpeBa-
TENBHBIA 3JIEMEHT Ha4YMHAJ TepelaBaTh TEIUIOTY TecTy, a

(0]
C 25

TECTO

15 30

OHO B CBOIO ouepens ¢apmry. Ilokazanus HarpeBa Tecta u
(hapmra pukcUpoOBAIMCH U OTOOpaKAIUCh Ha Tpaduke.

[NapannensHO ¢ 3TUM OBUIH TIONTy4YeHBI JaHHBIE TEIUIO-
BH30pa O TEMIIepaType HarpeBaTeNbHOTO SKCIEPUMEHTA. 3a
OIHy CEKyHAy TeMIlepaTypa HarpeBaTellsl YBETHIHBACTCS
o +100 °C. Ha (puc.11), orobpaxarorcs ¢poTo U3MEHEHHUS
TeMIlepaTypbl HarpeBa, perucTpUpyeMble TEIUIOBH30POM B
tedeHuu 0.2 cexyHn.

apm

45 60 t, MuH

Pucynok 8 — I'padyik oxnaxaeHus u (Gasbl NEpexoJHOTO Mpolecca K 3aMep3aHHio

-15.5C€:0.95

Pucynox 9— [laHHBIC TEIIIOBU30pA

Pucynok 10 — @oTo aKTUBHOTO SKCIIEPUMEHTA

65.3¢C €:0.9571,9C £:10.9593,H5C £:0.95

&
—

q

Pucynok 11 — JlaHHbIe TETUIOBU30pA
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CorynacHO MaHHBIM, MOJTYYEHHBIM B XOJI€ AKTHBHOTO
9KCTIEPUMEHTA, OBIJIO YCTAHOBJIEHO, YTO TEMIIEPATYpa TECTa
3a 4 cexyHasl HarpeBaercs ¢ -15°C mo +100°C, n HaunHAET
MIOJPKapUBaThCS, TIepeiaBast TEINIOTY (hapIIeBOH 3aTrOTOBKE.
Hamra 3amada cocTout B TOM, YTO OBI HE JOIYCTHUTH Harpe-
Ba TECTA JI0 COCTOSHUSA MOPKAPUBAHUS U B TO )K€ BPEMsI HE
JIOIyCTUTh oxnaxaeHus Huxe +20°C, Tak Kak TECTO MOTe-
psieT cBOMCTBO cienku. M mpu 3TOM He JONMyCTUTh HAarpeB
(apieBoii 3aroToBKH BhIlIe -14°C, Tak Kak HaYyHETCS IUIa-
cTu(uKanys, KoTopasi HOBJIEYET 32 cOOOW MOCIEaYIONIYIO
norepto popmbl nonmydabpukara. CTOMT Tak e y4ecTb,
410 JI000€ OTKIOHEHHE OT 33/IaHHBIX TEMIIEPaTYPHBIX Ia-
paMeTpoB TecTa U (papira 3a periiaMeHTHbBIE 3HAYCHUS, OT-
pakaeTcsl Ha IPON3BEACHHOM NMPOAYKINH, KOTOpas He Oy-
JeT UMETh CTPOTYIO KyOMuecKyro (opMy u OTIIPaBHTHCS B
Opax.

BbiBoAabl

B BHIy J0CTaTOYHO CJIOKHBIX MPOLEAYP, HMPOUCXOIS-
[IMX TPU TPOM3BOJCTBE HOBOW MPOAYKIIHH, UMEET CMBLI
pa3pabaTbiBaTh POOOTOTEXHHUCCKUI KOMIUICKC 110 MPOHU3-
BOJICTBY IEJIbBMEHHOH MPOXYKIUH 0COOBIX (hOPM, KOTOPBIH
OyzeT BKIIIOYATH B CeOs 10 MUMO aJTOPUTMOB YIPABICHUS
MIPOU3BOJICTBOM TONYy(paOpPHKaTOB M KOHTPOJIF KadecTBa
BEIITYIICHHON NMPOIYKIINH, & TAKKE MOXKET OBITH JIETKO TIe-
PEHACTPOCH IO/ PYTYIO MPOAYKIHIO Mo j00H0T0 posa [8].
[Ipu pa3paboTke cieayeT y4ecTb, 9YTO B COBPEMEHHOM MU-
pe, 3aHUMaeT OIHO W3 JHIUPYIOIIUX MECT, TOCTYI K HMH-
dbopmarmu. DTO ClieAyeT y4ecTh MPH pa3pabOTKe HOBOTO
o0opymoBanus. VHXEHEPHBIA COCTaB JOJDKCH HUMETh JI0-
CTYI K IaHHBIM IS OLICHKH PabOTOCTIOCOOHOCTH H, CIICITy-
€T y4ecTh TaKyl0 aBTOMATHYECKYHO ()YHKIMIO TPHU MPOCK-
tupoBanuu CAY Tak ke, KaKk M JOCTYI TE€XHOJIOTOB, K TIa-
pameTpaM JaHHBIX CBIPbs, Ha BXOJE M BhIXOJe 000pyI0Ba-
HUS U UHQOPMAIUIO O KOJUYECTBE IPOW3BEICHHOHN TpO-
OyKouu aost moructoB npennpuarus. CAY takum poboro-
TEXHUYECKUM KOMIUICKCOM JIOJDKHA YMETh COCTaBIATH OT-
YeTHl 10 BO3HUKIINM OCTaHOBAaM CHCTEMBI M cama, 0e3 Io-
MOIIIM BCIIOMOTATENBHOTO MEPCOHala, YMETh BHI3BATh TEX-
HUYECKUH TepCOHAI AJsl YCTPaHCHHs HEMOJaI0K, U UMETh

CHCTEMY aBTOMAaTHUYECKOro ornoBemnieHus. Ha texkymuit mo-
MEHT, HCHONB3ysl COBPEMEHHbBIC 3HAHHSA, TEXHOJOTMH H
CpelcTBa KOMMYHHKaIMd, co3fgatk momoOHyro CAY He
MPECTaBIseT OCOOBIX mpobieM, a pa3padoTka TaKOTro
KOMIUIEKCa, C NPUMEHEHHEM HayJHO-TEXHHUYECKOH O0a3bl
TEKYIIEr0 YPOBHS, MOXET IOCTaBUTh Pa3pabOTUMKOB Ha
OJH YPOBEHb C W3BECTHBIMH 3apyOexHBIMH (upMamu
W3rOTOBUTEIISIME  O0OpYJIOBaHHs JUIS IHIIEBBIX IPOU3-
BOJICTB.
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Economic efficiency in the use and installation of a robotic complex for
the production of special forms ravioli semi manufactures in the food in-

dustry

At the moment, the sphere of preparation of semi manufactures constantly expands. The process of obtaining semi man-
ufactures is well known and common. This work includes a new look at the production and development of a robotic
complex for the production of ravioli of special forms. A special form that is difficult to implement, protects products
from counterfeiting and is a guarantee of the quality of the manufacturer. When developing such a complex, two tasks
were set. The first is to achieve an illusory form. The second is to achieve rising in the economic component in produc-
tion. In our case, the development of equipment contributes to the use of minced meat in frozen form, so that re-
defrosting when using new equipment is not required. Stuffing billets are fed to the production line in a frozen form with
a temperature from -13 ° C to -30 ° C. Which in turn is the norm for the production of A category ravioli. Work on the
development of a new complex of equipment for the production of ravioli of a special, cubic form, in order to increase
the economic component, may encounter a number of difficulties that must be overcome. One of them is the fit of
minced meat with a negative temperature in the dough having a room temperature. Having performed a number of ac-
tive experiments with frozen minced meat and warm dough, having obtained and processed results, we came to the con-
clusion that the created equipment should have not only an automatic control system that includes the ability to control
the complex, but also use algorithms those will make it possible to calculate according to models to maintain the prop-
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erties of dough. And also to include in the available computer equipment information transfer, that will be available for
the remote work of both the complex itself and the information about the products manufactured by it. Using a new, ill-
implemented form and modern technologies, the complex created in the future will provide an opportunity not only to
produce new products with a form that protects against counterfeiting, but also to reduce production costs. Efficiency
will also be due to the fact that for products of this form, the price can be increased due to considerations of containing
the best ingredients and the possibility of using more compact packaging. Efficiency will also be due to the fact that for
products of this form, the price can be increased due to considerations of containing the best ingredients and the possi-
bility of using more compact packaging. Therefore there are actually no free space in packs with a semi-finished prod-
ucts of a cubic form when compared with modern packs of ravioli containing up to 20% of air. This will also give an in-
crease in efficiency during storage and movement of products. It is worth paying attention to the fact that this equip-
ment will be able to produce new types of semi-finished products, which include not only common ingredients currently
used, such as pork and beef, but also poultry and fish, and contain many different recipes for minced meat and dough.

Which in turn will expand the range of manufactured semi-finished products.

Key words: Food Industry; Semi Manufactures; Ravioli; Production; Robotics.
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