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BITPOBA/’KEHHA BUCOKOE®EKTHUBHOI'O
OBJIAJTHAHHSI JIJI1 JUCHHEPT'YBAHHSI EMYJIbCIH B
TEXHOJIOI'TYHY JIIHIIO IIEPEPOBKH MOJIOKA

Anomayis. JlucnepryBaHHs >KMPOBOI €MYJIbCli IIUIIXOM TOMOT€H13a1lii
€ OJIHMM 13 HaWBaXXJIMBIIIUX TEXHOJIOTIYHMX MPOLECIB B JIHII MepepoOKH
MOJIOKA Ta BUPOOHHMIITBA MOJIOYHOI MPOAYKINi. Bix sikocTi roMoreHizaiii
HampsiMy 3ajJekaTh XapyoBa I[IHHICTh MOJIOKa Ta MPOAYKTIB HOro
nepepoOKH, CMAKOBI BJIACTUBOCTI Ta 3aCBOIOBAHICTH HMOr0 OpraHi3MOM
moauau. ToXX 70 TroMOreHi3aTopiB, SKi BUKOPHUCTOBYIOThCS Ha
MIIPUEMCTBAX BUCYBAIOTHCS MIJIBUINEHI BUMOTH OO SKOCTI KIHIIEBOTO
npoaykTy. OKpiM SIKOCTI BaXKJIMBY POJb B MiA0Op1 0OJagHAHHS Biirpae
MOKAa3HUK MUTOMUX 3aTpaT eHeprii Ha mpoiiec. Tak ckiianocs, M0 HaiOUTbIII
PO3MOBCIOJKEHUM TUIl TOMOTE€HI3aTOPIB € AyXKe€ eHeprozarpaTHuM. JlaHa
CTaTTs] MPUCBSIYEHA JTOCHIIKEHHIO €(EKTUBHOCTI AUCIEPTyBaHHS dKUPOBOI
€MYJIbCli B IMITYJIbCHOMY T'OMOT'€HI3aTOpP1 Ta BIPOBAKEHHIO IPOMHUCIOBOTO
3pa3ka B TEXHOJIOTTYHY JIIHIO TTepepOOKH MOJIOKA.

Kniouosi  cnosa:  aucnepryBaHHS — €MyJIbCiM,  TOMOTEHi3allis,
IMITYJIbCHAM TOMOTEHI3aTOp, SIKICTh, €HEpro3aTpaTH, TEXHOJIOT1YHA JIiHIs,
KHUPOBA EMYJIbCIs, CTYIIHb TOMOTEH13allii.

Ilocmanosxa npobnemu. JlucnepryBaHHs )KMPOBOi eMyJIbCli HUIIXOM
TOMOT'€HI3allli € HeB1I'€EMHUM Ta OJHUM 13 HAWBKITUBIIIUX TEXHOJOTTYHUX
MPOIIECIB B JIHII TEpepOOKH MOJIOKA Ta BUPOOHHUIITBI MOJIOYHOT MPOTYKIIii
[1]. 3aBasgku maHii TEXHOJIOTIYHIN oOmeparii MOJOYHUN KHUp, SKUH
MICTUTBCSI B MOJIOLI1, MOJAPIOHIOETHCS 10 MIKPOCKOMIYHUX PO3MIpiB, IO B
CBOIO 4YEpry 3HAYHMM YMHOM IIJBUILYE XapyoOBY LIHHICTH MOJIOKa Ta
MPOAYKTIB MOro mepepoOKH Ta TMOKpallye€ HOro CEHCOPHO-CMAaKOBi
BJIACTUBOCTI. MOJIOKO MicC/Isi TOMOTEHi3allli 3HauyHO Kpallle 3aCBOIETHCS
OpraHi3MOM JIFOJAWHHU, HaOyBa€ OUIBII OJHOPITHOTO KOJBOPY, CMaky,

© K. O. Camoituyk, C. B. Kiopues, H. O. [Tansgaunuka, B. O. Bepxonanuesa
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KHUPHOCTI, 3MEHIIYETHCS TPOSB JKUPOBOI IUNBKM MPH KHUIISITIHHI Ta
3HIDKYIOTHCSI BTPATH MOJIOYHOTO JKHPY IPU TPAHCIIOPTYBAHHIO ITi]T 9ac HOTO
nepepoOku Ha mianpueMctsi [2,3]. Tox 70 TEXHOJOTIYHOTO OOIaHAHHS
JUISL TOMOTEHI3aIlli Tpea SBISIFOTECSA MIJBHUINECHI BHUMOTH IIOJO SIKOCTI
KIHIIEBOTO TMpOAYKTYy. B yMoBax peamii cbhorojeHHs mIpu BHOOpI
TEXHOJIOTIYHOTO OOJaJHAHHS [JIi JIUCIIEPTYBaHHS MOJIOYHOTO JKHUPY
3BEpPTAlOTh yBary HE JMINE Ha SKICTh TOMOIeHI3allli, a ¥ Ha MUTOMI
eHepro3zarpaTd Ha TPOLEC, OCKUIBKMA BIJ I[OTO HAIpsMYy 3aJIeKUTh
co0iBapTICTb TOTOBOTO MPOAYKTYy. Tak CKiIalocs, 110 HaWOUIbII
PO3IOBCIOJPKEHUM THUIIOM T'OMOTEHI3aTOpiB, SIKi HAa CHOTOJHINIHIN JICHb
NOCTABJISIIOTECA  [IPOMUCIIOBICTIO € KIIallaHHI TroMoreHizatropu. Bonu
3a0€3Me4y0Th BUCOKY CTYIIHb TOMOT'€HI3allli MOJIOYHOTO KUPY, OJHAK TPH
bOMY CIIO’KMBAIOTh BEJIMKY KUIBKICTH €JleKTpoeHeprii. Tomy momryk Ta
BIIPOBA/PKCHHS HOBUX THIIIB O0JIAHAHHS ISl AUCTICPTYBAaHHS MOJIOYHOTO
XKUPY B TEXHOJOTIYHY JIHIIO NEPEPOOKHM MOJIOKA € IYyKE aKTyalbHUM
TTUTAHHSIM.

Ananiz ocmanuix oocnioxcervb. OCTaHHIM YacOM JOCIIIKEHHSIM
mpoliecy JAWCHEepPryBaHHS MOJIOYHOTO JKHUPY IUISXOM TOMOTeHi3aiii
3aiimManacs 3Ha4YHa KUIbKICTh BYCGHHMX, TakuxX, sk Hyxwun €. B.,
Opemmuna M. M., ®iankosa €. O., Camoituyk K. O., Innings F., Glawdel T.,
Liu C., Lu Y., Tragardh C., tomo [2-8]. Cmig 3a3HauuTH, 1o OiNbIIa
yacTMHa POOIT CHpsSMOBaHAa Ha BIOCKOHAJICHHA BXE 1CHYIOYOTO
TEXHOJIOTYHOT0 00JIaTHAHHS 3 METOIO ITIABUIIIEHHS IKOCTI TOMOreHi3arii Ta
3HIDKEHHSI €Hepro3arpaT Ha MpoLec 1 JMIIE HEBEIHKa KUIbKICTh pPOOIT
MPUCBSYCHA JOCTII>KEHHIO HOBUX THUITIB TEXHOJIOTIYHOTO O0JIagHaHHs [7, 8].
Opnak, Bce X OLIBIIICTH 13 3alPOINOHOBAHUX MPHUCTPOIB MOTPEOYIOTH
NOJAJBIIOTO  BJIOCKOHAJEHHS, 100 OTpUMaTd OUIbIl  ONTHUMAaJIbHI
MOKAa3HUKNA CTYIICHIO JUCIEPTryBaHHS Ta CHEProBUTpaT Ha IMPOIIEC
JUCTICPTYBaHHSI.

B pesynbrari mpoBemeHOro aHanmizy Oylo BHJAUICHO HaWOLIbII
MEPCIEKTUBHUM THUIT TOMOTEHI3aTOpa — IMITYJIbCHUHM, SKUW T03BOJISIE
OTpUMATH BHUCOKY CTYIHb JUCIEPTYBaHHS €MYJbCli, TP HEBUCOKHUX
SHEeproBUTpaTax Ha MpoIIeC.

Dopmynrosanns yinetl cmammi (nocmanoska 3ae0antsi). MeToro 1aHoi
CTaTTl € JOCHIIKEeHHSI e(PEKTUBHOCTI NUCIIEPTYBaHHS MOJIOYHOTO >KHPY B
IMITYJTh,CHOMY TOMOTEHI13aTOp1 Ta BIPOBAHKEHHIO MTPOMHUCIIOBOTO 3pa3Kka B
TEXHOJIOTIYHY JIIHIIO MEPepOOKHU MOJIOKA.

Ocnoeéna uyacmuna. IlpoBeneHWI aHaMI3 OCTaHHIX JOCHIKEHD,
JIO3BOJIUB ~ BUJUIUTH 3 TMOMDK OaraThoX amapaTiB  IMITyJIbCHUU
rOMOT'€HI3aTOp, SIK HAWOUIbII MEPCHEeKTUBHUN I OTPUMAaHHS BHCOKOTO
CTYTIEHsI TOMOTIeHi3allli MOJIOKa MpHU HU3bKUX 3arpaTtax eHeprii [9]. s
MPOBEICHHS MOJAIBIINX JOCHIKEHb Ha Kadeapi 00IaiHaHHs TepepoOHUX
1 xapuoBux BUpOOHUNITB iMeHi mnpodecopa D.HO. SAnmaumka Oyro
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pPO3pOOJICHO EKCIEPUMEHTAIBHY MOJCNb IMIYJbCHOTO TOMOTEHI3aTopa
(puc.1).

3 4
2 W i
1 5
TR
— 11 6

1, 7 — TEXHONOTIYHI €MHOCTI BIANOBIAHO IJsl MOJayi Ta 30MpaHHS
MOJIOKa; 2 — Hacoc; 3 — BEHTUJIb; 4 — poOoya KaMepa rOMOreHi3aTopa; 5 —
nopieHp; 6 — TpyodornpoBoau; 8 — MpUBIA pyXy poOoyoro opramy; 9 —
KPUBOLIMITHUN MEXaHI3M 3 peryjisiTopoM aMIuiiTyau; 10 — eeKTpoIBUTYH 3
€JIEKTPUYHUM PETYJISTOPOM YaCTOTH OOEpTaHHS Baiy.

Pucynok 1. CxeMa ekcrnepuMEeHTalbHOI YCTAHOBKU AJIsL AOCHIIKEHHS
IMITyJIbCHO1 TOMOTEH13aI1lii MOJIOKa

[IpucTpiii CcKJIamaeTbcss 3 €MHOCTEM [JI1 IoAadi MOJIOKa Y
roMorexizarop 1 i1 HakonmuyeHHs 0OpoOJEHOr0 MOJoKa 7, HacoCy mojadi
MOJOKa 2, BEeHTWIA 3 1 poOo4oi NWUIIHIAPHUYHOI MPO30poi KaMepu
IMITyJIbCHOTO TOMOT€eH13aTopa 4, BCEpeInHI SKOT0 pO3TAIIOBAHUIN MOPILIEHb
5 3 orBopamu. [lopieHs MPUBOIUTHCS B KOJWUBAJIbHI PyXH MPUBOAOM 8,
SKUM CKJIaNa€ThCsl 3 €NeKTpoaBUTYHA 10 3 ENeKTpUYHHM PeryiasiTOpoM
4acTOTU OOEpTaHHS BaJly Ta KPUBOIIMITHOTO MEXaHI3My 9 3 MOKIIMBICTIO
pETyIIOBaHHS pajiycy KPHBOIIUITY.

JluciepryBaHHs JKUPOBUX KyJIbOK MOJIOKa B IMIYyJbCHOMY THIII
rOMOT'€HI13aTOpa B11I0YBAETHCS 32 pAXyHOK YTBOPEHHS IPaIi€HTY IIBUAKOCTI
NOTOKY €MyJIbCii, SIKUA BUHHUKAE 3aBISKU IMIYJIbCHOMY KOJMBAaHHIO
nopinHsA-yaapuuka. lle mpusBomuTh 10 MOAPIOHEHHS KUPOBOI €MYJIbCii
MOJIOKA 1 TP I[bOMY HE MOTpeOye BENMKUX 3aTpat eHeprii [8,9].

B pe3ynbTati NpoBeASHOr0 10CHIKEHHsI 0y10 BU3HAYEHO, L0 CTYIiHb
TOMOT€HI3allll B IMIYyJIbCHOMY TrOMOreHi3aTopi ctaHoBuTh Hm = 4...5, a
SHeproBUTPATH Ha MPOILIEC MPH oMY cKianaTh 0,82 JX/Kr, a 11e B CBOIO
4epry CBIIUYUTH MPO BUCOKY €(PEKTUBHICTh TEXHOJOTTYHOTO 00JIa{HAHHS.

SBTSATU. 12. 2. 1


http://www.tsatu.edu.ua/tstt/naukovyj-visnyk-tdatu/

HaykoBuit BicHuk TAATY Bun. 12, Tom 2

438

3 MeTOI MepeBIpKU Mpare3JaTHOCTI 3alpOINOHOBAHOI KOHCTPYKIIII
IMITYJTbCHOTO TOMOTEHI3aTOpa B MPOMHUCIIOBUX YMOBax OyJi0 po3poOJIeHO
JTOCTIAHUM 3pa30K IMIYJIBCHOTO TOMOTEHI3aTOpa, KWW B TMOAAIBIIOMY
IPOMIIOB BUPOOHWYI BUMPOOYBaHHA Ha 0a3i MPHUBATHOTO MiIMPHEMCTBA
«MomnouHo-xxupoBuii komOiHAT «IliBAeHHMI» B TEXHOJOTIYHIN JiHIT
BUPOOHUIITBA TUTHOTO MAacTepu30BaHOro Mojioka [10].

B sxocTi Hacocy i IMIyJCHOTO TOMOTEHi3aTopa OyJio
3alpoNnOHOBAaHO BUKOPUCTOBYBATH BiAlIEHTpOoBUM Hacoc mapku OHI 1,5/15
I'OCT 15150-69. IIi Hacocu [OOCUTH YHIBEpcalbHI 1 HaWyacTimie
3aCTOCOBYIOThCS CcamMe€ B MOJIOUHIA mnpomucioBocTi. JlaHuil Hacoc
3abe3rneuye nogauy Mosoka jo 3500 n/rox mpu yvactoti obepranns 3000
00/xB. KasiTariiauii 3amac Hacocy ckianae 1,5 M, koeditieHT kopucHoi 11ii— 38 %.

BapiaHT KOHCTPYKTHUBHOIO PIIIE€HHS IMIYJbCHOIO TOMOI€HI3aTopa 3

Hacocom OHII 1,5/15 npencraBiennii Ha pUCyHKY 2.
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1 — enextpomBuryH; 2 — KpuBomui, 3 — poboda Kamepa

TOMOT€HI3aTopa; 4 — MTOK 3 MOPIITHAMH-YAAPHUKAMU; 5 — TPyOOTIPOBI 1715
10/1a41 MOJIOKA B KaMepy; 6 — EMHICTB JUIsl CHPOBHHH; 7 — Hacoc; 8 — 3BapHUi
KapKac; 9 — eMHICTb J1JI1 TOTOBOTO IIPOJYKTY.

Pucynok 2. IlpomMucnoBuii 3pa3ok IMIYyJbCHOTO TOMOTEHI3aTopa
MOJIOKA
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Mammna npejacTaBise co00l0 3BapHUI Kapkac 8, B HIDKHIM YacTHHI
SIKOTO 3HaXOJUTHCSI EMHICTH JIJIsl TOTOBOTO MPOAYKTY 9, a y BepXHiil YacTHHI
— poboya kKamepa romoreHizaTopa 3, EMHICTb IJIsi CHPOBUHU O, TIiJ KOO
3MOHTOBaHMI Hacoc 7. PoOoua kamepa sBIisie 00010 LUTIHAP, B CEpPenHI
SKOTO 3HaXOJUTHCS IITOK 3 MOPIIHAMU-yAAPHUKAMU 4, SKUN MPUBOIUTHCS
B JIIF0 KPUBOILIUITHUM MEXaH13MOM 2 1 €JIEKTPOJABUTYHOM 1.

[Ipn mpoBeaeHHI JOCIIKCHHS TEXHOJIOTIS BHPOOHHUIITBA MHUTHOTO
MOJIOKa 3aJMIIMIACSd HE 3MIHHOIO, KPIM PEXKHMIB POOOTH IMITYJILCHOIO
roMoreHizaropa. PaiioHanbHOIO TEeMIIEpaTypor0 MOJOKa ISl IMITYJIbCHOL
roMoreHiszanii Oyno BctaHoBieHO 65...70 °C; yactora 1 aMmILITYyIa
KOJIMBAaHHS MOPIIHIB-YJAPHUKIB IMIYJBCHOTO TOMOI'€HI3aTOpa CTaHOBHUJIA
BigmoBigHo 55...59 T ta 10...12 MM, a mojgada MoJIOKa CKJIajajia
1800...2000 kr/rog.

BunpoOyBanHs  ToOKa3zanu, 10 BUKOPUCTAHHSA  IMITYJIBCHOTO
TOMOT€HI3aTopa J03BOJIMIIO 3HU3UTH MOTYKHICTh Ha TipuBia 3 18,5 kBT 10 2
KBT.

KpiM 1poro 0yso goChipKeHO 3MIHU y GpaKUIHHOMY CKJIaAl )KUPOBUX
KYJIbOK 32 pPO3MIpaMu IicCJisi TOMOT€Hi3allii B IMIIyJIbCHOMY TOMOT€HI3aTopi
B MMOPIBHSHHI 3 KJIAIIAHHOIO TOMOTEHI3AIlI€l0, PE3YJIbTATH SIKUX TTOKa3aH1 Ha
PHUCYHKY 3.

70
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1 — HeoOpoOieHe MOJIOKO; 2 — TICHS TOMOTeHi3alii B KJIAMTaHHOMY
romoreHizaropi npu Tucky 16 Mlla ta =65 °C; 3 — micas roMmoreHi3aiiii B
IMITyJIbCHOMY TOMOTeH13aTopi rpu Tucky 1,5 MIla ta =65 °C.

Pucynox 3. [udepeHiiiini po3MOAUICHHS XHUPOBUX KYJIhOK 3a
po3mipaMu

SBTSATU. 12. 2. 1


http://www.tsatu.edu.ua/tstt/naukovyj-visnyk-tdatu/

HaykoBuit BicHuk TAATY Bun. 12, Tom 2

638

Jlo romoreHizanii Mooko (KHpHICTIO 2,5 %) XapaKTepU3yeTbCs
TaKMMH TapaMeTpamMu: CEPeHil 1lamMeTp )KHUPOBHX KyIboK d,,,=2,48 MKM,

mucniepcisi o=1,66, koedimieHT Bapiamii (4acTka pO3CIFOBaHHS MPU3HAKY
BiTHOCHO cepennboro) V =67 %. Ilicns kimamanHoi TOMOTeHi3alii 1
BIJIMTOBITHO IMITYJILCHOT TOMOT€H13aI1i1 111 TOKa3HUKHU CTAHOBJISTh: dcep =0,98

MkM Ta 0,80 mxm, 0=0,50 ta 0,46, V =51 Ta 56 %.

CepenHili miaMeTp XHUPOBUX KyJIbOK MpH 0OOpOOI 1IMITyJIbCHUM
TOMOT€HI3aTOPOM 3MeHIIMBCS Ha 19 % y MOpiBHSIHHI 3 KJIAMaHHUM, TaKOX
3MEHIIMIOCS 3HAUYEHHS AMCIIEPCii, [0 B CBOIO YEPry CBIIYUTH MPO T€, IO
BUKOPUCTAaHHS IMIYJbCHOIO TOMOTIEHI3aTopa B TEXHOJIOTIYHIN JiHII
nepepoOKr MOJIOKa 3a0€3MeuyloTh CTA0LIBHICTh KMPOBOi (pa3u TOTOBOTO
MPOJIYKTY IICJIsi TOMOTEH13aIlii.

Jlis mepeBipKU SKOCTI TOTOBOIO IAaCTEPU30BAHOIO MOJIOKA IICHS
BUKOPHUCTAHHS IMIIyJIbCHOIO TOMOTIEHI3aTopa 3pa3Kd MoJjoka Oynu
BIJINIPABJICHI HA HE3aJEKHY EKCIEpTU3y N0 BUIPOOYBaIBHOI JiabopaTopii
Xap4yoBOi MPOAYKIIii, MPOJIOBOIBYOI CHPOBUHH Ta OY/IIBEIbHUX MaTepialliB
MeniTonoabChKoi Gbumii BUINIPOOYBAILHOTO LEHTPY
GATTIOPDXOKACTAHAAPTMETPOJIOITS».  BucHoBok — maGopatopii
CBIIYUTH TPO BIJMOBIAHICTG MUTHOTO MMACTEPU30BAHOTO MOJIOKA, IO
MPOMIIIIO TOMOTEHI3AIllI0 B IMITYJIbCHOMY TOMOreHizaropi, Bumoram JJCTY
2661-94, sxi 3aTBepIKEHI 1 BBEJEHI B [II0 Haka3oM JlepKcTaHmapTry
VYkpainu Ne 79 Big 02.08.1999 p.

Bucnosxku. Otxe, He BTpaya€ CBO€I AaKTyaJIbHOCTI MHUTaHHSA
JOCTIIKEHHS TEXHOJIOTIYHOTO 00IafHAHHS TS AUCTIEPTYBaHHS MOJIOYHOTO
KUPY 3 METOI BUSBIICHHS HaAWOUIBII €(PEKTHBHOIO, SKE TO3BOJIUTH
OTPUMATH BUCOKY SIKICTh TOTOBOTO MPOAYKTY MPU MIHIMAJIbHUX 3aTpaTax
€Heprii Ha MPOIEC Ta BIPOBAJAUTH MPOMUCIOBUN 3pa30K B TEXHOJOTIYHY
JiHI0 nepepoOku Mosioka. [IpoBeneHi TeopeTUyHI Ta €KCIepUMEHTaTbHI
JTOCITIJIKEHHS TTOKa3aJId, 10 IEPCTICKTUBHUM B JIAHOMY CEHCI € IMITYJIbCHUIN
rOMOTEHI3aTOp  MOJOKa.  BumpoOyBaHHS  HpPOMHCIOBOTO  3pa3Kka
rOMOreHi3aropa y BUPOOHMYMX yMOBax B JIiHII BUPOOHMIITBA MUTHOIO
MacTepU30BaHOTO MOJIOKA IIOKa3ald, IO BHUKOPUCTAHHS iMITYJBECHOTO
rOMOTEHI3aTopa J03BOJSIOTH OTPUMATH BUCOKY CTYMiHb JUCTIEPTYBaHHS
MosioyHOTO kupy Hm = 4...5 Ta 3HU3UTH NOTYX HICTh Ha npuBiza 3 18,5 kBT
1o 2 xBrT.
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K. Samoichuk, S. Kiurchev, Palianychka, V. Verkholantseva
Dmytro Motornyi Tavria state agrotechnological university

INTRODUCTION OF HIGHLY EFFICIENT EQUIPMENT FOR
DISPERSION OF EMULSIONS INTO THE TECHNOLOGICAL LINE OF
MILK PROCESSING

Summary
The article is devoted to the study of effective equipment for dispersing emulsions
and the introduction of industrial design in the technological line of milk processing.
Dispersion of fat emulsion by homogenization is one of the most important technological
processes in the line of milk processing and dairy production. The nutritional value of
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milk and products of its processing, taste properties and digestibility by the human body
directly depend on the quality of homogenization. Therefore, the homogenizers used in
enterprises are subject to increased requirements for the quality of the final product. In
addition to quality, the indicator of specific energy costs for the process plays an
important role in the selection of equipment. It so happened that the most common type
of homogenizers is very energy consuming. As a result of the analysis, the most promising
type of homogenizer was identified - pulsed, which allows to obtain a high degree of
dispersion of the emulsion, with low energy consumption for the process.

Dispersion of fat balls of milk in the pulse type of the homogenizer occurs due to
the formation of a gradient of the emulsion flow rate, which occurs due to the pulse
oscillation of the piston-drum. This leads to the grinding of the fat emulsion of milk and
does not require large expenditures of energy.

As a result of the study it was determined that the degree of homogenization in the
pulse homogenizer is 4...5, and energy consumption for the process is 0.82 J / kg, which
in turn indicates the high efficiency of technological equipment.

In order to test the performance of the proposed design of pulse homogenizer in
industrial conditions, a prototype of pulse homogenizer was developed, which
subsequently passed production tests on the basis of the private enterprise «MZK
«Pivdenniy "in the production line of pasteurized drinking milk.

Tests have shown that the use of a pulse homogenizer has reduced the power per
drive from 18.5 kW to 2 kW.

Key words: dispersion of emulsions, homogenization, pulse homogenizer, quality,
energy consumption, production line, fat emulsion, degree of homogenization.

SBTSATU. 12. 2. 1


http://www.tsatu.edu.ua/tstt/naukovyj-visnyk-tdatu/

HaykoBuit BicHuk TAATY Bun. 12, Tom 2
1313

DOI: 10.31388/2220-8674-2022-2-2

VJIK 631.3.07

N. I1. XKypagsens, 1.T.H., npod. ORCID: 0000-0002-6100-895X
A. M. bonnap, k.T.H. ORCID: 0000-0002-4761-9084
I'. I. JammBenp, K.T.H. ORCID: 0000-0003-2612-6077

Taspiticokuii OepacasHuil acpoOmexHoLI0IYHUL YHIGepCUmem
imeni /Imumpa Momopnoeo
e-mail: dmytro.zhuravel@tsatu.edu.ua, temn.: (096) 68782453

METOAUKA OBPOBKH EMIIIPUYHUX JAHUX AKICHUX
MNOKA3HUKIB POBOTH KOJICHOI MAIIIMHU

Anomayis. Cy4acHi KOJIICHI TPaKTOPH B JaHUI 4aC BUKOPUCTOBYIOTHCS
B yCIX KJIIMaTUYHHUX 30HAX Ha Pi3HUX CUIbCHKOTOCIIOAAPCHKUX OMeparisx.
OpHak BpaxoBYIOUM pIi3HI YMOBHM €KCIUTyaTamii yci iX MOMKIUBOCTI
BUKOPHCTOBYIOTbCSI HE 3aBXAM pallloHaIbHO. ['0JIOBHUM HampsMKOM
M1JIBUIIICHHS MPOYKTUBHOCTI TPAKTOPIB IT1]T YaC BUKOHAHHS TEXHOJOTTUHHUX
ornepauiid € MakCUMaJlbHE MIJBUIIEHHS IMIBUAKOCTI PyXy 13 JOTPUMaHHSIM
arpoTexHIuHUX BUMOr. OJHaK poOOTa Ha TaKUX IMIBUIKICHUX PEXKUMAax
4acoOM MPU3BOJIUTH JO MOTIPIICHHS CTA0IILHOCTI TEXHOJOTTYHHUX MPOIIECIB
y 3B’S3Ky 13 30UIbIIEHHSM YYTJIMBOCTI pyJbOBOro KepyBaHHs. CydacHa
MIPOMUCJIOBICTh HE BUITYCKA€E TaKy CLILCHKOTOCIIOAAPCHKY TEXHIKY, PYIhOBE
KEepyBaHH4 SKOi MOBHICTIO BIAMOBIAAJIO YCIM BUMOTraM. Y CTaTTI pO3TJISHYTI
napamMeTpu pyxy MAIIMHHO-TPAKTOPHOIO arperaty IMiJ 4Yac BUKOHAHHS
TEXHOJIOTIYHUX OIepalid Ha MIABUINEHUX MIBUAKOCTIX pyxy. HaBeneHi
OPUIYIIEHHS, SKI JaloTh 3MOTY [pOaHajJi3yBaTH 3alpOIOHOBaHY
MaTeMaTUYHy MOJENb Ha PI3HUX HIBUAKICHUX peXHMax. 3a JOMOMOTOI0
dbopMyn MaTreMaTHM4HOI CTATUCTUKU [UIsi OTPUMAaHUX Yy pe3yJbTari
eKCIIEPUMEHTY JaHMX OyJlu OOUYMCIeHI MOMEHTH W BU3HA4YCHI YHCIIOBI
XapaKTEePUCTUKU. byro mpoBeneHO BU3HAYEHHS HA  BIAMOBIAHICTH
HOPMaJILHOMY 3aKOHY PO3MOJUICHHS, K€ 3HAWACHO HUISXOM IMOPIBHIHHS
3HaY€Hb KOE(PIIIEHTIB aCUMETPIii i eKCcliecy, CTAHAAPTHUX BIAXUIICHb.

[Ipyn nocnigxeHH! Jiarpam poO3CiIOBaHHS JOCHIKYBaiducs (popmu
3QJISKHOCTEH 111 BUOOPY BIAMOBITHOTO MEPETBOPEHHS JaHux. Ha miacTasi
UX TMEPETBOPEHb 3’SIBUJIACS MOKJIMBICTh <JIIHEAPU3YBATH» JAMCKPETHI
3HaueHHA 3MiHHUX. s po3paxyHKy ¥ 1OOyIOBH CHEKTpPajIbHOI
XapaKTepUCTHKU OyB BHKOPUCTaHWHA anroput™ mpsmMoro IlIBuakoro
[TeperBopenns yp’e.

© JI. IT. XXypaBens, A. M. bonnap, I'. I. Jlamusens
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Kniouosi cnoea: pynboBe KepyBaHHs, JOOPOTHICTb, IEpelaTO4YHe
BITHOILIEHHSI PYJILOBOTO MEXaHI3My, KOJiCHa 0a3a, BIAXWJICHHS, SKICTb
poOoTH.

Ilocmanosxa npobaemu. CydacHi KONICHI TPAaKTOpPH B JaHUNA dac
BUKOPUCTOBYIOTBCS B yCIX  KJIIMAaTUYHUX  30HAaX Ha  PI3HUX
CUIBCHKOTOCTIONAPChKUX omepanisx. OJHak BpaxoBYIOUM pi3HI YMOBH
eKCIUTyaTalii ycl iX MOXJIMBOCTI BUKOPUCTOBYIOTHCS HE 3aBXAU
parmionansHo [1-3].

['0OBHUM HaMpsIMKOM IiABUIIEHHS TPOIYKTUBHOCTI TPaKTOPIB IIiJ
yac BHUKOHAHHS TEXHOJIOTIYHHMX OIepaliil € MaKCUMajbHE IT1IBUIICHHS
HIBUIKOCTI PyXY 13 JOTPUMaAHHSM arpoTexHiYHUX BUMor. OgHak poOoTa Ha
TaKUX MIBUAKICHUX pEeKUMaX dYacoM TNPHU3BOAUTH JIO TOTIPIICHHS
CTaOUIBHOCTI TEXHOJIOTIYHMX MPOLECIB Yy 3B’A3KYy 13 30UIbIICHHAM
9yTJIMBOCTI PYJIbOBOTO KepyBaHHs [4,5].

CydacHa TPOMUCIOBICTh HE BHITYCKAa€ TaKy CIICHKOTOCIOIAPCHKY
TEXHIKY, PyJIbOBE KEpyBaHHs SKOi MOBHICTIO BIANOBIAANO YCIM BHUMOTaM.
Tomy akTyaJlbHUMH € HAyKOBI pOOOTH, HAIpaBJICHI HAa JTOCHIIKEHHS
PYJIbOBUX KE€PYBaHb, SIKI MOXKYTh MPAIIOIOTh HA IMiIBUIIEHUX MIBUAKICHUX
pexnMax Ta 3a0e3redyBaTH JOTPUMAHHS arpoTeXHIYHUX BUMOT [6-8].

Ananiz ocmarnnix oocniodcens. J|Jst JOCTITHUKIB Ty>Ke BaXKIUBO MATH
YSIBJICHHS TIPO METOJIOJIOTII0 Ta METOAN EMITIPUYHUX JOCIIIKEHb, OCKIIbKH
came Ha MepIux KPoKax 10 OBOJIOIIHHS HEOOX1THUMU HABUYKAMU HAYKOBOT
poOOTH HANOIIBIIIE BUHUKAE MHUTAHH CaM€ METOJIOJIOTIYHOTO XapakTepy.
[Tepemycim Opakye AOCBITY Y BUKOPUCTAHHI METOIB HAyKOBOIO Ti3HAHHS,
3aCTOCYBaHHI JIOTIYHUX 3aKOHIB 1 MPaBUJI, HOBHX 3aC0O01B 1 TEXHOJIOT1H.

Po3B’s13aHHsAM mpo0OsieM, MOB’SI3aHUX 13 METOOJIOTIEI JTOCIIHKEHHS
MPOIIECIB Yy CUIBCBKOMY TOCIOJApPCTBI 3ailManach BeJMKA KUIbKICTh
BITUM3HSIHUX HAyKOBIIIB: M. I'. binyxa, O. B. KpymenpHauiepka,
O. M. lapenko, /. I'. Boittiok, B. M. IlIBaiiko Ta iH. Iligxoau, siki BoHU
POMaHyITh, JAIOTh 3MOTYy 3HAYHO CKOPOTHTH 4Yac Ha JOCTIKEHHS Ta
iABUIINATH 11 siKicTh [9-15].

Tomy € ceHC pO3TISHYTH 11 POOOTH JTOKIIAIHIIIE Ta BUKOPUCTATH iX Y
NOTOYHOMY JTOCI1KEHHI.

Dopmyniosanns yinet cmammi (nocmanoexka 3aeoanns). IliaBuIeHHs
eeKTUBHOCTI ~ pOOOTH  KOJICHMX  TPaKTOpiB  TpPHU  BUKOHAHHI
CUTBCHKOTOCTIONAPCHKUX  OTEpalliii MUIIXOM BHKOPUCTAHHS PYJIHOBOTO
KEepyBaHHS 13 IalITUBHUM TIEPEIaTOYHUM BiTHOIICHHSM.

OcHoeni mamepianu Oocniodxcenns. CyTTIO €KCIEPUMEHTAIBHOTO
MOJICTTIOBAHHS € HAMAraHHs OTPUMATH MaKCHUMAaJIbHE 3HAUYEHHS JOOPOTHOCTI
Ha MABUIIEHUX MBUAKOCTIX pyxy MTA. Ilpu ubomy 00yMOBHMO HACTYIIHI
NPUMYIIEHHS T4 YMOBHOCTI:
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- mBuakicte MTA Oyae 3wmintoBatuchk Bim 1 g0 4 m/c (3,6 - 14,4
KM/TOJT);

- TIepeaTOYHE BIJHOIICHHA PYJIbOBOTO MEXaHi3My (CTaHAapTHOTO
PYJABOBOTO KEpyBaHHS) JOPiBHIOE 12;

- NepeaaToyHe BiTHOILICHHS PYJIBOBOTO MEXaHi3My
(EKCTIEpUMEHTAILHOTO BapiaHTa) 3MIHIOETHCS B ABTOMATHYHOMY PEXKHMI
(amanTuBHO) Bix 2 10 12;

- 30yproroul BIUIMBH 30BHIIIHIX (haKTOpIB BIUIMBAIOTh Ha KEPyrOUi
KOJIECA TA BIIXUIISIOTH iX BiJ HEUTpaIbHOIo MoynoxkeHHs B Mexax Bix 0° 1o
5%

- mo4aTtok (popmyBaHHA AaHUX OyJe BIOYBATHCS JIMILE MICHS TOTO,
KOJI MAIlIMHHO-TPAKTOPHUI arperaT TOCSATHE BU3HAYEHOI MIBUIKOCTI PYXY;

- ITOBXKHMHA KOJICHO1 0a3u 2,7 M.

st oTpyUMaHUX y pe3yJibTaTli eKCIEPUMEHTY JaHUX Oy 004MCIIeH1
MOMEHTH ¥ BHU3HAYEHI YMCIIOBI XapaKTEPUCTHUKU 3a JOMOMOTOK0 (hopmyl
MaTeMaTHYHOI CTaTUCTHKU [16-17].

Jliist BuOipku 06’emy N (0ZHOMIpHUI MacuB Xj) OTpUMaHI:

- MOYaTKOBI MOMEHTH K - ro mopsiaky (Kk=1+4)

m (=K (1)

- cepelHe 3HA4YEHHs aOCOJMIOTHUX BEJIWYMH BUOIPKH, (a TaKOX
po3Max BUOIPKH)

_A1N 2
m, 00 =42k /. 2)
- LEHTPaJIbHI MOMEHTH K - ro mopsiaky (k=1+4)
M =m -m?~, 3)
2 2 1
M=m -3mm +2ms, (4)
3 3 1 2 1
M =m —4mm +6m’°’m —3m., (5)
4 4 1 3 1 2 1
- CepeiHe 3HAUEHHS B
x=m (X), (6)
- TUcTepcis
D=M, (7)

2
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- BUIIPaBJICHA JUCTIEPCis

D =-—N_.m, (8)

o, = D.. ©

- acuMeTpis
A M3
o Ho
- EKCLEC
E M“ 3 11
- G4 I ( )

Bu3HaueHHs Ha BIANOBIAHICTE HOPMAJIBHOMY 3aKOHY PO3MOIIICHHS
OyJ0 3HAWJEHO WUISAXOM IMOPIBHAHHS 3HAYEHb KOE(IUIEHTIB aCUMETpIli i
eKCLIeCy, CTAHIAPTHUX BIAXUIIEHb HA MIACTaBl (GOpMyIT:

6(N—1)

Y,= (N+1)(N+3)’ (12)
~. :\/ MDA TN (13)
[Tpu
-‘AS <2- Us, ‘E‘ < 2U4 - PO3MOJIUT TIOCUTH OJIM3BKUI 10 HOPMAITHHOTO
(MpaBUIIO TPHOX CUTM);
-2U3 <‘AS SB-US, 2U4 <‘E‘S3U4 —  po3moAil OJIM3BKHHA 10
HOPMAJIBHOTO 3a CKOIIEHICTIO Ta TOCTPOBEPIUIMHICTIO; 1HAKIIE — HE

MiIKOPSAETHCS HOPMATLHOMY 3aKOHY PO3IOILTY.

VY sSKOCTI MepeBipKH M1F090r0 00JIaJHAHHS JOJaTKOBO Oyiu 3po0ieHi
po3paxyHku B maketi Mathcad yucioBuX XapaKTepUCTUK JJIST BUTIAJTKOBUX
BenuunH X (BIAXWJICHHS TpakTopa Big 0a30Boi JiHI() 1 Y (BIIXWJICHHS
pPYJBOBOTO KOJieca BIiJl HEHUTPaTbHOTO TIOJIOKEHHS), TepeBipka Ha
HOPMAaJIbHUN 3aKOH PO3MOJILTY.

Jlo1aTKOBO pO3IIISIIaBCs PEeTrpeciiHuil aHai3 1 KOeQiIieHT KOPEsIi
JIBOX BUITAIKOBUX BeauyuH X 1Y (puc. 1).
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m (X,Y)-m (X)-m (Y)

b Jm () —m (X): - [m_(Y)—m (¥): (14)
(e} _ _
a=r . b=Y —aX. (15)

—0.02

BixxuieHHs py1boBOro Koneca
BiJl HEHTPANLHOTO MOJ0KEHHS

Je +++ - BIAMOBIIHI 3HaUYeHHS X Ta Y
......... - Cepe/IHE 3HAYCHHSI BEIMYUHU X;
----- - CEpPEHE 3HAYCHHS BEJIIMYUHU Y.
Pucynox 1. Perpeciitnuii anani3 BUMajakoBux 3HaueHb X Ta Y

OOpobOka naHux po3risnanacs B makerti Statistica 6 1 Mathcad.

Jnst po3risHyTUX BHOIPOK, MOYKHA CTBEPIKYBaTH, IO BHITaJIKOBI
BEJIMYMHU TIANOPAIKOBYIOTHCSI HOPMAJILHOMY 3aKOHY po3nouny. JIiHiiHi
3aJIEKHOCTI JUIsl KOPEJSIIMHOTO aHalli3y MaroTh Maluil KoedilieHT
KOpEJIsLii, 0 TOBOPUTh MPO CJIadKy JIiHIMHY 3anexHicTh. [lo miarpamax
po3citoBaHHs (pUC. 2) CIOCTEPIraeTbCs HEJIHIMHA 3aJ€XKHICTh, (KpalKu
YTBOPIOIOTb OBAIbHY «XMapy»).
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P osmogin EraIagioEInl BeIBrmE

Pucynok 2. 3anexxHiCTh pO3CIIOBaHHS BHITaJKOBUX BeIUYUH X 1Y
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JIst BUTIaIKOBO1 BETMYMHN Y MOJKHA BiI3HAYUTH TOCTPOBEPIITHHHICTh
CTOCOBHO HOPMAJILHOT'O 3aKOHY po3moainy (puc. 3).

Pucynok 3. Ticrorpama Ta BHpIBHSHa KpHBa PO3MOJLIY 3HAYCHb
Biaxmienasa MTA Bix 6a3oBoi miHIT Y

Pucynok 4. I'ictorpama Ta BUpIBHSIHA KPUBa PO3MOLUTY 3HAYE€Hb 3MIHU
KyTa IIOBOPOTY PYJIbOBOIO Koseca X

3a pe3yabpTaTaMu PO3PAXyHKIB OTPUMYEMO HACTYIIHY 3aJI€KHICTh:
Y=0,0014+0,1813-x-27,5303 x>

[Ipu nocmimxeHH! JiarpaM pO3CIIOBaHHS JOCHIDKYBaIHCS (HopMu
3aJIeKHOCTEH /1711 BHOOPY BIAMOBIIHOTO MEepeTBOpeHHs AaHuX. Ha mincrasi
[IUX TEPETBOPEHb 3’SIBUJIACS MOKJIMBICTh <JIIHEAPU3YBATH» JHCKPETHI
3HA4YEHHS 3MIHHHUX.

3 METOI0 YCYHEHHSI IITyMy BUKOPHCTOBYETHCS CIIEKTPAIILHUN aHATi3.

Jnst po3paxyHKy W TOOYIOBU CIEKTPaIbHOI XapaKTEPUCTHUKU OYyB
BUKOpUCTaHUK anroputMm mpsmoro IlIBuakoro IleperBopennss @yp’e
(LLTI®D) (puc. 5).

2 0,05 : it
g oo U 1 f T Ll adnd
E 0,005 -
2
CE my
at 0005 1 HH
5 !
0,01 4
i HITHT TF
2 0015 17 v
g IR
0,02 ,
e PospaxyHKO BT TOHKM, WT.

Pucynok 5. Buxigni moxenwsHi mani jis [lIBunkoro IleperBopenHs
Dyp’e.
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Jlictuar pmemoHcTpye pospaxyHok @Dyp’e cmektpa nmo N =256
Kpankax, IpU4oMy Hepen0adaeThes, 0 IHTepBall JUCKpEeTU3allii JaHuX Y;

nopisaroe A (puc. 6).

. 0,015

g 0,01
: T 1 n/‘

-

a

mD,DUS 1"‘"':33 i Iﬁv‘ll b
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LT ﬁj ¢ 'ﬂ%{

11210 3 alls] gl | 7
'*‘HHHI Hl|
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e —
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Irouere MTA sin Gaso

-0,02

P oopawymeosd ToSERL 1T
Pucynoxk 6. Monenbni nani ais subipku 06’emy N =256 .

VY cepenuHi JIICTUHTY 3acTOCOBYeThCs BOymoBana (ynkmis fft(V), a
1HIIIa YacTWHA, 10 3aJHWIIWIAcs, TMPU3HAYEHA I  KOPEKTHOTO
TepepaxyBaHHs BiAMOBIIHIX 3Ha4eHb {2 4acToT.

JIBa mapameTpu, SsIKI 3aJaHi B JICTUHTY, HA3UBAIOTh BIJIMOBIIHO
IPaHUYHOIO YACTOTOI # yacToToro Haiikeucra. I'pannuna yactora £20
BU3HAYa€e HWXKHIO Mexy HalkBucra, (N - BEpXHIO MEXY aprymMeHTy
OOYMCIICHHS CTIEKTpA.

st po3paxyHKy 3BOpoTHOTO Dyp’e-mepeTBOpeHHS (B1IHOBICHHS
CUTHAJTy 110 HassBHOMY CIIEKTPY) BUKOPUCTOBYIOTHCS BOY1I0BaH1 QyHKIIII:

Ifft (V) - BekTOp 3BOpOTHOTO AificHOTO TIepeTBOpeHHs Dyp’e;

V - Bektop aaHux Dyp’e-crekTpa, B3SITHUX 4epe3 PiBHI MPOMIXKKHU
3HAY€Hb YACTOTH.

Jlictunr nmporpamu npoBeneHuii y naketi Mathcad.

baurmo, 1110 cUTrHA BITHOBIICHUH 3 BEJTUKOIO TOYHICTIO. 3CYB B3JIOBXK
oci X BinOyBaeTbcsd 3a paxyHOK TOro, uio aOCONIOTHA BeJIMYMHA
KOMITJIEKCHOTO CIEKTpa B MPOTPaMHOMY OJIOI 3HHIINYE 1H(GOPMAIIIIO PO
BiZTHOCHY (ha3y 3BITIB naHux (puc. 7).

BusHayaeThCcsi COEKTp MOTYKHOCTI curHainy — Dyp’e—TnepeTBOpeHHs
HOro KopesauiiHoi PyHKIIIi.

ANTOpPUTM  PO3pPaxyHKy CIEKTpa TOTYXHOCTI 3BOJUTHCS 10
HACTYITHOTO:

— 004YMCIIEHHS aBTOKOpEIAINHOT QyHKIIIT,

— TMPOPLDKYBAaHHA ¥ 3Tia/pKyBaHHS (PYHKINT (3 METOI 3MEHIIEHHS
BIUTUBY KiHIIIBKH BHOIPKH);

— po3paxyHoOK i1 Dyp’e - NEPETBOPEHHS.
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MECHELDD HFIC 21T

Berrop

100

Yacrora, '

Pucynoxk 7. 3BopoTtHe nepetBopenHst Dyp’e

AnmmiTyAs, [

1

0.1 0.2 0.3 0.4

HimprowacroTHa crkmmagosa [ITTE

Pucynox 8. I'padix Oyp’e-ciekTpa JaHuX

[Tpu moOy 0B CIIEKTPATLHUX XapaKTEPUCTUK aHATI30BAHUX YHCIIOBUX
PSIB 3aCTOCOBYBAJIACS MPOIEAypa 3TI1a/HPKyBaHHS MOCHIIOBHO 32 TPhOMa 1
1’ siTbMa Toukami [7,8].

Kpim 11poro BuijeHI TapMOHIKH 3 MaKCUMAaJbHOK aMILTITYI00 I10
dbopmynax:
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N/2-1 .
T, = -, (16)
i=0
N/2-1
T, = , (17)
i=0
T, -N
xap: —— (18)
T, At
2T,
Axap = W ) (19)

ne A, - ammutiTy1a rapMoHiKu;
[ - HOMEp TapMOHIKH, 10 BU3HAYAE YUCIIO KOJMBAHb 3a Jac

N - At
N - umcio peanizaniii aHaIi30BaHOTO IPOLIECY;
At - Kpok auMcKpeTH3allii 3a 4acom;
1% - XapakTepHa JacrtoTa, I 1;

xap

Amp - XapakTepHa aMIuTTya (CepeHs) MpoIecy.

CnekTpanbHU aHami3 MpeACcTaBIeHU rpadiuHO Ha PUCYHKY 9.
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0,0002 | { 0,0002
0,0000 = 0,0000
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Pucynox 9. CnextpanpHUil aHATI3 BUTIAKOBOI BETUINHN Y
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3HaueHHs aBTOKOPEILIHHOT (PYHKIIIT mpeacTaBieHi B Ta0m. 1.

Tabnuys 1.

ABTOKOpETSIiHI 3HaYSHHSI Ta TOXUOKHU

Ne ABTOKOPEJISAITIS CrangapTHa moxuOka

1 0,98 0,03

2 0,96 0,03

3 0,93 0,03

4 0,90 0,03

5 0,85 0,03

6 0,80 0,03

7 0,75 0,03

8 0,69 0,03

9 0,63 0,03

10 0,57 0,03

11 0,50 0,03

12 0,43 0,03

13 0,36 0,03

14 0,29 0,03

15 0,23 0,03
Bucnosxku.
1. [IpoananizoBaHa cxemMa IepeMillieHHs MalllMHHO-TPAKTOPHOTO

arperaty B3JIOBK 0a30BO1 JIiHIT Ta MaTeMaThuuHa Mojenb pyxy MTA mig gac
BUKOHAHHS CUIbCHKOT'OCIIOIAPCHKUX ONepaliid, Mpu 1bOMY IepelaTOuHe
BIJIHOIIEHHS PYJbOBOTO MEXaHI3MYy 3MIHIOETbCS B 3aJE€KHOCTI BIJ
MIBUAKOCTI PyXY - aJalTUBHO.

2. JUist po3paxyHKy ¥ moOy/IOBU CHEKTPAIbHOI XapaKTEPUCTUKH
OyB BUKOpUCTaHMI anroputm mnpsmoro LBuakoro IleperBopenuss @yp’e
(LII1D).

3. Po3pobisieHnii alropuT™M pO3paxyHKy CHEKTpa MOTYKHOCTI,

KWW 3BOJIUTHCS JI0 HACTYITHOTO: OOYMCIICHHS aBTOKOPEIAIINHOT (DYHKIIIT;
OPOPIIKYBaHHS W 3rMMaKyBaHHS (QyHKLIT (3 METOIO 3MEHILIEHHS BIUIUBY
KIHITIBKH BUOIPKH); po3paxyHOK ii dyp’e - mepeTBOpEHHH.

4. Bracnigok po3paxyHKy MaTeMaTHUHOI MoJiesl Oyl OTpuMaHi
maHl 1 3’4COBaHO, IO JOCTI/PKYBaHI TMPOIECH TMiAMOPSIKOBYIOTHCS
HOPMaJbHOMY 3aKOHY PO3MOJUICHHS, 1 MOXYyTb OyTH OOYHMCIIEHI 3a
JI0TIOMOT010 (POpMYJT MATEMaTUYHOI CTATUCTHUKHU.

S. Po3paxoBani aBTOkOpemnsiliiHI (QYHKIIT a7 BeauyuH X
(3MIIIEHHST PYJIBOBOTO KOJ€ca BiJ HEUTPaAJbHOrO IMOJOXKEHHs) Ta Y
(3MiIIEHHS] MAIIMHHO-TPAKTOPHOI'O arperary Bij 6a30BOi JIiHIi).
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Crarrta Hamgivnuia 1o penakiii 28.03.2022 p.

D. Zhuravel, A. Bondar, H. Dashyvets

Dmytro Motornyi Tavria State Agrotechnological University
METHOD OF PROCESSING EMPIRICAL DATA OF QUALITATIVE

INDICATORS OF WHEEL MACHINE OPERATION

Summary

At the article, the parameters of the movement of the machine-tractor unit (MTA)
are examined for the hour of the completion of technological operations on moving the
movement of the movement.

Introduced allowances, to give an opportunity to analyze the offered mathematical
model in different modes. For additional formulas of mathematical statistics for
subtracting from the results of the experiment, data were calculated moments and
assigned numerical characteristics. Was carried out the appointment for compliance with
the normal law of division, as it was found by way of matching the values of the
coefficients of asymmetry and excess, standard deviations. At the cost of the re-
verification of the acting stand, there were additionally expanded the calculation in the
Mathcad package of numerical characteristics for the yaw values X (tractor swivel in the
base line) and Y (steering wheel swivel in the neutral position), re-verification to the
normal law of the sub-line.

With the additional diagrams of the distribution, the forms of fallows were added
for the selection of the appropriate transformation of the data. On the basis of these
transformations, the possibility of “linearizing” the discrete values of the changes
appeared. For calculation and induce the spectral characteristics of the letters of used, the
algorithm of the direct Fast Reworking Fur'e.
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Was guidance algorithm for spreading the tension spectrum, which was brought to
the offensive: calculation of the autocorrelation function, progeny and smoothing of the
function (with the method of changing the infusion of vibrating vibes), the spreading of
Fur'e - transformation.

When prompting the spectral characteristics of the analysis of the numerical series,
the smoothing procedure was carried out sequentially for three and five points.

Key words: steering wheel steering, good quality, gear ratio of the steering
mechanism, wheel base, resilience, work quality.

SBTSATU. 12.2.2


http://www.tsatu.edu.ua/tstt/naukovyj-visnyk-tdatu/
http://www.tsatu.edu.ua/tstt/naukova-dijalnist/
http://www.tsatu.edu.ua/tstt/news/
http://www.tsatu.edu.ua/tstt/naukovyj-visnyk-tdatu/

HaykoBuit BicHuk TAATY Bun. 12, Tom 2

1310

DOI: 10.31388/2220-8674-2022-2-3
UDC 339.45

Taras Shchur!, PhD., Assoc. ORCID: 0000-0003-0205-032X
Katarzyna Markowska?®. PhD., Prof. ORCID: 0000-0003-2184-1995
Tomasz Kawka?

Sina Khodaee®

Patrycja Struzik?

Damian Ciesielski®

Lviv National Environmental University

*Silesian University of Technology

SK. N. Toosi University of Technology

e-mail: shchurtg@gmail.com, Ten.: (097)7892816

THE MAIN ASPECTS OF THE DEVELOPMENT OF
INTERNATIONAL TRANSPORT TRANSPORTATION IN THE
EUROPEAN ECONOMIC SPACE

Summary. On 24 February 2022 the armed forces of the Russian
Federation carried out an armed aggression on the territory of Ukraine. Due
to the invasion on Ukraine, rail freight forwarders look for new routes The
article discusses new transport route from China to Europe — the Middle
Corridor. The Middle Corridor started activity in 2013, in this time national
railway companies of Kazakhstan (KTZ - Kazakhstan Temir Zholy), Georgia
(JSC Georgian Railway) and Azerbaijan (ADY - Azerbaijan Railways) [11,
13] create the Coordination Committee for the development of the corridor.
This route has been developed since July 2015, when the first pilot train with
containers from China arrived at Azerbaijan. In October 2016, Kazakhstan,
Azerbaijan and Georgia adopted a document to inaugurate the Trans-Caspian
International Transport Route Association with its headquarter in Astana, the
capital of Kazakhstan. From this time the association promoting traffic on
the corridor. The Trans-Caspian International Transport Route is also known
as the Middle Corridor. The Trans-Caspian International Transport Route is
relatively unknown way among China and Europe as part of the Belt and
Road initiative (BRI). This route was developed to give a new and different
possibilities for the northern routes of the New Silk Road. Main New Silk
Road route transportation goods through Russia, Kazakhstan and Belarus, to
enter Europe at the border with Poland. The Middle Corridor is alternative
for classic routes of New Silk Road [12]. The Middle Corridor is alternative
and another entrance from China to Europe by the Black Sea. The route is
steadily gaining popularity. The Middle Corridor is new opportunity for all
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the countries along the route. Connecting China and Europe via the Caspian
Sea, the Trans-Caspian International Transport Route is next of the Belt and
Road initiative corridor. The war in Ukraine also gives renewed dynamism
for development [5].

Keywords: rail freight, Middle Corridor, intermodal, BRI

Formulation of the problem. Rail operators in intermodal transport,
based on the European Union decision to impose sanctions on the Russian
Federation stop to accept and transport cargo destined for or originating in
Russia or going through Russia. This measure applies to all operations with
containers destined for Russia and includes rail transportation, handling and
storage or related road transportation.

By February 2022, about 90 per cent of the transports from China went
via the Northern Corridor, the route from China via Kazakhstan or Mongolia
through Russia. Intermodal operators due to customers’ expectations, who
want to avoid Russia and Belarus due to ethical reasons, financial, insurance
and logistics risks offer a solution (new routes). Rail operators in intermodal
transport, based on the European Union decision to impose sanctions on the
Russian Federation stop to accept and transport cargo destined for or
originating in Russia or going through Russia. This measure applies to all
operations with containers destined for Russia and includes rail
transportation, handling and storage or related road transportation [7].

The solution is worth paying attention to the Middle Corridor. The
Middle Corridor has two variants (routes). First is China — Kazakhstan -
Caspian Sea Azerbaijan — Georgia —Turkey. Second variant is the Trans-
Caucasus Transit Corridor China Kazakhstan — Baku — Poti — Constanta
(Romania) / Varna (Bulgaria) [6].

The Trans-Caucasus Transit Corridor is a segment of the Middle
Corridor. The Middle Corridor i1s independent of the Russian territory,
described in the documents as the China-Central Asia-West Asia Economic
Corridor. Its route was developed under the TRACECA initiative in the
1990s. It connects China through Kazakhstan, the Caspian Sea, Azerbaijan,
Georgia, the Black Sea, Ukraine with Poland, and Western Europe, and runs
from Georgia to Turkey in another branch [10].
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Figure 1. New Silk Road (Northern Corridor)

The middle corridor. The Middle Corridor is characterized by a high
complexity in the organization of the transport process, due to the necessity
of multiple transhipments and at least one ferry crossing through the Caspian
Sea. In the variant reaching Poland via Ukraine, there is a need for an
additional crossing through the Black Sea — current it is not possible. An
alternative is transport on the Baku-Tbilisi-Kars line to Turkey and the
recently opened Marmaray tunnel to Europe. Due to the complexity of the
transport process, transport time, its cost and punctuality deficit, it is not
attractive compared to the northern corridors running through Russian
territory. The development of this corridor can be seen as a political
counterbalance to the corridors dependent on Russia. Currently, this corridor
is start used for transport from China to Europe [16].

The development of this corridor can be seen as a political
counterbalance to the corridors dependent on Russia. The countries along the
corridor are gradually developing it, optimizing transport between countries
along the way, e.g. Kazakhstan with Turkey. Integration is served by various
bodies, such as the "Trans-Caspian Transport Route" Association, where
efforts are made to develop the corridor, including organization of regular
feeder transports (a feeder is a small vessel transporting 300-500 TEU at a
time) in the Caspian Sea, or the use of preferential rail tariffs for cargo. The
Polish representative in the association is PKP Linie Hutnicza
Szerokotorowa, i.e. the manager of the western most broad-gauge line in
Europe. Due to the conflict between Ukraine and Russia, the Middle
Corridor is gaining in importance. However, capacities are insufficient [9].
The problem with the central corridor: customers are reluctant to buy a
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product that — compared to the northern corridor — takes significantly longer
and demands much more investment. Multimodal services and creativity are
in demand. But the decision-makers for this are situated in the customer-
oriented companies. In general, rail transport can be considered very
important because the arguments of rail are still valid. Rail transport is
quicker than sea, cheaper than air and more sustainable than other transport
modalities [14].

In November 2013, during the II International Transport and Logistics
Business Forum "New Silk Road" in Astana, the authorities of Kazakhstan
Railways, Azerbaijan Railways, Georgian Railways signed document about
flourish Coordination Committee for the development of the Trans-Caspian
International Transport Route. In relation to raise the movement of goods to
the Trans-Caspian International Transport Route in February 2014, more
companies joined to the Coordination Committee. To the initiative joined
following companies: Azerbaijan Caspian Shipping, Baku International Sea
Trade Port, Aktau International Sea Commercial Port, Batumi Sea Port. The
Coordination Committee consisted of seven companies [2].

The consequences of working together all members were [8]:

- engage complex prices for container services, preferential tariffs for
transportation of fuel oil, gasoil, grain,

- approved the scheme of communication between transporation firms,
rail carriers, sea tranportation companies for the flow of container trains by
the China, Kazakhstan, Azerbaijan, Georgia and Turkey,

- launched ,,Nomad Express" — the container service,

- lanched three test cointainers trains "Nomad Express". First test train
launched at 28.07.2015 from Shihezi (China) to Kishli (Azerbaijan). Second
test train lauched at 29.11.2015. from Lianyungang (China) to Istanbul
(Turkey). Third test train lauched at 15.01.2016 from Ilyichevsk (Ukraine)
to Dostyk (Kazakhstan).

-new associates were added to the initiative,

- held image events and road shows.

In December 2016, the members of the Coordination Committee for the
development of the Trans-Caspian International Transport Route agree to
establish the International Association "Trans-Caspian International
Transport Route". Since February 2017, the International Association
"Trans-Caspian International Transport Route" has started activity.

Members of the Association are commercial and non-commercial
organizations, which are interested in cooperation with the Association and
in contributing to the development of its activity. The rights of Regular
member of the Association [8]:

- participation in administration of the Association’s affairs with the
right of casting vote in adoption of decisions,

- authority to make decisions on the activity of the Association by
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participating in its scheduled and special Common Meetings,

- authority to form the agenda of the Common Meeting,

- electing the Managing Board of the Association,

- contributing of suggestions on the activities of the Association to the
Managing Board of the Association and participation in their discussion,

- proposal of candidates and being elected to the Managing Board of the
Association,

- convening of an extraordinary Common Meeting.

The rights of Associate member of the Association:

- participation in sessions of the Common Meeting with the right to
advisory vote in adoption of decisions,

- participation in the discussions of the issues related to the activities of
the Association,

-submit for consideration own proposals on the activities of the
Association to the Managerial Board of the Association,

- getting communication on the activities of the Association, its research
and information materials,

-applying of guidelines and decisions concerning the activity of
members of the Association in own work.

Figure 2. The Trans-Caspian International Transport Route

Figure 2 shows the Trans-Caspian International Transport Route (the
Middle Corridor) on the map. It starts from Southeast Asia and China, runs
through Kazakhstan, the Caspian Sea, Azerbaijan, Georgia and further to
European countries [3, 4]. The Trans-Caucasus Transit Corridor (CTC) is a
segment of the Middle Corridor.
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Figure 3. The Trans-Caucasus Transit Corridor

The Trans-Caucasus Transit Corridor is comprised of roads, railways,
the Caspian seaport of Alat, and the Black Sea seaports of Poti and Batumi
in Georgia. The length of the corridor in Azerbaijan is about 503 km from
Baku to the Georgian border. In Georgia, it further extends for about 272 km
eastward from the Azerbaijan-Georgian border to Samtrede, where it splits
into two directions to the Georgian Black Sea ports of Batumi and Poti [1, 8,
15].

Figure 4 and 5 shows variants of the Middle Corridor at maps.

Figure 4. China — Europe (the Middle Corridor via Kazakhstan through
the Caucasus, Azerbaijan, Georgia and Turkey to Europe)
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Figure 5. China — Europe (The Middle Corridor via China - Kazakhstan
- Baku — Poti — Constanta (Romania) / Varna (Bulgaria)

Conclusions. The Trans-Caspian International Transport Route,
known as the Middle Corridor, is a multilateral institutional development
linking the containerized rail freight transport networks of the People’s
Republic of China (PRC) and the European Union through the economies of
Central Asia, the Caucasus, Turkey, and Eastern Europe.

In the event of a major military conflict that would affect all or most
of Ukraine, there is practically no other convenient route for railways to
maintain the China-EU road. It seems more likely that there will be a strong
pressure from business on political leadership and the maintenance of the
existing transport routes through Belarus and Ukraine. Even in the event of
changes to the map, regardless of who will be in power in this area, the
complete abandonment of the above-mentioned. The roads seem very
unlikely.

The Middle Corridor can’t take over all the cargo volume and capacity
from the Northern Corridor of New Silk Road (through Russia). The corridor
can meet for about 3-5 per cent of the total capacity of classic routes.
Volumes transiting through northern routes passing through Russia reach
approximately 1,5 million TEU. This corridor has bottlenecks and
limitations like efficient operations or lack of vessels in the Caspian Sea.
Also, the port of Constanta is heavily congested. The middle corridor could
be a good option, but they need to invest in new infrastructure and improve
the crossing of the Caspian Sea.

The transportation need is burgeoning over the Middle Corridor and
the new services commenced give a positive perspective for 2022. In May
2002, an overall session of the Trans-Caspian International Transport Route
association estimated increase of container traffic compared to 2021 and
increase in cargo volumes. The container traffic will be doubled. Kazakhstan
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Railways inform that the traffic boost to approximately 50 000 TEUs
transported through the Middle Corridor in 2022. Cargo volume will increase
6 times. It means that the Middle Corridor will reach 3,2 million tons of
transported cargo in 2022.

During the overall session, organized in the Turkish capital Ankara,
the association’s representative agreed that the hoping prognosis also carries
new tasks needing debate and engaging in.
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T. Ilyp', K. Mapkoscbka?, T. KaBkaZ,

C Kxonae?, II. Crpyxkik?, /. Hiceabcenbki?
UlbBiBCHKMIT HALIOHAJBLHMI YHIBEPCHTET NPHPOAOKOPHCTYBAHHS
2Cinesilicbkuii Texniynmii ynisepcurer B Karosiue, ITosbma
3Texunosoriunmii ynisepeurer im. K.H. Tyci , Ipan

OCHOBHI ACIIEKTH PO3BUTKY MIZKHAPOJAHUX TPAHCIIOPTHHUX
MNEPEBE3EHb B €EBPOIIEMCHbKOMY EKOHOMIYHOMY MPOCTOPI.

Anomauin

24 motoro 2022 poky 30poiini cunu Pociiicekoi @eaepartii 3aiiicHUIN 30poiiHy
arpecito Ha TepUTOpit0 YKpaiHu. Uepe3 BTOPrHEHHS B YKpaiHy MDKHApOIHI 3ai3HUYHI
eKCIIEUTOPH IIYKAIOTh HOBI MapuIpyTH. Y CTaTTi OMUCAHO MPO HOBHUI TPaHCHOPTHHMA
nusix 3 Kuraro 1o €sponu — Cepenniit kopunop. SAxuii po3novas aisiabHicTh y 2013 porii,
B Liel yac HamioHadbHI 3ani3HnyHi Kommnadii Kazaxcrany (KTZ — Kazaxcran Temip
Komm), Ipysii (AT «I'pysuHcbka 3ami3Huis») Ta Asepbaiikany (ADY -
Azep0aiimkanceki 3ami3auii) [11, 13] crBopunu KoopauHamiitHuii KOMITET 3 PO3BUTKY
kopuzopy. Lleit mapipyT po3pobaeno B numnHi 2015 poky, konu B AzepOaiimkan npudys
MePIINK MUIOTHUN MOTSAT 3 KOHTeHepamu Bij Kuraro. YV sxoBTHI 2016 poky Kazaxcran,
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Azepbaiipkan 1 ['py3is nOpuiiHsUIM  TOKyMEHT Tpo  BIIKpUTTA  Acoriamii
TpaHcKacmiiChKUX MIKHAPOAHUX TPAHCIOPTHUX MAapHIPyTiB 31 IITa0-KBAapTHUPOK B
cromuui Kazaxcrany Acrasi. 3 Iboro 4yacy, acoliamis mpoJI0BKy€ BIOCKOHATIOBATA PyX
o Kopuaopy. TpaHCKAacmMChbKUM MIKHAPOJIHUNA TPAHCIIOPTHUH MapIIPYT, TaKOX,
Bimomuii sik CepenHiii kopuaop. Bin € BimHOCHO HeBimomuM 11 Kutato ta €Bporu B
pamkax iHimiatuBu «OauH nosic, oqud muisix» (BRI). e mapmpyT OyB po3pobiieHuid,
mo0 JaTh HOBI Ta IHII MOMJIMBOCTI Ui MiBHIYHUX MapuipyTiB HoBoro moBkoBoro
nuisaxy. OcHoBHHM MapiipyT HOBOro moBKOBOTO HUISAXY - IEPEBE3CHHS BaHTAXKIB Uuepe3
Pocito, Kazaxcran ta bimopyce, mo6 B'ixatm B €Bpomy Ha kopaoHi 3 Ilombimero.
Cepenniif KOpuIOp € albTEpHATHUBOIO KIACMYHUM MapuipyraM HoBoro moBkKoBOro
nusxy [12]. Cepenniii Kopuaop € albTepHATUBHHUM 1 1ie OAHUM B’i3noM 3 Kutaio B
€ppomny uepe3 YopHe Mope. MapuipyT HeyXuibHO HaOupae nomyispHocTi. CepeaHiii
KOPHUIOp — 1€ HOBAa MOXUIMBICTH JUIS BCiX KpaiH HA IIbOMY MapmipyTi. TpaHcKacmiiicbKuii
MDKHApOJAHUNM TpPAaHCIOPTHUN MapmipyT, skuili 3’eqnye Kwurtait 1 €Bpomy depes
Kacmiiiceke Mope, € HacTymHUM i3 KOpuaopy iHimiatuBu «OuH mosic 1 nuisix». BiifHa B
YkpaiHi TakoX Ja€ HOBHM TUHAMI3M PO3BUTKY [5].

Kntouoei cnosa: 3amizHWYHI BaHTaXHI TICPEBE3CHHS, CEPEIHIA KOPHUIOP,
IHTepMOIaJIbHI nepeBe3eHHs, BRI
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STATISTICAL METHODS FOR ANALYZING THE
EFFICIENCY OF THE LASER SINTERING PROCESS OF
POWDER

Summary. In this article shows the author's method aimed at
improving the performance of products received by the technology of laser
fusion of the powder material. The task was implemented using statistical
techniques, namely the construction of a mathematical model of the
performance of the second order, followed by analysis of the response
function. Developed in the paper, the method allows to manage the
performance of the process of laser fusion of the powder material.

As a result of the studies cited in this article are of both scientific and
practical interest. The author shows the possibility of applying statistical
techniques to control the output of the process of laser fusion of the powder
material.

Key words: laser technologies, powder, productivity.

Formulation of the problem. «Rapid Prototyping» technology, the basic
part of which is the process of laser fusion of powder material, is widely used
by highly developed countries around the world for production, such as
stamps, molds, etc. For example, compared to traditional high-speed cutting,
«Rapid Prototyping» technology, which uses a focused laser beam as a tool,
which allows to create products not only from metal but also from ceramic
materials. Despite the impressive advances in the development of laser
technology, in front of developers face challenges with the issue of
improving the productivity and quality of products made by «Rapid
Prototyping».

Analysis of previous research. Considering a high difficulty of the
physical processes associated with the introduction of laser fusion of powder
material in this article, was used an active experimental strategy, which gives
an opportunity more reliable results compared to the passive strategy.
Analysis of literary sources [1-4] showed the different degree of statistical
significance of technological factors, which has an impact on the

© P. Kondrashev
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productivity of the laser fusion of powder material. Let's look at them in more
detail. Changing the position of the substrate providing the device for feeding
powder material, influences in such indicators as morphological properties,
internal microstructure (hollow fragments, shells, microcracks).

Mass consumption of powder material is an important factor of
influence the productivity of the laser fusion process of the powder
composition, but the increase of the mass consumption it is necessary to
increase the power of laser radiation. The thermodynamic properties of the
powder material, such as the melting temperature depend on the power of
the laser radiation, the higher the temperature of melting of the powder
material, the greater the power is needed for its efficient fusion. Given these
circumstances assume that among the basic powder materials which used for
the technology of laser fusion widely used powders based on nickel,
titanium, cobalt. The widest of this group powder it called PGSR-3 the basic
component of which is nickel it has the smallest temperature of melting
1453°C [5] compared with other powders of this group. The type of
transporting gas significantly influences the quality of fusion powder
material that 1s for more efficient fusion of powder transport of the dispersed
phase must be carried out in an inert environment, such as argon, noted in
[6, 7]. This makes an ability to prevent the formation of oxide pellicle while
exposed to laser radiation, which has a large gradient of temperature of
melting but this requires a special equipment with the ability a constantly of
refuel expensive inert gases (argon, helium, neon). Therefore, in terms of
economic feasibility the experiment was conducted with the use of
compressed air. One of the main factors which influence the productivity and
quality of fusion of the powder composition is the configuration of the device
for feeding the powder material (nozzles of different constructions) [8, 9].
So based on the analysis of literature information the main technological
factors which influence the productivity of the laser fusion of powder
material can divide into two groups. The first is the factors the values of
which need to fix in a stable state, they include the length of wave, power of
the laser radiation, the type of powder composition, the geometric properties
of the powder, the type of transporting gas. Factors that need to set a certain
range of variation are the configuration of the feeder and the mass
consumption of the powder material, the speed of movement of the substrate,
the position of the substrate.

Formulation of the aim of work. The aim of this work is finding of
solutions which are aimed at increase of productivity of the process of fusion
of the powder composition PGSR-3.

The main part. For a study of the productivity of the laser fusion process
of powder material, PGSR-3 was chosen non-composite plan of Box-Benken
for 4 technological factors, which have good statistical characteristics and
are realized by the regression equation of the second-order [10].
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M

where k£ — amount of technological factors;

by, bi, bjj, bii — coefficients of the regression equation;

i, j — indexes.

As productivity (7) was used as a response function. As technological
factors that influence the productivity of the laser fusion process of the
powder composition (previously defined) provided the stabilization of the
factors of laser beam diameter, density, and power of laser radiation, the
geometry of nozzle angles (x;), mass flow rate of powder (x;), speed of
movement substrate (x;), the position of the substrate relative to the cut
nozzle (x,). The coefficients of the regression equation by, b;, b;, b;-model
(1) were calculated by using specialized software using the mathematical
apparatus of linear algebra [10], dependence (2). The matrix of conditions of
experiment was formed using a balanced block diagram for 4 independent
variables (x;, x2, x3, x4), which consist of 6 blocks (full-factor experiment 22)
[10], variation of technological factors was conducted on three levels
(minimum, center, maximum).

B=(x"x) '(xTy), @)

The hypothesis about the adequacy of the received mathematical model
of the productivity of the laser fusion process of the powder material was
checked using Fisher's criteria F' [10]. The certainty of the experimental
results according to this criterion corresponds to a 5% error (3).

Fcalc.<:F'tabl., (3)
where F°““— calculating value of Fisher criteria [10];
FP- _ tabled value of Fisher criteria [10].

Levels of variation of technological factors (x;) were identified
experimentally (tabl. 1).

Table 1

Levels of variation of technological factors

Levels of variation of Independent variables

technological factors

X] X2 X3 Xy

Dimension deg. g/s mm/s mm
Main level 40 0,3 2,0 5
Interval of variation 10 0,1 1,0 2
Upper level 50 0,4 3,0 7
Lower level 30 0,2 1,0 3
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It was conducted the statistical processing of the results of experimental
studies which showed that all the coefficients of the regression equation are
statistically significant for the obtained mathematical model of the
productivity of the laser fusion of powder material (7) the statistical
hypothesis of adequacy has been confirmed the regression equation is
adequate so the condition is fulfilled (3). For a more detailed idea about the
degree of statistical significance of each of the technological factors on the
productivity of the process of laser fusion of powder, PGSR-3 was built rank
chart (fig. 1, a).
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Figure 1. Rank diagram of the degree of statistical significance of
technological factors on the response function (7) (a) and the dependence of
the productivity of the fused component (7) from the geometry of generatrix
angles of nozzle (4) for different positions of the substrate (B) with mass
consumption of powder 0,2 g/s and the speed of movement of the substrate

1 mm/s (b).

a) b)
a)-mass consumption of powder 0,3 g/s, speed of movement of the
substrate 2 mm/s, b)-mass consumption of powder 0,4 g/s, speed of
movement of the substrate 3 mm/s.
Figure 2. Dependence of productivity (7) from the geometry of
generatrix angles of nozzle (4) for different positions of the substrate (B)
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As can been looked from fig. 1, a) the most significant linear influence
on the response function has the geometry of the nozzles, the speed of
movement and the position of the substrate relative to the cut of the nozzle,
factors x;, x3, x4 and coefficients b;, b3, b,. Also, it should note that all factors
have a significant quadratic effect on the response x;, x2, x3, x4 coefficients
b1, by, bssz, by A more detailed picture of the change in the response
function can watch guiding the graphical dependencies which presented in
fig. 1,b) 1 2, a), b). Reduction productivity (7) in general case to the figure
0,7...0,8 mm?/s (fig. 1, a) and fig. 2, a), b) happens by removing the position
of the substrate in both directions from the "focus" of the gas powder flow.
Also, an important factor in reducing productivity (7) is a geometry of
generatrix angles of nozzle, so nozzles with angles 30° and 50° form large
cross-sectional areas of the powder gas flow with low dispersed phase in the
area influence of laser radiation (fig. 1,b) and fig.2,b). Increase of
productivity, range 1,1...1,3 mm®/s happens due to the location of the
substrate in the "focus" of the gas powder flow, for the nozzle with geometry
of generatrix angles 40° (fig. 1, b) and fig. 2, b), as a result in the zone of
laser processing forms, gas-powder flow with a high content of the dispersed
phase. Also, it should note that the maximum productivity (7) 1,3 mm?¥/s
(fig. 1, b) observed at the following values of independent variables, the
geometry of the geometry of generatrix angles of nozzle 40°, the mass flow
rate of the powder material 0,2 g/s, the speed of movement of the substrate
1 mm/s, the position of the substrate relative to the cut nozzle 5 mm (area of
«focusy» of gas-powder flow), this is due to the high content of the dispersed
phase in the area of focused laser radiation. Minimum productivity (7)
0,2 mm?/s (fig. 2, b) it was got by the following indicators of technological
factors the geometry of generatrix angles of nozzle 30°, the mass flow rate
of the powder material 0,4 g/s, the speed of movement of the substrate
3 mm/s, the position of the substrate relative to the cut nozzle 3 mm, it can
explain the low dispersed phase in the zone of laser processing due to the
distance of the substrate from the "focus" of the gas powder flow. In
fig. 3, a)-c) as an example are photos of the morphological structure of the
fused components of the powder material for different geometry of
generatrix angles of nozzles.

Conclusions

1. It was received the mathematical model of productivity of process of
laser fusion of powder composition PGSR-3 which can use as calculation of
the controlled influences directed on growth of productivity of future
products.

2. It was confirmed the adequacy of theoretical calculations and the
possibility of using mathematical models of the process of laser fusion of
powder material for their further use in the implementation of technology of
laser fusion of powder material.
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Figure 3. Morphological structure of fused components with real
dimensions in height and width at eighty times the optical zoom: a)-
geometry of generatrix angles of nozzle 30°, mass flow rate of the powder
material 0,2 g/s, speed of movement of the substrate 3 mm/s, position of the
substrate relative to the cut nozzle 7 mm, b)-geometry of generatrix angles
of nozzle 40°, mass flow rate of the powder material 0,3 g/s, speed of
movement of the substrate 1 mm/s, position of the substrate relative to the
cut nozzle 5 mm, c)-geometry of generatrix angles of nozzle 50°, mass flow
rate of the powder material 0,2 g/s, speed of movement of the substrate
2 mm/s, position of the substrate relative to the cut nozzle 7 mm.

Conclusions

1. It was received the mathematical model of productivity of process of
laser fusion of powder composition PGSR-3 which can use as calculation of
the controlled influences directed on growth of productivity of future
products.

2. It was confirmed the adequacy of theoretical calculations and the
possibility of using mathematical models of the process of laser fusion of
powder material for their further use in the implementation of technology of
laser fusion of powder material.
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I1. B. Kongpamesn
HanionanbHuii TeXHiYHMH YHIBepCHTET YKpaiHu
«KuiBcbkuil moJstitexHivyHu iHcTUTyT iMeHi Irops Cikopcbkoro»

CTATUCTUYHI METOAU AHAJII3Y EGEKTUBHOCTI IPOLECY
JIABEPHOI'O CIIVTABJIEHHA ITIOPOLIKY

Anomauin
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Tupoxe 3acTocyBanHns TexHoorii «Rapid Prototyping», 6a30B010 CKJIa0BOIO SKOT
€ Tpomec JIa3epHOro  CIUIABJICHHS  IOPOIIKOBOI  KOMIO3UIi  00YMOBJIEHO
MOJOPOXKYAHHAM CHUPOBHUHH, €HEPrOHOCI{B, MIHIMI3aIlI€I0 Yacy, SKUH BUTPAYAETHCA HA
BIPOBA/DKEHHS Y BUPOOHHITBO HOBHX BUAIB NMPOAYKIii. JlaHa TeXHOJOTis, 3aBISKH
BUKOPUCTAHHIO B SKOCTI IHCTPYMEHTY TEXHOJOTIYHOTO Jia3epa J03BOJISE 3HAYHO
PO3LIMPHUTH CHEKTP BHUKOPHCTOBYBAaHMX MarepiaiiB, a TaKOXX OTPUMYBaTH BUPOOH
CKJIaJHOi reoMeTpu4Hoi KoHirypamii. ToMy mepen po3poOHHKaMHU CTOATH MUTAHHS
MIJBUINECHHS MPOJYKTUBHOCTI Ta SKOCTI (hOPMOYTBOPEHHS BHUPOOIB 3 IMOPOIIKOBHX
marepiais.

VY naniit po6oTi Oysia mokazana po3po0jieHa aBTOPOM METOAMKA, CIIPSIMOBaHA Ha
i ABUILEHHS IPOYKTUBHOCTI BUPOOiB, OTPUMAHUX TEXHOJIOTIEIO JTa3epHOTO CIUIABICHHS
MOPOIIKOBOro Marepiany. byau npoananizoBaHi Ta BCTAHOBJIEHI OCHOBHI T€XHOJIOTI4HI
(daxTopH BILIMBY Ha MPOAYKTUBHICTH IMPOIECY JIA3EPHOTO CIUIABICHHS MOPOIIKOBOTO
marepiany. IlocraBnena 3amaua Oyma peanizoBaHa 3 BHUKOPHUCTAHHSM METOJIB
MaTeMaTHYHOI CTaTHCTUKH, a Oyna moOyaoBaHa MaTeMaTHYHAa MOJENb Y BUIJISI
MOJIIHOMY APYTOTO MOPSAKY 3 MOAATIbIINM aHami3oM (pyHKii BiAryky. B skocTi QpyHkmii
BiAryka Oyna BHKOpHCTaHa MPOAYKTUBHICTH MpPOIECY JIA3€PHOTO CIUIABJICHHS
HOPOIIKOBOr0 Marepiaiy. Po3poOieHuii B cTaTTi METOX O3BOJISE KEPYBaTH a TaKOX
HAXOJIUTH ONTHMAJIbHI MapaMeTpH KepyBaHHS MPOTYKTHBHICTIO TPOIECY JIa3epHOTrO
CIIaBJICHHS TOPOIIKOBOI KOMITO3HIIIT /Il Pi3HOTO TEXHOJIOT1YHOT0 00J1aIHaHHS 30KpeMa
3ac00iB JIOCTaBKM TOPOIIKOBOTO MaTepiamy Oe3rmocepeqHbo y 30HY C(HOKYCOBAHOTO
Ja3epHOTO MPOMEHIO.

TakuM YWHOM, pe3yJbTaTH JOCHIPKeHb, HABEJACHWX Y JaHIi CTarTi,
OpPEJCTaBIsAIOTh K HAyKOBUH, Tak 1 MNpPakTUYHUH 1HTepec. ABTOpPOM IOKa3aHa
MOYJIMBICTh 3aCTOCYBaHHS METOJIIB MaT€MaTHYHOI CTAaTHCTUKU ISl YIPaBITiHHS
IPOAYKTUBHICTIO TIPOLIECY JIA3€PHOIO CIUIABJIEHHS IOPOLIKOBOIO MaTepialy 3
ypaxyBaHHSM P13HOMaHITHOTO TE€XHOJIOTIYHOTO O0JIaIHAHHS.

Knwuoei cnoea: nazepHi TEXHOJOT1, MOPOIIOK, TPOTYKTHUBHICTb.
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STATE AND PROBLEMS OF IMPLEMENTATION OF
INNOVATIONS IN THE FIELD OF ANIMAL HUSBANDRY

Summary. Ukraine's agriculture is currently facing serious challenges:
high price pressures, fierce international competition, global economic
constraints and growing demands on food quality and environmental
protection. The article analyzes the level of livestock development in
Ukraine, which indicates negative trends in livestock development:
reduction of livestock, significant decline in productivity, deterioration of
the quality of animals. It is noted that there is a difficult situation in the
development of the industry, caused by a number of negative phenomena,
some of which are long-lasting and systemic, without overcoming the current
situation could lead to complete loss of certain segments of livestock and
further deteriorate food security. Transforming livestock into a competitive
high-tech industry with high productivity and low unproductive costs
requires a technological breakthrough, an integral part of which is the
introduction of digital technologies. Digital technologies in animal
husbandry allow to implement the targeted needs of animals feeding,
milking, product quality control, remote control of production processes in
real time, provide continuous collection, analysis and use of information to
ensure safety and care for the environment. The current level of development
of information and communication technologies and means of their
implementation in animal husbandry is analyzed and the factors that slow
down their development are identified, problems of their implementation are
identified, including high equipment prices, acute shortage of IT specialists,
legal and ethical issues, compatibility of knowledge and experience of
farmers with these technologies, stable Internet and electricity supply.

Key words: animal husbandry, intelligent digital technologies,
efficiency, implementation problems

Formulation of the problem. Agriculture in Ukraine is currently facing
serious challenges: high price pressure, fierce international competition,

© O. Skliar, O. Shokarev, A. Komar
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global economic constraints and increasing demands for food quality and
environmental protection [1]. The livestock industry is one of the
foundations of the country's agriculture, which forms about 30% of its gross
output [2]. Livestock is a supplier of raw materials for the meat and dairy
industry and fertilizers for crop production; it is able to provide the
population with high-quality, high-calorie, dietary and fortified food
products [3]. However, there is a difficult state in the development of the
industry caused by a number of negative phenomena, some of which are of
a long-term and systemic nature without overcoming which the current state
can lead to a complete loss of certain segments of animal husbandry and will
further worsen the food security of the state. Therefore, without the revival
and sustainable development of animal husbandry it is practically difficult to
imagine positive changes in the standard of living of the population of
Ukraine.

Analysis of recent research. Domestic researchers Yu. A. Yarmolenko
[4], V. M. Rudenko [5], D. M. Sherstiuk, A. E. Nezdoyminoga [5], Yu. V.
Voloschuk [6,7] and others. Foreign scientists such as A. Helwatkar [8], DS
Ochs [9], S. Neethirajan [10], L. Klerkx, E. Jakku [11], A. Baldi [12], Samuel
Varas [13] investigated and laid the foundations for the theoretical and
practical aspects of studying the phenomenon of the digital economy and
studied the possibility of obtaining a positive effect from digitalization.

Despite all the advances in the digital economy, agriculture is lagging
behind in digital adoption. The transformation of animal husbandry and, in
general, agriculture into a competitive high-tech industry with high labor
productivity and low overhead costs requires a technological breakthrough,
an integral part of which is the introduction of digital technologies into agro-
industrial production. This describes the relevance of this research.

The purpose of this work is to analyze the current level of development
of information and communication technologies and the means of their
implementation in animal husbandry, to determine the factors that slow
down their development, to identify the problems of their implementation.

In the context of a decrease in the livestock population, a very low
average annual production growth rate is observed. For 10 years, it dropped
to the level of 0.4%. For comparison, the growth rate in crop production is
4.8%. In addition, the rate of capital investment in animal husbandry
decreased by 9.8%. Since 2015, the number of cattle in Ukraine has
decreased by almost 20%. At the beginning of 2015 the number of cattle was
3.88 million heads, and at the beginning of 2020 it decreased to 3.09 million
heads [6,7] (Fig. 1).

Accordingly, there is a decrease in the number of cows over the past
five years; the number of farms of all types and forms of ownership has
decreased by 21%. So, as of January 1, 2015, the number of cows amounted
to 2.26 million heads, and at the beginning of 2020 it was already 1.78
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Figure 1. Dynamics of the number of cattle and cows

million heads.

Reducing livestock and falling milk yields, rising feed prices and a
liberal import regime created conditions for a decrease in beef and milk
production. Since 2015, beef production has decreased by 4% (Fig. 1), and
milk production — by 12% (Fig. 2, 3) [6, 7].

The level of milk production also remains low. Recently there has been
a tendency for this indicator to grow: over the past year the level of milk
yield has increased by 1.5-5%, depending on the form of ownership
(agricultural enterprise or household). But this increase is not enough to
compensate for the annual decline in livestock. This leads to the fact that less
milk is produced and milk prices are constantly growing and in the near
future the trend towards price increases will not change.

Assessment of the state of animal husbandry in Ukraine indicates
negative trends in the development of animal husbandry: a decrease in
livestock, a significant decrease in productivity, deterioration in the
qualitative composition of animals. These circumstances led to a
deterioration in the quality of products and a decrease in production volumes,
and hence a decrease in the consumption of valuable food products [14].
That’s why this branch of agricultural production needs revolutionary
changes, a technological breakthrough to ensure the country's food
independence, an increase in export potential, and transformation into a
competitive high-tech industry with high labor productivity and low costs
[15,16].

The most significant are those factors that can provide cardinal shifts in
the revival of the livestock industry and the structure of livestock production,
accompanied by innovative processes (modern technologies, organic
livestock products, qualified personnel, modern farm machinery and
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Figure 2. Beef production dynamics

Figure 3. Milk production dynamics

equipment) and end results (reduction of production costs and costs products,
improving its quality, increasing labor productivity and profitability) [17].

Formulation of the purpose of the article. The purpose of this work is
to analyze the current level of development of information and
communication technologies and the means of their implementation in
animal husbandry, to determine the factors that slow down their
development, and to identify the problems of their implementation.

Main part. A key trend in the global economy over the past decade has
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been the widespread adoption of digital technologies. Modernizing their
economies foreign developed countries are rapidly developing innovative
technologies using artificial intelligence, automation and digital platforms
[18].

Agriculture is one of the oldest spheres of human activity, but today it
can’t remain away from total digitalization. In most developed countries, the
agricultural sector 1s moving away from the conservative approach, “peasant
with a plow” and “milkmaid with a bucket”, towards an automated harvester
and a robotic milker. In Fig. 4 information and communication (digital)
technologies in the agrarian sector are shown [19].

Figure 4. Information and communication (digital) technologies in the
agrarian sector

Intense competition in the production of milk, beef, pork and poultry,
in meat processing, which has been typical for the industry in recent years,
forces all market participants to look for opportunities to reduce costs by
automating managerial decision-making, efficient management of
purchases, sales, warehouse stocks and optimization of cost production
[20—22]. Therefore, digital technologies that help solve all of the listed tasks
are in great demand in this sector. Digital technologies in animal husbandry
make it possible to implement systems of feeding, milking, product quality

SBTSATU. 12.2.5


http://www.tsatu.edu.ua/tstt/naukovyj-visnyk-tdatu/

HaykoBuit BicHuk TAATY Bun. 12, Tom 2

6312

control, remotely control production processes in real time, and ensure the
continuous collection, analysis and use of information to comply with safety
measures and respect to the environment [23, 24].

An important task in the digitalization process is the adequate
calculation and control of the implementation of rations across the entire
spectrum of nutrient, mineral and biologically active substances, including
vitamins, trace elements and other necessary components of the diet. For
highly productive cows, it is extremely necessary to analyze the consumption
of dry matter and the concentration of metabolizable energy, protein, fiber
in it, as well as the operational management of these indicators through the
software of the feed shops of the enterprises. Thus, a new concept “digital
livestock breeding” is formed.

In general, digital livestock farming is understood as a set of solutions
aimed at increasing production efficiency through the use of special systems,
as well as means that ensure the targeted use of resources and accurate
control of all processes [25, 26]. In the future, the farms will be autonomous
robotic enterprises, where a person is freed from the routine of manual labor.
He must be engaged in intellectual work, adjust the control algorithms of
production processes, receive information about the state of animals, their
location at any time, be aware of emerging malfunctions in the main
functional subsystems: milking, feeding, ensuring the microclimate, etc.

The effectiveness of digitalization of animal husbandry lies primarily
in the creation of experimental digital enterprises in animal husbandry (smart
dairy farm, automatic pig farm, etc.) based on intelligent automated and
robotic biomachine complexes of a new generation. The use of these
technologies everywhere will lead to a decrease in the level of import
dependence of the industry by 35-40%, an increase in the quality and
quantity of products produced by 25-30%, an increase in labor productivity
in the main subsectors of animal husbandry by 1.5-2 times, and will also
contribute to the preservation of health and productive longevity of animals
[27, 28]. In particular, centralized and local intelligent systems for managing
these biomachine complexes and subsystems in animal husbandry will
ensure the harmonization of the interaction of biological, technological and
machine objects, effective management, a reduction in production costs by
35-40% and an increase in animal productivity by 15-20%.

Digital innovation in animal husbandry is represented by the following
technologies (Fig. 5).

The dairy industry was one of the first among other livestock sectors to
use intelligent production management systems, including radio frequency
animal 1identification systems, computer control systems for milking,
feeding, climate control, manure removal, milking robots and other
solutions. An important step is the introduction of milk meters with the
ability to measure blood and conductivity. Monitoring these indicators helps
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Figure 5. Digital innovation in livestock

to identify animals with mastitis at an early stage, which, in turn, allows you
not to lose marketable milk. The automatic body condition determination
system is becoming more and more popular in the market. Analyzing the
information obtained in this way, it is possible to improve the performance
of reproduction and feeding. A sought-after element is a tool that allows you
to monitor indicators such as progesterone, LDH, BHB and urea in milk. Of
course, the means of processing all this data is the herd management
software, which combines data from all sensors and nodes to help make the
right decisions with the right animal at the right time

Now the system for monitoring the activity and rumination of cows
SCR is actively used. The system is represented by special collars that are
assigned to each cow to accumulate individual information. The system
monitors two important indicators: rumination (number of chewing
repetitions) and activity (number of movements) of animals. A sudden
change in rumination usually indicates a disease that is identified at an early
stage, which allows the veterinary service to provide timely treatment for the
cow and minimize the risks associated with milk loss and animal retirement
from the herd. The activity monitoring function is used primarily by the herd
reproduction service. It allows you to identify abnormalities in the normal
activity of the cow and to identify the cow in heat. In addition, the system
will tell you the time at which the insemination will be the most fruitful.
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Advanced farms are actively introducing the technology of automatic
feeding of calves which is represented by feeding stations for portioned milk
feeding. The first 60 days of a calf are critically important in his life. They
determine its subsequent development, the age of the first insemination of
the animal, as well as all subsequent lactation. The work of the stations is
controlled by software which regulates the amount of milk dispensed to a
specific individual calf depending on its age. The software records the
number of approaches and the amount of milk consumed by the calf and
provides a list of those calves that did not drink the amount they were entitled
to. This helps to identify the disease early and provide appropriate, timely
treatment, which helps to reduce the risk of calves leaving in a group by up
to two months and increase weight gain.

The software also regulates the calf weaning scheme and builds the
required number of approaches and the amount of milk consumed in
accordance with the approved scheme. Correct reduction of the amount of
milk to zero stimulates the consumption of roughage and concentrates. This
contributes to the normal development of the animal's rumen and has a
positive effect on its viability, and subsequently on the reproductive capacity,
milk yield and life expectancy of the cow. In addition, the stations are
equipped with special scales for monitoring body weight gain in accordance
with the required weight gain at a given age.

Despite the obvious advantages of digital technologies, there are certain
factors that slow down or even make it impossible to master them.
Equipment for digitalization is often imported, and high prices for equipment
make the construction and modernization of production facilities too
expensive.

But not only the financial side of the issue slows down mass adoption.
There is an acute shortage of IT specialists for agriculture, and they will be
indispensable for global digitalization at every enterprise. Implementing is
not a problem, the problem is to teach how to work in a new system, not all
employees, and even the leaders themselves, are psychologically ready to
change, as this requires mental and physical costs. To implement a digital
transformation strategy, a large number of IT specialists are required: these
are experts in machine learning, robotics, big data processing and analysis,
etc.

One of the most important questions to be answered is who owns the
data, who owns the information? The emergence of programs and gadgets
that collect data and provide information has raised the issue of ownership
of the use of data. Further use of this data raises legal and ethical issues. With
the improvement of new devices and software, the problem of responsibility
and control of new technologies has become more acute. The need for
accountability is dictated by the risk of errors that can have negative
economic or environmental consequences.
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Industrialization has led to a 2% reduction in the number of people
employed in agriculture. The “digitization” of agriculture could further affect
the number of jobs in the industry. Will it motivate talented people to go to
agriculture or vice versa? Will the shift of responsibility from farmers to
robots and programs increase or decrease? Another challenge is how to
combine the knowledge and experience of farmers with these technologies.

And, finally, digitalization requires a stable Internet and electricity
supply which not all farms can boast of.

Conclusions. The current level of development of information and
communication technologies and means of their implementation in various
areas of agricultural production creates the preconditions for the formation
of a qualitatively new information environment in the domestic agricultural
sector, stimulating the process of accelerated modernization of its industries.
Gradually, digital technologies penetrate agriculture, including the livestock
sector helping to optimize and simplify many production processes, increase
the profitability and profitability of the business.

The future of Ukrainian animal husbandry is seen in the development
of intelligent digital production management systems, harmonization of the
interaction of all elements and connections in the complex biotechnical
system «man — machine — animaly.

To ensure the competitiveness of the livestock industry, it is necessary
to increase the level of digitalization at an accelerated pace, using new
advances in information development.
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O.T. Ckasp, A. M. lllokapes, A. C. Komap
TaBpilicbkuii qep:KaBHUI AarPOTEXHOJIOTITYHUI YHIBEPCUTET
imeni /Imurpa MoTtopHoro

CTAH TA ITPOBJIEMHA BITPOBAI’KEHHS THHOBAIIIA Y I'AJTY31
TBAPUHHUIITBA

Anomauin
B naHmii yac cigbCbKE TOCIOAAPCTBO YKpPAiHU CTHKA€EThCS 3 CEPHO3ZHUMHU
npo0sieMaMu: BHUCOKUM I[IHOBHUM THCKOM, JKOPCTKOIO MI)KHapOJHOI KOHKYPEHIII€lO,
rJ100aTbHUMH €KOHOMIYHMMHU OOMEXEHHSMHU Ta 3pOCTAlOYMMM BUMOTaMHU 10 SIKOCTI
MPOAYKTIB XapuyBaHHS Ta 3aXMCTy HaBKOJIMIIHBOIO CEPENOBHINA. Y CTATTI MPOBEACHO
aHaJIi3 piBHS PO3BUTKY TBAPMHHUITBA B YKpAiHi, 110 CBIAYUTH PO HETATUBHI TEHIEHIII{
Yy PO3BHUTKY CKOTapCTBa: CKOPOYEHHS IOTOJIIB'S, 3HAYHE 3HMIKEHHS MPOIYKTHUBHOCTI,
HOTIpILIEHH SKICHOTO CKJIay TBapuH. Bil3HaueHo, 10 CrIoCTepiraeTbes CKIaJHUNA CTaH
Yy PO3BUTKY raiy3i, BUKIMKAaHUM HHU3KOI0 HEraTUBHMX SIBMIL, JAEAKl 3 SKUX MalOTh
TPUBAJIMIH 1 CHCTEMHMI XapakTep, 6€3 M010JIaHHs AIKUX HUHIIIHINA CTaH MOXKEe PU3BECTH
JI0 TIOBHOI BTpAaTH OKPEMMX CErMEHTIB TBapUHHUITBA 1 HaJajl MOTIpIIyBaTUME
IIPOJOBOJIBYY oe3neKy JIEPIKABU. IlepeTBOpeHHs TBapUHHUIITBA Ha
KOHKYPEHTOCIIPOMOXKHY BHMCOKOTEXHOJIOTIUHY Taly3b 13 BHUCOKOIO MPOAYKTHBHICTIO
mpami Ta HU3bKMMU HENPOAYKTUBHHUMM BUTpaTaMH BHMAara€ TEXHOJIOTIYHOTO PHBKa,
HEBIJ'€EMHOI0O YacCTHHOI SKOTO € BIIPOBa/KEHHS HIUPpoBUX TexHoyorid. [{udposi
TEXHOJIOT1i y TBAPUHHMIITBI JO3BOJISIOTH BIIPOBA/XKYBATH OPIEHTOBaHI MOTPeOH TBApHH
CUCTEMM TOJiBJi, OTHHS, KOHTPOJIO SKOCTI MPOAYKIIi, IUCTAHIIIHO YIpaBIsITH
BUPOOHUYMMH TIPOLIECAMU Y PEXKUMI peajbHOro vacy, 3abe3neuyroTh Oe3nepepBHHUN
30ip, aHaji3 Ta BUKOPHUCTaHHS iHQOpMaIii aIs JOTPUMaHHS 3aXOiB Oe3MeKdu Ta
N0aiIMBOTrO CTaBJIECHHS /10 HAaBKOJMIIHBOTO cepenoBuia. [IpoananizoBaHo cydacHHi
PiBEHb PO3BUTKY 1H(GOPMAIIITHO-KOMYHIKAIIMHUX TEXHOJIOTIH Ta 3ac00iB iX peamizamii y
TBAapUHHUITBI Ta BHU3HAYEHO (AKTOPH, L0 YMOBUIHHIOIOTH iX OCBOEHHS, BHUSBJICHO
npo0sieMu iX BOPOBAPKEHHS, cepe/l IKUX BHCOKI I[IHM Ha 00JiaJHaHHS, TOCTpa HecTaya
IT-¢axiBuiB, MUTaHHS NPABOBOIO Ta E€TUYHOTO XapaKTepy, CKOPOYEHHS KIUIBKOCTI
MpaliBHUKIB, CYMICHICTh 3HaHb Ta JOCBIAY (epMepiB 3 IUMHU TEXHOJIOTIIMHU, CTa0LTbHUM
IHTEpHET Ta eJIEKTPONOCTAYaHHS.
Knrwouoei cnoea: TBApUHHUIITBO, IHTEJICKTyalbHI IU(POBI  TEXHOJOTI],
e(eKTUBHICTb, MPOOIEMHU BIPOBAKECHHSI.
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JIATHOCTYBAHHS — BAXKJIUBUM PE3EPB EKOHOMII
BUTPAT HA TEXHIYHE OBCJIYI'OBYBAHHA I PEMOHT
ABTOMOBLIIIB

Anomayis. TexHIYHA MONITUKA KPaiHU BUMAarae po3poOJeHHsI HOBHX
METOJIB 1 3aCO0IB TEXHIYHOI'O OOCIyTOBYBaHHS, 110 MPHU3BEIEC 10 POCTY
€KOHOMIYHOI €()eKTUBHOCTI POOOTH aBTOMOOIIBLHOTO MAapKy B IIIOMY.
JliarHOCTHKA Jla€ 3MOTY BUSIBUTHU MIPUXOBaHI HECIIPABHOCTI Ta MOMEPEIUTH
BIJIMOBH MEXaHI3MIiB, BHW3HAUUTH iX TPUIAATHICTh IS TOJAJIBIION
eKCIUTyaTarlii, yTOYHUTH 0OCSITH PEMOHTHHUX 1 MPOQIIaKTUYHUX POOIT, JaTH
OIIHKY SIKOCTI TEXHIYHOTO OOCIYroByBaHHS 4YM pEMOHTY. B mporeci
BUKOHAHHS  TPAHCIOPTHOI POOOTH, TEXHIYHHM CTaH aBTOMOOLIA
MOTIPIIYEThCS, IO MOXE MPUBECTH 10 YAaCTKOBOI ab0 TOBHOI BTpaTH
npaie3gaTHocTi. IcHye pABa cmocoOM MIATPUMAHHA —aBTOMOOIIBHOTO
TPAHCIIOPTHOTO 3acO0y y CIPaBHOMY CTaHI — TEXHIYHE OOCITyrOBYBaHHS 1
peMOHT. JlIiCHUM 1HCTPYMEHTOM 3HI)KEHHS BHUTpaT Ha TEXHIYHE
00CIIyrOByBaHHS 1 pEMOHT aBTOMOOUIIB € IMIMPOKE BUKOPUCTAHHS 3ac001B
J1arHOCTYBaHHS, TOOTO BHU3HAYEHHSI TEXHIYHOTO CTaHy aBTOMOOUIIB 1 ix
arperaTiB 0e3 po30MpaHHS 3 METOI0 MPOTHO3YBAHHS MOMKJIMBOCTEH 1X
noJlajbinoi 0e3BIIMOBHOI pOOOTH UM 3aCTOCYBAaHHS OIIAJHUX TEXHOJOTIN
TEXHIYHOTO OOCIYroByBaHHS 1 peMOHTy. B po0OoTi HamaHO KpuTepii
BU3HAYCHHS ONTUMAIILHOT IEPIOJUIHOCTI MPOPUIAKTUUHUX POOIT, METOIU
BU3HAUEHHS NEPIOAMYHOCTI TEXHIYHOTO OOCIyroByBaHHS aBTOMOOIIIB,
BKa3aHi 3a7ad4i TEXHIYHOTO JiarHocTyBaHHsA. [IpeacTtaBieHo cxemy
kinacuikamii glarHOCTMYHUX mapaMerpiB. OmucaHo MiAXia, IO Jae
MO>KJIUBICTh BCTAaHOBUTH TaKy HEPIOJUYHICTh [1arHOCTYBaHHS, sKa, 3
OJTHOTO OOKY, 3MEHIITy€ BUTPATH HAa TEXHIYHE OOCITyTrOBYBaHHS Ta MOTOYHUHN
PEMOHT, 3 IPYroro — Ja€ 3MOry MiATPUMYBATH IMpale3aaTHICTh aBTOMOOLIS
Ha ONTHUMAJIbHOMY PiBHI.

Kntouoei cnosa: TeXHIUHE M1arHOCTYBaHHS, aBTOMOOLUIb, TEXHIYHE
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0OCITyroByBaHHS, TEXHIYHHI CTaH.

Ilocmanoeéxa npobremu. TexHidHA TIONMITHKAa KpaiHU BHUMarae
pO3pOOIEHHST HOBUX METOJIB 1 3aC00IB TEXHIYHOTO OOCIyTOBYBaHHS, IIO
MpU3BEJE O POCTY €KOHOMIYHOI €(eKTUBHOCTI pOOOTH aBTOMOOIJIBLHOIO
napky B mijiomy. [iIHCHMM 1HCTPYMEHTOM BBEIEHHS PEKUMY E€KOHOMIi €
3HMKEHHSI BUTpAT Ha TexH1uHe 00ciyroByBanHs (TO) 1 peMOHT aBTOMOO1ITIB
32 paxyHOK HIMPOKOTO BUKOPHUCTAHHS 3acO01B J11arHOCTYBaHHS, TOOTO
BU3HAYCHHS TEXHIYHOT'O CTaHy aBTOMOOWIIB 1 iX arperariB 0e3 po30upaHHs
3 METOIO IMPOTHO3YBAHHS MOKJIMBOCTEH 1X MOAIBII0I 0€3B1IMOBHOT pOOOTH
YU 3aCTOCYyBaHHs omaaHux TexHosorid TO 1 pemonTty. JliarHocTHKaA Hae
3MOTYy BUSIBUTH TPUXOBaHI HECIPABHOCTI Ta IMONEPEIUTH BiJAMOBH
MEXaHi3MIB, BHU3HAYUTU iX MNPUJATHICTH ISl MOAQJIBINOI EKCILTyaTallli,
YTOYHUTHU OOCATH PEMOHTHUX 1 MPOPUIAKTUYHUX POOIT, TATH OLIIHKY SIKOCTI
TO 4yu peMOHTY.

TakpM YWHOM, TIUTAHHS ONTHMI3AMli CHCTEMHU TEXHIYHOTO
00CIIyroByBaHHSI 1 pEMOHTY aBTOMOOUIIB 3a pe3yJibTaTaMU J1arHOCTYBaHHS
iX TEXHIYHOTO CTaHy € aKTYyaJbHUM.

Ananiz ocmannix docniodcensb. B mpolieci BUKOHAHHS TPaHCHOPTHOI
poOOTH, TEXHIYHHUI CTaH aBTOMOOLIIS TIOTIPIIY€ETHCS, III0 MOKE TPUBECTH 10
4acTKOBOI a00 TOBHOI BTpaTH Mpaie3faaTHocTi. ICHye aBa cmocoou
MIITPUMaHHS aBTOMOOUIBHOTO TpaHCTIOPTHOTO 3aco0y (AT3) y cipaBHOMY
CTaHl — TexHiyHe oOciyroByBaHHS 1 pemoHT. OcHoBHa Mera TO —
BUMEPEAUTH 1 MOMEPETUTH MOMEHT HACTaHHS BIJMOBH, Ta 3a0€3MEUUTH
0€3B1IMOBHY po0OOTY aBTOMOOLISI HA IEBHOMY MPOOIry.

3a KpuTepii BU3HAUYCHHS ONTHUMAaJIbHOI MepP10UIHOCTI
NpOPUIAKTUYHUX POOIT MOXKYTh OyTH BUKOPHUCTaHI TaKl XapaKTEPUCTUKU
eKCIUTyaTalliitHoT HaJAIMHOCTI aBTOMOOUIIB: WMOBIPHICTh O€3B1AMOBHOI
poOOTH, cepeHE HaIMpalloBaHHS Ha BIIMOBH, IHTEHCHUBHICTH BIJIMOB,
raMma-BIJICOTKOBE HaIpaIlOBaHHS Ha BIJIMOBU, CEpEIHE HAMPAIFOBAHHS HA
BiJIMOBH, TIapaMeTp MOTOKY BiMOB, MaTeMaTH4YHE CIIOJIIBAaHHS BIJMOB 3a
npo0Oir [1, 2].

[Tpu obrpynryBanHi pexxumiB TO aBTOMOOUIIB 3aCTOCOBYIOTH TakKi
METOAXM BH3HAUeHHS TmepioguuHocTi TO aBTromoOimB [2-8]: Meron
BU3HaueHHs nepioanyHocTi TO 3a qomycTUMHUM piBHEM O€3BIIMOBHOCTI;
METO/J BHU3HAYCHHS TMEPIOAMYHOCTI 3a JOMYyCTUMHM 3HAYCHHSIM 1
3aKOHOMIPHICTIO 3MIHM [apaMeTpa TEXHIYHOTO CTaHy; TEXHIKO-
€KOHOMIYHUI METO/I; €KOHOMIKO-IMOBIpHICHUH METO/I; METO
CTaTUCTUYHHX BHUIPOOOBYBaHb; 3a IMapaMeTpaMH TEXHIYHOTO CTaHy; 3a
HalOUIBIIO TPOAYKTUBHICTIO; 3@ 30BHINIHIM BHIVISIAOM aBTOMOOLIS,
CTBOPEHHSIM O€3MEeKU PYyXY; METOJ KOPEKTYBaHHS MEPIOUYHOCTI 3aJIEHKHO
B1JI HaIlpallfOBaHHS; METOJ BU3HAUCHHS IMEPIOUYHOCTI MPOPIIaKTUUHOTO
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oOCiTyroByBaHHsl — miciast  0e3BIAMOBHOI poboTH [, KM  mpoOiry;

npodiJakTUYHE OOCIYyrOBYBaHHS  3MIMCHIOETHCS  TICIAS  3arajbHOIO
HaIpaLoBaHHs /; poOIry, HE3aJeKHO B1JI IPOMI)KHUX BIMOB; IOIJINOJIEHE

npoditakTiyHe O0OCITYyrOBYBaHHS 3 BBEICHHSAM OTEpaliil MOTOYHOTO
pEeMOHTy Ticist k-0i BIAMOBH; METOJ BH3HAYEHHS ONTHUMAJbHOI
nepioguanocTi TO 3a BUTpaTOIO MajuBa.

KoeH 3 ux MEeToiB Ma€ CBOI IepeBaru Ta HeJaoaiku [2-8].

Dopmyeannss memu cmammi. MeETOO € JOCTIIHKEHHS pe3epBiB
€KOHOMIi BUTpaT Ha TeXHIYHE 0OCITyrOByBaHHS 1 PEMOHT aBTOMOO11iB

Ocnoeéna uyacmuna. HeoOrpyHoBaHe po30upaHHS Ta CKJIaJaHHA
JeTaliell CIpsKEHb NOPYIIYIOTh PUIPALIOBAHHS BY3IIB 1 JeTallel 1, TAKUM
YMHOM, HPUCKOPIOIOTH iX 3HOLIYBaHHs, BHOCATh HeIepen0aveH1
HECIIPaBHOCTI, TaKl SK MEPEeKoCcH ocei, 301IbIeH] abo 3MEHIIEH] 3a30pH,
3a0pyIHEHHsS Ta 1HII TEXHOJOTIYHI Je(EeKTH, SIKI CKOPOUYYIOTh CTPOK
CIIy0M MalIMHU 1 NOTpeOyI0Th HOBHX PEMOHTHHUX poOIT. PozipBartu 1e
KOJIO TIOKJIMKAaHa JIIarHOCTHKA.

3ajayaMy TEXHIYHOTO JIarHOCTYBaHHA [3] € KOHTPOJIb TEXHIYHOIO
CTaHy, MOIIYK MICIl Ta BU3HAYEHHS NPUYMHU BIIMOBHU (HECIPABHOCTI),

MPOTHO3YBaHHS TEXHIYHOI'O CTaHY.

VYcmitHe po3B’s3aHHS 33/1a4 JlarHOCTyBaHHS TEXHIYHOTO CTaHy aBTOMOOIJIIB
MOJKJIMBE 32 HAsIBHOCTI HAYKOBO OOIPYHTOBAHHUX, MIEPEBIPEHHUX HA MPAKTHIII Ta 3DYYHUX Y
BUKOPHCTaHHi, METO/IIB Ta 3aCO0IB BU3HAYECHHS TEXHIYHOTO CTaHy arperariB, CUCTEM 1
CIIPSDKEHb MAIlIMH Ta MPOTHO3YBaHHS 1X pecypcy.

JInst niarHocTyBaHHS aBTOMOOUIS BUKOPUCTOBYIOTH Pi3HI METOIM 1
PI3HOMAaHITHI J1arHOCTUYHI 3aco0M, sKi O€3MepepBHO BIOCKOHATIOKOTHCS
3aBJSIKA HOBITHIM JTOCSITHEHHSIM Hayku 1 TexHiku [1, 3-10]. 3acTocyBaHHs
EOM pi3k0 po3MIUPHIO MOXKJIHUBOCTI JIIarHOCTUKHU. JIOBEJAEHO, IO YUM
JIOCKOHATIIII METOJIM JIIarHOCTYBAHHS 1 3aCO0U 11arHOCTUKU, TUM TOYHIIIIE
1 3 OLIBIIO WMOBIPHICTIO Oy/e BHU3HAYCHHM MIMCHUM TEXHIYHUI CTaH
aBTOMOOLJIS 1 3AIMIIIKOBUN pecypc Horo poOoTH.

B ocHOBI  jAlarHOCTyBaHHS  JIGKUTh  BCTAQHOBJIGHHS  3MIHH
KOHCTPYKTUBHO-TEXHOJIOTIYHMX TapaMeTpiB MAIIMHU 3a pPSAAOM O3HaK
JIarHOCTUYHUX MapaMeTpiB, sIKI HEOOX1AHO BUMIpIOBaTU. BumiproBaHHs ix
3MIACHIOIOTHCS 32 30BHIIIHIMM O3HaKaMHu, $SIKI BIATBOPIOIOTH 3MIHY
TEXHIYHOTO CTaHy CHCTEM 1 CHpsKeHb MalluHU. J[esKl 30BHIIIHI O3HAKU
OJIHOYACHO € MapaMeTpamu, 10 XapaKTEpU3y0Th poOoUl IPOLECH MAIIHHH.
CrocoBHo 10 AT3 1i O3HaKM HACTYMHI: MOTYKHICTh JBUT'YHA, BUTpaTa
najyMBa Y MOTOPHOI OJIMBU, TaJbMIBHUN LIJISX aBTOMOOUIA 1 T.m. BoHu
BUMIPIOIOTBCA, SIK TMPaBUJIO, MiJ 4Yac poOOTH aBTOMOOUIS 1 4YacTo Ha
HAWOUIBII ~ XapakTEepHUX poOOYMX  pEeKHMMaX, M0  BIAMOBIIAIOTH
eKCIUTyaTallliHUM pexxumam, yu Onmu3bki 1o Hux. Ilapamerpu pobGounx
IPOLECIB MAIllMHU HAWIOBHINIE 1 KOMIUIEKCHO BiATBOPIOIOTH TEXHIYHUI
CTaH arperary, MexaHi3My 4 MallluHU B oMy [1, 6-10].
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30BHIIIHI O03HaKU TexHIYHOro craHy AT3 — cTykiT, mym, BiOparis,
JTUMHICTb, HarpiB 1 T.I. — TMOKa3ylTh CTaH OKPEMOTO MEXaHI3My YU
cupsbkeHHsT — okpemoro enemeHta AT3 (um cucremu). Jleski 3 1ux
napaMeTpiB MOXXyTh OyTH BUMIPSHI B HEpOOOYOMY, CTAaTHUYHOMY CTaH1
MEXaHI3My YM CHUCTEMH, KOJIM CUCTEMa UYMW MEXaHI3M HE BUKOHYIOTh CBOi
npsMi ¢yHkIii. Taki BUMIpH Jeriie 3A1HCHUTA Ha TPaKTHII, ajle BOHU HE
3aBXX/IM BUUEPITHO MOKA3YyIOTh TEXHIYHUN CTaH €JIeMEHTa MAIlUHU, KU B
pobouoMy pexuMi MijJ Yac eKCIUTyaTallli MO)Ke BIIPIZHATUCS BiJl CTaHy,
KOJIM MEXaHI3M He IpaIloe.

Onna 3 0cOOMMBOCTEHM JIarHOCTUYHUX TapaMeTpiB CKIaJaIbHUX
OJIMHUIIb MEXaHI3MIB 1 arperaTiB aBTOMOOUISI MOJiArae B TOMY, IO BOHU
IIPE/ICTABIICHI IK MEXaHIYHUMHU, TAK 1 €JIEKTPUYHUMH cUrHanamMu. CTOCOBHO
X0JI0BO1 YaCTUHU aBTOMOO1II1 Daewoo “JlaHoc”, To y Horo miiBicIii BiICyTH1
€JIEKTPUYHI CUTHAJIM, OCKIJIbKA MOTO KOHCTPYKIISl HE nepeadayvae K0qHUX
€JIEKTPUYHUX CUCTEM, HAIPUKJIAJ, KEPOBAHOTO PIBHSA YU XOAYy MiABICKH,
KOHTPOJTIO 32 3HOCOM IIIMH YH TUCKY Y HUX.

JllarHOCTUYHI MapaMeTpH, SKI BUMIPIOIOTh IIIJI Yac MPOBEACHHS
JIarHOCTYBaHHS, BUOUPAIOTh 3 MHOXXWHU TMPUHIMIIOBO MO>KJIUBUX
mapaMeTpiB  JIesIKOi  OOMEXKEHOT  KUIBKOCTI  JUIS  JTOCHIIKCHHS
iHQOopMaTUBHOCTI O3HAaK, cGOpPMOBaHMX Ha IUX MapaMmerpax. Bix
MPaBUIILHOTO BUOOPY MapaMeTpiB 3aJICKUTH SKICTh I1arHOCTYBaHHSI.

3a3Buuail BIUIMB MMapaMeTPiB HA TEXHIYHUM CTaH CUCTEMH € PI3HMUIA,
TOMY 3 BCIX MapamMeTpiB HEOOX1THO BUIIJIUTH Ti, III0 HAHO1IBII BIUTUBAIOTH
Ha 3MIHY Ipale31aTHOCTI CUCTEMHU.

OtpumanHs 1HMOpMAIllT PO TEXHIYHUI CTaH 00’€KTa 3a JOMOMOIOO
OyIp-SIKOrO J1arHOCTUYHOTO TlapaMeTpa IMOB’si3aHe 3 MaTeplaibHUMHU
BUTpaTaMu. EKOHOMIYHA WIJIECHPSIMOBAHICTh LMX BHUTPAT 3aJICKUTh, 3
OJIHIET CTOPOHM, BiJl BAPTOCTI J1arHOCTUYHUX 3aco0iB, a 3 JIPyroi — Bij
HMOBIPHOCTI BIIMOB 1 BAPTOCTI iX YCYHEHHsI, TOOTO BapTOCTI pEMOHTY. Tomy
KiHIIeBa OIlIHKA palllOHaJIbHOI TMOBHOTH 1HdOpMaIii BHU3HAYAETHCS
BapTICHUMHU KPUTEPISIMU 1 KPUTEPISIMU HANIMHOCTI 00’ €KTa 1arHOCTYBaHHS.

3 ycbOro pI3HOMAHITT MOXJIMBUX J[IaTHOCTHYHUX TapaMeTpiB
BUOWPAIOTh 1 BUKOPUCTOBYIOTH 3 MPAKTUYHOIO METOIO JIUIIE Ti MapaMeTpH,
Kl BIIMOBIZAIOTHh BHUMOTaM OJHO3HAYHOCTI, CTaOlLIbHOCTI, IITUPOTH
BUMIPIOBaHb, TOCTYIHOCTI 1 3pYYHOCTI BUMIPIOBaHHS, 1HHOPMATHBHOCTI 1
TEeXHOJOT1YHOCTI [1].

Krnacudikaniro JlarHOCTUYHUX NapaMeTpiB MOKHA MOJATH 3a TaKOIO
cxemoro [1]:
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JiarHocTnyHi mapameTpu
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Krnacu@ikarnis 11arHOCTUYHUX TapaMETPIB

JIst OIIHKK TEXHIYHOTO CTaHy BaXKJIMBO CBOEYACHO BCTAHOBUTH
MOMEHT HaCTaHHS TIEPEIBIAMOBHOTO CTaHy arperaty a0o CHCTEMH
aBTOMOO1ISI, 3a SKOrOo JJisi BIJHOBJICHHSI TIpale3laTHOCTI HEOOX1THO
MpPOBECTU MPOPIIAKTUKY ab0 3aMiHy OKpeMux JeTajield, 1Mol 3amoOirtu
B1JIMOBI.

[lepenBiIMOBHUM BBa)XXKAEThCS CTaH, 3a SKOTO JIarHOCTUYHHUI
napamerp Z (K) (¢ — mpobir aBTOMOO1JIs1) JOCsATaE TPAHUYHO-TOITYCTUMOTO

3Ha4YeHHsA Z,, Ha MOMEHT npooiry [11]:

Coon =Lc—Tonm>
ne (. — cepeaHiil mpoOir Ha BIIMOBY, KM;

Topnm — ONTUMAJIbHA NEPIOJUYHICT A1arHOCTYBAHHS, KM.

onm

OTxe, 3TiJIHO 3 TPEJCTABICHUM BHPA30M TMEPEABIAMOBHUI CTaH
3aBKU Oy/ie CBOEYACHO BHUSIBJICHUM.
OnTuMmanbHy NEpIOJUYHICTD JIarHOCTYBaHHS  T,,, HPHUHHATO

BUOWpATH 3 OTJISIY Ha TEXHIKO-EKOHOMIYHHMM KPHUTEpiid, a caMe Ha OCHOBI
MIHIMyMYy BHUTpaT Ha BHKOHAHHS 4eproBoro niarHoctyBaHHs C, Ta

notoyHoro pemonty C,, [11].

3ayBaXuMO, 110 TEXHIKO-€KOHOMIUYHE OOIpyHTYBaHHS BHOOpY
ONTUMAJIBHOI TEPIOJANYHOCTI J1arHOCTYBaHHS CHpPaBEJIMBE IS BCIX
arperaTiB Ta ME€XaHi3MiB aBTOMOOLJIS, KPIM THX, 10 3a0€3MeUyI0Th O€3MeKy
PyXy.

Pesynprat TpOTrHO3yBaHHS OOTPYHTOBYIOTH PIIIEHHS CTOCOBHO
MOXJIMBUX  TO3aIJIAHOBUX  PEMOHTHO-MPO(PUIAKTUYHUX  pOOIT  JJis
3a0e3MeYeHHs] HOPMATUBHOTO PECYpCy OCHOBHHMX arperaris.
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JIist TpUAHSTTSI pIIEHHS PO HEOOXITHICTh MOMKJTMBUX ITO3AIIAHOBUX
PEMOHTHO-TIPO(PITAKTUYHUX POOIT i KOHKPETHOTO BHIYYEHOTO 3
eKCIUTyaTallii aBTOMOOLIS CTIOYaTKy BM3HAYAIOTh WMOBIPHICTH BiICYyTHOCTI
BIIMOBU P, 1 MOPIBHIOIOTH Ii 3 JOMyCTHMMOK WMOBIPHICTIO BiJICYTHOCTI
BiAMOBH [P]. Skmo P, >[P], To Aas JaHOrO aBTOMOOLIS MO3aIlyIAaHOBUX

poOIT HE MPOBOAATH, B MPOTHIICKHOMY BHUIIAIKY iX BUKOHYIOTH OJIpa3y X
micas JIarHOCTYBaHHS JUIsl 3MEHINEHHS 1HTCHCHBHOCTI 3HOIITYBAaHHS
JeTanei arperary.

ﬁMOBipHiCTL BIJICYTHOCTI BiZIMOBH [P] MOXHa BHUKOPHUCTATH JJIs
pO3B’sA3aHHs 0araThOX IHIIUX 3aJ]lay, 30KpeMa IUIaHyBaHHS 3aMiHU JIeTaliei
arperaty; (opMyBaHHSI KOMIUIEKTY 3allaCHUX YaCTHH Ta IHCTPYMEHTY, IO
HEOOX1JTHO MaTH B CHOPSKEHOMY aBTOMOOLI1; TUIAHYBaHHS 00CSTIB poOIT
30H TO Ta IIP Tomro.

BuOip crparerii KepyBaHHsS Npale3gaTHUM CTaHOM aBTOMOOLISA
IPYHTYETbCS HA BHU3HAYEHHI ONTHUMAJIBHOI MEPIOJUYHOCTI KOHTPOJIBHO-
JIarHOCTUYHUX MEPEBIPOK.

Jlanuii miAXig [a€e MOMKIIMBICTD BCTAHOBHTH TaKy HEPIOJUYHICTh
J1arHOCTYBaHHsI, siKa, 3 OAHOr0o OOKy, 3MeHIiye BuTpatu Ha TO Tta IIP, 3
Ipyroro — jAa€ 3MOry MIATPUMYBAaTH Npale3gaTHICTh aBTOMOOUIA Ha
ONTUMAJIbHOMY PIBHI.

Bucnosok. TakuMm 4YWHOM, CBO€YAaCHE Ta SKICHE MJIarHOCTYBaHHS
JTIO3BOJIUTH 3amoOIrTH BUHUKHEHHIO CEPHO3HUX BIJIMOB, MiHIMI3yBaTH
BUTPATH HA PEMOHT 1 MATPUMYBATH TEXHIKY B MpaIe31laTHOMY CTaHi.
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DIAGNOSIS IS AN IMPORTANT RESERVE OF COST SAVINGS FOR
MAINTENANCE AND REPAIR OF CARS
Summary

The country's technical policy requires the development of new methods and means
of maintenance, which will increase the economic efficiency of the car fleet as a whole.
Diagnosis makes it possible to identify hidden faults and prevent failures of mechanisms,
determine their suitability for further operation, specify the scope of repair and
maintenance work, assess the quality of maintenance or repair. In the process of transport
work, the technical condition of the car deteriorates, which can lead to partial or complete
loss of ability to work. There are two ways to keep a vehicle in good condition -
maintenance and repair. A real tool to reduce the cost of maintenance and repair of cars
is the widespread use of diagnostic tools, namely determining the technical condition of
cars and their units without disassembiy in order to predict the possibility of their further
trouble-free operation or use of cost-effective maintenance and repair technologies.
Diagnostic parameters, which are measured during the diagnosis, are selected from a set
of fundamentally possible parameters of a limited number to study the informativeness
of the signs formed on these parameters. The quality of diagnosis depends on the correct
choice of parameters. The choice of strategy for managing the working condition of the
car is based on determining the optimal frequency of control and diagnostic tests. The
paper presents the criteria for determining the optimal periodicity of preventive
maintenance, methods for determining the periodicity of maintenance of cars, and the
tasks of technical diagnostics. The diagram of classification of diagnostic parameters is
presented. An approach is described that allows establishing such a periodicity of
diagnosis, which, on the one hand, reduces the cost of maintenance and repair, on the
other - allows you to maintain the performance of the car at an optimal level.

Key words: technical diagnostics, car, maintenance, technical condition.
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BUBIP TUITY HACOCA JIsA CUCTEMUA KPAIIEJIBHOI'O
3POLIEHHSA HACA/VKEHDb YEPELIHI B TOB « CAH MIJIET»

Anomayia. PobGoTa mnpucBsiYeHa poO3pOOIl E€JIEMEHTIB CHUCTEMHU
3poluieHHs To0Bux HacamkeHb uepentHi TOB «CAH MUJIET» nuisixom
BUOOPY THUITy HAcoca 13 MHOXHUHU aJlbTEPHATUB ISl JOCTITHOT JUISHKU
mwiomwero 13,8 ra. 3emul AocHiAHOL TUISHKH 3HAXOoIATbes y 30HI Cyxoro
Creny. Tun kmimaTy KOHTHHEHTanbHUM. Tepuropis po3TamioBaHa Yy
CYXOCTEIOBIiH IPYHTOBO-€KOJIOTIUHil 30Hi. [pyHTOBHI MOKPHUB TEPUTOPII, 1€
MPOEKTYETHCS CUCTEMA 3POIIICHHS HACA/[HKEHb YEPEILIHI, TPEICTaBICHNI TEMHO-
KaIlITAaHOBUMHU TPYHTaMHU.

st BuOOpy ONTHMAIBHOTO BapiaHTy THUITy MPOMHCIOBOTO Hacoca
CUCTEMU KpareJbHOTO 3POIICHHS BUKOPHUCTAHO aHANITUYHUN Meton, Jlis
JTocipKeHs oopano HacTynHl Hacocu K90/20, CM100-65-250/4, CJ1 16/25,
K 50-32-125. Po3paxyHKHM TMpOBENEHO 3 BUKOPUCTAHHSAM IPOTPAMHU
«Bubip». BcTanoBneHo, mo s 3a0e3meueHHsl IKICHOI pOOOTH CUCTEMU
KpareJbHOTO 3POIICHHS JTOCTIAHOI JIJISHKHM HEOOXIJHO MPUUHSITH HACOC
BimnenTpoBuii KoHCONbHOro Ty K90/20 3 momauero Q =90 m/rox Ta
Haropom 20 M.

Kntouogi cnosa: 3polieHHs], KpaneabHULS, YEPEIIHEBU CaJl, HACOCHUI
arperar, MoJuBHAa HOpMa, MHOKMHA aJIbTEPHATHUB.

Ilocmanoexa npobnemu. B nanuii yac y 3B's13Ky 3 pO3BUTKOM 3POIICHHS
HEMa€e CYMHIBY B TOMY, 1110 ce€pell TePCIEeKTUBHUX CIIOCO01B MOJUBY OJHUM
3 OCHOBHUX € KpalleJIbHE 3pOIIEHHS, SKE€ J03BOJIIE CTBOPUTH HANOUIBII
COPUSTIMBI YMOBH Ui pocTy pociuH. [ligBuilleHHS e(peKTUBHOCTI IIbOTO
croco0y MOJUMBY 3aCHOBAHE Ha OTPUMMAaHHI MaKCUMyMY MPOAYKIII HpH
MIHIMyMi BHUTpaT MOJMBHOI BoaM Ta mpaii. OCHOBHa Maca KOPEHEBOi
CUCTEMHU KJIOHOBMX KapJIMKOBHUX MIiJLIEN 3€PHATKOBUX KYJIbTYp Yy IPYHTI
PO3BUBAETHCS IOBEPXHEBO, JIOCATAIOYN TTMOMHU B cepetHboMy — 50-60 cm,
HaITIBKapJIMKOBUX Ta cepeHbopociux — 10 80 cm [1].

ToMy mocTiiiHe HiATPUMAHHS BOJOTOCTI IPYHTY Ha ONTUMAIbHOMY

© JI. 1O. bonpapenko, O. O. Bepmikos
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piBHI came y IHX mapax e HeoOXiHUM AJig (opMyBaHHS CTaOLIBHOI Ta
BHCOKOI BPOXAMHOCTI IHTEHCHUBHUX CalliB 1 MOXJIHMBE JHIIE 33 YMOB
HITYYHOTO (KParuIMHHOTO) 3pOIIeHHs [2-4 ]

CucteMu KparjauHHOTO 3pOILIEHHS - MJi€BUM (PaKTOp PO3KPUTTA
NOTEHLIATy IUIOA0BUX KyJbTyp. [lepeBaroro 1poro crnoco0y cTaau MmupIii
MO>KJIMBOCTI PETYJIIOBaHHS BOJHOTO PEXXUMY I'PYHTY.

ToMmy JocimipkeHHA 3 pO3pOOKM Ta BIOCKOHAJEHHS CHUCTEM
KpameIbHOTO 3POIICHHS B YEPEIIHEBUX CaJaX TOBAapHUCTBA 3 OOMEKEHOIO
BianoBiganeHicTIO «CAH MIJIET» B yMoBax CyXOCTEIOBOi 30HH 3 MOTJISTY
PO3MOLTY Ta HOPMYBaHHS BOJAM POCIMHAM € aKTyaJIbHOO 3a7auelo.

Ananiz ocmamnnix oocnioxcenb. CHUCTEMHU KpPAILLTMHHOTO 3POILIEHHS —
e(pEeKTUBHUIA YMHHUK PO3KPUTTA IMOTEHIIATy IUIOJAOBUX KYJIbTyp. 3 YCIX
CrOCOOIB  3pOIIEHHS TEXHOJIOTIYHO HAWOUIbII  BUNpPABAAHUMHU  JJIS
Ca/IIBHUIITBA € CUCTEMH KPAIUTMHHOIO 3polIeHHs (puc. 1).

Pucynok 1. Cucrema KpariMHHOTO 3pOIIEHHS YEPEUTHEBOTO Caly.

[lepeBaroro 11pOr0 CIOCOOY CTANIM IIUPIIT MOXKIUBOCTI PETYITIOBAHHS
BOJHOTO pexumy TIpyHTYy. Ilpm TpamumniiHux cmocobax —3poIIeHHS
JOCSITHEHHS KPUTHUYHUX TapaMeTpiB BoyiorocTi IpyHTY (65% H.B.) €
CUTHAJIOM JIJIsl IOYaTKy MoiuBYy. [Ipo1oBKyt0Th HOTO O HACHYEHHS TPYHTY,
10010 10 100% H.B [2,5,6]. Y nepeanosuBHUii 11epio1 pOCIUHU CTPAXKIAI0Th
BiJl 1eDiUTy BOJIM, a B KiHIII MOJIUBY 1 JIEIKUI Yac MICs HbOTO BIIUyBaIOTh
nediuuT  IpyHTOBOro moBiTps. CHCTEeMH  KPAIUIMHHOTO — 3pOIIEHHS
JI03BOJIAIOTh BUPOOJIATH TMOJIMB 32 3HAYHUX KOJMBaHb MapaMeTpiB BOJHOTO
OaslaHCy TPYHTY.
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3a JONMOMOTOI0 CHCTEMH KPAaIUIMHHOTO 3POIICHHS Ta arpoTEXHIYHOTO
MOTEHIIIAy, SKWA JaHa CHCTEMa TMPUBHOCUTH Yy TPAKTHKY, MOXKIMBE HE
TUTBKH MIATPUMAHHS BOJIOTOCTI IPYHTY Ha ONITUMAILHOMY PiBHI, a i IITy4HE
3HWKEHHA MOro y neBH1 peHodasu po3BUTKY POCIHH. 3HMKEHHS BOJIOTOCTI
IPYHTY B cajly ITiJl 4ac IBITIHHS CIIPHUsi€ 301IBbIICHHIO BiJICOTKA MPOYKTUBHOI
3aB's131. buabIn Hanpy KeHU BOTHUM PEXKUM IT1]1 yac JudepeHIiianii mioJoBux
OpYHBOK TaKOK, Ha JTyMKY PsTy TOCIITHHUKIB, CIIPHSIE 30LIBIIIEHHIO KITHKOCTI
reHepaTuBHUX OpyHbOK [6-10]. 3acTocyBaHHS CHCTEM KpAIUIMHHOIO
3pOIICHHS 3HAYHO 30UIbIIYE CTYHiHb KEPOBAHOCTI CajoM, 3HUXKYE
3aJICKHICTh BiJl CTpecoBUX (HAKTOPIB, JO3BOJSIE MAKCUMAIbHO PO3KPUTH
MOTEHITa] COPTOBO-MIAIIEMTHUX KomMOiHari# [11-13].

Dopmyniosanns memu cmammi. PoO3poOUTH €NeMEHTH CHCTEMHU
3ponieHHs 100BuX HacamkeHb uepeniHi TOB «CAH MUIET» nuisixom
BUOOPY THUITy HAcoca 13 MHOXWHU aJlbTEPHATUB JJIsi JOCIHIHOI JUISTHKUA
mioero 13,8 ra.

Ocnoena wacmuua. TOBapUCTBO 3 OOMEXKEHOIO BIJINMOBIAAIBHICTIO
«CAH MUIET» po3zramoBano B cenl KoctsHTHHIBKa MeEmiTONOIbCHKOTO
pationy. Ceno KocmsanmuHiexa 3HaXOAUThCA Y TIBJACHHO-CX1JIHIM YacTHHI
3anopi3pKoi 007acTi Ha JiBOMY Oepe3i piuku MoJouHa, BUIIE 3a TEUi€l0 Ha
Bigctani 0,5 kM po3ramoBaHe ceiio Bo3HeceHka, HIDKYE 3a TEUIE Ha
BiJicTaHl 3,5 KM po3TamioBaHe ceyno MopJBHUHIBKA, Ha MPOTHICKHOMY
Oepe3i Ha Bifcrani 0,5 KM 3HaXOAUTHCS MICTO MemiTonob 1 3ali3HUYHA
ctaHIliss Memnitonosns. Piuka B 11bOMy MICIIl 3BUBHUCTA, YTBOPIOE JIMMaHH,
cTapuill Ta 3a00104€eHi o3epa. Uepes ceio MpoXoauTh aBTOMOO1IbHA I0pora.
Penbed ninsauku piBHuHHME 3 yxwioMm Bix 0,5 go 1,30 miBaeHHOI
€KCIIO3HIII1.

3emmi TOB «CAH MUIET» 3naxondarbes y 301 Cyxoro Creny. Tun
KJIIMAaTy KOHTHHEHTaJbHUU. TepuTOopis po3TamioBaHa y CYyXOCTENOBIH
I'PYHTOBO-CKOJIOTIUHIH 30Hi, CyXiil mia30Hi, ¢artis V 3MMOBO-TTOMipHOTEIIIA
1 HaJIGKUTh JIO TPYHTOBO-EKOJIOT1YHOI MPOBIHIIT 3aCyIUIMBOI y TMEpHIy 1
JIy’K€ CyXO0i y IPyTy MOJIOBUHY BETE€TAIIHOTO MEPIOy.

TpuBamicTe BereramiiiHoro mepioxy mAopiBHOe 215-220 mgHsM,
KUIBKICTh JTHIB 3 TemriiepaTypoto Buile 10°C (mepion akTHBHOI BereTarlii)
180-185 mHis.

VY Tabmuii 1 HaBeneHi 3HAYCHHS CEPEAHBOMICIYHOI TEeMIEpaTypu
MOBITPS 1 KIIBKOCTI OmaiiB 3a OaraTOpiyHUMH JaHUMH METEOCTaHIII M.
MemniTonoss.

3a MOpPGOJOriYHOIO CTPYKTYPHOIO XapaKTEPUCTUKOK TEPUTOPIs
JUISTHKYA 3pOUIEHHS po3TalioBaHa B Mexxax [[puyopHOMOpPChKOT HU3WHU Y 1T
MiBJACHHIN YaCTHHI y JOJIMHI piku MosouHa.

VY reosioriuHoMy BijiHOIIEHHI [IprnyopHOMOpChKa HU3MHA CITIBIIAJIAE 3
[IpuyopHOMOpPCHKOIO 3anaanHoi0. [IoBepXHs MIISHKU Ma€ 3aralbHUN yXUJl
1o 1,3° miBaeHHoi excro3ullii. 3a penbedom IiIsSHKa, Ha KM TPOEKTYETHCS
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cuctema 3pomrenHs (C3), mpeacraBieHa c1ab0XBUISICTOO PIBHUHOO Ta
Tabnuys 1
CepenHi OaraTopiuHi MOKa3HUKW TEMIIEpaTypH MOBITPSA Ta KIJIBKOCTI
omaiB (3a maunmu MC MemiTomosns)

. 3a
Moxas- Micsann piK

HHK o |m|v| v | vi|vi| v X | X | X1 X

Temrie-
PaTYPa = 45 134 | 1,7 (8,7 ] 156|200 | 23,1 | 21,8 [ 162 9,8 (32| -1,4 | 9,5
HOBITA,
°C
Onanu,
MM
Binnocua
BOJIOTICTh
MOBITPS,
%
Cepenns
LIBU]I-
KICTb 481 50 |50 (44| 4,1 36 | 34 34 30 3,744 | 4,7 | 4,1
BITDY,
M/CeK

22 | 20 | 24 | 28 | 36 59 | 53 25 25 |28 | 25| 23 | 368

86 | 84 | 79 | 68 | 64 63 60 60 66 | 75 | 8 | 88 | 73

Tepacoro piku MoJIOYHOI.

[ pyHTOBMI TOKPHB TEPUTOPII, e poekTyeThes C3 HacapKEHb YePENLHi,
NPEACTaBICHU  TEMHO-KAIITAHOBUMU  C1a00Ae(pIbOBaHUMU — IPYHTaMU
JIETKOCYTIIMHKOBOTO TPaHyJIOMETPUYHOTO CKIIaTy.

Haiikpaiii  BOJHO-TIOBITPSIHI  YMOBU ISl TUIOJOBUX  KYJBTYp
3a0€3Meuy0ThCsl MPHU BOJIOTOCTI IPYHTY y Mexax 75—100 % HB.

BpaxoBytoun 0aratopiuHi MOKa3HUKHU MPUPOTHOTO 3BOJIOKEHHS 30HU
po3mimieHHs: Hacamkenb y TOB «CAH MIJIET» MeniTonoibChKoro
paiiony 3anopi3bkoi o0nacti (cyma onajis 254 MM 3a BereTaiiiHuii nepio,
124 MM B niTHI Micst) s yepemrHi Ha miameni Gisela 5 pekomeHyeTbes
HACTYTHHUH PEKUM TOJIUBIB:

- TIOJIUB TIICJISA CafiHHs (JIOKanbHUM nonus) — 30 1m>/caKaHens;

- 1, 2, 3-ii pix mormaxy mo 100 Mm%/ ra — 12 momusiB (cucrema
KpareabHOTO 3POIICHHS).

SxicHy poOOTy CHCTEMHU 3POIICHHS MOKJIIUBO 3a0€3MEeUNTH 32 YMOBHU
BUKOPUCTAaHHS HACOCHOTO arperary, sikuid Oyjae MaT 3ajJaHy mojady Ta
3a0€3MeUnTh PO3PaXyHKOBUN HaIlip JJig BCi€El MEPEXi MOJMBHUX HACOCIB.
Jlnst  BuOOpY ONTHUMAJIBHOTO BapiaHTy THITy Hacoca Uil CHUCTEMHU
KpaIeJbHOTO 3pOIICHHS BUKOPUCTAEMO aHANITHYHUH Meroa. Hacoc
MOBUHEH IEpeKavyBaTH YUCTY TEXHIYHY BOJY 3 TeMiiepaTypoto 10 85 °C ta
Oylne BUKOPUCTAHMM Yy CHCTEMI 3pOILIEHHS YEpEeIIHeBOro caay, sKa
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CKIIQJAETHCS 3 2-X TIOJMBHUX MOAYJIIB y 0110111 3poteHHs [ 14].

Jlns BuOOpYy TEXHIYHMX OO’€KTIB B CUIBCBKOMY TOCHOJApCTBI €
CIMEHCTBO T€OMETPHYHUX 3TOPTOK KpHUTEpIiB, A€ MeTa MOBHUHHA OyTH
dbopmatizoBaHa y BUTIISII «i€aTbHO» aIbTEPHATHUBH, a B KOCTI ILTHOBOT
QyHKLii Oyae BiacTaHb MiX ifeanbHOI0 X™ alnbTEepHATHBOIO Ta TI€IO, IO
PO3IIISIIAETHCS.

AJNTOPUTM BUOOPY € TAKUM:

- (hOpMYyIOTh MHOKUHY aJIbTEPHATUBHUX BapiaHTIB 00’ €KTy BUOOpa, y
HAIIOMY BHITaJIKy HACOCHUX arperatis, Xi, 1=1,m;

- BU3HAYalOTh BJIACTHBOCTI (KpITepli OLIHIOBaHHS fj B HaTypalbHUX
OJIMHHMIISX ) TTO KOXKHOMY allbTepHATHBHOMY Bapianty Aj, j=1,n i 3aH0CATH
10 Ta0JImI 2.

- TI0 KOKHOMY KPUTEPII0 BU3HAYAIOTh OaKaHU HAIIPSIMOK 3MIHHU HOTO
3Ha4YeHHs (min, max);

- BHKOHYIOTH TPOICAYPY HOPMYBaHHsS II0 KOXKHOMY KpPHTEpIIO 3a
dbopmyIioro:

(fj(xi)_fj_)
———,ecim f; > max
A (f;" —1;)
fi(x)=1 (1)
(fj _fj(Xi)) )
" — ,ecnnfj—>m1n,
- =)

a pe3ybTaTH HOPMYBaHHS 3aHOCSATH JI0 TaOIHI 2;
- BU3HAYAIOTh MEXI1 JOMYCTUMUX 3HAYEHBb MO0 KOXKHOMY KPHUTEPIIO Ta
3aHOCSTh PE3YIbTATU 0 TaOJIUIIl 2:
£ < f;(x)—p
+
£°> [f;(x;) +
Jie |\ — IOBUIbHE YHCIIO, 1110 HE MOPYIIYE JIIHIMHICTh KPUTEPUATIBHOTO PSIAY.

- 3HAYEHHS MUIbOBOI (YHKII ((Xj) BHU3HAYAETHCS MO KOXKHIA Xi-’
aNbTEPHATHBI Y BIIMOBIIHOCTI 10 (GOPMYJIH:

b

)

9

@(Xi):ilfj(xi)_fj(xm) — min (3)
J:
ne 0<f(x;)<1

- 3HAYCHHSI NUTLOBOT PYHKITT ((X;i), 10 BU3HAYAE METPUKY ((DYHKIIIIO
BIJICTaH1) MIX «iicaIbHOIO» aJbTEPHATHUBOIO 1 3HAUCHHSIM:

1-f(x,) |, x* | - min @)

T00TO iHTEpBaN [X;%, @i], a HaliMeHIIa BEMYMHA BiJCTaHI BiamoBigae
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ONTUMAaJbHIN aTbTEepPHATHUBI.

Tabnuys 2
YTBOpeHHs 6€3p03MIpHOI IKAIHM 3HAUYEHb IIIbOBOT QYHKINT O(X;).
BnacruBocTi
A1 Aj An
AnbTepHa- o(x;)
TUBU Kputepii

>

Ji f, Jj fj fn fn

X Jii fi fij flj fin fm Pin

Xi fir fil Jii fii fin fin ?in
X for | fumi | fumi | fan | fimn Prin
f Simin - | fi min - | famin -
f* Simax - | fi max - | fumex -

X+9 X Xiﬂ flexst 1 fj exst 1 ﬁl exst 1

Jns BuOopy TuIly Hacoca ISl CUCTEMHU KparelbHOTO 3POLUEHHS
yepemHeBoi AuUisiHKkH TOB «CAH MIJIET» po3riissHeMO HAacTyIlHI HacOCH
K90/20, CM100-65-250/4, CHA 16/25, K 50-32-125, texHiuHI
XapaKTEPUCTHUKU SIKUX (Ta01.3) mpuiiMeMo y SIKOCTI KPUTEPIiB AJisi BUOOPY
ONTUMAJILHOTO BapiaHTy. Bubip 3po0ieHo 3 ypaXyBaHHSM TOro, IO JUIs
3abe3neyenHs noTpiobnoro Tucky P, = 1,76MIla B ocTaHHBEOMY TIOJMBHOMY

TpyOONPOBOI HAWOUIBII BiAJAJIEHOTO BIJ HACOCHOI CTaHINi MOJUBHOTO
MOIyJIst He0OX17HO, III00 PO3paxyHKOBUI Harlip OyB HaOImkeHUM 10 20 M.

J51s BHOOpY ONTHUMAIILHOTO BapiaHTy HAacoca 3 MHOKHHHM aJIbTEPHATHB
NPUIHATO TaKl MapaMeTpu 1 MeX1 iX 3HAaYEeHb:

- IPOMYKTUBHICTE — Bix 12,5 1o 907 M*/rox;

- Hamip HacocHuXx arperartiB — BiJ 20 10 25 M;

- koedirieHT KopucHoi Aii — Bia 49 no 78 %;

- BUTIK — Big 2 10 10 n/rox.

BiamosinHo 10 HaBeEHUX MapaMeTpiB CPOPMOBAHO TaOIHUITIO 4.

Bubip  Halikpamoi  ajdbTEepHATHMBH  BHU3HAYMMO 32  YMOBH
MaKCHMaJbHOTO HaOIMKEeHHS 10 11eany no ¢opmyii (1). iamorose BikHO
nporpamu «Bubip», ska po3pobieHa Ha kKadeapi CLIbChKOTOCIOAAPCHKUX
mammH TJATY [15], po3paxyHKy BUOODY 11€ajIbHOTO BapiaHTy 3 MHOKHHU
aIbTepHATUB HAaBEJIEHO HA PUCYHKY 2.
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Tabnuys 3

TexHiyH1 XapaKTEepUCTUKKA OOpaHUX BaplaHTIB HACOCIB I CHUCTEMH
3poueHHs yepenrHeBoro cajga TOB « CAH MIUJIETy.

Mapxka Hacocy
Howaswmk g0 50 TCM100-65-250/4 | CJ 16/25 K 50-32-125
[Tonaua, M>/rox 90 50 16 12,5
Harmip, m 20 20 25 20
[ToTyxHICTBH
€JICKTPOJIBUTYHA, 7,5 7,5 4 1,5(2,2)
kBT
[IIBuakicTh
obepTaHHsA
Buxigaoro Bana| 3000 1500 3000 3000
€IIEKTPOIBUTYHA,
00/XB
KIIO, % 78 60 49 55
KaBurt. 3amac, M | < 5,5 5 4 < 3,5
Burixk, n/ron <2 10 10 <2
Tabnuys 4
[TapameTpu A1iCHUX 3HAYEHD 13 ANBTEPHATUBHUX BapiaHTIB HACOCHUX
arperaris.
ITapamerp
Mapka Hacocy .
Hozgaqa Q, Hartip, M KKIL, % Burtik,
M’/TOJI JI/TON
K90/20 90 20 78 2
CM100-65-250/4 50 20 60 10
CH 16/25 16 25 49 10
K'50-32-125 12,5 20 55 2
f 12,5 16 60 1
fr 90 30 98 3
X', X max max max min
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1.74

2 3 4 Bapiawt 1 :
m BapiaHT 2
Bapiawt 3
K-cTe EapianTE

4 3

Mokaznmk (1 - Kk Max. @ - k Min.):

Bapiawt 4 :

Haikpawum eapiavTom e Bapiawt: 1
3 HaWbnuxyum no 1 3Ha4YeHHAM:

7.1

Bun. 12, Tom 2

1.74
6.73

3.34

1 2 3 4
i1
4| »

Pucynox 2. Jliamorose BikHO nporpamu «Bubip», sika po3po0iieHa Ha
kadenpi CI'M THATY nns BuOGopy ONTUMAIbHOTO BapiaHTy HAaCOCHOTO

arperary.

3a pe3yJibTaTamMu po3paxyHKy (puc. 2) BUIHO, 110 HAWMEHIIIe 3HAaUCHHS
iTHOBO1 (PYHKIIT OTPUMAHO JIJIs IEPILIOTO BapiaHTy, 7 HHOTO ®(Xi) = 1,74.
I3 Tabnui 4, BUHO, 110 BapiaHTy Nel BimoBijja€ HACOC KOHCOJILHOTO TUITY
BinuentpoBuit K90/20 (puc. 2), sskuit My 1 mpuitMaeMo 11 3a1aHO0T CUCTEMHU
3pouieHHs. BupoOHuk Hacocy — Ciao000XKaHCHKUN €IEKTPOMEXaHIYHUM
3aBoJl, XapkiB, YkpaiHa. TexHIUHa XapaKTepuCTHKa HAcOCy HaBeJEHAa B

Tabmui 3.

Pucynok 3. BignentpoBuii Hacoc, koHcosibHOTO Ty K90/20.
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Hacoc K90/20 — mpomucioBuii, BiIIIEHTPOBHI, KOHCOJBHOTO THITY.
[Tepexauye uncTy TeXHIUHY BOAy 3 Temmeparypor mo 85 °C. Marepian
Kopmycy Ta Kpuib4atku — yaByH CU20, Banm — ctanb. [lomaua — 90 m*/rog,
Hanip — 20 M. ArperaTy€eThbes 3 €IeKTPOIBUTYHOM MOTYXKHICTIO 5,5 — 7,5 kBT
Ta yactoToro ooeprans 3000 o6/xB.

Bucnosku. 1. JIna npuiHATTS pIlICHHS 1100 BUOOPY ONTHMAIBHOTO
BaplaHTy THUITYy TPOMUCIOBOTO HACOCA CUCTEMH KPAaIeJbHOTO 3POIICHHS 13
MHOXHHH aJIbT€PHATUB BUKOPUCTAHO AHAIITUYHUN METOJH, BIAMOBIAHO 10
SKOTO 3HAYEHHS IIhOBOT (DYHKIIT BH3HAYAE PI3HUINIO MK «1€aTHbHOIO»
QIbTEPHATUBOIO Ta TIEIO, IO PO3IMJISIAETHCA, a HaWMEHIIa BeTUYMHA
B1JICTaH1 BIJINOBIa€ ONTUMATBLHOMY BapiaHTy.

2. BusHaueHo, 1O Ui 3a0e€3MEUeHHsA SKICHOI POOOTH CHUCTEMHU
KpamneynbHoro 3pouieHHs jgochinHoi auisHku  TOB  «CAH  MIUJIET»
ONTUMAJLHO TPUUHATH HACOC KOHCOJbHMI BiaueHTpoBuit K90/20 3
noxauero Q =90 m*/rox Ta Hanopom 20 M.
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L. Bondarenko, O. Vershkov
Dmytro Motornyi Tavria state agrotechnological university

CHOICE OF PUMP TYPE FOR DROP IRRIGATION SYSTEM OF CHERRY
PLANTS IN SAN MILET LLC

Summary

Among the promising methods of watering, one of the main is drip irrigation, which
allows you to create the most favorable conditions for plant growth. Improving the
efficiency of this method of irrigation is based on obtaining maximum production with
minimum cost of irrigation water and labor.

The work is devoted to the development of elements of the system of irrigation of
cherry orchards of LLC "SAN MILET" by choosing the type of pump from a variety of
alternatives for the research area of 13.8 hectares.

The lands of the research site are located in the Dry Steppe zone. The type of climate
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is continental. The territory is located in the dry steppe soil-ecological zone. The duration
of the growing season is 215-220 days, the number of days with temperatures above 10
oC (active

growing season) is 180-185 days. The soil cover of the territory where is designing
the system of irrigation of cherry plantations is represented by dark chestnut soils. For
cherries on the rootstock Gisela 5 recommended watering after planting (local watering)
—30 dm3 / seedling, and using a drip irrigation system — 12 waterings.

An analytical method was used to select the optimal type of industrial drip irrigation
pump from a variety of alternatives, according to which the value of the objective function
determines the difference between the "ideal" alternative and the one under consideration,
and the smallest distance corresponds to the optimal option. The following pumps K90 /
20, CM100-65-250/4,SD 16/25, K 50-32-125 were selected for research. The calculations
were performed using the program "Choice", which was developed at the Department of
Agricultural Machinery TSATU. It is established that to ensure the quality of the drip
irrigation system of the experimental area it is necessary to accept the centrifugal pump
cantilever type K90/20 with a supply of Q =90 m3/ h and a head of 20 m.

Key words: irrigation, drip, cherry orchard, pumping unit, irrigation rate, many
alternatives.
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3bUPAHHA HE3EPHOBOI YACTHUHHU BPOKAIO
KOMBANHOM OBYICYBAJIBHOI'O TUITY

Anomayis. J1o0 HOBUX TE€XHOJOTA KOMOAITHOBOTO 30MpaHHs 3€pPHOBUX
KyJbTYp BIJTHOCUTBCSA 1 METOJ OOYICyBaHHS POCIMH Ha KopeHl. OjHak
OCHOBHMM CTPUMYIOUMM YWHHUKOM IIOAO IIMPOKOTO BIPOBAKEHHS Y
BUPOOHMIITBO HOBOI 3€pPHO30MpAIbHOI TEXHIKM 3aJIMIIAETHCA Ipodiema
30MpaHHs1 00YeCaHOTO Ha KOPEH1 cTe0I0CTOIO.

Jnst 30upanHsa 00UecaHOro Ha KOPEHi CTe0I0CTO0 HAOIBII TPUIATHI
Takl THUOM TPUCTPOIB, SIK PLKYYUH NTPUCTPIA CETMEHTHOTO THUMIY 3
TPaAHCTIOPTYIOYMM MEXaHI13MOM, IITHEKOBHUM PxKYyUUi IPUCTPIN Ta pOTOPHUI
pixkyuii npuctpiit. Po3risiHyTo crocoOu Ta 3acobu 30MpaHHs HE3EPHOBOT
YACTUHU BPOXkKal0 KOMOAHOM OYHCHOTO TUITY.

Bupimena 3amaya BIOCKOHAJICHHS PI3aJIbHOTO IMPUCTPOIO, B SIKOMY
[IUIIXOM MOJIEPHIi3allli KOHCTPYKTHBHO-TEXHOJIOTTYHOI CXeMH, OCHOBAHOI Ha
HOBIH  CYKYNMHOCTI KOHCTPYKTHUBHHUX  €JEMEHTIB, iX B3a€EMHOMY
PO3TalllyBaHHI 1 HASBHOCTI 3B’ S3K1B MI>K HUMU, 3a0€31€Uy€ThCs 301IbIIICHHS
MNPOAYKTUBHOCTI  PI3aJIbHOTO  MPUCTPOIO,  MIJABUINCHHS  HAIIAHOCTI
TEXHOJIOTTYHOTO IPOLECY 3Pi3aHHS T4 BAJIKO YTBOPEHHS 3p13aHUX CTEOJIMH.

Hapenena 3arambHa MeTOJIMKAa BHOOPY PIKY4YOro MPUCTPOIO B
3QJISKHOCTI BiJl KyJbTYpH, IO 3a0UPAETHCS, 1 TEXHOJOT1I 300py 3pi3aHUX
cTebel.

Knrouosi cnosa: 30upaHHs 3epHOBUX KYJIBTYp, OOUICYBaHHS POCIHH,
pi3aJIbHUAN TTPUCTPIi.

Ilocmanoexa npobaemu. B nanuii 4ac OCHOBHHM CITOCOOOM 30UpaHHs
CLIbCHKOTOCTIOAAPCHKUX KYJIBTYP € PO3JAUIbHE Ta MpsiMe KOMOailHyBaHHS.
OpnHak CTBOpPEHHS KOMOaifHA 3 KJTACUYHOI0 CXEMOIO MOJIOTAPKH 301IBIIICHOT
OPOMYCKHOI  CIIPOMOKHOCTI ~ CYMPOBOKYETbCS ~ 3POCTaHHSIM  MOro

© K. O. llerena, O. M. lllokapes, b. B. bontsucekuit, O. O. llokapes
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METAJIOEMHOCTI, EHEProeMHOCTI Ta TralaputiB. Maibke Tpu dYBepTI
MOTY>KHOCTI BUTpAYa€ThCsl Ha Te, MO0 YCUISIKO mepeOuBaTH, CTPYUIyBaTU
cosiomy|[ 1,2].

Jlo HOBUX, MEHII EHEPrOEMHUX TEXHOJOTINH, BIJHOCHTBCS 1
KOMOaifHOBe 30MpaHHS CUIbCHKOTOCIIOAAPCHKUX  KYIBTYp METOIOM
oOuicyBaHHS Ha KOpEHI. Po3poOku Takoro crnoco0y MpOBOASATHCS B
TaBpiiicbKOMY arpoTeXHOJIOTIYHOMY yHiBepcuTeTi Micta Memnitonois[1,7].

OpHak B3aJMINAETHCS BIAKPUTUM THTAHHS 30UpaHHS HE3epHOBOI
YaCTUHU BPOXKAI0 B JAHOMY TE€XHOJIOTTUHOMY Tipoiieci. ObuecaHi poCiInHH,
3aJIMIIEH] B TOJII Y BUTJIAMI HE 3pI3aHOI MacH, MEPEIIKO/Kal0Th POOOTI
IpyHTO0OpOOHUX 3Hapsib. [Ipu 3akiaieHH1 He MOIPIOHEHOT COJTIOMU B IPYHT
BOHA CIPHsIE HAKOIIMYEHHIO B OPHOMY IlIapl OpraHiKH, 10 HE po3KJjanacs,
110 HETaTUBHO BIUIMBA€E HAa BPOXKANHICTb.

["oBOpsum mpo 30MpaHHs HE3ePHOBOI YaCTUHU BPOKat0, Tpeda MaTh Ha
yBa3l, 0 MeTa 1i He JuIle y 30upaHHl TPOAYKUIi IS HOTped HApOAHOTO
rocrnojapcTBa, HANPUKIA Y TBAPUHHMIITBI, a ¥ y IMIBUAKOMY 3BUIbHEHHI
NOJIIB JUIA BUKOHAHHS ONEpaliil 13 MATOTOBKM IPYHTY MHiJ YypoKaid
HACTYITHOTO POKY.

Ananiz ocmaunix 0ocnioxcens. BiIMIHHICTb TaHOTO CIIOCOOY IMOJIATaE
B TOMY, IIPUCTPIii, HaBIIICHU Ha KOMOalH 3aMICTh >KHUBAPKH, 3I1HMCHIOE
00OMOJIOT CUTBCHKOTOCIIOAAPCHKUX KYJIBTYP Ha KOPEHI 3 TIOJIaIBIINM 300pOoM
1 10poOKOI0 00YecaHOro BOpoxa B KOMOaiiHi.

HesepHoBa wactuna Bpokaro (oOdecani crebja) B MOJOTHIIBHO-
cemapyrouuid TpUCTpii KoMOaiiHaA HE HAAXOAUTh, BHACIIIOK YOTO
JOCSITAETHCS CYTTERE MIABUILICHHS MPOMYCKHOI CTPOMOKHOCTI KOMOaitHa. A
BpaxoBYIOUH, 0 0oO0YecaHa yacTuHa ckiagaeTbes Ha 60...90% 13 BUIbHOTO
3epHa, 10..25% 3epHa B koiockax 1 g0 10% cosoMu, TO 3HAYHO
3MEHIIYIOThCSI CHEPrOBUTPATH HA CEIapalliro Ta 0OMOJIOT Macu B KOMOalHi.

Sk nokazaiM  MOJbOBI  JIOCHIDKEHHST ~Ta  BUIPOOYBaHHSA
€KCIIEpUMEHTAJIbHUX 3pa3KiB KOMOalHIB 004iCYyBaJIbHOTO THUITY, CIOCOOOM
00yicy pOCIMH Ha KOPEH1 MOXHAa 3a0HUpaTH ClIIbChKOTOCTIOAPChKI KYJIbTYpH
3 yposxkaiinicTio 10 100 1/ra Ta Bume. [Ipu piBHi BTpat 3eprHa 0,4...1,0%
MPUCTPiid Majo mormkopkye 3epHo [1,8].  TlepeBaru niboro cocoOy nepen
TPAJAMIIITHUM TPSIMUM  KOMOAWHYBaHHSM TIOJSITA€E B HACTYITHOMY:
MIBUIIEHHS TMPOAYKTHUBHOCTI 30MpaHHS 3€PHOBUX KYJIbTYp Ta pHCY;
3MEHIIICHHSI BTPAT 3€pHa Ta HOTO TPaBMYBaHHS; 3MEHIIICHHS €HEPTOEMHOCTI
KoMOaiiHa; CKOPOYECHHS TEpMiHIB 30MpaHHS Ta 3BUIBHEHHS TOJIB Mij
ypOKall HaCTYITHOTO POKY.

Dopmyeanus memu cmammi. METOIO CTaTTi € HABEJACHHS METOIUKU
BUOOPY PIKYUOro IPUCTPOIO B 3aJI€KHOCTI Bl KYJbTYpPH, 110 3a0UPaETHCH,
1 TEXHOJIOT11 300py 3pi3aHuX cTeOel.

OcHosna wacmuna. TlocTaBiaeHa MeTa MOK€ BHUPILIYBAaTUCh KiIbKOMa
aNbTEepPHATUBHUMM BapiaHTaMM, HAPUKJIAJ 33 NEPIIUM BapiaHTOM, Lie 3pi3
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cte0er micist MPOXOHKEHHSI KoMOaiiHa MOKIIMBHI BaTKOBUMU KHUBAPKaMU
3 MOJAJBIIAM TPHOUpPAHHSM BaNKiB cojomu. C(CxeMu i3 3aCTOCYBaHHSIM
KOCapOK-TIo/IpiOHIOBaUiB 200 BaJKOBUX KHHBAPOK MICIS MPOXOHKEHHS
KoMOaifHa 3 00UICyIOUMM MPHUCTPOEM HE 3a0e3MeuyIoTh MOBHHIMA 30ip yciel
MacH 4epe3 YTBOPEHHs KOJii BiJ XOJ0BOi 4acTUHU KoMOaitHa. Oco6mmBO
O0arato CcoJOMHM TyOUTbCS TpU 30MpaHHI 3EPHOBUX KYJIBTYp Ha
MEePE3BOJIOKCHUX JUISHKAX Ta 30upaHHI pHUCY. BTHUCHYTMMH B KOJIIO
3anmumaeTbesi moHay 30% HespizaHux obuecanux creben (puc. 1), 1o
HEraTHBHO MMO3HAYAETHCS HA MICII30UpaIbHOMY 00pOOITKY IPYHTY.

Pucynok 1. OOuecaHi He3pizaHi cTeOsa MICHS MOPOXOKCHHS
004iCYBAJILHOTO TTPUCTPOIO

3pi3 creben micas MPOXOMKEHHST KomOaiiHa Befe A0 30UIbIICHHS
BUTpAT Ha 3arOTiBJIIO HE3EPHOBOI YACTUHU BPOXKAIO 32 PAXyHOK TTIOBTOPHOTO
BUKOPUCTaHHS €HEpPro3aco0iB, a 1€ Beae 10 30UIbIIECHHS BUTPATH NaJKBa,
3HOINIYBaHHS TE€XHIKH, a TAKOXK /10 YIIUIbHEHHS IpyHTY. TpuBanmii yac mose
HE TOTOBE J0 IPYHTOOOpOOHHMX omepaiiii. ToMmy HEOOXimHO 3pi3aTH 1
yKJIaJaTH y BaJIOK OOMOJOYEeH1 cTrebjia MiClisi OYHMCHOTO MPUCTPOIO [0
MIPOXOJKEHHS PYIIIiiB KoMOaitHa. MO>KJIMBHIA BapiaHT 3pi3y Ta MOApiOHECHHS
00MOJIOUEHUX CTeOeN 3 PO3KUAOM iX MO MOJI0 TaKOX 0 MPOXOIKEHHS
pYIIIiB.

3ynmUHUMOCS Ha CXeMl, TNph S[KIA PLOKYYUd TOPHUCTPIA 3
BaJIKOYTBOPIOBAYEM BCTAHOBJIIOETHCS Ha KOMOalHI Oe3MocepeHbO Micis
IPHUCTPOIO, 0 00YICYE, i MOXUIIO KaMepoto (puc. 2).

SBTSATU.12.2.8


http://www.tsatu.edu.ua/tstt/naukovyj-visnyk-tdatu/
http://www.tsatu.edu.ua/tstt/naukova-dijalnist/
http://www.tsatu.edu.ua/tstt/news/
http://www.tsatu.edu.ua/tstt/naukovyj-visnyk-tdatu/

HaykoBuit BicHuk TAATY Bun. 12, Tom 2

4310

Pucynok 2. 3epHo30upasibHHII KOMOaiH OOYICYBaJIbHOIO THUITY 3
pi3aJIbHUM MIPUCTPOEM

OOmoroueH1 cTebsia 3pi3atoThCsl pi3ajbHUM armapaTtoM, BiABOJATHCS
BaJIKOYTBOPIOIOYMM MEXaHI3MOM BiJI PYIIIiB KOMOaiiHa 1 yKJIaJalThCs y
Basiok (puc. 3). JpiOHO-cooMUCTHIl 00€pEMOK MOXKE YKIAAaTHCS 3BEPXY
BaJIKa, a TaKOXX 30MpaTUCs B 3MIHHHMM BI30K 1 TPAHCIIOPTYBATUCS JIO MICI[h
30epiraHHs.

Pucynox 3. 3pi3aHi Ta NOKJIa/IeH1 y BaloK o04ecaHi cTebia

Jlns  panioHaNbHINIONO BHUKOPUCTAHHA 30UMpaibHOI TEXHIKH, IO
nigoupae BaJIOK, a caMe 3a PaXyHOK 3MEHIIEHHSI KUIBKOCTI MPOXO/iB MPH
nia0opi, He0OX1AHO YTBOPIOBATH MOIBIMHUI Bajlok o0yecaHux creder.

[le nmocsraeThCs 3a YMOBH, SIKIIO BaJKOYTBOPIOIOYHN MEXaHi3M
3a0e3MeYeHnii  pEeBepCUBHUM  NPUCTPOEM, a (OpMyBaHHS  Bajka
BiI0yBa€eThCs 300Ky KOMOaiiHa 3a py1isiMu 1o 00pi3y MPUCTPOIO.

Bracnimok 4oro Banmok obOuecaHux cTeOen (QOopMYyeEThCS 3 NUITHKH
IUPUHOI0 8 METPIB MPHU HIUPHUHI 3aXBaTy OOYICYBAJIBHOTO Ta PIXKY4OTO
IPUCTPOIB, IO A0piBHIOE 4 MeTpu. OqHaK MOXHA (POpPMYyBaTU OJUHAPHUN
BaJIOK o0uecaHux credesn. Y 1[bOMy BUIAIKY BaJIOK YTBOPIOETHCS MO LIEHTPY
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KOMOaifHa MIXK pyIIiSIMUA IBOMa KOHTYpaMH BaJIKOyTBOPIOIOYOTO MPUCTPOIO,
0 00epTalThCs OJUH 10 OJHOro. Taka cxema JOLiIbHA MPH BHCOKIN
BPOKaHOCTI HE3EPHOBOI YAaCTHMHM BPOKal0, @ TAKOX NMPU BUKOPHCTaHHI
004iCYBaJIbHOTO Ta PIXKYUOTO MPUCTPOIB AK MPOKOCUUKIB.

3anmexxHO Bl 0OpaHOrO0 TEXHOJIOTIYHOTO Tpolecy 30upaHHS
HE3EPHOBOI YACTHHU BpOXKAKO, a TakoX B  (I3UKO-MEXaHIYHUX
BJIACTMBOCTEH  KyJNbTyp, 10  yOWpawTbcsa, y  TaBpiiicbkomy
arpOTEXHOJIOTIYHOMY YHIBEPCHUTETI PO3poOJICHO KiJdbKa BHJIIB PLKYUYHUX
IPUCTPOIB (POTOPHUHN, CETMEHTHHIA 3 TPAHCTIOPTYIOYMM MEXaHi3MOM — PHC.
4 Ta 5, WIHEKOBUH, PO3pOOKH JoLEHTa Kadeapu MallMHOBUKOPUCTAHHS B
3emiiepoOcTBi Ato6oBa A.M. — puc. 6 ), IKi BCTAaHOBIIOIOTHCS T1]] TOXUJIO0
KamMeporo KoMmOaitHa micisi 004iCyBaJIbHOTO MIPUCTPOIO.

Pucynok 4. Pixxyunii npuctpiii CECrMEHTHOTO THUITY 3 TPAHCHOPTYIOUUM
MEeXaH13MOM

['onoBHUM  HEJOJIKOM  PO3MVIIHYTOTO  PI3ajJbHOTO  amapary
CErMEHTHOTO THUIly 3 TPAHCHOPTYIOUYMM MexaHisMoMm [3,4] € maia
MPOYKTUBHICTh, HU3bKAa HAJIMHICTh MPOLIECY OUYMIIEHHS 30HU Pi3aHHS Ta
HEMOJKJIUBICTh BIJBOAY 3pi3aHMX CTEOJIMH 3 METOI0 YTBOPEHHS BaJiKa IO
IIEHTPY TPUCTPOIO TpH 30UIbIICHI INUpUHU 3axBary. Lled Hemomik
MOSICHIOETbCS THM, IO OYMUIEHHS pI3aJIbHOIO amapara BiJ 3pi3aHoi
POCIIMHHOI MacH BiIOYBA€ThCS TUIBKM 32 PAaXYHOK 1HEpIIi pyXy 3pi3aHuX
cTeOJInH, 6€3 BUKOPUCTAHHS TPAHCIIOPTYIOYOTO MEXaHI3MY.

[le BupimyeTbcs THUM, L0 B pi3aibHOMYy mpuctpoi (puc. 35)
BCTAHOBJICHO JIBa Pi3aJbHUX allapaTd y BUTJISAAI HECKIHYEHHOTO TATOBOIO
CJIEMCHTY 3 CETMEHTHHMH HOXKaMH Ta TPAHCIOPTYIOUUMHU TpaOIMHAMH i
aKTUBHUM  BaJIkOyTBOproBaueM. [5,6,7]. 1lle mo3Bomsie  moOCTIiitHO
3MIICHIOBATH OYMIIICHHSI 30HU Pi3aHHS, BIJIB1]l 3p13aHOT MacH Ta YTBOPIOBATH
BaJOK MO UeHTpy npuctporo. Ilo meHTpy pi3aidbHOrO MPUCTPOIO
BCTAHOBJICHO JUTHHUK, KU MiJIBOJUTH POCIWHU JI0 Pi3aJIbHOTO amapary,
10 JT03BOJISIE 3pi3aTH yC1 POCIHHM 0€3 MPOMYCKiB.

PizanpHUIT TpUCTPiN MICTUTH: JIBa Pi3ajbHUX armapara, KOXHUHN 3 SKUX
CKIIAQJAEThCS 3 HECKIHYEHOTO TITOBOTO €JEMEHTY |, Ha HWKHIN TIJIOMIMHI
SAKOTO 3aKpIIUICHI CerMEHTHI HOXI1 3, Ha BEPXHIM IUIOMIMHI 3aKpiIieHl
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TpaHcnopTytoui rpadnuau 2. CerMeHTHI HOX1 3 00epTaeTbes 0e3 KOIMBaHb

HaJ[ TPOTUPI3aTbHUMU TanbllsiMu 4. BimOuBarodi Bayblli 6 aKTHBHOTO

BaJIKOYTBOPIOBAaYa, K 1 poOOUl TiJKK pi3ajbHUX amapariB, PyXarOThCS B
IPOTUIICKHOMY HAMpsAMY /10 BUKUTHOTO BIKHA JIe€ BCTAHOBJICHO JIIJIBHUK 5.

6 6 2 S

s

R, o

Pucynok 5. PizanbHuil npucTpiii koMOaliHy 004iCyBaJIbHOTO THITY

PizanbpHMil anmapat npaioe HaCTYIIHUM YMHOM. PociuHu 3pi3yroThes
CErMEHTHHUMH HOXaMHU 3 y B3a€EMOJII 3 MPOTUPI3aIbHUMU NanblsiMu 4. B
MUTH 3pi3y rpadinHa 2 B3aeMojiie OOKOBOIO MOBEPXHEIO 3 POCIMHAMH Ta
NEPEOPIEHTYE TX TAKUM UHHOM , 1110 BOHU ONUHSAIOTHCSI HA BEPXHIN MOBEPXHI
rpabiuHu 2. 3pizaHa Maca MEePeMIllyeThCS Ha TpadiMHAX 2 HaJl 30HOI0
pizaHHs 10 Micis (GOpMyBaHHS BajKa, THM CAMHM 30HA pi3aHHS MOCTIMHO
OUHIIYEThCS BiJ 3pi3aHuX cTeOnuH. OuuiyBaHHs TpabiiuH 2 Ta yTBOPEHHS
BaJika 3JIHCHIOETHCS 32 PAXYHOK PI13KOT0 301IBIICHHS JIIHIHHOT IIBUAKOCTI
B MOMEHT PO3BOpPOTY TpabiuH. B 1eil yac 3pizani crebia B3aEMOJIIOTH 3
MOBEPXHEI0 BIIOMBAIOYMX BaIBI[IB O AaKTUBHOTO BAJIKOYTBOPIOBada Ta
3MIHIOIOTH HalpsiM pyXy B NOTPIOHY 00JaCTh MPOCTOPY — 30HY BUKUIHOTO
BiKHA. TUM caMHM TOJIMIIYETHCS MPOMYCK 3p13aHOI MAacH, IMOBHICTIO
OUMUIY€ETHCS 30HA Pi3aHHA Yy palOHI BUXIAHOTO BIKHA Ta YTBOPIOETHCS
BaJOK. PociauHM, 1m0 MiAXOJATh A0 Pi3ajbHOrO MPUCTPOIO MO LIEHTPY,
M1JIBOJATHCS AUIBHUKOM 5 J10 pi3ajbHOIO arapary, 110 JA03BOJIsE 3pi3aTh yCi
pociiMHU 0€3 MPOITYCKIB.

Pucynoxk 6. llInexoBuii pixkyuuit mpucTpii

PoTopHuii pixkydyuid TpUCTpIA, 10 Ma€ TOPU3OHTAIBHY BICh
obOepTaHHs, 3pi3ae o0decaHi crebia, moApiOHIOE Ta PO3KUIAE 10 TTOJIO.

3asie’kHo BiJl (PI3UKO-MEXaHIYHUX BIACTUBOCTEH KyJNbTYp 1 TEXHOJOT11
30MpaHHsT HE3epHOBOI YAaCTMHM Ha KOMOAalH 00YiCYyBaJIbHOTO THUITY
HaBILIYETHCS TOM UM 1HIIMIA TUIT PIXKYUOTO MPHUCTPOIO. 3araibHa METOANKA
BUOOpPY PLKYUOro MPHUCTPOIO MPEACTABIIEHA HA PUCYHKY 7.
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OO0uicyBaTbHUIA PUCTPIH

Poropuunii
pi3aabHU
TIPUCTPIH

1. Ctebnvuu 3 BETUKUM

|
PizanbHuii mpucTpiit
CErMEHTHOTO TUITY

[ITHekoBuMM
pi3aJIbHUM
TIPUCTPIH

2. CreOnuHY 3 MaJIUM Ta

1. Crebnvnau 3 MaIum

JUaMETPOM; CepeIHIM TUAMETPOM; ANaMETPOM;
2. Cte0OnHY 3 BETHKO 3. Bomnoricts He Mae 1. Bomnoricts He Mae
BOJIOTICTTIO; 3HAUCHHS 3HAYECHHS,
3. Huskopocuni pociyny, 4. CepeHb0 Ta BEICOKOPOCITI 2. Huspko Ta
4, Henpyuki, TOMK1 POCITHHY; CepeHbOPOCII PACIMHY;
CTeOIHHN. 5. IIpyunicTs cTeben He Mae 3. Hempyuxi, momki
3HAYCHb. cTeOMH.
Cu1bCBKOTOCTIOIAPCHKI KYIbTYPH, 110 30MPA0THCS
Copro, cos, 3epHOBI KYJIbTYpH: 3epHOBI KYJbTYpH:
pimak, HaCIHHA TIIEHHIIA, TIMIHB, OBEC, THIIEHHUI, TIMIHB, OBEC,
Tpas KHTO, PUC YCIX COPTIB KpIM XHUTa Ta puUcy
Texnosoris 30upaHHs HE3EPHOBOI YACTHHH BPOKAIO
Crebnunu Crebnunu Crebnunu
NOAPIOHIOKOTHCA (GopMyIOThCS y BaJIOK (GopMyt0TBCS Y BaJIOK
Ta 3aJIMIIAIOTECS HA 3 IOAAJIBIINM MT1I00pOM 3 OAAJIBIIUM M1I00pOM
o

Pucynok 7. Cxema BUOOpPY pi3aJIbHOTO MIPUCTPOIO
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s moTped TBapuHHUIITBA o0decaHi cTeOlla BUKOPUCTOBYIOTHCS SIK
MIJCTHIKK. 3 II€I0 METOI0 BAJIOK MiJOMPAIOTh CTOTOYTBOPIOBAYaMU abo
nigbupadaMy KOMHYBa4aMH, IMICIS YOTO BOJIOKYIIAMHU KOMHHU CTATYIOTHCS
o wmicib ckupTyBaHHA. Llel cmocid myxe exoHOMIYHHMM 1 3a0e3mneuye
IIIBUIKE 3BIJILHEHHS TIOJIIB BiJl HE3€PHOBOI YaCTHHHU BPOXKAIO.

[Ipu TpuBanomy 30epiranHi HUY 1 B TuX Bumajkax, KOJU COJIOMY
NepeBO3ATh aBTOTPAHCIIOPTOM Ha BEJIMKI B1JICTaHi, BUKOPUCTOBYIOTh IpeC-
nigoupadi Ta pysioHHI npecu. OHaK y [IbOMY BHUITQJIKy TOJISI TPUBAIUHN yac
HE 3BUIBHSIOTHCS BiJl COJIOMH.

Bucnosok. Po3pobneH1 pikydl TPUCTPOI JO3BOJIATH palllOHATBHO
BUKOPHCTOBYBATH 3€PHO30MpaIbHI KOMOAHM 004YiCyBaJlbHOTO THITY Ha
30MpaHH1 PI3HUX CUIBCHKOTOCIOIAPCHKUX KYJIbTYP 3a PI3HOI TEXHOJIOTTYHOI
CXeMH 300py HE3epHOBOI YACTHUHH Bpokaro. Ha mijcTaBl BUILIEBUKIIAIEHOTO
MO>KHA 3YNUHUTUCS HAa HACTYIHIM, SIK HaWKpalliid, TEXHOJIOTIYHIM cXemi
30upanHs HUY npu koMOaliHOBIN TEXHOJIOT1I 30MpaHHs 3€pHOBUX KYJIbTYP
1 pucy MeTo/10M 00UICyBaHHS POCIIMH Ha KopeHi. Ll cxema Bkitouae B cede
30ip MOJIOBH B 3MIHHHMI BI30K, 3p13 1 YKJIaJaHHS y BaJOK OOMOJIOYEHHUX
cTeOer 3a JOMOMOT0I0 Pi’Ky40T0 MPUCTPOIO, BCTAHOBJIEHOTO O€3M0CEPETHBO
Ha KoMOaifHi Ticias O0O04YiCYyBaJlbHOTO TMPHUCTPOIO, 1 MmiAdIp Balika
CTOTOYTBOpIOBauaMHu a0 Mig0MpavyaMU-KOIIHYBaYaMU 3 BHUKOPHUCTAHHSIM
BOJIOKYIII, @ TAKOX Mpec-MiadupadiB ado pyJTOHHUX MPECIB.
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Dmytro Motornyi Tavria State Agrotechnological University

COLLECTION OF NON-GRAIN PART OF HARVEST BY COMPUTER TYPE

Summary

Currently, the main method of harvesting crops is separate and direct combining.
However, the creation of a combine with a classic scheme of threshing machine
increased capacity is accompanied by an increase in its metal content, energy
consumption and size. Almost three quarters of the power is spent on interrupting,
shaking the straw. New, less energy-intensive technologies include combine
harvesting of crops by the method of combing at the root. However, the question of
harvesting the non-grain part of the crop in this technological process remains open.
Combed plants left in the field in the form of uncut mass interfere with the work of
tillage implements. When laying uncrushed straw in the soil, it contributes to the
accumulation in the arable layer of organic matter that has not decomposed, which
negatively affects yields. The method of combing plants at the root is one of the new
technologies of combine harvesting of grain crops. However, the main deterrent to the
widespread introduction of new grain harvesting equipment remains the problem of
harvesting stems combed at the root. Types of devices such as segment-type cutting
device with conveyor mechanism, screw cutting device and rotary cutting device are
the most suitable for harvesting stem stalks. Methods and means of harvesting the non-
grain part of the crop with a cleaning combine are considered. The problem of
improving the cutting device is solved, in which by modernizing the structural-
technological scheme based on the set of structural elements, their mutual location and
the presence of connections between them, increases the productivity of the cutting
device, increases the reliability of the cutting process and rolls cut stems. The
general method of choosing a cutting device depending on the crop being harvested
and the technology of collecting cut stems is given.

Key words: harvesting cereals, combing plants, cutting unit.
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PREPARATION OF SAWDUST AND CHIPS OF CUT BRANCHES
OF FRUIT TREES FOR PELLETIZING

Summary. The paper considers the preparation of sawdust and chips of
cut branches of fruit trees for pelletizing by drying, with the further use of
pellets as fuel for solid fuel boilers. A calculation method and a paradigm for
determining the drying parameters are proposed; a scheme for preparing
sawdust and chips for pelletizing by drying is proposed. Sawdust and chips
of cut branches of fruit trees are prepared for drying, they are transferred to
a drying drum, where they are dried to the required moisture content.
Therefore, it is important to correctly calculate the amount of water removed
during the drying process. The proposed method for calculating the drying
process and the scheme for preparing sawdust and chips of cut branches of
fruit trees for pelletizing by drying can be used in the design and selection of
equipment.

Key words: preparation, sawdust, wood chips, cut branches of fruit
trees, drying, drying drum, hopper, furnace, auger, raw material moisture
content, pelletizing.

Formulation of the problem. At present, the issue of saving energy
resources 1s very relevant. Cut branches of fruit trees are a byproduct of
horticulture, but most often they are thrown away. Although according to
DSTU ISO 13600-2001, cut branches are a renewable resource that can be
used as an energy product for heating [1]. One of the most rational ways to
use fruit tree branches is to burn them in crushed wood chips or sawdust. The
heat of combustion QP; of sawdust and chips of cut branches of fruit trees
ranges from 10 MJ/kg to 16 MJ/kg [2]. However, pellets from cut branches
of fruit trees are much more convenient for transportation, storage and
burning. The industry began to produce various press granulators and press
briquettes for pressing dry plant waste [3]. The experience of real work of
briquetting presses showed that when chips or sawdust from cut branches of
fruit trees of high humidity are fed into the pressing chamber, where it is
compressed and simultaneously heated to a temperature of 280-310 ° C, the
water in them boils, forming high pressure steam that "shoots" the briquette

© L. Yu. Bondarenko
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or pellet with great force, destroying it and presenting a danger to workers.

Therefore, one of the main preliminary operations before pelletizing
chips or sawdust from cut branches of fruit trees is their drying.

Analysis of recent achievements. The work 1s devoted to the issue of
preparing chips or sawdust from cut branches of fruit trees for pelletizing by
drying. Since the dryer performs a technological technique that affects
subsequent operations and their results, the role of the dryer is associated
with the main technological process for the manufacture of fuel pellets from
cut branches of fruit trees. There are various designs of dryers for vegetable
raw materials produced by the world mechanical engineering [3-5], but they
do not cover the entire range of plant performance. Conventionally, dryers
can be divided into three sizes: for industrial production, for small-scale
production and for subsidiary farming [6,7]. To date, the 1st and 2nd types
are quite fully covered, as for the subsidiary plots, the dryers are represented
insignificantly.

Formulation of the objectives of the article. The main purpose of the
article is to show the sequence of calculation of the drying process for the
preparation of chips or sawdust from cut branches of fruit trees for the
pelletizing process.

The task of the work is to propose a method for determining the amount
of water that must be removed from wood chips or sawdust from cut
branches of fruit trees and calculating the amount of fuel required to remove
it by drying in a dryer. Give the main design parameters of the dryer,
allowing you to perform the drying process.

The main part. Plant waste pelletizing plant allows, to obtain high-
quality fuel pellets from a wide variety of plant waste, including wood chips
or sawdust from cut branches of fruit trees such as cherry, apricot, apple,
pear, plum, and vine branches with the subsequent use of the obtained pellets
in the form of fuel for boilers of various modifications. Pellets are produced
without chemical binders under high pressure. The pellet press consists of a
receiving hopper, a dosing screw, a pressing screw, a divider, an exhaust
hood. Pre-dried to the required moisture content (6...8%), plant waste enters
the receiving hopper and then evenly, by a dosing screw, is fed into the
pressing chamber, where compression and simultaneous heating of the
crushed mass to a temperature of 280-310°C. Under the influence of
temperature, the surface of the pellets melts, which contributes to a very long
storage and convenient transportation of products. As a result of heat
treatment, a natural binder is released: lignin, and with a strong degree of
compression, raw material is pelletized to a specified density of 950 ... 1200
kg/m3. After pressing, the pellets come out of the press and are divided by a
divider into pellets of a certain length. The resulting pellets are sent for
cooling and storage. At the same time, such a pellet does not ignite in air,
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since it does not contain hidden, self-igniting pores.

The dryer is designed for continuous drying of vegetable raw materials:
chips or sawdust from cut branches of fruit trees before pelletizing. The dryer
is operated indoors with the installation of ventilation smoke exhaust
equipment. The dryer is a drum, which is adjoined by a loading hopper and
a firebox (heat generator). The main part of the dryer is an inclined
cylindrical drum. A rotating auger with special blades is installed inside the
drum, ensuring uniform distribution and good mixing of the material.

The drying agent is hot air. The drying agent is heated in a furnace (heat
generator). Inside the drum, along its entire length, there is a screw with
blades, which, when rotated, contribute to pouring the dried product, mixing
it with simultaneous gradual movement to the discharge opening. When the
auger rotates, the blades grab and lift the material, and then it, falling down,
is washed by hot air. Continuously mixing, the dried material moves to the
unloading device. The dried material is automatically removed through the
discharge opening.

We have developed a method for determining the amount of water that
must be removed from chips or sawdust from cut branches of fruit trees and
calculating the amount of fuel required to remove it by drying in a dryer. To
do this, it is necessary to set the following conditions: for drying, we use
atmospheric air at an initial temperature #; = 20°C and humidity ¢ = 60%.
In the heater, the drying agent (air) is heated to #, = 95°C and sent to the
dryer, from where it exits at #; = 35°C.

To perform calculations, it is necessary to determine the final relative
humidity of the air, ¢, % (to prevent moisture condensation, it must be less
than 95%); air consumption per 1 kg of evaporated moisture, V, m’/kg
(knowing the air consumption, you can accurately select the fan number);
heat consumption per 1 kg of evaporated moisture, ¢, kJ/kg (knowing the
heat consumption, it is possible to determine the fuel consumption in the
furnace necessary for high-quality drying).

According to the H — d - diagram, we find point at the intersection of
the lines #,=20 °C and ¢,=60% and for it we determine the water content in
a cubic meter of air (moisture content) equal to d; = 8.9 grams per kg and
enthalpy H;= 42,7 kl/kg.

We draw the line d = const from this point to the intersection with the
isotherm £, = 95 °C. The point of intersection characterizes the state of the
air at the outlet of the furnace.

From this point we draw the line H = const until it intersects with the
isotherm #; = 35°C. The intersection point characterizes the state of the air
leaving the dryer. The moisture content of the drying agent (air) at the outlet
of the dryer will be: d;= 33 grams/kg; enthalpy at the exit from the dryer will
be: H;= 120 kJ/kg.
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We determine the change in the moisture content of moist air, relative
to 1 kg of dry air:
Ad = d; —dy, (1)
Ad =33 —8,9 = 24,1 grams/kg
That is, 1 kilogram of air can take 24.1 grams of water from chips or
sawdust from cut branches of fruit trees and remove it in the form of water
vapor (it is very important that the steam does not condense in the dryer or
at its outlet).
We determine the cost of dry air in kg for the evaporation of 1 kg of
moisture:
1000 (2)
~Ad’
1000

We determine the consumption of dry air in 1 m? for the evaporation of
1 kg of moisture:

— 3)
p
V= ﬁ— 32.2m3/k
= 129 3%2m/kg
Heat consumption in the furnace for heating 1 kg of air:
AH = H; — H,, 4)
AH =120 —-42.7 =77.8kg/kg
Heat consumption in the furnace for heating 1 m? of air:
AH (5)

AH, = —,
toop

2, = 72 = 603 1y /m?
1= 109~ C03K/m

Heat consumption per 1 kg of evaporated moisture (that is, 41.5 kg of
dry air):
q = |- A4H, (6)
q=415-77.3=3208k]/kg
The performance of the dryer in terms of the amount of evaporated
moisture:

W, — Ws (7)
Wes. =41 o0 —wy
W =1000 22 =12 _ 43182 kash
cy. = 10012 *31:82kg/

At different initial humidity (50...65%), in order to dry chips or sawdust
from cut branches of fruit trees to 8...12%, it is necessary to remove from 1000
kg of chips or sawdust from cut branches of fruit trees, from 380 to 570 kg of
water.
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The performance of the dryer in terms of the amount of dried chips or
sawdust from cut branches of fruit trees:
Gz = Gy — VVc.y.' (8)
G; = 1000 — 380 = 620 kg/h
The duration of the drying process of chips or sawdust from cut
branches of fruit trees significantly affects the quality of dried chips or
sawdust from cut branches of fruit trees and cannot be chosen arbitrarily [7].
In order to ensure the maximum quality of chips or sawdust from cut
branches of fruit trees, the drying speed should correspond to the permissible
moisture removal - a decrease in moisture per unit time. For chips or sawdust
from cut branches of fruit trees, the duration () of the drying process (min)
1s determined from the ratio:
AW = W, —W, =0.1857 + 3 9)
Given that when moving along the drum, chips or sawdust from cut
branches of fruit trees are part of the time in a layer with low evaporation,
the value of 7 should be taken equal to at least 12 min.
The heat balance of the dryer drum is determined from the heat balance
equation for the actual drying process [8]:
Aq = 1-(H; —Hy) =1-(H, — Hp) = (10)
= 4fpox T 9conv T 45 t Gadaa + Cn - Lenip
The value of Ag is the amount of heat lost (if Ag < 0) or added (if Ag >
0) per 1 kg of evaporated moisture.
Determination of the numerical value of the quantity Ag:
A9 = qaaa + Cm * tenip — (gpox + Geonv + qs) (11)
Additional amount of heat introduced into the drying chamber, in this
case ¢.q4q= 0; the physical amount of heat of moisture introduced into the
material to be dried (chips or sawdust from cut branches of fruit trees): C,
tenip KI/kg; C, = 4.19 kJ/kg; the amount of heat spent on heating the material
(chips or sawdust from cut branches of fruit trees):
GZ * Cchip - P
Afbox = Tl + (tchip - tchip)' (12)
Where C., - mass heat capacity of chips or sawdust from cut branches
of fruit trees, kJ/(kg-K):
0.37(100 — W,) + W, ’ (13)
100

Jconv. - consumption of the amount of heat for heating transport devices,
in this case gcony. = 0;
¢s - heat loss to the environment:

-K - F.5 - At. (14)

Cenip = 419

qs = W,
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1 |14
K = ,
l+§+l m2-K (15)
a, A a,

Where a, is the coefficient of heat transfer from flue gases to the inner walls

of the drying drum, 7

m2-K’
ay is the coefficient of heat exchange between the outer walls of the

dryer drum and the outside air, m‘f_K. We accept:

a; = a, = 1.163(5 + 3.4v);
Where v — speed of flue gases inside the drying drum approximately. v = 3
m/s;
0 — drum wall thickness § = 0.003 m;

A — coefficient of thermal conductivity of the drum wall. A = 57 %;

At - temperature difference:
Ats — At,,
At = ————;
Ats ’ (16)
2.3lg =2
9At,,

F — dryer surface area, m*:

2nD
Fes = mDH + ——. (17)

Fuel consumption for a real dryer:
dc- I/Vc.y.

Qll)P "MNMm * nmp,

_3208-43182 .
=706  13>8lkg/

where 7,,,, — efficiency furnaces taking into account the heat radiation of
pipelines. 1y,,= 0.6.

With different initial humidity, in order to remove from 1000 kg of
chips or sawdust from cut branches of fruit trees, from 380 to 570 kilograms
of water, it is necessary to burn from 54 to 135.81 kilograms of firewood.

Calculation of the hydraulic resistance of the gas path and fan for the
dryer drum.

Resistance of a layer of chips or sawdust from cut branches of fruit
trees, mm w.C.:

B = (18)

_a-H-v?p G

A3 =7 298
Reynolds number:

(19)

v-d
R, = 7 (20)

atv =3 m/sec;d =0,01m;v=20-10"°m?*s: Re = 6-107°.
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490 100
+ —+5.85, (21)

R, /R,
H is the length of the drying drum, H = 4,7 m;
p1 is flue gas density, p; = 1,04 kg/m’;

a =

1+
Cl == TE,
f _ Px — Pm (22)
P
where p.— density of chips or sawdust from cut branches of fruit trees, p,

=1200 kg/m?>;
pm — density of chips or sawdust from cut branches of fruit trees in a
loose layer, kg/m?:
0.25(G; — Gy)n
Pm="075.2-v5,
n — drum fill factor, # = 0,33.
Vs — drum volume, m3:

nD?
Vé‘ = —4 H,'

d — particle size (chips or sawdust from cut branches of fruit trees),
d = 0,008 m.
Hydraulic resistance of the cyclone: AS, = 30 mm w.c.
Hydraulic resistance of the firebox: AS,, =35 mm w.c.

Local resistance and friction losses:

z AS,, = 0.1-(AS; + AS. + AS,,). (23)
Total hydraulic resistance of the tract, mm w.c.:
AS = AS; + AS. + AS,, + Z ASp,. (24)
Dynamic head, mm w.c.:
Uy * D1
H; = :
¢72-981 29)

v,, — gas flow velocity in the fan inlet window, v,, = 24 m/s;
Total fan pressure:
H, = H; + AS. (25)
Choice of the drying drum fan according to the speed in the inlet
window and fan supply (dry air consumption in m? for evaporating 1 kg of

moisture):

S_L_as_
=5 =129 c22m/ke

The performance of the dryer in terms of the amount of evaporated
moisture:

Qm=V"- Vch (26)
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m3
Q,, = 32.2-431.82 = 0.54m3/s = 13905.77
We determine the fan type VR 189-57 number No. 5
Power consumed by the fan:
Qc - Hy
N =1.15- : 2
1.02-7 @7)
where 1 — efficiency fan is determined by the nomogram, n = 0.44.
N =115 070 _ ¢ grw
© 7Y 1.02-044

Conclusions. The proposed method can be used for practical application
in the calculation of preparatory operations before pelletizing plant waste,
such as wood chips or sawdust from cut branches of fruit trees.

With different initial humidity, in order to dry chips or sawdust from
cut branches of fruit trees up to 8%, it is necessary to remove from 1000 kg
of raw materials from 380 to 570 kilograms of water and it is necessary to
burn from 54 to 135.81 kilograms of firewood.

The pipe from the furnace to the dryer drum and the dryer drum itself must be
thermally insulated, which will reduce heat losses and prevent water vapor condensation.
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JI. 1O. Bongapenko
TaBpilicbkuii qep:KaBHUI AaTPOTEXHOJIOTTYHNIA YHiBEpCHTET
imeni /Imurpa MoTopHoro

HIAI'OTOBKA TUPCHU TA TPICKU 3PI3AHUX I'UIOK IIVIOJOBUX TEPEB
A0 INIEJIETYBAHHSA

Anomauin

Y po0oTi pO3riIsiHYTO NIATOTOBKY TUPCH Ta TPICKHU 3pi3aHUX I'JIOK IUIOJOBUX J€PEB
JI0 TIeJIETYBAHHS IIJISIXOM CYIIIHHS 3 MOJANbIINM BUKOPUCTAHHSIM IEJET SIK MajauBa Jyis
TBEPIOTATMBHUX KOTIIiB. 3alIPOMTOHOBAHO METO/] PO3PaxXyHKY Ta MapaurMy BU3HAUCHHS
napaMeTpiB CYIIiHHS; 3alPOIOHOBAHO CXEMY IMIJrOTOBKM TUPCHU Ta TPICKU 3pI3aHUX
TUIOK TUIOAOBUX JEPEB /10 I'paHyJIIOBaHHS HUIAXOM cymriHHs. Ilicns aHamizy BUXiJTHOI
CHUPOBHHHU MEPEXOATh JI0 MOYATKOBOIO €Tally, Ha SKOMY THUPCY Ta CTPYXKKY 3pi3aHuX
TUIOK TIJIOJJOBUX JIEpEB TOTYIOTHh IO CYIIiHHS, MOJAIOTh y CYIIWIBHUN OapabaH, ne
cymaTh A0 HeoOXiaHOi Bomorocti 6...8%. [lns cymriHHS BUKOpPHUCTAHO aTMocdepHe
MOBITPS 3 MOYATKOBOIK TEMIIEPATYPOIO 1 BOJIOTICTIO. Y HarpiBaui (ocyIlyBadi) MOBITPS
HarpiBatoTh 110 95°C i HanPaBAIOTH B CyIIAPKY.

BusnaueHo 3MiHYy BOJIOTOCTI OBITPS B YTEIUIIOBAdl Ta BUTPATY CyXOro MOBITps Ha
BunapoByBaHHs 1 kr Bosioru. Po3paxoBaHo BuTpara Teruia B o0irpiBadi Ha HarpiB
noBiTps. BaxxnBo mpaBmiibHO po3paxyBaTH KUIbKICTh BOJIH, 1110 BUAAJISETHCS B MPOILIEC]
CyuIiHHs. BcTaHoBieHO, 110 MpU pi3HIM MOYaTKOBIN BOJOTOCTI, 1100 BUCYIIUTH TPICKY
abo TUpCy 31 3pi3aHMX TUIOK IJI0J0BUX jaepeB 10 8%, HeoOximHo Bugaymtu 31 1000 xr
cupoBuHH Big 380 mo 570 kumorpamiB Boau i cnanutH Bifg 54 no 135,81 xr apos. 3
PIBHSIHHSI TEIUIOBOTO OajaHCy BHU3HAYEHO TEIUIOBHM OanaHc OapabaHa CyIIapKd s
(akTHUHOTO MPOIIECy CYIIiHHS.

3po0sIeHO pO3paxyHOK TiPaBIIYHOTO OMOPY Ta30BOTO TPAKTY 1 BEHTUIISATOpPA
cyummiapHOro 0apabaHa, a TakoX OMNOpPY ILIapy CTPYKKH ab0 THPCH 31 3pi3aHUX TiJIOK
mio10Bux nepeB. Lle mo3Bonmmo BUOpaTH BEHTIIIATOP CYIIMJIBHOI MAIIMHK BiJIIMOBITHO
JI0 IIBUAKOCTI y BIYCKHOMY BiKHi. 3ampOIOHOBaHAa METOAMKA PO3PAaXyHKY MpoOIecy
CYLIIHHS Ta CX€Ma MiJATOTOBKU THUPCHU Ta TPICKU 3pI3aHUX TUIOK IJIOJOBUX JEPEB 10
IPaHYJIIOBAaHHS CYIIIHHSAM MOXYTh OyTH BHKOPHUCTaHI NPH NMPOEKTYBaHHI Ta MiI00pi
oOJtatHaHHSL.

Knwuoei cnosa: miarotoBka, TUpca, Tpicka, 3pi3aHi TUIKM IJIOAOBUX JEPEB,
CYIIHHS, CYIIUILHUN OapabaH, BOJIOTICTh CHPOBHHM, ITEJICTyBaHHS.
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AHAJII3 KOHCTPYKIINA CTATUYHUX TTAPOAUHAMIUHUX
KABITATOPIB J1JIA BE3IIEPEPBHOI'O 3MIIIIYBAHHSA PIJIMH

Anomayis. B poOOTI mpecTaBlIeHU OIS ICHYIOUMX KOHCTPYKIIIH
CTaTUYHHMX TIIPOJMHAMIYHUX 3MINIyBayiB, IO BUKOPUCTOBYIOTHCS B
XapyoBiii MPOMHCIIOBOCTI, Ta HaJaHI OCHOBHI TEOPETHYHI 3aJICKHOCTI
MPOIIECY CTATUYHOTO 3MIITYyBaHHS.

CratuyHi 3MinryBayl st 0e3MepepBHOTO 3MIITYBaHHS PiJIMH OCTAaHHI
JECATHPIUYS IIMPOKO 3aCTOCOBYIOTHCS TPH TepepoOIll HagTu 1 rasy, y
HadTOXiMii, TP BUPOOHUIITBI Ta MepepoOIll MIacTMAC, OYUIIEHHI Ta3iB,
MUTHOT Ta CTIYHUX BOJ, Y BUPOOHUIITBI CHHTETUYHUX BOJIOKOH, XapuoBiii Ta
nepepoOHiit MPOMUCIOBOCTSIX Ta 1HIIMX TaTy3s1X HAPOJAHOTO TOCTIOIAPCTBRA.
Bucoka epexkTuBHICTh 3MilllyBaHHS, HU3bKI KamiTaldbHI Ta €KCIUTyaTalliiiHi
BUTpATH, Maje CHOXXHBAaHHS €HEprii, HEBEJIMKI pPO3MIPH, BIICYTHICTb
PYXOMHX JeTajeil — Bce 1€ BUTIAHO BIAPI3HSAE CTATUYHI 3MIlIyBadl Bij
IHIIIMX CITOCO0IB 3MINTYBaHHS 3HAYHO MCHIIMMH Ta0apUTHUMH PO3MipaMH
Ta METAJIOEMHICTIO, BIACYTHICTIO PYXOMHX YacTHH 1, OT)Ke, OLIBIIOIO
HAIHHICTIO.

Ha3Ba ctaTuyni 3MillyBayi NoB'si3aHa 3 TUM, [0 B IPHUCTPOSIX LIOTO
TUITYy BIACYTHI OyJb-IKi YaCTUHH, IO pyXarThcs. OMHAK KOHCTPYKTUBHI
0COOJMMBOCTI  3MilllyBada JO3BOJISIIOTH Tak ImepedyIoByBaTH MoJie
IIBUKOCTEN 1 3MIHIOBATH HAIPSIMOK JIHIN CTpyMy, IO TUIOIIA MOBEPXHI
PO3ALTY ICTOTHO 30UIBIIYETHCS 1 piJika CyMIII BECh 4ac MPOXOAUTH Yepes
KOXEH 3 €JIEMEHTIB CTATUYHOTO 3MIITyBaya, M0 MIOBTOPIOIOTHCS.

Xoya sl KOXKHOTO THUITy CTaTUYHUX 3MIIIyBadiB XapaKTepHA CBOS
KapTHUHA 3MINIYBaHHS, MPOTE 3araJiIbHUM € Te, 10 30UIbIIEHHS MOBEPXHI
pO3IILUTy MiXK KOMIIOHEHTaMHU CYyMIIl JOCSATA€ThCA JBOMA CIOCOOaMu 3a
PaxyHOK 3CYyBHOI a00 €KCTEHCHBHOI Teuii Ta 3a paxyHOK pO3ILEIJICHHS Ta
nepeOy0BY MOTOKIB piiiHU. B 000X BUMaakax MmoTpiOHUIN nepenaj THCKY.
Ile Bu3HaUa€ KiIbKICTh €JIEMEHTIB 3MIIITYBaHHS B CTATUYHOMY 3MIIIIyBayl, a
OT)Ke, 1 SKICTh 3MIIIyBaHHSI. ICHye BelauKa KUIBKICTh KOHCTPYKIIIH

© K. O. Camoituyk, H. O. ®yuanxu, O. I1. Jlomeiiko
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CTaTUYHUX 3MIlIyBadiB (3 TBUHTOBUMHU €JIIEMEHTAaMH, MPOMIKHUMHU
KaMepamH, TUIACTUHYACTUMU Ta TO(pOBaHUMH eJleMeHTaMu Tomio). s
KOKHOTO 3 THIIIB CTaTUYHHUX 3MIIIyBadiB XapaKTepHa CBOsI KapTHHA
3MIITyBaHHs, OJTHAK 3aTraJIbHUM € T€, 110 301UIBIICHHS MOBEPXH1 PO3LTY MIXK
KOMITOHEHTaMH CyMillli JOCATAETHCS IBOMA ClIOCO0aMU 3a paXyHOK 3CyBHOI
Teuli Ta 3a paXyHOK PO3IICIJICHHs Ta TIEPEOpIEHTAIlil TOTOKIB PiIUHH.
Knrouosi cnosa. CratuuHe 3MilllyBaHHS, T1IpOJAMHAMIKA, KaBiTaTtop,

TypOyJIeHTPpUH PyX.

Ilocmanoska  npobnemu. Konm  BUHHUKae  HEOOXITHICTH B
nepeMillyBaHHI KOMIIOHEHTIB 3 METOK0 OTPUMAHHS CyMIII€dl 3 BHCOKUM
CTYIIEHEM OJHOPIAHOCTI BUKOPHUCTOBYIOTh PI3HOMAHITHI 3MILIyBayi.
3MinlyBaHHS - MPOLEC OTPUMAHHSA OJHOPIAHUX CyMiled (CycCleHsiH,
eMyJIbCl Ta po34MHIB) a00 1HTEHCU(IKaLli TEIIOOOMIHY Ta MacOOOMIHY
Ipyd BUKOHAHHI MPOLIECIB XapyoBOI Ta MepepoOHOI MPOMHCIOBOCTI.
Crnoco0u 3MminryBaHHs 1 BUOIp amapaTypu Uisl HbOIO BU3HAYAETHCS METOIO
3MIIIYBaHHS Ta arperaTHUM CTaHOM PEUYOBUH, SIK1 3MiITyrOThCs [1-3].

He3Baxarouu Ha IUPOKY PO3MOBCIOKEHICTh 3MIIITyBaYiB 1 MIIIAJIOK y
0aratboX Taly3sIX MAIIMHOOYAIBHOI, XIMIYHOi, MepepoOHOi, Xap4yoBOi
MIPOMHUCJIOBOCTI Ta CUIBCHBKOTO TOCIOJApCTBa JOTENEp ICHYy€e mpobiiemMa
CTBOPECHHsSI KOMITAKTHUX YHIBEpCaJIbHUX 3MIlIyBauiB 3 BHCOKOIO
MPOIYKTUBHICTIO (>5-10 T/rox), siki MatOTh HU3bKI MMUTOMI €HEPTOBUTPATH
(< 1 xBT'roa/T) [4]. BiabIIiCTh HAIBHUX MIIIAJIOK € 3aCTAPUIUMHA PAMHUMHU
MIIIAJAKaMUA — MEepPIOAUYHOI A1 3  HAJABUCOKMMHU  MacorabapUTHUMH
MOKa3HUKaMHU Ta (a00) HU3bKOIO MPOAYKTUBHICTIO [5].

Ananiz ocmamnmnix oOocniodcensb. PO3pI3HAIOTE 3 OCHOBHI CIIOCOOU
3MIIIYBaHHS: MEXaHIYHUHU (32 JOMOMOrOK MIMIAIOK PI3HOI KOHCTPYKIIii),
CTaTUYHUN (32 JOMOMOTOI0 PI3HOMAaHITHUX KaBITAlIMHUX MPUCTPOIB) Ta
MMHEBMATUYHUM (32 IOTOMOTO0 CTUCHYTOTO MOBITPs 200 IHEPTHOTO Ta3y) [6,
7]. HaiiGinpm  BaXIMBUMH  XapaKTEPUCTHUKAMU  3MINTYyBaJIbHOTO
yCTaTKyBaHHA € €()EeKTUBHICTh (XapaKTEPHU3Yy€E SKICTh IPOBEICHHS MPOIECY
3MIITYBaHHS) Ta IHTCHCUBHICTh (BU3HAYAETHCS 9YaCOM JIOCATHEHHS 33]JaHOTO
TEXHOJIOTIYHOTO Pe3yJIbTaTy a0 YMCIIOM 00EPTIB MITTAJIKH TP (iKCOBaHIN
TpUBAJIOCTI mporiecy). Haitbinpie mommpeHHst B XapuoBUX Ta MepepoOHUX
BUPOOHMIITBAX OJIEPXKAJIO 3MINITYBaHHS 3 YBEACHHSIM y CEPEIOBHIIE, IO
3MINIYETHCSA, MEXaHIYHOI €Heprii 30BHINIHBOTO JiKepena. MexaHiuHe
3MIIIyBaHHS BiJOYBa€TbCsl 3a JOMOMOro Mimanok. [Ipu mexaniuHoMy
3MIIIIyBaHHI PO3PI3HSIOTH 2 PEXUMU: JaMIHAPHUM Ta TypOyJIeHTHHUM.

Jlaminapauit pyx (Bim Jar. lamina - miacTuHa), yHOPSAKOBAHMIMA
nepedir piaAuHu, NpU SKOMY pIIMHA MEpPEeMINIyeTbcs X10a 10 MIapamH,
napajienbHUMU HanpsMky teuli. Croctepiraetbcs abo y ayxe B'SI3KUX
plOuH: Meay, 3TYLUIEHUX MOJIOYHHUX MPOIYKTIB, MallOHE3Y, PO3TOIIEHOTO
BEPILKOBOTO Maciia, MaprapuHy, ab0 Mpu TedisiX, 10 BiAOYyBalOThCS 3
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JOCUTh MAaJIMMU IIBUJKOCTSIMH, @ TaKOoX MpPH MOBUIBHOMY OOTIKaHHI
PIAMHOIO TiA ManuxX po3MipiB. JlamiHapHHII pyX Mae MiCIle Y BY3bKHX
(kamimsgpHUX) TpyOKax, Mmapi MacTwia B MIAIMIUIHAKAX, TOHKOMY
OPUKOPAOHHOMY IIapi, SIKAH yTBOPIOEThCS MOOJIM3Yy MOBEPXHI TUT MpHU
oOTiKaHH1 iX PiAMHOI0 a00 ra3oM, Ta iH. 31 30UIbIIEHHAM MIBUIKOCTI PYXY
PIAMHM JIaMIHapHUM pyX MOK€ B II€BHUH MOMEHT IEpEedTH B
HEBIIOPSAKOBAHUN TypOyJIEHTHUI, MPU LbOMY PI3KO 3MIHIOETBCS CHJIA
oropy pyxy [8, 9].

TypOynentHuii pyx (Bix nat. turbulentus - OypxiuBuiA, Oe3y1aIHUN),
dbopma Teuii piguHH abo Ta3zy, NpH SKIM IX €JIeMEHTH 31MCHIOIOTH
HEBIOPSAKOBAHI, HEYCTAJEHI pPyXHM MO CKIAJAHUX TPAEKTOPISAX, IIO
MPU3BOJUTH A0 IHTEHCUBHOIO MEPEMINIYBAaHHA MIDX IIapamMu pPiIMHUA a0o
rasy, mo pyxaerbcs. TypOyJEHTHUN pexuM pyXy PIAUH 3yCTPIYAEThCS M1
yac pyxXy MaJOB'S3KMX piIMH (BOJA, MOJIOKO, CIIUPT) B TpyOax, KaHalax,
plUKax.

HaiiGinbp1m getaibHO BHBYEHI TypOyJIEHTHI pyXH B TpyOax, KaHamax,
NPUKOPIOHHUX IIapax OuId OOTIYHMX PIAMHOI a00 ra3oM TBEPAUX TLI, a
TaKOX TaK 3BaHI BUIbHI TYpOYJIECHTHI pyXH - CTPYMEHI, CIIAN 32 TBEPIUMU
TIJIaMU, 110 PYXAIOThCS 100 PIAMHM a00 rasy, 1 30HU MEePEMIITyBaHHS Mixk
MOTOKaMHU PI3HOI IIBHUJIKOCTI, HE PO3JUICHUX Oyab SKUMU TBEPAUMHU
crinkamu [9, 10]. TypOyneHTHI pyXu BiAPIZHSAIOTHCS Bij JIAMIHAPHUX SIK
CBOEIO CKJIQJHOI0 BHYTPIIIHBOIO CTPYKTYpPOIO, TaK 1 PO3MOILIOM
OCEpeHEHOT  IIBUIKOCTI MEPEeTHHY IMOTOKY Ta  IHTETPAIbHUMHU
XapaKTEPUCTUKAMU - 3AJIEKHICTIO CEPETHBOTO Mepepizy a0 MaKCUMaIbHOI
IIBUIKOCTI, BUTPATH, & TAKOXK KoedillieHTa onopy Bij uncia PeliHonbaca.

@opmyeannss  memu  cmammi.  llpoaHanmizyBaTh  HaWOUIBII
NEPCHEKTUBHI KOHCTPYKIIi CTATUYHUX TIAPOAMHAMIYHMX 3MILIYBayYiB, IO
BUKOPUCTOBYIOTbCS B MAaIIMHOOYIBHIM 1 XapyoBid MNpPOMHUCIOBOCTI, Ta
BU3HAYUTH OCHOBHI aHATITUYHI 3aJI€KHOCTI MPOLIECY 3MIIIYBAHHS.

OcHosHa uacmuna. XapakTep PEKUMY PYXy PIIUHU 3aJCKHUTHh BiJ
CHIBBIIHOIIEHHS MIFOYMX CHJ. SIKIIO MiJ 9ac pyxy PIAUHU MEPEBAKAIOTH
CWJIH B'SI3KOCT1, M CIIOCTEPITAEMO JIaMIHAPHHUM PEXHUM, SKIIO TEPEBAKAIOThH
CHJIY 1HEp1Iii, TO crocTepiraeMo TypOyJIEHTHUHN PEeXUM PyXy MOTOKY.

UYucno PeliHonbaca, y sKOMY JaMiHApHUN peXUM pPyXy pIAMHU
NEPETBOPIOETHCS HA TypOYJIEHTHUH, Ha3UBAIOTh KPUTUYHHUM 1 TTO3HAYAIOTh
Rew. VY 3aranpHOMy BHUNAQAKY pPEXKUM pPyXy PIIMHU BHU3HAYA€THCA
0e3pO3MIpHIUM KOMIUIEKCOM, 110 XapaKTEpHU3y€e BIAHOLIEHHS CUJI 1HEPIIii A0
cun tept4 [3, 4]:

Re =2, (1)

J€ Vep — CEPENHA LIBUIKICTh MMOTOKY, V — KIHEMAaTU4HA B'SI3KICTb, [ —
XapaKTepHUI T€OMETPUIHHM PO3MIp KHUBOTO Mepepi3y (IiaMeTp B KPYTIuX
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HaMpHUX TpyOax).

B namipaux Tpy0ax AociiiamMu BCTAaHOBJIEHO, IO MOMEHT MEPEXO0.y
JaMIHapHOTO PEXUMy B TypOyJeHTHUH BinOyBaeTbca npu Rey, = 2320.
Otxe pyx y Tpy6ax npu Re < 2320 Oyne naminapHum, a npu Re > 2320 -
TypOyJIEHTHHM.

v. R
Re=—"—, (2)
%
ne R = d/4, To6To kputnune uncio PeliHonbaca Oyje B 4 pa3u MEHIIe, HiXK
i yac pyxy B TpyOax. Otxe, npu 6e3HamipHoMy pyci pigunu npu Re <580
MaTUMe MICLIE JJaMiHapHUHN pexxuM, a mpu Re>580 — TypOyieHTHUI.

[lepexin namiHapHOTO PyXy Ha TypOyJIEHTHUN MOXe BiJIOyBaTHUCS B
JESIKOMY 1HTEepBaJll IIBUAKOCTEN. BUILIAETHCSA 30Ha EPEXITHOTO PEKUMY,
oOMeKeHa JIBOMa 3HAYEHHSAMM MIBUAKOCTI Teuii. L{i rpaHuYH1 3HAYEHHS
HA3MBAIOTHCSI HIYKHBOIO Ta BEPXHHOIO KPUTHIHUMU IIBUAKOCTSAMHU.

[Ipu nmamiHapHOMY PEKUMI 3MIIITYETHCS TIIBKUA TOM IIAp PITUHU, SKHUM
0e3mocepeIHbO MPUIIATAE 10 JomaTi MIITaJKU. 31 301IBIIECHHSAM KUJIBKOCTI
00epTiB 30UIBIIYETHCS OMIP CEpeoBUIA OOEPTaHHS MIMIAIKH, MO0
OPU3BOJIUTh 7O TypOymi3zamii MEXEBOro Iapy Ta BIATBOPEHHS
TypOyJIEHTHOT'O KOPMOBOTO CJII/Iy Y MPOCTOPI 3a JIOTATSIMHU, SIKI PyXarOThCsl.
[Ipn 3Hauennsx Re>100 BuHUKAE PO3BUHYTHH TypOYJIEHTHHH PEXUM
3MIIIYBaHHS, SIKUA XapaKTepPU3Y€EThCA 3HAYHO OUIBIION €()EKTUBHICTIO Ta
IHTEHCUBHICTIO. YCTaTKyBaHHSl JJi 3MIIIyBaHHS MICTHUTh 3 OCHOBHI
YaCTUHU: MIIIAJKY, BaJ Ta HOpuBiA. Mimanika — poOouMii eneMeHT
PUCTPOIO, BCTAHOBJICHHIA Ha BEPTUKATHLHOMY 200 TOPU30HTAIILHOMY Baly.
3a KOHCTPYKII€I0 MIIIAJIKU AUIATHCS Ha JIONATEBI, IPOIENepH1, TYpOiHHI Ta
cremiajgbHl. 3a TUIOM IOTOKY pIAWHU, IO BIATBOPIOETHCS B amapari,
PO3PI3HAIOTH MILLIAJIKH, K1 3a0€3ME€UyI0Th TAHTCHIIMHUHI (p1AHA PYXA€ETHCS
KOHIEHTPUYHUMH KOJaMH, MapajieJbHUMH [0 IUJIOIIMHU OOepTaHHS
MIIIAIKK), paaialibHAN (piAHA PYXA€ThCS Bl MIIIAJIKHU O CTIHOK amapara
NEPHeHANKYJIIPHO J0 OCl OOepTaHHS MIIAJIKKA), OChOBUH (piauHA
PYXa€eThCs TMapajeNbHO 10 OCi OOepTaHHS MIMAJIKU, M0 /A€ 3MOTY
3MIACHIOBATH 3MIIIYBaHHA OJHOYACHO Yy BChOMY 00’€Mi) Ta 3MIIIaHUN
notokd. IIHeBMaTHuHE 3MIlIyBaHHS CTUCHYTUM IHEPTHUM Ta3oM abo
MOBITPSIM 3aCTOCOBYETHCSI 3a YMOB, KOJM PiAMHA, KA 3MIIIYEThCS,
XapaKTEPU3YEThCS BHCOKOIO XIMIYHOK AKTUBHICTIO 1 IIBUAKO PYHHYE
MEXaHI4H1 MIIIaJIKH.

Haii611b111 nepcrneKTUBHUMU Ccepell BAKOPUCTOBYBAHMX ISl LIMX LIJIEH
BUJIIB YCTaTKyBaHHS € CTaTUYHI 3MIlIyBayi, B SKUX IEpPEeMIillyBaHHS
B1JI0YBa€ThCS 0€3 ydacTi pyXJIMBUX MEXaHIYHUX IPUCTPOiB. Taki 3MilryBayi
BCTAHOBJIIOIOTH Ha TPYOOIPOBOAaX, K1 MIJBOSATH 3MIITyBaH1 KOMIIOHEHTH.
Cywmini, OTprMaHi B MPOTOYHUX 3MINIyBadyax, MOKYTh OyTH TOMOT€HHUMHU
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1 TeTepOreHHUMHU.

Pi3H1 KOHCTPYKIIIi CTATHYHUX 3MINTYBadiB JO3BOJISSIOTH 3310BOJILHUTH
BUMOTaM pPI3HOMaHITHUX TEXHOJOTIYHUX TporeciB. HasBuuit Habip
KOHCTPYKIIH Ta€ MOKJIMUBICTh ONTHUMAILHO BUPIIIUTH OY/b-5KE MOCTaBJICHE
3aBJIaHHSA 3a JOIIOMOTOI0 BIATIOBITHOTO THITY 3MIIITyBayiB.

HailiBaxnmuBiliiMu nepeBaraMy CTAaTHYHUX 3MIITYBaYiB € 1X BUHSATKOBA
HAJIHHICTh, TPOCTOTAa MOHTAXY, KOMIIAKTHICTb, 1110 JO3BOJISIE BOYJJOBYBaTH
iX B ICHYIOYl TEXHOJIOTIYHI JiHIT 3 MIHIMaIbHUMU BUTpatamu. CTaTHYHI
3MilllyBayl I03BOJISIOTh MAaKCUMAJIbHO BUKOPUCTOBYBATHU MEPETa]] TUCKY 110
BUTPAYAIOTHCA Ha IEPEMIIITYBaHHS JUIsl yCepeTHEHHS KOHIICHTpallii ¢a3, 110
NEPEMIITYIOThCS.

OCHOBHUM 3aBIaHHSIM IpPU MPOEKTYBAHHI CTATUYHUX 3MIIIyBayiB €
PO3paxyHOK €(EKTUBHOCTI 3MilllyBaHHs, TOOTO CTBOPEHHS OJHOPITHOIO
cepenoBuIa (OTPUMAaHHS SIKICHUX KOMITO3HUIIIH) 1 3HUYKEHHSI MOTYKHOCTI Ha
IPOKauYyBaHHS PIIUHU.

Ha npakTuni igeanbHe 3MIINIYBAaHHS JOCSTA€ThCA HE 3aBXKIU, TOMY
IIMPOKO MOIIMPEHI KPUTEPIi 3MIITYBaHHS, IO NPEICTaBISAIOTH COO0I0 PI3HI
KOMOiHaIlli 3HAYeHb TEOPETHUYHOI Ta EKCIepUMEHTaIbHO1 aucnepcii. s
OILIIHKM SIKOCTI 3MIIIyBaHHA B SIKOCTI KPUTEPI0 HEOJHOPIAHOCTI CyMIIIi
4acTO BUKOPHCTOBYIOTh CEPEIHbOKBAIPATUYHE BIAXWUJICHHS YaCTKU [-20
KOMITOHEHTA. Y SKOCTI OUIBII 3aralbHOTO KPUTEPit0 OIIHKUA €(hEeKTUBHOCTI
3MIITyBaHHS 3aCTOCOBYETHCS IUCTIEpCis Aedhopmallii 3CyBy.

KoHceTpykiii  riipoiMHaMidHUAX KaBiTaTOpPIB 320€3MeuyI0Th
OaratopazoBy mepeOyaoBYy TMOJIsSI MIBUAKOCTEH 1 3MIHY HANpsIMKY JHIN
CTpyMy TIOTOKY PIIUHHA 1 3MIIIyBaHHS KOMIIOHEHTIB. CTaTu4Hi
riIpOAMHAMIYHI KaBITaTOPM MAalOTh HEBENWKI Ta0apuTH TpU BUCOKIH
MPOAYKTUBHOCTI. BigMIHHI OCOOJIMBOCTI JTaHOTO THUIMY OOJIAJIHAHHS - IIE
3a0e3rnedeHHs] 0e3MepepBHOCTI XIMIKO-TEXHOJOTIYHOTO Mpouecy 1 #oro
BUCOKAa 1HTEHCH(QIKAIlis, MOXJIMBICTb peai3alii 3HAYHUX BEJIUYHUH
nedopmariii 1 Hampyr 3CyBY, IHTEHCHUBHMHM TIAPOAMHAMIYHUN 1
KaBITallMHUNA BIUIMB, 1[0 OOYMOBIIOE BHCOKY SKICTh 3MIIIyBaHHS
KOMITOHEHTIB, 1HTeHCcuGikaiio Auy31HHUX MPOIECIB, MPOCTOTY 1
HaJIHHICTh amapatypHoro odopmieHHs. EkoHOMIuHA e(EeKTHUBHICTH
3aCTOCYBaHHS TIAPOJAMHAMIYHMX KaBITaTOpPIB O0OYMOBJIEHAa HU3BKOIO
METaJOEMHICTIO  OOJaJHAHHS,  HEBUCOKUMH  TPYJAOBUTpAaTaMH 3
oOCITyroByBaHHs Ta eKCIUIyaramii B TOPIBHSHHI 3  €MHICHOIO
MepeMilllyBaJIbHOIO anapaTyporo.

[TomupeHuMu eJeMeHTaMU JJIi CTBOPEHHS HECTIMKOCTI B IOTOIN
pPIIMHU B KOHCTPYKIISX CTAaTUYHUX KABITATOPIB € TBUHTOBI €J1eMEHTH ab0
TaHTeHIliaIbHE BBEJCHHS MOTOKY PIIMHKU B poOouy Kamepy. BiamosiaHo 10
3aKOHY 30€peKEeHHS eHEeprii, piiiHa IparHe MPOUTH poOody Kamepy Io
HaliMeHIIoMy HUIIXy. L{bOMy mnepemkoxaloTh TBUHTOBI HANpsIMHI, IO
MPU3BOJUTH JI0 IABUIIICHHS 3CYBHUX 3YCHJIb y TIOTOIIl, 3pMBY BHXOPIB MIPH
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OOTiKaHHI BEpXHI YacCTHHI MOTOKY PpIJWHHU CIIpaJbHOT HABUBKHU 1 ii
TypOymizamii. ['BUHTOBI €JIEMEHTH CHPUAIOTH 3aBUXPIOBAHHIO YCHOTO
MOTOKY PIIWHU, IO MPOTIKAE Yepe3 3MIITyBad, 1 MiACIIIOIOTh KaBiTaIliiHI 1
BUXpOBI edektu (pucyHok 1) [11].

D — niametp kaHany; L — JOBXKMHA €JIEMEHTa; a — KYT 3aKpPyTKH
cripaii; f — KyT KOHTaKTy TOPIEBUX KPOMOK; S — BIICTaHb M1k CYCIJIHIMH
eJIeMEHTaMHu.

Pucynok 1. Cxema ctaTuuHoro 3minryBayva (a), KOHCTpyKuis (0), cXxeMu
BCTAHOBJIEHHS (8, 2, 0) 3MIIIYBaJIbHUX €JIEMEHTIB.

Ha BigmiHy Big TpagulliiHMX €MHICHHUX 3MIIIyBaviB, Yy SKHX
3MIIITyBaHHS PiAWH 3M1MCHIOETHCS MIJISIXOM ITIBEACHHS MEXaHIYHOT eHeprii
BiJl 30BHIIIHBOTO JDKEpena, CTaTUYHI 3MillyBayl (YHKI[IOHYIOTh TIpH
BUKOPUCTAaHHI KIHETUYHOI €Heprii IMOTOKYy, PIAKOrO CEpeOBHINA, IO
nepeminryerbes. Miporo eHeprii, 3aTpadyyBaHOi B CTaTHUYHOMY 3MIITyBayi
OJIMHUIICI0 Macu PIAUHU Ha BHUXOPOYTBOPEHHS B OJMHUINO 4Yacy, €
JYcUTIaIlisl eHeprii [2]

_f
D D (3)
ne: Aw — 3MiHa MHUTTEBOI MIBUAKOCTI PIAUHU HA MLUISXY, PIBHOMY

XapaKTEPHOMY pO3Mipy MOTOKY; D m/c; w - cepemHs JiHIHA MBUIKICTH
MOTOKY PIAWHH, M/C; A - 6€3p03MipHUI KOeDIIIEHT TUCHUTIaIlii eHeprii.

[MppaBniyHUi omip CTATUYHOTO 3MillyBaya BUPAKAETHCS K CHEPTis,
3aTpadyBaHa OJIMHUIICIO 00'€EMY PIIMHH HA MPOXOKEHHS Yepe3 CTAaTUIHHIMI
3MIITyBay

(4)

ne: 7 = L/w — cepenHiii Yac MPOXOKEHHS PIAMHMU 4Yepe3 CTaTUYHUN
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3MiNTyBad JOBXHHOIO L, C;

— cepeHs IUTbHICTD PIANHU;

M — 91cno KOMIIOHEHTIB CyMIIIT;

pi— NIJIBHICT 1-20 KOMIIOHEHTA, KI/M°;

X; = V;/V - 00'eMHa 4acTKa 1-c0 KOMIIOHEHTA;

V; — 00cAT 1-20 KOMIIOHEHTA, M>;

V — obcsr cymii, M.

Hucumariisi eHeprii € — KUIBKICTh €HEprii, 3aTpadyBaHOl B OJIMHHIIIO
4acy Ha MOJAOJaHHs TePTs YaCTOK OJMHHUII MACH PIIKOTO CEpeloBUIIA IS
3MIIIyBaHHS ii KOMIIOHEHTIB, TOOTO JJi1 BIPOBAIKEHHA OJHUX YacTOK
piakoro cepenoBuia Mik 1HmMMMH. Lleil MexaHI3M NpPOSBIAETHCA IMPHU
JaMIHAPHOMY PEXHUM1 PyXy PpIJIKOTO CepeloBUIlla Yepe3 CTaTUYHUM
3MIITyBay, KOJM 3MIIIyBaHHS 3AIMCHIOEThCA MUISXOM 3MIHU MICISIMU
OKpEMUX IIapiB MOTOKY, & CHEPTisl 3aTPavyaeThCsl Ha MOIOJIAHHS TEPTS IIUX
mapiB Ipyr npo Apyra. JlamiHapHuUi pexuM y 3MillyBadax pILAKO
3IACHIOETHCS HA MPAKTHUI, 3HAYHO Yallll CTATUYHHUI 3MILIyBay MPALIOE B
TypOyaeHTHOMY pexumi. [Ipu ToMy, 1110 KIHIIEBUI pe3ynbTaT MpoLEcy K Y
JaMiHapHOMY, TaK 1 TypOyJIE€HTHOMY pEKMMax OJAHAKOBHM - BIIPOBAKECHHSI
OJIHAX YaCTOK PIJAKOTO CEPEeJOBUINA MK THIIMMH IUIIXOM BHKOPUCTAHHS
YaCTUHM €HEprii MOTOKY - CIOCi0 mepenayl i€l eHeprii BiJ MOTOKY PiAKOTO
CepeloBHILA AK LUIOr0 JI0 OKPEeMHUX MajMX YacTHH TIOTOKY B
TypOyJICHTHOMY peXuMI1 YCKIaaHIOeThcs. Lleit mporec 31HCHIOETHCS
3aBIIIKM BUHUKHEHHIO CKJIATHUX BUXPOBHUX PyXiB OKPEMHX YACTHH MOTOKY
Ha BiACTaH1 JOBXHHOW Nopsanky O. Lli pyxu, BUABISIIOYMCh HECTIMKUMHU,
30yKYIOTh PyXU MPOTArOM MEHIIMX BijicTaHel d < D, siKi y CBOIO 4epry
30yKyIOTh 1€ OuIblnl ApiOHI BUXPOBI TMOTOKH, &)X JO MacmTadiB

I (S - KpuTepiit mogoou PeitHonbaca; v - KoediieHT
KIHEMaTHU4HOI B'3KOCTI piauHu [3]. TakuM 4WHOM, MOPYILIEHHS B MOTOLI
piAMHU TypOYJIEHTHOTO PyXYy EKBIBAJICHTHO JIOJAATKOBOMY PO3CIYCHHIO
NOTOKy pizuau Ha Re¥* mapis.

Ha ’xanb, HEMOXIIMBO CKUIbKH-HEOYIb TOYHO BKa3aTH T'PAHMIIIO
BUHUKHEHHS TypOYJIEHTHOCTI B MOTOIl yCEPEANHI CTATUYHOTO 3MIITyBaya.
PyX MOTOKy pigKOro cepenoBullla 4Yepe3 CTAaTUYHMM 3MIlIyBay SIBIISE
TUTIOBUI TIPUKIIA]T 3MIIIAHOTO 3aBAaHHS T1IPOAUHAMIKHU, JIJIS SIKOTO OIIHKH
KPUTHUYHOTO 3HA4YCHHS Re KOoMMBalTbCA Bil ACKIIBKOX OJWHHUIL 0
JEKUIbKOX JCCATKIB. Mae 3HaUeHHS i TeOMETPist TOTOKY.

CxeMa MOTOKY pIOIMHUA YyCEepeAuHl CTaTMYHOIO  3MillyBaya
HalmpocTimoi KoHCTpyKuii (puc. 1), HaBeneHa Ha puc. 2. BoueBunup, 1o
MOTIK pIIKOro cepedoBuia (GopMaabHO MOXHA PO3TIAIATH  SIK
CYNEpIO3ULIII0  YOTUPHOX IMOTOKIB: JBOX MAaHJIPYHOYMX 1 JIBOX
3ur3aronoAioHux. I{i mMOTOKM MOCTIMHO OOMIHIOIOTHCS PEUOBUHOIO, & OTXKE,
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1 KIHETUYHOIO €Hepri€ero, TOMYy HaBeJCHa CXeMa € CIPOIICHOIO.
Posrnsgaioun pe3ynbTylouuil MOTIK K CYNEPIO3UIIII0 YOTHPHOX MOTOKIB 13
CepeHBOI0 JIHIHHOIO MIBUIKICTIO W 1 XapaKTEpHUM JIHIHUM pO3MipoM
D=d,/2, mo)xHa BU3HAUNUTH 3HAYCHHS KpuTepito PeitHombaca st MOTOKY:
Re=wd,/2v. Onnak 1ie 3HaueHHs Re He xapakTepu3ye TIHCHOTO XapakTepy
pyXy PpIIMHHM, TOMY WI0 JaMmiHapHUA abo TypOyJIEeHTHUH pPEXKUM
YCTaHOBIIIOETHCS JIMIIE TIPU PYCi MOTOKY 32 MPSMOJIIHIHHOIO TPAEKTOPI€I0
Ha BIJCTaHl, IO TEepeBUIlye Kiabka 3HadYeHb D. [lOTIK y cTaTUYHOMY
3MiITyBayl He 3a0e3leuye MOKIMBOCTI MPSMOJIIHIMHOTO PyXy MHPOTITOM

Takoi BiJICTaHl, OT)K€, Y HhOMY 3aBXJM MPHUCYTHI HECTajl, BUXPOBI PyXH
[12].

A—A
T TTTTITITTTTTETTITTTIITITITITITTTTTTTTTTTIIFS
1T i ; -~ /4 m
- — — ¥ — - |l gl | 1
4 1 ¥l H
N Enall [H] alkn R \
AUy - B + IR
i E ! 11 | I I 11 |
i L 1 1 i i I 1 l
—_— T il 1 T =1 —
)4 ¢ ’ ’ Fi'd
1
FTTTTITI T I TITIIIITIITIIIFIIrIFIIIrIIrrFrrrFrrrri

Pucynok 2. CxemaTuune 300pakxeHHsI YOTUPHOX YMOBHUX MOTOKIB ( I-
IV) cepenoBuma B CTaTUYHOMY 3MIlIyBayi, y CyMl €KBIBaJIEHTHUX
peanbHOMY MOTOKY

JIisl IPakTHKK JOCUTH MPUHHATH, IO TPOTITOM JIOBXHHHU /i OJTHOTO
mabIo MoTiK po3cikaeTbess HAa n = noRe’? mapis, ne ny - YUCIIO TUIOIUH
3MIIIYBaJIBHUX €JIEeMEHTIB y mmabmi. Yucio mapiB MOTOKY Ha BHXOJl
3minryBaua [13]

N =nt" =(n0Re3/4)L/h 5)

VY AKOCTI KpUTEPII0 HEOAHOPITHOCTI CyMIillll JEKITHKOX KOMIIOHEHTIB
BUKOPUCTOBYIOTH, SIK MPABUJIO, CEPETHHOKBAIPATHYHE BIIXUICHHS YaCTKH
i-20 KOMIIOHEHTA, 110 BU3HAYAETHCS 110 popmyi

. /2
o; = Z(xy-—X,-)z/(m—l) ,
= (6)

1€ X;; — 4acTKa i-20 KOMIIOHEHTa, OTpUMaHa IMpH j-My BUMIpPI; m - YUCIIO
BHUMIpIB YaCTKH i-20 KOMIIOHEHTA.
JIJi IpaKTHKH, SK MPAaBUIIO, OUIBII IHHOKO 1H(POPMAIIEIO € BIAHOCHE
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BIIXWJICHHS YaCTKU i-20 KOMIIOHEHTa, O0OYMOBIICHE SIK §;=0; /X;, TOMY IIIO
KOJIMBAHHS BMICTY B CyMillli KOMITOHEHTIB, 4acTKa SIKUX X; Maja, OLIbIIO0
MIpOI0 BIUIMBAIOTh Ha BJIACTUBOCTI CYMIIli, YAM BIAXWJICHHS BMICTY B
CYMIIIl KOMIIOHEHTIB 3 O151b11010 00'eMHOI0 YacTkoro X;. Tomy mpu BuOOpi
CTaTUYHOTO 3MIlllyBaya SKICTh 3MIITYBaHHS CII1J] OI[IHIOBATH 3a 3HAUYCHHSAM
Si, JUTSI KOMITOHEHTA 3 HaWMEHIIIOI0 00'€MHOIO 9aCcTKO0 X;.

3HadeHHs g; yOyBa€ NpUOIM3HO 3BOPOTHO MPOIOPIIIHO YUCITY 1IapiB,
Ha SIKI PO3CIKAETHCS MOTIK CyMilni. 3 ypaXyBaHHSIM BUPAKEHHS (2) MOXHA
3armcaTu

(7)

a060, orapudmyroun BupakeHss (3), ogep>KuMo

Ino; =— L(lnno + 3 lnRe)/’z.
! ®)
O

107° %\ e
107 \Ni
W\

rﬂ'ﬂ k
AN
1079 b AN \
0 5 10 13 Lfh
1,3 5-n=2,2,46-n=4;1, 2-Re=10; 3, 4 - Re=100; 5, 6 -
Re=1000
Pucynok 3. 3aJIe)KHICTh CEPEIHBOKBAIPATUYHOIO BIIXUJIEHHS YaCTKH

[-20 KOMIIOHEHTA 0; BiJ BIJHOIICHHS JOBXHHHU 3MilllyBadya A0 JOBXUHU
a6t L/h ipu pi3HUX 3HAYEHHSIX 71 1 Re

Takum ynHOM TIpH 3HAYEHHSX Re nmopsaka necaTkiB 1 OUIbII 3HAYEHHS
1y Maihke He BIUIMBAE Ha €(heKTUBHICTh 3MIITyBaHHS. 3aJeXHOCTI o; Bij L/h
npu pi3HUX uuciaax Re (puc. 3) mokasyrmoTh, MO TapameTp o;, IIo
XapakTepu3ye  HEOAHOPITHICTH  CyMIINm,  IIBHUIKO (mpuGIN3HO
AKCIIOHEHITIHO) yOyBae 31 301IbIICHHSIM JOBXKUHU 3MilTyBada L 1 KpUTepiro
Peiinonpaca Re. Omke, nist MiABUINEHHS SKOCTI 3MINTyBaHHS HEOOXITHO
30umpITyBaTH 3HadeHHs Re # L. Opnak, sk BumuuBae i3 piBHSHHA (1),
TApaBIIYHUN OMip 3MillyBaya JIHIKHO 3pocTae 31 30UIbIICHHAM L 1
KBaIPATUYHO - 31 301IbIIICHHSM MBUAKOCTI W. Lle mokasye, 1o miaBumieHHs
SKOCTI 3MIIIyBaHHS JIOCATAEThCS IUISIXOM BIi0OpPY 3 TOTOKY PiIUHU
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J0JTaTKOBO1 €HEepTii.

Bucnosok. llpoananizoBaHO HalOIbII MEPCIEKTUBHI KOHCTPYKIIL
CTATUYHUX TIAPOAMHAMIYHUX 3MIIIyBayiB, M0 BUKOPUCTOBYIOTHCS B
MAaIIMHOOY/IBHIN 1 Xap4yOBii MPOMHCIOBOCTI, a CaMe CTaTUYHI 3MIlTyBayl 3
3aBHXPIOBAYaMHM, €JIEeMEHTaMU OOTIKaHHS Ta MPHUCTPOSIMH ISl CTBOPCHHS
MepexpecHuX TMOTOKIB pimuHu. IlpencraBiieHl OCHOBHI —aHAJIITUYHI
3aJIKHOCTI  JIJI1  BU3HAUEHHSA  TIAPABIIYHUX, KOHCTPYKTUBHUX 1
CHEPreTUYHUX MOKA3HUKIB CTAaTUYHUX 3MilTyBaviB. Bu3HaueHi aHamITHYHI
METOJM JJIA OIIIHKM SIKOCTI 3MIIIyBaHHS KOMIIOHEHTIB Y 3MilllyBadyax
PO3MIISIHYTOTO TUITY.
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K. Samoichuk, N. Fuchadzhy, O. Lomeiko
Dmytro Motornyi Tavria State Agrotechnological University

ANALYSIS OF THE STRUCTURES OF STATIC HYDRODYNAMIC
CAVITATORS FOR CONTINUOUS MIXING OF LIQUIDS

Summary

The paper presents an overview of the existing designs of static hydrodynamic
mixers used in the food industry, and provides the main theoretical dependences of the
static mixing process.

Static mixers for continuous mixing of liquids have been widely used in recent
decades in oil and gas refining, petrochemistry, plastics production and refining, gas,
drinking and wastewater treatment, synthetic fiber production, food and processing
industries and other sectors of the economy. High mixing efficiency, low capital and
operating costs, low energy consumption, small size, no moving parts - all this favorably
distinguishes static mixers from other mixing methods with much smaller dimensions and
metal consumption, no moving parts and therefore greater reliability.

The name static faucets is due to the fact that devices of this type do not have any
moving parts. However, the design features of the mixer allow you to restructure the
velocity field and change the direction of the current lines that the surface area of the
interface increases significantly and the liquid mixture constantly passes through each of
the elements of the static mixer repeating.
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Although each type of static mixer has its own mixing pattern, it is common that
the increase in the interface between the components of the mixture is achieved in two
ways due to shear or extensive flow and due to splitting and rearrangement of fluid flows.
In both cases there is a need for a pressure drop.This determines the number of mixing
elements in the static mixer, and hence the quality of mixing.

There are a large number of static faucet designs (with screw elements, intermediate
chambers, plate and corrugated elements, etc.). Each of the types of static mixers has its
own mixing pattern, but it is common that the increase in the interface between the
components of the mixture is achieved in two ways due to shear flow and due to splitting
and reorientation of fluid flows.

Key words: Static mixing, hydrodynamics, cavitator, turbulent motion.
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SEMI - CONTINUATIVE FERMENTATION TECHNOLOGY
AND TECHNICAL MEANS

Summary. The article is devoted to increasing the efficiency of using
agricultural waste, a method for creating compact containers for a biogas
generator and examples of recipes for loading it to produce biogas in a cyclic
process are proposed. A technological scheme and a recipe for loading a
biogas generator are proposed. The graphical parameters of the complex-
shaped reactor vessel are determined. The amount of materials for its
implementation and the location of the elements are determined. It has been
proven that for a stable supply of biogas to the system, it is necessary that
the sections of the cycles corresponding to the completion of the reaction are
blocked by the sections of the cycles of the biogas generator entering the
operating mode. It has been proved that it is necessary to organize the process
of processing, converting renewable resources, namely agricultural waste,
according to scientifically based methods, which should ensure not only the
appropriate quality of the energy product, but also a certain energy efficiency
of the process.

Key words.: compact biogas generator, biogas and fertilizer production
efficiency, semi-continuous fermentation technology, fermentation
concentration, carbon number, digester materials.

Formulation of the problem. Integration into the world community,
the growth of agricultural production, the growth of competition contributes
to the fact that Ukrainian producers are beginning to pay more attention to
the efficient use of agricultural waste. At present, there has been a trend
towards the rational use of agricultural waste and the utilization of biomass
energy in the form of biogas [1]. The production of biogas in a farmstead
requires little investment and quickly brings useful results and is exactly the
tool that, based on the tracking of production technology, allows one to draw
a conclusion about the efficiency of biogas and fertilizer production.

By-products in the form of agricultural waste, namely plant biomass
and animal manure, are renewable resources, and therefore can be used for

©'Y. Postol, V. Hulevskyi
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energy needs.

In the context of saving energy resources and improving environmental
safety, the use of plant biomass and animal manure for energy needs and the
development of areas is currently a very urgent problem [2].

Analysis of recent research. Many studies have been devoted to the
issues of obtaining biogas [1,2,3,4], however, design solutions are mainly
aimed at the manufacture of large biogas plants with a daily load of more
than 80 tons [1]. At the same time, to obtain biogas, it is sufficient to provide
fermentation conditions by maintaining an anaerobic environment,
temperature, acid (pH) regimes and pressure [2].

The most common methods of using by-products of plant biomass and
animal manure are: obtaining fertilizers, obtaining biogas and biomethane,
and using the energy product as a biofuel in furnaces. [1-5,7,9]. There is an
opportunity to increase the efficiency of biomass use by chemical treatment
[8,9]. Therefore, the search for ways to improve the efficiency of its use plays
an important role, since it allows for a long time to reduce the loss of valuable
energy raw materials.

Formulation of the purpose of the article. The purpose of the study is
to establish the possibility of increasing energy efficiency and stability of
biogas production, determining the optimal formulation and design when
using biogas generators.

To achieve this goal, the following tasks have been set:

1. Suggest technology and paradigm of bioreactor operation.

2. Determine the design parameters of the biogas generator.

The research methodology is based on a modified method for studying
the process of obtaining biogas.

Main part. The minimization of energy resources in agricultural
production systems stimulates interest in renewable energy research. All
over the world, research is underway on the use of crop and animal waste for
biogas production. Biogas generators are widely used in China [2,4].
However, when using large individual plants in small farms, it is difficult to
achieve stable biogas production. It is possible to significantly improve the
process by creating special schemes of biogas generators.

Overview of the basic design data of the compact biogas generator

Technology data.

1. Working pressure in the digester <= 800 mm H,O.
Maximum pressure in the digester <= 1200 mm H,O.
Maximum charge volume 90 % of the total volume of digester.
Volume of outlet tank is 50% of the gas products volume per day.
Minimum soil cover on the cover of digester >= 250 mm.
Load on the soil base >= 5 tons / m?.
Main technology data target.
Gas lost is lower 3% of total gas producing when the pressure is

XN B WD
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800 mm H,O in the digester during 24 hours.

9. The biogas producing efficiency is 0.15...0.3 biogas m? / digester
m? per day.

10.Volume of biogas storage is 50% of biogas producing volume
per day.

11.Strength secure coefficient K >= 2.65.

12.1t can be used for 20 years.

Semi - continuative fermentation technology.

The scheme of the technological process of semi-continuous
fermentation for the production of biogas and fertilizers, presented in Fig. 1,
is as follows: raw materials preparation, make up materials, materials mixed
with fermentation bacteria, sewerage, digested sludge and water, supply new
material in time or not in time, initial loading of the digester, primary
fermentation in a digester, fermentation with biogas production, discharge in
tanker, clean of digester, discharge fertilizations.

Figure 1. Scheme of the technological process for obtaining biogas and
fertilizers

1 Technical features

1.1 A 8 m? digester for one family must have more than 600 kg stalks
and all excrements from animals and humans.

It is better use old stalks, the drye, the better. Summer harvesting for
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using in winter and autumn harvesting for using in spring.

The discharge digester sludge can be used for fertilizers.

The stalk should be cut into 3-5 cm long and the corn stem must be
pressed-breaking first and then cut.

1.2 Materials make up:

The materials make up must be according the fermentation
concentration and carbon ration (table 1).

1.3 Mixing with fermentation bacteria material. Fermentation bacteria
material can be found i the sludge and the city sewer lake or pond sludge.

The sludge under the meat and food factory sewer is best material as
that contains much organic matter. When sewage sludge is used, the quantity
of sludge is 10 ... 15% of the fermentation material. The more fermentation
bacterial material and more biogas is produced.

Table 1
Recipe for biogas generator loading
Ne | Raw materials | 5..6 % 8,.9% 10...14%
© consistency consistency consistency
%0 material | water |material| water | material | water
E weight, | weigh, | weight, | weigh | weight, | weigh
kg kg kg t, kg kg t, kg
1 (fresh pig manure - 333 667 445 555 555 445
2  (fresh cattle manure - 353 647 470 530 588 412

3 |fresh pig manure: 4,5/1 163/36 801 |[217/48 | 735 | 227/60 | 668
wheat struw

4 [|fresh pig manure: | 2,95/1 | 133/45 | 822 |177/60 | 761 | 221/75 | 704
corn stem

5 |fresh cattle manure: | 40/1 331/8 660 |440/11 | 549 | 551/13 | 436
wheat struw

6 |fresh cattle manure:| 23/1 307/13 679 |410/17 | 557 | 513/22 | 464

corn stem

7 |human dung: wheat | 1,8/1 | 92/51 853 | 122/68 | 810 | 153/85 | 762
struw

8 |human dung: corn | 4,3/4 | 68/60 872 | 90/80 | 830 | 112/100 | 789
stem

9 |pig manure: human | 1/1/1 |50/50/50| 850 [66/66/6| 802 |82/82/82| 754
dung: wheat struw 6

10 |pig manure: human [1/0,75/1|54/40/54| 852 |\72/54/7| 802 |89/67/89| 755
dung: corn stem 2

11 |pig manure: cattle |3/1/0,5 [159/53/26| 762 |211/71/| 863 |267/88/7| 604
manure: wheat 35 4
struw

Note: 1. This is, content material per cubic meter fermentation liquid in the digester.
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1.4 First to put breaded dry stalks into the digester and stamp press that
the layer is about 10...20 cm. Secondly to put excrement from animals and
human, the third is fermentation bacteria material. And then put another layer
stalks. After stamp press that put excrement and fermentation bacteria
material. Layer by layer, until finish all the row material. The excrement and
fermentation materials can be mixed with water. The volume of water is
about one third of total water in the digester.

The row materials begin first fermentation. Digester do not cover. The
first fermentation time is 1...2 days in spring and summer, 3...5 days in
autumn and winter.

1.5 During the fermentation the temperature of fermentative material
get up higher and higher. When the temperature will reach 40...60 °C, the
water can be put into the digester from charge and discharging pipe. When
water volume will reach total water volume, water mix with the row
materials.

Acidity and alkalinity (pH value) should be checked with the pH paper.

If the pH 1s above 6 the digester can be sealed. If the pH volume is
below 6, some lime stone or ammonia water can be put into digester to adjust
the pH volume to 7 and the digester can be covered.

After filling the digester, the biogas pipe and the stone plug are inserted
into the throat of the digester, which turns off.

1.6 After digester sealed for 2...3 days the biogas can be used. They
must test in the burner (they must not test in the biogas pipe).

If the flame is light, then the next day you can use it as normally. If the
flame does not light, check the all system and remove all gas from the
digester. Repeat the test the next day until biogas is produced normally.

2 Management

2.1 It is better to connect the toilet and piggery with the biogas digester,
so as the excrement can flow into the digester. Some stalk can be charge
according to do gas productive. The volume of discharge should be equal the
volume of charge.

If the digester is without connecting with the toilet and piggery stalks
and manure should be charged each 8 days after digester beginning gas
productizing and the volume of gas producing become lower. The charge
volume that equal discharge volume is 20 % of total digester volume.

2.2 If the gas productivity decrease rapidly, connecting of the pipeline
switcher should be checked.

Discharge is according to time when the fertilizers, is needed. The pump
can be used for discharge and also can be used for stirring fermenting
materials in the digester usually.

2.3 Discharge is according to time when the fertilizers, is needed. The
pump can be used for discharge and also can be used for stirring fermenting
materials in the digester usually.
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2.4 Farm chemical, pesticide, bactericide etc. is strictly prohibited to
put into the digester.

Construction and materials

The production of biogas in a farmstead requires little capital
investment and quickly brings useful results [10]. For the construction of a
biogas generator for 8 m? (see Fig. 2), cement grade 425, sand, crushed stone
are required. These materials are used to make concrete used for the bottom,
walls and roof. A biogas generator is usually built underground, and below
the freezing level of the soil. After the manufacture of the biogas generator,
it is necessary to plaster it from the inside with cement mortar once or twice.
Then dissolve the wax or paraffin in machine oil and heat the mastic to 100
- 200 °C. Using a blowtorch, the walls of the biogas generator are heated
from the inside to 60 - 70 °C and covered with prepared mastic. Then the
wax plaster is again heated with a blowtorch so that it impregnates the
cement. To supply biogas to the place of consumption, a gas pipeline must
be hermetically connected to the nozzle in the cover of the biogas generator.
Its length should not be more than 30 m. At the lowest point, it is necessary
to provide a device for draining condensate, but it is better to ensure its free
flow into the biogas generator.

1 — main tank, 2 — loading pipe, 3 — plug with a gas outlet pipe, 4 —
reservoir for creating hydraulic pressure
Figure 2. Structural diagram of a biogas generator for a farmstead

Construction materials

1. Concrete grade 200# (No 200), (cement grade 425...525).

The composition of the components for the preparation of 1 m> of
concrete: water - 175 kg, cement (grade 425) - 301 kg, sand - 560 kg, cobble
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(rock rubble 5...25 mm) - 1320 kg, or water - 185 kg, cement (grade 525) -
280 kg, sand - 655 kg, cobble (rock rubble 5...15 mm) - 1280 kg.

2. The total consumption of materials for the manufacture of a
digester:

- cement - 733 kg,

- sand - 1.371 m’,

- cobble (rock rubble) - 1.54 m?,

- wax - 6 kg.

3. Concrete 1s used for cover, wall and bottom.

4. Red brick can be used for wall.

Digester sealing layer.

1. Plaster the inner surface of the digester by cement liquid 1...2 times.

2. Plaster the inner surface of the digester by cement - sand thick liquid
1:3 (cement: sand <2.5mm).

3. Plaster the inner surface of the digester by cement liquid.

4. Plaster the inner surface of the digester by cement-sand thick liquid
1:2.5 (cement: sand <2.5mm).

5. Mix wax with 3...5% engine oil and heat to 100...200 °C.

6. Using a flamethrower heat the inside of digester to 60...70 °C and
then daub mixed heat wax, and then use flamethrower to heat wax again to
make wax permeate into cement.

7. Using a knife, scrape off excess wax. Wax layer is controlled in 1
mm.

Biogas pipe laying.

1. Do best to lay pipe in the short distance, straight to avoid the
pressure losing.

2. Connector should be sealed.

3. The turning should not be small, it is better larger 120°.

4. The distance biogas pipe should not be over 30 m.

5. The biogas pipe cannot pass where easy- exploding or easyburning
please.

6. The outside pipe should be laid underground; the laying depth is
under the frozen soil. The pipe can use plastic pipe or steel pipe. The slope
of the pipe not smaller than 1 % and put the drainpipe in the lowest point or
pipe slop to the digester.

Conclusions

1. A scheme of the technological process for obtaining biogas and
fertilizers is proposed.

2. The recipe for biogas generator loading has been determined.

3. A design scheme for a biogas generator for a farmstead 1s proposed,
which should provide not only the appropriate quality of the energy product,
but also a certain energy efficiency of the process, as well as high-quality
fertilizers.
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The proposed design and scheme of the technological process for
obtaining biogas and fertilizers, taking into account the use on a farmstead,
can be used in the design of biogas generators and the selection of equipment.
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TEXHOJIOT'ISI HANIBEE3MEPEPBHOI ®EPMEHTAIIIL TA TEXHIYHI
3ACOBM

Anomauin

CrarTss mpuCBsiUE€HA TMiABUIIEHHIO e()EeKTHUBHOCTI BUKOPHCTAHHSA BIJIXO[iB
CUTBCHKOTO TOCIOJAPCTBA, IUISXOM CTBOPEHHS KOMITAKTHOI OiorasreHepaTopHOi
YCTaHOBKH, YAOCKOHAJICHHS TEXHOJOrii BUPOOHHIITBA Oiorasy, 3ampolOHOBAHO
METOJIMKY CTBOPCHHS KOMITAKTHHX €MHOCTEH JIsg OiorasreHeparopa Ta TPHKIAJH,
perentypa MOro ONTHMAaIbHOTO 3aBaHTAXEHHS [UII BUPOOJIGHHA Oiorasy, 1o
3HaXOAUTHCS y NUKIIYHOMY Mporieci. BusHaueHo, M0 HAWTIOMIMPEHIMIUMHA METOJdaMHU
BUKOPUCTaHHA TOOIYHOI MPOAYKIIi CLIHCHKOTO TOCMOJApPCTBa, a CaMe POCIUHHOL
OloMacu Ta THOIO TBapHH €: OTpPUMaHHs JOOpHUB, OTpUMaHHs Oiora3zy Ta OlOMeTaHy Ta
BUKOPHUCTAHHS €HEPrOMpPOAYKTY SIK OlomanuBa y KOTEIbHUX TOMKaxX. 3ampONOHOBAHO
ONTHMAJIFHY TEXHOJIOTIYHY CXEMy Ta PeIeNTypy 3aBaHTaKCHHS Oiora3reHepaTopHOL
YCTAaHOBKHM CYMIIIIIIO BiAXOMIB CUIbCBKOTO TocCmojaapcTBa. BusHadeHo rpadiuni
nmapamMeTpu Ta PpO3MIpH EMHOCTI peakTopa OiorazoreHeparopa CkIagHOi (opmu.
BusnaueHo KimbKIiCTh MatepialliB Juid Horo peaiizaiii Ta po3TallyBaHHS €JIEMEHTIB.
HoBeaeHo, mo st cTabUIBHOTO BHPOOHMIITBA Olorasy B CHCTEMY, HEOOXITHO 1100
TUISTHKY ITUKJIIB BiJIMOBIAHI 3aBEPIIEHHS Peakilii OyJau MEepeKpuTi MUISHKAMH [IHKIIB
BUXOy OlorasreHeparopa Ha poOounii pexxum. JloBeneHo, 1o HeoOXiTHO OpraHi3yBaTH
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nporec mepepoOKH, MEepPeTBOPSHHSI BIJHOBIIOBAHMX PECYpCiB, a caMme BIIXOJIB
CUIBCBKOTO TOCIIO/IapCTBa 33 HAYKOBO-OOIPYHTOBAaHUMH METOJIMKAMH, SIKi MaroTh
3a0€3MeUnTH HE JIMIIE BIAMOBIAHY SIKICTh €HEPrONpPOAYKTY, a i TMEBHY CHEPreTHUHY
e(EeKTUBHICTD MpoIeCy. 3anpolOHOBaHA HAMM TEXHOJIOTIYHA CXeMa Ta KOHCTPYKIis
OiorasreHepaTopa, SKHH CKIQJAa€ThCSI 3 OCHOBHOTO pe3epByapy Misi aHaepoOHOI
dbepmenTallii, 3aBaHTaXyBaJbHOI TPyOH, pe3epByapy JUIsi CTBOPEHHS TiIpaBiIidHOTO
TUCKY, 301pHHKA ra3y Ta ra30Boi TpyOKHU. 3amporioHOBaHa METOIMKA ONTHUMI3allii poooTH
OiorasreHeparopa MoXxe OyTH BUKOPHUCTAHA IT1J1 Yac MPOEKTYBaHHS OiorasreHepaTopHUX
YCTaHOBOK JIJIsI BIZIXO/1iB CIJILCHKOTO TOCIIOIAPCTBA IS MOTPEO SK B BEJIMKUX TaK 1 MATHX
(bepMepChKUX TOCIOIAPCTB.

Knouosi cnosa: xoMnakTHHiA 0i0ra30BHiA reHepaTop, e()EeKTUBHICTh BUPOOHHUIITBA
Oiorazy Ta J00puB, TEXHOJOrisS HamiBOe3nepepBHOi (epMeHTallil, KOHLEHTpPALlis
dbepMeHTallii, ByriaerneBe Yncio, MaTepiaid JUisi BATOTOBIICHHS METAHTEHKA
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OIITUMIBALIA TEXHOJIOTTYHUX ITPOLECIB ITPHU
HPUT'OTYBAHHI IMBHOI'O CYCJIA

Anomayis. PoboTta BapuIbHOrO 1LE€Xy I[HBOBAapPHOIO BHUPOOHMIITBA
COpsIMOBaHa Ha ONTHUMI3ALII0 AISUIBHOCTI (PEPMEHTIB. AJie BOHA MOKJIIMBA
TITBKH B TOMY BHWITQJIKYy, SKIIO 3aBXXIW TOYHO BHUTPUMYIOTHCS 3aiaHi
TEeMIIepaTypHI 1 TUMYacoBi mapamerpu. IloTpiOHa mocTiiHa TOYHICTH 1
HAJIWHICTh J1 NMHBOBapa, 1HAKIIE 30MTOK MOxe OyTH cyTrTeBuM. IIl00
YHUKHYTH I[bOTO, B CYYaCHHX BapUJIBHUX II€XaX CKJIAJAI0Th MPOTPaMU IO
3aTupaHHd 1 (QUIBTpYBaHHS 3aToOpy, SKI BUKOHYIOTHCS TOBHICTIO
aBTOMATUYHO, MPU YOMY MHUBOBAp 3I1HCHIOE BI3yaJIbHUNM KOHTPOJb 1 Mae
MO>KJIUBICTh BTPYTUTHCS TIPU HEOOX1THOCTI B OyIb-IKUi MOMEHT. Takum
YMHOM BUKJTFOYAIOTHCS MOKJIIMBI JIFOJICHKI IOMUJIKY 1 POIIECH MOXKHA BECTH
ONTUMaJdbHO. BaxnuBow mnpoOseMor0 Npu BUPOOHUIITBI MHUBA — €
HEOOXIJHICTh Y CYBOPOMY JOTPUMAHHI TEXHOJIOTIYHUX MapaMeTpiB
MPOLIECIB HE3AJIEKHO BIJI 30BHINIHIX yMOB (TIOpU pOKY, TeMmIepaTypu
HABKOJIMIITHBOTO CEPEOBUIIA, BOJIOTOCTI TOIIIO).

B po6oTi gocinikeHi 3MiHU MOKa3HUKIB KUCIOTHOCTI, KOHIICHTpAIIIi,
BMICTY 130TYMYJIOHY Ta KOJbOpPY [Jisi TaKMX BHJIB NHBA, K BileHCbke
Ceitne, Mronxenceke, IliBnenHa bapapis Ta boxkOup mig dyac ix
BUpOOHUIITBA. OTpUMaHI JaHI € HEOOXITHUMHU JJII CKJIAJaHHS IIPOTpam,
SKUMHU KEPYIOThCS TPHU 3AIMCHEHHI TAaKUX ONEpalliil, SK 3aTUpaHHsA 1
binpTpyBaHHS 3aTOpy. BOHM BUKOHYIOTHCSI TMOBHICTIO aBTOMATHUYHO, TIPH
YoMy TMHBOBAp 3AINCHIOE BI3yaIbHHM KOHTPOJIh 1 Ma€ MOXKIUBICTh
BTPYTUTHCS TIPU HEOOXIMHOCTI B OyIb-IKUA MOMEHT. TakuM YWHOM
BUKJTFOYAIOTHCS MOJKJIMBI JIFOJICBKI TIOMUJIKA 1 TIPOLIECH MOYXKHA BECTH
onTUMalibHO. TakoX OTpMMaHi JaHi  JI03BOJISIIOTH ~ ONTUMI3YBaTH
TEXHOJIOTIYHI MPOIECH JIJIi KOKHOTO 3 JOCTIDKEHUX Ta MOAI0HMX BUJIIB
MMBOBAPHOT MPOAYKIIi Ta JONOMAaraiTh po3pOOJIATH HOBI COPTH NHUBA 3
3aJIaHUMHA CMaKOBUMH BJIAaCTUBOCTSIMHU.

Kniouoei cnosa. IluBoBapinHs, (EpMEHTOBaHI peakiiii, 3aTop,

© K. O. Camoituyk, H. O. ®yuanxu, O. I1. Jlomeiiko
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OXMCJICHH, CYyCJIO.

Ilocmanosxa npobnemu. PoGoTa BapuIBbHOTO I€Xy MHBOBAPHOTO
BUPOOHUIITBA CIIPSIMOBAaHAa Ha OMTHUMI3AIlIO MISJIBHOCTI (hepMeHTIB. Aue
BOHA MOXJIMBA TIJILKU B TOMY BUIIAJIKY, SAKIIIO 3aBXKIU TOUHO BUTPUMYIOTHCS
3a/1aHl TeMreparypHi 1 TuMuacoBi napamerpu [1-3]. IloTpibHa mocTiiiHa
TOYHICTb 1 HQAIMHICTD /1 TUBOBapa, 1HAKIIIE 30MTOK MOYKE OyTH CyTTEBUM.
[I{o6 yHUKHYTH IILOTO, B CY4aCHUX BapUJIbHUX II€XaX CKIIAJAI0Th IPOrpamMu
o 3aTupaHHs 1 (QUIBTPYBaHHS 3aTOPy, SKI BHUKOHYIOTHCS IIOBHICTIO
aBTOMATUYHO, MPU YOMY IHUBOBAp 3/IHCHIOE Bi3yaJIbHUH KOHTPOJb 1 Mae
MO>KJIUBICTh BTPYTUTHUCS NMpPU HEOOXIAHOCTI B OyIb-SKHl MOMEHT [4-6].
TakuM YMHOM BHKIIOYAIOTHCS MOXKJIMBI JIFOACHKI MOMHUJIKA 1 MPOLECH
MO>KHA BECTH ONTHUMAJIbHO. [ TMOOKI 3HAHHS TEXHOJIOTTYHHUX MPOLECIB IPH
INPUTOTYBaHHI Cyclla, iX ONTUMI3alisl 1 BIANOBiAHE 3a0€3MEYEHHS B
YyJIOCKOHAJIGHUX amapaTax Ta MallldHaxX JaloTh 3MOTY OJIEp)KaTh BHUCOKO-
AKICHE OXMEJEHE CYCJO 1 B MOJAJbIIOMY - 4YyJOoBe MNHUBO. BaxiuBoro
npoOJeMO0 TpU BUPOOHULTBI MHUBA — € HEOOXITHICTH y CYBOPOMY
JOTPUMAaHHI ~TEXHOJIOTIYHUX T[apaMeTpiB TMPOLECIB HE3AIEKHO  BIJ
30BHILIHIX YMOB (IIOPH POKY, TEMIEPAaTypy HaBKOJUIIHBOTO CEPEIOBUIIIA,
BOJIOTOCTI TOIIO) [7].

Ananiz ocmamnHix Oocniodcenb. BapiHHS cyciaa 3 XMeJlIeM JTyxXKe
BOKJIMBUH TIPOIEC, KUK (PaKTUIHO, KIHIIEBO (hOPMYE CYCIIO JJIs MIEBHOTO
copTy nuBa. Jly>xe BaXJMBO IPHU KHIT'STIHHI Cyclla 3 XMEJIEM CBOE€YacHO
BUSIBUTH KIHELb BapiHHS cycjia 3 XMEJEM, 10 JI03BOJIsi€ B MOBHIA Mipi
BUJIAJIMTH 3KOAryJIbOBaH1 OUIKHM 1 OTPUMATH CyCJI0 MOTPIOHOT KOHUEHTpaIlli,
MOBHICTIO CTEPUJIbHE 13 HAMOUTbII MOBHUM PO3YMHEHHSIM TIPKUX PEYOBHH
xmento [8-10].

[luBHe cyciao — 116 OCHOBHUW HamiB(aOpUKaT IJisi BUTOTOBJICHHS
NMBA, IKUU ABIIsIE COOOIO MOJII JUCHIEPCHY CUCTEMY 3 BMICTOM LIYKPUCTHX,
O11KOBHX Ta XMeJIeBUX pedoBuH [11].

HaliBaxmuBIIIMM TEXHOJIOTIYHUM MPOIIECOM MPHU NMPUTOTYBAHHI Cycia
€ TIEPETBOPCHHS B pe3yNibTaTi (hePMEHTATUBHHUX PEAKIi HEPOZUYMHHUX
KOMITOHEHTIB COJIOAy 1 WOr0 3aMIHHUKIB (SYMiHb, TMIICHHUIS, PUC,
KYKypy/i3a, COPTO Ta 1HIIN 3€PHOBI KYJIBTYPH) Y PO3UMHHUNA €KCTPAKT.

[TpuroryBaHHsi MUBHOTO CycCJa CKJIAJA€TbCSl 3 M'SSITH OCHOBHUX
TEXHOJIOTIYHUX cTamii [12].

1. ITinroToBKa 3epHO-NPOAYKTIB (oummIeHHS, COpPTYBaHHH,
NOAPIOHEHHS).

2. IlepeBeneHHSs  EKCTPAaKTUBHHUX  PEUOBHUH  3€PHO-TIPOIYKTIB
(kpoxMaib, OIKM Ta 1H.) Y pO3YUH, TOOTO CyCJIO, B pE3yJbTaTi
MPUTOTYBaHHS 3aTOPY (3aTUpaHH).

3. ®inbTpyBaHH 3aTOPY (BIIOKPEMIICHHS CYyClIa).

4. KonauriitoBanHsi (OXMENIHHS) Cyclia KUM'STIHHAM WOTO 3 XMEJeM
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ab0 XMEeJIEeBUMU NpenapaTaMu.

5. OCBITJICHHS 1 OXOJIOKEHHS CyCla.

Koxxuuii 3 BUIIEBKa3aHUX €TalliB IPOBOJIUTH B CYBOPOMY JTOTPHUMaHHI
TEeXHOJOTIYHUX yMOB [13]. Butpumaru iX B 3amaHuUX TpaHHUIEX — €
BXKJIMBOIO 3a/1a4€l0 BUPOOHUKA.

Dopmyeanns memu cmammi. 3aaa4ero JaHOi poOOTH € JOCIHIIUTH
3MiHY HAaKONMUYEHHS 130TyMYJIOHIB B MIUBHOMY CYCJIi 1 MapajeiabHO 3 UM —
3MiHY KHCJOTHOCTI 1 KOJbOPY JUIsl PO3MOBCIO/DKEHMX BHJIIB THBAa B
MiBJICHHOMY pEerioHi1 YKpaiHu.

OcHosna uyacmuna. B mpolieci KWUITATIHHS cycla 3 XMeEJEeM
3IACHIOETBCS KOHTPOJIb PAY IMOKAa3HUKIB. AJle creplry BiIOMpPAETHCS
cepeansi mpoda. IIpoOu cycna BigOuparoTh O€3MOCepeHbO 3 CYCIO-
BapUJIBLHOIO arnapara B MOCYJIMHY 3 KPUIIKOIO.

KHCIoTHICTB Cycina B CM® PO3YMHY i IPOKCHULY HATPiIO KOHIIEHTPALIEIO
1 mons/mv® Ha 100 cM® cycma po3paxoByrOTh 10 (hOPMyIIi:

X=V-K,K, (1)

ne: V - 006’eM po3uMHy TigpoKcuay HaTpiro KoHuenrpamico 0,1 Mos/mm’,
BUTPAYE€HOIO HAa TUTPYBAHHS, CM";

K - xoedimieHT monpaBKu poOOYOTO PO3UMHY T1APOKCUIY HATPIIO;

K> -xoedimieHT po3daBieHHs cycia.

Po3x0mKkeHHS MK pe3ynbTaTaMu JBOX MapajielbHUX BHU3HAUEHb HE
noBuHeH nepesuinysatr 0,1 cM® po3unHy Iyry KOHIEHTpanicio 1 Mons/nm?
Ha 100cm® cycia.

AKTHUBHY KHCJIOTHICTh BU3HAUaOTh pH-MeTpoMm.

AKTHBHA KUCIIOTHICTh B OXMEJICHOMY NMUBHOMY cycii pH 5,3 - 5,5.

Bu3nadueHHs MacoOBOT 4aCTKHM CYXUX PEYOBHH

BumiproBanHs npoBoASTH Mpu TemriepaTypi 6smssko 20°C.

Jlnst oTpuMaHHST HECTIOTBOPEHOTO pe3yJbTaTy BHUMIPIOBAHHS CIIiJ
MIPOCTEKUTH 32 30€peKEHHSIM Ha HE3MIHHOMY PiBHI KOHIIGHTpAIIi cycia.

B's3kicTh cyciia BU3HAYalOTh BICKO3UMETPOM.

BimHocHa B'SI3KICTh Cyciia po3paxoBY€EThCA 32 POPMYIIOHO:

M=t,-d/tl, 2)

ne: ¢z 1 t3 — TPUBAIICTh BUTIKAHHS BIAMOBIIHO BOAM 1 JOCIIJIXKYBaHOTO
PO3YHHY;
d — BiIHOCHa TycTHHa (TapajeibHO 3HAXOJATHh MIKHOMETPUYHUM
METOJIOM).
3aeKHICTh 30UIBIIEHHS Y1 3MEHIIIEHHS [IEBHUX TOKAa3HUKIB HAaBEAECHO
B Tpadiunomy Burmsal (puc. 1). Jns ix moOyaoBu ckiameHi TaOmwii
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CepeHIX pO3paxyHKIB JIJIsi KOKHOTO COPTY IMUBHOTO Cycia. I3 BU3HAYCHHUX
JaHUX YOTHPHOX COPTIB IMMBHOTO CyCJIa BHBEIEMO CEPEIHI 3HAYCHHS IS
KOXKHOTO COPTY 1 3aHEcCeMO 10 Tabmuip 1-4.

Tabnuys 1
«Bigencopke CBiTie»
Yac, Konuenrpanis, | KucnortHicts’, 1303ryMyHOH’ Koip, em®
B pH 0 wac M/ CM” pO3YUHY | PO3YHUHY
) ’ NaOH nony
5 54 | 11,65 1,35 0 0,53
25 5,31 | 12,40 1,7 18,43 0,55
45 5,22 113,88 1,7 21,17 0,61
75 5,18 | 14,59 1,71 23,1 0,71
Tabnuys 2
«MIOHXEHCBHKE»
- 3
Yac, Konnentpartisi, | KuciortHicts, 1303ryMyHOH’ Kouip, cm
B pH 0 nMac M/ CM’ PO3YMHY | PO3YUHY
] ] NaOH oy
5 5,38 | 11,6 1,33 0 0,41
25 5,28 | 12,44 1,65 20,4 0,45
45 5,22 |1 13,9 1,66 22,4 0,55
75 5,18 | 14,55 1,71 25,0 0,61
Tabnuys 3
«IliBnenna bapapis»
: 3
Yac, Konnenrpars, | KucinotHicts, 1303ryMyHOH’ Koip em
B pH 0% nac M/ CM’ PO3YMHY | PO3YUHY
) ) NaOH nony,
5 5,52 12,1 1,36 0 0,41
25 5,47 | 12,75 1,69 20,4 0,45
45 5,38 | 14,2 1,7 24,5 0,56
75 5,27 114,74 1,74 26,8 0,6
Tabnuys 4
«boxbip»
Yac, Konnentparisi, | KuciortHicts, 1303ryMyHOH’ Kouip, cwr
B pH 04 Mac M/ CM’ pO34YHHY | PO3YHHY
' ) NaOH nony
5 55 12,1 1,36 0 0,3
25 5,47 | 12,8 1,7 13,5 0,31
45 5,37 | 14,3 1,7 14,5 0,36
75 5,27 114,82 1,72 16,1 0,41
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7)
a) PH, 0) koHI11IeHTpalili; B) KUCIIOTHOCTI; T) BMICTY 130IYMYJIOHY; 1) KOJIOPY
Pucynok 1. I'padiku 3a1exHOCTI 3MIHU TIEBHUX MOKAa3HUKIB B MPOIIEC]
KUIT ITIHHSL cycnia 3 XMmelneM aiisi nuBa Bimenceke CiTiie, MIOHXEHCBKE,
[Tirgenna basapis, boxoup
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3rimHo mpoBeaeHoro nociipkenns (puc. 1 a) pH y Bcix coprax nuBa
3MEHIIY€ThCSA, B OUTbIIN Mipi s cycna nuBa «lliBnenna baBapis» Tta
«bokOup», sike € OLTBIIT KOHLIEHTPOBAHUM.

3rigHo JaHUX pUCYHKY 1 O BiOyBaeThCs HApPOCTaHHS KOHIEHTpALli
MUBHOTO Cyclia 3a pPaxyHOK BHIIAPOBYBaHHS BOAM Ta 3a JIONOMOTOIO
JIOJaBaHHs XMeEt0. 3a BECh MPOIeC KUIl ATIHHSA BUNapoByeThes 10 -12 %
BOJM. SIKIIO BOJIa BUMIAPOBYETHCS, TO BIIOYBAETHCS 3TYIICHHS CyClia, TOMY
KpHUBa KOHIIEHTpAIlli 3pOCTaE.

3rilHO0 JaHUX pPHUCYHKY | B CHOCTEpiraeThCsi 3MiHA TUTPOBAHOL
KHCIJIOTHOCTI ITOYATKOBOTO Cycia, sika moBuHHA OyTh g 11 — 12% mac 1 He
nepesuinyBatd 2,3 — 4,6 cm® 1 MoJb/IM® pO3UMHY TiAPOKCUIY HATDiKO Ha
100 cm® nuBHOTO Cycina. BUX0oasgun 3 OTpMMaHKMX JAHUX MOYKHA CKa3aTH, 110
KUCJIOTHICTh JIOCTIPKYBAaHOTO TMHUBHOIO Cycja JJii BCIX COPTIB MHBA €
HOopMaTuBHOMO. Lle myxe moOpe, Tak sIK BOHA 3HaYHO BIUIMBA€E HA MPOIIEC
OpO/AIHHS 1 HA CMAKOBI IKOCT1 TOTOBOTO MPOAYKTY.

Puc. 1 r BinoOpakae nMHaMiKy 3MIHU BMICTY 130ryMyJsioHy. Ha mpotss3i
nepiux 30 XB. BiI0yBa€ThCs pi3Ke MIJBUILICHHS BMICTY 130rymyJiony. [licis
[iBTOPAroJUHHOIO KUIT ITIHHS CyCJla 3 XMEJIEM [IEPETBOPEHHS a- KUCJIOTH B
130TyMYJIOH NPUTTUHAETHCA, IPU IOBFOTPUBAIIOMY KHIT SITIHHI BiJIOYBa€ThCS
nepexija a- KUCIOTU B TYMYJIOHHY KHCIIOTY, sIKa HE BOJIOJII€ BIIACTUBOCTAMU
13orymysioHa. ToMy KHUITSITIHHA cycia 3 XmeneMm Ouibin HiX 1,5 roauHu
3HAYCHHS HEMa€, a HaBIAKK, BUKJIUKA€E BTPATH T1PKUX PEYOBHH.

Ha rpadiky 1) Mu 6a4umMo 3MiHY KOJIIPHOCTI, SIKa HAPOCTAE 3 YACOM
KUITSITIHHS, TaK SIK CIPUSiE MEJIaHOINMHOYTBOPEHHIO 1 Kapameni3allii.
3HauHy pPOJib B KOJIIPHOCTI CycClia BIAIrpa€ KOMIPHICTb CAMOTO COJIONY.
KoHueHTpanis cyciia TakoXX Ja€ BIUIMB HAa KOJIPHICTh: YAM BHILA T'YCTHHA
cycJia, TUM IHTEHCUBHILIE MiIBUILYETHCS HOr0 KOJIPHICTD; 1 Kapamei3allis,
1 MEJIaHOITUHOYTBOPEHHS MPOTIKAIOTh 3HAYHO CUJIBHILIE B CYCIIi 3 O1IBIIO0
rycTuHowo. Takok Ha KONIPHICTh Cycja BIUTMBA€E JOJABAHHS XMENI0, IO
BiJI0YBAETHCS 32 PaXyHOK JyOUTIbHUX PEYOBUH.

Bucnosox. B po0oTi AociipKeHI 3MIHHM ITOKAa3HHUKIB KHCIOTHOCTI,
KOHIIEHTpaIlli, BMICTY 130IyMYJIOHY Ta KOJbOPY IS TaKUX BHJIIB MUBA, SIK
Binenceke Caitite, MroaxeHceke, IliBaenna bapapis Ta boxOup mix gac ix
BUpOOHUIITBA. OTpHUMaHi JaHi € HEOOXITHUMHU JJIsd CKJIAJIaHHS IPOTpam,
SKUMHU KEPYIOThCS TPHU 3AIMCHEHHI TAaKUX OMepaliil, SK 3aTUpaHHsA 1
GbinpTpyBaHHS 3aTOpy. BOHM BUKOHYIOTHCSI TMOBHICTIO aBTOMATHUYHO, TIPH
YoMy TMMBOBAp 3M1MCHIOE BI3yaJIbHU KOHTPOJIbL 1 MAa€ MOKIIUBICTh
BTPYTUTHUCS TPU HEOOXIIHOCTI B Oyab-sIKMA MOMEHT. Takum YHUHOM
BUKJTIOYAIOTBCS MOXJIMBI JIFOACHKI TOMUJIKM 1 TIPOLIECM MOXHa BECTHU
onTUMalibHO. TakoX OTpMMaHi JaHi  JI03BOJISIIOTH  ONTUMI3YBaTH
TEXHOJIOTIYHI MPOIECH JIJIi KOKHOTO 3 JOCIIKEHUX Ta MOAIOHMX BUJIIB
MMBOBAPHOT MPOJYKIIi Ta JOMNOMAraiTh po3poOJIATA HOBI COPTH NHUBA 3
3aJaHUMH CMAKOBHMH BJIACTUBOCTSIMH.
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K. Samoichuk, N. Fuchadzhy, O. Lomeiko
Dmytro Motornyi Tavria State Agrotechnological University

OPTIMIZATION OF TECHNOLOGICAL PROCESSES IN THE
PREPARATION OF BEER WINE

Summary

The work of the brewery brewery is aimed at optimizing the activity of enzymes.
But it is possible only if the set temperature and time parameters are always precisely
maintained. Constant accuracy and reliability of the brewer's actions are required,
otherwise the damage can be significant. To avoid this, modern cooking shops make
programs for mashing and filtering the mash, which are performed completely
automatically, with the brewer carrying out visual inspection and has the opportunity to
intervene if necessary at any time. This eliminates possible human errors and processes
can be conducted optimally. An important problem in the production of beer - is the need
for strict compliance with technological parameters of processes regardless of external
conditions (seasons, ambient temperature, humidity, etc.).

The study examines the changes in acidity, concentration, isohumulone content and
color for beers such as Viennese Light, Munich, Southern Bavaria and Bokbir during their
production. The obtained data are necessary for compiling programs that are guided by
such operations as mashing and filtering congestion. They are performed completely
automatically, and the brewer carries out visual inspection and has the opportunity to
intervene if necessary at any time. This eliminates possible human errors and processes
can be conducted optimally. Also, the obtained data allow to optimize technological
processes for each of the studied and similar types of brewing products and help to
develop new beers with specified taste properties.

Key words: Brewing, fermented reactions, mash, hops, wort.
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JTOCJIIXEHHS ITPOILIECY CTBOPEHHS CMYT'OBOI I'PAIN
POBOYUM OPI'AHOM I'VIMBOKOPO3ITYITYBAYA B YMOBAX
I'PYHTOBOI'O KAHAJIY

Anomayis. Ha cboronti B YKpaiHi a5 3aKji1aJaHHs HOBUX IJIOJOBUX
HACa/[PKeHb, PEKOHCTPYKIIi ICHYIOUMX, a TAaKOXK 30UIBIICHHS MOXIUBOCTI
EKCIIOPTY CaJKaHIIB MJI0JJOBUX KYJbTYp PO3CaIHUIIBKUMU
rocrojJiapcTBaMu icHye mpoOjeMa JAepiuUTy CaJAMBHOTO MaTepiairy
BITYM3HSIHOTO BUPOOHUITBA, IKa 00YMOBJIEHA HU3KOIO IPUYUH, CEPET AKUX
MO>KHA BIJJ3HAYUTH HU3BKUN MaTeplaJbHO-TEXHIYHUHN PiBEHb 3a0€3MeUeHHS
po3caiHUKIB. B crarTi  HaBeneHO  METOAMKY Ta  pe3yJbTaTH
eKCIIEPEeMEHTAIbHUX JIOCHIUKEHb 3 BU3HAYCHHs BIUIMBY IapaMeTpiB
MOJIOKEHHSI POoO0YOro OpraHy mIHOOKOpo3myiryBaya st (hOpMyBaHHS
CMYTH, SIKa € YaCTHUHOIO T'PSIIK I BUPOLIYBaHHS IUIOJOBUX CAJKAHIIIB B
YMOBaxX I'PYHTOBOT'O KaHaly.

Bu3HaueHO  3aKOHOMIPHICTh  3MIHM ~ €HEPrOEMHOCTI  MPOLECY
(GbopMyBaHHS CMYTM Ta SIKICTb il TPYHTY B 3aJIEKHOCTI BiJ] MapaMmeTpiB
MOJIOKEHHS pOO0YOTro Oprany.

Kniouosi cnosa: po3camHMLTBO, CMyroBa rpsifa, TSITOBUWA OMHIp,
napameTpH MOJ0KEHHS, TIIMOOKOPO3MyIIyBay.

Ilocmanoexa npobnemu. Ha cboroni B YKpaiHi AJis 3aKi1a/laHHs HOBUX
IUIOJOBUX HACaPKeHb, PEKOHCTPYKLII ICHYIOUMX, a TaKOX 301JIbIICHHS
MOJKJIMBOCTI €KCHOPTY CaPKaHLIB IUIOJOBUX KYJIBTYP PO3CaTHUIIBKUMU
rocrofapcTBaMu icHye mpobiieMa naediluTy caauBHOTO MaTepiaiy
BITUYM3HSIHOTO BUPOOHUIITBA, sIKa 00YMOBIIEHA HU3KOIO TIPUYUUH, CEPET IKUX
MO>KHA BiJJ3HAYUTH HU3BKUN MaTepiabHO-TEXHIYHUHN PIBEHDb 3a0€3MeUeHHS
po3canHuKiB [1-6], a TakoX HEBIAMOBIIHICTH TOBAPHOI SIKOCTI CaKaHIIIB
BUMOraM MIDKHApOAHMX cTaHaaptiB [7, 8]. OcTaHHIN HENONIK CYTTEBO
3aJIEKUTH B1Jl JTOTPUMAHHS O010CTPYKTYPHUX MOKA3HHKIB SIKOCTI TUIOJOBUX
Ca/KaHIlIB Ha eTamax BHUPOILyBaHHSA, BUKOIyBaHHA Ta 30epiraHHs [9].
Tomy, momryk Ta ampoOallisi HOBUX CXEM 3aKjlaJaHHS pPO3CaJHUKA,
YJOCKOHAJIEHHS ICHYIOUHX Ta po3po0JIeHHsS] HOBUX 3acO01B MexaHi3allii s

© 1. O. YxkukoB
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BUPOIIYBaHHS CaJMBHOTO MaTepialy € TMPIOPUTETHUMU HaIpsIMKaMu
BUPIIICHHS 03HAYEHUX MPOOIIEM.

Ananiz ocmannix Oocniodcensb. Y  JOCHiIKeHHI [7] aBTOpOM
3alPOIIOHOBAHO TEXHOJIOTiI0 BUPOIIYBAHHS CaKaHIIIB MJIOJOBHUX KYJIbTYp
HAa CMYroBUX Tpsanax 0e3 mepecajyKyBaHHA TIAIMIEN 3a CXEMOIO
140x70x15...20 cm. Llg TexHonoria nepeadadyae CTBOPEHHS CHPHUSATINBUX
YMOB B IPYHTOBOMY I1Iapi CMYTOBO1 I'PSIU SISl PO3BUTKY KOPEHEBOI CUCTEMU
MaiOyTHIX Ca/KaHIB IUIIXOM OOpOOITKY IPYHTY poOOYMMH OpraHaMu
rIIMOO0KOPO3MyITyBaya.

[Ipu upomy, poOoul opraHu rIMOOKOPO3IyIIyBaya  MalOTh
VIIUIBHIOBATH TIOBEPXHIO BEPTUKAJIBHOI CTIHKM OOpO3HM ISl CTBOPEHHS
HITYYHOTO 0OMEXEHHS IPOHUKHEHHIO KOPEHIB Ca/IKaHIIIB 33 MEKE KOHTYPY
CMYTH, 1[0 Ma€ CIPHUATH MOJIMIICHHIO YMOB POOOTH CKOOW ILIyra JJist
BUKOITYBAaHHSI CaJIKaHIIIB.

VY mpami [10] BU3HaueHO, 10 MpPU MPOEKTYBaHHI MOBEPXHI CKOOU
BUKOMYBAJILHOTO IIIyra, 4YacTHHA SIKOI € KPUBOJIHINHOIO, HEOOXIAHOIO
YMOBOIO JUJIsl 3a0€3MEYEHHs] MIHIMAJbHUX EHEPrOBUTPAT HA BIIIUICHHS
CKUOU IPYHTY BiJl MAaCUBY € BU3HAUEHHS CHJIM TUCKY IPYHTY TIEBHOTO CTaHy
Ha MOBEPXHIO poO0OYOro Oprany.

3a3HayeHa yMOBa MOKe OyTH B34Ta 3a OCHOBY IPH NPOEKTYBaHHI
MOBEPXHI  PO3POONIIOBAHOTO TIMOOKOpo3myIryBada. [lepiiodeproBoro
3aJa4el0 MpU I[bOMY € BH3HAUYEHHs MNapaMmeTpiB (OpMU 1 TOJOKEHHS
po0O0YOTO Opra”y riaIuOOKOPO3MyITyBada, KO Mepea0dadeHo TOCIIIKESHHS
JUCKPETHOTO TMOJOXKEHHA TIUIONIMHU JUIsl TMOJAJIBLIOT0 BHU3HAYEHHS
napameTpiB (OpMH KPUBOJIIHIMHOI TOBEPXHI.

Dopmynosanns memu cmammi. BU3HaAUUTH BIUIMB NapaMeTpiB
IUIOLMHYU 3arajibHOrO TMOJOKEHHS Ha TATOBHUM OIIp Ta SIKICTb 0OpOOITKY
IPYHTY CMYTOBOI I'PSAU LUISIXOM HPOBEIEHHS AOCHIKEHb B IPYHTOBOMY
KaHaJIl 32 paXyHOK 3MiHU KyTa HaXujly Ta aTaku JOCTIIKYBaHOT TUIOIIUHH.

OcHosna yacmuna. Jlocmiau TMPOBOAMBCS Yy TPYHTOBOMY KaHalll Ha
kadenapi cimscbkorocnogapcbkux Mamud TIATY y mucronami 2020 poky.

Oco0auBICTIO TPYHTOBOTO KaHayy € Te, IO BIH PO3TAIllOBaHUI Ha
BIIKDUTOMY TIPOCTOP1 1 TPYHT B HHOMY 3HAXOJUTHCA Y TMPUPOTHOMY
CKJIQZICHOMY CTaHi. 3arajbHa JOBXXWHA KaHATY CTAHOBHUTH 25 M, IITUPHUHA —
2,6 M. Cxemy YCTaHOBKH JJIsl IPOBEICHHS TOCTIKEHb Y TPYHTOBOMY KaHaI
HaBEJICHO HAa PUCYHKY 1.

Metoauka gochijkeHb. Jlasd JOCSTHEHHS IIOCTaBJICHOI METH
BUTOTOBJIEHO POOOYMI OpraH, KU CKIAAA€ThCs 13 CTIMKUM Ta HOXY Y
BUTJISA/II TUIONIMHU 3arajibHOrO MojokeHHs1 (puc.2). Hix 3akpimieHo Ha
CTIAKHU 2, sika BCTAHOBJIEHa HA MOBOPOTHOMY NPUCTPOi 3 (TpUCTpidt ist
3MiHM MOJOKEHHS HOXa y rpocTopi). [loBepxHs HOka yTBOpEHA IJIOLIUHOIO.
Kyt 3aroctpenns ne3a 3 oaniero ¢ackoro 4 cranoButh 30°. ToBIIMHA HOXA
CKJIaJia€e 8 MM.
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1 —Bi30K; 2 — paMKa; 3 — TeH30J1aHKa; 4 — poOOoUHnii OpraH; 5 — Kepeno
wuBneHHs 12V; 6 — ALL; 7 — HoyTtOyk; 8 — THyuKkuid Tpoc; 9 — TAroBui
0apaban; 10 — kopoOka mBuaKOCTEH; 11 — €IEKTPOABUTYH.

H; — BucoTta 014HOI CTIHKU KaHaiy; > — pIBeHb 3alIOBHEHHS KaHAITY
IPYHTOM; /i — TJIMOMHA X0y poO0YOro Oprasy.

Pucynok 1. Cxema rpyHTOBOrO KaHaidy 3 OOJIafHaHHIM  JJIs
IPOBEJECHHS JIOCIIIKEHb pOO0YOT0 Oprany rirO0KOpO3ITyIyBaya.

1 —HIXk; 2 - cTiiika: 3 — IpUCTPiil perytoBaibHUil; 4 — J1€30;
5 — mBenep pamu Bi3Ka (TEH30JIaHKa HE MOKa3aHa).
a) MOJiesb; 0) MaKeTHHH 3pa3oK.
Pucynox 2. Cxema BCTaHOBJICHHsI p0OOYOTO OpraHy Ha MPUCTPOIO
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a) o)
1 — pama Bi3Ka; 2 — pobouunii opraH; 3 — IPUCTPIA PEryarOBAIbHUIA.
Pucynok 3. Cxema KOHCTpYKLIi MPUCTPOIO JJIA 3MIHM HapaMmeTpiB
MOJIOKEHHS HOKa: a) KyTa aTaku o; 0) KyTa BIAXWICHHS CTIMKHU 3 HOXKEM Sy
BEPTUKAIBHIN IIONIUHI.

3a I0OMOT010 PETYIIOBAIBLHOTO MPUCTPOIO (prc.3) 3MIHIOBAIKMCH TaK1
napameTpu poO0YOro oprasy:

"KYyT 0. MK pOOOUYOIO TUIOIMIMHOKO HOXKa Ta HAMPSIMOM PyXy poOOUYoro
oprany (kKyT ataku) (puc.3, a);

"KyT f BIIXWICHHS CTIAKKM pPOOOYOro OpraHy y TONEepeyHo-
BEpTUKAJIBHIN IIonMH1 (puc.3, 0).

VYV tabmumi 1 HaBeneHi MeXl BapilOBaHHS MapaMeTpiB MOJOKEHHS
poO0YOTO Oprany, IO UIFOCTPYE PUCYHOK 3.

Tabnuys 1
Mesxi BapitoBaHHS 3MiH MMapaMeTpiB poOOYOro OpraHy.
Hwxne Bepxne
[To3nauenns nmapamerpy | OnuHuL
. TpaHUYHE rpannuHe | Kpok
MIOJIO’KEHHS BUMIPIOBaHHS
3HAYEHHSI 3HA4YEHHS
Kyt a rpaji. 10 30 10
Kyt S rpaji. 15 30 15

JocnixeHHs: TpOBOAMIMCS MIPU MIHOKUHI X0y poOoYoro oprany /i =
0,2 m. lIBuakicTs pyxy Bizka ckiagana 0,37 m/c (1,3 km/ron).

B sKx0CTi1 KpUTEpIiB OLIHKK IPOLECY NPUUHSTO:

" CepeaHE 3HAYEHHs TAroBOro omnopy, H;

" IBHICTB IPYHTY B MEXaX KOHTYPY CMYTOBOI IPsi/i, T/cM>;

"IIMpUHA 30HU PO3MYLICHHs MOBEpXHI IPyHTY, H MMm.
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[Ilomo wmIBHOCTI TPYHTY B MEXKaxX KOHTYpPY CMYTOBOI TS, CIif
MOSICHUTH HAacTymHe. Po3risiHeMo pUCYHOK 4, KU 1TIOCTPY€E MOTEPEeUHUN
nepepi3 IPYHTY CMYTOBOI TPSIH MICIs MPOXOIY JOCIIIKYBaHOTO poO0YOro
Oprasy.

Pucynok 4. JIo BU3HAUEHHS MILIBHOCTI IPYHTY Y KOHTYpPl CMYTrOBOi
TPSIN.

CTiHKa KOHTYpY Ha BIAPI3KY AB, 1110 3HAXOJAUTUMETHCS MPaBOPYY IO
Xony pyxy Oyae yuiapHioBatucs. HaszBemo 11 «yIliabHEHa CTIHKa», a
HIUIBHICTB 1IBOTO IIapy MO3HAUYUMO py. B TOM ke yac, 13 J11BOi CTOPOHHU 1O
X0y PYXy pO3IyIlyBaua YTBOPIOBATHMETHCS PO3MYLICHHHA IIap TPYHTY
MEBHOT0 00’ €My, TpaHUYHA MEKa KO0 00OMeXyBaTUMEThCS BiJipizkoM BC,
PO3TAIIOBAHUM MiJl KYTOM /2 30BHIIIHBOTO TEpTs IpyHTY. O0’€M IpyHTY,
010 3HAaXOIUTUMETbCS Yy Mekax TpuKyTHHKa ABC BBaXaTHMEMO
«pPO3MYILIEHOO 30HOKO», & MIUIBHICTh IPYHTY y L1 30H1 IO3HAYUMO Pp.

J51s BU3HaYeHHS TPaHUYHOI 30HHU PO3IYIICHHS IPYHTY, IO MiAHIMaBCs
Ha MOBEPXHIO IPpyHTY Ha BiApi3Ky AC mmpunoro H (puc.4) npoBoauiacs
BiJI€03HOMKa MPOIIeCy 3 HACTYITHUM IMOKaIPOBUM aHAJII30M MPOILIECY.

[inbHicTh rpyHTY BuMiproBamnacs 3rigHo ['OCT 20915-75 [11].

[Tpu npoBeneHH1 JOCTII)KEHb BU3HABCS CTaH I'PYHTY 3a MMOKa3HUKaMU
BOJIOTOCTI Ta TBepAOCTi. Bosoricte IpyHTy BH3Hayanacs TEPMOCTaTHO-
BaroBuM croco0om [12], TBepaicTs IpyHTy TBepromipoM Pesskina Ne224.

JlJis BU3HAUYEHHS TATOBOI'O OMOPY 3aCTOCOBAHO MOJIOBXKEHY KUIbLIEBY
OKTaroHaJIbHy TEH30JIaHKY 13 IPOTSHUMH TCH30PE3UCTOpaMH Ha TarepoBii
ocHOBl 3 omopom mnpoigHuka 200 OwM. TapyBaHHS TEH30JaHKU
IIPOBOJIAIIOCS Ha po3pobieHOMY HAYKOBIISIMH kadenpu
citbebkorocnogapcbkux — MamuH  THATY  crenmi  [13].  Cepenne
apu(pMETUYHE 3HAYEHHS TATOBOrO OMOPY 3aJIEKHO BIJI 3MIH MapaMmeTpiB
po00YOro opra"y BH3HAYauoOCs 3a JOMOMOTrOI0 MPOrpaMHOTO CEPelOBUILA
GNU Octave [14].

Pesynbratu pocnimpkens. [Hpopmariis npo (GizuyHui CTaH TPYHTY B
IPYHTOBOMY KaHaJll B TOPU30HTaX HaBeJeHA B TaOmuLi 2.
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Tabnuys 2
®Di3uyHMIA CTaH IPYHTY
TloKasHiK [Tapu rpyHTy, CM
0-10 10-20
Bomnoricts rpynty — W, % 18.4 18,9
TBepaicts rpynTy, Mlla 0,63 0,75

Ha pucynkax 5-7 noOyzaoBaHi rpadivsi 3aj€KHOCTI 3MiH MapaMeTpiB,
K1 JOCTIPKYBAJIMCh MIPU YTBOPEHHSI CMYTOBOI I'PSIIH.

Pucynox 5. I'padik 3MiHH TSATOBOTO OMOPY 3aJIEKHO BiJl KyTa aTaKH o,
HOXKY pOoOOYOTro OpraHy i KyTa BIAXUJIECHHS CTIHKH f.

PucyHnok 6. I'padik 3MiHU IIJTBHOCTI ITPYHTY B MEXaX CMYTOBOI I'PSIU
3JIEKHO B1JI KyTa aTakH oL HOXKY TP KyTl BIAXUJICHHS CTIHKH f=15°.

SBTSATU. 12. 2. 13


http://www.tsatu.edu.ua/tstt/naukovyj-visnyk-tdatu/

HaykoBuit BicHuk TAATY Bun. 12, Tom 2

7311

Pucynok 7. I'padix 3MiHU UIIBHOCTI TPYHTY B MeEXKax KOHTYpY
CMYTOBOI TPSAJIA 3aJIEKHO BIiJl KyTa aTaku o HOXY TP KyTl BIIXWJICHHS
cTiviku f=30°.

Ha pucynky 8 mpenctaBieHO cHoci0 BUMIPIOBaHHS IIUPUHU 30HU
PO3IYIITyBaHHS TPYHTY pOOOYHUM OpPraHOM.

a) IIMpPUHA 30HU PO3MYIIyBaHHA; O) 3arajdbHUN BUJ IPYHTY MICI
IIPOXOKEHHS pOOOUYOro oprany riOoKOpO3MyIIyBaya.
Pucynok 8. /o BU3HaY€HHs IIMPUHK 30HU PO3IMYIIYBaHHS TPYHTY

[IpoananizyBaB Tpadivni 3aJ1eKHOCTI, HaBEIEHI Ha PHUCYHKax 5-8
MO>KHA 3pOOUTH TaKi BUCHOBKH.

1) TsaroBuii omip IPyHTY 3pOCTa€ 31 30UIBIICHHSIM KyTa aTakd o HOXY.
[Tpu upomy 13 301IBIIEHHSAM KyTa f/ HAXWIY CTIMKHU OIIp 3pOCTAa€ CYTTEBO.
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Tak, y cTiiiku, HaXWJIEHIH y MOMEPEYHO-BEPTUKAIbHIN TIIOMIMHI Ha KYT
S =15° mipu 361nbmeHHI kyTa ataku o Ha 20° (3 10° mo 30°) TsaroBuii ormip
3poctae Ha 330 H a6o 52% (3 625 H mo 955 H). Ilpu npomy B camomy
Jiana3oHl 3MIHU KyTa aTaku o, y CTIHKM HaxuieHoi mija kytom f = 30°
TATOBUH ormip 3pocTae Maitke Ha 600 H abo 86% (3 621 H no 1289 H).

2) H1inbHICTE OOKOBOT «YIIIJILHEHO» CTIHKM CMYTOBOI TPSIIA 3pOCTAE
13 30UIBIICHHSM KyTa aTaku « HOXy. Ilpu I1bOMy, Haxujl CTIHKH Yy
MoNepeYHO-BEPTUKAJIbHIN TUIONTMHI y BapiaHTax f = 15° ta f = 30° Mmae
HECYTTEBUI BIUTUB HA YIIIJILHEHHS 1 KOJIUBAETHCS Y MexKax Bill 2 10 5%. [1pu
[bOMY OUIBINI 3HAYEHHS YIIIJIBHEHHS BUHUKAIOTH MPU MEHIIOMY (/=15°)
3HA4YCHHI KyTa Haxwly cTiiku. HailOuplie 3HaueHHs yIIUIBHEHHS CTIHKH Py
= 1,28 r/em® 3adikcoBano npu a =30° ta B =15°. Ase npu 1UX mapamerpax
cytTeBo (10 955 H) 3pocrae Tsarosuii onip. B Toii e 4ac npu KyTi aTaku
0=20° 1 /=15° NIIBHICTb CTIHKK 3MEHIIYETHCS 10 Py =1,26 abo Ha 1,6% npu
3HaueHHI R = 783 H, mo Ha 25% Oinpiie MiHIMAJIbHO 3a()IKCOBAHOTO
3HAYEHHS TATOBOT'O ONOPY, SIKE CTaHOBUTH 625 H.

3) Iloa0 MITBHOCTI TPYHTY B 30H1 PO3MYILICHHS. 3HAUYEHHS IIIIBHOCTI,
OTpUMaHI1 B 1[I 30H1 MEHIII 3a 3HAYCHHS MIUIBHOCTI OOKOBOI «yIIiIBHEHOT
CTIHKWY», 110 € TIPUPOJHUM 1 30iraeThbes 13 3aBJAaHHAMU JOCTIKEHb. [Ipu
IbOMY TEHJICHIIISI 10 3MEHIIEHHS HIUTHHOCTI IPYHTY B 30HI PO3IMYIICHHS
MPOSIBISIETHCSI TIPY MEHIIMX 3HAYCHHSIX KyTaX aTaku HOXKa o Ta HaXWITy
cTifiku . 3MiHa KyTa HaXWJy CTIAKH y BapianTax f =15° ta f = 30° Takox
Ma€ HECYTTEBUW BIUIMB Ha CTYIIHb YIIUIBHEHHS PO3MYIIEHOT 30HU 1
KoJuBaeTbess 0 2%. IlplopureToM y HIyKaHUX 3HAYEHHSX NapameTpiB
pobOYOTO OpraHy € YUIIJIbHEHHS OOKOBOi CTIHKH, TOMY KOMITPOMICHI
3HAQYCHHS TIapaMeTpiB 3 MYyHKTYy 2, a came: 0=20° 1 f=15° BBaxaTUMeMO
paliOHAIbHUMH 3HAUYEHHSIMHU, MPU SKUX I[IUIbHICTh PO3MYIICHOI 30HU
CTaHOBHTH P, = 1,05 1/ cMm?

4)IlokanpoBe JOCHIIKEHHS BIJICO3MOMKH TMPOIECY MEepeMIlIEHHS
po0OoYOro oprany B IPyHTI NMPY BU3HAYCHHI MIUPUHU 30HU PO3MyIICHHS H
noKa3ajo, 110 30UIbLICHHS KyTa aTakd HOXa « Ha HaxXWiy CTiiku [
MPU3BOJUTH 110 301IBIIICHHS IMAPUHU 30HU posmymieHHs. Tak mpu a =10°
Ta f =15° 3naueHHs 30Hu po3mymieHHs H = 190 MM, a npu TpaHUYHUX
3HayeHHsX a=30° Ta f=30°, BenuunHa H 3011b11yeThest HA 52% 1 CTAHOBUTH
290 mMm. Crimparounch Ha TMOJIOKEHHS MyHKTIB 2 Ta 3, pu 0=20° 1 f=15°
3HAUYEHHS IIUPUHU 30HU pO3MylieHHs H ctaHoBui0 220 MM. ko
Ha rpsfl, WupuHowo 1 M (puc.9) BucaKyBaTUMYThCS MiAIIENN HA TIMOUHY
0,1 My nBa pssiku, BiicTaHb Mk siskumu 0,7 M, a BIZICTaHb MK KPaeM TPpsIv
1 pAKoM cTaHoBUTH /= 0,15 M, To mmpuHU 30HU po3nyuieHHs H = 0,22 m
Oylie A0CTaTHHO JJIsi 3a0e3MedyeHHs pPO3TallyBaHHS KOPEHEBOI CHUCTEMU
HIENH Y PO3MYIIEHOMY IIapi IPYHTY, Y TIOIEpEYHOMY Tepepisi.
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Pucynox 9. KoHTyp cMyTOBOi I'psiid, yTBOPEHUN poOOYMM OpraHOM
rIIMOOKOPO3IyITyBaya, B AKy BUCAIKYBATUMYThCS ITiIIIEITH.

Bucnosexku. Ha 0ocHOBI NpoBeleHUX JOCIIPKEHb HOXKA Y TPYHTOBOMY
KaHally, IOBEPXHS SIKOTO 3aiiMalia 3arajbHe MOJIOKEHHSI BCTAHOBJIEHO IO
Ha rmouH1 0,2 M pu mwBUAKOCTI pyxy 0,37 M/c HIXk 3a0e31euye yTBOPEHHS
CMYIOBOI IpsaM i3 WIBbHICTIO GOKOBOI CTiHKM — 1,26 r/cM®, miiabHIiCTIO
IPYHTY y 30Hi po3nymenns 1,05 r/cm® i 3HaueHHsM TsAroBoro omnopy 1566 H
(1Ba poOOYl OpraHu) MpU TaKUX MapaMeTpax MOJOKEHHS:

— KyTa aTaku Hoxka a =20°;

— KyTa HaxWIy CTINKH HOXa Yy BEpTUKAJIbHIN mutommHl  f =15°.
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INVESTIGATION OF THE PROCESS OF CREATING A STRIP RIDDLE BY
THE KNIFE OF THE GRINDER UNDER THE CONDITIONS OF THE SOIL
CHANNEL

Summary
The commercial quality of seedlings significantly depends on the observance of
biostructural quality indicators of fruit seedlings at the stages of soil preparation,
cultivation, digging and storage. The search and testing of new schemes for laying a
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nursery, the improvement of existing ones and the development of new means of
mechanization for growing planting material are priority areas. These areas include a new
technology for growing seedlings of fruit crops on a strip ridge.

The technology involves the creation of favorable conditions in the soil layer of the
strip ridge for the development of the root system of future seedlings by tilling the soil
with special working bodies of the subsoiler.

A task has been formed to determine the parameters of the shape and position of
the working body of the ripper, which provides for the study of the discrete position of
its plane for further determination of the shape parameters of the curved surface.

The influence of the parameters of the plane of general position on the traction
resistance and the quality of processing the strip ridge was determined during research in
the soil channel by changing the angle of inclination and attack of the plane under study.

The experiments were carried out in a soil channel. A feature of the soil channel is
that it is located in an open space and the soil in it is in a natural folded state. A working
body is made, consisting of a rack and a knife in the form of a plane of general position.
The knife is fixed on a stand mounted on a rotary device 3 (a device for changing the
position of the knife in space). The sharpening angle of a blade with one bevel is 30°. The
thickness of the knife is 8 mm.

Based on the studies of the knife in the soil channel, the surface of which occupied
a general position, it was found that at a depth of 0.2 m at a speed of 0.37 m/s, which
ensures the formation of a strip ridge with a side wall density of 1.26 g/cm?, soil density.
in the loosening zone 1.05 g/cm? and traction resistance value 1566 N for the following
position parameters: knife attack angle o =20°; the angle of inclination of the knife stand
in the vertical plane B =15°.

Key words: nursery, strip ridge, traction resistance, position parameters, ripper
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3ACTOCYBAHHS MTPOLIECA ®JIIOITU3ALIT IS
3AMOPOKYBAHHS SATT]]

Anomayis. 3aMOPOXKYBaHHS € CIIOCOOOM KOHCEPBYBaHHSI HaWKpaIium
YUHOM 30€epirae CTpyKTypy, BIaCTUBOCTI- Ta XapyoOBY IIIHHICTH MPOIYKTIB
xapuyBaHHs. [lo TOro ok KOHCEpPBYBaHHS XapyoBHX IMPOJYKTIB
3aMOpOKYBaHHSIM MAa€ HHU3bKY, B TIOpPIBHSHHI 3 I1HIIUMHU CIOCOOaMu
KOHCEpBYBaHHs, eHeproemHicTio. [loeananHs BiOpamiitHOi Ta MOTOYHOL
TEXHOJIOT1H Mpu peanizallii cemiduiroiu3aiii y KOHBEEPHUX BIOpOMAIIMHAX
0OyMOBJTIOE peatizailiro aBToMaTH3allii BApOOHHYOTO TIPOIIeCy, FapMOHIHE
CHIBBIJIHOIIIEHHSI HOTO OCHOBHUX CTPYKTYPHHMX CKJIAJOBHX, 3I1ACHEHHS
edeKkTUBHOI 00 €MHOT Jii Ha MPOAYKIIO, 110 BIANOBIJA€ BUIIUM (popMam
JIOCKOHAJIOCTI  TEXHOJIOTIYHOro oOjaaHaHHsA. Po3BUTOK  BiOpamiiHux
KOHBEEPHUX MAIIIUH BEJI€ MTOYATOK 13 XBUJILOBUX Ta BIOpAIIiTHUX KOHBEEPIB.
InTeHcnBHA TEMI0Maco0OMIHHA st y JIOCITIJIKYBAHOMY
cemi(elM3aliftHOMY MPOIeci Ha TOBEPXHEBUM IIap CUPOBUHU CTBOPIOE
BOAHOYAC TMpoOJieMH MOro NEpPEeOXOoJIOJKEHHS Ta HEPIBHOMIPHOCTI
nomapoBoi o0poOku. ToMy € MepCrneKTHBHUM TMIPU TPAHCIOPTYBaHHI
MPOYyKIlii B 30HI 0OPOOKM BUKOPHCTOBYBATH BIOPOKOHBEEPHI Ta XBUIIHOBI
TEXHOJIOT1i, IO JO3BOJISIOTH CTBOPUTH CHPHSITIUBI YMOBH JIJI KOHTAKTHOT
B3a€MO/II1 OKPEMHUX SIT1]] Ta XOJOIOHOCIS; peaizyBaTH TEXHOJIOTTYHUN pyX
y 0e3nepepBHOMY PEXHMI; 3MEHIIUTH Ta YCYHYTH B3arajl BUKOPHUCTAHHSA
HEIMPOTyKTUBHOI TMparll Mpu 31HCHEHH] TOMOMKHUX OMeparliii; CTBOPUTH
3arajibHe KepyBaHHS JMHAMIYHHUM CTaHOM CHCTEMH, B fKii BiIOyBaeTbcs
TEXHOJIOTIYHA i, MIHIMI3yBaTH MeXaHI4Hl TIONIKOKEHHS ST1IHOI
MPOAYKIIi.

Knrouosi cnosa: mponec, oOnagHaHHs, (aroinu3amis, MNPOIYKIIi,
ATOJIA.

© L. I1. ITanamapuyxk, C. B. Kiopues, B. O. Bepxonanuesa, H. O. Ilansauuka
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Ilocmanoeéxa npobaemu. 1'0NMOBHA yMOBa ICHYIOUHMX TEXHOJIOTIN
30epiraHHs - MOMEPEIHE OXOIOKEHHS ST, KOTpE MOTPIOHO MPOBOIUTHU HE
ni3Hime 4 roguH micis iX 30opy. CyHHIIO peKOMEHI0OBAaHO OXOJIOHKYBaTH
BIIPOJIOBX 1-2 ToIWH, ManuHy, OXXUHY, YOpPHY CMOPOIMHY, MOPIYKH Ta
JIOXUHY — BOPOJIOBXK 2-3 - no Temnepatypu + 2-30C. Ilpouec BigOyBaeThes
B OKpEMHX Kamepax MOIepeAHbOr0 OXOJIOKEHHSI a00 B MPUMIILIEHHAX 13
YCTAHOBJICHUMH MOOUIBHUMH MoOAyJsAMH. [Ipu o0XoJomKeHHI TOBITPS
MOBUHHE MPOTATYBATUCS Yepe3 MPOIYKIIiI0, a He 00AyBaTH ii, ajie IJIs O1IbIII
Kpaimoro 30epiraHHs 1 JIOBTOCTPOKOBOTO Tpeba BHKOPUCTOBYBATU
3aMOPOKYBaHHS.

[IIBuaKe OXOJIOMKEHHS 1 IIOKOBAa 3aMOpO3Ka IO MpaBy BU3HaHI
HalKpaluM criocoOoM 30epiraHHs CBIXKO1 NpOoAYKIli. 30UTbIIEHHS TEPMIHY
NPUAATHOCTI, 30€pEXKEHHS MOKMBHUX 1 CMAKOBHX BJIACTHBOCTEW - BCE L€
LIHYETHCS K MOKYILEM, TaK 1 BAPOOHMKOM XapYOBUX MPOAYKTIB.

[IIBuake 3aMOpPOKYBaHHS CBIKOI XapyoBOi CHPOBUHHU JO3BOJISIE
30epertu O10JIOTIYHY 1 BITaMIHHY WIHHICTb, AKTUBHICTb CHUPOBHHH SIK
TBapUHHOTO, TaK 1 POCIMHHOTO TOXOKEHHS, BHUKOPHUCTOBYBATH TaKy
CUPOBHHY JIJI1 BUPOOHUIITBA MPOAYKTIB XapuyBaHHS B OCIHHIM, 3MMOBHH 1
BECHSHUHM mepioan. Y pasi 3aCTOCYBaHHS TEXHOJIOTII IIOKOBOI 3aMOpPO3KH,
KPHUCTAJIH JIbOy HE CTAIOTh 3aHAJTO BEJIMKUMHU, 3aT€ BIIYTHO 3POCTE IXHS
IiIBHICTE. Lle crpusie 30epekeHHIO CTPYKTYPH MPOAYKIIii, IO MO3UTUBHO
BILJTMBAE HA HOTO SIKOCTI TICIS PO3MOPOKYBaHHS

Ananiz ocmanHix docniodcens. BB xonomy Ha 610J10T14HI 00'€KTH,
70 SKAX HaJeXaTh Ta XapyoBi MPOAYKTH, 3aBXKAH OyJO MPEeaIMETOM
BHBUCHHS Ta JOCIIDKECHHS OaraThbOX BUCHHX Ta chemiamcTiB [6]. o
0a3zoBUX poOIT y IiM ramdy3i chiaye BIIHECTH AochikeHHs [2,4]: A.
M. bpaxunikoBa, O. M. bysnoa, H. A. T'onoBkina, A. C. I'tu30ypr,
E. L. I'yitro, A. A. TI'yxmana, E. 1. Kayxuemsim, B. C. Konoas3uuii,
T. Jlopentuena, A. M. Macinosa, P. IInanka, I. A. Porosa, /1. I'. ProToBa,
C. M. Xabaposa, [I. A. Xpuctoayino, I'. b. Unxosna, 1. I'. Uymaka Ta iH1mx
[1,2].

SABumie ¢mroiau3zanii Oysio BiIOMO 1 BUKOPHUCTOBYBAJIOCS Yy TEXHILI
MEePEeBAXHO XIMIYHOT Ta OOpPOITHOMENBHOI MPOMUCIOBOCTI MPHU CYIIHHI
npibHOUCTIEpCHUX TIPOIyKTIB [2,4]. CripoOa BUKOpUCTATH 111 METOAM JIJIS
3aMOPOKYBaHHSI XapuyoOBUX TMPOAYKTIB BHepiie Oyja BUKOpPHUCTaHA
mBeAChko0  pipmoro  “Dpirockanmis” y 1959 pomi, a mepmmii
bmroiau3aiiHuil - TyHeNbHUM amapar OyB NpHMBEACHHM A0 mii y
XenbcinOop3i B 1962 poui. M. XKupo 1 A. Jlepmy3o 3ampornoHyBajiu
Mou(DiKOBaHUM (DIIrO1U3AIlIHHUN METO ] 3aMOPOXKYBAaHHS, OCHOBAHHUM Ha
TOMYy, WO TPOLECH TEeIUIOOOMIHY MDK NPOAYKTaMU 1 30BHIIIHIM
CepeOBUIIEM IHTEHCU(PIKY€ETHCSI, KOJIU B IMOTIK MOBITPS 31 BUAKICTH 70 0,5
M/C BBOJSATH APIOHOKPHUCTATIYHI TBEPAl PEUYOBUHU 3€PHUCTOI CTPYKTYPH 13
po3mipamu 3eper 0,3-0,5 mm, 30kpema kpury. IIOTyXHICTH Takoro
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dmroiau3aniitnoro xonoba ckiama 2,8 kBt ma 1 M2, a koedimieHT
TEIJIOBIA/Ia41 a BiJl MPOAYKTY Ta (JII0IIU3AIIITHOTO CepPeIOBHINA BUTTAPHUKY
MicTuThCs y Mexax 838-1676 Br/(m? - K) [1, 2]. IlepeBaroro Takoro METOLY
y TIOPIBHSHHI 3 KIACUYHUM (DITIO1TU3AIHHUM 3aMOPOKYBAHHIM TOJISATAE Y
3HWKEHHI  TOTY>)KHOCTI ~ BEHTWIATOpa Ta  CKOPOYEHHI  IpoLECy
3aMOpOXyBaHHA.  ToMy  Jyxke  aKkTyaJdbHUM €  JIOCIHIPKECHHS
HU3BKOTEMIIEPATYPHOTO 3aMOPOXKYBaHHSI B AaCIEKTI IIOLIYKYy YMOB
MaKCHMaJIbHOTO 30€peKEHHSI KOMIUIEKCY O10JIOT1YHO aKTUBHHUX PEYOBUH Y
3aMOpOXKeHIM nmpoaykiii [1, 2, 4].

Dopmyeanus memu cmammi. PO3IISHYTH TIAXOAU 10 3aCTOCYBAHHS
oOJaJiHaHHA 13 BUKOPUCTAaHHS MPOLIECY 3aMOPOKYBAHHSI PI3HUX BHIIB SIT1]I.

OcHosna wacmuna. 1lpu HU3BKOTEMIIEpATYpPHOMY BIUIMBI HAa Xap4yoBi
OPOAYKTH 4YM Marepiajad TeIioTa BiJABOJIUTHCA BiJ TOBEPXHI 00'€KTa
HU3BKOTEMIIEPATYPHOI 00pOOIl MepeaeThCsl 32 JOMOMOIOK MPOMIKHOTO
XOJIOZIOHOCISI B HABKOJIMIIHIO cepely. B pe3yiaprari J0CAraeThes
HEOOXITHUM  e(PeKT -  OXOJOJKEHHS, 3aMOpOXXKyBaHHS  00'ekTa
HU3BKOTEMIEPATYPHOI 0OpOoOKK a0 MIATpUMaHHS HOro TEMIEpATypu Ha
NIEBHOMY piBHI. 3aMOpPOKYBaHHS IPOAYKTY nepeadayae HOro 0X0on0KEeHHs
0 TemmepaTypd, 3HAYHO HWXKYOIO, HDK BIANOBIIHA TEMIEparypa
3aMep3aHHs. 3aMOpPOKEH1 XapuoBi MPOAYKTH Ta CHPOBUHY MOKHA 30epiraTu
IpoTAroM 0araTo MICAIlB, TOOTO 3HAYHO JIOBIIE, HIXK MPU BUKOPHUCTAHHI
noMIpHO 3HMXKeHuX Temneparyp [3, 5]. Lle mosICHIOEThCS HE JIMIlIEe YUCTO
KUIBKICHOIO ~ PI3HHUIICI0O B  HHU3BKOTEMIIEPATYpPHOMY PiBHI  IIPOILIECIB
3aMOpPOXKYBaHHS Ta XOJOJHOrO 30€piraHHs, a W TUM, L0 Y 3aMOPOKEHUX
NPOJyKTax OUIbIlIa YacTUHA BOJIOTM NEPETBOPEHO Ha TBepAuid ctaH [1].
ToMmy MIKpOOpraHi3MH, XapuyyBaHHS SAKUX BIJIOYBAa€TbCA OCMOTHYHUM
[UISTXOM - BCMOKTYBAHHSIM PiJIKUX MOKUBHHUX CEPEIOBUII, TT030aBISIOTHCS
MO>KJIMBOCTI BUKOPUCTOBYBATH 3aTBEPJLIl XapuyoOBi MPOAYKTH, IO MICTSTh
JTy’K€ HEBEJIMKY YacTKy BOJIOTH B piJIKOMY cTaHi [1, 6].

Po3pobnena cxema BIOPOKOHBEEPHOT (UIFOIU3AIIMHOI YCTaHOBKHU
SBJITFOTH COOOI0 TMOEAHAHHS CTPIYKOBOTO TpAHCIOpTEpa Ta BiOpariitHol
TEXHOJIOT1YHO1 MammHu. MexaHiuHi BiOponpuBoau abo BiOpo30ymKyBadl,
10 YMOHTOBaHI1 Bcepeanni BaibiiB 3 12 (puc. 1) [7, 11, 12], 3a6e3neuyroTh
TeHepallil0 NPOCTOPOBHX  KOJMBAaHb , CTBOPIOIOYM YMOBU  JJIs
Oe3mepepBHOTO PyXy MNPOAYKIi MO 3adaHiil CIHipaleBUAHIN TPaEKTOpIi,
3a0e3nedyeHHs ii 3BaykeHOro crany. Banens 7 3abe3neuye HeoOX1AHUN HATSIT
rHy4Koi cTpiuk. KonuBaHHs poO04MX BajbIliB 13 3alaHUMH aMILTITy THUMH
Ta YaCTOTHUMHU XapaKTEPUCTHUKAMH CTBOPIOE HA TOBEPXHI THYYKOTO
eleMeHTy | MexaHiuyHy XBWIIO, IO 3a0e3nedye MpPOCYBaHHSA CHITKOI
MPOIYKIIT B3JOBX 30HH 00pOOKHM B yMOBax 1H(ppauyepBOHOTO OIIPOMIHEHHS.
Po3nymienHss macu mOpoayKiii Mmiag Ji€0 3HAKO3MIHHMX HaBaHTaXeHb
OPU3BOJAUTH SIK /10 3MEHILEHHS BHYTPIIIHBOIO TEPTA Ta B SA3KOCTI Y
TEXHOJIOTTYHOMY CEpEJOBHUII, TaK 1 MO MOLIAPOBOTO MEPEMIITYBaHHS Ta
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3a0e3MeUYeHHs pIBHOMIPHOTO KOHTAKTY 3 XOJIOJOHOCIEM.

TakuMm dYWHOM, TIpEICTaBlIeHa YCTaHOBKA JO3BOJISIE, TMO-TIEpIIIE,
3aBMIIKH BIOpOMEXaHIYHOMY MPHUBOAY 3abe3neuuTd O0O0'€KTy mepepoOKu
HEOOX1THUN PIBEHb aKTUBHOCTI TEXHOJOTIYHUX CEPEIOBHIILL; O-APYyTe, IPU
JIOTIOMO31 XBUJILOBUX €()EKTIB Ta KOHBEKTUBHOTO MOTOKY XOJIOAOHOCIS i
THCKOM peajli3yBaTy HEOOX1THY €eHEPreTUUHY 1 TEXHOJIOT1YHY e(PEeKTUBHICTh
MpoIleCcy; MO-TpeTe, BiJ BIOPO30Yy/KyBadiB , IO YMOHTOBaH1 ycepeauHi
pobOUYMX KOTKIB, 3a paXyHOK MeXaHI4HOi1 BiOpalliiHoi Mii YTBOpUTH Ha
MOBEPXHI CTPIUKU | XBUIIIO, IO A€ MOXKJIMBICTh 3IIMCHUTH OJHOYACHO
TPaHCIIOPTYBaHHS 1 MepeMIlTyBaHHS MPOAYKINi 13 Ta 0XOJO0IKyHYOoro
Matepiany 14 y BUIIsiAl CHIroBOi 1ryou abo TOHKOMOJPIOHEHOI Kpuru [7—
14].

| — rHydka BaHTa)KOHECyua CTpiuka; 2, 3 — poboul OMOpHI Bajibll; 4 —
NPUBOJHMI Bajl BIOp030ymKyBaya; 5, 6 — MpoTUBAry; 7 — HaTS>KHUN Basellb;
8 — mpy’kHa miABIcKa; 9 — KUBWIBHUHN JIOTOK; 10 — po3BaHTaXyBalbHHM
70TOK; 11 — Ipy’KHMI €1EMEHT HATSKHOTO MPUCTPOIO; 12 — perynroBaibHA
raiika HaTsDKHOTO IPUCTPOrO; 13 — mpoaykinis, 1o oopooiaserses; 14 —Maca
CHITOBOI 1IIyOu a00 TOHKOMOAPIOHEHOT KpUTH; 15 — JOTOK IS BiABEICHHS
YaCTOK CHITOBOI IIyOu abo TOHKOMOIpiOHeHOi kpuru; 16 — BiOpariitHuit
mpociBad JUIsl BIAAUICHHS BiJ MPOAYKINI YacCTOK CHITOBOI IIyOW a0o
TOHKOTIOAPIOHEHOT KPUTH.

Pucynox 1. IlpunnmmoBa cxema po3poOJICHOI BIOPOXBUIHLOBOT
ceMiIroiIU3aIiiHOT MAIITHHH.

Jlns  reHepaiii KOJMBaHb MpHU  3AIMCHEHHI MDKOINEpaliiHOro
TPaHCHOPTYBAHHS CUIIKOT MPOAYKIII1 Y TOCHTIIKyBaHii KOHBEEPHIHM cyIapiii
nepeadaYiii BUKOPUCTAHHS MEXaHIYHOI'O BIOpOIpHBOJa KOMOIHOBAHOTO
TUITY, IO TOEAHYE KIHEMAaTUYHUM CIOCIO BIOpO3OYIKEHHS Ta MPYKHY
CUCTEMY HIBEJIOBAHHS Tapa3UTHUX KOJIMBaHb B OMNOPHUX By3Jax
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npuBOAHOTO MexaHisMy [15, 17]. Takuit MexaHi3M 103BOJISIE MiHIMI3YBaTH
CHeproBUTpPaTH TMpH MiATPUMAHHI IHTEHCHUBHOTO BiOPOIMITYJIHCHOTO
pexuMy Ta 3a0e3medeHHi JOCTaTHRO KOM(OPTHUX yMOB poOOTH
HiAMUATHAKOBUX ONOp MpuBOAHOrO Baiy [9,11]. lunamiune HaBaHTaKEHHS
Ha OCTaHHI 3HAYHO 3MEHIIYETHCSI TAKOXK Y€pe3 HasABHICTH MIANPYKUHEHOI
M1JIBICKH HAIIPSIMHOI CTPIYKH po3po0iieHoi yctaHoBkH [16, 18]. BibGparriiina
TS TIOJISITa€ y BIUIMBI HAa po0OOYl OpraHyd MaIluH Ta BIJAMOBIIHO MPOIYKIIiIO
a00 TEXHOJIOT1YH1 CEpeI0BHIIA 3HAKO3MIHHUX BIILICHTPOBUX CUJI, IEP10 TA
HaIPSMOK JI1i IKMX 3MIHIOIOTHCS 3 JIOCTaTHRO BUCOKOIO yactoToro [19, 20].
BHacaigok BIUIMBY TakKoro TEXHOJOTIYHOrO (akTopy Mae Micle
IHTEHCUBHUM SIK IMPKYJSALUIAHAN, TaK 1 BIIHOCHUN PyX YacTOK MPOAYKIIi1 B
pobOouili Kamepi MO HaAWUPI3HOMAHITHUM Ta SIK 3aBrOJIHO CKJIQJHUM
TPAEKTOPISIM, IO 3yMOBIIIOE ONTHUMAJIbHI YMOBH ISl 3/IICHEHHS TEIUIO- Ta
MacooOMiHy. KpiM TOro, MOKJIMBICTh PEryJIOBaHHS MapaMeTpiB BiOpaillii B
HIMPOKHUX MEKax J03BOJISE€ BIUIMBATH K HA 3HaYH1 00'eMH MPOAYKIIIi, TaK 1
Ha JyXe JIOKaji30BaHi ii obsacti. ToMy MIBHIIKE 3aMOpPOXKYBaHHS CBIXKOI
AT1] J103BOJIsi€ 30epertd O10J0r1YyHy 1 BITaMIHHY WIHHICTb, aKTHUBHICTh
CUPOBUHM  SIK  TBApPUHHOIO, TaK 1 POCIMHHOIO  IOXOIKEHHS,
BUKOPHCTOBYBATH TaKy CUPOBUHY /1151 BAPOOHUIITBA IPOAYKTIB XapuyBaHHs
B OCIHHIH, 3MMOBHH 1 BecHsHUH tiepioau [16, 21].

Bucnogok. 3aMOpOXXyBaHHS HaJIEXKHUTh J0 HAMMEPCHEKTUBHILINX
METO/IB KOHCEPBYBaHHS. Y 3aMOpPOXKEHUX IMPOAYKTAaX Kpaiie, HDK Y
KOHCEPBOBAaHUX OyJb-SKHUM IHIIUM CIOCOOOM 30epiraroTbCcsi OCHOBHI
KOMITOHEHTH, 1110 BH3HAYAIOTh 1 XapyOBY LIHHICTb, Y TOMY YHCII WA TaKi
7a0UIbHI, $K BITaMiHM, MNONIQEHONM Ta 1H. 3a OPraHOJENTUYHUMU
MOKa3HUKaMH — CMaKOM, apOMaTOM, KOJIbOpoM. ToMy HEOOX1IHO MiI0upaTH
oOnaHaHHA JJI 3aMOPOXKYBaHHs, [00 HA BUIJISL 3aMOPOKEHI MPOAYKTH
Majo BIJIPI3HSUIMCS BiJ CBDKUX. Tpeda MPUAUIMTA yBark KOHCTPYKLIAM
MPUCTPOIO, BUJTY ST1]1 TAa TEPMiHY 30€epiraHHs micias OOpoOKH.
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I. Palamarchuk!, S. Kiurchev?, V. Verkholantseva?, N. Palianychka?
INational University of Bioresources and Nature Management of Ukraine
’Dmytro Motornyi Tavria State Agrotechnological University

APPLICATION OF FLUIDIZATION PROCESS FOR BERRY FREEZING

Summary
Freezing is a way of canning that best preserves the structure, properties and
nutritional value of food. In addition, canning food by freezing has a low, compared to
other methods of canning, energy consumption. The combination of vibration and current
technologies in the implementation of semifluidization in conveyor vibrating machines
determines the implementation of automation of the production process, the harmonious
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ratio of its main structural components, the implementation of effective volume action on
products that meet the highest forms of technological equipment. The development of
vibrating conveyor machines begins with wave and vibrating conveyors. Intensive heat
and mass transfer action in the studied semifleidization process on the surface layer of
raw materials creates both problems of its supercooling and uneven layer-by-layer
processing. Therefore, it is promising to use vibroconveyor and wave technologies when
transporting products in the processing area, which allows to create favorable conditions
for contact interaction of individual berries and coolant; to implement technological
movement in a continuous mode; reduce and eliminate the use of unproductive labor in
the implementation of ancillary operations; create general management of the dynamic
state of the system in which the technological action takes place; minimize mechanical
damage to berry products. Frozen berries have a number of undeniable ad-vantages: they
do not require additional preparation costs, are almost ready to eat, and most importantly,
thanks to modern technologies, they retain almost twice as much nutrients as with other
canning methods. Increasingly, there are risks associated with internal and external
factors, as well as problems with excess yields that threaten not to sell the product fresh.
short shelf life immediately after harvest, which increases the critical dependence on
market prices. The use of such freezing gives, first of all, a low degree of product damage,
minimally reduces the biological value and taste characteristics, and the use of freezing
does not significantly affect the quality of the thawed product.
Key words: process, equipment, fluidization, products, berry.
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TEXHOJIOI'TSA JAECEPTHHUX CTPAB 3 BUKOPUCTAHHAM
IIPOTIB I3 3APOAKIB INIIEHUIII TA KBITKOBOI'O ITMJIKY

Anomayis. 'Y crarTi po3poOsieHo TexHojoriio necepty «llanna
Korra» 3 BUKOpHUCTAaHHAM MIPOTIB 13 3apOJKIB TMIICHHIIl Ta KBITKOBOTO
nuiaky. s oOrpyHTYBaHHSI palliOHAJIBHOI KIJTBKOCTI HIPOTY 13 3apOKiB
TMIIEHUII Ta KBITKOBOTO MUJIKY CKJIaJ€HO MOJIeJIbHI KOMITO3UIIIi IeCEpPTIB, B
SKUX 9acTHHY BepmikiB (Big 5 % 10 10 % ) 3aMiHEHO Ha MIPOT 13 3apPOJIKIB
MIIEHUIll, a YacTuHy Boau (Bia 3 % 10 6 %) 3aMiHEHO HA KBITKOBHM MUJIOK
3a pe3yJbTaTaMu MPOBEACHUX JOCHIIPKEHb BCTAHOBJEHO, IO MpHU
30UTBIIEHH] KOHIIEHTpalli KBITKOBOIO MWIKY Ta IIPOTY 13 3apOAKIB
NIIEHUI[l, OPTaHOJENTHYHI MOKa3HUKU AECePTY 3HUKYIOThCSA, BHACIIIOK
OTpUMaHHSA OUTBII B’SI3K0T KOHCUCTEHIIII. Y 3B 43Ky 3 IIMM BCTAHOBJICHO, 10
paIliOHAIbHOIO KOHIICHTPAII€I0 IMIPOTY 13 3apOJKIB MIICHHUINl y CKJIaidl
necepty «Ilanna Kotra» € 5 % Big 3aransnoi Macu (5 % 3aMiHM BEpIIIKiB),
KBITKOBOTO MIIIKY — 3 % Bij 3aransHoi Macu (3 % 3aminu Boau). [Ipu nbomy
KOHCHCTEHIIISI TOTOBOTO JeCepTy JOCTaTHhO IIiIbHA, a 3arajabHa
OpraHoJICNTHYHA OIliHKa — 4,86 0aju, 0 3HAaXOIUTHCS Ha PIBHI KOHTPOJIIO.

Ha ocHOBI BU3HaYeHUX ITOKA3HUKIB SKOCTI Ta KOS(DIII€EHTIB BATOMOCTI
pO3paxoBaHO KOMILUIEKCHHH TOKa3HWK sKkocTi jaecepty «Illamra Kotray,
BUTOTOBJICHOTO 3a PO3POOJICHOK TEXHOJIOTi€r0. 3a  pe3ysbTaTaMu
MIPOBEJICHUX JOCIIPKEHb OOTPYHTOBAHO 1 PO3POOJIEHO TEXHOJIOT1IO AECEPTY
«ITanna KoTTa» 3 BHUKOPHCTaHHSM IIPOTIB 13 3apOJKIB MIICHMI Ta

© A. B. Anrtonenko, T. B. bposenko, O. B. Bacunenko, M. 10. Kpuopyuko,
H. M. Crykansceka, I'. A. Tonok

SBTSATU. 12. 2. 15


http://www.tsatu.edu.ua/tstt/naukovyj-visnyk-tdatu/
mailto:nataliia.boltianska@tsatu.edu.ua
mailto:nataliia.boltianska@tsatu.edu.ua
mailto:nataliia.boltianska@tsatu.edu.ua
mailto:nataliia.boltianska@tsatu.edu.ua
mailto:nataliia.boltianska@tsatu.edu.ua
mailto:nataliia.boltianska@tsatu.edu.ua
mailto:nataliia.boltianska@tsatu.edu.ua
mailto:nataliia.boltianska@tsatu.edu.ua
mailto:nataliia.boltianska@tsatu.edu.ua

HaykoBuit BicHuk TAATY Bun. 12, Tom 2

2311

KBITKOBOTO TMHJIKY, IO JO3BOJIIE PO3IIMPUTH ACOPTUMEHT CTpaB
(GYHKIIOHATPHOTO TMPU3HAYEHHS 3 TIABUIIEHUM BMICTOM Xap4yOBHX
BOJIOKOH, MIHEpaJIbHUX pPEYOBHH 1 BitamiHiB. Po3poOnena neceptHa
IPOAYKIIiSl MOKe OyTH PEeKOMEHJIOBaHa JJIsi XapuyBaHHS Yy MOBCSIKICHHUX
partioHax JoJiei, 1o MpaIoTh Ha BUPOOHHUIITBAX BAXKKOT MPOMHCIIOBOCTI,
NPOXHUBAIOTh HAa EKOJIOTIYHO 3a0pyAHEHHX TEPHUTOPISX Ta BCIX BEPCTB
HACeJICHHS, a TaKOoX JUIS 3aJ0BOJICHHS TIONUTY CIIOKWBa4iB Ha
(GyHKITIOHATBHI Xap4OB1 MIPOTYKTH.

Knrouoei cnosa: T€XHOJOTIS, MPOT 13 3aPOJIKIB MIIICHUI], KBITKOBHM
MUJIOK, JIECEPT, XapuoBa IIHHICTb.

llocmanoska npooremu. OaHUM 13 HaBaXIUBIMIUX (PAKTOPiB, 110
bopMye BHCOKHMI pIBEHb 3J0pPOB’Sl Ta IMYHHHH CTaTyC OpraHi3My €
XapyyBaHHS. Y CydacHOi JIOAMHH CTPYKTypa XapuyBaHHS CYTTEBO
nopyieHa. e 3aBnae OUIBINIOT KO 3I0POB’ IO JIFOJAWHU, HI’K €KOJIOT14HA
3a0pynHeHicTh. Jlegopmallisi pamlioHIB XapyyBaHHS MPU3BOAUTH [0
3HM)KEHHSI CIOKMBAHHS €CEHI[IMHUX HYTPIEHTIB, a caMe, NOBHOLIIHHOTO
O1J1Ka, pOCIIMHHUX XKUPIB, CKJIAJHUX BYTJIEBO/IIB, BITAMIHIB Ta MiHEpAJIbHUX
PEUOBUH. SIK HACHII0K, 3HUKY€EThCS 3aralbHUN OMip OpraHi3My JIIOJUHU 10
HECMIPUATINBUX (PaKTOPIB 30BHINIHBOTO cepenoBuia [1,2].

BuBueHHs cTaHy xapuyBaHHs HaceJIeHHs YKpaiHM BKa3ye Ha Te, 110
alIMEHTapHI 3aXBOPIOBAHHA, $KI TIOB’si3aHI 3 HECTAYCH) ECEHININHUX
HYTPIEHTIB B palliOoHAaX XapuyyBaHHS IIUPOKO PO3MOBCIOKEHI cepes
MEUIKAHIIIB KpaiHU. Tako OHIEIO 3 TOJJOBHUX MPUYMH IMIJIBUILIEHHS PU3UKY
BUHHUKHEHHS J€(PIUUTYy HYTPIEHTIB € TEHIEHLIS A0 3HWKEHHA NOTped B
€Heprii BHACIIJIOK 3HWKEHHSA (I3UYHOI aKTUBHOCTI. Tak, SKIIO CepeHl
€HEepreTUYH1 BUTPATH CYYACHOI JIIOAMHHU CTaHOBIATH 2500 kkan/moly, To
HaBITh NPHU PALIOHATLHOMY XapyyBaHHI HeCTaya OCHOBHUX O10JIOTTYHO
aKTUBHUX PE4YOBHH cTaHOBUTH 50% Bin (izionoriunoi Hopmu. CyyacHui
MIBUAKUNA TEMIT KUTTS NPU3BOAUTH O 3HIDKEHHS SKOCTI XapuyBaHHS, IO
OOYMOBIIIO€ BHHHKHEHHS JIMCOAaHCy OCHOBHMX XapyOBUX peuyoBuH. Jlis
3a0e3Me4YeHHs 37I0pOB’SI BMICT Y PalllOHI MIHEPAIbHUX PEYOBUH 1 BITaMIHIB
MOBUHEH OyTH HE MEHIIIUM, HIXK (i310JI0TT4HI TOTpeOu JtouHH [ 3,4].

Ananis  ocmaHuix — 00cnioNceHb.  AHam3  HAYKOBO-TEXHIYHOI
JITEpaTypu TOKa3ye, M0 MPOBITHUMU BHUPOOHMKAMHU JECEPTHHUX CTpPaB
VYkpainn Bmano TeperMaeThcs  JIOCBIM  3aKOpIOHHUX KpaiH. Ha
BITUYM3HSIHOMY PIBHI HAYKOBUMHU PO3pOOKaMU B BUPOOHMIITBI OOPOITHSIHUX
KOHJIUTEPChKUX BUPOOIB aKTUBHO 3aiiMaroThes TmpoBigHi BH3 Ta ix
HAyKOBLI. AKTUBHO BIPOBAKYIOTHCS KOMIIO3MTHI CyMillll 3€pHOBOi Ta
OBOYEBOI CUPOBUHM TAKMMH HayKOBISIMH, IK MakapoBa O. B., Bacunesnu
O. B. Ta 1H.. VY BupillleHHI OKpeMHX IMpoOJIeM 100 3a0e3nedyeHHs
BUPOOHHUKIB OOpPOIITHOM I[IJILOBOIO MPU3HAYEHHS Ta  IOJINIIECHHS
(GYHKIIOHATPHUX BIACTHBOCTEH OOPOIIHAHUX KOHIUTEPCHKUX BUPOOIB
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3HayHUI BHecOK 3poOmiu BueHi JlopoxoBuu A. M., XKurynos /[. O.,
Ioprawosa K. I'., Kanakypa M. M., KpaBuenko M. ®., KoueroB B. K.,
Menemikina O. I1., O6onkina B. 1., Pubanka O. 1., Camoxsanosa O. B.,
Cupoxnawm 1. B., Gray J. A., Purna S. Ta iami [4-9].

OguuM 3 HampsMIB BHUPIMICHHSAM IIi€l MPOOJIEMH € CTBOPCHHS
NPOAYKINi (YHKIIIOHAIBHOTO TPU3HAYCHHS, SKa TMMOCWIIOE (YHKINT
OpraHi3aMy JIFOJWHU, MIJBHUIIYE IMyHHUH CTaTyC OpraHi3My. AKTYyaJIbHUM
IpU 1IbOMY € 30aradeHHsl KyJIiHapHOi MPOJIyKIIi XapuOBUMU BOJOKHAMH,
BiTamiHamu, MiHepansHuMHu pedoBuHamu (K, Ca, Mg, P, Fe, Zn) 3aBnsku
BUKOPHCTAHHIO POCIIMHHOI CUPOBUHHU 1 JIETUYHUX JOOABOK, TAKUX SK MIPOT
13 3apOJIKIB MILIEHULI Ta KBITKOBUU MHUIOK. [lepCrieKTUBHUMU JKEpETaMu
€CEHUIMHUX HYTPIEHTIB 1 (PYHKUIOHATBHUX IHTPENIEHTIB Y BUPOOHHULITBI
XapyOBHUX MPOAYKTIB € MPOAYKTH OJUKUIBHUIITBA — M€ 1 alnpoayKTu. Jlo
aninpoAyKTIB HAJIEXKATh MEJl, MUJIOK KBITKOBUHM (OOHIXOKS), BICK, MPOIIOJIC,
MaTO4YHE MOJIOKO, OJKOIMHUM X710 (repra), O>KoJIMHa OTpyTa, FeMOreHaT
TPYTHEBUX JIMYUHOK, TPOAYKTH JKHTTEIISIILHOCTI BOCKOBOi  MOJI.
BukopucTaHHs LMX MPOAYKTIB NPHU BUPOOHUUTBI TIETUYHUX TOOABOK Ta
XapyoBUX  MPOAYKTIB  (DYHKI[IOHAJLHOTO  TMPU3HAYEHHS  JIO3BOJISIE
3a0€3MeUUTH OpraHi3M HEOOXITHUMH [JI1 HOro  IKUTTEIISIBHOCTI,
30aJaHCOBAaHUMHU Y  KUIBKICHOMY Ta  SKICHOMY  CIIBBIJHOIICHHI
KOMIIOHCHTaMH: BiTaMiHamMH, (epMeHTaMu, OlJIKaMHu, JIMmigaMu, Makpo- Ta
MIKpOeJIeMEHTaMH, OPTaHIYHUMH KUCI0TaMu, Toto [10].

Dopmyniosanns memu cmammi. MeTor0 poOOTH € OOTPYHTYBaHHS Ta
PO3pOOJICHHS] TEXHOJIOTIN Ta JOCHIKEHHS sIKocTi aecepTy «Ilanna Kotray
3 IOJIAaBaHHSAM HIPOTY 3 3aPOJIKIB MIIEHUI]l Ta KBITKOBOT'O MUJIKY.

O6’ext mochimkeHHS — TexHomoria gecepty «llamHa koTTa» 3
BUKOPUCTAHHSAM IIPOTIB 13 3apO/IKIB MIIEHUI[l Ta KBITKOBOTO MUJIKY.

[IpenMer nocnipkeHHsS — IMIPOT 13 3apOJIKIB MINEHUIll, KBITKOBUN
nuiokK, aecepT «llaHHa KOTTa» 3 BUKOPUCTAaHHSAM WIPOTIB 13 3apOAKIB
MIIEHUI], KBITKOBOro Nuiky. Kontponem obpano necept «Ilanna Korray,
BUTOTOBJICHUH 3a TpaaumiitHoo TexHojoriero (TK Ne777 3 mianpuemcTBa
«CpibHi nenexny», M. JIympK).

OcHnosna wacmuna. KBITKOBHI NHIIOK SIBJSIE COOOIO0 TPaHYIH BIJ
YKOBTO-3€JICHOTO JI0 CBITJIO-KOPUYHEBOTO KOJIbOPY. BiH yTBOpPIOETBCS Yy
MUJIKOBUX KBITAaX Ta CKJIAJIAE€THCSA 3 BEJIMKOI KUIBKOCTI MUJIKOBUX TPaHYIL.
Benuuuna, konip Ta (hopMa MUITKOBUX 3€PEH 3aJICKATh BIJ BUAY POCIHHH,
0 SIKO1I BOHU HayiekaTh. KoXkHE 3epHO Mae TMOJBiiiHY OOOJOHKY 3
KIITKOBUHM Ta MICTHTh JKHBY NPOTOIUIa3My 3 JBOMa sjpamu. Iluimok
CTUMYJIIOE PICT 1 pEreHepaunilo YUIKOIKEHUX TKaHWH, Yy TOMY YHCII
MEeYIHKOBO1, 110 CIpHUsA€E BIAHOBJICHHIO i1 (QyHKIIN (TemaTo3axucHa is).
[lunok HoOpMali3dye MisUIbHICTH HEPBOBOI Ta EHIOKPUHHOI CHUCTEM,
CTUMYJIIOE  BIJIHOBJIEHHS KPOBOTBOPHOI  TKAHWHH, 3HM)XXYE BMICT
XOJIECTEpUHY B KPOBI, CTUMYJIIOE IMyHHY CHCTEMY, MOKpAIye PO3YMOBY 1
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¢bi13uuny npane3gatHicts [11].

KBiTKOBHIA MIJIOK IMiICHIIOE BUBEACHHS PAMIOHYKIIIIB 3 OpraHizMy
Ta CTUMYJIIOE 3aXMCHI peakii 10 1ii 10Hi3yro4uoi pamiaii. [Tunok Oaratuii
Ha OIIKW, BYIJIEBOAM, JIMIAM, HYKIEIHOBI KHCJIOTH, MakKpo- 1
MIKpPOEJIEMEHTH, BiTaMiHH, (aBoHOimM. Y ckiaal OIKIB € Maibke BCl
HE3aMIHHI aMIHOKHCIIOTH, SIK1 3HAXOJSThCS TAKOX 1 Y BUIBHOMY BHTJIS/II.
[Tumok ciauBHU, TEpCcUKa, 3BIP0OOIO MICTUTH (Gochominmiam — JCHUTUHH,
kedaniny, iHo3utdochorminepunu, dGocharuauncepinu, pitoctepuHu. Y
NUJIKY 3HaXoauThes 10 38,8% ByruiieBoiB (T0K03a, PpyKTO3a, MAIbTO34,
caxapo3a, KpoxMmajb, KJIITKOBMHA Ta IMEKTUHOBI peyoBUHM). bikonune
oOHDXKXs1 Oarate (piToropmMoHamu, (priaBoHOiTaMu TomO. PexomeHayeTbes
cnoxkuBat Bix 2,5 no 20 r mwiky Ha A00y. I'pynma AOCHigHUKIB 3
ByKkOBHHCHKOTO JEepaBHOTO MEIWYHOTO YHIBEP CHUTETY OOIPYHTyBaIU
Pa30BY TE€paANEBTUUHY /103y KBITKOBOTO NUIKY (15—17 Mr), TpuBamnicTs ii aii
(10-12 ron), o cTano apryMeHTOM JJIs IBOPA30BOI0 BXKMBAHHS KBITKOBOTO
nuiky 3a 00y [12]. HaifOuibim parioHadbHUM € BXUBAHHS KBITKOBOTO
nuiky 3a 20-30 XB 10 npuiioMy 1K1 y BUTJIAIL BOJHOL CyCHIeH31i (KBITKOBHMA
MUJIOK HACTOIOEThCA Y TEIUTIM Kum siueHit Boal mpotsirom 20-30 xB), 110
CIIpHUsIE IOTO KpamnomMy 3acBO€HHIO [13].

bxonnHe OOHDKXS MOXHA BKJIIOYATH y CyX1 CYMIIIl Xap4OBHX
KOHIIGHTPATIB  IIBUAKOTO  NPHUTOTYBaHHS, MPOAYKTH  XapuyBaHHS
(GyHKIIIOHATFHOTO MPU3HAYECHHS 3 0araToIIbOBOIO [1€10. AKTyaJbHUM Y
BUPOOHMIITBI XapUOBUX MPOAYKTIB € BUKOPUCTAHHS IIPOTIB 13 3apOJKIB
NIIEHUI], SIKI MalOTh BUCOKY O10JIOTIYHY Ta MOXHWBHY LIHHICTh. 3apOJKH
MIIEHUYHOTO0 3€pHAa MICTATh 12 BiTamiHiB, 18 amiHokucior, 21
MaKpOEJIEeMEHT, a BMICT BiTaMiHIB rpynu B B Hux y 3—4 pasu BUIIMii, HIX B
IJIOMY 3€pHI.

BukopucTtaHHs MPOTIB 13 3apOAKIB MIIEHULI B XapyyBaHHI €
aKTyaJlbHUM, OCKUIBKM B pallloHaX XapuyyBaHHs HACEJICHHS ICHY€ Ne(iluT
Xap4yoBUX BOJOKOH. JIo CKJIamy HIPOTIB 13 3apOJIKIB MINEHUIl BXOAUTH 10
HE3aMIHHMX aMIHOKHCIIOT, BiTaMiau B1, B2, B6, E, makpo- 1 MikpoeaeMeHTH
(3ami30, Kamii, Kamblliid, Mardii, ¢hochop, IUHK Ta 1HII), MOJTIHEHACUYCHI
YKUPHI KUCJIOTH POJMH oMera-6 1 omera-3 (JliHOJIEBa, JIIHOJICHOBA Ta 1H.), 110
OOTPYHTOBYE iX O370pOBUY CIPSMOBAHICTh: MPOMIIAKTUKY PO3BUTKY
aTepoCKIepo3y 1 CepLEBO-CYAMHHUX, OHKOJIOTIYHMX 3aXBOPIOBAHb,
nepeayacHoro crapiaas tomio [14-15]. BiH MicTUTh BENUKY KUIBKICTh
XapYOBHX BOJIOKOH, SIKI € JKMBHJIBHUM CEPEIOBHUINEM [JIsl PO3BHUTKY
KOPUCHOI MIKpO(IIOPH KUIIKIBHUKA.
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Tabnuys 1

XiMIYHUH CKJIaJ MIPOTY 13 3apOJIKIB MILIEHUIl Ta KBITKOBOTO MUJIKY
(ma 100 1)

PedoBuHuM [pot 13 3aponkiB | KBiTKOBUI
MIIIEHUI MAJIOK
buikn, T 60,00 7,00-30,00
Kupu, r 40,00 1,00-5,00
ByrneBonu, T, y T.UuCHi: 8,00 25,00—48,00
MOHO- 1 AMiCaXapyu, T 39,90 7,46
KpPOXMaJlb, T 54,50 0,55
Xap4oBi BOJIOKHA, T 60,10 —
MiHepasibH1 peUYOBUHHU:
Kamiii, mr 25,00 450,00-700,00
KanpIiii, Mr 1,10 250,00-300,00
Marwiii, Mr 40,00 —
docdop, Mr 18,68 200,00—600,00
3ai130, MI 40,00 -
IuHk, Mr 1,12 —
Bitaminu:

B—kapoTuH, Mr — 0,70-21,50
B, (Tiamin), mr 120,00 0,40-1,50
B, (pubodnasin), Mr 57,78 0,50-19,00
Toxodepon, mr — 0,30-170,00
biodiaBoHoinu — CIL.
E, mr 105,33 —
B (mipugoKcuH), MT 56,00 —
EHepreTuyHa 1{iHHICTh, KKaJ 192,00 18,00

Jlnst oOTpyHTYBaHHS PpaIllOHAIBHOI KUIBKOCTI MIPOTY 13 3apOJIKiB
TITIIEHUI] Ta KBITKOBOTO MUJIKY CKJIAJI€HO MOJIEIHHI KOMITO3HIIIT 1IeCEePTiB, B
SKUX YacTUHY BepmkiB (Big 5 % mo 10 % ) 3amiHEHO HA MIPOT 13 3apOAKiB
MIIEHUIT, @ YacTHHY Boau (Bix 3 % 1m0 6 %) 3aMiHEHO Ha KBITKOBHUH MUJIOK

(1a61. 2) [16].

Tabnuys 2
Mopnenbhi xkommosuilii gecepty «llanna Kortra» 3 BHKOpHCTaHHIM
HIPOTY 13 3aPOJIKIB MIIEHUII Ta KBITKOBOTO MUJIKY

Ne 3/n| HaiimenyBanus cupoBunu | Konrpons | Hocmin 1 | Jocmig 2
1. |Bepmku koHmurepchbki 35 % 80 75 70
2. [Ilyxop-micok 25 25 25
3. |Po3mapuHn 0,02 0,02 0,02
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[TpomoBxenHs Tabmmi 1

4. |Baununin 0,02 0,02 0,02
5. [XKenarun 10 10 10
6. |Jl>kem mOJIyHUYHUI 15 15 15
7. |Bopma 30 27 24
8. [HIpoT 13 3apojaKiB MIICHUII — 5 10
9. |KBiTKOBMI ITHIIOK — 3 6

Buxin, r 100 100 100

Ipumimka. Jocnin 1 — MoenbHa KOMITO3UIIIS IeCEPTY 3 BUKOPUCTAHHAM S5 % mIpoTy, 3
% KBITKOBOTrO MWIKY. J{ocni 2 — MozienbHa KOMIIO3ULIS IeCepTy 3 BUKOPUCTaHHAM 10
% 1mpoTy, 6 % KBITKOBOTO MHUIJIKY.

OOMeXyBAJIBHUM KPUTEPIEM BHU3HAYEHHS PAI[lOHAIBHOI KUIBKOCTI
100aBOK 00OpaHO OPraHOJIENITUYHY OIIHKY CTpaBu (Tadi.3).

3a pesyJibTaTaMu MPOBEACHUX TOCHIIKEHb BCTAHOBJICHO, IO TPH
30UTbLIEHH] KOHIIEHTpalli KBITKOBOIO MWIKY Ta IIPOTY 13 3apOAKIB
NIIEHUI[, OPTaHOJENTHUYHI MMOKa3HUKU JECEPTY 3HUKYIOTHCSA, BHACIIIOK
OTpUMaHHs OUTBII B’SI3K0T KOHCUCTEHIII1. Y 3B’S13KY 3 IIUM BCTAHOBJICHO, 1110
paliOHAIBHOIO KOHIIGHTPALIEI0 IIPOTY 13 3apOAKIB MILEHULI y CKJIaAdl
necepty «Ilanna Kotra» € 5 % Big 3aransnoi Macu (5 % 3aMiHM BEpIIIKiB),
KBITKOBOTO MIIKY — 3 % Bij 3arabHOi MacH (3 % 3aminu Boau). [1pu mpomy
KOHCHCTEHIIISI TOTOBOTO JecepTy [JOCTaTHhO INIiIbHA, a 3arajbHa
OpraHoJICNTHYHA OIlIHKa — 4,86 0anu, M0 3HaXOAUTHCS Ha PIBHI KOHTPOJIIO
[17-19].

Po3pobnena Texnomoria aecepty «llanna KoTta» 3 BUKOpHCTaHHIM
HIPOTIB 13 3aPOJIKIB MIIICHUII Ta KBITKOBOTO MUJIKY Tepeidavyae 3MilryBaHHS
BEpUIKIB 3 LYKPOM Ta JOBEJIEHHSA 10 KHWIIIHHS, BBEJIEHHS PO3MapuHy 1
oxonomkeHHs (t=60 °C), momaBaHHs WIPOTIB 13 3apOJKIB TIIEHUIN Ta
KenaTuHoBoi cymimn. J{ns mporo, Temny Boay (=40 °C) 3’eanyroTh 3
KBITKOBHUM IUJIKOM, IEPEMIILIYIOTh, PO3BOJATH B 11 PiAMHI *KeaaThUH. Macy
posnuBaioTh 'y dopMu 1 0xXxoJomkyrTh (t=4—6 °C). T'oToBuii gecepT
OQOpPMIISIOTH MOJTYHUYHUM JHDKEMOM Ta 3eJIeHHI0 M’ sTH [20].

AHami3 XIMIYHOTO CKJaJy KOHTPOJBHOTO 1 JOCIHITHOTO 3pa3KiB
PO3pOOICHOTO IecepTy HaBEeICHO B TabuIli 4.

AHami3 XIMIYHOTO CKJIaay KOHTPOJBHOTO Ta JOCIIIHOTO 3pa3KiB
CBIJTUNTBH, 1110 32 HE3HAYHOT'O 301JIBIIICHHS eHEPreTHUHOI IIHHOCTI (Ha 2,2 %)
Bi10yJI0Cs 301IIBIIIEHHS KITBKOCTI f—KkapoTuny (B 4 pasu), B1 (B 303 pasn),
B2 (B 33 paswu). Ciija BiA3HAYNTH MOKPAIIEHHS SIKOCTI BITAMIHHOTO CKJIAJTy
JecepTy TosiBoro BiTaMiHiB B6 1 Tokodepoy. CyTTeBO 3pociia KUIbKICTh
MIHEpaJIbHUX PEYOBHUH, B TOMY uucii Kamoo (B 1,1 pasu), kanbwito (B 1,5
pasu), mardito (B 1,2 pasu), docdopy (B 1,2 pasu), 3aniza (B 5 pasis). B
JOCITITHOMY 3pa3Ky 301IbIIMIACH KIJTBKICTh XapuOBUX BOJIOKOH — Y 13 pas3is,
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nopiBHAHO 3 KoHTposieM. [Ipu cnoxwuBanuai 100 T po3poOaeHOro aecepTy
3abe3neuyeThes 14 % mo60oBoi moTpedu B XapuoBUX BOJIOKHAX [21].

Pucynox 1. Texnonoriuna cxema mpurotyBaHHs necepTy «llanHa
KotTay 3 10aBaHHIM HIPOTIB 13 NIIEHUYHUX 3apOKIB Ta KBITKOBOTO MTUJIKY
Tabnuys 3
Opranonentuyna ouinka gecepty «Ilanna Kotta» 3 nogaBanHsIM
HIPOTY 13 3aPOJIKIB MIIEHUII 1 KBITKOBOTO MWIKY, 0anu

[Toka3znuk Koe(biui_eHT Kontposnb Jlocnin | Jocxin
BaroMocCTI1, OJI. 1 2
30BHINIHINA BUTJIS 0,25 1,25 1,25 1,20
Kouip 0,15 0,74 0,72 0,65
Cmak 0,25 1,25 1,20 1,13
3amax 0,25 1,23 1,20 1,20
KoHncucrenmis 0,10 0,47 0,49 0,47
3arajbpHa OIlIHKa 1,00 4,93 4,86 4,65
Tabnuys 4
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Ximiunuit cknaa necepty «llanna Kortra» 3 gomaBaHHSM HIPOTY 13
3apOJIKIB MIIEHUIN Ta MUJIKY KBITKOBOTO (Ha 100 r)

) Pizaung

[Toka3Huk KonTposs | Jlocnia - %
binkwu, r 5,29 8,85 3,56 67,30
Kupu, r 28,03 30,12 2,09 7,46
Byrnesoau, 1, B T.4.: 48,62 50,12 1,50 3,09
MOHO- 1 JCaXapuau, T 48,59 50,81 2,22 4,57
KpOXMaJib, T 0,03 2,78 2,75 9166,67
XapyoBi BOJIOKHA, T 0,26 3,27 3,01 1157,69
MiHepanbHi peuOBUHH,
B T. YUCJIl MAaKpOEJIEMECHTH, 187,91 219,65 31,74 16,89
MT':
Kamiii, mr 99,35 107,66 8,31 8,36
Kanpmii, mr 18,75 27,25 8,50 45,33
Maruii, mr 9,91 11,91 2,00 20,18
docdop, Mr 59,90 72,83 12,93 21,59
MIKPOCJIEMEHTH, M 0,48 2,54 2,06 429,17
3aj1i30, Mr 0,48 2,48 2,00 416,67
uHK, MT - 0,06 0,06 —
Bitamiau mr, B.4. 0,33 20,51 20,18 | 6115,15
B—kapoTuH, Mr 0,10 0,44 0,34 340,00
B, (Tiamin), mr 0,02 6,05 6,03 |30150,00
B, (pubodnasin), mr 0,10 3,28 3,18 | 3180,00
Be (mipuaokcun), Mr — 2,80 2,80 —
Toxodepon, mr — 2,56 2,56 —
E, mr 0,11 5,38 5,27 | 479091
Eneprernyna miHHiCTh, KKa | 466,20 476,34 10,14 2,18

Ha ocHOBI BU3HaYeHUX ITOKA3HUKIB SKOCTI Ta KOS(DIII€EHTIB BATOMOCTI

PO3paxoBaHO KOMIUIEKCHUH TOKa3HUK sKocTi aecepTy «llanna Kotrtay,
BUT'OTOBJICHOTO 32 PO3POOJICHOIO TEXHOJIOTIE (pHUC. 2).

3a pe3yJbTaTaMu TMPOBEJAECHUX PO3PaXyHKIB BCTAHOBJIEHO, IO
KOMILJIEKCHUM MOKa3HUK sikocTl necepty «llanna Korra» cranoButs 19,3
0J1., 10 y 4 pa3u Buile 3a KOHTPoJib (5,0 o1.).
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OpraHonenTiyHa KonTposb
OLIIHKa ) ) ]
Xapuosi BookHa MinepanpHi 1m

pedoBrHH  Biraminu

Pucynok 2. Mogens sikocti necepty «llanna Kotrta» 3 nogaBaHHsM
HIPOTY 13 MIIEHUYHUX 3apPOJIKIB T KBITKOBOTO MTUJIKY

Bucnosku 3a pe3ynbTaTaMu MPOBEAEHUX JTOCTIIKEHb OOTPYHTOBAHO
1 po3pobneno TtexHomoriro necepTy «llamna Korra» 3 BHUKOpHUCTaHHAM
HIPOTIB 13 3apOJIKIB TIICHHWII Ta KBITKOBOTO TWIKY, IO JIO3BOJISIE
PO3LIUPUTH  ACOPTHUMEHT CTpaB (PYHKI[IOHAIHHOTO TPU3HAYCHHS 3
MIJBUIIEHUM BMICTOM XapyOBUX BOJIOKOH, MIHEpaTbHUX PEYOBHUH 1
BiTaMiHiB. Po3pobiiena necepTHa mpoayKilisi Moke OyTH peKOMEHIOBaHA
JUISL Xap4yyBaHHS y TMOBCAKIACHHUX pallloHaX JIOAEH, IO MpalioiTh Ha
BUPOOHMIITBAX BAXKOI MPOMMCIIOBOCTI, IPOXKUBAIOTH HA EKOJOTIYHO
3a0pyJHEHUX TEPUTOPIAX Ta BCIX BEPCTB HACEJICHHS, a TaKOX s
3aJI0BOJICHHS MOIUTY CHOKKMBa4iB Ha (PYHKI[IOHAJIbHI Xap4yoB1 MPOIYKTH.
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DESSERT TECHNOLOGY USING GRAPES FROM WHEAT EMBRYOS AND
FLOWER POLLEN

Summary

The article develops the technology of dessert "Panna Cotta" with the use of meal
from wheat germ and pollen. To substantiate the rational amount of wheat germ and
pollen meal, model compositions of desserts were made, in which part of the cream (from
5% to 10%) was replaced by wheat germ meal, and part of the water (from 3% to 6%)
was replaced by pollen According to the results of research, it is found that with
increasing concentrations of pollen and meal from wheat germ, the organoleptic
characteristics of dessert are reduced, due to a more viscous consistency. In this regard,
it was found that the rational concentration of wheat germ meal in the dessert "Panna
Cotta" is 5% of the total weight (5% replacement cream), pollen - 3% of the total weight
(3% replacement water). The consistency of the finished dessert is quite dense, and the
overall organoleptic score is 4.86 points, which is at the level of control. Based on the
determined quality indicators and weighting factors, a comprehensive quality indicator of
Panna Cotta dessert made according to the developed technology was calculated.
According to the results of the research, the technology of Panna Cotta dessert with the
use of wheat germ meal and pollen was substantiated and developed, which allows to
expand the range of functional dishes with high content of dietary fiber, minerals and
vitamins. The developed dessert products can be recommended for eating in the daily
diets of people working in heavy industry, living in environmentally polluted areas and
all segments of the population, as well as to meet consumer demand for functional foods.

Key words: technology, wheat germ meal, flower pollen, dessert, nutritional value.
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MNEPCIIEKTUBU 3ACTOCYBAHHS MIOPOLIKY BOJOPOCTEM
CIIIPYJIIHA Y BUPOBHUILTBI XJIIBOBYJIOYHUX BUPOBIB

Anomayis. IloBHOUIHHE 30ajaHCOBaHE XapyyBaHHS - OCHOBA
HOPMAJIBHO1 KUTTEAISUIBHOCTI JIFOJWHM, 3amopyka Moro 3710poB'd 1
noBroiiTTsa. Ha xanb yepe3 HU3bKY MaTepialibHOI 3a0€3MeYeHOCT] 3HaYHa
YacTUHA HACEJIEHHsSI CBITY HE B 3MO31 3a0e3medyuTH co01 aJleKBaTHE
xapuyBaHHA. [Ipu HeagexkBaTHOMY XapyyBaHHI 3HM)KYETHCS IMYHITET 1
CTIMKICTb JI0 BIUIMBY HECHPUSITIMUBUX (DAKTOPIB  HABKOJIMIIHBOIO
CEpelIOBUIIA, MOPYIIYETHCS OOMIH PEUYOBMH B OpPraHi3Mi, M0 B MIACYMKY
IPU3BOJIUTH IO PO3BUTKY PI3HUX 3aXBOproBaHb. HaliOub11 e(peKTUBHUM Ta
€KOHOMIYHO JOCTYITHUM IIUISIXOM MOKPAIEHHS 3a0€3MeUeHOCT] HACEICHHS
MIKpOHYTpPIEHTaMHU € TOAaTKOBE 30araueHHs HUMH MPOJIYKTIB XapuyBaHHS
MacoBOI'O CIIOKHMBAHHS.

TpamumiiftHO NiAUPYIOUy TMO3MINI0 B PAIllOH] XapyyBaHHS OCHOBHUX
IpyIll HACEJICHHS 3aliMaroTh XJ1000yJO4HI BUPOOM, IO MaKOTh BUCOKY
€HEPIreTUYHY I[IHHICTh, MPOTE BiA3HAYAIOTHCS HU3BKUM BMICTOM BiTaMiHIB,
Xap4yOBUX BOJIOKOH, HE3aMIHHMX aMIHOKHUCIIOT, MIHEPAJIbHUX PEUYOBHUH. 3
OTJISITy Ha HalIOHAJbHI Tpaaullli, COIlaIbHO-EKOHOMIUYHY CHUTyaIlil0 B
KpaiHi, CHOXXHMBYl XapaKTePUCTUKHU, XJIO € OJHUM 3 HaWOLIbII
MEPCIEeKTUBHUX ISl 30arayeHHs 1 MOJIIMIIEeHHS SKOCTI JICHHUX PAaIllOHIB
XapuyBaHHS 1 BIATOBIAHO 3/I0pOB'St HACEJIEHHS. Y 3B’SI3Ky 3 IIUM, came
[iecrpsMOBaHa ONTUMI3aLllsg XIMIYHOTO CKJIaay XJI10600yJ0uHUX BUPOOIB €
JIEBUM 3aCO00M KOpEKILIi XapuoBOTO CTaTyCy HacelleHHs. ToMmy BellnKa
yBara mpUIIISETHCS PO3POOIl HOBUX PEHENTyp XJ11000yI0uHUX BUPOOIB 3
BUKOPUCTAHHSAM HETPAIAUIIIHHOT POCIIMHHOI CHPOBUHH, 0araToi BiTaMiHaMH,
MakKpo- 1 MIKpOEJIEMEHTaMH.

CroipyniHa — 1€ TUIAaHKTOHHA IiaHOOAKTepis, MPEICTaBHUK I[apCTBa
OJTHOKJIITHHHUX MIKPOOPTaHi3MiB — MPOKapiOTIB, € YUMOCh CEPEAHIM, MIX
OakTepi€er0 1 POCIMHOIO, ii KIITHHH HE MaloTh fA]pa, MITOXOHAPII,
€HOIJIa3MAaTUYHO1 CITKHU Ta IHIIUX CTPYKTYPHUX €JIEMEHTIB. 3aBSKH TaKii
Oy10B1 O1JIKU, BITaMiHU Ta aMIHOKHCJIOTH B Hili HE BTpayaloTh BIIaCTUBOCTEN
HaBITH MiJl BIJIMBOM BUCOKUX TEMIEPATYyp HABKOJMIIHBOTO CEPEIOBHUIIA.

© O. 10. Komrens, A. B. KacesaoBa
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CripyniHy BHUKOPHCTOBYBAIM SIK 1KYy HPOTSIroM Oaratbox pokiB. OmHak
IIUPOKE BU3HAHHS ITi€1 POCIWHU HACTAJO MICIS TPOBEICHHS YHCICHHUX
JIOCJTII)KEHbD, MPUCBAYCHAX ~ BUBYCHHIO  BITHBY XIMIYHOTO ~ CKJIaJTy
BOJIOPOCTEH CHipyjliHa Ha OpraHi3M JIIOJWHM 1 TBapuH. PocimHy cramm
BUPOIIYBATU y BIAKPUTHX 1 3aKPUTHX IITYYHUX BOJOMMax B Amepuili,
€Bponi Ta A3ii. B januit yac ioro BXXUBaIOTh B 1Ky Oisiblie HixK B 40 KpaiHax
CBITY.

Kniouogi  cnosa: xni600ysnodyHi BUPOOH, BOJOPOCTI CIIpYIIiHa,
BITaM1HU, MIHEPAJIbHI PEUOBUHH, XIMIUHINA CKIIa]

llocmanoexa npobaemu. OcTaHHIM dYacoM XJ1000yJno4YHI BUpOOU
Ha0yJIM 3HAYHOTO 1HTEePECY JOCTIAHUKIB, K 00’ €KT 30araueHHs MOKUBHUMU
pEYOBMHAMM, MiHEpajdaMHd, BiTaMiHaMM Ta IHIIUMU PEYOBUHAMH,
BpPaxOBYIOUH, T€ 1110 XJI10 € HEB1’ €EMHOIO CKJIAJIOBOIO JIOACHKOIO PALllOHY Y
BCbOMY CBITI.

B pesynbrari aHamizy CHOXKHUBAHHS MPOAYKTIB XapyyBaHHA B
JIOMOTOCIIOJIapCTBAX OyJI0 BCTAHOBJIEHO, 110 32 00CITaMH CTIOKUBaHHS XJ110
Ta XJIIOHI MPOJIyKTH MOCIAAI0Th TPETE MICII€ Y PAIliOH1 YKPAiHIIIB, Y TOM Yac
AK MOJIOKY 1 MOJIOYHHUM TMpPOAYKTaM HaJeKUTh | Micile, a oBoYaM 1
OamraHHUM KyJnbTypam — 2 wicie [1]. CrnokuBumii KOIIWMK YKpaiHIIs
nependayvae CroXUBaHHS TOPOCIIOIO MPALIE3/IaTHOO JIFOJIMHOK 62 KT Ha PiK
xmly mmeHnyHoro ta 39 kr Ha pik Xm0y >kuTHboro. HeoOXimaHICTH
PO3IIMPEHHSI ACOPTUMEHTY  XJIIOOOYyJIOYHMX BHUPOOIB 32  PaxyHOK
BUKOpPUCTaHHA 30araueHuX J00aBOK OOIPYHTOBAHO 3 PI3HUX NPHUYMH. 3
OIHOTO OOKy, O3JOpOBJICHHS Halli uyepe3 Xii0 B KpaiHi € OJHUM 13
npioputeTHuX 3aBaanb. [lonan 70% perioHiB YKpainu 311 CHIOIOTH BUITYCK
MacOBUX COpTIB XJ1000yln0YyHUX BHUPOOIB. Alle 00CSATM BHPOOHMIITBA
30araueHoi TPONMYKIlli HEe3Ha4yHl 1 CKJIajaloTh ONU3bKO 7% 3arajlbHOi
KUIBKOCTI iX BUpoOHUIITBa [2]. Jlocmipkyroud XJTIOHMH PUHOK MOXHA
3pOOWTH BUCHOBOK, IO 3OUTBIIUTH BUPOOHUIITBO CBOEI MPOMYKIIIL
xJ11003aB0/IaM MOXJIMBO TIIBKH 32 paXyHOK 3MIHH B CTPYKTYpP1 aCOPTUMEHTY
3 ypaxyBaHHSM BEJIUKOI pI3HOMaHITHOCTI CIIO’KMBYUX CMaKiB.

Ananiz  ocmawnuix  Oocniodcens. JIiA  CTBOpEHHsA  30aradeHux
xJ11000yJTI0YHUX BUPOOIB MOXKHA BUKOPUCTOBYBATH pi3HI HUIsAxu. OIHUM 3
HUX € BUKOPUCTAHHS MIKPOHYTPIEHTIB - BITAMIHHO-MIHEPATLHUX CYMIIIICH:
koMmruiekciB BitamiHiB (B1, B2, B3, B6, PP, ¢omnieBoi kucnotu i iH.) Makpo-
1 MIKpOEJIeMEHTIB (3ay1130, HOM, KajibIlid, MarHii 1 iH.) CHUHTETUYHOTO
noxo/KeHHs. OJIMH NUISIX peatizailii - moeTarmHui BUMMYCK XJ11000yJI0YHUX
BUpOOIB, 30arayeHUX  MIKpPOHYTpPIEHTaMH, JIOBOASIYM  IOCTYIIOBO
BUPOOHUIITBO 110 30% 3arasbHOro OOCATY MPOAYKIIi, 10 BUITYCKAEThCA.
[HImMI nUISIX - BUKOPUCTAHHS MPUPOJHO-CUPOBUHHUX PECYpCIB, 30KpeMa
3€pHOBUX, OJIWHMX KYyJbTYpP Y BHUIJISAI IUTICHOTO 3€pHA, MPOJIYKTIB iX
nepepoOku (Kpymu, OOpOIIHA, BHUCIBOK, 0araTO3epHOBHX CyMIIIeH),
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IPOAYKTIB MEpEepOOKH TUIOAIB, OBOUIB, AT 1 TOpiXiB [3].

ChipyniHa — 1€ MpICHOBOAHI BOJOPOCTI, SIKI MPHUPOIHO POCTYTHh B
TPOMIYHUX 1 CyOTpOMiYHUX 03epaX. ICTOpUYHO BUKOPUCTOBYBAJIHCH SIK 1Ka
KopiHHUMHU xkuTensaMu [liBneHHoi Amepuku, noku y 1970-x pokax ii He
BU3HAIIM JKEPENIOM OiKy POCIMHHOTO MOXO/UKEHHS. li MpPOMHCIIOBO
BUPOIIYIOTh Y BETUKHUX BIIKPUTHUX BOAOWMAX y KOHTPOJIHOBAaHUX YMOBaX,
CYIIAaTh 1 NPOAAIOTh Y BUTJIS I TEMHO — 3€JICHOTO TTOPOIIKY 200 MITyJIOK IS
BUKOPUCTAaHHS B SIKOCTI XapyoBOi J00aBKHM 3arajibHa MeTa BUPOOHHUIITBA
CIIPYJIIHU — 3a0€3MEYUTH JIFO/IeH O1TKOBUMH pECYypCaMH, a TAKOX OTPUMATH
KOPHUCTH Bij] 6ararcTsa ii 010XiMIYHOT CTPYKTYPH.

[ToTeH1iiina KOpUCTh CHIPYJIIHU JJIs 310pOB’ sl B OCHOBHOMY IOB’ si3aHa
3 11 XIMIYHUM CKJIaJioM, KUK BKIro4ae Oinku (Big 60 % mo 70 %)[4] ,
ByriieBoau (20 %), xupu (5 %), He3aMiHHI aMiHOKUCIOTH[S], MiHepaiu
(0cobmBO 3ai1i30), HE3aMiHHI KUPHI KUCJIOTH, BITAMIHM Ta MIrMEHTU. Y
IbOMY BIJHOIIEHHI TPU OCHOBHI OI1OJOTIYHO AaKTHWBHI KOMIIOHEHTH
CHipyJiHU, 010K (piKoIiaH1H, CyIb(paToOBaHI MOJiCaXapuau Ta Y-JIIHOJIEHOBA
KHCJIOTa, BIAITPAIOTh 3HAYHY pPOJb y TOKpPAIIEHHI (PYHKIINA JIIOJCHKOTO
opra”iamy [6]. KpiM TOro, ekcnepuMeHTaJbHI JlaHi MIATBEPIKYIOTh
IMyHOMO/IEJTTIOIOUY Ta MPOTUBIPYCHY IO CHIpyiHU [7]. XiIMIYHUNA CKJIa]
CHIPYJIiHU HaBeJeHUHN y Ta0muI 1.

Tabmni 1

XiMIYHHUM CKJIAJl TOPOIIKY CHIPYJIiHU

Enement Bwmict Ha 100r nopomiky

binkn 5747r.

Kupu 7,72 1.

Byrnesoau 239T.

Bitamin A 29,0 MKT.

Bitamin E 5,0 mr.

Biramin K 25,5 MKT.

Bitamin Bl 2,4 mr.

Bitamin B2 3,7 MT.

3aii30 28,5 mr

Marnii 195,0 mr.

Hartpiit 1048,0 mr.

Mings 6,1 mr.

Maprauenp 1,9 mr.

@opmysanusa yinei cmammi. MeTow poOOTH € OOrpyHTYBaHHS
JOLIIBHOCTI BUKOPHUCTAHHS BOAOPOCTEH cHipyiiHa Juisi 30aradyeHHs
MOKMBHOT I[IHHOCTI XJ11000yI0UHUX BUPOOIB.

Ocnosna yacmuna. JI0cniKyBaH1 3pa3ku TOTYBAJIM 3a TPAIULIMHOIO
TEXHOJIOTIEI0, OMapHUM METOJOM. TEXHOJOTIYHY CXEeMy BHUPOOHMIITBA
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OyJI049O0K 31 CIIPYJIIHOI MPEACTaBICHO Ha puc. 1., MACUCTEMHUN aHATI3 —
TabmmIs 2.
Tabnuys 2
[lincucreMHuii  aHai3 BHPOOHHUIITBA OYyJOYOK 3  TTOPOIIKOM
BOJIOPOCTEH cripyJiiHa

[Tincucrema XapaKTepUCTHUKA
A OTpuMaHHS TOTOBOTO MPOAYKTY 3 3aJaHUMU
OpraHoJICNTUYHUMU NTOKA3HUKAMHU.
B [TocnigoBHe 3/1liCHEHHS OTnepalliil 1 OTPUMaHHS
HamiBdaOpukary.
C [TocnigoBHE 3/1MICHEHHS Olepalliil 1Ji1 OTpUMaHHS
TICTOBOi 3arOTOBKH.
D [TocninoBHe 3M1MICHEHHS OTepaliii sl OTpUMaHHs
oTapH.
E OTpuMaHHS TiATOTOBJICHOI CHPOBUHHU.

Jlnst 30arayeHHs MOKUBHOI LIHHOCTI OYJIO0YOK, MM JOJIaji MOPOIIOK
BOJIOPOCTEH CHIPYJIIHU 0 MIIEHUYHOTO OOPOIITHA y KUIBKOCTI Bix 2 110 3 %
3 KpokoM BapitoBaHHs 0,5 %. 3a KOHTPOJIb NPUUHATO OYJIOUKH MIIEHUYHI
0e3 100aBOK.

l‘[pocuosamm d l'lpuroTyBam-m Harpmam-m t=35- ITponimKkyBaHHs
= 1-2 Mmm po3u mHy

#

DineTpysanus d =
0.5-1 mm

[ 3amic Ticra t = 25 -30°C. 1 = 7-10 x5__|

[ Bpomimms t =25 -30°C, t = 2.5-3 rox_ |
1

‘ O6mumanms |

dopmMyBaHHSI TICTOBHX 3arOTOBOK ‘

¥

M
3manryBaHHs ‘

+

—_ — 1
ropou_mo BEPLLIKOBE I'IOI’OLUOK
MIIEHUYHE MACJIO > BOJIOPOCTEM KYIDIYT
BUILLOTO CIHIPYJIIHA 1
rATynKy

_/

\
\
‘ Bucrorosanus t = 25°C, t = 30-40 xB ‘
\

O31061eHHST

[ Bunixanms t=180-200°C, T = 40-45 xs__|

1
1
1 ‘ Oxonopkenns t = 20-25°C ‘
1
1

Bysioukm jutsi ramMGyprepa 3 BOJIOPOCTIMHU >

-_—

Pucynok 1. TexHosioriyna cxema BUpOOHUIITBA OYJIOYOK 3 MOPOIIKOM
BOJIOPOCTEH CIipyITiHAa.

JIst OIIHIOBAHHSI OPTAHOJENTHYHUX IMOKA3HUKIB SKOCTI JTOCIHITHUX
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3pa3KiB OyJI0UOK BUKOPUCTAIIM 3arajJbHOMPUIHSITI METOIUKY Ta HOPMATHUBHI
nokyment (JICTY 7044:2009 [8], ACTY-II 8536:2015 [9]. Pesynbratu
OPTaHOJISNTHUYHOI OIIHKY MPECTABICHO Y BUTJISI PO LIOrpaMu Ha puc. 2.

«=@==KOHTPO/Ib 3pa3oKk 1l ==@=3pa30K2 e=@==3pa30kK 3

Cmak
5

Koni anax

KoHcucTeHuia

Pucynox 2. Pe3ynapTaTi OpraHoiaenTHYHOI OLIIHKK TOTOBOTO MPOIYKTY.

VY 3pa3ky 1 cinabko BiguyBaeTbcs MPHUCMaK Ta 3amax BOJOPOCTEH
cripyJsiHa, Koiip O0yno4ok — Omigo-3esneHuid. 3pa3ku 2 1 3 oTpuMaiu maibke
IIEHTUYHI Pe3yJibTaTH — NPUCYTHIN CMakK Ta 3amax BOJOPOCTEN CHIpyJIiHa,
KOJIp — HacuuyeHo-3eneHuil. KoHcHCTeHlisl y BCIX 3pa3Kax I1JIeHTUYHA.
Takum yuHOM, OYJIOUKH 30aradyeHi MOPOUIKOM BOJAOPOCTEN CIipyIiHa Malld
rapHi CIIOXUBY1 XapaKTEPUCTUKH.

3 (i3UKO-XIMIYHMX MOKA3HUKIB JJIsl JOCHTIIKEHHST HaMu BHOpaHO
MacoBY YacCTKy BOJIOTU Ta 3arajbHy KHCIOTHICTh, OCKUIBKHA caMe IIi
MOKA3HUKHW MalOTh HAWOUIBIIMK BIUIMB Ha 3JAaTHICTh XJI1000yJI0YHHX
BUPOOIB /10 30epiranns. Pe3ynbpratu anamnizy npeacTaBieHi B Tadmuili 3.

Tabnuys 3
D13MK0-XIMIYHI IOKA3HUKH OYJI0YOK
Ha3Ba noka3znuka Hopma | Kontpons | 3pazok | 3pa3ok | 3pa3ok
1 2 3
MacoBa gactka | 30,0- 33,05 34,57 3341 |333
BoJsiorH, % He Outbmie | 39,0
3arajbHa KHUCJIOTHICTB, | 3,0 2,2 2,5 2 2,2
rpaycu

[Toxa3Huku, BU3HAUEHI B YCIX JOCIIKEHUX 3pa3Kax, 3HAXOATHCS B
MeXaxX HOpPMH, IO Ja€ 3MOTYy BHKOPUCTOBYBATH I[}0 TEXHOJOTIIO B
IPOMUCIIOBUX YMOBaX.

Bucrnosxu. Takum ynHOM, po3po0JIeHi 3pa3Ku OyJIOUOK MIIEHUIHUX 3
JIOJIaBaHHSAM TIOPOIIKY BOJOPOCTEW CHIpYyJiHA OTPUMAIM TO3UTHUBHI
XapyoBl, CEHCOPHI Ta (13UKO-XIMIUHI pe3yJbTaTh NOCHIIxKeHb. JloCSIrHyTI
JI0JIaBaHHAM CHIPYJIIHUA J0 XJi0a pe3yJbTaTH, BIIKPUBAIOTh MEPCIEKTHUBHI
MOXJIMBOCTI JyIsi TiepedOpMYIIIOBaHHS 1HIIUX XJ11000YJIOYHUX BUPOOIB.
Tomy chipyniHa € MEPCHEKTUBHUM I1HTPEIIEHTOM ISl yJAOCKOHAJICHHS
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TEXHOJOT1l Xm000ynOYHHX BHUPOOIB. Y TOJANBIIMX JOCTIIKEHHSAX
IUTAHYETHCST ETAIBHO JTOCHITUTH XIMIYHMM CKJIaJ Ta XapyoBy ILIHHICTb
BOJIOPOCTEH CITipyITiHA.
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PROSPECTS FOR THE APPLICATION OF SPIRULINA ALGAE POWDER IN
THE PRODUCTION OF BAKERY PRODUCTS

Summary

A complete balanced diet is the basis of a person's normal life, the key to his health
and longevity. Unfortunately, due to low material security, a large part of the world's
population is unable to provide adequate nutrition. Inadequate nutrition reduces immunity
and resistance to adverse environmental factors, impaired metabolism in the body, which
ultimately leads to the development of various diseases. The most effective and cost-
effective way to improve the supply of micronutrients is to further enrich food for mass
consumption.

Traditionally, the leading position in the diet of the main groups of the population
is occupied by bakery products that have high energy value, but are low in vitamins,
dietary fiber, essential amino acids and minerals. Given the national traditions, socio-
economic situation in the country, consumer characteristics, bread is one of the most
promising for enriching and improving the quality of daily diets and, accordingly, the
health of the population. In this regard, it is the purposeful optimization of the chemical
composition of bakery products that is an effective means of correcting the nutritional
status of the population. Therefore, much attention is paid to the development of new
recipes for bakery products using non-traditional vegetable raw materials rich in vitamins,
macro-and micronutrients.

Spirulina is a planktonic cyanobacterium, a representative of the kingdom of
unicellular microorganisms - prokaryotes, is something in between the bacterium and the
plant, its cells do not have a nucleus, mitochondria, endoplasmic reticulum and other
structural elements. Due to this structure, proteins, vitamins and amino acids in it do not
lose their properties even under the influence of high ambient temperatures. Spirulina has
been used as food for many years. However, the widespread recognition of this plant
came after numerous studies examining the effects of the chemical composition of
spirulina algae on humans and animals. The plant began to be grown in open and closed
artificial reservoirs in America, Europe and Asia. It is currently eaten in more than 40
countries.

Key words: bakery products, spirulina algae, vitamins, minerals, chemical
composition.
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TEXHOJIOI'ISI KUCJIOMOJIOYHOI'O HANOIO 3 BTOPUHHOI
MOJIOYHOI CHPOBUHHU

Anomayis. Y  poOOTI  3allpOMOHOBAHO TEXHOJIOTII0O  HOBOTO
KHCJIOMOJIOYHOTO HAIlOK 3 BTOPUHHOI MOJIOYHOI CHUPOBHHM (MAacisiHH) 3
BUKOPUCTAHHSAM MPUPOTHUX MPEOIOTUKIB — 010JI0TTYHO I[IHHOTO KOMIUIEKCY
Spirulina platensis. BukopucTtanHs npoOiOTHKIB i IX KOPUCTH JUISL 370POB'sI
TpPaBHOI CHCTEMHU 3aCHOBaHI Ha HAayKOBUX JaHUX skl oTpumanun B €C.
Spirulina platensis — cripyiHa, siKka MOXe YCITITHO BUKOPUCTOBYBATHCS B
CKJIaJl TOBCSIKIEHHUX XapuyOBUX IMPOAYKTIB, SK JIKEpeno O10J0r1YyHO
LIHHUX KOMMOHEHTIB. CHipyJiiHa — MPOJAYKT 3 BHCOKOI KOHIIEHTPALIEIO
Oinka — 65-72% Bim Barm BomopocTi. B xomi ekcrmepuMeHTaIbHUX
JOCIIIJIKEHb BCTAHOBJIEHO, WO HEHIUIbHUH 3TYyCTOK 3  CHIPYJIIHOIO
MOTIPIIYE€ CHHEPreTUYHI BIJIACTHMBOCTI 3TycTKy. HaiimeHIy KUIbKICTb
CUPOBATKM OTPUMAJIM B 3pa3Ky 3 HalOUIbLIO J030K0 BHECEHHS
cHipyniHu-25. Bu3HaueHO ONTUMAaibHI CHIBBIAHOIIEHHS KOMIIOHEHTIB.
BceraHoBineHo mapaMmMeTpud  TEXHOJONIYHOIO  IPOLIECY IPUTrOTYBaHHS
npoaykty.  OTpuMaHWil  KHUCJIOMOJIOYHMM  Hamii  sBisie  cO0Or0
NOJIITUCIIEPCHY KOJIOIIHY CHCTEMY, B SIKIH MAacisiHKa € JUCHEepCIHHUM
cepenoBHILEeM. Pe3ynbTratu AOCHIIKEHb OKa3aiH, 10 32 TUX CaMUX YMOB
MPOIIeCY KOAryJIsiii 31 301IbIIIEHHSM KiJTbKOCTI CIIPYJIiHH, 110 JOA€THCS, 3
15 nmo 25% 3MIHIOETbCSI ~ KUCJOTHICTH  TOTOBOTO  TPOAYKTY.
KOHKpeTH30BaHO  BUKOpPUCTAaHHA  HAWUMNOMIMPEHIMUX  MNpeOIOTHKIB.
BusHaueHo BHeceHHsI (OCHOBHMX Ta JOJATKOBX) IITaMIB OCHOBHOI Ta
JI0JTATKOBOT 3aKBaCKH. 3apONIOHOBAHO BUKOPUCTAHHS YHIKAIBHOI XapuoBOi
3eJIeHOi MIKpoBojopocTi Spirulina platensis mxepena 010J0T1YHO I[IHHHX
KOMMOHEHTIB. Hamiit 3 MacisiHku 30aradyeHuii O1IKOM y KUTBKOCTI 2,9 —
3,2%, 110 1ICTOTHO BIJIMBATHME HA MOKAa3HUKU SKOCTI, & caMe MOKpPAIICHHS
CTPYKTYpU 3TYCTKY VY CKJaJl Hamorw. 3pa3Ku HAaloKo BHUIOTOBJIEHI B
nabopatopii xapyooro BupoOnunra BTEI KHTEY, ceprtudikoBani
cuctemoro yrpaniinHsa skictio (ceptudikar Ne UA.80050.063 QMS-21
nepeatecToBanuit Bix 21.06.2021) BiAMOBIIHO A0 KJIACUYHOT TEXHOJIOTIYHOT
CXE€MHU BUPOOHUIITBA KUCIOMOJIOYHOTO MPOIYKTY.

© L. T'. Bnacenko, T. B. Cemko, O. A. IBanimesa
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Knrouosi cnosa: texHomoris, Hamiil, MPOIYKT, MaclsHKA, CHIpYyiHa,
3aKBacKa, ITaMu, 3TyCTOK, CTPYKTYypa, 1032, OPTaHOJICITHYHI ITOKa3HUKH.

llocmanoeka  npobaemu. Kucnomomnouni  mpoayktu,  sKi
BUTOTOBJISIFOTHCS 3 BTOPUHHOI MOJIOYHOT CHPOBUHH, MICTSITh JKepelia OlIKYy,
BYIUICBOAIB Ta MikpoenaeMeHTiB [1]. Taki mpoaykTu mOpu3HAYCHI I
MOJTINIIICHHS METa0O0IIYHUX MPOIECIB B OPTraHi3Mi JIIOJAMHU, BOHU CIIPUSIIOTh
3ano0iraHHo HelH(PEeKIINHUX 3aXBOPIOBaHb, TaKWX SK CEPIEBO-CYIWHHI,
OHKOJIOTIYHI, JgiabeT 2 Tumy Ta ocTeornopo3. MojouHi MPOAYKTH
BUT'OTOBJICHI NUISIXOM 3aKBalllyBaHHS CIIPUSIOTH BITHOBJICHHIO MiKpodIiopH
[UTYHKOBO-KUIIIKOBOTO TpakTy JroauHu. [lltamu 6idimodbakrepiit Ta okpemi
BU/IM JTaKTOOAKTEPii, Taki sk Lactobacillus acidophilus, Lactobacillus casei
subsp. casei, Bifidobacterium SPP. (B. adolescentis, B. animalis, B. bifidum,
B. longum, B. breve), namexarb J0 NpOOIOTHYHUX KyJIbTyp. BoHu
MO3UTUBHO BIUIMBAIOTh HA OPraHi3M JIIOJAWHU 1 HOPMATI3YIOTh CKJaJ Ta
¢GyHKL1i OaKTepianbHO1 (PJIOPU HUTYHKOBO-KHUILIKOBOI'O TPAKTY.

JlinepaMmu 3 BUPOOHMIITBA KHUCIOMOJOYHHMX TIPOJIYKTIB B SIKHX
nepeBaxkaroTh Hamoi (60%) € - BenukoOpuranisi, Higepnanau, HiMeuunna
ta Icmanisa. Y Crnonyuenux Illtatax 1 AnoHii 10 TakuxX IPOIYyKTiB 10AAIOThH
3eproBi (CIIA - 20%) ta koHAMTEpChKi HanmoBHIOBaui (Snonis - 15%) [2].

CporojiecHHd CTaBUThb TIepe] BHUPOOHHKAMU Xap4YOBUX IMPOJYKTIB
3aBJAHHS I10J0 IMJABHIICHHSI O€3MEYHOCTI, SIKOCT1, 010J0T1YHOI IIIHHOCTI,
MOKpPAIICHHS] CMaKOBHX BJIACTUBOCTEW Ta PO3IIMPEHHS aCOPTUMEHTY, B
TOMY YHUCJI1 1 KUCTIOMOJIOYHUX HAMOiB.

Bce Bule HaBeleHe MIATBEPKYE aKTYalbHICTh PO3POOKH TEXHOJIOT1i
HOBOI TMpPOJYKLII 3 BHUKOPUCTAHHAM POCIMHHOTO 30arauyBava mJis
PO3IIMPEHHS ACOPTUMEHTY MPOIYKIli 3 BTOPUHHOT CHPOBUHH.

Ananiz ocmanuix Oocniodxcenb. B OCTaHHI POKM YKPaiHCBKHUMH
BYEHUMHU PO3pPOOJEHO HHU3KY MPOJYKTIB 3 BUKOPUCTAHHSAM CHIPYJIiHH,
MpOTE iX ACOPTUMEHT € OOMEXKEHUM 1 JAJIEKO HE BIJANOBIJIAE MOTpeOaM.
barato ngocinikeHb, B TOMY YHCII KUIbKa MPOEKTIB, 0 (DIHAHCYIOTHCS
€Bponeiickkor0 komicieto (€K) mpuBenn 10 po3ymiHHS TOTEHIIHHUX
MeXaHi3MiB 010JI0T1YHO aKTUBHUX KOMIIOHEHTIB B MPOJYKTaX Xap4dyBaHHS,
SIK1 MOXYTh TIOJIIMIIIATH 370POB'S 1, MOKITUBO, 3HU3UTH PU3HK 3aXBOPIOBAHb,
OJIHOYACHO MOKPAITyI4H Hallle 3arajabHe Osarononydus. [lonut Ha xap4oBi
OPOAYKTH 3pOCTAE, OCOOIMBO B KpaiHaX 3 PO3BUHEHOIO €KOHOMIKOIO Yepe3
M1BUIIEHHS 0013HAHOCTI PO KOPUCTh MPOAYKTIB 3 BTOPUHHOT MOJIOYHOL
CUPOBUHU  JUISl 3JI0pOB's 1 30UIbIneHHs HasiBHOro noxony. CIIIA e
HalOUIBIIMM Yy CBITI PHUHKOM NPOJYKTIB XapyyBaHHS 3 BTOPUHHOI
CUPOBHMHM, 1 OYIKYETHCSA, L0 B HAWOMMKYl POKM BIH MNPOAEMOHCTPYE
3pocTaHHsl Ha 21% depe3 3pOCTaHHS MOMHUTY Ha MPOAYKTH 3 BTOPUHHOL
CUpPOBUHHU. THUM 4YacoM, HalllOHAJIbHI MpaBuia 1 OOTPYHTYBaHHS 3asB PO
HIKOAY ISl 3J0POB'SL € OJIHIEI0 3 TPOOJIEM, 3 IKUMU MPOJIOBKYE CTUKATHUCS
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puHok [3]. IIpobioTuk — 1€ MOOAMHOKI abo0 3MilllaHi KYJIbTYpU KUBUX
MIKpOOPTaHi3MiB, Kl MPU MOTPAIJITHHI B OPraHi3M B JOCTaTHIM KiJIBKOCTI
MOKYTh HOPMaJi3yBaTH KHUIIKOBY MIKpOOIOTY 1 MPUHOCUTH KOPUCTDH IS
3popoB'st [4]. [IpoxykTu 3 mpoOIOTUKAMH MICTATH HBI MIKPOOPTaHi3MH B
KUTBKOCTI, 110 TMEPEBUIIYIOTh 03y, KA PEKOMEHAOBaHA AJii OTPUMaHHS
kopucTi s 310poB's (5 x 10° KYO CFU/nens npotsrom 5 auis) [5].

[Ipe6ioTuKM BU3HAYAIOTHCS SK XapyOBl KOMIIOHEHTH, SIKI MOXYTh
BUOIPKOBO CTUMYJIIOBATH 3POCTaHHs 1/ @00 aKTHBHICTH IITaMIB KHUIITKOBHX
OakTepiil, 3maTHUX 1X (EpPMEHTYBATH, HAMNPUKIAN, HEMEepPETPABICHUN
KpOXMallb, OJIrocaxapuid 1 HeKpoxXMalibHi nosicaxapuau [6]. CuHO10THKH
MICTATh SIK MPOOIOTUKH, TaK 1 NMPEOIOTUKH, 1 BUSBISAIOTH KOPHUCHY IS
3JI0pOB'sl aKTUBHICTh B pE3yJIbTaTl CHHEPI€THYHOI 11T IBOX KOMIIOHEHTIB [7].

Jlo mponayKTiB, SKI MICTATh NPOOIOTHUKH, IO BKJIIOYAIOTh IITaMHU
Lactobacillus i1/ abo Bifidobacterium 1 piamie Escherichia, Enterococcus a6o
Bacillus, BigHOCSTBCS HOTypTH, Kedip, MacisHKa, auugopiabHE MOJIOKO,
KBallleHAa KaIlycTa, COJIOHI OTIpKH, TeMIll, Mico 1 4YailiHui rpud |[8].
[IpebioTukamu € onirocaxapuiu, Takl K (Qpykroosirocaxapiau (1HyJiH),
rajakTooJirocaxapul, KCiooairocaxapiay, MUKIOACKCTPUHU 1 JIAKTYJI034.
BimoMuMu mxepenamu ojirocaxapujiiB € KOpPiHb IUKOPIIO, TOMHAMOYp,
CUPHI YaCHUK, IUOYJIA 1 HUIbHO3EpHOBI TpoayKTH [9, 10].

Buxopucranns mpoO10THKIB OYyJI0 MOB'SI3aHO 3 MOJIMIIEHHAM IMyHHOT
¢bynkuii. [IpoOioTHKM BUKOPHUCTOBYBAIUCS TP JIIKYBaHHI IITYHKOBO-
KHUIIIKOBUX PO3JIa/iB, TaKUX SK 3amop, Jiapesi, 1 IpH JIIKyBaHHI XBOpOOH
Kpona, cunnpomy noapasueroro kuiieuynuka (CPK) 1 nuBepTuxynspHoit
xBopoOu. Kopucte s 3710poB's, MmoB'a3aHa 3 MpoOIOTUKAMM, BUMAarae
HaJIeXKHOTO OanaHcy Mikpoduiopu B TpaBHiil cuctemi [11].

BBaxkaeTbCsi KOPHUCHUM, SIKIIO TPOOIOTHKH  CYHPOBOIIKYIOTHCS
npedioTUKaMH B palioHl, TOMY IO BOHU MOXYTb CTUMYJIFOBATH 3POCTAHHS
yucna 0ipi100aKkTepiid, ke 3HaYHO 3HUKYETHCS Y JIOPOCIMX OCOOJUBO Yy
Biri Bix 55 - 60 pokiB [12, 13]. [desaxi nmpeOGiOTUKH, TaKl K 1HYJIH, 1110 HE
TIpOMI3yIOThCA B IUTYHKOBO-KUIIKOBOMY TPAKTI JIIOJUHHU, MAalOTh 1HIII
KOPHCHI JJIsl JTIOAMHHU BJIACTUBOCTSIMH, SIKI CIY)XaThb 3aMiHOIO XKupy. [HII
npebioTUKH, (PPYKTaHH, CIPUSIOTH 3aCBOCHHIO KaJIbIiF0, MAarHilo, 3aii3a,
nmuHKy, Migl 1 ¢ochopy [14]. I[osyBaHHﬂ bpyKTaHiB, 1O CHOPUSIOTH
npe0iOTUYHOMY e(beKTy, CTaHOBUTH BiJ1 4 710 8 T B AeHb [15].

[loennannst mpo- 1 MpeOIOTHKIB B PAIiOH] JITHIX JIOACH Mae Taki
nepeBarv, SK 3/aTHICTb 30UIBIIYBAaTH KUIBKICTH Olimobakrtepiii B
kumeyHuky. [ligBumieHa kuibKicTh OipigoOakTepii NpuU3BOIUTH 0
30UTBIIEHHS! KUTBKOCTI OakTepiaiabHOI oJi€eBOi KUCIOTH, BiTaMmiHIB B 1, B
2, B 6 1 HIKOTUHOBO1 KUCIOTH. TakUM YUHOM, O1(igo0aKTepii MOKYTh OyTH
JKEPEJIOM OCHOBHHUX TOXXUBHUX PEYOBHH, CHPUATH MNPOGUIAKTHUIN 1
JIKYBaHHIO IITYHKOBO-KHUIITKOBUX 3aXBOPIOBaHb [16].
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HaiiGinpima rpyna mpoayKTiB 3 MPOOIOTHKAMU — II€ KHUCIOMOJIOYHI
npoayktu (Morypt, kedip, maxTa i iHml), cupu 1 yaitauii rpu6. [IpoGioTnyni
OakTepli MPUCYTHI B JCSKUX IHIIMX XapuyoBUX MPOAYKTaX, TAKUX SK
MOPO3UBO, 3aMOPOXKEHI JiecepTH, (pepmeHTOBaHI GPYKTH, OBOUEB1 COKH [17]
1 pepmenToBane M'sico [18]. [IpobioTnuni GakTepii 1OMAIOTH B COJIOJIONI],
TaKi SIK JKeJCHHI IyKEePKH, 3 JOJIaBaHHIM HOTYypTy a00 MIOKOJIaTy, a TAKOXK
IIOKOJIaJHI BUPOOM 3 J0JaBaHHAM J10(QUII30BAHUX MIKPOOPIraHi3MiB,
3€pHOBI COKH, 3aMOPOKEHHM HOTrypT, IIOKOJaAHI OATOHYMKHU, MEYUBO Ta
Mrocii. Jleski mpoOiOTUKH JOCTYITHI Y BUTJIAI TabieTok abo kamcyst. Hosi
MPOJIYKTH - II€ HAIOi, [0 MICTATh MPOOIOTUYH1 OaKTepii B KPUIIII TUISIIKH,
10 MOTPAIUISIOTh B PIAUHY MPHU BIAKPUTTI Twisiiku [19]. Tpanuuiiiaumu
HEOYMIIICHUMU JKEpesIaMu MpeOi0TUKIB B PaIllOHI € COEB1 000U, HEOUHUIIIEH1
NIIEHUIS 1 SUMiHb, @ TaKOX cupuil oBec. [IpomoBONIBUMIT PUHOK TaKOX
MPOTIOHY€E MPOJIYKTH 3 JOJIaBaHHAM MPEOIOTUKIB 1 CMHOIOTHKIB, TaKl SIK
KHCIJIOMOJIOYHI Haroi, WOTrypTH, MOPCH, JKUPHI HacTH I Xji0a, M'ACHI
IPOJYKTH, MallOHE3, MaprapuH 1 MakapoHH1 Bupoou [20].

BukopuctanHs mNpoOIOTUKIB 1 iX KOPUCTh MJIs 3JI0POB'S TpPaBHOI
CHUCTEMHM 3aCHOBaH1 HAa HAYKOBHX JIaHUX 1 OTpUMaiu cxBajeHHs B €C [2].

OnHMM 3 YHIKQJIBHUX Xap4OBHUX O00'€KTIB MPHUPOAU € CHHBbO-3€JICHA
MmikpoBojgopocth Spirulina platensis — cmipyiina, ska MO YCIIIITHO
BUKOPUCTOBYBATUCSA B CKJIaJl TOBCSKICHHUX XapyOBUX TMPOIYKTIB, 5K
JoKepenio 010J0T1YHO MIHHUX KOMIOHEHTIB [22]. CmipyniHa — OPOAYKT 3
BHUCOKOIO KOHIICHTpalli€ro Oika — 65 - 72% Big Baru Bomopocti. BogopocTi
MICTATh KIJIbKa HE3aMIHHUX JIJIs JIFOAWHU aMIHOKHCIOT. ByriieBoam, 1o
MICTAThCA B KuUlbKOCTI 10-15% Bin 3arayibHOI Baru CHipyidiHU, J00pe
3aCBOIOIOTHCS 1 HE MalOTh HETaTUBHOTO BIUIMBY Ha MIANUTYHKOBY 3aJ03Yy.
CripyiiHa MICTUTh Maif>ke BCl BiTamMiHU, KpiM 1BoX: BiTamiH C 1 D. Bona €
HaiOararmoro 3 BIIOMHUX JKepen BiTaMiHiB A, Bip, E 1 F. ¥V chipyniau B
I'Th pa3iB OUIbIIE 3a1i3a, HDK B MUBHUX APLKIXKaX ado kpormi. BogopocTi
MICTSITh MIKPOEJIEMEHTH — CEJICH, MapraHellb, IMHK, MiJb, 3a1130, XpPOM —
PEYOBUHHU, 1110 BOJOIFOTh aHTHOKCHIAHTHOIO aKTHUBHICTIO.

CripyniHa € OgHUM 3 HalbaraTmux JpKepen KapoTuHoiniB. B 11 ckiami
HApaxOBYEThCS OJIM3BKO NECATH PI3HUX BUIIB KapoTwHOiniB. Cepen HUX:
anb(da-, 6eTa- 1 raMMa-KapOTHUHOIIH, TOJIOBHHA KOBTUX KCAaHTOM1IIB.

Bitaminis rpynu B (B1, B2, B3, Bs, Be, Bg, B12) B ciipymini MicTuThCS
B cepenabomy B 40-150 pasiB Oinbie, HIXX B MOJIOIl, CUP1, M'SICl, SHIIAX,
BEPILIKOBOMY Macii.

XIMIYHMM CKJIaJ CHIPYJIHH JO3BOJISIE TPUIYCKaTH MOXJIMBICTh
CTBOPEHHSI MOJIOYHHUX TMPOAYKTIB MPOQPUIAKTUYHOTO  MPU3HAUYECHHS
HIMPOKOr0 CHEKTPY B PIZHUX TEXHOJOTIYHMX (QopMax. Takuil Hampsm y
BUPOOHUIITBI KOMOIHOBAHMX MOJIOYHUX MPOAYKTIB € MEPCHEKTUBHUM Ta
COLIIAJIBHO 3HAYYIIUM. SIK MOKa3yl0Th MAapKETUHIOBI JIOCHIIKEHHS, JIFOJU
BUOMPAIOTh MOJIOYHI MPOAYKTH 3 POCIMHHUMHU KOMIIOHEHTAMHU 32 TphOMa
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KPUTEPISIMU - CMaK, 370POB'S 1 KyJIbTypa. SIKIIO 11l KpUTepii BUKOHYIOTHCA,
TO JaHl IPOAYKTH MEPEXOATh B OCHOBHUH paIlioH XapuyBaHHs. | 3Bu4aiino,
BOHHM TOBHMHHI OyTH O€3MEYHUMH, 3aI0BOJIHATH MOTPEOM B HE3aMIHHHX
XapUOBUX PEYOBMHAX, & TAKOXK MICTUTH O10JOTIYHO aKTHUBHI KOMITOHEHTH,
K1 HaJIal0Th MPOMIIAKTUYHY 10 Ha OpraHi3M JroauHu [23].

Hamu mocraBneHa Mera poOOTH pPO3poOKa HOBOTO KHCIOMOJIOYHOTO
HAIoI0 3 BTOPUHHOI CHPOBUHHU-MACIISIHKA 3 BUKOPUCTAHHSIM TMPUPOJIHUX
po- i IpedioTHKIB — 3 GiosIoriuHO-IHHUM KoMIuiekcom Spirulina platensis.

Dopmynosanns yinei cmammi (nocmanoska 3a80ants). JIoCIiKEHHS
MIKpOOIOJIOTTYHUX, OIOXIMIYHMX Ta  (PI3UKO-XIMIYHUX  IOKAa3HUKIB
MacJsSHKU-CUPOBUHU,  HamiBdaOpuKkaTiB B  Tpolieci  BUPOOHUIITBA
KHCJIOMOJIOYHOTO HAIo 31MCHIOBAJIA 3arajibHONPUINHATUMH METOJaMU
aHami3y, sKI BHUKJIQJCHI y BIANOBIAHMX CTaHAApTaxX 1 KEpIBHUUTBAX 3
MIKpPOOIOJIOTIYHOTO 1  TEXHO-XIMIYHOTO  KOHTPOJIKO  BUPOOHMIITBA
KHCJIOMOJIOYHOI MPOJIYKIIii, @ TAKOK METO/IaMH, 1[0 OMKCaH1 y CreliaibHIN
mitepatypi. B Tabnuii 1 HaBeleHI METOIUKHU JOCIIIKEHb.

Tabnuys 1
MeToaVKHN TOCIIKEHD
TToka3HUK TIpHHIMIT METOTY TOCITI/PKEHb
Bin6ip 1mpo6  cupoBuuu- | 3a OCT 26809-86
MAacCJIsTHKHU 1 MIATOTOBKA 1X 10

aHaJizy

Macosa yacka xupy, % Kucnoraum meronom ['epbepa 3a TOCT 5867-
90

MacoBa yacTtka Oinka, % 3a JICTY 7057:2009

AxtuHa xucnotHicte (pH), | 3a JICTVY 8550:2015

(om)

TutpoBaHa KUCIOTHICTS, °T Tutpomerpuunum metosiom 3a 'OCT 3624-92

['ycruna, rp/cm® Apeomerpuuanm metogom 3a 'OCT 3625-84

CryniHp 4HMCTOTH MoOJIOKa, | DIIbTPYBaHHAM

rpyna

Bin6ip npo6 pyist M/6 ananizis | 3a JICTY IDF 122C:2003

KuiskicTe anuao¢inepHol | MeTooM rPaHUYHHX pO3BEIEHD Ha

nanuyku, % CTEPHWJIBHOMY 3HEKHPEHOMY MOJOLI TpHU
temnepatypi 43 °C

KMA®ARM, xyo/cm® 3a JICTY 7089:2009

M.u. azor. cmnonyk y /M | Merogom K’enpmans y mogudikamii BHIIMC
Haroi, %
Ckiaa BITbHMX aMiHOKHCIIOT, | 3a JOIOMOTOI0 aMiHoaHaiizatopy «Bio-tronik

% LC 2000» micist oOpoOku PO3YMHOM
Cynb(hoCATIIIIOBOT KUCIOTH

Opakiiiftauil ckiajg OuIKiB K/M | MeTtogom enexTpodopesy B

Hanois, % nojiakpinamigaomy rem (merox Jlemmi y

Moaudikalii 3 BBEACHHSIM Yy T'elIb CEYOBHHM )
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Ocnoéna uwacmuna. Po3poOka iHHOBAIIHOT TEXHOJIOTIl MOEIHAHHS
VHIKaJIbHHX  XapuoBHX  3CJIIEHHX  Bojopocteii Spirulina platensis 3
BTOPHMHHOIO  CHPOBHHOIO,  3aKBallICHOI  MiAiOpaHUMU  IITaMaMH
MPOOIOTHYHHUX KYJIbTYyp. P03po0iieHMid TpOAYKT MOXE 3aiHATH MiCIe
KHCJIOMOJIOYHOTO HArol0 B CHUCTEMI XapuyyBaHHs HaceleHHs. B skocti
CUPOBHMHH JIJIs1 BAPOOHUIITBA HATOI0 OyJia BUKOPUCTAaHA MACIISHKA.

MacnsiHka — 11e 11a3Ma BEPILKIB, SKy OTPUMYIOTH 1] Yac cenapyBaHHs
BEpIIKIB Ha COJIOJAKOBEPIIKOBE Macyio. XapyoBa IIHHICTh MACISIHKU
3YMOBIIIOE HEOOXI1JIHICTh 11 TOBHOT'O 300py ¥ BUKOPHUCTAHHS MO0 MOKJIUBOCTI
JUIsl TIOBHOTO 3aKPUTOTO IIUKITY BUPOOHUIITBA.

XIMIYHUM CKJIaJ MACISTHKU 3aJICKHUTh BiJl BMICTY KUPY Y BEpIIKax, ix
KHCJIOTHOCTI, TEMIIEpaTypu Ta MeXaHIYHOi oOpoOku. BiIKOBI pedyoBHHHU
MACJISHKM Oarati IIMCTAHOM, JI3MHOM, MCTHOHIHOM Ta IHIIAMH
HE3aMIHHUMH aMIHOKHCJIOTaMU. B Ta0auil 2 HaBeIeHUM XIMIYHHHA CKJIaJ
MaCJISTHKH.

Tabnuys 2
XIMIYHHUH CKJIag MacJIsTHKU
Macnsiaka
[Toka3Huk
(3 COJIOKOBEPIIKOBOTO MacJia)
BMicT cyxux pe4oBuH, % 9,1(8,3-9,5)
Bwmict nmakrosu, % 4,8 (4,74.,8
Bwicr 6inky, % 3,1(2,9-3,2)
BwMict Mos10uHOrO0 %HpY, % 0,4 (0,4-0,7)
Kucnotnicte TuTpoBana, °T micins
BB 20 (20— 21)
I'ycruna, kr/m° (3a Temneparypu (20
+2) °C) 1030 (1027 — 1029)
Bubip 3akBacok mpo- 1 mnOpeOdiOTUKIB s BUTOTOBJICHHS

KHCIIOMOJIOYHOTO HAMO0 Ha OCHOBI MACJISTHKY MPOBEACHO HAa KOHIICHTpaTax
BUpPOOHMKA OakTepiaibHUX KyJabTyp «LleHTp po3BUTKY MikpoOiojorii Ta
oioximii «Biochemy (BupoOHuK mpobioTukie 3 1978 p. po3ramoBaHuii B
eKosoriyHo yuctomy perioHi Itamii) 1 AHB BupoOnumnrea Jlep:kaBHOTO
nociigaoro mignpuemctBa (JII1) [HCTHTYTY TpOIOBOIBYUX peECypCiB
HAAH, M. KuiB (BupoOHMK mpo- 1 mpeOioTukiB Ykpaina). B skocTi
OCHOBHOi CHpPOBMHHU 3aCTOCYBaJM OakTepiaibHy 3aKBacKy Me30(iIbHUX
MOJIOYHOKUCIMX OakTepid 1 JOMAaTKOBY — 3aKBAaCKM TEpMOMIITEHUX
MOJIOUHOKHUCITHX TAINYOK.

Jlo ckiiamy oCHOBHO1 OaKTepiaJibHOI 3aKBAacCKW BXOJIuTh Lactococcus
lactis subsp. lactis, Lactococcus lactis subsp cremoris, Lactococcus lactis
subsp diacetilactis, Lenconostoc lactis.

OO0’€KTOM JIOCHIIPKEHHS € TIOKAa3HUKU SIKOCTI KHCJIOMOJIOYHOTO
MPOJYKTY, OTPUMAHUX HUIIXOM KHCJIOTHOI KOaryJssiii O1IKIB MACJISHKH 3
BUKOPHUCTAHHSAM CITIPYIiHH.
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[IpenMeTn MOCHIKEHHS: MAcCisIHKA, CIIpYyJiHA, OpPraHOJENTHYHI,
Gb13UKO-XIMIYHI TIOKa3HWKK (MacoBa 4YacTka Oisika, KUCIOTHICTh, CTYITiHb
cuHepesucy). B Tabnmmi 3 HaBegeHa XapaKTEpHUCTHUKA 3aKBAaCOK
JaKTOOAKTEPiH, 1110 BUKOPUCTaH1 Y poOOTI.

Tabnuys 3
XapakTepucTHKa BUKOPUCTAHUX 3aKBACOK JIAKTOOAKTEpi
HazBa Kommnanis- CkJ1ag 3aKBacKu
Bun 3akBacku
3aKBACKU BUPOOHUK JIb
OcHoBHa «entp Lactococcus lactis | «Gout-Foud»-nipucyrHi
KOMILJICKCHA PO3BHUTKY subsp. lactis, JUIIOKOKH, KOKKIB
MikpoOiosorii Ta | Lactococcus lactis PI3HOI JOBKHUHU
Oioximii subsp Lactococcus
«Biochemy lactis subsp
diacetilactis,
Lenconostoc lactis
JlomaTkoBa [HcTHTYTY Lactobacillus b3 «AHB» xokku
IPOJOBOIBYHX acidophilus IPHUCYTHIMHU
pecypciB HAAH | (HeB'si3ky pacy) najgoyKaMHu pi3HO1
JTOBXKUHU

[Tpu po3podi1i penentypu KUCIOMOJIOYHOTO HAMOK 3 MACISIHKH HAMU
OyJ10 TTOCTaBJICH] HACTYITHI 3aBJaHHS: BUBUUTH Ta JOCIIIUTH TEXHOJIOTTIH1
BJIACTUBOCTI CHIPYJIHM I KHUCJIOMOJOYHUX HamoiB 3 MAaCSHKH
PO3POOHTH PElENTypy Ta TEXHOJIOTIYHY CXeMy BHPOOHHIITBA TOTOBOI
OPOIYKIlii; OOTPYHTYBAaTH  CIIBBIJHOIIEHHS  MIKPOOPraHi3MiB, IO
N1JCUITIOBATUMYTh CMaKOBI BJIACTUBOCTI BUPOOY; JOCIIIATH
OpraHoJICNITUYHI, (b13MKO-XIM14HI, MIKpOO10JIOT14HI1 MTOKA3HUKHU
KHCIIOMOJIOYHOTO Hamoto 3 maciasakd [8-10]. B rtabGmumi 4 nHaBeneHi
MOJIEIbHI Xap4yoB1 KOMITO3UIIi HAIOIO.

Tabnuys 4
MopenbpH1 XapuoBi KOMITO3UITT HAMO), KT
Peuentypnu
Ha3Ba komnoHneHnra
Ne 1 Ne 2 Ne 3
MacnsHka 920,0 910,0 900,0
I{ykop 50,0 55,0 60,0
Crmipynina 10,0 15,0 20,0
5 .
03aI<BaCI<a (1,8"A) ocHOBHOi 10,2 20,0 20,0 20,0
% NOIATKOBOT)
Buxig roToBoro npoaykry 1000 1000 1000

3 HaJlaHUX MOJCITHHUX XapYOBUX KOMIO3UIIIH 0OpaHo 3pa3ok Ne 2, mo
Ma€e HaWKpalll BJIACTHBOCTI Ta Ha HOTO OCHOBI PO3POOJIICHO pPEIenTypy
HOBOTO HATOIO .

HacTtynmuuMm eranom nociiJpkeHHsT Oysno po3poOJeHHST TEXHOJIOT1UHOI
CXEMH, 110 MpeJICTaBIeHa Ha PUCYHKY 1.
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Ouinka K0CTi MacIaHKH (KucaoTHicTs, °T — 1027-1029; ryctuna, Kr/m3 —

1027-1029; BmicT cyxux pedoBuH, % — 8,3-9,5)

{

[Macrepusanis (t= 100+5 °C,1=25 cek)

{

OX0JI0KEHHS 10 TeMIIepaTypH 3akBainysanns (t= 30+2 °C)

3axpamrysanns (t= 30+2 °C, 3akBacka npsAMOro BHECEHHs)

y
Cxsamrysanus y pesepyapax (t= 302 °C, 1=6-8 ron, 10 yTBOpeHHs
3TYCTKY)

Y

BHECEHHs Y CKBAIICHUH IPOIYKT CYXOro MOPOLIKY CHIpYJIiHM Ta IyKpy |
Y

IlepemimyBanns Ta oxonomkenns (t= 20 °C, 1=15-40 xs) ‘
\’

PosnuB Ta nakyBaHHs rotosoro Hamnoto (t= 20 °C) ‘
Y

BuspipanHs Ta gooxonomkenns (t= 0-8 °C, 1=24 ron) ‘
y

36epiranns (t= 0-8 °C, ne Ginbie 14 1i0)

Pucynok 1. TexHosoriuHa cxema BHPOOHMIITBA KHCJIOMOJIOYHOIO
MNPOJYKTY 3 MacCJIsIHKA

Jl71st mpoBeIeHHS TOCIIIPKEHHS TOTYBaJIM 3 3pa3Ky HAIO0 3 MaCOBOIO
JacTKO Oinka 2,9-3,2% 3 pi3HUMU J103aMH MAciasSHKH Ta KOMOIHAIlISIMH
CHIPYJIIHM B PI3HUX MacoBUX dYacTkax. J[ms 30aradeHHs Hamow 1
dbopMyBaHHS  XapaKTEPHOi TYyCTOI KOHCHUCTEHIlI BHUKOPUCTOBYBAJIH
Cripyniny (TM «®yn ®akrtopi»). TM mae peectpariro FDA (Food and Drug
Administration — AmepukaHcbke (eaepaibHe YIpaBIiHHSA 13 HAIVIIAY 32 SKICTHO
XapuoBMX 1 JIKyBaIGHMX mpemnapariB). Jlo3u 3akBacku: 1,8 % OCHOBHOI
(BupoOHUK LleHTp po3BUTKY MikpoOiosorii Ta 6ioximii «Biochem») i 0,2 %
JI0IaTKOBOi [HCTUTYT MpPOJOBOJIBUMX pecypciB  bakrepianbHi KylabTypu
BupoOsie «LleHTp po3BHTKY MikpoOioorii Ta 6ioximii «Biochemy» i AHB
BupoOHunra IIMP (BupoOHUK mpo- 1 mpedioTukiB Ykpaina). B sxocTi
OCHOBHOi CHPOBMHHU 3aCTOCYBaJM OakTepiajibHy 3aKBAacKy Me30(iIbHHUX
MOJIOYHOKUCIMX OakTepid 1 JOMAaTKOBY — 3aKBAaCKM TEpMO(MITBHUX
MOJIOYHOKHUCIINX Taaudok. J[o ckiagy OCHOBHOI OaKTepiaibHOI 3aKBAaCKH
BxoauTh Lactococcus lactis subsp. lactis, Lactococcus lactis subsp cremoris,
Lactococcus lactis subsp diacetilactis, Lenconostoc lactis.
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3pa3ku Hamolo TOTyBalu B JlabopaTopii xapuoBux BupoOHULTB BTEI
KHTEY, ceptudikoBaHoro CuCTeMOI0 ympaBiiHHS SKICTIO (cepTudikat No
UA.80050.063 QMS-21 peceprudikoBanmii Bim 21.06.2021) vy
BIJIMOBITHOCTI 7O KJACHYHOI TEXHOJOTIYHOI CXeMH BHUPOOHHUIITBA
KHCJIOMOJIOYHOTO NPOJIYKTY (pUCYHOK 1).

Oco0MMBICTIO BHECEHHS OakTeplalbHMX 3aKBACOK € Te€, IO ITICHsA
BHCOKOTEMITIEpaTypHOTO 00po0IeHHS MacIsHKH 3a pexxumoM (100+5) °C 3
BUTPUMKOIO 25 ¢ Ta mpoBoAwIM oxosojkeHHs g0 30+2 °C. 3akBacky
rOoTyBajJd Ha OXOJIOAKEHOMY MOJIOIIl, TEPEMINTYBaJId MPOTATOM S5 XB IS
PIBHOMIPHO PO3MOJILTY CKJIAJOBUX 3aKBACOYHMUX KYIbTyp. BHOCWIM pi3He
CITIBBIAHOIIIEHHS OCHOBHOI 1 J0JaTKOBOI 3akBacku: 1,8 % ocnoBHoi 1 0,2 %
nonmatkoBoi. CKBamryBaHHS TPOBOIWIM O THUTPOBAHOI KHCIOTHOCTI HE
menme 75- 80 °T (pH=4,7). Jani nogaBanu Cyxuil MOPOLIOK CHIPYJIIHU
(1yn=20 rpam): 1 3pa3ok - 10rp, 2 3pa3ok -15 rp, 3 3pazok - 20 rp, 4 - 25
rp). 3pa3Ku KUCIOMOJIOYHOIO HAMOIO OXO0JIOKYBAJIM 1 30epiraiu B yMoBax
XOJIOMUIIBLHOT KaMepu mnpu Temreparypi (4+2) °C He MeHIIe 8-MU JHIB.
[licns 1MX TEXHOJOTIYHHUX ONepaliid MPOBOJUIM  BUIPOOYBAHHS.
3minryBaHHs MPOBOAMIIN MiKcepoM. [lacTepusaliito MacassHKH 3111 CHIOBAITN
B CUpOBHpoOHHYOMY KoTii mapku FJ 15. Po3poGrneno 3pasku cymimieit
Nel,2,3.

Pucynok 2. Mininactepuszatop-cupoBapus Mapku FJ 15

B tabnuii 5 nmpeacTaBiieHi pe3yabTaTh OPraHOJCITUHYHUX JOCHTIKEHb
rOTOBOTO MPOAYKTY, 1110 30araucHuii mpediotukom Spirulina platensis Ta
npobioTrikoM (ocHOBHHMM — Lactococcus lactis subsp. lactis, Lactococcus
lactis subsp cremoris, Lactococcus lactis subsp diacetilactis, Lenconostoc
lactis; nomatkosum — Lactobacillus acidophilus).

B taGnuni 6 HaBegeHUH XIMIYHUN CKJIa KHUCIIOMOJIOYHOI'O HAIIOKO, IO
30araueHuil mpo- 1 mpeGiOTUKOM.
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Tabnuys 5

OpraHonenTHYHI MOKa3HUKH KUCIIOMOJIOYHOTO HATO0, M0 30aradyeHui
po- 1 MpebiOTHKOM

HaiimenyBanu 3pa3ok
s TIOKa3HUKA Ne 1 Ne 2 Ne 3
T Te— . } OnuHopiHui OnuHopiaHMi
S ; OpHopiaHmit 3TyCTOK, He3HAHE 3yCTOK,
. 3TYCTOK. BIJIIUICHHS KpyIiH4YacTa
KOHCHCTEHIIis ;
CHPOBATKH KOHCHUCTCHITIS
He Bupaxennii Crnenudiuyauii
KucIoMonouHult , 3 | Kucnomonounuit 6€3 | KUCIOMOJIOYHUN
2. Cmax 1 3amax CTOPOHHIM CTOPOHHIX BITUYBA€THCSA
IPUCMAKOM IIPUCMAaKIB 1 3amaxiB CTOPOHHIN
CHIpYyJIiHA pUCMaK
3. Konip binuii, 3 3eneHyBaTUM BIATIHKOM
Tabnuys 6

XIMIYHUM CKJIaJT KUCIIOMOJIOYHOTO HAIOIO 3 MACIISIHKH, 1110 30araueHuit
po- 1 TpebiOTUKOM

HaitmenyBaHHs 3pa3ox

MOKa3HUKA No 1 No 2 No 3
Bwmict xupy, % 0,4 0,4 0,4
Bwmict cyxoro 8,0 8,0 8,0
3HEKHUPEHOT'O0 MOJIOYHOTO
3aIIMIIKY, %
Kucnotnicts TTpOBaHa, 110 105 100
°T
Temneparypa, "C 8 8 8

B tabnuni 7 HaBeAeH1 MIKpOOI1OJOTIYHI MOKa3HUKH KHUCIOMOJIOYHOTO
HAIIOl0, 1110 30arayeHuii Mpo- 1 MPeOiIOTUKOM.

Tabnuys 7

Mikpo610JI0TTYHUN KOHTPOJIb KUCIOMOJIOYHOTO HAIO0, 110
30arayeHuii npo- i nped10TUKOM

HaitmeHnyBaHHs moKa3HHKa 3pasok
sB Nl | M2 | N3

baktepii rpynu KHUIOKOBUX MaJUYOK
(xomipopmu), B 0,1 cM® KHCIOMOIOYHOTO He BusiBneni
HAroo
I[Tnicuasi rpu6u, KYO B 1 cm® He Busiieni
[TaTorenHi MiKpOOpraHi3amMH, B TOMY YHCII .

3 He BusiBnen1
oaktepii poxy Salmonella, B 25 cm
KinbKiCTh KUTTE3AaTHUX MOJIOYHOKUCIHX

! AaTH 1,0x107 | 1,0x107 | 1,0x107
oakrepiit, KYO B 1 cm
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Bucnosku. OpHi€0 13 BaXIUBUX CKJIAJOBUX PO3POOJIECHOTO HaMHU
KHCJIOMOJIOYHOTO HAIOI0 € CIipyJiiHa, fKa IIMPOKO 3aCTOCOBYETHCS IS
MOJINIICHHS CMaKy Ta 30aradeHHs mnporeiHamu. Hamm po3poOiieHa
IHHOBAIlIfHA TEXHOJIOTIS MOENHAHHS YHIKAJIbHMX XapuUOBHX 3€JICHHX
Bojjopocteit Spirulina platensis 3 BTOPHHHOIO CHPOBHHOIO, 3aKBaIICHOIO
ni10paHUMHM IITaMaMU MPOOIOTUYHUX KYJIBTYP.

B xo/1 ekcriepuMeHTaIbHUX JTOCTII)KEHb BCTAHOBJICHO, 1110 HEUITbHUN
3TYCTOK 3 CIIPYJIIHOIO TMOTIPIIy€e€ CUHEPTreTUYHI BJIACTUBOCTI 3TYCTKY, IO
JIOBEZCHO HEHTPU(PYTYBAHHAM MPOTITOM 5-25 XB 3TyCTKIB, OTPUMAaHUX 3
MacJsHKM, $IKa  TpOMIUIa JBOCTYIEHEBY macTepusaiio. HalimMeHiry
KUIBKICTh CHPOBATKH OTPUMAIU B 3pa3Ky 3 HaWOUIBIIOIO 03010 BHECEHHS
CripysiHu-25. BuszHaueHO oNTUMaibHI CIIBBIAHOIICHHS KOMIIOHCHTIB
(MacIJIsIHKY, 3aKBacKH, IyKPY Ta CHIPYJIHW) JJs OPUTOTYBaHHS Xap4yOBOi
KoMmo3uIlii. BcraHoBieHO TapaMeTpw — TEXHOJOTIYHOTO  TPOIECY
IPUTOTYBaHHS HPOAYKTy (CKBalIyBaHHs y pesepByapax t=30+2 °C, 1=6-8
TOJI 10 YTBOPEHHS 3TyCTKY).

OTpuMaHMil KHCJIOMOJIOYHMI Hamiil sBiise coO0I0 MONIAUCIEPCHY
KOJIOITHY CHCTEMY, B SIKiii MacisHKa € JHUCICPCIMHUM CEpPEIOBHINEM, a
OUIKM MacisiHKM Ta CHIpyJiHa — JucrhepcHoro ¢aszor. PesynbraTti
JOCIIJKEHb TIOKa3alid, 110 32 TUX CaMUX YMOB MPOLECY KOaryJssiii 3i
30UTBIIIEHHSM KUTBKOCTI CIIPYJIIHHU, 10 AOJAEThCS, 3 15 10 25% 3MiHIOETHCS
KHUCIIOTHICTh TOTOBOTO MPOIYKTY.

B iHHOBaIIiHOMY PO3BUTKY MOJIOYHOT TaJly31 TEXHOJIOTS MPOAYKIIIT 3
BUKOPUCTAHHA POCIMHHOTO €KCTPAaKTy 31 CIIPYJIHU CTaHE HOBUM
HampsAMKOM 30aradyeHHs TPAAUIIHHAX KHUCIOMOJOYHUX HAMOIB IS
PO3LIMPEHHSI  CHEKTPY MNPOAYKIIi (PYHKIIOHAIBHOIO MpPU3HAYECHHS.
Po3pobnenuit  mpoayKT ~MoOke 3alHATH  Miclle  (DYHKI[IOHAJIBLHOTO
KHCJIOMOJIOYHOTO HATO0 B CUCTEMI 3/J0POBOTO Xap4UyBaHHS HACEICHH.

[TomanpmiuM eranoM poOOTH HAJ MITHATOK MPOOJEMOIO CTaHYTh
JOCHIDKEHHST 3 YJOCKOHAJICHHS  MIKpOOIOJIOTIYHUX  TMOKAa3HMKIB
PO3pOOIIEHOTO KUCIIOMOJIOYHOTO HAIOTO.
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I. Vlasenko, T. Semko, O. Ivanishcheva
Vinnytsia Institute of Trade and Economics
of Kyiv National University of Trade and Economics

TECHNOLOGY OF SOUR MILK DRINK FROM SECONDARY MILK RAW
MATERIAL

Summary

The technology of a new sour milk drink from secondary raw milk (buttermilk)
with the use of natural prebiotics - biologically valuable complex Spirulina platensis is
proposed in the work. The use of the most common prebiotics is specified.
The use of probiotics and their health benefits for the digestive system are based on
scientific data obtained in the EU. Spirulina platensis is a spirulina that can be
successfully used in everyday foods as a source of biologically valuable components.
Spirulina - a product with a high protein concentration - 65 - 72% by weight of algae.
Experimental studies have shown that a loose clot with spirulina impairs the synergistic
properties of the clot. The lowest amount of serum was obtained in the sample with the
highest dose of spirulina-25. The optimal ratios of the components are determined.
The parameters of the technological process of product preparation are set.
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The resulting fermented milk drink is a polydisperse colloidal system in which
buttermilk is a dispersion medium. The results showed that under the same conditions of
the coagulation process with increasing amount of spirulina added, from 15 to 25%
changes the acidity of the finished product.

The use of the most common prebiotics is specified. The introduction (main and
additional) of strains of basic and additional leaven is determined. The use of the unique
food green microalgae Spirulina platensis as a source of biologically valuable
components is proposed. Butter drink is enriched with protein in the amount of 2.9 - 3.2%,
which will significantly affect the quality indicators, namely improving the structure of
the clot in the drink.

Samples of the drink were prepared in the laboratory of food production VTEI
KNTEU, certified by the quality management system (certificate No UA.80050.063
QMS-21 recertified from 21.06.2021) in accordance with the classic technological
scheme of production of fermented milk product.

Key words: technology, drink, product, butter dish, spirulina, sourdough, strains,
clot, structure, dose, organoleptic characteristics.
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OEPMEHTATUBHA AKTUBHICTb IIJIOAIB BUIIIHI 3A OBPOBKH
PO3YMHOM XITO3AHY

Anomayis. CTaTT NOpPUCBIYEHA HOBHM TEXHOJIOTISIM 30€piraHHs
IUIOJIB  BHIIHI 33 BHUKOPUCTAHHA TMOMNEPEIHbOI OOpPOOKH  IJIOJIB
nojlicaxapuJIHUMU KOMITO3UIIIIMM  XITO3aHY Ta CajillUJIOBOI KHUCJIOTH.
3acTocyBaHHS TOIEpPeHBOT 0OPOOKH PO3YMHAMH JO3BOJIUTH TOJOBKHUTH
TepMiH 30epiraHHs IJI0IB BUIIHI Ta IIIBUIIUTH PIBEHb AHTHOKCHUIAHTHHUX
dbepMeHTIB TEepOKCHAa3W Ta CYNEPOKCHIJAUCMYTa3H, SIKi 3amobiraroTh
OKHUCJTIOBAJILHOMY CTpECy IUIOMNIB BHUIIHI Ta aKTHUBYIOTh aKTUBHI (OpMH
KHCHIO. AKTUBHICThH (D€pPMEHTIB MEPOKCUIA3H MPOTATOM 30€piraHHs IJI011B
nigBuiyerbes B 3,0—3,5 pa3 ta cynepokcuaaucmyTasu Ha 6,3 ta 11,1%.
[TepcnieKTUBOIO MOJANBIINX JOCIIKEHD € TI0/IabIIIE BUBUCHHS MEXaHI3MY
J1i ToJicaxapuJaHUX KOMIIO3UIIN Ha aHTUOKCHJIAHTHY CHUCTEMY IUIOIB
BIIPOJIOBK 30€piraHHs.

Kntouogi cnosa: miogu BUIIHI, IEPOKCHUIa3a, CYNEPOKCUTUCMYTa3a,
AHTUOKCHJAaHTHA aKTUBHICTb.

llocmanoeéka  npoonemu. Bumnga —  (Qpykr 13 3HAYHOIO
AHTHUOKCHUIAHTHOIO aKTHUBHICTIO KA BHUSBIIICTHCA B HAIBHOCTI O10J0TTYHO
AKTUBHUX CIIOJIYK 3 AQHTHOKCHUIAHTHUMHU BJIACTHUBOCTSIMHU, BKIIIOUAIOYH
nomid)eHOMM, BITaMIHM, aHTOIIAHM Ta KapoOTHHOIIW. JlociiKeHHIMU
BCTAHOBJICHO, 1110 HASIBHICTh aHTUOKCHUJIAHTIB B IJIOAAaX BHIIIHI MTOMIEPEIKYE
3aXBOPIOBaHHs,  BKJIOYAIOYM  CEpLEBO-CYJUHHI,  JAia0eTHUYHI  Ta
pecnipaTtopHi.

depMeHT KaTana3a € MOTYKHUM aHTUOKCUJAHTHUM (DEpMEHTOM, KU
KaTajli3y€e PO3KJIaJaHHS MEPEKUCY BOJHIO HAa BOAY 1 KHCEHb, TUM CaMHM
3MEHIIYIOUM LIKIJIJTMBI BIUIMBH, BUKIJIMKAHI BUIBHUMHU pajuKaiaMu. Y TOU
Ke yac (pepMEeHT CYyNepOKCHIUCMYyTa3a BIAIrpace BAXKIUBY POJIb Yy 3aXUCTI
KIITAH BiJg 0araThOX 3aXBOPIOBaHb, TAaKWX SK paK, BUKIMKAHUU
CYNEPOKCUIHUMH PaJHKaIaMHu.

Ananiz  ocmamnmuix  oocniodcenb.  BuUSBIEHO, 110  aKTUBHICTH
AHTUOKCUIAHTHUX (epMeHTiB karamasu B perioHax Ereiicekoro,
Cepenzemuoro mops ctaHoBuTh 4,330, 4,077 12,663 o/ BiIIOB1IHO, B TOM

© O. B. Bacwiummna
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Yac sIKk aKTUBHICTh (DEPMEHTIB CYNEpOKCUINCMYTa3u ckiaaae 5,215, 7,176
1 3,076 on/n. PesynpTaTél AOCHIIHKEHb TOKA3ald, IO AHTHOKCHIAHT
dbepMeHTaTHBHA aKTUBHICTH IJIO/IB OyJa pi3HOIO Ta 3ajieXkalia BijJ pEeTioHy
BUpOIIYBaHHS [1].

AHTHOKCHJIAHTH 3aJIKHO Bij chepu J1i BUKOHYIOTh OCHOBI (hYyHKIII:
NOTJIMHAIOTh BUIBHI PaJUKaJM, MPUTHIYYIOTh YTBOPEHHS OKUCIIOBAUiB, €
X€JIaTOyTBOPIOBaul MEPEX1IHUX METAJIB; CIIOJYKH, 3[1aTHI CTHUMYJIOBATH
BUPOOJICHHSI €HJOT€HHUX AHTUOKCUJAHTHUX CIOJYK, 3a JDKEpeloM il
MOAUISIOTh Ha €K30TeHH1 a00 €HI0OTeHH1; MEXaH13MOMOM JIii — MepEeHEeCEHHs
aToMa BOJIHIO, IEPEHECEHHS OJHOT0 €JIEKTPOHA 1 3AATHICTD /10 X€IaTyBaHHS
nepexigHuX MeTamiB [2].

Pe3ynbpraTti qOCHIIKEHb MOKAa3aJId, O CATIIWIOBA KUCIOTA 1 HITpaT
KaJIBLIIIO BIJIrpaBajd Ba)KJIUBY POJb y 30€pekKEHHI SKOCTI Ta BPOKAIO
IJIOAIB 3U3U(yYCy, OCKIIbKM OOWJIBI PEUYOBHMHHM CIHPHUSIOTH 30€peKeHHI
HIUTBHOCTI IUIO/AIB, TATPOBAHOI KUCIOTHOCTI, 3araJlIbHOrO0 BMICTY (DEHOJIIB,
AHTUOKCHUJIAHTHOT aKTUBHOCTI, aCKOPOIHOBOT KUCIOTH 1 PEpMEHTY KaTalas3u.

Karanasa € olHUM 3 BaKJTMBUX (DEPMEHTIB, 3AaTHUX 3aXUILATH KIITUHU
BIJl OKHCJIOBAJbHUX MOUIKO/KEHb, IUIIXOM OYHIIECHHS aKTUBHUX (opM
KUCHIO. HakonuueHHsi akTUBHUX (DOpM KHCHIO TPU3BOJMTL 110 OKHUCHOI1
TpaBMH, 110 MIPUCKOPIOE CTApiHHS 1 XBOPOOH, TIOB si3aHi 3 posnagamu [3].

CynepokcuanucMyTaza 1 ackopOaTmepokcuja3za  MO3UTHUBHO
BIUIMBAIOTh HA AKTUBHICTh KaTaJla3u HETaTUBHO CIIBBITHOCSITHCS 3 BMICTOM
MaJIOHOBOTO JiajbJAETiy, MPUIYCKAIOUU, 110 OKUCITIOBAILHUNA CTpPEC €
YaCTKOBO BIJNOBIAAIBHUM 32 MOLIKOHKEHHSI MEMOpaHH M1J yac 30epiraHHs
[4].

Kartanaza Ta mnepokcujaza € HaWBaXIUBIIMIMMH JIETOKCUKYHOUUMU
(dbepMeHTamMu, SKI pa3oM 3 IHIIMMU (EPMEHTAMU YTBOPIOIOTH LUK IS
CTIPUSHHS OYUIICHHS aKTUBHUX (opM KuCHIO. KaTanasza mpucyTHs B Maiike
y BCIX aepoOHMX KIIITHHAX 1 3aXHIIa€ KIITUHY BiJ nepekucy BoaHto (H,0, ),
KaTali3yroun HOoro po3KiiaJaHHsa Ha KuceHb 1 Boay (O, 1 H,0). I[lepokcuaaza
IIUPOKO TONIMPEHA y BCIX BUIIMX POCIWHAX 1 3aXWIIA€ KIITUHH BIJ
py#HIBHOTO BIUTMBY Tmiepekucy BoaHio (H»O;) muisxom karamizy Woro
pO3KJIa/laHHs Yepe3 OKUCIECHHS (DeHOJIbHUX pedoBUH. CaliluioBa KUCIOTa,
€ BEJUKUM KOMIIOHEHTOM CHTHAaJbHOI cUCTeMH. UMCIEHHI pe3ynbTaTu
JOCTIKEHb MOKa3aJld, 10 CaTILIKIIOBa KUCIOTA 111 PyHKI1OHAIbHI aHAJIOTH
MaroTh 1HT10yI0UY 110, KaTaias3a 1 MepoKCuasa CirykaTh cyocTpaTaMu Jist
nepokcuaasu [S].

O6poOka X1TO3aHOM MOCHJTIOBajIa AKTUBHICTh TESKUX
AHTUOKCUIAHTHUX (PEPMEHTIB, BKJIIOYAIOUM CYNEPOKCHIUCMYTa3y 1
aCKop6aTnep0ch1;1a3y O6poOneHHs 1HrI0yBajlo aKTUBHOCTI (hEPMEHTIB,
3armo0iratouu oM SIKIICHHI 1 TMOAOBKEHHS TepMiHy 30epiraHHs IJIO/IB
yepelHi. AHTUOKCUJIaHTHI ()epMEHTH, Takl K KaTajia3a, Mepokcuaasa i
CYNEPOKCHITUCMYTa3a BaXXJIMBI aKTHUBHI BUIbHOPAAUKAIbHI (PEPMEHTH, 110
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(GYHKIIIOHYIOTh B POCIMHHHUX TKaHUHAaX [4].

KpiM TOro, axkTHUBHICTP AHTUOKCHUIAHTHHUX (EPMEHTIB Karanasw,
NEPOKCUIA3M,  CYNMEPOKCHUATUCMYTa3H  Ta  acKopOaT-mepoKcHIa3u
MiBUIIyBaacs i 9ac 300py IUIOMIB CIMBH, 0OpOOJICHOT caliuIaTaMH,
MOPIBHSIHO 3 KOHTPOJHbHUMU HEOOPOOJEHUMH IUIOJIaMH. AKTUBHICTh IMX
AHTUOKCHJIAHTHUX (DEpPMEHTIB TakoX Oyja BHsBJIEHAa Ha OLIbII BUCOKHX
PIBHSIX B CJIMBax, 00pOOJICHUX camiIuiaTaMu, IIiJ1 yac 30epiraHHs.

3HauHe 301JIbIIEHHS IUX AHTUOKCUJAHTHUX (EPMEHTIB BiJI0yBaIoCs y
IJ10/1aX TepCrKa 3a MiCII30MpaibHOT 00POOKH CATIIIMIOBOIO KUCIIOTORO, 1110
MPUCKOPIOBAJIO OYHUIIEHHSI CYNEPOKCHUIAHOIO pajvKalia, 10 yTBOPIOETHCS
M1 4ac J03piBaHHs IUIOJIB, 1 BIAMOBIAAE 3a BILUIUB OOPOOKHU CATIIUIOBOIO
KHCJIOTOIO Ha 3aTPUMKY IPOLECY T03pPIBAHHS TUIOIB.

Crniz BiA3HAYUTH, IO 00pOOKa CATIIUIOBOI0 KUCIOTOK MpU3BEa J0
NIJBUILIEHHS PIBHS 3arajbHOr0 BMICTY ()EHONIB 1 KapOTHUHOIAIB MpH
30MpaHH1 IUIO/IB CIMBH, @ TAKOXX aHTOL1aHIB, miciigd S0 THIB 30epiraHHs.

OOpo0IIeHHS MM1IBUIIYBAJIU aKTUBHICTh AHTHOKCUIAHTHUX (DEPMEHTIB:
NepOKCUIa3u, Karaja3u, acKopOaTHepOKCHIa3u, CYMEPOKCHITUCMYTa3H,
SK1 pa3oM 3 TOCWJICHHAM aHTHOKCUJAHTHHUX CIIOJYK, MOTJU O e€(heKTUBHO
CIPUATH YCYHEHHIO aKTUBHUX (OPM KHUCHIO 1, y CBOIO Uepry, 3aTpUMYBaTH
IpollecH MO3pIBaHHS Ta CTApPIHHA MicCisS 300py BpOXaro, IMOJOBKEHHS
TepMiHy 30epiraHHs IUIOAIB CIMBUA. TakuM YHWHOM, 3ac00M OOpOOKH
CaIIIIaTaMA MOXYTh OyTH O€3MEYHUMU, €KOJIOTTYHO YUCTUMHU Ta HOBUMH
3aco0aMu ISl TIOJIIMIICHHS Ta 30€pEeKEHHS SKOCTI ILIONIB, 1 OCOOJIHBO
BMICTY aHTHOKCHJIAHTHUX CTOJYK [5, 6].

Dopmynosanns yinei cmammi. METOIO AOCIIKEHb 0yJI0 BU3HAYCHHS
BMICTY aHTHOKCUJAHTHUX (DEPMEHTIB MPOTITOM 30€piraHHs IJIOAIB BUIIIHI
00p00JICHNX PO3UYMHOM CaJIIIIMIIOBOI KUCJIOTH Ta XITO3aHY.

Ochnoena ywacmuna. J1ns IpoBeICHHS JOCHIKEHb IO BUIIIHI COPTIB
[Tam st ApTeMeHnka Ta Anb(da 3a IeHb 10 30upaHHs 0OOIPUCKYBaIH BOJAHUM
po3urHOM 1% po3unny xiTo3any Ta 100 Mr/a caminuioBoi kuciotu. Yepes
100y 3HIMAIIK 3 IEPEB Ta YOTUPHOX CTOPIH KPOHH, TUIIOBI 3a 3a0apBICHHSIM
Ta (hopmoro Ta ykianamu B smuku Ne 5 o 5 kr y koxHui [7]. 3a KOHTPOIb
OyJ10 MpUHHATO HEOOPOOJICHI TUIOAN BUIITHI.

30epiranu TJIOAW B XOJOMWIBHINM Kamepl Kadeapu TEeXHOJOTil
30epiradHs 1 mepepoOKu IJI0MIB Ta OBOYIB 3a Temriepatypu 1+0,5°C Ta
BiIHOCHOT BosiorocTi moBiTps 95+1 %. IlinroToBky Ta BigOip 3pa3kiB st
anamizy saiicHioBanu 3a JJCTY ISO 874-2002 [8]. Kpurepiem 3akiHUeHHS
30epiraHHs TUIOAIB CIIY>KUJIM BTpaTH MacH He Ouibiie 6% [9].

[Ipotsirom 30epiraHHs BU3HAYald Ta AKTUBHICTH (PEPMEHTIB
nepokcuaasu, cynepokcugaucmyTtazu  [10].  TloBTopHicTh  mocaimy
TpuKpaTHa. MarematnuuHy oOpoOKy JTaHUX MPOBOAWIIN Ha MEPCOHATBHOMY
komm’rorepi 3a B. @. Moiiceituenko (1992) ta mporpamoro ,,Excel 2000”

[11].
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[lepokcungaza — pepmMeHT KIacy OKCHIOpPEAyKTa3, 1o Oepe ydacTh y
BITHOBJIGHHI ~ MEPOKCUAY BOAHIO 10 Boau [12].  AKTUBHICTB
AHTHOKCHUJAHTHOTO (hepMEHTY IepOKCHIa3u TOKa3aHo Ha puc. 1.

Tak axTHUBHICTH MEPOKCHAA3M B IUIOAax BUIIHI copTiB [lam saTh
Apremenka Ta Anbda 3Haxoauthes Ha piBHI 70—75 mrmonb H,O./rxB 1
MPOTATOM 30epiraHHs 3MeHITyBajgack. [Ipu yomy, i aKkTUBHICTh B IUIOJAX,
00po0JICHMX PO3YMHOM XITO3aHy Ha 15 moOy 30epiraHHs, OyJjia BUIIOIO B
1,8-2,2 (copt Ilam’ st ApTemenka) i 1,6—1,9 pa3 (copt Anbda), TOpiBHIHO
3 KoHTpoJieM. [Ipore HaliBUIII MOKa3HUKH 1i aKTUBHOCTI OyJM B IUIOJAX
BUIITHI, 0OPOOJIEHUX PO3UMHOM XITO3aHY Ta CAMIIIOBOI Kuciaotu — 3,0—3,5
pas.

Pazom 13 mepokcupazor depmeHT cynepokcuaaucmyTtaza (COJI)
BUKOHY€ POJIb IEPBUHHOI JJAHKU 3aXUCTY KIITUH BiJl aKTUBHUX (POPM KHUCHIO
[12, 13].
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TpuBanicts 30epiraHus, Tpusanicte 30epiranusi, 100:

no0a

—+—— 0e3 00pOoOKHU (KOHTPOJIb);
—#—— 1% po34UH XITO3aHy;
——— 1% xiTo3any Ta 100 MI/11 pO34nH CaTiUIOBOI KUCIOTH.

Pucynox 1. 3MiHa akTUBHOCTI (hepMEHTY NEPOKCUAA3H B TUIOJAX BUIITHI
coptiB Anbdpa (A) 1 [lam’are Aptemenka (b), 0O6pobieHUx po3YMHOM
X1TO3aHy 3 CAMIIMIOBOIO KUCIOTOO Tiepen 30epiranasm (HIPys = 1,1)

3 pucyHka 2 BHUJHO, [0 MPOTATOM MEPIIUX I SATH 110 30epiraHHs
mroAiB aktuBHICTE COJ] OuIbI cTabiabHA.
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——— 0e3 00poOIIeHHs (KOHTPOJIb);

—#—— 1% pO3uUuH XiTO3aHy;

——— 1% xiTo3any Ta 100 Mr/11 po34nH CaTIIUIOBOI KUCIOTH.
Pucynox 2. 3miHa hepMeHTy CynepOKCHAIMCMYTa3! B IJIOAaX BUIIHI
coptiB Anbdpa (A) 1 Ilam’are Aptemenka (b), 00pobieHHUX pPO3UHMHOM
X1TO3aHy 3 CAIIMIOBOIO KUCIOTOO niepen 30epiranusam (HIPys = 0,18):

[Ticns uporo mepiogy Ta 10 KiHIS 30€piraHHs B KOHTPOJBHOMY
BapiaHTI BOHa 3HIKyBamack Ha 9,6—11,7%. Ilpu YoMy B KOHTpOII
aktuBHIicTh CO/] 3MeHIIMIach MIBULIE HIXK 32 BAKOPUCTAHHS MONEPEAHBOT
00pobku tioxiB (Ha 4,2—6,3% (copt Ilam ate Aptemenka) ta 6,7—11,1%
(copt Anbpda)). IToaidny upomy HaiBuily aktTuBHicTe COJl Manu mioau
BUIIIHI, OOPOOJICHI XITO3aHOM 13 CATIIUIIOBOIO0 KUCT0TOo — Ha 6,3—11,1%
BUILE, TTOPIBHSIHO 3 KOHTPOJIEM.

Otxe, moicaxapuIHi TOKPUTTS CIOBUIBHIOIOTh OKHUCITIOBAJIIBHUI
CTpeC TIUIOMIB BHUIIHI NUIIXOM MATPUMAHHS BHCOKOI aKTHBHOCTI
AHTUOKCUIAHTHUX (DEPMEHTIB Yy TUIOJIaX Ta 3aXUIIAIOTh CTPYKTYPY MeMOpaH
B1JI IEPEKHUCHOT'O OKUCIICHHS.

Mix BMICTOM aHTHOKCHUIAHTHUX (EPMEHTIB BCTAHOBJIECHO CHIIbHY
KOPEJISIIHY 3aJIe)KHICTh Ta BUBEJICHO BIJMOBIIHI PIBHSIHHS perpecii (puc.
3).

Tak, aktuBHICTH cynepokcuaaucmyTasu (COJl) — 13 mepokcuma3oro
(r=0,64+0,01), mo Bkazye Ha B3aEMO3B’S30K MISUIBHOCTI (HEPMEHTIB
POTATOM 30€piraHHs.
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AKTHBHICTb CyNEPOKCHITUCMYTa3U, YM.O/I.
Pucynok 3. KopensuiiiHa 3a/1eHICTh aKTUBHOCT1 (JEPMEHTIB

Bucnosxku. OTxe, akTUBHICTh AHTHOKCHJAHTHHX ()EPMEHTIB IUIOJIB
BUILIHI OOPOOJIEHUX PO3YMHOM CAIIIUIOBOI KUCIOTH 3 XITO3aHOM 3HA4YHO
BUIIA: Iepokcuaasu B 3,0—3,5 pa3 ta cynepokcuaaucmyrtasu Ha 6,3—11,1%,
MOPIBHSIHO 3 HEOOpPOOJEHMMH IUJIOJAMH, IO CIPHUS€E 3HEHIKOJKEHHI
aKTUBHUX ()OPM KHCHIO, SIKI HAKOIHUYY€ETHCS BOPOAOBX 30€piraHHs Ta
30epexeHH1 SKOCTI TUIOAIB. BCTaHOBJICHO KOPENSIIHY 3aJIeXKHICTh MK
dbepMeHTaMu Ta BUBEJACHO PIBHSAHHS perpecii. [Toganbim 1ociKeHHs CITijL
HalpaBUTH Ha BHUBUCHHSA J1i AHTHOKCUJIAHTHUX (EPMEHTIB IUIOIIB
BIIPOJIOBK 30€epiraHHs 3a 00poOKH MoJicaxapuIHUMHA KOMIIO3HITISIMU.
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O. Vasylyshyna
Uman National University of Horticulture

ENZYMATIC ACTIVITY OF CHERRY FRUITS TREATMENT WITH
CHITOSANE SOLUTION

Summary
The article is devoted to new technologies of cherry fruit storage using pre-
treatment of fruits with polysaccharide compositions of chitosan and salicylic acid. The
use of pre-treatment with solutions will extend the shelf life of cherry fruits and increase
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the level of antioxidant enzymes peroxidase and superoxide dismutase, which prevent
oxidative stress of cherry fruits and activate reactive oxygen species.

The aim of the study was to determine the content of antioxidant enzymes
peroxidase and superoxide dismutase during storage of cherry fruits pre-treated with a
solution of salicylic acid and chitosan. The fruits of cherry Pamyat Artemenko and Alfa
varieties were selected for research. The day before harvesting, they were sprayed with
an aqueous solution of 1% chitosan solution and 100 mg /1 of salicylic acid. A day later,
they were removed from the trees, typical in color and shape, and placed in boxes of 5 kg
each. Raw fruits were taken for control. The fruits were stored at a temperature of 1 +
0.5° C and a relative humidity of 95 £ 1 %.

During storage, the activity of peroxidase in the fruits of cherries of the varieties
Memory Artemenko and Alpha is at the level of 70—75 pmol H20; / g min. During
storage, it decreased in fruits treated with chitosan solution on the 15th day of storage,
was 1.8—2.2 times higher in the variety Pamyat Artemenko and 1.6—1.9 times Alpha. Its
highest activity was in cherry fruits treated with a solution of chitosan and salicylic acid
—3.0-3.5 times. Superoxide dismutase activity decreased faster than with the use of pre-
treatment of fruits by 4.2—6.3 % in the variety Pamyat Artemenko and 6.7—11.1 % in the
variety Alpha. Cherry fruits treated with chitosan with salicylic acid had the highest
activity — 6.3—11.1 % higher than in the control.

Thus, the activity of peroxidase enzymes during fruit storage increases by 3.0-3.5
times and superoxide dismutase by 6.3 and 11.1 %. The prospect of further research is to
further study the mechanism of action of polysaccharide compositions on the antioxidant
system of fruits during storage.

Key words: cherry fruits, peroxidase, superoxide dismutase, antioxidant activity.
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JOCJILIKEHHA CEHCOPHUX TA MIKPOBIOJIOTTYHHHUX
IHOKA3HUMKU AKOCTI HEJABMEHIB ®YHKIIOHAJIBHOT'O
HPU3HAYEHHSA

Anomayisa. MeTtoto poOOTH € HayKOBE OOTpPYHTYBaHHS 1 po3poOkKa
HOBUX HamiB(aOpuKaTiB GyHKIIOHATHHOTO MPU3HAYECHHS 1 IX ACOPTUMEHTY
3 METOI0 (DOpMYBaHHS 3JOPOBOT0 XapyuyBaHHs HaceleHHs. s mpoBeAeHHS
€KCIIEPTU3H NEIbMEHIB (DYHKIIIOHAILHOTO CIPSIMYBaHHs OyJI0 BUTOTOBJIEHO
neabMeHl  «XEpCOHChKI TpajuIliiHDY 3a TPaAulIMHOI PELENnTypOoro
(KOHTpOJIB) Ta MEIbMEHI 3 J0oJaBaHHAM 7 % MOPOILIKY MIMUHATY (JOCIIT).
OpraHonenTuyHa OIIHKA MOKa3aJia, M0 3 JOJIaBaHHSIM MOPOIIKY IIIMUHATY
MOJIMIITYIOTHCS BIACTUBOCTI TOTOBOTO MPOJIYKTY MO BCIX JOCIIIKYBaHUX
nyHkTax. OpraHoJienTUYHI MOKAa3HUKHU Ta XapyoBa IIHHICTh € OJHUMU 3
BU3HAYAIbHUX (PakTOpiB (popmMyBaHHS SKOCTI meiabMeHiB. Came ToMy IS
3a3HAYCHUX MTOKA3HUKIB OyJin 0OpaHi HAMBUII KOE(IIIEHTH BATOMOCTI — 110
0,35 1 0,25. ®i3uK0o-XiIMiUHI MOKA3HUKU W €HEepreTU4YHa IIHHICTh TaKOXK
MaroTh IEBHUI BIUIMB HA KOMIUIEKCHUI TOKA3HUK SIKOCT1, TOMY KOE(IIIEHTH
BaroMocti Ansd HuX cTaHoBiaATh 10 0,15. IlokasHmkm Oe€3meYHOCTI
MIHIMQJIBHO BIUIMBAIOTh Ha SIKICTh HOBHUX BHPOOIB, OCKUIBKM HaIIMMHU
JTOCHIPKEHHSIMM BCTAHOBJICHI MiHIMaJIbHI KUIBKOCTI MIKPOOPTaHi3MiB 1
TOKCUYHUX €JIEMEHTIB Yy JOCIIKYBaHUX 3pa3Kax MeJIbMEHIB.

Kniouogi cnosa: nHaniBpadpuKaTH, IIMUHAT, TISTBMEH1, XIMIYHUM CKIIa],
JIOCITITHI 3pa3Kku, QyHKIIOHATBHI TIPOTYKTH.

Ilocmanoeéxa  npobnemu. HamiBpaOpukatm B  Hamiil  KpaiHi
KOPHUCTYIOThCSI BCE OLIBIIMM MOMUTOM, 1 0€3 CyMHIBY, Liei momut Oyne
30LTBIITYBaTUCS. 3aBISKH BMUIMM MapKETUHTOBUM KaMIIaHISIM IeHd BUJ
OPOAYKIi CTPIMKO 3aBOHOBYE TOMYJSPHICTH Cepell  YKPaiHCHKUX
CIIOKHUBayiB [5].

3 Xap4OoBUX PEYOBHH, HEOOXITHUX JJIsI 3aJJ0BOJICHHS )KUTTEBUX MOTPEO
JIIOJIUHY, HAULIHHIIUM € O110K. [[ye nepcrnekTuBHI KOMOIHOBaH1 O17KOBI
CHUCTEMH, TPIOPUTET CEepel SKUX MaloTh M’ SCO-pocimHHI. [loemHaHHS
TBApUHHUX 1 POCIMHHUX 1HTPEIIEHTIB J03BOJISIE B3AEMHO JIOTIOBHIOBATH X

© H. B. Hosikoga, 1. O. Pamnonosa
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BIICYTHIMUA O10JIOT1YHO aKTHMBHHUMH DPEUYOBHHAMH 1 OyTH OCHOBOIO JIst
3a0e3MeyYeHHs]  CHEIiali30BaHOr0 1 JIKYBaJbHO-NIPO(IIIAKTUYHOTO
Xap4yyBaHHS.

Jlxepena xapuoBoro OiJIka Ha OCHOBI POCIMHHOI CHUPOBHHH MAalOTh
BHCOKY 010JIOTIYHY LIHHICTb 3aBASKH BMICTY OIJIKOBHX PEUYOBHH, BITHOCHO
XOPOIIIOIO 3aCBOIOBAHICTIO 1 TO)KMBHUMU BIACTHUBOCTSIMH, a TAKOK HU3bKUM
BMICTOM KUPY. Y 3B’SI3KY 3 JOCTYITHICTIO POCIIMHHOI CHPOBUHHU HAJJAI0ThCS
HIMPOKI MOMIJIMBOCTI JUIsl LIJIECTIPSIMOBAHOTO HOT0 BUKOPHUCTAHHS B SIKOCTI
00aBOK MPU BUPOOHUIITBI M’ SICOMPOAYKTIB 1 K OCHOBHOTO KOMITOHEHTA
KOMO1HOBaHUX BHp0OiB. Ha o1He 3 mepimx MicIlb pu po3po0Ill TEXHOIOT1H
BUPOOHMITBA (DYHKIIOHAIBHUX M SICHUX MPOAYKTIB CIIJI TOCTaBUTH
Xap4yoBi BOJIOKHA, IO BOJOJIIOTH SICKPABO BUPAKEHUMH KOPHCHUMU
BJIACTUBOCTSMH [ 1].

V 3B’3Ky 3 BUILIECKAa3aHUM, aKTYaJIbHUM € PO3IIMPEHHS BUPOOHUIITBA
HamiBpaOpuKaTiB (PYHKIIOHATILHOTO MPU3HAYEHHS 1 iX aCOPTHUMEHTY 3
METOI0 (OPMYBAHHS 3I0POBOTO XapuyBaHHS HACETICHHSI.

Ananiz ocmanuix odocnioxcensv. Jlonunosoro H. T. Ta iH. po3pobiieHoO
3arajbHl TMPUHLUANKA MOJEIIOBAaHHS M'SICHUX KyJIHaApHUX BUPOOIB
(GyHKIIOHATBFHOTO TPHU3HAYEHHS, HAYKOBO OOIPYHTOBAHO JOLLUIBHICTD
KOMIUIEKCHOI'O BBEJIEHHS /10 IXHBOTO CKJAJy MAIETUYHUX JJ00aBOK -
MOPCBHKUX BOJIOpOCTed (yKyciB (HOCIi Homy), Odii JUISTHOI 3 CEJIEeHOM,
coeBoro 0opormrHa €CO (mxepeno ceneny, GoiieBoi KUCIOTH, TOKO(hEpoTy,
MOJIIHCHACUYCHUX  JKHUPHUX  KHUCIOT). Bu3HadeHO  parlioHaJIbHUI
rigpomMoyib GyKycCiB y TEXHOJIOrIT M'sscHUX (apiiiB — 1:3, mo 3a0e3neuye
iX BHCOKI (DYHKIIOHAJIbHO-TEXHOJOIIYHI BiacTUBOCTI. JlocmigHl 3pa3ku
¢dapmis 3 0,5-3,0 % ¢ykyciB Manu BUILY BIIHOCHY BOJIOTOYTPUMYIOUY (Ha
2,7-7,3 %), wupoytpumyrouy (Ha 1,5-3,0%) 31aTHICT Ta CTIMKICTH (apiry
(na 2,1-5,5 %) nopiBHSHO 3 KOHTpoOJEM [3].

OOrpyHTOBaHO HEOOXIJHICTH CTBOPEHHS  KJIITKOBUHHO-OJIMHHUX
HamiBpabpukatie (KOH) «3epHoBuit» Ta «S0myunuity, sxi J03BOJSTH
3MEHIIUTH Jeriaparytounii BimuB KXB Ha GiononiMepu OICKBITHOTO TicTa.
[InsgxoM MaTeMaTHYHOTO TUTAHYBAHHSI ONTHMMI30BAaHO CITIBBIJHOIICHHS iX
KOMIIOHEHTIB Ta TE€XHOJIOT1UHI OCOOJIMBOCTI MPUrOTyBaHHS. BcTaHOBIEHO,
mo Havikpame criBBigHomeHHs st KOH «3epuoBuit» [IKXB ta omiit
craHoBuTh 1:1,58 3a temmeparypu 22...24 °C 3a yMOBH BUCTOIOBAHHS
npotsrom 24 rox. s KOH «A6myunwnity Haiikparie CHiBBIIHOIIECHHS
AKXB Tta omiii craHoBuUTH 1:1,55 3a Temnepatypu 22...24 °C 1 BUCTOIOBaHHI1
npotsaroM 18 rox [4].

Dopmyniosanns  yineu cmammi. MeTo0 poOOTH € BHBYCHHS
CEHCOPHUX Ta MIKpOOIOJIOTIYHUX TIOKa3HUKIB  SKOCTI  TEJIbMEHIB
(YHKIIIOHATBLHOTO MPU3HAYEHHS.

OcHnosna uyacmuna. [JIns TpoOBeNEHHS EKCIEepTU3H IeTbMEHIB
(YHKIIIOHATBHOTO CIPSIMYBaHHS 0YyJI0 BATOTOBJIEHO MeTbMEH1 «XepCOHChKI
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TpaIuIiAHI) 32 TPAAMIIMHOIO PEHenTyporo (KOHTPOJb) Ta MEIbMEHI 3
nomaBaHHsAM 7 % mopomky mmuHATy (mocmim). bymo mpoanamizoBaHO
XIMIYHUH CKJIaJ KOHTPOJBHOTO Ta JOCIITHOTO 3pa3ka JIOCHIIKYyBaHUX
neapMeHiB (Taom. 1).

Tabnuys 1
XiMIYHUHN CKJIaJl KOHTPOJBHOTO Ta JIOCIITHUX 3pa3KiB
HyTtpientun [TenpMmeni [Tenbmeni 3 7 %
«XepCOHCHKI TPAJIUIIIIHI» MOPOIIKY IITHUHATY
binku 13,44 13,10
Kupu 11,45 10,81
Byrnesoau 41,35 45,42
KanopiitHicTh 318,57 299,77

Sk BugHO, KUIBKICTh OUIKIB B 100 T JOCHIKYBaHOTO IPOAYKTY
3MEHIUIach Ha 2,5 %, KIIBKICTh KUPIB 3MEHIUIach Ha 5,6 %, KIJIbKICTh
BYTJIEBO/I1B 3pocia Ha 8,9 %. Lle 3pocTanHs Bi10YyJIOCS 3aBISIKU 10JJaBaHHIO
XapUOBUX BOJOKOH SKi MICTATBCS B TIOPOIIKY IIMMHHATY, MPU IHOMY
KJIOPIHHICTh MPOIYKTY 3HU3UIIACH Ha 6,2 %, B MOPIBHSIHHI 3 KOHTPOJIbHUM.

Takum 4uHOM, po3poOJeHa pelentypa MeIbMEHIB BIANOBIIAE
JTIETUYHOMY TMPOAYKTY 1 Ma€ (PYHKIIOHAJIbHY CIpPSMOBaHICTh. [lanuii BuA
MPOIYKTY MOXKEe OyTH PEKOMEHIOBAaHWUW IJIsl JIIOJEH 3 3aXBOPIOBAHHIM
IYKPOBUM J/11a0€TOM, aTEPOCKIEPO30M TOLIO.

KpiM po3paxyHKy XIMIYHOTO CKJIaay MeIbMEHIB (PYyHKIIOHAIBHOTO
npu3HaYeHHss B  poOOTI MPOBOJWIACH  OIIHKA  OPraHOJICITUYHUX
XapaKTEPUCTHK. B SIKOCTI KOHTPOJBHOrO 3pa3ky Oyiu oOpaHi MelbMEHi
«XepCoHCHKI TPaJUIIIIHI», 110 BUTOTOBJICHI 32 TPAAHIIIITHOIO PEIENTYPOIO
(0e3 mogaBaHHs MOPOIIKY IIITUHATY).

Pe3ynbraTi OpraHONIENITUYHOI OLIHKKA KOHTPOJBHOTO Ta JOCIiIHOTO
3pa3Kka MPOAYKTIB HABEJICHO B TaOUII 2.

3a pesyapTaTaMM JOCIHIPKEHb BCTAHOBJICHO, 10 3a 30BHIIIHIM
BUTJISIJIOM TIEJIBMEHI KOHTPOJIBHOTO Ta JIOCHIAHOTO 3pa3ka (paKTUYHO He
BIJIPI3HSUIACS, TIPOTE Y BapEHOMY BUIIISIAL — (hapil NEeIbMEHIB 13 BMICTOM
7 % mmuHaTy OyB OUIBIII COKOBUTHM Ta HIKHUM, Ta MaB TEHJECH/ICHIIIIO 10
nepeBar 3a JaHUM IMOKa3HUKOM B IMOPIBHSHHI 3 aHAJIOTOM KOHTPOJIBHOTO
3pa3ka.

OpraHonenThyHa OIliHKA TOKa3aja, 110 3 JOJaBaHHSM IOPOIIKY
IIMUHATY TOJIMIIYIOTBCS BJIACTUBOCTI TOTOBOIO MPOJYKTY IO BCIX
JOCITIJIKYBAaHUX IyHKTAaX, 10 MTOKa3aHO Ha PUCYHKY 1.
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Tabnuys 2
Pe3ynbpTat opraHofenTHYHOT OLIIHKU KOHTPOJIBHOTO Ta JOCIIAHOTO
IPOAYKTIB

[Tenbmeni [lensmeni 3 7 %
[Toka3Huku . o
«XepCOHCHKI TPAIUIIIHHI» MOPOUIKY IIMHUHATY
®dopma 8,8 £ dopma
C HamiBKpyria, kpai | 0,01 | HamiBkpyrIa, Kpai
30BHIIIHIN . PYTJ1a, Kp ’ . PYyTJIa, Kp 8,9 +
TICTOBOT OOOJIOHKH TICTOBO1 OOOJIOHKH
BUTJISA ) } : ) 0,05
II[IJIbHO CKJICEHI, II[IJIBHO CKJICEHI,
dapi He BUCTYIIA€E (dapui He BUCTYIAE
@apur piBHOMIpHO | 8,5 £ | Papir piBHOMIPHO
nepeMilaHui 0,03 nepeMilaHui
Burngan na P ’ ’ : P ’ 8,8+
. POXKEBOT'O KOJIbOPY CBITJIO - POXKEBOTO
po3pisl A .| 0,01
B OOOJIOHIII 3 TiCTa KOJILOPY B OOOJIOHIII
3 TICTa
Y BapeHOMY 7,9 £ |Y BapeHOMY BUTJISIII
Burisial — dapm ve | 0,04 |— dapur cokoBuTHH,
) COKOBHUTHH, HDKHHM, 000loHKa | 8,9 +
Koncucrenmisg i ) i
000JI0HKa 3 TiCTa HE Ticta He po3ipBaHa. | 0,03
po3ipBaHa, BiJCTa€e
Bi (papury.
3amnax y [Ipuemuunii, 8,3+ [Ipuemuunii, 7+
BapeHOMY BractuBui gasomy | 0,08 | BmacTuBnii JaHomMy O’ 04
BHTJISII MPOJTYKTY IPOIYKTY ’
Cmak y BiguyBaeTncs 6,3 + | BnactuBuii janomy 7+
BApEHOMY HaaMipHa xxupHicth | 0,07 MPOAYKTY O’ 0
BUTJISAI ’

Pucynok 1. [IIpodurorpama  OpraHoJICNTUYHUX  MMOKA3HUKIB
KOHTPOJILHOTO Ta JAOCIIAHOTO 3pa3Ky MeIbMEHIB
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OpraHonenTryHi TIOKAa3HWKKA Ta XapyoBa I[IHHICTb € OJHUMH 3
BU3HAYAIBHUX (DaKTOpiB popMyBaHHA sIKOCTI menbMeHiB. Came TOMy AJist
3a3HauEHUX MOKA3HUKIB OyJin 00paHi HalBUIII KOe(ILI€EHTH BAarOMOCTI — IO
0,35 1 0,25. ®i3uK0-XiMiYHI TTOKA3HUKU W CHEPreTUYHA I[IHHICTh TaKOX
MaroTh IEBHU BILJIMB HA KOMIUIEKCHUN MTOKA3HUK SKOCT1, TOMY KOe(illieHTH

BaroMocTi

mis Hux craHoBiadATh mo 0,15. IlokasHmkum Oe3medHOCTI

MIHIMAJbHO BIUIMBAIOTh Ha SKICTh HOBHMX BHUPOOIB, OCKIJIBKH HaITUMU
JOCTIDKCHHSIMA BCTAHOBJICHI MiHIMaJIbHI KUIBKOCTI MIKPOOPTaHi3MiB 1
TOKCUYHHUX €JIEMEHTIB Y JOCIIPKYBaHUX 3pa3Kax MeIbMEHIB.

Jns po3paxyHKy IHTETpajbHOTO IIOKa3HHUKAa SKOCTI HaMHu OyJIo
BU3HAYEHO TPYMNOBI IMMOKA3HUKH, $IKi, B CBOIO 4YEpTy, CKJIAJAIOThCS 3
OJIMHUYHUX T[OKA3HUKIB 1 XapaKTepU3YyIOThCsl OAa30BUMHU 3HAYEHHSAMH

(Tabm. 3.).

Tabnuys 3

BusHaueHHs OMMHUYHUX OKA3HUKIB IKOCTI IIEJIbMEHIB

J{1iicH1 3HaYEHHS TTOKa3HUKIB
Ipyma Haitvertys basose Koqu;mle 3HaquH;1;I1§i03C Tl/ax BaHHA
Hords S 3HA4YCHHS (BarOMOCT KoedilieHTa ;]EFOI\}/IIOCTi
HHKIB |[TOKa3HUKa : .
Konrtpons |Ilensment 3 T
30BHIIIHIN| 5 0ajiB 0,1 486 | 0,10 4,94 0,10
BUTJIS
Kouip 5 GamiB 0,1 480 | 0,10 4,85 0,10
bynosay| 5 Oanis 0,1 4,70 | 0,09 4,70 0,09
P1 | pozmomi
SIKicTh 5 OaniB 0,25 4,40 | 0,22 | 4,10 0,20
HAYMHKHU
3amax 5 GamiB 0,2 4,10 | 0,16 4,00 0,16
Cwmak 5 GamiB 0,25 480 | 0,24 | 4,80 0,24
p2 |Bomnoricts| 0,5+7,8 % 0,5 1,87 | 0,11 6,80 0,40
Bwmict
TORGIAHIX o) 5 \ieier | 0,1 | 0,10 | 0,00 0,10 | 0,00
CJIEMEHTIB:
CBHUHIIIO
P3 kagmiro | 0,1 mr/kr 0,1 0,01 | 0,01 | 0,01 0,01
mumr saky | 0,3 mr/kr 0,1 0,08 | 0,02 | 0,08 0,02
pryTti | 0,02 mr/kr 0,1 0,003 | 0,01 | 0,003 | 0,01
M1l 10,0 Mr/kr 0,1 2,20 | 0,02 | 2,50 0,02
nuHKy | 30,0 Mr/kr 0,1 7,20 | 0,02 | 7,20 0,02

3a maHuMu TaOAMI 3 BUIHO, IO YC1 BUPOOM XapaKTepU3yHOThCS
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JIOCUTh BUCOKHM OPTAHOJENTHYHUM TOKA3HUKOM, OJTHAK TEHACHIIIO [0
nepeBaru MaJid 3pa3Ky MEeJIbMEHIB 3 BMICTOM MOPOIIIKY IITTAHATY.

PesynbraTy BH3HAYCHHS MIKpOOIOJIOTIYHHUX IOKAa3HUKIB B TOTOBOMY
MPOIYKTI HaBeAeHO B Tabmuill 4. Y MOCHIAHHMX 3pa3kax BHU3HAYAIU BMICT
Me30h1ITbHUX aepoOHMX Ta (PaKyIbTaTUBHO aHAEPOOHUX MIKPOOPTaHi3MiB,
KYO B 1 r, 6akrepiil rpynu KUIMIKOBOI NaMWYKu (KOdIihOpMH), MaTOreHHI
MIKpOOpTraHi3MH, y TOMY 4yucii 0aktepii poay CaabMOHENH.

KinpkicTs Me30(pUIbHHX aepoOHUX Ta (aKyJIbTaTUBHO aHACPOOHUX
MIKpPOOPraHi3MiB y JOCHIIHUX 3pa3kax HamiBhaOpukariB OyjJo B Mexkax
HOpMH i cranoBuia 2-3x10°KYO B 1 1.

Tabnuys 4

Pe3ynbpTaTu MiKpoO10JIOTIYHUX JAOCTIIKEHb HamiB()aOpUKaTiB

3pas3ku
Kontpons | (Hocnig 1) | (Jocnig 2)

Ha3zBa nokasznuka Hopwma

Me3opinbHi aepoOHi
Ta (haKyJIbTaTUBHO
aHaepoOH1
MIKpOOpTraHi3MH,
KYOBIr, HE
OlIbIIIe HIXK
baxrepii rpynu
KHIITKOBUX MaJTUIOK
(Maca npoayKTy 0,1
(r/cM?, y skiit He
JIOMTYCKA€EThCSI)
[Tatorenni
MIKpOOpTraHi3MH, y
TOMY 4YuCHl OakTepii
poay CanbMoOHENa 25
(Maca npoaykKTy
(r/cM?, y sKiit He
JIOIYCKA€ETHCS)

4x103 0 2x10? 3x10°

HC HC HC
BUABJICHO BUABJICHO BHABJICHO

HE HC HE
BUABJICHO BUABJICHO BUABJICHO

KinbkicTe Me30QiIbHUX aepoOHUX Ta (aKyJIbTaTUBHO aHAEPOOHUX
MIKpOOPTaHI3MIB Yy JOCIHIAHUX 3pa3kax HamiBaOpukariB Oylo B Mexkax
HopmMH 1 cranoBuna 2-3x10> KVO B 1 . Jlocnimkenns HamiBpaOpuKariB Ha
BMICT OakTepiii rpynu KUIIKOBOI MAaJTUYKX Ta MaTOT€HHUX MIKPOOPTaHi3MiB,
y ToMy uuciii 6akrepii pogy CaibMOHeNa MoKa3alu HETaTUBHUI pe3yJIbTarT,
11€ TOBOPUTH MPO 1X OE3MEUHICTH JIJISl JKUTTSI 1 37J0POB’ S JIFOAUHH.

Bucnosxu.

1. [IpoBenena  omiHka  AKOCTI  TOTOBUX  BHpPOOIB  3a
OpPraHOJIENITUYHUMHU MTOKa3HUKaMH MITBEpANIa TEHACHIIIIO 10 TepeBart 3a
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JAHOI0 TPYIOIO MOKa3HHUKIB y 3pa3Kax MEeJIbMEHIB 3 BMICTOM IOPOIIKY
IITTUHATY.

2. KinpkicTb MesocbiJILHHX aepoOHUX Ta  (aKyJIbTaTUBHO
aHaepoOHUX MIKPOOPraHi3MiB y JOCTIAHUX 3pa3kax HamiBhadbpukaris Oyio
B Mexax HopMmu 1 crtaHoBuja 2-3x102 KYO B 1 1. JlochimkeHHs
HamiBpaOpuKaTiB Ha BMICT OakTepiil Trpynu KUIIKOBOI NaJIMYKH Ta
MAaTOT€HHUX MIKPOOPraHi3MiB, y ToMy uucii Oaktepii poay CanbMoHesna
MOKa3aJld HEraTUBHUM pPe3ysbTaT, 1€ TOBOPUTH MPO iX OE3MEUHICTh IS
KUTTS 1 30pOB’ S JTFOAUHHU.
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N. Novikova, I. Ryapolova
Kherson State Agrarian and Economic University

RESEARCH OF SENSORY AND MICROBIOLOGICAL QUALITY
INDICATORS OF FUNCTIONAL PELMEN

Summary

The purpose of the work is the scientific substantiation and development of new
semi-finished products for functional purposes and their range in order to form a
healthy diet. For the examination of functional pelmeni, Kherson traditional pelmeni
were made according to the traditional recipe (control) and pelmeni with the addition
of 7 % spinach powder (experiment). Of the nutrients needed to meet the vital needs of
man, the most valuable is protein. Very promising combined protein systems, with
priority given to meat and vegetables. The combination of animal and plant ingredients
allows them to complement each other with missing biologically active substances and
to be the basis for providing specialized and therapeutic nutrition. When analyzing the
chemical composition of control and experimental samples, it was found that the
amount of protein per 100 g of test product decreased by 2.5 %, the amount of fat
decreased by 5.6 %, the amount of carbohydrates increased by 8.9 %. This increase
was due to the addition of dietary fiber contained in spinach powder, while the caloric
content of the product decreased by 6.2% compared to the control. Organoleptic
evaluation showed that the addition of spinach powder improves the properties of the
finished product at all points studied. Organoleptic characteristics and nutritional value
are among the determining factors in the formation of the quality of dumplings. That is
why the highest weights were chosen for these indicators - 0.35 and 0.25. Physico-
chemical parameters and energy value also have a certain influence on the complex
quality indicator, so the weights for them are 0.15. Safety indicators have a minimal
effect on the quality of new products, as our research has established the minimum
amount of microorganisms and toxic elements in the studied samples of dumplings.

The number of mesophilic aerobic and facultatively anaerobic microorganisms
in the prototypes of semi-finished products was within normal limits and was 2-3 x 102
CFUin 1 g.

The number of mesophilic aerobic and facultatively anaerobic microorganisms
in the prototypes of semi-finished products was within normal limits and was 2-3 x 102
CFU in 1 g. speaks of their safety for human life and health.

Key words: semi-finished products, spinach, dumplings, chemical composition,
prototypes, functional products.
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TEXHOJIOI'IS CYIIIHHS 3EPHOBUX KYJIBTYP TA
OJIIMHOT'O HACIHHS

Anomayis. CyuiiHHs € OJHI€I0 3 HAUOLIBII MOMUPEHUX TEXHOJIOTTYHUX
onepauiid B pi3HUX raly3sx NepepoOHUX 1 XapuOBUX BUPOOHUIITB, 30KpeMa
Ipu KOHCEPBYBaHHI CHPOBHHU. [lepCHEeKTUBH pO3BUTKY CYIIMIBHUX
TEXHOJIOT1M INependavyaroTh 3HMKEHHS €HEPreTUYHUX BUTpAT Ha IPOILEC
BUJIYUYEHHS BOJIOTH; MIJBUILICHHS SKOCTI CYHIEHOI MPOAYKIii; po3poOKy
BHCOKOC(EKTUBHOI YHIBEPCAIBHOI TEXHIKH; 3a0€3MEUCHHS EKOJIOTI4HOI
0e3MeKy CyIIMIbHUX M1ITPHUEMCTB.

B poGoTi mpoBeneHuit aHasiiz Cy4yaCcHOTO CTaHY CHOCOOIB CYIIiHHS
3epHa Ta OJIIWHOTO HaCiHHs. Bi3HaueHo, 1110 BOJIOTa Y 3€pHI € Ha MOBEPXHI,
y Kanuispax, ycepeAuHl KIITHH 3€pHa Ta OJIHOro HaciHHs. BoHa mae
BAXKJIMBE 3HAYCHHS JIs1 )KUTTEISUIBHOCTI 3€pHA Ta OJIIMHOTO HACIHHS, ajie ii
HA/UIMIIOK  TPU3BOAUTH 10 I1HTEHCU(IKAlli >KUTTEBUX MPOLECIB,
CaMO3IrpiBaHHs Ta TMOTIPIIEHHS SKOCTI 3€pHA Ta OJIIMHOTO HACIHHS.
BuszHayeHo, 110 OJHUM 3 MEPCHEKTUBHUX CIOCOOIB CYUIIHHS CHITYyYUX
MaTepiaiiB € croci0 CyIIiHHS B BIOPOKHUIUIAYOMY IIapi, SIKHA MOxe OyTH
JOCSITHYTUH Ha BIOpaIiiHUX CylapKkax pizHoro Tumy. OHaK, BpaxoBYHOUH
BIJIHOCHO BEJIMKY TPUBAIICTh CYIIIHHS JCSKUX MarepiajiB, KpaluluMu €
CYIIWJIbHI yCTAaHOBKH, CTBOPEHI Ha OCHOB1 BiOpaIllifHMX KOHBEEPIB, SIKI
JO3BOJISIIOTH MOPIBHSAHO 3 IHIIMMHU CyIIapKaMU 3HAYHO 30UIBIIUTH dYac
nepeOyBaHHs MaTepiady B OAHOMY arperari. OnTHMi30BaHI TEXHOJIOT1YHI Ta
KOHCTPYKTHBHI TapaMeTpu BiOpoCyIIiHHSA. J{71s1 miABUIIICHHS IHTEHCUBHOCTI
OpOLECY CYIIIHHS HAaCiHHS COHSIIHMKA Ta 3MEHIICHHS EHEpProBUTpAT
[UIIXOM ONTHUMIi3alii TEXHOJIOTIYHMX Ta KOHCTPYKTHUBHUX NapaMmeTpiB
BiOpocyIIiHHA OyJia OOIpyHTOBaHa Ta po3poOJieHa KOHCTPYKTHBHA Ta
TEXHOJOTIYHA CXEMHU CYyIIHUIBHOI YCTaHOBKM 3 JBoMa U-BUIHUMH
KOHTEWHEepaMu, sKa J03BOJISIE OTpUMATH SIKICHE KOHJAMIIIWHHE HACIHHSA
COHSIIIIHUKA JJIS MOAAIBIIOTO 30epiraHHs.

© B. M. banaypa, JI. B. ®iankosceka, O. B. [Taxomcbka
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Knrouosi cnosa: 3epHocyIapka, CynIiHHs, 36pHO, HACIHHS, CXeMa.

Ilocmanoexa npobaemu. ATpapHUN CEKTOP E€KOHOMIKH, BaKIIUBOIO
CKJIQIOBOI0 SIKOTO € CLIbChKE (hepMepchke TrocmoaapcTBo, Qopmye
MPOJIOBOJIbYY, @ y BHU3HAYEHHX MEXaX 1 E€KOHOMIYHY, E€KOJOTIYHYy Ta
eHepreTuuHy Oe3nekwu [1-3].

Bin 3a0e3neuye pO3BUTOK TEXHOJOTIYHO TMIOB’S3aHUX Traiy3ei
HaI[lIOHATBHOI €KOHOMIKH Ta CTBOPEHHS COLIIAIbHO-EKOHOMIYHUX YMOB JIJIS
PO3BUTKY. ATPOINPOMUCIOBUN KOMIUIEKC ckianae O0imu3bko 12 % BanoBoi
JOJJaHOi BapTOCTI YKpaiHU, € OJHHUM 3 OCHOBHHX OIO/KETO(OPMYIOUHX
CEKTOpPIB HAIlOHAJIbHOI €KOHOMIKHM. 3a mepiog 3 2007 mo 2018 pik
BUPOOHMIITBO MPOAYKIIi B CUIbCBKOTOCIOIaPCHKUX MIMPUEMCTBAX 3POCIIO
Maiibke y 1Ba pasu. [Ipu oMy 1mosioBrHHA BaJIOBOT MPOIYKIIli BUPOOISIETHCS
B OCOOHMCTHX CENIIHCBKHX TOCMOJapCTBaX, J€ TOCTPO MOCTae mpobdiieMa
00poOKH 1 30epiraHHs BpoKaro.

OCKUIBKM CHpEe 3€pHO HE MOXE€ 30epiratucs TpUBAIMK dYac, Horo
noTpiOHO npocymuTu. OJHAK, Majl CENSHCbKI rOCHOJapcTBa HE MAalOTh
HEOOX1THUX TEXHIYHUX 3ac001B IS I[bOTO. TOMY aKkTyaJIbHOIO € po3poOKa
HEJIOPOTUX  MAJIOMOTYXXKHUX 3€PHOCYIIAPOK 3 aBTOMATHU30BaHUM 1
ONITUMI30BaHUM IPOIECOM CYIIiHHS 3epHa [4-7].

Braciigok He3aBepIIeHOCTI MpOoleciB aganTailii g0 €BpOINEeHChKHUX
BUMOT IIOJO0 SKOCTI Ta OE3MEeYHOCTI Xap4yoBHX IPOJIYKTIB, HECTIMKOCTI
TOPrOBEJIHLHUX BITHOCHH 3 JIepKaBaMU-IMIIOPTEpaMU, KOHKYPEHTHI MO3UIT
BITUM3HSIHOI CLILCHKOTOCIIOAAPCHKOT MPOIYKIII Ha 30BHIIIHBOMY PUHKY HE
€ CTaOIbHUMU.

Tomy B Mexax Manux GepMepChbKUX TOCIOAAPCTB BAKINBO PO3BUBATH
BJIACHI 3aco0u 30epexeHHs 1 NepepoOKHM CHUPOBUHU Ta BHUTOTOBJICHHS
BTOpUHHOI mponykuii. Ile Bumarae wmonepHizamii TexHIYHOT 0asw,
aBTOMAaTH3allli 1 OMTUMI3allli TEXHOJIOTIYHUX MPOIIECIB CYIIIHHS 3€pHa.

Pi3HOSIKICHICTh HACIHHS — SIBUIIE IIUPOKO MOMTUPEHE B POCTUHHUIITBI.
BupaxxaeTscs BOHA B TOMY, III0 HACIHHSI OJHIET pOCIIMHMA 200 HABITh KOJIOCA,
KauaHa HEpIBHO3HAYHI 3a CBOIMH MoOpQoJoriyHuMU Ta  (hi310JI0TO-
010XIMIYHUMH ITOKa3HUKaMH [8, 9].

Ananiz ocmamnnix oOocniodcenv. JIOCHIIKEHHIM IIbOI'O0 ITUTAHHS
3aiiManiicst 0araTo y4eHuX, 1 BCl OJTHO3HAYHO MPUUIILIN 0 BUCHOBKY, IO
came 010JI0T1YHO I[IHHE, BUKOHAHE HACIHHS ()OPMYETHCS B CEpEIHINA YaCTUHI
KoJioca. Take HaCIHHS BOJIOJII€ BUCOKOIO €HEPIi€0 MPOPOCTAHHS, CXOXKICTIO
1, TPUPOAHO, NAIOTh MaKCHUMalbHUI ypoxkail. [IOBHOLIIHHICT, HACIHHS
XapakTepu3yTh HE CTUIbKK BEJIMYMHA HACIHHS, CKUIBKM 1X MUTOMA Bara,
fgKa TIOB'I3aHAa 13 CTUIJIICTIO 1 HaTyporo HaciHHA. Tiabku 3epHa 3
MaKCUMAaJIbHOIO MUTOMOIO Baror (popMyroThCs B CepeHii 4acTHHI KOJIOCa.
Aute micist 0OMOJIOTY KOJI0ca 3€pHa 3HEOCOOIIIOIOTHCS, YHACTIIOK YOTO BiKE
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HEMO>KJIMBO BU3HAUUTHU Ha BUTJISA Miclie (POpMyBaHHS iX B KOJIOCI, a, OTXKeE,
JaTH BUCHOBOK Mo iX OioyoriyHy miHHIicTH [10, 11].

BinokpemMuBIIM HalKpale 3epHO AJIsl HACIHHSA, HOTO HEOOX1A0 SIKICHO
30epertu A0 mociBy. Jns 30epekeHHs BpOXkKaro ICHYIOTh Pi3HI METOAU Ta
criocobu 30epiraHHsl.

Ha nmanwuit yac B CiIbCHKOTOCIIOAAPCHKHUX MIANPHEMCTBAX 30epiraHHs
3€pPHOBHUX KYJBTYp 3HAXOJUTHCSA Ha 3aJI0BUIBHOMY PIBHI, IIPU BiJICYTHOCTI
BIJIMOBITHUX MAITH JIJ1s1 30epiraHHs BTpavyaeTbes Bia 2 10 15% Bpoikaro, B
3JI)KHOCTI BiJ] IOTOHIX YMOB Ta CIiocoOy 30epiraHHs.

Orusa METOIIB CYIIIHHS 3€pHA Ta OJIIMHOTO HACIHHS

IcHye klIbKa TPUHLMIMIB KJIAcH(]iKallli METOAIB CYIIIHHS.

HaiizaranpHimoro € kiacudikaiiis 3a CmocoOOM IMiABEJCHHS HEprii:

1. TeroBi:

a) KOHBEKTHBHE CYIIIHHS,

b) KOHIYKTHBHE CYILIHHS;

C) TepMopa/lialliiiHe CyIIiHHS;

d) cymiiHHS y 1o cTpymiB BUCOKOI YaCTOTH;

2. cnenjanbHi:

a) CYUIIHHS y BaKyyMi;

b) cymiHHS 00€3BOTHCHUM TIOBITPSIM;

C) KOHTAKTHE CYIIIIHHS,

3. MexaHIyHi:

a) BIJKUMAaHHS;

b) uentpudyryBaHHs.

V cyliHHI 3epHa HAUMOIUPEHIIIUM € KOHBEKTUBHUI METOJ] CYLIIHHS,
3a SIKOrO TEIJIOBAa €HEPTisl MepeAaeThCsl 3epHy Bl HArpiToro rasy (MOBITPs
ab0 Moro cymill 3 NpOAyKTaMU 3TOPSHHS MAJIUBA).

Te, 110 HAarpiTU Ta3 BOJAHOYAC BUCTYIAE SIK TEIJIOHOCIHM, 3yMOBIIIOE
BITHOCHY TIPOCTOTY KOHCTPYKIIiii KOHBEKTUBHUX CYIIapOK.

[linm Yac KOHBEKIIIWHOTO CYIIHHS 3€pPHO MOXKE 3HAXOJUTHUCS B:
HIJIBHOMY HEPYXOMOMY, I'PaBiTalliiHO-PyXOMOMY, IICEBAOPO3PIIHKEHOMY,
BIOPOKUILITYOMY, Maat0doMy ab0 3aBUCIOMY CTaHi.

CraH 3epHOBOro IIapy BH3HAYa€ aKTHBHY IIOBEPXHIO 3€pHA Ta
OJIIHHOTO HACiHHs, IO KOHTAaKTy€ 3 areHTOM CYIIiHHS, a 3HA4uTh,
iHTeHcuBHICTH iponiecy. Huszbpkuii KK/ konBekTnBHMX cymapok (25...40 %)
MO’KHA M1JIBUIUTH MOBTOPHUM BHUKOPHUCTAHHSAM BINpPallbOBAaHOTO areHTa
cyunHHs [11].

[1in yac KOHAYKTUBHOT'O CYIIIHHS 3€pHA Ta OJIIMHOTO HACIHHS TEIUIOTa
nepeaeTbesl WOMy TEIUIONPOBIAHICTIO BIJ HArpitoi MOBEpXHI TPyO, IIO
00IrpiBalOThCsl MapoM, TapsAyor BoJOK0 abo razoM. BoasHa mapa, sika
BUITAPOBYETHCH 13 3€PHA Ta OJIMHOTO HACIHHS, TOTJIMHAETHCS XOJIOTHUM a00
MIICPITAM TOBITPSM, IO TMOJAETHCS y CYIIWIbHY Kamepy. LlIBuakicts
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CYLIIHHS 3aJIeKHUTh BIJ TEMIEpPAaTypu Tpil0Y0i MOBEPXHI Ta TOBIIWHU
3€pHOBOTO HIApYy.

KoHnykTHBHE CyIIiHHS BHKOPHUCTOBYIOTH Ha OOpPOITHOMEIBHUX 1
KpPYIl'SIHUX 3aBOJax JJs MiAIrpiBaHHS 3€pHA Ta OJIWHOTO HACIHHA Ta
HEBEJIMKOI0 3HM)KEHHS Oro BOJIOTOCTI Mepe]l NepepoOIeHHSIM, a TAaKOXK Y
koMOiHaIli 3 KOHBEKTHBHUM cyIiHHAM. Hwusbkuii KK] KOHIyKTHBHHUX
3€pHOCYIIAPOK MOSCHIOETHCS TOJAATKOBOIO BTPATOIO TETVIOTH HA HArpIBaHHS
rpitouoi moBepxHi. [Ipy oMy MOXKe crocTepiraTHCs IeperpiBaHHS Ta
MOTIPIIICHHS SIKOCTI 3¢pHA Ta OJIIMHOTO HACIHHS, 110 KOHTAKTY€E 3 TPII0UYO0I0
MIOBEPXHEIO.

[1ix yac TepMopamialliiHOro CyInHHs MiABEICHHS TEIJIOTH JI0 3e€pHa Ta
OJIIMHOTO HACIHHS 3MI1MCHIOETHCS 3aBJSKU 3aCTOCYBaHHIO 1H(pPauepBOHOTO
BUIIPOMIHIOBaHHSI TeHeparopamMu a0o COHSYHMX HpoMeHiB. [Ipupoane
CYILIHHS 3€pHa Ta OJIIMHOTO HACIHHS 1]l COHTYHUMU TPOMEHSIMU TPOBOSATH
B CyXY Ta SICHY TIOTOJly Ha CTIelliajJbHO 00IafHaHuX Tuiomaakax. [Ipu ipomy
MOBHICTIO 30epiraloTbCsi HACIHHEBI Ta MPOJIOBOJBYl SIKOCTI 3€pHA Ta
OJIIMHOTO HAaClHHS, MPUCKOPIOEThCA MiCHsA30MpanbHe HOTO J103p1BAHHS.
Pazom 3 TUM COHSUHE 3EpHOCYIIIHHS TPYJIOMICTKE W 3aJIeKUTH BIJ
METEOPOJIOTIYHUX YMOB.

BucokouacToTHe HarpiBaHHs 3epHa Ta OJIIMHOTO HACIHHS TPYHTYEThCS
Ha sBuIml monspu3aiii. [1ig gi€r0 BUCOKMX YacTOT y BOJIOTOMY Martepiali
MOJISIPHI MOJIEKYJIM BOJIM HaMararoThCsl PO3TAIIyBATUCA CBOIMH OCSIMH
B3JIOBXK €JIEKTPUYHOTO MoJisi. BimOyBaeThCst TEPTS MOJEKYI MK CO0O0IO 1 B
MaTepianl BUAUIIETbCA TEIJI0Ta, @ TAKOK BUHUKAE TPA/IIEHT TEMIIEpaTypH,
CIOpPSIMOBaHUM yCEpeAMHY 3€pHOBOI MacH, IIJ JI€0 SKOro BOJIOTa
MEePEMIIIYETHCS 10 TOBEPXHI 3€pHA Ta OJIIHHOTO HACIHHS.

CyuriHHS 3epHa Ta OJIMHOIO HACIHHS TIiJI BAaKyyMOM Ja€ 3MOTY
MIJBUIIUTH 1HTEHCUBHICTh MPOIIECY 3aBASKHU 3HIKEHHIO 0apOMETPUYHOTO
TUCKY. [IO3UTUBHUM TYT € T€, 110 MPOIIeC CYIIiHHS MOKHA 3/IIHCHIOBATH MPH
HU3BKUX TEMIepaTypax areHTa CYIIHHS, Mo 3a0e3nedye 30epiraHHs
MPUPOTHUX BIACTUBOCTEH 3€pHA Ta OJIITHOTO HACIHHS. AJie 3HaYH1 BUTPATH
Ha YTBOPEHHS Ta MIATPUMAHHS BaKyyMy HE JIalOTh 3MOTH BIPOBAKYBaTH
el MeTo y MPOMHCIOBUX MacuITadax.

[ligBUIUTH  IIBUAKICTH  TPOIECYy  MOXXKHA  BUKOPHCTAHHIM
00€3BOIHEHOTO TIIITPITOrO TOBITPs. 3aJ€KHO BiJ CMOCOOY 3MEHIIICHHS
BOJIOTOBMICTY  TIOBITPSI ~ PO3PI3HSIOTH  CYIIIHHA 32  JOIOMOTOIO
BOJIOTOBOMpayiB (130TepMIYHE CYIIIHHS) — CHJIIKareial, aKTHBOBAHOTO
Byruuis (Ipy IbOMY BUHHUKAIOTh JOJIATKOBI BUTpPATH Ha OOE3BOJIHEHHS
BOJIOTOBOMpAYIB) Ta CYIIIHHS 3a JOMOMOTOI0 areHTa, MPOMyIIEHOTo Yepe3
XOJIOJUJIBLHI YCTAHOBKH 1 YCTAaHOBKH KOHACHCAIlIT BOJIOTH. AJi€ 1€ MOTpedye
3HAYHUX BUTPAT €JIEKTPOCHEPTTIi.

EdexTuBHICTh KOHTAKTHOTO (COpPOIIMHOT0) 3€pPHOCYIIIHHS 3aJICKHUTh
Bl TeMIeparypu Ta IHIIKUX (HaKTOPiB, SAKI XapaKTepU3ylOTh CTaH 1
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TITPOCKOIIYHICTh 3€pHA Ta OJIMHOrO HaciHHsS Ta copOeHty. Take CymIiHHS
3abe3mnedye Kparie 30epiraHHs SKOCTI 3€pHa Ta OJIMHOTO HACiHHS, aie
noTpeOdye BUTpPAT HAa MEPEMINTYBaHHS 1 BIIOKPEMIICHHS 3€pHA Ta OJIHHOTO
HaCiHHA Bix copOenTy. OCTaHHIM 4acoM MOTO IIMPOKO BUKOPHUCTOBYIOTH B
PELUPKYJSIIIHHUX CylIapKax, Jie 3MINIYIOThCS JBa IMOTOKH 3€pHa Ta
OJIIMHOTO HACIHHA 3 PI3HOIO BOJIOTICTIO, a B JICSKUX CyIIapKax — 13 Pi3HOIO
TeMIiepaTyporo. SIk COpOEHT 3aCTOCOBYEThCS MIJCYIIEHE HArpiTe 3€pHO, 1110
IUPKYJIIOE B CYIIApPIll y 3aMKHEHOMY KOHTYpi. Harpite B cymiapiti 10 Ou1bIn
BHUCOKOI TEeMIIEpaTypu, HIXK CHPE 3€pHO, BOHO Y TEIUIOBOJIOTOOOMIHHUKY
BIJIZIA€ YACTHUHY TEIUIOTU CUPOMY 3€PHY Ta 3BOJIOKY€EThCS Y KOHTAKTI 3 HUM.
[HTEHCUBHICTh MIXK 3€PHOBOIO BOJIOTOOOMIHY 3aJIEKUTh BIJ PI3HUII
BOJIOTOCTI,  TEMIEpaTypH, KpaTHOCTI  3MIIIyBaHHS  CHpPOro  Ta
PELUPKYJIIOI0YOTO  3€pHAa Ta  OJIMHOTO  HaciHHA.  Bosorooomin
HallHTEHCUBHIIIE BigOyBaeTbcs y mepiui 15..20 XB, Mmiciig 4Oro Mporec
CHOBUIBHIOETHCA. 3a LIEW Yac BOJIOTICTh CHPOTO 3€pHA Ta OJIHHOTO HACIHHSA
3HMKY€EThcst Ha 2,5..3 %. Temmeparypa 3epHa Ta OJIMHOTO HACIHHS
BHUPIBHIOETHCS BxkKe yepes 1,5...2 XB.

3a J0MOMOTOI0 MEXAaHIYHMX METOJIB CYIIIHHA 3€pHa Ta OJIHHOTO
HAClHHA BI[DKUMaHHAM a0o0 UEeHTpU(YTYBaHHAM BHUIAJIAIOTH MEXaHIYHO
3B’sI3aHy YW TIOBEPXHEBY BOJIOTY, HANpPHKIAd, IMiJ 4aCc BUXOAY 3€pHA Ta
OJIITHOrO HACIHHS 3 MHMHOI'O BIJIUICHHS MJIMHIB, Ha BIJUKMMHUX KOJIOHKAX
[12].

CxJ1aioBOIO TpOIECy CYIIHHS MiC/s HarpiBaHHS 3€pHA Ta OJIMHOTO
HACIHHS € WOTO OXOJIOMKEHHS. Y MPSMOTOYHHMX CYIIapKax OXOJOKEHHS
3aCTOCOBYETHCS Ha KIHIIEBIN CTaAll CYIIIHHS, 110 MOB’I13aHO 3 HEOOX1IHICTIO
NepeBECHHS 3€pHa Ta OJIMHOTO HACIHHS y PIBHOBXXHUI CTaH HE TIJIBKH 32
BOJIOTICTIO, a ¥ 3a TeMIepaTyporo, 3 METOI0 HOro TpPUBAJIOTO 30epiraHHs.
Temmneparypa 3epHa Ta OJIMHOTO HACIHHS, 110 BUXOJUTH 13 CyLIapKU, MOXKE
NepEeBUIILYBaTH TEMIIEPATYpPy 30BHIIIHBOTIO MOBITPs He OutbI sk Ha 10 °C.
VY Garatbox perUpKyJIAMIHHUX CcyIIapKax Mopsij 3 UM € I1e W MPOMIKHE
OXOJIOJIKEHHS PELIMPKYIIIOI0YOr0 3€pHA Ta OJIHHOTO HACIHHS, SIKE JIA€ 3MOTY
3aCTOCOBYBATH IHTEHCU(IKOBAHI PEKUMU CYIIIIHHS 3 TEMIIEPATyPOIO areHTa
cyminas 250...350 °C 6e3 nmeperpiBaHHs 3epHa Ta OJIIMHOTO HACIHHS 1, KPIM
TOro, 3abe3nedye JOAATKOBE 3HATTS BOJIOTU. 3€PHO OXOJOIKYIOTh,
MPOyBalOUM WOTO 3O0BHINIHIM TMOBITPSM. [HTEHCHUBHICTH OXOJIOKECHHS
3aJIeKUTh BiJl TTapaMeTpiB TOBITPs, TOBIIMHU IIapy 3€pHA Ta OJINHOTO
HACIHHS Ta TPUBAJIOCTI HOTO 0XOJoKeHHS [13].

Dopmyniosanns memu cmammi. [IpoBeneHI MOCTIIKEHHS CYIIiHHS
3epHa Ta HACIHHS COHSIIHMKA Ha CYIIapKax IIaxTHOro ta OapabaHHOTrO
TUIIB, TONKH SIKAX MpalIOBaJd Ha NPUPOJAHOMY Ta3l Ta JIyLINUHHI,
MOKa3aju, 10 B OCTaHHIX, TOOTO MpH PoOOTI TOMOK Ha JYIINUHHI, MOXKE
MaTu Miciie 3a0pyaHeHHs 3epHa 6eH3omipeHoM. [Ipu 11boMy 3a3HavuUMO, 110
301IbIIEHHSI €KCIO3ULIi CYIIIHHS MPHU3BOAUTH IO PI3KOTO 301IbIIEHHS
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OeH3oIipeHa B HaCIHHI COHSIIIHUKA.

TakuM 4MHOM, MPU BAOCKOHAJIEHHI TEXHOJIOTI Ta TEXHIYHUX 3aCO0iB
CYILIIHHS 3€pHA COHSIIHUKA, MPOAYKIIS MEpPepoOKH SKOTO € MPOTyKTaMU
XapuyBaHHS JJIsl JIIOJWHW, HEOOXIHO BPaXOBYBAaTH YMOBH TOTPAIUISTHHS
KaHIIEPOT€HHUX PEUYOBHUH B 3€pHA 1 BUKIIOYUTH iX YTBOPEHHS B IMpOIIECi
CYIIHHS.

OaHuM 3 MEpPCHEeKTUBHUX CIOCOOIB CYUIIHHS CHUIIyYHUX MaTepialliB €
CIOC10 CYIIIHHS B BIOPOKHUIUISTYOMY IIapi, IKUH MOXKe OyTH JOCITHYTHM Ha
BiOpaliiHux cymapkax pizHoro Tumy. OpHak, BpaxOBYIOYHM BiJIHOCHO
BEJIUKY TPUBAIICTh CYIIHHS JEIKUX MaTepiaiiB, KpallUMHU € CYIIWIbHI
YCTaHOBKH, CTBOPEHI Ha OCHOBI BIOpaLIHUX KOHBEEPIB, SKI JTO3BOJISAIOTH
MOPIBHSAHO 3 IHIIMMH CyIIapKaMd 3HA4YHO 30UIBIIMTH 4Yac nepeOyBaHHS
MaTepiaiay B OJHOMY arperari.

MeTta poboTH noJiirae y miABUIIEHH] IHTEHCUBHOCTI MPOLECY CYIITHHS
HACIHHS COHSIIHMKA Ta 3MEHIICHHS €HEPrOBUTPAT LUJISAXOM ONTHMI3allii
TEXHOJIOTIYHUX Ta KOHCTPYKTHUBHUX MMapaMeTpiB BIOPOCYLIIHHS.

Ocnoena wacmuna. Jyis iHTeHcU(iKalii 0araThb0X TEXHOJIOTTYHUX
MpOLIECiB  TMEPEepOOKH  CHUMKOI  CLIBCHKOTOCHOJAPCHKOT  MPOMYKIIIL
BUKOPUCTOBYIOTh BIUIMB BiOpaIliMHOTO MOJS Ha CHUITyYUd Marepiaj, Ipu
SAKOMY 30UIBIIYETHCS TIOPUCTICTH IIApy MaTepiaiy, 10 0OpOOITIOETHCS, Ta
IHTEHCUBHICTh MOT'0 MIEPEMIIITyBaHHS, 1[0 B CBOIO YEPTY MOKPAIIy€e MPOIECH
Maco — Ta TerioooMiny [14].

Bonora y 3epHi € Ha MOBEpXHI, y Kaljisgpax, yCepeInHi KIITHH 3epHa
Ta OJIIMHOrO HaciHHA. BoHA Mae BakiauWBe 3HAUEHHS I KUTTEIISUILHOCTI
3¢pHa Ta OJIMHOrO HACiHHS, aje 1i HAWIUIIOK NPU3BOJIUTH JO
1HTeHCU(DIKALli KUTTEBUX MPOIIECIB, CAMO3ITPIBAHHS Ta MOTIPILIECHHS SIKOCTI
3€pHa Ta OJIIMHOTO HACIHHS.

3aiexkHO BiJl BMICTY BOJIOTHM 3€pHO MOAUISIOTH Ha cyxe (1o 14 %),
cepeanboi cyxocTti (Bia 14 no 16 %), Bosore (Bix 16 no 18 %), cupe (rmona
18 %). V 3epHOBiil Maci Bosiora poO3NOAUISIETbCS HepiBHOMIpHO. [lpu
CepeaHil BOJIOTOCTI 3epHa Ta oJiiiHOro HaciHHsg 22 % Omm3bko 10 % MaroTh
BoJstoricTh HK4e 17 %, a monax 20 % — Bume 25 %. Y 3epHuHI Bojiora
PO3MOAUIAETHCS TAKOXK HEPIBHOMIPHO: Haib1IbIe 11 € B 3apOJKy, MEHIIIE —
B €HJIOCTIEpMI, a IIie MeHIIe — B o0osionkax. [Ipu cepenniii Boiorocti 3epHa
Ta oiitHoro HaciHHs 17 % 3apomok mae Boyoricts 19,4 %, engocrnepm —
16,7 % .

OOrpyHTyBaHHSI NPUHIMUIIOBOT cxemu BiOpamiiiHoi cymapku 3 U-
BUJHUM KOHTEUHEPOM.

Ha pucynky 1.1 mpencrabiena BiOpaiiiiHa cymapka 3 U-BugHUM
KOHTEHHEpoM [14].
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1 — xoHTeIHEp; 2 — mpy>KHa TiaBIcKa; 3 — pama; 4 — KoMmIpecop; 5 —
BiOpomnpuBig, 6 — ra3omiABIAHUN NATpPyOOK; 7 — EJIEKTPOJBUTYH, & —
BiOpooImopa

Pucynok 1. KoHCTpYKTOPCHKO-TEXHOJIOTIYHA cXeMa BiOpariitHoi
cymapku 3 U-BUTHUM KOHTEHHEPOM

Konrelinep 1 3a A0MOMOToK0 NpPYXHOI MIABICKM 2 BCTAHOBJIEHA Ha
HEepyXOMiil pami 3 1 NPUBOAUTHCA B KOJUBAJIBHUNA pyX JeOallaHCHUM
BIOpONPUBOJAOM 5, 3MOHTOBAHMM Yy HIXKHIM 4YacTUHI KOHTEHHeEpa.
Bcepenuni po604oi Kamepu BCTAHOBJIEHO €JIEKTPOTEHH JUIsl HarpiBy
HaciHHS COHsIIHMKA. Yepe3 razomiaBimHui maTpyOok 6 1 mepdopoBaHe
JTHUILIE KOHTEWHEepa MOJa€eThCs MOBITPS 3a JOIIOMOTOI0 KoMIlpecopa 4, sike
OXOJIOKYE Ta BIIOMpPA€E BOJIOTY BIJI MPOAYKTY.

st nocarHeHHs: 0e3MepeBHOr0 MUKy CYUIIHHS HACIHHS COHSIITHHUKA
Oy70 po3pobiieHo BiOpalliiiHy cymapky 3 1Boma U-BUIHUMU KOHTEHHEpaMHU
(puc. 1, 2), sika ckiIagaeThes 13 pamu 1, Ha AKid Ha NPYXKHIN MiaBIiCIi 2
BCTaHOBJIEHO Kopityc U-BuaHOi Gpopmu 3.

Kopniyc U-BugHoi popmu ckiamaetbest 13 ABoX cekiii. Ha kopmyci
PO3MIILIEHO 1HEPIiHI BiOpompuBOaU, K1 yepe3 Mydth 6 Ta Bamu 7
nepeaarTh KPYTHUH MOMEHT A0 AeOanaHcHuX BaHTaxiB 4. Ha xopmyci U-
BUJIHOI (hOpMU MO0 OOKaM PO3TAIIOBAHO JTOAATKOBHM BaHTaX §, 110 I03BOJISIE
YCYHYTH BIUIMB MacH 3aBAHTAXKEHHSI CHUIy4OTO cepenoBuina cekiiil U-
BUJIHOT (hOPMH HA CaMOCHMHXpOHI3alil0 NpuBoAiB. Y mnepuniid U-BuiaHiN
cekIiii kopmycy 3 po3TanioBaHa 3aBaHTaxyBaibHa ropiosuHa 10 Ta TEHu
12, 110 po3TaiioBaHi B IEHTPaIbHINA YaCTHHI CEKITii.
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1 — pama; 2 — mpykHa miJBicCKa; 3 — KOpIyC KOHTeilHepa; 4 —
nebanancu; 5 — eneKTpoABUTYH; 6 — MmydTa; 7 — nebanaHcHU Ball; 8 —
TOAATKOBUM BaHTax; 9 — po3auibHa po3AUIbHA Tneperopoaka; 10 —
3aBaHTAXXyBAJIbHA TOPJIOBUHA; 11 — po3BaHTaxyBaJbHA TOpJOBUHA; 12 —
TEH; 13 — narpy0ok nogaui nopitps

Pucynok 2. KoOHCTpYKTOpCHKO-TEXHOJIOTIYHA cXeMa BiOpariifHoi
cymapku 3 1soma U — BUAHUMU KOHTEHHEpAMU

Y gpyrit U-BumHiii  cekmii  kopmycy 3 pO3TalloOBaHO
BUBAHTXYBaJIbHY TopJjoBuHy 11 Ta mycrorumii marpybok 13 13
razoposnoaiutotounmMu  otBopamu.  Kopmyc  U-BugHoi  gopmu 3
3aKpUBAETHCA FA30BUBIHOIO KPULIKOIO.

Bucnosxu. Ha ocHOBI aHasizy Ta y3araJbHEHHS JaHUX BITUU3HSIHUX
Ta 3aKOPIOHHUX JpKepen i1Hdopmarllii mpo TEXHOJIOTII0 Ta pe3ybTaTh
TEOPETUYHUX 1 EeKCIIEPUMEHTATBHUX JAOCITIIKEHb TPOLIECY CYIIIHHS HACIHHS
COHSIIITHMKA OOTPYHTOBAaHA MeTa JOCIIIKEHHS: TT1JIBUILICHHS IHTCHCUBHOCTI
IpoIeCy CYIIIHHS HAaCiHHS COHSIIHMKA Ta 3MEHIICHHS EHEProBUTPAT
[UIIXOM ONTHUMIi3allii TEXHOJIOTIYHMX Ta KOHCTPYKTHUBHUX NapameTpiB
BIOpOCYIIIHHS.
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DEVELOPMENT OF OIL SEED DRYING TECHNOLOGY

Summary

Drying is one of the most common technological operations in various branches of
processing and food industries, in particular, in the conservation of raw materials.
Prospects for the development of drying technologies suggest a reduction in energy costs
for the process of extracting moisture; improving the quality of dried products;
development of highly efficient universal equipment; ensuring the environmental safety
of drying companies.

The paper analyzes the current state of the methods for drying grain and oilseeds.
It is noted that the moisture in the grain is on the surface, in the capillaries, inside the cells
of the grain and oil seeds. It is important for the life of grain and oilseeds, but its excess
leads to the intensification of life processes, self-heating and deterioration of the quality
of grain and oilseeds. It has been determined that one of the promising methods for drying
bulk materials is the method of drying in a vibrofluidized bed, which can be achieved on
various types of vibration dryers. However, given the relatively long duration of drying
of some materials, it is preferable to use dryers based on vibratory conveyors, which
allow, compared to other dryers, to significantly increase the residence time of the
material in one unit. Technological and design parameters of vibration drying have been
optimized. To increase the intensity of the drying process of sunflower seeds and reduce
energy costs by optimizing the technological and design parameters of vibration drying,
a design and technological scheme of a drying plant with two U-shaped containers was
substantiated and developed, which allows obtaining high-quality conditioned sunflower
seeds for further storage.

Key words: grain dryer, drying, grain, drying, scheme.
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OCHOBHI HAIIPSIMKHW IHTEHCU®IKAIII TEXHOJIOI'TT
YOPHOI'O YAIO

Anomayia. ITocTiitHO 3poCTarOuuii MOMUT HA Yail, sSIK OJUH 3 BaXXJIMBUX
NPOJYKTIB XapyyBaHHS, CTBOPIOE HEOOXITHICTh MOLIYKY pPE3epBIB HOTO
BUPOOHMIITBA, CTBOPEHHS MAaJIOBIAXOAHUX, KOMIUIEKCHUX TEXHOJOTIH, IO
HEMOXJIMBO  0€3  BIAMOBIAHOI  MalIMHHO-AaMapaTypHOi  MEepepoOKu
nepepoOHMX MANMPUEMCTB, IHTCHCU(IKAIII Ta ONTUMI3AIlli TEXHOJIOTTUHHUX
Ta XapyoBUX IIepeBar. MPOAYKTIB YOPHOIO 4Yaio, L0 € HalOuIbII
CIIO’KMBAHUMU B HaIIii KpaiHi 1 B OJIMKHBOMY 3apyO01xKi.

Po3po6ieni 3HOBY TexHOOTIi MOBHHHI 3a0€3MEYUTH TOJIIIICHHS
SAKOCTI, O10JIOT1YHOT IIIHHOCTI  O10XIMIYHOTO KOHTPOJIO  YaiHOTO
BUPOOHUIITBA, METO/I IITYYHOTO 3aB'sUTFOBAHHSI, TEXHOJIOT1sI YOPHOTO Yalo 13
3aCTOCYBaHHSIM TEPMIYHOI 00poOKu HeA0(PEpPMEHTOBAHOTO
HamiBpaOpukaTy, po3aiUIbHa IMepepobka uyaiiHoro iucra. Kpim Toro
PO3p00JIEHO TEXHOJIOTIT CYyXMX Ta PIAKUX YaHUX KOHIIEHTPATIB.

Kniouosi cnosa. I'panyntoBaHHs, 4apHUW 4aid, (epMeHTalls, yaiiHe
JIUCTS, NOJIPIOHEHHS, mepepoOKa ApIOHUX Ppakiiid YaTHOTO JIUCTA.

Ilocmanoexa npodremu. B 0CHOBI BUPOOHUIITBA YOPHOTO Yak0 JIEKATh
OKHUCJTIOBAJIbHI TIPOIIECH, 1110 MPOTIKAIOTH Y 3pYHHOBAHUX KIITHHAX YAWHOTO
JHUCTa, y Pe3yNbTaTi SIKUX YTBOPIOIOTHCS PEYOBHUHHU, IO OOYMOBIIOIOTH
cneuu@iuHIiCTh TPOAYKTY. TOMy OCHOBHHUM 3aBIaHHIM 1HTEHCUDIKAIIIT TpU
BUPOOHMIITBI HYOPHOTO YAl € MaKCUMaJbHa Ta OJHOYacHa pyHHaIlis
AHATOMIYHOI ILIUTICHOCTI KJIITHH JHACTAa 3 METOI0 HaWOUIBII ITOBHOI'O
BUKOPUCTAHHA MOro TNOTEHLUIMHUX MOXJIMBOCTEM Ta 3a0e3NedeHHs
PIBHOMIPHOCTI MPOTIKAHHS OKUCHUX NEPETBOPEHD.

Jesinterpamiss ~ KITHH  MoOXXe  OyTH  BHUKJIMKaHa  pI3HUMHU
VIIKO/KYIOUUMHU  (pakTopaMu: (i3MUHUMH, MEXaHIYHUMH, XIMIYHUMH,
O10JIOTIYHMMH, a TaKOX PpI3HUMU I1X TnoenHaHHsmu. LI mpuitomu
3a0e3MeuyoTh 3MIHY HampsiMy Ol10XIMIYHMX MPOILIECIB, 110 MPOTIKAIOTh Y
CBIKOMY YallHOMY JIMCTi, BHACJIIIOK YOrO0 CTBOPIOKOTHCS YMOBHU JJIs
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PO3BUTKY OKHCHHUX MPOIECIB, BiA SKUX 3aJICKHUTh (HOPMYBaHHS SIKICHUX
MTOKA3HUKIB TOTOBOI MPOTYKITIi.

Ananiz  ocmamHix  00cniddceHb. 3a  KIACHUYHOIO TEXHOJOTIEO
PO3IaBIIOBAHHS KJIITHH JIUCTS 3AIMCHIOETHCSA MUIIXOM iX CKPyYyBaHHS B
ponepax. Y upomy Omuzbko  20-25%  KIITHH ~ 3aJUIIAIOTHCA
HEpa3JaBJICHHBIMHU, OTXE BOHM O€pyTh y4acTh Yy CTBOPEHHI SIKICHUX
MOKa3HUKIB MPOIYKTY. 30UIbIIEHHS TPUBAJIOCTI CKPYYyBaHHS 3 METOIO
MIJBUILIEHHS YAaCTKU PO3JABJICHUX KIITUH HEraTUBHO ITO3HAYAEThCS Ha
TEXHIKO-€KOHOMIYHMX  TOKa3HUKaX  BUPOOHHUIITBA,  SKOCTI  yalo.
depmeHTallisl y TKAHUHAX YallHOTO JIMCTA, 3pyHHOBAHUX y Pi3HI Mepioau
TPUBAJIOTO CKpPy4YyBaHHS, MOYMHAE DPO3BHBATHCS HEOJHOYACHO, a MiCIs
3aKIHYEHHS CKpY4YyBaHHs 00p0OJIEHNI MaTepian BUSBISETHCS HEOJHOPIIHO
dbepmenToBanuM. [Ipuyomy Ounbiia ioro yactTuHa — nepedepMeHToBaHa,
BHACJIIIOK YOTO MPOJYKT MICTUTh 3HAUYHO MEHIIE O10JIOT1YHO aKTUBHUX
PEUOBHH.

M. A. DbokydaBa 3ampoloHyBaB METOJ TEPMIYHOI O0OpOOKHU
HEJO0(PEPMEHTOBAHOIO HamiB()aOpUKaTy 1 po3pOOMB TEXHOJIOTIUHY CXEMY
BUPOOHMIITBA YOPHOTO Yaro, M0 Mependadac BKOPOUEHHS CKPy4dyBaHHS
3aB'SJIGHOTO JINCTA, CYIINHHSA JI0 BOJOTOCTI 6-8% 1 TepMiuHy OOpOOKYy.
3a3HaueHut crocid A03BOJIMB 3HAYHO 3HU3UTH BTPATH (EHOJIBHUX CIIONYK,
TAM CaMUM MiABUIIMTH P-BiTamiHHy akTUBHICTH mpoaykTy [1-4]. Llew
TEXHOJIOTIYHUNA TPHUINOM 3HAMIIOB MIMPOKE 3aCTOCYBAHHS B TEXHOJIOTIT
YOPHOTO Yar0, Y TOMY YHUCII 1 IpiIOHOTO YOPHOTO Yalo.

BpaxoByrour 3HAauY€HHsS pPYWHYBAaHHS KIITHH YalHOrO JHCTa MpPH
BUPOOHUIITBI YopHOro uaro, K. M. Jxemyxan3e 3amporoHyBaB METOJ
IIBUIKOTO Ta TIMOOKOTO 3aMOPOKYBaHHS MaTepialy, 10 J03BOJISIE YCYHYTH
HEJOJIIKH J1F0Y01 TEXHOJIOT1i. B yMOBax HU3bKUX TEMIIEPATyP YTBOPIOIOTHCS
KPHUCTAJIH JIbOY B KIITHHAX, IO MPU3BOJNUTH IO OJJHOYACHOTO 1 MPAKTHYHO
MOBHOTO iX pyHHYBaHHA. 3alpOlOHOBAaHWN METOJ] BUKIIOYAE CTAJII0
3aB'sUICHHS, 3HAYHO 1HTEHCH(IKy€e O10XIMIYHI Ta TEXHOJOTIUHI MPOIECH,
MOMITHO CKOPOYY€E TEXHOJOTTYHUNA LUKJL.

Po3po6aenuii crioci6 nepepoOKu YaifHOTO JIMCTA, IO Mepeadadae Horo
TEpMOXiMiuHy 00poOKy 1% pO3UMHOM KayCTHYHOI COIU  Tepes
cKpydyBaHHsSM. Jly>kHa 00poOKa 4alfHOTO JIMCTa 3a PAaXyHOK YaCTKOBOTO
pYWHYBaHHS JITHIHY POOUTH MaTepiall OUTBIT MOAATIMBUM JIsl TTOAAIBIIOT
nepepoOKH, M0 CHpHsE MOJIIMIISHHIO SKOCTI Yaro. BimoMmuil opuriHansHUN
Croci0 BUPOOHUIITBA Yaro, 110 Nepeadadyae oOpoOKy JIMCTa Ta30moai0HO0
BYTIJIEKMCIIOTOIO B CHIEIIaIbHIN KaMepi IpH MIABULIEHOMY THCKY [5-9]. Pi3ke
3HMJKEHHSI TUCKY Ta3y 10 aTMOC(HEpPHOr0 BHUKIMKAE “BUOYX’ KIITUHHUX
O00O0JIOHOK YailHOTO JUCTa, 110 CHpHUS€ PIBHOMIPHOMY Ta IHTEHCUBHOMY
NEPETIKAHHIO OKUCITIOBAIBLHUX MPOIIECIB.

He3Baxarouu Ha MepCreKTUBHICTh 3a3HAYEHUX PO3POOOK, BOHHU MOKH
HE 3HaXOJSATh UIMPOKOTO BIIPOBA/KEHHS B YaEMepepOOHiil MPOMUCIOBOCTI.
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B nmammii 4Wac s pyWHYBaHHS TKaHWH YadHOIO JIMCTa 3aCTOCOBYIOTH
TOJIOBHMM YMHOM MEXaHIuHI METOAM, 110 0a3yloThCs Ha IHTEHCHQIKaIlii
CKpY4yBaHHS-TI0AP1OHEHHSL.

Dopmyeannus memu cmammi. Y dYaeBUPOOHWYMX KpaiHax CBITY
OCHOBHHMM HAaIlpsSIMOM B 00JacTi CKpy4yBaHHS-NIOJPIOHEHHS € TPaHUYHO
IHTEHCUBHE PyHHYBaHHS KJITUH YalHOTO JIKCTAa METOJO0M IOApiOHEHHS
MacH 3 METOI0 BUPOOJICHHS O1JIbIIT €KCTPAKTUBHOTO JIPIOHOTO YOPHOTO Yalo.
HpiOHuit YopHUM Yaif Ma€ IHTCHCUBHUN HACTOM, MPUEMHUMN TEPIIKUN CMaK,
HIBUJKO E€KCTParyeThes, 3py4YHHM mpu po3dacoByBaHHI Ta CHOKHMBaHHI,
CTIHOK y 30epiraHHi.

[IuTaHHAM TNIABUIIEHHS 1HTEHCUBHOCTI OOpOOKM 4YalHOIO JIMCTa Ta
30UTbLIEHHS! BUXOMY ApIOHMX BHU/IB Yar0 MPUCBSIYEHO BEIUKY KIIBKICTb
nociimpkers [10-14]. 3a xopaoHoM Ha ApiOHI BUAM YAl JTOBOIUTHCS
npaktuyHo 10 85-90% Bim 3arampHOro 00CAry BUPOONEHOI YalHOT
MPOAYKIIi.

[lepmrM KpOKOM Ha HUISXY IHTEHCH(IKalli MpOIEeCcy CKpy4dyBaHHS-
(dbepmeHTanii Ta 301IbIIEHHS 00CITy BUPOOHUITBA APIOHOIO YOPHOTO Yako
CTaJI0 BJIOCKOHAJIEHHS MOBEPXHI CTOJIy poJjiepa 3 BUKOPUCTAHHSAM PHUPIB,
OaTTEeHCIB Ta KOHYCa 3 PI3HUM KyTOM YTBOPIOIOYO].

OcHosna uacmuna. [ns 1HTEHCH}IKAIIl MPOIECY CKPyUIyBaHHS
YailHOrO JIUCTa CTajdud 3aCTOCOBYBATHUCS COJIOMOpI3KH, Ta OyB 1
TIOTIOHOpi3aIbHI MammHau “‘Jlerra® pazom 13 pomepamu. OmHaK HOBUH
nepio B iHTeHcUDIKaIlii Mpoliecy CKpydyBaHH-MIOPIOHEHHSI-pepMeHTAaITiT
Ta 30UIbIIEHHS PpIOHMX BUAIB 4Yar0 HAcTaB Micias cTBOpeHHs y 1930 pouwi
Mak-Kepuepom mammnaun “C.T.C.”. Mammna "C.T.C." cknamaerscs 3 1BOX
IpaBIpOBAaHUX METAJIEBUX BaJKIB, [0 OOEpPTAIOTHCA OJUH JO OJIHOTO 3
PI3HUMU IMIBUIKOCTSIMU: IBUIAKOXITHUN — 675-725 00/XB, TUXOX1aHUMI — 60-
70 06/xB. OOpoOka Marepiaidy 3A1MCHIOETHCS Y MIXKBAJIKOBOMY IPOCTOPI,
SAKUU PETYNIOEThCS B 3aJ€KHOCTI BiJl IIBUIKOCTI MOJAayl YAaHHOTO JIUCTA.
Mammuna “C.T.C.” 3acTOCOBY€TbCS SIK OKpEeMO, TaK 1 B TMO€THAHHI 3
pojuiepaMH  Ta IHIIMMH TNPUCTPOSIMH, IO CKPy4ylOTb. A  OJuH
YaemoIpiOHIOIOUNI arperaT Moxke OyTu o0'eqHanuit 2,3,4 1 gami 5 marmmH
"C.T.C.". I3 3acrocyBanusam mamuau "C.T.C." 3'sBunacs 1 omHOWMEHHa
Ha3Ba METOy mepepoOKu. 3aB'suIeHU YallHUH 13 3aJIMITKOBOIO BOJIOTICTIO
66-70% mnpomyckaetbesi uepe3 mammuu “C.T.C.” 06e3 copTyBaHHS, B
pe3ynbTaTi 4Ooro BiH TEPETBOPIOETHCS HA TICTOMOMIOHY Macy 3 JIOCUTh
Brcokot0 Temrneparypoto (40-50 OC), sika rpaHyIIO€TbCS OOTOPTAHHSM 1
KJacu(ikyeTbcsi 3a po3MipaMd B OapabaHHOMY TpaHyISATOpPlI MPOTATOM
70,90, a iHomi 1 120 xBHJIMH, 3a7I€KHO BiJl yMOB BUPOOHUIITBA.

3HaYHUM JIOCSTHEHHSIM y PO3BUTKY 1HTEHCHBHOI TE€XHOJIOTi] YOPHOTO
yaro € mamrHa PotopgeiiH, ckoHcTpyiioBana Mak-Tiepom. PoGouuit opran
MalllUHK € TBUHTOMOMIOHMM BajoM, 10 (YHKIIOHYE B KapkKaci
muTiHApuYHO1 popmu. Ha Bamy B 30H1 )KUBMIIbHUKA 3aKPITIICHUN [THEK, 110
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NEPEeXOIUTh y Jiomari. Y MICIl BUBAaHTaXXEHHA CKPYYEHO-TOAPIOHEHOTO
JUCTa BCTAHOBJIEHO TOPIIEBY KPHIIKY. B 3aJ€KHOCTI BiJ TEXHOJOTIYHOI
HEOOX1THOCTI AladparMy KPHIIKH BCTAaHOBIIOIOTH y TMO3HUIIT HEOOXiTHOTO
TUCKY. YaliHe TUCTS, 10 HAJAXOIUTh B MAILIUHY, B PE3yJIbTaTi 00€PTaIHLHOTO
pyXy po0odoro opraHy, a TakKoX IIiJl BIUIMBOM TOPILEBOi KPHUIIKU
pO3TUpAEThCs 1 MOJIPIOHIOETHCA. "POTOpPBENH" MOCTIMHO yIO0CKOHATIOETHCS.
Bunyckaerbcss wmammua  "Cymep-BeWiH", 1m0 mpenacraBisie  co0oro
moaudikamito "Poropseitn". YV "CynepBeilH"-1 Ha BHYTpIIIHIN MOBEpPXHI
HUJIIHAPA BCTAHOBJICHI HEPYXOM1 BUCTYTIH, IO MiJACHIIOIOTH BIUIMB HA JIUCT.
VY 1mMx MamuHax JUCTOK 00pobiseTbes npoTsirom 1,5-2 xpuiuH. YaitHuit
CIK, 1110 BUJIUIMBCS 3a LEH Mep10J, PETEIbHO 3MIIIY€ThCA 1 3HOBY BOMPAETHCS
JUCTOM TIepe]] BUXOAOM 13 MamuHu. He3Baxkaroun Ha HEBEJIMKY TPUBATICTh
3HAaXO/KCHHSI apKylla B MalllMHAaX, BIH HArpiBa€ThCs, MPOTE TEIJIOTa
BIJIpa3y K BHUIIPOMIHIOETHCS 1 HE BIUIMBA€ Ha SKICTh 4aro. LI mammnHu
BUKOPUCTOBYIOTbCS B KOMOIHali pa3oMm 13 posepamu, MamuHamu “C.T.C.”
Ta IHIIUMU TOAPIOHIOIOYUMH MallIMHAMM.

VY TEeXHOJOTIYHUX CHUCTEMax BHUPOOHUIITBA APIOHOTO YOPHOIO YAKO
3ycTpiuaeTbesl 1 mojpiOHIO0ua MamuHa ‘“‘bapOopa”, 1m0 ckiIagaeTbes 3
TOPU30HTAJIBHOTO KOPITyCY, BCEpPEAMHI SKOIO pO3TalloBaHUN poOounii
opraH y BUIJISAI poTopa Yy (opmi yCi4eHOro KOHyca Ha TMOBEPXHI SKOTO
BCTaHOBJIeH1 OaTTeHcH. [Ipu moctymanibHOMY pyci B poO0dy 30HY YalHUIA
MaTepiana MepeMilaeThCsl MO CHipalli, M0 MOCTIHHO 3MEHIIYEThCS, 1 MK
pyxomMuMu OaTTeHCaMH KOHyca 1 HepyxoMoro 1andor I1HTEHCHUBHO
CKPYUY€EThCS, PO3AABIIOETHCS, piKEThcsa. KpiM TOro, y TEXHOJOTIUHMX
cXxemax 3acTOCOBYeTbca 1 MammHa ‘“‘Tpery- paTop”, sKa Mae 3HAYHY
CXOICTh 3 MalllMHaMU cuctemu “‘Potopseitn”. PoGounii opran ManivHu, 1o
ABJIIE COOOI0 LIHEK, 31 3MEHIIYIOUUM KPOKOM 1 301IbIIYETHCS B HAIIPSIMKY
MpPOCYBaHHS JIUCTa JiaMeTpoM, 1 BCTaHOBJIEHA B KIHII IIIHEKa
BUBAHTa)XyBaJIbHAa T'OJIOBKA 3 PLKYYMMHM JIONATAMH 3a0€3MeUyOTh OLIbII
IHTEHCHUBHHI BIUTMB Ha JIUCT, HK Y PoTopBeitn. Haitbinbioro nommpeHHs
mamuHa "Tpetyparop" HaOyna B Adpwui.

OcrtanHiM 4YacoM [l TOAPIOHEHHS YallHOTO JIMCTa  CTaJH
3actocoByBatu mammny “L.T.P.”, mo € 6GapaGanom, y sIKoMy 3 BEIHUKOIO
MIBUKICTIO B MPOTHICKHUX HAMpPsIMKax OOEpTalOThCs HOXI Ta JIOMATI,
IHTEHCHUBHO Ta MUTTEBO.

3 BUKOPHCTAHHSIM BUIIE MEPEPaxOBaHUX MAIIUH MEPEepoOKy YaitHOTO
JUCTa 3IIACHIOITh 32 TaKUMH TEXHOJOTIYHMMHU CXEMaMHu: pojep -

"Poropsenin" - copryBaHHs - "PotopBeWH" - cOpTyBaHHS - poJuiep -
COpTyBaHHs - poiiep - copryBanHs; "Poropsenn" - "C.T.C." - ponep -
copryBanns; "Portopsenin" - "C.T.C." - "C.T.C." - copryBanus; “Potop-
Beitn - “Poropeeiin”- “C.T.C.”- “C.T.C; "Poropseitn" - "C.T.C." - "C.T.C."

"C.T.C." - copryBanHs. KpimM TOro 4yaenoapiOHIOOUl MaIIMHU

3aCTOCOBYIOTBCS Ha PI3HHX CTaaisX mepepoOku: micas 10-XBHIMHHOTO,
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JPYroro, TpeThOro CKPy4IyBaHHS YaWHOTO JIUCTA B pojiepax Ta COPTyBaHHS.
3aCcTOCOBYIOTHCSA 1HII CXEMU 3 yYACTIO NIEPEIUeHUX MAIlUH.

[epia cipoOa cTBOpeHHsI Yaepe3aabHOI MAIIMHU B HAIK KpaiHi Oyma
spobmena B 1938 pomi B. I JIximkewmsim. I[Ipore wmammHa
XapakTepusyBaiacs pSAIOM ICTOTHUX KOHCTPYKTHBHUX HEJIONIKIB 1 He
3HaAMIUIa 3aCTOCYBaHHS y HpoMHcioBocTi. ['pymnoro ¢axiBimiB Ha 4Yoil 3
I'.1.XapebGaBa Oyiau OTpMMaHi MO3UTUBHI pe3yJIbTaTH MPU BUKOPHCTaHHI
pi3aHHS i 4Yac CKpPy4yyBaHHS YalHOIrO JIMCTA, BHACIIJOK YOTO
MOKpallyBajiacs AKiCTh IPOIYKIIIi, IO BUPOOIISETHCS.

[cTOTHUMIA BHECOK Y CIIPAaBY BJOCKOHAJICHHS YAECKPYUyBaJIbHUX MAITUH
3po6us A. H. Kakanamsini [5]. Im po3po6nenuii ponep 6e3nepepsHoi aii,
[0 TMpeicTaBisie co0ow o0eyaliky, 10 O0epTaeTbcs, 3 IIICThMa
TBUHTONONIOHUMU pU(paMU, BCEPEAMHI SIKOT pO3TalIOBaHUN OOEpPTOBUI
KOHIYHUHM IIHEKONOAIOHWM poTop 3 yoTupma BucTynamu. [lpoaykiis,
BUpOOJICHA HA JIHIT 13 3aCTOCYBaHHSIM ILILOTO POJIepa, XapaKTepU3yEThCS
SACKpaBUM HACTOEM, OJIHAK MAa€ HE3aJOBUIbHUM 30BHIMIHIA BUTJISAT 1
CTPOKATy PO3BapKy.

[ITupoke mMpoMHCIOBE 3aCTOCYBaHHS 3Haiinuia mamuHa "P3-UP2K",
MpU3HaYEHAa JJIs P13aHHS HU3bKOKOHIUIIIHHOT YaiiHoi Macu. Ha BHyTpitHIi
MOBEPXHI MUJTIHAPUYHOTO KOPITYCY MAIIMHUA PO3MUIISTHO TO3J0BXHI prudu.
Pixxyunii opran BUKOHaHUHM Yy BHIJISAI OOOCTPOTO HOXKA, PO3TAIIOBAHOTO
MDK JBOMa JiadparMamMu 1 Mae okpeMmuil mpuBia. Hemomkom MamiHH €
cia0Ke paxaBIIOBaHHS MaTepially 3a paxXyHOK MIATHCKY i/ Yac pi3aHHS.

Jns pizaHHSA-IOAPIOHEHHST YallHOrOo JKCTa OyJia CTBOpPEHA MalluHa
YPK, mo ckiagaeTbes 3 MIHEKA, Ha BaJly SKOTO MiX JBOMa AiadyparMaMu
PO3TaIlIOBYEThCS MOAPIOHIOIOYMI HIXK. Maca, 10 MOJA€ThCS B MalIWHY,
noApiOHIOETHCS i Ji€r0 AladyparMu Ta JionaTte Hoxka, Y TaKOMY K KJTHoUl
npaiftoe 1 "LHutpudarop"[5]. I'pynoro ¢axiBuis Ha vomi 3 A.H.Kakanamsini
OyJia po3poOJieHa KOHCTPYKIliSI IEHTPaJIbHOTO BiAOIpHHMKA, IO BUKOHYE
dbyHKIiI0 mpeca Ta 1HTEHCU(IKYe Tmporec ckpyuyyBanHs. Ponepu 3
HEeHTpAIbHUMH BinOipHuKkamMu Ta Mammau YPK craHoBwiIM OCHOBY JiHii
CKpy4YyBaHHSI, COPTYBaHHSI Ta pi3aHHs daiiHOro ymcta mapku b2-UCT.
[Tpomyxkitisi, oTpuMana micis oOpoOKH YalHOTO JIMCTa Ha Iii JiHii, Oyia
HE3aJI0BUTLHOIO HA BUTJISI 1 XapaKTEPHU3yBagacs CTPOKATOI PO3BAPKOIO.

Benukuii BHECOK y pPO3pOOKY TEXHOJIOTITYHMX OCHOB MOTOKOBOTO
BUpOOHMIITBA JpiOHOTO dopHOro 4yato BHeciu P.M.Xomepis Ta
P.P.lxxunmxomnis. Po3pobnena Humu noapiOHorova mamuHa b2-YPY 6yna
BKimovueHa a0 JiHIi B2-UPX, mo 3Haiinuia mupoke BOPOBAKEHHS Yy
BUPOOHMIITBI Yaro. YaitHuii maTepiasl nepepoOIiseTbCcsl Ha BKa3aHiM JiHIT B
HACTYITHOMY MOPSIKY: 3aB'SJIEHUN 70 3aJIUIIKOBOI BOJIOTOCTI 63-65% nuct
cKpyuyeThes B posiepu YPO-2 npoTsirom 20-25 XBUIIUH, COPTYETHCS, piOHA
dpakilis MOBTOPHO CKPYUYEThCS, a CX0/10Ba (pakiiis pixkerbes B b2-UPY,
pi3aHa Maca COPTYEThCs, NpiOHA (Ppakilisi CKPy4dy€eThCsl, CX070Ba (HpaKiis
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pixerbes B b2-YPY 1 ckpydyeThcs, micis yoro Oinblie (Gpakiiii cymaTbCes.
Henomnikom 3a3Ha4deHOi MallMHM Ta JiHII € HEBUCOKA MPOIYKTHBHICTH, a
TaKOX JIesIKa HEOTHOPITHICTh MOAPiOHEHOT MacH.

3 wMeTor0 iHTeHcU(IKAIil Tpolecy MNOoAPIOHECHHI-PO3IaBIIOBAHHS
YailHOTrO JIMCTa Ta YCYHEHHs €KCIUTyaTallliHUX HEJIONIKIB YCTaHOBKU b2-
YPY rpymnoro aBTopiB ctBopeHo maiuny b2-UIll, sika 3Haiiia HalO1IbII
HIMPOKE 3aCTOCYBaHHS Y IPOMHUCIOBOCTI. POO0OY1 Opranu ManivHu BUKOHAHI
SK IIHEKIB, JIOMATI SKUX 3aXOJAThb JAPYT 3a Jpyra. MaiivHa Ma€e Takox
niadparmy 3 kamiOpoBaHuMu oTBopamu. Ha 6a3i 1i€i mammHu cTBOpeHa
noTokoBa JiHis b2-UP2X, 1o npaitoe HacTyITHUM YMHOM: 3aB'sUICHUH 10
3aJIMIIKOBO1 BOJIOTOCT1 63-67% 4ailHUil TUCT MICHsI CKPYYyBaHHS B POJIEpU
YPO-2 copryerbes, ApiOHA (pakiisi MOBTOPHO CKPYUYYETHCS, & CXOAOBa
Benuka (pakuis B b2-UIIl, ckpyuyeTbes B posiepax, Micisi CKpy4yBaHHS yail
BUCYUIY€ETbCS 1 MIANAETbCS TepMiuHIM 00poOui. 3actocyBanHs b2-UIII
Halle(heKTUBHILIE MPU CTPOrO MEBHIM KUIBKOCTI JIUCTA, MO MOJAETHCA, a
KUIBKICTh 3pyHHOBaHUX KJIITHH CTaHOBUTH 10 90%.

PobGounmMu opraHamMu MamvHUA IS APOOJIEHHS Ta M'SITTS YailHOro
mucta YM/] € BcTaHOBIICHI HA IBOX BajlaX Ta BHYTPIIIHIN TOBEPXHI KOPITYCY
noJipiOHIOK0YI eneMeHTH. HepoaikoM MalliuHy € 3HayHe 3HM)KEHHS CTYIICHS
noApiOHEHHS y pa3i 3MEHIIICHHsI 110/1a4l YaifHOTO JIMCTA.

['pynoto aBTOpiB Oyna po3poOjeHa Ta CTBOpPEHA POTOPHO-
CKpyuyyBaJlbHa MalllMHA IIHEKOBOro TUIy. PoOoul opraHu MamimHu
MPEACTABIICHI IIHEKOM OPUTIHAJIBHOI KOHCTPYKIIi 31 CHelialbHUMH
eJIeMEHTaMH, [0 3a0e3MeuyloTh CaMOpETyJIOBaHHA THUCKY B Maci
HE3AJIEKHO BiJ KUIBKOCTI MaTepialy, 10 MoAaeTbcsi. PoTOpHO-
CKpyYyBaJbHa MallliHa OyJjia BKJIIOYEHA B MOTOYHY JiiHit0 b2-ULJT .

Bci nepepaxoBaHi BUIIE YCTAaHOBKH JUIsl MOAPIOHEHHS YailHOTO JIKCTa
MPU3HAYEH1 17151 IOBEJIEHHS MaTepially 10 PO3MIPIB YaCTUHOK IPAKTUYHO HE
Mmeniie 4,0-4,5 MM 1 He 31aTHI TOAPIOHIOBATH Macy J0 JP10HOIUCIIEPCHOTO
CTaHy, TOMY 110 TIPU TOHKOMY MOJPIOHEHH] yTBOPIOIOTHCS IP1OH1 BUJIU Yalo,
IO JaloTh KajdaMyTHUH HacTii. TUM yacoM Hpu TOHKOMY MOJpiOHEHH1
JOCATAETHCS] PAKTUYHO TIOBHE PO3JABIIOBAHHS KIITUHHOI CTPYKTYpHU. 3a
KOpPJIOHOM 4YaifHi MacH, MOoApiOHEHI 70 JpiOHOIUCIIEPCHOTO CTaHY,
IpaHyJIOI0Th, 10 JIa€ MOXJIMBICTb OTPUMAaTH SKICHMM NTPOAYKT,
MaKCUMAaJIHHO 1C17Ib30BaBIIIN OTEHINHI MOJIMBOCTI BUX1THOTO JIUCTOBOTO
Marepiany .

ExcnepumeHnTu 3 nepepoOKy 4aliHOT Macu 3 MiJIBUIICHUM BMICTOM
orpy010i Ta rpy6oi ppakuii Ha mammnax "C.T.C." 1 "PotopBeiin" He ganu
MO3UTHUBHUX PE3YJbTATIB, a TICTOMOAIOHA Maca, 1110 BUMIILIA B Pe3yJbTaTi
IHTEHCUBHOTO TOJPIOHEHHS, HE MijjaBaiacs rpanymoBaHHio. Crin
3a3HAYMTH, 110 HA HAIy TyMKY, aBTOpaMH He OyJid MpaBUJILHO IMii0paHi
pPeXUMHU TPOLIECY TPaHYJIIOBAHHS Ta BIAMOBIJAHE OOJAaJHAHHS JJIsI HOTO
3M1ACHEHHSI, 110 MMPU3BEJIO JJO HETaTUBHUX PE3YJIbTATIB.
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3HATTA OOMEXEHb CTYNEHs NOApIOHEHHS 103BOJIsIE BUKOPUCTOBYBATH
JUIS  JUCTHEepPryBaHHA YalHOrO JHCTa [0 JApiOHOAMCIEPCHOTO CTaHy
oOJaHaHHS, OCBOEHE Y CyMDKHHX Taly3siX MpoMucioBocTi. s miadopy
Croco0iB  TpaHyJIOBaHHSA, BHUXOIMYM 3 HEOOXIJHUX BJIACTHBOCTEH
arJioMepariB, HEOOXITHO BHUKOPHUCTOBYBaTH OCHOBHI 3aKOHOMIPHOCTI
CTPYKTYpOYTBOpPEHHS Ta (popMyBaHHS MarepialliB, po3poOJICHI B PI3ZHHUX
rajiy3siX HayKd Ta TEXHIKH, 3 YpaxyBaHHSIM CHEHU(PIYHUX XapaKTEPUCTUK
qaro.

['panymtoBaHHS — 11€ CYKYMHHICTh TE€XHOJIOTTYHHMX OIepalliii, B OCHOBI
SKUX

Jaexarb  (I3UKO-MexaHI4Hl Ta  (I3UKO-XIMIYHI  MPOLECH, IO
3a0e3rneuyoTh (OpPMYBaHHS MATEpialiB Yy BUIJIAAI YaCTHHOK TIE€BHHX
po3MipiB, (hOpMH, CTPYKTYpH Ta (PI3UYHUX BIACTUBOCTEMH.

OcTaHHIM 4YacoM TpaHYJIIOBAaHHS 3HAWIIUIO IIMPOKE 3aCTOCYBAHHS B
PI3HHUX Tady3siX MPOMHUCIOBOCTI, 110 BHKJIMKAaHE HEOOXIIHICTIO HE JIMIIE
YAOCKOHAJIEHHS TEXHOJIOTIYHUX BJIACTUBOCTEM BHUPOOIB, YCYHEHHS iX
HETraTUBHUX (DI3UYHUX BJIACTUBOCTEH, ajge Ta MOXJIMBICTIO aBTOMAaTH3aIlli
BUPOOHUIITBA, MIJABUIICHHS IPOJYKTUBHOCTI  Ipalli, IOJErHIeHHS
NaKyBaJIbHOT poOOTH Ta 1H [6].

['panymioBanHs  (arsomepariisi,  arperamis)  TOHKOJMCIIEPCHUX
MaTrepiajgiB 3HAYHOIO MIPOI0 BHU3HAYAETHCSA iX (DI3UKO-XIMIYHUMHU Ta
PEOJIOTIYHUMHU BIIACTUBOCTSAMHU. Y BUTAKY TpaHyItOBaHHs BKitodae b cebe
Takl TEXHOJIOTIYHI Oleparlii: MiArOTOBKY BHUXIJIHOTO MaTepialy, BJacHe
rpaHyiIOBaHHs, (GOpPMYBaHHS CTPYKTypu. JlucriepcHi marepiaqu MOXKYTh
OyTH rpaHyJbOBaHI SIK y CyXOMy, Tak 1 y Bojoromy crtadi. [Ipu npomy
Ta0JIeTyBaHHs, MPECYyBaHHA Ta OpPUKETYBaHHS, IO 3IIMCHIOIOTHCS MPHU
HEBEJIMKUX BOJIOTOCTI MaTepialy, BIJTHOCATBCA [0 CYXUX METO[IB; a
OOropTaHHA, APaXyBaHHA, EKCTPYIYBaHHS - 0 BOJIOTHX.

EdeKkTuBHICTh rpaHyIIOBaHHS 3aJI€KUTh B1Jl KOT€31MHUX BIACTUBOCTEN
MarepialiB, TOOTO. BiJl CBOiX 3410HOCTEH Oe3mocepeIHbO B3aEMOIISTH MIXK
cobor0. Y pasi 3BOJOKECHHS AUCHEPCHUX YACTHHOK IXHS B3aEMOJIS
3QJICKHTH SK BiJl KOT€31MHUX BJIACTUBOCTEH PIIMHHMX MPOIIAPKIB, TaK 1 B
anaresii (MpuiIWMaHHS) PIAUHA JIO0 YAaCTUHOK, IO XapaKTePU3yEThCS
3MOYyBaHHAM Matepiany. CymapHa CUI0Ba B3a€MOJ1ISl MK YaCTHHAMH, L0
CTHKAIOThCS, IO NEPEIIKOIKA€E iX po3'€AHAHHIO, MPUNUHATO HA3UBATU
ayTOTE31€I0 .

Arnomepalliss OKpeMO B arperaTd Moke OyTH 3iliCHEHa pPI3HHUMU
NUISIXaMH, 110 BU3HAYAEThCS Oe3muuio (akTopiB, cepel SKUX BaXKIUBE
3HAQYCHHS Ma€ JUCTIEPCHUMN CKJIaJl BUXIAHUX YaCTHMHOK. DI3MKO-XIMiYHA
MeXaHiKa JMCIEPCHUX CTPYKTYp 1 TBEpPAMX TUI, PO3BUHEHA B poOOTax
akanemika I1.A.PeGingepa Ta Moro IIKOJW, BU3HAYA€E KPUTEPIM MOYATKY
arperyBaHHsi MEXeK NepexoAy BiJl TpPyOOJUCIEPCHUX CHUCTEM [0
MIKpOTE€TEPOT€HHHUX.
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Xoua B 3araJJbHOMY BHIIAJIKy arperyBaHHs Ta yTBOPEHHS MPOCTOPOBUX
CTPYKTYp MOYHHAIOTH MPOSIBISITUCA 3 JUCHEPCHUX CHUCTEMaxX 3 PO3MIpoOM
YaCTMHOK TBEP0i (pa3u MpakTUYHO HA 2-3 MOPSIKH OUIBIINM 3a PO3MIp
KOJIOITHUX YAaCTHHOK, y KOXXHOMY KOHKPETHOMY BHUMAJKYy MIIHICTh
€JIEMEHTapHUX KOHTAKTIB MK YACTUHKAMH 1 BIJIMOBITHO BUHUKAIOUUX 3 HUX
CTPYKTYP 3aJIeKUTh BIJl MPUPOAN MOBEPXHI, XIMIYHOTO CKJIaay, (pi3MuHHUX
BJIACTUBOCTEHN TBEPOi a3y Ta AUCIEPCHOTO CEPEOBUINA, YMOB B3a€MOII1
MDK HUMH [7, 8]. SIK TUIBKH PO3MIP YaCTOK CTa€ HACTIIBKH MAJIMM, 1110 CHIIH
34eIUICHHS OyayTh CIIBMipHI 3 iXHbOIO Baroto, BOHU B MOJI1 /11 CUJTH TSDKIHHS
BUSIBJIIIOTh CXMJIBHICTH 10 MHMMOBLIBHOTO arperyBaHHsa. Yepes BiilHy
NPOSIBU CHJI 3YEIUICHHS YaCTUHOK JPYT 3 OJHUM y MIKpOT€TepOTeHHHUX
CUCTEMaX MUMOBOJII BUHUKAIOTh IPOCTOPOB1 TPUBUMIPHI CTPYKTYpH. CTIHKI
TPUBUMIPHI CTPYKTYPH YTBOPIOIOTBCS MpPHU 3B'A3KY MK YaCTUHKAMH Y
BUIISIAI TPSIMUX TOYKOBHX KOHTAaKTIB ab0 Yepe3 MpOIIAPKH pPiAUHH
JUCIIEPCHOTO CEpPEAOBMINA, PIBHOBAaKHA TOBIIMHA SKHX BIJIMOBIIAE
MIHIMQJIBHOMY 3HAQY€HHIO TIOBEPXHEBOi eHeprii cucreMu. HasgaBHICTB
PIAMHHOTO MPOIIAPKY MIK YaCTUHKAMH 3HAYHO IHTEHCHU(IKYE LEel Mpouec.
SIK110 YacTUHKU 100pe 3MOUYYIOThCS, TO CHIIM aJre3ii piAuHU J0 YaCTUHOK
Benuki, [licist 0OBOMIKAHHA YAaCTUHOK TOHKHUM IIIApOM, PIJIKI MPOIIapKH,
KOTE31iMHO B3a€EMOJIIOYM MK COOO0I0, CIPHUAIOTH 30JMKEHHIO YacCTHHOK
Mmatepiany. [8]. [lpuuomy Taka B3a€MO/Iisi MOXKIIMBA 1 PU PO3Mipax YacTOK,
0 JEM0 TEPEeBUIIYIOTh iX BEJIWYWHHU, MO BIANOBIAAIOTH KPHUTEPIO
arperyBaHHsi. ~ MIIIHICTh ~ NPOCTOPOBUX  TPUBUMIPHUX  CTPYKTYP
BU3HAYAETHCS SIKICTIO KOHTAKTIB, 1X YMCIOM B OJMHUII 00'eMy Marepiany,
CEpEIHbOI0 CUJIOKD CTUCKYBAHHSI B TOYI[l KOHTAKTYy. 3MEHILEHHS PO3MIPY
YaCTUHOK 30UIbIIIYE iX MUTOMY MOBEPXHIO, 3pOCTAE KIIbKICTh KOHTAKTIB 3-
MOMIX HUX, 110 TOCHITIOE B3aeMo/Iii. ToMy, BIAMOBIAHO 10 APYTOro MOYaTKy
TEPMOJIMHAMIKH, Y IUCTIEPCHINA CHUCTEMI MUMOBUIBHO MPOTIKAIOTh MPOLECH,
NOB'A3aHI 31 3MEHILEHHSM TIOBEPXHEBOI €Heprii, YMM 1 MOSCHIOETHCS
CXUJIBHICTh BUCOKOJUCIEPEHUX Mac [0 arperyBaHHs. 31 3MEHIIEHHSIM
pPO3MIpIB  YACTHHOK 3OUIBIIEHHS MIIMHOCTI JUCIEPCHOTO MaTepiary
CIIOCTEPIraeThCsl y TOMY BHIIAJIKy, KOJU BOHAa OOyMOBJICHA KalllJISIPHUMU
CWJIAaMH PIIMHHUX TpOIapKiB. JIOCUTh MIIHI KOHTaKTH YTBOPIOIOTHCS
BHACIIIJIOK TIEPETUICTEHHS CUIILHO aHI30METPUYHUX YaCTHHOK [§].

J71st TpaHy IIOBaHHS METOA0OM OOTOpPTaHHS 1€aIbHOI0 (HOPMOIO YaTHITh
€ KyJis, BCl 1HIN TeoMeTpu4Hi (OPMH YCKIAJHIOIOTH Mpomuc. Ko
YaCTUHKH HEMPaBUIBbHOI (POPMH, TO TPaHYTIOBaHHS MTOKPAIY€E€THCS, KOJHU 1X
PO3MipH 3a TPhOMA B3a€MONEPIICHIUKYJIIPHUMHU HAPSIMKAaMU OJTHAKOBI [6].
Hegenuki BiaxuiieHHs BiJ chepudyHOi GOpMHU JUIIE HE3HAYHO BIUIMBAIOThH
HAa IIUJIbHICTh YITAKOBKH YaCTUHOK B arjoMeparTi, sika MOMITHO 3MEHIIYEThCS
3 MOCWJICHHSM 1XHBOI aHi30MeTpu4yHOCTI. Taki popMHu MOXYTh CTBOPUTHU
JIOCUThH IIUIBHO yHaKOBaHI CTPYKTYpPHU JIUIIE MPU PO3MIIIEHHI YACTUHOK Y
NPaBUIbHI PAU, YOTO HEMOXKJIMBO JAOCATTH MpH camoarperamii. Tomy ans
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NPOBEJCHHS TpaHyIIOBaHHS METOJOM OOKaTyBaHHS, IO PETYIIOE
CHPAMOBAHICTh caMoarperailii, iMOBIpHO, CITiJ] TOAPIOHIOBATH YaHHIL JTUCT
JI0 PO3MipiB YACTHHOK, TOPIBHIHHUX 3 TOBIIUHOIO JIUCTA, TOOTO. Maixe
menmie | MM. Skio  moApiOHEHHSI JO TaKOTO PiBHS HEMOXIJIHMBE ab0 B
[OMY HEMa€ MOTPeOU, TO TPaHyJIIOBAHHS MOXKE Oy TH 3/11iICHEHE PUMYCOBO
11T J1€F0 30BHIMIHIX CHIIL.

[IuTaHHAMM TpaHyJIbYBaHHS Yal0 y HAC MOYaIu 3aiiMaTUCs MTOPIBHSHO
HeJlaBHO. 3O01IbIICHHS 00CATIB BUPOOHMIITBA YAl BHKJIMKAIO 3pPOCTaHHS
YTBOPEHHSI TOHKOUCTIEPCHUX BU/IIB YaHOI MPOAYKI[Ii1-BUCIBOK Ta KPUXTH,
0 HE MalTh CIOXHBYOrO MNOMUTY. ToMmMy iX cTajau OpHUKETyBaTH y
cnemiagbHuX (opmax, onaepkyroud IIuTKoBl yai /150/, 1 HaBiTh
TPaHYJIIOBaTH NUIIXOM TpecyBaHHS. OTpUMaHiI TaKMM YHWHOM TPOIYKTH
HE3py4YHl y CIHOKHMBaHHI, OCKUIbKM BOHHM IIpU 3aBapIOBaHHI MPaKTUYHO
B1JIJIalOTh €KCTPAKTHUBHI PEUOBUHM JIMIIIE TICIS JUCTIEPTYBAaHHS Ha CKJIAJI0BI
YaCTHHKH, IO CTBOPIOE MYTHICTH HACTOIO.

[lepenOauene cnocoOOM TpaHyIIOBaHHA TOHKOJMUCIIEPCHUX BH/IIB
0aifiXOBOTO Yar0 HE3HAYHE 3BOJIOKEHHS Yaio Tepel TpaHyJIIOBaHHAM HE
3a0e3nedy€e yTBOPEHHS KOHTAKTHUX MICTKOBUX 3B'A3KIB, III0 HE
JUCTIEPTYIOTHCS y BOJI1, HE3BAXKAIOUU Ha T€, 1110 Miciig GOpMyBaHHS TpaHyJu
JIOJIATKOBO 30aravyroThbCs €KCTPAKTOM 4aro B Mporleci BUcuXaHHA. Kpim
TOTO, JoBracra opma i BUCOKa IIIIHHICTh TPAHYJI HE MOXYTh 3a0€3MEUYUTH
PIBHOMIPDHOTO BHCYIIYBaHHSI Ta 30€pEeKEHHS IUIICHOCTI B YMOBax
KUIUITYOTO 11apy.

['pymnoro (axiBIiB 3a ydacTiO aBTOpa po3poOJIEHO Ta BIPOBAKEHO
cnoci®0 mnepepoOku ToHkogucnepcHux BHJIIB waitHoi mnpoaykimii B
TOPOIIKOMOAIOHT Ta 3€pPHUCTI BUAM 4Yalw, L0 I1HTEHCHUBHO BIJJAOTh
eKCTPAKT, HE AUCTIEPTYIOYNCH HA CKJIAZ0OB1 YACTHHH .

Jlis TpaHyntOBaHHS YaWHOTO JIMCTa Ta IHIIMX BHUAIB Yal0 TPYIOIO
cnemiaiicTiB Ha 4yomi 3 [.A.XodonaBa OyJio pO3pOOJIEHO BCTaHOBJICHHS
ITHEKOBOTO TUIty [9]. POoO04Yi opranu MammHau npeicTaBieH! KackaJaM HOXIB
1 PEemnIiToK, MOMIIICHUX pPa3oM 3 IIMHEKOM, IO IoAa€, B IHIIHAPUYHUN
KOPIlyC 3 COpPOYKOIO JUIsi BOJASIHOTO OXOJO/pKeHHA. He3Baxkaroun Ha
OPUTIHAIBHICT, KOHCTPYKIIi, MaIlMHa HE 3HAWNUIa TPAKTUYHOTO
3aCTOCYBaHHS Yepe3 HU3bKY MPOAYKTHUBHICTh 1 HEHAIHHICTD Y pOOOTI.

Po3pobnenuii rpymoro ¢daxisiie Ha wom 3 P.T.Uxaimse cmoci6
BUPOOHMIITBA TPAHYJILOBAHOTO Yal0, IO MOJIATAE Y BBEICHHI B TIOTIEPETHBO
niacymeny a0 Bosiorocti 35-50% waiiHy Macy LyKpOBOTO pO3YMHY B
KubkocTi  2-4% Bigm i1 Barm  mepea  (OpMyBaHHSM, BHSIBUBCS
Majioe(heKTUBHUM, OCKIJIbKM TPaHyJIM MPU 3aBaplOBaHHI CIa0KO BigaBav
eKCTPaKT Yepe3 3HIKEHY IMOPHUCTICTh, a MPU TPUBAIOMY HAIMOISITaHHI
nucnepryBanucs [10].

Crniz 3a3HaYUTH CIOCIO MepepoOKku ApioHUX (Ppakiiiii YaHHOTO JIUCTA,
0 BKJIIOYae iXx O0OpoOKy micis ¢epMeHTalii rapsyuM MOBITPAM 3
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temriepatyporo  130-185°C  mpm  mpomaproBaHHI 3 TOJAJIBIITUM
dbopmyBanHsIM B posirpitomy 10 50-60°C obGeproBomy Oapabani 3
OJTHOYACHUM BBeZCHHsIM . [Ipoliec eHeproeMHOCTeM!, a TaKOXK MOB'sI3aHUi 13
3HaYHUMH MaTeplaJiIbHUMU BUTpAaTaMU 4Yepe3 BUKOPHCTAHHSA Yy BUIJISL
CIOJIy4HOI PEYOBUHM HATYPAIBHOT'O KOHIIEHTPATy YOPHOI'O Yarlo.

Po3po0neHo ycTaHOBKY JUisi OTpPUMaHHS T'PaHyJIbOBAaHOTO Yalo, IO
BKJIIOYA€ POTOPHO-CKPYYEH1 Ballll MAIlIMHU, HE MPU3HAYEH1 ISl TOHKOTO
JTUCNIEPTYBAaHHS YallHOTO JHCTa, TOMY, IIICJsS TOAPIOHEHHS B HUX,
BIJICOPTYEThCS HE3HAYHA KIJIBKICTh APIOHOIUCIIEPCHUX (DpaKIlii, 3/aTHUX
70 camoarperarii, Io poOUTh HEEPEKTUBHUM BHUKOPUCTAHHS OKPEMO
dbopMyBaNbHOTO MPHUCTPOIO JIA IXHBOTO TpaHymtoBaHHs. Kpim Toro,
YCTaHOBKA JI03BOJIIE OJEPKYBaTH TMEPEBAKHO TPaHyJIH MIIIHAPUIHOL
dbopmu. BianoBiHO 10 pO3pOOJICHOTO HUMH K CHOCOOY BUPOOHHUIITBA
IPaHyJbOBAaHOIO Ya, 110 Mepeadadae MOApPIOHEHHS YalHOIO JHUCTa [0
po3MipiB yacTUHOK 1,5-2,0 MM, 30arayeHHs Macu KOHIIEHTPaTOM 4Yaro 1
(bopMyBaHHS, BUXOAATh IPaHyJIM HHIIHIAPUIHOI (OpMHU, AlaMeTpoM 4-6 MM,
110 YCKJIQJHIOE iX BHCYIIYBaHHs, a iepe10daueHa 3aIUIITKOBa BOJIOTICTh Yako
8-10% micnsi CyIIiHHS HETaTUBHO BIUIMBA€ HA CTIMKICTh MPOAYKTY 0
30epiraHHs Ta HEJUCIEPryBaHICTh MpH 3aBapioBaHHI. B mopanbmiomy, 3a
y4acTio aBTopa Oyjia CTBOpEHa pPOTOPHO-CKpY4YyBaJlbHAa MalllMHA HOBOTO
MOKOJTIHHS, sika OyJia BKJIFoUeHa 110 motokoBoi il FOIAK 101171.001.

Bucnoeok. Ha 0CHOB1 TpOBEEHOTO OISy MOXHA 3p0OUTH BUCHOBOK,
[0 OCHOBHI TEHJICHIIII PO3BUTKY CBITOBOI YaenepepoOHOi MPOMUCIOBOCTI
CHpsIMOBaH1 Ha IHTEHCU(]IKaLllF0 BAPOOHUITBA, 1110 MOJISATa€ y MAKCUMaIbHO
MO>KJINBOMY BHUKOPHCTAHHI CHUPOBHUHHUX MaTepialiB JUisi OTPUMAaHHSA
SAKICHOTO Yar0 3 HAMMEHITMMHU BUTpaTaMu. Y BUPOOHUIITBI HOPHOTO Halo 11€
BUSIBJISIETHCSl HacaMIepel y BHUIIYKYBaHHI HUISX1B HAHOUIbII MOBHOTO Ta
OJTHOYACHOTO pPYHHYBaHHS TKaHWH JIUCTa B OCHOBHOMY MEXaHIYHUMHU
METOIaMH.

OgHuM 3 BaXIMBHX HANpSIMKIB y IIbOMY IUIaHI € IHTCHCHUBHE
NoAP1IOHEHHS YaiHOTO JIMCTa 10 APIOHOIUCTIEPCHOTO CTaHy, 110 3a0e3neuye
MOBHOITIHHE pYyHHYBaHHS KJIITHH, pa3oM 3 TOJAJbIIMM 32 HHUM
IpaHyJIIOBaHHSM, CIPHSIE€ IMOCHIEHHIO OKHCIIOBAJIbHHUX IIEPETBOPEHb, B
pe3ynbTaTi 4Oro CKOPOUYETHCS BECh TEXHOJOTIYHUN LUK TEepepoOKu
MJBUIIYETHCSI BUX1JT BUCOKOSKCTPAKTHBHUX BHJIIB 4alo, a 4al y BUTJISAL
rpaHyJ Ma€ Ty HU3KY MepeBar rnepej 3Bu4aiiHiME 9asiMH, 110 pOOUTH HOT0o
3pyYHUM Y CIIO>KMBaHHI.

KpiMm Toro, ToHkoaucnepcHi ApiOHI BUAM Yaro, IO YTBOPIOIOTHCA B
MpOIECl TEXHOJOTIYHOI MEepepoOKH, HE MAIOTh MOMUTY Yy CIIOKHBaua,
MOXYTh OyTH BUKOPHUCTaHI JIi OTPUMAHHS CIIOKMBUOTO TPOAYKTY Y
BUTJISIAL TpaHyJl, 110 3a0€3MeUnTh JOAaTKOBUI BUITYCK SIKICHOT MPOAYKIIIi.

['panynboBaHMil 4Yail MOBMHEH MAaTH MEXaHIYHY MIIHICTh Y CyXOMY
CTaHi, IHTEHCUBHO BiJIJaBaTH €KCTPAKTHBHI PEUOBUHHU 1 HE AUCIIEPTYBATUCS
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O. Chervotkina, V. Tarasenko
Dmytro Motorny Tavriya State Agrotechnological University

MAIN DIRECTIONS OF INTENSIFICATION OF BLACK TEA
TECHNOLOGY

Summary

The production of black tea is based on oxidative processes that take place in the
destroyed cells of the tea leaf, as a result of which substances are formed that determine
the specificity of the product. Therefore, the main task of intensification in the production
of black tea is the maximum and simultaneous destruction of the anatomical integrity of
leaf cells in order to make the most of its potential and ensure the uniformity of oxidative
transformations.

Cell disintegration can be caused by various damaging factors: physical,
mechanical, chemical, biological, as well as various combinations thereof. These
techniques provide a change in the direction of biochemical processes occurring in fresh
tea leaves, resulting in conditions for the development of oxidative processes, which
depend on the formation of quality indicators of finished products. The ever-increasing
demand for tea, as one of the important food products, creates the need to find reserves
for its production, create low-waste, integrated technologies, which is impossible without
proper processing of processing plants, intensification and optimization of technological
and food benefits. black tea products, which are most consumed in our country and
abroad.

Newly developed technologies should improve the quality, biological value of
biochemical control of tea production, the method of artificial wilting, black tea
technology using heat treatment of unfermented semi-finished products, separate
processing of tea leaves. In addition, technologies for dry and liquid tea concentrates have
been developed.

Key words: Granulation, black tea, fermentation, tea leaves, grinding, processing
of small fractions of tea leaves
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BU3HAYEHHSA OPT'AHOJIEIITHYHHUX ITOKA3HUKIB
AKOCTI M’AAICHUX HAIIIBOABPUKATIB

Anomayis. Metor poOOTH € TPOBEICHHS CEHCOPHOI OI[IHKH Ta
BU3HAYCHHS OpraHoJIENTUYHUX MOKAa3HUKIB SAKOCTI M’ SICHUX
HamiB(paOpUKaTIB 3 BHUKOPHUCTAHHSIM TMOPOIIKIB MOPKBH, UINUHATY Ta
MOPCBHKHX BOJIOPOCTEN UCTO3IPH.

3 METOI0 BCTAHOBJIEHHS BIUIMBY PI3HOI KIJIBKOCTI MOPOIIKY MOPKBH,
HIMUHATY Ta MOPCHKUX BOJOPOCTEW LMTO3IPU HAa CHOKHUBYI BJIACTHBOCTI
neabMeHIB OyJid CTBOPEHI HACTYIHI AOCIIAHI 3pa3Ku: MeJIbMEH1 «3amnaliHi
VYKpaiHChKI» 3 AOJaBaHHAM B M’SICHUU (hapIl MOpOoIIKy HnHuHATY - 3% Ta
MOpkBH - 4%, MOpCBKOI BOAOPOCTI wLucTo3ipu — 5% Ta NeNbMEHI
«Hetpaguiiiini menpMeHI» 3 J0/IaBaHHSAM B M SICHUU (papin mopoIKy
mmnuHaTy - 5% Ta MOpPKBH - 9%, MOPCHKOi BOJIOPOCTI 1TUCTO31pH — 2%.

[IpoBenennii anami3z SKOCTI M SICHUX 3aMOPOKEHUX TIEIbMEHIB 3a
OpPraHOJIENITUYHUMM TOKa3HUKAMM CBIJUWTH, LI0 HaMKpaliuMm BHUSIBUBCS
3pa3ok nenbMeHiB Ne 2 «Herpaauiiiini YKpaiHChKI» 13 cepeqHIM OanoM —
8,5, Ha 0,4 Ganu HUXKYe OyJIM OIIHEH] «3aliiiHl YKpaiHChK1» MeIbMEeHI, SKi
B I[IJIOMY BiIMOBiJal0Th BCIM BUMOTaM 1010 OPTaHOJICNITUYHUX TTOKa3HUKIB
SIKOCTI.

Kniouosi cnosa: wamniBdaOpukaTu, MOPOIIOK, MOpPKBA, IIMUHAT,

perentypa

Ilocmanoeéka  npoonemu.  3amopoxkeHi  HamiBpaOpukatu,  sKi
peani3yloThcs B CyYaCHMX yMOBax depe3 JNpiOHI TOPriBelIbHI MEpEexi,
MOKa3ylTh JIOCTaTHRO BHUCOKY CTaOILIBHICTh. 3aMOPOXKEHI TMEJIbMEHI
3aiiMaroOTh HAOUIBIINK CETMEHT 3aMOPOKEHOT IPOYKITIT HAa YKpaiHChKOMY
pPUHKY 3aMOpokeHux HamiBpadpukaris [3, 11].

Bucoky 6ioyoriuyHy IiHHICTP MarOTh JDKEpeNia Xap4yoBoro Oinka Ha
OCHOBI POCJIIMHHOI CHUPOBUHHU 3aBIISKH IIJBUIIICHHOMY BMICTY OUIKOBUX
pPEUYOBHH,  JOCTaTHRO  BHCOKOK)  3aCBOIOBAHICTIO 1  KOPUCHUMH
BJIACTUBOCTSIMH, a TaKOXK 3HMDKCHHM BMICTOM XHUpPY. BpaxoByroun Te, 110
POCIIMHHA CUPOBUHH € EKOHOMIYHO JIOCTYIHOIO, 1I€ Ja€ MHPOKI MOKIIUBOCTI
JUIS IIUIECTIPSIMOBAHOTO i1 BUKOPUCTAHHS B SIKOCT1 010JI0TTYHUX JJOOABOK MIPH

© H. B. HosikoBa
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BUPOOHUIITBI M SCOMPOAYKTIB 1 SIK OCHOBHOTO KOMIIOHEHTa KOMOIHOBaHUX
BupoOiB. [lpoBigHe wMicue mnpu po3poOIll TEXHOJOTi BHPOOHHUIITBA
(GYHKIIOHATPHUX M’SICHUX MPOAYKTIB 3aliMalOTh XapyoBi BOJIOKHA, fK1
BOJIOJIIFOTh BUCOKUMHU KOPUCHUMU BIACTUBOCTSIMU [2].

VY 3B’SA3Ky 13 BHUIIEBUKIAJEHUM 1 BpPaxOBYIOYM HEIOCTAaTHICTh Ha
IPOJOBOJIBYOMY  PUHKY  YKpaiHM  MOpPOAYKTIB  (YHKIIOHAIBHOTO
MPU3HAYEHHS, POCIUHHOTO MOXO/HKEHHS MTPOBEJICHHS CEHCOPHOI OIIIHKH Ta
BU3HAYCHHS OpraHoJICITUYHUX MOKa3HUKIB SKOCTI M’ SICHUX
HamiB(}aOpUKaTIB € aKTyJIbHUM.

Ananiz ocmannix oocniodicens. Ha ChOT0/THI BUTIPABIaIn 3aCTOCYBaHHS
KOMO1HOBaH1 O1JIKOB1 CUCTEMHU, aJie OCOOJIMBOTO BIPOBAKEHHS Y XapuOBe
BUPOOHMIITBO  3aliMalOThb  M’SICO-POCIMHHI.  BuUKOpucTaHHs  OLIKIB
TBapUHHOTO 1 POCIMHHOTO TIOXO/DKEHHS J1a€ MOXKJIHMBICTH B3a€EMHO
JIOTIOBHIOBATH iX BIJICYTHIMH O10JIOTTYHO aKTUBHUMHU PEYOBMHAMHU 1 OyTH
OCHOBOIO  CKJQJ0OBOK Uil  3a0e3leueHHd  (PYHKIIOHAIBHOTO  Ta
NpO(UIAKTUYHOTO XapuyBaHHs [6, 7].

Ha cporojmHi mepcrneKTUBHOIO SIBISETHCS POCIMHHA CHPOBHHA SIKA €
JUKEpesioM 010J10TTYHO-aKTUBHUX PEYOBHUH Ta O10MOJIiMEpiB, HacamIepe e
KpONMBA, CIOPHII, KOHIOUIMHA Ta JIIOIEPHA, SKa JO03BOJIAE MiJABUIIUTH
XapuoBy I[HHICTb XapyoOBHX TMPOJAYKTIB, O€3MOCEpeHbO M’ SICHHX
HamiBpaOpuKaTiB NUISIXOM 30aradeHHs iX BiTaMiHAMH, MIiHEPAJIbHUMH
pPEUYOBHHAMH Ta JIO3BOJISE€ 3HU3UTH iX KanopidHicTh. [IpoTe moreHIian
POCIMHHOT CHUPOBUHU B TEXHOJIOTISIX XapYOBHUX MPOIYKTIB PEaNi3yETHCS
HeaocTaTHwo [5, 10].

Y poborax JI.B. Kanpenbsnua, JI. B. loprauoBa, BHUCBITJICHO
HAKOMMYEHUH BEIMKHUNA JIOCBiJ WIOAO BHUKOPHCTAHHS MOJOYHOI Ta
POCJIIMHHOT CUPOBUHU B TEXHOJIOTISIX Xap4OBUX MPOIYKTIB [4, 12]

Dopmynosanns yineti cmammi. MeTO0 PpoOOOTH € TPOBEICHHS
CEHCOPHOI OIlIHKM Ta BU3HAYECHHS OPraHOJICNTUYHUX IMOKA3HUKIB SIKOCTI
M’SICHUX HamiB(haOpHUKaTIB 3 BUKOPUCTAHHSIM MOPOIIKIB MOPKBH, IITTUHATY
Ta MOPCHKUX BOJOPOCTEN LIUCTO3IPH.

OcHoena uacmuna. 3 METOI0 BCTAaHOBJICHHSI BIUIMBY Pi13HOI KUIBKOCTI
MOPOIIKY MOPKBH, IIMUHATY Ta MOPCHKUX BOJOPOCTEH IUTO3IpH Ha
CIIOKMBYl BJIACTMBOCTI TEJIBMEHIB OyJM CTBOPEHI HACTYIHI JOCHIIHI
3pa3Ku:

—nociia 1 —menbMeHi «3anariHi YKpaiHChKi» 3 J01aBaHHSM B M’ ICHUMA
¢dapm nmopomiky mmnuHaty - 3% Ta MOpkBU - 4%, MOPCBKOi BOAOPOCTI
nuctosipu — 5%.;

—nociia 2 — menbMmeHi «HeTrpaauiiiiii neabMeH1» 3 J0JaBaHHSM B
M’SICHUM (apil mopouKy mmnuHary - 5% Ta MopkBU - 9%, MOpCbKOi
BOJIOPOCTI UCTO31pU — 2%.

Koutponem ciayryBanu mneinbMeHi «YKpaiHCbKI» BUIOTOBJIEHI 3a
TpaJMIIITHOIO perenTyporo(Tad. 1).
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Tabnuys 1
Bumoru 10 opranosienTudHUX moka3HukiB 3rigHo JCTY
IToka3nuk XapaxkTepucTuka
3opHimHIN Burnsy — |[@opma  HamiBkpyria, Kpai OOOJOHKH — IILJIBHO

CKJICEH1, (papIil HE BUCTYTIAE.
[1in yac cTpyuryBaHHS MaKyBajdbHOI OJAMHHUII JIAIOTh
BHPA3HUU 3BYK.

KoucucreHiis

Y BapeHOMY BUTJSAI — (papin COKOBUTHIA, HIXKHUH,
000JIOHKa 3 TICTa HE pO3ipBaHa, HE BIJACTa€ BiA

(apury.

Burnsg Ha po3pisi

@apir  pIBHOMIPHO TEPEMIIIAHMM, Bl TEMHO-
YEPBOHOTO J0 CBITJIO-POKEBOI0 KOJILOPY B 000JIOHIII
3 TICTA.

3amax Ta cMak Iicis
TEII0BOi 00pOoOKHU

BriactuBi 1aHOMY MPOAYKTY

OpranosienTiyHa oliHKa Oyia mpoBejeHa 3a 10-0anbHOI0 MIKAJIOIO.
Ouinka gKocTi mpoBoawiack BiamnoBigHO a0 Bumor JCTY 4437:2005
«HamniBdaOpukatu M’sICHI Ta M’ ICOPOCIUHHI TIOCIY€eHI. TEeXHIYHI YMOBWY.

3a pe3ynbTaTaMu JOCHIIKEHb OPTraHOJENTUYHUX TMOKA3HUKIB SKOCTI
3pa3ki M’SCHMX 3aMOPOKEHUX TMEJIbMEHIB «3amiliHi YKpaiHChbKI» Ta

«Hetpamumiiini  YKpaiHCBKI»  TIOBHICTIO  BIANOBIJAIOTH  BUMOTaM
JACTY4437:2005 (Tabm. 2).
Tabnuys 2
Pe3ynbTaTi 10CIPKeHb OpraHOJICITUYHUX MTOKa3HUKIB SIKOCTI 3pa3KiB
3pa3ok 3oBuimHiM Bursig | Koncucreniis  3amax ta cMak
®dopmHa miBKpyria .
pMHa TIBKPYTIA, Dapin BrnactuBuii
KonTpoiany» Kpal TICToBO1 COKOBUTHH, | JAHOMY OPOIYKT
p 000JIOHKH . . Y HpOAYKTY
. : HIDKHUT
IIUTBHOCKJICEH1
dopma Bnactusuii nanomy
«3arimHi HaIBKpYyIJIa, Kpai Pao MPOAYKTY
VYKpaiHChK1» | TICTOBOi 00OJIOHKU put- 3 BIIYyTHUM
. : . COKOBUTHI .
(Hocmig 1) | He HIIBHO CKIICEHI, BMICTOM
dapm BUCTYyIIa€e BOJOPOCTEN
Bnacrusuii
«Herpanuuii ®opma JAHOMY MPOJYKT
pa HaIBKpYIJIa, Kpai @apiu Y HPOAYKLY
Hi . ; . 3 noMipHUM
. . | TicTOBOi 000JOHKHN COKOBHUTHUH, | .
VYkpaiHChKi» ) : . . |BLIYyTTSM MOPKBH,
. IIUIBHO CKJICEHI, HIKHUN
(Hocmin 2) IIIUHATY Ta
¢apir He BUCTyHA€E o
BOJIOPOCTEM
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PesynapTat  nmoCHiKeHb ~ KPUTEpli  OIIHKA  OPraHOJICNTHYHUX
MOKAa3HUKIB JOCTITHUX 3pa3KiB 3aMOPOKEHHUX IMEIbMEHIB Ta KOHTPOIHHOTO
3pa3ka BKa3ylOTh Ha Kpallll XapaKTepUCTHKHU menbMeHiB «Herpanuiiiini
YkpaiHChKi», SKI MaJId AyXK€ TapHUA 30BHINIHIA BUJ, KOHCUCTEHIIIIO Ta
BUTJISIT HA po3pisi (Tabm.3).

Tabnuys 3
Kputepii olliHKH OPraHOJICNITUYHHUX MMOKA3HUKIB
«3armimgi «Hetpaauiiini
[Toka3Huk KonTtpons YkpaiHChKI» VYKpaiHChbKi»
(Hocmig 1) (Hocmin 2)
30BHIIIIHIH . . .
Xopomuii lapaun [yxe rapauii
BULJISIT
: OCTaTHbO : :
KoncucreHnuis A . Hixua Hyxe HikHa
HDDKHA
Burns Ha . . .
A Xopommuii lapaui [yxe rapHuii
po3pisl
3amax Ta apoMar Xopommuii lapaui [yxe rapHuii
JloctaTHbO . N
Cwmak . Cmaunuit Jyxe cMauyHui
CMayHUM
: OCTaTHbO . .
COKOBUTICTH A - CokoBuTuii Jly>Ke COKOBUTHIA
COKOBHUTHI
3aranpHa OIliHKa Xopomuii [yke Xopouuii Biaminauit

O1iHKY OpraHOJIENITUYHUX IIOKAa3HUKIB Oyio Bu3HadYeHo 3a 10
OaJIbHOIO MIKAJIOI0, PEe3yJIbTATU AKOI HaBEeICHI B TaOIUIIl 4.

Tabnuys 4
banbHa o11iHKa OpraHOJIeNTHYHNX ITOKa3HUKIB JJOCTHUX 3pa3KiB MeJIbMEHIB
HaiimenyBaHHs
Jocmuani [MOKa3HUKa
3pa3ku  [3oBHimHIN |[KoHcucten | Burimsyg 3anax Ta  [CepenHiit
BUTJISI mis Ha CcMaK oan
po3pisi
Kontpoms» [6,4+0,02 |6,7+0,04 |8,3+0,01| 7,6+0,04 |7,7+0,04

«3arrmrai
VYkpainceki»| 8,6 £ 0,01 | 7,0+0,02 [8,6+0,02| 83+0,06 |8,1+0,05
(Hocmix 1)

«Hetpanu-
a1
YkpaiHChKi»
(Hocmin 2)

8,7+0,04 |7,3+0,01 |8,6+0,04| 85+0,03 |8,5+0,02

SBTSATU. 12. 2. 22



http://www.tsatu.edu.ua/tstt/naukovyj-visnyk-tdatu/

HaykoBuit BicHuk TAATY Bun. 12, Tom 2

537

[IpoBenenmii aHami3 SKOCTI M SICHUX 3aMOPOXKCHUX TIEIbMEHIB 3a
OpPraHOJIESNITUYHUMHU TMOKa3HUKAMH CBIIUWTH, M0 HAWKpAIINM BHSIBUBCS
3pa3ok nenbMeHiB Ne 2 «Herpaauuiiiai YKpaiHChKI» 13 cepeaHiM 0anoM —
8,5, Ha 0,4 Ganm HK4Ye Oysu oriHeH1 «3arinHI YKpaiHChK1» MEeIbMEH, sKi
B I[IJIOMY BIIMIOBIal0Th BCIM BUMOTaM II10JI0 OPTaHOJICITHYHHUX TTOKa3HUKIB
SIKOCTI.

basibHa olliHKa OpPraHOJENTUYHUX TTOKa3HUKIB IMOBUX BHI1B MIEJILMEHIB
3 pI3HUM BMICTOM TIOPOIIKY IIMHWHATY Ta MOPKBU BiJOOpaXeHO B
npodizorpami (puc.l

Puc. 1. [Ipodinorpama opraHogenTUYHUX MOKA3HUKIB HOBUX 3pa3KiB
MeJIbMEHIB

Bucnosxku.

1. B pe3ynbTari opraHojaenTUYHUX, TEXHOJOTTUHUX JOCIIIKEHb
Ta BUXOASYM 3 J000BOI MOTpeOM OpraHiamy JIOJUHU B Hoal OyJo
CTaHOBJICHO, IO JIO CKJIaay PpO3pOOJICHUX peuenTyp HamiBhaOpHUKaTiB
JOIIJTEHO BBOJIUTH BOJIOPOCTI B KUTBKOCTI 2%.

2. Pesynbratt moCHiKeHb KpUTEpli OIIHKA OPTaHOJICTITUYHUX
MMOKA3HUKIB JOCIIIHUX 3pa3KiB 3aMOPOKEHHUX IEJIbBMEHIB Ta KOHTPOJIBLHOTO
3pa3ka BKa3ylOTh Ha Kpalll XapaKTepUCTHUKHU TeabMeHIB «Herpanuiiitai
YKkpaiHChKl», SKI Manu Ay>K€ TapHUM 30BHINIHIA BUJ, KOHCHUCTEHIIIIO Ta
BHTJISITT HA PO3Pi3i.
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Crarta Hagiinuia no peakmii 15.03.2022 p.

N. Novikova, 1. Ryapolova
Kherson State Agrarian and Economic University

RESEARCH OF SENSORY AND MICROBIOLOGICAL QUALITY
INDICATORS OF FUNCTIONAL PELMEN

Summary
The aim of the work is to conduct sensory evaluation and determination of
organoleptic quality indicators of meat semi-finished products using powders of carrots,
spinach and algae cystosira. Today, vegetable raw materials are promising, which are a
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source of biologically active substances and biopolymers, primarily nettles, knotweed,
clover and alfalfa, which can increase the nutritional value of food, meat products by
enriching them with vitamins, minerals and reduce them. caloric content. However, the
potential of plant raw materials in food technology is not realized enough. In order to
establish the effect of different amounts of carrot powder, spinach and seaweed cytosers
on the consumer properties of dumplings, the following prototypes were created:
dumplings "Scented Ukrainian" with the addition of minced meat spinach powder - 3%
and carrots - 4%, seaweed. - 5% and dumplings "Unconventional dumplings" with the
addition of minced spinach powder - 5% and carrots - 9%, seaweed cystosira - 2%.
Organoleptic evaluation was performed on a 10-point scale. Quality assessment was
carried out in accordance with the requirements of DSTU 4437: 2005 "Semi-finished
meat and meat and vegetable cut. Specifications". According to the results of research of
organoleptic quality indicators, the samples of frozen meat dumplings "Zapishni
Ukrainski" and "Non-traditional Ukranian" fully meet the requirements of DSTU4437:
2005 The results of research criteria for assessing the organoleptic characteristics of
prototypes of frozen pelmeni and control sample indicate the best characteristics of
pelmeni "Unconventional Ukrainian", which had a very good appearance, consistency
and cross-sectional appearance. pelmeni Ne 2 "Unconventional Ukrainian" with an
average score of 8.5, 0.4 points lower was rated "zapeshny Ukrainian" dumplings, which
generally meet all the requirements for organoleptic quality indicators.
Key words: semi-finished products, powder, carrots, spinach, recipe

SBTSATU. 12. 2. 22


http://www.tsatu.edu.ua/tstt/naukovyj-visnyk-tdatu/

HaykoBuit BicHuk TAATY Bun. 12, Tom 2

1317

DOI: 10.31388/2220-8674-2022-2-23

V]IK 338.439

A. O. Cosa!, nokropanr, ORCID: 0000-0001-6041-0712
T. O. Ky3bmina?, 1.1.H., ORCID: 0000-0002-6113-1923
O. I. Mamaif®, k.T.H., ORCID: 0000-0002-2591-8059
M. 1. Banbko?, A.T.H. ORCID: 0000-0002-2390-426X
'Vuisepcumem Mapi6bopy

2 Xepconcokutl HayioHanbHull mexHivHull ynieepcumem
e-mail: kntuxt@gmail.com

PO3POBJIEHHSA EJIEMEHTIB CUCTEMU HACCP 1IPU
BUPOBHUITBI KOHBAKY

Anomayis. Y crarti BctaHoBieHO, mo cucrema HACCP 3abe3neuye
3aJOKyMEHTOBaHY CTPYKTypy, fKa JO3BOJII€ BHHOpPOOAM BHU3HAYHUTU
NpIOPUTETH OaraThOX pillleHb, HEOOXITHUX [IJIi BUPOOHHUIITBA SKICHUX
KOHBSKIB, KOHBSIYHUX HamoiB Ta Openai. lle mo3Bosisie BUpOOHUKAM
IPOBOAUTU €Talld TEXHOJIOTTYHOTO MPOLECY 3 YpaxyBaHHSAM KPUTUYHHUX
TOYOK 1 HeOe3NMeyHuX IMapaMeTpiB (YMHHUKIB), IO MiAJAI0ThCS
BUMIPIOBAHHIO, JOKYMEHTYBaHHIO, aHaJIi3yBaHHIO Ta, 3a TOTpeodH,
MPOBEICHHIO KOPUTYBAIbHUX Mid. Takuil miaxig poOWTh BUPOOHHUIITBO
QJIKOTOJIbHUX HAIO1B O11bII €)EKTUBHUM, O€3MEYHUM Ta SIKICHUM.

BianoBigHo A0 npuHIMMIiB Ta BUMOT cucteMu MmeHemxkmenty HACCP,
MPOAHANI30BaHO HEOE3MEeYHl pHU3HKH, $KI MOXYThb BUHUKHYTH MpH
BUPOOHMIITBI ~ YKPAiHChKUX  KOHBSIKIB  (OpIWMHApHUI, MapoyHUi),
BUHOTPAHOTO OpeHII.

3a pesyibTaTaMu NPOBEJECHHA aHali3zy HeOe3neyHux (PakTopis, sAKi
MOXYTh BHHHKHYTH MiJ 4ac BUPOOHUIITBA KOHBSIYHOTO BHHOMATEpIaAly 1
KOHBSIKY, BCTAaHOBJICHO HAsSBHICTh TaKuX BHUMIIB: (I3WYHI, XIMIYHI,
MIKpOO10JIOT14HI Ta aJIepreHHI Ha KO)KHOMY eTalll BUPOOHHUIITBA KOHBSKIB Ta
HAIOiB KOHbSIYHOTO THITY.

3a pomomorotro cucremu ynpasniHHsA skicTio HACCP BusiBieno
MOTEHI[IIfHI HeOe3MeKn B TMpoIeci BUPOOHHIITBA KOHBSIKY Ta HAroiB
KOHBSIYHOTO THITY, SKI OYIKYIOTHCS, OIIHIOIOTHCSI, KOHTPOJIIOIOTHCA Ta
MOTIEPEIKAIOTHCA, BIUIMBAIOTh Ha SIKICTh Ta O€3MeKy HamoiB 13 POCIMHHOT
CHUPOBUHHU.

OCKUIBKH B YCbOMY CBITI 3’ SIBIIIETHCSI BCE O1JIbIIIE HOBUX BUHOPOOHUX
rocrnoAapcTB, HOBUM BUHOPOOam 0yio O pO3yMHO pO3IIISIHYTH TUTaHHS PO
aKTHUBHY MOJITUKY, CIIPSIMOBaHY Ha 3ari00iranHs mpo0JIeM 1]l yac 30MpaHHs
BUHOI'PAJy, MOTO MEepepoOKU Ta PO3JIMBY FOTOBOT MPOAYKIIT y TUIAIIKH.

© A. O. Cosa, T. O. Ky3bmina, O. I. Mawmaii, M. 1. Banbko
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Takosx cii BIA3HAYUTH, [0 BUHOPOOaM HEOOX1HO CHIBIPALIIOBATH 3i
BcecBiTHROIO OpraHizarii€to 3 6e3neku xapuoBux mnpoaykrie WFSO (World
Food Safety Organisation). WFSO mniarpumye ininiatuBu €C, ISO Ta
BIJIMOBITHUX CXEM aKpeauTaIlii JUisl BIOPOBAKEHHS CHUCTEM YTpPaBIIIHHS
oe3neynicTio xapuoBux npoaykrtis HACCP.

3anponoHOBaHl  3aXOAu  MIABUIIATH  KOHKYPEHTOCIPOMOXKHICTB,
CIOPUATUMYTh MiJABUIIICHHIO JOBIPHU CIOKMBAUIB 10 aJIKOTOJIBHOT IPOYKITIT
Ta 3a0e31eyarh 37J0pOB s MICI 11 CIIOKUBaHHS.

Knrouosi cnosa: BupoOHuntTBo koHbsiky, HACCP, sxictb, ¢i3uuHi
HeOe3neuHl ¢GakTopu, XiMiuHI HeOesneyHl (akTopu, MiKpOO1OJOTivHI
HeOe3neyH1 (hakTopu, aJiepreHHi HeOe3neuHi (pakTopH.

Ilocmanoska npobaemu. ATKOTOJIbHI HAIO1 BXKUBAIOTHCS OUIBIIE HIXK
TPU TUCAYl POKIB, 1, SIK IPABUIIO, X BBAXKAIOTh OE3MEUHUMH YEpEe3 BMICT
cnupry. [Ipote octanHiMu pokamu (anmbcudikamis (TOOTO BUKOPUCTAHHSA
HEJ0OPOroro, HEBIAMOBIAHOI KOCTI aJIKOTOII0) JIOCATIIa BETUKHUX PO3MIPIB.
KoHTpoib 1 6e31eKy nNpoyKTiB XapuyBaHHs Ta HAIlOIB MO>KHA rapaHTyBaTH
B paMKax CyBOpPOT'O JJOTPUMAaHHS CUCTEM YIPABIIIHHS SIKICTIO Ta O€3MEKOI0
(ctanmaptu cepii ISO 9000, HACCP 1 TQM). [nsa toro, mo0 BUSBUTH
ci1a0Ki CTOPOHU BUPOOHUUOTO MPOIECY Ta 3aMPOIOHYBATH KPUTHUYHI MEXI
BIIMOBITHO JI0 3aKOHOJJABCTBA, 3aIllOO0KHI Ta KOPUTYBajdbHI 3aXOJIH,
HEOOX1THO MPOBOJAUTH IUPOKUHN aHaII3 KPUTUIHUX KOHTPOJIHHUX TOUOK.

HACCP — € HaykoBO OOIpYHTOBAaHOIO CHCTEMOIO, IO JA€ 3MOTY
rapaHTyBaTh BUPOOHUIITBO O€3MEYHOI MPOAYKIIII IUIAXOM 1AeHTU(IKALI] 1
KOHTpoIt0 HeOe3neunux yuHHUKIB. Cuctema HACCP € €uHOI0 CCTEMOIO
YOpaBIiHHSA OE3MEYHICTI0O XapuoBOi MNPOAYKLIi, fKa JOBeJia CBOIO
e(EeKTUBHICTb 1 TPUIHATA MIXKHAPOAHUMU opraHizamismu [1].

Cuctema HACCP € 060B’s13Kk0BOIO B paMKax 3aKOHOJaBCTBA OLIIBIIOCTI
IMBUTI30BAaHUX KpaiH, Takux sAK: Kpainu €Bpocorosy, CIIA, Kanana,
SInonisa, HoBa 3enangisa Ta g1,

Taxkum 94MHOM, Ha CHOTOJHINIHIN JIEHb yC1 OTIEPaTOPU PUHKY TTOBUHHI
MaTu 3anpoBamkeny cuctemy HACCP, miaTBepmkeHy He JIHIIE
JIOKyMEHTAIBHO (HASBHICTIO )KYPHATIB), a i TPAKTUYHO.

Ananiz ocmanuix oocnioxcenb. HACCP (Hazard Analysis and Critical
Control Points) — 11e cucrema anamizy Hebe3meuyHux (HaKkTopiB Ta KOHTPOJIIO
y KpUTHUHUX Toukax. Llg cucrema imeHTH]IKY€E, OILIHIOE Ta KOHTPOJIOE
HeOe3neyHi (GakTopH, sIKi € BU3HAYAIBHUMU IS O€3MEYHOCTI Xap4OBHUX
npoayKkTiB. BoHa Bu3HaHa Halle(heKTUBHILIOK CUCTEMOIO MEHEIKMEHTY ISl
3a0e3nedeHHs] Oe3MeKM XapyoBUX MPOIYKTIB, OXOIUIIOE  Xap4doBi
IHTPEIIEHTH, BUPOOHUIITBO Ta TOTOBY MPOIYKIIIO, aHai3 XIMIYHHX,
OloJsiorYHUX, (PI3UYHUX Ta IHIIMX HeOE3MeK, 3aTyYeHUX JI0 BChOr0 MPOLIECy
[2]. ¥V Toit ke yac HACCP € edekTUBHUM 1HCTPYMEHTOM YIIPaBJIIHHS
pu3uKaMu O€3MeKH XapuoBUX MPOAYKTIB, 1 BHUKOHABEIb MOXKE Kpare
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11eHTH(IKYBAaTH TOTCHIIHHI PU3UKH JIJIs1 OE3MEKN XapuOBUX MPOIYKTIB ITi]T
yac MepepoOKr XapuyoBUX MPOIYKTIB 1 BYaACHO po3poOUTH ePEeKTHBHI Ta
KOMITJIEKCHI KOHTP3axXxO[u A 3amo0iraHHs Ta KOHTPOJIO MOTCHITIHHUX
PU3HKIB.

CooromuimHl  mpobjieMud, 3  SAKUMU  CTUKA€ThCS  BUHOPOOHA
MIPOMUCIIOBICTD 1I0JI0 BUKOPUCTAHHS XIMIYHUX PEYOBHH a00 BOJIU, a TAKOXK
IIJIICHOCTI MaTepialiiB, 03HA4Yar0Th, 1110 BAHOPOOHI1, BEJIMKI Ta MaJi, TOBUHHI
Oyt OuTbII 00I3HAHMMHU TMPO TMPOAYKTH, SKI BHUKOPHUCTOBYIOTHCS Ha
KOXXHOMY €Talll BApOOHMIITBA, BiJ] BHHOTPAJHUKA J0 TJISIIKH.

Onniero 3 iepeBar ctBopenHs mwiany HACCP e te, mo 1ie coci6d s
BUHOpPOOAa  KOHTpPOJIOBATHU  Ta  IHTErpyBaTH  XiMiuHI,  (i3uyHI,
MIKpPOOIOJIOTIYHI Ta CEHCOPHI aHali3h MPOTITOM YChOTO TPOLECY
BUPOIIYBaHHS Ta IEpepOOKH BUHOTPAY.

Han okpemumu acrnekTtamu MpoOJIeMH SIKOCTI MPOIYKINI arpapHOro
CEeKTOpa B YMOBaX WieHCTBa YKpaiHnu y CBITOBIM oprasizauii TOpPTriBii
npamoBanu Taki BueHi, sk IL.T. Cabnyk, A.H. Mamues, ta iH. [3, 4].
Cucremy ymnpaBiiHHS O€3MEUHICTIO MPOJIYKTIB XapyyBaHHS Ha OCHOBI
npuniunie HACCP B cBoix po0OoTax BHCBITJIIOBATM BYEHI YKpaiHH:
K.T. AxmeroBa, B.B. Bnacemko, I.I'. Bmacemko Tta iH. [5-9], aie,
HEe3BaXKal04M Ha I1e, MpodJIemMa NoTpedye MOAANBIIOT0 BUPIIICHHS.

AHanizy HeOe3neku KpUTHYHUX KOHTposbHHX TO4ok (HACCP) mnsa
BUPOOHMIITBA AJKOTOJILHUX HAmoiB (BWUHA, JIKEPIB, BICKI) MPUCBIYCHO
po0OOTH 3aKOPAOHHUX JociigHuKiB [10—13].

Takum yuHOM, BUHOPOOHI MIANPUEMCTBA MOBUHHI PO3IJISIIATU TIAHU
3a0€3MeUYEHHs] SIKOCTI Ta KOHTPOJIIO SIKOCTI, SIKI MOXYTh JOMOMOITH iM
npaioBatd OuIbIl e(exkTuBHO. TakoX aKkTyaJbHUMU € THUTAHHS MPO
aKTUBHY TMOJITUKY, CHOPSMOBaHy Ha 3amnoOiraHHs npoOjeMaM Mmija 4ac
BUPOIIYBAHHS BUHOTPaAy, MepepoOll Ta MaKyBaHHI y IUIAIIKH TOTOBOL
MPOIYKIIi.

Dopmynmosanns yineti cmammi (nocmanoska 3asdamms). Merta
nociimkeHHss — Ha ocHoBi miaxony HACCP mpoBectu netanbHuil aHami3
HeOe3neuyHux (akTopiB s O€3MEKH TPOTATOM  YCHOTO  MPOIECY
BUPOOHMIITBA KOHBSIKY, BKITFOUAIOUX OCHOBHI €TaIH BiJl 300py BUHOTPAIY 110
OCTAaTOYHOTO PO3JIMBY CHUPTHOro Hamorw. Ilpu 1poMy OCHOBHY yBary
30cepeuTH Ha iAeHTHdIKAMil BCIX MOXIHUBUX HeOe3nek ((izuuHux,
XIMIYHUX, MIKpPOOI1OJIOTIYHUX Ta aJEPTeHHUX ), 3aMOOKHUX 3aX0axX IS iX
YHUKHCHHS Ta BHUSBJICHHI KPUTHYHUX KOHTPOJIBHUX TOYOK 3 BiIIOBITHUM
HEOOX1THUM KOHTPOJIEM 1 KpUTUYHUMH MEXaMHU.

Ocnosna uyacmuna. TEXHONOTIYHUNA IHMKI CYYacHOTO KOHBSYHOTO
BUPOOHMIITBA BKJIIOYA€: TOTYBaHHA KOHBSIYHUX BHHOMArepiaigiB —
MEPETOHKY KOHBSYHUX BHUHOMATEpiaiB HA COUPT — BUTPHUMKY
(o3piBaHHS) KOHBSYHOTO CIIMPTY B KOHTAKTi 3 JTyOOBOIO JIEPEBHHOI0 —>

SBTSATU. 12. 2. 23


http://www.tsatu.edu.ua/tstt/naukovyj-visnyk-tdatu/

HaykoBuit BicHuk TAATY Bun. 12, Tom 2

4317

KyTax 1 00poOKy KOHBSIKY — pO3JIMB Ta oopMIIeHHS npoaykiii [14, 15].

Jlnst BUpOOHMIITBA KOHBSKY BHUKOPUCTOBYIOTH BHHOTPAJl COPTIB, SKI
BIJIOBIJIAI0OTh TIEBHUM BHMOIaM: BHCOKa BpOXKAMHICTh, HEHUTPAJIbHICTD
apoMary 1 CMaky, TOMIpHa IIyKpUCTICTb 1 BHCOKA KHUCJIOTHICTb.
Henpuaatauii BUHOTpaJ YEpBOHUX COPTIB, 31 CHEHU(PIYHUM apoOMaTOM,
HaIpUKJIaa, MycKaTH, 13a0es1bHOT rpynu Toio. OnTHMaIbHUN BMICT IIYKpPiB
mig Jac 30MpadHs noBuHeH Oyt 14...16 /100 cM®, KucinoT — He MeHIIe §
/oM.

Kpami coptu miis BUpPOOHHIITBA KOHBSIYHHMX CIHHPTIB: AJITOTE,
Pxanureni, Pucninr, CunbBanep, [lnaBaii, ['anan. I[lepepobky BUHOrpamy
IPOBOJATH 332 CXEMOIO NPHUrOTYBaHHS OLIMX HATypajbHUX BUH, aiie 0Oe3
3aCTOCYBaHHS CIPYMCTOI KHUCIOTU. bioTexHosoriuHuii mpouec OpoJIiHHA
cycJia MpOBOJSATH Mpu Temmneparypi 16...25 °C.

Konbsiunuii BuHOMaTepiall (MOJOJE BHHO) TIOBUHEH MICTUTH:
€TUJIOBOTO CIUPTY — HE MeHIIIe 7-8 Y%, KUCIIOT, [0 TUTPYIOTHCS — HE MEHIIIE

5 r/nm®, neTkux KUCnoT — He Ginbuie 1 /1M, 3aranbHOI CipUMCTOT KUCIOTH
— He Ginbmie 15 Mr/amM’, HasBHICT IPLKIKIB — 10 3 %.

KoHbsiuHi BHHOMATEpiajau, sKI MOCTYMAalOTh Ha JAUCTHIALIIO
M1JUISITal0Th MEPEroHlll Ha PI3HMX araparax: MepioJudHol 1 6e3nepepBHOL
aii. Y mepioMy BUNaAKy OTPUMYIOTh KOHbSIYHUIA COIUPT MEHII OYUIICHU
BIJl PI3HUX JIOMIIIOK, ajieé OUIbI apOMAaTHUM; y JPYroMy BHUIIQJKy SIKICHI
MOKa3HUKU CIUPTY HUKYE, OCKUIBKM BiH OUIBIIOI0 MIPOIO 3BUIBHEHUH BIJ
JIETKUX JOMIIIOK.

HaykoBo 1 Ha mpaktuiil oorpyHtoBano [16-20], mo ckimam i1 sSKiCTh
KOHBbSTYHUX BUHOMATEpiajiB, OTXKE, 1 KOHBIYHUX CHUPTIB 3ajieKaTh HE
TITBKH BiJl TUIY BUKOPHUCTOBYBAHOi IMEPETOHHOT YCTAHOBKH, aje 1 Bif
IPYHTOBO-KJIIMATUYHUX YMOB, B SIKMX POCTYTh BHUKOPHUCTOBYBaHI B
KOHBbSTYHOMY BUPOOHMIITBI COPTH BUHOTPAY.

ButpruMka KOHBSIYHMX CHHPTIB. MOJOAWI KOHBSYHUN CHUPT SIBIISIE
co0or0 06e30apBHYy MajoapoMaTH4YHy 1 pi3Ky Ha cMak piguny. s
npua0aHHS HEOOXITHUX OPTaHOJENITHYHUX SIKOCTEH X HampaBlISIOTh HA
BUTPUMKY Yy JyOOBHUX OOuykax ab0 B €MadbOBAaHUX YU HEPKABIIOUUX
€MHOCTSIX 3 TyOOBOIO KJIETIKOIO.

Butpumka KOHBSIYHOTO CHOUPTY Yy JOyOOBHMX Ooukax ije mpH
onTUMabHIKM  Temmeparypi 15...25 °C 1 BIiAHOCHI#  BOJOTOCTI
HABKOJIMIITHLOTO cepeoBulia (MoBITPs B npumitieHHi) 75...85 %.

[Ticns BUTPUMKHA KOHBSIYHOTO CITUPTY MPOBOJATH KyNa)KyBaHHS, SKE
MOJIATAa€ y 3MIIIyBaHHI B TIEBHHUX IPOIOPIIIAX BUTPUMAHUX KOHBSIYHHUX
CHHPTIB, CHUPTOBAHUX BOJ, JYXMSHUX BOJ, IIyKPOBOT'O CUPOIY 1 KOJIEpY.

Jlnst  mpuroTyBaHHSA KOHBSKY, TOOTO JJIS 3HIKEHHS MIIHOCTI
KOHBS'YHOTO CIIUPTY, BUKOPUCTOBYETHCS MOM SKIII€HA BOJA, SIKY TOTYIOTh 3
NUTHOI BOJY HUIIXOM AUCTUIIALIT 200 00p0oOKH 10HOOOMIHHUM CIIOCOOOM 0
xopeTkocTi 0,36 MMOIIB/ IM°.
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JlyxMsiH1 BOJIU, IIyKPOBHI CUPOII 1 KOJIEp BUKOPUCTOBYIOTH TUTHKH MPU
OTPUMaHHI OpJWHAPHUX KOHBSKIB. [Ipy BUPOOHUIITBI MapOUYHUX KOHBSIKIB
NOpsJ 3 KOHBSIYHUM CITUPTOM B KyIaXk BBOJSTH TIJIbKM CIIMPTOBAHI BOAHM 1
LIYKPOBHI CUPOIL.

[Topsiz 3 KOHBSAKOM BITYU3HSHOIO MPOMUCIIOBICTIO BUITYCKAIOThCSI P13H1
KOHBSIUHI Hamoi, fIKi TOTYIOTh 3 HEBUTPUMAHUX KOHBSYHUX CIHPTIB. 3a
PI3HUMH XapaKTepUCTHKaMH, (GOPMOIO W KOJBOPOM BOHHU BiAMOBIIAIOTH
OpJAMHAPHUM KOHbsIKaM. TeXHOIOr1sl KOHTYHUX HAIOIB 3BOJUTHCS 10 TOTO,
0 MOJIOAUN KOHBSYHHM CHUPT ab0 TOTOBHM KyMak HACTOIOIOTH a0o
IPOIYCKalOTh B MOTOLI Yepe3 AyOOBY JIEpEBHHY, NONEPEAHBO 0OpOOIEHY
cCHeniaJIbHUM CIIOCOOOM.

Jlo cknamy KymaxXy KOHbSYHHX HAroiB BXOJSATh MOJOIUN KOHBSIYHUN
CIIUPT, AUCTUILOBAHA ab0 MOM SKIIIEHA BOJA, IIYKPOBUM CHUPOIN 1 KOJIEP.
ExcTpakiis KynaxHOH CyMILIIII0 PI3HUX KOMIIOHEHTIB JIEPEBHHH TPUBAE
15...20 guiB mpu Ttemmnepatypi 20...25 °C. Hapami KoHbAYHMIA Hamii
(GUIBTPYIOTH 1 pO3JIMBAIOTH Y MJISLIKU.

Cucrema $KOCTI 30pIEHTOBaHAa Ha YHPABIIHHSI YWHHUKAMH, SKI
BITMBAIOTh a00 MOXKYTh BIUTMHYTH Ha O€3MEUYHICTh MPOAYKIIi. AJIKE OJHE
13 HaWBWXKJIMBIIIUX OYIKyBaHb CIIO)KMBada — MaTH O€3MeuHl MPOIYKTH
XapuyBaHHS.

BianoBigHo o mpuHIuMMIiB 1 BuMor cucremu ynpasiinas HACCP
MIPOaHaJi30BaHO HEOE3MeYH1 pU3UKHU, TIOB'SI3aH1 3 MEPEPOOKOI0 CUPOBUHH 1
BUPOOHMIITBOM KOHBSIKIB. 3a pe3yJbTaTaMU TPOBEICHOTO aHaIi3y
HeOe3neyHux (akTopiB, AKI MOXYTb BHHUKHYTH IIiJI 4ac BHUPOOHHUIITBA
KOHBSIYHOTO BHUHOMATEpIady 1 KOHbSIKY, BCTAHOBJIEHO Takl BUAM: (Pi3uyHI,
XIMIYH1, MIKpOOI10JIOT14HI Ta ajlepreHHi. ¥ T1adia. 1 mpeacTaBieHo 3arajibHy
XapaKTEPUCTUKY HeOe3neyHuX (HaKTOpiB, $KI BHUHUKAIOTh Yy MPOILEC]
PUTOTYBaHHS KOHBSIKIB.

Tabnuys 1
Inentudikais Hebe3nedHNX (PaKTOpiB Yy BUPOOHUIITBI KOHBSIKY
No Hebe3neunuii Y4MHHUK
Eran
3/m pounecy BU OITucC JoKEpeiia
(MpUYMHU, YMOBH)
BUHUKHEHHS
1 2 3 4 5
1. | Bupobuuurso ®izuynuii | [Ipu pyuHoMy | HaBkonmine
KOHBSTYHOTO 30upaHHl JIUCTKH, | CEPEOBHUIIE
BUHOMaTepiairy/ MTaroHu
Bunorpan IIpu MmammHHOMY
30MpaHHI — JIUCTKH,
IMaroHu, KaMiHIl
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[TponmoxenHs Tadbmwmi 1
2 3 4 5
XimiyHu#t | 3anumku ximiuaux | HecBoeuacHa
peaKkTHBiB 3 | 0OpoOKa,
00poOKH MOPYIICHHS
BUHOTPATY penenTypu
IIPUTOTYBAHHS
PEaKTHUBY
Mikpo6io- | [Tomkomkena HecBoeuacuuii,
JIOTIYHUN | MiKpoopraHizmMamMu | ab0 HEJOCTAaTHIMI
Aroa, KOMaxu 3aX¥CT POCIIUH Bij
LIKITHUKIB
Aneprennu | 3anumku ximiunux | HecBoedacHa
i pCaKTHUBIB 3 | 00poOKa,
00poOku MOPYILIEHHS
BUHOIPaIy peLenTypu
MIPUTOTYBAaHHS
PEaKTUBY
Bupo6uunrso @izuynnii | 3a0pyTHEHHS ITomkomKkeHHs
KOHBSIYHOTO o0JiaiHaHHs
BHHOMaTepiany/ XiMigyHUT | 3aTUIIKU Henorpumansst
Bunomarepian ne31HQIKyunX, TEXHOJIOT1]
MHIOUHX 3ac00iB
Mikpobio- | 3a Henorpumanss
JOTIYHUM | MIKpOOIOJIOTIYHUM | TeMIlepaTypHu
Y IOKa3HUKaMU OpoiHHS
Aneprennu | 3anumku XxiMiyHUX | HecBoeuacHa
i pEaKTHBIB 3 | 0OpoOKa,
00poOKku MOPYIIEHHS
BUHOTpaIy peLenTypu
MIPUTOTYBAaHHS
PEaKTUBY
Bupo6uunrso ®izuunnii | 3a0pyaHEHHS ITomkomKkeHHs
KOHBSIYHOTO COHUPTY o0JiaiHaHHS
Butprmka KOHbSIUHHX ®izuynuit | 3a0pyIHEHHS MoxyTb OyTH B
ciiuptiB/ CiupT CHpOBHHI y pasi
KOHBSYHUUN MOJIOTUI HEJOTPUMAHHS
IMOOPTHUH (U1 YMOB
BUPOOHHMIITBA TPAaHCIIOPTYBaHHS
OpAVMHAPHUX KOHBSAKIB) | XiMiyHUN | 3aauIiku —
ne3iHIKy0unX,
MHIOUHX 3ac00iB
[IpuroryBanus ®izuunuii | 3a0pyaHEeHHS MoxyTb
OpJIMHAPHOTO/MAPOYHO MOTPANUTH TIPH
ro KOHbSIKY YKpaiHH HEIOTPUMAaHHI1
YMOB
BUTOTOBJICHHA Y
nocravaibHHKA 1
TpPaHCHOPTYBaHHI
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[TponmoxenHs Tadbmwmi 1
1 2 3 4 5
5.1. | [IpuroryBanus Ximiuauii | JlomycTuMuii BxinHa cupoBuHa
L[yKPOBOI'O piBEHb TOKCHYHHX | MOXKE OyTH
konepy/Llykop enemenTiB: Pb, Cd, | mxepenom
LIYKPOBOTO Hg, As. XIMIYHHX
cupory/Llykop Panmionyxuiau: HeOe3MeYHnX
37¢Cs, *°Cr. YUHHUKIB
(mouatkoBa
CHpPOBHHA 1 YMOBH
il mepepoOKwH)
52. | llpurotyBanHs  Boau | Ximiuauii | Jomyctumuit MexaHniuHi
oM’ sikiieHoi /Bona piBEHb TOKCHYHHX | IOMIIIIKA MOXYTh
esiemenTiB: Pb, Cd, | 6yTtu npucytHiMu
Si, Mo, HiTpaTH, | B pe3ynbraTi 3001B
As, Hg, Al. | pobotu
Cymapna o0JiaiHaHHsA
AKTUBHICTh
OPUPOIHOT  CyMiIi
130TOMIB!
akTuBHIiCTH 2%° Ra,
228 Ra, 222 Ry,
137 CS, 90 Sr.
Mikpobio- | Mikpo6ioioriuni 3a0pyAHEeHHS BOAU
JOTIYHUHM | TIOKa3HUKHU MaTOreHHUMH
MIKpOOpraHi3Mamu
MOJKJIUBE Yy pasi
3aCTIHHUX SIBUII Y
BOJI1 CBEpJIOBUH 1
TpyOOIPOBOIIB
mojavi BOIH
6. | Po3nuB KOHBAKY ®i3nunuil | 3a0pyaHEeHHS Henorpumanns
VYkpainu BUMOT
OpAMHAPHOT0/MAPOIHOTO BUPOOHUIITBA,
OmnoicKyBaHHS TapH TPAaHCIOPTYBaHHS
7. | bpakepax IUIAIIOK ®iznunuii | HastBHiCTB MoxyTb
CTOPOHHIX MOTPAITATH KPUXTH
MIPEIMETIB, KOPKOBOT MPOOKH,
pEeUOBHH yIIaMKH CKJIa
MoxyTb
MOTPAITUATH TIPH
HEJOTPUMAaHHI
MpaBUII 0COOMCTOL
TiTIE€HU,
HEBIAMOBIIHOL
pobotu
YCTaTKyBaHHs
Mikpobio- | be3s bes
JIOTIYHUN | MIKpOOpraHi3MiB MIKPOOPTraHi3MiB
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[TponmoxenHs Tadbmwmi 1
1 2 3 4 5
8. | ETukeryBaHHA Ximiuamii | JlomycTuMi piBHi Marepianu, sxi
wismok/ETukeTkn Mirpanii XiMiYHUX | BUKOPHCTOBY-
PEUOBHH i3 IOTBCS JUISI
Marepiany BUT'OTOBJICHHS
€THKETKH B ETHKETOK MOXYTh
MOJIeTIbHE OyTH JKEpenoM
CEpEeIOBHUIIES XIMIYHUX
HeOe3MeyHnx
YHHHUKIB
(mouaTkoBa
CHpPOBHHA 1 YMOBH
il nmepepoOKH)
9. | [NakyBaHHS TUIAIIOK/ ®iznunuii | Hedexrn kopoOa, BunukHeHHs
Kopoba MEeXaHI9H1 nedeKTiB
TIOITKOJKCHHS, Ta | BHACIIIJIOK HE
3a0pyIHEHHS. JOTPUMAaHHS YMOB
30epiraHHs,
HaBaHTaXCHHS-
PO3BaHTaKEHHS,
TPAaHCIOPTYBaHHS
Mikpo0io- | be3 BunukHenHs
JOTIYHUHM | MIKPOOpPraHi3MiB nedexTiB
BHACJI/IOK HE
JOTPUMaHHs yMOB
30epiranHs

[TpumiTka: ¥V Tabauiii BKa3aHi TUIBKU Ti HeOe3MeuHi pakTopH, SKi MatOTh BATOMICTh
HACJIIJIKIB Ta PIBEHb PU3HKY.

Jani mnpoBenemMo aHaimi3 HeOe3NeyHUX (PaKTopiB, L0 MOXKYTh
BUHUKHYTH MiJ Yac BHUPOOHMIITBA KOHBSAKIB YKpaiHM (OpAWHAPHUX,
MapOYHUX ), BAHOTPAJIHUX OpeH 1 (OpAMHApHI, MAPOYHI, BATPUMAaHI).

I. BupoOHUIITBO KOHBSIYHOTO BUHOMATEpiainy / BUHOTPAI.

Bun nebesneunoro gakropy — (izuynuil. PiBeHb pU3UKY HECYTTEBUH,
OCKUTBKM MIIJISITa€ Bi3yalbHOMY KOHTPOIIO. KOHTPONOEThCS HasBHICTD
HiCKy, JApIOHMX KaMIHUYMKIB, SIKI MOXYTh BUKIMKATH 3aXBOPIOBAaHHS 1
MOIIIKO/KEHHSI BHYTPIIIHIX opraniB. Ckiio BiJ jgammn abo po30UTHX BIKOH,
neTani o0iaHaHHs (TBUHTUKH TalKK ) MOXKYTh BUKJIMKATH BaXKK1 TPaBMHU.

JlomycTrMi BIAXUIU TIPH:

a) py4HOMY 30MpaHHI — MacoBa YacTKa OPTaHIYHUX JOMIMIOK (JIMCTKH,
narosu), %, He OinbIe Hixk 0,5;

0) MamMHHOMY 30HMpaHHI — MacoBa YacTKa OpPraHIYHUX JOMIIIOK
(yiuctku, maronu), %, He Ouibiie HiXK 1,0. JJoxymeHnToBaHa iHdopmaris:
BXIZIHUM KOHTPOJb MpU HNPUMMAHHI; aKTH, 3alUCU y TEXHOJOTIYHUX
KypHaIax Npy NpUiMaHH1; IPOTOKOJIH J1OCIIIIKEHb.

Bun nebesneunoro gakropy — xiMiuHui. PiBeHb pU3UKYy HECYTTEBUI

SBTSATU. 12. 2. 23


http://www.tsatu.edu.ua/tstt/naukovyj-visnyk-tdatu/

HaykoBuit BicHuk TAATY Bun. 12, Tom 2

9317

TOMy, IO TMTiAJIATaE JOKYMEHTAIbHOMY (Zata Ta 3aco0u 00poOku
BUHOTPaAy) Ta IHCTPYMEHTAIbHOMY KOHTPOJIIO Y BUPOOHMY1H 1abopaTopii.
[TpuifHATHUN piBEHb: BMICT TOKCUYHHUX €JEMEHTIB, MI/KI HE OijblIe:
ceuHIO — 0,4; kaamiit — 0,03; muak — 10,0; munr’ sk — 0,2; pryts — 0,02; Migb
— 5,0; B™mict pagionykiiaiB bx/kr: *’Cs; — He 6inbme 150; *° Sr — He Oinbiire
50. 3agokymeHTOBaHa i1H(OpPMAIIis: BXIIHUM KOHTPOJb NpPHU MPUHMAaHHI;
aKTH, 3alKMCH Yy TEXHOJOTIYHUX >KypHaJIax NpH MPUWMaHHI; MPOTOKOJIU
JTOCITIIKEHD.

Bun neGesneynoro ¢akropy — MikpoOionoriunuid. PiBeHb pH3UKY
HECYTTEBUI, OCKUIBKM MIIJIATae JTOKyMEHTalbHOMY (ZIara Ta 3acoou
00poOKHM BHHOTPAIy), Ta IHCTPYMEHTAIBHOMY KOHTPOJIO Yy BUPOOHUYIN
nabopatopii. [[puliHATHHIA piBEHB: pydHEe 30MpaHHs — -2 KIIITUHHA B OAHOMY
1oJIl 30py; aBTOMaTHU4He 30MpaHHd — 10 KIITHH B OJHOMY IMOJI 30pYy.
3a10KyMeHTOBaHa 1H(QoOpMallid: BXiIHUA KOHTPOJIb NpPU MPUHAMaAHHI; aKTH,
3alUCM Yy TEXHOJOTIYHUX JKypHajgax Mpud NpHUIMaHHI; TMPOTOKOJIU
JIOCIIIKEHD.

Bun HeGesneunoro (akrtopy — anepreHHui. PiBeHb pu3uKy
HECYTTEBUH, OCKUIbKM MIAJIATae JOKyMEHTaJIbHOMY (/ara Ta 3acobu
0OpoOKHM BHUHOTpAy) Ta 1HCTPYMEHTAJIHLHOMY KOHTPOJIIO Yy BHUPOOHMUIN
nabopatopii. [lpuiiHATHMIT piBeHb: HE PO3MVISIIAETHCI TOMY, IO
MPUIHATHUHN PIBEHD 3aJICKUTH B/ 1HAMBIyaIbHOT Yy TIIMBOCTI /IO aJIepTreHy.
3a0KyMeHTOBaHa 1H(QoOpMallid: BXiIHUA KOHTPOJIb NpU MPUHAMAHHI; aKTH,
3alUCH Yy TEXHOJOTIYHUX JKypHajgax TNpud MpHUIMaHHI, MPOTOKOJN
JTOCITIIKEHD.

2. BupoOHUIITBO KOHBSYHOT'O BUHOMATEpially / BUHOMAaTEpial.

Bun nebesneunoro gakropy — (izuunuii. PiBeHb pU3UKy HECYTTEBUH,
OCKUIbKHU MIJJISATA€E BI3yaJbHOMY KOHTPOJIO Ta GiapTparliii. JlokyMeHToBaHa
1H(pOopMaIlis: KypHaIU KOHTPOIO MPEIMETIB 13 CKJIa 1 KPUXKOTO MIJIACTHKY.

Bun nebesneunoro daktopy — xiMiuHui. PiBeHb pU3NKY HECYTTEBUH,
OCKUJIBKHU MIIJIATAE JOKYMEHTAIBHOMY (J1aTa Ta 3ac00M 00pOOKH BUHOTPATY )
Ta THCTPYMEHTAILHOMY KOHTPOJIIO Y BUPOOHUYiH s1abopartopii. ['panudHo-
JOIIyCTHMA, MAacOBa KOHIIEHTPALisl, MI/IM’ Ba)KKUX METAIIiB, HE OLIbIIE HIX:
ceuHIo — 0,3; kaamito — 0,03; pryTi — 0,005; miai — 5,0; nuaky — 10,0; 3amiza
— 15,0; mumr'sxy — 0,2. 3amokyMeHTOBaHa iHGOpMAITis: KypHAI KOHTPOJIIO
XIMIYHMX aHaII31B 1I€Xy BUHOMATEpPiajiB; TEXHOJOTIYHUHN KypHAT; KypHaT
CaHITApHOTO CTaHy Tapu Ta OOJIaJHAHHS; XypHAJ HEBIAMOBITHOCTEH,
KOPUTYBAJIbHUX, 3aMT001KHUX A1 Ta MOJTINIIEHb.

Bun nebesneunoro daktopy — MikpoOiojoriyHuil. PiBeHb pu3HKy
HECYTTEBHUM, OCKUIBKM TMIAJATA€ THCTPYMEHTAIBHOMY KOHTPOJIIO Y
BUPOOHMYIN JTAOOpaATOPIi, SIK HA KO)KHOMY eTari OpOJIIHHSI, TaK 1 KOHTPOJIIO
emMHocTel 1 oOnamHaHHs. [IpuiiHATHUNA piBeHb: HEe Oulblie | KIITUHU B
OTHOMY  TOJI  30py. 3aJ0OKyMEHTOBaHa  iH(oOpMAIlis: O KypHaI
MIKpOOIOJIOTIYHOTO  KOHTPOJIFO;  TEXHOJIOTIYHHUMA  KypHAl;  KypHalI
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CaHITApHOTO CTaHy Tapu Ta 0OJaTHAHHS.

Bun HeGesneunoro ¢daktopy — anepreHHuil. PiBeHb pusuky
HECYTTEBUHM,  OCKUIBKM  MIUIATa€  MmepeBipmi  (JOKYMEHTalbHIMH,
IHCTpYMEHTANbHIN) PH HAAXO/KEHHI BUHOTpady. [IpuitHaTHHIA piBeHb HE
pO3TIIAEThCS 00 3aJIeKUTh Bl 1HAMBIAYaTbHOT Yy TIUBOCTI JI0 aJIepreHy.
3a0oKkyMeHTOBaHa iH(poOpMallis: BXIIHUM KOHTPOJIb MPU MPUHAMAHHI; aKTH,
3aMCH Y TEXHOJOTIYHUX O>KypHalax IMpu NpUMaHHI; TPOTOKOIH
JTOCITIIKEHD.

3. BupoOHUIITBO KOHBIYHOTO CIIUPTY.

Bun nebesneunoro gakropy — (pizuynuii. PiBeHb pU3UKY HECYTTEBUH,
OCKUIBKA  TUISIrae  BI3yaJbHOMY  KOHTpPOJIO  Ta  (uibTparii.
3agokyMeHTOBaHa 1HGOpMaIlis: )KypHaId KOHTPOJIIO MPEeAMETIB 13 cKia i
KPUXKOTO TIJIaCTHKY.

Bun Hebesneunoro (aktopy — xiMiyHUM. PiBeHb pU3UKY HECYTTEBUH,
OCKUIbKH MiJIATa€ TIOKYMEHTaIbHOMY (aTa Ta 3ac00u 00pOOKH BUHOTPaIy)
Ta 1HCTPYMEHTAJIbHOMY KOHTPOJIO y BUpPOOHUYIN Jaboparopii. PDi3uko-
XIMI4YHI1 MOKa3HUKHU: 00’ €MHA YacTKa €TUJIOBOTO ciupTy, %o — 62-70; MacoBa
KOHIIGHTpAIlisl BUILIUX CHUPTIB Yy MEpepaxyHKy Ha 130aMIJIOBUH CHUPT
6e3pojgHOrO cnupty, Mr/100 cm® — 120-500; macoBa KOHIICHTpAITis
aNBJICTIIIB y TEepepaxyHKy Ha OILTOBUN ayblerisy 0e3BOJAHOIO CIHUPTY,
mr/100 cm® — 3-40; MacoBa KOHIIEHTpaLlist cepenHix eipiB y nepepaxyHKy
Ha OLTOBO-eTWIOBHI edip OesBomHoro crupry, mr/100 cm® — 20-200;
MacoBa KOHIIEHTpAIlisl JIETKUX KUCJIOT y MEePEepPaxyHKy Ha OITOBY KHCIIOTY
6e3Boanoro crupty, mr/100 cm® — 10-50; MmacoBa koHLeHTpanis Gpypdypoiry
6essomnoro compry, wmr/100 cm® — 0,3-0,5; macoBa KOHLEHTpAlis
METHJIOBOrO CHMpPTY Ge3BogHoro cnmpry, mr/100 cm® — 10-100; macosa
KOHIIEHTpaLis Mimi mr/aM®, He Ginbime — 5,0; MacoBa KOHLIEHTpALlis 3aJ1i3a,
mr/mm?, He Ginpmie 0,5; MacoBa KOHIEHTPALis 3aralbHOI CiPYMCTOI KHCIIOTH,
mr/am?, He Oibiue 30; BMICT TOKCHYHHX €IEMEHTIB y CIIUPTY KOHBIYHOMY
MOJIOJIOMY HE TTOBMHEH MEPEBUIILyBATH JOMYCTUMHX PIBHIB MI/KT: CBUHIIIO
—0,3; xkagmiro — 0,03; pryTi — 0,005; miai — 5,000; uaKy — 10,0; Mumr'sky —
0,2; BMICT paliOHYKJIIIiB y CHOUPTI KOHbIYHOMY MOJIOJIOMY HE TMOBHHEH
NIEPeBUIyBaTH JOIMyCcTUMHUX piBHIB br/kr: "'Cs — 50; *°Sr — 30.
3amokyMeHTOBaHa 1H(OpMaITis: KypHaJI KOHTPOIIO XIMIYHUX aHATI31B IIEXy
BUHOMATEpialiB; TEXHOJOTIYHUHN )KYpPHAI; )KypPHAJI CAHITAPHOTO CTaHy TapH
Ta 00JIaTHAHHS; KypHAJI HEBIIMOBITHOCTEH, KOPUTYBATHHUX, 3aTTOOIKHUAX
1M Ta MOJIIIIICHE.

Bun nebesneynoro ¢aktopy — MmikpoOiojoriyHuil. PiBeHb pu3HKy
HECYTTEBUI, OCKIUJIbKM  CHUPT  BHUKIMKAE  JIGHATYpalil0  KIITHH

MIKpOOpTraHi3MiB (ZIeHaTypalisi — BTpaTa OILIKOM HOro MpUPOIHOL
CTPYKTYPH 1 BJACTUBOCTEH B pe3yJIbTaTl 11 30BHIIIHIX YNHHUKIB).
Bung HeOesneunoro d¢aktopy — ajepreHHuid. PiBeHb pu3HKY

HECYTTEBHH, OO KUTBKICTh HEBEJIMKA, MJISITa€ MOCTIMHOMY MOHITOPUHTY.
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[IpuitaTHuil piBEeHb: MacoBa KOHIEHTpaliss Gypdypory O€3BOTHOTO
ciupty, Mmr/100cm® — 0,3-0,5. 3amoxymeHTOBaHa iHpOpMALisL: KypHAI
MiKpOO10JIOTTUHOTO KOHTPOJIIO; TEXHOJIOTTUHUHN Ky pHAJL.

4. Burpumka koHbsYHHX crupTiB / COUPT KOHBIYHUN MOJOIUIN
IMIIOPTHUH (7151 BUPOOHUIITBA OPAMHAPHUX KOHBSKIB).

Bun ne6esneunoro dakropy — ¢pi3uuHuii. PiBeHb pU3UKy HECYTTEBUH,
OCKUIBKM  TIJJIATae  BI3yaJIbHOMY  KOHTPOJO  Ta  (pinpTparii.
3aokyMeHTOBaHa 1H(MOpMaIlis: KypHAId KOHTPOIIO MPEAMETIB 13 CKJa 1
KPUXKOTO MJIACTUKY; BXIAHUI KOHTPOJIb MpPU NMPUMMAaHHI; aKTH, 3alUCH Y
TEXHOJIOTIYHUX JKypHaJIaX MNP MPUUMaHHI; MPOTOKOJIU JOCIIKEHb.

Bun Hebesneunoro (aktopy — xiMiyHUM. PiBeHb pU3UKY HECYTTEBUH,
OCKUIbKH IMiJIAra€ TOKYMEHTaIbHOMY (AaTa Ta 3aco0u 00pOOKH BUHOTPATY )
Ta 1HCTPYMEHTaJIbHOMY KOHTPOJIO Y BUpOOHWYIN jabopartopii. KoHTpoab
(G13UKO-XIMIYHMX TOKa3HUKIB BIAMOBIAHO A0 M. 3. 3aJ0KyMEHTOBaHa
1H(popMaIlis: MOTOYHUNA KOHTPOJIb CHPOBMHHU y BHUPOOHUYIN JabopaTopii;
HAsIBHICTh Y MOCTAYaJIbHUKIB MEPIOIMYHOT IEPEBIPKU JTaOOPATOPIi HA BMICT
CIIOJTYK BaXXKUX METaIB, ECTULIU/IIB, TepOILHIIB, PaIiIOHYKIiIiB.

Bun nebesneynoro daktopy — wmikpoOiojoriyHuii. PiBeHb pu3HKY
HECYTTEBUH, OCKUJIBKM  CHUPT  BUKIMKAE  JICHATYpaIlil0  KIITHH
MIKpOOpTaHi3MiB (JeHaTyparlisi — BTpaTa OIIKOM HOro MPUPOIHOT
CTPYKTYpH 1 BIIACTUBOCTEH B pE3yJIbTaTi Jii 30BHINIHIX YWHHUKIB). be3
MIKpOOPTaHi3MiB.

Bun wnebesneunoro dakrtopy — anepreHHuid. PiBeHb pu3HKY
HECYTTEBUM, OO0 KUIBKICTh HEBEIMKA, MIJJISATa€ MOCTIMHOMY MOHITOPHUHTY.
[IpuiinsaTHUN piBeHb: MacoBa KoOHIEHTpauis ¢ypdyposy O€3BOIHOIO
crupty, mr/100em® — 0,3-0,5.

5. [IpurotyBaHHsI OpJAIMHAPHOTO / MAPOYHOT'O KOHBSIKY YKpaiHu

5.1.  IlpuroryBanHs 1ykpoBoro koiiepy / Ilykop.

Bun neGesneunoro gakropy — (izuunuil. PiBeHb pU3UKy HECYTTEBUH,
OCKUTBKM TIJISITa€ Bi3yaIbHOMY KOHTPOJIIO Ta TpocitoBaHHIO. Ha erami
IIPOCIIOBAHHSA 1€ BUAAJICHHS CTOPOHHIX JIOMIIIIOK.

Bun nebesneunoro (axktopy — xiMiuyHMi. PiBeHb pU3UKYy HECyTTEBHIA
TOMy, IO MAJIATa€ JOKYMEHTAJIbHOMY (Zata Ta 3aco0u 00poOku
BUHOTPATy) Ta BI3yaIbHOMY KOHTPOJIO TiJ 4Yac MNpUHAMaHHI Ta
BUTOTOBJICHHA. [IpWiHATHUI pIBEHh TOKCHYHUX EJIEMEHTIB, MI/KT, HE
outemie: cBunmo — 0,5; xagmito — 0,05; pryti — 0,01; mumr'sxy — 1,0.
Pamionykmiau, br/kr, He 6inbme: ' Cs — 50; *° Sr — 30.

Bun nebesneunoro daktopy — MmikpoOiojoriyHuil. PiBeHb pu3HKy
HECYTTEBHUM, OCKUIBKM TMIAJATA€ THCTPYMEHTAIBHOMY KOHTPOJIIO Y
BUpOOHMYIN TabopaTopii, Ta MaCTPOM M1 yac npuroTyBaHHs. [IpuiiManns
CUPOBHMHH TIIbKH 32 SIKICHUMH MOCBIIYEHHSMH Ta BUCHOBKAax CaHITapHO-
€M1JIeMI0JIOTTYHOI EKCIIePTU3H.

5.2.  IlpuroryBanHs Boam TIOM sikimieHOi. Bum HeGe3meyHoro
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dakropy — ximiuHuil. PiBeHb PHU3UMKY HECYTTEBUH, OCKUIBKH iJJIsTAE
IHCTPYMEHTAIbHOMY KOHTPOJII0O y BHUpoOHHUYIM maGoparopii. Tokcuuni
eJIEMEHTH, JOIyCTUMUIA piBeHb, He Oinbue: cBunens — 0,01 Mr/oM?; kammiii
— 0,001 mr/nm*; xpemniit — 0,1 mr/nv’; monionen — 0,07 mr/am?; miTpatu —
50 mr/mv3; mitput — 0,5 Mr/am®; munr’sk — 0,01 mr/nm®; pryts — 0,0005
Mmr/om>; amrominii — 0,2 mr/om’.

CyMapHa akTHBHICTb HpUpoaHoi cymimi izoromis U, Bx/m® — 1,0.
[Tutoma axTuBHicTb 22 Ra, Bx/M® — 1,0; nutoMa aktuBHICTH 222 Ra, Bk/M> —
1,0; nutoma akTuBHICTh >2> Rn, Bx/M® — 100; nutoma aktuBHicTh 37 Cs,
Bx/m* — 2,0; nmutoma aktusHicTs *° Sr, Br/M® — 2,0. 3acTocyBaHHS NUTHOI
BOJM TUIBKU 32 HAABHOCTI MO3UTUBHUX PE3YJIbTATIB aHATI3y BOAU HA BMICT
TOKCHHIB IIOMICSIYHO, | pa3 Ha MIBPOKY — y BHUILIM opraHizariii.

Bun nebesneuHoro ¢aktopy — MikpoOionoriyHuil. PiBeHb pusuky
HECYTTEBHUM, OCKUIBKU MIJJISATAE MOCTIHHOMY JOCTIIKEHHIO B CaHITapHO
enigemMiyHii ctaHuii. [IpuitHATHUI piBEeHb: 3arajbHe MIKPOOHE YHCIIO TpH t
37°C — 24 rog — ue Gimpmre 100 KVO/cm®; 3aramphi komidopmu —
BIJICYTHICTh; E.coli — BiICYTHICTh; €HTEPOKOKH — BIJCYTHICTh; IMATOI€HHI
eHTepoOaKkTepii — BIICYTHICTh; Kodidard — BIJCYTHICTh. 3aCTOCYBaHHS
MUTHOT BOJIM TIIBKU 332 HAABHOCTI MO3UTUBHUX PE3YJIbTATIB aHAIi3y BOIU
Ha MiKpoOioJioriuHe 3a0pyiHeHHs 1 pa3 Ha neKamy.

6. PoznuB  koHBAKY ~ YKpaiHM  OpAMHAPHOT0/MapOYHOTO/
OmnomnickyBanHsi Tapu. Bua neGesneunoro Qaxropy — ¢i3uunuii. PiBeHb
PU3HUKY HECYTTEBHM, OCKUIBKA TIJIATAE€ BI3yalbHOMY KOHTPOJIO.
HenonmyctruMa HasgBHICTh. 3aJOKyMeHTOBaHa 1H(pOpMALis: BXIAHHUM
KOHTPOJIb TIPH MPUIMaHHI; aKTH, 3allUCH Y TEXHOJOT1UHUX JXKypHaAIax Mpu
NpUiIMaHH1; )XypHaAJI HEBIANOBIAHOCTEN, KOPUTYBAIBHUX, 3aMO0IKHUX A1H
Ta MOJIMIIEHb.

Bun Hebesneunoro (aktopy — xiMiyHUM. PiBeHb pU3UKY HECYTTEBUH,
OCKUTBKM TIJHAETHCS 1HCTPYMEHTAJIbHOMY KOHTPOJIO y BHUPOOHUYIM
nabopatopii. TOKCHYHI €eMeHTH, TOMyCTUMUHN PiBEHb BIAMOBIAHO A0 TI.
5.2.

Bun nebesneunoro dakropy — wmikpobionoriunuii. PiBeHb pu3uky
HECYTTEBUH, OCKUIBKH IIJIJISITAE TIOCTIMHOMY JOCTIIKEHHIO B CaHITapHO
eniieMiuHii cTaHIii. 3aragbHe MikpoOHe yucio npu t 37°C —24 rox — He
oimeme 100 KYO/cm®; szaranbni xomidpopmu — Bigcyrthicts; E.coli —
BIJICYTHICTh; C€HTEPOKOKH — BIJCYTHICTh, IMAaTOT€HHI EHTepoOakTepii —
BIJICYTHICTh; Kojidaru — BIACYTHICTh. 3aJ0OKyMEHTOBaHa I1H(OpMaIis:
YKYpHaJl CAaHITApPHOTO CTaHy Tapu Ta 00JagHaAHHS JUTBHUL PO3JIUBY; KYypHAJ
HEBI1JIMOBITHOCTEH, KOPUTYBAIbHUX, 3aMO01KHUX 1/ Ta MOJIMIIEHb.

7. Bbpakepax mismok. Bua Hebe3neunoro daktopy — QpizuyHui.
PiBeHb pHU3MKYy HECYTTEBUN, OCKIJIBKHM MIJJISATAE Bi3yaJbHOMY KOHTPOJIIO.
[[lonennuit 6pakepak rOTOBOI MPOAYKIIT y 1IEXy PO3JIUBY.

Bun HeGe3neunoro ¢gakropy — XiMiuHui. PiBeHb pU3UKY HECYTTEBUH,
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OCKIJTBKH MiJIATaE JOKyMEHTAIBHOMY (aTa Ta 3aco0u 00pOOKH BUHOTPAIY)
Ta IHCTPYMEHTAJIbHOMY KOHTPOJIIO 'y BHUPOOHHUIA  JabopaTopii.
[TpuithaTHU piBeHb (HI3UKO-XIMIYHUX MOKA3HUKIB BiMTOBITHO 110 T1. 3.
Bun neGesneynoro Qakropy — MikpoOionoriunuid. PiBeHb pH3UKY
HECYTTEBUH, OCKUIBKM  CIOHPT  BUKIUKAaE JCHATYpAIlil0  KIITHH
MikpoopraHi3miB. [IpuiHATHUI piBEHb — 6€3 MIKPOOPIaHi3MiB.
3aokyMeHTOBaHa 1H(OpMaIlis: *KypHaJl CaHITapHOIO CTaHy Tapu Ta

oO0J1aTHaHHS TUTBHULI PO3JIUBY, KypHaI HEBIAIIOBITHOCTEH,
KOPUTYBaJbHUX, 3aMIO0DKHUX 1A Ta MOJIIIIEHb.
8. ETukeTyBaHHS IUIAIIOK.

Bun HeGe3neunoro gakropy — (iznuHuil. PiBeHb pU3UKYy HECYTTEBUH,
OCKUJIbKHU B1ICYTHIM IPSIMUI KOHTAKT 13 MPOAYKIII€I0, TOOTO MPOIYKLIS BKE
3aKOpPKOBaHa Tepes] II€0 TEXHOJIOTIYHO1 omnepaliero. Bua Hebe3neuHoro
dakTopy — XiMiuHMI. PiBeHb PU3UKY HECYTTEBHM, OCKIIBKUA BIICYTHIM
NPSIMUIM KOHTAKT 13 MIPOAYKIII€I0, TOOTO MPOIYKIIiS BXKE 3aKOPKOBaHA MEPE]T
LI€I0 TEXHOJOTIYHOI onepaniero. JlomycTuMi piBHI MIrpamii XIMIYHUX
PEUOBHMH i3 MaTepialy E€TUKETKM B MOJEJbHE CEPENOBHUILE MI/AM’, HE
oineme: ceunens — 0,03; kaamii — 0,001; migs — 1,0; muak — 1,0; xpom —
0,1; amrominiit — 0,5; 6apiit — 0,1; 6op — 4,0; mapranenp — 0,1; Turan — 0,1;
numetmitepedranar — 1,5; rentan — 0,1; xnopsiaina — 0,01; i3onmponanonr —
0,1. lomycTumi piBHI Mirpailii XiIMIYHIUX PEYOBHH 13 MaTepially €TUKETKHU B
NOBITpsiHE cepenoBumie Mr/M°, He Outbme: guoktwiadramar — 0,05;
xyopBiHUT — 0,015; 3amax 3pa3ka — He Outbiie 1 Oamy, 3amax BUTSIKKH — HE
Outbmie 1 Oamy; HpHCMaKk BHUTSDKKM — BIJACYTHIM; KOJNIP BUTSDKKUA —
0e30apBHUIT; MYTHICTh BUTSKKM — IIPO30Pa; HASIBHICTb OCAAy Y BUTSIKII —
BiICYyTHIM. [lpuilMaHHS €TUKETOK TIIBKA 3 TOCBIJYEHHSM SIKOCTI 1
BHCHOBKOM CaHITapHO-EM1AEMI0JIOTTYHOI EKCIIEPTU3H.

Bun nebesneuHoro ¢aktopy — MikpoOionoriyHui. PiBeHb pu3UKy
HECYTTEBUH, OCKUIbKM BIACYTHIA MPSIMUN KOHTAKT 13 MPOIYKII€0, TOOTO
MPOIYKIIisl 3aKOPKOBAHA.

Bun wnebesneunoro dakrtopy — anepreHHuid. PiBeHb pu3HKY
HECYTTEBUH, OCKUIbKM JaHl ajepreHd BUKOPUCTOBYIOTHCS JIMIIE TMpHU
BUPOOHMIITBI €TUKETOK 1 3 MPOAYKIIEI0 HE KOHTAKTYIOTb.

JlomycTrMi piBHI Mirpariii XiMIYHUX PEYOBHH 13 MaTepiay €TUKETKH B
MOJZENBHE CEpeNoBHUILE MI/am>, He Oinbmie: kobansT — 0,1; hopmanbaeriy —
0,1; akpunonitpin — 0,02; qomycTuMi piBHI Mirparlii XiMIYHUX PEUOBUH 13
MaTepially €TMKETKH B IIOBITPSAHE CepemoBHIle Mr/M>, opmanbaerim —
0,003.

9. [TakyBanns mismok / KopoOa.

®di3uyYH1, XIMI4HI, MIKpOOIOJIOTIUHI Ta aJ€preHHl BUIU HEOE3MeUHUX
dbakTopiB BIiACYyTHI. BUHHKHEHHS Je(QEKTIB MOXJIMBE BHACIIIOK HE
JNOTPUMaHHs yMOB 30€piraHHsl, HABaHTAaXXEHHS — PO3BAHTAXECHHS,
TPaHCIOPTYBAHHS. 3a10KyMEHTOBaHa 1H(pOopMaItis: KypHai
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HEBIJMOBITHOCTEH, KOPUTYBaJbHHUX, 3aMOOLKHUX MOi Ta TOJIMIICHb,
Bi3yaJIbHUI KOHTPOJIb KOPOOIB.

Takum uumHoM, cuctema HACCP 3abe3neuye 3a0KyMEHTOBaHY
CTPYKTYpY, fKa J03BOJSIE BUHOPOOAM BHU3HAYUTH TMPIOPUTETH OaraThox
pillleHb, HEOOXITHUX ISl BUPOOHUIITBA SIKICHUX KOHBSIKIB, KOHBSYHHX
HamoiB Ta Openmi. lle nmo3Bosisie BUpPOOHHMKAM TPOBOJIUTH — €TaNH
TEXHOJIOTTYHOTO MPOLIECY 3 YPaxXyBaHHAM KPUTHUYHUX TOUOK 1 HEOE3MEeUHUX
napaMeTpiB (YMHHHUKIB), IO MIIAI0THCS BUMIPIOBaHHIO, JOKYMEHTYBAaHHIO,
aHaI3yBaHHIO Ta, 3a MOTPEOM, MPOBEJICHHIO KOpUTYBaNbHUX Mid. Takuii
MiaX17 poOWTh BUPOOHHUIITBO QJIKOTOJIBHUX HAIMOIB OLIBIT e(PEKTHUBHUM,
O€3MEUYHNM Ta SIKICHUM.

Xoua nHezanexxHuil npouec ceprudikamii HACCP e 3atpatHum, ane
BUHOPOOHUM MIANPUEMCTBAM Tpebda yCBIJOMMTH, IO SKILO LIOCH Mife HE
TaK, BOHU 31TKHYThCS 3 OUIBIIMMH NOKApPAHHIMH, HE MAIOYM IIUX FapaHTIi.

BuHOpOoOHI miAnpueMcTBa MOBUHHI PO3MISIAATH IUIAHU 3a0€3MEYEeHHS
SKOCTI Ta KOHTPOJIIO SIKOCTI SIK CTPaxOBl MOJIICH, K1 MOKYTh JOIIOMOITH iM
IpaioBaT OUIbII TIAAKO Ta €(PEeKTUBHO B MailOyTHboMY. OCKIJIBKH B
YChOMY CBITI 3’SIBISIETbCSI BCE OLIbIIIE HOBUX BHHOPOOHUX TOCIONAPCTB,
HOBUM BHHOpoOaM OyJio O JOUIIBHO PO3TJISHYTH MUTAHHS MPO AKTUBHY
MOJIITUKY, CHOPSAMOBAaHY Ha 3amobOiraHHd mpooOsieM Mg 4Yac 30UpaHHS
BUHOTPaay, HOro nepepoOKy Ta po3IMBY FOTOBOI MPOAYKIT Y TUISIILIKH.

Takoxx cimija BIA3HAYWTH, 10 HEOOXITHO CIIBOpAIOBAaTH 31
BcecBiTHBOIO Opranizaiieto 3 6e3neku xapuoBux mpoayktieB WFSO (World
Food Safety Organisation). WFSO mniarpumye iximiatusu €C, ISO Ta
BIJIMOBIJTHUX CXEM aKpeauTauli Uisi BIOPOBAKEHHS CUCTEM YNPaBIIIHHA
oe3neyHicTio xapuoBux npoaykTtisB HACCP.

Bucnosku. Y po00Ti IpoaHalli30BaHO CXEMY BUPOOHMIITBA KOHBSIKIB Ta
HAMoOiB KOHBSYHOTO THUITy. 3a JOTOMOTOI0 CHCTEMHU YMPABIIHHS SIKICTIO
HACCP 0Oyno npoaHnaiizoBaHo i ileHTU(])IKOBAHO MOTEHIIINHI HeOe3MeuH1
YUHHUKU TPOIECy BUPOOHUIITBA KOHBSIKY Ta HAIOIB KOHBSIYHOTO THUITY, 5K
OUIKYIOTBCSI, OIIHIOIOTHCSA, KOHTPOJIOIOTHCS 1 3aM00IratoThCs, BIUTMBAIOTH
Ha SKICTh Ta O€3MeKy HaIoiB 3 POCIUHHOI CHPOBUHH, 1]l YaC BUPOOHHUIITBA
KOHBSIYHOTO BHHOMATEpialy, KOHBIYHOTO CIHUPTY, BUTPUMKH KOHBSIYHUX
COHUPTIB, NPUTOTYBaHHS OPAMHAPHOIO/MAPOYHOTO KOHBSKY, PO3JIUB
OpAMHAPHOTO/MAPOYHOTO KOHBSKY, Opakepaxk IUIAIIOK, €TUKETyBaHHS Ta
MaKyBaHHS TUISAIIOK. 3anporoHoBaHi 3aX0Iu T IBAIIATE
KOHKYPEHTOCIIPOMOKHICTb, CIIPUSATUMYTh 1 BULIEHHIO JOBIpH
CIIO’KMBAYIB JI0 aJIKOTOJBHOI MPOYKIIii Ta 3a0e3nedarh 310pOB’ s Mics ii
CTIOYKUBAHHSI.

KoHTposb 1 6e3neka NpoayKTiB XapuyBaHHs Ta HAMOIB MOXYTbh OyTH
rapaHToOBaHI B paMKax CyBOPOro JOTPUMAHHS CHUCTEM SIKOCTI Ta Oe3IeKH
(cepis ISO 9000, HACCP ta TQM).
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A. Soval, T. Kuzmina?, O. Mamai2, N. Valko?
'University in Maribor, Slovenia
?Kherson National Technical University, Ukraine

DEVELOPMENT OF THE HACCP SYSTEM ELEMENTS IN THE
PRODUCTION OF COGNAC

Summary

The article finds that the HACCP system provides a documented structure that
allows winemakers to prioritize many of the solutions needed to produce quality cognacs,
cognac drinks and brandy. This allows manufacturers to carry out stages of the
technological process taking into account critical points and hazardous parameters
(factors) that can be measured, documented, analyzed and, if necessary, take corrective
action. This approach makes the production of alcoholic drinks more efficient, safe and
high quality.

In the article, in accordance with the principles and requirements of the HACCP
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management system, the dangerous risks that may arise in the production of Ukrainian
cognacs (ordinary, vintage), grape brandy (ordinary, vintage, aged) are analyzed.

According to the results of the hazardous factors analysis that may occur during the
production of cognac and brandy, the presence of the following types: physical, chemical,
microbiological and allergenic at each stage of production of cognacs and cognac drinks.
With the help of the HACCP quality management system, potential hazards in the
production process of cognac and cognac-type drinks were identified. It is expected, that
HACCP quality management system helps to assess and control the quality and safety of
drinks from natural materials.

As more and more new wineries appear around the world, it would be wise for new
winemakers to consider active policies to prevent problems with grape harvesting,
processing and bottling.

It should also be noted that winemakers need to cooperate with the World Food
Safety Organization (WFSO). WFSO supports EU, ISO and related accreditation
initiatives to implement HACCP food safety management systems.

The proposals will increase competitiveness, consumer confidence in alcohol and
ensure health after consumption.

Key words: cognac production, HACCP, quality, physical hazards, chemical
hazards, microbiological hazards, allergenic hazards.
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NEW PROBIOTIC CULTURE STRAINS IN THE PRODUCTION
OF FERMENTED DAIRY PRODUCTS

Summary. In recent years, there has been a growing interest in products
that benefit the body. Probiotics, containing live strains of the natural human
microbiota, are one of the most important categories of functional foods
today. First generation probiotics such as Bifidobacterium, Lactobacillus and
Propionibacterium have been used for a long time. In addition, these bacteria
are used in the production of various healthful dairy products. The functional
foods industry is expanding as more and more people become ill and their
immune systems decline. Due to the decrease in beneficial microflora, the
number of pathogenic and moderately pathogenic microorganisms and their
metabolites increases in the human body. As a result, the intestinal flora is
altered, leading to allergies, cancer and anaemia. Special attention should
therefore be paid to the microbial balance of the gastrointestinal tract, which
1s essential for human survival, by eating organic foods rich in probiotic
microflora. Organic functional foods with probiotic microflora are a sensible
way to maintain and improve human health. The resistance of strains of lactic
acid bacteria was assessed 'In vitro' under conditions approximating the
functioning of the human digestive system. We identified strains that can be
used as probiotics in the production of healthy foods.

Keywords: strains, probiotics, bacteria, probiotic culture, dairy
products, enzymes, microorganisms.

Formulation of the problem. In recent years, the market for fermented
foods has grown dramatically and lactic acid bacteria have become an
integral part of their production technology. This affects the properties and
quality of the final product. In recent years, there has been a growing interest
in functional foods that affect the whole body or specific organs or systems.
Probiotic products are distinguished from other functional food ingredients
by the addition of live microorganisms (which act as antagonists against
pathogenic or undesirable human gut microflora) that help manage gut

© L. Kryzhak, L. Petliuk
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microflora. Probiotics come in different forms. These are beneficial
microorganisms (non-pathogenic and non-toxic) that can have beneficial
effects on the human body when regularly introduced into the diet in the form
of preparations or food components. There are many different strains of
lactic acid bacteria: Lactobacillus acidophilus, Lactobacillus plantarum,
Lactobacillus Firmamentum, Lactobacillus rhamnosus. You can buy mono-
probiotics - probiotics consisting of only one species of bacteria, or related
probiotics consisting only of different species of bacteria (from 2 to 30
species). Probiotic bacteria synthesize amino acids and enzymes, help in
overall metabolic functions, compensate for the lack of animal protein and
promote digestion and absorption of food. Probiotics can contribute to the
physiological activities and biochemical reactions of organisms in two ways:
directly by changing the metabolic activity of cells in the organs and tissues
they affect, and indirectly by modulating the biofilm function of
microorganisms in the mucous membrane. A number of probiotics can
benefit the human body by modifying the immune system, macrophage
activity and restoring the microenvironment. In addition, they can promote
colony-forming resistance by increasing colony-forming resistance and
preventing the transmission of potentially harmful micro-organisms through
the mucous membrane. Probiotics and functional foods containing live
microorganisms benefit humans by normalising gut microbiota, modulating
biochemical reactions and physiological cell activity, and regulating
homeostatic processes of the immune, endocrine and nervous systems. This
is why they are essential [11].

Today, a variety of probiotic dairy products are produced and used all
the time. Probiotics benefit the body by promoting the growth and
metabolism of beneficial bacteria in the stomach. Products that already
contain probiotic bacteria can be supplemented with probiotics (e.g. yoghurt
or baby food supplements). Probiotics promote the growth and movement of
beneficial bacteria in the stomach, making the food more valuable to the
body. Some of the ingredients include disaccharides and trisaccharides,
oligosaccharides, polyols, amino acids, enzymes, low molecular weight fatty
acids, antioxidants, beneficial plant extracts and microorganisms. Probiotics
are not broken down by digestive juices or enzymes in the upper digestive
tract, so they can enter the environment unhindered by bifidobacteria and
lactic acid bacteria. Probiotics produce lactic acid that interacts with
minerals, promoting their absorption in the stomach. Lactic acid also makes
calcium and magnesium lactates more soluble and easier to digest. They also
help regulate cholesterol and blood sugar levels, and bind and remove
potentially harmful chemicals from the diet.

The human gut microbiota is a fragile component of the body's
microbial ecosystem, and maintaining a healthy digestive tract is important
for overall health. One of the most important challenges in this field is the

SBTSATU. 12.2.24


http://www.tsatu.edu.ua/tstt/naukovyj-visnyk-tdatu/

HaykoBuit BicHuk TAATY Bun. 12, Tom 2

339

development of new and effective probiotic products and probiotic
formulations. Probiotic products are produced by biotechnological processes
that start with the cultivation of bacteria belonging to different taxonomic
groups. The microflora present in the raw material affects the direction of
the biochemical reactions that occur in it. This has a significant impact on
the quality and safety of the products used in production. In this case, it is all
the more important to select strains that meet certain parameters, evaluate
the duration of the manifestation of their properties and improve the
biotechnology of biomass probiotic cultures used in food production [8].

Stable fermenting microorganisms are increasingly being used in the
food business, including specialised fermented products made from a wide
range of raw materials. More and more companies are using starters to
produce high quality dairy products, and they can be used in a variety of
ways. In the production of healthy fermented dairy products, it can be
difficult to find a starter culture that is compatible with the materials and
techniques used in the dairy sector. There are several problems with
obtaining probiotic cultures for direct application. Synbiotic and probiotic
technologies have facilitated the development of direct application starters,
allowing them to be applied to more complex raw materials and to modify
the inherent activity of the microorganisms and the products they produce.
In addition, existing methods of producing probiotic cultures do not take into
account all the physiological characteristics of the human digestive system.
As a result, the microbial cells die and the ability of the bacteria to take root
in the human intestine is reduced. A favourable combination of factors must
be present in starter cultures and products derived from them for probiotics
to work well in the human body [1].

Microorganisms can be cultured in different ways to biotechnologically
produce strains with different characteristics. This makes it possible to
develop one-of-a-kind products that take advantage of the properties of
microorganisms.

A more efficient way of selecting strains is to look for strains that can
retain their biochemical activity for a long time. If the culture does not
contain enough biochemically active cells, it will not be as useful and healthy
as it could be. On the other hand, those who create fermented products with
lactobacilli rely heavily on the efficiency of the strain and the number of
bacteria present in the final product [7].

There are several bioactive compounds produced by microbial
probiotics. These, together with vitamins and enzymes, contribute to overall
human health by aiding digestion and metabolism and providing essential
nutrients to the body.

When selecting a functionally viable strain, it is important to consider
the amount of energy required for acid production, the amount of salt in the
diet, the availability of bile and the rate of change in the ph of the diet.
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Despite this progress, the search for indigenous lactic acid bacteria with
a competitive advantage for use in food continues and objective criteria for
probiotic characterisation are being developed. Objective criteria for the
evaluation of probiotic properties are also being established, providing a
technical route for the development of functional foods for health
maintenance [3].

Probiotic bacteria must comply with a number of rules in medicine.
According to experts, microorganisms must generally be non-pathogenic and
non-toxic, be able to pass through the gastrointestinal tract, adhere to and
colonise intestinal epithelial cells, and have metabolic and therapeutic
activity in the gut ecosystem. This refers to the emergence of "acidophilic"
and "bile acidophilic" bacteria [1].

A number of regulations governing probiotic products and how food
companies produce them are reflected in legislation. In the food business,
bacteria are classified according to morphological, physiological,
biochemical and technical criteria. Gram staining, temperature and pH
optimisation for growth, growth in hydrolysed milk containing nitrogen and
bile, acid-producing activity, carbon dioxide and ammonia synthesis from
arginine, lactic acid fixation, carbohydrate fermentation, alcoholic
fermentation, etc. are investigated.

Serological and phage typing procedures are used to confirm the
presence of bacteria. Lactic acid bacterial cultures are identified by
molecular genetic profiling.

In this context, it is worth noting that microbiological identification
criteria in the food industry are outdated. Anyone can become a consumer of
probiotics only if they know that the products they buy contain beneficial
microorganisms.

To be considered useful, a product must contain at least 106 CFU/cm3
of live cells. In some Western European countries, probiotics must contain a
minimum of 107 CFU/cm3 to be considered safe.

A number of studies have shown that most probiotic cells are destroyed
during storage or lose their effectiveness once they enter the gastrointestinal
tract. Consumption of fermented dairy products lowers pH levels in the body
and increases gastric acidity [5].

Intestinal fermentation produces indole, scatole and phenol, all of which
act as inhibitors of the growth and development of beneficial micro-
organisms. Only phenol-resistant lactic acid bacteria can develop in the
intestine. The small intestine contains a large number of bacteria, which can
be destroyed by bile. Lipids and fatty acids belonging to cell membranes are
very sensitive to bile ions. This leads to the destruction of some bacteria.
Therefore, the ability of probiotic bacteria to cope with bile acids affects their
efficacy (up to 40% in the presence of bile salts) [6].

Those interested in selecting productive strains should look for strains
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resistant to bile acids, phenols and low pH.

The aim of the study was to discover and isolate new strains of probiotic
lactic acid bacteria cultures, such as Lactobacillus. We then assessed whether
they could withstand conditions similar to those in the human digestive
system, in order to determine their efficacy in such scenarios.

Analysis of recent studies. Studies of strains are reflected in the works
mainly of many foreign scientists: M. Lema, L. Williams, D.R. Rao,
Holzapfel W., Charteris W.

The authors of the cited publications studied the following: strains of
Lactobacillus c¢. Imb. casei; Imb. plantarum; Lbm acidophilum; and
Lactobacillus fermentum regulate the growth of intestinal microflora, are not
destroyed under the influence of gastric juice and, administered orally, enter
the intestine intact.

Formation of the goals of the article (problem statement). The purpose
of the article is to discover and isolate new strains of probiotic cultures of
lactic acid bacteria, such as Lactobacillus. We then assessed whether they
can withstand conditions similar to those found in the human digestive
system in order to determine their effectiveness in such scenarios.

Main part. The subject of the study is Lactobacillus ¢. Lmb. Casei;
Lmb. Plantarum; Lbm acidophilum; Lmb fermentum; they were isolated
directly from fermented milk and contain natural bacteria. Control strains
were obtained from the probiotic complex of bifido-, lactobacilli and
Saccharomycetes Probiz. Identification of microbial species based on
morphological, cultural, physical and biochemical characteristics. Basic
criteria: Gram staining, optimum and critical growth temperature, normal
pH, high temperature in the presence of sodium chloride, egg yolk and
carbon dioxide, degradation of carbohydrates and alcohols [2].

After incubation in sterile skim milk, acidity was used to determine
strain activity and titratable acidity. Acidity was measured according to
GOST 3624-92. Potentiometers according to DSTU 8550: 2015 were used
to assess active acidity (pH). The coagulation ability of the milk was
evaluated by the time of clotting initiation.

Bile resistance was tested after 24 hours of incubation in liquid medium
containing 0.5 %, 20 % or 40 % bile; the number of solid bacteria present
per milliliter of solution was determined using Cole medicata (medicated
bile).

Salinity tolerance was assessed using liquid media containing 2% to 6%
inorganic substances; the ability of bacteria to grow in the presence of NaCl
was measured using liquid nutrient solutions containing 2% to 6% NaCl. Salt
tolerance was evaluated by biomass growth (change in optical density) and
D value after 24 hours of incubation at maximum temperature [3].

The resistance of lactic acid bacteria to phenol was evaluated by
multiplying the biomass growth (change in optical density) by the D value
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after 24 hours incubation at the optimum temperature using a liquid nutrient
solution containing 0.4% phenol.

This research led to the discovery of a number of lactic acid bacteria
belonging to different groups. From these, naturally occurring lactic acid
bacteria (strains) (D) and commercially available lactic acid bacteria (PR)
with similar properties were selected for further investigation: Lactobacillus
casei, Lactobacillus plantarum, Lactobacillus Lactobacillus fermentum.

The results show that the characteristics of the strains tested for biomass
collection vary according to the type and species of lactic acid bacteria.
Remarkably, all strains gained biomass rapidly in the first 10-12 hours.

All cultures studied fermented well with milk (table 1), with Lmb. casei,
Lmb. plantarum, Lbm. acidophilum (Pr) forming solid masses of equal
concentration. They were subjected to fermentation to impart flavour. In
addition to whey, Lmb. fermentum and Lmb. brevis (D) strains were detected
in the masses [4].

Table 1
Ability of lactic acid bacteria to produce lactic acid
Ferme- Acidity Number
. ntation | Active | Titratab | Limitin | Of viable
Strain activity | pH le g cells
hour CFU/cm’
Lmb. casei 1 (Ilp) 6 4,64 106 154 2,2-10'
Lmb. casei 2 (Ilp) 6 4,63 108 158 1,8-10'°
Lmb. casei 3 (1) 7 4,70 108 154 1,0-10'°
Lmb. casei 4 (J]) 6 4,68 110 158 5,3:10°
Lmb. casei 5 (1) 4 4,59 120 170 3,0-10'°
Lmb. casei 6 (JI) 6 4,71 110 156 1,8-10'
Lmb. fermentum 1 7 4,70 104 142 5,4-10°
(ITp)
Lmb. fermentum 2 8 4,76 106 148 9,5-10°
(LIp)

Lmb. fermentum 3 (/1) 6 4,75 100 138 3,6:10°

Lmb. fermentum 4 (J1) 7 4,77 112 154 2,4-101°
Lmb. plantarum 1 6 4,71 104 176 7,7-10°
(1p)

Lmb. plantarum 2 (J) 6 4,70 102 178 1,5-10°
Lbm. acidophilum 4 4,62 119 210 2,1-10°

(ITp)

It is worth noting that these 'wild' lactic acid bacteria share many
technical characteristics with strains used in cheese production. Some strains
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produce more acid than those used in cheese-making: the most promising are
Lmb. casei 5 (E), Lmb. fermentum 4 (E), Lmb. plantarum 2 (E).

Other strains are suitable for producing a range of cultured milk
products because they produce sour milk at 100-120°C after 24 hours,
besides being necessary for a variety of cultured milk products.

On dairy products, each strain examined formed a different peptide
ring of casein in Eikman's agar medium, indicating their ability to produce
enzymes that hydrolyse milk proteins. This indicates that these strains are
suitable for use in the food industry. They have also been found to produce
extracellular and cell-associated proteases, which are essential for proper
protein metabolism in organisms [10].

In this study, data were collected on the survival of lactic acid bacteria
under pH stress (fig. 1), combined with 20 % and 40 % bile, and the highest
concentration of bacteria was found in the intestine [9].

Data on the survival of lactic acid bacteria under pH stress conditions
100

75
50

W A

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

Degree of cell survival, %

Strains

B cH2 B cH3 [ oHO

Figure 1. Change in lactic acid bacteria survival at different pH levels

At pH 2.0, Ib. Cheese, Lmb. Plants and Lmb. Fermentation bacteria
were marginally viable, with survival rates of 0.5-10%, 4-12% and 4-12%
respectively, while Lbm. Acidophilus, Lbm. acidophilus were the most acid
tolerant, with survival rates of 18% and 15% respectively.

Increasing the pH to 9.2 had no noticeable effect on the reactivity of
the lactic acids analysed. Between 62% and 96% of the colonies exhibited
an adsorptive reaction. Lmb. fermentum 4 (D) showed maximum
compatibility with ester medium (96%).

The results showed that different species and strains of lactic acid
bacteria responded quite differently to changes in pH, with Lmb. fermentum
3 (D) being the two most resistant to low pH. However, L.M.B. fermentum
4 (D) showed a significant alkaline medium reaction, which is very important
for probiotic applications.
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Conclusions. Thus, the experimental results showed that Lmb.casei 5,
Lmb.plantarum 2 and Lmb.fertum 4 are more resistant to salt and bile than
strains producing lactic acid bacteria. Lactobacillus strains can be used to
predict how long they can retain their enzymatic activity when passing
through the digestive system and settling in the intestine, as well as during
storage in the refrigerator or on the counter. Therefore, by studying new
strains of probiotic cultures used in the production of fermented dairy
products and their ability to mimic different gastrointestinal conditions,
suitable strains can be identified for use as probiotics in the production of
functional foods. Probiotics can be useful not only for the prevention of
infection, but also in the early stages of disease and during convalescence.
Because the products are made from specific microorganisms and strains,
they are of high quality. Adequate consumption of probiotic milk products
can boost the immune system, improve intestinal microflora, act as a dietary
supplement, have antibacterial effects in intestinal infections and lower
cholesterol levels. The bacteria contained in probiotics determine the
functional properties of the finished product. To be safe and effective, a
probiotic product should contain a sufficient number of live active probiotic
bacteria.
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JI. Kpukaxk!, JI. Ieraok?
IBinnuubKuii TopropesbHo-ekonomiunuii incruryr KHTEY
2TyabYMHCHKHIT (PaX0BHIl KOJIEIK BeTepuHapHoi mexununu BHAY

HOBI IITAMU NPOBIOTUYHOI KYJIbTYPU Y BUPOBHUIITBI
MOJIOYHUX PEPMEHTOBAHUX ITPOAYKTAX

Anomauin

B ocTanH1 pokH 3pocTae iHTepec 10 IPOAYKTIB, 10 IPUHOCITH KOPUCTh OPraHi3My.
[TpobioTHKH, MO0 MICTATH KMBI IITAMH NPUPOJHOI MIKpPOOIOTH JIOJMHU € OIHIEI0 3
HaWBaXIMBIIIKUX KaTeropiil pyHKIIOHANIBHUX MPOIYKTIB XapuyBaHHS Ha ChOT'OJHIIIHIN
nenb. [IpobioTuky nepmoro nokoiiHHs, Taki sk «Bifidobacteriumy, «Lactobacillus» Ta
«Propionibacterium», BHKOPUCTOBYIOTbCA BXe€ JaBHO. Kpim Toro, mi Oaxrepii
BUKOPHUCTOBYIOTHCSl Y BUPOOHHUITBI PI3HOMAHITHUX KOPUCHUX MOJIOYHUX MPOAYKTIB.

Inaycrpist QyHKLIIOHATBHUX MPOAYKTIB Xap4yyBaHHS PO3LIMPIOETHCS, OCKUIBKH
nenani Oulbllie JIOAEM XBOPIIOTh, IX IMYHHa CHUCTEMa 3HUXKYETbCA. Y 3B'SI3KY 31
3MEHIICHHSAM KOPHUCHOI MIKpO(JIOpH B OpraHi3Mmi JIIOJUHU 301IbIIYETHCS KUIBKICTb
MAaTOr€HHUX Ta MOMIPHO MMaTOT€HHUX MIKPOOpPraHi3MiB Ta iX MeTa0OouiTiB. B pe3ynbraTi
KUIIKOBA (iopa 3MIHIOETHCS, IO MPHU3BOAUTH A0 aneprii, paky Ta aHemii. Tomy
0COOJIMBY yBary ciii NpUAUIATH MIKpoOHOMY OajlaHCY HUTYHKOBO-KHIIIKOBOT'O TPAaKTy,
KU HeOOX1THWI JTIOAWHI U1 BUKUBAHHS, B)KMBAIOUM OpPTaHiyHi MPOAYKTH, OaraTi Ha
npobiotnyHy Mikpodaopy. OpraHiuHi (yHKIIOHAIBHI TPOAYKTH XapyyBaHHS 3
IpoOIOTUYHOI0 MIKPOGIOpOI0 — L€ PO3YMHHMH Croci® MiATPUMKHU Ta TOKPALCHHS
310poB'a droAei. CTIHKICTh MTaMiB MOJIOYHOKHUCINX OakTepiil ouiHtoBanacs In vitro B
yMOBax, HaOJIMKEHUX 710 QYHKIIOHYBaHHs TPaBHOI CUCTeMH JroAel. Bussumu mramuy,
SK1 MO’KHa BUKOPUCTOBYBATH K MPOOIOTUKH MPU BUPOOHUITBI MPOIYKTIB 310POBOTO
XapuyBaHHS.

Knrouoei cnoea: mramu, npo6ioTuky, O0akTepii, MpoOdioTUYHA KYJIbTYpa, MOJOYHI
POAYKTH, (PEPMEHTH, MIKPOOPTaHi3MH.
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YIOCKOHAJIEHHSI KOHCTPYKLII KABITALIHHOIO
TEIUIOTEHEPATOPY

Anomayis. OCHOBHUMH TpoOJeMaMu B TEIJIOEHEPreTUYHIN ramysi
IPOTArOM 0aratbOX pOKIB 3aJIMIIAETHCS HU3bKA EHEProe(PEeKTUBHICTD,
HAJIAHICTh 1 HEEKOHOMIYHICTh MPUCTPOIB OTPUMAHHS TEIJIOBOI €HEPTii.
[IIupoke 3acTOCyBaHHS EJNEKTPOEHEPTrii I eJeKTpUudikaiii TEeraoBUX
IPOLIECIB HE 3aBKIM BU3HAYAETHCS TPAMOTHUM PIIIEHHSM 3aCTOCYBAHHS
€JICKTPUYHOIO HarpiBy, ULI0 HE JI03BOJII€E OTPUMATH MaKCHUMAaJIbHUMN
ekoHoMiuHMi edext [1, 2]. BupimeHHs »ObOro NUTaHHA HPOTITOM
TPUBAJOTO  Yacy  3HaxXOJWUThCs B IEHTpi  yBarm  (haxiBIIiB
TeIUIoeHepreTHYHOro mnpodimo. OaHak iX MAXOAW OO IMABUIIECHHS
eHeproe(eKTUBHOCTI 1H)KEHEPHUX CUCTEM ICTOTHO BiJIPI3HSIOTHCS.

HaykoBo-TeXHIYHUN MPOTPEC BHU3HAYAETHCS PO3BUTKOM BUCOKUX
TEXHOJIOT1, fAKI 3a0e3meuyroTh, 3 OAHOrO OOKYy, OTPUMAaHHA HOBHUX
MatepiaiiB 1 BUpOOiB, a 3 1HIIOIO — 3HMKEHHSI €Hepro- Ta pecypCcoOBUTPAT,
MIJBUILIEHHS €KOJIOTYHUX MOKa3HHUKIB BUPOOHULITBA. OOHUM 3 MpUIaiB,
po0OoTa SKOro 3aCHOBaHAa HAa HOBOMY NPHUHIMII OTPUMAaHHS TEIJIOBOI
€Heprii, € KapiTaliitHuil Tersiorenepartop. KapitauiiHuii TeroreHeparop -
creliagbHUI NPUCTPIH, Y SKOMY 3aCTOCOBYEThCS €(PEKT HarpiBaHHS PiAHHU
KaBITaIIHHUM crioco6oM. ToOTo me edekT, NMpu SKOMY YTBOPIOIOTHCS
MIKpPOCKOMIYH1 OyJIb0aIiKy napy B 00JaCTsIX JTOKAIbHOTO 3MEHILIEHHS TUCKY
y Boxi [3]. OcTranHIM YacoM BHUPOOHHIITBO TAaKUX arperariB OCBOIOIOTh
O0arato BUpPOOHHKIB 1 BOHM BC€ OUIbILIE 3'ABISIIOTHCS HA BITYUZHSIHOMY
punky. J{ns Toro, mo06 3A1MCHUTH TEXHOJIOTIYHHUM MPOpUB y ik chepi -
HEOOX1THO PI3KO 3HU3UTH BTPATH €IEKTPOCHEPTii Y BIJOMHUX KaBiTaI[liHUX
TeryiorenepaTopax. Ha BiqMiHy Bif TpaauIiMHUX TEXHOJIOTIH OTpHUMaHHS
KaBITalIMHUX OyJbOAIIOK, 3aCHOBAHMX Ha O€3MepepBHOMY CIOKMBAHHI
CJICKTPOEHEPT1i, EJIEKTPOIMIYJIbCHA TEXHOJIOTIS JO3BOJISIE IMABUIIUTH
napameTpy €JEKTPUYHUX BIUIMBIB (HAMPYKEHICTh MOJIS, IIIIBHICTh CTPYMY,
MUTTEBY MOTY>KHICTb) 1, IK HACHIJ0K, 3HAYHO 1HTEHCU(DIKYBaTH MPOIIECH,
3MEHIINTHU €HeproBuTpartu [4, 5, 6].

© B. b. I'ynescekuit, FO. O. ITocton
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Knouosi cnosa. KapiTamiitHuil TerioreHepaTop, €IEeKTPOIMITYIbCHA
TEXHOJIOT'1s1, eEKTPUUHUN PO3PS, TeIUIOCHEPTreTUYHA Taly3b.

Ilocmanoexa npobaemu. Ilpobaema po3poOkm ab0 yIOCKOHAICHHS
KaBITAI[IHHOTO TEIJIOTeHepaTopa, KU 3a0e3Meuye MaHuid TeXHOJIOTTIHHHA
MpolieC 3 MAKCUMAJIbHUM BUKOPHUCTAHHSIM MOXJIMBOCTI YCTaHOBKHU Ta 0e3
CIIO’)KMBAaHHS 30BHIIIHBOI €JIEKTPOCHEpPrii Ha poOOTy Hacoca Ta iH.,
3QJIMIIAETHCS OJIHAM 13 HAMOUIbII aKTyaldbHUX BUPOOHUYMX 3aBJAHb.
OcHOBHE  3aBAaHHS  PEKOHCTPYKII -  €HEpro30epekeHHs  Ta
eHeproepeKTUBHICTh TCTUIOBUIICHHS B P1IMHI, BIOCKOHAJICHHS a00 3aMiHa
oOnaHaHHS.

Ananiz  ocmanmnix  oocnioxcens. KaBiTalllMHUN — TEIJIOrE€HEPATOP
JIO3BOJISIE  CTBOPUTH TMPOIEC, MiJ Yac SAKOTO Yy pIAWHI CTBOPIOIOTHCS
OynpOamiku. IIpuHIMn Al KaBITaIMHOTO TEIJIOT€HEpaTopa MOJISrae B
eeKTl HarpiBaHHs 3a PaxyHOK MEPETBOPEHHS MEXaHIYHOI €Heprii Ha
TerioBy [3]. Skmo po3risaatu nel npouec, To KOro MoKHa MOPIBHSTH 13
3aKuMa”HsAM Boau. OIHaK MTPU KaBiTallll CIIOCTEPIraeThCsl JOKAIbHE MaiHHS
TUCKY, 110 MPU3BOAUTH A0 MOSIBU OyJbOamok. Y TEMJIOBOMY TI'€HEpaTopi
GbOopMyIOThCSI BUXpPOBI TMOTOKH, BHACIIOK HHUX BiJIOYBa€ThCS pPO3PUB
KaBiTaIlii OyJb0aIok, 1o MPU3BOANTE A0 HarpiBaHHs piauHu. HarpiBanus
MPU3BOJUTH JIO PI3KOTO 3HUKEHHS TUCKY piauHu. OTpumaHa eHepris
BUXOJUTh JOCHUTH JICLIEBOIO, BOHA J00pe NIAXOAWUTH MJsi ONAJIECHHS
npuminieHb. [ Takux ycTaHOBOK 3a3BH4Yail MOTpiOHO mpubnm3Ho B 1,5
pa3u MEHIIE eJIEKTPUYHOI €HEePTii, HIXK 11e HEOOX1AHO ISl pajiaTOPHUX Ta
1HIMX cucteM. [Ipu 11boMy HarpiBaHHsI piIMHU 3A1MCHIOETHCA Y 3aMKHYTIN
CUCTEMI.

YTBOpeHHs KaBITallMHUX OyJbOalIoK, 3aCHOBAHMX HA BUKOPUCTaHHI
ehexty HOTKIHA, M03BOJISIE pagUKaIBbHO BIOCKOHAJIUTU Ta CHPOCTUTHU
KaBITALIMHUN TEIMJIOTeHEepaTOp, OCKUIBKA CTa€ B3araji HEMoTpiOHUM
€JIEKTPOJBUTYH Hacoca. [IpoTikaHHS €NeKTPUYHOro pO3psAdy B pIiIUHI
(ENIEKTPOT1APABIIYHOTO yAapy) BUKIMKAE CKIATHUNW KOMIUICKC SIBHIIL:
10HI3aI[I0 Ta PO3KJIAJaHHS MOJIEKYJ y IUla3Mi KaHaly Ta Ouls HbOTO,
CBITJIOBE BUIIPOMIHIOBaHHS KaHalIy pO3psAy, yJapHI XBWJ, IHTEHCHUBHE
yJIBTPA3BYKOBE BUIIPOMIHIOBAHHS, YTBOPEHHS Ta IIyJIbCAIII0 Ta30BOTO
MiXypa, KaBiTaIiiiHI Mporiecu. Y MICIll BUHUKHEHHS PO3PSIYy MHUTTEBO
YTBOPIOETHCSI TUCK B JECATKH 1 COTHI THCSY aTMocdep. MikpocKomidHmit
KaHall, IO SKOMY MPOCKAaKy€ iCKpa, Ma€ HAJ3BUYANHO BEJIUKY IIUIbHICTh
eHeprii, MHUTTE€BAa TMOTYXHICTh JOCSTa€ KOJOCAaJbHUX BENUYHMH. Tak,
HANPUKIIAJ, BiJl yCTAHOBKH MOTYXHICTIO Bchoro B 0,5 kBT MokHa oTpumatu
MUTTEBY MOTYkHICTh B 100 Tuc. kBT 1 61nb11e. Boga, mo otouye ickpy, 3
BEJIMYE3HOIO0 IIBUAKICTIO PO3JITAETHCSI B CTOPOHHU, CTBOPIOIOYM MEPIIMA
riipaBiiyHui yaap. Y TBOPIOEThCA MOPOKHEYA - MOPOXKHUHA, sIKa BiJIpa3y
3aIOBHIOETHCS BOAOI0; BUXOJIUTD LIE OJIMH MOTY>KHUMU TApaBIIYHUN yaap —
kagiTaris [ 7, 8].
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Dopmyeannus memu cmammi. OCHOBHE 3aBJaHHS PEKOHCTPYKIIT
KaBiTAI[IHHOTO TEIJIOTEHEPATOPY — eHepro30epeKeHHS Ta
eHeproe()eKTUBHICTh MPHU CHOKUBAHHI TEMJIOBOI €HEPTii, BIOCKOHAICHHS
abo 3amiHa o0aTHAHHSI.

OcHosHa yacmuna. B nanuii yac y TEXHilll IHUPOKO BUKOPUCTOBYIOTHCS
KOHCTPYKIIiSl €JEKTPOKABITALIMHOTO HarpiBada, sKka MICTUTh JIHUIIE TpHU
OCHOBHHMX TNPOCTUX OE3KOHTAaKTHUX €JIEMEHTH — €MHICTh 3 PIIUHOIO,
CJICKTPUYHUNA PO3PSATHUK Ta KaBITATOP, AKUN CKIIAAETHCS 3 IJIACTUH a0o
JTUCKIB.

[TpuiiHATTA pillIeHHS HA KOPUCTh ONTUMAJIbHOT KOHCTPYKIIii 0a3yeThCs
Ha BJIOCKOHAJICHH] MPUCTPOIO, B IKOMY [UIIXOM BBEJICHHS B CHCTEMY HOBHUX
KOHCTPYKTHUBHHUX €JIEMEHTIB [9].

KoHCTpyKIisl MOSICHIOETECA PUCYHKOM | Ha SIKOMYy 300pa)eHO cXemy
MIPUCTPOIO.

- Temjoi30/ibOBaHA €MHICTh 3  PIAMHOIO, 2— 3aMKHYTHH
nepdopoBaHUM €JIeMEHT, 3— eNeKTPOU, 4 —BUCOKOBOJBTHHM IMITYIbCHUM
reHepaTop.

Pucynok 1. EnexrpokaBitauiitHuii Harpisau

[TpucTpiii npairoe TakuM YUHOM. TeI10130JIb0BAHY EMHICTb 3 P1IUHOIO
1 3anOBHIOIOTH BOJAOIO TaK, 00 3aMKHYTHI NIeppOpoBaHUi eIeMEeHT 2 OyB
HUK4Ye 11 pIBHS, HA €JEKTPOAU 3, PO3IUICHI HEBEIUKUM IMPOMIKKOM (HE
MO3HAYEHUM), MOAAIOTh EJIEKTPUYHHUI IMIYJbC BiJl BHUCOKOBOJIBTHOTO
IMITyJIbCHOTO reHeparopa 4 1 3[IACHIOIOTh €IeKTPUYHHUI BIUIMB HA BOIY.
[Ipu 11bOMy BUHHMKAIOTh BOJSIHI CTPYMEHI, SIKI IPOXOIATh KPi3h 3aMKHYTHH
nepdopoBaHUM €IIEMEHT 2, BCTAHOBJICHUI B €MHOCTI 1 3 pIIMHOIO HUXKYE ii
piBHS, B CEpPEIMHI SKOTO PO3MIIMIEHO EJIEKTPOaU 3, B pe3ybTaTi 4oro
YTBOPIOETHCSI TOTYKHA KaBiTallisl, MEPETBOPIOIOYM KIHETUYHY EHEPTii0
MOTOKY PIIUHU B TEIUIOBY €HEPTII0, IKa BUKOPUCTOBYETHCA JUISI OMATICHHS 1
rapsyoro BOJOMOCTaYaHHSI.

[TpuHLMI 71T BUCOKOBOJIBTHOT'O IMITYJIbCHOTO F€HEPATOpa 3aCHOBAHUMN
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Ha €JICKTPOT1ApaBIIYHOMY €(eKT1, IO MOJISATaE B reHepallii yJapHUX XBUIIb
piaunu nipu 11 mpo6oi [10]. 3apsauuit mpuctpiit 311 3apsmkae KoHIEHCATOP
C B mepebir gacy. Hampyra xonmeHcatopa MiIBHUILYETHCS O BEITUYHHH
npo6oro ickpoBoro mpomikky IIl. ¥V mpomy momenTt HakommuyBau HE
MIJKITIOYAETCA  JI0  €JICKTPOJIIB TEXHOJOTIYHOrO OJIOKY, MPU IbOMY
IIOYMHAETHCS [T0YaTKOBA CTajld po3pany y kaHani K (puc.2).

—_——————— - —————————

-
+

|
|
|
|
|
|
-

311 — 3apsanuuii npuctpiit; HE — nakonmuysau eneprii; II1 — ickpoBuii
npomixkok, K — kanain pospsiny

Pucynox 2. [IpuHiunoBa exeKkTpuiHa cXxeMa BUCOKOBOJIBTHOTO
IMITyJIbCHOTO TeHepaTopa

[Iporec mpoOOKO  3aleXkUTh BiJ: MAaKCUMAJIBHOTO 3HAYCHHS
€JIEKTPUYHOTO MOJISl B MPOMIXKKY MK €JIEKTPOJIaMH, €JIEKTPOIPOBIAHOCTI
BOJIY, BIJICTaH1 M1k €JIEKTPOJaMHU.

ITpu TtemnmoBoMy npoOOi B OJHOPIZHOMY IIOJI Yac NPOOOIO Zy,
BU3HAYAETHCSI BUPA3OM [6]:

. _Cop 14T,
np 2 >
7,-2-U" 1+ AT

(1

Joic

ne C, —TeIIOEMHICTh PIAVHH, —OC;
KZ

. . . Ke
L — HIIUIbHICTb P1IWHU, —3,
M

[ — BIJCTaHb MIX €JIEKTPOJaMHU, M;
7, — TMIATOMA €JIEKTPONIPOBIAHICTD piguau ripu 0°C,0Om/ v ;
1

A— TeMIIepaTypHUN KOEe(ILIEHT MPOBIAHOCTI, T

5
U — Harmpyra, B;
T, — TIOYaTKOBa TeMIeparypa, ’C ;
T, — TemIiepaTypa 3aKuIaHHs piauHy, °C .
3acToCcyBaHHS €JIEKTPOKaBITALIMHOIO HarpiBaya 3amnporOHOBAHO1
KOHCTPYKIIii JO3BOJISIE CIIPOCTUTH KOHCTPYKITIFO Ta 3MEHIIUTH
METaJIOEMHICTh, 32 PaXyHOK BCTAHOBJICHHS B €MHOCTI 3 piguHOIO 1
HIDKYE 11 piBHS 3aMKHYTOTO 11epdOopOBaHOIO €JIEMEHTY 2, B CEPEINH1 STKOTO
PO3MIIIEHO €NIeKTPOarM 3 PpO3/iIeHI HEBEIUKUM TPOMIKKOM, 3aMiCTh
po3cikaya, 0 CKJIAJAEThCs 3 MJIACTHH, SIKI MPUMUKAIOTh OAHA 0 OJHOI, 3
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BUCIYCHUMH B HUX BIKHAMH, pO3AUICHUMH MEpPEeropojkamMu 1
BCTAHOBJICHUMHU TaK, LI0 BIKHA IJIACTHH YacTKOBO TEPEKPUBAIOTHCS
NEPEeropoIKaMi CYMDKHHUX IUIaCTHH. B 3ampomnoHoBaHiil KOHCTPYKIi He
OTpeOy€ETHCSI BOJOMIATOTOBKA, 3aBISIKU BIJICYTHOCTI IIUIMHHUX €JIEMEHTIB,
110 Ja€ MOKJIMBICTh BUKOPUCTOBYBATH HEOUHUIIICHY BOJIY.

Bucnogok. TakuM 9MHOM, METOJI TIOB'SI3aHUH 3 PO3psAAaMH B PiAWHI €
aKTyaJIbHUM 1 MEPCIEKTUBHUM JJIi BUKOPUCTAHHS B TEIJIOCHEPTEeTUYHIN
ramy3i.  SIkicHo HOBMH  miAXiA 7O  CTBOPEHHS  KOHCTPYKIIIi
CJICKTPOKABITAI[IHHOTO HarpiBaya € BaroMHUM pE3epPBOM yIOCKOHAJICHHS
TEXHOJIOTIYHOTO TMpOLIECy Ta J03BOJISIE PaJUKaIbHO BAOCKOHAIUTU Ta
CIIPOCTUTH KaBITallIMHUI TEIJIOT€HEPATOP.
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Crarta Hagiiinuia no pegakuii 12.04.2022 p.

V. Hulevskyi, Y. Postol
Dmytro Motornyi Tavria State Agrotechnological University

IMPROVEMENT OF CAVITATION HEAT GENERATOR DESIGN

Summary

The main problems in the heat industry for many years remain low energy
efficiency, reliability and inefficiency of thermal energy devices. Widespread use of
electricity for electrification of thermal processes is not always determined by a
competent solution for the use of electric heating, which does not allow to obtain the
maximum economic effect. The solution of this issue has been in the center of attention
of heat and energy specialists for a long time. However, their approaches to improving
the energy efficiency of engineering systems differ significantly.

Scientific and technological progress is determined by the development of high
technologies, which provide, on the one hand, the production of new materials and
products, and on the other - reduce energy and resource consumption, increase
environmental performance. One of the devices, the operation of which is based on the
new principle of obtaining thermal energy, is a cavitation heat generator. Cavitation heat
generator - a special device that uses the effect of heating the liquid by cavitation. That
is, it is an effect in which microscopic vapor bubbles are formed in areas of local reduction
of water pressure. Recently, the production of such units is mastered by many
manufacturers and they are increasingly appearing on the domestic market. In order to
make a technological breakthrough in this area - it is necessary to dramatically reduce
electricity losses in known cavitation heat generators. Unlike traditional technologies of
cavitation bubbles based on continuous power consumption, electropulse technology
allows to increase the parameters of electrical influences (field strength, current density,
instantaneous power) and, consequently, significantly intensify processes, reduce energy
consumption.

Key words: cavitation heat generator, electropulse technology, electric discharge,
heat industry.

SBTSATU. 12. 2. 25


http://www.tsatu.edu.ua/tstt/naukovyj-visnyk-tdatu/
https://doi.org/10.1016/j.matpr.2021.04.002

HaykoBuit BicHuk TAATY Bun. 12, Tom 2
138

DOI: 10.31388/2220-8674-2022-2-26

VJIK 519.682
O. 0. MuxaiineHko, CT. BUKII. ORCID: 0000-0003-1559-3825
I'. B. AHTOHOBA, CT. BUKII. ORCID: 0000-0001-9269-6356

Taspiticokuil OepaicasHull acpomexHoI02iuHUL YHIgepcumem
imeni [Imumpa Momoprozo

e-mail: elen.mikha@gmail.com

e-mail: galina8286(@ukr.net

TEXHOJOI'TA POPMOYTBOPEHHS EJIEMEHTIB KAPKACY
JAUHAMIYHOI IOBEPXHI

Anomayis. Po3rasiHyTo B poOOTI MUTAHHS PO3POOKH (YHKIIOHATBHOT
CXeMH TIpOLIECY aBTOMATHM30BAHOIO TPOEKTYBAHHS 3 BPaXyBaHHSIM
Cy4aCHHUX YMOB BUPOOHUIITBA.

HaiiGinpmr ~ mporpecuBHOI0  Ta  MEPCHEKTHUBHOIO  YMOBOIO
YIOCKOHAJIEHHS TPOIIECY MPOCKTYBaHHS € CTBOPEHHs 1 BIPOBAKCHHS B
NpakTUKy  CHUCTEeM  aBToMartu3oBaHoro  mpoektyBaHHsi  (CAIIP),
3a0e3nedyeHnx cydacHuMu [IEOM 3 po3BUHEHUMH TepMiIHAIbHUMHU
cucTeMamMu. ABTOMaTH3alllsd MIATOTOBKA BHUPOOHUIITBA 1€ MOKIIUBICTH
HIJIPUEMCTBAM IIBUAKO PEaryBaTH Ha 3MIHY MOMUTY, Y KOPOTKUN TEpMiH
BUITYCKAaTH HOBI BHIM MPOAYKI[i, IIBUJIKO MOJEPHI3YBAaTH BUITYCKAEMY
MPOAYKI[II0, BIJICIIIKOBYBATU JKUTTEBUM 1UKI BHUPOOIB, €(HEKTUBHO
M1JIBUIITYBaTH SIKICTb.

PoOora 3a TEXHOJOrI€0 BHUIOTOBJIEHHSA BIAMOBIIAJIBLHOI JeTall
BIJIHECEHA JI0 PO3PSAY BUCOKHX TEXHOJIOT1M, XapaKTEPUCTUKOIO SIKUX € :
HAyKOMICTKICTh, CHCTEMHICTh. MaTE€MaTUYHE MOJICIIOBAaHHS 3 METOI0
CTPYKTYpPHO-TIApaMETPUYHOI ONTHMI3aIli. BUCOKOC(PEKTHUBHUM pPoOOUMit
IIPOIIEC PO3MIPHOI OOPOOKH, KOMITIOTEPHE TEXHOJIOTIYHE CEepeIOBHUIIE 1
aBTOMATHU3allisl yCIX eTamiB MPOEKTYBaHHS 1 peamizaiiii Ha 6a31 Cy4acHOTO
METaJI000pOOHOTO YCTaTKyBaHHSI 3 BUKOPHUCTaHHSM TAKETy 3aCTOCOBHHX
nporpam PowerShape, PMPost.

Knrouosi crnosa: BuCOka TOUHICTh, PO3POOKH (PYHKIIOHAIBHOI CXEMHU
Ipoliecy AaBTOMATU30BAHOIO TMPOEKTYBaHHSA, 5-TM ocbkoBa 00poOKa,
arperaryBaHHsi pI3HUX CIIOCOOIB  MeXaHIYHOT OOpOOKHM  CKJIaJIHUX
MTOBEPXOHb.

© O. 0. Muxaiineuko, I'. B. AaTOHOBa
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Ilocmanosxa npobaemu. XapakTepucTHKa JI€TaNli: JeTajlb BUKOHAHA 3
BHCOKOMIITHOTO JIETKOTO CIUIaBy, Ma€ CKJIaJHy T€OMETPHUUYHY IOBEPXHIO
KOHCTPYKTHUBHHUX €JIEMEHTIB Pi3HOTO MPU3HAYCHHS.

3 METOI0 TOTPUMaHHS BHUCOKOI TOYHOCTI PO3MIPIB 1 SKOCTI OBEpPXHI
yIeplIe /i BUTOTOBJICHHS TaKOi IeTall BUKOPUCTAHO 5-TH 0CbOBa 00poOKa
IIpHU €AUHIN 6a3i 1 0JTHOTO ycTaHOBa. BimMITHOIO 0COOIUBICTIO PO3p00JICHOT
TEXHOJIOT1I € MOXJIMBICTh arperaTyBaHHs PI3HHX CIIOCOOIB MEXaHIYHOi

00poOKH CKJIaJTHUX MTOBEPXOHb (UUTHAPUYHHUX. KOHIYHHX,
TparneuieBUIHNX), M0 paHime OyJo ycKiagHeHe ab0 HEeMOXJIUBE IpU
BUKOPHCTaHHI TpaIUIIHHIX croco01B BUPOOHUIITBA

OaratodyHKIIOHAIBHUX jaeTanei [1-6].

Ananiz ocmamnmnix oocnioxcenv i nyonikayiu. CydacHl TEHACHIUT
PO3BUTKY pI3HUX Tally3edl MPOMHUCIOBOCTI CTUMYJIOIOTH PO3POOKY
BUCOKOE(DEKTUBHUX 1 KOHKYPEHTHMX BHJIB TEXHIKM 1 TEXHOJOTIH, SKi
3a0e31e4arh >KOPCTKI BUMOTH K SIKOCTI Ta €KCIUTyaTalliHUM BIACTHBOCTSIM
BUPOOIB MPU €KOHOMIi MaTepiaJIbHUX Ta EHEPreTUYHUX PECYPCiB, BUTPATH
Ha po0O0Yy CUITy, 3HUKEHHSI CO01BapTOCTI BUPOOHUIITBA, 1110 € aKTyIbHUMU
U1 MammHOOyyBaHHs [7-10].

Dopmysanns yineu cmammi. KoxkHa TEXHOJIOTIYHA 3a7a4a B YMOBa
MIIPUEMCTBA MOXKE MAaTH BEJIMKY KUIbKICTh BAapiaHTIB, TOMY CIELIATICTY
CKJIQJHO BIOpATUCSA 3 MOMIOHUMHU oOcsiraMu poOIT, 1 B IUX YMOBa
BUPIIIAIBHOIO  MEPEyMOBOIO  JIO TPUCKOPEHHS  BUPOOHUIITBA €
BIIPOBAKEHHSI aJITOPUTMY CUCTEMHU MTPOEKTYBaHHS.

Ocnoena uwacmuna. Po3pobmena CAD- monens aerami "Ilnurta" B
nporpami PowerShape nokasana Ha puc. 1. JleTanb BUKOHaHA 3 aIlOMiHI€BO-
MarHieBoro cruiaBy. ['abaputhi po3mipu 400x400 mm.

Hnst oOpobku aerani "Ilnurta" BuOpanuii Bepcrar "OCUMA". [lns
3a0e3MeUYeHHs]  TOYHOCTI  0a3yBaHHs  mependayeHo  CHeliajbHe
MIPUCTOCYBAHHS, 10 BCTAHOBIIIOETHCS HA IOBOPOTHOMY CTOJII BepcTaTa.

O6poOka pO3MOYMHAETBHCS 3 IEHTPY JeTali, ToOTO 3 KOHYyca,
pPO3TAaIIOBAHOTO MO HEHTPY 00poOIIFOBaHOT 3aroTiBii. Jlani BECTUMEThCS S-
TH OChOBa 00poOKa MO CEKTOpax JeTall 1 MJIABHO MEPEXOS4H 10 OCHOBH
IUTATH, JI¢ BOHA KpinuThest [11-14].

Bupimryroun Taky 3agady, B morecce oOpoOKH, pi3aHHS BEAETHCA 3
HEHTPY IJTUTH J0 ii Kparo, IpH [bOMY MU YHUKA€EMO BIpOT1THOCTI TTOJIOMKH
ab0 3pyIieHHsT onopu(IIPUCTOCYBAaHHS) Y pa3l MepeBOHAYAIBLHON 0OpPOOKH
KpaiB getam. TakoX MOTPUMYETHCS TPH IIBOMY KOPCTKICTh CHUCTEMHU B
npolieci pi3aHHs, 30epiraeTbCs CTIMKICTh IHCTPYMEHTY 1 TOYHICTh pOOOUYUX
OpraHiB BepcTaTa, OCKUIBKM TMpU pI3aHHI BUHUKAIOTh BiOpalii, sKi
HEraTUBHO BIUIMBAaIOTh Ha SKICTh OOpOOJIEHOT MOBEPXHI 1 HA TOYHICTb
OaslaHCyBaHHS HIMUH/EIS BepcTaTa, OCHAIICHHS 1 BXXUBAHOT'O IOMIOMIKHOTO
IHCTPYMEHTY.
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Pucynok 2. ®parmMeHTH TEXHOJOTIYHOTO TpoIllecy OOpoOKH merasi
"TInura".

Cxema 00poOKu:

- 00poOKa KOHyca 10 LIEHTPY JeTall

- 00poOKa ceKTopiB

- 00poOKa 371€MEHOB OCHOBH IUIUTH, B MICIISIX KPITUJICHHS.

Ha puc. 2 mpuBeneHi gpparMeHTH TEXHOJOTIYHOTO IMpoLecy 00poOKu
nerani "[lnmura"

B mpoexkTi Oyii0 CTBOPEHO MOCTIPOLIECOP TS 5-TH OCHOBOTO BepcTara
"OCUMA MU - 400va", nyst nporo Oyna Bukopuctana nporpama PMPost

(puc. 3).
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Pucynok 3. Bubip KxiHeMaTH4HOI cXeMu

Pucynok 4. BinoOpakeHHs peaJIbHUX IMapaMeTpiB BepcTara
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BbiBOJA B MpOrpammy JABMCMMOCTH CneayouWi BbIBDA CWcTemMa BbIBOAA
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Block Mumber Comment_#A
3

Block Mumber

Comment_C

Block Mumber Motion Mode | Cutter gompen. . Ed i z Machine & IMachine Spindle Speed  |Spindle Dir
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Block Mumber Coolant Mode

Pucynok 5. IIpoBenenns cunrakcucy cucremu UITY "OSP-P200M" B
yCiX Tia0I0KaxX.

¥V 3B's13Ky 3 HEOOX1HICTIO B TpoBeAeHHS "M-komiB" (M15, M16, M115,
M116), mo BuzHavaroTh obOepTanHa oceit "A" i "C" mo HallkopoTIIOMY
nuiAxy, OyB po3poOnenuil ckpunt (puc. 6). dparmMeHT nporpamu, IO

yIpaBIIsIe, TOKa3aHUM Ha puc. 7
EOFUN_M_A_C

B

2
Eunction FUI M 4 (STANOK : OCUMA MU400VA)
(POSTPROCESSOR : MU 400VA 5AXTSS)
(DATE : 23/04/2010, TIME : 10:37)

Iy N140 G40 G17 GBO G90 G21 GO

HN150 (START TOOLPATH : 2 )
wvar out_strw = "' N160 ( DIAMETER=20 RADTUS TORCA=10 )
var a = GetParami(™:p (Machine L)%"): w170 T1 M6

" N180 G15 HOL

var k = GetParamPrevValue("ip(Machine A)3"): N190 G56 H1
if [a<k) H200 MO

N210 GO AO
SetParam ("%p (Comwent A) %™, 16); N220 MO
if [(ark) N230 GO CO

N240 X0 YO
SetParam("4p (Comment_A) %", 15); N250 G1 z100. S1500 M3 F3000

NZ60 Z61.

N270 M8

i N280 M16

N290 M115
var b = GetParam("sp (Machine C)%"): }Sig if?;s’;féfoﬁljﬁz ATse. ce.zoz
var n = GetParamPrevValue ("ip(Machine C)%") N320 Z23.004 F500
. N330 F1000
if (b<n) N340 x14.079 Y-73.387 z22.041
SetParam ("5p (Comment C) %", 116) ; N350 X12.166 Y-73.246 Z21.683
.. - N360 X2.171 Y-73.502 221.535
if (bin) N370 M116
SetPaream ("5p (Comment C) %", 115); N380 X1.069 Y-73.549 z21.508 C84.31

_ = —— N390 X-.017 ¥-73.565 Z21.499 CB2.418

out_strw = StandardResponse(""); N400 X_ .02 C79.91
return out strw; N410 X-.008 C74.889

w420 X-.009 CT2.403
M430 X—-.001 Y-73.564 C67.426
i M440 X-.003 C64.952

N450 X0 C60.

460 C57.526

Pucynok 6. Cxkpunt-yHkiis Pucynoxk 7. ®parmeHT nporpamu

Bucnoseku. 3abe3neueHa mTpHUCKOpeHa MiATOTOBKA BI/Ip06HI/IHTBa
0a30B0i JeTalli 3 BUCOKUMU Cl)yHKHIOHaJIBHI/IMI/I XapaKTepUCTUKaMHU, SKICTIO
HOBerHl 1 TOYHOCTI pO3MIpiB, SKI HE MOXYyTb OyTH 3abe3nedeHi
TpaJAUIIITHUMHU CITIOCO0OAMHU MEXaHIYHOI 0OPOOKH.

[IpencraBiena cTaTTsd € pe3yJlbTaTOM HAyKOBOi poOOTH Kadeapu, ska
3aliMaeTbcsi (HOPMYBaHHSAM y MOJIOJI 1HTEpPECY JI0 HayKH 1 TEXHIKH,
JOCIIITHUAIILKOT JISUIBHOCTI.

SBTSATU. 12. 2. 26


http://www.tsatu.edu.ua/tstt/naukovyj-visnyk-tdatu/
http://www.tsatu.edu.ua/tstt/naukova-dijalnist/
http://www.tsatu.edu.ua/tstt/news/
http://www.tsatu.edu.ua/tstt/naukovyj-visnyk-tdatu/

HaykoBuit BicHuk TAATY Bun. 12, Tom 2
638

CnHcoK BUKOPUCTAHUX JHKEPET

1. Grigorenko S. Technical means for mechanization of technological
processes on livestock farms. Theory, practice and science. Abstracts of V
International Scientific and Practical Conference. Tokyo, Japan 2021. P.
255-257.

2. Zhuravel D., Skliar O. Modeling the reliability of units and units of
irrigation systems. Multidisciplinary academic research. Abstracts of I
International Scientific and Practical Conference. Amsterdam, Netherlands
2021. P. 83-86.

3. Zabolotko O. O. Performance indicators of farm equipment. Kramar
Readings: Proceedings of the IV International Scientific and Technical
Conference. 2017. P. 155-158

4. Zhuravel D. Integrated approach to ensuring the reliability of
complex systems. Current issues, achievements and prospects of Science
and education: Abstracts of XIlI International Scientific and Practical
Conference. Athens, Greece 2021. P. 231-233.

5. Skliar R., Sklar O. Directions of increasing the efficiency of energy
use in livestock. Current issues of science and education. Abstracts of XIV
International Scientific and Practical Conference. Rome, Italy 2021. P. 171-
176.

6. Manita I. Y., Komar A. S. Justification of the energy saving
mechanism in the agricultural sector. Engineering of nature management.
2021. Nel1(19). P. 7-12.

7. ITuxteena 1. B., IBxxenko O. B., JIyoko JI. B. Bupimenns 3amgadi mo
BU3HAYCHHIO TEXHOJIOTTYHUX MapaMeTpiB MPOIECY MPOCTO OOTATyBaHHS.
Ilpayi Taepiticokoco O0epi#asHO20 azpomexHoN02IUHO20 YHIgepcumemy .
Memitonons: TIATY, 2019. Bum. 19, 1. 3. C. 316-324.

8. I'aepmiienko E. A., Xomognsk 1O. B., ITeixTeeBa U. B., llepe3a E. A.,
Upxenko A.B. MoaenupoBanue pabounx NOBEPXHOCTEN MPOMBILIIIEHHBIX
u3eIui Ha OocHOBe MaccuBa ToueK. CydacHi mpoOjieMH MOJCTIOBAHHS.
Memitonons: THATY, 2021. Bum. 21. C. 83-90

9. Manynesud 1O. O., Cxopnymin O. B., I[Iuxteepa I. B. 3aransaa
METOAMKA KOMIT IOTEPHOTO TEOMETPUYHOTO MOJICIIOBAaHHS TPodiiiB
KyJa4KiB MEXaH13MIB MIPUBOLY 1T yBaTbHUX TOJIOBOK
3y003aTO4YyBaJbHUX BepcTaTiB. llpobremu ma nepcnexkmusu po36UMKY
cucmemu Oesnexku cummeodisnvHocmi: 30. Hayk. mpanb XIVMixHap.
HAyK.-TIPaKT. KOH(. MOJIOAUX BYEHUX, KypCaHTIB Ta CTyAeHTIB. JIbBiB:
JIIYBX]I, 2019. C. 225-226.

10. Manynesuu O. €., Bepmikos O. O., Xonoausik 1O. B.,

HmitpieB FO. O., Yamnincbkuit A. I1. Po3poOka MypammHoro aliropurmy
JIUIs OTITUMI3alli1 ONEePaTUBHOTO IUIAHYBAHHS POOIT MO 30MPaHHIO BPOXKAKO
KICTOUKOBUX. [110008Uil cao — HOBIMHE 8 meopii ma npakmuyi: MaTepialiu

SBTSATU. 12. 2. 26


http://www.tsatu.edu.ua/tstt/naukovyj-visnyk-tdatu/
http://www.tsatu.edu.ua/tstt/naukova-dijalnist/
http://www.tsatu.edu.ua/tstt/news/
http://www.tsatu.edu.ua/tstt/naukovyj-visnyk-tdatu/

HaykoBuit BicHuk TAATY Bun. 12, Tom 2
738

V Bceykp. Hayk.-TipakT. iHTepHeT-KoH(pepenii. Memitonons: THATY,
2021. C. 106-110.

11. I'aBpunienko €. A., Iexxenko O. B., ITuxteepa I. B. MeToauka
KOMIT IOTEPHOTO MOJICIIOBAaHHS JUHAMIYHUX MOBEPXOHL. Haykoeuil 8icHuk
Taspiticokoeco 0epIAHCABHO20 aA2pomexHoNI02IuH020  YHigepcumemy .
Memtonons: THATY, 2019. Bumn.9, tom 1. C. 1-5.

12. TTuxteena 1. B., 'aBpunenko €. A., boxan B. JI. Meroauka
peanizailii MpOrpaMHOI0 MOAYJSA [JIi MEXaHI30BaHMX TEXHOJOTIYHUX
KOMIUJIEKCIB po3cagHulTBa. [l1odosuti cad — HOBIMHE 6 meopii ma
npakmuyi: Marepiand V Bceykp. HayK.-TIpakT. IHTEPHET-KOH(MEpEeHIIii.
Menitonons: THATY, 2021. C. 111-114.

13. IIuxteena 1. B., Bepmkop O. O., Mamtora C. I. Metox mBuakoro
MPOTOTUITYBAHHS BUTOTOBJICHHS MpOo(dinbHUX 00’e€MHUX BUPOOIB. [lpayi
Taspiticokoco  OeporcagHoco  A2pPOMEXHONIO2IUH020  YHIgepcumen) .
Memnitonons: THATY, 2021. Bumn. 21, 1. 1. C.326-333.

14. Xonoausk 1O. B., I'apunenko E. A. MoaenupoBanue kapkaca
JTAHAMUYECKUX MTOBEPXHOCTEM. Innosayiuni MexHoN02I1 8
azponpomucnogomy komnaexci. matepianu Il Bceykpain. Hayk.-mpaxT.
koHpepenttii. Memronons: TIATY, 2021. C. 21-24.

Crarrta Hamgivnuia 1o penakiii 20.04.2022 p.

O. Mikhaylenko, G. Antonova
Dmytro Motornyi Tavria State Agrotechnological University

TECHNOLOGY FORMATION FORM OF ELEMENTS FRAMEWORK
DYNAMIC SURFACE

Summary

The question of development of functional diagram of process of the automated
planning is considered in-process taking into account the modern terms of production.

The most progressive and perspective condition of improvement of planning
process are creation and introduction in practice of the computer-aided(CAD) designs
provided by modern computers with the developed terminal systems. Automation of
preproduction gives an opportunity to the enterprises quickly to react on the change of
demand, in short space produce the new types of products, quickly to modernize
Bunyckaemyto products, watch the life cycle of wares, effectively to improve quality.

Description of detail : a detail is executed from a Bucokomintoro easy alloy, has
a difficult geometrical surface of structural elements of the different setting. With the aim
of observance of high exactness of sizes and quality of surface first for making of such
detail it is used 5-tu axial treatment at an only base and one the establishment. The
distinctive feature of the worked out technology is possibility of unitization of different
methods of tooling of difficult surfaces, that was before complicated or impossible at the
use of traditional methods of production of multifunction details.

Work on technology of making of responsible detail of muxpocmyrHuka is
attributed to the digit of high-tech description of that is : HaykoemKoCTb, System.
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mathematical design with the purpose of crpykrypHO-IapameTpudeckoii optimization.
high-efficiency working process of size treatment, computer technological environment
and automation of all stages of planning and realization on the base of modern metal-
working equipment with the use of complete application of PowerShape package,
PMPost.

The provided speed-up preproduction of base detail is with high functional
descriptions, quality of surface and exactness of sizes that can not be provided with the
traditional methods of tooling. The presented article is a scientific job of department, that
engages in forming for the young people of interest in a scitech, to research activity,
performance.

Key words: high precision, development of a functional diagram of the
computer-aided design process, 5-axis processing, aggregation of various methods of
machining complex surfaces.
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PO3POBKA TEXHOJIOI'TI ®OPMYBAHHS CAD-MO/IEJIEN
HOBEPXOHb TEXHIYHUX BUPOBIB

Anomayisi. B poOOTI po3po0IeHO METOA, SIKUW J103BOJIsiE (hOPMYBaTH
Mozell (PYyHKIIOHAJIbBHUX OBEPXOHB TEXHIYHUX BUPOOIB B CAD-cucremax.
[ToBepxHst popMy€eThCSI Ha OCHOBI KapKacy, JIIHINHUMU €JIEMEHTAMHU SIKOTO €
IJIOCKI KPUBI JI1HI1, MPEICTaBICH] aHAIITUYHO a00 KOHCTPYKTUBHO. [Iporniec
(dbopMyBaHHS KpPUBOI BKJIOYae B ceOE€ pO3paXxyHOK TOYKOBOIO pAIy, Ha
OCHOB1 SIKOTO MOKJIMBO 13 3aJJaHOI0 TOYHICTIO CcQOpMyBaTH JHIHHUNA
€JIEMEHT Kapkacy noBepxHi. OTpUMaHUN TOYKOBUH psiJ B aBTOMaTUYHOMY
pexuMi iHTeprnomoeTbcss B CAD-cucremi B-crumaiiHom abo KpuBUMH
JIpYroro TOpSAKY 3  BHUKOPUCTAaHHSAM  CIELIAJIBHO  PO3pOOJIEHOTrO
nporpamMHoro 3abe3nedyeHHs. Mojenb moBepxHi BUPOOYy (GOpMyeThCsS Ha
OCHOB1 OTPUMAaHOTO Kapkaca 3 BUKOPUCTaHHSIM CTaHAAPTHUX (YHKIIIHA
CAD-cucremu. B po60TI MpoAEeMOHCTPOBAHO 3aCTOCYBaHHS pO3pOOIEHOTO
METOAy Ha npukiaal (GopMyBaHHS poOOYMX MMOBEPXOHb IJIAHETAPHO-
POTOPHOTO KOMIIpEcopa.

Kniwouosi cnosa: CAD-Mopenb, kapkac TIOBEpXHI, KpuBa JIiHis,
OCILIMJISALIIS.

Ilocmanoska npooaemu. Bupodbu, oOMexeHiI MOBEPXHSIMH CKIaJTHOL
dbopmu, 0OpOOISAIOTHCS HAa BepcTaTax 13 YHUCIOBUM TMPOTPAMHUM
kepyBanHam (YUIIK). Texnomoris BurotoBieHHs Ha Bepcrarax i3 UIIK
n03BoJIsiE 00po0IIsATH MOBEepxHi Oynb-sikoi hopmu. Kepyroua nporpama st
Bepctata 13 UIIK crBOproeTbes B aBTOMatm3oBaHomy pexumi B CAM-
cuctemi. Buximuumu nanumu st CAM-cuctemMu € TpUBHMIpHAa MOJIENb
BupoOy, mo ¢opmyetbesi y CAD-cuctemi (SolidWorks, AutoCAD, NX
CAD Tta iami) [1]. TounicTs 00pOOKH BU3HAYAETHCS] TOUHICTIO (POPMYBAHHS
TPUBUMIPHOT MOJEJI, TOYHICTIO BHU3HAYEHHS TPAEKTOPIi PIKYUOro
iHcTpyMeHTy CAM-cHUCTEMOI0 Ta TOYHICTIO, 3 SIKOKO BEpPCTAT BUKOHYE
3amporpamMoBaHi oneparii [2].

KopektHe QopMyBaHHS TpUBUMIPHOI MOJEIl — HeoOXigHa yMOBa

© 10. B. Xonoausik, €. A. 'aBpuiienko,
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SKICHOTO BHUTOTOBJEHHsS BHpoOy. Texnororiss monemoBanHs y CAD-
cuctemi niependaydae GopMyBaHHS IOBEPXOHb HA OCHOBI JIIHIHHUX KapKaciB
[3]. T'eomeTpuuHi XapaKTEPUCTHKH KPUBHX JIiHIA (EIEMEHTIB Kapkacy)
BU3HAUYAIOTh (YHKIIOHAIBHI BIACTUBOCTI MOBEPXOHbB, L0 MOJETIOIOTHCA.
HeoOxigHi  BmacTMBOCTI  0araThOX  IMOBEPXOHb  3a0€3MEUyIOThCS
3aCTOCYBaHHSAM B SIKOCTI €JIEMEHTIB KapKacy 3aJaHuX KpuBuX JiHIH. Lle
MOXe€ OYTH €BOJIbBEHTH, TpPOXOiqd, KpHBI, SKI MalOTh aHaJITHUYHE
MpPEICTaBICHHS Ta POPMYIOTHCS Ha OCHOBI AJITOPUTMY .

Icayroui CAD-cucteMu BUKOPHUCTOBYIOTh OOMEKEHUN Hablp KPUBUX
JHIA: TpsiMa JIiHISI, KPUBI Jpyroro mnopsaxky, B-crumaitn Tta iH. [lpm
BUKOPUCTaHHI JiHIH, SIKI HEMOXJIMBO TOYHO copmyBatu B CAD-cucremi,
JiHIT 3aMIHIOIOTBCS CKJIAJOBOIO KpHUBOK. JIUISIHKM CKJIaJ0BOi KPHUBOI
dbopmytotbest kpuBuMH 13 010mioreku CAD-cuctemu. ['ooBHa ymoBa
dbopmyBanHs ckinanoBux kpuBux y CAD-cucremi — 3a0e3nedyeHHs
HEOOX1IHOT TOYHOCTI TPEACTABJICHHS BUXIJHUX EJIEMEHTIB KapKacy.
3aco0wu, 5Kl JO3BOJISIIOTH KOHTPOJIFOBATH BUKOHAHHS 3a3HAYEHOI YMOBH, Y
cyuacHux CAD-cucremax BiJICyTHI.

Po3pobka aBTOMATU30BAHUX TEXHOJOTIH MOJEIIOBAHHS CKJIAJIHUX
GyHKIIOHATBPHUX TOBEPXOHb HA OCHOBI KPUBHX JIIHIM, SKI BIJCYTHI Yy
6i6miorekax CAD-cuctemM, — akTyajdbHE 3aBAaHHS T'€OMETPUYHOTO
MO/JIETIOBaHHSI.

AHnaniz ocmarnnix oocnioxcens. Metoanka GopMyBaHHS KOMIT FOTEPHUX
MOJIeJIeH TTOBEPXOHb 3alpoIIoHOBaHa podoTax [4-9]. Mopeni cTBOPIOIOTHCS
Ha OCHOBI KapKaciB, SIKl CKJIaJal0ThCs 13 ABOX CIMEWUCTB JiHIA. B mepie
CIMEMCTBO BXOJATH JIHII, Kl OMUCYIOTh IIiJl 4ac CBOTO PyXy MOBEPXHIO
(TBipHi JiHii). JIiHIT gpyroro ciMmeicTBa BU3HAYAIOTh MEPEMIIIEHHS TBIPHUX
JHI{A y mpocTopl (HanpsIMHI JTiHiT).

Kapxac Mojiesni CTBOPIOETHCSI HA OCHOBI BUBHAYHUKA IMOBEPXHI, B SIKHUI
BXOJISITh TBIPHI Ta HANPSMHI JIIHI1, IPEICTAaBIEHI aHATITUYHO. Y po0oTi [4]
BU3HAYHHK MOBEPXHI BKJIIOYAE KPHUBI APYTOro MOPSAKY, y poboti [5] — B-
crutaiie. J{ns Takux moBepxoHb (opmyBaHHS Kapkacy B CAD-cucremi He
BUMarae J0JJaTKOBUX ofepalliid popMyBaHHS €JIEeMEHTIB KapKaca.

VY po6orTi [6-7] BUBHAYHUK TOBEPXHI BKJIFOUAE B ceOe JTiHi1, K1 BIICYTHI
y 6160moreni CAD-cucremu (umkioimy Ta Tpexoimy). JliHiiHI eremMeHTH
Mozeni (HOPMYIOTBCS HACTYMHUM YHHOM: aHAJITUYHO PO3PaXOBYIOTHCS
KOOpJIMHATH TOYOK, IO HaJeKaTh KpuBid. OTpUMaHUN TOYKOBUU P
dbopmyethest B CAD-cucTeMi Ta iHTEpnonayeThes: B-crutaiin.

Y poGoti [8] BupillyeTbcs 3a7adya 3BOPOTHOTO IHXKUHIPUHTY.
Koopnuuatu To4ok, Ha miacTaBl SKUX (OPMYIOTHCS JIHIWHI €JIEMEHTH
MO/IeJli, BU3BHAYAIOTHCS Ha TOBEPXHAX pealbHUX BUp0OiB. EneMenTu moeni
bopmytotbes B CAD-cuctemi IHTEPIIOAIIE0 TOUKOBOTO psay B-crimaiiH.

VY pobori [9] 3anponoHOBAHO METOJIUKY MPEICTaBICHHS IJIOCKUX Ta
IPOCTOPOBUX TPAEKTOPIN MEPEeMIIEHHSI PIKYYOro I1HCTPYMEHTY, IO
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CYMPOBOJ/IKY€E JIAMAHOIO JIHIEID a00 KOpOOOBOIO JIHIEK KiI. TpaekTopis
dbopMyeTbcs Ha OCHOBI TOYKOBOTO psIy, IO HAJEXKHTh IOBEPXOHb
TPUBUMIPHOT KOMI'TOTepHOT Mojeni, oTpumanoi B CAD-cuctemi.

TouHiCTh TpeACTaBICHHS BHUXITHOT KPUBOI OOBOIOM 3aJCKHUTh BiJ
KUIBKOCTI1 BY3J11B 1IHTEPHOJIALI, MPU3HAUYECHUX Ha BUX1AHIN KpuBiil. Y CAD-
CUCTEMI KPUBA, 1110 IHTEPTEPIIOIIOE TOUKOBUH psijl, MOke OyTu chopMoBaHa
y pydHomy pexuMi. Hampukiman, npu ¢opmyBanH1 B-crutaitHy Ha ekpani
MOHITOpA 3a JOMOMOT0I0 MUIII BKa3y€ThCS MOCIIIOBHICTD BY3JI0BHX TOYOK
o6Boay. IIporpamu, 1110 703BOJISAIOTE (HOPMYBAaTH OOBOIM TOYKOBHX PS/IIB B
aBTOMAaTU30BaHOMY pexuMi, y cydyacHux CAD-cucremax BincyTHi. Pyunuii
peXUM OOMEXy€e KUIbKICTh BHXIJHUX BY3JIB, a TOMY 1 TOYHICTh
npeacTaBieHHs JiHIA. OLIHKa TOYHOCTI, 3 sIKOIO0 cpopmoBaHi B CAD-
CUCTEMI JIHII MPECTABISIIOTh TEOPETUYHI TPAEKTOPIi, — OJHA 3 TpoOJeM
MOJICTIOBaHHS TTIOBEPXOHb.

Crioci0 BH3HAYEHHS MaKCHMMalabHOI aOCOIIOTHOI IMOXHOKH, 3 SKOIO
chopMOBaHM1 00B1J] € BUX1JHOIO KPUBOIO, 3alIPOIIOHOBAaHUM y poboTax [10-
11]. Iloxmbka I1HTEpHOJIALII BU3HAYAETHCA HAa OCHOBI MOJIMBOIO
po3TanryBaHHsl KPUBOI JiHIT 3 BIIOMUMU F€OMETPUYHUMHU BIIACTUBOCTSIMHU.
JIisl TMIIOCKUX KPUBHUX JIiHIA Taka BJIACTUBICTh — II€ HAINpPSM 3POCTaHHS
paaiyciB KpUBUHU B3J0BXK KpuBoi. J[JIT mPOCTOPOBUX KPUBUX — II€ XIJ
KpHUBOi, HampsiM 3pOCTaHHS PajiyCiB KPUBUHU 1 PajiyCiB CTUYHHX cdep.
O06sacTb MOXJIMBOTO PO3TAlTyBaHHS JUISHOK BUX1IHOI KpUBOi Ta 00BOY,
10 1HTEPIOJIFOE TOUKOBUH P/, BA3BHAYAETHCS BIJICTAHHIO MK TOUKaMH, 1110
OOMEXYIOTh JUISHKY.

Bupimenns 3aBgaHHs BukopuctaHHa B CAD-cucremi Oyab-sKHX
KPUBHX JIHIH, 3aJaHUX aHAIITHYHO a00 KOHCTPYKTUBHO — BAXKJIMBU eTan
PO3pOOKH TEXHOJIOT1i CTBOPEHHS Kepyro4oi nporpamu A Bepcrara 3 UIIK.

Dopmynosanns memu cmammi. MeTOW JOCTIIHKEHHS € Po3poOKa
METOAMKH (HOPMYBaHHS KOMITIOTEPHUX MOJENEH CKIQTHUX MOBEPXOHb Ha
OCHOBI KapKacy, 110 CKJIaIa€ThCsl 3 KPUBUX JIIHIH, sIK1 BIACYTHI y 010110TeKax
CAD-cucrem.

JIns1 qOCATHEHHS ITOCTaBIICHOT METH HEOOX1THO BHPIIIMTH TaKi 3aj1a4i:

- po3pobuTu anroput™Mu (HopMyBaHHS OOBOIB 13 33/IaHOI0 TOYHICTIO,
110 TIPEJICTABIIAIOTH KPUBI JIiHI1, 3a]]aH1 aHAIITUYHO a00 KOHCTPYKTHUBHO, SIKI
€ MHIMHAMH €JIEMEHTaMH BU3HAYHUKA TTOBEPXHI;

- po3poOuTH mporpamMHe 3abe3MeueHHs Al aBTOMAaTHU30BaHOTO
dbopmyBanns B CAD-cucteMi KapkaciB, 110 CKJIaAal0ThCs 3 0OBOJIB, IO €
JHIAHUMHU eJIeMEHTaM1 BU3HAYHUKA [TOBEPXHI;

- BUOpoOyBaTH  po3po0JeHYy  METOAMKY sl  (OpMyBaHHS
(GYHKIIIOHATBLHUX TTOBEPXOHB TIAHETAPHO-POTOPHOTO KOMIIpEcopa.

OcHosna wacmuna. ANTOpUTM, IMO JO3BOJISIE BU3HAYUTH 00JaCTh
MO>KJIMBOTO PO3TallyBaHHS KPUBOI JIiHII, 3aCHOBAaHUM Ha KOHTPOII
BUHUKHEHHS OCITWJIAIIT (3MiHA OMyKJIOCTi-YBITHYTOCTI) Ha 11 mimstHKax. J{ims
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OITyKJIO1 KPHBOi, B KOKHIM TOYIll SKOi iICHY€ €IMHE TOJIOKEHHS JTOTHYHOI,
Oyab-sika JAUISHKA pO3TAIIOBYETbCA BCEPEAMHI TPUKYTHHKA, SIKUAN
HaszuBatuMeMo OazucHuM. basucuuit TpukyTHUK (BT) 0OMexenuit xoporo,
10 3'€IHYIOTh TOYKH, L0 HAJEXKaTh KPHBIH, 1 JOTHYHI O KPHUBOi B IHX
TOYKAaX.

Bynb-sxuii 00BiI, 110 IHTEPTEPIIOIIOE TOUYKOBHUM psiJl, TPU3HAYCHUH Ha
OMYKJIIN KpWBIA, Ha JUISHKAX SKOTO HE BIJOYBA€THCS 3MIHU OIMYKJIOCTI-
YBITHYTOCTI, pO3TallIOBY€ThCS BcepeaAuHi mociiioBHocTi BT 3 BepmmHaMu B
BY3JIOBUX TOYKax oOBoay. Bucory BT HaiOuIbIIOi MOBXKWHM MOXKHA
BBA)KATH MAKCUMAJIbHY a0COIOTHY MOXUOKY 1HTEPITOJISIII.

VY pasi konu BUXiJHI TOYKA OOBOJY BHU3HAUEHI HA HEBIJOMIiM KpUBIH,
JOTUYHI 70 OOBOAY BHU3HAUAIOTHCS BHUXOIAYM 3 11 mepeadaduyBaHUX
BiacTuBocTel. Lli€ro BIACTHUBICTIO € HAMPSAM 3pOCTaHHS PaJilyCiB KPUBUHU
B3JIOBXK KpHBOi. HampsiMOK 3pocTaHHS paliyCiB KPHBUHU BU3HAYAETHCS HA
OCHOBI CTHMYHHX KUI, IO MPOXOAATh 4Yepe3 TPU IMOCTIAOBHI TOUKH PALY.
HampsiMm 3pocTaHHs B30BX KpPUBOI pajilyClB CTHYHHMX KIJT 1 pajlyciB
KpuBUHU 30iraerbes. [lonokeHHS MOTMYHOI BU3HAYAETHCA SK CEPETHE
MOJIOKEHHST TOTUYHUX JIO JBOX CTUYHHUX KU, IO MPOXOJSATh 4epe3 JaHy
TOUKY.

Ha ocHOBI 3a3Ha4yeHOr0 AaJrOpPUTMy PO3pPOOJEHO TEXHOJIOTIIO
aBTomaTtu3zoBanoro ¢opmysanas JiHii y CAD-cucremi SolidWorks. Ha
MEepIIOMY €Tari BU3HAYAIOTHCS KOOPAUHATUA TOUYOK, IO HAIEKATh OMYKIIIH
JUJISTHIT KPUBOI, III0 MOJCITIOETHCS, 1 MOCioBHICTh BT, chhopmoBaHuX Ha 1X
OCHOBI. YM0OBa (hopMyBaHHS TOUKOBOTO psily — MakcumaibHa Bucota bT He
NEepPEeBULLY€E AOMYCTUMY aOCONIOTHY MOXMOKY (popmyBanHs diHIT y CAD-
CUCTEMI.

[Iporpama nns QgopmyBaHHS JiHIM po3poOJeHa 3 BUKOPUCTAHHSIM
iHcTpyMeHnTy API (Application Program Interface) mporpama interpoBana 13
CAD-cucremoro — SolidWorks. Buxignumu paHumMu ajis mporpamu €
TEKCTOBI (pailyik 3 KOOpJMHATAMHU TOUYOK, SIK1 TIOTIEPETHBOT PO3PAXOBYIOThHCS
B cepenoBuili Maple. IIporpama aBTOMaTW4HO CTBOpIOE B-crimaiiH, 110
IHTEPIOJIIOE BUXITHUN TOYKOBUMM psif. Ha oCHOBI oTpumaHOi CIutaiiHOBOT
KpUBOi 3a JomoMoror craHaaptHux ¢yHkmiii SolidWorks ¢opmyeTnes
KOMIT'FOTEpHA MOJIEJIb IOBEPXHI.

Po3pobnena  TexHoyOris  BUKOPHUCTaHA IS MOJICITIOBAaHHS
(GyHKIIOHATFHUX TIOBEPXOHb IIAHETAPHO-POTOPHOTO KOMITPECOpa.

Cxemy poOoTH KoMIIpecopa IMokazaHo Ha puc. 1. Kowmmpecop
ckianaerbest 3 kopmyca (1) ta poropa (2). Ilpu obkaTyBaHHI 3y0uaToro
KoJieca (3), sike 3'elHaHe 3 pOTOPOM, HEPYXOMOTo 3ybuaToro kojeca (4), sike
3'€IHaHE 3 KOPIYCOM, POTOP 3/IACHIOE IJIaHeTapHEe OOepTaHHS BCEpPEeauHI
Kopnycy. BepmmHu poropa 3HaXoIATbCS Y MOCTIMHOMY KOHTAkKTI 13
BHYTPIIIHBOIO TOBEpXHEI Kkoprycy. IloBepxHi poropa Ta KOpIyCy
00MeXyI0Th TpU poboUl kKamepu Kommpecopa. [Ipu o6epranHi poTopa 06'em
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poOoumMx Kamep IMOCTIHHO 3MiHIOEThCsA. Ha puc. 1 moka3zaHO TOJIOKEHHS
poTopa, mMpu SKOMY 00'eM poOOdY0i Kamepw, OOMEXKEHUN CTOPOHOIO A,
MakcuMaibHuM (puc. 1, a) Ta miHimManbHui (puc. 1, 6). IlpoaykTUBHICTH
pobOTH KOMIIpEecopa BHU3HAUAETHCS PIZHUIICIO J1aMETPIB IIECTEPEHb
IJIaHETapHO-POTOPHOTO MexXaHi3My (mo3uilii 3 Ta 4) Ta po3MipamMu poTopa.

a) 0)
a — 3a MakCHUMalbHOro o0cAry poOodoi kamepu; O — T1Ipu
MiHIMaJIbHOMY 00cs131 po0040i kKaMmepu
Pucynok 1. IlosnoxeHnHs poOo4Yux OpraHiB IJIaHETAPHO-POTOPHOTO
KOMIIpecopa

PoGoua TmOBepXHS KOPHyCy € UWIIHAPUYHOIO TIOBEPXHEI0, SIKY
BHU3HAYAE EMITPOXOifa - KpMBa, OTPUMaHa PYXOM BEPIIUHU POTOpa (TOUKa
A), ’KOpCTKO TOB'13aHOI0 BiAcTaHHIO d 1 KyToM @ 3 KojoM paziyca R. Ile
KOJIO KOTUTBHCS 0€3 KOB3aHHS 10 3adiKCOBAHOMY KOJy pajiyca r (puc. 2, a).
CmiBBigHOIIEHHS MiX paaiycom pyxomoro (R) 1 Hepyxomoro (r) Kia
CTaHOBUTH 3/2.

4

/_\—/_\

a)
a — cXxeMa YTBOPEHHS E€miTpoXOoinu; 0 — CIMEHCTBO emITPOXOil JJIs
pi3Hux 3Ha4eHb R mpu R/r=3/2
Pucynok 2. ®opmyBaHHs nmpodisII0 KOPIMyCy KoMIpecopa

[Tonepeunnii mepepiz poropa — KPUBOJIHIKHUN TpUKYTHUK Pemno,
CTOPOHU SIKOTO yTBOPIOIOThCA Ayramu Kisl. Po3Mipu potopa BU3HAYalOTHCS
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BIJICTAHHIO MK LIEHTPOM 1 BEPUINHOIO TPUKYTHHKA.

[Tpu He3minHiN BiacTaHi d 301IbIICHHS pajlyciB KiJl MPU3BOAUTH 10
TOTO, MO (opMa KOPIMYCYy CTa€ OIIBIN BUTATHYTOIO 1 HalBY)X4a 4acTHHA
KOPITyCy 3MEHIIY€eThes (puc. 2, 6). B pe3ynbrari 3011bIIyeThCA aMILTITYAA
KOJIMBaHb pPOTOpa Ta PI3HULS MDK MaKCUMaJbHUM Ta MIHIMAJIbHUM
obcsiramu pobounx kamep. [IpoayKTHBHICTE KoMIpecopa 30LIbITYEThCS.
[Ipu 3017bIIEHH] pajlyCiB KiJI HACTA€ MOMEHT, KOJHM Tpodiii KopIycy 1
poTOpa MEepeTUHAIOTHCS (POTOP 3aKIMHIOETHCA B Kopmyci). Jius potopa 3
NEPEeTUHOM y BUIJISII TPUKYyTHUKA Peiso, skuil BU3HAYAETHCS PO3MIPOM
d=60 MM MakcUMaJbHUI 3 MOXJIMBHUX PaJlyC AUIOBOIO KOJa PyXOMOI
mecTipai R=23,4 mwm.

Jns moaanbIioro 301IbIIEHHS 00CATY poOOYMX Kamep 3HaaoOuiacs
ontumizauisg npouro poropa. CTOpoHa ONTUMIZ0BAHOTO MPO(D1II0 poTOpa
chopmoBaHa B-cmiaiiHOM, 10 IHTEPIPETYE TOUKOBUU pANl, KOOPAUHATH
BY3JIIB SIKOTO BHM3HA4€HI KOHCTPYKTHUBHO. [l0JI0O)KEHHS BUXIJIHHUX TOYOK
BHU3HAYAETHCS CKIIAJIOBOI0 KPUBOIO, JUIAHKHU SIKOT (POPMYIOTHCSI B TaKH
cnoci0. IlonoxkeHHs BuXITHOTO mpoduIro poropa ¢ikcyerscs. KoHTyp
KOPILyCy OPCTKO 3B'SI3yeTbcsl 3 Kojo paniyca r. Lle komo oOkarye
3adikcoBane koJio R, 1 mpodiias Kopmycy 31iiCcHIOE TuTaHeTapHui pyx. [1pu
bOMY PYX BHU3HAUAETHCS YaCTMHA POTOpPA, 110 MOTPAIUIIE B MEXI1 PI3HUX
MOJIOKEHBb KOHTYPY Koprycy (puc. 3). Onrtumizaiiis popmu poTopa nmossrae
y BUJIaJICHH] 3a3HaY€HO1 YaCTHUHHU.

Pucynox 3. [lepemileHHs emTpOXO0iau MoA0 Mpodi0 poTopa

Jlnst  dhopMyBaHHS BHXITHOTO TOYKOBOTO DSy BHU3HAYAETHCS
TIOCJTIIOBHICTB TIOJIOKEHBb KOHTYPY poTOpa. YHUCITO ITUX TOJIOKEHD JJOPIBHIOE
KUIBKOCT1 BUXIJTHUX BY3/1iB. DOpMy€eThCs CKJIaioBa KpUBa, KOXKHA JUISTHKA
SKOi HaJIKUTh EMITPOXOi/ll B OJHOMY 3 ii MOJIOKeHb. JUISHKH OOMEXeH1
TOYKAMU TIEPETUHY TOCIIJOBHUX TIOJOXKEHb EmiTpoxoimy. Y cepenuHi
KOXKHOT JIIJITHKY MPU3HAYAETHCS BUXITHA TOYKA. 3 OTPUMAHOTO TOYKOBOTO
psny hopmyeTbest B-crutaiid - onTUMi30BaHMIA KOHTYP pOTOpa.

OnTtumizoBani podisi Koprycy Ta potopa chopmoBaHi sl paaiycy
pyxomoro koja R=30 mm (po3monimpHUN diaMeTp PyXOMOTO 3y0OdYaToro
KoJieca IJIaHETApHO-POTOPHOTO MEXaHi3My) Ta BijicTani d=60 MM (BiJCTaHb
B1JI LICHTPY TSDKKOCTI MEpepi3y poTopa J0 WOro BEPIIUHHM).
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[Ipodine croponn portopa chopMOBaHMA Ha OCHOBI 32 TOYOK,
KOOPJIMHATH SIKUX PO3PAaXOBaHi 3a 3aIIPOITOHOBAHOIO METOAMKOI0. B Tabmuiri
1 HaBeEHO XapaKTEPUCTUKHN BUX1THOTO TOYKOBOTO Py JJIst (POpMYBaHHS
portopa: h; — 1oBkHHA XOP/IU TOUKOBOTO PAY, O; — MOXHOKA IHTEPIOJIALIT Ha
BIIMOBIAHIN IUIAHIN. MakcuManbHa aOCOJIFOTHA MOXUOKA THTEPIOJIAIT (O;)
cknana 3,16 10 mm (Tabmmns 1).

Tabnuys 1
Buxigni gani jis opmyBaHHs npodiiro potopa
i 1 2 3 4 5 6 7 8
hi, MM 3,843 13,656 | 3,322 [ 3,110 | 3,063 | 2,895 | 2,944 | 2,642
8, -10%mm | 2,19 | 2,31 | 223 | 2,65 | 2,18 | 2,96 | 248 | 2,46
i 9 10 11 12 13 14 15 16
hi, MM 2,542 12,487 | 2,657 | 2,398 | 2,841 | 2,955 | 2,814 | 2,982
8, -10*mm | 2,92 | 3,08 | 3,02 | 2,94 | 3,02 | 3,16 | 3,12 | 3,06
i 17 18 19 20 21 22 23 24
hi, MM 2,564 | 2,841 | 2,654 12,369 | 2,854 | 2,631 | 2,842 | 2,723
di, MM 2,96 | 2,83 | 3,04 | 2,83 | 2,67 | 291 | 2,84 | 2,65
i 25 26 27 28 29 30 31 32
hi, MM 3,215 13,459 | 3,561 [ 3,679 | 3,812 | 3,642 | 3,841 | 3,692
5, 10* MM | 2,89 | 292 | 2,58 | 2,71 | 2,86 | 2,67 | 2,59 | 2,51

Bubpani mnapameTpu MJIaHETapHO-POTOPHOT MAIIMHU BU3HAYUIIU
npodisib KOPITYCY Yy BUTJISII €MITPOXOIAH, 10 BUBHAYAETHCS PIBHAHHIMMU:

¢

x:IOcos¢+60-cos§,

y=10sin¢g+ 60- siné.
3

Ha oTpumaniil KpuBiii po3paxoBaHE MOJOKEHHA BY3JIB BHUXIJHOTO
TOYKOBOT'O Psiy, Ha OCHOBI SIKOTO c(opmoBaHO B-crmailH — miHIAHUN
eneMeHT a1 popmyBaHHs Mojeni noBepxHi SolidWorks. Xapakrepuctuku
TOYKOBOT'O PSY, III0 HAJIEKUTh J0 OJHIET UBEPTI EMITPOXOiaH, HABEICHO B
tabauili 2. MakcumanbHa abCOJIIOTHA MOXMOKA MOJaHHS emiTpoxoigu (0;)
cxnana 2,94-10* mm.

BuximHi TOYKOBI psiy, Ha OCHOBI SKHUX MOJCIIOIOTHCA KOHTYpHU
poTopa Ta Kopiycy, copMoBaHI BUXOASYN 3 BUMOT HEOOX1THOT TOYHOCTI
iHTepnosii. L{s TouHiCTh Ma€ mepeBUIlyBaTH TOYHICTD, 3 IKOKO BEPCTaT 13
UIIK 3abe3neuye oOpoOKy 3amporpaMmoBaHuX Tpaektopiil. st ocobmuBo
TOYHMX BEPCTATIB (Kiacy 3) 1 TOUHICTh CTaHOBHUTH 1,610 MM.

TpuBumipHa Moaens BUpoOy, ctBopera B CAD-cuctemi (SolidWorks),
iMroptyethbesi B CAM-cuctemy (PowerMill). Imnopt Mozeni 3a1CHIOETBCS
3a JIOTIOMOTO0 TIPSIMUX TPAHCIATOPIB a00 Yepe3 HeUTpalibHi opMaTH 1ges,
X_b, step, sat Ta iH1111, SIK1 IEpEAAIOTH AaH1 PO MOBEPXHI, III0 OOMEXKYIOTh
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Tabnuys 2
Buxingni nani s popmyBaHHS PO iII0 KOPITyCy
i 1 2 3 4 5 6 7 8 9
hi, MM 3,65 13,54 3,53 3,48 |3,65|3,22|3,87|3,46| 3,39
i, -10* MM | 2,46 | 2,63 | 241 | 2,16 | 2,36 | 2,82 | 2,46 | 2,65 | 2,81
i 10 | 11 12 | 13 | 14 | 15 | 16 | 17 | 18
hi, MM 3,73 13,68 | 3,13 1298 |3,84 | 3,97 | 3,61 | 3,12 | 3,36
i, 10 mm | 2,63 | 2,31 | 2,64 | 2,87 | 2,94 | 2,64 | 2,51 | 2,69 | 2,74
i 19 | 20 | 21 | 22 | 23 | 24 | 25 | 26 | 27
hi, MM 3,85 13,67 |3,65(3,94 (3,62 3,74 |3,64|3,82]3,52
i, - 10*Mm | 2,46 | 2,32 1245 (2,56 | 2,74 | 2,62 | 234 | 2,71 | 2,63

Bupi0. Kepyroua mnporpama o0OpoOku BupoOy Ha Bepcrari 3 UIIY
CTBOPIOETHCS 3 JONOMOT 00 cTaHnapTHUX PyHkuin CAM — cucremu.

Bucnosku. 3anpornonoBana y poooti metoaunka MojentoBants B CAD-
CUCTEMI MOBEPXOHb CKJIaIHOI (POPMH 3aCHOBaHA Ha (popMyBaHHI OOBOJIB,
K1 13 3a/1aHO0 TOYHICTIO MTPEACTABIISIIOTH JIiHIT 13 BU3HAYHUKA [TOBEPXHI.

Po3po6iieHi anropuT™Mu 103BOJSIIOTH BUSHAUWUTH BUXITHUNA TOYKOBHIMA
P, 0 HAJIEKUTh OyAb-sIK1 KPUBIH JiHI1, 1 320€311€UyI0Th 331aHy TOYHICTh
iHTepnosii nmpu GopMyBaHHI 00Bomy B-crutaitHom abo gyramMu KpuUBUX
npyroro nopsaky. CTBopeHe Ha OCHOBI pO3p0o0IeHOT METOUKH IIPOTrpaMHe
3a0e3MeUeHHs] BUMPOOYBaHE IMiJl Yac MOJEIIOBaHHS (yHKIIOHATIBHUX
MOBEPXOHb [IJIAHETAPHO-POTOPHOTO KOMIIPECOpA.

3 MeTor 30UIbIIEHHS MPOAYKTUBHOCTI KOMIIpECOpa BUKOHAHO
ONTHUMIi3allii0 PoOOYNX MOBEPXOHBb poTopa. MakcumanbHuil 00csar pobodoi
KamMepH 30UIbIIECHO 32 paxyHOK 30UIBIICHHS PajalyCy PyXOMOro 3y04aToro
KoJieca IUJIaHETApHO-POTOPHOTO MeXaHi3My. 3 METOH 3anoOiraHHs
3aKJIMHIOBAHHS POTOpa y Ipolecl poboTH KoMmipecopa OyJio 3MIHEHO
KOHTYp poTopa. BuxigHuii KOHTYp, cpOpMOBAaHOTO Kojia OyB 3aMIHEHHI Ha
0OBiJl, IO IHTEPTEPIOIIOE TOYKOBHM psiJi, BY3JIM SKOTO IMPU3HAYEHI 3a
CHELIAIBHO PO3pPOOJICHUM  aJIrOPUTMOM. AJTOPUTM 3aCHOBAaHUN Ha
BHU3HAYECHHI B3aEMHOT'0 PO3TAIllyBaHHSA KOHTYPY KOpIyca Ta poTopa y pi3Hi
MOMEHTH pOOOTH KOMITIpecopa.

HenomnikoMm 3ampornoHOBaHOi METOAMKH 1 T€, 10 BOHA IMOJIATaE Y
dbopMyBaHHI JHIIIE TUIOCKKX O0BOAIB. 3aBIaHHS MOJATBIINX JTOCTIKEHb —
IHTEpIIOJIAIIS 13 3aJaHOI0 TOYHICTIO TOYKOBUX PsIIB, IO HaJeKaTh
MIPOCTOPOBHUM KPUBUM JTIHISIM.

Bupimenns Takoi 3agadi  JO3BOJIUTH  MIJBUIIUTH  TOYHICTH
MOJICJIIOBAaHHSI HANIPSIMHUX KPUBHX JIIHIN 3 BU3HAUHUKA MOBEPXHi. Takumu
KPUBHMH € OChOBI JIIHIi TOBEPXOHb, PYHKI[IOHATBHUM MPU3HAYEHHSM SIKUX
€ TpaHCHOpPTYBaHHS  CepeloBUIA. Taki TMOBEPXHI  OOMEXYIOTh
MDKJIONIATKOBI MPOCTOpU TypOiH, KaHaimu TpyoompoBoau. Kpim Toro,
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3'IBUThCSI  MOXJIUBICTE  (popmyBatu B CAD-cuctemi  TpaekTopii
nepeMireHHs: oOpoOHOTO IHCTPYMEHTY BHXOISYM 13 3aJaHOI TOYHOCTI
pO3TalllyBaHHsS IUX TPAEKTOPi Ha MOBEPXHSIX, SIKI OOMEXYIOTh MOJEIb
BUpOOy, cTBopeHy B CAD-cuctemi.
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Yu. Kholodniak, Ye. Havrylenko
Dmytro Motornyi Tavria State Agrotechnological University

DEVELOPMENT OF TECHNOLOGY FOR FORMING CAD-MODELS OF
TECHNICAL PRODUCTS

Summary

The modeling technology in the CAD system involves the formation of surfaces
based on linear frames. The geometric characteristics of the frame elements (curved lines)
determine the functional properties of the simulated surfaces. The modeling technique in
the CAD system of surfaces of complex shape, based on the formation of contours that
represent lines from the surface determinant with a given accuracy is proposed in this
article.

The developed algorithms make it possible to determine the initial point series
that belongs to any curve of the line and provide the specified interpolation accuracy when
forming the contour. The software created on the basis of the developed technique was
tested in modeling the functional surfaces of a planetary rotary compressor.

Models of the surfaces of the housing and rotor are formed based on the gear ratio
of the gearing of the planetary-rotor mechanism and the dimensions of the rotor. In order
to increase the compressor performance, optimization of the rotor working surfaces has
been performed. The maximum volume of the working chamber is increased by
increasing the radius of the movable gear of the planetary-rotor mechanism. In order to
prevent jamming of the rotor during compressor operation, the rotor contour was changed.
The initial contour of the formed circle was replaced by a contour interpolating a point
row whose nodes were determined by a specially developed algorithm. The algorithm is
based on determining the relative position of the body and rotor circuits at various times
of the compressor. Modeling the compressor working surfaces required the formation of
linear frame elements based on a point series obtained from the analytical representation
of the curve and a point series obtained constructively.

The disadvantage of the proposed method is that it is based on the formation of
only flat contours. The task of further research is the interpolation with a given accuracy
of the point series that belong to spatial curved lines.

Key words: CAD model, frame of surface, plane contour, oscillation, monotonic
change of differential geometric characteristics.
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BUKOPUCTAHHS VR-TEXHOJIOTTIA B HAYKOBHUX
JTOCTUTKEHHSIX

Anomayis. I1iIBUIIEHHS SIKOCT1 OCBITH HEMOXJIMBO 0€3 BUKOPUCTAHHS
HOBUX TIJIXOJIB Ta METOAIB HaBYaHHS, $KI BIPOBAKYIOTHCS B TICHIM
B3a€EMOJIIi 3 HOBITHIMU 1H(GOpPMAIITHUMU TEXHOJIOTISIMU. [HTEpaKTHBHI
TEXHOJIOT1I HaBYaHHS, BKJIIOYaOYW VR-TEXHOJIOTIH, MalTh BEIUKUH
OCBITHIH 1 pPO3BUBAJIBHHUI TMOTEHIIAN, 3a0€3MeuyloTh MaKCUMAaJbHY
aKTUBHICTh YYaCHUKIB OCBITHHOTO MIPOLIECY 1 HOTO PE3YIbTATUBHICTD, JAIOTh
MO>KJIMBICTh BUOOPY ONTUMAJIBLHOTO Yacy HaBYaHHSI.

B naHiil cTaTrTi pO3rASHYTO OCHOBHI CIOCOOM Ta MpOrpamMu JJist
uudpoBux TexHosorik. IlpeacTaBieHo OCHOBHI MPOrpamHi MPOAYKTH, 3a
JIOTIOMOTOI0 SIKUX CTBOPIOIOTHCS Ta 3alpOBAKYIOTHCS CITIOCOOM HAaBYaHHS,
€JIEKTPOHHI MIIPYYHUKH, BIpTyalbHi JJabopaTopii, CUCTEMa KOHTPOJIIO Ta
OIIIHIOBAHHSI.

[IpencraBieHo OCHOBHI MPOTPaMHi MPOIYKTH, 3a JTIOTIOMOTOIO SIKUX
CTBOPIOIOTBHCSI Ta 3alpOBAKYIOThCS CHOCOOM HaBYaHHS, €JIEKTPOHHI
M1IPYYHUKH, BIpTyasibHI JIab0opaTopii, cucTeMa KOHTPOJTIO Ta OIIHIOBAHHS.

[IpoananizoBaHO MOXKJIMBOCTI BUKOPUCTAHHS OH-JIaifH IHCTPYMEHTIB Ta
pecypciB, sIKI JO3BOJISIIOTH OPraHi3yBaTH CHIBIPAIIO MM 4Yac HAyKOBUX
JOCHiKeHb. B po0OOTI BHALIEHO OCHOBI TEXHIKM CTBOPEHHS Ta
BUKOpUCTaHHA VR-TeXHONOrH y cy4acH1 OCBITI.

OpHuM 3 epCHeKTUBHUX OCBITHIX METO/IB CyYaCHUX 1H(OpMaIIiTHUX
TEXHOJIOT1 € OCBITHE CEpeloBHIE — BIpTyalibHa peayibHICTh (BP), sxe
MOJICIIIOETHCSI KOMITFOTEPOM 1 PO3TISIAETHCS K 0cOoOIUBE 1H(hOpMaIlliiine
CEpelIOBUIIE, B IKOMY BCl 00'€KTH MPECTaBICH1 B TPUBUMIPHOMY IIPOCTOPI.
HaBuanbHi BIpTyaldbHI NOpPOrpaMH HE MOXYTh TOBHICTIO 3aMIHUTH
BUKJIQJIaHHS B HaBUAJbHUX 3aKJIagax, 00 B MiJICYMKY BOHH € JIUIIE IMITaIll0
peanbHUX fiii Ta 00’€KTiB B iH(OpMaliiiHOMy TpocTopi. IX XOmiNbHO
IIMPOKO BHUKOPUCTOBYBATH WLIOJ0 HAWCKIAIHIIIUX TEeM, IMPOBEIEHH]
JOCTIAIB, SIKI MOXKYTh OyTH HeOe3MeUHl B peasibHIl CUTYaIli.

© O. O. lepesa, b. B. bontsucekuii, C. B. Jlepesa
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Knrouosi cnosa: i1HTEpakTUBHI TeXHOJIOT1i, VR-TeXHOOTI1, BipTyanbHa
nabopaTopis, BIpTyalbHUN TpPEHAXKEpP, BipTyalbHA PEabHICTh, IPOTpaMHE
3a0€3MeYeHHS.

Ilocmanoeéxa npobremu. Y CydacHOMY CEPEIOBHINI OJHUMH 3
rOJIOBHUX 3aBJaHb € HABYUTH JIIOJJMHY HABUATHCA Ta OOYUUTH €(PEKTHUBHIMI
B3a€EMO/Iii B MpOIIeCci HaBYAJIbHOI TISJIBHOCTI, TOOTO (hOopMyBaTH 31aTHICTh
[IJIECIPSIMOBAHO OBOJIOJIBATH MPOdeCcIifHUMU HaBUYKAMU, 3HAXOAUTH Ta
OIpallbOBYBAaTH HAYKOBI JIaH1, MPOSIBJSATH CBIA TBOPYMM MOTEHIIAJ, 3HAUTH
IUISIX 10 CAMOBHPKECHHS Ta peaiizallii cede B xuTTi [1, 2, 3].

Y HayKOBHX JOCIHIJKEHHSX IHTEPAKTUBHI TEXHOJIOTIi, BIIIrParOTh
Ty’Ke BaXKIMBY pOJIb, OCKIIBKM TIOBHE 3allyuyeHHS B MPOIEC HAYKOBOTO
JOCTI/DKEHHST 32  JOMOMOTOI0  CIOCTEPEXKEHHA 32  MaKCHMAallbHO
pPEaNICTUYHOI0 KapTUHKOIO MIABUILYE MOTHBALIIO i YCIIXHM B OTPUMAaHHI
3HaHb, CTUMYJIIOE MO3KOBY JiSJIbHICTb.

OnHUM 3 IEPCIIEKTUBHUX OCBITHIX METO/IB Cy4acHUX 1H(OpMaIiitHUX
TEXHOJIOT1 € OCBITHE CEpeJOBHINE - BipTyanbHa peanbHICTh (BP), ska
MOJICIIIOETHCSI  KOMIT FOTEPOM 1 PO3IVISIIAETECS B SAKOCTI  OCOOJIMBOIO
1H(OopMaIIHHOTO Cepe/loBUIlla, B SKOMY BCl 00’€KTH MpEeACTaBJICHI B
TPHOXBUMIpHOMY TipocTopi. [1].

Buxopucranus BP B Hayii — Bi3yamizaiisi BHYTPIIIHBOI OyJI0BU
00’€KTiB, MOJIEKYJSIPHUX 1 aTOMHHX CTPYKTyp. 30KpeMa B TEXHIIll
BIpTyaJIbHa pEaNbHICTh 3a0e3reuye AUCTAHI[IHHE 1 TOYHE KEepyBaHHA
IHCTPYMEHTaMH.

VYKkpaiHcbKa OCBiTa Hapasi pOOUThH TUIBKHM MEpIIl KPOKH B HANPSIMKY
BUKOPHUCTaHHS HOBITHIX TEXHOJOT1N. [CHY€e HU3Ka poOieM, Kl 3aBaKatoTh
BIIPOBA/PKYBATH TEXHOJOTIi BIPTyaJbHOI Ta JOMOBHEHOI pPEAJbHOCTI B
ocBiTHIX 3aknagax. CmopaBai, Google Play ta App Store mponoHyooTbh
BEJIMKY KUIbKICTh MOOLIBHUX 3aCTOCYHKIB 3 JOIIOBHEHOIO PEAbHICTIO, a B
Mara3uHax MpeACcTaBiIeHo MHUPOKUi BUOIp VR-mpuctpoiB. Ane monpu ue
YKpaiHOMOBHOTO KOHTEHTY BC€ WI€ HEIOCTaTHbO Ui TPOBEACHHS
MOBHOIIIHHUX HAyKOBHUX JIOCHI/DKCHb 3a JOMOMOTOK I1HTEPAKTHBHUX
TexHoJjoriH [5, 11].

CydJacHi IOCHIKEHHS BIPTYyaJIbHOI peaqbHOCTI B YKpaiHi epeBaKHO
CTOCYIOTBCSI TIPOOJIEM BIPTYaJIbHOI OCBITH, BUKOPUCTAHHS VR-TeXHOIIOTIi
IIPY CTBOPEHHI AW3aiHy 1HTEp €piB, OyAIBHUIITBA MOCTIB, Y KOHCTPYIOBaHHI,
IHKEHEPHO-apXITeKTypHIi Ta iHmMX chepax. OkpeMi aBTOPU HABOASTH
nepeBard BUKOPUCTAHHS TEXHOJIOT1H BIPTYyaJIbHOI pEaIbHOCTI Y MEAMIIMHI,
KOPIOpPATUBHIN OCBITI, aBTOMOO1IEOyAyBaHHI, ITUGPOBOMY MAPKETHHTY,
CyIHOOYAyBaHHI TOIIO. 3Ba)KalOUM Ha CTPIMKHM PO3BUTOK TEXHOJIOTIN
BIPTYyaJIbHOI PEAIbHOCTI, 3pOCTal0Uy KUIBKICTH 1 sIKICTb VR-IeBaiiciB, ski
3 SIBJISIIOTHCS HA TEXHOJIOTTYHOMY PUHKY, BapTO OYIKYBATH, IO 1 KIJIBKICTh
Oi3Hec-Mozienield 3 iX BUKOPUCTaHHSIM 3pocTaThuMe. ToMy BBa)XKaeMo 3a
HeoOXimHEe  YTOYHUTHM BIUIMB  VR-texHomorii Ha  QopmyBaHHs
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KOHKYPEHTOCTIPOMOKHOCTI OpraHi3ailii Ta OI[iIHUTH iX Bary mpu CTBOPCHHI
Oprasizaii€ro KOHKypeHTHHX Tiepesar [5, 11, 12].

BipTyanpHa peanbHICTh KOHCTPYIOE€ HOBHI IITYYHUH CBIT, a JOMTOBHEHA
— JIWIIE BHOCUTh OKPEMI IITYYHI €JIEMEHTH y CIIPUIHATTS pEaTbHOTO CBITY.
Hezabapom Taki T€XHOJIOTIi CTaHYTh 3BUYHOIO YACTHUHOIO MOBCSKIECHHOTO
#uTTsa. OJHAK iCHYe HHU3Ka TpoOsieM, Kl 3aBaKaloTh BIPOBAIKYBaTH
TEXHOJIOT1i BIPTYaJIbHOI Ta JIOMOBHEHOI PeajbHOCTI B OCBITHIX 3aKjajax.
3HauHe MOWUpPEeHHs camMe VR-TeXHOJOrid Ie CTPUMYIOTh, MO-TEpIIE,
HU3bKa SKICTb VR-KOHTEHTy, MO-Apyre, pO3pI3HEHICTh IaThopMm 1
BIJICYTHICTb €TMHUX CTAHJAPTIB IPU MOTO CTBOPEHHI, IO-TPETE, BIJICYTHICTh
YITKOi CUCTEMHU IUCTpUOYyLIi, €EAMHOTO MaiJaH4MKa, /¢ Oyiau O 310paHi
BIJIIIOBIJTHI TPOTYKTH.

Axmo npobiemMu  OTpUMaHHS  HaByajibHOI  1H(OpMalii npu
JUCTAaHUIMHOMY  HaBYaHHI  YCHINIHO  BUPIMIYIOTBCS, TO  HAOyTTH
JOCTIAHUIIBKUX  HABUYOK  3alMIIAE€THCS HABYAJIBHOI 1 HAYKOBO-
METOJUYHOIO MPOOJIEMOIO.

Ananiz ocmannix oocniodcens. O0OCAT pUHKY OCBITHBOT'O ITPOTPaMHOTO
3a0e3neyeHHs NOCTIHNHO 3pocTae. besniu TeXHONorii BUKOPUCTOBYIOTh AJIs
3a0€3MeUYeHHs] 1HTEPAaKTUBHOTO HaBYaHHS B yCiX cdepax oOcBITH. Y
HepxaBHomy  yuiBepcutetri  [liBHiuHoi  Kapominu  BipTyalibHy
peaNbHICTh BUKOPUCTOBYIOTH M1l Yac BUBYEHHS MNPUPOJHUYUX HaykK. [lif
4yac  BIPTYyaJbHUX  IMOJIbOBUX  JOCHIIPKEHb  CTYJEHTH  3HaXOMSTh,
CIIOCTEPIraloTh 1 BUBYAIOTH OPTaHI3MH B IXHbOMY MPUPOTHOMY CEPEOBHIII
icnyBaHHs. Y IleHHCbKOMY Jnep:kaBHOMY yHiBepcuTeTi B IleHcinbBaHii
CTYJIEHTH BCIX CHELialbHOCTEW BIABIAYIOTh MPAKTHYHI 3aHATTA Yy Kjacax,
oONaHAHUX TEXHOJOTrIAMHM BIPTyaJdbHOI peanbHOCTI. Takuil mMmiaxiza
nigBuiy€e e(QEeKTUBHICTh HaBYaHHS Ta TOTYE JI0 pealbHUX pPOOOYUX
cutyauiil. ¥ BecTMmiHCTEpCchbKOMY yHIBEpCUTETI 30yJ0BaHO BIpTyaJbHHMA
IPOCTIP AJIA CTYACHTIB KPpUMIHAJIBHOTO Mpasa [5].

TexHomorii MOBHOTO a00 YaCTKOBOTO 3aHYPEHHS y BIPTYaJbHUW CBIT
a00 pi3HI BHIM 3MIMIAHHS peajIbHOI 1 BIpTyanbHOI peasbHOCTI (IMEpCUBHI
TEXHOJIOTii) Bce naiai HaOyBalOTh MOIIMPEHHS IO BChOMY CBITY. lle
IHTerpallisi BIpTyaabHOTO BMICTY 3 (DI3HUYHUM CEPEIOBHINEM, IO JO3BOJISIE
MPUPOITHO B3AEMOISATH 31 3MIMIAHOIO PEATBHICTIO. Y TPAKTHUIIl BUYUTEIIB
3aKOPJOHHHMX 3aKJaiB OCBITH INPHUKIAJH BHKOPUCTAHHS IIi€1 TEXHOJOTIi
BiJIOOpaKatoTh 3aCTOCYBaHHS YOTUPHOX THIIB 3aHYPEHHS, a came: IMOBHE
3aHYpPEHHs, YaCTKOBE 3aHYPEHHS, 0€3 3aHypeHHs Ta TIOEJHAHHS BIpTYyaIbHOI
1 JOTIOBHEHO1 peabHOCTEH.

B piiicHuii yac iCHye MaJlo CHUCTEMAaTHYHOI pOOOTH MpO Te, 5K
JOCJIITHAKH 3aCTOCOBYBAJIM IMEPCUBHY BIPTyallbHY pEajbHICTh IS LIJIEH
BUIIOT OCBITU. [HO3E€MH1 aBTOPHU MIAKPECTIOIOTh TPU KIOYOBUX MOMEHTH:
MOTOYHA JIOMEHHA CTPYKTypa 3 TOYKM 30py 3MICTy HaBYaHHS, €JIEMEHTIB

SBTSATU. 12. 2. 28


http://www.tsatu.edu.ua/tstt/naukovyj-visnyk-tdatu/

HaykoBuit BicHuk TAATY Bun. 12, Tom 2

4310

TU3aiiHy BIPTyaJbHOI pEaNbHOCTI M Teopii HaBYaHHS B SIKOCTI OCHOBHU IS
YCHIIIHOTO HAaBYaHHS Ha OCHOBI BIPTyaJbHOI peaqbHOCTI [4].

PosrnsnyTi marepianu [HTepHET pecypciB BUSABISAIOTH aKTyalbHICTh Ta
HEJOCTaTHIO OOIPYHTOBAHICTh BUKOPUCTAHHS IHTEPAKTUBHUX TEXHOJIOTIHN Yy
HAYKOBUX JIOCIIIKEHHSIX.

Dopmymosanns yinei cmammi. BUSIBUTH TEXHIKU CTBOPEHHS Ta
BUKOPUCTaHHA VR-TeXHONOri y CydacHi OCBITI, CKJIAaCTH aJTrOPUTM
peaiizaliii MeToIiB 1 3ac001B HaBYaHHS.

Merta nociipkeHHs — MpoaHajii3yBaTH OCOOJIMBOCTI 3aCTOCYBaHHS Ta
OOIpyHTYBaTh  €(QEKTUBHICTh  BHKOPUCTaHHS  Cy4YyaCHHUX  OH-JailH
1HCTPYMEHTIB IHTEPAKTUBHOI'O HABYAHHS [IPU HAYKOBUX JTOCIIIJIKEHHSX.

OcHnosna yacmuna. VR-TexHos0Tr1i HaOyBalOTh 1CTOTHOT Baru uepes
CTPIMKUKA  PO3BUTOK 1H(POpMALIHHO-KOMYHIKAIMHUX Ta UU(POBUX
TexHOJIOT1id. ChOr0JIHI TOCTPO CTOITh MUTAHHS PO MIATOTOBKY YUHIB BUILO1
IIKOJIM Ta HAYKOBUX JOCIIJHUKIB 10 KUTTA B "IU(POBOMY CYCILIBCTBI",
oo nependavyae BMIHHS BHUKOPUCTOBYBATH 1H(QOpMaLIHHO-KOMYHIKAIIHI
texHosorii (IKT) nys BupiiieHHs CBOiX 3aBAaHb.

BaxnuBow cki1aJoBOI0 €(PEKTUBHOTO BHKOPUCTAHHS EJIEKTPOHHUX
pecypciB Ijisl Opradizaimii HayKOBHX JOCTIDKEHb € BMIHHS MiAOUpaTH
IHCTPYMEHTH Ta CTBOPIOBATU KOHTEHT. JlOCHiAHMK TOBWHEH BUOpaTH
nporpamMHe 3a0e3MedeHHs], SKE BIAMOBiAa€ MOTpedaM CBOIX JOCIHIIKEHb.
Haiikpaiie mrykaTu iHCTpyMEHT, SIKMM € HACUYCHOI (hYHKIII€I0, 1 T03BOJISIE
BUKOPHCTOBYBATH HOTO PI3HUMH CITOCOOAMHU.

BukopucTaHHs 1HTEpAaKTHBHUX 3aco0IB Ja€ 3MOTy €(EeKTHUBHO
peanizyBaTu iaei 3Mimadoro HaBuaHHs («blended learning») — HailOUIBII
MEPCIEeKTUBHOrO MiIXO0Ay JO0 OpraHi3allii HaBUYaHHS B Cy4YacCHIM OCBITHIH
npaktull Oarateox po3BuHeHux kpain (CIHA, Himewyunna, ABcrpanis,
Benuka bputanis, Snonis ta i4.) [6].

Blackboard Analytics no3Bonsie 30epiraTd pi3HOMaHITHI MacUBHU
iH(dopmarlrii, sKa HAKOMUYYETbCSA Yy TIPOLECI OCBITHBOI ISIIBHOCTI,
CTBOPIOBATH aHATITHUYHI IOBIJKH TOIIIO.

Jlnst 3aificHeHHS KOMYHIKAIi 3 TPYMOK JOCTIAHHUKIB JIOMTOMOXKYTh
nporpamu Skype, ZOOM, Webex Meeting, 3a 10MOMOTor0 SKHX MOXXHA
BUKOPHUCTOBYBATH 11 HAa CBOIX 3aHATTAX, MAIOUYM BKJIIOYEHUN KOMIT'IOTEP B
Mepexki [HTepHeT mo0 AOCTIIHUKH, SIKI HE MOXKYTh OYTH NPUCYTHIMU Ha
3aHSITT1, MOTJIM HaBYATUCS JUCTAHIIIHHO B PEKUMI peaibHOTO Yacy. MoxkHa
BcTaHOBUTH Moy WhiteBoard Meeting, sxuii 103BOJMTH MpalOBaTH 3
BIpTyaJIbHOIO J0mIKOI0. [lomika Haragye rpadiuHuii pemakTop, SKHi
JTIO3BOJISE€ TIPAIIOBATA OJJHOYACHO KUJIBKOM KOPHUCTYBadiB HaJl OJTHUM 1 TUM
K€ PUCYHKOM 4 TpadikoM, YUM 1 BIAPIZHAETHCS B1J] 3BUYAIHOI TpOrpamMu
Uist poOOTH 3 pacTpoBoro rpadikoro. Jlomka [103BoOJsiE peaaryBartw,
BCTaBJIATU Ha 300pa)KEHHS TEKCT, CTBOPIOBATU PUCYHKH, rpadiku, MacUBH
JIaHuX, JpyKyBatd Tomo. Ha BipTyanpHIN gomiyi uis 3py4yHOCTI
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KOpHCTyBada BIIKPUBAETHCA OKpeMa BKJAJIKa, KOJIU CTBOPIOEMO JEKUIbKA
00’€eKTiB 0gHOYACHO [6].

Ha BipTyanpHiil nomimi A 3pyYHOCTI KOPHCTyBada BiJKPUBAETHCS
OKpeMa BKJIaJKa, KOJIM CTBOPIOEMO JIEKUIbKa 00’ €KTiB ogHO4YacHo. Lle mosxe
Oyt pHCYHOK, Tpadik, Tabmuil 0a3ud JaHMX, MaTPHIl IUIaHyBaHHS
EKCIIEPUMEHTY, MaTeMaTH4YHa MOJIeNb, TOIIO. 3aCTOCYHOK Ja€ 3MOTY
oOMpaTH 31 CBOTO CITUCKY KOHTAKTIB KOPUCTYBAYiB, sIKi MATUMYTb JOCTYII J0
nporo gokymenta. Pobora y BikHi WhiteBoard Meeting BinOyBaeTbes B
pexumMi peasnbHOro yacy. KopucryBaui 6adyath cTaH MOTOYHOI POOOTH OJUH
OJTHOTO ¥ MOXYTh HMOPIBHATU PE3YJIbTATH CBO€I POOOTU 3 pe3ysbTaTaMu
poOOTH 1HIIKMX KopucTyBayiB. OJHOYACHO HAyKOBUW KEpIBHHUK a0o
KOHCYJIbTAHT MO>K€ KOHTPOJIIOBATH POOOTH CBOIX JOCIIITHUKIB.

Haii611b11 monyJisipHi Ta JOCTYITHI JJI IIMPOKOTO 3aCTOCYBAHHS € TakKi
nporpamHi npoayktu, sk Google Expeditions, InMind, Oil Platform
Simulator, Labster, zZSpace Labs tomo [5, 6].

Takox JJi CIUTBHOTO YIPABIIHHS NPOEKTAMH Ta 3aBJIaHHAMH € TaKl
THYYK] OHJIAHH-1HCTPYMEHTH:

- Trello, inTepdeiic Ga3zyeThbcsi HA BIpTyalIbHUX JomIkax. BiH jerko
aJanTyeTbCs 10 MPOEKTIB, KOMAHIM 1 HAaBYAJIBLHOTO TMPOIECY; OCHOBHI
KoMmnoHeHTH Trello: JOImIKKU, CIUCKHU, KapTKH TOIIIO.

- Padlet - mpusHaueHuii nJisi CTBOPEHHS Ta HAMOBHEHHS KOHTEHTOM
BIPTyaJIbHOI JIOMIKK (ITPOCTOPY) 3 MOXKIJIMBICTIO CIUIBHOTO pearyBaHHs.
[e#t cepBic MOkHa Ha3BaTH IJIATHOPMOIO MJisi 171eH, MO3KOBHUX IITYpPMIB
TOIIO;

- oH-naiiH cepsic LearningApps. [lnargopma € omHi€r0 3 XMapHUX
cepBiciB BeO 2.0 muis opradizaimii Ta HIATPUMKM OCBITHIX MPOIECIB Ta
0€3KOITOBHUM MI)KHAPOJHHUM BIIKPUTUM OCBITHIM PECYPCOM, 11O MICTHUTb
K TIPEICTaBJIEHI B PEXUMI 3arajlbHOr0 JOCTYIly HaBYajlbHI TOTOBI
HaBYAJIbHI MaTepiayiu (3aBAaHHS-MOTYJI1; TECTU-MOJIYJ1), TaK 1 KOHCTPYKTOP
JUIL  CaMOCTIMHOTO BHPOOHHWIITBA HOBUX I1HTEPAKTUBHHMX HaBYaJIbHO-
METOJMYHUX MaTepiajiB 3 HaPI3HOMAHITHIIIHNX JUCIIUILIIH.

Haiuibinow nonynsapua ou-naun-oowxa — Padlet. Padlet no3Bosmsie
pO3MINIyBaTH Ha OJHIA CTOPIHIIl PI3HOMAHITHUN KOHTEHT: ¢oTorpadii,
pucyHku, rpadiku, aymiodaiinm, BiACOPOIUKH, HOTATKH, TMOKIMKAHHS HA
1HII caiitu Mepexi [Hrepuet. [lo-mepie 3 YuM MOYMHAIOTH MPAIIOBATH 3
OHJIAH-TI01IKOI0 — 301p 1H(opmalii Ha neBHY Temy. Jlyxe 3pydHo, KOJIU
30Mpaenr B OJHOMY MiCIl Marepiaql [0 TEeMH: OIS KOHCTPYKIIii,
TEXHOJIOT1H, BUJIM MOJEJIEH, TOIIO.

3py4YHO CTBOPUTH MAaWTaHUUK JJISI PO3MIIICHHS CTATUCTUYHUX JTaHUX,
JOAaTKOBUX MarepiajiiB, MaTeMaTHU4HUX BUpasiB. B Padlet € moxnuBicTh
CKJIaZaTH CIHMCKU PI3HOTO POAY Ta BUKOPUCTOBYBATH Mamy. AJKE 4YITKO
Oy/Zle BCTAaHOBJIEHO CTPOKHM Ta MOPSAOK MPOBEACHHS JOCIIIIB, HATJSIHO
MOJKHA TMPEACTABUTH MICLA Ta 4ac BUIPOOOBYBAHHS TEXHIKM, HAIrJALy 3a
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pPOCIMHAMH 3aJI€KHO BiJ KIIMAaTHYHUX Ta MOTOJHUX YMOB. Marepianu
JOCTIAIB MOXKHA 0D OPMUTH y BUTJISIAL JTiHIT yacy — timeline.

OxpeMo 3py4HO 3pOOUTH JIOLIKY 31 CHUCKOM HpO2paM ma OHAAUH-
iHcmpyMenmig, SKUMHA KOpUcTyBanucs (puc.l).

Pucynok 1. [Tpukinan Bukopucranss goiiku Padlet 31 circkoM oHstaiin-
IHCTPYMEHTIB

BaxnuBuM e1eMEHTOM AMCTAHIIMHOI OCBITH € crenudidyHe KaapoBe
3a0e3MeueHHs, OCOOIUBICTIO SKOTO € SKICHO HOBI BUMOTHM OO BHKJajaya
BUIIIOTO 3aKJIaJy OCBITH Bij] MPUHIIMIIOBO HOBOTO PiBHSA MpodeciiHuX 1
KOMIT'IOTEpPHUX 3HaHb Ta YyMiHb JO BOJIOJIHHS KOHIENTYyaJIbHUMHU
MUTAaHHSAMUA W JIUJIAKTUKOK JUCTaHIIMHOI MiAroToBku. Bukiamau crae
KOHCYJIbTAHTOM, KBaJli)ikOBAHUM OIOHEHTOM, PO3POOHMKOM HAayKOBO-
METOJAMYHOTO 3a0e3MeUeHHs AUCTAaHI[IMHUX MaTeplaiiB Ta MOMIYHUKOM Yy
HAYKOBHX JOCIIDKECHHSIX.

TunoBuil NUIAX HABYaHHSA 3 BHUKOPHUCTaHHSAM VR-TexHosOT Yy
Cy4YacHI OCBITI HaIJISIHO MMOKAa3aHO HA PUCYHKY 2. J{Jis 3A1iICHEHHS LIbOTO
Mpoliecy HEOOX1THO BUPIIIUTA HU3KY MUTaHb OPraHi3aliifHOrO XapakTepy,
BUOpaTH 3aco0M IS CTBOPEHHS Ta BUKOPUCTAHHSA EJIEKTPOHHUX
HaBUYAJBHUX MaTepiajiB, CIIOCIO KOHTPOJIIO BUKOHAHUX 3aBJ/IaHb.

Koxxen HaBuanpbHUM 3aKiaj CaMOCTIMHO BUOWpaEe HANOUIBII 3pydHE
nmporpamMHe 3a0e3MeueHHs I KOMYHIKAIli 1 CTBOPEHHS EJIEKTPOHHUX
HaBUYaJbHUX MaTepiaiiB. € MeBHI peKOMEHAAIIl 1 MporpaMu 31 CTBOPEHHS
CJICKTPOHHUX IMiIPYYHHKIB, TOCIOHHUKIB Ta KOHCTICKTUBHHUX MaTepiamiB. s
MIATOTOBKH JI0 CEMiHapiB, MPAKTUYHUX, Ja0OPATOPHUX Ta JOCIHITHULIBKUX
3aHATh PO3MILIYIOTECA  €JIEKTPOHHI METOAMYHI  po3poOku. Takox
3aCTOCOBYIOTHCSI €JIEKTPOHHI JIOBIIHUKHU Ta 03U JaHUX, 10 IKMX HEOOX1THO
3BepTaTUCA B Tpolieci HaBuaHHS ((I3WYHI YU ICTOPUYHI JOBITHUKH, Oa3u
IOpUJIMYHUX 3aKOHIB, KapTorpadiuHUX TaHUX, CTaHIapPTIB TOIIO).
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H]J(IJJLICJ(I:;J Crpareria Bc,ﬂch[ oxes Beryn 10 mrardopmi
TeCTyBaHHH KypHAILY wnApp JOJATKIR
Jloceix xopucTyBata API-inTepdeiic Ga3

Te(:TyBaHH}I JaHux Java Mongo

Oexernny ) KOHIEIIIiA BHCOKOTO
(cepBepHoOI piBHA

YACTHHN) KracrepMapkeT

uuBookkit

Pucynok 2. TunoBuii NUIAX 1HTEPAKTUBHOTO HABYAHHS

JlucTtaHuiiHO BUKOHYBaHI poOOTH HaOyBalOTh BCE OUIBLIOTO
3actocyBaHHsA. KepyBaHHS €KCIIEPUMEHTOM 3JIIHCHIOETHCS TOCTIIOBHO 3
OKpPEMHUX J1aJOTOBUX BIKOH, KOXHE 3 SKHX BHUKJIMKAETHCSA 31 CITLIHHOTO
iHTepdeiicy kopucTtyBauda. KijabKicTh 11aJIOTOBHX BIKOH MOXe OyTH Oyb sKa
(3a moTpebm), ane Hailb1IbI He0OX1IH1 1 3aCTOCOBAHI:

1. Bubip HeoOX1THUX YMOB ITPOBEACHHS €KCIIEPUMEHTY.

2. ITpoBeieHHS €KCTIEPUMEHTY.

3. AHami3 OTpUMaHUX Pe3yIbTaTiB.

4. TlpoBenenus 00unciIeHb, MO0y A0Ba rpadikiB 0POPMIICHHS 3BITY.

CopomieHi  Mojeni  BIPTYallbHUX — CUMYJIATOPIB  J1a0OpaTOPHUX
YCTaHOBOK JIJIs1 HAYKOBHX JTOCTIPKEHb MOYKIIUBO pO3POOUTH B HABYATLHOMY
3aKiazl Ha 0asl JTaHMX peaJbHUX BUMIPIOBaHb. 31 IILOIO HEOOX1IHO
JIOCTaTHBO KOMIIETCHTHHX BHKJIQJIadiB, CHPOMOXHHUX IIpaIffoBaTH 3
BIIMOBITHUM TIPOTPAMHHUM 3a0€3MEUYEHHSM IS CTBOPEHHS MOJCNeH
BIpTyaJIbHUX CcUMYJATOpiB. CTBOpeHHs Mojened B TPbOXBUMIPHUX
nporpamax (SketchUp, AutoCAD, ARCHICAD, SolidWorks, 3ds-max)
peani3yeThCcsi aBTOMATUYHO BIJIMOBITHO 10 HA0OPY 3aJaHUX MapaMeTpiB [7-
10].

JlocTymHICTh BIPTYadbHUX TPWIAIB Yepe3 KOMIT IOTEpHI MEepexi,
30kpeMa 1 Mepexy Internet, BiAKpUBa€E MIUPOKI MOMXKJIMBOCTI JIS
MOHITOPUHTY, 30MpaHHs JTaHUX 1 KepyBaHHS BijiaJiecHUMU 00’ ektamu (y
TOMY YHCJIi 33 IOMOMOTOFO JIOKaTbHOT Mepexi). Bukopucranus cepenoBuiina
LabVIEW y naboparopHoMy TMpakTHKyMi JI0O3BOJISE CTBOPIOBATH U
BUKOPUCTOBYBAaTU pI3HOMaHITHI mpwiaan. Y cepenouni LabVIEW
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MO€THAHI MOXJIMBOCTI TIPOBEACHHS BIPTyaJIbHUX BiAJIaJICHUX BUMIPIOBaHb
Ha peadbHuX O00’€KTax 13 MUPOKUMH MOXJIUBOCTSIMHU IMITAIIIfHOTO
MOJICTIOBAaHHSI.

[Ipn oTpuMaHHI «EKCHIEPUMEHTAIBHUX JaHUX» PE3yJbTaT KOXKHOTO
«CTIOCTEPEXKECHHS» MOXKE OyTH BHU3HAUYCHHMM 1HTEPIOJIIEID JaHUX Ta
JI0JIaBaHHSIM BUIIJIKOBOI MOXUOKH. BennunHa noxubku po3paxoByEThCS Ha
OCHOBI XapaKTEPHUCTUK TTPUIIA/IIB.

[nTepdeiic kopuctyBaua BC Moke OyTu TakuMm ke, K y peajbHOl
YCTAaHOBKH, TOMY CTYACHT OTPUMY€ HABUYKH 1 JOCBIiJ TMOCTAHOBKU Ta
MPOBE/ICHHSI €KCIIEPUMEHTY.

[TepeBaroro BC € MOXKIIUBICTb «II1ABUILIECHHS IBUAKOA1T O0JaHAHHS,
110 J1a€ MOKJIMBICTh Y CTHCIIMIA TEPMIH JOCHIANTH BILIUB PI3HUX apAMETPIB
EKCIIEPUMEHTY Ha MOTO TOYHICTb.

3a yMOBM TBOpYOi CHIBIOpall MpPOTPaMICTIB Ta BHUKJIAAAdiB
3aCTOCYBaHHS BIPTYaJIbHOI JJaDOPaTOPHOI pOOOTH HAOIMXKA€E JO BUKOHAHHS
peanbHOi 1 Ja€ MOKIIHMBICTH IOIIyKyBady HAOyTH HAaBHYOK HAyKOBO-
JOCJTITHOT pOOOTH.

«ExcnieprMeHTalIbHI» 3HAYEHHS «BUMIPIOBAHUX BEJIMUUH» OEPYThCS 3
0a3u naHux, sKi OyJM OTpMMaHI Ha pealibHUX yCTaHOBKax. JlochigHUKU
MarTh MOKJIMBICTh CIPOTHO3YBAaTH MOBEMIIHKY MPOIECY 3a MexaMu 0as3u
JAHUX.

OTpumaHi pe3yiabTaTH — AITOPUTM, METOJIMKA Ta BIPTYyaJbHI MOJIENI 1
CTUMYJIATOPH IIMPOKO BHUKOPUCTOBYIOTHCSI B HABYAJIILHOMY TIpOILIECi 1 TIpH
pO3p00JICHHI HOBUX MaTeMaTUYHUX MOJIENICH Ta 1HKEHEPHUX PIIIEHb 00
amapartiB Ta 1HIIIOTO O0JIaHAHHS.

Bucnosxu. VR-TexHOIOr CHOrogHI — II€ JOAATKOBA MOKJIHUBICTH
BUKOPUCTAHHS 4YOTOCh HOBOTO. Jl0 OCHOBHMX YyMOB €(QEKTHBHOTO
BUKOpUCTaHHA VR-TeXHONOr B HAYKOBUX JIOCHIIKEHHAX B OCBITHHOMY
MpoIleci, CIiJ BIAHECTH HEOOXITHICTh 3a0€3MEUeHHs] TMOCTIHHOIO
CHJIKYyBaHHS YYaCHHUKIB HAYKOBUX JOCIIKEHb, aKTUBHOT OCOOMCTOI y4acTi
y CHUIbHIA poOOTI, €PEeKTUBHICTh AOLIIBHOIO IJIAHYBaHHS, OCOOUCTY Ta
KOJICKTUBHY BIIMOBIJAIBHICTh 3a MPUAHATTS PIIICHH 1 HAJaHHSI BUCHOBKIB
Ta TPOTIO3HUIIIH.

HaBuanpHi BipTyasibHI MporpaMud HE MOXYTh TOBHICTIO 3aMiHHUTH
BUKJIAJIaHHS B HaBUAJLHUX 3aKJIagax, 00 B MiJICYMKY BOHH € JIUIIE IMITaIll0
peanbHUX il Ta 00’€kTiB B iH(OpMaliiiHOMy HpocTopi. IX IOmiIBHO
IIMPOKO BHUKOPHUCTOBYBAaTM NPU BUBYEHHI HAWOUIBII CKJIAJHUX TEM,
IPOBEICHHI JOCTIAIB, Kl MOXYTh OyTH HEOE3NEYHUMHU B pPEATbHOMY
CTAHOBMHIIII.

AKTyaJTbHUM HaIIPSIMOM TIOJIAJIBIIOTI pOOOTH € aHaJIi3 Cy4acHOTO CTaHy
3aCTOCYBaHHs 1HCTPYMEHTIB 1HTEPAaKTUBHOTO HaBYaHHI B  OCBITI,
pO3pO0JIEHHST pEeKOMEHJAIld o0 iX e(PEeKTUBHOTO BUKOPUCTAHHS Y
HAyKOBUX JIOCIIPKCHHSIX.
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O. Dereza, B. Boltianskyi, S. Dereza
Dmytro Motornyi Tavria State Agrotechnological University

USE OF VR-TECHNOLOGIES IN SCIENTIFIC RESEARCH

Summary

Improving the quality of education is impossible without the use of new approaches
and teaching methods, which are implemented in close cooperation with the latest
information technologies. Interactive learning technologies, including VR-technologies,
have great educational and developmental potential, provide maximum activity of
participants in the educational process and its effectiveness, allow you to choose the
optimal learning time.

This article discusses the main methods and programs for digital technologies. A
review and analysis of literature sources related to VR-technologies, simulators, the use
of virtual software.

The main software products are presented, with the help of which teaching methods,
electronic textbooks, virtual laboratories, control and evaluation system are created and
implemented.

Possibilities of using online tools and resources that allow to organize cooperation
during research are analyzed. The paper highlights the basis of techniques for creating
and using VR-technologies in modern education.

One of the promising educational methods of modern information technology is the
educational environment - virtual reality (VR), which is simulated by a computer and is
considered as a special information environment in which all objects are presented in
three-dimensional space. There is currently little systematic work on how researchers
have applied virtual reality for higher education purposes.

Virtual educational programs cannot completely replace teaching in educational
institutions, because in the end they are only an imitation of real actions and objects in
the information space. It is advisable to widely use them when studying the most complex
topics, conducting experiments that can be dangerous in a real situation.

Key words: interactive technologies, VR-technologies, virtual laboratory, virtual
simulator, virtual reality, software.
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