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VJIK 636.085.55.4

OBPOB KA 3BOJIOYKEHOI ITOBEPXHI 3EPHA TMIIEHULI
LI Aynapes , B.II. Yyuyii , B.B. Jlipauk
Ooecvruii OepaicagHull azpapHuil yHigepcumen

3epHo 31aK08UX KYIbMYP € 0JHCEePeloM 3HAYHO20 NOMeHYiany eHepeii, i Mmicmumb
NPAKMUYHO 6CI DEeYOoBUHU, HEOOXIOHI 0Nl HOPMANbHO2O (QYHKYIOHYBAHHS OP2AHIZMY
JIIOOUHU, meapuH, i nmuyi.  Bonozicme xapakmepu3zye KilbKiCmb NOMCUBHUX PEUOBUH 8
3epHi, a maxkodc 1020 npuoamuicms 00 30epicanus ma nepepodoxu. Bpaxysanns po3nooiny
80J102U 8 3ePHAX 31AKOBUX KYIbMYp 00360.51€ 0OUPAMU PAYIOHATLHI pedxcumu 36010%ceHHs. Bonoza 6
3epHi 3HAXO0UMbCsL Y 6U2ISA0L. XiMiuHo 36's13anol oou (36'sa3ana 600a); Gizuxo-ximiuno
36's3an0i 600u (36's13ana 600a); mexaniuno 368's3anoi 600u (siibHa 600a). Ximiuno 36'sa3ana
6004 6xX00UMb 00 CKIAOY OLIKIB, 8Y21e80018, HCUPIB | IHUUX 3' EOHAHD. 17 moorcna eudinumu,
Juwe Nopywusuwiu Cmpykmypy yux pedosun. Monekyiu izuxo-ximiyHo 36'a3anoi 600u
8MpPauaOmy G1ACMUBOCMI POZYUHHUKA U BUABIAIOMbCA NOG'A3AHUMU 3 2I0pOinbHUMU
peuosunamu. Taxka 6oda modxce Oymu 8uUOANeHA i3 3ePHA ULIAXOM BUCYULY8aHHSA. Binvna
6004 3HAXOOUMbBCS 8 KANLIAPAX 3epHa, i jecko niooaecmuvcsa cywinnio. Came ysa 6onoea
bepe akmugHy yuyacmo y Qiziono2iunux, OI0XIMIYHUX | MIKPOOIOIO2IUHUX NPOYECAX ) 3EPHI.
Hocnioocennss po3noodiny 6onocu 8 aHOMOMHUX CMPYKMYpax 000JIOHOK 3€pHA NUeHUYI 3
VPaxy8auHam KiHemuxu Ou@y3iuHoi on1020cmi npudiiaemovcs 6CMAHOBIEHHIO KINbKICHUX
3aKOHOMEpHOCmel 3MIHU B071020CMI 080X BEPXHIX wlapié N100080i 000JIOHKU, WO
nionsiearoms  8i00LIeHHIO 8 Npoyeci WenyuleHus, a MaKodC BU3HAYEHHS MPUBALOCMI
g1azonepeHocy, npu AKiti 00CASHYmMa ix piBHOBANCHA 80N02IiCMb. Ypaxysanus 6071020Cmi
n100080i 000NOHKU mMa pewmu CMPYKMYPHUX HYACMOK 3€pHA  31aKOBUX KYJIbmyp,
HeoOXiOHe 0 6UOO0pPY PAYIOHALHO20 — PENCUMY 380J10MNCEHHS Ol eheKmugHo20
8I0OKpeMIeHHsI KEIMKOBUX NNIBOK 3 NOGEPXHI. [ UKOHAHHS Npoyecy JAYUeHHS 3epHa, 5K
ni02omos4oi onepayii y 3a2aivHiil 06poodYi, BUKOPUCMOBYIOMb 360J10HCEHHS NOBEPXHEBOT
000JIOHKU 3 MemOoI NOKPAWEHHS KoepiyieHmy mexHoN02IUHOI egheKMUBHOCmi 3a2aibHO20
NOKA3HUKA, MOOMO KOe@iyicHmMy TYWEeHHAAKUU € KIIbKICHUM NOKA3HUKOM e(heKMUBHOCMI
pooomu mawiunu. [lpu obpobyi 8 1yWunbHil MAWUHI 36010MHCEHO20 3ePHA  BI0OLIEHHS
000J10HOK 8i00Y8AEMbCS NO NOBEPXHAX 13 HAUMEHUIOI0 MIYHICMIO 36 A3KY. Takoio ymoenoio
nogepxwero po30iny 6 nepuiy uepey CIi0 paxyeamu Medxicy 080X NOOOBIHCHIX Wapis.
Konouyitoeanua ma eciopomepmiuna obpobka nonecuiye npoyec JYWEeHHs 3epHa, U0
makoxc niosuwyye Koegiyienm JayujeHHs, Koe@iyicHm yYinicHOCmi 3epHa | 3a2albHy
eghexmugHicms J1yujeHHs.

KurouoBi ciioBa: 3epHO, 000JI0HKH, TePTS, PyHHYBaHHS, JYIIEHHS, BOJOTICTb.

Beryn. 3epHO € OCHOBHUM HPOJYKTOM CUIBCHKOI'O T'OCHOJAPCTBA. 3€PHOBI KYJBTYpPH
BUKOPUCTOBYIOTh [UIsl BUPOOHMIITBA Ta OTPUMAHHA KPOXMAII0, MATOKH, CIOUPTY, OO
OPOJYKTIB MepepoOKU 3epHa BIAHOCITH OOPOLIHO, MaKapoOHHI BHpPOOM, Kpymy, XiiO.
3epHOBI MPOAYKTH € OCHOBHMMM [OCTayaJbHUKAMHU 3aCBOIOBAHMX BYIJIEBOJIB -
TOJIOBHOT'O €HEPreTUHYHOro komnoHeHTa ixi. [Ipu cnoxxuBanni 500 r nimeHn4yHOro Xjida 3
OopoITHa SIKICHUX COPTIB B OpraHi3M crokKuBada HaaxoauTh Bix 21 no 64 % moGosoi
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noTpedu JKUTTEBO HEOOXITHUX KUCIOT. KPyMy BHUPOOJSIOTH 3 OBCa, STUMEHS, MIICHUII,
KYKYpyA3U Ta TOPOIIMHH. MOXKIMBO TakoX MepepoOsieHHsI B KPYIy Ta 1HIIUX 3€PHOBUX
KyabTyp. Jlons Kpym'sHUX MPOAYKTIB y XapyOBOMY paliOHI JIOJUHU BiJ 3arajibHOrO
CIOKMBAHHS 3€PHOBUX MAJIUX B MOPIBHSHHI 3 MPOJIYKLIEI0 MYKOMOJBHUX MUIKIB 1 B
cepeHbOMY CTAaHOBUTH MO pi3HUM OIlliHKaM Big 7 mo 13%. CydacHuil orjsj iCHyIOUHX
TEXHOJIOTIYHUX TPOIECIB CIPSIMOBAHUX HAa BUPOOHMUIITBO KPYIHU MOXKE OYTH 3IMCHEHUU
HAa OCHOBI ONTUMAJIbHOTO BUOOpPY MAaIllKMH, $KI € CKJIQJOBUMU YaCTUHAMU YCHOTO
TEXHOJIOT14HOTO Mporiecy. OOnaaHaHHs SKE ICHYE B TOCIOIAPCTBI 33J0BOJIBHSE MOTpedam
CIOKMBA4iB  YacTKOBO, TaK JJIs  ONTHUMAJbHOrO  CKJIaay  oOOJaAHaHHS,  sKe
BUKOPUCTOBYETHCS /I BUTOTOBJICHHS KPYIW, HAMU BUKOHAHI BIAMOBIIHI pO3paxyHKH Ta
3po0JICHO CKJIaJl TEXHOJIOTTYHOI JIiHIi, sfiKka 3a0e3MeUYnTh 3aJ0BIIBHEHHS CIIOKHBAYiB SIK
BJIACHOTO PailoHy, Tak 1 APyrux paioHiB B YkpaiHi. Ha Buxin i sSIKiCTh KPYNH BILTUBAIOTH
0arato MOKa3HMKIB SIKOCT1 3epHa. Hacammepen BeiMke 3HAYEHHS MarOTh 3MICT IUTIBOK,
KpPYITHICTh, BOJIOTICTh 3€pHa i 3MICT JAOMIIIOK Yy HbOMY. BMICT IUIIBOK - IUIIBYATICTH -
BU3HAYAIOTh y 3€pHI, OYMIIEHOMY BIJl JOMIMIOK. YuM BHIE IUIIBYATICTh, TUM MEHIIE
BMICT $/Ipa, TUM MEHUIE KPYIU OJEPXKYIOTh 13 TAKOTO 3€pHa. SIK MmpaBuiio, IIIIBYATICTh
KPYIIHOTO 3€pHa MeHlue, HiX ApioHoro. Came npiOHI ¢pakiii MPakTUYHO B 3€pHA BCIX
KPYI'SSHUX KYJbTYp MalOTh JyX€ BHCOKY IUIIBYATICTh. TOMY BIAOKPEMJIEHHS KBITKOBHX
IJTIBOK € Ba)KJIMBIIIOK OIepalliero oOpoOKH 3epHa 3JaKOBUX KYJbTyp. Bomoricts 3epHa
Jy>)Ke BIUIMBAa€ Ha MOr0 TEXHOJOTIYHI BJIACTUBOCTI B MpPOIIECI JIYIIEHHS, a TaKOX Ha
KIHIIEBY BOJIOTICTh Kpynu. 3aliBy BOJIOTY  MOKHA BHUJUIUTH, JIHIIE MOPYIIMBIIN
CTPYKTYpPY UIHMX pedoBUH. Morekyimn (i3uKo-XiMiYHO 3B'SI3aHOI BOJM BTPAYarOTh
BJIACTUBOCTI PO3YMHHUKA 1 BUSIBISIOTHCS TMOB'S3aHUMHU 3 TiAPOQIIEHUMU PEYOBUHAMH.
Taka Boma Moke OyTH BHJajeHa 13 3€pHa MUISXOM BHUCYIIyBaHHS. BinbHa Bona
3HAXOJIUTHCS B KamlJaspax 3epHA 1 JIETKO IMIA€Thcs CymriHHIO. [lg Bojora BruimBae Ha
¢1310710r14H1, O10XIMIYHI Ta MIKPOOIOJOTIYHI MPOLECH B 3€pHI. AJie Uil BUKOHAHHS
npolecy JIYIIEHHS 3€pHa, SK MIArOTOBYOi  omepaiii y 3arajibHiii  00poOi,
BUKOPHCTOBYIOTh 3BOJIOKEHHSI TOBEPXHEBOI OOOJOHKM /JIsi TOKPAIICHHA KOEPIIEHTY
TEXHOJIOT14YHO1 €()eKTUBHOCTI 3araJIbHOI0 MOKA3HUKA.

IIpodaema. JIoUIbHICTh 1 HEOOXIIHICTh YCYHEHHSI KBITKOBHUX, IJIOJJOBUX Ta HACIHHEBHX
00OJIOHOK 3€pHA JIOCATAETHCS 3a JOIIOMOTOI0 BUKOPUCTAHHS JIYIIMJIBHAX MAIlIUH y CKJIaji
TEXHOJIOTIYHUX JIHIA 3 YypaxyBaHHSM BJACTMBOCTEH 3€pHa, a caMe€ MHOro BOJIOTH.
3aKOHOMIPHICTh TPOIIECY TMEPEHOCY BOJIOTM B  30BHINIHI  IIapH 000JI0HOK
XapaKTEPU3y€EThCSI BUCOKOIO 1HTEHCHUBHICTIO HACHMYEHHSI BOJIOTOIO, fKa 31 30UIbIIEHHAM
MIMOWHU 1Iapy 3HMKYETHCS IO CYTTEBO BILIMBAE HA MPOIIEC HOTO 0OPOOKH JTYIIICHHSIM.
AHaJi3 ocTaHHIX JAochdigxkeHb Ta mnyOJaikamiii. Ilpu oprasizamii 1 mpoBeaeHHI
micasa30upaibHOI 00pOOKM 3epHa  HEOOXiAHO BpaxoByBaTH crernudiyHi O10J0TiuHI 1
TEXHOJIOTIYHI BJIACTMBOCTI KOMIIOHEHTIB 00pOOIIOBaHOI 3epHOBOI Macu. Ha mpakrtwuin
Jy’)K€ 4acTO BOJIOTICTh CBIKE€ 30MpAaHOro 3€pHa BHMMarae BHUKOPHUCTAHHS OJHIEI 3 TPbOX
TEXHOJIOTIYHUX CXeM O0OpoOku: - mpu BojJorocti 3epHa MeHm 17 % pocTaTHbO
3aCTOCYBATH MEPBUHHY 1 OBTOPHY OYHMCTKH, - MPH BOJOTOCTI 3epHa B Mexkax 17...20 %
3aCTOCOBYETHCSI TMOTEpPEIHS OYMCTKA, CYIIKa, MEPBUHHA 1 MOBTOpHA OYHCTKH; - TPHU
Bosiorocti 3epHa Buile 20 % HeoOXinHI momepeaHs OYMCTKA, HE OJHOKpaTHAa CYIIKa,
NEepBHHHA 1 TIOBTOpPHAa O4YHCTKa. [IOBTOpPHY OYMCTKY 3€pHa 3aCTOCOBYIOTH  TpHU
HEOOX1THOCT1 JIOBEJIEHHS 31pHOBOrO MaTepiaiy 10 HaciHHUX KoHAuIiH. Ilicas3OupanbHy
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00poOKy 3epHa BUKOHYIOTh TakK, 11100 3epHOBa Maca BiAMNOBiJajda BUMOTaM CTaHAApPTYy IO
KUIBKOCTI TMOBHOI[IHHUX HACIHMH y BHJUIEHHOMY 3pa3Ky OCHOBHOI KYJbTYpH, 1HIIMX
pociuH (B TOMY 4HuCIIi Oyp'siHy), BOJIOTOCTI, BIJICOTKY MOAPIOHCHHUX 1 TPABMOBAHMX 3€PCH
1 T. m. 3epHiBKa OyAb-sIKOI KyJbTYpH — 1€ JKUBHI OprasizM, sIKOMY IpUTaMaHHI
BJIACTUBOCTI JKUBUX OO'€KTIB: AMXaHHS, PO3BUTOK, CTAPIHHA 1 1HIIE. YacTUHAMM 3€pHIBKU
€ TIiBKa, 000J0HKH (IJI0/I0BI 1 HACIHHEBI), aJICHPOHOBHI AP, 3apOI0K, CHaAOCHepM. Pi3Hi
YaCTUHU 3€PHIBKH O PI3HOMY YYTJIHUBI JIO TEIJIOBUX YMOB. 3€pHa 3JIAKOBUX BIAHOCATHCS
710 KOJIOIIHUX KAaMiJISPHO-MIOPUCTHX TUI, OKPeMi 4YacTUHU SKUX (O0OOJOHKH, 3apOJIOK)
MalpTh PI3HY CTPYKTYpYy, Pi3HI (i3uuHi 1 XiMiuHI xapaktepuctuku. I1{lo cTaHOBUTH
OCHOBHY Macy 3€pHOBUX KPOXMaJjb, TaK CaMO SIK 1 KIITKOBHHA, € PEYOBUHA KPUCTATIYHOT
CTPYKTYpH. BiTKOB1 peu0OBHHU MalOTh aMOPPHY CTPYKTYpy. 3€pHOBUM, Y BIIMIHHICTb BiJl
1IeaJbHO TBEPJAUX TiJ, BJIACTUBA MPOCTOPOBA AaHI3OTPOINs,, TOOTO I1X MeXaHIYHI
BJIACTUBOCTI B PI3HUX HamnpsAMax HeogHakoBi. HapemrTi, 3epHa 3J1aKOBUX BIJHOCSTBCS 1O
OpraHiuHUX TUI 1 BIAPIZHSAIOTHCSA CKIATHOIO KOHirypamiero. Bkazani ocoOGmuBOCTI
CTPYKTYpH 3€pHa 3HAYHO BIUIMBAIOTh Ha MEXaHIYHI BJACTHBOCTI 1 HA HOr0 MOBENIHKY B
nporieci gedopmanii 1 moApiOHEHHsA. Y 3aJ]eKHOCTI BiJ XapakTepy 1 BEIUYUHH,
NPUKIIAJEHUX JI0 3epHa 30BHIIIHIX CHJI HOTO JiHIIHI po3MipH 1 popMa 3MiHIOIOTHCS, TOOTO
B 3¢pHI BUHHKAIOTH Acdopmanii. BoHn MoxyTs Oytu mnpyxHuMu (0O0OpOTHUMH) i
wiacTHYHUMH (HEOOOPOTHUMHU). SIKIIO 30BHIIIHI CHJIM HE TIEPEBUILYIOTh ACSIKOI MEXIi, TO
3CYB YaCTMHOK 3 PIBHOBOKHMX IOJIO’KEHb 1 BUHMKAIOY1 Jedopmariii 0y 1yT 000pOTHUMHU.
[Tpu nipy>xHiit aedopmartii micist 3HATTS 30BHIMIHIX CHJI 3€pHO MiJ] €0 CHUJ MI)KaTOMHO1
B3a€MO/IIi MOBEPTAETHCS B MEepBUHHUU cTaH. [lmactuuni nedopmarlii BUSBISIOTECS MPU
HAaBaHTAKEHHSAX, 10 TMEPEBUINYIOTh MexXy mpyxkHocTi. [lmactuuna nedopmarris
CYIPOBOJIKYETHCS «IIePeOIroM» PeYoBHHU O€3 MOPYIICHHS Horo IiaicHocTi. ITnactuuni
nedopmariii 'y BIAMIHHICTD BiJl I1HIHX € JedopmarlisiMd BEIUKOro wmacmraly i
PO3BUBAIOTHCA 3 Ty’K€ MaJCHBKOIO IIBUIKICTIO. PO3BUTOK MpPYKHHX, a MOTIM TUIACTUIHUX
aedopmaniii B 3epHI NMpH il Ha HHOTO 30BHIMIHIX CHJ 3aKIHYYETHCS PYHHYBaHHSIM.
HACTyIAa€ MPH BUHUKHEHHI B HIM HAIPYTH, IO MEPEBUIIYE ACAKY MEXY, 3BaHy MEXKEI0
MIIIHOCT1, a00 KPUTUYHOIO HAMPYTOI. Y MeXaHilll pyHHyBaHHS JOBeJeHa 0COOIMBa POJIb
TPIIIMH, SKI € B OyIb-IKOMY Tili, 30KkpeMa B 3epHi. Ha KiHYMKax TpiluH BiJ0YyBa€ThCS
KOHLEHTpAI[isl HalpyTH, 0 OOyMOBIIOE PYWHYBAaHHS 3€pPHOBUX NPH HIDKUYIA Hampysi. Y
Teopii pyiiHyBaHHSI JOBOJUTKCS, IO € JEsIKa KpUTUYHA HAmNpyra G* AJid JaHOI JOBXKUHU
TPIIMHKA M, TIPU TEPEBUILEHH] SIKOTO BOHA POCTE!

- (1)
ne E — Momynb mpyKHOCTI Martepiany; A — mutomMa poOoTa pyWHYBaHHS Ha OJUHUIIIO
HIPUPOCTY MOBEPXHI MPOAYKTY (KOHCTaHTa MaTepiaiy).

Ha pucynky 1 sk npukian HaBeAe€HI KpUBI, IO XapaKTEPHU3YIOTh MPOLEC PYWHYBaHHS
nmreHuti mpu Bojorocti W = 12,5 % i1 mBuakocti Bantaxkenus 437 i 223 r/c. 3 xpuBux
BUJTHO, 0 repia ¢asza gedopmarii (minsaka OA), Ha sAKii BelmuuHa jgaedopmariii npsmo
OporopiiiiHa yacy 1 HaBaHTaXeHHI0. [Ipu mpyXHOW cTaji€ro ciiaye cTpuOKonoaioHe
30utbImeHHs nedopmarii (niisHka AB) i3-3a KpUXKOTo pyWHYBaHHS OOOJIOHOK 1 BEpXHIX
mapiB eHjpocnepMmy. Tpers cTafis XapaKTepU3YETbCS MOCTYMOBUM 30LIBLICHHSIM
iacTUYHO1 Jedopmariii, ska mnepeln pyWHyBaHHSM pi3ko 3pocrtae. [lpum moBiLIBHOMY
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BAHTAXKEHH1 3€PHOB1 MPOSBIAIOTH OUIBIIOK MIPOK IUIACTUYHI BJIACTUBOCTI: MIIHICTh
TAKOro 3epHa HWX4Ye, a nedopmariis Bumie. [CTOTHO TakoX Te, IO BIUIMB IIBUIKOCTI
BAHTAXXEHHS Ha 3MIHY MEXaHIYHUX XapaKTEPUCTUK 3€pHa OUIBIIOI MIPOIO BUSBISETHCA
Ha BOJIOTOMY 3€pHI, UMM Ha CyXoMy. AHai3 JaHUX TBEPAOCTI MOBEPXHI LI1JIOTO 3epHa

IITT
0,4
0,3 v
1
0,z
= r"\'"‘—
0,1 L]
F] -"’l',ﬂ
u]
5 10 15 1.c

Puc. 1. Kpusi nedopmanii 3epHa nieHUIl B 4aci Npyu MIBUIAKOCTI HaBaHTaxeHHs: 1-437
r/c; 2-223 r/c (o I.A.HaymoBy).
NIICHUI] JT03BOJUB BCTAHOBUTH, IO JIOKaJIbHA BEJIMYMHA 11 3aJ€KUTh BiJl MOKA3HHKIB
Bostorocti Wo; , ckinosuasocti C Ta yacTuHu BuMipy &. 3anexHicts MikpoTBepmocTi H,"
IJI0/IOBMX OOOJIOHOK 3€pHa MIIeHUIl YKpainka, psgoBa M'aka. Onecbka 16, Onecrhka 26,
HoBomiuypuHka pi3zHO1 CKIOBHUIHOCTI BiamnosigHo 46, 42, 70, 96, 93 % npu 3HaAYCHHAX
koedirienTa Ky, piBaux 156, 162, 246, 324, 330, Bu3HaueHa SMIIIPHYHUM BUPAKCHHIM
H," =k, exp (-0,05 W; ), (2
ne:  ky=3C;+12% - xoedimieHT, 1m0 BpaxoByEe CyMapHi JlaHi CKJIOBHUIHOCTI 3€pHA, MPHU
CepenHbOMY 3Ha4YeHHI § = 3.
BcranoBieHo, 1m0 miBUIIEHHS BOJOTOCTI 3€pHA TOCIIHKCHHUX MIIICHUIb B apuPMETUIHIH
nporpecii 00yMOBJIIOE 3HUXKEHHS TBEPAOCTI BCIX IapiB 3a 3aKOHOM TI€OMETPUYHOI
nporpecii. HaiiOunpiry TBepaicTh Mae ajledpoOHOBUN IIap, a HaWMEHIy - HaciHHA
ob6ononka. [loBeneno, mo npu niaBuiieHHi Bojorocti Big 10 mo 50 % cnocrtepiranocs
BIJIHOCHE 3HWKEHHSI MIKpOTBEP/IOCTI ajeiipoHoBoro mapy B 6...10 pasiB; 1js 1m1010BHX 1
HAaCIHHMX OOOJIOHOK 3HWKEHHsS Oyyio mpubiu3Ho oaHakoBuM 1 ctaHoBwio 0,3...0,5 Bix
iXHIX BEJIMYUH Y TTOBITPSIHO-CYXOMY STaHi [1,].

Puc. 2. bynoa 3epna:l,2,3 — momoBi o060m0HKH;4,5,6— HaciHHI 000JOHKH; 7—
aJeHpOHOBUH MmIap; 8— mapu KIITHH IUIOJOBOI OOOJIOHKH IIIICHWIN 3 IOBEpXxHi; 9—
engocnepmM; 10 —murok; 11 —aupka; 12 — ockoBa yacTHHA 3apojiKa; 13 — KOpiHEIb.
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3epHO MIICHWIN 1 1pKi CKIAAEThCA 3 JACKIIBKOX AaHATOMIYHUX YacTHH - OOOJOHOK,
eHjocuepMy 1 3apojixa Ta IHINX, SIKI XapaKTepU3YIOThCS PI3HUMHU (Pi310TOTTIHUMEU
GyHKIIIMUA 1 y 3B'SI3Ky 3 UM MawTh pi3Hy OymoBy 1 ximiunui ckimax (puc 2). 3i
3pOCTaHHSIM CKJIOBHJIHOCTI 3€pHa CIIOCTEPIraeTbcsl MIABMUIEHHS TBEPAOCTI HOro
QHATOMIYHMX 4YacTUH. JlOCHI/PKEHHSIMU BCTAHOBJICHA pi3HA TBEPHAICTh IMOINEPETHBO
BIIJIUIEHUX OOOJIOHOK 3 iX 30BHIIIHBOI i BHYTPIIIHBOT CTOPOHU. /{711 HU3BKO CKIIOBUIHUX
MIIIEHUIIb MIKPOTBEPICTD 13 30BHIIIHBOI CTOPOHU MEHIIE, HIXK 13 BHYTPIIIHBOI, Y BUCOKO
CKJIOBHMJIHUX - 3OBHIIIHS YacTHHA OOOJOHOK MAa€ MiJABMINEHY TBEpAICTh [2]. 3HaueHHsS
TBepJocTl eHjpocriepMmy H. mepebyBae y mnpsmoi 3ajaeXHOCTI BiJi KPYHHOCTI 3€pHa
KYKypyI3H, 1o xapakrepusyerbes macoro 1000 3epeH, a o6ononok H, - y 3BoportHiii. [Ipu
oMy ais 3epHa Kykypymsu H,=(1,5..7,5) H., a s mmenwnri, nasmaku, H, = (1,1...2,5)
H,. Taka 3anexHICTh BU3HAUYEHA ISl 3pa3KiB MINEHUIIl PI3HUX COPTIB 1 paitoHiB mpu W =
9..12 % 1 3arampHoi cknmoBuaHOCTI 40... 100 %. CmiBBiIHOIICHHS MK 3HAYCHHSIMU
TBEPAOCTI OOOJOHOK i €HJOCIEpPMY y 3€pHIBKax MIIECHHI ¥ KyKypyA3U ICTOTHO pI3HI.
binpma TBepaicTh 00OJMOHOK 3€pHA KYKYypYZ3W M03BOJISIE CTBOPIOBATH B po0OOUii 30HI
JTYIUIBHUX MAIMH M1JIBUILEH] TUHAMIYHI HAIIPY>KEHHsI B OPIBHSIHHI 13 36pHOM IIEHUII].
O1iHIOI0YM MIIHICTh OJMHUYHUX 3€PCH BEIMYMHON PYWHYIOUOi HAMPYTH, BCTAaHOBWIIH,
mo s SYMEHI0 BOHa ckiagae B cepeanpbomy 7,03 + 102 Mna B cTaTM4HHX
BunpoOyBaHHsx npotu 12,73 = 0,4 Mna, orpumaHux B JIWHaMidyHOMY pexkumi. Ha
nifgcraBl 1ux gaHux C.B. MipomHuKiB yKJaB, 10 «BJIACTUBICTh OUIBIIOCTI MaTepiaiiB
1JIBUIIYBaTH CBOIO MIITHICTh 13 30UIBIICHHSAM HIBUAKOCTI 3aHYPEHHSI BJIACTHUBO 1 3EPHY».
[3 3epHOBHX KyJIbTYyp HAHOUIBIIOI MIIHICTIO BOJIOJIE SUMIiHb, SIKUM, Oyydd OCHOBHOIO
bypakHOIO KYJIBTYpOIO, MOKE OYTH MPUIHATUHN 32 €TaJOH JIJIsl TOPIBHSIIBHOI OLIHKH. [1po
CHIBBIHOIIEHHS MMOKa3HUKIB MIIHOCTI 3€pHA PI3HUX KYJIbTYp MOXHA CyJIUTh 3 HACTYITHUX
nanux C.B. MenbHukoBa (MilHICTh 3epHa ssuMeHto mpuiinsaTa 3a 100%): - suminbs — 100%;
- mmeHuts — 91%; - sxxuto — 83%; - ropox — 65%;

Bosore 3epHO MICTUTh MEHIIE MOXHUBHUX PEYOBUH 1 HECTIMKE Npu 30epiraHHi.
3BOJIOKEHHS aKTUBI3Y€E (Pi3UKO-XiMiuHI Ta (i3ioNoriyHi nmporecu (IuxaHHs, TPOPOCTAHHS,
PO3IICTUICHHS] BHCOKOMOJICKYJISIPHUX O10T0JIiMepiB, akTHUBi3allis GpepMeHTiB, HaOyXaHHS),
BCE 1€ YCKJIaAHIOE Horo 30epiraHHs Ta mepepoOKy. Ha moBepxHi BOJIOroro 3epHa
NOYMHAIOTh NIBUIKO PO3BUBATHUCS MIKPOOPTaHI3MH, TAKOXK B 3€pHOBIN Maci 301IbIIY€ETHCS
YHCIIO KOMax, KJIIIIB Ta 1HIKUX IIKIIHUKIB. CYyKYyNHICTh IEpepaxoBaHUX MPOIECIB B 3€pHI
NPU3BOJUTH JIO TOTIPIIEHHS MOro SIKOCTI 1 N0 MOro IMCyBaHHA Ipu 30epiraHHi.
3MIHIOIOTHCS (D13UUHI BIACTUBOCTI BOJIOTOT0 3epHa. BoHO 3HauHO Ha0yxae, MOBEPXHS CTa€
TJIAJIKOI0. 3HMKYETHCS CUIKICTh 1 HaTypa 3epHa. TaKoX IMiJBUIILYETHCS E€IACTHYHICTD
000JIOHOK 1 3MEHIIYEThCA OMip CTUCKyBaHHIO. B pesynprari mpu mepepoOiri
30UTBIITYIOTBCS. BUTpPATH €HEpPrii Ha JpOOJICHHS 3€pHa, 3HIKYEThCA BHXIJ 1 SKICTh
npoaykiii. B meskux Bumamkax nepepoOka 3epHa cTae HEMOXKIMBOIO. HalBakmuBimmuin
cnoci® MOJIIMIIEHHsT SIKOCTI 3€pHAa IpH 30epiraHHi 1 mepepoOll,CylKy, BUKOHYIOTh 3
00OB'SI3KOBUM ypaxyBaHHSIM CTaHY 3€pHa MO BOJIOrOCTi. BoJsoricTe 3epHa BU3HAYAIOTH Y
HaBIIIEHHS Pa3oM 3 JIOMIIIKAMHM, TaK SIK iX BOJIOTICTb BIAPI3HSAETHCS Bl BOJOIOCTI 3€pHA.
Bosora B 3epHi 3HaXOIUTHCSA Y BUIJISAL: XIMIYHO 3B's13aHOI BoU (3B's13aHa BoJa), (i3HKO-
XIMIYHO 3B'A3aHO1 BOJM, Ta BUIBHOT BOAW. [l OJHAKOBOCTI OLIHKKA BMICTY BOJU
PO3PI3HAIOTh CyXe, CEpelIHbOI CYXOCTi, BOJIOTE 1 cupe 3epHO. Hampukiaza, y TIICHMII,
KUTa, TIMEHIO CyXe 3epHO Mae Bojoricth 10 14%, 3epHo cepeanboi cyxocti - Bia 14,1%
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1o 15,5%, Bomore - Bix 15,6% mo 17%, cupe - Big 17,1% i Ginbire. Y HaciHHS OJIHHUX
POCIIMH TOKa3HWKH BOJIOTOCTI III€ MEHIIE, a y HaciHHA JeiIKuX OO00OBUX KYJbTYD,
HaBnaky, Ounpiie. Cyxe HACIHHS COHALIHUKY MICTATh He Ouiblie /%, a KBacoidl - He
ounbime 15% Bonorocti. 3epHo n00pe 30epiraerbesi «B cyxomy» ctaHl. Ilpu mpomy B
HbOMY TPAKTUYHO BIJICYTHS BUIbHA BOJIOTA, BCS BOJa MOB'sA3aHa 3 TiAPODUIBHUMU
KoJioigamMu 3epHa. Mexka BOJIOTOCTI, MPH SKi B 3€pHI 3'BIISIETHCS BIJIbHA BOJA, 3AJICKHUThH
B1JI XIMIYHOT'O CKJaay, KyJbTYypH, 1 BiJ 1i aHATOMIYHOI Oy0BH. BiabIll HU3BKI MOKA3HUKU
BOJIOTOCTI Y OJIINHUX TIOB'SI3aH1 3 BEJIMKUM BMICTOM KUPY, SKUW HE YTPUMYE BOIY 1, OTXKeE,
BOHA Y BEIMKHX KIUIBKOCTSIX 30CEpPEIKYEThCA B TiAPOMUIbHOT YAaCTHMHH 3€pHA, IO
IPU3BOJIMTH 10 aKTUBI3allli 010XIMIYHHMX IPOIIECIB. 3a3BUYall 11¢ MOB'SI3aHO 3 BEITMYHMHOIO
KPUTUYHOI BOJIOTOCTI, SKa JIGKUTHh 3a3BUYail B 30HI «CEPETHBOI CYXOCTI» 3€pHa.
3BOJIOKYBAHHS 3€pHA IMiJ 4Yac MIATOTOBKA HOro JO MOMENy Ma€ 3HAYHWMA BIUIMB Ha
IIPOIIECH BiIOKPEMIICHHS 000JI0HOK. OHUM 3 HAmpsIMiB yJIOCKOHAJIEHHS IHOTO €TaIy €
fioro iHTeHCHIKAIlil 3 METOI 3MEHIICHHS TPUBAJIOCTI BIJICKYBAaHHS 1 MPUCKOPEHHS
IIPOHUKHEHHSI BOJIOTH B CEPEAMHY 3CpHIBKH. JOCTiTHMKAMU MOBEJACHO, IO JYIIECHHS
3epHA TIICHMII CIPHUSE KPaIIOMy <«3aXOIUICHHIO» BOJIOTHM TPHU HOTO 3BOJIOKYBaHHI Ha
MOYaTKOBOMY eTami. 3a paxyHOK BHJAJCHHS OOOJIOHOK 3€pHa Bi1IOYBA€ThCS O1IbIII
IHTEHCUBHE NMPOHUKHEHHS BOJIOTH Y BHYTPIIIHI YACTUHU 3€pHA, IO CIPHUSE CKOPOUYEHHIO
TPUBAJIOCTI BiJBOJOXKYBaHHsA. Ha puc. 1 HaBeneHo JiHIMHY 3aJIeKHICTh 3MIHU 1HJEKCY
JYIIEHHS Bia TpuBajaocTi 00poOku B royeHapi YJI3-1. Ha ocHOBI 1aHUX IIbOTO PUCYHKY
OyJsi0 00paHo TpuBaiicTh aymieHHs 20 ¢, npu oMYy Aocsraerbes iHaeke aymeHHs 10,1%.
Tpusanicte nymenas 20 ¢ oOpaHO Ha OCHOBI BIJIOMOCTEH, SKI HaBEACHO Y psi
JITEPATypHUX JDKEpET, 3 SIKUX BIJOMO, 110 TPUBAIICTh NepeOyBaHHs 3€pHA B JTYIIUIBHUX
marmuHax OesnepepHoi Aii tumy Al-3IIH cranoBute 12...18 c. Takum yuHOM Oynu

CTBOPEHI YMOBH, HaOJIMXKEHI 10 BUPOOHUYHX.
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Puc. 3. 3ayiexXHICTh 1HIEKCY JYIIEHHS Bl TPUBAIOCTI OOPOOKH B rOJICHAPI.

[naexc nymeHHs npu TpuBajiocTi oOpodbku B rosieHapi 20 ¢ cranosuB 10,1%, npu
tpuBaiocti 40 ¢ — 18,7%, nipu 60 ¢ — 16,0% 1 npu 80 ¢ — 32,3%. 31 301/IbIICHHAM 1HACKCY
naymeHHs outbine 10% moMiTHO 301TBITY€ETHCA KUIBKICTh MYYKH, SIKA YTBOPEHA CTEPTUMH
YaCTUHKAMH €HJIOCTIEPMY .

Ha puc. 4 HaBeneHO y3arajbHEHY 3aJ€XKHICTh HNPUPOCTY BOJIOTM B JIYHIEHOMY 3€pHI
NIIEHUI B 3aJI€KHOCTI B/l 1HIEKCY JYIIEHHS.
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Puc. 4. 3anexxHICTh 3MIHM BOJIOTOCTI 3€pHA MIIEHUINl MPH PI3HUX 3HAYEHHSX 1HIIEKCY
JTYIIEHHS.

[3 mammx puc. 2 BUAHO, MO 30LIBIICHHS 1HACKCY JYIICHHS MIICHUIN MPU3BOIUTH IO
NIJBULIEHHSI BOJOTOCTI 3€pHA MpU IHIIMX OJHAKOBUMX ymoBax. HaiiOuipma BOJOTICTH
3epen 17,0% cnocrepiranacs npu inaexkci jgymeHHs 32,3%. KoediuieHT kopesnsiii
TOCHKyBaHUX o3Hak craHoBuB 0,89, mo cBIAYUTH MPO TICHUM 3B SI30K MIK
JNOCIIKYBaHUMU 3MIHHUMHU. JlaHi puc. 2 MIATBEPIKYIOTh 30LIBIIEHHS MOTJIMHAHHS
BOJIOTH JyIIEHUM 3€pHOM TMIIECHMII MPOTIroM Mepioay BiaBoJoKyBaHHs. Ha puc. 5
HABEJICHO KIHETUKY 3MIHHM BOJIOTOCTI 3€pHa JIYHICHOTO0 Ta HEIYLIEHOTO 3€pHa MILIEHHII],
IO € PEe3yJbTAaTOM TPETHOTO €Tamy AOCIIIKEeHb. [3 JaHUX pUC. 5. MOXKHA MOOAYUTH, IO
nepiri 10 XB. BOJIOTICTh JyIIeHoro 3epHa aocsrana 17,1%, a nenymienoro — 16,3%. Yepes
70 xB. Bi/Ie’)KyBaHHS BOJIOTICTh 3€pHA SIK JIYIIEHOTO, TaK 1 HEIYMIEHOTO 3HWXKYyBanacs 1
BianoBiaHO craHoBmiIa 16,5% ta 15,8%.

Puc. 5. Kinernka 3minu Bojorocti jaymeHoro (I, = 10,1%) Tta HemyiieHOro 3epHa
[IIIEHULI.

Uepesz 190 xB. Bijajie)KyBaHHS BOJIOTICTh 3€pHA TaKOX 3MEHIIWJIACh 1 CTAHOBWJIA JIJis
aymenoro 3epHa — 16,0%, a mis HemymeHoro — 15,0%, a mpu mogalIbIIOMy BiJIe)KyBaHH1
JYIIEHOTO Ta HENYIIEHOTO 3epHa BOJIOTICTh CYTTEBO HE 3MIHIOBANAcs 1 MpsMyBaja 0
MOCTIMHOI BeaudyuHU. [HIekc mymieHHs 3epHa mnmeHumi ctanoBuB 10,1%. ITicims 310 xs.
BIJUIE)KYBaHHS PI3HUIISI MK BOJIOTICTIO JIYIIEHOTO Ta HEMyIIeHoro 3epHa ctaHosmia 0,8%.
OrpumaHi JaHl € EKCIEpPUMEHTAJbHUM MIATBEP/UKEHHSAM TOIO, L0 JIyIIEHE 3€pHO
NIICHUI] TIOTJIMHAE OIbIIe BOJOTH, HDK HENYyIICHE, MiJg 4Yac OCHOBHOTO €Tary
BIJUIEKYBAHHS MpU YCIX I1HIIMX OJHAKOBUX yMoBax. JlomatkoBo Oynu mpoBeneH1
aHAJIOT1YHI JIOCHIJKCHHS 3 I1HIIOK MapTIE0 3epHA MIICHUIN, sike Mmana Hatypy 780 r/i,
CKJIOBHJIHICTh 61% Ta mouaTkoBy Bosioricth 11,6%. 3epHO aHAIOTIYHO OYMIANIM MEpe.
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IIPOBEICHHSIM JIOCTIKeHb. BiAMIHHOIO OCOOIMBICTIO MHMX JOCIIIKEHL OyJ0 T€, IO
1HIAEKC JymeHHs OyJio 3MEHIIEHO — BiH cTaHoOBUB 3,2%. Pesymbpraté mocimiKeHb
HaBEJICHO Ha puc. 6.

Puc. 6. Kineruka 3minu Bostorocti srytienoro (I, = 3,2%) ta HelryIeHoro 3epHa MIeHHMIII.
Sk BUIIHO 13 aHUX puc. 6 XapakTep KPUBHUX aHAJOTIYHUN TUM, IO HABEJIEHO Ha puc. 3.
[TopiBHIOIOUM maHi puc. 3 Ta 4 MOXXHA TTOOAYNUTH, IO 13 3MEHIICHHSAM 1HACKCY JTyIICHHS
BOJIOTICTh 3€pHA MiJ Yac BiIexyBaHHsA 3MmeHmmmiack. Yepes 10 xB. BiasiexyBaHHS
PI3HUIIA MiX BOJIOTICTIO JYIIIEHOTO Ta HEIYIIEHOTo 3epHa craHoBmia Bchoro 0,15%, a
gepe3 310 xB. — 0,3%. Lli mani TakoX € MIATBEPKCHHSIM TOTO, IO 13 30UIBIIEHHAM
KUIBKOCT1 BIJOKPEMJICHHX OOOJIOHOK BIJ 3€pHa MPUPICT BOJOIM B 3€pHI MiJ Yac
BIJIJIEXKYBAHHS 301IbIIYETHCS.

CyyacHl nepepoOHI MIIMPUEMCTBA JI 3BOJIOKEHHS BUKOPHCTOBYIOTH T1IPOTEPMIUHY
00poOKy 3epHa. KonauiiroBanHs Ta riipoTepMuyHa 00poOKa MoJIeTIIy€e Mpoiec JTyIieHHs
3€epHa, 110 MiJIBUINYE KOe(DILIEHT TYIIEHHS 3epHa, KOe(ILIEHT HIJTICHOCTI 3€pHa 1 3arajbHy
€(EeKTUBHICTb JTYILECHHS.

Meta pgociaigkenHsi. Bu3HaueHHS HACHYEHOCTI BOJIOTOIO OOOJOHOK 3€pHa IS
3a0e3ne4yeHHs €(PEKTUBHOTO JIYIICHHS.

Pe3syabTatn jgociaimxkenb. Ha OCHOBI eKCIEpPUMEHTAIBHOI OI[IHKA T'€OMETPUYHUX
po3MipiB 1 (i3UKO-MEXaHIYHMX BJIACTHUBOCTEH 3€pHIBOK TIIEHUINl PI3HUX COPTIB 3
ypaxyBaHHSM pajiyca 30BHINIHBOI IUISHKA 3€pPHIBKH MPHUHHATOTO PIBHUM YBEpTI il
mupuHd R = 0,76 MM, a koedimient audysii Bosoru B obononkax D = 0,03 MM/
TOBIIIMHA JBOX BEPXHIX MO3M0BXKHIX mapiB miomoBoi odomonku 0,05 MM, BemnymHa iX
nopuctocti CO = 0,8; piBHOBa)kHA MOYATKOBA BOJOTICTH MOBITPSIHO-CyXxoro 3epHa W =
14% 1 Bomnoricte BosioroHacudeHHs: 00010HOK Wg = 55%. [lng BU3HAUYEHHS BEIWYUHU
Wg miaroTosieH1 3pa3ku 000JIOHOK MIEHUITh 3 PI3HOIO CTEKJIOBUIHOCTHIO C moMmimianu B
SKCUKATOp MIX IapaMu (GpuIbTpyBaJIbHOTO Tarepy, KiHili sikoi Oyym omyrieHi B Boay (t, =
18 °C), mamury B mimgon. CTBOprOBaHa B €KCHUKATOPI MapoIOBITpsSHA cepeaa IOBHOIO
BOJIOTOHACUYEHHA 1 BUIBHUM JOCTyHn BOJIOTM /0 OOOJOHOK 3a0e3nedyyBaiu ix
MakcuMasibHe HacudeHHs. [licig 3akiHyeHHs 48 rolWH BU3HAYald BOJIOTICTh 3pa3KiB 3a
CTaHJApTHOW MeTOauKOK (Tadmn.l). SIk BUIUIMBaE 3 HABEACHHMX JAaHUX, BEIMYUHA
€KCIIEpUMEHTAJILHO TIEBHOI BOJIOTOCTI BOJOTOHACHYEHHSI MO3JO0BXKHIX IIApiB IIOAO0BOI
000JIOHKH 3HAXOIUTHCA B Mexkax 46%. OnHak, 3 OryIsiAy Ha, 10 TPU BUTOTOBJICHH] 3pa3KiB
BiZIOYBAETHCS MOPYIICHHS LITICHOCTI CTPYKTYPH IIapiB 000J0HOK (pO3pHB CTIHOK Tip i
nycroT), BenmuumHa WgR € gemio  3aHmKeHow. lle  moOidYHO  IMiATBEPIKYETHCS
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EeKCIIEPUMEHTAIbHUMU JaHUMU 10 BOJIOTOCTI OOOJIOHOK, BIJOKPEMJIEHUX B MpPOIECI
JTyUICHHsI, BEJIMUYMHA SIKOI MpH 3BOJOXKEHHI 3epHa Ha B 8 ... 11% nocsrana 60% mnpu
HE3HAYHOMY HAsBHOCTI HEIMOIVIMHEHOI MOBEPXHEB1 BOJOTU. Y 3B'A3Ky 3 UM Oyna
npuitHsaTa BenuunHa Wr = 55%. [Ipu 06poO1ui B nyIuiabHIA MalIuH1 3BOJIOKEHOT0 3€pHA
BIJIIIJIEHHST OOOJIOHOK BiIOYBA€THCSA MO TOBEPXHAX 13 HAWMEHILOK MILHICTIO 3B'SI3KY.
Takol0 YMOBHOIO MOBEPXHEIO pPO3AULYy B IMEpIIy YEpry CIiJl paxyBaTH MeEXKYy IBOX
MOJOBKHIX IIApIB IJIOAOBOT OOOJIOHKH IIOMO0 i1 momepedyHux KIiTok. KiabKicTh BOJIOTH,
0 BBOJUTHCS B TOBEPXHEBI MIApH, 1 Yac ii MPOHUKHEHHS B OOOJOHKA MOBUHHI
BUOUpaTHUCS 13 3a0e3NeUeHHs HAalOUIBIIIOr0 MOCIa0JICHHS MIITHOCTI 3B'S3KiB, 110 OCOOJIMBO
BaXJIMBE ISl MAIIMHU, OCHOBAaHOI Ha (pUKIIHOMY NMpUHIMMI 1ii. B ymMoBax HaaMipHOTO
3BOJIOKCHHSI, KOJIM Ha TOBEPXHI 3€pHA 3aJIMINAETHCS MEXAHIYHO BOJIOTA, BUHUKAIOTH
MacTuja, M0 3HWXKYE BEIMYHUHY CHUIA TEPTs, MPEBAIOE B Tporieci JymieHHs. Onepartis
JYIIEHHS 3BOJIOKEHOTO 3epHa BiAOYyBa€ThCA MPH OJHOYACHOMY TPAaHCIIOPTYBaHHI HOTO B
00OMEKEHOMY KITBIIEBOMY 00'eMi pOOOYO0T 30HU MAITUHHU.
Tabmuusg 1. BoJgoricTh BOJIOTOHACHYEHHS 000J10HOK 3€PHA MIIEHUIII.

Coprt 3epHa VYkpainka Onecwpka 16 | Onecbka HoBomiuy- | Cepenne

MIIICHHUII (C=70%) 26 pUHKa 3HAYCHHS
0060104KH (C= 40%) (C=96%) | (C=98%)

CyKymHICTb ycCix

000JIOHOK 3 53,5 54,5 55,1 54,2 54,4

JICMPOHOBOM IIAPOM
CyKyTnHICTh MI0J0BOT

. . 49,4 50,6 48,7 51,3 50,0
HACiHHEBOI
Hacinnesa 3
MIOTICPEYHUMH 49,5 45,5 49,1 48,4 48,5
KJIITHHAMH
Inonosa be3 46,4 46,0 45,7 45,9 46,0

MOIICPCUHHUX KJIITHH
KoHcTpyKkTHBHI nmapamMeTpu MallvuHH, SKI BKIIOYAIOTh il poOouMid JiaMeTp , JIOBXKHUHY,
pPO3MipH, 3arajbHa KUIbKICTh Ta KyTH aTaKH JIONATOK, BEJIMYMHY PaAiaIbHOrO 3a30py M1k
BEPXHBOIO KPOMKOIO JIOTMATOK 1 BHYTPIIIHBOI MOBEPXHEIO IMIIHAPOBOI OOWYANKH.
VYpaxoBylourd BHCOKY JWHAMIYHICTh TIPOIECY '3aXOIUICHHS  BOJIOTH ILJIOJOBUMU
o0o0HKaMH, Oyiau TIpOBEJEHI PO3pPaxyHKHU [JI 3MEHIIEHUX I1HTEpBaliB Yacy U
nooyoBani rpadiuni 3anexnocti npu 1=0,1...1,0 ¢c; At =0,15c; t = 0,001...0,1; At =
0,0165 c. I3 3anexHocteir BUuxoauTh, o vepe3 0,05 ¢ 3oBHimHINM map obooHok ( 0,76
MM) JIOCSTa€ BOJOTOCTI, OJIM3bKOI J0 TpaHUyHOi, a y BHyTpimHbOMY ( 0,71 MM) mporiec
3BOJIOKEHHSI 3HAXOJUTHCA B IIOYATKOBIA cTajii. |HTEHCUBHICTH NOIJIMHAHHSA BOJIOTH
30BHIIIHIX mapiB B iHTepBaii 70 0,1 ¢ 3HMKYEThCS, a BHYTPIIIHIX IMiJBUIYETHCS, 1 JTUIIIE
MICJIS 3aKIHYEHHS LIbOTO NEP10y BOHA MOYMHAE 3HUKYBATHUCS JUIsl BCIX 1IapiB. 30BHILIHIN
map uepe3 15 ¢ HacuvaeTbest BoJororo. BHyTpimHid,map Mae Bojorict Ha 4 % menie,
y TOPIBHSHHI 13 30BHINIHIM, TmpoTe Yepe3 55... 70 ¢ BoJOTICTh yCIX mapiB IocsTae
IPaHUYHOTO PIBHOBAXXHOT'O CTaHy. 3 aHaII3y rpapiyHUX 3aJI€KHOCTEN BUXOIUTD, IO MpH t
> 0,55 c, BOJIOTICTh O0OJIOHOK 3MIHIOETHCA MPSMO MPOTMOPIIINHO BENMUKHI iX paaiycy. s
KOXKHOTO 11apy 31 30UIbIIEHHSIM 1, IHTEHCUBHICThH MOTJIMHAHHS BOJIOTH 3HWXKYEThCs. Criijl
MaTH Ha YyBa3i, IO po3paxoBaHa TPHUBAJICTh TMEPEHOCY BOJOTH B IIapax IUIOAOBOI
000JIOHKM XapaKTepu3ye MIHIMAJIbHUM 4Yac 3BOJIOKEHHS 3€pHA, IMCIS 3aKIHYEHHS SKOTO
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B1J0YBa€ThCS MOCIA0ICHHS aAre31MHOI MILHOCTI iX 3B'SI3KY 3 1IHIIOI0 YaCTHHOIO 36PHIBKH.
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Puc. 7. 3aJIe)XHICTh BOJIOTOCTI IIApiB IJI0JI0BOI OOOJOHKMU BiJI TPUBAJIOCTI IMEPEHOCY
gonorn t=1...7c: 1- S=0,76 mmMm; 2- S=0,75 mm; 3- S=0,75 mwMm; 4- S=0,73 mmMm; 5- S=0,72
MM, 6- S=0,71 mm.
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Puc. 8. 3ayexxHICTh BOJOrOCTI IIApiB IJI0J0BOI OOOJIOHKH S, BiJI TPUBAJIOCTI MEPEHOCY
gosjorn t=0,001...10c:1-S=0,76;2—-0,75; 3-0,74mm; 4—-0,73mMm; 5—0,72 mMm; 6
—0,71 mm

[Ipu oMy Bosiora Ha KOPJIOHI PO3MLTY MO3I0BXKHIX 1 MOMEPEYHUX MIAPIB 3 HACIHHEBHIMA
00O0JIOHKOIO TIOUYMHAE BUPOOISTH PO3KIMHIOIUMY [0, @ HE MPOHUKAE Naji BHACIIJIOK
BHUCOKOI TipoIbHOCTI HAciHHOI 00070HKH. ToMy pallioHajdbHE 3HAYEHHSI TPHUBAIOCTI
3BOJIO’KEHHSI 3€pHA Iepej JYIIEHHSIM CJI1Jl BCTAHOBIIIOBATU 32 PE3yJIbTaTaMH OOpOOKHU
fioro B MamuHI MpH BapifioBaHUX MapaMeTpax MIATOTOBKH 3 OI[IHKOK e(eKTUBHOCTI

MPOILIECY MO KOMIUIEKCY TEXHOJIOTIYHUX 1 EHEPreTUYHUX MapaMeTPiB.
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Puc. 9. 3miHa BOTOrocTi 06OJOHOK 3a iX TOBHII/iHOIO npﬁ piSHi%MTpHBaHOCTi epPEeHOCY
Bosioru: 1- t = 0,001; 2-0,018; 3-0,051; 4- 0,1c: 5-0,25; 6- 0,55c; 7- 1c; 8-2¢c; 9-4c; 10- 7c;
11-10c; 12-25c; 13- 100c.
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BucHoBKH. YpaxyBaHHS BOJIOTOCTI IUIOJOBOI OOOJIOHKHU Ta PEIITH CTPYKTYPHHUX YaCTOK
3epHa PI3HUX KyJbTYp, HEOOXIAHE s BUOOPY PALIOHAIBHOIO PEKHUMY 3BOJIOKECHHS.
PexomeH0BaHMMY TIapaMeTpaMH BEJIMYHHH 3BOJIOKCHHS 3€pHA MOKE OYTH 301IBIICHHS
BiJl 3arajbHOi BosiorocTi Ha 2...4%. PaimioHanbHI TEpMiH BIJBOJOKEHHS 0 OIeparlii
JylieHHs: Moxke 0yTu pekomeHaoBanuM Ha piBHi 10...20 xB. BosoricTe BiIOKpeMIIEHHX
000JIOHOK BHACHIJIOK JIYIIEHHS 3 MONEPEIHIM 3BOJIOKeHHSIM Ha 8% Ta 3 BIJBOJIOKEHHSIM
OPOTATOM S XB. BIAMNOBIJA€ TEXHOJOTIYHMM BHMOTraM Ta MOXE€ OyTH 3aCTOCOBAaHUM 3
BUKOPHUCTAHHSM [IE€BHOTO O0JIaIHAHHS.

JIITEPATYPA
1bpacamua C.H.  Metonuueckne  acmekTol  ompeaeneHus  kKoddduimeHTa
TEXHOJOTHUECKOW 3¢ dexTuBHOCTH  mienyineHuss  miaéuuatoro 3epua [/ C.H
Bbpacanun//XnedonpoaykTsl. — 2013.— Ne5.— C.48-49.
2. lynapes 1.1.Bonora 3epna / lynapes L.1. // Arpapuwuii Bicuuk [Ipudopaomop’ st. 30ipHUK
HAyKOBUX mpainib. Texaiuni Hayku.- Oneca:2014 Bum. 74. - C . 129-132.
3. dynapes L.I. Jlymenns 3BonoxxeHoro 3epua / Jlynapes L.1. // ArpapHuii BicHUK
[TpudyopHoMOp' s1. 301pHUK HAYKOBUX Mpallb. TexHiyH1 Hayku.- Oneca:2015 Bun. 78. - C.
141-145.

OFPABOTKA YBJIAJKHEHHOM TIOBEPXHOCTHU 3EPHA TIIEHMIIBI
Hynapes ., Uyayi1 B11, Jlupavk B.B.
KmoueBble  c10Ba: 3¢pHO, 000JIOUKA, TPEHHE, PA3PYILICHUE, JIyIIICHHE, RIZKHOCTD.
Pesrome

3epHo 31aK06bIX KYyIbMYp AGAAEMCA UCMOUYHUKOM 3HAYUMENIbHO20 NOMEeHYUald
9Hepeuu, U COOepHCUM NPAKMUYECKU 6Ce 8eujecmsd, Heobxooumvie OJisl HOPMATbHO2O
@DYHKYUOHUPOBAHUA  OP2AHUBMA  YeNlOBeKd, JCUBOMHBIX, U nmuysl. Brasxcnocmo
Xapaxkmepuszyem KOIUYECMB0 NUMAMENIbHbIX Belecms 6 3epHe, a mMaKdce e2o
npucOOHOCMb K XpaHeHuio u nepepabomrke. Yuem pacnpeleieHus 61acu 8 3epHax
371AKOBbIX KYIbMYP NO360.715em U30upams payuoHaIbHble pedcumvl YeiadxicHenus. Biaza 6
3epHe HAX00Umcs. 6 GUOe. XUMUYECKU C6A3aHHOU 600bl (césa3annas 600a);, Gusuxo-
XUMUHECKOU  C853aHHOU  6800bl  (Cc6s3aHHAs 600a); MEXAHUYECKU CEA3AHHOU  B00bL
(c60600nas1 600a). XumuuecKu C8A3aHHAL 6004 6XO0UM 8 COCMA8 0ENK08, Yene0008,
AHCUPO8 U Opyaux coeounenull. Ee mooxcno evloenums, Ul HApyuiug cmpykmypy mux
gewecms. Monekynol  PUUKO-XUMUYECKU  CBA3AHHOU B800bl MEPAIOM  CB0UCMEA
pacmeopumensi U OKA3bIBAIOMCS CEAZAHHLIMU C 2UOpOPUIbHLIMU Gewecmeamu. Takas
600a Mmodicem Ovbimb yoanena u3z 3epua nymem evicyuwusanus. (Ceoboonas 600a
HAxXo0umcs 6 Kanuuiapax 3epHa, U jlecko noooaemcs cyweHuro. Mmenno sma eénaza
AKMUueHo ydacmeyem 6 (QU3UONOSUYHBIX, OUOXUMUHECKUX U MUKPOOUONIOSUYECKUX
npoyeccax 6 3epHe. Hccnedosanue pacnpedenenuss 81a2u 8 AHAMOMUYECKUX CIMPYKmMypax
000104eK 3epHa NUUEHUYDL C YUemoM KUHeMUKU OUp@y3uoHHOU BAANCHOCMU C8OOUMbCSL
K YCMAHOBIEHUI) KOIUYECMBEHHbIX 3AKOHOMEPHOCMEL USMEHEHUSl GNANCHOCMU 08)YX
BEPXHUX Cll0e8 NJI0008OU 000I0UKU, KOMOpble NO0aelcam OmoeleHuro 8 npoyecce
TYWeHusl, a Mmakxdce onpeoeieHusi OAUMEIbHOCIU NepPeHoca 61a2u, Npu KOmopou
00CMUSHYMA UX PABHOBECHAS GIANCHOCMb. Yuem GNadiCHOCmuU N100080lU 000I0UKU U
OCMAILHLIX CIPYKMYPHBIX 4acmell 3epHa 3/1aK08bIX KYabmyp, Heooxooum 07s 8blbopa
PAYUOHANBHO20 PENCUMA YBLANCHEHUs 015 3P pekmusHo2o omoenenus NieHoK Y8emos
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u3 nogepxnocmu. /[isi 8bINOIHEHUS. NPOYECCa TYWeHUsl 3ePHA, KaK NOO20MOBUMENbHOL
onepayuu 8 obwell obpabomke, UCNOIL3YIOM VEIANCHEHUE NOBEPXHOCMHOU 0D0N0UKU C
yenvio  yayuuwienus Kodguyuenma mexHonocuueckou dggdexmusnocmu  0bweco
nokasameJisi, mo ecmv Kod(huyuenma ayujenust, KOmopwiil s6811emcs KOJU4eCmeeHHbiM
noxasamenem d¢pgexmusnocmu pabomsr mawunvl. Ilpu obpabomke 6 1YUUTLHOL
Mawune Y8LaiCHeHH020 3epHa omoeieHue 00010YeK NPOUCXO0Um N0 NOBEPXHOCMAM C
HaumeHbulel NpPoYHOCMbIo C6:a3U. Takou YCI08HOU NOBEPXHOCMbIO paA30eNa 6 Nep8yio
ouepedb credyem cuumams npeoenl 08yX NpooojbHblX cloes. Konouyuonuposanue u
euopomepmudeckas oopabomka obnezuaem npoyecc ryweHus 3epHa, Komopoe makxoice
nosvluiaem Kodgduyuenm aywerus, KodIp@uyuenm yeiocmHoOCmuU 3epHa U 00wy
aghexmusrnocms 1yujeHus.

TREATMENT OF THE MOISTENED SURFACE OF WHEAT GRAIN
Dudarev I.1., Chucui V.P., Lirnyk V.V.
Key words: grain, shell, friction, fracture, peeling, humidity.
Summary

Grains of cereals are a source of significant energy potential and contain almost all
substances necessary for the normal functioning of the human body, animals and poultry.
Humidity characterizes the amount of nutrients in the grain, as well as its suitability for
storage and processing. Taking into account the distribution of moisture in the grains of
cereals allows you to choose the optimum humidification regimes. Moisture in the grain is
in the form of: chemically bound water (bound water) physico-chemically bound water
(bound water) mechanically bound water (free water). Chemically bound water is a part of
proteins, carbohydrates, fats and other compounds. It can be distinguished only by violating
the structure of these substances. Molecules of physico-chemically bound water lose the
properties of the solvent and are associated with hydrophilic substances. Such water can be
removed from the grain by drying. Free water isin the grain capillaries, and it is easy to be
dried. It is this moisture that actively participates in physiological, biochemical and
microbiological processes in the grain. The study of the distribution of moisture in the
anatomical structures of the shells of wheat grain, taking into account the kinetics of
diffusion moisture, is devoted to establishing the quantitative patter ns of moisture change in
the two upper layers of the fruit shell, to be separated during peeling, and determining the
duration of moisture transfer at which their equilibrium moisture is reached. Taking into
account the moisture of the fruit shell and other structural grain particles of cereal crops,
which is necessary for choosing the optimum moistening regime for effective separation of
floral films from the surface. To perform the process of grain peeling as a preparatory
operation in the general processing, humidification of the surface shell is used to improve
the coefficient of technological efficiency of the total index, that is, the peeling coefficient
which is a quantitative indicator of the machine's efficiency. When machining a moistened
grain in a Lush Machine, the separation of the shells occurs over surfaces with the lowest
bond strength. Such a conditional interface is, in the first place, the boundary of two
longitudinal layers. The conditioning and hydrothermal treatment facilitates the process of
grain peeling, which also increases the peeling coefficient, the grain integrity coefficient
and the overall peeling efficiency.
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YK 62229.316.002.51/52:665.3
BUKOPUCTAHHSA YJIBTPA3ZBYKOBUX XBWJIb Y TEXHOJIOI'TI OYUCTKHU
POCJIMHHOI OJIII
II. I. Ocaguyk
Ooecvruii OeparcagHull azpapruil yHigepcumen
C.M. Ilepersika
OoecbKuti HaYiOHATLHUL MOPCLKUL YHIgepcUumem
B. B. I'pu6
OoecbKuti 0eparcasHull azpapuuil yHigepcumem

Cmeopeno KomMniekc mexHivHux 3acobis, o 8Ku0Yac 061a0HanHs i 6I10KU NPecy8anHs.
HACIHHA, aodcopbenmHoi paginayii, eciopamayii i Koazyrayii, yewmpugyy8anus i
oezodopayii, ouuwlenus i mikpoginempayii onii. Koncmpykyii mexuiunux 3aco6is
0036015110Mb KOMIOHYS8AMU OKPEMI CKIA008I yacmunu nooiouno (MooynvHo), 6paxosyrouu
YMOBU IX pO3MIWEHHA Y MAlo KOHMYPHUX yexax. Y mexHonociunomy npoyeci, 3a
HeoOXIOHOCMI ~ UKOPUCTNOBYEMbCA  YIbMPA38YKOGULL  KABIMAMOp — Ol 3HUNCEHHS
Kkucromuocmi onii. Hasedeni meopemuuni ma excnepumeHmanvHi O0CAIONCEeHHS GNIAUBY
VAbMPA38YKOBO20 NOJS HA NPOYeC OUUWEHHS COHAWHUKOBOT 0. AHAni3y0uU AKI MONCHA
3pobumu 8UCHOBKU NPO NOSUMUBHUL BNIUE OAHO20 (PI3UYHO20 NOJA. 34 PAXYHOK SKO20
cnocmepieaemuvcs iHmeHcu@ikayisis npoyecy OYUCMKU | MAKONC NOKPAWEHHS SKOCHI
Kinyesozco npooykmy. Cgopmoeanuil 3a Yum HPUHYUNOM KOMNIEKC 3dabe3neyye
00€pPIAHCAHHS eKONI02IUHO YUCMOI POCAUHHOI 07ii 3a 0e38i0XIOHO MEeXHOO2IEN, U0
akmyanoHa 0 Gepmepcokux 2ocnodapcms. Onisi makoi sAKocmi 8I0HOCUMbCA 00
Kamezopii KoulepHux npooyKmia.

Kuarw4oBi ciaoBa: arpoBupoOHMIITBO, OISl POCIMHHA, TEXHOJOrIS, OO0JagHaHHSA,
yJIbTPA3BYKOBE MOJI€, KABITATOP, MOKA3HUKU SIKOCTI.

Beryn. Ha choroai B MiHiI-11eXax arpoBUPOOHUIITBA 1 hepMEPCHKUX TOCIOIaPCTB
MIMPOKO PO3MOBCIOKEHA CIPOIIEHA TEXHOJIOTSI OTPUMAaHHS COHSAIIHUKOBOI 011, 110
0a3yeThCs Ha MPOCTOMY 1 HE Jjoporomy oOnagHaHH1. OJIHAK, 111 TEXHOJIOTIS HE BKIIIOYAE B
ceOe HACTYITHY OYMCTKY OJIii, sIKa BIATOBIjaa O IIF0YUM CTaHIapTaM SIKOCTI MMPOAYKTY
1010 BMICTY MEXaHIYHUX JIOMIIIOK Ta KAHLIEPOT€HHUX PEUOBHH.

AHaJi3 OCTaHHIX [JOCHiIKeHb Ta JiTepaTypHUX /Keped. JleBoBa dacTka BCIX
MOKA3HMKIB SKOCTI OJIIT MpUMaaae Ha Tporec oyuineHHs. OTOX YMM Kpallle OYHIINeHa OJis
— THM BOHA fAKICHIIA, B MEeBHINA Mipi. OTpUMaHHI POCIMHHI OJil MICTATh Pi3HI MEXaHIYHI
JOMIIIIKK, CYITyTHI PEYOBUHHU, OIIKOBi, CIM3HUCTI, apoOMaTH4YHI PEYOBUHHU, IITMEHTH,
MOXYTh MICTHTH TPOAYKTH pO3Maxy XHpiB (BUIbHI JKMPHI KHUCIOTH 1 TPOIYKTH iX
OKHCIICHHS) Ta iHIIi. barato 3 HuX 3a0e3mneuyroTh crienudiuHuil 3anax, CMakK i Koxip OJii.
BukopucToByBaHi JUIsl XapuoOBUX LIJIEH POCIMHHI 0111 MatoTh OyTH HeWTpaabHUMU. ToMy
aKTyaJIbHUM € BU3HAUEHHS ONTHUMAJIFHOTO PEXKUMY MPOBEACHHS TEXHOJIOTIYHOTO MPOLIECY
OUYMCTKHM COHSIIIHUKOBOI OJIi1 3 BUKOPUCTAHHSAM (PI3UYHUX MONIB. 3 METOI0 OTPUMAaHHS
CKOPOYEHHS Yacy OYHMCTKH Ta 3MEHILIEHHS €HePTOBUTPAT MPU OTPUMAaHI MPOIYKII1 BHIIOT
AKOCTI. Y MpoIieci BUIYUYEHHS 0111 yTBOPIOIOTHCS YMOBH, SIKI CIIPUSIOTH EPEXOAY Y HBOTO
CYMYTHIX PEYOBHUH, BU3HAYAIOUUX Y MOJANBIIOMY BUOIp PEKHUMIB, amapaTypu Ta CXEMHU
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OUYMCTKH OJII1 B 3aJIEKHOCTI BIJ MOJANBIIOrO HOro BukopuctaHHs. K Takum pedyoBHHaAM
BigHOCATbCA (hocdaTuau, BICK, BUTBHI KMPHI KUCJIOTH, MIrMeHTH Ta iHml. Lli pedoBuHU
IOPUCYTHI B OJIli y HEBEJIMKIN KIJIBKOCTI, ajie AEsKl 3 HUX 1CTOTHO BIUIMBAIOTh Ha il SIKICTh
Ta TEXHOJIOTI4HI BiiacTUBOCTI [7,8]. KpiM Toro aHaii3 iHTepHET pecypcy Ta JiTepaTypHHX
JDKepeln, J03BOJIMB TiWTH BUCHOBKY, IO JaHa MpobiemMa JOCUTh akTyalbHa, OJHAK
HAyKOBI1 MOIITYKH BIZITHOCHO BUKOPUCTAHHS (DI3UYHUX TOJIIB JIJISi OYMCTKU OJI1A POCITMHHOTO
MTOXO/IPKEHHSI MPAKTUYHO BIJICYTHI.
Meta pociimkeHb. [[1s oTpuMaHHS BHUCOKOSKICHMX XapyoBHX OJIHA iX HE0OX1JTHO
MaKCUMaJIbHO OYHUCTHTH BiJ CYNyTHIX pPEYOBHH, TOOTO MEXaHIYHUX JOMIIIIOK,
dbocdaTuaiB, BOCKIB, MIUIBHIX PEUOBUH Ta TiapododbHux dpakiiii. Llei mpoiec MOXINBO
peanizyBatd 3a po3poOJEHOI0 HAaMU TEXHOJIOTiEr0 Ha 0a31l (Pi3MYHUX METOMIB 13
JIOTIOMOTOI0 ~ CIEIIaJIbHUX BIAIEHTPOBAHMX amapariB, KepamMidHUX MIKpOQIIbTPIB,
rigpatauifHoro crnoco0y o4ucTKU (HochaTuIHOrO KOHUEHTPATY 13 HACTYIHOK OEJIbTUHT-
GbinbTpali€ro 0THO-TBOXOCHOBHUX HEHACUUCHHUX KUCIOT 1-6 .
Pe3ysibTaTH eKCNEPUMEHTAJIBHUX [OCTiIKeHb. TEXHONOTIYHA MOJENb JTOOYUCTKHU
COHSIIIIHMKOBOT ~ OMii  (PI3UYHUMU  METOJaMU  BKJII0Yae B ce0e BUKOPUCTAHHS
yJIBTPA3BYKOBOTO TOJIA 3 METOI0 iHTeHcu(ikauli mpoiecy O4YUCTKU. Bimomo, mo mnpu
30UIBIIEHHI YacTOT JIOBXKMHA XBWJII YJbTPa3BYKYy HaOJMXKAETHCS JI0 BEJIWYHHH,
MOPIBHSHHOT 3 MDKMOJEKYJISIPHUMH BIJICTaHSIMH, IO BIUIMBAE HA CTPYKTypy Ta
EHEePreTUKY CEepelOBHINA, a OTKEe 3MIiHIOE 1i (hi3UKO-MeXaHiuH1 BiacTUBOCTI. LI 3miHu
MOIIMPIOIOTECS B IPOCTOPlI HEPIBHOMIPHO, TOMY IO I1HTEHCHUBHICTH YJIbTPa3BYKOBHUX
XBUJIb 3MEHIIYETHCS BHACIHIIOK TIOTJMHAHHSA B cepenoBulli. Tak BUHUKAae mpobiema
HEOJTHOPIAHOCTI  0OpOOIIIOBAaHOTO  YJIBTPA3BYKOM  MaTepiaidy, 10  BHUPINIYETHCA
ONTUMAJILHUM PO3TAIIyBaHHIM JKEpelsia yIbTPa3ByKy BIJIMOBIIHO 10 GopMuU Ta po3MipiB
poOo4oro mpocTopy, a TakoX BHOOPOM ONTUMAJIBHOTO 4Yacy Ml yJIbTPa3BYKY.
Onrtumizaiito BiOpaiiiiHoi 00pOOKM 3a JOMOMOIrOI0 YJIBTPa3BYKy MOKHA HAyKOBO
OOIpYHTYBATH, SIKIIO 3HATH 3aKOH KOJIMBAHHS B KOXKHIM Kparii pododoro npoctopy. Taxi
3aBJAaHHS BUPIUIYIOTBCA METOJAaMU MaTeMaTU4yHOl (I3UKM Ha OCHOBI XBWJIBOBOIO
PIBHSIHHS
2
Azcb—izaquo, (1)
c” dt
Jie C - MBUIKICTh PO3MOBCIOXKEHHS XBUJI
Jtst moriepeYHMX KOJMBAHb 3aBJaHHs IPUBOJAUTHCS JI0 IHTETPYyBaHHS PiBHSIHHS

0 °U _ g2 0°U
ot? ox? ' (2)
JIis TO3I0BXKHIX KOJIMBAaHb 3aBIaHHS MPUBOAMTHCS A0 PIlICHHS piBHAHHA (2) mpu
YMOBax.
U (0,t) =0, Y0 _ Ay ot
oX E
U (X’O):O’aug%mzo 3)

OTKe, BiCCECHMMETPUYHA 3a4ada IOLUIMPEHHS YJILTPAa3BYKy IPENCTABISAETHCS
¢ynkuiero ¢ (r,z,t)= G (r )H ()7 (t). sKa BU3HAYAETHCA PILIEHHAM PiBHSIHb!
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o(r,z,t)= i anO(Knr)(sin A+ anz)sin K ,.ct,
n=1

1 200
b, = (1) =——,
El v,

(4)

An = Ilarcsin a)?n ;/“ZI =
- Vn

Pimennst (4) MICTUTh MOIYJb IMPYXKHOCTI BiOpaTropa Ta IIBHAKICTH MOIIMPEHHS XBHJIb
MPY>KHOCTI B MOr0 MaTepiaii, a TAKOX IIBUJKICTh MOIIUPEHHS yJIBTPa3BYKY B POCIMHHIN
omi. ['eomerpuuni napamerpu h,l 1R €MHOCTI 3 POCIMHHOIO OJIIEI0 BAPTO BUOMpATH
3aJIEKHO BIJ] KPUTEPIIO ONTUMAIBHOCTI BIATMOBIAHO O BUMOTHU TEXHOJIOTII OOpOOKH
YJIBTPA3BYKOM, y SKUW ONTUMAILHAN 9aCc MOKHA 3HAXOJUTH, BUKOPUCTOBYIOUN (PYHKITIIO
¢ (r,z,t). IcHyBaHHS ONTUMAJILHOTO Yacy OOpPOOKM POCIMHHOTO Macja MOXHA MOSCHUTU
TUM, IO i yJIbTPa3BYKYy, BUKJIMKA€ K KOAryJsAUil0 JIpiOHUX TBEPAUMX YACTOK TaK 1
31piOHIOBaHHS TBEPJIMUX YACTOK. 3aBASKH TOMY, IO 3ApiOHIOBaHHS Ta KOaryJsilis
MPOTUJICKHI 3a pe3yJbTaTaMH iXHbOI Jii, 0OpoOKa yIbTPa3BYKOM 3BaXKEHUX Y
COHSIITHUKOBOT OJIii YacTOK Mae ONTUMaJbHUM Yac [ii. Y pe3yJabTari NpOBEACHHS
€KCIIEpUMEHTAJIbHUX JOCHIJKEHb BIUIMBY YJbTPa3ByKy Ha IMpOIEC OYMILEHHS OJIii
OTpUMAJIH CHIIYIOUU PE3yJIbTATH:

- ] E ——
s L *— /*/*,/W f——

. e 0 S o W : S T

@ 7| g ER e 4 -3/‘///

" b 2 L 41 , / /.2/ /

s ol SN

10 V ;
Puc.1l. BuznaueHnHs yacy Puc.2. BusHaueHHs KUTbKOCTI
HarpiBy OJIii PU 3M1HI YACTOTU  OCaay IPH MOTY>KHOCTI
YIbTPa3BYKOBUX KOJIMBAHb onpomiHtoBaua 1,3 kBT, ta
onpomiHtoBaua: 1-24 xI'u, 2—  pi3noi Temneparypi odii: 1 — 20
50 k', 3— 75 k', 4— 115w, °C,2-30°C,3-40°C, 4-50
5—130 kI'w. °C,5-60°C.

[IpoananizyBaBIIM €KCIIEPUMEHTAIIbHI JaHl, MOXHa 3pOOMTH BUCHOBKH, IO JOCSITHEHHS
MaKCHUMAaJIbHOTO €(eKTy M0 BUJIAJICHHIO 3BAKEHUX PEUYOBMH BIJJOYBAETHCS IPU HACTYITHHUX
TEXHOJIOTIYHUX TapaMeTpax: MOTYXKHICTh YyJIbTpa3BykoBux konuBadHb 1,3 kBT, wacroTa
yibTpasBykoBux kommBanp 120 kI, uac 06pobku 450 cexymnn, Temmeparypa odmii 50 °C.
[TorpimiHiCTh TEOPETUYHOTO Ta MPAKTUYHOTO EKCIEpPUMEHTy He mnepedutbinye 10
BIJICOTKIB B mOpiBHAHHI 31 3BHYaiiHOIO (QUIBTpali€n, Npu 00poOLl YIbTPa3ByKOBUM
MOJIEM BUJAJICHHS IOMIIIOK 301bmminock Ha 12%. [l peamnizaiii TeXHOIOTIT ofepKaHHs
POCIIMHHO] OJI1i TPOIIOHYETHCS KOMIUIEKC TEXHIYHHUX 3aC001B, IKUIl MICTUTH:

bnok npecyBanHsI (CEpIfHOTO BUTOTOBJICHHS).

bnok koaryssuii 1 rigpararii.

bnok neatpudyryBaHHs.

bnok BakyyMHOTO CyIITiHHS.

bnok cynepouninenns (MikpodiapTparrii).

arwbdE
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KoHeTpykuli TeXHIYHMX 3ac001B J03BOJIAIOTH KOMIIOHYBAaTH OKpPEMI CKJIaJOBI YACTHHH
100109HO (MOJYJIBHO), BPAaXOBYIOYM YMOBH iX PO3MIIIECHHS Y MaJOKOHTYPHHX IIeXax.
[Tpu HasiBHOCTI OOJiaHaHHs JUIs ipecyBanHs (11.1), HEOOXiHO BUTOTOBHUTH i BIPOBAIUTH
y BHUPOOHMITBO TUIBKM YyCTaTKyBaHHA Mo 1. 1. 2-5. Komrmiekc TexHIYHMX 3acoOiB
3a0e3reuye TPECyBaHHS OJIIMHOTO HACiHHS, OYHUINEHHS B MEXaHIYHUX JOMIIIOK
HeHTpU(YTyBaHHSIM, BUIAJICHHS BOAM IiJ BaKyyMOM, CYNEpOYHIICHHS (OCBITJICHHS),
KoaryJisiiito i rigpararito ojii. [Ipu3nauennit ajist oxeprKaHHs €KOJOTTYHO YUCTOI OJii 3
HACIHHS COHSIIHUKA. TEXHOJOTTYHUN TpOIeC BUKOHYETHCS B Takid IOCIIJOBHOCTI.
OmifiHe HACIHHS TJJIATAE TPECYBaHHIO, TOTIM HEOYHUIEHAa OJlisl TOJAEThCA Ha
HEeHTpUQYTy IS OUYUIIEHHS BiJ MEXaHIYHMX JOMIMOK. O4YHIleHa OJiisl MOTPAIuisie€ 0
BAKyyMHOI1 KaMepH Il BUIAJICHHS BOJM 1 JICTKOKUILUITYUX (PpaKIliid, TOTIM IMOJAETHCS B
OJIOK CynepovuIIeHHs i1 MIKpouibTpallii 1 ocBiTIeHHs. B TexHomorivHOMy mporeci,
MpU  HEOOXITHOCTI BHKOPUCTOBYETHCS YJIBTPAa3BYKOBUW KaBITATOpP JUISl 3HHMYKEHHS
KHCJIOTHOCTI oJili. ChopMOBaHMI 32 LIMM IPHUHIMIIOM KOMIUIEKC 3a0e3Medye Ofep:KaHHs
€KOJIOT1YHO YHCTOI POCIMHHOI 0J1ii o Oe3BiAXiHIA TEXHOJOTII 1 B yMOBaX (epMEPChKUX
rocrofapcTs. TexHiYHA XapaKTePUCTHKA KOMIUICKCY:
HowminanbHe BUpoOHHUITBO, Ji/rox — 150-450.

1. 3aMIIKOBUM BMICT MexaHiyHux jgomimok, He Ouiem 0,005 % wmacoBux.
3aJIMIIKOBUMA BMICT BOJIU B OJIii — BIJICYTHS.

2. CnoxxuB4a MoTy»XkHicTh, KBT — 9,5

3. CupoBuHa — HACIHHS COHSIIIHMKA.

4. [Iepconan — oxuH oneparop.

EdekTuBHICT, METOMY OJEpKaHHS OCBITJIICHOI €KOJIOTIYHO YMCTOI POCIMHHOI OJii mpu
MOBHOMY 30€peXeHHI OpraHOJICITUYHOI SKOCTI 1 MOXUBHIM IIHHOCTI MPOAYKTY. Takui
e(eKT IOCSATAEThCS 3aCTOCYBAHHSIM MPH BUPOOHUIITBI ONil TUIBKK (Hi3UYHO-MEXaHIYHUX
npoueciB, 0e3  xiMiyHOI  00poOku. TexHoioris  peani3yeTbCs  KOMMIAKTHUM
Majora0apUTHUM TEXHIYHUM KOMIUIEKCOM, BHKOHAHHWM I10 MOIYJIHHO-OJIOYHOMY THIY,
SIKUM JIETKO KepyBaTH. BiH 3py4unuii Ta komnaktauii. CopMOBaHa 32 TaKUM MPUHITUTIOM
TEXHOJIOTIS 1 po3pobieHe obmagnanus BrpoakeHi B TOB “IIporpec” (c. Kpemuiska,
Onecekoi obOnacti). Otpumano mno3utuBHI pesynbratd, 100 r pocnuHHOT OXil B
cepeHbOMYy MICTUTh. kupiB — 99,9 r; xonecrepuny — HyJb T; BiTaMiHIB A — 27 mr., E —
125 wmr.; )xupHi kuciaoTu — HacuieHi — 11,1 r.; Mmononacuuensi — 59,3 r. Kanopiiinicts oii
3693 k/xx (898 kkam), 30epirae cmak i apomaT CBDKEBIIXKATOI OJil 32 CBOEK SKICTIO
BIJIHOCUTBCS IO KOILIEPHUX MPOAyKTiB. [loka3sHuku sikocTi omii mpuBeneHi y Tabmumi 1.
[Toka3HUKHU SKOCTI Oii 3 HACIHHS COHSIIHHUKA BiAMOBiNarTh AitouoMy cranmapty AI'CT
1129-93 “Onmnist consimamnKa” .

Tabmunsg 1. Iloka3HUKH AKOCTI 0JIii.

Ne ni/nn HaiimeHnyBaHHS OKa3HUKIB ITokazHuku

1 Copt Je3zonopoBana

> MacoBa 10711 BOJIOTH Ta JIETIOUUX 01
pedoBuH, % ’

3 CryniHb Ipo30pocTi, (eH. 25

4 Kucnorae yucno, MrKOH/r 0,35

5 ITepekucHe yncio, MMoJb/Kr 5,0

6 Konwopose uncio, Mr tony 10
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BucnoBku. CdopMoBaHa TpOrpecHBHA TEXHOJOTIS 1 CTBOPEHO KOMIUIEKC TEXHIYHUX
3ac00iB Juis 3iMCHEHHS MpPOIECY OTPUMAaHHS SKICHOI POCTUHHOI OJii 3 HaCiHHS
COHSIIIHMKA. EQEeKTUBHICTh 3alpONOHOBAHOI TEXHOJOTIi 1 TEXHIYHOIO KOMIUIEKCY
oOnagHaHHs Ayg il peamizauii — OTPUMAaHHS EKOJOrIYHO YHUCTOI OJii MpU HOBHOMY
30epeKeHH1 OPraHOJENTUYHOL IKOCTI 1 MOKUBHOI IHHOCTI IPOJYKTY.
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HNCITOJIB3OBAHHUE YJIbTPA3BYKOBbBIX BOJIH B TEXHOJIOI'MHA
OYUCTKHU PACTUTEJBHOI'O MACJIA

Ocanmuyk I1. U, Ilepersaxa C.M., I'pu6 B. B.

KaloueBble  ciaoBa:  arponpoM3BOACTBO, MAacjiO  pacTUTENbHOE,  TEXHOJOTH,
o0opyoBaHue, yIbTPa3BYKOBOE MOJIE, KABUTATOP, TOKA3aTEIN KauyecTRa.

Pe3rome
Co30an KOMNieKc mexHuyecKux cpeocma, GKuddas 0obopyoosanue u OJOKU NPecCoOB8aAHUs.
ceMsAH, aocopbenmuou paguHayuu, 2uopamayuu U Koa2ynsayuu, yeHmpugpyeuposanus u
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oeszooopayuu, O4YUCMKU U Mukpoguiompayuu macia. Koncmpyxkyuu mexnuueckux
Cpeocme No3605I0M KOMNOHO8ANMb OMOebHble COCMAgHble Yacmu nooaouno (MooyivHo),
YUUmMbl8as YCi08Usl UX DPAZMEWEHUs 6 MAl0 KOHMYPHuIX yexax. B mexnonocuueckom
npoyecce, npu HeoOXOOUMOCMU UCNOIb3VEMCs YIbMpPA38yKo8oU KaAsumamop O0is
CHUDdICeHUsl Kuciomuocmu macaa. Ilpusedenvl meopemuueckue u dKCHEPUMEHMATbHbBLE
uccne008anusl GIUAHUSA YIbMPA3BYKOBO2O NOJSL HA NPOYECC OYUCKU NOOCOTHEYHO20
macna. Ananuzupyss Komopwvle MOJNCHO COeNamsv 6bl800bL O HONONCUMENbHOM GIUAHUU
0aHH020 @u3uueckoeo noid. 3a cuyem, KOMOPO2O HAONOOAemMCs UHMEHCUDUKAYUS
npoyecca  OYUCMKU U  MAK»ce  YIyduieHue Kayecmea KOHEYHO20 NpOoOYyKmA.
Cdopmupoeannviii no >momy HpuHyuny KOMHIEKC obecneuusaem  NoJyyeHue
9KON02UYECKU YUCMO20 PACMUMENbHO20 MAcCld No 0e30MX00HOU MexXHOI02uU, Umo
aKmyanvHo 018 pepmepckux xozfaucme. Macno maxozo kauecmea OMHOCUMCA K
Kame2opuu KOUulepHvlX NpoOyKmMoa8.

USE OF ULTRASOUND WAVESIN THE TECHNOLOGY OF CLEANING OF
PLANT OIL

Osadchuk P.1., Peretiaka S. M., Gryb V.V.
Key words: agricultural production, vegetable oil, technology, equipment, ultrasonic field,
cavitator, quality indices.
Summary

To obtain high-quality edible oils, these should be as much as possible cleaned from
concomitant substances, mechanical impurities, phosphatides, waxes, soap and
hydrophobic fractions. This process can be realized on the basis of physical methods
developed by us with the help of special centrifugal devices, ceramic microfilters,
hydration means for purifying phosphatidic concentrate with subsequent belting filtration
of mono-dibasic unsaturated acids A complex of technical means was devel oped, including
equipment and blocks for pressing the seed, adsorbent refinement, hydration and
coagulation, centrifugation and deodorization, cleaning and microfiltration of oils.
Structures of technical means allow to compose separate components of a unit (modular),
taking into account the conditions of their placement in small contour workshops. In the
technological process, if necessary, an ultrasonic cavitator is used to reduce the acidity of
the oil. The complex formed on this principle ensures the production of ecologically pure
vegetable oil in the non-waste technology and in the conditions of the farms. Oil of this
quality belongs to the category of casserole products. The technological process involves
pressing the seeds, then feeding to a centrifuge for purification from mechanical
impurities, for removing water and lightly flowing fractions into a vacuum chamber and
microfiltration and lighting in the super-cleaner unit, an ultrasonic cavitator is used to
reduce the acidity of the oil. The vegetable oil retains its organoleptic qualities and the
nutritional value of the product. Such an effect is achieved by the use of only the
production of oils, physical and mechanical processes, without chemical treatment. The
technology is implemented by a compact small-scale technical complex, executed in a
modular-block type, which is easy to control.
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YK 634.11/.12:66.061.3:664.29:613.63
JIMHAMIKA JYKHOI EKCTPAKIII IEKTUHOBUX
PEYOBHH 31 CBI’KUX SAABJIYYHUX BUYABOK TA TEXHIKA BE3ITEKH ITPU
POBOTI 3 JIYT'AMUA
I. B. Mockauawk
OoecbKuti 0eparcasHull azpapHuil yHigepcumem
B. M. Ilypiu
OoecbKuti HaYiOHATLHUL NOAIMEXHIYHULL YHIBepcumem

Ilpobnemu, no6'szami 3 payioHanbHUM GUKOPUCMAHHAM CUPOBUHHUX pecypCis,
3ACHOBAHI HA KOMWJIEKCHIU nepepooyi pOCIUHHOI CUPOBUHU, A MAKONC 800CKOHAIEHHAM
iCHYIOUUX 1 pO3POOKOI0 HOBUX NPOSPECUBHUX MEXHON02IU € axkmyarvHumu. Bunuxae
NUMAaHHS He0OXIOHOCMI NPo8edeHHs OOCNI0NHCEHb U000 NONINUIEeHHST OXOPOHU Npayi ma
mexHiku be3neku npu pobomi 3 jyeamu ma 600CKOHANEHHS NPOMUNONCEHCHUX 3AX00I8 )
NPUMIUEeHHAX, 0e BUKOPUCOBYIOMbC XiMiuHi pevosunu. Ha coxu i nanoi 6 Yxpaini
nepepoonsemocs oinvue 3a 500 muc. m. a6ayk, npu yvomy ymeopoemocs 6insa 150 muc.
m. 6UYABOK i3 8Micmom nekmunosux peyogun 1...2%. Po3pobka diemuunux i 1iKy8aibHO-
npoinaKmuuHux nPoOYyKmie Xapuy8auHs, AKi CHPOMOIICHI RIOBUWLYEAMU ONID OP2AHIZMY
00 GNIUBY HE2AMUBHUX (DAKMOPIE HABKOIUWHBLO2O CepedosuUad, 0CoOOIUBO Ol HACENeHHs,
WO NPOACUBAE 8 PEIOHAX 3 NIOBUWYEHUM PIBHEM 3a0PYOHEeHHS PAOIOHYKIIOAMU | BAHCKUMU
mMemanamu, GiOHOCUMbCS 00 AKMYAIbHUX 3a0ay CYYACHOI HAYKU NpO XApYYBaAHMHSL.
llekmunogi peuosuHu 30amui YMEOPHOBAMU KOMNAEKCU 3 BANCKUMU MEmanamu i
PAodioHyKidamMu ma 8usooumu ix 3 opeanismy. B menepiwiniti uac nekmuHogi peuosuHu
OMpPUMYIOMb 3 CYXUX AOIYYHUX BUYABOK MEMOOOM KUCIOMHO20 | (hepMeHmamugHo20
2i0poni3y. 3acmocy8ants Yux mexHoao2iti 00360JI5€ GULYUUMU NEKMUHOB] PeYOBUHU, U0
MICMAMbCA 8 MINCKAIMHUKAX POCIUHHOI MKAHUHU, He MOPKAIYUCh NPOMONEKMUHY
cepedunnux niacmunox. Illepexio 6i0 Kuciommnoeo ma GepmeHmamueHo2o 2i0poaisy
NPOMONEKMUHY 00 JIYHCHO20 3HAYHO CHPOCMUMb MEXHOIO02IYHY cXeMy UpoOHUYmeda,
anapamypie 0QOpMIeHHs, RIOBUWUMDb epeKmUBHICMb  GUPOOHUYMBA, 00360JUMDb
nepepoonamu cgidxci A0yuHi 6UUABKU Oe3N0CepeOHbO HA KOHCEPBHUX 3a800aX 3 Memoio
BUKOPUCMAHHA IX Npu BUPOOHUYMBI KOHCep8o8aHoi npoodykyii. B Odawuiti pobomi
PO3TIAHYMA OUHAMIKA JIYHCHOI eKCMmpaxyii NeKmuHO8UX peyo8UH 31 CEIHCUX AOTYUHUX
suuagok npu piznux snavenusix pH (1 9...12 ), nasedena xapaxmepucmuxa ompumaHux
npenapamie neKmuHo8Ux peuouH. Buseneno onmumanvue cnig8iOHOWEHHS GUYABOK MdA
800U, BCMAHOBIIEHO BUXIO NEKMUHOB020 eKCMPAKMY Npu PI3HUX 2i0POMOOYIAX, HABEOeHA
MexXHOI02IYHA cXeMa OMPUMAHHS NEKIMUHOB020 eKCIMPAKMY 3 CEIHCUX SAOIYUHUX 6UUABOK.
Taxooic npueedena mexuika be3nexku npu pooomi 3 IYHCEeHUHOIO.

KirouoBi cjioBa: oxopoHa mpaiii, TeXHIKa O€3MeKu, MoKexHa Oe3rneKa, MeKTHH, Ty KHAHI
riApOIIi3, EKCTPAKT, B'A3KICTb, KEJIEYTBOPIOIOYA 3/1aTHICTD.

Beryn. [IekTHHOBI peYOBHHM SIBISIFOTHCS] BAXKIMBUMH TOJTiCaXapiAHUMHA KOMIIOHEHTaMH B
IPOJIYKTaxX XapuyBaHHS, 5Kl 3a0€3Meuyl0Th HOpMaJbHUN OOMIH MIKPO- 1 MAKPOEJIEMEHTIB,
XOJIECTEPUHY B OpraHi3Mi JIIOAUHU. [IeKTHHOB1 PEYOBHHM 3/1aTHI YTBOPIOBATH KOMILIEKCH
3 BaXKHUMHM MeTajamMHu 1 paJiOHYKJIiJaMH Ta BHUBOJUTU iX 3 opraHizmy. PamnioHanbHe
BUKOPHUCTAHHS BiJXOJIIB POCIWHHOI CUPOBHHH JA€ MOXKJIUBICTH 301IBITMTH BUPOOHUIITBO
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AKICHUX, O10JIOTIYHO LIHHMX Xap4YOBHX MPOAYKTIB. JlOTpuMaHHSA TexXHIKM Oe3NeKHu mpu
poOOTI 31 WIKIVIMBUMU PEYOBHHAMHU 30€peke 310pOB’'S NPALIBHUKIB Ta 30LIBLINTH
MPOJYKTUBHICTH TIpalll.

IIpodaema. IlepepoOka BHYAaBOK SK BTOPHHHOI CHUPOBMHHU JIsi OTPUMAHHS TMEKTHHY
NOB'sI3aHa 3 iX CYIIIHHSM, TPAHCIOPTYBAHHSM Ha CIELiali30BaHl MIANPUEMCTBA 3apaiu
BUJIYYCHHS NMEKTUHOBUX PEUYOBHH, IO MPHU3BOIUTH /10 3HAYHUX €HEPrOBUTPAT, MOKEKHOI
HeOe3MNeKH, MIKIJUTMBOIO JII€EI0 TEXHOJIOTIYHUX OIepallii Ha 3J0pOB’s JIIOJWHH, a TaKOXK
M1JBUIICHHS BApTOCTI BUPOOIIOBAHOT MPOIYKIIII 3 iX BUKOPUCTAHHAM. Y 3B'A3KY 3 IUM,
pO3po0Ka TEXHOJIOTIH OTPUMaHHsS TEKTMHOBUX PEUOBHH 3 BIIXOIIB IMEpepoOKu sOIyK
0e3nocepelHbO Ha KOHCEPBHUX MIANPHUEMCTBAX 3 METOK BUKOPHUCTAHHA IX TIpHU
BUPOOHUIITBI KOHCEPBOBAHOI MPOAYKIIIT € aKTyaJIbHOIO.

AHaJi3 OCTaHHIX I0CJiI:KeHb 3a Temol0. [IpormoHyeMa TEXHOJOTIS BIJHOCHUTHCS 0
Xap4oBOi MPOMUCIOBOCTI, 30KpeMa J0 OTPUMAaHHS NMEKTUHOBOTO E€KCTPAKTy 3 BIIXOIB
POCIIMHHOI CHUPOBMHHM Ta BHUKOPUCTaHHS MOro B KOHCEpBHIH, KOHAMTEPCHKIN
IPOMHUCIIOBOCTSIX 3 METOK OTPUMAaHHS AparienoJiOHuX MNpoayKTiB. Bimomuili crnoci0
OTPUMAaHHS TMEKTHHOBOTO EKCTPAKTy 3 BIAXOAIB POCIMHHOI CHUPOBHUHU BUKOPUCTAHHSIM
Malepipyrounx (pepMEeHTHHX MpenapaTiB, sIKI OTPUMYIOTh 3 (UIBTPATIB MIKPOCKONTYHUX
rpu0iB, MPOAYLHPYIOUMX TOJIrajJakTypoHasy Ta mportornektuHasy [1,2,3]. Bimomuii
Croci0 OTpUMaHHS TIEKTHHOBMX PEYOBUH BIJI JISJIBHOCTI MIKPOOHUX (EepMEHTHHUX
mpenapariB, SKi MaroTh aKTUBHUM KOMIUIEKC €K30IIeJUI0010T1IpoIas3u, €HII0- Ta
CK30IIIOKaHa3u, TJI0Ko3iga3u Ta Kcwinanasw [4,5,6]. Bigomuii cmoci® oTpuMaHHS
NEKTUHOBUX PEUOBUH 3 CBDKUX SIONyYHMX BHYABOK 332 PaXyHOK TEIUIOBOi 0OpOOKH mpu
temneparypi 45-50°C, rigpomomymi 1:10 mporsrom 20 xB [7]. Haseneni cnocobu
BUPOOHHUIITBA KEJIe 3 3aCTOCYBAHHSIM BHCOKOMETOKCHJIBOBAHOTO IEKTUHY MAlOTh PSJl
HemouikiB: 1) BHKOpPHCTAaHHS 3HAYHOI KUIBKOCTI Iykpy — g0 60-65%; 2) mporec
JparieyTBOPEHHs BinOYyBa€TbCs TUTbKM MpH TeBHOMY pH cepemoBumia; 3) yBapeHHs
MPOIYKIIT 0 BMICTY CYXHX PO3YMHHHUX peuoBUH 65-68%; 4) BMICT NMEKTHHY IMOBUHEH
Oytu koo 1%. [IutaHHs yAOCKOHANIEHHSI OXOPOHHU Mpalli, TEXHIKA O€3MEKH MpU poOOoTI 3
Jyramu, XIMIYHUMU PEYOBHMHAMHM HEJAOCTAaTHbO BHCBITJIIOIOTBCS Yy JIITEPATypHUX
JoKepenax.

Mera pociaimkeHnb. OOIPYHTYBaTU Ta PO3POOMTH eHeprozoOepirarouy, HEHIKIJIUBY IS
3I0pPOB’ A JIIOAMHU TEXHOJIOTII0 OTPUMAaHHS MEKTUHOBUX PEYOBHMH 13 CBIKHUX SIONYYHHX
BUYABOK Yy BUTJIS/II HEKTUHOBOTO €KCTPAKTY, K1 MOXKIIMBO OTPUMYBATH O€3MOCEepeHBO Ha
KOHCEPBHUX MIAMPUEMCTBAX 3 METOI0 BUKOPUCTAHHS IX MPU BUPOOHUIITBI KOHCEPBOBAHOL
IPOTYKIIi.

Pe3yabTaTu Aocaizkenb. B 0CHOBY TEXHOJOTII MOKIAJACHUN TaKUil CIOCIO OTpUMAaHHS
NEKTUHOBUX PEYOBUH 3 BIJXOJIB POCIUHHOI CUPOBMHH, B HACIIIOK SKOTO IUIIXOM 3MIHU
mapamMeTpiB  JYy>)KHOTO TIAPOI3y TMONIMIIYIOThCS AKICHI Ta KUIBKICHI TTOKa3HUKHU
NEKTUHOBOTO EKCTPaKTy, a TaKOX 3MEHIIyeThcs dYac rigpomi3y. [loctaBmena mera
BUPILIYETbCA THM, IO B CHOCOOlI OTPUMAHHS NEKTUHOBOIO E€KCTPAaKTy 3 BIIXOMIIB
POCIIMHHOI CHPOBUHHU, BUITYYEHHS TIEKTUHOBOTO €KCTPAKTY MPOBOASITH METOJOM JIY)KHOTO
TiApOIi3y, KU T03BOJIE EKCTPAryBaTH MPOTONEKTHH CPEAMHHMX TIACTUHOK. [IekTnHOBI
PCUOBMHHM  CPEJAMHHUX IUIACTUHOK SBJISAIOTE coboro  Ca(MQ)-cosmi  MEKTHHOBHX
KHUCJIOT, SIKI HEPO3YMHHHI y PpPO3YMHAX KHUCIOT 1 JIETKO PO3YMHHI y CJIa0KUX
po3uMHaxX JIyriB. Y JIy)KHUX PO3UYMHAX J100pe PO3YMHHI TaKOX MEKTUHOBI PEYOBUHU
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KJIITUHHUAX CTIHOK. MexaHi3M  Aii JIyriB Ha MNEKTUHOBI PEYOBHHM MPOSBISETHCA B
KUIBKOX HampsMKax: AeeTepiikaiis MEeKTUHA 3 YTBOPIOBAHHSM IEKTUHOBUX KHCIIOT
(mexTUHATIB) Ta  po3maj BHUCOKOTIOTIMEPHOT MOJIEKYIH 3  yTBOPIOBAHHSM
HU3bKOMOJICKYJISIpHUX TPOAYyKTiB [4,5]. OcHOBa TexHOJOrii 0a3y€eThCsl Ha BIACTHBOCTSIX
NPOTONCKTHHY BUYABOK MEPEXOJUTH B PO3UMHHHIA CTaH B JIy>)kHOMY cepeposutii (pH 8-
12). IIpu temneparypi 15-30°C nporsrom 1-100 xBunmu B posumHax ayris (NaHCOS3;
NaOH) BinOyBaeTbcst po3maj CKIagHOCHIPHUX 3B S3KIB IOJIraJakTypOHaHa-OCHOBHOIO
noJiicaxapily MEeKTHHOBUX PEYOBHH POCIMHHOI cUpoBUHU. [Ipomonyemuit crnocid
J03BOJISIE  OTPUMAaTH HHU3bKOMETAKCUIILOBAHUN TEKTUHOBUWM E€KCTPAaKT 3  BIIXO[IB
POCIIMHHOI CUpOBHUHHU 3 cTyneHto etepidikamii 10-50%, mo BigKpuBae MOXIUBICTH MPU
BUKOPHUCTAHHI X HAa BUPOOHUIITBI KOHCEPBOBAHOI MPOYKITIi 3HU3UTH BMICT IIyKpy a0 30-
45%. ExcrneprMeHTalbHO BCTAHOBIICHI TMapaMeTpH OTPUMAHHS TMEKTHHOBUX PEUYOBHH:
rigpomonyns (I'M), temneparypa (t), pH, TpuBanicts 00po0ku. IlepeBaru mpononyemoi
TEXHOJIOT1i 3p03yMUIl 3 MOJAIBIIOIO PETEIBHOTO ONUCY COCO0Y BUIIIEHHS IEKTUHOBOTO
eKCTPaKTy 3 BIIXOIIB POCIMHHOI cHpOBUHU. CBiki s0JydHI BUYaBKH OTPUMAaHI MiCIs
BUJIYYCHHSI COKY, HAIPaBIAIOTHCS B PEAKTOP 3 MIMIAIKOI, Je 1X 3MIIIYIOTh 3 BOJOK Y
cuniBpigHomenHi 1:0,5-1:2. Jlam B ekcrpakrop aomaerbcsi 20%-Buil  po3uuH
rigpokapbonara Hatpis g0 pH cepenoBuma 8-12. JlyxHuiél TiApoi3 OpOBOASATH IPH
temmneparypi 15-30°C npotsirom 1-100 xBuiuH npu mocTiiHOMY mepemintyBanHi. Jlami
Me3ra BIANPECOBYEThCS HA IIHEKOBOMY IMIpeci Ta OTPUMAHUN TMEKTUHOBUM EKCTPAKT
HenTpanizyerbess 50%-BuM BOAHUM pO34MHOM JUMOHOI kuciiotu a0 pH 4,0-7,0. 3 meToro
BCTAHOBJICHHSI TIAPOMOIYJIIO EKCTPAaKIlli MEKTHHOBHX PEYOBHH 3 BIJIXOJIB POCIHUITOL
CUPOBHHM MPOBOAWIN Jy>KHUU TiAponiz mpu temneparypi 20°C, pH 9, mpotsrom 60
xBuinH 1ipu rigpomosym 1:0,5-1:2. Ilpu rizpomosyni menmie 1 yTBoproeThes rycra maca,
sKa TIOTAHO BiPKMMAETHCS 3a PaxyHOK BUCOKOI B'si3kocTi. Ilpu rimpomosmyimi Oinbie 1,
30UTbLIY€EThCSI BUX1J MEKTUHOBOIO €KCTPAKTy 3 OJHOYACHUM 3HMIKEHHSIM BMICTY CYXHUX
PEYOBHH, 1O 3 MPAKTUYHOI TOYKH 30py HEAOLIbHO. Ha OCHOBI MpOBEAEHUX AOCIIIKEHD
BU3HAYCHO, M0 ONTHUMAJIbHUM CITIBBITHOIICHHSIM sOJyYHUX BHYABOK Ta BOJU €
rigpomoayib 1. OntumansHe pH Ta MNOJOBXKEHHS JYXKHOI EKCTpakiii MEKTUHOBUX
PEYOBMH 3 BIIXOJIB POCIMHHOI CHUPOBUHHM BCTAaHOBIIOBAJIM, 3MIHIOS TOJOBXKEHHS
exctpakiii Big 1 go 100 xBunun. OTpumani aaHi HaBeaeH1 B Ta0i. 1,2,3,4,5. 3 HaBeIeHUX
nanux (tadm. 4) npu pH 12 yepe3 3 XBHJIMHH BMICT IEKTHHOBHX PEYOBHH B BHYABKAX
nocsirae 0,95%, npu pH 10 gepes 5 xpununu — 1,1%, npu pH 9 uepes 60 xBunun — 1,02%,
npu pH 8 ugepes 100 xBunmun — 1,02%. [locmimkeHHs SKOCTI €KCTPAKTIB MEKTUHOBHUX
PEYOBHH TMOKa3aj0, IO HAWMEHIIOI JEKCTPYKII MiAAAl0ThCA TMEKTHHOBI PEYOBUHH,
orpuMani oOpoOkoro myriB mpu pHI mporsrom 60 xBuiuH. CKOPOUEHHS TOJIOBKEHHS
00poOku BUuaBoK 3 30unbmieHHsaM pH cepenosumia 10 10 ta 12 npu3BOAUTH 10 3HUKEHHS
MOJICKYJIIPHOT MacH, BiJ SKOi 3QJICKUTH KEIIOI0YA 3/IaTHICTh MEKTUHOBUX PEYOBHH.
OpHi€r0 3 BAXIJIMBHUX TEXHOJIOTTYHMX XapaKTEPUCTUK MEKTUHOBUX PEYOBHMH € iX CTYIIHb
eTepidikailii Ta MOJIEKYJSIpHA Maca, BiJl SKUX 3alleKUTh JpariieyTBOpIOIOYa 3/IaTHICTh
IIEKTUHOBUX  PEYOBUH. Buxin nektuHoBux pewoBuH ([IP) 3  neBHuMH
CTPYKTYpPOYTBOPIOIOUMMHU BJIACTUBOCTSAMM HaBeleHl B Tabmuii 5. s BuiydeHHs
NEKTUHOBHUX PEYOBUH BUKOPHCTOBYBAIM SOTYyYHI BUYABKHU 3 3arajlbHUM BMICTOM NEKTHHY
1,6+0,1%. Otpumanuii MEKTUHOBUW EKCTPAKT 3 BIAXOIIB POCIMHHOI CHPOBUHU Mae
HACTYITHY XapaKTEePUCTUKY. CTyImiHb etepidikamii 46%, BMIicT cyxux pedoBuH 8%,
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B s13kicTh 5,7 Ia-c, aparnenozaiona sgataicts 107°T-b, BMicT mektuHOBHX peyoBuH 1,4%,
monekyisipHa Maca 4600/]a. OTpuManuii HU3bKOMETAKCHIIbOBAaHUI IEKTUHOBHUH €KCTPAKT
3 BIAXOAIB POCIUHHOI CUPOBUHU MOXJIMBO BUKOPUCTOBYBATH ITPU BUPOOHULITBI JKEJIE.

Tabmuua 1. {uHamika J1y:KHOI eKCTPAKIii IeKTUHHOBUX PEYOBHMH 3 CBIKMX 10Ty4HHX
BU4YaBoOK npu pH 8.

Yac | BinbHi Merakcunp | 3aranpHa | CTymiHb 3aranbHa | Mosek
, XB | KapOOKC | oBaHi KUIBKICTh | eTepipikariii, | KUIbKICT | yJspHa
WIIbHI KapOOKCHJIb | KapOOK- % (CE) b [1P,% | maca,
rpynu,% |-H1 TpyNH, | CUIBHUX a
% rpyt, %
0 4,00 9,80 13,80 71,5 0,25 50500
20 | 4,57 9,23 13,80 66,5 0,42 49800
30 |514 8,66 13,80 63,0 0,75 49200
60 |5,70 8,10 13,80 56,0 0,95 48000
100 | 6,27 7,53 13,80 44,5 1,02 45750

Tabmuusa 2. lunamika Jy:KHOI eKCTPaKUii MEKTHHOBUX PEYOBHH 3 CBiKUX s1I0JyYHHX
Bu4aBok npu pH 9.

Yac | BuibHi Mertakcunp | 3aranpHa | CTyIiHb 3arasbH | Mosek
XB | KapOOKC | OBaHi KUTBKICTh | eTepidikarii, | a yJsipHa
WIBHI kapookcuinb | Kapbok- | % (CE) KUTBKICT | Maca,
rpynu,% | -HI  TpYyIH, | CWIBHUX b [1P,% | Ja
% rpyi, %
0 4,00 9,80 13,80 71,5 0,25 50500
10 4,40 9,40 13,80 65,5 0,58 49100
20 4,86 8,94 13,80 59,0 0,82 48000
30 5,15 8,65 13,80 53,5 0,98 47100
60 6,23 7,57 13,80 46,0 1,02 46000

Tabmuuga 3. IuHamMika JIy:KHOI eKCTPaKlil NeKTUHHOBUX PEYOBHH 3 CBiMKHMX f0Jy4HX
BuuaBok npu pH 10.

Yac, | Bimpui | Merakcun. | 3aran. ki C.E..% 3arai Moitek
XB. kap0. | kapO.rp.,% | kapb. rp., K1JI. yIIsIpHA
rp., % % I1P,% | maca,/]

a
0 4,00 9,80 13,80 71,5 0,25 50500
1 4,33 9,47 13,80 65,2 0,55 48500
2 4,65 9,15 13,80 59,0 0,78 47800

[Tonoxenuss Tabmuis 3. JMHaAMika JyKHOI eKCTPakKuii MeKTHHOBMX PEYOBHH 3
cBixkux s10ayunx Buuaok npu pH 10.

YacX | BumpHl | Merakcun. | 3aran. ki C.E..% 3arai Moitek
B. kap0. | xapO.rp.,% | kapb. rp., K1JI. yIIsIpHA
rp., % % ITP,% | maca,/]

a
3 5,20 8,60 13,80 55,0 0,9 47300
4 5,60 8,20 13,80 51,0 1,025 46400
5 6,30 7,50 13,80 45,0 1,1 46800
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Tabmuug 4. /IluHamMika JIy’KHOI eKCTPaKLii NeKTHHOBUX PEYOBHMH 3 CBIKHUX f0JyYHHX
BU4aBoK npu pH 12,

YacX | BumpHl | Mertakcun. | 3aran. Kui C.E..% 3arai Moiex
B. Kapo. kap6. rp., | .kapO. rp., K1JI. yasipHa
rp., % % % I1P,% Mmaca,
Ha
0 4,10 9,70 13,80 71,0 0,25 50500
1 5,20 8,60 13,80 60,25 0,60 46000
2 6,30 7,50 13,80 49,50 0,77 41060
3 7,80 6,00 13,80 38,40 0,95 39600
4 9,30 4,50 13,80 27,30 0,98 35500
5 10,10 3,70 13,80 21,80 1,00 31400

Tabmuusa 5. XapakTepucTuka mNpenapariB NeKTHHOBUX PeYOBHMH, OTPUMAHHUX 3
CBIKHMX f10J1YyYHMX BUYABOK NPH Pi3HUX 3HAYeHHsAX pH

IToxa3Hukn pH 8§, pH 9, pH 10, pH 12,
100xB 60 xB 5xB 3XB
Macosa moxng I1P,% 1,02 1,02 1,1 0,95
Macosa nomns,%
-BipHUX Tpyn -COOH 6,27 6,23 6,30 7,80
-METaKCUJIbOBAaHUX
rpyn -COOCH3 7,53 7,57 7,50 6,00
Crymniab 44 50 46,00 45,00 38,40
erepidikarii,%
MonekynsipHa Maca 45750 46000 45800 39600

OTpuMaHuii HHU3BKOMETAKCWIHOBAHUWA TNEKTUHOBUM €KCTPAKT 3 BIJIXOMAIB POCIUHHOI
CUPOBHHHM MOXJIMBO BUKOPHCTOBYBATH IMpPU BUPOOHHULTBI >kene. ['ipokcua Hatpiio 1e
imka, TOKCHYHa, KOpPO3iifHE aKTWBHA pEYOBHMHA. 3a CTYNEHEM BIUIMBY Ha OpraHi3M
BIJIHOCUTHCSl 10 PEUOBHH 2-TO KJiacy HebOesneku. Tomy mpu poOOTI 3 HUM MHOTPiOHO
JOTPUMYBATUCh TeXHIKK Oe3mneku. [Ipu moTparisiHHi Ha HIKIpYy, CAU30BI OOOJIOHKH Ta B
04l YTBOPIOIOTHCS CHJIbHI XiMI4HI Omiku. [loTparissHHs JIyry B 04l BUKJIMKA€E HE3BOPOTHI
3MIiHH 30pOBOT0 HepBy (aTpodiro) M, sIK HACIIIOK, BTpary 30py. [IpH KOHTAKTi CIM30BHX
000JIOHOK 3 IIKUM JTyTOM, HEOOX1THO TPOMHUTH BPAKEHY YaCTHUHY CTPYMEHEM BOJIH, a TPHU
NOTPAIUISIHHI Ha MIKIpy — CcJa0UM PO3YMHOM OLTOBOI abo OopHOoi kuciotu. [lpu
MOTPAIUISTHHI IIKOTO HATPIIO B 04l CJIi/I HETAHO MPOMUTH X CIIOYATKy CIa0MM PO3YMHOM
O0opHO1 kucnoTH, a notiM Boxoro [8,9]. Ilpu poboTi 3 inkUM HATPOM PEKOMEHIYIOTHCS
HACTYIIHI 3aXUCHI 3acO0M: XIMiYHI OpH3ro3axucHi OKYJSIpU A 3aXHCTy OdYeil, TyMOBI
PYKaBUUYKH YU PYKABUUYKH 3 MPOTYMOBAHOKO MOBEPXHEIO NI 3aXHUCTY PYK, JJISA 3aXUCTY
TiJa — XIMIYHO CTIMKHAWA OJST, TPOCOYCHUN BiHIJIOM a00 TPOTyMOBaHI KOCTIOMH.
['pannyHO jJomycTMMa KOHIICHTpAIlisd Tiipokcuy Hatpiro y  moBitpi 0,5 wmr/ms.
PexomennyeThes ictu Ta 30epiraTd 1Ky TUIBKM B CHELIAJIBHO BIJIBEACHUX MICISX;
30epiratu Xxap4ioBi NPOAYKTH, Y TOMY YUCI1 ¥ MOJIOYHI, IO BUAAIOTHCS HA MiANPUEMCTBI,
y XOJOJIUIbHUKAX, K1 BUKOPUCTOBYIOTHCS TUIBKH JJi 30epiranus npoaykris. [lepen tum,
SK BHMTH Ha TEXHOJOTIYHY mepepBy (M BIANOYMHKY, MATIHHS a00 3 IHIIMX HPUYHH),
NOTPIOHO BUMHUTH 3 MUJIOM PYKH, OOMHUTH OOJIMYYS Ta MPOIMOJIOCKATH POTOBY MOPOKHUHY
MUTHOIO BOJOIO; TICIISI 3aKIHYCHHS] pOOOTH BUMHUTH 3 MUJIOM 3a0pyAHEH1 YaCTUHHU TiJIa a00
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IPUIHATH Iy, MPOTIOIOCKATH POTOBY MOPOKHUHY MUTHOIO BOAOI0. TaKOX MpaIFor0di
pPOOITHUKM TMOBHHHI BHKOHYBaTH BHMMOTM MpPaBWJI TOXKEXKHOI O€3MeKH, 3HATH MICI
po3TanryBaHHs 3ac001B MMOKEXKOTaCiHHS, 3HATU MOPSAAOK iX BUKOPUCTAHHS Ta BMITU HUMU
KOPHCTYBATHCS BIANOBIIHO 10 IHCTPYKIII 3 moxkexHoi Oe3neku [8,9]. Ha ocHoBi
NPOBEJCHUX JOCTIKeHb pO3po0JeHa HOBAa TEXHOJOTIS OTPUMAaHHS TMEKTHHOBOTO
EKCTPaKTy 3 CBDKUX SOJyYHUX BHYABOK 3 TEXHOJOTIYHUMHU BIIACTUBOCTAMHM, SIKI
JO3BOJISIIOTh MOTO BUKOPHUCTOBYBATH IMPH BUPOOHMUIITBI APArjieyTBOPIOIOUUX MPOIYKTIB.
Takox HaBeAEHO peKOMEeH Al 1010 0€3MEeYHOr0 BUKOPUCTAHHS JIYT1B.
BucnoBku. OTpuMaHuil MEKTUHOBUM EKCTPAKT 3 BIAXOMAIB POCIMHHOI CHPOBUHU MOXE
OyTH BUKOPHCTaHHH y XapuyoBOI MPOMUCIOBOCTI JJisi OTPUMAHHS Xap4YOBHUX MPOIYKTIB
3arajJbHOTO BHUKOPUCTAHHA Ta JIIKYBaJIbHO-TIpOUIAKTUYHOTO Tpu3HadeHHs. [lpwu
BUKOHAHHI BUMOT IIOJI0 OXOPOHM Mpalli, TEXHIKA Oe3MeKu mpu poOOTi 3 JTyramu, MpaBuil
MO>KEXKHOI Oe3MeKy y MpaIiBHUKIB OyAyTh CTBOPEHI 3J10pOBi Ta O€3MeuHi yMOBH Ipalli.
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Pesrome

IIpobremol, cea3anHble C PAYUOHATLHBIM UCNONL30BAHUEM CbIPLEBLIX Pecypcos,
OCHOBAHHbIE HA KOMNJEKCHOU nepepadbomke pacmumenbHo20 Culpbs, @ MAKdice
COBEPUIEHCNBOBAHUECM — CYWECMBYIOWUX U paspaboOmKol  HOBbIX  NPOSPECCUBHBIX
MEeXHON02UNL ABNSIOMCS AKMYALbHbIMU. Bo3Hukaem 6onpoc o neobxooumocmu npogedeHust
uccne0o8anull NO YIyHueHuro 0Xparvl mpyoa U mexHuku 06e3onacHocmu npu pabome c
Wenouamu u co8epuULeHCmao8ane NPOMUBONONCAPHLIX MEPONPUAMULL 8 NOMEWEHUAX, 20e
ucnonv3yromes xumuyeckue eewjecmea. Eowcecoono ma coku u wmanumxku 6 Yxpauwme
nepepabamuisaemcs 6onee 500 moic. m. s610k. [Ipu smom oopasyemcs okono 150 muic.
M. 0MX0008 8 Guoe ADJOUHBIX BLIHCUMOK C COOepIHCaAHUeM NeKMUHo8bIX seuecms om 1 0o
2%. Paszpabomxa npooyKyuu Ouemuyeckoeo u 1e4yebHo-npophuiakmuieckoeo Ha3Ha4eHus,
KOmMopas. CnocoOHa NOBbIWAMb  CONPOMUBTAEMOCMb  OP2AHUSMA K 8030€liCEUI0
He2amusHbIX (PaKmopos okpyicaroujeli cpeovlt, 0COOEHHO OJisl HACELEHUs, NPOACUBAIOWE20
8 PecUOHAX C NOBLIUEHHBIM YPOBHEM 3A2PASHEeHUs. PAOUOHYKIUOAMU U MSHCETbIMU
Memaniamu, OMHOCUMCS K AKMYAIbHbIM 3A0AYdM COBPEMEHHOU HAYKU O NUMAaHUU.
Ilexmunosvie gewgecmaa cnocodHbl 0OPA308bI6AMb KOMNIEKCHL C MANCETLIMU MEMALIAMU
U PAOUOHYKIUOAMU U 6bIGOOUMb UX U3 Opeanuzmd. B nacmosiuee epemsi neKmuHogvle
gewecmea NOIYUAIOM U3 CYXUX SOJIOUHBIX  BbIJHCUMOK MEMOOOM KUCIOMHO20 U
Gpepmenmamusnozo eudponusa. llpumenenue smux mexHonIo2ull NO380a8em YOAIUMb
NeKMUHOBblE BEUEeCMBA, COOEPHCAUUECs 8 MENHCKIeMHUKAX PACTUMENbHOU MKAHU, He
3ampazueas NPoOMONeKmuH CpeouHHvlx niacmunox. Ilepexod om Kuciomuoeo u
pepmenmamusHo2o 2uOpoaU3aA NPOMONEKMUHA K WELOYHOMY 3HAYUMENIbHO YAPOCTUM
MEXHONOSUYEeCKYI0  CXeMy Npou3eoo0cmed, annapamyproe ogopmieHue, HNOBblCUM
aghexmusnocms  nPouU3BOOCMBA, NO36OIUM Nepepabamvléams ceedxcue  s0JI04UHble
BBINCUMKU HENOCPEOCMBEHHO HA KOHCEPBHLIX 3A800AX C UYelblo UCHONb308AHUS UX NpU
npouU3800Ccmaee KOHCepsUpoBarHHol Npooykyuu.B oannotl pabome paccmompena ouHamuka
WeNOYHOU IKCMPAKYUU NEeKMUHOBbIX BeUeCmE U3 CEHCUX SONIOUHBIX BLIJICUMOK NpPU
paznuunvlx  3nauvenusx pH (9 .. 12), npueedena xapaxmepucmuka NOJYYEHHbIX
npenapamos neKmuHosblX geuecms. Bolsisieno onmumanvhoe coomuouenue 8bloHCUMOK U
800bl, YCMAHOGIECH BbIXOO NEKMUHOB020 IKCMPAKMA NPU PAZHOM  2UOPOMOOYIe,
npugedeHa MexHON0SUHeCKAasl CXemMda NOAYYeHUs NEeKMUHOB020 IKCMPAKMA U3 CEEHCUX
A010unbIX  8bIHCUMOK. Takowce npusedena mexHuka 6OezonacHocmu npu pabome ¢
wenouamu.

DYNAMICS OF EXPERIMENTAL EXTRACTION OF FERTILIZER
SUBJECT FOR FEMALE CELLULAR VICTIMSAND SAFETY TECHNIQUE
FOR WORK WITH LUGGAGE.

Moskaluk 1.V, Pureich V. M.
Key words: labor protection, safety equipment , fire safety, pectin, alkaline hydroxide,
extract, viscosity, drag- forming ability.
Summary

Problems related to the rational use of raw materials, based on the integrated
processing of plant raw materials, as well as the improvement of existing and the
development of new advanced technologies are relevant . The question arises of the need
to conduct research on improving the safety of work and safety during work with meadows
and improving fire prevention measures in premises where chemicals are used.For juices
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and beverages in Ukraine, more than 500 thousand tons of apples are processed, with
about 150 thousand tons of pizzas with contents of pectin substances of 1 ... 2%. The
development of dietary and treatment-and-prophylactic products that can increase the
body's resistance to the effects of negative environmental factors, especially for the
population living in regions with high levels of contamination with radionuclides and
heavy metals, is one of the urgent tasks of modern nutritional science. Pectin substances
can form complexes with heavy metals and radionuclides and remove them from the body.
At present, pectin substancesare produced fromdry appleexcrementby acid
and enzymatic method hydrolysis. Application of these technologies allows to remove
pectin substances contained in intercellular plant tissue, without touching protopectin
of middle plates. The transition from acid and enzymatic hydrolysis of protopectin to
alkaline will greatly simplify the technological scheme of production, equipment design,
increase production efficiency, allow the processing of fresh apple extractors directly at
cannery plants for the purpose of their use in the production of canned products.In this
paper, the dynamics of alkaline extraction of pectin substances from fresh apple
excrements at different pH values (9 ... 12) is considered, the characteristics of the
obtained preparations of pectin substances are given. The optimal correlation between
excitations and water was found, the pectin extract yield was determined at different
hydromodules, the technological scheme of obtaining pectin extract from fresh apple
excrements was given. Also, the safety precautions when working with the puddle.

YK 636.085.55.4

CTIMKICTD TA 3BEPIT'AHHSI KOMBIKOPMIB
LI Aynapes , M.B. Icaes, L.I'. [linaunnTa
OO0ecovrutl 0epacasHull azpapHull yHigepcumem

Bukopucmanns eghexmusnux payionie KomoOikopmie 3 cmadiibHUMU NOKASHUKAMU
sAKocmi, 3abe3neuylomsv HAUGUWY pe3YTbMAMUGHICb 200Y8AHHA MEAPUH, WO €
20JI06HUM 3A80AHHAM PAYIOHATLHO20 PeXCUMY 30epicanHHs ma 3acmocy8ants NpoOYKyii
KOMOIKOpMOB020  8upobHuymea. Epexmusnicmo 3acmocyéanHs KoMOIKOpMiE )
MEAPUHHUYMBE  3ajedxcums  6i0 ix saxocmi. baoicani pezyromamu moxcymos Oymu
00Cs2HYMi MIIbKU 68 MOMY BUNAOKY, AKWO NOEOHAHHS, CNIBBIOHOULEHHS | 003YB8AHMHSL
OKpemMux iHepedieHmie NOGHICMIO 8I0N0BIOAE BUMO2AM OP2AHIZMY MBAPUH OAHO20 8UOY,
BIKY, pi6Hs i HANpAMY NpoOYyKmueHocmi i ¢hizionociunoeo cmany. I1io0 uac 36epicanus
KOMOIKOPM 3MIHIOE AKICHI NOKA3HUKU [ NICISL 4020 NPOOYKM CYMMEBO 3MIHIOE KOPUCHI
B1ACMUBOCMI MA MOX}Ce CMamu NPUHUHOIO 3AX60PI0BAHHS MEAPUH. [N nio8UUeHHS
CcmMabinbHOCMI 8IMAMIHIG, NINIOI6 | IHWUX HeHacuyeHux cnoayk (Kapomunoioie) 6 Kopmax
npu ix 3acomieni i 30epieaHHi YCHIWHO 3ACMOCOBYIOMb AHMUOKCUOAHMU - XIMIUHI
peuogunu pisHoi npupoou. Tax, npu 6upobHUymei mpas'sHoi MyKu 000asKa
anmuoxcuoanmie icmomuo (8 2-3 paszu) 3HudICYE 6mpamu KaApOMumHy I HE3AMIHHUX
HCUPHUX KUCTIOM NPpU MPUBANOMY 30epicanni kopmy. Buxopucmanus anmuoxkcuoanmie
8 MNOBHOPAYIOHHUX KOMOIKOpMAxX RNiOBUWYE BIMAMIHHY NOBHOYIHHICMb NPOOYKYIL
meapunnuymea. Mexanizm 0ii HaUbINLW NOWUPEHUX AHMUOKCUOAHMIB NONA2AE 8
PO3pUBI 1aHYI02a OKUCTIOBAIbHUX peakyiti. Monekyiu anmuoxkuciiosaia 63aEmooitoms 3
AKMUBHUMU PAOUKANAMU, HAABHUMU 6 CKAAOl npooykmy. B pesynbmami eunuxaroms
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PaouKanu Mano aKmueHi, sKi He GCMYNAmv 6 peaxkyilo 3 MOJeKyIamu 6UXioHoi
PEeUOBUHU, HANPUKILAO KapomuHy. Takum yuHom, npoyec OKUCIeHHs CROBLIbHIOEMbCSL A0
NPURUHAEMBCS, A CAM AHMUOKUCTIO8AY NOCMYN080 eumpavaemocs. Egexmusnicmo
cmaoinizyouoi il aHMUOKUCTIO8AYI8 NO BIOHOWEHHIO 00 NPOOYKMY 3aANediCUums 6io0
XIMIUHOT npupoou camoeo aHMUOKUCTIO8AYd, 003V6aHHA. Benuke 3nauenns mae
30epesiceHicmb aHMUOKUCTIO8AYA 8 NPOOJYKMI, Nepioo 4acy, nNpoma2om K020 6iH poOUmbs
csiti cmabinizyrouy 0ito. [losedeno, wo Ha npoyec 36epicanHs KOMOIKOPMIE CYMMEBO
BNIUBAE CMAH CepedosUuwd, a came memnepamypa ma 60102icms. 3 Memor GU84eHHs
8NIUBY DIZHUX NOEOHAHL BONO20CMI, HASABHOCMI AHMUOKCUOAHMY [ memnepamypu Ha
cmilKicms KOMOIKOpMI8 npu 30epicanti, OyIuU NposedeHi 00CaioU, 8 AKUX NPOOVKYIIO 3
sonocicmio 10; 12; 14; 16; 18% 36epicaru npu memnepamypax 0,5, 10, 15,20 -5° C.

Kiro4oBi cjioBa: koMOiKOpM, CyMilll, cmpykmypa, 30epiranHs, aHTIOKCH/IaHT.

Beryn. OcHOBHMI — HampsiM  NOJANBLUIOTO  PO3BUTKY MIANPUEMCTB KOMOIKOPMOBOI
MIPOMMCIIOBOCTI MOB’ 1I3aHO 3 BUPIIICHHSIM aKTyalbHUX 337a4 YJOCKOHAJICHHS TEXHIKU U
TEXHOJIOT1i, MABUIIECHHS PIBHA KOPMOBOI'O BUKOPUCTAHHS CUPOBUHHM, MOJIIMIIEHHS SIKOCTI,
30LIBIIEHHS! BUXOY M PO3LIMPEHHS aCOPTUMEHTY TOTOBOI MPOMAYKIIii, MIArOTOBIEHOI 10
TpuBajoro 30epiranHs. [lifBUIlIEHHS TPOAYKTUBHOCTI TBAapUHHUIITBA 3aCHOBAaHE Ha
BUKOPHUCTaHHI KOMOIKOpMIB, 30aJlaHCOBaHUX 32 KUBWJIBHUMHU PEYOBUHAMU, BITAMIHHOMY,
MIHEpAJIbHOMY, aMIHOKHCJIOTHOMY CKJIaJl, 3MICTY aHTHO10THKIB, aHTUOKCHUJIAHTIB 1 1HIIIHUX
010JI0TIYHO aKTUBHUX PEYOBUH, IO 33J0BOJHHSAIOTH HAYKOBHUM 300TEXHIYHHM BHUMOTAM.
€]exTuBHICTh paIliOHIB, IO 3a0e3MeuyloTh HAWBUIINY pe3yJIbTAaTUBHICTh TOTyBaHHS
TBApWH, BU3HAYAETHCS SKICTIO KOMOIKOpPMIB fKI TiJ dYac 30epiraHHs MOTipIIyIOTHCS.
KomoOikopm (KOMOiHOBaHHH KOpPM) - CYMIIll 3¢pHOBOI CHPOBHHH, MPOAYKTIB 3 BUCOKHM
BMICTOM O1JIKa, BITAMIHIB 1 MIKpOEJIEMEHTIB AJiA roAiBiIl TBapuH. KoMOikopMm siBisie co0010
CKJIaJIHy OJHOPIAHY CYMIII PI3HUX KOPMIB, MOMNEPEAHHO OUMINCHUX, MOAPIOHEHHX 1
nigibpaHux 3a HayKOBO OOrpyHTOBaHMMH perentamu. [Ipu 30epiranHi KOMOIKOpPMIB 1
CUPOBUHHU, K MPABWIO, KUTBKICTh MPOTEIHY, KIITKOBUHHU 1 301U 3QJIMIIAETHCS CTAOLUTBHUM.
Ane 3MIHIOETbCS BMICT BYTIJIEBOAIB, MOTIPIIYETHCS SKICTh JIMIAHOT (Ppakiii >KHUpIB,
PYMHYIOTBCS A€sIKl BITaMIHM, KAPOTHUH 1 1HIII O10J0TTYHO aKTMBHI BE-ILECTBA B PE3YJIbTATI
OKHCHO-BIIHOBHUX 1 TIAPOMITHYHUX TPOLECIB, IO MNPU3BOIATH 10 HAKOIMYCHHS
IIKIJIMBUX JJI1 OpPTaHI3My TBapWH NEPEKUCIB, KHUCJIOT, albICriAiB, KETOHIB Ta IHIIHUX
MPOAYKTIB XIMIYHHMX peakIliidi. YTBOpPEHI BUIbHI paguKald PyHHYIOTh MOKUBHI PEYOBUHHU,
Bitamiau A, D, E, K. IIporopkanue 3unxye BMICT €Heprii 1 JOCTYIMHICTh aMiHOKHCIIOT.

IIpo6sema. Bukopuctanus sSKICHOTO KOMOIKOPMY TiiJ] Yac TOJIBIII TBAPWUH € BaXJIMBOIO
3amayero. Bimomo, mo mporec 30epiraHHsS KOMOIKOPMIB CYHMPOBOIKY€ETHCS TOTIPIICHHSIM
MOKA3HUKIB SIKOCTI, TOMY BBEJICHHS aHTHOKCHIAHTIB B CKJIaJ] KOMOIKOPMY Ma€ IiIBUIIUTH
CTIMKICTP KOMOIKOpMYy Ta 3a0e3nedynTu Oe3meyHe HOro 3acTOCYBaHHS B TBapUHHUIITBI.
[TpoGaema migBUIIEHHS CTIHKOCTI KOMOIKOPMIB MPH 30€piraHHi € aKTyaJbHOIO 33/1a4€i0
Mera nociainkeHnsi. AHami3 mporecy 30epiraHHS BUTOTOBJICHUX KOMOIKOPMIB PI3HOTO
BUJy I 3amoOiraHHsl MOTIPIIEHHIO I1X SKOCTI 3 BHU3HAYEHHSM MEPIOoy CTIMKOTo
30epiraHHs.
AHaJi3 ocTaHHIX aociaimxenb i myOuaikaniii. KomOikopmu nouisitoTe Ha 3 BHIU: -
MMOBHOPAIIIOHHI KOMOIKOpMH, 110 3a0€3MeuyloTh MOBHICTIO MOTpe0y TBapuH ab0O MTHII B
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NOKMBHUX, MIHEPAIBHUX 1 OIOJOrYHO AaKTUBHUX pPEYOBUHAX, MPHU3HAYEH] I
3rOJIOBYBAaHHS SIK €IMHUHN PallioH, MapKyIOThes JiTepHumMH iHaekcamu 1K, - kombikopmu-
KOHIICHTpATH, MPU3HAYCHI JIJIs 3TOJI0BYBaHHS TBAPHHAM Ha J0JATOK 0 COKOBUTHUX 1 TpyOHx
KOPMIB MapKyrTbhcs JlitepHuMU iHaekcamu KK; - 6amaHcoBaHi kKopMoBi qonaTku (0i1K0BO-
BiTaMiHH1, O1JIKOBO-BITaMiHHO-MiHEpaIbHI KOMIUIEKCH, KOPMOBI JIP1KK1, KOPMOBUM COJIOJ,
npemikcn). CUpoBHHA 11 BUPOOHHIITBA KOMOIKOPMIB IIJTMTHCSA HA CHPOBHHY POCIUHHOTO,
TBAPUHHOTO 1 MIHEPAJbHOTO MOXO/PKEHHS, KOPMOBI Ta MOOIYHI MPOJYKTH XapyuyoBOi
MPOMUCIIOBOCTI, MPOAYKTH XIMIYHOI Ta MIKpOOIOJOTIYHOI MPOMHUCIOBOCTI. Kopmu
POCIMHHOTO TMOXOJ/KEHHS B 3aJIeKHOCTI B XIMIYHOTO CKJIAJy OCHOBHMX TOXXHMBHHX
PEUYOBHH, MOAUIAIOTh, HA TPH Tpymnu: Oarati kpoxmajiem (MIICHMI, KYKypyZ3a, sSUMiHb,
OBEC, JKHUTO, IIPOCO, COPro, yymm3a), 0i1koM (ropox, KOpMoBi 600U, BHKA, COUYEBHIIS, YHHA,
cost 1 apaxic) 1 kupoM (IIPOTH 1 MaKyXu OJIIMHUX KYyJbTYp). BiIKOBI KOpMH TBapHHHOTO
MOXOJIPKEHHSI. M'SICO-KICTKOBE, M'ACHE, KpOB'AHE, Mip'siHa, KICTKOBAa, pUOHE OOpPOUIHO,
BBOJIATHCSL B KOMOikopmu Bin 3 10 5% .MinepanbHy cupoBHHY (Ciib, Kpeiaa, OOPOIIHO
BAITHAKOBA, OOPOIITHO YepenamKkoBO, TPHKAIBIHUK QochaT) BBOIITH B KOMOIKOPMH 3
ypaxyBaHHSIM BUJOBUX, BIKOBHUX, (p1310JIOTIYHUX Ta 1HIIUX ocobiuBocTeil. KomOGikopmoBa
CyMIII 1I€ CIPUSATIMBE CEPEOBUIIE I OaratboxX OakTepiid 1 0COOJMBO LBLIEBUX TPUOIB.
[Ipu HAassBHOCTI JOCTaTHHOI KiJILKOCTI BOJIOTH (Ha PiBHI KPUTUYHOT i OLIbIIE) 1 MO3UTHBHHUX
temneparypax (10 ... 20 ° C i BuIe) UBiJII MIBUAKO PO3BUBAIOTHCS, BUALISAIOTH OaraTo Teria
1 CIIy’)KaTh OCHOBHOIO MPUYMHOKO CaMO3IrpiBaHHS. 3aCMIY€HICTh MIKPO(MIOPO PO3CHUITHUX
KOMOIKOPMIB 3HAYHO BHWINE, HIK y OpPUKETOBAaHMX Ta TpaHyJbOBaHUX. llosiCHIOEThCS 11€
Ji€r0 Ha MIKpO(IIOpY BHCOKMX TeMIlepaTyp B TMporieci rpaHyiaoBaHHsS. CKIaAHICTh
30epiraHHsi KOMOIKOpPMIB TOSICHIOETHCS TaKOX BEIUKUANA iX COpPOIIAHOI0 €MHICTIO.
Bosoniroun TirpoCKOMIYHUMU BIACTUBOCTSMHU, KOMOIKOPMHU ICTOTHO 3MIHIOIOTH CBOIO
BOJIOTICTh. OCOOIMBO MIBUJIKO II€ BIOYBAETHCS B pO3CUITHUX KopMax. CopOirist 1 necopOrist
BOJISIHOI Mapy HANO1IbII IHTEHCUBHO BiOYBA€THCS MPOTATOM MEpHINX 3 10 1 3aKIHIY€ETHCS
gepe3 10 ... 14cyTt. YV koMOikopMax Ha CKaai abo B CHIIOCI mporiecu copOii Ta gecopOrii
IHTEHCUBHO B1JJ0YBaIOThCS B BEpXHbOMY MIapi Hacuily. [IIBUAKICTH TPOHUKHEHHS BOJIOTH B
HACHUIl 3aJ€KUTh B1Jl TPAHYJIOMETPUYHOIO CKJIaAy KOMOIKOpMY 1 MOro CKBaKHICTb. Jljis
3aXHUCTY BiJ COPOIIIMHOTO  3BOJIOKEHHS 30epiraloTh KOMOIKOPMH B CYXHUX CKJIajax.
BinHocHa BosOTICTh MOBITpsI B HUX He moBuHHa nepeBuinyBatu /0 ... 75%. Cxuagm i
CUJIOCH TOBWHHI OyTH YUCTUMHM, HE 3apaX€HUMH IIKITHUKAMU, TO0OpE MPOBITPIOBAHHX.
Komb6ikopmu, BBM/J] 1 ABM/] 36epiratots Hacumom abo B Tapi. [Ipu 30epirandi Hacumom
JIOTTYCKA€ThCsI HACTYITHA BUCOTA 3aBaHTXKEHHS: TPH BojorocTi nmpoaykiii 10 13% - 1o 4 M,
nonan 13% - mo 2,5 m. KoporkouacHe (o0 YHUKHYTH 3JI€KyBaHHS) 30epiraHHs
KOMOIKOpMIB, SIK PO3CHUIIHHMX, TaK 1 TIPaHyJIbOBAaHUX, MOXJIMBO 1 B CHJIOCAX PI3HOTO
nepetuny, 3aBBUlKu Oubiie 20 M. CTIHKICTh KOMOIKOPMIB Mpu 30€piraHHi 3aJIeKUTh Bij
SKOCTI 1 KUTBKOCTI KOMIIOHEHTIB, IO BXOJSTh B perentypy. Binmosinno no 'OCT P51850-
2001 BcraHoBneHI TepMiHM 30epiraHHS pI3HUX BUAIB MPOAYKIIl KOMOIKOPMOBOT
npomucioBocTi. KoMGikopmu 1y1st BUpOIIyBaHHS 1 BIATOAIBII MOJIOAHSKY BEITUKOI pOraToi
XyJ100HM, CBHHEW B INPOMHUCIOBHX KOMIUJIEKCAaX, a TAKOK NTHULI JOIYCKA€TbCA 30epiraTu
npotarom 1 wmic. 3 aHsA BHUpPOOJIEHHS, TEPMIH 30€piraHHs I1HIIMX BHJIB KOMOIKOpPMIB B
PO3CUIIHOMY 1 TpaHyJbOBaHOMY Bursiai, a Takook bBBMJI 1 ABMJI - 2 wmic. 3 naHs
BUpOOJeHHs. PekoMeH10BaHU TepMiH 30epiraHHs MPEeMIKCIB 3aJI€KUTh BiJ iX BOJOIrOCTI 1
criocoOy ynakoBkH: mipemikcu 3 BosioricTio 70 10% 1 Bix 10 no 13% 36epiraroth BiJIMOBIIHO
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51 4 mic., YmakoBaHi B KoHTeWHepr - 3 mic. CTiiKicTh KOMOIKOpMIB TIpH 30epiranHi i
TPUBAIICTh iX 30epiraHHs 0e3 IMOMITHOIO 3HWKEHHS IMOKMBHOI I[IHHOCTI 3ajie)KaTh Bif
HACTYMHUX NPHUYMH: SKOCTI BHUXIJHOI CHUPOBMHM 1 CTIMKOCTI HOro mnpu 30epiraHsi;
peuenTypu Ta TEXHOJOrli NPUrOTYBaHHS; CTPYKTYpH, 3MICTY BOJIOTH, (aKTOpPiB
HAaBKOJIMIIHBOTO cepenoBuiia. YuM Ouablie B CKIaAl KOMOIKOPMIB MEHII CTIMKHUX
KOMITOHEHTIB, II0 MICTATh 0arato BOJOPO3YMHHUX PEUYOBHMH, BITaMiHIB, TUM B OUIBII
KOPOTKI TEPMIHM MOXYTh 3HHU3HMTHCS iX KOPMOBI JOCTOTHCTBA a00O HaBITh IOYHETHCS
nicyBaHHs. BctanoBieHo, 1110 OpukeToBaH1 abo IpaHyJbOBaHI KOMOIKOPMU 3a3BHYail MalOTh
OUTBITY CTIMKICTh TpH 30€piraHHi B MOPIBHSAHHI 3 po3cunHux. OaHa 3 MPUYUH I[OTO -
MpoIaproBaHHsT KOMOIKOpMH B MpoOIieci TpaHyaroBaHHs mpu TemmepaTtypl 83 ... 90 ° C. V
3B'SI3KY 3 IIUM YHUCEIBHICTh MIKpO(IOpH B HUX 3MEHIIyeThbCs B Oarato pasziB. CTIHKICTB
KOMOIKOpMIB TIpH 30epiraHHi 1 TPUBAJIICTh iX 30epiraHHs ©0€3 MOMITHOTO 3HIKCHHS
MOKMBHOI LIHHOCTI 3aJ€XaTh BiJ HACTYNMHUX HPHYMH: SKOCTI BHXIJHOI CHPOBUHH 1
CTIMKOCTI HOro mnpu 30€epiraHHi; peuentypd Ta TEXHOJOrIi NPHUrOTYBaHHS; CTPYKTYpH,
3MICTY BOJIOTH, (AKTOpiB HaBKOJMIIHBOIO cepeaoBuiia. Bomoricte 1 Temmeparypa
KOMOIKOpPMIB - HalBa)XJIMBIIlll YUHHUKH, 110 BU3HAYAIOTH iX SKICTh. KpUTHYHA BOJIOTICTH
Uit pizHUX KoMOikopMiB cTaHoBUTh 10 ... 14,5%. Ilpu Bomorocti BHUIIE KPUTHUYHOT
MMOYMHAETHCS PO3BUTOK MIKpOOPTaHi3MiB, KOMaX 1 aKTHBI3YIOTbCsS OioXiMiuHI mporecu. B
yMOBaX 3HUKEHHS TEMIIEpaTyp 1 MPHU BOJOTOCTI HM)KYE KPUTHUYHOI TEPMIHU OE3MEeYHOro
30epiraHHs KOMOIKOPMiB 3HAYHO MOJAOBXKYIOThCS. UM Oiiblie B CKi1ali KOMOIKOPMIB MEHIII
CTIMKMX KOMIIOHEHTIB, III0 MICTATh 0arato BOJOPO3YMHHUX PEUYOBHH, BITaMiHIB, TUM B
OUIBIII KOPOTKI TEPMIHU MOXYTh 3HMU3UTHUCS X KOPMOBI JOCTOIHCTBA 00 HABITh TOYHETHCS
ncyBaHHs. OCHOBHI BUMOTH, IO MPEI'SIBISIOTHCS O AKOCTI KOMOIKOPMIB, IMTOBUHHI OyTH
HACTYITHUMHM. 3amax - 0e3 03HaK 3amaxy IIBiIi; BOJOTICTh - He Oinbine 14,5%; 3apakeHicThb
- He OUIbIIE M'SATH MPUMIPHUKIB B 1 KT, MeTamoMarHiTHi gomimks - Big 3 1o 30 mr B 1 kT;
mKigBa qomimka - 1o 0,25%; 3mict minux HaciHas - Big 0,3 mo 0,7%; BMICT micKy - Bif
0,3 no 0,7%; kopmoBux oguuuilk - Bix 70 mo 105 na 100 kr koMOiKOpMY; TIEPETPABHOTO
nporeina - Big 80 mo 160 r B 1 xopwm, ox .; cupoi kritkoBuHU - Big 0,3 mo 10%. Cmoci6
3aXHUCTY KOMIIOHEHTIB KOMOIKOPMIB BiJI HEraTUBHOI'O BIUIMBY Ha HUX OKHUCIIOBAJIbHUX
MPOIIECIB - 3aCTOCYBaHHS AaHTHOKHUCIIOBaYiB. MexaHI3M il HaWOUIbII TMOIIUPEHUX
AHTUOKCUJAHTIB TMOJISITAa€ B PO3PUBI JIAHIIOra OKUCIIOBAIBHMX peakuii. Mosekynu
AHTUOKHUCITIOBaYa B3a€EMO/IIIOTH 3 aKTUBHUMU pajJiMKaiaMH, HASIBHUMHU B CKJIal MPOAYKTy. B
pe3yibTaTi BUHUKAIOTH paJuKalyd Majlo akTHBHI, fAKI HE BCTYNAalOTh B pPEaKIilo 3
MOJIEKYJIAaMUA BUXIJHOI OKHCIIIOBAJbHOI PEYOBMHM, HANPUKIA] KapOTHHY. TaKUM YUHOM,
MPOIIEC OKUCIICHHS CTIOBUILHIOETHCS a00 MPUTIMHAETHCS, @ CaM aHTHOKHUCITIOBAY TTOCTYIIOBO
BUTpavaeThbcsi. EQeKTUBHICTH CTa0LIi3yt0uoi [ii aHTHOKHUCIIOBAYiB TIO BITHOIICHHIO [0
MPOYKTY 3aJIeKUTh BiJl XIMIYHOI MPUPOJIU CaMOTO aHTHOKHCIIIOBaYa, J03yBaHHS. Benuke
3HauYeHHSA Ma€ 30€peKEeHICTh aHTUOKUCIIOBaYa B MPOAYKTi, TOOTO MEPIOJ Yacy, MpOTATOM
SAKOro BIH poOUTH CcTaOLM3yrody Ait0. [I0JIKOMIIOHEHTHI aHTHOKCHUIAHTH B IMOPOUIKOBOI
dopmi, IIOTh SIK CyMIlI aHTUOKCUAAHTIB. OXOPOHSIE B1J OKUCIICHHS KUPH, )KUPOPO3UYHUHHI
BiTaMiHM, KapOTHH B CKJaJi KOPMOBOi CHPOBMHHU 1 KOMOikopmu. B skocTi omHOro 3
AHTUOKCHUJIAHTIB 3aCTOCOBYIOTH TMpemnapaT XaJokc, BUpoOHunTBa Himepmanau. Xamokc
SBIISIE COOOI0 CBITJIO-KOPUYHEBHM JIETKOCUIIKMX TMOPOIIOK SKUHA XOPIIO 3MIIIYEThCA 3
KOMITOHEHTaMU KOMOIKOpMiB. XaJ0KC CyMICHHM 3 ycima iHrpeaieHTamu kopmiB. [Ipenapat
3ano0irae OKHUCIICHHIO 1 CTallIi3ye »KUPU POCIMHHOTO 1 TBAPUHHOTO ITOXOJIKEHHS,
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KUPOPO3UMHHI BITAMIHU 1 KAPOTUHOIIU. 3aBISKH IMOBEPXHEBOMY MOKPHUTTIO, TOCATAETHCS
MaKCUMaJbHUM KOHTAaKT 3 aKTHUBHMMHM KOMIIOHEHTaMH IO Ba)JIMBO TWIpemapar. -
TepMOCTAOLIEH NPHU MIABUIIEHUX TEMIIEpaTypax; - NposABIIsL€ OAKTepULUIHY 1 QYHTILUAHY
J10, pyMHYIOUU KIIITUHHI CTIHKY TPUOIB 1 MPUTHIUYIOUM €H3UMH B MIKPOOHHUX KIIITHUHAX;

- MIABUIIYE CAHITAPHO-TITIEHIYHY SKICTb KOpPMY; - 30UIbIIye TepMiH 30epiraHHs
CUPOBHHHMX KOMIIOHEHTIB, TMPEMIKCIB Ta TOTOBHX KOPMIB;, -BOJIOJIE YYJAOBUMHU
BJIACTUBOCTSIMU JI0 PIBHOMIPHOT'O 3MIIITyBaHHS.

XaJloKC aHTUOKCHJAHT B TMOPOIIKOBOi  (opmi, Jdi€ SK CHHEPriYHUN  CyMIIl
(moTeHIirOBaHH:) - e)eKT CIUIBHOIO 3aCTOCYBaHHS JBOX aHTHOIOTHKIB MEPEBUIIYE MPOCTY
CyMMaIIUIO JIii KOXHOTO Tpernapary OKpeMo, CyMilll aHTHOKCUIAHTIB. BHOCUTHCS B KOPMH
IiJT 9ac iX MPUTOTYBaHHS Ha KOMOIKOPMOBHX 3aBOJIaX, a TAKOX B CUPOBUHHI KOMITOHEHTH,
[IUIIXOM PIBHOMIPHOTO 3MIIIyBaHHA 3 PO3PaxyHKy. - KOMOikopMm - 125r Ha TOHHY; -
camocTtabimizamii npemikciB - 1000-3000r Ha ToHHY (peKOMEHIOBaHA KUTBKICTh - 125r Ha
TOHHY KIHIIEBOTO KOPMY); - M'sicO-KicTKOBe OopomHo - 250-1000r Ha
Tabmuus 1.  3miHa mepekicHoro umciaa npu 30epirandi komoikopmy. ([Toka3Huk, 110
XapaKTePU3y€e KUTbKICTh MEPBUHHUX MPOIYKTIB OKUCIICHHS JIIITiJTiB)

Ckian perent Ne [TK-1 | penent Ne [TK-2
KOMOIKOpMY [TepexicHe uncno %, npu 30epiranHi, Mic

0 1 2 3 4 0 1 2 3 4
bes 30,0 346 |1296 |356 |(1848 |376 |556 |- 94,4 132,0
CaHTOXIHY

CaHTOX1H 15,0 204 | 419 109 | 87,2 221 | 160 |66,8 |1080 |117,6
0,005%

CaHTOXIH 6,8 - 15,4 - 20,2 49 6,2 7,0 - 1,0
0,05%
CanToxin 12,2 - 26,8 11,3 | 39,6 8,4 164 | 120 |56 34,4
0,02%

Tabmuus 2. 3miHa KHCJIOTHOrO 4HcJaa mpu 30epiranni komoikopmy. (KinbkicTh
T1APOKCUAY KaJlifo B MiJirpamMax, HeoOX1IHe JJ1sl HedTpasizallii >)KUpHUX KUCIOT B OJTHOMY
rpaMi Oy/1b-5IKOT PEYOBHHH)

Cknan perent Ne 6-9 ‘ penent 6-2
KOMOIKOpMY Kicnorue gucimo, MrKOH/r npu 36epiransi, mic

0 1 2 3 4 0 1 2 3 4
bes 11,9 26,8 |40,2 546 | 78,2 129 | 236 |313 |345 351
CaHTOXIHY

CaHToXiH 12,0 252 | 384 49,1 | 60,8 128 | 245 | 296 |34,3 34,1
0,005%
CaHToXiH 11,6 241 | 38,2 52,1 |60,3 159 |588 [829 |993 105,9
0,05%
CaHToXiH 11,9 25,0 | 393 50,3 | 63,7 133 | 234 | 286 |335 34,6
0,02%
TOHHY; - puOHe OopomHo - 500-2000r Ha TOHHY. BiTuu3HSIHA TPOMHUCIOBICTH IS
cTabimizamii KapoTHHY BHPOOJIS€ aHTUOKCHUJIAHT CAHTOXIH 1 JauiyauHy. byna BuBueHa
MOpPIBHSUIBHA CTabuIi3yloua 37aTHICTh PI3HUX KOHIIGHTpAIlli CaHTOXiHA, AWIYIUHY 1
BH3HAYECHI MOKA3HUKHU SIKOCTI KOMOIKOpMIB 1pH 30epiranni. O6'eKTOM IOCIHIIKEHb CIYKUB
koMOikopMm st OpoiiepiB nepmoro (6-30 mmiB) i mpyroro (31-70 muiB) mepioxis
BuponryBanHs (pererntu NeNe [IK-1 i I1K-2). Brpatu BitaMiHy A B KOHTPOJILHOMY BapiaHTI
koMmOikopmu penenita Ne [1K-2 3a 3 micsami 30epiranns ckianu 22,6%, a y BapiaHTax 3
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aHTUOKCUIAHTOM - 6,7-14,6%. AHTHOKHCITIOBAIbHI BJIACTHBOCTI CAHTOXIHA 1 JAWIYIUHY B
bOMY JIOCBIJIl BHSBISUIMCS Maibke Ha OJHOMY PIBHI; IWIyJIWHY OyB HaBITh JELIO
aKTHBHIIIIE CAHTOXIHA y BCIX JOCHII)KYBaHUX KOHUEHTpauisx. [Ipu nmopiBHAILHOMY aHami31
30epeXeHHs BiTaMiHy A B KOMOIKOpMax BUIIPOMIHIOBAHMX PELEITIB BUSABJICHA HallKpalia
30epexxeHHs oro B koMmOikopMi peurenta Ne [1K-2, kyaum OyB BBeJeHHMI TBapUHHUHN KHUP.
Lle#t daxT y3romkyerbcsi 3 JaHUMH, OTPUMAHUMU HaMHM TpPU BUBYEHHI MEPEKUCHOIO 1
KHCJIOTHOT'O YHCEJ KUPY B KOMOiIKOpMi. Pe3ynbTaTi Bu3HaueHHS TIPo 30epeKeHHs BITaMIHYy
B12 B xomOikopmi 3BeneHi B Ta06n.3. Ilporsrom 3 Mic. OuUayAWHY B TOPIBHSHHI 3
CaHTOXIHOM HajaBaB OuIbIl e()EKTUBHUN BIUIMB Ha 30epexkeHHs Bitaminy B1l2. 3naune
3HIDKEHHS HOT0 aKTUBHOCTI BiJI3HAYATIOCS Y BCIX MAPTIAX KOMOIKOPMU 70 KiHIIS YETBEPTOTO
Mmicais 30epirands. Jlo mporo vacy 3micT ioro Oyino Maibke Ha OJHOMY DPIiBHI MepuIiid-
minmit Haromi. Ilpm 306epiranHi KomMOiKOpMH, TpuroroBaHoro 3a perentom NellK-2,
criocTepiranacst OUTbII BUCOKE 30epexkeHHs Bitaminy B12 mpotsrom 4 mic. B MOpiBHSAHHI 3
komOikopmMom penenta Ne [IK-1. KombGikopm, crTabini3oBaHuil IWIyAWHY, Ha BCHOMY
MPOTA31 JAOCBIAY MICTHB KUIBKOCTI BiTaminy B12, 6mu3bki 10 KOHTpOIO. 3aCTOCYBaHHS
AHTUOKCHUJAHTIB TMOMEpe/Kae TMPOIEeC OKHUCICHHS KapoOTUHY, IS SKOTO MiHIMaJbHI
3 2-oro wMicsms 30epiraHHs, TpoIec pyWHYBaHHS KapoOTHHY 3pOCTaB, 1 M0 KIiHIA
EKCIIEPUMEHTY BTpaTH Horo ckianganu 5/7,1%, B Tol 4ac K B MPOAYKIli 3 CAHTOXIHOM 1
TUIYyIUHY KapTUH 30epiraBcsi MOBHICTIO. 3a 4 wicsii 30epiraHHs KOMOIKOPMY BTpaTH
BiTaminy E B BapianTi 6€3 aHTHOKCHUIaHTIB ckianu 15,8%, a B IHIIKUX JOCBIIUYCHUX MapTIsAX
- Bix 0,0 mo 8,0%. OgHOoYacHO 3 MMM aKTHUBHICTh XOJIIHY B KOHTPOJBHOMY KOMOIKOpMI
3Hm3uiacs Ha 26,3%, npudoMy ii 3MEHIIEHHS BXKE 3a3HAYAIOCS 3 TMEPIIOr0 MICSIIS
XpaneHis. J{oOpuii BIIMB Ha 30€peKEHHS XOJIIHY HaJanu KoHIeHTpaii nunyauny - 0,05% i
cantoxina - 0,02%, mpu SKuUX BMICT XOJIHY JO KIHIIA YETBEPTOrO MICAIS CKJIAIo
BinmoBigHO 84,7 1 83,6%. Pemta KiTbKOCTI aHTHOKCUAAHTIB B KOMOIKOpMaxX MOMITHOTO i
He Hagamu. OTpuMaHi JaHl CBIQYaTh, LI0 AHTHOKHUCIIOBAYl MAaKCHMAaJbHO 1HTIOYIOTH
OKuCTIOBaNIbHI Tiporiecu B KimbkocTi 0,02% no macu komOikopmy. BcranoBieHo, 110
OpukeToBaHl ab0 TrpaHyJbOBaHI KOMOIKOPMHM 3a3BMYail MarOTh OUIbLIY CTIHKICTh HpH
30epiraHHi B MOpPIBHSHHI 3 po3cunHux. [lap xo4a i € YUHHUKOM, KM MONINIIYE SKICTh
rpaHy’, HE MIABUUIYE, a B. PAAl BUNAAKIB HAaBITh 3HUKYE MOKUBHY LIHHICTH KOMOIKOPMIB.
[TiIBUIIMTH TIOXXKHWBHY I[IHHICTh TPaHYJIHOBAHUX KOMOIKOPMIB 1 €()EKTHUBHICTH IPOIECY
npecyBaHHs 0€3 3acCTOCYBaHHS Iapa MOKHA, BUKOPHCTOBYIOUM CIIOJIY4YHI PEYOBHUHH,
HAIMPUKJIIA] MEJIACY, THIPOJI, CYMIIIl MEJISICH 1 KYKYPY/A35STHOTO €KCTPAKTy B CIIBBIAHOIIEHHI
Tabmuusa 3. BiuiuB canToXiny Ha BMicT BiTaminy By, npu 36epiranni koMm0ikopMiB.

Penent Ne I1K-1 | Perenrt Ne TTIK-2
Cknan 3wmict BiTaminy Biz % 1o BuxigHOro 115 TEpMiHY 30€piraHHs, MicC
koMmOikop | Buxig | 0,5 |1 2 3 4 Buxig | 1 2 3 4
My 1305078 HUU
3MICT 3MiCT
MKT/T MKT/T
bes 021 |864 | 710 | 596 |- 425 (044 | 782 |- 76,6 | 76,5

CaHTOXIHY
Canroxin | 0,20 | 96,0 | 784 | 714 |694 |462 (036 |96,1 |96,1 | 945 | 945
0,005%
Canroxin | 0,23 | 83,0 |83,0 |751 | 64,7 498 [036 |- 895 945 | 94,5
0,05%
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Canroxin | 0,22 |88,0 | 764 [658 |584 |53,0 [040 |[922 |- 85,7 | 85,7
0,02%
Tabauug 4. BiuiuB caHTOXiHY HAa BMICT BiTaMiHy A npu 30epiranni Kom0ikopmiB.
Perenit Ne TIK-1 | Penerrt Ne ITK-2

Ckuag 3mict BiTaminy A % 10 BUXIZHOTO JUIsl TEpMiHY 30epiraHss, Mic
KOMOIKop | BuxigHuit 1 2 3 4 Buxig | 1 2 3
My 3mict MO/r HUH

3MiCT

MO/r
bes 8,71 53,7 | 50,4 | 50,6 | 505 |10,19 | 879 | 74,7 |77,4
CaHTOXIHY
Canroxin | 8,98 96.7 | 653 | 643 | 564 931 |903 |87,8 |884
0,005%
Canroxin | 11,71 984 (944 |883 |803 |1312 | 91,8 | 928 | 933
0,05%
Canroxin | 10,43 916 |714 | 71,4 | 735 | 11,95 |- 89,9 | 854
0,02%

1: 1. Brparu BiTaminy A nipu BUPOOHUIITBI IpaHyJl 3 BUKOPUCTAHHIM COJIOHOTO T1JIPOITy
K CIoJyyHa pedoBuHa ckiagaioth 8% 3amicth 30% mnpu BUKOPHCTaHHI TMapa.
IPaHyJIIOBaHHS 3MEHIIIy€e OO0CST KOMOIKOpMH, MEPEelIKO/HKae PO3IIapyBaHHS CyMIIn 1
3MEHIIIY€ TOBEPXHIO, fIKa MOX€ OyTH NOIIKOJKEHA MIKpOOIOJOTrIYHUMHU OpraHi3MamH.
3'SIBASETHCA MOXJIMBICTH TOYHO KOHTPOJIFOBATH IPOMNOPIIi IHrpeaieHTiB. Bel rpanynu
KOMOIKOpMY BHTJISZAIOTh OJTHAKOBO, 1 MArOTh 3arajibHUM CKiafg. B pe3ymbrari 1boro
TBAPMHU 1 NTAaXW HE MAIOTh MOKJIMBOCTI BUOMPATH OKpPEMi KOMIIOHEHTH KOpMY 1
XapuyroTbca 30amaHcoBaHO. TakoX, 3HMKAE HWMOBIPHICTh TOTO, IO BHINl 32 PAaHIOM
TBApUHU B Ipymni BUOEPYTh BCl MOXHUBHI 1 CMauHi KOMIIOHEHTH KOPMY 1 3aJMIIAIOTh Ha
KOPM HEMOBHOILIHHUN KOpM. [lomynspHicTh rpaHyIb0BaHUX KOpMiB He BUMaakoBa. Came
Taka (popMa BUTOTOBJICHHS HAJa€ KOPMOBHMM CyMIIlllaM B TpaHyJax psij Mepesar, cepen
SKMX MOXKHa OCOOJIMBO BIJA3HAYMTH HACTYMHI: TPOLIEC BUPOOHUITBA TpaHyd 1
KOMOIKOpMIB Tepebavae TepMaibHy 00poOKY, sika BOMBAa€ BENUKY KUIbKICTh IIKIJTMBUX
MIKpoOiB, B TOMY YHCII 1 CaJlbMOHEJAa; - MTaXW 1 TBApWHHU 3'i1af0Th i Yac ToJyBaHHS
HNOBHMM OOCST 3alUIAaHOBAHOTO KOMIUIEKCY CKJIAJOBUX, IO BHUKJIOYA€ BUHUKHEHHS
nucOallaHCcy TIOKUBHUX PEYOBHH; - TIPU TPAHCIOPTYBAaHHI CUIYYHMX KOMOIKOPMIB 4acTO
BiIOYBa€ThCS PO3COPTYBAHHS CKIAAOBHX Ha Pi3HI BEPCTBU Ye€pe3 pPi3HY LIUIBHICTH 1
pO3MipH MOJIPIOHEHUX IHTPEIEHTIB, a TPAHYJILOBAHI KOMOIKOPMHU JTO3BOJIAIOThH MOJ0JIATH
10 MpoOiieMy, - MTaXxW 1 TBApUHU KpaIlE 3aCBOIOIOTH TPaHYJIbOBAHHN KOMOIKOPM,

BIJIMOBIHO, IIBHUJIIE HAOMPAIOTh Bary; - Mpu BUPOOHULTBI 1 TPAHCIOPTYBAHHI 3HAYHO
3MEHILYIOTbCSI BTpaTH B TMOPIBHAHHI 3 TpaguuiiHUMH (GOpMaMH KOMOIKOpMIB; -
CUIBTOCHITIAIPUEMCTBAM HabaraTo Jerie TPaHCIOPTYBaTH 1 30epiraTu rpaHyJbOBaHUN
koMOikopMm. Ilpu BuKopucTaHHi 30ajJaHCOBAaHUX 3a BCiMa TOXXUBHUMH pPEUOBHHAMU
IpaHyJIbOBaHUX KOMOIKOPMIB TPOJYKTHBHICTH TBapuH 3poctae Ha 12-14%, a mnpu
30arayeHHi ix BiTaMiHaMU, MIKpPOEJIEMEHTaMH Ta 1HIIMMHU CTUMYJIIOIOUYMMHU PEUYOBUHAMHU -
Ha 25-30% B NOpiBHAHHI 3 TUM, KOJIU TBapUHAM 3T'0JIOBYIOTh OKpPEeMi BUIU 3€pPHOPYPAKY.
3acTocyBaHHS B TOJYBAaHHI TBapWH TIPaHyJbOBAaHUX KOPMIB JI03BOJISIE OINTUMI3YBaTH
CeKOHOMIYHI MOKa3HUKU €(EeKTUBHOCTI, 3HU3UTU MOKA3HUK KOHBEPCii KOPMY, 3/IEHIECBUTH
CIOKMBAHHS KOMOIKOpMY Ha OJMHHMIIIO MPUPOCTY 1 B TIOPIBHIHHI 3 BUKOPUCTAHHSIM OJIT 1
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coeBuX MpoTiB. KomOIKOpM, [0 NpOHIIOB TpaHyJIALIN0, NPEACTAaBICHUNA TIpaHyJaMu
muTiHApuaHOi hopmu B miametpi Bim 5 mo 10 mm, 1 moBxkuHOIO He Oinbiie 20 mm. B
IOMY K PO3MipH TpaHysu GOPMYIOTHCS BUXOIAYH 3 iX 3acTOCyBaHHs. Tak, HallpuKiIal,
IpaHyId MaJeHbKUX (Ppakiliii, BAKUBAIOTHCS YacTille A NTULll. ['paHysin Tpoxu Oiiblie
4-6 MM BXXUBAIOTHCS JUJISl JOPOCIUX OCOOMH MTHIll, BEJIMKOI pOratroi XyjaoOu, KOHEH,
cBuHel 1 pud. ['panyna sk okpeMuil ejleMeHT BKJIOuae B ce0e MOBHUN KOMIUIEKT BCIX
KUTTEBO BAXKIIMBHUX €JIEMEHTIB, [0 3HAXOAAThCAd B KombOikopwmi. Ile g0 peui Baromuii
MO3UTUBHUN SKICTh TPaHYJIHOBAHOTO KOMOIKOpMY. MiHYC € PO3CHITHOTO KOMOIKOpMY
nonATae B TOMY, IO HOrO BXKMBAHHSA TBAPMHAMU HE € ONTHMaJlbHMM. Moro
npiOHO(paKIIHUX HE JO3BOJISIE HOT0 BXKMBAHHS B TTOBHIM Mipi. Hampukian, nrax BxuBae
po3cumyacTuii KoMmO6iKopM He piBHOMIpHO. Ilicas Hel Ounbie KOMOIKOPMH po3rpidaTu 1Mo
CTOpOHaM, OpYIHUTHCS, PO3MOPONIYETHCA 1 NPUXOAUTH B HE TNPHUIATHUNA CTaH.
Kombikopmu, mpencraBieHi y BHUIJISAI TpaHyd npuponHo kopucHi i1 mist BPX 1 mns
cBuHEH. 1[I TBApUHU MOXYTh JIETKO MOTJIMHATH TPaHYIy MOBHICTIO, JIETKO PO3THUPAIOYH ii
CBOIMH MOTYTHIMHU IejenamMu. TakoX TrpaHyJboBaHa ¢GopMa KOMOIKOPMY MpPEKpacHO
n03BOJIsiE prO1 3aXOIUTIOBAaTH 1 3aCBOIOBAaTH KOMOIKOPM B BOJI, Tak SIK I'paHylia JIOBrO
MO>K€ 3HAXOJIUThCA B BOA1 30€pirarouu KOPUCHI MOKUBHI peUOBUHM KOpMy. Jlesiki ¢axiBii
IPUITYCKaIOTh, 1110 BUCOKa TEMIIepaTypa 1 CUJIbHA MapoBa BOJIOTICTh, @ TAKOXK CaM IPOLIEC
mpeca MPU3BOJATH JO TOTO IO KOMOIKOpPM BTpayae JesKi BaXJWBI BJIACTHBOCTI,
HANpUKJIaJd pPYHHYETbCS CTPYKTypa aMIHOKHMCIOT, TOrO 3K METIOHIHY, TyOJsThCs
010J10T1YHO aKTHBHI eyieMeHTH. [IpoTe, K MOoKa3ylTh pe3yJbTaTh I'oOJlyBaHHS TBAPUH - BCE
K BOHHU Kpallle, OCKUTbKH OOCATH BTpPAT MOXWUBHO BAXKJIMBUX PEUYOBUH MPU TPaHYJIAILIL
Habarato HWXKYE HIXK BTPATH, [[0 BUHUKAIOTH MPU TOAYBaHHI KOMOIKOPMOM B PO3CHUITHUX.
Cam MeToj TroAyBaHHS TBapUH B PO3CUITHUX, SK MU TOBOPHIM paHIlIe HE IyXKe
edextuBHuil. [lle onHi€l0 MepeBaror TPaHyJIbOBAHOTO KOMOIKOPMY € 3pYYHICTh HOTO
TPaHCTIOPTYBAHHS, B TOMY YHCJII 1 HACUITHUM METOJOM. BTpaTtm mpu TpaHCIOPTYBaHHI
NPaKTHYHO 3BOJAATHCA 10 Hyud. llle omqHuM TUIIOCOM Ui TPaHyJIbOBAaHOTO KOMOIKOPMY €
Horo TtpuBase 30epiranHs. OCKUIBKM B MpOLECI TpaHyJAlli KOMOIKOPM NPOXOJIUTH
aHTuOaKkTepiabHy 00OpOOKY, 1€ J03BOJIsIE HOMY JOBTO 30€epiraeTbesi, 1 30epiraTu He TUTbKU
cBOIO (hopMy ajsie 1 BCl MOKUBHI peuoBUHU. CydyacHi KOMOIKOPMOBI 3aBOJIM TPAHYIUPYIOT
KOMOIKOPM JABOMA TEXHOJIOTISIMU. Y TIEPIIOMY BUIIAJIKY II€ JIiHIs TpaHyJIFOBaHHS MPaLIOE 3
CyXUM CHUPOBHHOW. Jlpyruil BHUIAMOK, JiHIS TPAHYJIOBAHHS NPAIIOE 3 BOJOTUM
cupoBuHOI0. [lepmuii meTon crpsMoBaHuUid Ha Te 100, cyxuil KomOikopMm OyB
IpOIapeHuil MmapoMm, 4acoM JJisg B'S3KOCTI IIE 3BOJIOKEHUH JOJAaTKOBUMH J00aBKaMu
PI3HOTO POMY >KMpaMH, MENAcOl0, TIAPOIOM 1 IHITUMHU KOMIOHEHTamMu. Bonoruii metos
rpaHysslii nepejdadae BHUKOPUCTAHHS Taps4doi BOAM, Temmeparyporo He Menme 70
rpaayciB B TakuxX oOcsArax siki O T03BOJISIM JOCATTH BOJOTOCTI CUPOBHHH HE Oinbie 35
BIJICOTKIB, TICJS YOTO 3 CYyMIIIl BHUTITAaIOTh T'PAHYJIH, MPOCYIIYIOTh 1 OXOJIOMKYIOTh.
EdeKkTuBHICTh TpaHyJIOBaHHS BU3HAYAIOTh BMICTOM JApIOHOI (Ppakifi, Mo NPOXOIUTH
yepe3 cuta 3 orBopamu 0,2 MM, MPUUOMY KUTBKICTH ii HE TIOBHHHO IepeBHUIyBaTu S5%0.
Crnixg 3a3HauuTH, WO TapsA4ye TPaHYIIOBaHHS 30aradyeHHX KOMOIKOpPMIB pyHHY€E AesKi
BiTaMiHM, (pepMEHTH Ta 1HIII O10JIOTTYHO aKTUBHI PEYOBUHU 1 BUKIMKAE 3MIHU XIMIYHOTO
CKJIaly MpoAyKTy. Tomy rapsiue rpaHyJitoBaHHs 30aray€HUX KOMOIKOPMIB HEIOILIBHO.
HaiiOinpm1  eeKTMBHUM METOAOM BUPOOHUITBA TIpaHyJbOBAaHUX KOMOIKOPMIB €
IPaHyJIIOBAHHS CYXHM CHOCOOOM 3 BHUKOPHMCTAHHSIM CIOJYYHUX pe4doBuH. CromyuHi
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PEYOBHHH, IO 3aCTOCOBYIOTHCSI IIPU TPaHYIIOBaHHA KOMOIKOPMIB KIacH(iKyrOTh Ha JBI
IpyIu: OpraHiyHl Ta HeopraHiyHi. BUKOpUCTOBYBaH1 3B'3YI0Th PEUYOBMHHU MMOBUHHI MATH
OCHOBHI BJACTHBOCTI, $KI TOBHHHI TIOB'I3yBaTM KOPMHM MpU TpaHyJIOBaHHS 1
NOKpAallyBaTU MIIHICTh TpaHyJ, MiJBUILYBAaTH MNPOAYKTUBHICTh Ipeca, HE BIUIMHYTHU
HEraTMBHO Ha KOPMOBY LIHHICTh KOpMY. BakiiiBe 3HaueHHS MalOTh TakK 3BaHI CIIOIYYHI
PEYOBHHHU, SKI BBOJSITH HE TIABKM JUIS MIABUIIEHHS MIIHOCTI TpaHys, aiae 1 s
CKOpPOYEHHSI BUTPATH Mapu, €HEprii, MIIBUIIEHHS MNPOAYKTHUBHOCTI. B SKOCTI Takux
PEYOBHH BUKOPUCTOBYIOTh HalyacTillie piJiki MPOIYKTH, TaKl, K XKUP, THAPOII, MeJisica Ta
iH., | mopomkoBi - OeHTOHITM 1 TomiHamOyp. Jleski 3 TmepepaxoBaHUX PEYOBUH
HiBUIIYIOTh TOXHUBHY I[IHHICTE KOMOIKOpMiB (3kup, Mensca), 30aradyroTh KOMOIKOpMH
mikpoenemenTamu (O0eHTOHITH). KiNbKICTh J0AAIOTBCS CIONYYHHX PEUYOBHMH 3a3BHUAif
HeBennKa - 10 3%. OmHAaK B PEIenTy JIeIKUX KOMOIKOPMIB ISl TITaXiB PEKOMEHIYEThCS
BBOJWUTH BEJIHMKY KUIBKICTh XHUPY - A0 6%. Y TakoMy BUMAAKYy MOXKJIMBE 3aCTOCYBaHHS
1HIIIOrO CHOJYYHOTO PEYOBUHH, HAMPUKIIAA OCHTOHITY, IO JO3BOJISE MOJIMIIUTH MPOIEC
IPaHyJIIOBaHHS KOMOIKOpMY. BEHTOHITH BITHOCSTBCSA OO KOJOIIHUX TJIMH 1 HE MICTATH
€Heprii, ajge MiJBUILYIOTh MINHICTh TpaHyJdl 1 30UIbLIyE MPOAYKTUBHICTh IIpec-
rpanyasTopiB. [IOpiBHsUIbHI AOCTIIKEHHSI XapaKTepy 1 IHTEHCUBHOCTI MIKPOO10JOTTYHUX
IPOLIECIB B PO3CUITHUX 1 I'PaHYJIbOBAaHUX KOMOIKOpMax mpu 30epiraHHi MoKas3aid, 0
I'paHyJIbOBaHI KOMOIKOPMU B TOPIBHSHHI 3 PO3CHITHUX, K Ha MOYATKy, TaK 1 B MpoOIEeCi
30epiraHHs 3HAYHO MEHIIOK MIpOI 3acisHi Miko 1 Mikpoduoporo (tadm. 5). Lle
MOSICHIOETBCS ~ BJIArOTEIUIOBOIO  OOpOOKOIO0, 3ryOHO Jli€ Ha  OUIbIly YacTHUHY
MIKpOOpTraHi3MiB, IPUUOMY IBIIEBl TpUOHM OUIBII CTIHKI, HIXK OakTepii.

Pe3yabTaTH gociaigikeHb. 3 METOI0 BUBYCHHS BIUIMBY DPI3HHMX MOEIHAHb BOJIOTOCTI 1
TEeMIIepaTypy Ha CTIMKICTh KOMOIKOpMIB TIpH 30epiraHHi, 3MiHa iX XIMIYHOTO CKJafy 1
Mikpoduiopu OyJIM MPOBEICHI ITOCTIIU, B AKUX MpoayKiito 3 Bosorictio 10; 12; 13; 14,5;
16 1 18% 306epiranu npu Temnepatypax 20, 10, 51-5° C.

Tabnuis 5.BnuiuB rpany/1i0BaHHS HA MIKO Ta MiKpo(J1opy KOMOiKOpMIB.

Bono | 36epira | Tem
ricTh, | HHS, nepa KifbKicTh MiKpOOPraHU3MiB B KOMOiKOpMax, THC/T
% nio Typa
°c
BCHOTO B TOMY YHCJI1
CHIIK1 I'pany Oakrepiit rpubiB
JTbOBaHI , ,
CHIIKI rpaHy CHIIKI rpany
JTHOBaH1 JOBaHI

KOHTOPOJIb 383 33 360 30 23 30
18 4 20 2565 49 2540 45 25 4
16 16 - 2565 49 2540 45 25 4
145 |30 - 2058 99 2000 63 58 16
13 35 - 2040 54 2000 40 40 14
12 70 - 1632 39 1620 30 12 9
10 120 - 580 9 576 9 4 -
18 7 10 1097 52 1080 42 17 10
16 25 - 1261 35 1224 30 37 5
145 | 50 - 1758 87 1710 75 48 12
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13 65 - 1049 63 1026 60 23 3
12 80 - 969 48 960 45 9 3
10 120 - 182 8 180 3 2 -
18 20 0 1817 44 1800 37 17 7
16 35 - 1538 66 1503 60 35 6
145 |55 - 1202 79 1170 67 32 12
13 65 - 1049 63 1026 60 23 3
12 80 - 969 48 960 45 9 3
10 120 - 92 13 90 13 2 -
18 55 -5 2183 82 2160 75 23 7
16 80 - 1774 125 1746 120 28 5
145 | 120 - 797 69 774 64 23 5
13 120 - 647 39 630 33 17 6
12 120 - 553 18 540 15 13 3
10 120 - 115 0.1 108 - 7 -

3MiHM B OPTaHOJINTUYHHUX MOKA3HUKAX, [0 MEPEayIOTh MOTIPIIEHHS SIKOCTI, 1 B TEPMIH,
KOJIU BUSBISUIOCS TMOsIBa CJIa0KOTO COJIOAOBOIO 3amaxy MpoJayKuli BU3HAYald B
HOPIBHSAHHI 3 TMPOMYKINEI SKa MIiCTUTh aHTHOKCHUAAHT (Tabi. 6) Ilopsn 3 aHamizom
TpaauIiitHOI OpMH TEXHOJOTIYHOTO BUPOOHMIITBA BUKOHYBAJIMCS JOCIIIKEHHS 3pa3KiB
Kl OyJM HAmOBHEHHI AHTIOKCIAAHTOM B $KOCTI KOO BHKOPHUCTOBYBAJIM CaHTOHIH.
AHTIOKCITaHT B PI3HUX KUTBKOCTAX OyJIO BBEJEHO B CKJIaJ KOMOIKOpMY SIKUH 30epiraiu B
PI3HUX TEMIIEPATYpPHHUX Ta BOJOTICHUX PEKUMAX.

Tabnuus 6. Tepminu 30epiranusi CMIIKOro KOMOiKOpMy 0e3 CAHTOHIHY.

Bomoricte, % Temmeparypa, 'C
20 10 0 -5
18 4 7 20 55
16 10 25 35 80
14,5 30 45 55 120
13 50 60 65 Binesin 120
12 60 75 80 bingpin 120
10 120 Binpm 120 Binpm 120 Binpm 120
Tabmuusg 7. 3MiHa MOKA3HUKIB AKOCTiI KOMOIKOPMIB miJx Yac 30epiraHHs.
Pex | Tepmin Tepmin Tepmin Tepmin Tepmin Tepmin 30epiranHs
uM | 30epiranH | 30epiraHH | 30epiraHH | 30epiraHH 36epiraHus I'PaHyJIHOBAHOTO
:.sGep 5l CHIIKOTO | 51 CHIIKOTO | 5 CHIIKOTO | s CHIIKOTO GPHKETHOTO KOMGIKOpMY 10
iran | KoMOikop | KOMOikOp | KOMOIKOp | KOMOikop 6i
e My 10 My 10 My 10 My 10 KOMOIKOpMY J10 BUHUKHEHHS
BUHUKHEH | BUHHUKHCH | BUHMKHEH | BUHUKHEH BHHHKHCHHA COJTIOOBOTO 3anaxy
HSI HSI HSI Hs COJIOJIOBOTO 3 cantoxinom 0,05%
COJIOOBO | COJIOZOBO | COJOJOBO | COJIOZOBO 3amaxy 3 2110
ro 3amaxy | ro3amaxy | ro 3amaxy | ro 3amaxy CaHTOXIHOM
0e3 . 3 3 3 0,05% ,n10
CaHTOXIH | CAHTOXiH | CAHTOXIH | CAHTOXiH
y, 1o oM oM 0,05% | om 0,02%
0,005% 10 10
26
Boioricts, %
18 12 23 37 32 61 75
16 30 43 53 47 82 105
14,5 60 61 71 67 97 142
13 70 92 103 98 121 175
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12 85 115 | 127 | 120 | 163 | 203
Temmneparypa , C
20 14 25 35 30 73 89
10 30 45 56 51 92 135
5 45 63 74 69 141 205
-5 115 129 141 130 - -

Takum ynHOM OyJI0 TPOAHAII30BAHO BIUIMB aHTIOKIIAHTY SIKMU OYyJIO BBEJIEHO B KUIBKOCTI
0,005%, 0,02% Tta 0,05%. IlizcymMKOBY [if0 BIUIMBY aHTIOKCIIAaHTY OYJIO 3BEICHO B
tabmuimro 6. SIk BUAHO 3 TaOnuIl, mpH 3HMKEHHI Bosiorocti 3 18 mo 12% TpuBamicTsh
30epiranHs komOikopmiB mpu Temmepatypt 10 °© C g0 mosiBU COJOMOBOTO 3amaxy
3oinbimiacs 3 12 o 85 auiB (1. E. B 7 pa3iB), a 3 moHmxkeHHsM temneparypu 3 +20 10 - 5
¢ C TepMiH 30epiranHs npoAyKiii 3 Bosorictio 16% 3pic 3 14 no 120 auis (mpubnmsHo B 8
pas3iB).  [lpw 1pboMy XiMIYHUH CKJIaJl 3MIHHBCS HE3HAYHO, a KUITbKICTh MIKpOOPTaHi3MiB
3MEHIIWIaca OublI, HIX B 2 pa3u. BrumB pi3HuX Mo€aHAaHb BOJOTOCTI 1 TEMIIEpaTypH Ha
TPUBATICTH 30€piraHHsl KOMOIKOPMIB JOCIIIKYBaBCS TAKOXK 0 TEPMIHY MOSBU CIa0OKOTO
COJIOJIOBOTO 3amaxy MpOAYyKIii. AHami3 JaHUX, HABEACHUX Yy TaOJMIll, MOKa3ye, MO0 B
npoueci 30epiraHHs KOMOIKOpPMIB crHoCTepiraiocs 30UIbIIEHHS BMICTY amiaky 1
MIKpOGhJIOpH 3 OJHOYACHMM 3MEHIIEHHSM PIBHS JKHPY 1 KapOTUHY, MPUYOMY
IHTCHCUBHICTh O10XIMIYHUX 1 MIKpOOIOJIOTIYHUX TIPOIECIB 3ajieyKaja BiJ BOJIOTOCTI
KOMOIKOpMIB 1 TemIepaTypH, NOpH sKiii BoHuU 30epiramucs. B mporeci 30epiraHus
koMOikopmiB mipu Temrepatypi 10-20 °© C kpuTudHa BOJIOTICTH MPOIYKIli JOPIBHIOE HE
oinbme 13%, npu Temmnepatypi 10 ° C 1 vuxde - 14,5% 1 npu Temneparypi O ° C 1 Huxye -
16%.

Puc. 1. I'padiyna 3ayeKHICTh CTIMKOro 30€piraHHs KOMOIKOPMY 3aJI€KHO BiJ BOJIOI'OCTI
Ta TEMIEPATYpPH.

AHai3 TaOnMIl CBIQYUTH , IO BBEICHHS B CKJIAJ CHUIKHX, OpPHKETOBAHUX Ta
rpaHyJibOBaHUX KOMOikopMiB B KigbkocTi 0,05% cyTTeBO MiIBUINY€E HAIIMHICTD
30epiraHHs MOpOAYKUii. a NpH BBEJEHHI AHTIOKCIJAHTY B CHUIKI KOMOIKOpMa TEpMiH
CTIMKOro 30epiraHHs 30UIbIIY€ThCS Mail>ke BABIYM.
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12 13 14 15 16 17 18

Puc. 2. TI'padik 3MiHM TpuUBAJIOCTI 30€piraHHS CHUIIKOTO KOMOIKOPMY 3aJIeKHO BiJ
BOJIOTOCTI: 3 BBeJIeHHIM caHToXiHy,0,05%; 2- 6e3 BUKOPUCTaHHS aHTIOKCIAAHTY.
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Puc. 3. I'padik 3miHu TpuBaIOCTI 30epiraHHsS OPUKETHOTO0 KOMOIKOpMY B IOPIBHSHHI 3
CHUIIKUM 3aJIe)KHO Bij BojorocTi:1-3 BBeneHHsM canroxiny ,0.05%; 2- 6e3 BUKOpUCTaHHS
AHTIOKCIaHTY.
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Puc. 4. I'padik 3MiHM TpHUBAJIOCTI 30€piraHHS CHUIIKOTO KOMOIKOPMY 3aJIeKHO BiJ
temrneparypu: 1- 3 BBeJieHHAM canToxiHy,0,05%; 2- 6e3 BUKOpUCTaHHS aHT1OKCIJIaHTY.

Puc. 5. I'padik 3miHu TpuBanocti 30epiraHHs OpUKETHOr0 KOMOIKOPMY B MOPIBHSAHHI 3
CUTIKUM 3aJIC)KHO BiTeMIieparypu:1-3 BBEJEHHSAM CaHTOXIHY B CHIIKUHA KOMOIKOpM
,0.05%; 2- 3 BBe1eHHSM CaHTOX1HY B OpukeTHUN kKoMOikopm, 0.05%.
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BucnoBku. Bcranosieno, mo kombikopmu Bojorictio a0 13%, cmig 30epiratu y
BUPOOHMYMX yMOBaxX He OUIbLIE TPhOX THXKHIB 3 JHA iX BUpoOseHHs. OTpumana Ta
3anponoHOBaHa rpadiyHa XapakTepUCTUKA CTIMKOro 30epiranHs KoMOIKOpMY
3aJIEKHO BiJ BOJIOTOCTI Ta Temmeparypu 30epiranHs. J[oBeaeHO, 110 BBEACHHS B CKJaj
KOMOIKOpMY aHTIOKCIZJaHTy CYTTEBO MIJBHUIIY€E MOTr0 CTIMKICTh Ta 3a0euye Horo TpuBale
30epiranHs. BupoOHUIITBO OpUKETOBAaHUX KOMOIKOPMIB 3 BBEICHSIM B  SIKOCTI
aHTiOKcigaHTa caHToxiHy B KiabkocTi 0,05% 3abesneuye 30epiranHs 0e3 IMOTIpIICHHS
SIKOCT1 TIPOTSITOM TPHOX MICSIIIB
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CTOHUKOCTb U XPAHEHUE KOMBUKOPMOB
Hynapes U.W., Ucaes M.B., IInaunnara U.I'.
KiioueBble cjioBa: KOMOMKOPM, CMECh, CTPYKTYpa, XpaHEHHUE, AaHTUOKCHIAHT.
Pesrome

Hcnonvzosanue sghghexmusnvix  payuonog  KoMOUKOPMOG O  CMAOUTbHbIMU
nokazamensamMu Kauecmed, 00ecneuusarom HAuGbICULYI0 pe3yibmamusHOCMb KOPMIEeHUs.
HCUBOMHBIX, KOMOPbLE ABNAIOMCS 2IABHBIM 3A0AHUEM PAYUOHATILHO2O PENCUMA XPAHEHUS]
U NpuMeHeHus NpoOYKYuu KOMOUKOPMOBO20 Npouszsoocmed. Ipgexkmusnocmo
NpUMEHEeHUs1 KOMOUKOPMO8 8  JHCUBOMHOB0OCMBE  3A8UCUM OmM UX Kauecmed.
Kenamenvhvie pezyivmamovl Mo2ym Oblmb OOCMUSHYMbL MOJIbKO 8 MOM clyyae, eciu
couemanue, COOMHOWEHUEe U O03UPOBAHUE OMOEIbHBIX UHCSPEOUEHMO8 NOJHOCHbIO
omeeuaem mMpeOOBAHUAM OP2AHUIMA HCUBOMHBIX OAHHO20 8UOA, 803PACMA, YPOBHS U
Hanpaegienuss nPou3800UMenIbHOCMU U QU3UOI02UYHO20 cOCmoanUs. Bo epems xpanenus
KOMOUKOPM U3MeHsem KayecmeeHHble NoKa3amenu U nocie ye2o npooyKm CyujecmeeHHo
U3MeHsem Noje3Hvle C8OUCMEA U MOXCem Cmamsv NPUYUHOU 3a00]1e8AHUS HCUBOMHDBIX.
i nosvluenus cmabuibHOCMU BUMAMUHOG, JUNUOO0E U OpYeUX HEHACLIUEHHbLX
coeounenuti (KapomuHouoos8) 6 KopmMax npu ux 3a20MO6Ke U XPAHEHUU YCHeuHO
NPUMEHSAIOM  AHMUOKCUOAHMbL - XUMUYecKue eewecmea pasuou npupoosi. Illpu
npou3600cmee mpassaHou MyKu 00b6asxka aHmuoxkcuoanmos cywecmeenno (6 2-3 pasa)
CHUdICAem Nnomepu KAPOMUHA U HE3AMEHUMbBIX JICUPHBIX KUCIOM NpU OTUMeIbHOM
xXpanenuu kopma. Mcnonv3osanue aHmMuoKCUOAHMO8 8 NOJHOPAYUOHHBIX KOMOUKOPMAX
nogvluiaem GUMAMUHHYIO NOJHOYEHHOCMb NPOOYKYUU HCUBOMHOBOOCmBA. Mexanusm
oeticmaus Hauboaee pacnpoCMpPaHeHHbIX AHMUOKCUOAHMO8 3AKIIOUAENC 8 PAa3pPblée
yenu OKUCIUMENbHBIX peakyutl. Monekyavl anmuoKuciumensi 63aumooetiCmeyiom ¢
AKMUBHLIMU ~ PAOUKANAMU, UMeIoOWUMUCs & cocmase npoodykma. B pezynomame
B03HUKAIOM MAN0 AKMUGHble PAOUKATbl, KOMOpble He BCMYNAom 8 peakyuio ¢
MONeKYIamMu UCXO0H020 eeujecmsd, Hanpumep kapomuua. Taxum obpasom, npoyecc
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OKUCTIeHUsl 3aMeO0Nsemcss Uil npekpawjaemcs, a cam aHMUOKUCIUMENb NOCMENneHHO
mpamumcs. ISppexmueHocms cmadbunuupyroujeco O0elcmeus aHmuoKuciumenei no
OMHOWEHUIO K NPOOYKMY 3ABUCUN OM XUMUYECKOU NPUpoObl Camo20 AHMUOKUCIUME]IS,
odosuposanus. bonvuwioe 3HaueHue umeem COXpAHAEMOCMb AHMUOKUCAUMENS] 8
npooyKkme, Nepuoo  8peMeHuU, 6 meueHue KOmopo2o OH OKa3vleéaem  CBOU
cmabunusupylowee oOeticmsue. J{oKazaHo, ymo HA Npoyecc XpameHusi KOMOUKOPMOS
CYUWeCMBEHHO 61Usem coCmosHue cpedvl, A UMEHHO memnepamypa u enaxcHocmy. C
Yenvio U3YYeHUs GIUAHUSL PA3HBIX COYeMAaHUull 6IANCHOCIU, HAAUYUS AHMUOKCUOAHMA U
memnepamypbl Ha CMOUKOCMb KOMOUKOPMOG NpU XpaneHuu, Obliu npo8eoensbl ONblimbvl, 8

Komopwix npodykyuto ¢ eraxchocmoro 10; 12; 14; 16; 18% xpanunu npu memnepamypax
0,5,10,15,20i-5° C.

STABILITY AND STORAGE OF FARMERS
Dudarev I. 1| , Isaev M. B., Plachintal.G.
Key words: mixed feed, mixture, structure, storage, antioxidants.
Summary

The use of effective feed rations with stable quality indicators, ensure the highest
effectiveness of feeding animals, is the main objective of a rational mode of storage and
use of feed production. The effectiveness of the use of mixed fodders in livestock farming
depends on their quality. The desired results can be achieved only if the combination, the
ratio and dosage of the individual ingredients fully corresponds to the requirements of the
organism of animals of the given species, age, level and direction of productivity and
physiological state. During storage, the mixed feed changes its quality parameters and
after that the product significantly changes its useful properties and can become the cause
of animal disease. To improve the stability of vitamins, lipids and other unsaturated
compounds (carotenoids) in feeds during their harvesting and storage, antioxidants,
chemicals of various nature, are successfully used. So, in the production of herbal flour,
the addition of antioxidants significantly (in 2-3 times) reduces the loss of carotene and
essential fatty acids during long-term storage of feed. The use of antioxidants in full-fat
mixed fodders increases the vitamin value of livestock products. The mechanism of action
of the most common antioxidants is the rupture of the chain of oxidative reactions.
Antioxidant molecules interact with the active radicals present in the product. As a result,
radicals appear to be little active, do not react with molecules of the starting material, for
example, carotene. Thus, the oxidation process slows down or stops, and the antioxidant
itself is gradually consumed. The effectiveness of the stabilizing action of antioxidants in
relation to the product depends on the chemical nature of the antioxidant itself, the
dosage. Of great importance is the safety of the antioxidant in the product, the period of
time during which it makes its stabilizing effect. It is proved that the state of the
environment, namely, temperature and humidity, affects the process of storage of mixed
fodders. In order to study the effect of various combinations of moisture, the presence of
antioxidant and temperature on the stability of compound feeds during storage,
experiments were conducted in which products with a moisture content of 10; 12; 14; 16;
18% were stored at a temperature of 0.5, 10, 15, 20 and -5 ° C.
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VJIK 629.144.2.004.5

OLHIHKA EOEKTUBHOCTI POBOTHU MAIINMHHO —-TPAHCITIOPTHHUX
KOMILJIEKCIB 3 YPAXYBAHHAM EHEPTETUYHUX BUTPAT

J. I1. Jomymi, O.C. SABopcbkui, A. I1. Jlinin
OoecbKuti 0eparcasHull azpapHuil yHigepcumem

36upannus 1 mpaHcnopmyeanHs — 3epHa - QIiHiwHI onepayii no eupoOHUYMEY
3epHo8uUXx Kynbmyp. Bonu niobusaroms nioCyMoK ycboMy KOMNHIEKCY NOnepeoHix pooim 3
ONMUMATILHO20 BUOOPY PAUOHOBAHUX COPMIB, NIO20MOBYI HACIHHA, 00pOOYI IPYHMY,
nocigy, 002110y 3a pocaunamu. Pazom i3 mum ye nati-pecypcnomicmxi onepayii. Memoro
00CNi0XMCeHb €  NiOBUWEHHs edeKMUBHOCHIT BUKOPUCMAHHA MAWUHHO-MPAHCNOPMHUX
KOMNJIEKCI8 Npu 30UpaHHi 3epHOBUX KOJOCOBUX  CLIbCbKO2OCNOOAPCLKUX KYIbmyp ma
SHUIICEHHS. MAMePIalbHO-eHepeemUYHUX UMpam i cobisapmocmi 8Upousy8aHoi npooyKyii.
Excnayamayiiini sumpamu na 30upanns 8podxcaro 3 nojs i 1020 mpancnopmyeauHHs Ha
20CN00apcbKull NYHKM Nicaa30UupanvHoi 00poOKU 3epHa CMAHOBIAMb Ollblie NOJI0SUHU
6Cix eumpam Ha 1020 6upobHuymeo. lLle o00IpyHmMo8ye HeoOXIOHIiCMb NOCMIUHO20
B800CKOHANIOBAHHS MEXHON02IU 30UpanHs 1l MEeXHIYHUX 3aco0ie 015 ixHboi peanizayii. Ilpu
O00CTIOJHCEHHI  MEXHOJIO2IUHUX NPOYecie 30UPaHHs 3ePHOBUX KYIbMYP 8 AKOCHI OCHOBHO20
Kpumepisi onmumizayii cmpykmypu ma CcKiady MAuUHHO-MPAHCHOPMHUX KOMNIEKCI8
BUKOPUCTNOBYBANUCS MIHIMANILHI CYMAPHI eHepeosumpamu HAa 30UPAHH 3ePHOBUX 3
oounuyi niowi. Peanizayis 3anponoHo8anoi mooeii eHnepeo30epedxiceHHss 003801UNmb
30inbwumy  epekmugHicms  npoyecy 30UPAHHS 3€PHOBUX  KOJOCOBUX KYIbmyp 3
eHepeemu4Hux eumpam mexHiunux 3acobie Ha 24%, owcusoi npayi - 46%, nanuso-
macmunvhux mamepianie - (%, a 3aeanvhy epexmusnicmo na 26,0%, npu yvomy
exonomisni enepeii oocsieac 0o 1233,8 Mloclm. Pospobrena modenv onmumizayii
eHepeemuyHUx eumpam 30UpaibHUxX MAUUHHO-MPAHCNOPMHUX KOMNIEKCI8, 00380J1€
ONnMuUMi3y8amu CmpyKmypy ma cKiao 30UpaibHUX MAawun ma mpaHcnopmHux 3acobis 3
VPaxy8aHHamM — UMOBIPHO20 Xapakmepy ix 63aemoolii. Bnposadowcenus pe3ynbmamie
docniodicenb - eHepeo3bepicarouux i pecypco3depiearodux MmexHoa02i, MONCIUBO
supiumu npoobaeMu MexHiuHo20 Nepeo3OPOEHHs CilbCbKO2OCNOOAPCLKUX BUPOOHUKIB 1
OMPUMAHHS KOHKYPEHMO30amHoi NpoOYKYii pOCIUHHUYMEA.

Kiro4uoBi cioBa: MamMHHO-TPAHCIIOPTHUN KOMILJIEKC, €HEPreTUYHI BUTPATH, 3€PHOBI
KyJIbTYpH, TEXHOJIOTisI 30upaHHs, CTPYKTypa Ta CKJaJd, KpUTEepid omTumiszaii,
E€HEepPro30epekeHHs, MOJelb, KOMOailH, TpaHCMOPTHUMA 3acid, WMOBIpHHMI CTaH,
POCIMHHHUIITBO.

Beryn. Texnounorii BUpoOHUIITBA MPOIYKIIlT POCIMHHUIITBA, SKi ICTATHCS HAM B CIAJOK
BiT MHUHYJOro, € BUTpaTHUMHU. Jlns JocATHEHHS HaMOLIBIIOI  e(EeKTUBHOCTI
CUIBCHKOTOCTIOAAPCHKOTO BUPOOHUITBA HEOOXIAHO BIPOBAKYBAaTH €HEpPro3odepiraroui
TexHoJyorii. Ha nBopi puHKOBa €KOHOMIKAa 3 1i JKOPCTKOK KOHKYpEHLI€r. Ko
OpocyBaTy Jajll TPAAMIINAHI BUTpaTHI TEXHOJOrIi, TO JyK€ CKOpPO BHSBUTHCS, ULIO
OYiKyBaHOTO pe3yabTaTy (IMiIBHICHHS MPOIYKTHBHOCTI, 0OCSTIB BaJOBOI0 BUPOOHHMIITBA,
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SIKOCTI 1 3HW)KEHHSI COOiBapTOCTI BHPOOIIOBAHOI MPOMYKI) MU Tak i HE OTPHUMAEMO.
PocnuHHUIITBO OJMH 3 HAMMPUOYTKOBIMIMX BHUIB CLIBCHKOTOCIOAAPCHKOrO Oi3HECY —
110% pentabenbHOCTI MOXYTb OyTH HOpMOIO Juisi pociauHHUUTBAa.Hopmoro, ane He
Mmexero. [lpu TpanuuiiiHiil MoJenl poCIMHHUITBA 3HAUYHY YaCTHHY MPUOYTKY «3'1Har0Th»
BUPOOHMYI BUTpPATU. YCHIIIHUNA BUPOOHUK TOHM, XTO 30HMpae ONTUMAIbHUN ypoxkail 3
HaliMEHIIUMHU BUTpaTtamu [1].

IIpobaema. [ns CITBCBKOTO TOCMOJapCTBa YKpaiHU € TpobjieMa IiABUIIEHHS
e(DEeKTUBHOCTI BUKOPHUCTAHHS EHEProHOCiiB. Bci TexHomorii CciIbChbKOrOCIOAapChKOTO
BUPOOHHUIITBA OIIHIOIOTh 33 CKOHOMIYHMMH TIOKa3HUKamMu (MPUBEICHI BUTpPATH,
PEHTA0EIBHICTh TOIIO) 1 3aTpaTamu mparli. [IpoTe B Cy4acHHX yMOBax LbOTO 3amallo,
OCKUIBKM Il IIOKa3HMKM MAIOTh ICTOTHI KOJMBAHHA 1 BH3HAYAIOTHLCA IIOJITHKOO
I[IHOYTBOPEHHS. TOMY TEXHOJIOTIYHI TMPOIECH 1 KOMIUIEKCH MAIlIUH OIlIHIOIOTh
BPaxOBYIOUU CeHepreTMyHi  3arpaTd  Ha  BUPOOHHIITBO KOXHOT'O BUIY
CUIbCBKOrocnogapcbkoi npoaykuii. Lle nae 3Mory omiHIOBaTH TEXHOJIOTIT SK Ti, LIO
3aCTOCOBYIOTHCS, TaK 1 HOBI, a TaKOX 1 iX MEPCHEKTHBHICTh 3 MOMJISIAY MHUTOMHX
CHEPrOBUTPAT Ha OJJMHMIIIO BUPOIIYBaHOI MPOAYKIIii [2].

AHaJI3 OCTAaHHIX JOCTiMXKeHb Ta myOJikaumiili. AHali3 Cy4yaCcHOro CTaHy MexaHi3aiii
30MpaHHs 3€pHOBUX KYJbTYp B YKpaiHi BUABISE ii HU3bKY €(PEeKTUBHICTb. CTaTHCTHYHI
JaHl CBiAYaTh MPO TOCTIMHY TEHJICHIIII0 CKOPOYEHHS 3arajJilbHOTO 4YHCiia KOMOAWHIB Y
napKy, 3pOCTaHHSl YaCTKM HECIPABHUX MAIIWH, CTAPIHHS NapKy, 30UTbIICHHS CEPEIHbOTO
HaBaHTaXEHHS Ha KOMOAaiiH, 30UIbIIIEHHS CTPOKIB 30MpaHHS W BTpaT 3€pHA BiJ CaMoO
omamanHs [3]. [lo TexHiuHOMY 3a0e3meueHHIO 30MpaNbHUX POOIT YKpaiHa BiJICTaE Bif
POBIIHKUX KpaiH MUpy B 3-6 pasiB, a Mo 3a0€3MEeUEHHIO0 36PHOM Ha JYIIy HACENeHHS MU
nepeOyBaeMO Ha PIBHI MOYaTKy MHUHYJIOrO CToNiTTA. lloromiB's XymgoOu 3HA4YHO
CKOPOTHUJIOCS] Maii>ke BIBIY1, IO PI3KO 3MEHIIUIIO MOTpeOy y PypakHOMY 3epHi i TpyOux
KopMax (cosiomi). 3aMOBJICHHST Ha HOBY TEXHIKY BIAJIM HIKYE OYIKYBAaHOT'O PIiBHS, IO
MPUBENIO 10 CKOPOYEHHA ii mpommucioBoro BupoOHuuTBa. e Oinpmie ocnabHymna poib
JIep’)KaBHUX MEXaHi3MIB KEPYBaHHS CLITLCHKUM TOCIIOAAPCTBOM, 3MIHUTIACS (popma JTi3UHTY
TEXHIKH, OOCSITM 3aCTOCYBaHHSI PI3HUX TEXHOJIOTIH 30upaHHs aepopMyBamucs BOIK
MajoonepamiiHuX, MEHII PECYpPCHOMICTKHX 1 pe3yJbTaTUBHUX MO BaJOBUM 300paM 3epHa.
[IpakTUyHO NPUNMHWIIO ICHYBaHHS MPOMUCIOBE HaciHHMUTBO. OpHak HebaraTo 3pocia
poib MTC y mpoBeaeHHI 30upayibHOI KammaHii, 1 30UIBIIMBCSA IMIOPT 3aKOPAOHHOL
TexHiku [4]. VY bGaratbox JOKyMEHTax 1 Marepiajiax Aep:KaBHOI'O i perioHajabHOIO PiBHS
TMIOJIOXKEHHS 3 BUPOOHHIITBOM 3¢pHa i TexHiuHMM 3a0e3nedyeHHsM AIIK (y Tomy gwcni i
30MpaHHs 3¢pPHOBHX) B YKpaiHU OIHIOEThCS K KpuTHaHe [4]. Po3pobka mepcrekTuBHOT
cTparerii poO3BUTKY MexaHi3amii 30upaHHS 3€pHOBUX KYJIBTYp CTaBUTHCS 10 KJjacy
npo0JieM MPOTHO3YBAaHHS PO3BUTKY MAKpOCUCTEM, (PYHKI[IOHYBaHHS SIKUX 3aJIKHUTh BiJl
B3aeMoI1i Oe3nmiui 30BHINIHIX 1 BHYTpIIIHIX ¢akTtopiB. MojepHizaiito abo CTBOpEHHS
HOBOI PECYpPCHOMICTKOI 1O CBOEMY NPU3HAYEHHIO ¥ MacmrTabaM BUPOOHHUIITBA
3epHO30MpaJIbHOI TEXHIKM HE MOYKHA PO3IVISIaTH 130J1b0OBAHO Bif 3arainbHoro crany AlIK,
JMI€BOCTI  MEXaHI3MIB  JepKaBHOI IOJNITHKH ¥  COLIAJIBHOTO  3aMOBJICHHS  Ha
CLIBCHKOrOCIIOAApChbKY Mpoaykiito [5]. IlopiBHSUIBHA TEXHIKO-CKOHOMIYHA OIlIHKA
CydacHUX KOMOaiiHIB MOKa3ye, 110 BITUM3HAHA TEXHIKA, sSIKa € Ha0araTto JEHIEBIIOI HiXK
1HIIIA 3aKOPJOHHA TEXHIKa, MO KOMIUIEKCHMX MUTOMHX IMOKa3HMKaX TEXHIYHOTO PIBHS
Majgo 4uM 1d ycTynae. 3HayHE BIACTaBaHHS CIOCTEPITa€TbCcsl MOKU MO HaAIMHOCTI,

43



ATPAPHUI BICHUK ITPUYOPHOMOP’ 51 Bun. 90. 2018p.

au3aiHy i KOMPOPTHOCTI [6)].
Merta nociigkenb. [li1BUIEeHHS €EKTUBHOCTI BUKOPUCTAHHS MAIIMHHO-TPAHCIIOPTHUX
komriuiekciB (MTK) npu 30upanHi 3epHOBUX KOJIOCOBHX CIIIbCHKOTOCIOAPCHKUX KYIBTYP
3HM)KEHHSI MaTepialibHO-€HEPreTUYHUX BUTPAT 1 COOIBAPTOCTI BUPOILLYBAHOT TPOTYKIIIi.
PesynbraTtu pociaigkeHb. OCHOBHUM TIOKa3HUKOM, IO XapakTepu3ye e(PEeKTUBHICTh
pOOOTH MAIIMHHO-TPAHCIIOPTHUX KOMIUJIEKCIB 1 BpaXOBY€ 3HAYHOIO MIpOIO arpoTeXHiuHI 1
KOHCTPYKTUBHI UYWHHUKH, SIBISIOTHCS EHEPreTUYHI BUTPATH HA OJMHUIIIO BHKOHAHOL
pobotu. EHepreTnuHmii aHaii3 J03BOJISE OIIHIOBATH ICHYIOUI 1 IJIaHOBaHI CHUCTEMH, iX
MEePCIEeKTUBHICTh 3 TOYKH 30PY C€HEPreTUYHOi €(PEKTHBHOCTI 1 BIAKPHUBAE MOKIIUBICTH
IIJIECIIPSIMOBAHO BECTH PO3pOOKY HOBUX 1 BJOCKOHAJIICHHS ICHYIOYuX cucteM. llpu
JOCIIKEHHI pOOOTH TEXHIKA 30MpaJbHUX MAIIMHHO-TPAHCIOPTHUX KOMIUICKCIB
OCHOBHHMM KPHUTEpIEM OIIHKKA €(EKTHUBHOCTI iIXHBOI pOOOTH 3 BpaxyBaHHSIM pe3yJbTaTiB
JOCIIKEHb NPUUHATANA MIHIMYM CYMapHUX €HEproBUTpaT Ha 30UpaHHS 3E€pHOBUX
KyJIBTYp 3 oauHHMI ol LE, Mk/ra -1ie pyHKIist MeTH JaHoro 3aBaaHHs [2]:
ZE= [Efg lzk—lxv By +E E lXE_MEEL-I-E 1455 Qﬁgm]_}mjn
2! (1)
ne Xijx - 00csar poOOTH, BUKOHYEMHH yciMa 3aco0aMH i-ro THIy Ha |-My BHPOOHHUOMY
nporeci B k-if mepion, ra: Ej- cykynHi BuTpatH eHeprii 3acobamu i-ro THIy Ha j-My
nporieci, Mmx/ra; E, - BuTpatu *uBoi npaiii, Mmk/ra; Q, — HOpMa BUTpaTH MajvBa Ha
OJIMHUINIO TUTOINi, Kr/ra; E, — eHepreTMYHHWH EKBIBAJICHT KOMIUICKCHOTO TaJluBa,
M/JIx/xT; Q - 00CST BUKOHYEMHX POOIT, Ta.
3a miniMymoM miboBo1 (yHkmii (1) mpu gomycTUMHUX BTpaTax ypo)Kard BH3HAYCHO
ONTUMAJbHY CTPYKTYpYy Ta CKJIaJ 30MpaJbHUX MAaIIMHHO-TPAHCIOPTHUX KOMIUICKCIB,
cnoci® opraHizailii peMOHTHO-TEXHIYHOTO OOCIYrOBYBaHHSI Ta pPE3€pBYBAHHS B PI3HUX
ymoBax. [Ipu miHiMi3aii QyHKI[IT METH HEOOX1JHO JOTPUMATHUCS PAY OOMEKEHB!
1.Yci po3paxyHKOBI HEBI1JIOMi1 BEJIMYMHU MAIOTh OyTH TLIFOCOBUMHU:
Xij>0; i=1,2,...m; j=1.2..n; k=12..l (2
2.00'eM poOIT MO KO’)KHOMY 3 BUPOOHUYHUX MPOIECIB | Mae OyTH BUKOHAHHIA MOBHICTIO Y
BCTAHOBJICH1 arpOTEXHIYHI TEPMIHHU, TOOTO!

n |
Z 2 Xijw = 4]
j=1k=1 (3)
[TincymoByBanus mo «K» TyT #jge B Mexax TUX mepiomiB Bim l; 1o |, ynpomoBx skux
arpoTexHika nepeadoavac BUKOHAHHS | - TO HPOIIECy.
3.Butpartu xuBOi mpaili HOBHHHI 3a0e3euyBaTH BHUKOHAHHSA 00'€My i-r0 BHPOOHHYOTO
nporecy a K-i mepioa y BCTaHOBJICHI arpOTeXHIYHI TEPMIHHU:

Li=1lh=1 Ex <m (4)
1e Ni- KUIBKICTh MPAIiBHUKIB, SKi Ma€ B PO3MOPS/DKEHHI TOCIOAAPCTBO IS IIBOTO BUAY
poboTH, THOI..

4. Butpara nanusa Q; He IOBMHHA [IEPEBUIYBATH HOPMATHBHI 3HaUYeHHs Q)
Q < Q. Cymapni (cykymnHi) BUTpaTH eHeprii 3aco0amMu j- TO TUIy BH3HAYAIOTHCS II0

dopmyi:

— B By | AT+Pp [“pI-IBP]‘a'_E +Pp
By [ 100 1 T ol T Ty ()
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I€ rm; pw - CHEPrOEMHICTh OJMHMIN Baru BIANOBIJHO JI0 TATOBOI 1 poOOYOi MalIMHH,
Mmx/xr; B,, B,- Bara T4roBoi i po6ouoi MammH, Kr; A;, A,- HOpMH aMOPTHU3ALIHHUX
BlIpaxyBaHb JJIs TATOBOi 1 po004oi MamwuH, BincoTkw; P, P,- HOpMHM BiapaxyBaHb Ha
peMoHT 1 TO BIAMOBIAHO 1O TAroBOi 1 poOo4oi mammH, Bincotku;, T, T,- piuni
3aBaHTaXEHHS TATOBOI 1 poO0YOi MaIllKH, TOJ.
Butparu eneprii xwuBoi npari E,, Mmk/ra:
:fﬂuﬂ,-l"ﬂgﬂgi ©)

HH H_rﬁ'
1e No, N, - YUCIO OCHOBHHX 1 JIOMOMIKHUX POOITHHUKIB, 1m0 O0epyTh ydactb B MTK, mro.;
o» a - BIJIOBIIHI €HEPreTHYHI €KBIBAJIGHTH BUTpAT kKBOI mpami, M/x/moxn. roa.; W, -
eKcIutyaraniiHa npoaykrusHicte MTK, ra/rog.
[Tpsimi BuTpatu eneprii nanmsa E, , Mmxk/ra:

Ex= & Qm (7)
o€ , - CHEPreTUYHMH €KBiBaJIeHT BHUTpaT mainuBa, MJ/Dx/kr; Q,- BHTpaTH majWBa Ha
OJTMHMIIIO TUTOII, Kr/Ta.

[TopiBatoroun MTK Ha 30upanHi 3epHOBUX, HEOOXiAHO AMdepeHIIHoBaHO BU3HAYUTHU
Koe(iIi€eHTH eHepreTUYHOI e(EeKTUBHOCTI BUTpAT:
- KOe(IIi€HT eHepPreTUYHO1 €PEKTUBHOCTI BUTPAT HA TEXHOJIOTIYHI 3aco0m K.;:

KeT:EHij / E6ij (8)
-KOe(IIIEHT EHEPreTUYHO1 €PEKTUBHOCTI BUTPAT KUBOT mparli Ky

Kex= E" E% (9)
KOEeQIIIEHT €HePTeTUYHOI e()eKTUBHOCTI MPAMUX BUTPAT eHeprii K

Ke mov= B / B (10)

-KO€(ILIEHT E€HEepreTUYHoi e(EeKTUBHOCTI BUTPAT NPH 3aCTOCYBAaHHI MPOINOHOBAHOIO
KOMILJIEKCY B OPIBHAHHI 3 6a30BUM K !
- EPE-I-EPE-I-EPE 11)

Kec EgtEfrtED; (
Po3paxyHoOk mOpiBHSUTBHOTO €KOHOMIYHOTO €(DEeKTY BiJl BIPOBAKEHHS PEKOMEHI0BAHOTO
MTK nHa oauHUITO IUIOIT BU3HAYaBCs 32 POpMYJI0I0:

E..= YEs - YEn, (12)
ne > Eg, Y Ep - cymapHi eHepreTH4Hi BUTPaTH IpPH 0a30BOMY i MPOEKTYEMOMY CKIIAIy
MTK. Jlnga po3paxyHKy MOpPIBHSHOI OIIHKM EHEPreTUYHHUX BUTpaT i 0a30BOro i
POEKTYEMOTO MAIIMHHO-TPAHCTIOPTHUX KOMIUIEKCIB 3aCTOCOBYBAIMCA TaKi TEXHOJOTIT
30UpaHHs 3€PHOBUX KYJIbTYp - MpsiMe KoMOaiiHyBaHHS O€3 MOJPIOHEHHS COJOMH 1
po3auibHe 30upaHHs. 1 JaHUX TEXHOJNOriM MO METOIULl YKpaiHCBKOIO HayKOBO-
JOCIIITHOTO 1HCTUTYTY MPOAYKTHMBHOCTI arpo-mpoOMHUCIOBOIO KOMILIEKCY MiHicTepcTBa
arpapHoi MOJITUKKM YKpainum «HopmaTuBHM BUTpaT >KMBOi Ta ypedeBJIEHOI IMpalil Ha
BUPOOHHUIITBO 3€PHOBHUX KYJIBTYp» [7], pO3pOOIAINCh TEXHOJOTIUYHI KapTH Ha 30MpaHHs
BPO’KaI0 03UMOi MineHuIli. Bci TeXHOMOr1T po3po0siiich Il TAaKUX YMOB BHPOOHUIITBA!
wiomia BupomryBanus — 1300 ra; BpoxkaiHiCTb OCHOBHOI mpoaykmii — 4,6 1/ra;
BPOXaiHICTh 0014HOT npoaykIiii —4,6 T/ra. HopmatusHi BTpatu Bpoxaro 3%0; TPUBaICTh
30MpaHHs MpPU TOBHIM CTUIIIOCTI 3epHa — 7 110. Ilpu npamomy komobatinysammui s
30upaHHs BPOXKAI0 BUKOPUCTOBYBaIUCs komOaitHu «JloH-1500b» - nBaHAAISTh OAWMHUILS.
3epHO TPAHCIOPTYBAJIOCS BaHTAXHUMHU aBTOMOOUTAMH-Tsaradamu KamA3-55102 3
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npuderniamu [ BK-8527 B kimbkocti — 12 omuanmb. KoxHuit koMOaiiH 0OCITyroByBaBCs
0COOMCTUM TpaHCHOPTHUM 3acoboM. CojiomMma — HE 3€pHOBA MPOAYKIS CTATyBajacs Ha
kpaii nosist arperatom T-150K-05-09 — BTVY-10 — 8 oguHuii Ta TpaHcmopTyBajiacs s
ckuptyBaHHs arperatom — MT3-80 — 2IITC-4-887A — 24 onunuiti. CKUpTYBaHHS COJIOMU
—arperat FOM3-6AKIJI — I1®-0,5b — 8 ogunuiis. Ilpu pozodinbHomy 36uparni BiTHOUIEHHS
ol 30upaHHs Po3AUIBHUM 1 npsmMuM criocooom — 40% 1 60%. [list ckomryBaHHS y
BaJIKM 1 Mia0ip BajKiB BUKOPUCTOBYBAIM 4OTHpU KomOaiinu — JloH-1500b, xHUBapku
KBH-6, minbupau —I1JI-150 B kinbkocti - 4 omunuii. [Ipsame xomOaiinyBanHs — JloH-
1500b — 8 oauHunpk, TpaHcmopTHi 3acobu - KamA3-55102+1'BK-8527— 8omunuiis.
ConomMa BUIITOBXYETHCS HA Kpail MOJS 1 CKUPTYEThCA HA Kpato mossi. KUTbKICTh 1 cKitan
arperariB, SIK B MepIIiid TEXHOJOTI].
Tabnuns 1 KomniekcHa eHeproMicTKicTh 30MpajJbHO-TPAHCIOPTHUX POOIT

= 3araapHi
Butparu eneprii basoBuii ckitafg ITpononyemuii cknany | & €HepreTUyHi
texHikn MTK texHikn MTK .g BHUTpATH,
g M JIx/T
= = Bapiantu
- o = =
= = 5 =
2 ) 2 g =
5 < - 5 < z 5 E | yom
58 | ZE B¢ 2 = s 5%
23 |83 25 S 2 328
o 3 £ S o 3 v M m | = F
Ha ocHoBHI
3aco0u: CK-5M JloH- 86,4 | 1600, | 1002,2
Komb6aitn, MJIx/kr | «Hua» 15006 6
JKarka, MJIx/kr CK-5M JKBH-5 Jou- JXBH- | 75,4 | 113,1 74,0
«Husa» 15006 6A
[Tnardopma- CK-5M | IlimGupau Jlon- [Minbupa | 754 | 33,5 21,0
migbupad, MJx/kr Huga —I1J1-150 15006 q —I1JI-
150
TpancnoptHi 'A3-53b - KamA3- I'Kb- 86,4 | 756,0 | 593,2
3acoom, MJI/kr 55102 8527
Tpakropu MT3-80 | 2I1TC-4- T-150K- | BTVY-10 | 86,4 | 680,4 | 419,3
887 05-09
HOM3- [1d-05 MT3-800 | IId-0,5
6J1 75,4 | 593,8 | 453,2
Ha o6opotHi
3acoou:
ITanuBO-MaCTHIBHI - - - - 528 | 2746 | 256,0
Marepiai,
M JIx/kr
JKupoi mparti, - -
M /Ix/nmroa-rox
KoMOaliHepa - - 190 | 1,23 0,67
TPaKTOPHUCTA - - - - 1,26 | 041 0,22
BOJIISt - - - - 150 | 0,54 0,30
JIOTIOMIKHOTO - - - - 0,60 | 0,10 0,10
NIEPCOHATY
Bceroro: 4054, | 2820,5
3
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Eneprernuna orminka epexkruBHocTi podotn MTK Bu3Hauanacst 1jsi peKOMEHI0BaHOTO Ta
ICHYIOYOr0 B TOCIOAApCTBax BaplaHTIB HAsSBHOCTI TEXHIKM Ta OpraHizamii MpoIecy
30upanHs. [lopiBHSIIBHUN aHali3 EHEeProEMHOCTI OJMHHULI mnpoaykuii — 1 T 3epHa
3€pHOBUX KOJIOCOBUX KYJbTYp 0a30BHUX 1 PEKOMEHJOBAHMX BapiaHTIB BH3HAYEHUH 3a
dopmyoro 1. PesynbTatl po3paxyHkiB 3a eHepreTuuHuMu nokaznukamu MTK 3Beneni B

tabmumi 1. [TopiBHSIHHS BapiaHTIB 3a KIHIIEBUM pPE3yJbTaTOM IIOKa3ye, IO
peKOMeHI0BaHUM BapiaHT edekTuBHilIe 0azoBoro. Benmnunna edexry nopiHioe 4054,3-
2820,5 = 1233,8 MJIxx / 1. JudepeHmiiioBaHna oOIliHKa MOPIBHIOBAHUX 30HMpabHUX

MaIIMHHO-TPAHCIOPTHUX KOMILJIEKCIB 32 MUTOMHMMH BUTpaTaMu Ipaii 1 MarepiajbHo-
EHEPreTUYHUX pecypciB HaBeJeHa B TabuIl 2.
Tabnuusg 2 JIndepenuiiioBana oniHka MalIMHHO-TPAHCIOPTHUX KOMILIEKCIB

Bapiantu
HalimenyBanHs Omunung | ITosnaueHHsa | Ga3oBi | mpoekTye
IIOKA3HUKIB BUMIPY Mi
KoedirienT eHepreTnyHoi e(eKTUBHOCTI,
B TOMY YHCJIl TIO 3aTpaTam. - Ke 1,00 0,74
-Ha TEXHIYHI 3aC00HU - Ker 1,00 0,76
-)KMBOI mpaiii - Kex 1,00 0,54
-TIpSIMOT  €HEepTii - Kenmm 1,00 0,93
[TponyKTHBHICTH KOMOaliHa ralron Wrex 1,76 2,20

BucnoBku. 1.Po3pobnena mMojienb OLIHKKM €HEPreTUYHMX BUTPAT TEXHIKH 30MpanibHUX
MaIIMHHO-TPAHCIIOPTHUX KOMIUIEKCIB, sIKa J03BOJISIE ONTHMI3YBAaTU CTPYKTYPY Ta CKJajl
30MpaibHUX MAIIMH Ta TPAHCIIOPTHUX 3aCO0IB 3 ypaxyBaHHSIM HMOBIPHOTO XapakTepy ixX
B3aemonii. 2. JludepeHimiiioBaHuii po3risii MaTepiaibHO-CHEPreTUYHUX BHUTpaAT Jla€
MOJKJIMBICTh MAacIITa0HE OLIHUTH MOTpeOy B MaTepialibHO-CHEPreTUYHUX pecypcax Ha
30upaHHsl BCHOTO 00CATY TIAHOBOI MPOAYKINT 1 MOPIBHATH II0 MOTPeOy 3 (haKTHIHOIO
HasSBHICTIO, TaK peKoMeHAoBaHu BapiaHT ckiany MTK edexruHnime 6azoBoro Ha 1233,8
MJx/T. 3.PekoMeHmOBaHWMU CKJIaJl TEXHIKH MAlIMHHO-TPAHCIIOPTHUX KOMIUICKCIB
JI03BOJIUTH 301IBIINTH €(DEeKTHBHICTH MpoLiecy 30UpaHHs 3€PHOBUX KOJOCOBUX KYJIBTYp 3
CHepreTUYHUX BHUTpPAT TEXHIYHUX 3aco0iB Ha 24%, xwuBoi mpami - 46%, mnamuBo-
MaCTHJIbHUX MaTepiaiiB - 7%, a 3aranbHy eQeKkTuBHICTh Ha 26,0%.
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O EHKA DO®EKTUBHOCTU PABOTHI MAIIMHHO-TPAHCIIOPTHBIX
KOMIIJVIEKCOB C YYETOM DHEPTETUUYECKUX 3ATPAT
Homyuu [.A., AABopebkuit O.C, JIunun A.II.
KiroueBbie cj10Ba: MaIlIMHHO-TPAHCIIOPTHBINM KOMIUIEKC, JHEPTEeTUYECKHUE PaCXOIbI,
3€pHOBBIE KYJIbTYpPbI, TEXHOJOTHUS COOpa, CTPYKTypa M COCTaB, KPUTECPUN ONMTUMHU3AIIIH,
AHEProcOepeKeHns, MOIeNb, KOMOAH, TPAaHCIIOPTHOE CPEICTBO, BEPOSITHOE COCTOSIHHE,
PacTEHUEBOCTRO.
Pesrome

Cbop u mpauncnopmuposka 3epHa - QUHUWHbIE onepayuu no NpPouU3B00CMaEY
3epHosblx Kyabmyp. OHu nodbusarom umoe 6cemy KOMHIJIEKCY npeovloywux padom u3z
ONMUMANBLHO20 8b100pA PAUOHUPYEMbIX COPMO8, NOO2OMOBKe CeMsaH, 0bpabomke noyewl,
nocesa, yxooa 3a pacmeHusamu. Bmecme ¢ mem smo naubonee pecypcoémkue onepayuu.
L]envio uccnedosanuti aensemcs nosviuienue 3¢hekmusHocmu UCnONb308aAHUSL MAUUHHO-
MPAHCNOPMHBIX KOMNJLEKCO8 Npu cOOpe 3ePHOBLIX KOJIOCOBLIX CENbCKOXO3AUCMBEHHBIX
KVYIbMYpP, CHUJICEHUSI MAMepudibHO-9HEepeemuieckux pacxo0o8 u cebecmoumocmu
svipawuBaemor nPoOyKyuu. IKCHIYamayuoHHble pacxoovl Ha cOope ypodrcas ¢ o u e2o
MPAHCNOPMUPOBKU HA XO3AUCMBEHHbIL NYHKM NOC1eyO00pouHOU 00pabomku 3epHa
npedcmagnawom 0Oobuie HNON0BUHbL B8CEX pACX0008 HA e20 Gvlpawjueanue. Imo
000CHO8bI8aEM HEOOXO0OUMOCHb NOCMOSHHO20 YCOBEPULEHCTNBOBAHUS MEXHOI02Ull cOopa
ypoodcas U mexHuueckux cpeocme O ux peamusayuu. Ilpu uccredosanuu
MEeXHOJI02UYEeCKUX NPOYecco8 cOOpa 3ePHOBbIX KYIbMYpP 8 Kauecmee 0CHOBHO20 KpUmepusl
ONMUMUAYUYU ~ CMPYKMYPbL U COCMABA  MAUUHHO-MPAHCHOPMHBIX — KOMNJIEKCO8
UCNONIL308AIUCH MUHUMANbHbIE CYMMAPHble SHepeemuyecKue 3ampamol Ha cOOp 3epHOBbIX
¢ edunHuysl niowaou. Peanuzayus npeonodrcenHoti mooenu duepeocoepedxcerus no36oaum
yeenuuums  2¢hghekmusHocms  npoyecca cb6opa 3epHOBbIX KONOCOBLIX KYIbMYP HO
SHepeemuyecKuUM 3ampamam mexHudeckux cpeocms Ha 24%, owcusoco mpyoa - 46%,
MONIUBA U CMA30YHBIX Mamepuanos-1%, a oowyro sghghexmusnocms na 26,0%, npu smom
oKoHOMUsL  OHepeuu docmuzeaem oo 12338 MJclm. Paspabomannas mooenw
ONMUMUZAYUU ~ IHEPLeMUYECKUX  paAcX0008  YOOPOUHbIX — MAWUHHO-MPAHCNOPMHBIX
KOMNJIEKCO8, NO380JIem ONMUMUSUPOBAMb CIMPYKMYPY U COCMA8 YOOPOUHbIX MAWUH U
MPAHCHOPMHBIX CPEOCm8 C YYemoM BepOAmMHO20 XApaKmepa ux 63aumMooeticmeus.
Bueodpenue pesynbmamog uccieoo8anuii — 3HepeoCOXpaHAIOWUX U pecypcocbepe2aroujux
MexHoI02Ull, NO360JI51em pewums  npooaeMbl  MEXHUUECKO20  NepPeBoOPYHCEeHUs]
CebCKOXO3AUCMBEHHBIX NPOU3B00UmMeell U NOIYYeHUs KOHKYPEHMOCHOCOOHOU NPOOYKYUU
pacmeHue8o0cmaa.
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ESTIMATION OF EFFICIENCY OF WORK OF MACHINE-TRANSPORT
COMPLEXESTAKING INTO ACCOUNT POWER EXPENSES
Domuschy D.P., Yvorskyi O.S,, Lipin A.P.
Key words: a machine-transport complex, power charges, grain-crops, technology of
collection, structure and composition, criterion of optimization, energy-savings, a model,
Isacombine, transport vehicle, credible state, plant-grower.
Summary

Collection and transporting of grain are finish operations on the production of grain-
crops. They line a result to all complexes of previous works from the optimal choice of the
best sorts, to preparation of seed, treatment of soil, sowing, care of plants. At the same
time it is the most expense on resources operations. The aim of researches is an increase
of efficiency of drawing on machine-transport complexes at collection of grain-growing
cereals of agricultural cultures, materially-power cost and grown unit cost cutting.
Running expenses on a harvest from the field and his transporting to the economic point of
treatment of grain present the more than half of all charges on his growing. It grounds the
necessity of permanent improvement of technologies of harvest and technical equipment’s
for their realization. At research of technological processes of collection of grain-crops as
a basic criterion of optimization of structure and composition of machine-transport
complexes minimum total power expenses were used on collection grain-growing from
unit of area. Realization of an offer model of energy-savings will allow increasing
efficiency of process of collection of ear grain-crops on power charges. Namely: technical
equipment’s on 24%, direct-lab our - 46%, fuel and lubricating mamepuanos-7%, and
general efficiency on 26,0%, here the economy of energy arrives at to 1233,8 MDzZ/t.
Worked out model of optimization of power charges of harvest machine-transport
complexes, allows optimizing a structure and composition of harvesters and transporting
vehicles taking into account credible character of their cooperation. Introduction of
results of researches - power saving and saving resources technologies, allows working
out the problems of technical rearmament of agricultural producers and receipt of
competitive products of plant-grower.

YK 666.973.6
SELECTION OF OPTIMAL TECHNICAL MEANSDURING THE PROCESSING
OF WHEAT AGAINST AGRICULTURAL PESTS

E.B.Martynova, N.V.Savchenko
Odesa Sate Agrarian University

The question of choosing the best technical means in the processing of winter wheat
against pests during the growing period is considered on the example of a farm located in
the Limansky district of the Odessa region (Ukraine). The climatic condition that has been
considered affects the cultivation of this crop, and the composition of the soil. The
guestion of identifying the main types of pests has been analyzed during the cultivation of
the selected crop, which are common in the area. A general analysis of plant protection
products against pests has been carried out. The calculation of the optimal choice of
drugs, taking into account the minimum cost for pest control. The composition of the main
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technical means for the treatment of crops against pests during the growth of crops has
been analyzed. The compressed compar ative characteristics of some of the most common
sprayers are considered. The optimal composition of technical means is proposed. The
recommendations for the use of drug choice and the composition of basic technical means
wer e devel oped.

Key words. agricultural potential, grain crops, winter wheat, insecticide, fungicide,
agricultural pests, plant protection, front-mounted sprayer, trailed, pricing.

Introduction. Agriculture is one of the priority sectors of the national economy of
Ukraine today. The development of agriculture contributes to raising the material well-
being of the population, strengthening the economic country's and food security, aswell as
increasing export potential. The country has a favorable geological and geographical
location, and the climatic conditions are favorable for conducting favorable competition in
agriculture. The agrarian potential of Ukraine is the basis of ensuring the integration of the
national economy into the world. The agricultural sector of production is one of the most
risky sectors of the economy, because its development is influenced by natural and
biological factors[1]. Grain crops have the highest proportion in the structure of crops and
gross crops. Thisis due to their exceptional value and versatile use. Grain is the main and
irreplaceable feed in the production of livestock products. It has a significantly higher
nutritional value compared to other types of feed, characterized by high content of feed
units, digestible protein, macro- and microelements. The feed is also used as a by-product
of growing crops-straw and floor. Crop production is a raw material for the processing
industry. For example, as a result of grain processing, alcohol, starch and other products
are obtained, from straw - cellulose, paper and so on. Cereal is an important export product
that should provide substantial cash inflows. The grain practically does not lose its
qualities when stored and therefore suitable for the creation of state reserves of food and
feed. Wheat is one of the most widespread cropsin the world and one of the main products
of human consumption, because it is used for the preparation of different types of
products: it is refined flour, coarse meal, bran, beer. Wheat has high caloric content, it
provides 339 calories per 100 grams; it contains. carbohydrates; saturated, unsaturated and
monounsaturated fats; proteins, vitamins and minerals. Odessa region is an important link
in the agro-industrial complex of Ukraine. The climate is damp, moderately continental,
combining the features of continental and marine. Winter is mild, snowless and unstable;
the average air temperature is "minus" 2°C in the south to "minus’ 5°C in the north. There
are strong winds, 7 ... 15 m/ s, especialy in February in the southern part of the region.
The spring is characterized by cloudy weather, fogs due to the cooling effect of the sea.
Summer is mostly hot, dry; average July temperature from 21°C in the northwest to 23°C
in the south; maximum 36 ... 39°C (in recent years and more). The autumn is lasted,
warmer than spring, mostly cloudy. The average annual temperature ranges from 8.2°C in
the north to 10.8°C in the south. The total rainfall is 340 ... 470 mm per year, mainly falls
in the summer (often it isin the form of storms). The number of hours of sunshine is about
2,200 per year. The duration of the growing season is 168 ... 210 days, with a total
temperature of 28 to 34°C. The most characteristic soils are black southern and common,
medium and low-humus; black earths are predominantly non-humus and pious in the
north. The black soils of southern saline are in the seaside part of the region. The
activation of microbiological processes in the development of black soil contributes to the
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mobilization of nitrogen and phosphorus, so the sprouted black soils differ in the high
content of nutrients available to plants [4]. There are more than 2.5 million hectares of
agricultural land in the region, including more than 2 million hectares of arable land, over
80 thousand hectares of vineyards and orchards. Almost 10% of the cultivated land is
irrigated due to the arid climate (especially dry in the south of the region). In the crop
production of the Odessa region, the grain economy occupies the leading place. The winter
wheat, barley, corn, millet, rice and corn are grown here. The powerful flour-grub industry
has been on the basis of the grain industry [1]. Some data for September 1, 2018 in the
Odessaregion aregivenin Table 1 [2, 3].

Table 1. The indicators of harvesting of agricultural crops are in the Odessa region
for September 1, 2018.

Grossfee Crop capacity
Th : quintals :
e name of the culture thousand in percentages 1 in percentages
tons uniil 1.09.2017 | P¥ until 1.09.2017
ectare
Ceredls and legumes *, 3555,9 93,7 35,3 94,5
including:
wheat 2335,5 99,8 37,9 95,1
barley 1148,2 88,5 34,0 95,0
Rape and colza 343,1 130,5 23,3 97,7
Sunflower 199,0 159,8 23,8 101,8

Note: * In theinitial weight that was taken into account.
From Table 1, we see that wheat has been occupying a maor place among grain crops
grown in the Odessa region, both in terms of gross harvest and yield. Thus, a major issue
in the grain industry is the issue of growing and storing the crop and, subsequently, the
quality of grain.
The problem. The following signs and reasons for the weak development of the
agricultural sector of the Odessa region can be distinguished: the high degree of
cultivation of agricultural products does not provide traditional technologies that do not
meet the world standards.
Asaresult:

- theyield is not high enough;
- the structure of exportsis mainly raw material.
The answer to the general question of preserving the yield and quality of the grain is given
by the system of protection of winter wheat from the influence of harmful objects. In each
individual case, the choice of terms, dosages and combination of drugs is determined is
taking into account the specific conditions of the economy, or rather, each field. In
addition, the diversity of modern engineering on designs and technological parameters are
also requires a careful approach to the regulations for the use of plant protection products
in each individual case.
The purpose of research. The purpose of the following studies was to anayze the
composition of the main technical equipment for the treatment of crops against pestsin the
period of cultivation. The objective is to determine the main objectives of the study:

- analyze the climatic conditions affecting the cultivation of this culture, the composition of
the soil of the farm, located in the Limansky district of the Odessa region;

- studying the issue of identifying the main types of pests during the period of cultivation of

the selected agricultural crop, which are distributed in the area;
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- to conduct a general analysis of means for protecting plants from pests, to calculate the
optimal choice of drugs for controlling pests, taking into account the minimum costs;

- considering the modern technigque used in the treatment of wheat against pests, according
to designs and technological parameters;
- devel oping recommendations for the optimal use of technical means.
Theresults of the resear ch. The phytosanitary inspection is an important link in the plant
protection system. The effectiveness of drugs is covered by the stage, intensity of
development, general biology and species composition of harmful objects. Of course, dry
weather is more conducive to the development of harmful insects, and moisture - diseases
and weeds. In conjunction with the knowledge of the phytosanitary situation, this alowsin
some cases to conduct preventive treatment before the appearance of harmful objects or at
the very beginning of their development, which will provide maximum efficiency. It
should be noted that the propagation of the technology of minimal or "zero" soil treatment
brings its specificity into the system of protection. At the same time, the amount of weed
seeds in the upper layer of soil increases significantly, and the number of harmful insects
and microorganisms that hibernate in the cultivar remains also increasing. Accordingly,
the role of pesticides for the preservation of crop and quality is increasing. Drugs used to
protect plants from pests and diseases are divided into several types according to a number
of criteria

1. By chemical composition, preparations are divided into:

- the inorganic compounds (compounds of mercury, copper, barium, phosphorus,
etc.);

- the organic (synthetic, organochlorine, organophosphorus, €etc.);

- the biogenic (based on the products of vital functions of fungi, bacteria, plants,
Viruses).

2. By the object of influence, the drugs are divided into herbicides (from weeds);
fungicides (from fungal infection); acaricides (from ticks); insecticides (from insects);
rodenticides (from rodents); bactericides (from bacteria).

3. By the nature of action:

- the systemic pesticides - drugs that are able to penetrate inside the plant and
destroy the harmful object;

- the contact pesticides - have a negative impact on the harmful organism in direct
contact.

4. By the method of penetration distinguish preparations of intestinal action (acting
on the pest when absorbed by the treated parts of the plant); contact action (penetrate the
tissues of the pest through its outer covers); fumigants (penetrate the organism of the pest
through its airways).

Plant protection products can be produced in various forms - in the form of suspensions,
granules, powders, concentrates, emulsions, tablets, etc. In the wheat and barley crops, a
very high level of settlement with the bread trips and aphids is now observed. On the
background of drought, their harmfulness increases in geometric progression. At the same
time, the damage to the crops with sharp-edged bugs and the high density of egg bugs of
the bug of the turtle are noted [5]. They should be immediately monitored for pests before
processing crop crops. Therefore, the fields are treated with systemic insecticides
(insectoacaricides) to choose from (Table 2). In this table, the unit cost of a drug is given
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on 10/01/2018, depending on the inflation rate, the cost may vary. The most widespread
preparations of different manufacturers for combating pest complexes are presented. As a
rule, taking into account the development of cereals in the phase of the flag leaf, this
treatment can be combined with fungicides, leaf feeding, which will reduce the stress of
plants from high temperatures and droughts, improve the absorption of leaf feeding and
increase the resistance to stress in plants during flowering and pouring grain. Spraying is
one of the main ways of using pesticides to protect crops. It consists in applying to the
surface of plants, insects, soil of sprayed pesticides or their working liquids. solutions,
suspensions, emulsions. By purpose sprayers are divided into field, garden, vineyard,
universal, for closed soil, etc. By way of spraying the working fluid distinguish sprayers
hydraulic and pneumatic. Tractor sprayers are divided into trailed, hinged and mounted
[7]. Table 3 summarizes the comparative characteristics of some of the most common
sprayers, depending on the capacity of the tank (from 1000 liters to 2000 liters).

Table 2. Systemic insecticides (insectoacaricides) which were used in the cultivation of
wheat [6]

Expenditure
Preparatio sfor the
Name of the drug, Unit cost n entire Cost,
manufacturer Pests of drug, | consumpti | processing total,
(distributor) UAH on rate, areal /500 UAH
| / ha hectares
(maximal)

BoreaNeo, s.c. Bread sticks, bad
(Ukraine) bug, bird beetles, 015-03

aphids, leeches, 1283 ’ ’ 150 38490

trips UAH/

Bread ground 51

beetle, ceredl flies 02-04 200 51 320
Zap, ce. Grasshoppers, bug
(Ukraine) harmful bug,

aphids, leeches,

trips, cereal ground

beetles, grain

beetles, weevils, 1572

moth, leaf roller, UAH /5| 02-04 200 62 880

moths, mites, beetle

that eats peas,

crucial flea beetles,

rape weevil, beetles

with secretive

proboscis
Lamdex, c.e. Bug is aharmful 150 (at
(ADAMA - turtle, aphids, 625 UAH 0,15 doub!e 93 750
Israel) leeches i processing)

Bread ground beetle 0.2 100 62 500

, trips, blisters
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Danadim Stable | Cereal flies, aphids,
40%, c.e. cicadas, trips, bread 1500
(Denmark) sawdust, bad bug, | 300 JAR T 10-15 | (adouble | 450000
bug is a harmful processing)
turtle
Hynpun-600, s.c. | Bread sticks, 840 UAH/
(Germany) cicadas, ceredl flies, 51(1
aphids, striped pack. 1008
cereal stuff 3360 | 015120 6000 000
UAH/
4x5l)

Table 3. Compar ative characteristics trailed sprayers and sprayers that are mounted
in thefront [9].

. The : .
Width of . Aggregation with Cost,
Name of sprayer Seizure, m capacity of tractors UAH
the tank, |
Sprayers that are mounted in the front
JARMET 14 1000 MT3-50, MT3-52, 12 000
MT3-80, MT3-82,
OM3-6, T-25, T-40
Polmark 16 1000 MT3, IOM3, 19 500
T-25, T-40
Kuhn Omnis 1000 15 1000 K-700 356 852
Trailed sprayers
Sprayer equipped with 10,8; 1200 MT3-50, MT3-52, 15 600
abarbell 16,2 MT3-80, MT3-82,
OIIIII-15A [8] FOM3-6, T-70C
Kuhn Omnis RHX 14 1200 K-700 60 000*
1200L
Pilmet 1618 Plus 18 1600 K-700 183 162
OI1-2000-2-01 [8] 18; 21,6; 2000 TE K 150 000
22,5
Seguip 2000 18 2000 K-700 56 618
Ekosystem 2018 18 2000 K-700 157 273

Note: * the priceis negotiable.
Conclusions. It is proposed to use a sprayer OIII-15A with a capacity of 1200 liters and
a seizing width of 16.2 meters As a sprayer for spreading the drug against pests of winter
wheat. The proposed sprayer is attractive for the price and has a wide range of aggregation
with tractors among the sprayers considered. It is recommended to use the systemic
insecticide drug "Zalp", which is a capsule emulsion (Ukraine) for the protection of winter
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wheat during the period of growth against pests. This insecticide drug has the maximum
efficiency against wheat pests and corresponds to the price level.
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BbIGOP OIITUMAJIBHBIX TEXHUYECKHUX CPEIACTB ITPU OGPABOTKE
NIIEHWULBI TIPOTUB BPEJUTEJIEN
MaprsinoBa E.b., CaBuenko H.B.
KiroueBble ¢JIOBa: arpapHblii NOTEHLMAJ, 3€PHOBAS KyJIbTypa, O3UMas IIICHUIA,

WHCEKTHUIIN]I, byHrUIUI, BpPEIUTENH, 3almTa pacTeHui, ONPBICKUBATEIIb
MepeIHEHaBECHOM, TPUIIEITHOM, IIEHO00pa30BaHUE.
Pesrome

Paccmompen eonpoc evibopa onmumanvHvlx mexHuueckux cpeocme npu obpabomxe
03UMOLL NULeHUYbl NPOMUE 8pedumerneti 8 nepuod BbIPAUWUBAHUS HA Npumepe hepmepcKo2o
xXo3suicmea, pacnonodcennozo 6 Jlumanckom patione Qoecckou obdracmu (Yrpauna).
Paccmompenvl knumamuueckue ycnosusi, Komopwvle IUAIOM HA Gblpawjuéanue OAHHOU
Ky1bmypel, cocmag epyHmos. llpoananusuposean 6onpoc 6wiseleHusi OCHOBHLIX BUO08
gpeoumenieil. 8 Nepuod BulPAUUBAHUS BbIOPAHHOL CENbCKOXO3AUCMBEEHHOU KYIbmypol,
KOmopble pacnpocmpanenvl 8 0anHol mecmuocmu. [Iposeden obwuii ananuz cpedcms 0ns
3awumsl pacmenuul om @pedumenei. Illpuseden pacuem onmMuUMAaIbLHO20 BbIOOPA
npenapamog ¢ yuémom MUHUMAIbHLIX 3ampam 051 6opbobl ¢ epedumenamu. [Iposeden
AHAIU3 COCMABA OCHOBHLIX MEXHUYECKUX cpeocms Ol 00pabomku nocesos Npomue
gpedumenell 8 nepuoo pocma nocesod. Paccmompenwvl cowcamvie cpasHumenvhbvie
Xapakmepucmuku  HeKomopvix  Hauboiee  pacnpoCMpAHeHHbIX  ONpblCKUsameel.
lIpeonooicen  onmumanvHbll ~ cocmaé — mexHudeckux — cpeocme.  Paszpabomanul
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peKOMeH()aL;uu npumeHerusl 6bl60pa npenapamose u cocmae OCHOBHblX MEXHUYECKUX
cpeocms.
SELECTION OF OPTIMAL TECHNICAL MEANSDURING THE PROCESSING
OF WHEAT AGAINST AGRICULTURAL PESTS
Martynova E.B., Savchenko N.V.
Key words. agricultural potential, grain crops, winter wheat, insecticide, fungicide,
agricultural pests, plant protection, front-mounted sprayer, trailed, pricing.
Summary

The question of choosing the best technical means in the processing of winter wheat
against pests during the growing period is considered on the example of a farm located in
the Limansky district of the Odessa region (Ukraine). The climatic condition that has been
considered affects the cultivation of this crop, and the composition of the soil. The
question of identifying the main types of pests has been analyzed during the cultivation of
the selected crop, which are common in the area. A general analysis of plant protection
products against pests has been carried out. The calculation of the optimal choice of
drugs, taking into account the minimum cost for pest control. The composition of the main
technical means for the treatment of crops against pests during the growth of crops has
been analyzed. The compressed compar ative characteristics of some of the most common
sprayers are considered. The optimal composition of technical means is proposed. The
recommendations for the use of drug choice and the composition of basic technical means
wer e devel oped.

YK 636.085.55.4
PECYPCO3BEPII'AIOYI KOMITIOHEHTH IUISA BUT'OTOBJIEHHS KOPMIB

L.I. Aynapes, O.I. Ilackanos, B.A Ilipo:xkoB
OoecvKuti 0epaicasHull azpapuuil yHigepcumem

Oyinka ckaady Cy4acHux peyenmis KOMOIKOpMIE C8i0UUmMb, WO NOUUPEHHS
KOMNOHEHMI8 Modice Oymu OocsieHyme 3a805KU HAUOLIbUL NOBHOYIHHO2O GUKOPUCTAHHS
CMPUINCHIE ~ KYKYPYO3AHUX  NOYAMKI6  HA  OCHOBI  OOMPUMAHHA  NPUHYUNIG
pecypcosbepicaiouoi  mexuonozii, nepeddauaouu  NOOAILULE NOOpiOHeHHsT 014
BUKOpUCMAHHA. 3aMina 3epHOBUX, YACMKA AKUX 8 CK1adi Kombixopmie cmanosums (0-
80%, Hosumu abo pioko BUKOPUCMOBYBAHUMU KOMNOHEHMAMU € NePCNeKMUBHO. Y cyxill
PevosuHi KyKypyosu 00 ysimintsa micmumuocs npomeiny 94% i y mipy 3pocmanns pociunu
KLIbKICMb CYX0i peuosunu 3pocmae, aie smicm npomeiny 3uuxcyemocs 0o (4% y cmadii
NOBHOI cmuenocmi. Y KykKypyo3i micmsamvcsi 8yenes00u 08yX OCHOBHUX MUNIE,
CMPYKMYPHI He CMPYKMYPHL, WO BKIOYAIOMb KpPOXMAlb 1 YYKOp, AKL J1e2Ko,
nepempasuiolomsbCsa i Maomoy 6eluKe 3Ha4eHHs 8 dcusienHi meapur. CKIA0 CMPUNCHIG
KYKYpyo3u ekazye, ujo no kopmosux oounuys (0,4 k.0. 6 | k) eonu nepesepuwiyroms conomy
xopowoi sxocmi. Jnsa Oinbld NOBHO20 NOPIBHANLHO2O AHANIZY XIMIYHO20 CKIAOY
CMPUINCHIG, KYKYpYO3Uu OY10 BCMAHOBIEHO, WO 8 (a3l NOBHOI CMUIOCMi CMPUICHI
MIiCmAmMb KpOXMAN0 Mpoxu Oinvuie, Hide 0020pMKU, ale 3HAYHO MeHWe Hixc 3epHo. 3a
3MICMOM Jice 8000PO3UUHHUX BY2le800i8 BOHU NepPesepuLyIomb 3epHO Dbl Hidc 8 3 pa3u.

Busznaueno marxooic, wo y ecix gpazax 003pieanHs CMPUNCHI MICMAMb 3HAYHY KLIbKICMb
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BIILHUX JHCUPHUX KUCIOM, NPU YbOMY KUCIOMHE YUCIO HCUPY CMAHOBUMb O/l 3€PHA 1
CMPUDICHS NPU MOJIOYHOI, 80CK080I 1 nosHoi ¢hazax cmuenocmi gionosiono 43,92; 10,24;
8,94 i 120,7; 76,06; 47,12 me KOH na | 2. B Oanuii uac SUKOPUCMAHHSA CMPUDIICHIB
KVKYpYO3u npu GUPOOHUYMSEI KOpMI8 tide, 8 OCHOBHOMY, 34 080MA HANPAMKAMU.
KOHCepB8YBaHHsT YLIUX abo NOOPIOHEHUX Kauyawie, wo 6KIYAE KilbKa Cnocoois
{6ucywyeanns, cunocysanus, XimiuHe KOHCEP8YBAHHA, BCHMUNIOBAHHS NPUPOOHO aAOO
WMYYHO OXON00NCEHUM NOGIMPSAM [ THWIL), A MAKOMC 3A20MIisisi NOOPIOHEHOI 3epHO -
cmpuoicnesuti cymiwi (3CC) 3 nonepeonvo obmonouenux rauawie. Excnepumenmamu
ecmaHnosneno, ujo npooykmusHa 0is 3CC 3Haxo0umuvcs Ha pieHi KOHYEHMPOBAHUX KOPMIS,
NPUSOMYBAHHA 3 BUCYUIEHO20 3epHA. Takum 4uHOM, aHani3 8UKOHAHUX OO0CHIONCeHb 3d
XIMIYHUM CKIIAOOM CHMPUDIICHIB 1 3ICMABIEHHs 1020 3 THWUMU KOMHOHEHMAMU POCIUHU
KYKYpYO3u 00380JI51€ 3p0OUMU BUCHOBOK NPO OOYIIbHICMb GUKOPUCMAHHS CIMPUIICHI8 NpU
BUPOOHUYMBI KOPMIE.

KurouoBi cjioBa: cTtpuxeHb, KOMOIKOPM, OAPIOHEHHS KyKYypYA3a, TEXHOJOT 1.

Beryn. I1ia0ip 1 BBeieHHS B KyJIbTYpy HOBUX BUCOKOBPOXKaWHHUX KOPMOBHUX KYJBTYD, SIK
HE TOCTYMAIOThCS  TPATULIMHO  OOpOOIOBAHUM,CTAIOTh  OJHUMH 3  TOJIOBHHUX
NEPCHEKTUBHUX HAIpPSMKIB PO3BUTKY Trajy3l KOPMOBUPOOHHMUTBA. [l migBUIIEHHS
IPOJYKTUBHOCTI TBAapUHHUITBA IIJISXOM CTBOPEHHS HAJIMHOI KOPMOBOi 0a3u Ha
OPUHIMIIT  pecypco30epirarouoi TEXHOJOrii mependadaeTrbcs 3A1MCHEHHS KOMILUIEKCY
TEXHOJIOTIYHUX 1 OpraHi3aliiHUX 3aXOMAiB Jis 30UIbLICHHS BUPOOHMIITBA TpyOUX Ta
COKOBUTHX KOPMIB 3 METOIO TIOIIUPEHHSI HOMEHKJIATYpH KOPMIB JiJisl TBapuH. B manuii
yac B 3arajlbHOMy 00Cs31 3€pHa, IO BUTPAYa€ThCs HAa KOPMOBI I[UT, YacTKa SYMEHIO
cTaHOBUTHh 29%, KYKypy/I3H - 5, BiBca - 3, 3epHO0000BUX - 3, miIeHHUIl Ta iHmux - 60%.
3a HAyKOBUMH JaHUMH, ONITUMAIBHUM JUISl PAIliOHy NTHIII CJTiJT BBAXKATH CITIBBIIHOIICHHS
ssameHro - 15%, kykypyasu - 35, BiBca - 5, mmenurt - 25, 3epao606oBux -16%. CyrTeBumM
pe3epBOM €KOHOMIi 3epHa MOXKE CTaTH MaKCHUMaJIbHE 301TIBIIICHHS B KOpMax HE3epHOBOT
gactTuHU. Tak, B kpainax €C B kKoMmOikopMax mJis TBapUH BUKOPHCTOBYIOTH 10 16%
BIIXO/IB XapyoBOi MPOMUCIOBOCTI, a YacTKa 3epHa 3HWkeHa 10 35 - 38%. YcmiuiHe
BUKOHAHHS IIOTO 3aBJAaHHS CTa€ MOMKJIMBHUM, B OCHOBHOMY, 32 PaxyHOK DPO3IIUPEHHS
palioHaJIbHOTO0 BUKOPUCTaHHS KyKypya3u. [loTeHI1iiHI MOKIIMBOCTI 1Li€1 LIIHHOI KyJIbTYpPH
sKa MePEeBAXHO 30MPAETHCS HA 3€JICHUI CHIIOC, BUKOPUCTOBYIOThCS HE MOBHICTIO. OgHUM
3 HaIpsMIB PIIICHHS 3aJadl € IMIUpIIe 1 parfioHAIbHIIIE 3aCTOCYBaTH JII KOPMOBUX
noTped CTPWXKHIB  KYKYpPYA3U, IO CTAaHOBJIATH Oiu3pko AP0 yacTuHU i1 ypokaro 1
BOJIOJIIIOTh TIEBHOIO JKMBUJILHOIO IIHHICTIO, SIKI MPU TPATUIIMHUX CIOCO0aX 3aroTiBKU
KOpPMIB TPaKTHYHO HE BHUKOPHUCTOBYIOTHCS 1 MNPsAMYIOTH Yy Biaxoau. Herpamguriiini
KOMITOHEHTH BUKOPHUCTOBYIOTHCS Y BHUPOOHMIITBI KOMOIKOPMY SIK CIOCIO 3MEHIIEHHS
co0iBapTOCTI MPOAYKIi Mpu 30epekeHHI a00 TOJIMIICHHI €KOHOMIYHUX TOKa3HUKIB
OPOAYKTUBHOCTI mTulll. EKcrepTu BiJI3HA4YaI0Th, MO0 3aCTOCYBAaHHS HETPAAMIIIHHUX
KOPMIB JIO3BOJISIE 3aMIHUTH JIOPOTl KOMIIOHEHTHM KOMOIKOpMY OUIbII JICIIEBUMH,
BIIPOBAIUTHU O€3B1AX0JHE BUPOOHUIITBO HA Ps/Il MIAMPUEMCTB XapyOBO1 IPOMUCIOBOCTI, a
TAKOX 3aJOBOJIBHHTH PI3KO 3POCIUN MOMHUT HA KOpMHU. JIJIS MPUTOTYBAaHHS TPaB'SHOTO
OopoInHa 3a3BUYaili BUKOPUCTOBYIOTH JIIOIEPHY, KOHIOIIMHY, O000BO-3JIaKOBl CyMIIIl 1
JesiKl JyTOB1 TpaBU Ta 1HII KylnbTypu. KpomnuBa € HallOUIbII paHHIM BiTaMiHHUM
KopMoM. Hailb11b111010 IIIHHICTIO BOJIOJIIE€ KPOMKMBA JIBOJIOMHA. JI0 BITIHHS 1 M1/ 9ac HOTo
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B KPOIHBI MiCTUTBCS 10 4% NOBHOIIIHHOTO MPOoTeiny, Oinbine 50 MKT / T KApOTHHOIIB, BCi
BiTamiau rpynu B i1 Bitamin E. ¥V Hiii B 3 pa3u Oinblie mMaprasifro i 3ajiiza i B 5 pasiB
OUIbIIE M1 1 IUHKY, HIXK B JIIOLIEPHI. Y NPOMHCIOBOMY BUKOPUCTAHHI BEJIUKE 3HAUCHHS
Ma€ BUKOPUCTAHHS CYIIEHOI KponuBU. Y OopoiiiHi 3 kponusu Ouibie 20% 6i1ka, 071u3bK0
5% xupy, 10 12% xnitkoBuau. B 1 r 6opomrHa Mictuthest (MKr): kapotuHoiais 150-250,
BiTaminy E - 25, pubodnasiny - 12, ackop6inoBoi kucioru - 1000, Bitaminy K - 25.
JlocTynHICTh MOKMBHUX PEYOBHUH 3 KPOIIMB'STHOTO OOpOIIHa OJIM3bKa /10 LOTO MOKa3HUKA
3eneHol TpaBu. CKIaj CTPHXKHIB KYKYpYI3u BKasye, 10 1mo kopmoBux oaunuilp (0,4
KOPM.OJ. B | Kr) BOHHM MEpPEBEPIUIYIOTh COJOMY XOpOINOi sSKOCTi. Jljisi OUIbIN MOBHOTO
MOPIBHSUTHHOTO aHaJTi3y XIMIYHOTO CKJIay CTPUXKHIB, KYKYpy/a3u OyJI0 BCTAHOBJICHO, IO B
¢a3i MOBHOI CTUIJIOCTI CTPYIKHI MICTATh KPOXMAJIO TPOXU OijbIle, HIXK OOTOPTKH, aje
3HAYHO MEHIIE HDK 3€pHO. 3a 3MICTOM K€ BOJOPO3YMHHUX BYIJIEBOJIB BOHH
MEePEBEPIIYIOTh 3€PHO OUThII HDK B 3 pasw. BusHaueHO Takok, MO y BCiX (aszax
JO3pIBaHHSI CTPHMKHI MICTSTh 3HAYHY KUIBKICTh BUIBHMX YXHPHUX KHUCIOT, MPU LBOMY
KHUCIIOTHE YHCIIO KUPY CTAHOBHTH JJIS 3€pHA 1 CTPUKHS IIPU MOJIOYHOT, BOCKOBOI 1 TOBHOT
dazax crurnocti BianosigHo 43,92; 10,24; 8,94 1 120,7; 76,06; 47,12 mr KOH na | r.
Mera pocaigxenb. OOrpyHTyBaHHSI palliOHAJbHOTO BUKOPUCTaHHS Ta MOIIMPEHHS
KOPMOBOI 0a3u JJIs BIATOIBJI1 TBAPHH.

AHani3 pocaimxenb Ta nyoOJikaumiii. JlocnmiJDKeHHSIMH, BUKOHAaHUMH 3a KOPJOHOM,
BCTAHOBJICHO, 1110 TIPH 3aroTIBJII KYKYPYy/A31 Ha KOPM BEJIUMKIN porartiil Xy1001 HalO1IbIINN
BUX1Jl KOPMOBUX OJWHHUIIb 3 OJUHMII IUIOMIAAM MOXE€ OyTH OTPUMAaHHM TpU 30UpaHHI
BCi€i 010J70T1YHOT Macu KyKypya3u B (a3l BOCKOBOI CTUTJIOCTI 1 mpu OuTbI ApiOHOMY il
noApiOHEHHI, HIK IS 3BHYAHHOTO CHJIOCYBaHHSA. B 1bOMYy BHIIANKy KYKypyI3y
IpUOMParOTh KOPMO30HPaAIbHUX KOMOAHIB, OCHAIIIEHUMH peKaTTepoM (IS J01aTKOBOTO
HopiOHCHHS MacH 1 APOOJICHHS 3epHa KyKypy/I3H MpH 30upaHHi Ha cuiioc). B ganumii yac
BUKOPUCTaHHSA CTPW)XKHIB KYKYypyZ3W NpU BHUPOOHMITBI KOPMIB K€, B OCHOBHOMY, 3a
JBOMa HampsMKaMH. KOHCEPBYBAHHA IUIMX a00 MOAPIOHEHHWX KauyaHiB, II0 BKIIIOYAE
KiJIbKa croco0iB (BHCYIIyBaHHS, CHJIOCYBAaHHS, XiMiYHE KOHCEPBYBaHHSI, BEHTHIFOBAHHS
NPUPOJHO 200 MITYYHO OXOJIO/HKCHUM IOBITPSM 1 1HII), a TAKOXK 3aroTiBIIs MOAPIOHEHOT
3epHO - crprwkHeBud cymimi (3CC) 3 momepeaHbo 0OMOJoYeHHX KadaHiB. CTpHKCHb
KYKYPY/I35HOTO KadaHa € TiIOM SKe CKIAJaEThCsl, B OCHOBHOMY, 3 3-X YaCTHH: CEPIICBUHH,
CTOBOYD, SIKI PO3PI3HAIOTHCS Oy0BOIO 32 (DI3UYHUMH Ta MEXAaHUYHUMHU BJIACTUBOCTSIMHU.

Puc. 1. [leperun cTroBOypa KyKypya3H.
30BHIIIHS YaCTHUHA CTPHKHS IMOKPHUTA IIAPOM JIyCOUOK, SIKi SBJISIOTH COOOO0 THi3ma JIs
3epeH KyKypyJ3H, IO HaraayroTh cOTH. Ilydku mapeHxiMmu, IO oJiepeBiia, YTBOPIOIOTH
JIBa TIOPOKHUCTUX IIUTIHAPA BCTABJIICHUX OJIMH B OJTHOTO 1 € OCHOBOIO CTOBOYpa CTPHXKHS,
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fioro dactuHa i cToBOYp ckiianatoth Omm3bko 98 % Binm 3aranbHOI Macu CTPYDKHS KavaHa.
CeprieBuHa CTpWXKHS, 3allOBHEHA MapeHXIMOK 1 ckimanae jume 2 % Big Horo macH, €
[OPUCTOIO T4 MICTUTh TIPOCKONUYHY PEUOBUHY O1J10TO KOJIbOpY. IIpu 3MouyBaHHI BOJI0IO
ceplieBMHA Ha0yxae 1 MICs BUCYLIYBaHHS 0O'eM ii 30UIbIIYETHCS B JEKUIbKAa pasiB, B
NOPIBHSHHI 3 MEPBUHHUM cTaHOM. CepleBHHA 1 TyCOYKH CTPHUKHS BOJIOJIIOTh IPYKHUMU
BiacTuBoCTAMU. [lomrykamu BcTaHoBiieHO, 1o mig tuckoM 0,05 Mma, mapenxima He
HaOyBaja BJIaCHYy MepBUHHY (opMmy, ane mpu Bojorocti 20 % cepreBuna poszdyxana i
npuiiMana KOJHIIHI po3Mipu. JIycouku ctuckarotbes npu tucky 0,7 Mna 1 Bosiorocti W
= 25 % miciist 3HATTS HaBaHTaXKEHHSI JTYCOYKHM BCTAHOBIIIOIOTH BiacHy dhopmy, mpu W = 18
% Benuka iX 4YacTWHA BTpadaia cBo mpyxHicth npu W = 9 % BoHu craBanu
kpuxkumu. Ctebia KyKypylI3u y MOJOJOMY Billl - TpaB'sSHUCTi, COKOBHUTI, a JI0 KiHIIA
BEreTAIIHHOTO NIEPIOly CTAIOTh MalkKe 3APEBEHUTHMHU.

Bucora crebna cknamae 0,6...0,5m 3 miamerpom 2...7 cM, a HOro BHCOKAa MIIIHICTh
3a0e3MeuyeThCsl MEXaHIYHUM KUIBIIEM CKJIepeHXIMH. BaInBOIO  XapaKTepUCTHUKOIO
KAauaHIiB € CIIBBIJHOUIEHHS 3€pHA 1 CTPWXKHIB, OCKUIBKM YHACHIJOK BIIMIHHOCTI iX
XIMIYHOTO CKJaay 1 (I3MYHMX BJIACTUBOCTEH, BOHO HAJa€ PI3HUI BIUIMB HA BUHUKHEHHS,
XapakTep 1 1HTEHCUBHICTh MPOTIKAHHA CKJIAJHUX OIlOJIOTIYHMX, (PI3UYHHUX 1 XIMIYHUX
OpOLIECIB B HACHUIIAX MOYATKIB MpHu 30epiranHi. JloBeneHO, 110 MUTOMA Maca CTPUIKHS
kosmBaeThea B Mexax 10,5...40,0 %, ane gacTinre 14...28 % Big 3arajgbpHOT Macu KadaHa, a
cepedHid BHXiA CTpWKHIB ckiamae 25 %. 3a MOMIYKOBUMU JaHUMH HACTYITHE
CHIBBIIHOILIEHHS BCIX YACTUH HAJI3€MHOI Macu KyKypy3u:. crebna -26 % nucts - 30 %,
ctpwkHi - 10 % 3epro - 34 %. YV kapnukoBux dopm ymucts Ha 20 % Ounbie, HIK Y
3BUYAMHUX COPTIB KYKYPY/I3H . AHAJI3 XIMIYHOTO CKJIaJly POCIHHH KyKYPYI3H B IJIIOMY
MOKa3ye, 10 Ha PaHHIX a3ax PO3BUTKY B HOMY MICTHUThCS 3HAYHA KiJIbKICTh BOIH (10 85
%), TOMy eHepreTHYHa MMOKUBHICTh TAKOT'O KOPMY HU3bKA, a MPOTCHHOBAs HaWO1IbIIIA.

VY cyxiil pe4oBHHI KYKYpYJI3H 0 LBITIHHS MIiCTUThCS mpoTeiny 94 %1 y mipy 3pocTaHHS
POCIIMHU KUIBKICTh CYyXO1 PEYOBHHHM 3pOCTAE, aj€ 3MICT MPOTEIHY 3HIKYEThCA 10 (4% y
cTanii MOBHOI  CTUMIIOCTI. Y KYKYpYI31 MICTSTBCS BYTJIEBOAM JABYX OCHOBHHX THIIIB,
CTPYKTYpPHI 1 HE€ CTPYKTYpHI, UII0 BKJIOYAlOThb KpOXMajb 1 IyKOp, $KI JErKo,
MEPETPABIIOIOTHCS 1 MAIOTh BEJIMKE 3HAUYCHHS B JKUBIICHHI TBApHH. 3 PO3BUTKOM POCIWHU
3MICT HE CTPYKTYpPHHUX BYTJICBOJIB 3POCTA€, a KUIBKICTh CTPYKTYpPHHUX (KIITKOBUHA) MPH
oMy 3MiHIOEThCA 3 276 % min yac usitinag g0 22,00 % y cranii mOBHOI CTUTJIOCTI
IpoTe€ KUIBKICTh JIITHIHY, SKUH JOJa€ CTPYKTYpHY  MIIHICTh POCJIMHAM IUISIXOM
YTBOPEHHS MICTKIB MK TKaHMHAMU IICJIFOJIO3U 1 TeMIleNoio3u, 3pocrae 3 2,18 % no
3,67%. Cknaxg cTpwkHIB KyKypym3u 1o kopmoBux oguauib (0,4 x.0. B | xr)
MEPEBEPIIYIOTh COJIOMY XOpOIIOi SIKOCTI. JIjisi OiIbII MOBHOTO MOPIBHSAJIBHOTO aHAIIZY
XIMIYHOTO CKJIay CTPYIKHIB, KYKYpPYyJI3H BCTAHOBJIIEHO, IO B (pa3i MOBHOI CTHTIJIOCTI
CTPVIKHI MICTSITh KPOXMAJIIO TPOXH OUIbIIE, HI)K OOTOPTKH, ajie 3HaYHO MEHIIIE HIXK 3€pHO.
3a 3MICTOM K€ BOJOPO3YMHEHHUX BYTJICBOJIB BOHU MEPEBEPIIYIOTH 3€pPHO OUIBII HIX B 3
paszu. [Ipy  3aroTiBal  KyKypyA3SHOIO  3€pPHO-CTPMIKHEBOI ~ CyMillll 3 pI3HUM
CHIBBIHOLIEHHSIM 3€pHAa 1 CTEpPXKHIB KYKypyA3y MpUOMPAOTh 3€pHO30MpaTIbHUMU
KoMOaiHaMu 3 00MOJIOTOM KauaHiB BoJiorictio 35 ... 40% B craaii BOCKOBOI CTHUIJIOCTI,
micas 4YOro Cymill NOJAPIOHIOITh Ha Jpo0apkax, a OTPUMaHy Macy CHJIOCYIOTh B
Ha3eMHUX a0o cxoBumax. Ha BiAMIHY BiJl TEXHOJOTIi CHUJIOCYBaHHS MOJPIOHEHUX
KauaHiB KyKYpyJ3H, TP 3aroTiBJli 3€PHO-CTPHIKHEBOI CyMIillll pa3oM 3 3EpHOM,
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BUKOPUCTOBYIOTh TiUIBKM 4acTuHy cTpwxHIB (mpubmmsno 40 ... 80% .. Bix macu B
kauaHax). HeoOXimHuii, piBeHb KIITKOBUHH B KOHCEPBOBAHOMY KOPMi JOCSATAIOTh
peryJifoBaHHsIM pOOOYMX OpraHiB KOMOaiHIB MpH 30upaHHI a00 BIJICIFOBAHHS BEITUKHUX
YaCTUHOK MPH 3TOJOBYBaHHI.

Tabmmg 1. XimiuHuii cKiIaJ1 OKpeMHX KOMIIOHEHTIB KYKYpPY/I3U 10 ¢a3ax po3BUTKY.

Bororicts,% 3micT
Ddaza npoteiH | OUlka HKUPY KITKOBUHK | besazoricmix
1 2 3 4 5 6 7
3epHO
Moroura 7688 1483 1344 449 414 7341
MornouHo- 58H 1138 1113 524 356 742
BOCKOBa
45,09 12,19 11,50 6,00 3,05 76,9
BockoBa
IToBHa 35,02 11,31 10,94 5,66 2,23 79,0
CrpuxHi
Moroura 77,85 6,56 5,63 1,39 23,60 66,03
MornouHo- 6738 400 350 0,70 2815 6515
BOCKOBa
6251 331 281 089 31,69 6250
BockoBa
IToBHa 5797 256 206 050 332 62,71
OOKIIa/IK! [IOYATKIB
8151 5,94 5,06 1,32 20,75 68,24
Mortouna
81,45 4,94 2,75 1,38 30,41 56,16
MornouHo-
BOCKOBa
Bockosa 79,90 4,75 2,81 0,86 27,57 59,47
IToBHa 78,11 4,94 3,25 0,89 31,20 56,13
JIncs
Moroura 73,82 13,06 11,31 | 2,90 24,62 44,11
Mornouso- 73,34 11,56 10,94 | 3,26 22,85 45,36
BOCKOBa
Bockosa 70,27 9,31 9,06 2,95 24,50 45,08
IToBHa 62,98 7,81 6,13 2,29 26,02 46,89
J{nst ronyBaHHSI CBUHEH 11eH pIBEHb CTAHOBUTH. D ... 7. %0, A ju1s BEIUKO1 poraroi Xyaoou
- 10 .. 12%. JKuBunpHi pedoBuHH, 10 MIcTITh 3CC, KOHCEPBYIOTH MIISAXOM

OaKTepiaJIbHOTO TIAPOMI3y caxapo3ud 3 MEPETBOPSHHSAM OPraHIYHUX KHCIOT IIYKpY.
Texnomnoris 3arotiii 3CC 3 pi3HUM CIIBBITHOIIECHHSM 3€pHA 1 CTPHIXKHIB OTpUMajia Ha3By
3€pHO-CTPHYKHEBOI CyMIIlll Ta 3a BJACTUBOCTSIMU 3HAXOAUTHCS HA PiBHI KOHLIEHTPOBAHUX
KOpMiB. BaxiinBOoI0 yMOBOIO OTpMMaHHSI BUCOKOSIKICHOTO KopMy € nozapionennst 3CC no
MEBHOT'O TPAHYJIOMETPUYHOTO CKIIAdY.

Pesyabtatu gociaimmkenb. OJIHIEI0 3 OCHOBHHUX (DI3MKO-MEXAHIYHMX XapaKTEPUCTUK
KOPMIiB, sIKi TOBWHHI IMiIITaBaTUCS MOAPIOHEHHIO, € X MIIHICTh, K1 BILTUBAIOTH Ha MPOIIEC
noJpiOHEHHA 1 BIUIMBAIOTh Ha BUOIp NpUHIUMIY il NOApiOHIOOYOro 00JaJHaHHS.
BcranosneHno, 1o mij yac 00poOKku MaTepiany CyTTEBHIA BILUTUB Ha MOAPiOHEHHS 31HCHIOE
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BOJIOTICTh MaTepiaiy.
Tabnums 2. [loka3HMKH npolecy NoAPiOHEeHHS.

Bono CrymiHb [Tutoma Cepenniii | CepenHiii 3aranbHa Yac
TiCTh noIpiOHEH pobota st JTiameTp po3mip MOTYXHICTh | 00pOOKHU
Marepiain HA, A noApiOHEeHHS | Marepiany IIMATKIB Ha Tporec Marepia
v, W% A, JIx/kr iCIIst hi (o) noIpiOHEeH ay,tc
noapiOHeHH | moapiobuen | Hs, N, kBT
s,d MM a1 D,Mm
8 47,36 70,4 3,8 180 11,8 90
12 61,4 81,3 2,93 180 13,6 90
14 92,4 74,44 3,43 180 12,5 90
16 45,8 71,21 3,93 180 11,9 90
X
70
60
50
40
30-
20
10 -
3: 6 9 12 15 18 Weh

Puc. 2. 3anexHicTh cTyrneHs moaApiOHEHHS BiJl BOJOTOCTI CUPOBUHH.

d,
MM
G-

8 10 12 14 16 18 w %

Puc. 3. 3anexHICTh CPeIHBO3BAXKEHOIO JiamMeTpa MOJAPIOHEHWX YacTOK BiJl BOJIOTICTI

CUPOBHUHHU.

Jlist omiHku moapiOHEeHHs Oynn 00CTEXEH1 3pa3Ku 3 pi3HOO BosoricTio. [Ipu oMy Oynu
MPOBENICHI JOCIIKEHHSI 3MIHHM JlaMeTpa MOJPIOHEHHX YacTOK 3 PI3HOI BOJIOTICTIO.
BcTranoBneHo 110 3 MiABUIIEHHSIM BOJIOTOCTI CTPHIKHIB MaKCHUMaJlbHE HANPYKEHHS 3pi3y
3HIKYEThCS. CTyreHb MOJpiOHEHHs OILIHIOBAIU 3a MOKA3HUKOM CEpPEIHBO 3BAXKEHOTO
niaMeTpa moApiOHEHUX YacTOK, MM., TaK BCTAHOBJIEHO Mo mpu BoJsiorocti Bix 10 o 16%
JOCATAETbCS HAMOLIbII epeKTUBHA CTyneHb noapiOoHenHs, 3 - 4,00 mm., mpu 3MIHHHX
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NOKa3HUKaX BUTPATH €HEprii Ha NmoApiOHeHHs. EHepreTnyHi BUTpAaTH HA MUTOMY poOOTY
1oIpiOHEHHs BU3HAYAJIN 3T1THO BUPAKECHHS:

A= 3C.lgit +Cy (4 -1) [porclke D
ne ¢, C; - TMOCTiIMHI KOe(Qili€eHTH, BU3HAYYBaHl JOCBIIUEHMM IUISIXOM; A - Mipa
NO/IPIOHEHHS.

[ToTyxHICTb 7151 TPUBEICHHS B poO0OUY /110 MOAPIOHIOBaYA OLIHIOBAIH 33 BUPAKCHHSIM:
N=Nd + Nn (2)
ne N-3zaranpHa motykHicTh KBT;Nd - moTyXHICTh 1110 He0OXiAHA A MoaApiOHEeHHS,KBT;
NN — MOTYXHICTh JUIsl TOJANlaHHS CHJI OMOpPY B ONOpax Baja, TPAaHCIOPTYBaHHS, Ta
noBiTps, KBT.
AHaJi3 OTpUMaHMX JIaHUX JT03BOJISIE 0OpaTH HAMOUIBI ePEeKTUBHI TEXHOJIOTIUHI PEKUMH
nonpioHeHHs1 3CC. 3 METOI0 MOPIBHAJIBHOTO aHali3y TUIIOBOTO CKJIaay KOMOIKOpMIB Ta
MOIIMPEHOTO 3a paxyHOK BBeneHHS 3CC OyJi0 BCTAaHOBJIEHO, LIO BBEIEHHS B CKJaj
KOMOIKOpMY JOJAaTKOBOTO KOMIIOHEHTY Ha piBHI 25% 3MEHIIy€e 3€pHOBI  BUTpPATH
(muenuni QypakHOi, SUMEHIO) MPOTIB Ha (HOHI HE3MIHHOI BEIHMYMHH KOPMOBHX
oauHUIb. BpaxoByroun npuBe/IeHI 1aHl Ta aHaJi3 CKJIaay TEXHOJOTTYHUX JIHIN, TPUHITUIT
Iii 1 KOHCTPYKIIi MAIlIMH, [0 BUKOPUCTOBYIOTHCS JJIs IOAPIOHEHHS MMOYATKIB KyKYPY/I3H 1
3€pPHO - CTPYXKHBOBOI cyMiri, ( sIKi IIMPOKO PO3MOBCIOKEHI B YMOBaX Cy4aCHOTO KOPMO
BUPOOHUIITBI) BCTAHOBJICHO, 1[0 HAHOLIBIN MOMIMPEHUMH MAaIlllHHAMH, SIKI 3a0€3IeUyIOTh
JlaHy TEXHOJIOT1YHY OIepaIlito, € pi3HI 3a KOHCTPYKILISAMHU JIPoOapKH, IO BITHOCSATHCS 10
noApiOHIOBAYIB, YJIapHOI Mdii, B SIKUX MOAPIOHEHHS MaTepiany BiAOYBAEThCSA 3a PaxyHOK
BUTBHOTO 200 0OMEXKEHOTO0 yaapy 1 TepTs poOOUYMMHU OpraHaMu Jpo0apoK, sIKi MalOTh OyTH
BCTAHOBJICHHI B CKJIaJll CAMOCTIMHOI JIHIT B TEXHOJOTIYHOMY MPOIIECI BUTOTOBJICHHS
KOMOIKOPMIB.

Tabmuus 3. Penent koméikopmy muisi kopiB cepii K 60 na criitioBuii mepiox (yniii, kr
5000) o0e3 Bukopuctanusi 3CC (Ha 100 kr mpoaykiii).

Ne | HaitmenyBanHs YMoOBHHX 3mict % | Ha 1 kopmoBy | ITincymkoBuii
n/m | KOMIIOHEHTY KOPMOBHUX OIMHHUIIIO IMOKAa3HUK
OJIMHUIIb noTpiOHO BHUTpAT
KOpMY, KT CUPOBUHH,
KT
1 Slumenn 1,21 30,0 0,82 24,6
2 [Tmenuns Gypaxna 1,18 20,0 0,84 16,8
3 OBec 1,0 10,0 1,00 10,0
4 BuciBku miesnyHi 0,79 53 1,26 6,67
5 BanasHe 60poirHo - 0,56 - 5,56
6 [Ipot coewii 1,2 5,44 0,83 451
7 [IpoT COHAMTHUKOBHI 1,0 25,00 1,00 25,00
8 MouokanblIiit ¢pocdar - 1,76 - 1,76
9 Cinb Kyxapchbka - 0,94 - 0,94
10 | Ipemuxc (IT 60-5M) - 1,00 - 1,00
11 | Bceoro 6,38 100 - 96,84
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Tabmuus 4. Penent kombéikopmy a5 kopiB cepii K 60 Ha criiisioBuii nepion (yaii, kr
5000) 3 BBegennsam 3CC 25%.

HaiimenyBanHs VYMOBHUX 3mict C, | Hal [TincymkoBwHiA
Ne KOMIIOHEHTY KOPMOBHX % KOPMOBY MTOKa3HHUK
/i OJIMHUIIb, OJIMHULIIO BUTpAT
K. O. noTpiobHO cupoBuHU E,
KOpMY, KT KT
1 3CC 0,4 250 |25 62,5
2 Slumenn 1,21 20,0 | 0,82 16,4
3 [Tmennns GypaxHa 1,18 150 | 0,84 12,6
4 OBec 1,0 10,0 | 1,00 10,0
5 BuciBku mmesnyHi 0,79 53 | 1,26 6,67
6 Bannsine 6oponHo - 0,56 5,56
7 [IpoT coeBmii 1,2 0,44 | 0,83 0,36
8 IIpoT COHSITHUKOBUI 1,0 20,00 | 1,00 20,00
9 MonokanbIiit docdar - 1,76 1,76
10 | Cimp KyxapchKa - 0,94 0,94
11 | [pemuxkc (IT 60-5M) - 1,00 1,00
12 BCHOT'O 6,78 100 137,79

BucHoBKH. AHani3 BHUKOHaHUX JOCHIJKEHb JO3BOJIMB 3pPOOMTH BHUCHOBOK IIPO
JOITBHICTh BUKOPUCTAHHS CTPYOKHIB KYKYPYA3U SKi ckiaaaroTh 25% Bijg Macu modyarka.
BcranoBieHo, 10 OCHOBHOK YMOBOK JUIsi €(QEKTUBHOIO 3TOJOBYBAHHS CTPUXKHIB
TBapWHAM € iX MOJPIOHEHHS 10 MEBHOTO TPaHYJIOMETPUYHOrO cKiamy 2...4 MM, a mpu
BiaroAisii s BPX moapiOHEHHS CTpHKHIB MOKe OYTH PEKOMEHJIOBAHO B MEXkaX S MM,
3 3mictoMm He MeHie /0 % dpakiii yacTuHOK po3Mipom 110 4 MM. PekoMeH10BaHOIO IS
0o0pokrM MOXxe OyTH BOJIOTICTh CHpPOBMHHU Ha piBHI 14%, 110 MO3WTHMBHO BIUIMBAE HA
C€HEPTrOCTIOKUBAHHS 3 HECYTTEBUM 30UTBIIEHHSM TOTYKHOCTI Ha MPOIIEC aje BPaXOBYIOUU
CTYIICHb MOAPIOHEHHS € HAUOIIBI MPUBAOIUBHM.
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Pesrome
Oyenka cocmasa cO8PeMEHHbIX DeyYenmos KOMOUKOPMO8 CBUOEmeNbCmeyem, Ymo
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pacnpocmpanerue KOMNOHEHMO8 Modcem Ovimb O0ocmucHymo o6aazodaps Haubojee
NOJTHOYEHHOMY UCNHOIb308AHUI0 HAYANl CMEPICHEU KYKYPY3HbIX HA OCHO8e COON00eHUs
NPUHYUNO8  pecypcocbepezaroujeti  MeEXHOAO02UU,  NpedycmMampusas  OdlbHeliulee
usmenbuenue Oisl UCHONb308AHUA. 3aMeHA 3epHOBbIX, YACMb KOMOPbIX 8 Cocmase
komoukopmos  npeocmasisiem  (0-80%, HosbiMu uiu  peoko  UCNOAL3YEMbIMU
KOMNOHEHMAaMU A6IAI0MCsl NePCNeKmueHol. B cyxom eewecmee KyKypy3vl K yeemenuio
codepocumea npomeuna 9,4%, u no mepe pocma pacmenus KOIUYECMBO CYXO20
geujecmea pacmem, HO cooepaicanue npomeuna cHudxcaemces 0o 1,4 % ¢ cmaouu nonnoi
cnenocmu. B Kykypyse codeporcamces y2neeoovi 08yX 0CHOGHbIX MUNOG, HE CMPYKMYpPHE U
CMPYKMYPHblE, YMO BKIIOYAIOM KPAXMAL U caxap, KOmopbule 11e2Ko, Nepesapusaromcs u
umerom Oonvuioe 3HaueHue 6 numanuu dcusomuvix. Cocmas cmepoicHel KYKypYy3vl
ykasvieaem, umo no xkopmosvim eounuyam (0,4 k.0. 6 | k2) onu npesocxoosm conomy
Xopouie2o kavecmea. /[ 6onee noIHO20 CPABHUMENLHO20 AHANU3A XUMUUECKO20 COCMA8a
cmepoicHell, KyKypy3vl Obl10 YCMAHOBIEHO, Ymo 8 (haze NOJIHOU CHeloCmU CMEepPI’CHU
cooepocam Kpaxmaia 4yme Oonvule, yeM obepmKu, HO 20pas0o MeHvuie yem 3epHo. llo
COOEPAHCAHUIO Jice BOOOPACNEOPUMbIX VeleB0008 OHU NPeBOCX00am 3epHO boblue yem 8 3
paza. OnpedenenHo makodice, Ymo 60 6cex ¢hazax 003PeBaHusi CMEPHCHU COooeprHcam
3HAYUMeNbHOEe KOIUYECMBO CE0D0OHBIX JHCUPHBIX KUCIOM, NPU IMOM KUCIOMHOE YUCO
Jrcupa npeocmaesaem OJisl 3epHa U CMEPIAHCH NpU MOIOYHOU, 80CKOBOU U NOIHOU (ha3ax
cnenocmu coomeemcemeenno 43,92; 10,24; 8,94 u 120,7; 76,06; 47,12 me KOH na l 2. B
Hacmoswee 8pemMs UCHONb308AHUE CMEPICHEU KYKYpY3bl Npu HNpouU3so0cmee KOpMOo8
uoem, 8 OCHOBHOM, O O8YM HANPABIEHUAM . KOHCEPBUPOBAHUE YENbIX UNU USMENbYEHHbIX
KOYAHO8, KOMOpoe GKIUAen HeCcKOIbKo cnocobos {evicywusanue, cunocosanue,
XUMU4eckoe KOHCep8Uuposanue, BeHMUIUPOBAHUE eCMeCmEeHHO UNU UCKYCCMEEHHO
OXNANCOCHHVIM BO30YXOM U Opyeue), d Maxdice 3a20Mmo6KAd USMETbYEHHOU 3epHO -
cmepocnesou  cmecu  (3CC) w3z mpedsapumenvHo — 0OMONOYEHHBIX — KOUAHOB
Ixcnepumenmamu ycmaHosieHo, ymo npouszsooumenvhoe oevicmsue 3CC naxooumcs Ha
VPOBHEe KOHYEHMPUPOBAHHBIX KOPMOG, NPUSOMOBIEHbIX U3 bICYULEHHO20 3epHa. Taxum
00pazoM, aHAIU3 BbINOJHEHHbIX UCCAeO08AHUL 30 XUMUUECKUM COCMABOM CMeEpPICHel U
CONOCMABIIEHUSL €20 C OpYeUMU KOMNOHEHMAMU PACMeHUsi KYKYpY3bl N0360J5iem cOelamy
861600 0 YeecO0OPA3HOCIU UCNONb308AHUS CIEPIICHEL NPU NPOU3BOOCNEE KOPMOB.

RESOURCE-SAVING COMPONENTS FOR FOOD PRODUCTION
Dudarev 1. |., Paskalov A.l., Pirozhkov V A.
Key words: acore, mixed fodder, crushing, corn, technology.
Summary

Evaluation of the composition of modern recipes for mixed fodders indicates that the
distribution of components can be achieved thanks to the most valuable use of cores on the
basis of compliance with the principles of resource-saving technology, anticipating further
grinding for use. The replacement of cereals, the share of which in the composition of
mixed fodders makes 70-80%, the new or rarely used components are promising. In the
dry matter of maize, before blossoming, the protein content is 9.4% and as the plant
grows, the amount of dry matter increases, but the protein content decreases to 7.4% in
the full ripeness stage. Corn contains two main types of carbohydrates, structural,
including starch and sugar, which are easily digested and are of great importance in
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animal nutrition. The composition of corn cores indicates that, by fodder units (0.4 KAin |
kg), they exceed the good quality straw. For a more complete comparative analysis of the
chemical composition of cores, maize, it was found that in the phase of complete ripeness
the rods contain starch dlightly larger than the wrappers, but much less than the grain. On
the content of water-soluble carbohydrates, they exceed the grain more than 3 times. It is
also determined that in all phases of maturation the rods contain a significant amount of
free fatty acids, while the acidic fat number for the grain and stem for the milk, wax and
full phases of ripeness, respectively, 43.92; 10.24; 8.94 and 120.7; 76.06; 47.12 mg of
KOH for 1 g. Currently, the use of maize cores in the production of feed is mainly in two
ways. preserving whole or chopped cobs, including several methods {drying, silage,
chemical preservation, natural ventilation or artificially cooled air and others), as well as
harvesting the crushed grain-rod mixture (ASC) from pre-ground cobs. Experiments have
established that the productive effect of 1SSis at the level of concentrated feed, cooking
from dried grain. Thus, the analysis of the performed studies on the chemical composition
of the rods and its comparison with other components of the maize plant allows us to
conclude that it is expedient to use rods in the production of feed.

YK 666.973.6
THE STUDY OF THE HEAT INTO NON-HEATED CULTIVATIVE
CONSTRUCTIONSOF THE CLOSED SOIL

E.B.Martynova, A.O.Studzinsky
Odesa Sate Agrarian University

The issue of using thermos greenhouses as unheated cultivation facilities for growing
leaf crops year-round with minimal costs to maintain the required microclimate is
considered. The main advantages and disadvantages of the construction and operation of
different types of pit greenhouses are analyzed using the example of greenhouse
thermoses. The design diagram of the heat balance of an unheated structure is given, the
main types of supply and heat costs are considered. The total solar heat flux, which
penetrates to the working surface (floor) of the greenhouse through a translucent fence, is
calculated, and the obtained value is compared with the average heat loss in the cold
period of the year from one square meter of the greenhouse working surface. The process
of receipt of biological heat to heat the soil (or zone of the root system) is considered.
Presents data on the temperature values of organic substances and the timing of the
support of this temperature, when we using substances to produce biological heat.
Analyzed the process of condensation of moisture on the coating, the effect of excess
moisture on the condition of plants and made recommendations to eliminate the excess
moisture in the air of the greenhouse.

Key words: greenhouse-thermos, closed ground, lightness, convective hesat, radiant flux,
aeration, heat balance, biological heat, condensation.

Introduction. In the future, the problem of providing vegetables and leaf crops to the
population in winter may be solved by exporting them from foreign countries. But this
increases the cost of production, in addition, in some cases, the quality of such products
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may be conscientious. Significant costs of products occur in the process of transportation
of goods over long distances, which leads to a rise in price when the goods reach the
buyer. This indicates the need for the development of the domestic greenhouse economy.
If calculations proceed from monthly norms of green vegetables per person and average
yields of 1 m® greenhouses, we can calculate the required area of winter greenhouses for
any economy that serves a particular city or area. It is considered expedient to use large
greenhouse combines of the following structure: winter greenhouses - 17%, winter
seedlings - 10% of the total area of all greenhouses, spring greenhouses - 73%. Moreover,
the definition of optimal capacities and their rational placement is of great importance. But
for small farms the commissioning and maintenance of the greenhouse is a challenge to be
overcome, therefore, it becomes a question to develop such conditions of exploitation and
maintenance of small greenhouses with minimum expenses in order to obtain maximum
income with a minimum cost of production. In addition, the location of such small
greenhouse farms does not require large areas, they can be located not far from settlements
and cities, which, in turn, reduces the cost of delivering goods to consumers. When
transporting crop production, its quality is influenced by delivery terms and terms of stay
on the road. The analysis of the actual cost of growing vegetables and leaf crops shows
that in December, January and February, the production cost increases dramatically due to
the high costs of heating and low crop yields during this period of the year. Comparison
with the estimated cost confirms the need to grow in the winter only green crops that are
less demanding for light and heat and have a short vegetative period.

The problem. For good human health, green leafy vegetables that are rich in essential and
potent nutrients are critical and are an important part of a healthy diet rich in vitamins,
minerals and fiber, but have a low calorie content. A diet rich in dark green leafy
vegetables can bring total benefits to the body, including reducing the risk of obesity,
cardiovascular disease, high blood pressure and mental iliness. One of the ways of even
supplying fresh vegetables to the population throughout the year is the development of
closed soil, which gives the opportunity to get a crop regardless of weather. But
possibilities of vegetable cultivation of the closed ground are limited by insufficient
natural illumination in the autumn-winter period and high cost of heating in winter. It is
determined that the share of heating costs is 40 ... 50% of the total cost of production.
Therefore, it is necessary to pay attention to the growing of leaf crops in non-heating
cultivating structures, which will significantly reduce the cost of the resulting products.
The simplest construction of protected soil is the greenhouse, which receives both solar
heat and heat from the transfer of manure. From the top of the manure there is a small
layer of soil. The advantage of such structures is the low cost of fencing structures. As a
rule, their height does not exceed one meter, and they are covered with wooden panels
with glass filling. The designs of the greenhouses, taking into account their height and the
presence of doors, allow the care of crops more convenient, in addition, the coating is
made of polyethylene or polycarbonate.

The purpose of research. The purpose of the following research was to study the
requirements for creating the necessary microclimate in growing leaf crops in non-heated
cultivating structures of closed soil. In the course of the research, the types of heat entering
the protected soil were analyzed. The analysis of influence of sunlight (insolation) on
temperature change in the greenhouse, taking into account the correct location of the
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external fence relative to the sides of the world, was carried out. The objective is to
determine the main objectives of the study: - study of the processes of receiving heat from
the insolation and biological heat for heating the soil (or zone of the root system) in the
structures of protected soil; - studying the conditions for calculating the flow of heat into a
non-heating plant.

The results of the research. An analysis of existing non-heated greenhouses has led to
the conclusion that the most economical in operation are underground greenhouses-
thermoses [2]. Such a greenhouse can be used all year round. However, it is believed that
the main negative side in the construction of such a greenhouse is digging the pit, because
this process is quite labor-intensive and requires additional costs. When calculating the
cost of a greenhouse-thermos building, the cost of digging the pile is overwhelmed by
savings on building materials when erecting walls. As a material for a wall of such a
greenhouse, you can use shells, bricks and wood, which was in use. It is not necessary to
decorate such walls. That is, the economic benefits of the construction of such a
greenhouse-thermos are obvious, regardless of the cost of the cover sheet for the roof. Asa

kness of 6 mm.
Ly s

b) an underground pit of two-leaf
g.regenh\use

¢) the arched or tunnel greenhouse- d) asingle-deck greenhouse-thermos
thermos
Fig. 1. Varieties of greenhouse-thermoses.
Pit greenhouses, depending on the depth of immersion in the soil and the height of the
walls are divided into underground and deepened. For underground greenhouses, the
outside only finds coverage, but there are problems with lighting. When deepened
hothouses to a depth of 50 to 80 cm cover and part of the walls is found above the ground.
The height of the above-ground part of the wallsis taken at a minimum of 110 cm, but due
to the aboveground wall, the heat is consumed extra. It is recommended for areas with
even relief horizontal greenhouses, that is, greenhouses in which the opposite walls of the
same height. At different heights of opposite walls, oblique models are used, they are
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mainly used on slopes. The main condition of such a greenhouse is the choice of the
sunshine and the optimal angle of the roof. The question of the orientation of greenhouses
relative to the world's sides is solved depending on the location of the greenhouse, there is
a zone, where there is practically no direct solar radiation in the winter, and the zone
where the radiation is sufficiently abundant. In the summer, overheating of greenhouses
takes place in the southern regions, therefore, their proper orientation is important to
reduce overheating. It is determined that for the orientation of the grasshopper
greenhouses should take into account assortment and methods of growing plants during
the critical period. At low solstice (in the morning and at the end of the day), in order to
improve the spacing between the rows, the rows of plants should be placed from east to
west. In addition, to create a uniform illumination of all neighborhoods of greenhouses
should anticipate the deviation of the axis of the greenhouse at 5 ... 22°. In suburban areas,
the arrival of solar radiation in cultivating facilitiesis 7 ... 12% more than 12 hours a day
(after astronomical time) than after 12 hours - this is due to a decrease in the transparency
of the atmosphere after 10 ... 11 o'clock in the morning. According to the Danish and
British experts, increasing the greenhouse's 1% education gives 1% of the increase in the
yield. To provide better airflow, greenhouses with aheight of 2.5 m or 3 m, but not higher,
are taken in order to provide better airflow, as increasing the height leads to an increase in
wind load, heat and blow ups. The basis of the climate research of the greenhouse was laid
the method of thermal balance, which allows to consider the construction as a single
energy unit in the study of the relationship of all flows of heat and mass in the building
with the help of a system of balance equations [5]. The method of thermal balance alows
to determine the thermal properties of the structure. When calculating the thermal balance
of a non-heating greenhouse, the following components are taken into account: radiant
fluxes emitted by the soil and the external surface of the enclosure; radiant flux, which is
perceived by the inner surface of the fence; convective heat supplied by the soil and the
external surface of the fence; the heat that is spent on the evaporation of moisture from the
soil, and the heat that is released when condensing on the inner surface of the enclosure.
An analysis of air temperature changes was carried out in height, width and length of the
greenhouse, as well as on the soil surface. The location of the aeration tanks in the lower
part of the enclosure, directly near the ground, with a small width of the greenhouse
negatively affects the plants due to the sharp cold air that intrudes. It can not be considered
rational location of tidal air vents directly in the working area of the building, so this
question is still in the study stage [3, 4].

Fig. 2. Calculation scheme of thermal balance of non-heating plant.
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Qo Qn1, Qe - radiant heat flux according to the soil, to the rock, from the slope, Jh.; Qxo,
Qk1, Qkz - heat transfer by convection from ground to rock, from rock, Jh.; Qxouy - heat
release during condensation of steam on a ramp, Jh.; Qrn - heat loss through soil, Jh.;
Gron - additional humidification of interna air, kg/h.
One of the main tasks of the study was to study the processes of heat flow from insolation.
A caculation was made of the amount of solar energy that penetrates the greenhouse
through the roof of the greenhouse-thermos. Determine the total solar flux of the @ that
penetrates the working surface of the hangar greenhouse at 13% hours in December. The
greenhouse is located at |atitude ¢~47° (north of the Odessa region).
Output data:
1) the area of the greenhouse S; = 100 m? (width 5 m, length 200 m);
2) angles of slope a; = a, = 30°%;
3) orientation - a grasshopper in the E-W (latitudinal);
4) the design of the greenhouse - a metal frame, glazing in a span with a step of 610 mm.
Glass pollution isinsignificant 73 = 0,9.
The total solar radiation for the north of the Odessa region in December is Q¢ = 207 W/m?
- height of the sun on December 22 h,= 66,5 °; - azimuth of the sun at noon ag = 0°, thus
h,=h, = 66,5° According to the graphs [1, p.124] we find the coefficient of use of beam
streamsu " =1 (at h,> o).
According to the graphs [1, p.120] we find the angle of incidence of direct sunlight for
December i; = 2° and i, = 65°. We accept the value of the coefficient tx = 0,9.
Based on the design of the frame of the greenhouse, we determine the following
dimensions of the structural elements of the enclosure: h'= h"=0.036 m; I'=0.61 m; |" =
1.7 m; b'=b"=0.036 m.
From the orientation of the greenhouse A = 0.
According to the schedule [1, p.122] we find at 15 = 0,9: (tc); = 0,80 and (t¢), = 0,60. The
transmission coefficient of direct solar radiation by the greenhouse enclosures 7; is
calculated according to the formula, which takes into account the relaxation of the light
flux by the binding of the cell with atransparent translucent fence material under different
conditions of its contamination:

I n ot 0w te
ri:(l— 2b’ +h' -tgi -sin AIl_ 2b" + h" - tgi COSA}rC@, (1)

|/ |//

where b', h', I', b", h", I"- the dimensions of the structural elements of the enclosure are
given, m[1, p.118];

A - azimuth of the binding of the cell (the angle between the longitudinal axis of the cell
and the direction of the solar beam ap); tc, 13 - components of the total transmittance,
which characterize the transmission of translucent material (index "C") and the layer of
pollution on it (index "3").

The dimensions of the structural elements of the cells are determined by the design of the
frame of the greenhouse. Characteristic cells of glazed greenhouses are made of metal and
have dimensions of 610x1700 mm (for film greenhouses, the dimensions are 1500x1500
mm and executed from wooden bars of a cross section 40x70 mm). Then, according to
formula (1), determine the transmission coefficient of direct solar radiation by the cells of
the greenhouse enclosure:
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) =[1- 2.0.036+0.036-t92° - sin0° L 2:0.036+0.036: tg2° - cos0’
e 0.61 17
x0.80-0.90 = 0.608

2.0.036+0.036-tg65° - sin 0° 2-0.036+ 0.036 - tg65° - cos0°
(z),=|1- 1-
172 0.61 1.7

x0.60-0.90=0.434
The irradiation factor of the working surface by direct radiation is determined by the
formula
KS=t7-7,-m-U®°cosi, (2

where t; - coefficient of transmission of direct solar radiation by separate cells of
greenhouse enclosure for a given angle i falling of sun rays to the surface of the fence; i -
the angle of incidence of direct sunlight on the surface of translucent fencing, which is
calculated from the normal to the fence, grad .; 1« - coefficient, which takes into account
shading from the structure of the structure of the structure (without taking into account the
design of the frames);m - coefficient characterizing the relation between the surface of the
fence and the working surface in the characteristic section of the greenhouse (Fig. 3); U® -
the coefficient of use of radiation streams.

s 1

°s 2-cosa’

3)

-

=
Fig. 3. Definition of the coefficient m.
We calculate the coefficient m, which characterizes the relation between the surface of the
fence and the working surface in the characteristic section of the greenhouse:

1 1
m= =
2-cos30° 2-0.865
By formula (2) we determine the irradiation factor of the working surface by direct
radiation KJ:

=0.578

K® =(0.608-c0s2° +0.434 - c0s65° ) 0.9-0.578 = 0.412

To determine the irradiation factor for scattered irradiation in rice. 4 and by the formula
(1) at A =45 ° wefind:

- for i = 20% tc = 0.80; 1500 = 0,593;

-fori = 450; Tc = 075, Toge = 0,535,

- fori =70°; tc = 0.51; 150 = 0,322.
The coefficient is defined as the average of the coefficients 7, at i = 20, 45 and 70° for A =
450
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Fig. 4. Pass-through coefficient of translucent material tc.
By formula (4) we determine the total transmittance of scattered rays (diffuse radiation) by
separate cells of the greenhouse enclosure:

T, = :—13 (0.593+0.535+0.322)=0.483

For new greenhouse designs, the coefficient K| iscalculated according to the formula:

K=z 7,-U", (5)
where 7z, - the total transmission factor of diffused rays (diffuse radiation) by separate
cells of the greenhouse enclosure; u " - coefficient, taking into account the mutual
shading of slopes (for block greenhouses is taken equal to 0,95, for individually located is
equal to 1).
By formula (5) we determine the irradiation factor with diffused irradiation K/} :

KH=0483.091
By nomograms[1, p.129] we define: sinh® =0.65 and N = 2,8.
Based on the found coefficients K7 and K, determine the required total irradiation
coefficient of the working surface K, =0.70. The total flux of solar radiation penetrating
the working surface (floor) of the greenhouse through the transucent fencing @, W, is
determined by the formula:
q)anC'KH'Sm (6)
where Qc - total solar radiation flux on the horizontal surface of the greenhouse, W/m% K,
- coefficient of irradiation of the working surface (floor) of the greenhouse by the total
heat flux of solar radiation; S, - floor area, m°.
The coefficient of irradiation of the working surface of the greenhouse K, is determined
by the irradiation coefficient of the working surface of direct radiation K and the
irradiation factor with diffused radiation K|/ . By formula (6) we find the total flow of
solar radiation that penetrates to the working surface (floor) of the greenhouse through a
transparent window fence:
@, =565 - 0,70- 100 = 395500 W= 396 kW.
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Average heat losses during the cold period of the year from one square meter of working
surface area of the greenhouse are 200 W/m®. According to the calculations, the amount of
heat from the total solar radiation flux is 396 W/m?. That is, on sunny days, the amount of
heat generated by solar radiation by the working surface of the greenhouse thermos
exceeds the heat loss from the same surface. Consider the process of heat loss through the
soil after calculating the heat balance equations. Specified heat 1oss through the soil Qryy, J
Is determined by the formula:

Qm=t°%§“, @

where t s - the total temperature of the internal air, which takes into account the heat
transfer conditions in the greenhouse, °C; ty; - temperature of external air, °C;
RS" - resistance to heat transfer through the soil, which is determined by the formula:

R =

7l

, 8)

o | (

24-n-1 o6
n n;t.n

Formula (8) is used for hothouses, where the length is considerably greater than width, and
for greenhouses of a large area (F >16 m?). The heating of greenhouses with the help of
solar energy is best combined with the heating of biological. This will significantly reduce
the cost of heating greenhouses and improve the conditions for growing plants. To create
optimal conditions for growing different crops in greenhouses use three main methods of
heating the soil and heating greenhouses: natural, technical and biological. It is believed
that the optimum daytime temperature is 16 ... 25°C, and the night can decrease by 4 ...
8°C. Consider the flow of biological heat for the heating of the soil (or root zone system).
Increasingly, generating biofuels based on manure or straw is used to create warm rundles
on warming mixtures. Often, as biofuels for greenhouses, manure is used for domestic
animals, wood fillet, straw, leaves, plant residues, household garbage of organic origin.
After use, biofuels are used as fertilizers. That is, using biofuels can significantly improve
the efficiency of greenhouses and improve the environment of the surrounding space. The
heating process begins from the moment of decay and decomposition of organic
substances, during which heat is released, and the air is saturated with carbon dioxide,
which is necessary for plants to ensure normal livelihoods. The mass of biofuels depends
on the amount of heat released: the more manure layer, the higher the temperature. The
classic version of the substrate can provide a temperature level of up to 65 ... 75°C.
| solation of heat occurs due to chemical processes of decay. The manure of different origin
alocates heat in different amounts. Table 1 presents the data on the temperature values of
organic substances and the timing of maintaining this temperature when using substances
for the production of biological heat.

Table 1. The temperature of heating of organic substances during decomposition and
terms of maintaining temper ature

. Heating temperature during
Name of raw material . .
the decomposition of organic | Term of temperature support
(source)
matter deg.
Horse manure 33...38 up to 90 days
Cow's waste 12...20 100 days
Pork manure 14...16 up to 70 days
Crumbled bark 20...25 4 months
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Sawdust up to 20 up to two weeks
Straw of winter wheat 40...45 short-term effect

To accelerate the processes of heat release, in the waste poured hot water or quicklime. An
important condition for the success of heating in this way is the presence of nitrogen
fertilizers in the ground, good aeration and a normal level of humidity in the greenhouse.
The method of preparing biofuel for placement in the greenhouse is simple enough: one
week before laying a lot of garbage, straw or manure should be loosened loosely. In the
greenhouse, on the beds, remove the top layer of soil and deposit biofuel with a layer of
thickness of 15 cm. Then it is level with rake, watered with hot water or liquid manure to
restore the process of decay. Biofuels will begin to heat in three to four days. Then they
fall asleep with a layer of fertile land on which the beds are broken. Particular attention
should be paid to the process of condensation of moisture on the coating. To grow healthy
crops and get a good harvest, it is necessary to fight with condensation, which creates an
excellent environment for the development of bacteria and fungi. In a non-heated
greenhouse with closed ventilation, a decrease in moisture can only be achieved by
condensing the residual moisture on the roof of the greenhouse. In this case, the
temperature of the coating should be below the dew point, then when moisture is
condensed enough heat is released. In order to prevent the re-evaporation of this moisture,
it should be anticipated that it should be taken out of the greenhouse, there are the
ventilation openings - fragmentation. However, during the winter period, it is necessary to
be very careful, asthereis a replacement of warm air inside the greenhouse on the cold air
from the outside. The main cause of condensation formation is improper ventilation or its
absence. Open the greenhouse in the morning until it has heated up under the influence of
sun rays. The difference in temperature inside and outside will not be very high, then the
moisture remains outside. Watering the plants should be done in the morning with warm
water to evaporate the moisture remains throughout the day. To reduce the humidity at
constant temperature in the greenhouse and the temperature difference at 20°C it is
necessary to replace 40% of the air without taking into account the evaporation of
moisture inside the greenhouse, for this the frauds are opened for 2 ... 3%. It is estimated
that when the relative humidity in the greenhouse is 90% and the temperature is 20°C, then
when the temperature decreases at 2°C, the moisture falls very abundantly.

Conclusions. A calculation scheme of the heat balance of a non-heating plant for analysis
of the main types of heat supply is prepared. The calculation of the total solar radiation
flowing to the working surface (floor) of the greenhouse through the transparent
translucent enclosure in December showed that during the sunny days of the cold period of
the year, the amount of heat generated by solar radiation by the working surface of the
greenhouse thermos exceeds the heat loss from this the same surface. The process of
receiving biological heat for soil heating (or zone of root system) is analyzed. On the basis
of the analysis of the effect of moisture residues in the air in the greenhouses on the
formation of condensate the recommendations are for the formation of favorable thermal
characteristics.
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NCCIEJOBAHUE NOCTYIVIEHUA TEIIJIA B HEOTAIIJIMBAEMBIE

KYJBbTUBAIMNOHHBIE COOPYKEHUSA 3AKPBITOT'O 'PYHTA
MapteinoBa E.b., Ctyn3unckuii A.O.
KiroueBble €JI0Ba: TEIUIUIA-TEPMOC, 3aKPBITBIA TPYHT, OCBEMIEHHOCTh, KOHBEKTUBHOC
TEIJIO, JIYYUCTHIM TIOTOK, al’paius, TeIIoBoM OanaHc, OWOJIOTHYECKOEe TEeIlo,
KOHJICHCAITHSI.
Pestome

Paccmompen  6onmpoc  ucnonvzosanusi  menauy-mepmocog 8  Kadecmee
HeomanauBaemvix KyaibmuBayuoHHbIX COOPYHCEHUU O 8bIPAWUSAHUS TUCOBLIX KYIbIYD
KPY2l020OUYHO C MUHUMAIbHLIMU 3aMpamamu  Ha noodepicusanue mpebdyemo2o
Muxkpokaumama. Ilpoananuzuposanvl  OCHOGHble  npeumywecmea U HeOOCMAamKu
CMpoOUmensCcmea U IKCHIYamayuy pasHulX U008 SAMHBIX MENnIuy HA npumepe meniuy-
mepmocos. Ilpusedena pacuémuas cxema menni08o2o 0OANAHCA HEOMANIUBAEMO20
COOPYIHCEeHUsI, PACCMOMPEHbL OCHOBHble GUObl NOCMABKU U 3ampam menia. Ilpoeedén
pacuém CyMMapHo20 HNOMOKA COJHeYHOo20 menid, KOmopoe NpoHuxaem K paboueti
nosepxrnocmu (nory) meniuyvl uepe3 CEEMONPO3PAUHOE O0SPANCOeHUEe, U CPAGHEHUE
NOJIYYEeHHOU BeTUYUHBL CO CPEOHUMU MENTONOMEPAMU 8 XOJ00HbIU NePuood 200a ¢ 00OHO20
K8AOpAmMHO20 Mempa niowaou pabodei nosepxuocmu meniuywvl. Paccmompen npoyecc
nocmynienuss 6uono2udeckoeo menia 01 nooozpesa epyuma (unu 30HbI KOPHESOU
cucmemsl). Ilpedcmasnenvt OanHble NO MEMNEPAMYPHbLIM 3HAYEHUSIM OPSAHUYECKUX
gewecmes u CPoKU NOOOepIHCKU OAHHOU meMnepamypsbl Npu UCNOIb308AHUU 8eUjeCmE Ois
noayuenusi ouonoeudeckoeo menaa. llpoananusupoean npoyecc Komoencayuu 6adazu Ha
HOKpbIMUU, 8IUAHUE USTULUKOS 61d2U HA COCMOAHUE PACMEHUL U OaHbl PEKOMEHOAYUU No
YCMPAHeHuio U3NUUIKOS 812U 8 8030YXe MenIuYybl.

THE STUDY OF THE HEAT INTO NON-HEATED CULTIVATIVE
CONSTRUCTIONSOF THE CLOSED SOIL
Martynova E.B., Studzinsky A.O.
Key words: greenhouse-thermos, closed ground, lightness, convective hesat, radiant flux,
aeration, heat balance, biological heat, condensation.
Summary

The issue of using thermos greenhouses as unheated cultivation facilities for growing

leaf crops year-round with minimal costs to maintain the required microclimate is
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considered. The main advantages and disadvantages of the construction and operation of
different types of pit greenhouses are analyzed using the example of greenhouse
thermoses. The design diagram of the heat balance of an unheated structure is given, the
main types of supply and heat costs are considered. The total solar heat flux, which
penetrates to the working surface (floor) of the greenhouse through a translucent fence, is
calculated, and the obtained value is compared with the average heat loss in the cold
period of the year from one square meter of the greenhouse working surface. The process
of receipt of biological heat to heat the soil (or zone of the root system) is considered.
Presents data on the temperature values of organic substances and the timing of the
support of this temperature, when we using substances to produce biological heat.
Analyzed the process of condensation of moisture on the coating, the effect of excess
moisture on the condition of plants and made recommendations to eliminate the excess
moisture in the air of the greenhouse.

YK 629.144.2.004.5

JTOCJI)KEHHSI TPALIE3IATHOCTI 3EPHO3BUPAJIBHUX KOMBAMHIB
TA YIOCKOHAJIEHHA IX TEXHIYHOTI'O CEPBICY
A. I1. Jomywi, B.O. 3axapenko
OO0ecovrutl Oeparcasrull azpapHutl yHisepcumem,
A. II. Jlimin, Ka"ja. TEXH. HAyK
Ooecbka HAYIOHALHA AKAOEMIsl XapUOB8UX MEXHON02TU

Poboua 2inomesa oOocnidoicenns nonseana 6 momy, wo po3poodoKa U 3aCMOCY8aAHHSL
cucmemu mexHiuHo20 cepsicy 0l NiO8UUeHHs HAOIUHOCMI 3ePHO30UPATIbHUX KOMOAQUIHI8
MEeXHONI02TUHUX KOMNJIEKCi8 3abe3neuye 3MeHUeHHs HenpOOYKMUBHUX NPOCMOI8 MAWUH NO
MEXHIYHUM, MEeXHONIO2IUHUM | OpeaHi3ayitiHuM HNPUYUHAM, NIOBUWEHHS  3MIHHOIL
NPOOYKMUBHOCTI 30UPANbHOI MEXHIKU U 3HUMNCEHHS 8UMPAam HA eKCNLyamayito MmexHiuHUx
3aco0ig. Tomy B00CKOHANIOBAHHA MEXHIYHO20 Cepsicy KOMOAQUHI8 MEeXHOL0IUHUX
KOMNJIEKCI68 3 YPAXy8aAHHAM 30HAIbHUX YMO8 I OYIHKA egheKmusHocmi ixuboi pobomu €
AKMYAnbHUM HAYKOGUM 1 NPAKMUYHUM 3a80aHHAM. Memoio excnepumenmanvHux 1
meopemudHux 00CiodiceHb 0)10 BUHAYEHHS KITbKOCMI 8i0MO8 KOMOAlHI6 no azpecamax i
gyanax i3 3aminolo Oemaneu(3anacHux Yacmum), wo 6iOMOSUIU Oisl OOIPYHIMYEAHHS
HeoOXIOHOI  IXHbOI  HOMeHKAIamypu U  KilbKocmi, wo 3abe3neyumsv  pobOmy
3epHO30UPANLHUX KOMOAUHIE HA azcpomexniune OOIPYHMOGAHUl mepmin 30upanus. /[ns
BU3HAYEHHS NOKA3HUKIE@  HAOIUHOCMI  KOMOQUHIE  NPOBOOUNUCS — XPOHOMEMPANCHI
cnocmepedxcenns. 'Y pesynibmami cCmamucmuyHoi oOpoOKU OAHUX YUX CHOCIMEPEHCEHb
po3paxosysanucs i 6yoysanucs posnooilu HapoOImKy HA GIOMOSY I uacy  GiOHOBIEHHS
npaye30amuo20 Cmany KOMOQUHI8 3 MEXHON02TYHUX | MEeXHIYHUX NPUYUHAX 13 3AMIHO0
3anacuoi uacmunu. Po3pobneni pexomenoayii 3 pezep8ysants 3anachux YacmuH Ha pPi3HUX
pieHAX 30epieanHs 00360JI51Mb  3MEHWUMU 8UMPAMU HA IXHE 30epieanHHs 1 CKOpomumu
cepeoHill wac 8iOHOGIIEHHS NPAYE30aAMHOCIE KOMOAUHIS.

KiouoBi cjoBa: 3epHO30MpaibHUM KOMOalH, TEXHOJOTIYHUM  KOMIUIEKC, 3€pHOBI
KyJbTYpH, AOCTIIKEHHs, IMOBIpHMI CTaH, Mpane3aTHICTh, 3alacHl YacTUHH, B1JIMOBA,
BIJTHOBJICHHS IIPAlle3aTHOCTI, PIBEHb PE3€PBYBaHHS.

Beryn. YwcenpHicTh Mapky 3epHo30upaibHuX KomOaiHiB(3K)  (ocHOBHOI MammmHu
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3epHOBHUPOOHHUIITBA) B MOpiBHAHHI 3 90-Mu pokamMu XX-ro CTOJITTS, 3MEHIIUBCS Maiike
BABIYl 1 cTaHOBITH Onmu3bko 50 THCSIY 3epHO30MpanbHUX KomOaiiHiB. lle crpuymHmIIO
30UIBIIIEHHS] CE30HHOTO HaBaHTAXEHHS Ha oauH KomOaiH no 200ra xmibocrtoro abo 700-
800 Ton 3epHa. [ns mopiBHsHHS caif BiaMiTuTH, 1o B CIIIA HaBaHTa)XeHHS Ha OJUH
KoMOaiiH BiAMOBiAHO ckinanae 147 ra 1 585 toH. Taka cuTyaliss CTBOpWIA TUJIEMHY
npoOjieMy: 30UIBIIUTH YHUCEIbHICTh KOMOAWHIB 3 TMPOJAYKTHUBHICTIO, aHAJIOTIYHOIO
KOMOaifHaM 1 HasIBHOTO MapKy, abo (opMyBaTH HOBHI Hapk MamuH (koMOaitHiB) Ha 0a3i
KOMOAHIB 3HAYHO BUIIOK MPOAYKTUBHOCTI. AHaI3 SKICHOTO Ta KIJIBKICHOTO CKJIaay
HUHIMHBKOTO Mapky 3K cBIIUUTH, 0 B KUIbKICHOMY BHUMIpi, BiH (DaKTUYHO CPOpMOBAHUN
y xinmi 90-x pokiB XX-ro cromirrs. Moro ocHoBy ckiamaioTh kombGaitni cepii CK-5
,Husa” (6i1st 57 %) ta , Jon-1500" (14%), sxi BHroToBjcHHI 1 mocraBieHi 3 Pocil.
Komb6aitni BiTum3HsiHOrO BUpoOHMITBA (TUNy ,, CiaBytuy”, Jon-Jlan ,, Akpoc” (,Bexrop”)
Ta 1HI) CTaHOBJIATH M0 8%, KomOaiHu cimeiictBa ,CHicelr” — g0 3 %, iMmopTHI
kombOaiiHi: ¢ipmu ,Claas’- o6ina 6%, ,,John Deere’- 6inpme 4%, ,,Massey Ferguson’-
oinbmre 2 %, ,Nev Holland”, ,, Sampoi”, ,,Case IH” - koxnoi ¢ipmu Tpoxu Oinbie 1% ta
1HIII MOJIeJi KOMOAIHIB, YaCTKa KOXKHOT 3 IKUX CTaHOBUTH MeHie 1% [1].

IIpoGsema. ¥ 1eil yac Ha MoJsAx 00JIaCTI MPALIOE BEJIMKA KUIbKICTh 3€pHO30MpaIbHUX
KOMOalHIB PI3HOr0 BUPOOHHULTBA, CEpell HUX OUIbIIY YaCTUHY 3aiMaroThb KOMOalHU
cimeiictea ,JIOH”-  «Jlon-1500», «Jlon-15006», [on-JIan ,Axpoc” (,Bexrop”).
Cxnaanicte koHCTpyKIii 3K , cimeiicTBa ,,JIOH” HanpykeHICTh 1 KOPOTKOYACHICTh IXHBOT
po0OOTH BUMarae BXXMBaHHS €PEKTUBHUX 3aXO0/I1B AJis 3a0€3MeUeHHs IXHbOI MaKCUMaIbHOT
0€3B1IMOBHOCTI, BUIIIYKYBaHHSI OCHOBHHX IUISIXIB ITiJIBUIICHHS €()eKTUBHOCTI TEXHIYHOTO
o0cnyroByBaHHA i peMOHTY. HuHiIIHS cuTyallis y 36pHOBUPOOHUIITBI 00YMOBITIOE TOCTPY
notpely e(heKTUBHOTO BUKOPUCTAHHS HAsSBHOTO MapKy 3€pHO30MPATbHUX KOMOAHIB yCiX
CLIBCHKOTOCTIOAAPCHKUX TOBapOBUPOOHUKIB [2,3]. YacTkoBe BUPIIIICHHS JaHOI TPOOIEMH
MoxUMBO musixoM: 1)J{ocmimkeHHsT 3a0e3MedeHHs] TeXHIYHOTO PiBHSA Ta €QEKTHBHOCTI
BUKOPHCTAHHS 3€pHO30MpaIbHUX KOMOaiHIB. 2)BH3HaueHHS ITOKA3HHUKIB HaTIHHOCTI
3epHO30MPATBHIX KOMOaWHIB 1 HaWOLIbI IMOBIPHMX MPUYHMH MPOCTOIB MAIIWH IO
TEXHIYHUM TPUYMHAM Y Pi3HHX BHPOOHMYMX ymoBax. 3)BusBICHHS HOMEHKIaTypu i
KUIBKOCTI 3alacHUX JeTalied, HEOOXIIHMX Ha YCYHEHHsS BIJIMOB 3€pHO30MpaIbHUX
komOaitHiB. 4)CrarucTiyHa 0O0poOKka oTpuMaHuX AaHuxX. S)Po3poOka Ta BIpPOBAKEHHS
HAYKOBUX METO/IB KOHTPOJIIO Ta OI[IHKM €KOHOMIYHOCTI €KCILTyaTalliiHOTO BUKOPUCTAHHS
3epHO30MpaNbHUX KOMOAWHIB IPH BHKOHAHHI TEXHOJIOITYHOro rmporecy (0OMOIOTI
XJ1101B).

AHaNi3 OCTaHHIX JOCHilKeHb Ta myOJaikamii. 3 0OuUTaHb, W0 CTOCYEThCS
KOHCTPYKTUBHUX OCOOJMBOCTEH KOMOaiHIB «J[oH», mpuiioMiB poOOTH, PETYITIOBaHHS U
00CITyroByBaHHs, OI[IHKA €KOHOMIYHO1 €(heKTUBHOCTI POOOTH ¥ IEIKUM 1HIITUM 33 OCTaHHI
pokH 3'aBuiiocst 6arato myOumikamii [3,4,5], ane nmo HaiBakIMBIiLIiK MpoOIeMi - MeTOIaM
3a0e3neyeHHsT HaAlHOT poboTu KomOaiHIB «JloH» Ha 30upanHi iHpOpMamii 1Ie
HexocTtaTHb0. OCco0IMBO 1€ MMOMITHO, IO BIIMOBAaX, ITOB'SI3aHMUX 13 3aMIHOKO A€Tail, IO
BiIMOBHIIA, 200 By3Jla, TOMY IO YHUCJIEHHI MPOCTOI KOMOAiHIB, 110 BIAMOBHIIH, YacTO
NOB'SI3aHI 13 TPUBAJIOI0 JOCTAaBKOIO JIO HUX 3amacHUX 4acTuH [7,8]. ¥V 3B'I3Kky 13 1um
BUHHMKA€ HEOOXIJIHICTh BU3HAUUTH SIK1 JIeTall ¥ BY3JIM YacTO BUXOJMSATH 13 Jlaay, 1 B sAKiH
KUTBKOCTI HEOOX1JTHO iX pe3epBYyBaTH Ha PI3HUX PIBHAX 30epiraHHs, MO MOTPIOHO poOUTH
Opy  eKCIUTyaTtalii MAalllMHA MeXaHI3aTopaM, OINHUPAIOYMCh Ha pPE3yJlbTaTH HAYKOBHX
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JOCTIDKEHb 1 TiepenoBuil nocBix [6,9]. PimieHHs 1uX TUTaHb J03BOJUTH 3MCHIIUTH
BTPATH Yacy Ha MpOCToi KOMOalHIB PU YCYHEHHI HACIIJKIB BIIMOB, IOCSATAaTH HAWBHIIO1
IPOAYKTUBHOCTI TMPW HAWMEHIIMX BTpaTaX 3€pHAa B PI3HUX yMOBaX MPOBEICHHS
30upabHUX poOiT. Po3Maiticte MammH B TexHosoriunux kommuiekcax (TK), a Takox
opraHizamiiiHux @opM poOOTH B CHOJY4YeHHI 3 PI3HUMH YMOBAMH MPOBEICHHS
30MpalbHUX POOIT 1 00CArOM BHUPOOHMIITBA 3€pHA ICTOTHO YCKJIAIHIOE PIIICHHS
PO3IIISIHYTHX  3aBJaHb TpamuiiiiHuMu imkeHepuumu Metogamu  [10].  HaykoBo
OoOrpyHTOBaHE DIIICHHS 3aBAaHb MOXJIMBO IMPU BUKOPHUCTAHHI HOBUX CYyYaCHHUX METO/IIB
€KOHOMIKO-MaTEMaTUYHOTO MOJICTIOBAaHHS Ha 0a31 TEOPETUYHUX OCHOB JOCIHIJIKEHHS
orepairiiii i cuctemuoro maxoxny [3,4,11].

Mera nochaimkeHb. MeTor0 JaHOTO JOCHIIKEHHS € TIABUINEHHA €(QEKTUBHOCTI
BUKOPUCTAHHS 3€pHO30MpPATIbHUX KOMOAHIB Ha OCHOB1 YJOCKOHAJIEHHS 1X TEXHIYHOTO
cepBicy W mifgBUILEHHS HaAiHOCTI. OAWH 13 NUISXIB BUPIMICHHS 1OTO 3aBJaHHS —
BU3HAYEHHS KIJIHKOCTI BIIMOB KOMOAIHIB MO arperarax, By3JiaM 1 J€TalsiM 13 3aMiHOIO
JeTaimi, 1o BigMoBWia (3amacHUX YacTHH) JJIs OOIPYHTYBaHHS HEOOXiIHOI IXHBOT
HOMEHKJIATypd MW KUIBKOCTI 3alacHUX YacTHH, o 3abe3neuyioTh pobory 3K  Ha
arpOTeXHIYHUM 1 OOIPYHTOBaHUN TepMmiH 30upaHHs. Jlasg 1bOTO MPOBOIUIHUCS
CKCIIEpUMEHTAIbHI  JOCHIKEHHST 3  pO3po0JeHOI METOJMKH, pe3yJbTaTH  SKHX
IPUBOJATHCS HIDKUE.

Metoauka i pe3yiabTaTd A0CHiIKeHb. [Ipy TOpIBHSUIBHUX BUIPOOYBAHHAX Pi3HOI
opranizaimii peMOHTy KoMOaiHiB 1 pe3epByBaHHs 3U BU3HauYanMWCs MPOCTOI OFHOTO
MpaIlOI0Yoro KomoOaitHa, mpocToi KoMOalHIB y JaHIll, NPOCTOi KOMOAHIB y KOMILIEKCI,
MPOAYKTUBHICTh  3€pHO30MpaibHUX  KoMOaifiHiB. Illo0 oxepxkaTtu  cTaTUCTUYHY
iH(popmaniro npo 3MiIHYy TexHIYHMX cra”iB 3K, [poBOIMIM XPOHOMETPaXKHI
CIIOCTEPEXKEHHSI B TIEpioJ 30MpaHHS 3€PHOBHUX KYyJbTYp. 3 OINIALYy Ha CTaH MapKy
3epHO30MpaAJIbHOI TEXHIKM, MiJ CHOCTepeKeHHs Oynu B34Ti KoMOaiHu <«/{oH-1500»,
«J1on-1500b» y kinpkocTi 58 oguHuIb. JlocmiakeHHa KoMOaitHiB y BUPOOHUYMX YMOBAaxX
npoBoawiancs 3a twianamu [NMT]. 3a nuMu 1iaHaMu OAHOYACHO AOCTiKyBayucs-N
KOMOAQIHIB, MICIs KOXXHOI BIJIMOBH KOMOAWHW BIJIHOBIIIOBAJIMCS 1 iX 3HOBY BKJIIOYAIU B
po0OoTy-M, BunpoOyBaHHS BeJIMCS JO 4Yacy MOMEHTY-T, BH3HAUYEHOTO TEPMIHOM
NMPOBEJCHHA 30MpajbHUX POOIT BIAMOBIAHO JO arpoTexHiyHuX BUMOr. OOpoOka
oTpuMaHoi iH(opMaii mpoBoawiacs BianoBigHO g0 Bumor ['OCTa 27.503-81 1 3a
METOJIUKOI0 CTATUCTUYHOI 00poOKu ekcnepuMeHTanbHuX naHux PTM 44-62.11oka3nuku,
10 XapaKTepu3yrTh HaaiiHICTh 3K mocmimkyBamucs y 3BUYaiHUX yMOBaX eKCIUTyaTallii
BIIMOBIAHO JI0 TpOrpaMH ¥ METOJAMKUA EKCIEPUMEHTAIbHUX MOCHIKEHb. YucenbH1
3HAYCHHS TMOKAa3HHKIB, IO XapaKTepu3yloTh HanikHicTh 3K 1 30mpanmpHOro mporecy B
IIJIOMY, BU3HAYTHUCS TUIIXOM XPOHOMETPAKHUX CIOCTEPEIKEHDb - METOJIOM CYIIUIBHAM 32
yacoM 1 BUOIpkOBUM 10 00'ektax. Ilpu cnocrepexeHHsAX IOTPUMYBAJIMCA HACTYIIHI
ymoBu: 1)TpuBaiicTe yacy CHOCTEPEKEHHS PIBHSIOCS TPUBAIOCTI 4ac PoOOTH 00'ekTa.
2)Uucio 30upanbHUX 1 00CITYyroBYIOUYMX MAIllMH Y 30MpabHOMY TIPOIIECi Ha MPOTS3i 3MIHH
He MiHsutocs. 3)HoMmeHknaTypa i 4ucio aeraneld sl pe3epBy 3alHINAIUCS OJTHAKOBUMHU
W BU3HAUAJIUCS 3aJ€KHO Bl HAABHUX JaHUX M0 TNokKa3HMKax Oe3BigmoBHOCTI 3K.
AI1epecypunii cxian TK moBuHeH nepemimiatucs pazoM 3 koMiuiekcoM. S)[Ipu gocrasiii
JeTajgi, 110 BIJIMOBWJIA, BHKOPUCTOBYBAJIWCS OJHOTUIIHI OOCIYroByIOUl MAaIlWHH.
6)3piBHIOBAJIbHI BapiaHTH oOpraHizaiii pEeMOHTY W pe3epBYBaHHS 3alacHUX YacTHH

77



ATPAPHUI BICHUK ITPUYOPHOMOP’ 51 Bun. 90. 2018p.

JOCIDKYBAIMCS B PIBHHX yMoOBax (IUIOMII MMOJIB, JOBXWHU TOHIB, BiJICTAaHEH 0 PiBHIB
pemoHTy ¥ 30epiranns 34 i 1. m.). g mpoBeneHHS IMITAliHHOTO MOJICTIOBAHHS
HEOOX1JTHO psij ricTorpam, sl mo0yI0BU BXIAHOTO MOTOKY BUMOI Ha YCYHEHHS B1JIMOB 3
TEXHIYHUX TpUYUH. JIJIsT 1bOro 3a KOXXKHOK 30HPajIbHOI0 JIAHKOI 3aKpIIUIIOBad
crocrepiraya, IO 3a3Jaleriib IHCTPYKTYyBaB KOMOalHEpiB MOPSAAKY 3alOBHEHHS
croctepexiuBuX apkymiB. KoxkHoMy komOaliHEpoBi mepel 3MIHOK  BHJIABAIUCA
CIIOCTEPEXJIMBI apKYIll, Y BHUMAJAKYy BUHUKHEHHS BIJIMOBU KOMOailHEp MpOCTaBJISAB yac
BUHMKHEHHS BIJIMOBHM, Ha3Ba HeoOximHOi 3Y, SKIIO BOHA MOTpiOHA Uil YCYHECHHS
BIIMOBH, 4yac BUOyTTs 3a 34, wac gocraBku 34, yac MovaTrky YCyHEHHs BIJAMOBH, 4ac
yCyHEeHHS BigMoBH. J[ns Bu3HaueHHs moka3HukiB HagiitHOCTI 3K «Jlon — 1500», «Jlon —
1500B6» mpoBOAMINCS XPOHOMETPAXKHI CIIOCTEPEKEHHS 32 METOJIUKOIO BUKJIQJICHOT BHUIIIC.
VY pe3ynbrari CTaTUCTUYHOI OOpPOOKHM MaHWX IUX CIIOCTEPEKEHb PO3PAXOBYBAIHCS 1
OyIyBaluCsl PO3MOJIINA: HApOoOITKY Ha BiAMOBY — 5, Toa. 1 yacy B1IHOBJICHHS
mpane3IaTHoro craHy — 1, , TOJ 10 TEXHOJOTIYHUX 1 TEXHIYHUX MPUYMHAX 13 3aMiHOIO
3aI1acHoOl YaCTHUHM.

OuiHka NOKa3HMKIB HaAIMHOCTI 3J1MCHIOBANAcS 3 JOBIpYOK KMOBIPHICTIO - P u
BITHOCHOIO MOMUIIKOIO — E cepennboro 3HaueHHs. BimHocHa moMuika BU3Havanacs 31
CHIBBITHOIIICHHS.

:(tB'tcp)/ tha (1)
ne t, — BepXHs 0HOOIYHA JIOBipYa TpaHMIIs, TO/.; t,, — cepenHe 3HaYEHHS MOKa3HUKA,
ro.. [Tpuitmatoun 3a TIMOTE3y 3aKOH EKCIIOHEHTHOTO PO3MOAUTY  JOCIIHKYBaHUX

BUNAIKOBUX BenUYMH (HApoOITKy HAa BIIMOBY W dYacy BiJHOBJICHHS Ipane3NaTHOCTI
3epHO30MpATbHUX KOMOAMHIB), BU3HAYAEMO HEOOXiJHY KUIbKicTh KomOaiHiB N, of. mpu
CIIOCTEPEXKEHH1 MO POpMYyTi:

2N
E+1= —5—r
Zl— p; 2N (2)
ne N- ducio crnocrtepexyBaHuX KOMOalHiB, Of.; 2 KBAHTHJIb PO3MOILTY Xi-KBaapat

(BemunHa TaOyIipOBaHa).

[Tpu 3nauennsx E=10 %, P=0,90 kinpKicTh arperatiB, KUl HEOOX1THO TIOCTaBUTH HA
nocmimxeras, He MeHT N = 200 oguannp, a mpu E = 20 % 1 P=0,80- ve merm N = 27
KoMOaifHiB. MeTorKa BU3HAYEHHS CEPEIHbOCTATUCTUYHUX 3HAYEHb 1 3aKOHIB PO3MOALTY
NOKa3HUKIB HaAIMHOCTI KOMOaliHIB ToJjiAraia B HACTYMHOMY. 31 CHOCTEPEXKIMBUX
apKylIlliB, OJEpPXYBaHUX IPU XPOHOMETpPAXl MPALIOIOYUX KOMOAIHIB, MOCIIAOBHO
BU3HAYAJIMCSA MEPIOAM iXHIX MPOCTOIB MO TEXHIYHUM 1 TEXHOJOTIYHUM HEMOJIAJKAM.
Hapo6iTok Ha BiZMOBY BH3HAa4YaBCs 4acoM O€3BIAMOBHOI poOOTH Bija ii mouatky (Imicis
YCYHCHHS BIIMOBH) JI0 MOMEHTY 4YacCy HACTaHHS 4YepProBoOl BiAMOBH. 3i CIIOCTEPEIHIIUBUX
apkymriB Bu3Hauaau dac t, t,..,t, , Oe3BiAMOBHOI poOOTHM KoMOaliHa W OyayBanu
BapialiiHuil psg HapoOITKy KoMOaliHa Ha BiIMOBY. Bapiariiinuii psig 4acy BiTHOBIEHHS
mpare3 aTHOCTI KoMmOaitHa oOJepKyBaJId TaKUM Ke NUIIXOM. Bci 3HadeHHS dYacy
BIJIHOBJICHHSI Tpale3JaTHOCTI PO3MOJUISINCIS 1O 1HTepBajax. YMHCIO I1HTEpBaIiB
BapialliifHOTO Psy, BEIWYUHY 1IHTEPBAIY i IMIUIBHICTh PO3IMOALTY MO HHOMY E€MITIPUIHUX
JAHUX BHU3HAUANKCS 32 3araJIbHONPUUHATOI0 METOAMKOI0. BIAMOBIAHICTE  MIXK
nependadyyBaHUM TEOPETHYHHM 3aKOHOM PO3MOITYy W OTpUMaHUM 3a PO3MVISTHYTOIO
METOJMKOI0 CTAaTUCTUYHHM PO3IMOAUIOM EKCIICPUMEHTAIBHUX MTaHUX TIEPeBipsuiocs 3a
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kputepieM 3rogu ITupcora- P ( %)[7].YBaaeThcs, 110 eMITipHYHA KPUBA MOTOANTHCS 3
TEOPETHYHOT KPHBOI PO3MOiNY, SAKIIO iMOBipHicTs 3roau P ( %) > 0,05.
OOuuncneHHs: KpUTEPi0 NPOBOAMIACS ISl KOKHOIO IHTE€pPBady YacTOT Mo (Gopmydi:

%2 — (m - mo)
| f ©)

je M— eMITipuYHe 3HaYe€HHs 4acTOT B I-TiM iHTEpBai, 0., M’— TeOpeTHYHE 3HAYECHHS
9acTOT (BHITaJIKiB), III0 IOBHHHE MTOTPAITUTH B I-1 1HTEpBaJI, OJ.; N'— YHCIIO JOCIIIIB, OJ..
Teopernune 3HaueHHs 4YacTOT (BUMAikiB) M°, 0., IO IOBHHHE IOTPAIMTH B | — i
iHTEpBAT: m°’ =n"P, (4)
ne Pj- TeopeTruHa HMOBIPHICTD BIIyYEHHS BHITAIKOBOI BEJIMUUHHM B | — i iHTEpBaJl.
I1iZCyMOBYIOUH 3HAYEGHHS ; 110 BCIX iHTEpBalaX, OJAEPKYBAlId CyMapHy BEIMYHHY MipH
posroxiny 2. 3HaueHHs > mpH poGOTi pi3HHUX rpyn KOMOAHIB 3aIeXHUTh Bil mapamerpa
— J, KMl Ma€ Ha3By - YUCIO CTyNEHIB BOii. YUUCIIO CTyNEeHIB BOJI MPU HbOMY PIBHSUIIOCH:
J=j-q-1, (5)
7€ |- YMCII0 TOPiBHIOBAaHKUX YacToT (IHTEpBalliB), OA.; (- YKCIIO MapaMeTpiB TEOPETUUHOT
byHKIIIT po3noaLTy, O1..
3Ha4YM CyMapHy BEJIUYUHY 2 { uncio CTYNEHIB BOJI MO TaOJUISIX 3HAYCHHS (PYHKIIT Xi-
KBAJpAT BU3HAYAIIN HAHOMIKYe 3HaueHHs Kputepito lipcona P ( %). Sxmo P( ?)>0,05, o
MOXKHA BBa)KaTH, L0 NPUUHATHI TEOPETUYHUN PO3NOALUT HE CYNEpPEUYUTh OTPUMAHUM
eKCIIepUMEeHTaTLHUM JaHuM. OOpoOKa pe3ysbTaTiB eKCIEPUMEHTATHHUX 1 CTATUCTUIHUX
JTAaHUX BUKOHYBAJIMCS 3a BHKJIQJACHOIO MeToanKor Ha EOM 3a momomMororo cTaHmapTHUX
nporpaM MaTeMaTUYHOTO 3a0e3MeUYeHHs] OOYMCITIOBAIBHUX MaIllH. Otpumani B
pe3yabTaTi CTAaTUCTUYHOI OOPOOKH /aH1 M 3aJIeKHOCTI BUKOPUCTOBYBAIMCS AJI peajizalil
MaTeMaTtuyHoi Mmojenl. Ha OcHOBI OTpuMaHUX AaHMX MOOYJOBaHI TICTOrpamMu IUX
po3noautiB. OCHOBHI MapaMeTpu OTPUMAHUX EKCIIEPUMEHTAIbHUX KPHUBUX HAaBE/ICHI B
tabnuill 1. [lo Buay eKkcriepuMeHTAIbHUX KPUBHUX 1 CTATUCTUYHUX MapaMEeTPiB PO3IOIiIIB
MOKAa3HUKIB  HAJIAHOCTI BHUIHO, IO JIaHI BUITQJKOBI BEIWYMHU PO3MOIUISIOTHCA 3a
€KCIIOHEHTHUM 3aKOHOM, MPaBUJIBHICTH IILOTO MPHUMYIIEHHS TEPEBIPSUIOCS 3a KPUTEPIEM
sromu Ilipcona P ( ?). 3 ananisy nauux TaGmumi 1 i eKCepUMEHTAIPHAX KPUBHX BHIHO,
IO CEpeJHE 3HAYCHHS HAPOOITKY Ha BIAMOBY 3 TEXHOJIOTIYHHMX 1 TEXHIYHHX MPUYHHAX
cknano 4,04 rox., To6to, mpubIM3HO, BI BiAMOBH 3a 3MiHY, a 3 TEXHIYHUX TPUYUH i3
3aminoro 34 — 10,44 rox. — onHa BigMoBa 3a 3MiHy. CepenHiii 4yac BiJHOBJICHHS
mpare3aaTHOro cTany po3noaiummBces Tak: — 0,23 1 3,2 roj1. Ha BIAMOBY, BIJIMIOBIIHO, 3 SIKUX
2,0 roa. 1OBOUTHCS HA OYiIKyBaHHS qocTaBku 3Y. Pe3ynbrat AOCIiKEHb TTOKa3aIH, 110
po3moaul  BiagMOB 13 motpeboro 3Y, mo rpymax CKJIaJAHOCTI BiJl 3arajibHOi KUIBKOCTI
BIIMOB, CTAaHOBUTH JUIs BiAMOB: | rpymu ckmagHocti —85%, |l rpyna ckmamnocti—13% i
Il rpynu cknagnocTi — 2%. Takox OyB oTpuMaHHMi HApOOITOK HA BIIMOBY 13 MOTPeOOIO
34 mo BiAMOBax pi3HUX TPyN ckiagHocTi (Tabmuisg 2). Jlani Tabnuii BKa3yloTh, IO 3a
poOounii 1eHb BiIOYBA€ETHCS, MPUOIN3HO, OJTHA BIIMOBA MEPIIOi TPYMH CKIATHOCTI, 32 6 —
{ pobouux 3MIH — OJIHA BIIMOBA JIPYTOi IPyNH CKIIAJHOCTI ¥ 32 2 — 3 Ce30HU poOOTH —
OJlHa BIAMOBAa TpeThoi rpynu ckiagHocti. CymapHa TpUBAJIICTh BIJHOBJIEHHS
nparne3aaTHocTi Beix BigMoB — 4032 roauH, 3 skux 2550 rogun a6o 63% A0BOAMTHCS Ha
OUIKYBaHHSl 3alaCHUX YaCTUH 1 PEMOHTY, IO ¥ BHU3HAYWIO HU3BKHHA KOEQIIi€HT
rorosHocTi 3K- 0,77.
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PiBHi
pe3epByBaHHS

CraTucTUYHI TapaMeTPH PO3TOILIIB

Yucio
MOiH,
OLl.

Cepenns
apudmMeTHyHa,

X

Cepenne
KBaJIpaTHYHE
BIIXWJICHHS,

Hucmnepcis,

2

Koedimient
Bapiaiiii,
V

Acumerpis,

a3

Exkciec,

Hapo6iTox Ha BiqMOBY 3
TEXHOJIOT1YHUX 1
TEXHIYHUX TPUYNH
3 TOTPeOOrO 3amacHoi
YaCTUHH, TOI.

104

4,04

3,90

15,21

0,97

1,20

4,35

Hapo6iTox Ha BiTMOBY 3
TEXHIYHUX
MIPUYUH 13 TOTPEOOIO
3aI1acHOl YaCTUHH, IO,

72

10,44

9,05

81,90

0,87

0,99

3,09

Yac BIIHOBJICHHS
Npane3aTHOTO CTaHy
IIiCJIS BIIMOBH
3 TEXHOJIOTTYHUX
MIPUYUH, TOI.

111

0,23

0,146

0,021

0,64

0,97

3,20

Yac BIIHOBJIECHHS
MPaIe3JaTHOrO CTaHy
ITiCJIA BIIMOBH 3
TEXHIYHUX MPUIHH 13
3aMIHOIO 3aracHOl
YaCTHHH, TO/I.

70

3,2

2,7

7,29

0,84

1,24

3,89
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Tabnuis 2. Iloka3HukM HaiHHOCTI 3¢epHO30MPAJIBLHUX KOMOalHIB

Ne [Toxa3zHuKH 3HaueHHs
n/m
1 KinbkicTh mparorounx kKoMO0aitHiB, Of1. 58
5 Kinpkictsb ' BIIMOB 13 3aTpeOyBaHHSIM 3amacHol 1260
YaCTHHHU, BIIMOBH. BCHOTO
3 Ha OJIMH KOMOalH 22
Y Tomy 4mncHi o rpynax CKIaTHOCTI:
4 nepuioi - | 1070
5 apyroi - 1 165
6 TpeTboi -1 25
7 Hanpam"oBaHHﬂ Ha BIOMOBY 13 3arpeOyBaHHIM 104
3aMmacHol YaCTUHU, TOJINH ’
Y Tomy 4ucHi o rpymax CKIaTHOCTI:
8 nepuioi - | 12,3
9 npyroi - |l 79,7
10 TpeThoi - | 526,3
11 |CepenHiii 4yac BiIHOBJICHHS OJHI€1 BiIMOBA, TOJIMHU 3,2
12 |CymapHa TpUBaJIICTh YCYHEHHS BIIMOB, TOJJMHU 4032
13 Yucio HaﬁMegyBaHL 3allaCHUX  YacTUH, IO 155
noTpeOyIOTh 3aMiHH, O/I.

BucnoBku. Ilo maHMM TEOPETHMYHHX 1 EKCIIEPUMEHTAILHUX JOCTIIKCHb YCTAaHOBJICHE
HactynHe: 1)[imore3a mpo EKCIIOHCHTHHH PO3MOMII Yacy Oe3BiIMOBHOI poOOTH W yacy
BiJTHOBJICHHS TIPAIle3aTHOTO CTaHy KOMOAWHIB HE CyNEPEeUnUTh €KCIICPUMEHTATLHUM JaHUM.
2)BcraHoBieHO, 1O JUIs 3epHO30MpanbHUX KomOaiHIB «/loH-1500b» B ymoBax periony
HaIpalfoBaHHs Ha BIIMOBY 13 3aTpeOyBaHHAM 3arnacHoi yactuHum ckiagae — 10,4 rox, a
cepeaHii Jac BIIHOBIICHHS Ipale3aTHOTO CTaHy — 3,2 TO/.., 3 Akux 2,0 roa. Jo0BOAUTHCS Ha
OUIKyBaHHSI JOCTaBKM 3amacHux dvacTuH. CymapHa TpHBaNIiCTh ycyHeHHs BimMoB 4032
TOJIMHU, a YMCJIO HallMEHYBaHb 3allaCHUX YACTHH, 10 MOTPeOyrOTh 3aMiHu - 155 oguHuUIk.
[Ipu 11bOMy BiIMOBU 3 TEXHIYHMX MPUYHMH, YCYHEHHsI SIKUX TMOB'sI3aHE 13 3aM1HOIO By3Ja abo
aerani, cTaHoBiATh 68% Bix 3arambHoro ixHporo umcna. 3)[Ipm peamizamii po3pobieHOT
CUCTEeMH YIOCKOHAJICHHS TEXHIYHOTO CEpBICY 3€pHO30MpalpHUX KOMOaWHIB  iX
IPOIYKTUBHICTH 30umbmTyeThest Ha 15-20 %, momaTtkoBuii 30ip 3epHa 3 1 ra ckmanae 5-10%
BiJl BPO’KaHOCTI, @ MPUBE/ICHI BUTPATHU Ha 30UpaHHs BpoKaro 3MeHIyoTbest Ha 10-15%.
JIITEPATYPA
1.MammwmHu i 30UpaHHs 3epHOBUX Ta TexHIYHUX KyinbTyp/ 3a pen.. B.I. KpaBuyka, 10.O.
Menwnauka. - Jocrionuyvxe. YkpHIIIIBT im. JI. [Toeopinosa. — 2009. — 296 c.
2.MHOXXHHa OCHOBHHUX MO Ta OCOOJMBOCTI 1X IJIAHYBAaHHS y MPOEKTAaX 30MpaHHs paHHIX
3epHoBuX KyiaeTyp/ Cumopuyk O.B., [uece B.l., Ckibumk Ta iH.. Mexanizayis ma
enekmpug)ixayisi - CiibCbKo2o0 20Cnodapcmea:. Mixceio. memam. Hayk 30. [nesaxa,
2011.Bun.95. C.375-374.
3.AHam3 METOIIB JOCHIPKCHHS Ta MOJCICH TOoai y MpPOEKTaxX Ha PI3HUX eTamax
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NCCIUEJOBAHUE PABOTOCIIOCOBHOCTHU 3EPHOYBOPOYHBIX
KOMBAWHOB ¥ COBEPIIEHCTBOBAHUS NX TEXHUUYECKOI'O
CEPBUCA
Homymu [I.A., Jlunun A.II., 3axapenko B.O.
KuarwueBble cioBa: 3epHOYOOpPOUYHBIH KOMOANH, TEXHOJOTMYECKUW KOMILUIEKC, 3€pPHOBBIC
KyJbTYpbI, HCCIEIOBaHUS, BEPOSTHOCTHOE  COCTOSHHUE, PabOTOCIOCOOHOCTH, 3allacHbIE
94acTH, 0TKa3, BOCCTAHOBIIEHNE PaO0OTOCTIOCOOHOCTH, YPOBEHD PE3EPBUPOBAHUS.
Pesrome
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Pabouas cunomesa uccnedosanus cocmosna 8 mom, 4mo paspabomxa u npumeHeHue
cUCmeMbl  MeXHU4ecKkoeo cepeuca Ol NOBbIUEHUS. HAOEHCHOCMU — 3ePHOYOOPOUHbIX
KOMOAUHO8 MEXHON0SULEeCKUX KOMNIEKCO8 obecneuusaem YMeHbUeHUe
Henpou3B00UMENbHbIX — NPOCMOe8  MAUWUH N0  MEXHUYECKUM, MEXHOA0SUYECKUM U
OpP2AHU3AYUOHHBIM NPUYUHAM, NOBbIULEHUE CMEHHOU  NPOU3B00UMENbHOCIU YOOPOUHOU
MEeXHUKYU U CHUMCEHUe 3ampam Ha OdKCHIyamayuro mexuuueckux cpeocms. Illosmomy
COBEPUIEHCNBOBAHUS MEXHUUECK020 Cepeucd KOMOAUHO8 MeXHOI02UYECKUX KOMNIEKCO8 C
Yuemom 30HAIbHBIX YCI08UU U OYeHKa d¢hghekmusHocmu ux pabomuol AGNAEMCs AKMYalbHOU
HayuyHou u npakmuyeckou 3adaueiu. Llenvlo 2KcnepumMenmanvuvlx U mMeopemudecKux
ucciedosanuil OblIo0 onpedenenue Koauvecmea OmKa308 KOMOAUHO8 no azpe2amam u y3iam ¢
3amenotl demareil (3anachvlx yacmeil), KOmopvie OmKazaiu Ojisi 0O0CHO8AHUSL HEOOXOOUMOLL
UX HOMEHKIIamypbl U KOIU4ecmsd, umo obecnedum pabomy 3epHOyOOPOUHbIX KOMOALUHO8 HA
azpomexHu4ecKul 000CHOBaHHBII CPOK yOOpku. [l onpedeieHus noxazameineu
HAOeIHCHOCMU KOMOAUHO8 NPOBOOUTUCH XPOHOMEMPAdCHble HaOM00eHus. B pezyromame
CMamucmu4eckol 0opabomru OAHHbIX SMUX HAONIOOEHUN PACCHUMBIBATUCL U CIMPOUTUCD
pacnpedeieHusi HaApabOmMKU HA OMKA3 U PEMEHU B0CCMAHOBNEHUsT PAOOMOCNOCOOHO20
COCMOSIHUSL KOMOQUHO8 NO MEXHOAOSUYECKUM U MEXHUYeCKUM NPUYUHAM C 3AMEHOU
3anacuou yacmu. Paspabomanmvie pekomenoayuu no pe3epeuposaniio 3anachbix wacmetl Ha
PA3HLIX YPOBHAX XPAHEHUS NO36OJIAIM YMEHbWUMb 3amMpamul HA UX XPAHeHue U COKpamumay
cpeoHee 8pemsi B0CCMAHOBAEHUSL pAOOMOCNOCOOHOCIU KOMOAUHOS.

RESEARCH OF OPERATION CAPACITY OF GRAIN-TRAIN COMBINES
AND IMPROVEMENT OF THEIR TECHNICAL SERVICE
Domushchi D.A., Lipin A.P., Zakharenko V.O.
Keywords: combine harvester, technological complex, grain crops, research, probabilistic
state, working capacity, spare parts, failure, restoration of working capacity, level of
redundancy.
Summary
The working hypothesis of the study was that the development and application of a
technical service system to increase the reliability of combine harvesters of technological
complexes ensures a reduction in unproductive machine downtime for technical,
technological and organizational reasons, an increase in the replacement performance of
cleaning equipment and a reduction in the cost of operating technical equipment. Therefore,
the improvement of the technical service of combine technological complexes, taking into
account the zonal conditions and the assessment of the effectiveness of their work, is an
urgent scientific and practical task. The purpose of experimental and theoretical studies was
to determine the number of failures of combines for units and assemblies with the
replacement of parts (spare parts) that failed to substantiate their required range and
number, which will ensure the work of combine harvesters for agro technically justified
harvest time. To determine the reliability indicators of the harvesters, time-keeping
observations were made. As a result of statistical processing of these observations, we
calculated and built up the distribution of time between failures and the time to restore the
operational status of the harvesters for technological and technical reasons with the
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replacement of the spare part. The developed recommendations for spare parts redundancy
at different storage levels will reduce the cost of storing them and shorten the average
recovery time for combines.

YK 663.26.068 — 027.33.

IEJIETH I3 BIAXOAIB XAPHOBUX BUPOBHUIITB
C.M. Ilepersika
OoecbKuti HaYiOHATLHUL MOPCLKULL YHIgepCcUmem
II. I. Ocaguyk
OoecbKuti 0epaHcasHUll azpapruil yHigepcumem

Tpaouyitini nenemu, sAKi nowiuperi y po3euHymux Kpainax ma 6 Yxpaini, edxce 3000y1u
ceo€ micye Ha puHky namusa. Lfi neremu uecomosnsiromuvcs i3 8i0x00i8 0epesoobpoOHOT
npomucinogocmi. OOHAK, 3ANIUAMBCSA BENUYE3HUL CEe2MEeHM CUPOBUHU, KA NOMEHYIlHA
Modice Oymu 8UKOPUCMAHA Ol BUPOOHUYMBA nejem — 8i0X00U XAPYOB8UX GUPOOHUYMSE.
00’ emu yux 8i0x00i6 Oe3nocepedHbO NOE A3aHO 3 00’ eMamu BUPOOHUYMBOM NPOOYKMIE
XapuyeawnHs, AKi be3nepeperHo 3pocmaroms. Xapuosa npomuciogicms Yxpainu y nopieHaHHI
i3 IHWUMU 2any3aMU 3aexcou xapaxmepusyeanacsi cmanum 3pocmaunsam. Cupoeuna 07
azponenem Cymmeso GIOPIZHAEMbCA 8i0 OepesuHu. Lla 8ioMinHicmb noaseac y XiMiyHOM)
CKAA0L, 2PAHYIOMEMPUYHOMY cocmaei, eonoeocmi. €oune, wo ix 00 €OHye — GOHU €
gioxo0amu, AKi CMEOPIOIOMb 3HAYHE HABAHMANCEHHS HA HABKOIUWHE cepedosuuje. Kpiv
moz2o, NiONPUEMCMBEA NOBUHHI GUMPAYAMU KOWMU HA MPAHCNOPMYBAHHA MA 3AXOPOHEHHS
8i0x00i6 Ha cmimmesux noaiconax. besnocepedne euxkopucmanHs Kag08020 WNAMY,
BUHOCPAOHUX BUYABOK MA BI0X00i8 NepepoOKU KPYN AHUX Kyiemyp y 6ueisidi 0ob6pusa
Hemodcauge. Ximiunuili CKIa0 CUPOBUHU, NOKA3YE WO HAABHICMb YENtoa03U ma JicHiHY
2apanmye, wo azponeiemu MONCYMb SUKOPUCMOBYBAMUCHL V U0l naiusd. 3 Kaso8o2o
wnamy, 8UHOZPAOHUX BUYABOK, JIy32U GlI8Ca, y32U puca ma Jy3eu 2pedxu Oyi0 8UcomosieHi
nenemu sKi OynU CnaieHi y cneyiaibHoMy cmeHOi no muny niy 3 npupoono mseoiw. Cmeno
00360J€ GUMIDIOBAMU MeMNnepamypy 2OpiHHA Mmeepo020 NAIued, GIOCOMOK 301U Mda
Meniomy 320PamHsl, 3a80AKU CKIAHIL KaMepl MONCIUBA 8i3yanizayis npoyecy 2opinHa. Linno
00CnidJHCceHb € 0OIPYHMYBAHHS BUKOPUCMAHHA NeJllem 13 8i0X0018 Xapyo8Ux 8UpPOOHUYME Y
mennoenepeemuyi  Ykpainu.  Awnaniz = aimepamypuux — Odcepen  ma  NpPo8eodeHi
eKCNepuUMeHmanbHi  0OCIIONCEHHS. 008€elU  KOHKYPEHMOCHPOMOINCHICIb — MAKUX —nejem.
Busznaueni  mennoenepeemuuni  noKazHuku — neiem i3 8i0X00i8, AKI  MOMNCIUBO
BUKOPUCMOBY8AMU NPU PO3PAXYHKY cucmem OnaieHHs. Bcmawnoeneno, wo acponenemu 3a
CBOIMU  MENIOMEXHIUHUMU  XAPAKMEPUCTUKAMU — MOXNCYMb 8040  KOHKYpY8amu 3
mpaouyiunumu i3 oepesunu. Bpaxoeyouu ix enepeemuyHi xapaxmepucmuxu RpUnycmumo
3amina mpaouyitinozo naiuea (npupoonoco easy ma Gyeilis) Ha NIONPUEMCMBAX — Oe
YmMEopoomvcs Yi 8i0X00u Ha azponeiemu.

Kuarwuosi ciaoBa: mnenetu, 6lomaanBo, CUCTEMa OMNAJEHHS, €HEProe(EeKTUBHICTh, BIAXOIU
BUPOOHMUIITBA, KABOBUH IJIaM, BUHOT'PA/IHI BUYABKH, JIYIIITUHHS KPYyH' STHOTO BUPOOHUIITBA.
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Beryn. [ManuBuuit crangapt EN 14961 - 6 ommcye marepianii HE Ha JEpEBHIM OCHOBI.
Ilemern, AK1 BUTOTOBIEHI 3 IUX MaTeplajiB HA3UBAIOTh arpomneieTaMu. 3aleKHO BIJ
MaTepiaiy, 3 SIKOro BOHU 3p0o0JieH1 MOke OyTH COJIOM'siHI TI€JIETH 1 TPaHyJId 3 pllaky, MejaeT
3 MymnuHHA Ta iHmi. OJHAaK € MOTeHIIMHA 1HIIa CUPOBHHA JJIsI BUTOTOBJIEHHS arporesier.
3ringno 3 ganumu llpec-ciyx6u Minarpononituku B Ykpaini y 2016 pori O6yio nepepo0iaeHo
254 tucsia TouH BuHOrpany [1]. Bimcorok BuuaBok cranouth 10 - 20% Bijx 3araibHOT Macu
BuHOrpaay. Ha 1 T roroBoi po3unHHOi kaBu npunazgae 1,5...2 T nuiamy. BianosigHo, nuiamy
B YKpaiHi yTBOproeTbes Onm3pko 1,5 — 2 tuc. T Ha pik [2,3]. ¥ cepennbomy B YkpaiHi
BupoOssutocs 350 Tuc. ToHH Kpyn Ha pik. [Ipu mepepoOiii mpoca B MIIIOHO YTBOPIOETHCS K
noOiunuii npoaykt 7,5% myuku ta 15,5 % ny3ru, npu nepepoOill MieHuIll B Kpymy OJU3bKO
30% MyukH, sYMEHIO B ssuHy Kpymy - 18% myuku, a B nepnoBy kpymy - 40% myuku ta 7%
Jy3TH, pu nepepoOiii rpedku B kpyny - 3,5% myuku ta 20,8% mny3ru, BiBca — Mmyuku 4 —
16%, a my3ru — 26 — 27%, ropoxy — 6% ny3ru ta 6,5 — 26,5% ciuku Ta My4dku pazom [4].
AHai3 OCTaHHIX AOCHIIKeHb Ta myOJikawii. ICHyIOTP 4OTMpM OCHOBHHUX HAIPSMKH
BUPOOHUIITBA OiomaiMBa: mejieTH, 6ioetaHod, 6ioanu3ens, Oioras (puc.l).

biomanuso

Teepnue Pigke ["azomoaioue

>
)

HCJIETH
OpuKeTH
Oioras

010€TaHoJI
0ioau3enb

Puc. 1. Knacudikaris 6iomnanusa.
bioeraHon € TeXHIUYHUN COUPT, MPOIYKT OPOIIHHS MICTUTH ITyKOp 1 KpOXMajb OpTaHiKu
(ykpoBOi TPOCTHHH, KYKypyHI3H, IIICHUI, KapTomi Tomo). biogusens 3a3Budait
OTPUMYIOTh 3 0OaraTHX MaciaMmu KyiabTyp (pimak, mamnpma, cos i T.IL.) TICHsA peakmii 3
METWJIOBUM CIHPTOM 1 JyroMm. biora3 yTBOproeTbcs Npu aHaepoOHOMY 30pOIKyBaHHI
OpraHiyHUX pedoBHH (BIAXOMW TBApHHHUIITBA, BUPOOHHUIITBA CIUPTY 1 MHBA). 3a CBOIMH
(GI3MYHUMHM 1 TEIUIOTEXHIYHUX BJIACTMBOCTAX IPONOHOBAaHI 3aMIHHMKM TpaJULIIIHHUX
€HEProHOCiiB ICTOTHO BIAPI3HAIOTHCSA BIJ MepmIMX, Tak 1 Mk cobow. [Ipuponno,
BIJIPI3HSIOTBCA 1 BapTICTIO. ACOPTUMEHT OionajuBa Ha CBITOBOMY pPHHKY JIOCUTh
npeacTaBHULbKUN. BuHMKae nuTaHHs, Ipo BUOIp HAHOUIbLI MEPCIEKTUBHOTO HANPAMKY JJIs
BITUM3HSHMX YMOB. Bojonirouum poardYuMu 3eMJIIMH 1 MepeOyBalodd B CHPHUSATIUBIN
KJIIMaTUYHIA 30HI Yy HAlIol JAep)KaBH, 3'SIBISE€TbCA IIAHC OTPUMATH EHEPreTUUHY
HE3aJIeXKHICTh. YKpaiHa He € ¢arMaHoM MO BIPOBAKEHHIO TEXHOJOTIM BUPOOHHIITBA
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OlomanuBa, TOMY HEOOXIAHO TOYHO BHM3HAYUTH NEPCIEKTUBHICTb OOPAHOro HaNpSIMKy
po3BuUTKy. HeoOXiHO 3BEpHYTHCS 10 CBITOBOro MOCBimy. CBiTOBHIA 0OCST BHUPOOHHUIITBA
eTaHoy npuoimsHo 40 miapa. diTpiB. BupoOuunTso 3ocepemkene B bpaswii (42%) i CIHIA
(46%), €sponeiicbkuii Coro3 Ta iHII Kpainu Bchoro 12%. Omnak, €Bponeiicbkuii Coro3
aigep y BUpoOHUUTBI Oiloauzens - 795% 3 6,5 mupa. niTpiB BupobieHoro B cBiTi, CrioiayyeHi
rtatu - 13%, inmn kpainu - 12% [4-7]. SIk BuAHO 3 HaBEJACHHMX JaHMX PO3BUHEHI KpaiHU
MIMPOKO 3aWMarOThCcsl O10MAIMBOM, a, OTXKE, 1€ MEePCHEeKTUBHO? SKIO * MOJUBUTHCA HA
HaBeJleHI UdpU 3 TOYKM 30pYy YacTKU OlomajguBa B BUPOOHHUIITBI €HEprii B CBIiTi, TO.i
BUCHOBOK HE Takuii oqHO3Ha4HWi (puc. 2). Sk BHUIHO 3 HABEJCHOI JiarpamMH KiJbKiCTh
orpumanoro Oionanusa (1,1%) aOCOIIOTHO HE rapaHTy€ 3MIlHEHHS €HEPreTHYHOI Oe3MeKH
[8,9]. CtpiMKO po3BHUBAETHCS BUPOOHHIITBO OiomasrBa B HiMeuuuHi.

5,8

23,2 6.3

O nadra

B GionainBo

O npupoaHuyi ras
27,4 [ snepHa eHepris

B rigpoeHepreTuka

O Byrimuis

M iH1I1

11

35,9 0,3

Puc. 2. YacTka eHEeproHOCIiB y CBITOBIN €HEPreTHII
[Ilo poky pimakoM 3aciBaroTh moHaja MiuIblHoH rekrapiB (10% pior). A muToma Bara
Oloau3ens Ha MAJIMBHOMY PUHKY KpaiHu ckiagae Bcboro 3%. OaHak BUIBHUX CIIBIOCHYTI/Ib B
€Bpomi Bxke HeMae. [[ns 3a710BOJIEHHS CBOiX MOTped y cupoBuHi kpainum €C J001I0I0ThH
BUPOILYBaHHsS pinaky B Ykpaini, Pocii ta Kazaxcrani. ['oj10BHMII aprymeHT, w10
BUPOOHMLITBO B YKpaiHi Oyne nemeBuie, Hixk B HimeyunHi: B YKpaiHi MeHIIE KOLITYIOTh
poboua cuia 1 eHeproHocii, OUIBII POAIOYl 3eMJIi, Kpallll KJIIMaTHYHI YMOBH. 3a OIlIHKaMUu
daxiBiiB, B Ykpaini 3a ymoBH BiaBeaeHHs mifa parc 10% pimni 1 BposKaifHOCTI 111€1 KyJIbTypH
25 n/ra (mo0 BIANOBiJA€ €BPOIEHCHKOMY PIBHIO) MOJKHA BHPOOISATH OJM3BKO 3 MIIH. T
oionanusa (75% motpedbu B manusi AIIK). Hacrtijapku GyaroayiiHa KapTHHA 3aThbMapIOEThCS
pisauMu jgoBojgamu. TexHiuHi TpyaHoimi (morpeda B Momaudikalii IBUTYHIB, IpoOaeMH 3
3aCTOCYBaHHSAM B JYK€ JKapKY 1 Iy’e XOJOJIHY MOTO/y, CKIaJHOCTI 3 TPAHCTIOPTYBAHHSM T10
TpyOOTIPOBO/IaX) HE € KPUTUYHUMHU 1 YCHIIITHO BUPINIYIOTHCS. EKOHOMIUHI TPOOIeMH 3HAYHO
ckiamuime. Y bpaswri Ta iHmMX KpaiHax, Je CHPHUATIMBI MPUPOAHI yMOBH (TETUTAd
COHSYHUHM KIIIMaT) TOETHYIOThCS 3 JIEHMICBH3HOIO 3eMJIi 1 PoOOYOi CHIIM, KOHKYPCHTHHUI
IPOAYKT MOXHA BUpOOJIATH 1 ipu noMipaux (40 nonapis i Buie) 1iHax 3a 6apens HapTh. Lle
OlomayiMBO HACTIILKU KOHKYpeHTHe, 1m0 Outbine 10% BupoOsieHnX 0OCSTIB ij1€ Ha €KCIIOPT.
Y po3BUHEHWX KpaiHaxX 3 iX MPOXOJIOJHUM KJIIMaToM 1 MEHII MPUIAATHUMH KyJIbTypaMu
cobiBapticth momitHo Buine: B CIIA wmaibke BaBiui, B €Bpom BTpuui (pociuHU
aKyMyJIIOIOTh MEHIIIE COHSYHOI cHeprii). KoHKypeHTHHM OiomanauBO CTae B pe3yJbTaTi
MNOTYXHOT MIATPUMKH 3 OOKY JepaBU Ha BCIX CTAIAX TEXHOJOTIYHOTO MPOLIECY, 1110 3HIKYE
co01BapTICTh BHUPOOHUIITBA €TAHONY 1 Oloaum3ens 1 crumyiwoe ix mpojpax. depmepu
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OTPUMYIOTH MpsAMI CyOcHIli Ha BHPOIILYBAHHS CHpPOBHMHU Uil OlonanuBa. BupoOHMKH
NaJbHOTO 3aKOHOJABYO 3000B's13aHI 3MILIYBAaTH BYIJIEBOJHEBE MAJIMUBO 3 O10JIOTIYHHM. Y
HiMmeuunHi GlonaJiuBO HE paxyeTbcs MAJMBOM 1 HE OOKJIAJAEThCs MoAaTkaMu. Bennuesny
4acTKy B co01BapTOCTI Oi0MaauBa BXKeE 3apa3 CTAaHOBUTH HE mepepoOKa, a CUIbrOCICUPOBUHA,
nedIiuuT, SKOro He JO03BOJIAE raidy3l BUPOCTH 0 PO3MIPIB MOPIBHSAHHUX 3 BUPOOHULTBOM
ByTJIeBOAHIB. besnepepBHO A0pokyae BapTICTh 3€PHOBUX 1 Oararo B 4OMy caMe 3aBISKH
3aKyIiBJIsIM 3 00Ky OilomanuBHOi iHaycTpii. Tomy mnpu mini HadTu Ounbme 80 momapis,
BUPOOHUIITBO HE CTA€ HAIPEHTAOCIbHUM, TOMY 110 HE BApPTICTh HA()TH BU3HAYUTH BUTOJY, a
PIZHUILIA MIX BapTICTIO CUIBCHKOTOCIOAAPChKOi cMpoBHHU 1 HadToro. He MeHI ckiaaHoro 1
BaYKKO PO3B'SI3yBaHOI CTa€ colliaibHa MpobiieMa - HecTaya Mpoa0BOJILCTBA. CBITOBHI OpHHUIA
KIMH JIOCAT MakCUMalbHUX po3MipiB mie 20 pokiB Tomy. BupoOHuUIITBO OlomanuBa
IPU3BOJIUTE JO CYTTEBOro JAeGINHUTY MPOJAOBOJIBCTBA. EKOJOTTYHMIT acmeKkT - 3eMiIsd
BHUCHAXXY€EThCS MOCIBAMM pinaky. Boyoaitoun yHIKaIbBHUMH YOPHO3EMaMHM, Y KpaiHa pU3UKYE
B pe3ylbTaTi 3axoIjieHHS Oiogu3eneM 1 Ol0E€TAaHOIOM OTPUMATH JAETPAJAII0 TPYHTY.
[lepepaxoBaHi BUIllE HEOJIIKH BIACYTHI y Oiora3dy Ta meneT. [lenetn BUpoOISIOTh 3 BiIXO/IIB
IepeBOOOPOOHOT Ta J1IcO3aroTiBeIbHOT TPOMUCIOBOCTI. [Ipu 11boMy BHpIITy€eThCS Biapa3y ABi
npobsieMH: mepepoOKa TMOTEHIIMHO MOXKEKEHEOE3MEeUHUX  BIAXOMIB 1  OTpUMATH
BHUCOKOKAJIOPiifHE MaJMBO. Y TOTOBOMY BUIJISJI IMEJIETH MPEACTABISIOTH COOOK0 LMIIHIPU
niametpoM 6-10 mm goBxkuHOO 10 50 MM. Marouu BHCOKY NIUIBHICTH, BOHU J00pe
30epiratoTh GopMy TMiJ 4Yac TMepeBe3eHHs 1 30epiraHHs. ATrpomneieTd Ha BIAMIHY BIJ
TpPaJAMIIIHUX MEHII BUBYEHI, aje MalOTh CYTTEBY IE€peBary — CHPOBUHA ISl HUX HA BIIMIHY
BiJI IepeBa BUPOCTAE MIOPITHO.

Meta poboru. OOrpyHTYyBaTH BHKOPHUCTAHHS TEJET 13 BIAXOMIB XapuyOBUX BHUPOOHUIITB
(arpomesniern). OO’ €KT JOCTIIKCHHS — BJIACTHBOCTI arporesier, a caMe TeIUIOTeXHIUHI
XapakTepucTuku. llpeamer mociiKeHHS — TMeNeTH 13 KaBOBOrO IUIaMy, BHHOIPaJHUX
BUYABOK Ta BIJIXOJIB IEPEPOOKH KPYII' SHUX KYJIbTYP.

Bukiag OCHOBHOrO Marepiajdy aocaigxeHb. TexHonoris BHUPOOHMLITBA arporeaeT
IPAKTUYHO HE BIAPI3HAETHCSA BIJ TPAaJuUIAHUX 13 aepeBuHU. OpHak, Tpeba 3a3Ha4uTH, L0
CUPOBHHA ISl arpoNeNieT CYTTE€BO BIAPIZHAETHCA B AepeBUHU. Ll BIAMIHHICTH MOJIATAE y
XIMIYHOMY CKJa/ii, TPaHyJIOMETPUYHOMY COCTaBl, BOJIOTOCTI. €11MHE, 1110 iX 00 €IHy€E — BOHU
€ BIIXOJIaMH, SIKI CTBOPIOIOTH 3HAYHE HABAaHTAXXEHHsI Ha HABKOJIMIIHE cepenoBuile. Kpim
TOTO, MIANPUEMCTBA TMOBHHHI BUTpAadyaTd KOILITH Ha TPAHCIOPTYBAHHS Ta 3aXOpPOHEHHS
BIJIXOJIIB Ha CMITTEBUX TIOJIrOHAaX. be3nocepeaHe BHUKOPUCTAHHS KaBOBOTO IILIaMy,
BUHOTPAJHUX BHYABOK Ta BIAXOJIB MEPEpPOOKH KPYIT SHUX KYJIbTYp y BHUIIISAI J00puBa
HeMoksuBe. [licnst mpoBeleHHs JITEpaTypHOro MONIYKY MpO XIMIYHUN CKJIaJ CHPOBHUHH,
pe3yabTaTu HaBejaeHi y Tabnmuipix 1-3 [10-12], mokasye 1110 HasBHICTb LIEIFOJIO3U Ta JITHIHY
TapaHTye, 1110 arporeieTd MOKyTh BUKOPUCTOBYBATHUCH Y BUTJIS1 AJUBA.

Ta6mug 1. Ximiunuii ckjaa BiAXoaiB Kpyn' ssHOro BUPOOHMITBA

Buna cupoBunn Jlimiam KiitkoBrHa 3oia [Tpotein
Jly3sra BiBca 0,50 48,80 4,30 5,20
Jlysra puca 2,00 38,60 16,90 5,20

Jly3ra rpedku 1,60 29,40 5,00 4,09
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Tabmuns 2. XiMmiuHuii CKJIa]1 BAHOTPATHUX BUYABOK
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KOMIIOHEHTIB, 22,3 12,9 0,7 35,4 18,8 1,4 1,8 3,1
%
Tabauug 3. XiMivyHMi CKJIa] KABOBOI0 NLJIAMY
PedoBunn Kagoga omis [lemromo3a 1 Kodeomnn benku
JITHIH
BMmicT KOMIIOHEHTIB,
% 7-12 60—-75 3-5 5-7

Jlani mpo Bosoricte cupoBuHH (TaOauis 4) Oynu oTpuMmani Oe3mocepeaHiM BUMIPIOBAHHS
METO/] BUCYIITYBaHHS /IO MOCTIHOI MacH 3a CTaHIaPTHOIO METOTUKOIO.
Ta6muis 4. Bosiorictb cMpOBHHM JIUIsI arpomnesieT

Binxonu Jlysra BiBca Jlysra puca Jlysra Buworpazui Kasosuii
TpeUKU BUYABKU IaM
Boumnoricts, % 95-11 8-11 6,5—-8,2 48 — 60 82

3 Tabnuii 4 BUILIMBAE, IO BIAXOAW KPYIT SHOTO BHUPOOHHIITBA (JIy3ra BiBca, JIy3ra pHca,
Jqy3ra TPEYKH) MaroTh BOJIOTICTh sKa JO3BOJSE OE3MOCEPeIHBO CHPSIMYBaTH 1X 10
npecyBaHHs. BUHOTpalHI BUYaBKU ¥ KaBOBHM IJIaM MarO4d HEMOMIPHY BHCOKY BOJIOTICTH,
TOMY TIOBHHHI crmo4yaTKy OyTH BHCylIeHl. Bigomo, mo mnpomec CymnHHS € HaiOUIbIn
eHeproemHuM. llepenbavaerbcsi, 10 BUTOTOBJICHHS TMEJIET 3 KaBOBOro muiamy ado
BUHOTPAJHUX BHYABOK, Oyjae 3IIHCHIOBATHCS Ha BITYM3HAHUXHUX KOMOiHaTax 3
BUPOOHUIITBA PO3UYMHHOI KaBU a00 Ha BUHHUX 3aBOJIaX, BIJIMOBIJIHO, TOMY CHUPOBHHa Oyje
0e3KoITOBHOIO. TOJNi YacTKa CYyNIIHHSA B CTPYKTYpi coOiBapTOCTi mejer Oyae BUIISAATH
syxBano [13] (puc.3). [IpoBeneHi mocmiKeHHs TOKa3ald, [0 BHJIYYCHHS BUIBHOT BOJIOTH 32
JOTIOMOTOI0  LIEHTpU(YTYBaHHS, JO3BOJUTH PI3KO 3MEHIIUTH BUTpPATU EHEprii Ha
3HEBOJHEHHs. Bosoricte kaBoBoro muiamy 3MeHmuiach Ha 11,3%, BuTpatu eneprii Ha
ueHtpudyryBanns ckianu 466,21 kJlx Ha 1 xr BuiydeHoi Bosioru. Jljisi CyIIiHHS
IPOIMOHYEThCSI KOHBEKTUBHE CYILIIHHA Y KHUIUITYOMY cTaHi. Ha miactaBi mpoBeneHUX
CKCIIEPUMEHTAIbHUX JIOCHIKCHh BCTAHOBJIEHO, IO MIBUAKICTH CyHIiHHSA - 5,67% / XB;
OUTOMa BHUTpaTa eHeprii Ha cyminusa - 54 MJDx/xr. HeoOxigHo momaTu, IO yTHITi3aIlisa
Teryia BiAIpalbOBAaHOTO areHTa CYIIIHHS 1 BUOIp WOT0 ONTUMAJIbHOI MIBUAKOCTI JO3BOJIHUTH
3HAYHO 3HU3UTH e€HeproButpatu. KpiM TOro, B SKOCTI areHTa CYIIiHHS, MOJIIUBO,
BUKOPUCTOBYBATH JUMOBI Ta3H, sIKi YTBOPIOIOTHCS B PE3yJIbTATI 3rOPSHHS MENET, 10 PI3KO
3MICMIEBUTH MPOIIEC CYIIIHHS. MIBHAKICTh CYIIIHHS B KUIUISTYOMY IIApl BUIIE padialliiHOTO
cymriHHs Oinbir Hix B 3 pa3u [14, 15].
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OXO0JIOKEHHS

2% T —

3araJibHi BUTpaTH Iepconan
5% 18%

JlonaTkoBe o0JIaIHAHHS
5%

CyuniHHs
44%

——30epiranus
5%

Hpobnennst ___——

6% IleneryBanHs

15%

Puc.3.CtpykTypa co6iBapTOCTI BAPOOHHUIITBA TIEJIET 3 IJIJaMy Ta BUHOTPAJHUX BUYABOK.
Pe3yabTaTu A0CaiIKeHb. 3 KaBOBOrO LUIAMY, BUHOTPAJHUX BHYABOK, JY3TH BiBCa, Jy3TH
puca Ta JIy3ru rpedku Oyjo BUTOTOBJICHI IEJeTH SKi Oy CrajeHl y CIerialbHOMYy CTEH/II
0 THUIy Mi4 3 OPUPOAHOI TAror. CTEHa J03BOJISIE BUMI-PIOBATH TEMIIEpATypy TOPIHHS
TBEPJOT0 TaIKMBA, BIJICOTOK 301 Ta TEIUIOTY 3rOpaHHs, 3aBISKH CKJISHIA KaMepl MOXJIHBA
Bi3yasizarllisi mporiecy ropiaas. Crioctepiraioyu 3a MpoIecoM ropiHHs OyJIo MOMIYEHO, IO
IIpU OJHAKOBHUX YMOBax HaWIIBUAIIEC CIajaXyBaB KaBOBUU IIIJJaM, HAWIOBLIbHIIIE
arponesieTy 13 BIAXOAIB NEPEPOOKU KpyH SIHUX KyJbTyp. KaBoBHil 1I1aM rOpUTHh MPAKTUYHO
0e3 1My Ha BIAMIHY BIJI IIEJIET 13 BUHOTPAJHMX BUYABOK, JY3TH BIBCA, JIy3TM pUCa Ta JIy3rH
rpedku. B pe3ynbTari Oynu oTpuMaHi HaCTYMHI JIaH1, MpeACTaBlIeH] y Tabnuill 5.

Tabnuis 5. XapakTepuCcTHKHU arponesier

Cuposuna nener Temora 3ropanns, %, 30mmn Temmneparypa
MJIx/kr ropinns, °C

JlepeBuHa 15-19 05-15 270
Kasosuii nmuiam 15-17 0,3-0,5 515
BunorpaaHi BU4aBKu 14 -16 1-2 520
Jlysra BiBca 125-14 4-6 540
Jlysra puca 11-12 11-15 540
Jly3ra rpedku 13-14,5 8-9 540

BucnoBku. B pe3ynbrati IpoBeeHUX TOCHTIIKEHb BCTAHOBJICHO, 1110 arporesieTy 3a CBOIMU
TEIJIOTEXHIYHUMHU XapaKTEPUCTHUKAMU MOXYTh BJAJIO KOHKYPYBaTH 3 TPATUIIAHUMHU 13
JnepeBUHH. BpaxoByloun iX eHepreTuyHi XapaKTEPUCTUKHU MTPUITYCTUMO 3aMiHa TPAULIIITHOTO
nayuBa (MPUPOAHOTO razy Ta Byrunisa) Ha mianpuemcrBax AITK ge yTBOPrOIOTHCS IIi BIAXOIH
Ha arponenetd. BpaxoByroun OesnepepBHMII TpeH[ 301IbIICHHS BapTOCTI €HEProHOCIB 3
OJIHOTO OOKY Ta O€3KOIITOBHICTH BIIXOIB i 3MEHILICHHS] BUTPAT Ha 1X yTUII3AIII0 MOXJIMBO
OUIKYBaTH €KOHOMIYHY IPUBAOJIMBICTh BUKOPUCTAHHS arponeser.
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Pestome

Tpaduuuoyﬂble neiiemsl, Komopbvle pacnpocmpaHeHbl 6 pa3eumbslx CcmpanHadx U 6
YKpauHe, yoice 3AHANIU CB0e MeCnlO Ha PblHKe monjiued. Omu nennemvl U320MaABIUBAIOMCSL U3
omxo0008 Oepesoobpabamvigaroueli npomviuieHHocmu. OQOHaAKO, ocmaemcsi 02POMHbIL
CecMEHRMm Cblpbs, Konopoe nOMmerHYudilbHO MOIICHO UCNO1b306AMb ons np0u3eodcmea nejinem
- 0mMXx00bl nuuyesvlx I’lpOLlS’@OaCI’I’lG. Obvembl s5mux omxo008 Henocpedcmeeﬂﬂo C6A3AHO C
obvemamu npou3Bo0Cmea NPOOYKmMos8 Numanus, Kkomopwie HenpepvleHo pacmym. lluwesas
NPOMBLUIEHHOCMb — YKpauHbl N0 CPABHEHUN0 C  OpyeUMU  OMPAcCiiamMu  8ce20d
xapaxmepuzoganacy ycmouuusvim pocmom. Colpbe 01 azponeinem CYUleCmeeHHo
omauyaemcia om ()p€6€CZ/lel. Omo omauvue 3axkaroyaemcs 6 XUMU4eckKom cocmaee, no
2PAHYNOMEMPULECKOMY COCMABy, laxcHocmu. Eouncmeennoe, umo ux ooveoumsem - OHU
ABNAIOMCS OMX00AMU, KOMOPble CO30AI0M 3HAUUMENbHYIO HACPY3KY HA OKPYHCAIOW)YI0 CPeO) .
Kpome moco, npeonpusmus oOondxcHbl mpamums cpeocmea HA MPAHCHOPMUPOBKY U
3AXOpPOHEeHUue o0mx0008 Ha MYCOPHbBLX NOJTUCOHAX. Henocpeacmeennoe Uucnojlib3oearue
Koghelino2o wnama, BUHOSPAOHBIX BbIJNCUMOK U OMX0008 NepepabomKu KpynsaHvlx KyJabmyp 6
guoe ydo6peHuﬂ HEeBO3MOINCHO. XUMU4eckutl cocmae Cblpbs, nokasvleaem, 4no HaAaudue
yelioio3sbl U JTUCHUHA capanmupyent, 4mo dcponéejembsl Mocym UCNO1b3068AMbCA 6 Kayecnee
monausa. M3 xogetinoco winiama, 6UHOSPAOHBIX BbINCUMOK, V32U 08CA, V32U Ppuca u ay3eu
cpevuxu ObLIO U320MOB/IeHbI nejinenivl, Koniopbvie OBLIU COAHCIHCEHBL 6 cneyuailbHoOM cmenoe
no muny neys ¢ ecmecmeeHHol msou. CmeHno no3eoisem uzmepsams memnepamypy 20penus
meepooco Moniued, NPOYeHm 307bl U Meniomy c2opanus, 61a200aps CMeKIAHHOU Kamepe
603MOICHA 6U3YAIUIAYUA npoyecca 2OPEeHUAL. llejlbIO uccnedo8arnull A6usemcsa 000CHo8aHue
UCNONIL306AHUA Nelem U3 O0mxo008 nuujeesvlx I’lpOLB@O()CWl@ 0N menjiooHepcemuKku
Vkpaunvi. Ananuz aumepamypuulX UCMOYHUKO8 U NPOBEOEHHblE IKCNEPUMEHMANbHbLE
ucciedo8anusi  00KA3auiu  KOHKYPEHmMOCHOCcoOHocmb — makux  newtem.  Onpeoenetul
menjlio9Hepeemud4ecKue nokasamejiu nejient us3 omxodoe, Komopsle MOICHO UCNO1b306AMb
npu pacuyeme cucmem  OMONJIEHUA. YCmaHOGJZeHO, umo acponejemvl Nno C60UM
menjiomexHud4ecCKum xapakmepucmuxam mocym ydatmo KOHKypupoeams C mpaduuuonnbmu
us3 aepeea. Yuumwvieas ux IJHepeemu4decKkue xapakmepucnuku, 00nycmwwa 3amMeHda
mpaouyuorno2o monausa (MpuUpooOHo20 2a3a u yeis) Ha NPeOnPUIMuUsIX 20e 00pazyomcs smu
omxoo0wl Ha azponeineniol.

PELLETSFROM THE WASTE OF FOOD PRODUCTION
Peretiaka S. M., Osadhcuk P. I.
Key words: pellets, bio fuel, heating system, energy efficiency, production waste, coffee
sludge, grape squeezes, cereal husks.
Summary

Traditional pellets, which are common in developed countries and in Ukraine, have
already taken their place in the fuel market. These pellets are made from waste wood
industry. However, there remains a huge segment of raw materials that can potentially be
used to produce pellets - food waste. The volumes of these wastes are directly related to the
volumes of food production that are continuously growing. Ukraine's food industry has
always been characterized by steady growth compared to other industries. The raw material
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for a fishing rope differs significantly from wood. This difference lies in the chemical
composition, the granulometric composition, humidity. The only thing that unites them - they
are waste that creates a significant load on the environment. In addition, enterprises must
spend money on transportation and disposal of waste at garbage disposal sites. Direct use of
coffee dlurry, grape harvest and waste processing of cereals in the form of fertilizer is not
possible. The chemical composition of the raw material shows that the presence of cellulose
and lignin ensures that the pellets can be used as fuel. Pellets were made from coffee Slurry,
grape harvest, oats, rice husk and buckwheat hulls, which were burnt in a special stand with
a natural stove furnace. The bench allows you to measure the burning temperature of solid
fuel, the percentage of ash and the heat of combustion, thanks to the glass chamber,
visualization of the combustion process is possible. The purpose of the research is to
substantiate the use of pellets from food industry wastes for the heat power industry of
Ukraine. Analysis of literary sources and conducted experimental studies have proved the
competitiveness of such pellets. The thermal energy parameters of the pellets from the waste,
which can be used in the calculation of heating systems, are determined. It has been
established that agricultural pellets can compete successfully with traditional wood-based
traits for their thermal characteristics. Given their energy characteristics, it is permissible to
replace traditional fuel (natural gas and coal) at the enterprises where these waste is
generated on agro-pellets.

YK 636.085.55.4

HOBEPXHEBA OBPOBKA 3EPHA 3JIAKOBUX KYJIBTYP

LI dynapes , I' K. Ypcyaos, P.B. CiaiBka
OoecbKuti 0epaHcasHUli azpaphuil yHigepcumem

Hxicmv  3epua — ye CYKynHicmb 61acmugocmeu ma O3HAK, AKI GU3HAYAIOMb
npuoamuicms 3epHa 00 U020 NepepoOKU ma BUKOPUCMAHHA Ol PIZHUX CHONCUBUUX
npusnaueHv. [lokasHuku 3a2anbHO20 CcmMaHy NPUHAYEH020 Oni NnepepoOKu  3epHa
pecnamenmyoms 1020 AKICMb 30 302aNbHUMU  O3HAKAMU U020 NPUOAMHOCMI 074
supooHuymea kpynu. /o maxkux NOKA3HUKIE HALEHCAMb. KOMIp I 3anax 3epHa, XapaxKmepHi
0151 HOPMATLHO20 300p06020 3epHa. [lpu 36epicanni ma nepepobku 3epHa nio 6nIUGoM
PI3HO20 POOY YUHHUKI@ 3MIHIOIOMbCA U020 CKAAO0 I GLACMUBOCE, BMPAYAIOMbCS O3HAKU, K]
eracmugi AKicHomy npooykmy . Ilosiea cmopounix 3anaxie y 3epHa 00YMOBIeHO COpOYIcto
CMOPOHHIX XIMIYHUX PEdOBUH, NPOUECOM pPO3NAOY OP2AHIYHUX PEYOBUH 3epPHA Mda THUIUX
KOMNOHEHMIB 3ePHOB0I MACU, AKMUBHOIO OISIbHICMIO MIKPOOP2AHI3MIG, WO € NIOCMABOI0
3MIHU AKICHUX NOKA3HUKIE. B NpakmuyHOMY BUKOPUCMAHHI 3€PHOBUX CMYNIHbL CEIHCOCMI
3epHna Habyeae cymmeege 3HaueHHs Ol OYIHKU tio2o sikocmi.Hopmanvnue 300pose 3epno abo
HACIHHA MAlOMb XApaKmepHy neeHe 3abapenenHs, Oauck, 3anax i cmax. Bioxunemnws
NOKA3HUKI@ AKOCMI 3epHa 610 HOPMAMUGHUX 3HAYHO NOIPULYE U020 MEXHON02IUHI
eracmusocmilcmomnuuu  6naue  Ha  MIKpOOpeawizmMu I iX  NPUSHIYEHHA  HAOA€
yrvmpagionemosa i 030H08a 00pobKa 3epHa. 3a maxkow 06pPOOKOI 3epHa 6NIUE 8i04)8AE
MITbKU 11020 NOBEPXHeS8UU Wlap, OCHOBHA JHC MACA Pevyo8UHU He Ni00AEmvCsl naugy i,
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BI0ON0BIOHO, He 3MIHIOE GIACHUX OIOXIMIYHUX enacmusocmell. Y yvbomy noiseac icmomua
nepegaza makoz2o Mmemoody 00poOKU 6 NOPIGHAHHI 3 IHWUMU GIOOMUMU Memooamu
oesingexyii./lanuti 8uo de3inghexyii mac 6e3niy nepesaz i NPAKMUYHO He MAE HeOOIKi8, WO
CMAano npuyuHolo 1020 nonyaapHocmi. EgexkmusHicmb yvboco cnocoby ouuUeHHS
be3nocepeonbo nog'sazana 3 npuHyunom Oii yiempagioniemy ma 030Hy He MIiIbKU HA Qi3uuHy
NOBEPXHIO, a4 MAKONC HA MIKpoopeaHizmu. Enexmpomazhimui Xeuni, wjo 3HAX00amvcs 8
HeBUOUMIL 4acmuHi CneKkmpa, 32YO0HO GNIUBAIOMb HA WKIOIUBI MIKpoop2anizmu.byob-ske
3a0pyOHeH s, BUKIUKAHE JICUBUMU Opeanizmamu, 0yob mo baxkmepii, gipycu, epudu abo
Opidcoxci, 6e3 npobiem ycy8aemuvcs 3a 00NOMO2010 YIbMPapionemosux npometis. 3 memor
VCYHEHHSI He2amu8Ho20 6NAUB)Y OISLIbHOCMI MIKPOOP2AHIZMI8 OOYINbHO BUKOPUCTMOBYBAMU 8
MEXHON02IUHOMY YUKIL nepepoOHUX RIONPUEMCME 00pooOKy npooykmy Y@ npominnam ma
O30HOM.

Kuiro4oBi cjioBa: 3epHO, BIACTUBOCTI,MIKpOOPTaHI3MHU,SIKICTh,[TPOMIHHS, O30H.

Beryn. 3epHo BCix XJTI0HUX KyJIbTYpP OIIHIOIOTH 33 OPTAHOJIEHTUIHUMHU 1 (P13UKO-XIMIYHIUMHU
MOKa3HUKaMu. HaillOouIbIl BaXKIIMBUMU TMOKa3HUKAMH SKOCTI 3€pHA BCiX XJIIOHHUX KYJIBTYp €
KOJIIp, 3aMax, CTaH, TUI, BOJIOTICTh, BMICT JIOMIIIIOK, B TOMY YHCJI HIKIJJIUBUX, 3aPaXKEHICTh
MIKITHUKaMH. J[01aTKOBO y MIIEHUI 1 dKUTa BU3HAYAIOTh HATYpPHI Macy, KUIbKICTh APIOHUX
3€peH, YMCJIO MaJiHHS, CKJIOBUJIHICTh, a TAKOX KIJIBKICTh 1 SKICTh KJIEUKOBHHU B MIICHUIII.
Bci 1i noka3Huku SKOCTI € 000B'A3KOBUMH. OpraHoienTUYHUMH a00 CEHCOPHUMH METOJaMu
BCTAHOBJIIOIOTh KOJIP 1 30BHINIHIM BUIUISLA 3€pHA, MOro 3amax 1 cMak. Posrisgaroun
BJIACTUBOCTI 3€pHA, AK (aKTOp BIUIMBY Ha KIHIEBUU NPOIYKT NEepepoOKH, HEOOX1THO
BIJI3HAYUTH, IO 3aIlax, BOJOTICTh, KOJIp, 3aCMIUEHICTh, 3apa)kKeHICTh, KJICHKOBHWHA, 1 1HIII
MOKa3HUKM MArOTh BUHSATKOBE 3HAYCHHS ISl 3a0€3Me4eHHs] BUPOOJICHHS MPOAYKTY BHUCOKOT
akocti. Ha cywacHOoMy eTami HayKOBO-TE€XHIYHOTO PO3BUTKY CUIBCHKOTO TOCIOJIAPCTBA
Bi10yBa€ThCS 3MiHA TEXHOJIOT1H 3He3apakeHHs. TpaauiliiHi MeToau ae3iHdeKIii, 3acHOBaHi
Ha 3aCTOCYBaHHI XIMIYHMX J€31H(IKYyIOUMX pPEeareHTiB, 1 paglaiiiHi METOIM CTepuiIi3alli, SKi
BUKOPUCTOBYIOTh, pI3HI 10HI3yIOYM BUIIPOMIHIOBAHHS, HE MOXYTh pO3IVISLAATHCS 5K
3aJI0BUTBHI, OCKUTBPKM HEOE3MEe4HI B EKOJIOTIYHOMY BiJHOIIEHHI 1, KpPIM TOTO, MOXYTh
OPU3BOAUTH A0 ICTOTHOI 1 HeOaxaHOi 3MIHM (DI3UKO-XIMIYHMX 1 O10JOTTYHUX BIACTHUBOCTEH
o0poOmoBanux 00'ekTiB. CriekTpaibHa OakTepuluaHa €(PEKTUBHICTb YJIbTPa(]ioIeTOBOrO
BUMPOMIHIOBAaHHSI - BIJHOCHA 3aJICKHICTh [1i OaKTEPUIIUIHOTO YIbTpadiosieTOBOro
BUMPOMIHIOBAHHS BIJl JOBXHHU XBWJII B CHeKTpaJibHOMY aiamazoni 205-315 um. Ilpwu
JIOBXHHI XBUJI1 265 HM MakcHMaibHE 3HaYEHHsI CIIEKTPaIbHOT OaKTepHUITUAHOT ePEeKTUBHOCTI
JIOPIBHIOE OAMHMIN. bakTepulMaHy BUMIPOMIHIOBAHHS Ha IUX JOBXKHMHAX XBUJIb BHUKJIMKAE
mimepizaliito (IpoIec yTBOPEHHS HOBOI PCUOBHMHM IILISIXOM 3'€HAHHS JBOX CTPYKTYPHHX
eneMeHTiB) TUMiHY B Mojekyiaax JIHK. Hakonuuenns takux 3min B JIHK mikpoopranizmis
IPU3BOJUTH IO YIMOBUIBHEHHSI TEMIIIB X PO3MHOKEHHS 1 BUMHUpPaHHS. TOMy BUKOPHCTaHHS
METOJIB Ta TEXHIYHUX 3ac00iB IS EKOJOTIYHO OE3MEYHOro 3HE3apaKCHHS 3epHa €
akTyanpHoro. Jlo omHoro 3 HaiWOUIbIl e(QEeKTUBHUX 1 HAWMEHII BHUTPATHUX METOIB
3HE3apPaKCHHS BiIHOCSATHCS METOJM, 3aCHOBAaHI Ha BIUIMBI HA MPOAYKT KOPOTKOXBUIHLOBOTO
yinbTpadioneroporo (Y®) BunpominroBanHs i 030HY. [linm miero Y® mpomeHiB Ta 030HY
B1I0YBa€ETHCS pI3HUX OakTepiil 1 BipyciB. O30H NpoHUKA€e BIIIMO 0OpOOIIOBAHOIO MPOAYKTY 1
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3a0e3nedye HEOOXIAHHMI PIBEHb 3HE3apAKEHHS B TUX MICLSX, KyAM He norpamsie YD
BUNpOMiHIOBaHHA. CnunbHe 3acTocyBaHHS Y@ BUIPOMIHIOBAHHS 1 O030HY 3a0e3nedye
B3a€EMHE TOCHJICHHS 3HE3apaKyBaJIbHMX (PAKTOpPIB, B PE3YJIbTATI YOTO CTAE MOXKIJIMBHUM
IPOBOJIUTH €PEeKTUBHY 00OpOOKY CUPOBHHHM O€3 3MIHU ii TEeMIIepaTypu 1 arperaTHOro CTaHy.
IIpobaema. [Tpu 30epiranHi 3epHa MiJ BILIMBOM Pi3HOTO POAY YMHHHKIB 3MIHIOIOTHCS MOTO
CKJIaJ 1 BJIACTHBOCTI, BTpA4yarOThCA O3HAKM, BJIACTHBI 370poBOMY 3epHy. I[lpu mpomy B
pe3yJIbTaTi BIUTMBY MIKpPOOPTaHi3MiB ICTOTHO 3MIHIOIOThLCS KOJIIp, 3amax 1 cMak 3epHa. Tomy
3pO3yM1JIO, IO CTYIHB CBI?KOCTI 3€pHa Ma€ BEJIMYE3HE 3HAUCHHS MPHU OIIHIIl HOro SIKOCTI.
3amax 3epHa OJMH 3 HAWBaXJIMBIIIMX KPUTEPIiB SIKOCTI MPOTATOM YChOTO IHUKIY
BUPOIIYBaHHA-TPAHCIIOPTYBaHHA-30epiraHHA-TIEpepOoOKH. XapaKTEPHOIO OCOOIMBICTIO IIHOTO
MOKa3HUKA € ¥Oro MPOHUKHEHHS B KIHIEBUH MPOAYKT mepepoOku (OOpoIIHO, Kpyna,
KOMOIKOpM 1 T. 1.) PoOnsum #oro HempumaTHUM IS peamizailii a00 BUKOPUCTAHHS 3a
PU3HAYCHHSM, SIK IPOAYKT HE BIJIMOBI/Ia€ HOPMATUBHUM BUMOTAM.

AHaJI3 OCTAHHIX J0C/IIKeHb Ta MyOJaikamii. 3epHy KOXKHOI KyJbTypH XapaKT€pHUI CBId
cnenu(iuHUN 3amax. 3a3BU4ail y 3I0pOBOT0 3epHa BiH QyKe CIAOKWi, CUIBHO Maxydl JIHILIe
IUIOJM Ta HACIHHS edipooniiiHux KyabTyp.llosiBa cTOpOHHIX 3amaxiB y 3epHa 00YMOBIIEHO
abo copO1ii CTOPOHHIX XIMIYHUX PEYOBHUH, a00 MPOLIECOM pO3Maay OPraHiyHUX PEYOBHH
3€pHa Ta IHIIMX KOMIIOHEHTIB 3€pHOBOI MacH. PO3pI3HAIOTH Taki 3amaxu, Kl € HacIlIKOM
COpOIIIMHUX BIIACTUBOCTEN 3€pHA: - MOJMHOBHUH 3amax 3'BJISE€TbCS MPHU HASBHOCTI MOJIUHY.
Bumarae ouwmiieHHs, POBITPIOBAHHS Ta MHUWKH 3epHaA. Moske 30epiraTucs HaBITb MICIA
BUJAJICHHS TOJIMHY; - YaCHUKOBUHM 3amaxXx BUHHUKA€ BlJ NPHUCYTHOCTI B 3€pHOBIA Maci
UOYJIMHOK JIUKOTO YaCHUKY,CUPOBMHA BHUMAara€ peTeIbHOTO MUTTS Ta YHWIINEHHS 3€pHa; -
aMOapHHMii 3arax, 1[0 BUHUKAE TIpH 30epiraHHi 3epHa B TiHI; - IUTICHABHH 3amax - pe3yjabTaT
PO3BUTKY BCEPEIMHI 1 HA TTOBEPXHI 3€pHA MIKPOOPTaHI3MIB; - 3aTXJIUW 3amax 00yMOBIICHUMN
pO3Ma oM OpraHIYHUX PEUOBUH 3€pHA MiJ JIEI0 MIKPOOPTaHi3MiB, MO30yTUCS BiJ HHOTO HE
MOJKHA; - COJIOJIOBHH 3aIax 3'sBIISETHCS MPH MPOPOCTaHHI 3epHA. (3a3BUYail Ha CKJIaax meu
3arax Ie CYNpPOBO/DKYETHCS 1 IIBIJICBMM) - THWJIBHHI 3allaX BHHHKA€E B 3€pHI, JIe MPOIECH
po3maay OpraHiYHMX PEYOBHH 3aMIIM JyXe Jajieko (Ipolec caMo3irpiBaHHS 3€pHa).
BianoBigHO 40 HOPMATUBHUX BHUMOT SIKIIO B 3€pHI 3'SBUBCS COJIOAOBUM a00 TUTICHSBUI
3amax, TO /IS BUKOPUCTAHHS B MPOJOBOIBYMX IUISIX HEOOXIAHO MPOBECTH BiAMOBIIHY
00poOKy. 3epHO 3 3aTXJIUM 3aMaxoM MpHIATHE TIIPKKA Ha KOPM TBapUHAM a TaKOX JJIsl HOTO
BUKOPUCTAaHHS 3 TEXHIYHOIO MeTOl0. [Ipu mosBlI THWJIBHOTO 3amaxy - TUIbKM Ha TEXHIYHI
noTpebu. HasiBHICTh JTIOMIIIOK BIUIMBA€ Ha SIKICHI MOKAa3HUKH 3€PHOBOI MacH. Tak HACIHHS
Oyp'sHiB, SK MPaBUJIO, MAlOTh MIJIBUINCHY BOJOTICTh, IO, MPHU3BOJUTH IO MiABUILCHHS
BOJIOTOCTI 3€pHA, SK HACTIJOK CIOCTEpIraeTbcsl IHTEHCH(]IKAIS TMPOIEeCy TUXaHHS 1
CEpelloBUIIlE CTa€ OJarompueEMHIM JJisi PO3BUTKY MiKpoopraHi3miB. HeratuBHa nis
MIKpOOPTraHi3MiB € TOJIOBHHM (DaKTOPOM 3HIKEHHS SKOCTI 3€pHa Ta Horo rncyBaHHsA. BoHu
3'SIBJISIOTHCS HA 3€PHI B TIepioJ1 BereTallli pocivH. B mporieci 300py Ta 00poOKHM mpu KOHTAKTI
HACIHHA 3 YaCTMHKAaMU I'PYHTY HpPH LbOMY KUIBKICTb 1 CKJIaJl MIKPOOPraHi3MiB Ha IOBEPXHI1
3epHa 301bIIyIOThCS. Ha moBepxHi 3epHa 1 HACIHHA Oyab-SIKOT KyJbTYpH, HE3aJEKHO Bij
BIKy 1 SIKICHOTO CTaHy, 3HaXOHIAThCS MIKPOOPTaHI3MH, OCKITBKH 3POCTAaHHS 1 PO3BUTOK
pociiiH 1 popMyBaHHS TUIOAIB BiIOYBaOTHCS B yMOBaX, JIe € 3HAYHA 1X KUIbKICTh. DakTOpiB,
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AK1 BIUTUBAIOTh HA CTaH 1 PO3BUTOK Campo(diTHUX MIKPOOPTaHI3MIB y 3€pHOBIH Maci, yxXe
Oarato. BupimanbHe 3HaYeHHsI cepe]l HUX MarTh, METa BUKOPUCTAHHS, CEPEIHS BOJIOTICTh
3epHOBOI Macu(tabauis 1),BojoricTe OKpemHx ii KOMIIOHEHTIB, TemIeparypa i CTYIiHb
aepatlii, HUIICHICTb 1 CTaH MOKPUBHUX TKAHUH 1 )KUTTEB] (PYHKIIIT 3€pHA, KIJIBKICTh 1 BUAOBHIM
CKJIaJl oMiiIok. Mikpodiopa 3epHa CKJIaIa€ThCsl 3 MIKPOOPTraHi3MiB, SIK1 MOAUISIOTHCS HA! -
emnidiTHHE, XapaKTEepHI JJIs1 KOKHOTO POAY 1 BUAY POCIUH, -pOCIMHHE Mapa3uTH 1 Tapa3uTH,
SIK1 BUTMIQJIKOBO MOTPANMUIN HA POCIUHH; -MIKpOOpPraHi3MH, 1[0 OTPAIUIIN B 36pHOBY Macy
miJg yac 30MpaHHS BpOKAI0 Ta HEMPaBUIBHOIO 30epiraHHsA 1 MEpPeBE3CHHSA. 3a CTYIEHEM
BIUIMBY Ha 3€PHO PO3PI3HSIOTH TPH TPYIU MIKpo(dIOpPH 3€pHOBOI Macu: - canmpodiTHy; -
diTonaToreHHy; - MaTOTCHHY.

Ta0auis 1. Mexi Bosiorocti (%), 111 cymku 3epHa.

Tpusaine

Ha nmepepoOky | Ha 30epirannst | 30epiranHs
Kynbrypa (6inpmr 1 rona)

HE HE HE HE HE HE

BUIIIYE | HIKYE | BUIIYE | HIKYE | BUIIYE | HUXKYE
Thmeam: | 155 |145 |- : : :
JUIs OOPOIIHSHOTO Ta KOMOIKOPMOBOTO BUPOOHHIITBA
[Mmenums: 14,5 13,5 - - - -
JUIS KPYII STHOTO BUPOOHUIITBA
[Mmenunns: - - 15,0 14,0 14,0 13,0
Ha 30epiraHHs
Kuto 15,5 14,5 15,0 14,0 14,0 13,0
Slumens: 14,5 13,5 - - - -
JUTSI KpyT' STHOTO BUPOOHUIITBA
SAamens ‘Ha 30epiraHas - - 15,0 14,0 14,0 13,0
BiBco: 115t 60pOUIHSIHOTO Ta KOMOIKOPMOBOT'O 155 14,5 - - - -
BUPOOHHIITBA
Ha KOpMa
BiBco: Ha 30epiranss 14,0 13,0 14,0 13,0
['peunxa 16,0 15,0 15,0 14,0 14,0 13,0
Puc 15,5 14,5 14,0 13,0 14,0 13,0
Kykypynza: ajis kpyn' SsHOro BUpOOHMIITBA, 15,0 14,0 - - - -
KPOXMaJIbO-TIATOKOBOI KOHIIEHTPATHOT'O
BUPOOHUIITBA
Kykypyn3za: Ha 30epiraHas - - 14,0 13,0 13,0 12,0
Kykypyaza: mjist komG1KOpMOBOTO BUPOOHUIITBA 16,0 15,0 - - - -
CoHsumuK: Ha 30epiranHs - - 7,0 6,0 - -
CoHsUIMK:Ha IepepadbKy 9,0 8,0 - - - -
Cos 14,0 13,0 - - - -

CanpogiTai MikpoopraHi3Mu - O6akTepii, APDKIKI, HBIJIEBI TpUOU 1 akTHHOMIIeTU. bakTepii

OUTBII TOMMPEHI B CBDKO310paHOMY 3€pHI 1 B MapTiax H00posikicHoro 3epHa. OCHOBHI

npeacTaBHUKK OakTepiii BimHOCsAThCs g0 moioriB Ervinea i Pseudomonas. E. herbicola

aureum - pyxoma jpiOHa 6akTepis, ika He YTBOPIOE CTiop, Mae GopMy MaIUMYKH JOBXKUHOIO 1-

3 MkMm. Ha TBepamx MOXKMBHUX CEPEOBHUIAX BOHA YTBOPIOE KOJIOHII 30JI0THCTOTO KOJIHOPY.

Hpyruit Bua 6akrepiii mporo poxy E. Herbicola rubrum nva miinbHuX cepenoBUIax yTBOPIOE
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KOJIOHIT YepBOHOTO KOJIBOPY. Y MapTisix cBixo3iOpanoro 3epHa E. Herbicola cranoButs 92 -
95% yciei KIIBKOCTI OakTepidd, IO CBIAYUTH IPO XOPOIIYy SIKICTh 3€pHA 1 WOTO CBIXKICTH,
OCKIJIBKM II OakTepii 3epHO HE MCYI0Th. bakrepii, 1110 yTBOPIOIOTH CHOPH, B 3€pHOBIN Maci
npejcTaBieHi nepeBakHo kaprormisiHow(Bacillus mesentericus) i cinnoro (Bacillus subtilis)
najgudkamMu. byaydun TUmoBMMH campodiTh 3 AyXKe CTIHKUMHU CIOPaMH, BOHH MOXYTh
30epiratucs B 3¢pHOBI Maci JOCUTh TpuBanui yac. Criopu ix TEPMOCTIWKH, HE TUHYTb NPHU
BUMIYIN XJ110a, TOMY HOTO M'SKOTh BTpayda€ MPYXKHICTh, CTAE JIUIIKUM, JIETKO PO3TATYETHCH,
TOOTO Takui XJIi0 HENpUAATHUMN IS BXKUBAHHS. Y 3€pHOBUX Macax 3yCTPIYalOThCS TaKOXK
MOOJAMHOKI 30yIHMKH THWIbHHX ImporeciB Fycoides, Droteus, a Ttakox OakTepii, IO
3YMOBJIIOIOTh KHCJIOTHE OpOIIHHS Ta SKI IHTEHCHUBHO PO3BHBAIOTHCS IMPHU CaMO3IrpiBaHHS
3epHa. L[BisieBi - Apyra 3a YUCENBHICTIO TPyIa MiKpoopraHi3miB y 3epHoBii Maci (1 - 2% Bix
3arajibHOi KUIBKOCTI MIKpOOpraHismiB). P0o3BHBalOThCSA 3a paxyHOK OpPraHIYHHX PEUOBUH
3epHa, 110 MPU3BOJUTH O BTPATH HOTO MAacH, MOTIPHIEHHS SKOCTI a00 MOBHOTrO IMCYyBaHHS,
3MIHM KOJIbOPY, TOSIBU HENPUEMHHMX 3amaxy 1 cmaky. bineme 80% BtpaT 3epHa Bix
TSTTBHOCTI MIKpOQUIOPH TMPHUIIAA€ HA PAXyHOK IBUIEBUX rprbiB. MikpoOionoriyHi mporecu
B 3€pHI IPOTIKAIOTh 3 BEJIUKOIO MIBUAKICTIO. Bike yepe3 Kuibka AHIB B CBIXKO310paHOMY 3€pHI
YTBOPIOIOTHCA TOKCUHHM, BUHUKA€ CTIMKWNA 3aTxJuid 3amax. Skmo B 3€pHOBI Maci
CTBOPIOIOTHCSI CHOPUSITIIMBI YMOBH JUIsl PO3BUTKY MIKPOOPraHi3MiB, TO MEpII 3a BCE B Hil
PO3BUBAIOTHCS 1BUIEBI IpuOW. BOHM MeHI BUOArimBi 10 yMOB JKHUTTS, HDK Oaktepii, 1
MOXXYTh aKTUBHO PO3BUBATHUCS 3 CaMOI0O IMOYaTKy 30epiraHHs 3epHa, BUKJIMKAIOYM 3HAYHI
3MiHU Horo sikocTi. OaHaK MiCs MPUIMHEHHS PO3BUTKY TPUOIB JIIKBIAYyBaTH HACHIAKH iX
PO3BUTKY HE BIAEThCS, 1 TMapTii 3€pHA CTa€ HEMPUIATHOK Uil  TPHUBAJIOTO
30epiranHs.BinxuieHHs MOKa3HUKIB SKOCTI 3€pHA BiJl HOPMATUBHUX 3HAYHO TOTIPIIY€E HOTO
TEXHOJIOTIYHI BJACTUBOCTI. Hampukiaz, 1BUTIOBaHHS3EpHA CYNMPOBOKYETHCS YTBOPEHHSIM
MIKOTOKCHHIB - TIPOJIYKTIB KUTTEIISIIBHOCTI 0aratbox IBUICBUX T'pUOIB, SIKI JTy’K€ TOKCHYHI
JUISL JTIFOAVHM 1 TBapuH. 11 A€o KUTTEAISIBHOCTI MIKPOOPIraHi3MiB 3MIHIOIOTBCS B MEPILY
4epry OCHOBHI ITOKa3HUKHU CBIKOCTI 3epHa (Kouip, OimcK, 3anax, cMak. OTHOYACHO 31 3MiHOKO
KOJILOPY 3€pHa BIIOYBAETHCS MOTr0 pO3KIaJaHHS, OOYMOBIIEHE PO3BUTKOM MIKPOOPraHi3MIB
Ta BUHUKAIOTH PI3HI 3alaxu. 3amax 3epHa 3MIHIOEThCSA 3 JABOX NPHUYMH: B PE3yJIbTaTi HOTO
NICYBaHHS - CaMO3IrPiBaHHs, THUTTS ,IIBUTIOBaHHS a00 K yepe3 aJcopOIito 3epHOM CTOPOHHIX
pEUYOBMH. 3a3BMYail BBAXXAEThCS, IO 3aTXJMN 3amax, BUHUKAE 4Yepe3 Kijabka 110, Mpu
PO3BUTKY B 3€pHI LBUI pOayNeHInuUIiyM. [ yCyHEHHS >KITTEAISUIBHOCTI 1 PO3BUTKY
MIKpPOOPTaHi3MiB, IIUPOKOTO TMOIIMPEHHS HaOyJNIM pi3HI METOJAW 3HE3apa)KeHHsI 3epHa. -
®i3uuni; - XiMiuHi;, - Mexaniuni; - ['maporepmiuHi Ta iHII. BcTaHOBIEHO IO 1CTOTHHIMA
BIUTMB Ha MIKPOOPTaHi3MH 1 IX NpPUTHIYEHHS Haaae yiabTpadiosieroBa 1 030HOBa 00poOKa
3epHa. [Ipu Y®-onpomiHeHHI Ta 030HYBaHHI 3epHa 00pPOOIAETHCSA TITBKH MO0 HAUTOHIIUHN
MOBEPXHEBHUM IIap, OCHOBHA  Maca PEYOBHMHHM HE MIJIAEThCSA BIUIMBY 1, BIJMOBIJIHO, HE
3MIHIOE€ CBOi O10XIMIYHI BJIACTMBOCTi. Y I[bOMY TOJSTa€ ICTOTHA TepeBara merony YD
00poOKM B MOPIBHSAHHI 3 IHITUMU BITOMUMHU MeTojamMu ae3indexiii. Ha cboromHimHii 1eHb
BCe OUIbIIE MAMPUEMCTB PI3HUX cdep ISITLHOCTI BIANAIOTH MepeBary yibTpadioaeToBOTO
3He3apakeHHs. [lanuii Bua nesiHdekuli Mmae 0e3id nepesar 1 MpakTUYHO HE MA€ HEOJIIKIB,
0 CTajJ0 NPUYMHOI Horo mnonyispHocTi. EdekTuBHICTH 1Oro Ccroco0y OYHUIIEHHS
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6e3nocepeIHbO MOB'A3aHa 3 MPUHIMIIOM Aii yibTpadioneTy Ta 030HY HE TUIbKK Ha (Pi3udHy
NOBEPXHIO, & TaKOX Ha MIKPOOPraHi3Mu.ENeKTpoMarHiTHI XBHWJII, IO 3HAXOASATHCA B
HEBUIMMINA YaCTHUHI CIEKTpa, 3ryOHO BIUIMBAIOTh HA IIKIJJIMBI MIKpOOpraHi3Mu. byjb-sike
3a0pyHEeHHsI, BUKJIMKaHE >XUBUMHU OpraHizmMamu, Oyap To Oakrtepii, BipycHw, rpubu abo
OPLKIKI, 0e3 mpoOjieM yCyBaeThCs 3a JOMOMOIOK  YIbTpagioJeTOBUX IMPOMEHIB.
EnexrpomarniTHi XBWi, JOBXKHHA SKUX JekuTh B mianazoni 200-280 ©M, MawTh
MaKCUMaJIbHO  €(QEeKTUBHMM  OakTepuiuAHUM  BiuiuBoM. Came Takuil  jAiana3oH
BUKOPUCTOBYIOTh BUPOOHUKH Y@ obOnanHanHg. [IpoHuKkaroum BcepeluHy KIITHHH
MIKPOOPTaHi3My, TaKe BHUIIPOMIHIOBaHHS PYHHYy€e 1i, TEPEHIKOKAIOUUIIONATBIIOT
KUTTENSUIBHOCTI 1 PO3MHOKEHHS. YJIbTpadioyieToBl XBUJIl Aif0Th Oe3nmocepenubo Ha JTHK
KIITHHU, po3pHBaroud ii 3B'sI3Ky. [leski MIKpoopraHi3MH 3 4YacoM MOXKYTh BHUPOOISATH
CTIHKICTh 10 BHUIPOMIHIOBAHHS, TOMY HAaBITh MICJIsSI YCTAHOBKM YCTaTKyBaHHS MOTPIOHO
NEepIOANYHO 31MCHIOBATH KOHTPOJIOHI BUMIPIOBAHHS.BaXXJMBO Tak0XX BpaxoBYyBaTH, IO
OPOMIHI AIIOTh JIMIIE Ha IMOBEPXHEBUU IMIAp 1 JUI PIBHOMIPHOI OOpOOKM Marepian Mae
NEPEMINIYBATHCS, YOTO HE 3a0€3MeuyroTh OUIBLIICTh KOHCTPYKUINA. EQEeKTHBHICTH AaHOTO
BUly N1€31H(EKIIT 3aJIeXUTh BiJ TOTO, sIKI caMe€ MIKpPOOPraHI3MH MPUCYTHI B MOBITPSIHOMY
cepeloBulll, BoAl a0 Ha moBepxHAX. KoxkeH Tunm Mikpoduopu mno pizHOMY pearye Ha YO
IPOMEHI, Ta 030H BIAPI3HAIOYKHCH OUIBIIOK YM MEHIIOW 4YyTJIHBICTIO. KpiM TOro, Ha SIKIiCTh
OUMILICHHS BIUIMBa€e Oe€3/14 1HIIMX YWHHHUKIB. - BOJIOTICTh Marepiaiy; - oOpoOJIIOBaIbHHIM
map; - 4ac €KCho3uuii 1 T. . YibTpadioneT BIUIMBAE TIIBKM HA KHB1 MIKPOOPTaHI3MH, aje
HISIK HE BIUTMBAE Ha XIMIYHHUH CKJIAJl TTOBITPSI, BOJAM 1 OKPUTTS PI3HUX MOBEPXOHB. Y CTAHOBKA
YO ob6mamHaHHA Ha MPOJOBOJIBYMX CKIIa/IaXx JIO3BOJISIE MPOJIOBXKYBATH TEPMiHM 30€piraHHs
OBOUiB, (PYKTIB, 3€pHOBUX 1 OaraTbOX IHIIMX NPOAYKTIB. 3HE3APAKECHHS TMOBITPS 1
MIOBEPXOHb HE JIa€ PO3BUBATUCS THUJILHUM 1 IBUICBUX Mpoliecam 0e3 IMIKOAM JIJIs POIYKIIii.
KpiM TOro, BHKOpHUCTaHHS TAaKOTO OYHWINEHHS Ha MIANPUEMCTBAX 3MEHIINYE CTYIIHb
3aXBOPIOBaHHb XyJ00M, 110 Habarato Oe3meyHille, HiX 3aCTOCYBaHHS XIMIYHHUX 3acOOIB.
OnpomideHHst ynbTpadioseroMm 3 AoBXHHOIWO XBWiI 185 HM ra3oBoi cywmimr, IO MiCTHTH
KHCEHb, BUKIIMKAE 1€ OJIHY XIMIYHY pPEaKLil0 - YTBOPEHHS O30HY, SIKMM TaK0X 3HAWIIOB
IIMPOKE 3aCTOCYBaHHs. JIaMIi, 110 BUKOPUCTOBYIOTHCS AUIATHCS HA JABA BUIM: - 030HOBI;
-0e3030H0B1. O30HOBI JaMIu NPH B3a€EMOIi 3 KMCHEM YTBOPIOIOTH 030H. Y 0€3030HOBHUX
JaMIiax Kojiba BUTOTOBIISIETHCSA 3 KBapIIOBOTO CKJIAa 31 CIEHiadbHUM MOKPHUTTAM. 3aBISKU
[bOMY BHKJIIOYA€ThCS YTBOPEHHS O30HY, OCKUIBKM CKJIO JIaMOHM  BiAQUIBTPOBYE
030HOYTBOPIOIOUY CHEKTpaJibHy JiHII0. O30H B3aeMOI€ 3 3aJUIIKAMU KUPHUX KHCIIOT
JIIIIIB - OCHOBHOTO OyAiBEJILHOIO MaTepialy MeMOpaH KIIITHH MIKPOOPTraHi3MiB, 3MIHIOOYHN
ix BmacTUBOCTI. JKUTTEMISUIBHICTH TaKWX KIITHH TOPYIIYETHCA BHACHIIOK TOTO, IO
MeMOpaHM HE€ MOXYTh BHUKOHYBAaTH 3axXMCHI 1 TpaHcmopTHi (yHkiii. Takum YnHOM
BiIOYBAETHCS 3HUIIICHHS BCIX XBOPOOOTBOpHMX OakTepil. 3apa3 3'aBuiiacs TEXHOJOTis
(GOTONMTUYH 030HYBaHHS, 3 OJJHOYACHUM BIUIMBOM Ha Martepian yIbTpadioeTOM 1 030HOM.
MeTton monsrae B TOMy, IO NMPU TaKOMY MO€THAHHI OpraHiYHI MOJIEKYJIH OKHCIIOIOTHCS B
1000-10000 pa3ziB mBumiIe. YiabTpadioneToBi OaKTepiluIHi KBapoBi JamMnu (0aKkTepuIuIHI
OIPOMIHIOBaYH) MPHU3HAUEH] U1 00poOKH yibTpadionerom goBxuHOK xBwii Bix 180 am. B
pe3yJibTari BIUIMBY YyibTpadiosieTy 3A0BXHHOIO XBWwiIl 185 HM Ha KHCEHb TOBITPS
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YTBOPIOETHCSI 030H B Majiii KOHIIEHTpaIlii OJHOYACHO BiAOYyBarOThCS JBa MO AKTUBHOCTI
IpoIlecy: -KBapIieBaHHS, - O30HYBAaHHS I/ BIUIMBOM YJBTPadioIeTOBOTO OMPOMIHEHHS.
OnHovacHa 00poOKa yJIbTpadioleTOM 1 030HOM 3/1aTHA BOMBATH BCi IITaMU OakTepid (Takux
SK caJbMOHENa 1 KUIIKOBA TallM4Ka), BIpyCH, BereTaTUBHI Gopmu i criopu rpubiB. Moxe
BUKOPHUCTOBYBATUCS TMOBCIOJIHO i Je3iH(EeKIlli, yCyHEHHs 3amaxiB, BUJAJEHHS LB 1
IHIUX TpuOIB, 1Jis 30epiraHHs MPOAYKTiB. Jlammu, BUIUIAIOTE 030H B MeEXaxX TPaHUIHO
JIOIYCTUMO1 KOHIIEHTpAIlli 17151 opranizmy JroauHu.Ilicis po6oTu Takux jamn IpoBITPIOBATH
PUMIIIIEHHS] HEO0O0B'sI3K0BO. Taki JlaMmu Jopokde 3a IIHOI 1 pecypce iX podotu B 3-4 pasu
outbine. Ciij 3ayBakUTH, 110 TaKl JJaMITM BUKOPUCTOBYIOTHCS B yCiX KpaiHax €BpoOIH, Tak SK
BOHU BBKAIOTHCS HANOE3MEUHIIITNMU.

Mera nocJigzkeHHns. BusHaueHHs 3MiHHM SIKICHOTO TIOKa3HHUKA 3€pHA SIK BUX1THOTO MPOAYKTY
JUIsi BUPOOHUIITBA OOpOIIHA, KpPynmu, KOMOIKOPMIB 1 I1HIIMX MPOAYKTIBTa BH3HAYCHHS
0e3neYHUX TEPMiHIB IpHU 30epiraHHi.

Pe3yabTaTu Aocaixkenb. B sSKOCTI BIXiAHOro MaTtepiany s AOCTIIKEHbOYIO B3SITO 3€pHO
nmenuii 3 Bosorictio 13% - 14%. Bumipu npoBOAMIUCS TPOTATOM MICALS NMPHU BiITHOCHIN
BOJIOTOCTI TOBiTps /8%, Ta Temmeparypi 18°C. Jlosexeno, uro 3€pHO TIEHUIIl 3aBISIKU
azicopO1ii, 3 HaBKOJMUIIHLOTO CEPEAOBUIIANI] 4Yac OOpPOKH 3MIHIOE BOJOTICTh Ha OUIBII
BHUCOKI MTOKAa3HUKH, Ta 3 MOYATKYy TEXHOJOTIYHOTO Mpoliecca 10 HOro KiHIs 3MiHIOEThCs 10 16
% 11€ BUKJIMKA€E aKTiBaIlIO IISUIbHOCTI MIKPOOPTaHI3MiB SIKM BILUIUBAIOTh Ha SIKICTh KIHI[EBOTO
IPOJYKTY TapexKUMH 1 criocoOu ioro 30epiraHHs. 3'SBISETHCS 3alax 3 03HAKAMHU PO3BUTKY
IBUICBIX KYJBTYp. 3aTXJIMH 3amax sSK HACJIJOK il 1BUIEBIX IpidiB xapakrepizye |l crenens
NICYBaHHS 1 TAKUM MPOAYKT BUKOPHUCTOBYETHCS HA TEXHIYHI 1UII. 3 CEpeHBOT TPOOH ILIIXOM
MPOCifoBaHHs depe3 cuTo @ 6 MM, BHAULUIN HABaXKy JUIS BH3HAYCHHS OPraHONCITHYHHX
nokasHikiB. Ilepen BU3HAUEHHSAM OPraHOJICITUYHUX TMOKA3HHUKIB SKOCTI MPOOW 3€pHa, IIO0
MalOTh TEMIEPaTypy HIKYUX KIMHATHOI, BITPIMYBaJu 3pa3oK B 3aKpiTid OaHI 0 THUX Iip,
IIOKM TEeMIeparypa 3€pHa HE [OOCSATHEHO KIMHATHOI. 3amax BHU3Hadald B LUIoMy abo
pa3meneHoMy 3€pHi. Y CBIKO3MEJIEHOTO 3€pHa 3amax BIJUYBA€ThCA Kpallle, HDK B IJIOMY.
Taki 3MIHM CTaHy 3€pHaTa HasBHICTh 3amaxy BIANOBIAHO Kareropii 1HTEHCIBHOCTI J
OLIIHIOBAJIM 32 JIOMTOMOT'OI0 KaTerOpidiHTeHCUBHOCTI 3anaxy(Tadmurs 2).

Tabnuusg 2. Kareropii iHTEeHCHBHOCTI 3amaxy.

Cuna 3amaxy 3epHa PiBenn
IHTEHCUBHOCTI
EkcTpemanbHO cCUnbHUMN 6
Hyxe cumbHUIA 5
CuipHuit 4
Bupazumii 3
Crnabxwii 2
Hyxe cnabkuii 1
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Tabmnis 3. IHTEeHCMBHICTD 3MiHM AKICHUX MOKA3HUKIB.

[MincymxoBa | Karteropis Binnocna | Kinbkicts | Kinmbkicte | CupoBuHa
OIliHKa OaJTy 3 | IHTEHCUBHOCTI BOJIOTICTh | 110 o HE
BpaxyBaHHSIM | 3MiHU SKICHOTO | TOBITPH, 30epiranHs, | 30epiranHs, | 00OpobreHa
Koe(ilieHTy | MOKa3HUKA,J 0% T, T,
BaroMocTi , S CUPOBUHU | CUPOBUHU
00po06eHOi | 00pobIIeHOT
(TpuBasicTh | (TpUBaTiCTH
eKCTO3HUIT | eKCITO3MIIii
t, 3 xB) t, 5xB).
0 0 78 17 21 13
5 1 78 19 27 15
10 2 78 22 29 18
15 3 78 25 33 19
20 4 78 29 36 21
25 5 78 31 39 22
30 6 78 34 43 26

Jl7is OopiBHSHHS CHPOBHHA Oyiia 00pobiieHa 3 Pi3HOIO CTYNEHIO €KCHO3MI MPOTIroM 3 XB.
Ta 5XB3a OTpUMaHMMH JAaHWUMH CKJIQJeHO 3a OTPUMAaHMMH JaHUMHU CKIIaJICHO TaOJIHIIO
IHTEHCUBHOCTI 3MIHHM SIKICHUX MOKa3HUKIB 3€pHa OOpOOJEHUX 3 PIZHOI EKCIIO3UIEI Ta
Marepiainy 13 3BHYAHHOIO OOPOOKOI0. TaOJIMIKO 1HTEHCUBHOCTI 3MIHU SKICHMX IMOKA3HUKIB
3epHa 00pOOJIEHUX 3 PI3HOIO EKCIIO3HUIIEI0 Ta MaTepially 13 3BUYAHOIO OOPOOKOIO.

Ak BUIHO 3 aHAMI3y JOCBIYEHMX JAHMX HABEJACHUX y TAONMII HAWOLIbII MPUBAOIUBOIO €
00poOKa 3 CHPOBHUHHM 3 BIJHOCHOIO BOJIOTICTIO MOBITPs, /8%03 €KCIO3UINIEI0 S5 XBUIIUH, SKa
3MIHIOETHCA 32 PaXyHOK PEryJIFOBaHHS MPOITYCKHOI 3aTHOCTI YCTAHOBKH 3a JIOMOMOTOI0 KyTa
HAXWITy CIPSIMOBYHOUHX TIJIOIIMH.

5 10 15 20 25 30 35 30 35 -

Puc.l. I'padiuna 3ayeKHICTh 3MiHU SIKICHOTO Moka3Huka. A- CupoBuHa He oOpoOiieHa; B-
cupoBuHa 00poOnena (rpuBamicteekcrmosumii t, 3 xB); C - cupoBuHa 00poOIIEHA
(TpuBaiicThekcmo3uiiii t, 3 XB).
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BucHoBkn. J[OUUIBHOCTH  BUKOPUCTAHHS  JOJIATKOBOI  OOpPOOKM  MIJTBEPIKYETHCS
noOyaoBaHUMHU TpadikamMu 3 SKAX HAOYHO BHJHO CTIWKICTh Marepiany M0 IisIIbHOCTI
MIKpOOpraHi3miB miciisi 00poOku Y® MNpoMiHHAM Ta O30HOM. 3 METOK YCYHEHHS
HEraTMBHOTO BIUIMBY JAISUIBHOCTI  MIKPOOpraHi3MiB  JIOI[IIbHO BHUKOPUCTOBYBaTH B
TEXHOJIOTIYHOMY  TMEPEepOOKH 3€pHOBUX 3  ICHYHOUMMHU Ta  3arajbHONPUNUHATUMH
TEXHOJIOTIYHUMH OTepalisiMi OAaTKOBY 00pOoOKyY MpoaykTy Y® nmpoMiHHSM Ta 030HOM.
JIITEPATYPA
1.Bepeka O. M. E(bekTuBHICTh 030HYBaHHS 3¢PHOBUX Y CHIIBHUX eJIeKTpu4HUX moiisix / O. M.
bepeka, C. M. Ycenko // Hayk.BicH. HYBill Ykpaiau.— 2010. — Bum. 148. — C. 92-97.
2. Kupuk M. M. BrumB 030Hy Ha Miko0ioTy HaciHHs o3umoi mrenurti /M. M.Kupuk, O. M.
bepeka, A. b. KoBanmumus, C. M. Ycenko // Hayk. Bich. HYBill Ykpaiau. — 2009. — Bum.
140. - C. 121-127.
3.IlerpenkoBa B. II. O30HOBa TeXHONOTIS MEpPeANoOCiBHOI 0OpoOKM  HACIiHHS
cinbcpkorocnogapebkux Kyiabtyp / B. I1. I[letpenkora, O. M. €ropos, B. I. I'onora,
I'. B. Tapan // ITocibnuk ykpaiacbkoro xmoopooa. — K., 2009. — C. 128 — 131.

IHOBEPXHOCTHASA OBPABOTKA 3EPHA 3JIAKOBBIX KYJIBTYP
Hynapes L.I., Ypcynos I'.K., Ciuska P.B.
KuioueBble ciioBa: 3epHO, CBOWCTBA, MUKPOOPTaHU3MbI, KaU4€CTBO, JIyYH, O30H.
Pesrome

Kauecmeo 3epna - smo cosokynHocms c6olicmé u NpusHaKo8, KOmopwvie onpeoensiom
NPU2OOHOCMb 3ePHA K e20 nepepabomke U UCNONb308AHUI0 Ol PA3HLIX NOMPEeOUMenbCKux
Haznayenul. [lokazamenu obue2o nonodicenuss NpeOHa3HaAuYeHHo20 0l nepepadomKu 3epHa
pe2namenmupyon e2o Kaiecmeo no 00wWuUM NPUIHAKam e20 Npu2oOHOCmU 01 NPOU3B00CMEa
kpynol. K maxum noxazamensam npumaonexcam:. yeem u 3anax 3epHa, xapakmepuvle OJis
HOPMAbHO20 300p06020 3epHa. Ilpu xpanenuu u nepepabomke 3epna noo o3zoelicmeuem
PasHoco pooa (Paxmopos UBMEHSIOMC e20 COCMmAs U C80UCmea, mepsomcs NPusHaKu,
KOmMopble C8OUCMBEHbl KAYeCMBEeHHOMY npooykmy. Ilosenenue nocmopoHHUX 3anaxos 8
3epHe 00YCN0671eHHO cOopOyuel NOCMOPOHHUX XUMUYECKUX Geujecms, Nnpoyeccom pacnaoa
Op2aHUYEeCKUX Gewecms 3epHa U Opyeux KOMNOHEHMO8 3E€PHOB0U MAcCChbl, AKMUBHOU
0esIMeNIbHOCbIO  MUKPOOP2AHUZMO8,  KOMOpble  AGNAIOMCSA  OCHOBAHUEM  UBMEHEHUs]
KauecmeeHHvlXx nokazameneu. B npakxmuueckom UCNOAb308aHUU 3EPHOBLIX CMENEeHb
ceedlcecmu 3epHa npuobpemaem cywjecmeeHHoe 3HaueHue Ol OYEeHKU e20 Kauyecmed.
Hopmanvnoe 300posoe 3epHo unu cemena umerom XapakxmepHylo onpeoeienHyro pacysemky,
oneck, 3anax u e6xyc. OmrioHeHue noxazameseu Kauyecmea 3epHA OM HOPMAMUBHBIX
3HauumenvbHo yxyouiaem e2o mexHono2uieckue ceoticmea. CywecmeenHoe GluaHUEe HA
MUKPOOP2AHUIMbL U UX COCMOSIHUE OKA3bleaem Yibmpaguonemosas u 030Ho8ds obpabomka
3epua. [lpu makoii obpabomke 3epHa, erusHuUe NOLYHUaAem MOJIbKO €20 HOBEPXHOCMHbIU COLL,
OCHOBHASL JHce MAcca 8ewecmsa He no00aemcsi GIUAHUIO U, COOMBENCMEEHHO, He UMeHsen
COOCMBEHHbIX — OUOXUMUYECKUX — c8olicme. B smom  3axknwouaemcs — cywecmeeHHOe
npeumMyuecmeo mako2o Memooa o00pabomku Nno CPaASHEHUro ¢ OpyeuMU U38ECMHbIMU

memoodamu Oe3ungexkyuu. Jlanuvlil 6u0 Oe3ungexyuu  umeem 0SPOMHOE KOJIUYECMBO
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npeumMyujecme U NpaKmuyecku He umeem HeOOCMAamKos8, 4mo Cmaio HPUYUHOU e20
nonyasipHocmu. Igpexmusnocms 3moz2o cnocoba OYUCMKU HeNnocpeoCmeeHHO CBA3aHA C
NPUHYUNOM OeliCmBUs YIbmpapuoiema u 030Ha He MOAbKO HA PuU3UYecKyio NOBEPXHOCHb, d
makxice HaA MUKDOOP2AHU3MbL. DNeKMPOMASHUMHbLE GOJIHbl, KOMOpble HAXO00AMC 8
HeGUOUMOU Yacmu cnekmpa, nazyoHo GIUsiom HA 6pedHble MUKpoopeanusmul. Jlroboe
3aeps3HeHue, 8bl36aHHOE JHCUBLIMU Op2anusmamu, 6y0b mo Oakmepuu, supycol, epubsl uUiu
opodicorcu, 6e3 npobrem ycmpausemcs ¢ nomowsbto yavmpaguonremosolx nyueti. C yenvio
VCMpaHeHus He2amueHo20 GIUAHUSL O0esAMenNbHOCU  MUKPOOP2AHUSMO8 UenecoobpasHo
UCNONIL306aMb 8 MEXHOI02UYEeCKOM YUKIe nepepadamvléarouux npeonpusmuil oopadomky
npooykma Y@ nywom u 030HOM.

SURFACE OF GRAIN CEREAL GRAIN
Dudarev I. 1., Ursulov G. K., SlivkaR.V.
Key words: grain, power, microorganism, yakist, prmin, ozone.
Summary

The quality of grain is a combination of properties and attributes that determine the
suitability of the grain for its processing and use for various consumer purposes. Indicators
of the general condition of grain intended for processing, regulating its quality by general
features of its availability for the production of cereals. These indicators include: the color
and smell of grain, characteristic of normal healthy grain. When storing and processing
grain under the influence of various factors, its composition and properties change, and the
attributes inherent in a quality product are lost. The appearance of extraneous odors in the
grains is due to the sorption of foreign chemicals, the process of disintegration of organic
matter of grain and other components of the grain mass, the active activity of
microorganisms, which are the basis for changing the quality indicators. In the practical use
of cereals, the degree of freshness of the grain acquires significant significance for the
evaluation of its quality. Normal healthy grains or seeds have a characteristic specific color,
luster, smell and taste. The deviation of grain quality indicators from regulatory ones
significantly worsens its technological properties. Essential influence on microorganisms and
their suppression is rendered by ultraviolet and ozone processing of grain. By such treatment
of grain, only its surface layer experiences influence, the bulk of the substance is not
influenced and, accordingly, does not change its biochemical properties. Thisis a significant
advantage of this treatment method in comparison with other known methods of disinfection.
This type of disinfection has many advantages and almost no shortcomings, which became
the reason for its popularity. The effectiveness of this method of purification is directly
related to the principle of the action of ultraviolet and ozone not only on the physical surface,
but also on microorganisms. Electromagnetic waves, which are in the invisible part of the
spectrum, have a detrimental effect on harmful microorganisms. Any pollution caused by
living organisms, be it bacteria, viruses, fungi or yeadt, is eliminated with no problems by
ultraviolet rays. In order to eliminate the negative impact of the activity of microorganisms, it
Is advisable to use the processing of the product with ultraviolet rays and ozone in the
processing cycle of processing plants.
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MANUFACTURE BIOGAS ORGANIC FERTILIZERSFOR POWER APC

S. M. Uminskij, O.V.Kahparov
Odessa Sate Agrarian University

The country's energy security is heavily dependent on the degree of diversification of
energy used to meet its energy needs. Ukraine has a great potential for biomass, which is
available for energy use. The main components of the potential are agricultural waste and
energy crops. Attracting this potential to energy production can satisfy about 13% of
Ukraine's demand for primary energy. One of the possible ways of obtaining energy from
biomass is its anaerobic digestion in biogas plants. Almost all types of organic waste can be
used as the raw material for fermentation. First of all, it is an agricultural animal (manure)
and vegetable waste. It can also be industrial waste (sugar, alcohol, milk, breweries), as well
as municipal wastewater treatment plants. Another possibility is the use of natural processes
of anaerobic digestion, takes place at landfills and landfills of solid household waste (SHW).
Biogas plants on deer animals are the simplest and widely distributed throughout the world.
Biogas installations is a simultaneous solution not only to the problems of agrochemistry and
energy, but also to improve the overall ecological situation and social conditions of the
villagers. For the processing of a large amount of plant and animal waste produced in farms
and private homes of the population, it is necessary to use biogas plants, the process of
processing of which takes place from 7 to 20 days. In the process of processing into biogas
goes to 40 -50% of organic matter (by mass). Biogas technology allows accelerated
production of anaerobic digestion of natural biofuels containing biologically active
substances and trace elements.

Key words: bioenergy, biomass, biogas, methane fermentation, biogas plant, reactor, landfill,
biofuel.

Introduction. At present, the Energy Strategy of Ukraine for the period up to 2030 and the
future perspective, along with other measures, will also be envisaged, and will provide
significant modernization of power equipment for power plants and boiler houses, which
requires large capital investments. In the near future, it should be oriented not only on new
technologies, but all the existing ones in the heat power sector should be used to realize low-
codt, fast-paying projects that can already give a noticeable energy saving effect and reduce
greenhouse gas emissions. To such projects, after their feasibility study, biomass burning may
also be included. The technological costs of using renewable energy resources are constantly
being improved and the cost of the installed kilowatts is reduced. Energy security of a
country depends strongly on the degree of diversification of energy carriers used to meet its
energy needs[1,2].

Problem. Ukraine has a great potential for biomass, which is available for energy use. The
main components of the potential are agricultural waste and energy crops. Attracting this
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potential to energy production can satisfy about 13% of Ukraine's demand for primary
energy. The development of the bioenergy sector in Ukraine should be consistent and well-
grounded, taking into account possible impacts on the national economy and on the
environment. A prerequisite for sustainable and economically sound use of biomass for
energy needs is as accurate as possible its potential assessment. Only such an approach can
avoid the possible negative impact on the economy and on the environment. The main
components of the potential are agricultural waste and energy crops. Widespread attraction of
non-traditional and renewable sources into the energy balance of the agrarian sector is a
promising direction ensuring the reduction of the energy deficit and environmental
protection. In non-traditional energy, processing of biomass (organic agricultural and
household waste) with methane fermentation takes a special place to obtain biogas containing
about 70% of methane and disinfected organic fertilizers. Extremely important in agriculture,
where various amounts of fuel are consumed for various technological needs and the
continuous need for high quality fertilizers, is the utilization of biomass.

The purpose of research. The transition to sustainable development is possible by providing
a radical restructuring of the entire technology of management, which should be aimed at
saving all types of resources, the use of renewable energy sources and reducing the negative
impact of energy on the society and the biosphere.

Resear ch results. Geographic, ecological conditions and the specifics of Ukraine's economy
determine for her the use of biomass, organic household and industrial waste as one of the
most promising areas of development in the use of non-traditional renewable energy sources.
For the development of this area in Ukraine there is a wide range of bioenergy resources,
regional conditions, the possibility of using various technologies and solving various
economic tasks. The main source of biomass in Ukraine is agricultural waste and, first of all,
straw of cereal crops. Another significant source of biomass in Ukraine is the pestle stock of
livestock. Moreover, for cattle (cattle) and pigs, statistical data on livestock was used, and the
amount of poultry was determined based on existing egg production data, based on the
estimate that one chicken carries 250 eggs a year. Further on the specia rules was calculated

the output of
Table 1. Potential of possible biogas plantsin Ukraine
Livestock Approximate Installed Hours of Replacement | Capital
sector capacity of the | capacity, MW, hours/year | of fossil expendi
Ukrainian thermal power fuels, million | tures,
market, e/ year uSD
installation of n.milli-
methane tin on.
1000 m3
Cattle 2400 594 297 8360 0,56 480
Pigs 315 50 25 8360 0,0434 63
Bird 150 4483622 8360 0,0385 30
Tota 2865 688344 0,6419 573

manure for each group of animals, the amount of dry matter in manure (cattle - 20-22%, pigs
- 9-12%, poultry - 25%) and the amount of organic matter in the dry residue (cattle and pigs -
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80 - 85%, poultry - 75-77%). According to the indicators of the biogas output from 1 kg of
organic matter introduced into the reactor, the biogas output for these three groups of animals
Is determined. Such installations also perform the role of treatment plants, which reduce the
chemical and bacterial contamination of soil, water, air. The technology of methane
fermentation alows to receive in addition to biogas high quality fertilizers and protein-
vitamin feed additives and are essentially non-waste. Therefore, in developed industrial
countries, the need to build biogas plants is often determined by the decision of
environmental problems. In Ukraine, a number of organizations possessing design and
technical documentation for the construction of biogas plants of various sizes have
experience in the development of biogas plants. However, for different, mainly economic
reasons, these installations have not been implemented. The development of the market is
restrained by two factors - the inaccessibility of the loan, and most importantly - the lack of
private ownership of land and land banks. There are practically no mgjor commercial biogas
plants in Ukraine today. One of the first large biogas plants is now built at the pig farm of
Agro-Oven in the village of Olenivka, Magdalinivsky district, Dnipropetrovsk region, within
the framework of atechnical assistance demonstration project provided by the Government of
the Kingdom of the Netherlands. The reactors maintain a temperature of 32-34 ° C to meet
the mesophilic bacterial process. Haywater drains are fed into methane tanks through a
common mixing tank. The average dry matter content in the wastewater is 11.6%. To prevent
the separation

Table 2. Maximum allowable processing costs for substrates

Limit costs when fermenting 60 daysin Euro / tonne of raw mass

Livestock (8% dry matter) 0
Bird droppings (50% dry matter) 40
Potato Bard (6% dry matter) 0
Fresh slopes of the lawn (18% of dry matter) 14,10
Herbal silage (35% dry matter) 38,70
Scarecrow (35% dry matter) 42,70
Corn silage ripe (35% dry matter) 38,20
Green rye silos (25% dry matter) 24,50
Winter wheat varieties (40% dry matter) 37,50
A mixture of plant wastes (CCM) (3.5% fiber, 65% dry matter) 94
Wheat Cereal (87% dry matter) 140
Rape seeds (88% dry matter) 198,80

of effluents from fractions in the methane, the manure is intermittently mixed. The retention
time is about 25 days. The generated biogas is collected by a gas gauge located above the
methane tin. The gas cylinder consists of two layers of film. A small amount of hydrogen
sulfide, present in biogas, is removed using a microbiological aerophilic purification system.
In the process of transportation to the gas engine in the biogas also water condensate is
removed. The heat produced by the engine is used for heating methane tanks (10% in
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summer, and up to 50% in winter) and heating the farm in winter. The composition of the
biogas plant includes equipment for dehydration, through which the fused mass is divided
into liquid and solid fractions. The liquid fraction can be pumped through pipelines to the
nearest fields as fertilizers. A solid fraction, which is aso a high quality fertilizer, can be
transported over long distances or sold to other farms. The use of the plant leads to a
significant reduction in greenhouse gas emissions into the atmosphere. The effect is achieved
by reducing methane emissions in comparison with the traditional technology of storage of
pumice manure in open maps (413 tons / year of methane or 6520 tons / year of CO2
equivalent), as well as by replacing fossil fuels with biogas for energy production (976 t /
year CO2-equivalent). | Different forms of reactor (P) and materials from which it is made are
analyzed. Recommendations on choosing the shape, size, design and material are developed.
Considered also the location of the reactor: vertical, horizontal, sloping, associated with the
method of loading and unloading the reactor. The main factors influencing the productivity of
a bioenergy plant (BEE) are analyzed.

1. Reaction activity of microorganisms. 2. Chemical composition and dimensions of biomass
particles. 3. Time of fermentation of biomass in the reactor. 4. Concentration of
microorganismsin the reactor. 5. Method and effectiveness of mixing the reaction medium. 6.
Loading rate of raw material. 7. Temperature and acid (pH) modes. 8. Presence of living and
poi sonous substances.

Based on the manure potential suitable for anaerobic digestion in Ukraine, the experience of
technology development in the world and technical and economic cal culations, the concept of
construction of large biogas plants in Ukraine (with a methane voltage of 800 mS and above)
Is proposed. Such installations can be built on farms with a stock of 600 heads, in pig farms
with a stock of 6000 heads, in poultry farms with a population of 200 thousand heads. For a
good profitability, the dry matter content in the manure should not be between 8-10%. Large
biogas installations can provide sufficient profitability, organize mechanization and
automation of the process, provide year-round consumption of biogas in the cogeneration
plant, establish a system of dehydration of the fermented mass. Construction of 2900 plants
with an average volume of methane gas 1000 mZ will alow to replace in Ukraine 1.33
million tons. in rural areas, to obtain independent sources of electricity and heat, sources of
high quality organic fertilizers, as well as to make a significant contribution to improving the
ecological situation in Ukraine, including addressing the problem of climate change. In
addition to agricultural enterprises, enterprises of the food industry (sugar, alcohol, milk,
breweries), as well as sewage treatment plants have a significant potential for the
implementation of biogas plants. In addition, Ukraine has a great potential for biogas use at
solid household waste landfills (MSW). Cities of Ukraine generate about 40 million mzZ /
year of solid waste (10 million tons / year). More than 90% of solid waste is collected and
exported to more than 700 landfills, located around the cities, about 140 landfills are landfills
for solid waste, suitable for collection and subsequent use of biogas. Of the 140 landfills, 90
are the largest, with up to 30% of all TGWs located in Ukraine. It is these landfills that are
the most cost-effective for collecting and utilizing biogas available for energy production at
large solid waste landfills and is about 400 million mZ / year, which corresponds to 0.3
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million tons of standard fuel. / year The potential producer of biogas is acoholic plants with
concentrated wastewater and a sufficient amount of hot water, the heat of which can be used
to create the optimum temperature of methane fermentation. UkrNIIspirtbioprod has
developed a technology for obtaining biogas at alcohol plants with the use of concentrated
sewage as a nutrient medium. The output of biogas for a spirits with a productivity of 6,000
tons of alcohol per day is 24,000 mZ. During operation of the plant 275 days, 6.6 million
megawatt biogas per year will be obtained. Methane content in biogas reaches 70-75%, and
the remainder falls on carbon dioxide and minor impurities of other gases. With the use of
biogas in the boiler plant, about 5000 tons of conventional fuel per year can be saved.
Therefore, from the energy point of view, it is profitable for the alcohol factory. Getting
biogas is aso important for environmental protection. It is known that about 1500 mZ of
sewage is produced at the alcoholic beverage factory, which is 20,000 mg / DMZ. At
methane fermentation of GPK they decrease by an average of 80%, that is, up to 4 thousand
mg / dm. In this case, methane-forming bacteria use mainly easily accessible organic
substances. Therefore, even when discharging such semi-treated wastewater into the fields of
filtration, they will not cause great harm to the environment. At present, the main
technologies of biogas utilization are: combustion of biogas in heat boilers with the
production of thermal energy; combustion of biogas in engines - generators with electricity
generation. At the same time, carbon dioxide,

| Biogasinstallation \
J—

Biofuel Biogas
‘ i
Direct injection
¢ Heating of water for heating
of premises, preparation of
forages, heating of

greenhouses, sanitary-
household needs

! |

Preparation of
organomineral fertilizers

Fuel for the farm
Composting l
! Getting electricity
Drying

Getting the protein
(protein-vitamin concentrates)

Fig. 1. Use of waste products in abiogasinstallation.

whose content in biogas reaches 40%, is ssimply a ballast, which reduces the calorific value of
biogas by about 1.5 times. The efficiency of biogas use can be greatly improved by dividing
it into the main components. methane and carbon dioxide. In this case it turns out a high-
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calorie, including motor fuel in the form of pure methane and a valuable raw product in the
form of carbon dioxide. In the NSC KPI, an original biogas separation technology has been
developed with simultaneous compression of components to pressures of 10-20 MPa. The
basis of technology is laid: the process of cryodistillation of biogas from a condensed (liquid
or solid) state and the process of cryocompression separating component without the use of a
mechanical compressor.
Conclusions. One of the possible ways of obtaining energy from biomass is its anaerobic
digestion in biogas plants. Almost all types of organic waste can be used as the raw material
for fermentation. First of al, it isan agricultural animal (manure) and vegetable waste. It can
also be industrial waste (sugar, acohol, milk, breweries), as well as municipal wastewater
treatment plants. Another possibility is the use of natural processes of anaerobic digestion,
takes place at landfills and landfills of solid household waste (SHW). The raw material
potential for biotechnology includes plant potential, agricultural and household waste. Biogas
plants on deer animals are the simplest and widely distributed throughout the world. Biogas
installations is a simultaneous solution not only to the problems of agrochemistry and energy,
but also to improve the overall ecological situation and social conditions of the villagers. For
the processing of a large amount of plant and animal waste produced in farms and private
homes of the population, it is necessary to use biogas plants, the process of processing of
which takes place from 7 to 20 days. In the process of processing into biogas goes to 40 -50%
of organic matter (by mass). Biogas technology allows accelerated production of anaerobic
digestion of natural biofuels containing biologically active substances and trace elements.
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MMPOU3BOJICTBO BUOT'A3A 1 OPTAHUYECKHUX YJIOBPEHUM 1151
JHEPI'ETUKMU AIIK
Ymunckunii C. M., Kammapos O. B.
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KuarwueBble ciioBa: OnosHepreTvka, Ouomacca, Ouoras, MeTaHOBO€ OpoxkeHue, OuorazoBas
yCTaHOBKA, PEaKkTop, MOJUTOH, OUOyA00pEHHUE.

PesomMme
Onepeemuuecxkas 0e30NACHOCMb  CMPAHLL  CYWECMBEHHO — 3A8UCUM  Om  CHeneHu
ousepcughuxayuu 9HepeoHocumeretl, UCNOJIb3YEeMbLX 0 1008/1emB80peHUs. ee

SHepeemuyeckux nompebHocmet. YKkpauna umeem OOAbWIOU HNOMEHYUAl OUOMAccyl,
Komopas, 00CMynHa Osi dHepPeemuiecko2o ucnonv3osanus. OCHOBHbLIMU COCMABIAIOUWUMU
HOMEHYUANA OMX00bl CeNbCKOXO3AUCNEEHHO20 NPOU3BOOCMBA U IHepeemuyecKue Kyabmypbl.
Ilpueneuenue smoco nomeHyuana 8 nNpou3 = 600CMBA IHEP2UU MOA*CEm YOO8IemMBOPUMD
oxono 13% nompedonocmu Yxpaunwvl 6 nepsuunou snepeuu. OOHUM U3 803MONHCHBIX CHOCOO08
NOYYeHUs dHepeUuu U3 OUOMAccyl ABNAEmCcs ee aHa’poOHoe cOpadicusanue 6 6U02a308biX
ycmanogkax. B kauecmee ucxoonoeo cuipvs 01 copasicueanus mo2ym Ovims UCHONb308AHbI
NPAKMuYecKu 8ce GUOblL Op2aHUYecKux omxo0os8. llpedcoe ececo 2mo omxoobl cenbcKo2o
xo3sticmea dcusomuoco (Haso3) U pacmumenbHO20 NPOUCX0NHCOeHUs. Dmo mozym Ovimb
makoice omxoobl npomvlulieHHocmu (CaxapHou, CRUpmosvix, MOIOUYHBIX, NUBOBAPEHHBIX
3a60008), a mMaxk Jce CMAHYUL OYUCMKU KOMMYHAIbHbIX CHOYHLIX 6800. JIpyeoil
BO3MOJICHOCILIO  S6IAEMCs  UCHOIb308AHUE — NPUPOOHBIX — NPOYECCO8  AHAIPOOHO20
CcOpadsCcusanust, umeem Mecmo Ha NOAUSOHAX U CEAIKAX meepobix 6vimosvix omxo008 (THO).
bBuoeazosvie ycmanosku Ha Hagose HCUBOMHBIX AGNIAIOMCA CAMBIMU NPOCMBIMU U NOJYYUIU
wWupoKoe pacnpocmpanerue 80 ecem mupe. buozazoevlie ycmanoxku - 9mo 00HO8peMeHHOe
peulenue He MONLKO NpoOIeM azpoXumMuu U IHepeemuKku, HO U YayuuieHue oowell
9KOJIO2UHECKOU 0OCMAHOBKU U COYUAIbHLIX YCI08UU dcumeneli ceia. /s nepepabomxu
O0IbUI020  KOIUYEeCMBA OMX0008 pPACMUMENIbHO20 U HCUBOMHO20 NPOUCXOHCOEHUS,
obpazyemcsi 8 X03AUCMBAX U JIUYHBIX HOOBOPLAX HACeNeHUsi HeoOX00UMO UCHONb308AMDb
OUo2azosvle yCmMaHo8Ku, npoyecc nepepabomxu 8 komopwvix npoucxooum om [ 0o 20 oueti. B
npoyecce nepepabomru 6 6uozcas nepexooum k 40 -50% opeanuueckux sewecme (no macce).
bBuoeazosas mexnonocus noseonsiem YCKOPEHHO NOLYYUMb C NOMOWBIO AHAIPOOHO20
copadicusanusi HamypaibHoe OuU0yoobpenue, cooepaicaujee OUONO2UHECKU AKMUBHBLE
gewecmaa u MUKpOIieMeHmbl.

MANUFACTURE BIOGAS ORGANIC FERTILIZERSFOR POWER APC
Uminskij S.M., Kahparov O.V.
Key words. bioenergetics, biomass, biogas, metane fermentation, biogas installation,
reactor, range, biofertilizer.
Summary

The country's energy security is heavily dependent on the degree of diversification of
energy used to meet its energy needs. Ukraine has a great potential for biomass, which is
available for energy use. The main components of the potential are agricultural waste and
energy crops. Attracting this potential to energy production can satisfy about 13% of
Ukraine's demand for primary energy. One of the possible ways of obtaining energy from
biomass is its anaerobic digestion in biogas plants. Almost all types of organic waste can be
used as the raw material for fermentation. First of all, it is an agricultural animal (manure)
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and vegetable waste. It can also be industrial waste (sugar, alcohol, milk, breweries), as well
as municipal wastewater treatment plants. Another possibility is the use of natural processes
of anaerobic digestion, takes place at landfills and landfills of solid household waste (SHW).
Biogas plants on deer animals are the simplest and widely distributed throughout the world.
Biogas installations is a simultaneous solution not only to the problems of agrochemistry and
energy, but also to improve the overall ecological situation and social conditions of the
villagers. For the processing of a large amount of plant and animal waste produced in farms
and private homes of the population, it is necessary to use biogas plants, the process of
processing of which takes place from 7 to 20 days. In the process of processing into biogas
goes to 40 -50% of organic matter (by mass). Biogas technology allows accelerated
production of anaerobic digestion of natural biofuels containing biologically active
substances and trace elements.

YK 631.809
OLIHKA CTYNEHIO 3ABPYJHEHHS CLJIbCBKOIOCHOJAPCBHKOI
MPOAYKIII BAXXKUMU METAJIAMHM B YMOBAX MUKOJIAIBCBKOI
OBJIACTI
B.I' . Ianina, I'.'M.BoBkoaaB
OoecbKuti 0eparcasHUll eKoN02TYHULL YHIBepcumem

Bukonano oyinky cmynenio 3a6pyonents CiibCbK020Cn00apcbKoi npoOyKYyii 8ANCKUMU
Memanamu 6 ymosax Muxonaiecoki obnacmi  3a 0ONOMO20I0 MAMEMAMUYHOLI MOOEJ.
Muxkonaiscoka obnacms 6iOHOCUMbBCL 00 30HU 3 HECMIUKUMU MA HeOOCMAMHIMU YMOBAMU
36071001CEHHSI MA HeOOCMAMHIM BMICIOM 2YMYCY, MOMY Ol OMPUMAHHA BUCOKUX BPONCALE
HEOOXIOHO BUKOPUCMAHHS 3POUEHHST MA 8HECEeHHS MIHEPANIbHUX MA Op2aHiuHux 0oopus. LJi
3axo0u Npu300siMb 00 NOMPANJAHHA Y 2PYHM GANCKUX Memanie, sAKi nepexooams y
CLIbCLKO20CNOOAPCHKI  POCIUHU, 3a0pyoHIoouu ix. Ypaxosano 6Oionociuni ocobaugocmi
CIIbCbKO20CNOOAPCLKUX POCAUH 3 NOYKU 30pY NOSTUHAHHA GANCKUX MEMAié KOPEeHe8oo
CUCMEMOI0 POCIUH, NPU YbOMY PO3PAXYHKU BUKOHAHO O OCHOBHUX, HAUOLIbUW MOKCUYHUX
sadickux memanie. B yinomy no Muxonaigcokiii oonacmi He 8i03HAYEHO NepPesUUeHHS BMICIY
BAJHCKUX MEMAli8 8 OCHOBHUX CLIbCLKO2OCNOOAPCHKUX KYIbMYPAX MA CilbCbKO2OCNOOAPCHKIlL
npodykyi. Llinnicms OocniodcenHs noaseac y cydacHiu iHgopmayii npo emicm 6aMiCKux
Memanie y epyHmax cinbcbkozcocnooapcvkoeo npuznavenns ( 3a oannumu 2014 poky) ma ii
BUKOPUCMAHHSA OJISl OYIHKU eKOJIO2IYHOI YUCMOmU CIIbCbKO20CNO0apCcbKoi npodykyii. 3a
pe3yrbmamamu pobomu MOACIUBO HAOABAMU NPAKMUUHI peKOMeHOayii o 00 3MeHUIeHHS
NO2IUHANBHOI 30I0HOCMI  POCIUH 3A0PYOHIOBANILHUX —€lleMeHmMi8 V CYYACHUX — YMOBAX
BUPOUYBAHHA.

KurouoBi ciioBa: 3a0pygHEHHS, BaXKK1 METaJIM, BMICT, CUIbCHbKOTOCIOIaPChKa JAISTIbHICTb.

Beryn.  MukonaiBcbka  00JacTh  BIAHOCHUTBCS O  OCHOBHOI 3 BUPOLIYBaHHS
CLIbCHKOTOCTIOAAPCHKUX pociuH. (Oco0nnBOi yBarm moTpeOyroTh BaKKl MeTamH, SKi
OKpIM BHCOKOI TOKCMYHOCTI BOJIOJIIFOTh 3JaTHICTIO 10 O10kyMyJsiiii. Kpurepiem nHebGesneku
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3a0pyaHeHHs € rpaHndHo gomyctuMi KimbkocTi (1K) TOKCHYHHX pEeYOBHH y POCIMHAX Ta
IPYHTax.

AHaJIi3 0CTaHHIX JoCHiIKeHb i myOaikanii. [[uTaHHSIM OLIIHKY BIUIMBY Ba)XKKUX METANIB Ha
CTaH arpoIleHO03iB 3aiiManucs Oarato aBropiB [1]. IIpu mpomy Oynu ypaxoBaHi SIKICHI Ta
KUIbKICHI XapaKTepUCTUKHU JTO0PUB.

Mera nociigkenb. BukoHaTH OIiHKY BIUTMBY BaKKHX METAJIIB, SIKI MOTPAIUISIIOTH B TPYHT B
yMoBax MuKonaiBChbKOi 001acTi, Ha CTaH arpolEeHO031B 3a IONOMOI0K0 MaTeMaTUYHOT MOJIEII,
IO JO03BOJIUTh BHUKOHATH ONTHUMI3AIII0 PEKUMY BHECEHHS MIHEpPAJIbHHX Ta OPraHiuHUX
JOOPUB 3 IJLTIO 3MCHIIICHHS HABAHTA)KEHHS HA ITPYHTOBUH MOKpHB [2].

BuxjanaHHss 0CHOBHOI YaCTHHM J0CJiTKeHHsI. HakonmmyeHHsT BaXKKHUX METaIIB POCIUHOIO
PO3TIIAAETHCSA B 3aJICKHOCTI B yTPUMAHHS PyXOMHUX (POPM BaXKKHX METaTIB y TPYHTI.
HIBUAKICTh HAAXOKEHHS BAXKKHX METAJIIB Y POCIHUHY OMUCYETHCS Gopmytoro [3]:

morui(o) ~ J
AA q _ 86,4agomA gqum r

(1)
At a,
TI0I'JI
AAq . . . 2 1.
fe —— — WBWAKICTL NOFIMHAHIL BAKKAX METANB KOPIHHAM POCIMHM, MIM 1006
ag " — MOTNMMHATBHA 31i6HICTH KOpEHIo, mc ™ Kgqu — KOHLEHTpaALis pyxoMux Gpopm g-ro

BHJLy BOXKKHX METAJIiB y IPYHTI, MI/Kr'; &, — pajiiyc KOPEHIo, CM; ( — BUJI BaXKOTO METaIy .

Pe3yabTaTu gociigkennb. 3a TOMOMOI00 HaBEEHOT BUIIE MAaTEMAaTUYHOI MOJIE1 BUKOHAHO
pO3paxyHKH  BMICTY  HaWOUIbII ~ TOKCHMYHHUX  BaXXKMX  METaliB B  OCHOBHHUX
CUTBCBKOTOCTIONAPCHKUX ~ KYJIbTypaX, OCHOBHI TlapamMeTpu SKOi HaBeJEHl Mg YyMOB
MukomnaiBcbkoi 00acTi. 32 TOMOMOTO0 HaBeNIeHO1 BUIlle (HopMysid OyJi0 BUKOHAHO OIIHKY
BMICTY HaiOIIbIII TOKCHYHUX BAKKHUX METANIB B POCIMHHINA mpoaykiii (pucynok 1 - 5). Sk
BUIHO 3 PUCYHKY, HailOunpine CU B cebe BOMPaIOTh Taki CLIBKCHKOTOCMOAAPCHKI KYJIbTYpHU
SK, OaraTopiuHi TpaBH, pillaK, COHSIIHHUK, TOPOX, a HAMMEHIIE I[yKPOBHI OypsK Ta Tpedka.
Bwmict Pb crocrepiraerbess B rpedki Ha Jyke BHCOKOMY PiBHI, B MIICHUI, KyKypyZa3i Ta
IyKPOBOMY OypsIKy, a B TAKUX KYJbTypax sIK FOpPOX, COHSIIHUK, pIMaK Ta OaraTopiuHi TpaBu
Pb OyB He BusBIeHMI, a00 OyB BUSBICHHU Ha JIy’)K€ MAJOMYy DiBHI. Mloxo Zn, To
MaKCHUMaJIbHUI HOro BMICT CIOCTEplaraeTbcsi B KyKypyA3l, 03UMii MIIEHMI], OaraToOpiuHuX
TpaBa, IIYKPOBOMY Oypsili, a MiHIMaJbHI B TPeUKi Ta COHAIHUKY. Haitbinpmmii Bmict Cd
OyJI0 BUSBJICHO B KYKypy/I3i, MIHIMaJIbHUNA BMICT Yy O3WUMIiil MIIEHUIl, a B PINaKy HOro
BUSBJIICHHO B3araji He Oyno. B mykpoBomy Oypsiky Ta 6arotopiuaux TpaBax Cd BHSBICHHO
Ha piBHi 0,01 mr/kr, B rpeuki Ta coHsmHUKy Ha piBHI 0,02 mMr/kr. MakcUMallbHUH BMICT
crioTepiraBcs B MIIEHUIll, KyKypyI3i, IIyKpOBOMY Oypsili, 6araTopiuHUX TpaBax Ta CKJIaB
0,02 mr/kr. B ropoxi, rpeuki ta consiauky Bmict ckiaB 0,01 mr/kr. B pinaky Hg BusiBiienHo
He Oyn0.Y pe3ynbTari NMpOBEICHHS aHamizy Oyj0 BH3HAYEHO, IO BMICT MiJi, IIUHKY,
CBUHIIIO, KaJMiI0 Ta cpidia y CUIbCHKTOCOMOAAPCHKIA MPOAYKII HE JOCATANId TPAHUYHO
JOMYyCTUMHUX KOHIIEHTpariil. OCHOBHMM ()akTOpOM, SKHH 3yMOBIIIOE TaKy IOBEAIHKY
PYXOMHX Ta MOTEHILIMHO PYyXOMHX CIIOJYK BaXXKUX METajJiB y OpHOMY IIapi YOPHO3EMIB,
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€ TEXHOJIOTiSI BUPOUIYBAHHA PI3HUX KYJBTYp, a TaKOX, MEBHOIO Miporo, iX O10JIoTiuHI
0COOJMBOCTI (CaMOpPETYJISIIS POIIOYOCTI YOPHO3EMIB Y TOMY YHCIII).

Puc. 1. Bmict CUy poCTUHHUIIBKINA TPOIYKIII.
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Puc. 2. BmicT ZN'y pOCIMHHHUIIBKIN TPOAYKIIIi.
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Puc. 3. Bwicr Pby pocanHHUIIBKIN TPOTYKITii.
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Puc. 4. Bmict Cd y pocTMHHUIBKIH POTYKIITII.
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Puc. 5. Bmict Hg y pocnuHHUIIBKIN TPOIYKITIi.
BucHoBKH. 3araabHOI0 XapaKTEPHOIO PUCOIO Y PO3MOALUT pyXoMuX (OopM HOCHIIKYBaHUX
€JIEMEHTIB € 3aKOHOMIpPHE 3POCTaHHS iX BMICTY BiJl TPYHTIB OUTBII JIETKOTO MEXaHIYHOTO
CKJIay IO TPYHTIB B@XKOCYTJIMHKOBUX. Y JIaHOMY BHUMAJKy MOKHa OXapaKTepHu3yBaTH
TaKHi CTaH, SIK 3MIHH (DOHOBOTO BMICTY €JIE€MEHTIB.
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OHEHKA CTEIIEHHU 3AT'PA3SHEHUS CEJbCKOXO3SMCTBEHHOMN
NPOAYKIHUMU TAXKEJIBIMUA METAJIJIAMUA B YCJIOBUSAX HUKOJIAEBCKOH
OBJIACTHA

Inmeuna B.I'., BoBkoaas I'.H.

KarwueBble cjioBa: 3arps3HEHUs, TSKEIbIE METAJUIbI, COJEpKaHUE, CEIbCKOXO3SHMCTBEHHAS
NeSATeTbHOCTb.
Pestome

Buvinonnena oyenxa cmeneHu  3a2pA3HEHUS.  CENbCKOXO3AUCMBEHHOU  NPOOYKYUU
msicebiMu Memaniamu 8 ycrosusax Huxonaesckoii oonacmu ¢ nomowpbio Mamemamuyeckou
mooenu. Huxonaesckas obnacms omHocumcsi K 30He ¢ HeyCmoudusbLMu 1 HedoCMamoyHbLMU
VCIAOBUAMU YBAANCHEHUSL U HeOOCMAMOUHBIM COOEPAHCUMBIM 2YMYCd, NOMOMY Ol NOJIYUeHUs]
BbICOKUX YPOdHCAE8 HeoOX0OUMO UCNONIb308AHUE OpPOWEHUs U GHeCeHUue MUHEPATbHbIX U
OpeaHudeckux yooopeHuti. Imu meponpusmusi npueoosam K NONA0AHUN 8 NOYBY MANCENbIX
Memanios, Komopvle nepexoosam 6 CelbCKOXO3AUCMBEHHble DACMeHUs, 3acPA3HAS  UX.
YVumenwl buonocunweckue 0cobeHnocmu cenbCKOX03AUCMBEHHbIX PACMEHUL ¢ MOYKU 3PEHUs.
NO2IOWEHUST MANCENbIX MEeMAllo8 KOPHeBOlU CUCMeMOU pPACMeHUll, Npu 3MOoM pacdemsl
BbINONHEHbl O/l OCHOBHBLIX, HAUOONIee MOKCUUHBIX MANCENbIX Memanios. B yerom no
Huxonaeecroit obnacmu ne ommeueno npegvluleHue COOEPHCUMO20 MANHCENbIX MEemaniios 8
OCHOBHbLIX  CeNbCKOXO3AUCMBEHHbIX KYAbMYPAX U  CENbCKOXO3AUCMBEHHOU NPOOYKYUU.
Llennocmov  uccnedosanus 3aKi0OUAemMcss 8 COBPEMEHHOU UHGoOpMayuu 0 COOePHCUMOM
MANCENbIX MEMAII08 8 NOUBAX CeIbCKOX035licmeeHn020 HasnayeHus ( no dannvim 2014 200a)
U ee UCNOIbL30B8AHUE ONs OYEHKU HKOIOSUYECKOU YUCMOMbl CelbCKOXO03AUCBEHHOU
npooykyuu. Ilo pesyromamam pabomvl 603MOICHO NPEOOCMABISAMb NPAKMuUYecKue
PEeKOMEeHOayuu no  YMEHbUIEHUI0 NO210ujanwelti cnocoOOHOCMU pacmeHull 3a2pA3HAIUUX
9NeMEHMO8 8 COBPEMEHHBIX VCII0BUAX BbIPAUWUBAHUSL.

EVALUATION OF STEAM OF POLLUTION OF AGRICULTURAL PRODUCTSBY
HIGH-SPEED METALSIN THE CONDITIONSOF THE MYKOLAIV REGION

llinaV.G., Vovkodav G.N.
Key words: pollution, heavy metals, the maintenance(contents), agricultural activity.
Summary

Assessment of the degree of pollution of agricultural products by heavy metals in the
Mykolayiv region by means of a mathematical model is performed. Mykolayiv region belongs
to a zone with unstable and insufficient conditions of humidification and insufficient content
of humus, therefore it is necessary to use irrigation and mineral and organic fertilizers for
obtaining high yields. These measures lead to the entry into the soil of heavy metals, which
pass into agricultural plants, contaminating them. The biological peculiarities of the
agricultural plants from the kidney from the view of the absorption of heavy metals by the
root system of plants are taken into account, while calculations are made for the main, most
toxic heavy metals. In general, in the Mykolayiv oblast, the excess of heavy metalsin the main
crops and agricultural products was not noted. The value of the study is the up-to-date
information on the content of heavy metals in agricultural soils (as of 2014) and its use for
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assessing the environmental cleanliness of agricultural products. By results of work it is
possible to provide practical recommendations that reduce the absorption capacity of plants
of pollutants in modern conditions of cultivation.

UDC 622.75:629.7
INSTALLATION FOR PREPARATION LIQUID FORAGES

S. M. Uminsky, D.S. Uminsky
Odessa Sate Agrarian University

Preparation of high quality feeds that have undergone cavitational decontamination,
increased digestibility for fattening pigs, young cattle, as well as feed additives for adult
animals is an urgent task. Acoustic liquid-phase processing of materials has been used in
agricultural machinery and agroproduction. The cavitational preparation of liquid feed has
been developed, which allows the production of complete, disinfected feeds that are easy to
assimilate in the livestock farms, bypassing the phase of cooking of fodder from fodder grain,
grain-processing waste, by-products of grain-processing enterprises, food waste, etc., from
plant raw materials , rough and succulent feeds. The technology, and the design of the
dispersant, can be applied both in livestock complexes with a large number of animals, and
on small farms with a small number of animals. In large pig farms, prepared and
decontaminated feed can be supplied on dead-end feed lines without washing the latter,
because the food does not spoil for three days, which distinguishes the claimed technology
favorably from the technology "Hudpoimik - cinspoon” Germany, in which the feed lines are
washed after each filing (before 10 times a day).

Key words. hydrodynamical radiator, the amalgamator, forage, hydrolysis.

Introduction. Acoustic liquid-phase processing of materials has been used in agricultural
machinery and agroproduction. Hydrodynamic emitters - devices that convert part of the
energy of a moving fluid into the energy of acoustic waves. Preparation of high quality feeds
that have undergone cavitation disinfection, increased digestibility for fattening pigs, young
animals of cattle, aswell as feed additives for adult animalsis an urgent task [1].

Problem. A well-known compound feed product and pet food, according to which the
combined feed product of reduced moisture is derived from the ability to convert into a jelly
mixture of source of protein and starch source. The choice of sources of protein and starch in
a known fodder product is determined in general by fodder needs, peculiarities of taste and
type of produced feed. Intermediate sources of vegetable protein are: gluten, wheat protein,
soy protein, rice protein, corn protein, etc. Intermediate sources of animal proteins are:
muscle and skeletal mammals, birds and fish, as well as crushed raw materials such as meat
flour, bone meal, fish meal, and others. The source of starch is grain such as corn, rice, wheat,
barley, oats or soy and their mixture. Other compounds, such as salt, spices, condiments,
vitamins, mineral additives, flavoring agents, lipids, and the like can be included in the
mixture capable of converting the thermal process to the jelly. The mixture is capable of
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being converted into jelly during heating, obtained from gluten of wheat, skimmed soy flour,
sugars, fermented bacon and water [2]. The disadvantages of this method are: - higher energy
consumption for crushing and heating up to 1150C in a colloid mill; - the need for
dehydration of the mixture; - the need to feed the feed for domestic animals (dogs, cats) in a
fryer, in beef fat, at a temperature of 170°C. A well-known method for utilizing high-quality
food waste, which includes the addition of a high-volatile alcohol bard in a humidity of 85 to
95% pre-crushed grain waste with a moisture content of 10 to 20%. Due to the conductive
mass transfer, the moisture content of the mixture is technological. The resulting mixture is
extruded. Then the extrudate is dried by the air flow in the room until the humidity reaches 10
+ 12% [3]. The disadvantages of this method are: - the use as a main component of pre-
crushed grain waste; - higher extrusion cost of the product, as friction is used as the sole
source of heating; - the need for additional drying of the extrudate by a stream of heated air.
A known method and installation of feed preparation [4], which includes the mixing of
products with water, hydrodynamic, cavitational and thermal effects, in which the mixture is
passed through a system of moving channels with variables in the course of its movement,
intersections to ensure the release of energy of bursting cavitation bubbles directed on the
processed mixture, which moves repeatedly on a closed circuit, to bring it to a homogeneous
state at a temperature of 50-70 ° C. In this method and installation, the initial agricultural raw
materials containing trace elements, protein, vitamin and mineral components, in a certain
proportion diluted with water. The resulting mixture is fed into a special chamber in which,
due to the geometric profile of the channels, the dynamics of their crushing, as well as the
rotational height, hydrodynamic conditions are created for the formation of cavitation
bubbles. The mixture is pushed through the channels having a variable intersection, which,
due to changes in the flow rate, is a change in the pressure of the mixture, which leads to the
formation of gas vapors, vapors. When moving the flow through the channels of the chamber
into a zone with reduced pressure, the cavitational bubbles begin to burst. The disadvantages
of this method are: - zones of stable occurrence of cavitational vesicles can be only channels
of variable cross section of the rotor and stator; - insufficiently clear understanding of the
conditions for the emergence and bursting of cavitation bubbles, namely: in areas with
reduced pressure cavitational vesicles arise and only when the mixture moves into the zone of
high pressure, cavitational bubbles burst. The well-known technology line for the preparation
of forages «Tikx-Apgyc» [5], which includes a serially connected and technologically
connected preloading device, a conveyor, a magnetic column, a working capacity, a chopper
for cyclic processing of raw materials. Raw material for feed preparation, for example, in the
form of feed grain, falls into a boiler, from which the conveyor is sent to the purifier of raw
materials. Cleansing from mechanical impurities, the raw material enters the dispenser, which
simultaneously adds various additives that improve the nutrition of the feed. In the capacity
of the dispersant, pour water, start the pump - and the feedstock is fed into the capacity of the
container. The dispersant is provided, under the influence of cavitation forces of high-
frequency resonance, mechanical grinding, emulsification and heat-warming in the
destruction of intercellular and inter-molecular bonds, the formation of a paste-like feed for
animals occurs. The disadvantages of the technological line for cooking are: - the low density
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of cavitation in the operating organs of crushing «Apryc» because the holesin the channelsin
the rings of the rotor and stator are made in the form of subsonic nozzles, profile of which is
designed for gases, and not for liquids - the manufacture of channelsin the stator in the form
of openings with the output of the processed suspension through the end surfaces - aso do
not contribute to an increase in the density of cavitation, and thus to increase the efficiency of
the technological line.

The purpose of resear ch: Development of the cavitate preparation of liquid feed, which will
allow the livestock farms to prepare complete, disinfected feeds that are easy to digest,
bypassing the cooking phase of fodder from fodder grain, grain-processing waste, by-
products of grain-processing enterprises, food waste, etc., from plant raw materials , rough
and succulent feeds.

Research results. The technical result of the researches is the instalation of cavitational
preparation of liquid feed. The composition of feed is complex, because it is, depending on
the destination, feed, plant compound and feed additives (micro and macro additives). The
task is achieved by the fact that in the cavitation method a feed additive is obtained on the
basis of humic acids and humates (humate of sodium or potassium), from peat or brown coal,
which includes cavitation, dispersion of peat or brown coa in agueous solution of akalis
until the complete release of humic acids from followed by the receipt of humates by adding
sodium hydroxide and sodium carbonate and potassium, cavitation dispersion until the
temperature of the mixture of 80-90 ° C reaches the "thickening" of the suspension.
Gummies, getting along with food in the stomach of animals, increase the permeability of cell
membranes and thus contribute to the filling of potassium in the intracellular fluid, which
accelerates cell division. At the same time, due to the additional energy reserve, the
physiological processes are intensified in the cells. The trace elements contained in brown
coa (magnesium, manganese, copper, molybdenum, selenium, iodine, etc.) satisfy the needs
of animal organisms and contribute to filling the required energy for bone formation and total
activation of the organism (for example: manganese is involved in oxidation-reducing
processes and is an integral part of enzymes, copper is involved in the processes of oxidation,
Increases the intensity of respiratory processes, without it the difficulty in protein synthesis,
iodine can be included in the free amino acids and, accordingly, the proteins). Humates made
of peat are particularly effective in agqueous solutions, because water is the most important
part of the diet that provides the flow of exchange reactions, digestion, excretion of urine
from metabolic products, especialy in this product, an absorbent in the form of not a large
amount of activated carbon in combination with humic acids [6]. The content of the main
components in the feed additive is determined by the initial composition of the used peat,
brown coal, the content of which naturally-hydrated humic acids should be at least 20% and
ash content not to exceed 30%. In the case of a deficiency of certain trace elements in the
initial stores it is necessary to replenish them from other sources. At the proper stage in the
practice of animal husbandry in order to increase the nonspecific natural resistance of the
organism and the productive properties of animals and poultry, a number of biologically
active substances, and especially of natural origin, which include the drug received from peat
- humate sodium (HELAFIT), is used. Production of the preparation according to the
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technical specifications (TU 26.8-23690792-002: 2006) developed by the small enterprise
"MIZ" (Odessa). This drug can be used on small farms and large livestock complexes without
significant increase in labor costs and investments. By its efficacy, the preparation-
HELAFIT, successfully competes with synthetic drugs, and on some indicators has an
advantage due to its natural origin and multilateral effects on the organism of the animal. The
content of the cavitation effect is as follows: When passing a mixture of peat or coa with
water through the cavitation dispersant, in constructively conceived areas there are zones of
reduced and high pressure, the mixture is subjected to a sharp shift load. The work of a
hydrodynamic dispersant is based on the generation of perturbations in a liquid medium, in
the form of some field of velocity and pressure, in the interaction of a moving fluid with a
fixed or moving obstacle of a certain shape and size. When the mixture of pressurized water
vapor decreases (depending on the pressure and temperature) in the mixture of intensively
boiled water, a lot of cavitation vials are formed [6,7]. In the intense sound wave during the
half-life of the rarefaction there are bubbles of cavitation, which are sharply closed after the
transition to the region of high pressure, causing strong hydrodynamic perturbations in the
liquid, intense radiation of acoustic waves. Bubbles of cavitation are formed in those places
where the pressure P in the fluid becomes lower than some critical value of P at the
corresponding threshold of cavitation. For a perfect homogeneous pure liquid, the probability
of spontaneous formation of bubbles becomes noticeable only with sufficiently large tensile
stresses, for example, for the water, the theoretical value of Pk is close to -Pa = 1500 kgf /;
real liquids are less strong. The maximum stretching of thoroughly cleaned water, achieved at
10 ° C, is - Pa = -280 kgf /. Under normal conditions, continuous fluid ruptures occur at a
pressure of only a little less than the saturated vapor pressure at this temperature. The low
strength of real liquids is due to the presence of cavitation germs - microscopic gas bubbles.
Cavitation occurs as a result of loss of resistance of the embryos entering the region of
reduced pressure in the sound waves, and their rapid growth. The process of expanding the
bubbles-germs is due to a number of effects: pressure of gas and vapor in the bubble, which
exceeds the pressure in the surrounding fluid; diffusion of gas into a liquid bubble;
evaporation of fluid and increase in the mass of vapor in the bubble; coagulation of the
embryos. The first of these mechanisms plays a major role in the formation of cavities with a
sharp decrease in pressure in aliquid with alow gas content in the temperature range far from
the boiling point. The microscopic bubble, getting into the region of rarefaction, is greatly
expanded as a result of the fact that the pressure Q contained in it, the vapor and gas, are
manifested as exceeding the total effect of the surface tension and the pressure P in the liquid.
The velocity of the expansion of the bubble in this case is determined by the momentum that
Is obtained by the surrounding layers of the liquid under the action of the pressure Q of the
vapor and gas in the bubble, and is approximately expressed by the formula:, where Q P, pis
the density of the liquid. For Q = Pacm / s, that is, with a sufficiently sharp drop in pressure,
the bubble rapidly expands. The diffusion mechanism is usually found at relatively slow
pressure changes (i.e., at low frequencies) in a liquid with a large gas content. In expanding
the bubble, the concentration of gas in it falls, and the gas diffuses from the liquid into the
bubble. The velocity of diffusion expansion of the bubble, where rg is the density of gas in
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the bubble, C is the mass concentration of the dissolved gas, D is the diffusion coefficient of
the gas in the liquid (for air in water D), t is the time. The installation is based on a
hydrodynamic dispersant, which converts the energy of a turbulent flooded jet into heat
energy by heating the liquid. The most expedient is the mechanism of hydrodynamic
radiation due to the pulsation of the cavitation region, which is formed between the nozzle
and the obstacle. Reflecting surfaces can be convex, flat and curved. The best in energy terms
Is an inverted reflector in the form of a hole. Hydrodynamic dispersant works under the
pressure of the fluid created by the pump station. With the help of the adjustment mechanism,
the size of the gap between the nozzle and the reflector of the disperser can be changed. The
radiator is tuned by setting a certain gap between the nozzle and the reflector. The optimum
clearance is 2.9 mm. The control of the operating mode of the emitter is carried out using a
special acoustic sensor (hydrophone). In most cases, you can adjust the emitter by listening
for maximum sounding acoustic mode. When the mixture is displaced to the zone of high
pressure, the vials disappear and burst, at which points disappear, as is known, there are local
zones with high temperatures and pressures. If the bubbles have preserved a spherical shape
at the time, then all collisions occur in the center of the former bubble, and if the shape of the
bubble was deformed by hydrodynamic effects, then when the disappearance occurs, the
formation of high-energy cumulative jets. The shock waves generated by them have an
energy that exceeds not only the van der Waals communications but also the CC bond in
organic compounds, which provides the disintegration and destruction of the components of
peat and coal, initiates and intensifies the physico-chemical processes of processing raw
materials . In the cavitation method for the preparation of liquid fodder from fodder grain
(grains of cereals and legumes) and grain-processing waste (crushed grain, seeds of weed
plants, etc.), which includes cavitational treatment of feed grain, which is carried out by
cavitation dispersion in agueous solution fodder grain, which is a grain of cereals and
legumes, and grain-processing waste until the temperature of the mixture reaches 60-80C, at
which the transition of starches into easily digestible substances occurs and the pasteurization
of the resulting suspension. Such substances are most often monosaccharides, disaccharides,
trisaccharides (glucose, fructose, sorbosa, maltose, galactose, etc.) [6,7]. In the cavitation
method, the preparation of components of liquid feed from plant raw materials, coarse and
sewage forage, which includes cavitation treatment of plant raw materials, coarse and
succulent feed, in the agueous medium and warming the mixture with the described
dispersant. It is known that in the complex stomach of ruminants, cellulose is partially
digested and cultivated by large colonies of microorganisms inhabiting the scar. An animal
with such a stomach, in order to preserve the motility of the gastrointestinal tract, part of the
feed should be stored in the primordial or partially treated species, and a smaller part is
desirable to cavitationally crush, disintegrate and transfer part of fiber (cellulose) into starch
and sugars. In animals with single-chamber stomachs (horses, pigs), rough feeds are digested
worse, because digestion and absorption of the main amount of nutrients in the diet occursin
the intestine. For such animals, preliminary cavitation treatment of roughage, in order to
transfer nutrients into easily digestible forms, yields a significant increase in productivity.
The essence of cavitation influence on plant raw materials, rough and juicy food is as
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follows: cellulose (cellulose), as well as starch, is a natural polymer. It turned out that these
substances have the same structural components and, consequently, the same molecular
formula (CbHy5)n. Cellulose and starch molecules differ in structure. Starch molecules have
a linear, and often branched structure, molecules of the same cellulose - only a linear
structure. This explains that cellulose, which has a significantly higher value of n, forms
fibrous materials such as cotton, flax, yarn, and the like. In the process of cavitational
dispersion of plant material in aqueous solution, part of the cellulose is converted into starch,
and under the action of high temperatures, in the region of the breakdown of cavitation
bubbles, there is partial hydrolysis of starch in sugars. The technological line for cavitational
preparation of liquid feed has been developed, which includes: - the line of cavitation
preparation of a feed additive on the basis of humates (humate of sodium or potassium -
HELAFIT); - a line of cavitate preparation of liquid fodder from fodder grain (grains of
cereals and legumes); - aline of cavitate preparation of liquid feed from plant material, coarse
and juicy feed. The technological line for implementing this method of liquid feed
preparation works in the following way: pre-dried to 25-30% moisture content of peat or
brown coal, most of which have high natural humidity, making them sticky and making their
crushing becomes difficult due to sticking bins and tines, clogging crushers and grinders, are
delivered to the feed additive feed line. The weight dispenser of peat and brown coal are sent
to a mixer, which feeds water and meadow. The resulting mixture is sent to a cavitation
dispersant, which pumping it from the mixer after treatment again returns it to the mixer. In
the process of cavitation dispersion, the physical and chemical decomposition of peat and
brown coal at the molecular level occurs simultaneously. The resulting cavitational processes,
which occur, the peat or hydrocarbon paste paste is intensively warmed up and stirred.
Cavitational treatment of peat and brown coal is carried out until the complete release of
humic acids. If there is a need for the production of humic acids as a commodity product that
will continue to be used outside the process line, the resulting suspension is sent to a storage
vessel for humic acids. In the case of the use of humic acids and humates for the preparation
of the feed additive, the resulting suspension is added hydroxides, carbonates and
bicarbonates of potassium, sodium or potassium up to the full transfer of humic acids in the
removal of potassium or sodium. To carry out the complete transfer of humic acids into the
gum, the suspension is passed through a cavitation dispersant until its temperature reaches
80-900 ° C. The resulting product of dark brown or black color has a high sorption, ion
exchange, complexing, gelling, flocculating, and biological activity. In the future, humates
are fed into a mixing mixer for mixing with other components of liquid feed. Forage grain
(cereals and legumes or grain-processing waste), delivered by car, are fed by weight
dispensers, and then by a conveyor belt in the mixer. The mixer is filled with water, mineral
additives and trace elements are needed. The lobed turbine of the cerea is brought to a
weighed state in the mixer, then the grain mixture is fed into the cavitation dispersant, and
from it back to the mixer. In the process of cavitation dispersion, when heated, destruction of
cellular structures is performed, starch or gluten is released into solution. Cooking of fodder
from fodder grain and waste of grain-processing is carried out by cavitation dispersion with
heating in awater solution of fodder grain, which isagrain of cereals and legumes, and waste
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of grain processing until the temperature of the mixture of 60-80C, at which the transfer of
starches in the light-carrying substances and pasteurization of the resulting suspension.
Substances obtained as a result of hydrolysis of starch, often occur (glucose, fructose,
sorbosa, maltose, galactose, etc.). After the cavitation treatment, the mixture enters the
prefabricated mixer. Vegetable raw materials, rough and juicy food delivered by a car, weight
dispensers, and then a belt conveyor, on which the magnetic removal of iron partsis made, is
fed into a crush feeder and then into the mixer. The mixer is supplied with water mixed with a
vegetable raw material mixer, rough and succulent feeds, wetting and impregnating them, and
after reaching a mixture of mobility, it is directed to the cavitation dispersant and back into
the mixer. As a result of the cavitation effect on the resulting mixture, it is crushed,
disintegrated, the formation of starch from cellulose (cellulose) and its partial hydrolysis,
with the release of sugars. In the process of cavitational dispersion of plant raw materials and
succulent feeds, there is the destruction of weed seeds, the destruction of rotting and
pathogenic microorganisms. Subsequently, the prepared feed mixture is fed into a mixing
mixer. The components that came into the mixing mix in the required proportions, liquid feed
and passed cavitation treatment on their lines, disinfected, gelatinous, etc., are mixed, and
then screw conveyor are sent to a container for storage and delivery of ready-made liquid
feeds for their intended purpose. The unit for liquid feed preparation (Figure 1.) works in the
following way.
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Fig. 1. Technological scheme of the method of preparation of liquid feed.
Peat or brown coal imported with cauliflower, after crushing to a size of 0-10 mm, weight
doping 1, are fed to the belt conveyor, and then into the mixer 2. In the same mixer water and
alkali are fed in the appropriate proportion. Coming from the mixer in dipper 3 (described
construction), the mixture is subjected to intensive dispersion, heating, etc., after al physical
and chemical processes and the heating of the resulting suspension to 80-90C, commaodity
humic acids are added to the container. To obtain humates in the mixer, add hydroxides and
potassium or sodium carbonates and continue to process the suspension until the complete
release of humates, which is completed when the slurry is set to a temperature of 80-90°C.
Visually, the output of humates is expressed in a zagictnoy mixture. The resulting suspension
of humates is either pumped into the product container 4 or dosed into a mixing mixer 5. To
obtain a feed material component of liquid feed, fodder grain and grain processing waste
delivered by avtomobili, weight doses and then condensed is sent to the mixer. The same
mixer is supplied with water. The turbine mixer water, grain and waste of grain processing
are brought to aweighted position, and then sent to the dipper and through the pipeline return
to the back [6,7]. In the process of cavitation dispersion and the course of physico-chemical
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processes, the mixture intensively heats up, and when the temperature reaches 60-80C, its
clay extraction occurs. The mixture becomes gelatinous and it begins with the hydrolysis of
starch, which results in the release of sugars. The resulting gelatine suspension is dosed to the
prefabricated mixer. To obtain the plant component of liquid fodder, vegetable raw materials,
rough and juicy food, delivered avtomboilem, dispensers, and then the conveyor are sent to a
shredder of rough kopmi. Along the way from the feed the magnetic separator removes iron
components. Shredded feed is sent to the mixer in which they are wetted and leaked with
water, which is sent to the mixer. After acquiring a mixture of mobility, it is sent to the dipper
and then returns to the mixer. In the course of physico-chemical, thermal, cavitational
influence, coarse fats are fused, the mixture is heated, and partly starch is released from the
cellulose, some of which is hydrolyzed into sugars. Upon completion of the dispersion, the
dosage mixture is sent to the prefabricated mixer. All components of liquid feed supplied to
the mixing mixer are thoroughly mixed, and then screwed into the container for storage and
delivery of feed. The resulting liquid feeds can be produced in any combination of
components, are environmentally friendly, have increased digestibility, pleasant activities and
attractive flavoring qualities.
Conclusions. The cavitational preparation of liquid feed has been developed, which allows
the production of complete, disinfected feeds that are easy to assimilate in the livestock
farms, bypassing the phase of cooking of fodder from fodder grain, grain-processing waste,
by-products of grain-processing enterprises, food waste, etc., from plant raw materials, rough
and succulent feeds. The technology, and the design of the dispersant, can be applied both in
livestock complexes with a large number of animals, and on small farms with a small number
of animals. In large pig farms, prepared and decontaminated feed can be supplied on dead-
end feed lines without washing the latter, because the food does not spoil for three days,
which distinguishes the claimed technology favorably from the technology "Hudpoimik -
cinspoon” Germany, in which the feed lines are washed after each filing (before 10 times a
day).
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YCTAHOBKA JIUISI HPUT'OTOBJIEHUSA XKNJTKNX KOPMOB
Ymunckuit C. M., Ymunckuii /1. C.
KuroueBble c10Ba: TUIPOJMHAMUYECKUN U3JIy4YaTellb, KaBUTALUsI, UCIEPrarop, CMECUTEND,
KOpM, TyMarT, THJIPOJIn3.
Pesrome

Hpueomoeﬂeﬂue Kopmoe 6blICOK0O20 Kadecmea, npowe()mue KasumayuoHHoe
06es3apa9fcu6anwz, NOBLIUEHHOU yceosdemocmu 0Nl omkopma CBMHeﬁ, MONIOOHAKA KpPYnHoco
pocamoeco ckoma, a makxKoice KaKk Kopmoebvle oobasxu 05 63POCJIbIX JHCUBOMHDBIX ABIAEMCA
aKmyanvHou 3aoaueli. AKycmuueckas Hcuoxoghaznozo oobpabomxa mamepuanos NoJYHUId
NpUMeHerHue 6 CENbXOSMAWMUHOCMPOEHUU U aeponpous’eodcm@a. Pa3pa60maHa yCcnaHoeKka
KasumayuoHHO20 npucomoeierHus AHCUOKUX Kopmoes, no3eoisdem 6 YClo8UAX
AHCUBOMHOBOOUECKUX qbepM 20noeums NnoJIHOYEHHblE, 06636p€3fC€Hbl Kopma, Komopbsle J1e2Ko
yceausaomces, MUuHys. azy npucomoeieHus KoOMOUKOpMo8 ¢ (PyparicHoco 3epHa, omxo0o8
3epHonepepabomku, NOOOYHLIX NPOOYKMOB 3ePHONEpPepadbamvléarowjux npeonpusimull,
nuuiessvlx o0mx0008 U m.a., usz pacmumenibHoco Cblpbi 2py6blx U COUYHbBIX KOPMOE.
Texnonocus u KOHCMPYKUYUA Oucnepeamopa, Mmoorcem  Obimb npumeHena Kadxk Ha
IHCUBOMHOBOOYECKUX KOMNIEKCAX C 60]lbmu/l/l nocojl06beM IHCUBOMHbBIX, MAK U HA MEJIKUX
GepmepcKux Xo3aiucmeax ¢ HeOOoIbUUM YUCIOM HcUeomHbIX. Ha KkpynHuulx céunoooueckux
Komnjiekcax npueomoeﬂeﬂﬁbld u 05833apa9fC€HHOZZ KOpM  Mooicem nooasamuvcst  Nno
MYNUKOBLIM KOPMONPOBOOY Oe3 NPOMbIBKU NOCACOHUX, NOMOMY 4MO KOPM He NOPMUMCS 8
medeHue mpex Cymok, unio 8bICOOHO Omu4aem 3AABNEHRYIO MEXHOJI02UKD, OM MEXHOI02UU
«l uopomMukC - CunuXpou» I'epmarnus, no Komopou KOPpMONPo8oObl NPOMbIBAIOMCS HOCIe
kadcoot nooauu (0o 10 paz 6 cymxu).

INSTALLATION FOR PREPARATION LIQUID FORAGES
Uminsky S.M., Uminsky D.S.
Key words: hydrodynamical radiator, the amalgamator, forage, hydrolysis.
Summary

Preparation of high quality feeds that have undergone cavitational decontamination,
increased digestibility for fattening pigs, young cattle, as well as feed additives for adult
animals is an urgent task. Acoustic liquid-phase processing of materials has been used in
agricultural machinery and agroproduction. The cavitational preparation of liquid feed has
been developed, which allows the production of complete, disinfected feeds that are easy to
assimilate in the livestock farms, bypassing the phase of cooking of fodder from fodder grain,
grain-processing waste, by-products of grain-processing enterprises, food waste, etc., from
plant raw materials , rough and succulent feeds. The technology, and the design of the
dispersant, can be applied both in livestock complexes with a large number of animals, and
on small farms with a small number of animals. In large pig farms, prepared and
decontaminated feed can be supplied on dead-end feed lines without washing the latter,
because the food does not spoil for three days, which distinguishes the claimed technology
favorably from the technology "Hudpoimik - cinspoon” Germany, in which the feed lines are
washed after each filing (before 10 times a day).
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VJIK 631.312

OLIHKA CTYIIEHIO BIIVIUBY 3ACOJIEHHA TA OCOJIOHIIIOBAHHSA
T'PYHTY HA PO3BUTOK POCJIMH 3A 1OIIOMOI'OI0 MATEMATHUYHOI
MOJEJII
B.I' Lapina, K.P.IlInarap
OoecbKuti 0eparcasHUll eKoN02TYHULL YHIBepCUmem

YV 36’ a3Ky i3 3MiHOM0O KiMamy euHUKAE nompeda 8 ONMUMI3ayii yMo8 NOCi6HUX N0, 5K
3auUHAmMI Ni0 CIlbCbKO2OCNOOAPCHKI POCIUHU, A MAKONC HeoOXIOHICmb )y 3ACMOCY8AHHI
pedicumy 3powenHs. Booa, axa euxopucmosyemvcs 0Js1 3pOULEHHS He 3a8HCOU 8I0N08ioae
BUMO2AM, WO 8 CBOI0 Yepey BUKIUKAE 3ACONEHHS MA OCONOHYI08AHHS IpyHmY. L[a npobaema €
oyoice akmyanvHor 011 ymos (Qodecvkoi obnacmi. BukoHaHo OYIHKY — CMYNEHIO BNIUBY
3ACOoNeHHsT MA OCONOHYIOBAHHS 2PYHMY HA pPICM MA PO36UMOK  CLIbCbKO2OCNOOAPCLKUX
KVIbMyp 3a 00NOMO20I0 MaAmemMamuyHoi mooeii cmocoeno ymoe Oodecvkoi obnacmi. Jns
3MEHUIeHHST He2AmUBHO20 BNIUBY 3POULeHHST HA PIC MA PO3BUMOK CLIbCbKO2OCNOOAPCOKUX
POCIUH BUKOPUCMOBYEMBCA hocoeinc, momy y mMooeni OyI0 ypaxo8aHo 4ac ma KilbKicmb
8HOCUMO20 Yyep YHm ¢hocgpocincy. YV saxkocmi noxasHuka weuoKocmi pocmy pOCIUH
BUKOPUCMOBYBANAC — eheKkmueHa memnepamypa nosimps. Baoscnueum — nokasuuxom
ehekmusHoCcmi  3pOUleHHs 8 YMOBAX HEOOCMAMHbO20 3B80JI0HCEHHS 2CPYHMY € CHocio
3pOUlenHs, MoMy Y pobomi Ypaxo8aHo yeu NOKA3HUK. [[nsa po3paxyukie 3a MoOenno
BUKOPUCMOBYBANACS. O00HA 3 OCHOBHUX CLIbCLKO2OCNOOAPCLKUX POCIUH, SKA UWUPOKO
Kynemugyemocs 8 ymosax Ilieous Ykpainu - kykypyoza. OmpumaHi pe3yiomamu MOXCYmb
Oymu BUKOpPUCMAHI8 0N HAOAHHA NPAKMUYHUX PEeKOMeHOayil wo 00 3MEeHUIeHHS.
He2amueHOo20 8NIUBY 3POULEHHS HA PIC MA PO38UMOK POCTUH.

KirouoBi cjioBa: 3pomieHHs, SKICTh BOAM, BaXKi METallK, CUIbCHKOTOCIIONAPChKA
TISUTBHICTD.

Beryn. Teputopis miBAHS YKpaiHU BOJIOJI€ BEJIMKUMU FPYHTOBUMHU OaraTcTBaMu. Bemnkoi
IIKOJAM POJAIOYOCTI 3aBJAa€ BTOPUHHE 3aCOJICHHS, PO3BMHEHE Ha 3pollyBaHUX 3eMisix . Ha
3HaYHUX IUIONMIAX YOPHO3EMHHUX Ta IHIIMX TPYHTIB MOMITHHH PO3BHTOK OTPHUMAJIO SIBUIIE
nerymidikariii, 10 MPUBOJWTH JI0 BTpaT HAWBAKIMBIIIOTO KOMIIOHEHTA CKJIaay IPYHTY -
TyMyCy.

AHaJi3 ocTaHHIX AocaiaxkeHb i myOaikauiii. [lutTaHHsSM OIIHKK BIUIMBY 3pPOIICHHS HAa CTaH
arporeHo3iB 3aiimanucs 0araro aBtopis [1]. [Ipu npomy Oynu ypaxoBaHi peXxHM Ta CHOCIO
3pOILICHHS.

Merta pocaigzkeHb. BukoHaTH OIIHKY BIUIMBY 3aCOJICHHS Ta OCOJIOHLIOBaHHSI TPYHTY Ha
PICT Ta PO3BUTOK CUIbCHKOTOCIIOIAPCHKUX PCIIHMH, SIKi BUPOUTYIOThCs Onecbkoi o0nacTi, 3a
JIOTIOMOTOI0 MAaTeMaTHMYHOI MOJENi, IO JO03BOJHMTh BHUKOHATH ONTHUMI3ALII0 PEKUMY
3pOIIEHHS 3 IIJUTI0 3MEHIIICHHS HABAHTAXKEHHS HA TPYHTOBO - POCITMHHUN TTOKPHUB.
Bukiaananis ocHOBHOI yacTuHM AocaigxkenHs. Teputopis [ligus Ykpainu BigHOCUTHCS 10
TEPUTOPIN 3 HEJOCTATHIM 200 HECTIMKUM PEKUMOM 3BOJIOKEHHS IPYHTY. ToMy BUPOOHUILITBO
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CLTBCHKOTOCTIONAPCHKOT TPOIYKII BUMAara€ 3acTOCYBaHHS 3pOIICHHS JJisi OTPUMAaHHS
JIOCTaTHBOI KUTHKOCTI, SIKOCTI Ta €KOJOTIYHOI YHCTOTH BPOXKAiB. AJie 3POIICHHS B JCSKHUX
BUTIAJKaX BEAC 10 OCOJOHITIOBAHHS Ta 3aCOJICHHS TIPYHTY. ToMy JyKe BaXJIMBO 3
CKOJIOTTYHOT TOYKH 30py YPaXOBYBAaTH 3a0pyHCHHS IPYHTY BHACIIIIOK 3pOITyBaHHS [2].
Pe3yiabTaTH AociaigkeHb. BIUMB OcCONOHITIOBaHHS TIPYHTY Ha (OpPMYyBaHHS BPOXKAIO
CLTBCHKOTOCTIOAAPCHKUX KYJIBTYp BpPaXxOBYETHCS 3a JOMOMOTOI (DYHKINH BIUIMBY piBHIO
HATPIE€BO-KaJBIIIEBOIO MOTEHIIIAIY IPYHTY Ha MPUPICT POCIUHHOI MacH [2]:

Kla cq =1- 03P 100 _04) TSl In] D
ne K1 — (DyHKIIIS BIUTMBY HATPIEBO-KAJBIIEBOTO MOTEHIIATY TPYHTY Ha MPHUPCT CYXOi

Na- Ca

O6lomMacu IJIOT POCIUHH, 6e3p03MipHa;Pﬁ‘;‘*_B(ga — HATPI1€BO-KAJIBIIIEBUI TOTEHIIAJl TPYHTY,
0e3po3MipHUll; || — TMOTeHIiallbHAa I1HTEHCHBHICTh POCTYy poOciuH, Oe3po3mipna; TSL—
cepenHs 3a mekaqy edekTHBHA TemmepaTypa, C; N — KiIbKiCTb JHIB y pO3PaxyHKOBii
JeKal.

[IpuiimaeThcsi, MO0 BEJIMYMHA HATPIEBO-KAIBI[IEBOTO MOTEHINANTY TPYHTY HE 3MIHIOETHCS 10
nonuBy. B nmekamy BereramiifHOTO IMOJIUBY I XapaKTEPUCTHUKA BU3HAYAETHCA B 3aJICKHOCTI
BIJI piBHSI HATPIEBO-KAJIBI[IEBOrO MOTEHINATY 3POIIYBaHOI BOIU Ta BHeCeHHs (ocdorimncy [2]:

I'PYHT 3p.B.
I:)NarCaz [1;25 I:)NarCa' 0:125)] KNa—Ca(GH)KNa-Ca(G‘—I) (2)
3p.B.

ne PyaCa —HaTpieBo-Kasblli€BUI MOTEHINAT 3POIIYBATBHUX BO, 6e3p0o3MipHuil;K naca(GR)
Ta Knaca(Gy) — BimmoBimHO, ¢GyHKII BIUIMBY BHECEHHsS KUTbKOCTI (HOpM) docdorincy Ta
Jacy BHeCeHHs (ocdorirncy.

3HIKEHHS MTPOIYKTUBHOCTI POCIUH TiJ BIUTMBOM 3aCOJIOBAHHSA TPYHTY PO3pPaxoBYeTbCA 3a
JOTIOMOT 010 (DYHKIIIi BIUTMBY MipH 3aCOJIOBAHHS TPYHTY Ha MPHUPICT GiomMacu pociuH [2]:

K& =1-0qs(Shous — Snbus Ju TSLIn! ©)
ne Ké- GbyHKIIIST BIUTUBY YTPUMAaHHS COJIEM y TPYHTI Ha TpUpICT OioMacu pOCIHH; (s —

3HID)KEHHSI IIPUPOCTY OlOMacH Ha OAMHUYHUM IPUPICT 3aCOJIECHHS; S,Jw% - BMICT COJeH y

eo . . o . 1
BOJIHIN BUTSDKII IPYHTY, Tp /11, l;% - KpUTUYHUH P1BEHb 3aCOJIEHHS, I .

Jlnis po3paxyHKy piBHS 3aCOJICHHSI TPYHTY B JIeKaJy BEreTaliiHOTO MOJIHBY CKOPHUCTYEMOCH
pIBHSIHHSIM, aNpOKCUMYIOYHM TpUBEACHY B TpadiyHOMY BHUTIIAAl 3al€XKHICTh JIIHIKHUM
PIBHSIHHSIM, JJisi IbOTO BBeIEMO (YHKLII BIUIMBY BHECEHHs (ocdorincy Ha 3acojeHHs
TPYHTY:

SrpyH = (O1O86S3p.13. + 01092) ' KS(GH)K(G‘-I) (4)
ne S, —MiHepaiizanis 3polLIyBajIbHOI BOIH, rirt; Kg(Gy) ta K(Gy) — BigmosinHo ¢yHKii
BIUTMBY BHECEHHsI KUJILKOCTI hocorirncy Ta yacy Horo BHECEHHS.

O1iHKa BIUTUBY 3pOIIECHHS Ha MPOLIECH 3aCOJICHHS Ta OCOJIOHIIOBAHHS TPYHTY BUKOHYBAJIBCS
Ha npukiaagl ymoB Opjecekoi ob6macti, TomMy y Tabnuiil 1 HaBeIeHO TMOPIBHAIBHY
XapaKTePUCTHKY CITOCOO0IB 3pomeHHs 1Is i€l Teputopii 3a qananmu 2015 poky ( Tadu. 1).
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Tabauus 1.11opiBHAJIBHA XaPAKTEPUCTHKA CIOCO0IB 3pOIICHHS, T'a

[Toka3HHUKH CcITOCOOIB MOJUBY Kinpkicts
JomyBanHsIM 21584
[ToBepxHEBUM CIOCOOOM 12551
KpammmaauM 3pomieHHsIM 4408

HaiiGinpm po3moBCIOKEHUM METOJIOM 3pOIleHHS € nonryBaHHs. lleit mMeron HaliMeHIn
MaTepiayio - Ta KaliTaJOEMHHH, aje koedilieHT edekTuBHOCTI mpu oMy ckiagae 30-40%.
[ToBepxHeBUl C€rocid0 MOXIJIMBO 3aCTOCYBATH JUIsl POCIWH, SKI MalOTh HE3HAYHY IUIOIILY
aucTOBOI MoBepxHi. Hailbiipm e(heKTUBHUM € KpamneibHE 3pOILIEHHS, aje BiH € HalOuIbII
maTepiagoeMHuM. Ha pucynky 1 ta 2 HaBeqeHO OUHAMIKY (DYHKIIIi BIUTMBY 3aCOJICHHS Ta
OCOJIOHITIOBAHHS Ha PICT Ta PO3BUTOK POCIWH KyKypyn3a B ymoBax Opnecpkoi obmacti. 3
PUCYKIB BHJHO, IO B Meplll NEpioJd PO3BUTKY POCIUH TMPOLECH 3aCOJICHHS Ta
OCOJIOHIIFOBAHHS B 3HAYHIM Mip1 BIUIMBAIOTh Ha pOCTOB1 (yHKILIi. B nmepioa penpoaykTuBHOTO
POCTY CIIOCTEPIraeThCs Pi3KE 3MEHILECHHS BIUIMBY IIMX MPOIIECIB HA 3pOCTaHHS Ta PO3BUTOK
pociuH . Ilpu 30imblIeH] TeMIEpaTypu MOBITPS IMPOILIECH 3aCOJEHHS Ta OCOJIOHIIOBAHHS
B1JI0YBaIOTHCS O1IBII IHTEHCHBHO, 30UIBIIYIOUM HETAaTUBHUHN BJIIMB PICT Ta PO3BUTOK POCIIHH.
OtpumaHi pe3yibTaTH € IyK€ IIHHUMH y 3B’3Ky 13 3MIHOIO KJiMary y OiK 30UIbIICHHS
TEeMIIEPaTypH, 10 HAMOUIBIT aKTyalbHO 1Ji TepuTopii Oecbko 00JacTi.
KS
140 |
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Puc. 1. lunamika GpyHKIIIi BIUIUBY 3aCOJICHHS HA 3pOCTAHHS POCIIHH.
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Puc. 2. lunamika ¢pyHKIIIi BIUIMBY OCOJIOHITIOBaHHS Ha 3pDOCTAHHS POCJIHH.

125



ATPAPHWI BICHWK MPUYOPHOMOP’Sl Bun. 90. 2018p.

BucnoBku. MiHepaii3ailisi € OJHUM 3 OCHOBHUX IMOKa3HHKIB SIKOCTI 3pOIIYBajibHOI BOIH.
[Ipu BenuKHUX 3HaYCHHS BMICTY COJIEH y 3pOIIyBajbHIN BOJI1 y TPYHTI BiOYyBalOThCS MPOLIECH
3aCOJIEHHS Ta OCOJIOHIIOBAHHSI TPYHTY, fIKI B 3HAuYHIM MIpi BIUIMBAIOTh HA 3MEHUICHHS
IIBUKOCTI POCTY Ta PO3BUTKY POCIIHH.
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OLIEHKA CTEINEHU BJIUSAHUSA 3ACOJIEHUSA U OCOJIOHLUEBAHUSA
IMOYBHI HA PA3BUTHE PACTEHHUM C OMOIIbIO MATEMATUYECKOMH
MOJAEJIN

Nnpuna B.I'., [lInarap K.P.
KiroueBblie cjioBa: OpOIICHHE, KAY€CTBO BOJBI, TSIKEIBIC METAJUIBI, CEIIbCKOXO3SIMCTBEHHAS
JESITENBHOCTb.
Pesrome

B ceasu ¢ uzmenenuem xaumama 6o3Huxaem nompebHOCMb 8 ONMUMUIAYUU YCA0BUL
nocesHbIX nioujadetl, KOmopule 3aHAmMbl N00 CeNbCKOXO3AUCEEHHbIe PACMEHUsl, d MaK#ce
HeoOX00UMOCMb 8 NPUMEHEeHUU pedcuma opouleHus. Boda, komopas ucnonvzyemcs 0ns
opoulenus: He 8ce20a omeeyaem mpeoosaHUsIM, YMo 8 C8010 ouepedb bl3bleaen 3aCOleHUe U
0COJIOHYesanue no4evl. Ima npobdiema s611emcs 04eHb akmyaivbHou ons ycaosuii Odecckoll
obnacmu. Buinonnena oyenxka cmenenu 6nusHUs 3ACONEHUSL U OCOIOHYEBAHUSL NOYBbL HA POCHI
U paszgumue CenbCKOXO3AUCMBEHHBIX KYIbMYp C HOMOWbLIO MAMEMAMUYecKou Mooenu
omuocumenvHo ycnoguti Oodecckoiul obnacmu. [l yMeHbUleHUsT He2amuHO20 GIUSHUSL
cpawjeHuss Ha pocm U pa3eumMue CelbCKOXO3AUCMBEHHbIX PACMEHUL  UCNOIb3Yemcs
gocgocinc, nomomy 6 mooenu ObLIO YYMEHO 8peMs U KOIUHUeCm80 BHOCUMO20 Vep VHM
gocgoeincy. B kauecmsee nokazamens CcKOpOCmMU pocma pPAcmeHull UCNOIb308aANACH
agppexmuenas memnepamypa 6030yxa. Basicnvim noxazamenem 3¢hgpekmuenocmu opouieHus
8 YCI08UAX HEOOCMAMOYHO20 VEIANCHEHUS NOUBbl ABAAEMCs CNocob OpouweHUs, NOMoMy 8
pabome yumen smom nokazamenv. [ pacuemog 3a MoOenvio UCNONIb308AN0CH OOHO U3
OCHOBHbIX  CENbCKOXO3AUCMBEHHbIX PACMEHUL, KOmopoe WUPOKO KYIbMUSUPYemcs: 8
yvenosusax FOea Ykpaunwi, - kykypysa. Ionyuennvie pezyniomamosi mo2ym 0bimb GUKOPUCTAHIB
0151 npedocCmasienusi NpaKmuidecKux pPeKoMeHOayuil uYmo K YMEeHbUIeHUI) He2amuHO20
GIUAHUSL OPOULEHUSI HA POCM U PA36UmMUe PACEHULL.

EVALUATION OF THE SUCCESS OF THE EFFECT OF SUCTION AND
SUSPENSION OF SOIL ON THE PLANTSDEVELOPMENT BY THE
MATHEMATICAL MODEL

llinaV.G., Shpatar K.R.
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Key words: an irrigation, quality of water, heavy metals, agricultural activity.
Summary

Due to climate change, there is a need to optimize the conditions of crop area occupied
by agricultural plants, as well as the need to apply irrigation regime. Water used for
irrigation does not always meet the requirements, which in turn causes salinization and soil
salinization. This problem is very relevant for the conditions of the Odessa region.
Assessment of the degree of influence of salinity and soil soils on the growth and devel opment
of crops using a mathematical model in relation to the conditions of the Odessa region.
Phosphogypsum is used to reduce the negative effect of fusion on the growth and
development of agricultural plants, therefore, the time and amount of the induced
phosphogypsum is taken into account in the model. As an indicator of the growth rate of
plants, an effective air temperature was used. An important indicator of irrigation efficiency
in conditions of insufficient soil moisture is a way of irrigation, so thisindicator is taken into
account in the work. For calculations on the model one of the main agricultural crops was
used, which iswidely cultivated in the conditions of the South of Ukraine - corn. The obtained
results can be used to provide practical recommendations for reducing the negative effects of
irrigation on plant growth and devel opment.

UDC 622.75:629.7
INCREASE EFFICIENCY USE MOTOR OILSIN CONDITIONSAMC

SV.Konev, S.S. Zhitskov, D.V.Tsankov
Odessa Sate Agrarian University

The durability of tractors and cars is mainly limited to motorcycle engines, which largely
depends on the quality of used petroleum products, in particular, motor oils. But pure ails,
obtained from natural raw materials (oil), even the highest qualities, can not provide durable
exploitation of modern and perspective engine models. At this time, motor oils used in
agriculture for diesel engines consist of 89 ... 95% of the base, that is, oil butter, and 5..11%
of additives. It has been established in the experiments that part of the engine oil additive for
tractor engines falls into the sediment during storage, part of it is removed by oil filters of the
engine, which in general significantly reduces their quality, which in turn negatively affects
the durability of the mechanisms. The dispersion of domestic additives in oils reduces the
speed of their coagulation and sedimentation, that is, it increases resistance. The most
suitable way of dispersing additives in commercial oils is the hydrodynamic effect on them.
The basic physical, chemical and operational properties of oils, improved by hydrodynamic
treatment, are higher compared to commercial oils. Wear when working on improved oil is
33% less than on commodity. Application of oils with improved operational properties,
additional influence on commercial oil - hydrodynamic treatment, gives an opportunity to
Increase the motor power of engines by 20-25% without additional technological and design
changes.
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Introduction. The durability of tractors and cars is mainly limited to motorcycle engines,
which largely depends on the quality of used petroleum products, in particular, motor oils.
Increased operational reliability of tractorsis one of the most important problems of modern
machine building, the solution of which allows you to save money and release a significant
amount of production capacity [1,2,4].

Problem. The main properties of the oils, which provide the durability of engines, is the
ability to reduce wear and tear of engine parts and ensure their frequency. In that case, if the
reduction in the wear of parts can not be achieved by improving the deterioration properties
of the lubricant at this stage of their production, this is achieved by increasing the wear
resistance of the parts. The cleanliness of the parts depends not only on the properties of the
lubricant, but with the increase in engine speed, the temperature regimes of them
considerably increase, which contributes to the rapid formation of contaminants. Therefore, it
Is this property of oil that has a significant effect on the durability of modern engines [4,6].
But pure oils, obtained from natural raw materials (oil), even the highest qualities, can not
provide durable exploitation of modern and perspective engine models. In order to add the
necessary qualities of oilsto them add special compounds - additives.

Analysis of recent research and publications. At this time, motor oils used in agriculture for
diesel engines consist of 89 ... 95% of the base, that is, oil butter, and 5..11% of additives
[1,2,4]. However, it is not possible to obtain the oils of the required quality only with the
increase in the amount of additives, and in some cases it even leads to negative results. Thus,
an increase in the proportion of metal-containing additives dramatically reduces the wear and
anti-spill properties of lubricants, violates the normal work of heavy-loaded parts cylinder-
piston engine group. Recently, new dispersant and antioxidant soaps have been created, such
as bisphenol antioxidants, as well as washing akylsalicylic additives based on various
alkaline earth metals, which considerably improves the performance of engine oils for forced
engines. It has been found in the experiments that a part of the engine oil additive for tractor
engines falls into the sediment during storage, part of it is removed by the engine ail filters,
which in general significantly reduces their quality, which in turn negatively affects the
durability of the mechanisms[4,5, 7].

The purpose of research: The reserve for improving the quality of engine oil is the increase
in the dispersion of additives, which will allow you to get higher results with the lowest
operating costs.

Resear ch results. Acoustic rarely phase-processing materials have been used in agricultural
machinery and agro production. With its help you can substantially intensify the main
technological processes and in some cases obtain qualitatively new indicators of agricultural
products. The main factor affecting the stability of the solution of additives in motor oil isthe
size of their particles. If the particle size is the same and small enough (about 10 nm.), Then
the conditions that arise when operating in the engine and storage of oil, can not make a
noticeable negative impact on the stability of additives. The dispersion of domestic additives
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in oils reduces the speed of their coagulation and sedimentation, that is, it increases
resistance. The most suitable way of dispersing additives in commercia oils is the
hydrodynamic effect on them. This makes it possible to obtain particles of rather small sizes
without contacting the tool with processed particles, and it occurs much faster compared with
other methods [3,4,5]. When the ultrasonic waves are propagated in a liquid medium, there
are three effects - sound wind, sound pressure and cavitation Moreover, the destruction of
solid particles occurs at the expense of cavitation, for the emergence of which requires a
certain power. Minimal ultrasonic power required for cavitation in mineral motor oils within
the range of 9 ... 50 kW / m. Three types of electromechanical emitters are used for this
purpose: electrodynamic, magnetostrictive and piezoelectric. Magnetostrictive converters can
give sound power up to several hundred kilowatts per square meter with a useful efficiency of
50 ... 60%. In the process of testing, the following works were carried out: rolled up of
tractors in a flow of 60 working hours according to the factory instructions; removed heads
from engine blocks and applied artificial bases on the inner surface of cylinder linersin their
area for more wear. Micrometers of cylinder liners were carried out in the same zone. The
artificial bases are deposited in the form of wells cut in the sleeves of the UPLO-6 devices.
The results of the micrometerization of the cylinders of the engines are given in Table 1, and
the size of the wellsin Table 2. The engine of the tractor with the economic number 1024 was
filled with commodity motor oil of the mark M 1OG TU 38 101650 - 96, and the engine of
the tractor 1023 was the same commodity motor oil, but further processed by ultrasonic
waves. Motors during the comparative tests worked on diesel fuel of the mark "L" GOST 305
- 93. Engines D - 65H, loaded with commodity and improved oil produced 480 motor hours.
After every 120 engine hours of engine operation, samples of engine oil and sediment from
oil filters with simultaneous determination of the total mass of deposits in oil filters were
selected. In the case of engine oil, ash content was determined according to GOST 1451 - 95,
kinematic viscosity according to GOST 33 - 96, mass fraction of insoluble precipitates
according to GOST 20684 - 95 and alkaline number according to GOST 11362 - 96. Results
of analysis of oil samples and mass of deposits in oil filters are given in Table 3. The
preliminary analysis of the obtained results of the samples of oils shows that the mass fraction
of insoluble precipitates in the improved oil is twice less than in the market, and the alkaline
number at the end of the test at 0.3 mg KOH per gram of oil is greater. The viscosity in the
product oil is 0.5 cSt more than that of the improved. The value of the oil indicators makes it
possible to make a suggestion that the wear of the engine parts that worked on the product oil
with improved operational properties by an additional one-time hydrodynamic effect on it
will be less than that of the working oil. Analysis of the results of measurements given in
Table. 1 confirms the proposal to reduce the wear of engine parts, working on oil, improved
by processing. Thus, the average and total wear of the sleeves of engines working on the
marketable and improved oil, respectively, is 0.015 and 0.01 mm. Consequently, the wear of
an engine that works on improved oil is less than 33% [4,5,6,8]. Bench tests of engines were
also carried out. The bench tests were carried out on engines D-65N. The first cycle of bench
tests was carried out at loading power of the engine at 75-90% of the maximum for 320
motododin on commercial oil grade M-10M GOU and oil treated with a hydrodynamic
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apparatus. Engine tests were carried out after it was rolled over 30 engine hours according to
the factory instructions, and an additional 70 mo / dd when the engine power was loaded at
55-80% of the maximum. The braking of the D-65N engine was carried out at the booth of
the mark Kl 5543-GOSNTI, and the gross oil was measured every 10 operating hours of the
engine before the start of the change by weighing the impregnated oil on scales of the type
Table 1. Dimensions of cylinder s of engine D-65N in zone of maximum wear

No The Dimensions, mm
Sleeve P'sfne The exploit. Ne1024 The exploit. Ne1023
measu micrometers wear micrometers wear
rement 1 2 in | We | We 1 2 in | We| We
s the d d the d d
SQua | me | mea SQua | me | mea
re an n re an n
meas | slee | com meas | slee | com
urem | ves pute urem | ves pute
ent. r ent. r
dee dee
VEes VESs
1 2 3 4 5 6 7 8 9 10 | 12 | 12
A-A | 110,05 | 110,07 | 0,02 110,02 | 110,06 | 0,04
B-B | 110,06 | 110,07 | 0,01 110,01 | 11001 | -
1 C-C | 110,07 | 110,11 | 0,04 | 0,015 110,01 | 110,05 | 0,04 | 0,010
D-D | 110,04 | 110,03 | 0,01 110,02 | 109,98 | 0,04
A-A | 110,05 | 110,05 | - 110,03 | 11003 | -
B-B | 110,05 | 110,09 | 0,04 | &» | ©» | 110,03 | 110,04 | 001l | b | ©
2 C-C | 110,05 | 11007 | 002 | 8 | 8 | 11003 | 11003 | - |8 |8
D-D | 110,05 | 110,08 | 003 | © | © | 110,03 | 110,04 | 001 | © | ©
A-A | 110,04 | 110,05 | 0,01 110,04 | 110,04 | -
B-B | 110,05 | 110,09 | 0,03 110,04 | 110,06 | 0,02
3 C-C | 110,06 | 110,06 | - 0,015 110,05 | 110,08 | 0,03 0,015
D-D | 110,05 | 110,07 | 0,02 110,04 | 110,05 | 0,01
A-A | 110,05 | 11005 | - 110,04 | 110,05 | 0,01
B-B | 110,03 | 110,04 | 0,01 110,05 | 110,06 | 0,01
4 C-C | 110,03 | 110,04 | 0,01 0,008 110,04 | 110,05 | 0,01 0,008
D-D | 110,05 | 110,06 | 0,01 110,05 | 110,05 | -

VNTS-2, accounting for fuel consumption was carried out by reducing the volume in the
measuring banks.Every 2 hours of engine operation, the logs of the devices, which show the
power loading, the temperature of water and oil, the speed of the crankshaft and the pressure
of the oil in the lubrication system of the engine, were recorded in the magazine. Before the
start of the experiment, the engine was disassembled with micrometry of the main parts of the

130



ATPAPHWI BICHWK MPUYOPHOMOP’Sl Bun. 90. 2018p.

cylinder-piston group, the cutting of artificial bases in the cylinder liners, assessment of the
pollution of the pistons by lacquer deposits. Repeated micrometers were carried out after 50
moons.

Table 2. Dimensions of wells cut into cylinder linersof engines I-65H (holessliced in
the zone of greatest wear of cylinder liners)

The | Sam | Worke Size holes, dividing the scale
pers | ple | dout
on | mast | moto/
No. | iay | hours | Roo
tr-ra tothe | ms number of holes Wear
beginn | sleev Average
ing es value
tested seev | tota
it s
1 2 3 4
> 1 90/72 85/X 100/67 | 89/73 93/70,7 | 22,3
g 2 95/25 | 103/42 | 84/59 82/22 91/37 540 | @
1024 | € 60 3 95/45 92/18 82/30 76/X 89,7/31,3 | 584 | ¢
% 4 100/69 | 83/62 97/66 85/45 | 91,5/60,5 | 31,0
1 70/34 80/X 77127 87/51 78/37,3 | 40,7
3 2 85/65 90/42 65/34 87/33 | 81,8/435 | 383 | R
1023 | 4 60 3 92/46 90/X 94/62 | 103/75 | 96,3/61 |353 | G
] 4 90/45 85/34 | 105/39 | 102/71 | 95,55/47,5 | 48,0

Conclusions. The basic physical, chemical and operational properties of oils, improved by
hydrodynamic treatment, are higher compared to commercial oils. Wear when working on
improved oil is 33% less than on commodity. Application of oils with improved operational
properties, additional influence on commercial oil - hydrodynamic treatment, gives the
opportunity to increase the motorcycle of engines by 20-25% without additional
technological and design changes.
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MMOBBIIIEHUE D®PEKTUBHOCTHU UCITOJIb30BAHU S
MOTOPHBIX MACEJI B YCJIOBUSAX AIIK
Kones C.B., Xurkos C.C., I{ankos /I.B.
KuioueBble cjioBa: TpakTOp, MOTOPHOE MACIIO, IBUTATENh, KABUTAIIUS, TPUCATKU.
Pesrome

Honeoseunocms pabomuvl mpakmopos u agmomoousneil, 8 0CHOBHOM, 02PAHUYUBAEMCS
Momopecypcom — ogueameneti, 6 3HAYUMENIbHOU CMeNneHu 3aeUCUm Oom Kayecmed
NPUMEHAEMbIX Hepmenpooykmos, 8 uacmHocmu, MOmopHolx macei. Ho macna 6 uucmom
suoe, NoJyYeHHble U3 NPUPOOH020 coipbs (Hepmu) dadice camblx bICOKUX KAUECm8, He MO2Ym
obecneuums O0N208€UHYI0 DKCHIYAMAYUID COBPEMEHHbIX U NEePCHeKMUBHbIX Mooenell
osucamenei. B smo eépemsa momopHvle macna, ucnonv3yemvie 8 CelbCKOM Xo3faicmee O
ouzenvHulx O0gueamerneti, cocmoam uz 89 ... 95% ocrnoswl, mo ecmv negpmanozo macna, u
5..11% npucadox. Onvimamu yCmanosieHo, Ymo 4acms NPUCAOKU U3 MOMOPHBIX MAcel OJis
MPAKMOPHLIX O8ueameiell 8blnadaem 6 0CA0OK 6 Nepuod XPaHeHusl, 4yacmov YOAsemcsl
macnogunempul 0gueamers, 8 0ouemM 3HAYUMeIbHO CHUMCAem UX Kaiecmeo, a 5mo, 8 C8010
ouepedsb, He2amusHo 61usem Ha 00J208€YHOCMb pabomvl MexaHusmos. [ucnepeuposamusi
0meuecmeeHHbIX NPUCAOOK 8 MACIAX CHUdCAEm CKOPOCHb UX KOA2YIAYUuU U ceOUMeHmayuu,
mo ecmv nosgvluiaem ycmouuusocms. Haubonee npuemnemvim cnocobom oucnepeuposanus
NPUCAOOK 8 MOBAPHBIX MACILAX ABAAEMCs 2UOpoOUHamuyeckull eiusHue Ha Hux. OcHoeHbie
@usuKo-xumuyeckue U IKCHIAYAMAYUOHHbIE CBOUCMEA MdAcel, VIVYUIeHHbIX —Nymem
2UOPOOUHAMUYECKOU 0OpabomKu, gvlule NO CPABHEHUIO C MOBAPHLIMU Maciamu. U3noc npu
pabome ua ynyyuwennom macie Ha 33% menvuie, uem Ha mosapuom. Ilpumenenue macen c
VAVUUEHHbIMU  OKCHIYAMAYUOHHBIMU C8OUCEAMU, OONOJHUMETIbHbIM B030elcmeuem Ha
mogapHoe Macio - 2UOPOOUHAMUHECKOU 00pabomKou, O0aem G03MONCHOCL VEeIUUUNMb
momopecypc  osueamenei Ha 20-25% 6Oe3 OonornumenvHuLIX  MEXHON02UYECKUX U
KOHCMPYKMOPCKUX UX USMEHEHULL.
INCREASE EFFICIENCY USE MOTOR OILSIN CONDITIONSAMC

Konev S.V., Zhitkov S.S,, Tsankov D.V.
Key words: tractor, motor oil, the engine, additives, regeneration, adsorption.
Summary

The durability of tractors and cars is mainly limited to motorcycle engines, which largely
depends on the quality of used petroleum products, in particular, motor oils. But pure ails,
obtained from natural raw materials (oil), even the highest qualities, can not provide durable
exploitation of modern and perspective engine models. At this time, motor oils used in
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agriculture for diesel engines consist of 89 ... 95% of the base, that is, oil butter, and 5..11%
of additives. It has been established in the experiments that part of the engine oil additive for
tractor engines falls into the sediment during storage, part of it isremoved by ail filters of the
engine, which in general significantly reduces their quality, which in turn negatively affects
the durability of the mechanisms. The dispersion of domestic additives in oils reduces the
speed of their coagulation and sedimentation, that is, it increases resistance. The most
suitable way of dispersing additives in commercial oils is the hydrodynamic effect on them.
The basic physical, chemical and operational properties of ails, improved by hydrodynamic
treatment, are higher compared to commercial oils. Wear when working on improved oil is
33% less than on commodity. Application of oils with improved operational properties,
additional influence on commercial oil - hydrodynamic treatment, gives an opportunity to
increase the motor power of engines by 20-25% without additional technological and design
changes.

UDC 502.53
EVALUATION OF THE INFLUENCE OF THE AGRICULTURAL
ACTIVITYON THE QUALITY OF WATERSIN THE KREMENCHUG WATER
SUPPLY
G.N Vovkodav
Odessa Sate Ecological University

The Kakhovka reservoir belongs to fish-water water objects of general state
significance, which predetermines the possibility of its use for commercial fishing, which was
carried out during practically from the very existence of a reservoir. The relevance of the
research thesis lays in its systematic monitoring of the water quality of the Kakhovka
reservoir considering the environmental component. The purpose of the research is to assess
the water conditions of the Kakhovka reservoir in 11 controlareas within the Zaporizhzhya
and Kherson regions. Analysis of the surface water pollution conditions in the areas is based
on data from observations on the content of hydrochemical indicators provided by the
Kherson and Zaporizhzhya Regional Departments of Water Resources. The article gives an
estimation of theagricultural peopl€e’s activity influenceon the present-dayconditions of water
quality at the Kremenchug reservoir for fishery needs.

Key words: water object, quality of water, a hydrochemical parameter, agricultural activity.

Introduction: Agricultural activities caused by environmental riskswhich were and are
conducted in the Cherkasy, Kirovograd and Poltava oblasts determine the need for an
integrated approach to study long-term trends and patterns of changesin the quality indicators
of surface waters at the Kremenchug reservoir. Therefore, the assessment of water quality in
the Kremenchug reservoir is an urgent task for scientists and workers atwater industry [1].
Analysis of recent researches and publications: the analysis of the current ecological state of
Kremenchug reservoir waterswithin the territory of Kirovograd, Poltava and Cherkasy
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regions shows that negative processes in the reservoir are ongoing. It is polluted by chemicals
that got into the water object as a result of industrial wastewater discharges and lost their
natural significance. The problem of qualitative and quantitative depletion of water resources
with each passing year becomes more and more relevant. In order to improve the status of the
water ecosystem, the main directions of ecological activity should be identified. To date, the
question remains regarding the analysis of the status of the water basin of the Kremenchug
reservoir.

Purpose: The purpose of the research is to assess the water status of the Kakhovka reservoir
in 11 control areas within the Zaporizhzhya and Kherson regions. The analysis of the status
of surface water pollution in thoseareas is based on data from observations with
thehydrochemical indicators provided by the Kherson and Zaporizhzhya Regiona
Departments of Water Resources. Presentation of the main research material: Processing and
systematization of data for the period from 2007 to 2011 of the chemical analysis of water at
the Kakhovka reservoir in 11 areas indicates that during the observation period, the total
mineralization of water varied from 347 mg/dm?® to 382 mg/dm?® (2011 - fresh gipoga naya).
By the average arithmetic degree of the water mineralization at the reservoir in 2008-2011
belongs to the fresh gigantic 1 category of mineralizationquality. The content of sulfates in
the Kakhovka reservoir watersranged from 51,1 mg/dm?® (2009) to 53,3 mg/dm® (2011). The
average arithmetic mean content of SO,% in water was 52,7 mg/dm?® - for the entire period of
research. By content of sulfates water of Kakhovsky reservoir at all times belonged to the 2nd
class of quality and 2 categories of quality. The content of chlorides in the water of the
reservoir was amost unchanged over the entire period of research and amounted to an
average of 49,2 mg/dm?>. There was no excess of MAC for the content of chlorides in water
for reservoirs of household and drinking and fishery purposes recorded. The average water
content of chlorides in Kakhovka Reservoir in 2008-2011 was related to the 2nd grade of
quality and 3 categories of quality. The content of the prevailing cation - calcium ranged from
49.5 mg/dm® (2011) to 51,3 mg/dm® (2010). The average calcium content in water is 50,5
mg/dm3. According to ecological and sanitary indicators, the water of the Kakhovka
Reservoir is characterized as follows. The content of suspended particles varied from 2,0
mg/dm® (2009) to 2,3 (2011) mg/dm?, which corresponded to the 1 category of quality.
According to the average weight index of suspended matter, water belongs to the 1 category
of quality - very clean. In the water of the reservoir the oxygen content ranged from 8,05
(2009) to 8,73 (2011) mgO,/dm°®. That is, this indicator of water in different periods of
research was very clean. Biochemical oxygen consumption for 5 days in the water of the
Kakhovka reservoir was 2,58 (2008) — 2,91 (2011) mgO./dm?>, which corresponded to the 4
categories of quality (poorly contaminated with organic substances). The content of various
forms of nitrogen in the Kakhovka Reservoir waters is as follows. The concentration of
ammoniacal nitrogen in the waters varied from 0,33 (2008) to 0,35 (2011) mgN/dm®.
According to the arithmetic mean data of Kakhovsky reservoir waterin all research periods
belonged to 4 categories of quality - moderately polluted. The content of nitrite nitrogen
ranged from 0,011 (2011) to 0,013 (2008) mgN/dm?. Concentration of nitratenitrogen varied
from 0,33 (2011) to 0,35 (2008) mgN/dm?>. According to the arithmetic mean values of nitrate
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nitrogen content of the Kakhovka reservoir in 2010-2011, it was also classified as moderately
polluted in 3 categories. The concentration of mineral phosphorus in the Kakhovka reservoir
waters ranged from 0,27 (2009) to 0,37 (2011) mgP/dm®. Since 2008, the content of
phosphorus in al samples of water in the reservoir belongs to the 6-7 category of quality, that
Is, the water is very polluted. The content of petroleum products in the Kakhovka
Reservoirwaters ranged from 0,05 (2009) to 0,02 (2010.011) mg/dm®. Consequently, the
water pollution of the Kakhovka reservoir by oil products is single and low. After 2008, the
content of petroleum products did not exceed the MAD (maximum allowable discharge) for
reservoirs of fishery management purposes. According to the arithmetic mean content of
petroleum products, the Kakhovka reservoir is classified as very clean and the average
content of petroleum products does not exceed 0,02 mg/dm’. Pollution of SPAR waters
varied from 0,01 to 0,02 mg/dm®. The increased content of pesticides was detected in samples
taken in the reservoir in 2008-2011. The analysis of the data on the quality of Kakhovka
Reservoir watershows that it is mainly contaminated with organochlorine pesticides: DDT, its
metabolites and ischemia of HCCh. The content of such herbicides as troflan, harnes, as well
as synthetic pyrethroids (karate) in water samples during the study of the reservoir was at a
level below the detection limit provided by standard techniques. The results of the analysis of
bottom sediments indicate that organochlorine pesticides were contained in them at the level
of global dispersion of them in the biosphere.
Results of the resear ch: Environmental analysis shows that 7,9 km® of the sewage waters got
into the Kremenchug reservoir. Only about 10% (0,733 km®) of the sewage watersfound in
water bodies is cleared to the standard quality indicators at the treatment facilities [2]. The
largest pollutant at the Kremenchug reservoir is agriculture. With the drainage of agricultural
land in the water objects of the Kremenchug reservoir, there are about 28% of nitrogen and
7,4% of phosphorus are supplied there. In total, 19,1 thousand tons of nitrogen, 0,63 thousand
tons of phosphorus and 0.118 tons of pesticides are delivered to the Kremenchug reservoir
territory. Hence, agriculture is one of the main sources of access to the reservoir of nutrients.
The particular concern is the increase in the concentration of synthetic surfactants in them,
which practically do not neutralize existing treatment plants and negatively affect the quality
of water and the livelihoods of hydrobionts [2]. Thus, the main causes of pollution of surface
waters at Kremenchug reservoir are:

1) outdated methods of wastewater treatment;

2) emergency discharges of chemical industry enterprises,

3) surface runoff from agricultural land and close proximity of animal complexes to
hydrological objects;

4) ecologically unreasonable regulation of small and medium rivers|[3].
There is a need for scientific substantiation of rational water use and the development of
measures to protect the waters at the Kremenchug reservoir from pollution. And the first step
in thisway isto assess the quality of water. Today, this problem is devoted to many scientific
works [3]. The quality of surface water meets the requirements for aquatic fisheries with the
exception of general iron, ammonium ions, nitrite ions and BODs. Excess of these indicators
Is explained mainly by the characteristics of the local economy and natural factors. Pollution
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by ammonium ions, nitrite ions is due to anthropogenic sources of pollution coming from
utilities and industrial enterprises [3].Based on the observation data for the period from 2007-
2011, it can be concluded that all the values of the concentration of dissolved oxygen in the
waters of the Kremenchug reservoir during the observation period exceed the value of the
maximum permissible concentration (MAD for dissolved oxygen not less than 6). The values
of BODs.at the control areas, in which the observation was conducted,are within the
maximum permissible concentration (MAD 3 mgO,/dm?®), except for 2008. The values of the
concentration of phenols in the waters of the reservoir did not exceed the value of the
maximum permissible concentration (MAD 0,001 mg/dm?®) in 2007 and 2008. In other years
of the study period, excessve MAD was observed. The maximum content of the
concentration of phenols was obtained in 2007.
Conclusions: Generdly, the quality of water for fishery needs in the reservoir is not always
consistent with standards, thus, needs to be cleaned, especialy from the excessive
concentrations of phenols.
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OIIEHKA BJIMSTHUS CEJbCKOXO3SAMCTBEHHOM JESATEJIBHOCTH HA
KAYECTBO BOJ KPEMEHYYI'CKOI'O BOAOXPAHWJINILIA
Boskonas I'.H.
KuarwueBble cioBa: BOJHBIA OOBEKT, KaueCTBO  BOJbI, THIPOXUMHUYECKUM MOKA3aTENb,
CEJILCKOXO03SIMCTBEHHA JICSITCIIbHOCTD.
Pesrome

Kaxoeckoe odoxpanunuwe npunaonesxcum Kk polOoX0o3aicmeeHHblM 00bekmam oowe-
20Cy0apCmeeHHo20 3HAYeHUsl, Ymo 00YCla8aIu8aen 03MONCHOCMb €20 UCNOIb308AHUsL 0105
NPOMBIULTIEHHO20 8blI08A PblObl, KOMOPBIU OCYWECMEIANCA HA NPOMANCEHUU NPAKMUYECKU
6ce20 nepuooa cywjecmeosanusi 6000Xpanuruwd. AxmyanrbHocms ucciedyemou npooaemol
cocmoum 8 cucmemamuyeckKom MOHUMOpUHeE —Kauecmeda 6oou Kaxosckozo
B000XPAHUIUWA C  YYEMOM  eKollocuyeckou  cocmasnsaowel. lLlenvio uccredosanuti
saensemcs oyenka cocmosinus 600 Kaxosckozo soooxpanunuwa 6 11 konmponbhwix cmeopax
8 mnpeoenax 3anopooicckoiu u  Xepcowckoi obnacmetl. AHanuz coCmosHus 3azpsA3HeHuUll
NOBEPXHOCMHBIX 800 8 CMBOPAX 8ANOJIHEHO HA OCHO8E OAHHUX HAOIIO0EHUN 3a COOePHCaHUeM
2UOpoXuMu4ecKux  nokazamenei, NnpedoCmMasieHvlx  XepcoHcKuM U 3anopodiccKum
ObnacHvimu ynpasieHusMU B0OHBIX pecypcos. B cmamwe npusyedena oyenxa ennusHus
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CEeNbCKOXO3ANUCMBEHHOU  0esIMeNbHOCMI Yel08eKd HA COBPEMEHHOe COCMOsHUE KAyecmed
600 Kpemenuyeckoeo 6000xpanuiumya 0as pblOOXO3AUMBEHHBIX HYIHCO.

EVALUATION OF THE INFLUENCE OF THE AGRICULTURAL
ACTIVITYON THE QUALITY OF WATERSIN THE KREMENCHUG WATER
SUPPLY
Vovkodav G.N.

Key words: water object, quality of water, a hydrochemical parameter, agricultural activity.
Summary

The Kakhovka reservoir belongs to fish-water water objects of general state
significance, which predetermines the possibility of its use for commercial fishing, which was
carried out during practically from the very existence of a reservoir.The relevance of the
research thesis lays in its systematic monitoring of the water quality of the Kakhovka
reservoir considering the environmental component.The purpose of the research is to assess
the water conditions of the Kakhovka reservoir in 11 controlareas within the Zaporizhzhya
and Kherson regions. Analysis of the surface water pollution conditions in the areas is based
on data from observations on the content of hydrochemical indicators provided by the
Kherson and Zaporizhzhya Regional Departments of Water Resources.The article gives an
estimation of theagricultural people’s activity influenceon the present-dayconditions of water
quality at the Kremenchug reservoir for fishery needs.

YK 666.973.6
BUKOPUCTAHHA EHEPTETHYHUX 3ACOBIB 3 PO3HIMPEHHSIM X
OYHKIHIOHAJIBHUX MOKJINBOCTEHN

JLLM. Iletpos, I1.M. IIaBaimuH, O.A. lllocTakoBcbKMii
OoecobKuil depaicasHull azpapuuil yHigepcumem

B cmammi euxonano ananimuunuil 02150 Cy4acHux eHep2oHaACUYeHUX mpaxkmopie 3 Memoro
iX BUKOpUCMAHHA HA CKIAOHUX CLIbCbKO2OCNOOAPCLKUX ONepayiax 3 Memoi po3uUpeHHs ix
MexHOI02IYHUX Moxcausocmetl. Taxooic 3pobreno cnpobdba eusasumu Wiaxu YOOCKOHAEHHS
MAaKux MexXHON02IYHUX Onepayitl no HANPAMKAX C.2. SUPOOHUYMEA HA OCHOBI GEIUKO20
Gpaxmuynoeco mamepiany B6iOHOCHO MOOIIbHUX eHepeemUudHUux 3aco0ig. Auaniz eeauxoi
KLIbKOCMI 00CNi0JHCEHb MODINLHOI MPAKMOPHOI eHepeemuKky ma po3poboK HOBUX MoOlenel
EeHepeoOHacu4eHux mpakmopie 3 memoro ix suxopucmauns 8 AIIK, incmpymenmis wooo ix
NPONOHYBAHHS HA PISHOMAHIMHUX MEXHON02IYHUX ONePayisx, a maKodc po3umupents 6a308ux
@izuunux napamempie (BUXIOHUX napamempie) maxKux Mawun i ix 08USYHI8 OXONIOE BENUKY
eanyzv 0noky mexanizayii AIIK. Cyuacne 6upoOHUYmME0 eHepeoHACUYEeHUX MPaKmopie
3HAXOOUMbCA 6 CMAHI CKOPOYEHHSI MAd MOPAIbHO20 CHMAPIHHA HOBHICMIO JIIK8I00BAHO
MPAKmopHi 3a600U, He POUWUPIOEMBCIL 2ALY3b NPOBEOEHHs 8UNPODYBAHb HOBUX MPAKMODPIE 3
memoro ix cepmugbikayii, wooo euxopucmanHs. B Oanuti uwac, mabyms, ei0uysarouu
Kamacmpogiunuti cman MoOiIbHO20 eHepeemuKu, 0esiKi NIONPUEMCMEa NPUCMYnaioms 00
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Ppo3pobKu i opeanizayii OpibHoCepiliH020 8UPOOHUYMEA MpakmopHoi mexwiku. Ilpu yvomy
MpaKmopu npooosHCYIOMsb NOOLIAMUCS HA 2YCeHUYHI ma KOAicHi. Benuxa kinvkicmo
OHOBIEHOI eHepeoHaCU4YeHOl MexHIKU Mac HeOOoNiKU, MaKi sK, no-nepuie, yi mpaKkmopu He
BIOPI3HAIOMbCS 810 MUX MAWUH, SKI O-uu po3pobieHi bazamo poKie momy Hi 3 MEexXHIYHOL
cmpykmypi (paxmuuno JT-75, MT3-100), i no msieoeomy xnacy - 3; no-opyee, 60HU 5K i
pauiuie He Maroms HIAKUX 000amMKO8UX NPUCMPOI8 Ol po3uiupents azpecamysanns. lleenuii
BUHAMOK CMAHOBUMb MAWUHA Kiacy S, po3pobnena ceozo uacy ¢ HATI i donpayvosana
3apas KoIeKmusoM KOHCmMpYKmopie Aepomauty, ane makodic 6e3 000amKo8UX NPUCOCYBAHb.
Ocobaugicms 6CiX MAWUH - Ye MONCTUBICINb YCIMAHOBKU 2YMOAPMOBAHI 2YCEeHUYb.

KirouoBi cjioBa: eHeproHacMueHUW TPaKTOp, PYIIid, KOJECO, OCTOB, IBUTYH, arperar,
3HAPSALIA.

Beryn.  BararomporiecHi  (OararooriepariiiHi) MOOUTBHI  TEXHOJIOTIYHI — arperatd B
POCIMHHHUIITBI € pe3yJbTaT, 3 OJHOTO OOKY, PO3BUTKY TPAKTOPHOI €HEPTeTUKH, MPUHANMHI,
3a octanHi 50-60 pokiB; 3 IHIIOTO, - 1 € TOJIOBHE, - PO3BUTKY CLIBIOCIBUPOOHUIITBA
(pocaunnaunTBa). CyyacHe CLIBrOCIBUPOOHMIITBO BTPATHJIO OUIBIIY YaCTHHY CBOTO
TEXHIYHOT'O OCHAINCHHS, 1 TeMITK BTpaT MOKH HE 3HWXKYIOThCA. Lle o3Hayae, Mo a1 CBOTO
croco0y iCHyBaHHS, HE KaKy4H BKe PO BUKOHAHHS CBOIX CTPATEr1YHUX 3aBJaHb B IOBHOMY
00cs131, BOHO, II¢ BHUPOOHHUIITBO IIOBHHHO MaTH Ha CBOEMY O30pO€HHI, IO-TIepIIIE,
BHUCOKOIPOIYKTHUBHI TEXHOJIOTIYHI arperaTtu, 1o 3a0e3MeuyoTh 3HaUHe peajibHe CKOPOUYCHHS
KUTBKOCTi, TIPM HE3MIHHOMY O00C$31 MOJBOBUX POOIT; MO-ApPYyTe, CLIBIOCIBHUPOOHUIITBO
BUMara€e MexXaHi3aTOpiB BUCOKOTO PIBHS 3 THUM, 10O IiJBUINYBATH BUPOOJICHHS OJMHUIHUX
MOOUTBHHUX arperariB, Ky OTpUMalM OCTaHHI B BunpoOyBaHHsix Ha MIC, 3 omHo4YacHUM
BUPIIIICHHSIM MTPOOJIEMHU BUCOKOT €PrOHOMIKH Ta IHKUHIPUHTY JIIOJIMHO-MAIIMHHUX CUCTEM SIK
OCHOBH TIJIBUIIIEHHS TPHUBAJIOCTI pOOOTH MEXaHI3aTOPiB; MO-TPETe, Mae OyTH mepeadadeHo
MiBUIIEHHS PIBHSA OpraHi3aiii BEJACHHS TOJHbOBUX POOIT SK OCHOBH IiABUIICHHS
BUPOOHUIITBA Mpalll HA OJILOBUX TEXHOJOTTYHUX OIEpallisix.

IIpo6sema. OCHOBHOIO MPOOJIEMOIO IIOJI0 CTBOPEHHS, CHEPrOHACHYCHHX CHEPTreTUYHUX
3ac001B 3 METOI0 PO3LIUPEHHS X (DYHKI[IOHATLHUX MOKIIMBOCTEH MOJISITAaE B TOMY , 11O HaIIl
IPYHTH HE CHOPHUIMAIOTh Ba)XKy MOOLIbHY TEXHIKY, a TOMY HEOOXiJIHO MO MO>KJIUBOCTI
3MEHIIUTH KUTBKICTh TPOXO/IB 110 OJTHOMY U TOMY K CIIIJTY.

AHaJi3 ocTaHHIX goc/ilKeHb Ta myOJikamii. Po3poOku cxeM MOOUIBHUX €Hepro3acobiB
3aKaJali  aHaji3y TEpPCHeKTUBHI  TPAKTOPHUX  KOHCTPYKIlH, SKi MOXYTh OyTH
3aMpoONOHOBaHI 70 CepiiiHOro BUpPOOHMIITBA B HalOmmwkyi 3-5 pokiB. B manumii wyac
PO3POOISAETHCS 1 YACTKOBO IIOCTaBJICHO HA BHUPOOHHUIITBO HOBE CIMEWCTBO TPAKTOPIB
KJIACHYHOI CXeMH 3 BETUKUM (IPAMO CKaKeMO) KUTBKICTIO IMIOPTHHX JeTajel 1 By3IiB.
Haii6inpm 3akiH4eHUM MPEJCTaBHUKOM IIHOTO ciMmeiicTBa BHUCTymae Tpaktop ATM-5280
kiacy 5 motyxknictio 180 k.c. (Puc. 1.1). 3a KOHCTPYKTHBHO-TEXHOJIOTTYHOIO CXEMOIO
TPAKTOP MaJIo BiJIpi3HsA€EThCs Bij Mojeneir MT3 (nmepemni 1 3a7Hi Kojieca pi3Hi; MOBOPOTHI -
HIepe/THi; MepeaHii MICT Tex mpoBiaHmii). Ha 6a3i Takoi cxeMu mnepeadadaeThesi opraHizartis
BUPOOHMIITBA OUTHII MOTYXHUX MAIlIUH
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Puc. 1.Tpakrop ATM-5280 xnacy 5.

Meta gociinxkennb. CydacHUN piBEHb PO3BUTKY TEXHOJIOTIH T03BOJISIE 3HAYHO IIiBUIIUTH
KKJI BukopucTaHHS €HEproHaCMYeHHX EHEPreTMYHUX 3aco0iB MpU SK HaWOLIBIIOMY
pO3IIKpPEHH] X (YHKI[IOHATBHUX MOXJIMBOCTEH, a TOMY MOCTaBJEHA METa SIK O1IbII KOPHUCHO
BUKOPHUCTATH 3aKJIaJICHUN MOTEHIIal B TaKUid MOOUIbHUI 3aci0.

PesyabTatn gocaigxenn. KpurepieM, 3a SKUM OIIHIOIOTHCS OCHOBHI IapaMeTpu
TYCEHMYHOTO pyllis, € o0epTalbHUII MOMEHT Ha BeAydoMmy KoJieci. OOMEeXeHHSM MI0/10
3aCTOCYBaHHS KPUTEPIIO € KIIBKICTh IUIONIAIOK 3CyBY. Ha pucyHky 2 nokazana cxema HaTsry
TYCEHMYHOTO JIAHIIOra Ha BEAYy4YOMY KOJEeCl Ta T'yCEHHUIll IpH 3aCTOCYBaHHI 3BUYAHHOTO
TYCEHUYHOTO PYIIIisl, a Ha pUCYHKY 3 (2,0) HaBeJeHa cxema 3arpOlOHOBAHOTO T'yCEHUIHOTO
pyIis, sKa BUKOHAHA [0 €Hepro30epiratoyiii TeXHOJIOT 1.

fY
D NN

3
2
0 L

Puc. 2. CxeMa HaTsary ryCeHUYHOTO JIAHIIOTA 110 METOJTy aHaJIoTa;
1- Begyue koneco; 2 - miBKa; 3 - Majelp; 4 - TYCCHUYHUN JTaHITIOT.
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Puc. 3. Cxema HaTiry TryCEHMYHOrO JAHIIOra pyllis 3 €Hepro30epeXeHHsIM IO
3aIllpONOHOBaHIM MeToauili (a) Ta MOJIENIOBaHHS HaxmiIy 3yOus Bemydoi 3ipouku (0): 1-
BeIyde KOJIECO; 2 - TUIOIIaAKa 3CyBY, 3- MaJiellb; 4 — I'yCEHUYHHM JIAHITIOT.

Po3rnsHemMo 3MiHEHHSI KOOPAMHAT X Ta Y MPH NepecyBaHHI TPAKTOPA MO T'YCEHHMII:

X .
—=1sn ¢
| (1)
Il = Ccos @
OOwuBi yactunu piBHsAHHA (1) 3BeeMO 70 KBaapary Ta CKIIaaeMo:
2 2
(IE) +(I—yw =sing?+cosp® =1 (2
Y, y,
XY 1 in( 4 y?)-Ini2 <o (3)
T — Inix“+y“)-Inl* =
[Tponorapudmyemo Bupas 3.
In(x? + y?)=1In1? (4)
Buxoasuwn 3 11b0ro, OTpIMaEMO PiBHSIHHS:
2, 2 _ _Inl?
X"+y =¢€ (5

3amaMocs JTIHITHUM 3HAYSHHSM TOJI0KEHHSI Majblld 3 JJaHKW TYCEHUYHOTO JaHIora 4 ta mo
dopmymi (5) 3a mporpamoro "MS Exel” 1 BH3HAUMMO IMOJIOXKEHHS “OCOOIMBOI TOYKK' SIKY
MOYKHa 3po0uTH 3a qormomororo nporpamu MathCad.

BucnoBku. I[lpoBeacHMil aHAMITHYHUN OTJIAM JITEPATypH IMOKa3aB, MO IS TIABUIICHHS
AKICHUX TIOKa3HUKIB TYCEHWYHHX pPYIIIiB MOTPIOHO CTBOPUTH YIOCKOHAJIEHY MOJEIb
IYCEeHMYHOTO pyulid. [[aTeHTHI 1OCHIIKEHHS KOHCTPYKTHUBHUX PIIIEHb JOBEIH MOKIUBOCTI
CTBOPEHHS TYCEHUYHOI'O pYIIisi 3 JBOMa CTEMEHSMHU BUIBHOCTI. J[OBEIEHO MOKIIMBOCTI
M1BUIICHHS SKICHUX MOKa3HUKIB IUISIXOM CTBOPEHHS TOPCIOHHOTO I'yCEHUYHOro pyiris. Ha
NEeTIOCTKOBIM  jAiarpami  OTpUMaHl  KOOpJMHATH OCOOJMMBOI TOYKM — 3abe3nedye
ONTUMAJIBHICTh PEXHUMY POOOTH TYCEHHYHOTO pyIlis. 3MiHA KOOPAMHAT MOCTYNAJIbHOTO
MepEMIIICHHS. TpPaKTOpa B 3aJI€KHOCTI BIJ TMEPEMIIICHHS TOYKH JIOTHKY 3yOIlIB Beay4oi
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3pOYKH y BEPTHKAIbHOMY HAMpSIMKYy BIJIIMOBIAA€ 3aKOHY EKCIIOHEHTH. 3MiHa KyTOBOI
KOOpJIMHATA OOEpTaHHS BEAy4Oi 3IPOUYKH 3IIHCHIOETHCS MO 3aKOHY TaHreHca. dDizuuyHa
31MCHUMICTh KIHEMAaTHYHO1 MOJIEJI1 BEIy4O0i 31pOUKH 31 3MIHEHOIO KOHCTPYKLIEIO T0BENA, 1110
CWJa sKa CIpPSMOBAaHA Ha TMEPEMIIIEHHS TpPaKTOpa NpsMO MPOMOpIiiiHA MOJABIHHOMY
KPYTHOMY MOMEHTY Ta 3BOPOTHO MPOMNOpPILIHHA pajlyCy BE€Ay4O0l 31pOUKH.
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HCIIOJIb30OBAHUE SJHEPI'OHACBIIIEHHBIX SHEPTETHYECKHUX CPECTB
C PACHIMPEHUEM UX ®YHKIIMOHAJIBHBIX BO3MOKXHOCTEHN

[Terpos JI.H., ITapnumun I1.H., IloctakoBckuii O. A.
KiroueBble cj10Ba: SHEPrOHACHIICHBIM TPAKTOP, JIBWKHUTENb, KOJECO, OCTOB, JBUTATEIb,
arperar.
Pesrome

B cmamve e6vinoanen aumanumuyeckuti  0030p COBPEMEHHLIX IHEPSOHACHLIUJCHHBIX
MPAKMOPOs8 € Yeavio UX UCHOIb30BAHUSL HA CNLOJNCHBIX CeNbCKOXO3SAUCBEHHBIX ONePayusx ¢
Yenvio paculupenusi Uux MmexHOA0SUYeCKUX 603ModicHocmel. Takoce cOenana nonvimka
8bIAGUMb NYMU COBEPUIEHCIMBOBANHUSL MAKUX MEXHONO0SUYECKUX Onepayuii no HanpasieHusm
c.2. NMpou3BoOCmMBa HA OCHOBe OOIBLUIOCO DAKMULECKO20 Mamepuaila OmMHOCUMENTbHO
MOOUNbHBIX  dHEpeemU4ecKux cpeocms. AHnanuz O0onbuo20 Koauvyecmea uUccieo08anull
MOOULHOU MPAKMOPHOU dHEpPeemMUKU U paspabomox HOBbIX Mooelell IHePLOHACHIUeHHBIX
MPaKmopos ¢ yenvio ux ucnoiavzosanus 6 AIIK, uncmpymenmog no ux npeonodiceHus Ha
PA3IUYHBIX TMEXHOI02UYeCKUX Onepayusax, a makice pacuuperHue 0a308biX QuaUyecKux
napamempog (UCXOOHbIX napamempog) MaKux MAawluH U ux osueameneli 0Xeamvléaem
bonvwyro  obnacme  onoka  mexaumuzayuu  AIIK.  Cogspemennoe  npouzeo0cmeo
IHEP2OHACHIWEHHBIX MPAKMOPO8 HAXOOUMCS 6 COCMOAHUU COKPAWEHUS U MOPATbHO2O
cmapeHus NOJHOCMbIO JTUKBUOUPOBAHO MPAKMOPHbBIE 3A6800bl, He pacuupsiemcs o01acmo
NpoBeOeHUst  UCNBIMAHULL  HOBbIX  MPAKMOPO8 ¢ Yeivbld ux cepmugurayuu, 06
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ucnonv3osanuu.B nacmosuee 8pems, NONICAIYLL, YY8CMBYsL KAMACMPoduueckoe coCmosHue
MOOUTbHO2O OHEPeemuKU, HeKOmopbvlie NpeOnpusmus NpPUCmynarom K paspabomke u
OP2AHU3AYUU METIKOCEPULIHO20 NPOU3BOOCMBA MPAKMOPHOU mexHuku. Ilpu smom mpaxmopul
nPoOOaNCAIOM  O0eUmbCsl  HA  2yceHuunvle U KojaecHvle. QOounue  0OHOBIEHHOU
IHEPCOHACHIWEHHBIX MEXHUKU UMeenm HeOOCMAamKu, maxkue KaxK, 60-nepavix, Smu mpaKmopbvl
He OMIUYaomcs om mex MawiuH, KOmopwvle-1oo pazpadomannvlie MHO20 Jem HA3A0 HU C
mexnuueckou cmpykmype (paxmuuecku JT-75, MT3-100), nu no mseosomy kaaccy - 3; 60-
8MOPbIX, OHU NO-NPENCHEMY He UMEIOM HUKAKUX OONOJHUMENbHBIX YCMPOUcme O
pacwupenus azpecamuposanusi. Hexomopoe ucknouenue cocmasniem mawuna xkiacca 5,
paspabomannas 6 ceoe 8pems 6 HATU u oopabomana cetivac Koniekmugom KOHCMpPYKmMopoa
Aepomawia, Ho maxoce 6e3 0ONOAHUMENbHBIX npucnocodienuti. OcobeHHoCmb 6cex MawuH -
9MO 803MONCHOCMb YCMAHOBKU PE3UHOAPMUPOBAHHbBIE 2YCEHUY.

USE OF ENERGY-SATURATED ENERGY MEANSWITH THE EXPANSION
OF THEIR FUNCTIONAL CAPABILITIESIN THE VILLAGE PRODUCTION

Petrov L.M., Pavlyshyn P.M., Shostakovsky O.A.
Key words: tractor, awheel, a skeleton, the engine, the unit.
Summary

An analytical review of modern energy-intensive tractors was conducted in the article
with the aim of their use in complex agricultural operations in order to expand their
technological capabilities. An attempt is also made to find ways to improve such
technological operations in the direction of this region. production based on large actual
material relative to mobile energy products. The analysis of a large number of researches of
mobile tractor energy and the development of new models of energy-intensive tractors for the
purpose of their use in the agroindustrial complex, the instruments for their offering in
various technological operations, as well as the expansion of the basic physical parameters
(output parameters) of such machines and their engines encompasses a large branch of the
mechani zation unit of the AP .Modern production of energy-intensive tractorsisin a state of
reduction and aging, tractor factories are completely eliminated, the field of testing new
tractors for the purpose of their certification, for use is not expanded. At present, apparently,
experiencing a catastrophic state of mobile energy, some enterprises are beginning to
develop and organize small-scale production of tractor technology. In this case tractors
continue to be divided into crawler and wheeled tractors. A large number of renewed energy-
consuming equipment has drawbacks, such as, firstly, these tractors do not differ from those
machines that have been developed many years ago either from the technical structure (in
fact, the DT-75, MTZ-100), not by the traction class - 3; and secondly, they still do not have
any additional devices to expand aggregation. A certain exception is the car of class 5,
developed at one time in NATI and has now been refined by the team of designers Agromash,
but also without additional adaptations. The peculiarity of all machines is the ability to
install trailed lorries.
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NIJBUIIEHHSA TOYHOCTI OGPOBKH JETAJIEH ABTOTPAKTOPHOI
TEXHIKH HA KOOPIUHATHO-PO3TOUYBAJIBHUX BEPCTATAX
P.O. Maueii
Ooecvra depoicasHa axademis OyOisHUYMBA i apximexkmypu
O.A.Oprisan, I'.B. bananwk, B.JI. IOprauos
Ooecvkuti Hayionanvruii nonimexuiunutl yHigepcumem

Y cmammi pozensinymo niosuwjeHHs MOYHOCMI  BUSOMOBNEHH MUNOGUX Oemael
8Y3718, MeXamizmie 1 azpecamié aAGMOmMpaKmoOpHOl MEXHIKU I MeXHOJO02ITUHUX MAWUH, WO
00poOAAIOMbCST HA  PO3MOUYBATbHUX 8EPCMAMAX ULIAXOM YPAXYBAHHA  61ACMUBOCEl
OUHAMIYHOT SIKOCMI 00pOOII08ANbHO20 YCMamKy8anHs. Busnaueni Oocepena 30y0icenHs
KOIUBAHb 1  PE30HAHCHI 3HAYEHHS HU3bKOYACMOMHUX MA BUCOKOYACMOMHUX KOAUBAHD
KOOPOUHAMHO— PO3MOYYBANbHUX 8ePCMAamia, wo poOisimb He2amueHULL BNIUE HA MOYHICIb
Gopmu i po3mipie 06pPOOIIOBAHUX NOBEPXOHb BULOMOBTIIEMUX Oemaell MauuH
8 NOO0BHCHLOMY I NONEPEYHOM) HANPAMAX, d MAKOJMC HA iX wopcmkicmsb. Bemanoeneni
napamempu gepcmamis, wo 3abesneuyoms ix UcoKy eiopocmilkicms npu 0opodyi i omoice
ni08UWeHY MOYHICMb I AKICMb 00pOOII0BAHOI NOBEPXHI OCHOBHUX demalell, W0 8UHAYAIOMb
pecypc 8y31i6 ma MexaHizmMié asmompakmopHoi mexHiku. Po3pobneni xoncmpykmusHo-
MEXHON02IYHI 3aX00U NO MOOEpHI3ayii KOOPOUHAMHO—PO3MOUYBANbHUX BEPCMAMI8 SKI
8nposaddiceri 8 yoockoHaneniti mooeni eepcmama 26420, wo 3abecneuyromv cmitikicms
eKCNILYamayitiHux napamempie KOOpOUHAMHO—PO3MOUYBAIbHUX 8ePCMAMIE, 3A80AKU YOM)
NpUOIUZHO BOBIYI NIOBUWYEMBCS MOYHICMb [ AKICMb QU2OMOGIeHHs Odemaneti MauluH
ABMOMPAKMOPHOI MEXHIKU, NO3UMUBHO BNJIUBAIOYUX HA i HAOTUHICMb.

Kiro4oBi ci10Ba: KOOpAHMHATHO—POCTOUYBAJbHI BEPCTATH, IUHAMIYHI TOKa3HUKHU SKOCTI,
TOYHICTH OOPOOIIIOBAaHOT MOBEPXHI1, TUIIOBI JAE€Tajl BY3JIiB Ta MEXaHI3MiB.

Beryn. CyyacHe KOHCTPYIOBaHHS 1 BHUPOOHMIITBO BHUPOOIB aBTOTPAKTOPHOI TEXHIKH
noTpedye MOCTIMHOIO MiJIBUILEHHS HAAIMHOCTI CKJIAJIOBUX BY3JIiB, MEXaHI3MIB 1 arperaris
MAIIH 32 PaXyHOK MOJIIIICHHS X TEXHIYHOTO PiBHS.

IIpo6aema. Excruryatariiiini XxapaKTepUCTUKU JAETaleH, 10 BXOIATh B MPHUBOAM 1 pobOoui
MEXaHI3MH TPAHCIOPTHUX Ta TEXHOJOTIYHMX MAaIlMH CUIbCHKO-TOCHOJAPCHKOTO 1
IPOMUCIIOBOTO IIPU3HAUEHHS 3HAYHOIO MIPOI0 BU3HAYAIOTHCS TOYHICTIO iX BUTOTOBJICHHS,
10 B 3HAYHIN Mipi BIUIMBAE HA SIKICTh MAIIWH B 1itomy. [IpakTuka mokasye, mo npuoiIn3Ho
MOJIOBUHA BCIX peKJIaMalliii B TapaHTIMHWI Mepioj eKCIulyaTallli MaliuH OOYMOBIIEHO
HEJOCKOHAJIICTIO TEXHOJIOTTYHOTO CYIPOBOJUKEHHS MPOIECY BHPOOHMIITBA IX CKIJIAJIOBUX
netaneii. Tomy, nis 3a0e3nedeHHs MOKa3HUKIB HAIIMHOCTI aBTOTPAKTOPHOI TEXHIKH, 3a/1adl,
0 TOB'SA3aHI 3 AKICTIO BHPOOIB, HEOOXIAHO BHPINIYBATH B MPOLECI MPOEKTYBaHHS 1
BUTOTOBJICHHS, @ BUSIBIIIOTHCS X HENOMIKM 3a3BMYail B Ipoleci ekciutyaraiii. Jlocsruenus
BHUCOKHUX MOKa3HUKIB (PYHKIIOHYBaHHS 1 JOBrOBIYHOCTI MalllMH HEPO3PHUBHO MOB'SI3aHE 3
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MiABUIICHHSAM SIKOCTI BHUTOTOBJICHHS JeTajel Ha TMiACTaBl HAyKOBO OOIPYHTOBaHHUX
TEXHOJIOT1H 1 BCTAHOBJICHHS BIIACTUBOCTEH 00pOOIIOBAIBHOIO YCTATKYBAHHS BILTUBAIOYUX Ha
TOYHICTb 00pOOKU. OCHOBHUMHU KOHCTPYKTUBHUMH €JIE€MEHTAaMU aBTOTPAKTOPHOI TEXHIKH,
Bl AKUX Oarato B YOMY 3aJE€XUTh il €(EeKTUBHICTb, € CUJIOBUM arperar, NPUBOAM 1
TpaHcmicli. CyyacHa TeHAEHIIIS 301IbIIEHHS OTYKHOCTI CUJIOBHX arperatiB Ouibil HiX B 1.5
pa3y 1mo10 6a30B01 MoeIl 0e3 3HAYHOI 3MIHK PO3MIpIB ii OCHOBHHUX JeTayiel (KoJiHYacTHi
BaJI, MATYH, OJIOK HUIIHAPIB 1 iH.), BIUIMBAE HA JOBrOBIYHICTH 1 KOHKYPEHTOCIPOMOKHICTh
cwioBoro arperaty. Lle 3okpema, MoOXHa MPOCHIAKYBaTHU Ha MPUKIAIl MOCTIHHOTO
dbopcyBaHHS IBUTYHA aBTOTpaHCIOPTHOTO 3aco0y KamA73, mapameTpu sSIKOro mpeicTaBiieHl B
taba.1 [1].

Tabmuus 1. Moaesi IBUTYHIB i IX 0CHOBHI mapaMeTpu

HalimenyBanHs napamerpa, Mopeins nBuryHa

OJIMHMIIS BUMIPIOBAHHS KamA3- | KamA3- KamA3- KamA3- KamA3-
740.10 740.11- 740.13- 740.30 740.50

240 260

HowminasibHa NOTYKHICTb, 154 176 191 191 265

kBt

MakcumanbpHult oOepTatounii | 667 833 931 1079 1470

MomeHT, H-Mm

JiameTtp muninapa, MM 120 120 120 120 120

XiJl HOPIIHS, MM 120 120 120 120 130

@dopcyBaHHA CHJIOBUX arperaTiB LUISIXOM BJOCKOHAJEHHS iX KOHCTPYKIi 1 TEXHOJOTIl
BUTOTOBJICHHS 3MIHIOIOTH 1X HAJIWHICTh, SIKA € OCHOBHUM KOMIUJIEKCHUM ITOKa3HUKOM, IO
XapaKTepHU3y€e 3MIHU MOTO SIKOCTI y Yaci B POILIEC] HAMPAIIOBaHHA. 3HUKEHHS JJOBTOBIYHOCTI
CJIEMEHTIB CHEPreTUYHUX YCTAHOBOK, MPHBOJIIB 1 TpaHCMICIH OOyMOBJICHE JEKIIbKOMa
YUHHUKAMH, OJJHUM 3 SIKMX € HEIOCTAaTHS TOYHICTh BUTOTOBJICHHS, BIUIMB SIKOI 3a3BHYai
BUSIBIISIETBCSL B paHHIA TmepioJ ekciuryartainii MamuH. Hanpuknang npu  HeIocTaTHIN
CHIBBICHOCTI PO3TOYYBaHHUX OTBOPIB MiJ MiAIIMIHUKOBI OMOPH BajiB 3y04yacTHX mepeaay
PEAYKTOPHUX MEXaHI3MIB MNPUBOJIB 1 TPAHCMICIM, B 3yOUacTUX 3auUeIJIEHHSX BUHHUKAE
KOHLEHTpaI[isl KOHTAKTHOTO THUCKY Ha TOPII1, IO PI3KO 3HWKY€E HABAaHTAXyBaJIbHY 3/IaTHICTb 1
pecypc nepeaad 3aderyieHHAM. OTKe MIJBHUILEHHS TOYHOCTI BHUTOTOBJIEHHS OCHOBHMX
JeTaNieil Kl BU3HAYAIOTh PECypC BY3JIB, MEXaHI3MIB 1 CHCTEM CUIbCHKOTOCHOJIAPCHKUX 1
OPOMUCIIOBUX MAIlIMH 3aiiMa€ BaXXJIMBE MICIE B MIJABUINEHHI HAIIAHOCTI 1 pecypcy
ABTOTPAKTOPHOT TEXHIKH.

AHaJji3 octaHHix myOJikauniii. [TiABUIIIEHHS SKOCTI Ta TOYHOCTI BUTOTOBJICHHSI THUIIOBUX
JieTanei, siki 00poOISAIOTHCS Ha PO3TOUYBAIBHUX BEpCTaTaX, BUKIAJIECHO 30KpeMa B poboTax
[5-8]. Ilokazano, MmO OAHMM 3 PE3€PBIB MMIABUIIEHHS TOYHOCTI OOpOOKM acTaneil Ha
KOOPJIMHATHO—PO3TOUYBaJIbHUX BEpPCTaTaX € MOCHIDKEHHS JUHAMIKA 3aMKHYTOI Ha TMPOIIEC
pi3aHHS TEXHOJOTIYHOI CHCTEMH 1 po3poOKa Ha WIA OCHOBI pPEKOMEHJAIl 1o
BJOCKOHAJICHHIO TEXHOJIOTIYHOTO Tpouecy. Mera poOOTH - TMIABUIIEHHS TOYHOCTI
BUTOTOBJICHHS JIETAIICH MAIIMH aBTOTPAKTOPHOI TEXHIKH MIJISTXOM JOCITIKEHHS 1 ONTHUMI3arlii
napaMeTpiB TEXHOJOTIYHUX IMPOLECiB iX O0OpoOKM Ha KOOPAMHATHO—PO3TOUYBAJIbHUX
BepcTaTax 3 ypaxyBaHHSM HayKOBOI'O OOIPYHTYBaHHSI BJIACTUBOCTEH OOpOOIIIOBAIBLHOTO
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YCTaTKyBaHHS, SKi 1CTOTHO BIUTMBAIOTh HA KOJHMBAJIBHI MpoliecH mpu oOpoOIi merane, 1mo
00yMOBITIOIOTH 1X TOYHICTb 1 SIKICTh 00po0OItoBaHOi moBepxHi. KoopanHaTHO-pO3TOUYyBaIbHI
Bepcratu (KPB) npusHayeHi ais ocTaToyHOi 0OpOOKHM TOYHUX 10 PO3TAllyBaHHIO i Gopmi
OTBOPIB 1 IVIOCKUX MOBEPXOHb JeTalell MamuH 1 MmexaHi3miB. Knacugikyrots KPB no kinacax
ToyHOCT1 B, A 1 C B 3aJIe’)KHOCTI B1Ji KOMIIOHOBOK, BIJMOBIJIHO 3 OJHUM, JBOMAa CTOSKaMH 1
TOPU3OHTANIBHI. 30UIBIIIEHHS KUIBKOCTI CTyIeHiB BUIbHOCTI KPB moke OyTu mocsirHyTe 3a
PaxyHOK BCTAHOBJICHHS Ha JBOKOOPAMHATHUN CTUI TOBOPOTHOIO CTONY, IO PO3IIUPIOE
TEXHOJIOT1YHI MOXJIMBOCTI TIpU OOpoOIl CKIagHUX JeTajlied Ha Bepcrari. s migBUIeHHS
npoayktuBHOcTI KPB 1 TouHOCTI 00p00OKH JieTasneid, pa3oM 3 BIPOBAIHKECHHSIM aBTOMATH3aIll1
nporecy o0poOKH, OUIBIITY YaCTHHY OIepaIliii Py MOXKJIMBOCTI, HEOOX1THO 3/1HCHIOBATH, Ha
OJIHOMY BepcTari. TUMOBI JeTami CUTbCHKOTOCIOAPCHKOI 1 MPOMHUCIOBOI TEXHIKH JUIs
00poOKH pa3TouyBaHHIM (OOTOYYBAHHSM), IO MOTPEOYIOTH BHCOKHX MOKAa3HHUKIB TOYHOCTI
BUTOTOBJICHHSI TIPUBECHI B Ta0JI. 2.

Meta pociigkenb. Bucoki BHMOTH, MmO mpensBIAOThCA a0 TouHocTi KPB, moBuHHI
3a0e3mevyBaTUCs JOCTATHBOIO KOPCTKICTIO MOTO €JIEMEHTIB. HAmpsIMHOI CTaHWHHU, By3Ja
IIMUHEIS, a TaKOXK 3aX0oJlaMU IOJO0 3HWKCHHS PiBHA 30yJDKEHHS BiJ MPUBOAY CTaHKa,
OCKITbKM HejocTaTHs BiOpocTiiikict KPB Moxke mnepemkomkaTtd sSIKICHOMY BUKOHAHHIO
TEXHOJIOTIYHUX Omepalii po3rouyBaHHs 1 (pe3epyBaHHs. TakuM YUHOM, BJIOCKOHAJIEHHS
koHCcTpyKIin KPB 3 MeToro migBuIlleHHs iX SKICHUX MOKa3HUKIB, IOBUHHI IPYHTYBAaTHUCS Ha
pe3yJibTaTtax JOCHTIKEHb BIACTUBOCTEH 1X )KOPCTKOCTI 1 BIOPOCTIMKOCTI.

Tabmuig 2 . Tunosi gerasi, mo o6podASIOTHLCA HA PO3TOYYBAJIBHUX BEpCTAaTAX.
O06po0bitoBaHi aerani i Marivnu i BUpoOH, B SIKi BXOASITH 00pOOIIIOBaHI aeTati
00po0uroBaHi MOBEPXHI

[Nopmens. OTBOpH mif maneus, |ABTOTPaKTOPHI ABUTYHH, ABUTYHHU BHYTPIIIHBOTO 3rOpaHHS

30BHIIITHS IOBEPXHS I0OKH, M1 IITOMHO-TPaHCIIOPTHHX, Oy TiBeTHHO-T0POXKHIX 1 TEXHOIOTTUHUX
KaHABKH Ii/] IOPIIHEB] KiJbIsI B |MAIIWH, KOMIIPECODPHU, BAKYYMHI HACOCH

Brragumim, HarmiBBKIaIATIH. JIBUTYHHU aBTOTPaKTOPHOI TEXHIKH CIIbCHKOTOCIIONAPCHKOTO 1
OTBOpY HUJTIHAPUYHI 1 3 MIPOMUCIIOBOTO TTPH3HAUEHHS, KOMITPECCOPHU
KDHBOIIHIHHOIO VTBODIOKOYOIO

Buika kapaana. OTBOpY 1 KaHaBKU CilbCcbKOTOCTIONAPCHKI 1 MPOMUCIIOBI MalllMHH, TPAKTOPH,

Y BUJIKA aBTOTPAHCITOPTHI 3aCO0H

Kopryc macnsiHOTO Hacoca. CiTbCBKOTOCTIONAPCHKI 1 TPOMHUCIIOBI MAIlIMHA, TPAKTOPH 1
OTBOpH MiJ] yCTaHOBKY ABTOTPAHCIIOPTHI 3aCO0HU

3y04acTHX KOJiC, OTBOPH i

BaJIM, BTYJIKM, LEHTPYIOYM HaJbIli
Kopiryc i rojioBka magiuBHOTO TpakTopu, aBTOTPAHCIIOPTHI 3aCO0H, TETIOBO3H, MiAHOMHO-
Hacoca. TPaHCIIOPTHI, Oy 1iBeTHHO-TOPOKHI 1 TEXHOJIOTIYHI MaIIIHHI
OTBOPH ITiJT BTYJIKH TUTYHXEPIB i

Kopmyc BomsiHOTO Hacoca. OTBOpH ABTOTpaKkTOpHA TeXHiKa
1 TOpLI MiJ BaJl, BTYJIKH, KPUILKA

Brynku, dhmanri, crakany, IKiBH,| ABTOTpaKTOpHA TeXHiKa, OYIiBEIEHO-TOPOXKHI MAIIHHY, TEIIJIOBO3H,
3yOuacTi kojieca. OTBOpH 1 TOpII BEpCTaTH 1 iH.
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Kopmycai merani mammH, ABTOTpaKkTOpHA TE€XHIKa, CLITBCHKOTOCIIONAPCHKI 1 MPOMHUCIIOBI
BEPCTATiB, IPUIIA/IiB, MCXaHI3MiB TEXHOJIOT1YHI MalllnHU, PeIYKTOPHI MEXaHi3MHU
PeIyKTOpiB, KapTepH, 0adku
MIIUHAEIIB, OapabaHu, KOPOOKH
3MiHU niepenad. OTBOpH Mix
3y6uacti nepenadi. OTBOpHU ABTOTpaKTOpHA TEXHiKa, CINbCHKOTOCIOAAPCHKI, MiAHOMHO-
TPaHCIIOPTHi, Oy NiBeTHbHO-AOPOXKHI 1 TEXHOJIOTIYHI MarvHi. Psani Ta
TUIAaHETapHI PEIyKTOPHI MEXaHi3MH

Pe3yabTatH gociigxkeHb. Y 1bOMY 3B'A3Ky OyJu JOCHIKEHI KOJIMBAHHSA 1 >KOPCTKOCTI
KoHCTpYKTHUBHUX eneMeHTiB KPB momeneit 2A430 i 2B420 3 omHUM CTOSIKOM, BY30J]
HIMUHJES SKUX MOXE Mepeminatucsa rno HanpsmHid criiiki. Konuanus enementis KPB
Moa. 2A430 BuMiprOBaNIHCS Ha XOJOCTOMY XOJ1 3a JIONIOMOTOK JIBOKOMIIOHEHTHOTO

€MKICHOI'O JaTYMKa BCTAHOBJIEHOTO HA KOHTPOJIbHIM OMpaBIl (dl = 20 mwm; |1 =100 mm).

Pesynpratu BUnpoOyBaHb TPUILSTH IBOX BEPCTATiB, MPEACTaBlIeHI Ha puc. 1 y BUIIIAII
PO3MOTY KUIBKOCTI BEpCTaTiB MO 1HTEpBajiaX CEpeAHbOr0 3HAUYEHHS PIBHS KOJIMBaHb, L0
XapaKTepU3YIOTh BIUTUB Ha NPYKHbO-TUCHIIATUBHO-1HepHiiiHy cuctemy ([1JJIC) 30BHImHIX
30y/K€Hb 3aJIeKHO BIJlI 4acCTOTH OOepTaHHs MIMUHACHS. BCTaHOBIEHO, 10 13 3pOCTaHHSIM
4acTOTH OOepTaHHA 30UIbUIYETHCS MAaKCUMAaJIbHE 1 HAaWOUIbII BIPOTIHE 3HAYEHHS aMIUIITYId
KOJINBaHb.

Puc. 1. Po3nonin kinbkocti KPB 10 piBHIO KOTMBaHB Ha XOJIOCTOMY XO/Il.

VY cmekTpi KOJIMBaHb KOHTPOJBHOI OMPAaBKM Ha BIIACHIA YACTOTI BUTUHUCTUX KOJIMBAaHb
CIIOCTEPITa€ThCSl IHTEHCUBHA TAPMOHIKA 32 aMIUTITYAOI0 1 FpyIa HU3bKOYAaCTOTHUX FAPMOHIK.
Jlxepena KoJMBaHb HU3bKOI YACTOTH BUSIBIJICHI MPH aHaji3l CHEKTPIB KOJIMBaHb ruib3u. Ha
pucC. 2 mpeacTaBieH] BUIAIJICHI TapMOHIUHI CKJIaJI0OBI KOJMBaHb 3 4acTOTOw oOepraHHA: E -
enektponasuryna, Il - mmuugens, B - npomikHOro Bally NPUBOAY TOJOBHOTO PYXY.
OTpumaHni AaHi, 10 XapaKTEPU3YIOTh MPOIEC KOJIMBAHHS OMPAaBKX HA MaKCHMaJbHIN 4acTOTI
oOepTaHHs JABUTYHA MPHUBOLY (Talu 3), JO3BOMSIOTH BUAUIITH HU3BKOYACTOTHI KOJIMBAHHS Bil CHUT
MPYXKHOCTI 1 KOJTMBAHHSI BiJl KIHEMAaTUYHOTO OUTTS onpaBku. OOpoOKa OTBOPIB, PO3TOYCHUX B
GpOH30BHX 3pa3Kax NPH 4YacTOTi obepTaHHs enextpoaBuryHa 2900 XB & [OKa3ye, Mo
BIIXWJICHHSI OTBOPIB BiJl KPYIJOCTI MarOTh MEBHY BEJIMYMHY 1 4YacTOTy. Takum YHUHOM
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BCTAHOBJICHO, 110 OCHOBHOKO MPUYMHOI HU3BKOYACTOTHUX KOJMBAHB 1 BIAXWICHHS PO3MIPY 1
(dbopMH MTOTIEPEIHOTO MTEPETUHY PO3TOUECHOIO OTBOPY BiT HOMIHATHHHX € 30yDKEHHS, IDKEPEJIOM SIKOTO €
NpaIolounii  porop enekTpoaBuryHa. CepeiHi 3HAYEHHS aMIUIITY]] BUCOKOYACTOTHUX
rapMOHIK 1 IX CepeAHbOKBaJApaTHUHI BiAXWICHHS (Ta0i.4) 3pocTaroTh i3 301IBIICHHAM
4acToTh 00epTanHs ABuryHa. OTpuMaHi BEIMYMHK KOe(DILieHTIB Bapialii ¢ / a,, - Moenen

BepcratiB KPB 2A430 i 2B420 nexats B Mexax 6,1...8 %, mopsaok BeTUYUH SIKUX CITiBIA1a€
3 MOpsAJIKOM BeJuuuH KoediuienTtiB Bapiaui napametpiB [IJIC KPB mogpem 2J1450, mio
BU3HAYEHI B po00Ti [2]. BumiptoBanHs konuBaHb OopiiTanr 1oBxuHor0 (20 mum; 60...100 mm)
npu posrouyBaHHi crtami 45, waByny CU 18 i1 Opom3u OLIC 6-6-3 BukoHyBamucs 3a
J0MOMOT 010 eMKicHOTo aardnka 3 (puc. 3). bopiranru 2 pi3HOT JOBXKHHU 3aKPITUTIOBATUCS B
KOHycHOMY oTBopi mminaens 1. CrtaneBuMu 1 YaBYHHUMH 3pa3kaMu Oynu miuTd 4, 1o
BCTAHOBJICHI Ha CTOJI 6 Bepcrara Ha MOHTAXKHHUX IUIMTKaxX 5. 3pa3ku 3 OpoH3W Mainu
mutiHaApuyHy dhopmy. EkcriepuMenTanbHi 3pa3ku i 00poOKH 3 cTaji 1 4aByHY BiJIITOBIIATH
yMOBaM: Juis ctai — rmbuHa pizanasa t=0,05 — 0,2 MM, mBuakicth pizanHs V=150 m/xs,
nogaga $=0,05 mm/06, pizens 3i crutabom T30K4; g wasyny — 1 =0,05 — 0,3 MM, s =0,05
mMm/00, V=125 m/xB, pizens 3i cmaBy BK3; s 6ponsu— anmasni pismi 2146-0001 (JICTY
T'OCT 13288-67) mpu 1 =0,1 mm, s =0,02 Mmm/06, v=230 m/xB. 3MIHHICTh TIapaMeTpPiB
[TIIC npu oGepTaHHi MITIHES BUKIUKAE 3MIHH aMILTITY]T KOJIUBaHb (Tad. 5).

Puc. 2. Cniextpu konuBanb rib3u KPB mpu xomoctomy xoxi.

I[Ipu wMamiii yacToTi oOepTaHHsS MIMHACIS HHU3bKOYACTOTHA TapMOHIKAa AaHaJIOTI4HO
MOJIATIUBOCTI, MAa€ BEIUKY IHTCHCUBHICTh y (PPOHTAIBHOMY HampsiMi MO OCl y, a TpH
BENUKIM dYacToTi obOepTaHHs - B OilyHOMy Hampsmi Z. Ilpu npomy y Hampsmi 2
PO3BUBAIOTHCA 1 IHTEHCHBHIII BHCOKOYACTOTHI KOJIMBAaHHS. AHa3 KOJHMBaHb TUIb3H,
KOpITyca TOJIOBKM IIMHUHJAEIS 1 CTIMKH IMOKa3aB, IO HU3bKOYACTOTHI KOJWBAHHS ITOB'S3aH1
TOJOBHUM YMHOM 3 JedopMallisiMd B CTUKaX KOPIYCY IIMUHIEIBHOTO By3Jia 3 TiIb30I0 1
CTIHKOIO.
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Ta6muust 3. AMILTITYAH HU3LKOYACTOTHHX KOJMBAHHL ONPaBKH npu n=2900 xB

YMOBH €KCIIEPUMEHTY Awmmmityna | Yacrora
a, MKM f, T

OO0epTaHHS Ha XOJIOCTOMY XO1 MPU HOPMAIBHUX YMOBaxX poOOTH 5 48
BepcraTa (BKOPCTKE NPUCTOCYBAHHS)
OmpaBka He 00epTaeThesi. Ban nBuryHa ctanka BiAKIIOYEHUH BiJl
POMIKHOTO Bajly 05 48
Ob6epranHs IBUTYHA Ha XoiocToMy XoAi. Ha Bany aBuryHna
nucOanmanc 60 r-cm 6.4 48
OmpaBka He o0epTaeTbesi. Ban nBuryna 3 qucoanancom 60 r-cMm,
BIJIKJTIOUEHHH BiJl MPOMIXKHOTO BTy 2.5 48
OO6epranHs Ha xonoctomy xoai. Ha mpomixkHOMy Baiy
mrcOananc 90 r-cm 55 48
Omnpaska He obepTaeThbes. [Ipomikuuit Ban 3 nucbanancom 90
I'-CM, BIAKITIOUEHUI BiJT IITTIHAEIIS 0.4 30

Tabnuusg 4. AMIIITY 1M BUCOKOYACTOTHUX KOJIMBAHb ONPABKH HA X0JIOCTOMY XOJi.

YacroTa 3?{232?;1}1 CepeTHbOKBAIPATHYHI
obepraHH,
)P;B’l a,, » MKM BiIXVJTCHHS C g MKM
145 0.28 0.017
290 0.50 0.038
580 0.95 0.070
725 0.70 0.041
1450 0.75 0.056
2900 1.05 0.091
Tabnuis 5. BigHomeHHs1 aMILTITY .
a,/a,
n,xs ™ HAa 4acTOTax KOJIUBAaHb
Huspxux Bucokux
580 1,0-13 0,6-0,9
1450 0,7-11 0,6-0,9
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[Tpu4rHOIO BUCOKOYACTOTHUX KOJMBAHB MEPEBAXKHO SIBIATHCS AeOpMaIlist IHCTPYMEHTY CITUTHHO
3 CHCTEMOIO IIIMUHJIEIB-TUIB3a. Y po0oTi [2] TpoaHati3oBaHa 3aIe)KHICTh BHCOKOUACTOTHUX KOJIMBAHb
mmmmHaenss KPB Bi mBUAKOCTI Moro oOepTaHHs 1 1O TOJIOXKEHHI0 MAKCUMYMIB aMILTITY ] KOJIUBaHb
BCTAHOBJICHUM TIapaMETpUYHUA Xapaktep 30y/pkeHHs. [Ipu qociiikeHH! BIUIMBY 30UIbIICHHS
BUILOTY Oopmtanrdy KPB mo HapocTaHHIO piBHS BHCOKOYACTOTHUX KOJIMBaHb BCTAaHOBJICHI
I'paHUYHI 3HAYEHHS PaiaibHOl MAAaTIuBOCTI K, CITiBManarodl 3 BiANOBIIHMMH 3HauYeHHAMH [K]
I 00pO-OHO-PO3TOUYHMX BepcTaTiB (Tadi. 6):

Ta6muis 6. 'pannyHi 3HAYEHHS MiATATIMBOCTI OOPIITAHIH.

marepian [k] mMxmM/H
ctanb 45 0.08
gyryH CY 18 0.2
oponza OLIC 6-6-3 0.3

Pexomenpaiii mo miABUIIEHHIO KOPCTKOCTI CTUKIB KOHCTPYKTHUBHHUX €JIEMEHTIB BEPCTATIB 1
3HM)KEHHIO 1HTEHCHUBHOCTI 30y/DKEHHS B MPHUBOAI TOJOBHOTO PyXy, IO IPYHTYIOThCS Ha
NIPUBEJICHUX BUIIE pe3ysibTaTax AOCHiKeHHsS, Oynu ynpoBamkeHi B KPB moneni 2b420.
BunpoOyBannst BepcratiB 1i€i Mojeni mokaszanu, mo B nopiBHsHHI 3 KPB mozeni 2A430
IHTEHCUBHICTh BHUCOKOYACTOTHUX 1 HU3BKOYACTOTHUX KOJMBAHb 3HU3MJIACA MPUOIHM3HO
yABIYI.
BucnoBku. Busnaueni [pkepena 30y/KEHHS KOJUBaHb 1 PE30HAHCHI 3HAaYeHHS
HU3BKOYACTOTHUX Ta BHUCOKOYACTOTHUX KOJMBAaHb KOHCTPYKTUBHO-TEXHOJOTIYHOT CXEMH
KOOPJIMHATHO—PO3TOUYBAJIBHUX BEPCTATIB, 110 BUITYCKAIOTHCA 1 X HETAaTUBHUN BIUIMB Ha
TOYHOCTHI TOKA3HUKH BUTOTOBISIEMUX JCTAJICH MAIlMH CLIBCHKOTOCIIOAAPCHKOTO 1
OPOMHUCIIOBOTO Npu3HaueHHS. Po3po0iieHI KOHCTPYKTMBHO-TEXHOJOTIYHI 3ax0Jd IO
MOJIEpHI3allli KOOpJAUHAT-HO—PO3TOUYBAJIIbHUX BEPCTATIB SIKI BIPOBAKEHI B YJIOCKOHAJICHIM
moneni Bepctata 2b420, mo 3a0e3neuyroTh CTIHKICTh eKCIuTyaTaiiaux napameTrpie KPB,
3aBASKA YOMY NPHUOJIM3HO BJIBIUl MIJBUILYETHCS TOYHICTH 1 SIKICTh BUTOTOBJIEHHS JAeTalied
MAaIllMH aBTOTPAKTOPHOI TEXHIKH, TO3UTHUBHO BIUIMBAIOYWX Ha 1i HAaJIIMHICTB.
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MOBBINIEHUE TOYHOCTH OFPABOTKU JETAJIEM ABTOTPAKTOPHOM

TEXHUKU HA KOOPAUMHATHO-PACTOYHbBIX CTAHKAX
Mareit P.O., Oprisu O.A., banantok I'.B., [Oprauos B./I.
KiroueBble ¢ji0Ba: KOOPAWHATHO—PACTOYHBIE CTAHKU, JMHAMUYECKUE TIOKAa3aTeNId KayecTBa,
TOYHOCTH 00pabaThIBAEMOI MOBEPXHOCTH, TUIIOBBIE IETAIH Y3JI0B U MEXaHU3MOB.
Pesrome
B cmamve paccmompero noevluienue mouHocmu U320MoOGIEHUL MUNOBLIX Oemainell
V3108, MEXAHUIMO8 U Azpe2amos A8MOmMpaKmMOPHOU MEXHUKU U MEXHON0SUYECKUX MAUUH,
Komopvle 00pabamuleaiomcs HA — pACMOYHBIX  CMAHKAX NymeMm yyema  C80UCmS8
OuHamMu4ecko2o kKavecmea obpabamvisaroue2o 06opyoosanus. OnpeodeieHvbl UCMOYHUKU
6030y21cOeHUs KONeOaHUU U Pe30HAHCHbIE 3HAUEeHUs] HUZKOYACTMOMHBIX U blCOKOYACMOMHbBIX
KOLeOaHUuti KOpOUHAMHO—PACMOYHbIX CIAHKO8, KOMOpble OKA3bl8AION He2amueHoe GlusHue
Ha4 MOYHOCMb (QOopMbl U pazmepos o006pabamvléaemvlX HOBEPXHOCMEl U320MAaABIUEAEMbIX
oemaneli MawluH 8 MNPOOOJIbHOM U HONEPEYHOM HANPAGNeHUsX, d MmMakKxice Ha Ux
ulepoxoeamocms. Ycmauognenvl napamempvl CHMAHKO8, KOMOpble 00ecnedusarom ux
8bICOKYIO 8UOPOCMOUKOCHb NpU 00pabomke U C1ed008amebHO NOBbIUEHHYI0 MOYHOCMb U
Kauecmeo o06pabamvléaemMol NO8epPXHOCMU OCHOBHbIX Oemajlell, Komopbvle ONpeoessiiom
pecypc V3108 U MeXaHuzMo8  A8mompakmopHou  mexHuxku.  Paspabomanvi
KOHCMPYKMUBHO —MEXHOJI02UYeCKUe Meponpusmus no MoOepHu3ayuu
KOOPOUHAMHO—PACMOYHBIX CHAHKO8 KOMOpble 6HEOPEHbl 8 YCOBEPULEHCIMBOBAHHOU MOOeU
cmanka 25420, obecneuusaroweli ycmouuusocms  IKCHIYAMAYUOHHBIX NAPAMEMPO8
KOOPOUHAMHO—PACMOYHbIX CMAHKO8, O1a200aps Yyemy NpudIU3UmMenbHo 8080€ NOBbIULAENICS]
MOYHOCMb U KAYECMBO U320MOBIeHUs Oemanel MAwuH asmompakmopHot  MexHUKU,
NONOHCUMENLHO BIUAIOUWUX HA €€ HAOEIHCHOCD.
IMPROVING THE ACCURACY OF TREATMENT OF DETAILSOF
AUTOMOBILE AND TRACTOR MACHINERY AT COORDINATE-BORNING

MACHINES
MATSI R.O., ORGIYAN O.A., BALANYUK G.V., ORGACHQV V.D.

Key words: coordinate-boring machines, dynamic quality indicators, accuracy of the
processed surface, typical parts of assemblies and mechanisms.
Summary
The article discusses improving the accuracy of manufacturing typical parts of
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assemblies, mechanisms and assemblies of automobile, tractor equipment, and technol ogical
machines that are processed on boring machines by taking into account the properties of the
dynamic quality of processing equipment. The sources of vibration excitation and the
resonance values of low-frequency and high-frequency oscillations of coordinate-boring
machines, which have a negative impact on the accuracy of the shape and dimensions of the
machined surfaces of the machine parts produced in the longitudinal and transverse
directions, as well as their roughness, are determined. The parameters of the machines that
provide their high vibration resistance during processing and, consequently, increased
accuracy and quality of the processed surface of the main parts, which determine the life of
the components and mechanisms of automotive engineering, are established. Design and
technological measures were developed to modernize coordinate boring machines that were
introduced in an improved model of the 2B420 machine, which ensures the stability of the
operational parameters of coordinate boring machines, which approximately doubles the
accuracy and quality of manufacturing of machine parts for automobile, tractor equipment
that positively affect its reliability.

UDC 622.75: 629.7
TECHNOLOGY OF REGENERATION OF EMPLOYED MASTS

S. M. Uminsky, D.S. Uminsky
Odessa State Agrarian University

Aging of the engine oil is a complex complex of physical and chemical processes, of
various factors, which are closely interconnected. Engine oils can be restored by chemical,
physico-chemical and physical methods. Microfiltration can enter into the process of oil
regeneration as the main operation, and in combination with other operations. The
combination of microfiltration with the previous operations of regeneration of oils (removal
of water, fuel fractions, coarse impurities) allows you to obtain high-quality butter. Distilled
waste oil is cleaned of mechanical impurities, water and fuel fractions at high-speed
centrifugal cleaners. The work proceeds at a temperature not higher than 95 ° C and
pressure at the inlet to the cleaner of about 10 MPa. The purified oil is heated to 60 ° C and
passed through the micropores of ceramic rods. Such microfiltration through a
semiper meable membrane further cleans the oil. To further improve the performance of the
oil filtrate add additives or prepare their mixture with fresh ail, followed by processing in the
ultrasonic field. This allows to increase the connection of the components of additives with
carbohydrate elements of oils at the molecular level, that is, to stabilize the content of
additives and increase the term of their service.

Key words: lubricant, oxidation, regeneration, impurities, kinematic viscosity, coagulation,
adsorption, microfiltration.

I ntroduction. The most important requirement for motor oils is their ability to protect the
parts of the cylinder-propeller group from abrasion, scuffing, dyeing. Purification of oils - the
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technological process of removing from oil distillates and oils of harmful impurities.
Regenerated oil - technical grease obtained by purification of spent oil by physical, chemical
and physical and chemical methods, with operational properties restored to the requirements
of normative and technical documentation (GOST 26098-84). Temperature resistance of oil -
the property of the lubricant to provide with a temperature increase a low and stable
coefficient of friction in conditions of limiting lubrication. It is known that contamination of
oils occurs as a result of their contact from the outside, and as a result of changes in the
carbohydrate composition of oils. These processes begin aready at the production of oil at
refineries and continue at all stages of its transportation, storage and operation. They can be
classified into two main types: manufacturing and operating (Fig. 1) [1, 2].

Problem. On the basis of the analysis of literary sources, it was established that used in
operation s.-g. technics, diesel oils may contain up to 0.14% (by mass) of pollution, and
autotractor oils in the same conditions - up to 0.28% (by mass). The results of the
microscopic and spectral analysis of contaminants carried out on the oils DS-11 and DS-8
show that in the oil entering the refueling machines and mechanisms, there are many particles
of contamination in the size of more than 50 microns. In reservoirs of oil reservoirs, the
number of such contaminants can exceed 1000 per 1 cm3 (Table 1), and a significant
proportion of compounds of silicon and aluminum (Table 2) indicates the high abrasiveness
of the used oils [2, 4]. Along with solid contamination in motor oils, there is water in the
presence of which the process of changing the properties of oils proceeds especialy
intensively and plays a crucial role in the stability of the oil.

Fig.1. General classification of lubricant contamination processes.

Aging of the engine oil is a complex complex of physical and chemical processes, of various
factors, which are closely interconnected. The main ones are the following. Oxidation of ail,
which occurs under the influence of oxygen and high temperature. The products of oxidation
and polymerization of hydrocarbon oils can be liquid, semi-liquid and solid products, some of
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which can be soluble in oil, and the other part will replenish the amount of insoluble
impurities.
Tablel. Contentsand granulometric composition of pollution in diesel oils

Average number of particles (thousand pieces/ cm3)
Brand Place % by in intervals of dimensions, um
selection weight 1-5 5-10 | 10- 15- 20- 30- 40- 50
15 20 30 40 50
DS-11 F/d 0,010 15,8 8,4 39 2,1 1,1 0,3 0,2 | 0,01
tank
DS11 | Reservoir 0,014 174 | 12,3 2,0 1,0 0,8 0,2 | 0,02 | 0,00
composition 5
DC-8 The same 0,110 863,7| 97,2 | 30,1 | 139 | 75 | 097 | 08 | 1,15
DS11 Barrel 0,112 974518492 | 245 | 742 | 16,3 | 4,1 1,7 29
Table 2. Characteristics of the ash of contaminationsin motor oils
oil Content of Contents, 10“-9%.
Sampling point. | contaminants,% i
brand (by mass). Fe Cu Pb Al S
DS-1 Reservair 0,137 traces | 0,2+04 | 0,04 | traces 1,5+2,0
COIT]pOSltI on

Afg' The same 0,080 : 012 | - 05 2.3
DS11 Tanker 0,100 - 0,7+0,9 - traces 1,7
DS-11 Barrel 0,115 traces 0,25 0,02 0,12 1,4+2,2
Af;' The same 0,125 traces | 0,17 - 0,32 1,4+2,5
DS11 Distributing 0,103 0,1+0,2 0,13+0,3 2,4

Contamination of oil with insoluble |mpur|t|es Wh|ch Is formed from solid carbohydrate
particles (soot) due to incomplete combustion of fuel, from solid and liquid products of
oxidation of oil are formed when interacting with impurities, from products of deterioration
and pollution coming from the surrounding water (water, sand, dust) . The main source of
formation of insoluble impurities is soot, products of wear, dust and others. Chemical
processes of oil aging include the neutralization of compounds of acidic nature with
impurities (decrease of akalinity of oil) to oxidation of oil. [2, 5]. The speed of these
processes depends on the concentration of the reactants and changes in the process of engine
operation. As aresult of the aging process, there is a change in the composition of the ail, as
the content of the impurity decreases, the concentration of insoluble and soluble oxidation
products and impurities increases (Fig. 2). Changing the composition of the oil leads to a
change in its quality. Indicators characterizing negative properties (such as the content of
insoluble impurities, acidity), as the aging of the oil increases. The formation of oil in
products of its aging significantly affects the wear of friction surfaces of engine parts. It is
known that microvision externally manifests itself as abrasion. It can be caused by various
reasons. The presence of dight abrasion often does not interfere with the operation of parts,
and in the initial period of operation is even necessary for the application of parts. The
processes of friction and wear significantly affect the micro pollution of the oil. Studies
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Fig. 2. Changesin the lubricant during engine operation.

have shown that a significant part of the power loss in the engine is due to the friction of the
sealing rings on the cylinder wall. The process of oil contamination is just as intense in the
same area. Friction in this site occurs in the mode of limit [ubrication.

The purpose of research. Development of effective technologies and equipment for
restoration of operational properties of waste oils for the purpose of their re-use in
agricultural production.

Resear ch results. Engine oils can be restored by chemical, physico-chemical and physical
methods, the classification of which is given in Fig. 3. Chemical methods are based on the
interaction of substances that pollute the engine oils and reagents introduced into these oils.
As aresult of the reactions occurring, compounds are formed, easily removed from the oil.
Chemical methods of purification include: acid purification, alkaline purification, drying with
the help of calcium compounds, dehydration and reduction by hydrides. metals. The
application of chemical methods of cleaning and clarification allows the removal of asphalt-
frost, acid, some heterogeneous compounds as well as water from ails.

Regeneration of waste oils
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Fig. 3. Classification of regeneration of waste oils.
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These methods have been widely used in industrial regeneration plants. Basic from physico-
chemica methods used in practice: coagulation (inorganic and organic electrolytes, not
electrolytes, solutions); adsorption (percale filtering, contact cleaning, cleaning in the moving
layer, adsorbent), ion-exchange purification (static and dynamic); dissolution of impurities
(deasphalting with propane, deparafinization, selective purification, water washing) [2, 4].
These methods, as well as chemical, are difficult for the practical realization of oil
regeneration in the conditions of agricultural production. The physica methods of cleaning
the oils include filtering and strength fields of high tension. These methods allow the removal
of solid particles from the oils, microcurrents of water and partially-resinous and coke-
forming substances. The main types of equipment used in the cleaning of oils in the power
field: centrifugal (hydrocyclones and centrifuges); electric (high-frequency and electrostatic);
magnetic (about an electromagnet and a permanent magnet), vibration (mechanical and
ultrasonic), combined [2,4,5]. It is known that high-strength field strengths can be achieved
on centrifugal, ultrasonic and magnetic cleaners of different design. In centrifugal cleaners
solid particles of contamination are separated from the oil by the action of centrifugal forces.
Depending on the speed of rotation of the rotor, the centrifuge is divided into low speed
(5000-10000 rpm), high speed (10000-20000 rpm) and ultracentrifuge (rotational speed more
than 20,000 rpm). The most widely used centrifuge with a hydrostatic drive. Different types
of filters are al'so used to clean the oils. By way of separation of polluting impurities, they are
divided into surface and deep. Classification of filter elements is shown in Fig. 4. Surface
filters delay particles of the dispersed phase on the surface of the filter element. Such filters
act as a sieve, that is, they hold only those particles whose linear dimensions are larger than
the limits of the boundary channels of the filtering element.The following types of filters are
used for filtration of oil: mesh, dlit, mater, cardboard, paper, ceramic. In microfiltration, the
lubricant is cleared of tar substances, asphaltenes, varnishes, scum, and the like. Depending
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on the porous surface of the particles constantly removed from the surface by the flow of oil,
created by a centrifugal pump, which is included in the circulating circuit. The efficiency of
microfiltration depends on the pressure in the system and the temperature of the oil. After the
microfiltration the oil enters the heating device and the reactor, which undergoes catalytic
hydrogenation. In this case, cracking gas, which can be used for combustion in the tubular
furnaces of the instalation, is released, and heavy hydrocarbons are hydrated. The
acceleration of the oil obtained in vacuum to separate it into three viscosity fractions is the
last stage of the regeneration process. The oil obtained as a result of such processing, like
fresh oils and can be used without restrictions. The amount of recovered oil from the raw
material can exceed 70%. Microfiltration can enter into the process of oil regeneration as the
main operation, and in combination with other operations. The combination of microfiltration
with the previous operations of regeneration of oils (removal of water, fuel fractions, coarse
impurities) alows you to obtain high-quality butter. On this basis, the scheme of the
technological process of recovered waste oils, which is given in Fig. 5, was chosen. One of
the operations of oil recovery in the development technology is the process of purification by
the method of microfiltration. The essence of the proposed technology is as follows. Distilled
waste oil is cleaned of mechanical impurities, water and fuel fractions at high-speed
centrifugal cleaners. The work proceeds at a temperature not higher than 95 ° C and the
pressure at the inlet to the cleaner is about 10 MPa. The purified oil is heated to 60 ° C and
passed through the micropores of ceramic rods. Such microfiltration through a
semipermeable membrane further cleans the oil. To further improve the performance of the
oil filtrate add additives or prepare a mixture of them with fresh oil, followed by treatment in
the ultrasonic field. It allows to increase the connection of components of additives with
carbohydrate elements of oils at the molecular level, that is, to stabilize the content of
additives and increase the term of their service. Regenerated and stabilized oils are deposited
and delivered to consumers. Structurally, the microfilter unit is an independent installation
with tanks, a pump station with membrane elements, an electric heating and a control board
(Figure 5). The microfilter unit is a welded frame structure on which the main oil tank (4) is
mounted with a capacity of 600 liters. The tank is equipped with electric heaters, temperature
sensors and temperature sensors. Around the tank 12 blocks of microfilters (5), each of which
has 24 ceramic rods installed. The scheme of oil flows in the elements of the block is shown
in Fig. 5. Theail circulation in the block of microfiltersis carried out by the pump station (1).
To clean the blocks of microfilters, use compressed air supplied by the compressor at a
pressure of 0.4 MPa. The block consists of: control shield (4), concentrate drain pump (7),
storage capacity (6), oil-wires, shut-off valves, pressure sensor. The block has a functional
connection with the stabilization unit and a unit of preliminary purification of oils through a
network of pipelines and shut-off valves. Install in filtration mode this way. The purified ail
from the first block by the pumping station of this unit is pumped into the working capacity
of the microfilter unit, which opens the shut-off valve supplying oil from the capacity of the
purge, at the outlet of the pump, two shut-off valves of the oil supply lines are cut off into the
working capacity of the microfiltration unit. Include pumping station unit.

156



ATPAPHWI BICHWK MPUYOPHOMOP’Sl Bun. 90. 2018p.

Exlimusted ol .
FExhoustecd oil

Nechmical means{r—50-
A0 ) | Fexclinioal smears] e S0-m00 00)
! |
¥
| bt | i e oaanaterials | | I o . |
(Ll
‘ | ] | 1 lavisnanrigs « ] |
= 2] B -
= . =] l
= -5 _TT = | Porifiecl-Figlitinige 1
S B2 i "g_ = = =
A
| S— _— 4 Iy
i | I ¥ [ - —
E * | | L i tic Aclditive o ety il
| |
- 7
Puritfied ol | a
._‘ ’
i Hege el 1
| Accdditive composition
¥

| Repeneratasd ofl |

| |
Fig. 5. Scheme of technological process of recovery of waste ails.

The filling process proceeds to reach the oil of the upper level sensor, which excludes the
pumping station of the clearing unit. Close the filling lines valves. On the control panel of the
microfilter unit, the heating of the ail, by setting the temperature of 70 ° C on the sensor,
opens the valve of the pressure manifold of the pumping station of the microfilter unit. Upon
reaching the operating temperature of 70 ° C ail, the pump station of the unit is switched on
automatically. The pressure at the line at the inlet of the microfilter unit is 0.7 MPa and is
supported by the through valve. The purified oil circulates in the block of microfilters, passes
through the mountains of ceramic rods, on which contaminants settle, and the jet pump is fed
into the storage capacity of the oil. Filtration subtlety in the block of microfiltersup to 0.5 - -
10-6 m. The process continues to reduce the productivity of the rods [5, 6]. In purge mode,
the installation works in the following way. Open the shut-off valves of the purge line of the
block of microfilters, include a compressor station in operation and 0.4 MPaof air isfed in a
microfilter under pressure. Passing through the pores of the ceramic rods, antistrum
compressed air frees the surface of the rods from contamination, bringing them into a
container for collecting concentrate. At the end of the purge, the compressor is switched off
and shut-off valves on the cleaning line are closed. Similarly, the elements of the block are
cleaned if, instead of compressed air, a diesel fuel or washing liquid is used. However, this
reduces the productivity of the plant and increases the operation of the unit. In purge mode,
the installation works in the following way. Open the shut-off valves of the purge line of the
block of microfilters, include a compressor station in operation and 0.4 MPaof air isfed in a
microfilter under pressure. Passing through the pores of the ceramic rods, antistrum
compressed air frees the surface of the rods from contamination, bringing them into a
container for collecting concentrate. At the end of the purge, the compressor is switched off
and shut-off valves on the cleaning line are closed. Similarly, the elements of the block are
cleaned if, instead of compressed air, a diesel fuel or washing liquid is used. However, this
reduces the productivity of the plant and increases the operation of the unit. For the treatment
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of the filtration regime of oils on the block of microfilters, experimental studies were carried
out, in which the productivity of microfilters from carbon graphite and ceramics was
determined, with microfiltration of purified waste oil M-10M2. Characteristics of microfilters
are givenin Table. 4. Astheinitial parameters, the operating temperature of oil 60 and 95 ° C
was adopted, the flow rate at the installation is4 m/ s and the pump performanceis 0.5 - 10-3
m3 / c. Analysis of the results shows that when filtration of oil through carbonaceous rolled
rods, the productivity of the process with increasing pressure practically does not increase.
When filtration due to neglected carbonaceous rods productivity increases in proportion to
pressure. When filtering through the ceramic rods, the performance is sharply increased with
a pressure variation of 0.1 to 0.5 MPa, and with further increase in pressure, the productivity
increase decreases. Ceramic rods are most susceptible to changing the pressure drop across
the filtering partition. The M-10G2 ail filtrate was examined in passing light. The filtrate,
obtained through rolling carbonaceous rods, is transparent, has a bright red coloring. It
characterizes it as a highly dispersed. Ceramic rods are most susceptible to changing the
pressure drop across the filtering partition. The M-10G2 oil filtrate was examined in passing
light. The filtrate, obtained through rolling carbonaceous rods, is transparent, has a bright red
coloring. It characterizes it as a highly dispersed organosol, as absorbed short waves with
blue staining. In this case, the radius of particles is 0.5 microns and below. The ail filtrate,
obtained from non-liberated carbonaceous rods, is cloudy, has a dark red color, which
characterizes it as ultramicroheterogenic organosol with a particle radius of 3 microns and
below. The filtrate obtained through the ceramic rods, transparent, has a dark red color, which
characterizes it as a colloid-dispersed organosol with a particle radius of 1 um or lower. In
addition, a comparative estimation of the optical density of the filtrate compared with the
fresh marketable oil of M-10M2 was performed on the photocamometer FEK-56DO. The
optical density of the first filtrate is lower than the centrifuged oil purified twice with a
wavelength of 500 nm; the second filtrate is 1.5 times, the third - 1.2 times at the same
wavelength. This alows us to conclude that the oil filtrate reduces the amount of pollutants
from 3 microns and below. Analysis of the dependence of the productivity of microfiltrations
on pressure based on the rheological properties of colloidal systems allows us to conclude
that in the chosen filtration regime, a turbulent flow of liquid occurs in the capillaries of the
microfilter. As the turbulent filtration regime is not optimal, additional tests are needed to
find optimal filtration regimes based on a more in-depth study of rheological and other
properties of colloidal oil systems. The hydraulic characteristics of the filtering of
commercial and waste oil M-10M2 through the ceramic filter are obtained. Characteristics
suggest that the most significant influence on the rate of filtration is the temperature regime
and the pressure drop on the surface of the microfilter. Under the influence of temperature
and pressure, the viscosity of the oil varies, and the effect of these factors on the process is
uneven. Increased pressure leads to deformation of the layer of sediment on the surface of the
microfiltration, the transition of the flow of filtrate through the capillaries from the laminar
regime to turbulent, ie, increases the resistance of the filtration [2, 5]. For the treatment of ail
filtration regimes, a series of experimental studies was conducted on a microfilter block. The
productivity of microfilters (membranes) made from ceramics, with microfiltration of oil
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Fig. 6. General view of installation and block of microfilter.
Table 3. Basic technical data of theinstallation.

Number of microfilters, pcs 288
Working surface of microfilters, m® 8
The type of filter element is tubular Tubular
Material of the ceramic filter element Ceramics
Average pore diameter of the microfilter, m 1*10°6
Porosity of microfilter element,%
The size of the ceramic rods, mm: length 800
External
diameter 12
Internal
diameter 6
The diameter of the oil at the entrance to the element, MPa 0,5
Operating temperature 80
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Selectivity,% 46
Productivity, | / hour 20-30
Capacity for refined ails, | 600
Capacity for collecting concentrate, | 200
Nutrition Network, V 220/380
Installation capacity, kw 18,5

Table 4. Characteristics of microfilters.

Dimensions of rods
Name _ The Size  of | Poris-
length diameter | thickness | pores, um | dough,%
of the wall
Carbon stedl rods 800 6,0 2,0 0,6 44,1
Non-wrought carbon brushes 800 6,0 2,0 1,0 38,0
Ceramic rods 800 6,0 3,0 1,0 60,0

M10M 2, purified centrifugation at the oil-treatment plant SUOM-1H was determined. During
the block performance, the supply performance remained virtually unchanged. According to
the results of the experiment, the graphical dependence of the variation of the unit's
productivity on pressure and temperature was constructed (Fig. 7). The analysis of the graph
shows that at atemperature of up to 95 ° C and at a pressure variation from 2 to 10 kg / cmz2,
there is an experimenta point A in which the block achieves the highest productivity. At oil
temperatures above 95 ° C, productivity increases with pressure. It was established that at
temperatures above

Fig. 7. Dependence of membrane performance on pressure and temperature.
95 ° C the oil filtrate permeates sharply. This is due to a decrease in the viscosity of the oil
and its contact with electric heaters, which a these temperatures contribute to the
preservation of highly dispersed soot particlesin it. At low oil temperatures, the selectivity of
the microfilter unit increases, that is, on the surface of the microfilter, particles of the micro-
admixture are most effectively retained. Table 5.6 shows the results of physico-chemical
analysis of oils at different filtration regimes, which aso confirm that, at low filtration
temperatures, the concentration of mechanical impurities in ail is reduced. Data analysis
table. 5 shows that the process of filtration of purified oil reduces the content of mechanical
impurities by 6.5 times compared with purification centrifugal apparatus and 2.5 times
improve the light penetration. The content of detergents in the filtrate decreased by 3%

compared to the refined oil and by 12% compared to the spent fuel. The content of
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mechanical impurities in the product oil is amost 10 times the permissible values, the
viscosity is 2% lower than the standard. The filtrate contains 2 times less mechanical
impurities and a 10% reduced viscosity due to the destruction of polymers in the process of
operation in the engine. In general, the filtrate is close to the relevant requirements of the
standard, and when introduced into it, the composition of the additive will conform to the
standard. [5,7,8]. According to the content of pollutants and products of engine wear (Fe; Al;
Cr; Cu; S), the filtrate is comparable to commercia oil. The results of the comparative
analysis allow to confirm the significant efficiency of the process of microfiltration of oil
with ceramic filters and the possibility of bringing the waste oils to a level of fresh
commodity.

Table 5. Physico-chemical parameters of oil filter M10G 2

Type of ail Contents  fur. | Cinematic Moon number, mg
impurities,% viscosity. at 100 oz, | KIN /g
mm2/s
Output M10G2 0,0164 10,52 2,68
M10G2 filtrate at T = 40® 0,0051 9,64 2,25
M1OG2 filtrateat T=60° C 0,0073 9,81 2,28
MI1OH2 filtrateat T=95°C 0,0094 9,98 2,27
M1OH2 filtrateat T = 120 oz 0,0127 10,23 2,25
M1OH2 filtrateat T = 120 0z 0,0158 10,75 2,26
Table 6. Physico-chemical parametersof oilsM10G
. . Alkaline
: Commodit K.'”e”?a“c Flame number, Water Content
Type of ail viscosity, | temperatur content, .
y butter mg CIN / density,%
cSt e 0z g %
Fresh ail 0,220 10,82 204 5,66 0,07 65
Exhausted oil 0,410 10,56 179 1,63 0,24 23
Piified ol SUOM-1 9,014 10,23 181 1,61 Crimn | 29
O fitrate, keram-| g 07 932 | 176 0,44 Crimu | 58
Commodity oil 0,042 10,25 189 4,90 0,08 32

Conclusions. Microfiltration can enter into the process of oil regeneration as the main
operation, and in combination with other operations. The combination of microfiltration with
the previous operations of regeneration of oils (removal of water, fuel fractions, coarse
impurities) allows you to obtain high-quality butter. Distilled waste oil is cleaned of
mechanical impurities, water and fuel fractions at high-speed centrifugal cleaners. The work
proceeds at a temperature not higher than 95 °© C and pressure at the inlet to the cleaner of
about 10 MPa. The purified oil is heated to 60 ° C and passed through the micropores of
ceramic rods. Such microfiltration through a semipermeable membrane further cleans the oil.
To further improve the performance of the oil filtrate add additives or prepare their mixture
with fresh oil, followed by treatment in the ultrasonic field. It allows to increase the
connection of components of additives with carbohydrate elements of oils at the molecular
level, that is, to stabilize the content of additives and increase the term of their service.
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Analysis of the dependence of the productivity of microfilters on pressure based on the
rheological properties of colloidal systems alows us to conclude that in the chosen filtration
mode there is a turbulent flow of liquid in the capillaries of the microfilter. Under the
influence of temperature and pressure, the viscosity of the oil varies, and the effect of these
factors on the process is uneven. The increase in pressure leads to the deformation of the
layer of sediment on the surface of the microfiltration, the transition of the filtrate stream
through the capillaries from the laminar regime to the turbulent, that is, the increased
resistance to filtration. The filtrate contains 2 times less mechanical impurities and a 10%
reduced viscosity due to the destruction of polymers in the process of operation in the engine.
In general, the filtrate is close to the relevant requirements of the standard, and when
introduced into it, the composition of the additive will conform to the standard.
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TEXHOJIOT'USA PETEHEPAIIM OTPABOTAHHBIX MACEJI
Ymunckuit C. M., Ymunckuii /1. C.
KuroueBrble ci10Ba: Maciio, OKMCIEHHE, pereHepanus , IpuMech , KHHEMaTH4ecKasi BA3KOCTb,
KOaryJisilus, aacopouus, MUKpo(UIbTparLus.
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Pesrome

Cmapenue macna 8 ogueamesie - 3MO CLONCHBIU KOMIIEKC DUULECKUX U XUMUYECKUX
npoyeccos, paziudHulX (AKmopos, mecHoO C8A3aHHbIX Medcoy cobou. MomopHvie macia
MOIHCHO 80CCMAHABIUBAMb XUMUYECKUMU, PUBUKO-XUMUYECKUMU U PUSUYECKUMU MEMOOAMU.
Mukpogunempayus modicem 6xo0ums 6 MeXHOIOSULECKULL NPOYeCC peLeHepayun Macid KaK
OCHOGHAsL oOnepayus, maxk u 6 covyemanuu c¢ Opyeumu onepayuimu. Couemarue
MUKpouiempayuu ¢ npedvloywumu onepayusamu pezenepayuu macen (yoanreHue 600ul,
MONAUBHLIX — (ppaxyuil, 2epyOOOUCNEPCHbIX NpuMecell) NOo360Jsem NOAYYUMb  BbICOKO-
KauecmeeHuvle macio. Omcmosguieecsi ompabomanHHoe MAcCIO — OdYUWaemcsi  om
MeXanuueckux npumeceti, 600bl U MONIUGHLIX OPAKYUNl HA  BbICOKOCKOPOCHHbBIX
yeHmpoobexcHvlx ouucmumensix. Paboma npomexaem npu memnepamype ne eviue 95°C u
oasnenuu Ha 6éxode 8 ouucmumens oxkono 10 Mlla. Ouuwennoe macio nodozpesaemcs 00
60°C u nmponyckaemcsi uepe3  MUKPONOpul  Kepamuueckux  cmepoicheu. Takas
MUKpouibmpayus yepe3 NOIynpoHuyaemvie Memopansvl. OONOJIHUMENbHO OYUaen MAaco.
s Oanvhelue2o yayuueHus IKCHI-YamayuoHHbIX Kauecms 6 Guibmpam macia 68005mcs
APUCAOKU UTU 20MOBUMCS UX CMECb CO CBENHCUM MOBAPHLIM MACIOM, C NOCaedyioujell
00pabomkol 6 YIbmpasgyko8oMm noje. Imo no3eoJsem Y8eIudums C6513b KOMHO-HEHMO8
NPUCAOOK C YeAepPOOHbIMU DNIeMEeHMAMU MAacel HA MOAEKYIAPHOM YPO8He, MO eChib
CmMabUIU3UPOBaAMsb COO0EPIHCAHUE NPUCAOOK U YBETUUUMb CDOK UX CILYHCObL.

TECHNOLOGY OF REGENERATION OF EMPLOYED MASTS

Uminsky S.M., Uminsky D.S.
Key words: lubricant, oxidation, regeneration, impurities, kinematic viscosity, coagulation,
adsorption, microfiltration.
Summary

Aging of the engine oil is a complex complex of physical and chemical processes, of
various factors, which are closely interconnected. Engine oils can be restored by chemical,
physico-chemical and physical methods. Microfiltration can enter into the process of ail
regeneration as the main operation, and in combination with other operations. The
combination of microfiltration with the previous operations of regeneration of oils (removal
of water, fuel fractions, coarse impurities) allows you to obtain high-quality butter. Distilled
waste oil is cleaned of mechanical impurities, water and fuel fractions at high-speed
centrifugal cleaners. The work proceeds at a temperature not higher than 95 ° C and
pressure at the inlet to the cleaner of about 10 MPa. The purified oil is heated to 60 ° C and
passed through the micropores of ceramic rods. Such microfiltration through a
semipermeable membrane further cleans the oil. To further improve the performance of the
oil filtrate add additives or prepare their mixture with fresh ail, followed by processing in the
ultrasonic field. This allows to increase the connection of the components of additives with
carbohydrate elements of oils at the molecular level, that is, to stabilize the content of
additives and increase the term of their service.
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INEPCHHEKTHUBHI HAITPSIMKH PO3BUTKY ABTOMOBLJIB JJIsA
ATPOITPOMHUCJTOBOI'O KOMIIVIEKCY

C.I'Yab6an, O.B.Kospa
Ooecvkuti Hayionanvhuii nonimexuiunutl yHigepcumem

YV cmammi npueoosmucsa eumocu 00 Odxcepen eHepeii, 3acmoOCy8aHH HOBUX Odcepei
eHepeii, YOOCKOHANIeHHs ICHYIOUUX 0dcepell eHepeii, BUKOPUCTAHHS HAKONUY)Y8ayie eHepeii.
Pozensaoaromocs 3aeanvni  menOenyii  YOOCKOHANEHHSI — MPAOUYIUHUX — KOHCMPYKYIU
asmomoobinie, nepcneKmueHi HANPIMKU CMBOPEHHS  eKOJNO2IYHUX MAd  eKOHOMIYHUX
asmomoobinie. AHANI3YIOMbCs CYYACHI eleKmpoasmomMoOdini HA aKyMyIsamopax, NaaiueHux
eleMeHmax —ma IHWUX —albmepHamueHux odxcepenax. Jocuiodcyemocs — emepeemuKa
eeKmpoasmomooinie. /i  KOMWIEKMYBAHHA  eleKmMPUYHO20  ABMOMOOLNL  MONCYMb
gUKOpUCMamu, sIK e1eKmpoO8USyHU NOCMIUHO20 CIMPYMY, MAK i 3MiHHO20. OCmaHHIiM 4acom
oocums NONYNAPHUM CMAN0 BUKOPUCMAHHA 8 eleKmpomooiiax momop-kouic. Jleaxi
eeKMPOOBUSYHU 3MIHHO20 CMPYMY NpU 2aNbMY8AHHI MPAHCNOPMHO20 3AC00y 30amHI
npayioeamu 8 2eHepamopHOMY PeHCUMI, 3A80AKU YOM) GUPOOIAEMbCSL eIeKMPUYHA eHepeisl,
sAKa 30epieacmvcsi 6 aKyMyJAAMOpHUX bamapesx, I HAOAL GUKOPUCMOBYEMbCA Ol PYX)Y
asmomodina (pynxyis pexynepamugnoco eanvmyeanus). OcHoguuMu Odiceperamu eHepeii 8
ENeKMPUYHUX ABMOMOOINIAX € axymynamopui oamapei. CeuHyego-Kuciomui oamapei €
HAUNONYIAPHIWUM | HAUOLIbW Oeuwe8UM 6apiaHmoM I NiOnA2aroms MOPUHHILL nepepobyi.
Hikenv-memaneiopuoni akymynsmopu maiwoms OilbUl  BUCOKY NPOOYKMUBHICMb, HIC
CBUHYEBO-KUCIOMHI, ale 3a YIHOI 60HU O00podcui. Jlimiu-uonni bamapei - onmumanbHblil
sapianm 05 eleKmpomodinie, 6OHU MAMb GUCOKY WILILHICMb HAKONUYYBAHOI eHepeil i
PO3PAOHUX CcmpYMi8, JeeKi, KoMnakmui i egekmueno 30epicaroms enepeito. Ilpome 6
menepiwHitl wac Jaimit-ioHHi oamapeti € BIOHOCHO O00pPO2UM BUOOM AKYMYIAMOPIS.
Ilpusoosamucs 3anexcHocmi 011 BUBHAYEHHS 3ANACy X00Y eNeKmMpoasmomoOiis 8 pexdcumi
piGHOMlpHOZO PYXy ma 6 peanvHux ymosax ekcnayamayii. AHanizylomecs pizui cxemu ma
8UMO2 00 CYYACHUX A8MOMOOINIE 1 Nepcnekmusuy ix po3eumky NOKa3aiu, wo Ha 0aHomy
emani 0711 A2pONPOMUCIIO8020 KOMNIEKCY OOHUM 3 NEPCNEeKMUBHUX HANPAMKIE PO3GUMKY iX
KOHCMPYKYIU AGIAEMbCS  CMBOPEHHST 2IOPUOHUX aA8MOMOOINI8, AKI OLlbUl eKOHOMIYHI
MPAOUYIUHUX KOHCMPYKYIU Ma 3HAYHO MeHule 3a0pyOHIOI0Mb 008KLILIA.

KiarouoBi cioBa: enexkTpoaBTOMOOLUT], TIOpUAHI aBTOMOOLT, JITIH-10HHI aKyMYJSITOPH,
1HBEpPTOP, MOTYKHICTh, KPYTHUNA MOMEHT, TPAHCMICIs, €EKTPOJABUTYH, 3apsAIHUN MPUCTPIH,
MMAJINBHUM €JIEMEHT.

Beryn. [TocTiiitHe 3pocTaHHS CBITOBOTO aBTOMOOUIBHOTO TAapKy, POOWTH aKTyaJIbHOIO
npoOJjieMy CTBOPEHHSI €KOJOTIYHO OE3MEUHMX 1 €KOHOMIYHUX aBTOTPAHCHOPTHHUX 3aCOOIB.
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binpiricte TpaHCHIOPTHUX 3ac00IB KOHIEHTPYIOTHCS Yy BEIHMKHX MiICTax 1 MPOMHCIOBHX
Meramosiicax, 0 BEA€ A0 EKOJOTIYHOI HAampy>KEeHOCTi 1, SK HaclIiJOK, A0 EKOJOTTYHHX
KaTak/Ii3MIB, HalpUKIaj, y BUINLAL (OTOXIMIYHOrO “cmory'. JIBUTYHH BHYTPIIIHBOTO
sropanHns (IB3) Tpanumiitaux TpancnoptHUX 3aco0iB mpakTndHo 90% yacy eKCIuTyaTyroThCs
Ha HECTIMKHX peXHMax poOOTH, OKpPIM LIbOrO, PyX aBTOTPAHCIOPTY B MICHKHUX 30HAaX 3
OOMEXEHUMH TMPOIMYCKHUMH MOMJIMBOCTSIMU BUKIMKAE€ BUKOPUCTAHHSA TIIBKA HE3HAYHOT
YaCTUHU TOTEHIIMHOI TOTY)KHOCTI JBUTYHIB. BUKOpHCTaHHS MOTY>KHOCTI TPaJaUIlIHHUMHU
aBTOMOO1IsIMU cTaHOBUTH 01151 30-50% HOMiHanbHOI. [Ipu rasibMyBaHHI BTpadaeTbes Big 15
no 60 kiHeTUYHOI eHeprii, ska Oyja mepeaaHa aBTOMOOUIIO JIBUTYHOM. SIKIO II0 €HEPriio
aKyMyJIFOBaTH, a TMOTIM BHKOPUCTATH B PEKUMAX PYXy 3 TMEPEBAHTAKEHHSM, TO MOXHA
3aomaauty 10 30 % manusa. i YMHHUKY € BU3HaYaIbHUMU B HU3BKIH €()EKTUBHOCTI pOOOTH
TPaAUIIMHUX JIBUTYHIB aBTOMOOWIIB 3 TOYKHM 30PY BUTPATH TajauBa 1 BUKHUIIB IIKIJTUBUX
pedoBuH. TomMy HEOOXiAHICTH B CTBOPEHHI TPAaHCIOPTHUX 3ac00iB, 10 BHKOPHUCTOBYIOTH
aNbTEPHATHBHI EHEPrOyCTAaHOBKH, CTa€ yce OuIblIl akTyaiabHOW. [IpoBimHI BUPOOHHKHU
ABTOTPAHCIIOPTHUX 3aCO0IB  MPUNHSJIA KOHIEMIIK CTBOPEHHS E€KOJIOTIYHO YHCTOrO
aBTOMOOLIs1 B JiBl cranaii. Ha mepmiiii craaii mepenbayaeTbcss CTBOPEHHS aBTOMOOLIIB 3
KOMOIHOBaHOIO eHepreTnyHow ycraHoBkow (KDVY), mo Bkimouae JIB3, 3 mepcrekTuBoro
nepexoay MOro UBJEHHS Ha BOAEHb ab0 CHMHTE3-ra3, 1 Ha JpYrid craiii aBTOMOOUI 3
aKyMyJIITOpaMu a00 eJIEKTPOXIMIYHUM T€HEepaTopoM Ha 0a3l MaJuBHUX €JIEMEHTIB 'BOJICHbB-
noBiTpsa'. KomOiHOBaHa eHepreTMdyHa yCTaHOBKa 3aaTHa 3a0esmeuntH poboty JIB3 Ha
pexuMax Horo HaioOuIbIIOi edekTuBHOCTI. HuHl y psaal kpaiH BeayTbCs poOOTH MO
CTBOPECHHIO TPAHCTIOPTHUX 3ac00iB, ki BUKOPUCTOBYIOTH KDV, mo ckiamy sIKUX BXOHSTH
JIB3 1 OydepHuii HakonmuyyBad eHeprii. 3acTocyBaHHS Oy(pepHOro HaKOMUYyBaua E€HEprii
no3Bossie 3a6e3neunT poboty JIB3 B He3ase:KHOCTI BIJ pPeKUMY PyXy aBTOMOOLIA 1 TUM
camuM 3a0esmeuntd poboty JIB3 Ha iioro HailicnpuaTnuBimux pexumax. Llel Hampsm
OTpMMaB OCTaHHIM YacOM JOCHTh OYypXJHMBUH PpPO3BUTOK 1 IIOCTYIOBO 3aBOMOBYE
aBTOMOOUTbHUN PUHOK.

Mera pociaimkens. [loganpiie yqocKOHaIIOBaHHS TPaAULIMHHUX CXEeM aBTOMOOLIIB Ha
ocHoBi JIB3, mo mpaioioTh Ha BYTJICBOJHEBUX IalliBaxX, BXXKE HE MOXE 3a0e3MeuuTd
BIJIMOBIAHICTh MEPCIEKTUBHUM HOPMaM €KOJOTIYHMX BUMOT, II0 MPAKTUYHO BUKIIOYAIOTh
BUKHJ IIKiJJIMBUX PEYOBUH CHEPICTHYHOIO YCTAaHOBKOIO aBTOMOOLISA, a TaKOXX 3HAYHE
CKOpPOYCHHSI BHUTpAaTH naiuBa. HeoOXigHI HOBI PIIIEHHS W KOHCTPYKIIi, SKI JO3BOJIATH
3a0€3MEeUNTH €KOJIOTIYHYy Oe3MNeKy Ta NaJuBHY EKOHOMIYHICTb. Y 3B'SI3KYy 3 IIUM JI0
aKTyaJlbHUX 3aja4, HalpaBJICHUX HAa YJOCKOHAJIEHHS KOHCTPYKIIM  TpaguiiiiHuX
aBTOMOOLTIB, IO JO3BOJUTH MPUCTOCYBATH iX O CYYaCHHUX EKOJOTIYHMX Ta €KOHOMIUHUX
BHMOT, € JOCTI/PKCHHSI OCHOBHUX HANPSIMKIB PO3BUTKY KOHCTPYKIIii €IEKTPOaBTOMOOLIIB Ta
riOpUIHUX aBTOMOOUTIB 1 BCTAHOBJICHHS MOJKJIMBOCTI iX BUKOPHUCTAHHS B arpoOIPOMHUCIOBOMY
KOMILJIEKCI.

PesynbraTtu fgociigxenb. TeHICHIIT pPO3BUTKY CyYaCHUX KOHCTPYKIIH aBTOMOOLIIB
0OyMOBJICHI BHMOTaMH JO iX KOHCTPYKHii [1], cepem sSKWX MOXHA BHIUIMTH HACTYIIHI:
TEXHIKO-EKCIUTyaTaIliitHi; TEeXHIKO-€KOHOMIUHI; BUPOOHWYI;, KOHCTPYKTHBHIi; coriaibHi. B
TEMEPIIIHIN Yac Mopsl 3 NepepaxoBaHUMU, OCOOJIMBO AKTyaJIbHUMU SIBISIOTHCS €KOHOMIYHI
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MOKa3HUKU. J[0 E€KOHOMIUHMX TOKAa3HUKIB BIJHOCHTHCS - 3MCHIIEHHS BUTpaT MaHuBO-
MACTHJIPHUX MaTrepiaiiB, 37CIHICBICHHS BUPOOHUIITBA Ta IMEPEBE3CHb. 3MCHINECHHS BUTPAT
NATMBHO-MACTHJIBHUX MaTepialliB JIOCATAETHCS 32 PaxXyHOK YIAOCKOHAJICHHS ICHYIOUHX
JDKEpeNl eHeprii MIITXOM YIAOCKOHAJIICHHS CHCTEM BIOPCKYBaHHS TalWMBa, 3aCTOCYBaHHS
€IICKTPOHHOTO KEPYBaHHS CHCTEM JKHMBJICHHS Ta 3alaFOBaHHS, BIPOBAKEHHSM HAIIyBY,
MOJICPHI3AIlIEI0 Ta30pO3MOJUIBHOIO MeXaHI3My, BHKOPUCTAHHSM HAKOMWYyBayiB CHEPTii.
OcobOnuBa yBara TpHUAUIAETHCA 3aCTOCYBAHHIO HOBHUX JKepen eHeprii. llepcnexkTuBHUM
HalpsIMOM  BJIOCKOHAQJICHHS KOHCTPYKINI aBTOMOOUTIB, 110 JO3BOJUTH  IIJBUIIUTH
€KOHOMIYHICTh, € PO3BUTOK €JICKTPOMOOUTIB Ta riOpuAHUX aBTOMOOLTIIB. EnekTpoMoOiis —
aBTOMOO1Ib, IO MPUBOJMTHECA B pPyX OJHUM ab0 ACKUIBKOMAa EICKTPOJBUTYHAMHU 3
JKUBIICHHSAM BIJl aKyMyJIsTOpiB a00 MaJIMBHUX eleMeHTiB Tomo, a He JB3. IlimBumamu
CJIEKTPOMOOILISI BBAKAIOTHCS €JCKTPOKAp (BaHTAKHUM TPAHCIOPTHHH 3aci0 Ui pyxy Ha
3aKPHUTUX TEPUTOPISX) 1 eeKTpoOyc (aBTOOYC 3 aKyMYJIATOPHOIO TAT010) [2]. AKyMYJIATOpHI
enekrpoaBroMoOimi BEVS, AEVS — enextpuuni aBTOMOOUTI B SIKMX MPOXOIUTH MPOIIEC
HAKOMMYCHHSI CHEprii B aKyMyJsiTOpax 1 MepeTBOpeHHs ii B MexaHiuHy pobOoty. Ili
aBTOMOO1UI1 BiJ3HAYAETHCS HYJIbOBHUM PIBHEM BHUKHIIB, OCKUIPKM BOHHM HE MAalOTh BUKH/IIB
BUXJIOMMHUX Ta3iB MiJ 4Yac poOOTH. B enekTpuuHuX aBTOMOOUISX 3aCTOCOBYIOTHCS Taki
PI3HOBUAM aKyMyJATOpIB: CcBHHIEBO-KUCIOTHI, AGM akymynstopu (VRLA Oarapei),
HiKeJIb-KaJMI€BI, HiKeIb-MeTaNTiApUAHI, miTii-ionni (Li-ion), mitik-moai (Li-pol) 1 nuHK-
noBITpsiHI Oatapei. IlepeTBOpeHHs €NeKTPUYHOI €Heprii B MEXaHIYHYy BiAOyBa€ThCsi B
eJIeKTPOJBUTYHAX, sKl BigHOocHO JIB3 MaroTh 3HauHI mepeBard. Sk MNpuUKIaj] YCHIIIHOT
pPO3pPOOKH MOJIell 3 BHUCOKMMHU XapaKTEPUCTHUKAMU MOXHA TPHUBECTH ABUTYH Bij Yasa
Motors. ImxeHepu KOMIIaHIi CTBOPHIJIM arperar, SKUi Mpu Basi 25 Kr 3JaTHUM BUIABATH JI0
650 H-M kpytHOoro MomeHty [2]. B mOpiBHSHHI €IeKTpOMOOUIS 3 aBTOMOOiIEM, e
BUKOPUCTOBY€EThCs, JIB3 BiH XapakTepu3yeThCs OUIBII TPOCTOI CXEMOK, MiHIMAJIbHUM
YHCIOM PYXOMHUX eJeMeHTiB. OTke, Take pilleHHs € OuTbin HaAiitHuM. JKUBIEHHS MOTOpa
BiIOYBa€ThCS Bi TArOBOi akyMmyJsiTopHOi Oarapei. Haituacrime BUKOPHUCTOBYETHCS JITiii-
10HH1 OaTapei, 1Mo BKIOYAIOTh B ce0e KiIbKa MOAYJIiB, MiIKIIOYCHUX MOCTiT0BHO. Ha Buxomi
akymyssitopa popmyerbest Hanpyra Bij 300 B mocrifiHoro ctpymy. I1oTy)HICTh 3MIHIOETHCS
3anekHo Bim Moxeni aBromoOims. CywacHi 3paskm 3matHi crtBoproBatd 1 /00 B. s
KOPEKTHO1 B3a€MOJI1 €MHICTh Oarapei miAOUpaeThCsA 3 ypaxyBaHHSM MOTYXKHOCTI JIBUTYHA.
Ieit moka3HUK B MepeBakHINA OIBIIOCTI KOHCTPYKIiM cTaHOBUTH Biag 15 mo 200 kBrt. Skmio
MOPIBHATH enekTpuyHuid n1BuryH 3 JIB3, To y nepmoro KKJI cranoBute 95%, a B iHIIOTO -
25%. Pi3Hung ictorHa. € TPUKIAAM B aBTOMOO1IeOyayBaHHI, KOJM B KOHCTPYKIIIi
BUKOPUCTOBYETHCS KIJIbKAa arperarip, 110 MOXYTh IMPHBOJUTU B PyX IEBHI Kosieca. Takwuii
OPUHIIMI OpraHi3allii J103BOJIsi€ 30UIBIINTH TITOBY IMOTYXKHICTh aBTOMOOUIA. OmHHM 3
BapiaHTIB TaKOi CXEMH € JIBUTYH IHTETpoBaHUN B Kojieco. Hemomkom Takoro mpucTpoOro
TATOBOTO €JEKTPOJBUTYHA € TIOTIPIICHHS KEPOBAHOCTI TpPaHCIOPTHOrO 3acoly. Tomy
PO3POOHUKH TPOJOBXKYIOTh BECTH aKTHBHY MISUTBHICTH B IIboMYy HampsiMKy. II{o cTocyeThcs
TpaHCMICIi, TO y eJEKTpOMOOIIs BOHA Ma€ CHOPOIIEHWUH BUTIIAA. baraTo KOHCTPYKITIH
OCHAIIICHI OJTHOCTYMIHYACTHM PEAYKTOPOM. 3aBISKH IHBEPTOPY BiOYBAE€THCS MEPETBOPCHHS
BHUCOKOI HAampyrd IMOCTIHHOTO CcTpyMy OarTapei. 3a paxyHOK HAsSBHOCTI B KOHCTPYKIIIl
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OOpPTOBOTO 3apSTHOTO MPHUCTPOIO TAPAHTYETHCS 3apsiKa aKyMyJsTOpa Bif €IEKTpOMEpexKi
noOyTOBOTO pU3HAYCHHS. 3a0€3MEUCHHSIM 3apsIKU T0AaTKOBOI O6arapei Ha 12 B 3aiimaeTbes
nepeTBoproBad. Ll OaTapess BUKOPUCTOBYETHCS [IJIsi JKUBJEHHS PI3HUX JOMOMIXKHUX
OPUCTPOIB TPAHCHOPTHOTO 3aco0y. 30BHI €JEKTPOMOOLIbL HE Ma€ BIAMIHHOCTEH BiJ
TpaguliiiHoro aBtomoOuiss 3 JIB3, mpoTe OCHOBHI pO301KHOCTI 3HAXOASATHCS B 00JaCTi
eKCIUTyaTaIlli: BUCOKa IMOYaTKOBa BapTICTh, HEOOX1THICTh TPUBAJIOI 3apsIKH, OOMEXKEHUHN XiJI.
Tomy OynoBa eleKTpoMOOLIs Mae TEeBHI PO3ODKHOCTI 3 KOHCTPYKIIEK TPaauIliiHOTO
TpaHCHOPTHOTO 3aco0y. Bucoka BapTicTh aBTO (GOPMYEThCS B OCHOBHOMY uepe3 I[IHY Ha
aKyMYyJIATOpH, SKI e W MalTh HEBEJIMKUNA TEPMIH CIyxOum - o 7 pokiB. Lle 3mymrye
(axiBIliB ITyKAaTH HOBI PIIICHHS JJIs1 BJOCKOHAJICHHS TEXHOJIOTII: JIITii - moiimMepHi OaTaper,
KOHJICHCATOpY BEJMKOi €MHOCTI, MaJUBHI €JeMEHTH 1 iHmi. Butpatu Ha yTpumaHHS
€JICKTPOMOO1ISA HalJacTime HUXK4Yl, HDK aBTomMoOua 3 JIB3, ocob6auBo B THX AepikaBax, Jie
BapTICTh eJeKTpoeHeprii Hu3bka. CIaOKuM MICIIEeM eJIEeKTPOMOOLIS SBISIFOTHCSA: BHCOKA
BapTICTh 3aMiHM aKyMYJIATOPIB; BiACYTHICTh (HEIOCTATHS KIIBKICTH) 3apsIHUX CTaHIIIN
Benukoi moTykHOCTI 50-120 kBt saxi 3abesneuyrorsr 80% 3apsmku 3a 3040 xBumH,
TPUBAIMI dYac 3apsaaKd aKyMyJSATOPIB BiJ TPATUIIHHUX JDKEPEN >KUBJICHHS, HEBHUCOKHUI
piBEHb AaBTOHOMHOIO (YHKIIOHYBaHHS, BUKJIMKAaHMHA KOpPOTKMM 3amac Xonay 0e3
nig3apsaaky.3anac Xxoay €JEKTpOMOOLIS € BaXKJIMBUM EKCIUTyaTal[liHUM YHWHHUKOM SIKMU
BILJIMBA€E HA OT0 MPOAYKTUBHICTD Ta 3aJICKUTh B1Jl 0ararb0X YNHHUKIB.
B nanuii yac Hemae €IMHOT METOJIMKHM PO3pPaxyHKY 3amacy XoJy eleKTpoMooOumiB. [Hoai s
IUX I[iJIeH BAKOPUCTOBYEThCS BHpa3 [3]:

L=e-G,/(w-G,)
Je e —IIMTOMa eHepProEMHICTB Jukeperna cTpymy, Br-u/kr (kBrron/kr); G, —maca Gatapei

aKyMYJISITOPIB, KT (T); @ — MHTOMa BUTpaTa €HEprii Ha MepeMillleHHs KOXKHOI0 KiJtorpama
(TOHM) MacH eneKTPOMOOLIT Ha KiTomeTp murAxy, Br-u/(kr-m) (kBt-ron/(1-km)); G, — moBHa

Maca eJIeKTPOMOOILNIs, BKIIFOYAIOYH Macy BaHTAXYy, IO MEPEBO3UTHCH, KT (T).
Lleli Bupa3 3ycTplyaeThCcs 1 B IHIIMX BaplaHTax 3alUCH, HANPHUKIAA, KOJIU B YUCEIbHUKY
dbopMyli 3HAXOJUTHCS TOKA3HUK «EHEPTis aKyMyJsaTopHOI Oatapei». [lepeBaroro Takoro
BUpa3y € WOro MpOCTOTa 1 HEBEIMKA TPYAOMICTKICTh po3paxyHKiB. CiiJ 3a3HaYUTH HEAOJIKH
dbopMyiH , B SKIi HE BPaXOBY€EThCH, 10 BEIMUYUHA €HEPrOEMHOCTI aKyMYJISITOPHOT OaTapei B
3HAYHIN Mipi 3aJIEKHUTH BiJl PEKUMY 1 IHTEHCUBHOCTI PO3PSIAY, CTYICHS 3apsKEHOCTI 1 TUITY
JoKkepena crpymy. [lutomi BUTpaTH eHeprii Ha MEPEMIIICHHs €JIEKTPOMOOLUIS 3aJIeKaTh Bl
psany (akTopiB SK KOHCTPYKTUBHOTO, TaK 1 €KCIUTyartaiiiHoro xapakrepy. OnHak icHye U
1HIIIA 3a/1ada. BU3HAUCHHS PEAJbHOrO 3aracy XOAy IpH HECTaHIApTHOMY pEeXUMI pyXy 1
PI3HHUX JOPOKHIX YMOBaX. 3 OTJISIy Ha OCOOJIMBOCTI TaKoi MOCTAaHOBKU 3aBAaHHS, (OPMYITY
€HepreTUYHOro OajsaHcy NpeCTaBUMO B HACTYITHOMY BUTJISIL
Q- Mre =Wy +W +W; +W,
ne 7. —koedinient xopucnoi aii (KKJI) Tsirosoi cucremuy;
G-f-L o _
| = 36107 BUTPATH Ha TOJOJIAHHS CHJI OTIOPY KOYEHHIO 1 migiiomy, BT T;
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w =G b . . , |
k=g ~° % are OpU pyci exexTpoMoGins B pexui raneMyBaHss i pyxy
HaKaTtoM, BrT;
k.F.Vnp.a.L | |
5= 351 BUTPATH €HEeprii Ha MO0JaHHS CHJIM OTIOpY MOBITPS Ha TUISHKAX
PO3roHY 1 pIBHOMIPHOTO pyXy, BT-T;
G, b L, . o
W, =————" —eHepris, 10 BUTPA4YA€EThCs Ha MOJO0JIaHHS CHJIU Omopy iHepuii, BT-r;
' g-36-10°

G, —noBHa Maca enekrpomoGims, kr; f —xoedimient omopy moporu; L —3arambha
JOBXKHUHA HUIAXY, M; L —IUIAX, KU NPOXOIUTH €JIEKTPOMOOUIb B PEXHMMI I'aJIbMyBaHHS 1
HAKATOM, M; V, —CEPEIHs IBHUIKICTh HA JINSHKaX PO3TOHY i PiBHOMIPHOTO pyXy, m/c;
a=1-L /L —yactka nuisixy, 0 NpUIaAae HA PO3TiH i piBHOMIpHHH pyx; b —uyacTka
IUIIXY, SAKAH  TPOXOJWTh  EJIEKTPOMOOLIEM 3  MPUCKOPEHHSM; | — NPUCKOPCHHS
eleKTpoMobis, M/c; L — nuisax, sKui IpOXOAUTH €JIEKTPOMOOUIb 3 IPUCKOPEHHSM, M.

[Ticns mepeTBOpeHb BHWpa3 I PO3PaxXyHKY 3aracy XOAy EJICKTPOMOOITIB 3amHIIeThCs Y
BUTJISA1

Lo Q-7 -7-3.6-10°
kK-F-vZ i.8-b

G a|y+ 4+
10-G, g-a

ne 1, —KKJ]I enexTpu4Horo npuBony; ¥ —KOe()iLi€HT 10 BpaXOBY€ NOIMYCTUMHIA PIBEHb
PO3pSAY aKyMyJIATOpHOL Oarapei; ¥ — KoedilieHT CyMapHOTO JOPOXKHBOTO oropy; K —
Koe(]ilieHT O0TIYHOCTI, H'02/M4; F —mroma no6osoro omopy, M2; 0 — KoediIieHt
BpaxyBaHHs Mac, 10 00epTar0ThCs.
3HarO4YM peXUM PyXy 1 BHOpaBIIM PO3PaXyHKOBUH IMKJ, MOKHA BU3HAYUTH 3amac Xonay
EJIEKTPOMOOUIS 32 JOMOMOTOI0 OTPUMAHO1 3aJIeKHOCTI. [Ipu IboMy pe3ynbTaTH pO3paxyHKiB
100pe y3ro/uKYIOThCA 3 TaHUMHU XOJ0BUX BUMPOOYBaHb €IEKTPOMOOLTIB. AHai3 BUMOT JI0
CyyaCHMX aBTOMOOUTIB 1 TEHJEHIT IX PO3BUTKY IOKa3ald, IO BPAaXOBYIOUM HEAOTIKU
eJIeKTpoMOOLTiB, B HaOmmkul 5-10 pokiB OJHUM 3 MEPCHEKTUBHUX HAIPSIMKIB PO3BUTKY
KOHCTPYKI[I aBTOMOOLIIB ISl arpOIPOMMCIIOBOIO KOMIUJIEKCY € BUKOPUCTAHHS T1OpUTHUX
aBTOMOOLTIB, K1 3HAYHO OUIbII €KOHOMIYHI TPaJAUI[IMHUX KOHCTPYKIIH Ta 3HAYHO MEHIIIE
3a0pyIHIOIOTH JOBKULISA. OCOOIMBICTIO TOPUAHUX aBTOMOO1IIIB € 3acTocyBaHHA sk JIB3 Tak i
€JIEKTPOJBUTYHA, MOXIJIUBICTh BUKOPUCTAHHS SIKUX 3aJ€KHUTh BiJi KOHCTPYKTHUBHOI CXEMH
riopuaHoi ycTaHOBKH. KOHCTPYKTHBHO TiOpHIHI CHJIOBI YCTAaHOBKM MOKHA TOJUIMTH Ha
YOTUPH CTPYKTYPHUX CXEMH, SKI BIIPI3HAIOTHCS SK CXEMHHUMH DIIICHHSIMH, TaK 1
MOTYXHICTIO BUKOPUCTAHUX TATOBUX EJIEKTpUUHUX MamuH. [lepma crpykrypa moOyaoBu
riOpUIHUX CHJIOBUX YCTAaHOBOK 3aCHOBAaHA HAa BUKOPUCTAaHHI OOEPHEHO! EJEKTPOMAIWHU
manioi motyxkHocti (Bim 2 mo 4 xBrt), sika BukoHye (yHKIT cTaprep-reHeparopa. Taki
aBTOMOOLIII KOMITIOHYIOThCSI cUCTeMOI0 Stop& Start, sika aBromaruuno Bigkiaouyae B3 mpu
3YMUHI, a IPU TaJbMyBaHHI a00 Mpu pyci 3a IHEPIIEI0 3AIMCHIOETbCA 3apsil aKyMYJISITOPHOT
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6arapei npu BinkmoueHomy JIB3. CuiioBa ycTaHOBKAa CTBOPEHA 3a JIPYro0 CTPYKTYpPHOIO
CXEMOI0 T10puan3aIlii BUKOPUCTOBYE TATOBHUH EJICKTPUIHHUN ABUTYH MOTYXHICTIO 10 25 kBT,
AKUW TeHepye MeXaHIuHy eHeprito napaienbHo 3 /IB3 Takum 4MHOM, IO €KBIBaJIEHTHA
HNOTYXHICTh (GopmyeThesi 3 motyxHocTi JIB3 Ta enektponasuryna. s cxema moOynoBu
riOpUIHOT CHMJIOBOI YCTaHOBLI HaOUTbII e()eKTUBHA HA CTapTi Ta MPHU IHTEHCUBHOMY PO3TOH1
TPAHCHIOPTHOTO 3ac00y, KO OOEpTOBMH MOMEHT EJEeKTPOJBHUIyHa MaKcHUMallbHuil. Taki
€JCKTPUYHI MAIIMHM TAaKOXX MOXYTh 3aMIHUTH CTapTep 1 reHeparop, a riopuaHa CHIOBa
yCTaHOBKA MOJKE MpaloBath y pexkumi Stop& Start. Tpetiit npuHumn moOyA0BU T1OpUIHUX
aBTOMOOWIIB 3aCHOBAaHO HA BUKOPHMCTAHHI TSATOBUX EJIEKTPUYHUX JABUTYHIB 3 I1I€ OLIBIIOO
notyxkHicTio (Bim 30 kBt). Taki TpaHCHOpTHI 3ac00M BiIPI3HSAIOTHCS THM, IO MOXYTh
pyxartucs y KOMOIHOBaHUX pexuMax: TUTbKK Ha JIB3, TUTbKHM Ha eNeKTPOTs31, 800 CyMICHO Ha
JIB3 1 enexTpoaBuryHi. ABTOMOOUII KOMIUICKTYIOThCS, SK MpPaBWIIO, OAHOIO, JBOoMa abo
YOTUPMa BEHTHJIBHUMH EJIEKTPUYHMMH MAaIlMHAMH, a PO3MOJIJ MEXaHIYHOi eHeprii cepen
CHOKMBAYiB BUKOHYETHCS a00 MEXaHIYHO 3a JOTMOMOTOI0 IUIAaHETApHOTO MeXaHi3my, abo
ENEKTPUYHUM NUITXOM. [1OTOKYIOTE pOOOTY Ha BCIX PEXHMMAaxX IMEPETBOPIOBAY HANPYTH 1
Kepyrounii kommn'rorep. Jlo 4yeTBepToro npuHUMIY NOOYAO0BH TOPUIHOT CHIIOBOT YCTaHOBKU
BIIHECEMO CXEMHI pilleHHs, B sfkux /(B3 He Mae KiHEMaTHYHOro 3B'SI3KYy 3 BEIyYHMHU
kosnecamMu. MexaniuyHa eHepris 3 [IB3 depe3 reHepaTop MEpEeTBOPIOETHCS B EICKTPUUHY
EHEPrilo, KA MOJAETHCS B TSATOBUN €JIEKTPOMEXAHIYHUN MPUBOJI KOJIIC T4 BUTPAYAETHCS IS
3apsiTy akyMyJsITopHOi Oatapei. J[o 11i€i cxemMu BITHOCATHCS TaKOXK KOHCTPYKIIIi T1OpuIHUX
CWJIOBHX YCTAaHOBOK 3 MOTOpP-KoyiecaMu. [I03UTUBHI CTOPOHM TaKOTO MPUHIUITY T10puau3aiii
- [1€ BIICYTHICTh MEXaHIYHOI TPAHCMICIi, 3HUKEHHSI TUTOMOI BUTPATH MaJuBa Ta TOKCUYHOCTI
BIJIMIpAI[bOBAHUX Ta3IB 3a paxyHOK cTabumizarii pexumiB pobotu [IB3 3a moTyxkHicTIO Ta
4acTOTOI0 OOEpTaHHS, MOXKIIUBICTh €JIEKTPOHHOTO KEPYBaHHS KOXKHOTO Kosieca okpemo. [lo
i€l CXEMHU BIIHOCATHCA TaKOXX KOHCTPYKII TiOpUAHMX CHJIOBHUX YCTaHOBOK 3 MOTOP-
KonecamMu. Taka cxema 3HaWIIa CBOE BHKOPUCTaHHS B Kap'€pHUX BEIMKOBAHTAXKHHUX
caMockuaax, Hampukiana, "benA3ax", B SKUX MOTYXHUW AU3EIb-TEHEPATOP IMOCTAYaAE
eJIEKTPOCHEPTII0 B MOTOpP-Kojeca. [I03uTUBHI CTOPOHM TAaKOTO MPHUHIMITY T10puaM3alii - 1e
BIJICYTHICTh MEXaHIYHOI TPAHCMICIi, 3HWKEHHS MUTOMOI BUTpATH MajuBa Ta TOKCUYHOCTI
BIJIMIpal[bOBAaHUX Ta31B 3a paxyHOK cTabum3amii pexumiB podbotu JIB3 3a moTyxHicTIO Ta
4acTOTOI OOepTaHHs, MOXXIUBICTh EIEKTPOHHOTO KEPYyBaHHS KOXKHOTO KOJieca OKpPEMO.
HeratuBHi cTOpoHHM Takoi eleKTpuyHOi TpaHcMicii - 3MeHmeHHs KKJ[ 3a paxyHoOk
MOJIBITHOTO TIEpEeTBOpPEHHsI eHeprii: MexaHiyHa eHepris JB3 - enexkrpuuHa eHepris
reHepaTopa - MeEXaHIYHAa CEHEprisg eJeKTPOJBHUIYyHa, 30UIBIICHHS HEMIIPEeCOPHOi Macu
aBTOMOOLIA 3a paxyHOK BOYJOBAaHHMX Y KoJieca EJIEKTPOJBUTYHIB, IIO0 MPHU3BOIUTH [0
MOTIPIICHHST KepyBaHHS Ta KoMpopTy. TakuM YHMHOM, Ha OCHOBI aHaNi3y CTPYKTYpHHUX
IPUHITUIIB MO0YA0BU T1OPUIHUX CHIIOBUX YCTAaHOBOK aBTOMOO1LIS MOXHA 3pOOUTH HACTYTHI
BHUCHOBKH. - KOHCTPYKIIIO TIOpPUIHUX CHJIOBUX YCTAHOBOK MOKHA CTPYKTYPHO TOJIUTUTH Ha
YOTUPH THINH, SKI BIIPI3HAIOTBCA SK CXEMHUMH pIIIEHHSAMH, TaK 1 TMOTY>XHICTIO
BUKOPUCTAHUX EJICKTPUYHUX MAIWH; - aBTOMOOUTb 3 Oyab-KUM THIIOM TiOpHUIHOT
TEXHOJIOTi € OuTbll edEeKTHBHUM, CEKOHOMIYHMM Ta €KOJOTIYHUM, HIK aHaJOTIdYHUN
aBTOMOOLIb 3 TPAJAMIIIHHOI CHJIOBOK YCTAHOBKOIO; - HEJIOJIKOM KOHCTPYKIIII MNEPIIOro
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OPUHLKITY TiOpuAM3aIii € Te, M0 eJIeKTPUYHI JBUTYHI Mayoi MOTyXHOcTi 2-4 kBT He
BUKOPHCTOBYIOTh CBOIO €HEPTiIO I JI0AATKOBOI TATH B KOMOiHOBaHOMY pexumi 3 JIB3; -
HEJOJIIKOM KOHCTPYKUINA APYroro MpUHUMIY NOOYA0BH TOPUIHOT CUIIOBOI YCTAHOBKH € TE,
IO CJICKTPUYHI JBUTYHI BIJIHOCHO BEIMKOI MOTYKHOCTI (0 25 KBT) He BUKOPHCTOBYIOThCS
JUISi aBTOHOMHOTO MPHUBOAY aBTOMOOLIS, IO MOKpaIlio O €KOHOMIYHI Ta €KOJIOT14H1
MOKa3HUKH, OCOOJIMBO B MICBKMX YMOBax PyXy, - TPETil MPHUHIUIT MOOYIOBH TIOPUIHUX
aBTOMOOLTIB, Ha HAIll TOTJISA, HAa JaHWK Yac € OUIbII MEPCHEKTUBHUM, TOMY IO BIH Mae€
HaWBUIIl TIOKa3HUKU EKOHOMIYHOCTI Ta €KOJOTIYHOCTI, a MNpH I[bOMY TOTYXKHICTh Ta
JWHaAMIKa PO3rOHY Kpalll HIK Yy aHaJOT1YHUX aBTOMOOUIB 3 TPaaUIIMHOI CHIIOBOIO
YCTAaHOBKOIO; - YETBEPTUW MPUHIMI TOOYJOBU TIOPHUIHOI CHIIOBOI YCTAaHOBKH TEX €
MEPCIEKTUBHUM, SIK 3 TOYKH 30PYy €JIEKTPOHHOTO KEPyBaHHS Ta PO3MOIUTY €HEPreTHUHHUX
MOTOKIB, TaK 1 y pa3i EKOHOMIYHUX Ta €KOJIOTTYHHX XapaKTEPUCTHUK.

OctanHiM yacoM HaOylu MOMYJSIPHICTH TIOpIAM sIKI MOXYTh MiA3apspkaTuch. B umcnmi
HepIIMX MOJIENb TiOpuaa Takoro TwIly Bumyctwia |oyota (momens Prius). Lli riGpuam
orpumasii Ha3By plug-in hybrid (Plug-in Hybrid Electric Vehicle, PHEV). Bornu marots Ha
oopty AKB migBumienoi emuocti (y TOyota miTiii-ioHHI 3aMiCTh HiKEeJIb-METAITAPUIHNX), SKi
MOJKHA 3apsKaTh BiJ moOyToBOI enekTpoMepexi. Tomy plug-in hybrid moxe nepecyBarucs
TIJTBKH Ha €JICKTPOTS31 Ha BeuKi BifcTaHi - He 1,5-2,0 kM, a Bix 20 no 80 kwm i 6imbme. s
arpoONpOMHUCIOBOTO KOMIUIEKCY AaKTyaJlbHUM € BUKOPUCTAaHHS TiIOpUIAHUX BaHTAXKHUX
aBTOMOOLJIB, SIK1, OCTAHHIM 4acOM, pO3pO0JISIOTh Ta BUTOTOBJISAIOTH IIPOBIHI KOMIIAHIT CBITY.
Hanpukman, amepukaHChbKuR aBTOMOOLICOyAiBHUI KoHiepHn Ford Motors i1 wimerbka
nomroBo-jorictnyna kommanis Deutsche Post DHL mpuctynuim g0 cepiiiHOrO BHITYCKY
BAaHTAKHUX eJeKTpoMoOiTiB. Enextpomobim Streetscooter Oynu 3amymeni Deutsche Post
DHL B 2016 pomi Ha ocHOBI po3poOok crapramy. Ha choropdimmHiii JeHb MO MicTax
Himeuuran po3DKIKaOTh BiKe 8 THC. TaKUX HEBEJIMKHUX KOBTUX (GyproHi siki [5]. KonuepH
Volvo takox 3amyctuB y BupoOHuUITBo FE Hybrid. Bxxe 6imem 50 aBToMOOLTIB ITepenaHi
KJIieHTaM 1o Bciit €Bpomi. [TonoBuna 3 Hux Oyna 3aAisiHa MpU TOCTABII TOBApIB, a MOJOBHUHA
3a mpuOupaHHs cMITTS. B 000X BHmagkax MaliMHMA TOKAa3ajdd 3HAYHY €KOHOMIIO BUTpaT Ha
eKCIUTyaTallifo. 3aJeKHO BiJ maci 1 poOOYMX LUKIIB BAaHTaXIBKU 3a(iKCyBajld €KOHOMIIO
naimBa 15-20%, B TOH Yac SK JAESIKUM CMITTE€BO3aM, SIKi MAalOTh eJeKTpU(IKOBAHUN
VINIIBHIOBAY BIIXOMIB IO 3apsiPKA€ThCs, BAAJIOCS CKOPOTHTH BHTpaTy nanusa Ha 30% [9].
Snonceka komnanis Hino Motors, Ltd. 3aiimaeTbest po3po0OKo0 1 BUPOOHHUIITBOM TiOPHIHUX
BaHTOXXHUX aBToMOoOUTB moHaa 20 pokiB, 1 camMe BOHA cTaja OJHIE0 3 Tepmux ¢ipM, sKi
MoYyaJid  CepiiiHe BUPOOHUIITBO aBTOOYCIB 3 TIOPHUIHOIO CHJIOBOIO €HEPTreTHUYHOIO
YCTaHOBKOIO, SIKi OTPUMAaJIH MMO3UTUBHI BIATYKH 10 BcboMy cBiTy. Kommanist HinoO po3pobiisie
1 BIOPOBAJKYyE EHEPreTUYHl YCTAHOBKM HACTYIHOTO TMIOKOJIHHS - Ha 0a3i MaJuBHUX
eneMmeHTiB. [liICyMKOM KpOMiTKOi poOOTH BCiX CHIBPOOITHUKIB KOMIIAHIi € BHUPOOHHUIITBO
HAJIHHUX, €KOJIOTTYHUX, OE3MeYHUX, EKOHOMIYHUX Ta KOM(OPTHHUX aBTOMOOLIIB, OaraTo B
JOMY BHUIIEpPEKAIOTh cBii yac [10].

Bucnosku. 1. [Toganpiie BUKOPUCTaHHS B SIKOCTI CHJIOBOi yCTaHOBKH TpaauuiiHux /B3 ne
3aJI0BOJIBHSIE TIEPCTIICKTUBHUM BHUMOTAM €KOJIOTIYHOCTI Ta EKOHOMIYHOCTI y 3B'SI3KY 3
HEMOJKJIMBICTIO TIOJAJIBIIOTO iX BAOCKOHANIEHHA. 2. [[epCleKTUBHUM HANPSMKOM PO3BUTKY
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KOHCTPYKIIi aBTOMOOUTIB € 3aCTOCYBaHHS €JIEKTPOMOOLUIIB sKI HE 3BaKalouh Ha OLIBIIY
MOYaTKOBY BapTICTh OUIbII €KOJOTiYHI Ta JemeBmi B ekcruryaramii. 3. OoMmexxeHa
MPOJYKTUBHICTh  €JIEKTPOABTOMOOUISI TOB’'si3aHa 3 HEJOCTaTHIM 3amacoM XOoAy Ta
BIJICYTHICTIO B YKpaiHl MEPE K 3alIpaBHUX CTAHIIIM BEJIMKOI MOTYKHOCTI CTPUMYIOTh HIUPOKE
BUKOPUCTAaHHS €JIEKTpOoaBTOMOOLTIB. 4. buibll [IOIIABHUM HA JaHOMY eTami IS
arporpoOMHUCIIOBOTO KOMIUIEKCY € BHKOPUCTAaHHS IUIAriH-TIOpIAHUX aBTOMOOUTIB 3
MOCJTIJOBHO—TTIapalIeIbHOI0 CXeMOIo TpaHcwmicli siki maibke Ha 90 % meHie 3a0pyIHIOIOTH
30BHIIITHE CEPEJOBUIIE Ta OLIBII €KOJOTIUHI, B TMOPIBHSIHHI 3 aBTOMOOIISIMH aHAJIOTTYHOTO
kiacy 3 JIB3.
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NEPCHEKTUBHBIE HATIPABJIEHUSA PA3SBUTHSI ABTOMOBWJIEMN JIJIA
AT'POIHNPOMBIIIJVIEHHOTI'O KOMIIJIEKCA
Yabau C.I'., KoBpa A.B.
KioueBbie ciioBa: 3IEKTPOAaBTOMOOWIN, THOPUAHBICE aBTOMOOWIIM, JUTHH-MOHHBIC
AKKyMYJISITOPBI, HHBEPTOP, MOIITHOCTH, KPYTAIIUNA MOMEHT, TPAHCMHUCCHS, SJICKTPOIBUTATEb,
3apsATHOE YCTPOMCTBO, TOTUTMBHBIA DJIEMEHT.
Pesrome

B cmamve npusoosmca mpeboganus K UCMOYHUKAM OSHEpeuu, npumeHenue HOBbiX
UCMOYHUKO8 SHEpeUU, YCOBEPUIEHCMBOBAHUE CYWECMEYIOWUX UCMOYHUKO8 IHEpPIUl,
ucnoavzosanue  Hakonumeneu — dHepeuu. Paccmampuearomca  odwue  menoenyuu
YCOBEPUIEHCMBOBAHUA ~ MPAOUYUOHHBIX ~ KOHCMPYKYUU — A8MoMobuneti, nepcneKmusHvle
HanpaeieHus CO30aHUsl IKOJLOSUYECKUX U IKOHOMUUECKUX asmomoobuneu. Ananusupyomcs
co8peMeHHble INeKMPOAGMOMOOUNY HA AKKYMYIAMOPAX, MONJIUSHBIX IeMeHmax u Opyux
anvmepHamuenvlx ucmouHukax. Hccaedyemcsi swepeemuxa snexmpoasmomoouneu. s
KOMNJIEKMOBAHUSL  DJIeKMPUYECKO20  ABMOMOOUN ~ MO2Yym  UCHOIb308AMb,  KAK
9eKmpoosueament NOCMOAHHO20 MOKA, MaK U nepemeHHozo. B nocnednee epems
00CMamoyHo NONYIAPHLIM CMAN0 UCNONb308AHUE 6 INeKMPOMOOUNAX MOMOP-KOJlec.
Hexomopubie snexmpoosucamenu nepemeHHO20 MOKA NPU MOPMONCEHUU MPAHCNOPMHOZO
cpeocmea cnocoOHvl pabomams 8 2eHepaAmopPHOM pexcume, 61a2o00aps yemy npou3800Umcs
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eKmMpudecKkas SHepeusi, KOMOpas XpaHumcs 8 aKKYMYJIAMOPHbIX obamapesx, U 8
OanbHeluleM UCnoab3yemcss Oisi O0sudxcenus asmomodouns (Qpymxkyus pekynepamuernoco
mopmodscenust). OCHOBHBIMU UCMOYHUKAMU DHEPIUU 8 JJIeKMPUHeCKUX asmoMOOUIsIX
ABNAIOMCA AKKymynsamopHole 6amapeu. C8uHYy080-KUCI0mMHble bamapeu AGIAIOMCI CAMbIM
NONYNAPHBLIM U Hauboiee O0euesblM 8apUaHmMoM U NOOJeHcam 6mMOopUuHOU nepepadbomke.
Hukenv-memaneuopuonsvie axkymyasimopvl umerom 0o01ee blCOKYI0 NPOU3E0OUMENbHOCHb,
yeM CEUHYOBO-KUCIOMHble, HO NO YeHwe OHU Oonee Oopozu. Jlumuii-uonnvlie bGamapeu -
ONMUMANLHBIL  8aApUAHM Ol 2NeKMpOMOoOUnell, OHU UMEIOm B8bICOKVI0O NJIOMHOCHb
HAKaAnIueaemou dHepeun U paspsaoHvlx MmoKos, 1ecKue, KOMNaKkmusle u 3Qppexmusno xpauam
aHepeuro. OOHaKo 8 Hacmoswee 8peMs TUMul-UoOHHble bamapel A6IAIMCsA OMHOCUMENbHO
0opo2um 8U0OM aKKymyaamopos. llpusoosmces 3aeucumocmu 0151 onpeoeieHus 3anaca xooda
INEKMPOABMOMOOUNISL 8 pedcUMe PABHOMEPHO20 OBUNCEHUS U 6 pPealbHblX YCI08USX
aKcnyamayuu. AHAIU3UPYIOMcs pazmvle cxemvl U KOHCMPYKYUU cUOPUOHBIX asmomooduietl u
NPUBOOSAMCS peKoMeHOayuu ux ebloopa. Ananuz mpebosaHull K cO8PEMEHHbIM A8MOMOOUNAM
U nepcnekmusee ux pazeumus NOKA3Aau, Ymo HA OAHHOM dmane O/ AepOnpOMbIUULIEHHO20
KOMNJIeKCA OOHUM U3 NePCNeKMUBHBIX HANPABIEeHUN pAa38Uumus Ux KOHCMPYKYUL 56/15emcs
CO30anUsl 2UOPUOHBIX ABMOMOOUNELL, KOMOPble IKOHOMUYUHee MPAOUYUOHHBIX KOHCIPYKYULL U
20paz00 MeHbule 3a2PA3HAIOM OKpYHcaroujeli cpeovl.

PERSPECTIVE DIRECTIONS FOR DEVELOPMENT OF CARSFOR
AGRICULTURAL COMPLEX
Chaban S.G., KovraA.V.
Key words: electro - cars, hybrid cars, lithium ion accumulators, negator, power, twisting
moment, transmission, electric motor, charge device, fuel element.
Summary

In the article requirements over are brought to the energy sources, application of new
energy sources, improvement of existent energy sources, use of stores of energy. The general
tendencies of improvement of traditional constructions of cars, perspective directions of
creation of ecological and economic cars, are examined. Modern electro-cars are analysed
on accumulators, fuel elements and other alternative sources. Energy of electro-cars is
investigated. For completing of electro-car can use, both electric motors of direct-current
and variable. Lately the use became popular enough in electro-cars of motor-whee. Some
electric motors of alternating current at braking of transport vehicle are able to work in the
generator mode, what electric energy, which is kept in storage batteries, in future used for
motion of car (regenerative braking function), is produced due to. Basic energy sources in
electric cars are storage batteries. Leaden-acid batteries are a biggest-selling and most
cheap variant and subject to the secondary processing. Nickel-metal hydride accumulators
have more high yield, than leaden-acid, but at price they more than road. lithium-ion
batteriesis an optimal variant for electro-cars, they have a high closeness of the accumulated
energy and bit currents, easy, compact and effectively keep energy. However presently Li-lon
batteries are relatively the expensive type of accumulators. Dependences over are brought for
determination of supply of motion of electro-car in the mode of even motion and in the real

172



ATPAPHWI BICHWK MPUYOPHOMOP’Sl Bun. 90. 2018p.

terms of exploitation. Different charts and constructions of hybrid cars are analysed and
recommendations over of their choice are brought. The analysis of requirements to the
modern cars and prospect of their development was shown, that on this stage for an
agroindustrial complex one of perspective directions of development of their constructionsis
creations of hybrid cars which more economical than traditional constructions and far fewer
contaminate environment.

YK 666.973.6 _
YAOCKOHAJIEHHS EHEPT'O3BEPIT'AIOYUX TEXHOJIOI'IN IS OBPOBITKHA
I'PYHTY IVIAXOM BUKOPUCTAHHA KOMBIHOBAHUX MTA

JLLM. Iletpos, II.M. Ilaaimun, M. FO. BunineBui
OoecbKuti 0epaicasHUll azpapruil yHigepcumem

B cmammi euxonano ananimuuHuil 02180 CYYACHUX €EHEPeOHACUYEeHUX MPAaKmopie 3
Memow iX GUKOPUCMAHHA HA CKIAOHUX CLIbCbKO2OCNOOAPCHLKUX ONepayisax 3 Memoio
po3wiupents ix @yHKyioHanvHux moodcaueocmel Ha naxomi. Taxooxc 3pobneno cnpoba
BUABUMU  MOACTUBOCT KOHCMPYKMUBHO20 YOOCKOHANEHHA MEXHONIO02IUHUX onepayit no
00pobimky epynmy. Ha ocnogi eenuxozco ¢axkmuunoco mamepiany 8i0HOCHO MOOINbHUX
eHepeemuyHux 3acobig po3pobIeHO KOHCMPYKMUGHe YOOCKOHANEHHs X00080i cucmemu
MODOINbHO20 3ac00y 3 Memol NoNinuweHHs onepayiti 0opodimky epyumy. Cyuache
BUPOOHUYMBO EHEeP2OHACUYEeHUX MPAKMOPI8 3HAXOOUMbCA 6 CMAHI CKOPOYEHHA ma
MOPAIbHO20 CIMAPIHHA NOGHICMIO NIIKBIO08AHO MPAKMOPHI 3A800U, HE POSULUPIOEMbCS 2aATY3b
nposedenHs BUNPOOYBAHb HOBUX MpPAKmMopie 3 Mmemoi ix cepmugikayii, wooo
suxopucmauns.  Biouysarouu  kxamacmpogiunuii  cman  MOOINbHO2O  eHep2emuKu,
nionpuemcmea, AKi GUPOOIAIOMb MPAKMOpP HPUCMYNAIOMb 00 po3poOKU | opeanizayii
OpibHOCepitiHo20  8UpPOOHUYMEa  mpakmopuoi  mexuiku. Ilpu yvomy  mpaxkmopu
NPOO0BHCYIOMb NOOILNAMUCA HA 2YCEHUYHI ma KOMICHI, He 8paxogyloyu, wWo 6 OOHOMY
MOOIIbHOMY eHepeemU4HOM) 3Aco0i MOJ*CHA NOEOHAMU KOMNICHUU [ 2yCeHuuHull pywii. B
nposedeniti pobomi ys cnpoba Oyna 30ilicnena. 3 Mmemow VCYHeHHS HeOOJiKi8, SKI
CYNPOBOONCYIOMb eHEeP2OHACUYEHT MPAKMOPU 8 CIammi 3anponoHO8aHO GUKOPUCTOBYBAU
HA KOJMICHUX DPYWISIX CHeyialbHI MEeXHOJO02IUHI EMHOCMI, AKI 0ONOMA2aromv 6 MexXHON02ll
06po6IMKy epyHmy 06e3 YUKOOMCeHHs. ma 000amK08020 YUiTbHEeHHS ONOPHOI NOBEPXH.

Kuio4oBi cjioBa: eHeproHaCM4eHU TPAKTOP, PYIIid, KOJIECO, OCTOB, IBUTYH, arperar.

Beryn. ¥V cydyacHOMy BHUPOOHMIITBI TPOIYKIII POCIMHHHUIITBA HIUPOKO BUKOPHCTOBYIOTH
MalIiHHI TexHoJyorii. OHaK piBeHb MeXaHi3arii 0araTb0X TPYJIOMICTKHX IPOIECIB Ha cell
MOKH BiJICTa€ BiJ BUMOT Yacy. EHEproHacuyeHiCTh CUTbCHKOTOCIOIAPCHKOTO BUPOOHHUIITBA
HEOOXIJTHO MIJBUIIUTH BUIIYCKOM 1 MOCTAYaHHSM CEJIy HOBHX, OLIbII Cy4YaCHHX TPAKTOPIB,
KOMOalHIB Ta IHIIOI TeXHIKU. Benuka yBara MmoBUHHAa OyTHM MNpUIUIEHA BIPOBAIKEHHIO
MEPCIIEKTUBHUX TEXHOJIOT1A BUPOOHUIITBA CUIbCHKO-TOCIOAAPCHKOI MPOAYKIIii, TEXHOJOTIH,
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3aCHOBAaHMUX HAa HAYKOBO-TE€XHIYHI JOCSITHEHHS 3 BUKOPUCTAHHIM TE€XHIKHU 3 OLIbII BUCOKUMU
TEXHIKO-CKOHOMIYHIMH TOKa3HUKaMH. B maHmii: 9ac OUIBIICTh CITHCHKOTOCTIONAPCHKHUX
HiJIPUEMCTB HE MalOTh MOKJIMBICTh BIIPOBA/)KYBAaTH HOB1 TEXHOJIOT1{; B 3B'SI3KYy 3 HECTAUEIO
(1HaHCOBUX pECYpCiB Ha 3aKyMiBIK HOBOI TEXHIKM Ta oOnagHaHHSA. BupoOHUIITBO
TPaKTOpiB, KOMOAWHIB Ta IHILIOI CUIbCHKOTOCHMOAAPCHKOI TEXHIKM 32 OCTaHHI POKH HeE
30uIBbIIMIIacs, a 3MeHImIacs. Yepe3 Opak TEXHIKU CUTLCHKOTOCIOAAPCHKI MiAMPUEMCTBA HE
3aBX/IM CTIPABISIOTHCS 3 POOOTOIO B Kpallll arpOTEXHIYHI TEPMIHH, IO BEAE 10 HEMUHYYHMX
BTpaT mnpoxaykmii. Buxim 13 cutyamii O6auuthcs B oOprasizaiii BHCOKOE(HEKTHBHOTO
CLITBCBKOTOCIIOIAPCHKOT0 BUPOOHUIITBA. OAMH 3 HaNpsIMKIB BHUPIMICHHS Ii€1 mMpoOiemMu -
BUPOOHUIITBO TEXHIKM 3 BHCOKMMH TEXHIKO-€KOHOMIYHHMHM ITOKa3HUKAMHU 1 MOCTaBKa i€l
TexHiku ceny. KpiMm Toro, HEoOXilHO poO3pOoOUTH HOPMATHUBU MOTPEOM B TEXHII IS
rOCIONApCTB 3 ~ KOHKPETHUMHU  NPUPOJHO-EKOHOMIYHMMH  YMOBaMH,  BHU3HAUUTU
CHIBBIJHOIIEHHS MDK (akTopaMd BUPOOHMIITBA; OpraHi3yBaTH BHUCOKOC(PEKTHUBHE
BUKOPUCTAaHHS  CLIBCBKOIOCIOAAPCHKOT ~ TEXHIKM, MIJBHIIUTH  SIKICTh  TE€XHIYHOTO
00CITyroByBaHHS, KaliTAJIbHOTO Ta MOTOYHOI'O PEMOHTY; 3allMIIA€TbCA TOCTPOIO0 MpobdiieMa
BIPOBA/DKEHHSI HOBHX, (OPM BUKOPUCTaHHS TexHiKW, (JII3MHT, OpraHiaiis MalluHHO-
TEXHOJIOTIYHUX  CTaHI[if, PHHKY YXWUBAaHOI TEXHIKH), CKOHOMIYHUX MEXaHIi3MiB
B3aeMOBiHOCHH [1-3].

IMpo6nema. OCHOBHMM 3aBJaHHSIM TEXHOJIOTIYHOTO TIpollecy OOpoOKH TpyHTY (K
HiJICKCTEMH) € HEOOXITHICTh 3MIHH CTPYKTYPHOTO CKIIaay IIapy TPYHTY, SKHH TOBHHEH
3a0€3MeUYnTH ONTUMAJIbHI YMOBH POCTY 1 PO3BUTKY POCIMH B KOHKPETHHX yMOBaX KO>KHOT'O
noJis. BUKOHAaHHS 1IBOTO 3aBJIaHHS 3/IIUCHIOETHCS 32 OCHOBHOTO OOpPOOITKY, pi3HOBHUIAMHU 1
cucTeMaMHu sKoi € npiOHa, Timboka, BijgBajabHA, OC30TBaJIbHA, SPYCHA, 1HTCHCHBHICTD,
MiHIMaJIbHA, HYJIbOBA, MYyJbUyloua, NpoTHUEepo3iiiHa o0pobnenus. I[lpudomy cucremu
00poOKM TOBUHHI OyTH TPYHTO3aXUCHUMH, €HEPro30epiratounx, EKOHOMIYHO BUIPABIAHUMHU
1 HEWIKIUTMBUMH ISl HAaBKOJHUIIHBOTO cepefoBUIlla. BUKOHAHHA IUX BUMOT TOB'SI3aHa 3
OOIrpyHTOBaHMM BHOOPOM 1 ONITUMAJIFHUM MO€IHAHHSIM 3aCTOCOBYBAHMX MAIIIHH, IPABUIBHOT
iX peryaroBaHHSIM 1 arperaTyBaHHSIM.

AHaJi3 OCTaHHIX J0CiIKeHb Ta myOJikamii. 3acTOCOBYBaHI /11 OCHOBHOTO OOpOOITKY
IPYHTY JEMIIIHO-BIIBAJIbHI IUTYTH, YM3€JIbHUN IUTYTH 1 IUTyTH-PO3MYIIyBayl MArOTh Pl
CEepHO3HUX HENIOMIKIB, HAMOUIbII CYTTEB] 3 SIKUX - HEOOXIAHICTh AOJATKOBOI 0OpOOKH piiuii
JUIsl TIPUBEJICHHS 1i y CTaH, MPUAATHHUM I MOCIBY a00 MOCAAKH CLILCHKOTOCIOIAPChKUX
KyJbTYp, a TaKOX BEJIMKE TATOBE OIIp, BUMarae ajisi poOOTH TPaKTOPIB BEIUKOI Macu 3
BIJIMOBITHUM TSATOBHUM 3yCHIIISIM. TOMy 171l ABUIIIEHHS! KPOILIEHHS TPYHTY, BUPIBHIOBAHHS
NoJisi 1 3HWKEHHS TICOBOTO OMNOpPY IUTyTH 1 PO3MyIIyBadl KOMOIHYIOTH 3 pI3HUMHU
JI0JTATKOBUMH TIPUCTPOSIMHU, B OCHOBHOMY 00€pTaIbHOTO i1, 0€3 mpuBoy ab0 3 MPUMYCOBUM
npuBoaoM Big BBII tpakTopa a6o inmoro nsuryHa. OfHi€0 3 MepHIuX MOjENeH IUIYTiB B
KoMOiHaIii 3 OecrnpiBOJHUE JIONMATEBUM JUCKOM Oynu TUIyrd Mapku «TypOuisTop».
JlomaTeBoi AMCK BCTAHOBIIOBABCS 3334y BiBaly IUIyra Momepek pyxy miacta. [leskuii
J0JaTKOBE MOJPIOHEHHS IJacTa AOCSATalocs JiomarsMu aucka. Yactora oOepTaHHsA IUCKa
Oyna HEBENWKOI0 1 3ajJeXxana BiJ TMOCTYNadbHOI IIBUAKOCTI TUIyTa, TOMY JOJATKOBE
noJpiOHEeHHss TPyHTY Oyino He3HaynuM. Itamidiceka ¢dipma "Pedron” Ha neskux IUIyriB
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BCTAHOBJIIOBaJIa 3aMiCTh KpuWja BiABaJly cpepuyHi AUCKH Benukoro miametpy. Ilim miero
HAIopy IJIacTa AUCK 00EPTAETHCS 1 PO3TATYE IJIacT, 3a0e3Meuyoun 10AaTKOBE MOAPIOHEHHS.
[Ipy 1bOMy TaKOX MONINIIYEThCS OOOPOT MJjacTa 1 3a0e3NneuyeTbhes yKIagaHHS WOro B
6opo3ny. Kpim Toro, mocsraeTbcsi Aesike 3HIKEHHS TATOBOTO OMOPY, 3aBASKH 3HIKEHHIO
TEpPTS TIacTa MO JUCKA, IO 00ePTAETHCS.

Meta pocaimxenn: Ha manoMy erami poO3BUTKY 3eMIIEpOOCHKOI MEXaHIKM OJIHUM 3
NEPCHEKTUBHUX HAMPSAMKIB PO3BUTKY TPYHTOOOPOOHOI TEXHIKM € 3aCTOCYBAaHHS MalluH 3
AKTUBHUMHM pPOOOYMMM OpraHamH, sIKi TNPUBOAMIMCS B OOepTaHHS BiJg Bally BigOOpY
noTy>kHocTi TpakTopa (BBII) abo inmoro asTonomMHoro asuryna. Akaaemik B.I1. I'opstukuH,
PO3IIIAIal0U1 NIEPCIIEKTUBH PO3BUTKY TUTYT1B, BBAXKAB, IO «SK MpOIejep OOPO3HUTH MOBITPS,
Tak 1 BiBaJI IUIyra - TPyHT, TOMY B MailOyTHOMY HaWO1IbII MEPCIEKTUBHUM € (ppe3ep.
3eMi1e00pO0ITIOBaANIbHI MAIIIMHU 3 TIPUBOIHUMH poOOUNMHU opraHamu (IpyHT00OpoOHi (pesH,
poTaIiiiHi TUTYTH) MaloTh pPsji TEXHOJOTIYHUX IIepeBar B TMOPIBHSAHHI 3 TpaJWIiHHUMUA
JEMIIIHO-BIIBAJIBHUMH ITyTaMH, KyJIbTUBAaTOpaMH, OOpoHamMu 1 T.I. Tpagu-IIHHUMU
MaIIMHAMU: BOHH MOXYTh BHKOPHUCTOBYBATHCSl B IIMPOKOMY Jiama3oHi CTaHy TPYHTY - BiX
HepEeCyIICHI JI0 IePE3BOJIOKEHUX 1 HABITh 3aJIUTHX BOJIOI0 PHCOBUX YeKiB [3-5].

PesynbraTtu  fmochigxenn. [IlpoBemena poboTta B CTarTi 1O YJOCKOHAJICHHIO
eHepro30epiralouux TEXHOJIOTIM Uit  OOpoOITKM TpPYHTY UIUISIXOM  BHKOPHUCTAHHS
koMOiHOBaHux MTA 703BONIMIIO 3alpONOHYBAaTH HANPSMOK PO3BUTKY KOHCTPYKIIIT
E€HEProHACUYCHUX TPAKTOPIB U KOMOIHOBAaHMX MAIIWH 3 BEJIMKOIO HIMPHUHOI 3axBarta. [Ipu
po00TI MOOUTBHMX KOMOIHOBAaHHMX arperaTiB 3poCTa€ MIBHUIAKICTb PYXy, €HEPrOHACHYEHICThH
BY3JiB 1 JUHAMIYHI HaBaHTaKEHHs Ha poOodi opranu. L{g oOcTtaBuHA BUMarae mpoBEICHHS
OTJIMOJESHNUX JOCIIKCHD BIUIMBY PI3HMX YMHHHKIB Ha JUHAMIKY KOMOIHOBAaHOTO MallWHO-
TpakTOpHOro arperary l[pomMy muTaHHIO CBOTO yacy Oyiu mpucBsdeH1 poOoTu [opsiukina
B.I1., Boarinckoro B.H., Apro6oneschkoro I.I., ta immmx [5-10]. Jag moOymoBu
MaTEeMaTHYHOI MOJIETI arperaTy, IO CKIAAaeThcsa 3 KOMOIHOBAHOT MAIIMHK 1 €eHEPTETUYHOTO
TATOBOTO KOIITH CKOPHUCTAEMOCS BiOMUM piBHSHHSIM Jlarpamka npyroro poxy. s
HECTAJIOr0 pyXy MEXaHIYHOI CUCTEMHU, SIKOi € MOOUIbHUI KOMOIHOBAaHUI arperar, BOHO Mae
y3araJibHEHUIN BUTJISA!

ne T- xiHeTnyHa eHepris arperarty; Q - y3aranbpHeHa cuna; 1 - yac; I1 - moreHiiitHa eHepris
cucremu ; i= 1.2.3......K - uncyo cryneneii cBOOOAM CUCTEMHU.

PiBusinusa Jlarpamka sBisie CyKyHHICTh AW(EpEHIIATbHUX PIBHAHD 3 y3aralbHEHUMU
KOOpAMHATAMU I10 YUCITy CTYIEHIB cBOOOAU. [Iyisi BUBYEHHS TATOBOI JUHAMIKU arperaTy npu
CTaJIOMY pyci arperaTy Matumemo ofHe piBHsHHA. Lllmsxom MaremaTHdHux mnepeOyI0B B
pe3yabTaTi OTPUMAEMO 3aKOHOMIPHICTh BIUIMBY TUIBKM MOMEHTY 1HEpLIi arperaty Ha 3MIHU
KyTa A BIIXWJICHHS BiJ] MIOJIOKEHHS piBHOBaru. Jis 1iporo nmpuiiMemMo 3Ha4eHHs K

.
R L
sh=l= COMSL, TOT O A=2sin* /2. (—
M

’"’u
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Bcranosneno, mo nmpu 301IbIICHHI IIMPUHU 3aXBaTy 3pOCTa€ MOMEHT iHepiii arperaty [lpu
bOMY OJHOYACHO CTaOUTI3Y€ThCA IJIABHICTh XOAY 1 3pOCTAa€ MO0 MPOTYKTUBHICTb.
BucnoBku. IIpoBeneHo aHami3 TEXHOJNOTIA 1O  OOpOOTIKY TPYHTY CYYacHOIO
E€HEeProHaCUYECHOI TEXHIKOI. Po3pobieHo kinacudikaiiro cxeM KOMOIHOBAHHMX JIEMEIIHO-
BIJIBAJIHUX IUTYTIB 3 NPUCTPOSMHU JJIsi JOJATKOBOTO KPOIIEHHS Ta BHPIBHIOBAHHS MAaIIHI.
OtpuMaHi pIBHSHHS TATOBOI JUHAMIKUA B AudepeHiaibHOi GopMi J03BOJSIOTH BUSIBUTH 1
OI[IHUTH YMHHUKH, 0 BIUIMBAIOTh HA JUHAMIYHY HANPY>KEHICTh TPakTOpa 1 KOMOIHOBaHOT
MaiHy. [Ipu 301IbIIeHHT MOMEHTY 1HEpIlli arperaTy 3MEHIIYIOThCS WOTro KyTOBI 1 JIHINHI
KOJIMBaHHS, a JUHAMIYHA CHCTEMA IIPH IbOMY IpaIlto€ OUIbII CTIMKO.
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Pesrome
B cmamve e6wvinonnen ananumuyeckuti 0030p COBPEMEHHBIX HSHEPSOHACHIUEHHBIX
MPAKmMopos ¢ Yeabko UX UCHONb308AHUS HA CIONCHBIX CENbCKOXO3AUCMBEHHbIX ONepayusix ¢
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yeivio pacutupeHusa ux ¢yHKI/;u0HCZJZbelx 803MOCHOCEN HA naxonty. Taxowce coenana
nonbimkKa 6blABUNb GO3MOIHCHOCMU KOHCMPYKNMUBHO2O YCOBEPULIEHCMBOBAHUA
MmMexXHoJl0cu4ecCKux onepauuﬁ no 06pa60m7<e nousvl. Ha ocrnose 60]lbu/l020 gbaKI’I’ILMQCKOZO
mamepuaida OMHOCUMETIbHO MOOUIbHBIX IHepzemu4decKux cpedcm@ pa3pa60maHbl
KOHCMPYKNIUBHOE YCOBePULEHCNIBOBAHUE X0008601 cucmemvl MOOUIbHO20 cpe()cmea C Yyeivbio
yayuulenuss onepayuii  oopabomku. Cospemennoe npou3zo0CmMe0 IHEPSOHACHIUJCHHBIX
mpaxkmopoe HAXo00umcsi 8 COCMOSHUU COKpAWEerUsl U MOpajibHOocO0 CmMApeHuUusl NnoJIHOCMbo
JIUKBUOUPOBAHO MPAKMOPHDbBIE 3A800bl, HEPOIUWUPIOEMbC OMPACTb NPOBEOCHUST UCHLIMAHULL
HOBbIX MPAKMOpPO8 C Yeavlo ux cepmuguxkayuu, o6 ucnorvzosanuu. Yyecmeys
Kamacmpoghuueckoe cocmosHue MOOUTbHO20 IHEPeemuKU, NpeOnpusmusi, npou3eoosujue
MpaKmop HNPUCMynarom K pazpabomke U OpPSAHU3AYUU MEIKOCEPULUHO20 NPOU3BOOCMBA
MpakmopHou mexuuku. llpu s3mom mpaxmopsvl npoooaHcaAOm OelUmvbcs Ha 2)YCeHUYHbvle U
KOJleCHble, He ydumbleds, 4mo 6 OOHOM MOOUILHOM IHepeeMmuU4eCKom cpedcm@e MOIHCHO
COBMECMUMb KOJECHbLU U 2YCeHUYHbIU Osudicumenv. B nposedennoti pabome sma nonvimka
ovLa ocyulecmeliieHa. C yenvro ycmpaHeHUus Hedocmamkoe, Komopbsle COYlpOGOOfC@Cl}OWl
IHEP2OHACBIWEHHbIX MpPpAKmMopos 6 cmanive npedﬂoofceﬂo ucnojbzoeamsv HA KOJECHbLIX
osudicumensx cneyuailbHovle nexHoiocuvecKkue emKkocniu, Komopble nomozcarom 6 nMexHoiocuu
obpabomku nousvl 6e3 NOBpPeNCOeHUs U  OONOJHUMELbHO20 YNJIOMHEHUS. ONOPHOLL
noeepxHocnu.
IMPROVEMENT OF ENERGY-SAVING TECHNOLOGIESFOR SOIL
CULTIVATION BY USING COMBINED IATA
Petrov L.M., Pavlyshyn P.M., Vishneviy M.Y.
Key words: tractor, awheel, a skeleton, the engine, the unit.

Summary

In the article an analytical review of modern energy-intensive tractors is carried out
for the purpose of their use on complex agricultural operations with the purpose of
expanding their functionality on arable land. An attempt was made to find out the possibility
of constructive improvement of technological operations on soil cultivation. On the basis of a
large actual material on mobile power products, a constructive improvement of the running
gear system of the mobile vehicle was developed to improve soil cultivation practices.Modern
production of energy-intensive tractors is in a state of reduction and aging, tractor factories
are completely eliminated, the field of testing new tractors for the purpose of their
certification, for use is not expanding. Feeling the catastrophic state of mobile energy,
enterprises that produce a tractor begin to develop and organize small-scale production of
tractor technology. In this case, tractors continue to be divided into crawler and wheeled,
notwithstanding that one mobile power vehicle can combine a wheeled and crawler. In this
work, this attempt was made.In order to eliminate the disadvantages that accompany energy-
intensive tractors in the article it is proposed to use special technological capacities on
wheeled motors, which help in the technology of cultivating soil without damage and
additional sealing of the supporting surface.

177



ATPAPHWI BICHWK MPUYOPHOMOP’Sl Bun. 90. 2018p.

UDC 536.621.55/57
IMPROVING ENERGY EFFICIENCY OF REFRIGERATION SYSTEMSWITH
DESIGN AND TECHNOLOGICAL METHODS
B.V. Lebedev,L.V. Knaub, E. V. Lebedeva
Military Academy (Odessa city)

The article shows the possibility of using ammonia as a refrigerating agent in small and
medium-sized refrigeration units, as well as ways to increase their energy efficiency using
technological and operational methods.

Key words: refrigeration unit, ammonia, regenerative heat exchanger.

Introduction. The economic development of agriculture in Ukraine at the present stage is
impossible without a change in attitude towards the development of technology; in the
changed economic conditions, the creation of qualitatively new and fundamental changes in
old structures becomes absolutely necessary.

The problem. In the field of refrigeration, such reconstruction primarily involves prohibition
of environmentally dangerous and economically unprofitable refrigeration agents and the
creation of energy-efficient high-performance refrigeration units based on ozone-safe agents.
One of the ways to solve this problem is to use ammonia as a refrigerant in all types of
refrigeration units (RU). Until recently, ammonia was used only in large RU with open
compressors. Small and medium-sized RUs used various types of freon, most of which are
now banned for use as ozone-depleting substances, others are expensive and not power
efficient. In some cases, ammonia can be a full-fledged replacement of decommissioned
freon, but the use of ammonia requires the reconstruction of the refrigeration unit. The work
Is devoted to the use of ammonia in small and medium RU and optimization of its energy
parameters. The technical prerequisite for the work is the creation of a shielded ammonia
compressor. The most important principle of ensuring the safety of small and medium RUs is
their tightness. In a standard hermetic compressor, the refrigerant is in contact with the
copper winding of the electric motor; ammonia, a corrosive copper, is not used in such
compressors. The use of a shielded refrigeration compressor, in which the stator is separated
from the cooling agent with a thin steel wall, ensures the tightness of the refrigeration unit.
The main focus of work is the optimization of the energy parameters of the RU design (using
new and non-standard application of the known RU devices) and technological (selection of
the most optimal RU operating modes ) methods.

Research purpose. The limitation, until recently, of the field of ammonia used by medium
and large refrigeration units leads to the absence of both analytical and empirical
dependencies of a small refrigeration unit adapted for operation on ammonia. At the same
time, the presence of a number of thermodynamic thermal engineering features of ammonia
as arefrigerant — as well as design constraints to the units of an ammonia-based refrigeration
unit do not allow the use of the analytical dependencies used in design of small compressor
refrigerators — using freon as refrigerant. The presence of a number of design features of a
small ammonia compressor unit, both with respect to larger open ammonia units and
relatively small freon units, can lead to a significant change in the operating modes of the
unit, primarily its energy efficiency. The creation of empirical and on their base analytical
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dependencies between design parameters and energy efficiency for a domestic ammonia
compressor installation will allow: to optimize the design parameters of an ammonia based
refrigeration unit; to predict the regime parameters of the facility when the externa
conditions change.

Goal setting. The specific task of experimental studies is to determine the dependence of the
energy parameters of the operation of a household ammonia plant on its design parameters
for any steady state operation.

The calculation of the actual value of the coefficient of performance. The actua
refrigeration coefficient of the refrigerator plant takes into account all the useful cooling
capacity, i.e., the cold produced both by boiling the refrigerant and by overheating the
refrigerant in the evaporator. At the same time, an increase in the compressor operation due to
an increase in the specific volume of the intake steam is taken into account in the actua
coefficient of performance; i.e. actual refrigeration factor:

— qO_ Aqmw

T 1)
|a0 . P TO

Fig. 1ispresented in graphical form (for ease of comparison), where the results of the
calculation of theoretical and actual coefficient of performance for single-stage ammonia
refrigerator with low refrigeration capacity are shown.

€,

240 250 260 270 280

TO
Fig. 1. The theoretical ([(rq) and actual (Lprq) coefficient of performance for single-stage

ammoniarefrigerator.

When calculating the actual refrigeration coefficient, the values , i,, were calculated using
empirical formulas respectively:
/I:To{l—C[P”]m—ln )
TK PO
TO
77i — T_ + b . tO (3)

In formula (2): C isthe relative dead volume of the compressor. Accordingto V. B. Jacobson
C=0.01. mistheexponent polytropic index; for anmmonia, m=1.32 . In theformula(3) b =
0.001. The use of condensate to cool the refrigerant vapor inside the compressor
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immediately prior to the compression. As it was shown, superheating of steam at the
suction into the compressor cylinder immediately before suction is of great significance and
influences the operation of a small refrigerating unit and its refrigeration coefficient. The
increase in this superheating adversely affects the operation of the unit and its energy
performance. The temperature of the steam can rise quite considerably, exceeding the dew
point. This leads to the following inconveniences when the refrigeration unit is working: the
temperature of the end of the compression increases, making it possible for the ail to flash,
the specific rate of suction increases, which increases the specific work of the compressor per
unit of cold produced by the unit, reducing the coefficient of performance. The disadvantages
associated with steam superheating become even more serious when using hermetic ammonia
compressors with a shielded stator. In order to mitigate the negative effect of steam
superheating on the suction, it is desirable to cool the superheated steam immediately before
suction. In modern low-powered refrigeration equipment, the air surrounding the refrigeration
unit is used for cooling without forced circulation. The use of air for cooling the steam inside
the compressor is structurally unrealistic, and the introduction of additional coolant, for
example running water, into the scheme will unacceptably complicate the scheme of the
refrigerating unit. Based on these prerequisites, it is proposed to cool directly the refrigerant
steam inside the compressor with the refrigerant liquid passing through the condenser using a
heat exchanger inside the compressor case. The principle and scheme of the process. The
steam leaves the compressor having parameters close to those in the end of the compression,
I.e. under pressure almost equal to the condensing pressure Px and with the temperature of the
point in the end of compression in the cylinder. As it enters the condenser, the steam is
cooled, transferring heat to the surrounding air, saturated and condensed. The resulting
saturated liquid is under condensing pressure and has a dew point. The liquid enters the heat
exchanger inside the compressor case. In this article, the shape and design parameters of the
heat exchanger are not considered. It is obvious, however, that the reversibility of the process
taking place in it is of paramount importance. As a result of heat exchange, the liquid
partially evaporates, without changing the temperature and being at constant pressure. After
that, the liquid enters the second-stage condenser, where it is again condensed, supercooled,
and sent for throttling. The steam during the heat exchange process in the compressor is
cooled to a dew point and enters the compressor cylinder. Fig. 2. and Fig. 3. illustrate the
process. Fig. 2. presents a diagram of a refrigeration unit which is cooled with liquid
condensate, fig. 3. represents the cycle proceeding in the plant. Further supercooling of
liquid refrigerant using regenerative heat exchanger. In freon refrigeration units, a
regenerative heat exchanger is used to get liquid further supercooled. The refrigerant stem
leaving the evaporator is sent to a recuperative tank where it exchanges heat with a
supercooled refrigerant liquid that has a higher temperature. As a result, the steam is
superheated to the temperature at which the liquid enters the heat exchanger, its enthalpy will

increase accordingly: iI=Conp T 4)
The enthalpy of the liquid will be changed to the same amount:
i = Cp 24CUO Z;(m (5)

The cooling capacity will increaseto thevalue: g, = i
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1. Compressor.
2 Condenser of first stage
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\L/ 3. Cooler.
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4. Condenser of second stage.
5. Throttle or capillary tube

6. Evaporator.
5 " > 7. Cooling chamber.
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Fig. 2. Schematic diagram of the refrigeration

unit with a cooled compressor

P‘ 1. Point started compression in the
Tep Tk real compressor cycle.

]thm 1'. Point started compression in a
refrigerated compressor cycle.
2 The end point in the real
compressor cycle.

2 2'. The end point of compression
in arefrigerated compressor cycle.
3. Point of the end of
condensation.
4. Boiling point.

W

=

To Tan TroMm 1

Fig. 3.Refrigeration unit cycle with cooled

compressor in P-i coordinates.
Ammonia refrigeration unit with regenerative heat exchanger. The main obstacles to the
use of a regenerative heat exchanger (RHE) in ammonia refrigeration units are high
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temperature of the compression end and the increase in the adiabatic operation of the
compressor associated with a significant increase in the specific volume of intaken steam
during superheating in the RHE . Both of these reasons are associated with additional steam
superheating. Solving the problem of removing superheated steam, total and occurring in the
process of heat recovery in the RHE, will allow the use of RHE in an ammonia refrigeration
unit. As aready noted, the temperature to which the steam will be superheated can be
significantly higher than the dew point. By cooling superheated refrigerant steam inside the
case of a hermetic refrigeration compressor with liquid refrigerant condensate, the suction
temperature can be significantly reduced. Regardless of the amount of heat produced during
superheating, steam will flow into the compressor cylinder at a constant temperature close to
the condensing temperature, and all the additional heat will be absorbed by the liquid
refrigerant while boiling at the condensing temperature, followed by re-condensing in the
second section of the condenser. Fig. 7. shows the scheme of refrigeration unit. Fig. 8 shows
the plant cycle with RHE and steam cooling prior to suction.

4 z
L J 2 2
£ 3 l >
4 -
’f
) J
5 N
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X ||r 7 H JaXS 001 1
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I 1l A
SII Ii s ISl

Fig. 4. Schematic diagram of the Fig. 5.Thecycle of installing the RHE and the
refrigeration unit with a cooled steam is cooled before the absorption.

compressor end RHE. 0. Dry saturated steam.

1. Compressor. 1. The superheated steam before compression.
2. The condenser of thefirst stage. 2. Point, end of compression.

3. Cooler. 3. Saturated liquid.

4. Second stage capacitor, 3. Liquid, supercooled to ambient

5. RHE. temperature

6. Choke or capillary tube. 4' - 4, The point of beginning. of boiling.

/. Evaporator.

8.Cooling chamber.
To cool the refrigerant steam, aliquid refrigerant is used at a dew point. The heat that steam

givesout can be expressed: W=C, TFC,(Tw-T) (6)
Taking into account heat exchange performance factor [:
G = Cp (Tnep - TK) (7)
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The refrigerant condensate, absorbing  axu, partially boils away at the condensation
temperature, and then goes to the second stage condenser, where it is condensed again and is
supercooled to the ambient temperature (point 3 'in fig. 8.), after which it is additionally
supercooled in the regenerative heat exchanger giving back  g@m heat. The work of
compressing superheated steam can be expressed through the work of compressing dry
saturated steam | o

I I Tnep
e = a0’ 8
T, ¢ (8)
The work of steam compression cooled by condenser is.
T T,
a, - aO ' TO . ¢ (9)

Coefficient of performance of an ammonia plant with steam cooling immediately before
suction and aregenerative heat exchanger can be expressed:

£ = qO — (qO - Aqnep - qumo )TO

K IaK | T (10)
Fig. 6. shows the design chart dependence of the actual coefficient of performance of an
ammonia refrigeration unit with a regenerative heat exchanger ([Jx). The same figure
presents a chart of the change in the coefficient of performance of a unit without a RHE, but

with steam cooling before suction (( o).

K

55 T | T
5 ——
k ( TO )
45 —
OXJI ( TO )
,,,,,,, 4
35 1 | |

240 250 260 270 280
TO

Fig. 6. The dependencies valid refrigeration coefficient of ammonia refrigerating units with
RTO (ex(T0)) and without RTO but steam is cooled before absorption ((eoxi(TO)) .
Fig. 6 shows that ammonia units use steam cooling before suction, the use of RHE increases
the coefficient of performance by about 10-15%, depending on the boiling point of the
refrigerant in the evaporator (TO). In a more general comparison, comparing this
refrigeration unit with a “classic’ ammonia unit, it can be noted that the coefficient of
performance of a unit that uses regenerative heat exchanger and cooling steam before suction
iIs the closest to the theoretical value. Fig. 7 compares graphicaly the coefficient of
performance of ammonia units with RHE and steam cooling before suction ([Jk), with steam
cooling but without RHE (  aa), without cooling of steam ( p). The theoretical coefficient of

performance [ isalso presented for reference.
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240 250 260 270 280
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Fig. 7. The coefficients of performance of ammonia refrigerating unites. ¢ « (T0) - RHE and
the steam is cooled before the absorption, € oxx (TO) -with steam cooling but without RHE ,
e p (TO) - without steam cooling, € (TO) -theoretical cooling coefficient.
Conclusions. The obtained theoretical dependences indicate the possibility of a significant
improvement in the field of research. At the next stage, efforts should be focused on the
experimental confirmation of the results obtained.
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IMOBBIINEHUE DHEPT'OO®®EKTUBHOCTH XOJOJINJIBHBIX CUCTEM

KOHCTPYKTUBHO-TEXHOJOI'MYECKUMHU METOAAMUA
Jle6enes b. B., Knay6 JI. B.,JIebenesa E. B.
KuiroueBrble cjioBa: X0J0AWIbHAA MAILIMHA, AMUAK, PET€HEPATUBHBIN TEIIIO0OMEHHUK.
Pestome

Tokaszana 603MOHCHOCMb UCNOIBL306AHUSL AMUAKA 6 KAYEeCmeEe XO0J00UNIbC020 aA2eHmd 6
MANbIX U cpeOHux XO0JI0OUIbHBIX ycmarHoekax, ad maxK oice nymu noevluleHUus uUx
3H€p2€mu'¢€0k‘0ﬁ 3qbeKmu6H06mu UCNoIb306aAHUEM MEXHOIOCUYECKUX U IKCNIyamAadyYUOHHbIX

Memooos.
IMPROVING ENERGY EFFICIENCY OF REFRIGERATION SYSTEMSWITH

DESIGN AND TECHNOLOGICAL METHODS
Lebedev B.V.,KnaubL.V., Lebedeva E. V.
Key words: refrigeration unit, ammonia, regenerative heat exchanger.
Summary
The article shows the possibility of using ammonia as a refrigerating agent in small and
medium-sized refrigeration units, as well as ways to increase their energy efficiency using
technological and operational methods.
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TECHNOLOGY RESTORATION DETAILS AGRICULTURAL MACHINERY
METHOD ELECTROSPARK PROCESSING

S.V.Konev, S.S. Zhitskov, V.A.Kishchenko
Odessa State Agrarian University

The main method for increasing the durability of machinesis to apply on worn surfaces
one or several layers of coating with high physical and mechanical properties, which will
ensure the continued long operation of products. One of the priority tasks of the devel opment
of the system of technical service of machines is the development of technologies for the
repair of worn parts, since their cost is usually one and a half - two times lower than the cost
of new with the same resource. When choosing a technological recovery method, the value of
the maximum wear, in which the part becomes unusable for operation, is of great importance.
The application of effective technology for the restoration of worn parts of auto tractor
machinery by application of electrospray coatings is substantiated. The described technology
differs technological flexibility, cheapness, simplicity, does not require the use of expensive
and scarce materials and equipment, and also meets the requirements of environmental
safety. The proposed technology can be used to restore a wide range of parts of cars, tractors
and other machines. The technology of the restoration of seats under bearings in details from
aluminum alloys with the help of electroscope doping can be used in the system of technical
service of machines. In conditions of friction, both with and without lubricant, on the surface
of coatings obtained on an aluminum alloy D1 by means of electroscope doping with AlSh
alloy electrodes, wear resistance is several times higher than the wear resistance of hardened
stedl.

Key words:. electrospark, operation, labour input, repair, restoration, resource, covering,
landing place.

Introduction. One of the methods for solving the problem of improving the performance
characteristics of parts is the introduction of new materials that have low density, but at the
same time meet both technological and mechanical requirements. These materials include
aluminum alloys. In mechanical engineering in recent years, the use of aluminum alloys is
increasing, but the rigidity of the conditions of the use of modern technology and the
aggressiveness of the applied environment do not alow to provide the necessary wear
resistance of the surfaces. Up to 90% of machines are inoperative due to the extreme wear of
the working surfaces[1,2].

Problem. The main method of increasing the longevity of machines is applied to the worn
surface of one or more layers of coatings with high physical and mechanical properties that
ensure a long future performance. Recently, electrospray doping has become increasingly
widespread in restoring the dimensions of worn parts. Electrospray doping allows you to get a
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coating with given properties. However, the restoration of aluminum parts by means of
electroscope doping is currently not sufficiently studied. This leads to difficulties in the
development of standard technologies to restore worn parts from aluminum alloys [2,3,4,8].
In terms of aging automobile and tractor equipment and reduce supply equipment and spare
parts through their repeated price increase, it is necessary to make better use of the existing
fleet of machines and production equipment, to maintain its commitment to work through the
timely and quality maintenance. It should pay more attention and means of improving the
technological processes of repairing worn parts. It is known that alarge part of the equipment
falls into repair not through breakdowns, but because of the wear of the working surfaces.
Therefore, increasing the wear resistance and durability of parts is an important and topical
task.

Analysis of recent research and publications. The literature does not adequately cover the
following issues: - the influence of the operating modes of the installation of electroscope
doping, the material of electrodes of different chemical compositions on the transfer of
material from the electrode to the component; - the possibility of obtaining on the aluminum
surfaces of nanostructured coatings and their impact on wear; - influence of the structure of
the electrode on wear-resistant coatings on aluminum surfaces; - possibility of work of wear-
resistant coatings in pairs with hardened steel; - the possibility of obtaining wear-resistant
coatings without increasing the layer [2,3,4]. The conducted literary review showed that the
application of protective coatings, both on the cutting tool and on the parts of machines, by
the method of electroscope doping, is one of the most effective and economically viable
methods, both for increasing the productivity of cutting, and for extending the service life of
machine parts..

The purpose of research. Study of the characteristics of the coating obtained by the method
of electroscope doping to improve the wear resistance and durability of parts.

Resear ch results. Electrospray doping of metal surfaces is a phenomenon of electric erosion
and polar transfer of anode material to a cathode under pulsed discharges in a gas
environment. The surface layer is formed at the expense of the molten metal that remains on
the surface of the well, and the adjacent layer of metal subjected to structural changes from
rapid heating and cooling of the metal. However, the properties of this layer are not defined
by the end. For simplicity, studying the layer researchers split it into zones. The authors [1-4]
divide it into the following zones, presented in Fig. 1. The resulting zones usually do not have
a clear difference and in most cases they overlap each other. But despite this, the listed zones
have their own characteristics that affect the properties of the surface and in many cases,
cause the possibility of a successful operation of the part or cutting tool. A more detailed
description of each of the zones is considered in the work [1-4]. The dynamics of the process
of electrosurgical doping represented by compact electrodes can have a number of options
related to the characteristics of the material of the electrodes, the parameters of the pulses, the
kinematics of the motion of the electrodes, and others. About the process of electroscope
doping with compact electrodes we can say that this process involves several cycles. - the
formation of an electrical contact between the anode (electrode) and the cathode (the part),
after the convergence of the electrodes and breakdown between the electrode gap; - electric

186



ATPAPHWI BICHWK MPUYOPHOMOP’Sl Bun. 90. 2018p.

erosion of electrodes; - Polar transfer and formation of a surface layer on the surface of the
cathode (a part or instrument); - the rupture of the electrical contact between the anode and
the cathode, at the moment of the divergence of the electrodes. In the process of EIL in the
areas of the surface to be treated with successive local influences of impulse discharges, the
changed surface layer, its formation, isthe final stage of the process of electroscope doping.

=..
By

Fig.1 Surface layer, obtained after EIL: 1 - zone of deposit material electrode (anode); 2 -
"white" layer, formed from the molten material of the workpiece; 3 - zone of thermal
influence; 4 - zone of plastic deformation; 5 - modified surface layer.

It is established that the quantitative and qualitative characteristics of the surface layer, which
Is formed during the process of electroscope doping, depend on such factors as processing
time, physica and mechanical characteristics of the electrode material and impulse
discharges, and others. As a result of the EIL process, the changed surface layer is a set of
large numbers of wells (a set of crests and cavities) that significantly affect the surface
roughness parameters [4,6]. Having analyzed the results of the authors research it can be said
that the main types of transfer and interaction of the substances of the electrodes are: -
Strengthening occurs due to the deposition of the material of the anode on the surface of the
cathode. The strengthening effect can be ensured if, as an anode, the material with the highest
wear resistance, hardness, etc. is used. [5,6]; - The surface layer obtained in the EIL process
Is the result of the interaction between the materials of the anode and the cathode between
them and with the subsequent formation of solid solutions, oxides, nitrides, chemical
compounds; - The process is due to the interaction of materials of electrodes and due to
impulse influences of high temperatures and pressure, which lead to the appearance of
nonequilibrium structures, new phases [4,5]. Thus, for example, authors [4,7] used stainless
steel and tungsten aloys as electrodes and investigated their operational properties, wear
resistance and heat resistance. In the course of the research, the authors found that with the
electroscrew doping of titanium aloys with stainless steel (11X15H25M6AI'2), aluminum,
solid alloys (T15K6, BK6M) and W-Cr-Co, W-Fe-Ti alloys, increase of durability and heat
resistance in comparable with materials without coating. The increase in the resistance of the
reinforcing materials to three times is observed with the use of aluminum as an electrode
material, due to the formation of intermetallides TiAl in the surface layer. Similarly, when
using as an anode of steel and an alloy W-Cr-Co, the thickness of the molded layer is
increased by 1.5 - 3.6 times more than with solid-alloy electrode materias. In [5,6], the
authors conducted the study of the EIL process, applied a protective coating on the surface of
the titanium alloy VT18. As electrodes (anodes), Al, TiAl, Ni3Al were used. The choice of
electrodes is related to their ability to increase the thermal stability of alloys of titanium and
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heat resistance. In one of the works [6,7], a solid BK6M alloy was used as a material of the
electrode, designed for drilling, cutting, deployment, milling of steel, cast iron, some hard-
working materials, and reinforced with cutters and drill bits of high-speed steel R18F2. In the
course of the study, they managed to obtain an increase in the stability of the tools several
times: drills and cutters to 1.6; Cutter to 1.7. The wear resistance of the cutters depended on
the electrode material, the minimum of which was the cutters with a coating of T15K6 aloy,
the cutters with a coating of VK6M alloy had a high resistance. From the obtained diagrams it
is seen
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Fig.2 The thickness of coatings of samples from steel 15XT'H2TA at different materials of
electrodes.

that with the increase of energy regimes EIO: voltage from 80 V to 160 V and capacitance
from 34 uF to 240 uF thickness of the coating increases with any material doping electrode.
At the same time, when processing with a doping electrode T15K®6, the thickness of the
coating increases by 48,6%, when treated with the electrode IMH2 - by 75%, while
processing electrode Sh2 - by 83,3%. One of the priority tasks of the development of the
system of technical service of machines is the development of technologies for the repair of
worn parts, since their cost is usually one and a half - two times lower than the cost of new
with the same resource. When choosing a technological recovery method, the value of the
maximum wear, in which the part becomes unusable for operation, is of great importance. In
the general case, 85% of parts of machines become unsuitable for wear that do not exceed
(0,2 = 0,3) » 10-3 m [7,8], with the vast mgjority of reconstructed parts (about 80%) - has a
maximum wear to 0,2 « 10-3 m. The same statistics are subject to auminum bearing shields
of electric motors, aluminum covers of electric generators, seat of bearings in cases of pumps
from aluminum alloys and other devices of different type. According to statistics among all
recoverable surfaces of autotractor parts, about 40% are worn outs [7]. Since the chemical
composition of aluminum parts, working conditions, hole diameters, including bearing seats
under bearings, vary in different parts, then technological methods of their restoration differ.
Widely used methods of restoring aluminum parts of machines, of which 70% make up
various types of welding and surfacing [8], are not always effective for the following reasons:
- do not provide for strengthening of worn surfaces; - lead to distortion of parts due to the
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supply of a large amount of heat, which requires further further machining. Therefore, the
introduction of new, progressive ways of repairing aluminum parts is very relevant. Studies
on electroscope doping on aloys D16T, AK4 and other electrodes from various elements
have shown that on aluminum alloys, it is possible to obtain a coating of low-melting
elements Sn, Zn, Pb with melting temperature Tpl <Tpl of auminum. As a result of
experiments on the application of coatings by means of electroscope doping on an alloy D1
with processing electrodes from Al-Sn, it was established that, when tested for wear
resistance in friction in oil, the wear of the counter body of hardened steel exceeds the wear
of the sample from an alloy D1 coated ~ 6-7 times and is an order of magnitude higher than
the durability of the alloy A1 without coating. Elemental analysis showed the presence of
oxygen in the coating. X-ray diffraction analysis did not show the presence of metal oxidesin
the coating, which gives grounds for assuming the presence of oxides in an amorphous state.
It has been established that the wear resistance of the coating is ensured by SnO2 tin oxides,
the hardness of which reaches HV 1200 kg / MMI. 2. At a minimum processing speed, the
maximum increase in the coating layer and the maximum surface roughness is achieved, but
maximum wear resistance is not achieved. The highest wear resistance is obtained at a high
processing speed, when thereis a'retraction” of the surface, in which there is no increase, but
the properties of the surface change as a result of its modification. Test of wear resistance
showed that the wear of the Al-Pb alloy was several times |less than the wear of counter-solids
of hardened steel, which confirms the possibility of wear-resistant coatings with the help of
electrodes having a structure of a mechanical mixture consisting of a refractory matrix and
evenly distributed in it, in the form of a grid, a fusible component. Technology of restoration
of seats under bearings in aluminum parts with the help of electrospray doping is as follows: -
clearing of seats from pollution; - the diameter of the hole is frozen with the help of the
indicator gauge and the definition of the required thickness of the coating; - Coating by
means of electroscope doping with the help of technology of "barrier" layers; - mechanical
processing of a hole (boring or rolling). Technology of repair of autotractor radiators. For this
purpose, the defect is cleaned of dirt and by means of electroscope doping, the surface is
modified by an electrode from the Al-Sn aloy, followed by application by means of
el ectroscope doping of the low-melting solder PIC-40.
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The process of electroscope doping allows you to destroy the oxide film on the surface of the
tubes and facilitate further lushing the surface of the low-melting solder PIC-40. After losing
the defective place is soldered by the standard method and does not make any difficulty.
Application of preliminary application of a sublayer by electrodes from Al-Sn alloy and
solder PIC-40 on a defective surface by means of electroscope doping will allow to reduce
the number of preparatory operations and increase the reliability of soldered joints while
reducing the cost of repairing radiators with aluminum tubes.
Conclusions. The application of effective technology for the restoration of worn parts of auto
tractor machinery by application of electrospray coatings is substantiated. The described
technology differs technological flexibility, cheapness, simplicity, does not require the use of
expensive and scarce materials and equipment, and also meets the requirements of
environmental safety. The proposed technology can be used to restore a wide range of parts
of cars, tractors and other machines. The technology of the restoration of seats under bearings
in details from aluminum alloys with the help of electroscope doping can be used in the
system of technical service of machines. In conditions of friction, both with and without
lubricant, on the surface of coatings obtained on aluminum aloy D1 by means of
electroscope doping with AlSn alloy electrodes, wear resistance is severa times higher than
the wear resistance of hardened steel.
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TEXHOJIOT'ASI BOCCTAHOBJIEHUSA JETAJIEN CEJIbCKOXO3SIMCTBEHHOM
TEXHUKHA METOJIOM SJIEKTPOUCKPOBOM OBPABOTKHA
Kones C.B., XXutkos C.C., Kimenko B.A.
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KiroueBble €J10Ba: 3JIEKTPOUCKPOBOE JIETHPOBAHUE. IKCIUTyaTaIlus, TPYA0EMKOCTh, PEMOHT,
BOCCTaHOBJICHHE, PECYPC, TOKPBITHE. TIOCATOTHOE MECTO.
Pesrome

OCHOBHBIM MeMOOOM NOBbIULEHUSL 00J208CUHOCU MAUUH SABTAEMCSA HAHeCeHUue Hd
U3HOUIEHHblE NOBEPXHOCMU OOHO20 UNU HECKONbKUX C0€8 NOKPLIMUSL C 8bICOKUMU PUUKO-
MeXanuyecKuMu Cceoucmeamu, Komopwvie obecneuam OalbHeuuyo OAUmenbHyro pabomy
uzoenuu. OOHOU U3 NPUOPUMEMHBIX 3A0aY PA36UMUSL CUCTEMbl MEXHUYECKO20 Cepsuca
MAWUH A618emcs pa3eumue mexHol02Uutl 60CCMAHOGIeHUs. USHOWEHHbIX Oemaell, maxK Kax
UX CMmouMocmb, KAk npasuio, 8 Noamopa - 08a pasza Hudxice cebecmoumMocmu HO8bIX Npu
oounaxoeom pecypce. Ilpu blOope mexHono2UuecKkoeo cnocoba 80CCmaHosienuss 60abuLoe
3HaueHue umeem GeIUYUHA MAKCUMAIbHO20 U3HOCA, NPU KOMOPOU Oemaib CMAHOSUNICSL
HenpueooHou k oxcnayamayuu. O60CHO8aHO npumenenue 3HexmusHol mexHoIocUUu OJis
B0CCMAHOBNIEHUsL USHOUWEHHBIX Oemaiell aemo MpPAaxKmopHOU MeXHUKU nymem NpUMeHeHUs
INEKMPOUCKPOBBIX NOKpbimull. ONUcanuas mexHoI02Us OMAUYAEnCs MeXHOI02UYeCKOU
2UOKOCMbIO, 0euleBU3HOU, NPOCMOMOll, He mpebyem UCNOIb308AHUSL 00PO2UX U OeDUYUMHBLX
mMamepuanos u 000pyo008aHus, a makice COOMeemcmayenm mpedOo8aHUAM IKOA0SUYECKOU
oezonacnocmu. Ilpeonacaemas  mexnonocus  moodcem — OblMb  UCNONBL30GAHA — Ol
B0CCMAHOGNIEHUST WUPOKOU HOMEHKIamypbl oemaneti agmomoounei, mpakmopos u opyeux
mawun. OnucanHas mexnHono2us 80CCMAHOGNIEHUs NOCAOOYHbIX MeCH N00 NOOWUNHUKU 8
oemansax u3 antoOMUHUEBbIX CHIABO8 C NOMOWDbIO IIIEKMPOUCKPOBO2O JIe2UPOBAHUL MONCEM
ObLIMb UCNOTB30BAHA 8 CUCTEME MEXHUYECKO20 cepsuca Mawut. B ycnosusax mpenus, kak co
CMA3KOU, Max u 6e3, Ha NOBePXHOCU NOKPLIMULL, NOTYYEeHHbIX HA altoMuHuesom cniase /{1 ¢
NOMOWDBIO  DJIEKMPOUCKPOBO20  Jecuposanuss — dnekmpooamu  u3z  cnaasa AN,
UBHOCOCMOUKOCMb 8 HECKOILKO a3 Npesvliiaent U3HOCOCMOUKOCHb 3AKANEHHOU CMAU.

TECHNOLOGY RESTORATION DETAILS AGRICULTURAL MACHINERY
METHOD ELECTROSPARK PROCESSING
Konev S.V., Zhitkov S.S., Kishchenko V.A.
Key words: electrospark, operation, labour input, repair, restoration, resource, covering,
landing place.
Summary

The main method for increasing the durability of machines is to apply on worn surfaces
one or several layers of coating with high physical and mechanical properties, which will
ensure the continued long operation of products. One of the priority tasks of the development
of the system of technical service of machines is the development of technologies for the
repair of worn parts, since their cost is usually one and a half - two times lower than the cost
of new with the same resource. When choosing a technological recovery method, the value of
the maximum wear, in which the part becomes unusable for operation, is of great importance.
The application of effective technology for the restoration of worn parts of auto tractor
machinery by application of electrospray coatings is substantiated. The described technology
differs technological flexibility, cheapness, simplicity, does not require the use of expensive
and scarce materials and equipment, and also meets the requirements of environmental
safety. The proposed technology can be used to restore a wide range of parts of cars, tractors
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and other machines. The technology of the restoration of seats under bearings in details from
aluminum alloys with the help of electroscope doping can be used in the system of technical
service of machines. In conditions of friction, both with and without lubricant, on the surface
of coatings obtained on an aluminum alloy D1 by means of electroscope doping with AlSh
alloy electrodes, wear resistance is several times higher than the wear resistance of hardened
steel.

UDC 631.780
EVALUATION OF INFLUENCE OF GROWTH ON GROUND-PLANT COVER

V.G.llina, V.O.Nikolishen
Odessa Sate Environmental University

An estimation of the effect of irrigation on agricultural plants, in terms of
contamination of heavy metals and radionuclides, in the conditions of the Dnipropetrovsk
region is carried out with the help of a mathematical model. Dnipropetrovsk region has a
very developed sieve of water arteries, therefore there is a great potential for using these
irrigation facilities. The main pollutants that can enter the soil and vegetation cover during
irrigation are heavy metals and radionuclides, which is why these elements were chosen to
assess their impact on the qualitative characteristics of agricultural plants. The coefficients
of the transition of radionuclides to agricultural plants by the aerial and root methods are
taken into account, while calculations have been made for the main sources of irrigation in
the Dnipropetrovsk region. For most elements, the irrigation water meets the established
requirements. As for such highly toxic elements as cadmium and lead, their content is near or
exceeds the MPC. The value of the study is to assess the environmental purity of agricultural
products grown under irrigation. Based on the results of the work it is possible to provide
practical recommendations to reduce the impact of irrigation on agricultural plants on the
content of heavy metals and radionuclides in the Dnipropetrovsk region.

Key words: anirrigation, quality of water, heavy metals, agricultural activity.

Introduction. Irrigation increases the anthropogenic load on objects of the natural
environment and creates prerequisites for exacerbating the environmental situation.

Analysis of recent research and publications. Questions of assessing the impact of
irrigation on the state of agrocenoses involved many authors [1]. At the same time, indicators
of the quality of irrigation water were taken into account.

The purpose of research. To evaluate the effect of irrigation on qualitative characteristics of
agricultural crops, in terms of the content of heavy metals and radionuclides grown in the
Dnipropetrovsk region, using a mathematical model. The obtained results allow to optimize
theirrigation regime with the aim of reducing the load on the soil and vegetation cover [2].
Teaching the main part of the study. The accumulation of radionuclides in plants on
irrigated lands occurs as a result of the radionuclide input of radionuclides in the soil,
introduced into the soil when polluted with contaminated water, as well as due to the direct
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intake of radionuclides from irrigation water in the leaves. The total activity, which is
maintained by the ground part of plants under irrigation, can be represented as [3]:

Ai - fw,i AW1 (1)
where Ai - total specific activity of the plant; fw, i - content fraction; Aw - specific surface
activity when watering.

The share of plants kept by radionuclides is defined as [3]:

. =LAIiS[1_eXp(—In2_RH’ @
TR 35S

where Si - effective water content for the plant; LAIi - surface of the leaf part of plants; R -
specific volume of watering.

The activity of plant products is formed at the expense of direct intake of radionuclides
through leaves, as well as at the expense of root yield [3]:

Ci()=Ci (1) + Ci(1), )
where Ci (t) - tota activity in the plant species and, Bq / kg; Ci, | (t) - activity in the plant
species and from the flow through the leaves, Bq / kg; Ci, r (t) - activity in the plant species
and from the root, Bq / kg.

The intake of radionuclides through leaves can be expressed as.

Ci (A) = - expl-(h + A )0, @
|

where C;, (1) - concentration of activity in the plant; Ai - total specific activity on the plant;
Yi -yield of plants, - rate of loss of activity due to the influence of weather factors, r-the
constant of radioactive decay; t- the time that has elapsed since the watering before
harvesting.

The concentration of radionuclide in plants generated by root infestation is calculated using
the concentration of radionuclide in the soil and the accumulation coefficients of TFi, which
express the ratio of plant activity concentrations (live weight) and soil (dry weight):

Ci () = TF C4(1), 5

where Ci, r (t) - concentration of radionuclide in the plant from root yield; TFi - coefficient of
accumulation; Cs (t) isthe concentration of radionuclide in the root soil region.
If the input to the soil occurs during the plant growth period, an adjustment coefficient is used
for the root yield, which reduces the root yield. This ratio represents the ratio of the time
interval from irrigation to harvesting to the duration of the vegetation. Concentration in the
root layer of the soil is calculated according to the formula:

Calt) =S eXpl-(hs + Ay + A )] ©)
where As - total specific activity on the soil; L - depth of the root layer; - soil density; -
rate of decreasein activity; rrate of fixation of radionuclidesin soil.

Research results. Analyzed the chemical composition of more than 10 different sources of
irrigation, it is established that as the climate drought intensifies and the mineralization of
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irrigation water increases, the concentration of heavy metals such as zinc, cadmium, nickel,
cobalt, manganese, lead, copper and chromium isincreased (Table 1).
Table 1.The content of heavy metalsin irrigation water.

The sum of
Sampling source Zn Cd Ni Pb Cu Cr the

elements
Kakhovka reservoir 0.183| 0.007 |0.007| 0.03 | 0.015|0.020 0.347

Channel Dnieper-Donbas 0.573| 0.004 |0.007|0.010|0.003|0.012 0.643
Frunze Irrigation System 0.125| 0.002 | 0.012| 0.025 | 0.004 | 0.050 0.262
Medium 0.136| 0.004 |0.019|0.032 | 0.009 | 0.022 0.307
MPC 10 [ 0001 | 01 | 003 | 10 | 05

For most elements, the irrigation water meets the established requirements. As for such
highly toxic elements as cadmium and lead, their content is approaching or exceeding the
MPC. Moreover, this excess is more pronounced in the waters of steppe sources. In addition
to irrigation and watering, irrigation methods are important. In the framework of this work,
the influence of watering methods on the accumulation of radionuclides in rosy agricultural
plants cultivated in the Dnipropetrovsk region was investigated (Table 2). Using the above
mathematical model, an estimation of the coefficients of transition of radionuclides from the
soil to plants for the main crops, the main parameters of which are given in Table 3. The
characteristics presented are presented for assessing the level of contamination of sugar beet
crops for different types of sails.

Table 2. Average coefficients of transition of radionuclidesfrom irrigation water to
agricultural plants 10,

Method of Winter Alfafa, | Corn, Beetroot, Tomato| Cucumber | Cabbage,
Element irrigation whet, reen mass| gran oot fruit fruits | cabbage
9 grain 9 9 vegetable | ’ ' %
cs | Onthe 1,0 25 0.3 05 0.3 0.4 05
furrows
Cs | Sprinkling 2,0 4.0 0,5 0,7 0,6 0,6 0,6
Sr fO” the 3,0 5,0 0,06 0,6 05 0,3 0,7
urrows
s  |Sprinkling . 70 | o011 | o8 08 | 04 10

Table 3. Average values of transition coefficients of radionuclides from soil in plants 10°
*,(Bq/kg)/(Bq/m?)

Darn-podzolic Chernozemis

) . Chernozem is mighty
Products loamy soil ordinary

QOSr |37CS QOSr |37CS QOSr 137CS

Grain ceredls 072 | 025 | 013 | 0,062 | 0056 | 0,042
Root plants 065 | 08 | 012 | 002 | 0055 | 001
Potatoes 048 | 010 | 009 | 003 | 004 | 002

The "ec%ﬁi‘tr';’: mass| 55 | 035 | 040 | 010 | 018 0,07
Perennial herbs 95 4.4 17 1,1 75 0,68
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Conclusions. Cultivation of agricultural and agricultural crops in conditions of irrigation
leads to the problem of radionuclide pollution of soil and plants. The maximum concentration
of radionuclides in water is noted at the beginning of the irrigation season, and in its middle it
decreases by 4 times and more, increasing at the end of the irrigation.
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OLIEHKA BJIMSIHUS OPOIIIEHUS HA TPYHTOBO-PACTUTEJBbHBIN
INHOKPOB
Impuna B.I'., Hikomummna B.O.
KiroueBble cJjioBa: OopomeHNE, Ka4C€CTBO BOJLI, TAXKCIILIC MCTAJLIBI, CEJIbCKOXO03SIMCTBCHHAA
ACATECIIbHOCTD.
Pesome

Buvinoaneno OYEHK)Y 6JUAHUS OPpOWEHUsl HA CeNbCKOX03AUCMBEeHble pacmernus, ¢ modKu
3PEHUA 3ACPA3IHEHUA miscenbimu memainamu u pCZaZ/lOHyKJZ uoamu ) 6  YClo8UAX
Jlnenponempoeckoii obracmu npu NOMOWU Mamemamuyeckou mooenu. [{nenponemposckas
obnacms 81adeem OOCMAMOYHO  PA3BEMBIIEHHOU Cembl0 GOOHUX apmepuil, no dMoMy
cyuecmiuyem bonvulon nomenyua O/l UCNONBL30BAHUSL 2MUX 00beKmos8 O OpOULEHUAL.
OcHoeHbIMU SACPAHANWUMU  eelljecmeamMu , Konmopovle mMocym nonaoams 6 SPYHMOB0 —
pacmumeﬂbﬂbzﬁ NOKpO6 npu OpoweHuu A6JHAI0mMCs nAoicejlble memaibl U paduonymuabz,
nosmomy UMeHHO amu QJIEMEHNbl OvbLIU 8bl6paHbl oA OUEHKU UX 6JIUAHUA HA
KauecmeeHHble xapakmepucmuxku CeNbCKOXO3AUCMBEHHBIX pacmeHuIZ. Yumenwor
Koaghhuyuenmol nepexoo0a paouoHyKIud08 8 CelbCKOXO3AUCBEHHbLE PACMEHUS AP AIbHbIM
U KOpHesblM  nymem, npu 9mom  pacuenivl 6blNOJIHEHLL O/151 OCHOBHBIX UCMOYHUKOB
opouieHuss 6 ycaosusx Jnemponemposcvkoi obracmu. Ilo Oonvuuncmey 3nemenmos
opowiarowue 600bl YO08IEeMBOPAIOM  YCMAHOBNeHbIM — mpebosanusim. Ymo Kkacaemcs
makKux 6blCOKOMOKCUYHbLIX €el1eMEeHn 06, KadK Kaomuu u ceuney, nio ux codepofcaHue
npubnudxcaemcs aubo npesviuaem IJ[K. Ilennocms ucciedoganus cocmoum 6 oyenke
DKOJNOCUUECKOU YUCOMblL CEAbCKOXO3AUCMBEHHOU npodym;uu, Komopas evblpawueaemcs 6
YCIOBUAX OPOULeHUS. Ilo pesynemamam pabomvl MOMCHO Oamb npakmu4eckue
p€KOM€HaaI4uu no YMEHbUWEHUIO BNUAHUA OPOULEHUA HA CeNbCKOXO3AUCMBEHHbLE pacmernu,
Kacarnwuecs COOePIHCAHUsT  MANCENbIX  MEMmailo8 U  pPaoUOHYKIUOO8 8  YCI08USX
J[nenponemposcwvroii obracmu.

EVALUATION OF INFLUENCE OF GROWTH ON GROUND-PLANT COVER

llinaV.G., Nikolishen V.O.

Key words: an irrigation, quality of water, heavy metals, agricultural activity.
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Summary

An estimation of the effect of irrigation on agricultural plants, in terms of contamination
of heavy metals and radionuclides, in the conditions of the Dnipropetrovsk region is carried
out with the help of a mathematical model. Dnipropetrovsk region has a very developed sieve
of water arteries, therefore there is a great potential for using these irrigation facilities. The
main pollutants that can enter the soil and vegetation cover during irrigation are heavy
metals and radionuclides, which is why these elements were chosen to assess their impact on
the qualitative characteristics of agricultural plants. The coefficients of the transition of
radionuclides to agricultural plants by the aerial and root methods are taken into account,
while calculations have been made for the main sources of irrigation in the Dnipropetrovsk
region. For most elements, the irrigation water meets the established requirements. As for
such highly toxic elements as cadmium and lead, their content is near or exceeds the MPC.
The value of the study is to assess the environmental purity of agricultural products grown
under irrigation. Based on the results of the work it is possible to provide practical
recommendations to reduce the impact of irrigation on agricultural plants on the content of
heavy metals and radionuclides in the Dnipropetrovsk region.

UDC 621.9.06.-229,331

TO THE QUESTION OF REDUCING THE RELATIVE WEARING OF THE
INTERRUPTED GRINDING CIRCULARSFROM SUPERHARD MATERIALS
0.0. Yakimov, SM. Umynskyi, L.V. Bovnegra, S.V. Beznos,

V.V. Dobrovolskyi
Odessa National Polytechnic University,

In the article, using the calculated and experimental ways, identified The extreme
nature of the dependences of the specific wear of discontinuous circles of superhard
materials on the number of slots on the working surface of the tool and on the ratio of the
extent of the cavity to the length of the cutting ridge of the circle. Also, using the
computational and experimental ways the characters of the influence of the dimensions and
number of structural elements from which the working surface of diamond discontinuous
circles was formed, as well as the rigidity of cutting on the parametric stability of the elastic
system of a surface grinding machine, were reveal ed.

Key words: relative wear, working surface of the wheel, intermittent grinding, cutting
protrusion.

I ntroduction. Since the abrasive industry mastered the production of grinding wheels from
superhard materials, the question arose before their consumers. how to rationalize them? One
of the criteria used to evaluate the rational use of circles of superhard materials is their
relative (specific) wear, i.e. the volume or mass amount of the worn out diamond (or elbor),
referred respectively to a unit volume or mass of ground metal g (cm®cm?®, mm*mm?3, mg/g).
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The importance of this criterion is due to the fact that the cost of the diamond (or elbor) circle
Is many times higher than the cost of the abrasive tool. Diamond circles on organic bonds due
to intensive self-sharpening provide stable quality and processing capacity, but their use in
production is constrained due to high relative consumption of diamonds. The work of
grinding wheels of superhard materials on a metal bond is accompanied by a much lower
specific wear, but they are rapidly greased, and this leads to an increase in the heat stress of
grinding and, as a consequence, to a deterioration in the quality of the surface layer of the
machined parts. To reduce the heat stress of the grinding process, it is possible to use
diamond tools with a discontinuous working surface, which is especialy important when
working with circles on a metal bond [1]. When grinding around with a continuous working
surface, the chipsfill its pores and adhere to the cutting grains. As a result, the circle becomes
salted, the intensity of heat generation increases, which leads to an increase in the grinding
temperature [2]. With diamond intermittent grinding breaks are provided in the heat supply,
which allows to significantly reduce the grinding temperature. With diamond grinding, the
intermittence of the process creates additional possibilities for removing the chips and
reducing the filling of the wheel [3]. In [4, 5, 6, etc.], the temperature decrease in diamond
intermittent grinding is explained by the fact that the contact time of the cutting edges of the
circle with the machined surface is less than the contact time for continuous grinding.
Another reason for the temperature decrease during intermittent grinding is the reduction in
the intensity of heat generation in the cutting zone due to the increase in the cutting ability of
the circle, since it self-sharpens, and the chips are not located in the pores between the grains,
but in the depressions. When grinding with circles whose working surface consists of
periodically alternating protrusions and depressions, high-frequency oscillations of small
amplitude arise in the elastic system of the machine because of the interruptibility of the
cutting process, which facilitate the process of chip formation and contribute to the formation
of a developed cutting microrelief on the circle. However, for certain ratios of the lengths of
the cutting protrusions and valleys and at certain amounts, parametric resonance can arise,
caused by a periodic change in the rigidity of the elastic system of the machine. Parametric
resonance affects not only the specific wear of the diamond wheel, but also the quality of the
surface being treated. In works [1, 2, 3, 4] there is no unified opinion on the influence of
parametric resonance, arising during intermittent grinding, on the relative consumption of
diamond circles. Thisimplies the need for further research in this direction.

Purposes and tasks. The aim of the work is to find reserves for reducing the relative
circumference of a circle with intermittent diamond grinding by changing the structural
elements of the working surface of the circle and the cutting regimes.

Research results. In the process of grinding, the linear wear of a circle of superhard
materials in time usually occurs unevenly. In a wide range of changing grinding conditions,
the rate of grain wear is aways ahead of the wear rate of the binder, so the circle, as arule,
operates in blunt or "salting" mode, which requires periodic restoration of its cutting
properties. In [6], the parameter #, characterizing the degree of linear wear of the cutting
grains before the moment of their volumetric destruction or loss from the bonding without
destruction, was introduced in order to create processing conditions ensuring uniform wear of
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the circle during its self-sharpening operation. This parameter is numerically equal to the
ratio of the wear amount of the maximum grain protruding over the grain bundle at which its
volumetric destruction takes place, to the maximum depth of penetration of the processed
material into the working surface of the circle and can be calculated by the following formula

(@) 3 "
. (20427 Vsar- (L+1,/1)-Vt - X3 YD) ANz (S.‘nfi)
[6]- 77_1 \/ mﬁ ) =) tg7/ ) (1)
Kp p )

where V3ar — workpiece speed, m/min; t — depth of cutting, mm; X — graininess of a circle,
mm; Vkp — circumferential velocity of acircle, m/s; Rkp —radius of acircle, mm; m—volume
concentration of grains of a circle; A — parameter characterizing the strength properties of the
material being processed (determined by calculation and experimentation); P — the tangential
component of the ultimate load, acting on the maximum grain protruding over the binder, H;
y — half the angle at the tip of the cutting grain, which has a conical shape; |,/I, —theratio of

the extent of the cavity of the discontinuous circle to the length of the cutting projection; n” —
parameter determined experimentally.

To ensure the required quality and high productivity, it is necessary to grind with sharp
cutting grains (i.e., a » — 0). However, the smaller the parameter 7, the less the service life
of the cutting grains, and, consequently, the greater the consumption of the grinding wheel.
Due to the fact that the cost of a diamond wheel is many times greater than the cost of an
abrasive diamond, it is necessary that the degree of linear wear of diamond grains at the time
of their volumetric fracture is greater than the degree of linear wear of the abrasive grains. In
other words, it is necessary that the parameter » for diamond grinding is larger than for the
abrasive. It can be seen from expression (1) that the parameter  with intermittent grinding is
smaller than in the case of a continuous grinding (for a continuous grinding parameter
(- 1,/1,)=1, a at intermittent — always more than 1). This can be explained by the fact that
during intermittent grinding under the influence of dynamic impacts, periodic renewal of
blunted cutting grains occurs. The relative consumption of diamond (elbor) can be described
by the following formula[7]:

— 10°- Pa - -Vkp- A 2)
~2-p, - (@+1,/1,)-Vsar-t-p’

where —linear wear of the cutting grain per turn of the grinding wheel, m;  —coefficient
egual to the ratio of the volume of grains to the volume of the circle; , — density of diamond
(elbor), H/m®.

It can be seen from expression (2) that when 7 — O The relative expenditure of diamond

(elbor) tends to infinity, i.e. intensive wear of the wheel occurs. From analysis of expression
(2) it follows that if one circle grinds metal with different cutting depths, for example t;, and

t,, thentheratio 7, /7 , will have the following appearance:
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where hkp,,hkp, — linear wear of the grinding wheel when grinding with the depths of
cutting t, and t,, m; hm;,hm, — the thickness of the metal layers removed during the same
period of grinding.

Thickness of layers hm; and hm, with some assumption can be represented in the form of a
product of the depth of cut by the number of passes: hm; =t -i; hm, =t,-i when V3ar;
=V3ar,. Under the same conditions 7,/7 , = hkp,/hkp, . Thus, the parameter # inversely
proportional to the linear wear of the grinding wheel. As increasing parameter (1- 1,/1,),
which appears in expression (1), parameter » will decrease. Dependence (2), describing the
relative consumption of diamond (elbor), has an extreme character, since the parameters
included in it (1- 1,/l,) and # have the opposite character of change. After simple

transformations of expressions (1) and (2), we obtain [7]:
(2 1) 3

1282815-Vaar -t - X3 Rep Y270 ( ANan)
n:l_( p] 10 .tg7(2n 1) (3)

Vkp-n-l;-m

q_lO‘q’-pa-,B-VKp-Ai Ay-n

(4)
P, - V3ar-t-n- - Dxp
where n — number of cavities (protrusions) on a discontinuous circle with a constant value |;;
Dkp — diameter of grinding wheel, mm.
Let us investigate the function g(n) for the presence of an extremum. We substitute equation
(3) into expression (4), we find the partial derivative and equate it to zero:
(2- 1) _ (2- )

aq (2-n"-1) (2-n’—1)_0

on n* '
The extreme value of the parameter » at which the relative flow of discontinuous circles will
have an extremum is determined by the formula:
2-n
n-1 ®)
From expression (3) it is possible to find the number of cavities n at which the relative
expense of the circle will be minimal:

n+n-

ny =

(n"+1)
— 3 —r
e {12828,15 -V3ar -/t - X2 /Rep J (A)(z_n') tgy@™) ©
B 1p ' 2n-1)

Vkp -1, -m P P~

(1— 75 )(Z-n -n’)
It has been established experimentally [8] that the relative consumption of diamond depends
on the number of slots on the working surface of the grinding wheel and on the rigidity of the
spindle assembly. With an increase in the number of dlits on the circle, the dependence of the
relative diamond charge q is observed for al stiffness values (fig. 1). With an increase in the
rigidity of the spindle knot, the minimum ¢ decreases and shifts to the region of larger values
of n. The stiffness of the spindle unit and the number of cavities on the grinding wheel have a
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significant effect on the parametric stability of the elastic system of a surface grinding
machine [8]. From fig. 2 that with increasing rigidity of the elastic system of the machine,
the dimensions of the regions of stable grinding expand, and the regions themselves shift
toward increasing the number of dits on the circle. From fig. 2 it is also seen that with the
increase in the cutting speed Vkp the dimensions of the regions of stable grinding narrow.
From expression (1) one can be found the parameter (1- 1,/l,), a which the relative

consumption of the grinding wheel will be minimal:

3
(2:n-1) VKb - M- +/Rk o
(1+'—2) -, o [ Ve M-y Rep -(fj‘z 1 _ @
| , t

1 2042,7 -V3ar -t - X3 A (n'+1)

gy ™
75 q
| N 2 s/
1. /
1. N )4
) O = O

Fig 1. Dependences of the relative flow rate q of the diamond discontinuous disc on the
number of cutting projections n, constructed for N=0,3 and for different stiffness values Co: 1
— C0=0,5-10° /m; 2 — Co=2,0-10° u/m; 3 — C0=3,5:10° u/m [7].

With n"=0,76; 7 ,=0,705 expression (7) takes the following form:

1i12) 294207 Vip-m-JRep -(5 ©
L ), Vaar -/t - X3 - tgyt® A .

Effect of the parameter (1- 1,/1,) on the relative consumption of grinding wheels was studied
experimentally [7]. Relative specific consumption of the circle 1A1 200x75x5x2 KP 160/125
b1 — 100 % was determined on samples of steel PEM5 by plunging in the mode: Vkp=35 m/s,
V3ar=6 m/min; t=0,025 mm; with application of a cutting fluid. After determining the relative
specific consumption of a continuous circle (1,/l; = 0) on it were cut 10 hollows in length

1,=10 mm and there was a relative consumption of a discontinuous circle (1,=52,8 mm, [,=10
mm), then the lengths of the depressions were accordingly increased to 15, 20, 25 and 30
mm. This technique allowed to carry out a study of the relative discharge of the elbor on a
continuous and five discontinuous circles with different ratios |,/l;: 10/52,8=0,189;
15/47,8=0,314;  20/42,8=0,467; 25/37,8=0,661; 30/32,8=0,915. From the results of the
experiments (fig. 3) it is clear that as the parameter increases, the relative flow rate of the
circle first decreases, and then begins to increase. In [8] and [11], the extreme nature of the
dependences g=f(Vkp) when grinding a hard aloy with diamond circles having different
bonds: 51, M1, TM, M5, MK, M1 (fig. 4). It isestablished [8] that the cutting speed Vkp and
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the value of the ratio of the extent of the cavity |, to the length of the cutting projection |, has
asignificant effect on the parametric stability

Vkp=25 m/s Vkp=40 m/s

Fig 2. Zones of parametric instability of the elastic system of the machine (hump), calculated
for the interval 0<n<80, cutting speeds Vkp=25 m/s u Vkp=40 m/s and three values of
reduced rigidity: Co=0,5-10° u/m (a); Co=2,0-10° u/m (b); Co=3,5-10° u/m (c).

g, mg/g

Fig. 3. Dependence of the relative diamond consumption g on the value of the ratio of the
extent of the cavity |, to the length of the cutting projection |, [7].

of the elastic system of the machine tool. From fig. 5 (left) shows that when grinding with a
cutting speed Vkp=35 m/s, the nonresonant work of the elastic system of the machine is most
likely in the intervals of variation of the value I,/l;: 0<N<O0,15; 0,75<N<0,90, and from fig. 5
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(on the right) it is seen that at the circumferential velocity of the circle Vkp=25 m/s The
occurrence of parametric resonance is the least likely in the interval 0,80<N<0,90. However,
despite the low probability of resonance in these intervals, grinding by discontinuous circles
with ratios |,/1,=0,10 u |,/1,=0,85 is accompanied by a high relative consumption of diamonds
(fig. 3). From the analysis of fig. 3 and fig. 5 it follows that when grinding with cutting
speeds varying in the interval 25<Vkp<35 m/s, The most acceptable from the point of view of
parametric resonance and relative consumption of diamonds is the ratio 1,/1,=0,6. From fig. 5
that with increasing cutting speed from Vkp=25 m/s to Vkp=35 m/s the expansion of the areas
of stable operation and the decrease in the number of zones of parametric instability of the
elastic system of the surface grinding machine are bserved (fig. 4), however, an insignificant
increase in the relative consumption of diamonds on circles with ametal bond (curves 2, 3, 4,
5, 6) isobserved increase on circles with an organic bond (curve 1).

g, mg/g

Fig. 4. Dependence of the relative consumption of diamond q of cutting speed Vkp when
grinding the hard alloy T15K6 in circles: 1 — circle ACO 100/80 — 100 % — b1 [7]; 2 —circle
ACB 100/80 — 100 % — M1 [7]; 3 —circle ACB 125/100 — 100 % —TM [7]; 4 — circle ACB
125/100 — 100 % — M5 [7] ; 5 — circle ACB 125/100 — 100 % — MK [7]; 6 — circle ACB
125/100—100 % —M1[7].

The increase in the relative consumption of diamond circles g an organic bond with an
increase in the speed of acircle can be explained by an increase 11 he thermal intensity of the
grinding process and, as a consequence, burnout of the pulverbakelite from the binder. Its
burning begins to occur at temperatures 250...300 °C [7]. Therefore, the most acceptable
cutting speed from the point of view of the relative consumption of diamonds and parametric
resonance is the speed Vkp=30 m/s. It has been established experimentaly [7] that when
grinding with discontinuous circles with the number of cutting protrusions 20<n<30,
oscillations arise in the elastic system of the surface grinding machine (with a frequency
range of 800..1200 Hz and amplitudes of 15...25 um), which essentially change the
conditions friction and wear of the cutting grains, facilitate the chip-forming process (fig. 6)
and prevent the metal from adhering to cutting grains. The detected range 20<n<30 for
effective intermittent grinding isin good agreement with the experiments on determination of
the relative diamond consumption, which showed that for the stiffness
range2,0-10°<C,<3,5-10° n/m he relative consumption of diamonds assumes minimum
values at 20<n<40.

Vkp=35 m/s Vkp=25 m/:
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Fig. 5. Areas of parametric instability of the elastic system of the machine (hump), calculated
for Vkp=35 m/s and Vkp=25 m/s and for three intervals of relations N=I,/I;: 0<N<0,3 (a);
0,3<N<0,6 (b); 0,6<N<0,9 (c).

2,0-10°<C,<3,5-10° n/m he relative consumption of diamonds assumes minimum values at
20<n<40.

Fig. 6. Photographs of microtrains formed during microcutting by discontinuous circles with
adifferent number of cutting protrusions.

Conclusions. 1. Using the calculated and experimental ways, identified The extreme nature
of the dependences of the specific wear of discontinuous circles of superhard materials on the
number of slots on the working surface of the tool and on the ratio of the extent of the cavity
to the length of the cutting ridge of the circle. 2. Also, using the computational and
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experimental ways the characters of the influence of the dimensions and number of structural
elements from which the working surface of diamond discontinuous circles was formed, as
well as the rigidity of cutting on the parametric stability of the elastic system of a surface
grinding machine, were reveal ed.
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K BOIMTPOCY O CHUKEHUU OTHOCUTEJIBHOI'O U3HOCA ITPEPBIBUCTBIX
HIJINPOBAJIBHBIX KPYT'OB U3 CBEPXTBEP/IbIX MATEPUAJIOB
SAxumoB A.A., YmuuckuiiC.M., bosuerpa JI.B., besnoc C.B., Jlo6poBonbckuii B.B.
KiroueBble c10Ba: OTHOCUTENBbHBIA HM3HOC, paboyasi MOBEPXHOCTb Kpyra, HpPEpbIBUCTOE

nui@oBaHue, pexyInid BEICTYI.
Pesrome

B cmamve PAaAcHemMHRbIM U IKCNEPUMEHMAIIbHbIM NYNAMU BblABIIEH 3KCWZp€MdJZbelZZ
xapakmep 3a8ucumocmett YO0eibH020 UZHOCA NPEPLIBUCMbIX KPY208 U3 CBEpPXMBepOblX
Mamepuanos om KOauuyecmea npopeseil Ha padbodel NOBEePpXHOCMU UHCMPYMEHma U Om
BENUYUHBI OMHOWEHUSL NPOMANCEHHOCMU BNAOUHbL K OJIUHE pedcyuje2o 6vlcmyna Kpyed.
Taxkoice PACHEMHO-IKCNEPUMERMATOHBIM NYMEM BbIABIEHbL XAPAKMEPDLL 8NIUAHUA PA3MEPOE U
KoJjudecnmea KOHCMPYKMUBHBLIX 9J1EMERMOE, U3 KOMOpblX 06pa30661HCl pa60qaﬂ noeePXHOCMb
AJIMA3HbBIX NPEPBIBUCNIbIX KPY2c06, A NAKIHCE IHCECMKOCMU pe3aHUsl HA napamempudecKyro
YCMOUYUBOCHb YRPY2OU CUCMEMbl NAOCKOULTUDOBATbHO20 CMAHKA.

TO THE QUESTION OF REDUCING THE RELATIVE WEARING OF THE
INTERRUPTED GRINDING CIRCULARSFROM SUPERHARD MATERIALS
Jakimov A.A., Uminskij SM., BovnegralL.V., Beznos S.V., Dobrovol'skij V.V.
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Key words: relative wear, working surface of the wheel, intermittent grinding, cutting
protrusion.
Summary

In the article, using the calculated and experimental ways, identified The extreme nature
of the dependences of the specific wear of discontinuous circles of superhard materials on the
number of sots on the working surface of the tool and on the ratio of the extent of the cavity
to the length of the cutting ridge of the circle. Also, using the computational and experimental
ways the characters of the influence of the dimensions and number of structural elements
from which the working surface of diamond discontinuous circles was formed, as well as the
rigidity of cutting on the parametric stability of the elastic system of a surface grinding
machine, were revealed.

VJIK 664.7
CTPYKTYPA BAJILIILOBUX MO/JIPIFHIOBAUYIB

B.M. Ilerpos, O0.0. ’Knanos
Ooecvra depoicasHa akademisi OyOi6HUYMBA ma apximexmypu

Hasedeno ananiz KoncmpyKmuHUX cxem 6albybO8UX NOOPIOHIO8AYI8 HA npeomem
BUABIEHHS 3A2ANbHUX 3AKOHOMIPHOCMEU 8 eBOIIYLL KOHCMPYKYIU YCMAHOBYUUX MEXAHIZMIE. B
AKOCMI OCHOBHUX MEXAHI3MI8 PO32NIAHYMI MeXaHI3MU NPUBATY, MEXAHIZM MOHKOI HACMPOUKU
[ Mexamizm NponycKy CmMOpOHHbO20 mina. Budineno 6ajcinbHi mMexauizmu mpbox poois, wjo
BUKOPUCMOBYIOMbCA 6  AKOCMI  BAJCIIbHUX — YCMAHOBYUX — MEXAHIZMIE  6A/IbYbOBUX
noopibHI08auie. Pozenanymo cxemu YCMAHOBYUX MEXAHI3MIB CHITbHO 3 OCHOBHUMU
MEXaHizMamu 8anbyb08020 8ePCMAmMA, Wo OAJI0 MONCIUBICMb 2PYNYBAMU PI3HI KOHCMPYKYIT i
nposecmu ixXHill aHani3. 3anponoHO8aHoO Klacugikayilo yCmaHo84ux Mexamizmié Ha OCHOBI
BAJCIIbHUX  MexaHismig. CmpyKmypHUllL auaniz Gadciusuili. npu po3ensiodi po3paxyHKie
NOB'A3AHUX 3 MOYHICMIO YCMAHOBUUX MEXAHI3MIB. 3'A8UNacs MOANCIUBICMb NOPIGHAILHOZO
aHanizy MoOYHOCMI YCMAHOBYUUX MEXAHIZMIE PIZHUX BUPOOHUKIE 0AH020 U0V 00JAOHAHHSL.
Poszenanuymo ocmanni koncmpyxyii 6anbybosux eepcmamis sunyueHux pisnumu ipmamu. Ile
0ano0 3M02y HA OCHOBI Y3A2AlbHEHUX cXxeM TIPOBECTU aHANI3 KOHCMPYKYIU 6albybO8UX
noOpiOHI08AYI8 3 MOUYKU 30pY MOYHOCMI YCMAHOBYUX Mexanizmie. Bidznaueno nesHi
MmeHOeHYii 8 KOHCMPYIOBAHHI CYYACHUX BANbYbOBUX eepcmamis pizHux Gipm 3 Illsetiyapii,
Himeuuunu, Anowuii.

Kaw4yoBi cjaoBa: BaibIbOBUI MOJPIOHIOBAY, BalbIIbOBUH BepCTaT, 1HCTAIAIIMHUI
MEXaHI3M, BAJIOK.

Beryn. Onniero 3 HalOUIBIIT eKOHOMIYHUX TOJIPIOHIOIOYNX MAITHH 3aJTUIIAETHCS BaTbI[LOBUN
BEpCTaT, TOMY BIH IIMPOKO 3aCTOCOBYETHCS JJIsl MOAPIOHEHHS PI3HUX MaTepiaiB.

AHaJi3 oCTaHHIX JIOCTiIKeHb i myOaikamiii. Y mOpoMHCIOBOCTI MpPalOIOTh BaJIbLIbOBI
BEpCTaTH, IO BIIHOCATHCS 1O OJHO 1 JIBOMOTOYHI MalllMHAM, XO04a € 3pa3Ku, OCOOJIMBO
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nabopaTopHi, SIKI BITHOCATBCSA JO 0araTOMOTOKOBUX. TpaaWIiiiHO, HaNpWKIad, B
OOpPOIIHOMENBHIN TPOMHUCIOBOCTI HAMOLIBII MIMPOKOTO TMOMIMPEHHS HAOYJIH ABOMOTOYHI
KOHCTPYKIIl, [0 MPEJCTaBIfAIOTh OO'€THAHHS JBOX MAIIMH B OJIHIM cTaHuHi. KO
pO3IIIAIaT KUIBKICTh CTafld MpOIeCy NOAPIOHEHHS, TO MOXJIMBO BHUJLIUTH OAHOCTAJINHI,
JIBOCTaAlHI 1 O6aratocTaaiiiHi Bepcratu. [lopsa 3 MMPOKO MOMIMPEHUMHU OJHOCTAAIMHUMU
BaJbI[bOBUMU BepcTataMu, mounHaroun 3 90-X pOKIB MHUHYJIOIO CTOJITTS IIMPOKE
BIIPOBA/PKCHHSI 3HOBY OTPUMANIM JBOCTaJAliiHI BepcTaTu. 3a KOMIIOHYBaHHSM JBa BaJiblli
MOXYTh PO3TAIIOBYBATHCS TOPU30HTAIBHO, BEPTUKAIbHO abo miaroHanbHO. HaiiOimbim
OpUMHATHA B JIaHUW 4Yac TOPU30OHTAIbHA KOMIIOHOBKA, IO MOB'SI3aHO 3 BUMOTAMH 3HSTTS
BaJILI[bOBO1 Tapu 0e3 11 MOBHOTO po30upaHHs.

Meta nociimkedb. MeToO JOCTIIDKEHHS € aHalll3 CTPYKTYPH BaJbIIbOBUX BEPCTATIB IS
BUKOHAHHSI pO3pPaxyHKIB Ha TOUHICTh YCTAHOBOYHOTO MEXaHI3MY.

0 hte W

a 0 B

Puc. 1. VMoRHI TORAAUEHHS MEXAHIRMIR RATRITRORUX RENCTATIR.
Pe3yabTaTtu nociigkennb. J[Ji1 BAKOHAHHS aHAJI3y CTPYKTYPH BaJIbIIbOBUX MOJIPIOHIOBAYIB i
BIIKMJIAHHS JPYTOPAIHUX MEXaHI3MIB 1 MPHUCTPOIB MO3HAYMMO MEXaHI3M MpUBAIY SIK Ha
puc.la, MexaHi3M TOHKOI HACTpPOMKM sik Ha puc.1l0 1 MexaHI3M MPOMYCKYy CTOPOHHLOTO TiJia
gk Ha puc.1B. 3a3Buyail 0JiMH 3 BajibI[iB, YEPE3 KOPIYCH MiALIMITHUKIB KPIMUTHCS HA CTAaHUHI,
a Ipyruil € pyxoMHM, JJIsl 3MIHM MIXKBaJIbL[OBOI'O 3a30py. PeryatoBaHHs OJI0KEHHS APYTroro

Puc. 2. Cxema KOMIIOHYBaHHSI OCHOBHUX MEXaHi3MiB 0€3 BaXeiB B BaJbIIbOBUX
BEpCTaTaXx.

BaJIBIISI MOKJIMBO 32 JIOTIOMOTOI0 0€3BaXKIJIbHUX a00 BaXXUIBHUX yYCTAaHOBYUX MEXaHI3MIB. Y
SKOCT1 0€3BaXKUIBHMX MEXaHI3MIB BUKOPHCTOBYIOTh TBHHTOBI, TiJ[paBIivyHI i MHEBMATHYHI
MexaHi3Mu. Baxkeni meprioro, APyroro i TPEThOTO POy IIUPOKO BUKOPHUCTOBYIOTHCS B
SKOCTI YCTaHOBUMX MEXaHI3MIB. 3HAIOUM THI BAXXUIBHOTO MEXaHi3My, MOXJIUBO JIETKO
CKJIAaCTH PO3PAaXyHKOBY CXEMY BaJIbIIbOBOT'O BepCTaTa i BUKOHATH PO3PaXyHKH TPHUBAITY-
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BiBaly, a TaKOX BHU3HAYUTH YYTJIMBICTh MEXaHI3My HACTPOMKH Ha MapajelbHICTh 1
MEXaHI3MY DPETyJIOBaHHS MIXKBaJbIIOBOTO 3a30py. [[is aBTOMaTHYHOTO MpuBaIy-BigBaly B
OCHOBHOMY 3aCTOCOBYBaJld €KCIICHTPUKOBHI Ban sKud oO'€qHYyBaB JiBl 1 mpaBi OiuHi
MeXaHi3MH, 3a0e3Meuylour CHHXPOHHE 3BEeICHHS a00 pO3BEACHHS BaybliB. J[J1s ynpaBiiHHS
€KCLIEHTPMKOBHM BaJIOM BHKOPHUCTOBYBAJM TipaBiiuHi a00 MHEBMAaTH4YHI OpucTpoi. B
OCTaHHIX MOJIENSAX BaJbI[bOBUX BEPCTATIB EKCUEHTPUKOBUN Bal HE BHUKOPUCTOBYETHCH,
MepeMIIlleHHs] OIYHMX MEXaHI3MIB 3MIMCHIOEThCS 3 JIBOX CTOPIH MHEBMO MEXaHM3MaMH.
PosrisitHemMo KOMIIOHYBajbHI CXEMHM yCTaHOBUMX MEXaHI3MIB B BallbllbOBUX BepcTarax. B
JAHUM Yac THCTAAIINHUN MeXaHI3M BKJIIOYAE KIJIbKa MEXaHI3MiB. MEXaHI3M peryJIroBaHHS
po60Yoro 3a30py MiXK BaJIBISIMU; MEXaHI3M HACTPOWKH Ha MapajebHICTh, aBTOMAT MPUBAITY-
BiJIBAJTy; MEXaHi3M TMPOIMYCKYy CTOPOHHBHOTO Tijia. Y OUIBIIOCTI Cy4yaCHUX BEpPCTATIB JaHa
rpylia MEXaHi3MIB BHUKOHYETHCS CAMOCTIMHOI 1 J03BOJISIE€ 3MIMCHIOBATH I1X MOHTaX 1
JI€MOHTaX, HaBiTh 0e3 BTpatu iH(popmMalii mpo HanamTyBaHHs. Haitoinpm nommpena cxema B
K OMWH 3 BalbIliB (3a3BUYail HAWIMBUIIINANA) 3MOHTOBAHWHA B HEPYXOMHX KOpITycax
OiJMIHUKIB.  J[pyruii, NOBUIBHOOOEPTOBHMI Bajielb BCTAHOBJIECHHM pPYyXOMHUM, JUIs
3M1CHEHHs MPUBay-BlABaTYy, HACTPOMKMA Ha MapajesibHICTh BaJbLIB 1 HaJalITyBaHHS Ha
poOoumii 3a30p MDK BajJblsIMU. Y SKOCTI IHCTAJSLIMHOIO MEXaHI3My MOXe OyTu
peanizoBaHuil 0€3BaXIJIbHUN MEXaHI3M a00 BaxKeJl Mepuioro, Apyroro abo TPeTbOro pomy.
Haii6inpin mpocta KOMIIOHOBKA MEXaHi3MiB 0e3 BaKkesiB (SKIIO CTPOro, TO €KCIIEHTPHK TEK
BaXKiyib), mpejicTaBieHa Ha puc. 2. IloBinbHOOOEpTOBHII Bajenb 1 BCTAHOBJICHHUH B
MIIMUTHAKAX 4, 3aKkpiluieHuX B HanpsaMHuUX cranuHu. [lIBuakooOeproBuii Banenp 2
BCTAHOBJICHUH B IMAMIMITHUKAX 3, KOPIYCH SKUX 3aKpiIUIieHI Ha CcTaHWHI. [ MBHIKOTrO
MiJBEICHHST TOBLILHOOOEPTOBOrO Bayiblisi 1 B po0Oody 30HY BUKOPHCTOBYETHCS MEXaHI3M
npuBaTy-BimBay 5. /[ Takoro mexaHi3my, JIOBIMH 4Yac BUKOPHUCTOBYBABCS Basl 3 JBOMA
OJTHAKOBUMH EKCICHTPUKAMHU. Takuit MEXaHI3M 3a0e3IeuyBaB MIBEICHHSI
MOBUIBHOOOEPTOBOTO Bajbllsd 1 A0 MIBUAKOOOEPTOBOTO Bajbllsl 2 32 paXyHOK MEPEeMIillIEHHS
KOpIycCiB MAMUOHUKIB 4. Y CydacHUX BajbI[bOBHX BepcTaTax AaHi (YHKIT BHKOHYIOTbH
MHEBMATHUYHI MEXaHI13MH, L0 JIIOTh Yepe3 BaXKiJIbHI MEXaHI3MH 1 eKCUEHTPHUKHU. [ TouHO1
HACTPOMKM Ha HEOOXIAHMI MIKBaJIbILOBUN 3a30p 3aCTOCOBYEThCS MexaHizm 6. Jlanwuii
MEXaHI3M BUKOHYE JIBI TEXHOJOTrIYHI (YHKIIi: 3a0e3nedye HAaCTPOMKYy Ha HEOOXITHMIA
pobounii 3a30p 1 YycyBae HemapalelbHICTh BajblliB. B 4KOCTI Takux MeEXaHI3MiB
3aCTOCOBYIOTHCSI TBHHTOBI TPHUCTPOI 3 JIIBOIO 1 IPaBOK Pi3b00I0, TBUHTOBI TMPHUCTPOI 3
pi3b00I0 3 PI3HUMH KpPOKaMH, E€KCIICHTPUKOBI MexaHI3MU 1 T. 1. Jlmsg mpomycky uyepes
MDKBaJIBIILOBUM 3230p CTOPOHHBOTO Tijla IepeadadeHuit MexaHi3M /. JlaHuii MexaHi3M sBIIs€
NpY)KUHY CTHCHEHHS (B OCHOBHOMY KpydYeHHs abo Tapiirdyacty), poOode 3yCHUIs SKOT 3
Koe(iIlieHTOM 3amacy IEepeBHINY€E 3yCHIUIA, IO BHHUKAIOTH B IIPOIECI PO3MEIIOBAaHHS.
OnHuM 3 HENONIKIB PO3TJISHYTOI CXEMH, € BUCOKA 3aBAHTAXEHICTh POOOYMMH 3YCHUIUIIMHU
IPUCTPOIB, MPU3HAYCHUX JUIsI TOUYHOTO PEryJIOBaHHS, IO MPU3BOAMTH iX JO IIBHJIKOTO
3HOCY. Jlnmsi yCyHEHHS 1[bOTrO HENOJIKYy B MEXaHI3MaX YCTAaHOBKH BaJIbLIB CTaJIH
3aCTOCOBYBAaTH BaXKeJl MEpPUIOTO0 POAY, IO TO3BOJMJIO 3HAYHO MIBUAKOTO 3HOCY. s
YCYHEHHS LIbOTO HEJOJIIKY B MEXaHi3MaX YCTaHOBKM BaJIbLIIB CTaJId 3aCTOCOBYBATH Ba)Keli
MEPIIOTrO POy, IO JO3BOJMJIO 3HAYHO 3HU3MTHU 3yCWILIS Ha poOounx mexaHizmax (puc. 3a).
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Ha BinmMiHy Bix paHimie po3riissHyTOI CXeMH, TOBITLHOOOEPTOBHI Bayielb 1 BCTaHOBICHUH B
MiIIUITHAIKAX 4, 3aKpiTUICHUX Ha BaXKeJsX 5 3 miBoro i mpaBoro 00ky ctaHuHu. Cami Bakemi
S 3MOHTOBaHI B omopax 6 cranuHu. Ha mpoTunexHOMy KIiHLI BaXesis D 3MOHTOBaHI
MexaHi3Mu npuBaiy 1 BigBaimy 10, MexaHi3M HacTpodku Ha pobOoumii 3a3op 9, a Takox
MEXaHI3M TPOIYCKy CTOpOHHBOTO Tina 8. Taka cucTeMa KOMIIOHYBaHHS MEXaHI3MIB
BaJIbI[bOBOTO BEpPCTATa, JO3BOJISIE YCYHYTH HEIOJIKH, BUSBICHI B MOMEPEHINA CXEMi, MPOTe
MEXaHI3M MpHUBaly 1 BiABaIY, a TAKOXK MEXaHI3M HACTPOUKM Ha poOOYMd 3a30p 3HAXOIATHCS
Jy’K€ HU3bKO, II0 HE3pYYHO MpU MYCKy BepcraTa i WOro HamamTyBaHHsA. ABTOpaM BijioMa
TIIBKM OJTHA MOJEJIb BajJbI[bOBOTO BepcTaTa B AKIA MEXaHI3M TOYHOIO HaJlalITyBaHHS Ha
pobounii 3a30p MepeHECeHH Ha yrpaBiiHHs ormoporo 6 (puc.30). Taka cxema depe3 BeIuKi
MOXUOKH O1IbIIIE HE 3aCTOCOBYBAIACS.

a §)

Puc. 3. CxemMu KOMIOHYBaHHS MEXaHI3MIB B BaJIbLIbOBHX BepcTaTax 3
BAYKEJISIMU MIEPIIOTO POJY.

OpgauMu 3 HAWOLTBIT MIMPOKO TOMIMPEHUX CXEM CTajld YCTAaHOBYI MPHUCTPOi 3 BaXKEISIMU
apyroro poxny (puc. 4a). Taka cxema Mae psj mepeBar, IO-TEpIIe, 3HUKYIOTHCS
HaBaHTAXXEHHS HA MEXaHI3MH, MEXaHI13MH 3HAXOJATHCS B 3py4HiN 30H1 [T 00CTYyTOBYHOYOTO
MEepPCOHAITy, MOJINIIYIOThCS BiOpaliiiHi 1 IIyMOBI XapaKTEpUCTHKU BepcraTa. Po3ramoBaHi
MPUOJM3HO B METP1 BiA PIBHS MIJJIOTH MEXaHI3M MNpHUBaIy-BiABally /, MEXaHI3M TOYHOTO
HaJalTyBaHHS Ha poOounii 3a30p 8 1 MeXaHi3M MPOITYCKYy CTOPOHHBOTO Tijia 9 3pyuHi AJIs
oOcnyroBytouoro mnepconany. lllupoke nommupenns Mmae moaudikaiiisi po3ryIsIHYTOI CXEMH 3
BaXKeJIEM JPYroro pojay, KOJM MEXaHI3M IpHUBalTy-BiABAlLy YIpPaBIsi€ HUKHBOIO OMOPOIO
Bakens 5 (puc.40). Y mesKuX KOHCTPYKIISAX BajbI[bOBUX BEPCTATIB MEXaHI3M IMpPUBAIY-
BiJIBAJTy 3HAXOJUTHCS BTOpl Ba)eysl APYroro pojy, a MEXaHi3M TOYHOTO HaJallTyBaHHS
po6odoro 3a30py i MPUCTPii MPOMYCKY CTOPOHHLOTO TiJia, TAKOXK MEPEHOCSATHCS 10 HIKHBOT
oropi (puc.5a). Takok € KOHCTPYKIii BepCTaTiB, B SKHMX B HIKHIM OMOpPI MOHTYBaBCS
MEXaHI13M MPUBATY-BIABAITY 1 MEXAaHI3M TOYHOI'O HalAIITyBaHHA poOOYOro 3a30py, a BEpXHS
TOYKa YCTAaHOBOYHOIO BaxKelsd 3a0e3nedyBajiacsd MPUCTPOEM MPOIYCKY CTOPOHHBOrO Tijia
(puc.56). Cuig 3a3HAYUTH, MO paHille 3aCTOCOBYBAIIMCA 1 Bakedi TpeThoro poay (puc. 6a).
Baxxeni npu 1boMy BUXOJSATH OUIBII TPOMI3IKUMHU, Yepe3 HEOOXITHICTh 3HUKEHHS 3YCUJIb B
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poOounx MexaHi3Max. MexaHi3M NmpuBaidy-BiABaldy 8, MEXaHI3M TOUYHOTO HAJIAIITYBaHHS Ha
pobounii 3a30p 9 1 MexaHi3M MPOIYCKY CTOPOHHBOTO Tija 10 KOMIIOHYBaIu BpaXxOBYIOUH, SIK
3yCWJUISL B BOXKIJIbHINA CUCTEMI, TaK 1 3py4YHICTh MAaHIMYJIOBaHHS iX mTypBaiamu. Kpim uporo,
3 OTJIsiy Ha, T€ 1[0 JBI MOJIOBUHU BepcTaTa MpalOBaIM BiJl OJHOIO IMPHUBOIY, MEXaHI3MU
NpUBaIy-

a 0

Puc. 5 CxemMu KOMIIOHYBaHHS MEXaHI3MIB B BaJbl[bOBUX BepcTaTax 3
BaXkessiMu Apyroro poay.Puc. 2. Cxema KOMIOHYBaHHSI OCHOBHUX MEXaHI13MIB

a 0

Puc. 6. CxemMu KOMIOHYBaHHS MEXaHI3MIB B BaJIbLIbOBUX BepcTaTax 3
BAXKEJSIMU TPETHOTO POJLY.

BiJIBally JIBOX TIOJIOBMH BepcTaTa 00'€JHYBaJIM. A KOMIIOHYBAaHHS BaJIbIIbOBHX BEPCTATIiB 3
BOXEISIMU TPETHOTO POy JO3BOJISIIA JIETKO TOEMHATH Il JBAa MEXaHI3MH 8 HOJaTKOBOI
TATOI0. 3acTOCOBYBaJIacs 1 MoAuM(iIKOBaHA cxeMa B SKiM MeXaHi3M NpHUBATY-BigBamy OyB
NICPCHECEHUH Ha HIDKHIO OMOPHY TOouky (puc.60). Y Toit e yac mapHip 6 BHIpoOOBye
3HAYHI HaBaHTAXEHHs, 110 BUMArae MpyKWHUA PO3paxOBYBaTH Ha 1€ 3yCHIISA 3 3alacoM i He
cnpusie 30UIbIICHHIO TEPMIHY CIIYKOM MeXaHi3My HacTpoiku Ha poOouwii 3a30p 10. B nanwmii
yac TEXHOJIOTis OTPUMaHHs OOpolliHA 3a3Haja CyTTEBHX 3MiH. ToMy BCl MpoBiaHI (pipmu
CBITY B BHIIYCKalOTh BaJbI[bOBI BEpPCTATH 3 JBOXCTAIIMHUM MOAPiOHEHHAM. Cxemu
YCTAaHOBYMX MEXaHI3MIB BOCBMUBAIBIILOBUX BEPCTATIB B OCHOBHOMY MOBTOPIOIOTH CXEMU

paHile pO3TIASHYTHX YOTHUPHOXBAJIBIILOBUX BepcTaTiB. OMHAaK € ¥ BIAMIHHOCTI, B CXeMi
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BOCbMHBAIILIIOBOTO BEPCTATa 1O BUITYCKAETHCA HiMenpKolo ¢ipmoro MMW BuxiroueHuit
MHEBMOIMJIMHAP BEPXHBOI mMapu 1 o0OWIBa MexXaHi3Ma B3aEMOIIOB'SI3aHI BaXUIHHUM
MEXaHI3MOM, IO JO03BOJISIE CHHXPOHHO 3IIHCHIOBAaTH TPUBAI-BiIBAI ABOX TMap OHIET
MOJIOBUHU. Y 3B'SI3KY 3 KOMIIOHYBaHHSIM YOTHUPHOX BAJIbLIIB HA OJHINA MOJOBUHI BaJbI[OBOTO
BepcTaTa Map BajiblliB BCTAHOBJIIOIOTh TOPU3OHTAIBHO, O00'€AHYIOUM iX B OJOKHU CIUIBHO 3
YCTAaHOBYMMH MEXaHI3MaMM TMOBIJIbHOOOEPTOBUX BalbIlIB. Y 3B'SI3KY 3 KOMIIOHYBaHHSIM
YOTUPHOX BAIBIIIB HA OJIHIM MOJOBUHI BaJbIbOBOTO BEpCTaTa MapH BaJbI[iB BCTAHOBIIOIOTh
TOpU30HTAIBHO, OO'€IHYIOUM 1X B OJOKM CHOUIBHO 3 YCTAaHOBYMMH MEXaHI3MaMu
MOBUILHOOOEPTOBUX BaNbIliB. sl 30epekeHHs KOPCTKOCTI BepcTaTa, CTAaHWHM BHKOHAHI 3
TOPU30HTAJIPHUMHU BIKHAMH VIS MOHTaXy BalbllbOBUX Map. Lle B cBO uepry Bumarae
KOMITAaKTHUX yYCTAaHOBUMX MEXaHi3MiB, 0COOJIMBO MO BUCOTI Om0Ky. KpiMm 1poro 3miHmmacs
TEXHOJIOT1SI BIHOBJICHHS BAJIBIIIB, 110 JO3BOJISE 3MIMCHIOBATH NUTIQYBaHHS 1 TEpeHAPE3Ky
BaJIBIIIB CITUTBHO B OJIOIII, IO HAKJIAJIa€ HA 1[I0 KOHCTPYKIIIO CBOT oOMexeHHs. PosrisHemo
IHCTANAIIAHANA MEXaHi3M BaJIbIIB BHUKOPHUCTOBYETHCS B JCSKHX MOJEISAX BaJbI[bOBUX
BepcrariB  ¢pipmu  Satake puc. 7a. IloBimbHOOOEpTOBMET Bajenb 1 BCTaHOBICHWH B
HiIIAITHAKAX 3, SMOHTOBAHMX Ha BaXKEIAX 5, a MIBUIKOOOEPTOBUI Bajellb 2 BCTAHOBJICHUM
B MiIIMNHUKAX 4 iHCTasAIMHOrO 0J10Ky. Baxeni 5 olHUM KiHIIEM BOUPAIOTHCS HA ONOpH 6
YCTaHOBYOTO OJIOKY, a IPyTruM KiHIeM 3'eiHaH1 3 Tsramu 12. Ha 1531 12 3monTOBaH1 ynopu 9,
npyxkuau 10, raitku 11 1 7, kontpraiiku 8. 3 mpoTuiexxHoro 0oky Tsaru 12 BcTaHOBIIEHI
IIapHIPHO Ha eKCIeHTpUukH 13, posramoBaHi Ha Bagukax 14 B onopax 15. Banuku 14 ygepes
Bakeni 16 1 mapripm 17 3'emHani 31 mTokamu TnHeBMoIWIiHApiB  18. Kopmycu
nmHeBMoLMIiHAPIB 18 yepes mapHipu

11978 121314 16 17 21

°o 24 3 2 4 23 22 1
a 0

Puc. 7. Cxemu ycTaHOBYMX MEXaHI3MIB Cy4aCHUX BaJIbIIbOBUX BEPCTATIB.

19 3'eqnani yepes aBoruieunii Baxiab 20 3 TBUHTOBUMH MeXaHI3MaMHu 23, BCTAHOBJIICHUMU B
nigmmnmanKax 01oky 24. Ha Baxkensx 20, BcTaHOBJIEHHX B ornopax 21 yCcTaHOBYOTO OJIOKY
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pO3TalIoBaHi MApHiIpHI raifku 22, a rBUHTH 23 3a0e3MedeHi mTypBagbunkamu 25. [Ipusan-
BiJIBaJ 3/IICHIOETHCS 3a JOTIOMOTO0 IMHEBMOIIIIIHAPIB 18, a TouHa HACTpoliKa Ha poboumnit
3a30p 3JIMCHIOETHCS 3MIHOIO TOJIOKEHb KOPIYCIB MHEBMOIMIIHAPIB 18, 3a nomomororo
IBUHTOBUX MNpUCTpoiB 23. s mpomycky CTOPOHHIX TUT B KOHCTPYKIIi BCTaHOBJIEHI
npyxkunn  10. Cning 3ayBaxuTd, 10 B JaHIM KOHCTPYKUIi BIACYTHIM TpaauiiiiHUR
EKCIICHTPUKOBHM 1HCTAJISLINHUN BaJl, IO BUMAarae 00OB'A3KOBOI HACTPOUKH POOOUYOTO 3a30Py
3 IBOX KIHIIIB BaJIbLIbOBOI napu. B manuii yac ¢dipma Buhler Bumyckae BajabIiboBi BepcTarty, 3
yYCTAaHOBOYHMMHU MEXaHI3MaMH, 3a CXEeMOIo, mpejacTaBieHoi Ha puc./6. llIBuakoobepToBuit
Bajiellb 1 BCTAHOBJICHWM B MIAMIMITHUKAX 3 1HCTAISAIIKHOTO OJIOKY, a MOBIILHOOOEPTOBHIA
BaJIellhb 2 BCTAHOBJICHHUI B HIANIAIHUKAX 4, 3MOHTOBAHMX HA Baxeiax 5. Baxemn 5 oxaum
KIHIIEM BIUPAIOTHCA Ha OMOpH 6 yCTaHOBUOTO OJIOKY, a JPYrdM KIHIIEM 3'€IHaHi 3
rBuHTOBUMU mpuctposimu 11. Ha rBunaTax 11 Takox 3MoHTOBaH1 npyxuHu 9 3 raitkamu 10 1
koHTpraiikamu 8. I'Buatm 11 3'egHani 3 Taramu 12, BcTaHOBIeHMMH Ha mumnax 14
excueHTpukiB 13. Excuientpuku 13 BctaHoBNeH1 Ha Basiax 19, ki B CBOIO uepry uepes Bakesi
20 3'e1HaHI MIAPHIPHO 3 MTHEBMOLMIMHIPAMH 22, 3aKPIMNIECHUMH B ONOpax 23 IHCTANIALIHHOTO
onoky. Jna mepemimienns mmmiB 14, ekcuentpuku 13 uepe3 Bakem 15 1 wmapnipu 16
3'€JHaHl 3 TBUHTOBMMH NpUCTposiMu 17, 3abe3neueHnMu mTypBanbunkamu 18. 3a maHoro
CXEMOI0 TMpHUBAI-BIABAN 3JIMCHIOETHCS 3a JOMOMOTOK MHEBMOIIWIHAPIB 22, IO
BCTAHOBJIIOIOTh B TEBHE IMOJIOKEHHS BaMKd 19 3 MApHIPHO BCTAaHOBJICHMMH Ha HUX
excrenTpukamu 13. TouHna HacTpoiika Ha poOOYHMH 3a30p 3MIMCHIOETHCS 3MIHOKO IOJIOKEHb
EKCIICHTPUKIB 13, 3a T0ITOMOTOI0 TBUHTOBHX NMpUCTPoiB 17. [TouaTkoBe MOIOKEHHS BaJIbIIS 2
PETYIIOETHCS 3a JOMOMOTOI0 TBUHTOBUX MPHUCTpoiB 11. J[ns mpomycky 4y>KopigHOTro Tijia B
KOHCTPYKIIIF0O BBENEHI Tapimdyacti mpyxkuHu 9. 3a3Buyail MIBUIKOOOEPTOBUM Balellb
NPUBOJUTHCS B OOEpTaIbHUN PYyX BiJ] €JIEKTPOJABUTYHA Yepe3 PEMIHHY Tepenady, a Mix
BaJIBIIIMA BCTAaHOBJIIOIOTh KOCO3yOy MIKBAJIBILOBY mepenady. B manuii wac kocosy0Oa
MDKBaJIbLIBOBA Iepeada IOCTYIOBO 3aMIHIOEThCS PEMIHHOIO Iepenadero. barato ¢ipm
3aCTOCOBYIOTh PI3HI CHEIlalibHI PEMEHI, 10 CKJIAJal0ThCs, HAMPHUKIAA, 3 OJHOTO OOKYy 3
3ybuacToro mpodiio, a 3 IHIIOTO 3 MOJUKIMHOBOTO mpodimio. Lle 3abe3meuye xopcTie
3UCIJIEHHST HA MalMX KyTax OOXBaTy WIKIBa 1 TapHE 34YEIUIeHHS 3 IIKIBOM, IO Mae
NOJIMKIMHOBUM mpodinb. KpiM 1mporo B JeSKMX MOJAENAX BalbIbOBUX BEPCTATIB
BUKOPUCTOBYIOTh JIBOCTOPOHHIA TMOJUKIMHOBOM peMiHb a00 JBOCTOPOHHIN 3yO4acTuit
peMiHb pi3HUX MOaU]IKaIIiii.
BucHoBkmu. 3 o111y BaJIBIIbOBUX BEPCTATIB, 110 BUMYCKAIOTHCSA MPOBIAHUMU (pipMaMU CBITY
CHIyE, 110 BaJIbI, III0 METIOTH 00'€IHAH1 B YCTAaHOBY1 OJIOKH, IO J03BOJISIE HE PO30OUPATH iX
1] Yac pEeMOHTY, 1 HE BTpayaTH HaJamTyBaHHA. B ycTaHOBUMX MexaHi3MaX 3aCTOCOBYIOThCS
B OCHOBHOMY Baxeqml JApyroro poay. B mexaHi3aMmi mnpuBaiy-BiBady, BHUKOPHUCTOBYIOTH
ITHEBMOITWJIIHAPY 3 000X CTOPIH BepcTaTa, IO BHMAarae HacTPOHMKH poOOYOro 3a30py IO
o0u1Ba GOKHM BaJIbIIbOBOT APH.
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CTPYKTYPA BAJIBIIOBbIX NU3MEJIBYNUTEJEN
ITerpoB B.H., XKnanos A.A.
KuaroueBbie cJioBa: B&HBHOBLIﬁ U3MCEJIIBYUTCIIb, BaHLHOBBIfI CTaHOK, yCTaHOBOIIHHﬁ
MEXaHU3M, BaJiell.
Pestome
Hpueeden aHamu3 KOHCMPYKNIUBHbIX CXeM 6a/1bY06blX uzmenvyumeneu Ha npedmem
6blA6NIEHUA 06u;ux S’CIKOHOMepHOCWleﬁ 6 J60Joyuu KOHcmpyKZ/;uﬁ YCNMAaHOB0UYHbIX
Mexanusmos. B kauecmee OCHOBHBIX MeEXAHU3MOB pPaACCMOMpPeERbl MexXaHusmvl npueaild,
MeXaHusm moHKOU HCZCI’I’ZpOL?KM u mexanusm nponyckKa MHOPOaHOZO mena. Bwioeneno
PolHAdICHblE MEXAHU3IMbL MpeEX p0006’, UCNOJIb3YEMbIX 6 KaHecmee pPbluadiCHblX YCNIAHOBOUYHbIX
MEXAHU3IMOEB BAJIbUYOBbLIX 0p06u]l07<. PaCCMOI’}’lpeHbl cxemosvl yCmaHOB0YHbIX MEXAHU3IMOE
COBMECMHO C OCHOBHbIMU MEXAHUIMAMU 6A1IbY0OB020 CMAHKA, 0aNo  BO3MONCHOCHb
2PYNNUPOBAMb  PA3IUYHbIE KOHCMPYKYuu U npogecmu ux avaiui. Ilpeonoocena
maccu(])ukauuﬂ YCMAROBOUYHbIX MEXAHU3IMOE HA  OCHOBE  DbIYAINCHBIX MEXAHUIMOS.
Cmpykmypﬂbld aHaau3 6asiceH npu paccCmMoOmperuu pacdenose CE6A3AHHbIX C NMOYHOCMbIO
YCMAHROBOUYHbIX  MEXAHU3MOE. Tlossunacoe BO3MOIHCHOCM b CpasrUmelbHoco  anaiuza
modHocmu  YCMAaHOBOYHbIX MEXAHUIMO6 pPA3JIUUYHbIX npous’eodumeﬂeﬁ 0aHHo20 6uUoa
obopyoosanus. Paccmompensbl nocieonue KOHCMPYKYuU 8aibY08bIX CIMAHKO8, 8blNYUJeHHbIX
PAaA3TUUYHbIMU gbupMamu. DOmo no3801uUN0 HA OCHOGE 0606M4€HHblx cxem npoeecmu Aanajius
KOHCI’I’lpyKL;uZZ 8dJlbYOBbIX c)p06uﬂ01< C MOYKU 3pEHUA MOYHOCMU YCMAHOBOYHbIX MEXAHUIMOSE.
Ommeueno onpedeﬂeHHbze meHOeHL;uu 6 KOHCMPYUuposaHuu COBPEMEHHbLIX 6AlIbYOBbLIX
cmanko8 paznuunvix upm uz lllsetiyapuu, I'epmanuu, Anonuu.
STRUCTURE OF ROLLER MILLS
Petrov V.M., Zhdanov O.O.
Key words: roller shredder, roller mill, installation mechanism, roller.
Summary

An analysis of the design schemes of roller mills is given in order to identify common
patterns in the evolution of the structures of the installation mechanisms. As the main
mechanisms, the mechanisms of halt, the mechanism of fine tuning and the mechanism of
passing a foreign body are considered. The lever mechanisms of three genera used as lever
installation mechanisms of roller crushers are selected. Considered diagrams of installation
mechanisms in conjunction with the main mechanisms of the roller machine, made it possible
to group different designs and analyze them. A classification of installation mechanisms
based on lever mechanisms is proposed. Sructural analysis is important when considering
calculations related to the accuracy of the installation mechanisms. The possibility of a
comparative analysis of the accuracy of the installation mechanisms of various
manufacturers of this type of equipment. The latest designs of roller machines produced by
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various companies are considered. This made it possible, on the basis of generalized
schemes, to analyze the structures of roller mills in terms of the accuracy of the installation
mechanisms. Certain trends in the design of modern roller machines of various firms from
Switzerland, Germany, and Japan have been noted.

YK 629.144.2.004.5
TEOPETUYHI TA EKCIIEPUMEHTAJIBHI JTOCJIIIKEHHS 11O
BU3HAYEHHIO BUPOBHNUYUX YMOB 36UPAHHSA 3EPHOBUX KYJIBTYP
TEXHOJOI'TYHUMU KOMIIVIEKCAMUA
J. II. Jomymi, O.51. Ioxap
OoecbKuti 0eparcasHUll azpapHuil yHigepcumem
A. II. Jlinin
Ooecbka HAYIOHAILHA aKAOeMist XApUOBUX MEXHON02Tl

Tpusanicms 30upanHs 3epHOGUX KYJIbIMYD 3ANEHCUMb IO HAABHOCMI Ui CMAHY 30UpPAIbHOT
MexXHIKU, MPAHCNOPMHUX 3AC0018, Op2aHi3ayii poOOMuU MEeXHON02IUHUX KOMNIEKCI8, NO20OHUX
[ 8UPOOHUYUX YMO8 ma THWuUX haxmopie. Memoio 0ocniodxicensb 6y10 00epaicants HeobXiOHOT
BUXIOHOT IHhopMayii No BUHAUEHHIO BUPOOHUYUX YMO8 NPOBEOCeHHS 30UPATIbHUX POOIm O
VOOCKOHANICHHS. MEXHIYH020 CepBicy KOMOAUHI8 MeXHON02IUHUX KoMNIeKcis. /s peanizayii
nOCMAGNIeHux 3a80aHb po3pobieHa npocpama 0ocnioxceHv. lIpedcmasnena memoouxa i
pe3yibmamu meopemudHux i eKCNepuUMeHmanbHux 00CAI0HCEeHb NO BUSHAYEHHIO GUPOOHUYUX
YMO8 30UpAHHA — 3ePHOBUX KVIbMYp MeXHON02iUHUMU Komniaexcamu. OmpumanHi Oaui
gi0cmani 00CMABKU 3ANACHUX YACMUH O] 3ePHO30UPATIbHUX KOMOAQUHI8 3 pPI3HUX PIGHI8
pezepsysanis 6y0ymsb GUKOPUCHMOBYBAMUC NPU BUSHAYEHHI mpusanocmi ix docmaexu. Inuii
OMPUMAHI OaHi 3a YMOBAMU NPOBEOEHHS 30UPANbHUX pobim O6y0ymv GUKOPUCMAHI 8
mamemamuyHiu mooeii eKCNLyamayitiHo2o 3a0e3neuenHs npaye3o0amuocmi
3epHO30UPANIbHUX ~ KOMOAQUHI6  mexHoNIo2iyHux  Komnaekcig. (Ooepoicani  pe3yrbmamu
npeocmasieni 8 ueisdi peKomMeHOayil OJisl CilbCbKo2oCcnodapcbkux nionpuemcmes 11isoHs
Ykpainu.
KurouoBi cjioBa: 3epHO30UpanbHU KOMOAH, TEXHOJOTTYHUI KOMIUIEKC, 3€pHOB1 KYJIbTYPH,
BUPOOHUY1 YMOBH, TIJIOIIA 30MpaHHs, BIICTaHb JOCTaBKH, 3allaCHI YaCTUHHU.
Beryn. Ha choroHi mapk CilbChbKOTOCTIONAPCHKUX MAIIWH JJIs 30UpaHHs 36PHOBUX KYJIbTYP
chOopMOBaHO Y BIAMOBITHOCTI 3 3arajJilbHUMHU TEHJIEHIIISIMU, SIK1 CKJIAJUCh Y HAC ChOTOJHI Y
CUIBCBKOMY TOCHoaapcTBi YkpaiHu. BopHoyac BOHM B 3HayHId Mepi BpaxoBYIOTb
0COOJIMBOCT1 BEJICHHS CBITOBOT'O 3€PHOBOTO I'OCIIOJAPCTBA: 30UIBIICHHS YPOXXAaWHOCTI 3epHa
xmioHuX KynbTyp A0 70-80 1/ra, po3mupeHHs raMu MaIivH ojHi€el (ipMH Y BiMOBIIHOCTI i3
MPOMYKTUBHICTIO Ta B 3aJEKHOCTI B KIIMaTUYHO-TIPUPOJIHOI 30HM BUKOPUCTAHHS,
30UTBIIICHHSI TIPOJYKTUBHOCTI 3€pHO30MpPATbHUX KOMOAWHIB, KOHTPOJIO TEXHOJIOTTYHHUX
peXUMIB yCiX cuCTeM KomOaitHa. Jlms 30upanHs BCHOIO BHPOIIEHOTO BpOXKaw U
3MEHILEHHS BTPAT, 30MpaHHs HEOOX1JHO MPOBOJUTH B CTUCI1 arpOTEXHIYHI CTPOKH. Jlocartu
[bOIO MOJKHA 32 JOMOMOTOI0 PAaIllOHAIBHOI OpraHizaili 30upajbHUX POOIT CTOCOBHO [0
IPUPOAHUX 1 BAPOOHUYUX OCOOIMBOCTEN TaHOT 30HU.
IIpo6sema. BianoBigHO [0 3arajbHOrO IUIaHy poOOTH Mepeadayvanocss MPOBEACHHS
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EKCIIEPUMEHTAJIbHUX 1 CTATUCTUYHMX JOCIIDKEHb 13 METOI0 3HIKEHHS BTPAT YPOXKAIO Bif
MPOCTOIB 30MpaTbHOT TEXHIKM - KOMOAWHIB 1 MiJBUINCHHS €(PEKTUBHOCTI TEXHOJIOTTYHHX
komiutekciB (TK). Jlis pileHHs MOCTaBJICHUX 3aBiaHb HEOOXITHO MaTH BEJIUKY KiJIbKICTh
1H(popMallli, 1110 XapaKTepu3ye piBEHb PO3BUTKY U HAAIMHICTh 30MpaIbHOI TEXHIKUA 3aJIEKHO
BiJl 3MIHU 1i TEXHIKO-€KOHOMIYHHUX 1 SKICHUX IMOKa3HUKIB. [leska vyacTuHa 11i€i iHpopmarii
MOke OyTH OTpMMaHa B Pe3yJbTaTl CTaTUCTUYHOI OOpOOKH pe3yJbTaTiB BHIPOOYBaHb
3epHO30MpPAIbHUX KOMOAWHIB Ha MAITMHHO-ICIIUTOBUX CTAHINIAX, JaHUX HAYKOBO-IOCIITHUX
iacturytiB (HJII) 1 okpeMuX q0C/iAHHKIB.

AHaJi3 ocTaHHIX aocaigxeHb Ta nyoOJikaumiii. XapakTepuCTUKH BUPOOHMYHUX YMOB 1
TEXHOJIOTIYHUX KOMIUICKCIB MOXYTh OYTH BH3HAY€HI PI3HUMH METOJaMHU. 3HayHa
iH(pOopMaIris, MO XapaKTepu3ye MapaMeTpu KOMIUIEKCIB HOTO CHUCTEM 1 arperaris, 3i0paHa
HAI [1,2] i okpemumu aBTopamu [5,6,7]. L{to iHdopmaliito MOXXKHa BHKOPHCTOBYBATH JIJIst
CTBOPCHHSI MaTEMaTUYHOI MOJIENI Ha €Tarl TeOPETHIHUX AOCTipKeHb. OqHaK, BHKOPUCTAHHS
WX JaHUX JUIsI KOHKPETHOI 30HW YCKJIIAMHEHO, TOMY IO BOHHM HE BPaxoOBYIOTh BCl
0COOJIMBOCTI YMOB €KCIUTyaTallli B IUX PerioHax, HaNpUKJIaa MiBAHA YKpaiHu. Y 3B'A3Ky 13
UM MOTpiOHE MNPOBENEHHS CAMOCTIMHHUX EKCHEPUMEHTAIIbHUX JOCHIKEHb 1 OJEp>KaHHS
JIOCTOBIPHUX 3HAYEHb MApaMETPIB, IO OUIBII TOYHO XapaKTEPU3YIOTh BUIAJIKOBI MPOIECH B
cuctemax TK. Benuka KIIbKICTh POOIT MO OOIPYHTYBAaHHIO arpoOTEXHIYHHUX BHUMOT [0
30MpaHHS 3€PHOBHX BHKOHYBAJIHMCS PI3HUMH HayKOBO-IOCTIIHUMHU opranizamismu|l,2].
Meroau ~ OOIpyHTYBaHHsS arpoOTEXHIYHUX BHMOT JO 30UpaHHS ypoXkKarw 3€pHOBHX
JocaipKyBanuch B podotax [3,4,5]. TIpoOmemu opraizamii TEXHOJOTIYHOIO Ta TEXHIYHOTO
00CITyrOByBaHHS Ta PEMOHTY TEXHIKH CKJIQIHUX CLIBCHKOTOCTIOJAPCHKUX —MAIIUH
OPUIIAETHCS BEJIMKA yBara TaKOXX B CKOHOMIYHO PO3BHHYTHX KpaiHax[6].J{ocmimkeHHs
HAJIMHOCTI Ta MPaIe3IaTHOCTI TEXHIKM 30MpaIbHUX MAITUHHO-TPAHCIIOPTHUX KOMILJIEKCIB
Ipy  eKCIuTyaTallii po3MIsiIaeThcss B 0araThOX JIOCHIIKEHHSIX [789] Ta in. I3
BIIPOBA/DKCHHIM y TPAKTHKY JOCTIKEHb €JICKTPOHHO-00uuCIoBabHUX MamuH (EOM)
3HAYHO TOJICTIIICHE 3aBAaHHsI BU3HAYEHHS PO3PaXyHKOBHUX 3HAYEHb HEOOX1THUX MMapaMeTpiB.
MeTtoa cTaTUCTUYHUX BUIPOOYBaHb 103BOJISIE BIATBOPEHHS TOTO abo I1HIIOrO MPOIIECy, IO
BOJIOJIIE BJIACTUBOCTSIMM, OJU3BKUMH 10 peaybHOoro. OaHak I1eld MeToJ Moxke OyTu
3aCTOCOBAHUMN TIIBKU TOJ1, KOJIU BIAOMI CepeHI 3HaYEHHS OCHOBHHMX MapameTpiB 1 pi3zuyHa
CyTHICTBh TpoueciB (yHKkiionyBaHHs TK y peanbHuUX ymoBax, LIO SIBJI€ COOOIO MpEAMET
CaMOCTIMHMX JOCHipkeHb. [Ipu aHamizi HaAyKOBHX JOCHIIKEHb, PO3POOOK Ta METO/IIB
onTUMi3allii TEXHOJOTIYHUX MPOLECIB 30MpaHHsl 3€PHOBHUX KYJBTYpP, CTPYKTYPH Ta CKIIaIy
30MpabHOI TEXHIKM, BHUSBJICHO, IIO ICHYIOUl HAYKOB1 PO3POOKU MPHUCBSIYECHI B OCHOBHOMY
PIIIICHHIO OKpeMHuX 3aaad 0e3 BpaxyBaHHS B3a€EMO3B’S3KYy CHCTEMH TEXHIYHOTO Ta
TEXHOJIOTIYHOTO OOCIYTOBYBaHHS, MPOIECY 30MpaHHS 3€PHOBUX KYJIBTYp Ta TPHPOIHO-
BUPOOHUYUX YMOB.

Meta pociigkeHb. MeTOIO TEOPETUYHUX Ta EKCIEPUMEHTAIBHUX JIOCIIKEHb OyIo
oJlep>kaHHsI HEeOoOX1AHOI BUXIAHOI iH(OpMalii BUpOOHHMYUX YMOB MPOBEIACHHS 30MpaIbHUX
poOiT: KimbKocTi koMmOaiHiB B TK, momr mosiB 1 MacuBiB Mij 3€pHOBI KyJIbTypH, BiCTaHEH
BiJl TPAIIOIOYUX KOMOAWHIB O CKJIQAiB 3 3allaCHUMH YaCTHHAMH, IS YIOCKOHAJICHHS
TEXHIYHOTO cepBicy koMOaiiHiB TK 30upaHHs 3epHOBHUX KYJIBTYP.
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Metoauka i pe3yabTaTH AoCHil:KeHb. [l peamizaiii mocTaBIeHUX 3aBJaHb PO3poOJIeHA
nporpama eKCIepUMEHTaIbHUX 1 CTATUCTHYHUX JIOCIHIKEHb, 1[0 BKIIOYA€ HACTYIIHI €TaIu:
CTATUCTUYHI JIOCHIJI)KEHHS yMOB pPOOOTH, TPUBAJIOCTI, YACTOTH W Yacy YCYHEHHs BIJMOB
3epHO30MpaIbHUX KOMOaiHiB. [Ipu pilleHHI NMOCTAaBIEHUX 3aBJAHb SK METOJU HAYyKOBUX
JTOCTI/DKEHb ~ BUKOPHUCTOBYBaluCsA. 1)AHami3 mepeloBUX BHPOOHUYMX  I[MOKA3HHKIB;
CTaTUCTHUYHI ~ METOAM  JIOCHIDKEHHS ©W  OOpOOKM  eKCIIEpUMEHTaJIbHUX  JIAaHUX.
2)ExcniepuMeHTalbHl  TOCHiKeHHS poOoTr komOaiiHiB TK 1 maHOK pi3HOrO cocTasa.
3)MaTemMaTHyHEe MOJICIIOBAHHS MPOIIECY yIOCKOHAIECHHS TEXHIYHOTO cepricy komOaiiHiB TK
Ha EOM. JIist IpoBeICHHST €KCMEPUMEHTANBHUX JOCTIHPKEHb Y BUPOOHUYMX yMOBaX
HE0OX1THO BUOpATH TEXHOJOTIYHUN KOMILIIEKC, Y SIKOTO BUPOOHUYO-TEXHOJIOTTYHI MTOKa3HUKH
OJIM3bKI 710 TMOKa3HMKIB AaHOI 30HH. OO0'€KTaMU EKCIIEpUMEHTAIBHUX JOCIIKCHb OYIIH:
3epHO30upanbHi koMOaitan Jlon-1500, /{on-1500b, xauBapku JKBH-6A-04, nnardopma-
nigoupau (Ion-1500).ExkcriepumMeHTalIbHI  JOCTIDKEHHS TPOBOAMINCSA B TOCIOJApPCTBaX
bonrpancekoro, Aprmckkoro, TapyTtuHchkoro, I3mainbcekoro, binropoa-/[HicTpoBchKOTO,
MupsieBcbroro paitoHiB Onecpkoi o6macti. OCHOBHI BUPOOHMYI YMOBH ITMX TOCIIOAAPCTB
BIIMOBIJQIM CEPEJHE CTATUYHUM TMOKAa3HUKAM perioHy. bynu Takox BHUKOpHCTaHl JlaHi
OpecbKoro HayKOBO-IOCIITHOTO Ta MPOEKTHOTO 1HCTUTYTY 3eMJICyCTporo. J{s BU3HAUEHHS
JAHUX BUPOOHUUYUX YMOB PETIOHY IMPOBOJUIOCA €KCIIEPTHE ONMUTYBAaHHS TOJOBHUX (DaxiBIIiB
rocroaapctB. Pe3ynbraT onuTyBaHHS 0OpOOIISUIIUCS 3a MPEACTABICHOI HIKYE METOJIUKOIO
1 BHU3HAYaJIMCS OCHOBHI CTAaTHUCTHYHI TMOKA3HUKH, SKI TpeacTaBieHl B Tabmuisx 1 1 2
1)HasiBHOCTI 3epHO30MpaibHUX KoMOaiHIB y rocmogapcTBax. 2)KinpkocTi komOaiiHiB,
[0 MPam0Th y JaHui ¥ kommiaekci. 3)[lmoma mociBy 3epHOBHX Ta IUIOIIA IMOJIS
i TOCiB 3epHOBHX, ra. 4)BiacTani JOCTaBKHM 3allaCHMX YaCTHUH IS PIi3HUX PIiBHIB
pEe3epBYBaHHSI, KM.

OOpoOITOK pe3ynbTaTiB EKCIEPUMEHTAIBHUX JIOCHIPKEHb BUKOHYBaJlacs B HACTYIHIM
NOCTHIIOBHOCTI: 1)3a oTpuMaHMMu JaHMMHU OYJyBaluCs EKCIEPUMEHTANbHI TiCTOrpamH;
2)BH3HAYAIHCS TTAPaMETPH EMITIPUIHOTO PO3IMOALTY; 3)BUCYBaJIacs TilOTe3a MPO (PYHKIIIO
JOCIIKYBAaHOI BEJIMYMHHU, BUXOIAYM 3 BHJY EKCIIEPUMEHTAJIbHOI KPUBOI il 3HA4YeHb Il
napameTpiB; 4)IpoOBOAMUIOCS BUPIBHIOBAHHS CKCIIEPUMEHTAIBHOI KPHBOI MO TNPHHHATHX
TCOPETUYHHUX KPUBHUX; D)eMITipHuHi i TEOPETHYHI KPHUBI PIBHSUIACS TIO OJTHOMY 13 KPHUTEpIiB
3rOJu. 3HaueHHs cepeqHEe apu(PMEeTHUYHUX BUOIPOK BapIIOIOTh HABKOJIO CEPEAHBOL
apu(METUYHOI CYKYIMHOCTI — ¥ . Ila Bapiamiss Moxxke OyTH o0OMIpIOBaHa CBOIM
CEPENHBOKBAAPATUYHUM BIIXWICHHIM . SIKIIO X1; Xp; X3..., X; — peajizaris BUMAIKOBOI
BEJIMYMHM — X, TO 0OCST peasizailii yTBOPUTh MOCIIOBHICTb, III0 HA3UBAETHCS BUX1THOT.

Jly1st moOynoBu TicTorpam BU3HaYamu po3max R, M; roa. 3a ¢opmMyIoro:

R= Xmax_ Xmin; (1)
ne Xmax — MAKCUMAJIbHE 3HAYCHHS BUMIPIOBAIIBHOI BEIMUUHH, M; TOM.;  Xmin — MIHIMaJIbHE
3HAYCHHS BUMIPIOBAJILHOT BETUYHHH, M; TOI..

Benuunna intepBany AX BuOHupanacs o MOXJIMBOCTI MOCTIMHOI 7S IHTEpBAJIiB, TOMY IIIO B
MPOTUBHOMY BHITAJIKY TIPU PO3PAXYHKY CEPEIHHOTO 3HAYEHHS BHHUKHYTH TPYAHOIIII.
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Tabnuus 1. OcHOBHI mapaMeTpH po3MOALIiB YMOB NIPOBeAeHHS 30UPAJTbHUX POOIT

CraTHCTHUYHI TapaMEeTPH PO3TOALIIB

YMmoBH
IpOBEeHHS Cepenns Cepenne
. apudMeTH4IHa, KBaJpaTU4YHE HCIIEPCis, Koedimient Acumerpid, Excuec,
poOIT y rocmoaapcTBax pud Bmxﬂ eHHS A p Bag)iaui'i p 1
X 2 \Y ag &
Kinexicte koMOaliHiB, OI.
9,84 2,82 7,94 0,29 0,03 2,49
KinpkicTs komOaiiuis B TK,
OJl.
9,31 2,59 6,68 0,28 114 4,15
KinpkicTh kOoMOalHIB B
30upalibHIi JIaHIli, O/I.
3,66 1,03 1,06 0,28 0,26 2,91
[Tnoma mociBy 3epHOBUX,
ra 2184,50 1264,50 1598941,00 0,58 0,94 3,17
ITmoma moas 103
ITiJT TTOCiB 36pHOBUX, T'a 103.70 71.32 5086.60 069 ’ 3,94
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Tabnuis 2. OcHOBHI MapaMeTpH PO3MOAiTiB BiIcTaHi 10CTABKH 3aNlaCHUX YACTHH 3 PiBHIB pe3epByBaHHs,

KM.
CraTucTU4HI TapaMeTpH PO3MOALIIB
Yucno Cepenns Cepenne
PiBH1 CIocTepiranb apudmeTnyHa, KBaJIpaTH4HE Hucnepcis, Koedimient Acumerpis, Excuec,
pE3CpBYBAHHS ,O11. _ BIIXWJIEHHS, Bapiariii,
N X 2 \Y & &

Cknag TK oo
30Hax 00JacTi:
- MBHIHa 178 0,97 0,52 270,10 0,53 1,39 4,76
- HeHTpasibha 176 1,19 0,56 308,17 0,47 0,61 3,44
- BACHHA 162 1,42 0,57 328,04 0,40 0,52 3,39
Cepenne mo
30HAX 172 1,19 0,54 302,07 0,47 0,84 3,86
Cknan Opuraau 102 3,91 2,92 8,54 0,75 2,06 9,98
Ckang
roCIo/IapcTBa 109 7,62 3,43 11,76 0,45 0,67 3,99
Cknajg pailoHHOTO
PIBIA 102 22,69 11,78 138,67 0,52 1,15 5,53
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Bulip iHTepBany 3aleXuTh Big 00CATY «N» BUMIpIB, BiJ po3Maxy ¥ Bil METH
CTaTHUCTUYHOTO JOCTIIKEHHS. PeKoMeHAyeThCs BH3HA4YaTH KUIBKICTh I1HTEPBAJiB IIO

bopmyi:

K<5In-n, 2
ne K— KinbpKicTh 1HTEepBaliB, 0., N—KUIBKICTh BUMIPIB, OJI.
KinpkicTh 1HTEpBaIIB MOKHA BU3HAYUTH 1 T10 CIIPOIICHINH dopmyi:
K=vn (3)
OpepkaBIIM KUIBKICTh 1HTEPBAJiB, MaluM po3Max BH3HAYajlacs  BEJIWYMHA
1HTEpBAIY. Jnst [LOTO BUKOPHCTOBYBAJIOCS CI1BBIAHOIIIECHHS:
A X R
K (4)

Y KOXXHOMY IHTEpBaJi IMiIPaxOBYBAIH KiIbKICTh BHITAJKIB, IO BimOyiwcs (Hampukiam,
YUCJIO BIAMOB a0o0 BiJHOBJEHHS mpaie3gaTHocTi 3K, 1o CTaBiasThCS 10 KOXKHOTO
IHTepBaJly) 1 BU3HAYAJIM CTAaTHCTUYHY MIUIBHICTh PO3MOJUTY EMIIIPHYHUX JTaHUX
(manpuknam, dacy Oe3BiAMOBHOI poOOTH KoMOaitHa a00 wYacy BIJHOBJICHHS WOTO
Tpare3IaTHOCTI):

fxi)= w( x n),
(5)
¢  R-YHUCIIO BHITAJIKIB, IO MOTPAIWIH B I—i IHTEpBaI.
BusznauuBim niiibHOCTI IMOBIPHOCTI JTOCIIKYBAaHUX TTOKA3HUKIB, Y KOKHOMY 1HTEpBai
BapiamiiHoro psimy OymyBaiu rictorpamu. Jiis boro Ha KOXXHOMY iHTepBati (Ha rpadiky
no oci a0CIuc) po3TalloBYBajM CTOBICIb, BHCOTA SKOTO BH3HAYAllaCs 3HAYCHHSIM
MIUTBHOCTI WMOBIPHOCTI TMOKAa3HUKa B JaHOMY IHTEpBasli. 3'€JHABIINA JaMaHOIO JIHIEIO
CEepeIMHU BEpUIMH BCIX CTOBMIIB, OJEPKYBaJM CTATUCTUYHMM PO3MOAUT MIUIBHOCTI
AMOBIPHOCT1 JOCTII)KYBAHOI BEJIMYMHHU, 1O JAO3BOJISIE CYJUTH MPO XAPAKTEP MIHJIUBOCTI
JIOCTIDKyBAaHOTO — TMOKa3HUKA. (OCHOBHI  XapaKTEpUCTUKH  BHITAJKOBUX  BEIMYUH
BU3HAYAIIMCSA 110 HACTYMHUX (hOpMyJiax:

K= 1Xi , (6)
n

N ™M>

q = - , (7)

ne X— cepenHs apupMeTHIHA PO3MoAUTYy (MaTeMaTHYHE OYiKyBaHHS), M; TOI.;
J— nucnepcis; N— oOcar BubOipku, of.. CepeaHe KBagpaTHUUHE BIIXWICHHS PE3ybTaTiB
OKPEMOT0 CIOCTEPEKEHHS G 1 KOedILI€HT Bapialii v BU3HAYaJIH 3 BUPa3y:
o=]1 (8)
o
vy = —
% 9)
AcumeTpis ag 1 eKcIiec a4 BU3HAYAIUCS 3 BUPa3iB:

218



ATPAPHUI BICHUK [TPUYOPHOMOP' SI Bum. 90. 2018p.

5 -7

Lom A
*of nxo® (10)
n 4
- %)
om0
vt nxct (11)

e M3— MOKa3HUK acUMeTpii; My— MOKAa3HUK EeKCIeCy.
AOcoimoTHa Sy, BIICOTKH 1 BITHOCHA S , BIICOTKY MOMMJIKH BUOIPKOBOI CEpPEIHBOI:

(02
S, = —

n (12)
S, = =100

X (13)

ATIpoKcHMAIlisl eMITIpUYHUX 3aJIEKHOCTEH MPOBOAWIACS IO METOAy HaWMEHIINX
KBaJpaTiB. Y pe3ylNbTaTi CTATUCTUYHOI OOpPOOKM LUX JaHUX OyIyBaiucs PO3MOJAUIU:
TJIOMI TIOCIBY 3€PHOBHMX y TOCHOAAPCTBAX PErioHY; IUIONI MOJIB ITiJ MOCIB 3€PHOBUX IO
rOCIIOJIAPCTBAX; KIIKOCTI 36pHO30MpAIbHIX KOMOAKHIB 110 TOCTOIapCTBaX, Y 30MpaibHO-
TPAHCIIOPTHOMY KOMIUIEKC] M 30MpalibHii JIaHIll; BiICTaHEeH JOCTaBKH 3allaCHUX YacCTHH 3
pI3HUX PIBHIB pe3epByBaHHsA. Ha OCHOBI HasBHUX [aHUX MOOYIOBaHI TiCTOIPAMH IUX
po3noautiB. OCHOBHI MapaMeTpu OTPUMAHUX EKCIIEPUMEHTAIbHUX KPHUBUX HABEJICHI B
tabmuigx 1 1 2. Anamiz maaux Tabnuil 1 1 eKCnepruMEHTaIbHUX KPUBUX CBITYUTH, IO
cepenHs KUIbKICTh KoMOaiHiB 1o rocmojapctBax Ta TK, mpubnusno, mepeOyBae Ha
onunomy piHi — 9,84 i1 9,31 ox. mpu cepenHe KBaApaTUYHOMY BigxmieHHI — 2,82 i1 2,59
o11., BianmoBigHo. [Imoma mix ciBOy 3epHOBUX 10 TOCTIOAPCTBAM KOJIMBAETHCS B MEXKAX BiJl
900 mo 3400 ra, mpu 1LOMY IUTONIA TOJS Mia 3epHOBI ckimanae 103,7 ra mpu cepenHe
KBaJipaTUYHOMY BimxwieHHI 71,32 ra. AHami3 maHux TaOmuii 2 1 eKCrepruMEHTATbHIX
KPUBUX CBITYUTH, IO CEpPEIHS BiJCTaHb JOCTABKM 3alacHUX dYacTuUH 31 ckiaagy TK
nopiBaroe 1,19 kwm, 3i ckiagy Opuramm, rocmogapcrsa 3,91 i 7,62 kM BiAMoOBiAHO, a 3i
CKJIaJly palOHHOTO PiBHS — 22,69 KM.
BucnoBku. [Ipu npoBeaeHH1 30upanbHUX POOIT y TOCMOAAPCTBAX PETIOHY CTBOPIOETHCS
10 OJTHOMY 30MpPaJIbHO-TPAHCIIOPTHOMY KOMIUICKCY 3 KIJIBKICTIO KOMOaiHiB Bijg 7 g0 12
omuuui. OTpuMaHHI fgaHi  BiacraHi(KM) [OOCTaBKH  3allaCHUX  YaCTHH IS
3epHO30MpaAIbHIX KOMOAMHIB 3 PI3HUX PIBHIB Pe3epPBYBaHHSA OYJIyTh BUKOPHUCTOBYBATHCS
MpU BHU3HAYEHHI TPUBAJIOCTI JOCTABKM 3allaCHUX YaCTHUH 3 PI3HUX PIBHIB  IXHBOTO
pe3epByBaHHs. [HII OTpMMaH1 JaHl 32 YMOBaMU MPOBEIEHHS 30MpallbHUX POOIT OyIyTh
BUKOPHUCTaHI B MaTEMaTUYHIN MOJIEi eKCIUTyaTamiitHoro 3a0e3nedeHHs mpaie3aaTHOCTI
36pHO30MpAIIbHUX KOMOAHIB TEXHOJIOTIYHMX KOMIUIeKCiB. Ilpu 1mpomy mpocToi
3epHO30MpaNbHUX KOMOaiHIB 3MeHITyI0Thcst Ha 15—-20%, ckopodeHHs TepMiHy 30upaHHs
3epHOBUX KyJnbTyp Ha 10-12%.
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TEOPETHYECKHUE U 3SKCHEPUMEHTAJIBHBIE UCCJIEJOBAHUSA 11O
ONPEJAEJIEHUIO MMPOU3BOJACTBEHHBIX YCJIOBHUI CEOPA
3EPHOBBIX KYJIBTYP TEXHOJTOT'MYECKUMHA

Homymu J.A., TToxxap O.41., Jlunun A.I1.
KuioueBble cjioBa: 3epHOYOOpOUHBIA KOMOANH, TEXHOJIOTHYECKUN KOMILIEKC, 36PHOBBIE
KYJbTYPBbI, IPOU3BOJCTBEHHBIE YCIOBUS, TUIOMIAAb YOOPKH, PACCTOSIHUS, TOCTABKH,
3amacHbIC YacTH.
Pesrome

IIpooonsxcumenvrocms YOOpKU 3ePHOBIX KYAbMYP 3A6UCUM OM HATUYUSL U COCMOSHUS
YOOPOUHOU MeXHUKU, MPAHCHOPMHBIX CPEOCME, OP2AHU3AYUY PabOmMbl MeXHOI02ULeCKUX
KOMNIEKCO8, NO2OOHbIX U NPOU3BOOCMEEHHLIX YCNosUll u opyeux ¢hakxmopos. Llenvio
ucciedosanuil OblI0 NoyYeHue HeoOX0OUMOU UCXOOHOU UHGOpMayuu nNo OnpeodeseHuro
NPOU3800CMBEHHBIX YCA08UUL NPOBEOeHUs YOOPOUHBbIX pabom O COBEPUIEHCMBOBAHUS
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MEXHUYeCK020 Cepeuca KoMOAUHO8 MEeXHOL0SUYeCKUX KOMNieKcos. s peanuzayuu
NOCMABNIEeHHbIX  3a0a4  paspabomana npocpamma  ucciedosanuu. Ilpedcmasiena
Memoouka u pe3yibmamvl Meopemuyeckux U dKCNePUMEHMANTbHBIX UCCIe008AHUL NO
onpeoeneHuro nNPou3800CMBEHHbIX YCI08UL YOOPKU 3ePHOBLIX KYIbIMYP MEXHOL0SULeCKUMU
KOMHIeKcamu. Jlannvie paccmoanuii 00CmMaeKu 3andacHulX yacmetl Oisi 3epHOYOO0POUHbBIX
KOMOQUHO8 U3 PA3HLIX VPOBHEU pe3epsuposanusi OyO0ym  UCNOIb308AMbCSA  NPU
onpeoeneHuu NpoOOHCUMENbHOCMU UX 00CMABKU. [[pyeue noxyyeHHvle OaHHble NO
VC08UAM NpogedeHus: YOopouHvlx pabom 0yO0ym UCHONb308AHbL 8 MAMEMAMuU4ecKou
MOOenu  IKCHIYAmAayuoHHo20 obecnedenuss padomocnocooOHoCmu  3epHOyOOPOUHbIX
KOMOQUHO8 MeXHOI02UYecKUX Komniexcos. Ilonyuennvle pe3yibmamsi npeocmagnenvl 8
8UOe peKoMeHOayull 0jisl CeNbCKoX035alucmeennbix npeonpuamuii FOea Ykpaunol.

THEORETICAL AND EXPERIMENTAL STUDIESON DETERMINING
PRODUCTION CONDITIONSFOR COLLECTION OF GRAIN CULTURE BY
TECHNOLOGICAL COMPLEXES

Domushchi D.A., Pogar O.Y ., Lipin A.P.
Key words: combine harvester, technological complex, grain crops, production
conditions, harvesting area, delivery distances, and spare parts.
Summary

The duration of the harvesting of grain crops depends on the availability and
condition of harvesting equipment, vehicles, the organization of work of technological
complexes, weather and production conditions and other factors. The purpose of the
research was to obtain the necessary background information on the definition of the
production conditions for harvesting to improve the technical service of combines
technological complexes. To implement the tasks, a research program has been devel oped.
The technique and results of theoretical and experimental studies to determine the
production conditions of harvesting crops with technological complexes are presented.
Distances delivery data for spare parts for combine harvesters from different reservation
levels will be used in determining the duration of their delivery. Other obtained data on
the conditions of harvesting will be used in the mathematical model of operational support
of the efficiency of combine harvesters of technological complexes. The results are
presented in the form of recommendations for agricultural enterprises of the South of
Ukraine.
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