VY mporeci 0CTaTOYHOTO KOHTPOJIIO BEAETHCS KOPEKTYpHHH apKyll, Ha MiJACTaBi SIKOTO CKJIaJaeThCs
aKT MpuiMaHHs poOOTH B 1iToMy. OCKUTEKH KePIBHUK TPYIH HECE BiMOBINAIBHICTD K 1 BUKOHABEIIb
3a AKICTH 1 TepMiHM BHKOHAHHSA POOIT, TOMY BiH 3000B'I3aHHI HaJaBaTH OTIOMOTY BHKOHABISIM y
BUPILIICHHI TEXHOJIOTIYHUX 1 OpraHi3amiiHiuX MUTaHb.

BucHOBKH Ta HanmpsiIMOK MOJAJbINMX JOCTiI:KeHb. B Tporieci gOCTiKeHHS TPOaHaIi30BaHO
MPOIECH OpTraHi3amii MPOTHO3HUX Ta MPOEKTHUX POOIT i3 3eMJIEYCTPOIO, BUSABICHO OCOOIHMBOCTI
yIpaBIiHHS 3a3HAY€HUMHU BUAaMHU PoOiIT. PO3IIISIHYTO MOXKIMBOCTI OpraHizalii Ta yIpaBliHHS BUPOO-
HUIITBOM BHITYKYBaJbHHUX POOIT 13 3eMJICYCTPOIO Ha MPUKIIAAI KOPUTYBAHHS TOMOTpadiqHOTO Marepi-
ay. BusHaueHo, 1110 KepiBHUIITBO MPOTHO3HOIO, TMIPOEKTHOIO Ta BHUIITYKYBAIBHOIO pOOOTOIO 3MiHiCHIO-
€TBbCS HAa OCHOBI 3a0e3MeUeHHs] CKOOPAWHOBAHOCTI opraHizamii poOiT BUPOOHHUIITBA, IUIAHYBaHHS Ta
YIPaBIiHHS, POIb SKAX OOYMOBIIOETHCS pAAOM (haKTOpiB (CKIAJHICTIO Ta 0OCSTaMu BUKOHAHHS PO-
01T, YMCENBHICTIO MIPAIiBHAKIB, MiAPO3ALIIB Ta iH.). BUKOHAHHS MPOEKTHUX Ta BUIITYKYBAIBHUX POOIT
3yMOBIIIOE€ HEOOXIIHICTh BIAMOBIAHOI CTPYKTYpH YIpaBIiHHS, IUTaHyBaHHS POOIT HOPMYBaHHS 1 JOC-
BiZ poOotr. Bci 1i eneMeHTH € CKIaI0BOI0 YaCTHHOK 3€MJIEBIOPSHOTO BUPOOHUIITBA, IO BKITFOYAE
TUTAHOBO-OPTaHI3aIliiHY MisTIBHICTh WICHIB CYCITIILCTBA y chepi 3eMIIeyCcTporo.
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B. 1. BACEJIbCBKUI, 1-p Texn. Hayk, npod., . B. TIOIOJIOB,

I. B. 3ACEHLCLKI/H7L KaHJAUJAaTH TEXH. HayK, JOLIEHTH

TexHONOTIYHUI HABYAITbHO-HAYKOBUH 1HCTUTYT J[ep:KaBHOTO YHIBEPCUTETY €KOHOMIKH Ta TEXHOJOT1H
M. 1. IHETTIEJIEHKO, acn., KpuBopi3bkuii HalllOHAIBLHIA YHIBEPCUTET

JABOPATOPHI JIJOCJIJ)KEHHS TEXHIYHOI CACTEMHA «POTOPHUI
3MIITYBAY-KOHBEEP» TOPU30OHTAJIBHO-HATIPABJIEHOT 11

Meta. OCHOBHHM IPOILECOM B TEXHOJIOTIYHHX CXEMax IirOTOBKM MIMXTOBHX MaTepialiB Cy4acHOTO METalIypriifHOro
BUPOOHUIITBA € TIpoliec 3MimryBaHHs. st peanizamii mporecy 3MillyBaHHS MO)ke OyTH 3aCTOCOBAaHHMHA POTOPHUI 3MIlTyBad
Oe3mepepBHOT TOPU30HTAIBHO-HAMIPABIEHO Aii. MeTor 1abopaTOpHUX JOCIIHKEHb OYJI0 OTpUMAaHHS JHIHHOI MareMaTh4-
HOi MOJIeNi Mmpolecy 3MilTyBaHHSA B TEXHIUHIH CHcTeMi Oe3mepepBHOI Jii «POTOPHUIT 3MillTyBau-KOHBEEP», a TAKOK BH3HA-
4eHHs 11 pallioHaNbHUX KOHCTPYKTUBHHUX MapaMeTpiB, 1110 BIUIMBAIOThH HA SKIiCTh 3MILTyBaHHS MaTepiaiy.

Metonu nociimkennsi. B naniit HaykoBii mpari npencraBieHa METOIMKA JTOCHIKEHb, sKa BKIIOYAE aHATITHUYHHN
aHali3 AKuil BAKOHYBABCsl Ha OCHOBI IPEJCTaBICHHs TUHAMIKU PyXy MaTepialbHOT TOUKHM Ta TBEPIUX TiJ, L0 PYXalOThCs B
BiOpalliiiHili TOpU30HTANBHII TUTOIIKHI NpH X Oe3nmocepenHiil B3aemoil. Takoxk 3acTOCOBaHO METOJ IJIaHYBaHHS MOBHOTO

‘© 3acenbebkuit B. 1., [omosnos 1. B., 3acenscskuii L. B., lenenenxo M. L., 2021
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(aKTOpHOro eKCIepUMEHTY, BUKOHAHA IepeBipka aaeKBaTHOCTI Moeli nmo kpuTepito CThiofeHTa Ta BUKOPUCTaHI MaTeMa-
TUYHI METOIH 00pOOKHU TaHHX.

HayxoBa HoBu3Ha. Briepiie a5 1abopaTopHOro 3pa3ka TEXHIYHOI CUCTEMH «POTOPHHH 3MIITyBa4-KOHBEEP)» OTPHMaHi
JHIAHI 3aJISKHOCTI, SKi XapaKTepU3yIOTh TOMOTEHHICTh I'OTOBOI CyMIllli IPH paIlioHANBHIA B3aeMoAii KIHEMaTHYHHAX Ta
KOHCTPYKTHBHHX IIapaMeTpiB pPOTOPHOTO 3MilllyBada IpH BiOpamifHOMY IIPUCKOPEHHI Ta HaBaHTa)KEHHI KOHBEEPHOT CTPIUKH.
3 IOCTIKEHHS BCTAHOBIICHO, IO JUIS JOCIIITHOT CHCTEMH «POTOPHUM 3MillyBau-KOHBEEPY, IIPHU MOCTIHHIX KOHCTPYKTHBHUX
Ta KIHEMAaTHYHMX IapaMeTpax CTPIUYKH KOHBeepa SKiCTh 3MIITyBaHHS HPSIMOIIPOIIOPLIHHO 3aJI€XKUTh Bill BUCOTH IIapy MaTe-

piamy.

[paxkTHyHa 3HaYMMicTh. B cTaTTi HaBeAEHO cXeMy Ta MPUHIMI PoOOTH Ja0OPATOPHOTO CTEHAY CUCTEMH POTOPHUMA
3MilryBay Oe3nepepBHOI TOPH30HTAIbHO-HAMPABICHOI Mii Ta CTPIYKOBHI KOHBEEP, TAKOXK OMMCAHUI XiJ MPOBEIEHHS MOIe-
PEIHBOTO Ta MOBHOTO (paKTOPHOTO EKCIEPUMEHTIB. BeTaHOBIEHHH 3B'SI30K MK KiHEMaTHYHUMHU Ta KOHCTPYKTHBHUMH €Jie-
MEHTaMH poO0YOro opraHy 3MillyBada, BUCOTOO IIapy TPAHCHOPTYIOUOr0 MaTepialy Ta BiOpamilfHOro NprcKOpEeHHs KOHBE-
€pHOI CTPIUKH, IO BIUTMBAIOTH Ha SIKICTh 3MINIyBaHHS MaTepiaxy. Bu3HaueHi pamioHalbHI MapaMeTpH CHCTEMH «POTOPHUI
3MiIIyBa4-KOHBEEP).

Pe3yasTaTn. BusnaueHo ocHOBHI (akTopy, ki Ge3mocepeHbO BILIMBAIOTH Ha SIKICTh 3MINIYBaHHS; HaBEICHUH Xix
MPOBE/ICHHS eKCIIEPHMEHTY; OTpHMaHa MaTeMaTHYHa MOJIeNb, sSKa OIHCYE IPOIec 3MINTyBaHHS B TEXHIUHII cucremi Oesre-
PEepBHOi, TOPU30HTAIBHO-HANPABICHOT Mii.

KirouoBi ciioBa: 3mimryBad, MaTepial, map, eKCIIEPUMEHT, poOOUnii opraH, poTop, GaKTop, 3MilIyBad, TEXHIYHA CHC-
TeMa, KOHBEED.

doi: 10.31721/2306-5451-2021-1-52-29-35

IIpo6aema Ta ii 3B'1I30K 3 HAYKOBMMH Ta MPAKTHYHHUMH 3aBAaHHAMH. 5K BioMO omepartis
3MIIIIyBaHHS € 0a30BOI0 B METAIYPriuHUX TEXHOJIOTIYHUX CXEMax, aJKe 3a HEIO TATHEThCS IOAalb-
WA TEXHOJMOTIYHUNA UK. TakoX BioOMO, IO 3MIITyBalbHE YCTATKyBaHHA CXIJIBHE JI0 MOCTIHHOTO
3HOCY BHACHIIOK O€3MepepBHOTO TEPTS PH TPAHCIIOPTYBAHHI MKUXTOBOI cyMirti. [l ycyHeHHS BHIIe
3raJlaHuX HEJOJIKIB JOIIBHMM € YJAOCKOHAJICHHS POTOPHOTO 3MillyBaya Oe3lepepBHOi-
TOPU30HTAIBHO HAIIPABJICHOT JIii NUISIXOM CTBOPEHHS JOJATKOBOI'O BiOpAIifHOTO BIJIMBY Ha KOHBEEP-
Hy cTpiuky. /7 BU3HAYeHHsS] OCHOBHHMX KOHCTPYKIIIMHHX Ta KiHEMaTHYHUX 3aJIE)KHOCTEH TEXHIYHOI
CHUCTEMH «POTOPHHUH 3MIITyBad-KOHBEEP)» aBTOpPaMH OyB po3poOIeHuid 1a00paTOPHUA CTEH, SKAU €
3MEHIIIEHNM MPOTOTUIIOM PEATEHOTO TIPOMHUCIIOBOTO 00’ €KTY.

AHAaJIi3 T0cTiIKeHb i my0Jikamiif. AHai3 HaWOUIBII Cy4aCHUX KOHIENTyalbHUX poOiT [1-4]
NPUCBSYEHUX J1a00OPaTOPHUM JOCIIIKEHHAM arapariB AJs 3MiIIyBaHHS M0Ka3aB, 0 OCHOBOIIOIOXK-
HUM € BCTAHOBJICHHS HAWOUTBII 3HaYymMX (PakTOpiB, MO0 MarOTh Oe3mocepe/iHil BIUIUB Ha SKIiCTh
3MIITYBaHHS CyMIiIIIi.

IlocTaHoBka 3aBAaHHA. 3agayero AOCIIKEHb € OTPUMAHHS JIIHIHHOT MaTeMaTHYHOI MOAEdi
npoliecy 3MilllyBaHHS B TEXHIUHIM cucTeMi Oe3nepepBHOI il «pOTOPHHI 3MIlIyBau-KOHBEEP)» Ta BH-
3HAYEHHS 11 palioHaJbHUX KOHCTPYKTUBHUX Ta KIHEMAaTHYHUX IapaMeTpiB, IO BIUIMBAIOTh HA SKICTh
3MilTyBaHHS MaTepiamy.

BukiaanenHs martepianay Ta pe3yJbTaTH. [ MOXKIMBOCTI OIIHKH SKiCHUX (haKTOPIB MO BILIH-
BAaIOTh HA CYMIIII, 5IKa OJIEPXKYETHCS B CUCTEMI «POTOPHUI 3MIllTyBay-KOHBEEPY, Ta OLIHKU MPOILYKTH-
BHOCTI JTaHOi CHCTEMH, BUTOTOBIISIEMO ii JabOpaTOpHY MO-
Jielib, IKa HaBeJeHa Ha puc. 1.

JlaGoparopHuii creHa poropHOro 3MinryBada (puc.l)

A
-
.\<
Q\
N

=T A .. | MPE/ACTAaBICHUH y BUIVIAAI CHCTEMH KOHBEEP-POTOPHUH 3Mi-

F \ “ =L m =1 IIyBad Ta CKJIAJA€ThCs 3 KOpmycy 1, B SKOMY BCTaHOBIEHI
o/ W= ) BQJIM 3 IBOMA TUIIAMH HACAJIOK, JIOTIATKaMH 2 a00 3 THYYKUMH
(, : U - W Sl TPOCOBUMHM €JIEMEHTaMU 3; BaJIM OIMMPAIOTHCS Ha IIAPUKOIIi-

L \\ I — I *:J JIIUIHAKY 4; 00epTaHHs BaJliB 3/11HCHIOETHCS ABOMa CHHXPO-
\\@ T T @ T Hi30BaHUMH JBUI'YHAMH MOCTIHHOrO cTpymy 5, Ty MB-42,

%\ ? Of ¢ ? ﬁ \ yepe3 JIAHIIOTOBY Iepenadyy 6 3 mepeaaTHUM BiTHOIICHHSIM

A \s o &/ lg \z\z [=2;KOHBEEPHOI CTPIUKH 7, BCTAHOBIICHOI ITi]] 3MilllyBa4eMm, 3

BiNOBITHUM eJIEKTpoABUTYHOM 8, Ty MB-42 (mpu upomy
KOHBEEpHA CTpivKa 7 Mae MOCTiiHY MUpUHY B Ta pyxaerbcs 3
nocTiiiHo mBHAKICTIO V); BiOpyrodoi moBepxHi 9 3 BiOpO3-
oyanukom 10, Tumy VV038/4 3 pobouoro yactororo 50 ', Ta narunkamu ikcyBaHHs BiOpaniiiHOTO
npuckopenns 11, Tumy Wintact WT63B 3 Tounictio BumiproBanus 0,001 I'; aBox Oynkepis 12 ta 13
JUIA 3BUYAMHOTrO Ta KJIIOYOBOIO KOMIOHEHTIB. J[Js IOCiy TaKOK BUKOPHCTOBYBAJIUCH Bard MapKu

Puc. 1 Cxema n1abopaTopHOi yCTaHOBKH
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PHI10I113Y T'OCT 13882-68; wactotmii neperBoproBau THiy, SYSDRIVE 3G3HV INVERTER;
ammepmetp 3365-1; crpobockon CILI-2; emMHICTD [Tt 3MIMIAHOTO MaTepialy Ta eNeKTPOHHUHN CeKyH-
noMip. DoTo MOzENl TEXHIYHOI CUCTEMH «POTOPHUMN 3MilTyBay- KOHBeep» HaBEeIEHO Ha puC 2.

[ImanyBaHHS JOCHIIKEHb MPOTOYHOTO 3MilllyBaya
CIPSIMOBAHO Ha OJIEPKAHHSA MakCUMabHOI 1H(popMaii npu
MiHIMaJIbHHUX BUTpaTax Ha €KCIEPUMEHTYBaHHs, 1110 JO3BO-
JUTh BU3HAYUTH 3HAYMMICTH (PAKTOPIB, OMUCATH TPOLEC
3MILIYBaHHSI MaTeMaTHYHOI0 MOJICIUTIO Ta CHCTEeMAaTH3yBa-
TH €KCIIEPUMEHTAIbHUI MaTepiai.

OCKUIBKH METOI0 AOCIHIIKEHb € MaTeMaTHYHUH OIHC
npolecy 3MIlIyBaHHS MaTepialliB B CHUCTEMi «POTOPHHMA
3MilTyBad-KOHBEEP)» Ta BHPOOICHHS TEXHOJIOTIYHUX BH-
CHOBKIB, BUKOHYEMO IUIaHYBaHHS ¥ NPOBEACHHS EKCIEPH-
MEHTY 32 TaKOIO MOCJIIOBHICTIO: BUOip MapaMeTpiB onTuMizanii; BUOip ¢pakTopiB; BU3HAUEHHS 00Ja-
CT1 ONITUMYMY; aHaJIi3 OTPUMAHUX PE3YJIbTaTIB.

B sixocti mapamerpa onTuMizarii mpuitMaeMo TOKa3HHUKH, SKi HaiOlIblle TOBHO BiIOOpaXaroTh
AKICTh OTPUMAHOI CyMilli ¥ €QEeKTUBHICTh MPOIECY 3MIIIyBaHHS Marepiady B CHUCTEMi «POTOPHHUI
3MIITyBau-KOHBEEPY, a caMe KOSPIIliEHT Bapiaui'l'. Koediient Bapiarii Bu3HauaemMo 1o Gopmyiti

100 2
Vo= \ns §( 2 @
Jie ¢ — cepenHe apuMEeTHYHE 3HAYCHHSI KOHLEHTPAllii KIIF0YOBOrO KOMIIOHEHTa y BCiX N mpobax cy-
Minri, %; C; — KOHIIEHTpAIlisl KJIFOYOBOTr0 KOMIIOHEHTA B i-i Mpo0i cymirii, %o.
[IponykTHBHICTH BU3HAYa€MO 1O HOPMYITi
Q=3600-B-H-V-j, (2)
ne H — Bucora mapy marepiany; B — IIMprHA KOHBEEPHOI CTPiuKH; V — HIBUIKICTh KOHBEEPHOT CTPiU-
KM, ] — MUTOMA Bara Marepiainy.

Tak sik BenmuuuHU B, V' Ta | € MOCTIHMUMH, MOXHA OTOTOXKHUTH, 1[0 MPOIYKTUBHICTH Oe3moce-
PEIHBO 3aEKUTH BijI BUCOTH IIApy MaTepiaty.

Koedimient Bapiarlii y craTuCTHIHOMY 3MICTi € e()eKTUBHUM, a 1€ 3HAYUTh, II[0 BiH BU3HAYAETHCS
3 JIOCTaTHBOIO TOYHICTIO ¥ Ma€ SCHUN (Pi3MYHUI 3MICT, IO CKOPOYY€E MOMKIIUBICTH IOMIJIKH NPU BHU-
3HAYeHHI 00paHMX MapamerpiB onTuMizamii. KpiM 1poro oOpaHi mapaMeTpyu MaroTh OJAHO3HAYHICTB,
110 JTO3BOJISIE BA3HAYUTH OJJHE 3HAUCHHS IapaMeTpa ONTUMI3allii JUIs 3aralbHOTO IPOIIECy.

[pwiinsTi akropw, 3riHO 3 [S], HTOBUHHI BiAIOBIIaTH HACTYITHUM BUMOTaM: MiX (aKkTopamMH He
MIOBUHHO OYTH 3B's3KY; ()aKTOPH MOBHHHI MaTH CYMICHICTh; ()aKTOPH MMOBHHHI JJOCUTH TOYHO BUMIipsi-
THUCSI 1 T ITPUMYBaTHCS Ha IEBHOMY DiBHI.

3 orysiay Ha mepepaxoBaHi BUMOTH, MPUHMAEMO HACTYIHI (JaKTOpHU: IHTEHCUBHICTD 3aBaHTAXKEH-
Hst (BHCOTA mapy) X1, MM; 4acToTa 0GepTaHHs BaiiB Mojeli X,, ¢ BiGpaliitHe IPUCKOPEHHS CTPIUKH
KoHBeepa X3, M/c.

BapitoBanns (akTopiB 3/iHCHIOETLCS HA JBOX PIBHIX, TOMY 33/Ia€ThCS BEPXHIH 1 HIDKHIN piBHI
¢dakTopy, a TaKoX HyJbOBA BiIMiTKa. [HTepBasl MiX HYJHOBUM Ta BEPXHIM, a TaKOX HYJIbOBHUM Ta
HIDKHIM piBHSAMHY (1HTepBall BapitoBaHHs) 00UpaeThest oHakoBuit. [Ipu BubOpi iHTepBany BapiroBaHHS
€ MEBHI TPY/IHOIII: IHTepBaJl BapilOBaHHS MOBHHEH OyTH JOCUTh MaJIUM, 1100 OJEp)KaTH JIiHiiiHE piB-
HSIHHSA, aJle€ Pa30M 3 TUM 1 JOCUTH BEJIMKWH 1100 HE oepKaTH IOMHIKOBOI'O BUCHOBKY NP0 HE3HAUYy-
VA BILTMB TOTO 4YM iHIIOTO (akTopy [6].

3 omisAny Ha BHINE CKa3aHe, MPUIiMali HACTYIHI piBHI BapitoBaHHs ()aKTOpPIB, O 3BOJSATHCS JIO
Tabm. 1.

Puc. 2 JlaGopaTopHuii ycTaHOBKa

Tabmus 1
PiBHI BUMipIoBaHHS (akTOpPiB
Bucora mrapy, Mm Uucno o6eptiB, 00/XB [puckopeHHs, m/c?
PiBens
X, X; X3
BepxHiii (+1) 20 164 25
HynsoBwuii (0) 15 148 15
HwxkHiii (-1) 10 132 5
InTepBan Bapiamii 5 16 15
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VY nocnimpkeHHSIX MeXaHi3My MepeMilllyBaHHSI MaTepialy 3acTOCOBYBalIach TaKk Ha3BaHa ijeanbHa
cuctema, ToOTO cucreMa c(epHIHHMX YaCTOK OJHOTO BHAY MaTepialy OAHAKOBUX po3MipiB [7]. 3
OTJIsIy Ha BHWIINE TIepepaxoBaHi BUMOTH, SIK MaTepial Ul JTOCIIIPKEHHS 3acTocoByeMo mioHO. 1106
BUAUTUTH B 1iif CUCTEMi KOMIIOHEHTH, YaCTHHA MIIOHA 3a0apBIIOETHCS B YEPBOHUI KOJIiP Ta BUKOPHC-
TOBYETHCS SIK KIIFOUOBHIT KOMITOHEHT.

ExcriepruMeHT MpoOBOMMIM TIPH Bapiallisix BCTAHOBJICHHS POTOPIB PI3HUX THITIB (JIOMACTHOTO i
TPOCOBOT0) Ta iX KOMOiHaWil HaJ KOHBEEPHOIO CTPIUKOIO MPU HACTYMHUX PEKHMaxX poOOTH CUCTEMHU
«POTOpHHMIA 3MillIyBau-KOHBEEPY: YaCTOTa obepTaHHs BamB @ = 14+17 ¢’'; BucoTa mapy marepiany
H=0,005+0,025 m; mporopiiisi KJIFOYOBOTO KOMITOHEHTa B cyMimni craHoBmia 10% Bix 3araimpHOI Ki-
JBKOCTI MaTepiamy.

[lepen mpoBeaeHHSIM OCHiNIB MepeBipanacs Bara Matepiany. [loTiM marepian BuKIagaBcs mia-
pamu Ha KOHBeepHY CcTpiuky. HwkHiil map popmyBascs i3 He (papboBaHOTO MIIIOHA, TOAI K BEPXHIHN -
13 modapboBaHoTO y YepBoHMUM Koumip. [licns 3aBepineHHs (GopMyBaHHS IIapiB BMUKAIOCS JKUBJICHHS
€JICKTPOJIBUT'YHA Ta TIPOBOJIMIIMCH BUMIPIOBAHHS 4acTOTH OOEPTIB BajiB 3a JOIMOMOIOK CTPOOOCKOMA
Ta BUMIpPIOBaHHsI BiOpalliifHOr0 MpUCKOpEHHS 3a ponoMorolo aatunka Wintact WT63B. Jlani BMukaB-
Csl CeKYHIOMIp, SIKUH 3yMHUHSITN MIPH IIOBHOMY BHTOKY MaTepiairy 3 KOHBEEPHOI CTPIYKH B PO3MIIIEHY
i1 HEeI0 €MHICTB. 3 eMHOCTI (MiAI0HY) Opanuch MpoOU CyMillli, 3 SKUX BiIOKPEMIIIOBAJIM YACTKH Yep-
BOHOTO Ta MPHUPOTHHOTO KOJIBOPIB, SIKi Jaji 3BaXKyBaJIM 1 OICP)KyBaJH iX criBBiaHOmEHH. OnepkaHi
naHi GikcyBamuch B TabopaTopHOMY XypHaTi. KoxeH qociia moBTOPIOBaBCS TP pasy.

OrinKy OTpUMaHUX CyMilIed y pe3yibTari MPOBEASHHS JOCTiKEHHS Ha MOJETI pOoTOopy 3iiiic-
HIOBaJIU 3 BUKOpUCTaHHAM (hopmyi (1) Ta (2).

B Tabxn. 2 HaBeneHi naHi, mo BigoOpaxaroTh KoeilieHT Bapiamii B 3aJeKHOCTI BiJl BapiaHTIB po-
3TalllyBaHHS PI3HUX THITIB POTOPIB. YMOBHI MO3Ha4YeHHs B Tabmmii «JI» - momactamit porop, «T» -
TPOCOBHI poTop. Pe3ynbraTi mpoBeneHuX IOCiKEHb Bi0OpakeHi B rpadikax, 110 BigoOpaXKaroTh
3aJIeKHICTh KoeilieHTa Bapialii: Bil TUILy POTOPIiB Ta YaCTOTH 0OepTaHHs puUC. 3; BiJ BUCOTH IIApy
MaTtepiainy puc. 4.

Tabmmi 2
3anexHicTh KoedilieHTy Bapiawil BiJf KOMOiHawLiil THITIB POTOPIB
BapiasT posramnryBanHs Ta Koediuient Bapiaii, %
MTOCTTiTOBHOCTI pOTOPiB 1,¢? 145 ¢t 15¢* 16 ¢ 17 ¢t
«JI» 8,46 6,50 6,66 6,14 3,49
«T» 8,14 5,562 7,81 5,34 5,78
«JInt«T» 3,14 6,35 5,51 3,67 4,01
«Tr+«JIn» 6,53 4,65 5,14 3,80 3,14

3 mpoimocTpoBaHuX rpadikiB BUIHO, 0 HAMOUIBIINI BIJIMB Ha SKICTh 3MIlIyBaHHS Marepiary
Ma€ MOEIHAHHS TPOCOBOTO Ta JIonacTHOTo poTopiB («T+JI»). Hemeniie BaroMmuM hpakTopoM € BUCOTA
nrapy marepiaiy, aje BapTO BIAMITHUTH, IO 31 30UTbIIEHHSAM BHCOTH IIapy MaTepialy MOKpAIly€eThCs
SKICTh 3MIITyBaHHS. BCTaHOBIIGHO, 1110 JUTS TOCIHIAHO CHCTEMH «POTOPHUI 3MIlllyBau-KOHBEEPY, TIPH
NOCTIHHUX KOHCTPYKTMBHHMX Ta KiHEMaTHYHUX MapaMeTpax CTPIYKH KOHBEEpa SIKICTh 3MIIIyBaHHS
MPSIMOIIPOIIOPIIITHO 3aJIeKUTh BiJl BUCOTH IIapy MaTepiaiy.

10

9

o
1
b
b

Koediuienr sapiami, Ve, %

Koedimient sapianii. Ve, %
>

132 137 142 147 152 157 162
Uactora ofepransa potopis, ¢

h,at

=T =0= T ke BT —e—THT
Puc. 3 3anexnicts koedimieHTy Bapianii BiJ THITY Puc. 4 3anexnicts koedimienTy Bapianii Bij
POTOpY Ta 4acTOTH 0OEpTaHHS BHCOTH IIapy Marepiaiy
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3a pe3ynpraTaMu MONEPeIHBOI0 EKCIIEPUMEHTY BH3HAYCHO, IO SAKICTh cymimi V. miaBuIyBa-
ach PU HACTYITHUX TIApaMeTpax: 4acToTa oOepTaHHs BaliB poTopiB @ = 15 ¢™'; Bucora mapy marepi-
any H = 0,02 m, npu Oinpmomy 3aBantaxeHHi (H < 0,025 m) nmpucyTHe 3HaYHE NPOKUIAHHS MaTepia-
Ty 3a OOpTH KOPIYCYy YCTAaHOBKH; 3aCTOCYBaHHs KOMOiIHaIlii TPOCOBOTO Ta JIOMIACTHOTO POTOPIB.

Jns omeprkaHHS MaTeMAaTHYHOI MOJIENI MPOIECY 3MINTyBaHHA MaTepialy Ha POTOPHOMY 3MilIy-
Baui 3aCTOCOBYBABCS MOBHHIT (DaKTOPHUH eKCIIepHMEHT THITy 2°. Ui 3aCTOCYBaHHS CTAHAAPTHOI Op-
TOTOHANBHOI IJIAaH-MaTPHILi eKCIIEPUMEHTY TIEPEeBOAMMO HAaTypalbHi (hakTopu B O€3p03MipHI BEIUYH-
HU, TI0 hopMyITi

0
Xi= (Xi =X )/ Ax;, ®)
Jie Xj — HaTypaJbHe 3HAYEHHS [-TO (aKkTOpy Ha NMEBHOMY DiBHI (BEpXHBROMY a00 HIKHBOMY); Xi0 -

HaTypaJbHe 3HaYeHHs1 i-TO (PaKTOpy Ha HyJbOBOMY piBHi; AX; — iHTepBaJl BapilOBaHHA i-T0 (HaKkTopy.

Hatypanbhi i komoBaHi 3Ha4eHHS (akTOpiB oOMparoThes 3 Tabid.1. Jocmigun mpoBoaunucey mpu
pi3HUX pexuMax podoTu Mojem [6]. s Toro mob moaaTy exeMeHT BUTIAAKOBOCTI BIUTHBY (haKTOPiB
Ha pe3yJbTaTH eKCIIEPUMEHTY, a IIe HEeOOXiTHO /Ui OOIpyHTYBaHHS BUKOPHCTaHHS amapara MaTeMa-
TUYHOI CTATUCTHKHU, YCTAHOBIIIOETHCS BUIMAAKOBUH MOPSIOK TOCTAHOBKH JOCIIJIB Y Yaci.

OriHKy SKOCTI OTPHMaHWUX CYMIIIeH y pe3ynbTaTi MPOBENEHHS JOCTIHKEHHS 3IIHCHIOBATH TO
¢dopmymi (1). Takoxx pospaxoByBaiuch 1o Gopmyni (2) ta QikCcyBamuCh 3HAYSHHS POAYKTHBHOCTI
NIPY Pi3HUX PEKUMAxX pOOOTH CUCTEMHU «POTOPHHUH 3MilTyBad-KOHBeEp». [IpH IbOMY KOHTPOIIOBAIACH
MOTYXHICTh €JIEKTPOIBUTYHIB. 3HAUECHHsI Koe]ilieHTa Bapialii Ta MOTy>KHOCTI BHOCHMO B Ta01.3.

Tabmums 3

OTtpumaHi naHi
Eg TlotyxHicTh [Napamerpu onTuMizarii
5 cepist ocTiiB cepist ocTiniB
Q
g N, Bt | N,, BT | N3, Br Qur | Quuir | Qs cepeqHe Ve, % | Ve, % | Ves % cepeqHe
1 0,27 0,27 0,27 1,178 1,074 1,14 1,13 15,78 14,65 15,65 15,36
2 0,31 0,31 0,31 2,35 2,42 2,416 2,40 2,54 2,78 2,98 2,77
3 0,30 0,30 0,305 2,045 2,07 2,052 2,06 4,65 4,87 4,32 4,61
4 0,28 0,28 0,28 1,88 1,87 1,98 1,91 7,46 7,65 7,65 7,59
5 0,28 0,27 0,28 1,62 1,65 1,67 1,65 7,65 6,65 7,90 7,40
6 0,3 0,3 0,29 1,34 1,35 1,45 1,38 12,48 11,64 12,64 12,26
7 0,305 0,3 0,305 1,15 1,023 1,147 1,11 15,65 14,57 14,65 14,96
8 0,275 0,275 0,28 1,24 1,235 1,34 1,27 10,54 11,49 11,78 11,27

OTpuMaHi pe3yJIbTaTH J03BOJISAIOTH OIMCATH 3aJISKHICTh SIKOCTI 3MIITyBaHHS MaTepialy Ta Mmpo-
JTYKTUBHOCTI BiJl 0OpaHuX (pakTOpiB 3a IOMIOMOTOFO JiHIHHOT MoJei

y=by+b; - X +by - X, +bs - X, (4)
ne by, bj — xoediuientu perpecii, siki BU3Ha49a0ThCs 110 Hopmyiam
n— n
z yu z Xi
bO _n=l ’ bi _nh=l , (5)
n n

Je Y, — Cepe/iHE apuQMeTHUHEe 3HAYCHHS BIATYKY TPH i-TOMY CIIOJy4eHHI (DakTopiB; Xj - KOJOBaHE
3HAYEHHs i-T0 (PaKkTOpy Ha i - TOMY MO€HAHHI (aKkTopiB, 3 TA0.3.

Po3paxyHkoBi 3HaueHHS KoedillieHTIB perpecii HaBesieHi B Ta01.4.

3 ypaxyBaHHIM pO3paxyHKOBHX 3Ha4€Hb Koedilie- Ta6muit 4
HTIB perpecii OyJI0 OTpUMaHO JiHIHHI MaTeMaTH4Hi MO- PospaxyHKoBi 3HaueHHs kKoeillieHTiB perpecii
Jeni, sKi BiZoOpaXaroTh 3aJICKHICTh SIKOCTI cymimmi i
NPOIYKTUBHOCTI Bii 00paHuX (aKTopiB

Ve, % Q, /v

V., =9527-4,019-x; —0,823- X, —0,934- X3, (6) xoed. per. | 3HaueHHS | Koed. per. | 3HAYEHHS

Q=1614—0,373-x, —0129-x, —0147-%3,  (7) EU 5150212 BO ég%

OwiHKy aJeKBaTHOCTI OTPUMAHOI MOAENi MepeBi- bi 0823 bi 0.129
psin 3a momomoroto kputepis Crerogenta [6,7], ae b, -0,934 bs 0,147

cepeIHbOKBAIpaTUYHA MOMMIIKA Koe(imieHTiB perpecii
BU3HayaIach sK [8]
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(8)

Je N; — KUIBKICTh JOCTIAIB 3 MMOBTOPAMH; M — KINBKICTh MOBTOPIB KOKHOIO JOCIiAY; Yij — 3HAYECHHS
nmapameTpa ONTHMI3alli i-ro JOCTiay B j-y MOBTOPHOMY TOCHiJi; Vi — CepelHE 3HAUCHHS MapamMeTpa
ONTUMI3aIii B i-y AOCHTiIi; N — KUTBKICTh TOCTIAIB B MATPHIII.
UYucno creneHiB cBo0oau kpuTepiss CThIoJIeHTa 0YII0 0JIep:KaHo 32 (hOPMYIIO0
f =n-(m-1). 9)

A oBipuMii iHTEpBaJl BU3HAYABCSA SIK

Abi = it(rgflgsjlf) . Sbi ~ i2 . Sbi y (10)

ae + t('z‘,“065”f) - TabnuyHe 3HaueHHs KpuTepito CTblofenTta npu 5% piBHI 3HAYMMOCTI.

AJCKBaTHICTh MOJIENII BBa)kKajlaCh OOIPYHTOBAHOO, SKIIO MOT0 PO3paxyHKOBE 3HAYCHHS OYJI0
MeHIe abo TOpiBHIOBAJIO HOTo TaOMMYHOMY 3HAYCHHIO MpH 5%-My piBHI 3HAYUMOCTI. 31HCHUBIIN
po3paxyHnku 3a (8) —(10) Oyno BcTaHOBIIEHO, 1110 piBHIHHSA (6) Ta (7) aJeKBaTHO ONMHMCYIOTh MPOIIEC,
TaK K Abi(\/c)z 0,582, Abi(Q)z 0,06

Otpumani perpeciiini piBasHHA (6) Ta (7) Oynu miggani rpadidyHOMY aHami3y, IO T03BOJIUB
HAOYHO BCTaHOBUTHU CTYMiHb BIUIUBY KOXXHOTO (akTOpy Ha MapaMmeTp OonTHMizamii. 3 HaBeIeHUX
3anexHocter (puc. 5, 6) BUAHO, 110 HAWOITBII BILTMBOBUM (aKTOPOM € BHCOTa MIapy MaTrepiamry
(H =20 mm).

V°=°‘A’ O, 1/r

bay Y] 0 o 1 B : T x
Xi I

Puc. 5 3anexHicts koedimienTa Bapiamii Bix pakropis: 1 —
IHTCHCHBHICTh 3aBaHTaXCHH (BUCOTA IIapy); 2 — 4acToTa
obepTaHHs BaJiB MoJeNi; 3 — BiOpaliiiHe NPUCKOPEHHS

Puc. 6 3anexHiCTh MPOXYKTUBHOCTI Bixt GakTopiB: 1 — iHTE-
HCHBHICTh 3aBaHTaXXCHHS (BUCOTA MIapy); 2 — 4acToTa 0bep-
TaHHS BaJiB MoJei; 3 — BiOpaliiiHe IPUCKOPEHHS CTPiYKH

CTpIUKH KOHBEEpa KOHBeepa

Juis oOpaHuX nianma3oHiB 4acTOT 00epTaHHS POTOPIB Ta MPUCKOPEHBb KOJMBAHb KOHBEEPHOI CTPIUKH
npu iX Oe3mocepeTHEOMY 301IbIIIEHHI BHUKA€E TEHACHIIIA 1 10 30UIbIICHHST SKOCTI 3MIIIyBaHHS CyMilll,
a came Tpu 301IbIIEHHI 000pOTIB poTopa Ha 15 %, a mpu npuckopenHi g0 16 %. 3 npusenenoro rpadi-
Ky Ha pHC.6 3alIe)KHOCTI TIPOAYKTHBHOCTI BiJl AOCIIAHUX (PaKTOPIB BUTIKAE, MO 31 301IbIIEHASIM BUCOTH
HIapy MaTepiaity 3pocTae i IPOAYKTUBHICTh 3MilTyBaya. BcTaHOBIEHO, IO AJIS TOCIJHOT CUCTEMH KOH-
BEEP-POTOPHUI 3MIlllyBay, MPU MOCTIHHMX KOHCTPYKTHBHUX Ta KIHEMATHYHHX MapaMeTpax CTPIuKd

KOHBE€EpPA SKICTh 3MILITYBaHHS IPSMOITPOTIOPIIIHHO 3aJIEKUTh BiJl BUCOTH IIApy Marepiay.
e Jly1s OIIHKY B3a€EMOBIUIMBY iHTEHCHBHOCTI
T 3aBaHTKEHHS Ta BiOpAIiHOTO TPUCKOPEHHS

e . Ciopeil
- / CTpiuKM KOHBeepa OyB ToOymoBaHmil rpadik
] / JBOBHMIPDHOTO Tepepidy MOBEpXHi BiATyKY
i 14 iZ 14 17 14 19
0] / / y
g |/I 16 17 —L2 lu/vl ?// 21
0.5 0 0.5

(puc. 7). 3 rpadixy BHAHO, IO MaKCHMaJlbHE
3HAYEHHS TPOJYKTUBHOCTI BiJIOBITa€ MaKCH-
Puc.7 JIBoBUMipHUIA Iepepi3 MOBEPXHI BIATYKY
npH B3aeMoJii (pakTopis X; Ta X3

o

MaJbHUM 3HAYEHHSM I1HTEHCHBHOCTI 3aBaHTa-
JKEHHS Ta BiOpaliiiHOTO IPUCKOPEHHS CTPIUKH.

Tak sk A7 ONMUCY TPOIIECY 3MIllTyBaHHS
1 4 BHUKOPUCTOBYBAJIWCH J[BA MMapaMeTpH ONTHUMIi3a-
uii, Oyna mpoBeleHA OLIHKA KOpENsmii Mix
KoeQilieHTOM Bapialii Ta MPOAYKTUBHICTIO,
koediuieHT kopensmii ckias 0,96, 1mo Bkazye

W
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Ha CUJIbHY KOPEIALIHHY 3aJIe)KHICTb.

BucHOBKH Ta HAPAMOK MOAAJBIINX J0CTiI:KeHb. B pe3ynpTari mpoBeneHnX JOCHTiHKEeHb Oy-
Jla OTpUIMaHa JIiHilfHa MaTeMaTH9Ha MOJIETh TPOIIeCy 3MIITyBaHHS B TEXHIUHIN cucTeMi O6e3mepepBHOT
Iil «pOTOpHMI 3MilllyBau-KOHBEEP», a TaKOXX BU3HA4YCHI i palioOHANbHI KOHCTPYKTHBHI MapameTpH,
10 BIUTMBAIOTH HA SKICTh 3MINTyBaHHS MaTepiany.
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YTUIIBAIIA COJMSAHOKNUCIUX BIANIPAIIBOBAHUX TPABUJIBHUX PO3YNHIB
INPOKATHOI'O BUPOBHUMIITBA

Mera. BuzHauuTH HapamMeTpu nepepoOKH CONSTHOKUCINX BiANPal[bOBaHUX TPABUIIBHUX PO3YMHIB MPOKATHOTO BUPOO-
HMIITBA 3 OTPUMAHHSM 3aJli3HOTO KOATYJISHTY.

Metoau pocaimxenns. [Ipy BUKOHaHHI pOOOTH BUKOPHCTOBYBAJNCH CAaHITAPHO-TITi€HIYHI, aHANITHYHI, MaTeMaTH4Hi,
CTaTHCTUYHI MeTOM JociipkeHHs. CtaTucTHYHA 00poOKa pe3ysIbTaTiB IPOBOIMIACH 3 BAKOPUCTAHHIM KOMIT I0TEPHU30BaHOT
nporpamu Microsoft Excel.

HaykoBa HOBH3HA 0/1ep;KaHMX Pe3yJbTATIiB MOJArae B TOMY, 10 32 Pe3y/IbTaTaMH MPOBEICHUX SKCIEPUMEHTAIBHUX
JOCITIKEHb Y pOOOTi:

BCTAHOBJICHO BILJIMB IapaMeTpiB 0OpoOKH BiAMpalibOBaHUX TPABUIEHUX PO3UUHIB Ha SIKiCTh OTPUMAHOTO KOATYJISIHTY;

po3pobJIeHa anapaTypHO-TEXHOJIOTIYHa cXeMa MepepoOKH BiANPalbOBaHUX TPABHUIBHHX PO3UHHIB 3 OTPHUMAHHAM 3alli-
3HOTO KOAryJsiHTy.

IIpakTHyna 3HAYNMicTh. 3aIPOTIOHOBAHA TEXHOJIOTIS YTHIII3aIlil COITHOKUCIHX BIANIPAlbOBAaHUX PO3UHHIB, SIKA MOXKE
OyTH peKOMEHJIOBaHa JUIsi BUKOPHCTAHHS Ha METATypriiHUX MiANpHEMCTBaX YkpaiHu. Marepianu poGOTH BIpOBapKeHi y
HaBYaIBHMI Ipolec Kadeapu NPUKIaaHOl eKOJIOTIT Ta OXOPOHHM Tpalli 3amopi3bKoro HallioHaIBHOTO YHIBEPCHUTETY.

PesyabTaTn. BecraHosieHo, 1110 HaWOIIbII MEPCIIEKTUBHIMHE METO/IaMU 0OPOOKH CONSTHOKHUCIIMX BiNpPalbOBaHUX Tpa-
BHJIBHHX PO3YUHIB € METOAU 3 OTPUMAaHHSIM TOBAPHOT'O MPOAYKTY. BH3Ha4YeHO, 1110 MepepoOKy COJSTHOKUCIHMX BiaIpanboBa-
HHUX TPABWIBHHMX PO3YMHIB HAHOINBII JOLINBHO MPOBOJUTH 3 OJEP)KAHHAM KOAryJsiHTY. BCTaHOBIEHO, 11O NP BUTpATI
MOBITPSIHOT CyMITIi, 1[0 MICTUTH 030H, 0,5 11/XB oBHe okucHeHHs hepyM (1) xmopuny no depym (I111) xmopuny BinOyBaeTbes
gepe3 36 xB B movaTky o0poOku. [Ipu BUTpaTi MOBITPSHOI CyMili, IO MICTUTH 030H, 1,5 11/XB moBHe okucHeHHs hepym(I)
xnopuny mo ¢pepym(Ill) xmopuny BinOyBaeTbes yepe3 18 xB Bing moyatky oOpoOku. BcTaHOBIEHO, IO MOBHE OKUCHEHHS
depym(1l) xmopuny no dpepym(Ill) xmopumy 3a 10mMOMOTor0 030HY BiOyBaeThes B 1,5 pasu mBume Hixk kucHeM. Excriepu-
MEHTAJIbHO BCTaHOBJICHO, 110 e(peKTHBHA 1032 koarymsHty depym (III) xmopumy ans ocamkeHHS KOPUYHEBOTO 3alli3HOTO
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