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YK 636.041, 631.173.
THE CONCEPT OF OPTIMIZATION OF TECHNOLOGICAL SOLUTIONS

OF AGRICULTURAL PRODUCTION
KOHIENIIA ONTUMIBAIII TEXHOJIOTTYHUX PIINEHb BUPOGHUIITBA
NPOJYKIUII CLIbCBKOI'O TOCIIOJAPCTBA
PiskunV.1./ITlickyn B.I.
head of the laboratory/3asioysau nabopamopii
/0.c.2.H
Yatsenko Yu. V. / Sluenko 1O.B.
getter / 3000y8au
Institute of Animaal Science of the National Academy of AgrarianSciences of Ukraine,
Kharkiv, ul. Animals 1-4, 61026
Inemumym meapunnuymea HayionanvHoi akademii azpapHux Hayx,
Xapxis, yn. Teapunnuxie 1-A, 61026
Yatsenko Yu. Yu./fIuenko 1O.1O.
master/macicmp
Poltava state agrarian academy, Poltava, ul. Skovoro 1/3,62003
Ilonmascoka depocasna acpapra axademis, [lonmasa, eyn. Ckosopou 1/3, 62003

Anomauin. Heobxionicmo inmencugixayii 6cix eanysell CiibCbK0o20 20Cno0apcmed, 6e3 saKoi
HeMOMCIUBUL Nepexio HAa PUHKOGI YMOBU 20CNOOAPIOBAHHS, 3HAYHO NIOHANA 3HAYEHHS ONMUMI3AYIT
MEeXHON02il 8BUPOOHUYMBA NPOOYKYII CLIbCbKO20 20CNO0ApCmea.

Ha ocnosi bacamoxpumepianvnoco ananizy nposeoeHo po3poOKy KOHyenyii onmumizayii
MEeXHON02I BUPOOHUYMEA NPOOVKYIL CIlbCbKO20 20Cn00apcmed. J{oyitbHuM mMemooom nobyoosu
MHOJCUHU Kpumepii eghekmueHocmi mexHon02ii UPOOHUYMBA € 320PMAHHI YACMKOBUX KpUmepiie
o5 KodcHoi onepayii. OCHOBHUM CHOCOOOM 320pMAHHS Kpumepiie 3 3ACmMOCY8AHHAM Memooy
BU3HAYEHHSL BIOHOCHOI 6IOCMAHI 00 Memu.

Ilepesipka Konyenyii onmumizayii mexHoa02il GUPOOHUYMBA nPOOYKYii  CilbCbKO2O
20CN00apcmea 30Kpema MexaHizo8ano20 supoOHUYMEAa KOMOIKOPMIG i3 cHYYKUMU 368 'S3KAMU PIZHOT
NPOOYKMUBHOCMI Ol YMO8 20CNOO0APCME 3 GUKOPUCIAHHAM Memoody 0a2amoKpumepiaibHO20
amanizy 6 ymosax supoOHuYmMaea niomeepouLa NPUHAMI pilleHHs.

Knrwuoesi cnosa: KOHYenyis, onmumizayis, MexHon02iA, 8UPOOHUYMBO,
bacamoxpumepianrbHuLl aHAL3.
Berym.

HeoOxianicTh iHTeHCH(IKALIT BCIX raidy3ei ClIbCHKOTO rocroaapcTBa, 0e3 Kol
HEMOXJIMBUHM TIepexii Ha PHUHKOBI YMOBM TOCHOJApIOBaHHS, 3HAYHO IiTHSIA
3HAQYEHHS  ONTUMI3aIlii  TEXHOJOTIM  BUPOOHMIITBA  MPOAYKIIi  CLIBCHKOTO
rocrmojapcTBa 1  30KpeMa Ha  OCHOBI  0araTOKpUTEpiaJIbHOTO  aHaJi3y.
Haitnommpenimmmu ~ MeToJaMu  pO3B's3aHHS ~ OaratokpuTepialbHUX  3ajad
onTuMizalii €: ontumizais 3a [lapero; 3BefieHHsT 6araTboxX KpUTEPIiB JO OJHOTO 3a
JOTIOMOT'OI0 HOPMYBaHHSI Ta BUKOPUCTaHHS BaroBUX KOe(DIiLIEHTIB; oNTHMI3allisl 3a
AKUMOCh OJIHUM KpUTEpiEM TpU OOMEXKEHHSX Ha 1HWI; JeKcukorpadiyHa
ONITHMI3aIlig, TOOTO MOCIIJOBHA ONTHMI3allis, MOYMHAIOYM 3 HaWBaXKJIMBIIIOTO
kputepito. OTxe, onTUMi3allis CKIagy TEXHOJOTIA BUPOOHUIITBA TPOIYKITI
CUIBCBKOTO TOCTIOIAPCTBA € aKTyallbHOIO MTpobiemoto [1- 5].

Merta jgochaixkeHb. Po3poOWTH  KOHIEHINIO  ONTHUMI3AIlii  TEXHOJOTiH
BUPOOHUIITBA TPOJYKIIi  CIILCBKOIO  TOCHMOJApCTBA 30KpeMa Ha  OCHOBI
OaratokpuTepiabHOTO aHAJI3y Ta MPOBECTH i anmpoobarrito.
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OcHoBHUIT TekcT. Haiiinpmn y3araJpbHEHOI TOCTAHOBKOIO — 3aBIaHHS
onTHMI3aIlii CKJIaay TEXHOJOTI BUPOOHHUIITBA MPOMYKIIII CLITLCHKOTO TOCIIOAApCTBA,
€ TaKa: 3HATH MIHIMyM (YHKIIIT KIJTbKOX 3MIHHHX:

£(x,,x,,...,x, ) — min, (1)
KOJIM Ha 3MiHHI X1, X2, ..., X, HAKJIaJalOThCsI OOMEKEHHS-PIBHOCTI:
hi('xl"xZ’ "xn): 0’ (2)
i=1n,;

00MeKEHHS-HEPIBHOCTI:
gi(xl,xz,...,xn)z 0;

g 3
i=l,n,;
Ta 0OMEXKYIOThCSI TPAHUIll 3MIHIOBAaHHS 3MIHHHX:
x <x <Xx';
. i _1 i (4)
i=1n.

IIpy 1BOMY KUIBKICTE OOMEXKEHb-piBHOCTEH (3) HE Mae TmepeBUIyBaTH
KUJIBKOCTI 3MIHHUX: 11, <n. OOMeXEeHb-HEPIBHOCTEN 1y MOKE OYTH CKIIBKHU 3aBIOJTHO.

I3 Touku 30py Teopii omepailiii Ta CTpaTErivHOTO MJIAHyBaHHs BUOip BapiaHTa
BHUKOHAHHS OKPEMOI OIlepallii € 4aCTKOBOIO CTpaTeri€lo, a nepeiik (KoMOiHalisg) ycix
YaCTKOBUX CTpaTerii (1o OonHIM Mg KOXHOI omepairii) — (TIOBHOIO) CTpaTerielo
BUKOHAHHS TEXHOJOTIYHOTO Tpouecy 7. JIuCKpeTHY CKIHYEHHY MHOKHUHY BCIX TaKUX
OPUITYCTUMHX cTparteriit mo3HaunMo C, a 1 MOTYXXHICTh (KUIBKICTh €JIEMEHTIB) — .
CraBuThCcsi 3aBmaHHs moimryky Takoi ctparerii C,e C (k=1,2,...,5) BUKOHaHHS
TEXHOJIOTIYHOro mpouecy 7, ska 3abe3nedyBasia O eKCTpeMalbHE 3HAYCHHS
HaWOIBIIOT KUIBKOCTI MTOKa3HUKIB €()eKTUBHOCTI.

Otxe, M MaemMo OaraTOKpuTepiaJibHE 3aBIaHHS ONTHUMI3allli, Ta 1e W Ha
auckpetHii MHOXUHI C. KOHKpeTHOro pesynbTaTy HaWOpOCTINIe AOCATTH 3a
METOJIOM OILIHKH IHTErpajbHOrO KpUTEpito BiacTaHi g0 1mim. OTxe, HaHOUIbII
3arajbHa MaTeMaTHM4YHa IIOCTAHOBKA 3aBJAaHHS 3HAXO/UKCHHS ONTHUMAJIbHOTO
TEXHOJIOTTYHOTO MPOIleCy BUPOOHUITBA KOMOIKOPMIB 3BOJUTHCS JI0 MOIIYKY:

Min_N(C,),

C,eCik=1,8 (5)
ne N — 3arajgbHUNA KpUTEpId BUKOHAHHS TEXHOJIOTTYHOTO mpoiiecy 7, nmoOyaoBaHUM
TaKUM YMHOM, 100 HaMKpaIlii TeXHOJoril BianoBigas Woro minimym; Cyi (k=1, 2,

..,8) — cTparerii BUKOHaHHS TEXHOJOTIYHOro mnpoiecy; C — IUCKpeTHa CKIHYEHA
MHOKHHA CTPATET1i, IKa MICTUTh S €JIEMEHTIB.

Mu OyaemMo 3acTOCOBYBaTH caMe€ II€M MiAXia: 3rOpTaHHS BCIX KPUTEPIiB [0
OJIHOTO NN 3a I0MTOMOTr0I0 HOPMYBAHHS.

VY Toil ke 4yac € KuIbKa KpUTEPIiB ONTUMAIBHOCTI, IPUUOMY YACTUHY 3 SKHUX
Tpeba MakCHMI3yBaTH, a 4YacTUHY — MiHIMI3yBaTH. PosrisHemMo 0coOIuBOCTI
3TOpPTaHHS IMX BICBMOX KPHUTEPIiB HamIoi 3ajavi J0 OJHOTO KPUTEpiro N, Mo
miyisirae  MiHiMizamii. 3arajJbHy CXeMy TaKoro 3TOpTaHHS Ta IOJAJBIIOro
pO3B’si3aHHs 3aja4l nojgaHo Ha puc. 1. Ha puc. 1 yci Hamn opientoBani rpadu — 11e
€JIEeMEHTH MHOXXHMHHU cTpaTerii C, a iXHI MOKa3HUKUA €(PEKTUBHOCTI — CITKA MICJIs
MepIIOT CTPIIKHU.
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Mera — niepeliTu BiJl BeKTOpa A0 cKaysipa (Apyra crpuika Ha puc. 1). Toxl mu
3MOEMO TOPIBHIOBAaTH Pi3HI TEXHOJIOTIi (cTparerii) Ta oOpaTu Haiikpairy (rpadik
3HM3y Ha pwuc.2). [loxasHukamu eQpEeKTUBHOCTI KOXKHOI cTpaTerii € Takl BiciM
KpUTEPIiB: MPOAYKTUBHICTh Kij; MUTOMA METANOEMKICTh Ky, MUTOMa yCTaHOBJICHA
MOTYXKHICTh Kir;; KOedIieHT TOTOBHOCTI Kr; mUTOMa CKIAAHICTh Kijc; SKICTH
3mimryBaHHs Kys; yac 3mimryBaHHS Kys; JOMyCTHMa BOJIOTICTh 3MimryBaHHS K.
[IponyktuBHicTs Ky (y TOHAX/TOA.) 3aJa€ThCS BApiaHTOM BUKOPHUCTOBYBAHOTO
KOMIUIEKCY MAaIllMH TEXHOJIOT1i MeXaHI30BaHOTO BUPOOHUIITBA KOMOIKOpMIB. BoHa
MO€e CTaHOBUTH 1, 2, 3 a00 4 TOHHU HA TOAUHY .

o i Bino6paxxenns F muoxunan C

Y " crpareriii y mpocTopi Kputepiis
Muoxuna C 0o

CTPATErid  grkarc ks

—b >
K s,
" Kpmwmmg,
TG, 73,48 NC43, 73, 08

Puc. 1 — Cxema cTpareriii npUAHATTS pillieHb 3 YPaXyBaHHSAM 0ararbox
KpHUTepiiB
Asmopcbka po3pobka

BiamoBimHO 1o 11i€i 3a7€XHOCTI HOPMOBaHI 3HAYCHHS 3a BCIMa KPUTEPISIMU
OLIIHKH B 1/1€ajli30BaHOMY BapiaHTi OyyTh PiBHI OJUHUILL.

JUis TOpIBHSJIBHOI OLIIHKM 32 KOMILJIEKCHUM IMOKAa3HUKOM Ha OCHOBI METOAY
OaraToKpuTEpiaIbHOTO aHAJI3y 3HAXOAUMO BITHOCHY BijicTaHb N(Cy) 1Sl KOKHOTO
IbTEPHATUBHOTO PIllIEHHS 3 BUPa3y:

N(C, )=t (6)

i€ 1 — KUIbKICTh OLIIHIOBAHUX KPHUTEPIiB.
Y Hamomy BHIAQIKy BCi TMapaMeTpH Temep HOPMOBaHi, MarOTh OJHAKOBUI
MaciTad, TOMy OTPUMY€EMO 3 HUX (DYHKIIIFO METH HIJISAXOM OOUYHCIICHHS:

8
2y
N(C,)= sl X
Takum urHOM, OYJI0 3HAliIeHEe T€ 3HAYEHHS apryMeHTa,
C,, =arg Min N(C,), ®8)

o0 Hajae MiHIMYM (yHKIIT MeTH. BOHO BU3Ha4Yae HaWKpally TEXHOJIOTIIO 3 4Yucja
HasIBHUX.
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Ha ocHoBI aHamizy jiTepaTypu Ta JOCBiAYy BUpPOOHHUIITBA OyyiM pPo3poOJieHI
CTPYKTYpHI CXE€MH TEXHOJIOTIH MEXaHI30BaHOTO BHPOOHHUIITBA KOMOIKOPMIB 13
THYYKHMHU 3B'SI3KaMU P13HOT MPOTYKTUBHOCTI JIJIsl YMOB rocrnogapcts (puc. 2).

CrpykTypHa TexHoJioriyHa cxeMa BapiaHT Ne 1, maTeHT Ha KOPHUCHY MOJEJb
Ne 38620, npoxyKTUBHICTIO 2 T/TOA. 13 HABaHTa)XXEHUM PE3€pBYBaHHSM J103aTOPIB Ta
sminryBauiB, puc. 2 (I) ta BapianT No 2, mareHT Ha KopucHy mozaenb No 43375
MPOAYKTUBHICTIO 2 T/TOA. 3 HABAaHTAKEHUM pe3epBYBaHHSM 3MilryBauiB, puc. 2 (II).
CTpykTypHa TeXHOJIOTIYHAa cxema BapianT Ne 3, mpoayKTuBHICTIO 3 T/ToA. 13
HAaBAHTAXKEHUM PE3epPBYBAaHHAM J03aTOpiB Ta 3MimryBayiB puc. 2 (III), ta Bapiant Ne
4, TPOAYKTUBHICTIO 4 T/TOJ. 13 HABAaHTAXKEHUM pE3EPBYBAHHIM J103aTOPIB Ta
3minryBauis, puc. 2 (IV). [6,7].

Puc. 2. CTpyKTYpHIi CXeMH TEXHOJIOTiid MEXaHI30BAHOT0 BUPOOHMIITBA KOMOi-
KOPMiB 3 THyYKMMH 3B'AI3KaMHM Pi3HOI MPOAYKTHUBHOCTI B YMOBAaX IoCloAapcTBa
I — BapianT Ne 1; IT — Bapiant Ne 2; II1 — Bapiant Ne 3; IV — BapianT Ne 4,
1 - TpaHCIIOPTYBaHHSI IHTPEIIEHTIB KOMOIKOPMIB; 2 — OAPIOHEHHS;
3 - TpaHCIIOPTYBaHHs; 4 — PO3MOALT; 5 — HAKOMMYEHHS; 6 — I03yBaHHS;
7 — TpaHCHOPTYBaHHA; & — 3MIIIyBaHHs; 9 — TpaHCIOPTYBAaHHS

Aemopcwvka pospodka
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CTpyKTypHUMH MOJEISIMU Tiepen0avyaeThCcsi: MO MEpPUIOMY BaplaHTy Mojaya
IHTPEIIEHTIB KOMOIKOPMIB 13 OJJHUX 1 THX K€ OYHKEpiB JI0 JBOX BaroBHUX J103aTOPIB i
B TIO/IAJIBIIOMY 70 JIBOX 3M1myBaqlB o IPyromy BaplaHTy 70 OJHOTO BaroBOTO
103aTopa 1 10 NIBOX 3MINIyBadiB; TIO TPETHOMY BapiaHTy — JIO JBOX BaroBUX
7103aTOPIB 1 B MOJAJBIIOMY IO TPhOX 3MIIyBayiB; MO YETBEPTOMY BapiaHTy — [0
JBOX BaroBUX J103aTOPIB 1 40 YOTUPHOX 3MIIIyBaviB.

Ha ocHOBHI mOJIOKEHB ONTHUMI3allli TEXHOJIOTIM BUPOOHUIITBA MPOMYKIIII
CITBCBKOTO ~ TOCIOJApCTBa IS CKJIQAy  KOMIUIGKCY  MAIllMH — TEXHOJIOTIH
MEXaHI130BaHOTO BHUPOOHHUIITBA KOMOIKOPMIB B YMOBaxX ToOcCHojapcTBa Oyiu
po3po0bJieH] porpaMHi 3acodu y mateMatnuHoMmy naketi MATLAB Tta mpoBeneHe
iMiTaIliiHe MoOJIeNoBaHHsI. B IMiTamiifHOMY MOJIeIIOBaHHI BHUKOPUCTOBYBAJIH
TEXHIYHI XapaKTepUCTUKH Japodapok - «Xapkis’sukay, AJl, 12, 2, BaroBux
703aTopa 3 MEpPEeMIIICHHSIM 1HTPEIEHTIB B OJWH HANpsSMOK a00 JBOX HaNpsSMKax,
cripaJibHUX a00 JIOMAaTeBUX TOPU3OHTAIBHHUX 3MIINIyBayiB Ta BEPTUKAIBHUX
IITHEKOBUX a00 jonareBux. byno onpaiboBaHo ¢TO BapiaHTIB TEXHOJOTIH.

bararokputepianbHuil aHaIi3 TEXHOJIOTIH BUpOOHUIITBa KOMOiKOopMiB 1 BBM/]
13 THYYKMMHU 3B'A3KaMH B yMOBaxX TrOCIOJIapCTBa JaB 3MOTY YCTaHOBHUTH, IO 32
KOMILJIEKCHIUM TTOKa3HUKOM €()EKTUBHOCTI KOXKHOTO 3 aJIbTEPHATUBHUX BapiaHTIB, y
MOPIBHSIHHI 3 1/I€aTi30BaHUM, CYTTEBY M€peBary TEXHOJOTIT MPOAYKTUBHICTIO 4 T/TOA
X-AA-I'34 13 BUKOpPUCTaHHSM JpoOapKku THUMY «XapKiB’sSHKa», JBOX BaroBUX
703aTOpPIB 13 TIEPEMIIICHHSIM IHTPENIEHTIB Yy JBOX HaNpsSMKaxX, YOTHpMa
TOPU30HTAJIBHUMHU 3MINTyBa4aMH, IS SKOi IUTbOBa (YHKINS 32 PO3TISTHYTHMH
KpUTepisiMu € HaiiMeHuowo 1 ctaHoBUTh 0,0347, mpu ToMmy, IO LIIOBA (PYHKIIIA
TEXHOJIOT1l IPOAYKTUBHICTIO | T/rox ripma B 59,45 paza. Takox OyJio yCTaHOBJIEHO,
MO 3a KOMIUIGKCHHUM ITOKa3HUKOM €(EKTUBHOCTI KOXXHOTO 3 albTePHATUBHUX
BapIaHTIB, y TMOPIBHAHHI 3 1J€aJI30BaHUM, CYTTEBY II€peBary TEXHOJIOTI]
NPOJIYKTUBHICTIO 2 T/Toj JpoOapku TUMy «XapkKiB sHKa», BaroBOro J03aropa 3
NEPEeMIIICHHSIM 1HTPEMIEHTIB Yy JBOX HAmNpsMKax, JBOMa TOPU30HTAIBHUMHU
3MilTyBa4yaMHU, 13 HABAaHTKCHHM pPE3EPBYBAHHSAM 3MIIIyBaviB JJIs SIKOi  IIJIbOBa
GyHKIS 3a PO3TJISHYTUMH KPUTEPIsIMU € HaiiMmeHmor 1 cranoBuTh 0,0106, npwu
TOMY, IIIO IILJIbOBAa (PYHKIIISI TEXHOJIOT1I MPOAYKTUBHICTIO 2 T/TOJI 13 HAaBaHTaXKECHUM
pe3epBYBaHHSIM J03aTOpiB Ta 3MillyBadiB ApoOapku /I3, BaroBux m03atopiB i3
NEePEMIIICHHSAM 1HTPEMIEHTIB B OJHOMY HaIpsSMKYy, BEPTHKAJbLHOIO 3MilllyBaya
IIHEKOBOTO, s kol N(Cx)=2,0629 Tta ripma B 63,33 paza. 3’scoBaHo, IO
pO3pO0JIEHI  CTPYKTYpHI CXEMH TEXHOJIOTi  MEXaHi30BaHOTO BUPOOHMIITBA
KOMOIKOPMIB 13 THYYKMMH 3B'sI3KaMU MPOJIYKTUBHICTIO 2 T, 3 T Ta 4 T Ha TOJIUHY
JAI0Th 3MOTY 3MEHIIUTH MUTOMY METaI0€MHICTh Kiv, Y TTOPIBHAHHI 3 TEXHOJIOTIEIO
npoayKTUBHICTIO 1 T/ron BiamoBigHO y 1,84, 2,56 Ta 3,12 pa3a.

OtpuManui pe3ynbTaTd Oyl MEpeBipeHl B yMoOBax rocrogapctsa. s 1mporo
Oynu peasnizoBaHi JIBI TEXHOJIOT1i BUPOOHUIITBA KOMOIKOPMIB 13 THYYKHMH 3B'SI3KaMU
B YMOBax TrOCIOJapCTBa MPOIYKTUBHICTIO 2 T/Toj. 3araibHUM BUTJISI HaBEJACHO Ha
puc.3.

Ha ocHOBI oTpuMaHux JaHUX B YMOBax BHUPOOHUIITBA  TMPOBEIHU
OaraTokpuTepiaIbHUM aHaTI3, 32 METOJIOM OIIIHKH 1HTETPAIbHOTO KPUTEPIIO BiJICTaHI
70 I, MO TEXHOJOTISAX MPOAYKTHBHICTIO 2 T 13 HABAHTAKEHUM DPE3E€PBYBAHHAM
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J103aTOPIB Ta 3MIIIyBayiB 1 MPOAYKTUBHICTIO 2 T 13 HaBaHTAXEHUM pPE3epPBYBaHHIM
3MinryBadiB. Pe3yiabTaTd MPOBEACHOTO TOPIBHSUIBHOTO — aHAI3y TEXHOJIOTIH
BUPOOHUIITBA KOMOIKOPMIB 13 THYYKHMMH 3B'S3KaMH B YMOBaxX TroOCIOAAapCTBa 3a
KOMIUIEKCHUM TOKa3HUKOM €()EKTUBHOCTI KOKHOTO 13 aJIbTEPHATHBHUX BapiaHTIB
N(Ci) y TOpIBHSIHHI 3 1/1€ajli30BaHUM, JAl0Th 3MOTY BiJI3HAYUTH CYTTEBY MEpeBary
TEXHOJIOT1l MpoaAyKTUBHICTIO 2,307 T 13 HaBaHTAXCHUM PE3EPBYBAHHSIM 3MIIIyBayiB,
U SIKOT IIbOBA (DYHKINIS 3@ PO3TISHYTUMHU KPHUTEPISIMU € MEHILOIO 1 CTAHOBHUTH
0,0056 mpu TomMy, IO IUIbOBa (YHKIS TEXHOJOT MPOAYKTHUBHICTIO 2 T 13
HaBaHTaXEHUM PE3ePBYBaHHIM J103aTOPiB Ta 3MmimryBayiB ripma B 40,7 pasu.

To6TO mepeBipka B yMOBaxX BUPOOHMIITBA IMiATBEPAUIIA MPUUHATI PIICHHS MPU
PO3pOoO0IIl KOHIIEMINi ONTHUMI3alli TEXHOJIOT1H BUPOOHUIITBA MPOJYKIIT CLUIBCHKOTO
rocro/IapcTBa 30KpeMa Ha OCHOB1 OaraToKpUTEPiadIbHOTO aHAII3Y.

3ak/II0YeHHS TAa BUCHOBKHU

1. Ha ocHOB1 OaraToKpUTEepiaIbHOTO aHANI3y MPOBEIECHO PO3POOKY KOHIICTIIii
onTUMi3alii TEXHOJOTIA BUPOOHUIITBA MPOAYKIII CUIBCHKOTO TOCIOJapCTBA.
JIOLUJIbBHUM METOZIOM TOOYJOBM MHOKMHU KpuTepli €(PEeKTUBHOCTI TEXHOJIOTii
BUPOOHMIITBA € 3rOPTAHHS YAaCTKOBUX KPUTEPIiB NIl KOKHOI omeparllii. OCHOBHUM
CIIOCOOOM 3rOpTaHHS KPUTEPIiB 3 3aCTOCYBAHHSIM METOJY BU3HAYECHHS BIJHOCHOI
BIJICTaH1 O METH.

2. TlepeBipka KOHIEMIII ONTHMI3AIli TEXHOJOTIH BUPOOHUITBA  MPOIYKIIIT
CUIBCBKOIO TOCIIOJAPCTBA 30KpEMa MEXAaHI30BAHOTO BUPOOHUITBA KOMOIKOPMIB 13
THYYKHAMH 3B'SI3KaMU  PI3HOI MPOAYKTHUBHOCTI  JISI YMOB TOCTHOJApCTB 3
BUKOPUCTAHHAM METOJly 0araToKpuTepialbHOrO aHalidy. B yMOBaxX BHUPOOHHUIITBA
MIATBEPAWIIA TPUIHATI PILLIEHHS IPU pO3POOIII.
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Puc.3. 3arajgbHuil BUTJIAAA TEXHOJIOTiT MEXaHI30BAHOI0 BUPOOHUITBA KOMOIKOPMIiB
1 — mHeK 71 3aBaHTaKEHHS 1HTPEAIEHTIB KOMOIKOPMIB 10 BaroBOTO /103aTopa; 2 — OyHKEp 1HTpeli€HTIB KOMOIKOPMIB;
3 — BaroBuii 103aTop; 4 — IIHEK 3aBaHTAXKEHHS 1HTPEAIEHTIB KOMOIKOPMIB 10 3MimryBaua Ne 1; 5 — mynbt kepyBanas Ne 1;
6 — 3minryBay Ne 1; 7 — mynbeT kepyBaHHs Ne 2; 8 — IIIHEK 3aBaHTaKEHHS 1HIPEIEHTIB KOMOIKOPMIB 0 3MilryBayda Ne 2;

9 — BUBaHTaXXyBaJbHUI HIHEK 3MilryBaya Ne 2; 10 — 3minryBau Ne 2
Aemopcwvka po3pooka
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Abstract. The need to intensify all branches of agriculture, without which the transition to
market conditions is impossible, has significantly raised the importance of optimizing the
technology of agricultural production

On the basis of multicriteria analysis the development of the concept of optimization of
technologies of production of agricultural products is carried out. An expedient method of
constructing a set of criteria for the efficiency of production technology is to collapse the partial
criteria for each operation. The main way to reduce the criteria using the method of determining
the relative distance to the target.

Verification of the concept of optimization of agricultural production technologies, in
particular mechanized production of compound feeds with flexible connections of different
productivity for farm conditions using the method of multicriteria analysis in production conditions

confirmed the decisions.
Key words: concept, optimization, technology, production, multicriteria analysi.

Crarts Bignpasiena: 01.06.2020 p.
[Tickyn B.1., Suenko 10.B., Snenko 10.1O.
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Anomayia. 3anpononoéano Gickozumemp, y AKOMY 3a0e3neuyemvcs Cymmese CHpOUujeHHs
KOHCMPYKYIi i obnecuieHHss NpoBeOeHHs 3aMipié peosociuHUX XapaKmepucmux OOCHIOHUX PIOUH.
Bumiprosanvna mpybka npunady 6UKOHAHA KOHIYHOW, WO VHEMONCTUBTIOE PO3PUBU CYYINbHOCMI
NAUHY 8 Hill 00CHIOHOI pIOuHU i momy 8i0nadae HeoOXIOHICMb 8 WUPOKOMY KOJNIHI, K ye
BUKOHYEMbCAL )y CMAHOAPMHUX GICKO3UMEMpPAx. 3anponoHO8aHi PO3PAXYHKOSI opmyau 0
BUSHAYEHHS 8 A3KOCMI 3a GUMPAmow i uacom UmiKauus O00cnionoi piounu. Ilpononosarnuti
gickosumemp  0038015€  30ilCHUMU  0e3n0cepedHill  PO3PAXYHOK  KIIbKICHUX — (DI3udHUX
Xapaxmepucmuk piou, npu Yybomy iCMOmMHO CHPOWYEMbCSA KOHCMPYKYISA npunady i obne2utyemscs
11020 00CLY208Y8AHHS.

Knrowuosi cnosa: sickozumemp, HblOMOHIBCLKA PIOUHA, KOHIUHUL KAHAIL.

Beryn

OO6nacTi 3acTOCyBaHHS BICKO3UMETpPIB HaJI3BHYAaHO pi3HOMaHITHI. Bonu
BUKOPHUCTOBYIOTECSl Y XIMIUHIM, HadTomepepoOHii, XapyoBiil, TeIIOEHEPreTUYHIH,
OyaiBenbHiM, (hapMalleBTUUHIA TPOMHUCIOBOCTI, Y MEIULIMHI 1 METATyprii.

Jl7i1 BU3HAUEHHS PEOJIOTIYHUX XapaKTEPUCTUK PIIKUX CEpeOBMIL HaidacTilie
BUKOPUCTOBYIOTBCSI JIBA METOJM BHUMIPIOBAHHS B’S3KOCTI PIAWH: 3a IIBUAKICTIO
CIUTMBaHHSA (YU 3aHYpeHHs) cEepUYHOro Tifa y B’s3KiM piiuHI a00 3a MIBHIKICTIO
BUTIKAHHS PIAWHU 3 MAJIOTO OTBOPY a00 3 Kamisipa.

BuxopucTtanss mepiioro MeToy ITPyHTYEThCS Ha 3aCTOCyBaHHI 3akoHy CToKca,
CIpPaBEUIMBOTO TUIBKU [UJIsl TMOBUIBHOTO PYXY KYJIbKM MAaJloTO JilaMeTpa IpH
JaMiHapHOMY OOTiIKaHHI TUIa PiAUHOIO.

HaiiOinpm 3pyyHuM, 1 TOMY OUIbII MOIIMPEHUM, BUSBUBCS APYTHM METOJ
BUMIPIOBAHHA B’A3KOCTI, JJIsi 3a0€3MEeUeHHsS SKOTO MOXYTh 3aCTOCOBYBATHCS
JeKUTbKa MPUJIaIiB.

Tak, y mnpoTOYHOMY 4YamIKOBOMY Bicko3umeTpi [l], skuif ckiIagaeTbcs 3
pe3epByapy 1 HabOpy comed BUMIPIOETHCS YMOBHA B’S3KICTh, IO BHUPAXKAETHCA B
CEeKyHJaX 4Yacy BUTIKaHHA. Pi3HOBUIOM TPOTOYHOTO YAIIKOBOT'O BICKO3MMETpPA €
3aHYpPIOBaHUI BICKO3UMETP 3 pYUYKOI, SKHHA JO03BOJIIE TIPOBOJUTU EKCIIPEC
TECTyBaHHSA JJIs1 BU3HAYEHHS B A3K0CTl. Hemomkom Takoro BICKO3MMETpa € Te, 110 3a
HOT0 TOMOMOTOI0 MOKHA BU3HAYUTH B A3KICTh B YMOBHUX OAMHHIIIX 1 JIJIsI TIEPEXOY
110 KITbKICHUX (PI3UYHUX XAPAKTEPUCTUK, sIKI HEOOX1/IHI JJIs BUPIIIEHHS MPUKIIATHUX
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3a/1a4, 3aCTOCOBYIOThCSl eMIipudHi popMynu abo rpadiku, M0 MalOTh HAOIMHKEHUN
XapakTep.

Kaninsipai BICKO3UMETpH 3aCHOBaHI Ha MPUMYCOBOMY UM BUIBHOMY (32 paXyHOK
rpaBiTalliiHUX CHWJI) BUTIKaHHI JOCHIKYBAaHOI CHCTEMH 4Yepe3 Kamluisipu pi3HOi
dbopmu. CtaHmapTHU BICKO3HMETP IILOTO THUITY sBisie coboto U-momiOHy CKIISIHY
TPYOKY, IIUPOKE KOJIIHO SIKOT PO3IIUPIOETHCA TOHU3Y. [HIlIa KOJIHO MICTUTD yHasHUA
BCEpEIMHI Kamiip, M0 3aKIHUYe€TbCS Bropi KYJIbKOIO, SIKa MEPEXOAUTHh B OLIBII
mupoKy TpyOky. Ilig KynbKowO 1 HaJl HUM HaHECEHl ABlI MITKH, L0 OOMEXKYIOTh
neBHuit 00’em [2]. ns mpoBeneHHs nociikeHb Ha U-momiOHOMY BiCKO3UMETpI
HEOOXIJTHO CIIOYATKY 3aKayaTH y Mpuiaj pIauHy, a MOTIM, IIPH 1i BUTIKAHHI BUMIPSITH
4yac MPOXOJPKEHHS PIIMHU M) BEPXHBOKO 1 HUKHBOI TO3HaukaMu. KiHemaTuyHa
B’SI3KICTh PIIMHU MPU LIbOMY Oyz€ JOPIBHIOBATH JOOYTKY LBOTO Yacy Ha MOCTIHHY
Bicko3uMeTpa C. Y KOKHOMY CTaHAApTHOMY HaOOpl € MO JIeB’ATh BICKO3UMETPIB,
JiaMeTpy BHYTPIINIHIX KamuIsIpiB SKUX BapiioioTbes B Mexax 0,34-5,5 mm, 110
BianoBigae 3HadeHHsM C = 0,003-30 cCr/c. Ilpore 1eifi BiCKO3UMETpP
XapaKTEPU3y€EThCSI BITHOCHO CKJIAJHUMH KOHCTPYKIUEI 1 METOJMUKOI MPOBEICHHS
3aMipiB B’SI3KOCTI, a TAKOK Ma€ OOMEKEHHS B 3aCTOCYBaHHI.

ITocTanoBka 3agaui

3amauero CTarTi € TMPEeACTABICHHS PE3yJbTaTiB TMOIIYKOBUX 1 TEOPETUYHUX
JOCIIIKEHbB, sIKI OyJIM CIIPSIMOBAH1 Ha CHPOIICHHS MPOIECY BUMIPIOBAHHS B’SI3KOCTI
HBIOTOHIBCBKHX P1JMH.

Kouncrpykuist Bicko3umerpa

ABTOpaMu  3allpONOHOBAHUN  BICKO3UMETP 3 KOHIYHOK BEPTHKAIBHOIO
BUMIPIOBaJIbHOIO TPYOKOIO, II0 MAa€ y BEPXHIM YaCTHHI KAPMaH 1 3BYKY€EThCS JJOHU3Y

(puc.1) [3].

Puc.1 Bicko3umertp
1 — KoHiuHa sepmuKkaibHa BUMIPIOBATbHA MPYOKA, 2 — 6UXIOHULL OMEID,
3 — piOuHHUU KapMaH
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BukoHaHHS BEpTHKaIbHOI BUMIPIOBAJIBHOI TPYOKH KOHIYHOK YHEMOXKJIMBIIIOE
PO3PUBH CYIUTBHOCTI ITMHY B HIM JOCIITHOT PIIMHA 1 TOMY BiJnagae HEOOX1THICTh B
IIMPOKOMY KOJIiHI, 1110 3HAYHO CIPOIIY€E KOHCTPYKIIIO Bicko3uMeTpa. CropsKeHHS
BEPXHbOI YAaCTMHHU BHMIPIOBAIBHOT TPYOKM KapMaHOM 3a0e3neuye Oe3BUXPOBY
nojlayy piIMHU Ta JOMOMAara€ MmiATpUMAaTH ii Ha MOCTIHHOMY piBHI, a cami 3aMipu
B’SI3KOCTI TIPH IIOMY CITPOIIYFOTHCS.

Bickosumerp mpairtoe B Takuii crnoci0. BuxigHuii oTBip 2 3aKpUBAETHCS, MICHS
YOro JOCHITHOIO PIAMHOI0 3alOBHIOETHCS KOHIYHA BEPTHKAbHA BHUMIPIOBAIbHA
TpyOka 1 10 ii BepXHBOro Kparo, YOMY cCIpuse HasBHICTh kapmana 3. Ilicns
BIIKDUTTSI BUXIJTHOTO OTBOPY 2 3aMipsiETbCsl Yac BUTIKAHHS piIMHU. Bu3HaueHHS
B’S3KOCTI MOKHA 31MCHIOBATH TaKOX 1 IPHU MIATPUMIIl MOCTIHHOTO PIBHS PIJIMHU B
TpyOui 1. J{ns nporo pinnHa 6e3nepepBHO NOJAETHCA B TPYOKY 1 uepes kapman 3.

Po3paxyHok B’sI3K0CTI

JIJist po3paxyHKy B’SI3KOCTI CKOPUCTYEMOCH AHAIITHYHOIO (DOPMYIIOI0 ILTUHY
HBIOTOHIBCHKOI PIAMHY B KOHIYHOMY KaHaii [4]:
_37Ap R’R; 0

8ulL R*+RR,+R>’
ne Ap — mepenaj TUCKY B KOHIYHOMY KaHaji Ha joBxkuHI L, Ila; g — nuHamiyHa

q

B's3kicTh piauHu, Ilac; L=L,—L — BHcCOTa KOHIYHOrO KaHamy, M; R iR,—
BHYTPIIIHI pajiiyc, BIAMOBIIHO, HA BUXO/Il 3 KOHYCY 1 Ha BXO/I1 Y KOHYC, M.

BBakaeTncs, 1110 TUIMH PIAMHU B KaHaJl 31HCHIOETHCS y paJialIbHUX HampsMKax
J0 TIoYaTKy KoopauHaT. Po3paxyHkoBa cxema y JEKapTOBUX 1 C(epHUHUX
KOOpJIMHATax IMojaHa Ha (puc.2).

X

Puc.2 Po3paxyHkoBa cxema
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[lepenumemo piBHsHHS (1) BIAMOBIIHO 10 HABEAEHOI pO3PaXyHKOBOI CXEMHU:

J- 3mp  LLg'd, _Ap 3L Ltg*6, oM )
81”([’2 _L1) Lf + Lle + Li H 8(Lz _Ll)(L? + L1L2 + Li) ) H ,
ne L, — BIACTaHb BiA MOYAaTKy KOOPAMHAT JO BHUXIOHOIO 3pi3y OyHKepa, M;
L,— BIACTaHb BiA TOYAaTKy KOOPAMHAT JIO BXOJAY B KaHal, M;
¢, - KyT Haxwly TMOXWIOI CTIHKM KaHajly [0 BEepTUKaIl, pan.;
3713 4
C, = 37le[;2tg O — — KOHCTPYKTHBHHMH Mapamerp, M’.
S(Lz _L1)(L1 + Lle +L2)
3BIAKHA:
A
u=c,7”, (3)

3 ¢opmynu (3) BHAHO, IO B'A3KICTH MPSAMO MPOMOPIIiiiHA BIJHOLICHHIO
nepenagy THUCKY /10 BUTpATH 1 Il BEIMYMHU TpeOa 3aMipsTd B X0l €KCIIEPUMEHTY.
JIns  COpollleHHS TpolleCy BH3HAUEHHS B'A3KOCTI HEOOXITHO 3pOOUTH  Cepito
EKCIIEPUMEHTIB Ha pIUHAX 3 BIAOMUMH BIACTUBOCTAMHU 1 BU3HAUUTU BUTPATH ¢, a 3a

dbopmyiow (3) Toal MOXKHA po3paxyBaTH 1 Mepenagd THUCKIB Ap, SIKI MPU ILOMY
BUHUKAOTh. Hamami, marui Bcl HEOOXiJHI CKJIaJOBI BH3HAYAETHCS 3aJICKHICTH
1= f(g) ns KOHKPETHOTO BICKO3UMETPA, 3a JOTIOMOTO0 SIKOTO BUMIPIOIOYH TiTHKA

BUTPATY PIAMHU MOXHA Oy/1€ BUSHAYUTH 11 B’ SA3KICTh.

HenomnikoM npu 1iboMy € HEOOX1THICTh BECh Yac €KCIEPUMEHTY MiATPUMYBaTH B
KaHaJl Ipwiaay MOCTIHHMM piBeHb piauHU. Lle yckimaaHioe mporiec BUMIpIOBaHHS, a
Ipy 0OMEXKEH1M KUTBKOCTI PIIMHU BiH cTa€ He3aiicHeHuM. [IpocTiiie po3paxoByBaTu
B’SI3KICTh 33 YacOM BHTIKAHHS TMEBHOI KUIBKOCTI piMHU. [ 1bOro BUTpATy y
BICKO3UMETP1 Yepe3 3MIHY PIBHS PIIUHU Ha BUCOTI Z (pHc.2), e paaiyc KoHyca Oyje
JOPIBHIOBATH ztg 6, onuieMo Tu(epeHIIHUM PIBHSIHHAM:
dz
dt’
ae S(z) — miolia monepeyHoro nepepizy KaHaity Ha BUCOTI Z.

dz
=S(z)—==m’to’0
q=>5(z) 7 g0,

Uepes CyHiIbHICTh IIMHY PIAMHU Y KOHIYHOMY KaHaIl MPUPIBHIOEMO PIBHSIHHS
2)i@:
dz A
z’tg’0,—=C, _p,
dt Y7,
3BIIKH:
2 2
ztg o
dr=t=%E% 4
C.Ap
Jlns BU3HAYEHHS 4Yacy BUTIKAHHS TEBHOI KIJIBKOCTI PIIUHM f, 3 BICKO3UMETpa
BI3bMEMO 1HTETpaiu 3 000X YaCTHUH MONEPETHHOTO BUPA3Y:
t, 7t 2 9 L
0 Cilp I,
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2 3 3
;= Mg 90(L1 _Lz)
. .
3C.Ap
ITincraBnsieMo 3HaYEHHS KOHCTPYKTHUBHOIO napamerpa C, B OCTaHHE PiBHSIHHSA

1 oTpumaeMo (opMmyiy A pO3paxyHKy dYacy BHUTIKAHHS PIAUHU 3 TOBHICTIO
3all0BHEHOT'0 KaHaJly BUCOTOIO L:

;8L L)L —L) p_ M

‘ OL'Ltg’0, Ap 'Ap’ ©)
e SELLNL-L) _ SE-L)
’ 9L Ltg’6, 9L Ltg’6,
3aJIe’)KHICTh B SI3KOCTI BiJl YaCy BUTIKaHHS 3HAXOJUMO 3 PIBHSHHSA (5):
_LAp
H= C

t
I B 1bOMy BUNAJKy AJIsl pO3paxyHKy PEOJIOTIYHUX BIACTUBOCTEH piIMHU Tpeda
BUMIPSTH TUIBKHM Yac MOBHOTO ii BUTIKaHHS 3 npuiany. B a3kicTe Tonl MokHa Oyze
3HANTH 3a 3aJeKHICTIO i =&(¢,) , KA NONEpeIHbO BU3HAYAETHCS ISl KOHKPETHOTO

PO3Mipy KOHIYHOT'O KaHAJIy BICKO3UMETpA.

BucHoBxku

3anmpornoHOBaHl KOHCTPYKIlisS BICKO3UMETpa 1 GOpMYJIH PO3pPaxyHKY B’A3KOCTI
J03BOJISIIOTH 3HAYHO CIPOCTUTH MPOLIEC BUMIPIOBAHHS PEOJIOTIYHUX XAPAKTEPUCTUK
HBIOTOHIBCHKUX PivH. [Ipy IbOMY OTPUMYIOTBHCS KUIbKICHI (DI3UYHI XapaKTEPUCTUKH
B’S3KOCTI, sIKI MPUJIATHI JI BUPIIICHHS MPUKIAIHUX 3a7a4,

VY mnopanpimioMy TUTAHYETHCS TIPOJOBKHUTH JOCHIHKEHHS, CIPSMOBaHI Ha
YIOCKOHAJIGHHS 00JIaTHaHHS JIJIS1 TOCTIKSHHSI BJIACTUBOCTEH PI3HOMAHITHUX P1AMH.
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Abstract. A viscometer is proposed, which provides a significant simplification of the design
and facilitate the measurement of the rheological characteristics of research liquids. The measuring
tube of the device is conical, which makes it impossible to break the continuity of the flow of the
research fluid in it, and therefore there is no need for a wide elbow, as is done with standard
viscometers. The proposed calculation formulas for determining the viscosity by flow rate and the
time of expiration of the research fluid. The proposed viscometer allows you to directly calculate
the quantitative physical characteristics of liquids, while significantly simplifying the design of the
device and facilitating its maintenance.

Key words: viscometer, Newtonian fluid, conical channel.
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Anomauin. B cmammi nodano 3anponoHO8aHUll ABMOPAMU  GIOPOBICKO3UMEMp, KUl
Mmooenioe npoyec sibpoexcmpysii. Iliosuwenns moyHocmi GUMIPIOBAHHS 8 SA3KOCMI OEmOHHUX
cymiwteli 3abe3neuyemvcs 3a PAXyHOK NPOBeOeHHs 3aMIpi6 BUKIIOYHO 6 CepeOUHHIU 30HI KAHALY
npunady, 0e He BUABIAEMbCSA 6NIUE MOPYesUx OLISAHOK HA 00 €MHY eumpamy. 3anponoHoeawi
Gopmynu 015 8uHAUEHHs BETUNUHU CEPEOUHHOT 30HU KAHANY 8I0POBICKO3ZUMempPA i 4acy 6UMiKaHHs
nesHoi Kinbkocmi cymiwi 3 npunady. Ilooana memoouxka po3paxynky 8’sizskocmi hiopobemoHHux
cymiuteli 8 ymosax siopayii.

Knrowuosi cnosa: sioposickozumemp, 8 s3Kicms, 8iopoexcmpysis, hiopobemonna cymiud.

Berym.

Haii6inpm HamiiHUMU 1 TPOCTHMMH BICKO3UMETpaMu (BIOpOBICKO3MMETPAMH),
AK1 JI03BOJISIIOTH MPOBOJAUTU BUMIPH B’SI3KOCTI OETOHIB y HIMPOKOMY Jlama3oHi
HIBUAKOCTEN 3CYBY, IO 3yCTPIYAIOTHCS B MPAKTHII, € IPUIAAU KallJISIpPHOIO THUITY.
OtpuMaHHsi 00’ €KTUBHUX PEOJIOTIYHUX XapaKTEPUCTHK (IOPOOETOHHUX CyMIIIEH,
MPUIATHUX I PO3B’SI3aHHSA NPUKIAIHUAX 33734, MOXJIMBE NP BUKOPUCTAHHS IS
IUX IJIed BICKO3UMETPIB, IUIMH MaTepialy B SIKUX MOJIETIOBaB O MpoIlec
nepepoOku. s BU3HAUEHHs BIOPOB’SI3KOCTI (10poOETOHY mpu Oe3mocepeHbOMY
dbopMyBaHHI IUIOCKMX BHUPOOIB OYyJIO 3alpONOHOBAHO BUKOPHUCTOBYBATH HasiBHUI
BIOpOEKCTpyJep 31 IIUIMHHUM BHUXIJIHUM OTBOPOM. B 1bOMy BHUIIagKy MOXKHA
OTPUMATU KUIBKICHI (PI3UYHI PEOJIOTIYHI XapaKTEPUCTUKHU 3a JIOMOMOTOK HAasBHUX
TeopeTuyHux nepeaymoB [1]. Hemomikom Takoro crnoco0y BUMIPIOBaHHS €
3MEHIIICHHS] BUTPaTH MaTepialy B TOPIIEBUX 30HAX KaHAIY, 1110 HE BPaXOBYEThCS MPH
PO3paxyHKy BIOpPOB’SI3KOCTI, 1 Taka MOXHOKa Oyzae 301IbIIyBaTHUCS 31 301JIBIICHHIM
BiHOmeHHs H/W, ne H — mupuna, a W — 1oB)XMHA IIUIMHHOTO BUX1JTHOT'O OTBOPY.

ITocTranoBka 3agaui

3ajauer0 CTaTTi € MPEACTABJICHHS PEe3yJbTaTiB IMONIYKOBUX OCHIKEHb, SKi
OyJu CrpsSIMOBaHI HA YTOUYHEHHSI MPOIIECY BU3HAUCHHS B’S3KOCTI OETOHHUX CyMIIIIeH
P BIOPOEKCTPY3Ii.

YaockoHasieHHs BiOpoOBicKO3MMeTpa

MopepHizoBaHuil BIOPOBICKO3UMETP [2] MICTUTHh BCTAHOBJICHHI Ha BUXOA1 31
IIUIMHHOTO BHUXIJHOTO OTBOPY BIOpOEKCTpyJepa pO3MOAUIBHUK OETOHHOI CyMilli
(muB. puc. 1).
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Pucynok 1 — Bioposickoznmerp
1 — oynkep, 2 — npyoicHi onopu, 3 — pozodasaivre 8iKHO, 4 — 30)024CY8ay KOJIUBAHD,
5 — po3noodinbHux

B mporieci BumiproBaHHs B’S3KOCTI OeTOHHA cyMinT 3 OyHKepa | 3a JOTOMOT0r0
PO3MOAUIBHUKA 5 BUBOAUTHCS OKPEMO 3 CEPEAHBOI 1 TOPUEBUX 30H PO3AaBaIBLHOTO
BikHa 3. B mporeci eKCrepuMeHTYy 3aMipsiiOThCsl MOYATKOBUH pPiBEHb OETOHHO1
cyminii B OyHkepi 1 1 yac MOBHOIO BHUTIKaHHS OCTOHHOI CyMIIlll 3 CEPEIHBbOI 30HU
po3naBaibHOTO BikHa 3. Bu3HaueHHs B’A3KOCTI MOXHA 3AIMCHIOBAaTH 1 TIpHU
MIATPUMII MOCTIMHOTO piBHS O€TOHHOI cyMimnl B OyHkepi 1. lis uporo OeroHHa
cyMil Oe3nepepBHO NMOAAETHCS B OyHKep 1 mpu BKIIOYEHOMY 30yIKyBadi KOJMBAaHb
4.

3anponoHoBaHUil BIOPOBICKO3UMETP 3a6e3neqye Bi10lp OETOHHOI cymimil 3
CEepEeIMHHOI YaCTHMHU PO3/1aBaJIbHOTO BIKHA, JI€ BII[CYTHII/I BIUTUB TOPIIEBUX 30H Ha
MIBUJKICTD 11 IUIHY, 3 OTXKe 1 HaJa€e MOXJIMBICTb KOPEKTHOTO BHUKOPHCTAHHS
ICHYIOUO1 aHaJITUYHOI (OPMYJNIH, IO ONUCYE IJIMH MK IUIOCKUMH HEPYXOMHUMU
CTIHKaMH, SIKI CXOJISITHCH.

Po3paxyHok BiOpoOB’sI3KOCTI 0eTOHHUX cyMilleit

Po3paxyHkoBa cxema AJisi ONMUCY TUIMHY MK TJIOCKUMH HEPYXOMHUMH CTIHKaMHU,

SIK1 CXOJSTHCS, MOJJaHa Ha puc. 2.
r

PucyHok 2. Po3paxyHKOBi cxemMa IUIMHY Y Cepe/Hiil YaCTHHI IVIOCKOr0
CHMETPUYHOI0 KaHa1y OyHKepa BiOpoBicko3uMeTpa
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BpaxoByeTbest, 1mo OeToHHI 1 3HayHAa YacTWHA (iOPOOETOHHMX CyMIIICH B
MPOIIeCi TEXHOJIOTIYHOI MEepepOOKH 3HAXOASITHCS IIiJl BIUIMBOM BiOpallii 1 SBISIOTH
co0OI0 TICEBAOHBIOTOHIBCHKI piauHU. B 1bOoMy BHUMAnKy g pO3PaAXyHKY
BIOpPOB’SI3KOCTI CyMIIIl fi, 3@ YMOBHM HIATPUMAHHS 1i MOCTIHHOTO PiBHSA B OyHKepi

BUKOPUCTOBYIOTH hopmyiy [1]:

M, =

’

pglilzz@qﬂﬁ cos 2@, —5in Zq:-,}:l (1)
2qco5 2@y cos? oy Ly +1s)

e ¢, - KyT Haxuwily IOXMJOI CTIHKM KaHaly [0 BepTHKami, pan. (¢, <45%);
L, — BIACTaHb BIJ NOYAaTKy KOOpPAMHAT [0 BHUXIJHOIO 3pi3y OyHKepa, M;
L,—L, — BHUcOTa cTOBMNa cyMmimi B OyHKepl, M; p— TycTUHa OOpPOOJIOBAHO]
cymimi, kr/m*; g= 9,81 M/c? — NPUCKOPEHHS CHJIM TSKIHHS, § — HNPOAYKTHBHICTH

OJIMHUII JTOBKUHHU HECKIHUEHHOTO IIOCKOTO CUMETPUYHOTO KaHAITy, 10 3BYKY€EThCA,
m?/c.

BuzHaueHHsI BeJIMYMHM CePeAMHHOI 30HM KaHAJy BiOpoBicKko3umeTpa

[Tonepeunuii mepepi3z OyHKepa BiIOPOBICKO3UMETPA SIBJISIE COOOI0 MPSIMOKYTHHK,
TOMY Il ONUCY BIUTUBY TOPIIEBUX 30H OyHKepa Ha IIBHUJIKICTb ii MIMHY Yy IpUiaii
PO3TISHEMO ICHYIOUM (OPMYJIH, SIKI ONMHUCYIOTh IUIMH HBIOTOHIBCHKOI PIAMHU Yy
NPSIMOKYTHOMY KaHaii. HasBH1 aHamiTH4HI BUpa3u [3—6] MaloTh CKIAIHUNA BUTJISL 1
MpaKTHYHE 1X BUKOPHUCTAHHS TOKa3aJ0 OOMEKEHICTh 3aCTOCyBaHHS LUX (popmyd.
ToMy nmnst po3risimy mpolecy MINHY CKOPHCTAEMOCH 3alPOMOHOBAHOIO CIPOIICHOIO
dbopmynor [7], ska 3pydHa I MOJAIBINOI MaTeMaTH4YHOI OOpOOKM 1 HE Mae
oOMexeHb y 3acTocyBaHHi. [10310BXKHS MBUAKICTh y KaHANTI MUPUHOIO W 1 BUCOTOIO
H y HampsMKax X 1 y, IPU pO3TallyBaHHI MOYaTKy KOOPAWHAT B IEHTPI I[HOTO
KaHaJly, PO3paxoBY€EThCS 32 POPMYJIOL0:

i J
U, =U; max 1- (2_)() 1- (2_3;) s (2)
w H

a€ U.,... — MAaKCUMallbHa IIBUJAKICTH B IIEHTpl KaHamy, Mm/c; W — mupuHa

MPSMOKYTHOT'O KaHally, M; /1 — BUCOTa MPAMOKYTHOTO KaHaly, M
ITokasnuk crenens i npu 1< % <3 po3paxoByeThCs 3a (HOPMYIIOIO

2

/4 /4 /4
i=0,2457 == | —0,1309— +2,084, anpu W/, >3 i=13—.
(Hj H p A[ H

[loka3Huk creneHs j Tmpu 1£%S4 po3paxoByeThCs 3a  (HOPMYJIIOHO

2
. wy w W .
]—0,0129( ) 0,1311—+2,3185, anpu 4_124 j=2.

3anponoHOBaHUN BIOPOBICKO3UMETP MOJCIIOE TPOIIEC BIOPOSKCTPY3ii MIOCKUX

($10pobeToOHHUX BUPOOIB 1 B IIbOMY BHUIAJKY %24, TOMy j=2, a 121’3ﬁ'

Taxum unHOM, Qopmyiy (2) MOKHA 3anucaTH Y BUTIISII:
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T A

VY BuUINAKy IUIOCKOTO ITya3eiaeBOoro mmivHy (y IUIOCKIM IIIJIMHI) IMIBUIAKICTh
TUTHHY PO3pPaxoBYeThCA 3a (POPMYIIOI0:

e = e [1- (2) ] @

H

®opmyna (3) Bigpi3HseTbcs Big Gopmynu (4) HaABHICTIO CKJIaJ0BOI
2x

1,3W /H
[1 — (E) ], siKa BIJAIOB1JA€E 3a TaJIbMYBAaHHS PIAMHU B TOPLEBUX 30HAX KaHAILY.

Ha3pemo 1110 CKJIagoBy KOE(]II[IEHTOM BIUIMBY TOPILIEBMX 30H Ha MIBUAKICTH IUIHHY
1,3W/H
ﬂ_,x.) I

PIAVHY 1 TO3HAYHMO P{B =1- (:—V

Toni dopmyny (3) 118t MITUHOMIOAIOHUX MPSMOKYTHUX KaHATIB, KOJU % >4,

MOZKHA 3aIlIiCaTu TAKUM YUHOM:
2y

Uy, = Upmax Ky [l — (—')2]. %)

H

BukopuctoBytoun oTpumMaHy ¢GopMyly MOXKHAa BH3HAUUTH  BEIUUYHHY
CepeIMHHOI YaCTUHU KaHaly BIOpOBICKO3MMETpPA, B SIKiM BIICYTHINM BILJIUB TOPLIEBUX
30H Ha MBHUAKICTH IUIMHY OeTOoHHOI cymimi. [Ipu mpoMmy Tpeba BpaxoByBatu, IO
TOBKHHA IIi€1 CEepeIMHHOI 30HU 3O0UIBIIYETHCA MO XOAy IUIMHY CYMIIIl 4Yepes
3MEHILIEHHS IUIONIl Tepepidy KaHally BiOpoBicko3umerpa. Tak, Hampukiaa, Mpu
BiOpoeKcTpy3iitHOMY (OpMyBaHH1 IJIOCKOT IUIUTH TOBIIMHOIO H = 40 MM 1 IIUPUHOIO
W = 500 mm, ko ¢, = 30° (puc. 3), popmyny (5) MOKHa BUKOPUCTOBYBATH Yy

BUXI1JIHIHM 30H1 BiOpoBicKo3uMeTpa Ha BUCOTI Z < 108,25 MM (kou % >4).

5 I

Iz

Puc. 3. Po3paxyHkoBa cxema IUIMHY 0O€TOHHOI CyMillli B KaHAJIi OyHKepa
BiOpoBicko3uMeTpa

Kpusi 3MiHu Kkoedilll€eHTY BIUIMBY TOPLEBUX 30H K, 3aJ€XKHO BiJ BHUCOTH Z
HaBEJICHI Ha puC. 4:
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Puc. 4. I'padiku 115 BU3HAYeHHS KOeIiUi€HTY BIUIMBY TOPUEBUX 30H K,

3a pe3yibTaTOM BUKOHAHUX PO3pPaxyHKIB 1 HaBeJeHOro rpadika (puc. 4) MoxxHa
3poOWTH BUCHOBOK, IO CEpeIMHHA 30HAa Ha BUXOAl 3 OyHKepa BIOpOBICKO3MMETpa
ckianae 0,9 W, to6to 450 mm. IIpu ipomMy MiHIMaIbHE 3HAY€HHS KOE(DILI€HT BIUIUBY
K, cranoButs 0,97 (xomu 2x/W =0,9).

Po3paxyHok yacy BUTiKaHHS 0€TOHHOI cyMilli 3 BiOpoBicko3umMeTpa

Jlns Bu3HaueHHS BIOpoOB’si3kocTi 3a (opmynor (1) HeoOXigHO Bech dac
EKCIIEPUMEHTY MIATPUMYBATH B OYHKEp1 MpUJIaay MOCTIMHUM piBeHb cyMmill L (puc.
3). Lle yckiamHIO€ MpoIiec BUMIPIOBaHHS, a MPU OOMEXKEHIN KIJIbKOCTI MaTepially BiH
ctae He3miicHeHuM. [Ipocrimie po3paxoByBaTH BIOPOB’SI3KICTh 32 YACOM BHUTIKAHHS
MEeBHOT KUIbKOCTI OeToHHOi cywmimil. Jlns mporo Oyna BuHalijeHa ¢opmyia,
OOUYHCIICHHS 3a SIKOK BHUKOHYEThCS HaOMkeHMMHU Metojamu [1]. B maniéi pob6orti
aBTOpHU MPOIOHYIOTH 1HITY (GOpPMYTy AJii 3HAXOPKEHHS IOBHOTO 4Yacy BUTIKAHHS
CYMIIII 3 IpHUIIALYy.

3 ¢opmymu (1) orpumMaeMo Bupa3 ISl PO3PAaXyHKY MPOAYKTUBHOCTI OJIUHHII
JIOBKMHU HECKIHYEHHOT'O TNIOCKOTO CUMETPUYHOTO KaHaJy, 1110 3BYKYEThCS:

— gl Ly (2 Ppcoslg,—sin :t,?l:,:'

2u cos gy £0s® g (Ly+L,) (6)

Butparty y BiOpoBickO3UMETpi Uepe3 3MiHy piBHA cyMilll Ha BUCOTI Z (puc. 3), ae
IIMpHUHA KaHaly OyJe JOPIBHIOBATU 2z{g(,, OMUIIEMO TU(MEPEHLUINHIM PIBHAHHIM:
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dz dz
q=S(z)—=2ztgp,—,

(2) dt &0t
ne S (z) — TUIOIIA OJIMHHUIII IOBXXUHU MOTIEPEYHOTO TIepepi3y KaHaly Ha BUCOTI Z.

(7)

Yepes cylisIbHICTh IUIMHY CYMIIIl Y KaHajl NpupiBHIOEMO piBHAHHA (6) 1 (7):

dz  pglil3(2pgcos2@,—sin2e,)

2Zt g, —

2p, co52@gcos? @g(ly+Ly)

3Bi,Z[KI/IZ
4. cos cos” 'i.E. +L :IE
ﬂf Mg Lo Ppily tilg g@,GZZEZ.

2 |z"'|

fule] Li!.z 2gpcos 2y —5in 2l

Jlns  BU3HAUEHHS Yacy BUTIKAHHS TIeBHOI KUIBKOCTI  cCywmimn f, 3
BIOPOBICKO3UMETPA BI3bMEMO IHTETPaJIU 3 000X YACTHH IMOINEPEIHHOTO BUPA3Y:
t du, cos2pgcos® @olly +L )t L
J‘De df = He Po Pgiby Tha HG"'GJ‘ 131‘13.

pgl3 L2(2pgcos 2y —sin 2¢,) "Lz
3BIIKH:
¢ = He sin 2q cos 2o (Ly +L; (15 —13 ) = (8)
- LZ LZ i - miam ‘| - K ¥
pglL2 12 (2 cos 2¢09—sin 2¢,) o3

~ sin2¢, cos 2, (L1 + 1L, )(Lf -L )

ne C = 1

— KOHCTPYKTUBHMM IapameTp, M~ .

LI (29, cos2¢, —sin29,)

Toni, 3 piBHsSHHA (8) BU3HAYUMO (POpMyiy HJisi pO3paxyHKY BiOPOB’SI3KOCTI
OETOHHOI CyMiIlIi:

_ pgliligcos2gg—sin2pglt, _ pgt. )
sin2@gcos2glly +L2:”[L"’i—l.22 ) C

He

B pesyabrari po3paxyHky BiOpoB’a3KOCTi  (iOpoOeToHHOI cymimi 13
3aCTOCYBAHHSM 3aIlPOIIOHOBAHOIO0 aBTOpamMu (popmynoro (9), BUKOPUCTOBYIOUH MPH
bOMY €KCIIEpUMEHTaJbHI JaHl npukiany [1], Oyno OTpuUMaHO 3HAYEHHS [ =

216,87 MIla. Pizumito orpumanux pesynbratiB (B ctarti [1] p.= 182,28 Mlla)

MOXHA TMOSCHUTH TaKUM YMHOM. B 3ampomnoHOBaHiil paHillie METOAMII TpH
BHUBEJICHHI PO3paxyHKOBOI (opMysIu Il JIIKBiAAIlii BJIACTUBOTO 1HTETpaly HUKHIO
MEXY I[bOTO IHTETpaay NPUUILIOCH 30UIBIIUTH (IIPU YOMY, B KOKHOMY OKPEMOMY
BUIMAJIKy LI MeXa IOBHMHHA BCTAaHOBIIOBATHUCA OKpPEMO), a CaM pPO3pPaxyHOK
1HTEerpany, uepe3 CKJIaJHICTb, OyB BHUKOHAHUNA HaOIMXKEHUM MeToioM. [ 1e
MO3HAYMUIIOCh HA TOYHOCTI OTPUMAHOTO PE3yJIbTaTy.

BucHoBku

3anporoHOBaHi aBTOpaMH KOHCTPYKIIiS BIOPOBICKO3UMETPA, a TaKOXK (HOpMYIH
U1 PO3paxyHKY KOE(IIIEHTY BIUIMBY TOPIIEBUX 30H 1 BIOPOB’A3KOCTI TO3BOJISIIOThH
30UTBIITUTH TOYHICTh BUMIPIOBAHHS PEOJIOTIYHUX XapaKTEPUCTUK OETOHHUX CyMIIIEH.
[Ipu upomy mnpouec BUMIPIOBAHHS MOBHICTIO MOJENIIOE BIOPOEKCTPY3il0 IMIIOCKUX
BHUPOOIB.

HaBegeni mnpwiag 1 METOJMKAa PO3paxXyHKY  BIOPOB’S3KOCTI  MOXKHA
BUKOPDUCTOBYBaTH JUIsi BHU3HAUEHHS PEOJIOTIYHUX XAPAKTEPUCTUK OYIdb-SIKUX
MICEeBJIOHBIOTOHIBCHKUX PI1JIUH.
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Y  nopanblioMy TIJIAHYETbCS NPOAOBKHUTU  JOCHIDKEHHS  BIIACTHBOCTEH
¢$16pobeToHHNX cyMiliel i BILIMBOM BiOpaiii.
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Abstract. The article presents a vibration viscometer proposed by the authors, which
simulates the process of vibration extrusion. Improving the accuracy of measuring the viscosity of
concrete mixtures is ensured by conducting measurements exclusively in the middle zone of the
channel of the device, where the end sections do not affect the volumetric flow rate. The proposed
formulas for determining the size of the middle zone of the channel of the viscometer and the time of
leakage of a certain amount of the mixture from the device. The presented methodology for
calculating the viscosity of fiber-reinforced concrete mixtures under vibration conditions.
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Anomauia B pobomi npusedeni npunyunu, nioxoou 0Jisi MOYHO2O OOCIIONCEHHS (haKmopis,
Wo 6nIUBAdmMb Ha AKICMb PO3KPOIO6AHHA Oemaneu 6epxy 63ymms. 3a 00Nnomo2oi HO8020
NPUCMPOIO i3 3ACMOCYBAHHAM THPOPMAYIUHUX MEXHON02IU OOCTIONHCEHO, K YI YUHHUKU BNAUBAIOMD
HA MEeXHON02IYHe 3YCUNLIA, CMIUKICMb [HCMPYMEHMY MmMda pPedCUMU BUKOHAHHA MeXHON02TYHUX
onepayiti  npu  OughepeHyitiosaHux — HABAHMAXNCEeHHAX.  30Kpema,  3aKOHOMIDHOCMI, WO
Xapakmepusyloms npoyec pizaHHs M SKUX WKIp, we Mano 00cniodxceHi. Bioomo wo, maki
Xapakxmepucmuku, 5K MeXHON02IYHe 3YCUNIA, CMIUKICMb IHCMPYMEHMY ma pPedCumMu SUKOHAHMHS
MEXHONIO02IYHUX Onepayiti 6X00siMb 8 YUCIO0 OCHOBHUX NAPAMEmpIs, WO BU3HAYAIOMb NOMYHCHICMD,
eabapumu i npoOyKmMueHicms 6upyoHo2o npecy. B 368’a3ky 3 yum euHuxae HeobOXiOHicmb Y
BUSHAYEHHI 3ANIEHCHOCMI NaApamempie npeco8oco O0ONAOHAHHA 610 XAPAKMEPUCMUK DI3AHHS.
Ilocmaenena mema Oocseaemvcsa mum, WO 3aNPONOHOBAHUL HAMU NPUCMPIU  OCHAWEHO
CneyianbHuM NPUCOCYBAHHAM OISl MACHIMHO-IMNYIbCHOI 00pobKu memanie B ocmanmui poku 6
MaAuuHo0y0y8arHi i npunado6y0y8anHi ompumas po3noscroodicents memoo (MIOM). Cyms yvoeo
Memody Nonsgeae 8 momy, wo Memanegy 3a20moeKy NOMiuaroms 6 CulbHee MdzHimHe noie, siKe
CMBOPIOEMBCAL 34 0ONOMO2010 MUMIMEBO20 PO3PAJY KOHOeHcamopHoi bamapei. Bcmanoeneno, ujo
30iNbUWeHHs WBUOKOCMI 3aHYpeHHs pizaka 6 mamepian eupyonoi naumu ua 0,5 mm, 0ns
3a0e3neueHts 2apaHmo8aHoco 6upyOyeanHs, He 6ede 00 3HAYHO20 30ilbleHHs Koeiyichma
ounamiunocmi. Ilpu weuokocmsax eupybyeanHs 6 medxcax 1...7 m/c xkoegiyienm ky , ax noxasae
eKxcnepumenm, OJisk Mamepianis, wo 00CIIO0NHCYSAIUCh 3MIHIOEMbCs 8 mexcax 1,52...1,9. Ompumano
epaghiuni 3anedcHocmi, wo 00360JANMb GUIHAYUMU 2TUOUHY 3AHYPEHHs pi3aka 6 mamepian 6
3anedcHocmi 8i0 mamepiany 6upyoHOi naumu, Kyma 3a20CMpeHHs pizaka ma weuoKoCmi 1oco
3anypenns. Jlani 3anexircHocmi niomeepoXicyionmn, wo WeUOKICMb 3aHYPeHHs pizaka 8 mamepiai
onuzbka 00 weuokocmi  po3eumky mpiwunu. Ompumari  3a1eHCHOCMI  BUKOPUCMAHI 8
MamemMamuyHili MoOeli npu po3paxyHKy MexHON02IUHO20 3VCUILILSL 8UPYOYBAHHS.

Kniouogi cnoea: po3kporosanHs, HABAHMAICEHHS, MEXHONO2IUHe  3VCUNIA,  Pi3ax,
sunepeoxcarya mpiwuna, ie3o, UpyoOHa Nauma, MasHimo-iMnyavcha obpobdxka, eupyoHull npec,
VOapHUK.

Beryn

VY cTaTTi po3rasgaeThes JOCHIKCHHS (akTopiB, IO BIUIMBAIOTH Ha SIKICTh
PO3KpOIOBAHHS JleTajell BEpXy B3yTTs. 3a JOMNOMOrOI0 HOBOTO MPHUCTPOIO 13
3aCTOCYBaHHSAM 1H(QOPMAIITHUX TEXHOJIOTIN TOCTIKEHO, SIK 11l YUHHUKHU BIUIMBAIOTh
HAa TEXHOJOTrIYHE 3yCWJUIS, CTIMKICTh IHCTPYMEHTY Ta PEXKHUMU BUKOHAHHS
TEXHOJIOTIYHUX OIeparliil npu audepeHiiiioBaHux HaBaHTAXKEHHSX.

IHocTanoBKa npodaeMu

[Ipu BUKOHAHHI TaKWUX TEXHOJOTIUYHUX OIMEpallii, SK BUPYOyBaHHS [eTajei
BEpXYy B3YTTS, HEBIPHUN BHUOIP T€OMETPUYHUX IMapaMEeTpiB pi3zaka Ta maTepiary
BUPYOHOI IJIUTU 30KpeMa MPU3BOJIUTH IO 3MEHIIIEHHS CTIMKOCTI pi3aka, 0 B CBOIO
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Yepry BUKJIMKA€E JOJATKOBI BHUTpPATH €HEPrii, Ta poOOTy OOJIaJlHaHHS B PEXHUMI
MepeBaHTAXEHHSA. 3 1HMIOro OOKYy, Taka HEBIAMOBIAHICTH MPU3BOIUTH, SK [0
HESKICHOTO BHUKOHAHHS JaHMX TEXHOJOTIYHUX OIepaiii, Tak 1 J0 1HTEHCHUBHOTO
3HOIIEHHSI TIOBEPXHI BUPYOHO! IUIUTH, IO BIAMOBIAHO MPHU3BOIAUTH 10 TOAATKOBUX
BUTpAaT MarepiaiiB Ta e€Heprii, MOB’A3aHUX 3 NepepoOKOI0, BIJIHOBJICHHAM Ta
BUTOTOBJICHHSIM HOBHUX IUIMT, @ TaKOX JI0 3HIKEHHS NPOAYKTUBHOCTI mpari. Kpim
TOTO, HESIKICHA TIOBEPXHS pi3aHHS Micisd BUPYOyBaHHS MPU3BOAUTH JO TOTIPIICHHS
TOBapHOTO BHJIYy B3YTTS, IO BUMAara€ TMPOBEACHHS OJAaTKOBUX TEXHOJIOTIUHUX
omepaniid. 3Ba)kaloud HAa TIOCTIMHO 3pOCTalOuy pPOJb TOYHOCTI BUPYOaHHS 1
MIJIBUIIEHHS 3HOCOCTIMKOCTI BUPYOHOI TUIMTH, BHUCOKOTOYHE JOCIIKEHHS IIhOTO
npotiecy 13 Bukopuctanusm [IEOM e akTyanpHOIO 3a/1a4€lo.

AHAaJI3 OCTAHHIX JOCTIIKEeHb | myOJikanin

Oneparrisi BUpyOyBaHHS J€Tajiell BEpXY B3YTTS € OKPEMHUM BHUIAJKOM ONeparlii
pizands. OCKUIBKM ICHYIOTH 3arajibHi TPUHIUMIN TEOpii pi3aHHS, MOIIIBHO
PO3IIISIHYTH POOOTH IO JOCIKEHHIO MIPOIIECY Pi3aHHS.

30kpema, 3aKOHOMIPHOCTI, 10 XapaKTepU3YIOTh MPOIIEC PI3aHHS M’ SKHUX MIKIp,
e MaJio JOCHiKeH1. BioMo 110, Taki XapakTEPUCTHKH, SIK TEXHOJIOTIYHE 3yCHUILIA,
CTIHKICTh THCTPYMEHTY Ta PEKMMH BUKOHAHHS TEXHOJOTIYHUX OIepaliid BXOASIThH B
YUCJIO OCHOBHUX TIapaMeTpiB, 110 BHU3HAYAIOTh TOTYXKHICTh, Trabaputu 1
MPOYKTUBHICTh BUPYOHOTO Tipecy. B 3B’s3Ky 3 1IuM BHHHMKa€e HEOOXITHICTH Yy
BU3HAYEHH] 3aJIe)KHOCTI IMapaMeTpiB MPECOBOro OOJaJHAHHS BlJ XApAKTEPUCTUK
pi3aHHS.

JlocmipKeHHsT TPOLIECY Pi3aHHS Ta PIKYUOIo IHCTPYMEHTY MOYAJIOCs B MEpIIii
nosoBuHI XX CTOpiuYs, OpH LBOMY CIHOYaTKY BHBYAIM pI3aHHA Ta PLKYYHM
IHCTPYMEHT, 110 3aCTOCOBYBABCS MpHU 00poOui MetaiB. [li3Hime 3’ aBUiMCh poOOTH
M0 JIOCHIKEHHIO TPOLECY pi3aHHS AepeBa, LIe MI3HIIEe poOOTH MO TOCHIIKEHHIO
pi3aHHS M’SKUX MarepiajiB, TaKUX SIK: TMPOJYKTIB XapuyOBOi MPOMUCIOBOCTI, TYMH,
IIKIpH, MOJIMEPHUX MaTrepiaiiB, KapTOHY, Ta IHIIUX HE METaJieBUX MarepiaiiB. B
3B’SI3Ky 3 IIMM TEOpisl pi3aHHS HE METaJeBUX MaTepialiiB 3aro3uyuia MEeTOAU
JOCIIDKEHHS, @ TAKOXK 3aKOHU Pi3aHHs 3 Teopii 0OpoOKH MeTalliB 1 IEPEBUHMU.

B po6oTax mo qociipKeHHIO Tpoliecy pi3aHHs TEKCTOJITY, IlacTMac, GopMyIH
CTIMKOCTI Ta IIBHJIKOCTI IOOYJIOBaHI 3a METOAMKOI, MPHUHHSATOI MpH 0O0poOII
MeTamiB [1 —4].

30BCiM 1HIIIOIO MOBHHHA OYTH TEOpisl pi3aHHS MaTepiajiB, IO 3aCTOCOBYIOThCS
IpU BHUTOTOBJICHHS BEpXy B3YTTHA, a caMe: HaTypajbHOI Ta CHHTETUYHOI WIKIp,
TEeKCTIJIIO, TOMIO. TyT HEOOXiTHO BHUBOIUTH TOHSATTSA MPO PiXKYydy 3MaTHICTH Jie3a
pizaka Ta HWOro CTIMKICTh, TOOTO 30epekKeHHs i€l 37aTHOCTI MPOTSATOM MEBHOTO
nepioay Jacy.

[epuri po6OTH MO AOCHIKEHHIO MPOIIECY Pi3aHHs LIKIPH, TEKCTUIIIO, KApTOHY,
rymu Hanexats JI.A. IllypanoBy, I'.®. I'e6emro, K.M. ITnarynosy, .M. Cunoposy,
C.A. Uepkyninoy, 1.€. Autoneuko, [.B. Moxaesy, I.I. KanycTiny.

KM. IInatynoB 1 .M. CumopoB Bmepiie BHUKOPHUCTAIM ociuiorpad mnpu
MPOBE/ICHHI E€KCIIEPUMEHTAIBHUX JIOCHII)KE€Hb, BU3HAYMBIIM TPU LOMY 3YCHJIUIS,
Aitoul npu BUpYOyBaHHI IIKipH. JlochiaM MpoOBOAWIMCH 3 PI3HUMH MaTepiajlaMu 3
BUKOPUCTAHHAM HAOOpy pi3akiB 3 PI3HMMHM KyTaMU 3aroCTPEHHS Ta BEIMYHUHOIO
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NPUTYILIICHHS.

B nux poboTtax aBTopy BCTAHOBHJIM HACTYITHE!

1. HaiiGinpImuii onip BUHUKAE MPU NpOpi3aHHI 1 TpopyOyBaHHI IIKIpU, TOOTO
py pyHHYBaHHI 11 JIMIIOBOTO MPOIIAPKY.

2. BecTanoBeHuil ONTUMAIbHUM KyT 3arOCTpeHHs pizaka 15°.

3. 3aTyIuieHHs pi3aka CynpoBOIKYETHCS 30UTBIICHHSIM 3YCUIUIS pi3aHHS.

B nanux gocnipKeHHSIX BIIEpIE PO3TJsSHyTa cHcTeMa ~pi3zak-marepian’, a
pe3yibTaTH OTpPUMaHHI aBTOpaMHM Ta METOJUKA TMPOBEJACHHS EKCIIEPUMEHTY
BUKOPHUCTOBYBAJINCh B MOJAIBININUX JOCHiKeHHsSX. OmHak, aBTOpamMu HE
BpaxoByBaJIaCh 3HOCOCTIMKICTh Jie3a pi3aka, B pe3ysbTaTl 4Oro, Ha Haml MOTJIS,
OTpUMaHe 3HaUY€HHS ONTUMAJIBLHOTO KyTa 3arOCTPEHHS JEII0 3aHUKCHE.

®opMyJII0BAHHA LI CTATTI

[Ipu po3kporoBaHHI BepXy B3YyTTS BCTAHOBJIICHA JOIUIBHICTh 3aCTOCYBaHHS
MarHiTHO-IMIYJBCHOT yYCTAaHOBKM [IJIi BHKOHAHHS TEXHOJOTIYHUX OTepallii
BUPYOYBaHHS 3 METOIO MIJABUIIECHHS iX SIKOCT1, aJallTOBAaHO KOHCTPYKIIII0 MarHiTHO-
IMITyJIbCHOTO TPECOBOT0 O0JIaJHAHHS YJIApHOi Jii 1 BUKOHAHHSA TEXHOJOTIYHUX
omnepatiii BUpyOyBaHHs , BUOIp ONTUMAIBHUX PEKUMIB 3aHYPEHHS pi3aka B MaTepiai
Ta HOro B3aeMO/I1i 3 BUPYOHOIO IIJIUTOIO.

BukJiiax 0CHOBHOro Marepiajy

Jis  po3paxyHKy TEXHOJOTIYHOTO 3yCWIIIS BHUPYOYBaHHS  PO3TJISTHEMO
3AJIEKHICTh 3ycuiuid (), TOOTO MaKCUMaJIbHOI CHJIM BUPYOyBaHHS, IO i€ Ha Pi3ak 3
JIBOCTOPOHHIM CUMETPUYHUM 3arOCTPEHHSM 3 00Ky MaTepiaiy:

O =P+2-t-cem-(f+1tgf) (1)
ne 2 —KyT 3arocTpeHHs pi3aka;

P,f, o - BUI MaTepiany, mo oOpoOIISEThCS;

Qs , fn - BUI MaTepialy BUPYOHOI TUIUTH;

B - mepumerp pizaka , MM;

Veup - MIBUAKICTH PYXY YJApHUKA IIpeca M/c;

BpaxoByroun 10BKUHY Jie3a pi3akKa
Q2=B'[P+2‘I‘Gcm‘(f+tgﬂ)] (2)

Sx BumHO 3 popmynu (1), TEXHOTOTIYHOTO 3YCHIUIS CITIBCTaBJICHE 13 3yCHIUISIM
0O, sxe HeoOXigHe A 3aHypeHHs pi3aka B marepian rumta Ha 0,5 MM, 1o
3a0e3nedye TapaHTOBaHE BHPYOyBaHHs. SIKIIO TIpU CIIBCTaBIEHHI 3YCHIUIS
3aHYpEeHHsl pi3aKka B MaTepiayl IUIMTH [EPEBUIIYE TEXHOJIOTIYHE 3yCWIUIA 3a
dbopmyoro, To HeoOXigHO abo 3aMIHUTH MaTepiand BUpPYyOHOi muimTH, a0 Ha erari
MPOCKTYBaHHS, MPU BU3HAYCHHI OCHOBHUX IIapaMETPIB IPEcOBOro 0OJIaHAHHS,
BUKOPHUCTOBYBATH 3HaueHHA () . 3a pe3yibTaTaMH €KCIIEPUMEHTAIBHUX JTOCIIHKCHb
BCTAHOBJICHO, 1110 MIPU BUKOHAHHI TEXHOJOTIUHMX OIepaliil BUpyOyBaHHS Jerajei
B3YTTS, SK TPABUJIO BHHUKAE BHUIEpEIHKAIOUMd po3puB marepiamy. [ nubuna
3aHYpEHHS pi3aka B MaTepiaj 3aJeXHUTh BiJ] HACTYMHUX (PAKTOPiB: MIBUAKOCTI
ylIapHUKa Ta I1HCTPYMEHTY, MaTepially BUPYOHOI TUIMTH, KOE(DIIIEHTIB TEpPTS B
CUCTEMI ,,pl3aK-MaTepiai-IinuTa”’, TEOMETPUYHUX TMapaMeTpiB I1HCTPYMEHTy. 3a
pe3ynbTaTaMu eKCIIePUMEHTATBHUX JOCIHIKEHb BCTAHOBJICHO, IO TIPH IIBUIKOCTIX
4...7 M/c MOXHa NOCSATTH 3aHYpEHHS pi3aka B Marepian Ha rmobuny 0,7...0,9 ioro
TOBIIMHHU. JlaHMX IIBUJIKOCTEH MOXKHA JIOCSATTH BUKOPHUCTOBYIOYH IIPECOBE
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oOjaZHaHHSA 3 €JIEKTPOMArHiTHUM JIBUTYHOM Ta Ha MAarHiTHO-IMIYJIbCHUX
YCTaHOBKaXx.

[locraBnena MeTa AOCATA€TbCA THUM, LIO 3aIPONOHOBAHUN HAMHU MPHUCTPIH
OCHAIICHO CIEeLiaJbHUM MNPHUCTOCYBAHHAM JJIsi MarHiTHO-IMIYJbCHOI 0OpOOKHU
MeTtaniB B ocraHHl poku B MamMHOOYyAYBaHHI 1 NpuUiIago0yJayBaHHI OTpHUMaB
po3noBcrokeHHs MeTon (MIOM). Cyrte mporo Merogy mnoJsisirae B TOMY, LIO
METaJIeBy 3aroTOBKY MOMIIIAIOTh B CHJIbHEE MAarHiTHE MOJie, SIKE CTBOPIOETHCS 3a
JOTIOMOT'OI0 MUTTEBOI'O PO3PsiAY KOHAeHcaTOpHO1 Oarapei. CrioyaTky KOHIEHCATOPH
Oatapei 3a J0MOMOrol0 OJIOKY KMBJIEHHS 3apsDKAlOThCA J0 poOouoi Hampyru. A
MOTIM MPOXOJUTH PO3PsA] KOHJIEHCATOPHOI OaTapei Ha KOTYHIKY IHIYKTHMBHOCTI —
poOounii iHaykTOp. Ilpr 1IbOMY B MeTasll 3arOTOBKM 1HAYKYIOThCSI BUXPOBI CTPYMH,
B3a€MOJIS SIKUX 31 CTPYMOM IHAYKTOpa MPHU3BOAMUTH J0 BUHUKHEHHS 3yCHJIb, IO
neopMyIOTh 3aroToBKy. TakvuM 4YHHOM, €JIEKTpUYHA €HEpria Oe3nocepeHbo
MEPETBOPIOETHCS B poOOTY Aedopmairii 3arotoBku [1 —4].

[IpuHLMIIOBA cX€Ma YCTAHOBKH JJIsi OTPUMAaHHS IMITYJICHOTO MarHiTHOTO TOJIs
Mpaloe HaCTyMHUM YyuHOM (puc. 1) [5].

T B l-r
[l ]

T

Puc. 1. [IpyHuunoBa cxeMa yCTAaHOBKH VISI MATHITHO-IMITYJILCHOI 00pO0OKH
MeTaJiB

4

G

YYD
|

\AA A

Bing mxepena ctpymy uepes Tpanchopmarop Tp 1 Bunpsamisy B 311MCHIOETbCS
3apsiika Oatapei konuaeHcatopiB C. Ilpu JOCSITHEHH1 3aJaHOTO PIBHSA €HEprii 3a
JIOTIOMOTOI0 PO3psITHUKA P 31CHIOETHCSI MUTTEBUM PO3Psi KOHJEHCATOPHOI OaTapei
Ha poOounii IHIYKTOp L.

TpuBamict 1ii Mar”HiTHOTO TIOJS HE TIEPEBHINYE JCKUIbKAa JECATKIB
MiKpocekyH. [Ipu 1poMy eHepris, 10 BUAUISAETHCA, BUTPAYAETHCS HA pOOOTY MO
nedhopMyBaHHI 3arOTOBKH, Ha MPOHUKHEHHS MAarHITHOTO IMOJS B 3arOTOBKY 1 Ha i
HarpiBaHHs. KopoTkouacHicTh [ii IMIyJnbCy MPUBOAUTH JO TOTO, IO Ha
MIPOHUKHEHHS MarHiTHOTO TOJISl B 3arOTOBKY 1 Ha i HArpiBaHHS BUTPAYA€THCS JIUIIE
HEBEeJIMKa YaCTHHA BCi€l eHeprii. Ajie KOpOTKOYACHICTh JIii MAarHITHOTO TOJIsI TOBHHHA
OyTH KOMIICHCOBaHA CTBOPEHHSM BHCOKOTO THCKY, HEOOXITHOTO IS HaJaHHA
3aroTOBIIl KIHETMYHOI €HEPrii, TOCTaTHBOI JJIsl 3/IHNCHEHH 11 (opMo3MiHuU. [HIIMMM
CIIOBaMH, JIJI1 CTBOPCHHS TaKWX IOJIB HEOOXigHA 3HAYHA KUIBKICTh €HEprii, IIo
BUJIUISIETHCS 32 Iy»KE MaJluid MPOMIXKOK 4acy.

Januit meton 3A1icHIOE (OPMO3MIHY JeTalleld 3 PI3HUX METAIIB 1 CIUIaBiB. AJe
NepeBaKHE BUKOPUCTAHHS OTpuMalia oOpoOKa MeTalliB 1 CILJIaBiB, 1110 MAlOTh BUCOKY
€JICKTPOIPOBIHICTH (AJIFOMIHIM, MiJlb 1 iX CIIJIABU), OCKIJIBKY BOHU JOMYCKAIOTh PAMY
dbopmo3miny 3arotoBok. Jlyis nepopMyBaHHSI 3aroTOBOK 3 MaTepialiB 3 HU3BKOIO
JIEKTPONPOBIIHICTIO BUKOPUCTOBYIOTh MaTepiajid 1 MOKPUTTS 3 METaJIB, 110 MAIOTh
BHCOKY €JICKTPONPOBIAHICTD — “CYMyTHUKH .
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[TopiBHSIHO 3 TpaguLIMHUMU MeToAaMU OOpOOKHM MeTalliB METOJi MarHiTHO-
IMITyJTbCHOT OOpOOKHM Mae Jesiki BaroMi MepeBard A0 SKUX MOXKHa BigHecTd [98 —
112]:

— BUCOKY MPOJYKTUBHICTh TEXHOJOTIYHOTO MIPOLIECY;

— MOJKJIMBICTB JIETKOT MeXaHi3aIlii 1 aBToMaTu3aIlii TeXHOJOTIYHOTO MPOIIECY;

— BEJIMKY TE€XHOJIOT1YHY THYUYKICTh MPOILIECY;

— IPOCTOTY TEXHOJIOTTYHOT OCHACTKH;

— BUCOKY KyJIbTYpa BUPOOHHUIITBA 1 MPOCTOTY OOCTYTrOBYBaHHS 00JIaJHAHHS;

— 0€3UIyMHICTh poOOTH;

— €KOHOMIYHICTb Ta €KOJIOT1YHY YUCTOTY.

Ha puc. 2. mnpexacraBieHHa KOHCTPYKTHMBHA CX€Ma MAarHITHO-IMITYJIbCHI
yCTaHOBKU. BoHa BKJIIOYae B cebe 3akpilIeHy Ha KOHCOJI | 1HIYKTOpHY CHUCTEMY,
[0 MICTUTh IUIOCKMM IHIYKTOp 2, PYXOMHH CYNYTHHK 3, IIO MPOAYyOJIbOBAHMMA
TEXHOJIOTTYHOIO TIPOKIIAJIKOIO 4, a TAKOXk HAIMpPaBIISAIOUl MIMWIBKK 5. B TexHOJIOTIYHE
OCHAIIICHHS BXOJATh: pi3ak 6, muuta 7.lalika 8 mae 3MOTy 3aKpiIuIIOBaTU MPYKUHY
11 pi3HOI XKOPCTKOCTI, a TAKOX 3aMIHIOBaTH CYMYTHHUK. 3a JOTMIOMOTOI0 raiiku 8 Ta
HIMWIBKA 9 PerynoeTbcss MOYATKOBE IMOJIOKEHHSI CYNMyTHHKA 10 BIAHOUIEHHIO 0
1HayKTOpA 2.

Puc. 2. KoncrpykruBaa cxema MIY

[aiika 10 gae 3MOTy BCTAaHOBUTH IOJOXEHHS 1HIYKTOPHOI CHCTEMH Bi1IIHOCHO
TEXHOJIOTIYHOTO oOcHalleHHsA. [loBopoToM Taliku 3a0e3NevyyeThesi MepeMIIeHHS
KOHCOJII 1 pa3oM 13 3aKpilJICHOIO I1HIYKTOPHOIO CHUCTEMOIO IO HampsMHUM 12.
MarsiTHO-IMIyJIbCHE TpPEcoBe OOJaAHAHHS, M0 TMPU3HAYEHE Jii BUKOHAHHS
TEXHOJIOTIYHUX OMepaIiiii JIeTKOi TPOMHUCIOBOCTI, MPAIO€ HACTYITHUM YHWHOM.
CynyTHUK 3 pa3oM 3 TEXHOJOTIYHOIO MPOKJIAIKOI 4 3HAXOAUTHCS B MOYATKOBOMY
noJiokeHH1 3aBAsku mnpyxkuHam 11. TlouaTkoBe NOJOKEHHS CYMYyTHHKA, SIK TIO
BIJIHOIIEHHIO JI0 1HAYKTOpa TaK 1 TEXHOJOTIYHOI OCHAaCTKH, BHU3HAYAETHCS B
3aJIEKHOCTI B1Jl YMOB BUKOHAHHS Ta PEKUMIB TEXHOJIOT1UHOI orepalli BUpyOyBaHHs
yn nepdopyBanHs. [lpu momadi iMmynbCy Hampyrd Ha cHoipajib 1HIYKTOpa 2 B
Marepiaial CymyTHHUKAa 1HIYKYIOTbCS BUXPOBI CTPYMH, B3a€EMOJIS SIKMX 31 CTPyMOM
1HIYKTOpa TMPHU3BOJUTH /10 BUHUKHEHHS EJIEKTPOMArHITHOI cuiu Fe, . Ilin niero
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€JIEKTPOMATHITHOT CWJIM CYNYTHUK 3 pa3oM 3 TEXHOJOTIYHOI MPOKIIAIKOIO
BIJIIITOBXYETHCS BIJT IHIYKTOPA.

[Ticast mOCATHEHHS yAapHUKOM pi3aka BiI0yBAa€ThCS BUKOHAHHSA TEXHOJIOTIYHOI
omepartii BUpyOyBaHHS 3pa3ka feraii B3yTTsA. [lo 3akiHYCHHIO BUKOHAHHS OIepartii
YIapHUK TOBEPTAETHCS B MOYATKOBE IMOJIOKEHHS Mif Ji€ro mpyxuH 11, micas goro
IIUKJI TIOBTOPIOETHCS.

3a BU3HAYCHUMH TpPaQIiYHUMHU 3JICKHOCTIMU puc.3 MOXKHA BCTAHOBHUTH
MIMOWHY 3aHYPEHHS pi3aka B MaTepiall B 3aJISKHOCTI BiJl MaTepialy BUpYOHOT TIJTUTH,
KyTa 3arOCTPEHHsI pi3aka Ta IIBUIAKOCTI HOro 3aHypeHHs. OTpuMaHa 3aJeXKHICTb
MoKa3ye, TJAMOWMHY 3aHypeHHs pi3aka B MaTepial J0 I[04YaTKy BHUHUKHEHHS
BUTIEPEKAIOYOT0 po3puBy. JlaHi 3a1eXKHOCTI BUKOPUCTOBYIOTHCS JJIsI KOPEKTYBaHHS
3HAYEHHS TEXHOJOTIYHOTO 3yCHJLIIA.

f, %o I Z 3 4
1 N "\, \
1.+(%d) = 0.067 -V + 0.66 |
3 //. \ \.\

R = D.9996 . ;

09 = N, __;.-—“""""
y — 5 N \ \
2.¢(%) = 0.452 -7 |+ 0.62 /// / 1=
1 _ > | k)
s R* = D.9962 A _ ,.-*'f \
——
0.7 / L _.-—/ |
- - — f— _
A ] . — 3. ¢(%4) =0.049 -7 | 0.57
= L—"" 2 __ el
06 —-"/_.___—-—"""F—# R =0.9952
—| 4 #(%4) =0.039 -7 + 0.54
R® = .0050 V.ale
05
4] 1 2 3 4 5 G T

Puc.3. 3asekHicTb IVINOMHM 3aHYPEHHS pi3aKa B LIKipy 10 OYaTKY
BUHHMKHEHHS BUIIEPE/IKA040l TPILMHM BiJ HOr0 HIBUIKOCTI 3aHYPEHHS

1-B=25", 2-B=35", 3-p=45", 4-p=55°

OTxe mpu CTUCKaHHI BEpXHIX MPOIIAPKIB MaTepiady pi3akoM, BETUUYMHA CHIIU
IPYXKHOTO Oropy OyJe 3ajiexaTH BiJ IUIOUI iX KOHTaKTy. JloBXkUHa MOBEpXHI pi3aka
, II0 KOHTAKTYy€ 3 MarepiajoM, SIBHO 3aJ€KUTh BiJ] KyTa 3arocTpeHHs pizaka. [lpu
[bOMY, MPU OJHAKOBIA TJIMOWHHI CTUCKAHHS 1 OJHAKOBOMY pajlyci 3aKpyTJeHHS,
JOBKMHA MOBEPXHI KOHTAKTY 301JbIIYETHCS 33 PAXYHOK 30UIBIICHHS] KOHTAKTYIOYOT
JOBXHHM OIYHMX rpaHedl. 3 Meplioro Morisay JOBXKHHA MNEepexXiHOI MOBEpPXHI
3MEHIIYEThCS 31 30UIBIIEHHAM KyTa 3arocTpeHHs. Lle cmnpaBennuBo Juiie mnpu
OJIHAKOBOMY pajiyci 3akpyrjieHHs. B AificHOCTI JOBXXKMHA NEpexXiHOI MOBEPXHI1
30UIbIIY€ETHCS 13 301JIBIIEHHAM BEJIMYUHU KyTa 3aTOCTPEHHS, 32 PaXyHOK 3011IbIICHHS
HEpIBHOCTEH, Ta OLIBIIOTO pajlyCcy 3aKpyIrJIeHHS, SIK 1€ BUIHO

BucHoBxu

1. BcranomieHo, 1o 30UTbIIEHHS MIBHAKOCTI 3aHYpPEHHS pi3aka B Marepiail
BUpYOHOI 1T Ha 0,5 MM, JI71s 3a0€31eUeHHs rapaHTOBAHOTO BUPYOYBaHHS, HE BE/IC
70 3HA4YHOro 30UIbIICHHS KoedimieHTa auHamiyHocTi. [lpm  mBUAKOCTIX
BUpyOyBaHHS B Mexax l..7 m/c koedillieHT ky , SK TOKa3aB €KCIEPUMEHT, IJIS
MarepiaiiB, MO JOCHIKYBAINCH 3MIHIOETRCA B Mexax 1,52...1,9. Otpumani
PIBHSIHHSL 3aJI€KHOCTI KoedilieHTa ky BiA IIBUAKOCTI BUPYOYBaHHS ISl PI3HUX
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MmaTepiajgiB  BUPYOHHMX IUIMT OyAyTh BHMKOPUCTOBYBAaTHUCh [UIsl KOPEKTYBAaHHS
PO3PaxyHKOBOT'O 3HaYEHHS TEXHOJOTIYHOTO 3yCHILISI BUPYOYBaHHS.

2. Otpumano rpadivydi 3aJ€KHOCTI, MO T03BOJSIOTH BU3HAYUTH TIIMOWUHY
3aHYpEHHS pi3aka B Marepiall B 3aJeKHOCTI BiJ Marepially BUPYOHOI IUIMTH, KyTa
3aroCTpeHHs] pi3aka Ta IIBUAKOCTI Horo 3aHypeHHs. JlaHi 3a1eXHOCTI
OiATBEP/UKYIOTh, LI0 IIBHJKICTh 3aHYpEHHS pi3aka B MaTepial Oiu3bKa [0
IIBUKOCTI PO3BUTKY TpimmuHU. OTpUMaHi 3aJIeKHOCTI BUKOPUCTaHI B MAaTeMaTHYHIH
MOJIEN1 TIPU PO3PAXYHKY TEXHOJOTIUHOTO 3yCUILIS BUPYOYyBaHHS.

IlepcnekTHBY MOJAJBIIUX PO3POOOK

B mopmanpmux AOCHIKEHHSX TIepea0adacThCsl OCHAIIEHHS PO3TIISTHYTOTO
MPUCTPOIO TOJIIETUJIEHOBUMHU TUIMTAMU TPU BUKOHAHHI TEXHOJOTIYHUX ONEpalliil
BUPYOYBaHHS SIK Ha €JIEKTPOTAPABIIYHOMY TaK 1 Ha MAarHiTHO-IMIYJIbCHOMY
MpecoBOoMy 00JIaIHaHHI.

Jliteparypa

1. Packuna B.JI. TexHonorus paszaena MeTajiia Ha 3aroToBKU. — M.: Marmmpowm,
1961. — 245 c.

2. Kononenko B.I'., 3aiimes K.M. BricokockopocTHOe —(MMITYIBCHOE)
pasjelieHre XoJoaHoro wmetamia. — B ¢6.: MMmmynbcHas o0paboTka MeETaioB
napiieHreM. Bei. 2. — X.: XapbKOBCKUI aBUAlMOHHBINA HHCTUTYT, 1970. — C. 15-39.

3. I'epmannec 3. CrnpaBouyHMK KHHUTa TexHojora — nojurpaducta. Ileperos ¢
Hemenkoro. — M.: Kaura, 1982. — 336 c.

4. Dumrevin B.I'., Kaitoeimie O.A. BreicokockopocTHas jaedopmanus U
CTPYKTypa MeTauioB. — M.: Meramnyprus, 1971. —317 c.

5. CrenanoB B.I'., [IlaBpoB N.A BBICOKO3HEPreTUUECKNE UMITYJIbCHBIE METOBI
00paboTku MeTaoB gaBieaueM. — JI.: MammHoctpoenue. 1975. — 280 c.

Crarbs otnpasinena: 11.06.2020 r.
© Pocyn P.B.

ISSN 2567-5273 32 www.moderntechno.de



Modern engineering and innovative technologies Issue 12 / Part 1 £

http://www.moderntechno.de/index.php/meit/article/view/meit12-01-034

DOI: 10.30890/2567-5273.2020-12-01-034

YK 631.37.016
PROCESSING MODULE OF MOBILE AGRO-FOOD TECHNOLOGICAL

COMPLEX ACCORDING TO THE CONCEPT "CONVENIENT FOOD"
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Anomauin. Cmamms npucesuena po3pooyi KoHyenyii Mooyis nepepooxu, aKuti 6Xo0ums 00
CK1ady MOOIIbHO2O KOMNJEKCYy Os nepepobKu oeouie ma Gpykmis. Y ecmyni 00 pobomu
NPOAHANI308AHO OCHOBHI NpoOIeMU, 5K CMOsAmMb neped SUPOOHUKAMU CLIbCbKO2OCNOOAPCHKOT
npooyKkyii. B ocnosHill wacmumi 3anponoHO6AHO KOHYENMYAibHY CXeMYMOOLIbHO2O a2papHO-
Xap408020 MeXHONOSIYHULL KOMNIEKCY, AKUU 003601UmMbnepepodismu nioou HA NOPOUOK Ois
BUCOMOGIEHHSL COKIB, HEKMAapié ma iH. 3anponoHoeano mooyib nepepooKu.

Knrwowuosi cnosa: mpancnopm, 061a0HanHs, azpapue UpOOHUYMEO, XAP408e 8UPOOHUYMEBO,
NOPOWLOK, (PPYKMOBO-0604e8a CUPOBUHA.

Beryn

Ycenixu cenekiii poCIMHHUX KYJIbTyp OoOMexye mpobiieMa HecTadl poOITHUKIB
Ha cBo€vacHmi 30ip (puc. 1), TpaHCIOpTYBaHHS, 30€peKEHHS i IEPepOOKY BpPOKALO.

Puc. 1. 3oBHiIIHIA BUIJIsIA pOOOTH30BAHOI0 KOMILIEKCY 30MPAHHSA BPOXKAI0
S1I0JIyK Y eKCTeHCUBHUX (PPYKTOBHX cajax (a) 3 BAKYYMHHMMH 3aXBATAMU
BHU3HAYEHHS 3PiJIOCTI i 3HATTSA A0JYK (0, B) Ta TPAHCIOPTEPOM-YKJIaga4eM
3HATHX A0JYK y TPAHCOPTHI si(UKH (T).

IDicepeno: [2, 3]

HanpamtoBanuss y Burisai [1-6] poOOTH30BaHUX KOMIUIEKCIB 30MpaHHS
(PYKTOBO-OBOYEBOTI'O BPOXKAK JIO3BOJISIOTh CYTTEBO 301IBIINTH IMPOJAYKTHUBHICTD,
00epekHillIe MOBOJUTUCH 3 TJIOAAMUTa YHUKHYTH MPUMX JIIOJACBKOTO (hakTopy. Aje
TaKe TeXHIYHE PIIICHHS J03BOJIS€ 3A1MCHUTH JIUIIIE YaCTKOBO 3MEHIIUTH MOTPEOy Y
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CE30HHMX POOITHUKAXTa YHUKHYTH MEXaHIYHUX MOIIKO/KEHb IIJI0/IB MpU 30MpaHHI
Bpokato. OJHaK 3aUIIAE€THCS KOMIUIEKC MpoOJieM YKIaJaHHS, TPaHCIOPTYBAaHHS,
COpPTYBaHHS, EPEPOOKH. .., K1 BCE I1I€ HE BUPIILIECHO.

[IponoBx TpUBAJIOTO Yacy y arpapHOMY CEKTOp1 MOLIMPIOETHCS HANPSIMOK Ha
BIJITPALIOBaHHS MOOUIBHUX MiHI KOMIUIEKCIB BUPOOHMIITBA Ta po3Aaul KOMOIKOPMIB
(puc. 2), 1oCBiA AKOTO MOXKHA BUKOPUCTATH MIPU CTBOPEHI HOBITHHOTO 00JIaJHAHHS.

b =N

— =

Puc. 2. 3o0BHilIHIN BT MOOIJIBHOT0 MIHIKOMILJIEKCY BAPOOHMITBA Ta
po31a4i KOMOIKOPMY MPUYIMHOIO 10 TPAKTOPY Y4 aBTOMOOIIIO0 (2) Ta
CaMOXiTHOTO HA aBTOMOOJIbHOMY mIaci (0)
IDicepeno: [4, 5]

Ha miacraBi moeaHaHHd JBOX O3HAYEHMX BHUIIE TEXHIYHUX PIlIEHb
npuBaOIMBOIO BUTIIAJAE PO3pPOOKA 1HHOBAIIITHOTO MPOEKTY CTBOPEHHS HOBITHHOTO
BUAy oOOJajgHaHHA - MOOLIbHMI  arpapHoO-Xap4oBUil  TeXHOJIOTiYHUI
KOMILIEKC, KU Tependadae B Ooro Mexax 3A1MCHEHHS MPOIECIB BiJ BU3HAUYEHHS
3p1I0CTI MIOMAIB J0 BUPOOHHUITBA (HPPYKTOBO-OBOYEBOIO MOPOILIKYH TE€pPMETUYHOTO
NaKyBaHHSl y TpaHCHopTHY Tapy.Ha cremniaibHOMYy 4M yHIBEpCaJbHOMY KOJIICHOMY
1aci KOMIIOHOBKA 13 3MIHHUX MOJYJIIB, 110 MOIIUPIOE MOXIJIMBICTh BUKOPUCTAHHS
KOMILUIEKCY HaBiTh 3 BeCHAHMX poOIT. [lpu 1bOMy BUpIIATIBHUIA BIUIMB Ha
(yHKI10HYBaHHS KOMILIEKCY Ma€ MOAYJIb epepoOku [7].

OCHOBHHUI TEKCT

Mopaynb TnepepoOKU CKIAAE€ThCS 3 TOCHTIJOBHO IOB’SI3aHUX TEXHOJIOTTYHUX
0JIOKIB, 1110 Y BUTJISI1 NIPUHIIMIIOBOI CXEMHU HaBEJIEHI Ha pHuC. 3.

VY 6nok muiiku (/) 3aBaHTaXyIOTh 310paHi 10U, J€ X BIAMHUBAIOTH B Opy1y
Ta nuiay. biok MUMKY MJI0IB CKIAJAETHCS 3 BAHHU 3 EPEMILIYIOUUM MPUCTPOEM. Y
BaHHI (PYKTU OOpOOJIAIOTHCS BOJIOIO Ta Je31H(DIKyr0OUMM 3aco0oM, 3a motpedu. 3
OJIOKy MHUUKM TUIONM HANpaBisaioTh A0 Oyoky dparmenTamii (I]), ne mioau
pO3pi3al0Th HA IMIMATOYKH 3a JOMOMOTOI MEXaHi3My 3 TIJIbHOTHHHHM HOXEM.
[lomami mmartouku TUIOAIB 'y Omoky cemapamii (/) ae Ha ueHTpudysi
MIePETBOPIOIOTHCS Ha IIJI0JIOBE IMIOPE 3 BUAAICHHSAM KiCTOUYOK, TUIOJIOHDKKHU Ta 1HIIHUX
HE KOPUCHUX CKIQJOBHUX. bIIOK TEpMOBaKyyMHOrO CYLIIHHS - «TEIJiay
TEpMOBaKyyMHa IepepoOka Mope y cyxuid arnomepart (puc. 4), siKy 341MCHIOIOTh Ha
BaKyyMHOMY eKcTpyzepi (/V) 3a HaCTyIHUMH NapaMeTpaMu: TeMIlepaTypa He OLIbII
HiX 45 °C Ta BakyyMm 0,1 Oap.

briok TepMOBaKyyMHOTO CYIIIIHHS TMPAIlO€ HACTYITHUM YUHOM. Uepes BXigHUI
mrytep (5) mojarTh MIOAOBE MIOpe yoOIaJHaHHS MepepoOKu. Y KOpITyCi amapary
(4) Bcranosneno npuBif (1) Ban (2) Ta mHek (3), sskuii ipu o0epTaHHI MEepEMIITye Ta

ISSN 2567-5273 34 www.moderntechno.de



odern engineering and innovative technologies ssue 12 / Part
Modern engineering and innovative technologie [ssue 12 / Part 1

MOCTYIIOBO  VIIUIBHIOE IIJIOJIOBE TIOPE, BUTHUCKYIOUM «BLUIBHY BOJOTY». Y
BaKyyMHOMY cepefoBuili Bxe npu 45 °C Boja 3 Mope MoYrHa€e BUAPOBYBATHCS.

N

E
esles, K 3 i
*2 — g 7

&Y
f / V4 IV

Puc. 3. MamuHo-annapaTHa cxeMa MOIYJII0 NlepepoOKu
Oénaonannsn: [ — on0x mutiku niodis, 11 — onox ppaecmenmayii niodois,
111 — 650K cenapyeanns, IV — 610k mepmMoBaKyyMHO20 CYWIHHS
Ilomoxku: 1 —nnoou, 2 — opyoHa 8oda, 3 — wucmi nioou, 4 — wumamouxu nioois,
5 — nnooose nrope, 6 — 6ooa 3 niope, 7 — cyxuti aznomepam, 8 - makyxa

o Baxyroze

/Z,gpg Bodaa naoa Moy
Bid buxig
OXOOaXO! OXOA0GX 4O

Bady Gady

5\EJT 7 b7 L
aXOOaXLO!
boily
[II Boda
\II \II Az/omepan
A I

= — 7
buid
OXOA0OXL0]
Gady
V1 A2 \ 3 / 6

Puc. 4. MamuHo-anapaTHa cxeMa 0JIOKY TEPMOBAKYYMHOTI'0 CYIIiHHS, Oe.
1 —npusio, 2 — ean, 3 — wHek; 4 — kopnyc, 5 — 6xiOHut wimyyep, 6 — 6UXiOHUL
wmyyep, 7 — mepmonopodichuna; 8 — 30ipnux napu, 9 - X0100unbHUK

[Tapu Boju 306uparoTh y 30ipHUK (8), 1€ BOHU KOHACHCYIOTHCS, 110 3a0e3reuye
X0JIOMUIBHUK (9). YV 301pHUKY € mTyLep I MPpUETHAHHS 10 BaKyyMHOTO HAcocy.
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3100yTa Boja MOke OyTH MOBHICTIO a0 YaCTKOBO HaIlpaBjieHa y TEMOMOPOKHUHY
(7), o mo3BosIsIE, 3aN€KHO BiJl 00CTaBUH, MIABUINYBATH YU 3HIKYBATH TEMIIEPATYPy
Koprnycy oOnajgHaHHS mepepoOku, abo Ha oOnagHaHHS OJIoKy Muiiku miomiB (/).
BuBinpHeHa Boj1a, BMICT SIKOT 3aJI€XKHO BiJ] TUIOy MOKe CcKiianaty HaBiTh 90 % macw,
J03BOJISIE YHUKHYTH MOTpeOy 3alydeHHs BOJM 330BHI, LI0 HE TIIbKA POOUTH
MOOUTHHHI KOMIUIEKC aBTOHOMHHM, a i CyTTEBO €EKOHOMUTD BOJHI PECYPCH.

Cyxwuii armomepar 1ie He € KiHIIEBUM/TOBAPHUM MPOIYKTOM, aJI€ BXKE € OCHOBOIO
0 OTpUMaHHs OE3KOHCEPBAaHTHOTO TMOPOMIKOMOAIOHOrO MaTepialy 3 Maibke
MEPBUHHUM BMICTOM Xap4OBOi LIIHHOCTI. BiAHOBIIEHI COKHM, MOPCH, HEKTAPH, CMY314H
IHIIMX KOPUCHUXXApPYOBI HAMoOi Ta CTpaBU3/ATHI 30€piraTd CMaKoOBi, KOJbOPOBI Ta
’KYWHI BJIACTUBOCTI TUIOJIB. [IOopomIoKk Cyxux MJIOJIB, 3aJIEKHO Bl 3aIy4EHUX MPU
MaKyBaHHI MaTepiajliB Ta KOHCTPYKIIHHOTO-TEXHOJIOTIYHOTO BUKOHAHHS YIaKOBKH,
Maiike 0e3 CYTTEBUX BTpAT XapyoBOI ILIHHOCTI MOXIJIMBO KOMIIAKTHO 30epiraTtu
pokamu [8], 3a0e3medyroun KOPUCHUM PEUOBHHAMHU y 3MMOBO-BECHSHHUI IMEpioja Ta
HAJIAI0YM CTPATETIYH1 3aMacu MPHU MOTaHUX BPOXKasgx a00 TEXHOTEHHUX KaTacTpodax.

3aK/104eHHA Ta BUCHOBKHU

HaBenenunii Bullle MPOEKT MOOIIBHOTO arpapHO-Xap4oBOTO TEXHOJIOTIYHOTO
KOMILJIEKCY 0a3yeTbCcsi Ha TMOCHIJIOBHOMY pO3TAIllyBaHHS KUIBKOX TEXHOJOTIYHUX
MOJYJIiB, TOJOBHHUM 13 SIKUX, 0€3yMOBHO, €MOAYJb MEPepoOKH III0MIB (PPYKTOBO-
OBOYEBOi CHUPOBHUHUY cyxui arjgomepaT. Came oOnajHaHHS MOJIYJIO MEepepoOKU
HaJa€e 3MOry 3a0e3rnevyBaTd MUHWHUM pPO3UYMHOM TNONEPENHIA MOAYIb MHUTTS,
YHUKaIOuu NoTpely y 30BHINIHIN BOJI1, Ta 3aJUIIOK BOJIOTH B Mexkax He Ounbiie 10 %
MacH y CyXOoMy arjioMepari, CIpoIulye o0JaJHaHHs HACTYITHOTO MOTYJIIO MTAKyBaHHS.
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Abstract. The article is devoted to the development of the concept of the processing module,
which is part of the mobile complex for processing vegetables and fruits. The introduction to the
work analyzes the main problems facing agricultural producers. In the main part the conceptual
scheme of the mobile agro-food technological complex which will allow to process fruits into
powder for production of juices, nectars, etc. is offered. The scheme of the processing module is
offered and its basic blocks are considered.

Keywords: transport, equipment, agrarian production, food production, powder, fruit and
vegetable raw materials.
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Abstract. A significant increase in the production of polymeric materials requires the creation
of high-performance, resource- and energy-efficient equipment for their processing, while one of
the most used for processing polymers are screw machines, including screw extruders that process
granular polymers. The material in the feed zone of the screw extruder is a bulk medium in the form
of individual solid granules, however, most work on the study of screw extrusion is based on a
physical model in which the motion of the polymer granules is considered as the motion of a solid
body that does not correspond to reality and reduces the reliability of numerical studies of real
processes taking place in technological equipment. This paper presents the results of calculations
of the process of screw extruder feeding with granular polymeric raw material using an improved
calculation method. The method is improved by introducing the values of the friction and of the
lateral pressure coefficients obtained by the authors in the form of the functions of pressure,
temperature, rotation speed of a screw and the number of granules along the height of the working
channel. The use of advanced techniques made it possible to obtain results that show better
agreement with the results of the real experiment, with the maximum difference between the
calculation results obtained using the improved calculation method and the results of the real
experiment is almost twice less than in the case of the basic calculation method.

Key words: extruder, polymer, granule, friction coefficient, lateral pressure coefficient,
modelling.

Introduction.

A significant increase in the production of polymeric materials requires the
creation of high-performance, resource- and energy-efficient equipment for their
processing, the most efficient and versatile of which is extrusion equipment,
including screw extruders [1, 2].

The efficiency of screw extruders is largely determined by the processes in the
feeding and melting zones. The magnitude and ratio of friction forces acting in these
areas at the boundary of contact of the material with the cylinder and the screw
determine the design of the screw and the cylinder, the pressure and temperature of
processing, productivity and power consumption [3].

The material in the feed zone of the screw extruder is a bulk medium in the form
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of individual solid granules, which can move one after another, slip, deform, etc.,
which affects the movement of the material relative to the working bodies of the
extruder. Many theoretical works are based on a physical model, which assumes that
in the case of movement of polymer granules along the channel of the screw, the
compacted particles do not shift relative to each other, because the friction forces of
polymer against polymer far exceed the friction forces of polymer on steel and move
as a continuous elastic compressible plug (solid medium) due to the corresponding
ratio of dry friction forces of the polymer against the cylinder wall and the screw [4].
Such a physical model does not correspond to reality and reduces the reliability of
numerical studies of real processes taking place in technological equipment.

It follows from the above that it is necessary to improve the existing models of
bulk medium motion in the feed zone of the screw extruder in such a way as to be
able to study the motion of individual granules and increase the reliability of studies
of real processes in process equipment.

Materials and methods.

One of the methods to solve this problem is to indirectly take into account the
inconsistency of polymer granules during their movement by introducing into the
mathematical model the values of friction coefficients and lateral pressure
coefficients in the form of functional dependences on pressure, temperature, screw
speed and number of granules, which determined experimentally.

The authors have previously conducted appropriate experimental research, some
of which have been published in [5, 6], which allow to take into account the
discontinuous of the polymer by improving the existing calculation method. The
method of conducting experimental research is given in [7].

As a result of taking into account the obtained experimental dependences, the
feed process of the screw extruder is considered taking into account the
incompleteness of the polymer, which is better consistent with the real process and
allows to more accurately take into account the parameters of the friction mode of the
material when calculating the extrusion process.

Results and discussion.

This paper presents the results of calculations of the process of screw extruder
feeding granular polymeric raw material with the following main parameters: screw
diameter D = 63 mm, channel width S = D, channel depth in the supply zone H = 6
mm, rotational speed of a screw n = 100 rpm, set capacity G = 100 kg/h, recycled
material is a high density polyethylene [8]. The friction and lateral pressure
coefficients, respectively, when calculated by the basic method [4] were set f; = 0.4,
the ratio fy/f. = 1.15, fip,.= 1; when calculated by the advanced method fi/fc = 1.15, and
fc and fi,. in the form of the following functional dependencies:

f.=0,4714+0,0191n—-0,002¢ — 0,004 p + 0,004/ + 0,009x¢ — 0,006np + 0,006nH —

~0,001¢p +0,001¢H — 0,471 pH —0,004ntp +0,004ntH —0,019npH +
+0,002tpH —0,009ntpH:;
£.=0,326—0,006n+0,009¢ + 0,019 p — 0,019 H — 0,004nt +0,0061p — 0,006nH —
~0,012¢p +0,012¢H — 0,326 pH +0,003ntp — 0,003ntH +0,006npH —
~0,009tpH +0,004ntpH,
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where ¢ 1s the temperature of the screw, °C; p is the pressure on the polymer, MPa.

In fig. 1-6 show the dependences of the pressure at the outlet of the feeding
zone, the power of the drive and the average temperature of the polymer depending
on the speed of the auger or the ratio of friction coefficients for basic and improved
calculation method. Numerical calculations are performed by the method of step
approximation, where the step is one screw’s turn, and within its limits the pressure is

considered constant.
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Fig. 1. The dependence of the pressure at the outlet of the feeding zone on the
rotation speed of a screw at the ratio fy/f. = 1.15: 1 — basic calculation method; 2
— improved calculation method
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Fig. 2. The dependence of the drive power on the rotation speed of a screw at the

ratio fy/f. = 1.15: 1 — basic calculation method; 2 — improved calculation method
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Fig. 3. The dependence of the average temperature of the polymer on the
rotation speed of a screw at the ratio fy/fc = 1.15: 1 — basic calculation method; 2
— improved calculation method
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Fig. 4. The dependence of the pressure at the outlet of the feeding zone on the
ratio of friction coefficients at the » = 100 rpm: 7 — basic calculation method; 2 —

improved calculation method
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Fig. 5. The dependence of the drive power on the ratio of friction coefficients at
the n =100 rpm: / — basic calculation method; 2 — improved calculation method
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Fig. 6. The dependence of the average temperature on the ratio of friction
coefficients at the n = 100 rpm: / — basic calculation method; 2 — improved

calculation method
Author's developments

From shown dependences in fig. 1-6 the general increase in experimental values
at use of the improved calculation method is appreciable, thus for values of pressure
(see fig. 1,4) the difference makes 14... 60 %, for values of power of the drive
(see fig. 2, 5) — 23 ... 36 %, for the values of the average temperature of the polymer
(see fig. 3,6) — 3 16%. We can see that the increase in the difference occurs with
increasing the rotational speed of a screw or the ratio of friction coefficients.

Obviously, the increase in values in the case of using the improved calculation
method is due to the simultaneous influence on the value of the friction coefficient of
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such structural and technological parameters of the power supply process of the
screw extruder as pressure, temperature and rotational speed of a screw.

To verify the developed calculation method, were performed the calculations of
the screw extruder feed process with granular polymer raw materials on the example
of high-density polyethylene [8] with the initial data of the available experimental
studies of the authors [9] and compared the results obtained with basic and improved

calculation methods (Fig. 7).
40 P,MPa

35
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0 LT A L m
0 0,1 0,2 0,3 0,4 0,5 0,6 0,7 0,8 0,9 1 1,1 1,2 1,3
Fig. 7. Pressure distribution along the length of the extruder: / — real

experimental data; 2 — improved calculation method; 3 — basic calculation
method

Author's development

From fig. 7 it is seen that the improved calculation method gives the pressure
values along the length of the extruder closer to the experimental values than the
basic method, almost the entire length. In this case, in comparison with the
experimental data, the maximum discrepancy of the values obtained when calculating
using the basic method is 32 %, when using the advanced method is 18 % (for a
length interval L = 1 m).

Conclusions.

The method of calculating the process of feeding a screw extruder with granular
polymeric raw materials has been improved. To take into account the inconsistency
of the polymer while the screw extruder feeding, the calculation method was
improved by introducing previously obtained values of friction and lateral pressure
coefficients in the form of previously obtained functional dependences on pressure,
temperature, rotation speed of a screw and number of pellets on the height of the
working channel.

The use of the improved calculation method allowed to obtain results that show
better agreement with the results of the real experiment, with the maximum
difference between the calculation results obtained using the improved calculation
method and the results of the real experiment is almost twice less than the basic
calculation method.

The obtained results make it possible to take into account the mutual influence
of physical and mechanical properties of the processed polymeric material (including

ISSN 2567-5273 42 www.moderntechno.de



Modern engineering and innovative technologies Issue 12 / Pari

friction and lateral pressure coefficients) and parameters of the screw extruder
feeding zone, and therefore in the case of development and modernization of
extrusion equipment for processing of a certain polymeric material to determine the
rational values of design and technological parameters of the screw extruder as a
whole.
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Anomauin. Cymmege 30inblieHHs SUPOOHUYMEA NOJNIMEPHUX Mamepianie nompebye
CMBOPEHHST  BUCOKONPOOYKMUBHO20, pPecypco- ma eHepeoe@exmueno2o o0Na0HaHHs O ix
nepepoonenHs, npu YyboMy OOHUMU 3 HAUOIIbUL BUKOPUCIIOBYBAHUX O/l NepepodieHHs NONiMepis €
WHEKO8I MAWUHY, ) MOMY YUCTI Yep8 auHi eKCmpyoepu, o o6pooOaI0I0ms 2paHyIbo8aHi NOTIMeEPU.
Mamepian y 30Hi H#CUBNIEHHs Yeps AIUHO20 eKCmpyOepa € CUNKUM Cepedosulem ) Ui OKpemux
MEepoux epamHyi, 0OHAK OinbUicmb NPayb 3 OOCTIONCEHHA Yep8 AYHOI eKcmpy3ii IPYHMYEMbCA Ha
Qizuunin moodeni, y AKil pyx epanyi noaimepy po3eiiddemvpcs K pyx CYYilbHO20 meepooco miud,
Wo He 6ION08i0ae OIUCHOCMI MA 3HUJNCYE OOCMOBIPHICMb YUCTIOBUX OO0CHI0NCEHb PealbHUX
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npoyecie, w0 npoxoosimsv y MeXHOLO2IYHOMY 0O0NaoHaHHi. Y cmammi HagedeHo pe3yrvmamu
PO3DAXVHKIG (3 GUKOPUCMAHHAM B0OCKOHANIEHOI MemOOUKU PO3PAXYHKY NPOYECy HCUBLEHHS.
ueps 'auH020 excmpyoepa 2pamyibO8aAHO0 NOJIMEPHOIO CUpo8uHol. Memoouka edockonaneHa
WIIAXOM B88€0EHHs OMPUMAHUX A8MOpamMu 3HA4eHb KoepiyicHmie mepmsa ma OiuHO20 MUCKY Y
euena0i yHKYiti 8i0 MUCKY, meMnepamypu, wWeuoKocmi 00epmants WHeKa ma KilbKOCmi epamyi
no eucomi poboyoeo Kauany. Buxopucmanus 600cKoHanenoi mMemoouxku 0ano 3mocy ompumamu
pe3yibmamu, wo noKa3yrms Kpawyy 30idcHicms 3 pe3yibmamamu HamypHo20 eKCnepumMenmy, npu
YbOMY MAKCUMATbHA PISHUYA MIJC pe3yTbmamamu po3paxyHKy, wo OmpumMani npu eUKOPUCAHHI
B00CKOHAIEHOI MeMOOUKYU ma pe3yiomamamu HAmypHo20 eKCnepuMenmy matice y0s8iui MeHua,
HIJIC Y pa3i 3acmocy8ants 6a3080i MemoouKu.

Knrwwuosi cnosa: excmpyoep, nonimep, epamyna, xoepiyicum mepms, Koe@iyicnm OiuHO20
MUCKY, MOOENIOBAHHS.

Cratts Bignpasnena: 14.06.2020 p.
© Butsunpkuit B. M., Mikynbonok 1. O., Cokonbebkuii O. JI.
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ELECTROHYDRAULIC DISCHARGE IN A COMPRESSED LIQUID
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Anomauia. B pobomi Oocniodcyemuvcs 6naug enekmpociopoyoapy ma U020 6niu8 Hda
nooanvuie GULYYEHHs YLIbOBUX KOMHOHEHMI8 3 XMelb06oi cuposunu. /losedena ma oOIpyHmosana
MOJCIUBICMb MA  eheKMUsHIiCmb CYMICHOI Oii  HU3bKOUACMOMHUX MEXAHIYHUX KOIUBAHbL MA
nonepeoHb020 eleKMpOICKPO8020 00pOONIeHHs HA THMeHCUuIkayilo npoyecy BUNYYeHHS YLIbOBUX
KOMNOHEHMLE6 3 XMENIbO60l CUPOBUHU.

Kniouosi cnoesa: enekmpozciopoyoap, Xminb, eKcmpazy8awms, 6uOyx, po3pso, iopasiiuui
IMNYJbCU.

Berym.

[Ipouec excTparyBaHHs BiTHOCUTBCS JO MaCOOOMIHHMX MPOIIECIB 1 MPOTIKA€E 3a
paxyHOK Audy3ii 13 30HM 3 BHCOKOI KOHIEHTPALI€I0 B 30HY 3 HHU3BKOIO
KOHIEHTPALIEI0 JO JOCSITHEHHS CTaHy, KOJM IIBHUJIKOCTI Mepexoay LILIbOBOI
PEUOBUHU 3 POCIIMHHOT CUPOBUHU B €KCTPAreHT 1 HABMAKK € PIBHUMH.

BuBueHHsT icHyrouMX CMOCOOIB €KCTparyBaHHsS Ta MWOro amapaTypHOTo
odopMIICHHSI CBIIUMTHh MPO iX HU3BKY €(PEKTUBHICTh MpHU IepepoOIl POCIMHHOI
CUPOBMHHM 3 BHUCOKHM CTymneHeM mnojpiOHeHHs. Husbka epexkTHBHICTH OUIBIIOCTI
ICHYIOYMX TEXHOJOTIA eKCTparyBaHHsS IIJIbOBUX KOMIIOHEHTIB 13 POCIMHHOI
CUPOBHHH XapaKTEPHU3YEThCSI HETIOCKOHANICTIO €KCTPaKLIMHOI anapaTrypH, OCKUIbKH
npioHO dpakiliiiHa cUpoBUHA, a00 BUIOTOBJIEHA 13 HEi Maca HE Ma€ JOCTaTHBOI
MOPUCTOCTI  JUIsl  TPOTUTEUIHHOro  OE3MepepBHOTO  €KCTparyBaHHs, IOTaHO
TPAHCHIOPTYETHCS 1 YIIUTBHIOEThCA. [Ipy 1IbOMY 3HaYHA YaCTHHA MOBEPXHI KOHTAKTY
da3 migmaeTbes ePeKTy eKpaHyBaHHS Ta BTpaya€e CBOI AKTHBHICTH B TPOIIECI
Macoriepe/ayi.

Y 3B’a3Ky 3 HEOOXITHICTIO YJIOCKOHAJEHHS Ta I1HTeHCcU(ikamii mporecy
MAaCOTIEPEHECEHHSI TPH EKCTparyBaHHI BHUHUKA€ MHUTAHHS PO CTBOPEHHS TaKUX
AKTUBHUX PEXKMMIB B3a€EMOJIII M1 POCIMHHOIO CHUPOBHUHOIO Ta €KCTPAareHTOM, SKi
3a0e3neuyBaiv 0 BUCOKY MPOJYKTUBHICTh Ta MAaCOOOMIH.

Oco06nmBOi yBaru mnoTpeOye OuIbII JeTaibHE JOCHTIKEHHS BUKOPUCTAHHS
€JIEKTPOICKPOBOr0 0OpOOIJIEHHSI CHPOBUHU TEpe] BIOpOEKCTparyBaHHIM.

Mera poGorn. MeTor0 poOOTH € TEOPETUYHE 1 EKCHEepUMEHTaIbHE
JTOCIDKEHHST TIPOIeCy BIOpOEKCTparyBaHHS IUJIOBUX KOMIIOHEHTIB 13 XMEJIO Ta
CTBOPEHHSI BUCOKOE(EKTHBHOrO OO0JaJHaHHS Oe3nepepBHOI il [ OTPUMAaHHA
XMEIbOBUX €KCTPAKTIB.
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Marepianau i Merogu. Matepianu s orjsgy — MyOdikaimii BITYM3HSIHHUX 1
3apyODKHUX aBTOPIB, MATEHTH Ta pe3yJbTaTH BIACHUX EKCIIEPUMEHTAIbHUX
JAOCTIKEHb 13 pO3pOO0JICHHA €(PEKTUBHUX CIOCOOIB €KCTparyBaHHS POCIUHHOI
CHUpPOBUHHU.

Pe3yabTaTrn i 00roBopens.

®i3uyHa CyTh €IEKTPOT1IPOyAapy MOJsrae B yTBOPEHHI yAapHOI XBUIIL B PIIUHI
Ipy BUHUKHEHHI B Hill CHemialbHO CPOPMOBAHOIO IMIYJIBCHOTO BHCOKOBOJBTHOTO
eJeKTpUYHOro po3psay. [lpm 1boMy B 30HI, IO OTOYYE KaHal pPO3pALY,
PO3BUBAETHCS BUCOKUH IMITYJILCHUM THUCK, SIKMH TPOSIBISETHCS Y (hOPMI BUOYXOBOTO
MEXaHIYHOTO BIUIMBY Ha CEPEAOBHILE, IO 3HAXOAUTHCS OOIU3Y KaHAITY.

[Ipu enexTpuyHOMY pO3psAl B PiauHI BiIOYBaTHCS TEPETBOPEHHS €EHEPrii
pPO3psAy B MEXaHIUHY poOOTY, B EHEPTi0 PyXy CepeIOBHIIIA.

Bucoka KoHIeHTpalisi eHeprii po3psay 1 KOPOTKOYACHICTh 1i BUIUICHHS
3YMOBJIIOIOTh MOKJIMBICTh PO3TJISIY SIBUIN, IO BiIOYyBAIOTHCS B PIAWHI, 3 TMO3HUIIIT
¢bi3uku BHOYXY.

[Ipouec eHeproBUAUIEHHS HpPHU EIEKTPOPO3psaXx Yy BOIl CYNPOBOIKYETHCS
TaKUMHU K TIAPOMEXaHIYHUMH SIBUIIAMU, SKI BUHUKAIOTH M1J 4ac BUOYXYy 3apsiiB
xiMigyHOTO 260 TpHu (HOKYCyBaHHI MOTY>KHOTO MOHOIMITYJIbCHOTO BUIIPOMIHIOBAHHS
ONITUYHOTO KBAaHTOBOT'O T€HEpaTopa.

XapakTepHuM i BCiX BHOYXiB € YTBOPEHHS 1 PO3IIMPEHHS KaBiTaIliitHOI
MOPOXKHUHU, JTOCATHEHHS HEI0 MaKCUMAaJIbHOTO pPO3MIpPY, CXJIOIYBAaHHS 1 MOJANbIII
myJibcallii mapora3zoBoro nyxupis. [lpu nupomy Bij MOBEPXHI NOPOKHUHH BIAXOASThH
yAapHI XBUJIl, TUCK SKUX MOOINU3Y BUOYXY JOCSITA€E JEKUTBKOX THUCSY aTMochep.

[gpaBmiyHl IMOYJIbCH, IO BHUHHMKAIOTh B pe3yjibTaTl poO3psAy B piauHi,
CKJIQJAI0ThCAd 3 JBOX BAXKIMBHUX (DaKTOPIB: OCHOBHOIO — TIAPABIIYHOIO ynapy 1
JOTIOMIXKHOTO — KaBiTallliHOro. YUM KOPOTIIMH IMMOYJbC, YMM KPYTIIIUK HOTO
(GPOHT 1 BHIIIE aMIUTITy/1a, TUM KOPOTIIWHN 1 CUIBHIIIHNK T1paBIidHUN yaap.

JluHamika pajiajJbHOTO PO3IIMPEHHS KaHAly BU3HAYAETHCS 3 OJIHOTO OOKY
CTPYMOM pO3psily, a 3 IHIIOTO OOKY 3aJ€KHUTh BiJ] PO3BUTKY T1IPOJAMHAMIYHOIO
yJIapHO-XBHJILOBOT'O MPOIIECY B PIIKOMY CEPEITOBUILI, IO OTOUYE PO3PSA.

OpHi€l0 3 MPUYUH BIIMUPAHHA MIKPOOPTaHi3MIB MOXE€ OYTH MOIIKOKECHHS
KJIITHHH, 11 CTPYKTYP 1 SIK HACJIIJIOK TEPMIYHOTO 200 MEXaHIYHOTO €(hEKTIB.

IIpr omiHIN MeXaHIYHOTO e(eKTy BBaXXAEMO MIKPOOpTaHi3Mu chepamu
niaMeTpoM d Ta CKOPHCTAEMOCS YMOBOIO JIPOOJIEHHS cPepuuHUX Kpareiab PiauHO0
I'YCTHUHOIO po (BU3HAYA€EThCA 3HAYUEHHSIM uncia Bebepa B ylapHUX XBUIISIX BHACITIIOK
po3BUTKY HecTiikocTi KenbBiHa-I'enpMrobiia mpu oO0TiKaHHI PiIMHOIO TYCTUHOIO p:

1 2

AP>IOEC 272'70-£
d p,

7ie 0 — CHJIa TIOBEPXHEBOTO HATATY Ha MEXKI MOJILITY.
ToBmmHa (POHTY BU3HAYAETHCS 3HAYCHHSM TYCTHMHH Tepea 1 3a (poHTOM,
KOTpi 3B’s13aH1 MIXK COOOFO CITIBBITHOIICHHSIM Ha PO3PHUBI:

8 = (:02 — 101)
(dp/dx),,

5
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I3 30inblIEHHSIM TpaHUIll THCKY TOBIIMHA (POHTY 3MEHIIYETHCS B MeEXKax
5 ~ (60 +4)nm.

Ockinpku nipu AP > 50MlIla TtoBuMHaA (HPOHTY 3HAYHO MEHILIE XapaKTEPHOTO
po3Mipy mikpoopraHizmy (~1-+100m ) npu oriHIl BKazaHUX €()EKTIB BUKOPUCTaHI
TIAPOCTATHYHUN Ta TiAPOAWHAMIYHMM miaxoau. HarpiB MikpoopraHiamiB B

pe3ybTaTi MPOXOKEHHS yIapHOI XBHJII MOYKHA OLIIHUTH 32 (POPMYIIOH0:
_ro

T V

NS

7ie 3MiHa MUTOMOTO 00’ €My BU3HAYA€ThCA 3 piBHAHB TeiiHa; koedimient ['pronaiizena

— I, = P , TYT k;,, — 130TepMIUHMI KOEQIIIEHT CTUCKaHHS; f — 00’ eMHHUIA
pk.,c,
KOe(ilIeHT TeMIepaTypHOro pO3IIMPEHHS; Cy — TIMTOMa TEIUIOEMHICTH;
p — TyCTHHA.
s Bogu I, =108,85 ; nnig opraniunoi piguau /) = 952,40.
ToBiMHA KIITUHHOI CTIHKM MIKPOOPTaHI3MYy, 1[0 Ma€ MOJIMEPHY CTPYKTYpY,
A=10—-25nm. OckuIbKM HamNpy>X€HHS pO3pUBY Ui PIAMHU 0, 3B’s3aHE 3

.. 20
MOBEPXHEBUM HATATOM HAOJIMKCHUM CITiBBITHOIICHHSIM c,=—, T0 bopmyy

7.
0
MO’KHAa 3aCTOCYBaTH B pO3IJISIYyBAaHOMY BHUIAJAKY, SAKIIO (POPMAJbHO 3aMIHUTH
* oA * o
BEIMYUHY 0 HA o*=—"— abo o*=0 A, 1€ 01 Ta 0, — NOBEPXHEBUI HATAT Ta
7

0
MILHICTh Ha PO3PUB MaTepialy KIITUHHOI CTIHKU. THUIIOBI 3HaUEHHS 0, 171 IOJIIMEPIB
~20MIIa oTpumyemo:

AP > (0,6 —1,35)-10* MITa.

[s BeMmMUMHA MOXE CIYKUTH OPIEHTUPOM IPU MPAKTHUHINA pearizaiii yMOBHOI
AECTPYKIii MIKpOOPTaHi3MiB MPHU OJTHOPA30BIN Jii po3psiay.

OauH IMIyJIbCHUN pO3pPsi BUKIIOYAE, MPUHAKWMHI, JIBa T1APaBIIYHUX YAApH:
nepiunuii — B MOMEHT YTBOPEHHS MOPOXXHUHH, APYTruil — mpu ii 3akpuBanHi. [Ipu
BH3HAUAIOYUX yMOBax (BHUCOTa CTOBMNA PIAWHHU, TUCKY, PO3MIp MOPOKHUHU Ta iH.)
razoBa IOpPOKHMHA 3IINCHIOE JeKiJbKa ITyJbCallliif, IO SBISETHCS JIOTIYHUM
HACJIIJIKOM PO3PUBY CYLUIBHOCTI PIAMHU 1 a71a0aTUYHOTO i1 CTUCHEHHSI.

dopma MOPOKHUHM Ha CTaJil JOCATHEHHS HEIO KiHIIEBOTO pO3Mipy OJIM3bKa 110
chepuunoi. OmHAaK TOYATKOBA CTadisl PO3BUTKY KaBEPHU HE XapaKTePU3YEThCA
chepruHO cUMETpHUYHUM pyxoM. KaBepHa BUTSATHyTa B3IOBXK OCi po3psmy. Takwuii
XapakTep MOYaTKOBOI CTaJli PO3BUTKY KaBEpHHU BIAMNOBIAA€ BUOYXY LMIIHAPUYHOTO
3apsiAy KiHIIEBOI JOBKWHHU.

BumiproBanns, mnpoBefeHI TpH BUKOHAHHI cepii EKCIePUMEHTIB, Jal0Th
HACTYMHI XapaKTEPUCTUKHU ITyJIbCAIlll KaBepHU: MAKCUMAJIbHUN Jl1aMeTp KaBEpPHH
MpU TEpIIii, APyrid Ta TpeTik mynbcamisx ckiamae 6,3; 2,9; 1,6 mm. Ilepioan
MOCJIIIOBHUX TyJibcallii € piBaumu 71 = 590mkc, 7> = 240mkc, T3=130MKcC.

[ToTenmianpHa eHeprisi, HaKomu4ueHa OyIHOAMKOI MPU WOTO PO3IMIUPEHHI 10
MaKCUMAaJIBHOTO PO3MIpY:
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4
Er = 7727/3P0 2
3 m
e rn — MaKCHUMaJbHHMH paiiyCc MOPOKHUHM, Py — TiOpPOCTATUYHHUNA THUCK B

CEPEIOBHIII].
Binomo, mo BimHOMIEHHS eHeprii Ej, Hakomu4deHoi B OyibOamii k-t mynabcarii
10 eneprii Ei; OynpOamku k+1-i mynbcarii miaKOpsiEThCsl CITiBBIIHOMICHHIO:
3
E, T,
E

n. = e = e

k+1 Tlvc+1
3BiJICM MOXHA OTPUMATH, CHIBBIIHOIICHHS MDK KOe(]illieHTaMH BTpaT €Heprii

n, =0,07n,, n,=0,0167,. Ane OCHOBHOI NPUYMHOIO IHTEPBAJIbHOI BTPATH €HEPTIi

MpU HACTYMHUX MYJIbCAIIIX TMOPOKHUHU CIY>KUTh BHUIIPOMIHIOBAHHS MOPIBHSHO
MOTYKHUX XBHJIb CTUCKY IPH 11 CXJIOMyBaHHI.

PesynbTratH i BUCHOBKHU. BcraHoBieHo, mo npu mepenagi Ttucky >50MlIla
TOBIIMHA (POHTY HabaraTo MEHIIE XapaKTEPHOI'O PO3MIPY MIKpOOPTaHi3MiB, IO
JT03BOJISIE€ PO3MIISAATH OCTaHHI K MaKpOOO’ EKTH.

[Ipu oxHOpa3zoBid 11i PO3psay 3HMKEHHS KOHIICHTpAIlll MIKPOOPTaHi3MiB [0

1
. . 3 . .
NOTPIOHUX caHITapHUX HOpM (MeHie 10 ?) peani3yeTbcsi IpH Mepernaji TUCKY Ha

m

¢bponTi ynapHoi xBuii He meHIne SOMI]a.
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Abstract. The extraction process refers to mass transfer processes and proceeds by diffusion
from a zone of high concentration to a zone of low concentration to reach a state where the rates of
transition of the target substance from plant material to the extractant and vice versa are equal.

Due to the need to improve and intensify the process of mass transfer during extraction, the
question arises about the creation of such active modes of interaction between vegetable raw
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materials and extractant, which would ensure high productivity and mass transfer.

The physical essence of electric shock consists in the formation of a shock wave in a liquid
when a specially formed pulsed high-voltage electric discharge occurs in it. In the area
surrounding the discharge channel, a high impulse pressure develops, which manifests itself in the
form of an explosive mechanical impact on the environment near the channel.

The process of energy release during electric discharges in water is accompanied by the same
hydromechanical phenomena that occur during the explosion of chemical charges or when focusing
powerful monopulse radiation of an optical quantum generator.

Hydraulic impulses arising from the discharge in the liquid consist of two important factors:
the main - hydraulic shock and auxiliary - cavitation. The shorter the pulse, the steeper its front and
the higher the amplitude, the shorter and stronger the hydraulic shock.

1t is established that with a pressure drop> 50 MPa, the thickness of the front is much smaller
than the characteristic size of microorganisms, which allows us to consider the latter as macro-
objects.

With a single action of the discharge, the reduction of the concentration of microorganisms to
the required sanitary norms (less) is realized when the pressure drop at the front of the shock wave
is not less than 50 MPa.

Key words: electrohydraulic shock, hops, extraction, explosion, discharge, hydraulic
impulses.

Cratps otnpasiena: 16.06.2020 r.
© bypnaka T.B.
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Anomauia. B oaniti cmammi 3anponoHosano nioxio 00 po3pooxu yugpposoco cnpedepa 0
NOBIMPAHO20 PO3NYULY8AHHS BVelleyesux 80N0KOH. Hasedeno memy ma 3a60amHsa 00CNiONHCEHHS,
npuryun pobomu, 0CHOBHI mexHiuni piwenHs. Ilpedcmasneno 3a2anvHi 8i0omMocmi npo gyeieyese
B0I0KHO, AK KOHCMPYKYIUHUL Mamepian, U020 6UKOPUCMAHHSA, OCHOBHI npobiemu ma cy4acHuil
cman eanysi. OCHOBHY yeacy npuoileno Yu@dposii ereKmpoHHIl ma YibmpassyKoGill CKIA008UM
cnpeoepa, 3a60AKU AKUM OOCASHYMI UCOKI NOKA3HUKU pobomu. Takodc Hageoeni cxemu 3axucmy
«MOHKOI eleKmpoHIiKuy 8i0 nepenadig Hanpyeu ma oomedicenns cmpymy. Onucaui nepcnekmuei
Hanpsamxu pobomu 8 0o1acmi cmeopenHs 001A0HAHHSA 015 POZNYULYBAHHS BOTOKOH.

Knrwuoei cnosa: komnozumu, gyeneyesi 6010KHa, cnpeoep, KPOKOSUll 08USYH, POBIHE.

Beryn

Ha nanuii MOMEHT KOMITO3UTHI Marepiajii Bce OLbIle BUKOPUCTOBYIOTHCS B
PI3HUX Taly3sX MPOMHCIIOBOCTI, BUTICHSIOYM COOOI0 Taki 3BMYHI MaTeplaiu sK
MeTaja, IJIaCTUK, Tyma, TkanmHa. OJHUM 13 HAWNOMIUPEHINMX 1
HAWUNEPCIIEKTUBHIIINX KOMIIO3UTIB € BYTJEMIacTUK (KapOoH - ByTrjeleBa TKaHUHA,

MpOCOYEHA MOJIIMEPOM, sIKa TIPUITHSIIA TBEPIUNA CTaH).

Puc. 1. Kinacuunuii ByrjienjiacTuk

Takuit matepian (puc.l) Mae BUCOKI KOHCTPYKIIIMHI BIAaCTUBOCTI (OJM3bKI abo
Kpallll 3a CTajdb) NpHU BIJHOCHO HEBEIMKIA Maci, 1 3aBISKU IbOMY BIH IIHPOKO
BUKOPHUCTOBYETHCS B aCpPOKOCMIYHIM, aBTOMOOLTBHIMH, CYIHOOYTiBHIH
MIPOMMCIIOBOCTI, a TAKOK Y BUPOOHUITBI 00JIaTHAHHS SISl CIIOPTY.

Cepen cy4acHUX TPEHIIIB B IIbOMY HANpPsSMKy MOKHA BHJIUTUTH TaKUW Pi3HOBU]
JaHOTO MaTepiaidy sIK po3MylleHa OyKCHUpHa ByrjeneBa TKaHuWHa (puc.2), (awen.
Spread tow carbon fabric), nani cupen [1].

VYHIKaJIBHICTH CIIPENy MOJISITa€ B TPAHUYHO HU3BKIHM MIUIBHOCTI (10 16 T/M2) mipu
BUCOKHX KOHCTPYKIIIMHUX BIACTUBOCTSX, SKI TOPIBHIOIOTHCS 3 BIIACTUBOCTAMHU
KJIACUYHOTO KapOOHY, MITBHICTIO B 2-3 pa3u OUIBIIO.
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Puc. 2. CxemaTuuHe 300pa’keHHs BOJIOKHA 10 i MicJIA PO3NYIIYBAHHS (CIpPeay)

OCHOBOIO TEXHOJIOTIYHOTO MpOILIECY BUPOOHMIITBA TAKOTO THUIY TKAHUH €
IPOIIEC MOBITPSHOTO PO3IYIIYBaHHS BOJIOKHA, OCKIJIBKM CaMe 3aBJISKH LIbOMY MOYHa
OTpUMATH HHU3bKY HIIJIBHICTH TOTOBOTO BHUPOOY. MaKTUYHO, MPOIEC IMOJSArae y
301IbIICHH] IUPUHU KapOOHOBOTO POBIHTY BiJ 2-7 MM 70 30-100 MM, B 3a1€KHOCTI
BiJl COPTY BOJIOKHA Ta KIHIEBUX XapaKTEPUCTUK TKAaHUHHU.

L5t TexHOMOTIA 11Ie HE JTy’Ke MOIIKUPEeHa, B SKOMYCh aCIIeKT1 BOHA yHIKaJIbHA, TUM
HE MEHII ICHYIOTh aBTOMAaTHM30BaHl YCTAHOBKH, SKI B T UM 1HIIIA Mipi MOTJIH OH
3aJI0BOJIbHSITH BUMOTH, HaBEJIEH1 HIDKYE.

Side View

Puc. 3. ABToMaTu4HMii cripegep ByrJeneBoro BojiokHa North Thin Ply
Technologies

OCKUIBKY JesiKl 3 HUX JAl0Th JYXKE BEIUKHH BIICOTOK MIKPO TMOIIKOKEHb HA
BOJIOKHI, 1HII HE Jal0Th MOoTpiOHOI mmpuHu crpeaa (1o 100 mM) abo HETOCTATHRO
THYYKl JUIi BUKOPHUCTaHHS 3 PI3HUMHU THUIIAMH BOJIOKOH, TO OUIBIIICTh TaKUX
YCTaHOBOK (puc.3) 3aToyeHi MiJi MeBHI BY3bKi 3a7a4l 1 HE MIJAXOAATh ISl CTBOPEHHS
HETKAaHUX HAJJIETKUX TKAaHUH LUISIXOM pO3MYIIyBaHHS BOJOKHA. (OCHOBHOIO
Mpo0JIEMOIO € JYXKEe BEJIMKA 3aKPUTICTh 1€ TEXHOJOT1i, BIAMOBIIHO MPUAOATH TaKy
YCTaHOBKY a00 Jyke CKJIagHOo, ado JyXKe J0poro, Mpu TOMY, IO 1€ HE BUPIIIUTH
po6JieMy MOBHICTIO [2].

MeTta Ta 3aBaHHS JOCTiIKEHHS

Meroto poOOTH € TMPOEKTYBaHHS 1 CTBOPEHHS 3pa3Ky aBTOMATH30BAHOTO
u(poBOro crpeaepa Juist MOBITPSHOTO PO3MYIIYBaHHS BYTJICLIEBOTO BOJIOKHA Ha 0asi
HaIpaloBaHb Ta Pe3yJibTATIB €KCIIEPUMEHTIB, OTPUMAHUX Ha MEPUIOMY MPOTOTHIII
crpenepa, CTBOPEHOMY JJisi OTpUMaHHS 0a30BUX 3HAHb IIOJ0 MPUHIUIY POOOTH
TEXHOJIOT1.

OCHOBHI BUMOTH JI0 aBTOMAaTH30BaHOTO IU(PPOBOTO CIpeepa:

- nudpoBa cucTema yrnpaBiIiHHS;
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- Ppo3po0Ka anropuTMy aBTOMATHU3AIlli;
- TIpereH31iHe BUKOHAHHS MEXaHIKH,
- THYYKICTH JIJI1 BAKOPUCTAHHS 3 PI3HUMU TUIAMHU BOJIOKOH.

OcHOBHA YacTUHA

[lenTpanpHUM BYy37I0M cropenepa € MikpokoHTpodep ATmega328P [3], saxuit
Kepye MEXaHIKOI, NpuiiMaroyu iH(QOpMAIlil0 BiJ MAaTYWKIB, aHAi3yloud i, Ta,
BIJIMOBIAHO JO 3alpOrpaMOBaHOTO aJrOPUTMY, MIHS€ TOM 4YM IHIIUN MapameTp
poOOTH YCTaHOBKH.

3a CBO€IO CTPYKTYpOIO crpenep BigaaneHo Haraaye UITY BepctaT, OCHOBHUMHU
OPUBOJHUMH TPUCTPOSIMU SKOTO € KPOKOBI JBUTYHU. BiH € HamiBaBTOMaTHUYHUM, a
IIe O3Hayae, M0 JIesKl MapaMeTpu KOHTPOJIIOE MIKPOKOHTPOJIEp, alie iCHye moTpeda
MOCTIHHOI MPUCYTHOCTI omeparopa, KUK BiJCIIIKOBYE 3MIHM B CTPYKTYPI BOJIOKHA
Ta BHOCHUTb HEOOXIJIHI KOPEKTHBHU. 3apPONOHOBAHUM M1IXi7 00OYMOBJICHUN TUM, IO
JOCTYITHE BOJIOKHO HE€ € CIEIlaJbHO MPU3HAYEHUM JJIsi PO3IMYIIYBAaHHS, OCKIIBKH
CTPYKTypa MEepBICHOTO BOJIOKHA HEJIOCTATHHO OJHOPIAHA IO BCiM TOBKUHI POBIHTY.

[linBuiieHHsT aBTOMATH3AIll JOCATAETHCS BCTAHOBJICHHSM ONTHYHOTO JAaTYMKa
KOHTPOJIIO SIKOCTI BHXIJIHOTO BOJIOKHA Ta PO3POOKOI0 alrOpuTMy, SIKHU J103BOJISIE
AMHAMIYHO MIHATH MapaMeTpu poOOTH cripeziepa, 3a1eKHO Bl SKOCTI POBIHTY.

JIJIsi CHHXpOHHOTO BMHKAHHS/BUMUKAHHS BHCOKOBOJIbTHUX OJIOKIB crpenepa
Bukopuctati pene tamy SRD-05VDC-SL-C AC 250V 10A 3 ynpaBlisiro40r0 HAMPYTO0
5B ta ctpymom 15-20 MA.

[TapameTpu, 1110 KOHTPOIIOE MIKPOKOHTPOJIED:

- HATAT BOJIOKHA,
- TeMmrmepaTypa MiirpiBy;
- TeMIiepaTypa OKpEMUX CIPEIEPiB;
- apapiliHi cuTyanii (3arIyTyBaHHs, OOpUB, HAKPYYyBaHHS Ha Baj);
- TIapaMeTpH «PO34iCyBaHHS» BOJIOKHA;
- IIBUJKICTb NPOTATYBaHHS POBIHTY.
MiKpOKOHTPOJIEp TA eJIeKTPOHHI NPUCTPOI CUCTEMHU
Jliist BUOOPY MIKpOKOHTpoOJIepa oOpaHi HACTYITHI BaXKJIMBI TApaMETPH:
- wnasBHicTs AL, ITAII;
- HasABHICTH 7 1 OlbIe IU(PPOBHUX / AaHATOTOBUX KaHAIB;
- JIETKICTh IPOTPAMYBaHHS Ta MPOCTOTA BUKOPUCTAHHS,
- HaJIMHICTB;
- IHA.

Arduino na 6a3i ATmega328P TOBHICTIO 3aJI0BOJIbHSIE BUIIIE3a3HAaYEHI TTOTPEOHU.
Jlo Toro x, 1 margopma ayke IMOIIUPEHa, YUM OOYyMOBJICHA BEIMKA KIJIBKICTh 1
JOCTYITHICTh JATYUKIB, TJIAT PO3IIUPEHHS, MOYJIIB, 010J110TeK Ta GpeiMBOPKIB.

B sKocTi  UeHTpaJlbHOrO  By3jJa  CHOpeaepa, TakoXk  PO3IIisiaiucs
MikpokoHTposiepu STM32 [4] ta Raspberry Pi [5]. Ilepmmii BapiaHT HE MIIINIIOB,
OCKIJTbKH BiH MOTPeOye TOJATKOBOTO MPOrpamMaTopa, a TAKOXK MOIYJIIB PO3IIUPECHHS
myaT, sIKi 3HAYHO MEHIE JOCTynmHI B YKpaiHi. Jlpyruii BapiaHT poO3TIsiIaBcs SIK
MEePCIIEKTUBHE PIMICHHS, OCKUILKM Ha MOMEHT CTBOPEHHS CHpelnepa IMOTYKHICTh
Raspberry Pi BusBWIACh HAJJIMIIKOBOIO ISl HAIIOTO IMPOEKTY, IiHA BUCOKOIO, 1
npaioBaTi 3 Raspberry Pi, B lIIOMY, CKJIaHIIIIE.
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Taoaunga 1
OCHOBHI XapaKTepUCTUKU MIKPOKOHTpOJaepa ATmega328P
MikpoKOHTpoOJIep ATmega328P
PoGoua Hanpyra 5B
Hanpyra >xuBneHHs (peKOMEH0BaHA) 7-12 B
Hanpyra >xuBneHHs! (rpaHUYHA) 6-20 B
[Mudposi Bxoau / BUX0oau 14 (3 HUX 6 MOXKYTh BUKOPUCTOBYBATHUCS B
skocTi IIHIIM-BuxomiB)
AHaJIOTOB1 BXOIH 6
MaxkcumanbHUN CTPYM OJTHOTO 40 MA
BUBEJICHHSI
MaxkcuManabHUM BUXITHUN CTpyM 50 MA
BUBOaY 3.3 B
Flash-nam'atob 32 kb, 3 skux 0.5 kb BUKOPUCTOBYIOThCS
3aBaHTaXXyBaueM
SRAM 2 kb
EEPROM 1 kb
TakToBa yactora 16 MI'n

Arduino Nano BUKOPUCTOBYEThCS 3 TuiaToro posimmpenas Nano CNC Shield
V4.0, po3paxoBaHOIO HA MIITPUMKY J0 TPhOX KPOKOBHUX JIBUTYHIB, Ta BKJIFOYAE B ceOe
PO3’€M KHUBJICHHS, TOPTH M1 ApaliBepy Ta BUBOJU M1 KPOKOBI ABUTYHH, 1yOIbOBaHI
aHajorosi Ta mudpoBi moptu Arduino.

VY SKOCTI MPUBOAY HPOTSHKHOTO MEXaHI3My BHKOPUCTOBYIOTHCS 4 KPOKOBHX
nBuryHu Nema-23 ta omun Nema-17. ]ns ABUTYHIB BUKOpUCTaH1 JpaiiBepu BL-
TB6560 V2.0 3.54 (puc. 4), K1 MOXYTb B TIOBHOMY 00’ €M1 3a0€3I€UNUTH peai3ailiio
XapaKTEPUCTHUK “KPOKOBUKIB” (00€pTarOuMii MOMEHT, KiJIbKICTh KPOKIB B CEKYH/LY).

e T

KpoKOEi OBWMyHK

Opaneepn (BL.-
TB6560)=x4

W3 BMNpoMIHIDEaYI
NaHweseHa (x4)

BEnok pene

TeHaoMeTD ARDUING MAND BEnok #ueEneHHR
o -
. et
NaTyuE TeMnepaTypm
NOBITPRAHOMND MOTOKY NatuyuvKE Temneparypu
cnpefepa nigirpiey

L

N,

Puc. 4. CTpyKTypa €JIEeKTPOHHOI YACTHHH CIIpeepy

B xomi peamizaiii mpoekTy BHHHUKIA MpoOjeMa HEIOCTaTHbOI KIJTBKOCTI
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udpoBuX BUXOMIB Arduino s MAKIOYEHHs apaiiBepiB. OCKIIbKH 2 JABUTYHH
MPAITIOIOTh MapajeibHO, 3 OJJHAKOBOKO MIBHJKICTIO, TO MIPUHHATO PIICHHS BUIIIUTH
| curHanpHUN BUXIZ JJIs ABOX JpaiiBepiB. lle He mpu3Beno 10 BUHUKHEHHS HiSIKUX
KOH(JIIKTIB BCEPEIUHI CUCTEMH.

JlaTunkn

B skocti TepmomatumkiB BuOpani Dallas DSIS8B2(, OoCKiTbKHM BOHU MAarOTh
noTpiOHMM niama3oH BuMipy Temmeparyp (mo +125 °C) ta moxmubky =+0.5 °C.
JlaTuuku HEOOXI1JHI JIJIs 3amycKy crpenepa “Ha XoJiogHy  (Iicis BKJIFOYEHHS ), IO
MIp1 HOTO MPOrpiBaHHS, MIKPOKOHTPOJIEP IMIABUIIYE MBUAKICTh MPOTIKKH POBIHTY.

TenzomeTpu JOBENOCS BUTOTOBJSTA CAMOCTIHHO, OCKUIBKHA —(haOpUUHUX
MojieNiel, siki OM 3a/J0BOJIBHSUIM BUMOTH, HE icCHye. B OCHOBY TeH30MeTpa JIir
ONTUYHUI MEPETBOPIOBAY KYTOBUX MEPEMIIIEHB (EHKOAEP).

YabTpa3ByKkoBa 4acTHHA cripeaepa

OxpemuM OJIOKOM CHCTEMHU MOKHA BBAXKATH YJIbTPa3BYKOBHI BUIPOMIHIOBAY
JlamxeBeHa [6], OCKINbKHM BIH HISIK HE 3B’SI3aHUH 3 KOMIIOHCHTAMH CHCTEMH 1
OpU3HAYEHUH  TUIBKA  JUISI  CHHXPOHHOTO  BMMKaHHS/BUMUKaHHA.  [laHwmii
BUIPOMIHIOBAY MOIEPEAHBO PO3IMYIIYE BOJOKHO MEPE THM, SIK BOHO MOTPAIUISE 10
OCHOBHOI YaCTHUHU cHpeaepa.

Jiist po3paxyHKy HIUTBHOCTI TOTOBOI TKAHMHHU BUKOPUCTOBYEThCS (hopmya:

D=(l+k)==",

ne: D — IiibHICTh TOTOBOT TKAHUHU, I/M ;
k — xoedilieHT, SIKUM BiJJ0OpaXkae BiJICOTKOBUM BMICT 3B’S13yH0401 PEUYOBUHH Y
rotoBii TkanuHi (1%=0.01);
t —maca 1 M posinry, r/m (830 tex = 0.83 1/m);
n — KUIbKICTh IIapiB TOTOBOI TKAaHWHU;
d — 1mypuHa pOBIHTY.
Ha (puc.5) HaBeneHa 3alIeKHICTh IIUIBHOCTI TOTOBOi TKaHMHHM BiJl KIHIICBOI
IITUPUHH POBIHTY, 32 TAKUX YMOB:
- poBiHT Tenax®-E IMS65 E23, 830 tex;
- BMICT 3B’s3y1040i pe4oBUHH B TOTOBIM TkanuHi 10% (k = 0.1);
- 2 mapu BojokHa (+45°; -45 °) .

150

ilw?
w
=]

&0

a0

20

o

o = a0 e =0 stk 120 oo 160 a0 200

d, rama

Puc. 5. I'pagdixk 3a/1e5KkHOCTI IIIJILHOCTi TOTOBOI TKAHUHY Bil IIMPUHU POBIHTY
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B xomi exkcnepuMeHTIB BUSBUIOCA, W0 VYIbTPa3BYK BIUIMBA€ HAa SKICTh
BUXigHOTO poBIHTY. CyTh 3aCTOCYBaHHS YJIBTPa3BYKy TIOJISTaE B TOMY, IO
KOJIMBAaHHS, SIKI CTBOPIOE BUIIPOMIHIOBAY, 3HAYHO 3HUKYIOTh TEPTS MK POBIHTOM Ta
JaCTUHAMU CIIpEEpy, 110, B CBOIO 4YEPTy, 3MEHIIye y 2-2.5 pa3u KUIBKICTh MIKpO
MOTIKO/IPKEHb BOJIOKHA Ta 3HAYHO CITPOIIYE JIESKI €Tary PO3ITyIITyBaHHSI.

B cnopenepi BukopucCTaHi 4YOTHpPU BHUIPOMIHIOBAYl, TPU 3 SKUX MEXaHIYHO
nia’eqHaHHl 10 cnpenepa (moBiTpsiHi coma Ne 1-3), ocKiNbKM came Ha IMX By3Jax
BUHHMKAE HaWOUIbIIAa KUIBKICTh MIKPO TIOIMIKO/)KEHb BHACHIAOK TEPTSd MK
HNOBITPSIHUMHU COIJIaMU Ta pOBIHIOM. OJUH BUIPOMIHIOBAY MPALIOE 3 OKPEMHUM
COILIOM, SIK€ JI03BOJISIE MEPBUHHO PO3IIUPUTH POBIHT 3 7 MM a0 20-25 mm (B
3QJIKHOCTI BiJI IKOCTI POBIHTY). JlaHuii mpuiiom 103BosIsiE 3 OUIBIIOK €(EeKTUBHICTIO
IpaloBaTh 3 POBIHIAMH, BOJOKHA B SIKMX € 3alUIyTaHUMH 4Yepe3 HEJOCKOHANICTh
TEXHOJIOTIYHUX IPOIIECIB HA 3aBO/I1-BUPOOHUKY.

ExcniepumentanpiuM  moisixoMm  migiOpaHi  4acToTa  Ta  MOTYXXKHICTh
yIBTPAa3BYKOBUX BHUIIPOMIHIOBaWiB (puc.6), a came: BUOpaHWA BUIPOMIHIOBAY
JlamxeBeHa 3 HACTYITHUMU XapaKTePUCTUKAMMU:

e YacToTa pe3oHaHcy: 28 kl'1;

e TIOTYXHICTB: 60 BT;

« cratuuHa eMHICTE: 5000 + 10% 1d;

o iMmenanc B pe3oHanci: < 20 Owm;

o omip 13oJamii (mpu 2500 B mocTitinoro ctpymy): > 100 MOw ;
e JIIAMETP IT’€30€JIEMEHTIB: 38 MM;

o JIOBXXMHA XBHJIbOBOAY: 37 MM;

e 3arajibHa JOB)KHHA: 68 MM.

Puc. 6. YabpTpa3sBykoBuii BUNIPpOMiHIOBa4 JIaHKeBeHa

JIyist ynmeTpa3ByKOBUX BUIIPOMIiHIOBadiB 0Opanuii Gpabpuunuii reneparop (puc.7)
3 HACTYITHUMHU XapaKTEPUCTHKAMHU:
« BuXigHA MOTYXHICTE: 100 BT;
« BHXijgHa yacToTa: 28 kl'I;
 BuxigHa Hampyra: 300-800 B;
o Hampyra xuBJieHHs: 220 B 3MiHHOTO CTpyMmy.
3axXHCT eJIEKTPOHHUX YACTHH CIIPeJepy BijJ nepenaaiB HANPYru
ByriienieBe BOJIOKHO BUSIBHIJIOCH HEMOTAHUM IPOBIIHUKOM, MPOBIJHICTH SKOTO
OJM3bKa JI0 IeSIKUX METaiB, TaKUX SK HiXpoM. B mporieci poOoTu cripenepy BOJIOKHO
MOXKE JamaTHuCs, 10 MPU3BOJUTH JI0 MOSBH y MOBITPI a€pO30JI0 3 OJUHUYHUX
BOJIOKOH TOBIIMHOK OJIM3BKO 5 MKM Ta aoBxkuHOIO Bimg 0.1 mm mo 20-30 mm. Taki
OJIMHUYHI BOJIOKHA BUMAaralOTh BUKOPUCTAHHS SIK 3aCO0IB 1HIUBIIyaIbHOTO 3aXHUCTY,
Tak 1 3ac00IB 3aXWCTy EJIEKTPOHIKH, a/pKe BCS CHUCTEMa JKUBHUTHCS BiJ MEpexi, a
BOJIOKHA CTBOPIOIOTH OJMH BEJTUKUN IPOBITHUMN MaT.
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Puc. 7. Cxema reseparopa JJisl yJabTPa3ByYKOBOI0 BUIIPOMIiHIOBA4a

Tomy, mertaneBy pamy ycTaHOBKU Ta Oyioku xkuBjieHHS (AC-DC 220-24 B)
3a3eMJIeHO. Bci KOMIIOHEHTH OJIOKy yIpaBiiiHHS crpejepa (Bpi3u4HO TOMIIIEHI B
repMETUYHUNA OOKC Ui HENOMYIICHHS TOTPAIUITHHA BOJIOKOH Ha €IeKTPUYHI
KOMITOHEHTH. J[7Is1 3aXHUCTy «TOHKOI» €JNEeKTPOHIKH (MIKpOKOHTpOJEpa, APaBEpiB)
BUKOPHCTaHA TIPOCTA CXE€Ma OJTHOPIBHEBOTO JI0THOTO OOMEXyBadya CTPYMy Ha BXOJI
miaTyd okuBieHHS (puc.8) Ta Oydepna wmikpocxema 3axucty /4ACTH245 wnHa
BXO0JIaX/BUX0JaX MIKPOKOHTpoJiepa (puc. 9).

Us RT 10x -
»—1 ¢ —

VD71 KA521 7T<

+Upm=58B
Puc. 8. Cxema 0fHOPiBHEBOr0 Ai0OTHOT0 00MeEKYBa4a CTPYMY

I IC

Puc. 9. bydepna mikpocxema 3axucry 74ACTH245 Bin nepenajiB HANIPYTrH

Mikpocxema 74ACTH245 3naTHa 3axUCTUTH BXOJU MIKPOKOHTpOJIEpA Bif
nepenaaiB Hanpyru g0 2000 B.

BucHoBku

B crarri HaBegeHO omuc 3paska Ccopenepa - YCTAaHOBKH TOBITPSTHOTO
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PO3MYIITYBaHHS PIi3HUX THITB BYIJICIIEBOIO BOJIOKHA JUII CTBOPEHHS HETKaHUX
TKaHWH.

3aBasSKM aKTUBHIN pOOOTI HAJl TEXHOJIOTIEI0 PO3MYIITYBaHHS BOJIOKHA, JOCATHYTI
KOHKYPEHTHI PE3yJbTaTH SIK 3a TOKa3HMKaMU $KOCTi, TaK 1 3a MOKa3HUKAMHU
IPAaHUYHOI NIIILHOCTI TKAaHWHU. Ha maHuii MOMEHT Iie € TeXHOJOTis, SKa JCKHUTh B
OCHOB1 OpeHmy Vuhlets. Jlis HOCSATHEHHS BHCOKHX XapaKTEPUCTHUK CIpeep
MEPEBEICHO 3 aHAJIOTOBOTO YIPABIIHHS Ha MU(POBE, MO JO3BOJIUIIO 3 JOCTATHHOIO
TOYHICTIO KEpyBaTH KOMIIOHEHTaMHU CIIpeJiepa, BiJICIIIKOBYBATH IMapaMeTpu poOOTH 1
M1JJIAIITOBYBATH iX B aBTOMAaTHYHOMY PEXUMI (SKIIO 1€ He0OXiaHO). JloCIrHyTUMHU
XapaKTepUCTHKAaMHU BHXIJHOTO BOJIOKHA € mmpuHa (10 70 MM, B 3aJ€XKHOCTI BiA
COPTY BOJIOKHAa Ta BUMOI [I0 IIUIBHOCTI TKaHWHM), XOpOIIa PIBHOMIPHICTH Ta
BIJICOTOK TOIIKO/PKEHUX BOJIOKOH (y cepemnboMy Bix 6% mo 8%). Bemerbcs
po3poOKa HOBOTO OJIOKY YNpaBiiHHA Ha 0a3l MIKpOKOHTposiepy Raspberry Pi,
OCKLUIBKH MOXIIMBOCTI Arduino Nano (1o 006’emy 1am’sTi, IIOTY>KHOCTI KOHTpOJIepa,
PO3PSAIHOCTI MOPTIB) MPAKTUYHO BUKOPHUCTaHI. Lle po3mmpuTh Mmojie MOXKIMBOCTEH
JUTsL CTBOpPEHHSI OJIOKIB, JATYMKIB Ta AJITOPUTMIB, SIKi JO3BOJIATH 3BECTH Y4YacCTh
JIOJIMHU y TPOTIECI TTOBITPSHOTO PO3IMYITYBaHHS 10 MIHIMYMY.

[lepcrieKTUBHUM HaANpSIMKOM pOOOTH € po3poOKa CHCTEMH PO3IYITYyBaHHS
BOJIOKOH piuHO0. LI TexHOIOTIS MOXKe JaTh Behoro Big 1% 1o 3% momkomkeHnx
BOJIOKOH Y BUX1JTHOMY POBIHTY.
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Abstract. This article proposes an approach to developing a digital spreader for carbon fiber
aerial loosening. The purpose and tasks of the research, the principle of work, the main technical
solutions are given. General information about carbon fiber as a structural material, its use, major
problems and current state of the industry are presented. The focus is on the digital electronic and
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ultrasonic components of the spreader, which let us to achieve high performance. Circuits of

protection of "thin electronics” against voltage drops and current limitation are also given. The
perspective directions of work in the field of creation of equipment for fiber loosening are

described.
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Anomauia. B cmammi o6rpynmoearo ooyinvHicms 3acmocysanus memoody Bond Graph ons
00CIOMHCEHH OUHAMIYHOI NOBEOIHKU eNleKMPOMEeXHOI02IYHUX KOMNIEKCI8, 3 Memoi0 NpO8edeHH s
AHAanizy pescumie pobomu ma nooaIbLUI020 NPOSHO3VEAHHS Ul KEPYBAHHS NPOYECamu 8 peaibHOMY
00°€xkmi 3a pe3y1bmamamuy maKux 00Cai0HCeHb.

Knwuosi cnosa: enekmpomexnonoziunuti KOMIIEKC, MOOENO8AHHS, eHepeemuyHull nioxio,
Bond Graph.

Beryn

[Ipob6iema epexTuBHOTO (DYHKIIIOHYBAHHS €JIEKTPOTEXHOJIOTTYHUX KOMILICKCIB
(ETK) cknagHux TeXHIYHUX 00 €KTIB OCOOJIMBO TOCTPO MOCTAE B YMOBAaX Cy4aCHOTO
CTPIMKOTO pPOCTY IIiH Ha eHeproHocii. HeonmTumanpHi ycTajieHi Ta JWHAMIYHI
pexnmMu podotu ETK NPU3BOJATE J10 MOPYLICHHS TEXHOJIOT1YHOTO TPOIIECY,
aBapH/IHI/IX BUXOJIB 1X 3 Jlaay 1, SK HACIIJOK, JO HEBHUKOHAHHS IUIAHIB BUITYCKY
MPOJIYKIIii Ta He3aIIaHOBaHUX (DIHAHCOBHMX BUTpAT.

Binomo, mo cyugacui ETK cknagatoTees 3 mijgcucteM pi3HOI (Hi3UIHOI IPUPOIU
(eMeKTpUYHO1, MEXaHIYHOI, TIAPABIIYHOI TOMIO), a YISl OJEpP)KAHHS JOCTOBIPHUX
pPE3yNbTATIB JIOCHIDKEHHS PEXKUMIB POOOTH TAaKUX TEXHIYHMX OO0'€KTIB HEOOXITHO
pO3TJIsaTH B3a€EMOBIUIMB BCIX CKJIQJIOBHX ejeMeHTiB. Ha chOroaHimHii J1eHb Y
CBITOBIM MPAKTHUIIl JOCUTH PIJKO 3aCTOCOBYIOTh CUCTEMHUMN MiAX1A JJIsSI JOCIIII>KCHHS
Ta MOJENIOBAHHA CKIIAJIHUX TEXHIYHUX OO0'€KTiB. TpaauliiHO CKJIAJOBI HPHUCTPOI
MOJIETIOIOTh OKPEMO PI3HUMH METOJIaMH, TOMY MPOIEC JOCHIKCHHS JUHAMIYHOT
MOBEJIHKH BChOTO O0’€KTY CTae HaATO TpyAaomicTkuM. KpiMm Toro, Ha BiAMIHY BiA
€JICKTPOMEXaHIKM CJICKTPUYHUX MAIllMH, TiApPOMEXaHiKa JIOMAaTeBUX MaIlUH B
OCHOBHOMY 0a3yeTbCsl Ha E€MIIIPUYHUX CTOXAaCTUYHUX (opmynax, gkl HE Jal0Th
3MOTY BCTAHOBUTH BC1 3aKOHOMIPHOCTI B3a€MO3B’13aHUX (PI3UYHUX MPOIIECIB.

1. AHaTi3 MeTOAIB JOCTIIKEHHS CKJIAHUX eJIeKTPOTEXHIYHUX KOMILIEKCIB

[IIBuaKu# PO3BUTOK OOUMCIIOBATBHIX MAIIIUH CIPUSB PO3POOII HOBUX METO/IIB
MaTEeMaTUYHOTO MOJICIIOBAHHS 1 PO3PAaXyHKY CTAI[IOHAPHUX Ta MEPEX1THUX PEKUMIB
poOOTH ENEKTPOTEXHIYHUX Ta EJNEKTpOeHEepreTuyHux cuctem. lle mo3Bonuio mo-
HOBOMY MIAINTH 70 0araTb0X MUTaHb MPOEKTYBAHHS Ta €KCIUTyaTallii pi3HOTO POy
00'€eKTiB.

VY 3araJilbHOMy BUNAJKYy MPOLIECH B CKIAIHOMY OO'€KTI MOXKYTh OyTH OIHCAaHI
AQHAJITUYHUMM 3aJIEKHOCTAMH, OCHOBY SIKUX CKJIQJalOTh CHCTEMHU HEJIHIMHUX
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anredpaiuHux 1 audepeHiiaibHuX piBHSIHB. [Ipy nbomMy 3a HasBHOCTI 1H(OpMaIii
Ipo MapaMeTpy CHCTEMHU 1 TOMOJOTIYHI 3B'SI3KM MDK il eIeMEHTaMH MOXKe 6yT1/1
noOy/noBaHa MaTeMaTUYHa MOJIeb 00'€KTa, 3a JOTIOMOTOI0 SIKOT BUKOHY€ETHCS aHal3
HOro TMOBEAIHKM B PI3HUX pexuMax podotu. [nsg AOoCHiKEeHHS JUHAMIYHOT
noBefinku EKT iCHYIOTH JekibKa METOJIB MOJICTIOBAaHHS, OCHOBHI 3 SKUX: METOJ
6araTonomocHukiB (Multipoles); meron 6mounux maiarpam (Block Diagrams); meron
00’extHux niarpam (Object Diagrams) Tta meton rpadis 3B’s3kiB (Bond Graphs). Ha
BIIMIHY BIJ 1HIIMX METOJIB, 3acTocyBanHa Bond Graph npusBoauTh 10 Bizyamizaiii
HE TUIbKU CUTHAJIBHUX, ajleé i eHepreTUYHUX MOTOKIB.

Meton Bond Graph, 3anpononoBanuii Ilefintepom [1] Ta po3pobieHuit ioro
yunsimu  KepHomom 1 Po3enGeprom [2] 1 ChOrojHi pO3BUBAETHCA OYpPXJIUBUMHU
temnamu. [1lupokoro 3acTocyBaHHs JaHW METOJ 3a3HAB MPOTATOM OCTAHHIX POKIB
13 PO3BUTKOM HOBITHIX 3aC0O01B IporpaMHOro 3a0e3nedeHHs. Lle mosSICHIOEThCS THM,
0 ocHOBHa nepeBara merony Bond Graph, a came aBromMaTtuyHe reHepyBaHHS Ta
PO3B’SI30K PIBHSAHB CTaHy JOCHIJKYBAaHOI CHUCTEMHM, JOCATAETHCS JIUIIE 32 YMOBH
3aCTOCYBaHHS CIICIaJIi30BAaHOTO MPOrpaMHOro 3adesneueHHs. B manuii yac meron
Bond Graph mnoknanenuii B OCHOBYy OaraThOX BHCOKOPIBHEBHX IPOJYKTIB
aBTOMATHU30BAHOTO KOMIT toTepHOoro MojentoBanHa — CAE. Ilepiie Take mporpamMHe
3abe3neuends ENPORT Oyno po3po6iene nmpodecopom PozenOeprom Ha movaTtky
cimaecsaTux pokiB XX-cromitts. Cepen Benukoi KinbkocTi cydacHux CAE-nipoaykTiB
Haiioub Bimomumu €: EASYS, Camp-G, Dymola, Modelica, TutSim, CAMBAS,
20-sim, ARCHER, SYMBOLS 2000, PASION 32, BondLab, Java Applet for BGs,
HybrSim, Bond graph tool box for Mathematica, MS1, MTT, To1o.

OCHOBHMMHU BUPOOHHKAMHU WX MPOAYKTIB € MPOBIAHI CBITOBI KOMIIAHIi - JIJEpH
B CBOiX ramy3sx mnpomucioBoctTi. Tak Hanpukman ¢ipma BOEING, BupoOHUK
EASYS, mupoko BUKOPUCTOBYE WMOTO MJii CTBOPEHHS Ta MOJICNIOBAHHS PEKUMIB
CKJIQJHUX HAJCyYacCHMX JiTalbHuX anapariB. Harionanene arentctBo CIIA 3
ACPOHABTHUKH 1 JOCHIKEHHSI KOCMIYHOTO mpocTopy NASA 3acTOCOBYE MporpamHe
3a0e3neuenHss Camp-G (BupoOHuk Cadsim Engineering) s MOJEIIOBaHHS
AePOKOCMIYHHUX CHCTEM, 30KpeMa TiApOo-MEXaHIYHMX MeEeXaHI3MIB aBlalllifHOTO
raJIbMyBaHHS Ta MDKHapoAHUX opOitanpHux cTaHiii (ISS). €Bpomnelicbka KoMIaHis
Dynasim Bupo6Huk Dymola, Modelica, 3acTocoBye gaHe mporpamHe 3a0e3rnedeHHs
JUIL  MOJICJIIOBAHHS  CKJIQJHUX TEXHOJIOTIYHHUX OO0 ’€KTIB pPOOOTOTEXHIKH Ta
TpaHcopTHux 3aco0iB. llle omHa moryxkHa eBpomeiicbka kommanis ControlLab
HiZepaaHacbkoro yHiBepcurery Twente € Bupodbnukom TutSim, CAMBAS Ta 20-
sim. [lani CAE-npoaykTu mpoTarom 0aratboX pOKiB YCHIIIHO 3aCTOCOBYIOTBHCS ISt
MOJIETIIOBaHHSI Ta MPOEKTYBAaHHS CKJIAJHUX MEXaTPOHHUX CHUCTEM B aBTOMOOUIbHIM
MIPOMHUCIIOBOCTI, BAXKKOMY MAaIIMHOOYIyBaHHI, poOOTOTEXHIM TomIo. [ mpukmamsy
Biomi aBTOMOOUTbHI Mapku Rolls-Royce, Jaguar, Toyota, Mitsubishi, Ford mpu
MOJICJIIOBAHHI Ta MPOEKTYBaHHI CBOET MPOIYKIIIi MIMPOKO 3aCTOCOBYIOTh MPOrPAMHE
3abesneueHHs 20-sim. | 11e ganexo He MOBHUM mepenik rainyseit 3actocyBanHs CAE-
npoaykTiB.  IcHyroui  mporpamu  Bond  Graph  MojemioBaHHA ~— TaKoOX
BUKOPUCTOBYIOTHCA MPU MPOEKTYBAaHHI MPOMUCIOBUX aBTOMATU30BAHUX IPHUIIAJIIB
Ta MoOyToBOI TexHIKU. Cepes crnoxkuBayiB MpoaykTy 20-sim € Taki BiJIoM1 KOMITIaHii B
it ramysi sk ABB, PHILIPS, BOSCH.
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Cnin 3a3Ha4uTH, IO BC1 MIPOrpaMHi MPOAYKTH TaKOTO KJIacy XapaKTepU3yIOThCs
JOCTaTHRO BHCOKOIO BapTICTIO, @ BUIBHO PO3MOBCIOMKYBaHI B Mepexi [HTepHeT
J€MOHCTpAlliifHI Bepcii Ha 1al0Th 3MOTH 30€piraTé CTBOPEHI MOJIENI JOCTIIKYBaHUX
00’€KTIB Ta pe3ylbTaTH MPOBEIECHUX eKcHepuMeHTiB. OJHaK aBTOpy BHaAnOCA
HaJaroJuTH criBmpaiio 3 Kommaniero ControlLab Ta oTpumaTu JilieH30BaHy BEPCIIO
nporpamu 20-sim 3.6 07 Professional.

2. OcHoBHI NOHATTH rpago-eHepreTudHoro meroay Bond Graph

Jlns  JochipKeHHS OWHAMIYHOI IIOBEAIHKH CKJIAJHUX TEXHIYHUX 00 €KTIB
merogoM Bond Graph 3actocoByroTh rpadiyHi MOAEN y BHUIVISAI MO3HAYEHHUX 1
HanpsMJIEHUX IpadiB, B SKUX BEPIIMHU MPEACTABISIOTH COOOI0 MIAMOENI, a CTPLIH
CUMBOJI3YIOTh B3a€MOJIII0 MIXK iXHIMU €HEPreTUYHUMU MopTaMu. Taki CHOJy4eHHS
HA3MBaIOTh €HEepPreTMYHUMHU 3B’si3kamMu (bonds) Ta 300pakar0Th CYULJIBHOIO JIHIEIO
Eneprernunuii 3B’s130K BUpaXae 1/1€ajJbHUN MOTIK €HEPrii MK JBOMA CHOJYyYEHUMH
nigmoaensamu. [lin eHepreTHYHUM MOPTOM PO3YMIIOTh KOHTAKTHY TOYKY MiAMOJIETI,
Ky 3'€IHYIOTHh 17caIbHUM 3B'si3KOM. [lO3UTHBHUI HaAmpsiM TOTOKY €HEprii Mix
eJIeMEHTaMU CHCTEMH Ta TMPUYMHHO-HACHIJIKOBI 3B’S3KM MK EHEPreTHYHO-
CHOPsDKEHUMH  3MIHHUMH  TI03HAuYa.Th  BUIMOBIIHO  TOJOBHHOK  CTPUIM  Ta
MEePHEHANKYISIPHUM IITPUXOM Ha KIHIII 3B SI3KY.

JUis  MaTeMaTHYHOTO OIUCY JUHAMIYHOI TOBEAIHKH CKJIAJHUX CUCTEM
3aCTOCOBYIOThH IIICTh y3arajdbHEHUX (I3MUYHMX 3MIHHUX. Tak €eHepreTMUHUN 3B’SI30K
M1DX MAMOAEISMHU TPECTaBICHUI JBOCTOPOHHIM TOTOKOM €HEPTeTUIHO-CIPSKEHUX
3MIHHUX 3yCUJIIA e Ta MOTOKY f , iX JOOYTOK BCTAHOBIIIOE MUTTEBY MOTYXHICTh P,

sKa BigoOpaxkae eHeprito £ MK mopramu. TakoX 3aCTOCOBYIOTH 3MiHHI 1HEpLii p
Ta 3MIIIEHHS ¢, K1 BIAMOBIIHO BU3HAYAIOTh IHTEIPYBAHHSM 3a YacOM 3MIHHOI
3YCHJUIS ¢ Ta MOTOKY f .

Koxna ¢i3nuna migcucremMa JOCHITKYBAaHOTO 00’€KTa XapaKTEPHU3y€EThCS
aHAJIOTIYHOIO TOBEIHKOK (YHKIII eHeprii, a came: TeHepyBaHHsS, 30€peKCHHS,
HE3BOPOTHE 1 3BOPOTHE NEPETBOPEHHS Ta PO3MOBCIOKCHHs. Taki BIACTHBOCTI
eneprii B meroai Bond Graph BimoOpaxkaioTh BIANOBIIHO JI€B’SITh CTaHIAPTHUX
€JIEMEHTIB: JIBa TUIM a0CTPaKTHUX JixKepes — 3ycriist Se 1 motoky Sf ; abcTpakTHi
emuicte C, iHepiiHICTh [/ Ta omip R; Tpancopmarop TF iripatop GY, Ta By3nu
3aranpHOTO 3ycniutist O 1 motoky 1. B 3amexHOCTI Big XapakTepy €JIeMEHTIB, iX
E€HEPTreTUYHI TOPTH MAIOTh BU3HAUYEHY MPUYNHHO-HACIIIKOBY OCOOIMBICTb.

3. Po3pol.ienHst Mojaesieil eJIeKTPOTEXHIYHUX KOMILIeKciB meTrogom Bond
Graph

IIponiec pospobsennss mopeneit ETK wmeromom Bond Graph mnomnsrae y
BCTAHOBJICHH1 CTPYKTYpHU 00’ €KTY, BUSIBIICHHI OCHOBHUX €HEPTeTHUYHMX 3B'S3KIB MK
HAUIPOCTIIIMMU CKJIAJJOBUMHU €JIEMEHTaMU CHUCTEMH, SIKI B1IOOpa)KalOTh MOTIK Ta
NIEPETBOPEHHS €HEPrii BiA JPKepena J0 CIOXHBa4a, 3 METOI0 BUKOHAHHS KOPUCHOI
poooTH.

Ha eramni moxemoBanus ETK moTpiOHO BUKOHATH HACTYIHI Aii:

— TPOBECTH aHaJi3 B3a€EMOJii 00’€KTa 3 30BHINIHIM CEPEIOBUINEM, BUIUIATU

XapaKTEepUCTUKHU BXIJHUX BIUIMBIB Ta peakilii o0’ekTy, Kiacudikamis ix Ha
BUMIPHI Ta HEBUMIPHI1, KEPYIOUl Ta MEPEHIKOIN;
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— TMPOBECTH JEKOMIIO3MIIIIO Ta JAOCHIKEHHS BHYTPIIIHBOI CTPYKTYpH OO’ €KTY,
JTOCIITUTH MOPAIOK (PYHKIIOHYBaHHS 00’ €KTY, BUSIBUTHU 3B’SI30K MK BXOJOM
Ta BUXOJIOM, C(hOpPMYBAaTH MHOYKUHU CTaHIB 00’ €KTY;

— BU3HAUUTH MIpU BIUIMBY BHIIaJKOBHX (aKTOpIB Ha OO’€KT Ta TMOPSI0K
HEJTIHIWHUX 3B S3KIB MK XapaKTEPUCTHKAMU 00’ €KTY;

— TPOBECTH JOCHiDKeHHs auHamigHoi moBeminku ETK ©Ha wmomemi, Ta
pO3pOOMTH TOJAbIIe TPOTHO3YBAHHS ¥ YOPABIIHHS OpPHTIHAIOM 34
pe3yJibTaTaMu IIUX J0CIIIKEHb.

Kepyrouncs ocHoBHUMM migxojgamu Ta Metonosoriero Bond Graph aBropom
pO3pOOJIIEHO MOJENIb ACHHXPOHHOTO JIBUTYHAa 3 KOPOTKO3aMKHEHHM POTOPOM,
€JIeMEHTH sKOI BigoOpaxaroTh (DI3UYHY  BIJANOBIJHICT  KOHCTPYKTUBHUMHU
€JIEMEHTaMU  peajbHOi  MAallMHHW, 3 BpaxyBaHHAM  e(eKTiB  HACHYCHHS
MarHiTONpoOBOAY Ta BUTICHEHHS CTpyMy B potopi. IIpoBeneHo mociimKeHHs
nyckoBux pexumiB  AJl 4A3MB-2500/6000-Y2 Ta TmOpiBHAHHS pPE3yJbTaTiB
MOJICIIIOBAHHS 13 pe3yJIbTaTaMU 3aBOJICHKUX BUMPOOYBaHb [3].

Takox ctBOopeHo komiuiekcHy Bond Graph wozens enekTponpuBOAHUX
BIILICHTPOBUX HACOCHHUX arperariB, 3a JOMOMOTOI0 SKOI IPOBEACHO TOCIIHKCHHS
mycky marictpanpHoro Hacocy NGK 500/450/100 3 npuBogom 4A3MB-2500/6000-
Y2  nadpromepexkauyBanmbHoi  cranmii  “IlmemiBka”  ¢imii  «Marictpaibhi
HadTonpoBosu «JIpyx0a», ageKBaTHICTh OJEPKAHUX PE3YJbTATIB IiITBEPKEHO
LUISIXOM TOPIBHSIHHS 13 pe3yJIbTaTaMu €KCIIEPUMEHTAIbHUX JTOCHTIIKEHD [4].

[IpoBeaeHo  AOCHIPKEHHS ~ JUHAMIYHUX  PEKUMIB  €JIEKTPOIPUBOIHUX
BI/IIEHTPOBUX HACOCHUX arperariB uisl pi3HUX YMOB POOOTH 3aIllpHOI apMaTypu
MaricTpaJibHoro HagTonpoBoAy. BcTaHOBIEHO, MmO NiJ Yac MYCKy HACcOCHOrO
arperaTy Ha BIAKPUTY HamipHy 3acCyBKy IIyCKOBI Ta yCTaJ€HI CTPYMH
€JIEKTPOJIBUTYHA 3HAXOMASTHCA B JIOMYCTUMHUX MeXaX, 3HIKEHHS HAmpyrd Ha HOro
3aThckayax He nepeBuurye 15%, mo € LIIKOM JONYyCTUMO JJii HOPMajbHOI
eKcIUTyaTalii o0JiaHaHHsA, Mepexi 1 TpaHc(hopmaTopiB, a TaKOX MOKPAIIYIOTHCS
TipaBIidHi TOKa3HUKU POOOTH Hacocy [5].

[IpoBeaeHo aHami3 €HEProCHOKMBAHHS TiJ Yac MYCKY EJIEKTPONPUBOIHUX
BIJILICHTPOBUX HACOCHUX arperariB 3 BUKOPUCTAHHIM codTcraprepa 13 PI3HUMH
3aKOHaMU PETyJIOBaHHS HANpyrd B MOPIBHSHHI 3 MPSMUM IyckoMm. BukopuctaHHs
koMmiiekcHoi Bond Graph mopjeni HacocHoro arperaTy B CHUCTEMax IPHUCTPOIB
IJTABHOTO MYCKY J03BOJISIE peaiizyBaTH OUTBII pallioHANIbHI aJrOPUTMHU YIPABIIHHS,
Akl 3a0e3meuaTs BUPIIMICHHS MUTAHHS MiABHUILEHHS PIBHSI €HEProeeKTUBHOCTI Ta
pecypcos0epekeHHs 00aJHaHHS MaricTpaabHUX HAQTOMPOBOAIB [6].

3anponoHoBaHO CIMoci®0 BH3HAYEHHS HECMPAaBHOCTEH HA paHHIM cTamii ix
BUHUKHEHHS B €JEKTpoABUTyHax Ha ocHOBlI FFT-anamizy ocuuiorpamu cTpymy
cTaTopa OJEpkaHOi 3a JOIMOMOTOI0 MOJICNIIOBAHHS HOMIHAJIBHOTO PEKUMY pPOOOTH,
10 Ja€ 3MOTY MIJIBUIIUTH PiBEHb €PEKTUBHOCTI X ()YHKIIIOHYBAHHS Ta MPOJAOBXUTH
KUTTEBI UKIIM MOBHUX CUCTEM €JIEKTPOTEXHIUHUX KOMILJIEKCIB [7].

Po3po6ieni aBropom Mojeni, Ha BIAMIHY BijJ ICHYHOYHUX, JalOTh MOXJIUBICTh
BpPaxOBYBaTHU B3a€MOBILUIUB CKJIQJOBHUX IMIJCUCTEM P13HOT (Pi3UUHOI TPUPOIU, €heKTH
HACMYEHHSI MAarHiTONPOBOAY 1 BUTICHEHHS CTPYMY B POTOpI JIBUTYHA, Ta B’A3KICTb
pIIMHU B HACOCI.
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BucnoBku

B npencraBneniii po0OOTI JgOBeneHO, IO JJIA  MPOBEACHHS — aHali3y,
MPOTHO3YBAaHHA Ta KEPYBaHHs MPOLECAMH, Kl BUHUKAIOTh MPU MaJUX Ta BEIHKUX
30ypennsix ETK Ta gociimkeHHS Takux peXMMIB poOOTH, SIK MPaBUIO, JOLLIBHO
BUKOPUCTOBYBaTH MaTE€MaTHYHE Ta KOMII IOTEPHO-OPIEHTOBAHE MOJICIIOBaHHS,
OCKUIBKU TPOBEJCHHS EKCIEPUMEHTAIBHUX JOCHIKEHb HE 3aBXKIU € MOMJIUBHM.
OnauMm 3 Halle(EeKTUBHIMIUX METOJIB JUIsl TaKUX 3aaad € yHI(piKOBaHWI METON
mozemoBanHs Bond Graph, sikuil nae 3Mory AociiKyBaTH ITUHAMIYHY MOBEIIHKY
MIJCUCTEM Pi3HOT (PI3UYHOI MPUPOJU, BUKOPUCTOBYIOUH €AUHY CUCTEMY IMOHSTH Ta
MO3Ha4Y€eHb. 3a JOMOMOTOI0 BCTAHOBJICHMX MPUUYUHHO-HACIIJIKOBUX 3B’SI3KIB JaHUU
MeTOoJ1 3a0e31euye MOKIIUBICTh KOMIT IOTEPHOr0 (POpMYBaHHSI CUCTEMHHUX DPiBHSHbD,
NepeBIpKy MPaBUIBLHOCTI CUHTE3Y MOJENel, Ta y rpadiuHiid popMi MOa€ HATJISIAHUMA
OMKC CKJIAJHUX CUCTEM.
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Abstract. The article substantiates the expediency of using the Bond Graph method to study
the dynamic behavior of electrical systems, in order to analyze the modes of operation and further
forecasting and control of processes in a real object based on the results of such studies.
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Abstract. Electrodeless studies of aqueous solutions of electrolytes, depending on their
concentration, have significant advantages over similar electrode studies, because there is no
contact of the liquid with the surface of the electrodes. In this work, we investigate fluids placed in
a cylinder made of a transparent dielectric material located in a uniform magnetic field of a
solenoid tuned to the resonance of voltages with a frequency of f = 4.8 MHz. The quality factor of
the formed oscillatory circuit was measured for different concentrations and volumes of liquid.

Keywords: electrodeless measurements, aqueous NaCl solutions, cylinder, eddy currents,
quality factor, inductance, frequency dependences

Introduction

Electrodeless studies of the electrical conductivity of liquids are relevant for
various branches of science and production, in particular for technological processes
using both chemically pure and chemically aggressive liquids [1]. Electrodeless
studies of electrical conductivity and resistance of liquids at different frequencies [2-
5] can be used in the study of colloidal solutions with uneven radial distribution of
dispersing substances, especially in the case of identification of a small amount of
test substance [6].

The main text

In this work, the object of the study is a liquid in the form of a cylinder made of
a transparent dielectric material, which is located in a uniform magnetic field of the
solenoid, tuned to the resonance of voltages with a frequency of 4.8 MHz. The
quality factor of the formed oscillatory circuit was measured for different
concentrations and volumes of liquid.

22 different concentrations were obtained sequentially, which were obtained by
diluting 0.9% saline with distilled water. Knowing the frequency, inductance and
quality factor of the oscillatory circuit, both with and without fluid, the introduced
resistance of the fluid dR = oL (1 / Q-1 / Q0) was calculated. Dependences of the
introduced resistance dR on the mass concentration of n% NaCl for two different
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volumes of liquid (Fig. 1). Dots and circles show the results of the experiment, and
solid curves - the theoretically processed results.
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For a more detailed consideration, the same dependences are given in semi-
logarithmic and logarithmic scales (Fig. 2,3).

Y

. 00

2. 00

1.

0o

. 00

| dR=f{n¥2 d=20mm
i y=R, 0Ohm F=4.8MHz
H=MA t=20 C

Ui=10ml

ISSN 2567-5273

66 www.moderntechno.de



Modern engineering and innovative technologies Issue 12

g —_
dR=f{m#D d=20mm
i y=R, Ohm F=4. gMHz
oL t=20 C
1E O 7
1 L UL=1 Ol
1E-1 —
] du uu FR
T ' T L T ' T
1E—+ 1E-3 1E-2 1E-1 1E 0O
#
Fig. 3

As can be seen from Fig. 1-3, the concentration dependences have a maximum
that does not depend on the volume of the liquid. Therefore, the same dependences
were considered in more detail for the four volumes of fluid both before the
maximum (Fig. 4) and after the maximum (Fig. 5, 6).
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Figures 4-6 show that due to the maximum, different concentrations can have
the same value of the applied resistance or quality factor of the oscillatory circuit, but
the accuracy of electrode-free concentration measurements increases significantly in
each of these two ranges. To unambiguously determine the concentration of an

ISSN 2567-5273 68 www.moderntechno.de



Modern engineering and innovative technologies Issue 12 / 4

unknown liquid with a volume of 7-10 ml, it can be quantitatively diluted with
distilled water.

The presence of a liquid-independent maximum is explained by an increase in
the magnitude of the skin effect with an increase in electrical conductivity, which in
our case is proportional to the liquid concentration, and the interaction of end eddy
currents in the cylinder with the liquid [7]. The latter is confirmed by the
dependences of the introduced resistance dR on the mass or volume of the fluid in the
cylinder (Fig. 7, 8).

d=20mm FR: = du

Fig. 8

Summary and Conclusions

Mass measurements of liquid concentrations in the range of 10-4-0.9% by
electrodeless method were measured. There i1s a significant effect of the skin effect
and the interaction of eddy currents in the cylinder filled with the studied fluid.
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Anomauin. bezenekmpoori 0ocnioxcenHs 600HUX PO3UUHIG eleKMPOJIIMIE 8 3AeHCHOCHE 10
ix KoHyewmpayii maroms 3HauHi nepesazu nepeod AHANO0IYHUMU eNIeKMPOOHUMU OOCTIOHNCEHHAMU,
OCKIIbKU 8I0CYMHIlNl KOHMAKM pPIOUHU 3 NOGEpXHer0 eNeKkmpoois. Y damiti pobomi 00CioxceHo
PpIiOuHU NOMiWeHHI Y YULIHOP, BUCOMOBIEH020 13 NPO30P020 OleeKMPUYHO20 Mamepiany, uo
3HAXOOUMbCSL 8 OOHOPIOHOMY MACHIMHOMY NOJI CONEHOI0a, HANAUMOBAHOMY HA PE30OHAHC HANpYe
yacmomoro [ = 4,8 MIly. Ilposedeno 68umiptosanHs 00OPOMHOCMI YMBOPEHO20 KOMUBANLHOZO
KOHMYpPY 0/ PI3HUX KOHYeHmMpayit ma o0 emie piouHu.

Kniwowuosi cnosa: 6ezenexmpooui eumiprosants, 600Hi pozuunu NaCl, yuninop, euxposi
cmpymu, 000pOmHicmy, IHOYKMUBHICMb, YACHOMHI 3A71eHCHOCHE
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Anomauia. 3anpononoeamna yYCMAaHOBKA WIHEKOB020 Mumny, fAKA peanizye MmexHoI02i0
MepMOoXiMIYHOI KOHGepCii pociunHol biomacu 6 coproyuil 2az i biogyeneysb. TexHon02is 0CHO8AHA HA
BUKOPUCINAHHI  NIPONI3HO20 NpoYecy 6 3aAMUCHYIMOMY 1 pPYXOMOM) wapi biomacu, npu
BUKOPUCMAHHI 24308020 MENIOHOCIA Y 6UNAOL BUCOKOMEMNEPAMYPHUX NPOOYKMIE HEeNO8HO20
320pAHHA 8YeNe800He8020 2a3y. llpusedeni pe3ynvmamu pO3PAXYHKOBUX [ eKCNepUMEHMANbHUX
00CNIONHCEHb OCHOBHUX DENCUMHUX NApamempié OMPUMAHHA 2A308020 MENJIOHOCIA 1 11020
MeniomexHIYHUX XapaKmepucmux

Kniouogi cnosa: biomaca, mepmoximiuna KoH8epcCis, Nipoais, 2a308uti MeniOHOCIl, WHEeKO8ULL
peaxmop.

Berym.

3aBHaHHA €KOHOMIi 1 MiABHILEHHS €()EeKTUBHOCTI BUKOPUCTAHHS MAJIMBHHUX
pecypciB, a TaKOXK 3MEHIIICHHSI IIK1JIMBOTO BIUIMBY Ha JOBKULIS BiJl 1X 3aCTOCYBaHHS
ChOT'0JIH1 HaOyBa€e HAMOLIBII MPIOPUTETHOTO 3HAYCHHS JIJIs1 Y KpaiHU.

AHaJ1i3 CBITOBOTO JIOCBIY MOKa3ye, 110 BUPIMICHHS JAHO1 MaJIMBHO-EKOJIOTTYHO1
npobsieMr 0a3yeTbCsl Ha YJOCKOHAJIEHHI ICHYIOUMX TEXHOJOTIYHMX MPOILECIB,
BIIPOBA/P)KEHHI HOBHUX €HEpPro30epiralouMx TEXHOJOTd 1 3aiHHI B MNaJIUBHOMY
OayaHCl HOBUX aJbTEPHATUBHUX MAJIMBHUX JKEpen eHeprii, 1o skux . . Menaeneen
e CBOTO 4Yacy, BIJIHIC TOprOYl MaTepiajii 5Kl CHaTIOITHCS JJIsi BUPOOHHUIITBA
TEIJIOTH.

KpiM TeniaoTexHIYHUX XapaKTEPUCTHK, BaXIMBUM (PAKTOPOM JOLUUIBHOCTI
BUKOPHCTAHHS NAUB € PECypco- €KOHOMIYHI YUHHUKH, TOOTO HASIBHICTh JOCTaTHIX
3amaciB, TEXHIYHI 1 €KOHOMIYHI TOKa3HHKH iX J0OyBaHHS, TPAHCHOPTYBaHHS 1
BUKOPUCTAHHS.

3BakarouM Ha 1e, y OaraTtboX KpaiHaxX CBITY OJHHUM 13 JI€BUX IIISAXIB
BUPIIIEHHS MMaTMBHO-EKOJIOTIYHOI MPoOJieMH € 3aisiHHS B MAJIMBHO-CHEPTETHUHOMY
Oamanci BigHOBIIOBaHMX JoKepen eHeprii (BJIE), cepen skux uyinpHe Micie
BiJIBOAUTHECA 0iOMaci POCIMHHOTO MOXOKEHHs. i WIOpiuHMii HpupicT y CBiTi
omiHoeTbea B 200 MApA.T B MepepaxyHKy Ha CyXy Macy, L0 EHEpreTUHYHO
exkBiBasieHTHO 80 muipa.T HadTu [1]. 3a ouiHKaMM BOHA J1a€ MOHAA 2 MIPA.T V.1
eHeprii Ha pik, MO ckiaagae O0au3bko 14% 3araqbHOrO CHOKUBAHHS TEPBUHHUX
€HEproHoCiiB y CBiTI [2].
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OcHoBHUMH (pakTOpaMu, $Ki CTUMYIIOIOTH 10 BHUKOPUCTaHHS POCIUHHOI
06ioMacu sIK aJIbTEPHATUBHOTO JKepesia €Heprii €: JOCTYIHICTh, BITHOBIIIOBAHICTb,
€KOJIOT1YHICTh, YHIBEPCAIbHICTh, MOKJIMBICTh HAKOTIMYEHHS 1 TPAHCTIOPTYBaHHS.

[Ipore, mIMpPOKOMY BHPOBAIKEHHIO POCIMHHOI OloMacH B MaJMBHMIA OanaHc
VYKpaiHu nepenKoKatoTh psJl YAHHUKIB!

» HU3bKI TEIUIOTEXHIUHI XapaKTePUCTHKH (TIEpEeBaXKHO, I IpiOHO-PpaKiiitHa

Olomaca 3 MHUPOKUM (PAKIIHHUM CKJIaJOM, HHU3BKOIO HACUITHOK 1
€HEPreTUYHOIO HIUIBHICTIO Ta BUCOKOIO BOJIOTICTIO);

BHCOKAa BapTICTh MpOILIECiB 30MpaHHsA, 30epiraHHs, TPAHCHOPTYBAaHHA 1
nepepoOKu;

HEBIAMOBIIHICTh KOHIIEHTpaIlli 3amaciB OiomMacu MiCLIEBUM mMoTpedaM B
TEIJIOEHEPTeTHULlL;

BIICYTHICTh ~ KOMIUIEKCY TEXHIYHHUX, €KOHOMIYHUX, [PaBOBUX Ta
3aKOHOJIaBUMX OCHOB;
3HAYHUN €KCTIOPT CUPOBHUHM 1 TBEPJIOTO MAIMBa BUPOOJIECHOTO 3 OioMacH.

Kpim TOr0, OTHUM 3 OCHOBHHX CTPUMYIOUUX (DAKTOPIB HIUPOKOTO MPAKTUYHOTO
BUKOPUCTAaHHS POCIMHHOI 010MacHu € TakoX, HEIOCTaTHS €(PEeKTHUBHICTh 1CHYIOUHX
TEXHOJIOT1M MPSMOTO BUKOPUCTAHHS 1i €HEPreTUYHOro MOTEHIIaly, B ICHYIOUHX
TEMJIOCHEPTETUYHUX YCTAaHOBKAX, JUIsi OTPUMAaHHS BUCOKOSKICHUX, 3 HHM3BKOIO
co01BapTICTIO EHEPTETUYHUX MPOIYKTIB.

Bnacnijiok aii npuBeeHUX HEraTUBHHUX (PAKTOPIB €(PEKTUBHICTh BUKOPUCTAHHS
eHeprii pociauHHOI OlomMacu B YKpaiHi € JI0BOJII HU3BKOK, IO HE J03BOJSIE 1H
KOHKYPYBaTH 3 TpPAJUMIMHNMH BYTJICBOJHEBUMH TaJMBAaMH 110 CHEPIETHYHIN
edextuBHOCTI. [IpoTe, HaBITH YaCTKOBE iX 3aMIIIECHHS JIO3BOJISIE TOJIMIIATH SIK
€KOHOMIYHY, TaK 1 €KOJIOTIYHY CUTYaLII0 B KPAiHI.

Orisij1 30BHIIIHBLOTO OTOYEHHSI.

OnuuM 13 Ji€BUX MUIAXIB BHPIMICHHS 3ajadl MiABHINCHHS €(GEeKTUBHOCTI
BUKOPUCTAHHS E€HEPreTUYHOr0 IMOTEHIIaly POCIMHHOI OloMacu € TepMOXIMIYHMMA
Meton [3], sAkui BOPOJOBK OaraTb0X POKIB po3poOJISIBCS B IHCTUTYTI TeXHIYHOT
teriodizuku HAH VYkpainu, sik crnoci6 miaBUIIEHHS €(EeKTUBHOCTI BUKOPUCTAHHS
OpraHiyHOTO TMajuBa B PI3HUX TEIUIOCHEPTETUYHUX YCTaHOBKAaX. B #oro ocHOBI
JCKUTh TPUHIMI TMONEPEAHBOI TEPMOXIMIYHOI MEpepoOKH BUXIJHOTO NalKMBa
(koHBepcii) 13 HACTYITHMM BHKOPHUCTAHHSM B)KE€ HOBOTO TajuBa JUIs TeHeparii
TeroTH. BiH no3Bosse:

1. ITigBUITUTH TETUIOTEXHIYHI XapaKTEPUCTUKHM BHUXITHOTO IMajiBa 3a PaxyHOK
OLITBII BUCOKHMX XapaKTEPUCTUK KOHBEPTOBAHOTO MAJIMBA.

2. IigunuTy e()EeKTUBHICTh BUKOPUCTAHHS BHUXIHOTO MaJIMBa 33 PaxXyHOK
perenepaiiii  ¢GI3MYHOI  TEIUIOTH, SKAa BTPAYa€TbCI HA  OKPEMHUX  CTadisX
TEPMOJIMHAMIYHAX TWKIIB TEIUIOCUJIOBUX YCTAHOBOK, JJIi BUPOOHUIITBA HOBOTO
KOHBEPTOBAHOTO MaJIMBa Ta JIOJAATKOBOI pOOOTHU B iX €HEPreTUYHUX HAJI0y10BaX.

3. 3MeHIUTH 3a0pYTHEHHS JOBKULIS IIKIJMBUMU KOMIIOHEHTaMHU IMPOJYKTIB
3TOPSIHHS.

4. TlanuBa, OTpMMaHi B MpoIleci KOHBEPCii, AalOTh MOXKJIUBICTh aJanTyBaTH
ICHYIOYl TEIJIOCHEPTeTUYHI YCTAHOBKM [0 BHUKOPUCTAHHS, 30KpEMa POCIUHHOI
Oiomacu.

v VWV VYV V¥V
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I3 3actocyBanusam nporo merony, B ITT® HAHY Oynu po3pobieHi: crocio
JIBOCTYTICHEBOTO CITAJIIOBAHHS TBEPAOTO NanuBa [4] i crocid miposmi3y AepeBuHu [5],
SK1 JO3BOJIMJIA CTBOPUTU TEXHOJIOTIIO 1 €KCIEPUMEHTAIBHY YCTAHOBKY IITHEKOBOTO
TUIy, IS TEPMOXIMIYHOI KOHBepcii ApiOHo@pakiiitHoi pociuHHOI Giomacu [6].
TexHosoriuHa cxeMa yCTaHOBKHU ITpHUBEICHA Ha puc. 1.

moBiTpA JoaaTkoBi
KOMIOHEHTH
L5
] — . — . — G f— 5 S 8
1—
NOBITpA
AJ_p 1 6 noBiTps
TEXHOIOTiYHHI —
ras
7

Puc.1. TexHosioriuna cxema TepMoOXiMivHOI KOHBePCil POCJANHHOI Oiomacu B
mipoJIi3HuiA ra3 i 0ioByIJIeb: /-mexHon021YHa MonKa, 2- kamepa niponizy;
3- eumpamuuii 6ynkep biomacu, 4- waxma; 5, 6- menioooMinHux, 7- OyHKep

biogyeneyro; 8- cnoarcusay eopro1o2o 2asy.

B OCHOBI [aHOTO TEXHOJIOTIYHOIO TMPOIECY JIEKUTh BAXKIUBA OCOOJUBICTD
TBEPAOTO MajlMBa — 3/JaTHICTh MOTO OPraHi4YHOI MacH J0 TEPMIYHOTO PO3KIAay 3
BUJIIJICHHSIM JIETKUX 1 TBEPIOTO KOKCOBOTO 3QJIMIIIKY.

AHani3 mokasaB, 0 €PEKTUBHICTh TAKOTO MPOIIECY, B 3HAYHINA Mipi, 3aJICKUTh
BiJl HACTYTHUX (PaKTOPIB:

1. ®i3uyHUX BIACTUBOCTEH BUXIJHOI CHPOBUHU (THUITY OioMacH, i1 (ppakiiitHoro
1 €JIeMEHTapHOro CKJIaJy, IMOYaTKOBOI BOJIOTOCTI, 30JIbHOCTI, HACHITHOI 1 JiHCHOI
MATOMOI Baru, CXWJIbHOCTI JI0 MOAPIOHEHHS 1 1H.).

2. TexHOJIOTITYHHUX MapaMeTpiB Mpouecy (TeMIepaTypH, TUCKY, Yacy KOHBEpCIi,
napameTpiB TEIUIOHOCIS Ta coco0y MiABEACHHS HOro TEIUIOTH B PEaKLIdHY 30HY 1
1H.).

3. KoHcTpykTMBHHX  mapameTpiB  (TEIJIOOOMIHHI — MOBEpPXHI  amaparty,
r€OMETPUYHI PO3MIPU 3aTHUCHYTOIO MIapy OiOMacH, po3Mipu 1 4acToTa OOEpTaHHS
ITHEKOBOTO XUBUJIbHHUKA Ta 1HII KOHCTPYKTHUBHI OCOOIUBOCTI).

Oco0nmBocTi gaHOi TexHOJOTii 1 11 OCHOBHI TEXHOJIOTIUHI TMapameTpu Oyiu
pO3TJsHYTI 1 BHU3HAUYEHI B XOJA1 IPOBEJCHOIO KOMIUIEKCY aHaJITUYHUX,
EKCIIEPUMEHTAJIbHUX 1 KOHCTPYKTOPChKHX poOIT. Tak, s BU3HAUYEHHS OCHOBHHUX
TEXHOJIOTIYHUX MMapaMeTpiB 1 iX onTUMizailii Oysa po3polaeHa MaTeMaTuiyHa MO/IEb
1 mporpama po3paxyHKy Ipolecy, YoMy MpUCBSIUEHa OKpeMa myOumikanis [7].

Pe3ynbTaTi po3paxyHKOBHUX 1 JEIKHX €KCIIEPUMEHTAIBLHUX POOIT, HAMPABICHUX
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Ha BHM3HAUCHHS TEXHOJIOTIYHUX TapaMeTpiB Mpolecy B JAUHAMIINI, B yMOBax
IITHEKOBOI'O PEaKTOpa, BHUCBITIIEHO B pobOotax [8, 9]. B HHX mnokazaHo, IO
TeMIlepaTypa TPOIECy € BU3HAYAIBHUM ()aKTOPOM BIUIMBY HE TIIBKA Ha CTYIIHB
PO3KJIay OpraHiku OiomMacH, aje i Ha XapakTep BUXOY JETKUX Ta X CKJIaJJOBHX.

B cBoto depry, Buxia i SIKICTh HIIBOBUX MPOAYKTIB, B 3HAYHINA MIpi, 3a1€KUTh
B1Jl BUJIy TETUIOHOCIS 1 ClIOCOO0Y MMiIBeICHHSI HEOOX1THOI TEIJIOTU B PEAKINitHy 30HY.

Metow paaHoi podoTHM € TiABUIICHHS €(QEKTHBHOCTI BHKOPHUCTAHHS
E€HEePreTUYHOTO TOTEHIIAy POCIUHHOI OlOMacH B ICHYIOUMX TEIUIOCHEPTEeTUYHUX
YCTAaHOBKAxX HUIAXOM JOCHIHKEHHS 1 BUOOPY XapakTEPUCTHK ra30BOT0 TEIMJIOHOCIS
JUTSl TEPMOXIMIYHOT KOHBEpCii O10MacH.

OcHoBHa 1i7es po3pO0JICHOI TEXHOJOTIl TOoJisirae B TPOBEJAEHHI MIPOJIi3y
pOCIMHHOI 0ioMacu, B PEXHMI «TEIJIOBOTO YJapy» BUCOKOMOTEHIIIHHUM Ta30BHM
TEIJIOHOCIEM, IKUH (UIBTPY€EThCA uepes ii 3aTUcCHyTHil pyxomuid map. Lle no3Bomsie
32 KOPOTKHI Yac MepeBecTy 3HAYHY YAaCTUHY OPTaHiKu B Ta3oBy a3y 1 3MEHIIUTH
BHX1JI CMOJI Ta 3aKIHUMTH MPOIIEC HA CTA/IIi BIATOHKH JIETKUX 1 010BYIJICITIO.

3acTocyBaHHS ra30BOr0 TEIJIOHOCIS I03BOJISE:

v’ iHTeHCH(iKyBaTH IPOLECH TEMIOMAcOOOMIHY, JIOCATTH PiBHOMIpHOIO
nporpiBaHHs 6ioMacu Mo BChboMy 00’ €My Ta BUKITIOUYUTH 30HU TIEPETPIBY;
pEeryJoBaT TeMieparypy 1 rpadik HarpiBaHHs 6i0MacH B 4aci;
3MEHIIUTH KUTBKICTh O10MacH, 10 BUTOPSIE, 1 30UIBIIIUTH BUX1 O10BYTJICIIIO;
3a0€3Ne4YUTH BUCOKY CTAOUIBbHICTh MPOILECY Ta XapaKTEPUCTUK MIPOJII3HOTO
ra3y Mnpu 3MiH1 BOJIOrocTi 010Macy 4 3MiHI TEXHOJIOTTYHOTO PEXKUMY;

v’ 3MeHIIUTH 3a0pyJHEHHS JOBKIIUIS TEIUIOBUMH 1 IIKiJUIMBUMHM BUKHIaMHU B

XOJIl TEPMOXIMIYHOTO MEPETBOPEHHS €HEPreTUYHOrO MOTEHIiaTy BUXIJTHOI
0lomMacH B TEIUIOTY.

Bxiaui 1aHi Ta Mmeroau.

Tpaauriiino, BUOIp BHUJY Ta30BOI0 TEIUIOHOCIS JUKTYETHCS TEXHOJIOTIYHUMH
yMOBaMHU 1 KIHIIEBUMU IUIOBUMH TNPOAYKTaMH Tipouiecy. BiH BuOupaerbcs 3
BpaxyBaHHIM TEXHIYHUX, EKOHOMIYHHX 1 €KOJOTIYHUX ACTICKTIB.

Tak, MHUPOKOro MOMIMPEHHS MAOTh MPOLIECH B SIKUX Ta30BUM TEIUIOHOCIEM €
IPOJYKTU 3TOPSHHS YaCTUHU BUXIJHOI CUPOBHHHM, fKa MiAMaeThcs mipodizy [10].
OCHOBHOIO BHMOTOI0 OTPUMAHHS BHUCOKOTO BHUXOAY OIOBYIJICII0O 3 XOPOIIMMHU
(h13UKO-XIMIYHUMH XapaKTEPUCTUKAMU € BIJICYTHICTh B TEIJIOHOCIT BUIBHOTO KHCHIO.
[Ipore, oTpumatu O€3KHUCHEBUI TEIUIOHOCI B Tpoleci 3ropsHHS Olomacu
HEMOXJIMBO. B pe3ynpTaTi 3HauyHAa YacTMHA BUIHHOTO KHCHIO OyJ€ B3a€MOIISTH 3
ByTJIEIleM, IO 3MEHIIY€ BHUXiJ 1 MOTIpUIye HOro aacopOIiiiHI BIACTUBOCTI TpU
oOropsiHHI TTOBepXHi. [Ipu 1bOMy, B 3aJIeKHOCTI BiJ CIOCOOY MMiIBEICHHS TEIJIOTH
TEIUIOHOCISI B peakiliifHy 30HY (30BHIIIHIM 4M BHYTPIIIHIN ), TIPOMI3HUN ra3 MOXKe
0anacTyBaTUCA HETOPIOYMMH MPOIYKTAMH 3TOPSHHSA, IO 3MEHIIYE HOro TEeIUIOTY
3TOPSIHHSL.

s 3anmo6iraHHss HaAJIMIIKOBOMY OajacTyBaHHIO MIpOJII3HOTO Ta3y, B SIKOCTI
TEIUIOHOCISI BUKOPHUCTOBYIOTh HEKOHJICHCYIOYl MPOAYKTH mipoiizy [11], micms ix
OXOJIOJPKCHHSI B KOHJIEHCAIlIMHIA ycTaHOBILI 1 croamoBaHHsA. [Ipu 1mpomy, BUXiA
OloByTJICLI0 1 HWOro XapakTepUCTUKH MOKpaIlylThcsi. B Toil ke dYac, HasBHICTH
KOHJIeHCaTy (KW)KKH) CTBOPIOE JIOJATKOBI TEXHIYHI, €KOHOMIYHI 1 €KOJIOT14H1

AN
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TPYAHOII MPU HOTO 3HEIIKOPKCHHI.

AHazoriuai npoOjaeMy BUHUKAIOTH 1 MPU BUKOPUCTAHHI B SIKOCTI TEILIOHOCIS
neperpitoi BoasHOI mapu. KpiM Toro, sk mokasajiv BIacHI MOMEpPEeIH]l JOCIIHKEHHS,
npu miABUILEHHI TemmepaTypu 3a 600°C, Buxig OlOBYIJICLIO 3MEHIIYEThCS Ha
12...14%, mo WMOBIPHO € pe3yJabTaTOM WMOTO B3aEMOJII 3 JETKUMH MPOIYKTAMH
nipoJi3y.

Binomuii crioci6 miponizy 6iomacu B MOTOLI BYTJ€BOAHEBUX rasiB [12], mio
JI03BOJISE. 3a PaXyHOK HacH4YeHHsI O10BYTJICIIEBOI MAaTpHIll MPOIYKTaMH PO3KIIaIy
(caxi), OTpUMyBaTH HOB1 BYIJIEMICTKI MaTepiajd 3 BHU3HAYEHUMH (DIZMUHUMHU
XapaktepucTukamu. lIpoTe, BpaxoByHOUM 3HAYHY BapTiCTh BYTJICBOJHEBHX Ta3iB,
3aCTOCYBaHHS IILOTO CIOCOOY peHTal0enbHE TUIBKKM MPU KOMIUIEKCHINM KOHBEpCii
6iomacu B cunTe3-ra3 (ckiaan CO 1 Hy) 1 GioByrJienib BUCOKOI SIKOCTI (Ji€ HEJIeTKUi
ByTJielb ckiagae oubiie 90%).

B po3pobieroMy mporieci miposi3 POCIMHHOI OloMacu 3IIACHIOETHCS TPHU
KOMOIHOBAaHOMY  TIIJIBEICHHI  TEIUIOTA Ta30BUM  TEIJIOHOCIEM y  BUIJISI
BHUCOKOTEMIIEpAaTypPHHUX MPOAYKTIB HETIOBHOTO 3rOPSIHHS BYTJIEBOJHEBOTO ra3y.

[IpoBenenuil anami3z i1 MonepenHi eKCIepUMEHTAIbHI JTOCHTIKEHHS] BU3HAYMIU
OCHOBHI BUMOTH 10 TeruioHocis: Temrepatypa 1000...1100°C (sxa obmexena
TEMITEpaTypOIO TJIABKOCTI 307 BUXIAHOI Olomacu), (pizuyHa TETuioTa HE MEHIIE 2
M]x/M® (06yMOBIEHA HEOOXIMHOIO KiIBKICTIO JOJATKOBOI TEIJIOTH AJS IHPOJi3y
pocauHHOi Oiomacm), XimiuHa Teruota He MeHme 6 MJDk/M® (TemmoHocili He
MOBUHEH OajacTyBaTW MIPOJI3HUNA Ta3 1 TOTIpIIyBaTH MHMOro TEIMJIOTEXHIYHI
XapaKTePUCTUKH, OCOOJMBO MPH 3HAYHIM 3MiHI BOJIOTOCTI OloMacH), MiHIMIi3allis
BUILHOT'O KHCHIO B HOT0 CKJIa/l.

B po3pobiieHoMy mpoiieci ra30Buid TEMIOHOCIM OTPUMYETHCS B X011 HETIOBHOTO
3rOpsIHHSL MPUPOJIHOTO Tra3y npu KoedimieHT Hammumky noBitps o=0,7...0,75 1
temrepatypi 3ropsaas 1200...1250°C, a momaBaHHS BTOPUHHOTO Ta3y JI03BOJISIE
oTpumaTH TerioHociit 3 Temnepatypor 1000...1100°C. Takwuii pexxum BUOpaHUid 3
MIpKyBaHb CTaOUIbHOI 1 Oe3meyHoi poOOTH MalbHUKA. Xoua, SK BHJIHO 3 pHC.2,
HaWKpallll TeIJIOTEXHIYHI XapaKTEePUCTUKU TEIJIOHOCIS, PO3paxoBaHi 3a METOJOM
B.®. Konurosa, 3a6e3neuytorbes npu o =0,5 [13].

Q, T
35 p- +500 Puc.2. 3mina napamerpin
;g I ~ ra3oBOro TEeIJIOHOCIS B
1/ T 1000 3aJI€KHOCTI Bil KoeiumieHTy
20 v <
15 ‘ » ‘\ HANJIMIIKY NOBITPS (0):
10 ‘// N T 500 1 - @isuuna mennoma; 2 - oiticna
(5) 0 memnepamypa 320pHHsL;

3 - ximiuHa menioma.

0 0,40,50,60,70,80,9 1

[Ipu BuOpaHOMY pEXHMI JOCATAETHCS: TMO-NEpIIe, HeoOXiJHAa TemriepaTrypa
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tertonocis 1000...1100°C, npu HeoOXiaHi#M (i3uuHii 1 XiMiyHIN TemioTl. [lo-apyre,
AK BUAHO 3 Tabm. 1, mpu o = 0,5, B ck1aAl MPOIYKTiB HEMOBHOTO 3TOPSHHS MICTUTHCH,
npubnu3Ho, Ha 20% Mmenma kuibKicTe CO; 1 HyO, siki € 6amacTom [1sl mpoIi3HOTO
rasy.
Ta6auus 1.
O0'em i cky1ag BOJIOTMX NPOAYKTIB HEMOBHOI'O 3rOPAHHA IPUPOJAHOIO rasy, B
3ajiekHOCTI Big o [13]

CO, CcO H,O H, N> EME

= e

S's

o on o on o gl § -E‘\
2l |2 s |£ s | s |£ = z

= = = = = 3R

o @

o =

04 [0,11]1,8 089 | 1471 [052] 86 | 1,47 ] 243 |3,06 | 50,57 | 6,05
0,5 [0,19]2,78 [ 081 | 11,86 | 0,83 | 12,15 | 1,16 | 16,98 | 3,84 | 56,23 | 6,83
0,6 10303981070 928 [ 1,12 ] 14,86 | 0,87 | 11,54 | 4,55 | 60,34 | 7,54
0,7 10435191057 68 [ 1,39 [ 16,76 | 0,60 | 7,24 | 5,30 | 63,93 | 8,29
0,8 [0,60 ] 6.64 | 040 | 443 [ 1,62 [ 17,92 | 0,37 | 4,09 | 6,05 | 66,92 | 9,04
0,9 10,79 1806|021 | 2,14 [ 1,83 ] 18,68 | 0,16 | 1,68 | 6,81 | 69,49 | 9,80
1,0 [1,00 ]934 - - a9 - - 75917094 | 107

JUis TpUBEICHHSA XapaKTEPUCTHK TEIIOHOCIA 1O HEOOXITHMX MapaMmeTpiB, B
IIPOJYKTU HEMOBHOIO 3ropsiHHS mnpupojgHoro rasy (mpu a=0,7...0,75), BBOauBCA
BTOPMHHUN Ta3 1 pealidyBaBcs MPOIEC HOro BHCOKOTEMIEPATypHOI 3MIMIAHOT
KOHBEPCIi, 3T1JIHO 3 HaBeJIEHUMH (HOpMYJIaMHU pPeaKIliif:

CH4+H,O=CO+3H,+206,3 k/I>x / T MOJIb (1)

CH4+CO,=2CO+2H,+247,5 x]I>x /T MOIb (2)
3arajnomM, mpoIiec 3MilIaHo1 KOHBEPCii MPUPOAHOTO Ta3y MOKHA 3alUCaTH

3CH4+CO,+2H,0+7,52N,=4CO+8H,+7,52N, 3)

EdexTuBHICTh TaKOr0 JIBOCTAAIMHOTO MPOLIECY MOKa3aHa PSIOM JOCHITHHUKIB
[14, 15], AK1 miATBEPKYIOTh, 110 JIaHA CXeMa peakIliidi Moxe OyTHU peasizoBaHa BiKe
npu temrepatypi kouBepcii 800...1000°C. IIpote Bizomo, mo kpim peakiiit (1) 1 (2),
IPOXOJATh TAaKOX 1 1HII BTOPMHHI peakilii, 30KpemMa, peakilis Mipoii3y METaHy 3
YTBOPEHHSM Caxl, Ika Hacu4ye 010BYTJIEIIEBY MAaTPHUIIIO:

CH,=C+2H, 4)
C+H,0=CO+H, (5)
2C0=CO,+C (6)

B 3B’43Ky 3 1UM, NMpU po3paxyHKax MpoLECy BUCOKOTEMIIEPATYpPHOI 3MIIIAHO1
KOHBEPCii, BUHMKAIOTh IE€BHI TPYAHOII, OCKUIBKH € HEOOXIAHICTh BpaxoOBYBaTH
KOMIUIEKC IMX peakiiii. Tomy, npu BHUpIIIEHH] 1HXEHEPHHUX 3a/Ja4 BU3HAUYCHHS
XapaKTePUCTHUK TEIUIOHOCISI, BUTPAT BTOPUHHOTO Ta3y Y BU3HAUYCHOMY Jl1alla30Hi o, Ta
IHIIUX TTapaMeTpiB JOLUIbHIIIE OOMEKUTHUCS EKCIIEPUMEHTAIbHUMU JaHUMH.

JlocmipkeHHst  3MIIIAHOT  KOHBEpCli MPUPOJHOTO Ta3y MPOBEIECHO Ha
1a00paTOpHIM YCTAaHOBLII, KA BKIIOYAJa CIELIAIbHY KaMepy 3rOpsHHS 1 peakuiiHy
30HY.
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Kamepa 3ropsiHHs mornepeHboro 3MIIIyBaHHSI po3paxoBaHa Ha CIAJIOBAHHS 10
3 .M (HOpMambHUX KyOOMETpiB) NMPUPOAHOIO rasy 3 KOe(DillieHTOM HaJIMIIKY
noBiTpa 0=0,7...1. BoHa BUrOTOBJIEHa MOPUCTOIO, 3 HMIAMOTHOI KPYIKU AlaMETPOM
2...2,5mMm.

Jlo xaMepu 3ropsiHHSI CTUKYEThCS peakiliiiHa 30Ha, moBxkuHOI0 0,5 M. PeakmiitHa
30Ha € MWIHApUYHOI 1 (yrepoBana Al,Os; no miamerpy 0,04 m. Ha Bxomi
peakiiifHoi 30HH 3HAXOIUTHCS KaMepa, 3 pajiajJbHO PO3MIIICHMMHU OTBOPAMHU IS
1oJiayl BTOPMHHOTO razy. Butpatu BTOpMHHOTO razy MoOXxyTh 3MiHtoBatucs Bia 0,1
1o 1 B.M>, 10 cKnIajac 3araabHUM Koe(ilieHT HaUIMIIKY MOBITPS

V1
Oy = 7
3ar (Gor +Gyp)L; )

ne V- milficHa KinbKicTb moBitps, M°; Gor - KIIBKICTH OCHOBHOI'O ra3y, M°;

Gy - KiJIBKICTH 7101aTKOBOIO rasy, M>; L, - TeOpeTH4HO HeoOXiaHa BijHOCHA
KiJIBKICTB MOBITPS IS CIIATIOBAHHS IPUPOIHOTO Tasy, M>/M>.

ITo noBxkuHI peakIiiHOI 30HHU, HA BIAMOBITHUX BIJICTAHSX, BiJl MICIISI BBEJICHHS
BTOPHUHHOTI'O a3y, BCTAHOBJICHO IIICTh IITYIEPIB, 715 BiiOopy mpob razy: 1 - 0,015m;
2 -0,065m; 3 - 0,135m; 4 - 0,205Mm; 5 - 0,280M 1 6 - 0,345M. B 1mx ke TO4Kkax, B
MOMEHT B1JI0Opy TpoO raszy, NPOBOJWIOCS BHUMIPIOBAHHS TeMIEpaTypu, IpH
nonomMo31  BoJb(dpam-peHieBux Tepmorap BP-5/20, a Takox 1ecTu Tepmornap
rpaaytroBaHHs XA, 1110 BCTAHOBJIEHI Ha KOPITYCl peaKk1iHO1 30HU.

BeptukanpHo, 70 peakimiiiHOi 30HU CTHUKYEThCS Kamepa JIOTaJTIOBAHHS
MPOJIYKTIB KOHBEPCIi, KyJIU MOJAETHCS BIMIMOBIIHA KIJIBKICTh TOBITPS JJIS IIOBHOTO 1X
cnanoBanHs. Kamepa nomanroBaHHS Ma€ BOJASHE OXOJOKEHHS 1 3aKiHUYEThCA
JTUMOBOIO TPYOOI0, siKa MijI'€IHaHa 10 BEHTUJISIIMHOT CHCTEMHU BUIAJICHHS MTPOIYKTIB
3ropsiHHS, 3 TeMIiiepatypoto 25...35°C.

BumiproBanHs BUTpaT MaTepiajibHUX MOTOKIB (ra3y 1 MOBITPsl) MPOBOIUIIOCS
porametpamu PC-5, 3 peryatoBaHHsIM BiJINOBIIHOIO apMaTypoIo.

Buxii ycTaHOBKM Ha pEXUM XapaKTepU3YyBaBCS BUXOJOM Ha PEXUM KaMepH
3TOPSIHHSI, IPOTPIBAHHSAM PEaKI[IMHOI 30HHU 1 BCTAHOBJICHHSM IMOCTIMHUX TeMIepaTyp
Mo ii JOBXMHI. A TakKoX, BHXOJOM Ha pEKHUM pEaKIIMHOI 30HH, B MOMEHT
MPOTIKAHHS peakiiii KOHBepCii MPUPOAHOrO Tazy, MpO II0 CBIAYUTH CTaNICTh
TEMIIepaTyp B 4Yacl, B KOXKHIN 3 IIECTH PENEPHUX TOYOK.

[Ticnst BUXOAY peakIIMHOI 30HM HAa PEXKHUM MPOBOAMBCS BiAOIp Mpod rasy Ha
aHami3 B micth eMHOCTe Kopo. AHami3 mpoBoauBcs Ha xpomaTorpadax «I'azoxpom
3101» 1 JIXM -80 na BmicT kommnoHeHTiB: H,, O,, N, CHs, CO, CO,, C,H,, C,Ha,
C,Hes, CsHs. B xpomarorpadi JIXM-80 BuKOpUCTOBYBaBCSI TeII€EBHIl Ta3-HOCIH.
[Ipote, OCKITBKM  TEIUIOMPOBIAHICT,  BOJHIO  Majo  BIJIPI3HIETHCS  BIA
TEIUIONPOBITHOCTI TeNio, TO aHali3 ra3y Ha BMICT BOJHIO IPOBOJMBCS Ha
xpomarorpadi «I["azoxpom 3101», a B IKOCT1 ra3y-HOCISI BUKOPUCTAHO MOBITPSI.

Pe3yabTaTH Q0CHiIKEHD.

JlocmiPKeHHST BHCOKOTEMIIEPATYpPHOI 3MIIIAHOI KOHBEPCii MPUPOJHOrO Tazy
3IMCHIOBANIOCS TIPU MOCTIMHUX 3HAYEHHSIX POOOTHM KamMepH 3rOpSHHS, B PEKUMI
HermoBHOTro 3ropsHHs npu  0=0,7...0,75 1 TeMmmeparypi MNPOAYKTIB 3TOPSHHS
1200...1250°C, mo € HENpUIyCTUMHUM, IIIOJI0 BU3HAYEHUX BHUMOT JO TEIJIOHOCIS.
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JUiss KOperyBaHHSI HOro0 XapakTEpUCTUK O ONTHUMAJIbHUX, B MPOAYKTH HEMNOBHOIO
3TOpPSIHHS BBOJMBCA BTOpPHUHHMM ra3, OCHOBHA 3agada JOCHIIKEHb MOJsAraia y
BHU3HAUEHH1 BUTPAT BTOPUHHOTO Ta3y, AJii OTPUMaHHS TEIUIOHOCIS 3 TEMIIEPaTypOIO
1000...1100°C. Sk BugHO 3 rpadikiB, IpEACTaBICHUX Ha puc.3, Takl mapameTpu
TEIUIOHOCIsT OynM OTpHMaHI MpPU BBEAEHHI BTOPUHHOTO ra3y B KimbkocTi 0,4...0,5
H.M>/H.M?, 1110 BiNOBIiIAI0 PeXKUMY CIIATFOBAHHS 3 3arajdbHUM 0,,=0,46...0,5.

HeoOxiaHo BiA3HAUMTH, IO MAJIHHS TEMIIEPATypH TEIUIOHOCISA BiTOYBa€ThCS
Bke Ha Biactani 0,015 M Big Mmicis BBeJAEHHS BTOpUMHHOrO rasy. lLle jmae mijgcraBu
CTBEpJIKYyBaTH, IO peakilli BHCOKOTEMIIEpATypHOI KOHBEpCIi METaHy JIOCUTh
IIBUJIKOTUTMHHI. A TIPOBEJEHI PO3PaXyHKH TEIUIOBOTO 1 MaTepiajlbHOro OajlaHCiB
NOKa3aja, IO MaAiHHS TEMIEpaTypu TEIUIOHOCIS JOCATAEThCA, SIK 3a PAXyHOK
pereHepaiii (i3MYHOI TEMJIOTH MPOAYKTIB KOHBEpCii B BTOPUHHUM Tra3, Tak 1 3a
PaxyHOK €HJOTEPMIUYHOTO €(DEeKTy peaKiiiil.

Trr

1400 - 2; 4& 1 Puc.3. 3mina temneparypu
1200 A - N A TeIJIOHOCI MO JOBKUHI
1(;88 peakiiiiHol 30HU MPHU Pi3HUX

600 BUTPATAX BTOPUHHOIO rasy,

400 mim3: 1-0,4;2-0,5.

200

0

0 0,02 0,07 0,14 0,21 0,28 0,35

[Ipu 1iboMy, O1IBII CYTTEBE MaAiHHS TEMIEpaTypu CIIOCTEPIrajocs Ha BiJICTaH1
0,135 M, mo Bkasye 1 Ha yacoBuil (hakTop BIUIMBY. Lle miaTBepKye 1 3MiHA CKIIaay
ra3oBOr0 TEIMJIOHOCIS MO JIOBXKUHI peakiiiHoi 301U (puc. 4, 5).

G,
14
12 - Puc.4. 3mina ckJi1aaxy ra3oBoro
10 . .
o0 TEMJIOHOCIS M0 TOBKUHI
g,\os:g o O peakiliiiHol 30HU NPU KOHBEPCil
4 4o—0— 0,4 n.m*/m.m* npupoaHoro rasy :
2 OO0 j)—o__o 1-CO, 2-H;,3-C02,4-CH;4
0 T
0 0,1 0,2 0,3

Te, mo npu gaHUX ymMoOBax ijie MPOIeC 3MIMIaHOI KOHBEPCIi MPUPOJTHOTO Ta3y
CBIIYaTh 1 JaHl 3MIHU KIIBKOCTI OajJaCTHHX KOMIIOHEHTIB B CKJIa[l TEIIOHOCIS, SIK1
HaBeJIeHI B Ta0m.2.

3riiHO MpPUBEIECHUX PE3YJIbTAaTIB BUIHO, IO KIJIbKICTh 0aJaCTHUX KOMIIOHEHTIB
BHagocsi 3MeHmuTH Oinbine sk Ha 30%, a 1e CyTTEBO MiABUIIUIIO TEIJIOTEXHIYHI
XapaKTEPUCTUKHU TEIIOHOCIS.
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Ci,

Puc. 5. 3mina ckiaaxy ra3oBoro

15 -77%7: TENJIOHOCISl M0 TOBKUHI
101 @/O/ peakuiiiHOi 30HU MPHU KOHBEPCii
O———O— o o 0,5 n.v*/u.m® mpupoanoro rasy:
S 8::8____0 —0—=0 1-CO, 2-H, 3-CO,, 4-CHy4
O O O
0
0 0,1 0,2 0,3 L

Taoauusa 2
3MiHa 0aJ1aCTHUX KOMIIOHEHTIB B MPOAYKTAX 3MIilIaHOI KOHBEPCii MPUPOIHOTO
ra3y, B 3aJI€2KHOCTi BiJl KiJIbKOCTI BTOPHHHOI0 ra3y

Kimekicte | CO2 | CO, H-»O, H>, CHs, | Ny, > QPxim,
O | BTOPMHHOTO | % % % % e | MIx?
3 /a3 0 5 N
ra3y, M°/m %0 8
W
0,7 - 5,19 | 6,88 16,76 | 7,24 - 63,93 | 85,88 1,58
0,5 0,4 5,05 | 21,54 | 15,83 | 22,11 | 3,44 | 32,03 | 52,91 6,34
0,44 0,5 5,0 | 21,33 15,5 | 21,65 | 4,29 | 35,23 | 55,73 6,57

JUid MopiBHSAHHSA, B Ta0J. 3 HaBEAECHO MapaMeTpu TEIUIOHOCIS MPU HEIIOBHOMY
3rOpstHHI TpHPOAHOro ra3y npu a=0,7 i npu 3mimaniii ioro kousepcii (0,4 M3 /m?), 3
3arajabHAM 0, =0,5.

Tadoauus 3
IlopiBHSIHHA MapaMeTpPiB TEIVIOHOCIA IPY HEMIOBHOMY 3rOPsiHHI IPUPOJIHOT0
rasy i 3milanii ioro kousepcii

Koedirmient [TapameTrpu
Hagmuky | CHa, | CO, H, | >6anact, | T.,°C | @i3uyna | Ximiuaa | CrymiHb
HoBITPS, 03 | %00. | % 06 | %006 % TEIJIOTa, | TETUIOTa, | KOHBEPCI,
M/ | MJDx/v> %
0,7 - 6,88 | 7,24 85,88 1250 19,8 13,7 -
0,5 3,44 | 8,86 | 10,5 74,4 1060 13,36 20,14 12

OO0rosopeHHs Ta aHAJII3 pe3yJbTATIB.

3 OTpUMaHUX PE3yNbTaTiB EKCIIEPUMEHTAIBHUX JOCIIHKEHb BUTHO, TIO:

1. He nuBnsunch Ha HU3BKY cTymHiHb KoHBepcli MeTany(10...15%), Temnonocii
OTpUMaHMUI MpHU 3MilIaHiil HOro KOHBEpCii, 3 3arajJbHUM KOE(IIIEHTOM HaJTUIIKY
noBiTpa 0,5, xapakrepusyerbcsi temmepaTyporo (1000...1060°C), crTabiibHICTIO
CKJIaJy, TIOCTATHROIO (PI3MYHOIO Ta XIMIYHOIO TEIJIOTOIO, SIKI ITUIKOM 33JI0BOJTHHSIOTH
BHU3HAUYEHUM BUMOTaM.

2. OgHuM 3 Al€BUX HUIAXIB MIJBUIICHHA CTYNEHsS KOHBEpCli, € MomepeaHii
MIJIrpiB BUXIAHUX MPOAYKTIB (MOBITPsI 1 MNPUPOAHUN Ta3) A0 OUIBIT BUCOKHX
TEMIIEpaTyp 3a PaxXyHOK TEPMOXIMIYHOT pereHepallii TEerjaoTH JaHOTO MPOIIECy.

3. Ilpomec 3mimaHoi KoHBepcii J03BojauB 3MeHmUTH Ha 30% OanmactHi
komnoHeHTH H,0 1 CO, y mopiBHSHHI 3 X KOHIIEHTPAIlI€0 MPU IIOBHOMY 3TOPSHHI.

ISSN 2567-5273 79 www.moderntechno.de



Modern engineering and innovative technologies Issue 12 / Part 1 (i

BucnoBku.

B po6oTi HaBeneHI OCHOBHI Pe3yJbTaTH AHAMITUYHUX 1 €KCIEPUMEHTAIbHUX
poOIT, HaMpaBJICHUX Ha OTPUMAaHHS JAeTajabHOI 1H(OpMalii npo crnocid oTpuMaHHS
BUCOKOTEMIIEPATypHOTO  Ta30BOTO  TEIUIOHOCISI 1 HOTO  TEIUIOTEXHIYHI
XapaKTEPUCTHUKH.

B xoni nmpoBeneHUX AOCHIIKEHb BU3HAYEHO OCHOBHI TEXHOJIOT1YHI MapamMeTpu
YTBOPEHHS BHCOKOTEMIIEPATypHOTO TEIUIOHOCIS 3 TEIIOTEXHIYHUMU
XapaKTEpUCTUKAMU HEOOXITHUMHU Uil TPOBEACHHS TMPOLECYy TEPMOXIMIYHOI
KOHBepcii pociauHHOiI Oilomacu. Takuii TeruioHOCIM 3abe3reuye IMiABEACHHS
HEOOXITHOT JTOAATKOBOI TEIUIOTM B 30HY peEaKiii 1 MOKpallye TeIIOTeXHIUHI
XapaKTEPUCTUKHU MIPOTI3HOTO rasy, Mpu 3MiHI TEXHOJOTIYHUX MapaMeTpiB MpoOLEeCcy
YH BOJIOIOCT1 BUX1IHOT OloMacH.
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Abstract. A screw type installation is proposed, which implements the technology of
thermochemical conversion of plant biomass into combustible gas and bio carbon. The technology
is based on the use of the pyrolysis process in the clamped and moving biomass layer, when using a
heat-carrying agent in the form of high-temperature products of the combustion of hydrocarbon
gas. The results of computational and experimental studies of the main operational parameters for
obtaining a gas heat-carrying agent and its heat engineering characteristics are presented.

Key words: biomass, thermochemical conversion, pyrolysis, gas heat-carrying agent, screw
reactor.
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Anomauin. Y yiti cmammi po3ensHymo npoobiemy nio8uujeHHs HAOIUHOCMI eKcniyamayii
O0yposoco  obnaoHawHA. Buseneno HaubOinbwi  HEeHAOIUHI  eleMeHmu  eleKmpooOIAOHAHHS.
PeKOMeHayé'mbCﬂ KOHmpoJiroeamu napamempu e1eKmpOHCUBIIEHHA 6yp06020 00NAOHAHHA 3 MEmOoIo
KOHMPOJI0 CMPYMI8 BUCOKUX 2apMOHIK. [ yboeo 08 GUKOpUCMAHUL VHIBEPCATbHUL anapamHull
ma npoepaMHuL? Komniekc. 3 memoro nic)eumeimﬂ HaoiHocmi NPONORYEMBCA eiOOerMumu
JAHYIO2U IHCUBTIEHHSL eIeKMPUYHOL Opuli ma 000amKo8020 0ypo8020 00NAOHAHHS, SKe SUCMYNAE
0o1cepenom Cmpymie ULYUX 2APMOHIK.

Knrwowuosi cnoea: naoitinicme, OYpiHHA CBEpONOBUH, eNeKmpoOyp, MAMeMAmuyHa MoOoeb
HAOTUHOCMI, HeCUHYCOIOHICMb, BUWI 2APMOHIKU CIPYMY | Hanpye.

Beryn. IlpoGnema 3a0e3nedeHHs HaJIMHOCTI €JIeKTPOOYypPOBOro OOJa HAHHS
OXOIUTIOE IIUPOKE KOJIO MHUTaHb TEOPETHUYHOIO, MPAKTUYHOIO Ta OPraHi3aliiHOro
XxapakTepy. BaromMuMu UYMHHUKaMH, SKI XapaKTEepU3YIOTh Ipolec OypiHHS
CBEPJIJIOBUH 1 BIUIMBAIOTh Ha O€3aBapiiiHICTh pOOOTH, €: TSXKKI YMOBHU €KCIUTyaTarlii,
0oOyMOBJIEHI yMOBaMH JOBKIUIS, HAasBHICTh arpeCHUBHUX CEPEIOBUII, MOXKJIUBICTbH
YTBOpPEHHSI BHOYyXOHEOe3neuHux cymimeil. TakoX CyTTe€BUN BIUIMB CIPUUYHHSIOTH
HECTaOUIBHICT, HABAaHTAXEHHS, KOHIEHTpAIliS BEJIMKUX TOTYXHOCTEH, HASBHICTH
BEIIMKOI KITBKOCTI €JIEMEHTIB, TapamMeTpu SKHUX IMOCTIHHO 3MIHIOIOThCS B daci,
KOJIMBAHHS HAMPYTH TPU 3aMyCKy MOTYXHUX arperaTiB [1]. BUHUKHEHHS KOPOTKUX
3aMHKaHb 3YMOBIIOIOTh TIEPEPBH B EIEKTPOINOCTAYaHHI, IO, B CBOIO 4Yepry,
MPU3BOJATH J0 MPOCTOI0 OOJaAHAHHS, 3HUKEHHS O0’€My BHXITHOI MPOMYKIII.
Henocratniii piBeHb HaaiHOCTI OypoBOTO OOJaAHAHHS 3YMOBIIOE 3POCTAHHS
eKCIUTyaTallliHuX BUTpAT Ta 4acy npoctoro. OKpiM LbOTo, MPU HEJOCTATHOMY PIBHI
HAJIAHOCTI (DYHKI[IOHYBaHHSI OOJIalHAaHHS pANTOBI BIJIMOBM BY3JiB Ta JeTajieu
BHACJIIJIOK MOPYUIEHHS BCTAHOBJIEHOI TEXHOJOTIi OypIHHS MOXYTh HPHU3BECTU [0
BAXKKHX aBapid, BUTpATH Ha JIKBIJALIK SIKUX OYIyTh NOCUTH Belukumu [1, 2]. Sk
0aurMo, BU3HAYEHHS 3/1aTHOCTI OypOBOTO 00JIaJHaHHS 3a0e3meuyBaT Oe3nepediiiny
po0OOTYy € TOBOJII AKTyaJIbHUM MUTAHHSIM.

OcHoBHA yacTHHA. BaXXIMBUM YMHHUKOM, SIKMM BIUIMBA€ HA JIOBTOBIYHICTH Ta
0€3Bi1IMOBHICTh POOOTH €JIEKTPOOOTIaTHAHHS, € SKICTh €IEKTPUYHOI eHeprii. Ake
JKUBJICHHSI CIIOKMBAYiB EJIEKTPOCHEPTI€I0 3 HU3bKUM PIBHEM IOKA3HHKIB SKOCTI
3YMOBJIIO€ 1HTEHCHU(IKAIII0 TPOIECY 3HOLIYBaHHS Ta CTapiHHS, 110 TMPHU3BOIUTH 0
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3pOCTaHHS MOTOKY MOCTYMOBHUX B1JIMOB OOJIaJIHaHHS. AHAJI3YIOUM MPOIEC CTapIHHS
€JICKTPOJIBUTYHIB MOTPIOHO OLIHIOBATH CTaH MEXAHIYHHUX BY3JiB, KOHCTPYKTHBHHX
MaTepialiB, OCKUJIBKA 3MiHA BIACTHUBOCTEH Oynb-fKOi YAaCTHHH EJIEKTPOJBHUIYHA
TATHE 3a co00I0 3MIHY POOOYMX MapaMmeTpiB Ta BIUIMBAE HAa IHTEHCHUBHICTH BIIMOB
nasuryHa. [IpoBeaennii anaai3 CTaTUCTUYHUX JAHUX IOJI0 BUXO/IB 3 Jaay CKIaI0BUX
BY3JIIB €NeKTpoOypa TOKa3zaB, IO 3HAYHA KUIBKICTh BIIMOB €JIEKTPOJBUTYHA
eIeKTPOoOypa 3yMOBJIEHA TTPOOOEM 1305151111 00MOTOK. OCHOBHUMU MPUYUHAMU IIHOTO
ABUIIA € TEeperpiB OOMOTOK BHACIHIJIOK BaXKKMX YMOB €KCIUTyaTailii, a TaKoX
YKUBJICHHSIM JIBUTYHA €JIEKTPOEHEPTI€I0 MOHMUKEHO]T SIKOCTI [2].

JliarHOCTHKY TIOTOYHOTO CTaHy OOJIafHaHHS, BH3HAYEHHS 3aJIMIIKOBOTO
pecypcy poOOTH Ta HEOOXITHOCTI MPOBEICHHS PEMOHTY MOXHa 3IMCHIOBATH 3a
aHaJI130M MOTOYHMX MOKA3HUKIB poOOTH 00IagHaHHS, sIKI O BiIOOpaKkaid TEHACHIIIIO
JI0 BUHHKHCHHS BigMoBu. lle MoxkmmBo 3a0e3neunTH ABOMA  €TallaMu:
3aCTOCYBAaHHSM CHCTEMH KOHTPOJIIO EHEPreTUYHUX TMapaMeTpiB, BU3HAUCHHSIM
EHEPreTUYHUX TOKA3HUKIB EJIEKTPOTEXHIYHOTO OOJajgHaHHS, SKI JaayTh 3MOTY
BU3HAYNTHU IUISIXU ITABUIIEHHS HATIHHOCTI.

ITpouec OypiHHs CBEP/IJIOBUHU CIEKTPOOYpOM  XapaKTEPHU3YEThCS
EHEePreTUYHUMU MapaMeTpaMu CUCTeMU: (pa3HUMH CTPyMaMU Ta Halpyramu JBUTYHA
€JIeKTpoOypa; AKTUBHOIO, PEAKTHUBHOIO Ta IOBHOK TOTYXKHICTIO CIOKHMBaHHS;
MIBUKICTIO OOEpTaHHS Bajly; MOMEHTOM Ha Bally JIBUTYHA; MOKa3HUKAMU SKOCTI
HaIpyTH kuBJIeHHs. KpiM 11b0T0, Ha MpolieC eIeKTPOOYpIHHS OyJie BILUTUBATH POOOTa
JOTIOMIXKHUX MEXaHI3MIB, a caM€ PEeXUMHU podoTu OypoBoi jeOigku, OypoBOTO
Hacoca, poTropa Ta 1HIMMX OpHUCTpoiB. llopymeHHs poOOTHM HUX MexaHI3MiIB Oyje
CHPUYMHSTH NOCTYIOBI BIIMOBH eleKTpoOypa. ToMy Takoxk HE0OX1AHO 3A1MCHIOBATH
KOHTPOJIb 32 €HEPTeTUYHUMH MapaMeTpaMH IbOro 00JIaTHaHHS.

Ha croroani B yMoBax OypoBOi yCTaHOBKHM KOHTPOJIb 33 IEBHUMH MapaMeTpaMu
poOOTH €JIEMEHTIB CHUCTEMM €JEKTPOIIOCTaYaHHs €JNeKTpoOypa 3A1MCHIOEThCA 3
JOTIOMOTOI0 3BUYAWHUX TMPUIaIiB Ta CaAMOMUCI, MO0 (PIKCye HaBaHTAXKEHHS Ha
JIOJIOT1, SIK1 HE 3/1aTHI 3a0€3MeYUTH KOMIUIEKCHUM MOHITOPUHT POOOTH elIeKTpoOypa.

3 Meroro 3a0e3nedeHHs HEeOOX1IHOK 1H(OpMaIi€l0 MpOo MPOLeC AKTHUBHOTO
OypiHHS B peajlbHOMy MaciiTabi 4acy JOIIJIbHO BHKOPHCTATH CHUCTEMY KOHTPOJIO
enepretuunux napametpiB  (CKEII) [3]. [lana cucrtema € yHiIBEpCaJIbHOIO
1H(OpMaIIHHO-BUMIPIOBAIBHOIO ~ CUCTEMOIO, MPU3HAYEHOI I IPOBEICHHS
eKCIIEPUMEHTAJIbHIUX HAYKOBUX JOCTIPKEHb (PYHKIIIOHYBaHHS PI3HOMaHITHOTO
enekTpoycTatkyBanHsa. B ocHoBY po6otu CKEII nmoknaneHa TeXHOIOTIA BIpTyaIbHUX
npuiajdiB, sika 0azyeTbcs Ha MeToAax HU(PoBOi 0OpOOKM CUTHANIB 1 rpadiuHOMY
IporpaMyBaHHI ajJrOpUTMIB Ta 1HTep(1)eH01B NPUKIAHUX TIPOTPAM. [TowaTkoBUMU
curHanamu g CKEIl € mutreBi 3Ha4YeHHs Hampyr 1 CTpyMIB y TphoX (a3zax.
[lomanpmmii aHani3 MUTTEBHX 3HAYEHb CTPYMIB Ta HaIpyr 3a0e3nedye BHUSBICHHS
JUKEpeNl CIOTBOPEHHS SIKOCTI €JEKTPOCHEpPrii, BEIMYMHY AaKTHUBHOI Ta PEAKTUBHOI
MOTY)KHOCT1 HaBaHTaXEHHS, KOEQIIIEHTY TapMOHIK, KOoe(]illleHTy HecHuMeTpii,
Koe(iIlleHTy TOTY>KHOCTI, YaCTOTH HaIpyru i1 ctpymy. g mporpamMHOi 4acTUHU
BUKOPHUCTAHO CTAaHJAPTU30BaHI CTPYKTYpPH 1 CTAHAAPTHI aIropuT™MH HHUGPOBOT
OoOpoOKM CHWTHaTiB: BH3HAYCHHS CEPEIHHOKBAJAPATUYHUX 3HAYCHb, IIBUJKE
nepetBopeHHs Dyp’e, 0OUUCICHHS CEPETHBOTO apU(METUIHOTO 3HAYCHHSI.
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Ho cximany amapatnoi vactuHu CKEII BXomsTe nepeTBoproBadi Hampyru
CV3-1000 Ta ctpymy ATA-2504 Ha ocHOBI edexty Xomma, 16-OiTHwmIA
OaraTokaHanbHUN aHanoro-mugposuii neperoproBad NI USB-6210 3 intepdeiicom
USB, HOyTOyk Ta mnepeHocHe mkepesio Oe3mepeOiitHOro eneKkTpoKuBiIeHHsS [3].
[lin’emanns  BumiptoBambHux eneMmeHTiB CKEIl 3xilicHIoeThCcs Ha KaOeIbHUX
BUBO/IaX B IIadi KEpyBaHHS €IEKTPOOYpOM.

3 BuxopuctanusMm tnpuctporo CKEIl ©Oyno mpoBeneHo MOCHIKEHHS
EHEePreTUYHUX IMapaMeTPiB €JIeKTPOOYpPOBOTO OOJagHAHHS IIiJI Yac CIOPYKCHHS
cBepasioBUHHU «SlcuHoBens» Ha [Ipukapnarti. BypiHHs 3A1iCHIOBAIOCH 3 AOIIOMOTOIO
neuryHa E 240-8M. Ilicis peectpariii HeoOXiTHUX AaHUX, OYJIO 371HCHEHO 00pOOKY
CUTHAJIIB Ta BU3HAYEHHSI OCHOBHMX €HEPreTUUHUX MapaMETPiB eIeKTpoOypa. 3 1€l
METOI0 3aCTOCOBAHO BipTyajdbHUM npuiia B cepenouiii LabVIEW.

Koedp. rapm.

BN \
2 A A ] |

(O T T T T T T

1 19 37 55 73 91 109 127 145 163 181 199 217 235 253 271 289 307

Puc. 1 - Innamika xoediuieHTy rapmMoHik Hanpyru ejektpodypa E240-8 na
riauouHi 150m (oauH BifsIiK Ha oci yacy Bianosigae 0,1¢)

Foed. rapmonik. .

1 1409 2817 4225 5633 7041 8449 9857 11265 12673 14051 15489 16897 18305 19713

Puc. 2 - 3anexHicTb Koe(inieHTY rapMoOHIK Hanpyru (pas3u ejieKTpodypa B 4aci |
Ha riimOuHi Oypinas 2300 m (oauH BiAJIiK Ha oci yacy Bianosixae 0,1c¢)
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4
3,5

3 vy |

il

2,5 V

2 | Koed. FapMOHiKi
1,5

1
0,5

0

1 16 31 46 61 76 91 106 121 136 151 166 181 196 211 226 241 256 271

Puc. 3 — 3anexnicTs koedinieHTy rapmMoHik cTpymy esaextpodypa E240 -8 B uaci
8M Ha riinéuni 150m (oauH Biajik Ha oci yacy Bianosigae 0,1¢)

Hoed. rapmoHik

1 1280 2559 3838 5117 B396 7675 8254 102332 11512 12791 14070 15349 16628

Puc. 4 - 3anexnicTs KoedinieHTY rapmMoHikK cTpymy ¢a3u eneKTpodypa B yaci Ha
rauOuHi Oypinas 2300 m (oauH BifJIiK Ha oci yacy Bianosigae 0,1¢)

B xomi mnopanpmioi  0OpoOKM — €KCIIEPUMEHTAJbHUX JaHUX  31HCHEHO
CHEKTpaJIbHUM aHa/li3 KPUBUX HAMPYTU Ta CTPYMY 3 METOIO BU3HAUEHHS KOE(ILIEHTY
rapMoHiKk (puc. 1 — puc.4). BianoimHi 3aMipu 3A1MCHIOBAINCH HA IOYATKY
CIIOPY/IPKEHHSI CBEPUIOBUHU Ha ruoOuH1 150 M, a Takox Ha riuouHi 2300 M.

Sk 6auuMo 3 OTpUMaHMX TpadiuHUX 3aJEKHOCTEH, B KPUBUX CTpymMax Ta
Hampyrax >KMBJICHHS JABUTYHA €JIEKTpOOypa MICTATHCS CKJIAJOBl BUILIUX TapMOHIK.
[Tpuyomy no Mipi 3arauOIeHHs CBEPAJTIOBUHU PIBEHb IUX TAPMOHIK 3pOCTAE.

[TpucyTHICTP BHIIUX TapMOHIK CTPyMy 3YMOBIJIEHA BIUIMBOM THPHCTOPHHUX
epEeTBOPIOBaYiB (KEPOBAHMX BUIIPOCTYBAUIB HANIPYTH), SIKI CIIYTYIOTh JJIs )KUBJICHHS
JIBUTYHIB TIOCTITHOTO CTpyMY NMPUBOY JEO1AKM Ta Hacoca.

Bumii rapMoHiKM 3yMOBIIOIOTH 3HMIKEHHS SIKOCTI €JIEKTPOCHEprii Ha OypoBiii
YCTaHOBIl, CIPUYUHSAIOTh HETATUBHUN BIUIUB Ha pOOOTY €JIEKTPOOOIaJHAHHS, a
came:

"3pOCTa€ CIOKMBAHHSA PEAKTHBHOI MOTYXXHOCTI 3a PaxyHOK TIOTYXHOCTI

CHIOTBOPEHHS;
"3pOCTal0Th BTPATH €JIEKTPOEHEPTii B MEPEXKI Ta eNEeKTPOoIpUiiMayax;
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"3pOCTa€ HaArpiB €JIEKTPONpPUIMAUIB, II0 CHPUYMHIOE MPUCKOPEHHS MPOIIECIB
CTapiHHS 130JI1111;

" Bi10YBA€THCS PICT BTPAT B JIEICKTPUKY 130JIS1I1T;

"00MEXY€EThCS  3aCTOCYBaHHA KOMIIGHCYIOUMX OaTapell  KOHJEHCATOpiB
BHACJIIOK MOJKJIMBOCTI TOSIBU PE30HAHCHHUX SBUII YU TE€PEBAaHTaKECHHS
Oarapeii.

OCKUIBKH BHIII TapMOHIKH 3YMOBIIIOIOTh IOJaTKOBUH HarpiB
€JIEKTPOOOIIaJTHAHHSA, BHACTIJOK YOIrO 1HTEHCHBHIIIE MPOXOAMUTHh MPOIEC CTAPIHHSA
130J141111, TO BiAOYBAETHCSI 3HUKEHHS PIBHS HAJIIMHOCT1 O0JIaHAHHS.

BucnHoBkwu.

ExcriepyuMeHTanbHO BCTAHOBJIEHO HASABHICTh CTPYMIB BHMIIMX TapMOHIK B
CUCTEMI EJIEKTPONOCTAYaHHS €JEeKTpoOypa, sSIKI 3yMOBIIOIOTH J0JATKOBUW HAarpis
KaOeJIbHUX CEKIlli CTPYMOITABOAY 3aHYPIOBAHOTO JBWUTYHA. 3 METOIO IiJIBUIIICHHS
HaJIIMHOCTI KaOEIbHUX CEKIH JOIIIBHUM € PO3JUICHHS KT >KUBJICHHS JIBUTYyHA
eJeKTpoOypa Ta JOMOMDKHOTO OO0JaJHaHHS OypOBOI YCTaHOBKHU, SIKE€ € JHKEPEIoM
BHUIIIMX TapMOHIK. 3alpolOHOBaHUN 3axidg 3a0e3meuuTh HaaiiiHe JKUBJICHHS
3aHYpPIOBAHOTO 00JIaAHAHHS CUHYCOIJTHUMH HAIIPYTOl0 Ta CTPYMOM.

PexoMeH10BaHO 3a0e3nenTH MOHITOPUHT napameTpiB poboTtu
€JIEKTpOOYpOBOTO O00JIaHAHHS 3 METOI0 BUSBJICHHS Ta ONEPATUBHOIO YCYHEHHS
HECIPABHOCTEH MIISAXOM 3a0€3MEeUYeHHS JIOCTaTHhOI KUIBKOCTI 3allacHUX OJMHUIIb
oOnagHaHHS, SIKE € MaJoHaAlMHMM, a caMme OypWJIbHUX TpyO0 3 BMOHTOBaHHUMU
KaOEebHUMHU  CEKUIIMH  CTPYMOIMIABOJY, MPUCTPOIB  KOHTPOJIIO  130JISM1,
CTpyMONIpHiiMauiB Ta JBUTYHIB enekTpoOypa. Lle macTte 3MOry 3MEHIIUTH
IIPOCTOIOBaHHS OYpPOBOi YCTaHOBKH.
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Abstract. This article considers the problem dealing with the increase of operation
dependability of electric drill equipment. Complex analysis of failures causes of this equipment is
worked out. It is detected the most unreliable elements of electric equipment. It is recommended to
monitor power supply parameters of electric drill equipment with the purpose to control high
harmonic currents. For this purpose it was used universal hardware and software complex. It was
found out that the voltage and current harmonic ratios increased as it deepens.It is shown that this
causes an intensification of the process of equipment failure formation. In order to increase
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reliability, it is proposed to separate the power supply circuits of the electric drill and additional
drilling equipment, which acts as a source of currents of higher harmonics.

Keywords: reliability well drilling, electric drill, mathematical model of reliability, non-
sinusoidal, high harmonics.
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Abstract. Based on the analysis of the state of works on well research in industrial practice
from the point of view of complexity, cost, duration, environmental aspect, it was found that the
work on researching wells in the case of stationary filtration using traditional technology or on one
actually worked out research mode can be considered positive. In the case of studies of highly
permeable reservoirs characterized by non-stationary filtration, the research is based on obtaining
pressure recovery curves and applying mathematical techniques to obtain, using the interpretation
of the data, the necessary information about the reservoirs being studied. It is noted that it is
necessary to create a research method and interpretation methodology for the data obtained and
some elements of the methodology for calculating gas-dynamic parameters of productive gas and
gas condensate wells for unsteady production filtration prior to bottom-hole are given.

Keywords: well research, interpretation technique, stationary modes, non-stationary modes.

Introduction.

Introduction. To study the geometrical characteristics of the reservoir (the size
of product reservoirs, the change in the total and effective thickness of the reservoir),
reservoir and filtration properties of the reservoir (porosity, permeability, gas
conductivity, piezo conductivity, reservoir, bottomhole, wellhead pressures, and
temperatures), physical and chemical properties of the gas and gas condensate
(viscosity, density, compression coefficient, gas saturation, humidity), hydro-gas and
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thermodynamic conditions in the wellbore during operation, the technological regime
of the well in the presence of various factors, such as the destruction of the bottom
hole zone, the presence of bottom water, structures and properties of the equipment
used and ground communications - gas-hydrodynamic, geophysical and laboratory
studies are used.

Laboratory ones are reduced mainly to the study of the physicochemical
properties of gas-containing objects as well as the gas and liquid which are in them.
The conditions for obtaining reservoir parameters, for example, porosity,
permeability, gas saturation for small samples in laboratories, in most cases
significantly differ from the same parameters obtained in natural conditions. In
addition, they are of a point nature and therefore it is incorrect to distribute them to
the entire field.

Geophysical methods characterize areas close to the walls of the wellbore. These
include logging, nuclear magnetic resonance, thermometry and debit meter. With
their help, it is possible to determine by measuring working production intervals or
interlayers, flow rates of individual interlayers, filtration resistance coefficients,
permeability, piezoelectric conductivity.

Gas-dynamic research methods include removing the PRC after a well shut-off,
taking pressure stabilization and flow rates when a well is put into operation in a
specific mode (washer, nozzle, diaphragm) and taking an indicator curve that reflects
the relationship between the bottomhole pressure and flow rate during well operation
in various modes. These studies provide evidence for their interpretation in order to
obtain reliable information about the studied formations. Moreover, studies under
stationary filtering conditions are described in various ways, and studies under
unsteady conditions have a problem which lies in the lack of a research method in
one unsteady mode. Gas-hydrodynamic methods for researching wells were covered
in the scientific works of Yu.P. Korotaev, A.P. Polyanskii, E.B. Chekalyuk, I.A.
Charnii, G.A. Zotova, S.M. Tverkovkina, A.P. Kanyuga, A.l. Shirkovskii, A.S.
Velichkovskii. The instructions for a comprehensive study of gas and gas condensate
wells describe technologies and technical means for conducting research on a
stationary filtration mode. At the same time, neither the domestic nor the foreign
scientific and technical literature has covered technologies and technical means for
conducting research on gas and gas condensate wells in difficult geological
conditions, that is, under conditions of non-stationary filtration of products before the
bottom of the well. And this problem remains unresolved for several decades. A
solution to this problem would allow raising the study of gas and gas condensate
wells to a new level.

Now non-stationary filtration modes are studied at a certain level, which makes
it possible to obtain a small amount of information about the studied reservoirs based
on the use of data obtained from processing pressure recovery curves. These data are
not exhaustive and the accuracy of their determination is not sufficient since they are
obtained as a result of an integrated approach - by laboratory, geophysical or
hydrodynamic methods. There is no research technology in the case of non-stationary
filtration, which would make it possible to calculate a significantly larger amount of
data on the well-formation system and saturating its fluid.
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The publication highlights the level of gas-dynamic studies for both cases of gas
and gas condensate filtration before the bottom of the well - stationary and unsteady.

An analytical definition of several important parameters of the studied gas and
gas condensate wells is proposed, regardless of whether the research mode is
stationary or non-stationary.

Main text

Research Methodology. A study of the actual material on well research under
stationary and non-stationary filtration revealed the positive aspects and
disadvantages [1]. The positive is that it is possible to determine a certain number of
parameters of the studied formations, regardless of the duration of the study, and the
negative 1s the lack of accuracy of the obtained parameters and the significant
investment of time, and therefore the means for research.

As you know, absolutely stationary modes in nature do not exist, since the
volumes of gas and gas condensate fields are ultimately limited in size. However,
with a certain convention, it is possible to call a stationary mode such an unsteady
mode, in which the change in pressure and flow rate over a period of time by the
existing most accurate instruments is not fixed. Of course, the period of time during
which the required parameter is measured should be significantly less than the time
the reservoir is exhausted. Stationary modes are well studied and they are
investigated by known methods: constant sampling, isochronous, monotonous-step
pressure reduction, express method. For this, the well is examined in 5-8 forward
modes, starting from the production rate itself, and in several reverse modes. Each
study mode consists of two processes that occur in time: the process of an open
period when the well is open and operates in the mode (to take the pressure
stabilization curve and flow rate), and a closed period when the well is closed and
PRC is removed. That is, as a result of the study, 5-8 inflow curves, 5-8 pressure
recovery curves and several curves with the reverse course of the study are obtained.
This takes a certain amount of time, depending on the productivity of the well (a
regimen alone can last from an hour to a month). That is, you can imagine how much
time 5-8 modes will be worked out under unfavourable conditions for this through
low well productivity.

Interpreting the actual research data obtained during the study using known
methods, from 5 to 8 parameters of the studied formations are obtained. But there is a
research method and a data processing technique that uses data from only one
actually worked out research mode and allows one to obtain analytically, without
resisting laboratory or geophysical research data, at least 20 parameters of productive
studied formations [2-5].

As for the wells, which are characterized by unsteady filtration, the methods for
their study do not exist either in domestic or in world practice. For more than 40
years this problem has not been resolved in any country in the world. There are
various approaches that are not correct, for example, artificially slowing down the
process of inflow or restoration of pressure. Such wells are characterized by high
productivity, and when such wells are opened to record inflow curves or shut down to
remove PRCs, the processes proceed so quickly that operators cannot always record
two parameters at the same time - pressure and time or flow rate and time. To solve
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this problem, it is necessary to create a method for researching wells under non-
stationary filtration conditions and create a methodology for calculating 20 gas-
hydrodynamic parameters of the studied formations in gas and gas condensate wells.
Moreover, to increase the accuracy of the information received, it is also desirable to
obtain it analytically, without using approximate laboratory or geophysical methods.

At present, some fragments of the methodology, which are universal in terms of
their application for both research methods (stationary and non-stationary), can be
offered now.

As you know, the parameters of a gas condensate formation such as its effective
power, porosity and permeability play a particularly significant role in calculating the
underground reserves of a gas condensate mixture and preparing a project for
developing a field. Therefore, the requirements for the accuracy of finding these
indicators should be high.

During analyzing the results of interpretation of gas condensate wells according
to the actual data obtained as a result of testing them in 6—7 modes in accordance
with the current instructions for researching wells [7—12], it is clear that in order to
determine the hydrodynamic parameters of the formations, the calculation formulas
are substituted the values of the effective reservoir thickness and porosity are known
in advance, that is, as those that were previously determined by laboratory or
geophysical methods prior to the study itself. This approach casts doubt on the
sufficient accuracy of the calculations. Therefore, an attempt was made to obtain
these parameters with greater accuracy by applying analytical methods.

The publication proposes a new methodological approach to determining the
effective thickness /4 of the gas condensate reservoir and porosity m due to the fact
that the most accurate method is used for this - the analytical one. The value of the
method is not only in improving accuracy, but also in the fact that, thanks to this
methodological approach, it became possible to study wells in only one actually
worked out mode instead of several, as required by the current instructions for well
research, and to work out only one well study mode even in case of non-stationary
filtration of gas and gas condensate inflow to the bottom of the well.

The result of numerous attempts to analytically determine the indicated
parameters of a productive formation for gas-saturated formations is a function that
can be arbitrarily designated as £ [5, 6], which is a product of reservoir capacity and
conductivity, namely ¥ =ym’h’ where F is the product of reservoir capacity and
conductivity (parabola), m4 . The function graph F =wm’h* is shown in Figure 1.

The first derivative of the function F with ™hat the final point M,
. | | Ry Y
characterizing the hydro-gas-dynamic parameters of this formation d(mh) :
The tangent to the curve F=wm’h’ at the point M cuts off the segment OF on the
abscissa axis. For a particular formation, the angles 4, B, C (see Fig. 1) are
characterized by the values of their tangents, they can be considered by the formulas:
tgd = 2kh (1)
1

B—_
8= 2)
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=% (3)

D

Fig. 1. Function F =ym’h’ for determining the effective thickness of the gas
reservoir

The effective thickness of the gas saturated formation is calculated by the
formula:

= dF 1

d(mh) t//(m1 +m, ) 4)

dF

where @(mh) is the first derivative F of the function mh with at the point, m?;

h - the effective thickness of the gas saturated formation, m;

my,m, - the limit of the smallest (possible) and largest (possible) porosity for a
given reservoir, part of a unit.

The values m and m, of and are determined by the graph constructed in the

coordinates (£:¥). To plot the function k= f(m,y), about 300 determinations of
porosity and permeability were used, obtained by laboratory methods in the analysis
of rock samples.

The conductivity of the reservoir is calculated by the formula:

- (%hj” 5)

where X is the gas-wellness of the formation zone remote from the well is
7

3

. m
calculated when processing the pressure recovery curve, e
a-s

u - dynamic viscosity of the gas in reservoir conditions Pa-s .
The reservoir capacity mh is calculated by the formula (6) using the previously
calculated parameter v .

kh

mh=—

4 (6)
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where mh 1s the reservoir capacity, m.
The coefficient of porosity m and permeability k is calculated by the formulas,
respectively.

_mh

" (7)
kh

= (8)

Similarly for gas condensate systems, such a function is a function f that
connects the reservoir capacity mh and permeability £ and is equal to their product:
f=mh-k 9)
If we analyze the obtained function, then taking into account the fact that the
reservoir capacity is equal to twice the value of x, [7], we can write it differently:

f=mhk=2x k=20 .kln{z’% ]mk (10)

m m
If we say the notation mk =x and take into account that y :ﬁ, then equation
m

(10) transforms into the following:

2x0*-k:2x0*-wm:{2x° ]x (11)

m

Having solved it relatively m, we get 2x,ym’=2x-x where we have:

m= \/z :%. Substituting the obtained expression for porosity in the formula (10),
vy

we obtain: f :M or:
X

f=2x,\Jxw (12)
To get rid of the radical, we lift both sides of the equation into a square and get:
* * 2 * 2
17 =4x, 2xz//:4(x0 ) xt//:2[2(x0 ) y/}-x (13)

It can be seen that this is a parabola with a focal parameter p, =2x,w . Then, half
the magnitude of the focal parameter is equal to the distance from the origin to the

focus of the parabola (focus abscissa): %:xo*w. It follows that p, =2x,y, that is

o [P |2 14
T2y T\ (14

The function graph f is shown in fig. 2.
The first derivative f of the function mk with respect to (parabola OAB) on the
informative area ab is equal to half the effective thickness of the reservoir:

g__1, (15)
d (mk) 2
where £ is the effective thickness of the reservoir, m;
m - porosity coefficient of the reservoir, the fraction of the unit;

*

X,
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k - the permeability coefficient of the reservoir, m?;

f=2x,k,m’

B mik,m*
Fig. 2. Function f =2x for determining the effective thickness of the gas
condensate reservoir

Fig. 2 shows that

tga:% (16)

_ a1
g _—d(mk) 5 h (17)
tgy=nh (18)

The ordinate of points 4 and £ in Fig. 1 is numerically equal to the product of
reservoir capacity and permeability. The abscissa of the point F is equal to the
product of the real values of the coefficients of porosity and permeability of a given
reservoir. The tangent CAD to the parabola at point A is inclined at an angle g

whose tangent, as shown in formula (9), is numerically equal %h. In practice, in order

to calculate the effective thickness of the reservoir #, it is first necessary to isolate
the informative section of the parabola ab (Fig. 2). The abscissa of point a can be
calculated if it is conditionally accepted that the perforation interval (or open
borehole) is equal to the effective thickness of the reservoir. The abscissa of point b
can be determined from the upper envelope of the array of values k= f(y,m) for a

fixed (real for a given reservoir) sense y _ K The value W _ K is determined by the
m m

formula z//=£:ﬂ [13]. A section of the parabola is leveled, processing
m

ni

mathematically, for example, by the method of least squares. The result is a value
tg 3, that is a value %h
From the known value of the effective thickness of a productive gas condensate

formation, it is not difficult to find the values of permeability & and porosity m
coefficients, using the complex conductivity k» and capacitance mh parameters that
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have already been determined. It should be noted that the complex conductivity

parameter ki is easily determined by the complex parameter of hydro gas presence in

the remote zone of the reservoir @, obtained by processing the remote zone of the
7

reservoir pressure recovery curve (PRC) by the method of E.B. Chekalyuk [8],

simply multiplying it by the dynamic viscosity of the fluid in reservoir conditions .

According to the complex parameter of the capacitance of the leading layer is

determined from the previously determined value y = K _ ' 3nd the known value of

m  mh
the complex parameter k. Thus, by determining the complex parameters of
conductivity k4 and capacity mh, it is possible to easily determine the permeability &
and porosity m by simply dividing them by the already invented value of the
effective thickness of the reservoir #.

This method of calculating gas hydrodynamic parameters for a gas saturated
formation was applied to interpret the actual data from the study of the wells of
Matveevsky and Kaverdinsky squares under steady-state conditions and Maryinsky
square under unsteady filtration regimes. As a result, according to the data of only
one research mode, more than 20 parameters of the studied reservoir were obtained.

Thanks to the new method of researching gas and gas condensate wells in only
one stationary or non-stationary research mode, the components of the economic
effect can be considered:

- determination of 20 gas-hydrodynamic parameters of the studied wells with
increased accuracy (analytically)

- saving time for working out 1 research mode compared with the time for
working out several modes;

- savings if the well did not work in a gas pipeline, but for emission into the
atmosphere, and preservation of the ecology of the environment;

- saving time on the mathematical interpretation of the research results due to
the created mathematical model for calculations.

Currently, research methods for gas and gas condensate wells in the case of
stationary and non-stationary filtration are protected by patents of Ukraine [3,13].
The prospect of these methods also lies in the fact that they can be used in the study
of productive wells, if the tests are carried out in an open wellbore in trial operation.
Therefore, both methods can be considered not only progressive but also have
prospects for the future, due to the need to explore and develop new productive
deposits.

Conclusions.

Based on the fact that the use of methods for researching gas or gas condensate
wells for stationary or unsteady filtration of products before well borehole only in one
mode provides significant advantages over traditional research methods, it would be
bolder to make attempts to put them into practice in industrial practice. This would
save time on research, reduce the funds for work and, most importantly, increase the
reliability of the information obtained at the same time about the studied formations,
which is the basis for calculating gas reserves [14].
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Annomauin. Buxoosuu 3 auanizy cmawy pobim 3 00CHIONCEHb 2A308UX CBEPOJIOBUH )
NPOMUCTOBIU NPAKMuyi 3 MOUKU 30py CKIAOHOCMI, 3amMpamHOCmi, MPUBAIOCMI, eKoI02IYHO20
acnekmy GUABNIEHO, WO HNOSUMUBHUMU MONCHA 68ANCAMU BUKOHAHHA poOim 3 00CHIONCEeHHs
C8epONoBUH V BUNAOKY CMAYIOHApHOI itempayii 3a mMpaouyiliHOWw MeXHON02IEI YU Ha
MEXHON0CIEI0 HA OOHOMY (DAKMUYHO BIONPAYLOBAHOMY pPedCUMi O0CNIONCeHHs. Y eunaoxy
00CIOHCEHHS BUCOKONPOHUKHUX NIACTNIB, WO XAPAKMePU3VIomvbCs HeCmayioHapHoo girtempayiero,
docnidoicents  OA3yeEMbCsA  HA  OMPUMAHHI  KpUBUX  BIOHOBNIEHHS. MUCKY [ 3ACMOCY8AHHA
MAMeMamuyHux npuiiomie OJisi OMPUMAHHA 3 OONOMO2010 IHmMepnpemayii OMmpUMaHux OaHux
nompioroi ingopmayii npo odocnioxcysearni niacmu. Hazonowyemovcs neobXionicmv cmeopeHHs.
Cnocoby 00Cni0NCeHHs ma MemoouKu iHmepnpemayii OMmpUMAaHux npu YboMy OAHUX | HABeOeHi
OesiKi eneMeHmu MemoOuKU pO3PAxXyHKy 2a302i0pOOUHAMIYHUX NAPAMemPi8 NPOOYKMUBHUX 2A308UX
ma 2a30KOHOEHCAMHUX C8ePON0BUH OJil BUNAOKY HeCMAayioHapHoi (itbmpayii npooykyii 00 616010
C8epONIOBUHIU..

Kniouosi cnosea: oocniodxcenns c6epOnosuH, Mmemoouxka inwmepnpemayii, cmayioHapHi
PeANCUMU, HECAYIOHADHI PEAHCUMU.

Cratps otnpasinena: 12.06.2020 r.
© Poit B.B., Axynsimun O.0., ConosiioB B.B., Ycenko J1.B., Ilkins [I.A.

ISSN 2567-5273 97 www.moderntechno.de



Modern engineering and innovative technologies Issue 12 / Part 1 ﬁ \

http://www.moderntechno.de/index.php/meit/article/view/meit12-01-083
DOI: 10.30890/2567-5273.2020-12-01-083

YK 338.45:620.9.
COMPLIANCE OF UKRAINE'S RENEWABLE ENERGY DEVELOPMENT

WITH CONDITIONS OF SUSTAINABLE DEVELOPMENT
BIIITOBITHICTH PO3BUTKY BIJTHOBJIIOBAHOI EHEPTETUKH YKPATHA
YMOBAM CTAJIOT'O PO3BUTKY
Doronina L.I. /1oponina L.I.,
PhD in Economics/k.e.H.
ORCID: https://orcid.org/0000-0002-7032-644X
Kuiscorkuu nayionanonuti ekoHomiuHul yHieepcumem
imeni Baouma I'emvmana, Kuis, np. Ilepemocu 54/1, 03057
Kyiv National Economic University named after Vadym Hetman”,
Kyiv, 54/1 Prospect Peremogy, 03057

Anomayia. Y podoomi po3enanymo pegopmyeanHs eHepeemuuno2o cekmopy Ykpainu 6
YMOBAX CMano2o po3eUmKy. 3’51c08aHO NPUUUHHO-HACIIOKOBULL 368'130K NOMYHCHOCMEU «3€e/eHOI»
2eHepayii, CNOJNCUBAHHs eHepaii ma suniam 3a «3eienumy mapughom. [Jocrioxnceno Jupexmusu €C
ma 8U3HAYEHO OCHOBHI NPUHYUNU NIOMPUMKU PO3BUMK) BIOHOBNIO8AHUX Oxcepel eHepeaii. Ha oanuil
uac, He30aNAHCOBAHICb DPO3BUMKY eHepeemuyHo2o0 cekmopy Ykpainu He 6i0nogioae ymosam
cmanozo pozeumky. Busmnaueno, wo niompumka po3eumxy 8iOHO81I08AHOI eHepeemUuKU NOBUHHA
8i00y6amMuUCy 6 KOMWIEKCI 3 Npoyecom mpaHc@opmayii NAIUSHO eHepemuyH020 KOMNILEKCY
3a2an0M.

Kniouosi cnosa: 6ionosnoeana enepeemuxa, Ccmaiuili po3eUMoK, 30A1AHCOBAHICMb,
«3enenuiiy mapug.

Berym.

PedbopmyBaHHS €HEPreTMUHOTO CEKTOpY YKpalHH 3alMIIA€ThCs KIOYOBHM
(GakToOpoM CTUMYJIIOBaHHS CTIHKOTO 3pOCTaHHS EKOHOMIKH JepXKaBU. YKpaiHa
BUCTYIIA€ CTPATEriUHUM TpaBlieM y cepl TpaH3UTy Ta € OJHUM 13 HAHOUIBLINX
BUPOOHUKIB ByriaeBoHIB B €Bpori. [loaiit 2014 poky, 1o npussenu 10 nepedoiB Ta
nedinuTy eHeprii, MAMTOBXHYJIM A0 3AIHCHEHHS pedopM B EHEPreTUYHOMY
ceKkTopl.  Ypsa VYKpaiHM BOPOBAKYE 3MIHM Yy PI3HUX CEKTOpax MNaJMBHO-
€HEPreTUYHOro KOMIUIEKCY uepe3 Jeperyssiio TapudiB, MpUBaTHU3AIIIO Ta
BJIOCKOHAQJICHHSI KOPIIOPATUBHOTO YIIPaBIiHHS. 3 METOIO 3a0€3MEeUEeHHS BIIMOBIAHOCTI
cragaapraMm €C Ta CTUMYIIOBaHHS Tpolecy o0’ €AHaHHS PUHKIB NPUUHATO 3aKOH
VYkpainu «IIpo punok mpupoanoro razy» Big 09.04.2015 p. Ne 329-VIII ta 3akon
VYkpainu «IIpo punok enexrpoeneprii» Bia 13.04.2017p. Ne 2019-VIII. Oxpim 1poro,
po3moyaro poOOTy B HAMPSAMKY BIJOKPEMJICHHS JIEPKABHUX TMIANPUEMCTB Ta
30UTBIIIEHHS YAaCTKU BiIHOBIIOBAHUX JKEPEI y CTPYKTYp1 €HEPropeCcypcCiB.

PosmouaTo mikBigarito Ta TpUBATU3AIII0 JACPKaBHUX BYTUIBHUX IMAXT Ta
30UTBIIIEHHS! YaCTKU BIJTHOBJIIOBAHUX JIPKEPEN y CTPYKTYpl €HEpPropecypciB, OJHAK, U
HaJaml 3aJMIIalThCS HEBUPINIEHI TPOOJeMH MO0 CTaOlILHOCTI Ta O€3MeKd B
E€HEepreTHyHoMy cekTopi. JlepkaBHI MiANPUEMCTBA 30€pIraroTh TOMIHYIOYY POJIb Y
BUPOOHMIITBI eHeprii. EnexkrpoeHepris BUpOOIS€ThCA B MEPIILY YEPTy JEepKaBHUMU
aTOMHMMH Ta TIAPOENEKTPOCTaHIlisIMU. Ha eHepreTMuHOMYy pHUHKY 3 SIBUIHCS
MPUBAaTHI KOMIIaHil TEIUIOBOI Ta BYTUIbHOI reHeparlii. 32 OCTaHHI JECSATh POKIB
(0co0mMBO TICHS BOPOBAKEHHS <«3EJIEHUX» Tapu(iB) - cPopMyBajach BEJIHKA
KUIBKICTh TPUBATHUX KOMIAHIM y raixy3l BIJHOBIOBAHOI EHEPTETUKHU.
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OCHOBHHUI TEKCT.

B ymMmoBax 3pocrarouoro tpeHay nekapOoHizailii, modaaoch GOpMyBaHHS HOBOI
ramry3l - BIJHOBIIOBaHAa C€HEpPreTUKa. YKpaiHa, sK wieH EHepretnyHoro
CriBTOBapHuCTBa, CIHiAye peKOoMeHJalisM 3a3HaueHuM y JupextuBax €C. 3rigHo
HupektuB €C 1010 BiIHOBIIOBAHUX JiKeped eHeprii [1,2], cpusiHHS PO3BUTKY
BIIHOBITIOBAaHUX JDKEPENI €HEPTrii € OJHIEI0 13 e €HePreTUYHOI MOJITHKUA KpaiH
€Bpocoro3y. Po3mupene BUKOPUCTaHHS BiIHOBIIOBAHOI €HEPTIi SIBISTHCS BaXKJIUBOIO
YaCTHHOIO MAaKETy 3aXO0JI1B, HEOOXITHUX JJIsI 3MEHIIICHHS! BUKHU/IIB MAPHUKOBHUX Ta3iB
Ta BUKOHaHHS 3000B's3aHb €C 3rigHo Ilapuspkoi yroam mpo 3MiHYy KiaiMary. Y
BUIE3a3HAYCHUX  JOKYMEHTaX  BHU3HAYEHI  CXEMH  MIATPUMKHA  PO3BUTKY
BIJIHOBJIIOBAaHUX JDKEpPEJ EHEprii Ta HaroJIOMIeHO Ha 30aJlaHCOBAHOMY MIAXOI.
BrnpoBamkeHHsS  CTUMYNIOIOYMX  IHCTPYMEHTIB  TOBHHHO  CYNPOBOIKYBAaTHUCS
CHUCTEMHOIO0 pOOOTOI0 MO PO3BUTKY Tally3i, peajbHOI0 JACKapOOHI3aIlil0 B MexXax
KpaiHd Ta HE CIPUUYUHATA KPHU30Bl SBUINA B MaJTUBHO-CHEPTETUYHOMY KOMILIEKCI.
CamMe npuHIMOM 30a7TaHCOBAHOCTI Ta APYKHOCTI JO €KOJIOTli M BigoOpakaloThbes y
TEpMiHAX «3€JICHa» EHEPreTruKa Ta «3eJIeHu» Tapud.

OpHak, cTpiMKE Ta HEKOHTPOJIbOBAHE 30UIBIICHHS MOTY>KHOCTI BIJIHOBIIFOBAHO1
enepretuku (Puc.l) B pamkax 3actapijoi MoJzeli €HEPreTMYHOTO CEKTOpy Ta
€KOHOMIYHO-HEOOIPYHTOBAHO BHCOKOTO «3€JICHOT0» Tapudy IMPHU3BEIO JO TOTO, IO
MOTYXHICTh OO’€KTIB BIJHOBIIOBAaHOI EHEPreTHKW 3pociia BTpuUYl, 0€3 1CTOTHOI
MOJIEpHIi3allli MAJIMBHO-CHEPTE€TUYHOTO KOMILUIEKCY. AHaJll3 €HepreTUYHOTo OajaHcy
VYkpainu 1mokasye crmaj CIIOKWBAaHHS €JICKTPOCHEPTii, 10 CIPUYNHEHUN 3aKPUTTIM
BUPOOHMIITB, TEIUIMMH TIOTOJJHUMH YMOBaMH, KapaHTHHHHMH 3aXOJlaMH Ta
CTarHaii€cro eKOHOMIKH.

Po3BuToK 06’eKkTiB BAE B YKpaiHi no poKax

BcTaHOBNEHa NOTYXHicTb 00'eKTiB BiAHOBNIOBAHOI enekTpoeHepreTuku, MBT
(cTanom Ha 01.01.2020 poky)
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Y 2019 p. seeaeHo 6aunsbko 4 700 MBr Ta 3any4eHo 6ina 3,8 mapga € iHsecTUUIN
Puc.1 Po3Burok 00’ekrtiB B/IE B Ykpaini no pokax
IDicepeno [3]

CrpiMKa Ta HecTajga TEHJCHIIS 3POCTaHHS «3€JCHOI» T'eHepallii CIpUYUHUIIA
Pl KPU30BUX SIBUI] B CHEPreTUYHIM, €KOHOMIYHIM, EKOJIOT1YHIA Ta MOTITUYHIN
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chepax Ykpainu.

3a0oproBaHiCTh MO BHUIUIATAM «3€JIEHOro» Tapudy nepesunimia 10 miapj rpH.
ctanoMm Ha uepBeHb 2020 poxky [4]. [IpuunHOoIO Takoi 3a00pPTOBAHOCTI CTaB MEXaHI3M
rapautyBanHs 100 % Bukymy J[lepxaBHum mignpueMctBoM (mam — JII)
«["apanToBaHMil MOKyMElb» 3reHEPOBAHOI EJIEKTPUYHOI E€HEprii 3 BiIHOBIIOBAHUX
mxkepen. OaHak, HaaXxoMKeHHs KomTiB Ha paxyHku I «"apantoBaHuil mokymnems»
inyte 3 Owomkery iHmoro [IT «Ykpenepro», a came, 3 Tapudy «Ha mnepemaqy»
€JIEKTPUYHOI eHeprii. BpaxoByrouum Kpu3y CIOXHBaHHS, BCE MEHILE €Heprii
TPAHCIIOPTYETHCS, BIJTIOBIIHO 3MEHITYIOThCSI HaaxomkeHHs. Y 2019 por redepartis
€Heprii 3 BIJHOBIIIOBAHUX JIXKEPEN BUPOCTA y TPU pa3H, a HAAXOIKEHHS KOUITIB 10
JI1 «I"apantoBaHuii TOKyIelb» 3MeHIIWIMCh Ha 15%. YacTka MOTYXKHOCTI
BIJTHOBJIIOBaHMX Jkepen eHeprii (mani - BJIE) B eHepreTmuHoMy makeTi CKJaaae
0sm3pK0 5%, a A0Js rpoIIOBUX 3000B’sA3aHb YChOI'O PUHKY €JIEKTPUYHOI €HEeprii -
25% [4]. Takox, BUCOKUI «3€JICHUi» Tapud MNPUKPIILICHUNA 1O JOPOroi BapTOCTI
oOJlalHaHHSA, OJIHAK, TaKa BapTICTh B OCTaHHI POKH 3HAYHO 3MEHIIWJIACh. Takum
YUHOM, aCHUMETPUYHHUI (HempomopiiiHuii) ¢akTop 30UIBIIEHHS MOTY>KHOCTI,
3MEHIIICHHS CTIOKMBAHHS Ta BUILIAT HE BIAMOBIIA€ TOJOBHOMY MPHUHIUITY CTajoOro
PO3BUTKY — IIPUHITUITY 30aJJaHCOBAHOCTI.

BignoBimHo 1m0 3akoHomaB4oi 6a3zu Tperboro eneprermuHoro mnakery €C
nigTpuMka po3Butky BJIE moBuHHaA BigOyBaTHCh B KOMIUIEKCI 3 TPOIECOM
TpaHchopMarii Ta yAOCKOHAJIEHHS BChOTO MAJUBHO €HEPTETUYHOTO KOMILUIECKCY. SIK,
HAIPUKJIa], HEOOX1THO 3alpOBa)KyBaTH CUCTEMH HAKOITMYCHHS CHEPTii Ta CJICMCHTH
OanancyBanHs redepauii B/IE, mo naayTs 3MOry CUCTEMHO T'€HEpYBaTH E€HEPriio i
OanancyBatu npupojaHi ¢daktopu. Ha nmanmii yac, reHepailisi «3€JIeHOD» €Heprii €
HEOOMEXEHOI0, HI 00’€MOM BCTAHOBJICHOI MOTY>KHOCTI OJIHI€T CTaHIIii, Hi 3araJIbHOIO
KUIBKICTIO TE€Hepallli B MeXaxX OJHIET TepUTOpii, HI JOUUIBHICTIO JIOKAIli 00’€KTIB
BJIE B meBHoMy perioHi. ToMy, BUXOJsS4M 3 MOMKIMBOCTEH HOBOi TeHepalli,
NOTPIOHO BCTAHOBIIIOBAaTH KBOTH [UJIsi OUIBII CTAJOro Ta JACIEHTPai30BaHOIO
BripoBapkeHHs: BJIE B perionax, a Takox, 3aKOHOJIaBUO BIPOBAIUTH 000B’A3KOBICTh
CHUCTEM HaKOIUYEHHsI eHeprii 1 Bcix 00’ extiB BJIE.

HeoOximHo Big3HA4YMTH, IO CHUCTEMHUN miaxix 10 po3Butky BJE Ta
MIJIBUINCHHS €(QEKTUBHOCTI, HAaIIMHOCTI POOOTH EHEProcucTeMH YKpaiHa Mae
BKJIFOYATH HACTYITHI 3aXO0/IU:

- reorpadivyHe PO3HECCHHS MOTYKHOCTEH (Maji BITPOMAPKH, TaXOBi COHSIYHI
€JIEKTPOCTAaHIII{), IO JO3BOJUTH 3MEHIIUTH HEPIBHOMIPHICTH Tpadiky
BUpPOOHUIITBA  enekTpoeHeprii. Posmoxinena reHepariiss  motpelye
J0JJaTKOBOTO HETApU(PHOTO CTUMYIIIOBAHHS, 30KpeMa, HEOOX1THO 3pOOUTH
MIIKIIOYCHHS OLIbII MPOCTHM Ta JOCTYIHUM Ui 00 €KTIB  Maloi
noTykHocTi (10 1 MBT);

- CTBOpPEHHS yMOBM sl 3a0e3reueHHs  OamaHCyBaHHS 0O €KTiB
BIJIHOBJIIOBAHOI €HEPIeTUKHU Ta MIKPOMEPEK;

- 3aJy4yaTd CIIOKMBayiB 10 OajJaHCYBaHHS Ta BIPOBA/KyBAaTU PUHKOBI Ta HE
PUHKOBI MEXaHI13MH K€PYBaHHsI MIOIMMMTOM Ha €JIEKTPOCHEPTIIO;

- BIOPOBAKYBaTH I1HHOBAIIMHI MUIOTHI MPOEKTH Ta CHPUATH 3aTyYECHHIO
1HBECTHIIIM B HOBI TEXHOJIOT1i 30€piraHHs Ta MEPETBOPEHHS CHEPTii.
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B 3a3nHaueHux ymoBax, BHUHHMKAa€ HEOOXIAHICTb (QopMyBaHHS €(PEKTHBHOIO
KOMIUIEKCHOTO MIJXOAY PO3BUTKY rayly3i BiIHOBIIOBAHOI €HEPTeTUKU B Y KpaiHi.

BucnoBku.

Cepilo3HicTh Ta rocTpoTa MpodieM 3a0pyAHEHHS MOBITPS, 3MIH KIIMaTy Ta
eHepreTnyHa Oe3Meka, a TaKoXK YHCIEHHI TIepeBar CyYacHHX TEXHOJOTIN
JICIEHTPANII30BaHOI ~ BiJHOBJIIOBAHOI  €HEPTeTUKH, BUMAaraloTb  HEBIIKIAJTHOI
TpaHchopmarlii eHepreTUHoi iHGpacTpykTypu B Ykpaini. [lepexim enepretuku Ha
YUCTy Ta O€3NeyHy BIAHOBIIOBAHY EHEPril0 JO3BOJUTH MNOOYAYBaTH CHIIbHY
€KOHOMIKY KpaiHu, BUPBATUCS 3 COIIAJIbHO-EKOHOMIYHOTO 3aHemnaay Ta JO0TOMOTHU
MI>KHApOJIHO1 CHIJIBHOTH, MIJBUILUTH O€31eKy Ta AJ0OpOoOyT CBOIX FPOMA/IsH.

30a1aHCOBAHICTh PO3BUTKY MAJTUBHO-CHEPIrETUYHOTO KOMILJIEKCY Ta BU3HAHHS
BIJIHOBJIIOBAHOI €HEPreTHKU - SK TIOBHOLIIHHOI Tally3i, sKa BIUIUBAaE Ha
KUTTEIISUIBHICTD JIIOAWMHU, a TakKoX, (QOpMyBaHHS BIJMOBIAHOTO JI€PKABHOTO
pPETYJIIOBaHHS € TUMHU IHIUKATOpamu, IM0 3abe3nedarh BIAMOBIIHICTH PO3BUTKY
BIJIHOBJTIOBAHOI €HEPTeTHKN Y KpaiHU YMOBAM CTaJIOTO PO3BUTKY.
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kryzy [Energy security of the country in an emergency situation and further exit from the crisis/
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Abstract. The paper considers the reform of the energy sector of Ukraine in terms of
sustainable development. The causal relationship between green generation capacity, energy
consumption and green tariff payments has been clarified. The EU Directives are studied and the
basic principles of supporting the development of renewable energy sources are defined. At present,
the imbalance in the development of Ukraine's energy sector does not meet the conditions of
sustainable development. It is determined that the support of renewable energy development should
be combined with the process of transformation of the fuel and energy complex in general.

Balanced development of the fuel and energy complex and recognition of renewable energy as
a full-fledged industry that affects human life, as well as the formation of appropriate state
regulation are the indicators that will ensure compliance with the development of renewable energy
in Ukraine.

Key words: renewable energy, sustainable development, balance, "green" tariff.
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