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JOCIIZKEHHSA ITPOLHECY BIBPOO3OHOBOTI'O CYIIIHHA 3EPHA TA
EHEPTETUYHUX TAPAMETPIB YCTAHOBKH JJISI MOT'O PEAJII3AIIII

Ipoyec nicnsa36upanvroi 00podKU 3epHa, 0COOAUBO, CYULIHHSA, € OOHUM I3 HAUBANCTUBIUUX V) MEXHONIO2IT
BUPOOHUYMBA  CLIbCbKO20CN00apchkol npodykyii. Lla o06pobka cnpusic 00epiCcanHio  8UCOKOSKICHOL

Jna ompumannsa 3epHO60I CUpOBUHU KOHOUYIUHOI B01020CMI MA 3HUNCEHHA eHepeosumpam y
CIbCLKO20CNOOAPCLKOMY  GUPOOHUYMBE  BUKOPUCMOGYIOMb  PI3HI  NpuiloMu  IHmMeHcu@ixayii  CyuwinHs:
gibpayitine CYWIHHS, peyupKkyiayitine CYUWLiHHS, NONEPeoOHE HASPIBAHMS, BAKYYMHE CYWIHHA, CYWIHHA i3
3ACMOCYBAHHAM THPPAUEPBOHO2O GUNPOMIHIOBAHHS, CYUTHHI CIMPYMAMU 8UCOKOT YACMOmU, CYUIHHA 3epHA
nio0 BHIUBOM eNIeKMPUYHO20 Noisa ma 6azamo iHwux. [lepcnekmusHum 3 MouKU 30py eHep2osumpam ma
AKOCMI OMPUMAHOI CUPOBUHU € BUKOPUCMAHHS GIOPAYTUHUX CYWAPOK ) HOEOHAHHI i3 MEXHONO02IEI
030HY8ANHS, KA BUCMYNAE O0OAMKOBUM PAKMOPOM IHMEHCUDIKayii npoyecy cyuinns.

Cmammio npuceésueno GUpPIiueHHI0 akmyaibHol 3a0aui IHmeHcu@ikayii npoyecy CYuwinHi 3epHOB80T
CUPOBUHU MaA pO3poOYI HOB020 GiOPOO3OHYIOH020 KOMHAEKCY, WO peani3ye KOMHIEKCHUN MeXHOI02iYHUl
8nU8 Ha 0O6pobIBane cepedoguuye.

Excnepumenmanvho 0ocniodceno enepeemuyuni napamempu po3pooienoco 8iOpo030HYI04020 KOMNIEKCY
8 3A/IeHCHOCI 8i0 PENCUMHUX NAPAMEMPIE O0CTIONCYBAHO20 NPOYEC) CYULIHHI 3ePHOBOT CUPOBUHU.

Knwuosi cnoea: seprosa cupoguna, Cywiinus, 6i0payis, 030H, 6iIOPOO3OHYIOUUL KOMNIEKC, NOKAZHUKU
AKOCMI, BONO2ICMb 3E€PHA, CXO0XCICMb 3ePHA, KOHYEHmpayis 030HY, BIOPONPUCKOpPeHHs, 4Yac 006pobKu,
eHepzemuyHi napamempu.

Beryn

CymiHHS € OJHUM 3 HaWBaXJIMBILIKMX €TamiB MATOTOBKM 3€pHAa 0 30epiraHHs B
CUIBCHKOTOCTIONAPCHKOMY BUPOOHUITBI. Ha ChOTOMHI MOCHUTH IIMPOKOTO TOIMPEHHS IS
BUKOHAHHSI LIbOI'O0 TEXHOJIOTTYHOI'O MPOIECY 3HANIIOB KOHBEKTUBHUN METOJI CYIIIHHSA. AJie MOpsij
31 CBOIMHM IepeBaraMu LI METOJ Ma€ 1 psAJ BaroMuUX HEJOJIKIB, OJHUM 3 SIKUX € 3HAyHa
€HEePro€MHICTh. Y 3B'I3KY 3 IIUM JIOCUTh IHTEHCUBHO 3IICHIOETbCS HAYKOBUH MOILIYK MO pO3pooii
IUISIXIB 1 METOIB 3HIKCHHSI €HEPTOEMHOCTI KOHBEKTUBHOTO CITOCO0Y 00pOOKH.

JlieBuMH MeTo/laMu 1HTEeHCU(IKALIl CYIIIHHSA 3€pHOBOI CUPOBUHU € BIPOBAKEHHS TE€XHOJOTI]
030HYBaHHS B IIO€JHAHHI 3 BIOpalliiHUM BIJTUBOM Ha 0OpOOII0BaHy CUPOBUHY.

O30H iHTeHCU(DIKY€E MIBUIKICTh CYIIIHHS 3€PHOBUX 3a PAXyHOK O€3M0CEpEeIHBOTO XIMIYHOTO 1
010XIMIYHOTO BIUIMBY Ha CUILCHKOTOCIOAAPCHKY CHPOBHHY, MOKpAIIy€e IEPEMIIIEHHS BOJOTHU 3
BHYTPIILIHIX IIapIB 1 TEIJIOMAacOOOMIH B IPOLEC] CYLLIIHHS B LUIOMY.

[Ipy BUKOpHUCTAaHHI O30HY €KOHOMIS CTaHOBHUTH OJM3bKO 89 KI' YMOBHOTO NajliBa Ha TOHY
OTPUMAHOI CUPOBUHH.

CymiHHS 3 BHKOPUCTAHHSM O30HY BHKJIMKA€ aHTHOAKTEPULMIHUN BIUIMB 1 MiIBUILYE
MOKa3HUKHU SIKOCT1 3€pPHA, YHEMOJKJIMBIIIOE IIPOLIECH CaMO3IrpIBaHHS, 3yMOBIIOE HEOOXITHUI CTaH
CIIOKOIO B Tepiof 30epiranHs, 30epexeHHs 00’eMy 00poOIeHOTO MaTepiany. 3HUKAE HEOOXITHICTh
B [IPOTPABJICHHI 3€pHA Ta € MOXJIMBICTh MIHIMI3yBaTH €HEPrOBUTPATU HA MPOLIEC CYIIIHHS.

OcoOnMBICTIO BUKOPUCTaHHS O30HY € T€, 110 BIH HE NMPHU3BOJUTH IO YTBOPEHHS LIKIUIMBUX
MOOIYHUX PEYOBUH, OCKUIBKH 030H PO3KJIAIA€THCS 10 aTOMAPHOTO KHCHIO.

BiOpariitHuii BIUIMB Ha 3€pHO TIi Yac WOTO CYHIIHHS Yy CBOIO Uepry 3a0e3neduye piBHOMIPHICTh
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00poOKM MaTepialy 3 YHEMOXJIMBJICHHSM BHUHUKHEHHS 30H JIOKAJBHOTO IEpErpiBy 3a paxyHOK
MOCTIHHOTO PyXy CUPOBUHHU.

AHAaJi3 0CTAaHHIX JOCTITKEeHb

KopucHicTb 1 akTyanbHICTh BUKOPUCTaHHS BIOPOTEXHOJIOTINH B MPOLEC CYIIIHHS BHCBITJICHI B
podorax [l, 2]. TeopernuHuM 1 EKCHEPUMEHTAIbHUM JOCIIPKEHHAM MPOLECY CYLIIHHS
cnenu@igHol  CUTbCBKOTOCIONAPCHKOI CHUPOBUHU TpHUCBAYeHI pobotu [3, 4]. Pesymbratu
3acTOCYBaHHA (GI3UYHUX €QeKTIB 3 MEeTOI0 IHTEeHCHGIKAlii Mpolecy CYUIHHS 1 MOAaIbIIOro
30epiraHds CUTbCHKOTOCTIONAPCHKOI MPOAYKIlT HaBeAeHl B poOotax [5, 6]. JerampHuii ormsp i
kiacuikarist BiOpamiitHoro 1 CymmuibHOTO 0OJaaHaHHs 3/iiicHeH] B po6oTi [7]. B pobortax [5 — 7]
JIETaJbHO HaBEJEHI OCOOIIMBOCTI BIUIMBY O30HOMOBITPSHOI CyMillll Ha XapaKTEPUCTUKU 3€pHOBOT
CUPOBMHH IIPH CYIIIHHI B 3aJI€XKHOCTI B1JI KOHLIEHTpAllii 030HY, Yacy CYIIIHHS TOLIO.

[lutanHs niABUILEHHS €HEproe(eKTUBHOCTI MPOLECY CYIIIHHA 3€pHa Ta JOCILIKEHHS
€HepreTUYHUX MapaMeTpiB CyIIMIbHUX MAIIUH JOCIIKEHO B Ipausx [4 — 8].

Merta D0CaiKeHHd

Bukonapmu anaini3 po0ir [1 — 8] MokHA BCTAaHOBUTH, II0:

— HasBHI 3€pHOCYIIAPKU MPALIOIOTh HECPEKTUBHO, BOHH TPOMI3JIKI, METAJIO- Ta €HEPrOEMHI,
CKJIaJiH1 B 00CIYrOBYBaHHI Ta PEMOHTI 1 MalOTh BUCOKY BapTICTh;

— CYTT€BO IHTEHCU(IKYBaTH TMPOLEC CYIIIHHA 3€pPHOBOI CHPOBMHM MO’KHA MUIIXOM
BUKOpPUCTAHHS BIOpaliiHUX TEXHOJIOTIM Ta OOJagHAHHS y MOEIHAHHI 13 BBEJIEHHSAM JI0 CKJIaay
CYIIMJILHOTO areHTY O30HY;

— TMIJBUIIEHHS €HEeproe(eKTUBHOCTI NPOLECY CYLIIHHS HE 3MEHIIYEThCS, a HaBIIAKU
30UTBIIYETHCS Y 3B A3KY 3 PI3KUM IMIJBUIIECHHSM I[IH Ha €HEProHOCIi;

— JIOCHIKEHHSI EHEPreTUYHUX IapaMeTpiB CYIIWIbHUX MalluH, $KI BUKOPHUCTOBYIOTbH
BiOpariifHiii BIUIMB Ha OOpOOIIOBaHUN Martepiayl 3 OJHOYACHOK OOpPOOKOI0 030HOM Yy CKIIAII
CYIIMJIBHOTO areHTy JJIsl IPOLECY CYIIIHHS 36pHOBOT CEPOBUHU HEIOCTATHHO BUBYEHI.

OTxe, MeTOI JOCHiJ:KeHHSI € MIIBUIIECHHS €(EeKTUBHOCTI 1 IIBUJIKOCTI IPOLIECY CYILIHHS
3€pHOBO1 CHPOBUHHU 13 OJHOYACHUM 3MEHILIEHHSM EHEProBUTPAT Ha HOTr0 BUKOHAHHS ILIAXOM
pO3pOOKHM  BIOPOO30HYIOYOTO  KOMILJIEKCY Ta  BHU3HAYCHHS  CHEPreTHYHHX  IapaMeTpiB
BIOPOO30HYIOUOTO KOMILIEKCY, IPU3HAYEHOTO JUIsl CYILIHHS 36pHOBOT CUPOBUHH, 110 € aKTyaJIbHUM
HayKOBO-TE€XHIYHUM 3aBJaHHSIM.

Pe3y.111,TaT1/1 TCOPETUTHHUX )IOC.]'liJI)KEHI)

CXOXICTh HAacCIlHHS € OJHMM 3 HallBaXUIMBIIUX MOKA3HUKIB IPOJYKTUBHOCTI HACIHHS 1 HOTO
SAKOCTI. 3a CXOXOCTI HAaCIHHS MOXHa IMPOTHO3YyBaTH MallOyTHIO BPOKalHICTb. TOMYy BaXJIMBOIO
3a/1a4€l0 € BU3HAYEHHs BIUIMBY O30HOMOBITPSHOI CyMIIIl Ha CXOXICThb HAaCIHHEBOI'O MaTepiaiy.
Mo’kHa NPUIYCTUTH, 110 BHYTPIIIHS €HEpris HaciHHSA € (DYHKII€I0 Bl €HepreTH4Horo OanaHcy
HACIHHS:

Y=AE), (1)
ne Y — cX0KICTh HAaCIHHSI TOCHIPKYBAaHOTO BUY; £ — eHepreTuuHuil 6anaHC HaCIHHS.

Cepenl OCHOBHUX KpHUTEpIiB OLIIHIOBaHHS MPOIECY CYILIIHHS 3€pHOBOI CUPOBUHU Oys0 00paHO
KIHIIEBY BOJIOTICTh OCTaHHBO1 cupoBUHH W, %, Ta €eHeproBUTpaTH HA MPHUBOJ BIOPOO30HYIHOUOTO
KoMIuiekcy N, kBT roa, siki XapakTepu3yloThCsl BILIMBOM YOTHUPHOX HAMBaroMimux (GpaxTopis, 110
BU3HAYAIOTh KIHETHKY Ii€i 0OpOOKH: BiOPOIPHCKOPEHHS @, M/C’ K KOMIUIGKCHHH MapaMerp
JMHAMIYHOTO CTaHy CHCTEMH; TEMIIEPaTypy CymIHIbHOTO areHTy Tcy, °C; KOHIIEHTpAIif0 O030HY
Nos, Mr/M°, dac 00poOKH ¢, C:

W=f(a, T(;A, N03, t), (2)
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W=f(a, T(;A, N03, t), (3)

Sk Bi1OMO, BIUIMB O30HY IpU 0OpoOLll HACIHHS CUIBCHKOIOCIOJAPCHKUX KYIbTYP 3aJ€KUTh Bif
XapakTepy po3IMoALUTy Ta MOIJIMHAHHS 030HY 10 BCbOMY 00’ €MOBI Martepiaiy, 1110 00poOseThCs.

[Ipu npomyckaHH1 yepes3 1map 3epHOBOI CHPOBHMHU 030HOIOBITPSAHO1 CyMillll YaCTHHA 030HY Oyze
MOTJIMHATHUCS, Y 3B 43Ky 3 UMM BMICT 030HY 3MEHIIMTHCS. BiInoBiAHO YacTUHA 3epHA MOXKe OyTH
HeoOpoOseHa Nnpu 3aaHii KOHLIEHTpAIlii 030HY.

Tomy, /Uis JOCTOBIPHOTO BHU3HAYEHHsS BIUIMBY O30HOIOBITPSIHOI CyMilll Ha 0oOpoOKy 3epHa
MOTPIOHO BUSIBUTH 3aKOHOMIPHOCTI MOTJIMHAHHS O30HY 3€PHOM.

HIBUAKICTH NOTJIMHAHHS 030HY 3€PHOBOIO CHPOBUHOIO 3 O30HOIOBITPSIHOT CyMillli BU3HAYAETHCS
copOyIOUO0I0 aKTUBHICTIO 3€pHA Ta 3HAYEHHSM KOHIIEHTpAIIlll 030HY.

[Tro 3anmexHICTh MOXHA ONKCATU PIBHSIHHIM BUY:

c;C:_KL-'C'S;, 4)
t

ne C — KOHIGHTpALisi 030HY, MIr/M°; K, — KoebillieHT, SIKHil MOKa3ye MBHIKICTh PO3IOBCIOIKCHHS
KOHIIGHTpALIil 030Hy B IIapi 3epHa 110 IIHOuHI, 1/M - ¢; S, — II0Ia 3epHOBOT MacH, M.

Jlyis BU3HAYEHHSI KOHCTAHTH LIBUJKOCTI MOTJIMHAHHSA O30HY 4Yepe3 IIap HACIHHS MPOITyCKalach
030HOMOBITPSiHA CyMill 3 BU3HaueHUMHU napamerpamu (Vey, V, S;, C), Ta yepe3 meBHI IPOMDKKU
yacy BUMIpIoBaJlach KOHIEHTPALllsl 030HY Ha BXO/I1 Ta BUXO/I1 ILIapy 3€pHa.

[Tpu nouarkoBux ymoBax: t = 0, C = C, 3MiHa KOHILIEHTpaIlii 030HY B O30HOIMOBITPSAHIN cyMiIIi
MoOe OyTH OnMcaHa pIBHSHHSM:

dC S,
da Vv
ne Vo4 — WBHUAKICTH TMOJAYl CYIIMJIBHOTO areHTy, HAaCHMYE€HOro O030HOM, Mm/c; V' — o0’em
06po6IIoBaHOTo 3epHa, M"; Co — KOHIIEHTPAL[S 030HY Ha BXO/, MI/M"; C — KOHIIGHTDALLisl 030HY Ha
BHXOJH, MI/M".
Po3B’s130K piBHSHHS (5) Ma€e BUTIISA:

_ G-V, l—exp(—VCA_i_K”.Ss.V]-t ) (6)
V,+K -S -V vV

[V..(C,-C)-KCV], (5)

3 piBHsAHHSA (6) IpH BimoMUX napamerpax Vey, V, S;, C MOXHA BU3HAYUTH BEJIMYUHY KOHCTAaHTH
LIBUKOCTI MOTJIMHAHHS 030HY 3epHOM. OCKUIbKU PIBHSAHHA (5) € TPaHCLEHAEHTHUM BIJHOCHO K. 1
HOro pilieHHs B eleMEeHTapHUX (DYyHKIISIX HE MOXke OyTH OTpHUMaHO, TOMY BEIU4HUHY K. MOKHa
3HAWTHU 3a PIBHAHHAM (6) METOAOM ITEpallii.

[Tix yac mpotlyBaHHS O30HOIOBITPSIHOIO CYMIIIIIIO LIapy 3€pHAa JEsKO1 TOBIIMHU BiOyBa€eThCA
MOTJIMHAHHS 030HY.

MaremaTuyHu ONKUC PO3MOBCIOKEHHS 030HY 10 TJIMOMHI 11apy 3€pHa MOKe OyTH OCHOBAaHUU
Ha TPUKIAAl PyXy O30HOMOBITPSIHOTO TOTOKY B BHUIJISAI IUIOCKOTO (poHTy. PiBHAHHS
PO3MOBCIOJKEHHS 030HY MaTUMe BUTJIS;

d£=KC‘S(a)‘C (7)
dX 4

C4

ne C — KOHIEHTpAIlisl 030HY, MF/M3; K. — KoediiieHT, SKUii MOKa3ye MBUIKICT PO3MOBCIOKECHHS
KOHIIGHTPALIil 030Hy B 1Iapi 3epHa 110 rmubuHi, 1/M°-c.

KoedimienT S(a) miornii B3aemMoaii MOBEpXHI HACIHUHH 3 030HOM MO’KHA 30UTBIIUTH B pe3y/bTaTl
PO3pUXIICHHs IIapy 3€pHa 3a PaxyHOK BHUKOPHCTAHHS BiOpAmiifHOTO BIUIMBY Ha OOpOOIIOBaHY
cupoBuHy. CTaH pO3pUXJIEHHS IIAapy 3€pHOBOI CHUPOBUMHU B CBOIO UEpry 3ajiekaTHUME BiJ
IHTEHCHBHOCTI KOJIUBaHHSI CYILIUJIbHOI KaMepH, a caMme BiJ 1i BIOpOIIPUCKOPEHHS a.

Koedimient S(a) mnomi B3aeMo1ii MOBEPXH1 HACIHUHU 3 030HOM:
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a

s(a) :nexp[_ﬂj, (®)

1e n, m — eMIIPUYHI KOeILIEHTH, K1 3aJIeXKaTh BIJ IapaMeTpiB IPOLECY.

HaBeneni 3amexHOCTI JalOTh 3MOTY BH3HAYUTH IHTEHCHUBHICTH PO3MOALTY KOHIEHTpAIll 030HY
1o rMOMHI Wapy MiA Ji€l0 BIOpaIlifHOrO BIIMBY B 3aJIEKHOCTI BiJl BIOPOIIPUCKOPEHHS CYILIUIBHOT
KaMepH Ta IIBUJIKOCTI pyXy CYLIUIBHOTO areHry.

Jlo eHepreTMYHHUX MapaMeTpiB BIOPOO30HYIOYOTO KOMILUIEKCY MOKHA BIIHECTH EJIEKTPUUHY
MOTY)XHICTh, $IKA BHUTPAYA€ThCSd HA HArpiB CyUIWJIBHOIO areHTra 3 JOINOMOIOI0 EJIEKTPUYHUX
€JIEMEHTIB (TeHIB) N|; MOTYXKHICTb, SIKa BUTPAYAETHCS €IEKTPOABUTYHOM IPUBOIY J1€0alaHCHOTO
Bally N,; NOTYXHICTb, $IKa BUTPAYAETHCS EJIEKTPOIABUIYHOM MPHUBOJAY BEHTWIsSITOpa N; Ta
€JIEKTPOHHUM IIPUCTPOEM CUHTE3Y 030HY Ny.

EnexTpryHa MOTYXHICTb, SIKA& BUTPAYa€ThCSl HA HArpiB CyHIMJIBHOIO areHTa 3a JIOINOMOTOO
€JIEKTPUYHUX eJIeMeHTIB (TeHiB) N, (kBT) Bu3HauaeThes 3a hopmynoro:

N =k 24P |107, 9)

tP

ne k — xoeilieHT OLIHKM 3amacy MOTYKHOCTI (MoxHa npuiinartu k = 1.2...1.3); O — cymapHa
KUIBKICTB TeIlIa, HEOOX1Ha JUlsl 3a0e3Me4eHHs TeMJI0BOro npouecy, Jx; ¢, — TpUBaIICTh TEIIOBOIO
npotuecy, ¢; Py, — cyMMapHa NOTYXHICTh BTpar Teruia, BT.

[ToTyXHICTh, fIKa BHUTpPAYA€ThCS EJIEKTPOABUIYHOM IMpUBOAY nedanmaHcHoro Baimy N, (kBr)
BH3HAYAETHCS 32 POPMYIIOIO:

_M-n
9550°
ne M — kpytuuii MmomeHT, H'M; n — yactoTa oOepTaHHs BaJla €JIeKTPOIBUTYHA, 00/XB.

[loTyxHiCTh, $Ka BHUTpPAuaeTbCsl EJIEKTPOJBUIYHOM HpuBOAYy BeHTuistopa N; (kBT)
BH3HAYAETHCS 32 POPMYIIOI0:

(10)

2

_981-L,-H

=_"" & 7 11
P 36007, -1, (0

e L, — MpOJyKTHBHICTh BeHTHIATOpa, M/rox; H — noBHumii Tuck, ITa; 7, — KKJI BentuasTopa
(mosxHa nipuitHaTH 7, = 0.4...0.6); 1, — KK/ mepenaui (moxxna npuitasatu 7, = 0.85...0.99).

[loTyXHICTh, fKa BUTPAYAETbCA EJIEKTPOHHUM MPHUCTPOEM CHUHTE3Y 030HY Ns (kBT)
BH3HAYAETHCS 32 POPMYIIOI0:

N4:4fcdeo(emax_%eoj'10_3’ (12)

ne f — ygactota ctpymy, I'i; C; — eMHicTh nienektpuka, @; C, — eMHICTh po3psaHOoTro 3a30py, O; C —
CepelHs €MHICTh yCTaHOBKH, D; ey — MOTEHINaT po3psaay depe3 3a30p, D; emx — MaKCUMallbHA
Harpyra cTpymy, 1110 IPOXOJUTh Yepe3 enekTpoau, B.

OCHOBHUM KpUTEpIEM EHEPreTUYHUX XapaKTePUCTHK BIOPOO30HYIOUOTO KOMIUIEKCY €
€HeproBUTPATH Ha MPUBOJ BIOPOO30HYHOUOTO KOMIUIeKcy N, KBT'roz, siki XapakTepu3ylThCs
BIUIUBOM YOTHPbOX HaiBaroMimux (axkTtopiB, 110 BHM3HAYAIOTh KIHETUKY I1i€i 0OpoOKHU:
BIGPONIPHCKOPEHHS @, M/C® SIK KOMILICKCHHMII apaMeTp AMHAMIYHOTO CTAHY CHCTEMH; TEeMIIepaTypa
cymbHOro areHty Ty, °C; KOHIEHTpALis 030HY N3, MI/M°, 4ac 06poOKH , ¢:

N=f(a, T(;A, N03, t). (13)
ExcnepumenTanibHe 00/1aJHAHHA
Jisa  peanizalii BHUCOKOSIKICHOTO CYIIIHHS 3€pPHOBOi CHpPOBHUHH OyJO CIPOEKTOBAHO Ta
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BHUTOTOBJICHO JIOCTIIHY MOJENbh BiIOPOO30HYIOUOTO KOMIUIEKCY (puc. 1), B sikoMy matepiai, 1o
0o0poOisieTbes, MingaeTbes BIOpAlifHOMY BIUIMBY, SKHH 30UIbLIYE 1 OHOBJIIOE IOBEPXHIO
TerwoooMminy [9]. B pesynbTaTi 1bOr0 BiAOYBAETHCS IHTEHCHBHE 3HATTS BOJIOTH, 30UIBIIYETHCS
HBUAKICTH cymiHHS. [Ipouec cyminHs BigOyBaeThCs pIBHOMIPHO 110 BCbOMY ILIAPY, HE BUKIMKAIOUH
MICIIEBUH TMeperpiB Marepiainy. TexHIYHa XapaKTepHCTHKA JIOCIITHOI MOJel BIOPOO30HYIOUOIO
KOMILJIEKCY HaBe/leHa B Tabmui 1.

N

r I e
Puc. 1. Jlociinna Mozesab BiOPOO30OHYHOUOr0 KOMILIECKCY:

a, 0 — BUIIIA] criepeny; B, T, 1 — BUTJIA 300Ky; € — BUIIIs 3Bepxy; 1 — U-nogiOHa kamepa; 2 — pama; 3 — NpyKUHH;
4, 5 — 3aBaHTa)XyBAJIbHUI 1 pO3BAHTAKYBAJILHHUHN JIOTKH; 6, 12 — BiAMOBITHO BXiIHMI Ta BUXiJHUI MOBITPOIPOBO/IH;
7 — TepmoaHeMoMeTp; 8 — AebaaHcHUl Bar, 9 — enactuyHa Mydra; 10 — eleKTpOABUIYH MPUBOJA J1e0aIaHCHOTO BaJa;
11 — enexTponBUTYH ITpUBOJA BeHTUIIsITOpa; 13, 14 — yacToTHI nepeTBoproBaui; 15 — repmoperyssitop; 16 — pene dacy;
17 — BenTHiIATOP; 18 — ONOK KepyBaHH:; 19 — Bomoromipu; 20 — eNEKTPOHHUHN MPUCTPI CHHTE3Y 030HY

B sIKOCT1 CyIIMIBHOTO areHTY BUKOPUCTOBYETHCSI CYMINI MITIrPITOro MOBITPS Ta 030HY MEBHOL
KOHLIEHTpAallli, SKHI TeHepyeThCs 3a JOIMOMOI0OI0 KOPOHHOTO PO3PSILy Y €JIEKTPOHHOMY HMPHUCTPOI
CUHTE3Y 030HY (pHuC. 2), €JIEKTpUYHA MPUHIMIIOBA cXeMa OJIOKA JKUBJICHHS SIKOTO0 MoOymIoBaHa Ha
OCHOBI KBa31pe30HAHCHOTO NIEPETBOPIOBAYA.

Bibpoo3onyrounit kommuekc (puc. 1) sBiasge coboro repmernuHy U-monibHy kamepy,
BCTAHOBJIEHY Ha paMi 3a JONOMOrol IpyxuH. Kamepa MICTUTh 3aBaHTaXyBaJbHUM 1
pPO3BaHTAXYBAJILHUM JIOTKM, a TaKOX IOBITPONPOBIA [JIi BHBEIACHHS BIIMPAIbOBAHOTO
CYIIMJIBHOTO areHTy. 300Ky Kamepw pO3MIIMICHW Bajdl 3 JBOMa JeballaHcaMH, SKUW depes
€JIaCTUYHY MY(TY 3 JOTIOMOI'010 TpU(}a3HOTO €JIEKTPOIBUTYHA IPUBOJAUTHCA B 00EPTOBUI PYX.

B HmxHIll 4acTHHI KaMepu € TOBITPOIIPOBL 3 €JIEKTPUYHUMHU HarpiBaJlbHUMHU €JIEMEHTAMH, Yepe3
SIKUW HAJIXOJIUTD MIIrPITE MOBITPS 1 030H, 110 TEHEPYETHCS 030HATOPOM, 1 IOJAETHCS BEHTWIIATOPOM 32
JIONIOMOT 010 €JIEKTPO/IBUTYHA.
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ENEKTPOHITHH TIPHCTPIN
CHHIESY D30HY

Puc. 2. EnekTpoHHMIA IPUCTPI CUHTE3Y 030HY:
a — 3arajpbHUi BUTISI; O — pobova Kamepa CHHTE3Y 030HY

Tab6muus 1
TexniuHa XapaKTepucTHKA J0CTiHOI Moj1ei BIOPO030HYI0U0Ir0 KOMILJIEKCY
IToxa3HUK 3HayeHHs
BcranoBneHa 3aranbHa eNeKTpuYHa HOTYXHICTh, KBT 5
— MOTY)XHICTb €JIEKTPOJIBUTYHA PUBO/LY JeOaaHCHOTO Bajly, KBT 2,2
— MOTY)XHICTb €JIEKTPOJIBUTYHA IPUBOY BEHTHIISITOpa, KBT 0,75
— MOTY)XHICTh HAarpiBaJIbHUX €JIEKTPUYHHX EIEeMEHTIB, KBT 2
— IIOTY)KHICTb €JIEKTPOHHOT'0 MPUCTPOIO CHHTE3Y 030HY, KBT 0,25
YacroTa 06epTaHHs eNeKTPOABUTYHA IPHUBOLY AeGANTaHCHOTO BTy, XB . 10 1500
YacTora 00epTAHHS eJIeKTPOIBUIYHA IPHBOLY BEHTHIISTOPA, XB . 110 3000
Temneparypa cymiiabHOro areury, °C 10 75
KOHIIEHTpAIlisl 030HY B 030HOMOBITPsIHi# CyMir, MI/M’ J0 18
IIBUAKICTD PYXY CYIIMIIBHOTO areHTy, M/c J0 5
AMILTITY]a KOJIMBaHb CYNIMIIBHOI KAMEPH, MM 0,5-7,5
[TponyKTHBHICTH BIOPOO30HYIOUOTr0 KOMIUIEKCY IO CYXiif 3epHOBIN CHPOBHHI, KI/TO]I. 10 25
Maca BiOPOO30HYIOUOT0 KOMILIEKCY, KT 265
Maca cymuiabHOI KaMepH, KT 95
["abaputu BiOPOO30HYIOUOTr0 KOMIUIEKCY, MM (JIOBXKMHA X IIMPHUHA X BHCOTA) 1700x970x1300
06’ €M CYIMIBHOI KaMepH, M 0,06

[TpuHuun poOOTH KOMIUIEKCY IOJIATaE B TOMY, IO CYIIMJIbHUN areHT, KU CKIAJa€eTbCs 3
MIIrpITOrO TOBITPS Ta O30HY IEBHOI KOHIIEHTpAIlll, MOJAETHCS 3a JOMOMOTOI0 BEHTHJIATOPA,
3aKpirieHoro Ha pami, B U-noJ1ilOHy repMeTH4Hy KaMmepy, B sSKiii 3HAXOIUTHCS 3€pHOBA CUPOBHHA.
OnHOYacHO BMMKA€TbCA EIEKTpONpHuBOJ jAebanaHcHOro Bany. CyHmIMWIBHUNA areHt, MpoXOJs4d
yepe3 1ap 3epHa Ta 3HIMAIOYM MEBHHUM BIICOTOK BOJIOTH, IOCTYNA€ Y BUXIIHUNA HOBITPONIPOBI,
yepes KUl BUAANSETHCS 13 CYIIUIbHOT KaMepH.

Pe3y.]1bTaTPl CKCIICPUMEHTAJTBbHUX IlOCJ'liJI?KeHI)

[Ipu exkcriepuMEHTAIBHUX JTOCIIKEHHSAX PO3POOJIEHOr0 KOMIUIEKCY 3A1MCHEHO aHali3 BILIUBY
KOMIUIEKCHOT Terio¢i3nuyHOo1 Jii Ha MOKAa3HUKH SKOCTI 00pOoOJIeHOT CUPOBUHH, AKY IOIMEPEIHBO
OyJ10 3BOJIO’KEHO Ta 3apa’kK€HO CIIOpaMu I'pUOKIB TOJI0BHI 1 y3apiymy.

OTpumaHa 3epHOBa CHPOBHHA OIIHIOBAJIACS 3a TAaKMMH IMOKAa3HUKAMH, SIK KIHI[EBAa BOJIOTICTH,
CXOXICTh, CTaH OCIMEHIHHS TpuOKaMu TOJOBHI 1 (y3apiyMy B 3aJI€KHOCTI Bl TemIepaTypu
CYIIMJIBHOTO areHTy, KOHIIEHTpalii 030HYy B HOT'0 CKJIaJl Ta 4acy 0OpoOKH.

KinmeBa BoJIOTICTh 3€pHA MPU TEXHOJOTIUHOMY 3aBaHTa)KeH1 cymmibHOT kamepu 50 % T1a 75 %
BiJl TIOBHOTO 00 €My BH3HAYaIach MPH 0OpOOI HOTO CYIIMIBHUM areHToM Temieparyporo 45 °C,
55 °C Ta 65 °C, y cknagi sikoro GyB HpPHCYTHii 030H KOHIEHTpamielo Np; = 10 Mr/m® 3a
pekomenmamisMu  pociaimkenb [10] (puc. 3). TpuBamicte 00poOku cranoBmia 9600 ¢ mpu
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IIBUJIKOCTI CYIIUIIBHOTO arenry Vey= 1.5 m/c.

PiBHSIHHS, SIKI OTPUMAHO HAa OCHOBI pErpeciifHoro aHajidy €KCIepUMEHTAIbHUX JaHUX 3MIHU
BOJIOTOCTI 36pHOBOT CUPOBUHH B 3QJIEKHOCTI Bijl BIOPONPUCKOPEHHS CYIIMJIbHOI KaMEpH, MaloTh
BUTIISAT;

— 3a TeMIlepaTypu cymmibHoro arenra 45 °C Ta 3aBaHtaxkeHHi 75 % Bix MOBHOTO 00’emMy
kamepH (puc. 3, 1 a)

W=17.905357 + 0.19775433  a — 0.042132576" & + 0.001625757 * @’ — 1.8939394 - 10 - &*; (14)

— 3a TeMIlepaTypu cymmibHoro arenra 45 °C Ta 3aBantaxkeHHi 50 % Bix moBHOTO 00’emy
kamepH (puc. 3, 2 a)

W=18210714 + 0.1659127 a — 0.047886364 a* + 0.001920202 &’ —2.2727273 - 10° " a*; (15)

— 3a TEMIIEpaTypH CymmIbHOro arenra 55 °C Ta 3aBaHTaxkeHHi 75 % Bix MOBHOTO 00’eMy
kamepu (puc. 3, 1 0)

W=17.994643 + 0.22007395 a — 0.050746212 " & + 0.001945959 - &® — 2.2272727 - 10° " a*; (16)

— 3a TeMIIEpaTypH CymmibHOro arenra 55 °C Ta 3aBaHtaxkeHHi 50 % Bix moBHOTO 00’emy
kamepu (puc. 3, 2 0)

W=19.560714 — 0.24747114 a — 0.018583333 4’ + 0.0010313131 @’ - 1.3030303  10” " a*;
(17)

— 3a TEMIIEpaTypH CyIIHIbHOro areHra 65 °C Ta 3aBaHTaxkeHHi 75 % Bix MOBHOTO 00’eMy
kamepH (puc. 3, 1 B)

W=17.898214 + 0.23610209  a — 0.050541667 & + 0.001918686 " @’ —2.1969697 - 10 - a*; (18)

— 3a TEMIIEpaTypH CymmIbHOro areHra 65 °C Ta 3aBantaxkeHHi 50 % Bix moOBHOTO 00’emy
KkamepH (puc. 3, 2 B)

W=19.490179 — 0.22141324 a — 0.021585227 a* + 0.0011608586 &’ — 1.4772727 ' 10° - a*.

(19)
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Puc. 3. 3anexHicTb 3MiHU BOJIOTOCTI 36pHOBOI CUPOBHHH B 3aJIEXKHOCTI BiJl BIOPOIIPHCKOPEHHSI:
a — 3a TeMIlepaTypy CyliIbHoro arenty 45 °C; 6 — 3a TeMIiepaTypu CyIIWIBHOTO arenty 55 °C;
B — 3a TEMIIEPATYPHU CYIIWIBHOrO areHty 65 °C;

1 — Ipy TEXHOJIOTIYHOMY 3aBaHTAXKEHHI CYIIMILHOI KaMepH 75% Bifl MOBHOTO 00’ €My;

2 — MIpH TEXHOJIOTIYHOMY 3aBaHTaXKE€HHI CYIIHILHOT kKamepu 50% Biz MOBHOTO 00’ €My

basyrouncr Ha OTpUMaHUX JaHUX KIHETUKUA HPOLECY CYIIIHHA 3€pHOBOI CHPOBUHU IpHU
KOHIIEHTpALIil 030Hy B CKIai CyLIMIBHOTO areHty Np; =10 Mr/M’, OYeBHIHO, IO MiJBHIICHHS
fioro temmeparypu g0 55 °C crpusie iHTEHCHBHOMY BOJIOTOBHUICHHIO, IPA YOMY TEMIIeparypa
BHUILE 3a3HAUEHOTO 3HAUEHHS HE JIa€ CYTTEBHUX PE3YJIbTATIB 1 MPU3BOAUTH 10 3aiiBUX €HEPrOBUTPAT.

Kpim Toro, HaliHTeHCHUBHIlIE BOJIOTa 13 3EpHOBOTO MaTepially BUJIUIAEThCA IMpU
Bibponpuckopenni a = 20...25 M/c’, HiCIs 4Oro iCTOTHO He 3MIiHIOETHCS. 3BiICH BUILIHBAE, IO
M1IBUILEHHS BIOPONIPUCKOPEHHS CYIINIbHOI KaMEpU MOHA]] BKa3aHOTO 3HaYEHHS € He e()eKTUBHUM,
OCKUIBKM HE CIpHsS€ ICTOTHOMY 3HM)KEHHIO pIBHS BOJIOTM, a JIMLIE BeAe /0 3POCTaHHA
€HEeproBUTPAT HA IPUBOJI Ae0aTaHCHOTO Bally.

[TopiBHIOIOYM KpUBI CYIIIHHS 3€pHOBOi CUPOBHUHHU 32 YMOBH BiOpalliiiHoi Ta BIOPOO30HYHOUOT il
YMOB, OYEBUJHO, 110 TPUBAIICTh OOPOOKH 3 BUKOPUCTAHHSIM O30HY Y CKJIaJl CYIIMJIBHOIO areHTy
Nos =10 Mr/M’ ckopodye TpHBaIicTh maHoro mporecy Ha 4800 ¢, a OT/Ke 3HIKYE CHEPrOBHTPATH
1€ TEXHOJIOTI4HO1 onepatii (puc. 4).
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Puc. 4. Kineruka cyuriHHs 36pHOBOi CHPOBHHHU:
a, 0 — 32 BUKOPUCTaHHS 030HY Y CKJIaJli CYIIMIILHOTO areHTy (Mpy TeXHOJIOTYHOMY 3aBaHTa)KeHHI CYIIMIIBHOT KaMepH
50 % Ta 75 % Bix nOBHOro 00’€My BiJIIOBITHO); B, T — 32 BUKOPUCTAHHS BiOpalifHOTO CYIIiHHS (IIPU TEXHOJIOTTYHOMY
3aBaHTa)KeHHI cymmibHOI kamepu 50 % Tta 75 % Bix HOBHOro 00’ €My BiAMOBITHO)

PiBHsIHHS, SIKI OTPUMaHO Ha OCHOBI PErPECIHHOTO aHAJI3y EKCIEPUMEHTAIbHUX JaHUX KIHETUKU
CYIIIHHS 36pHOBOI CHPOBUHHU, MAIOTh BUTJISIA:
— 3a BUKOPHCTaHHS O30HY y CKJIaJl CyIIMJIBLHOTO areHTa Ta 3aBaHTaxeHH1 50 % Bix mMOBHOTO
00’emy kamepu (puc. 4 a)
W=19.972857 — 0.0009905754 ¢+ 1.078869 - 107" £ — 7.8366127 - 107" - ¢; (20)
— 3a BUKOPHCTaHHS O30HY y CKJIaJl CYyIIMJIBLHOTO areHTa Ta 3aBaHTaxeHH1 75 % BiI MOBHOTO
00’emy kamepu (puc. 4 0)
W=120.002857 — 0.0005218254 ¢ + 1.2400794 - 10® 7 —2.4112654 - 10" " £*; (21)
— NpU BUKOPUCTaHHS BIOpauiliHOTO CymIiHHS Ta 3aBaHTaxkeHHI 50 % BiA MOBHOro o0’eMy
KamepH (puc. 4 B)
W =19.995996 — 0.00061398359 ¢ + 7.1384417  10°*" £ — 9.2203502 " 10 " £ +
+5.7655731 - 10"° '~ 1.5698343 - 10 - ¢; (22)
— NpU BUKOPUCTaHHS BIOpalifHOTO CYIIIHHS Ta 3aBaHTaXeHH1 75 % BiA MOBHOro 00’eMy
KamepH (puc. 4 r)
W =19.99632 — 0.00061590909 " ¢ + 1.7545244 107 £ - 3.5949776 10" " £ +
+2.922746 - 1077 '~ 8.3724494 - 10°° - 7. (23)
BusHaueHo 3anexHICTh CX0KOCTI nieHuui copty «llapiBHay Bix yacy oOpoOKH Ta KOHUEHTpaLil
030HY Y CKJIa/Il CyIIUIILHOTO areHry (puc. 5).
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Puc. 5. CXoxicTh OTPUMAaHOI 36pHOBOI CHPOBHHH B

P 7]
N ©] ¢ 3aJIeKHOCTI BiJI KOHIIEHTpaLii 030HY:
o] a — 3a KOHIIEHTpAIIii 030Hy 10 Mr/M’;
e 6 — 3a KOHIEHTpaLi 030HY 15 Mr/m;
by “"‘““? ° ° ® * B — 3a BIJICYTHOCTI 030HY y CKJIJ[i CYIIHJILHOTO areHTY
268 ]
& ]
o T

0.0 3080.0 6160.0 9240.0 12320.0 15400.0

PiBHsIHHS, SIKI OTPUMAHO Ha OCHOBI PErpeciiiHOro aHaii3y eKClepUMEHTAIbHUX TaHUX CXOKOCTI
OTPUMAaHO1 3epHOBOI CUPOBUHHU B 3aJIEKHOCTI Bl KOHIIEHTpAL[Il 030HY, MalOTh BUTJISA:
— 3a KOHIEHTpaLii 0300y 10 Mr/M° (puc. 5 a)
Y=287.01486 + 0.0041830929 ' # — 3.2343306 " 10° £ +9.1419945 - 107" " £ -
—1.0860033 - 107 £+ 5.7540463 - 10" - £ — 1.1265014 - 107" (5, (24)
— 3a KOHIEHTpaLii 030Hy 15 Mr/™° (puc. 5 6)
Y=87.022727 +0.005142361 £ — 3.9975492 - 10° £ + 1.1124702 " 10” " £ —
—1.3333126 10+ 7.2212376 - 10™"* - £ — 1.4535502 - 10" £°; (25)
— 3a BIZICYTHOCTI O30HY Y CKJIaJli CYLUMJIBHOTO arexra (puc. 5 B)
Y= 85.988345 — 0.00016239316 " ¢ + 9.8136817 10 £ — 5.1639863 * 10" " £ -
—3.8642074 - 107"% £+ 2.4151296 - 10°° - £ — 5.1553911 - 10°** £°. (26)
ExcnepuMeHTanbHO OTpPUMaHI 3alIe)KHOCTI TOKa3ylOTh, IO O30H IO3UTUBHO BIUIMBAE Ha
CX0XIiCcTh 00po6IieHoT cupoBUHHU. [Ipyu YoMy, cXOXKICTh 3pocTae Ha 8 % MOPIBHAHO 3 CYLIIHHSAM 0e3
030HyBaHH#. PallioHATBHOI KOHIEHTpALIEI0 030HY € 10 MI/M’, OCKiNIbKM BUINA KOHLGHTpALlis HE
Mae€ ICTOTHOTO BILJIMBY Ha CXOXKICTh 00p006€HOT 03UMOT NIIeHHUII1 1 CTAHOBUTH B Mexkax 0.5 %.
Takoxk JOCHKYBaIUCh 3HE3apa)XKyBajibH1 BJIACTUBOCTI 030HY B CKJIAJll CYILIUIBHOTO areHTy Ipu
il Ha OCIMEHIHHA IPUOKIB TOJIOBHI 1 hy3apiymy (puc. 6, 7).
BigHouieHHs1 mepeBUILEHHS KPUTUYHOI HIUIBHOCTI MIKPOOPraHi3MiB J0 OJMHHULI MacHu 3epHa
BH3HayaiIach 3a BUpa3om [9]:

C,= An/mx10°,

ne An — nepeBUIIeHHS IUIbHOCTI MIKPOOPraHi3MiB; M, — OJMHUIISI MacH 3€pHa.
PiBHSIHHS, SIKI OTPUMAHO HAa OCHOBI PErpeciiiHOro aHajlizy eKCHEPUMEHTAIbHUX AAHUX CTaHY
rpuOKOBOI 3apa’KEHOCTI 03UMOT MIIEHMIIl CHOPAaMHU I'0JIOBHI, MalOTh BUTJISIL:
— mipu TpuBanocti 00pooku ¢ =10800 c (puc. 6 a)
C, =30.027195 — 5.0753885 - No3 — 0.83060088 * N3 * + 0.36592487 " Np;° —
—0.045862268 Np;*+ 0.0025006677 * Nps° — 5.0636574 - 10° Np; ©; (27)
— TpH TpuBanocti 00pooku ¢ = 9600 ¢ (puc. 6 0)
C, =30.015229 — 5.3068726 - Nos — 0.030542282 " Nps;* + 0.096666181 - Np;° —
—0.010260862 " Np;*+ 0.00041800214 - No;°— 5.787037 - 10°* Np; ©; (28)
— mpu TpuBaocti 00pooku ¢ = 8400 ¢ (puc. 6 B)
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C,=29.989433 — 3.6338034 " Np; — 0.74179908 - Np;2 — 0.27221979 - Np; > —
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PiBHSIHHS, SIKI OTPUMAHO HAa OCHOBI PErpeciifHOro aHajlizy €KCHEepUMEHTalIbHUX AAHUX CTaHY
rprOKOBOT 3apaKEHOCT1 03UMOT MIICHUII CTIOpaMu (y3apiyMmy, MalOTh BUTJISII:
— 3a TpuBasiocTi 006pooku ¢ =10800 ¢ (puc. 7 a)
C, =2.3844755 — 1.1223759  Nos + 0.30336466 * Np;* — 0.040846445 - Nps° +
+0.0025234921 " N3 *—5.7291667 - 10° Np;°; (30)
— 3a TpuBasiocTi 00pooKu ¢ = 9600 c (puc. 7 6)
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C,=2.3928671 — 0.81853263 " Nos + 0.18388986 * Np; > — 0.023568619 - Np; +
+0.0014517774 - Nos* —3.3253205 - 10° Np;*; (31)

— 3a TpuBasiocTi 00poOKu ¢ = 8400 c (puc. 7 B)

C, =2.4002331 — 0.403412 " Np; + 0.066619318 - Np;* — 0.010501348 - Np;° +
+0.00078944493 - Np; *—2.0532853 - 107 Np;°. (32)

AHanizyroud OTpUMaH1 3aJIeKHOCT1, MOKHA 3pOOUTH BUCHOBOK, 1110 O30H Yy CKJIaJll CYIIUIBHOTO
areHTy 3HM)KYE CTaH OCIMEHIHHS CIIOpaMu roJIoBHI 1 ¢y3apiyMy HallonTUMalbHIIIE 3a KOHIIEHTpaLlii
Nos = 8...10 mMr/m’ Ta TpuBanocti 06po6ku ¢ = 9600 ¢, OCKUIbKH GUIbLI 3HAYCHHS KOHIIGHTPALLI 1
yacy 0OpoOKH HE MPU3BOIATH A0 ICTOTHUX 3MIiH.

B sxocti eHepreTMYHMX HapaMeTpiB  po3poOIEHOro  BIOPOO3OHYIOUOTO  KOMILIEKCY
JOCIIIPKYBAJIMCh: €JCKTPUYHA MOTYXKHICTh, SIKa BUTPAYa€ThCsl HAa HArpiB CyNIMJIBHOTO areHTa 3a
JOMOMOTOI0  €NIEKTPUYHUX €JEMEHTIB N); TOTYXKHICTh, SKa BHUTPAYAETHCA EJIEKTPOJIBUTYHOM
npuUBOJY JeOalaHCHOTO Baixy N,; MOTYKHICTh, SIKA BHTPAYAE€THCS EIEKTPOJBUTYHOM IPHUBOILY
BEHTUJISITOpA N3 Ta €IEKTPOHHUM MPUCTPOEM CUHTE3Y 030HY Ni.

Ha puc. 8 300pakeHO0 3MiHY CIOXHBAaHOI MOTYKHOCTI €JIEKTPUUYHUMHU HarpiBajJlbHUMU
eJIEMEHTaMH B 3aJIS)KHOCTI Bill TEMIIEPATypH CYIIMJIBHOTO areHTa 3a MIBHIKOCTI PyXy CYIIHMIIBHOTO
arenra 1.5 m/c.

S =0.05468366
r = 0.99494087

N],KBT

kS
I N T U T T O W O O A B O

Tea, °C
Puc. 8. 3MiHa ciokKMBaHOI MTOTYKHOCTI €JIEKTPUYHUMHU HAarpiBaIbHUMU €JIEMEHTaMH B 3aJIKHOCTI BiJl TEMIIEpaTYpH
CYIIMIBHOTO areHTa

PiBHsIHHS, sIK€ OTPUMAHO HAa OCHOBI PErpecifHOro aHaji3y eKCHepHMEHTaIbHUX JaHUX 3MIHU
CHOKMBAHOI TOTYXHOCTI €JIEKTPUYHMMM HarpiBalbHUMH €JIEMEHTaMH B 3aJE€XKHOCTI Bij
TEeMIIepaTypu CYHIMJIBHOTO areHTa (puc. §8), Ma€ BUTJISIA:

Ny =—0.8209 + 0.0309  Te,. (33)

3 HaBeAEHOI 3aJeKHOCTI BUAHO, IO 13 3pOCTAaHHSAM TEMIIEpPATypu CYIIMJIBHOIO areHra 7y
CHOXKMBaHA TOTYXHICTh N, HarpiBaJIbHUMHM €JIEKTPUUYHUMHU €JIEeMEHTaMH 30UIbLIYEThCH,
MPaKTUYHO, IPOMOPLINHHO.

Takoxx mim yac aHami3y C€HEPreTUYHUX XapaKTEPUCTHK OCITIIKYBAaHOTO BIOPOO30HYIOUOTO
KOMIUIEKCY OYJIO BHSBIEHO 30UTBIICHHS CIIOKHWBAHOI MOTYXHOCTI €JIEKTPOABUTYHOM MPHUBOIY
nebaaHCHOTO Bally 3aJICKHO BiJ 3arajlbHOTO 00’€My 3aBaHTKEHHS CYIIMWJIBHOT KaMepH, 10 3a
po6ouoi kyroBoi mBuiukocti w = 90 pan/c cranoButb: N, = 480 Bt 3a 75 % 3aBaHTakeHHS
(puc. 9 a); N, =450 Bt 3a 50 % 3aBanTaxeHnHs (puc. 9 6).

PiBHSIHHS, SIKI OTPUMAHO HAa OCHOBI pErpeciifHOro aHajidy e€KCIepUMEHTAIbHUX JIAaHUX 3MIHU
CHOKMBAHOI TMOTYKHOCTI €JIEKTPOJABUTYHOM HpPHUBOJAY A€OalaHCHOTO Baly B 3aJE€KHOCTI Bij
KyTOBOI1 IIBHIKOCTI Ta CTYNEHS TEXHOJOTIYHOTO 3aBaHTAXCHHS CYIIWIbHOI KaMepH, MaroTh
BUTJISAT;

— 3a 3aBaHTaXeHHs 75 % Bl MOBHOTO 00’ €My KamepH (puc. 9 a)

N> = 0.0982 + 0.0040 " w; (33)

— 3a 3aBaHTaXeHHs 50 % Bi MOBHOTO 00’ €My KamepH (puc. 9 0)
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N> =0.0838 + 0.0038" w. (34)
§=0.01313823 §=0.01323327
= 0.99575282 r=0.99523940
Q.‘é% ] “g_,‘.\ .
N o ]
e o] N
RN R
N 1 N d
= 2 ] = 2 J
P 1 NUidy
o1 Nty
“§5<vvvyvvvyvvvyvvvyvvvyvvv “_Q‘AAVVVTyyyyyy,yyy,yyyyyyyy
05 214 423 633 842 1054 1260 05 214 23 633 84.2 1051 1260
-1 -1
w, ¢ w, ¢
a o

Puc. 9. 3MiHa COXKHUBAHOI TIOTY)KHOCTI €IEKTPOBUIYHOM MPHBO/Y A€0ATaHCHOTO Baly B 3aJISKHOCTI Bijl KYTOBOI
HIBUIKOCTI Ta CTYIIEHS TEXHOJIOTIYHOTO 3aBAHTAKEHHS CYIITHILHOI KaMEpH:
a — 3a 3aBaHTaXeHHsI 75 % BiJ OBHOrO 00’ €My KaMepH
0 — 3a 3aBaHTaXXeHH: 50 % BijJ HOBHOTO 00’ €My KaMepH

[Ipu BU3HAYEHH] EHEPreTUYHUX XapaKTEPUCTHK BIOPOO30HYIOUOI0 KOMILIEKCY JOCTIHKYBAIHNChH
3MIHU CIIOKHUTOI MOTY)KHOCTI B 3aJ€KHOCTI Bl YaCTOTH OOEpTaHHS €JIEKTPOJBHUIYHA MPHUBOLY
BeHTIIISITOpA (pHC. 10).

I3 excnepuMeHTaIbHO OTPHUMAHOI KPUBOi MOXHA 3pOOMTH BHUCHOBOK, IO 13 30UIBIIEHHSAM
4acTOTU OOEepTaHHs €JIEKTPOJBUIYHA 3pOCTA€ CIOXKMBaHAa HUM HOTYXHICTh. Kpim Toro, Ha
MaKCUMaJbHUX 00epTax enekrpoaBuryHa n = 3000 06/XB crouBaHa HUM MOTYKHICTh CTAHOBUTH
N5 =0.115 kBT 3a mIBUIKOCTI CyIIMIBHOTO areHty 3 M/c i 3aBanTakeHHi 50 % Bix HOBHOTO 00’ eMy
CYIIMJIbHOT KaMepHu Ta 3a IMIBHJKOCTI CYIIMJIBHOTO areHTy 2.5 m/c 1 3aBaHTaxeHH1 75 % Bix
MIOBHOT'O 00’€My CYIIWIBHOI KAMEpPH.

$=0.00191056 S =0.00324409
r=0.99951377 r=0.99709842

\! - N3

(i (Wl
o ‘ o A
o W e o] 4
@.\ o E @.\ o 5
o <
= ] = ]
% - B
o 7] o ] [)
o o
S S F—F—
0.0 550.0 1100.0 1650.0 2200.0 2750.0 3300.0 0.0 29 5.9 8.8 1.7 14.7 17.6
n, 00/xB No3, MO/M°
Puc. 10. 3anexxHicTh 3MIHU CIIOXKHUTOI ITOTY)KHOCTI Puc. 11. 3miHa CIIOXHTOT MOTY)KHOCTI EJIEKTPOHHUM
€JIEKTPO/IBUTYHA TIPUBOY BEHTUIIATOPA BiJl YaCTOTH MIPUCTPOEM CHUHTE3y 030HY B 3aJIEKHOCTI Bijl 3reHEpOBaHOT
obepTaHHs HUM KOHIIEHTpaIlii 030Hy

PiBHsIHHS, sIK€ OTPUMAHO HAa OCHOBI PErpecifHOro aHajii3y eKCHepHMEHTaIbHUX JaHUX 3MIHU
CIOKUTOT MOTYKHOCTI €JIEKTPOJIBUTYHA IIPUBOJIY BEHTHJIATOPA BiJ 4yacToTH oOeptanHs (puc. 10),
Ma€ BUTJIAL

N;=5.1419 - 10° +0.0002 n —3.4807 - 107 n* +2.5394 10 - »* —
— 6.5128 10™  1n* —2.8901 - 10" -’ + 2.4095 - 107" - n°. (35)

Ha puc. 11 300pakeHO 3MiHY CMOKHTOI MOTY>KHOCTI €JIEKTPOHHUM MPUCTPOEM CHUHTE3Y O30HY
N4 B 3aJI€)KHOCTI BiJl 3r€HEPOBAHOT HUM KOHIICHTpaIlii 030HY Nps;.
S BUIHO 13 €KCIIEPUMEHTAIBLHO OTPUMAHOI KPUBOI, 13 30UIBIIIEHHSM KOHIIEHTpaIlii 030HY Noj3
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CIHOKMBaHA MOTYXHICTb N, 3pOCTa€e, IPAKTHUUHO, IPSIMO MPOTOPIIHHO.

PiBHsIHHS, sIK€ OTPUMAHO HAa OCHOBI PErpecifHOro aHaji3y eKCHEepHMEHTaIbHUX JaHUX 3MIHU
CIIOKUTO1 MOTYXHOCT1 €JIEKTPOHHUM IMPUCTPOEM CHHTE3Y O30HY B 3aJIe)KHOCTI BiJ 3T€HEPOBAHOL
HUM KOHIIEHTpaIlii 030HYy (puc. 11), mae Bursia:

N, =0.0020 + 0.0072 " Nos — 3.6255 * Nos’. (36)

Ha ocHOBI BH3HaueHWX EHEPreTUYHUX XAPAKTEPUCTUK PO3POOJIEHOTO BIOPOO30HYIOUOTO
KOMIUIEKCY OTPUMAEMO 3JICKHICTh 3arajbHUX €HEeproBUTpaT N BiI TpUBAJIOCTI 00poOku ¢ Oe3
030HY B CKJIaJl CYIIMJILHOTO are’Ty (puc. 12) Ta 3 030HOM B CKJIa/Il CyIIUILHOTO areHry (puc. 13).

$=0.09483981 $=0.06615060

r=0.99752590 r=0.99887084
A A
W 7 ° 7
N o ]
Iy v ] Iy Ll
C& Ry C& &
= ] ¢ = ]
N W
] ) ]
\fﬂl T \f}) i
K\ ————— T ——————T— ™+
0.0 29.3 58.7 88.0 173 146.7 176.0 0.0 293 58.7 88.0 173 146.7 176.0
t, XB t, XB
Puc. 12. 3miHa 3arajpbHUX €HEPrOBUTPAT PO3POOIIEHOIO Puc. 13. 3miHa 3arajgpbHUX €HEPrOBUTPAT PO3POOIIEHOIO
MAaIIMHOI 0e3 030HY B CKJIaJli CYIIMIBHOTO areHTy MAIIMHOO 3 030HOM B CKJIai CYIIMIJIBHOTO areHTy

PiBHsIHHS, SIKI OTPUMAHO HAa OCHOBI pErpeciifHoro aHajidy e€KCIepUMEHTAIbHUX JaHUX 3MIHU
3arajbHUX €HEProBUTPAT PO3POOIICHOI0 MALIUHOK, MAIOTh BUTJISL:
— 0e3 030HY B CKJIaJl CyIIMJIBHOTO areHTy (puc. 12)

N=0.0080 +0.0127 ¢+ 0.0001 " —7.3653 - 107 £; (37)
— 3 030HOM B CKJIa/ll CYIIMJIBHOTO areHTy (puc. 13)
N=0.0196 + 0.0086" ¢+ 0.0002 " #* — 8.9962 107" £. (38)

Ananiz puc. 12 Ta puc. 13 3acBiiuMB, 10 MUTOMI €HEPrOBUTPATH Ha OJUHHIIKO TOTOBOI
npoaykilii 3 BoJorictio 14 % mpu mouaTkoBiid Bosiorocti 20 % CTaHOBIATH: 32 BUKOPUCTAHHS
KJITACMYHOT TEXHOJIOTi 3 Mmojaueto Terioareuty temmeparypoto 50 °C 3a tpuBamocti 06pooku 240
xB. — 112.93 Bt -rog/kr a6o 18.82 Br-roa/kr Ha 1 % Bunapysanoi Bosioru (406.54 xJx/kr abo
67.75 xx/kr Ha 1 % BumapyBaHOi BOJIOTH); 32 BUKOPUCTAHHSI KOMILIEKCHOTO TEIUIO(I3UYHOTO
BIUIUBY 3a TpuBasocTi 006podku 160 xB. — 91.01 Br-romg/kr a6o 15.16 Br-rom/kr Ha 1 %
BunapyBanoi Bosoru (327.63 xJx/kr abo 54.6 kJ[x/kr Ha 1 % BUMapyBaHoi BOJIOTH).

[Ticna oOpoOku excnepuMeHTaIbHUX AaHux y cratuctuuyHomy cepenoBuili «STATISTICA
10.0» Oynu oTpumaHi Koe(il[ieHTH KOMIUIEKCHUX PIBHSHb MHOXKHHHOI perpecii 2-ro mopsaky ta
1o0Oy/1I0BaHO TaKl 3aJI€3KHOCTI:

— KIHIIEBa BOJIOTICTh 3€pPHOBOi CHPOBHMHHU Bl BIOPONPUCKOPEHHS KaMepH, TeMIlepaTypu
CYIIWJIFHOTO areHTy, KOHIIEHTpaIlii 030HY Ta 9acy 0OpOOKH:

W,=33.23+0.22"a—0.134" Tcy—0.627 Np; — 0.074 ¢ —0.001 @’ — 0.001" Ty > — 0.015 Nos” —
—0.011 " a Np3+0.01 Ty No3+ 0.002 No; ¢, (39)
— EHEepProBUTPaTH Ha IMPHUBOJ BIOPOO30HYIOUOTO KOMIUIEKCY BiJ BIOPONPHUCKOPEHHS KaMepH,
TEMIIEpaTypH CYIIWILHOTO areHTy, KOHIICHTPAIlli 030HY Ta 4yacy 0OpoOKH:
N=11.828-0.005"a—0.303" Ty —0.335 Nos;— 0.011 £+ 0.001 " a* + 0.003 " T +
+0.01" Np;* +0.001 " Np; " . (40)
Ha ocHOBI oTpuMaHUX €KCHEepHMEHTalIbHUX JaHuX noOynoBaHo kaptu [lapeto edexTiB i
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OIIIHKM BIUIMBY (DaKTOpIB Ha KIHIIEBY BOJIOTICTb 3€pHOBOi CUpOBHHM (puc. 14) Ta crokuBaHi
€HEPTrOBUTPATH PO3POOICHOTO BIOPOO30HYIOUOTO KOMILIEKCY (puc. 15).

(4t xa(L) - 11,5639 (M), x8(L) S 025
(2)T=. C(L) |-5,40604 (2)T., C(L) 13,053585
(1)a, m/c*(L) |-3,47275 (3)Ngs, Mr/AB(L) 2,294706

(3)Nos. Mr/ar(L) -3,11474 (Da, /(L) F ]1,571964
3Luadl 1,096195 T CK) L ]1,564004
1Lma3L | |-833108 SLmadlL | ]1,416279
2Lma3l 7454124 t.xe(®)F__ |1,101737
Lmadl | |-657717 Nes, MOABK) | |,77815
2Luadl ,5700213 a, wWeK) [ ],6163564

Nz, Mr/(K) -, 465608 2LHadl. - 442587
t,xe(K)F___ ]-,282418 \Luwa2l | |-221294
Tesr C(K) -,282418 ILwa3L | |-132776
aMWe(K) | ]-190823 2Lma3L | ]-,066388
1Lna2Ll -,13154p ILuadl | ],0221294
p=.05 p=05

Omninka eexTy (abCoOMOTHE 3HATEHHA)
Puc. 14. Kapra I1apero edekTiB [uIs OL[IHKH BIUTUBY
(hakTOpiB Ha KiHIIEBY BOJIOTICTh 3¢PHOBOI CHPOBHUHHU

Oninka edekTy (abCOMOTHe 3HAYSHHS)
Puc.15. Kapra I[Tapero edekTiB ai1st OLIHKH BILIUBY
(aKkTOpiB HA CIIOXKMBaHI EHEPrOBUTPATH PO3POOIICHOTO
BiOPO030HYIOYOT0 KOMILIEKCY

3rifHO OTpPUMAaHUX KapT, Ha KIHLIEBY BOJIOTICTb 3€PHOBOI CHPOBHMHU Ta CIHOXKHMBaHI
€HEproBUTPATU PO3pOOJIEHOTO BIOPOO30OHYIOUOr0 KOMILUIEKCY HalOuIblle BIUIMBAIOTh Yac 0OpOOKU
{ Ta TEMIIEpaTypa CYIIWIBHOTO areHTy 7 cy.

OTxe, AKICHI XapaKTEPUCTUKH MPOIIECY CYIIIHHS HaOyBarOTh CBOIX palllOHaJIbHUX 3HAYEHb MpPU
KIHIIEBI BojorocTi 3epHOBOi cupoBunm 13...14 % Ta eHeproBuTpaTax Ha MPHUBOJ
B1I0OpP0030HYIOUOT0 KOMILIEKCY 3...3.2 kBT.

BucHoBok

1. HasiBHI TE€XHOJIOTI HE MOBHICTIO BUYEPIYIOTh MOKJIMBOCTI BUKOPUCTAHHS BiOpallii 1 030HY,
X04Ya CBiT4aTh NPO JOUUIBHICTH I1X 3aCTOCYyBaHHS 1 TO€IHAHHS HE TUIBKM B arpapHoOMy
BUPOOHHUIITBI, a ¥ y IHIIMX Tajly3sX 3 METOI0 IHTEHCHIKallii MpoueciB 1 OTpUMaHHS SKICHOT
PO TYKIIii.

2. Po3pobnena MaremMaTu4yHa MOJEIb PO3MOALTY KOHIIEHTpAIlil 030HYy MO TJIMOWHI mapy 3epHa
M Ti€10 BIOPAIIfHOTO BIUIMBY.

3. 3ampomnoHOBaHO Ta pO3pO0IEHO BIOPOO30OHYIOUMI KOMILIEKC IS peastiallii TeXHOJIOTTIHOTO
IpoLleCy CYIIIHHA 3€pHOBOI CHUPOBHMHM, B SKOMY IMpPOJYKIisA, L0 OOpOOJSETHCS, MNIATAETHCA
B1OpallliiHOMY BILIUBY 3 OJTHOYACHOIO 110JJa4€l0 CYIIUJIBHOTO areHTy, IKUH € CyMIIIIIIO MiIIrpiToro
MOBITPS Ta 030HY NEBHOT KOHIIEHTPAILi.

4. VYV XoIl eKCHepUMEHTaJIbHUX JOCIKEHb OyJ0 OTPUMAaHO KOMIIPOMICHI TEXHOJIOTIYHI
napaMeTpud  JOCIIKYBAaHOTO IPOILIECY CYIIIHHA 3€pHOBOI CHUPOBHUHHU, SIKI CTaHOBJISATH:
Bibporpuckopensss a = 15...20 wm/c’, Temmeparypa cymmmbHOro arenty I, = 50...55 °C,
KOHIIeHTpawis 030Hy Np; = 8...10 Mr/m’, uac o6pobku ¢ = 7800...9600 ¢ 3a MBHAKOCTI PyXy
CYHIMJIBHOTO areHty Vey = 1.5 m/c.

5. B Xoml BHUKOHAaHHS EKCIIEPUMEHTAIBHUX OCITIIKEHb
BIOPOO30HYIOUOTO KOMILJIEKCY:

— BCTAHOBJIEHO, 110 13 3pOCTaHHIM TeMIIEpaTypH CYIIMIBHOTO areHTa 7 CIoKMBaHa MOTYXHICTb
N HarpiBaJlbHUMH €JIEKTPUYHUMHU €JIEMEHTaMH 30UIbIIYEThCS, IPAKTUYHO, IPOMOPLINHHO;

— Oylno BHUSBIEHO 30UIBIIEHHS CHOKMBAHOI MOTY)XHOCTI €JIEKTPOJBUTYHOM IPHUBOAY
nebaaHCHOTO Bally 3aJIEKHO BiJl 3arajlbHOTO 00’€My 3aBaHTKEHHS CYIIHWJIBHOT KaMepH, 10 3a
pobouoi kyroBoi mBHUIKOCTI @ = 90 pan/c crtanoBuTh: N, = 480 Bt 3a 75 % 3aBaHTa)keHHS Ta
N, =450 Bt 3a 50 % 3aBaHTaXCHHS;

— MOJKHA 3pOOMTH BUCHOBOK, 11O 13 30UTBIIIEHHSIM YaCTOTH OOCPTaHHSI €IEKTPOIBUTYHA 3POCTAE
CIO’KMBaHA HUM MOTYXHICTh. KpiM Toro, Ha MakcuManbHUX o0epTax enekrpoasuryHa (n = 3000
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00/XB) CHO’KMBaHa HUM MOTYXHICTh CTaHOBUTH N3 = 0.115 kBT 3a MBUAKOCTI CYIIMIIBHOTO areHTy
3 m/c 1 3aBaHTakeHH1 50 % BiJ MOBHOr0 00’€MYy CYyHIMJIBHOI KAMEpH Ta 3a IBUJKOCTI CYIIUIBHOTO
areHry 2.5 M/c 1 3aBanTaxeHHi 75 % Bl HOBHOTO 00’ €My CYIIMJIbHOT KAaMepu;

— BCTAHOBJICHO, IO 13 30UIBIIEHHAM KOHIICHTpAIli 030HY Np; CHOXXHBaHa TOTYXHICTh
EJIEKTPOHHUM TPUCTPOEM CHHTE3Y 030HY N, 3pOCTa€, MPAKTHIHO, MIPSIMO TIPOTIOPITIHHO.

6. basyrounce Ha OTPHMAaHUX JAaHWX BCTAHOBJICHO, II0 MUTOMi €HEPTOBUTPATH Ha OJMHHUIIO
rOTOBOT MPOYKIIii 3 BoJtOTICTIO 14 % 3a mouyaTkoBoi BosiorocTi 20 % CTaHOBIATH:

— M 9ac BUKOPUCTAHHS KJIACHYHOI TEXHOJIOTIi 3 MO/Ia4el0 CYIIMIBHOTO areHTy TEMIIepaTyporo
50 °C 3a tpuBamocti 06pobku 240 xB — 112.93 Br-rom/kr a6o 18.82 Br-rom/kr Ha 1 %
Bumnapysanoi Bosioru (406.54 x/[x/kr ado 67.75 xJlx/kr Ha 1 % BunapyBaHoOi BOJIOTH);

— MiJ 9aC BUKOPHUCTAHHS KOMIUIEKCHOTO TETUIO(PI3UMYHOTO BIUIMBY 3a TpUBaiIocTi 00poOku 160
xB — 91.01 Br-rom/kr a6o 15.16 Br-rog/kr Ha 1 % Bunapysanoi Bojoru (327.63 x/[x/kr a6o
54.6 xJx/kr Ha 1 % BunapyBaHoi BOJIOTH).
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