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JKutoMupchKkuil HalliOHATLHUI arpOeKOIOTIYHUN YHIBEPCUTET

AHANI3 CYYACHOr o ObNAAHAHHA ANA HU3bKOTEMIMEPATYPHOIO
CYLWIHHA CNIbCbKOIrOCNOAAPCbKUX MATEPIANIB

IIpogeoeno ananis anapamuoz2o 3a6e3neyents MEeXHONOIYHUX npoyecis
HU3LKOMEMNEPamypHo20 paodiayitiHoc0 CYWIHHA CLIbCbKO2OCHOOAPCObKUX Mamepianié 3a
PAXYHOK — eHepeemuyHO20  GUKOPUCMAHHA — NOOIYHOI  CUPOBUHU  CLILCLKO2OCHOOAPCHKO20
supobnuymea. Ilokazano HeoOXIOHICMb BCMAHOBNEHHA PAYIOHANLHUX KOHCMPYKIMUGHO-
MEeXHONO2IUHUX NAPAMEempi8 Mma pedcuMie poOoOmu MexXHOA02IUHO020 O0ONAOHAHHA  OJis
2enepyeants enekmpoenepeii 3 biomacu ons padiayiiinozo cywinusa mamepianie. Cpopmosaro
KOHYenyio 8UKOPUCMAHH NOPMAMUSHUX MOOYII8 OMPUMAHHS eJleKMpOoeHepeii ma HCUGIeHHs.
HU3bKOMEMNEPAMYPHUX CYUAPOK.

Knrouosi cnosa: cywinns, 6iomaca, easocenepamop, eHepeoeheKmueHiCmb, NUMoML
NOKA3HUKU.
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IHocTanoBka npodJaeMn

Cymriaas cimbebkorocnomapcebkol mpoaykmii (CIT) po3rismaioTh sSK KOMITIEKC
TEXHOJIOTIYHUX 3aXOMiB, METOIO SKOTO € miaroroska CII go TpuBanoro 30epiranHs 4yu
nepepobku. Ane, Tak sk cymka CII me He Tinbku Temnodi3MYHMH mpouec ajie i
TEXHOJIOTIYHUH MPOIIECOM TP SIKOMY BiTOYBAIOTHCS HE3BOPOTHI (Pi3WKO-MEXaHIvHI Ta
KOJOiMHO-(GI3WYHI 3MiHH, OJHHM 3 KIIOUOBUX TIUTaHb € 30CpeKCHHS I[IHHUX
noxuBHUX peuoBuH CII.

YaockoHalleHHS ~ TEXHOJOTIH  CyIIiHHS, 31e0iIbIIoro, HAmNpaBlIeHO Ha
iHTeHCU(IKAITII0 TIPOIECy 3HIKEHHS BOJIOTH NpH 30EpeKEHHI TOKUBHUX SKOCTEH
CUpOBHHU. MokHa BUAUIATH 4 OCHOBHHX THUMHU CYIIKH: KOHBEKTHBHY,
HU3LKOTEMIIEpATypHY, padialiiiny Ta komOiHoBany [1].

HaiiGinpmr mmpoko BUKOPHUCTOBYBAHUM CIOCOOOM iHTeHCH(]iKaIlii KOHBEKTHBHOL
CYIIKH € BHKOPHCTAHHS TICEBIOPO3PIIHKEHOTO THIY CYUIIHHS. AJleé CTBOPEHHS YMOB
JUISl TICEBOPO3PIIKEHHSI BHCYIIYBaHOI CHPOBMHM BUMarae KamiOpyBaHHS pPO3MipiB
4acTHHOK camMoi cupoBuHH. lIpoTe maHmii cmoci® iHTeHcudikamii MPU3BOAUTE IO
[IBHJIKOTO HArpiBy YaCTHHOK CHPOBHHH, IIO MOXE MPHU3BECTH JI0 BTPATH IIHHUX
BinactuBoctedd [1]. OgHuM 3 pimieHs AaHOi MPOOJIEMH € BUKOPHCTAHHS XOJOIHOTO
OCYIICHOTO TMOBITPS, aJIe TPU I[bOMY MPOYKTHBHICTH CYIIIHHS 3HAYHO 3HUKYETHCS.

BuxopucranHs pamialliiHUX —crmoco0iB  HarpiBy (iH(ppadepBOHOTO, CTPYMiB
BHCOKOi Ta HAJBUCOKOI YaCTOTH) J03BOJISIE MAaKCHMAalbHO 30€perTw BIACTHBOCTI
CUPOBUHHU Ta 3a0€3MEUUTH IIBUKE 3HIKEHHsI BoJorocTi. PasiamiitHuii HarpiB BOJioJIi€
pAIOM TIepeBar, a came: O€3IHepIliHHICTIO, OAaKTEPHIMIHOIO MIi€I0, 3HWKCHHIM
TEIUIOBUX BTPAT, EKOJOTIUHICTIO, OLIBINOI0 IIBHUAKICTIO BOJIOTO BHUAUICHHS Ta
30epekeHHSIM IHHHUX BJIaCTHBOCTEH BHCYIIYyBaHOTO Marepiany. Pamiamiiiai cmocoOu
HarpiBy (Hampukian, iH(QpadepBOHUIN) JO3BOJSIOTH 3HAYHO CIIPOCTUTH KOHCTPYKIIIO
KOpIyCy CyIIapKH 3a paxyHOK BIJICYTHOCTI HEOOXITHOCTI BHKOPHCTAHHS
TEIJIO30MIALIi, Tak K TeMIeparypa TOBITps B Cylapii Moxke OyTH HIKYa
TEeMIIepaTypH BUCYIITYBaHOTO Matepiany [2].

Jlo HemoMmiKiB pafiamiifHOTO CYIIiHHS BiJHOCSTH 3HAYHY BUTPATY EJIEKTPOCHEPTii,
JIOPOTOBH3HY OOJIaJHAHHSA, BUCOKY HEPIBHOMIPHICTH TEIUIOBOTO BIUIMBY Ha MPOIYKT
CYLIIHHSI Yepe3 BeJHMKY BiAMIHHICTb BiJCTaHeW BiJ kKepelia BHUIPOMIHIOBaHHS OO
MaTepiaiy, Malry 00'eMHy MPOIYKTHBHICTh Ta Mally MOOUTBHICTh CYyIIMJIBHHUX arperaTiB
gepe3 HeOOXiAHICTh IMiT’ € HAHHS IO JHKEPEN SHEePTOKUBICHHS.

AHaJi3 OCTaAHHIX JOCTiTKeHb i myOaikamiii

Hapasi axkTHBHO [IOCHIIXYIOTBCS CHOCOOM EHEPreTUYHOrO0 BHKOPUCTAHHS
ITOOIYHHUX MPOIYKTiB CIITECHKOTOCTIONAPCHKOTO BHPOOHHMIITBA. 3okpema
pO3pOOIAIOTECS TEXHIYHI 3acobm (TeruioreHeparopu) Ui CHadioBaHHSA Oiomacu
(meneru, comomMa, TUPCa TOMIO) 3 BUKOPUCTAHHSAM TEIUIOTH 3TOPaHHS U CYLIiHHS.
Pa3zom 3 THM, icHye mpoOiieMa HEMOCTIHOCTI CKJIaly TeHEpaTOpHOro ra3y Ipu
CHAMOBaHHI OioMacu, IO TIOB’A3aHa 3 BIUIMBOM AarpoTEeXHIYHHUX YMOB, BHIY
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MiZTOTOBKK OiOMacu [0 CHadIOBaHHs, THUMYy TemoreHeparopa tomo [3]. Ile
VCKIIQAHIOE BUKOPHUCTAHHSA NPOAYKTIB TOPIHHSA OlomaymBa JUIsl CYIIKH MaTepiaiis,
SIKICTh KOTPUX CHJIBHO 3aJICKUTh BiJ JOTPUMAHHS ONTHMAIbHUX PEKUMIB CYIIiHHS
(mikapebki TpaBH, XMinb Tommo). OgHuM 3 KiIrouoBux (akropi mpu cymwinHi CII € e,
0 HEAOTPUMAHHS TEMIIEPAaTypPHOTO PEXUMY MOKE TMPH3BECTH O KOAryJsmii Oinka,
BTPATH I[IHHUX BJIACTHBOCTEH Ta KUTTEBUX (DYHKIIIH HACIHUHM, BTPATH 3aTHOCTI ii J10
MPOPOCTaHHS TOLIO. 3 TOUKH 30py MEepPepOOKH 6araTboX BUAIB CiTbCHKOTOCIIONAPCHKUX
MaTepiajiiB, HAIPHUKIAJ, JIKAPCHKUX TpaB, CIiJ 3a3HAYHTH, [0 YACTHHA JIIKAPCHKUX
TpaB eheKTHBHA TOJIi, KOJM BHUKOPHCTOBYETHCSA 3 MiHIMAJIBHHM CTYIIEHEM OOpOOKH,
TOMy, IO B JKUBIf POCITUHI BCi Jil0Yi PEYOBHHH Ta (EPMEHTH MepeOyBarOTh Y
nirodoMy craHi [4]. Aje OUIBIIICTH JIIKAPCHKUX TpaB MiJA0Th CYIIiHHIO. Tpasw,
JIACTS, IUOYJIMHA, KBITKH, KOPIiHHSA 1 KOPEHEBHUINA CyImaTth npu Temmneparypi 50...60
°C, mrogu — nipu 70...90 °C, a cupoBuHy 3 BMicTOM edipHux oiniii — npu 35...40 °C
[4]. B 3B’s13ky 3 UM po3po0OKa MPHUCTPOIB Ta OOIPYHTYBAHHS PEXKHUMIB iX poOOTH s
TeHEepYBaHHS EJIEKTPOeHeprii 3 0ioMacH Ta BUKOPUCTaHHS 3T€HEPOBAHOI €HEprii s
panmiamiifHoOl CyIIKM YyTIMBHUX MaTepialliB € akTyaJbHUM 3aBAaHHsIM. Lle J03BOJINTH
peamizyBaTd CyWmIiHHA MarepialiB 3 MaKCHUMAalbHUM 30€peKEHHSIM  I[IHHUX
BJIACTUBOCTEH.

B ocraHHI pokn JizepaMu 3 BHPOOHHMIITBA €IIEKTPUYHOI €Heprii 3 Oiomacu €
HacTymHi kpainu: Oinstaais — 13,6%; Hanis — 11,9%; Asctpis — 6,4% 1 Hinepnanau
- 5,9%. Y Toii xe vac, B Ykpaini Oyno Bupobneno iuuie 0,175% enexkrpoeneprii 3
BJIE, B Tomy umcni 3 6iomacu — 0,005% [5]. [IppuomMy OCHOBHOIO CHPOBHHOIO IS
BHTOTOBJICHHSI €JICKTpOCHEprii € TBepaa Oiomaca (meneTd, cojloMa, THPCA, B
MepCHeKTHBI — eHepreTuyHi KyiabTypu) [5]. IIpmuomy EC mmanye mo 2030 poky
iTHATH JIOJI0 eNIEKTpoeHeprii 3 6iomacu Maiike B 2 pasu 10 8% Bix Beiei BupoOieHol
enekTpoeHeprii [6]. B Toit ke wac, eHeprermuHa cTpareris Ykpainnm mo 2030
nepenoauae, mo B 2030 porri oOcAr BUPOOHMIITBA €JICKTPOSHEPrii 3 OioMacu CKiaje
Bcboro 2,4% Bim 3aranbHOI reHeparnii enektpoeneprii 3 BJIE abo 0,1% Binm Bciel
reHeparii eJeKkTpoeHeprii B YKpaiHi, 0 Ha TMOPSIOK MEHINE, HiXK 3allaHOBaHO B
kpainax EC.

Mera, 3aBIaHHSI Ta METOJAUKA JOCTiKEHb

MeTor0 HIOCTIKEHHS € BH3HAYCHHS MJONUILHOCTI Ta pallioHATBHOTO CKIIATY
oOjamHaHHSA  JHII  HU3BKOTEMIIEPATYPHOTO  CYIIIHHA 3  BHUKOPHUCTaHHIM
ra3oreHepaTopHUX TEeXHOJOrid. Jlias TpOBEOeHHS JOCTIIKEHHS BUKOPUCTAHO
KOMIUJIEKC METOZIB HAyKOBOTO JOCHI/KEHHS: HOPIBHAJIbHUH, TEOPETUUHUH 1
CTaTUCTUYHHHA METOAM, CHCTEMHHHA METOJ aHamizy 1 CHHTe3y, (opMalbHa Ta
AQHAIITUYHA  ONTHUMI3allii CHCTEMH  BHUKOPHCTAaHHS  paaiallifHOTO  CYLIiHHS
BHCOKOUYTIIMBHUX MaTepialib.
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Pe3yabTaTtu gocaigxenn

KoHCTpyKIii yCTaHOBOK Uil  HHU3BKOTEMIIEPATYpPHOTO  CYIIIHHS  JOCHTh
pizHOMaHiTHI. [H(padepBoHI HU3BKOTEMIEpPATypHi CYIIAPKH MOXYTb OYyTH SIK
Oe3nepeBHoOI il (puc. 1), Tak i mepiogu4uHOiI (pHc. 2).

Puc. 1. YHiBepcajbHa KOHBeEpPHA CyIINJIbHA YCTAHOBKA Oe3nepepBHOi aii [7]:
1 — nnesmoyknaoau, 2 — nynem xKepysamHs,; 3 — CywunbHi Kamepu
4 — sibpompancnopmep; 5 — nneemompancnopmep, 6 — OyHKep-HAKONUYY68aY
7 — cxoounu, 8 — mpancnopmep

KonctpykruBno cymapka nepionuynoi aii gipmu «SPEKTRUM)» (Ykpaina) siBiste
cO00I0 BEPTUKAIBHY KAIlCYJIOBHIHY KaMepy 3 13-mMa piBHAMH 00epTOBHX JIOTKIB 3
MPOJIYKTaMH HaJl SIKUMU PO3TarioBaHi mo 2 cekmii [Y-HarpiBadi. Y naniéi cymapii Jyis
iHTeHcH(iKauil CyIIiHHS BUKOPHUCTOBYETHCS 3HIKEHHSI TUCKY 32 PaXyHOK BUKOPHCTAaHHS
BaKyyMHO{ TypOiHH, III0 3HIDKYE TEMITepaTypy KUITIHHS BOJIOTH Y MPOIYKTax [8].

Buxiaamii

Hacoe nentpodisnnii
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Puc. 2. Tipunuunosa cxema cymapku Cnexkrpym KTY-3000 [8]
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s ampoOariii cucteM >KMBIEHHS HH3bKOTeMIieparypHux cymapok B JKHAEY
po3po0JIeHO MOAYJIBHHUI TeHepaTop roprodoro rasy (puc. 3), TeHepaTop OCHAIECHUH
CJICKTPOHHOIO CHCTEMOIO KepyBaHHs Ha 0a3i Mikponpoiiecoproro npuctpor ATOS.

[IpoBeneni nmocHimKeHHS eQEKTUBHOCTI poOOTH NPOMOHOBAHOTO TIeHepaTropa
TOpIOYOTO Ta3y i3 BpaxyBaHHAM KOEQIIli€EHTy KOPHCHOI i eIeKTPOCTAHIIIl JO3BOJINB
3pOOUTH BUCHOBOK, IO TPU BUTpaTi manuBa 4,5 Kr/rog Juisi IEpPEBHOTO BYTLUIA Ta
LypoK, 5,5 KI/Ton. i MeNeT i3 THpCH Ta 3,5 KI/rof Juisf MeJeT i3 COJIOMH MOXKHa
OTPUMATH HACTYIMHY MaKCHUMAalIbHy TOTYXHICTB: Ui JepeBHOro Byriwist — 4,4 kBT,
IUTSL AepeBHAUX Mypok — 3,3 kBT, misa nener i3 tTupcu — 2,6 kBT, A1 meneT i3 coroMu —
2,2 kBt (puc. 4).

830
o
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230
Q
1
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] | 60

Puc. 3. I'padiuna moaesib 10C/TiAHOT yCTAHOBKH I'eHEPAaTOPa rOPYo0ro rasy:
1 — xamepa cupoBuHH, 2 — PypMOBHii IOsAC, 3 — KaMepa YTBOPEHHS TOPIOIOTO
rasy, 4 — KOJJOCHHKOBA peIlliTKa, 5 — maTpyOoK HAJAXOIKEHHS NOBITpA, 6 — MaTpyooK
HA/IXOKEHHS T€HEPaTOPHOTO rasy, 7 — MiJCTaBKa,
8 — xamepa BimOOPY reHEPATOPHOTO Ta3y
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B [JoTYXHICTE €leKTPOCTaHIIL, KBT Burpara mammea, kr/roq

Puc. 4. ButpaTi nmajuBa Ta MaKCHMAaJIbHA MOTYKHICTh eJIEKTPOCTAHUIl B
3aJIe5KHOCTI Bii BUYy CHPOBMHH

Po3po0iienuit TeHepaTop TOPHOYOro Ta3y MoOKe OyTH BHUKOPUCTAaHHMU y CKIIAJI
YCTaHOBKH (pUC. 5) s )KUBICHHS HU3bKOTEMIIEPATYPHHUX SICKTPUUHUX CYIIAPOK, 200
IHMUX  O0’€KTIB  CITBCHKOTOCIIOAAPCHKOTO  BHPOOHUIITBA YW  KOMYHAIBHOTO
TOCTIOapCTBa.
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Puc. 5. Cxema ycTaHOBKH OTPUMAHHA eJIeKTpoeHeprii i3 OiocupoBuHM 1141
JKMBJICHHS] HI3bKOTEMIEPATYPHHUX CYIIAPOK:
1 — npusio wnexa cuposunu, 2 — Oynkep cuposunu, 3 — wHeK N0OABAHHsL CUPOBUHU,
4 — 0OnoOMINCHUL 6EHMUISAIMOP, 5 — 2eHepamop 20pio4020 2azy, 6 — inemp 2pyb02o
OUUUeHHS (YUKIIOH), 7 — 0X0N0024CY8aU-peKynepamop, 8 — hinomp monko2o ouuuenns,
9 — 2azosa enexkmpocmanyis (3...5 kBm), 10 — axymynamopuuii a0k, 11- ineepmop
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Jlns migBuineHHs eeKTHBHOCTI POOOTH TeHEpaTOpa FOPIYOro rasy, 3a paxyHOK
3MEHIIICHHS Yacy HOro poOOTH B MEPEXiTHUX PEXHUMaX, MPOMOHYEThCS BUKOPUCTAHHS
ABTOMATUYHOI CHCTEMH KepyBaHHsI MMOJAYCIO MOBITPS B KAMEPY YTBOPEHHS TOPIHOYOTO
razy, W0 CKJIAJa€Tbcs 13 MikponporecopHoro mpucrporo ATOS Ta nmaT4mkis
TeMIrepaTypu ra3y ta BMicty CO B OTprMaHOMY Ta3i.

BucHOBKY Ta mepcneKTHBY MOAAJBIIUX T0CTiIKEeHb

1. ¥V 3B’s3Ky 3 MM po3po0Ka MPUCTPOIB Ta OOIPYHTYBAHHSA PEKUMIB iX poOOTH
JUT TeHEepyBaHHS eJeKTpOeHeprii 3 0ioMach Ta BHKOPHCTAaHHS 3reHEepOBaHOI eHepril
UL pamiarlifHol CYIIKM YyTJIMBHX MAaTepialiB € aKTyalbHUM 3aBaaHHsIM. lle
JIO3BOJIUTH PEaJli3yBaTH CYIIIHHS MarepiaiiB 3 MaKCUMAIBHUM 30€pPESKCHHSIM I[IHHUX
BJIACTUBOCTEH.

2. IIporroHOBaHMI MOIYIHHUI T€HEPATOP TOPIOYOTO Ta3y MPH BUTPATI majauBa 4,5
KI/TOJI. ISl IEPEBHOTO BYTULIS Ta IypPOK, 5,5 KI/TO. JIsl TEJIET 13 TUpCH Ta 3,5 Kr/ToI.
JUIL TIeJeT 13 COJIOMH MOXKe 3a0e3leYnTH HACTylHy MAaKCHMalbHY MOTY>KHICTh
€JIeKTPOCTaHIl: /i nepeBHoro Byrimis — 4,4 kBt, s nepeBHux 1mypok — 3,3 kBT,
UL TIeneT i3 thpcu — 2,6 kBT, mus menmer i3 comomu — 2,2 KBT Ta Moxe OyTH
BUKODUCTAHUN Yy CKIAJl YCTAHOBKM JUIS JKHMBICHHS HHU3BKOTEMIICPATyPHUX
EJIEKTPUYHUX CYIIAPOK.

[Tomampmti  moCHimKEHHS TTOBHHHI OyTH HampsSMJIICHIMH Ha Y3TOJDKEHHS Ta
(hopmaizariro mapaMeTpiB HU3bKOTEMIIEPATYPHUX CYIIAPOK Ta iX JHKEpem >KUBICHHS
Ha OCHOBi KOHBepCii 010JI0T14HO{ CHPOBHHU arpapHOro MOXOKEHHS.
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