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YTUII3ALIA AEPEBHUX BIAXOAIB IIJIAXOM BUTI'OTOBJIEHHA
MAJIMBHUX TPAHYJI METOJ0M EKCTPY3Ii

OxapaxrepusoBano cnerudiani ocodamnBocti [lokyTepko-bykoBuncskux Kapmar, mo BiU3HaualoTh piBeHb 1X ekosorivnoi Oe3mne-
ku. OLiHEHO eKOJIOTiuHy Hebe3MeKy Bill HEKOHTPOJIbOBAHOTO HArPOMaKEHHs A€PEBHUX BiXoiB y perioHi. [IpoaHanizoBano Binomi
TEXHOJIOTiT rpaHy IIOBaHHS A€PEBHUX BiaXoiB. JlociikeHO ONTUMAJIbHI YMOBH CYIIiHHS AE€PEBHHUX BiIXOJIB y HEPYXOMOMY Iuapi.
ITpoBeneHo ekcriepuMEHTaNIbHI JIOCITIJPKEHHS TIPOLIECy CYIIHHS BiZIXO/IiB J1iCOBOTO rocnoapcTBa 3a pi3HOT BUCOTH 1LIapy Matepiaty
Ta pi3HOT TeMIIepaTypy TEIUIOBOTO areHTy. 3arpoHOHOBAHO CIOCi0 eKCTPY3iHHOr0 IpaHy IIOBaHHS KOMITO3MIIT IEPEBHUX BiAXOIIB Ta
B'SDKYHYOr0 HaTypaJbHOTO ITOXOJKEHHS i3 OTPUMAaHHAM MaJIMBHUX rpaHyil. [TokazaHO NMepCrneKTUBHICT BUKOPUCTAHHS CyJb(aTHOro
MHJIa — B'SDKYY01 pEUYOBIHHU HATYPATBHOTO MOXOKEHHS, A MOKPAIISHHS IPOLECy TPaHyJIsii JepeBHUX BiAXOAiB. 3aponoHOBaHO
TEXHOJIOTiYHE BIOCKOHAJICHHS 00JTafAHAHHS, 10 3a0e3Medye piBHOMIPHUM PO3MOiN KOMIOHEHTIB y MPOLECi 3MIilTyBaHHS B'SKY4OT0
Ta HAMOBHIOBAYA B MPOIIECi rpaHyTIOBAaHHS. BCTaHOBIEHO ONTHMMANbHI YMOBHM OTPHUMAHHS MAJUBHUX TPAHYI i3 AEPEBHUM BiIXOIiB
eKCTPY3iffHUM MeTomoM. JoCHiIKeHO CTaTUCTUYHY MIIHICTh Ta TEIUIOTBOPHY 3AATHICTH OTPUMAHMX IpaHyl, a TAaKOX 3alICKHICTH
MiXK KiJIBKICTIO B'SDKYYOTO Ta KOHIIEHTPALIEIO JIETKMX KOMIIOHEHTIB i KOKCOBMM 3aJIMILIKOM MicJIsi CHATIOBAHHS TPaHyJIU. 3aIporoHo-

BaHO IPUHLMIIOBY TEXHOJIOTIYHY CXeMy BUPOOHHUIITBA MAJIMBHUX I'PaHYJI i3 I€PEBHUX BiIXOMIB €KCTPY3iiiHUM METOIOM.
Kniouogi cnosa: Tloxyrcpko-bBykoBuHcebki Kapriaty; nepeBuHHa 6ioMaca; cy4yacHi TEXHOJIOTIT nepepoOky; JirHiHBMiCHI crioury-

KH; eKoJIoTriyHa Oe3rneka.

Betyn. 3a yMOB 3arocTpeHHs B CBiTi NMTaHHS eHepre-
TUYHOTO 3a0e3MeveHHs, BUKOPUCTAaHHA JepeBHOI Oiomach
HaOyBae 0coONMMBOI akTyanbHOCTi. B YkpaiHi HasBHUit mmo-
TY)XHUI eHepreTMuHMi moteHuian Oiomacu (Lakyda et al.
2011; Masikevych & Masikevych, 201 Baxnuse eHepre-
THYHE Micle cepes OI0TMYHKX BiIXOIIB HaJISKUTH Oiomaci
nepesunn. Ha 2015p. GiomanmBo mMaino HaiOibIIy MATOMY
Bary (81,3 %)y cTpykTypi BUPOOHHITBA BiTHOBIIOBAHUX
Iokepen eHeprii (3okpema 59,6 %npunanano Ha JepeBUHHY
6iomacy). Ilpu 1bOMY, BHECOK eHeprii 3 GionanuBa CTaHO-
BuB 2,5 % (1283ruc. T HahTOBOTrO €KBIiBAICHTY) 3arajibHoO-
ro nocrayaHHs TnepBUHHOI eHepril B Vkpaini (Heletukha et
al., 2015; Heletukha & Zheliezna, 2017).

BincyTHICTE HEIOPOTWX MOCTYMHHUX TEXHOJOTIH yTwHii-
3amii BiTXOMiB I€PEeBUHHN MPU3BOINTE HE TiILKH IO €HEpTe-

IHpopmauis npo aBTOpIB:

TUYHUX BTpaT, ajie i CyNpOBOKYETHCS LIJIUM PSIIOM €KO-
JIOTiYHUX TMpo6sieM (3a0pyAHEHHS BOJOWUMHMIN i IPYHTIB y
paifoHi 3BaNuWIL, PO3MOBCIOKEHHS 30yIHHKIB 3aXBOPIO-
BaHb TOWIO), 1110 TOTPEOYIOTh HEBIIKIATHOTO BUPIIIEHHS.

HocTranoBka mnpobaemu pocaimxeHHsi. IlokyTcbko-
BykoBuHchki Kapmatu (puc. 1) — cneumdivanit 3a maH-
mma@THAMHA, KIIMATUIHAMH, COIiaIbHO-€KOHOMiYHIMHA
ymoBamu perion Cxigaux Kapmnat. Lle 30BHimHs cMyra Yk-
paincbkux (Cximnux) Kapmar y mexkax IBaHO-DpaHKiBCh-
kol Ta YepHiBeupkoi obnacteii, mo npoctsraersest 3 [lis-
HiuHoro 3axony Ha [liBaenHuii Cxig 1o KopaoHy 3 Pymy-
Hi€to Maibxke Ha 75 KM.

Hespaxatroun Ha moOXiOHICTH 3arajJoM KapmaTchbKol
ripcekoi kpainu, ms Ilokyrcbko-BykoBuHChKMX Kapmat
XapaKTepHi crenu(piuHi 0COOIMBOCTI, MO BU3HAYAIOTH Pi-
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BEHb €KOJIOTIUHOI Oe3Mneky 1poro periony. Tak, y penbedi
nepeBaxkatoTh HU3bKOTipchki (10 800M) Ta cepeaHbOripch-
ki (Bucora 10 1483wm) nanamadTa, CXUIH BKPUTI MepeBaxk-
HO OYKOBHMU Ta OYKOBO-SUTHILIEBO-SUTMHOBAMH JTiCAMH, BH-
me 1150m H.p.M. 3aliMaloTh TipchKi JykH, O6arato moJo-
HUH, CiHOXaTel, MaCOBUII, CiTbCHKOTOCTIONAPCHKHUX YTijb,
JNOCTaTHbO BHMCOKHWII CTYMiHb po3opaHocTi 3emenb (15—
18 %), paiioH TycTO 3aceleHMii, KJiMaT TPOXOJIOIHHH, BO-
noruit (mo 1000mm omanie Ha pik). [epenideHi oco6nmBoc-
Ti CTBOPWIIM OCHOBY JJIsl iIHTEHCUBHOI TOCMIOAAPCHKOT Hisiib-
HOCTI, II0 B KOMIIJIEKCi 3 MPUPOAHUMH YMOBaMU CHPUAIOTh
3MEHLIEHHIO IJIOLL JicOBOro MOKPUBY, PyHHALIT IPyHTOBO-
ro MOKPUBY, NMOBEPXHEBOMY 3MUBY, YTBOPEHHIO CElIeBHX
ABUL Ta 3a0pyIHEHHIO BOJOTOKIB TOLIO B OaceifHaX piuok
Uepemoru, Ceper.

Puc. 1.1lokyrcbko-bykoBuHebki Kapnaru Ha kapTi Ykpainu
(https://uk.wikipedia.org/wiki/...)

3a ganumu odiriiiHoi cratucTiku (Www.cv.ukrstat.gov.ua;
Bilokon et al., 2016),0cHOBHUMU JiCOrOCMOAAPCHKUMHU
paiionamu YepHiBenpKoi 00I1., M0 BX0aATh 10 [1okyTChKO-
BykoBuncbkux Kapnat, € BwkHuupkuil ta ITyTuibcbkuii
ripcbki aaMiHiCTpaTUBHI paiioHH, Ha siki npunanae 44,6 %
JiciB Ta JicoBkpuTHX o i 51,2 %o0csariB npomyKuil -
coBoro rocrnofgapctea. Ha xineups 2014p. mioma Jicis Yep-
HiBeLbKOT 001., 1110 HAJlaHi y KOPUCTYBaHHsA a00 BIACHICTb,
cTaHoBWIA 247,TUC. Ta, a 3ATUINKA TiJTBKU TEPBUHHAX Bil-
XOJiB JepeBMHH Ha Jicocikax — 41,7tuc. M (17720,4r),
mo craHoButh 4,45 %o 3aranbHoro migcymky. Tpeba 3a3-
HAYMTH, IO Ll PeriOH € HeI0OCTATHRO BUBYCHHUM B acTieKTi
eKkoJioriqHoi Oe3nexu. Po3pobiieHHs Ta BUKOPUCTaHHS HO-
BHUX Cy4YacHUX TEXHOJIOTiH yTuii3auii NepeBHMX BiIXOMiB
MOK€ MaTH iCTOTHUH €KOJIOr0-eKOHOMIYHUi eeKT and pe-
riony [loxyTcbko-bykoBuHebknx Kaprmar.

AHaJi3 ocTaHHIX AocsiakeHsb i mybuikauiii. [Tepcrek-
TUBHUM HalpsAMKOM BUKOPUCTaHHs TBEPIMX BiAXOMiB Jico-
MJIbHO-IEPEBOTIEPEPOOHOT0 BUPOOHHUITBA € TepepodIeH-
Hs 1X Ha TEXHOJOTiUHY TPIiCKy UIA LEJI0J03HO-ManepoBoi
NPOMUCIIOBOCT], BUPOOHUILITBA JIEPEBHUX IUTUT, TiApOJi3y

2011; Vandapalli & Sudhagar, 2014; Heletukha & Zheliez-

na, 2017).
Jlo HaWmommMpeHImUX METOMIB TpaHYJIIOBaHHSA Halle-
xatb (Klymenko et al., 2017; Masan et. al., 2018):

® 2DAHYNIOBAHHS MeMOOOM npecyanHs. LlJUMU METO10M MOXKHA
OTPUMATH MPOIYKILIO i3 ITUPOKUM Jiaria30HOM KOMIIOHEHTIB, a
TaKO JIETKO MEPEBOIUTH YCTAaHOBKY HA BUITYCK I'PAHYJI iHIIIOTO
CHPOBMHHOTO Cckaamy. Ilix 4ac rpaHymIOBaHHS LM METOIOM
YTBOPEHHSI arjoMepary BiIOyBaeThCs MiJ BIUIMBOM CHJI MOJe-
KyJISIPHOTO TpUTSryBaHHs. Takox MOXIIMBE CIUIABJICHHS TBEP-
JIMX YaCTHHOK 32 YMOBH BHCOKOI'O THUCKY Ta TEMIEPATypH B 30-
Hi nedopmartii, XimMidHi B3aeMOii 3 yTBOPEHHSM HOBHUX CIOJIYK
Ta ripocTaTnuHui TUCK piakoi dasu B Kamisspax;
epanynoeants 6 anapamax bapabanrozo muny. Haitbinpsioro
MOMUpPEHHsT Ha0yJM TOPU3OHTANIRHI OapabaHu, Mo 00epTat0Th-
cs1. Y Takux 6apabaHax Miz yac 3BOJIOKEHHS MEPIIOYEPTrOBO yT-
BOPIOIOTHCS TIOPUCTi arioMepary, sIKi 3a yMOBH OOKaTyBaHHS
YIIUIBHIOIOTHCS Ta TIEPETBOPIOIOTHCS B MillHI c)epuyHi rpaHy-
. IX MilHicTh Ta rycTMHa 3aeXkaTh Bil BETMYUHM CHJI ario-
Mepallii, BMiCTy B'SDKYy4YMX YaCTUHOK y rpanyi. [l npoBeeH-
HS [IpoLIECy IPaHyJIIOBaHHS MOTPIOHO 3a0€3MeUUTH 30MKCHHS
YaCTHUHOK Ha TaKy BiJCTaHb, Ha SIKilf OyIyTh YiTKO BUpaXKeHi Ka-
TISIPHI, MOBEPXHEBO-AKTHBHI Ta aAre3iifHi CHIM, a TAKOXK CHIIN
MIPUTSATYBaHHS;

2PaHYNIO6aHHS 6 utHekax-epanyasimopax. lIporec BinOyBaeTbest
3a JIBOMA TNpPUHLMIIAMM: HAlapyBaHHSIM abo arjoMmepariero.
Merox HalapyBaHHS BUKOPUCTOBYIOTH Y THX BHIMajKax, KOJIM
HeMa 0OMEKeHb 3a 00'eEMOM YCTAHOBKHU. Y 1IbOMY BUIIaJIKy Ipa-
HYJIM KpYTJl, MIaJKi Ta 01HaKkoBi 3a po3mipom. Jlpyruii Mmeton —
arJoMepyBaHHsI, 3aCTOCOBYIOTh B THX BHIIQIKaX, KOJIU € o0Me-
KEHHS 3a 00'eMOM YCTaHOBKH. 32 UM METOJOM MOXXHA OTpH-
MaTy KpYTJi TpaHylW i3 TJIaJKOI TOBEPXHEI, X0ua HE Taki
SIKiCHI, 5K 3a TepmmM MeTogoM. ONTUMaNbHI YMOBH TPaHYIIIO-
BaHHS y HIHEKY-TPaHyJISITOpi BU3HAYAIOTHCS CKJIAJIOM Ta BJlac-
THBOCTSIMM BUXiZIHUX KOMIIOHEHTIB;

® 2DAHYNIOBAHHS 6 OUCKOBUX 2PAHYIAMOPAX. Y TBOPEHHS TpaHyll
Ha JIMCKOBHX I'PaHyJISTOpax, Tak caMmo sk i B 6apabaHHUX, Bil-
OyBaeThCs 32 YMOBH 3BOJIOXKEHHS BXiJIHOI CHUPOBHUHHM Ta OJHO-
YacHOTo OOKaTyBaHHS Ha JHUINI rpanyistopa. Llig miero cun
TEPTs, TSOKIHHS Ta BiALEHTPOBOI CHIJIM MaTepiai IiIbHO HPHJIs-
ra€ 70 JTHUINA Ta OOPTiB TPaHyIsTOPa, MO MEPEIIKOIKAE KOB-
3aHHIO;

SPAHYNIOBAHHA MemOoOoM ekcmpy3ii. 3a LIMM METOIOM Marepial
TIOTIEPEIHRO 00POOISEThCS B 3MilllyBadi, Jie TiJ] 4ac iHTeHCUB-
HOrO TIepeMilllyBaHHs HaOyBae IUIACTUYHHMX BJIACTHBOCTEH 3a
paxyHOK JioJaBaHHs pinkoi a3y, HarpiBaHHs 10 TeMIeparypu
IUTaBTEHHS. Y MOJANBIIOMY Ll Maca MiJ THUCKOM MPOJAaB-
JIFOETHCS Yepe3 CIieiaibHy MaTPUIIo;

SPAHYNIOBAHHS 8 KUNISAYOMY wiapi. 3MICT TIPOIECY TIOJISTAE B TO-
My, IO TPaHyJIFOBAHHSI i3 OAHOYACHUM CYIIiHHSIM BiZOyBa€eThCs
B pobGouomy 00'eMi amapara B MOTOLI TEIUIOHOCis abo 0X0JI0-
JDKYIOUOTrO areHTa, SIKMi MPOXOIUTH Yepe3 ra3opo3HoJiIbHY
PeLIiTKy Ta CTBOPIOE KMIUIAYMiA 1map wacTuHok. [Ipouec yc-
KJIQJIHIOEThCS. HEOOXIZHICTIO PETENbHOr0 OYMILEHHS ra30BOro
TIOTOKY, SIKM BUXOIUTH i3 amapariB, a TaKoX pi3HA TPHUBATICTh
repeOyBaHHs YaCTUHOK B anapari.

IMocTtaHoBKa 3aBaaHHs. MeToW IOCIHiIKEHb OYIO
BCTAHOBJICHHSI ONTUMAJbHUX YMOB YTHJIi3allii JepeBHUX
BiZIXOMiB ILIAXOM BUPOOHUIITBA MAJMBHUX TPaHysl METO-

Tomo (Bekhta, 1994; Bekhta & Dombrovska, 2006; BasoROM EKCTPysii.

et. al., 2007).

AJle OCHOBHY 4acTHHY BiJIXOiB, sika 3a pi3HUMHU NaHU-
Mu ctaHoButh 10 40 % @ 11e mepeBaxkHO THPCa, CTPYXKKA Ta
KOpa), He BHUKOPHUCTOBYIOTb Yy TEXHOJIOTIYHMX LIIAX Ta
MOXKHa BUKOPHUCTATH AK ManuBo. Po3impene iX BUpOOHUL-
TBO CTPUMY€ HHM3bKa TPAHCHIOPTA0ENbHICTh Ta CKIATHICTH
g 9ac mo3yBaHHs Ta 30epiranHs. [lokpamuTa 11i BIacTH-
BocTi MoXkHa muisixoMm ix rpanymosanHs (Lakyda et al.,

BuknaneHHss ocHOBHOro Martepiany. IlomepemHimu
JocnimkenHsMu BcraHosieHo (Malovany et al., 200610
MEepCIIEKTUBHAM € BUKOPUCTAHHS Ul TPaHyJIOBaHHS Je-
PEeBHUX BiIXOIIiB METOJOM EKCTPY3ii B'SHKy4Oro HaTypajb-
HOTO MOXO/KeHHS1 (OCHOBHOKO YaCTHHOIO SIKOTO € JIrHIH,
BUBapeHNH i3 IepeBHOT Macu B MPOLECi OTPUMAHHS LEIO-
no3u) — cynbatHoro muna. Jns (opmyBaHHS TrpaHyu
MOTPiOHO 3MIICHUTH PAN omeparii, BimoOpakeHNX y BHT-
ns171i GIIOK-CXeMH TeXHOJIOTIT Ha pHc. 2.
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Puc. 2. bnok-cxeMa TEXHOJOTii OTpYMaHHS MATMBHUX TPaHy i3
BiJIXO/IiB IepepoOIeHHS ICPEBUHH

3BaXkalouM Ha Te, MIO0 BiIXOIW NEpeBMHMU 30€piratoThCs
i BiZKPUTUM HEOOM, 1X BOJIOTICTH MOXKE IOCATATH TTOHAT
70 %Yy po3paxyHKy Ha cyXy Macy. BukopucraHHs Bosioroi
CUPOBMHM [UIl BUI'OTOBJIEHHS TpaHyj € HEIOLNbHUM Y
3B'A3KY i3 HM3BKOIO TETJOTBOPHOIO 3[aTHICTIO Ta HEMOXK-
JUBIiCTIO 3a0e3me4nTH MilHicTh rpaHyn. OkpiM 1poro,
3MEHILIEHHS KilIbKOCTi BOJIOTH, KA BUMAPOBYEThCA Mif yac
TOpiHHSA, MOKpallye YMOBH eKCIUTyaTallii MeTaliuHuX eJe-
MEHTIB Iedi (3a paxyHOK 3MeHIIeHHs iHTeHCHBHOCTI iX KO-
po3ii). ToMy i OAANBLUIOr0 BUKOPUCTAHHS BiXOMIB Je-
PEBUHH, SIK CUPOBHMHH IJISl BUTOTOBJIEHHS TpaHyJ, iX He00-
XimHO BHCymmTH 10 BosorocTi Hikde 10 %y po3paxyHKy
Ha CyXy Macy. Mu 3ampomnoHyBaJii MMPOBOAUTH MPOLEC Cy-
LIiHHS BiAXOXIB JEPEBUHHU B HEPYXOMOMY LIapi.

Jlna npaBWIbHOI opraHizaiii TeXHOJIOTIYHOro MmpoLecy
CYIIiHHA HeOOXiZHO BUBYUTH BIUIMB IIBUAKOCTI TEMJIOBOTO
areHra, oro TeMnepaTtypu, TOBLIMHHM LIapy Ha MpOLEC Cy-
WIiHHS BiIXONiB JepeBUHU. MU 3MiCHUIN €KCIepUMEH-
TallbHi TOCHIPKEHHSI MPOLIeCY CYLIiHHS BiIXOJIB JiCOBOTO
rOCTIOIapCTBa 32 Pi3HOI BHCOTH LIapy Martepiay Ta pi3HOT
TeMIlepaTypy TEIUIOBOTO areHTa.

[Mpouec cyuriHHs nepeBHMX BiAXOMIB JOCTIKYBaIN Ha
eKCTIepUMEeHTaNIbHIN yCTaHOBLI, 300paXkeHiit Ha puc. 3.

Puc. 3.CxemMa yCTaHOBKH JUsl TOCILIDKEHHS CYLIIHHS IEPEBHUX
Binxouis: 1) Bentunsrop; 2) kanopudep; 3) CylInIbHA KaMepa;
4) KOHTEeHHEp i3 HABAKKOIO; 5) cHCTEMa OUYUIIICHHS

Ha puc. 4300paxkeHO pe3yiabTaTH eKCIIEPUMEHTATBHIX
JOCTiKeHb BIUIMBY TeMIEpaTypu CYIUWIBHOTO areHTa Ha
KiHeTHKY CYIIiHHS JEPEBHUX BiAXOmiB. MokHa MOOAunTH,
o 3 MiABWIIEHNM TEMIepaTypy TPUBAIICTb CYLIiHHS
3MeHIIyeThCsl. Ko TemmepaTypa TelioBOro areHra cra-
HoBuTh 135 T, To Bonoruii Marepian gocsrae KiHUeBoi BO-
norocti 3a 3900c, i3 TemnepaTyporo TeroBoro arenra 60
°C —3a 7200c. 3po3ymMiso, 1110 YuM Bulla Oyae TeMrepary-
pa TemIoHO ST, THM MEeHIIIa TPUBAIICTh CYIIiHHS.

OpHak MiABUILEHHSA TeMIepaTypy NPU3BOIUTH 10 3poc-
TaHHA BTpaT Tella B HAaBKOJMILHE CepPeloBMILE Ta A0 Ie-
perpiBaHHs BEepXHIiX IIapiB mMarepiany. 3ajeXHO Bi mapa-
MEeTpiB CYIIiHHS (BUCOTH LIapy, TEMIIEPATypH), MO-Pi3sHOMY
HEOOXiTHO OpraHi30BYBAaTH MPOIEC y TPOMHUCIOBHX YMO-
BaxX. BcTaHOBNEHHS 3aJ€KHOCTI CYLIIHHS BiJ TEXHOJIOTIY-
HUX MapaMeTpiB TETUIOBOTO areHTa Ta BUCOTHU LIapy, € Oc-
HOBOIO JJIsl pO3POOJICHHS KOHCTPYKIIii CYyITMIEHOT yCTaHOB-
ku. [IpoBeneHo MOCHimKEHHS IIOAO 3aJeKHOCTI Mpouecy
CYILiHHS JepeBHUX BiAXOAIB Bil BUCOTH X wwapy. BcraHoB-

JIEHO, 1110 ONTUMaJbHUMU OyIyTh Taki YMOBH, KOJH TPUBA-
JICTh CYIIIHHA Ta €HepreTH4Hi 3aTpaT OyayTh MiHIMI30Ba-
Hi. KiHIeBa TpuBaicTb CyLIiHHS NepeBHUX BiaXoniB Oyne
3ajJeXaTd AK BiJ BUCOTH IIApy, TaK i BiJ TEXHOJNOTIYHUX
napameTpiB TEIJIOHOCIS (TeMIepaTypy Ta IBHAKOCTI PyXy
TEIUIOHOCIs). 3a pe3ysbTaTaMi HOCHiIKeHb BCTAHOBJICHO,
LI0 ONTUMaJibHa BUCOTA HEPYXOMOIO IIapy AEPeBHUX Bil-
xomie cranoButh 20-10°M, a ONTHMalbHA TeMMepaTypa
TeroBoro areHra — 100 C.

Puc. 4.Kinetnka cynriHHS JEpEBHUX BiIXOAIB: BUCOTA IIAPY
H=20-10°m, vo= 4,2m/c: 1) t=135 €, 2) 100 €, 3) 80 T, 4) 60 T

Ha ycraHoBi, 300paxeHiit Ha puc. 5, npoBoIwIN 10C-
JIKEHHA U1 BCTAHOBJIEHHS OITHMMAJIbLHOIO CIIBBiZHO-
MICHHS MiX KiJIBKICTIO MEpeBHUX BiIXOIIB Ta B'SXKydoi pe-
YOBUHH.

Puc. 5. Cxema ycTanoBku A7 (popMyBaHHS MATMBHUX TPaHYT i3
JIEPEBHMX BilIXO/iB METOIOM eKCTpY3ii: 1) 3aBaHTaxxyBanbHUM OyH-
Kep; 2) LM HAPUYHA YaCTHHA KOPITYCy; 3) KOHiYHA YacTHHA KOPITy-
cy; 4) pizanbhuit mpucTpiit; 5) no3yrouuii npuctpiii; 6) mixrorosua
Kamepa; 7) I03yIoUnii [IHeK; 8) LIHEeK i3 TPaHCIOPTYIOYNMH, YIIib-
HIOIOYMMH Ta BUTUCKYIOUMMH JionaTkamu; 9) IpeHaxkHuii OTBIp;
10) dpinbepa; 11)Ban pemykropa

3abe3meunTy PiBHOMIPHMIT PO3MOMIT KOMIIOHEHTIB Y
Mpoteci 3MilIyBaHHS B'S)Ky4oro Ta HaloBHIOBa4da € Hajl-
3BUYATHO CKJIQJIHAM TMPOIIECOM BHACIIOK HEBEITUKOT Kijlb-
KOCTI B'SKy9Oro, #oro BHCOKOI B'I3KOCTi Ta Tirpockoriy-
HOCTI IepeBHMX BigxoniB. HeomHopiaHicTh cymimi npu3Bo-
IWTh 10 MOTipLIEHHS AKOCTi MAIUBHUX FpaHyJ, iX KpUXKOC-
Ti K y MICIIX HAIUIMIIKY B'SHXKY4Oro, TaK i B Micusix Horo
HecTadi. 301IbIIEHHS KiTbKOCTI B'S)KY40ro MpU3BOIHUTH JIO
MOTipLIEHHS AKOCTI OTPUMAaHMX rpaHyJl, 30KpeMa 3MEeHIIye
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ix MinHicTh. OCHAIEHHSI KOHIYHOT YaCTHHU KOPIYCY Jpe-
HaOXHUM OTBOPOM 3abe3nevye BUIANEeHHS YaCTUHU PiIKOTo
B'sHKYYOroO i3 cyMii. BHacmigok 3pocTaHHs TUCKY B KOHi4-
Hif yacTWHI Koprmycy B'SKy4Wil KOMIIOHEHT pPiBHOMIpHO
PO3TIOAIISETECS MiXK TIPiOHOIUCTIEPCHAMH YaCTUHKAMU Jie-
pPEBHMX BiAXOAIB, a HOro HAMIMIIOK BUIAISETHCS Uepe3
JIpeHaXHUI OTBip, 10 3abe3reuye BUCOKY MIIHICTb OTpH-
MaHUX TpaHyJ Ta 3MEHIIY€E iX KPUXKiCTb.

Hapnumrok B'SKy9oro 3MEHIIYE TepTS MiXK CyMiLIIIo
Ta poOOYNMH OpraHaMH YCTaHOBKH, IO CNPUSAE 3HUKEHHIO
NUTOMMX BHUTpAT €Heprii Ha Mpolec rpaHyJIOBaHHA, a Ta-
KOX MPOJOBXYE TEPMiH eKcIulyaTauil obnaaHaHHA. Buko-
HaHHS JAPEHAXXHUX OTBOPIB Ha KOHIUHIN YacTUHI ae 3MOTy
BUJANATH HAMJIMIIOK B'SDKYYOTO KOMIIOHEHTa i3 cyMmili.
3aBasSKM ApEeHAKHUM OTBOPAaM HAIJIMLIOK B'SXKY4OrO BHUBO-
OWUTHCS HA30BHi, @ TUCK 3MEHLIYETHCS.

Ha excnepumeHTanbHill ycTaHOBLi (muB. puc. 5), dop-
MyBaJM TMaJWBHI TPaHylW i3 pPi3HUM CHiBBiTHOIIEHHAM
B'sUKy40l PEUYOBMHH Yy BiTHOIIEHHI 10 JEPEeBHUX BiIXOiB,
OTpHMaHi NaJMBHI IPaHyJIH Mi3HILIe A0CITiHKYBaJIH.

[Nepwim erarmoMm pociimxeHb Oyn0 BUIIPOOOBYBaHHS
rpaHysl Ha CTaTUYHY MillHicTb. Pe3ynbraTn BUNpoOyBaHHS
MO/IaHoO B TAOMIHULI.

Ta6nuus. Pe3yabraTn BUNpoOyBaHb HA CTATHYHY MilIHICTh

BwmicT B'skyq0ro KOMIIOHEHTa B rpanyi, % Tuck, xlla
35 0
30 29
25 39
20 49
16 39
14 29

SAx BumHO i3 TaONHUI, i 9ac 3aCTOCYBaHHS B'SXKYy4OTO
KOMITOHEHTa MILHICTh TPaHYJN 3pocTa€ i3 30iJIbIIEHHIM
foro BMicTy. Ayie BelMKa KOHLEHTpALsl B'SDKYYOrO MpU3-
BOJUTH JI0 TIOTipIICHHS CKICIOBAHHS NEPEBHUX YaCTHHOK
MK co00l0, a 1l MPU3BOAUTH NO 3MEHIIEHHS CTATHYHOT
MIIHOCTi.

Pe3ynbTaTi €KCIIEpUMEHTIB i3 BH3HAYEHHSM TEIUIOT-
BOPHOI 3/1aTHOCTI TpaHyJ HaBEIEeHO Ha puc. 6.

Puc. 6.3anexxHicTh TEUIOTBOPHOI 31aTHOCTI TPaHy Bifl BiJICOTKO-
BOTO BMICTY B'SDKYY0T PEHOBHHH

JlocimKeHHAMH TaKO)K BCTAHOBJIEHO, IO BiJICOTKOBHIA
BMICT JIETKMX KOMIIOHEHTIB 3pOCTa€ i3 A0JaBaHHAM B'SIKY-
401 peuoBUHU. Lle MOACHIOITE TUM, LIO B'KyYa pedoBHHA
Mae OiNbIy KOHLEHTpPALiI0 JETKUX KOMIOHEHTiB. Tomy i3
30ibIIEHHAM BMICTY B'S)Kydoi PEYOBUHU 30iJbIIYETHCS
BMICT JIETKMX KOMIIOHEHTiB y rpaHyJi. BcraHoBneHo Ta-

KOX, IO i3 JONAaBaHHAM B'SHKY4OTO BMICT KOKCOBOTO 3a-
JIMIOKY 3MEHIIY€eThCS. 1le TOSCHIOITh GiTbIION 30aTHICTIO
JI0 KOKCYBaHHS JI€PEBHUX BiXOIiB, Hi)XK B'SKYUOTO.

Puc. 7.1lpuHuumnosa cxema BUpOOHULTBA [AJMBHUX FPaHyJI:

1) cknaz JepeBHUX BiXOIB; 2) IPOMiKHHIA CKITajl; 3) yCTaHOBKA
JUTSE TTO/IpiOHEHHSI Ta CyIIiHHS; 4) MIiCTKICTh J1st 30epiraHHst B'sSKY-
4Oro KOMIOHEHTa; 5) ycTaHOBKa ISl TpaHy.TIoBaHHsl; 6) BiOpocuTo;
7) cknaj roToBOI NpoayKIil; 8) miv

Ha puc. 7300paxeH0 NPUHLMIIOBY CXeMy HpoLecy rpa-
HyJIOBaHHS. Bigxoan nepeBMHU MPUBO3ATH aBTOTPAHCIOP-
TOM [0 CKJagy OepeBHHX BimxoniB 1, ne 1X COpTYIOTh 3a
TpaHyJIOMETPUIHNM CKJIaOM Ta 30epiratoTb. Y TOIabIIo-
My PO3JiJICHi BiIXOAH NepEeBUHN HAIXOIATh Ha TIPOMIKHHN
ckian 2. B ycranoBui 3 BinOyBaeThesl MonpiOHEHHS epeB-
HUX BiIXOIIB Ta CyWIiHHA iX y HepyxomoMmy mapi. B ycra-
HOBKY JUIS TPaHyJIIOBaHHS 5 MOIAETHCS B'SHKydya peuoBHHA
Ta AepeBHi Bimxoau. CyMill, ska BHAABUJIACh 4epe3 Ape-
HaXXHU OTBIp, MOBEPTAETHCA Ha MOYATOK yCTaHOBKHU 5. ['o-
TOBi TpaHyJM MOAAIOTHCA Ha BiOpocUTO 6, AN BUIATEHHS
OpiOHMX YaCTMHOK, SIKi BUKOPUCTOBYIOTHCS SIK MaluBO Y
neyi 8, a mpuIaTHi HanmpaBJsIOTbCA Ha CKJIa[ rOTOBOI Mpo-
aykuii 7. Y moganelioMy BinOyBaeTbcs YMaKyBaHHA rpa-
HyJI Ta BiZJBAHTA)KCHHS CTIO’KABAYECBI.

VY mponoHoBaHiil TexHomoril M GopMyBaHHS TpaHy
BHUKOPHMCTOBYBABCS amapart, 300paxeHuii Ha puc. 5. Ha na-
1y OyMKY, BUKOPHCTaHHS I[bOTO arapara B MPOTIOHOBAHIM
TEXHOJIOTil JacTh 3MOTY YCIITHO BUPIMUTH MpodiemMy
yTHIi3awil BiTXoiB NiepepoOIeHHs TepeBUHU Ta BilMOBia-
HO 3MEHIIUTH €KOJIOTiYHEe HAaBAaHTA)XXEHHS BiJl X BiAXOIIB
Ha HaBKOJIMILIHE CEPENOBHILE.

BucHoBku. OLiHEHO eKOJOTiYHY HeOe3IeKy Bill HEKOH-
TPOJIOBAHOTO HArpOMamKeHHs AEPeBHUX BiAXOMiB y peri-
oni [lokyrchko-BykoBuHcbkrx Kapmat. IlpoaHanizoBaHo
BiJJOMi T€XHOJIOTIi TpaHyJIOBaHHs JepeBHUX Biaxomis. Jloc-
J/KEHO ONTHMAaNbHI YMOBH CYIIiHHSA I€PEBHUX BIAXOMIB y
HepyXoMoMy miapi. BctaHOBNIEHO ONTHMaIbHI YMOBH TIOTIE-
PeIHBbOro CyIIiHHs cHpOBUHE: BicoTa mapy 20- 10° M, TeM-
neparypa terwioBoro areata 100 °C.3a pe3ynpTaramu aHa-
Ji3y JaHUX NPOBEIEHUX EKCMEPUMEHTIB 100 CHiBBiAHO-
LIEHHS y KOMIMO3MLIT MaJMBHUX TPaHysl Macu B'SKy4ol pe-
YOBUHM 1 JepPEeBHHUX BiIXOMiB MOXKHAa 3pOOUTH BHCHOBOK,
110 HaliMpuIaTHIlAa KOHLUEHTpPALis B's)Ky4Oi PEUOBHHH, 32
YMOBH eKCTpy3iliHOro (opMyBaHHS TpaHyJH, CTAaHOBHTb
20 %.

Lle 3yMOBNIEHO: BHILIOIO TETJIOTBOPHOIO 3[ATHICTIO MO-
PIBHSHO i3 IEpEeBHUMM BiIXOJaMH; MAaKCUMAILHOIO CTaTHI-
HOIO MIIHICTIO TpaHyJl. 3amporoHOBAaHO MPUHIMIIOBY TeX-
HOJIOTiYHY CXeéMy BMPOOHHWIITBA MAJIMBHUX TPaHYJI i3 IepeB-
HUX BiIXOXIB €KCTPY3iifHUM METOIOM.
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WOOD RESIDUES RECYCLING USING EXTRUSION METHOD OF WOOD-PELLETS PRODUCTION

The estimation of ecological danger from uncontrolled accumulation of wood waste in the Pokutsko-Bukovynian Carpathians is
given. Specific natural features of the region of research that determine the level of their environmental safety are described. Objec
of research are wood residues. Subject of the work is study of conditions for wood residues recycling using wood-pellets productiol
by extrusion method. Authors compare main methods of wood residues granulation used in Ukraine and in foreign countries. Drying
of wood residues in a stationary layer is proposed to improve the granulation process. For this purpose, influence of thermal agent
speed, its temperature, thickness of the layer on the process of wood residues drying is studied. Authors find out that increasing
temperature leads to rising of heat losses to the environment as well as to overheating of material upper layers. Optimal conditior
for wood residues drying are established to minimize the energy consumption and drying duration. Optimal thickness of the stati
onary layer of wood residues is 20”18 and optimal temperature of thermal agent is 100Authors show the benefit of natural
lignin-containing compounds usage for the formation of wood pellets. Furthermore, it is found that an increase in the concentratior
of the binding agent leads to a deterioration of the bonding of wood particles between them, which causes a decrease in their sta
strength. Technological improvement of equipment for mixing of components in the process of wood pellets obtaining is offered. Eg-
uipping the conical part of the casing with a drainage hole ensures the removal of the excess of the binder component, which leads
a reduction in the fragility of wood-pellets. As a result, the optimal correlation between the amount of wood waste and the binder is
determined. A framework flow chart is proposed for production of wood-pellet from wood residues using extrusion method. Usage of
proposed technological approach will allow successfully solve the problem of wood waste disposal, decrease environmental pressu
come from this waste and consequently increase level of mountain regions ecological safety.

Keywords:wood residues; extrusion; drying; granulation; wood-pellet; recycling.
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