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Anomayia. B cmammi noxazano nepesacu 8upOOHUYMBA KOPMOBUX cymiuiell i3 8i0X00i8 Kpyn AHUX nionpu-
EMCMB, HABEOeHO NPUYUHU 3MEHUIEeHHA 00CA2i8 UPOOHUYMBA KOPMOBUX Cymiuiell, npodiemu Ha 3epHONEePepOOHUX
nIONPUEMCMBAX, WO 3YMOGILEHI  GIOCYMHICMIO epekmugnoi ymunizayii 8i0xo0ie. 3anponoHosano eupoOHUYMEo
meepooeco 6ionanusa i3 6MOPUHHUX MamepialbHux pecypcieé (myuox ma nyszeu). Ilpoananizoeano pisui cnocobu 6u-
POOHUYMBA MEePO020 OPeaHIUHO20 DIONANUEA, NOKA3AHO, WO ICHYIOMb [ HeOOiKU 20MmOo8oi NPoOYKYii — bpuxemis i
nenem, ompumManux 6e3 8UKOPUCAHHA 38 SI3YIOUUX PeUOBUH, OOHUM 3 AKUX € NPobaeMa mMpancnopmy8aHHs Ha 6elu-
Ki gidcmati, 8 x00i K020 8I06Y68aAEMbCS PYUHYSAHHS 3HAYHOL KIIbKOCMI NPeco8ano2o DIonanuéa 3a paxyHok niosu-
WeHHA 801020CMi i, SIK HACTIOOK, 3HUMNCEHH iX men1omeoprux enacmusocmeu. Ilarueni epanyiu (neremu), 8 ocHo-
8HOMY, BUPOOIAIOMBCA 63 000ABAHHS 36 A3VIOUUX PEUOBUH, 8 MOU YAC AK 018 OMPUMAHH OPUKEMI8 3 NOJINULeH U-
MU NOKA3HUKAMU SKOCMI 8UKOPUCTIOBYIOMbCA PI3HI 000a8KU | 36 A3YI04l PEeYOSUHU.

Teopemuunumu ma eKCnepuMeHMAarbHUMU OOCHIOHNCEHHAMU OOSPYHMOBAHO KOMNOHEHMHUL CKAAO NATUBHUX
2pamyn, 8uUsHaueHi Qisuuni enacmusocmi 20moeoi npodykyii. 3anponornosarno ma o0orpyHmosano y axocmi 3P euxo-
PUCTOBYBAMU KPOXMALE8MICHY CUpo8uHy — myuky. Ha ocHO8i excnepumenmanbHux 00CaiodHceHb 008e0eH0, o
Hauobinbw eeKmueHUM CHOCODOM € NPULOMYBAHHS KIeUCMeDY 3 AYUMIHHOL MyYKu 3 6Micmom cyxux pevosur 15 % 3
nOOAIbUUM U020 86€0CHHAM 00 CKAady bionanusa y Kiiekocmi 5 %. Y cmammi 3anponoHosano ma ob6rpyHmosano
KOMNJIEKCHY MeXHON02i10 nepepooKu 6i0xo0ie Kpyn 'saHo2o eUpoOHUYmMeEa y npecogani npooykmu (KOpmosi cymiudi
ma 6ionanuso), KA SKIOUAE 8 cebe HACMYNHI MEeXHOA02IUHI JIHIL: TIHIA NI020MOSKU MYUKU, NiHis nideomosku 3P;
JIHISL RI020MOBKU MAKPOKOMNOHEHMIG, JIHISA 2PAHYII08AHHSL, NiHis Opukemyeants. Ompumani 3a yicio MexHoI02IEI0
nanusHi neremu 6y0ymo mamu winohicms 1,13 m/n®, kpuxkicmo 0o 10 %. Hagedena npunyunoéa mexmonociuna
cxema 00epoCcants 2PanyIb08AHOT KOPMOBOL CyMiuti Ma NATUBHUX neen.

Kuaro4oBi ciioBa: BTOpHHHI CHPOBHHHI pecypcH, 0iomanuBo, Ty3ra, Mydka, IpecyBaHHs, 3B’ sI3yl04a PCUOBHHA,
KpOXMallb, KJIeHcTep, TPaHyIIH, TIEIeTH.

SOLUTION OF ENERGY-ECOLOGICAL PROBLEMS OF CEREAL
PRODUCTION

Khorenghy N.V., PhD., Associate Professor, Candidate of technical science,
Lapinska A.P., PhD., Associate professor, Candidate of technical science
Odessa National Academy of Food Technologies, Ukraine

Abstract. The article shows the advantages of production of fodder mixtures from the waste of grain mills, the
reasons for reducing the production of feed mixtures, problems in grain processing enterprises, which are due to the
lack of efficient waste disposal. The production of solid biofuels from secondary material resources (flour and husk)
has been proposed. Different methods of producing solid organic biofuels are analyzed, and it is shown that there
are deficiencies in finished products such as briquettes and pellets obtained without the use of binders, one of which
is the problem of transporting over long distances, during which a considerable amount of compressed biofuel is
destroyed at the expense of increasing humidity and, consequently, reducing their calorific value. Fuel pellets
(pellets) are mainly produced without the addition of binders, while for the production of briquettes with improved
quality indicators, various additives and binders are used.

Theoretical and experimental researches substantiated the component composition of paled-in granules,
determined the physical properties of finished products. It is suggested and grounded as a CR to use starch-based
raw material - a flour. On the basis of experimental studies, it has been proved that the most effective method is to
prepare a paste of barley flour with a content of dry substances of 15 %, followed by its introduction into biofuels in
the amount of 5 %. The article suggests and substantiates the complex technology of the processing of the
production of grain mill products into pressed products (fodder mixtures and biofuels), which includes the following
technological lines: a pipeline preparation line; line of preparation for the CL; line of preparation of macro
components; granulation line; briquetting line. Fuel pellets resulting from this technology will have a density of
1.13 t/m?, fragility up to 10 %. The principal technological scheme of obtaining granulated feed mixture and fuel
pellets is given. The developed integrated technology of waste processing of crushed plants is universal, does not
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require significant investments and will allow not only efficiently to process secondary raw materials, to get rid of
problems with their utilization, but also by way of organizing recycling at the industry enterprises to solve both
energy and environmental problems.

Key words: secondary raw materials, biofuel, husk, flour, pressing, binding re-chowin, starch, paste, granules,
pellets.

Beryn. BcebiuHO HayKkoBO OOTpYHTOBAHO Ta MIATBEPKCHO HA MPAKTHUI JOUITHHICTH BUPOOHHIITBA KOPM O-
BHX CyMIIIeH i3 BiIXOZiB 3epHOIEpepoOHHX mianpueMcTB. [lepeBaramMu € mMoBHE BUKOPUCTAHHS YCIX iCHYIOUHX
CUPOBHHHHUX PECYpCiB, MOXKJIMBICTh KOMIUIEKCHOI IEpepOOKH Ta PO3MIMPEHHS aCOPTUMEHTY T'OTOBOI MPOYKIii,
MIiJBUINCHHSA PEHTA0CIBHOCTI MiJIPUEMCTBA, 3HI)KCHHsI CO0IBAPTOCTI MPOAYKIIi TBAPUHHUIITBA, 3a0C3MCYCHHS
notped TBapHH y MOKUBHHUX 1 OIOJIOTIYHO aKTHBHUX PEYOBHHAX, IMOKPAILICHHS TEXHOJIOTIYHHMX BIIACTHBOCTEH,
YMOB TpaHCIIOPTYBaHHs Ta 30epiraHHs rotoBoi npoaykuii. [lepeBaxkHa yacTka KOPMOBUX CyMillIeH TpaanuLiitHO
BUTOTOBJISLIACH JJISl BENMKOI poraTtoi xynoou (BPX), mo 3ymMoBneHe XiMi4YHUM CKJIa/loM BiZXOJIB Ta OCOOJIMBO C-
TSMH TPaBJICHHS CUTBCHKOTOCIIONAapChKUX TBapuH. [IpoTe Ha chOrogHIMIHIN eHb B YKpaiHi IPOJOBKYETHCS TEH-
JIeHIIis piskoro 3MeHIIeHHs moronis’s BPX. fAxmo y 1991 pori B Ykpaini 6ymo 25 muH. romis BPX, To 10 kBiTHA
2019 p uncenbHICTh CKOPOTHIACH 0 3,66 MiH. ToiB [1]. 3po3yMinNM € BiAMOBiHE 3HAYHE 3MEHIICHHS 00CSTIB
BUPOOHHUITBA KOPMOBHUX CyMIIIeH, K HACIiOK MOSABY aKTyaJbHUX NMUTaHb HA 36PHONEPEPOOHUX MiANPHEMCTBAX
MIOJ0 YTHIIi3amii iCHYFOUHX BiJXOMIB, ITiIBUMICHHS PEHTa0EIHHOCTI BUPOOHHUIITBA.

B Toi1 e yac BHUYEPIHICTH NPUPOTHUX PECYpPCIiB y CBIiTI 3yMOBHWJIA aKTyalbHICTh TEHICHII MaKCHMAaIbHO
e(PEeKTUBHOTO BUKOPUCTAHHS YCIX JOCTYIHHX BUIIB Xap4yoBOi, KOPMOBOI CHPOBHHH Ta €HEPrOpecypciB, 3pic mo-
IIUT Ha pi3Hi BUAW OiomajuBa.

B Ykpaini B sIKOCTI CTaHAApTIB Ha TBEPAE MaJIMBO BUKOPUCTOBYIOTh HAcTyMHi fokyMeHTH: TY «IlanuBo rpa-
HYJIbOBaHe», TeXHOJOTIYHUI periaMeHT Ha BUPOOHUITBO OPHMKETIB 1 rpaHysl MaJIWBHUX 3 JIYIIIHHHS COHSILIHH-
Ky; TY «[lanuBo 3 BiAXOZIB JEPEBHHH, CIIBCHKOTOCIOAAPCHKUX KYyJIbTYp IpaHyjiboBaHe 1 OpukerHe»; ['OCT
3243-88. Jlposa. Texuiuni ymosu; 'OCT 7657-84. Byrimns nepesue. Texuiuni ymou; [OCT 23246-78 Jleperu-
Ha 3npioneHa. Tepmiam ta Bu3HaueHHs; JJCTY 7123:2009 JlymmuaHs coHsmHUKy. TexHiuni ymosu; ACTY
7124:2009 JlymmuHHS COHAIIHUKY MIPEcOBaHE TpaHylbOBaHe. TeXHIUHI YMOBH. 3 HaBEIEHOTO IIEPEITiKy BHIHO,
IO JaHi JTOKYMEHTH PETYJIOIOTh JHIIEe IEPBUHHI BUIN CHPOBUHHM JUIs OiomainBa — JIpoBa, 3/piOHEHY ACpPEBHUHY,
THPCY, COJIOMY, JIYIIIIHHHS COHSIIHHUKY, J€PEeBHE BYTIJUISA, Ta BIACYTHI PEKOMEH/ALI] 100 JIy3TH 3JIAKOBHX KY-
meTyp [2, 3]. AHami3 XiMIYHOTO CKJIaTy IIHOTO MOOIYHOrO MPOAYKTY MepepoOKH 3epHAa Ha KPYII03aBOAAX CBiJ-
YUTh, 1[0 BiH OJM3BKUN O XIMIYHOTO CKJIaay, CHEPreTUYHOI MIHHOCTI IHINUX BUIIB CUPOBHHHU 11 BUPOOHHUIITBA
TBEPJIOTO OPraHiyHOro OiomnanuBa (COJOMHU, JIYLITIMHHS COHSIIHUKY, KYKypYI3ssHUX CTPHIKHIB Ta CTOBOYPIB, O e-
pery, JUCTsI, TUpCH, ToIlo). ToOTO Jy3ra Kpyn’ ssHUX KYJbTYP CTAHOBHUTH I€BHUIl peCypCHHMI MOTEHL al AJsl BU-
POOHMIITBA TBEPJIOTO OPraHiYHOTO OiomajiuBa, ajie Ma€ Psifl HEJOJIKIB: HE3aJOBIJIbHY CHIIKICTh, HU3bKY IHTOMY
Bary Ta LIUIBHICTh, BHACIIIOK YOTO - IMOTaHy TPaHCIOPTAaOeNbHICTh, Mally TEIIOTBOPHY 3/AaTHICTh. ToMmy eauHa
npuitHATHA popMa roToBOI IPOAYKIl MpecoBaHa: rpaHylis0BaHa Ta OpukeToBaHa [4].

Meta po0OoTr — OOTpYHTYBaHHS iHTETPOBAHOT TEXHOJIOTii BUPOOHHUIITBA IIPECOBAHOTO 0iOTTaBa Ta KOPMOBHX
cyMimie# 3 BiTXOMiB KPYIT THOTO BUPOOHUIITBA.

O0’€KTOM JIOCIII/DKEHHST € TEXHOJIOTIYHMI Npolec BHPOOHHMITBA IPECOBAHOrO OionajMBa Ta KOPMOBHUX
CyMillIel, pe)XKUMH OKPEMHUX TEXHOJIOTTUHHUX IPOLECIB, 30KpeMa IMiJAroTo BKH 3p.

IIpeameT nocmipKeHHS - My4Ka Ta JIy3ra sSUMiHHa, BIBCSHA, 3B’ I3yl04a PEUOBHHA.

Bci gocnipkeHHS BHKOHYBQJIMCH 3TiHO CTaHIAAPTH30BaHMX METOAMK Ha Kadenpi TexHosorii mepepoOxu
3epHa Ta Kadeapi TeXHOJIOTii KOMOIKOpMIB 1 OiomannBa OHAXT.

AHani3z npo0/eMaTHKH Ta ocTaHHi gocaixkenns. [lepepoOky opraniuHoi Macu y GionajMBO JUIst OTPUMAH-
HSl MAaKCUMaJIbHOT €KOHOMIYHOI BiJ1aui 3a3BU4ail 311HCHIOIOTh HIJSIXOM IPECYBaHHS. 3a PEKOMEH/IAIIEI0 KOMITa-
Hii California Pellet Mill npu rpanyntoBanHI THpCH niepedadaeTsCsl ONTUMabHa TeMneparypa Bix 88 mo 102 °C.
Le nosicHIOETHCS THM, 1110 Mae 3a0e3MedyBaTHCs TUIABJICHHS JIITHIHY, ke BiOyBaeTbes npu 90 °C, i OyTH Bincy T-
HIM yTBOPEHHS BOASHOI Iapu, 10 po3puBae rpaHyiy. Ilenetn, Ha BinMiHy Bif 3BUYalHOI AepEeBHHHU, MAIOTh Ha-
Garato MeHuTy Bonoricts 8 — 12 %. Taka BOJNOTICTb B CYKYITHOCTI 3 JOCHTH BHCOKOK MIiTbHICTIO 10 1400 xr/m°
JTa€ MOXJIMBICTh AOCATATH TEIUIOTBOPHOI 3xaTtHOCTI 14 — 23 MJDx/kr. Lle Ginpmre, HiXX y Oyporo Byrimis i Top-
¢'sanx O6pukeris [5]. Ansg oTpuManHs TBepaoro OiomanuBa 6e3 3acTocyBaHHS 3P B OCHOBHOMY BHKOPHCTOBYIOTH
JIEPEBHI BiIXOH 1 BIIXOOM POCITMHHOI 6ioMacu 3 TOCUTHh BUCOKHM BMIiCTOM JirHiHy [6]. ABTOpH [7] BBaXaroTs,
IO CUTBCBKOTOCIIONAPChKi BIAXOAN (JTy3Ty, JYLIIHHHS, COJIOMY TOIIO), JOIIBHO BUKOPHUCTOBYBAaTH B €HEPreTH-
YHUX [IIAX TAaKOXK IICIs TPaHYIOBaHHS 32 TOO K TEXHOJIOTIE0, IO 1 IepeBUHHI Biaxoau abo topd. Hampuxian,
COJIOMY HOJIPiOHIOIOTH 32 JIOTIOMOT'0I0 MOJIOTKOBOI JpoOapKH i micist CyNIiHHS MOAal0Th B rpanyisaTop. IIpu Bo-
norocti 14 — 15 % conoma He BUMarae monepeHbOTO CYIIiHH. B okpeMux BUNaaKax JUIs ITiJBUIICHHS MiIHOCT1
rpaHyJ 3aCTOCOBYIOTHCS 3B’ I3yl04i pEUOBHHU IPUPOJIHOTO MOXOPKEHHS (JIIFHIH, KPOXMaJIb).
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[HIIi BUEHI MPOMOHYIOTH CIOCIO MPUTOTYBaHHS 0araTOKOMIIOHEHTHOTO TBEPJIOro OlomanvBa OpUKETYBaHH SIM
[8], sxuii BKIItOUAE mOAYy POCIMHHMX BiIXOJiB BOJOTICTIO 4 — 12 % i pakmiitnum ckmagom 2 — 10 mm, iX npe-
CyBaHHA, HACTYIHE (OPMYBaHHSI 1 MiJICHHS, IPH MHOMY OpPHKETH MiIJal0Th AOAATKOBiIH TepmMoobOpooili, hopmy-
BaHHS IPOBOJAATH Oe3MepepBHO 1 OAHOYACHO i3 TepMOOOpOOKOT0 mpH TeMmeparypi 150 — 250 °C B 3a1eKHOCTI Bix
TUIy cupoBHHH. L{e crocib BKIoUae momnepeHe 3aBaHTaXKCHHS MMOAPiOHEHOT CHPOBHHH, ii TO3yBaHHS 1 KiHIIEBE
MpecyBaHHs, KPIM TOTO IO3yBaHHA JBOX KOMIIOHEHTIB CyMimli MOAPiOHEHUX COJIOMH i KadaHIB KyKypyI3H, 3110-
30BaHHX B mporopmisx Bix 1:1 mo 1:5. 3aiiicHIoeThCA el crocidé HACTYITHUM YWHOM: TOApiOHEHa cojloMa 3aBaH-
TaXyeThCcs B OyHKep J03aTopa, a moApiOHeHI KauaHu KyKypyI3H - B OyHKep no3atopa. Jlozatopu GopMyroTs mo-
TOKHM KOMITOHEHTIB CyMillli, 3 BpaxyBaHHsIM IX BJIACTUBOCTEH, SIKi KOHTPOIIOIOTHCS JaTYUKaMH BOJIOTOCTI 1 Maco-
BOI BUTpATH COJIOMH Ta NoJpiOHeHnX kayaHiB. ChopMoBaHi y Takuid CIIOCIO OKpeMi TEXHOJIOTI4HI HOTOKH HaIp a-
BIISIFOTHCSL B OYHKep, /i€ 31MCHIOEThCS HAKOIMYCHHS 1 3MILTyBaHHS KOMIIOHEHTIB 3 HACTYIHOIO MOJa4yero CyMimri
B OyHKep mpeca, fani npecyBaHHs cymiwi npu temmneparypi 150 °C 3 yrBopeHHsM OpukeriB BoJsorictio 14,5 —
15,5 %, TeruoToro 3ropanns 4400 — 4500 kkan/kr i minsHicTIO 1000 — 1100 Kr/MC.

BiTun3HsHI BYCHI IPOMOHYIOTH CIIOCIO BUTOTOBIICHHS €KOJIOTIYHO YHUCTHX IIE€JIET TBEPIOTO IMajiBa, IO BHT O-
TOBJISIOTH i3 3piOHEHOI AepEeBUHHOI Ta iHINOI OPTaHiYHOI CHPOBHUHU NUIAXOM IPECYBaHHS y TPaHyIN HUIIHAP U-
4yHOi (hopmu [9]. Opra"igyHOIO CHPOBHHOIO, III0 BUKOPUCTOBYIOTH Yy TEJETaX, OKPIM JEePEBUHHOI CHPOBHHH, € CTO-
BOYpH KyKypyZI3H 1 COHAILIHHKY, OUYEpET, TpaBa, JHUCTS JepeB (30KpeMa, XBOMHUX MOPin), BIIXOAN TIOTIOHOBOT'O
BUPOOHUIITBA, TIOTIOHOBHUH NI, 3pi3N TIOTIOHY, cTeOia mpoca, cosioMa 3epHOBUX Tomo. KoKeH BHJ CHPOBHHH
4yepe3 CBOi BIAMIHHOCTI Y (i3MYHUX BIACTHBOCTAX MOTPeOYe pi3HHUX 3yCHIIb Ha 1X 3[piOHEHHA, a OTpuMaHa 0io-
Maca Ma€ pi3Hy IIIJIBHICTh Ta MPYXHICTh HABITh IICHS NpecyBaHHs. BUroTOBIEH] 3a BiTOMUM CHOCOOOM IeieTH
MaloTh HECTIHKY GopMy, i, y pe3yNbTaTi MEXaHIYHOTO BILIMBY ITiJI YaC MAHIMYJISALIH 3 HUMH, JIETKO PYHHYIOTHCS.

Bigomuii crioci6 oTpuMaHHs TBEpJOro OPraHiyHOro nanusa 3 jay3ru consimnuka [10]. Ipu usomy ii moapio-
HIOIOTH JI0 YaCTHHOK 2 — 8 MM, 00pOoOJISIIOTh BOAOIO ab0 Maporo 3 JoBeneHHAM 0 Bosorocti 11 — 20 %, rpany-
JIFOIOTh Y OPHUKETYIOTh 3 OTpUMaHHAM IniibHOCTI 800 — 1300 Kr/m®, OXOJIOJIKYIOTh 3 OJHOYACHUM 3HUKEHHSIM
Bosiorocti 10 12 %. IloTiM 3 rpaHyJ BigCiBarOTh YaCTWHKH, MEHII 3a 3 MM. Hexonikom Takoro cnoco0y € Te, 1o
pEeKOMEHIOBaHAa KPYITHICTh MOAPiOHEHHs Ty3rd (2 — 6 MM) HE J]a€ MOXJIUBOCTI CTBOPUTH ONTUMANbHI YMOBH JJIs
nporecy npecyBarHs. O0poOi1eHHS MoapiOHEHOI CHPOBHHU BOIOIO 1 Mapor 3 JOBEIACHHAM A0 Bojorocti 11 —
20 % He € onTUMaNbHUM IS TpaHymoBaHHA. OTXe, TEXHOJOTis BAPOOHHUIITBA TBEPAOTO OPraHiqHOTo OiommananBa
B MIPECOBAHOMY BUTJISA1 BKIIIOYAE PsJ] OTIEPAIliif, sIKi MOJKHA PO3AUTUTH Ha TPU OCHOBHI CTaIil: MOMEepEeaHs IMir O-
TOBKa CHPOBUHH, OTPUMaHHS TrpaHyl abo OpUKeTiB; omeparii 3 TOTOBUMH IIPECOBAaHUM BHpOOOM. BuxinHi marte-
pianu Juis BUpOOHUIITBA MPECOBAHOrO OlonaivBa CyTTEBO PI3HATHCS 32 PO3MipaMH YaCTHHOK, HACHITHIN 1 MUTO-
Miil Ba3i, BOJIOTOCTi, MIIIHOCTI YaCTMHOK MaTepiaiy, XIMIYHUM CKJIaJoM CUPOBHHH. TOMy I KOKHOI CHPOBHHU
PO3pOOIISETHCS CBOSI TEXHOJIOTIUHA CXeMa, SIKa MOXKE SIK CIPOLIYBATUCS, TaK 1 YCKJIaJHIOBATHCS.

Ilenetn yTBOPIOIOTHCS 0€3 3aCTOCYBaHHS J0JATKOBUX 3B’ sA3yt0unx pedoBuH (3P): OUIbIICTh CTAHAAPTIB pi3-
HHUX KpaiH 3a00pOHSAIOTH 1X 3aCTOCYBaHHS JJIsi BUTOTOBJICHHSI OPHUKeETIB (TeNeT), OCKUIBKMA MICTATh XKOPCTKI KO-
JIOT14HI BUMOTH LIOJI0 BUKUAIB (JIIOKCHY BYIJICLIO, OKCH/IB CIPKH 1 a30Ty, CaKi Ta IHIIMX TOKCUYHUX ra3iB) NpU
CHAJIOBAaHHI, a TAKOX 3a KUIbKICTIO 30u1H 1 11 aBkictio [11, 12]. TIpore cranaapt HiMeuunnu Ha Giomanuso DIN
51731-1996 Testing of solid fuels — Compressed untreated wood - Requirements and testing gornyckae BKJIOYaTH
JI0 CKJIaJly TBepJoro OionanuBa 000uBHe OoponrHo abo 3epHOBHI KpoxMaib y sikocTi 3P B kinbkocti 710 2 %. ITo-
TpiOHO MaM’sTaTH PO HEIOJIKH OPUKETIB 1 Mmejer, oTpuMaHux 0e3 BuKopucTaHHs 3P: € mpobiema TpaHCIIOPTY-
BaHHS Ha BEJHKI BiJICTaHi, B XOM1 SKOTO BiIOYBa€ThCS pyHHYBaHHS 3HAYHOI KiJIBKOCTI IIPECOBAHOIO OiommanuBa 3a
PaxyHOK IIiIBHIIIEHHS BOJIOTOCTI 1, IK HACIIIOK, 3HIKEHHs HOTO TEeIIOTBOPHUX BiactuBocTei [13]. Tomy ocraH-
HIM 4acoM 4acTo 3'BISIOTHCS PEKOMEHIAlil BUKOPUCTOBYBATH MPH NPECyBaHHI BUCOKOMOJIEKYJISIPHI TacTud i-
Katopu — TBepAi opraHiuni 3P [14], sKi He TITBKH TO3BOJSAIOTH 3HU3UTH THCK IIPECYBaHHS, a i MOKPANIyIOTh M a-
pameTpu TOpiHHS TPpaHyIl.

B sxocTti Takux 3P moxe OyTH BUKOpHCTAaHUH MPUPOAHUH mosiMep - JirHiH. Le amopdHa pedoBrHa BiJl CBIT-
JI0—KPEMOBOT'0 IO TEMHO—KOPHYHEBOTO KOJIBOPY, MOJIEKYJIIpHA Maca pO3YHMHHUX JIirHiHIB Bix 1 mo 150 tuc., ryc-
tiHa 1250 — 1450 xr/m°. Bin TPOSIBIISIE TTACTUYHI BJIACTHUBOCTI MPH MiABUIIIEHOMY THCKY 1 TeMIiepaTypi, 0cobmu-
BO Yy BoJIoroMy cTaHi. JIirHiHHM, BHIUIEH] Pi3HUMH CIIOCO0aMH, BIAPI3HAIOTHCS 3a CKJIAZIOM 1 BIACTHBOCTSIMH SIK
BiJl IPOJYKTY B HaTUBHIN (opmi, Tak i oauH Bix ogHoro [15]. IHII aBTOpH TakoX JAEMOHCTPYIOTH, IO JIrHIH —
JICIICBUH TMOOIYHUI MPOAYKT NMEpepoOKH AEPEeBHMHU — MOXE 3MILTyBaTHCSA 3 KPOXMAJIEM 1 TIIIEpUHOM, Narouu
OinpIn MinHI 1 IpykHI MaTepianm [16]. Y nponeci noapiOHEHHs JITHIHY YTBOPIOIOTBCS AY)Ke APIOHI YaCTUHKH,
AK1 320€31e4yI0Th XOPOIlly aJre3iro 3 Kpoxmaaem, OiIKaMy Ta iX MOXiTHUMH 3 YTBOPEHHSM IPOCTOPOBUX CTPY K-
TYp, IO pOOUTH iX MPUBAOIMBUMU AJISI BUKOPUCTAHHA B AKocTi 3P.

Donghui Lu ta in. [17] BuBueHo BmuB pizHEX 3P (pimakoBe G0pomIHO, MOPONIOK KaBOBUX 3€pPeH, Kopa, I1o-
POIIOK JITHIHY 1 COCHOBI IIMIIKK) HA MIPECYBAaHHSA OPHKETIB 3 THPCH IEPEBUHHU MOJPHUHU Ta TIOJIBIIAHOBOTO JEp €-
Ba. [loka3zaHo, mo mpu BUKOpHUCTaHHI B AKocTi 3P mirHiHy oTpuMaHi majduBHI OpUKETH 3 BUCOKHMH XapaKTEPH C-
THUKaMH MIITHOCTI.
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[HII BYEHI 11t OTPUMaHHS TBEPAOTO OPTaHIYHOrO MAIMBA 3 CHPOBUHH POCIMHHOTO MOXOJPKEHHS B siKoCTi 3P
PEKOMEHAYIOTh BUKOPUCTOBYBATH JIITHOCYJIb()aHATH; KEJTATHHI30BaHUH KPOXMaJb, TJIMHHU, Y T.4. OEHTOHIT 1 CH-
JiKaT, KapOOKCIIMETHIIIIEITION03Y, COJIi 3 aNbriHOBOI KUCIOTH, MeIscy, IyTh. [Ipu 1IboMy IPOTIOHYETHCS CHPOB U-
Hy 3 BoJoricTio 5 — 20 % monpibHtoBatn 10 yacTiHOK 0,01 — 15 MM, 00po06iaTu Bomoro 3 nogaBaHHAM 3P B Kinmb-
kocti 0,01 — 10 %, moBogutu mo Bomorocti 6 — 20 %, rpaHymIrOBaTH YM OPHUKETYBAaTH 3 OTPUMAHHSAM BIIACHOI
mineHOCTI 800 — 1450 kr/m°. B 3MilIyBadi mpeca CyMilir T0BOATH 10 BosorocTi 6 — 20 % [18].

Astopu [19] BUBUaNH BIUIMB KPOXMAITIO i ryMiapaOiKy Ha MIITBHICTH 1 TETUIOTBOPHY 3AAaTHICTH OPHUKETIB 3 TH-
pcu. BecraHoBieHO, OPHKETH 3 BHCOKOIO TEIUIOTBOPHOO 3aaTHIcTIO (33,09 MJIx/kr) i minbHicTIO (546 kr/m’)
OTpHMaHi Ipu BUKOpHcTaHHI B sikocTi 3P kpoxmamio. Tabakaes P. b. Ta iH. BUBUanu 3actocoByBaHHs B sikocTi 3P
PHCOBUX BUCIBOK ITpH OpHUKETyBaHHI CyMilli prucoBoi cosioMu Ta Tupeu [20]. ABTOpH NPUIYCTHIIH, IO IITbHICTh
OpHUKETIB 3pOCTaE 3a paXyHOK yTBOPEHHS 3IIMBAIOYMX 3B'SI3KIB MiXkK IBOMa POCIIMHHUMH IOJIIMEPAMHU — JIITHIHOM 1
6inkom. [Ipu npomy npu temneparypi npecyBanss 90 °C OpuKeTH MajH JOCTaTHIO TEIUIOTY 3TOPSIHHS, ajle HU3b-
Ky LIUIBHICTB, 110 MO3Ha4ajachk Ha ix minHocTi. [linBuienHs remnepatypu npecyBanus 10 150 °C npuzBoauio
JI0O OTPUMaHHS BUCOKOMIITHUX OpHUKeTiB 3 TerutoToro 3ropsHas 18 MDx/kr. Philip H. Steel , Venkata K. Penmetsa
3aIpOTIOHYBANIN I BUPOOHUIITBA TBEpHoTo OiomannBa BUKOpHCTOBYBatH 3P Gioomito, oTpuMaHy mipoiizoMm Oi-
omacu a0 pi3HHX BUAIB JIrHIHY (KpadT—IirHIH, OPTaHOCOIBBEHTHUH JIICHIH, JIITHIH YOpHOTO JyTYy Ta iH.) [21]. B
pe3yNbTaTi MPOBEICHHUX AOCTIHKEHb OYyIIH OTpUMaHI MaJTHBHI OPUKETH 3 MiABUIICHO IO TiAPOPOOHICTIO i BUCOKOIO
TEIUIOTOIO 3TOPsAHHS. TakuM YMHOM 3aCTOCYBAaHHS MPHUPOIHUX, €KOJOTIYHO YHCTUX 3P 103BOJISIE CTBOPUTH €KO-
JIOTIYHO 4YKcTe OPUKETOBaHE Ta TPaHyIbOBAHE MAJIMBO 3 BUCOKOIO EHEPrOEMHICTIO, MIIHICTIO 1 IaCTh MOKIIUBICTh
PO3IIUPUTH CUPOBUHHY 0a3y Iuisd ioro oTpuMmanHs. OJHaK OCHOBHUM HEJOJIKOM IIMX METOJIIiB OTPUMAaHHS TBEP-
X OlomajiuB € 3acTOCyBaHHS B AKOCTI 3P cHpOBHMHY Xap4oBOIO NMpH3HAYEHHS, 110 MOXE MPHBECTH J0 3011b-
IICHHS X BapTOCTI.

Pe3ysabTaTn nociaigkeHb Ta ixHe 0doropopenns. PimenHs npo6ieMu eeKTHBHOT KOMIUIEKCHOT mepepoOku
BIIXO/IB K3 3 OTPUMaHHSIM KOHKYPEHTOCIPOMOXHOI MpPOAYKLii MOB’s3aHe 3 BUKOPUCTAHHSAM Pi3HOMaHITHHX
TEXHOJIOTIYHUX NMPUHOMIB 0OpPOOKM CHPOBHHH Ta aHAJOTIYHOCTI TEXHOJIOTIi BUPOOHHMITBA MEJIET Ta TEXHOJOT]
BUPOOHUIITBA TPaHYyIFOBAaHINX KOMOIKOPMIB 1 BiTaMiHHOTO TpaB'sHOro OoporrHa [22]. [IpoaHanizyBaBImIN BigoMi
criocoOu mepepoOku moaiOHOT BTOPHHHOI CHPOBUHHU, 3alIPONOHOBAHO 3aCTOCYBAHHS INpOIeCcy NMpecyBaHHs (Tpa-
HYTIOBaHHS Ta OpUKETyBaHHS) MOOIYHUX MPOAYKTIB K3, a came TiJbKHU JIy3rH (pu mepepoOii y 6ionanuBo) abo
MOJIIKOMITOHEHTHOI CyMiIi (TIpu BUPOOHUIITBI KOPMOBHUX CyMilIeit). Ae, po3po0IroBaHa TEXHOJIOTiS MOTpedye
Jesikux yrouHeHb. OcTaHHE ITOB’s3aHE i3 HE3a/J0BUIBHOIO 3JIaTHICTIO JIy3TH KPYI'SHUX KyJbTYp IO TpaHyJIo-
BaHHs [4]. ToMy 10 ckJiaay TpaHyJI 3aIpOIIOHOBAHO J0AaBaTH 3.

Bubip 3p € HamBaximBuM. 3p NMOBHHHA MaTH BHCOKY NPECYEMICThb, J00pY 3AaTHICTh O 3MIillyBaHHS 3
IHIIMMHU KOMITIOHEHTaMH, OJIN3bKY 0 1HIIMX KOMIIOHEHTIB CyMillli CHIIKICTb, (hi3MYHY Ta XIMiUHYy CTaOIIBHICTD
Ta CYMICHICTh 3 IHIIMMHM pPEYOBMHAMHU CyMIlll, 3aJ0BUIbHY LiHY. 3 ypaxyBaHHSIM BHILNECKA3aHOTO, IS
3a0e3MedyeHHs] MII[HOCTI IpaHyll, 3MEHIIEHH IIACTUYHOCTI BIAXOJIB KPYI'SHUX KyJNbTyp (JIy3rH) BBaXKaeMo 3a
JOIiIbHE BHKOPHUCTOBYBATH B MPOIECi MpeCyBaHHS 3p Ha OCHOBI MyukH, 30kpema saminnoi [3]. s
EKCIePUMEHTAILHUX JIOCIIKeHb SKOCTI Ta CKJIaay 3p OOpaHO y SIKOCTI JyKepeia KPOXMAaJio SYMIHHY MYUKY
BoJIOTiCTIO 12 %, sIKa TakoX € BIIXOAOM K3. Uepe3 JemIeBH3HY Ta HAsBHICTh y HAUIMIIKOBOI KiJIBKOCTI Ha
MiJIPUEMCTBI; KPYITHICTh YaCTHHOK — mpoxin cuta ¢ Ne 25 (120+130 mxm).

Ha mincraBi mpoBeneHOro Orisigy JITepaTypHHX 1 TATEHTHHX JUKEpeN, a TakKoX cepii IpoBeNeHHX
eKCIepUMEHTAIBHUX JOCII/KeHb, 3alPOIIOHOBAaHA HACTyNHa TeXHOJoOriyHa cxema (puc. 1) iHTerpoBaHOi
TEXHOJIOTii BUPOOHUIITBA IIPECOBAHOTO Oi0MaINBa Ta KOPMOBUX CYMIilleH 3 BiIXOJIB KPYII THOTO BHPOOHMUIITBA,
10 BKJIOYae B ce0e HACTyIHI TEXHOJOTIYHI JIHIT: JIiHiS MATOTOBKM MYYKH; JIiHIS MiATOTOBKU 3p; JIiHIsA
MiTOTOBKHM MAaKpOKOMIIOHEHTIB; JIiHisl TpaHyII0BaHHS, JIiHisI OpHKETyBaHHS.

JliHis MWiArOTOBKM MYYKH TpU3HA4YeHa I i1 OUMINEHHsS BiA YCiX BHIIB JOMINIOK, a TaKoX Ti
(pakuionyBanHs. Ha miHil TiATOTOBKM MyYKH BCTAHOBJIEHO MAarHiTHHH CemapaTop AJIs OYHIICHHS CUPOBHUHH Bij
METaJOMAarHiTHUX JOMIIIOK, Jajli MPOCIIOETHCSA dYepe3 MpocitoBad st (pakLioHYBaHHS MYYKH 1 BUAAJICHHS
BUMagkoBoi npomimku. KpymHa @pakimis ouumeHoi MydYKH HampaBlIsSeThCAd Ha JHHIIO HiATOTOBKH
MaKpOKOMIIOHEHTIB, a JpiOHAa — HampaBiseThCS 10 CKiaay 3p. Ilicims mpocioBaya cHpoOBHHA HAIXOIUTh Y
BaroBUH 103aTOp, AJIs 3Ba’KyBaHHS MOPLIi MydYKH, JJaJi HEOOXiHa MOPIis MyYKH MMOTPAIUIsE y 3MillyBad pa3oM
i3 BOJIOIO, TIONEPEHBO MIJIrpiTy 1 3/1030BaHy 4epe3 /103aTop, A€ 3MILIYEThCsS 1 Yepe3 103aTop 1 Hacoc Mojaae
MOPIIIO 3B'A3YI0Y0i PEUOBHHH.

JliHis miArOTOBKM 3p NpU3HAYEHA JUIs JO03YBaHHS Ta 3MIillyBaHHS BoAu 1 JpiOHOT ¢pakuii Myd4kw,
3aBaproOBaHHs KieWcTepy 3 Hi€l mopiiii, J03yBaHHS OTPUMAHOI 3p Ta KOHTPOJb ii BiJ BUMAagKOBUX AOMImIoK. s
peamizarii 1[pOTO Ha JiHIIO TMOJA€THCS ApidHA (pakmis Mydku (mpoxin cuta Ne 025), mo3yeTscs y I03aTOpH,
napajeinbHO J03Y€ThCS BOJa Ta OJHOYACHO IOJAETHCS KOMIIOHEHT Y CIelialibHy Kamepy. Amapar ais
3aBaplOBaHHs KJIGHWCTEpy CKIAJAae€ThCsl 3 3aBaplOBalIbHOI KaMepW 1 KaMepH MPHUTOTYBaHHS KPOXMAaJIbHOT
CyCrieH3ii, €MHOCTI Taps4oi BOJAWM 1 Hacoca—ao3aTopa Ui ToJaadi KpOXMajdbHOI CycTleH3il B 3MilllyBad.
3aBaproBajibHa KaMepa BKIIIOYEHA B COpPOUYKY 00irpiBy. Kpi3pb 3aBapioBaibHy Kamepy i KaMepy HPHTOTYBaHHS
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KPOXMaJIbHOI CyCIIeH31] IPOXOIUTH Ball.
VY 30HI NpUrOTYBaHHSI KPOXMaJBHOI CyclieH3ii Ha Bally 3aKkpimieHa TypOiHa MilllajKH, CTIHKH KaMepu MaroTh
pebpa, 1m0 HepenIkoKaloTh YTBOPEHHIO BOPOHKH. Kamepa mae mpuCTpiil I MIATPUMKH IOCTIHHOTO piBHSI
CyCIIeH3ii, IKIM aBTOMAaTUIHO PETYNIOETHCS CITiBBITHOMICHHS BUAAETHCA 1 3AIMINAETHCS B KaMepi KIIeHcTepy.
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Puc. 1 - Cxema iHTerpoBaHoi TeXHOJI0Tii BUPOOHHLTBA NPECOBAHOI0 0ionaauBa Ta KOPMOBHX cyMmilueii 3
BiIX0aiB KPyn’sitHOro BUPOOHULTBA:

1 — onmepatuBHUt OyHKEp; 2 — H03aTOp; 3 — HACOC-103aTOp, 4 — BUTpATHUI Oak 3 miirpiBadyeM; 5 - MarHITHHHA
cemaparop;6 — MpociroBay; 7 — 3aBaproBaiibHa KamMepa; § — 3mimyBad; 9 — moapiouaroBad; 10 — npec-Opukerep, 11
— OXOJIO/KYBad, 12 — TOpIIOBOYHUI MPUCTPiH, 13 — npec-rpanynarop, 14 — nporurediit HUit oxomomKyBad, 15 —

HOpist, 16 — TpaHCTIOpTED.

JliHig miArOTOBKA MaKpOKOMIIOHEHTIB MpHU3HAYCHA IS JO3yBaHHSI HEOOXiMHOI KITBKOCTI KOMIIOHEHTIB
(MyuKkw, JTy3TH Ta iHIINX BUAIB CHPOBMHH ]ISl BUPOOHHIITBA KOPMOBHX CyMilIeii Ta/abo TBEpAOro OPraHigHOTO
OGiomanmBa KOMOIHOBAHOTO CKJIaay), 1X 3MIiIIyBaHHS IJis JOCSITHEHHS OJHOPiAHOI Macu, odumieHHs Bix MM/J]
OTPUMAaHUX MOPIii MAaKPOKOMITIOHEHTIB Ta CyMICHOTO TOJPiOHEHHS y ClemialbHOMY TOJpiOHIOI0YOMY 00Ja I-
HaHHI 10 KPYITHOCTI YaCTUHOK JI0 2 MM ISl 3a0€31eUeHHs] ONTUMAIbHUX YMOB MTPECYBaHHS.

CxeMa TeXHOJIOTIYHOTO Mpollecy Ha JIiHii MiArOTOBKH MOPIii MAaKpOKOMIIOHEHTIB Tepeabdadae, 1o JIy3-
ra, Mydka, iHIIl BUIW CHPOBUHH HaAXOMASTH y ONEepaTUBHI OyHKEpH, Aali HAIPABIAIOTHCS y A03aTOP, /€ 3BAXK Y-
I0THCSl HEOOXIHI mopuii, Aani yepe3 MarHiTHUH cenapaTop, Jie ounmaeTses Big MM/, i mogaetscs y OyHKep, 1€
3MINIYETHCS 3 TMATOTOBICHOIO CycrieH3iero 3P, moTiM momaeTses y qpobapKy, B sSKii CyMill MOAPIOHIOETHCS 10
HEOOXiTHUX PO3MIpiB, a 3BIATH MOApPiIOHEHA CYyMINI HANPABISAETHCS Ul NPECYBaHHS Ha BiANOBIAHY JIiHIIO Tpa-
HYJIIOBaHHS ¥ OpUKETYBaHHS.

Jlinis rpanymnroBaHHS MpU3HaveHa aus 3a0e3neueHHs Bunycky Tl (kopmocymim abo Gionannso) y rpa-
HYJbOBaHOMY BHIIIsiAi. JIJsl bOTO MiArOTOBJIEHA /IO TPaHYJIIOBaHHS CyMill uepe3 OyHKEp IOJaeThCsl y Hpec—
TPaHYISATOP, 3BIATH BUXOAATH TPAaHyNH, KOTPi HEOOXiAHO OXOJOIUTH 1 TOMY TPaHyIH OJpa3y MPOXOIATh Yepes
MPOTUTEHIHHUN 0XOJOXKIyBad, a Jalli TpaHyJd MPOCIIOITh Yepe3 MPOocitoBad IpaHysl i CXOJIOM TOTOBI TpaHyJIH
HaNpaBJISIOThCA HAa YIAKyBaHHA; IPOXiJ — HECIIPECOBAHI TPaHyJId MOBEPTAIOTHCSA y HAANPECOBUI OyHKeD.
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Jlinis OpukeryBaHHsS NpuU3HA4YeHa JuIsi nepepoOku Binxoxis K3 y Burisai OpukeTiB craHAapry
NESTRO. Ha ninii 6pukeryBaHHs MiAroTOBJICHA MOAPIOHEHa CyMilll OTpaIUIsie Y OyHKep, SIKUi ofae cymim y
npec—OpHuKeTepH; 3 Mpec—OprUKeTepiB OPUKETH HAIXOMATh Y OXOJOXKAYBad, ¢ BOHH OXOJOKYIOThCS 1 aji mo-
TPAIUIAIOTh Y TOPIIOBOYHUHN NPHUCTPiH, 1e OpUKETH Po3pi3aloTh HAa HEOOXimHI po3Mmipu. ['0TOBiI OpUKETH BHTp -
MYIOTh JCSKAN Ta CKJIaMaloTh Ha majeTH. JlocBig Mo BUpOOHUITBY MaTMBHUX OpPUKETIB CBIAYNTH, IO €KOHOMIU-
HO JIOI[ITFHUMH € 3aBOJIU HEBEIMKOI BUPOOHMYOT OTYKHOCTI 10 1 T/Tom.

VY BiAmOBiIHOCTI i3 PO3pOOIICHOI0 TeXHOJOTiE Ha 0a3i kadeapu TeXHOJOTiI KOMOIKOpMIB 1 OiomanuBa
OyJIi BUTOTOBJICHI TOCIIIHI 3pa3Ky MaTMBHUX I'PaHyJN Ta BUBUYCHI iX (i3w4HI BIacTUBOCTI (Tabm. 1).

Tabnruys 1
CkJ1aa 3pa3skiB NaJMBHHUX IPaHyJl Ta iX OCHOBHI TeXHOJIOTiYHi BJAaCTHBOCTI
i\& K . . Buxin Kpuxkic | O6'emHa Kyt
K};a3 HOMHOHGHTHI/II/I cmoazx 50J‘IOF1CTL, rpany, ™o rpa- | maca, HACUITHOTO
ANMBHUX TpaHyl, % 0 % Hy™, % o/l XUy,
rpag
1 JIV3T'A AYMIHHA 47
JIV3T'A BIBCAHA 47
MVYUKA SYMIHHA 2 11,4 85,1 14,2 1,0 50
MVYUYKA BIBCSHA 2
3B’ A3VIOUA PEHOBUHA 2
2 JIY3r'A AYMIHHA 45
JIV3T'A BIBCAHA 46
MVYUKA SYMIHHA 2 13,6 97,3 4,1 1,13 48
MVYUYKA BIBCSHA 2
3B’A3YIOYA PEHOBHUHA 5
3 JIY3I'A AUMIHHA 44
JIV3I'A BIBCAHA 44
MVYUKA SYMIHHA 2 15,4 68,6 20,7 1,2 58
MVYUYKA BIBCSHA 2
3B’A3YIOUA PEHOBUHA 8

AHani3 pe3ynpTaTiB eKCIIepUMEHTAIBHUX JAOCTI/KEHb CBITYUTH PO AOLIIBHICTF BUKOPUCTAHHS KiIeHcTepa 3
BMictoM CP 15 % Ta pamioHansHO0 HopMoro BBeaeHHS 3P 5 %, ockinpku 11e 3a0e3nedye HalKpali MOKa3HUKH
skocTi rpanyn [4]. Onrumansauii BmMict 3P y rpanynu cknamae 5 %, OCKUTBKH IIbOMY TOKa3HHKY BiAMOBimae
MiHIMaJdbHE 3HAYeHHS iX KPUXKOCTi Ta HAaWBHINA IiITBHICTb.

V3arajabHIOIUN Pe3yIbTaTH NPOBEIECHUX JOCITIIKEHb MOXKHA 3pOOUTH HACTYIIHI BHCHOBKH:

1. Po3po0iieHo iHTErpoBaHy TEXHOJIOTiI0O BUPOOHHUITBA KOPMOBHX CyMillleil Ta TBepIoro Oionajiusa 3 BiJXo-
JIiB KpYIl'STHOTO BUPOOHHMIITBA, SIKa JIO3BOJISIE OTPUMYBATH TOTOBY IPOJIYKIIiI0 BUCOKOT SIKOCTI.

2. OOrpyHTYBaHHsI KOMIIOHEHTHOTO CKJIaJlly MaJUBHUX I'PaHyJ] 3 BUKOPHCTAHHSIM DPI3HUX BHIIB MaJOLiHHOT
CHUPOBHMHH JI03BOJISIE ONTUMI3YBaTH (Pi3UKO-TEXHOJIOT14HI BJIaCTUBOCTI, €HEPrOEMHICTH TOTOBOI NP OIYKIIi].

3. OOrpyHTOBAHO JIOUIIBHICTG BBEACHHS JIO0 CKJIAJy MajJUBHHUX I'paHy’d 5 % 3B’s3yl04oi peuoBHHHM (KieicTep
3 BMICTOM CYXHX pedoBHH 15 %), mo0 103BOJIs€ 3a0€3TEYUTH BUCOKY MIIIHICTh TPaHy.

4. Po3pobneHa iHTETpOBaHa TEXHOJIOTIS MEepepoOKH BiXOJIB KPYIMOIEXiB € yHIBEpCadbHOIO, HE MOTPedye
3HAYHUX KaliTaJOBKJIAJICHbh Ta JO3BOJUTH HE TUIbKH €(EKTUBHO MepepoOISITH BTOPUHHI CHPOBHHHI peCcypcH,
nmo30yTucs mpobieM 3 iX yThiizalieto, aje i TUITXOM OpraHi3amii penuKIiHTy Ha TiAIPUEMCTBAX Taly3i BUpPi-
IIyBaTH K CHEPTETHYHI, TaK i €KOJIOTiIHI TPOOIEeMH.
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