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3 OBPA30BAHME

TECHNICKA UNIVERZITA
VO ZVOLENE

TEXHUYECKWUH YHUBEPCHUTET r. 3BOJIEH, CJIOBAKUS

Texuuueckuit ynuepcurer B T. 3BojeH (TY3BO) paGotaer B COOTBETCTBHM CO CTparerueit
EBpomneiickoro Coroza n CrnoBankoit Pecriybnuku, kotopast Ha3BaHa «llo3HaBarensHoe OOIIEeCTBOY. 3HAHUS U
UX TPUMEHEHHE Ha MpPaKTUKEe, MPEUMYIIECTBEHHO B (OopMe MHHOBALMN, ObUIM 3HAYMTEIBHBIM (PAKTOPOM,
BIIMSIOLIMM B OOJbIIEH Mepe Ha OOLIECTBEHHOE U SKOHOMHUECKOe pa3BuTHE. OCHOBHOH LIENIBbI0 YHUBEPCUTETA
SBJISIETCS Pa3BUTHE TBOPYECKOIO HAYYHOT'O HMCCIEJOBAaHUS M HAa €ro OCHOBE NPENOCTaBIATH 00pa3oBaHHE BO
BceX Tpex creneHsx B CioBakuu M 3a pyOexxoMm. B Hacrosiiee Bpemsi yHUBEPCUTET - CTAaOMIM3UPOBAHHAS U
yCIlelIHas opraHu3anusi B obmacté oOpasoBaHus M uccienoBaHus. B 2014 r. mepBblii pa3 B HCTOpUH
YHHUBEPCUTET MOSIBUICS B OLEHKE HayyHO-HccienoBaTenbckux MHCTUTYTOB SCImago Institutions Rankings.
TY3BO 3ans1 BOCBMOE MECTO CPEH CIOBALKUX YHUBEPCUTETOB.

TY3BO cocrour u3 yetbipex ¢akynbreToB: JlecoxozsiictBennblil ¢akynbTeT, PakynbpreT 00pabOTKH
IpeBecuHbl, DaKyIbTET HKOJOTMU W HAYKH OKpY)Karomed cpeapl U PakylIbTET TEXHOJIOTHH OKpYXKarOLIeH
cpelbl U MPOU3BOACTBA. B opraHu3allMOHHYIO CTPYKTYpY YHHUBEPCHUTETa BXOJIAT U OOLICYHUBEPCUTETCKHE
paboune MecTa, KOTOpble 00eCTIeYnBalOT AaJbHEHIINE UCTIBITAaTeIbHO-00pa3oBaTenbHbIe IesTenbHOCTH. K HUM
NPUHAIICKUT VHCTUTYT WHOCTPAHHBIX S3BIKOB, WMHCTHTYT (u3uyeckoit KymbTypel W cmoprta, LleHTtp
nanbHeHmero odpasoBanus, LIeHTp MHPOPMAIMOHHBIX TeXHOJOTrHWH, ONBITHBIE MacTepcKue W J1abopaTopuy,
YHuBepcurerckoe ecHoe npeanpusarue, lenapapuit bopoa ['opa n YHuBepcuterckas Oudbamnorexa.

Vuusepcurer nogan 2 utons 2014 r. 3asBieHre Ha KOMIUIEKCHYIO aKKPEAMTAIMIO. AKKPEIUTALIOHHAs
KOMHUCCHs JIOJDKHAs B TedeHHe 12 MecsleB pacCMOTpeTh U OLECHUTH JEATENbHOCTh BO BCEX 00NIAcTAX, T.e.
oOpa3oBaHue, UCCIEJOBaHUE, pa3pabOTKa, UCKYCCTBO U T.II., BMECTE€ C IEPCOHAIbHBIMH, TEXHUYECKUMH,
MHPOPMAMOHHBIMHU M JJPYTUMH yCIOBUSMH, TIPH KOTOPBIX JaHHAs NeATEIHHOCTh OCYIIeCTBIsUIach (B IT. 2008-
2013). OgHOBpeMEHHO KOMHCCHS BBIPA3UTCS K 3asBICHUSM Ha AKKpEAWTAlMIO y4eOHBIX mporpamm (53
IporpaMM BO BCEX CTENEHSIX B OYHOM M 3a0uHOM (opmMe) M K HAa3HAYEHHAM Ha JIOJDKHOCTH JOLEHTA U
npocdeccopa.



OBPA30BAHUE 4

Uucno pabOTHUKOB yHUBepcHUTeTa (0€3 YHHBEPCUTETCKOTO JIECHOTO Tipeanpustus) Ha 31 gexabps 2014 .
coctapnsieT 631 uenoBek — u3 HuX 351 xenmuHa, 280 myxuwH. [IpenonaBatenn M Hay4dyHble PaOOTHUKU
coctaBisioT 48,49 %.

npod. uux. Pyaond Kponun, A.1.H.

PekTop TexHunyeckoro YHuBepcurterta r. 3BoneH, Npencepatens KoHdepeHuun cnoBauknx peKTopoB

OBPA3OBAHUE

TexHuuecknii yHMBEPCUTET TpeayiaracT psja o0pa3oBaTENbHBIX MPOrpaMM Ha CBOUX YeThIpeX
(baxynpTeTax ¢ HampaBlICHHEM Ha KOMIUIEKC 3HAHUH «IeC — IPEBECHHA — SKOJIOTUS M OKpYXKaromas cpena —
TEXHOJIOTHUS OKPY>KaIOLIeH Cpeibl U MPOU3BOJICTBA - BO30OHOBIISIEMBIE PECYPChI» C PACIIMPEHUEM HAIPaBICHUS
B CMEXKHBIX W TPHUKIAJHBIX O0JACTAX, TAaKWX, KaK ECTECTBEHHbIE M TEXHHYECKHE HAyKH, IKOHOMUKA,
MEHEJDKMEHT M McKyccTBO. Hamm Oynyiue cTyaeHTbl MOTYT BBIOpaTh mporpammy u3 21 akKpeauTOBaHHBIX
o0pa3oBaTeNbHBIX MPOrpaMM B CTETICHU OakajaBpa, U3 19 akKpeAMTOBaHHBIX 00pPa30BATENBHBIX MPOTPaMM B
CTENEeHU MHXKEHepa MM Maructpa u u3 15 akkpeIuToBaHHBIX OOpa30BaTENbHBIX MPOrpaMM B JTOKTOPCKOM
CTENEHHU B OUHOU M 3a04HON opMe 00yUeHHUsI.

Jlns moaiep KKy MHTEpHAIMOHAIN3alMKY 00y4eHHs B paMKax ONepaTHBHOM nporpammbl «O0pa3zoBaHue) ¢
Ha3BaHueM «Co3aHue o0pa3oBaTENbHBIX NMPOTPaMM Ha MHOCTPAHHOM SI3bIKE BTOPOH CTENEeHH 0Opa3oBaHUS
Juzaitn mebenmn u uHTEephepa (Furniture and interior design), IIpon3BoACTBO M MCHOIB30BAHUE JCPEBSIHHBIX
m3nenuit (Production and Utilisation of Wood Products) na ®axynbrere 00paboTku ApeBecuHsl, JIecoBOACTBO
u oxortoBeaeHue (Forestry and Wildlife Management) na Jlecoxo3siiicTBeHHOM (hakynbTeTe U 00pa30BaTEIHLHON
IIporpaMMsbl TpeThell cTenenn o0pazoBaHus AanTUBHOE JIECOBOJACTBO U oxoToBeneHue (Adaptive Forestry and
Wildlife Management) na JlecoxozsiicTBeHHOM (akynbTeTe». bBbUT  CcO3MaH  Tak  Ha3bIBACMBIH
«CaM000pa3oBaTeNNbHbBI HEHTP» B 3MaHUM BHOTMOTEKH, Tl CTYIEHTHl HAalAyT MHOTO MYJIbTHMEIMUHBIX
y4eOHUKOB Ha MHOCTPAHHOM SI3bIKE, Hay4YHBIC CIIOBAPH, YUYCOHUKH, SHIIUKIONCINH U WHOCTPAaHHBIC HAyYHBIE
’KYpHaJIbI, TTABHBIM 00pa30M Ha aHTIHMIICKOM, a TaK K€ Ha HEMEIIKOM U PYyCCKOM SI3bIKaX.

B 2014 r. npomomKuioce pa3BUTHE CIEAYIOMIETO YCHEIIHOTO TMPOEKTa, MOATOTOBICHHOTO B pPaMKax
orepaTtuBHON mporpammbl «OOpa3oBanue» ¢ Ha3BaHueM «Co3maHue 0O0Opa3oBaTeNIbHBIX IPOrpaMM Ha
AHTJIMHACKOM SI3BIKE M PEHHKHHUPHHT YIeOHBIX IMPEIMETOB 10 TpeOoBaHMsIM Ha npakTuke B TY3BO — BTOpOii
sTam». bpuM MOATOTOBIEHBI HOBBIE 00Opa30BaTEeNbHBIE MPOTPAMMBI Ha AHTIHICKOM SI3bIKE: TPEThEeH CTETeHU
obpazoBanus — «MTHKeHepHs OKpykarolel cpenbl» Ha DakylbTeTe IKOJIOTHH U HAayK 00 OKpYXKalolleH cpene,
BTOpOil creneHu «OKoTexHUKay», «l[IpomsBoicTBeHHass TexHuka» Ha DakyibTeTe OKpPY)KAWOILEH cpeabl U
TEXHOJIOTHHM TPOU3BOJICTBA M OJHA OOIICYHHUBEPCHUTETCKAas 0Opa3oBaTelbHas MporpaMma BTOPOH CTETEeHU
oOpaszoBanust «MEHEDKMEHT M HSKOHOMHKA JIECHBIX Hpeanpustuiiy. OOpa3oBaHWE IPEIOCTABISETCS Ha
CJIOBAIIKOM M QHTJIMICKOM SI3bIKaX.

PesynbTarhl 3asBiieHUs] HA KOMIUICKCHYIO aKKpeJAuTanuio OyayT u3BecTHbI B OkTsiOpe 2015. Ha 31
OoKTsI0pst 2014 Ynco CTYJEHTOB COCTaBIISIIO YHUBEpcHuTeTa 3862 yenoBeka.



5 OBPA30BAHUE

HAYYHO-UCCIIEAOBATEJIBCKASA JEATEJBHOCTbD

Hayka, TexHmka, mccieqoBaHHE W pa3BUTHE, BMecTe ¢ 0Opa30BaHHEM, SIBISIOTCS COCTaBHOW YacCTHIO
JIeSITENIbHOCTH aKaJeMHUECKUX PaOOTHUKOB YHUBEPCHUTETA. Y HUBEPCHUTET HAIPABIIECH HA UCCIEJOBAaHUSA, O YeEM
JIOJDKHBI CBHJICTEIIHCTBOBATD M PE3yJIbTAThl KOMIUICKCHOM akkpenuTtarmu u3 2014 1, 9To0BI MOAIepKaTh CBOI
CTaTyC YHUBEPCUTETA U UMETh BO3MOYKHOCTH BBITOJIHATH UCCIICAOBAHIE U pa3BUTHE.

B crpemneHuMnm K COXpaHEHWIO TO3ULMHA Cpeau yHHUBEpCUTeTOB (CJIOBAaKHH, WCCIIEAOBATEIbCKAS
JeSITeTIbHOCTH OPUEHTUPOBAHA HA TJIaBHBIC HAIIPABJICHUS HCCIIEI0OBAHUS:

Jlecoxossiicmeennviti pakyibmem — aNaNTHBHBIA MeHeXMEHT secoB CrnoBamnkoii Pecmyomuku (CP)
(BKuTroyast Bce (yHKLIUH Jieca — JIeCOpa3BeCHUE, JIECO3arOTOBKA M JIOTHCTUKA, YKOJIOTHS Jieca, SKOHOMHKA,
3alMTa Jieca U OXOTOBEICHUE).

Daxyrbmem obpabomku Opesecunvl — TpaHchopMaIUs APEBECHOTO ChIPhsI HA M3/IETUsI HOBOW I'eHepaIuH,
IU3ailH ¥ TPOM3BOACTBO MeOenu, KOHCTPYKIUS JEPEBSHHBIX JOMOB, IPOTHUBOIIOXKApHAs 3allluTa |
MHTETPUpPOBaHHAs 0€30MacHOCTb, JHEPreTHYECKOE HCIIOJIB30BAHUE JIPEBECHHBI, HSKOHOMHYECKHE U
MapKETHHTOBBIC aCTIEKThI 3PPEKTUBHON OIICHKH JIPEBECHHEI.

Dakyrvmem d2K0n02UU U HAYK 00 OKpydicaioueli cpede — duopasHooOpasue, SKOJIOTUYECKUE MPUHIIUIIBI
TBOpYECTBA W 3aIUUTHl JaHAmagTa, YIpaBiIeHUE 3alIUTON W MOHMTOPUHI KayecTBa OKpYXKarolleH cpenpsl,
9KOJIOTHYHOCThH TEXHOJIOTUIECKHUX MPOIIECCOB U XO3SHCTBEHHBIX OTXO/IOB.

Daxynvmem okpycaroueli cpedsvl U MexHON02UU NPoU300Cmaea — pa3BUTHE U OLICHKA KayecTBa JIECHBIX U
JiepeBo0o0padaTHIBAIOIINX CTAHKOB, yMEHBIIEHHE MaTEepPHalOEMKOCTH M JHEPTOEMKOCTH, HWCIOJIb30BaHHE
HOBBIX PHEPTEeTHYECKHX PECypcoB (BO30OHOBISIEMBIE PECYPCHI, OromMacca).

B pamkax wuccrmemoBaTenbCKHX MPOEKTOB omepaTtuBHbIX Tporpamm EC Opul moctpoeH 3an Hay4HO-
AKCIIEPUMEHTAIILHBIX pab0oumX MECT, TJle BO3HHKIO YHHWKaJIbHOE HHTETPHpPOBaHHOE pabodee mecto it 3D
Bmzyanuzanuu, 3D meuwatanus u 3D cumymsinum (T.H. Virtual Cave), CoeMHEHHBI HAallMOHAIBHBIA LEHTP
UCCIIEIOBAaHUS Jieca TEMIIOpaIbHON 30HBI Jlecoxo3siicTBeHHOro (akyiapreTa M o0mias JabopaTtopust IS
anamza DNA. HccnenoBarenbckas mHQpacTpykTypa Obuta qononHeHa u B pamkax npoekra ENVIRO-TECH u
oneparuBHOM nporpammel EC «MccnenoBanue u pa3BUTHEY.

B pamkax mpoekrta «Mpentuduxanus myumed pabGoueil rpynmsl yHHBepcuteToB CP» 3a Hamum
YHHBEPCUTETOM OBLIM BBIIENEHBI JBEe pabouwe rTpynmel. B oOmactu wmccnenoBanust Homep 19 -
CenbCKOX03AMCTBEHHBIE U JIECHBIE HAayKH IOJ Ha3BaHHMEM «bHOJOrnyecKkue OCHOBBI JIECOPA3BEACHUS» -
PYKOBOJUTENb JTydiei padoueid rpynmsl mpod. dyman I'emep (prof. Ing. Dusan Goméry, DrSc.). B o6macti
uccienoBanuss Homep 17 - UHkeHepus W TexHoJoruu ¢ HazBaHueM «CTpyKTypa H© CBOMcCTBa
JIMTHOLEIUTIONO3HBIX MaTEPHANOB) - PYKOBOIUTENb JTyuleil paboueii rpymmsl npod. Mosed Kynena (prof. Ing.
Jozef Kudela, CSc.).

B 2014 r. Obimu pemieHbl Ba MEXKIYHAPOJTHBIX HAYYHO-MCCIENOBATENLCKUX TpOoeKTa U 13 mpoeKToB
COST. PaboTHHKHM yHUBEpCUTETa COTPYIHHYAIOT CO MHOTHUMH 3apyOexHbIMH yHuBepcuteramu (Ilombiia,
Agctpus, 'epmanus, @pannust, Ucnanus, Benrpus, bonrapus, Poccusi, Benukobpuranus, Kuraii, ['pernus,
[opryramus, CIHIA, Kanaga). B cTpykType moTeHIIMabHON TPaHTOBOM MOJAEPKKH PAOOTHUKH YHUBEPCHUTETA
YUYacTBYIOT B IPOEKTaX I'PAHTOBBIX areHTCTB MuHMUCTepcTBa 00pa30BaHusl, HayKH, uccienoBanus u cnopra CP,
KOTOpbIE HamlpaBlieHbl Ha (hyHIaMEHTalbHOE, NMPHKIAJHOE M HUCclenoBarenbckoe oOpa3oBanue — HayuHoe
rpanToBoe arenTcTBo (VEGA), KynbTypHoe 1 BocniurarenbHoe rpanToBoe areHTcTBo (KEGA), AreHTcTBO A5t
MOJJIEPKKU ucciefoBanus U pa3sutus (APVV) n YHuBepcuTeTcKOE MPOEKTHOE areHTCTRO.

PesynmpTaToM pemieHHsT HEKOTOPBIX HCCIIEAOBATENLCKUX IPOEKTOB OBUTM YacTO OPHUTHUHAJBHBIE U
YHUKAIbHBIE TEXHUYECKHE PEIICHUsl, KOTOPhIE YHHBEPCUTET 3asBHJ Ha TATEHTHI, MOJIE3HbIE 00paslbl WIH
IU3aifHbl. B HacTosIeM BpeMeHN YHUBEPCUTET SBISETCS BiajaeibieM 12 matentos, 10 mone3Hbx 00pas3mnoB u
6 nuzaiiHOB 3amMcaHHbBIX B BenomcTtBe npomsbinuieHHONH coOctBeHHOcTH CP. B pamkax mpukiagHOro
WCCIIEIOBAHNS YHUBEPCUTET COTPYIHMUYAET U C YACTHBIMH MPEANPUHUMATEIISIMH.

UsmepsieMbiM  pe3ylbTaTOM  TMPOEKTHOW  HAYYHO-MCCIEAOBATEIbCKOW  JESATENIbHOCTH  SBISIETCS
KadecTBeHHas myOnmkanus. [ledaTHple Tpyapl YHUBEpCHTETa PETUCTPUpPOBaHBI B LleHTpampHOM peectpe
MEYaTHbIX TPYAOB. XyIOKECTBEHHasl JeATeJbHOCTh — B LleHTpaibHOM peecTpe XyJ0’KeCTBEHHOU
nesitenbHOCTH. CaMble KadeCTBEHHbBIE MYOJIMKAlMK OIICHMBAIOTCS PEKTOPOM B KaTeropusx — camas
KadecTBEHHasl MyOJMKaIMs KHIDKHOTO XapakTepa U 3a HaydHbIi Bkiaa. Pesymbratel TY3BO Tak ke ycnemHo
MPE3CHTOBAaHBl HA JIOMAIIHUX M 3apyOCKHBIX KOH(MEPEHIUSAX. YHUBEPCHUTET PETYJSPHO BKIIOYACTCS B
obmiecoBarkue coobiTus: «PectuBans Hayku — Houb mccnenosarteneit» n «Henmenst nayku u TexHukn». B
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2014 r. YHuBepcHTET BIIEpBBIE NPHUHSAI ydacThe B opraHmzanuu MexayHapomHoro ¢ectuBais (UIBMOB
«Arpodunsm 2014y - hectuBanb GUIEMOB ¢ TEMATHKON CENbCKOTO XO3HCTBA M PA3BUTHS Cella.

BHEIIHUE CBA3N

B pamkax BHEHIIHMX CBs3€l YHHBEPCUTET COTPYAHHYAET HA MEXKIYHApOIHOM YPOBHE C 3apyOesKHBIMHU
aKaJeMUYeCKUMHA U TIPO(QECCHOHANBHBIMI MHCTUTYTaMH, BKIIOYAasi COBMECTHBIC MPOEKTHI M aKaJeMHUYECKUe
MOOWJIBHOCTH. BaXXHBIM acmeKTOM HMHTEpHALMOHAJIM3ALUU YHHUBEPCUTETa MOKHO CUUTATh €ro JOCTYIHOCTh
3apyOeXHBIM CTyJIeHTaM, 4YTO OOYCIIOBJIIEHO SI3BIKOBBIMH KOMIIETEHIIMSIMH CTYACHTOB W aKaJIeMHUYECKHX
pabOTHUKOB.

B obnactu GunatepanbHOTO COTPYIHUYECTBA, KOTOPOE CUYUTAETCS OCHOBOM ISl Pa3BUTHS JesITEIbHOCTEN
BO BCEX OOJACTSIX BHEIIHUX CBS3EW, MPUHATHI IPUOPUTETHI U CTPATETUN MEXAYHAPOJHOTO COTPYAHHUYECTBA
YHUBEPCUTETA B COOTBETCTBUU C J[ONTOCPOUHBIM IJIAHOM YHHMBEPCHUTETa W MPHOPUTETAMHU B OTHOIICHUH K
npoQecCHOHATBHOMY HANpaBJIICHUIO yHUBEpCUTETa. B HacTosimee BpeMs 3akioueHO 38 JIeHCTBYIOMIMX
MEXYHapOIHBIX IOTOBOPOB C YHUBEPCUTETaMU-NIapTHEPAMU U OpraHu3alusIMHU-TIapTHEpaMHy U3 18 ctpan u 28
JIOTOBOPOB cpen YHUBEpCUTEeTOB B CroBakuu. [103UTHBHO BO3MOXHO OLIEHUTH MPOAOJIKAIOIIEECs CTAOMIIbHOE
COTPYZIHUYECTBO C TMapTHepaMu B pernone bamkan m Boctounoit EBpombl. BonbmmHCTBO AOroBOpoB OBLIO
3aKJIIOYEHO Ha HEOTPAHWYEHHBIH CPOK U MMEIOT PaMO4YHbIN XxapakTep. KoHKpeTHbIe NeHCTBHUS OOecreueHb
(bopMOii CaMOCTOSITETILHBIX HPOTOKOJIOB HJIM JOMOJNHEHHHA K JO0roBOpy. JlodArocpodHoil menpo B pamMKax
OunaTepasbHOrO COTPYAHHUYECTBA SIBIICTCS YBEIUUYCHUE YKCTIa 3aKIIOUYEHHBIX IOTOBOPOB, a TaK K€ KauecTBO
UX UCIIOJIHEHUSI.

Ilenplo yHHUBepcuTeTa B paMKax MPOrpaMM KacaroIUXCs MOOMJIBHOCTEH SBJISETCS oOecreueHue pocTa
KOJINYECTBA BCEX MOOWIBHOCTEH CTYAEHTOB, IMPEMOJaBaTeNiel M OCTAIbHBIX PAaOOTHHKOB, TaKUM 00pa3oM,
4TOOBI COOTBETCTBOBAIM TPEOOBAHUAM yUaCTBYIOIMX CTOPOH, UMesl B BUY MPO(ecCHOHaNbHOE HaIllPaBICHUE
YHHUBEpCHUTETa, (aKyJbTETOB M OCTAIbHBIX 4YacTeld yHuBepcuTera. [maBHoil mporpammoit EC mns
MOOWIIBHOCTEH M COTPYIHUYECTBA B 00JIACTH YHHUBEPCUTETCKOro obpa3oBanus B EBpone siBisercs: mporpamMmma
ERASMUS+, kak nporpamma EC mist oOpa3zoBanusi, mpogecCHOHATBHON MOATOTOBKH, MOJIOJCKH U CIOPTA.
[Iporpamma ERASMUS+ B yHHBepcHUTeTE UMEET BO3PACTAIOLIYI0 TEHACHIIMIO B KOJIMYECTBE OTIIPABJICHHBIX U
INPUHATBIX Y4aCTHUKOB. MOOMIBHOCTH NOMOIalOT PAcUIMpsTh 3HAHUA U Nepefady 3HaHuUM ¥ MH(opManuii B
o0nactu 00pa3oBaHusl, HAYKH U MCCIeI0BaHusA. Y HUBEpcUTeT yyacTByeT U B mporpamme CEEPUS — o6menHo#
CpeHEeeBPOIIEICKOI TporpaMMe JiJisl yHUBEpCUTETCKOro oopazosanusd. Jlanbiie u Hac B CP ArenrctBo SAIA —
HallMOHAJIbHAs CTUIICHIUANIbHAs MporpaMma JUlsl MOAACPKKH MOOMIBHOCTEH IMpernojaBaTeneil 1 paboOTHUKOB
YHHUBEPCUTETA, JTOKTOPAHTOB, CTYJEHTOB. B paMkax maHHOW mporpamMmsl B MPOIUIOM IOy B YHUBEPCUTETE
y9mmch nBa cryAeHTa w3 KaszaxcraHa w oauWH CTyneHT W3 Ykpawsbl. Crleayromed 3HAYUTEITbHON
00pazoBaTeIbHOM AEATEIbHOCTBIO SABJISIETCS POJOKEHHE Pealn3aliu PoeKTa B paMKax nporpammsl DAAD,
KOTOpasi HallpaBJicHa Ha NMPUMEHEeHHe e-learning B 001acTé TeoMH()OPMATHKH ¥ TEHETHYECKOTO pa3HO00pas3Hs
JIECHBIX TMOPO/I.

Hna TY3BO, 4ToOBI TONYYHTH MEXKAYHAPOMHOS IPU3HAHWE, CaMOC Ba)XXHOE — O3TO WICHCTBO B
aKaJIEeMUYECKUX H TPO(PECCHOHANBHBIX MEKIYHAPOTHBIX OpTraHW3alMAX, T.6. NPUHUMATH YYacTHE B
MEXIYHApOJHBIX MPOEKTax, J0ObBaTh MH(OpPMAalMKM O HOBBIX TpeHZaxXx B 00pa3oBaHUM, HAayKe M 00IIEeM
pPa3BUTUM YHHUBEPCUTETOB, BOWTH B HOBbIE KOHTAKThl M TPONAraHAMPOBATH JOCTIKEHHUS HAIIEro
yauBepcuteTa. TY3BO - wien European Universities Association, wien International Union of Forest Research
Organizations u unen opranm3amuu European Forest Institute. TY3BO mnpeacraBieH BO MHOTHX
aKaJeMUYeCKUX W TMpodecCHOHATBLHBIX MEXIYHApOJHBIX OpraHu3anusx, Hamp. International Academy of
Wood Science, International Association of Wood Anatomists, European Union of Foresters PRO SILVA,
European Biomass Association, International Association for Landscape Ecology, Ceska akademie
zemedélskych véd (Yemickas akageMus ceIbCKOX03HCTBEHHBIX HAyK) U MHOTHX JIPYTHX.

Cpenu cTpaTernyecKux Iejei YHUBEpCUTETa €CTh MOCTOSHHOE aKTUBHOE M IIeJICHAIIPABICHHOE Pa3BUTHE
oTHOImIEHHH. B paMkax KOMMYyHHKalu¥, TJIaBHBIMH HHCTpyMEHTaMH sBisiorcs Public relations (mabmux
pUJIEHIIH3) — MPEeUMYIIECTBEHHO COBPEMEHHbIE HMH(POPMAMOHHO-KOMMYHHKAIIMOHHbIE TEXHOJOTUU (CalT
YHHBEpCUTETa M YHHUBEpCUTETCKass MH(pOpMalMoHHas cucrtema) U kypHal TY3BO BMecTe ¢ KOMITJIEKCOM
M3JIATENIbCKUX Jell, MyOIMuHOCThI0, yipaBnsiembiMu Media Relations (Menana puieiinia3) u Event Management
(ynpaBieHue opraHuzanueil MeponpHsThiA).

TY3BO pa3BuBaer COTpYyIHUYECTBO C MEXAYHApOAHbIMM M peruoHaibHeiMM CMMU, mpuuem paHHOe
COTPYIHUYECTBO YAAJIOCh MHTEHCUUIMpOBaTh U crabuimsuponatb. B pamkax Event Management cpeau
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HAWJIYYIIUX MEPONPUATHH BBIAETSAETCS MEXKIYHApPOAHBIH (ecTHBalb YHUBEPCUTETCKUX (OJIBKIOPHBIX
ancambneit Akademicky Zvolen (Akagemuueckuii 3B0JIeH), KOTOPBIN MOMYJSPEH HE TOIBKO Y XKUTeNel Topoa
3BOJIEH, HO U €r0 OKpecTHOCTeH. BonbIIoi HHTepeC BBI3BIBAIOT PETYJSPHO OpraHU30BaHHbIE [IHU OTKPBITHIX
JBepelt (hakyJIbTeTOB. YHUBEPCUTET COTPYJHUYAET C TOPOJOM 3BOJIEH Ha 00E€CIEUEHUH Pa3HBIX MEPONPHUITUI
¥ Ha XpOHHKE TOpoja. BTN TojmepkaHbl MHOTHE CTyIEHUECKHE aKTHBBI — CTyAeHdeckoe pamuo INRO
(MHPO), dhonbknopusrii ancam6as Pol'ana (Ilonsaa), World klub (Bopna kiy0) u apyrue KpyXKyd HHTEPECOB U
KITyOBI.

JIECOXO3SIMCTBEHHBIN ®AKYJIBTET

JlecoxozsiictBennniit ¢dakynbTeT (LF) TexHudeckoro yHuBepcuTeTa B T. 3BOJICH, KOTOPBIA SIBIISIETCS
€IMHCTBEHHBIM YHHBEPCHTETCKHM 0Opa30BaTEIIbHBIM HHCTHTYTOM TI0 MPOOJIEMAaTHKE JIECOBOJICTBA, YKA3bIBAET
Ha Oorartele TPaJUIMU JECHOrO BbICIIEro odpazoBanusa. B 2012 r. ¢akynerer ormMeTnn 250-1eTHe BBICIIETO
TEXHUYECKOro 00pa3oBaHMs W B ocoOeHHOCTH 205-metwe JiecHOTO BEIcmiero oOpazoBanus B CIllOBaKkwH,
KOTOpO€ BO3HHUKJIO ITpH ocHOBaHUU ['opHo akanemuu B r. bancka HItssuuna B 1807 r.

Oo0pa3oBanue

Bo Bpems 62 mer cymectBoBaHus (paKkyinbTeTa B T. 3BOJIEH, (aKyJIbTET BBITYCTHI 6521 BBITyCKHHKA B
crenieHn wWHXXeHepa, W3 HUX 101 3apyOexHBIX CTYACHTOB, U 896 BBINYCKHHKOB B CTEICHW OakaiaBpa B
o0Opa3oBaTeNnbHBIX ~ MpOTpaMMax JIECOBOACTBO W  TPHUKIATHAS 300J0TMsS M OXxoToBeneHue. Ha
JIECOXO3SUCTBEHHOM (PaKyJIbTETE YCIEIIHO 3alUTHIIA CBOIO TUccepTaIuio 471 BBIMYCKHUK.

C 2005/2006 akamemuyeckoro roja Ha (akylbTeTe BBEJCHA TpeXCTyNeHuYaTas cucTtemMa oOpa3oBaHUS
(creriens OakanaBpa, WHXKeHepa, nokTopanta). C 2007/2008 akajgeMHUecKkoro roja B CTECHHM OakanaBpa
CTyZ€HTaM ObUIN NPEOCTABIIEHbI ABE 00pa30BaTENbHbIE IPOrPAMMBI: JIECOBOACTBO U NMPUKJIAAHAS 300JI0THS U
oxoroseneHue. C 2008/2009 akxameMuueckoro rojga Hayvalochb 0Opa3oBaHHE B YETHIPEX OOpPa30BATENbHBIX
IporpaMMax B CTENEHH HH)KEHepa: JIECOBOACTBO, 3KOJIOTHS Jieca, reorpadguyeckue HHGOPMALMOHHBIE U
CHEMOYHBIC TEXHUKH B JIECOBOJICTBE, PUKJIAIHAS 300JI0THSI U OXOTOBEACHUE.

KpoMme BBIIIEYNOMSHYTBIX AaKKPEJUTOBAaHHBIX HPOrpaMM IEpBOM M BTOpPOW CTeneHH oOpa3oBaHUs, y
JIECOXO3SIUCTBEHHOTO (haKynbTeTa W YETHIPE AaKKPEIWTOBAHHBIE OOPa30BaTENbHBIE MPOTPAMMBbl TpETber
CTENEHU: JiecOpa3BelCHUE U 3allluTa Jeca, JecHas (PUTOJOrHs, JIECOyCTPOHCTBO, MPUKIAagHAs 300J0TUS U
OXOTOBEJICHHE.

Boimyckanku JlecoxossiictBennoro ¢dakynprera TY3BO wnMeroT mupokyro BocTpeOOBAaHHOCTh Ha
IIPaKTUKE HE TOJBKO IOTOMY, YTO Jeca cocTaBisAoT 41% Bcell miomanu Hamel teppuropuu. bmaromaps
OnarompusATHEIM 00pa30M CO3/IaHHON KOHLIENIIMHA 00pa30BaHMs, €r0 BEICOKOTO YPOBHS B OOJIACTH COJIEPIKAHUS
00y4YeHHS U BHICOKOKAUYECTBEHHBIMH CIICIUAIMCTAMH, HAIIIM BBITYCKHUKH SIBIISTFOTCS CIICITUAITUCTAMHU, KOTOPHIE
CHOCOOHBI PpEIIUTh HA BBICOKOM YpPOBHE CIIOKHBIE WMHTETPUPOBAaHHBIE 3aauyd JIECHOTO XO3SICTBa,
OXOTOBEJICHUSI, 3alIUTHI MIPUPOJBI, JaHAmadTa U OKpYKaIOMIEH Cpelbl, TOCPEICTBOM HOBEHUIINX METOJOB U
NPUEMOB yJelsisi BHUMaHHE HA MEHSIOMIMECS OJKOJIOTMYECKHE YCIOBHS W TJ00albHBIE IMPOOIEMBI.
EcrecTBeHHBIM siBNIsieTCS TOT (akT, 4YTO BO BpeMs oOydeHus: Ha JlecoxossiictBeHHOM ¢akynbrere TY3BO B
paMKax y4eObl BHUMaHHE YACISETCS HE TOIBKO MPOOJIeMaTHKE MPOIYKIIHH IPEBECHHBI, HO U APYTHM Ba)KHBIM
U HE3aMEHUMBIM (DYHKIMSAM JIECHBIX SKOCHUCTEM. BBIMyCKHHKH (aKynbTeTa CIIOCOOHBI MPOOUTHCA WU B
MEXIYHApOJHOM Macmtabe, Kak u caMm (haKkyJbTeT, KOTOPBIA CTal YBaXaeMbIM WICHOM CIETYIOUIHX
MEXAYHapOJHbIX HenpaBUTENbCTBEHHbIX opranuzanuii: IUFRO — MexayHapoaHblii  cOr03  JIECHBIX
uccnenoarenbckux opranuzanuii 1 PRO SILVA — Corwo3 mist npupojsl OIHM3KOTO JIECHOTO X03siicTBa. B
o0enx opranmzanusx paboTHUKH Jlecoxo3siicTBEHHOTO (aKyiIbTeTa 3aHUMAIU U 3aHUMAIOT 3HAYUMBIE TTOCThI
(mpeacenatenu u 3aMm. TpejaceaaTeny HaydHbiX ¥ padouux rpymnn IUFRO, unensr MexyHapoIHOTO KOMHUTETa
IUFRO, Komurera PRO SILVA).

Hayqno-nccneuonaTeﬂbcxaﬂ AeATECJIbHOCTD

HayuHno-uccnenoBarennsckas aesaTelbHOCTh JlecoxossiictBeHHOro dakynbteta TY3BO cBszaHa c
MeAarornieckor AeaTeIbHOCTRIO Kadeap B OTIACIBbHBIX HAYYHBIX OOJACTIX U 00pa30BaTENIbHBIX IpOrpammax.
Ux conmepkaHue COOTBETCTBYET OOBEAWHEHUIO IMENArOorMuecKoro W HAy4YHOTO HallpaBiieHus. Peanuzanus
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HAYYHO-HCCIICZIOBATENIbCKONW ~ JEATENbHOCTH  OCYIIECTBISIETCS IOCPEJICTBOM IPOEKTOB JOMAIIHUX U
3apyOeKHBIX areHTCTB.

OcHoBHOe HampaBieHue uccienoBanus (akyiaprera B rr. 2011 — 2020, Ha3BaHHOE «ANANTHUBHBIN
MEHE/UKMEHT JIECHBIX 3KOCHCTEM», JOJDKHO O00eCHeunuTbh NPEeeMCTBEHHOCTb HAyYHO-HCCIIEI0BATEIbCKUX
JeSITeTbHOCTEH M BHECTH HOBIIECTBA B HAYYHO-HCCIICAOBATEIBCKYIO IESTEIBHOCTh, UMESI B BHIY HOBBIC
BBI30BbI B MEX/IyHAapOJIHOM M HAI[HIOHAJILHOM JIECHOM MCCIIEJOBAaHUH, OOIIECTBE U XO3SHCTBE.

Hccnenoanue ocymiecTBIsETCS Ha ceMU Kadeapax JIecoXo3siicTBEHHOTO (PaKyabTeTa:

=  Kageopa sxonomuxu u ynpasienust 1eCHbIM X035UCMEOM

»  Kageopa ¢pumonozuu

» Kageopa necoycmpoiicmea u eeooezuu

»  Kagedpa neco3a2omosku, 102UCMUKY U MeXAHU3AYUU

= Kageopa sawumul eca u oxomoseoenus.

»  Kagheopa necopassedenus

= Kageopa oxpyscaroweil cpedbi.

DOAKYJIBTET OBPABOTKHU APEBECHUHbBbI

®daxynsTeT 006paboTku apesecunsbl (DF) TY3BO npunaanexut kK aydimuM oOpa3oBaTeIbHBIM U HAYYHO-
HCCIIEIOBATENbCKUM HHCTUTYTaM B CHUCTeMe BbIciiero oOpasoBanust Crnosarkoil PecrmyOnmku. C mMomeHTa
CBOETO BO3HMKHOBEHHUsS B 1952 T. ABIsA€TCS HEOTHEMIIEMON COCTaBHOM 4acThio JIECOTEXHUYECKOIO MHCTUTYTA
u ¢ 1992 r. yacteio TexHHWYeckOoro yHHBepcHTETa B T. 3BoJieH. ETro HCKIIOYMTENHHOE BOCIUTATENHHO-
o0pa3oBaTebHOE M HAyYHO MCCIIE0BATENIbCKOE HApaBIeHUEe, U HAaIlPaBJIeHNE BHYTPEHHUX U BHEIIHUX CBsA3ei
CTaBHT €r0 B PsJI 3HAYUTEIBHBIX OOpPA30BATENBHBIX W HCCIIEOBATEIILCKUX HHCTUTYTOB B CJIOBakMU W 3a
pyOexoM.

I'maBHBIM Ha3zHaueHWeM (aKyynbTeTa SBISETCS TNPEJIOCTABICHHUE BBICIIETO OOpa30BaHUsS, PAa3BHTHE
HaY4YHOM M XyHokecTBeHHOH aesrenbHocTH. [Iporiecc oOyueHHs BBIXOIUT M3 HOBEHIIMX MUPOBBIX 3HAHUU B
00JIaCTH HAayKW, TEXHUKH, TEXHOJOTHH, 3KOHOMHUKH, (DYHIAMEHTAIBHOTO W MPHUKIAJHOTO WCCICIOBAHUS,
COTPYIHUYECTBA C APYTUMH YHHUBEPCHUTETaMH, HayYHO-HCCIEI0BATEIbCKUMU WHCTUTYTAaMH, TPOMBIIUICHHON
00paboOTKOW W WCIOJIB30BAHUEM JPEBECHMHBI H  JCPEBIHHBIX u3aenuid. DakymbTeT BOCIUTHIBACT
JTUIJIOMUPOBAHHBIX CHEIHAINCTOB B TPEXCTYNEHYATOH CHUCTEME BBICIIETO0 YHHBEPCHTETCKOTO 0Opa3oBaHUS
JUT. KOMIUIEKCHOM 00JIaCTH TIPUMEHEHUS pabOoThl ¢ IPEBECUHON U JIEPEBSIHHBIMH U3ICITUSAMH — T.€. HE TOJBKO
TEXHOJIOTOB, HO M TN3aifHEPOB, KOHCYJIBTAHTOB M0 HHTEPHEPY, MEHEHKEPOB, SKOHOMICTOB MU CHEIUAINCTOB
B MPOTUBOIIOKAPHBIX U ClIacaTelbHBIX CIyk0ax TpeOyembix B CrnoBakum U 3a pyoexxoMm. Ha dakynerere ecth
BO3MOXXHOCTh YYHUTHCSI B OYHOW M 3a09HOI opme. HayuHo-mccneioBaTenbeKas AeATeIbHOCTh HalpaBiIeHa Ha
KOMILJICKCHOE HCIIOJIb30BAHUE JIPEBECHOTO CHIPbS, TEXHOJOTHIO, TEXHUKY, SKOHOMHUIO U MPOTUBOIOKAPHYIO
3alINTY.

3a Bpems cBoero 60-metHero cymiecTBOBaHUS, (akymbTeT 0O0pabOTKHM JIpPEBECHHBI ITOCTENEHHO
pasBuBacs. B Hacrosiiee Bpems coctout u3 12 kadenp:

= Kageopa dpesecunosedenus

=  Kageopa obpabomku Opegecumvi

= Kagedpa mexanuueckoii mexnonocuu Opesecunvl

=  Kagedpa ousaiina mebenu u unmepbepa

=  Kagheopa mebenu u OepessaHHbIX uzoenutll

= Kagedpa depesantvlx 00M08

=  Kagheopa xossticmea npeonpusmuii

» Kageopa mapkemumnea, mopeosiu u Mupo8o2o 1eco8o0cmaed

»  KagheOpa mamemamuxu u HauepmamenbHOU eeomempu

= Kagedpa puzuxu, snexmpomexuuxu u npuKiaoHou Mexauuxu

=  Kagedpa npomugonoxcaphoii 3auumol

* Kagheopa xumuu u Xumuueckux mexHor02ui.

B Hacrosimiee BpeMs, NeJArorMyecKyro, HayYHO-HMCCIEIOBATENBCKYI0 H OCTaJbHYIO JCSITeIbHOCTh
obOecnieunBaer 155 pabotHukoB. CoctaB paboTHuUKOB (akynsrera - 14 mpodeccopoB, 27 noueHTOB, 62
cTapluux Inpenojasareis, 19 uccnenopatenbckux padoTHUKOB U 33 TexHuka. Llensto ¢akynprera 00paboTKN
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npesecubl TY3BO sBisieTcss MpUCIIOCOOUTHh BOCITUTAHWE HOBBIX CIHEIHAIMCTOB MEHSIOIUMCS TPeOOBaHUSAM
Ha npakTuke. [I[porpamMmma cTOMT Ha YHUBEPCATLHOCTY M MHIUBUAYAIH3AINHA O0YICHHUS.

Oopa3oBanue

OOyuenne Ha (akynbprere 00pabOTKM JApeBecUHBl TEXHUYECKOTO YHHBEPCUTETA OCYIIECTBISETCS B
COOTBETCTBHH C JOJITOCPOYHBIM IIAHOM (DaKyJbTeTa U SBISETCS PE3yJbTaTOM KOMIUIEKCHOM aKKpEIUTAIIUH
Texuuueckoro ynuBepcutera B I. 3BosieH. B cucreme o0ydeHus: BBIAENSIOTCS Clenylolue o0pa3oBaTesibHbIe
MIPOTPaMMBI:

Cmenens daxanaspa:

B yuebnolt cnenmansHoctu 5.2.45 O6padoTka npeBecHMHBbI CleAyOIKe 00pa3oBaTelbHbIC MPOTrPaMMEBI
OYHOM u 3aouHOW Qopmbl: Koncmpykyua oOepesannvix 00M08 u mebenu, IKCnayamayus Cmamkos u
obopydosanuil, Ilpouzeoocmeo mebenu, Xumuueckas obOpabomxa Opesecunvl, Texnonrocuu ob6pabomxu
ouomaccwi, Texnonozuu odbpabomxu Opesecunvl, Menedsxcmenm oepesoobpabamvisarouieco NPouU3B00Cmsed u
npou3800cmea mebenu.

B yueOHoli cnemmambHOCTH 3.3.16 JKOHOMHKA MW MEHEIKMEHT MNPeINPHUATUS CISAYIoIas
oOpasoBaTelbHAs  NporpaMMa OYHOH ®  3a04HOH  QopMmbl:  Menedocmenm — npeonpusimuil 8
depegoobpabamulearoueis NPOMbLULIEHHOCHU.

B y4eGHoii ciermansrocTr 8.3.1 3amuTa JMI M UMYLIeCTBA Clieayromas oOpa3oBaTenbHast IporpaMma
OUYHOU U 3a04HOU (HOPMBL: 3awuma auy u umMywecmsa om nodxcapa.

B yuebnoii cnermmanpaocTr 2.2.6 Au3aiin ciemyronme o0pa3oBaTeIbHbIE MPOTPAMMbl OYHOW U 3a0YHOM
dbopmer: Juzaiin mebenu, /fuzatin unmepovepa.

Cmenens uniicenepa u mazucmpa:

B yueGnoi#t cnennansHocTH 5.2.42 O0padoTka ApeBeCHMHBI CIEIyIoIue 00pa3oBaTeIbHbIE MPOrPaMMbI
OuHON M 3a0uHOil (opmbl: Koucmpykyus oOepesannvix uzoenuti, Mnocenepus mamepuanos, Texuuxa Ous
obpabomxu opegecunvi, Mebenv u uzderus uz mebenu, Jlepesoobopabamuviearowas unoicenepus, Xumuueckas
obpabomxa opesecunvl, Texnonoeuu oopabomku buomaccuwl.

B yueOHnoii cmnenumamsHOCTH 3.3.16 JKOHOMMKA W MeEHEMIKMEHT NpPeINpHATHS CIeXyromas
oOpazoBarenbHasi  MporpaMMa OYHOM W 3a04HOM  Qopmbl:  Menedoscmenm — npeonpusmuil 6
0epesoobpabamuieaiowjeli NPOMbIULTIEHHOCTIU.

B yue6noii cienmanbrocTH 8.3.1 3amuTa M 1 MMYIIECTBA CIIEAYIONME 00pa30BaTeNbHbBIE MPOTPaAMMBbI
OYHOH U 3a04HON GOpMBIL: [Ipomueonodcapuvie u cnacamenvHuvle ciyxcovl, Texnuueckas 6e30naACHOCMb Uy U
umyujecmaa.

B yueOHoii crenumansHoctn 2.2.6 [Au3aiiH ciemyromas o0pa3oBaTeibHas MporpaMMa O4YHOU (POPMEL:
Jluzaiin mebenu.

Joxmopckaa cmenenys:

B yuebnoli cnenmansaoctu 5.2.43 TexnoJiorusi 06padoTKu ApeBeCHHBI Cleyromas oopazoBaTenbHas
nporpamma 7exuonozcusi 06pabomku Opegecumvi.

B yueOHoi#i cnermanprOCTH 5.2.44 CTPYKTYpa M CBOWCTBA JAPeBEeCHUHBbI CIEIYIONas 00pa3oBaTelbHAsS
nporpamma Cmpykmypa u ceoticmea Opegecumbl.

B yueOno#i cnenmanibHOCTH 5.2.45 KOHCTPYKIUSI M MPOIECChl U3TOTOBJIEHUA JAePEBIHHBIX H3euil
cieayromas oopazoBarenbHas nporpamma Koncmpykyus u npoyeccol u3eomosieHus 0epesaHHbIX U30enull.

B yueOHo# crienmanpHOcTH 8.3.1 3ammTa JuI ¥ MMYIIecTBA Cleayromias oOpa3oBarenbHas porpaMMa
IIpomueonodcapnas 3awuma u 6€30nacHOCMb.

Hay‘lHO-HCCJIeIIOBaTeIleKaﬂ JCATECJIbHOCTD

Hayuno-uccnenoBarensckas aestelbHOCT, Ha Dakynbrere 00pabOTKHM JIPEBECHHBI OCYIISCTBIISICTCS B
COOTBETCTBUH C HAITOJIHCHHEM Iieniei mporpamMmbl «Hayka u uccnegoBanue B TeXHUYECKOM YHHBEPCHTETE B
r. 3BOJIEH Kak CPEJCTBO K Pa3BUTHIO, COXPAHCHWIO M PACHIMPEHHUIO 3HAHWW» B CICAYIONINX HAYy9IHO-
HCCIIE0BATEIILCKUX HAIIPaBICHUX

® KadeCTBO [IPEBECHUHBI M JPYTUX JIMTHOIIEJUTIONO3HBIX MATE€pUaIOB KaK TPUPOIHOTO CHIPhS B
OTHOIIICHWH K TiporieccaM ux 3¢ (EeKTUBHOTO HCITIOJIB30BaHUs U 00pabOTKH;

e Je3arperanus, Ae3MHTETpaIus, 00JaropakuBaHue U PEKOHCTUTYITUS CYIIECTBYIOIINX JISCOMATePHUATIOB
(JlecHBIX TIPOMBINIJIEHHBIX OCTATKOB W IepepadOTaHHOW JPEBECHHBI M3 CTAPBIX H3JETHi) HAa MPOAYKTHI C
I0JIE3HBIMU CBOMCTBAMU,
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® HHTEPAKLUs IPEBECHHBI C TBEPIBIMU BEIIECTBAMH M Pa3HOW MEXaHUYECKOW HArpy3Kol, XUMHUECKUMHU
Y IPYTHMH BEIIECTBAMH M Pa3HBIMH ()OpPMaMU YHEPTHUH;

® XUMHYECKHUI COCTaB IPEBECHON MacChl U ee XUMuIeckasi 00paboTka;

® DSHEpreTUYecKas OleHKa IPEBECHHBI H IPOMBIIUICHHAs 00paboTKa ee HEMCIIOIb3yEMbIX OCTATKOB;

e JM3aliH M INPOU3BOJICTBO MeOEIM, TOTOBBIX HU3AEIMH W3 IPEBECHHbl M KOHCTPYKLHUS AEPEBSHHBIX
JIOMOB;

® TPOTHUBOIIOXKAPHAS 3aIUTA U HHTETPUPOBAaHHAS OE30MaCHOCTB;

® OSKOHOMHYECKHE M MAapKETHHIOBBIC acrleKThl S((EKTUBHONH OICHKH JPEBECHHBI W CHUCTEMHOE
yIpaBIIeHUE MTPOU3BOICTBEHHBIM IIPOIIECCOM Y HHHOBAIUSIMHL.

HanonHenune miaHa ucciaeqoBaHUil (akyynbTeTa OCYIIECTBISETCS IMPH MOMOIIU TPOEKTOB, KOTOPHIC
¢uHaHCUpOBaHEI MuUHHCTEPCTBOM 00pa3oBaHus TocperacTBoM Hayunoro rpanTtoBoro arentctBa (VEGA),
KynprypHoro u BocnuratensHoro rpantoBoro areHTcTsa (KEGA), AreHTCTBa 1o NOJAEpKKE UCCIEIOBaHUA U
passutus (APVV) u Toxxe Hexoropsix pounoB EC. B HacTosmee Bpemst Ha (akyabTeTe pemuTcs 22 MpOeKTOB
areutctBa VEGA, 6 npoektoB arentctBa KEGA, arentctBo APVV ¢unancupyer 1 mpoekT B cxeme rpaHTa
«Pa3BuTHE YeOBEUECKOTO MMOTEHIIMANIA» U 7 TIPOCKTOB B cxeMe «bunarepaibHOEe COTPYAHUIECTBOY.

PaGoTHukH (akynpreTa y4acTBYIOT B PEIICHHH MEXKIyHApOJHOTO HMPOEKTa B paMKax 7-0if paMO4YHOMH
nporpammbel EC ¢ na3Banmem «Ecological application of nanosorbents on the base of natural and synthetic
ionites and carbons», KOTOpas pemMT NPOOIIEMATHKy HCIOJIB30BAHUS HAHOCOPOCHTOB NPUOABICHHBIX B
TIOJIMKOH/ICHCAIIMOHHBIE KJICH, UCTIOJIb30BaHHBIC TSI COSTMHEHHS APEBECHBIX KOMITO3HIIMOHHBIX MaTEPHAIIOB.

Hexortopeie pabotaukn Paxynbpreta 00pabOTKH ApEeBECHHBI WieHBl pabounx rpymm nporpammsl COST,
caMbIMU 3Ha4YUTENbHBIMU Tpymmamu sBisitoTcst «Quality Control for Wood and Wood Products» u «Wood
Science for Conservation of Cultural Heritage». PaboTHuku Qaxynprera SBISAIOTCSA MapTHEPAMHU U WICHAMHU
pabounx rpymm nporpamm EC Leonardo da Vinci, TEMPUS u ERASMUS.

3HAYUTEIHHON YaCThIO BBIBOJIOB HAYYHO-HCCIIEAOBATENBCKONW paboThl paOOTHUKOB (DaKyJIbTETa SIBIISIOTCS
MeYyaTHble TPYAbl U XYAOXKECTBEHHas JesTenbHOoCcTh. B 1T. 2007 -2012 0BUTO exeromHo omybnukoBaHo 20
KHIDKHBIX IMyOJMKalMM B BUJAE HaydHOM MoHorpaduu, oxoso 40 yuyeOHUKOB, y4yeOHBIX MOCOOMH U JIpyroif
CIELUAIN3UPOBAHHON  JIUTEpAaTyphl, M 3HAYUTENBHO YBEIMYMWIOCH KOJIWYECTBO HAYYHBIX  CTaTeit
OITyOJIMKOBAaHHBIX B BBICOKOKAUECTBEHHBIX HAyYHBIX JKypHaJaX M TOXKE YHCIO aBTOPCKUX CBUAETENIBCTB.
PaGotHukm (akynapTeTa - aBTOpPBHI WM COABTOPHI OKoJio 150 Hay4HBIX cTaTel B JOMAIIHUX M BHEUTHHX
KypHanax, okojio 200 BBICTYIIICHUH U I0KJIAJI0B HAa HAYYHBIX KOH(EPEHIUSAX U HECKOJIBKO JECATKOB HAYUHBIX
paboT, aHHOTAIHiA, TOCTEPOB M HTOTOBBIX JIOKJIAJIOB.

PesynbTathl MccieqoBaHUs YCIENTHO NMPE3CHTYIOTCS B BHIE JUCKYCCUU HAa KOH(EPCHIHMSAX, TIE MOTYT
CPaBHHUTH CBOM PE3YyJbTaThl C PE3ylbTaTaMH OCTAIBHBIX aBTOPOB. M3 MHOXKECTBa HAYYHBIX MEPOIPHUSTHIMA
HE00XOIMMO YITOMSIHYTh OJTHO — MEXKIyHApOIHbINA CUMITO31MyM «IIporpecchl B IpOU3BOACTBE M HCIIOIb30BAHUH
KJIeeB B IepeB00OpadaTHIBAIOICH TPOMBILIEHHOCTH», KOTOPBIM €XETroAH0 opranusyercs ¢ 1967 r.

Crnenyromeil  3HauMTENbHOW  (OPMOM  TMpE3eHTAllMM  PE3yJbTAaTOB  HAayYHO-MCCIIEI0BATEIbCKOM
NesITeNIbHOCTU ABIISIETCS HAY4YHBINH KypHan (akynbrera Acta Facultatis Xylologiae Zvolen. B 2015 r. Obun
u3ga" ero 57-oif rogoBoil KomIuiekT. JKypHan SBISETCS MPOAOIDKEHHEM mnepuonuku «COOpPHUK HAaydHBIX
pabor» dakynbreTa 00pabOTKH JApeBecHHBI JIeCOTEXHHYECKOr0 WHCTUTYTA, TEPBBIH HOMEP KOTOPOTo ObLI
n3gad B 1958 1. B )KypHane MOXHO HalTH OPUTHHAIIBHBIE TEOPETUUECKUE U SIMITUPHUUECKUE CTaThH B 00JIaCTH
00pabOTKHU APEBECHHBI C HAIIPABICHHEM Ha CTPYKTYpPY M CBOMCTBA IPEBECHHBI, IIPOIIECCH 00PaOOTKH, CYIIKH,
MOTU(HUKAIMYA W 3alIUTHl JIPEBECHHBI, TPOU3BOACTBO M JAW3aliH MeOenu, AepeBsIHHBIE OMa, YKOHOMHUKY H
MEHE/DKMEHT JlepeBooOpabdaThiBarolield NMpOoMBIIUIEHHOCTH. JKypHan JOCTymeH Ha caiTe yHHBEpCHTETa
www.tuzvo.sk/df/afx u yHuBepcuterckas OuOMMOTEKa ero oTmnpamiser Oojee 4yem 23 crpaH wmupa. OH
nHAeKcupoBaH B 0a3e maHHbIX SCOPUS m mMmeeT MeXIyHApOAHBIA CTaHIAPTHBIA cepuitHbIH HOMep ISSN
1336-3824.

B 2015 r. mox maTpoHaToM AiekaHa GakyIbTeTa cocTosach S6-as koHpepernus «CTyneHdecKas HayqdHas
U CHEUUANTN3UPOBAaHHAS NEATENBHOCTH». Ha KoH(epeHInH npuHHMaeT ydactue okojo 50 CTYIZEHTOB cO
CBOMMHU pabOTaMH, pa3/IeICHHBIMH Ha HECKOJIIbKO CeKIUi — T.e. TEeXHOIOTMYecKO-TeXHUYeCKas CeKIus,
Cekuus 3amTa JHIl 1 UMYIIECTBA OT mokapa, CeKuusi SKOHOMHUKH M MEHEIKMEeHTa npeanpustuid, Cexius
MapKEeTUHra, TOPrOBIM ¥ WHHOBAIIMOHHOTO MEHEPKMEHTa M XyIIOKECTBEHHO-AM3aHEPCKas CEKIUsI.
Crynentel @akynbreTa OOpaOOTKM IPEBECHHBI Yy4YacTBOBAJIM B HECKOJIBKAX TOXO0XHX KOH(EPEHIUIX
CTYZCHTOB, JJOKTOPAHTOB U MOJIO/IBIX HAYYHBIX pAOOTHHUKOB 32 PYyOEIKOM.




11 OBPA30BAHUE

®AKYJBTET 3KOJOI'MU U HAYKH OB OKPYKAIOIIEN CPEJIE

I'moGanmpHBIE TPeHI SKOIOTUYECKU-OPHUEHTHPOBAHHOTO YHUBEPCHUTETCKOTO OOpa3oBaHHS MpPHUBENT K
ocHoBaHuto PakynbTeTa KOJ0THH 1 Hayku 00 okpysxkatoieit cpeae (FEE) B 1991 r. Hanpasnenue gakynsrera
M €ro TJaBHas oOpa3oBaTelbHAs POJb — IMOJATOTOBUTH CTYACHTOB OOJBIIMM OOBEMOM 3HAaHHMU B 00JacTH
HKOJIOTHH M HAayKH 00 OKpY»Karolleil cpesie rIaBHbIM 00pa3oM Mo TpeOOBaHMN HAyYHBIX U UCCIIEIOBATEIbCKUX
WHCTUTYTOB, JUIS aJMHHUCTPATHBHOM paObOTHI Ha TOCYAapCTBEHHOM ypOBHE (BKIIFO4ass MUHHCTEPCTBO OXPAHBI
OKpY’KaloIIel Cpefbl) M TakKe padOThl B MECTHBIX aIMHHHUCTPALMSIX U HErOCYAapCTBEHHBIX 3KOJIOTHYECKUX
OpraHu3aIHsiX.

®DaxynbTET IKOJIOTUU U HAyKU 00 OKpYKarollel cpeje sBiseTcss 0HOHN U3 4 hakynbTeToB TEeXHUUECKOTO
YHUBEpCUTETAa B I. 3BOJIEH U OAHOBPEMEHHO EIMHCTBEHHBIM HSKOJOIMYECKHM M HAayYHO OPHUEHTHPOBAHHBIM
(dakynpbTeTOM B paMKax YHHBEpPCHTETCKOro obOpasoBanusi B CnoBakuu. Ero mnpuopurer — 00pa3oBaTh
CHELHAINCTOB B O0JIACTH OXpaHbl OKPY’KAIOIIEeH Cpelbl U TaKKe Pa3BUBATh UCCIIEOBAaHHUE B JJaHHON 001acTH.
Bo Bpems nByx pecstuneTuii cBoeit paboThl, (hakyIbTET CTall )KU3HECTIOCOOHBIM 00pa30BaTEIbHBIM M HAYYHBIM
UHCTUTYTOM.

Oo6pa3oBanue

B nacrosmiee Bpems Ha (akyabTeTe MOKHO YUYUTHCS B CIEAYIOUIMX aKKPEIUTOBAHHBIX 00pa30BaTEIbHBIX
IporpaMmax:

Cmenens dakanaspa

B crenenn OakanmaBpa MOXXHO BBIOpaTh M3 4YEThIpeX 0O0pa30BaTENBHBIX MpOrpaMM:  Jxonoeus u
ucnonvzosanue nanowiapma, Huocenepus oxpyscarowel cpeovl, Menedscmenm oxkpyacaroueli cpeovl U
Dkonozus u oxpana buopaznoobpasus.

Cmenens unicenepa

B crenenu MH)XeHepa MOXKHO TOXKE€ BBIOpaTh M3 YEThIpeX 0Opa30BaTEIbHBIX MPOrpamMMm: JIKO.IO2UA U
ucnonvzosanue aanowiagpma, Huowcenepus oxpyoicaroweu cpeovl, Meneddcmenm okpyscaowel cpeovl U
Dkonozus u oxpana buopaznooopasusl.

Joxmopckaa cmenens

B TpeTheil cTerneHn MOKHO YYUTBCS B JIBYX 00pa3oBaTENBHBIX MpOrpammax: Huoicenepusi okpyscaroujeli
cpeovl u JKono2us U 0Xpana buopasHoobpasusi.

Kadenps! ¢pakyiabTera

DaxkynpTET COCTOUT U3 CIeAyONHX Kadeap:

»  Kageopa npuxiadnoii sxoa02uu.

Kadenpa mpukmagHoil 3KOJIOTMH TpENOCTaBiIsgeT 0Opa3oBaHHE TJIaBHBIM 00pa3oM B 00pa3oBaTeNbHOM
nporpaMMe OKOJIOTHsI W HCIIONb30BaHME JIaHAmadTa B cTeneHM OakajgaBpa W WH)KEHepa, T.e. B 001acTh
OKOJIOTHM JIaHAmadTa, MOJENMPOBAHHS MpPOIECCOB B JNaHamadTe, OXpaHbl NPUPOABI W JaHImagTa,
yIIpaBIICHUs 3aIOBEIHUKAMH, SKOJIOTHH Jieca, O0pa3oBaHMsS B 0OJACTH W3YYCHHUS OKPYKAIOIIEH Cpelsl,
reoMopQOI0THH, COIMO-DKOHOMUYECKOH Treorpaduu, oXpaHbl OHMOpa3HOOOpa3us M MOPOJA PAaCTeHUH U BUAOB
JKUBOTHBIX, TEOIKOJIOTUM TOPHBIX M QIBIUICKUX TEPPUTOPUN, KBAHTUTATUBHBIX METOJOB B 3KOJOTUHU
naramadTa, THTETPUPOBAHHOTO MEHEPKMEHTA OACCEHHOB U T.I1.

HccnenoBanue HaleneHO Ha KOMILIEKC MPOOJeM 3KOJIOTUH JlaHamadTa 1 ero s3kocucreMsl B ClI0Bakuu.
Kadenpa pemaer mnpoGmeMsl crmocoba OXpaHbl TPUPOABI B KPYIMHOPA3MEPHBIX WM Mallopa3MEepHBIX
3anoBeHUKaX B CJIOBakuu, OLEHKY M30paHHOTO AHTPOIOTEHHOTO BIMSHUS, BBLAEISS MpeNeNbl OTACIbHBIX
9KOCHUCTEM, (DYHKIMM YIpaBI€HUS THUAPOJIOTMYECKUX HPOLIECCOB B CTpaHe, oOlee MOCIeACTBUE
UCIIOJIb30BaHMs TOYBBI Ha M30paHHBIX IPYMIaX OPraHU3MOB, MOCJIEACTBUE METEOPOJIOTHYECKUX YCIOBUI Ha
(PCHOJIOTUYECKYIO PEAKIIMIO SKOCHCTEM, TPUMEHEHHE 00pa30BaHus B 00JIACTH M3YyUSHHS OKPYKAIOIICH CPeIIbl
Ha NpPaKTUKE MM Hecyllas CIOoCOOHOCTh SKOJIOTMYECKOM CHCTEMBI CTpaHbl M TOCJIEACTBUE YEIOBEYECKON
JSSITETIbHOCTH B HEH.

Kadenpa perymspHo ydacTByeT B HAyYHBIX IpPOEKTax W JOJITOCPOYHO coTpynHuuaer ¢ European
Environmental Agency (EEA), um takke c¢ Wucturytom OoTtaHukm u 300i0ruu [IpupogoBemdeckoro
(akynpTeTa MacapukoBa YHUBEepcUTeTa B T. bpHO 1 MHCTUTYTOM HEOpraHWYecKoH XuMHUHN YeIckoi akaaeMun
Hayk. Kadenpa corpyannuaer ¢ HanuoHanbHBIM IIEHTPOM JIECOBOAUYECKON Hayku B I. 3BosieH, MHcTUTyTOM
Oooranukn u boranmueckum camom VYHuBepcurera uM. Komenckoro B 1. bparucimaBa. Ouenp OIM3KO
coTpyaHMuaeT ¢ IocymapcTBeHHO# oxpaHoii mpupomsl CioBaukoit Pecry6mmku (SOP) m Croparkum
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areHTCTBOM 3allIMTHI OKpyXatomei cpemsl (SAZP). V dakynapTeTa M JONTOCPOYHOE COTPYAHHYECTBO C
opranmsarmeii Crimpans (Spirdla) — ceTh 06pa3oBaTEIbHBIX OPraHU3aLMil B 00JACTH H3Y4eHHs OKPYKaoIeH
cpenpl, Te OOJBIIMHCTBO ACUCTBHI MpernoaaBaTesieil M CTYJACHTOB HAlpaBJIEHO Ha MPAKTHKY (Hampumep,
IPOEKTHl  IJI00aJbHOr0  00pa3oBaHUs, MHHOBALMOHHBIE TNOAXOAbl K  oOpa3oBaHHIO, pa3paboTka
00pa3oBaTeNbHBIX MPOrpaMM B OOJIACTH M3YYEHUS OKpYIKArOIIeH Cpeabl s HaYaJlbHBIX M CPEIHUX IIKOJT H
T.IL.).

= Kageopa buonozuu u obuseri 2x0a102uu.

Kadenpa ropaurcs tem dakrtom, uro oHa Obina mepBod kadeapoi dakymbrera. Ee uccnemoBanus
HaIpaBJICHBI MPEUMYIIECTBEHHO Ha MCCIIe0BaHNE H30paHHBIX BOIHBIX M HA3€MHBIX COOOIIECTB HAOIIOAs UX
CTPYKTYpy ¥ TPOCTPAHCTBEHHO-BPEMEHHYIO AMHAMHKy. Kadenpa sBisercs TrIaBHBIM HCCIEIOBAaTEIEeM B
OO0JIBIIIOM KOJIMYECTBE MPOCKTOB HAa HAIMOHAILHOM ypPOBHE M YYacTBYeT B 14 MEXIyHApOIHBIX MPOEKTAX.
Ouenp Onm3Koe cOTpyaHHYECTBO ¢ MHCTUTYTOM mMOuBeHHO# Omonorum buomormueckoro neHtpa AxaaeMuu
Hayk Yemickoit Peciyonuku n Yausepcuterom Ilanankoro B r. Onomoyi, YP.

Lems xadenper — mpemomaBaTh Ha Kypcax C HampaBlIieHHEM Ha OHOJOTHIO, TJIABHBIM 00pa3om
OpPHEHTUPYETCS Ha Pa3BUTHE TEOPETHUECKUX, OMOJIOrMYECKUX U SKOJIOTMYECKUX TUCIMIUIMH, KOTOPBIE CBSI3aHbI
C DKOJIOTHEH W 3aIUTOi OKpy)Karomiei cpepl (BO BCEX TpeX CTEMEHSX oOydeHHs B pamMKax y4eOHOro IuiaHa
o0Opa3oBaTeNbHOM MporpaMMbl DKOJIOTHS M OXpaHa OuopazHooOpasus). K caMmbIM 3HAYMTENIBHBIM Kypcam
Kadeapsl MpUHAIIISKAT: AanTanus pacTeHUH K OKpyskatomei cpezae, [Ipuknagnas 3oonorus, buoreorpadus,
Buonorust oxpansl ipupo b, bruonorust BOAHBIX )KUBOTHBIX, bruopasHoobpasue u ero oxpana, buonorunveckue
INPUHIMIB OXpaHbl MPUPOJBI, DKOJOTUS M OXpaHa LUAHOOAKTEepHi, BoAOpocied M TpuOOB, DKOJIOTUSL
HACEKOMBIX, JKOJIOTUS PECHOBOAHOTO OMOIMKIIA, DKOJIOTH Napa3uToB, DKOJOTHs MOYBEHHBIX OPraHU3MOB,
OKoJIOTUSI  HaceleHMs, OKOJIOTUS IPOKAPHUOTOB M OIKOJOTHS  COOOLIECTB BOJOPOCHEH, ODKOJIOTHUs
KOHTHHEHTAJbHOTO0 OMOIMKIIA, DKOJOTHsI BHYTPEHHHUX BOJ, DKOJOIHUs BOAHBIX OpPraHU3MOB, MHUKpOOHOIOrHUs,
Muxkosorus, 30070THs U Jp.

PaGoTHukn Kadenpbl WICHBI HECKOJbKMX HaydyHbIX oOmecTtB, Hamp. Centre International de
Mpyriapodologie (®panmms), Centre International de Documentation Arachnologique (®pannust) u Yenickoe
00IIECTBO AJIS 9KOJIOTHH.

=  Kageopa unsicenepuu okpysscaioueti cpeowi.

Kadenpa npenogaeT Ha Kypcax B paMKax 00pa3oBaTeIbHON porpaMMbl IH)KeHEpHsT OKPYKAFOIIEH Cpezbl
BO BCEX TPEX CTENeHAX o0pa3zoBaHus. BeimyckHMK cTeneHu GakaiaBpa crocoOeH clieNaTh aHaau3 3arpsi3HeHUs
qacTeil OKpy)Karome Cpeipl, ONpeAeiNTh XMUMHUYECKHE M JPyTHUe BEIIeCTBA, NMPUBOIAIIME K IeTpaiainuu
OKpY’KaloMIel Cpe/bl, M PELINTh HECIOKHBIE MTPOSKTH B O0JIACTH M3YUYEHUSI OKPY’KaIOIIel cpebl. BeImycKHIK
CTENCHN HH)KEHEpa CIIOCOOCH cenaTh OIEHKY ITOCIEICTBHH TEXHOJIIOTHYECKHX IIPOLECCOB HAa KadyecTBO
OKpY’KalOIIeH Cpelpl, CleNaTh MOJCIN U CUMYIISALUHU IPOIECCOB 3arps3HEHUsT OKpY’Kalomel cpeasl (oxpaHa
KadecTBa BOJBI, BO3/IyXa W MOYBHI M YIPaBJICHUE OTXOJaMHM), TOJIH30BATHCS W IMpEIaraTh TEXHOJIOTHH IS
OYHUCTKH BOJ, BO3/AyXa U yIaJCHUS OTXO0B. BBIMyCKHHUK TOKTOPCKOM CTENEHN CIIOCOOSH BECTH HCCIIEJOBAHHE
U Pa3BHBAET MPOTPECCUBHBIC TEXHOJOTMU Ui 3aLIUTHl OKPYXKAIOWIEH cpenbl U B OOJIACTH IKOJIOTMYECKHUX
CHCTEM, OIICHKH pPHCKa, AHATUTHYECKHX M HAONIOAATENbHBIX TEXHUK W 3allUThl OT PaJHOAKTHBHOTO
3arps3HEHUs OKPY>KaIOIIeH Cpe/ibl.

OO6nactu wWHTEepeca I HMCCIIEOBAaHUS HANpPaBICHB Ha OMOTHYECKHME W aOMOTHYECKHE ITOKa3aTeld B
cHCTeMEe MOHHMTOpPMHIa HMPOMBIIUICHHBIX M 3arpsS3HEHHBIX 00JacTel, BOJOOYMCTKH, YIPABIECHHUS OTXOAaMH,
9KOTOKCHKOJIOTUH, CUCTEMbI YIPAaBJIECHUS OKPY)KAIOLIeH Cpenoi — aHan3 KU3HEHHOI'O IUKIJIA, SHEPreTHKH,
MIPOM3BOJCTBEHHBIX TEXHOJIOTUH M MX BO3/ICHCTBHE HA OKPYKAIOIIYIO CpEy, U HAyKH 00 OKpy»KaroIei cpese,
HalpaBI€HHOW Ha paJMOAKTUBHOE TIOBpEXkAEHUE Treocdephl, MNPUPOJHbIE HCTOYHUKU pajvalud |
PaTuOTOKCUYHOCTbD.

=  Kageopa nianuposanus u cozoanus ranouiagma.

Kadenpa nampasnena Ha mprMEHEHHE SKOJIOTMYECKUX 3HAHUI Ha MPAKTHKE B 00JACTH IUIAHUPOBAHUSA U
co3nanus na”amagdra. OCHOBA AEATENBHOCTH Kadeapbl, HAyKH M OOpa30oBaHUs OPHUEHTUPYETCS OIO3HATh
npoOnemMbl JaHmmapTa W HAWTH aJeKBaTHBIC pEIICHUs, Jajee oOpaliaeT BHUMaHWE Ha COBPEMEHHbBIC
npoOjaeMbl M H3MEHEHHs B CTPYKType H30paHHBIX CBOWCTB JaHamadTa, Ha MCCIEJOBaHUE CTPYKTYp
COBPEMEHHOTO M JpPEBHEro JaHamadTa, ero MOTCHIMad B OOJIACTH TypH3Ma, 3HAYUMOCTh BEreTalid B
CEJIbCKOXO3SIMCTBEHHBIX JaHAMAPTaxX M JaHAmAapTax HACENEHHbIX IYHKTOB, BO3/EHCTBHE YEJIOBEYECKOM
JesaTeNbHOCTH Ha naHamadT. Lens kadeapsl - co3aate rapMOHHUIO Yepe3 cOalaHCHPOBAHHOE M PAIlMOHAIBHOE
pAacIIoNIOKEHUE AIIEMEHTOB M OOBEKTOB B CTPYKType JaHAmadTa M dIMMHHUPOBATH W3MEHEHUS, TPUUUHOMN
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KOTOPBIX YelloBeUYecKast AeATeIbHOCTh IPU UCTIOIb30BaHuM JaHamadra. Kadenpa yqactBoBana u yyacTByeT B
HECKOJIbKMX MPOEKTaX Ha HaIllMOHAJIbHOM YPOBHE.

Kadenpa cocTouT W3 HECKOIBKWX CEKIMH, KOTOpble TeMaTu4ecku cBs3aHbl: Cekius nanamadra -
3aHUMAeTCsl CTPYKTypoH JaHamadra, Kak, HanpuMmep, XapaKTepUCTHYECKHE CBOMCTBa JaHAwmadTa,
OKpY’Kalolasi Cpefia HaceJeHUs W MOTeHIUaNI JanamadTa it Typusma; CeKuus ASHIPOJIOTHH - 3aHUMAaeTCs
9KOJIOTHEH pacTeHHU W JeHApooruelt nanamadTa, AepeBbsiMy, 3a00TOW O PACTEHUSIX U OXPaHOM pacTeHUi u
MOJIOKEHUEM PACTEHUH B MPUPOJE; ATPOCEKIHS - 3aHUMAETCSl arpo-3KOCHCTEMaMHU U BaYKHOCTBIO CEIBCKOTO
XO34HCTBA B CTPOCHUHM W WCIOJIB30BAaHUHM KYJBTYPHOTO JaHmmadTa, ¥ TaKKe HETPATUIIMOHHBIMH (OpMaMu
XO3SIICTBOBAHUS B CTPAHE.

Kypcel, xotopeie mpenomaror Ha Kadeape, Hampumep, TeppuTopHanbHOE —IUIAHUPOBAHHE,
[MpoexTupoBanue manamadTa, IKOJOTHS U TOPOACKAs cpenaa, JIeHIpoorust U 3KOJIO0THs pacCTeHUH, DKOJIOTHS
npoaykiuu, Pacronoxenne Bereranuii B manmmagdTe, ArposKOJIOTHs, SKOJOTUS TPABIHUCTHIX HACAXKICHHH,
UcnonwzoBanue nanamadTa 1yt Typu3Ma U T.11.

»  Kageopa coyuanvbubix HAyK.

HccnenoBanus kadenpsl CBsizaHbl ¢ 00pa30BaHUEM U TIJIaBHBIM 00pa3oM OPHUEHTHPYIOTCS Ha PELICHUU
npobnemMbl  puocohUUecKUX B3aMMOOTHOIICHUH dYeloBeKa W MPHPOAsl M (QUIOCO(CKUN OTKIMK Ha
skonoruueckuit kpusuc. Kadenpa yuacTBoBama M ydacTByeT B HECKOJIBKMX HAIlMOHAJIBHBIX INPOEKTaX H
paboTHMKM Kadenpbl NPHHLIN YYacTHe BO MHOTUX MEKIYHAapOIHBIX M JOMAIIHUX KOH(EpeHIHsIX,
cumrnosuymMax u cemuHapax. Camoe OJHM3KO€ COTPYIHHYECTBO Kadeapbl CO CHEHUAINCTAMU M3 YEIMICKHUX
YHHUBEPCUTETOB.

[lenarorndeckass aeATeNbHOCTh KadeAphl BKIIOYACT OOpa3oBaHME KPEATHBHBIX M IKOJOTHUECKH
MBICJISIIIUX MOJIOJBIX JIIOJ€H M BHOCUT 3HAUUTENBHBIM BKJIAJ B IpPOIECC IyMaHHM3allUd TEXHUYECKOrO
oOpa3oBanus B TexHndeckoMm yHHBepcHuTeTe B I'. 3BosieH. OCHOBHBIE KYPChl, KOTOpPbIE MTPENoaloT Ha Kadenpe,
Hanp. unocodus, Sxonornueckas guiaocodus, Punocopckue acnekTsl yenopeyeckoi HaTypsl, Comuonorus,
[Tcuxomnorust muunoctr, ConuanbHas CUXOJIOTHs, DTHKa U 00yyeHHe MpaBaM yesioBeka, MyApoCcTh U MpaBaa
B JipeBHel ¢punocodun, Ikopunocodus, Punocodckue n3bickanus 00 IBOIOIUU KOCMOCA U JIP.

PaboTHuKH Kadenpbl akTUBHBIC B OPraHU3alUN MEKIUCIUILUIMHAPHBIX CHMITO3HYMOB C MEXITyHAPOTHBIM
yuactueMm, Hanp. Kierkegaard's Day; YcroitunBas >xu3Hp; OTMHpaHue TYMaHHOCTH; DKOJIOTUYECKUN KPUBUC —
BO3MOXXHOCTbh WJIH KaTactpoda, u T.1..

» Kageopa FOHECKO.

Kadenpa O6pi1a ocHOoBana B 1994 1. B TeXHWYECKOM yHHBEPCHUTETE B T'. 3BOJICH B PaMKax IMPOTPaMMBI
UNITWIN-UNESCO Chairs. Ilo noroBopy 06 ocrHoBanuu kadeapsl «uensio Kadeaps! sBiasercs moaaepxka
IIEIOCTHOW CHCTEMBI HCCIIeOBaHUsA, 00pa3oBaHMs, HHOOPMUPOBAHHS H JOKYMEHTHPOBAHUS CIIOKHBIX
COOTHOIIEHUI MEXK/y MOJUTUKON B 00JIaCTH N3yUSHHS OKPYKAIOLIEH Cpebl U MPOrpaMMaMHt MEPCHEKTHBHOTO
pa3BUTHSA, OTKPHIBAaHHE TOJUTHUYECKUX IHAIOTOB CPEIU 3aMHTEPECOBAaHHBIX MpeACTaBUTENCH oOmiecTBa, U
MOJ/IEPKKa MEKIYHAPOTHOTO COTPYTHHYECTBA YHUBEPCUTETA B 00JIACTH YCTOHYMBOTO PA3BUTHUS.

Kadenpa neiictByer B r. bancka LlITaBauna — B 1peBHeM ropoze ¢ 6oratoii 00pa3oBaTeNbHON UCTOPUEH,
KOTOpBIN BKITtOUEH B crincok Beemupnoro nacnenus FOHECKO.

HccnenoBanne Ha Kkadeape OpUEHTHPOBAHO TIJIAaBHBIM 00pa3oM Ha MpoOJIeMbl  BO3ICHCTBUS
MEHE/DKEPCKOH paboThl Ha OKPYXKAIOIIYI0 Cpeay, OOIIECTBEHHOE VIpaBIeHHE W MPOCTPAHCTBEHHOE
MOHUMaHKEe OKpyxaromei cpeasl. Kadenpa ydyacTBoBana B HECKONBKHX MEKIYHAPOIHBIX M HAMOHAIBHBIX
Hay4HbIX mnporpammax. Ee paOOTHUKM aKTUBHO COTpyJHHMYAarOT B mpoekTrax OIeHKH BO3AEHCTBHS Ha
OKPYXAaIIIYI0 Cpely U NajlbHEHero pa3BuTus [IpoCTpaHCTBEHHBIX CHCTEM 3KOJIOTUYECKOU YCTOWYMBOCTH,
U T.J.

Kadenpa sBrnsercs rapantoM o00pa3oBaTeNbHON mporpaMmbl MeEHEDKMEHT B 00JacTH W3ydeHUs
OKpY’Kalolllel cpesibl B CTeNeHu OakanaBpa U HHXeHepa. B nepBoii creneHu oOpaiaeTcss BHUIMaHUE Ha OCHOBBI
KypCcOB MEHEIKMEHTa B 00JacTH U3y4YeHHs OKpYy)Kalollel cpensl, Takue, Kak I[IpaBo M SKOHOMHKaA
OKpY’Kalolllel cpesbl, U BO BTOPOH CTENEHM OPUEHTUPYETCS Ha Kypchl Takue, Kak VHTerpupoBaHHBII
MEHEKMEHT JanAmadTa, Kypchl 3aHUMAIOMINECS KOHCYJIbTHPOBAHUEM, ITPABOM HIIM Pa3pabOTKOI MPOEKTOB.

Kadenpa corpynuuuaer ¢ 3apy0ekHBIMU YHUBEPCUTETAMU M HAyYHBIMHU LIEHTpaMH, TIaBHBIM 00pa3oM B
Benrpun, Yexun, Asctpum, Ilomsme wu Jlanmn. B pamkax coTpygHUYECTBA YHUTAIOTCS JEKUUHA B
YHHUBEpCUTETax-apTHepax, kadeapa ydacTBYeT B HAy4yHbIX MMTHHIaX, OpPraHU3YeT 3KCKYPCHUH, KYypCHI,
CEMHHAPBI, WX TIPOXOIUT OOMEH CTYJACHTAMH U TIPETIOIaBaTEIIIMU Ha aKaIEMUYECKOM YPOBHE.
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Kadenpa corpynanyaer ¢ MunucrepctBoM okpyxaromei cpeasl CP u CroBankum areHTCTBOM 3allUThI
okpykarolei cpexsl (SAZP), nanbiie ¢ YHupepcuterom uM. Komenckoro B r. Bparncnasa, YHuUBepcHTETOM
uM. Koncrantuna ®@unocoda B r. Hutpa, YHausepcurer um. Mares bena B r. bancka breicTpunia, 1 Hay4HO-
uccien0BaTeabcKUMy HHCTUTYTaMu (MHCTUTYT nanamadTHOM sKooruu B I. bpatucnasa).

Hayqﬂo—nccnenonaTem,cxaﬂ AEeATECIbHOCTD

dakynbTeT 3KOJIOTHH U HayK 00 OKpY)KaloIIei cpelie OpUSHTUPYETCS Ha HAYYHYIO U HCCIIEI0BATEIILCKYIO
paboTy B 00JIaCTH 3KOJIOTHH JaHImadTa, JIECHBIX, BOJHBIX, CEIIbCKOXO3SHCTBEHHBIX U TOPOJCKHX YKOCHCTEM,
YIPaBJICHUS OTXOAaMH, MOHHTOPHMHIA OKPYKAIOIEH Cpelbl, KayecTBa MPOAYKTOB OKpYXaloUlel cpeibl U
TEXHOJIOTUH, M Takke oOmei oskomorud. OCHOBHbIE OOJAaCTH HAyKH W HCCIEIOBaHHS CIEIyIOIIne:
HccnenoBanne mnanmmadTa W €ro YacTed, BKIOYas OCHOBHBIC OJKOJOTWYECKHE TPHHIUIBI CO3TaHUS
nanamadTa, SKOJOTMYECKOH yCTOWYMBOCTH JaHamadTa, 3ammra M HCIOJIb30BaHME JaHgmadra, ero
MOTEHIIMANT U TypU3Ma, UCTOPHS CTPYKTYPHI JTaHamadTa, U T.11.; UCCIeI0BaHUE OMOTHI, COOTHOIICHHI OHOTHI
U OKpyXaromied cpensl, OnopazHooOpa3zue, OGHOMOHMTOPHHI OKPY)KAIOILEH Cpelbl; aHallM3 OKpY)Karolei
Cpeabl M HCCIIe/IOBaHHE U3MEHEHUI B KaueCTBE OKPYIKAIOIIEH Cpellbl, MOHUTOPHUHT (DaKTOPOB, BIMSIOIIUX Ha
OKPY’KAIOIIYI0 Cpery, TEXHOJOTUYECKHE TPOLECCHl W MPOIYKIHWS, BO30OHOBISIEMBIE NPHPOJHBIE PECYPCHI,
Ka4eCcTBO BOJBI M BO3/yXa, YIIPABJICHUE OTX0AaMU 1 (pritocockre 1 COIMaNbHbIC aCTIeKThl B3aMMOOTHOIICHHS
YeJI0BeKa, IMPUPOJIBI U 00IIEeCTBA.

Bce BhImeynoMsHyThIe HayYHBIE TEMbI OBUTH TJIaBHBIM HTOTOM COBPEMEHHOTO paszzaeicHus Daxyibrera
HKOJIOTHH U HAayK 00 OKpysKaromien cpezie Ha 6 kadenp, rae aeidcTByioT 43 paboTHHKA.

®AKYJIBTET OKPYKAIOIIEM CPEJBI U TEXHOJIOT'MH ITPOU3BOJICTBA

®dakynbTeT OKpyXkarolel cpeabl U TexHonoruu npousBojactBa (FEVT) mpencraBnsier YHUBEPCUTETCKO-
TEeXHUYeCKoe 00pa30BaHME U BOCHHUTHIBAET OOPAa30BAHHBIX CIIEUAIMCTOB B CTENEHM OakalaBpa, MHKEHEpa U
JIOKTOpa B 00JaCTH TBOpPYECTBA U OXpaHbl pabodel cpelbl M OKpYXKarolledl cpeabl — T.e. MEHEIKEpOB U
TEXHUKOB JUI OXpaHbl OKPYXAlOLIeW Cpelbl OT HEraTUBHBIX BO3JEHCTBUI IMPOU3BOJACTBEHHBIX IPOLECCOB
MIPOM3BOJICTBEHHONW TEXHUKHU C HAIIPAaBJICHHEM Ha JICCHYIO M MOJBIKHYIO TEXHHKY, JAepeBooOpaldaThIBaroIIue
CTaHKU U 00Opy/IOBaHME, Ha yNpaBiIeHUE CTAHKAMHU U 00OPYJOBaHUEM, W CHEIMATIMCTOB JIJIs1 IPOMBIIIIJICHHON
UH)KEHEpUU UM MEHEPKMEHTa C HalpaBICHUEM Ha OXPaHHYI0 HMHXCHEPHIO M 00JacTb TEXHUYECKOro
oOecrneveHuns: MPOU3BOACTBEHHOM JIESTENbHOCTH.

I'maBHO# 3amauelt (akynpTeTa SBISETCA CO3JaHUE MEPBOKIACCHOIO MEAArorMyecko-Hay4yHOro pabodero
MecTa, u3BectHoro B CrnoBakuu U 3a pyOexom. DakynbTeT MOCTOSHHO HAOI0aeT 3a TeHAeHIusiMA B EBporie
CBSI3aHHBIMH C TApMOHU3AIMEH €BPOTEHCKOi 00pa3oBaTenbHON cucTeMbl. OH CO3/1aeT YCIIOBHS, MO3BOJISIOIINE
CBOMM CTYACHTaM IOJYYHTh YacTh 00pa30oBaHMs B 3apyOEKHBIX By3aX W OJHOBPEMEHHO (DaKyIbTE€T OTKPBIT
JUIS WHOCTPaHHBIX CTyJeHTOB. Ha cBOMX ycCNmoBHAX M Ha 0a3e CBOETO OmMbITa (PaKyIbTET pearm3yeT Mephl,
CIOCOOCTBYIOIME MOAECPHU3ALUYU M AKTyalu3aluu o0yyeHHs TaKuM 00pa3oM, YTOObI ObLIO MPUBJIEKATEIBHO
JUIS. KypCaHTOB W COOTBETCTBOBAJIO TPeOOBaHMSIM OOIIeCTBA B 00JacTH OakalaBPCKOW, WHXKEHEPCKOW W
TOKTOPCKOM CTeNeHel 00pa3oBaHMUs.

Uctopus daxynprera HaunmHaeTcs npu ocHoBaHuM ['opHO# akagemuu B banckoit LLITsBHWIM, KOTOpas
BCEMHPHO CBS3aHA C HAYAJIOM BBICIIETO TEXHHYECKOro oOpa3oBanus B EBpore.

HenocpencTBeHHBIM CTHMYJIOM JUIsi OCHOBaHHSA (hakylbTeTa OBLIIO HEpaBHOBECHE MEXITy TpeOOBaHUSIMHU
Ha KOMIUIEKCHOE peIIeHHEe U OO0eCledYeHHe SKOJIOTUYECKOTO0 KayecTBAa IMPOU3BOACTBEHHBIX MPOIECCOB M
aKTyaJIbHBIMH aKTHBHOCTSIMM B Hay4YHO-HCCIIEIOBATENbCKOM M BOCIUTATEIbHO-00pa30BaTEIbHOW 00JacTsX,
HampaBJIeHHBIMU OOJNbIIE HAa OTIENbHBIC JJIEMEHTHI, YeM Ha Lenyl cuctemy. PakyiabTeT Hayal CBOIO
nesaTenbHOCTh 1 ceHTsaOps 1996 1. DakynbTeT TEXHOJOTHH OKpYXarolled Cpefbl W TPOHU3BOJCTBA, Kak
4eTBepThIii (hakynpTeT TEeXHHYECKOro YHUBEpCHUTETa B T. 3BOJICH, JOMOJHSAET W pacIupseT y4eOHO-
HCCIIEI0BATEIbCKOE HAMpaBlIeHNEe YHUBEPCUTETA U OCTAJIbHBIX (paKkynbTeTOB. B HacToslee BpeMsi OH COCTOUT
13 4eThIpex Kadeap:

= Kageopa oxpysicaroweti cpedwvl u 1eCHOU MexHUKU

= Kaghedpa mexanuxu, Mauunocmpoenus u Ou3aiHa

» Kageopa ynpasnenus cmankamu u agmomamusupo8anHou mexHukou

= Kagheopa npousso0cmeenHou mexHuKy U MEeHeONCMEeHMA Kauecmaa
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HayuHno-uccnenoBarensckass JesTENbHOCTh (aKylbTeTa IOCTPOSHA HAa TPUHIUIEC MaKCUMAIBHOTO
MEPEKITIOYEHHS MearOTHYeCKUX MW HAyYHBIX ACATCIbHOCTEH, YYHThIBas MHPOBBIC TPCHIBI M aKTyaJlbHbBIC
TpeboBaHusi oOmecTBa. Peub WeT, TTIaBHBIM 00pa3oM, O TIOHMKEHHHM MaTepHallbHOM M DHEPreTUYeCKOU
€MKOCTH TPOU3BOJICTBA, UCIOJIb30BAHUH HOBBIX M BO30OHOBIIIEMBIX SHEPIETHUCCKUX PECYPCOB, 3DPEKTUBHOM
HCIIOJIb30BAHUU JTOMAIIHETO CBhIPbA W NPHUMECHCHHWH JKOJIOIrM3alvi W T'yMaHU3allMHU IPOMU3BOACTBA, BKIIKOYAs
pelIeHUs] MHUHAMH3AlUK HETaTUBHBIX TOCTCACTBUI TEXHUKH M TEXHOJOIMH Ha OKDPYKAIOIIYI0 Cpeny |
pabouyro cpeny.

Oo6pa3oBanue

Cmenens b6axanaspa:

- BBIIYCKHUKK 00pa3oBaTeNbHOM MpoOrpaMmbl Ipancnopmuas u MaHURYIAYUOHHAA MEXHUKA
NPUMEHSIOT 3HAaHUSI O METOoJaX KOHCTPYHMPOBAHHS OTIENBHBIX YacTe CTaHKOB U 00OpyJOBaHUS,
MPOW3BOACTBEHHBIX TEXHOJOTHH M OKCIUTyaTalldd MAIIMHHBIX OO0OpYAOBaHWM B pPa3HBIX OTPACIIAX
MPOMBIIIJICHHOCTH, MAIIMHOCTPOUTENBHBIX U APYTUX MPEANPHUITHIA MPOU3BOACTBA U yciyr. OHU CIIOCOOHBI
pElINTh TPAKTHUYECKUE CIECHUATM3UPOBAHHBIE 3a7aud DSKCIUTyaTalldd M yXoAa B 00JacTH TpaHCIoOpTa M
MaHHUITYJISIIUN C MAaTEPHUATIOM.

- BBITYCKHHKH 0O0pa30BaTeIbHON mporpamMMmbl IIpouzeodcmeennas mexHuKa CIOCOOHBI paboTaTh C
MEHEPKEPaMH, TOJIb30BATEIIIMHA TTPOU3BOJICTBEHHBIX CTAHKOB U 00OPYIOBAaHUS U CO CIICIUAIMCTAMHU JAPYTUX
orpacneir. [lo mpopmimpoBaHHIO OHU TPUMEHSIOTCS B 00JAacCTH TPOOIIEMATHKH JepeBOOOpadaTHIBAIOIINX
CTAaHKOB W 0OOpYJOBaHWs, YNPABISIIONIMX W HWHOOPMAIMOHHBIX CHCTEM CTaHKOB B TPOU3BOJICTBEHHBIX
Mpoleccax WK B POOIEMaTHKE TEXHUKH 3aIUThI OKPYKAIOIICH CPeJIbl.

- BBITYCKHUKW 00pa3oBaTenbHON MmporpaMMel IIpombluiennas unsiceHepus NPUMEHSIOT TaKue 3HAHUS,
KaKk yIOpaBlieHHE U oOecliedyeHre KadecTBa TMPOJAYKIMM M KadyecTBa TMPOIECCOB, KaK YIPaBIATh
MTPOU3BOJICTBEHHBIMH TTPOIIECCAMH CCBUTAsCh Ha TBOPYECTBO W 3aITUTY OKPYXKAIOIICH Cpesibl U paboveit cpepl
W Ha OIICHMBAHWE W YINPABICHHE PHCKOB TIJIABHBIM 00pa3oM B 00JACTH CHCTEMbI 3alllUThl 370POBbSI U
0€30MacHOCTH TPy/Ja B OCHOBHBIX YIPABJICHUECCKUX YPOBHSIX MPOW3BOJCTBEHHBIX OpTraHU3AIlNi, B yCIIyTax,
ayJIUTOPCKUX OPTaHU3alUsAX, B 00JacTH yNpaBICHUS Ka4eCTBOM, CHUCTEMax YIPAaBICHHsI OPTaHU3AIUIMH U
CUCTEMax YIpaBIIEHUS] PUCKAMHU C CHIJILHBIM aKIIEHTOM Ha MpoOJIeMaThKy 0e30MacHOCTH Tpy/a.

- BBIMIYCKHUKHA 0O0pPa30BaTEIbHON TpOTrpamMMbl IKOMEeXHUKA TIPUMCHSIIOT 3HAaHUS C OOJIACTH 3allIHThI
atMoc(epbl, OYUCTKM W 3alIMThl BOJ, MWUHUMH3AIUH, XPaHEHWs, JUKBUAAINH, BTOPHUYHOHN MepepabdOoTKu
OTXOJIOB, TOOBIYM BTOPHYHOTO CHIPHSI, MOHUTOPHUHTA M 3aKOHOJATENBHON OXpaHbl OKPYKAIOUIEH cpellbl Tpu
OIICHKE M BBIOOpE MPOM3BOJICTBEHHBIX TEXHUK I SKOTEXHUKHA B TPEOyEeMBIX SKOJOTMUYECKHX KadecTBax U
cucreMax BAT, EVABAT wu t.n. OHun mnpuoOperaroT KBamu(dUKauio Ha pabdOTy B OTIeNaX OXPaHBI
OKpYXKarolie cpeibl, B MPOU3BOJCTBEHHBIX OOBEKTaX M B WHCTHTYTaX TOCYAapCTBEHHOTO YIPaBICHUS Ha
Pa3HBIX CTENEHSX MPHU OIEHKe, paboTe Ha MPOEKTaX U KOHCYJIBbTAIMOHHOW AEATEIbHOCTH 3HEPTeTUUYECKUX U
SKOJIOTUYECKUX TOKa3zaTreJied MpH HCIOJIb30BAHUU PECYPCOB JHEPTUM, MPOMBIIUIEHHBIX TEXHOJOTUN U
MIPOU3BOJICTB.

Cmenens unncenepa:

- BBIMIYCKHUKH 0Opa3oBarenbHOU mporpammbl Ilpouzeodcmeennas mexHuxka CyMeElOT aHATU3WPOBATH,
mpejiaraTh, KOHCTPYHMPOBATh, TMOJACPKUBATh MAcCIITaOHBIE TEXHUYECKHWE PEIICHUS, BKIIOYAOIINE
MPOU3BOJICTBEHHYIO TEXHUKY U OCYIIECTBJISTH HCCIICIOBAHHE C BBICOKOW CTENEHBIO TBOpUYECTBA U
camocTosTeibHOCTH. OHHM TIPUMEHSIOT CBOM 3HAHUS BO BpeMs pabOTHI B TPOEKTaX, KOTOpas BKIOYACT
UIACHTH(HUKAIMIO TPOOJIEMBI, €€ aHanu3, NPEJIOKCHWE W WMIUIEMCHTAIUI0 MACIHITa0HBIX PEIICHUH ¢
MPOU3BOJACTBEHHON TEXHUKON BMECTE C UCHBITAHUEM U MOAXOJAIIECH TOKYMEHTAUUEH, OCO3HABasl OTACIbHbBIC
aCTMEeKThI KayecTBa.

- o0ydyeHne B 00pa3oBaTENbHON TpOrpaMMme JIKOomexHuKa HANpPaBICHO HA TNPHOOpPETEHWE 3HAHWN
KOHCTPYUPOBAHUS, TPUMEHEHHSI TEXHUKH, TpeJHA3HAUYCHHOW JUIs TIEpBUYHOW 0OpabOTKM JpEBECHHBI, U
JIPYyTHE COOTBETCTBYIOIIHNE OTPACIN MPOW3BOACTBA. BBIMYCKHUKH MONYYarOT 3HAHUS IS OIEHKA BTOPUYIHOTO
CHIPbSI M3 CENbCKOTO XO3SIMCTBA, JIECHOTO W JIepeBO0OOpabATHIBAIONIETO TPOU3BOJCTB, M3 3aKOHOJATEIHHOU
OXpaHbl OKPY)KaIOIEeH Cpeabl U €e MOHUTOPUHTA. BBITYCKHUKN HaxXoAsT ceOe MpUMEHEHHE B OpraHu3alusx,
3aHUMAIOIIUXCS KOMIUIEKCHBIM pEIICHHEM W TeXHHUYECKUM OOECIIeYeHHEM BOIMPOCOB TBOPUYECTBA M 3aIUTHI
pabodeil cpeapl M OKpykatomedl cpenpl. OHM MOTyT paboTaTh B OTHENax TEXHHUYECKOTO Pa3BUTHS,
WCCIEOBAHNS, KOHCTPYKIIMH, MHBECTHUIIMOHHOTO Pa3BUTHs, HO U BO BHYTPEHHEH M BHEIIHEW TOPTOBIE C
BHYTPHUOTPACIEBOM TEXHUKOM.
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Joxkmopckaa cmeneny:

- OOpasoBatenpHast nporpamma IIpouzeoocmeennas mexnuka sBISETCS IOCIEBY30BCKOM HAaydyHOW U
oOpazoBaTenpHOM  mporpammoii. JlokTopckas —creneHb B JIaHHOW  MporpaMMe  HamnpaBlieHa  Ha
HCCIIEI0BATENbCKYIO IEATENIBHOCTh B 00JACTH MPOU3BOACTBEHHON TEXHHMKH, KaKUMH, HalIpUMeEp, MOTYT OBITh
HayYHbIC aHAJIHM3bl B 00JACTH PAa3BUTHS W KOHCTPYKIIMH IPOU3BOJICTBEHHBIX CTAHKOB, POOOTH3MPOBAHHBIX U
ONEPALIMOHHBIX CUCTEM CTaHKOB M oOopynoBanuss u T.4. ConepkaHue oOyueHHsI BKIIIOYAeT Hay4yHbIE
SKCIIEPUMEHTH B paMKax TEOPHM MAaTEMaTHYECKOTO aHalln3a, TEOPUU BEPOSITHOCTH, MaTeMaTHYeCKOn
CTaTUCTHKH TEOPUU CHCTEM, BepU(UKAIMM KOMIBIOTEPHBIX MOJENEH, aHajnu3a MEXaTPOHHBIX CUCTEM H
HEHPOHOBBIX CETEH, TEOPUH CUCTEM YIIPaBJICHHUs, HeUeTKOH Joruku (fuzzy logic), u T.1.

Hay‘lHO-HCCJIeIIOBaTeJ'IbCKaH ACATCIBHOCTD

Hay4Ho-ucciienoBatenbckas JeATeNIbHOCTh Ha DakyabTeTe OCYIIECTBISETCS B COOTBETCTBUU C
HATIOJTHEHUEM IIeJIeH YHUBEPCUTETA B CIICAYIOIINX HAYYHO-HUCCIICAOBATEILCKIX HAIIPABICHHSX

e TEOPETHYECKUEC OCHOBBI TEXHUKHU W TEXHOJIOTHM MHUHHUMU3AIMU, XPaHCHHS, 00PaOOTKHU, JTUKBUIAIUN U
BTOPUYHOU TIEPEPaAOOTKH OTXOI0B U BTOPUYHOTO CHIPbS,

e BTOPHUYHBIE U BO30OHOBIISIEMBIC PECYPCHI SHEPTHH,

e JCCJICIOBAaHWE TEXHUKU TpoOIlecca Cemapamuyd TBEPIABIX YaCTHII C IENBI0 TMPEKpalleHus] UuX
yJIeTydnBaHus B aTMOchepy,

® JHCCJICIOBAHUE TEXHUKH 3aIUTHI BOJI,

e MOJCTHPOBAHWE W CUMYJISIHSA AaBAPUHHBIX CUTYallMidi M pEHNICHHE TEXHUYECKUX CPEACTB JUIS
XapaKTePUCTUKHU, MPODUIAKTUKY U YCTPAHEHHS UX MOCIEICTBUH,

e CTaHKM ¥ 00OpyIOBaHWE [UIS MEXaHW3aIlMH JIECHBIX pPabOT, COOTBETCTBYIOIINE TPEOOBAHUSIM
MUHHMU3AIIH HETaTUBHBIX TIOCIIECTBUI Ha JIECHYIO Cpey,

e JiepeBooOpabaThIBatONIast U JIECHAs TEXHUKA — KOHCTPYKIIHS, MCIIOJb30BaHNE, aCTICKTH 0€301acHOCTH
UX IPUMEHEHUS,

e MaHWMNYJISIIMOHHAS W TPAHCIIOPTHAs TEXHHUKA B JIEPEBOOOPAOATHIBAIONICH MPOMBIIIICHHOCTH U JIECHOM
XO3SHCTBE,

e pa3BUTHE MPOOUPOBAHUS B OOIACTH JIECHBIX M JIEPEBOOOPAOATHIBAIONINX CTAHKOB ¥ 000PYIOBaHUS,

e TPUMEHEHHE OJEKTPOHHBIX JJIIEMEHTOB B YNPABISIOMIMX CHUCTEMaxX IMPOW3BOJACTBEHHBIX H
MePEABIKHBIX CTAHKOB,

® JCCJIEIOBAaHUE — PA3BUTHE — PEATH3ALHUS COBPEMEHHBIX M3MEPHUTENBHBIX W YIPABISIONINX CHCTEM C
MHUKPOKOMITBIOTEPAMH U MOAYJIbHBIMUA KOMITBIOTEPHBIMU CHCTEMaMH,

e HCCJICIOBAHUEC — PA3BUTHE — PeaM3als KOHCTPYKIMOHHBIX PaOOT METAUTMYCCKHX M JICPEBSHHBIX
KOHCTPYKIIMI HAUBBICIIICH CTETICHN CIIOKHOCTH,

e mpoOsieMaTHKa CBOWCTB M BO3MOXXHOCTEH TNPUMEHEHHS TPAJWIMOHHBIX W  CICIUAIBHBIX
KOHCTPYKIIMOHHBIX U HHCTPYMEHTAJIbHBIX MATEPHAJIOB,

e mpo0iieMaTHKa TEXHOJIOTHUECKUX MPHUHIIUIIOB MAIIMHOCTPOUTEIBHBIX TPOU3BOJACTB, CChUIASACh Ha
MPOM3BOJICTBEHHYIO TEXHUKY M NMPOCKTHPOBAHUE MPOM3BOJCTBEHHBIX MPOIIECCOB, MOTYCPKUBAST BOZMOKHOCTH
nmiiemenTtanuu CA (computer aided) TexHomoru#,

e Tmpo0iieMaTHKa TPOU3BOJACTBEHHOTO MCHE/DKMEHTA, MEHEDKMEHTa KadecTBa, JIMarHOCTHKH,
MPOM3BOIUTEIHLHOCTH U HAJICKHOCTH CTAHKOB B CBSI3H C OKPYXKAIOIICH Cpe/IoH,

e KyJbTypa, 0€301MacHOCTh U TYMaHU3aIMs TPYAa,

e 0E30IMaCHOCTh TEXHUYCCKHUX CHCTEM,

e CO3JaHHE U yIpaBJICHUE TPON3BOJICTBEHHBIMU CHCTEMaMH,

e HHTETpaIHs CUCTEM YIPABICHUS U CEPTUPHUKAIIHS.
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EXPERIMENTAL RESEARCH OF HAND-ARM VIBRATION
EMISSION OF CHAINSAW

J. Kovag, J. Krilek

Mechanical vibrations in a chain saw are mainly caused by the back-and-forth movement of the piston, and
to a lesser extent by the cutting chain. Presented measuring was undertaken with objective to increase our
knowledge about the impact of the different types of guide bars and types of saw chains on hand-arm
vibrations. Statistical analysis for frequency weighted vibration showed no difference between types guide
bars, types of saw chains and wood plant. The article deals with conditions and analysis of effects on human
being caused by vibrations and noise of professional chainsaws in operation. The article analyses
application of the ergonomic principles in the construction of the forest machines, mainly the working place
of the operators and control elements of the machine.

Keywords: ergonomics, chainsaw, vibration, cutting wood, forest harvesting.

Mexanuueckue eubpayuu yenHou NuIbl 8 OCHOBHOM BbI36AHbBI 8036PAMHO-NOCMYNAMENbHBIM OBUNCEHUEM
NOpWiHA, U 6 MeHbuiel cmenenu pexcyujei yenu. Ilpedcmagnennoe ucciedosanue Obli0 NPOGEOEHO C YEblo
Pacuiupenus Hawiux 3HAHUL O GIUAHUU PA3TUYHBIX MUN08 WUH U MUNOE NUNLHLIX Yenell Ha eubpayuu pyKu.
Cmamucmuyeckuil aHaIu3 4acmom 636euleHHOl 8UOPayUU He NOKA3AIU HUKAKOU PA3HUYbL MelcOy MUnamu
Hanpaseiarwux CcmepixcHell, mMunamu nulbHelX Yene U obpabomku Opegecunvl. B cmamve
paccmampusaomes yCiosus U aHaiu3 6030eUcmeuti Ha 4elo8eKd, GbI36AHHBIX GUOPAYUAMU U WYMOM NpU
npogeccuonanvroli  axkcnayamayuu. Cmames  0aem — AHAAU3  IPSOHOMUYECKUX  NPUHYUNOE  NpU
cmpoumenbCcmee JNecHblX MAawul, 8 OCHOBHOM padouee Mecmo onepamopos U YNpasisiowjux 31eMeHmos

v

MAaAUUHbL.

Knrwoueswie cnosa: speonomura, bensonuia, ubpayuu, pe3xu Opesecutvl, 3a20MmoeKu necd.

Introduction

Mechanical vibrations in a chain saw are
mainly caused by the back-and-forth movement of
the piston, and to a lesser extent by the cutting
chain. The latter causes vibrations due to varying
forces affecting the cutters which penetrate the
wood (Wojcik, 2002). These forces are caused by
the resistance of the wood to cutting, which
depends on a number of reasons, like the shape and
condition of the cutters (Kovac¢ and Kulkov, 2007,
Kova¢ a Marko, 2009). The vibration levels
resulting from the cutting chain working in the
wood depend on the place (front or rear handle) and
the direction (x, y, z axis) of the measurement.
Sowa (1998) stresses the importance of two other
factors that affect the vibration levels, namely the
pushing force applied to the saw and gauge depths
of the cutters, which have a direct effect on the
resistance of wood to cutting. Results of
experimental investigations performed by Stempski
et al. (2010) showed statistically significant
differences between the vibration levels and top
plate filing angle values. Another factor which
affects the vibrations emitted by chain saws is the

way the operators work with these machines. This
problem was studied by Skarzynski (2007), who
tested vibration levels when cutting wood logs of
different diameters with the upper and lower sides
of the bar. His results proved that both the working
techniques as well as the wood log diameters
significantly affected the vibrations.

Presented study has been undertaken with the
objective to increase our knowledge about the
impact of different types of guide bars on the hand-
arm vibration.

Hand-arm vibrations

For the purpose of the study of the hand-arm
vibration levels there has been introduced a local
co-ordinate system for the uniform data exchange
as illustrated in the fig. 1.

The main source of vibrations transmitted into
the hands-arms in the vehicle is the steering wheel.
The driver subjectively perceives this vibration in a
very negative way, however it is not considered as
very dangerous for the driver from the
physiological point of view as well as with regard
to hygienic standards. The health of the operator is
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in such case much more endangered by the reduced
active safety usually interconnected with the
steering wheel vibrations. On the other hand the
operators of the heavy off-road machines can suffer
from vasoneurosis caused by this profession.

Ls

Xn

Zn Yh

Fig. 1. Evaluation system for the hand-arm vibration levels.

Typical activity that affects the hand-arm
vibration is the work with pneumatic manual tools
or chainsaws. In such cases the hand-arm
exposition is much higher than operating a mobile
forestry machine and the hygienic standards are
often exceeded. Observing the contact level
between the hand-arm and vibration tool or control
element shall become a standard proceeding. This
approach involves measuring and recording of the
vibrations transmitted to hand-arm in all three co-
ordinates, spectral analysis of these records and
comparison with respective limit curve given by the
specific exposition time. Since the mention
procedures is very rare, people working with
pneumatic tools often suffer from so called Hand-
Arm Syndrome, the complex reaction of the
organism to uncontrollable exposition. In such
cases it can lead to irreversible damage of
muscular, vessel, nerve and skeleton hand-arm
system. It is interesting to mention the temperature
influence often observed in many researches. The
vibration impact on human body increases with
decreasing temperature of the environment. The
manufacturer’s declared vibration emission of a
hand held power tool should be related to the
vibration magnitude a;. Unfortunately, for many
tool types the relationship is poor and the vibration
emission should not be used as a substitute for the
in-use vibration magnitude. However, evidence
from previous HSL studies suggests that for chain
saws there is a wusable relationship between
emission and exposure. Vibration exposure is
highly dependent on exposure times. These will
vary from job to job. To simplify the estimation
procedure, it may be possible to take into account
typical exposure times for a range of common
activities. At its simplest, the estimation procedure
could use a simple multiplication factor for
converting from vibration emission to a daily

vibration exposure, with tables of constants
provided for standard job types.

Material and methods

Experimental procedure was based on
requirements according to STN EN ISO
22867:2012, STN EN ISO 5349-1:2003 and STN
EN ISO 5349-2 (see Figure 2). Measurements were
carried out on a new machine (f. STIHL, type MS
261, f. Husqvarna, type 550XP ), featuring standard
equipment as provided by the manufacturer.

For the research there were used two types of
the most spread and used chain saws from the
category — medium heavy duty. For every type of a
chain saw there were used guide bars and saw
chains recommended by producer. For the cutting
process there were used two wood species i.e.
beech (Fagus sylvatica) and spruce (Picea abies).
This wood was fresh with moisture over viber
saturation point. The measurements were held
outside in the area of VDL TU in Zvolen.

Husqvarna 550 XP:

- The type of giude bar with a pitch of saw
chain planing teeth 0,325 Oregon and Husqvarna.

- Thy type of guide bar for saw chains with the
pitch of the saw chain planing teeth 3/8 Oregon
and Husqvarna.

- The saw chains Husqvarna: H21 0.325,
H25 0.325, H42 3/8, H54 3/8.

- The saw chains Oregon: M21LPX 0.325,

21LPX 0325,  21BPX 0325,  73LPX 3/8,
M73LPX_3/8, 73DP_3/8.
Stihl MS 261:

- The type of guide bar with the pitch of
planing teeth 0,325 Stihl rollomatic and duromatic
(without guide wheel).

- The type of the guide bar for saw chains with
the pitch of planing teeth 3/8 Stihl rollomatic
and duromatic (without guide wheel).

- The saw chains Stihl: RS 0.325,
RMC 0.325, RD3 0.325, RSC_3/8, RMC 3/8,
RD 3/8.

Measurements were carried out in the
following operating modes: idling, full load and
racing. The measure chain consists of tri-axial
accelerometer (f. Norsonic, type 1287) and
vibration analyzer (f. Norsonic, type 133). The
accelerometer on the rear handle was located 20
mm £ 3 mm in front of the rear of throttle trigger.
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The accelerometer on the front handle was located
25 mm + 3 mm to the left of the guide bar plane.

Results and discussion

The goal of measurements was to find out the
value of vibrations on front and back handle of
chosen types of chain saws at the different types of
saw chains and giude bars cutting wood. For
evaluation of measured data there were used
Wilcoxonov test and Kruskal-Wallisov test and for
graphical presentation there were used point figure

Tab. 1. Basic technical parameters of chain saws.

3 and 4. There were evaluated vibration values a —
weighted mean of vibrations, which is given by
formula 1 and calculated from:

- Vibrations - idle

- Vibrations — maximum revolutions without
loading

- Vibrations — during wood cutting ar.

Then there were evaluated vibrations values ar
— mean vibration values during wood cutting by
chain saw.

Type of Chainsaw Stihl MS 261 Husqvarna 550 XP
Cylinder, cm? 50,2 cm’ 50,1 cm?
Performance, kW 2,8/3,8kW/k 2,8 kW
Weight, kg 5,2 kg 4,9 kg

<
Predna a zadna rukovat f
- \

)

N——r
W= &

umiestnenie snimacov
zrychlenia

Fig. 2. Distribution of sensors at vibration measurement
(Kovac, Krilek, Kucéera, Kopecky, Hlaskova, 2013).

During measurement there was found out that
the highest levels of vibrations were recorded
during idle running of chain saws and the lowest
levels were recorded during maximum revolutions.

7

On the chain saw Stihl MS 261 there were used two

types of guide bars namely duromatic
and rollomatic. From the point of vibration
evaluation there was not shown statistical

difference for the used types of guide bars. The
evaluation says that using the chain saw Stihl MS
261 the vibrations are the lowest in both types of
guide bars with a guide wheel and without a guide
wheel as well. In the comparison with Husqvarna
550 XP which is the most similar to Stihl MS 261
according to the technical parameters, it has higher
vibrations. For the given chain saw there were
recorded the best vibration indicators for the saw
chains H21 0,325 and H25 0,325. Because of this
we can say that the pitch of planning teeth has
influence on the size of vibrations and better
indicators were recorded on the chain saws with a
pitch.
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Fig. 3. Influence of all factors on size of vibrations a (m.s?) and ar (m.s™) on the chain saw Husqvarna 550 XP.
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Conclusion

Interaction between a saw chain and the type
of a chain saw regarding to the size of vibrations on
the medium heavy duty chain saws was
considerably noticeable. Interaction of a saw chain

7

has not shown the vibration difference. Evaluation
of chain saws in the interaction of the type of a saw
chain has not shown the difference that is why we
can say that a type of the saw chain does not have
influence on the size of vibrations.
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Fig. 4. Influence of all factors on size of vibrations a (m.s?) and ar (m.s?) on the chain saw Stihl MS 261.

The influence of wood during the cutting
process has shown significant values and we can
say that at spruce wood cutting there are vibrations
lower than at beech wood cutting. This fact is
caused by physical and mechanical wood
properties. Soft wood absorbs vibrations better than
hard wood (better vibration transmissions).
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BHEJPEHUE NHHOBAIIMOHHBIX TEXHOJIOIUH 11O YXOJIY
3A APEBECHBIMU HACAXKIEHUAMMU: PASPABOTKA

I'MBKOI'O MAHUMIIYJIATOPA

l0.H. CuagbiraHos, A.A. MegsikoB, A.l. OctaweHkoB, A.[l. KameHckunx, U.[l. Ma3yHuH, K.[l. CeméHoB

B cmamve paccmompena xoncmpykyus eubkozo manunynsmopa. ILlenvio  paspabomku  0anno2o
MAHUNYIAMOpaA AGIAEeMCcs YNpoweHue npogedeHuUs: JIeCHbIX U CelbCKoXo3atcmeenuvlix pabom. IIposedén
AHAU3 U CpaGHeHUe OAHHO20 MeXAHUIMA C CYWeCmEVIOWUMU MUNAmMu MAanunyiamopos. Paccmompena
B03MOCHOCHb NPUMEHEHUsL 2UDKO20 MAHUNYISIMOPA 015l pabOm CEA3AHHBIX C YXO00OM 30 OepesbsiMU.

Kniouegvle cnoea: 2ubkuii Manunyiamop, 02paHudyeHHoe NPOCMPAHCMEO, 36€HO MAHUNYIAMOPA, GblCOKA

Hazpys3Ka.

The article describes the construction of a flexible manipulator developed. The development objective of this
is to simplify the manipulator of forest and agricultural operations. The analysis and comparison of this
mechanism with existing types of manipulators. The possibility of using a flexible manipulator for work

related to the care of trees.

Keywords: flexible manipulator, limited space, manipulator link, high loading.

BBenenmne

CeroiHsi MaHHUITYJIITOPHl COCTaBIISIFOT OCHOBY
COBPEMEHHOTO JIECONIPOMBIIIIEHHOTO 000py10BaH

usl. B Hacrosuiee  BpeMs B JIECHOH
MPOMBIIUIEHHOCT ~ HallUIM  PAaclpOCTpPaHEHUE
YETBIpe OCHOBHBIE KOHCTPYKTHUBHBIE

Pa3sHOBUAHOCTH TUPABINYECKUX MAaHUITYJIITOPOB:

1) mapHUPHO COUJICHEHHBIE;

2) TeIeCKOIIMYCCKHE;

3) KOMOMHUPOBAHHBIC;

4) napajuienbHbIC.

Kaxnplii W3  BHIOB  THUAPABIMYCCKHX
MaHMITYJISTOPOB CIIEUATN3UPOBAH HA BHIMOJIHEHHE
Y3KOCTICITUATU3UPOBAHHBIX Pa0OT.

Ins  sddextnBHOM pabOTBl B JICCHBIX
MacCHBax MaHUITYJIATOP IOJDKEH 00J1alaTh PsIoM
CBOWCTB, B TOM YHWCJIC ¥ MPUHIMIIAMH YIIPABICHUS
B OrpaHUYEHHbIX IPOCTPAHCTBAX, yeM
THIPaBIMYECKIUE MAaHUIYJIATOPHl HE OOJNagaroT B
nosHo Mepe. CylIecTBYIOUIME TEXHOJIOIMH HE
TIO3BOJISFOT MPUMEHS T THIIPABIIMYECKUEC
MaHHITYJSTOPBl B TPYAHOAOCTYIHBIX  HJIH
UMEIOIINX MPEMSATCTBUS MecTaX. B CBsI3u ¢ 3THM BO
MHOTHX 00JIaCTSAX MPOMBIIUICHHOCTH BCE OOJIBIIYTO
MOy ISIPHOCTh HAOWPAIOT KOHCTPYKIUH MMEIOIIHE
THOKHE CBS3H.

Tubkuii manunyismop — 5TO MEXaHU3M s
yOpaBlIeHUs]  MPOCTPAHCTBEHHBIM  IOJIOKECHUEM
opyauii, OOBEKTOB TpyJa W KOHCTPYKLHMOHHBIX

y3JI0B B COOTBETCTBHUH c 3aJJaHHBIM
TEXHOJIOTUYECKUM TIPOLIECCOM.
['uOkmii MaHUITYJISITOP UMeeT

MPUHLUIIMATIBHBIE NPEUMYLIECTBA MEpe] APYTUMHU
BHJaMH MAHHUITYJIITOPOB:

— MEHBIIEE KOJIMYECTBO 3BEHLEB  JUIA
obecreueHust SKBUBAJIEHTHOT'O KOJIMYECTBA
CTeIeHel CBOOO/IbI;

— BO3MOXHOCTh paboTaTh B OIPAaHUYCHHOM
MPOCTPAHCTBE

— CHOCOOHOCTH «00XBATLIBATEY» O0BEKT

— OOJIBILION IMANA30H U3MEHEHHS BbICOTHL.

MeToabl U MaTepuabl

B Hacrosimee BpeMsa B JIECHOW M
CEILCKOXO3SIMCTBEHHON OTpaciu HE CYLIECTBYET
JOCTAaTOYHO A(PQPEKTHBHBIX MAIIMHHBIX METOI0B
MO3BOJISIIOIUX (POPMUPOBATH KPOHBI JEPEBHEB U
YOQIATH ~ OTMEpPIINME dYacTh  pacteHud.  [ns
BBIIIOJIHEHUS TaKUX ONEpaluil NpPUMEHSeTCs B
OCHOBHOM pYYHOW W MEXaHWU3UPOBAHHBIA TPYII.
[Mpuamun ~ paboThl  THOKOrO  MaHHUITYJISTOpa
HalpaB/IeH Ha aBTOMAaTHU3ALMUIO 3THX OIEpaluHy,
YTO TIO3BOJIUT BBINOJHATH paboOTy HAMHOTO
3ppeKTUBHEE ¢ MHMHUMAJIbHBIM HCHOJIb30BAHUEM
pyuHoro Tpyna. Tak >ke THOKHH MaHUITYJISTOP
MO’KHO IPUMEHSITh U NP NPOBEAECHUH JIECOCEUHBIX
pabor. OnuH U3 MPUHIUIIOB TPUMEHEHUS] THOKOTO
MaHMITyJISTOpa B  YCJIOBUSIX OTPAaHUYEHHOCTH
MPOCTPAaHCTBA IPEJCTaBIIEH HA pHC. 1.

Ha puc.2 mnpencraBieHa (yHKIMOHAJIbHAS
CXeMa CHUCTEMBl YIPaBICHHS JABYX3BEHHOTO
THOKOT0 MaHHITYJISTOPA.

OnHo W3 3ajarOUMX BO3JCHCTBUII CHUCTEMBI

YIIPABJICHUS THOKUM MaHHITYJISTOPOM
o0ecrieunBaeT  JBUKEHHE VICTIOJTHUTEIBHOT O
oprasa 1o 3aJaHHON MIPOCTPaHCTBEHHOU

TPAeKTOpUM  IIYTEM  YIpPaBIECHUA  JIBHKCHUEM
OTAENBHEIX 3BeHheB 1 u 2. [lpyroe 3amaroriee
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BO3/ICHCTBHE OTBEYAaeT 3a JBIKEHHE BCEro
UCTIOJIHUTENbHOrO opraHa. Komanzabsl nonaBaemble
C  yCTpoiWicTBa  MPOrPaMMHOTO  YIpaBJICHUS
noctynaroT B Omoku ympasineHusi bY1 u BY2 c
anekTponpuBogamMu  Mlu M2. IlepenaTounsie
Mexaum3mbl [IM1u [IM2 peanuzyior TpeOyemoe
JIBIKEHHE.

Takum o6pazoM, (QyHKIMOHANBEHAS CcXeMa
yHpaBJICHUs] UMEET TPU OpraHa yNpaBICHUS:

-331a101L U I (ynpaBisroruii) Opras,
CIyXammid  Juii  00pa3oBaHUS  YIPABISIOMIAX
CUTHAJIOB U JIBMKCHUIA;

-MCTIONIHUTENbHBIA  OpraH ((yHKIMOHATIbHAS
4acTb MAaHUMYJSATOpa), NpeAHA3HAUYECHHBIA st
BBITOJIHEHHSI CHCTBUS M CUTHAJIOB OT 3aJJalOIETO
oprasa;

-CBSI3BIBAIONINI OpraH, MPUMEHSIOUUNCS IS
peanu3anyy paboveil oreparum.

UcnonautenbHbI opras rubKoro
MaHMITYJIATOpa (MaHUIYJATOpAa C YHPaBISIEMbIM
M3TUO0M) UMEET CIIOKHYIO CTPYKTYPY, COCTOSITYIO
U3 MHOXECTBAa 3BEHBEB. 3BEHbS  CUCTEMBI
BBITIOJIHSIOTCSL  3aBEIOMO  HE  JKECTKUMH, a
ynpyrumMu. Yto B CBOIO ouepeap AAET T'MOKOMY
MaHMITyJISTOPY ~ BO3MOXKHOCTH ~ paboTaTb B
OTPaHUYEHHBIX IPOCTPAHCTBAX.

iz.

Puc. 1. NMpumeHeHne rMGKoro maHunynsiTopa no yxoay 3a
AepeBbsAMM.

te
fom
=

CBA3BIBAIOLIHI
oprax

3ajaronyii opran

/

Yempotcmbo @ il
NpoZpaMHoZo
OF

ynpabrexug
Puc. 2. Cxema cucteMbl YynpaBneHuss rmMbkoro
MaHunynsTopa.

i
i

H WcnonHuTenbHbIi
i

I oprax
i

il

Pa6Gota MEXaHHU3MOB MaHUITIYJIIHUOHHOI'O
THTA C ympaBisieMod Jedopmareii ocHOBaHa Ha
yIpaBJICHUN W3MEHEHUEM KOH(pUTypanuu
CTaTHUYECKOTO  pPaBHOBECHS  YIOPYroro 3BeHa.
AHanm3upys KOHCTPYKIIMU COBPEMEHHBIX THOKHX
MaHUIYJSTOPOB, MOKHO CJIENaTh BBEIBOJ O TOM, YTO
M3ru0 3BEHA MOXKET OBITh PEalM30BaH HA OCHOBE
Pa3IMYHBIX GU3NYECKUX MIPUHIIUATIOB:

-M3MEHEHHE JaBJICHUS BO3AyXa

-UCIIOJIb30BAaHHUEC ITHEBMATUYCCKUX )51
THAPABIIMYCCKUX IIPHUBOIOB

-IPUMEHEHHUE pasiIuYHBIX MaTepHUalioB
(Haan/IMep, CHJIMKOH, HCHOJ’IB?,yeMBIﬁ B «MATKOM»
pobore, pa3paboTaHHOM naboparopueit
Kommprotepasix  Hayk u  UcKkyccTBeHHOTO
HWHTEIJUICKTA (CSAIL) MaccauyceTckoro

TEXHOJIOTHYECKOTO YHUBEPCUTETA).

BriienepedncieHHble MAHUMYJIATOPBl UMEIOT
MPEUMYIIECTBA, OMHCAHHBIE BO BBEICHUH, OJIHAKO
W3 ONbITa JKCIUTyaTallid TMOAOOHBIX YCTPOWCTB
MOXHO  BBIJIETUTH  CIEAYIONINE  HEAOCTATKH
MaHUTYJSIMOHHBIX POOOTOB € yNpaBIsSIEMbIM
H3TUOOM:

—Majasi JKeCTKOCTb, 4YTO CHI)KAaeT BeC
Harpy3KHu;

—HET TEeXHWYECKOW O0a3bl 1O PEMOHTY U
00CTYKUBAHUIO TTOJJOOHBIX YCTPOMCTB;

— 0oJiee CIIOKHOE YITpaBJICHUE MO CPABHEHUIO
C MAHUITYJISITOPAMU APYTUX TUIIOB.

Jlnst mpoBeneHust paboT, CBA3aHHBIX C YXOJ0M
3a JCPEBbSIMU MPEANOYTUTEIBHO HCIOIB30BaHUA
rMOKOTO MaHHMITYJIATOPa ¢ MPOYHON M JIOCTATOYHO
MPOCTON B OOCITY>XKMBaHWUW KOHCTPYKIHEH. Briire
[IEPEUYUCIICHHBIC TEXHOJIOTUH HE MOLYT
MPUMEHSITHCSI BBUJY  CIIOXXHOCTH  CBOHX
KOHCTpYKITui. Pa3paboranHas crcTeMa JIBYKCHUS
CeKUun THOKOTO MaHUITYJIATOPA HAMEET
OTHOCUTEIBHO IPOCTYI0 KOHCTPYKIHIO, KOTOpas
MO3BOJISIET MPOU3BOAUTH TEXHUYECKOE
00CITY)KUBAaHHUE C MCHBIIMMH BPEMCHHBIMH U
JICHE)KHBIMU 3aTpaTaMH.

Pe3yabTaThl 1 00CyxKIeHUe

B nmpemmaraeMoil  KOHCTPYKIIMM  BBICOKAst
rHOKOCTh ~ MAHMIYJIATOpPa TNPH  COXpPAHEHUH
3HAYUTEIIBHON Harpy304HOH CIIOCOOHOCTH
(Tpy30moILEMHOCTH) 00ECTICYMBACTCS CIEAYIONTIM
oOpa3oM. MaHumynarop BKIOYaeT B  celds
HECKOJIbKO THUOKUX CEKIMH, KOTOphlE B CBOIO
ouepeb COCTOSAT U3 Habopa MPOYHBIX AJIEMEHTOB.
PaccmoTpum KOHCTPYKLIUIO ruOKOro
MaHMITYJISTOPA Ha IPUMEPE OTJEIbHON CEKLIUU.
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BHemHut BHI MOAENM CEKIUMA TMOKOro
MaHUIYJSATOpa MPEACTaBIeHbl COOTBETCTBEHHO Ha
puc. 3-4.

Puc. 3. Mopenb cekuMm rubKOro MaHMNYNALMOHHOIO
poborTa.

B mepeueHp 3JIEMEHTOB B COCTaBE CEKI[UM
rMOKOr0  MaHUMNYJSIMOHHOTO po0oTa  BXOIAT
CIICTYIOIINE U3JICITHSL:

— OCHOBaHHE CEKIIMHU
MaHUTYSITUOHHOTO po00Ta;

— KOpITyC MPUBOJIAa PUKCAIH CEKIIUU;

— MeXaHu3M (DUKCaIny;

— MeTaJINYecKast JIeHTa, HaMOTaHHas Ha
KaTymkKy, KoTopas CHa0XeHa  MEXaHH3MOM
CMAaTbBIBaHUS JIEHTEL,

— IIapHUP CEKIUH;

— YIIPABJISIONINE TPOCHI.

Jlnsg  BBIMOJMHEHUS pPabOT TMOA JCHCTBUEM
BBICOKMX HArpy30K BCE OJJICMEHTHI B COCTaBe
THOKOT0 MaHUITYJIATOpa MOAOUPATHCH MO BBICOKO
MPOYHOCTHBIM XapaKTEPHCTHKAM.

CKOMITOHOBAHHAs CEKIIUS TrHOKOro
MaHUTYJISIUOHHOTO pOo0OTa TPEJCTaBICHA Ha
puc. 5.

ruOKoro

Puc. 4. Cekuus rubKoro MaHunynsiLMOHHOro po6ora.

Bricokas  KECTKOCTH 51 CIOCOOHOCTE
BBIZIEP)KUBATh BBHICOKHME HArpPy3KU JOCTUTACTCS 3a
CcuéT JKECTKOI'0 OCEBOro coeauHeHus. I HOKOCTh U
MOJIBMKHOCTE THOKOro MaHUIyJsTOpa
obecrieunBaeT  KapJaH,  YCTaHOBJICHHBIM B
HEHTPaJIbHON YaCTH CEKIMA MaHUTYJISTOPA.

Puc. 5. BHeluHuiA BUA rM6Koro MaHUnynsiuMOHHOro po6oTa.

3aKkiIouenue

Ha  ocHoBe  momydyeHHBIX  pa3pabOTOK
BBISIBIICHO, YTO THOKHH MaHUITYJIATOP HUMEET Psif
MPEUMYILIECTB 110 CPABHEHUIO C THAPABIMYECKUMU
MaHunynastopamd. OH Oojiee yHUBEpcaJeH B
NPUMEHEHHH W TPOCT B OOCITY)XKHBAaHUHU.
Koncrpyxuus pa3paboTaHHOTO MeXaHHu3Ma
MO3BOJISIET MIPOBOAUTH TEXHOJIOTHUYECKHUE OIEPaLUU
B OTPaHWYEHHOM IPOCTPAHCTBE 0€3 MpPOBEAEHUS
MOJATOTOBUTENBHBIX PadoT.
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RESEARCH INTO TOOL STEEL SUITABILITY FOR WOOD

CUTTING BLADES IN THE HETEROGENEOUS ENVIRONMENT

D. Kalincova, M. Tavodova, J. Kostur

Objective of the research described in the paper was to analyse tool materials that fulfil a specific purpose of

manufacturing of the cutting tools used in the heterogeneous environment and to evaluate the simulation on
the tool wear after loading. Two types of tool steel were selected for tools. One cutting tool was made as a
monolithic of steel class 19 452 and the other one was manufactured of veneer blade with welded wedge.
Experimental cutting tools were tested using measurement equipment, where they were exposed to cyclic
loading simulating the operating conditions for a given period of time. Basic materials properties were
evaluated on various types of tools used in the experiment. The investigation into the suitability of the
materials used in the specific area is a perspective field of the research. Suitability of the materials for the
special use is only rarely verified when designing new materials of specific tools.

Keywords: material, blade, properties, cutting.

Llenvio uccnedoganuii, ONUCAHHBIX 8 SMOU cmamve, ObIIO0 NPOAHATUIUPOSANL MAMEPUATbL, UHCTNPYMEHMbL
01 BbINOJHEHUsT KOHKPEeMHOU 3a0auu - U320MOGIEHUS DeNCYWUX UHCMPYMEHMO8, UCNOIb3YeMbIX 8
2emepo2enHoll cpede, a Makdlice OYeHUumsb MOOeIUPOBaAHUe HA USHOC UHCIMPYMEHma nocie 3azpysku. bulnu
8bIOPAHbI 08A MUNA UHCMPYMEHMATbHOU cmanu 011 0bopyoosanuii. OOun pescywjuil UHCmpymenm 0wl
coenan u3 MonoaumHou cmanu knacca 19 452, a opyeoii 6vin u3eomosien U3 IUCMAa WNOHA CO C8APHBIM
KAUHOM. DKCNepUMEHmAnbHble pedcyujue UHCIMPYMeHmyvl Obliu NpoOmecmuposansl ¢ UCHOIb308AHUEM
uzMepumenbHo20 060py008anus, 20€ OHU NOOBEPANUCL YUKIUYECKOU HA2pY3Ke MOOenuposanuem ycioeuil
aKcnayamayuu Ons O0anHo2o nepuoda epemenu. OCHOSHble C60UCMBA MAMepuanog Obliu OYeHeHvl Ha
PA3UUHBIX TMUNAX UHCTPYMEHMO8, UCHONIb3YeMbIX 6 dKcnepumenme. Cnedcmeue npueooHOCmy Mamepuaios,
UCNONBL3YEeMbIX 8 KOHKPEemHOU 00nacmu, A61Aemcs NepCneKmusHulM nonem ucciedoganuil. Ilpueoonocms
Mamepuanog moavko Oisl CneyuanbHO20 UCNONb308AHUA PeOKO NPOGEPAEMCs NPU NPOEeKMUPOSAHUU HOBbIX
MAmepuano8 KOHKPEemHvIX UHCMPYMeHMO8.

Kntouesvie cnosa: mamepuansi, ne3sue, c8olcmed, pe3xda.
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Introduction

Reducing material and energy consumption is
currently an important task, which responsible
personnel deal with in all areas of production and
social life as well. This trend results from efforts to
reduce the economic load as well as the
environmental load. Detailed knowledge of
properties and subsequent appropriate way in
which materials can be utilised are the most
essentials factors to ensure better utilization and
management of materials used in the processes.

Characteristics of Experimental Material

In terms of the material suitability used for
construction purposes or for tool manufacturing
targeted research must be conducted. The objective
of the research described in the paper was to
analyse several types of tool material suitable for

the purpose of specific cutting tool manufacturing
suitable for the applications in the heterogeneous
environment.

Two types of steel tool were selected for the
experiment. At the present time wear resistance of
tool is improved by using modern coating
technologies on cutting edges. These coatings are
applied by CVD, PVD or PACVD methods [2].
PVD technologies are also used for the coating of
cutting plates but also on the cemented carbide
compositions for PM tooling and alloyed tool steels
in dependence upon the conditions of heat
treatment [1]. Utilisation of tools processed this
way is more effective owing to the savings, e.g.
product life-cycle growing, however, in case of our
tool steel these manufacturing technologies were
not used due to economic demandingness of
technology.
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Workload Simulation

The shape of the tool made of material 19
452.3 is shown in Fig. 1. It was made from
'monolithic plate' steel, which was annealed. The
tool was heat treated, quenched and tempered at
low temperatures after cutting edge manufacturing.
Temperatures of quenching and tempering were
selected according to the standard STN 41 9452,
We obtained required properties of tool by heat

treatment before the experiment.

20°

Fig. 1. Geometry of the knives.

Same cutting edge geometry was formed on
both tools. Veneer blade was designed as a tool
with a cutting wedge welded on the body of the
tool (part 1 - Fig. 2) steel 11. Welded metal (part 2-
Fig. 2) is wolfram steel.

N/
V>

Fig. 2. The knife with the welded wedge.

Following geometry was created on the
specimens: relief angle a = 20°, wedge angle p=
70°, rake angle v = 0°. This geometry was chosen
because of its simplicity which reduces production
demands and error probability during the
production process that would result in the
differences  between  various tools. Such
construction ensures sufficient strength and at the
same time, the quality of the cut .When using
specific types of tools the quality of the machined
surface is not considered an essential factor 8, 11].

The angles were selected according to the
characteristics and assumed reactions of the
machined material. The relief angle prevents the
friction between the tool and the machined surface,
thus the heating and wear are reduced and the
durability of the cut wedge is increased. Greater
relief angle can cause the increase of the wedge
angle. When machining soft materials the relief

angle is up to 20°. Rake angle — it affects the
formation of chips and the cutting edge stress. The
greater the rake angle is, the easier the chips are
separated from the material. However, its increase
results in wedge angle reduction. When the angle is
positive, the cutting wedge is affected by stress
near the cutting edge. When the angle is negative,
major stress is transferred to the rake area. The
smaller the wedge angle is, the better the cutting
wedge penetrates into the material, but at the same
time, it has lower stiffness and strength, i.e. the risk
of vibration and cutting wedge fracture increases
[5, 12].

Tool Steel for Veneer Blades

Section of veneer blade was used as a semi-
finished product to produce the first type of
experimental tools. Veneer blades together with
anvils, compression bars are used to produce
veneers. The hardness of HRC 58 up to 60 and the
wedge angle of approximately 20° are the main
requirements for veneer blades. The hardness of
steel guarantees the wear resistance, dimensional
stability of wedge and desired toughness. These
properties can be achieved for steel of cl. 19 132,
19 559, 19 732 [4].

Tool Steel 19 452

The second material selected for the
production of experimental tool was steel 19 452,
(DIN 17350-80, 58SiCr8). It is low-alloy steel
containing elements - Si, Cr and is used for
manufacturing the cutting tools for machining of
wood and low-strength metallic materials, for the
staple tools, hot and cold forming machines as well
as for the production of dies.

Workload Simulation

Experimental cutting tools were installed on
the measuring equipment and exposed to the cyclic
loading simulating the operating conditions for a
given period of time. Four tools from the described
materials were regularly deployed in the radial
position around the perimeter of the mounting plate
that was attached to a spindle powered by an
electric motor, rotating cutting disk that chips away
the wood, installed in the auxiliary running gear.

In the first phase the simulation consisted of a
gradual chipping away of hard wood (beech),
subsequently of soft wood species (spruce). In the
second phase the procedure was similar to the first
phase but soil was placed under the prism. Thus the
wear process is affected by hard and inorganic
materials.
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Sensors on the test measuring equipment
recorded spindle rotation speed, the torque required
for cutting and for checking the stability of
movement as well as the power necessary for
movement of prism into the cut. The equipment
was kept in constant rotation speed of 2000 min™;
thereby the cutting speed was 39.5m.s”. These
parameters, together with other cutting parameters
can be used to determine the real power required
for cutting, while its growth can be used as one of
the criteria of the cutting tool wear.

Comparison of Qualities of Selected Materials

Basic material properties were evaluated on
individual types of blades used in the experiment
with following methods:

a) Measurement of hardness;

b) Spectral analysis — chemical composition of
steels;

c) Evaluation of microstructure.

Measurement of Hardness

Hardness was measured at the cutter body and
cutting wedge of tools by the HRC method.
Rockwell method is according to the standard STN
EN ISO 6508.

Hardness values for overlay at specimen of the
tool from veneer blade were between 53-58 HRC.
Hardness at the body of the tool was measured in
the range of 56 to 66 HRB; hardness was measured
by the HRB method because the steel class 11 is a

Tab. 1. Chemical composition of veneer blade’s material.

coarse-grained, heterogeneous, softer and thus
improper for the HRC method [9]. Cutting wedge is
hard, it ensures wear resistance, and the body is
soft, tough and resistant to brittle fracture.

Hardness values at specimen of the monolithic
tool from steel class 19 were measured between 54-
60 HRC, therefore suitable for the construction of
the cutting tools.

Spectral Analysis

The term chemical analysis is understood as a
qualitative and quantitative determination of the
chemical composition of the specimen. Methods
used in standard way provide information about
elemental composition, perhaps even about
molecular composition of the specimen and may be
used to determine the abundance of the specific
components.

In our case, the chemical composition was
determined by emission spectrometry using a spark
as energy donor. Following chemical composition
of materials was determined:

Tab. 1 shows the average measured values of
the chemical composition of welded blade, while
line no. 1 shows the values of the welded material
of cutting wedge blade and line no. 2 shows the
average values of the body blade material.

Chemical composition of monolithic blade
class 19 452 is shown in Tab. 2.

n |C Si Mn Cr Mo [Ni [Al Co |[Cu \% A\ Pb Zr Fe
m. [[%] |[%] |[%] [%0] [[%] [[%] [[%] [%] |[%] [[%] |[%] |[%] |[%] [[%]
1 1.35 103 [0.35 0.35 10.02 [0.2 ]0.04 [0.03]0.18 [0.26 |1.43 |0.02 0.03 |[95.5
2 0.04 10.22 10.395 0.09 10.00 [0.1 0.04 ]0.02 10.21 [0.00 [0.04 ]0.02 0.00 |[98.8
Tab. 2. Chemical composition of tool steel 19 452 material.
0m C Si Mn Cr Mo [|Ni Al Cu A\ \\% Pb Zr Fe [%]
_[[%] |[%] | [%] [Yo] [[%] |[%] [[%] |[%] |[%] [[%] [[%] [[%] ’
1 0.59 |1.67 ]0.846 1.01 [0.03 [0.1 |0.04 [0.04 [0.01 ]0.03 0.02 [0.00 |95.6

Comparing both tables there are evident
differences in chemical composition of the
materials. Differences in the responses of steel to
loading can be assumed due to the number of
alloying elements.

Analysis of the Structure of the Experimental
Steel Blades
is

Optical metallographic microscopy an

essential method to study the metal structure; it
allows observing and evaluating the structural units
with dimensions in the planar section of 10’ till 10°
nm (magnification of 100 up to 2000 times).
However, it is also necessary to remember that
structural components have the three-dimensional
arrangement in material. Description of the
structure of materials using optical microscopy is
limited by the resolving power. But it still remains
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the basic method of obtaining primary information
about studied materials either in terms of study of
development materials or to ascertain the cause of
material rupture.

The microstructure of monolithic blade shown
in Fig. 3 is ferrite-pearlite with a small amount of
non-metallic  inclusions affecting toughness
necessary to resist shocks and to direct the blade
properly. Weld metal in Fig. 4 has a mild structure,
fine carbides are dispersed in matrix. Hardness of
cutting wedge is guaranteed this way

Fig. 3. Microstructure of welded blade - base material.

Fig. 4. Microstructure of welded blade - material of cutting
wedge.

Microstructure of monolithic blade is shown in
Fig. 5. It corresponds to the state-of-the-art after
quenching and low temperature tempering; it is
formed by a fine martensite structure. This
structure gives the appropriate hardness and
required resistance to brittle fracture associated
with the specific use - cutting in the heterogeneous
environment. Non-metallic inclusions, which can
be considered a risk factor due to the weakening of
material and causing cracks, are also present in the
microstructure (Fig. 5). Crack propagation could
lead to the subsequent destruction of the blade
during processing. Blade damage was not recorded
at experimental load. It causes only the wear of the
cutting wedges.

Evaluation of Wear of Cutting Tools

Measurement of the tool wear rate is carried
out in order to acquire knowledge about wear of

cutting wedges before and after loading. Firstly
specimens are photographed under a microscope
and afterwards they are used to measure the state-
of-the-art and the wear rate.

Fig. 5. Microstructure of monolithic blade.

The essential methods for measurement of
wear obtained with the software are by radius of the
circle r, inscribed in the profile of the cutting edge
as well as the measurement of wear by radius of the
circle r, circumscribed by the ideal cutting edge
and touching the nearest point of the actual cutting
edge and the method of measuring the distance of
the tip of the ideal cutting edge from the nearest
point of the real cutting edge [3].

Direct and indirect mechanical methods, e.g.
the weighing method, the method of cross-section,
the strip method, etc., are other methods used to
evaluate the tool wear.

The method of increase the power required to
cut can be used for the evaluation of blade wear of
the specimen but it will not be discussed in the
paper. The method of inscribed circle was used to
determine wear.

Fig. 6 shows sharpened cutting wedge of a tool
with the specific geometry. The figure was
modified by graphics software in order to detect the
contour of cutting wedge. Subsequently a circle
was inscribed in the cutting wedge. The radius of
the circle determines the initial value of the
variable.

Fig. 7 and Fig. 8 show cutting wedges of tools
after partial removal of the coating. State-of-the-art
of cutting wedges was observed using an optical
microscope and processed using appropriate
software, where the cutting wedge inscribed in a
circle whose radius determines tool wear rate to
sharpened tool. Following the figures it is evident
that the coating of both tools was removed but in
this phase wear does not exceed the critical value.
Wear of blade with welded cutting wedge is 1.19
times higher than wear of monolithic tool. For
further assessing of the development of wear we
must continue in the research.
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R=0,008mm

Fig. 7. Inscribed circle in the tool tip - magnified 100x -
monolithic blade.

Fig. 8. Inscribed circle in the tool tip - magnified 100x, blade
with welded cutting wedge.

Results and Discussion

Determination of the behaviour of materials
used for tool processing at specific load is the result
of the experiment. The suitability of the material
was verified by measuring the hardness. Higher
wear of the veneer blade was determined by the
wear measurement by method of inscribed circle.
Spectral analysis of the material detected the
presence of elements indicating that the monolithic
blade of steel cl. 19 has a higher Cr contents and
contents of other carbide- forming elements. It
guarantees higher hardness and resistance to wear
in comparison to the weld material of cutting
wedge of veneer blade. These findings confirm that
there are significant differences in using different
materials due to wear.

Following our experiment we found out that
monolithic knife of steel cl. 19 452 is more suitable
for cutting of polluted wood. However, in terms of

saving higher quality materials and thus, materials
of higher commercial value it would be appropriate
to use folded tools like the knife with welded
wedge in our experiment.

Conclusion

Following the experiment and data mentioned
in the paper we can state that the investigation into
the suitability of the materials used in the specific
area is a perspective field of the research.
Suitability of the materials for the special use is
only rarely verified when designing new materials
of specific tools.

Following the research we found out that both
materials are suitable (in the given geometry) for
the use when polluted wood is machined, whereby
monolithic tool of steel class 19452 is more
suitable in terms of wear and the complexity of the
production. The tool with a welded wedge is more
suitable in terms of the lower wear of rake as well
as the low demands for material due to the use of
structural steel in the body of the tool. Both
materials are suitable for this use in terms of
hardness and wear as well.
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MEASUREMENTS OF SAWDUST DIMENSIONS USING AN

OPTICAL METHOD

P. Koleda, L. Nas¢ak, P. Koleda, M. Hrékova, S. Barcik, R. Mozdik

Analysis of sawdust by sieve method is rather difficult in terms of the measuring system and time-consuming
at samples evaluation. The results give only partial information of the sawdust dimensions in an examinable
sample. Modern optical methods of fractal particles analysis in the woodworking industry complexly
acquaint with the sample; they provide information about the particle rate and size, average, maximum and
minimum occurring dimension, particle surface, shape composition of a sample and other.

Keywords: Dimensions, sawdust, optical method.

Ananuz onuiox no memooy npoceudanusi O0B0AbHO CAONCHO C MOUKU 3DEHUS USMEPUMENbHOU CUCTEeMbL U
spemenu Ha o0pasyvl oyeHku. Pezymbmamul 0arom monbKo YaACMUYHYI0 UHDOPMAYUIO O PA3MEPAX ONUIOK
nposepennvix  0bpazyos. CospemenHble OnmMuuecKue Memoovl @GPAKMAIbHO2O AHATU3A YACMUY 8
depesoobpabamviéaioweii. NPOMbIUACHHOCHU KOMNIIEKCHO 3HAKOMAM C 00pasyom; OHU NPe0OoCMmAGIsiiom
UHpOPMAYUI0 O CKOPOCMU U paszmepe Yacmuy, 8 CpeOHeM, MAKCUMATbHOU U MUHUMATbHOU PA3MEPHOCMU,
scmpeuauenics Ha NOBepXHOCMU yacmuy, oopmuvl cocmasa obpasya u opyaue.

Kniwouesvie cnosa: pazmepwl, onuiku, ORMuYeckuti Memoo.

Introduction

Measurement of fractal particles dimensions is
an important part of the industry. Such an analysis
allows to evaluate the characteristics of the
machines used in woodcutting and optimizes the
selection of a suitable separating device for
contingent sorting of sawdust from the dust. The
measurement evaluation informs about the potential
emissivity of the working environment and the
health risks at working in such environment, since

small wood dust may have negative effects on the
human body, even it was found that oak threshold
is carcinogenic (IrSa, 2006). Appropriate selection
of the tool can affect the proportion of the fine
fraction of particles. (Ockajova, 2006).

Currently, the detection of sawdust dimensions
uses the sieve analysis. This results in a weight
proportion of a certain dimensional fraction based
on the total weight of the sample. During this
analysis the sample is damaged, whereas the
sample is shaken down through the sieves.
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Therefore it is not possible to repeat the
measurements of the same sample. Due to these
deficiencies, an optical method of sawdust
dimensions measuring is preferable; it also gives
more information about the measured sample.

Materials and Methods

For an experimental fractional particles
measuring by optical method the measuring area
was constructed that consists of a support frame
carrying the camera capturing downward. As
measured particles wood sawdust was used that
was placed into the scene captured by the camera
under the support frame.

Camera IQEye 702 (figure 1), used in
measuring, have maximum  resolution 2
megapixels. At scanning, the full camera picture is
not processed, as unnecessary data would have
appeared in the peripheral parts of the scanned
image. This step also increases the transmit speed
of data from the cameras to remote computer. To
download images from the camera, the Matlab
function imread is applied:

I1 = imread('http://194.160.160.167/now.jpg"); (1)

Fig. 1. Camera IQEye 702.

In the term (1), the picture from the camera
with IP address 194.160.160.167 is written into
variable I1. Therefore, this variable represents the
scanned picture from camera.

Configured camera system brings up some
measurement distortion. Rotating the camera to
scanned plane causes perspective distortion; the
camera lenses bring to the images the spherical
distortion. In terms of experiment results relevance,
both these distortions must be removed before the
measurement.

Spherical (barrel) distortion occurs when the
magnification of the lens decreases with axial
distance causing each image point to move radially
towards the centre of the image. This results in the
characteristic “barrel” shape. Following algorithm
removes this picture distortion:

Determination of distortion centre coordinates
(Hoffmann, 2006):

dx = x. + xp, ()

dy=y.+ ys, 3)

where: x., y. — image centre coordinates. x;, y, —
offset for the optical centre.

The computing of distance between the centre
of distortion and currently calculated point in
distorted image is calculated by following equation:

R, =(x, —d0) +(v, +dy)’ . &

X4, ¥4 — distorted image coordinates.
Magnification factor is determined as follows:

M, =1-k+ "R, 5)

c

where: k — distortion parameter.
The resultant image has then undistorted
coordinates:

Xy = dx + Md'(xd - dx)a (6)
Yu= dy + Md-(yd - dy) (7)

The square-shaped pattern is scanned to test
the removing of spherical distortion (figure 2a).
After removing of this distortion the lines forming
pattern are parallel (figure 2b).

Perspective distortion is caused by deviation
of cameras from the axis perpendicularly to the
plane of scanning. The robustness of assembled
cameras does not allow simultaneous scanning
perpendicularly to the scanned plane, so the
cameras have to be rotated at an angle to scan the
same scene.

To remove the perspective distortion, the
function imtransform in Matlab is applied:

B = imtransform(A, tform); ()
where:

B — input transformation image,

A — output transformation image,

tform — transformation structure.

Transformation structure #form includes
transformation vectors that modify the position of
input image corners (fig. 3a) whereby the image is
straighten out into desired shape (fig. 3b).

Transformation vectors for scanned image
format are found out experimentally; the structure
tform is created in program Matlab by the function
maketform:

tform = maketform('projective’, U, X); (9)

The equation (9) builds a transform structure
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tform for a  two-dimensional projective
transformation that maps each row of U to the
corresponding row of X. The U and X arguments
are each 4-by-2 and define the corners of input and

output quadrilaterals. No three corners can be
collinear. The size and shape of perspective
distortion are given by the position of scanning
camera compared to the scanned plane.

a)

b)

Fig. 2. Removed spherical distortion: a) original image without spherical, b) spherical distortion removed by described technique.

a)

b)

Fig. 3.Removed perspective distortion: a) original image, b) perspective distortion removed by described method.

After removal of the spherical and perspective
distortion, the objects in scanned image have their
real proportions, the measuring of sawdust
dimensions follows. Using the proposed optical
method of sawdust volume characteristics
measurement, the perimeter and volume of
particles, average particle size, and maximum and
minimum size can be measured beside the particle
dimensions. The proposed program determines:

» the smallest and the biggest particle
dimension,

» the volume and perimeter of every particle.

Before the measurements, the individual
sawdust is identified in the image by thresholding.
Choosing the threshold is therefore very important
and must be appropriately selected. If the threshold
is too high, marginal points could be eliminated
from the sawdust; if it is too small, the sawdust
could be artificially enlarged. To search the objects
it is necessary that the image remains binary after
thresholding; white spaces represent measured
sawdust and the background remains black.

After removing of the measured sawdust
background by thresholding, the necessary
parameters of measuring samples are detected.
Identification and determination of the necessary
characteristics of sawdust in the image are
performed in the program Matlab using function
bwboundaries (Mathworks, 2015):

[B, L, N, A] = bwboundaries(I1, 'noholes"); (10)

The function bwboundaries traces the exterior
boundaries of objects, as well as boundaries of
holes inside these objects, in the binary image /1.
bwboundaries also descends into the outermost
objects (parents) and traces their children (objects
completely enclosed by the parents, figure 4). /1
must be a binary image where nonzero pixels
belong to an object and 0 pixels constitute the
background.

This function returns N, the number of objects
found, and A, an adjacency matrix. The first N cells
in B are object boundaries. A represents the parent-
child-hole dependencies. A is a square, sparse,
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logical matrix with side of length max(L(:)), whose
rows and columns correspond to the positions of
boundaries stored in B.

parent parent object

hole

Fig. 4. Areas in objects.

In such founded out objects, the required
information is searched using the function
regionprops.  With  this function, multiple
parameters can be specified in binary objects, such
as the number of pixels in the objects (their
surface), coordinates of the object, the corner points
of the object, the object perimeter, and many
others.

Biggest and smallest sawdust dimension

The dimension of measured sawdust is
determined by eight edge points (figure 5) obtained
using the function:

11 = regionprops(l, 'Extrema');  (11)

Parameter Extrema specifies the extreme
points in the region. Each row of the matrix
contains the x- and y-coordinates of one of the
points. The format of the vector is [top-left top-
right right-top right-bottom bottom-right bottom-
left left-bottom left-top]. This property is supported
only for 2-D input label matrices (Mat).

1

Fig. 5. Eight points of area.

Maximum, respectively, minimum dimension
is determined as the largest, respectively, the
shortest distance between the opposite extreme
points (figure 6). All combinations of opposite
points (left and right, top and bottom) are being
compared, while the longest and the shortest
distance between them is not found.

Volume and size of sawdust

Similar to sawdust dimensions, the perimeter
and volume of particles is calculated using function
regionprops applied to the founded particles.

Fig. 6. Measurement area parameter.
The volume of sawdust is determined by
Volume = regionprops(//, 'Volume'); (12)
This function returns a matrix of actual pixels

regions in input binary image //. The particle
perimeter is calculated by the function:

P = regionprops(/1, 'Perimeter');  (13)

This function returns a distance around the
boundary of the region. Regionprops computes the
perimeter by calculating the distance between each
adjoining pair of pixels around the border of the
region (figure 7).

Fig. 7. Perimeter of the region.

Using the described functions, the measured
samples of sawdust are analyzed and the required
information about the sample is evaluated. All
numerical data about sawdust are in picture units -
pixels. For the correct expression of the measured
data, those values have to be converted into metric
system units. Conversion is performed by the
transmission coefficient obtained by measuring the
properties of an object with known dimensions by
means of the proposed system.

The image of examinable sample of sawdust
and identified particles are shown in the figure 8.



35 HAYYHBIE NYBMUKALIMK

3-; e ~~ .
Lo ‘A‘f—" ', S
- o r-
. .‘ »
5,0 )
o <
——— \' v 2
Fig. 8. Identified sawdust.
Results

Measured data are saved into a table in Matlab
for next processing in further research. From those
data, the statistic parameters are found out, such as
histogram of sawdust surface (Figure 8), that
describes the number of particles in fractions
according to the area. In the bulk there is sawdust
with the area to 3 mm”® in measured sample.

250
200
150

100

number of sawdust

507

0 Aaloasar o .
0 5 10 15
area [mm2]

Fig. 9. Histogram of sawdust volume.
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Fig. 10. Histogrem of sawdust size.

There are large particles too (area at about 17,
24 and 33 mm®) that are statistically insignificant in
regard to examined sample, were removed from
evaluation.

In the figure 10 there is displayed the
histogram of sawdust perimeter that describes the
number of sawdust in particular fractions according
to the perimeter. As well as at the areas histogram,
the bulk of particles has the perimeter over 5 mm
and there are statistically insignificant particles
with extremely long perimeter by comparison with
the perimeters of other particles.

Obtained data can be statistically evaluated by
means of Matlab. In the figure 11 there is displayed
the analyze of variance of measured values
(ANOVA).

During measurement it is necessary to insure
appropriate conditions for optical sensing of
sawdust. First condition is that the measured
particles cannot be overlaid. At the overlay of
particles these particles are false identified as one
separate particle. It is useful to sense lesser number
of particles at once, eventually to disperse them at
the sensed area by a vibration device.

size [mm / mm2]

; i I
|
i i i I
0 w i [ ]
0L —i—] e — ;; N i
min. size max. size area perimeter

Fig. 11. Analysis of variance.
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MODEL FOR CONTROLLING THE TOTAL COSTS OF QUALITY

FOR WOODWORKING SMALL AND MEDIUM ENTERPRISES

M. Sedliacikova, A. Satanova

The quality is a reliable businesses tool for enterprise perspective in the creating conditions of turbulent
development. The absence of economic analyses in the area of quality management was partly accepted in
the last century but at present market environment economic analyses should be part of decision making
processes especially in the area of strategic quality management. It proves that quality is mostly an economic
category and it has to be monitored thorough economic indicators. Monitoring of economic quality
indicators enables a tool of management — quality controlling, which is a partial system of enterprise
controlling and also a support tool of quality management. It is oriented into the optimization of costs,
quality improvement processes and products and thus customer satisfaction. The paper is focused on model
of controlling the total costs of quality for woodworking small and medium enterprises (SMEs). In this paper
we pay attention to the proposal of sequential steps by implementation of this model, which considers aspects
of quality of processes and bookkeeping. In its fundamentals it can help enterprises to create a compact
controlling reporting system of monitoring costs of quality and detect hidden reserves in this area.

Keywords: Quality, Costs of Quality, Controlling, Woodworking Small and Medium enterprises.

Kauecmeso asnsemcs nadesxicnvim uHcmpymenmom Ons 6usneca ¢ mouku 3peHusi Npeonpusmus 6 co30anHuu
yenoguil mypoyarenmuozo pazeumus. Omcymcemesue IKOHOMUYECKO20 AHAU3A 8 00ACmU MeHeOdcMeHma
Kauecmea YacmuyHo YOO8IemEopUiOCh 8 NPOULIOM B8eKe, HO 8 Hacmosuee epemMsa 8 PbIHOUHOIU cpede
IKOHOMUHECKULl AHATU3 OONJHCeH OblMb HACbI0 PeuleHull npoyeccos NpuHamus, 0coOeHHO 6 obnacmiu
cmpamezuuecko2o  ynpasnenus Kawecmeom. Monumopune IKOHOMUYECKUX NOKazamenel Kaiecmed
obecneuugaemcs UHCMPYMEHMOM YHPAGNEeHUs - KOHMPONEM Kayecmed, KOMOpblll KOHMPOIUpyem
YACMUYHYIO CUCeMy NPeOnpuamus, a Mmakdice NOo00epIHCKA UHCMPYMeHm YnpagieHus kavecmeom. OH
OPUEHMUPOBAH 8 ONMUMUZAYUU 3aMPam, NOSbIMUEHUY KAuyecmea Npoyecco8 U npooyKmos u, maxKum
006pasom, y0061emeopeHHOCmu Kiuenmos. [Joknad nanpasien Ha MoOenu KOHMPOIIUH2Ad CYMMAPHBIX
sampam xasecmea 0asi 0epesoodpabomru manvix u cpeonux npeonpusmui (MCII). B smoii cmamve mbl
obpawaem sHUMAHUE HA NPeONIONHCeHUe NOCIe008aAMENbHBIX WA208 NO Peanu3ayu Smou Mooeiu, Komopasl
paccmampueaem acnekmuvl Kauecmea npoyeccos u Oyxeaimepckozo yiema. B ceoux ocnosax oma moowcem
NOMOYb  NPeONnpUAmMUAM C030aMb KOMNAKMHYIO CUCMEMY OMYEeMHOCMYU KOHMPOIUpyloujeli  pacxoosl
MOHUMOPUHEA KAYeCM8d U BbIAGNEHUS CKPLINBIX Pe3ep8os 6 Mot 00aacmu.

Kntwouesvie cnosa: xawecmeo, zampamvl Kauecmea, KOHmMponLiune, /lepesoobpabomka manvix u cpeoHux
npeonpusmui.

Introduction

An enterprise is under big pressure of
competition in the market economy where it is
difficult to compete without good financial and
economic management. With the entry of foreign
capital to our market is closely related also the
input of new knowledge concerning enterprise
management (Desai, 2008). The ambitions of
enterprises are to be able to know themselves, to
increase own financial-economic effectiveness, to
adapt and to survive (Eben-Chaime, 2013).
Growing pressure of developing market leads
managers to implementing improved access
analyses, planning and controlling, innovation of
organisation structure and information systems
(Kilger, Pampel, Vikas, 2012). A condition for
success is becoming controlling, the tool
integrating  information processing, business
planning analyses and control (Eschenbach, Siller,

2011, Horvath, 2008). 1t is one of the tools that can
secure, transform and complete information about
economic results into such form that would be
useful for management. However, controlling
functions as a modern management tool mostly in
small and medium enterprises with foreign capital
interest inspire of its benefits, advantages, effects
and assets (Kiipper, 2008, Potkdiny, Hajdukova,
Teplicka, 2012). Since the importance is becoming
the economic side of quality and the aim of quality
management is to reach the fact that quality
becomes a measurable value, that means planned
and controlled, the concept of controlling is being
visible also in the area of quality management
concerning controlling the costs of quality (Sasse,
2001, Wildenmann, 2000).

Methods and resources

To suggest the model for controlling the total
costs of quality for woodworking SMEs, it is
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required a use of methods of summary, synthesis
and analogy of the knowledge and creation of a
short literature review. In the second phase, a
questionnaire method to process an empirical study
was used, which represents an analysis of the
situation in the solved subject matter within
enterprise practice of woodworking SMEs in
Slovakia. The aim of empirical research was to find
out the level of understanding and implementing of
quality controlling in Slovak small and medium
woodworking enterprises as well as the detection of
potential possibilities and interest in
implementation of the subject matter into enterprise
practice in future. Carrying out the empiric research
was the starting point for the proposal of the model
for controlling the total costs of quality for small
and medium woodworking enterprises.

Partial aims of the research were to find out if
enterprise practice is corresponding in the given
area with modern knowledge of theory, to process
the gained data and according to these to formulate
findings and recommendations which would enrich
theory and would contribute to better enterprise
practice quality. At primary level of information
gathering we used a questionnaire but also basic
methods of theoretical research such as analyses,
synthesis, induction, deduction, analogy and
comparison.

When working on the fundamental part of the
questionnaire we started from the model of quality
cost monitoring according to PAF principles —
prevention, appraisal, failure of costs (Pires, et. al.,
2013). The questionnaire targeted 300 most
significant Slovak woodworking SMEs. The core
value of the questionnaire survey would be
obtained if the questionnaires would be distributed
to all Slovak woodworking SMEs (i.e. the basic
outline), which though was not possible from the
available time-frame and financial viewpoint.
Therefore we addressed with the research those
enterprises which represent a crucial potential of
the Slovak economy and so it was possible to
generalise the obtained data into a basic outline.

The ratio of questionnaire return was 62 %
that means 186 completed questionnaires. When
designing the methodology of questionnaire
evaluation it was important to realise, that the
selected surveyed enterprises stand for relatively
small sample to apply statistical methods of
questionnaire survey evaluation. The questionnaire
was evaluated by a description method, numerically
and in percent in tables and graphs. In the third
phase we designed the model for controlling the
total costs of quality for small and medium

woodworking enterprises. We used partial
methodical characteristics of the following areas:
cost quality model PAF, calculation of incomplete
costs, process analysis and Activity Based Costing
Calculation to design the research. In the final part
of the paper we evaluated the obtained results by
the deduction method and defined its assets for
science, theory and practice.

Results and discussion
Results of empirical research

From the empirical research we found out the
following results:

= 74 % of asked enterprises do not consider
management of quality and controlling the costs of
quality as identical areas while 48 % of the asked
think that these two areas still have something in
common. These two answers can be considered as
right which means that most of respondents have
the proper knowledge of the subject matter.

= Enterprises from the point of view of
monitoring individual groups of costs according to
PAF model pay bigger attention to monitoring cost
entries for external failures (67 %).

* Own methodology for the reason of cost
monitoring has only a small group of respondents
(26 %) and it only concerns scoring
reclamations/claims.

» Companies are dealing mostly with costs
on external and internal failures that mean losses
caused by poor quality (cumulatively 65 %
answers).

» In the surveyed enterprises which deal with
controlling the costs of quality, these have mostly
cumulated job functions (74 % of respondents) and
these represent posts of quality managers, agents
for quality and managers of manufacture, but only
4 % of the surveyed enterprises have for this reason
its own job position of a quality controller.

* Majority of respondents are certified or are
in the certification process according to ISO
standards (57 %) and another 37 % are interested in
certification in future.

* Majority of respondents have set up of map
processes or will prepare them in a short future
(total 57 %).

" 65 % of respondents deal with loses due to
faulty manufacture.

We can conclude that 29 % of respondents
stated that they would be interested in
implementing quality controlling into their
enterprises, 34 % stated that ,,yes, but we are not
sure* and the rest of 37 % did not show the interest
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Model for controlling the total costs of quality for woodworking SMEs

v v
a) Aspect of quality and b) Aspect of accounting
processes 1b) Analysis of main book and content

1a) Identification of quality objectives
and definition of indicators

v

2a) Identification of process activities
and quality measurement indicators

\ 2

3a) Classification of costs of quality

considering all available information
sources

of accounts, analysis of departments

v

2b) Division of costs into fixed and
variable

v

3b) Definition of transfer bridge and
management profit and loss account

v

4. Identification of costs of quality in
management profit and loss account

VARIABLE COSTING

Item

5. Software support of controlling report design

Revenues

Minimising

Y

Net turnover

6. Workflow, definition of information sources,
appraisal periodicity, responsibility

Variable costs

Contribution margin L.

Y

Fixed costs of products

the user

7. Proposal for reporting and its communication with

Contribution margin II.

Fixed costs of group of products

Y

Contribution margin III.

controlling

8. Analysis, deviation management, effects of quality

Fixed costs of enterprise
departments

Y

Contribution margin IV.

monthly reports

9. Communication with TOP management in form of

Fixed costs of enterprise

Contribution margin V. = EBIT

Fig. 1. Model for controlling the total costs of quality for woodworking SMEs.

in implementing controlling the costs of quality
within the enterprise at all.

The summary of the presented findings can be
formulated as the results of the conducted survey:
Slovak small and medium woodworking enterprises
in the area of controlling the costs of quality deal
mostly with costs of quality, more precisely with
costs for external and internal failures (losses
caused by poor quality). This means that from the

view of the level of development controlling the
costs of quality are these enterprises just in its
initial phase of development. For future, it is
necessary to interconnect the cost of quality
monitoring with orientation on customer, with the
process orientation in the area of quality, where
monitoring traditional costs of quality indicators
need to be supplemented by performance process
indicators.
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Model for controlling the total costs of quality for
woodworking SMEs

Empirical results of research present, that the
practice of small and medium woodworking
enterprises in Slovakia do not dispose of a unified
monitoring methodology and appraisal of quality
costs. In general, they do not use further
possibilities which are within the modern
knowledge in controlling in the presented area
applicable. Our proposed model for controlling the
total costs of quality for small and medium
woodworking enterprises (Fig. 1) consists of nine
bases steps, which consider the aspects of quality of
processes and accounting.

Implementation of the proposed model for
controlling the total costs of quality for
woodworking small and medium enterprises is
from our point of view financially and time saving.
This model is established on assumptions of
evidence of costs of financial accounting and
requires their shift for needs of management profit
and loss account in the form of controlling reports.
Based on these findings, it can help enterprises to
create a compact controlling reporting system of
monitoring costs of quality and their further
evaluation on the bases of controlling principles
which will show the transparent flow of costs and
will detect hidden reserves and enable their
elimination. As small and medium enterprises show
high adaptability at receiving and wuse of
progressive tools in the area of management
(Sedliacikova, Satanova, Foltinova, 2012), we can
state that our proposal could be used in small and
medium woodworking enterprises and becomes the
stimulation for its use in conditions of big
enterprises.

Conclusion

In recent years an economic aspect of quality
is getting into the forefront on the larger scale.
Quality is not only atechnical category and the
system of the management of quality is not focused
on the product quality orientation (Zavadsky,
Zavadskad, 2013). Quality and costs are closely
interlinked. From this reason, part of the quality
management system should be also the system of
costs of quality monitoring, but in many enterprises
this does not work (Weinstein, et. al., 2009).

In the introduced paper, the present state of the
subject matter was analysed on the basis of the
literature review with the focus on the core of the
controlling the costs of quality. Consecutively via
the questionnaire  survey, the level of

understanding, implementation and establishing of
controlling the costs of quality was determined in
Slovak woodworking SMEs and the complex
model for controlling the total costs of quality
suitable for small and medium woodworking
enterprises was proposed.

The essence of the introduced model is to
present the sequence of steps necessary for
application of quality controlling concept in
conditions of small and medium woodworking
enterprises which stem from identification of
quality aims, processes, and costs of quality,
collection of data and definition of information
sources until the final transformation into the
pattern of controlling reports.

At the end we can state that controlling of
quality principles are closely related to principles of
total quality management, and therefore controlling
the costs of quality can be considered as a
supporting tool of TQM philosophy (Lari, Asllani,
2013). We can conclude that the fundamental bases
of controlling the costs of quality are costs of
quality which are in practice often underestimated.
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OUT OF PLANE BENDING OF ORTHOTROPIC

CIRCULAR PLATE

F. Bodnar

The article presents solution of an orthotropic circular plate bended through the agency of hemispherical
indentor functioning in axis of the circular plate. Solution is realized with using of ANSYS software. Used
kinematic boundary conditions are calculated through a scripting language APDL. Results of calculations of
two wooden plates, considered as orthotropic materials, are presented here.

Keywords: orthotropic circular plate, kinematic boundary conditions, ANSYS.

B cmamve npeocmasnenvi ucciedosanus opmomponnou Kpyenou HIACMUHbL HA U32UO Nocpeocmeom
nonycgepuyeckozo  uUHOeHmopa, @YHKYuoHupyrowjeeo 8 ocu Kpyeaaou naacmunwl. Hccredosanue
ocywecmeniaemcs ¢ UCNONb308AHUeM  npocpammuozo  obecnevenus  ANSYS.  Hccredosammvie
KuHemMamuyecKkue cpaHuyHble YCiosus paccuumaoligaromes yepesz ckpunm APDL. Pe3ynomamul paciuemog 08yx
0epesaAHHBIX NAACMUH, PACCMAMPUBAEMBIX KAK OPIMOMPONHbIN MAMEPUA, npedcmagiensl 8 Smol cmamaye.
Knrwoueswie cnosa: opmomponnas Kpyenas niacmuna, Kunemamuieckue zpanuinvle yciosus, ANSYS.

Introduction

Theory of bending of anisotropic plates was
originated by Lechnickij [2]. The governing
equation of this theory is equation of anisotropic
plate expressing the dependence of the mid-plane
lateral deflection w on bending stiffnesses D;; of the
plate and on the lateral load distribution ¢ in the
commonly used Cartesian coordinate system x-y-z.

*w *w *w
D11 - _3X4 + 4D16 _ax36y + 2(D12 + 2D66) * —0)(26)/2
*w *w
+4D26 _6x3y3 + Dzz _6y4 —q,

&)

The deflection w can be determined by solving

this partial differential equation with the
satisfaction of the boundary conditions for the
considered problems. After finding the deflection,
all the physical values as bending moments (M,,
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M,, M.), transverse shear forces (O, O,), and
internal stresses (o, 0, 7,) can all be obtained
through the use of their relations with deflection.

Exact solutions for differential equations,
however, are generally difficult to obtain. It is not
easy to find the deflection function, especially for
complicated boundary conditions. In such cases it
is necessary to adopt some of numerical methods to
obtain approximate solution for differential
equation.

Analytical approach of the anisotropic
problem solution is used in works of authors Lang
and Langova (1998)], Ukadgaonker, Rao (2000).

Solving of orthotropic circular plate

Analytical solutions of bending of some
simple orthotropic circular plates can be found in
literature. To solve more complicated cases of
anisotropic plate bending, it is needed to use some
of approximate methods of solution. Via discrete
analysis methods, differential equations are reduced
to simultaneous linear algebraic equations and
these can be solved numerically. Popular discrete
analyses is the Rayleigh—Ritz method.

In the field of the solid mechanics, the
Rayleigh—Ritz method solves the problem of
potential energy minimization. The potential
energy E, of the bended anisotropic plate, loaded by
lateral load ¢, is sum of the potential energy of the
internal forces and of the potential energy of the
external forces (body forces are neglected).

2 2 2
1 o*w o’w 0*w o*w o*w
E, == [[|Dy-| =5 | +2Dn S5 5 +Dn | 5 | +4Dg-| —— | +
2 ox ox* Oy oy Ox0y

2 A2 2
+4»[D,6 »6—2‘)+D26 -%J-a—wfzqw -dxdy.
Ox oy° ) Oxoy

2)

The principle of the potential energy minimum

in the field of the solid mechanics is one of the

variational principles which guarantee the existence

of the minimizing function of the potential energy.

The approximate solution in Rayleigh—Ritz method

exposes the deflection w as a linear combination of
trial functions w,,,:

w = Zm Zn Amn Omn (x' Y)' (3)

where m, n are integer parameters, A,, are
unknown constants and admissible functions w,,,
are functions satisfying all boundary conditions.
Substituting equation (3) into the relation of
potential energy (2), and after it’s integrating, the
potential energy of the deformed plate will be
expressed as second order polynomial of the
constants 4,,,. The constants A4,,, will be determined

by the condition of minimum potential energy of
the whole system

OE,
=0. 4
0A,

After carrying out the relevant derivatives in
the relation (4) we get the system of linear
equations with the unknowns A4,,,..

Nowadays the solution of body mechanics
problems is in a considerable degree carried out by
the finite-element method (FEM). Basis for the
finite-element method is created by Rayleigh—Ritz
method. The difference between Rayleigh—Ritz
method and finite-element method is in using of the
approximate function. While the Rayleigh—Ritz
method uses one substitute function of approximate
unknown quantity for the whole solved domain, in
the FEM the solved domain is divided into a finite
number of subdomains, i. e. elements, where each
subdomain has its own substitute function for each
approximate quantity.

Analogous to the idea that connecting many
tiny straight lines can approximate a larger circle,
FEM encompasses methods for connecting many
simple element equations over many small
subdomains to approximate a more complex
equation over a larger domain.

Solved problem

Orthotropic circular plate with diameter D and
thickness /4 is symmetrically supported with hinge
along  circumference  with  diameter  d,.
Perpendicular to the plate it is embossed spherical
punch with diameter d, (Fig 1). Shift p of the punch
inflicting deflection of the plate is depicted in Fig
2. It is necessary to find out deformation and
tenseness of the given plate. Examination of wood
veneer forming by this manner is made in (Zemiar
at al., 2014).

Analytic solution of this problem is not
known. Solving the problem was carried out by the
FEM, by means of the software ANSYS. We used
the eight node structural shell element SHELL 93.
Axes x, y, z of the global coordinate system was
identical with axes of the elastic symmetry of the
used orthotropic material.

Rigid punch acting on the plate generates
displacements of the plate points (Fig 2). Points
from area of a plate contact surface with the punch
have new position. The point 4 changes its position
in meridian plane to point 4;. After transforming of
shifts of all contact area nodes to global coordinate
system we have components of nodes
displacements. The calculated components of node
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displacements are entered in a file and serve as
kinematic boundary conditions of the solved
problem.

oD
¢dq
* L / \ 242
_z\,——ii
$dop

Fig. 1. Sketch of the plate with the punch.

z

Fig. 2. Position of a point A before and A, after deformation
in meridian plane.

Preprocessing procedures for preparation of
input data to the ANSYS software do not contain
possibility to enter the given boundary conditions.
In order to insert the required boundary conditions
to the ANSYS, it was necessary to create macro
with using of ANSYS Parametric Design
Language. Macro is a sequence of ANSYS
commands prepared with this scripting langue and
stored in a file. To calculate components of nodes
displacements, it is needed to enter to the created
macro only numbers of nodes, those components of
displacements are calculated. Macro calculates
components of displacements of all nodes which
are contacted with punch and stores them into file.
This file contains all geometrical boundary
conditions of the solved plate and serves them as
kinematic boundary conditions of the solved
problem in ANSYS.

Numerical results

Calculation of deformation and tenseness was
made for beech and maple wood plate in radial
plane. The material of the solved circular plate in

both cases was considered as orthotropic. Elected
deflection of the plate was p = 3 mm. Numerical
values of used input data are D = 60 mm, 4 = 1.0
mm, d; =50 mm, d, =40 mm,

material properties of beech wood:

E.=14010 MPa, E, =2 280 MPa, E. = 1 160
MPa, G,, =1 640 MPa, G,.=1 080 MPa,

G,. = 470 MPa, u,, = 0.044, p,. = 0.33, 1. =
0.027;

material properties of maple wood.:

E, =9 580 MPa, E, = 1 140 MPa, E. = 570
MPa, G,, =890 MPa, G,. = 650 MPa,

G,. = 220 MPa, p,, = 0.044, p,. = 0.33, . =
0.027.

In both cases was solved only one half of the
plate from reason of the symmetry.

Calculated deflections of both plates have
similar configuration as it is depicted in Fig. 3 and
Fig. 4. Gently increased bending stiffness in
longitudinal direction of wood fibers is visible
around the domain of the hemispherical indentor in
adduced Fig. 3.

STEP=1
sup =1
TIME=1
uz
TOR

MK =3.00

A

Fig. 3. Deflection w of the maple wood plate.

Results from Fig. 5 illustrate that in some part
near the global x — coordinate axis the plate is
elevated up the circular support. This fact causes at
the larger displacement of the indentor wrinkling of
the plate around the x — axis of the plate, what is
documented by tests (Wagenfiihr at al., 2006;
Wagenfiihr and Buchelt, 2005).

From all calculated stress components are
depicted for both plate materials normal stress
component ¢, in wood fiber direction on the
external surface of the plate (Fig. 6), normal stress
component in perpendicular direction to wood fiber
o, on the external surface of the solved plate (Fig.
7) and shear stress component T,, also on the
external surface of the solved plate (Fig. 8).
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Fig. 4. Deflection w of the beech wood plate in cutting plane
y-z.

RNSY3 5.3
REBR 21 2015
08:41:14
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TYPE NUM

v
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PATH

XV =_003236
¥V =.005238
v =
*DIST=14.205
*HF  =17.935
*YF =10.454
*EF =-.07010%
Z-BUFFER

ful

Fig. 5. Deflection w on part of shoring of the beech wood
plate.

Particular stress components have analogical
distribution at both materials besides the contact
area with indentor. Numerical values of the stress
components have dissimilarities within this area.
The greatest value of normal stress components are
calculated on the small locality inside the contact
area. Great values of normal stress components are
continuously distributed near the contact area (Fig.
9). Localities of the greatest shear stress component
are outside of the contact area as it is visible in
picture (Fig.8).

ONNNRNRAL

1 AMNSYS 5.3

MAY 14 2015
13:44:38

NODAL SOLUTION
STEP=1
suB =1
TIME=1
8K {RVG)
TOP

oM =3.001
BMN =-8.687
SMH =94.985
-5.687
2.832
14,351
25.87
37.38%
48,508
60427
T71.9%46
83465
94,985

L

b)

Fig. 6. Normal stress component o« on the top surface: a) of
the beech wood plate, b) of the maple wood plate.

According to tests of the formability of veneer
[4] the strong anisotropic behavior of wood is very
relevant factor which complicates a moulding.
These tests also showed that the material behaves
almost exclusive elastically. A plastic, external
visible deformation did not occur.

Conclusion

ANSYS software with using of the created
macro file enables to solve deformation and
tenseness of the circular orthotropic plate at its
three dimensional moulding.

1 RNSYS 5.3

MAY T 2015
15:44:49
NODRL SOLUTION
STEP=1

aue =1

TIME=1

8Y {AVG)

=5.804
9.762
25.32%
40.895
26,462
J2.028
87.595
103.161
lig.728
134.294

] ]

1 ANSYS 5.3

MAY 14 2015
12:50:25
NODAL SOLUTION
ETEP=1

SUB =1

TIME=1

8Y (AVG)
TOoR

REYS=0

b)
Fig. 7. Normal stress component oy on the top surface: a) of
the beech wood plate, b) of the maple wood plate.
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RNSYS 3.3

MAY 14 2015
13:52:05
HODAL SQLUTION
STEP=1

SUEB =1

b)

Fig. 8. Shear stress component T, on the top surface: a) of
the beech wood plate, b) of the maple wood plate.

RNBYS 5.3

APR 20 2015
14:25:03
NODAL SQLUTION
STEP=1

SUE =1

135, 68
1549.358

Fig. 9. Normal stress component oy in the middle part of the
plate on the top surface.

This calculation enables to observe the
tenseness response on change of input parameters,
i.e. on plate dimensions, material properties,
manner of supporting as well as displacement and

radius of the hemispherical tup. Results of
deformation calculation coincide with published
tests results. Solution of the tenseness enables to
monitor stress components, which are one of
limiting factors of the multidimensional moulding
of wooden veneers. For more detailed solution of
tenseness on the contact area it is necessary to solve
contact of the tup with the plate using of gap
elements. Stress distribution is analogical in both
solved orthotropic plates. Mutually corresponding
stress components have bigger values at the beech
wood plate in compare with maple wood plate.
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Xumugecrasa TeXHOJIOTHA JPEBECHHET

A

YK 67.014

v

MOJIUPUKAIINA TOIMKOHAEHCAIIMOHHBIX KJIEEB
MUMUHEPAJIBHBIMU COPBEHTAMM /IUIAA U3AEJIUU U3

JAPEBECHUHDbI

B. BapuBoauH, 5. Ceanauumk

Oonum u3 Haubosiee UCNOTb3YEMbIX Klees 6 0epesoodpabamvieaioueli NPOMbIUIEHHOCMU S6ISemCs
NOMUKOHOEHCAYUOHHDIL  Kapoamudopopmanvoecuousiti  kiei. Boavuwum Hedocmamkom 3moeo  Kies
ABJISLEMCSL, YMO 8 NpoYecce U3L0MOBLeHUs U30eNUll U3 KIeeHOU OpPegecUtsbl, UX NOC1e0yioue20 UCHONb308aAHUS
6 JICUILIX NOMEUeHUSIX, 6blOEISIeMCs MOKCUYHBINL (DOpMaAnbOe2uod, 3azpasHsiowull pabouee Mecmo u
nomewenue. Llenvio pabomwr sensemcs moougpuxayuss K@ knes munepanvHulmMu copoeHmamu ¢ yeuvio
CHUdICEHUs. dmuccuu  gopmanvoecuda. B pabome ucnorvzosanucy anomMocuruKamuvie copbeHmul
MOHMMOPUILIOHUM, NATBI2OPCKUM U yeoaum. Hanuuue u npupooa akmuguvix yenmpos co30arom Hauiyduue
yeaosuss 01 copoyuu  opmanvoecuda. Munepanivhvle copOenmvl  aKMUBUPOBAIUCL MEPMUYECKU, 6
UMnYIbCHOM dnekmpomachummuom noie, noise CBY ¢ yenvlo nogvluienuss adcopOyuoHHOU emMKOoCmu no
@opmanvoezudy. B kneii oobasnamu 3% munepanvnozo copbenma. HMccneoosanu Qusuko-xumuueckue
ceolicmea Kiees, NPOYHOCHb KIeego2o Wied, cooepicanue U IMUccuio gopmairvoeuda u3 auepol.
Pezyromamer nokazanu, wmo axmugayusi cOpOEHMO8 YGeIUUUBAECH 8 HECKOAbKO pd3 aA0COPOYUOHHYIO
emkocmb no opmanvoezudy. Jobasnenue axmusuposannvix copbenmos x K@ xnesm cnocobcmeyem
CHUdICEHUI0 amuccuu opmanvoecuda 0e3 CHUNCEHUs NPOYHOCMU Kiee8o2o wed. Moouguxkayus Kiees
MUHEpAIamu He OKa3vléaem GIUAHUSA HA PUIUKO-XUMUYECKUE CBOLICNBA KNeeBbIX cMecell.

Kntouesvie cnosa: K@ xneil, munepanvuviil copbenm, smuccus, popmanrsoecud, adcopoOYuOHHAS eMKOCb.

One of the most commonly used adhesives in the wood industry polycondensation is urea formaldehyde glue.
The big drawback of this glue is that during the manufacture of laminated wood, their use in residential
areas, toxic formaldehyde is released, polluting the workplace and premises. The aim is to modify the UF
glue mineral sorbents to reduce formaldehyde emissions. We used aluminosilicate sorbents montmorillonite,
palygorskite and zeolite. The existence and nature of active centers create the best conditions for the sorption
of formaldehyde. Mineral sorbents thermally activated in a pulsed electromagnetic field of the microwave
field in order to increase the adsorption capacity for formaldehyde. The adhesive is added 3% mineral
sorbent. The physicochemical properties of the adhesive strength of the adhesive joint, content and
formaldehyde emission of plywood. The results showed that the activation of the sorbents increases several
times the adsorption capacity of formaldehyde. Adding activated sorbents to UC adhesives helps to reduce
formaldehyde emissions without reducing the strength of the adhesive joint. Modification of adhesives
minerals does not affect the physical and chemical properties of adhesive mixtures.

Keywords: UF glue, mineral sorbent emission formaldehyde adsorption capacity.

Beenenue cBoiicTBa (paHephl, HaApALy C TPaIULHOHHBIMU
rpynmnamu bu3ngecKux, MEXaHUYECKHUX,
CoBpeMeHHasi HKOJOTH3alUs POHU3BOJICTBA
TEXHOJIOTUYECKHX u AKCILTyaTaIl[HOHHBIX
HaXOJUT CBOE OTPaKCHHWE B CO3MaHHM Bce Ooiee
XapaKTCPUCTHK ObBLIH BBIJICJICHBI, KaK
6C3OH3.CHBIX, HCTOKCUYHBIX IIPOAYKTOB. o
OTHOCHTEJIIFHO  CaMOCTOSITENBHBIH  KOMILIEKC
3aKOHOMEPHO  CO3/MAIOTCS  HOBBIE  ITOKOJICHHS .
cBoiicTB. Kpome Toro, 3HaueHHe 3KOJIIOTHYECKOTO
MaTepHaJIOB, KOTOPBIE MOTYT OBITh
KauecTBa (aHepbl OKa3aJoCh 3HAYUTEIHHBIM
OXapaKkTepHu3oBaHbl Kak Oe3BpenHble. KiieeHsle
KOMMCEPUYCCKUM (baKTOpOM B MHPOBOM PBLIHKE.
MaTepuagbl ~ MUMEIOT  XOpommne  (U3NUECKHe, o
. [Mocne  co3manmst  TpeOOBaHWII  pBIHKA  Ha
MCXaHHUYCCKHEC M TCXHOJIOTHYCCKHUE CBOUCTBA,
TUTUECHUYECKU 6630HaCHI)Ie, IMPUPOAHBIC IIUTOBBIC
KOTOPBIC YBCINYHUBAKOT YHUBEPCAJIBHOCTH nux
MaTepHallbl YHUBEPCAIBHOIO MPUMEHEHUS, OTO
HUCIIOJIB30BaHUsA. Onu IIOCTOSAHHO COXpaHAT o
TpeOOBaHUE TOSBUIIOCH U 'y TIPOU3BOIUTEIICH KIleeB
BBICOKYIO JOJIXO B MHPOBOM IIPOU3BOJCTBE

IMUTOBBIX JPEBECHBIX MAaTCPUATIOB. DKOJIOTHUECKHE

JUTSL TPEBECHHBI, JUI KOTOPBIX HEOOXOIUMO OBIIO
W3MEHHUTH TEXHOJIOTHIO MPOU3BOJICTBA U MEPEUTH K
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KJesIM HM3KOM TOKCHUYHOCTH, T.€. KJIEIM C HU3KUM
coiepKaHueM CBOOOIHOTO dhopmanbaeruna,
KOTOpBIE TIOCJe TIpoliecca CKJIEHMBAaHUA MOTYT
COKPaTUTh BBIOPOCHI (OpMaNbJIernia U3 TOTOBBIX
W3 K MUHIMYMY.

TakuM 00pa3oM, CHWXKEHHE COACPKAHHUS U
amMuccuu (popMmaibaeruaa B KICCHBIX MaTepuajiax
SBIIIETCS 1ENbI0 JIaHHOW PaboThl. OCHOBHBIM
MPEIOI0KEHUEM JJISI TOCTUAKEHUS LIEJIHN ABJISETCS

MOJIrOTOBKA MOJIXO/IAIIETO Mo udHUKaTopa,
KOTOPBI MOXeT (PEKTHBHO CBS3BIBATh, TOYHEE,
azcopOoupoBaTh HETpOpearupoBaBIINe u

OTHICTIISIEMbIC B XUMHYECKHX CBSI35IX MOJICKYJIBI
dopmanbreruga. [lpumenss wmomupukaTopsl -
MHUHEpaJIbHbIE COPOCHTBI B YK€ HMMEIOIINXCS
cTaHAapTHeIX mpou3BoauMbix Kd kiesx Oyayr
yIydIIeHbl TOKa3aTelyd KJIEEeBbIX KOMIO3HMIUH
(BSI3KOCTB, BpeMs BBIACPIKKH, BPEMS IPECCOBAHMS,
colepkaHne W dMHccHS  (popMalbIerua).
MuHepanbHble  COPOEHTBI  MMEIOT  (PyHKIHIO
HanonmHuTened. TakuM o0pa3oMm, 3TO MPUBEAET K
TEXHOJIOTHYECKOMY 3 (dexTy, HIKOJOrHUECKOMY
addekTy, 1 K 3KoHOMHUECKOMY 3(D(]EKTy ¢ TOUKH
3peHUs] KOHEUHOH 1I€HBI KJIEeBOH CMECH.

Jlns  yBenudeHus: ajncopOIMOHHONW EMKOCTH
QIIOMOCHUJIMKATHBIX COPOEHTOB HCHOJNb3YyeTCs HUX
npeJBapuTeNbHas aKTUBAIMS, 3aKII0Yaomascs B
UX  pa3nuuHOM  00paboTke,  Hampumep B
UMITYJIbCHOM  DJIEKTPOMAarHMUTHOM  [OJie, B
anexkTpomarHutHoM 1mione CBY, Ttepmuueckas
o0paboTka.  OTO  TO3BOJISIET  yBEIMYMBAThH
aJICOPOIIMOHHYI0 €MKOCTh M KaTaJIMTHYECKHE
CBOICTBa COPOCHTOB, TaKMM OOpPa30M, PaCIIHPSI
chepy MpUMEHEHHUs ATFOMOCHIINKATOB.

Cormmacao XomocoBoit [1], amcopOnroHHBIE
CBOICTBA MPUPOJIHBIX M CHHTETUYECKUX COPOCHTOB

BO3MOXHO yIy4IINTh MPOBEICHIEM
MPEABAPUTEIILHON  TEPMHYECKOW  00paboTKwH.
OCHOBHBIM KpUTEepreM 3G PEeKTUBHOCTH

TEPMHUYECKOH OO0pabOTKH MHHEPAJIOB SBISIETCA
yYBEIUYEHHUE UX EMKOCTU. AZICOPOIIMOHHAs EMKOCTh
3aBUCUT B OCHOBHOM OT [JBYX (akTOpoB —
TeMIlepaTypbl W BpeMeHu o0paborku. Takxke
HE00X0MMO OpaTh BO BHHMaHHE TEMIEpaTypHYIO
MPOYHOCTh KPUCTAIITMYECKON PEIIETKH COPOCHTOB.
Pazpymienue KpucCTamIM4ecKol pemeTky BBICOKOH
TEMIIEPaTypoil CHIKAET COPOIMOHHBIE CBOWCTBA
copOeHTa, KaTaJIMTHYECKHE u T. .
UemmmeeiM H®. u ero corpymaukamu  [6]
YCTaHOBJIEHO, YTO B AWamna3zoHe Temmeparyp 473—
573 K He NpoMCXOAMUT CTPYKTYPHBIX M3MEHEHHH,
BIMAIONIMX Ha COpOLMIO TMapoB BOABI, H
pacxoqyemasl TEIUIOBasl SHEPrus J0CTaTOYHA IS
MPAKTUYECKU TIOJIHOTO OCBOOOXKICHUS

BHYTPHUKPHUCTAJITTICCKOTO HPOCTPAHCTBA
neonutoB. Ilpu temmeparypax oxono 373 K wu3
uneonutoB ynansercss meHee 50 % Bogpl. [losTomy
IpyU TEeMIepaTypax, BBIIIE KOMHATHOW, LEOJHUTHI

CIIOCOOHBI azicopbupoBarh BJIary u,
CJIEZIOBATEINBHO, OHU TIPUTOHBI Uit
UCIIONIb30BAHHS B nporeccax OCYIIKH.

[IpokanuBanue MpH BO3PACTAIOMIMX TEMIIEPATypax
NPUBOAUT CHayajlla K IOCTENEHHOMY, a 3aTeM K
pPE3KOMY yMEHBIICHUI0 HOHOOOMEHHOH E€MKOCTH
o0pa3oB. OTO CBS3aHO C  HapYILICHUSMH
CTPYKTYPHI LIEOJIUTOB U UX aMOp(du3arueii.

HccnenoBanue BIIMSHUS UMITYJIbCHOTO
MarautHoro noist (MMII) ¢ marHuTHOM HHAYKIMEH
120 uw 11 MTn Ha CcOpONMOHHYIO CIIOCOOHOCTH
UCKYCCTBEHHBIX M  HEKOTOPBIX MHUHEpaJIbHBIX
COpOEHTOB O CTHUPEHY, alleTOHY W OyTHianeTary
obu10 B paboTax benpunnckoit [2]. Bousane UMIIT
Ha WHTCHCHU(PUKAIUIO aJICOPOIMOHHBIX MPOIECCOB
BO3MOXHO Ojarofapsi TOMy, YTO Ha TOBEPXHOCTH
copOeHTa nmeercst HaOop (PyHKIIMOHATBHBIX TPYIIT,
KOJINYECTBO KOTOPBIX MOYKET PACTH MPH aKTHBALIUH
copOeHTa B TIOJIE.

DJNEeKTPOMarHuTHOE  TOJIE  CBEPXBBICOKOU
gactotel (CBY) mmpoko wucmonb3yercss —Ais
00paboTKM JpeBecHHbI (CyIIKa, CTepUIINA3AINS,
macrepuzauuds M T. [.), IS HM3TOTOBJICHHS
TEPMOCTAOMIBHBIX MOJUMEPOB, M 00pabOTKH
HEQTH. [lepcnexTrBHO UCIIOJIb30BaHKE
MHUKPOBOJTHOBOTO H3IYYEHUS M B XHMHYECKOU
MPOMBIIUIEHHOCTH [3], KOTOpO€ WIpaeT BaKHYIO
poJib Mpu 00pabOTKe TBEPIBIX YACTHIL C BBICOKOU
CKOPOCTBIO.

MaTepnaﬂu H ME€TOAbI

Onpenenenne  coaepikaHusi  CBOOOJHOTO
dbopManpaeruia B KapOamu0popMabIeTHTHBIX
KIIesX JIydiie JIjsl KJeeB ¢ HauOOoJbIIe dMuccuei
ero. Jlns atoro B paboTe HCMONB3yeTCS KieH
KRONORES CB 1000-1800 F. 3ror kie#
MPUMEHSETCS TUTST W3TOTOBJICHUS
JIPEBECHOCTPYKEUHBIX TUTHT, W3TOTOBJICHUS
(haHEpHI, MIMOHUPOBAHUE W CKJICHBAHUE JIaMeseH,
JepeBooOpabaTsiBaroIen u MeOeNbHOM
MPOMBIIIIICHHOCTH. OCHOBHBIC — (PU3UYECKHE U
XUMHYECKHE CBOMCTBA KJIes:

— pH: 7,2-8,7;

— miotHOCTH 1270—1300 kr/m’;

— pacTBOpPHMOCTH B Boje: 1:1, mpu Gonpiiem
COOTHOIICHUH KJICH CBOPAYNBACTCS;

— Bs3KocTh: 300-1000 mIIa-c /20 °C;

— CBOOOIHEBIN (dhopMabIeru C
koHnentparueit 0,2 %;
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— cyxoil ocTaTok MuH. 65 %.

oJIy4aroT

C

IIOMOIIIBIO

HN3Ha4YaJIbHO

B pabGore BBIOpaHBI B KauecTBE COPOCHTOB

CIIEYIOIINE MHUHEPAJIBL:
MOHTMOPHIIIIOHAT — —

Xaxkaccus, Poccns;
Knunontunonut — CrnoBakus;
[Mansiropckut — CLIA.

OTH  MHUHEpajbl  SIBISIOTCS
NpPEJCTaBUTENSIMH ~ CBOMX  TpYIIL.
HaWIy4Ilue aJcopOIOHHbIE CBOMCTRA.

Kamepnsiii meton (EN 717-1) sBnsercs
OJIHUM U3 METO/I0B, OCHOBAaHHOM Ha TIa30BOM
aHanuze, sMHUccus (GopManbAeruia U3MepseTcs B
HaunOosee MPUOIMKEHHBIM K YCJIOBUSAM B KHJIBIX
nomemnieHusix. KoHnentpauus ¢Gopmanbaeruia B
BOJIE OCHOBaHAa Ha pEaKkUud C BOAHBIMHU
pacTBOpamMH aleTHJIAEeTOHa U aleTaTa aMMOHHS, C
JATbHEUIITIM aHAIN30M peakuuu B
cniekTpodoToMeTpe, KOTOPBIN HU3MepsieT
K0d(pPHUIIMEHT TPOIyCKaHUS CBETOBBIX Jy4el ¢
niuHOW BonHBI 412 M. PesynbpTaTel m3MepeHuit

MECTOPOXIACHUC

TJIaBHBIMU
Hwmerot

TIOJITOTOBJICHHOW KaJIMOPAIIMOHHOW KPUBOH.
PesysabTaTsl U AUCKYCCHS

Onpenenenne  aacopOIMOHHONW  €MKOCTH
ATIOMOCHJIMKATHBIX ~ copOeHTOB. B pabote
HE0OXOUMO 3HATh, KAaKOW MHUHEpal U Kakou
Croco0 aKTHBAIUK CIIOCOOCTBYET MAaKCUMAIIbLHOMY

YBEJIMYEHUIO  AJCOPOLIMOHHOM  €MKOCTH 10
dopManpaeruay JUIs KaXIOro THIA MHHEpasa.
Jlo6aBnenue MUHepala c HaWTy4IIUMHI

aJICOpOIIMOHHBIMH CBOMCTBaMH TIO (hOpMaITbICTHTY
K KJICIO BBI3bIBA€T HU3LIYIO 3MHUCCUIO U MEHbILEE
cojiepykaHue cBOOOIHOTO (OpPMaANIBAETHIA B KIICE.

Ileonut, Kak TPHUPOAHBIA COpPOEHT, HMeEeT
OYeHb HU3KYI0 aJICOPOIMOHHYI0 €MKOCTb IO
dopmansreruny (20,1 mMr mis 1 r copOenra).
Tepmuueckasi akTUBAIMs MOXET MOBBICUTH ATOT
nokaszarenb. B Tabmuie | mokasaHO MOBBIIICHUE
a7IcOpOLIMOHHON €MKOCTH COpOEHTa B 3aBUCUIMOCTH
OT TEMIIEPATypbl AKTUBALIUH.

Ta6n. 1. AocopbuMoHHasa eMKOCTb popmanbaervaa ans TepMUYecku akTMBUPOBaHHOIO LieonuTa.

Temneparypa axrugaman | Hpupommsiii | 100 °C [ 120 °C [ 140 °C [ 160 °C [ 180 °C [ 200 °C [ 220 °C

AncopOImoHHas EMKOCTB, 20,1 452 70,4 77,2 91 101,1 107,1 95,2

Mr/T

VBeauueHue €MKOCTH, % 100 225 350 384 453 503 533 473

Kak BugHo w3 T1abn. 1, TepMmuyeckas obpabotkn (220 °C), OYEBHAHO OKa3bIBACT
aKTHBALMs LICOJIMTA MMEET BBIPAKECHHBIH >(PexT BJIMSHUE Ha KPUCTAUIMYECKYIO PEIIeTKY COpOeHTa,
yxe mnpu Ttemmeparype 100 °C, wu ero 4TO CHIKAeT COPOIIMOHHYIO €MKOCTb
aficopOIIMOHHAsT €MKOCTh yBenuumBaeTrcs B 2,25 dbopManbaeruaa.

pasa. IIpu akTuBanuu copOeHTa IpU TemIeparype
200 °C, copOLMOHHAs €MKOCTh YBEIMYUBACTCS B
5,33 pa3a B cpaBHEHUH C IPUPOIHBIM COPOCHTOM.
MakcuManbHOW €MKOCTH JIOCTUTAaeT COPOEHT,
oOpaborannsiii mpu 200 °C. HarpeBanue copbenTa
qo 200 °C, cormacHO aBTOPOB, CHOCOOCTBYET
IecopOnuu  COpOMPOBAHHOW  BOABI, KOTOPOM
cogepxkurcs g0 13 %. bompmas TtemtoTa

[IpupomHbIii  MOHTMOPWUIOHUT HMMEET II0
CpPaBHEHHMIO C IIEOJIUTOM XYJIIYIO  COPOIHIO
dbopmanpneruaa (10 mr/r). B tabmumne 2 Buamm,
YTO HAWIYYIIyH cOpOnmio GopMaibIeruia nuMeeT
MuHepas, aktuBupoBaHHbii pu 200 °C. CopOuust
dopmanprernna 3a 24 49 gocrturaer 73,5 wr
TOKCHYHOTO BEIIECTBA.

Tabn. 2. AncopbumoHHasa emKocTb popmanbaervaa Ansi TePMUYeCcKu akTUBMPOBaHHOTO MOHTMOPUIIIOHUTA.

Temneparypa aktuBauun | [pupomnsiit | 100 °C | 120°C | 140 °C | 160 °C | 180 °C | 200 °C | 220 °C
AncopOIuoHHast eMKOCTb, 9,7 373 41,4 49,7 63,8 70,5 73,5 65,4
Mr/T

VYBenuueHne eMKocTH, %o 100 385 427 512 658 727 758 674

B rTabmume 2  mokaszaHBl  pe3yNIBTAThHI yBenuueHue B 3,9 pa3a B cpaBHEHUH C MIPUPOIHBIM
WCCIIE/IOBAHUST ~ MaKCHUMaJbHOW  COpOIIMOHHON copOeHTOM. OnrtuManbHas TeMIlepaTypa
€MKOCTH HNPUPOJHOTO u TEPMUYECKU o00paboTku coctaBisier 200 °C — yBenuueHWe B
00pabOTaHHOTO MOHTMOPWUIOHHTA. TepMmuueckas 7,58 paza.
aktuBarus copoenta yxe npu 100 °C oxaspiBaeT [Tansropckut SIBIISICTCSI MUHEPaIbHBIM
BIUSHUE HA €ro ajcOpOIMOHHYI0 €MKOCTh — COpOEHTOM,  KOTOPBI  HMMEET  HAUMEHBIIYIO
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TepMOCTAOMIBHOCTb. CTPYKTypHBIE H3MEHEHUS MaJBITOPCKUT B CPAaBHEHUM C MOHTMOPUJUIOHUTOM
muHepan mnperepneBaer npu 100 °C. Jlna ero W KIMHONTWUIONUTOM  HMMEET  HaWIydllne
aKTUBallMW ObLTU BBIOpaHBI TeMrieparypsl ot 40 °C a7IcOpOIMOHHEIE CBONCTRA.
no 120 °C. U3 Tabnunpl 3 BUAUM, YTO TPUPOTHBIN
Tabn. 3. Aacop6umnoHHasa eMKOCTb hopmanbaernaa ansa TepMMyYecku akTMBMPOBaHHOIO NanbIrOPCcKUTa.

Temneparypa aktuBauuu | [Ipupomnsrit 40 °C 60 °C 80 °C 100 °C 120 °C

AncopOImoHHas EMKOCTB, 27,1 52,4 59,5 69,3 78,2 62,4

Mr/T
VYBenuueHne eMKOCTH, %o 100 193 220 256 289 230
Bunno, 49ro  MuHepanbHBIA  COpOEHT aKTHBALlMM  MHHEPAJIBHBIX  COPOEHTOB MBI

MaJbICOPCKUT IPH aKTUBaUuu Temmneparypoit 40 °C YCTAaHOBWJIM, YTO  aJCOPOLIMOHHAasl  €MKOCTh
MMEET YIBOEHHYI0 €MKOCThb. MakCHMaIbHON copOeHTa sBIseTCs QYHKIMEH MUHEPAIOTHIECKOTO

aJICOpPOIIMOHHON €MKOCTH MHHEPAJ IOCTUTAET TPH
100 °C axktuBamuum — 2.9 paza B CpaBHEHUHU C
npupoaHbM copbentoMm. Haibo ycranoBwmi, dro
TepMUYECKasi aKTUBAIMsI MHHEpaja MajJbITOPCKUATA
UMeeT CIeAylollee BIMSHUE: W3MEHEHHS B
KPUCTALIMUECKOW pelIeTKe MpH TeMIeparype
Oompmert 250 °C, necopOmmeild azora ObUIH
HaWJIeHbl MATh THUIOB KHUCIOTHBIX IIEHTPOB [4].
Jerunparamusi He TONBKO BIHMAET HA CTPYKTYpPY
MHUHEpajla, HO TaKXe YBEJIUYUT KOJINYECTBO
KHCJIOTHBIX LIEHTPOB.

B pesynbprare uccienoBaHus ONTUMAIbHOMN

cocraBa, CTPYKTYpbl COpOEHTa M XapakTtepa H
pasmepa MOJIeKyJ copOara.

B paGore MBI Takke WCIOJB30BaIU MPUOOP
JUTS TIOJTYYSHUSI UMITYJIbCHOTO MarHUTHOTO TIOJS —
cimaboro 1o 11 mMTn m cumnpHoro mo 100 mTi.
BennunHa MHAYKIUM OpeesieHa BO3MOKHOCTAMU
npubopa. Bumum, uro agcopOrust hopManbaeruia
akTuBUpoBaHHBIM B HMII neonmutoM nocTuraer
BenuuuHbl 80,1 Mr/T, MOHTMOPHWIIOHUT 46,1 MT/T U
naneiropckut 80,2 Mr/r. Pe3ynbTaTel MpuUBEICHEI B
Tabnure 4.

TeMIIepaTypbl  MPEIBAPUTEIBHON  TEpMUYECKOH
Tabn. 4. AncopbumoHHasa emkocTb popmanbaermaa aktueupoBaHHbimu B UMM cop6eHTamu.
CopbeHT [Ipuponansrit 11 MTa 100 MTo
AJCOpOIIOHHAS. EMKOCTb, 20.1 572 80.1
Ileonut MI/T
YBenudeHne eMKOCTH, % 100 285 399
AncopOimoHHas EMKOCTB, 9.8 32,5 46,1
MOHTMOPWITIOHUT MI/T
YBenudueHne eMKOCTH, % 100 332 470
AJCOpOIIOHHAS EMKOCTb, 27.1 62.8 80.2
[Tanbiropckur MI/T
VBenudeHne eMKOCTH, %o 100 232 296
U3 Tabmuiel 4 BHAHO, YTO aKTHUBAIUS Ka4eCTBO 00€3BOKMBAHUS MHUHEPAJIbHBIX

munepaioB B IMII ¢ unnykuwmerr 100 mTn maer
3pPEeKT yBeTUYEHUS aaCOPOIMOHHONW EMKOCTH
(dhopmaibaeruia HanO OB JUTST
MOHTMOPWUIOHHTA — 4,7 pasa, s neonuta — B 4
paza W nOpubausuTenbHO B 3 pasa  Aud
MAJIBITOPCKUTA. AKTHBALMIO B MHKPOBOJIHOBOM
0JI€ MbI BBIOpAJIM U3 COOOpaXEHUH, KacaroluXcs
3aTpaT U BBITOJIbl, SKOHOMUH BPEMEHH M SHEPTHHU B
mporiecce aKTHBAIMM COpOEHTOB. B TO ke Bpems
aKTHBAILlMSl MUKPOBOJIHAMHU OOECIeUMBACT JIydIlIee

COpOEHTOB, M3-3a N30MPATENBHOIO JEHCTBUS MO
Ha MOJIEKYJIbI BOJIBL.

Kak Buaum w3 Tabnumel S, HaWIydlide
aJIcOpOLIMOHHBIC CBOMCTBA IOCTEC AaKTHBALMU B
CBY mnocne ¢ wMomHoctero 800 Bt wumeror
MUHEpaJIbll MOHTMOPHJUIOHUT (€MKOCTh 85,2 MTI/T)
W KIUHONTWIONHUT (aJCOpOIMOHHAs eMKOCTh 98,3
Mr/r). Jlns maneiropckuta HamOojee MOIXOAsIIee
none 600 Bt — yBenmmuenwe axcopOmmMu 10
112,8 mr.
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Ta6n. 5. Ancop6buMOHHaA eMKOCTb COPOEHTOB, aKTUBUPOBaHHbIX B MMKPOBOJIHOBOM Mnorne.

CopbeHr [Ipupoasbiii 200 Bt 400 Bt 600 Bt 800 Bt
Ancopounonaz 20,1 55,1 72,3 84,5 98,3
€MKOCTb, MI/T
Heomur VBenuuenue
0 100 274 360 420 489
eMKocTH, %
Ancopouponaz 9,8 45,7 57,1 65,2 85,2
MoHTMOPHILIOH €MKOCTb, MI/T
T Ybeuienie 100 466 582 665 869
eMKocTH, %
Azcopbunoriias 27,1 92,3 99,8 12,8 .
€MKOCTbh, MI/T
[Tansiropckut S 7.
0 100 340 368 416 -
eMKkoctH, %
ITocie aKTUBAINH copOeHTOB pu C CcopOCHTaMH, TECTHPOBAIM Ha  0O0pasmax

ontuMainbHbIX ycnoBusix B CBY mome wneomut
YBEITMYMBACT CBOIO aJCOPOIIMOHHYIO €MKOCTh B 5
pa3, MOHTMOPHJUIOHUT B 8,7 pa3a U NaJbITOPCKUT B

4,2 pasza.
Hanbire B pabote HCIIOTh30BaJINCh
CIIEAYIOIINe PEXKUMBI 00paboTku

AITFOMOCHJIMKATHBIX COPOCHTOB:

1) Tepmuueckast oopaboTka:

- mouT™Mopmionut 200 °C, 1 yac;

- eosut 200 °C, 1 gac;

-nansiropckut 100 °C, 1 gac.

2) B UMII mns Bcex copbentoB 100mTm,
2 MUH.

3) 8 CBY none

-MOHTMOPWILTOHUT 800 BT, 4 MuH;

-nieonut 800 BT, 4 muH;

-nanbiropckut 600 BT, 4 MuH.

Omuccuto  Qopmanpaeruna  u3  00pasIoB
daHepsl ompeneNsIM  CTaHAAPTHBIM ~ METOJIOM
cormacio EN 717-1. OOpa3usl 5-Tu  cioitHOH
(baHepsl HAXOIMIUCH B KaMepe JI0 TeX Mop, IMoKa He
JOCTUrajia  IOCTOSIHHAs  BEJIMYMHA  SMHCCUHU
CBOOOIHOTO (hopmMasbaeruaa. H3mepeHHbIC
BEJIMYMHBI SMUCCUU C KaXI0Tro 00pasia moKa3aHsl
Ha pucyHkax 1-3.

BugHo, u4rto mo0aBieHme  MUHEpPAIBHBIX
COpOEHTOB  TO3BOJISIET  CHHU3UTH  JMHUCCHIO
dopmanpnerunna w3 Qanepsl. [loOaBieHue He
AKTUBHPOBAHHBIX, MPUPOAHBIX MUHEPAIOB B KIEi
HE OKa3bplBaeT CYMIECTBEHHOTO BIUSHHUA Ha
sMHccul0  (QopManbaernaa,  HO  aKTHBALUS
COpOEHTOB  yBENMYMBACT  BIUSHHE  OMHUCCHIO
dbopMmanbaeruaa. Bce o0pasisl (hanepbl
COOTBETCTBYIOT TpEeOOBAaHUSAM CTAHIAPTOB JUIS
KJacca sMuccuu popmanbaeruga El.

[Ipo4HOCTh Ha CKaJbIBaHHUE MO KJIEEBOMY ILIBY
B cootBeTcTBUU ¢ EN 314-1. YucTeiii ket u ke

TpEeXCIOWHOM Oepe3oBoit paHephl.

0,11

01

0,03 l I I I

K wneit Kb wneid + K kneit + K® knedt + K knei + KO wneit +
HANOAKUTENL  MOHTMOPHANGHHT MOHTMOPHANOHUT MOHTMODHANOHKT MOHTMODHANGHHT
MOHTMODMANOHHT  TEPMOAKTHE awTve 8 MM Tepmo+UMIN autwe B CBY
aktMa

°
3

o
8

Immccua popmansaemaa [mr/m?
e )
g g

]
=]
]

o
R

Puc. 1. dmuccusa cdopmanbgermaa ns daHepbl ¢ KO kneem,
MoAnULMPOBaHHBIM MOHTMOPUIIIOHUTOM.

01

007
0,03

K knedt Kb waedh + Kb kool + K e + Kb wned + Kb waedt +
wanonwwrens  ManBIfOPCKHT  NAnbiropekur  Manwiropckut  lanbiropckur
NanbifopexMr  Tepmoakie  akTuaa MM TepmMo+HMI axtva @ CBY
P

H

§

IMMCCHA GopMarbaeraa [mr/m’]
8

E

Puc. 2. Amuccua dopmanbaervaga us gaHepbl ¢ KO kneewm,
MOAM(bMHMpOBaHHbIM NnanbIrOPCKUTOM.

[ToaroroBuim 0Opa3IBl ISl HMCIBITAHUNA B
coorBeTcTBUU ¢ EN 314-1 nmna omnpegeneHus
MPOYHOCTH Ha CKalbiBaHWe. YUCTHIA Kieid 06a3
MOoOaBIICHUS MHWHEPAJIOB JIJIi  TPUTOTOBJICHUS
(danepbl uMmeeT crnenyrwomuid cocta: KO + 4 %
orBepautenss + 20 % TeXHMYECKOM MYKH.
WcnprThiBai MPpOYHOCTH COCTMHEHUS.



5 HAYYHBIE NYBMUKALIMK

0,09

0,03 | | I | I I

0,
KO kneit H® wned + K® wnedl + KO wned + KO wnedl + KO kel +
HanoakMTeAs  KAMHONTMAGAMT  KAMHONTMAONKT  KAWHONTMAGAMT  KAMHONTHAGAWT
KAMHONTHACANT  TEPMOIKTME awTHe B UMIN Tepmo+HMN axTie 8 CBY
aKTHe

Invmccua Gopmarbaeraa [wrf/m?)
o o e o
2 E g B

B

Puc. 3. 9muccusa copmanbgernaa ns daHepbl ¢ KO kneem,
MO,D,VI(*WILWIPOBaHHbIM KNMUHONTUNOJIUTOM.

Bce 3HaueHWS COOTBETCTBYIOT CTaHIApTHON
npouynoctu (1 Mlla). danepa Ha OCHOBE YHMCTOTO
KJIess 0e3 700aBOK IOKa3ajla 3HAUYCHHUE MPOYHOCTH
2,41 MIla. CraTuCTHYECKH 3HAYMMOE CHHIKCHUE
MPOYHOCTH  COCIMHEHHUS  OBLIO  JI0OABIICHUH
MHHEpana MOHTMOPHUJUIOHUTA. Kueit c
JI00aBIeHHEM MHHEPATHHBIX COpOCHTOB
MagblTOPCKUTA W MOHTMOPWUIOHHUTA  UMEIN
3HaYCHHWE TPOYHOCTH B amama3oHe ot 1,3 mo 3,1
MIla. 910 MOXET OBITH OOBICHEHO C TOUYKH 3PCHHS
aHU30TPOTTHONW CTPYKTYPOU IPEBECHHEI, a HE M3-3a
BITMSTHASI MUHEPATTbHBIX HATIOJIHUTEIICH.

BrIBOABI

Ha ocHOBaHHMM TIpHUBENEHHBIX HCCIECIOBAaHUI
MOYKEM 3aKJIIOUUTh, YTO 00ABIEHHE TIPUPOTHBIX H
MUHEPATBHBIX aKTUBUPOBAHHBIX COpPOEHTa BIIMSET
Ha oSMmHccui0 ¢opmanbreruga u3 ¢anepsl. U3
MPUPOAHBIX MUHEpaJIOoB 6e3 aKTUBALIUU
HauOoJpIlIee  BIMSHUE HMEET  MHHEPAJIbHBIHA
COpOCHT MaNBITOPCKUT (CHIKEHUE 3MHCCHU Ha
31 %), meHbllee BIMSHWE MOHTMOPHJUIOHUT (Ha
21 %), m BIUSHME TPUPOIHOTO KIMHOMTUIOINTA
ABISIETCS HAUMEHbIIMM (CHMDKEHHE BCEro Ha
10 %). Tepmuueckas aKTUBAIUS
AIIOMOCUJIMKATHBIX ~ COpPOEHTOB  yBEJIMYMBAET
copbrmio  popmanpaeruna B KO kmee. Takum
o0Opa3zom AMUCCUS dopmanbaerunga npu
TEPMUYECKON aKTHUBAIIMK COpOCHTa CHM)KAeTCS Ha
19 % s MoHTMOpWUIOHHTA (HAa 2 % MEHbLIE 10
CPaBHEHHMIO C MPUPOAHBIMH MUHEpaJaMH), OKOJIO
39 % npu pobGaBnenun nansiropckuta u 33 %
N00aBICHUEM IICOJTUTA.

Jlyumme 3HaueHust sMHccuM (opMabaeruia
MpU aKTUBAIMM MUHEPAIbHBIX HAMOIHUTEICH B

CBY mnose. AKTHBUPOBaHHbI MOHTMOPHJIIOHHUT
CHM)KAaeT TOKCHMYHOCTH Kies Ha 33 %. CopOeHTbl
HNAJIBITOPCKUT M LIEOJUT, AaKTUBUPOBAHHBIE C
MOMOIIBI0 MUKPOBOJIH, YMEHBIIAIOT COACPIKaHUE
cBoOoHOTO hopManbaerua Ha 56 % u 49 %.
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PECYPCOCBEPET'AIOIIAA TEXHOJIOI'UA YTUIN3ALIUAN
OTPABOTAHHBIX JEPEBAHHBIX HIITAJI

0.B. TyHueB, M.P. XanpynnuHa

B pabome paccmompenvi naubonee pacnpocmpanenuvie mepmuyecKue Memoovl CYWKU U YMUIU3Ayuu
OmMpabOMaHHbIX OEPeBAHHLIX WINAL, KOMOpble CO0epiucam 6 C80eM COCmAse Op2aHuyecKue cOeOUHeHUs,
obaadaiouue 8biCOKOU NeMyHecmblo, MOKCUYHbIMU, KAHYEPOLEHHLIMU CEOUCMBAMU.

Knrouegvie cnoea: oepesannvie winansl, cocueanue, 2a3uurayus NUpOIu3.

In work the most widespread thermal methods of drying and utilization of the fulfilled wooden cross ties
which contain the organic compounds possessing a high volatility, toxic, cancerogenic properties in the

structure are considered.

Keywords: wooden cross ties, burning, gasification pyrolysis.

Ha d¢one yxyamaromeics SKOIOTHYECKOH
00CTaHOBKHU B CTpaHe pa3paboTka
pecypcocOeperaromx u 3KOJIOTHYECKU
000CHOBaHHBIX TEXHOJOTMH YTHIW3AllUd OTXOJIOB
[1-10] TPaHCIIOPTHOMN oTpaciu SIBJISIETCS
aKTyaJbHOH 3a7adeil.

[Inanel - 3TO 3JAEMEHTHI KEIE3HOIOPOKHBIX
nyTed, MpeAHa3HaueHHble Uil  oOecredeHus
MOCTOSIHCTBA HIMPUHBI KOJIEH, MEPEAaun Harpy3Ku
OT penbcoB Ha OalJacTHYl MOAYMIKY H
3aKperyieHus] TYTH Ha JOPOXHOM  TIOJIOTHE.
MarepranoM Uil HUX H3TOTOBIEHHUS CIYXKUT
JPEeBECUHA, JKeIe300€TOH, METAJUIBl U TOJIMMEPHI.
B nmactosimiee Bpems mo 75 % xene3HOIOPOKHBIX
myreii Ha Tepputopun Poccunm u  ONMMKHErO
3apyOeXbsi  MPOJIOKEHO C  HCIOJIb30BaHHEM
nepessHHbIxX 1mman (JHI). Cpok cayxosr AL ot 7
1o 40 ner, mpoJOIKUTEILHOCTh KOTOPOI'O 3aBUCUT
OT THUIA MCXOJHOM JApPEBECHUHBI, YCIOBUH U
WHTEHCUBHOCTU OJKCIUTyaTanuu. [ns yBenuueHus
CpoKa CITY>KOBI LITIAJIbI MPOIUTHIBAIOT
AHTUCENITUYECKUMU cpencTBaMu
(KaMEHHOYTOJIbHOE Macilo, TePMOKaTaJIUTHYECKast
YKUIKOCTD U T. J1.).

JlaHHbIE AHTHUCENTUKU COJEpKaT B CBOEM
cocTaBe OpraHUYecKue COeAMHEHUs, obOanaronme

BBICOKOH JIETYYECTbIO, TOKCUYHBIMH,
KaHIIEpOTreHHbBIMU  cBoMcTBamu.  [IpumepHbiit
KOMITOHEHTHBIH COCTaB OTXOJIOB
KEJIe3HOJOPOKHBIX IImna, MIPONUTAHHBIX

aHTHCENTHKaMH (MACTOPT OMAcHOTO  OTXOJIA):
nemtonosa — 80,0 %, macno cinanneBoe — 8,2 %,
Boma — 1,5 %, 6enszon — 0,1 %, Tomyon — 0,1 %,

denon — 0,1 %, xpemuezem (SiO,) - 6,0 %,
rmHo3eM (ALLO3) - 4,0 %. Ot coenuHeHUS
CHIOCOOHBI BBI3BATH TSKEJIbIC OTPABJICHUS Y JIIOJCH
Y TIOSIBJICHUE OHKOJIOTHYECKUX 3a00s1eBaHmil [2].

B CBSI3H c STUM paspaboTka
pecypcocOeperaronyo u 9KOJIOTUYECKU
000CHOBaHHYIO TEXHOJIOTHIO YTUIIN3AINN

OTpabOTaHHBIX JEPEBSHHBIX IIMANaX SBISETCS
aKTyaJIbHOM 3a7a4eil.

HaunbGonee pacnpocTpaHeHHBIMH
MPOMBIIIIIEHHBIMH crocobamu YTHIU3aUUU
TBEPABIX  OPraHUYECKHX  OTXOJOB  SBISIOTCA
TEPMUYECKHE METOJBI: CKUTAHHE, ra3u(uKams 1
nuponus [3].

Iluponrus - 3TO TEPMHUYECKOE PAa3I0KEHUE
OPraHWYeCKHX COCIMHEHHH IO  JIEHCTBHEM
YMEpPEHHBIX  TeMIepaTyp B  T'€pMETHYHBIX
YCTAaHOBKAaX IPU OTCYTCTBUHM OKHUCIUTEIbHOU
cpenpl. B pesynpraTe mpouecca  NUpoiM3a
0o0pa3yloTcsi TBepAble, JXUJIKHE W Ta3000pa3HbIe
npoayKThl. TBepbIil TPOAYKT Mpolecca MUpOoIn3a
— 3TO YIJIMCTOE BELIECTBO, OCTAIOLIEECS B KaMepe
cropanus [4]. COBMECTHO BBIIEISIOTCS KUIKHE U
ra3oo0pasHble  MPOIAYKTHl, 00pa3zys CIOXKHYIO
naporazoByto cmech (III'C). Tlpu mocnenyromem
oxnaxaeHnu W ouuctke pazgensercs [II'C Ha
KUAKUN IUCTWIIAT M HEKOHICHCUPYEMbIE TIa3bl
[5]. [IpaBunbHas opraHu3alysi TEXHOJIOTUYECKOTO
mpolecca JaHHOTO METOJa YTHIN3alUuU TT03BOJISET
MOKPBITh YHEPreTHUECKUE MOTPEOHOCTH Ipolecca.
N30biTkM  BBIpaOaThiBa@MOro  TEIJIa  MOXKHO
UCMONb30BaTh B TEXHUYECKUX WM OBITOBBIX
HYXJaxX. [ToBbimaTh SKOHOMHUYECKYIO
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3¢ (HEeKTUBHOCTh MOXKHO pealu3aiued >KUIAKUX M
TBEPIBIX TPOAYKTOB, KOTOpPBIE MOTYT OBIThH
IIMPOKO KCIOJb30BaHbI B MPOMBIIUICHHOCTH. U ¢
IKOJIOTHYECKONW TOYKU 3PEHHS THPOJIHU3 SIBISCTCS
0oJice MHTEPECHBIMH M TMEPCICKTUBHBIM METOJIOM
JUIS YTUIIM3AIUA OPTaHUYECKUX OTXOJIOB, TaK KaK
OCYIICCTBIISICTCS OH B T'EPMETHUYHBIX YCIIOBUAX W
KOJINYECTBO 00pa3yeMbIX MPH 3TOM ra3oB HAMHOTO
MEHBIIIE, YeM MPU CXKUTAHWHU M ra3u(UKaInm.

IIo cBoel cyru mnpouecc TEPMHUYECKOTO
pasioXKeHUsT OTPaOOTAHHBIX JEPEBSHHBIX IITIAN
CXOJIEH C TIPOILIECCOM MHUPOJIU3a JIPEBECHHBI. JTO
o0BscHseTcs Tem, uto OIII na 87,5 % cocrosart u3
JPEBECHUHEI.

E Cymmika
< -

Peakrop re
THPOITH3a - =

Konpen-
carop

BO3JIYX =

1A
/I_\?‘," [‘l\ ——————— QI/
}\I\‘I'V‘

Vi -
Iy -
va v

Temnoren-p

Ha CYIIKY

Puc. 1. Cxema ytunusauun OLL.

[Mpoucxogut yrumuzanus OJII cremyrormim
obpazom: CBIpbE M3MEINIbYaeTCs, 3aTeM
MPOTPEBACTCS W BBICYIIMBAETCS  TOMOYHBIMH
razamu B cymuike npu temmneparype 80 °C, oTkyna
IIOCTYNIaeT B  PEaKTOp  MHPOJIN3A, rae
OCYILIECTBISICTCA ~ JNAIBHEHINIUH  IIPOTPEB W
TEPMUYECKOE pasiioKeHue HarpeTbIMU B
TEIIO0OMEHHUKE PElUPKYIISIIIMOHHBIMU Ta3aMHu.

B pesympraTe mpomecca  TEPMHUYECKOTO
pas3nokeHust 00pa3yloTCs Yrojib W Iapora3oBast
cMmech. Ilocnennss, npoxons depe3 KOHAEHCATOp,
YaCTUYHO  KOHIEHCUPYETCd C  BBIACICHUEM
KOMIIOHEHTOB KaMEHHOYTOJIBHOTO Maciia, KOTOpbIe
OTBOAATCS B  BHJAE  KOHEYHOTO  NPOAYKTA

MPECTaBIISIONIETO coboit COEIMHEHHUS
KaMEHHOYToJbHOrO Macia. Ha  Beixome w3
KOHJIeHCcaTopa HEKOHJICHCUPYIOIINECs rasbl

JeNSTCA Ha JBa IMOTOKA: 4YacTh Ta30B MICT Ha
CKUTaHWE B TEIUIOreHeparop; Apyras ke YacTb,
HarHeTaeTcsl Ta30/yBKON uepe3 TeruooOMEeHHUK B
peakTop, oOecrieunBasi BHYTPEHHHMH NPOTPEB U
TEPMHUYECKOE PA3I0KEHHE ChIPBSI.

Ha 0a3e xadenpel mepepaObOTKH APEBECHBIX
MaTtepuasioB Belercs pabora Mo  pa3paboTke
TEXHOJIOTUYECKON CXEMBI nepepaboTku

OoTpa0OTaHHBIX  JEPEBSHHBIX INMAJ  METOAOM
OBICTPOTO MUPOITU3A.
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KOHTAKTHAA NOACYIIKA AIPEBECHbBIX OTXO/J0B

NEPE] T'ASUOUKAIIUEN

H.®. Tumepbaes, 3.I'. CatTrapoBa

Cmambs onucvieaem caszoeenepamop ons ea3uc[7u1<auuu BIIAJCHO20 MONAUBA C OONOIHUMETbHOU 30HOU

KOHOYKMUBHOU CYUIKU.

Knrouegvie cnoga: kondykmuenas cyuwika, ymuau3ayus OpeeecHvlx 0mxo008, 2a3udurayus.

The article describes the gasifier for the gasification of wet fuel with additional conductive zone of drying.
Keywords: conductive drying; utilization of wood waste; gasification.

YTwimzanus APEeBECHBIX OTXOJI0OB — OJIHA W3
BXHEHIINX TMPOoOJIeM COBPEMEHHOI'O OOIIecTBa.
N3-3a  HHM3KOrO  YpPOBHS  TEXHOJOTHYECKHX
MPOIIECCOB JIEPEBOOOPAOOTKH MPOIEHT APEBECHBIX
OTXOJIOB Ha MPEIIPHUATHAX JICCONPOMBINIIICHHOTO
KOMIUIEKCa MOKET JIOCTHUTaTh 60 %.
OO6pazytomuecs: JpeBECHbIE OTXO/IbI B BUJE IIETHI,
OTWJIOK, TOPOBUISA, CPE30B U CTPYKEK SBISIFOTCS
Manod(G(GEeKTUBHBIMU Ui WCIOJB30BaHUS B
KauecTBE TOIUIMBA, W3-32 BBICOKOTO YpPOBHS
BIaXHOCTH. Ha ceromsmHuii OeHbr OIHUM U3
CaMbIX PACMPOCTPAHCHHBIX METOMOB YTHIN3ALUN
OTXOJIOB  JPEBECHUHBI  SIBISIETCSI —  METO[
rasuuKanny, KOTOPBIH BKJIIOYACT B ceOsA 30HBI
CYIIIKH, TTUPOJIN3a, TOPEHUSI M BOCCTAHOBIEHUS [1-
10].

YBennueHue BIaXHOCTH JPEBECHBIX OTXOJIOB
cBpite 30 % MpPUBOIUT K CHIKCHUIO COJEPIKAHUS
TOPIOYHX  KOMIIOHGHTOB U TETIOTBOPHOM
CIOCOOHOCTH TeHEPaTOPHOro rasa. B ¢Bs3u ¢ 3TUM
nenecoo0pa3Ha MmpeaBapuTeNIbHAs CYITKAa OTXOJIOB
nepen razudukaruen. Jos razudukanuu

BBICOKOBIIQJKHBIX JIPEBECHBIX OTXOJIOB,
00pa3yromuxcs Ha JIECO3ar0TOBUTENBHBIX
MPOM3BOJICTBAX, pa3paboOTaHbl Ta30TeHEPATOPHI C
MIpEABAPUTENILHON CYIIKON 0TX0/10B. KoHCTpyKIINA
y3/1a CYIIKH JaHHBIX Ta3u(UKAaTOPOB 3aBHCUT OT
(paKIMOHHOTO COCTaBa JIPEBECHBIX OTXOJIOB M UX
TeOMETPUUYECKUX Pa3MEPOB.

B cnyuasix, Korma KOHTakT TEIJIOHOCHUTENS C
JIPEBECHBIMH YaCTHIIAMH HE JOIMYCTHUM, HApuMeED,
MpY HEOOXOIMMOCTH OJTHOBPEMEHHOTO M3BJICUCHUS
U3 BJIXHBIX JPEBECHBIX YaCTUI[ SKCTPAKTHUBHBIX
BEIIECTB, nenecoodpasHo MIPUMEHSTh
KOHJTyKTHBHBIT MOJIBOJT Teria TUIS
MpeIBaPUTENbHON CYIIKM JPEBECHBIX YaCTHIL.
Cpean mpeuMyIIeCTB KOHIYKTUBHOW  CYIIKH
MOXKHO BBIJICITUTh BBICOKYIO CKOPOCTh OOpaOOTKH.
DTO CBS3aHO C TIOBBIIICHHOHW TEIIOOTIAYCH,
KOTOpas MIPOUCXOAUT B pe3yJibraTte
HEINOCPEACTBEHHOI0  KOHTAakTa  MPOAYKTa  C
HarpeBaeMoi TOBepXHOCTHhIO. Ha puc. 1 mokazan
razoreHepatop JUig TrasuUKaldd  BIKHOTO
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TOIUTHBA, COCTOSIINHN U3 ABYX YacTEH: BEpXHEU s
MOJICYIIKH TOTUTUBA M HIKHEH JUIsS TMPOJIH3a.

9

Puc. 1. Cxema rasoreHepartopa Aans rasmcpukaumm BnaxHoro
Tonnuea.

JlpeBecHbIE OTXOABI MOCTYMAIOT B BEPXHIOKO
yacTe OyHKepa 2 Jans CYIIKH, B KOTOPOWM
YCTaHOBJICHBI JIOTIOJIHUTENBbHBIE HarpeBaTellbHbIC
DIIEMEHTHl B BHJE BO3IAYIIHOW pyOamku 24,
OCYUIIECTBISIFOIIEH  MpOTpeBaHUEe OTXOJOB IO
nepudepun, ¥ IHIMHIPOKOHUYECKOTO HIIEMEHTA
25, OCYIIECTBISIOIIETO  IPOTPEBaHHE  IIETbI
n3HyTpu OyHKepa. [IporpeB HaHHBIX >IEMEHTOB
OCYILIECTBIISIETCS 3a cuer MOCTYIUICHUS
TeHEepaTOPHOTO Tra3a, OOpa3yromerocss B HWKHEH
yactu razudukaropa. BepxHss yactb OyHKepa s
MOJCYIIKM TOIUIMBAa 2 M30JIMPOBaHa OT HIDKHEH
yacTd OyHKepa s MUpoJin3a 3  JIOMACTHBIM
O0apabaHHBIM  mTaTeneM 27, KOTOpBIH  HE
MO3BOJISIET TIPOXOIUTH MUPOJTU3HBIM razam.

JlpeBecHble  OTXOMBl,  CONpHKacasch €O
CTEHKaMU BO3TYLITHON pyOamiku u
WINHAPOKOHUYECKUM 3JI€MEHTOM, HarpeBaroTCsl.
B cBs3u ¢ uem, moBwIIaeTca UX TemIepaTrypa u
YMEHBIIAeTCsl BIaXHOCTh. OOpasyromuiicss B 30He
CYIIKM BJIQXHBIA BO3AYyX yJAIdeTcs 4epe3
natpyook 10. TIloacymenHele u  TporpeTbie
JIPEBECHbIE OTXO/IBI TIOCTYMAIOT B 30HY MUPOJIH3A C
MOCTIEIYIOIeH NX ra3u(uKanuei.

Pesynbrarhl sKkciepuMEHTAILHBIX UCCIIEIOBAH
Wi TIOKa3bIBAOT (puC. 2), YTO C YMEHBIICHHEM
BIQXKHOCTH JPEBECHBIX OTXOJIOB YBEIHMYMBACTCS
konugecTBO CO u comepkanne Hy.

Tak e MOXHO OTMETUTh CHHXKEHHE BBIXOJA
00pa3yeMoro reHepaTOpHOro ra3a IpH yBeJIU4eHUH
BJIQXKHOCTH JPEBECHBIX OTXOJIOB.
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Puc. 2. 3aBucumocTb cocTaBa reHepaTOpHOro rasa oT
BnaxHoctn otxogos: 1 -CH4; 2-CO; 3-C02; 4 - H2.
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MATEMATHYECKOE OIIMCAHUME CTA/IMU CYUIKU B
MPOLECCE TABU®UKAILIMU IPEBECHOH BUOMACCHI

T.X. Fanees, A.A. AxmeTOoBa

B cmamve paccmompena mamemamuyeckas modens cmaouu CywKu 8 npoyecce 2aszuguxkayuu opesecHol

buomaccel.
Knrueevie cnosa: Opesecnas — buomacca,
MAMeMamuieckas MooeJb.

easuqbukauwz, mepmudyeckoe  pasjlodfcerue,

The article describes a mathematical model of the drying step in the process of gasification of woody

biomass.

Keywords: woody biomass, drying, gasification, thermal decomposition, mathematical model.

Cymika JApeBeCHHBI — sBJSIETCS — HaumOoJee
HEPrOEMKOM orepanuei B nporieccax
TEPMOXUMHUYECKOH  MepepabOTKA  JIPEBECHHBI.
OCHOBHBIM U OTPENCISIONUM KPUTEPUEM CYIIKH
SIBIISICTCS BHYTPCHHUIA BJIAroINepeHoc.
WHTeHcuuKamms yaaaeHus BIard U3 JPEBECHHBI
MOXET TMPOUCXOIUTHh 3a CYET HCIOIb30BaHUS
METO/IOB, O0ecTieunBaOIUX €€ 00ObEMHBIN HArpeB
[1-10].

W3 nutepaTypHBIX HCTOYHHKOB M3BECTHO, YTO
nporecc ra3u(uKalnuy, HAYMHACTCS CO CTaIuH
nmporpeBa W CYIIKH, TAE JpeBecHas Ouomacca
JIOBOJUTCSL JIO aOCOJIOTHOTO CYXOTO COCTOSIHUS
(comepkanme Bimaru 0 %) w manmee moaBepraercs
TEPMHUUECKOMY Pa3IOKEHUIO [1,3].
BEICBOOOXKICHHAST TIpH CYIIKE BOJA TPOJOIKACT
y4acTBOBaTh B  TMPOLECCE  CYIIKH  CHIPBS,

MPENSITCTBYS JIPEBECUHE, B 30HE
BBICOKOTEMIIEPATYPHOU  CYIIKH, TOABEPrarhCs
XUMUYECKUM BUJIOU3MEHEHHUSIM. Onnako

BO3HUKAIOT MUKPOTPEIIMHBI M APYTHE IOXO0KHE

(usznyecKkue M3MEHEHUsI, 3aBUCSINNE OT CKOPOCTH
Harpesa [4].

B o6mem Buze, npu OMHCAHWW IMpolecca
TEMJIOMAacconepeHoca TpU  CYIIKe JApeBEeCcHOU
OMOMAacchl, COCTOSIIEH, NPEUMYIIECTBEHHO, W3
TEXHOJOTHYECKOH MIEThl M CTPYKKH, BHYTPECHHIOIO
3a/1ady MOXKHO CBECTH K PCIICHHIO YpaBHEHUS

TEIIOMAaCcCOoIEpeHoca IUIS OJTHOMEPHOM
CUMMETPHYHOM TIACTHUHBI:
Doy C .aTCJl :aTC]l . quaTm +q (1)
Ccl Cll €] Cll
or ox X

T Pen, Cen U Tey — TIOTHOCTH, TETIOEMKOCTH M
TeMIIepaTypa CJIOsi MaTepHaia COOTBETCTBEHHO; ¢,
— CTOK Temia, ONpEeAeIsieMbId  MPOrPeBOM
Marepualia, HUCIIapeHHe BJIAru INpU CYyHIKe U
XUMHYECKHMH PEAKLUSIMU ITPU TIHPOJTU3E.

st pelieHus ¢ depeHIInaIbHOTO
ypaBHenusi (1) chopMmynupoBaHbl HadaIbHBIE
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yciioBusi (2) W TpaHWYHBIE YCIIOBHUS, CXEMATUYHO
n300pakeHHbIE Ha pucC. 1.

T.,(0,x) = T,y (2)
x-:‘.v
X
] T (1 11
= | || ==
I e I
< : : : 5 6’;;231 a!Tr-Tcn!
I T I I
| ||| ]
| L1l 1
a»

Puc. 1. Cxema rpaHMYHbIX YCIIOBUMA.

O dhexTuBHBIN KOAPPUIUEHT TEITONPOBOIHO

ctm cnos P, nna ypaeHenms (1), 3aBHCHT OT
BJII&)KHOCTH, TIOPO3HOCTH M TEMIEpaTyphl CIIOs

2349 =fU.eT) , UYTO  3aTpymHSAET  €ro

BeluncieHne.  [loatomy  oH  ompegensercs
9KCIEPUMEHTAJIBHBIM ITyTEM.

C yyeToM TPUHATHIX  JOMYyLICHUA |
HEKOTOPBIX  MpeoOpa3oBaHUil  CTaaus  CYULIKH
ONUCHIBAETCS CUCTEMOM YpaBHEHUI

oU,, _kp °R,
or  pyp o’ 3)
or, oI, ( 0ch v,
‘ C, —= = l ’ _a + J.r.g. cn
P Cu or e a.cyu. Py Pex or ( 4)
rae k, — kod(dUIMEHT MOJSIPHOIrO IepeHoca,

oTpeneNsieMble 10 AMITUPHYECKUM BBIPKEHHSIM;
U.,— Bnarocojepxanue cios [5].

Hna pemenust cuctembl ypaBHeHUH (3-4)
HavaJbHbIC YCIOBHUS IO TEMIIEpaType, BIaXKHOCTH
1 AABJICHUIO 3aIIUIIYTCS CIEAYIOLIUM 00pa3oM:

UCJZ (O’x) = chz.Haq
TC]Z (0, x) = TC]Z.Hall

Pczz(o’x) = PamM
a TPaHUYHBIE YCIIOBHS IPUMYT B

aT
_/13¢-Cym. a_)((:n x =a- (T, —Tey)

oT,,
0x

=0
x=X

Maremaruueckass MOJENb MpEACTaBIeHA B
BHJIE CHUCTEMBI anredpanvecKux u
muddepeHIMaTbHBIX  YPaBHEHUH, IJIS  peIIeHUN
KOTOPBIA  HCIOJB30BAaH  METON  KOHEYHBIX
pa3HOCTEW, KOTOpPBI  MO3BOJIAET  IMOJYYUTH
pelIeHue IpU UCXOIHBIX MapaMeTpax CUCTEMBI.

IIpencraBnenHsle MaTepuabl CTaTbH
MOJTyueHbl MpH peanusanuu TpanTa [lpesugenra
P® no rocymapCTBEHHOW MOINEPKKE MOJOABIX
poccuiickux yueHbix Ha Temy MK-3434.2015.8
«Pa3paboTka TeopeTHUecKUX OCHOB, TEXHOJIOTHH U
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TEXHOJIOTI'USI KOHTAKTHOI'O IUPOJIU3A U3MEJBYEHHOH

JAPEBECHUHBbI

A.M. KacumoB

Hano onucanue mexHono2uwecKol cxembl KOHMAKMHO20 RUpOIU3d O NPOU3BOOCMEA RUPOIUSHOL
JAHCUOKOCMU U3 OMX0008 JIeCHO20 KoMNjaeKca, paspabomarnou Ha Kageope «llepepabomra OpesecHbix

mamepuanoey.

Knwuesvie cnosa: omxoowvl nechoco Komnunekca,

KOHMAKMHbL nupoau3; nupoausHas .’)lCudKOCI’l’lb,'

2azuurayus Opesecno2o NUPOMONIUGO, 2eHePaAMOPHbIL 2a3.

The description of the technological scheme contact pyrolysis for production of pyrolysis liquids from wood
waste complex, developed on chair «Processing of wood materialsy is given.
Keywords: waste wood complex, contact pyrolysis; liquid pyrolysis, gasification wood biofuel producer gas.

[ToHOE MCMOJIB30BaHUE OTXOJOB JPEBECHOTO
CBIPbSI  OT  JIECO3arOTOBOK, JICCONWICHUS H
JIEpeBOOOPa0OTKU SBIISICTCS OJHOM M3 HaubOosee
CEPBE3HBIX U MOKA HE PEIICHHBIX MPOOJIEM JIECHOTO
KoMmIuiekca. PacturenbHas Ouomacca oOmagaet
crienupUIeCKUMH CBOMCTBaMHU, 00YCIOBINBAIOIIU
MU OIPEACIICHHBIC Tpe60BaHI/IH K
TEXHOJOTHIECKOMY 000PYA0BaHUIO, UCTIOIH3yEeMO
My ISl ero mnepepadOTKH B Ppa3UYHbIE BB
TOILINBA. K dbaxTopam, CHIDKAIOIIUX
SHEPreTHYECKOE HCIOIB30BAHUE OTXOJIOB JICCHOI'O
KOMILJICKCA, MOXHO OTHECTH: HCCTa6I/IJIBHa$I
BJIQKHOCTh M pa3Mepbl, HHU3Kas >HEpreTHdyecKas
mIoTHOCTH [1-10].

OpHMM W3 pemeHud JaHHOW TpoOJIeMbI
SIBIIICTCS TIOJMYYEHHE W3 JPEBECHOW OMOMAacchl
SKUIKOTO TOIUINBA METOJIOM MIMPOJIH3a.
MakcuManbHBI ~ BBIXOJ  KHUAKOTO  TOIJIMBA
HaONOlaeTCsl TPU  HKCIOJIB30BAHUM TEXHOJIOTUU
OBICTPOTO KOHTAKTHOTO TTHPOJIU3a.

B npousBoacTBE NHMPOTOIUIMBO, OJHUM U3
BOKHEUIITUX ToKazaTenein COCTOSIHHS
pacTUTeNnpHOH  OMOMAcChl,  HCIIONB3YeMBIX B
MUPOJIMU3HBIX YCTAHOBKAX, SIBJISETCS BJIAKHOCTb.
Bricokasi BIIaXHOCTh PACTUTEIBHON OHOMAcCCHI,
Mo/iBepraro1encs [IUPOr€HETUYECKOMY
Pa3IoKEHUIO, 3HAYUTEIBHO MIOHMKAET
3¢ (heKTUBHOCTH MpoIiecca.
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[Tpu paspaboTke aHeprocOeperaroImx
TEXHOJIOTUYECKUX MPOLECCOB U 000PYAOBaHUS AT
OBICTPOTO KOHTAKTHOTO THUPOJIH3a, HEOOXOIUMO
YUUTBIBaTh BIUSHUE XapaKTEPUCTUKU (PU3HUKO-
XUMHYECKHX CBOWCTB PAa3JIMYHBIX BUIOB BJard Ha
YCIOBUS TEPMOXHMHUYECKOrO MpoLecca, cocTaBa U
CBOICTBA KOHEYHBIX MPOIYKTOB.

Hcxons u3 3T0r0, B TEXHOJOTHUECKYIO CXEMY
OBICTPOrO KOHTAKTHOTO MHUPOJIN3a BKIFOYACTCS
MpoIecC CYIIKH pacTUTEIbHOH OmomMaccel, ¢
o0ecriedyeHneM pPeryJMpoBaHHs PEKUMOB CYIIKH H
TUPOITU3a. CrnenoBarensHo, TIOBBIIICHHE
MIPOM3BOIUTEIHHOCTH anrmaparos UPOJTH3a
pacTUTENFHOTO CHIPbS BO MHOTOM 3aBUCHT OT
YBEIUYEHUS] CKOPOCTH CYIIMIBHOTO MpOoLecca.

Jnst ocymecTBICHUST TpoIecca KOHTAKTHOTO
NUPONU3a  HUCIONB3YIOTCS  OTXOIBl  JIECHOTO
KOMIUJIEKCA, TPEIBAPUTENFHO BBICYIICHHBIE [0
BIIAXKHOCTH He Ooitee 12 % WM H3MEIbYEHHEIE OO
pazmepoB 15 MM.

TexHonoruueckas cxema npoiiecca
KOHTaKTHOTO  THUPOJN3a  OTXOJOB  JIECHOTO
KOMILIEKca MpejcTaBieHa Ha puc.1 [2].
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Puc. 1. Cxema ObICTPOro KOHTaKTHOro nUpoOnuM3a
ApeBeCHbIX O0TX0AO0B: 1 — CyLWMUNbHLIA GyHKep ApeBeCHbIX
OTXOAOB, 2 — 3arpy304Hoe YCTPOMCTBO, 3 — peakTop, 4 —
NPUeMHUK, 5 — Tennoo6MeHHUK, 6 — NpueMHbIN pe3epByap.

N3 cymunpHOrO 6yHI<epa 1, npeBecHbIe
OTXOJIbl TIOCTYMAIOT B 3arpy304HOE YCTPOMCTBO 2,
mocjie 3TOro IOAATCA B peakrtop 3, nJs
KOHTAaKTHOI'O MHUPOJIM3a JPEBECHBIX OTXOHOB,
TBEpPAbIC OCTAaTKU IIHMPOJIM3a CO6I/IpaIOTC$I B
npueMHuk 4. IlodyueHHass maporasoBasi CMeCh B
peakTope, MPOXOAHUT Yepe3 TEIUIOOOMEHHUK S, Te
NPOUCXOAUT €€ KOHACHCAuus M KUIKAs 4YacTb
HalpaBIseTCS B TNPUEMHBIA  pe3epByap 6,
HEKOHACHCUPOBAHHBIC I'a3bl C)KUTI'alOTCA Ha (baKene.

3HaYNUTEIbHBIMHU KpUTEpUAMU mnpouecca
OBICTPOTO KOHTAKTHOTO NHPOJIN3a SIBISAIOTCS: 1)

O4YCHb BBICOKHE TIOTOKM Terja (Uii WHTCHCHUBHON
TeIuIonepenayn TpeOyeTcsi MEJIKO pa3MebYeHHAs
OnomMacca ¥ MEXaHOAaKTHUBallMs Ipolecca); 2)
TIIATEJIBHO KOHTpoaupyeMas Temmeparypa (500 -
550°C) u Bpemsi mpeObIBaHMS TAPOB MUPOJIH3A B
peaktope (He Oonee 1c); 3) ObICTpoe OXJIAKIACHHE
[apora3oBOd CMECH. YTOJIbHBIA OCTAaTOK U
HEKOHJICHCUPOBAHHBIA Ta3 paccMaTpUBAIOTCS Kak
MOOOYHBIC TMPOIYKTHI  OBICTPOTO KOHTAKTHOTO
mporiecca nwponusa [3]. 3a cuer coOmroaeHus
JTAaHHOTO YCIIOBHSI, BO3MOYKHOCTB MOYIUTH 10 75%
M0 Macce KUKOTO MPOTyKTa.

Xunkoe TUPOTOIUIMBO, TOJIYYCHHOE TIPH
OBICTPOM KOHTaKTHOM MHUpOJIU3e, obnmamaer Ooiee
BBICOKOH, 4em UCXOTHAS Ooromacca,
HHEPTEeTHYECKOW  IJIOTHOCTBIO, MOXET  JIOJr0
XpaHUThCS, 0€30MacHO TPAaHCIOPTUPOBATECS U
UCTIOJIb30BaThCS B KQUECTBE TOIUIUB B TYpOWHHBIX
YCTaHOBKaxX, MAapoBbIX KOTIaX MW medyax. Takxke
MEPCICKTUBHBIM ~ HAlpaBlICHHEM  ITHPOJIH3HON
KHUJKOCTU  sIBIsieTcss  ee  rasupukanmuss U
NPUMEHEHHE TEHEPATOPHOrO ra3a sl TOJTyYeHHs
3NeKTpUUecKou suepruu [4].

Takum 00pa3oMm, HEOOXOJUMBIM yCIOBHEM
IUist 3P QPEKTUBHOTO  WCIOJB30BAHUS  OTXOJOB
JIECHOTO KOMIUIEKCa, NIl TIOJMYYeHHs TEIJIOBOW U
ANEKTPUUECKON SHEpruu, SIBIIACTCS
MpeIBapuTeNbHas MOJITOTOBKA CBIPBSI:
U3MENbYCHHUE 10 TPEOYEMBIX Pa3MepOB U CYIIIKA JI0
ONTUMAIILHON BJIQYKHOCTH.
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PA3ZPABOTKA TEPPACHbLIX JOCOK 4 IIVIUT U3 APEBECHO-
HOJIUMEPHBIX KOMITIO3ULIUOHHbBIX MATEPUAJIOB

P.l'. CadomH, U.M. Nanues., T.O. CtenaHoBa

B cmamve npedcmasnen o0630p ucciredoganuii u pazpabomox 8 obnacmu OpesecHO-NOAUMEPHbIX
KOMNO3UYUOHHBIX MAMEPUANO8, UCHOIb3YEMbIX 6 CIMPOUmenscmee, Npo8eoeH AHANU3  Pe3VIbmamos
uccne008aHuil C80CE HANOILHLIX NAUM U OOCOK U3 OPeBECHO-NONUMEPHOL0 KOMNO3UMA.

Knrouesvle cnosa: opesecho-nonumephvie Komnozuyuounvie mamepuanwi, JIIKM, meppacnas oOocka,
OeKuHe, OpegecHvie 0OmMx00bl, MEPMONIACMUYHbIE NOTUMEDDL.

In article the review of researches and development in the field of the wood and polymeric composition
materials used in construction is provided the analysis of results of researches of properties of floor plates
and boards from a wood and polymeric aggregate is carried out.

Keywords: wood and polymeric composition materials, DPKM, terrace board, deking, wood waste,

thermoplastic polymers.
Beenenue

JIpeBeCHO-II0JIUMEPHBIE KOMITO3UIIOHHBIC
matepuainsl (JIIIKM), BocTpeboBaHbI BO BCEM MHpE
U OTIMYHO 3apeKOMEH/oBalu cebds B 001acTH
CTPOUTENBbHBIX MaTepuanoB. B Hamel crTpane
JAaHHBIM BUJ MPOAYKLUHU U3BECTEH JIaBHO, HO CTall
AKTHBHO MPUMEHATHCS Jub ¢ 2010-x romoB.

AKTyanbHOCTb ~ HU3JEJIMA U3  JIPEBECHO-
MOJIMMEPHBIX KOMIIO3UTOB (JITIK)
o0yciaBmuBaeTcs BO3MOKHOCTBIO ux
UCTIONIb30BaHMS B Pa3HBIX cepax CTPOUTEIHCTBA B
KauecTBE KOHCTPYKLHOHHBIX (CTEHOBbIE OJIOKH,
MaHEJH ), TETJION30JIIUOHHBIX M OTAETOYHBIX (IS
oTnenku ¢acaJjoB U JeTalel  MHTepbepa)
matepuanoB.  OpHako  Hamboiee  IIMPOKOE
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npumenenue uznenus w3 JIK namnu B camoBoit
apXUTEKType. ITpodnn u3 JpeBECHO-
MOJMMEPHOTO  KOMITO3UTA  HCHOJB3YIOTCS  JUIS
o0OycTpoiicTBa  TeppacHbIX  HAcTWIOB  TIOA
OTKPBITBIM HEOOM, JOPOXXKEK BOKPYT 0OacceiHOB U
1.1 [1].

OcHoBHbIME cocTaBistomumu K sBistoTcst
U3MEJIbYEHHAs  JIPEBECHMHA, €€  OTXOIbl MU
TEPMOIUJIACTUYHBIE TTOJMMEPBI B POJIU CBSI3YIOILETO
arenta - nommTHiaeH (I19), momumpornunen (I1IT)
v nonuBuHIIXIIOpUA ([1BX) [2].

CocraB [IIK, cooTHOmEHHS KOMIIOHCHTOB,
CrocoObl W TEXHOJOTHs Tpoliecca MPOU3BOJICTBA
MOTYT MEHSTHCS B 3aBUCMMOCTH OT IOCTaBJICHHBIX
Hened, a UMEHHO TpeOyeMbIX CBOMCTB T'OTOBOTO
U3JENNA u cdepsl ero MPUMEHEHUSI.
PacnpoctpanennsiM uznenuem w3 [IIK sBnsercs
TeppacHas 10CKa 1 MapKeT.

Hocky u mapker Ha ocHoe JIIK ceromns
IpeIararoT HPEUMYIIECTBEHHO MHPOBbIE
npousBoauTen w3 l'epmanun, @OUHISHINM,
benbrun, Kananel. IlpencraBineHHble HA MUPOBOM
PBIHKE TOCKH — 3TO MOJyYEHHbIE IyTeM 3KCTPY3UU
npoQuiaM co CTEeHKaMH TONIIUHOW 6-8 MM,
cHaOKeHHBbIE BHYTPEHHHMHU peOpaMH >KECTKOCTH;
ux BblTycKaloT mupuHor 100-150 mm, TomuuHOM
25-30 MM ¥ JMHON 2-6 METPOB W YKJIAABIBAIOT
Harnoaobue namyObl, OTCIOA €Ile OJHO Ha3BaHUE
TakuX HacTWiIOB — JekwHr (ot aHrin deck -
nanyoa).

Jlyummm matepuanom Juis IeKHHTa CYUTACTCS
Tporuyeckasi JpeBecuHa. [lepeBbs, KOTOpBIE
MPOU3PACTAIOT B YCIOBHUSIX >KapKOTO M BIAXKHOTO
KJIMMara, O00JagaroT WUEHHBIMH JJIS OTKPBITOTO
HACTHJIa CBOMCTBaMM — BBICOKAs IUIOTHOCTH,
HACBILEHHOCTh NPUPOAHBIMU aHTUCENTHUKAMH, UTO
MO3BOJISIET AEKUHI'Y IPOTUBOCTOATH MEXaHUUECKUM
Harpyskam, aTMOC(EepHBIM BO3/ICHCTBHSIM,
KOJICOAHUSIM TeMIepaTypbl U BIAKHOCTH, TPUOKaM
W JpeBecHBIM KyukaMm. OJHaKO CTOMMOCTH
MIOJIOBOW JTOCKHM U MapKeTa U3 TPOIUYECKUX IOPOA
JiepeBa J0BOJBHO Bbicoka. Kpome Toro, mHorue
CHENMAINCTHl CUUTAIOT, YTO BapBapcKas BBIPyOKa
TPONMYECKUX JIECOB MPHBOAUT K YXYJIIECHHIO
Ka4ecTBa ChIPbsl U POCTY LIEH.

Hsnenus u3z AIIKM, obnamas aHaIOTHYHBIMU
CBOWMCTBaMM, MOTYT OOXOAMTHCS B IBa-TpU pasa
nemesie. [IpousBoactso pocku u3 JIIK no3Bomnser
yIIydllaTh CBOWCTBA W3JACIAUS WU CHU3UTH €r0
ce0eCTOMMOCTh 3a CHYET MHCIOJIb30BaHus Oolee
JIEHIEBOrO HAIOJHUTENS W CBA3YIOIIETO B BHJE
OTXOJIOB JIECOIIMJIEHUS, JIepeBooOpadaThIBaroNIei
MPOMBINIJICHHOCTH H  MPOAYKTOB TepepaboTKu
BTOPUYHOT'O TEPMOIUIACTUYHOTO monumMepa [3].

B Tabn. 1 nmpuBeACHB CTOMMOCTH HAMOIbHBIX
MOKPBITH B 3aBUCMMOCTH OT BHJA Marepuana,
UCIIOJIb3YEMOT0 B ITPOM3BOICTBE.

Ta6n. 1. CpaBHMTenbHasi XapaKTepucTMka CTOMMOCTU
TeppacHoro HacTUna B 3aBUCMMOCTU OT BuAa Matepuana.

Bua marepuaga Tommmuna, | Hena 1
MM M, pyo.
JIucTBeHHUIIA, JIOCKa 35 Ot 750
TeppacHas, copT AB
JIncTBeHHUIIA, IOCKa 35 Ot
TeppacHas, copT "OxcTpa" 1400
Cocna tepmooOpaboTanHas, 30 Or
JTOCKA MaTyOHast 1500
AIIK, canoBelii napker 25 Or
1600
HIIK, nocka TeppacHas 30 Or
1700
Maccapanny0a, ocKa 27 Ot
naxyOHas 2800
Kymapy ("Opasunbckuit 27 Ot
TUK"), JOCKa MaxyOHas 3000
Une, nocka manyOHas 27 Or
3200
Tux OupmaHckui, gocKa 22 Ot
nanyOHas 6800
Tux OuwpmaHCKHH, JOCKa 40 Or
naxyOHas 9000

Ha 6aze xadenp necorexHuueckoro mnpodus
KHUTY Benytcs pa3pabOTKu MO CO3JaHUIO HOBBIX
crpouTenbHbIX Marepuanos u3 11K, B wactHOCTH
TEpPaCHBIX JJOCOK, IIyTeM IepepaboTKH APEBECHBIX
OTXOJIOB JIec03aroTaBIMBAOLINX u
JepeBo0OpadaTHIBAIOIINX MPEATPHUSITHH.

Jis m3yueHHs KauecTBEHHBIX IIOKa3areseit
W3JICITHIA paspaboTaH IKCIIEPUMEHTATbHBIN
KOMIUIEKC, COCTOSIIIMI M3 CepTH(PULUPOBAHHOIO
HCCIIEIOBATEIBCKOTO o0opyaoBaHus,
MO3BOJISIIOIIETO  CYMTATh IOJIyYEHHbIE JIaHHbIE
JIOCTOBEPHBIMHU.

HamonbHbIE 1OCKM W TUIMTBI COCTOST W3
MOBEPXHOCTHOTO W BHYTpPEHHEro cios. B cocras
MOBEPXHOCTHOTO CJIOSI BXOAWUT JPEBECHAs MYKa,
MOJIUTTPOTTUIICH, MoaupuKaTop yAapHOU
MPOYHOCTH M 1iefieBble 100aBKu. BHyTpeHHu cioit
COCTOUT M3 BTOPUYHOTO  TEPMOIUIACTUYHOTO
MOJIMMEPa, HATIOJTHEHHOTO JAPEBECHBIMH OTHIKAMH
pasmepoMm a0 10 mm. Hawmbonee npuemiieMbiMu
cnocobamu  (GOpPMOBaHHSA  SIBISIOTCS ~ METOX
CORKCTPY3UH U mpeccoBanue [4].

B nanHo#t paGote mpeacTaBieHbl pe3yabTaThl
CIEIYIOUIMX  HUCHBITAHWI:  BIMSAHUE  COCTaBa
JIPEBECHO-TTOJIMMEPHOTO KOMITO3UIIMOHHOTO
MaTepuaia Ha TBEPIOCTH, yAeIbHOE
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COMPOTHBIICHUE BHIIEPTUBAHUIO ITYPYIIOB, & TAKKE
YCTaHOBJICHA IPYIIa FOPIOYECTH U3CTHSI.

Ha pucynkax 1 u 2 npeacTtaBieHsl pe3ybTaThl
WCCIIEeIOBAaHHH TBEPAOCTH u yAEIHHOTO
COTIPOTHBIICHUS BBIIEPTUBAHUIO HIypyTIOB
MOJIOBBIX JOCOK M ITUIUT, a TaKKE€ MX U3MEHEHHE B
3aBHCHUMOCTH OT COJEpKaHHsA, BUAA JIPEBECHOTO
HATOJTHUTENST W BHUJAA CBS3YIONIETO MOJUMeEpa.
Onpenenenne TBepaocTH npoBodmwmch o ['OCT
467-91, a um3ydeHHWe yAETHHOTO COIPOTHBICHUS
BBIEPTMBAHHUIO  IIYPYNOB IO  COOCTBEHHOH
MeToauke [6].
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Puc. 1. 3aBUCMMOCTb U3MEHEeHUA TBepAOCTU MaTepuarna ot
B/MAa CBA3ylOWEro nonuMmepa, AoNuM U Buaa ApeBeCcHOWM
Myku: 1 — nuTepaTypHbIA UCTOYHUK [7]; 2 — Ha ocHoBe MMM n
myku mapku 180; 3 — Ha ocHose [N n mykun mapku 1250; 4 -
Ha ocHoBe 13 n mykn mapku 180; 5 - Ha ocHoBe 3 u mykun
mapku 1250.

B pe3yabTaTe MIPOBEIEHHBIX
JKCIIEPUMEHTANLHBIX UCTIBITAHUN YCTAHOBIEHO YTO
0o0pasibl,  TOBEPXHOCTHBIA  CIOW  KOTOPBIX
cthopmupoBan Ha ocHoBe IIII u apeBecHONW MyKH
Mapku 180 obxanaroT 6obIieit TBEPAOCTHIO.

HemanmoBaxHbIM 3KCIUTYaTaIlMOHHBIM
MOKa3aTeleM NJis HaIlOJbHOTO HAaCTHIIA SIBISIETCS
BEJIMYMHA YAEIBHOTO COIPOTUBIIEHUS
BBIIEPTUBAHUIO LIYPYIIOB.

[IpoBeneHHbIN aHaIN3 pe3yJIbTaTOB
MMOKa3bIBAET, YTO C YBEIWYEHUEM KOJIMYECTBA
JIPEBECHOTO HAIOJHUTENSA B MOBEPXHOCTHOM CIIOE
MTOKa3aTeNb YAEIBHOTO COMPOTHUBIICHUS
BBIJIEPTMBAHUIO IIYPYIIOB MaaeT.

N3yueHo BIMSHHE PACIOIOKEHUS JPEBECHBIX
YacTHI[ BO BHYTPEHHEM clloe: Yy 00pasioB cC
OpUEHTHUPOBAaHHBIM  JPEBECHBIM  HAIIOJIHUTEIEM
M3y4aeMblil MMOKa3aTeNnb BhIINIC, YeM Y 00pa3IioB C
MIPOU3BOJIBHO  PACIIOJIOKEHHBIM ~ HAIOJIHUTENEM,
TaK)Ke BBIIBIEHO, YTO y u3nenuit Ha ocHoBe [II1
CONPOTHUBIIEHNE BBIICPTUBAHUIO IIIypylNa BEHIIIE,
yeM y uzaenuit Ha ocHose [10 [8].

3HAYUMBIM KPUTEPUEM MJI1 CTPOUTENBHBIX
MaTepUajoB SBJISETCS] OTHECTOMKOCTb.

Pya, (N/mm2)
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Puc. 2. 3aBucumOCTb yAenbHOro  COMPOTUBIEHUsI
BblAEepPrMBaHMI0O  WYpynoB OT BuAa  CBA3YHOLLEro,
KonM4yecTBa APEBECHOro HarnosfiHUTeNss B NMOBEPXHOCTHOM
croe U ero pacrnorsioXXeHusi BO BHyTPeHHeM crnoe usgenus: 1
— Ha ocHoBe [l 1 oprMeHTUPOBaHHLIX APEBECHbIX YacTul; 2
— Ha ocHoge [N 1 apeBecHbIX YacTuu; 3 - Ha ocHoBe M3 un
OPMEHTUPOBAHHbIX APeBEeCHbIX YacTul; 4 - Ha ocHoBe M u
OpeBeCHbIX YacTul,.

310 CrocoOHOCTH CTPOUTENBHBIX
KOHCprKIIHf/'I OIrpaHUYMBaATDH pacipoCTpaHCHUC
OT'HA, COXpaHATb HGO6XOI[I/IMBIC

JKCIUTyaTallMOHHBIE KauecTBa B YCJIOBHUAX MOXapa.
XapakTepuzyeTrcsi IMpeaedaMH OTHECTOWKOCTH U
pacipoCTpaHEHUsI OTHSL.

[Ipenensl  OTHECTOMKOCTH  CTPOHUTEIBHBIX
KOHCTPYKLUH ONpEeAeNsIOTCS MyTeM WX OTHEBBIX
WCIBITAHUNA TO0  CTaHOAPTHOM  METOAMKE |
BBIPAXKaOTCs BpeMEHEM necTBus Ha
KOHCTPYKIMIO  CTaHZapTHOrO  ToXapa [0
JOCTHXKEHUSI €0  OJHOTO M3  CIEAYIOLIUX
MIpEAENbHBIX COCTOSTHUM:

1. [Torepun HecyIei CIIOCOOHOCTH
(oOpy1ieHne mnM mMporud) MPU MPOEKTHOM cXeMme
ONUPAHMS W JEHCTBHM HOPMATHBHOW HArpy3ku -
MOCTOSIHHON OT COOCTBEHHOT'0 Beca KOHCTPYKILIUH U
BPEMEHHOH, JJIMTENBHOW, OT Beca CTAllMOHAPHOTO
obopynoBaHusi (CTaHKOB, amnmaparoB W MalllvH,
ANIEKTpOABUIaTeNe! u ap.);

2. [ToBbrmeHus TeMIepaTypsbl
HeoOorpeBaeMoil MOBEPXHOCTU B cpeiHeM Ooee
geMm Ha 160 °C wnum B 11000# ee Touke Oosee yem
Ha 190 °C B ~cpaBHEHHMH C HaydaJbHOU
TeMIeparypoi, 1mbo 6onee 220 °C He3aBUCHMO OT
TeMIepaTypbl KOHCTPYKLUH IO UCTIBITAHUI;

3. OOpa3oBaHMs B KOHCTPYKIUH CKBO3HBIX
TPEIIMH WM  OTBEPCTUH, dYepe3  KOTOpbIE
MPOHUKAIOT MPOAYKTHI TOPEHUS MU TUTaMSL.

Uccnenosanue AKCTIEPUMEHTATBHBIX
00pa3loB Ha OTHECTOMKOCTh TPOBOAMIOCH Ha
ycTaHoBke (puc. 3), TpeaHa3HAYCHHOH JyIs
OTIpeNieIeHUs] TOPIOYECTH TBEPIABIX MAaTepUAJIOB.
PesynmpraThl  WCClIENOBaHWUN  NPEICTABICHBI B
Taou. 2.

Anamms JIAaHHBIX,
IKCIIEPUMEHTAIEHBIM MyTeM,

IMOJTYYEHHBIX
IIOKa3bIBacT
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XOPOIIYI0 OTHECTOHMKOCTh HAIOJBHOTO TOKPBITHS
n3 JAIIKM. Ilocne cHATHS OT OTKPBITOTO IUIaMEHH
00pasipl He TOpAT M MPEKPaIIaloT TIETh, COXPaHsI
pu 3ToM cBou Gopmbl. Kpome Toro, obHapysxeHa
3aBHCHUMOCTH OT KOJMYECTBA IPEBECHBIX YACTHI] B
MaTepuaie: 4eM OoJblle COJepKaHUE APEBECHOTO
HATOJIHUTEINST B W3JENIHUU, TeM OOJbIe TepseT
MaTepuan 1o macce. J[piMa oT ropeHust MaTepuana
HaOII0aeTCs MaJIo M OH HE TOKCHYeH [9].

Puc. 3. BHelwHWi BMA yCTaHOBKMW, NpeAHa3HayeHHOW Ans
onpepeneHns ropYecT BelLecTB.

Tabn. 2. [loka3atenun OrHecTomMKocTM pa3paboTaHHOro
n3penus.

Crenen
oy Temne N IIponomxure
py parypa JIBHOCTE
mna MOBPEX
Cesizy BBIJIEI CaMOCTOSITEN
ropio nenus
fomee SIEMOI0 BHOT'O
eer bIMa o ropeHus t,
u Ell“ Macce c p o
i Sm, %
TII1 r2 225 45 4
I T2 235 49 3,5
3akiroueHue

[IpoBeneHHbIE UCCIEAOBAHUS TIPOJAEMOHCTPUD
OBaJli, YTO TIOJyYEHHBIE OOpa3Ibl MOJOBOTO
HACTHJIA TIPEKPACHO MOJIXOJAT ISl UCIIOJIb30BaHUS
Ha OTKpBITBIX TMPOCTPAHCTBAaX: Teppacax, B
Oecenkax W BepaHmax, manusi  00ycTpoiicTBa
TEPPUTOPUH  BOKPYr JIOMOB U  0acceifHOB,
AKCIUTYaTUPYEMBIX KPBIII, COCTABIISASA CEPhE3HYIO
KOHKYPEHLMIO  TPaJUIHOHHBIM  MaTepuaiam,
MpEKIe BCEro, HaTypaJlbHOMY MacCHUBY JIepeBa.

Marepuan npakTHUecKu He pa30yxaeT u Majo
MIOTJIOIIAET BIAry IO CPABHEHUIO C HATypaJbHOM
npesecunoit u JICII, He naet ycanku u ycymku. B
OTIINYHE oT TUTUT Ha OCHOBE
denondopmanpreruaubix  cmon, JIIKM  He
colepKaT  BpPEAHBIX  BeIIECTB. Temmeparypa
Bozropanus wuznenuit w3z JIIK Boeimme, dem y
JIpeBecuHbl. bmaromaps BceM JTHM KaudecTBaM,
MaTepual BeCcbMa JIOJTOBEYEH, peajbHBbIA CPOK
ciyx06b1 HacTuna u3 JIIK cocraBnser He menee 25
net [10].

Pa3zpaGoTanHass TEXHONOTUS IPOU3BOJACTBA
JIIKM  1o3BONSET COXpPaHUTH MOJIOKHUTEIBHBIN
skoHOMHUYeckuil 3ddexr, He yxyamas ¢(U3NKO-
MEXaHMYECKUX,  OKCIUTyaTallHOHHBIX  CBOWCTB
MOKPBITUSL TEPPACHBIX JOCOK M IUIUT. JTO
JIOCTUTAETCA 3a cueT OoJiee NEeIeBOTro 3aoIHUTENs
U CBS3YIOUIETO B BHUJAE OTXOAOB JIECONMJICHUS,
JiepeBo0oOpadaThIBAlOIIECH  MPOMBIIUICHHOCTH U
BO3MOXKHOCTH nepepadoTKu BTOPUYHOTO
TEPMOIIACTUYHOTO HOJIUMEDpA. Hanuune
BHYTPEHHEr0 CJIOSI 3HAaYUTENbHO YBEJIMYMBAET
MPOYHOCTHBIE XapaKTEPUCTHKH U  yMEHbINAET
KOHEYHYIO CTOMMOCTh u3zaenusi. B coBokymHocTH
BCE JTO TMO3BOJIAET pa3paboOTaHHOW JOCKE U3
JAIKM  ycnemHo KOHKYpHpPOBaTh C JIPYTUMHU
MaTepHalaMH, KOTOpbIE TPaJUIIMOHHO
UCTIONB3YIOTCS IIsl TEPPACHBIX HACTUJIOB, a TaKKe
¢ nexkuarom u3 JITKM 3amagHbIX Mpou3BOAUTENEH.
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