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Bsenenne

B Mupe oTmedaeTcst CTpeMHTENBHBIH POCT MOTpeOIeHHs MOJIMMEPHBIX MaTepranoB. B Poccun ero temnsl cocraBisor 5...6 %
exxeroaHo U k 2010 roxy, mo mporHo3am, odumii 00beM Npou3BoACTB JocTHTHET 250 MiTH. TOHH. X moTpebieHne Ha Qymry HaceJIeHus B
MHyCTPUAIIBHO PAa3BUTHIX CTpaHax 3a mocienuue 20 JeT mpuMepHO YABOMWIOCH (XOCTUTHYB 85...90 Kr), a K KOHILY AECSATUIETHs, KaK Mo-
Jararot, nosslicurcs Ha 45...50 % [1].

OpHUM 13 OBICTPOPA3BHUBAIOIIMXCS HAIIPABICHUH UCIIOIB30BAHKS TUIACTMACC SIBJISIETCS YIIAKOBKA.

W3 Bcex BhlyckaeMbIX MIacTUKOB 41 % ucnonb3yeTcs B yMakoBKe, U3 KOTOpbIX 47 % pacxomyeTcsd Ha yHaKOBKY MHUILEBBIX
MIPOIYKTOB. ¥ 100CTBO 1 0€3011aCHOCTDH, HU3Kasl IIeHa U BBICOKAsl SCTETHKA SIBIISIIOTCS ONPEEIISIFONINMH yCIOBUSIMU YCKOPEHHOTO
pocTa UCIIONIB30BaHUs INIACTHYECKUX MACC IIPH U3TOTOBIECHUH YIIAKOBKU.

Vcnonb3oBaHKe M3AEIUH U3 MOJIMMEPHBIX MAaTEPUAIOB HEYKJIOHHO CBS3aHO C 00pa3oBaHHEM OTX0J0B. OCOOEHHOCTh ITOIUMEPHBIX
OTXOJIOB — MX yCTOWYMBOCTb K arpeCCUBHBIM CPeJjaM, OHH HE THUIOT, IIPOLIECCHI AECTPYKIUH B €CTECTBEHHBIX YCIOBHAX IPOTEKAIOT J0C-
TaTOYHO MEJICHHO, HO C 00pa30BaHUEM BPEIHBIX BELECTB, OTPABIIAIOIINX OKPYXKaIOLIyo cpeny. Bee 1o nenaer npodieMy yTHIN3auu
OTXOJIOB TOJIMMEPHBIX MaTePHAIOB Oosee akTyaIbHOM.

Poccust 3aHMMaeT OrpOMHYIO TEPPUTOPHIO CO 3HAYMTENIbHBIM KOJIMYECTBOM HEOOJBLIMX HACEICHHBIX ITyHKTOB, B KOTOPBIX IIep-
CIIEKTUBA IIMBUIN30BAHHOTO PEIICHHs IPo0JIeM YyTUIIM3aluK TBEpAbIX ObIToBBIX 0TX00B (TBO) nocrarouna naneka. 3HAYUTENBHYIO J10-
10 TBO coCTaBISIOT OTXO/bI IIIACTMACC, KOTOPBIE, C OTHOW CTOPOHBI, SBIISIFOTCS LIGHHBIM CHIPHEM JUISl BTOPHYHOTO MCIIOJIB30BAHMS, a C
JPYToi — JUIMTENIBHO pa3jiararoliMMICs MaTepUalaMHt, CYILIECTBEHHO 3arpsA3HAIONIMMHU IPUPOIHYIO CPEny.

Ha ropojckux cajikax Jiaxe CpeZHero HaceJIeHHOTO IIyHKTa €KETOHO CKaIUIMBAIOTCS COTHH ThICAY TOHH OBITOBBIX OTXOJOB. JbI-
MSIIUECs] CBAJKH, KydHl BBIOPOIIEHHOTO XJIaMa, MeperoTHeHHbIE MyCOpHbIe O0aku — B Poccun Takue KapTHHBI 3HAKOMBI MHOTHM TOPOJI-
CKHM H CEJIbCKHUM JKHTEIISIM.

B Hamm nHU, KaKk HUKOTAA MPEXIe, JIOAN Halleld IUIaHeTH 3ayMaliCh HAJ OTPOMHBIM 3aCOpEHHEM 3eMIIM HETPEPHIBHO
BO3PACTAIOMIMMHU OTXOAAMH TUTACTHKOB. B CBsI3M ¢ 3TM yd4eOHOE 1mocoOne BOCIIONHAECT 3HAHUS B 00JIaCTH YTHIM3AaLUU U BTOPHY-
HOM nepepabOoTKHU IIACTHKOB C LIENBI0 BO3BPATa MX B MPOU3BOACTBO U YIyUIIeHHUS dKojioruu B PO u Bo BceM mupe.

1. AHAJIU3 COCTOSTHUASI BTOPUYHOM MMEPEPABOTKH
N YTUIN3AIOUU TOJIUMEPHBIX MATEPUAJIOB

1.1. AHAJIU3 COCTOSIHMS BTOPUYHOM [TEPEPABOTKU
[NTOJINMMEPHBIX MATEPHNAJIOB

YmakoBKa U3 CHHTETHUECKUX MTOTUMEpOB, cocTaiutromas 40 % ObITOBOro Mycopa, MPaKTHIEeCKH «BEYHa» — OHA HE ITOABEp-
raercs pasioxeHHto. [103TOMy HCHONB30BaHME IUIACTMACCOBOM YIIAKOBKH COINPSDKEHO C OOpa3oBaHHMEM OTXONOB B pasmepe
40...50 xr/rox B pacyeTe Ha OJHOTO YEIIOBEKA.

B Poccun npeamonoxurensHo k 2010 r. moJuMepHBIE OTXOJIBI COCTaBAT OOJIbIIIE OJJHOTO MIJIJIMOHA TOHH, a MPOIIEHT UX UC-
MOJIb30BAHUS 10 CHX Top Maj [2]. YuuTsiBas crienuduyeckre CBOMCTBA MOJIMMEPHBIX MAaTEPHAIOB — OHU HE MOJABEPTalOTCs THUE-
HUIO, KOPPO3WH, podiieMa WX YTHIM3AIUK HOCHT, MPEKIE BCET0, YKOJIOTHUSCKUH XapakTep. OOmuii 00beM 3aXOpOHCHHUS TBEp-
IBIX OBITOBBIX OTXOZOB TOJBKO B MOCKBE COCTABISET OKOJIO 4 MITH. TOHH B ToA. OT 00IIero ypoBHS OTXOAOB IepepadaThIBacTCs
TOJBKO 5...7 % ot ux maccel. [Io nanHbiM Ha 1998 T. B yCpeIHEHHOM COCTaBE TBEP/BIX OBITOBBIX OTXOJOB, MOCTABJIIEMBIX Ha
3ax0opoHeHue, § % cocTaBisuia iactMacca — 3To 320 ThIC. TOHH B TOI.

OpHako B HacTosIee BpeMs mpodieMa rmepepadboTKA O0TXO00B IMOTUMEPHBIX MaTEpHUAIOB 00pETaeT aKTyaJbHOE 3HAUCHHUE HE
TOJIBKO C TO3MLIKI OXPaHbl OKPYXKAIOIIEH CpPeJbl, HO M CBS3aHA C TEM, YTO B YCIOBHAX IE(QHIUTA HOJIUMEPHOTO ChIPbS IIACTMAC-
COBBIC OTXO/IbI CTAHOBATCA MOUIHBIM CBIPLCBBIM U SHEPTETUUCCKUM PECYPCOM.

BMmecTe ¢ TeM pelieHre BOIPOCOB, CBSI3aHHBIX C OXPAaHOW OKPYXKAOIICH Cpeibl, TpeOYyeT 3HAYUTEIFHBIX KAlTUTATBHBIX BIIO-
xeHnid. CTonMOCTh 00pa0OTKM M YHHYTOXKEHHSI OTXOIOB IIACTMAcC IMPUMEPHO B BOCEMb pa3 MPEBBIIIAET PacXosl Ha 00paboTKy
6OJ'HJU_II/IHCTB3 IMPOMBIINIJICHHBIX W TOYTU B TPH pas3a — HAa YHUYTOXKCHUC 6])ITOB]:lX OTXOO0B. :’)TO CBs3aHO CO CHELIl/I(i)I/I'-IeCKI/IMI/I
0COOCHHOCTSIMH TUIACTMACC, 3HAYATEILHO 3aTPYIHSIONIMMHI HIH JCTAFOIUMI HEPUTOIHBIMU U3BECTHBIC METOJIBI YHHUYTOXKCHUS
TBEPJIBIX OTXOJIOB.

Vcnonp30BaHHEe OTXOJOB MOJIMMEPOB IO3BOJSET CYIMIECTBEHHO 3KOHOMHUTH HMEPBUYHOE CHIphEe (TIpeXae Bcero, HEPTh) U
3JIeKTpOodHEpruto [3].

[Ipobnem, CBS3aHHBIX C YTHIU3AIMEd MOIMMEPHBIX OTXOJOB, JOCTAaTOYHO MHOTO. OHHM MMEIOT CBOIO CHEIHU(HUKY, HO UX
HENbB3s CUNTATh Hepa3pemuMbIMi. OIHAKO pelIeHre HEBO3MOXHO 0e3 BBIIOJIHEHUS OCHOBHBIX MEPOIPHUATHIA: OpraHU3alnuy cOo-
pa, COPTHPOBKH M MEPBUYHON 00pabOTKH aMOPTH30BAaHHBIX MATEPHATIOB M U3ICIHIA;, pa3pabOTKH CHCTEMbI IIEH HA BTOPUYHOC
CBIPbE, CTUMYJIUPYIOMINX MPEIIPUATHS K UX TepepadboTKe; co3aanus d3PPEKTHBHBIX CIOCOOOB MepepabOTKA BTOPHUYHOTO MOJIH-
MEPHOTO CBHIPBS, & TAKIKE METO/IOB €ro MOAM(DUKALIUK C LENbI0 MOBBIIICHNUs] Ka4eCTBa; CO3/[aHUsl CIICHUAILHOTO 000pY/J0BaHHUs
JUISL €T0 mepepaboTKe; pa3pab0TKH HOMECHKIIATYPhI U3/IE/INH, BBIITYCKAEMbBIX U3 BTOPHYHOTO TIOJIMMEPHOTO ChIPHSI.

OTXO0/IbI IUTACTHYECKUX MACC MOYKHO Pa3JCIIUTh HA TPU TPYIIIEL:

a) TEXHOJIOTHYECKHE OTXOMIBI POM3BOJCTBA, KOTOPHIEC BOSHUKAIOT IIPH CHHTE3€ U MepepaboTke TepMoIutacToB. OHU JeIsTCS
Ha HEYCTpaHUMBIEC W yCTPAHUMBIE TEXHOJIOTHYECKHE OTX0Abl. HeycTpaHuMbIe — 3TO KPOMKH, BEICEUKH, 0OPE3KH, INTHUKH, 000,
rpar u T.1. B oTpacisx npombIIUIEHHOCTH, 3aHUMAIOIINXCSl IPOU3BOJICTBOM U TIEpepadOTKON IiIacTMacC, TAKUX OTXOJIOB 00pasy-
ercs 5...35 % [4]. HeycrpaHuMble 0TXO/IbI, TI0 CYIIECTBY HPECTABIAIOMINE COOO BHICOKOKAUECTBEHHOE CHIPHE, TT0 CBOWCTBAM HE



OTIIMYAIOTCS OT UCXOJHOTO NEPBUYHOTO mojmmepa. [lepepaboTka ero B n3zenus He TpedyeT cHeUaIbHOro 000pyIOBaHHS U IPOH3-
BOJIUTCS HA TOM K€ IPENPUSITUH. Y CTPAaHUMbIE TEXHOJIOTHYECKHE OTXObI IIPOM3BOJICTBA 00PA3yIOTCS IPHU HECOOIIOICHUH TEXHO-
JIOTMUYECKUX PEKUMOB B MPOLIECCE CHHTE3a U MEepepadOTKH, TO €CTh 3TO — TEXHOJIOTNYECKUIT Opak, KOTOPBIH MOXKET OBITH CBEIEH 10
MHHHMYMa WM COBCEM YCTPaHEH. TEeXHOJIOTMUECKUE OTXOABI MPOU3BOJCTBA MepepadaThIBAIOTCS B PA3IMYHbIC M3/ENNUS, UCTIOIb3Y-
I0TCS B KQUECTBE JI00aBKU K HCXOJJHOMY CHIPBIO U T.1I.;

0) OTXOIBI IPOM3BOJICTBEHHOTO MOTPEOJICHUSI — HAKAIUIMBAIOTCSI B PE3YJIbTaTe BBIXOJA M3 CTPOS M3AEIUN M3 MOJIMMEPHBIX
MaTepHaNoB, UCIIOIb3YEMbIX B PA3JIMUHBIX OTPACIIAX HAPOAHOTO XO3SMCTBA (AMOPTH30BAHHBIE LIMHBI, Tapa M yNAKOBKa, JETAIH
MaIlMH, OTXO/Ibl CEJIbCKOXO3SHCTBEHHOW IUIEHKH, MEIIKH U3-TI0/ YA00peHHH U T.1.). DTH OTXOJbI SBISIOTCS HauboJee 0HOPO/I-
HBIMH, MaJI03arpsiI3HEHHBIMU M IOATOMY ITPEACTABIISIOT HAanOOJIBIINIT HHTEPEC ¢ TOUKHU 3PEHHs UX TOBTOPHOM nepepadoTKy;

B) OTXOABI O0IIECTBEHHOTO MOTPEOICHNUS, KOTOPBIE HAKAIJIMBAIOTCA y HAC A0Ma, HA MPEAPHUATHIX OOLIIECTBEHHOTO MUTAHUS
U T.J., @ 3aTeM IONAAAI0T Ha TOPOACKUE CBAJKH; B KOHEUHOM HTOTE OHH MEPEXOAAT B HOBYIO KATETOPHIO OTXOJOB — CMEIIAHHbIE
OTXOJIBL.

HanGonbimme TpyTHOCTH CBA3aHBI C MEPEPadOTKON M HCIOJIB30BAHMEM CMEIIaHHBIX OTXO0J0B. [IpHdnHa 3TOr0 B HECOBMEC-
TUMOCTH TEPMOIUIACTOB, BXOIAIINX B COCTaB OBITOBOIO Mycopa, UTO TpeOyeT WX MocTaguiHOro BblAeneHus. Kpome toro, c6op
W3HOIICHHBIX M3/IEJINI U3 TTOJIMMEPOB y HACEJICHUs SBIISIETCS. YPE3BBIUANHO CJI0XKHBIM MEPONPHUITHEM C OPraHM3alMOHHON TOUKH
3pEHUS U TI0KA €llIe Y HAac B CTPaHEe He HaJaXeH.

OCHOBHOE KOJIMYECTBO OTXOAOB YHHUTOXKAIOT — 3aXOPOHEHHEM B IOYBY WM CKHraHueMm. OfHaKO YHHYTOXKEHHE OTXO/0B
SKOHOMHYECKH HEBBITOJHO M TEXHUYECKH CJI0XHO. KpoMe Toro, 3aXxopoHeHMeE, 3aTOIUIEHHE W COKUTAaHHWE TOJIMMEPHBIX OTXOJI0B
BEJICT K 3arPSA3HEHUIO OKPY>KAIOIIeH Cpelibl, K COKPAILICHUIO 3eMEJIbHBIX YTOAUM (OpraHu3aIus CBaJoK) U T.A.

OnHaKo M 3aXOPOHEHUE, U CXKUTaHHUE IPOAOIKAIOT OCTABATHCS JOBOJIBHO MIMPOKO PAcIpPOCTPAHEHHBIMH CIIOCOOAMH yHUU-
TOKEHHsI OTXO/0B IUTacTMacc. Yalie BCero TeIulo, BRIACTSAIOIESCs IPU CKUTaHUM, UCTIOIB3YIOT JUIA MOJIyYeHHs Iapa U 3JIeKTpo-
sHepruu. Ho KaJopuiHOCTh CXKMIaeMOro ChIpbsi HEBEJIMKA, I0O3TOMY YCTAaHOBKHU JUIS COKUTAHMS, KaK MPABHUJIIO, SIBIISIFOTCS SKOHO-
Mudeckn ManodddextuBHEIMU. Kpome TOro, mpy CXKUraHUHM MPOUCXOJUT 00pa3oBaHME CakKM OT HEMOJHOTO CIOPaHMS IOJIMMEp-
HBIX MPOJYKTOB, BbIICIICHHE TOKCHYHBIX TA30B U, CJIEJO0BATEIbHO, IIOBTOPHOE 3arps3HEHNE BO3AYIIHOIO M BOJHOTO 0acceiHOB,
OBICTPBIN U3HOC TICUCH 33 CUET CHIIBHOMN Koppo3uH [5].

B magane 1970-x IT. MpomnuIoro Beka HHTCHCUBHO HAYallll pa3BUBATHCS PaOOTHI MO CO3MaHUI0 OHO-, POTO- M BOJOpa3pymaec-
MBIX noauMepos. IlomyueHne pasnaraeMblx MOJMMEPOB BBI3BAJIO HACTOSIIYIO CEHCALHMIO, M 3TOT CIIOCOO YHHUUYTOKEHHS BBILIE-
IIMX M3 CTPOS IJIACTMACCOBBIX U3/CNUI paccMaTpUBAJICS Kak uieanbHbId. OMHAKO MOCieayIomune padoThl B 3TOM HalpaBJICHUH
MIOKA3aJIM, 9TO TPYJHO COYETATh B M3/EJIUSAX BBICOKHE (DM3MKO-MEXaHWUIECKHE XapaKTEPUCTHKH, KPACHBbBIH BHEIIHWN BHUJ, CIIO-
COOHOCTH K OBICTPOMY pa3pyIICHHIO 1 HU3KYIO CTOMMOCTD.

Cosnanune (HoTo- 1 GHOpa3pylIaeMbIX IIACTMACC OCHOBAHO HAa BBEACHUH B IICMb MoMMepa (OTO- 1 OMOAKTUBUPYIOIIUX J10-
0aBOK, KOTOpPBIE JIOJDKHBI COJIEpKaTh (DYHKIMOHAIBHBIE TPYIIIBI, CIIOCOOHBIE pa3jaraThCs IO JICHCTBHEM YIbTpa(roIeTOBBIX
Tydel wim aHadpoOHbBIX OakTepuil. TpyAHOCTH 3aKIIFOYaETCsl B TOM, YTO J00aBKH BBOJST B TIOJIMMEP HA CTaJUM CHHTE3a WU IIe-
pepaboTky, a pa3pylIeHUE ero JODKHO MPOTEeKaTh MOCHE UCTIONb30BaHMs, HO He BO BpeMs nepepadotku. IloaTomy npobiema 3a-
KIIIOYAeTCs B CO3/IaHUM aKTHBAaTOPOB pa3pyLICHUs, 00eCIICUNBAIONINX ONPEISIICHHBINH CPOK CITY>KOBI IJIACTMACCOBBIX M3JeTHii Oe3
YXYIMCHNS UX Ka9eCTBA. AKTUBATOPHI IOJDKHBI OBITH TAK)KE HETOKCHYHBIMU M HE TOBBIIIATH CTOMMOCTh MaTepHala.

CymecTBYIOT TpH OCHOBHBIX HAIPaBJICHUSI Pa3BUTUS NOMCKOBBIX padOT IO OCBOCHUIO OMOETPagupyeMbIX MIacTMacc: Ho-
JMA(GUPBI THAPOKCUKAPOOHOBBIX KUCIIOT; IUNIACTHYECKHE MacChl Ha OCHOBE BOCIPOU3BOIUMBIX IIPHPOHBIX ITOJUMEPOB; PHIaHUE
OropasnaraeMoCTH ITPOMBIIUICHHBIM BBICOKOMOJIEKYJIIPHBIM CHHTETHYECKAM MaTepHaiaMm.

OnHUM U3 CaMbIX IEPCIIEKTUBHBIX OMOJErpaupyeMBbIX MIIACTHKOB Ul IPUMEHEHHS B YIIAKOBKE B HACTOSILEE BpeMs SIBJIS-
€TCsl TIOJIMIIAKTH]] — TPOLYKT KOHACHCALUH MOJIOYHON KHCIIOTHI.

[Monunaktux B KOMIIocTe OMopasnaraeTcsi B TSUCHHUE OJHOTO MECsIa, yCBauBaeTCsl OH M MHUKpoOaMu MOpckoi Boxsl. Eciu
6uonerpaaupyemMsle MOIM3PHUPHI ¢ HEOOXOJMMBIMU TOBAPHBIMH CBOMCTBAaMH MO>KHO IOJIYYHTHh Ha OCHOBE THAPOKCHKAPOOHOBBIX
KHCJIOT, TO TIACTMACCHI, B COCTaB KOTOPBIX BXOAUT Kpaxmall, LeJUTI0I03a, XUTO3aH WIN IPOTEHH, PEACTaBIAIOT COOO0MH, Kak Ipa-
BIJIO, KOMITO3HUIIMOHHBIE MaTepHaJIbl, COEPIKaIllie CaMble pa3IndHbIe TOOABKH.

Haubonee mmpoko 13 psiaa IPUPOIHEIX COCIUHEHNH B OMOpa3iaraéMbIX YIIaKOBOYHBIX MaTeprasiax UCIOIb3yeTcsl Kpaxmall.

Jist mosydeHust pa3pyliaeMoi 6akTepusiMu BOJOPAaCTBOPUMOM TUIEHKH U3 CMECH KpaxMalla M IEKTHHA B COCTAaB KOMIIO3UIINU
BBOJIAT TUIACTU(UKATOPBI: TNIMIEPUH WIM HOJMOKCUITUIICHIVIMKOJb. [IpH 3TOM OTMeYaeTcs, 4TO C yBEJIMYCHUEM COACPIKAHUS
Kpaxmaja XpyIKOCTb INICHKH YBEJINYNBACTCS.

W3 KOMIO3UINH, COAEpKaled Hapaoy ¢ KpaxMaJloM aMHJIO3Y M HE3HAUUTEIbHOE KOIMYECTBO CIA0bIX KHCIIOT, SKCTPY3Hei
MOJTYYalOT JIMCTHI, U3 KOTOPBIX (OPMOBAHHEM C pa3ayBOM U3rOTABIMBAIOT U3/CIHS IS YIIAaKOBKH.

C menbio CHIDKEHUSI ce0eCTOMMOCTH OHopasilaraéMblX MaTepuaioB ObITOBOTO Ha3HaueHUs (YHMaKoBKa, IUICHKA JUIS MYJIbYH-
POBaHMSA B arpOTEXHHKE, ITAKETHI IJIsl MyCOpa) PeKOMEHIYEeTCsl NCTIOIb30BaTh HEOUHIIIEHHBIH KpaxMall, CMEIICHHBIN C TIOJMBUHU-
JIOBBIM CITUPTOM M TaJIbKOM.

buopasnaraemble MmiacTHUecKue Macchl Ha OCHOBE Kpaxmaia 00JaJaloT BBICOKOHM SKOJOTHYHOCTBIO M CIIOCOOHOCTHIO pasia-
ratbest B komrocte ipu 30 °C B TeueHne BYX MecsIeB ¢ 00pa3oBaHUEM OJIaronpusITHRIX Ul pACTCHUH MPOIYKTOB pacnaja.

B kadecTBe BO30OHOBIISIEMOTO MPHPOAHOTO OHMOpa3aracMoro Hayaja MpH MOJYy4YeHHH TEpMOIUIACTOB aKTHBHO pa3padaThl-
BalOTCA M IPYTHE TOJIMCAXaPHIbBI: IEJUTION03a U XUTO3aH.



[ToauMmepsl, MoTy4eHHbBIE B3aUMOJEHCTBUEM LEIUIIONIO3bI C 3MOKCUAHBIM COSIMHEHNEM U aHTHIPUAAMH AUKapOOHOBBIX KHU-
CJIOT, TIOJIHOCTBIO pa3jiararoTcs B KOMIIOCTE 3a 4eThlpe Hexenr. Ha ux ocHoBe (hopMOBaHMEM ITOIy4alOT OyTHUIHM, Pa30BYIO MOCY-
Iy, TUIGHKH JUISl MyJIbYUPOBAHUSL.

Crolikue K BBICOKMM M HU3KUM TEMIIEPaTypaM MHOTOCJIOWHBIE MAaTepHabl Ul YIAKOBKH ITOJIy4YarOT M3 MJICHKH LIEJUII0IO3bI,
CKJICCHHOW KpaxMaJloM, CO CTOMKOH K »HpaM Oymaroii, pa3penieHHON K KOHTaKTy C NHUIIEBBIMHU MMPOAyKTaMH. Takas ynakoBka
MOJKET MCIOJIb30BaThCS MTPHY 3aleKaHUU MPOAYKTOB B AJIEKTPUUECKUX WIIM MUKPOBOJHOBBIX T1€YaX.

W3 TpoitHOW KOMMO3UINH (XUTO3aH, MUKPOLIEJITIOJIO3HOE BOJIOKHO U YKEJTAaTHH) MOIy4YaroT IJIEHKU C MIOBBIIIEHHON MPOYHO-
CTBI0, CIIOCOOHBIE Pa3jiaraThCsi MUKPOOPraHM3MaMHK MTPU 3aXOPOHEHUH B 3eMJiIt0. OHU PUMEHSIOTCSI ISl YIIAKOBKH, U3TOTOBJICHHUS
MIOJHOCOB H T.1.

[TpuponHple OENKM WM MPOTEHHBI TAKXKE IPHUBICKAIOT Pa3padOTYMKOB OMOpasnaraeMblX IutacTMacce. [l 3aBepThIBaHUS
BJIQYKHOW ITHUIIM W U3TOTOBJIEHHU KOPOOOK JUI MUILIEBBIX MPOIYKTOB CO3/1aHa IUIEHKA Ha OCHOBE LIEMHA — rHApo(oOHOro mporen-
Ha. HarmpaBieHre 1o MCHOB30BaHUIO MTPUPOIHBIX HOJIMMEPOB (MOIHcaxapu, OeJIKOB sl N3rOTOBJICHUST OMOpasiaraeMbIX Iuia-
CTHKOB) TIPEK/IE€ BCET0 MHTEPECHO TEM, YTO PECYPCHI HCXOAHOTO CHIPhsI IOCTOSIHHO BO30OHOBIISIEMBI U, MOXHO CKa3aTh, HEOTpa-
HuaeHHBL. OCHOBHAs 3a/a4a — 3TO pa3padoTKa KOMIO3HUIIMOHHBIX OMOIErpaIupyeMbIX MaTepHalioB, 00eCIeYNBAIOIINX HE00X0-
JHUMBIC CBOﬁCTBa, le/I6J'Il/I)KaIOU_lI/IeCH K CUHTCTUYECKUM MHOI'OTOHHAKHBIM IMOJIMMEPAM.

BaxkxHoe MecTo 3aHMMaeT rpobiemMa NpuIaHus CBOMCTB OMOPa3IOKEHUsI XOPOIIO OCBOSCHHBIM IPOMBIIIIICHHBIM ITOJIMMEPaM:
13, 11, [IBX, momuctupoinry (IIC) u nommsTinerrepedranary (II9TD). Tak kak nmepedncieHHbIE TOIUMEPHI B U3ACTHS U3 HUX
NPY 3aXOPOHEHHH MOTYT XPAHUTHCS «BEYHOY, TO BOIIPOC MPUAAHHS UM CIIOCOOHOCTH OHMOpasiiararbcsi CTOUT OCOOSHHO OCTPO.

B Hacrosiee BpeMsi akTUBHO pa3pabaThIBalOTCS TPU HAIPABIICHHUS:

— BBEJICHHUE B CTPYKTYpYy OHMOpa3iaracMpIx IOJIMMEPOB MOJIEKYJI, COEPXKAIINX B CBOEM COCTAaBE (DYHKIIMOHAIBHBIC TPYIIIIEL,
CIIOCOOCTBYIOIIHE YCKOPEHHOMY (DOTOPA3IOKEHHIO ITOJIUMEPA;

— IMOJIy4YCHHUEC KOMHOSI/IHI/Iﬁ MHOTOTOHHAXXHBIX MOJIMMEPOB C 6I/lOpa3J'IaFaeMLIMI/I MIPUPOAHBIMHU )106aBKaMI/I, CHOCO6HLIMI/I B
OIIPEZICTICHHOM CTEeTIeHN MHUIMNPOBATh paciial OCHOBHOTO MOJINMEpa;

— HAaIpaBJICHHBIA CHHTE3 OMOMAETrpaJUpyIOIIUX [UIACTUYECKHX MAcC Ha OCHOBE NPOMBIIUICHHO OCBOCHHBIX CHHTETHYECKUX
MPOAYKTOB.

K ¢oropaznaraempIM mosmMepaM OTHOCSITCS CONOJIMMEPHI STHIIEHA C OKCUIOM yriieposa. doronHunmaropamMu pasioKeHus
6azoBoro noimumepa 13 nmm [1C sBnsSroTCS BUHUIKETOHOBBIE MOHOMEPHI. BBeneHne nx B konmnuecTse 2...5 % B KauecTBE COIO-
JFMepa K ATWICHY U CTUPOITY MO3BOJISIET MOYYaTh IJIACTHKH cO cBoWcTBaMH, Oym3kumu K 19 wm I1C, HO ctocoGHBIMHE K (oToe-
rpajaliy Mpy JISUCTBUM yibTpaduoneroBoro u3mydeHus B npeaenax 290...320 am.

Eme ogHnM NOAX0A0M K PEIICHHIO MPOOIEMBl YHUUTOXCHHUS TIIACTMACCOBBIX OTXOJIOB SIBISIETCSI BBIBEICHHE OCOOBIX MyTa-
LU MUKPOOPTaHU3MOB, CIIOCOOHBIX Pa3pyIIaTh CHHTETHUECKHUE TIOJIUMEPBI.

PaccMoTpuM BIMsSIHEE CTPOEHUSI 1 CBOMCTB TIOJIMMEPOB Ha OMOpa3JIoiKeHHE.

YCTaHOBIIEHO, YTO C yMEHBIICHHEM MOJIEKYJSIPHOH Macchl MaKpOMOJIEKYJ CHOCOOHOCTh K OMOpPa3IoKEHHIO BO3pacTaer.
Jpyroif XxapakTepUCTHKON MOJIMMEPOB, BIUSIONICH Ha CIIOCOOHOCTH K OMOPA3I0KEHHUIO, SBISETCA WX KPUCTAIIMYHOCTH. YCTa-
HOBJICHO, 4TO aMop(HbIE MOJMMEpPhI OHOpa3IaraloTcs Jy4lle, YeM KPUCTAUIMYECKHE: C YBEINYEHHEM CTENCHU KPUCTAITIMYHOCTH
CIIOCOOHOCTH K OMOPa3IoKeHHI0 yMeHbInaercs. Kprcrammyaeckas cTpyKkTypa 0ojiee BEICOKOMOJIEKYJIISIPHBIX ITOJIMMEPOB T10 CPaB-
HEHHUIO ¢ HU3KOMOJIEKYJIIPHBIME OHOpaspymaercs Xyske. [losiBneHne pa3BeTBICHUI B MAKPOMOJIEKYJIax MOBBIIIAET UX Onopasia-
raeMoCTb.

BBenenue pa3nuuHbIX MOAMGUIMPYIOMMX J00aBOK B MOJIMMEPHI MOXKET 3aMETHO YBEJIMYHUTH WM YMEHBIIUTH UX CIIOCO0-
HOCTH K OMOpaziokeHuto. Tak, cloXHO3(UPHBIE IIaCTU(PHUKATOPHI, KaK MPaBIJIO, MOBHIIIAOT Onopasnaraemocts [IBX. Onnako
rioxast 1uddy3ust xopoio Oropasznaraemoro miactiudukaropa (IuOyTundTasaTa) K MOBEPXHOCTH NOIKMMEPA MPUBOIUT B KOHEY-
HOM cueTe K Mmoxoi 6uopaspymumoctu [1BX.

BuopaznoxeHnne nmomuMepa SIBISETCS CIOXKHBIM MPOLECCOM, Ha CKOPOCTb M 3aBEPLUICHHOCTh KOTOPOTO BIUSIIOT HE TONBKO
CTPOCHHE M CBOWCTBA MOJMMEPA, HO U OKPYXKAIOIMINE yCIOBHA. VI3 OKpYy’KarOIINX yCIOBHH MEPBOCTENIEHHOE BIMSHNE OKA3bIBAIOT
BJI&YKHOCTB, TeMIeparypa, pH cpenpl, CBET, a Takke TaKOW KOMILIEKCHBIH (akTop, KaK KOHTAKT C MOYBOM M THII MOYBHI [6].

B nocnexnue rozpl ueciie1oBaHus B 001aCTH caMOpa3pyIalonIuXcsl MOJINMEPOB 3HAUYUTEIBHO COKPATHIIMCh B OCHOBHOM MO-
TOMY, YTO M3JCP>KKU MTPOM3BOACTBA MPH MOTYYECHUN TAKUX ITOJUMEPOB, KaK NMPABUIIO, 3HAYUTEIHHO BBIIIE, Y€M NPH MOTyICHUN
OOBIYHBIX [UIACTUYECKHX MAcCC, M 3TOT CIIOCO0 YHHUTOKEHHUS SIBJISICTCS SKOHOMUIECKH HEBBITOIHBIM.

OCHOBHOM MyTh MCHOJB30BAaHUS OTXOJIOB IIACTMACC — ATO UX YTUIIM3ALUSA, TO €CTh MMOBTOPHOE MCHONb30BaHKe. [loka3aHo,
YTO KaNUTAIbHBIC M SKCIUTyaTallMOHHbIEC 3aTPATHI 10 OCHOBHBIM CIOCO0aM YTHIIM3allMM OTXOA0B HE MPEBBIIIAIOT, a B PSAC CIIyda-
€B JaKe HIDKE 3aTpaT Ha UX yHHUUYTO)KeHHe. [10JI0KNTeThbHON CTOPOHON YTHIM3AIMHU SIBISCTCS TAKXKE M TO, YTO MOITYydaeTCcs J10-
TMOJHUTECIIBHOC KOJIMYECTBO IMOJIC3HBIX MPOAYKTOB JIA Pa3IMYHBIX 0Tpacne171 HapoJHOro XO3SMCTBa U HE MMPOUCXOAUT MOBTOPHOI'O
3arpsi3HEHUS OKpYyXKaroliel cpeabl. [1o 3TUM NpUYMHAM yTHII3anus SBIAETCS HE TOJIHKO SKOHOMUYECKH 1IeJIecO00pa3HbIM, HO U
9KOJIOTMYECKH TIPEIMOYTHTEIFHBIM PEIICHNEM MPOOIEMBI NCIIONB30BAaHMS IIACTMACCOBBIX 0TX0/0B. [logcunTano, 94To U3 exe-
TOAHO 06pa3y}01u14xc;1 MOJMMEPHBIX OTXOAOB B BHJC aMOPTU30BAHHBIX H3):[eJ'IPIfI yTUJIn3aluu MoJABEPracTcsa TOJbKO HC3HAYU-
TeJIbHAs 4acTh (BCETO HECKOJIBKO MPOLEHTOB). [IpHYMHON 3TOTO SBISIOTCS TPYIHOCTH, CBSI3aHHBIE C TPEIBAPUTEIBHON IOATOTOB-
KOl (cOOp, COPTHUPOBKA, pa3/ieieHHe, OYMCTKA U T.JI.) OTXOJOB, OTCYTCTBHEM CIICIIMAILHOTO 000pYAOBaHMUS JUIA HepepabOTKH U
T.I.

K ocHoBHBIM CHOCO6aM YTUJIM3aliu OTXOA0B MIACTHYCCKUX MAaCC OTHOCATCA:



— TEpPMHUYECKOE Pa3JI0KEHHE MyTEM THPOJIN3a;

— Ppas3JIOKEHHUE C MOJyYEHUEM UCXOAHBIX HU3KOMOJIEKYJIIPHBIX MPOIYKTOB (MOHOMEPOB, OJIMTOMEPOB);

— BTOpHWYHAs mepepadoTKa.

[Trpoan3 — 3TO TEPMUYECKOE PA3I0KEHNE OPTaHUYECKHUX NIPOAYKTOB B IPUCYTCTBUH KHCIOpoaa uin 6e3 Hero. [Iuponus mno-
JIMMEPHBIX OTXOJIOB TIO3BOJISIET MOJYYHUTh BHICOKOKAJIIOPUHHOE TOILUIMBO, ChIPhE M MONTy()aOpUKaThl, HCIIOJIb3yEMbIE B PA3IIMYHBIX
TEXHOJIOTMUECKHX ITPOIIECCaX, a TAK’KE€ MOHOMEPBI, IPHUMEHSIEMbIE ISl CHHTE3a TI0JINMEPOB.

I'a3000pa3HbIe MPOAYKTHI TEPMHUECKOTO PA3I0KEHHS TIACTMACC MOTYT HCIIOJIb30BAaThCA B KAYECTBE TOILIMBA ISl MIOTy4e-
HUA pabouero BoJsHOro napa. JKuakue mpoayKThl HCIOJIB3YIOTCS JUIsl MOJy4deHus TersioHocutelnei. CekTp NpUMEHEHUs TBep-
JbIX (BOCKOOOPA3HBIX) MPOIYKTOB IHPOJIM3a OTXOO0B IIACTMACC JOCTATOYHO IIMPOK (KOMIIOHEHTHI PA3IMYHOTO poJa 3allUuTHBIX
COCTaBOB, CMa30K, IMYJIbCHH, TPONUTOYHBIX MaTepUANIOB u Ap.) [7].

YToOBbI 10JTy4aTh BHICOKOKaYECTBEHHBIE TTMPOJIM3HBIE MACJIa IIOCTOSIHHOTO COCTaBa, HEOOXOJUMO co0M0aaTh 0co0bIe Tpeho-
BaHMS K HCXOIHOMY CBIPBIO. DTO MPEUMYIIECTBEHHO JOJDKHBI OBITH OTXOABI C BEICOKMM COZIEp>KaHUEM YTiIeBoIopoaoB. s npe-
00pa3oBaHMs TaKUX TEPMOILIACTOB, KaK HU3KOMOJEKYISIpHBIA [1D mnm arakrudeckuit [1I1, mpuMEHSIOT HU3KOTEMIIEPATypPHBIN
KUIKO(a3HBIN MAPOIN3 B HEMIPEPHIBHO WM MEPHOAMYECKH paboTarommx peakropax. Obmacte pabouynx TemIiepaTyp B 3TOM CIIy-
yae omnpezersieTcs nepepabaTeiBaeMbiM npoaykroM. Hanpumep, orxoxsr [IBX 1 moGounsie mpoayktsl Beimie 200 °C OTIIEIUIAIOT
XJIOPOBOZOPOJ, a IpH JaibHewe repmudeckoiit 00padortke (Beiie 400 °C) pasznararorcss Ha TEXHHYECKHH YTIIEpOI U yIIIEBOAO-
pozsl. Kunkodasusiii muposu3 [1C npu temneparypax Boitre 350 °C BeeT kK 00pa30BaHUIO CTHUPOJIA C BRICOKUM BbIxo oM. Hus-
koMmoneKkysapHbi [19 mupomupyeres mpu 400...450 °C, mpu 5TOM MOTYYarOT anu(aTnaeckue Oorateie oiepuHAMA Maclia U alli-
¢darnueckue Bocku. Araktudeckuit [1I1 Tepmuuecku pasnaraercs B odnactu temmneparyp 400...500 °C. B HeKOTOpBIX ciydasx B
O6J'IaCTI/I HU3KHUX TEMIICPATYpP HAXOJAT NPUMCEHCHUE PCAKTOPHI C IICCBAOOKUKCHHBIM CIIOCM.

Jliist osy4eHus: HU3KOMOJIEKYJISIPHOTO CBIPBSI M3 TAKUX OCOOBIX BHJOB OTXOZOB IIOJMMEPOB, KaK CMECH TEpMOILIACTOB, Ka-
OerpHas M30JIALHA, IPUMEHSIOT BEICOKOTEMIIEPATyPHBIA MUPOJIH3, TP 3TOM OOJIbIIIAsi HPON3BOIUTEIEHOCTD JOCTUTAETCS TOIBKO
B CIly4ae HENPEPBLIBHLIX METOOB.

OOpa3syromiyecs B Iporiecce MMPoJIn3a HU3KOMOJIEKYJIIPHBIE ITpeieIbHBIE YTIIEBOJOPO/IBI ITOBEPratoTCs! MOCIEAYIOIEMY KPEKUH-
Ty C IIENbIO YBEIIMYCHUS BBIXO/Ia HEMPEISIbHBIX COSIMHEHNH, HCTIONB3YEMBIX IIPH CHHTE3E MOJINOC(HHOB.

Pa3paboTaHbl TaKkKe MIPOIECCHl KATAIUTHIECKOTO THAPOKPEKHUHTA TSI TPEBPALIECHUS TOJMMEPHBIX OTXOI0B B OCH3MH M TOI-
JIMBHBIC MacJia.

MHorue noauMepsl B pe3yibTaTe 0OpaTUMOCTH PeakIud 00pa30oBaHMS MOTYT CHOBA pas3llaraTbCsl A0 MCXOIHBIX BEIECTB.
Jnst MpakTHYECKOTO MCIIONb30BaHMS UMEIOT 3HaueHue crocoOsl pacuieruienus [19T®, mommamunos (ITA) n BclieHEHHBIX MOJIH-
ypetaHoB. [IpogyKThl paciieruieHust UCTIONb3YIOT CHOBA B KQUECTBE CHIPBS JUIS MPOBECHUS ITpoIiecca MOJIUKOHICHCAUU HIIH KaK
[lO6aBKI/l K NEPpBUYHOMY MaTcpualy. O[lHaKO HUMCIONIUECA B OTUX NPOAYKTAX MPUMECHU YaCTO HE IMO3BOJIAIOT IMOJIYYaTh BHICOKOKA-
YECTBCHHBIC IMOJIMMEPHBIC U3ACINA, HAIIPUMEDP, BOJIOKHA, HO YACTOTA UX AOCTATOYHA JJId U3TOTOBJICHUA JIMTHCBBIX MACC, JICTKO-
IUIaBKUX U PAaCTBOPUMBIX KJICCB.

I'uaponus sBrsieTcs peakiyen, o6paTHOH monmkoHAeHcanuu. C ero MOMOIIBIO TIPH HAIIPABICHHOM ACHCTBHH BOJBI ITO MeC-
TaM COCJMHEHUSI KOMIOHEHTOB MOJMKOHJICHCATHI Pa3pyIIAIOTCs 10 UCXOAHBIX COSAMHEHUN. [ MApOoIN3 MpONCXOaUT 101 AEHCTBUEM
9KCTPEMaNbHbBIX TEMIEPATyp ¥ AaBieHUH. [ TyOuHa MpoTeKaHus peakiiy 3aBUCHT OT pH cpezbl M NCTIONB3yeMBIX KaTaan3aTOpOB.

OTOT CNOCOO NCTIONIB30BAHUS OTXOI0B SHEPIETUIECKH 00JIee BBITOJICH, YeM MHPOJIN3, TaK KaKk B 000POT BO3BPAIIAIOTCS BBI-
COKOKAaYEeCTBCHHBIC XUMUYECKHE POTYKTHI.

ITo cpaBHEHUIO ¢ THAPOIM30M JUIs paciierieHns: otxo 0B [I19T® Gornee sxoHOMIYEH ApPYToit criocod — raukonu3. Jectpyk-
LUl IPOUCXOJIUT TIPH BBICOKUX TEMIIEPAaTypax W JaBJICHUH B NMPHUCYTCTBUHM ATWICHIIIMKOIS U C YYaCTHEM KaTajM3aTOpOB JIO I10-
JIy4eHHsI YHCTOTrO JUIiIHKoibTepedTanara. [1o 5ToMy NPHHIMIY MOXKHO TakXke nepesTepruduuupoBaTh KapOamMaTHbIE IPYIIIbI B
HONUYypeTaHe.

Bce ke caMbIM pacnpoCTpaHEHHBIM TEPMHUYECKUM MeTOJI0M nepepaboTku otxonoB [ITD susercs nx pacuieruieHue ¢ 1o-
MOIIBI0 MeTaHoJIa — MeTaHoim3. IIponecc mpotekaer mpu temnepatype Boime 150 °C u naBnenuu 1,5 MIla, yckopsiercs: kaTanu-
3aTopaMu IepesTepupuKanui. ITOT METOJ OUYCHb SKOHOMHUUYEH. Ha mpakTrke NpUMEHSIOT 1 KOMOHHAIMIO METOI0B IIIMKOJIN3a U
MeTraHom3a [8].

B Hacrosmiee Bpemst Hanbosee npueMieMsiM it Poccun siBIseTcs BTOPUYHAS TepepadoTKa OTXOAOB ITOJMMEPHBIX MaTe-
pHAJIOB MEXaHUYECKUM PELUKIMHIOM, TaK KaK 3TOT CHOCO0 mepepadoTKH He TpeOyeT J0pororo CnenuaabHOro 000py10BaHHS U
MOXeT 0aTh peaJIn30BaH B JJIOOOM MECTE HAKOIIJICHUS OTXO/I0B.

Jlanee paccMOTpHUM OCHOBHBIE METOIbI BTOPHYHOM NepepaboTKn HanboJjiee pacpoCTpaHEHHBIX MOJIMMEPHBIX MAaTEpHAJIOB.

1.2. YTUJIM3ATIMA OTXOAOB ITOJIMOJIEGMTHOB

[TonmoneduHbl — caMblii MHOTOTOHHaXKHBIN BUA TepMoIulacToB. OHM HaXOAAT LIMPOKOE IPUMEHEHUE B Pa3IMYHBIX OTPaciix
MIPOMBIIIUICHHOCTH, TPAHCIIOPTA U B CEJILCKOM Xo3siicTBe. K nonmoneduHam oTHOCATCS MOAMITHIEH BBICOKOI M HU3KOM MIIOTHO-
cru (II9BII u I[I3HII), II1. Hanbonee a¢dexTnBHBIM criocoboM yTmim3annu otxo1oB [10 sBisieTcss uX MOBTOPHOE MCIONIB30Ba-
Hue. Pecypcel Bropnunbix [10 Benmuku: Tonbko otxoxabl notpedienus [IOHIT B 1995 r. mocturnm 2 muH. ToHH. Mcnonb3oBanne
BTOPHYHBIX TEPMOIUIACTOB BooOmIe, 1 I1O B 4acTHOCTH, MO3BOMISET YBEIUYHUTh CTETIEHb yIOBIECTBOPEHUS B HUX Ha 15...20 %.



Cnioco6b1 iepepaboTku 0Tx0A0B 110 3aBHCAT OT MapKy MOJMMeEpa U UX mporcxoxaeHus. Hanbomee mpocto nepepabdaThiBa-
FOTCSl TEXHOJIOTHUECKUE OTXOMBI, TO €CTh OTXOJBI IIPOU3BOICTBA, KOTOPHIE HE MOABEPIIINCH HHTEHCHBHOMY CBETOBOMY BO3ZICHCT-
BHIO B IpOIIECCe IKCIUTyaTanuu. He TpeOYIOT CIIOMKHBIX METOJIOB IMTOATOTOBKH M OTXO01bI moTpednenus u3 [IDBII u I1I1, tak kak ¢
OJIHOM CTOPOHBI U3JIENNS, U3TOTABINBAEMbIE U3 STUX MOJUMEPOB, TAKXKE HE MPETEPIEeBAIOT 3HAYUTEIbHBIX BO3JIECHCTBUI BCIECT-
BHE CBOCH KOHCTPYKIIMHM U Ha3HaueHHs (TOJICTOCTEHHBIEC AETaNH, Tapa, QypHUTYpa U T.1.), & C IPYroil CTOPOHBI — UCXOAHBIE TI0-
JUMEpBI 00JIee YCTONYUBEI K BO3JICHCTBUIO aTMOC(hEpHBIX (akTopoB, deM [IDHII. Takue oTX0MbI mepe]; HOBTOPHBIM HCIIOJIE30Ba-
HUEM HYXIAIOTCS TOJBKO B U3MENbYSHUH U TpaHyJIupoBaHuu [9].

1.2.1. CTpyKTypHO-XMMHYeCKHe 0CO0EHHOCTH BTOPMYHOI0 MOJUITHIEHA

BBI60p TEXHONOTHUECKHX MapaMeTpoB mepepadoTku oTxonoB 10 u obnacTeil HCIOIb30BaHMS TOTyYaEMBIX U3 HUX H3JENIUi
00YCJIOBIIEH X (PM3HKO-XMMHUECKHMH, MEXaHNIECKUMH M TEXHOJIOTHYECKHMH CBOMCTBAMH, KOTOPBIC B 3HAYNTEIHHOW CTENECHU
OTJIMYAIOTCS OT TEX XK€ XapaKTePHCTHK NepBUYHOro nosmmepa. K ocHOBHBIM ocobeHHocTsaM BropuuHoro I[TOHIT (BIIDHII), ko-
TOpPBIE OMPEEISIOT CHEHU(PUKY €ro HepepadoTKH, CIEAyeT OTHECTH: HU3KYIO HACBHINHYIO IUIOTHOCTH; OCOOCHHOCTH PEOJIOTHYE-
CKOT'O ITOBEACHHS PacIliaBa, 00yCIOBICHHBIE BBICOKUM COAEPKaHMUEM Tellsl; MOBBIIICHHYI0 XUMHUECKYI0 aKTHBHOCTh BCIICIICTBHE
W3MEHEHHUH CTPYKTYPBI, IPOUCXOIIIINX NPH IepepadoTKe MEPBUYHOTO MOJUMEPa U SKCIUTyaTalliy MOJYYEHHbBIX M3 HEro M3Je-
.

B nporecce nepepaboTK 1 SKCIUTyaTalliy MaTeprai MOJBEPraeTcsl MEXaHOXHUMHUYECKIM BO3ICHCTBHAM, TEPMUIECKOH, TEILIO-
1 (DOTOOKUCIUTETHHON AECTPYKIMH, YTO TPHUBOIMT K IOSBICHUIO aKTUBHBIX TPYII, KOTOPBIE TPH IMOCIEAYIOMNX MepepadoTKax
CIIOCOOHBI MHUIIMMPOBATh peakuuu okucaenus [10, 11].

V3MeHeHne XUMHUECKOW CTPYKTYphl HAauWHAETCs YXKe B Ipoliecce nepBUuHoil nepepabotku 110, B yacTHOCTH NPH IKCTPY-
3MH, KOTJIa TIOJIUMEp IOJIBEPraeTcsi 3HAUUTEIbHBIM TEPMOOKUCIMTEIFHBIM H MEXaHOXUMHYECKUM BO3JeUCTBHsAM. Hanbonbmmii
BKJIaJl B M3MEHEHMUsI, TPOTEKAIOIINE TP 3KCILUTyaTalluy, BHOCAT (DOTOXMMHYECKHE ITPOIECCHl. DT N3MEHEHHs HeOOpaTUMBI, B TO
BpeMsi KakK (PM3UKO-MEXaHHIECKHUE CBOMCTBA, HAIPUMED, TTOIUITHICHOBO IIIEHKH, OTCITYKHBILIECH OJUH-ABA CE30HA IS YKPBITHS
TIApPHHUKOB, MIOCIIE MIEPENPECCOBKH U SKCTPY3UH MTOUYTH IOJHOCTHIO BOCCTAHABIMBAIOTCS [5].

O6pazoBanue B 1D meHke Ipy ee 3KCIUTyaTaluy 3HAYNTEIBHOTO YMciia KapOOHWIIBHBIX TPYII MPUBOAUT K MOBBIIICHHOH
cniocooHoctr BITOHII mornomars KHCIOpO, CIEACTBHEM YETO SIBIISICTCS 00pa3oBaHNE BO BTOPUYHOM ChIPbE BUHHIBHBIX U BH-
HUJIUICHOBBIX TPYIII, KOTOPBIE 3HAYNTEIBHO CHIDKAIOT TEPMOOKUCIUTENBHYIO CTaOWIBHOCTD MOJIMMEpA MPU MOCIESAYIOUINX Ie-
pepaboTKax, HHAIUUPYIOT MpoIiecc (OTOCTAPEHUS TAKUX MATEPUAIIOB M U3CIHIA U3 HUX, CHUKAIOT CPOK MX CITYXKOBI.

Hannumne kapOOHWIBHBIX TPYIIN HE ONpeelisieT HU MEXaHW4ecKHe CBOMCTBa (BBeAEHHEM UX 110 9 % B UCXOAHYIO MaKpoOMO-
JIEKYJTy HE OKa3bIBaeT CYILECTBEHHOTO BIMSHUS HA MEXaHHUECKHE CBOWCTBA MaTepHaia), HU MIPOIyCKaHUE IJIEHKOW COMTHEYHOTO
cBeTa (MOTJIOIIEHHE CBeTa KapOOHMIBHBIMH TPYIIIIAMHU JIS)KHUT B 00JIACTH JUTHH BOJIH MeHee 280 HM, a CBET TAKOr0 COCTaBa IMpaK-
TUYECKU HE COICPKUTCS B coimHeyHoM criekrpe) [10]. OmHako MMEHHO Hanwdne KapOOHWIBHBIX rpymm B 1D oOycrmoBmuBaet
BeCbMa Ba)KHOE €r0 CBOMCTBO — CTOMKOCTB K BO3JIEHICTBHIO CBETA.

Wunnmaropom doroctaperns 1D ABIAIOTCS TUIPONEPOKCHIBI, 00pa3yIoIHecs elle NpH lepepadoTke MepBUYHOIO MaTte-
puana B mpoiiecce MexaHoxumuueckor nectpykuuu [10, 11]. Mx ununuupytomiee AeicTBHEe 0COOCHHO (G (GEKTHBHO HA PaAHHUX
CTaIMAX CTAPEHUSI, B TO BPEMs KaK KapOOHHMIIbHbIE TPYIIIEI OKa3bIBAIOT CYIIECTBEHHOE BIMSHNE HA 00JIee TO3HNX CTAANSX.

Kak u3BecTHO, IIpu CTapeHUU NMPOTEKAIOT KOHKYPUPYIOIIUE PEaKIUU AECTPYKIUH M CTPYKTypupoBaHus. CiencTBueM mep-
BOU siBiIsieTcsi 00pa3oBaHUE HU3KOMOJIEKYJISIPHBIX TPOJYKTOB, BTOPOi — HEpacTBOPUMOH reib-hpakuun. CKOpocTh 00pa3oBaHus
HU3KOMOJIEKYJISIPHBIX NPOAYKTOB MaKCHUMalbHa B Ha4aJle CTapeHHsl. DTOT NEPHOJL XapaKTepU3yeTCs HU3KUM COJICP)KaHUEM Tellsl U
CHIKEHHEM (H3UKO-MEXaHWIECKUX TTOKa3aTeneil.

B nanbHeiimeM ckopocTh 00pa3oBaHusl HU3KOMOJIEKYJISIPHBIX ITPOIYKTOB CHIDKAETCsl, HAOIIOIaeTCsl pe3K0oe BO3pacTaHue Co-
JIep)KaHMs Telisl 1 YMEHbIIEHHE OTHOCUTEIBHOTO YIIMHEHHUS], YTO CBUIETEIbCTBYET O MPOTEKaHUHU NIPOILIecca CTPYKTYPHUPOBAHHUSL.
3arem (TIOCIIE MOCTIKEHUS MaKCUMyMa) coiepkanue reis B BIID npu ero goToctapeHHr CHIXAETCS, YTO COBIAAAET C IOIHBIM
M3pACXO0/I0BAHIEM BUHMIIMIECHOBBIX I'PYIII B HOIMMEPE M JOCTIKEHUEM MPEJEIbHO AOMYCTUMbIX 3HAUCHUH OTHOCHTEJIBLHOTO Y-
nuHeHus. Takoit 3QPeKT 00BSICHICTCS BOBICYCHUEM 00pPa30BaBIINXCS MPOCTPAHCTBEHHBIX CTPYKTYP B MpoOIecce ISCTPYKIIMHU, a
TaK)Ke PaCTPECKUBAHUEM II0 TPaHHIE MOP(OIOTHUECKIX 00pa30BaHMUil, 4YTO NPUBOAUT K CHIDKCHUIO (PU3NKO-MEXaHUYECKHUX Xa-
PAKTEPUCTUK M yXYALICHUIO ONITHYECKUX CBOWUCTB.

CkopocTh M3MeHeHHs (PU3UKO-MEXaHUUECKHX XapakTepucTuk BIID mpakTuuecku He 3aBHCUT OT COJEPIKaHUS B HEM Iellb-
¢dpakiun. OHAKO coepKaHue reiisl He0OOXOJMMO BCErja YUUTHIBATh KaK CTPYKTYPHBIN (akTop mpH BEIOOpE criocoba MOBTOPHON
nepepaboTku, MOU(UKALIMN 1 IPH OTpeIeNICHNH 001acTell HCIOIB30BaHUS ITOJIMMEpa.

B tabn. 1 npuenens! xapaktepuctuku cBoiictB IIDHII o n mocie crapenns B Tedenue Tpex mecanes u BIIOHII, momyuen-

HOT'O 3KCTPY3UeH U3 COCTapEHHOM TUICHKH.
Xapaktep n3MeHeHus1 pu3uKo-Mexanudeckux xapakrepuctuk aus [IDHIT u BIIOHII HeonnHakoB: y IEpBUYHOTO MTOJTMMEpa Ha-
61ro1aeTCsl MOHOTOHHOE CHMKEHHE U TIPOYHOCTH U OTHOCHUTENILHOTO YAIMHEHUs, KoTopble cocTaBisAoT 30 u 70 % cooTBeTCTBEH-
HO Iocyie cTapeHus B TeueHue 5 Mecsies. g Bropuunoro ITOHIT xapakrep u3MeHeHHsI 3TUX MoKa3aTeneid HeCKOJIbKO OTINYaeT-
Csl: paspylIaioliee HaNpsDKEHUE NPAKTUYECKH HE M3MEHSETCs, a OTHOCUTENbHOE yaiuuHeHne ymensinaercs Ha 90 %. [IpuunHoi
9TOr0 MOKET OBITh Hamuuue renb-Ppakiaun Bo BIIDHII, koTopas BRIMONHSIET (GYHKIHIO aKTHBHOTO HATIONHUTENS ITOJMMEPHON
MaTpUIbI. Hanuune Takoro «HaroJIHUTEIIS) — IMpU4YruHa MOABJICHUS 3HAYUTECIIbHBIX HaHpﬂ)I(eHHfl, CJIICACTBUEM YECIO ABJISICTCSA I10-
BBIIIIEHUE XPYNKOCTH MaTepHaia, pe3KOe CHIDKEHNE OTHOCUTEIBHOrO yuInHeHus! (BILIOTh 10 10 % oT 3HaueHMi AJIs IepBUYHOTO
[13), cToWKOCTH K pacTpeCKUBaHUIO, TPOYHOCTH TIpH pacTsokernd (10...15 MIIa), amacTHIHOCTH, TTOBHIIIEHHE KECTKOCTH.



1. Xapakrepuctuku cpoiicts I[IDHII 10 u nmocJie crapenust

TIDHIT BIIDHIT
=
] §
XapakTepuCTUKH 2 Qe
) 8 S | DKCTpy3uHOHHBIH
5 ==
~ 2
[o]
Copeprxanue rpym C-O, Mob 0,1 1,6 1,6
CopeprkaHue HU3KOMOJIEKYIISIPHBIX
MPOIYKTOB, % 0,1 6,2 6,2
Conepsxanue rens, % 0 20 20
Paspymaroniee HanpskeHUe npu
pactsoxennn, Mlla 15,5 11,4 10
OTHOCUTENBHOE YUTMHEHHE TIPH
paspsiBe, % 490 17 125
CTOMKOCTB K paCTPECKUBAHUIO, U 8 - 1
CBETOCTOMKOCTD, CYT. 90 - 50

B IID Ipy CTap€HUM NPOUCXOAUT HE TOJIBKO HAKOIUICHUEC KHUCIIOPOAOCOACPKAIINX I'PYIII, B TOM YHCJIC KECTOHHBIX, 1 HU3KO-
MOJIEKYJIIPHBIX POJYKTOB, HO M 3HAYUTEIIHOE CHIKEHHE (PU3MKO-MEXaHWIECKUX XapaKTEPHUCTHK, KOTOPhIe HE BOCCTaHABIINBA-
IOTCS TIOCJIe BTOPHUYHOW TEepepadOTKH COCTApEHHOH MONMoNeHUHOBON TUIeHKH. CTPYKTYPHO-XMMHYECKHE IPEBPAICHUS B
BIIDHII mpoucxoast B OCHOBHOM B aMOp(dHO# (aze. DTO NPUBOAUT K ociabieHHI0 MexK(pa3HO# rpaHUIbl B TIOJIMMEPE, B Pe3yJib-
TaTe 4€ro Marepual TepsA€T NMPOYHOCTh, CTAHOBUTCA XPYIIKHUM, JIOMKUM H IMOABEPIKCHHBIM ,uam)HeﬁLueMy CTapCHHUIO KaK IIpU 10-
BTOPHOH IepepaboTKe B M3JENUs, TaK W IPH DKCIUTyaTalldd TAKUX H3JENUH, KOTOpPBIE XapaKTEpU3YIOTCS HU3KUMH (H3HMKO-
MEXaHNYEeCKUMH ITOKA3aTeNIMHI U CPOKOM CITyKOBI.

JIjist OLIEHKM ONTHMAJIbHBIX PEXHUMOB NEpepabO0TKH BTOPHUYHOTO ITOJIMITHUIICHOBOTO CHIPbSl OOJIBIIOE 3HAYEHHE MMEIOT €ro
peonornueckue xapakrepuctuku. s BIITDHII xapakrepHa HU3Kast TEKY4eCTb [P MaJIbIX HAIPSDKEHHUSX CIBHUIa, KOTOPAsl MOBBI-
[IaeTCs IPY yBEIMYECHIH HATIPSHKSHUS, IpUIeM pocT TekydectH ais BIID Gonpiie, yem mist mepBuaHOro. [IpramHOi 3TOTO SIBIIS-
etcs Hanmmure rens Bo BIIOHII, koTopblif 3Ha9NTENFHO TOBBIIIACT SHEPTHIO aKTUBAIIMH BA3KOTO TEUCHHUS MoyimMmepa. TexydecTh
MOYKHO PeryJIMpoBaTh, TAKKE U3MEHsS TEMIIEPATYpy IPH IepepadoTKe — C YBEIMYEHHEM TeMIepaTyphl TEKy4eCTh paciulaBa yBe-
JTMYUBACTCS.

Wrak, Ha BTOpHYHYIO IepepaboTKy MOCTYMaeT MaTepHal, IPEAsICTOPHS KOTOPOTO OKa3bIBaET BECbMa CYIIECTBEHHOE BIIHIS-
HHE Ha ero (PU3MKO-MEeXaHMUYEeCKHEe U TEXHOJIOTHYECKHe CBOMCTBa. B mpouecce BropuyHOil epepabOTKH NOIMMEDP MOJBEPTraeTcst
JIOTIOJTHUTEIBHBIM MEXaHOXMMHUYECKHM M TEPMOOKHCIUTEIBHBIM BO3JICHCTBHSAM, NMPUYEM H3MEHEHHE €r0 CBOMCTB 3aBHCHT OT
KpaTHOCTH TIepepadOTKH.

[Tpu uccnenoBaHny BIWSHUSL KPATHOCTH NepepabOTKU Ha CBOMCTBA MOJTy4aeMBbIX M3JIENHHA [TOKa3aHo, 4To 3 — S-KpaTHas Iie-
pepalboTKa OKa3bIBaeT HE3HAUMTEIBHOE BIMsHIE (TOpa3lo MEHbIIE, YeM NepBUYHAs). 3aMETHOE CHIDKCHNE TIPOYHOCTH HaYWHAET-
cs mpu 5 — 10-kpaTHOIT mepepaboTke. B mpomecce moBTopHEIX nepepadoTok BIIDHII pexoMeHmyeTcs MOBHIIATE TEMIIEPATYPY
muThs Ha 3...5 % wim 9rciao o00pOTOB IIHEKa MPH 3KCTPY3uH Ha 4...6 % s paspymeHus obpasyromerocs rems. Heodxoaumo
OTMETHUTb, 4TO B IpOLECCE TTOBTOPHBIX NepepaboToK, 0COOEHHO MPU BO3JEHCTBUU KUCIOPOJA BO3IyXa, MPOUCXOAUT CHIKEHHE
MOJIEKYJIIPHOW Macchl MOJIHOJIC(HHOB, KOTOPOE MPUBOJHUT K PE3BOMY ITOBBIIICHUIO XPYIKOCTH Mareprasia. MHOTOKpaTHas repe-
paboTka Apyroro mnojiuMepa u3 kiacca nonuoieduHo — 111 npuBoUT OOBIYHO K YBEIHMUYCHHUIO MOKA3aTeN sl TEKyUeCTH paciljiaBa
(ITTP), XOTst Ipu 3TOM NPOYHOCTHBIE XapaKTEPUCTHUKK MaTepuaia He MPeTepIieBaloT 3HaYNTeIbHbIX n3MeHeHu. [loaTomy oTxo-
I, 00pasyromyecs pu u3roToBieHun Aeraneit us [1I1, a Takke camu JieTainy 10 OKOHYaHUH CPOKA 3KCIUTyaTallli MOTYT OBITh TO-
BTOPHO HCIIOJIE30BAaHBI B CMECH C MICXOAHBIM MaTepHAaIOM JUIS ITONYIEeHUs HOBBIX JeTaiei [9].

U3 Bcero ckazaHHOTrO BbIIIE CleayeT, 4To BTopuuHoe 10 chipbe cliefyer nojasepraTtb MOAU(UKALMU C eI YIy4LICHHUs
Ka4yecTBa U MOBBIIIEHUS CPOKa CITY>KObI N3ETUH U3 HETO.

1.2.2. TexHoJiorusi nepepadoTKN BTOPUYHOTO MOJTUO0TIe(PHHOBOTO
CBIPBSI B IPAHYJISAT

Jliist mpeBpaiieHusi 0TXO0B TEPMOILIACTOB B ChIPhE, MPUTOJHOE ISl MOCIEAYIOIel nepepaboTKu B U3AEUs, HEOOX0uMa
ero mpeaBapuTenbHas oopaborka. Beibop cnocoba npeaBaputenbHOi 00pabOTKH 3aBHCUT B OCHOBHOM OT MCTOYHHKA 00Opa3oBa-
HUSI OTXOJIOB M CTEIICHU UX 3arps3HEHHOCTH. Tak, OTHOPOHBIC OTXO kI MPOU3BOACTRA U nepepadotku [IDHIT 00buHO nepepada-



TBIBAIOT HA MECTE UX 00pa30BaHus, HJIsl Yero TpedyeTcs He3HaYMTeNbHas pe/iBapuTebHas 00padoTka — IIIaBHBIM 00pa3oM H3-
MEJTBYCHHE U TPAHYJISIIHSL.

OTX0nbI B BU/IC BRIIEANINX U3 YIOTPEOJICHNS M3 TpeOyroT Oojiee OCHOBAaTeIbHOH MOATOTOBKH. [IpeaBaputensHas 00-
paboTKa OTXOJOB CeNbCKOXO03siicTBeHHON 10 mieHKH, MEmKOB U3 MoJ YAOOpeHHH, OTXO0B U3 IPYTUX KOMIAKTHBIX MCTOYHH-
KOB, a TaK)K€ CMEIIaHHBIX OTXOJIOB BKJIIOYAET CJIEAYIOIINE Talbl: COPTHPOBKA (rpy0ast) u uaeHTuUKanus (Ui CMEUIaHHbIX OT-
XOJIOB), M3MEJIbYEHHE, pa3/ieieHHe CMEIIaHHBIX OTX0/I0B, MO¥Ka, cymka. [locie 3Toro Matepuai noJBepraroT IrpaHyJssIIum.

[IpenBapuTensHast COPTUPOBKA MpeLyCMaTpUBAET rpyboe pa3/ieneHne OTXOMO0B 10 Pa3IMYHBIM MPH3HAKaM: L[BETY, rabapu-
Tam, (hopMe U, €ClIi 3TO HY>KHO M BO3MOXHO, — 10 BUJaM IuiactMacc. [IpenBapuTenbHy0 COPTUPOBKY MPOMU3BOISAT, KaK IIPABUIIO,
BPY4YHYIO Ha CTOJIaX WM JICHTOYHBIX KOHBEHepax; MPH COPTHPOBKE OJHOBPEMEHHO YIAJSIOT M3 OTXOJOB Pa3IMYHbIEC TOCTOPOH-
HUE TIPEIMETHI U BKIFOYCHUS.

Pa3nenenne cMemanHbiX (OBITOBBIX) OTXOAOB TEPMOILIACTOB 0 BHJAM MPOBOJST CJICAYIOIIMMH OCHOBHBIMU CHOCOOAMU:
(hITOTAIMOHHBIM, Pa3IeIICHUEM B TSDKENBIX CpellaX, adpocenapanueii, aNeKTpocenapaniei, XAMAYSCKIMHA METOJIaMH U METOIaMU
riryboxoro oxnaxaerus [12]. Haubomnpmiee pacpocTpaHeHHEe MOXYIWI METOA (IIOTAMH, KOTOPHIA MO3BOJAET pa3aelsiTh CMECH
TaKUX MPOMBIIUIEHHBIX TepMoruiacToB, kak 13, II1, IIC u [IBX. Pa3nenenne macTMacc IpOU3BOIUTCS MIPH JOOABICHIH B BOIY
TMOBEPXHOCTHO-AKTUBHBIX BEHICCTB, KOTOPLIC PI36I/IpaTeJ'll)HO U3MCHAIOT UX FH}IpO(i)l/LH])HI)Ie CBOICTBA.

B HekoTOphIX citydasx 3(pQEeKTUBHBIM CIIOCOOOM pa3JieNieHHs II0JIMMEPOB MOXKET OKa3aThCsl PACTBOPEHHE MX B 0OIIEM pac-
TBOPHUTEIIE WIN B cMecH pacTBoputeineid. O0pabartbiBas pactBop mapoM, BeessioT [IBX, IIC u cMmeck monnonepuHOB; YUCTOTA
HIPOAYKTOB — HE MeHee 96 %.

Mertonp! roTanuy U paslesieHns B TSDKENBIX cpenax sIBISIOTCs Hanbosee () (GEeKTHBHBIME M 9KOHOMHUYECKH I1e1ecoo0pas-
HBIMHA U3 BCEX MEPEUNCIICHHBIX BHIIIE.

Brmmeamme u3 ynorpebienus [10 oTxoms!l ¢ cogepkaHneM NOCTOPOHHUX ITpuMecer He 6oree 5 % co ckiiaza ChIpbs MOCTY-
TAIOT Ha y3eJl COPTUPOBKH OTXOJOB /, B TIpoliecce KOTOPOM U3 HUX yIAISIOT CIy4ailHble HHOPOAHBIE BKIIIOUEHHSI U BEIOPAKOBBI-
BaIOT CHJIBHO 3arps3HEHHBIC KyCKH. OTXOMBI, IPOIMIEAIINE COPTUPOBKY, U3MEIFYAIOT B HOKEBBIX JPOOMIKaX 2 MOKPOTO WIH CY-
XOT0 U3MENBYEHUS 10 MOTyYeHHS PHIXJIION MacChl ¢ pa3mepoMm dactur 2...9 mm [13].

IIpon3BOINTENBEHOCTh U3METBUUTEIBHOIO YCTPOMCTBA ONpeAeNsieTcs He TOJbKO €ro KOHCTPYKI[MEH, YUCIOM U JJIMHOM HO-
JKeH, 4aCTOTOW BpalleHHs poTopa, HO ¥ BUIOM OTX0J0B. Tak, camasi HU3Kasi IPON3BOJUTEIILHOCTD IIPU IiepepaboTKe OTXOI0B Iie-
HOIIJIACTOB, KOTOPBIE 3aHAMAIOT OYCHb OOJBIION 00BEM W KOTOpPBIE TPYAHO KOMITAKTHO 3arpy3uTh. boliee BBICOKAs MPOU3BOIH-
TEIBHOCTH JOCTHraeTCs IPH MmepepaboTKe OTXO0B IUIEHOK, BOJIOKOH, BBIAYBHBIX H3IENIUH.

Jliist Bcex HOKEBBIX JIpOOMIIOK XapaKTepHO 0COOEHHOCTHIO SIBJISIETCS MOBBIILICHHBIN IIyM, KOTOPBIH CBSI3aH CO CIEIU(PUKON
mporecca U3MENbYeHNST BTOPUYHBIX MOJMMEPHBIX MaTepraioB. J{JIs CHIDKEHHUS YPOBHS IIyMa H3MEIbYUTENh BMECTE C TBUTATE-
JIEM W BEHTWIATOPOM 3aKIIOYAlOT B IIYMO3AIIUTHBINA KOXKYX, KOTOPBII MOKET BBIIONHATHCS Pa3beMHBIM M UMETh CIECIHAIbHBIC
OKHa C 3aCJIOHKaMH JJIsl 3arpy3KH U3MeIbYaeMoro MaTepHaia.

W3MmenpueHne — o4eHb BayKHBIM 3Tall MOJrOTOBKH OTXOZOB K IepepaboTKe, TaK KaK CTENeHb U3MEIbYCHUS OIpeaesieT 00b-
€MHYIO IDIOTHOCTB, CBHITyYEeCTh M pa3Mephl YAacTHI] MOIy4aeMOro MPOAyKTa. PerynmupoBaHre CTENEHH M3MEIbUCHHS MO3BOJISIET
MEXaHHM3UPOBATH MPOIIECC NMepepaboTKU, MOBLICUTH KAUYeCTBO MaTepuaja 3a CUET YCPETHEHHs €ro TEXHOJIOTHYECKUX XapaKTepH-
CTHK, COKPAaTUTbh MPOJOJDKUTEIFHOCTD APYTHX TEXHOJIOTHYECKHUX OIepanuii, ylmpoCcTUTh KOHCTPYKINIO IiepepadaThiBatomiero 06o-
pyZIOBaHUS.

BecbMa mepcneKTHBHBIM CIIOCOOOM M3MENbUYCHHUS SIBIISICTCS KPUOTEHHBIH, KOTOPHIN MO3BOJISET MMOMyYaTh IIOPOIIKHA U3 OTXO-
JIOB €O cTeneHpio aucnepcHoctH 0,5...2 MM. Vcrons30BaHNe TOPOIIKOBOM TeXHOIOTHH [ 14] UMeeT psii MpenMyIecTB: CHIDKEHHE
MIPOAOIDKUTETHFHOCTH CMEIICHHS; COKpAIIIEHIE pacXo1a YHEPTHUU U 3aTpaT pabodero BpeMeHH Ha TeKyIee 00CITyKHBaHIE CMECH-
TeJeH; JIydiiee pacnpeelicHrne KOMIIOHEHTOB B CMECH;, YMEHBIIIEHHE IECTPYKIINH MaKPOMOJIEKYII U JIp.

W3 U3BECTHBIX METOOB MOTyYSHHS MTOPOIIKOOOPA3HBIX MOJUMEPHBIX MAaTEPHATIOB, UCIIONBE3YEMBIX B XUMUIECKON TEXHOJIO-
THH, JUISl U3MENBYEHHUsT OTXO/I0B TEPMOIUIACTOB HanOoJee MpHEeMIIEMBIM SIBIISIETCSl CIIOCO0 MEXaHMYEeCKOTo m3MenbueHns. Mexa-
HUYECKOE M3MEIbYEHHE MOXKHO OCYIIECTBIIATH ABYMS ITyTSMH: KPHOT€HHBIM CIIOCOOOM (M3MENbYEHHE B Cpelie JKHAKOTO a30Ta
WIN JPYTOro XJaJoareTHa) U Npu OOBIYHBIX TEMIIepaTypax B Cpele Je3ariioMEepHPYIOIINX HHTPEJUEHTOB, KOTOPHIE SIBIISIOTCS
MeHee SHEPTOEMKUMH.

Jlanee m3MeIpUeHHBIE OTXO/BI MTOAIOT HA OTMBIBKY B MOEUHYIO MamuHy 3. OTMBIBKY BEAyT B HECKOJIBKO NMPHEMOB CIICIH-
aNBHBIMU MOIOIIMMHU cMecaMu. OTxaryro B LeHTpudyre 4 maccy ¢ BraxsHocTbio 10...15 % monmatoT Ha OKOHYATeNbHOE 00€3BO-
JKUBaHME B CYMIWIBHYIO YCTAaHOBKY J, IO OCTaTO4HOTO cojiepxanus Biaru 0,2 %, a 3ateM B rpanynsatop 6 (puc. 1.1).

JUI cyIIKM OTXOIIOB MPUMEHSIOT CYIIWIKH PA3IHIHBIX THIIOB: TOJOYHEIE, JICHTOYHBIE, KOBIIEBBIC, C «KHUILSIIAMY CIOEM,
BHUXPEBBIC U T.J.

3a py0eKoM BBIITyCKAaIOT YCTAHOBKH, B KOTOPBIX €CTh YCTPOUCTBA M LISl MOMKH, U TS CYIIKH IPOU3BOAUTENHHOCTHIO 10 350...500 kr/4. B
TaKOM YCTaHOBKE MU3MECJILYCHHBIC OTXOAbI 3arpy’Kar0oT B BAaHHY, KOTOPYIO 3alIOJIHAOT MOIOIIIUM pacCTBOPOM. IInenka NEPEMEIINBACTCA JIOMIaCTHOM
MemaﬂKOﬁ, IIpH 3TOM I'psA3b OCCAACT HAa THO, 4 OTMbITas IJICHKA BCIJILIBACT. O0e3BOKHUBAHKE H CYHIKY IJICHKHU OCYHICCTBJIAIOT Ha BH6pOCI/ITe uB
BHUXpEBOM cemapaTope. OcTaTtodHast BIaXXHOCT cocTaBiseT meree 0,1 %.
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Puc. 1.1. Cxema BTOpH4HO¥ nepepadoTKU M0J1M01¢()UHOB B IPAHYJIbI:
1 — y3es COpTUPOBKU OTXOZ0B; 2 — ApoOMIIKa; 3 — MOeYHast MalluHa; 4 — neHTpudyra;
5 — cymmibHas YCTaHOBKA; 6 — TPaHyIISATOD

I'panynsiuust sBIsE€TCS 3aKIIOYUTENLHOM CTaANeH TOATOTOBKM BTOPUYHOTO CHIPBSI AJIsl OCHIeNyonel epepaboTKu B U3Jie-
nust. Jta cranus ocodeHHo BaxHa s BIIOHII B cBsi3u ¢ ero HU3KOW HACKHITHON TUIOTHOCTBIO M TPYIHOCTBIO TPAaHCIIOPTHPOBA-
Husl. B mporecce rpaHynnpoBaHus MPOMCXOANT YIUIOTHEHHE MaTepuaia, oOyerdaercs ero JajabHeimas nepepaboTka, ycpenHs-
IOTCS XapaKTEPUCTHKH BTOPHYHOTO CHIPhS, B PE3yJbTAaTE UErO MOJyYaroT MaTepuall, KOTOPbIH MOXKHO INepepabaThiBaTh Ha CTaH-
JApTHOM O0OPYIOBaHHH.

JIst mmacTUKaImy U3MENbUCHHBIX M OYMIIEHHBIX 0TX010B 110 Hanbosnee mMpokoe NPUMEHEHHUE HALIUIA OAHOYEPBIIHBIE IKCTPY-
Jepsl ¢ uHO# (25...30) D, ocHalieHHble GUIBTPOM HENPEPBIBHOTO AEHCTBUS U UMEIOIIME 30HY Jiera3zannu. Ha takux skcrpyne-
pax J0BOJBHO 3((EKTHBHO NepepabaThIBAOTCSl MPAKTHYECKH BCE BUJBI BTOPHYHBIX TEPMOIUIACTOB IPH HACHITHOW IIOTHOCTH
M3MeJIbYCHHOTo MaTepuana B npenenax 50...300 kr/m’. OmHaKo U nepepaloTKH 3arpA3HEHHBIX K CMEIIAHHBIX OTXOJI0B HE0O-
XOJMMBI YEpBSIUHBIE IMIPECCHl CHEUAIbHBIX KOHCTPYKIMH, ¢ KOPOTKMMHU MHOTO03aXOJHBIMH uepBskamu (mnuHOH (3,5...5) D),
HMMEIOLIMMH LMIMHIPUYECKYIO Haca/IKy B 30HE BbIJIAaBIMBAHUS.

OCHOBHBIM OJIOKOM 3TOW CHCTEMBI SBIISICTCSA SKCTPYAEP C MOIIHOCTHIO MpuBoaa 90 kBT, nuaMerpom mHeka 253 MM U OTHO-
menueM L/D = 3,75. Ha BbIxojie 3KcTpyiepa CKOHCTPYUpOBaHa ropupoBaHHas Hacaaka auamerpom 420 mm. Briaronmaps Bbije-
JICHUIO TCIJIa IPpHU TPEHUU U CABUT'OBBIM BOSﬂeﬁCTBMﬂM Ha HOJIHMCpHLIﬁ MaTe€pual OH IUIaBUTCA 3a KOpOTKI/Iﬁ IMPOMEIKYTOK BpE-
MEHH, NpHYeM obecrednBaeTcsi ObICTpas rOMOreHH3alus pacruiaBa. 3meHss 3a30p MexIy KOHYCHOW Hacagkod M KOXKYXOM,
MOJKHO PEryJMpoBaTh YCHIIME CABUIA U CHILy TPEHUsSI, U3MEHSS IIPU 3TOM PEXUM NepepadboTku. [IockonbKy ruiaBieHne Mpoucxo-
JUT OYeHb OBICTPO, TEPMOJIECTPYKIIMH ToMMepa He HaOmonaercst. Cuctema cHaOXeHa y3JIOM Jerasalyi, 4to sBisieTcsi Heo0Xo-
JVIMBIM YCIIOBHEM MPH MepepadoTKe BTOPUYHOTO ITIOJIUMEPHOTO CHIPBSL.

BropudHble rpaHyIMpOBaHHBIE MaTEPUAIIBI ITOJYYalOT B 3aBUCUMOCTH OT IOCJIEI0BATENLHOCTH MPOLECCOB PE3KH M OXJIaXkK-
JCHUsI IByMsI CLIOCOOaMHU: TPaHyJISIUEN Ha FOJIOBKE U MOJBOAHBIM I'paHyIMpoBaHKHeM. BbiOop criocoba rpaHyIMpOBaHUS 3aBUCUT
OT CBOICTB nepepadbaThiBaeMOro TEPMOILIACTa U OCOOEHHO OT BSI3KOCTH €r0 pacIuiaBa U aJre3uy K MeTajuy.

ITpu rpaHynsSIMy Ha TOJOBKE paciulaB MOJIMMEpa BBIJABIMBACTCS Yepe3 OTBEPCTHE B BHIC IMIMHAPHIECKUX JKI'yTOB, KOTO-
pbIe OTPE3arOTCs CKOJIB3AIIUMU 110 (HIbepHON TunTe HoKaMu. [losrydeHHbIe TpaHyJIbl HOKOM OTOPachIBAaIOTCS OT TOJOBKU U OX-
NaKAaTcsd. Pesanue n oxiaxaeHne MOXKHO TPOU3BOIUTH B BO3IYIIHOW cpelie, B BOZE, JIMOO pe3aHreM B BO3IYIIHOW cpene, a
oxnaxzaenue — B Boze. s [10, KoTopble HMEIOT BBICOKYIO ATE€3HI0 K METAJLUTy M TOBBIIIEHHYIO CKJIIOHHOCTD K CIIMIIAHMIO, B Ka-
YECTBE OXJIAKIAIOMIEH Cpebl MPUMEHSIOT BOLY.

[Tpu ucnonp30BaHUM 000PYIOBaHUS C OONBIION €AMHMYHON MOIIHOCTBIO MPHMEHSIOT TaK Ha3bIBAEMOE IIO/IBOJIHOE I'paHy-
nposanue. [Ipu 3ToM criocobe paciuiaB IOJUMEPa BbIIABIMBACTCA B BUJIE CTPEHT Yepe3 OTBEpPCTHsl (PribepHOM ITUTH Ha TOJI0B-
Ke cpa3y B BOAY M pa3pe3acTcsl Ha IpaHyJIbl BPAILIAIOMIMMUCSA HOXKaMHU. TeMIlepaTypa OXJaKAaloIleil BOAbI NMOLAEpKUBAETCS B
mpenenax 50...70 °C, gTo crmocodcTByeT 0ojiee MHTEHCHBHOMY HCIIAPEHUIO OCTATKOB BJIATH C MMOBEPXHOCTH I'PaHYH; KOJIUIECTBO
Boztbl coctaniser 20...40 M’ Ha OJIHY TOHHY IPaHyJIATA.

Yariie Bcero B TOJIOBKE IPaHyJIITOPOB (POPMYIOTCSI CTPEHTH WM JIEHTHI, KOTOPBIE IPaHyJINPYIOTCS TIOCIIE OXJIAXKAECHHS B BO-
JsIHOU BaHHE. /luamMeTp MosydaeMbIX TpaHyll COCTABISAET 2...5 MM.

OxJ1axIeHHe JTO0JDKHO MPOBOANTHCS NPU ONTUMAJIbHOM PEXHMME, YTOOBI IpaHyJibl He 1e(OopMHPOBAINCH, HE CIUIAIKCH, U
4T0OBI 00ECIIeYNBAIOCH Y/IaJeHHE OCTATKOB BJIArH.

CylecTBeHHOE BIIMSHUE Ha paclipe/ieJieHUue rpaHyl [0 pa3MepaM OKas3bIBaeT TeMIleparypa rojoBkH. s obecneyeHus pas-
HOMEpPHOH TEMIIEpaTyphl paciulaBa MEKAY SKCTPYAEPOM M BBIXOJHBIMHM OTBEPCTHSIMU T'OJIOBKH PACIONararoT pemerku. Yucio
BBIXOJHBIX OTBEPCTHH B rojioBke — 20 — 300.

ITpou3BOANTEIBHOCTH IpOLIECCa TPaHyIUPOBAHNS 3aBUCUT OT BH/Ia BTOPUYIHOIO TEPMOIUIACTA U €T0 PEOJIOTHYECKHUX Xapak-
TEPUCTHK [5].

HccnenoBanus rpanyista BIID cBHAETENbCTBYIOT O TOM, YTO €r0 BSI3KOTEKY4HE CBOWCTBA MPAKTHUECKH HE OTIMYAIOTCS OT
cBoMcTB nepBryHOro [13, TO ecTh ero MoXHO nepepadaThiBaTh IPH TEX K€ PEKUMaX SKCTPY3UU U JHThs TOJ JABICHUEM, YTO U
niepBuuHbIi [13. OgHako nomydaeMble H31ENUs XapaKTepU3yIOTCsl HU3KUMH Ka4eCTBOM U JIOJTOBEYHOCTBIO.

W3 rpaHynsTa nmosry4aroT YIaKOBKH AJIsl TOBApOB OBITOBOM XMMHH, BELIAJKH, JIETAIN CTPOUTEIHHOTO Ha3HAUCHHUS, CEIIbCKO-
XO3HCTBEHHBIE OpPY/Hs, NOIJIOHBI ISl TPAHCIOPTUPOBKH I'PY30B, BBITSDKHBIE TPYObl, OOJIMIIOBKY IPEHaXKHBIX KaHaJoB, Oe3Ha-
HOPHBIE TPYOBI ISl MENUOPALUK U IPYTrUe U3AENHs. DTU M3JEHs MOIyYaloT U3 «YHCTOT0» BTOPHUYHOTO ChIpbi. OqHako Oosee
MIEPCIIEKTUBHBIM SIBIISIETCSI JOOABJICHHE BTOPUYHOTO CHIPBS K mepBuyHOMY B KommuecTte 20...30 %. BBenenne B monmmepHyIo
KOMITO3HILIMIO TIACTU(PHUKATOPOB, CTAOMIIN3aTOPOB, HAMIOJIHUTENEH O3BOJISIET YBEIUIHUTh 3Ty LUdpy 10 40...50 %. D10 nosbina-



eT (HU3MKO-MEXaHNYEeCKUE XapaKTePUCTHKU U3, OJJHAKO MX JOJITOBEYHOCTh (P IKCIUTyaTallMH B KECTKHX KIMMATHYECKUX
ycnmoBusx) cocraBisieT Bcero 0,6...0,75 % OT m1oaroBeYHOCTH M3AEIHK M3 IEepBUYHOrO moinumepa. bonee s3¢pdexTuBHBIN MyTh —
Mo (UKaIHsT BTOPUYHBIX MOJIUMEPOB, & TAKIKE CO3/IaHNE BHICOKOHAMOIHEHHBIX BTOPUYHBIX MOJIMMEPHBIX MaTePHAJIOB.

1.2.3. Cnoco6b1 MoauUKAIMHA BTOPUYHBIX MOJIH0Te()PUHOB

Pe3ynbraThl HccneioBaHUs MEXaHHW3Ma IIPOLIECCOB, MPOTEKAIOIIUX MPH AKCIUTyaTtauu u nepepaborke 10 u nx xonmyecr-
BCHHOC OIMUCAHUEC, TO3BOJIAIOT CACIATh BHIBOA O TOM, YTO MOJYYAa€MbIC U3 BTOPUYHOI'O ChIPbhA MOJYIIPOAYKTHI JOJLKHBI COACPKATH
He 6omee 0,1...0,5 MOJIS OKHCIEHHBIX aKTHBHBIX TPYIIT M UIMETh ONITUMANbHBIE MOJIEKYJIIpHYI0 Maccy 1 MMP, a Taxoke o0agats
BOCIIPOM3BOANMBIME (PU3UKO-MEXAHUUECKUMH M TEXHOJIOTHYECKUMH ITOKa3aTesIIMHU. TOJIBKO B 3TOM Cilydae MOJyHPOIYKT MOKHO
UCIIOJIb30BaTh JJIsl IPOU3BOJICTBA M3JIENINIl C rapaHTUPOBAHHBIM CPOKOM CIyObl B3ameH nedunurHoro nepsudHoro 1O ceipbs.
OpnHako mosry4aeMblil B HACTOSAIIEE BPEMS TPAHYIIAT 3TUM TPEOOBAHUAM HE YIOBJIETBOPSET.

HanexxHpIM ITyTeM perieHus NpoOJieMbl CO3/IaHMsI KaYeCTBEHHBIX MOJIMMEPHBIX MATEpHATIOB M U3Aenuil n3 BTopuuHbX 110
SIBJISIETCSL MOTU(UKAIMS TPaHyJIATa, 1IeIb KOTOPOH — SKpaHUpOBaHUe (DYHKIIMOHAIBHBIX IPYIIT U AKTHBHBIX HEHTPOB XUMHUUECKUMHU
WM (PU3NKO-XUMHYECKUMH CII0CO0AMHU U CO3/IaHUE OTHOPOHOTO IO CTPYKTYpe MaTeprana ¢ BOCIIPOU3BOIMMBIMU CBOHCTBAMH.

Mertonsr Mmogudukanuy BTopuaHoro I1O chIpbst MOKHO pa3aenuTh Ha XUMHUYIECKHE (CIIMBAHUE, BBEJICHUE Pa3IMIHBIX 100a-
BOK, TJIaBHBIM 00pa3oM OPraHWYEcKOTro MPOHCXOXKAEHUs, 00padoTKka KPeMHHHOPTaHMYECKUMH JKUAKOCTSAMH M Ap.) U (PHU3NKO-
MeXaHW4ecKHe (HaloJHeHNEe MUHEPAJIbHBIMU U OPTaHUYECKHMMH HATIOJHUTENSMH ).

Hanpumep, makcumanbsHOe conepxkanue reab-¢ppakaun (1o 80 %) n Hanbonee BBICOKNE (PU3NKO-MEXaHNIECKUE TTOKA3aTENN
cmuroro BITOHII nocrurarores npu BBeaeHuH 2...2,5 % nepokcuaa qukymuia Ha Bansnax npu 130 °C B teuenue 10 mus. OTHO-
CHUTEJIbHOE YAJIMHEHHE NPH pa3pbiBe Takoro mMarepuaia — 210 %, mokaszarens Tekydectn paciuiaBa cocrasisier 0,1...0,3 1/10 muH.
CreneHb CIIMBaHUS YMEHBIIAETCS C MOBBIIICHUEM TEMIIEPATYpPbl U YBEIMUSHUEM NIPOAODKUTEIBHOCTH BaIbLIEBAHUS B PE3yIIbTa-
T€ TPOTEKaHWS KOHKYPHPYIOIIEro TIpolecca NECTPYKIHMH. OTO T03BOJSIET DEryJlUpOBaTh CTENEHb CHIMBaHHA, (H3HKO-
MeXaHWYECKHE U TEXHOJIOTHYECKHE XapaKTePHUCTHKH MOAU(UIIMPOBAHHOTO MaTepHaa.

Pazpaboran meron GpopmoBanus uznennii u3 BIIDHII nytem BBeieHus NepoKcHaa AUKyMMIa HETOCPEICTBEHHO B MPOIIECCe
nepepaboTKY 1 MOTyYeHbI ONBITHBIE 00pa3Isl TPYO M IUTHEBBIX U3aenuil, cogepxammx 70...80 % rems-dpaxnumm.

BBeneHne Bocka u aacroruiacta (0 5 Macc. 4acTei) 3HaUnTeIbHO yilydlnaeT nepepadarsisaemocts BI13, nmosblmaer noka-
3aTenu (PU3NKO-MEXaHMYECKUX CBOHCTB (OCOOEGHHO OTHOCHTENIBHOE YIMHEHHE IIPU Pa3pblBe H CTOHKOCTH K PACTPECKHBAHUIO —
Ha 10 % u ¢ 1 1o 320 yacoB, COOTBETCTBEHHO) W YMEHBINAIOT UX pa3dpoC, YTO CBHAETEIHCTBYET O MOBBILICHUH OJXHOPOJHOCTH
Marepuana.

Monudukanus BIIOHIT ManeMHOBBIM aHTHIPUIOM B JIUCKOBOM 3KCTPYyJepe TAKKe MPUBOIUT K MOBBIILICHUIO €r0 MPOYHO-
CTH, TETJIOCTOMKOCTH, aJIr€3MOHHOI CIIOCOOHOCTH M CTOHKOCTH K (oTocTapenuro. [Ipu stom Moaudunmpyrommii 3h¢dexT moctu-
raercs NMpH MEHbIIEH KOHILEHTPAIlMHA MOA(HUKATOpa N MEHBIIEH MPOAOIDKUTEIHLHOCTH TPOIecca, YeM NPH BBEACHUH 3J1acTOIIIa-
cTa.

[TepcrieKTHBHBIM CHIOCOOOM TOBBIIIEHUSI KAYEeCTBA MMOJMMEPHBIX MaTepHaIoB 13 BTOpuuHbIX [10 siBiIsieTcs: TepMOMexaHnye-
ckasi 00paboTKa KpeMHUHOPTraHUIECKHMMH COEIMHEHUSIMU. DTOT CIOCO0 ITO3BOJISET MOYYaTh W3NSl U3 BTOPHYHOTO CHIPHS C
MIOBBIIICHHBIMHA IPOYHOCTBIO, YIACTUYHOCTBIO M CTOWKOCTBIO K CTapeHUI0. MexaHu3M MoauduKkammy 3aKiodaeTcs B 00pa3oBa-
HUHM XUMHYECKUX CBS3EeH MEXAY CHJIOKCAHOBBIMH TPYHIAaMH KPEMHHUHOPTraHWYECKOH XHIKOCTH M HENPEAETbHBIMH CBS3SIMUA W
KHCJIOPOJIOCOAEPKAIMMH IpynnaMy BTopuaHbIX 110.

TexHomornyeckuii mporecc MOMyYeHHST MOAM(UIMPOBAHHOTO MaTephaia BKIIOYACT CIEAYIOIIHE CTaJduH: COPTHPOBKA,
IpOOJICHHE W OTMBIBKA OTXOJOB; 00pabOTKa OTXOM0B KPEMHHUHOPIaHUIECKOM KUAKOCThIO pH 90 + 10 °C B TeyeHHE YEeThIpEX —
LIECTH YacoB; CyIIKa MOIU(HUIMPOBAHHBIX OTXOJIOB METOJOM LEHTPU(YTHPOBAHUS; TEPErpaHy IIHsl MOIU(PUIMPOBAHHBIX OT-
XOJIOB.

ITomumo TBepaodasHoro crnocoda MoaudUKaIUK IPEATIOKEeH crocod Moaudukanud BIID B pacTBope, KOTOPHIi MO3BOJISIET
nony4ath mopomiok BIIOHII ¢ pasmepom yactur He 6osiee 20 MKM. ITOT HOPOIIOK MOXKET OBITh UCIOJIB30BAH JIJIS MepepabOTKH B
W3JIETHST METOJIOM POTAlMOHHOTO (DOPMOBAHUS M JIISI HAHECEHUSI TOKPBITHH METOZOM 3JICKTPOCTATHUECKOTO HAITBIICHUSL.

Bosnbimoii HaydHBIA ¥ MPAKTHYECKUH MHTEPEC MPEACTABISET CO3aHNE HANOJHEHHBIX ITOJMMEPHBIX MaTepPHAIOB HA OCHOBE
BTOPUYHOTO TOJIM3TUIICHOBOTO ChIpbA. VICTONB30BaHNE MOJMMEPHBIX MaTepUalioB U3 BTOPUUIHOTO ChIPbs, coaepxamux 10 30 %
HAITOJIHUTEIIS], TO3BOJIUT BHICBOOOIUTE 10 40 % MEepBUYHOTO CHIPHS M HAIPABHUTh €TI0 HAa MPOMU3BOJCTBO M3IEIIUH, KOTOPBIE HENb3s
MONTy4YaTh W3 BTOPHYHOTO (HAMIOPHBIE TPYOBI, YIIAKOBOYHBIE TNICHKH, TPAHCIIOPTHAS MHOTOOOOPOTHAS Tapa | Ap.). DTO B 3HAYH-
TENBHOU CTENICHU COKPATHT Je()UIUT IEPBUYHOTO HOJIUMEPHOTO CHIPbS.

J11st ToJTy4eHns] HallOJTHEHHBIX MTOJMMEPHBIX MAaTEPHAJIOB M3 BTOPUYHOTO CHIPbsi MOKHO HCIIOJIB30BATh IUCIIEPCHBIE U apMH-
pYIOIINE HAIOJHUTEIN MHUHEPAIFHOTO U OPraHMYECKOTO IPOUCXOXK/ICHHUS, & TAK)KE HATIOJIHUTENN, KOTOPBIE MOXKHO TOJIydaTh W3
MIOJIMMEPHBIX OTXO/0B (M3MEIBUCHHBIE OTXO/BI PEAKTOIIACTOB U PE3MHOBAsI KpolIKa). HamomHeHNI0 MOXKHO MTOBEPTaTh MPAKTH-
YECKH BCE OTXO/bI TEPMOILIACTOB, a TAK)KE CMELIAHHBIE OTXOJIbI, KOTOPBIE ISl 3TOH IIEJM MCHOIb30BaTh MPEANOYTHTEILHEH U ¢
HKOHOMHYECKOH TOYKH 3pEHUSI.

Hanpumep, nenecooOpa3HOCTs TPUMEHEHNS TUTHUHA CBSI3aHA C HAJMYHEM B HEM (DCHOJBHBIX COCTMHEHHH, CIIOCOOCTBYIO-
mux crabwmm3aruu BIIOH mpu skcrutyaTanuu; CIIOAbI — ¢ MOJyYSHUEM H3AeNuH, 0071alalomuX HU3KON MOI3YUYeCThIO, MOBBI-
LIEHHOH TENJIO- U aTMOC(EPOCTONKOCTBIO, a TAKXKE XapaKTEPU3YIOMIMXCsl HEOOIBIINM H3HOCOM TiepepadaThiBalolero ooopymo-
BaHWS M HU3KOH CTOMMOCTBIO. KaonuH, pakyIIeuHuK, ClIaHIeBas 30J1a, YrOJNbHbIE Cephl U JKeNe30 MPUMEHSIOTCS KaK JenIeBble
WHCPTHBIC HAITOJITHUTCIIN.



ITpu BBenenun B BIID menkonucnepcHoro ¢ocdoruiica, rpaHyIMPOBaHHOTO B IMOJIMATUICHOBOM BOCKE, MONy4YEeHBI KOMIIO-
3WIUH, UMEIOIME TOBBIIEHHOE YJIMHEHHE NPH pa3pbiBe. DTOT 3(P(HEKT MOKHO OOBSCHHUTH IUIACTU(HUIUPYIONMM JIeHCTBUEM
MIOJIMATHIIEHOBOTO BOcKa. Tak, mpouHOCTh mpH paspeise BIIO, HanonaenHoro docdoruncom Ha 25 % Beime, yeM y BIID, a mo-
JyJb YIPYTOCTH IPH pacTsbkeHnu 6onbiie Ha 250 %.

Ycunuparomuit 3¢ ekt npu BBeaeHuA Bo BIID citopl CBs3aH ¢ 0COOCHHOCTSAMHU KPUCTATUYECCKOTO CTPOCHHUS HAIOJIHUTE-
JI51, BBICOKAM XapaKTEPUCTUYECKHM OTHOIICHHEM (OTHOIICHHWEM AMaMeTpa YEeIIyHKH K TOJIIMHE), IPUYeM MPUMEHEHHUE N3Mellb-
YEHHOT'0, MOPOIKooOpa3Horo BIID 1mo3BosimIo cOXpaHnTh CTPOSHHE YEIIyeK P MUHUMAIBHOM Pa3pyIlICHHH.

KOMHOSI/ILII/II/I, coacpKalue JUIrHuH, ClaHIlbl, KaOJ1H, C(l)epl)l, OTXObI Calporieis, O6J'Ia[laIOT CPpaBHUTECJIIbHO HEBBICOKMMU
(PU3MKO-MEXaHMYECKUMH TOKA3aTeIsIMU, 3aTO OHHU SIBJIIIOTCS HanOoulee EmeBbIMA M MOTYT HalTH IIPUMEHEHHUE ITPU IPOU3BOJICT-
B€ M3/ICJIUI CTPOUTEIBHOTO Ha3HAUCHNS.

1.3. BTOPUYHAA ITEPEPABOTKA TTOJIMBUHUJIXJIOPUIA

B mporecce nepepaOOTKH NONMMMEPHI MTOBEPTAIOTCS BO3AEHCTBUIO BEICOKHX TEMIIEpaTyp, CIBUTOBBIX HANpPSDKEHUI U OKHC-
JIEHHIO, YTO MPUBOIUT K MU3MEHEHHIO CTPYKTYpPBI MaTepUalla, ero TEXHOIOTMYECKHX M DKCILTyaTallMOHHBIX CBOWCTB. Ha n3meHe-
HUE CTPYKTYpBI MaTe€pHaja pellarollee BIUSHIE OKa3bIBAlOT TEPMUUECKUE U TEPMOOKUCIUTEIBHBIE TPOLECCHI.

I[IBX — oauH U3 HaUMEHee CTa0MIIbHBIX KapOOIEHBIX MPOMBIILUICHHBIX MOJUMepoB. Peakius nectpykuuu [IBX — neruapo-
XJIOpHPOBaHKE HAUMHAETCs yxe npu temreparypax Boire 100 °C, a mpu 160 °C peakuust mpoTekaeT oueHb ObIcTpo. B pesyibrare
TepmookucieHus [IBX mpoucxonsaT arperaTuBHbIE U Jie3arperaTuBHbIE IPOLIECCHI — CIIMBAHUE U NECTPYKIIMS.

Jecrpykuust [IBX conpoBokaaeTcss U3MEHEHHEM HAdaJIbHOM OKPacKH MOJIMMepa M3-3a 00pa3oBaHHs XPOMO(GOPHBIX IpyIi-
ITUPOBOK M CYIIECTBEHHBIM YXYIIICHHEM (H3MKO-MEXaHWYECKUX, TUIICKTPUUECKUX M APYTUX SKCIUTYyaTallMOHHBIX XapaKTepH-
CTHK. B pe3ynbraTe CHIMBaHUS MPOUCXOAUT MPEBPAIICHUE TUHEHHBIX MAaKPOMOJIEKY B PA3BETBICHHBIE U, B KOHEUHOM CUETE, B
CILUTBIE TPEXMEPHBIE CTPYKTYPBI; IPH 3TOM 3HAYUTENIFHO yXYALIAIOTCSl pPACTBOPHMMOCTD IOJIMMEPA M €ro CIIOCOOHOCTH K Mepepa-
6otke. B ciyuae mnactuduimposannoro [I1BX ciiiBanue yMeHbIaeT COBMECTUMOCTD IUIACTU(HUKATOPA C ITOJTUMEPOM, yYBEIHIH-
BaeT MHUTPALMIO ITACTU(PHUKATOPA M HEOOPATUMO yXy/IIAET 3KCIUTyaTallMOHHBIE CBOWCTBA MAaTEPHAJIOB.

Hapsiny ¢ yueToM BIUsSHHA yCIOBHH SKCIUTyaTalluy ¥ KPATHOCTH MEpepabOTKN BTOPUYHBIX MOJIMMEPHBIX MaTepHanoB, HE0O-
XOMMO OLEHUTH PALOHAJIBHOE COOTHOILIEHUE OTXOA0B M CBEXKETO ChIPhS B KOMITO3UIIMH, NIPEJHA3HAUYCHHOW K ITIepepadoTKe.

[Tpu sKCcTpy3UM M3IENHi U3 CMELIAHHOTO CHIPBS CYIIECTBYET ONIACHOCTH Opaka M3-3a pa3Hoil BSI3KOCTH PACIUIaBOB, IIOATOMY
TpeJIaraeTcsl SKCTPYANPOBATh MEPBUYHEIN U BTopuuHBIA [IBX Ha pa3HBIX MalIMHAX, OJHAKO MOpomkooOpasHeiid [IBX mpaktu-
YECKHU BCErJla MOXKHO CMEILINBAThH C BTOPHYHBIM MOJIUMEPOM [5].

BakHoli XapaKTepHCTHKOM, ONpeAesIoneil MPUHINIHAIbHYI0 BO3MOKHOCTE BTOpPHUYHOH nepepadotku [IBX otxonos (no-
ITyCTIMOE BpeMs IepepadOTKH, CPOK CITyKObI BTOPHYHOTO MaTepHaa WIH H3/eNHs), a TAKKE HEOOXOIUMOCTh JIOTIOTHUTEIBHOTO
yCUJIEHHS CTaOMIM3UPYIOIIEH TPYIIIB, SIBISCTCS BPEMs TEPMOCTaOMIBHOCTH.

1.3.1. MeToabl NOATOTOBKH 0TX0/10B MOJIMBUHUJIXJIOPpHIA

OHOPOAHBIE TIPOU3BOICTBEHHBIE OTXO/IbI, KAK MPABUIIO, MOJIBEPTalOTCsl BTOPUYHON HepepaboTKe, MPUYEM B CIIydasix, KOrjaa
rIIyOOKOMY CTapeHUIO MMOJIBEPratoTCs JIMIIb TOHKHUE CJIOU MaTepuaa.

B HEKOTOPBIX ClIydasaX pEKOMCHAYCTCA HCIIOJIb30BATh a6pa3MBan71 UHCTPYMECHT U1 CHATHUA ACCTPYKTHUPOBAHHOI'O CJIOA C
MOCIICYFOIIEH mepepaboTKON MaTeprana B H3ICHs, KOTOPEIC HE YCTYIAIOT 110 CBOMCTBAM H3JICIIUSAM, ITOJTYUYCHHBIM M3 HCXOTHBIX
MaTepHAIOB.

Jna otnenenns moimMepa oT MeTamia (IpoBofa, KaOeH) HCIONB3YIOT MHEBMATHYECKUH crmocob. OOBIMHO BBIICICHHBIN
mwiactudunupoBanubiii [IBX MoXeT MCIONB30BaThCs B KAYSCTBE MU3OJAIMHU ISl TPOBOJIOB C HU3KUM HAIPSDKEHUEM WUTU JUTS U3-
TOTOBJICHHS M3JIE]TUI METOJIOM JIUThS MO AaBiicHueM. [Jisl yaeHns] MeTAIMYeCKUX U MUHEPAIbHBIX BKIFOUCHUN MOXET ObITh
HCII0JIb30BaH OMBIT MYKOMOJIIbHOM MPOMBILIECHHOCTH, OCHOBAHHbBII Ha MPUMEHEHHU HHAYKIIMOHHOTO Cr1oco0a, MeTo| pa3/ielieH s
10 MAarHUTHBIM CBO#cTBaM. [ OTeNeHHs aTFOMUHUEBON (hOJIBTH OT TEPMOILIACTA UCIIONB3YIOT HarpeB B Boje mpu 95...100 °C.

[pemtaraercss HeroMHbIC KOHTEWHEPHI C 3TUKETKAMH TIOTPYKATh B )KUIKUHA a30T WIH KHCIOPOJ] C TEMIIEPAaTypor HE BBIIIEC —
50 °C st IpuaaHusl STUKETKAM WM aJre3UBY XPYIKOCTH, YTO MO3BOJHT 3aTEM HX JIETKO U3MENbUUTh M OTACIUTh OJIHOPOIHBIN
Marepuall, HanpuMep oymary.

DHepreTHyecku SKOHOMUYEH CII0CO0 CyXOH MOJATOTOBKH IIACTMACCOBBIX OTXOJIOB C IMOMOIIbI0 KoMnakTopa. Criocod pexo-
MEHJIyeTCs JUisl iepepaboTKU 0TX00B uckyccTBeHHbIX KoK (MK), munoneymoB u3 [IBX u BKIIFOUYACT psifi TEXHOJIOTMYECKHX OTepa-
Ui M3MebYCHHE, CEMapaliio TEKCTUIILHBIX BOJIOKOH, IUIACTHKAIMIO, TOMOT€HH3AIIMIO, YIUIOTHEHHE U TPaHYJIAIII0; MOXKHO TaKkKe
BBOJIUTH I[O6aBKI/I. HO}IKJ'IaHO‘lHI)Ie BOJIOKHA OTACJIAIOTCA TPUIK/bBI — MOCJIC IICPBOI'0 HOKEBOT'O )1p06neH1/151, IOCJIC YIIJIOTHCHUS U BTO-
pUYHOTO HOXKEeBOro npobieHus. [lomydarorT (GOpMOBOYHYIO MacCy, KOTOPYIO MOXKHO TiepepadarhiBaTh JIUTHEM IO TABICHUCM, CO-
JICPIKAIILYIO ellle BOJIOKHUCThIE KOMIIOHEHTBI, KOTOPbIE HE MEIIAIOT TepepaboTKe, a CIy>KaT HAINOJIHUTENEM, YCHINBAIOUINM MaTepH-
a.

1.3.2. MeToasbl nepepadoTKu 0TX010B NOJUBUHUWIXJIOPUAHBIX MJIACTUKOB
1.3.2.1.JIuTbe mOI HaBIECHUEM

OCHOBHBIMH BHJaMH OTXOQO0B Ha OCHOBC HCHAIIOJTHCHHBIX IIBX sBisrorcs HeX(eHaTHHHSHpOBaHHBIﬁ IJI1aCTHU30J1b, TCXHOJIO-
TUYCCKHUEC OTXOAbI 6paKOBaHHLIe m3nenus. Ha OpeaAnpUATHUAX JIETKOM IPOMBINUICHHOCTH Poccun ,Z[eﬁCTByeT cieayromas TEXHO-
Jiorus nepepa60TKI/I OTXO040B INIaCTHU30JIsI METOJaMU JIMThA IO AaBJICHUEM.



YcTaHOBIEHO, YTO U3eNus U3 BTOpUYHBIX [IBX-MaTepuanos ynoBIEeTBOPUTENBHOTO KAUECTBA MOKHO MOIYUYHTh I10 MJIACTH-
30/1bHOM TexHosoruu. [Iponecc BkaroUaeT U3MenbueHNEe 0TXO00B IUIEHOK M JIMCTOB, IpurotosneHue nactel [IBX B mmactukarope,
(hopMOBaHME HOBOTO U3/IEJINS METOAOM JIUThSL.

HexenaTnHU3UPOBaHHBIN IIACTU30JIb MPU OYUCTKE J03aTOpPa, CMECUTENSI COOMpAN B EMKOCTH, IO/ABEPTraiy KeJIaTHHU3A-
UM, JajJJe€ CMCIIMBaJIUM C TCXHOJIOTMYCCKUMHU OTXO0A4aMU U 6paKOBaHHbIMl/I U3ACIUAMU Ha BajlblaX, MOJTYUYCHHBIC JIMCTHI MTOABEP-
rajy rnepepadoTKe Ha U3MEIbUUTENX pOTOpHOro Tuna. [lomydeHHy0 TakuM 00pa3oM IUIaCTHU30JIbHYIO KPOUIKY nepepadaThiBain
METOJIOM JINThA MOA NaBieHneM. IInactuzonbHas kpomka B kommdectse 10...50 macc. gacTeil MOXeT OBbITh UCIIONB30BaHA B KOMIIO-
3UINU C KAYYYKOM JId TTOJTYYCHHA PE3NHOBBIX CMCCCﬁ, MPpHUYCM 3TO MO3BOJIACT UCKIIFOYUTD U3 PCUCIITYP MATUYUTCIIN.

Jiist nepepaboTKH OTXOJ0B METOJIOM JIMThSI 110]] AABJICHHEM, KaK IPaBHiIO, TPUMEHSIOT MALIMHBI, paOOTaIOIIUE 110 TUITY MH-
TPY3HH, C IIOCTOSHHO BPAIIAIOIINMCS ITHEKOM, KOHCTPYKIIHS KOTOPOTO 00ECIeYNBaeT CaMOIPON3BOJIBHBIN 3aXBaT M TOMOTEHHU3a-
LIUIO OTXO/OB.

OI[HI/IM N3 MEPCHECKTUBHBIX METOAOB UCIIOJIL30BaHUA OTXOA0B IIBX sBaseTcss MHOTOKOMIIOHEHTHOE JIUTHE. HpI/I TaKOM CIIO-
co0e mepepaboTKN U3eNne UMeeT Hapy KHBIH 1 BHYTPEHHHH CIIOW U3 Pa3IHMYHBIX MaTtepuaiaoB. HapyXHBIN c0# — 3TO, Kak Impa-
BIJIO, TOBAPHBIE IJIACTMACCHI BBICOKOTO Ka4eCTBa, CTAOMIN3UPOBAHHbIE, OKPAILICHHBIC, HMEIOIINE XOPOIINii BHEIIHUH BuA. BHyT-
PEHHUIA CJIOH — BTOPUYHOE MOJIMBUHUIXJIOPHIHOE ChIpbe. [lepepaboTka TepMOIIacTOB JaHHBIM METOJIOM ITO3BOJISIET 3HAYUTEIIb-
HO SKOHOMMUTB JIe(HUIIUTHOE TIEPBUYHOE CHIPHE, COKpallasl ero norpebieHue Oojiee 4eM B 1Ba pasa.

1.3.2.2. OkcTpy3u4

B HacTosmee BpeMs omHuM u3 HanOosee ) GEeKTUBHBIX CIIOCOOOB MepepadOTKH OTXOI0B MOJMMEPHBIX MAaTepHAIOB Ha OC-
HoBe [IBX ¢ menpro MX yTWIN3aIWHU SABISETCS METOA YHPYro-Ie(opMannoHHOTO AWCIEPTHPOBAHMSA, OCHOBAHHBIH HA SBICHUH
MHO’KECTBEHHOT'O Pa3pylIeHUs B YCIOBHMSIX KOMOMHHUPOBAHHOT'O BO3JIEHCTBUS HAa MaTepHasl BHICOKOT'O JABJICHUS M CIIBUTOBOM Jie-
(bopManuy pH MOBHILIEHHON TeMIlepaType.

Yupyro-nepopManoHHOE IUCIIEPTHPOBAHNE MPEIBAPUTEIHHO TPyOO-APOOIEHHBIX MaTepUaloB ¢ pazMepom dactur 103
MKM HPOBOJIUTCS B OJHOIIHEKOBOM POTOPHOM AMcreprarope. Vcrosib30BaHHbIE OTXO/bI IACTU(GHUIIMPOBAHHBIX J1yOINpPOBaHHBIX
IUICHOYHBIX MaTEepHaloOB Ha pa3iMuHONW OCHOBe (JIMHOJIEYM Ha MOJIMA(UPHON TKaHEBOH OCHOBE, NEHOIUIEH Ha OyMa)KHOW OCHOBE,
HCKYCCTBEHHAsI KOXKa Ha X/0 TKaHEeBOI OCHOBE) HepepadaThIBAIOTCS B IMCIIEPCHBIH OJJHOPOIHBII BTOPHYHBII MaTepuall, IPeICTaBIsIO-
il cMech [IBX-Im1acTHKOB ¢ U3MENBFYEHHON OCHOBOM ¢ HanOoJiee BEPOSATHBIM pa3MepoM dactuil 320...615 MKM, MperMyIeCTBEHHO
ACHMMETPHUYHON (OPMEI, C BBICOKOH yIEIbHON MOBEPXHOCTBIO (2,8...4,1 M*/r). ONTHMAIBHBIE YCIOBUS JUCIEPrUPOBAHMUS, IPH
KOTOPBIX 00pa3yeTcss Hanbosiee BRICOKOAUCIIEPCHBIN MPOIYKT — TeMIepaTypa mo 3o0HaM auciepraropa 130 — 150 — 70 °C; cre-
TIeHb 3arpy3ku He Oosee 60 %; MUHMMaNbHAS CKOPOCTh BpamleHus mIHeka 35 o0/mMuH. IloBbIIeHne TeMneparypsl epepadboTKu
I[IBX MmaTepuaioB MPUBOIMUT K HEXKEIATEIBHON MHTCHCU(UKAIIMK ECTPYKIIMOHHBIX IMPOIIECCOB B MOJUMEPE, BHIPAKAIOIIEECS B
MIOTEMHEHHH NPOAYKTA. [10BbIIIEHNE CTENIEHN 3arpy3KH U CKOPOCTH BPAIICHUS LITHEKa yXy/IIAeT AUCIIEPCHOCTh MaTepHaa.

ITepepaboTky 0TX0J0B 0€30CHOBHBIX IUTacTH(uIpoBaHHEIX [IBX-MarepnanoB (cenbXo3IUICHKa, W3OJSIMOHHAS IUICHKA,
[IBX-manru) MeTooM ynpyro-aegopManuoHHOTO AUCIEPTUPOBAHUS C TIOJIyYEHHEM KaueCTBEHHOTO BBICOKOMCIIEPCHOTO BTO-
PUYHOIO Marepuajia MOXHO IPOBOAUTH 0€3 TEXHOJIOTHYECKHX 3aTpyIHEHUH NpH OoJiee IUPOKOM BapbUPOBAHUU PEKUMOB JIHC-
neprupoBanus. OOpa3yercs 0olee TOHKOIUCTIEPCHEIA MPOAYKT ¢ pa3mMepoM dacTui 240...335 MKM, mpenMyIecTBeHHO ceprue-
cKol pOopMBI.

Yupyro-gedopmalmoHHOe BO3EHCTBHE MTPU UCIIeprupoBanun xecTkux [1BX-marepuanos (yaaponpoyHblid MaTeprai ajis
OyTBUIOK ITOJT MHHEPAJIBHYIO By, caHTexandeckue [IBX-TpyOs! u p.) HE0OX0IUMO IPOBOAUTE IpH O0JIee BEICOKUX TeMIIepaTy-
pax (170 — 180 — 70 °C), crenenn 3arpy3ku He Ooinee 40 % 1 MUHMMaJIBHOI CKOPOCTH BpamieHus mHeka 35 o6/muH. [Ipu oTkio-
HCHHUHU OT 3aJaHHBIX PEKMUMOB IUCIICPIUPOBAHUA HaGJ’llOI[a}OTCH TCXHOJIOTMYECCKUC 3aTPYAHCHUA U YXYAIICHHUE KadeCTBa IOJIYy-
YaeMOT0 BTOPHYHOTO MPOJYKTa M0 AUCIEPCHOCTH.

B mpomecce mepepadotku otxomos [IBX-mMaTepraaoB 0JHOBPEMEHHO ¢ AUCTIEPTHPOBAHIEM MOKHO OCYIIECTBIATH MOAMU(HUKA-
LIMIO TIOJIMMEPHOTO MaTepHalla IyTeM BBEAEHHS B UCXOHOE ChIpbe |...3 Macc. yacTeil MeTayuicoiep Kalix TepMOCTadHIN3aTOPOB U
10...30 macc. gacreii IacTU(UKATOPOB. DTO MPUBOAUT K HMOBBIIICHHIO 3araca TePMOCTAOMIBHOCTH IPH MCIIOIb30BAHNH CTEapaToB
MeTauioB Ha 15...50 MHH 1 yIIyYIIeHHIO TIOKa3aTelsd TeKy4eCTH pacIiaBa, mepepaboTaHHOTO COBMECTHO CO CIIOKHOI(DMPHBIMU TTa-
crudukaropamu Mareprana Ha 20...35 %, a Takke yTydIIeHHIO TEXHOJIOTMYHOCTH MpoLiecca AUCIepTUPOBaHHSI.

[Monyuaembie Bropuunbie [IBX-marepuansl, 61arogapst BBICOKOW TUCTIEPCHOCTH U Pa3BUTOW IMOBEPXHOCTH YacCTHL, 00Jia1a-
10T TIOBEPXHOCTHOW aKTMBHOCTBIO. DTO CBOMCTBO 00pa3yOUIMXCS MOPOIIKOB MPEAONPENEIIIIO X BECbMa XOPOIIYI0 COBMECTH-
MOCTb C IpyTUMH MaTepuajlaMu, YTO IT03BOJISIET UCTIONB30BaTh UX ISt 3aMeHHI (10 45 % Macc.) HCXOIHOTO CHIPbsI IIPH MOJIyYEHUH
TCX KE UJIN HOBBIX MMOJUMEPHBIX MAaTECpHaAJIOB.

Jna nepepabotku otxo10B IIBX MoryT OBITH Takke HCIIOIB30BAHbBI JBYXIIHEKOBBIE SKCTPYyAephl. B HUX mocTturaercs mpe-
KpacHasl TOMOT€HH3aLUsl CMECH, a MPOLECC IUIACTUKAIIMN OCYIIECTBISETCS B 00Jee MATKUX YCIOBHAX. Tak Kak JIBYXIIHEKOBBIC
OKCTPYACPHI paGOTa}OT IO MMPUHIMUITY BBITECHCHUA, TO BPEMS Hpe6I)IBaHl/I${ MoJIMMEpPa B HUX ITPU TEMIICPATYPC IJIaCTUKAILIUU YETKO
OIIPEZIETICHO M €0 3aJep’KKa B 30HE BBICOKMX TEMIIEPATyp MCKIIOYAETCS. DTO MPEJOTBPAILAET MEPErpeB M TEPMOIECTPYKIUIO
Mareprana. PaBHOMEPHOCTh POXOXKICHUS HONIMMeEpa 1O [IIHHAPY 00ECIeYNBACT XOPOIINE YCIOBHSA Ul JIeTa3aluyl B 30HE T10-
HIDKCHHOTO JaBJICHUS, YTO MO3BOJISIET YAAIATH BIIAry, MPOAYKTHI AECTPYKIMH U OKHCICHUS U JIpyTUe JIETy4ue, KaK IIpaBuio, Co-
JeprKaluecs B OTXOAaX.

Jliist mepepaboTKK MOTMMEPHBIX KOMOMHHUPOBAHHBIX MaTepHanoB, B ToM uucie MK, oTxonoB kabenbHOM M30IIALUH, TEPMO-
TUTACTUYHBIX IIOKPHITHH HAa OyMa)XHOW OCHOBE M JIPYTMX MOTYT OBITh HCIIOJIb30BaHbI CIOCOOBI, OCHOBaHHBIE HA KOMOMHAIMH JKC-
TPY3HOHHOM ITOATOTOBKH U ()OPMOBAHUSI METOJIOM IIpeccoBaHus. [ peanu3auuy 3TOro MEeToAa MpeyiaracTcsl arperar, CocTosi-



LM U3 ABYX MAIHH, BIPBICK KAKIOH U3 KOTOpBIX 10 Kr. J[07s MpHUCYTCTBYIONINX B OTXOJAaX CIIEHAIHFHO BBEIEHHBIX B HUX He-
MTOTUMEPHBIX MaTEPUAIIOB MOXKET COCTABIIATH 10 25 %, IpuieM Jaxe ColepKaHne MeIu MokeT nocturats 10 %.

Takoke mpUMEHsIeTCs: METO/I COBMECTHOM 3KCTPY3UH CBEXKETO TEPMOILIACTA, 00Pa3yIOIIEro MPUCTCHHBIC CIIOH, W MOJMMEPHBIX OT-
XOJIOB, COCTABJIIOIINX BHYTPSHHHI CJIOH, B PE3YJIbTaTe MOXKET OBITh MOJYYCHO TPEXCIIOWHOE M3/Ieiie (Harmpumep, IuieHka). Jpyroit
METOJ1 — pa3nyBHOe opMoBaHue TpemioxkeH B [15]. B pazpaboTaHHO# KOHCTPYKIMU SKCTPY3UOHHO-Pa3yBHOW YCTAHOBKH B Kaue-
CTBE TEHEpaTopa paciuiaBa MPeayCMOTPEH YePBIYHO-TUCKOBBIA 3KCTPYICP C Pa3AyBHBIM IPUBOJOM. DKCTPY3HEH C pa3ayBoOM U3
cMecu HepBI/l'-lHOFO nu BTOpI/l'-lHOFO I1IBX HU3roTaBJINBAKOT 6yTl>IIlI/l, CEMKOCTHU U upyrne T10JIbIC U3ACJINS.

1.3.2.3. KanangpoBaHue

[Tpumepom mepepaObOTKH OTXOJOB METOIIOM KallaHAPOBAaHHUS MOXET CIYXKHTh TaK Ha3bIBaeMbIH mpormecc «Peramy, 3axiro-
YArOIIUICS B KaJAHAPOBAaHUK MaTepualia U MOJyYeHHUH IUIUT U JINCTOB, KOTOPbIE IPUMEHSAIOTCS IS POU3BOACTBA Taphl 1 Mebe-
i, Y100CTBO TaKOro mpoiecca i nepepaboTKH OTXO00B PAa3IUYHOTO COCTaBa 3aKIOYACTCS B JICTKOCTH €r0 PEryJIMPOBKHU IIy-
TE€M U3MEHEHHUS 3a30pa MEXKIY BaJIKAMU KaJaHIpa JAJsl JOCTHKEHHS XOPOILIETro CIABUIOBOIO M AUCIIEPTUPYIOLIEro BO3IEHCTBUS Ha
MaTepuasl. XopoIas IIACTHKALUS ¥ TOMOTSHH3alKs MaTepHaja MpH mepepadoTke oOecreynBaeT NOIyIeHHe H3IeNnil C J0cTa-
TOYHO BBICOKHMH HPOYHOCTHBIMH IMOKa3aTeasiMu. Crocod 3KOHOMHUYECKH BBIFOJICH JJIS TEPMOILIACTOB, IIACTHUIIMPYEMBIX MPH
OTHOCHUTEIIbHO HU3KUX TeMIlepaTypax, B OCHOBHOM, 3T0 Msirkuit [IBX.

Jns moaroroBku orxonoB UK u neHoneyma pazpaboTaH arperaT, COCTOSIINN U3 HOKEBOU IPOOHIIKH, CMECHTEIFHOTO Oapa-
0aHa ¥ TPEXBAJIKOBBIX paHMHUPOBOUHBIX BalbleB. KOMIOHEHTHI CMECH B pe3ylibTaTe OOJbIION (ZPUKIIHH, BHICOKOTO HpecCyolie-
IO JaBJICHHSI M IIEPEMEIIUBAHUS MEKIY BPAIIAIOIIUMUCS TOBEPXHOCTSAMH €Iile OOJIBIIE U3MEIbYAIOTCS, ITACTUIIMPYIOTCS U TOMO-
TeHU3UPYIOTCS. YKe 3a OUH MIPOXO/I Yepe3 MAIIHHY MaTeprall IpuoOpeTaeT JOCTATOYHO XOPOIIee KauecTBO.

1.3.2.4. lIpeccoBaHue

OnHUM U3 TPaJAUIMOHHBIX METOJOB NepepaboTKN OTXO0B MOIMMEPHBIX MaTEpPHAIOB SIBISETCSA NIPECCOBAHKE, B YACTHOCTH,
Hanbosiee pacrpocTpaHeHHBIM MOXKET ObITh Ha3zBaH Meton «Peran-Koneprep». [TomMon 0TX010B paBHOMEpPHOH TOJIIUHBI Ha
TPaHCIIOPTHOM JIEHTE MOZAIOT B 11€4b U pacIIaBisoT. [mactuunpoBanHas TakuM 00pa3oM Macca 3aTeM cripeccoBbiBaercs. [Ipen-
JIO’KEHHBIM METOJIOM TIepepabaThIBalOT CMECH INIACTMACC C COAEPKaHNEM IIOCTOPOHHUX BemlecTB 6onee 50 %.

CyIIecTByeT HEMpPEephIBHBIN CIOCO0 mepepabdoTKu O0TX0M0B cuHTeTH4YeckuX kKoBpoB U UK. CyTh ero B cieayromeM: pa3mo-
JIOTBIE OTXOJIBI TTOJIAIOT B CMECHUTENb, Kya N00aBistoT 10 % cBsA3yromero Matepuaia, MUTMEHTBI, HAITOJHUTEIH (U1 YCUIICHHS).
U3 3T0i1 cMecH TpecCyroT INIaCTHHBL B IBYXJICHTOUHOM TIpecce. [TacTHHBI UMEIOT TOMUHY §...50 MM IpH IUIOTHOCTH OKOJo 650
kr/m’. Baroapst HOPHCTOCTH TLIACTHHBI OGIANAIOT TEIIIO- H 3BYKOM3OISALHOHHBIMU CBOMCTBAMH. OHHM HAXOIST NPUMEHEHHE B
MAaIIMHOCTPOSHUH ¥ B aBTOMOOMIILHOI MPOMBILIIEHHOCTH B KauecTBE KOHCTPYKIIMOHHBIX 3JIeMEHTOB. [Ipu oiHO- mim IByXcTo-
POHHEM KaIllMPOBaHWH A3TH IUIACTHHBI MOXHO HCIIONIb30BaTh B MeOenbHOM npowmsinmieHHocTH. B CIIIA mpomecc mpeccoBaHUs
UCIIOJNIB3YETCS AJIsl U3TOTOBJICHHS TSKEJIOBECHBIX MIIACTHH.

Taxke IpuMeHsIeTCsl PYroi TEXHOJIIOTMYECKUI CIIoco0, OCHOBAaHHBIM Ha BclieHWBaHUU B Gopme [8]. Paspaborannbie Bapu-
aHTBI OTIMYAIOTCSI METOAAMH BBEJICHUS IIOpPOOOpa3oBareneil BO BTOPUIHOE ChIPbE U MOABOJIOM TemnoTsl. [lopoobpasoBaTenn Mo-
T'yT OBITh BBEACHBI B 3aKPBITOM CMECHTENE WIN dKCTpyAepe. OnHaKO MPOU3BOANTEIbHEE METO] (POPMOBOTO BCTIIEHMBAHHS, KOTIA
npolLecc NopooOpa3oBaHusl MPOBOJST B Ipecce.

CyIecTBEHHBIM HEJOCTATKOM METOJIa IPECCOBOTO CIEKAHHS MOJMMEPHBIX OTXOAOB SIBIICTCS Clab0e MepeMeIInBaHNE KOM-
ITIOHEHTOB CMECH, YTO MPUBOANT K CHIDKEHHIO MEXaHHMUYECKNX MOKa3aTeseH MoMyYaeMbIX MaTepHaIOB.

ITpoGnema pereneparuu orxonoB [IBX-macTukoB B HacTOsIIee BpeMsi MHTEHCHBHO pa3padaThiBacTcs, OHAKO UMEETCS He-
MaJIo TPYIAHOCTEH, CBA3aHHBIX IIPEX/E BCETO C HATMYIMEM HanoigHuTelns. HekoTopele pa3paboTYMKN MONIUIH MO IYTH BBIIEICHUS
MOJIMMeEPa M3 KOMITO3HUTA C MOCIEAYIOINM €ro HCIosIb30BaHueM. OJHAKO 3a4acTyl0 ATH TEXHOJOTMYECKHE BAPHAHTHI HEIKOHO-
MHYHBI, TPYIOEMKH U IIPUTOAHBI TSl Y3KOT'O aCCOPTUMEHTA MaTepHasIoB.

W3BecTHbIE crIOCOOBI MpsiMOro TepMo(opMoBaHuUs JUO0 TPeOYIOT BBICOKHMX JOIOJHHUTENBHBIX 3aTpaT (IIOArOTOBHUTENIBHBIC
oriepaluu, 100aBKa MEepBUYHOTO TOJIMMEPa, IIACTH(OUKATOPOB, HCIOIB30BAHUE CIELUAILHOTO 000PYI0BaHHs), TM00 HE TO3BO-
JISIIOT TiepepabaThiBaTh BHICOKOHAINOJIHEHHBIE OTXO/IbI, B YacTHOCTH, [IBX-mmacTukoB.

1.4. YTHJIM3ALIMA OTXOJ0B INOJIMCTUPOJIBHBIX ITJIACTHKOB

OTX0MBI TOMHCTUPOJIA HAKAIUTMBAIOTCS B BHE BBHIMICAMNX U3 yrnoTpednerns m3aenuid u3 11C u ero comonmmepoB (XxiaeOHH-
LI, Ba3bl, CHIPHULbI, PA3JIMYHAs TOCY /A, PELUICTKH, OAHKU, BELIAIKH, OOJUI[OBOYHBIC JIUCTHI, JETAIIM TOPrOBOro U 1ab0paTopHOTO
000pYIOBaHUS H T.I.), @ TAKXKE B BHJIC MPOMBINUICHHBIX (TEXHOJIOrn4Yeckux) orxo0B IIC 001iero Ha3Ha4YeHUs, yIApPOIPOYHOrO
I1IC (YIIC) u ero comoanuMepoB.

BropuuHOE UCMOJIb30BAHKE MOJIMCTUPOIIBHBIX IJIACTUKOB MOXKET HJITH M0 CICIYIOUIUM Iy TSM YTHIU3ALHH:

— CHJIBHO 3arpsA3HEHHBIX MPOMBIIIICHHBIX OTXO0/IOB;

TexHosnorudeckux orxo0B YIIC u ABC-nnactika MeToaM1 JIUThS O JaBJIEHHEM, SKCTPY3UU U IPECCOBAHUS;

HW3HOIICHHBIX W3/ICIINH;
otxoz0B nerononucrupona (III1C);

CMCHIaHHBIX OTXOJO0B.



CunpHO 3arps3HEHHBIE IPOMBIIUIEHHBIE OTXOb! 00pa3yroTcs B mpou3BoacTse [IC U MOIMCTUPONBHBIX IIACTHUKOB IIPH YH-
CTKE PEaKTOPOB, IKCTPYAEPOB M TEXHOJIOTUYECKUX JHHUH B BHJIE KyCKOB Pa3IMYHON BEIWYMHBI U (POPMBI. DTH OTXOIbI BCIIEACT-
BHUE 3arpSI3HEHHOCTH, HEOHOPOHOCTH ¥ HU3KOT'0 Ka4eCTBa B OCHOBHOM YHHUTOXKAIOT ITyTE€M CXKUTaHUs. Bo3MOXHA MX yTHIIM3aus
[leCT’pyKIlHeﬁ, C UCNOJIb30BAHUEM I10JTYyHIaCMBbIX KUAKUX IMTPOAYKTOB B KaU€CTBEC TOIJIMBA.

B03MOXXHOCTB ITPHUCOEANHEHUSI K OCH30JIBHOMY KOJIbILy MOJHCTHPOJIA HOHOTEHHBIX TPYIIII TO3BOJISET MOIy4aTh HA €T0 OCHO-
BE MOHHUTHL. PacTBOPHMMOCTH MonmMepa B Mpoluecce nepepaboTKy U SKCILTyaTallly Takxke He MeHsercs. Iloatomy mis monmydeHus
MEXaHHYECKH NTPOYHBIX HOHUTOB MOKHO TPUMEHSTh TEXHOJIOTMIECKHE OTXOABI U M3HOIICHHBIE MTOJUCTUPOIIbHBIE U3/IEIHS, MOJIEKY-
JISIPHYIO MAacCy KOTOPBIX IyTeM TEPMUYECKON ASCTPYKIUH TOBOIAT 10 3HAUYCHHH, KOTOPBIC TPEOYIOTCS MO YCIOBHSIM CHHTE3a HOHH-
ToB (40...50 ThIC. ex.). [Tocmeayroriee XJIOPMETHIUPOBAHKE MMOJTYUYCHHBIX MPOIYKTOB MPUBOIUT K MOJyUYCHHIO COCIMHEHUI, pac-
TBOPUMBIX B BOJC, YTO CBUACTCIILCTBYET O BO3MOXKHOCTU UCIIOJIB30BaAHUA BTOPUYHOTO MOJUCTUPOJIBHOTO ChIPbA UIA IMMOJTYUCHUA
PacTBOPUMBIX MOJIHIIEKTPOIIUTOB.

Texnosornyeckue orxoas! IIC (tak e, kak ¥ [10) mo cBonM (QHU3MKO-MEXaHWYECKUM W TEXHOJIOTHYECKUM CBOMCTBaM He
OTJIMYAIOTCS OT MEPBUYHOTO CHIPBS. DTH OTXOJBI SBISIOTCS BO3BPATHBIMH M B OCHOBHOM HCHOJB3YIOTCS HA TE€X NPEANPUATHSAX,
rie oHu obpasyrorca. Mx MoxHO 106aBnsaTh K nepBuyHoMy [IC mim MCTIONb30BaTh B KAUECTBE CAMOCTOSITEIBHOTO CBHIPhS IPH
TIPOM3BOICTBE PA3TMYHBIX U3/CTIHH.

3HaYNTEIbHOE KOJMYECTBO TEXHOJOTHYECKHX 0TX0A0B (10 50 %) obpasyeTcst B mporecce mepepaboTKu MOIMCTHPOIBHBIX
IUIACTHKOB JIUTHEM I10]] JaBJIEHHEM, SKCTPY3Hel U BaKyyM-()OpMOBaHHEM, BO3BPAT KOTOPHIX B TEXHOJIOIHYECKHE IIPOLIECCHI Iepe-
PabOTKU MO3BOJISET 3HAUYUTEIBHO MOBBICUTH 3 ()EKTHBHOCTh MCIOIb30BAHMUS MOIMMEPHBIX MaTepUaloB M CO31aBaTh 0E30TXO.-
HbIE [TPOM3BOJICTBA B IIPOMBIIIIEHHOCTH IEPEepabOTKH I1acTMacc.

ABC-11acTUKH IIUPOKO MPUMEHSIOTCS B aBTOMOOMJIECTPOSHHUHU Ul M3TOTOBJICHHUS KPYIHBIX JAeTajell aBTOMOOMIeH, npu
NPOU3BOJICTBE CAHTEXHMYECKOT0 000pY/I0BaHuUs, TPYO, TOBAPOB HAPOIHOTO MOTpedieHHs U T.1. B cBs3M ¢ yBenudyeHneM norped-
JICHUSI CTUPOJIBHBIX TUIACTHKOB PAcTeT M KOJIMYECTBO OTXOJIOB, MCIIOJIb30BAaHNE KOTOPBIX SIBISAETCS SKOHOMHYECKH M DKOJIOTHYE-
CKH 11eJIECOO00pa3HbIM C Y4E€TOM BO3PACTaHHUsI CTOMMOCTH CHIPbsl I YMEHBIIEHHS €ro pecypcoB. Bo MHOTHX citydasix BTOpHUYHOE
CBIPbE MOKHO MCIIOJIB30BATh JUISl 3aMEHBI IIEPBUYHBIX MAaTEPHUAIIOB.

YcTaHOBIIEHO, YTO TIPH HEOTHOKpaTHOU nepepadoTke ABC monmMepa B HEM MPOTEKAOT ABa KOHKYPHPYIOLINX IpoIecca: ¢
OJIHOI CTOpPOHBI, YaCTHYHAS NECTPYKIHMS MAKPOMOJIEKYJ, C APYroi — YaCTHYHAS MEXMOJICKYJIIpHas CIINBKA, BO3PACTAIONIHE I10
Mepe yBETHUCHHUS YUCIa UKIOB epepadOTKH.

[Tpu BBIOOpPE criocoba nepepabotku SKcTpy3noHHoro ABC noka3ana npuHIUIHAIBHAS BO3MOXHOCTh (DOPMOBAHUSI H3IENUI
METOAAMHU MPAMOTO IPECCOBAHUSA, OKCTPY3UHU, JIUTHA MMOJ JABJICHUEM.

O dexTHBHON TEXHOJIOTHYECKON cTamuel nepepadoTku otxon0B ABC siBisieTcs cylka mojauMepa, NO3BOJISIOMAs JOBECTH
CoZIepKaHWE BJIard B HEM A0 ypoBHs, He mpesbimaroniero 0,1 %. B atom ciryyae yctpansercs oOpa3oBaHHE TakuX Ae()EKTOB B
Marepuale, BO3HHKAIOMINX OT W30BITKA BJIArd, Kak 4Yelryidarasl MOBEpXHOCTb, CEPEOPUCTOCTh, pacciianBaHHe M3JEIHi MO TOJ-
LIMHE; OT IPEABAPUTENBHON CYIIKM CBOMCTBA MaTepuana ynydmaroTca Ha 20...40 %.

OpHako croco0 MPSMOTo MPECCOBAHMS OKa3bIBACTCSI MAIOTIPOM3BOANTEIBHBIM, a SKCTPY3Hs MOJUMEpa 3aTPyAHSIETCS N3-3a
€r0 BBICOKOH BSI3KOCTH.

[TepcriekTHBHOM TTpeAcTaBisieTcs IepepadoTKa TEXHOJIOTnYecKuXx oTxon0B ABC monrMepa METOJOM JIUThS O] IABICHHEM.
[Ipn 3TOM [T ymydmieHns: TeKy4ecTH HonuMepa Heo0X0IMMO BBOJAWTE TEXHOJIOTHIecKue 1o0aBku. Jlob6aBka K moaumMepy ooier-
yaeT nporecc nepepaborku ABC nonmumepa, Tak Kak MPUBOIUT K YBEIHMUYEHUIO MTOABMKHOCTH MaKpPOMOJIEKYJI, THOKOCTH MOJIHMe-
pa ¥ CHU)KEHHIO €T0 BSI3KOCTH.

[ToxydeHHBIE 1O TAKOMY CHOCOOY M3EHS II0 CBOUM SKCILTYTALMOHHBIM TTOKA3aTeNsiM HE yCTYIAIOT M3JISNUSIM U3 MepBUU-
HOTO TTOJIUMEPA, a IOPOH Aa)e MPEBOCXOIT HX.

bpaxoBaHHBIE 1 U3HOLIEHHBIE U3JEIHsI MOXKHO YTHIM3UPOBATh U3MEIBUCHUEM C MOCIEAYIONM (POPMOBAHUEM ITOIYYEHHOH
KPOIIKH B CMECH C EPBUYHBIMH MaTepHajiaMi MM B KAYECTBE CAMOCTOSTEILHOTO CHIPbSI.

3HaunTenbHO OOJiee CIOXKHAS CUTyalus HaOJIromaeTcsl B 00JacTH YTHIIM3AINH W3HOMIEHHBIX m3fenuii u3 [1C, B ToM duncie
BCIICHEHHBIX ITACTUKOB. 3a py0eXOM OCHOBHBIMH ITyTSAMH MX YTHIN3ALUH SBJISIOTCSA NHPOJIH3, CKUraHue, GoTo- min 6ruopasino-
JKEHUE, 3aXOpOHEHNE. AMOPTU30BaHHbBIE M3JIEIHs KyJIbTYPHO-OBITOBOTO Ha3HAYEHHs, a TaKXKe MPOMBIIUICHHOCTH MOJIMMEPHBIX,
CTPOUTENBHBIX, TEIUION30JISILIMOHHBIX MaTEepUalIOB U JPYTHX MOKHO ITOJIBEpraTh MOBTOPHOH IepepaboTke B u3nenus. B ocHoBHOM
9TO KacaeTtcs u3aenwii u3 yaapomnpouroro [1C.

bnounsrii [IC HeoOxoauMoO mepen MOBTOPHOU TepepaboTkoi coBmeniath ¢ yaaponpodnbiM [IC (B cootHomenun 70 : 30),
MO (UIIPOBATh APYTHMH CIIOCOOaMH WMJIM HOABEPraTh BTOPUYHOHN IEepepadOTKe €ro COMoMMepa ¢ aKpHIOHHTPUIIOM, METHII-
MetakpmwiatoMm (MC) wim Tpoiiasie conommmMeps! ¢ MC u akpmnorutpuioM (MCH). Conommmepst MC u MCH otnmuarotes 60-
Jiee BBICOKOW CTOMKOCTBIO K aTMOC(HEPHOMY CTapeHHIO (TI0 CPAaBHEHMIO C YAAPOIPOYHBIMH KOMITO3HIUSAMH), YTO UMEET OOJIBIIOe
3HAYCHUE TIPH Mocieaytomeii nepepadorke. Bropuunsiii [1IC MmoxHO mo6aBisats k [19.

Jlnist peBpaIeHnst 0TXO0B MOJMCTHPOIBHBIX IIIEHOK BO BTOPUYHOE MOJIMMEPHOE CHIPhE HX ITOJBEPraioT ariioMepupoBa-
HUIO B POTOPHBIX arioMmepaTtopax. Huskoe 3Hauenue ymapHoii Baskoctu [1C oOycioBiuBaeT OpicTpoe M3MenbyeHue (1o cpaBHe-
HUIO C JpyrUMHU TepMorutactamu). OHaKo BBICOKas aare3noHHas cnocoOHocTh [1C nmpuBoIUT, BO-NIEPBBIX, K CIMIAHUIO YaCTHIIL
Mareprasa 1 00pa3oBaHHIO KPYIHBIX arperatoB 110 Toro (80 °C), kak marepuai craHoBuTcs miactHaHbM (130 °C), u, BO-BTOPBIX,
K MPIIUIIAHUIO MaTepraja K mepepadaThBaloIeMy OO0OpYAOBaHHIO. JTO 3HAYHTEIBHO 3aTpynHseT ariaomepupoBanue [1C mo
cpasHenwro ¢ [19, [T u TIBX.

Otxozp! IITIC MOXKHO pacTBOPSITH B CTUPOJIE, @ 3aTeM ITOJMMEPU30BaTh B CMECH, COJCPIKaIleH M3MENbYEeHHBIH KaydyK H
apyrue no6asku. IloydeHHBIE TAKUM CIIOCOOOM CONOJIMMEPHI XapaKTEPHU3YIOTCs IOCTATOYHO BBHICOKOH yIapHOW MPOYHOCTBHIO.



B Hactosimee Bpems Inepen mepepabaThiBaroNIeil NPOMBIIITIEHHOCTBIO CTOUT IPo0OieMa IepepadOoTKH CMEIIaHHBIX OTXOOB
iactMace. TexHonorust nepepadoTKu CMEIIaHHBIX OTXO/I0B BKIIFOYAET COPTHPOBKY, IIOMOJ, IPOMBIBKY, CYIIKY M TOMOTEHU3ALIHIO.
[NonyyeHHbIH U3 cMelIaHHBIX 0TX0/10B BropuuHbli [1C obnasaeT BBICOKUMHU (H3HKO-MEXaHUYECKUMH TTOKa3aTEeNsIMH, €r0 MOYHO B
pacIuIaBI€HHOM COCTOSIHUM JOOaBIIATh B acQainbT U OuTyM. IIpu 5TOM CHIKAaeTcsi MX CTOMMOCTh, M IPOYHOCTHBIE XapaKTEPUCTUKHI
BO3pacTaroT npumepHo Ha 20 %.

JIyst IOBBILIEHUsI KaueCTBa BTOPUYHOTO IOJIMCTHPOIBHOTO CHIPhS MPOBOIAT ero Moaudukanuio. {1 3Toro HeoOXoanMbl
HCCIIEIOBAHMS €r0 CBOICTB B Ipolnecce TepMocTapeHus u skcruryatanun. Crapenne IIC miacTHKOB UMeeT CBOIO Crielu(UKy, KO-
TOpast HarJISAHO MPOSBISIETCS OCOOCHHO ATl yIapOIIPOYHBIX MaTepHalioB, KoTopsle moMuMo 11C cogeprkat KaydyKu.

[Tpu TepmoobpadoTke Matepuano u3 I1C (mpu 100...200 °C) ero oxucieHne UAET yepe3 00pa3oBaHNE THIPOIEPOKCHIHBIX
IpyYII, KOHLEHTPALHS KOTOPBIX B HAYAJIbHOM CTaJuK OKHCIEHUsI OBICTPO PACTET, C MOCIEIYIONINM 00pa3oBaHHEM KapOOHMIBHBIX
Y TUIPOKCHUIIBHBIX IPYIIIL.

I'maponepoKCuIHBIE TPYIIBl HHUIUUPYIOT HIpoLecchl (POTOOKUCICHNS, MPOTEKAOINE TIPH 3KCIuTyaTauuu u3nenui us I1C B
YCIIOBUSIX BO3JEHCTBUS CONHEYHOM paguanuu. POTONECTPYKLUS UHULMUPYETCS TaKKE HEHACBILICHHBIMU I'PYIIIAMU, COAEPKa-
OIUMHUCS B Kay41YyKE. CﬂeZlCTBl/IeM KOM6I/IHl/lpOBaHHOFO BJIMAHUA TUAPONICPOKCUAHBIX U HCHACBIMICHHBIX I'PYIIIT HA PAaHHUX CTaAUAX
OKHCJIEHHS ¥ KapOOHWJIBHBIX IPYI Ha OoJiee MO3JHUX CTAAMSX SIBIISETCS MEHbIIass CTOMKOCTh K (DOTOOKHCIMTENLHON AeCTPYK-
nuu u3gennit u3 I1C no cpasrenuto ¢ I10. Hanndne HeHachIeHHBIX CBsI3€l B kKayuykoBoil coctasisitomeid YIIC npu ero Harpe-
BaHWH NPUBOJUT K aBTOYCKOPEHHIO IIPOLIecca AECTPYKIHH.

ITpu potocrapernn [1C, MoanUIPOBAHHOTO KayIyKOM, pa3phIB LENH IpeodiagaeT HaJ 00Opa30BaHUEM MOMIEPEUHBIX CBS-
3eil, 0COOEHHO NpH OOJBIIOM COZIEPKAaHUHU ABOMHBIX CBA3EH, YTO OKA3bIBAET 3HAUMTENHHOE BIMSHHE HA MOP(OIOTHIO IOINMEpa,
ero (PM3NKO-MEXaHMUECKHE U PEOJIOTHIECKHE CBONCTBA.

Bce a1 (akTopsl HEOOXOIMMO YUUTHIBATH IIPU TIOBTOPHOH nepepadotke u3nenuii u3 [1C u YIIC.

1.5. IIEPEPABOTKA OTXOIOB ITOJINMAMI/IOB

3HaYNTEITHLHOE MECTO CPEAN TBEPIBIX MOJMMEPHBIX OTXOJOB 3aHUMAIOT OTXOJbI ITOJMAMHUIOB 00pa3yIONIHecs B OCHOBHOM
TIIPY TIPOU3BOJICTBE U NepepaboTKe B U3/1ENHMs BOJIOKOH (KAaIllpOH M aHW), a TaKkKe BhIIIeIIne U3 yrnotpetienns naenus. Konnye-
CTBO OTXOJIOB TIPH IPOM3BOJICTBE ¥ IiepepaboTKke BOIOKHA JocturaeT 15 % (u3 Hux npu npoumsBoactse — 11...13 %). Tak kak ITA
JOPOTOCTOSIINH MaTepuai, 00JaIatoii PSAIOM LHEHHBIX XUMHYECKUX U (PU3MKO-MEXaHNYECKHX CBOMCTB pallMOHAIBHOE HCIIOIb-
30BaHHE €ro OTXOMIOB MPHOOPETAaET 0COOYIO BAYKHOCTb.

MHoroo06pasue BuaoB BropuaHoro [1A TpebyeT co3maHus CennanbHBIX METOA0B epepabOTKH U B TO K€ BPeMsI OTKPHIBAET
LIMPOKHE BO3MOKHOCTH JUIS X BBIOOpA.

Haunbonee crabunpHBIME MTOKa3aTeIIMH 001a1a10T 0TX0AbI [TA-6,6, 9TO SBISETCS MPEIIOCHUIKON CO3MaHUs YHUBEPCATIHHBIX
METOJIOB X mepepaboTku. Psm oTxo10B (0OpE3WHEHHBIH KOPA, 00pe3b, W3HOMICHHBIC YYJIOUHO-HOCOUHBIC H3JENUS) COMEPIKHUT
HEIOJIMaMUJIHbIE COCTaBIISIIOIINE U TPeOyeT CIeHaIbHOrO MMoAX0/a pH nepepadoTke. VI3HONIEHHbIE H3lIeusl 3arps3HeHbl, IPH-
YeM KOJIMUYECTBO U COCTAB 3arpsi3HEHUI ONpeieNsieTcsl yCAOBUsIMHU dKCIUTyaTalluy U3AEINH, OpraHu3anuei ux coopa, XxpaHeHus 1
TPaHCIIOPTHPOBAHUSI.

OCHOBHBIMH HalpaBJICHUSIMU 11epepabOTKN M UCTIONB30BaHMsl 0TX0/10B [TA MOXKHO Ha3BaTh U3MeENbUYEHHE, TEPMOPOPMOBaAHHE U3
pacIuiaBa, IEToJIMMEPH3ALIHIO, IEPEOCaXJEHUE U3 PacTBOPa, Pa3IMUHbIE METOABI MOIM(MHUKAIIMK U TEKCTIIBHYIO0 00pabOTKy ¢ ToJTyde-
HUEM MaTepHalIOB BOJOKHHUCTOH CTPYKTYpHI [17]. Bo3smoxHOCTB, 1Ie1eco00pa3HOCTh U 3(D(EKTUBHOCTh MPUMEHESHUS T€X WM HHBIX
OTXO07I0B 00YCIIOBJIEHBI, B TIEPBYIO OUEPEp, MX (PH3NKO-XUMUUECKIMH CBOHCTBAMH.

Bonbioe 3HaueHne UMeEET MOJIEKYJISIpHas Macca OTXOJ0B, KOTOPask BIMSAET Ha IIPOYHOCTh PEreHEPHUPOBAHHBIX MATEPHATIOB 1
W3JIETINH, a TAK)Ke Ha TEXHOJIIOTHUYECKKE CBOIcTBA BTOpHUHOTO ITA. 3HaunTenbHOE BIMSIHUE HA IPOYHOCTH, TEPMOCTAOMIBHOCTD U
YCIIOBHS TIepepabOTKH OKa3bIBAaeT COAEPKaHNEe HU3KOMOJICKYJIAPHBIX coequHenuid B ITIA-6. HanGonee TepMoCcTaOMIIBHEIM B YCIIO-
BUSIX TiepepaboTku siBisieTcs [1A-6,6.

Jlyis BEIOOpa METOZIOB M PEXKKMMOB TIEPEPa0OTKH, a TAKXKE HAIPABJICHUN MCIIOIL30BAHMS OTXOJOB BaXKHBIM SIBJISICTCS U3yUYCHUEC
TepMUUECcKOro mnoBeaeHust BropudHoro [TA. Tlpu 5ToM 3HaYMTENBHYIO POJIb MOTYT UrpaTh CTPYKTYPHO-XHMMHYECKHE OCOOCHHOCTH
Marepuasa 1 ero MpeabICTOPHSL.

1.5.1. MeToabI nepepadoTKH 0TX0A0B MOJHAMH/IOB

Cy1iecTByoIIHe Crocoobl nepepadboTku 0TX010B [TA MOXKHO OTHECTH K IBYyM OCHOBHBIM TPYIIIIAM: MEXaHHYCCKHE, HE CBS-
3aHHBIC C XUMUYCCKUMU TTPEBpPALICHUAMU, U (l)I/I3I/IKO-XI/lMl/I'-IeCKI/Ie. MexaHunueckue CHOCO6LI BKJIIOYAOT U3MCIIBYCHUE U pa3inyd-
HBIC TIPUEMBI U METOBI, UCTIOJB3YIOMIUECS B TEKCTUIIHHOW MPOMBIIUICHHOCTH JIJIS TIOMYYCHUS H3JICIAN C BOJIOKHUCTOM CTPYKTY-
poil.

MexaHnuecko mepepaboTKe MOTYT OBITh ITOJBEPTHYTHI CIIMTKH, HCKOHIUIIMOHHAS JICHTA, JINTHEBBIC OTXOMBI, YACTHYHO BEI-
TSHYTBIC U HEBBITSIHYThIC BOJIOKHA.

W3menbueHne sBISETCS HE TOJBKO OIepalyei, COnpoBOXKIAIOIIeH OOMBIIMHCTBO TEXHOJIOTHYECKHUX MPOIECCOB, HO U CaMO-
CTOSATEILHBIM METOJIOM IepepadOTKH 0TX0J0B. 3MenbUeHue MO3BOIISET MOTYyYUTh TOPOITKOOOpa3HbIE MATEPUANTBI H KPOIIKY IS
JIMTHS TIOJ] IABJICHUEM U3 CJIMTKOB, JICHTHI, IIIETHHBI. XapaKTEPHO, YTO MPU U3MENbUCHUH (DPU3UKO-XUMHUIECKUE CBOHCTBA UCXO-
HOTO CBIPbSI MPAKTUYECKH HE M3MEHSIOTCs. [JIsi MoJy4eHus: MOpoIKOOOpa3HbIX MPOIYKTOB IPUMEHSIOT, B YaCTHOCTH, TPOLECCHI
KPUOTCHHOTO U3MEIbUCHHS.

OTXO0/Ibl BOJIOKOH U HIETHHBI UCIOJIB3YIOT ISl POU3BOJICTBA PHIOOIOBHOM JIEChI, MOYAIOK, CyMOUYEK U JAPYTUX, OJJHAKO HPH
9TOM TPEOYIOTCS 3HAYUTEIIbHBIC 3aTPAThl PyYHOT'O TPY/Ia.



W3 MexaHN4eCKUX METOJI0B NepepaboTKU 0TXOI0B HanboJIee MepCIeKTHBHBIMU, MMOJYYHBIIMMH IIHPOKOE PACpOCTPaHEHUE
CJIEZIyeT CUUTATh MPOM3BOJCTBO HETKAHBIX MAaTEPHAJIOB, HAMTOJIBHBIX MOKPHITHH U IITANENIbHBIX TKaHed. OcoOYI0 NEHHOCTD IS
9THX LENeH NPEICTABIISIOT OTXO/IbI MOJUAMHUJIHBIX BOJIOKOH, KOTOPBIE JIETKO MepepadaThIBAIOTCS U OKPANINBAIOTCS.

OU3NKO-XUMUIECKHE METOIBI IEpepadoTKu 0TX00B I1A MOTYT OBITh KIacCH(HUIIMPOBAHBI CIECAYIOIINM 00pa3oM:

— AacnojJiuMepusanusa OTXO0A0B C HCJIbIO MOJYUYCHUSA MOHOMEPOB, MPUTIOJHBIX JIA MMPOU3BOJACTBA BOJIOKHA U OJIMTOMEPOB C
MTOCIICYFOIIUM HX HCIIOJIb30BAHUEM B IPOU3BOJICTBE KIICEB, JIJAKOB U IPYTHX MPOYKTOB;

— TOBTOPHOE IUIABJICHUE OTXOJOB VISl MOJY4EHHs TPaHyJIsTa, arjioMepara U U3/IeNuil SKCTpy3He U JIMTheM MO/ NaBJICHH-
eMm;

NepeoCaKACHUEC U3 PACTBOPOB € MOJTYUCHHUEM IMOPOIIKOB JII HAHECCCHUA HOKpLITPIfI;

MOJTy4YE€HHE KOMIIO3UIIMOHHBIX MaTEPHAJIOB;
—  XHMHYecKas MOIu(UKaLys A1 IPOM3BOJICTBA MAaTEPHAIOB C HOBBIMH CBOHCTBaMH (II0JIy4EHHE JTAKOB, KJIEEB H T.1.).
JlenonuMepu3anys IMUPOKO NMPUMEHSETCSI B IPOMBIIUICHHOCTH /IS TI0JIyYeHHUS] BBICOKOKaueCTBEHHBIX MOHOMEPOB M3 HE3a-

TPA3HEHHBIX TEXHOJIIOTHYECKUX OTXO/IOB.

JlenonnMepu3annio IpoBOAST B IPUCYTCTBUH KAaTaIN3aTOPOB, KOTOPHIMU MOTYT ObITh HEWTPAJIbHBIE, OCHOBHBIC MIIH KUCIIBIE
coenuHeHus [5].

[ITnpokoe pacripocTpaHeHUE B HAIIEH CTpaHE U 3a pyOEk oM IOIydHI METO]] TIOBTOPHOTO IIaBleHns1 0TX0/10B [IA, koTopoe
MIPOBOAAT B OCHOBHOM B BEPTHUKAJIbHBIX almaparax B TEUCHUE ABYX-TPEX 4aCOB M B SKCTPY3MOHHBIX YCTaHOBKax. [Ipu mnnrens-
HOM TE€pPMHUYECKOM BO3JEHCTBUU yJieNbHas BA3KOCTh pacTBopa [IA-6 B cepHoif kuciore cHuxaercs Ha 0,4...0,7 %, a conepkanue
HU3KOMOJEKYJISIPHBIX COeIUHEHUIl Bo3pacraer ¢ 1,5 no 5...6 %. IInaBieHue B cpene neperperoro napa, yBlakKHEHHE U IJIaBJIe-
HHUE B BaKyyMe YJIy4IIalOT CBOHCTBA PEr€HEPHUPOBAHHOTO MOJMMEPA, OJJHAKO HE PELIAI0T MPOOIIEMBI TIOIyYeHUS JOCTATOYHO BbI-
COKOMOJIEKYJISIPHBIX IPOAYKTOB.

B npouecce nepepaboTku sKcTpy3uei [1A okucnseTcs 3HaUUTENEHO MEHBIIE, YeM IPH JUIMTEIBHOM IUIaBJICHUH, YTO CIO-
COOCTBYET COXPAaHEHMIO BBICOKHX (PM3MKO-MEXaHMYECKHX MOKazaTenael MaTepuana. [loBbllIeHHE BIArocolep kaHus HCXOMHOTO
CBIPBS (IUIS1 CHIDKCHNUS CTETIEHH OKHCIICHHS) IPUBOIUT K HEKOTOPOH ecTpykiuu 1TA.

[Monydenue mopomkoB u3 0Txo0108B [TA myTem nepeocaxJieHnsi U3 PacTBOPOB IMPEACTABISET COOOH CIIOcO0 OYHCTKH TOJH-
MepOB, MOJy4YeHHs UX B BHJE, YA00HOM 1UIs JajbHeien nepepadoTky. [lopomku MOTYT IPUMEHATBCS, HAPUMEP, Ul YUCTKU
MOCY/IbI, KAK KOMIIOHEHT KOCMETHUYECKHUX CPEACTB H JIp.

[ITnpoko pacnpocTpaHEeHHBIM METOJIOB PETYIMPOBAHUS MEXaHUYECKUX CBOWCTB [IA siBisieTCs HAIOJIHEHNE MX BOJOKHHCTHI-
MH MaTepuallaMt (CTEKJIOBOJIOKHOM, aCOECTOBBIM BOJIOKHOM U T.II.).

[Tpumepom BbICOKOA(PEKTUBHOTO UCIONIB30BaHuUsI OTX0A0B [TA siBisieTcst co3aanue Ha ux ocHoBe Marepuana ATM-2, obna-
JIAfOIIET0 BBICOKUMH IPOYHOCTHIO, H3HOCOCTOMKOCTBIO, CTA0OMIBHOCTBIO Pa3MEPOB.

[TepcrieKTUBHBIM HANpaBlICHUEM YIy4lleHHs] (PU3NKO-MEXaHUUECKHX M 3KCIUTyaTallMOHHBIX CBOWCTB M3JIENUI U3 BTOPUYHO-
ro [TKA siBisiercs ¢pusnueckoe MoauduipoBane GOpMOBAHHBIX AeTallell MyTeM UX 00bEMHO-TIOBEPXHOCTHOM 00paboTkH. O0b-
€MHO-TIOBEPXHOCTHAs1 00paboTka 00pasnoB u3 BropuuHOro I1KA, HamogHEHHOTO KaOJMHOM M IIACTH(UIIMPOBAHHOTO CIIaHIIE-
BBIM MSTYHTENIEM B HArPETOM TIIMIEPHHE NTPUBOJUT K POCTY yIapHOH Bsi3KOCTH Ha 18 %, paspyinaromiero HanupspkeHus: Ipy U3TH-
Oe Ha 42,5 %, uTo MOXXeT OBITh O0BSICHEHO (hOPMOBAHMEM OOJiee COBEPLIEHHOW CTPYKTYphl MaTepHalla U CHATHEM OCTaTOYHBIX
HaIpsHKEHUN.

1.5.2. TexHoorn4eckue npouecchl IOBTOPHOIi NepepadoTKH 0TX0/10B MOJIHAMHI0B

OCHOBHBIMU nmpoueccaMu, UCTIOJIb3YCMBIMU I pETCHEPALIUU BTOPUYHOI'O IMOJIUMEPHOT'O ChIPbA U3 OTXOA0B HA, SIBJISIFOTCS

— perenepauys [TA myTem 3KCTpy3UM W3HOIICHHBIX KAlIPOHOBBIX CETEMATEPHANIOB M TEXHOIOIMYECKUX OTXOJOB C MOTydEHUEM
IpaHyJIMPOBAaHHBIX MPOAYKTOB, IPUTOAHBIX TS [1epepabOTKU B M3/IEIIHSI METO/IOM JIUTHS TIOJT JaBIICHHEM;

— pereucpanund TTA w3 M3HOIIEHHBIX H3}1€HHﬁ 1 TCXHOJIOTMYECKUX OTXOHAOB KaIlpoHa, COACPKAIINX BOJIOKHUCTBIC IPUMECHU
(He monmaMuabl), IyTEM pacTBOpPEHUs, QUiIbTpanyy pacTBopa M Hocieayroniero ocaxxaeHus [1A B Buae nopomkoodpasHoro npo-
JyKTa.

Texnonmoruueckue IIPOLECChI HepepaGOTKI/l N3HOUICHHBIX 143)1en1/1171 OTJIMYAIOTCA OT nepepa60Tl<1/1 TCXHOJIOTHYCCKHUX OTXO0Z10B
HaJIMYUEM CTaJMH INPEJBApUTEILHON MOATOTOBKH, BKIIOYAOUIeH pa3sOOpKy CBHIPbs, €ro OTMBIBKY, IIPOMBIBKY, OTKUM M CYIIKY
BTOPHYHOTO CHIPbsl. [IpeaBapuTenbHO MOATOTOBIEHHBIE M3HONICHHBIC M3/ENUS M TEXHOJIOTHYECKHE OTXOJbl MOCTYIAIOT Ha M3-
MEJIbYEHHE, TT0CTIE YEro HAMPABISIIOTCS B SKCTPYAEP IS TPaHyJISALHH.

BropuyHoe BOJIOKHHCTOE MOJMAMUAHOE ChIphbE, CoJepIKalllee HEeloJIMaMUHbIe MaTepHaibl, 00padaThIBalOT B PEaKTOPE MPH
KOMHATHOM TeMIIepaType BOAHBIM PACTBOPOM COJITHOM KHUCIIOTHI, (PUIBTPYIOT IS yJadeHHs HENOJIMaMHUIHBIX BKIFoueHuH. [Topom-
KOOOpa3HbIH IMOMHaMHJ, OCaKIAI0T BOAHBIM PAacTBOPOM MeTaHona. OcaxIeHHBIN NMPOAYKT U3MEIbYAIOT U MOTY4YEHHBIH MOPOIIOK
pacceunBaroT.

B Hacrosiiiee BpeMsi B HallIeil CTpaHE TEXHOJIOTHYECKHE OTXOJbI, 00pa3yoniuecs: B MPOM3BOJICTBE KallPOHOBOTO BOJIOKHA
JOCTaTOYHO 3()(HEKTUBHO MCHONB3YIOTCS ISl IPONU3BOJICTBA HETKAHBIX MAaTEPHAJIOB, HAMOJIBHBIX TIOKPBITHH M TPaHyJIATa IS JIU-
ThS B OKCTPy3uH. OCHOBHON MPUYMHON HEJOCTATOYHOTO MCIIONB30BAaHMS BBIMIEANINX U3 CTpos m3nenuit u3 [IA u3 KOMIakTHBIX
HCTOYHHKOB SIBJISIETCS] OTCYTCTBHE BBICOKOA(()EKTUBHOTO 000PYIOBAHUS ISl MX IEPBUYHOI 00pabOTKH U IepepaboTKH.

Pa3paboTka 1 IPOMBIIIJICHHOE BHEAPEHUE IPOIECCOB MepepabOTKN M3HOIICHHBIX M3/IEIHHA U3 KAallpOHOBOTO BOJIOKHA (Y-
JIOYHO-HOCOYHBIX, CETECHACTHBIX MAaTEpPHalOB U Jp.) BO BTOPUYHBIE MaTepHaibl MO3BOJIUT JOCTHYb SKOHOMHH 3HAYUTEIHLHOTO
KOJIMYECTBA UCXOTHOTO CHIPhsSI M HAIIPaBUTh €ro B Hanboiiee 3PpeKTUBHBIE 00JIACTH TPUMEHEHHSI.



1.6. BTOPUYHA ITEPEPABOTKA OTXO/JOB IIOJIUOTUJIEHTEPEOTAJIATA

[epepaboTka JTaBCaHOBBIX BOJIOKOH M M3HOMICHHBIX u3aenuii u3 [I19Td ananornyHa BTOpUYHOI mepepaboTKe MOTHAMUIHBIX
OTXOJIOB, TIOTOMY B IaHHOM pazJielie pACCMOTPUM BTOPUUHYIO mepepadboTky [13TD OyTrutok.

3a 6omee wem 10 et maccoBoro morpebnenus B Poccun HanuTkoB B yrnakoBke n3 [I19T® Ha moiauroHax TBEpABIX OBITOBBIX
OTXOJIOB HAKOIMJIOCH 110 HEKOTOPHIM OIIEHKaM 0oJiee IByX MUJUIMOHOB TOHH HCIIOJIb30BaHHOM TUIACTUKOBOM Tapbl, SIBISIOLIEHCS
LIEHHBIM XUMHYECKUM CHIPBEM.

B3pbIBHO# pocT npou3BoACcTBa OYTHUIOUHBIX MPedopM, MOBBIIICHUE MUPOBBIX I[EH HAa HE(Th U, COOTBETCTBEHHO, Ha Mep-
BuuHbIi [I9T®, nosnusim Ha aktuBHOe (opmupoBanue B Poccun B 2000 r. pbiHKa 10 nepepadoTke Hcrnosb3oBaHHbIX [1DTD
OyTBUIOK.

CyImecTByeT HECKOIBKO METOMIOB MepepadOTKU HCIOIB30BAHHBIX OYTHUIOK. OMHON W3 MHTEPECHBIX METOAMK SIBIISIETCS TITY-
Ookast xuMuieckas nepepadorka sropuynoro [13T®d ¢ nmonydyennem aumernnrepedranara B Mpouecce MeTaHOIM3a WK TepedTa-
JIEBOM KHCIIOTHI M 3THJICHIIMKOMISA B Psfe TUAPOIUTHYECKNX HpoueccoB. OnHAKO Takue crocoObl MepepadoTKH MMEIOT CYIIeCT-
BEHHBIH HEJOCTAaTOK — JOPOTOBH3HA MpoIiecca aenoianMepu3anui. [1o3ToMy B HacTosImee BpeMs Yarle MPUMEHSIIOTCS JTOBOJBHO
M3BECTHBIE M PACIPOCTPAHEHHBIE MEXaHOXHMHUYECKHE CIIOCOOBI MepepaboTKH, B MPOLIECCEe KOTOPBIX KOHEUHbIE M3Aenus (popMu-
pYIOTCSI M3 paciuiaBa rnojguMepa. PazpaboTaH 3HAUMTENbHBIA ACCOPTUMEHTHBIN P U3AENINH, TI0Jy4YaeMbIX 3 BTOPUYHOTO OYThI-
JIOYHOTO NodudTHIeHTepedTanara. OCHOBHBIM KPYIMHOTOHHAKHBIM HPOWU3BOJICTBOM SIBJISIETCS IOJydEHHE JaBCAHOBBIX BOJIOKOH
(B OCHOBHOM IITAIENbHBIX ), TPON3BOICTBO CHHTETIOHOB M HETKAHBIX MAaTepPHajioB. BoNbIIOil CErMEeHT phIHKA 3aHUMAET 3KCTPY3Us
JIUCTOB JJ1s1 TepMO(OPMOBAHUS Ha DKCTPYIepax C JIMCTOBAILHBIMH T'OJIOBKaMH, U, HAKOHEILl, HanOoJiee NMepCreKTUBHBIM CIIOCOO0M
nepepaboTKN MOBCEMECTHO NMPU3HAHO IOJyYEHUE TPaHyJIsTa, IPUTOTHOTO AJIsl KOHTAKTa C MUIIEBBIMH MPOIYKTaMH, TO €CTb I10-
JIy4deHHEe MaTepraia il TOBTOPHOH OTIMBKA IpedopM.

ByTBUTIOUHBIN TOYIPOAYKT MOKET OBITh MCIOIB30BAaH B TEXHUYECKHX LENAX: B IPOLIECCE MEPEPAOOTKH B M3ENHS BTOPUI-
Hblit [I9T® MokHO 100aBIIATH B IEPBUYHBIA MaTepuall; KOMIIAyHAUpOBaHHE — BTOpUYHBIN [IDT® MOXHO CIIIaBIATh ¢ APYTHMHU
IUTacTUKaMu (Hampumep, ¢ monukapbonatoM, ¢ BIID [88]) n HamomHATE BOMOKHAMH AJISI IPOU3BOJCTBA JeTaleld TEXHUIECKOTO
Ha3HAYEHUS; IOJTyYeHIe KpacuTesel (CymepKOHIEHTPATOB) IS IPOU3BOCTBA OKPAIIEHHBIX IUTACTUKOBBIX U3ICITHI.

Tarxoke ounieHHble [IDTD Xmombsi MOXKHO HEMOCPEJCTBEHHO HCIONb30BaTh JJIi M3TOTOBJICHUS IUPOKOTO aCCOPTHMEHTA
TOBAapOB: TEKCTHJIHLHOTO BOJIOKHA; HAOMBOYHBIX U INTAIEIBHBIX BOJOKOH — CHHTEIOHA (YTEIUTUTENb JUIS 3UMHUX KYPTOK, CHalb-
HBIX MEIIKOB U [Ip.); KPOBEIHHBIX MaTEPHAJIOB; IUIEHOK H JINCTOB (OKPAIICHHBIX, METAJUTN3UPOBAHHBIX ); YIIAKOBKU (KOPOOKHU IS
AUl U QPYKTOB, yNAKOBKA JUIS UTPYIIEK, CIIOPTHUBHBIX TOBApOB M T.[.); JUTHEBBIX M3JEIHH KOHCTPYKIIMOHHOTO HAa3HAYSHHUS LIS
ABTOMOOWJILHOM ITPOMBIIUICHHOCTH; JIETAJICH OCBETHTENIBHBIX M OBITOBBIX IIPHOOPOB U JIp.

B nrobom ciydae HCXOIHBIM CHIPbEM UTS IETIOMMMEPH3ALNHU WIIH IepepaboTKu B U3ICTHS SBISIFOTCA HEe OYTBUIOYHBIE OTXO-
JIbl, KOTOPbIE MOTJIM IIPOJIEKATh KAKOE-TO BPEeMsi Ha CBAJIKe, M MpeJCTaBIsitolue codoll 6ecopMeHHbIe CHIIBHO 3arps3HEHHbIC
00BEKTEI, a YUCThIE XJI0Mbs [IDTD.

PaccmoTtpumM nporiecc nepepaboTku OyTHUIOK B YMCTBIE XJIOIBS IIJIACTHKA.

ITo BO3MOXHOCTH OYTBIIIKH JOJDKHBI YK€ COOMPAThCS B OTCOPTHPOBAHHOM BHJIE, HE CMEIINBAsCh C IPYTUMH IUTACTUKAMHU U
3arps3HAIOMMMU 00beKTaMi. ONTUMaTbHBIM 00BEKTOM ISl IepepabOTKH SIBJISIETCSl CIIpEcCOBaHHasl Kuma u3 oecrpeTHbIX [19Td
OyTBUIOK (OKpalIeHHBIC OYTHUIKH JOJKHBI OBITH OTCOPTHPOBAHEI U IEepepaboTaHbl OTACIHHO). ByTEUTKM HEOOXOMMO XpaHUTh B
cyxoM Mmecre. [lnactukoBeie Memku ¢ [I9T® OyThuTkaMu HaBaJIOM OTIOPOKHSIOT B 3aTpy309HEI OyHKep. [lamee OyThUIKH mTOCTY-
MaroT B OyHKep-muTarens. [TutaTens KU HCHOIh3yeTCsl OMHOBPEMEHHO U Kak OyHKep XpaHEeHHUs ¢ CUCTEMOW paBHOMEPHOM IMoja-
YM, ¥ KaK pa3OMBaTesb KUIl. TpaHCIIopTep, PACcIIOIOKEHHBIH Ha 10Ty OyHKepa, POJBHUIaeT KHITYy K TPEM BPalIalOMIAMCS [IHEKaM,
Ppa30MBAOIINM arJIoOMepaThl Ha OTACIbHBIC OYTHUIKA U MOAAONINM HX Ha Pa3rpy30uHBIN KOHBEWep. 3Mech HEOOXOAUMO pa3aemsiaTh
OYTBUIKH M3 OKpaIIeHHOTo U HeokpamieHHoro [I19T®, a taxke yaaisTh HOCTOPOHHHE OOBEKTHI, TAKUE KaK pPE3UHa, CTEKIIO, Oyma-
ra, MeTaJul, Ipyrue THUIIbI [UTAaCTHKOB.

B omHOpoTOpHOI npoOmike, 000pyIOBaHHOW THApaBiImdeckuM ToikaTeneMm, [I9Td OyTeIIKK W3MembYaroTCs, 00pa3ys
KpymHBIEe (Qpakmuu pazMepoM 110 40 M.

V3menbueHHBI MaTeprall MPOXOJUT Yepe3 BO3AYIIHBINA BepTHKAIbHBIN KiaccudukaTop. Tsokensie yactuisl ([IDTD) nana-
10T IIPOTUB BO3/IYIIHOTO IIOTOKa Ha 3KpaH BHOpocemapaTopa. Jlerkue 4acTHibl (STUKETKH, IUIEHKA, ITbUTh U T.JI.) YHOCSATCS BBEpX
ITOTOKOM BO3JyXa W COOMPAIOTCA B CHENHANTBHOM TBUIE-COOpHUKE Mo nuKIoHOM. Ha BHOposKkpaHe cemapaTopa Y9acTHIBI pasfie-
JSIIOTCsl Ha JBe (ppakumu: kpynHble dactuipl [I19TD «meperexaroT» 4epe3 HSKpaH, a MEJKUE YacTHIbI (B OCHOBHOM TSKEJIbIE
(pakiyy 3arpsi3HEHUI) TPOXOAT BOBHYTPb 3KpaHa M COOMPAIOTCS B EMKOCTH T10]] CENapaTopoM.

DNOTAaMOHHBIN TaHK WCHOJB3YETCs Ui Cemapaliy MaTepuaioB C Pa3HBIMU OTHOCUTENbHBIMH IUIOTHOCTSAMHU. YacCTHIIBI
[I9T® omyckatoTcst Ha HAKJIIOHHOE JHO, U ITHEK HEeTIPephIBHO BRITpykaeT [I2T® Ha BOIOOTAEIUTENBHBINA SKpaH.

DKpaH CIIy)KUT OJIHOBPEMEHHO KaK JJIsl OTJEJICHUsI BOJIbI, HarHeTaeMoii BMecte ¢ [IDT® u3 duoraropa, Tak u U OTAEIECHHS
TOHKUX (pakIyii 3arps3HeHNH.

[IpenBapuTensHO pa3apobiaeHHBI MaTepual 3¢ (peKTHBHO OTMBIBaETCSI B HAKJIOHHOM JIByXCTYIICHYaTOM Bpargaromemcs 0a-
pabane ¢ neppopupoBaHHBIMUA CTEHKAMH.

Cymika XJI0nbeB MPOUCXOAUT BO BpalaromemMcs: bapadaHne, U3roTOBIEHHOM W3 nep(OopHpOBaHHOTO JicTa. Marepuai nepe-
BEPTHIBACTCS B IIOTOKAX TOPSYEro Bo3ayxa. Bo3ayx HarpeBaeTcs 3JIeKTPUIECKUME HarpeBaTeISIMH.

Jlanee xyomnbs mOMaaaT BO BTOPYIO ApoOmiaky. Ha 3ot craguu xpymnable gacTumps! [I9T® n3MensuatoTcs B XJIOMBS, pas-
Mep KOTOPBIX COCTaBisieT npuoim3urensHo 10 MmMm. Heo0X0MMMo OTMETHTE, YTO Hjes NepepaboTKA COCTOUT B TOM, YTO MaTepHal
HE M3MEJIFYAeTCsl B XJIONbs TOBAPHOTO MPOAYKTA Ha MEPBON CTaJNM M3MeNlbueHHs. Takoe BeleHHe mporiecca IMo3BojsieT n30exarhb



MOTEPh MaTepHajia B CHCTEME, JOCTUYb ONTHMAIBLHOTO OTIENCHUS! STUKETOK, YIYUIIUTh MOKMIMHA 3p(EeKT U yMEHBUIUTh U3HOC
HOXEW BO BTOPOH ApOOMIIKE, TaK KaK CTEKJIO, NECOK M Mpoyre abpasuBHBIE MaTEpHANIbl yIAISIOTCS 10 CTaJlHd BTOPUYHOTO H3-
MEJTbUCHHS.

KoHeuHbIil mporiecc aHaJIOTHYEH MHpoLecCcy MEepBUYHON BO3AYIIHON kiaccudukaiuu. OcTtaTku 3TUKETOK U mbuib [1DTO
YAQISIOTCA € BO3AYUIHBIM TOTOKOM. KoHeuHbIi mpoaykT — uncTsie [I9T® xnonbs 3ackinaroTcst B 00UKH.

TaxkuM 006pa3oM, MOXKHO PEIINTh CEPhE3HBIH BOIIPOC YTHIIM3AUH BTOPUYHOM TUIACTUKOBOM Taphl C MOIyYSHUEM MPOIYKTa.

[TepcniekTHBHBIM crtoco6oM BTOpudHOH nepepabotku IIDTD sgBmsercs mpon3BoACTBO OYTHIIOK U3 OYTHUIOK.

I'maBHBIMU CTaJusIMH KJIaCCHUYCCKOTI'o IpoIrecca peuaﬁKnMHra AT peain3aliii CXEMbI «6yT1>1m<a K 6yT]>IIlKe>) SABIISIFOTCAL
cOOp ¥ COTPHUPOBKA BTOPHUYHOTO CHIPHsI; ITAKETHPOBAHNE BTOPUYHOTO CBHIPHS; H3MENIbUEHHE U MPOMBIBKA; BbIJIENICHNE APOOJICHKH;
SKCTPY3US C MOJIYYeHUEM TpaHyIl; 00paboTka rpaHys B IIHEKOBOM aIllapaTe C IeIbl0 YBEIHMUCHHS BSI3KOCTH MPOAYKTa U obecre-
YEeHHs CTEPIIIN3AIUH MPOAYKTA JJIS BO3SMOKHOCTH IMPSAMOTO KOHTAaKTa C MHUIIEBBIMU HpoxykTaMu. Ho ams peanmzarun 3Toro mpo-
Hecca HeOOXOAUMBI Cepbe3HbIe KalluTAIbHBIE BIOXKEHHMSI, TaK KaK HEBO3MOXKHO IPOBEACHHE JIAHHOTO Tpoliecca Ha CTaHAaPTHOM
000pyIOBaHUM.



2. TEXHOJIOTHYECKHUE CXEMbI BTOPUYHOM MMEPEPABOTKHA OJJMMEPHBIX MATEPUAJIOB

2.1. TEXHOJIOTMYECKHUI1 [TPOLIECC IIEPEPABOTKH OTXO/IOB
[TOJIMMEPHBIX MATEPHAJIOB I10 HEITPEPBIBHOIM TEXHOJIOI' MU
HA BAJIKOBO-IIIHEKOBOM AI'PEI'ATE

2.1.1. Be16op 060opya10BaHuUs 1JIsl HCIOJIb30BAHUS B MOOMJIbHBIX MUHH-32B0aX

TpaauuonHoe 000pyI0BaHHUE MPH PELMKIMHIE€ OTXOJOB — 3TO IIHEKOBbIE M JAWCKOBO-IIIHEKOBBIE MAIIHMHbI, arjome-
paropsl. [Ipu 3TOM OTXOIBI HOABEPrarOTCS CTaIMsIM NpEABAPUTEIbHON HMOATOTOBKH, TaKMM Kak cOop, Kiaccudukanms,
IpoOJieHne, OTMBIBKA, CYIIKa, H3MeJIbueHHe. VIcronb30BaHne BCEX ATHUX CTAIUH AENAeT TEXHOJOTHIO YTHIM3AIMK J0OCTa-
TOYHO 3HEPTOEMKOM U B KOHEYHOM HTOTre IPUBOAUT K MOBBIIICHUIO CE0ECTONMOCTH MOTy4aeMOoro BropMaTepuaia. Bmecre
C TE€M IPU UCHOIB30BAHUU arjaoMepaTopa MOoIy4aeTcsl MaTepua Pa3iudHbli 10 FPaHyJIOMETPHUECKOMY COCTaBYy M HACBII-
HOHM IUTOTHOCTH, YTO HETATHBHO CKa3bIBaeTCs IPU JajbHEHIel nepepaboTke B MaTepHANbHBIX HWJIMHIAPAX IepepadaThl-
BAIOIIUX MAIINH.

B kauectBe crienuagbHOro 00OpYJOBaHMS IMPEJIaracTcsl UCIOIb30BaTh BAJIKOBO-IIIHEKOBBIN arperar, Haubosee yc-
TOWYMBBIH K HepepabOTKe 3arpsA3HEHHBIX OTXOJOB. VICHONB30BaHME NaHHOTO BHJIA 00OPYJOBAaHMS MO3BOJISIET MCKIIIOYUTH
IpoOJieHne, N3MENbYEHHE U CYIIKY MaTepuala, YTo B KOHEYHOM HTOTe TO3BOJIMT CHU3UTh TPYAOBBIC U 3HEpro3arpartsl. [1o
CPaBHEHUIO C AMCKOBO-YEPBSIYHBIMU IKCTPYIEPaMH BAIKOBbIE MAIIMHBI 00JIIal0T CIIEIYIONIMMH JOCTOMHCTBAMU: BBICOKAs
MPOU3BOIUTEIBHOCTh HA €AMHUILY KAlMTAIOBIOXKEHUI U Ka4yeCTBO KOHEYHOrO MPOAYKTa, MPOCTOTA OCYIIECTBICHUS KOH-
TPOJISt Ka4eCTBa M3JEIHHA, CBOOOAHBIN AOCTYI K pab0oYNM OpraHaM MalllMHbI, HE3HAUUTENbHBIC 3aTPaThl BpEMEHH HA H3Me-
HEHHUE TOJIIVHBI TTOJy4aeMbIX U3/enuil 6e3 3aMEHbI KaJHOpPYIOMETO YCTPOHCTBA, OTCYTCTBUE 3aCTOMHBIX 30H, YTO 3HAYH-
TEJBHO YMEHBIIAET AECTPYKIMIO MOJIUMEpa.

2.1.2. Haylmo-TeXanecxnﬁ 3a7€J1 B peICHUM 3a1a491 CO3AaHUA
MOOMJILHBIX MUHH-32B0O/I0B

B cOOTBETCTBHHU C MOCTABICHHOMN 3a/iaueil U LENsIMU HAYYHOTO HCCIEHAOBaHUS ObUT pa3paboTaH M MCCICIOBaH CTAlMOHAp-
HBI HENPEpPBbIBHBIA TEXHOJIOTMYECKHUI MPOIIECC BTOPHUUYHOI MepepaboTKh OTXOM0B TEPMOIUIACTUYHBIX MATEPUAJIOB HA BAaJIKOBO-
ITHEKOBOM arperare (puc. 2.1).

Puc. 2.1. Texnosnoru4yeckuii npouecc BTOPUYHOI nepepadoTKH 0TX0J0B TEPMOILIACTOB:
1 — y4acTOK COPTUPOBKH OTXOJOB; 2 — BaJIblbl; 3 — OTXO/BI IOJIUMEPOB;
4 — 0TOOPOYHO-IITHEKOBOE YCTPOUCTBO; 5 — y3€Il OXJIAKACHHUS; 6 — TSHYIIee yCTPOHCTBO; 7 — HOXK; 8 — eMKOCTb IJIs TPaHyI

TexHOJIOrMYecKHid NPOLecC OCYIIECTBISAETCS CISAYIOIMM 00pa3oM: OTXObI IIOCTYIAIOT Ha Y4AaCTOK COPTHPOBKH /. VI3 HUX
YIAISIOT ClIy4aifHble MHOPOAHBIE M METaUIMYeCKHe BKIIOYEHHs. Jlamee oTX0Ibl MOJMMEPOB HENPEPHIBHO 3arpysKaroTcs depes
3arpy304HbIil OyHKEp C JIEBOM CTOPOHBI MOBEPXHOCTH BaIKOB BanblOB. [1o/ nelcTBHEM CIBUTOBBIX HANpPSDKEHUH W CHII are3uH
OTXO/Ibl TEPMOILIACTOB 3aTATMBAIOTCS B MEKBAJIKOBBIN 3230p M TPAHCIIOPTUPYIOTCS BIOJb OCH BaJIKOB. B mpomuecce nepepaboTku
IIPOUCXOANT IIABJICHHE OTXOAOB, yIaleHHE JIETYYUX KOMIIOHEHTOB, IUIACTHKAIMA. Bo3MOXHO Tarke MomuduuupoBaHue pas-
JMYHBIMU J100aBKaMH U OKpallMBaHue paciuiaBa. J[is rpaHyIMpoBaHuMs BajJbLlyeMOro MaTepHalia paciuliaB MoJuMepa CHUMAETCs
CIIELHAJIBHBIM HOXKOM C ITPOTHUBOIIOJIOXKHON CTOPOHBI IIOBEPXHOCTH BAJIKOB M HAIPABIISIETCS! B MEXKBUTKOBOE IIPOCTPAHCTBO IITHEKA
0TOOPOYHO-IIIHEKOBOTO YCTPOMCTBA 4. 3aXBaThIBAasSCh BUTKAMHU LIHEKa, PACILIaB MOJMMEPa TPAHCIIOPTHPYETCS K 30HE BHITPY3KH,
rJie IpoJaBIuBaeTcs yepes GopMyroliee 0TBEpPCTUE ¢ 0Opa30BaHUEM IIPYTKOB (CTPEHIOB) 33AaHHOIO IonepedHoro ceuenus. I1o-
JIy4eHHBIE CTPEHTH OXJIaXIAIOTCs YCTPOWCTBOM J, OPUEHTUPYETCS 3a CHET TSAHYIIEro YCTPOWCTBA 6, Jajee pPexyTcs HOXKOM 7.
[omy4ueHHBIE TPaHYIIBI COOUPAIOTCS B EMKOCTH §.

Jns ocymiecTBiieHUs pa3padOTaHHOTO TEXHOJIOTHYECKOI0 IpoLecca BTOPUYHON NepepaboTKH OTXOJ0B MOIMMEPHBIX MaTe-
pHaJIOB OBLT CIIPOEKTUPOBAH U U3TOTOBJICH JIAOOPATOPHBIM BapUaHT BAIKOBO-3KCTPY3UOHHOI0 000py0oBaHUS Ha Oa3e BanbloB JIO
80/80 200 (puc. 2.2).
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Puc. 2.2. Cxema 1a00paTOPHOIi YCTAHOBKH:
1 — anextpoaBurarens; 2, 9 — mydra; 3 — penykrop; 4 — nepelaToOYHbIe MIECTEPHHY;
5 — ¢ppukunoHHas nepenaya; 6 — BaJIKU; / — MEXaHU3M PETYJIHPOBKU 3a30pa;
8 — pIeKTpoABHHTATENb OTOOPOYHOTO YCTPOHCTBA; /() — YepBSYHBIN PENyKTOD;
11 — pemenHas niepenaya; /2 — oTOOpPOYHO-LITHEKOBOE YCTPOHCTBO;
13, 14 — TepmocTathl; /5 — OrpaHUYUTEIBHBIE CTPEIIbL

DkcrepuMeHTanbHas ycraHoBka (JY) [18] mpencrapnser co0oi TOPU30HTAIBHO PACTIONOKECHHBIC TIOJBIC BAJKU [ JIHaMET-

pom 80 MM u paboueit amunOo#M 200 MM. [IpHBO/ BaJIKOB OCYIIECTRIISIICS OT JICKTPOABHUraTE s MOCTOSTHHOTO Toka AO52/21.

Temmeparypa MOBEpXHOCTH BAJIKOB MMOAICPKUBATIACh B TUAMTa30HE TEMIIEPATYP BSI3KO-TEKYyUero COCTOSHHA monmuMmepa. s

noaaepiKaHus 3aJaHHOI'0 TEMIICPATYPHOT'O pEKMMaA BAJIKA BAJIbIIOB OBUIN CHAOKEHBI YCTpOfICTBOM TCPMOCTATUPOBAHUSA 14.

st obecrieueHnst HENPEPBHIBHOM NepepabOTKH OTXOJOB Bajblibl ObUIM CHaOXKEHBI 3arpy30YHBIM OyHKEPOM M OTOOPOYHO-

ITHEKOBBIM YCTPOMCTBOM /2, KOTOPOE MO3BOJISUIO HEMPEPHIBHO MOPE3aTh U CHUMATh PACILIAB HOJIMMEPA C TOBEPXHOCTH BAJIKOB.
Hannuane oTOOpOYHO-IITHEKOBOTO YCTpOMCTBA MO3BOJISUIO OMOJIHUTEIBHO TOMOTEHH3NPOBATH, INIACTUINPOBATh U JUCIEPTHUPO-
BaTh pacIljiaB MMOJIMMEPA, YTO YIy4dIIalo Ka4yecTBO LIEJIEBOT0 MPOIYKTa.

[IpuBoa 0TOOPOYHO-IITHEKOBOTO YCTPOHCTBA OCYIIECTBIISUICS OT ANEKTPOABUTATENS IEPEMEHHOTO TOKa & "epe3 My Ty
9 ¥ OAHOCTYIIEHYAThIN YepBAYHBIN peayKkTop /() Ha BaJl ILIHEKA.

OTOOPOYHO-IITHEKOBOE YCTPOUCTBO (puc. 2.3) mpeacTaBisieT co0oi ImHAp / ¢ PacIoIOKCHHBIM BHYTPH ITHEKOM 2 Ha
JBYX HOZIIHITHUKOBBIX OTIOPax.

Puc. 2.3. [IlnexoBoe 0TOOPOYHOE YCTPOICTBO:
1 — munueAp; 2 — mwHek; 3 — popMooOpasyrolee 0TBEpCTHE; 4 — 3arPy309HOE OKHO;
5 — HOX; 6 — pacIuIaB oIUMepa

[ITHek BBIMONHACT (PYHKIUIO TPAHCIOPTUPOBAHUS MACChl M CO3J[AHUS 3aJIJAHHOTO JaBJICHUS Tepes] (OPMYIOIIeH TOJIOB-
KO 3, rae mpoduIupyeTcs 3alaHHOE CeueHHe dKCTpyaata 6. OTOOPOYHOE YCTPOWCTBO CHAOKEHO ChEMHBIME (POPMYFOIIIMHU
MPUCTABKAMH C PAa3IHMYHBIM KOJIMYeCTBOM (pruibep pa3Hoil koH(urypanuu. Ha pazpaboTanHoe 1abopaTopHOE 000pyIOBaHUE
nojryyeH natest [19].

2.2. PEHUKJI MATEPHNAJIOB

[peanpusiTys, CHHTE3UPYIOLIKE U epepadaThIBAIOIIUE IUIACTUKH, YCIIEITHO YTHIN3UPYIOT HX, U3MEIbYatoT (Ipo0sT),
MEPCIVIABJIAIOT U MYCKAaOT CHOBA B PCHUKII UJIW MOPUUAMU IlOGaBJ'IH}OT B UCXOJHBIC MaT€puajibl, UCIIOJIB3YIOT B BUAEC CMC-
ceit (puc. 2.4) [20].

Jnist yMEHbIlICHNsI HAIMIIAHUS HA BHYTPEHHHE CTEHKH PEAKTOPOB B MPOIIECCE MOJIMMEPH3AIiH, U30eraHus TPYI0eM-
KO YUCTKM M YMEHBIICHUS! MPOMBIIUICHHBIX OTXOJ0B PEKOMEHIYIOT 00pabaThiBaTh CTEHKH PEAKTOPOB MOJMAHUINHOM,
KOTOPBIi, 00J1aast BEICOKO# a/ire3neii K MeTasily, HCKIFoYaeT MPIIMITaHUe TIOJTMMEPOB K CTEHKAM alapara.

Ipu KCTIONB30BAHKUH 3aTPSI3HEHHBIX OBITOBBIX OTXOJOB CIIEMYET TPeayCMaTpUBaTh EHTPATH30BAHHbINA cOOp, COPTH-
POBKY, OT/ITIEHHE OT TOGOYHOTO Mycopa (cTekia, GyMaru, IpsKH, MHIIH ), TIPOMBIBKY, CYIIKY, H3MEIbUYEHHE — BCE TO, UTO



OTBCYACT DKOHOMHWYCCKHM, 3KOJIOTHYCCKUM M TCXHHUYCCKHUM Tpe6OBaHI/I$IM. Hepepa60TKa 3arpsA3HCHHBIX OTXOJ0B BECbMa

npoOyieMaTHYHa IOTOMY, YTO TpedyeTcs:
1. Unentudukanyst noJuMepHbIX oTXo10B [21]:
— ¢ nomosio MK-criektpockonnu (oydeHne CrieKTpOB M CPAaBHEHUE UX C U3BECTHBIMH);
— C IIOMOIIBIO yIBTPa3ByKa, T.€. B OCHOBY IOJIOKEHO 3aTyXaHue Y3 Mpu onpeaeneHun uujaekca HL.
— C IIOMOIIBIO PEHTI€HOBCKHUX JIyuell;
— JIa3€pHOHUPOIU3HON CIIEKTPOCKOIHUEH.

Otxo0Ab! Mpo- OTXx0M5I 110-
U3BOJICTBA TpeOsieHus
\ 4 A 4

CO6op 1 XpaHEHHE OTXO/I0B
noTpebIIeHUs Ha IPEANPHUATHIX,
rZie OHU 00pa3yloTCs

COop 1 XpaHEHHE OTXO-
JIOB Ha NPEANPHATHSX, TAE OHU
00pasyroTcs

A\ 4

COop 0TX0IOB Ha MyCOp-
HBIX
MIOJINTOHAX, B ITyHKTaX BTOPCHI-
pbs, Y HaceJIeHHs

ITorpyska 1 TpaHcnopTu-
pOBaHKE OTXO/0B K MECTy UX
nepepaboTKH

[Torpy3ka u TpancnopTHpO-
BaHHE OTXOJIOB K MECTY HX Iepe-
paboTkH

Pasrpyska orxonos

v
CkJagupoBaHie OTXO0B

Ha IpeIpUATHU-TIepepadoTUNKe

Pasrpy3ska 0TX0/10B

A\ 4
CKJ'IaZ[PIpOBaHI/Ie OTXO0/10B

Ha IpeanpUATHU-TIEpepaboTUNKe

CopTupoBKa OTXOZOB IO BUAAM
HOJINMEPHOT'O ChIPbS ¢ YACTUYHON
OUHCTKOI1 (OTPSIXMBAaHKE, BHICHITAHHE
COJZICP’)KMMOT'0 MEIIIKOB, CPbIBaHHE
STHKETOK U T.J.), 00pe3Ka IPOIIUTHIX
(x1omyaToOyMakKHBIMHU MIIH
JIHSHBIMU HUTKAMH) KPacB MEIIKOB
WJIH PacIiopKa IIBOB

Puc. 2.4. Cxema TeXHOJIO0THYECKOI0 Npolecca nepepadoTku 0TX0A0B



W3menbueHne oTxonoB
M3menpueHne oTxoq0B
(TUTHUKH, 3a0paKOBaHHBIC
JINTHEBBIC U3IEITH)
Moiika U3MENbUYEHHBIX OTXOOB C
MpeIBapUTEIbHON OCYIIKOM
Cy1ka 0TX0J0B
v v
Arsomepanus 0TX0/10B Ariomepanys 0TX0/10B
(TuteHka) (rutenka)
A\ 4 \ 4
[IporyckaHre BTOpUYHOTO [Ipomnyckanue BTOpU4HOrO
CBIPBS Uepe3 METAIIOIETEKTOD CBIpbS Uepe3 METaI0IETEKTOP
A 4 \ 4
I'panynsanus I'panynsanus
y \ 4
3arapuBaHHE BTOPUIHOTO CHIPBS 3arapuBaHHE BTOPUYHOTO CHIPBS B
B MELIKH C Pa3BEIIUBAHUEM U MPOIINB- MEIIKHU C Pa3BEeLIMBAHUEM U MTPOILIUBKON
KO# OTKPBITOTO Kpas MeIlKa OTKPBITOTO Kpasi MEIIKa
Y A\ 4
CxitagupoBaHie BTOPUY- CriagpoBaHue BTOPUUHO-
HOTO TIOJIMMEPHOTO CHIPhSI T'O TIOJIUMEPHOTO CHIPhSI

Puc. 2.4. Ilpoaosxenne

OmnpenenstoT uHIeKe HL 1Mo OTHOIICHHUIO 3aTyXaHUs 3ByKOBOW BOJIHBI K Y4acTOTe. Y 3-MprUOOp MOIKIIFOYAIOT K KOMIIBIOTEPY
Y YCTaHABJIMBAIOT HA TEXHOJIOTMYECKYIO JIMHUIO YTHIM3auuu o0Txo0B. Hanpumep, nnnexc HLITDHIT 2.003 - 10° ¢ oTKIOHEHH-
em 1,0 %, a HLIIA-66 — 0,465 - 10° ¢ otxioneHnem 1,5 %.

B Oynymem npenrmonaraercsi KOAUPOBaHUE MOTUMEPOB (YKa3aHHE HOMepa KOoIa Ha JOHBIINIKAX M3ICIHA WA JAPYTHX
MeCTax).

Pexkomennyrot cremyromtyio Hymeparuio: [I9T®-1; TI9BII-2; IIBX-3; [IOHII-4; I1I1-5; [1C-6; Bce ocTanbHbIE — 7.

2. YcTpaHeHre HENPHUATHOTO 3allaxa PeHUKIOBBIX IMOJIMMEPHBIX MATEPHAIOB. 3amax MPOSBISETCS OT MOJIOYHBIX OH-
JIOHOB, OYTBUIOK W3-TIOJl Macel | T.J. ¥ O0YCJIOBJICH 00Pa3yIONIMMUCS AJIbJCTUIAMU: alleTalbICIUI0M, IPOIaHaieM, OyTa-
HayieM U Jip. JIJIsl ero ycTpaHeHusl B pelUKIaT HEOOXOAMMO BBOAUTh HEMUTPHUPYIONIUI Ha IOBEPXHOCTh M3ICIIMHN MOJIHAII-
KWIeHUMUH. [Ipy SKCTpyANpOBaHUM Takas CMECh IPHOOPETAET CTAOMIBHOCTD U yXKe He UMeeT 3anaxa [21].

B Hameli crpane pa3paboTaHbl TEXHOJIOTHUECKHE IPUEMBI TEPEPAOOTKH OTAEIBHBIX OJINMEPOB B OTJEIbHbIE U3/1EINS
pasnuuHoro HazHauyeHus. Hampumep, orxonos I1D ruieHkH B TpyObl AJIsl CENBCKOTO XO3siicTBa MM BO BropuyHyro 10
wieHky [20] (puc. 2.6). Beimenmas n3 ynorpetienns [13 mieHka ¢ copepkaHneM MOCTOPOHHHUX IpuMecel He Oosee 5 %
CO CKJIaJIa CBIPhsSI IIOCTYIAeT Ha COPTUPOBKY [, B TIpoIIecce KOTOPO U3 Hee YIAISIOT CIydaifHble HHOPOIHBIC BKITIOYCHUS U
BEIOPAKOBBIBAIOT CHIIBHO 3arpsi3HEHHBIC KyCKH. [10oJOTHHINA W KyCKH IUICHKH, MPOMICAIINE COPTHPOBKY, M3MEIBYAIOT B
HOXKEBBIX JPOOMIKax 2 MOKPOTO WM CYXOTr0 M3MEIBUEHHS 1O TOIyYeHUs PBHIXJIOW MAcChl ¢ pa3MepamMu 9acTul 2...9 M,
M0/TaBaeMbIMH 3aT€M Ha OTMBIBKY B MOE€UHYIO MammHy 3. OTMBIBKY BEIyT B HECKOJIBKO IPHUEMOB CIEIIMAIbHBIMA MOIOIIIN-
MH cMecaMu. OTxkaryro B HeHTpudyre 4 maccy ¢ BiaxHoctbio 10...15 % mopaioT Ha okOHYaTeJbHOE 00E3BOKMBAHUE B
CYLIMJIBHYIO YCTAaHOBKY J, 10 OCTaTOYHOTo coaepskanus Biaru 0,2 %.

B skcrpyaepax 6 I1D yrmioTHseTCs, MIaBUTCS U (GOPMHUPYETCs B BUJIC KI'YTOB, TIOJaBACMBbIX ITOCIIC OXJIAKICHHS B BAHHAX



B rpanymsaTop 7. ['panynsl BropuaHoro I10 B cMmecurene 8§ cMemMBarOTCs ¢ MEPBUYHBIM ChIPheM B cooTHOIIeHHH 6 : 4. [Ipu
9TOM B CMECh MOT'YT OBITh BHECEHBI KPACUTENH, CTa0MIN3aTophl. [loyueHHyI0 cMech nepepadaThIBalOT METOIOM IKCTPY3UH 9
B IJICHOYHOM arperare /() ¢ moixydeHreM roToBoH NMPOAYKIMU — BTopruHOii I13 minenku.

1 2 4 5
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MPOAYKT

Puc. 2.5. Cxema npousBojacTBa BropuuHoii [1J Tapbl

TexHONOTHS TPAAUIIUOHHOTO MATEPUAIBHOTO PEIUKIA HE 00CCIIEYNBACT MMOyYSHHE PEIMKIIATOB, CPABHUMEBIX IO Ka-
YECTBY C ICPBUYHBIMU MOJIUMEPAMH B OCHOBHOM H3-3a TOT'O, YTO HE MOKET YAAJINUTH BCC 3arpsA3HCHUA U ITPUMECH, OCO6eH-
HO BHyTpeHHHE. Heobxoammo otaenenne moauMepoB apyr ot apyra. Hampumep, [TOX ot II9T®, Tak kak OHU HECOBMEC-
TUMBI JaXKe, eCId B Macce MpUcyTcTByeT ogHa OyTeuth u3 [IBX Ha 2000 OyThuteit [IDTD. K Tomy xe mpu mepepaboTke
[IBX BbIAENsI€TCA XJIOP.

3. Ilepectabmnm3anys PEUUKIOBBIX ITOJMMEPOB Ul TOIYYEHHUS W3S BRICOKOTO KadecTBa. [l 3Tux meneit B pe-
[IUKJIAT TPEAaraeTcs BBOAUTh TEPMO- U CBETOCTAOMIIM3ATOPHI, TaK Kak 0e3 HUX HOBBIC M3ICIH CTAapeiOT M Pa3liaraloTcs
3HAYUTENBHO OBICTpEE.

Wznenus s BHYTPEHHETO WCHOIB30BAaHUS CTAaOMIM3UPYIOT TepMocTadbminm3aropamu. Cradbmmuzamus [1I1 no3somnser
BEIIEpXKUBaTh Temriepatypy 150 °C mo XpymKoro coCTOSHHSA B TeUeHHE 22 THEH, B TO BpeMs Kak HeCTaOWIN3UPOBAHHBIN
coxpansiercs 16 nueit [1].

OTtxoner [IBX U3 OKOHHBIX MPOKJIAIOK Tocie 15 — 25 jer sKCIuTyaTaliy mocie CTadMIN3aii IMeeT MHIIEKC MOKel-
TeHUs B 2-3 pa3a MEHBIINH, YeM Y HeCTaOMIN3UPOBAHHOTO TTOIHMEPA.

Jnst Hapy’KHOTO (BHEIIIHETO) UCII0JIb30BAHUSI OCYILECTBIISIETCS CBeTocTabmi3anus win gorocradbmmuzanus. OT 3Toro
nocie 5000 4 B kamepe HCKyCCTBEHHOH MOTOABI YAapHas BA3KOCTh cHIDKaeTcs ¢ 750 mo 300 KI[)K/Mz.

2.3. CXEMA JIBJKEHI BUOPA3JIAT' AIOIINXCS ITOJIMMEPOB

3aBHCHMOCTB TOH OTpacIH OT 3armaca MUPOBBIX HEPTAHBIX PecypcoB oOmmen3BecTHA. M ecu mumeBast IpOMBIIIICH-
HOCTh Bce 0o0Jiee OPUEHTHPYETCS] Ha UCIOJIb30BAHHE XUMHUECKUX KOMIIOHEHTOB, 3aMEHSIOUINX HaTypalbHbIE, TO, KaK HU
CTPaHHO, B POM3BOCTBE MOIUATIIICHOB U MOJUIIPONIJICHOB HAOMIONAaeTCA KaK pa3 MPOTHUBOIIONOKHAS TEHIACHIUS. DKOJIO-
TH BCETO MHUpa BBICTYHAIOT 32 3aMEHY CHIPbEBOHM 0a3bl ATHX MaTepHAJIOB Ha HATYpPalbHBIC, B YaCTHOCTH, PACTHTEIHHBIC
KOMIIOHEHTHI.

«HedTsHOI» BOIpOC BOBIIEKAET B CBOIO chepy M HKOJOTHUECKUI aCHEeKT YTHIM3AIMK U 3aXOPOHEHHS OTXOJIOB ILIa-
CTMacCOBOM yIaKOBKH.

[TnacTrkoBast ynmakoBKa U3 «pacTUTEIIEHOTO» ChIPhSl — 36PHOBBIX, APEBECHHBI U T.JI. — Pa3JiaracTcs Ha IOJHOCTBIO Oe3omac-
HbIE COCTaBJISIOIIME: BO/Ly, OMOMacCy, TMOKCH] YIJIeposia U IPYTHUe eCTECTBEHHbIC MPHPOJHbIE COeANHEHMsI. AOCOIOTHASI KO-
JIOTUYHOCTB — BOT YTO OTJIMYAET OHOopas3iiaraeMyro YIIakoBKY OT Ipounx. K ToMy jke 3amachl pacTUTEIHHOTO CHIPhSI MOTYT BO300-
HOBJISITBCS] BEUHO.

Ucxonnas Touka mnpobiemsl — 1956 r., xorna ameprkanckuii reodpusuk M. Kuar XyOept Hadan myraTth oOLIeCTBEH-
HOCTh CKaHJAJIbHBIMHU MPOTHO3aMH O IPSIyIIEM HCTOLICHHMH MUPOBBIX 3a11acOB HE(PTH U Ta3a.

YacTp oco3HaHUsI HEPTSIHOW MPOOIIEMBI 3aKIIIOYAETCSl B TOM, YTO He()TeJOOBIBAIONINE KOMIIAHUH U HE ITBITAIOTCS MaK-
CUMH3HPOBATh H00bIYY HE()TH, XOTS OHU MOTJIH ObI 3TO c/IeIaTh. BCce CBOAMUTCS K OJHOMY: HYXKHO JIM BhIpAaOAThIBATh U Xpa-
HUTPH 0OJIBIIE, YEM 3TO HEOOXOIMMO MUPOBOMY HOTpebIeHHIO?

OCHOBHBIM TIPEIIATCTBHEM IS pa3BuTHs 6noruiacTukoB B CLIIA sBisieTcss OTCYTCTBHE B CTpaHE HHPPACTPYKTYPHI I1e-
pepaboTKH OTXOMIOB M M3TOTOBJIICHUS KOMIIOCTOB. AMEPHKAHCKUE CIICIIHAUCTEI YTBEPKIAIOT, YTO JIFOASIM HYXKHBI YH00-
PCHHSA, a HE CBAITKM.

B EBporie nHOM 1Moxxox K 3TUM BompocaM. Bo-mepBbix, TaM CyliecTByeT 0Ooliee pa3BeTBICHHAs MHPPACTPYKTypa
KOMIIOCTHPOBaHUS, a HACEJIEHHE C MOHMMAaHUEM OTHOCHTCS K BaXKHOCTH YTHJIM3AIIMM OTXOJOB M TOTOBO IEPEIIATUTH 3a
YIaKOBKY, €CJIH OHa, [0 CPABHEHUIO C IPYTUMH, OoJiee IKOIOTHYHA. BO-BTOPBIX, €BPOIEHCKOE 3aKOHOAATEIECTBO OJIarOBO-
JIUT K HUCIIOJIb30BAHUIO 6M0pa3naraeme YIIaKOBOYHBIX MaTCpHUAIOB, MbITAACh CKOOPAWMHUPOBATH AWPEKTUBBLI IO II€pEpa-
0OTKE OTXO/I0B, X 3aXOPOHEHHIO U CO3JIAHUIO CHCTEMBI KOMIIOCTOB. B mocieHeM nokiazie no eBporneiickoMy peIHKY OHO-
pasnaraeMbIX MaTepHaioB KOHCYIbTaHT (upMbl Frost&Sullivan Sl X9HKOK yKa3bIBaeT, 4TO «3HAUMMOCTH CO3JaHHS CHC-
TEMBI KOMITOCTOB JyIsi OMOpa3iaraeMbIX MaTepHaoB Hellb3s IepeolleHnTh. Korna OnoynakoBKu He IOJIBEpraloTcs KOMIIO-
CTHPOBAHUIO, a COOMPAIOTCSl M 3aXOPOHSIOTCS KaK OOBIYHBIA MyCOp WJIM BMECTE C HHUM, TO MX 3KOJIOTMYECKas [IEHHOCTb
cBonuTca Ha Her. Ecim OynyT nelicTBOBaThH CHeMaibHEIE IPOTPaMMBI IO cOOpy Onopa3imaraeMbIX YIaKOBOK, X Pa3Ieib-
HOMY CKJIAMPOBAHHUIO W MPUTOTOBICHHUIO KOMIIOCTHBIX SIM, TO SKOHOMHYECKasl IIEHHOCTh HOBOTO BHA YIIaKOBKU CTaHET
OUYEBUJIHOW».



[Tomyyaemas mieHKa 00JaaeT CTENEHBIO MPO3PAYHOCTH, PAHKHPYEMOH OT MOJYNPO3padyHOr 10 mpo3padHoi. [Ipo-
Hecc OMOpa3IoKeHUs YIaKOBKH MPOMCXOAUT B TeueHue 60 JHel npu KoHTakTe ¢ OakTepusMu U rpudkamu. [Ipennonarae-
Masi ppIHOYHAsI HUIIIA — MEIIKU AJIS MyCOpa, YIIaKOBKa ITHIIEBBIX MPOAYKTOB, OJJHOPA30Bas MOCya.

Buopaznaraemeie marepuansl Hemerkoir komnannn BASF mapku COPE u Ecoflex o0nmamaroT TeXHOIOTHYSCKHMU
CBOHCTBaMH, aHAJIOTMYHBIMU NOIKMATIIIEHYHH3KOH tuiotHOCTH (LDPE). ITnenku Ecoflex mMeroT BrICOKHE XapaKkTepHCTHKH
COIIPOTHUBJIEHUSI IPOKOJTY U BOJOHENPOHULaeMOCTH. IIpy 3TOM, B OT/IHYME OT NOIUATHUIEHOBO, OHU BO3LyXONPOHULIAEMBL.

Psin xoMmaHnii npeanaraloT MaTepHabl, B KOTOPBIX ITapaMeTpbl OMOPa3IoKeHNSI MOYKHO PETYJINPOBATh B THANa30HE
ot 60 mHel no 5 mer.

IIpennonaraemast cdepa npuMEHEHHUs — ABYOCHOOPHEHTHPOBAHHBIC YIMAKOBOYHbIEC NJIEHKH, JKECTKUE KOHTEHHEPHI U
Jaxke MokpbITHs. Komnanus yTBep)xaaeT, uro ynakoBka u3 PLA-monmmepa criocoOHa MONMHOCTBIO Pa3araThCsi B TCUCHUE
45 ngHel TP YCIIOBHH CO3/IaHMSI COOTBETCTBYIOIIEH CTPYKTYPHI KOMIIOCTHPOBAHHSL.

B oTBer koMnaHusi IPUBOAXT NapanokcanbHble Hudpsl. OKa3blBaeTCsl, B MUILY HAET JULIb | % 3epHOBBIX, IIPOU3BO-
JUMBIX B Mupe. OKOJI0 IOJOBUHBI BCETO yposkas UCIOJIb3yeTcs B KauecTBe KopMa Jutsd xHUBOTHBIX. Emte 10 % naer Ha usro-
TOBJICHUE caxapa U caxapo3ameHurelneil. «[IpousBoauTs OMopasiaraemple MaTepHaibl He 03HaYaeT B MPSIMOM CMBICIIE CJI0-
Ba Opartb xJ1ed ¢ yyxoro crona», — yreepxuaaer [lar I'pybep, npencrasurens Cargill Dow. — Epona, CILIA BbIpamuBaror
OTPOMHBIE KOJIMUECTBA IMIICHUIIBI, HE TIpeIHa3HaYeHHbIE IS UK. MBI XKe MOXKeM HCIIOIb30BaTh JJake CTEONIN KyKypy3-
HBIX PacTEHHH B Ka4eCTBE ChIpbs. 1 0701 — OUeHb CIIOXKHAsI KOMIUIEKCcHas mpobiema. Ckopee, 3TO MOJIMTHYECKHH BOTIPOC,
HEXKEITN TEXHOJIOTHYeCKHi. Ero pemenne BEIXOANT 32 paMKH YCHIIMH 110 co3faHuio oromnonmmeposy. Chepa npuMeHeHus
BO300HOBISIEMBIX PECYPCOB rOpa3zio MIMPE, 4YeM HHAyCTpus racTMace. Ha mpon3BoacTBO 11acTUKOB yxoauT MeHee 1 % ot
MHUPOBOH J0OBIYN HEPTH.

BHe 3aBucumocTu ot Toro, OyayT Jiu B Oipkaiilee BpeMsi HCTOLIEHBI MUPOBBIE 3arackl He()TH, OMOJETPaAaHThI IPH-
BJIEKYT K cebe elle 0oJbllie BHUMAHUS. YiKe ceifuac IieHbl Ha HeTh U NPUPOJIHBIA ra3 U UX MMOCTaBKH KpaiiHe HecTaOuIib-
Hbl. OiH 3TOT (hakTOp NOOYXKJaeT MPOM3BOANTENECH UCKAThH aJIbTEPHATUBHOE CHIPhE /ISl IPOU3BOICTBA TONIUMEPOB. ChIpbe
K€ PAcTUTENIBbHOE, MPUPOAHOE, JIETKO MOABEPraloIIeecs Pa3iokeHUI0, — JIYUIIHHA BBIXOA. A TEXHHUECKHE XapaKTePHUCTUKU
OuolerpagaHToOB Ha JaHHBI MOMEHT HE YCTYIIAIOT UX «HE(TSIHBIMY» aHaloraM.

Tepmun «biodegradable polymer» cranm HeOTheMIIEMOI YacThIO «3€JIEHOTO CIIOBAPs» CPaBHUTEILHO HenasHo. [lepBo-
HavyallbHO YCWJIMS MCCIIEIoBaTeNied B 00J1acTH CHHTE3a MOJIMMEPOB ObUTH HalpaBJIeHbl HA CO3JaHHE MAaTEpUAJIOB, OTIMYAIO-
IIUXCSI UCKITIOYMTENIFHO BBICOKOM CTOMKOCTBIO K BO3JIEHCTBHIO (haKTOPOB» OKpY’Karomieil cpeapl. YTpo3a HapylieHus: Ouo-
cdepHOro paBHOBECHS HA IUIAHETE MOJMMEPHBIMH OTXOAAMHM ITOKa3ayla BCIO CIIOXKHOCTB MPOOJIEMBI MCIOJIB30BAHMUS OJINMeE-
POB, HHEPTHBIX K OKPYXKAIOIIEH Cpese U CIOCOOHBIX COXPAHATH IPHUCYIINE UM CBOICTBA HEM3MEHHBIMU B T€UCHUE JUTUTENb-
HOTO BPEMEHH.

Ha coBpemeHHOM 3Tane pa3BUTHs OOILIECTBA BO3HUK HOBBIN MOAXOA K pa3paOOTKe MOJMMEPHBIX MaTepHaloB, JUa-
METPAIBHO NMPOTHBOIOJIOKHBIA TPaAUIHOHHOMY. OH UMEET LEJIbI0 MOTy4YeHHE OINMEPOB, KOTOPBIE COXPAHSIOT SKCILTya-
TAIIMOHHBIE XapaKTEPUCTHKU TOJIKO B TEYEHHUE MNepHoja MOTpeOsIeHHs, a 3aTeM IpeTepreBaoT (PU3HKO-XMMHUUECKHE M
OuosIorMYecKue IpeBpalleHus o] AeHCTBUEM (aKTOPOB OKPY’KarOLIEeH Cpelibl U JIETKO BKIIIOYAIOTCS B IIPOLECCHl MeTabo-
JM3Ma PUPOAHBIX OrocucTeM. CriocOOHOCTB TTOJIMMEPOB pas3iiaraTbCs M yCBaUBaTHCSI MUKPOOPTaHM3MaMH 3aBUCHT OT psizia
MX CTPYKTYpPHBIX XapakTepucTHK. Hanbosee BaXXHBIMU SIBIISIIOTCS XMUMHYECKasi IPUPOJIa MOJIMMEpa, MOJIEKyJIsipHas Macca,
Pa3BETBIEHHOCTh MaKpoLeny (HaJudie U Mprupoia OOKOBBIX TPYIIT), HAIMOJIEKYJISIpHAsk CTPYKTYpa.

[IpuponHble M CHHTETUYECKHE TTOJIMMEPBI, COJIepIKaIlne CBSI3H, KOTOPBIE JIETKO ITOBEPTraloTCs THAPOIN3Y, 001a1atoT
BBICOKOI CITOCOOHOCTBIO K OnoaecTpykiu. [IpucyTcTBue 3amectuTesneil B MOJMMEPHON LEMH YacTO CIIOCOOCTBYET IOBBI-
MIeHNI0 OnonecTpykTHpyeMocTH. Ilociennss 3aBUCUT TakKe OT CTEIICHM 3aMELICHUs LN M UIMHBI €€ YYaCTKOB MEXIY
(YHKIIMOHATBHBIMH TPYTIIAMHU, THOKOCTH MaKpOMOJIEKYJI.

BaxHpIM (hakTOpOM, KOTOPBII OIpeesieT CTOHKOCTh MoJMMepa K OMOpa3sIoKEHHIO, SBIISSTCS BENUYMHA €ro MoJle-
Kyl. B To Bpemsi kKak MOHOMEPBI HMJIH OJIMTOMEPHI MOTYT OBITh MTOPa’KEHBI MUKPOOPTraHN3MaMH U CIIy’KaT Ul HUX UCTOYHU-
KOM YTJIepo/Jia, OJIUMEPHI C OOJIBIION MOJIEKYJIIPHOW MACCOH SIBJSIFOTCSI CTOWKMMH K JAEHCTBUIO MUKPOOPraHn3MoB. brose-
CTPYKLUIO OOJBUIMHCTBA TEXHUYECKHUX MOJIMMEPOB, KaK IPaBHIIO0, MHULIUHUPYIOT ITPOLIeCCaM HeOMOJIOTMUECKOTro XapaKkTepa
(TepMuueckoe U pOTOOKUCIICHHE, TEPMOJIN3, MEXaHUYECKasl JAerpajanuus 1 T.11.). YOMSHYTbIe JerpaJalliOHHbIE POLECCHI
NPUBOJST K CHW)KEHHUIO MOJIEKYJISIPHOW Macchl rmonuMepa. [Ipu 3ToM BO3HHMKAIOT HU3KOMOJIEKYIJISIPHBIE OHOAaCCHMUIINpYe-
Mble ()parMeHThl, UMEIONIe Ha KOHIAX LENH THAPOKCHIIbHBIE, KapOOHMIbHBIE WM KapOOKCHIbHBIE rpynmbl. He menee
3HAYUMBIM (DaKTOPOM, OKa3bIBAIOLIMM BJIMSHHE Ha OMOJETpaJaluio, SIBISETCS HaJIMOJIEKYJSIpHAs CTPYKTypa CHHTETHYe-
CKHUX moiuMepoB. KoMmakTHOE pacrionokeHne CTPYKTYPHBIX (PparMeHTOB MOyKPUCTAUINIECKIX W KPUCTAIUTMYECKHUX TI0-
JMMEPOB OTPAHNYMBACT UX HAOyXaHHWE B BOJE U MPEMATCTBYET NPOHUKHOBEHUIO ()EPMEHTOB B MOJIMMEPHYIO MaTpPUILy. DTO
3aTpyAHSET Bo3AeiicTBHE (PEPMEHTOB HE TOJIBKO HA TIIABHYIO YIIIEPOAHYIO LIeNb ONIUMeEpa, HO U Ha OGropaspyliaeMble Jac-
TH 1enu. AMop¢Has 4acTh MOJIMMEpPa BCETAa MEHEE CTOWKA K OMOJECTPYKLUH, YeM KpUcTamandeckas. M3BecTHsI pas3mmy-
HBIE TEXHOJIOTHYIECKUE TTOAXObI K CO3aHUI0 OMopasiaraeMslx MoauMepoB. Cpenn HUX MOXKHO BBIICIHUTD CIEAYIOIINE Ha-
npasyieHus. CeNlekiys CrelHanbHbIX ITaMMOB MHUKPOOPIaHU3MOB, CIIOCOOHBIX OCYIIECTBIATH JECTPYKIHMIO MOJMMEPOB.
IToxa 3T0 HampaBieHHE YBEHYAIOCh yCIIEXOM TOJBKO B OTHOIIEHHWH MOJIMBUHUIOBOTO CIIUpTa. SIMOHCKHE yUeHBIE BBIIENU-
a1 U3 nouBbl Oakrepun Pseudomonas SP, xoTopble BbIpaOaThIBAIOT ()EPMEHT, PACUICIUISIONINI MOJIMBUHUIOBBIN CIIHPT.
[Nocne pa3noxeHns: Makpouenu ee hparMeHTHI MOJHOCTHIO ycBauBaroTcst Oakrepusimu. bakrepun Pseudomonas 106aBisitoT k
AKTUBHOMY WJIy HA BOJOOYHCTHBIX COOPY)KEHHMSIX JUIsl O0JIee TIOJTHOM OYMCTKH CTOYHBIX BOJ| OT 3TOT'O ITOJIMMEpa.

Anrmmiickas ¢upma «ICI» co3mana HOBBIE MONMMMEPHBIE MaTEPUAIEI, ITOTydaeMble ¢ TMTOMOINBI0 OaKTepHil Ha HATY-
pampHBIX cyOcTpaTax: caxape, staHoie, cmecu ra3oB (CO, um H,). CuHTesupyemblii OakTepusaMH TOJIAMEp — MOIH-3-



THIPOKCHOYTHPAT — OTHOCUTCS K TEPMOIUIACTaM H 110 CBOMM (PM3MIECKUM CBOWCTBAM aHAJIOTWYCH mojunpomnwieny. OqHa-
KO OH HEYCTONMYMB K JEHCTBHUIO PACTBOPHUTENECH M MMEET HMU3KYIO TEeMJIOCTOMKOCTh. B monu-3-runpoxkcuOyTupar BBOASAT
JIPYTO#l POAYKT OaKTEPHAIBLHOIO CHHTE3a — MOJH-3-THIPOKCHBAICPHAHOBYIO KUCIIOTY U MOJYYarOT MOJUMEPHYIO KOMITO-
sunuto BiopolTM, koTopast MOTHOCTHIO pa3pyIIaeTcss MUKPOOPTaHU3MAMHU B TEUCHUE HECKOJIBKUX HEMICNb.

Cunmes buopasnazaemvix NOAUMEPHBIX MAMEPUATO8, UMEIOWUX XUMULECKVIO CIMPYKIMYDPY, CXOOHVIO CO CIMPYKMYPOU
npupooHvIX noaumMepos. [IpuMepoM Takoro CHHTE3a SIBIISICTCSI TIOANAIOIIMNCS OHMOACCTPYKIIMH CIOXKHBIN oamddup amuda-
THYECKOTO psia, UMCEIOUINA XHUMHUYECKYI0 CTPYKTYpYy, aHAJOTHYHYIO CTPYKTYpe MOJIMOKCHAIETOOyTHpaTa MeJUTIOIO3EI.
CHHTETHYECKH TIONYYEHBI IMOJIMMEPHI: aHAJIOT JIMTHUHA (METOKCHOKCHUCTHPON); OHOAECTPYKTUPYEMBI NMOJIHMAMUM;, pa3py-
MIAIONUICS MUKPOOPTaHN3MaMH CIIOKHBIA OIH3(HUP, B COCTaB KOTOPOTO BXOAAT MOJIOYHAS U (DEHIIIMOJIOYHASL KUCIIOTHI.

Pa3paboTka MaTepranoB, IPOU3BOAMMBIX C HCIIOJIF30BaHIEM BO30OHOBISIOMINXCA OMOIOTHIECKUX PeCcypcoB. B cBs3n
C TeM, YTO TPAIWIMOHHBIC MCTOYHUKU CBHIPBS I CHHTE3a IMOJIMMEPOB OTPAHWYCHBI, JAaHHOE HANpaBJIEHHE, 10 OIEHKaM
CIICHHUAJIMCTOB, ABJIACTCA Han60ﬂee MEPCHECKTUBHBIM U 9KOHOMUYCCKH BbIT'OJJHBIM. KpOMe TOT'0, €CTb MHCHUEC, YTO IMPUME-
HEHUE TaKUX MaTepUaJiOB YMEHBIINT «IIAPHUKOBBIH 3PdeKT», Tak Kak BbIpalllMBaeMOe AJIsl UX [TPOU3BOJICTBA PACTHTEILHOE
CBHIpbE TIOTJIONIAET YTIAEKUCIIBIN Ta3.

W3BecTHBI CIenyroNue TEXHOJIOTHYSCKUE PEIICHUS: UCTIONB30BaHUE PUPOIHBIX MMOJUMEPOB JIs IPOU3BOJCTBA OHO-
pasiaracMbIX MaTepHajoB. B ymakoBOYHOW OTpaciu MIMPOKO PAaCHpOCTPAHEHBI TUICHKHA Ha OCHOBE IEILTFOJIO3BI, XUTHHA U
XUTO3aHa, JKENATHHA, TOJIUIIENTHIOB U 1Ip. B mocnenHue romsl BO3poc MHTEpPEC K KpaxMmally Kak K OJHOMY H3 Hamboiee
JIEIIEBBIX BUIOB CBHIPHsI ISl OPTaHM3AIHN TPOMBIIIICHHOTO TIPOU3BOACTBA OMOIUTacTHKOB. Kpaxmai — monucaxapun, Haka-
TUTMBAaEMBII B MPOIIECCe KU3HEACITEIBPHOCTH PACTCHUN B MX KIIyOHSX, CEMEHaX, CTeONAX U NUCThIX. OCHOBHBIMU MCTOY-
HUKaMH JUIsl €r0 MPOMBIIIJICHHOTO MTPOM3BOICTBA SIBIISIOTCS KapTodens, MiIeHuIa, KyKypy3a, puc. B pacreHusx kpaxman
MPUCYTCTBYET B BHJIE TPaHyJI, TUaMETp KOTOPHIX Konebuercs oT 2 1o 100 mkm. CTpyKTypa 3THX HaIMOJEKYJISIPHBIX 00pa-
30BaHUI CIIOKHA W OKa3bIBAET CYIIECTBEHHOE BIMIHNE Ha (QU3MUECKUE M TEXHOJIOTHYECKHE CBOMCTBA Kpaxmaia. B unctom
BUJIC KpaxMajl HE SBJISETCS IJICHKOOOPA3YIOIIMM BEIICCTBOM, [TO3TOMY €ro mepepaboTKa Ha CTAHAAPTHOM TEXHOJIOTHYE-
CKOM 000pyIOBaHUHU (IKCTPYAEpax, JUThEBBIX MAIIHHAX M JP.) BO3MOXKHA TOJBKO COBMECTHO ¢ Iuiactudukaropamu. Ilo-
CKOJIBKY KpaxMaJl SBJISICTCS TUITUYHBIM THIPOGUIEHBIM MOJMMEPOM, OH MOXeT conepxath 10 30...40 % cBsI3aHHOI BIIATH.
DT0 CBOMCTBO MO3BOJISIET UCIIOIB30BATH BOY KaK OJUH M3 HAHOOJEE TOCTYIHBIX TIACTH()HUKATOPOB Kpaxmana. Takoro po-
Jla TUTacTH(UKANKS MPOBOAUTCS NPU OJHOBPEMCHHOM BO3ICHCTBHH TEMIIEPATYpPhl U MEXaHWYECKHUX HampsDkeHWi. B pe-
3yJIbTaTe MPOUCXOMAT 3HAUYUTEIbHBIC M3MEHEHUS (DPU3NIECKUX M MEXaHHUECKUX CBOWCTB Kpaxmana. [Imactuduuupyromee
JIeficTBHE HAa KpaXMall OKa3bIBalOT TAK)KE TIUIEPHH U OJUTOMEPHBIEC MOMUTITHKOIH. OOBIYHO WX UCTIOIB3YIOT B COYCTAHHIH C
Bomoi. M3 kpaxmana, miacTU(UIIMPOBAHHOTO BOJOW WM OPYTUMH THIPOKCHIICONEPKAIIUME BEIIECTBAMH, METOIaMHU
KOMITPECCHOHHOTO MPECCOBAHUS U DKCTPY3UH (POPMYIOT TEPMOILIACTUYHBIE MaTepHasbl OJHOPA30BOTO HIIM HEIOJTOBpe-
MEHHOTO MPUMEHEHHS.

CyIHECTBeHHI)IM HCOCTATKOM TAaKUX MATCPUAJIOB ABJIACTCA HUX HECTOMKOCTh K )leﬁCTBMIO BOJHI. HOSTOMy 60ﬂblﬂoe
YKCJI0 UCCICIOBAHUMN TOCIICAHUX JICT MOCBSAIICHO CMECSM Kpaxmaja ¢ APYTHMMU IPUPOAHBIMU MOJHMMEPaMHU, TAKUMH, KaK
TMEKTUHBI, HEJUII0JI03a U APYTUC, WIIK C TPOAYKTaMHU UX XUMHYECKON MOZ[I/l(l)I/IKaIlI/Il/I.

DKcTpy3uel cMecel KyKypy3HOTO KpaxMaia ¥ MUKPOKPHCTALUTHYECKON ISIUTFONIO3bI M METHIIIIEIUTION03EI ¢ JT00aBKa-
MU IDTaCTU(PHUKATOPOB (MIOJIHOJIOB) WK 0€3 HUX IMOJyYeHBI CheJTOOHBIC TUICHKH, PEAHA3HAYCHHBIC JIUIS 3alIUThHI MUIIEBBIX
MPOAYKTOB OT IMOTEPHU MACCHI (3a CUET CHIDKCHHS CKOPOCTH MCIApEHHS BIIary) u mopyu. [IneHku 001a1aroT BBICOKOH copO-
IIUOHHOW CIIOCOOHOCTHIO (B TOM YHCIIE K PaIHOHYKIAIAM, HOHAM TSDKEJIBIX METAUIOB M Jp. BPEAHBIM COSIMHEHHSIM), YTO
MpeoIpeeNsieT WX MOJOXHUTENbHOE (U3NOJIOTHYECKoe BO3leiicTBre Ha opraHm3M. CrocoOHOCTh ChETOOHBIX IUIEHOK
yIepkuBaTh (MMMOOWIN3UPOBATH) PAa3IMYHbIE COSIUHEHHS MO3BOJSIET 00oraiarh IPOAYKThl MUTAHKS MOJIE3HBIMH Bellle-
cTBaMH (MHUHEpalIbHBIMU COJISIMH, BUTAMUHAMH, KOMIUIEKCAMUA MHUKPOAJIEMEHTOB U T.IL.), KOMICHCHPYS NeQUIUT 3TUX He-
00XOAMMBIX YeJIOBEKY KOMIIOHEHTOB MUIIK. BO3MOXHO BBEJCHHE B CheAOOHYIO IUIEHKY CHENHANBHBIX J00aBOK (apomaru-
3aTOPOB, KpacUTelei) sl PeryIUPOBaHUS BKYCO-apPOMATHYCCKUX CBOIMCTB YIIAaKOBAHHOTO IMUILEBOrO MPOIyKTa. MeToaoM
WHXXCKIIMOHHOT'O (bOpMOBaHI/IH TMOJIYUCHBI HﬂaCTl/I(bl/IIJ,I/IPOBaHH])Ie TPUALCTUWITIIUMLICPUHOM TEPMOIUIACTUYHBIC TUICHKU U3
cMecH KapTo(esbHOrO WM KyKYPY3HOTO KpaxMaioB ¢ auareroM Iesnnrono3sl (JJALL). [To cBouM MeXaHHYECKHUM CBOMCT-
BaM OHH OJIM3KH K IUICHKAM W3 MOJIMCTHPOJA, HO CIOCOOHBI K Onoaerpamanuu. [Ipornece OHOpas3noKeHUss KOMIIO3HUITUOH-
HBIX TUICHOK HAYMHACTCS ¢ Kpaxmalia U mactudukaTopa, mocjie yero Haunnaercs nectpykuus JALl. Marepuaisl Ha OCHO-
B€ KpaxMayia MOJKHO TaK)Ke MOJTYYUTh XUMUICCKON MOAU(DUKAINCH, 3aKITFOYAFONICHCS B IPOBEICHUH ITOJTUMEPaHAIOTHIHBIX
MpeBpaieHnH (Jaie BCero myTeM dTepr(UKay THAPOKCHIIFHBIX TPYII) WK BO BBEICHUH B MaKPOMOJICKYITy ITOJIUCAXapH-
Ia pparMeHTOB MHOM XMMUYECKON PUPOSH (TTOIyIeHHE MPUBUTHIX COMOIMMEPOB). 3HAYUTEIFHO MEHBINEH THTPOCKOIIMIHO-
CTBIO, YeM HATUBHBIN Kpaxmall, 00JIaJafoT ero aleTHINPOBaHHBIC TPOAYKTEL. OJHAKO aleTaThl KpaxManaa MeHee CIIOCOOHBI
K OMOpa3noXeHUI0, TaK KaK 3TepH(UKaLUsI MPEMITCTBYET BO3ICHCTBHIO 3H3MMOB Ha Kpaxmaisl. V3 BBICOKO3aMEIIEHHOTO
arerata KyKypy3HOro Kpaxmalja IO 3KCTPY3HOHHOHM TEXHOJIOTHH ITONyYeHBI BCIIEHEHHBIE YIAKOBOYHBIE MATEPHAJbI, 110
IJIaCTUYHOCTU; U MPOYHOCTU NPHU CKATHU MPEBOCXOAANUEC BCIICHCHHBIC MMOJMCTUPOJIBI. B kauecTBe TNEPCHCKTUBHBIX KOM-
MO3MIMN MPEJIAraloTCsl CMECH alWIbHBIX MPOU3BOMHBIX KpaxMaia ¢ JAPYyrdM OuopasjiaraeéMbIM IMOJUMEPOM — IOJIU-3-
ruApoKkcuOyTupaToM. Ha MUpOBOM pBIHKE YIAKOBKHM IpyIia OMopasiaraeMbiX IUIACTHKOB Ha OCHOBE MPUPOJIHBIX MOJIHMe-
pos npencrapnena Mmatepuaiamu NovonTM, BiopacTM, BiocetaTM, BioflexTM.

THonyuenue cononumepos, 6 MOIEKYIAPHBIE YENU KOMOPBIX BXO0SIM JIe2KO paspyuarouuecs noo oeticmsauem MuKpoop-
2aHU3BMO8 XUMUYECKUe C813U. ITO JOCTUTACTCS METOAAMU COMTOIUMEPHU3AIMH TPUPOIHBIX, JISTKO JECTPYKTUPYEMBIX U CHH-
TETHUYECKUX coennHeHnHd. CHHTE3NPOBaH MOJIIMYPETaH, COACP KA HI3KOMOJIEKYISIPHYIO LIEJUTION03y WA aMuiIo3y. Me-
TOIaMU TPUBUTOH COTIOIMMEPU3AIIUH H3TOTOBIICHBI COMTOIMMEPHI IOy PeTaHa ¢ KpaxMallOM U IeJUTFONI030H, OCYIIECTBICH



CHHTE3 COIIOJIMMEPA, COCTOSIIEr0 M3 MOJIMATHIAKpHiaTa U skenatuHa. OZHAKO 10 HACTOAIIETO BPEMEHU HE pelieHa Mpo-
OneMa JIeCTpyKIMU CUHTETHYECKOT0 0CTaTKa, 00pa3yroIerocs mocje NOJIHOTO pa3pyLeHuUs IPUPOIHOTO MOJMMeEpa.

Coz0anue KomMnosuyuil, co0epiIcauux Kpome 6blCOKOMONEKYIAPHOL OCHOBbI OpeaHudecKue HanoiHumenu (Kpaxmai,
Yeno103y, AMUL03Y, AMULONEKMUH, OeKCIPUH U Op.), AGIAWUeCs NUMAMenIbHOU cpedoll 051 MUKpoopeanusmos. Hanbo-
Jiee JeIEBBIM METOJIOM TOJyUEeHHs] KOMIIO3HIMI «IOJIMMEP — HAITOJIHHUTENEY SBISIETCS MPSIMOE CMEIIMBAHNE KOMIIOHEHTOB. B
9TOM CITy4ae HarloJHUTENb IIPUCYTCTBYET B INIACTHKE B BHJIe KOHIIIoMeparoB pasmepoM 10...100 mxM. BennunHa MakpoyacTun
ompenensercs: YHeprueil Mexx(a3HoOro B3aMMOICHCTBHS M CIBUTOBBIM HAIIPsDKEHHEM B TIpoIiecce SKCTPy3uH. [lomydaeHHbIi
W3 TaKOH CMECH MaTepHall SBIIETCS YaCTUYHO OMOpa3iaraeMbIM, TaK KaK MaTpPHIla CHHTETHYECKOTO ITOMMEpa B IyUIIeM
clIydae pacmanaercs Ha Kycodkd. [Ipy cMemMBaHUN HAIOHUTENS C CHHTETHIECKUM MTOJIMMEPOM Ha MHKPOYPOBHE (pa3mep
gacTur MeHee 10 MKM) KOMIIOHEHTHI CMecH 00pa3yioT B3aNMOIPOHHUKAIONIYIO CETYATYI0 CTPYKTYpY, KOTopas o0ecreynBa-
€T HaOJHEHHOMY HoJuMepy 3(h(HeKT TOomoTHUTENbHON AecTpyKiun. Kak H3BecTHO, HAITOITHUTEIh MOXKET CKAITUBAThCS B
MeHee YIOpsIOYeHHBIX 00J1acTsIX nonuMmepa. [103ToMy Ipu yHUYTOKEHUH HAIOJHUTENS OaKkTepHsMH 00JierdaeTcst JOCTYII
MHKPOOPIaHM3MOB K MEHEe CTOWKOM MO OTHOILEHHIO K OMOAECTPYKLUH YacTH nonuMmepa. [1o cpaBHEHHIO € TepMOIUIaCTaMU
Ha OCHOBE IUIACTU(HUIMPOBAHHOTIO KpaxMaia OHH YAa4HO COYETalM TEXHOJOIMYHOCTh U BBICOKHME IKCIUTyaTallMOHHbBIE Xa-
PaKTEpPUCTHKH, IPUCYIIHE CHHTETHYECKOMY KOMITIOHEHTY, CO CIIOCOOHOCTBIO K OMOAECTPYKLIUH, 00YCIIOBJICHHON HAJTMYHEM
B MIX COCTaBe MPUPOTHOTO MoIuMepa (KpaxMaia).

UYarre Bcero KpaxmajaoM MOIUGHUIIMPOBAIH ITONUATHIICH — TUTACTHK, HanOoJee BOCTPEOOBAaHHEIN HE TOJIBKO B HHIYCT-
pHUH YIIAKOBKH, HO UMCIOIIUI IIUPOKUA JUAra30H UCIOIh30BAHUS B MHINEBON M JICTKOH MPOMBIIUICHHOCTH, MEIUIIMHE U
IPYTUAX OTpacisx. s momydeHns TepMOIUIaCTUYHBIX CMECEU «IIONMMep—KpaxMalny MOJUcaxapua OOBITHO IHIACTHQHUIIH-
POBaJH MIMLEPUHOM U Bo#oil. CMemInBaHne KOMIIOHEHTOB OCYIIECTBIISUIOCH B IKCTpyAepe npu temneparype 150 °C. buo-
pa3nokeHne KOMITO3MIIMOHHOTO MaTepHalia, IMOJIyYeHHOTO IO TaKOW TEXHOJOTHWH, HAYMHAJIOCH C IOBEPXHOCTH IUICHKH,
oborarieHHo# kpaxmanom. [y uHTeHcHpHUKau OHOAESCTPYKLUH B COCTAB KOMITO3ULIMI BBOAMIN (DOTOCEHCHOMITN3ATOPEI
WJIM CAaMOOKUCIISIFOLIMECS] 100aBKH, BBI3BIBAIOIIUE IECTPYKIMIO MOJMMEPHON Lenu ¢ 00pa30BaHHEM y4acTKOB, JOCTATOYHO
MaJIbIX JJIA TOTO, I-ITO6I)I OBITH YCBOCHHBIMH MUKPOOPraHu3MaMHu.

Cpenu KOMMEpYeCKUX IPOJYKTOB, M3TOTOBJIEHHBIX HA OCHOBE KOMIIO3UIIMHI «IONMATUIIEH—KPaXxMai» CIIeAyeT Ha3BaTh
paspaboranubiii pupmoii «Archer Daniels Midland» (CILA) xonuentpar PolycleanTM mnst mpousBoacTBa Ouopasinarae-
MBbIX IuIeHOK. Kpome kpaxmana (40 %) B ero coctaB BXOJIUT OKHCIISIOIIAs 100aBKa, AeHCTBYOMas Kak KaTajau3aTrop Onoe-
CTPYKIIMH KpaxMaja He TOJBKO Ha CBETY, HO U B TeMHOTe. Dupma «St. Sawrence Starchy (CILIA) mpemiaraer KOHIIEHTPAT
EcostarplusTM. OH comepXuT caMOOKHCIHUTETh U (POTOAerpagaHT (OpraHOMETAIUTMYECKHIE CONH), KOTOPBI CHHEPTUIECKU
B3aHMOJICHCTBYET C OMOPa3pyIIAIOIINM KOMIIOHEHTOM — KpaxMalioM. MaTepuall HCIONb3yeTcsl Kak Jo0aBKa IMPH U3TOTOB-
JICHUW MEIIKOB I10/T KOMITOCT.

Kpaxman mioxo cOBMECTUM C HETOJISIPHBIM TOJHITHIICHOM, TIOATOMY COBPEMEHHBIE HCCIEIOBAHUS MO YIYYIICHUIO
CpoacTBa NPHUPOJHOIO0 U CUHTETHUYCCKOI'O MOJIMMEPOB MPOBOAATCA B IBYX HAIIPABJICHUAX!

1) nonyyeHune cMeceit Kpaxmaia ¢ CONoJIMMEPaMH ITUIICHA HITH JPYTHMH, OoJiee MOJSIPHBIMU TT0JIMMEPaMU;

2) Moan(ULIMPOBaHUE KPAXMAJIOB C 1110 IOBBIIICHHS UX COBMECTHMOCTH C IOJIMITHICHOM.

Hawubornee gacTo B cMecsx ¢ KpaxMaJloM HCIIOJIB3YIOT COIIOJIMMEpPHI 3THieHa ¢ BuHmianeratoM (COBA) wm npoayk-
TBI OMBIJICHUSI alleTaTHBIX TPYIII B 3THX corojuMepax. M3ydeHsl Takke KOMIIO3UIIMU KpaxMalla C COTIOJIMMEPOM JTHIIEHA U
MPOTMIIEHA, HOJIUCTHPOJIOM. DKCTPY3HEH MOJIy4eHbl CMECH KPaXMaJIOB BOCKOBOW MIIM HATUBHOM KyKYypY3bl, & TaKKe BBICO-
KOaMHIJIO3HOTO Kpaxmana Mapku Hylon ¢ comonmmepom stuieHa u BuHmioBoro cnmpra (OBC, 56 % 3senreB CH,CH(OH)).

Xopomo (HopMyrOTCsS KOMITO3UIIMKA KpaxMajia ¢ COIOJIMMEPOM JTHIICHA, TPONHJICHA M MaJeWHOBOTO aHTHIPHIA, a
TaKXe C COMOJIMMEPOM IMOJUCTHPOIIa U MAJIEUHOBOTO aHTuApuAa. OHM 00JIaAal0T YAOBIETBOPUTEIHHBIMA MEXaHHYECKIMU
XapaKTEePUCTUKAMH U CIIOCOOHBI K OMOPa3NIokKEHUIO 1Mo feiicTBreM criop rpubkoB Penicillium fimiculogum.

B oTHOIIEHUN yIIydIIeHHs CPOACTBA C HETOJSIPHBIMH MTOJMMEpaMH TUIA TONHMATHIICHA U MOJHUIIPOIMICHA TePCIeK-
TUBHBIMU SIBIISIFOTCSL D(UPBI KpaxMalla U BBICHIMX XKHUPHBIX KUCJIOT. [Ipnuem a¢upHbIe TPYNIIbI C [UIMHHBIMHU alKUIbHBIMH
paauKajiaMu HE TOJIBKO YBCIIMYUBAIOT COBMECTUMOCTDL KpaxMaJia C HEIMOJAPHBIM CUHTCTUYCCKUM KOMIIOHCHTOM, HO U Jleﬁ-
CTBYIOT KaK BHYTpeHHHE TuiacTuukaropsl. OHAKO CKOPOCTh OMOJETPaaliii TaKUX KOMIIO3UTOB II0 CPaBHEHHUIO CO CMe-
CSIMH «TIOJIMATHIEHHEMO (P UIIMPOBAHHBIA KpaxMaiDy MeHbIIE. 113 cMecH MOIMITHIIEHA BHICOKOTO JaBICHHUS M Kpaxmala,
MOJM(UIIMPOBAHHOTO BBEJACHUEM B €r0 MOJICKYJIbI XOJIECTEPHHOBBIX OCTaTKOB, IOJY4€HBI pa3ayBHbIe IIeHKH. [lo cpaBHe-
HUIO C MaTepHallaMHi W3 HATHBHOTO KpaxMala IUICHKH OoJiee OJHOPOITHBI M XapaKTepU3YIOTCS OONBIIeH MPOYHOCTHIO. VX
Omopmerpamganusi B KOMIIOCTE IPOXOTUT OBICTpee, OYCBHIHO, 3a CUET Pa3phIXJIICHUS CTPYKTYPHI KpaxMaina KpYIHBIME XOJe-
CTepUHOBEIMH (pparmMeHTaMu. Hanboree M3BECTHBIM M KPYITHOTOHHAXKHO BBHIITYCKAEMBIM CHHTETHYECKHM MPOIAYKTOM, CO-
JIepKaliM B Ka4eCTBE aKTHBHOTO OMOpAa3jiaraeMoro HarmoJHHUTENs KpaxMmai, siBisieTcs Matepuan Mater-BiTM (mapku AT
05H, AF 05H, A 105H, AB 05H, AB 06H, AF 10H). Ero npomsInieHHOE TPON3BOACTBO OCyInecTBiIsAeT ¢pupma Novamont
S.p.A (Mranus). KoMmo3uT morydaroT Ha OCHOBE CMECH Kpaxmalia ¢ moymkanpoiakronoM mwin OBC. OH BEICOKO S5KOHOMH-
YeH, MMOJBEpraeTcs BTOpuYHOM nepepadborke. CTOUMOCTh — 60 ThIC. HTANIBSIHCKUX JiUp 3a 1 Kr. Pa3maraercst B mo4Be Kak B
a’pOOHBIX, TaK U B aHA3POOHBIX YCIOBUSX 0€3 BBIJEICHUS BPEIHBIX POJYKTOB U TBEP/BIX OCTaTKOB 3a 60 cyToK. ITOT Ma-
Tepuall ClIocOOEH TaKKe pasiiaraThcsi B BOAE U KomrocTe. B BoiHOI cpene ObICTpo BhIMbIBaeTCs miactudukarop. OCHOBHbBIE
CIIOCO0BI TepepadoTKU (B 3aBUCHMOCTH OT MapKH) — 9KCTPY3Hs (B TOM YHCIIE C MOCIEAYIOIUM pa3yBaHHEM 3aroTOBKH),
TepMO(OPMOBaHHE, JINTHE O] IaBJIICHHEM, ITaMIToBKa. Kak 0/JHO M3 HOBBIX HalpaBJICHUH pelIeHHs MpoOJIeMbI IIacTMac-
COBBIX OTXOJIOB SIBIISIETCS CO3JaHHE BTOPOTO ITOKOJCHHS IUIACTHKOB — OWonerpanabenbHbBIX, CIIOCOOHBIX pa3liaraThCs B
MPUPOIHBIX YCIOBUAX MO IEHCTBHEM MHUKPOOPTAHH3MOB 10 0€3BPEIHBIX COCTABIISIOIIX.



B cBs13u ¢ 3THUM OIpeAeNoTCs My TH CO3JaHus 0MoAerpagadebHbIX OIUMEPOB:
— cuHTe3 OnojerpaadenbHbIX MOJIMMEPOB C TOMOUIBI0 MUKPOOPTaHU3MOB (OMOTIOIMA(GUPHI, OHOMOICcaXapribl);
— Ouopaziaraemble MOJMMEpPhI Ha OCHOBE MPHUPOIHBIX BEIECTB (IPUPOHBIE Mocaxapuabl, cMecu [10 ¢ kpaxmaniom);
— TOJy4aeMble METOJIOM XUMHYECKOT0 CHHTE3a (CHHTETHYECKUE MOJIMI(PHPHI).

Takue uccinenoBaHus MO MOJXYYSHHIO CaMOPa3pyIIAIONIUXCS B ITIOYBE M BOJIE MOJIMMEPOB BEAYTCS B HACTOAIIEE BPEMs
riaBHbIM 00pasoM B CIIIA, SInonun, crpanax EBpomnsl [22].

[Momy4dens! momyOnoaerpanadenbHble MOIMMEPHI IyTEM MOCJIEA0BATEIFHOTO BKPAIUICHHUS KpaxMmaja B IOJMMEPHBIE
LEMOYKH. DTOT BHUJ MOJIMMEPOB MOXKET HCIIOIB30BAaThCS ISl CYMOK, KOHTCHHEPOB, MMOYTOBBIX YIAKOBOK, IPYTHX Lenei. B
Wranmuu co3gaH mepBelil B MUPE MOTHOCTHIO JerpagadenbHbId MIACTHK, H3TOTOBIEH u3 [10 TkaHu, comepxKameil myCcTOTHI,
KOTOPBIE 3aI0HEHB! KyKypy3HbIM KpaxmanoM (10...50 %). IlnacTuk 10 OKucH yriiepoaa U BOABI B TEUCHHE MOIYToa pas-
JaraeTcst MUKpPOOPraHU3MaMH.

B ABctpuun Ha OCHOBe Kpaxmaia pa3padoTaHbl MaTepuajbl JUls POU3BOJCTBA OMoAerpanaldelbibIX YallekK, MojaoTe-
HEll, EMKOCTE! [IJIsl UL, KyXOHHOU MOCY/IbI.

K nobGaBkam, KOTOpbIE CaMHM JIETKO YCBaWBAIOTCS MUKPOOPraHU3MaMH, OTHOCSTCS: KpaxMall (DHCOBBIH, NMIICHUYHBIH,
KapTo(ebHbII KapOOKCHMETHII-LIEIIII0N03a, MaHUUT, JTAKT03a, Ip.) Ka3eWH, APOXOIKH, MOYEBHHA M JPYTHe COSIUHEHHS
MPUPOJTHOTO NMpoUcXokaeHns. C UX MCHONB30BaHUEM Ceidyac M3rOTaBIMBAIOT (papMaleBTHYECKHE KaICyIibl, KOTOPBIE 10
CHIX TIOp IOJyYaJId U3 JKENaTHHA, MEIIKN U3 KpaxMaJIbHOH IJIEHKH, KOTOPhIE KOMIIOCTUPYIOT BMECTE C MOPKOBHOH OOTBOIA:
CTaKaHYMKH{ Pa30BOT0 MPUMEHEHUS IS MPOXJIAAUTEIbHBIX HAIMTKOB, 00EPTOYHBIE MAaTEpHAIbl Ul KOHIUTEPCKUX H37e-
JIMH, BCTIOMOTATENNbHBIC TN YIIAKOBKH (COSIMHNUTENbHBIE KOJIICUKH, 3aKUMBI H IIP.) CO CPOKOM PA3JI0KEHHS OT TPEX Me-
CSIIIEB /10 BYX JIET.

Awmepukanckas kommanus JCJ co3aana B 1990 r. nmepBblii B Mupe Ouoje-rpagadenbHbiii TepMoIutacTik ouomnos. Ho-
BEII oy Gup obpazyercs myTeM (epMeHTa menu caxapoB Oaktepusimu Alcaligenes eutrophus. OgHaKO CTOUMOCTB 3TOTO
MoJInMepa Moka 4To oueHb aoporas — 33 moapa 3a 1 Kr.

INocne mycka ¢epMEHTAMOHHOTO 3aBO/Ia CTOMMOCTh €0 HAUYHET CHMXKATHCS M OMOTION OyAeT MCIOIb30BaThCs B IPO-
W3BOJICTBE TUICHOK, OYTBUICH, YIIaKOBOYHBIX HETKAaHBIX MarepualioB. bromos nponsBomuTcsi cOpakMBaHUEM TAaKUX BUJIOB
CEITbCKOXO3SIMCTBEHHOTO CBIPbS, Kak caxap M Kpaxmai. Vcronap30BaHne yakOBKH M3 OMOIOIA, MOXHO OECIPENITCTBEHHO
BBIBO3UThH Ha JICHCTBYIOLIME CBAJIKM, HE Hapyllas IPU STOM JKOJIOTHYECKHH OanaHc. buomois mojHocThIO pasiaraercs B
3eMIIe TI0/1 AeHCTBUEM TPHOKOB M OaKTepuii.

Tepmonnacmuunvlii arupamudeckuti noaudpup (noaueuopoxcubymunam) tak xe, kak u I1I1 (Touka miaBneHus KpH-
CTAJUIMYHOCTB M JIp.), IIepepadaThIBaeTCsi Kak 00bIuHbIe TepMoIniacTsl. [lo MHeHnIo cnennanucros Gupmsl «JCJI» ncmoins-
30BaHME caxapa WM KpaxMaia IJisl IPOU3BOJCTBA OHOIOA ONMPAaBAAHO C TOUKHU 3PEHUSI 3KOHOMHKHU U 3KOJIOTHHU. [IporHO3EI
9KOHOMHCTOB ITO3BOJISIIOT CIEJIaTh BBIBOJ, YTO B HEJAIEKOM Oy/IyIeM IIeHbI Ha caXxap CHHU3ATCS B CBS3U C HHTEHCH(HUKALIU-
el cenbckoro xo3sicTea. U naxke cerofHs Mpou3BOACTBO OMOIMOIAa 3KOHOMUYECKU ONPABAAHO B CTPaHaX, HE 00IaJatomuX
3aracaMy HeTH JUIs IPON3BOJICTBA IIJIACTMACC.

PazpaboTan mMatepuain, pasnaratomuiicss B Boae 3a 45 ¢ npu temneparype 25 °C. OH MOXET HaiTH NPUMEHEHHE JUIs
YIIaKOBBIBAHUSI XUMHYECKNX T0OABOK arpOTEXHUYECKOro Ha3HaueHHs. [loMecTHB ynakoBKy ¢ TaKUMHU BEIIECTBAMH B CJIET-
Ka MOJIOTPETYI0 BOAY, Cpa3y MOJIyYaloT pacTBOP BEILECTBA. YIIAKOBKA ITOJHOCTHIO PACTBOPSETCS M HE BIMSET HA CBOWCTBA
ynoOpeHnii. AHaJOTHYHBIN THIT TUTaCTMAcC MONydeH B SmoHnn B TOKMIICKOM MHCTUTYTE TEXHOJOTHH. DTOT OMOIIIACTHK
CHHTE3MPYETCS MUKPOOPTraHW3MaM{ M pa3pylaeTcsi MUKPOOPTaHU3MaMH, HE 3arpsA3HIET OKPY)KAIOIIYI0 Cpery. Y YnThIBas
BO3pOCIHINII HHTEpEC MoTpeduTenel k OnoaerpanadenbHBIM MaTepraiaM SIOHCKOE NPaBUTEIBCTBO YTBEPANIO TPEXJICTHUH
MPOEKT CUCTEMBI HCCIENOBAaHMUN Ul M3ydeHMsl OMOAerpanalOelbHbIX MOJMMEPOB IO CIEAYIOIINM HalpaBICHUSIM: IOJIHU-
MEpHBIE MaTepHalbl, IPOU3BEAECHHbIE MUKPOOPTaHU3MAaMH; CO3/1aHHE TEXHOJOTUH MO YyTHIM3alKu OMoMaccel; pa3paboTka
TEXHOJIOTHI HO MOJIEKYJISIPHOMY KOHCTPYHPOBAHHUIO M YIPABISIEMOMY MOJIYYEHHIO HOBBIX HOJIMMEPHBIX MaTepuaio; OHO-
JIOTMYECKUH MOUCK U H3y4YeHHWE MHKPOOPraHM3MOB (a3pOOHBIX M aHadpOOHBIX), CIIOCOOHBIX 0Opa30BBIBATH OMOJETpaja-
OebHBIE TOJIUMEDPHI.

HoBble nonnMepHble MaTepHabl 10DKHBI YAOBIETBOPSTH TPEOOBAHMSM CIIELIMAINCTOB 110 OXpaHe OKpYy’Karolei cpe-
Jbl. C TOYKM 3peHUs pelMKIMHIa NPUPOIHBIX pecypcoB OmozerpanadesbHble MIacTMacchl OyIyT JIMIIb CHOCOOCTBOBATH
YCKOPEHHIO MPOTEKAHMs yIJIEpPOIHOTo nukia (puc. 2.6). BriOpolieHHbIe Ha CBAIKY MJIM 3aXOPOHEHHBIE B ITOYBE OTXObI
OynyT camopa3zpymatscs ¢ BeineneHneM CO,, KOTOPBIH B KOHEYHOM cUeTe OyIeT MmoTpeOIsIThess MUKPOOPTaHU3MAaMH IS
CHHTE3MPOBAHMS HOBBIX OMOJETpanabebHbBIX MaTepHaoB.
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Puc. 2.6. UneansHblii HUKJI 0HOZerpaadebHbIX MOJIHMEPOB B OKPY KAIOIIEH cpeae

Ocy1ecTBieHre PELMKINHTA TTOJIMMEPHBIX OTXOJIOB ITO3BOJINT BBICBOOOIMUTH I0JIE3HBIE MOCEBHBIE ILIOMIAIN OT He-
KOHTPOJIMPYEMBIX CBAJIOK M YIIyUIINTh 3KOJOTHMYECKYI0 OOCTaHOBKY perroHa. OpHAKO OpraHu3anysi MHOTOCTYHNEHYATHIX
croco0O0B PEIUKIUPOBAHUS TPeOyeT OONBININX 3aTpaT Ha OTOOP M COPTUPOBKY OTXOOB, KOTOPEIE MOTYT OBITh 3HAYUTEIHHO
COKpAILEHBI IPA MAPKUPOBKE IIACTMACCOBBIX M3CNIUH B IPOLECCE X H3TOTOBICHHUS.

[NonaBime B OTXOABI MapKHpOBaHHBIC HenerpanabeNbHble H3IENHs IMOCNe BTOPHYHOW HepepaOOTKH MOTYT OBITh
BHOBbB UCIIOJIB30BAHbI 71 U3TOTOBJICHUS] HOBBIX M3JEIHH, YTO JAacT CYIIECTBEHHYIO SKOHOMUIO CPEJICTB.

HanGonee onTUManbHBIM pelIeHHeM NPOOIeMBI IIPEIOTBPALIeH S [TOTUMEPHBIX CBAJIOK SBISAETCS CO3aHHE KOJIOTH-
YEeCKH YUCTHIX OMOerpagadelbHbIX IIACTMACC, KOTOPBIM, OYCBHIHO, MPUHAMICKUT Oymyiiee. Hanbonpmuii mporpecc B
MPOM3BOJICTBE HOBBIX OMOJIErpafabesbHbIX IIacTMAcC MPOU30MAET Noclie co3aanusl (yHAaMEeHTAIbHON TEXHOJIOTHH HU3To-
TOBJICHUS TMMOJMMEPHBIX MAaTCpHUAJIOB C pasIMdYHbIMU CBOﬁCTBaMH, OCHOBHbBIC IPUHIIUIILI KOTOpOﬁ pa3pa6aTbIBa10Tc>1 B Ha-
cTosiIee BpeMsl KpYITHEHIINMH J1ab0paTopusiMU ¥ (GUpMaMH pa3InuHbIX CTPaH.

2.4. CKUT'AHUE

Cxurarh 11es1eco00pa3Ho TOJILKO HEKOTOPbIE THITBI IIACTMACC, MOTEPSBIIUX CBOM CBOWCTBA, JUIS TOJyYEHHUS TEIUIO-
Boii sHepruu. Hampumep, TerioBas snekTpoctaHuus B T. Bynbeepremrone (BenukoOpuranus) BnepBble B MUpe padoTaer
HE Ha rase M He Ha MasyTe, a Ha CTapbIX aBTOMOOWJIbHBIX MOKpBILKaX. OCyLIIECTBUTh 3TOT YHUKAJIbHBIA IPOEKT, M03BO-
JSFOIMI 00ECIIEYHTh JIEKTPOIHEPTrUer 25 ThIC. JKMIBIX JOMOB, IIOMOIJIO aHTJIMHCKOE YTpaBlIeHHE 10 YTHIN3alUN HEeHc-
KOITaeMbIX BUJIOB TOTUIHMBA [23].
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Puc. 2.7. Cxema ycTAaHOBKH TEPMHYECKOT0 00e3Bpe;KHBAHUS
TBEPAbIX MOJHMEPHBIX 0TX010B

Cxuranue HEKOTOPBIX BUAOB ITOJIMMEPOB COIPOBOKAAETCA 00pPa30BaHUEM TOKCHYHBIX I'a30B: XJIOPUAA BOJOPOAA, OK-
CHJIOB a30Ta, aMMHAaKa, IIMAHUCTBIX U APYTUX COCAMHEHUI, YTO BBI3BIBAET HEOOXOAMMOCTh MEPONIPHUATHIA MO 3aIINUTE aTMO-
cdepHoro Bo3nyxa. Kpome Toro, saxonomuueckas 3 peKTHBHOCT 3TOT0 MpolLecca ABIAETCS HAaUMEHbIIEH 10 CPaBHEHHUIO C
APYTUMHU MpoueccaMn YyTUWIN3AlUKU IJ1aCTMAaCCOBBIX OTXO/I0B. Tem He MCHCC, CpaBHUTECJIbHAA MPOCTOTA OpraHu3alu CxKu-
TaHMs ONpPEENieT JOBOJIBHO IINPOKOE €r0 PacpOCTpaHEHNE Ha IIPAKTHUKE.

TunuuHas TEXHOJIOTMYECKasi CXeMa CHKUTAHMS OTXOAOB C MCIOJIBb30BaHMEM TPyO4aTol INedyd NpeJscTaBiIeHa Ha pHC.
2.7.

OTtxonbl U3 OyHKepa-HakomuTens / TpeiidepHBIM 3aXBaTOM 2 depe3 YarpylIanyro BOPOHKY 3 U 3arpy304HBIH OyHKep 4
MOTAJaf0T BO BPAIIAOIIYIOCS TeYb 6, IMyCK B PabOTy KOTOPOH OCYIIECTBISETCS MPU MOMOIIY 3aIlajbHOTO YCTPOWCTBA J.



30JI01IIAKOBbIE MPOJYKThI CXKUTAHKS M3 ME€YX MOCTYIAIOT U COOPHUK LIIaKa 7, TIe racsiTcs U Jajiee IBaKyUpyIOTCs TPaHC-
noptepoM 8. [lednble Ta3pl MOCTYMAOT B KaMepy AoKuTaHus 9, rae obe3spexuBatoTcs npu temmeparype Boime 800 °C B
rutaMmeHu ropenku /0. JIsimocomom /2 UX 3aTeM 4epe3 OXJIaAUTEeNbHbIE YCTpoiicTBa [/ KOTEN-yTUIN3aTop, BOJOIOIOTPEBa-
TEINb ¥ T.II. U BBIXJIONHYIO TpyOy /3 HampaisitoT B atMocdepy. Obpasyromyrocs 301y /4 4...6 % 0T Macchl 0TXOI0B MOX-
HO KCIIOJIb30BaTh B KAYECTBE HAMOIHHUTEIS P [POU3BOJICTBE CTPOUTENILHBIX MATEPUAJIOB.

2.5. JIMHMA 11O ITEPEPABOTKE MCIIOJIb3OBAHHBIX ITOT®
BYTBUIOK M3-110 HAITMTKOB B UNCTBIE XJIOIIbA IIOT®
[MPOU3BOAUTEJIbBHOCTBIO 450 — 650 xr/a

Ha puc. 2.8 moka3aHa jauHUS 10 mepepadboTKe UCHob30BaHHBIX [IDT® OyThuiok. [Tutarens mpecc-nakeToB / eMKo-
cThi0 20 M’ BMeI[aeT MPUMEPHO JBA Mpecc-TakeTa mojiumepa. 110 Mepe MPOIBIKCHHs MaTepHana B MHTAaTeNe TPH Bpa-
MIAIOIIMXCS [THEKa Pa3ZessioT CIPecCOBaHHBIC OYTBUIKM W IOJAIOT MX HAa KOHBEHep NpeaBapUTENbHON COPTUPOBKH 2.
Komnseiiep npeaBapuTenbHOM COPTUPOBKU 2 M3TOTOBJIEH U3 PE3MHOBOW JICHTH MIMPUHON 760 MM, HMeeT UIMHY NpUOIN3HU-
TenbHO 4,5 M u BeicoTy 750 MM. [IpuBoaUTCS B ABUKEHUE IIEKTPOABUTATENIEM-BapuaTOpoM MoIHOCTh0 0,37 KBT.

Cucrema mpensaputensHoro niMenpuerns [IET®. Cocront U3 HaKIOHHOTO KOHBeWepa 3, mpeaepa ¢ BO3IyXOIyBKOMH
4 W TIepBUYHON CHCTEMOH OTCACBIBaHUS C MBUICCOOPHUKOM. ByTBUTKH M3MENbYalOTCs B YaCTHUIIBI Pa3MepOM OKOJIO 2,5 cM,
BO3LyLIHBIH KIacCH(HUKATOP YAAISET STUKETKH, 3aTEM MaTepHal MoAaeTcs B (PIOTAMOHHYIO EMKOCTb J.

@dnoTaunoHHas €MKOCTb 5 NpeAHa3Ha4YeHa Ul yJaJeHUs TOJMIPONMICHOBBIX KPBIIIEYEK M HPOYMX 3arpsA3HEHUI
I0THOCTBIO Hike | r/em’ ot TIDT®. IIpu 3arpy3ke marepuasna B €MKOCTb IJIABYYHE YACTHULIBI IEPEMELAIOTCS B OAHY CTO-
POHY ¢ moMmoInbio KpeiibuaTk. [I19T® norpyskaercs Ha AHO U BBITPY’KAETCA U3 €MKOCTH C JIPYTOil CTOPOHBI C MOMOIIBIO
CIIEIUAILHOTO KOHBeHepa 6.

Cucrema cernapanuu 7 npeiHasHadeHa Jyis yJajeHUs] TOCTOPOHHUX YacCTHL, 00pa3yrOLUXCs NPU MPEIBApUTEIEHOM
n3menbueHnu [13TD Oyrteutok. [IpencraBnser coboii BuOposkpan. [Toctoponnue yactuisl cenapupytorest ot [I9TD, ko-
TOPBIH MOJAETCS Ha CUCTEMY OTMBIBKH U CYHIKH §.

Cucrema OTMBIBKH U CYHIKH § TIPEJICTaBISIET COO0M MHOTOCTYIIEHYaTyI0 CUCTEMY Bpauiatomuxcs bapadanos. [lepas
CTYIEHb NMpEeJHAa3HAuYEHA Il OTMBIBKH, BTOPAst — JUIsl IPOMBIBKH, TPEThS — TSI YIAJICHHS BOJIBI, @ YETBEpTAast U IsITast — AJIS
CyIIKH. Moro1iee yCTpoHCTBO CHAOKEHO COTUIaMH PACHBUIMTEINS U1 yIAJICHHS IIUIIEBBIX OCTATKOB M IIPOYMX 3arpsA3HEHUH.
ITo mepe mpoxBIKeHNsT MaTepualia yepe3 OapabaH, 3arpsiI3HEHHUS] OTMBIBAIOTCS M YAAISIOTCS BMecTe ¢ Bojoi. Cucrema Bo-
JOCHA0KEHUS TPECTaBIsAeT CO00H 3aMKHYTBIM IIUKI: HCIONb30BaHHAS BOJA HArpEeBAcTCsl U OYMINACTCS MPH MOMOILIH Ce-
JEMEHTAIU U (QUIBTPOBAHUSL.

Bo BTOpoM Gapabane marepuan IMpOMEIBaeTCS CBeXel Bomoil. B Tperbem Oapabane u3 mMaTepuana ymaiseTcs BOAA,
[IOCTyHAOLIasl B 1aJbHEHIIIEM B BOASHON TAHK OTMBIBKHU.
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Puc. 2.8. JIunus no nepepadorke ncnoab3oBaHHbIX [IIT® 6yThLIOK:
1 — nuTaTens Mpecc-aKeToB; 2 — KOHBeHep NpeABapUTEIIbHON COPTUPOBKY;
3 — HaKJIOHHBIN KOHBeliep; 4 — mpeaep; 5 — GIoTaMOHHAs €MKOCTB;
6 — crienMaIbHbIA KOHBElep; 7 — cucTeMa cenapanuy; § — CuCTeMa OTMBIBKH U
CyIlIKH; 9 — 3arpy304Hblii KOHBeHep; /() — rpaHyIsSTOD;
11 — HamoHUTENbHAS CTaHIKUS, /2 [IUKJIOH
UeTBepThlii 1 IATHIN OapabaHbI IPEACTABIIIOT COOON POTAIMOHHBIE CYIIHIIKA. BO31yX HarpeBaeTcs 4eTHIpbMs Harpe-
BaTeNsIMH MOITHOCTEIO 30 KBT u mupkymmpyer mo cucteme. Temreparypa Bo3ayxa KOHTPOIHMPYETCS M PETyIupyeTcs Ha
TJIaBHOM KOHTPOJIbHOM NaHeN. 3allinTHBIE 3JIEMEHTHI PEI0TBPALIAIOT IEPErpeB Npu cOoe B CUCTEME YIIPaBIICHUSI.
3arpy3ouHblii KoHBeliep 9 mpencraBisier co6oit mHek nuamerpoM 200 MM, KOTOPBIH HOAAET HMOJIUMEP B TPaHYJISITOP
10. YcTpoHCTBO CMOHTHPOBAHO Ha Moiy. HU3KOCKOPOCTHOM MOTOp-peaykTop MomHOCThIo 0,55 kBT obecmeunBaeT He00-
XOAMMBIN Bpamiaomuii MoMeHT. ['panynstop /0 nepepabarbiBaeT MaTepuasl B TOBApPHBIA MPOAYKT 334aHHOTO pa3Mepa.
I'panynsTop cHaOXeH 3JIeKTpoJIBUraTereM MOIHOCThI0 22 kKBT. HanonauTenbHas crannus // ¢ BTOPHYHBIM OTCAaChIBaIO-
UM YCTPOUCTBOM U ITUKIOHOM /2 cucteMsl yaaieHus meuti. Coaep:kaHue BIard B KOHEYHOM MpoaykTe MeHee 2 %, mpo-
M3BOUTEIFHOCT JIMHUHU KONEOJIeTcs B 3aBUCHMOCTH OT HACBHITHOW IJIOTHOCTH M BIIQYKHOCTHU IepepadaThIBAeMOT0 Marte-
puana.
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