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Bsenenue

OpnnuM U3 Hanbosee ocs3aeMbIX PE3yJIbTaTOB AaHTPOIIOI€HHOM AESITEIbHOCTH SIBJIIETCS 00pa30BaHUE OTXO-
JI0B, CpeIX KOTOPBIX OTXObI IJIACTMACC 3aHUMAIOT 0CO00€ MECTO B CHILY CBOUX YHHKAJIbHBIX CBOMCTB.

[TnacTMacchl — 3T0 XUMHUYECKask MPOYKIHUS, COCTOSIIASL U3 BHICOKOMOJIEKYJIIPHBIX, JTMHHOLIETTHBIX MOJIN-
MepoB. [Ipon3BoACTBO MIACTUYECKUX MACC HA COBPEMEHHOM 3Tale pa3BUTHUs BO3pacTaeT B cpeiHeM Ha 5...6 %
exxeroHo 1 k 2010 r., mo nporuozam, gocturaer 250 muH. T. UX notpebienne Ha Iylry HaceJIeHHs B MHAYCT-
pHUaNIbHO Pa3BUTHIX CTpaHax 3a nocieanue 20 Jet yaABOWI0oCh, 10CTUTHYB 85...90 kr, K koHIy necsarunerus Kak
roJiararoT, sta iudpa noseicutcs Ha 45...50 % [1].

HACUUTBIBAETCA OKOJIO 150 BHUJIOB IUIACTHKOB, 30 % HU3 HUX - 9TO CMECU
PA3JIMYHBIX TIIOJIMMEPOB. JJIS1 JOCTUXEHWS OIIPEJIEJIEHHBIX CBOMCTB, JIVUIIEN
INEPEPABOTKMU B ITOJIUMEPBLI BBOJAT PA3JIMYHBIE XUMHWYECKHNE TOBABKHU, KOTOPBIX YXXE
BOJIEE 20, A PAJl U3 HUX OTHOCATCA K TOKCUYHBIM MATEPUAJIAM. BBIITYCK JOBABOK
HEITPEPBIBHO BO3PACTAET. ECJIM B 1980 I'. UX BbIJIO ITPOU3BEAEHO 4000 T, TO K 2000 I
OBBEM BBIITYCKA BO3POC YXE 0 7500 T, U BCE OHU BYAYT BBEJAEHBI B [INTACTUKU. A CO
BPEMEHEM IIOTPEBJIAIEMBIE IINTACTUKUW HEUM3GBEXHO ITEPEXO/JAT B OTXO/IbI.

OJIHVM W3 BBICTPOPA3BUBAIOIIUXCS HAIIPABJIEHUI MCIOJb30BAHMS INIACTMACC
SABJISETCA YIIAKOBKA.

N3 Bcex BbImyckaeMbIX acTUKOB 41 % ucnonp3yercs B ymakoBKe, U3 3Toro konmuectsa 47 % pacxomy-
€Tcs Ha YHaKOBKY IHILIEBBIX MPOAYKTOB. Y 100CTBO W 0€30MacHOCTb, HU3KAs 1I€HA U BBICOKAs 3CTETHUKA SBJIS-
I0TCS ONPEIENSIIOIIUMU YCIOBUSMU YCKOPEHHOTO POCTa HUCIIOJIb30BAHUS IJIACTUYECKUX MAacc IMpPU U3TOTOBIIE-
HUM YIaKOBKH.

Takast BbICOKas! HOMYJISIPHOCTD IJIACTMACC OOBSICHIETCS UX JIETKOCThIO, 3KOHOMUYHOCTBIO U HAOOPOM 1IEH-
HeHmuX ciy>keOHbIX CBOWCTB. [InacTuku sSBIAIOTCS CEphe3HBIMU KOHKYPEHTAaMH METaJlTy, CTEKIY, KepaMHKe.
Hanpumep, npu U3roToBIIeHUH CTEKISTHHBIX OyThUIeH TpebyeTcs Ha 21 % Oosnblie SHEpruy, YeM Ha I1acTMac-
COBBIE.

Ho Hapsimy ¢ 3TUM BO3HHKAaeT MpobiieMa ¢ yTHIM3alie 0TX0A0B, KOTOPBIX cymecTByeT cBbime 400 pas-
JUYHBIX BUJIOB, TIOSABIISIOIINXCS B PE3YJIbTAaTe UCIOIb30BAHUS MPOAYKIUH TOJUMEPHONH MPOMBIIIJICHHOCTH.

B Hamm 1HU, KaK HUKOI'Z1a IPEXKIE, 0N HAlEH MIIaHeThl 33 lyMaJIiCh HaJl OTPOMHBIM 3aCOPEHUEM 3eMIIN
HENpepbIBHO BO3PACTAIOIIMMHU OTXOJaMHU IJIACTUKOB. B ¢BsA3M ¢ 3THM, yueOHOE mocoOre BOCTIONIHACT 3HaHUS B
00JIaCTH YyTHJIM3AllUN ¥ BTOPUYHOHN NepepadOTKU IUIACTHUKOB C LIEIbI0 BO3BPATa UX B MPOU3BOACTBO U YIIydIle-
Hus dkooruu B PO u B mupe.

1 AHAJIU3 COCTOSAHUSA BTOPUYHOM NIEPEPABOTKH 1
YTUIM3ALOUU ITIOJIMMEPHBIX MATEPUAJIOB

1.1 AHAJIM3 COCTOSHUS BTOPUYHOM ITEPEPABOTKU
I[TOJIMMEPHBIX MATEPUAJIOB

N3 Bcex BbIMycKaeMbIX IUIAcTUKOB 41 % ucnonbp3yeTcs B yakoBKe, U3 3TOro konuuectsa 47 % pacxony-
eTcs Ha YNaKOBKY IMILIEBBIX MPOAYKTOB. ¥ 100CTBO M 0€30MaCHOCTb, HU3KAs 1I€HA U BBICOKAs 3CTETHUKA SBJIS-
IOTCS OIPEJEIIAIONMMH YCIOBUSIMA YCKOPEHHOTO pOCTa MCIIOJIb30BaHMs MJIACTUYECKUX Macc MPHU U3TOTOBIIE-
HUM yIaKOBKU. YTIAKOBKA U3 CHHTETHUECKUX MOJIMMEPOB, coctanistomas 40 % ObITOBOro Mycopa, mpakTuye-
cku "BeuHa" — OHa He mojBepraeTcs pasioxeHuto. [loaToMy Hcrosib30BaHKHE IMIACTMACCOBOM YMAKOBKHU CO-
MPSDKEHO ¢ 00pa3oBaHueM OTX0A0B B pazmepe 40...50 Kr/roa B pacuere Ha OJTHOTO YEIOBEKa.

B Poccuu npeamnonoxutensHo k 2010 1. monmMepHbIe OTXOIbI COCTABAT OO0JIBIIE OAHOTO MIJIJIMOHA TOHH,
a TPOLEHT WX MCIOJIB30BAHUS JI0 CHUX MOp Mal [2]. YuuTsiBas crienupuveckue CBOWCTBA MOJUMEPHBIX MaTe-
pHAaIOB — OHU HE MOJBEPraroTcs THUEHUIO, KOPPO3HUHU, IPOOIeMa X YTUIM3ALUU HOCUT, IPEKIE BCETO, IKOJIO-
ruyeckuil xapakrep. O0muil 00beM 3aXOPOHEHHs TBEPABIX OBITOBBIX OTXOJIOB TOJBKO B MOCKBE COCTaBISET
OKOJIO
4 miH. T B roa. Ot o0miero ypoBHsI OTXO0B TepepadaThiBacTCsS TOIBKO 5...7 % OoT ux Macchl. [1o maHHBIM Ha
1998 r. B yCpeTHEeHHOM COCTaB€ TBEPJIbIX OBITOBBIX OTXO/0B, IOCTABIAEMBIX Ha 3aXOPOHEHHE, 8 % COCTaBIsET
IracTMacca, 9yro cocranisgeT 320 ThIC. T B IO/,

OpHako B HacTofAIIee BpeMsl MpodiiemMa rmepepaboTKH OTXOJIOB MOJMMEPHBIX MAaTE€pPHaIoB OOPETaeT aKTy-
aJIbHOE 3HaYEHHE HE TOJIBKO C MO3MLUI OXpaHbl OKPY’KaIOLIEH Cpelibl, HO U CBA3aHA C TEM, YTO B YCIOBUSX Jie-



(duIHTa MOJTUMEPHOTO CHIPBS TIACTMACCOBBIE OTXO/BI CTAHOBSITCS MOIIHBIM CHIPHEBBIM M SHEPTETUICCKHM pe-
CypCoM.

BMmecTe ¢ TeM pelieHHe BOIPOCOB, CBSI3aHHBIX C OXPaHOH OKpY’Kalollel cpenbl, TpeOyeT 3HaYMTEIbHbIX
KalMTaIbHBIX BIOKeHUH. CTOMMOCTh 00paOOTKH M YHUUTOKEHHS OTXOOB IIAaCTMAcC MPUMEPHO B § pa3 mpe-
BBIIIACT PacXo/ibl Ha 00pabOTKy OOJIBIIMHCTBA MPOMBIIICHHBIX U ITOYTH B TPH pa3a — HA YHHUYTOXKCHUE OBITO-
BBIX OTXOJIOB. JTO CBSI3aHO CO CHEIU(PUIECKUMH OCOOEHHOCTSMH IJIACTMACC, 3HAYUTENBHO 3aTPYIHSIIOIINMHU
WIJIH AETAIOIUMH HEMPUTOAHBIMH N3BECTHBIE METOJIBI YHHUYTOKECHUS TBEPABIX OTXO/IOB.

Hcnonp30BaHuEe OTXOAOB IMOJMMEPOB MO3BOJSIET CYIIECTBEHHO SKOHOMHTH TIEPBUYHOE ChIpbE (MIPex/ie
Bcero HedTh) U ANEKTPOIHEPTHIo [3].

[Tpobnem, CBA3aHHBIX C YTHIU3AIMEH MOJIMMEPHBIX OTXOA0B, JOCTATOYHO MHOT0. OHM UMEIOT CBOIO CIie-
UKy, HO MX HENb3S CYMTATh HepaspemnMbiMu. OIHAKO pelieHre HEeBO3MOXKHO 0e3 opraHuzamuu cOopa,
COPTHPOBKH U MEPBUYHON 00paOOTKH aMOPTU30BAaHHBIX MAaTEPUAIIOB M M3JICIIHIL; 0e3 pa3pab0TKH CUCTEMBI IICH
Ha BTOPUYHOE CHIPbE, CTUMYJIMPYIOLINX MPENNPUATHS K UX nepepaboTke; 6e3 co3nanus 3pPEeKTHBHBIX CIIOCO-
00B TIepepabdOTKH BTOPHYHOTO OJTMMEPHOTO CBIPhS, @ TAK)KE METOJIOB €r0 MOIU(PUKAINH C IIETTHIO TTOBBIIICHHS
KadecTBa; 0€3 CO3/1aHMs CICMATIBLHOTO 000PYIOBaHUS ISl €T0 mepepaboTKu; 0e3 pa3paboTK HOMEHKIIATYPhI
W3JICNTUH, BBITYCKAEMbIX U3 BTOPUYHOTO MOJTUMEPHOTO CHIPBSI.

OTXO0/IBI TUTACTUYECKUX MACC MOKHO Pa3/IeHTh Ha 3 TPYIIIbL:

a) TEXHOJIOTUYECKHE OTXOJIbI TIPOU3BOJICTBA, KOTOPHIE BO3HUKAIOT MIPHU CHHTE3€ U MepepaboTKe TepMoILIa-
ctoB. OHM Jenarcs Ha HEYCTpaHUMbIEC U yCTPAaHUMbIE TEXHOJOTHYECKHE OTX0/Abl. HeycTpanHumsbie — 3T0 Kpom-
KM, BBICEUKH, 0OpE3KH, JIMTHUKH, 000N, TpaT U T.1. B oTpacisx mpoMBIIICHHOCTH, 3aHUMAIOIIUXCS MTPOU3-
BOJICTBOM M TIEpPEepabOTKOM IMIaCTMACC, TAKMX 0TX0A0B oOpasyercs ot 5 10 35 % [4]. HeycTpanumbie 0TXObI,
0 CYIIECTBY, MPEICTABISIONINE COO0M BHICOKOKAYECTBEHHOE CHIPhE, 10 CBOMCTBAM HE OTIMYAIOTCS OT UCXO/I-
HOTO TepBUYHOro noiumMepa. [lepepaboTka ero B uznenus He TpeOyeT CrenUualIbHOr0 000PYAOBAaHUS U IIPOU3-
BOJIUTCSL HA TOM K€ TPEANPHUATHHA. Y CTPaHUMBIE TEXHOJIOTUYECKHAE OTXOJBI MPOU3BOJCTBA 00pa3yroTCs MpU
HECOOITIOJICHUN TEXHOJIOTHYECKUX PEKUMOB B MIPOIECCe CHHTE3a U MepepaboTKH, T.€. 3TO — TEXHOJIOTHIECKUHN
Opak, KOTOpPBI MOXET OBITh CBEJCH 0 MHHAMYMa WM COBCEM YCTpaHEH. TEeXHOJIOTHMUYECKHE OTXOJIbI TPOH3-
BOJICTBA IepepabaThIBAIOTCS B pa3IMUHbIC U3ACIH, UCTIONb3YIOTCS B KaUeCTBE T0OABKU K UCXOTHOMY CHIPBIO U
T.I.;

0) OTXO/bI MPOU3BOACTBEHHOTO MOTPEOJICHNSI — HAKAIUTMBAKOTCS B PE3yJIbTAaTe BBIXOJA M3 CTPOS M3JCITHN
U3 MOJIMMEPHBIX MAaTEPHUAJIOB, UCIIOJIB3YEMBIX B PAa3IMUHBIX OTPACISIX HAPOJHOTO XO035HCTBA (aMOPTU30BaHHBIE
IIMHBI, Tapa ¥ yIIaKOBKa, JIETaJI MAIllWH, OTXObI CEIbCKOXO3IHCTBEHHON TUICHKH, MEIIKH U3-TI0f y100peHUH
U T.JI.). DT OTXOJBI SBJISIOTCS HANOOJIEe OJHOPOTHBIMHU, MaJIO3arPS3HEHHBIMU U TTOITOMY TPEACTABIISIOT Hau-
OOJBILINI HHTEPEC C TOUKH 3PEHUs UX TOBTOPHOI nepepaboTkKH;

B) OTXOJIbI OOIIIECTBEHHOTO MOTPEOICHNS, KOTOPBIE HAKAIUIMBAIOTCS y HAC JIOMa, Ha MPEINpPUATHIX 001I1e-
CTBCHHOTO TIMTAHUS U T.J., @ 3aTEM TOMAAal0T Ha TOPOJICKUE CBAJIKK; B KOHEUHOM MTOTE OHH TEPEXOJIST B HO-
BYIO KATETOPHIO OTXOJIOB — CMEIIAHHBIC OTXO/IBI.

HauOonpime TpyIHOCTH CBSI3aHBI C MepepabOTKON M HMCIOJb30BAaHHEM CMEIIaHHBIX OTX0A0B. [Ipuumnna
3TOTO B HECOBMECTHMOCTH TEPMOIUIACTOB, BXOSAIIMX B COCTAaB OBITOBOI'O MycCOpa, YTO TPeOYyeT WX MOCTaInii-
HOro BhIAcNeHHs. Kpome Toro, cOOp M3HOIICHHBIX M3/ICIHIA U3 TIOJMMEPOB Y HACEICHUS SBJISCTCS Ype3BbIUaii-
HO CJIOKHBIM MEPONPHUSATHEM C OPraHU3aIIMOHHON TOUKU 3PEHHUS U MOKA eIlle Y Hac B CTpaHe HE HaJaXKeH.

OCHOBHOE KOJIMYECTBO OTXOJIOB YHHUTOXKAIOT — 3aXOPOHEHHUEM B MOYBY WM CkuranueM. OHAKO yHHUY-
TOYKEHHE OTXOJ0B 3KOHOMHUYECKH HEBBITOAHO M TEXHHUYECKHU CI0XKHO. Kpome TOro, 3aXOpOoHEHUE, 3aTOIICHHE
U CKUTaHHE TOJMMEPHBIX OTXOJOB BEJET K 3arps3HEHUIO OKPY’KaIOIIeH Cpeibl, K COKPALICHUIO 3€MENIbHBIX
yroauii (OpraHu3anus CBaJioK) U T.JI.

OpHako U 3aXOpOHEHME, U CHKUTAHME MPOJOIDKAIOT OCTaBaThCs JOBOJIBHO IMIMPOKO PACIPOCTPAHEHHBIMU
crioco0amMy YHUUTOXKEHHSI OTXOJIOB TuTacTMace. Yare BCero TeIuio, BBIACISIONICECs P CKUTaHUH, HCIIOIB3Y-
10T JUIS IONTyYeHMS Tapa U 3JeKTpodHepru. Ho KanopuitHOCTh CKUraeMoro ChIpbsi HEBEIHKA, TO3TOMY yCTa-
HOBKH JIJTsl COKMTaHUSI, KaK MPABHJIO, SBIISIOTCS YKOHOMHYECKH MaodpdexTuBHbIME. Kpome Toro, mpu cykura-
HUHM TPOMCXOJUT 00pa30BaHME CAXXU OT HETOJIHOTO CTOPAHMS MOJMMEPHBIX MPOAYKTOB, BBIACICHHE TOKCHY-
HBIX Ta30B M, CIIEJ0BATEIbHO, MOBTOPHOE 3arpsi3HEHHE BO3IYIIHOTO M BOJHOTO OacCEHOB, OBICTPBIA M3HOC
reyen 3a CYeT CHIIbHOM Koppo3u# [S].

B nagane 1970-x rr. mpomnuioro Beka MHTEHCUBHO Ha4aJld pa3BUBATHCSI PaOOTHI 1O CO3/IaHUI0 OMO-, GOTO-
U BOJOpa3pyllacMbIX MoauMepoB. [lomydeHne paznaraeMbIX MOJIMMEPOB BBI3BAJIIO HACTOSIIYIO CEHCAIHIO, U
ATOT CIMOCOO YHUYTOKEHHSI BBIIICIIINX M3 CTPOS TUIACTMACCOBBIX HM3JIEIHH PacCMaTPUBANICS KaK HICATbHBIN.
OnHako mocienyoomue padoTel B 3TOM HalpaBIEHUH MOKA3alH, YTO TPYJHO COYETaTh B M3ICNIUAX BBICOKHE
(U3NKO-MEXaHNYECKHE XapaKTePUCTUKU, KPACHBBIA BHEITHHI BHUJI, CIIOCOOHOCTh K OBICTPOMY pa3pyLICHHUIO U
HU3KYIO CTOUMOCTb.



Coznanue (hoTo- 1 OMopa3pymaeMbIX IJIACTMACC OCHOBAHO HA BBEJCHHH B ICIb MoauMepa GoTo- U OHo-
aKTUBHUPYIOILUX 100aBOK, KOTOPbIE JOJKHBI COIEpKaTh (YHKIMOHAJIbHbBIE T'PYIIIbI, CIIOCOOHBIE pa3IaraTbCs
MOJT ACUCTBUEM YIbTPA(PHOIETOBBIX Jy4Yel MM aHa’poOHBIX Oakrepuid. TpyAHOCTH 3aKIIOYAETCS B TOM, YTO
N00aBKU BBOZST B MOJIMMED HA CTAJUM CHUHTE3a WU NepepaboTKH, a pa3pyllIeHUe ero JOHKHO MPOTEeKaTh Mo-
CJIe UCTIOJIb30BaHMs, HO HE BO BpeMs nepepaboTku. [loaTromy mpobiema 3akiitoyaeTcsi B CO31aHMHM aKTUBATOPOB
paspyleHus, 0o0eceunBaroIUX ONPEIEIEHHBI CPOK CIIy>KOBI IJIACTMACCOBBIX M3AEIUM 0€3 yXyIIIeHUus HX
KayecTBa. AKTHBATOPHI JOJKHBI OBITh TAaKXK€ HETOKCUYHBIMH U HE MOBBIIIATH CTOUMOCTh MaTepUaa.

CyuiecTByeT TpU OCHOBHBIX HaIpaBJICHUs Pa3BUTHUs MOUCKOBBIX PabOT IO OCBOECHUIO OMOIETPagUpyEeMbIX
1actTMace: MoIu3(UpPbl THAPOKCUKAPOOHOBBIX KHCIIOT; TIACTHYECKHUE MACChl HA OCHOBE BOCIPOU3BOIUMBIX
MPUPOJHBIX HOJIMMEPOB; MPHUAAHUE OMOPA3IaraéMOCTH MPOMBILIUIEHHBIM BBICOKOMOJIEKYJISIPHBIM CHHTETHYE-
CKHM MaTepuajiam.

OpHUM M3 CaMbIX MEPCHEKTUBHBIX OMOIErpajupyeMbIX IIACTUKOB JUIsl IPUMEHEHHs B yIAaKOBKE B Ha-
CTOSAILEE BPEMS SABJISETCS MOJWIAKTH]] — IPOLYKT KOHJIEHCAIIUM MOJIOYHON KHCIIOTBHI.

[TonmnakTua B KOMIOCTE OMOpasIaracTcs B TEUEHUE OJHOIO MecsIla, yCBauBaeTCs OH U MUKpoOaMHu Mop-
ckoii Boabl. Eciiu GuoperpagupyemMblie moaudgupsl ¢ HEOOXOAUMBIMU TOBAPHBIMU CBOWCTBAMM MOKHO TIOJTY-
YUTh HA OCHOBE T'MPOKCUKApPOOHOBBIX KHCIIOT, TO IJIACTMACCHI, B COCTAB KOTOPBIX BXOJUT Kpaxmall, LEJUII0JI0-
3a, XMUTO3aH WJIN MPOTEHH, MPEICTABISAIOT COOOH, KaK MPaBWIIO, KOMIIO3UIIMOHHBIE MaTepHallbl, COJEpKaIIUe
camble pa3IUYHbIe J0OaBKU.

HauOonee mmpoko U3 psija NpUPOIHBIX COSAMHEHHH B OMOpasiaracMbIX YMaKOBOYHBIX MaTepHanax HcC-
MIOJIB3YETCSl KpaxMal.

Jis monmyyeHus paspymiaeMoi OaKTepHsiIMH BOJOPACTBOPHMOM IJICHKH M3 CMECH KpaxMala U NEeKTHHA B
COCTaB KOMIIO3ULIMH BBOJAT IUIACTU(PUKATOPHI: TIULEPHH WU NOIHMOKCUITHICHIIUKONb. [Ipr 3TOM oT™MedaeT-
Csl, UTO C YBEJIIMYEHUEM COJIEPKAHUS KpaxMmalla XpyIKOCTb IIJIEHKU YBEINUUBAETCS.

W3 xoMno3unuu, cogepxaiieil Hapsay ¢ KpaxMaaoM aMHIo3y M HE3HAYUTEIIbHOE KOJIMYECTBO CIIA0bIX KH-
CJIOT, SKCTPY3UEH MOJIyYaloT JIUCTHI, U3 KOTOPHIX (POPMOBAHMEM C pa3TyBOM H3rOTABIMBAIOT U3EIUS AJIS yIia-
KOBKH.

C nenplo CHMXEHHS CeOECTOMMOCTH OHOpa3laraéMbIX MaTepualioB OBITOBOTO Ha3HA4eHUsS (YIaKOBKa,
IUIEHKA U1 MYJIbUMPOBAHMS B arpOTEXHUKE, MAKEThI ISl MyCOpa) PEKOMEHIYeTCsl UCIOJIb30BaTh HEOUHUIIIEH-
HBIM Kpaxmall, CMEILIEHHBIH ¢ IOJMBUHUIIOBBIM CIIUPTOM U TaJIBKOM.

buopaznaraemble I1acTUUECKHE MAacChl HA OCHOBE KpaxmMaia 00J1a1at0T BBICOKON 9KOJOTUYHOCTBIO U CIIO-
COOHOCTBIO paziaratbes B komnocte npu 30 °C B TeueHHe JBYX MecsleB ¢ 00pa3oBaHUEM OJIarONpUSATHBIX JUIs
pacTeHuii MpoJyKTOB pacmaja.

B kayecTtBe BO30OHOBISIEMOr0 MPUPOIHOTO OMOpa3IaraeéMoro Hadaia MpH MOJYyYEeHHH TEPMOILJIACTOB aK-
TUBHO pa3pabaThIBAIOTCS U IPYTHUE MOIMCAXAPUIBL: LIEUII0I03a U XUTO3aH.

[TonmMepsl, NOTy4YEHHBIE B3aUMOJECHCTBUEM LIEJUIFOJIO3BI C 3MOKCHIHBIM COCAVWHEHHEM U aHTHIPHUIaMU
JTMKapOOHOBBIX KHCIIOT, OJHOCTBIO pa3iararoTcs B kKomrocte 3a 4 Henenn. Ha ux ocHoBe popmoBaHHEM TO-
JTy4aroT OyThUIM, Pa30BYIO MOCYAY, IUIEHKU U1 MyJIbUUPOBaHMUS.

Croiikue K BBICOKMM M HU3KHUM TEMIIEpaTypaM MHOIOCJIOWHbIE MaTepuaibl JJs YHAKOBKM MOJY4aroT U3
IUIEHKHU 1IeJUTIONO03BI, CKICCHHOM KpaxMaioM, CO CTOMKOM K »kupam Oymaroi, pasperieHHONH K KOHTaKkTy C Iu-
LIEBBIMU NPOAYKTaMH. Takasi yrmakoBKa MOXET HCIOJIb30BaThCs MPU 3al€KaHUH MPOIYKTOB B 3JIEKTPUUECKUX
WM MUKPOBOJIHOBBIX I€Uax.

W3 TpoitHON KOMIO3UIMH (XUTO3aH, MUKPOLIEIUIIOJIO3HOE BOJIOKHO M KEJATHH) MOIYyYaroT IUIEHKH C I0-
BBILICHHOM MPOYHOCTBIO, CIIOCOOHBIE pa3iaraThCsi MUKPOOPraHU3MaMH IPU 3aXOpOHEHUH B 3emimto. OHU mpu-
MEHSIOTCSA 11 YIaKOBKHU, U3TOTOBJIEHHUS IOJTHOCOB U T.1.

[Tpupoanbie GeNKKU WK MPOTEUHBI TAK)KE MPHUBIEKAIOT pa3pabOTUYNMKOB OMOpa3naraeMblx miactmacc. s
3aBEepThIBaHMSI BIAKHOM MUILM U W3TOTOBJIEHUS KOPOOOK /IJIsl MUIIEBBIX MPOAYKTOB CO3/IaHa IUIEHKA HAa OCHOBE
1enHa — ruapodobHoro nporenHa. HanpasneHnue no ncnoab30BaHUIO NPUPOJHBIX HOJIMMEPOB (TONHCaXapH],
OEJIKOB ISl U3TOTOBIICHHSI OHOpa3araéMbIX IUIACTHKOB), IPEXK/IE BCET'0 HHTEPECHO TE€M, YTO PECYPCHI HCXO/I-
HOTO CBIPbSI IOCTOSTHHO BO300HOBJISIEMbI M, MOXHO CKa3aTh, HeorpaHU4eHHbl. OCHOBHas 3a/1aya — 3TO paspa-
00TKa KOMIO3UITMOHHBIX OMOAETPAIUPYEMbIX MaTEpHaIOB, 00ECIIEUNBAIOIINX HEOOXOANMMBbIE CBOMCTBA, MPHU-
OMKarourecs K CHHTETUYECKUM MHOTOTOHHAKHBIM TOJIMMEPAM.

Baxnoe MecTo 3aHMMaeT mpoOieMa MpUAaHus CBOMCTB OMOPA3JI0KEHUS XOPOIIO OCBOCHHBIM IPOMBIIII-
nennsM nonumepam: 119, III1, TIBX, nomuctupony (IIC) u nonustunentepedranary (II9TD). Tak kak nepe-
YHCJIEHHBIE NIOJIMMEPBI U U3JIEIMsI U3 HUX MPU 3aXOPOHEHUHU MOTYT XpaHUThCS "BEYHO", TO BOIIPOC IMPUIAHUS
WM CITOCOOHOCTH OMOpasaraThCsi CTOUT OCOOCHHO OCTPO.

B Hacrosiee BpemMsi akTUBHO pa3padaThIBAIOTCS TP HAIPABJICHUS:



—..BBEJICHUE B CTPYKTYpy OHMOpasiaraeMbIX MOJIMMEPOB MOJIEKYJI, COJIEPKAIIUX B CBOEM COCTaBe (DyHK-
[IUOHAIBHBIE TPYTIITBI, CIIOCOOCTBYIONINE YCKOPEHHOMY ()OTOPA3I0KEHHUIO TIOJTMMEPA;

—  MOJIy4eHHE KOMITO3UIUII MHOTOTOHHAKHBIX MOJMMEPOB ¢ OMOpa3iaraeMbIMU MPUPOIHBIMU J00aBKa-
MH, CIIOCOOHBIMH B OMPEJICTICHHON CTEeTIeHN HHUIIMUPOBATh paciaj OCHOBHOTO MOJIUMEPA;

—  HampaBJICHHBIH CHUHTE3 OMOJErpajupyIoNMX IUIACTHYECKUX MACC Ha OCHOBE NMPOMBIIUIEHHO OCBOEH-
HBIX CUHTETUYECKUX MPOTYKTOB.

K ¢oropasnaraempiM monuMepam OTHOCSTCS COTIOIMMEPHI TUJICHA C OKCUIOM yriiepoaa. ®oTOMHUIIUATO-
pamu passioxkenus 6azoBoro noimumepa [19 wiu [1C sBISIOTCS BUHIWIKETOHOBBIE MOHOMEpHI. BBeneHHe UX B
KoJimyecTBe 2...5 % B KauecTBe COMOJIUMEpa K ITUIEHY M CTUPOJTY MO3BOJISET MOIYyYaTh IUIACTHUKU CO CBOMCT-
Bamu, Oyim3kumu K [1D wm [1C, HO criocoOHBIMU K (poTOIerpagauy Mpu JSHCTBUH YIbTPa(hUOICTOBOTO H3ITY-
yeHus B npeaenax 290...320 vm.

Eme ogHUM MOAX0I0OM K PELICHHUIO NMPOOIeMbl YHUUTOXKEHHUS TIACTMACCOBBIX OTXO/0B SIBJISIETCS BBIBEIE-
HUE 0COOBIX MyTaIMii MUKPOOPTaHU3MOB, CIOCOOHBIX pa3pyllaTh CHHTETUYECKHE MOJIUMEPHI.

PaccmoTpuM BiMsIHME CTPOEHUS M CBOWCTB MOJMMEPOB HA OUOPA3II0KEHUE.

YCTaHOBIEHO, YTO C YMEHBIIIEHUEM MOJEKYISPHONH MacChl MAaKpPOMOJEKYJ CHOCOOHOCTh K OMOpa3ioxke-
HUIO Bo3pacTaer. Jlpyroil XapakTepHUCTUKON MOJMMEPOB, BIHSIONICH HA CIIOCOOHOCTh K OMOPa3JI0KCHHUIO, SIB-
JSIETCSl X KPUCTAITTMYHOCTD. Y CTAHOBJICHO, YTO aMOP(HBIE MOIUMEPbl OMopa3araiTcs Jydllle, 4eM KpucTa-
JMYECKHUE: C YBEIUUYEHUEM CTENEHH KPHUCTALTMYHOCTH CIOCOOHOCTh K OMOpa3NoXKeHHI0 yMeHbInaeTcs. Kpu-
CTaJlJIMYecKast CTpyKTypa Oosiee BBICOKOMOJEKYJISAPHBIX MOJUMEPOB MO CPABHEHHUIO ¢ HU3KOMOJIEKYJISIPHBIMU
ouopaspymaercs xyxe. [losiBienue pa3BeTBICHUI B MAKPOMOJIEKYJIaX TOBBIIIAET UX OMOpa31araeMocThb.

BBenenue pa3nuyHbIXx MOAM(PUIMPYIOMIHUX T00ABOK B MOJIUMEPHI MOKET 3aMETHO YBEIHYUThH WM YMEHb-
IIMTh WX CIIOCOOHOCTH K OMOpa3nokeHuro. Tak, cnoxHOAUpHBIE IIacTU(UKATOPHI, KaK MPABUIIO, TIOBBIIIAIOT
6uopaznaraemocth [1BX. Onnako mnoxas auddysus xopomo 6uopasznaraemoro miaactudukaTopa (JuOyTHI-
(ramara) K TOBEPXHOCTH MOJIMMEPa PUBOIUT B KOHEYHOM CUETe K II0X0oi Onopaspymmumoctu [1BX.

buopaznoxxenue noaumepa SBISIETCS CIIOXKHBIM IMPOLIECCOM, HA CKOPOCTh M 3aBEPIIEHHOCTh KOTOPOTO
BIIUSIIOT HE TOJILKO CTPOEHHUE M CBOMCTBA MOJMMEPA, HO U OKpY’Karolue yciaoBus. M3 okpykaroumx ycioBuit
MIEPBOCTENIEHHOE BIMSHUE OKa3bIBAIOT BIAXHOCTh, TEMIEPATypa, pH cpebl, CBET, a TakKe TaKOW KOMIUIEKCHBIN
(axTop, KaK KOHTAKT C TIOYBOH U THII TTOYBHI [6].

B mocnexanue roapl MccneaoBaHUs B OOJIACTH CaMOPa3pyIIAIOIIUXCS MOJUMEPOB 3HAYUTENBHO COKpaTH-
JUCh B OCHOBHOM IIOTOMY, YTO M3AEPKKU MPOU3BOJCTBA IPHU MOJYYEHUN TaKUX MOJIMMEPOB, KaK IIPaBUIIo, 3Ha-
YUTENBHO BhIIIE, YeM MPU MOTYyUYEHUU OOBIYHBIX MIACTUYECKUX MACC, U ITOT CIIOCOO YHUUTOXKEHUS SBISETCS
9KOHOMUYECKU HEBBITOJIHBIM.

OCHOBHOH IyTh UCIIOJIB30BAaHUS OTXOJIOB IJIACTMACC — 3TO UX yTHIM3AlLUd, T.€. IOBTOPHOE HCIIOIb30Ba-
Hue. [lokazaHo, YTO KaluTaJIbHbBIE U IKCIUTyaTallMOHHBIE 3aTpaThl 10 OCHOBHBIM CIIOCO0AM yTUIIM3allUU OTXO-
JIOB HE MPEBBIIIAIOT, a B PAJIE CIy4yaeB Ja)Xe HUXKE 3aTpaT Ha UX yHUUTOKeHUE. [lonoxurenbHON CTOPOHOMU
YTWIN3ALUN ABJISETCS TAKXK€ U TO, YTO MOJIYYAECTCs JONOJHUTEIBHOE KOJIMYECTBO MOJIE3HBIX MPOAYKTOB JUIS
Pa3IMYHBIX OTpaciiel HapOJHOTO XO34iCTBA U HE MPOUCXOAUT OBTOPHOTO 3arps3HEHUS OKPYKAIOLIEH CPE/IbI.
[To 3TUM mpUuYMHAM yTHINM3aLMs SBISETCS HE TOJIBKO 3KOHOMHYECKH I€J1ecO000pa3HbIM, HO U 3KOJOTUYECKU
MPEANOYTUTENBHBIM PEIIeHHEeM MpPoOIeMBbl HCIONIB30BaHUS IJIACTMACCOBBIX OTX0J0B. [lomcunrano, 4ro u3
€XKEroHO 00pa3yIOIMXCs MMOJIMMEPHBIX OTXOJI0B B BHJIE aMOPTH30BAaHHBIX M3EIUH yTHIM3AIUA TT0ABEPTacT-
Csl TOJIbKO HEe3HAUUTENbHAs YacTh (BCEr0 HECKOIBbKO MPOIEHTOB). [IprunHOil 3TOTO SBIAIOTCS TPYAHOCTH, CBSI-
3aHHBIE C MIPEIBAPUTENILHON MOATOTOBKOM (cOOp, COPTUPOBKA, pa3AeieHUE, OUUCTKA U T.J.) OTXOAOB, OTCYTCT-
BHEM CHEIHATBFHOT0 000pYI0BaHUS 7S TepepadOTKH U T.1.

K ocHOBHBIM crtoco6aM yTHIIM3alUU OTXOA0B TUNIACTHYECKUX MacC OTHOCSATCS:

— TEPMHYECKOE Pa3JI0KEHUE ITyTEM TUPOJIN3a;

— pa3JoXKeHHE C MOJyYeHUEM HUCXOIHBIX HU3KOMOJIEKYJISIPHBIX MTPOIYKTOB (MOHOMEPOB, OJINTOMEPOB);

— BTOpHUYHAas nepepadoTKa.

[Tuponu3 — 3TO TEPMHUUECKOE PA3I0KEHHE OPTaHUYECKUX MPOAYKTOB B MPUCYTCTBHM KUCIOpojaa Wiu 0e3
Hero. [Iuponn3 monMMepHbIX 0TXOA0B MO3BOJISET MOJTYYUTh BHICOKOKAJIIOPUIHOE TOIUIMBO, ChIpbe U moiydad-
PHUKaThl, UCIIOJIb3YEMBIE B PA3JIMUHBIX TEXHOJIOTMUECKUX IPOLECCAX, @ TAKKE MOHOMEpPHI, IPUMEHSAEMBbIE IS
CUHTE3a MOJIUMEPOB.

["a3000pa3Hble MPOAYKTHl TEPMHUYECKOTO PA3I0KEHHS IIACTMACC MOTYT MCIIOJIb30BAaThCS B KAYECTBE TOILTH-
Ba JJISl IOJIy4eHus: pabodero BoJsHOro napa. Kujakue npoayKThl UCHOIb3YIOTCS IS MOMYUYEHHS TETNIOHOCHUTE-
neit. CriekTp MPUMEHEHUS TBEPABIX (BOCKOOOpa3HBIX) MPOAYKTOB MHPOJH3a OTXOAOB INIACTMACC JOCTATOYHO
HIIMPOK (KOMIIOHEHTHI Pa3IMYHOrO pojJa 3allUTHBIX COCTaBOB, CMa30K, AMYJbCHM, MPONUTOYHBIX MAaTEPUAIOB U

ap.) [7].



YroOBI 1MoJTydaTh BHICOKOKAYECTBEHHBIE MUPOJIM3HBIE Maclia TOCTOSTHHOTO COCTaBa, HEOOXOAUMO cOOJIro-
JaTh 0cOObIe TPEOOBAHUS K HCXOJHOMY CHIPbIO. DTO MPEUMYIIECTBEHHO JOJKHBI OBITh OTXO/BI C BEICOKHM CO-
Jep’)KaHueM yTIIeBoopoAoB. st mpeoOpa3oBaHmsl TaKMX TEPMOILUIACTOB, KaK HU3KOMOJICKYJApHBIN [1D nmun
araktudeckuid [1I1, mpUMEHSIOT HU3KOTEMIIEPATyPHBIA KHUIKOPa3HBIN MUPOIU3 B HEMIPEPHIBHO WIIH MEPUOTHU-
4yecku paboTaronmx peakropax. O6macte pabodynx TemrepaTyp B 3TOM cllydae ONpenesseTcs nepepadarbiBae-
MbIM npoayktoM. Hanmpumep, otxoasl [I1BX 1 mo6ounbie mpoaykTsl Boiie 200 °C OTIIETIIAIOT XJIOPOBOAOPOI,
a pu nanbpHeumel Tepmudeckoit oopadotke (Boime 400 °C) paznararoTcs Ha TEXHUYECKUH yTIepoa U YIIIeBO-
nopoasl. XKunkodasuelii mupoaus [1C npu tremnepatypax Bbiie 350 °C BegeT k 00pa3oBaHUIO CTHPOJIA C BbI-
cokuM BbIxosoM. Huskomonekysipubiit 119 muponupyercst npu 400...450 °C, npu 3ToM monydarot aaudaru-
gyeckne Oorarbie oyiepuHaMH Macia u anudaTudeckue Bocku. Ataktnueckuit 111 Tepmudeckn pasnmaraercs B
obmactu Temmneparyp 400...500 °C. B HeKOTOpBIX cilydasix B 00JaCTH HU3KUX TEMIEpaTyp HaxXoIsAT MpUMEHe-
HUE PEAKTOPBI C NICEBIO0KUKEHHBIM CIIOEM.

Jis mosrydeHusi HU3KOMOJIEKYJISIPHOTO CHIPbS M3 TaKMX OCOOBIX BHIOB OTXOJOB MOJMMEPOB, KaK CMECH
TEPMOILIACTOB, KaOeJIbHas M30JIS1Ks, TPUMEHSIOT BBICOKOTEMIIEPATYPHBIA MUPOJIN3, TIPU 3TOM OOJIbIIas Mpo-
W3BOJAUTENIBHOCTD JOCTUTAETCS TOJIBKO B CIIy4ae HEMPEPHIBHBIX METOOB.

OOpa3syromnuecss B MpoOLECcce MUPOIN3a HU3KOMOJEKYJIIPHbIE MPEENIbHbIE YIIEBOAOPOIbl MOABEPraloOTCs
MOCJIEAYIOIEMY KPEKHUHTY C II€JIbIO YBEJIMYEHMsI BBIXOJAa HENPEAEIbHBIX COCAMHEHUMN, UCHOJb3YEMBIX INPHU
CUHTE3€ MOJINO0JIC(HUHOB.

Pa3paboTranbl Takke Mpolecchl KaTaAIUTUYECKOT0 THAPOKPEKUHTa AJIsl MPEBpAIleHUs] MOJMMEPHBIX OTXO-
0B B OCGH3MH U TOIUIMBHEIE MacJia.

MHorue nonuMmepsl B pe3ynbrare 00paTUMOCTH PEaKIu 00pa30BaHUS MOTYT CHOBA pa3jiaraThCs IO HC-
XOJIHBIX BemiecTB. JJIg MpakTHYeCKOro MCIOJb30BaHUS MMEIOT 3HaueHue crocoOsl pacmieruienus [19TD, mo-
anamuzioB (ITA) n BcieHEHHBIX MONMMYpeTaHoB. IIpoayKThl paciienyieHus: UCIOIb3yIOT CHOBA B KAUECTBE ChIPbs
JUIs TIPOBEJICHUS TpoLiecca MOJMKOHIACHCAIIMHM WM KaK J00aBKM K MEpBUYHOMY Marepuaidy. OIHaKo HMero-
LIMECs B ATUX MPOAYKTaX MPUMECH YACTO HE MO3BOJISIIOT MOJIy4aTh BRICOKOKAYECTBEHHBIE MOJUMEPHBIE H3J1e-
JMs1, HAaIIpUMED, BOJIOKHA, HO YUCTOTA UX JOCTATOYHA Ul U3TOTOBJIEHUS JIUTHEBBIX Macc, JETKOIUIaBKUX U pac-
TBOPUMBIX KJIEEB.

['unponus sBnsercs peakiueil, o0paTHoil monukoHAeHcauuu. C ero MOMoIIbI0 MPU HAMIPABICHHOM JeiCT-
BHUU BOJIbI TI0O MECTaM COEAMHEHHS KOMIIOHEHTOB IMOJMKOHIEHCAThl Pa3pylIaloTcs A0 UCXOAHBIX COEIUHEHUH.
I'unponu3 mpoucxXoauT Mo ACHCTBUEM dKCTpEeMalbHBIX TEMIEpaTyp U AaBieHu. [ 1yOnHa mpoTekaHUs peak-
1My 3aBUCUT OT pH cpenbl 1 nCnoib3yeMbIX KaTaau3aToOpOB.

OTOT cnoco0 HCIONBb30BAHUS OTXOJOB PHEPreTHUECKU Ooliee BBITOJCH, YeM MHUPOINU3, TaK Kak B 000pOT
BO3BPAIIAIOTCS BBICOKOKAYE€CTBEHHbBIE XUMUYECKHUE MTPOTYKTHI.

[To cpaBHEHHIO C THAPOIU3OM Ui pacuierieHus: 0Txoa0B [[9Td Gonee sxoHOMUYEH ApYroil cmocod —
[IIMKOIN3. JlecTpyKiusl MPpOUCXOAUT MPHU BBICOKUX TEMIIEpaTypax U JIaBJIE€HUHU B MPUCYTCTBUHU STUIICHIJIUKOISL
U C y4yaCTHEeM KaTaJu3aTOpOB JO0 MOJYUYEHHUS YHCTOrO AUMNIHKoIbTepedTanata. Ilo 3ToMy mpUHIUITY MOXKHO
TaKXkKe MepedTepruPUIMPOBATH KapOaMaTHBIC TPYIIBI B TIOJIHYPETaHE.

Bce xe cambIM pacnpoCTpaHEHHBIM TEPMHUYECKUM METOAOM mepepaboTku oTxofoB [IDT® saBrnsercs ux
pacIeIIeHne ¢ MOMOIIBIO METaHOIa — MeTaHonu3. IIporece npoTekaeT mpu Temmeparype oime 150 C u xas-
nenun 1,5 Mlla, yckopsiercs karanuzaropamu nepestTeprudukaniui. ITOT METOI OUYeHb dKOHOMHYEH. Ha mpak-
TUKE IPUMEHSIOT U KOMOMHAIIMIO METO/IOB TJIMKOJIM3a U MeTaHoNu3a [8].

B nactosmiee Bpemst Haubosnee npuemsieMbIM Juist Poccun siBisieTcst BTopuyHas nepepadoTka 0TXO0A0B MO-
JMMEPHBIX MaTEPUATOB MEXaHUYECKUM PEIMKINHIOM, TaK KaK 3TOT CIIOCO0 nepepadoTKu He TpedyeT Joporo-
ro CHEIUAIILHOTO 000pYI0BaHUS U MOKET 0aTh peann30BaH B JIOOOM MECTE HAKOTLJICHUS] OTXOIOB.

Jlanee paccMOTpHM OCHOBHBIE METOBI BTOPUYHOI mepepadoTKku Hanbosee pacpoCTPaHEHHBIX MOTUMEp-
HBIX MAaTE€pUaJOB.

1.2 VTUWIM3ALIMA OTXOHAOB ITOJIMOJIEGMHOB

[Tonmoneduusl — camblii MHOTOTOHHAXHBIN BUJ TepMomiacToB. OHU HaxXOAST LIMPOKOE NMPHUMEHEHHE B
Pa3MYHBIX OTPACISX MPOMBIIIICHHOCTH, TPAHCIIOPTa U B CENTLCKOM Xo3siicTBe. K mommonedunaM oTHOCATCS
MOJIMATUIIEH BBICOKOM M Hu3ko# miuotHocTH (IIDBIT u IT9HII), ITI1. Haubonee 3¢ ¢dexTuBHBIM cr1OcOOOM yTH-
mm3anuu oTxon0B [1O sBisieTcst MX MOBTOPHOE HCoib30BaHue. Pecypcsl BTopruHbIX 110 BenwkH: TOIBKO OT-
xozp!l norpedienus [IDHII B 1995 r. nocturnu 2 muH. T. Mcnonb30BaHre BTOPUUHBIX TEPMOIIIIACTOB BOOOIIIE,
u [10 B yacTHOCTH, MO3BOJISIET YBEJIUYUTh CTENIEHB yA0BJIETBOPEHUS B HUX Ha 15...20 %.



Crioco6s1 epepaboTku 0Tx0,10B [10 3aBUCAT OT MapKu mojauMepa U UX MpoucxoxaeHus. Hambomnee mpo-
CTO TiepepabaThIBAIOTCSl TEXHOIOTUYECKUE OTXOMbI, T.€. OTXOABI MPOU3BOJCTBA, KOTOPHIE HE MOABEPIINCH WH-
TEHCUBHOMY CBETOBOMY BO3CHCTBHIO B TpOIlecce IKCIUTyaTanuu. He TpeOyrOT CIOKHBIX METOJIOB MTOATOTOBKHU
u otxosl notpedsienus u3 [IDBII u II1, Tak kak ¢ 0OTHON CTOPOHBI U3EITHS, U3TOTABIMBAEMBIE U3 TUX TOJIH-
MEpOB, TaKK€ HE MPETEPIIECBAIOT 3HAYUTEIbHBIX BO3JACHCTBUI BCIEACTBUE CBOCH KOHCTPYKIMHM M HA3HAYEHUS
(ToncTOCTeHHBIE eTanu, Tapa, GypHUTYpa | T.1.), @ C APYTOil CTOPOHBI — UCXOTHBIE TIOJUMEPHI OoJiee yCTOM-
YHBBI K BO3JICHCTBUIO aTMOC(heEpHBIX dakTopos, yem [IDHII. Takue oTx0apI Meper MOBTOPHBIM HCIIOIH30BAHHU-
€M HYKJAIOTCSl TOJIbKO B U3MEJIbYCHUU U TPaHyJIMpOBaHuu [9].

1.2.1 CrpyKTypHO-XMMHYECKHE 0COOEHHOCTH
BTOPUYHOTI'0 MOJHITHIEHA

Bri0op TexHOIOrH4ecKux mapameTpoB nepepaboTku orxonoB [1O u obnmacTel MCMOIB30BaHUS IMONTydae-
MBIX M3 HUX W3JIENUH O0YCIIOBJICH X (U3NKO-XUMHUYECKUMH, MEXaHHYECKUMHU U TEXHOJOTHUECKUMH CBOMCT-
BaMH, KOTOPBIC B 3HAUUTEIBHON CTENCHU OTIIMYAIOTCS OT TEX JKE€ XapaKTEPUCTUK MepBUYHOTO noaumepa. K oc-
HOBHBIM ocoOeHHocTsM BropuuHoro [IDHII (BIIOHII), kotopsle onpenensor cnenuduky ero nepepadboTk,
CJIEyeT OTHECTH: HU3KYIO HACHIITHYIO IJIOTHOCTB; OCOOEHHOCTH PEOJIOTHYECKOTO TOBEACHHUS paciuiaBa, 00y-
CIIOBJICHHBIE BBICOKHUM COZCPKAHMEM TIeJs; NOBBINICHHYIO XMMHYECKYH) AKTMBHOCTH BCJIECICTBUE M3MEHCHHU
CTPYKTYpBbI, IPOUCXOAALINX NPU NepepadoTKe NEPBUYHOTO MOIMMEpA U HKCIUTyaTallMU MOJTYYEHHBIX M3 HETo
U3JIEIIUN.

B nponecce nepepaboTku M 3KCIUTyaTallUM MaTepuall MOABEPracTCcsl MEXAaHOXMMHUYECKUM BO3JIEHCTBUSM,
TEPMHUYECKOH, TErI0- U (POTOOKUCIUTETHHON NECTPYKIMHU, YTO MPUBOAUT K MOSIBIICHUIO AaKTUBHBIX TPYIIII, KO-
TOpBIE TIPH MOCIEAYIOUINX IepepaboTKax ClIOCOOHBI HHUIMMPOBATh peakuuu okucienus [10, 11].

M3MeHeHne XMMHYECKON CTPYKTYphl HaUMHAeTCs yKe B mpoliecce nepBuuHoi nepepadbortku [10, B yact-
HOCTH IIPH SKCTPY3HH, KOTJIa IIOJUMED MOABEPracTCs 3HAYUTENBHBIM TEPMOOKUCIUTEIBHBIM U MEXaHOXUMHYE-
CKUM Bo3jeicTBUsAM. Haubonpmuii BkiIag B U3MEHEHUs, NPOTEKAIOIUE NPU IKCIUTyaTallud, BHOCAT (OTOXU-
MHUYECKHE MPOIECChl. DTH U3MEHEHUSI HeOOpaTUMBI, B TO BpeMs Kak (pU3MKO-MeXaHUYECKHe CBOMCTBA, HANpPH-
Mep, NOJUITHICHOBOM IUIEHKH, OTCIIY>KMBILEH OJMH-BA CE30HA JUIS YKPBITUSA IAPHUKOB, MTOCIIE NIEPEIPECCOB-
KM U DKCTPY3HH [TOYTH MOJTHOCTHIO BOCCTAHABINBAIOTCA [S].

Ob6pa3zoBanue B [ID miieHKke npu ee SKCIUTyaTalluy 3HAYUTEIBHOTO YHCIa KApOOHMIIBHBIX I'PYIIT PUBOIUT
K moBeIeHHON crocoOoHoctr BITOHIT mormomars KHCIOPO, CIEACTBHEM YEero SIBISETCS 0Opa3oBaHUE BO
BTOPUYHOM CbIpbE€ BUHWIIBHBIX M BUHWJIMIEHOBBIX IPYII, KOTOPbIE 3HAUUTEIBHO CHUKAIOT TEPMOOKUCIUTEIb-
HYI0 CTa0MJIBHOCTB MOJIUMEpa MpPHU MOCIEAYIOMNX epepadoTKax, HHUIMUPYIOT Ipolecc (OTOCTapeHUs TaKUX
MaTepHalioB U U3AEIUM U3 HUX, CHUKAIOT CPOK UX CITYKOBI.

Hannune xkapOOHUIBHBIX Py HE ONpPENEIseT HU MEXaHUYECKHe CBOMCTBA (BBEACHUEM UX 10 9 % B Hc-
XOJHYI0 MaKpOMOJIEKYJIy HE OKa3bIBAa€T CYIIECTBEHHOT'O BIMSHUSA HA MEXaHUUYECKUE CBOMCTBA MaTepHasa), HU
MIPOIYCKAaHUE TIEHKOW COJHEYHOro CBeTa (MOIJIOIIEHUE CBETa KapOOHWIBHBIMU TPYNIIAMH JISKUT B 001aCTH
JUTHH BOJIH MeHee 280 HM, a CBET TaKOro COCTaBa MPAKTHUYECKH HE COJCPIKUTCS B comHEYHOM crekTpe) [10].
OnHako UMEHHO Hajmuuue KapOOHWIBHBIX rpynn B I1D o0ycnoBiuBaeT BecbMa Ba)KHOE €ro CBOMCTBO — CTOIi-
KOCTb K BO3JICIICTBHIO CBETA.

Nuaunmaropom doroctapenust [1D sBASIOTCS THAPONEPOKCHABI, O0Opa3yloluecs emie mpu mnepepadoTke
MIEPBUYHOI0 MaTepuaia B Ipolecce MexaHoxumuueckon aectpykuuu [10, 11]. Mx nHunuupyouee nencTue
0c00eHHO 3((hEeKTUBHO HAa PAaHHMUX CTAJUSAX CTApPEHUs, B TO BpeMs KakK KapOOHWIIbHBIE IPYMIbI OKa3bIBAIOT CY-
LIIECTBEHHOE BJIMSHUE Ha 00Jiee MO3JHUX CTAIHSIX.

Kak u3BecTHO, IpU CTapeHUU MPOTEKAIOT KOHKYPUPYIOLIUE PEaKUU JECTPYKLIHUU U CTPYKTYpPUPOBAHUS.
CrencTBueM nepBoi sBiIseTCs 00pa3oBaHNE HU3KOMOJIEKYJIISIPHBIX MPOYKTOB, BTOPOH — HEPACTBOPUMON T'elib-
¢pakuun. CKOpocTb 00pa30BaHUs HU3KOMOJIEKYJISIPHBIX IPOJYKTOB MAaKCHUMajbHAa B Hayaje CTapeHHs. DTOT
MEPHUOJ] XapaKTEPU3YyeTCsl HU3KUM COJIEP )KAaHUEM Tellsl U CHUYKEHUEM (PU3NKO-MEXaHUYECKUX MMOKa3aTesei.

B nanpHeiimemM ckopocTh 00pa30oBaHusl HU3KOMOJIEKYJIAPHBIX MTPOAYKTOB CHUXKAETCS, HAOIIOIAeTCs PE3KOe
BO3pAaCTaHUE COACPIKAHMS Telsl U YMEHBIICHNE OTHOCUTENBHOTO YAJIMHEHUS, YTO CBUJIETENIBCTBYET O IIPOTEKa-
HUU TIpoliecca CTPYKTYpPUpOBaHUs. 3aTeM (1Ocie AOCTHXKEHUS MakcuMyma) cojepskanue rens B BIID npu ero
(oToCcTapeHNn CHIKAETCS, YTO COBIAIAET C IMOJHBIM M3PACX0I0BAaHUEM BUHWIMCHOBBIX TPYIII B MOJUMEPE U
JOCTH)KEHUEM TpEAEIbHO JOMYCTUMBIX 3HAUEHUH OTHOCHUTENBHOrO y/uimHeHHs. Takoil a3pdexT oObscHsaeTcs
BOBJIEYEHHEM 00Pa30BABIINXCS POCTPAHCTBEHHBIX CTPYKTYp B MPOLECCe NECTPYKIMH, & TAKXKe PaCTPECKUBa-
HUEM TI0 TpaHulle MOP(OIOrHYecKrx oOpa3oBaHUM, YTO MPUBOIUT K CHHKCHHIO (PU3UKO-MEXaHUYECKUX Xa-
PaKTEPUCTUK U yXyAIIEHUIO ONITUYECKUX CBOMCTB.



CkopocTb U3MEHEHHs (PU3UKO-MEXaHUIECKUX XapakrepucTuk BIID mpakTrdeckn He 3aBUCHUT OT COZEpKa-
HUS B HEM relnb-(ppakiuu. OqHaKo coaepkaHHue Telisl He0OXOANMMO BCET/la YUYUTHIBATh KaK CTPYKTYPHBIN (ak-
TOp MpHU BBIOOpE croco0a MOBTOPHOU MepepadboTKH, MOAU(MUKAIIMN U TIPH OMpeeieHUH 00JacTel UCIOJIb30-
BaHUS MOJIUMEpA.

B Tabn. 1 npusenens! xapakrepuctuku cBoicTB [IDHII 1o m mocne crapeHus B TeUeHUE TPEX MECSIEB U
BII2HII, nomy4eHHOTO 3KCTPY3Ueid U3 COCTAPEHHOM TIJICHKHU.

1 Xapakrepucruku csoiicts II9HII 1o n nocie crapenus

[1OHII BIIOHII
’E % é DKc-
XapaKTepUCTUKHU = é > = | Tpysuon-
% 5 5 HBI1
= &
Copepsxanue rpynn C-O, mons |0,1 1,6 1,6
Conepxanue Huzkomoue- (0,1 6,2 6,2
KYJISIPHBIX IPOAYKTOB, %
Copepsxanue rens, % 0 20 20
Pazpymaromee wnampsike-|15,5 11,4 10
HUe npu pactsbkenuu, MITa
OtHocuTenbHOE ynnuHe-|490 17 125
HUE TIpH pa3peiBe, %o
CrolikocTh K pacTpecKuBa- 8 — 1
HUIO, 4
CBETOCTOMKOCTD, CYT 90 — 50

Xapakrep u3MeHeHus: Gpusnko-mexannueckux xapaxkrepuctuk st [IDHIT u BITDHIT neonunakos: y mep-
BUYHOTO IMOJINMEpa HAOJI01aeTCsl MOHOTOHHOE CHIDKEHHE M MMPOYHOCTU M OTHOCUTENBHOIO YJUIMHEHHUS, KOTO-
peie coctaBisatoT 30 u 70 % cOOTBETCTBEHHO IOCIE cTapeHus B TeueHue 5 mecsaues. g Bropuunoro IIOHII
XapakTep W3MEHEHUs ITUX MOKa3aTesied HECKOIbKO OTIMYAETCS: pa3pylIarollee HanpsHKEHUE MPAKTUYECKH He
U3MEHSETCSA, a OTHOCUTENIbHOE Yy UIMHEeHHe yMmeHbInaercss Ha 90 %. IIpuunHOi 3TOro MOKeT OBITh HaJIH4YHUe
renb-ppakiuu Bo BIIDHII, koTopas BeIMOMHSAET (PYyHKIHUIO aKTHBHOTO HAMOJHHUTENS MOJUMEPHOU MATPHIIBI.
Hanuune takoro "HamonHuTens" — NpUYMHA NOSBICHUS 3HAYUTEIbHBIX HANPSIKEHUH, CIEICTBUEM YErO SBIIS-
€TCsl TOBBIIIEHUE XPYIIKOCTH MaTepHaa, pe3Koe CHIKEHUE OTHOCUTENbHOTO yanuHeHus (BIioTh A0 10 % ot
3HaueHUH U1l nepBUYHOro 113), CTOMKOCTH K pacTpecKUBaHMIO, MPOYHOCTU Npu pacTskeHuu (10...15 MIla),
3JaCTUYHOCTH, TIOBBIIIEHNE KECTKOCTH.

B IID npu crapeHnH NPOUCXOIUT HE TOJIbKO HAKOIUIEHUE KHUCIOPOJOCOAECPIKAIIMX TPy, B TOM YHCIIE Ke-
TOHHBIX, 1 HU3KOMOJICKYJIIPHBIX MPOAYKTOB, HO ¥ 3HAYUTEIFHOE CHWKECHHE (U3NKO-MEXaHUYECKUX XapaKTe-
PUCTHK, KOTOPbIE HE BOCCTAHABIMBAIOTCS IOCJE€ BTOPUYHOU TepepaboTKU COCTapeHHON MOJIMoaehUHOBON
wieHkd. CTpykrypHO-xuMudeckue npespamenns B BIIDHII nporncxoast B ocHOBHOM B amopdHOii daze. I1o
MIPUBOJUT K OCJIa0JIeHNI0 MeX(a3HOU TPaHUIBl B MOJIUMEPE, B Pe3yJIbTaTe Yero MaTepuai TepsieT IPOYHOCTb,
CTaHOBUTCS XPYTKHUM, JJOMKUM H ITOJIBEP’KEHHBIM JaTbHEHIIEMY CTapEHHUIO KaK MPH MOBTOPHOM repepaboTke B
W3Nenusi, TaKk W TpPH OKCITyaTalldd TaKuX W3JAETUi, KOTOpble XapaKTepU3YIOTCS HUZKUMHU (PU3UKO-
MEXaHUYECKUMU NOKAa3aTEeNSIMU U CPOKOM CITY>KOBI.

JUJisl OLIEHKH ONTHUMANIBHBIX PEXUMOB NEPepadOTKH BTOPUYHOTO MOJIMATHIICHOBOTO CHIPbsl OOJIBILIOE 3HAYE-
HHE UMEIOT ero peosorndeckue xapakrepuctuku. st BITOHII xapakTtepHa HU3Kasi TEKy4eCTh MPU MajbIX Ha-
NPSOKEHUSAX CABUTA, KOTOpas MOBBIIAETCS NMPHU YBEJIMUYECHUU HANPSIKEHUS, IpUYeM pocT Tekydectu ans BIID
Oompliie, yeM it iepBudHOTO. [Iprunnoit storo siBisiercss Hanmmuue renst Bo BIIDHII, koTopsiil 3HaunTENHHO
MOBBIIIAECT SHEPTUI0 AKTUBALMU BSA3KOI0 TEUEHUS MOIUMEPA. TEeKydecTh MOXKHO PEryJIMpoBaTh, TAKKE U3MEHSISA
TEMIIepaTypy MpH rnepepaboTke — ¢ yBeTUUYEHHUEM TEMIIepaTyphbl TEKyUeCTh paciljiaBa yBEINIHBACTCS.

Wtak, Ha BTOPUYHYIO NEpepabOTKy MOCTYMAeT MaTepual, MPeAbICTOPUSI KOTOPOro OKa3bIBAET BEChbMaA CY-
IIECTBEHHOE BIIMSHUE Ha €ro (hM3MKO-MEXaHUYECKHE W TEXHOJOTHYECKHe CBOMCTBa. B mporecce BTOpHUUHOI



nepepaboTKU MOJUMEp IMOABEpPraeTcs JONOJHUTEIbHBIM MEXaHOXUMUYECKUM M TEPMOOKHUCIUTENIbHBIM BO3-
NEHCTBUAM, IPUYEM U3MEHEHHUE €r0 CBOWCTB 3aBUCHUT OT KPATHOCTU MEPEPabOTKH.

[Tpu uccnenoBaHWy BIMSIHUS KPATHOCTH MEPEPaOOTKH HA CBOMCTBA MOMyYaeMbIX U3JIEIHH MOKa3aHo, 4To 3
— 5 xpaTHas nepepaboTKa OKa3bIBaeT HE3HAYUTENIbHOE BIUSHUE (TOpa3 0 MEHbIIIE, YeM MepBUYHAs). 3aMETHOE
CHIDKEHHE MPOYHOCTU HaunHaetcsa mpu 5 — 10 kpatHO# mepepaboTke. B mpoliecce moBTOpHBIX MepepaboTok
BIIDHII pexomeHnayeTcst HOBBIIATh TEMIIEPATYPY JIUThs HA 3...5 % WK 4yucia0 0O0POTOB LIHEKA MPU IKCTPY-
3un Ha 4...6 % g pa3pyueHus oopasymomerocs reis. Heo6xoaumMo oTMETUTh, YTO B MPOIECCE MOBTOPHBIX
nepepaboToK, 0COOEHHO MPH BO3JEHCTBUU KHCIOPOa BO3/1yXa, IPOUCXOIUT CHHKEHUE MOJIEKYJIIPHON MacChl
oJInoJIeUHOB, KOTOPOE MPUBOAUT K PE3BOMY MOBBILIEHHIO XPYIKOCTH MaTepuaia. MHOrokpaTHas nepepa-
00TKa apyroro moiuMepa u3 kiaacca moiauoiaeuHo — [1I1 mpuBouT 0OBIYHO K YBETUYSHHIO TIOKA3aTelNs TEKY-
yectu paciuiaBa (IITP), XxoTs mpu 3TOM NPOYHOCTHBIE XapaKTEPUCTUKU MaTepHalla HE NMPETEepIieBalOT 3HAUH-
TeIbHBIX U3MeHeHui. [ToaTomMy oTx01b1, oOpasyromuecs npu u3roroBiaeHuu neraieit uz II1, a Taxxke camu ae-
TaJM 10 OKOHYaHHH CPOKA IKCIUTyaTallMd MOTYT OBITh IOBTOPHO HCIOJB30BAaHbI B CMECH C MCXOJHBIM MaTe-
pHUaIoM /s IOJy4YEeHHs HOBBIX JeTainelt [9].

W3 Bcero cka3aHHOTrO BbIIIE clieAyeT, uto BropuyHoe [1O ceipbe creayer noasepraTb MOIU(MUKALINY C 11e-
JBIO YITYUIIICHHs KAUeCTBa U MOBBIIICHUS CPOKA CITYKOBI U3ENIUN U3 HETO.

1.2.2 TexHonorus nepepadoTKu BTOPUYHOIO 10JIM0Ie(PMHOBOTO
ChIPbSl B TPAHYJIAT

Jnst mpeBpaleHyst 0TX0/10B TEPMOILIACTOB B ChIPhE, IPUTOIHOE I MOCIEAYIOLIEH epepadoTK B U3/e-
nusi, HeoOX0ouMa ero IpeaBapuTeNbHas 00padoTka. Beibop criocoba mpenBapuTeIbHON 00pabOTKH 3aBHCUT B
OCHOBHOM OT MCTOYHHMKA OOpa30BaHMs OTXOAOB U CTEMEHHM UX 3arpsA3HEHHOCTH. Tak, OAHOPOIHBIE OTXOJIbI
npou3BojcTBa U nepepadotku [IDHIT 06pr9HO MepepabaThIBalOT Ha MECTE WX 00pa30BaHMsI, IJIsl Uero TpedyeT-
csl He3HAUMTEIbHAsl peABapUTeIbHAst 00padOoTKa — rIIaBHBIM 00pa30M U3MENbUEHUE U TPAHYIISIIIMSL.

OTxoapl B BUJAE BBHIMICAMINX W3 yHOTpeOJIeHHs] u3Ienuii TpeOyroT Oojiee OCHOBATENBHOW MOATOTOBKH.
[IpenBaputenbHas 00pabOTKa OTXOAOB CEIbCKOX03AKiCTBEHHOM [0 miieHku, MEemKoB U3 MoJ yIoOpeHuil, oT-
XO0JI0B U3 APYIMX KOMIAKTHBIX UICTOUHUKOB, a TAKKE€ CMEIIAHHBIX OTXO0JI0B BKJIIOUYAET CIEAYIOIIHNE 3TAIbL: COP-
TUpPOBKa (rpy0as) u uaeHTUPHUKAIUA (1715 CMEIIaHHBIX OTXO0JI0B), M3MENbUYCHUE, pa3eiieHe CMEIIaHHbIX OT-
XO0JI0B, MOI1Ka, cyika. [Tocie aToro marepuai noaBeprarT rpaHyJIsALHH.

[IpenBapuTenbHas COpTUPOBKa MPeayCcMaTpUBAET rpy0oe pa3ieeHue OTXO0B 10 pa3IndHbIM IPU3HAKAM:
1BeTy, rabapuram, (hopMe U, €CIIH 3TO HYKHO M BO3MOXKHO, — I10 BUAaM IiactMacc. [IpeaBapurenbHyo copTu-
POBKY IPOU3BOJSAT, KaK MPaBUJIO, BPYUHYIO HA CTOJIaX WJIM JICHTOYHBIX KOHBEHEpax; MPU COPTHUPOBKE OJHO-
BPEMEHHO yIAISIOT U3 OTXO/0B Pa3IMYHbIE IOCTOPOHHUE IPEAMETHI U BKIFOUEHUSI.

Pa3znenenne cmemanHbiX (OBITOBBIX) OTXOJOB TEPMOIUIACTOB MO BUAAM MPOBOIAT CIEAYIOIIMMH OCHOB-
HBIMH crioco0aMu: (pIOTallMOHHBIM, pa3lAeNeHHEM B TSKENbIX Cpelax, adpocemnapaiyeil, sJeKTpocenapaime,
XUMHUYECKUMH METOJaMH U MEeToAaMH TiyOokoro oxnaxaeHus [12]. HauOGonbiee pacnpocTpaHeHUE MOTYYUIT
MeToJ (IIOTAINH, KOTOPBINA MO3BOJSET Pa3leNiaTh CMECH TaKUX MPOMBINUIEHHBIX TepMOIU1acToB, kak [19, I1I1,
I1C u [IBX. Pa3nenenue miaactMacc MPOU3BOAMTCS NPU JOOABIEHUH B BOJY IOBEPXHOCTHO-aKTHBHBIX Be-
IIECTB, KOTOPBIE N30UPATEIHHO H3MEHSIOT UX THAPOHUIEHBIE CBOUCTBA.

B HekoTOphIX ciydasx 3QQEeKTHBHBIM CIIOCOOOM pa3esieHHs! MOJIMMEPOB MOXKET OKa3aThCs PACTBOPEHHE
UX B 00ILIeM pacTBOpUTEIIE WIN B cMecHu pacTBopureneil. O6pabaTsiBast pacTBop napom, BeiaensitoT [1BX, I1IC u
CMEChH MOIHOICPUHOB; YUCTOTA TPOAYKTOB — HE MeHee 96 %.

Mertoab! (oTanmu U pa3aesieHus B TSHKENBIX cpelax sBISIoTCs HanOonee 3(pPEeKTUBHBIMA ¥ YKOHOMHYE-
CKH 1eJIeCO00Pa3HbIMU U3 BCEX MEPEUHUCICHHBIX BBIIIE.

Breimeamme u3z ynorpednenus [1O oTXoasl ¢ coiep)kaHueM MOCTOPOHHUX Mpumecedt He Gornee 5 % co
CKJIaJia ChIPbsl MOCTYIAIOT HA y3€Jl COPTUPOBKU OTXOJOB /, B MPOLIECCE KOTOPOU M3 HUX YJAJSIOT CIydailHble
MHOPO/IHbIE BKJIIOUYEHHUS U BBIOPAKOBBIBAIOT CUJIBHO 3arps3HEHHbIE KyCcKH. OTXO/bl, IPOIIEIIINE COPTUPOBKY,
M3MENBYAOT B HOKEBBIX APOOUIKaX 2 MOKPOTO WM CyXOTO M3MENIbUYEHHS N0 MONYyYEHHUs PBIXJIOW Macchl C
pasmepom vactuil 2...9 mm [13].

[Ipou3BOAUTENBHOCTh U3MEIBYUTEIBHOIO YCTPOMCTBA OMPENEAETCS HE TOJIBKO €ro KOHCTPYKILMEH, unc-
JIOM U JUTMHOW HOKEH, YaCTOTOM BpAIICHUSI pOTOPa, HO U BUJOM OTXOA0B. Tak, caMasi HU3Kask MPOU3BOAUTEIb-
HOCTb NPU NepepaboTKe OTXO0B MEHOIUIACTOB, KOTOPHIE 3aHUMAIOT OYEHBb OOJIBIION 00BEM U KOTOPBIE TPYIHO
KOMITIaKTHO 3arpy3uTh. boisiee BbICOKasi MPONU3BOAUTEIBHOCTD JOCTUTAETCS MPU MepepaboTKE OTXOA0B IUICHOK,
BOJIOKOH, BBIJTYBHBIX U3JI€TUH.

J1st Bcex HOXEBBIX APOOUIIOK XapaKTEPHON 0COOEHHOCTHIO ABJISETCS MOBBIIECHHBIN IIIyM, KOTOPBII CBsI3aH
co crenu(puKOi mpolecca U3MelbYeHHs] BTOPUYHBIX MOJIMMEPHBIX MaTeprayioB. [[1si CHUKEHHS yPOBHS IIymMa



HU3MCJIBYUTCIIbL BMECTC C IBUTAaTCIICM U BCHTUJIATOPOM 3aKJIIOYarOT B HIYM03aHII/ITHI)II71 KOXYX, KOTOpBIﬁ MOKET
BBITIOJTHATHCS Pa3bEMHBIM M UMETh CIIelMalbHbIe OKHA C 3aCJIOHKaMH Ul 3arpy3Kd U3MellbYaeMoro MaTepua-
na.

W3menpuyeHne — 04eHb BaXKHBIN 3Tall MOATOTOBKHU OTXOJ0B K MepepaboTKe, TaKk KaK CTENEeHb U3MEIbUeHUs
orpenenseT 00bEMHYIO IIOTHOCTB, CBHITyYECTh M pa3Mephbl YaCTHIl MOIy4aeMoro mpoaykra. PerynupoBanue
CTETEeHHU M3MENbYCHHSI MMO3BOJISIET MEXaHU3UPOBATh Mpoliecc nepepaboTKH, MOBBICUTh Ka4eCTBO MaTepuaia 3a
CUCT YCPCAHCHUA €0 TCXHOJOIMYCCKUX XAPAKTCPHUCTUK, COKPATUTH MPOAOJDKUTCIBHOCTE APYTUX TCXHOJIOIU-
YEeCKUX ONepalui, ypoCTUTh KOHCTPYKIUIO IiepepadaThIBAIOIIET0 000PYJOBAHHUS.

Becpma MNEPCICKTUBHBIM CHOC060M HU3MCJIIBYCHUA ABIISACTCA KpHOFGHHBIﬁ, KOTOpI:IfI MO3BOJIACT MOJIy4aTb
MOPOIIKHA U3 OTXOJIOB CO CTENeHbt0 aucnepcHoctH 0,5...2 mm. Mcnosib30BaHME MOPONTKOBOM TeXHOIOTUH [ 14]
HUMECT pAad NPCUMYIICCTB: CHUKCHUC MMPOJOJIZKUTCIIBHOCTH CMCUICHU A, COKPAIICHUC paCXoa SHCPIrun U 3aTpatr
paboyero BpeMeHHU Ha TeKyllee OO0CIyKHUBaHHE CMECUTENEH; JTyullee pachpeielieHue KOMIIOHEHTOB B CMECH;
YMEHBIIEHUE NECTPYKIUA MAKPOMOJIEKYI U JIP.

W3 u3BECTHBIX METOAOB MOJYYEHHS MOPOLUIKOOOPA3HBIX MOJMMEPHBIX MaTEPHUANIOB, HUCIOIb3yEMbIX B XU-
MHYECKOU TCXHOJIOTUH, IJIA U3MCEJIIBYCHUA OTXOAOB TCPMOILIIACTOB Han60nee MPUCMIICMBIM SABJISICTCSA croco6
MEXaHUYECKOTO M3MesIbueHus. MexaHnyeckoe M3MelbYeHHE MOKHO OCYIIECTBIIATH ABYMS MYyTSMHU: KPUOTEH-
HBIM CITOCOOOM (M3MENbUEHHUE B CPEJie JKUIKOTO a30Ta WIN JPYTOro XjajoareTHa U MpH OOBIYHBIX TeMIIepaTy-
pax B cpejie Ae3arJoMepUpPYIOLIUX HHIPEAUEHTOB, KOTOPbIE SBIISIOTCS MEHEE SHEPTOEMKUMHU.

[lanee u3menbueHHbIE OTXOABI MOAAIOT HA OTMBIBKY B MOEYHYIO MalinHy 3. OTMBIBKY BEAYT B HECKOJIBKO
MIPUEMOB CIIEUANTBHBIMU MOIOIIKUMHU cMecsiMu. OTkaTyto B ueHTpudyre 4 maccy ¢ BiaaxkHoctbio 10...15 % mo-
JIAal0T Ha OKOHYATEeNIbHOE 00€3BOKHMBAHNE B CYIIMIBHYIO YCTAHOBKY J, IO OCTaTOYHOTO cojaepskaHus Biaru 0,2
%, a 3aTeM B rpanyistop 6 (puc. 1.1).

OTA0Ak

rpaHyns!
(rpanynAT)
Puc. 1.1 Cxema BTOpMYHOM nepepadoTKH M0JIH0/1e¢(PHHOB B I'PaHYJIbI:
1 — y3eq COpTUPOBKH OTXOJIOB; 2 — IpOOMIIKA; 3 — MOEYHAs MaIlIMHA;
4 — uentpudyra; 5 — CylmmiabHas yCTaHOBKA; 6 — TPaHyJIATOP

Jns cymku oTX0A0B MPUMEHSIOT CYIIMIJIKM PA3JIMYHBIX TUIOB: MOJOYHBIE, IEHTOUYHbIE, KOBIIEBBIE, C "KH-
nsmuM" CI0eM, BUXPEBBIE U T. .

3a py0eKOoM BBIITYCKAIOT YCTAHOBKH, B KOTOPBIX €CTh YCTPOMCTBA M Ui MOWKH, U JUISI CYIIIKH TIPOU3BOJIU-
TeabHOCTHIO 10 350...500 kr/4. B Takoi ycTaHOBKE M3MENBUCHHBIEC OTXO/IBI 3arPy’>Kaf0T B BaHHY, KOTOPYIO 3a-
MOJIHSIOT MOIOLIUM pacTBopoM. [llieHka nmepeMennBaeTcst 10NacCTHOM MEIIAIKOM, MPU 3TOM T'psi3b OCEIAET Ha
JTHO, a OTMBITas IJIeHKa BCIUIbIBaeT. O0e3BOKMBAHNE U CYHIKY TUIEHKH OCYIIECTBISIOT HA BUOPOCHUTE U B BHX-
peBoM cenapaTtope. OctaTouHast BIaKHOCTh cocTaBisieT meHee 0,1 %.

['panynsnus sABISETCS 3aKIIOUYUTEIBHON CTaJuel MOArOTOBKM BTOPUYHOIO CBHIPbS AJIS MOCIEAYIOLIEH Ie-
pepaboTku B m3nenus. JOta cragus ocobenHo BaxHa ans BIIDHII B cBA3M ¢ ero HU3KOW HACBHIMMHOMN IUIOTHO-
CTBIO U TPYIHOCTHIO TPAHCIIOPTUPOBaHMs. B mpoliecce rpanynupoBaHusi IPOUCXOAUT YIJIOTHEHUE MaTepHara,
objeryaercs ero AanbHeias nepepaboTka, YCpeIHSI0TCS XapaKTePUCTUKU BTOPHYHOTO CHIPbSI, B pe3ybTaTe
4ero Mojay4yaroT MaTepuall, KOTOPbI MOKHO NepepadaThiBaTh HA CTAHJAPTHOM 00OpYI0BaHUH.

Jns macTUKaluuy U3MENbUYEHHBIX W OYMIIEHHBIX 0TX0A0B 1O Hamboree mmupokoe MpUMEHEHUE HaILIN
OJTHOYEPBSIYHBIC AKCTpyAepbl ¢ mmmuHOou (25...30) D, ocHaieHHble (UIBTPOM HENPEPHIBHOTO ACUCTBUS U
MMeIoIue 30Hy Jerazanuu. Ha Takux skcTpynepax JOBOJIBHO 3((EKTHBHO mepepadaThiBalOTC MPAKTUYECKU
BCE BHJIbl BTOPUYHBIX TEPMOIUIACTOB IPU HACHIMHOM IJIOTHOCTH M3MEJIBYEHHOTO MaTepuana B Ipeaenax
50...300 kr/m’. OmHako st nepepaboTKU 3arps3HEHHBIX M CMEHIAaHHBIX OTXOJOB HEOOXOAHWMBI YepBSYHBIE
Mpecchl CIEUMAIbHBIX KOHCTPYKIMI, ¢ KOPOTKMMH MHOTr03aXxOAHbIMU uepBikamu (mumHoi (3,5...5) D),
MMEIOIIMMHU [IWINHIPUYECKYIO HACaKy B 30HE BbIJaBJIUBAHUSI.

OcHOBHBIM OJIOKOM 3TOM CHCTEMBI SIBJISIETCS SKCTPYIEP C MOILIHOCThIO puBoja 90 kBT, tuameTrpom mixe-
ka 253 MM u otHomeHueM L/D = 3,75. Ha BbIXoae 3KCTpyAepa CKOHCTpyHpOBaHa roppupoBaHHasl HACaIKa
nuametpoM 420 mM. biiaronapst BbAEIEHUIO TeIIa IPU TPEHUU U CABUTOBBIM BO3JIEHCTBUSAM HA MOJUMEPHBII
MaTepHal OH IJIaBUTCS 32 KOPOTKUN MTPOMEKYTOK BPEMEHH, MPUIEM 00eCTIeYnBaETCs OBICTpasi TOMOT€HU3AIIHS



pacruiaBa. M3MeHsist 3a30p MEXIy KOHYCHOW HAacaJKOW U KOXKYXOM, MOKHO PETyJIMpPOBaTh YCUJIME CIABUTA U CH-
Jy TpeHUs, U3MEHSS MPU 3TOM pexuM nepepaboTku. [TockonbKy IuiaBieHrne NPOUCXOAUT OYeHb OBICTPO, Tep-
MOJIECTPYKIIMU ToJiuMepa He Habmomaercs. Cucrema cHaOXKeHa y3JIOM Jera3alldy, 4To SBJIAETCS HeoO0XOonau-
MBIM YCJIOBHEM IpHU MepepadoTKe BTOPUYHOTO MOJIMMEPHOTO CHIPBSI.

BropuuHble rpaHyIMpoBaHHbIE MAaTEPUAIbI IOJIYYAOT B 3aBUCUMOCTH OT I1OCJIEI0BATEIBHOCTH MPOLIECCOB
PE3KH U OXJIAXKJEHUS ABYMs CIIOcOOaMU: TpaHyJIsIMell Ha TOJOBKE M MOJBOJHBIM IpaHyIupoBaHueM. Bribop
crioco0a IpaHyJIMpPOBAHUS 3aBHCUT OT CBOMCTB mepepadbaThiBaA€MOro TepMOILIacTa U, OCOOCHHO OT BSI3KOCTH
€ro pacIiuiaBa 1 aare3uu K MeTajuy.

IIpu rpa”yasMM Ha TOJIOBKE pacIulaB MOJIMMEpA BbIIABIMBAETCS YEpE3 OTBEPCTHE B BUAE LIMJIMHApPUYE-
CKHX XKI'YTOB, KOTOpPbIE OTPE3al0TCsl CKOIB3AUIMMHU 10 PHiIbepHON MinTe HOXkamu. [loydyeHHble rpaHyibl HO-
KOM OTOPACBIBAIOTCS OT TOJIOBKH M OXJIAKIAI0TCA. Pe3anue u oxaxJeHne MOKHO MPOU3BOANTE B BO3TYIITHOM
cpene, B Bojie, TMOO pe3aHrueM B BO3AYIIHOH cpefie, a oxyaxkaeHue — B Boae. Jms [10, koTopble HMEIOT BBICO-
KYIO aJIT€3UI0 K METAJULY U IOBBILIEHHYIO CKJIOHHOCTB K CIIMIIAHUIO, B KAUECTBE OXJIAXKAAIOLIEN CpeIbl IpuMe-
HSIOT BOAY.

[Tpu ucnonb3oBaHUM 000pPYAOBaHHS C OOJNBLION €IMHUYHOW MOILTHOCTBHIO NMPUMEHSIOT TaK Ha3bIBaeMoOe
MO/IBOJHOE rpanyiaupoBanue. [Ipu 3Tom crocobe pacmiiaB nmojiarMepa BbIAABINBACTCS B BUIE CTPEHT Yepes3 OT-
BepcTusl (GUIbEPHOM IUIMTHI HA TOJOBKE Cpa3y B BOJY M pa3pe3aeTcsl Ha TpaHyJbl BPALIAIOIIUMUCS HOXAMHU.
TemmnepaTypa oxyakaaromei Bobl mojjaepxkuBaercs B npeaenax 50...70 °C, uro cnocobcTByeT 60s1ee HHTEH-
CUBHOMY HCIIAPEHMIO OCTATKOB BJIarM C OBEPXHOCTHU I'PaHyJI; KOJINYECTBO BOJbI cocTasisieT 20...40 M oHalT
rpaHyJTa.

Yare Bcero B TOJIOBKE TPaHyJISATOPOB (OPMYIOTCS CTPEHTH HIIU JICHTBI, KOTOPhIE IPaHyJIHPYIOTCS MOocie
OXJIKJICHHS B BOJISIHOM BaHHE. J{MamMeTp morydyaeMbIX IpaHyJl COCTABISIET 2...5 MM.

OxnaxJeHne JOHKHO MPOBOAMTHCS MPU ONTHUMAIBHOM PEXHME, YTOObI TpaHyJbl He 1e(hOpMHUPOBAIUCE,
HE CJIUMAINCh, U 4YTOOBI 00ECTIeUBAIOCh yAaJIE€HIE OCTAaTKOB BJIAry.

Cy11ecTBEHHOE BIIMSHUE HAa pacHpelesIeHne TpaHyJsl MO pa3MepaM OKa3bIBaeT TeMIlepaTrypa rojoBKuU. J{is
oOecrnieueHrs paBHOMEPHOH TeMIIEpaTyphbl paciiaBa MEXy SKCTPYJIEPOM U BBIXOJHBIMU OTBEPCTUSMU T'OJIOB-
KM pacroJjararoT pemeTku. Yucio BeIXOHbIX 0TBepcTHil B rosioBke — 20...300.

[Tpon3BOAUTENBHOCTD Mpollecca TPaHyJIMPOBAHUS 3aBUCUT OT BHJa BTOPHUYHOTO TEPMOILIACTa U €0 Peo-
JIOTUYECKHUX XAPAaKTEPUCTHUK [5].

UccnenoBanus rpanynsta BIID cBUaeTenbCTBYIOT O TOM, YTO €T0 BS3KOTEKYUYHE CBOICTBA MPAKTUYECKU
HE OTJIMYAIOTCS OT CBOMCTB nepBUYHOro 113, T.e. ero MoxkHO nepepadaThIBaTh MPH TEX KE PEKUMaX SKCTPY3UU
U JIUThS MO JaBlieHUEM, 4To U nepBuuHbIN [19. OnHako momydaemble W3AETUS XapaKTEPU3YIOTCS HU3KUMU
KAaueCTBOM U J0JTOBEYHOCTHIO.

W3 rpaHynsTa noiny4aroT YNakOBKH JJisi TOBAPOB OBITOBONM XMMHH, BEILIAIKH, JAE€Tall CTPOUTEIHHOTO Ha-
3HAYEHUS, CEIbCKOXO03SICTBEHHBIE OPYAHS, TIOJJIOHBI 7Sl TPAHCTIOPTUPOBKHU T'PY30B, BBITSKHBIE TPYOBI, 00IH-
LIOBKY JIPEHAKHBIX KaHAJIOB, O€3HAMIOPHBIE TPYOBI A1 METUOPAIUH U APYTUE U3AETUs. DTU U3eNus Moayda-
10T U3 "4rcTOro" BTOPUYHOTO ChIpbi. OnHaKo OoJiee MepCreKTUBHBIM SBIISIETCS 100aBJIeHUE BTOPUYHOTO ChI-
pbs k niepBuuHOMY B KonudecTBe 20...30 %. BeaeHue B moauMepHy0 KOMIO3UIMIO TIACTU(UKATOPOB, CTa-
OWIN3aTOPOB, HAIMOJHUTENEH IMO3BOJSET YyBeNWYUTHh 3Ty muppy ao 40...50 %. Orto moBblmIaeT (QU3MKO-
MEXaHUYECKHE XapaKTePUCTHKHU U3JENNN, OJTHAKO UX JIOJITOBEYHOCTH (IIPH AKCIUTyaTallMM B )KECTKHX KIIMMa-
TUYECKUX ycnoBHsX) cocTaniseT Bcero 0,6...0,75 oT qoArOBEYHOCTH M3JENUN U3 TEpBUYHOTO mnonumepa. bo-
nee 3PQPEeKTUBHBIN MyTh — MOANU(DUKAIUSA BTOPUYHBIX HMOJMMEPOB, a TAKXKe CO3JaHHE BBICOKOHATIOJHEHHBIX
BTOPUYHBIX TTOJUMEPHBIX MAaTEPUATIOB.

1.2.3 Cnoco0bl MOAU(PUKALINE BTOPHYHBIX MOIHO0Ie(PHHOB

Pe3ynbTaThl nccienoBaHUs MEXaHU3Ma MPOILECCOB, MPOTEKAIOLINX MPH SKCIUTyaTaluu U nepepadorke [10
U UX KOJIMYECTBEHHOE ONKMCAHME, ITO3BOJIAIOT CAEJIATH BBIBOJI O TOM, YTO IIOJIy4a€MbI€ U3 BTOPUYHOIO CHIPbS
MOJYTIPOJYKTHI JOJDKHBI cozepkaTth He Oonee 0,1...0,5 MONS OKUCIEHHBIX aKTHUBHBIX TPYII U UMETh OINTHU-
MaJIbHbIE MOJIEKYJISIpHYI0 Maccy 1 MMP, a Taxke 001anaTh BOCIIPOU3BOIUMBIMU (PU3UKO-MEXaHUICCKUMHU H
TE€XHOJIOIMYECKUMH IT0Ka3aTeasiMu. TONBKO B 3TOM Cily4ae MOIYNPOLYKT MOKHO MCIOIb30BaTh JJIS IPOU3BOI-
CTBa M3AEIHHM C TrapaHTUPOBAHHBIM CPOKOM CIy>KObI B3aMeH JeduuutHoro nepsudHoro 1O cwipbs. OgHako
[IOJTy4aeMblIil B HACTOsIIIEE BpeMs TPaHyJIAT 3TUM TPEOOBaHUSM HE YAOBJIETBOPSET.

HanexHbIM myTeM pelieHus NpoOJIeMbl CO3/JaHNUs KaueCTBEHHBIX MOJUMEPHBIX MaTepHalIOB U U3/EIUi U3
BropuuHbIX [10 siBrsieTcst Moaudukanus rpanyisTa, Iejb KOTOPO — SKpaHUpOBaHHE (PYHKIIMOHAIBHBIX TPYIIT



Y aKTUBHBIX [EHTPOB XMMHUYECKUMHU WIH (PH3UKO-XHUMHUYECKHMHU CIOCOOaMU M CO3JaHHE OJHOPOIHOTO II0
CTPYKType MaTepuaia ¢ BOCIPOU3BOANMBIMU CBOMCTBAMHU.

Mertoasl Mogudukanuu BTopuyHOro 1O cbIpbs MOXHO pa3fenuTh Ha XMMUYECKHE (CLIIMBAHUE, BBEJCHHUE
Pa3NUYHBIX J00ABOK, TTIaBHBIM 00pa30M OpPraHHYECKOTO MPOUCXOXKACHHUS, 00padOTKa KPeMHUHOPTaHUIECKUMHU
KHUJKOCTSAMHU U 1p.) U (PU3NKO-MEXaHUYECKHE (HAIIOJHEHHE MUHEPAIbHBIMU M OpPraHMYECKHMMH HallOJIHUTENs-
MH).

Hanpumep, MakcumanbHOe cojaepkaHue renb-¢pakuuu (1o 80 %) u HambOojee BbICOKHE (DUBHKO-
MexaHuueckue nokasarenu cmuroro BIIDHII nocturarorest npu BBeaenuu 2...2,5 % nepokcuaa AMKyMHia Ha
Basblax npu 130 °C B Teuenne 10 MuH. OTHOCUTENBHOE YJTIMHEHUE MIPU pa3pbiBe Takoro matepuana — 210 %,
nokasaresb Tekydectu paciuiaBa cocraniser 0,1...0,3 /10 mun. CreneHb CIIMBaHHUS YMEHBIIACTCS C MOBBIIIIE-
HUEM TEMIIEPATYpPbl U YBEIMYEHUEM IPOJOJDKUTEIBHOCTH BAJIBLIEBAHUSA B PE3yJIbTAaTe MPOTEKAHUA KOHKYPH-
PYIOLIEro mpoliecca JeCTPYKIUU. ITO MO3BOJISIET PEryJIMpOBaTh CTENEHb CIIMBAHUA, (PU3HKO-MEXaHHUUECKUE U
TEXHOJIOTUYECKUE XapaKTEPUCTUKU MOAU(DULIMPOBAHHOTO MaTEpHaa.

Pazpabortan meron popmoBanus uznenuit u3 BIIDHII myTem BBeneHus mepokcuaa TMKyMHIIa HEITOCPEICT-
BEHHO B IIpoliecce nepepaboTKH U MOIy4eHbl ONbITHbIE 00pa3lbl TPYO M JMTHEBBIX M3AEIHH, COAEp KALIUX
70...

80 % renb-ppakuuu.

BBenenue Bocka u snacroruiacta (70 5 Macc. 4.) 3HaUYUTENIbHO yJIy4IlaeT nepepadarsiBaemocts BIID, mo-
BBIIIACT TOKA3aTeNIN (PU3HMKO-MEXaHUUECKUX CBOMCTB (OCOOCHHO OTHOCHUTEIBHOE YJUIMHEHHUE IPU pa3pbiBE U
CTOMKOCTB K pacTpeckuBanuio —Ha 10 % u ¢ 1 10 320 4 COOTBETCTBEHHO) M YMEHBIIAIOT UX pa3dpoc, YTO CBU-
JIETEJILCTBYET O MOBBIIIEHUN OJJHOPOJAHOCTH MaTepHalla.

Moauduxanus BIITOHII manenHOBBIM aHTUAPUIOM B TMCKOBOM 3KCTPYAEpE TakkKe MPUBOIUT K TOBBIIIE-
HUIO €T0 MPOYHOCTH, TEIJIOCTOMKOCTH, aJre€3MOHHOM CIIOCOOHOCTU M CTOMKOCTH K (porocTapenuro. [Ipu stom
MoubuIMpyomuil 3pQeKT nocTuraercs Npu MeHbIleH KOHLEHTPAUH MOAU(HUKATOpPAa U MEHbIIEH MpoaoI-
KHUTEJIBHOCTH IIPOLIECCa, YEM MPU BBEJICHUH 3JIaCTOILIACTA.

[TepcneKTUBHBIM CIOCOOOM TMOBBILICHUS KaueCcTBa MOJIMMEPHBIX MaTepraioB U3 BTopuuHbIx I10 sBasercs
TepMOMEXaHU4YecKas 00paboTKa KPEMHUHOPraHUYECKUMH COEAMHEHUSMHU. DTOT CIOCO0 MO3BOJSET MOIy4YaTh
W3JIeNHsl U3 BTOPUYHOTO CBHIPbs C HOBBIIIEHHBIMU MIPOYHOCTBIO, 3JJACTUUHOCTBIO U CTOMKOCTBIO K CTapEHUIO.
MexaHu3m MOAU(UKAIIMH 3aKII0YaeTCsl B 00pa30BaHUU XUMUYECKUX CBSA3EH MEXAy CHJIOKCAaHOBBIMH I'pyIIa-
MU KPEMHUNOPraHUYECKOM KUJIKOCTH Y HENPEAEIBbHBIMU CBA3SIMU U KUCIOPOAOCOEP/KALIMMHU IPYIIIIaMU BTO-
puunbx [10.

TexHonornueckuil npouecc noayyeHus MoIuGUIMPOBAHHOIO MaTepualla BKIOYAET CICAYIOIINE CTaIUU:
COPTHUPOBKA, IPOOJIEHNE U OTMBIBKA OTXOJI0B; 00pa00TKa OTXO0/I0B KPEMHUHOPTaHUYECKOHN KHUIKOCTHIO Tipu 90
+ 10 °C B Teuenue 4...6 4; cymka MOAU(ULIMPOBAHHBIX OTXOJI0OB METOAOM LEHTpU(DYrUpOBaHUs; NEpErpaHy-
JSIIUS MOTU(PHUIUPOBAHHBIX OTXO/IOB.

[Tomumo TBeprodazHoro cnocoda MoaupuKaMU NpeIokeH cnocod Monudukauuu BIID B pactBope, Ko-
TOpbI Mo3BossieT noiydaTh nopouok BIIDHII ¢ pazmepom wactun He 6onee 20 MKM. DTOT MOPOLIOK MOMKET
OBITh HUCIIOJIB30BAH I NEpepabOTKU B U3JEIIHs METOAOM POTAlMOHHOTO (POPMOBaHUS U JUIl HAHECEHUS TIOKPbI-
TUI METOJIOM 3JIEKTPOCTATUYECKOTO HAIbIJICHHUS.

bonpnioi Hay4YHbIA M IPAKTUYECKUM MHTEPEC NPEICTABIAECT CO3JaHNE HAIIOJTHEHHBIX NOJMMEPHBIX MaTe-
pHAJIOB Ha OCHOBE BTOPMYHOI'O MOJIMAITUICHOBOIO ChIpbs. Vcronb30BaHNEe NMOJMMEPHBIX MaTEpUAIOB U3 BTO-
PUYHOTO CBIphs, coaepxkamux 10 30 % HamoNHUTENs], TO3BOJIUT BBICBOOOIUTE 10 40 % MEpBUYHOTO CHIPHS U
HaIpaBUTh €r0 Ha MPOU3BOJICTBO U3/ENUI, KOTOPBIE HENb3s MOIYy4aTh U3 BTOPUUHOIO (HAOpHBIE TPYObI, yIia-
KOBOYHBIE TUICHKH, TPAHCIIOPTHAsE MHOTOOOOPOTHAs Tapa U Jp.). DTO B 3HAUUTEIBHON CTENEHU COKPATUT Jie-
(GUIHUT TEPBUYHOTO TTOJIMMEPHOTO CHIPHSL.

s monydeHusl HAOJIHEHHBIX MOJIMMEPHBIX MaTepUaloB U3 BTOPUYHOIO ChIPbS MOXHO HCIIOJIB30BaTh
JUCIIEPCHBIE U apMUPYIOLINE HAOIHUTEIN MUHEPAIBHOIO U OPraHUYECKOIr0 MMPOUCXOKIACHMSI, a TAK)KE HAIOJI-
HUTEJHN, KOTOPhIe MOXKHO TOJIYy4aTh U3 MOJUMEPHBIX OTXOJ0B (M3MEIbUEHHBIE OTXO/Ibl PEAKTOIUIACTOB U pe3u-
HOBas Kpoluka). HamonHeHno MOXHO mojBepraTh NPakTHUECKH BCE OTXO/Ibl TEPMOIIACTOB, a TAK)XKE CMeEIlIaH-
HbIE OTXO0/1bI, KOTOPBIE JIJIsl 3TOM LI€TIU UCII0NIb30BaTh MPEANOYTUTEIbHEN U C IKOHOMUYECKOW TOUKU 3pEHUSI.

Hanpumep, nenecoo0pa3HOCTh MPUMEHEHHs JIMTHUHA CBS3aHA C HAJMYMEM B HeM (DEHONIBHBIX COEIMHE-
HUH, criocoOcTByOmuUxX cradmnmszanuu BIIOH mpu skcrutyatanuu; ciarofpl — ¢ MOMYYSHHEM HU3IENUil, o0Ja-
JAIOIMX HU3KON MOJI3yUYeCTbhlO, MOBBIIICHHON TEIIO- U aTMOC(HEPOCTONKOCTBIO, a TAKKE XapaKTEPU3YIOLIUXCS
HEOOJIBIIMM HM3HOCOM IepepadaThIBAarOIIEro oOOpyNOBaHMA M HHU3KOM cTomMoOcThio. KaosnH, pakylleyHUK,
CJIAHIIEBAsl 30J1a, YTOJIbHbIE CHEphl U KeNe30 MPUMEHSIOTCS KaK JIeIIeBble MHEPTHbIE HAIIOJIHUTEIH.

[Tpu BBemenun B BIID menkomucnepcHoro (ocdorurca, TpaHyIMPOBAHHOTO B TOJHMITHICHOBOM BOCKE,
MOJTyYeHBI KOMITO3UIIMH, UMEIOIIUE MOBBIIICHHOE YAJUHEHNUE TPU pa3pbiBe. ITOT 3(P(HEKT MOKHO OOBICHUTH



TUTACTU(HUIUPYIOLINM JISHCTBUEM MOJIMATHIEHOBOTO Bocka. Tak mpodHocThk npu paspeise BIID, HamomHeHHOTO
¢dochoruncom Ha 25 % Bsitte, ueM y BIID, a Moaynbs ynpyroctu mpu pactsbkeHnu Oosnblie Ha 250 %.

Yennmuarommii dddext npu BBeneHuun Bo BIID cmronbl cBsizaH ¢ OCOOCHHOCTAMH KPHCTALITUYECKOTO
CTPOCHHSI HAIOJIHUTENS, BBICOKMM XapaKTEPUCTUYECKUM OTHOIIECHHEM (OTHOIIEHMEM IuaMeTpa YeIlyHKdu K
TOJIIIIMHE), TPHYEM MPUMEHEHHE U3MEITBYCHHOTO, TIopoikooopasHoro BIID mo3BoImiIo COXpaHUTh CTPOSCHUE
YelyeK IpU MUHUMAJIBHOM pa3pyIlIECHUH.

Komnosumum, coneprkaiye JUTHUH, CIAHIbI, KAOJIHH, Cepbl, OTXOIbl campomnesns, 00JaaaioT CpaBHU-
TEJIbHO HEBBICOKUMH (PU3MKO-MEXAaHUYECKUMH MTOKA3aTesIMH, 3aTO OHHU SABJIAIOTCS HanOoJiee AeNIEeBbIMU U MO-
I'yT HaliTM IPUMEHEHHE ITPU IPOU3BOICTBE U3JEINNA CTPOUTEIILHOTO HA3HAYECHMS.

1.3 BTOPUYHAZ ITIEPEPABOTKA TTOJIMBUHMWIXJIOPUIA

B nporecce nepepaboTku MOTUMEpHI OJBEPraiOTCs BO3ACHCTBHIO BHICOKUX TEMIIEPATyp, CABUIOBBIX Ha-
NPSDKEHUH U OKUCJIEHMIO, YTO MPUBOAMT K M3MEHEHUIO CTPYKTYpbl MaTepHalia, ero TEXHOJIOIMUECKUX U IKC-
IUTyaTallMOHHBIX CBOMCTB. Ha M3MeHEeHMEe CTpyKTyphbl MaTepuaja PEIIAoLIee BINSHUE OKA3bIBAIOT TEpPMHUE-
CKHE€ ¥ TEPMOOKHCIIUTENIBHBIE TPOLIECCHI.

[1BX — oauH 13 HauMeHee CTaOMIBHBIX KapOOLEIMHBIX MPOMBIIIUICHHBIX ITOJIMMEPOB. Peaknus necTpyKkuun
[IBX — merunpoxyiopupoBaHre HaunmHaeTcs yxe npu tremneparypax Boiie 100 °C, a mpu 160 °C peakius npo-
TEKaeT O4eHb ObICTpo. B pesynbrare TepmookucieHus [IBX mpoucxoasr arperaTuBHbIE U Jie3arperaTUBHbIE
MIPOLIECCHI — CIIUBAHUE U JECTPYKLHUS.

Hectpykmus [IBX conpoBoxaaeTcsi ”3MEHEHHEM HadyalbHOM OKPAcKH MOJIMMEpPA M3-3a 00pa30oBaHUs XPO-
MO(OPHBIX I'PYNIUPOBOK U CYLIECTBEHHBIM YXY/IIEHUEM (PU3MKO-MEXaHUUECKUX, JUIIEKTPUUIECKUX U IPYTHUX
9KCIUTyaTallMOHHBIX XapaKTEPUCTUK. B pe3yibTare CIIMBaHMSA NPOUCXOAMT IPEBpALICHHE JIMHEHHBIX MaKpoO-
MOJIEKYJI B Pa3BETBJICHHbIE U, B KOHEUHOM CYETE, B CLUIMTBIE TPEXMEPHBIE CTPYKTYPbI; IPU 3TOM 3HAYUTEILHO
YXYJIIAI0TCS PaCTBOPUMOCTD MOJIUMEpa U €ro CocoOHOCTh K nepepaboTke. B ciaydae miuactudunupoBaHHOTO
[IBX cmuBaHHe yMEHBIIAET COBMECTUMOCTH IIaCTU(HUKATOPA C MOJIMMEPOM, YBEITUYMBACT MUTPAIMIO IUIA-
crudukaropa ¥ HEOOPATUMO YXYIIIAET IKCIUTyaTallMOHHBIE CBOWCTBA MAaTEPUAIIOB.

Hapsiny ¢ ydeTom BIUSHMSI yCIIOBMM SKCIUTyaTallud U KPaTHOCTH NEepepaOOTKH BTOPUYHBIX MOJIMMEPHBIX
MaTepHasioB, HEOOXOAMMO OLIEHUTh PallMOHAILHOE COOTHOIIEHHE OTXOAOB U CBEXKErO ChIphs B KOMIIO3MIIUH,
MpeAHa3HauYeHHOM K TIepepadoTKe.

[Tpu 3KCTpYy3uM M3AEIUM M3 CMELIAHHOTO ChIPbSl CYILECTBYET OMACHOCTh Opaka M3-3a pa3sHOM BSI3KOCTU
pacIuIaBoB, IO3TOMY NPEAIAraeTCsl SKCTPYAUPOBATh NEpPBUYHBIN 1 BTopuuHbIi [IBX Ha pa3HbIX MamuHax, ox-
Hako nopourkooopasuslii [IBX nmpakTuuecku Bceraa MOKHO CMEIIUBATh ¢ BTOPHUHBIM HOJIUMEPOM [5].

BaxkHoil XapaKTepUCTHKOW, ONpeAessIoniel MPUHIMINAIBHYI0 BO3MOXHOCTh BTOPUYHOW NepepaboTKu
IIBX oTx010B (H0OmMycTUMOE BpeMsl IepepabOTKH, CPOK CIy Obl BTOPUUHOTO MaTepHaja WK U3/1eNus), a Tak-
e HEeOOXOMMOCTb JIOTIOIHUTENIFHOTO YCHIICHHS CTA0MIN3UPYIOIIEH IPYTIIbI, SIBISAETCS BPeMs TEPMOCTA0MIIb-
HOCTH.

1.3.1 MeTtoabl NOATOTOBKHU OTX0/0B NMOJMBHHHIXJIOPHIA

OnHOpOHBIC TPOU3BOICTBEHHBIE OTXObBI, KaK MPABUJIO, MTOIBEPTAIOTCSI BTOPUIHOMN MepepadboTKe, MpruieM
B CIIyyasix, KOrja riyO0oKOMY CTapeHUIO MOIBEPIaloTCsl JTUIIb TOHKUE CIIOM MaTepHaia.

B HEKOTOpBIX clydyasx peKOMEHIYeTCsl UCMOb30BaTh a0pa3uBHBIA MHCTPYMEHT IS CHSTHUS IeCTPYKTUPO-
BAaHHOTO CJIOS C MOCJIeAYIOIel epepaboTKON MaTepuasa B U3JIeHsl, KOTOpPbIe HE YCTYMAIOT [0 CBOMCTBAM H3-
JENUSIM, TIOTyYE€HHBIM U3 UCXOHBIX MaTEPUAIIOB.

Jns oTnenenus moauMepa ot MeTayia (IpoBojia, Kabean) UCTIONb3YIOT MHeBMATHYECKU c11oco0. OOBIYHO
BbIIeNIeHHBIN T1acTudumpoBannbpiii [IBX MoxkeT HCIONb30BaThes B KAYECTBE U3OJISALUN JUIS IIPOBOJIOB C HU3-
KUM HamnpspKEHUEM WIH JUJIs1 M3TOTOBJICHUS U3JEIUA METOI0OM JIUThS MO AaBieHueM. Jlis yaaneHus MeTaiu-
YECKUX ¥ MUHEPATHHBIX BKIIOYCHHUH MOXKET OBITh UCTIOIB30BaH OMBIT MyKOMOJIBHOM MPOMBIIINIEHHOCTH, OCHO-
BaHHBIM Ha MPUMEHEHUH MHIYKIIMOHHOTO croco0a, METO/ pa3zefieHus 10 MarHUTHBIM cBoiicTBam. Jlyig otne-
JICHUS AIFOMUHUEBOM (OJIBIH OT TEPMOIUIACTA UCTIONB3YIOT HarpeB B Boje mpu 95...100 °C.

[Ipennaraercst HEroAHbIE KOHTEWHEPHI C ITUKETKAMU HOTPYXkAaTh B )KUJIKUH a30T WIHM KHCIOPOJ C TEMIEpa-
Typoii He Bbiie —50 °C 1 mpuaaHus STUKETKaM WIH aare3uBy XPYIMKOCTH, YTO TTO3BOJIUT 3aTE€M UX JIETKO H3-
MEJIbYUTh U OTAENIUTH OJTHOPOAHBIN MaTepHrall, Hanpumep Oymary.

DHepPreTH4ecKu YKOHOMUYEH CTIOC00 CyXOH MOATOTOBKHU IJIACTMACCOBBIX OTXOOB C MIOMOIIBIO KOMITAKTO-
pa. Croco0 pexkomeHayercs i nepepaboTku 0TXoA0B UCKyccTBeHHBIX Kok (MK), nmunoneymoB u3 [1BX u
BKJIFOYAET Psii TEXHOJIOTHUYECKUX OTEepaIUii: U3MENbYCHHE, CeMapaliio TeKCTHIBLHBIX BOJIOKOH, IJIACTHKAIIHIO,
TOMOT€HHU3AlINI0, YIUIOTHEHHE U TPAHYJISINI0; MOKHO TaKKe BBOAUTH A00aBku. [loakianouHbie BOJIOKHA OT-



JETISFOTCS] TPYIKIBI — TTOCIIE TIEPBOTO HOXKEBOTO JIPOOJICHHSI, TTOCTIE YIUIOTHEHUS! M BTOPUYHOTO HOXKEBOTO APOO-
nenus. Ilomydaror GpopMOBOUHYIO MaccCy, KOTOPYIO MOKHO NepepadaThiBaTh JIMTHEM IOJ AABICHHUEM, COJEp-
XKAIyIo elle BOJOKHUCTHIE KOMIIOHEHTHI, KOTOPhIE HE MEIIAIOT rnepepaboTke, a CIyKaT HAIOJIHUTENIEM, YCHIIU-
BAIOIUM MaTEepUal.

1.3.2 Metoabl nepepadoTKH 0TX0/10B
MOJIMBHHUJIXJIOPH/IHBIX MJIACTHKOB

JIutTbe moag NaBIEHUEM

OCHOBHBIMHU BHIAMH OTXOJOB Ha OCHOBE HeHanoJHeHHbIX [IBX sBis0oTCA HEKETaTUHU3UPOBAHHBIN IUIa-
CTH30JIb, TEXHOJIOTUYECKUE OTXOAbl M OpakoBaHHble u3Aenus. Ha mpennpusTusx jJerkoid MpOMBIIUIEHHOCTH
Poccun peficTByeT ciieayomias TeXHOJIOTUS epepabOTKU OTXOA0B IUIACTU30JIs1 METOIaMU JINThS O] 1aBJICHU-
eM.

YcTa"oBi€eHO, 4TO U3Aenus u3 BTopuuHbIX [IBX-MarepuaioB y10BIETBOPUTEIBHOIO KAU€CTBA MOKHO I10-
JY4YUTh IO IIACTU30JIbHOM TexHosoruu. [Iponecc BKIroYaeT u3MenbyeHrue OTXOA0B IIJIEHOK M JIMCTOB, IPUTO-
tosneHue nactel [IBX B muiactukarope, popMoBaHHEe HOBOI'O M3/1€IHsI METOJIOM JIUThSI.

HexxenaTHHNU3MPOBAaHHBIN MJIACTU30JIb PU OYUCTKE J03aTOPA, CMECUTENSI COOMpPAI B €MKOCTH, IMOABEP-
rajgy >KeJIaTUHMU3AllKK, Jajlee CMENIMBAIN C TEXHOJOIMYECKUMM OTXOJaMM W OpakOBaHHBIMU M3JEIMSIMU Ha
BaJIbIIaX, IMOJyYE€HHBIE JIUCTHI MTOJIBEPTAN MepepaboTKe Ha U3MENBYUTEISAX poTOpHOTro TUMa. [lomydeHHyo Ta-
KUM 00pa3oM IIaCTU30JIbHYIO KPOIIKY IepepadaThiBalii METOJOM JIUThS MOJ AaBieHueM. [lnactuzonbHas
Kkpoika B koiaudectBe 10...50 macc. 4 MOXKeET ObITh UCIIOJB30BaHA B KOMIIO3UIIMM C Kay4yKOM JUIsl TTOJTYUYEHUS
PE3MHOBBIX CMECEH, IPUUYEM 3TO MO3BOJISAET UCKIIIOUNUTD U3 PELENITYP MATYUTEIH.

Jist mepepabOTKH OTXOJ0B METOJOM JIMThS IO/ NABJICHUEM, KaK MPaBHJIO, MPUMEHSIOT MaIIWHBI, pado-
TaloIIKe [0 TUITy UHTPY3UH, C TOCTOSHHO BPAILAIOLIIMMCS IITHEKOM, KOHCTPYKIIMS KOTOPOro o0ecreynBaeT ca-
MOITPOU3BOJIBHBIN 3aXBaT U TOMOT€HU3AIUI0 OTXOOB.

OnHUM U3 NEPCIEKTUBHBIX METOA0B UCI0JIb30BaHUs 0TX010B [IBX sgBIs€TCS MHOTOKOMIIOHEHTHOE JIUTHE.
[Ipu Takom criocobe nepepaboTKN U3eINe UMEET HApYKHBI U BHYTPEHHUI CIIOM U3 pa3IUYHbIX MaTepHaJIOB.
Hapy>xHblii cioif — 3T0, KaK MPaBUIIO, TOBAPHBIE TIACTMACCHI BBICOKOTO KayecTBa, CTaOMIM3UPOBAHHBIE, OKpa-
LIEHHBIE, UMEIOIME XOPOIIMI BHEIIHUN BUJA. BHYTpEHHHI CIIOH — BTOPUYHOE MOJMBUHUIXJIOPHIHOE CBHIPHE.
IlepepaboTka TEpMOIUIACTOB JaHHBIM METOJIOM IO3BOJIIET 3HAUUTEIBHO 3KOHOMUTH AC(PULIUTHOE NEPBUYHOE
CBIpBE, COKpamias ero norpedieHue Oosee 4eM B Ba pasa.

DKcTpy3us

B nacrosimee Bpems ogHuM U3 HambOonee 3(h(eKTUBHBIX CrOCOOOB MepepaboTKH OTXOJ0B MOJIMMEPHBIX
MaTepuaioB Ha ocHoBe [IBX ¢ nenbro ux yrunusanuu siBiIseTcsi METOA yNpyro-ae(opManoHHOIO TUCTIepIu-
pOBaHUs, OCHOBAHHBIM Ha SBJICHUU MHOXKECTBEHHOTO Pa3pyLICHUS B YCIOBUSIX KOMOMHUPOBAHHOTO BO3JEHCT-
BHUsl HA MaTepuaJl BBICOKOTO JAABJICHHSI U CIBUTOBOM JeopMaliuy pH MOBBILIEHHOM TeMIepaType.

Ynpyro-aepopManoHHOE AUCTIEPTHPOBAHNE TPEIBAPUTEIBHO TPyOOIpPOOIEHHBIX MaTepHalioB C pa3Mme-
poM vactul 103 MKM IPOBOAMTCS B OJHOIITHEKOBOM POTOPHOM aucrepratope. Mcnoyib30BaHHBIE OTXO/IbI MJIa-
CTU(ULMPOBAHHBIX JyOJMPOBAHHBIX IJIEHOYHBIX MaTEpUAOB Ha pa3IMYHONM OCHOBE (JIMHOJEYM Ha IOJH-
3UpPHOI TKAaHEBOW OCHOBE, TIEHOIUICH HAa OyMa)KHOW OCHOBE, MCKYCCTBEHHAs KOKa Ha X/0 TKaHEBOH OCHOBE)
nepepabaThIBalOTCS B JIUCIIEPCHBIA OJHOPOIHBIM BTOPUYHBIM MaTepual, NpeacTaBistomuid cMmech [1BX-
IUTACTUKOB C U3MEIbUYEHHON OCHOBOM ¢ Hanbosiee BEpOsTHBIM pazMepoM dacTull 320...615 MkM, npeumymiect-
BEHHO aCUMMETPUYHOU (OPMBI, C BBICOKOH yAeTbHOM MOBEPXHOCTHIO (2,8...4,1 M°/r). OITHMATBHBIE YCIIOBHUS
JUCTIEPTUPOBaHUS, IPU KOTOPHIX 00pazyeTcss HauboJiee BBICOKOAUCIIEPCHBINA MPOAYKT — TEMIIEpaTypa 10 30HaM
mucniepratopa 130...150...70 °C; crenens 3arpy3ku He 6osiee 60 %; MUHUMabHAsE CKOPOCTh BpallleHHsI ITHEKa
35 o6/muH. [loBbiieHne Temneparypsl nepepadotku [1BX maTepuanoB NpuBOAUT K HEXeIaTeIbHONH MHTEHCH-
(uKay TEeCTPYKIIMOHHBIX MPOLECCOB B TOJIMMEpPE, BBIpaXkarolieecs B NOTEMHEHUN MpoayKTa. [loBbimeHme
CTETICHH 3arpy3KH M CKOPOCTHU BPAILCHNUS IIHEKa yXyAIIAeT AUCIIEPCHOCTh MaTepraa.

[TepepaboTKy 0TX0/10B 0€30CHOBHBIX IIacTU(ULKpoBaHHbIX [IBX-MaTepuanoB (cenbXo3IIeHKa, H30IIs-
nuoHHas TuieHka, [IBX-nmanrn) MetogoM ynpyro-aehopManmoHHOTO IUCIIEPTUPOBAHUS C MOJYYCHUEM Ka-
YECTBEHHOI'O BBICOKOAMCIIEPCHOIO BTOPUYHOIO MaTepuansa MOXKHO NPOBOAUTH 0€3 TEXHOJIOIMYECKHX 3a-
TPYAHEHUH Ipu Oosiee MHUPOKOM BapbHUPOBAaHUM PEXUMOB aucneprupoBanus. OOpasyercs 6ojee TOHKOIUC-
MEPCHBII NMPOIYKT ¢ pazMepoM yactull 240...335 MKM, IPEUMYLIECTBEHHO Cheprudeckoi Gopmal.



Yrpyro-nepopMannoHHoe BO3JEHCTBUE MPU aucnieprupoBanuu xectkux [I1BX-marepuanos (yzaporpou-
HBIA MaTepual Juist OyThUIOK 0]l MUHEPAIbHYI0 BOAy, canTexHnueckue [IBX-tpy0Osl u 1p.) HE06X0auMo mpo-
BOAWTH mpu Oonee Bbicokux Temmeparypax (170...180...70 °C), crenenn 3arpy3ku He 6onee 40 % u MUHU-
MaJIBHOM CKOPOCTH BpaieHus mHeka 35 06/MuH. [Ipy OTKIOHEHHH OT 3alaHHBIX PEKHMOB ITUCTIEPTUPOBAHUS
HaOJII0AAI0TCS TEXHOJIOTMUECKUE 3aTPYTHEHUS U YXYILIEHHE KauyecTBa [0Jy4aeMOro BTOPUYHOIO IPOIyKTa 10
JUCTIEPCHOCTH.

B npouecce nepepabotku orxonos IIBX-maTepranoB 0JHOBPEMEHHO C JUCIEPTUPOBAHUEM MOXKHO OCY-
LIECTBJIATh MOJAM(DUKALKIO TOJIMMEPHOTO MaTepuaa IyTeM BBEIEHHUS B MCXOJHOE chipbe 1...3 macc. u Me-
TaJIcoAepKamx Tepmoctadunuzatopos U 10...30 macc. 4 miaacTuuKaTOpoB. ITO NPUBOIUT K HOBBIILICHUIO
3araca TepMOCTAaOUIBHOCTH TPU MCIIOJIB30BAHUU CTEAPATOB METAUIOB Ha 15...50 MUH M yIydIIeHHUIO MMOKa3a-
TeJsl TEKYUYECTH pacIuiaBa, NepepadoTaHHOTO COBMECTHO CO CJIOKHOA(UPHBIMU IUTacCTU(UKATOpaMU MaTepuasa
Ha 20...35 %, a Taxke yJIydlIeHUIO TEXHOJOTHYHOCTH MPOLecca JUCTIEPIUPOBAHUS.

[Tomyuyaembie BropuuHbie [IBX-marepuansl, 61aronaps BHICOKOH AMCIIEPCHOCTH U Pa3BUTON MOBEPXHOCTU
4yacTUll 00J1a1at0T MMOBEPXHOCTHON aKTUBHOCTBIO. DTO CBOMCTBO 0Opa3yIOLIMXCS MOPOIIKOB MPEAOIPEIETHIO
MX BECbMa XOPOILY}0 COBMECTUMOCTD C JPYTMMHM MaTEpUaIaMH, 4TO MO3BOJISET UCIOIB30BaTh UX ISl 3AMEHBI
(10 45 % Mmacc.) HCXOAHOTO CHIPBS MPH MOJIYUYEHUH TEX K€ WIIM HOBBIX MOJIMMEPHBIX MaTepHalloB.

s nepepabotku otxonoB [IBX MoryT ObITh Takke MCHOJIB30BAHBI JBYXIITHEKOBBIE SKCTpyAepbl. B Hux
JOCTUraeTcs MpeKpacHasi TOMOTeHHU3alMs CMECH, a MPOLECC IUIACTUKALMKM OCYLIECTBISAETCS B 0ojiee MATKHUX
ycnoBHAX. Tak Kak JBYXIIHEKOBBIE SKCTPYAEphl pab0TalOT MO MPUHIMITY BBHITECHEHHS, TO BpeMsl IPeObIBaHUS
IIOJINMEpPa B HUX IIPH TEMIIEPAType IUIACTUKALMKA YETKO OIPENEICHO U €T0 3aJ€PXKKa B 30HE BBICOKHX TeMIIepa-
Typ MCKIIOYaeTcsa. DTO MPEJOTBpAIlaeT NEPErpPeB U TEPMOJAECTPYKIUIO MaTepraia. PaBHOMEpHOCTh ITPOXOXK-
JICHUsI MTOJIMMEpa M0 HWJIMHIPY O0O0ECeunBaeT XOpOIlre YCIOBUS AJIs JIera3alii B 30HE MOHMKEHHOI'O J1aBiie-
HUS, YTO MO3BOJISIET YAJIATh BJIary, MPOLYKThl NIECTPYKLIMN U OKUCIEHUS U JpyTrHe JIETy4ne, KaK IpaBuiIo, co-
JieprKaIurecs B OTX01ax.

s mepepa®OTKM MONMMEPHBIX KOMOMHUPOBaHHBIX MaTepuasioB, B ToM uucie MK, oTxonoB kabenbHOM
M30JISALUH, TEPMOIUIACTUYHBIX MOKPHITHH Ha OyMa)KHOM OCHOBE M JPYTHUX MOTYT OBITh HCIIOJIB30BaHBI CIIOCO-
Obl, OCHOBaHHbI€ HAa KOMOMHALIMU SKCTPY3MOHHOM MOJIrOTOBKM M (POPMOBAHUS METOIOM IpeccoBaHus. s
peann3alnuy 3TOro METO/Aa MPeAaraeTcsl arperar, COCTOSIIINUN U3 IByX MallliH, BIOPBICK Kaxa0M U3 KOTophIx 10
Kr. Jloas MpUCYTCTBYIOIIMX B OTXOJAX CHELMAIBHO BBEJEHHBIX B HUX HEMOJIMMEPHBIX MaTEPUAIIOB MOXKET CO-
CTaBJATH 10 25 %, mpuyeM Jaxke CoAep:KaHue MeIu MOXKeET nocturath 10 %.

Taxoke mpUMEHsSIeTCs METOJ COBMECTHOW 3KCTPY3MM CBEXEro TepMoIlIacTa, 00pa3yrollero NpUCTEHHBIE
CJIOH, U MOJINMEPHBIX OTXOJI0B, COCTABJISIONUINX BHYTPEHHUM CIIOH, B pE3ybTaTe MOXKET OBITh MOJIYYEHO TPEX-
clIoifHOe u3aenue (Hanpumep, IieHka). Jpyroit Meton — pa3ayBHoe ¢popMoBaHue npeuioxkeH B [15]. B pa3pa-
00TaHHOW KOHCTPYKIMH IKCTPY3HMOHHO-pa3AyBHON yCTAaHOBKM B KaueCTBE I€HEpaTopa paciuiaBa MperycMOT-
PEH YEPBSIYHO-IUCKOBBIM AKCTPYAEP C pa3LyBHBIM MPUBOAOM. DKCTPY3HEH C pa3yBOM U3 CMECH NEPBUYHOIO
u BTopryHOro [1BX M3roTaBnuBaroT OyTHUTH, EMKOCTH M JPYTHE TIOJIBIC U3IEIHS.

KanmannpoBanue

[Tpumepom miepepabOTKU OTXOJOB METOJIOM KallaHAPOBAHUS MOXKET CIIY>)KHTh TaK Ha3bIBAEMBIN MPOIIECC
"Peran", 3akiro4aromuiicss B KaJJaHAPOBAHUY MaTepHUaja U MOJYYEHUH TUTUT U JIUCTOB, KOTOPHIE MPUMEHSIIOTCSA
JUTSL TIPOM3BOJICTBA Taphl 1 MeOenn. Y 100CTBO TaKOTO Tpolecca s MepepadoTKH OTXOI0B PA3IMYHOTO COCTa-
Ba 3aKJIIOYAETCS B JIETKOCTH €r0 PEryJMpOBKU IyTeM M3MEHEHMsI 3a30pa MEXAy BajKaMu KajaHjapa ajs Joc-
TUKEHUSI XOPOILIEro CABUIOBOIO M JUCIEPIUPYIOLIEr0 BO3AEHCTBH Ha MaTepuas. XOpollas IJIaCTUKALUS U
TOMOT€HU3AlMsl MaTepuaia Mnpu nepepadoTke oOecrneynuBaeT MOJYyUYEHUE H3JEIHM C JOCTATOYHO BBICOKUMH
MNPOYHOCTHBIMU ITOKA3ATCIIAMHU. CHOC06 9KOHOMHYCCKHU BLBII'OJCH JIA TCPMOIIACTOB, IIACTUIHUPYCMBIX IIPHU
OTHOCUTEIBLHO HU3KHUX TeMIEpaTypax, B OCHOBHOM, 3To Msrkuii [IBX.

Jns moarotoBku orxonoB MK u neHoneyma pazpaboTaH arperat, COCTOSIIIUNA U3 HOXKEBOU IPOOUIIKH, CMe-
CUTENBHOTO OapabaHa U TPEXBAIKOBBIX paMHUPOBOYHBIX BaJiblleB. KOMIIOHEHTHI CMECH B pe3yjbTaTe 0OJIb-
ol (PUKIUH, BHICOKOTO MPECCYIOLIETO NaBJICHHUS U NMEPEeMEIINBAaHUS MEXIY BpaIIaloIIUMUCA TOBEPXHOCTS-
MU enie O0JIbIIe U3METBYAIOTCS, IIACTHIIMPYIOTCS M TOMOTEHU3UPYIOTCS. YK 32 OJMH MPOXO/I Yepe3 MAIIHHY
MaTepuan mpuoOpeTaeT JOCTATOYHO XOPOoIliee KaueCTBO.

IIpeccoBaHnue

OaHUM U3 TPAAULMOHHBIX METO/IOB NMEPEPa0OTKH OTXO0/I0B MOJIMMEPHBIX MAaTEPHAIIOB SIBJISIETCS IPECCOBA-
HHUE, B YaCTHOCTH, HanOoJee pacIpOoCTpaHEHHBIM MOXKET ObITh Ha3zBaH MeTon "Peran-Konseprep". I[Tomoun ot-



XOZIOB PABHOMEPHOM TOJILIMHBI HAa TPAHCIIOPTHOMW JIGHTE MOJAIOT B M€4b U PACIUIaBIIOT. [InacTunmpoBanHas
TaKuM 00pa3oM Macca 3aTeM crpeccoBbIBaeTCs. [IpenoxkeHHbIM METOIOM NepepabaThiBalOT CMECH MJIACTMACC
C coJiepKaHUEM TTOCTOPOHHMX BemiecTB Oosee 50 %o.

Cy1iecTByeT HENpepbIBHBIN criocod nepepaboTku 0Tx0/10B cuHTeTnueckux koBpoB U UK. CyTs ero B cie-
TYIOIIEM: Pa3MOJIOThIE OTXOJBI MOJAIOT B CMECUTENb, Kyaa no0asisitor 10 % cBs3yroliero Marepuania, Iur-
MEHTBI, HallOJHUTENN (A1 ycuiieHus). M3 3Toil cMecu NpeccyroT IUIACTUHBI B IBYXJIEGHTOUHOM mpecce. [lna-
CTHHBI HMEIOT TONIIUHY 8...50 MM IpPH IVIOTHOCTH OKOIO 650 Kr/M’. Brarogapsi MopHCTOCTH TLIACTHHBI 00a-
JAI0T TEIJIO- U 3BYKOU3OJIALIMOHHBIMU CBOMCTBaMU. OHM HaXOJAT MPUMEHEHUE B MALIMHOCTPOEHUH U B aBTO-
MOOWJIBHOM MPOMBIIIICHHOCTH B Ka4eCTBE KOHCTPYKLMOHHBIX 3J€MeHTOB. [Ipu onHO- WM ABYXCTOpPOHHEM
KaIIUPOBAaHWHU 3TH TUTACTUHBI MOKHO HCITOJIB30BaTh B MebenbHOU npombinuieHHOCTH. B CIIIA mpomecc mpec-
COBAHMsI UCITIOJIb3YETCS AJI1 U3TOTOBJIEHMSI TSYKEIOBECHBIX TUIACTHH.

Taxoke IpUMeHseTCsl IPyroil TEXHOJIOTHYECKUH cr1ocod, OCHOBaHHBIA Ha BCIieHHBaHUU B (hopme [8]. Paz-
paboTaHHbIE BapuUaHThl OTJIMYAIOTCA METOJAMH BBEJIEHHs TOpooOpa3oBaresieil BO BTOPUYHOE ChIphE U IOJBO-
noM TemnoTel. IlopooOpa3oBaresnin MOryT ObITh BBEJEHBI B 3aKpPBITOM CMECHTENE WM IKCTpynepe. OnHako
MIPOU3BOIUTENIbHEE METO] POPMOBOTO BCIICHUBAHUS, KOT/Ia TIPOIIECC TIOPOOOPa30BaHUs MPOBOIAT B TIpECCE.

Cy111ecTBEHHBIM HEJJOCTaTKOM METO/A MPECCOBOTO CIEKaHMsI MOJIMMEPHBIX OTXOJOB SIBJIIETCA ciaboe me-
peMenIMBaHie KOMIIOHEHTOB CMECH, YTO NPUBOJUT K CHIKCHHMIO MEXaHMYECKHX TOKa3aTeled MOoJTydaeMbIX
MaTepHaoB.

[Tpobnema perenepanuu orxonoB [IBX-mmacTukoB B HacTosllee BpeMs MHTEHCHBHO pa3pabaTbIBaeTcs,
OJIHAKO UMEETCSI HEMAJIO TPYIHOCTEN, CBA3aHHBIX MPEXK/I€ BCEro ¢ HaJIM4MeM HaroyiHuTens. Hekoropeie paspa-
OOTYMKHU MOLUIN MO MYTH BBIJEIEHHS MTOJIMMEPA U3 KOMIIO3UTA € MOCIEIYIOIINUM ero UCnoib3oBaHueM. O1HaKo
3a4acTyI0 3TU TEXHOJOTUYECKUE BapUAHThl HEAKOHOMUYHBI, TPYJIOEMKHU U MPUTOJHBI 711 Y3KOI'O aCCOPTUMEH-
Ta MaTepUaoB.

W3BecTHBIE CTIOCOOBI IPSMOTO TEPMOGOPMOBAHUS INOO TPEOYIOT BRICOKUX JTOMOIHUTEIBHBIX 3aTpat (To-
TOTOBUTEJIbHBIE Olepalyy, 100aBKa NEPBUYHOIO MOJIUMEPA, INIACTU(PUKATOPOB, UCIIOIB30BaHUE CIELIUATBHOTO
obopyoBaHus), MO0 HE TO3BOJSIOT TepepadaThiBaTh BBHICOKOHAIOIHEHHBIC OTXOJbI, B dacTHocTH, [IBX-
TUTACTHKOB.

1.4 YTUIIM3ALOUA OTXOAO0B ITOJIMCTUPOJIBHBIX INTACTUKOB

OTX0/1bI OMUCTHPOJIA HAKATUTMBAIOTCSA B BUJE BBIMIEAIINX U3 yroTpednenus nznenuit u3 [1C u ero como-
JUMEPOB (XJICOHUIIBI, Ba3bl, CHIPHUIIBI, pa3IMIHAs TIOCYA, PEIIECTKH, OAaHKU, BEIIATKH, OOJUIIOBOYHBIE JTUCTHI,
JIETAIM TOPTOBOTO M JIA0OPATOPHOTO 000PYIOBAaHUS H T.1I.), @ TAKXKE B BUIC MPOMBIIICHHBIX (TEXHOJIOTHYE-
ckux) otx010B I1C obmero Haznauenus, ynapornpouroro [1C (YIIC) u ero cononumepos.

BropuuHoe ncnonb30BaHne MOTUCTUPOIIBHBIX TUIACTUKOB MOKET MATH MO CIAEAYIOUIUM Iy TAM:

— YTHIW3ALUS CUIBHO 3arPSI3HEHHBIX MPOMBIIIIEHHBIX OTXO/IOB;

— yrunusanus TexHonorundeckux orxonoB YIIC u ABC-mactuka METOaMu JTUThS MO JaBJICHUEM, DKC-
TPY3HH U TIPECCOBAHUS;

— YTWIN3alUs U3HOIICHHBIX U3JIEIHH;

— yTuiau3anus oTxo0B nenononuctupoda (II1C);

— YTHIW3alUsS CMEIIaHHBIX OTXO/I0B.

CuipbHO 3arpsi3HEHHBIC MPOMBIIIEHHBIE OTXOABI 00pa3ytoTcs B mpousBojcTBe [IC M MOTMCTHPOIBHBIX
IUTACTUKOB MPH YHCTKE PEAKTOPOB, SIKCTPYJAEPOB M TEXHOJIOTMUECKHUX JIMHUN B BUJIE€ KyCKOB pa3IU4HOMN Belu-
YUHBI U POPMBL. DTH OTXOJIbI BCICJACTBUE 3arPSI3HEHHOCTH, HEOJHOPOIHOCTH M HU3KOT'O Ka4eCTBa B OCHOBHOM
YHUUTOXKAIOT MyTEM CKUraHus. Bo3Mo)kHa MX yTHIM3alMs JECTPYKLMEH, C HCIOIb30BAaHHEM MOIYyYaeMbIX
KHUJIKUX TMPOJYKTOB B KQUeCTBE TOILIMBA.

Bo3MoxHOCTh pHcOeIUHEHUsI K O€H30JIbHOMY KOJIBIY MOJHMCTHPOJIAa HOHOTEHHBIX IPYII MO3BOJISET MO-
JTy4aTh Ha €r0 OCHOBE MOHUTHI. PaCTBOPUMOCTH MoIMMepa B IpoIlecce mepepadboTKU M IKCILTyaTalluy TaKKe He
Mensiercs. [loaToMy Uit mosyd4eHrss MEXaHUYECKU MPOYHBIX MOHUTOB MOXKHO MPUMEHSATh TEXHOJIOTHYECKUE
OTXOJIbl M W3HOIICHHBIE TTOJUCTHPOJILHBIC H3ETHUs, MOJCKYISIPHYIO MacCy KOTOPBIX MyTEeM TEPMUYECKOU Jie-
CTPYKIIUHU JTOBOJAT JI0 3HAYCHHUH, KOTOPBIC TPEOYIOTCS MO yCaoBUsAM cuHTe3a HOHUTOB (40...50 TrIc.). [Tocme-
NyIoIIee XJIOPMETUIUPOBAHUE MOTyYSHHBIX MPOITYKTOB MPUBOIUT K IMOTYYCHHUIO COCTMHEHUH, paCTBOPUMBIX B
BOJI€, UTO CBHJIETEJIBCTBYET O BO3MOXKHOCTH HCIIOIb30BaHUSI BTOPUYHOTO MOJIUCTUPOIBHOTO CBHIPhS IS MOJTY-
YSHHS PACTBOPUMBIX TIOJTUAIIEKTPOIUTOB.

Texnomornueckue otxoabl IIC (tak ke, kak u [10) Mo cBoMM (PU3MKO-MEXaHHMUYECKUM W TEXHOJOTHYC-
CKHUM CBOWMCTBAM HE OTJIMYAIOTCS OT MEPBUYHOTO CHIPhsl. DTU OTXOJIbI SBJISIFOTCSI BO3BPATHBIMH U B OCHOBHOM



HCIOJIb3YIOTCA Ha T€X NPEINPUITUAX, TJIe OHU 00pa3yroTcs. X MoxkHO 100aBisaTh k nepBuyHoMy I1C unm uc-
II0JIB30BATh B KAUECTBE CAMOCTOSITENILHOTO ChIPhsI IPU MPOU3BOACTBE Pa3IMUHBIX U3JECIIHM.

3HAYUTENBbHOE KOJMYECTBO TEXHOJIOTHMUECKHX 0TX0A0B (10 50 %) obOpa3yetcs B mpolecce nepepaboTKu
MOJINCTUPOJIbHBIX IACTUKOB JIUTHEM IOJ JaBIECHUEM, IKCTPY3HEH U BaKyyM-(hOopMOBaHUEM, BO3BpAT KOTOPBIX
B TEXHOJIOTMUYECKHE MPOIECCHl MepepadOTKU MO3BONISIET 3HAUUTENFHO MOBBICHTH 3(P(QEKTUBHOCTH UCIIOIb30Ba-
HUS TOJIMMEPHBIX MaTepHUajoB U cO3JaBaTh OE30TXOAHBIE MPOU3BOJACTBA B MPOMBIIUIEHHOCTH NEpPepabOTKH
acTMacc.

ABC-m1acTuky MUPOKO MPUMEHSIOTCS B aBTOMOOMIIECTPOCHUH JIJIsl U3TOTOBJICHUS! KPYIHBIX JeTanell aB-

TOMOOWJIEH, IPU MPOU3BOACTBE CAHTEXHUUYECKOTO 000pyAOBaHUs, TpyO, TOBApOB HAPOAHOTO HOTPEOJICHUS U
T.J.
B cBs13u ¢ yBenuueHneM noTpeOsIeHus] CTUPOJIBHBIX IIACTUKOB PACTET U KOJIMUYECTBO OTXOJIOB, UCIIOIH30BAHUE
KOTOPBIX SIBJISIETCS SKOHOMHUYECKHU M SKOJIOTHYECKH L[e1eCO00pa3HbIM C YYETOM BO3pPACTaHUSI CTOUMOCTH ChIPbsI
U YMEHBUICHHS €ro pecypcoB. Bo MHOIMX Cilydasx BTOPHUYHOE ChIPb€ MOYKHO MCIOJIB30BaTh IS 3aMEHBI IIep-
BUYHBIX MaTepUaJIOB.

VY cTaHOBIIEHO, YTO NpU HEOAHOKpaTHOW mepepaboTke ABC mommuMepa B HEM HPOTEKAIOT JABa KOHKYpH-
PYIOIIMX IpoLecca: ¢ OXHOM CTOPOHBI, YaCTUYHAS JECTPYKLIUS MAaKpPOMOJIEKYJ, C IPYTOM — YaCTHYHAsT MEXMO-
JeKyJIIpHasi CIIMBKA, BO3PACTAIOIIKE IO MEPE YBEIMUEHUS YHCia LIMKIOB EPEPaOOTKH.

[Tpu BbIOOpe cmocoba mepepaboTku IKcTpy3uoHHoro ABC pokazaHa NpUHLUIHATIBHAS BO3MOXKHOCTB
(opMOBaHUs U3/IENUIA METOAAMU MPSAMOTO IPECCOBAHUS, IKCTPY3UH, JTUThs [IO]] 1aBJICHUEM.

D} PeKTUBHON TEXHOIOTHICCKON cTaauel mepepaboTku otxo0B ABC sSBiIsSeTCS CyIIka mojimMepa, mo3Bo-
JsronIas TOBECTH COAEPkKAHKE BJIard B HEM JI0 ypoBHs, He npespimatoiero 0,1 %. B atom ciydas ycrpansercs
o0pa3oBaHMe TakuX Ae(EeKTOB B MaTepualie, BO3HUKAIOIUX OT U30bITKA BJIaru, KaK yellyifuaTas IOBEPXHOCTb,
cepeOpHUCTOCTb, pacciauBaHWE W3JCIUN MO TOJNIIMHE; OT INpPEJBAapUTENIbHOM CYIIKM CBOWCTBA MarepHasa
yiyudwmatorcs Ha 20...40 %.

OpHako croco0 MpsIMOro MPECCOBAaHMS OKA3bIBAETCS MAJIOMPOU3BOAUTENBHBIM, & SKCTPY3HUs OJIMMEpa 3a-
TPYIHSIETCS U3-3a €70 BHICOKOU BS3KOCTH.

[TepcnekTHBHOM IpezcTaBisieTcs nepepaboTka TeXHOIOrn4eckux orxonoB AbBC moinMepa MeToIoM Ju-
Ths 1IOA AaBiieHueM. [Ipu 3ToM Ui yiydllleHus TeKy4ecTH MOoJIMMepa HE0OX0IMMO BBOAUTH TEXHOJIOTHYECKUE
nob6asku. JlobaBka k monumMepy obnerdaet npouecc nepepadotku AbBC noinMepa, Tak Kak IpUBOJIUT K yBeEIU-
YEHUIO TIOJIBMYKHOCTH MaKpOMOJIEKYJI, THOKOCTH TIOJIMMEPA U CHUKEHHUIO €T0 BI3KOCTH.

[TomyuyeHHbIE IO TAKOMY CIIOCOOY M3/eNUs IO CBOMM 3KCIUTYTAlIMOHHBIM IOKa3aTeNsIM He YCTYNaloT u3je-
JUSIM U3 TIEPBUYHOTO MOJINMEpPA, @ IOPOH JJaske MPEBOCXOJAT UX.

bpakoBaHHbIE U U3HOLIECHHbIE U3/1EIHS MOXKHO YTHIIM3UPOBATh U3MENIbYEHUEM C TOCIEAYIOIM (popMoBa-
HUEM TOJYyYEHHON KPOILIKHU B CMECH C MIEPBUYHBIMU MaTepUaIaMM WM B KAUECTBE CAMOCTOSITEIbHOTO ChIPbSI.

3HauyuTeNbHO OoJiee CIOXKHAs CUTyalust HaOmronaeTcs B OOJIAaCTH YTHJIM3ALUU W3HOLICHHBIX W3JENIUN U3
I1C, B TOM 4yuCIie BCIIEHEHHBIX IJIACTUKOB. 32 py0eKoM OCHOBHBIMH ITyTSAMH MX YTHIM3AIHMH SBISIOTCS TAPO-
JM3, CKUranue, Goro- Win OMopasiokKeHue, 3aXOpoHeHHe. AMOPTU30BaHHbIC U3JENUs KyJIbTypPHO-OBITOBOTO
Ha3HAYCHUs], a TaKXKE MPOMBIIUIEHHOCTH MOJUMEPHBIX, CTPOUTENbHBIX, TEIUIOM30JISILIMOHHBIX MaTepuaioB U
JPYTUX MOXKHO IO/IBEPraTh NOBTOPHOU NepepaboTKe B U3lienus. B OCHOBHOM 3TO KacaeTcs U3JeNuil U3 yaapo-
npouHoro [1C.

bnounsrit I1C HeoOxonuMo mepen MOBTOPHOM mepepaboTkoi coBmemaTh ¢ yaaponpounsiM I1C (B coot-
Homennu 70:30), MOTUPHUIMPOBATE JPYTUMHU CIOCOOAMH WIIM TTOJIBEPTaTh BTOPUYHON NepepadoTKe ero cormo-
JMMepa ¢ aKpWIOHUTpHIIOM, MeTuiaMeTakpuiiatoM (MC) uimu Tpoiinelie conoiauMepsl ¢ MC 1 akpUIIOHUTPUIIOM
(MCH). Cononumepst MC u MCH otaunuarotcst 60s1ee BBICOKON CTOMKOCTBIO K aTMOC(EPHOMY CTapeHUIO (110
CPaBHEHMIO C yJapONPOUYHBIMU KOMIIO3ULMSAMH), YTO UMEET OOJIbIIOE 3HAUEHHE IpU MOCIeAyIoUel nepepa-
6otke. Bropuunsrii [1C MmoxxHO 106aBiATH K [19.

Jlna mpeBpalieHysi 0TXO0A0B MOJIUCTUPOJIBHBIX MNIEHOK BO BTOPUYHOE MOJIMMEPHOE ChIPbE MX MOJBEPraroT
arJOMEpUpOBAaHUIO B POTOPHBIX arioMmeparopax. Huskoe 3HaueHue ymapaoi Bszkoctu [IC o0ycnoBnuBaeT ObI-
CTpO€ U3MeJbueHHe (110 CPABHEHUIO C JPYyTUMH TepMorutactamu). OHaKo BbICOKas aire3MOHHasi ClIOCOOHOCTD
[1C npuBoauT, BO-MEPBHIX, K CAUMAHUIO YACTHUIl MaTepuaia U 00pa3oBaHUIO KPYMHBIX arperatoB 10 toro (80
°C), kak marepuan craHoBuTcs miaacTuyHbIM (130 °C),u, BO-BTOpPBIX, K NPUIMIIAHUIO MaTepuana K nepepada-
THIBAIOIIEMY 000PYIOBaHUIO. JTO 3HAYUTEIHHO 3aTpyaHseT arinomepupoBanue [1C o cpaBaenwuto ¢ [19, I1I1 u
I1BX.

Otxoast [ITIC MOXHO pacTBOPSTH B CTUPOJIE, a 3aTE€M IMOJIMMEPU30BaTh B CMECH, COAEpKAIlel U3MEIb-
YEeHHBIH KaydyK M Apyrue n1o0aBku. [lomyueHHbIe TaKUM CIIOCOOOM COMOIMMEPB! XapaKTEepU3yIOTCs JOCTATOU-
HO BBICOKOM yZJapHOU ITPOYHOCTBIO.



B HacTosmee Bpems nepes nepepadaTbIBaOLICi MPOMBIIIIIEHHOCTBIO CTOUT IIpobiieMa nepepaboTKu cMe-
LIAaHHBIX OTXOJIOB IIacTMacc. TeXHOJIOorus nepepaboTKU CMEIIaHHBIX OTXOJ0B BKJIIOYAET COPTUPOBKY, IIOMOJI,
MIPOMBIBKY, CYIIKY M TOMOTeHHU3a1uio. [lonydeHHbli u3 cMeImanHbIX 0TX010B BropuyuHsbIii [IC o6nagaer Bbico-
KUMH (PU3MKO-MEXaHWYECKHMH MTOKA3aTEIsIMH, €r0 MOKHO B PACIUIaBJIEHHOM COCTOSIHUM J100aBIATh B ac(aabT
u 6utym. IIpu 3TOM CHMXKAeTCs UX CTOMMOCTb, U IPOYHOCTHBIE XapaKTEPUCTUKU BO3PACTAIOT MpUMEpHO Ha 20
%.

JUJ1s IOBBIIIEHHS KaYeCTBa BTOPUYHOTO MOJIMCTUPOIBHOTO ChIPhs MPOBOIAT €ro MoguduKauio. s 3Toro
HEOOXOMMBI UCCIICIOBAHMSI €r0 CBOMCTB B Ipoliecce TepMocTapenus u skcruryatanuu. Ctapenne [1C mmactu-
KOB MMEET CBOIO CIEUU(HUKY, KOTOpask HATJIsIHO TPOSIBIISIETCSI 0COOGHHO ISl yIapOIPOYHBIX MaTepHajoB, KO-
topsie momuMo [1C comepkar kaydyku.

[Tpu tepmoobpadboTke mMatepuanoB u3 IIC (mpu 100...200 °C) ero okucieHue UAET yepe3 oOpazoBaHUE
TMJIPONEPOKCUIHBIX TPYII, KOHIIEHTPALXs KOTOPBIX B HAYaJIbHON CTaIUM OKHCIIEHHs OBICTPO pacTeT, ¢ Mocie-
IyIoLIM 00pa3oBaHueM KapOOHMIBHBIX U THAPOKCHIIBHBIX TPYIIIL.

['maponepokcuaHble IPyNIlbl MHULMUPYIOT MPOLECChl (POTOOKHCICHUS, MPOTEKAIOLINE IPU dKCILTyaTaluu
n3nenuit u3 I1C B ycnoBusix BO3AeHCTBUS COMHEYHON paananuu. PoToaecTpyKuus MHULMUPYETCS TaKXkKe He-
HaCBIIIEHHBIMU TPYIIIAMH, coAepxKamumucsa B kaydyke. CieacTBueM KOMOMHUPOBAHHOIO BIIMSHUS TUAPOIIE-
POKCHUIHBIX M HEHACBHIIEHHBIX TPYII Ha PAHHUX CTAIHUIX OKUCICHUS W KapOOHWIIBHBIX I'PyMI Ha OoJiee mo3a-
HUX CTausX SIBIIACTCS MEHBINAsS CTOMKOCTh K (POTOOKMCIUTENbHOU necTpykuuu usnaenuii u3 I1C nmo cpaBHe-
Huto ¢ [10. Hannune HeHachIIIEHHBIX CBsA3EH B KayuykoBoil coctasistome YIIC mpu ero HarpeBaHUM IPHUBO-
JUT K aBTOYCKOPEHUIO IIPoLecca NECTPyKIHUH.

[Tpu dporocrapenun I1C, moauduupoBaHHOTO KaydyKOM, pa3pbiB IeNH MpeodiaanaeT Hajx 00pa3oBaHHEM
MOTIEPEYHBIX CBsI3€H, 0COOEHHO NMpH OONBIIOM COAEPKAHUM JABOMHBIX CBSI3€H, YTO OKa3blBAET 3HAYMTEIBHOE
BIIMSIHUE Ha MOP(OJIOTHIO MOJIUMEPA, €T0 (PU3NKO-MEXaHUYECKHE U PEOJIOTHUECKUE CBOICTRA.

Bce atu pakTopbl HEOOXO0MUMO YUUTHIBATH NMPU MOBTOPHOM niepepadoTke nznenuit u3 [1C u YIIC.

1.5 IEPEPABOTKA OTXOJ0OB ITOJIMAMI/I0OB

3HAYUTENIBHOE MECTO Cpeld TBEPIBIX MOJIMMEPHBIX OTXOJOB 3aHMMAIOT OTXOJbI MOJIMAMUIOB 00pasyro-
1Iecsl B OCHOBHOM TIPU MPOM3BOJCTBE U MepepadboTKe B U3/IETHUS BOJIOKOH (KApOH U aHU), & TAaKXKE BBIIICI-
e u3 ynorpebaeHus uznenus. KoaumuecTBo 0TX0A0B U MPOU3BOJCTBE U MEpepadOTKe BOJIOKHA JOCTUTAET
15 % (w3 vux npu npousBoactee — 11...13 %). Tak xak [IA moporocrosimuii Mmatepual, oOIaAJAIONIHA PSIIOM
LIEHHBIX XUMUYECKUX U (PU3NKO-MEXaHNYECKUX CBOMCTB PallMOHAIBHOE UCIIOIB30BaHUE €r0 OTXO0I0B IpHoodpe-
TaeT 0coOyI0 BaKHOCTb.

Mmuoroo6pa3ue BuaoB BTopuuHOro [TA TpebyeT co3gaHus celuaibHbIX METOAO0B MepepadoTKU U B TO Ke
BpEMS OTKPBIBACT MIUPOKHUE BOZMOXKHOCTH JIJISl KX BHIOOpA.

HawnbGonee craOuiabHBIME TIOKa3aTessMHu 001a1at0T oTxoabl [1A-6,6, 9TO ABIISIETCS MPEANOCHUIKON CO3/1a-
HUSl YHUBEPCAJIBHBIX METOJIOB UX mepepaboTku. Psm oTxonoB (00pe3nHeHHBIH KOp/, 00pe3b, N3HOIIEHHBIE Y-
JIOYHO-HOCOYHbIE U3/IENINS) COJIEPKUT HEMOIUAMUIHbIE COCTABIISIONINE U TPEOyeT CHeLMATBLHOTO MOAX0Aa MPH
nepepaboTke. V3HOMIEHHbIE U3/AEIHs 3arpsi3HEHbI, IPHUEM KOJIUYECTBO U COCTAB 3arps3HEHUI OIpeeseTcs
YCIIOBUSIMU SKCIUTyaTallK U3JIEIHil, opraHu3anueil ux coopa, XxpaHeHUs] ¥ TPAHCTIOPTHUPOBAHUSI.

OCHOBHBIMHU HAIPaBJICHUSIMH TIEpepabOTKU U MCTONB30BaHUS 0TX00B [TA MOXXKHO Ha3BaTh U3MEJbUCHNUE,
TepMo(OpMOBaHUE U3 paciljiaBa, JEHNOJUMEPU3ALINIO, IEPEOCAKIEHUE U3 PacTBOpa, Pa3IUyHble METOAbI MO-
TUPUKALMK U TEKCTUIbHYI0 00pabOTKy ¢ MOJIy4eHHEM MaTepHUajoB BOJOKHUCTOU CTPYKTYpsl [17]. Bo3moxk-
HOCTb, I1eJ1ec000pa3HOCTh M 3(PPEKTUBHOCTh MPUMEHEHHUS TEX WM MHBIX OTXOJIOB OOYCIIOBJICHBI, B TIEPBYIO
ouepelib, X (PU3HKO-XUMHUYECKUMHU CBOMCTBAMH.

bonbiioe 3HaueHne UMeeT MOJIEKYJISIpHAs Macca OTXO0B, KOTOpas BIUSET HAa MPOYHOCTh PereHepUpPOBaH-
HBIX MaTEPHUAJIOB M M3/CIUH, a TAK)KE Ha TEXHOJIOTHYECKHE CBOMCTBA BTopuyHOTO [TA. 3HaunTenpHOE BIUSHUE
Ha MPOYHOCTh, TEPMOCTAOMIBHOCTh U YCIOBUS NEpepaboTKU OKa3bIBAET COJIEpP:KaHNe HU3KOMOJIEKYJISIPHBIX CO-
enunennii B ITA-6. Haubonee TepMocTabMIIbHBIM B YCIOBUSAX nepepaboTku sBusercs [1A-6,6.

s BbIOOpa METOZI0B U PEXKUMOB MepepadOTKH, a TAK)Ke HANPaBICHUH MCIOJIb30BaHUS OTXOJ0B BaXKHBIM
SIBJIIETCS M3yUEHUE TePMHUUECKOro moBeaeHus BropuyHoro [TA. TIpu 3ToM 3HAUUTENBHYIO POJIH MOTYT UTPATh
CTPYKTYpHO-XUMHUYECKHE 0COOEHHOCTH MaTepuaia U ero npeaplCTOpus.

1.5.1 Mertoas! nepepadborku orxoaos I1A



CymiecTBytonue crnocoos! nepepadoTku 0Txoa0B [TA MOXHO OTHECTH K ABYM OCHOBHBIM I'PYIIIIaM: MeXa-
HUYECKHUE, HE CBSI3aHHBIE C XUMUYECKUMU MPEBPAIICHUsIMHU, U QU3NKO-XUMUdeckue. MexaHnueckue crnocoObl
BKJIIOYAIOT U3MEIBYCHUE U PA3IMYHbIC MIPUEMBl M METOJIbI, UCIIOJIB3YIONINECS B TEKCTHILHOW MPOMBIIIIICHHO-
CTH JJIS1 TIOJTYYEHHUS U3JICJIHIN C BOJIOKHUCTOU CTPYKTYPOH.

MexaHn4deckoi mepepadboTKe MOTYT OBITh MOABEPTHYTHI CIIMTKU, HEKOHAUIIMOHHAS JICHTA, JIUTHEBBIE OTXO-
IIbl, YACTUYHO BBITSHYThIE U HEBBITSAHYTHIE BOJIOKHA.

W3menpueHne SBISETCS HE TOJIBKO OIEpalfei, COMPOBOXKIAIONICH OONBITUHCTBO TEXHOJIOTHYECKUX IMPO-
LIECCOB, HO M CaMOCTOSITEJIbHBIM METOJIOM IepepaboTKu 0TX00B. M3MenbueHre no3BOJISET MOTYYUTh OPOI-
KooOpa3Hble MaTepUabl U KPOIIKY JJIsl TUThS MO/ TaBICHUEM U3 CIIUTKOB, JICHTHI, IIETHHBI. XapaKTePHO, 4TO
MIpU U3MEIbUECHUN (PU3UKO-XUMHUUECKHE CBOMCTBA HCXOIHOTO CHIPhsS MPAKTUYECKU HE U3MEHstoTcs. J{is moiy-
YEHHsI TIOPOIITKOOOPA3HBIX MMPOTYKTOB MPUMEHSIOT, B YaCTHOCTH, TIPOIECCHI KPUOTEHHOTO M3MEIbUCHHSL.

OTXO0bl BOJIOKOH U IIETUHBI UCIIOJIB3YIOT JUIsl MPOU3BOICTBA PHIOOIOBHON JIEChI, MOYAJIOK, CyMOYEK U Jp.,
OJTHAKO TIPU ITOM TPeOYIOTCS 3HAUUTENBHBIE 3aTPAThl PYYHOTO TPY/A.

W3 MexaHM4YeCKUX METO/A0B NepepaboTKU OTXO0B HanboJiee MEepCHeKTUBHBIMU, MOJYUYUBIIMMU IIHPOKOE
pacnpocTpaHeHUE CIeNyeT CUMTATh MPOU3BOJICTBO HETKAHBIX MATEPUAIOB, HAMOIHHBIX MOKPHITUI U IITATIENb-
HbIX TKaHei. Oco0yr0 HEHHOCTh JUISl ATHX LIeJe MPeICTaBIsIOT OTXOAbl TOJMAMHUIHBIX BOJIOKOH, KOTOpPbIE
JIETKO TiepepabaThIBAIOTCS M OKPAIIUBAIOTCS.

OU3UKO-XUMUYECKHE METOJIbl mepepadboTku oTxoa0B [TA MoryT ObITh KilacCH(PUIMPOBAHBI CIEAYIOLUIUM
obpa3zom:

— JIETIONIMMEPHU3aIUs OTXOIOB C LENbI0 MOTYyYSeHHS MOHOMEPOB, IPUTOAHBIX JJIsl IIPOU3BO/ICTBA BOJIOKHA U
OJIUTOMEPOB € MOCTEAYIOUIUM HX UCTOIb30BaHUEM B MPOU3BOJICTBE KIIEEB, JIAKOB U APYTUX MPOTYKTOB;

— MOBTOPHOE TUIABJICHUE OTXOJOB JUIsl TMOJyYEHHUs TPaHyJsITa, arjioMepara M U3JeNUid 3KCTpy3uel u
JHUTHEM TIOJ JaBJICHUEM;

— MepeocaxkieHue U3 PaCTBOPOB C MOJYyUYEHUEM ITOPOIIKOB JIJIsl HAHECEHUS TOKPBITUI;

— TMOJIy4eHHE KOMIIO3UIIMOHHBIX MaTepUAIOB;

— XUMHUYecKas MoauduKalus 1Jig IPOU3BOACTBA MAaTEPUAJIOB C HOBBIMHU CBOMCTBAaMU (IIOJIy4EHUE JIAKOB,
KJIEEB U T.1.).

Jenonumepusanus MUPOKO MPUMEHSIETCS B TPOMBIIIJICHHOCTH JJIs TOTY4YeHUS! BHICOKOKAUYECTBEHHBIX MO-
HOMEPOB U3 He3arpsi3HEHHBIX TEXHOJIOTUYECKUX OTXO/I0B.

Jenonumepusanuio NpoBOJAAT B MPUCYTCTBUU KaTalU3aTOPOB, KOTOPBIMU MOTYT OBITh HEUTpaJbHBIE, OC-
HOBHBIE WJIM KUCIIbIE COeUHEHUs [5].

[upokoe pacnpocTpaHeHHE B Halllel cTpaHe U 3a PyOeKOM MOJIYYHJI METOJl MOBTOPHOIO IUIABJIEHUS OT-
xo070B [TA, KOTOpOE MPOBOIAT B OCHOBHOM B BEPTHUKAIBHBIX alllapaTax B Te€UEHUE 2—3 4 M B IKCTPY3HOHHBIX
ycTaHoBKax. [Ipyu IauTETbHOM TEPMUYECKOM BO3ACHCTBHM yAelbHasA BA3ZKOCTH pacTBopa [IA-6 B cepHOl Ku-
ciore camxkaercs Ha 0,4...0,7 %, a conepkaHne HU3KOMOJIEKYJISIPHBIX COeAMHEHUI Bo3pacTaeT ¢ 1,5 1o 5-6 %.
[1naBneHue B cpeiie MeperpeToro mnapa, yBjiakKHEHHE U IJIaBJICHHUE B BaKyyMe yJydlIalOT CBOWCTBA pereHepu-
POBAHHOTO MOJIMMEPA, OJHAKO HE PEIIAIOT MPOOIEMBI MOMYyUYEHHUS TOCTATOYHO BEICOKOMOJICKYIISIPHBIX TPOIYK-
TOB.

B mporecce nepepabotku 3xcTpy3ueit [TA okucnsieTcss 3HAYUTETFHO MEHBIIIE, YeM TIPU ITUTEITLHOM T1JIaB-
JICHUH, YTO CIOCOOCTBYET COXPAHEHHUIO BBICOKUX (PM3MKO-MEXaHMYECKUX Mokazarenei marepuana. [loBeiie-
HUE BJIArocoepaHus UCXOIHOTO ChIPbs (IUIsI CHUKEHHs CTETIEHU OKHCIICHUS) MPUBOAUT K HEKOTOPOl JecT-
pykuuu ITA.

[Tomydenue mopomkoB u3 0Tx0a0B [TA myTem nepeocakieHusI U3 pacTBOPOB MPEACTaBISAET CO00i crmocod
OYHMCTKH MOJMMEPOB, TIOTYYCHHUS X B BHJE, yIOOHOM IS JanbHelel nepepadotku. [Topomkn MOryT mpu-
MEHSTHCS, HAPUMED, AJI YUCTKH MOCY/Ibl, KAK KOMIIOHEHT KOCMETHYECKUX CPEJICTB U JIp.

[IIupoko pacmpocTpaHEHHBIM METOIOB PETYIMPOBAHUS MEXaHUIECKUX CBOMCTB I1A siBisieTcst HarmoHeHHe
WX BOJIOKHHCTBIMHU MaTepHallaMi (CTEKJIOBOJIOKHOM, aCOECTOBBIM BOJIOKHOM U T.I1.).

[Tpumepom BBICOKOA((HEKTHBHOTO MCTONB30BaHUS 0TX0A0B [TA siBisieTcs co3gaHne Ha MX OCHOBE MarTe-
puana ATM-2, o6agaroniero BBICOKUMHU IPOYHOCTHIO, H3HOCOCTOMKOCTHIO, CTAOUILHOCTBIO Pa3MEpOB.

[TepcrieKTHBHBIM HAIIPABJIICHUEM YIIYYIICHUS (DU3UKO-MEXaHHUECKUX U IKCILITyaTallMOHHBIX CBOWCTB H3JIe-
auit u3 BropuyHoro I1KA sBrnsercs gusuueckoe MoauduirpoBanue GoOpMOBaHHBIX JeTallel MyTeM X 00beM-
HO-TIOBEPXHOCTHOW 00paboTku. OOBEMHO-TTIOBEpXHOCTHAsI 00paboTka oOpasnoB u3 Bropuanoro I1KA, namor-
HEHHOTO KAOJMHOM M TIACTH(HUIIMPOBAHHOTO CIAHIIEBHIM MSATYUTEIIEM B HArpeTOM TIIMIEPHHE MPHUBOIUT K
pOCTy yIapHOH BS3KOCTH Ha 18 %, pa3zpymaroniero HanpspkeHus npu u3rude Ha 42,5 %, 9To MOXKET ObITh 00b-
SICHEHO (popMOBaHHEM 00Jiee COBEPIIEHHOM CTPYKTYphl MaTepraia U CHITUEM OCTATOYHBIX HAMPSIKEHH.



1.5.2 TexHosoru4yeckue npoueccbl NOBTOPHOI nepepadoTKu
orxonos ITA

OCHOBHBIMHU TPOLIECCAMM, UCIIOJIB3YEMBIMU JUIsSl PEreHepalii BTOPUYHOIO MOJIMMEPHOIO ChIpbs U3 OTXO-
noB ITA, sBistoTCS:

— perenepanus [IA myTem 5KCTpy3WM H3HOIICHHBIX KAalPOHOBBIX CETEMATEPHANIOB M TEXHOJOTHUECKUX
OTXOJIOB C MOJIyY€HUEM I'PaHyJIMPOBAHHBIX NMPOJYKTOB, IPUTOAHBIX Ul MepepabOTKU B U3JEJINs METOJIOM JIH-
ThSI IO/ JABJICHUEM;

— peredepauus [IA M3 M3HOUIEHHBIX M3JEIUN U TEXHOJOTMUECKUX OTXOJOB KallpOHA, COAEP KAIIUX BO-
JIOKHUCTBIE TIPUMECH (HE TOJIMaMUbI), TyTEM PaCTBOPEHUsI, (PUIBTpALIMK PAacTBOPA U MOCIEIYIOIIEro ocaxie-
Hus [TA B Buie TOPOIIKOOOPA3HOTO MPOIYKTA.

TexHOoIOrMuecKue Npouecchl nepepaboTKH N3HOLIEHHBIX M3/1EIUN OTJIMYAI0TCS OT NepepabOTKU TEXHOJIO-
TMYECKUX OTXO/I0B HAJIMYUEM CTAaIUH MpPEIBapUTEILHON MOATOTOBKH, BKIIIOYAIOIIEH pa30OpKy CHIPbs, €ro OT-
MBIBKY, IPOMBIBKY, OT’)KUM U CYIIIKYy BTOPHYHOTO CHIphs. [IpeaBapuTensHO MOATOTOBICHHBIC N3HOIICHHBIE W3-
JIeNUsl U TEXHOJIOTMYECKHE OTXObI MOCTYNAI0T Ha W3MENIbUCHHE, 110CIIE YEro HAIPABISAIOTCS B AKCTPYJEp AL
IpaHyJIALMH.

BropuuHoe BOJOKHUCTOE MOJIMAMUAHOE CHIPbE, COZAEprKallee HEeMoJMaMUIHbIE MaTepHalbl, o0padaTbiBa-
IOT B PEAKTOpe NMPU KOMHATHON TeMIepaType BOJHBIM PACTBOPOM COJISTHOM KHCIOTHI, GMIBTPYIOT IS yIalie-
HUS HEMOJMaMUIHBIX BKIOYeHUH. [lopomkooOpa3Hblil MOJHMAMK] OCaXIAl0T BOAHBIM PAacTBOPOM METAHOJIA.
OcaxaeHHBIH TPOIYKT U3METbYAIOT U MOJTyYEHHbII MOPOIIOK pacCEenBalOT.

B nHacrosiiiee Bpemsi B Halleil cTpaHe TEXHOJIOTHYECKUE OTXO/bI, 00pa3yloliecs B MPOU3BOICTBE Kanpo-
HOBOT'O BOJIOKHA JTOCTATOYHO 3(h(HEKTUBHO HCIIOJIB3YIOTCS [UIS TPOU3BOJCTBA HETKAHBIX MAaTEPHAJIOB, HAIOJb-
HBIX MOKPBITUH U IpaHysiTa AJs JIUThS U 3KCTPpy3uu. OCHOBHON NMPUYMHOW HEJAOCTATOUHOIO MCIOJIb30BAHUS
BBILIEIIINX U3 CTPOs u3Aeauit u3 I1A 13 KOMIAKTHBIX HCTOYHUKOB SIBJISIETCS OTCYTCTBHE BBICOKO3((PEKTUBHO-
ro 000pYIOBaHUS ISl UX MEPBUYHON 00pabOTKHU U MepepabOTKH.

Pa3paboTka 1 MpOMBIIUIEHHOE BHEAPEHHE MPOLIECCOB MepepabOTKH M3HOMICHHBIX U3/ENUi 13 KallpOHOBO-
IO BOJIOKHA (4yJIOUHO-HOCOYHBIX, CETECHACTHBIX MATE€PUAJIOB U Jp.) BO BTOPHUUYHBIE MaTepHalIbl MIO3BOJIUT JOC-
THUYb 3KOHOMHUHU 3HAYUTEIBHOIO KOJIMYECTBA MCXOJHOTO ChIpbs M HAlpaBUTh €ro B Haubojee 3(PPeKTHBHbIE
00J1aCTH IPUMEHEHHUS.

1.6  BTOPUYHAZ ITEPEPABOTKA OTXOA0B
I[TOJIMOTUIIEHTEPEDTAJIATA

[TepepaboTka T1aBCAaHOBBIX BOJIOKOH U M3HOIICHHBIX u3aenuil u3 [[9Td ananorunyHa BTOpUYHOMN mepepa-
0OOTKE MOTMAMHUIHBIX OTXOJIOB, IOATOMY B JIAHHOM pa3jielie pacCMOTPUM BTOpUUYHYIO mepepadboTky [19Td Oy-
TBUIOK.

3a Gonee uem 10 ner maccoBoro notpedienuss B Poccun HanuTkoB B ynakoBke u3 [I19T® na monuronax
TBEPJBIX OBITOBBIX OTXOJI0OB HAKOMMJIOCH IO HEKOTOPBIM OlleHKaM OoJiee 2 MITH. T UCIIOJIb30BAHHOM TIACTHUKO-
BOM Tapbl, SBIISIOMICHCS [IEHHBIM XUMUUYECKUM CHIPHEM.

B3pbIBHOI pocT npou3BoicTBa OYTHUIOUHBIX MPePOpM, MOBHIIIEHNE MUPOBBIX 1I€H Ha HE(Th U, COOTBETCT-
BeHHO, Ha nepBu4HbIi [IDT®, noenusnu Ha akTHBHOE dopmupoBanue B Poccuu B 2000 r. ppiHKa MO TIepepa-
60TKe ucnonb30BaHHbIX [19T® OyThUIOK.

CymecTByeT HECKOIBKO METOJIOB MepepadOTKH MCIIOIb30BAaHHBIX OyTHUTOK. OHON M3 MHTEPECHBIX METO-
JIUK SIBIIACTCS TIIyOOKass XUMHUYecKas nepepadorka BropuyHoro [I9T® ¢ nmomydennem numerunTepedTanara B
MPOLIECCe METAaHONM3a WK TepedTaneBOd KUCIOThl U STUJICHIJIMKONS B PAAC THAPOIUTHUYECKHUX IMPOILIECCOB.
OpnHako Takue crocoObl nepepaboTKH MMEIOT CYHIECTBEHHBIH HEO0CTATOK — JOPOrOBM3HA Mpollecca JCMou-
Mepuszaiuu. [loaTomy B HacTosiee BpeMs 4Yallle NPUMEHSIOTCS JAOBOJIBHO M3BECTHBIE U PACIPOCTPAHEHHbIE
MEXaHOXHUMHUYECKHE CIIOCOOBI MepepadoTKH, B MPOIecce KOTOPhIX KOHEUHbIE M3Jenusl GOpMUPYIOTCS U3 pac-
1aBa noaumepa. PaspaboTan 3HaYNTENbHBIN aCCOPTUMEHTHBIN P U3ACNIUN, TOTy4YaeMbIX U3 BTOPHUHOTO OY-
TBUTOYHOTO TonudTHIeHTepedTanara. OCHOBHBIM KPYMHOTOHHAXHBIM IPOU3BOJICTBOM SIBIISIETCS TIONyYEHHUE
JIABCAHOBBIX BOJIOKOH (B OCHOBHOM IITaleIbHbIX), MPOU3BOJCTBO CHHTETIOHOB W HETKAaHBIX MaTEPHAJIOB.
Bonbioif cerMeHT phIHKAa 3aHUMAET SKCTPY3Us JMCTOB AJsl TEpMOPOPMOBAHUS HA SKCTPYJEpax C JTUCTOBAJb-



HBIMM T'OJIOBKaMH, M, HaKOHel, HanboJiee MEePCIEKTUBHBIM CIIOCOOOM mepepaboTKU MOBCEMECTHO NPU3HAHO
MOJIy4E€HHE TpaHyJIsATa, IPUTOJHOTO JJIsl KOHTAKTa C MUILEBBIMH MPOIYKTaMU, T.€. MOIYUYEHHE MaTepuasa JUuist
TTOBTOPHOU OTJIMBKH MpedopMm.

ByThI10YHBINA TOTYNIPOITYKT MOKET OBITh UCIIONIb30BaH B TEXHUUECKHX LIETISAX: B MpoIecce mepepaboTKu B
uznenusi BTopudHbiii [I9T® MoxHO 100aBNATH B NEPBUYHBIMA MaTepHal; KOMIAyHIUPOBAHUE — BTOPUYHBIN
[I3T® MOXHO CIUIABIATH C APYTHMU IJIACTUKAaMU (Hampumep, ¢ moiaukapoonarom, ¢ BIID [88]) u HamomHATH
BOJIOKHAMU JUIsI IPOU3BOJICTBA JeTallell TEXHUYECKOT0 Ha3HAUEHUS; MTOJIyYeHHE KpacuTenen (CyrnepKoHIeHTpa-
TOB) ISl IPOU3BOJICTBA OKPALICHHBIX MJIACTHKOBBIX M3ACTUH.

Takxe ounnieHHbie [I3TO x10mbsi MOXXHO HEOCPEACTBEHHO MCIIOJIB30BATh JJIsi U3TOTOBJIEHUS IIKPOKOTO
aCCOPTHUMEHTA TOBAPOB: TEKCTUJILHOI'O BOJIOKHA; HAOMBOUHBIX M IITAIEIbHBIX BOJIOKOH — CUHTENOHA (yTeIIu-
TeNb JUIsl 3MMHUX KYPTOK, CHAJBHBIX MEUIKOB M JIp.); KPOBEJIbHBIX MaTEPHAIOB; MJIEHOK U JINCTOB (OKpalleH-
HBIX, METAJUTU3UPOBAHHBIX); YIAKOBKH (KOPOOKH AJsl sull U (PYKTOB, YIAKOBKA JJISl UTPYIIEK, CIOPTHUBHBIX
TOBApOB U T.J.); JUTEBbIX U3JEIUNA KOHCTPYKIIMOHHOTO Ha3HAYCHUS JJIs1 aBTOMOOMIIBHOM MPOMBIIIICHHOCTH;
JieTaneil OCBEeTUTEIBHBIX U OBITOBBIX MPHUOOPOB U AP.

B nmo0om ciiyyae MCXOIHBIM CHIPHEM JISL JENOJUMEPU3AIMH WK MepepadOTKH B U3JEHS SBISIOTCS HE
OyTBHUTOYHBIE OTXO/IbI, KOTOPbIE MOTJIM MPOJIekKaTh KaKoe-TO BpeMs Ha CBAJIKe, M MPEICTaBIISIONINE coOoi Oec-
(hopMeHHBIEC CHIIBHO 3arpsi3HEHHBIE OOBEKTHI, & YUCTHIC XJIOMbsS [I1DTO.

PaccmoTtpum nporiecc nepepadoTku OYTHUIOK B YMCTBIE XJIOMbS IUIACTUKA.

[To Bo3MOkHOCTH OYTBUIKU JOJDKHBI YK€ COOUpaThCsl B OTCOPTUPOBAHHOM BHJIE, HE CMEIINBASICh C APYTHU-
MU TUTACTUKAMU U 3arps3HAIOMUMU 00beKkTaMu. ONTUMaIbHBIM OOBEKTOM ISl IepepabOTKH SBISETCS CIpec-
coBaHHas kuma u3 OecreTHbIX [I9T® OyThUIOK (OKpaleHHbIe OyTHUIKK JTOJKHBI OBITH OTCOPTHPOBAHBI U TIe-
pepaboTtaHbl OTAeNbHO). ByThulkM HEO0X0AMMO XpaHUTH B cyXxoM Mmecte. [Inactukossie Meuiku ¢ [I19T® Oy-
THUIKAMU HaBaJIOM OMOPOKHAIOT B 3arpy304HbIil OyHKep. Jlanee OyThUIKK MOCTYMAOT B OyHKep-nuTaTesnb. [1u-
TaTeNlb KU HCMOJb3yeTCs OJHOBPEMEHHO M KaK OYHKep XpaHEHHUs C CHCTEMOW paBHOMEPHOH MOoJauM, U Kak
pa3buBarens Kur. TpaHCHOpTep, pacHOI0KEHHBIA HA MOy OyHKepa, MPOJBUTAET KUMY K TPEM BpalaroIIuMCs
LIHEKaM, pa30MBaOIIMM arjioMepaThl Ha OT/AEJIbHbIE OYyTHUIKM M MOJAIOUIMM MX Ha pa3rpy304HbI KOHBeiep.
3nech HEOOXOAUMO pa3eisaTh OYTHUIKH M3 OKPAIIEHHOTO U HeokpameHHoro [I9Td, a Takke ynansiTe moCTo-
poHHHE 00BEKTHI, TAKKE KaK pe3rHa, CTeKII0, Oymara, MeTasll, APyTre TUIIBI TUTACTUKOB.

B omgHOpoTopHOi#l Apoduike, 000opyaoBaHHONW TUapaBIudeckuM Tonkatenem, [I9Td OyTeuiku u3Menbpya-
10TCA, 00pa3yst KpynHble (ppakiuuu pazmepom 10 40 MM.

N3menbueHHBI MaTepuall MPOXOIUT Yepe3 BO3AYIIHBINH BEPTHKAIBHBIN Kiaccuukarop. Tsokenplie yacTu-
upl ([IDT®) namaroT TpOTHB BO3MYIIHOTO MOTOKA HAa SKpaH BHOpocemaparopa. Jlerkue yacTHIbl (3THKETKH,
IUICHKA, TbUIb U T.J.) YHOCSTCS BBEpX IOTOKOM BO3AyXa U COOMPAIOTCS B CIEIUAIBLHOM MBbLUICCOOPHUKE IO
nukiioHoM. Ha BuOpo3kpaHe cenmaparopa 4acTHIIBI pa3/IeisIOTCsS Ha JBE (Qpakiuu: KpymHbie yacTuibl [19TO
"meperekaroT" yepe3 IKpaH, a MEJIKUE YacCTHUIIhI (B OCHOBHOM TsDKEJIbIC (PPaKIUU 3arpsi3HEHUI ), TIPOXOISAT BO-
BHYTPb DKpaHa U COOMPAIOTCS] B EMKOCTH TOJ] CEapaTOPOM.

@DI0TallMOHHBIN TaHK MCHOJB3YETCS JUIsl CENapaldyd MAaTepUalIOB C Pa3HBIMU OTHOCHTEIbHBIMU IIOTHO-
ctsamu. Yactunel [19TD omyckatoTcs Ha HAKIOHHOE JTHO, U IIHEK HEMpepbIBHO BhITpyxaet [19Td Ha BogooT-
JIETTUTEIbHBINA SKpaH.

OKpaH CIy>XKUT OJHOBPEMEHHO KakK I OTAeNeHHUs BOAbl, HarHeTaeMoil BMecTe ¢ [IDT® u3 draoratopa,
TaK M JUIA OTJENICHUsS] TOHKUX (ppaKLnil 3arpsi3HeHUH.

[IpenBapuTensHO pa3npoOieHHBI MaTepual >QQEKTHBHO OTMBIBACTCS B HAKIOHHOM JIByXCTYIIEHYATOM
BparmiaromeMcs 6apadbane ¢ nepGoprupoBaHHBIMUA CTEHKAMHU.

Cymika XJIONbeB MPOUCXOAUT BO BpalaronieMcs OapabaHe, U3TOTOBICHHOM U3 MepPOPUPOBAHHOTO JUCTA.
Martepuan nepeBepThIBacTCs B IOTOKaX ropsuero Bo3ayxa. Bo3myx HarpeBaeTcsl 3JeKTpUYECKMMH HarpeBaTelis-
MHU.

Jlanee xJombst TOMaAa0T BO BTOPYIO npooduiiky. Ha atoit cranuu kpymnabie acTuilsl [I9 T uzmensuarorces
B XJIONBS, pa3Mep KOTOPBIX cocTapisieT mpubnusurensHo 10 mm. Heobxoanmo oTMeTuTh, 4TO Hjies nepepadboT-
KM COCTOUT B TOM, YTO Marepuai He U3MENbYAETCS B XJIOMbSl TOBAPHOTO MPOAYKTA HA TIEPBOM CTAANHN U3MEIb-
yeHus. Takoe BeJeHUE Mpolecca MO3BoNIsIeT U30exaTh MOTeph MaTepuaia B CUCTEME, JOCTHYb ONTHUMAIbHOTO



OTJENICHHSI ATUKETOK, yJIyUIIUTh MOIOIINN 3()(EKT M yMEHBIINTh U3HOC HOKEH BO BTOPOH ApoOMIIKe, TaK Kak
CTEKJIO, IECOK U MpOoYHe adpa3uBHBIC MAaTEPHAIIBl YIAISIOTCS 10 CTAJAUN BTOPHYHOTO U3MEITbYCHHUSI.

KoHeunslii nporiecc aHajgoruyeH Mporeccy NepBUYHON BO3MYITHON Kiaccupukauu. OCTaTKu STUKETOK U
eIk [I9T® ynansrorcs ¢ Bo3aymHeM n1oTokoM. KoHeunsiit npoayKT — yncTsie [I9T® xmonss 3aceinarorces B
OOUKH.

TakuM 00pa3oM, MOYKHO PELINTh CEPHE3HBIN BOIMPOC YTUIM3ALMK BTOPUYHOM MJIACTUKOBOM Taphl € MOIY-
YEHHEM MIPOYKTa.

[TepcnekTHBHBIM crioco6oM BTOpuyHOM nepepaboTku 19T sBnsercs npous3BoAcTBO OyTHUIOK U3 OyThI-
JIOK.

[MaBHBIMH CTaTUSAMH KIACCHYECKOTO MpoIlecca PelalKiINATa Il peau3alii cXeMbl "OyThUIKa K Oy ThII-
Ke" ABJIAIOTCA: cOOp U COTPUPOBKA BTOPUYHOTO CHIPHS; MAKETUPOBAHUE BTOPUYHOTO CHIPHS; MU3MEIbUYEHUE U
IIPOMBIBKA; BbIJIETIEHUE JIPOOJICHKH; SKCTPY3Hs C MOIyYEHUEM IpaHyJ; 00paboTKa rpaHyJl B IIHEKOBOM ara-
pate C LeNbl0 YBETUYEHHUS BS3KOCTU NMPOJAYKTa M OOeCHeueHHsl CTepMIIM3alUu MPOIYKTa IS BO3MOKHOCTH
MPSIMOTO KOHTAaKTa ¢ MUIIEBBIMU NpoaykTamu. Ho i peanus3anuu 3TOro mporecca HeoOXOAUMBI CephE3HbIE
KallUTaJIbHbIE BIOXKEHUS, TAK KaK HEBO3MOXHO IPOBEJEHHE JAHHOI'O Ipoliecca Ha CTaHAAPTHOM 00O0pyIoBa-
HUMU.

2 TEXHOJOTMYECKHUE CXEMbI BTOPUYHOHN
HHEPEPABOTKH ITOJIMMEPHBIX MATEPHUAJIOB

2.1 TEXHOJIOTMYECKHIA IIPOLIECC TIEPEPABOTKH OTXOJIOB
[TOJIMMEPHBIX MATEPHAJIOB I10 HEITPEPBLIBHOM TEXHOJIOT MU
HA BAJIBLIAX

2.1.1 OnmcaHue TEXHOJOTHH U 000PY/I0BAHHUS NepepadOTKH 0TX010B
MOJIMMEPHBIX MaTepHaJIOB 110 HeNPePbIBHOM TEXHOJIOTMH HA BaJIbLaXx

Pa3pabotanublii TexHOonmorndeckuii npouecc (puc. 2.1.) BTopudHOM nepepaboTKH OTXO0B HMOJIMMEPHBIX
MaTepHUaJoB MO HEMPEPHIBHON TEXHOJIOTMHM OCYIIECTBISETCS CIEAYIOLIMM 00pa3oM: OTXOAbl C COAEPKAHUEM
MIOCTOPOHHUX NpuMeceil He Oosiee 5 % MOCTymaroT Ha y3esl COPTUPOBKH OTXOJO0B /, B Mpoliecce KOTOPOH u3
HUX YJQISIOT ClydyailHble MHOPOJHbBIE BKIIOUCHHUS U BHIOPAKOBBIBAIOT CUIBHO 3arps3HEHHbIE KyCKU. OTXOMbI
MOJTMMEPOB 3 HEMPEPHIBHO 3arpyKaroTcs 4epe3 3arpy30uHblid OyHKEp, ¢ JIEBO CTOPOHBI BajlblieB, HA TIOBEPX-
HOCTH BajikoB 2. Ha BaybLiax MpOMCXOJUT IUIABJIEHUE OTXOJO0B, YAAJIEHUE JIETYyYUX KOMIIOHEHTOB, IJIACTHKA-
11, BO3MOXKHO MOAU(DUIIMPOBaHKE PA3IMYHBIMH J00aBKaMU U OKpallliBaHue paciuiaBa. /|1 rpaHy1MpoBaHus
BaJIbI[y€MOT0 MaTepuaa paciiaB moJuMepa mpoas-

Puc. 2.1 Cxema TeXHOJOrH4eCKOro NMponecca BTOPHYHOH nepepadoTKH 0TX0/0B MOJTUMEPHBIX MaTe-
pHAJIOB:
1 — y3e1 COPTUPOBKHU OTXOJ0B; 2 — BaJIbI[bl; 3 — OTXO/IbI [TOJINMEPOB;
4 — 0T0OpOYHO-TpaHyIHUPYIOLIee YCTPOHCTBO; 5 — TAHYIIEE YCTPONUCTBO; 6 — HOXK;
7 — €MKOCTb JUIsl TPaHyJI



JIUBAETCA 4epe3 OTOOPOUYHO-TPAHYIHPYIOIIEe YCTPOUCTBO 4, ¢ 00pa3oBaHUEM IMPYTKOB (CTPEHTOB) 3aJIaHHOTO
ronepevyHoro ceyeHus. [1oaydeHHbIe CTPEHIM COXPaHSIOT CBOM pa3Mep 3a CYET YCTAaHOBKM TSHYLIETO YCTPOM-
CTBa 5, aJiee OHU PEXKYTCS HOKOM 6, TIOCIIC YETO MOTyUYeHHBIE TPaHyJIbl COOMparOTCs B eMKOCTH 7. [lo nanHoOM
TEXHOJIOTHH MOTYT NepepabaThIBaThCs HE TONIBKO TEXHOJIOTHMYECKHUE OTXO/bI POU3BOACTBA TEPMOILIACTOB, HO
" IJICHOYHBIC OTXOAbI MPOU3BOJCTBCHHOI'O U OGH.ICCTBCHHOI‘O HOTpQGHeHI/IH.

Jnist oGecriedeHrst HeTpephIBHOM 1epepaboTKH OTXO0/I0B BaJIbIIBI CHA0KEHBI 3arpy309HBIM OYHKEPOM U OT-
OOPOYHO-TPaHYyIUPYIOMIUM YCTPOUCTBOM 5. OTOOPOUYHO-TpaHyTUPYIOLIee YCTPONUCTBO BBHITIOTHEHO ABYX pa3-
JIMYHBIX BHUOB.

Hwmxnee oTO0pouHO-TpaHyIHpyIOIIee YCTPOMCTBO MOKa3aHo Ha puc. 2.2.

A
r—

Puc. 2.2 HwuxkHee 0TOOPOYHO-TPAHYJIHUPYIOIIEE YCTPOHCTBO:
1 — nepenHui Banok; 2 — 3aqHUi BaJloK; 3 — Qpuibepa; 4 — Oammax

PacninaB nonumepa U3 3a3opa MexAy BaJIKaMu IIOCTYIAET B KaHaJI IJIOCKOIIEIEBOIO TUIIA MEKY Mepe-
HUM BQJIKOM U 0aliMakoM OTOOPOUYHO-TPaHYJIUPYIOIIETO YCTPONCTBA, Jajiee paciijiaB MPoIaBIMBAETCs Yepes
KaHan OalrMaka Kpyrjoro THMa, U OKOH4YaTelbHOe 0(OpMIICHHE 3aIaHHOTO TOMIEPEUHOr0 CEYEHHS CTPEHTa
OCYIIIECTBIISICTCSI B CMEHHOU (ribepe. OUIbephl BBITOJHEHBI CISAYIONINX JUAMETPOB: 4 MM, 5 MM, 6 MM.

BbokoBoe 0TOOpOYHO-TpaHyIUPYIOIIEe YCTPOHCTBO MMOKA3aHO Ha
puc. 2.3.

Kppimka, mTok u aeMmnupyiomas MNpykHHa 00eCleurBaloT HEO0OXOAMMOE JaBICHHE IPIKUMa
OalMaka K MoBEpXHOCTH BaJKa.
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Puc. 2.3 BbokoBoe 0TOOPOYHO-TPAHYJIUPYIOlIIEee YCTPOMCTBO:
[ — xpoika; 2 — guibepa CMEHHas; 3 — MPUCTaBKa; 4 — cTakaH; 5, 6 — yTrOJOoK;
7 — 6ammak; § — mrtok; 9 — BUHT; /(0 — npyxuHa; [/ — nepeHUN BaJoK

2.1.2 Pacuyer nepenajaa JaBJIeHHs B 0TOOPOYHO-TPaHY/JIHPYIOLIEM
ycTpoiicTBe

JJIS1 TOT'O YTOBBI OBECITEYNTD 3AJIAHHYIO ITPOU3BOJIMTEJIbBHOCTb HEOBXO/IMMO
OIIPEJEJINTD, ITPU KAKUX TEOMETPUYECKUX ITAPAMETPAX KAHAJIOB OTBOPOYHO-
TPAHYJIMPVIOILETO YCTPOUCTBA, BBIITOJIHSETCS CJIEYIOUIEE BbIPAXXEHUE:
AP, > AP, + AP, + AP, 4 + AP, (2.1)

BXK

I'IE APy — HEPEIIAL JABJIEHUA B KAHAJIE INIOCKOILIEJIEBOI'O THUIIA, APgxx — IIEPEITA/]
JIABJIEHUSI HA BXOJIE B KAHAJI KPYI'JIO ®OPMBI, APy — TTIEPEIIAJ] JABJIEHHS B KAHAJIE
KPYI'JIOU ®OPMBI, APgxe — IEPEIIAJT JABJIEHMSA HA BXOJE B KAHAJI ®WIJIBEPHI, APy —
INHEPEITAI JABJIEHMA B KAHAJIE ®UJIbEPEL.

2.1.3 OHPEIEJIEHUE ITEPEITAJTIA JTABJIEHUSA B KAHAJIE
IVIOCKOLIEJEBOI'O THUITA

A—A

PUC. 2.4 KPACYETY HEPEITAJIA JABJIEHUSA B KAHAJIE
IVIOCKOILIEJIEBOI'O THUITA

PACYET BEJIEM KAK JUIS1 HIHEKA SKCTPYIEPA. CHHUTAEM, 4TO IIJIOCKOILEJIEBOM
KAHAJI OTBOPOYHO-TPAHYJIMPYIOIEI'O YCTPOUCTBA ECTb HE UTO MHOE, KAK PA3BBEPTKA
[NOBEPXHOCTU BITAJIMH HAPE3KNW YEPBAIKA. OBBEM XWIAKOCTH, TTPOTEKAIOHIEW B



EAVMHWIY BPEMEHW YEPE3 YVUACTOK [LIUPUHOM B CEYEHUS IIOTOKA, OIIPEAEJIAETCA
MHTET'PUPOBAHUEM UHPOI/I3BEI[EHI/IH CKOPOCTH HA IUIOIHAAbL SKCIIEPUMEHTAJIBHOI'O
YYACTKA F BBICOTOU DY.

1 n h2

bt ey 2.2)
on+t 1
I'IE N U M — PEOJIOTUHECKUWE KOHCTAHTEI, T1p — IIPEAEJIBHOE HAITPSDKEHUE CJIABUTA, H —
BBICOTA KAHAIJIA.

0=

1
F=[(+x)* =(-x)"dy. (2.3)
-1
ITOCJIE UHTETPUPOBAHUA
n+2 n+2
(K. ) —2(1-x). (2.4)
n+2
CKOPOCTbB CTEHKHM KAHAJIA (ITEPEJHEI'O BAJIKA) OTIPEAEJISAETCS ITO ®OPMVIJIE:

n
B mth

F=

u=—"g (2.5)
n+l1
['JIE O =1+x)" —(1-x)*. (2.6)
BBEJIEM ObO3HAYEHUA:
+1 +1
.- un _ 0 (+x)y-(i-xy , @.7)
migh o n+l n+1
71+2 71+2 7+1
= Q 2:(1+X) — (X =12 —2(n+2)1- X) ’ 2.8)
bmtyh (n + 1)(n + 2)
c_w_ O (X)X 1) 2+ 21X )T (2.9)

q bhu (n+2)((l+X)”+1 _(I_X)n+l)

[IEPEIAJ] JTABJIEHUSI B KAHAJIE IIJIOCKOILEJIEBOIO TUIIA OIIPEJEJISIETCS IO ®OP-
MYVJIE:

AP, = —T‘;fl , (2.10)
['JIE L — JUIMHA KAHAJIA.

JUIsl ONPEJEJIEHUSI Tpe HEOBXOJMMO 3HATb X. 3AJIABASICb 3HAYEHMEM X U
[IOJICTABJISISL ETO B ®OPMVIIY (2.9) IIOJIYUYUM #. C JAPYT'OM CTOPOHBI ITPU 3AJAHHOM
[TPOM3BOJUTEJIBHOCTU Q 3HAUYEHUE # SBJISETCS IIOCTOSHHOM BEJIUYMHOM U OITPE/E-
JISIETCSI 110 ®OPMYVYJIE:

T 2.11
= (2.11)
T JIE U~ CKOPOCTb BPALEHUSI TIEPEJTHEI'O BAJIKA.
[IOCTPOUMB TPAO®UYECKYIO 3ABUCHUMOCTb i=r(xX) HAWJIEM X IIPU KOTOPOM

3HAYEHUE # KAK ®VHKIHUU OT X ,BYJET PABHATBHCS 3HAYEHUIO # HAWJIEHHOMY IIO
®OPMVJIE (2.11).
HAVIJEHHOE 3HAYEHME X [TOJICTABJISIEM B BBIPAYKEHUE (2.6) 1 HAXOJIUM Q.
113 VPABHEHUS (2.6) TIOJIYUYUM GOPMYITY JIJIS1 OIIPEEJIEHUS Trp:
o= % (2.12)
P Pl .
[IOJICTABJISISI 3HAUEHUE Tpp B BBIPAXXEHHE (2.10) HAXOJVM IIEPEIAJ] JABJIEHUS B
KAHAJIE IIJIOCKOIEJIEBOI'O THUIIA.

OIPENEJIEHUE IIEPENAJIA IABJIEHHA HA BXO/IE B KAHAJI KPYIJI OU ®OPMBI
I[TEPEITAJT HABJIEHUA HA BXOIE B KAHAJI KPYIJIOU ®OPMbI ONPEAEJIAETCA 11O
OOPMVIIE:

1/n
AP :[Q(””)} L (2.13)

BXK TCR 3m n + 3 2
I'TE O — 3AJAHHAS TIPOM3BOJUTEJIBHOCTD, N U M — PEOJIOTMHYECKHUE KOHCTAHTBI, R —
PAJINYC KAHAJIA KPYT'JIOU ®OPMBI, K — TIOCTOAHHA A BEJIMYNHA.



OINPEJEJIEHUE IIEPEIIAJIA JABJIEHUA B KAHAJIE KPYIJIOU ®OPMbI

IIEPEITAJI JABJIEHM A B KAHAIJIE KPVTJION ®OPMBI OIIPEJEJISIETCS 11O ®OPMVIIE:
1/n
AP, = {M} 21, (2.14)

7R (n+3)m

T'IE L, — JUITMHA KAHAJIA KPYTJIO ®OPMEI.
OIIPEJIEJIEHUE [IEPEIIA/IA JJABJIEHUA HA BXOAE B KAHAJI ®UJIBEPB]

[TOCKOJIBKY KAHAJI ®MJIBEPBI UMEET KPYTJIVIO ®OPMY, TO IIEPEITA JABJIEHUA HA
BXOJIE B KAHAJI ®MJILEPLI OITPEAEJIAETCA 110 ®OPMVIIE:

1/n
AP, {Q(””)} K (2.15)

2
TR m n+3

I'lE O — 3BAJAHHAZA ITPOU3BOAUTEJIbBHOCTD, N 1 M — PEOJIOITMYECKHUE KOHCTAHTDI, R; —
PAJINYC KAHAJIA ®UJIBEPLI, K — [IOCTOSAHHA S BEJIMYNHA.

OIIPEJIEJIEHUE [IEPEITAJIA JJABJIEHUA B KAHAJIE ®UJIBEPH]

[EPEITAZ JABJIEHMA B KAHAJIE ®UJIBEPBI OITPEJEJIAETCA [10O ®OPMVIJIE:

1/n
Q(n+3)

I'1E L, — JVIMHA KAHAJIA ®UJIbEPEI.

2.2 PEIHUKJI MATEPHAJIOB

[IpennpusaTusi, CUHTE3UpYyIOLIMEe U NepepadaThIBalOIINE IIACTUKH, YCHEIIHO YTWIM3HPYIOT MX, U3-
MEJNIBYAIOT (Ipo0AT), MePEIIaBISIIOT M MYCKAal0T CHOBA B PEIMKII MM MOPLUUSAMH J00ABISIOT B HCXOTHBIC
MaTepHuabl, HICIIOJB3YIOT B BUjie cMecel (puc. 2.5) [18].

Jlisl yMEeHbIIEHNs] HaJIMIIaHUs HAa BHYTPEHHUE CTEHKH pPeakTOpOB B Ipoliecce MoJMMepu3alum, u3oe-
TaHUs TPYAOEMKOW YMCTKU U YMEHbIICHUS IPOMBILUIEHHBIX OTXO/I0B PEKOMEHIYIOT 00pabaThIBaTh CTEH-
KU PEaKTOPOB TMOJIMAHUIMHOM, KOTOPBIH, 00J1aas BEICOKOM aire3neil K MeTaylly, UCKJIIOYaeT MpHIIUa-
HUE MOJIMMEPOB K CTEHKaM arrmnapara.

IIpu ncnonb30BaHUU 3arps3HEHHBIX OBITOBBIX OTXOAOB CIEAYET IpeAycMaTpuBaTh LIEHTPAIM30BAH-
HBII cOOp, COPTUPOBKY, OTAENECHHE OT MOOOYHOTro Mycopa (CTekisa, Oymaru, MpsbKu, MUIIN), TPOMBIBKY,
CYILIKY, U3MEIbYEHHUE — BCE TO, YTO OTBEYAET SKOHOMHUYECKHUM, SKOJIOIMYECKHUM U TEXHUYECKUM TpeOoBa-
HusM. [lepepaboTka 3arps3HEHHBIX OTXOI0B BeCbMa MpoodieMaTuyHa TOTOMY, YTO TpeOyeTcs:



Cxema TeXHOJIOTUIESCKOTO nponecca l'[epepa60TKI/I OTXOZ10B

OTXOJIbI IPOU3BOJICTBA

v

OTXObI HOTpe6J'ICHI/DI

v

CO6op u XpaHeHHE OTXOJI0B Ha
MPEPUSATHSIX, TJIE OHH 00pa3yroTCst

v
CO6op 1 XpaHEHHE OTXOJI0B
TOTpeOJIeHNS Ha TIPEIIIPHATHSX, TS
OHH 00pazyroTCs

v

v

IMorpyska 1 TpaHCIOPTHPOBAHKE
OTXOJIOB K MECTY HX ITepepadOTKH

C6op 0TXOIOB HA MYCOPHBIX
TMOJIATOHAX, B ITYHKTaX BTOPCHIPHS, Y
HaceJeHHs

v

v

Pasrpy3ka orxonoB

INorpys3ka 1 TpaHCIOPTUPOBAHUE
OTXOJIOB K MECTY X NEPepabOTKH

v

v

Cki1aupoBaHKe 0TXOJI0B Ha
MPEANPUATHH-TIEPEPAOOTUHUKE

Pazrpyska otxon0B

Puc. 2.5 Cxema TeXHOJIOrH4eCKOro nmpouecca nepepadoTku 0TX010B

v

CkIagmpoBaHHe OTXOIOB Ha
MIPEANPUATHN-TIEPEPAOOTUHKE

v

CopTHpoBKa OTXO/IOB IO BHIaM
MOJIMMEPHOT'O ChIPBsI C YaCTHYHOM
OUYHCTKON (OTPSIXUBAHWE, BHICHITAHHE
COJIEP’)KFIMOT'O MEIIIKOB, CPHIBAHHE
STUKETOK U T.11.) 00pe3Ka MPOILIHUTHIX
(x710m4aTOO0yMaKHBIMH WITH
JIBHSHBIMHA HUTKaMH) KPaeB MEIIKOB
WITA PacriopKa IIBOB

v

[]



L1 U []

\ 4 h 4

W3mMenbueHne 0TX010B (JIMTHUKH,

W3menbueHre 0TX0I0B
3a0paKOBaHHBIC JIUTHEBbIC U3/ICITH)

i +

Moiika U3MEIbUYEHHBIXOTXO0I0B C
MIPEJBOPUTEIBHON OCYIIKON

v

Cymika 0Tx0/10B

v

Arnomepanus 0TX010B (IICHKa) ArnoMepanus 0TX010B (IICHKA)
IIponmyckanue BTOPUUHOTO CBIPbSI IIpomyckanue BTOPUUHOTO CBHIPbS
yepe3 MeTTaloJeTeKTOP gyepe3 MeTTal0JeTeKTOp
I'panymsus I'panynsamus
3aTapuBaHUE BTOPUYHOIO CHIPbA B 3aTapuBaHuE BTOPUYHOIO CHIPbS B
MEIIKH C Pa3BEIIUBaHUEM U MEIIKH C pa3BeIlUBAHUEM U
MPOIMIMBKON OTKPBITOrO Kpasi MeILIKa MIPOMIMBKON OTKPBITOTO Kpasi MeIIKa
CxiagupoBaHue BTOPHYHOTO CxylaaupoBaHue BTOPUYHOTO
HOJMMEPHOIO CHIPhs HOJMMEPHOTO ChIPbs

Puc. 2.5 IIpono/skeHue

1 Wpentuduxanus monuMepHsx oTxoa0B [19]:

— ¢ nomortbio MK-ciekTpockonuu (IojlydeHre CIIEKTPOB U CPaBHEHHE X C U3BECTHBIMH);
— C IIOMOIIbIO YIbTPa3ByKa, T.€. B OCHOBY IIOJIOKEHO 3aTyxaHue ¥ 3.

Omnpenensier uHAeKC HL 1O OTHOIICHUIO 3aTyXaHHWs 3BYKOBOM BOJIHBI K 4yacToTe. ¥Y3-mpubop mon-
KJIIOYAIOT K KOMIBIOTEPY U YCTAaHABIMBAIOT HA TEXHOJIOTHYECKYIO JIMHUIO YTHIM3AlUMU 0TX010B. Hampu-
Mmep, unnaekc HLITOHIT 2.003*10° ¢ oTknOHEHHEM 1,0 %, a HLITA-66 — 0,465 *10° ¢ oTKIOHEHMEM +1,5
03

— C IIOMOIIbIO PEHTI€HOBCKHUX JIy4eif;
— JIa3€pHOHUPOIM3HON CHEKTPOCKOMUEH.

B Oynymiem mpenmnonaraetcss KOAUPOBaHUE TOTUMEPOB (yKa3aHWE HOMEpPA KoJa Ha JOHBIIIKAaX H37e-
TN WIK IPYTUX MECTax).

Pexomenaytrot cienytromryto Hymepanuio: [I19T®-1; [I2BII-2; TIBX-3; II9HII-4; III1 — 5; TIC-6; BCe
OCTaJIbHBIE — 7.

2 VYcrpaHeHue HEMPUSATHOTO 3alaxa PelUKIOBBIX MOJUMEPHBIX MaTEpPHUANIOB. 3anax MpOsBISIETCS OT
MOJIOUHBIX OMIOHOB, OyTHUIOK M3-1IOJ Maced U T.A. U 00yCIIOBJIEH 00pa3yloIUMUCS albJIeruiaMu: are-
TaJlbJETUIOM, MpolaHaieM, OyTaHaneM, U ap. [ ero ycTpaHeHUs B peUUKIaT HEOOXOIMMO BBOJIUTH
HEMUTPUPYIOLINI Ha MOBEPXHOCTh W3JEIHI MONUANKWICHUMHUH. [Ipu SKCTpyaupoBaHMM Takas CMeECh
npuoOperaeT cTabMIBHOCTD U YKe He nMeeT 3anaxa [19].

B Hameil crpane pa3paboTaHbl TEXHOJIOTUYECKUE MPUEMBI MEPepadOTKU OTAEIbHBIX MOJIMMEPOB B
OTJIebHBIC M3JENUs Pa3IMyHOro Ha3HaueHus. Hampumep, otxomoB [1D mneHku B TpyOBl IS CEIBCKOTO
xo3siicTBa win Bo BropuuHyto [1D mienky [18] (puc. 2.6). Beimenmas u3 ynorpebnenus 13 mienka c
CoJIep’)KaHHUEM MOCTOPOHHUX Npumeceil He Oosiee 5 % co ckiiajga ChIpbsl MOCTYIIAET HAa COPTHPOBKY /, B
nporecce KOTOPOH M3 Hee YAANSAI0T ClydyaliHble HHOPOJHbIE BKJIIOYEHHSI U BHIOPAKOBBIBAIOT CHJIBHO 3a-
rps3HEHHbIE KyCcKU. [l0JOTHUIA U KYCKH TUJICHKH, MPOUIEAIINE COPTHPOBKY, U3MEIbYAIOT B HOXKEBBIX
IpOOMIIKaxX 2 MOKPOTO WJIH CyXOTO M3MENBbUCHUS JIO TMOJTYUYCHHS PBIXJIOW MacChl C pa3MepaMd YacTHI]
2...9 MM, TOJaBa€MbIMH 3aTE€M I1a OTMBIBKY B MO€YHYIO MalMHy 3. OTMBIBKY BEAYT B HECKOJBKO IpHUE-
MOB CIEIHAIBHBIMU MOIOIIMMH cMecsiMH. OTxkatyio B HeHTpudyre 4 maccy ¢ BaaxsHoctsio 10...15 %
MOJIAal0T Ha OKOHYATEIIbHOE 00€3BOKMBAaHWE B CYIIMIBHYIO YCTAaHOBKY J, O OCTaTOYHOTO COJCPIKAHUS
Biaru 0,2 %.

B skcrpynepax 6 119 ynnotHsercs, iaButcs, U GOpMUPYETCS B BHUJIE KTYTOB, MOJIaBa€MbIX MOCIIE
OXJIQXICHHUS B BaHHAX B rpanyisitop 7. I'panynsl Bropuunoro [19 B cMecurene § cmemmBaioTcs ¢ nep-



BUYHBIM ChIpbeM B cOOTHOIIEHUH 6 : 4. [Ipu 3TOM B cMeCh MOTYT OBITh BHECEHBI KPacUTENH, CTaOMIN3a-
Topsl. [lomyueHHyI0 cMech mepepadbaThIBAlOT METOAOM SKCTPY3UH 9 B MIeHOYHOM arperare /() ¢ momyde-
HUEM FOTOBOM MPOAYKLINHU — BTopuuHOM [1D nienku.

TexHosorusg TPagUIIMOHHOTO MaTEpUaIbHOTO PELHMKIA HE OOECHeurBaeT MOJYYEHUE PELMKIATOB,
CPaBHUMBIX 10 KAYECTBY C IEPBUYHBIMU ITOJTMMEPAMHU B OCHOBHOM H3-3a TOTO, YTO HE MOYKET yAAINUThH BCE
3arpsi3HEHUs] U MPUMECH, 0COOEHHO BHyTpeHHue. HeobxonuMo oTaeneHue MoJMMEpOB APYT OT ApyTa.
Hampumep, ITOX ot [I9T®, Tak kak OHM HECOBMECTHUMBI JJa)Ke, €CJIM B Macce MPUCYTCTBYET 1 OyThUIb
u3 [I1BX na 2000 6yTeuieit [I1DT®. K Tomy xe nmpu nepepadotke [I1BX BeImensercs xiop.

3 Tlepecrabunuzanys peUKIOBBIX MOIUMEPOB JUIS MOTYUYCHHs U3JEIUNA BBICOKOTO KadecTBa. J{is
ITHX IeJIel B PEIMKIIAT MPEeIaracTcsi BBOJUTh TEPMO- U CBETOCTAOMIIM3ATOPHI, TaK Kak 0€3 HUX HOBBIC
U3JICTTUS CTApEIOT U pa3jiararoTcs 3HAYUTEIBHO OBICTpee.

W3nenus Ay BHYTPEHHETO MCIONIb30BaHUs CTAOUIN3UPYIOT TepMocTadminzatopamu. Ctabunuzanus
IIIT mo3Bossier BoiAEpxkUBaTHL Temieparypy 150 °C 1o Xpymnkoro cCOCTOSIHUSI B Te€UeHUE 22 JHEW, B TO
BpeMsI KaKk HeCTaOMIM3UPOBAaHHBIN coxpaHseTcs 16 nueit [1].

Otxonpl [IBX 13 0KOHHBIX MPOKIAA0K Tociie 15 — 25 jet sKcIuryaTaluy mocjiae CTa0MiIn3aiud nMeeT
WHJICKC TOXKENTEHUs B 2 — 3 pa3a MEHBIINi, 4eM Y HECTaOMIH3UPOBAIIIOTO MOJIUMEpa.

Jlnisi Hapy>KHOT'O UCIIOJIb30BaHUs (BHEIIHEr0) OCYIIECTBISIETCS CBETOCTa0MIM3anus Wiu GpoTocTadu-
muzanust. Ot atoro nocie 5000 4. B kamepe UCKYCCTBEHHOM MOTO0JIbI yAapHasi BI3KOCTh CHMXkaeTcs ¢ 750
hi()

300 x/x/M,

4 5
OTXOBI _’Gf — Ij —

HEPBUYHOE
CBIpbE

8 9 npo;[y?(T_
Puc. 2.6 Cxema npousBoactBa Bropu4Hoii [19 Tapsl
2.3 CXEMA JIBWXKEHUSA BUOPA3JIAT AIOIINXCA TTOJIMMEPOB

3aBUCUMOCTh 3TOH OTpaciy OT 3araca MUPOBBIX HE(PTIHBIX pecypcoB obien3BecTHa. M ecnu nue-
Bas MPOMBIIIIEHHOCTh BCe 00Jiee OPUEHTUPYETCS Ha MCIOJIb30BAHME XUMUYECKUX KOMIIOHEHTOB, 3aMe-
HSIOLUX HAaTypaJbHbIE, TO, KAK HU CTPAHHO, B MPOM3BOCTBE MOJUAITUICHOB U MOJUIIPOINUICHOB HAOIIO-
JlaeTcsl Kak pa3 MPOTUBOIIOJIOKHAS TEHCHIIUS. DKOJIOTH BCETO MUPA BBICTYIAIOT 3a 3aMEHY ChIphEBO Oa-
3bl ATUX MaTE€pUAIIOB Ha HaTypajbHbIC, B YACTHOCTHU, PACTUTENIbHbIE KOMIIOHEHTHI. Hackoibko 3T0 BO3-
MOHO ceiiyac? KakoBbl BOBMOXHOCTH M METOBI PeIIeHHs MpooseMbl? JI0JKHBI JTM yIIaKOBOYHBIE TIJIa-
CTHKHU TPOAOJIKATh MOJaratbCs Ha HETh U ra3 B KAUECTBE CBOETO MCKOHHOTO U HAJIEKHOTO CHIPhS WU
’Ke KOHIICHTPUPOBAThH YCUIIMS Ha IMOMCKE HOBBIX CHIPHEBBIX MAaTEPHAIIOB HAa PACTUTEIHHON OCHOBE.

OTBeT Ha ATOT BONPOC CBOJAUTCS, B KOHEYHOM CYETEe, K €IMHCTBEHHOM TOYKE OTCUeTa — MUPOBBIM 3a-
nacam Hedtu. Ecnu monaraTe, 4TO €MKOCTh MUPOBO HE(TEHOCHOW CKBAKHUHBI O€3rpaHUYHAa M MOTOK
NPOM3BOJHBIX — 3TUJICHA, NMPOIWIICHA, O€H30J1a U JPYTUX MOHOMEPOB — HECKOHYAEM, TO BOIPOC MOXKHO
3aKpbITh. ECy 7ke, Kak CUUTaIOT OOJBIIMHCTBO YUeHBIX, yxke K 2050 r. uenoBeuecTBO HCcUepaeT MojIoBu-
HYy T7100a7bHBIX 3amacoB HEPTH, TO ITO MPUBEAET K OECMpeIeIECHTHOMY CKa4Ky IIeH, Kakod OOBIYHO CO-
MPOBOXKIAaeT YObIBaHHE JTFOO0TO CTPATErHUECKOTO MPUPOTHOTO pecypca.

"HedtsiHO#" BOnpoc BOBJIEKAaeT B CBOIO c(epy M SKOJIOTMYECKHM aCleKT yTUIM3AUU U 3aXOPOHEHHUS
OTXOJIOB TJIACTMACCOBOM YIIaKOBKH.

[InacTukoBas ynmakoBka u3 "pacTUTEIBHOTO" CHIPhS — 36pPHOBBIX, APEBECHUHBI U T.J. — pa3jiaraeTcs Ha
MOJTHOCTBIO Oe30IacHbIe COCTABJISIONIME: BOAY, OMOMaccy, AUOKCHI YIiepoaa M APYTrue eCTeCTBEHHBIE
IPUPOJIHbIE COEAMHEHUS. AOCOIIOTHAS 3KOJOTUYHOCTh — BOT YTO OTIMYAET OMOpa3araeMylo ymakoBKY
ot npounx. K ToMy ke 3amachl paCTUTENLHOTO ChIPbSi MOTYT BO30OHOBIISITHCSI BEUHO.



Hcxomnas Touka mpobiemsr — 1956 1., korma amepukanckuid reodusuk M. Kunr XyoOept navan my-
raTh OOIIECTBEHHOCTh CKAaHAANBHBIMU MTPOTHO3AMHU O TPALYIIEM HCTOIICHUH MUPOBBIX 3aracoB HepTU U
rasa.

Xy0epTy ynanochk JOBOJBHO TOYHO MPEACKA3aTh, YTO MUK aMEPUKAHCKUX HE(TSHBIX TIOCTABOK TPH-
nercst Ha 1970 1. ¢ mocieayommM cragoM U kpusucoMm. HedTsHOM Kpu3uC, NEHCTBUTETHLHO pa3pas3HB-
umiics B CIA B cepeaune 1970-x TT., 3aCTaBIII MHOTUX TIOBEpUTH IporHo3am Xyoepra. Ero nmocienosa-
Tenu, OOHOBUB JaHHBIC, 00BSBUIM, 4TO YKe K 2010 r. moioBHHA MUPOBBIX 3ajexeld HepTH OyneT UCTOo-
HICHA.

MHorue cepbe3Hble aHAUTHUKU CKENTHUYECKH OTHOCATCSA K MporHozam XyOepTta. "3amacoB Hedtu
npenoctarodHo. [loarBepkaeHue 3TOMy — MPOBOAMMEBIE IO BCEMY MUPY, Jake B TNIyOOKOBOJHBIX paii-
oHax 3amamHoi AdpuKH, W3bICKaHWs, — yTBepkaaeT Anan Ctpyd, cnenuanuct mo orneHke HedTu. —
bmwxuuit BocTok oOmamaer 3amacaMu, KOTOPBIX XBaTHT 1o kpaitHed mepe Ha 200 mer. B CaynoBckoi
ApaBuu CylIeCcTBYIOT HE)TEHOCHBIE MECTOPOXKICHHUS, KOTOPHIX elle He Kacaics Oyp. 3amackl He(TH B
Poccun BooOI1IIE €e11ie HE OIICHEHBI.

YacTes oco3HaHust He(PTSIHOM MPOOIEMBI 3aKITIOYAETCS B TOM, YTO He(pTe100bIBaIONIE KOMITAHUH U HE
MBITAIOTCA MAKCUMHU3UPOBATh 10OBIUY HE(TH, XOTSI OHU MOTJTIM OBl 3TO caenaTh. Bce cBOAUTCSA K OTHOMY:
HY’KHO JIM BBIpa0aThIBaTh U XPaHUTH OOJBIIIE, YEM ITO HEOOXO0IUMO MUPOBOMY noTpebnenuio? K mpume-
py, HakarBaeT Ju koprnopauust Cenezal Motors nBaauatuiaeTHUi 3anac apromoouseit? Ecnu ypoBeHb
noTpedeHuss HePTH HUXKE CTIPOCca, €€ U3IULIKK IPOCTO YXOAST B OTXO/BI.

Eme 1o Bo3HUKHOBEeHUS HEPTSIHON MpoOiIeMbl MPEANPUHUMATENN HAYalld MOUCK allbTePHATUBHOTO
ChIpbst A noauMepoB. KopHu 3tux mouckoB yxonar B 1930-e rr., Koraa npOMBIIUICHHBIH aBTOTUTaHT
['enpu ®@opx uccienoBan BO3MOKHOCTh UCIOJIB30BAaHUS MJIACTUKOB Ha OCHOBE COEBBIX KYJBTYp JUIsS pas-
JUYHBIX KOMIUIEKTYIOIIUX CBOMX aBTOMOOMIICH.

Tonpko B mocienHee ASCATUICTHE UCCIIEeIOBATEIbCKIE MMPOCKTHl B MHCTUTYTCKUX JIA0OPATOPHSIX IO
BCEMYy MHpPY Tpelaraid MPUMEHATH CaMble PAa3JIMYHBIC PACTECHUS: OT MPUBBIYHBIX HAIIEMy CO3HAHUIO
KapTodens, 6000BBIX, MIIICHHUIIBI, CBEKJIBI 0 00Jiee IK30TUUECKUX TANMOKH, TPEBECHUHBI TOIOJSI, OCHHBI.
"B aTOM ecTh cBOs a0is upoHuu, — otMedaer Ckud Makkeddu, mpodeccop yHuBepcutera mrara Mac-
cavyceTc, — Be[b MHIyCTPUS MIACTMACC HAYallaCh C MCIOJIh30BAHUS B KAUECTBE CBHIPhSl MPUPOIHBIX WH-
IPEIUEHTOB — HATYPAJIbHOTO KayuyyKa U HUTPOLEJUTION03b!. [lnacTuku Ha ocHOBe HEe()TENPOAYKTOB, MOJIHU-
BUHWIXJIOPUA M TOJUATUIICH, HaYaIH IIUPOKO MPUMEHSTHCS JIMIIL BO BpeMs BTopoii MupoBoii BOHHBI
13-32 PE3KOM HEXBATKM PE3UHBI U MeTaa".

[TepBBIe PKCTIEPUMEHTHI ¢ OHMOpa3iaraéMbIMH MOJIMMEPaMH OBLITH HEYJa4HBIMH, B PE3yJIbTATe YEro
PAI MPOEKTOB MO UX MPOU3BOJACTBY ObLT 3akpbIT. [lepBrie Ouopasznaraemple INIACTUKU OBUIHM, TIO CYTH,
OIIIMOKOM.

Onu He OBUIM MO-HACTOSIIEMY OHOpa3iiaraeMbIMU U MOABEPTAIHUCH CEPhE3HOM KPUTUKE CO CTOPOHBI
Greenpeace u DeaepanbHoit ToproBoit komuccuu CIIA, — roBoput npodeccop Makkeddu. — Kpome To-
r0, BSUTBI MAapKETUHT M clladble MPOJaXu MPUBEIH K TOMY, YTO MHOTHE (PUPMBI, 3aHUMAIOIIHUECS STUM
O6u3HecoM, ObLTH MPOCTO BHIKUHYTHI ¢ pbiHKA". Tak, kopnopauus Churchhil Technology, npousBonutens
OmopaszinaraeMbix J100aBOK, MOJUMEPOB CICIHAIHLHOTO HA3HAYEHUS W BOJOPACTBOPUMBIX MAaTEPHAJIOB,
obankporunack B 1997 1., mpenBapuTeabHO MyCTUB Ha BeTep 24 MIH. aosuiapoB. KoMmannu mpuimioch
NpoJaTh CBOW MaTeHT Ha OmopasznaraeMble MaTepuaibl UTanbsHcKol Gupme Novamont SpA. Ilocnennue
JIBA TOJIa MIEPCIIEKTUBBI pOCTa MOTPeOIeHUs OHopa3iaraeMbIx MOJMMEpoB yiyumaroTcs. ChopmupoBaiach
pBIHOYHAS HUIIA, TOSBUIMCH pPeHTaOelbHbIE MPEINpPUATHS, Ja U CBOMCTBA HOBBIX OMOIOIMMEPOB CTaIU
NPUOIMKATHCS K XapaKTePUCTUKAM TPAJAULIMOHHBIX IJIACTUKOB — MOJIUCTUPOIY, IOTUIPONUIICHY H T, .

OCHOBHBIM TIPEMATCTBUEM IS pa3BuTus OuorutactukoB B CIIIA sBhsieTcst OTCyTCTBHE B CTpe[He WH-
GpacTpyKTyphl epepabOTKH OTXOI0B M U3TOTOBJICHHUS KOMIIOCTOB. AMEPUKAHCKHE CIICIIHATUCTHI YTBEP-
JKIAI0T, YTO "JIFOISIM HY>KHBI YIOOpEHHUS, a HE CBAJIKH'".

B EBpormie nHoi moaxona K 3TUM BorpocaM. Bo-mepBbIX, TaM CylIecTByeT Oosiee pa3BeTBICHHAs MH-
dpacTpyKTypa KOMIIOCTHPOBAHUS, a HACEJICHHE C MMOHMMAHUEM OTHOCUTCS K BOKHOCTH YTHJIM3AIUU OT-
XOJIOB ¥ TOTOBO IMEPEIUIaTUTh 3a YIAKOBKY, €CJIM OHA, IO CPAaBHEHUIO ¢ IpyruMH, Oosiee sKoioruuHa. Bo-
BTOPBIX, €BPOTMEICKOE 3aKOHOJATEILCTBO OJIArOBOJIUT K MCIOIB30BAaHUIO OMOpa3iaraéMbIX YIaKOBOYHBIX
MaTepUasoB, MBITAACh CKOOPAMHUPOBATH TUPEKTHUBBI MO MEPepadOTKe OTXOIO0B, UX 3aXOPOHEHHIO U CO3-



JAHHUIO CHCTEMBI KOMIIOCTOB. B mocieaHeM 1okiaze Mo €BpOINEHCKOMY PBIHKY OHOpas3iaraeMblx MaTe-
puanoB KOHCynbTaHT ¢upMbl Frost&Sullivan Sl XsHKOK yKa3bIBaeT, yTO "3HAYMMOCTb CO3/IaHUS CUCTE-
MBI KOMIIOCTOB JIJIsl OMOpa3iaraeMbIX MaTepUaioB HENb3s NepeoleHUTh. Korna 6MoynakoBKy He MOJBEp-
raroTcsi KOMIIOCTUPOBAHUIO, & COOMPAIOTCS U 3aXOPOHSIOTCS KaK OOBIYHBIM MyCOp WM BMECTE C HUM, TO
UX JKOJIOTHYECKas LIEHHOCTh CBOAMTCA Ha HeT. Ecim OyayT AeldcTBOBATH CliEUAIbHbIE IPOTPaMMBbI T10
cbopy OmopasnaraeMbIX YIakOBOK, X Pa3/ieIbHOMY CKIaJUPOBAHUIO U IPUTOTOBICHUIO KOMIOCTHBIX SIM,
TO SKOHOMMYECKAsl LIEHHOCTh HOBOT'O BH/1a YITAKOBKU CTaHET OUEBUIHON".

N3nansbie B 3ToM rogy EBponerickum Coro30M AUPEKTUBBI KaK pa3 3alpenialoT COBMECTHOE 3aX0po-
HEHME Pa3IMYHbIX BUJOB OTXOJI0B, MpeIoaras pas3aeiabHoe 3axopoHenue. [l 6uopasnaraemMplx ynako-
BOK BBIJICIJISIOTCS CHIEMANbHBIC IO 110 KOMIOCTHL. B oknaze, omyO0IMKoBaHHOM KOHCAJITHHTOBOM
¢upmoit SRI, Hanbosee MepCHeKTUBHBIMU C IIECHOBOM TOYKM 3pEHHUsI Ha3BaHbl JBa MaTepHasa: MOJUMO-
JIOYHAs KUCIIOTa U anudaTuieckuii (apomatudeckuii) cononmmdup. OxumaeTcs, 4To B OIMKANIIINE TOIbI
UCIIOJIb30BaHUE TOJIBKO OMopa3naraeMoro nouudgupa sozpacrer Ha 70 %.

Ha nanHbBIi MOMEHT, MOXayW, BCE KPYIIHBIE B 00JACTH MPOU3BOJACTBA MOJUMEPHOU MPOAYKLUHU
(GupMBbI BBIIBUHYJIHM CBOM Bepcuu OMopasiaraeMslx matepuanos. Hemenkas komnanus Bayer npencrasu-
Ja HOBBIM OMopasnaraemslil nonuagupamua. Ilonumep umeeT NOMYKPUCTAUNIMYECKYIO CTPYKTYpPY U MPO-
U3BOJIUTCS JINTHEM IO/ IaBJICHUEM WM SKCTPYIUPYETCS Ha TPAJUIMOHHOM 000pynoBaHuu. ChIpbeM s
€ro IMPOU3BOJCTBA SBJIAETCS T€KCAMHUTENIEH TUaMUH, OyTaHIMOJ ¥ alUIIMHOBAs KUCJIOTA.

[Tonyuaemas mieHka 001a/1ae€T CTETICHBIO TPO3PAYHOCTH, PAHKUPYEMOM OT MOITYTIPO3PAYHON 10 TPO-
3paunoii. [Iporecc GnopasnokeHuss ynakoBKH MPOUCXOAUT B TeueHue 60 AHEH MpH KOHTaKTe ¢ OakTe-
pusimu u rpubkamu. [Ipennonaraemas peIHOYHAs HHIIA — MEUIKU JUISI MycOpa, YIIAaKOBKa MHUIIEBBIX MPO-
IYKTOB, OZTHOPa30Bas MOCyJa.

Awmepukanckas komnanus Easten Chemiical B mpouuiom rogy Havajga MpOU3BOACTBO CIOXKHOIO TO-
mma¢dupa Eastar Bio COPE. KoHeunblii ppIHOK TPUMEHEHUS — MUIIEBast YIIAKOBKA, MEIIKHA M TaKeThl JJIs
CaJI0OBOIYECKOI0 U CEIbCKOXO035MCTBEHHOIO HCIIOIb30BAHMS.

Marepuan uMeeT MoJyKpUCTAJUINYECKYI0 OCHOBY, XOPOIIME CBOMCTBA MIPO3PavyHOCTH, a €ro Gapnep-
HBbIE XapaKTEPUCTUKU IO KUCJIOPOAY BBILIE, YEM Yy MOJIMAITUICHOBOM IUIEHKH. IIpm koMmoctupoBaHUM
yIaKOBKa pa3jaraercsi Ha TUOKCH] YTiiepojia, OuomMaccy U BOJy TaK ke OBICTPO, KaK OOBIKHOBEHHAS Ta3e-
Ta.

buopaznaraembie Matepuansl Hemenkoid komnanuu BASF mapku COPE u Ecoflex oGnanatot TexHo-
JIOTUYECKUMH CBOMCTBaMH, aHAIOTUYHBIMU monmdTuieHyHu3kord mioTHoctd (LDPE) Ilnenku Ecoflex
MMEIOT BBICOKHE XapaKTEPUCTUKU CONPOTUBIIEHUS MPOKOJIY M BOJOHENpoHHUIaeMocTH. [Ipu sToM, B OT-
JMYHE OT MOJUITUICHOBOW, OHH BO3yXOIPOHHUIIAEMBI.

[IBeiinapckass ¢upma DuPont o0bsiBMIa O KOMMEpUeCKOM MpPOU3BOACTBE Biomax — rumpo-
6uopaznaraemoro nonuddupa. Obnagast cBOWCTBAaMH OOBIYHOTO MOJIMATHIIEHTepedTanaTa, OH JIUIIb He-
MOTO JOPO’KE B MPOM3BOJICTBE MO CPABHEHHIO CO cBoMM "HedTsaHBIM" aHamoroMm. Touka ruraBieHus Bio-
max — 200°C, otHocuTenpHOE ynnuHeHue Bapbupyercs oT 50 1o 500 %, NpoYyHOCTHBIE XapaKTEPUCTUKU
MOTYT peryiaupoBaThcsi. KomnaHus BeeT akTUBHBIM MapKETUHI HOBOT'O NoMMepa Kak B EBporie, Tak 1 B
CIIIA.

Psan xoMnanuii nmpejyiaratoT MaTepHuaibl, B KOTOPBIX MapaMeTpbl OMOPa3IokKEeHUsT MOXKHO PEryJIupo-
BaTh. AHrnuiickass komnanus Symphony Environment Ltd BbimycTiiia Ha pbIHOK OHMONOJIMMEP HA MOJH-
STUJICHOBOW OCHOBE, B KOTOPOM CTETIEHb Pa3JIOKEHUs] KOHTPOJIUPYETCsl ClelMalIbHBIMU J00aBkamu. B 3a-
BUCHUMOCTH OT KOJIMYECTBAa M KauyecTBa NPEBAPUTEILHO BHOCHUMBIX 100aBOK IOJIHOE pa3jOkKEeHUE yma-
KOBKM MO>KET BapbUpOBAThCs B AMana3oHe ot 60 auei 1o 5 ner.

Cpenu 1pyrux npou3BOIUTENCH, IPEAaraloIiux HecTaHAapTHhIE pa3paboTKU, — UTaTbsHCKas pupma
Novamont SpA u anrnmiickas kommnanus Environmental Polymers Group (EPG). IlepBas pa3paborana
YyeTblpe KOMIIO3MLUHM Marepuana mMapku Mater Bi, HeTOKCHMUHOrO mMoJjuanerasss Ha OCHOBE Kpaxmaia.
Bropas — komnanus EPG — paboraer Haj crienuagbHBIMU COPTaMH MOJMBUHUIOBOTO CIIUPTA, KOTOPBIH
CrocoOeH K OMOPA3IIOKEHHIO B TOpsiUei U XOJI0JHOU Bojie. Martepuan OyIeT UCTIOIh30BaH ISl TPOU3BO/I-
CTBa YaKOBOYHOM IVICHKH METOJIOM 3KCTPY3HH ¢ pa3nyBoM. [Ipeanonaraemas EPG TexHonorus Bkitoya-
€T /IBa KOMIIOHEHTA: 3allaTeHTOBAHHYIO TEXHOJIOTHIO SKCTPY3UU U COOCTBEHHBIE pa3paboTku Ouojerpa-
JTAHTOB Ha OCHOBE MoiauBUHUIOBOrO ciupta (PVON).



CriennanucTbl KOMIIAHUU YTBEPXKAAIOT, YTO (PU3NYECKUE CBOMCTBA M3rOTAaBIMBAEMOM IJICHKU OyAyT
SKBHUBAJICHTHI, & B HEKOTOPBIX CIy4asX U Jydllle, 4YeM IUICHKH U3 MOJMBUHWIXJIOPHIA U MOJUITUJICHA, a
[0 CTOUMOCTH CMOTYT KOHKYPHPOBATh C JpyrUMU Omomatepuanamu. Hoeiie TeXHOIOTHH UCHOIB30-
Bajla aMepHKaHCKas Kopropamus Metabolix, KoHIeHTpupyomas cBou ycwius Ha PHA, marepuane co
CJIOKHO CTPYKTYpOH, MPOU3BOJUMOM C TIOMOIIBIO TpacreHHOU TexHonoruu (know how) kommnanuu. Tex-
HOJIOTHSI TIO3BOJIsIeT M3rotaBinuBaTh PHA Hampsimyro, uepes mpouecchl (pOTOCHHTE3a, WM KOCBEHHO, —
depmentanueit Caxapos. [lonmumep npezacraBisier o000 BHICOKOKPUCTAIIUNYECKUN TEPMOIUIACTHK, pa3-
JENAIOMNUNA MHOTHE CBOWCTBA C TMOJHUIPONHICHOM, BKIIIOYas WACHTUYHBbIE TOYKY IUIABJICHUS, Mpeaes
MPOYHOCTH HA Pa3pbIB, TEMIIEPATypy CKIEUBAHUS M CaMy KPUCTAUTMYHOCTh. [IpeamosnaraeMbie phIHKH
NPUMEHEHUS — yIaKkoBKa s (hacT-dy1, OMHOpA30Bask YITAKOBKA MEIUIIUHCKUX MPENapaToB.

OnHako, U3 BCEX MPEICTABICHHBIX MPOEKTOB, KaK IMOJIAral0T aHAJMTHKH, HanOoJee yCIEeIHBIM OKa-
3aiics mpoekT, npemokeHHbid Cargill Dow, coBMecTHOTO mpeanpusaTust ABYX KOMIIAHUN: CEIbCKOXO035H-
ctBeHHoro ruranrta Cargill Corporation u nuaepa B Ipou3BOJICTBE XMMHUYECKUX MPOAYKTOB — KOPIOPALMH
Dow Chemical. Ilpennpustue Cargill Dow siBisieTcs TuaepoM B IPOU3BOJICTBE MOJIUMOJIOYHON KHCIOTHI
(PLA) — monmumepa, M3roTaBIMBAEMOI0 M3 BO30OHOBISIEMBIX CEIIBCKOXO3SHCTBEHHBIX PECYpPCOB: 3€PHO-
BBIX U CaxapHOW CBEKIIbI, TO €CThb Ha OCHOBe pacTuteiabHbIXx Caxapos. [lomyuaemsiii monumep obiagaet
XOpOIIEeH MPO3PAaYHOCTBIO, POYHOCTHIO, TIISTHIIEM, SIBIISICTCSI OTIMYHBIM BJIATOMPOTEKTOPOM, TaK XKe, KakK
u [10T, He mpomyckaeT 3anaxu.

[Ipennonaraemas cepa NpUMEHEHUSI — IBYOCHOOPUEHTHPOBAHHBIEC YIIAKOBOYHBIE IJICHKH, KECTKHE
KOHTEHHephl M Jake MOKpbITUsA. Kommanusi yTBepkaaer, uTo ymakoBka u3 PLA-monmmepa crocoOHa
MOJTHOCTBIO pa3liarathCs B T€UCHUE 45 JHEH MPU YCIOBUU CO3/IaHUSI COOTBETCTBYIOMIECH CTPYKTYpPBI KOM-
MOCTUPOBAHMSI.

[To yrBepxxnenuto npencrasuteneit Cargill Dow, TexHOIOTHS COBMECTHOTO IPEANPUITUS TIpeIaraet
YCOBEPILICHCTBOBAHHBINM KOHTPOJIb CTPYKTYpPHI HOJIUMEPOB. [IpenMyIiecTBO 1aHHON TEXHOJOTHH 3aKII0-
4aeTcsi B BO3MOXKHOCTH MCTIOJIB30BaTh B KAYECTBE CHIPhsI CaMble Pa3HOOOpPAa3HbIE CEbCKOXO03SHCTBEHHBIC
caxapocojiepalliie KyJIbTyphl B pa3IMYHbIX peruoHax mupa. Hampumep, 3aBoji, BBOAUMBIH B SKCIUTyaTa-
o B EBpornie B 2002 r., ckopee Bcero, OyAeT UCIONIb30BaTh MIEHUITY, a He KyKypy3y win 0000BbIe, Mo-
CKOJIBKY UIMEHHO 3Ta KyJIbTypa H300MIIyeT Ha eBPOIEHCKOM KOHTHHEHTE. B Apyrux pernonax B KauecTBe
BO3MOXKHOT'O CBIphs OyIeT BbIOpaHa CBEeKJIa, TATMOKa WU IpYTUe HaTypaJibHbIE caxapa.

B orinuune oT cBoMx KOHKYpEHTOB, orononumepsl oT Cargill Dow mony4uny onryTUMBbIA KOMMepUe-
ckuil ycriex. bonee necstka eBponeicKux U ceBepo-aMepUKaHCKUX (GUPM yxkKe 0OBSIBUIM O BOZMOKHOCTH
UCTIOJIb30BaHUSI HOBBIX TOJIMMEPHBIX MaTepUAIOB COBMECTHOTO NMPENNpusATHs. B crmckax MoTeHIHa b-
HBIX apTHepoB — Hemenkas pupma Hoechst Trespaphan Gmbh, BTopoii o BenuunHe B MUpPE MPOU3BOIH-
TeJb OPUEHTUPOBAHHOM MOTUIPOUIECHOBON TUICHKH.

CoTpyIHMUECTBO JIByX KPYITHEHIIUX B CBOEM OM3HECE KOMIIAHUH 00ecreurBaeT BO3MOKHOCTD TO/I-
JepP>)KUBATh IIPUEMIIEMbBIC IIEHBI Ha OMopasiaraeMblii TOJIMMeEp, Jenas ero JocTymHbIM. Ananutuku Cargill
Dow noarepkaaroT, 4To "MHOTHE MPeIbIayIIHe MPOSKThl MPOBAIMINCEH, TOMPOCTy "yTomuB" ceds BhICO-
KOil ctouMocThio. Kak Obl MOJOKUTETHHO JIFOAM HU OTHOCHIJIMCH K MpOoOJIeMaM OXpaHbl OKpYKarolei
CpEeJlbl, UX BPAJ JIU YCTPOUT IKOJIOTUYHAS], HO CyIIeploporas ynakoBka'.

Opnako B caMoil MHAYCTpPHUM IUIacCTMAacC, J1a M 3a €€ IpeleilaMH, Bce yalle 00Cy»KAaeTcs BOMpOC:
"OmpaBaaHo U MOPAJIBHO HCIIOJIB30BAHHUE CENbCKOXO3SHCTBEHHOTO CBHIPhS Ml MPOM3BOACTBA IJIACTH-
KOB, €CJIM B Mupe cymiectByer rosnon?" MusimMu cioBamu — He 3a0upaet nu Cargill Dow y ronoparonux
MIIECHUILY ?

B otBeT kOoMmaHus NMPUBOAUT MapagokcanbHbie UG pbl. OKa3piBaeTCs, B MUILY WACT Juilb 1 % 3ep-
HOBBIX, IPOM3BOIUMBIX B MHpe. OKOJIO MOJIOBHHBI BCETO YpOxkasi MCIIONb3yeTCs B KaueCTBE KopMma s
*uBOTHBIX. Eme 10 % wuaer Ha W3roToBiieHHe caxapa u caxapo3amenurenei. "lIponsBoauts 6uopaszmna-
raemble MaTepuaibl He O3HA4YaeT B MPSIMOM CMBICIIE CJIOBa OpaTh XJ1ed ¢ yy»koro crona", -yreepxaaer [lat
['pyGep, mpencraButens Cargill Dow. — EBpoma, CILIA BbIpamuBaioT OrpOMHbBIE KOJTUYECTBA MIICHHUIIBI,
HE TpeJHa3HAaYCHHBIC U MUIIM. MBI K€ MOXEM HCIIONb30BaTh JJaXke CTEOJIM KyKypYy3HBIX pacTeHUil B
Ka4yecTBE ChIpbs. 1’0101 — OUeHb ClI0kKHAasi KOMIUIeKCHas npobiema. Ckopee, 3TO MOJUTHYECKHI BOIPOC,
HEXXeNu TeXHojoruueckuil. Ero perieHue BBIXOOUT 32 paMKH YCHUJIIHI MO CO3JaHUI0 OMOMOIUMEpPOB'.
Cdepa npumMeHeHHsI BO30OHOBIIIEMBIX PECYpCOB ropasjio IUpe, YeM MHAYCTpus Iuiactmacc. Ha mpous-



BOJICTBO TJIACTUKOB YXOaUT MeHee 1 % oT MupoBOi 100kuM HEPTH.

BHe 3aBucumocTtu 0T TOro, OyayT U B Onmkaifiliee BpeMsi HCTOIIEHBI MUPOBBIE 3amachl HeTH, OHOo-
JIeTpaJaHThl IPUBJIEKYT K cebe eme Oobliie BHUMAaHUA. YiKe ceiiuac 1eHbl Ha He(Th ¥ IPUPOAHBINA ra3 u
UX TMOCTAaBKH KpaiiHe HecTaOwibHBL. OIuH 3TOT (hakTop MOOYKAAeT MPOM3BOAUTENCH MCKATh aJbTepHA-
TUBHOE CBIPbE JJIs1 IPOU3BOACTBA MOIUMEPOB. ChIPbE K€ PACTUTEIBHOE, IPUPOJIHOE, JIETKO MOABEPIaro-
IIeecsl pa3ioKeHUI0, — JYYIIUH BBIXOA. A TEXHUUECKUE XapaKTEPUCTHKH OMOJETpaJaHTOB Ha JAHHBIN
MOMEHT HE YCTYMNaIoT UX "HePTSIHBIM" aHaJIOraMm.

Tepmun "biodegradable polymer" cram HeoTheMJIeMOH YacThiO "3€JIEHOTO CioBaps'" CPaBHUTEIHHO
HenaBHO. [lepBoHavanbHO ycuiIMs UcciieqoBaTesiel B 00JacTi CHHTE3a MOJIMMEPOB ObLIIM HAIlpaBlIeHbl Ha
CO3JIaHME MaTepHaJIOB, OTIMYAIOIINXCS HCKIIIOYUTEIHHO BBICOKOH CTOMKOCTBIO K BO3JACHCTBHIO (haKTO-
POB" OKpy’Karomien cpeapl. YTpo3a HapyIIeHus: OMoCepHOro paBHOBECHS HA IJIAHETE TOJIMMEPHBIMH OT-
XOJlAMH TOKa3ajla BCIO CJIOXHOCTb NMPOOJIEMBl UCIOJIB30BAHUS MOJIMMEPOB, MHEPTHBIX K OKpY’Karollen
CpeZie U CIIOCOOHBIX COXPaHATh NMPHUCYIINE UM CBOMCTBA HEU3MEHHBIMU B T€UEHHE AJTUTEILHOIO BPEMEHH.

Ha coBpemeHHOM 3Tarne pa3BuUTHs 00IIeCTBA BOZHUK HOBBIA MOAXOJ K pa3pabOTKe MOJIMMEPHBIX Ma-
TEpUaoB, TUaMETPAIBLHO IPOTUBOMIOI0XKHBIN TpaguIMOHHOMY. OH HMEET LeNbIO MOJy4YeHHE OJUMEPOB,
KOTOpPbIE COXPAHSIOT JKCIUTyaTallMOHHBIE XapaKTEPUCTUKU TOJBKO B TEUEHHE Iepuoja morpelieHus, a
3aTeM MpPeTeprneBaT (U3NKO-XUMHUYECKHE W OMOJIOTHYECKUE TNPEeBpAIleHUs MO AeicTBHEM (BaKTOPOB
OKpY’KalolIel Cpezbl M JIETKO BKJIIOYAIOTCS B MPOIecChl MeTabomu3Ma nMpupoaHbix ouocuctem. Criocod-
HOCTh IIOJIMMEPOB Pa3JlaraTthCsi U yCBaUBATbCS MUKPOOPTraHU3MaMU 3aBUCUT OT PsJia MX CTPYKTYPHBIX Xa-
pakTepucTuk. Hambosee BaXXHBIMM SBISIOTCS XMMHUYECKash MPUPOJA MOJMMEpa, MOJEKYJspHas Mmacca,
Pa3BETBIEHHOCTh MAKPOLETH (HAIWYKE U MPUPOIa OOKOBBIX TPYIIIT), HAIMOJICKYJISIpHAs CTPYKTypa.

[IpupoaHble M CUHTETHYECKHE MOJMMEPBI, COJEpHKAIUE CBSI3U, KOTOPBIE JIETKO MOJBEPraroTCs I'Mj-
posim3y, 00J1a1al0T BBICOKOH CIIOCOOHOCTBIO K OHoaecTpyKiuu. IIpucyrcTBue 3amectTuTeneil B moiauMep-
HOM LIENH YacTO CIIOCOOCTBYET MOBBIIMICHUIO OMOAeCTpYKTUPYeMOCTH. [locnenHss 3aBUCUT TaKXKe OT CTe-
NICHH 3aMEIICHUS [eTH U JUTUHBI €€ YYaCTKOB MEXAY (YHKIMOHATIBHBIMH TPYIIIIaMH, THOKOCTH MaKpOMO-
JEKy.

BaxxHbIM (hakTOpOM, KOTOPBIH onpenenseT CTOMKOCTh MOoIUMepa K OMOpa3IoKeHHIO, SIBISIETCS BEJIU-
YHHA ero MOJeKyd. B To Bpems Kak MOHOMEPHI MM OJIMTOMEPBI MOTYT OBITh MOPaXKEHBI MUKPOOPTaHU3-
MaMH U CJIy>KaT ISl HUX HCTOYHUKOM YTJIEPOAa, HOIMMEpPBI C OOJIBIION MOJNIEKYISIpPHON Maccoi SBIISIOTCS
CTOMKUMHU K ACHCTBUI0 MUKPOOPTaHU3MOB. broaecTpyKIuio O0JIBIIMHCTBA TEXHUYECKUX MTOJIMMEPOB, KaK
NPaBUIO, MHUIMHUPYIOT HpOIeccaMH HEOMOJIIOTMYECKOTO Xapakrepa (TepMHuuyeckoe M (POTOOKHCICHHE,
TEPMOJIN3, MEXaHWYeCKas Nerpajanus U T.I1.). YIOMSHYTBIE AETpaalliOHHBIE MPOIECCHl MPUBOIAT K
CHIKEHHIO MOJIEKYJISIPHOW Macchl noaumepa. IIpu 3ToM BO3HUKAIOT HU3KOMOJIEKYJISIpHbIE OMOAaCCUMMUIIH-
pyemble (pparMeHThbl, UMEIOLIMEe Ha KOHIAX LENU T'MIPOKCHIIbHbIC, KapOOHUIIbHBIE WM KapOOKCUIIbHBIE
rpynmnsl. He MeHee 3HaunMBbIM (hakTOpOM, OKa3bIBAIOLINM BIIMSHUE Ha OHOJETpalalio, sIBISETCS HaIMO-
JEKyJsIpHasl CTPYKTypa CHUHTETHUYECKHX MoinMepoB. KoMIakTHOE pacrosokeHue CTPyKTYpHBIX (par-
MEHTOB MOJYKPUCTAJUIMYECKUX M KPUCTAIMUECKUX MOJMMEPOB OIpaHUYMBAET MX HaOyXxaHUe B BOJE U
NPENSTCTBYET NPOHUKHOBEHUIO (DEPMEHTOB B MOJIMMEPHYIO MATpHIly. DTO 3aTpyIHSET BO3JCHCTBUE
(epMEHTOB HE TOJBKO Ha TJIABHYIO YIJIEPOAHYIO IIETb IMOJIMMEPA, HO U Ha OMOpa3pyliaeMbple YacTH IIETIH.
AmopodHast yacTh oJauMepa BCerla MeHee CTOMKa K OMOAECTPYKLUH, YeM KpucTauinueckas. V3BecTHbI
pas3JIn4yHble TEXHOJOTHMUECKUE MOAXOAbl K CO3JAaHUI0 OMopaziaraeMbIX MOJIUMeEpoB. Cpeau HUX MOXKHO
BBIJICJIUTH Cleaytolne HanpasieHus. Cenekuus CreraibHbIX IITaMMOB MUKPOOPTaHU3MOB, CITIOCOOHBIX
OCYILECTBIIATh ACCTPYKLUIO OIMMepoB. [1oka 3T0 HanpaBieHnEe YBEHYAIOCh YCIIEXOM TOJIBKO B OTHOLIE-
HUM MOJMBUHUIIOBOTO CIUPTA. SIMOHCKME yUYEeHbIE BBLACTMIN M3 MOouBbI Oakrepuu Pseudomonas SP, kxo-
TOpBIE BBIPAOATHIBAIOT (PEPMEHT, PACHICTIIAIOMINN MOTUBUHUIIOBEIN ciiupT. [locne pas3noskeHus: MakpoIie-
¥ ee (parMeHThl MOJIHOCTRIO ycBanWBatoTcsl Oakrepusamu. baktepun Pseudomonas 1o0aBisifoT K aKTHB-
HOMY MJIy Ha BOJIOOYMCTHBIX COOPYXEHUAX JUIsl 00jIee NOTHOM OYMCTKU CTOYHBIX BOJI OT 3TOT0 MOJUMEpA.

CunTte3 OuopasziaraeMbIX MOJMMEPOB METOJaMHM OMOTEXHOJOTHH. Takum o0pa3oMm, MOJIyuYeH MHK-
POOHBIN MOIMOKCUOYTHPAT, KOTOPBI 110 CBOUM IUIACTHYECKUM CBOMCTBaM OJIM30K K KJIACCHYECKHM II0-
AMMepaM — MOJIMATUIICHY M nosunponwieHy. [lonmmokcuOyTupar U u3enus U3 HEro JEerko MOJAaroTCs
PAa3JIOKEHUIO 10/ ACHCTBUEM MUKPOOPTaHHU3MOB, a TaKkKe (PEPMEHTOB IJIa3Mbl KUBOTHBIX TKaHE. ITOT
NOJIMMEpP MPUMEHSIOT HE TOJBKO B KQUeCTBE YIIAKOBOYHOI'O MaTepHaia, OTXOAbl KOTOPOTrO pa3pyllaloTcs



€CTECTBEHHOH MOYBEHHOM MHUKpO(IOpPOH O MOHOMEPOB, HO M MCIOJB3YIOT B XUPYPIUU U (apMaKoso-
run. Anrnuiickas ¢pupma "ICI" coznana HOBbIE MOJUMEPHBIE MAaTEpUAIbI, OTyYaeMble C TOMOIIBIO Oak-
TEpUil Ha HaTypaJIbHBIX cyOcTpaTax: caxape, aTaHoine, cmecu razoB (CO; u Hy). Cunresupyemslii 6axre-
pUSMHU TOJIUMEP — TOJU-3-TUAPOKCUOYTUPAT — OTHOCUTCS K TEPMOIUIACTaM M IO CBOUM (PU3UYECKUM
CBOIMCTBaM aHAJOTHYEH MOJUNponwieHy. OJHaKO OH HEYCTOMYUB K JIEUCTBUIO PACTBOPUTEIIEN U UMEET
HU3KYI0 TEIIOCTOMKOCTh. B monu-3- rugpokculOyTupar BBOAAT APYroi MPOIYKT OAKTEPHATIBLHOIO CUHTE-
3a — MOJIH-3-THIPOKCUBAIIEPUAHOBYIO KUCIIOTY U MOJIYYaroT MOJIMMEPHYI0 Kommo3uiuio BiopolTM, koto-
past MOJIHOCTBIO Pa3pylIaeTCss MUKPOOPTaHU3MaMK B TEUEHUE HECKOJIbKUX HEJIEIb.

Cunmes buopasnazaemuvix NOAUMEPHLIX MAMEPUANO8, UMEIOWUX XUMUYECKYIO CIMPYKMYPY, CXOOHYIO
CO CMPYKMypoul npupoousix noaumepos. IIpuMepoM TaKOro CUHTE3a SBJISIETCS MOJIAIONINiica Onozect-
PYKIMH CIOKHBIA TTOMMAI(GUP anmudpaTudecKoro psija, MMEIOMNNA XUMAYECKYIO0 CTPYKTYPY, aHAJOTHYHYIO
CTPYKTYp€ MOJIMOKCHALETOOYTHpAaTa LEeJI0103bl. CUHTETHUECKH MOJIYUYEHBbI TOJUMEPBI: aHaJIOr JIMTHUHA
(METOKCHOKCUCTUPOI); OHONECTPYKTUPYEMBIH MOIMAMUA; Pa3pyLIAOIUNACS MUKPOOPraHU3MaMH CIIOXK-
HBII OMA(UP, B COCTaB KOTOPOT'O BXOAAT MOJIOYHAS U (PEHUIIMOJIOUHASI KUCIIOTHI.

Pa3zpaboTka MarepuanoB, MPOU3BOJUMBIX C HCIOJIb30BAHUEM BO300HOBIIAIOIUXCSA OMOIOTMYECKUX
pecypcoB. B cBs3M ¢ TeM, 4TO TpaJUIMOHHBIE UCTOYHHUKH CHIPbs JJIS CHHTE3a MOJIMMEPOB OTPAHUYEHBI,
JTAHHOE HaIlpaBJICHHE, [0 OLEHKAM CIECLUAINCTOB, ABISETCS HanOOIee MEePCIeKTUBHBIM U SKOHOMUYECKU
BbIrOIHBIM. Kpome Toro, ectb MHEHHE, YTO NPUMEHEHUE TAKUX MATEpUaJiOB YMEHBIIMUT "TAapHUKOBBIN
3¢ ¢exT", Tak KaK BbIpallluBacMoe IJIs UX MPOU3BOJCTBA PACTUTEIBHOE ChIPbE MOITIOUIAET YIIEKUCIIbINA
ras.

311eCh U3BECTHBI CIEAYIOIINE TEXHOJOTUYECKUE PEIICHUS: MCIOJIb30BaHUE IPUPOJIHBIX MOJIMMEPOB
JUIs MIPOU3BOJICTBA OMOpasgaraeMbIX MaTepuanoB. B ynmakoBOYHON OTpaciu IIMPOKO PacHpOCTPAHEHBI
IUIEHKU Ha OCHOBE LIEJUIIOJIO3bl, XUTHHA U XUTO3aHa, JKeJIaTUHA, MOJIMIENTUIOB U Ip. B mocnennue roabt
BO3POC MHTEpEC K KpaxMally Kak K OJHOMY M3 HamOouiee JIeIIEeBbIX BHIOB ChIPbs JAJIS OpraHU3aluu Mpo-
MBIIIEHHOTO [TPOM3BOJICTBA OHoIIacTUKOB. Kpaxman — nmonucaxapuj, HakariiBaeMblil B IIpoLiecce KHU3-
HEJIeATENIbHOCTH PacTeHUIl B UX KIYyOHSX, ceMeHaxX, cTeOsaX U JUCThIX. OCHOBHBIMM MCTOYHMKAMU JJIS
€ro NPOMBIIIIJIEHHOT0 MPOU3BOJICTBA SIBIIAIOTCS KapTodelb, MIIIEHUIa, KyKypy3a, puc. B pactenusx kpax-
MaJl TIPUCYTCTBYET B BHUJE T'paHyll, TUaMeTp KOTOpbIX kojebiaercs oT 2 mo 100 mxm. CTpykTypa 3THX
HaJIMOJIEKYJIIPHBIX 00pa30BaHUH CII0KHA U OKa3bIBAET CYIIECTBEHHOE BIMSIHHUE HAa (PU3MUECKUE U TEXHO-
JIOTMYECKHE CBOICTBA KpaxMaia. B urcTom BHie Kpaxmall He sIBJISETCS IUIEHKOOOPAa3yIoIIUM BEIIECTBOM,
MO3TOMY €ro nepepaboTka Ha CTaHAAPTHOM TEXHOJIOTWYECKOM O00OpYIOBAaHUU (IKCTpyIepax, JUTHEBBIX
MallMHaxX | JIp.) BO3MOXKHA TOJBKO COBMECTHO ¢ TuacTudukaropamu. I10CKOIBKY Kpaxmai SBISICTCS TH-
MUYHBIM THAPODUIBHBIM MTOJIMMEPOM, OH MOKET coaepxkathb 110 30...40 % cBsa3aHHOMN Biaru. 3To CBOUCT-
BO I103BOJISIET MCIIOJB30BaTh BOAY KakK OJMH U3 HanboJsee JOCTYIHBIX MIacTU()UKATOpOB KpaxMaia. Tako-
ro poja IacTU(GHUKAIMA TPOBOAUTCS MPH OJHOBPEMEHHOM BO3JICHCTBUU TEMIIEPATypPhl U MEXaHHMYECKUX
HanpspkeHud. B pesynbraTe NpouCXOAAT 3HAUYMTENbHbIE HM3MEHEHHMsS (PU3MYECKUX M MEXaHHYECKHX
cBOMCTB KpaxMmana. [Inactuduuupyromiee neiictBue Ha Kpaxmall OKa3blBalOT TAKXKE INIMLEPUH M OJMIO-
MepHBIE MOJUTTUKOMU. OOBIYHO MX MCHOJB3YIOT B COYETaHUHU C BOAOH. M3 kpaxmana, miacTuUIMpo-
BaHHOTO BOJOW WM JPYIMMM T'HIPOKCHICOAEP)KAIIUMHU BEIECTBAMHU, METOJaMH KOMIIPECCHOHHOTO
IPECCOBAHUS U IKCTPY3uH (HOPMYIOT TEPMOIUIACTUYHBIE MaTepUalIbl OJJHOPA30BOTO WIIM HEJOITOBPEMEH-
HOT'O IPUMEHEHHS.

Cy11ecTBEHHBIM HEJJOCTaTKOM TaKMX MaTEpUaJIOB SIBJISETCS X HECTOMKOCTH K AeWcTBUIO BoAbI. [lo-
3TOMY OOJIBIIOE YHCIIO UCCIIEIOBAaHUN MOCIEIHUX JIET MOCBSIIEHO CMECSIM KpaxMaina ¢ JpyTuMH IpUupo-
HBIMHU [IOJIUMEpPaMH, TAKUMH, KaK NMEKTUHBI, LEJJII0JI03a U Jp., WIK ¢ MPOJYKTaMU UX XUMHUECKOW MOAU-
bukarmm.

DKcTpy3uel cMecell KyKypy3HOro Kpaxmayla ¥ MUKPOKPUCTAINIMYECKON 1IEJITI0I03bI U METUJILIEILITIO-
710361 ¢ T0OABKaMH IIACTU(DHUKATOPOB (MTOJIMOJIOB) WK 0€3 HUX TOJYyYeHBl CheT00HBIC TUICHKH, MpeIHa-
3HAa4YEeHHBIE IS 3allMThI MUIIEBbIX IPOAYKTOB OT MMOTEPH MACCHI (3@ CUET CHUKEHUSI CKOPOCTHU MCTIapeHus
Biaru) u nopuu. [IneHku o61anar0T BEICOKOM COPOIIMOHHON CIOCOOHOCTHIO (B TOM YHUCIIE K PaJMOHYKIH-
JlaM, NOHaM TSDKEJIbIX METAJIJIOB U JIp. BPEIHBIM COETUHEHUSIM), YTO MIPEIONpPENENsIeT UX MOJIOKUTENBHOE
¢du3nonoruueckoe Bo3aenucTBIEe Ha opraHu3M. CocoOHOCTh CheAOOHBIX IUIEHOK YJepKHUBaTh (MMMOOU-
JU3UPOBATh) Pa3IMUHbIE COSAMHEHUS MO3BOJISIET 00oramarh NpoaAyKThl MUTAHUS MOJE3HBIMHU BEIECTBA-



MU (MUHEPAJIBHBIMU COJISIMU, BUTAMUHAMH, KOMIUIEKCAMH MUKPO3JIEMEHTOB U T.I1.), KOMIEHCUPYS nedu-
IIUT ATUX HEOOXOAUMBIX YEIOBEKY KOMIIOHEHTOB MHIK. BO3MOXKHO BBEICHHE B ChEIOOHYIO TICHKY CIie-
[IUATBHBIX 00AaBOK (apOMaTH3aTOPOB, KPACUTENEH) I PETYIUPOBAHUS BKYCO-apOMATHYECKHX CBOWCTB
YIaKOBAaHHOTO MHIIEBOTO MPOAYKTa. METOIOM MHKEKIIHOHHOTO ()OPMOBAHHUS TTOTYYCHBI TUTACTUDHUITUPO-
BaHHbIE TPUALCTUITIUIEPUHOM TEPMOIUIACTUYHBIE TUIEHKH U3 CMECH KapTO(eIbHOr0 UM KYyKYpy3HOTO
KpaxmanoB ¢ auaretom 1emntonossl (JJAL). [To cBonM MexaHHUeCKUM CBOMCTBAM OHU OJIM3KH K TUIEHKAM
U3 MOJIMCTUPOTIA, HO CIOCOOHBI K Omonmerpanamnuu. [Ipomecc OnopasznokeHuss KOMITO3UITMOHHBIX MJIEHOK
HAYMHAETCS C Kpaxmayia U IactudukaTopa, mociie 4yero HauumHaeTcs: aectpykius ALl Marepuansr Ha
OCHOBE Kpaxmalia MOKHO TaK)Ke MOJTYYUTh XUMUYECKOW MOAN(HUKAIUEH, 3aKITI0YaIoIeiicss B TPOBEACHUH
MOJIMMEPAHATIOTUYHBIX MPEBPAIICHUH (Yale BCEro myTeM dTepu(UKAINN THIPOKCHILHBIX TPYII) WU BO
BBEJICHUH B MaKpOMOJIEKYJy Tojiucaxapuia (pparMeHTOB HHOM XUMUUYECKOW MPUPOJIbI (MTOTyUYeHUE MPH-
BUTBIX CONOJIMMEPOB). 3HAUUTEIBHO MEHBIIEH TMIPOCKOMUYHOCTBIO, YEM HATHUBHBIN Kpaxmall, 00J1aaaoT
€ro aleTUIUpOBaHHbIC MPOAYKTHL. OJIHAKO aleTaThl Kpaxmalia MeHee CIIOCOOHBI K OMOPa3I0kKEeHHIO, TaK
KaK dTepuduKaIms MpensTCTBYeT BO3ACHCTBHIO SH3MMOB Ha KpaxMmai. M3 BEICOKO3aMEIIeHHOTo aleraTa
KyKYpYy3HOT'O KpaxmaJa 0 3KCTPY3MOHHON TEXHOJIOTHMHU NOJy4YEeHbl BCIICHEHHBIE YIIAKOBOYHBIE MaTepHa-
JIbl, MO IUIACTUYHOCTH; U MPOYHOCTH MPU CKATUHU MPEBOCXOIAIINE BCIIEHEHHbIE TOJIUCTUPOIIBI. B KauecT-
BE€ NEPCHEKTUBHBIX KOMIMO3UIMUN MpEeIaraloTcsi CMECH alMJIbHBIX MPOM3BOJIHBIX Kpaxmayia ¢ JApyrum
OuopasiiaraeMbIM TOJUMEPOM — TMOJU-3-TuApoKkcuOyTupaToM. Ha MUpPOBOM phIHKE yHaKOBKH Tpymma
OuopasinaraeMpIX IJACTUKOB HA OCHOBE IMPUPOJHBIX MOJIMMEPOB IpecTaBieHa MaTepuaiamu NovonTM,
BiopacTM, BiocetaTM, BioflexTM.

Ionyuenue cononumepos, 8 MONEKYIAPHbIE YENU KOMOPLIX 6X00AM J1e2KO paspyuaruuecs noo oeu-
cmeuem MUKpoOp2aHu3Mo8 Xumuyeckue cea3u. IT0 JOCTUTAeTCd METOAAMM COIOJMMEPHU3ALMU IPUPOI-
HBIX, JIETKO JECTPYKTHPYEMBIX U CUHTETHUYECKUX coeqnMHEeHH. CHHTE3UpOBaH MOy PETaH, COIEeP KAl
HU3KOMOJIEKYJISIPHYIO LIEJUIIONI03Y WM aMujIo3y. MeTojaMu NPUBUTON CONMOJUMEPU3ALIMA U3TOTOBIICHBI
COMNOJIMMEPHI NOJINYPETAHA C KPAXMaJIOM U LEJUTFOJI030M, OCYIIECTBIEH CUHTE3 CONOJINMEPA, COCTOSILETO
U3 TIONUATUIIAKpHUIIaTa U skenaTrHa. OIHAKO 10 HACTOSIIEro BPEMEHHU HE pellieHa MpoliieMa AeCTPYKIHH
CHUHTETHYECKOT0 OCTaTKa, 00pa3yromerocs mocie MoJIHOTo pa3pyeH s IPUPOTHOTO MOJIUMEpa.

Co3z0anue KoMno3uyuti, cooepiHcauux, Kpome blCOKOMOJEKYIAIPHOU OCHOBbI, Op2aHUYecKue Hanoi-
Humenu (Kpaxmain, yeunrono3y, amuiosy, aMUuiloneKmuH, 0eKCmpuH u op.), AGNAIOwUecs numamenbHou
cpeooti 0131 Mmukpoopeanusmos. Hambosnee ACMIEBBIM METOJIOM TOJYYCHHUS KOMITO3UIIMKA "TTOIMMeEp — Ha-
MIOJIHUTEN' ABIISIETCS MPSAMOE CMEIIMBAHUE KOMIIOHEHTOB. B 3TOM cilydae HanmoJIHUTENb NPUCYTCTBYET B
IJIaCTUKE B BUAE KOHIoMepaToB pazmepoM 10...100 mxm. BennumHa MakpoyacTull OnpeaessieTcs: SHep-
ruei Mex(a3Horo B3auMOACHCTBUS M CIBUTOBBIM HANpSHKEHUEM B Ipolecce 3KeTpy3uu. [lonydeHHsiii u3
TaKON CMECH MaTepual SBISICTCS YaCTHYHO OMOpasiaraeMbpIM, TaK KaK MaTpUIla CHHTETHYECKOTO MOJIH-
Mepa B JIy4llleM cllyyae pacrnajaercs Ha Kycouku. [Ipu cMenMBaHUM HAIOJIHUTENS C CHHTETUYECKUM T10-
JUMEPOM Ha MUKPOYpOBHE (pa3Mep dactull MeHee 10 MKM) KOMIIOHEHTBI cMecH 00pa3yIoT B3aUMOIPOHU-
KaIOIIyI0 CETYATYIO CTPYKTYpY, KOTopasi o0ecreurBaeT HaoJIHEHHOMY NoJauMepy 3G GeKT TOMOTHUTEb-
HOM AecTpykiuu. Kak u3BeCTHO, HAIOJHUTENb MOXKET CKAIJIMBATHCS B MEHEE YMOPSAIOUYECHHBIX 00JIacTIX
nonumepa. KpoMe Toro, mioTHOCTh YIMAKOBKHA MAaKPOMOJIEKYJ B TPAHUYHBIX CJIOAX CHUCTEMBI "TIOIUMEp-
HATIOJTHUTEIL" MPUOJIM3UTEITHLHO BIBOE MCHBINIE, YeM B OCTAILHOM O00BbEMEe HEYMOPSI0YCHHON (a3bl Mmo-
aumepa. [loaToMy npy yHUUTOXKEHUM HAMOJIHUTENS OaKTepUsiMH o0serdaeTcsi AOCTYN MUKPOOPTraHU3MOB
K MEHEe CTOMKOM M0 OTHOUIEHHIO K OMOJIECTPYKIIMU YacTH MojuMepa. buopasnaraembie MaTepHuansl ¢ aK-
TUBHBIM PACTUTEJIbHBIM HAIIOJIHUTENIEM BIIEpBble MOSBMWINCH B 1970—80-¢ IT. Ha phIHKE YNAaKOBKH B
CIIA, WUtanuu, ['epmanuu. D10 ObUIM KOMIIO3UIIMKA KpaxMaia ¢ pa3TUYHbBIMU CUHTETUYECKHUMH MOJMMe-
pamu. [1o cpaBHEHHIO ¢ TepMOILTACTAMH HA OCHOBE IUTACTU(UIIMPOBAHHOTO KpaxMaia OHH YJA9HO COYe-
Taqu TEXHOJIOTUYHOCTh M BBICOKHE AKCILTyaTAIllMOHHBIE XapPAaKTEPUCTUKH, MPUCYIIHE CHHTETUUECKOMY
KOMIIOHEHTY, CO CIIOCOOHOCTBIO K OMOECTPyKLMHU, 00YCIIOBICHHON HAJIMYHUEM B UX COCTABE IMPUPOIHOTO
noyimMepa (Kpaxmana).

Yamre Bcero kpaxmanaoM MOAU(DHUIIMPOBAIN MOJUATUICH — IUIACTUK, HanOoyiee BOCTPeOOBaHHBINA HE
TOJBKO B MHIYCTPUHU YMAKOBKH, HO UMEIOIIUA MIMPOKUI JUAma3oH UCIOJIb30BaHUS B MUILEBON U JETKOH
MPOMBIIIUICHHOCTH, MEAUIIMHE U JIPYTrux orpacisx. JlJid monydeHus: TepMOIUIACTUYHBIX cMeced '"momnu-
Mep— Kpaxman' moiucaxapuj 0ObIYHO TUIACTU(UIMPOBATU TIUIEPUHOM U BOJOW. CMENIMBaHUE KOMIIO-
HEHTOB OCYLIECTBJSUIOCH B 3KCTpyAepe mpu temmeparype 150 C. buopasznoxxenne KOMIO3UIIMOHHOTO
Marepuaia, IMOJyYeHHOTO M0 TaKOW TEXHOJIOTWH, HAYMHAJIOCh C MOBEPXHOCTH ITUICHKH, OOOTaleHHON



kpaxmajoM. /g uHTeHcupukanuy OMOJECTPYKLUUU B COCTaB KOMIO3UIMNA BBOAUIN (OTOCEHCHOMIN3a-
TOPBI WA CAMOOKHUCISIOIMNECs 100aBKH, BRI3BIBAIOIINE JECTPYKIINIO TOJTUMEPHON LIEMu ¢ 00pa3oBaHUEM
Y4aCTKOB, JOCTATOYHO MaJbIX JUIsl TOTO, YTOOBI OBITh YCBOEHHBIMH MUKPOOPTaHU3MaMH.

Cpenn KoMMEpUYECKUX MPOIYKTOB, U3TOTOBJICHHBIX HA OCHOBE KOMIO3UIMH '"moauITHIEH—Kpaxman”
cienyer HazBaTh pa3zpabotannbiii pupmoit "Archer Daniels Midland" (CIIIA) konuentpar PolycleanTM
JUISL IPOU3BOJICTBA OMopa3znaraembix mieHok. Kpome kpaxmana (40 %), B ero coctaB BXOJUT OKUCISIOLIAs
no0aBKa, EMCTBYIOIAs KaK KaTalu3aTop OMOJECTPyKIIMK KpaxMalia He TOJIBKO Ha CBETY, HO U B TEMHOTE.
®upma "St. Sawrence Starch" (CIIIA) npemaraer kormnentpat EcostarplusTM. OH coaepUT caMOOKHC-
auTens U QOoToAerpagaHT (OpPraHOMETAJUIMYECKUE COJIM), KOTOPBIA CHHEPIHYeCKH B3aUMOJICHCTBYET C
OunopazpylaroMM KOMIIOHEHTOM — KpaxmalioM. Martepuain Ucnoib3yeTcs Kak Jo0aBKa MpH U3TOTOBIIE-
HUH MEIIKOB [10J1 KOMIIOCT.

Kpaxman minoxo coBMECTUM C HEMOJSPHBIM IMOJUITHUICHOM, TO3TOMY COBPEMEHHBIE MCCIEIOBaHUS
0 YJIYYILIEHUIO CPOJCTBA MPUPOJTHOTO U CHHTETHYECKOTO MOJMMEPOB MPOBOJSATCS B ABYX HANpaBICHUIX:
1) nonyuyeHue cmeceil kpaxmaia ¢ CONMOJMMEPAMH ATUIIEHA WM APYTMMHU, Oosiee NOISpHBIMU MOIUMEpa-
MU; 2) MOIU(UIIMPOBAHNE KPAXMaJIOB C LEIbIO TOBBIIICHUS UX COBMECTUMOCTH C TIOTUITUIICHOM.

HaubGonee dacto B cMecsix ¢ KpaxMajOM HCIIOJIb3YIOT COIOJMMEPhl 3THJIEHA C BUHHJIALETATOM
(COBA) nnu npotyKThl OMBIJIEHHS alleTaTHBIX TPYMII B 3TUX CONOaUMepax. M3yueHsl Takke KOMIO3UINH
Kpaxmaja ¢ COMOJIMMEpPOM 3TUJIEHA U MPONWIECHA, NOJUCTUPOJIOM. DKCTPY3UEN MOJMYyUYEHbl CMECH Kpax-
MaJIOB BOCKOBOM WMJIM HaTUBHOM KyKypy3bl, a TaK)K€ BBICOKOAMHJIO3HOTO Kpaxmaina Mapku Hylon ¢ como-
JuMepoM dTusieHa U BuHuioBoro cnupta (OBC, 56 % 3BenneB CH,CH(OH)).

Xopouio (HopMyIOTCS KOMIIO3UIUHN KpaxMaja ¢ COMOJUMEPOM ITHIICHA, TPOMIIEHAa U MAJIEHHOBOTO
aAHTUIPHJIA, & TAKXKE C COMOIUMEPOM MOJIUCTUPOIIA M MaJeMHOBOTO aHruapuaa. OHu 06magaroT yaoBIe-
TBOPUTEIHHBIMA MEXaHMYECKHMHU XapaKTEPUCTHKAMHU M CIOCOOHBI K OHOPA3IOKEHUIO MOJ JIEHCTBUEM
crnop rpudkoB Penicillium fimiculogum.

B oTHomeHun ynmydiieHusi CpoACTBA C HEMOJSPHBIMU MOJMMEPAMH THUIA MOJIUITUIICHA U MOJUIIPO-
MUICHA TIEPCIIEKTUBHBIMU SIBISIFOTCS d(UPBI KpaxMala U BBICIIUX XKUPHBIX KHUCIOT. [Ipuuem sdupHbIe
TPYNIBl C JUIMHHBIMU aTKWJIBHBIMU paiKaiaMHU HE TOJBKO yBEIMYUBAIOT COBMECTUMOCTH Kpaxmala C
HETOJSPHBIM CUHTETHYECKUM KOMIIOHEHTOM, HO U JIEHCTBYIOT KaK BHyTpeHHUE miuactTudukatopsl. OnHa-
KO CKOpPOCTh OMOZETpaallii TAKMX KOMIIO3UTOB MO CPABHEHHUIO CO CMECSMU '"MOMUITHICHHEMOIU DU~
poBaHHBIN Kpaxman' Menble. 13 cMecu monuaTHIIeHA BBHICOKOTO JABJICHHS M Kpaxmala, MOIupUIupo-
BaHHOTO BBEJEHHEM B €r0 MOJEKYJbl XOJIECTEPUHOBBIX OCTATKOB, MOJY4YEHBI pa3lyBHbIC MIeHKU. [1o
CPaBHEHMIO C MaTepHajaMd W3 HATHUBHOIO Kpaxmaja IUIEHKH 0ojiee OJHOPOAHBI U XapaKTepU3YIOTCS
OosbIIel mpoyHOCThIO. MIX 6uogerpananus B KOMIIOCTE MPOXOAUT ObICTpee, OUYEBUIHO, 3a CUET pas3phIX-
JeHUs] CTPYKTYpbl Kpaxmayia KpYMHBIMH XOJecTepHHOBbIMU (parmentamu. Hanbosee H3BECTHBIM U
KPYMHOTOHHA)KHO BBIITYCKA€MbIM CHUHTETHUECKUM MPOAYKTOM, COAEPKAIUM B KaueCTBE aKTUBHOTO OHO-
pasyiaraeMoro HaIoJHHUTENS Kpaxmal, sBisietcs marepuan Mater-BiTM (mapku AT 05H, AF O5H, A
105H, AB 05H, AB 06H, AF 10H). Ero npomsIniiieHHOE MPOU3BOICTBO OCyIIecTBIsieT hupma Novamont
S.p.A (Utanust). KoMmo3uTt mosry4aroT Ha OCHOBE CMeCH Kpaxmaiia ¢ rnojukamnposaktoHoMm win 9BC. On
BBICOKO PKOHOMHUYEH, TIOJIBEpracTcsi BTOPUYHOU mepepadboTke. CTouMOCTh — 60 THIC. UTATBIHCKUX JIUP 32
1 xr. Paznaraercs B mouBe Kak B a9pOOHBIX, TaK U B aHAPOOHBIX YCIOBUIX O€3 BBIJICICHUS BPEIHBIX MPO-
JTYKTOB M TBEPJBIX OCTaTKOB 3a 60 CyTOK. DTOT MaTepual crnocoOeH TakKe pa3jaraTbCsi B BOJIE U KOMIIO-
cte. B BogHOI cpene ObICTPO BBIMBIBaeTCs uracTuuKaTop. OCHOBHBIE CITOCOOBI mepepaboTKH (B 3aBH-
CHUMOCTH OT MapKH) — 3KCTPY3Hs (B TOM YHUCIIE C MOCIEIYIOINM Pa3TyBaHHEM 3ar0OTOBKH), TEPMOGOpPMO-
BaHHE, JINThE O] TABICHUEM, IITAaMIIOBKA. Kak 0HO W3 HOBBIX HAINPaBJICHUH pemeHus MpoOIeMbl ia-
CTMACCOBBIX OTXOJOB SIBIIIETCSI CO3/IaHUE BTOPOTO TOKOJICHUS TUIACTUKOB — OMOZerpanadenbHbIX, CIo-
COOHBIX pa3iaraTbCsi B MPUPOIAHBIX YCIOBHIX MO IEHCTBUEM MUKPOOPTaHU3MOB /10 OE3BPEIHBIX COCTaB-
JSIOUIHX.

B cBsi31 ¢ 3TUM OnpeAeNAIOTCS My TH CO3IaHMsI OO eTpagadebHbIX TTOTHMEPOB:

— cuHTe3 OmojaerpanadbeabHbIX MOJMMEPOB € TIOMOIIBI0 MHUKPOOPTraHU3MOB (6Monoan3upsl, OMOMOIH-
caxapujpbl);

— Ouopaznaraemble MMOJUMEPHl HA OCHOBE MPHUPOAHBIX BEIIECTB (MPUPOAHBIE MONHcaxapuasl, cmecu 110
C Kpaxmajuom);

—  TIOJy4YaeMble METOJOM XMMHYECKOTO CHHTE3a (CHHTETUYECKHE MOTUA(DUPHI).

Takue uccienoBaHMs MO MOJYYEHUIO CaMOPa3pyLIAOIIMXCsS B IIOYBE U BOJAE IOJUMEPOB BEAYTCSA B Ha-
crosiiiee BpeMs riaaBHbIM o0pa3zom B CIIIA, SInonun, ctpanax Espomnsl [20].



[omyuens! momyOnonerpanadenbHple MOTUMEPHI Iy TEM TOCIIEJOBATEIBHOTO BKPAIUICHUS KpaxMaia
B [IOJINMEPHBIE LIENOYKU. DTOT BUJ MOJIMMEPOB MOKET UCIOJIB30BATHCS ISl CYMOK, KOHTEMHEPOB, IOYTO-
BBIX YIAKOBOK, JAPYyTHX 1eineid. B MTanuu co3nan nmepBelii B MUpE TOTHOCTHIO JAeTpagabebHbIN MIIACTHK,
u3rotosieH u3 [1D TkaHu, copeprkalield mycToThbl, KOTOPbIE 3al0JIHEHbI KYKypy3HbIM Kpaxmanom (10...50
%). ITnacTuk 10 OKUCH yTiepoJia U BOJbI U TeUEHHE MOJIYroJa pa3iaraeTcs MUKpOOPraHU3MaMH.

B ABcTpun Ha OCHOBE Kpaxmalia pa3padoTaHbl MaTepHallbl JJIs IPOU3BOICTBA OMOEeTpaadebIbIX
Yauiek, NOJOTEHEL, EMKOCTEM IS UL, KyXOHHOU ITOCY JIbI.

K mob6aBkam, KOTOpBIE CaMU JIETKO YCBaWBAIOTCS MHUKPOOPTaHU3MaMH, OTHOCATCS: Kpaxmai (puco-
BbIH, MIIEHUYHBIH, KapTOQEIbHbINH KapOOKCHMETHII-LIEIII0I03a, MAHUUT, JIAKT03a, Ap.) Ka3eUH, APONKKH,
MOYEBHMHA U JPyTrHe COSAUHEHHs MPUPOJHOro npoucxoxaeHus. C uX MCIONIb30BaHUEM ceiiuac U3roTas-
JAUBAIOT (hapMaleBTUYECKHE KaICYIbl, KOTOpPbIE 10 CHX IMOp MOIyYajad U3 jKeJaThHA, MEIIKH M3 Kpax-
MaJIbHOW TUICHKH, KOTOPBIE KOMIOCTUPYIOT BMECTE C MOPKOBHOW OOTBOM: CTaKaHYMKH Pa30BOT0 IpHUMeE-
HEHUS JUIsl IPOXJIaUTENbHBIX HAIUTKOB, OOEPTOYHbBIE MAaTEPHUAIIbl AJI1 KOHAUTEPCKUX W3JIEIHM, BCIIOMO-
raTejibHbl€ €Tl YNAKOBKH (COEAMHMUTEIbHBIE KOJEUKH, 3aKUMbl U TIP.) CO CPOKOM Pa3JIOKEHUs OT 3
MECSIIEB JI0 2 JIET.

Awmepukanckas komnanus JCJ cozgana B 1990 r. nepBblii B Mupe 61oze-rpagadenbHbIi TepMOIIacTHK
6uonon. HoBbiit monmmaup obpasyercs mytem ¢depmenta nenu CaxapoB Oaxtepusmu  Alcaligenes
eutrophus. OJJHaKO CTOMMOCTb 3TOTO MOJIMMEPA IOKa YTO OUeHb Aoporas — 33 mosuiapa 3a 1 Kr.

[Tocne mycka (epMEHTAIMOHHOTO 3aBOAa CTOMMOCTh €0 HayHET CHIDKAThCs W Omoron Oyner wuc-
NI0JIb30BATHCS B NMPOU3BOACTBE IUICHOK, OyThUIEH, YIAaKOBOYHBIX HETKAaHBIX MaTepHasoB. buomnon npous-
BOJIUTCSI COpa’KMBaHUEM TAKMX BHJIOB CEJIbCKOXO3SHCTBEHHOIO ChIPbs, KaK caxap M Kpaxmai. Mcrnomib3o-
BaHHUE YNAaKOBKH M3 OMOI0JIa, MOXKHO OECHpEeNsITCTBEHHO BBIBO3UTH Ha JIEHCTBYIOLIME CBAJKH, HE Hapy-
I1asi TIPY 3TOM SKOJIOTHUYECKHUI OanaHc. BUOION MONMHOCTRIO pas3naraeTcs, B 3eMiie MO ACHCTBUEM I'puo-
KOB U OaKkTepuii.

Tepmonnacmuunstii anugpamuyeckuti noausgup (noaueuopoxkcudbymunam). Tax xe, kak u I1I1 (Touka
IUIaBJIEHUS KPUCTANIMYHOCTb U Jp.), epepadaTbiBaeTcs Kak 0ObluHbIe TepMoruiacTel. [1o MHeHuIO cre-
nmanuctoB ¢upmel "JCJ" ncnonp3oBaHue caxapa WM KpaxMmaja JJis MPOU3BOICTBa OMOII0Ia OMpaBIaHo C
TOYKHU 3pEHHsI 3KOHOMUKH U 3KOJIOTHU. [IporHO3bI 5KOHOMHUCTOB MO3BOJISIOT CAETIAaTh BBIBOJ, YTO B HEZA-
JIeKOM OyAyIleM IIeHbI Ha caxap CHHU3STCS B CBS3M C MHTEHCH(HKAIUEH CelbCKOro xo3siicTra. U naxe ce-
TOJHSI TIPOU3BOJICTBO OMOIIONIa IKOHOMHYECKH ONPAaBIaHO B CTpaHax, HE 00JaNaloONMX 3amacaMu HedTu
JUIsl IPOU3BOJICTBA TIACTMAcCC.

Pazpaboran mMarepuan, pasnararomuiics B Boje 3a 45 ¢ npu Temneparype 25 °C. OH MOXeT HalTH
NpUMEHEHHE ISl YIIAaKOBBIBAHUS XUMHUUYECKUX N00aBOK arpOTEeXHHUYECKOro HazHaueHus. [lomecTtuB yma-
KOBKY C TAaKUMH BELIECTBAMM B CJIErKa MOJOTPETYIO BOAY, Cpa3y MOJIy4arOT pacTBOP BELIECTBA. Y TaKOBKa
HOJTHOCTBIO PACTBOPSIETCS M HE BIMSAET HA CBOICTBA yA0OpeHHH. AHATOTMYHBIN TUI IUIACTMACC MOJTyYeH
B Slnonuu B TOKHIICKOM MHCTHTYTE TE€XHOJOTHH. DTOT OMOIIACTUK CHHTE3UPYETCS] MUKPOOPTaHU3MaMHU
U Pa3pylIaeTcs MUKPOOPTaHW3MaMHU, HE 3arpsA3HIET OKPY’KAIOILIyI0 Cpely. YUUThIBasl BO3POCIIUNA HMHTeE-
pec notpedutenet kK 6MoAerpaaadCcIbHBIM MaTepUaiaM SIIOHCKOE IPABUTENBCTBO YTBEPMIIO TPEXIETHUM
IPOEKT CUCTEMBI UCCIIEAOBAHUM [T U3ydeHUs1 OroaerpanadesbHbIX OJIMMEPOB 110 CIEAYIOLUIMM HaIlpaB-
JICHUSIM: TIOJIMMEPHBIE MaTepUalbl, IPOU3BEACHHBIE MUKPOOPTaHU3MaMH; CO3/IaHUE TEXHOJIOTUH 10 YTH-
au3anuu Ouomacchl; pazpaboTKa TEXHOJOTHI HO MOJIEKYJISIPHOMY KOHCTPYHUPOBAHUIO M YNPaBISIEMOMY
HOJYYEHHUIO HOBBIX TOJMMEPHBIX MaTepUaJIOB; OMOJIOTMYECKUH MOUCK M M3YyYEHHE MUKPOOPTaHH3MOB
(a9poOHBIX B aHAPOOHBIX), CIOCOOHBIX 00Pa30BBIBATH OMOIETpagadeTbHbIC TOTUMEPHI.

HoBrle monmmmepHbIe MaTepHaibl JTOJKHBI YAOBIETBOPATh TPEOOBAHUSAM CIICIIMAIHMCTOB MO OXpaHe
okpy»xatouiei cpeabl. C TOUKHM 3peHMs PELUKIMHIA IPUPOAHBIX PECypcoB OMOAerpanadesbHble MIIacT-
Macchl OyIyT JIMIIb CIIOCOOCTBOBATH YCKOPEHHUIO MPOTEKAHUS YIVIEPOAHOTO IMKIA. BbiOpoiieHHble Ha
CBAJIKY WM 3aXOpOHEHHBIE B MOYBE OTXOBI OYIyT camopaspyathesi ¢ BbiaeneHueM CO,, KOTOpbIA B
KOHEYHOM cyeTe OyneT MmoTpeOisaThCs MHUKPOOPraHM3MaMHM JUIsl CUHTE€3MPOBAHUS HOBBIX OHMOAerpazia-
OebHBIX MaTepHAIIOB.



Ei CBsA3pIBaHHE MOJUMEPHI, CHHTBI3UPYEMBI €
- MHUKPOOpPraHM3MaMu

HOJ’II/IMCpr TMOJYYECHHBIC U3 6rmomMaccel

CBs13aHHBIE IOJIMMEPBI, CHHTE3H-
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Paspymenue,
Pasznoxenue CXKUTaHHUE

Puc. 2.6 HNpaeanbHblii HUKJI OMogerpasadebHbIX NOJIHMEPOB B
OKpYyKamllel cpene

Ocy1miecTBiIeHNE PEIUKIMHTA MOJUMEPHBIX OTXOJOB ITO3BOJIUT BBICBOOOIUTH TIOJIE3HBIE ITOCEBHBIC
TUTOIIAAN OT HEKOHTPOJIUPYEMBIX CBAIOK U YIYUIIAThH YKOJOTHUECKYIO 00CTaHOBKY pernoHa. OiHaKo op-
TaHMU3alUsl MHOTOCTYTIEHYATHIX CIIOCOOOB PEUKIMPOBAaHUs TpeOyeT OONBIINX 3aTpaT Ha OTOOP M COPTH-
POBKY OTXO/IOB, KOTOPBIE MOTYT OBbITh 3HAUUTENILHO COKpAIleHbl IPH MAapPKHUPOBKE IIACTMACCOBBIX U3/e-
T B TIPOIIECCE MX M3TOTOBJICHUSI.

[TomaBmvie B 0TX0bI MAapKUPOBaHHBIC HellerpasadebHbIe H3/ICIHS MOCIe BTOPHYHON MepepadoTKu
MOTYT OBITh BHOBb HCIIOJIb30BaHbI JIJII H3TOTOBJICHUSI HOBBIX M3CJHM, YTO JACT CYIIECTBCHHYIO 3KOHO-
MUIO CPEJICTB.

Haubonee onTUMalbHBIM pelIeHueM TpoOIeMbl MPEJOTBPALICHUS TTOJIUMEPHBIX CBaJOK SBIISETCS
CO3JIaHUE SKOJIOTUYECKH YHCTHIX OMOJErpajadelbHbIX IIACTMACC, KOTOPBIM, OYEBHIIHO, MPHHAIICKUT
Oynymee. Hanbonpmuii mporpecc B MpOW3BOJICTBE HOBBIX OMOMErpagabenbHbIX MIACTMACC MPOU30UIET
nocie co3aanus QyHIaMEHTaIbHON TEXHOJIOTUN W3TOTOBIICHHS TTOJIMMEPHBIX MAaTEPHATIOB C Pa3THYHBIMU
CBOWCTBaMH, OCHOBHBIC TIPUHITUITBI KOTOPO# pa3pabaThIBAIOTCS B HACTOSIIEE BPeMsl KPyITHEUIIIMMU J1a00-
paropusiMu 1 (GUPMaMHU Pa3IHYHBIX CTPAH.

2.4 CXKUI'AHUE

CxwuraTh 11e1eco00pa3HO TOIBKO HEKOTOPBIE TUIIBI IJIACTMACC, MOTEPSBIINX CBOU CBOMCTBA, /UIA T10-
Jy4yeHHs TemoBoi sHepruu. Hampumep, Temnoas anexTpocTaHuus B I. BynsBepremrone (Benukobpu-
TaHMsI) BIIEPBBIE B MUPE pabOTAET HE HA I'a3e U HE HAa Ma3yTe, a Ha CTAPBIX aBTOMOOWJIBHBIX MOKPBIIIKAX.
OcCyIecTBUTh ATOT YHUKATBHBINA MPOEKT, MO3BOJISIOMIUNA 00ECTICYUTh IJIEKTPOIHEPTUEH 25 ThIC. KUIIBIX
JIOMOB, TIOMOTJIO aHTJIMHACKOE YTIpaBieHUE M0 YTUIU3AIMH HEUCKOTIAaeMbIX BUIOB ToTuMBa [21].

CxuraHie HEKOTOPBIX BUJIOB MTOJIMMEPOB COIPOBOXKAAETCS 00pa30BaHUEM TOKCHUYHBIX [a30B: XJIOPU-
Jla BOJOPOJa, OKCUAOB a30Ta, aMMHaKa, LIMAHUCTBIX COEJUHEHUH U JAp., YTO BBI3bIBAET HEOOXOAUMOCTh
MEpONPHUATHIA O 3ammTe atMochepHoro Bo3ayxa. Kpome toro, skoHomMuueckas 3((eKTUBHOCTh ITOTO
Ipolecca sABJIETCS HAUMEHBIIEW 10 CPaBHEHHUIO C JPYTHMHM IpOLeCCaMU YTWIN3ALUHU [UIACTMACCOBBIX
oTx010B. Tem He MeHee, CpaBHUTENBbHAS IPOCTOTA OPTaHU3ALMH CKUTAHUS ONPEAEIIAET JOBOIBHO MHUPO-
KO€ €ro pacIpoCTpaHEHUE Ha IIPAKTHUKE.

TunuuHas TEXHOJOTMYECKasi CXeMa CKHUTaHUs OTXOJO0B C MCIOJb30BAaHHEM TPyO4aToOl meuu mpen-
CTaBJieHa Ha puc. 2.7.

OTtxo1bl U3 OyHKepa- HakonuTens / rpeiiepHbIM 3aXBaToM 2 yepe3 yarpylrdyuyro BOPOHKY 3 U 3a-
Ipy304HBbIi OyHKEp 4 MomajaloT BO BPAIIAIONIYIOCs eub 6, MyCK B paboTy KOTOPOH OCYIIECTBIsETCS U

MOMOIIM  3alajJbHOTO  yCTpPOMCTBA  J.
9 30JI0LUIAKOBBIE NPOMYKTHI COKMIaHUSA W3
// / 12 MeYr IMOCTYMalT U COOpHHUK MIIaKa 7, TIe
12" racdarcs u gajnee 3BaKyupyrTCs
Puc. 2.7 Cxema yCTaHOBKH
TePMHYECKOro 00e3Bpe:KuBaAHUA
TBePAbIX MOJIMMEPHBIX 0TX0/10B
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TpancroptepoMm 8. Ilednple ra3pl MOCTYyHalOT B KaMepy MOXKHUTaHHS 9, Tie 00€3BPEKHUBAIOTCS MPHU
temnepatype Boie 800 °C B mmaMmenu ropesiku /(0. JIpiMocoMoM /2 uX 3aTeM depe3 OXJIaJAUTENIbHBIE yC-
¢oticTBa // KOTEN-yTUIU3ATOP, BOAOMOJOTPEBATCIIb U T.II. U BRIXJIONHYIO (hyOy /3 HampaBIsiOT B aTMO-
chepy. O6pazyronryrocs 301y 14 4...6 % OT Macchl OTXOJJ0OB MOXHO HCITOJIb30BaTh B KAUECTBE HAIOIHU-
TeJsl IPU MPOU3BOICTBE CTPOUTENILHBIX MAaTEPUAJIOB.

2.5 JIMHUA 11O ITEPEPABOTKE MCIIOJIb3OBAHHBIX IIOT®
BYTBUIOK M3 1101 HAITMTKOB B YN CTBIE XJIOITBA II9T®
I[MPOU3BOJUTEJIBHOCTBIO 450 — 650 KI'/Y

[Turatens npecc-nakeToB / eMKOCThiO 20 M°. Bmermaer MPUMEPHO JIBa TMpecc-nakera noaumepa. [lo
Mepe MPOJABIKEHHUS MaTepuasia B MUTATele, TPU BPAILAIOMIMXCS IIHEKA Pa3/eisioT CIIPECCOBaHHbIE Oy-
TBUIKM M TIOJIAIOT UX HA KOHBEWep MpeBapUTeNbHOM copTupoBku 2. KoHBeliep npenBapuTebHON COpTH-
POBKH 2 U3rOTOBJICH M3 PE3MHOBOM JICHTHI IMUPUHON 760 MM, UMEET UTMHY NPHUOIU3UTEIBHO 4,5 M U BBI-
coty 750 mMm. [TpuBOAMTCS B ABMKEHUE DIIEKTPOABUTATEIIEM-BApUATOPOM MOIIHOCTHIO 0,37 KBT.

Cucrema nipeaaputesibHoro uzMmenbueHus [IET®. Coctout u3 HakJIOHHOTO KOHBeMepa 3, mpeaepa ¢
BO3JIYXOJyBKOW 4 U MEPBUYHON CHCTEMOW OTCACHIBAHUA C MBUICCOOPHUKOM. ByTBUIKM M3MENbUaIOTCS B
YaCTHULIBI Pa3MEPOM OKOJIO 2,5 ¢M, BO3AYILIHBIM KIACCU(PUKATOP yIalseT STUKETKH, 3aTeM MaTepuai Io-

naeTcs B PIIOTAIIMOHHYIO €MKOCTb J.
1 2 3 4 5 6 78 9 1011 12
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Puc. 2.8 JIunus no nepepadorke ncnoab3oBaHHbIX [I9T® 6yThLIOK:
1 — niuraTens npecc-nakeros; 2 — KoHBeliep npeaBapuTeIbHON COPTUPOBKH;
3 — HaKJIOHHBINA KOHBelep; 4 — mpeaep; 5 — GI0TauOHHAs EMKOCTh;
6 — crieniMabHBIN KOHBEHEp; 7 — CUCTEMA cenapanuu; § — CUCTeMa OTMBIBKH U
CylIKH; 9 — 3arpy304Hblii KOHBeWep; /0 — rpanynsTop; /1 — HaOJHUTEIbHAS
craHuys; /2 MUKIOH

@dnoTauMoHHAs €MKOCTh S MpeJHa3HaueHa JJsl YAAJICHUs TOJUIIPONMICHOBBIX KPBIIIEYEK U MPOYHMX
3arpsi3HEHUN MJIOTHOCTBIO HUXKE 1 r/em’ ot IIIT. IIpu 3arpyske marepuaja B €MKOCTb, TUIABY4YHE Yac-
THUIBI IEPEMEIIAIOTCS B OJHY CTOPOHY € MOMOIIbI0 KpbulbyaTKu. [IDT® nmorpyskaercs Ha JHO U BBITPY-
’KaeTCsl U3 EMKOCTHU C JIPYTOW CTOPOHBI C MOMOIIBIO CIIEIUATIBLHOIO KOHBEepa 6.

Cucrema cemapanuu 7 MpelHa3HauYeHa JUIsl yAaJeHHs] MOCTOPOHHUX YacTHIl, OO0pa3yoIIUXcs MpU
npeaBaputensHoM n3MenbueHnu [I19TO OyTeutok. [Ipencrasnser coboit Bubposkpan. [locroponnue yac-
TULBI cenapupyroTcs oT [I19Td, KoTopsIil MOAAETCS Ha CUCTEMY OTMBIBKHM U CYIIKH §.

Cucrema OTMBIBKH M CYIIKH § TIPECTABISIET OO0 MHOTOCTYIIEHYATYIO CUCTEMY Bpalaronuxcs Oa-
pabanoB. IlepBas cTymeHb TpeaHA3HAYCHA JJII OTMBIBKU, BTOPAsi — JJI IPOMBIBKH, TPEThs — JIJIS yaa-
JICHUSI BOJIBI, a YETBEpTAasl M TsITast — IS CyIIKU. Moroliee yCTpOHCTBO CHA0KEHO COTIaMH PaCTIBUTATEIIS
JUIsL ylajeHus MUIIEBbIX OCTATKOB M MPOYMX 3arps3HeHuil. [lo Mepe npoaBkeHus: Marepuaia uepes3 Oa-
pabaH, 3arpsi3HEHUS OTMBIBAIOTCS M YAAJSIOTCS BMecTe ¢ BoJoi. Cucrema BOIOCHA0KEHUS IPECTaBISET
co00i1 3aMKHYTBIN UKJI: UCIIOJIB30BaHHAs BOJIA HArpEBAETCS U OUUIIAETCS MPU MOMOLIM CEIEMEHTAIH U
(buIBTPOBAHMUS.

Bo BTOpoMm Oapabane maTepuan MpoMBIBaeTCs CBexel BoAoW. B TperbeM OapabaHe u3 matepuana
yAaJIsieTcsl BOJia, MOCTYIAONIas B JAJIbHEHUIIIEM B BOJIIHOM TaHK OTMBIBKH.

UeTBepThlli U MATHIA OapabaHbl MPEACTABISIOT COOOM pOTAIMOHHBIE CYITMIKA. Bo3ayx HarpeBaeTcs
YeThIpbMsI HarpeBaTesiMu MoHOCThIO 30 KBT u nupkynupyer o cucreme. TemmnepaTypa Bo3ayXa KOH-
TPOJMPYETCSI U PETYIUPYETCS Ha IVIABHOM KOHTPOJBHOM MaHENH. 3alUTHBIE 3JIEMEHTHI IPEIOTBPALIAIOT
neperpes npu cO0e B CUCTEME YIIPABICHMUS.

3arpy304Hblii KOHBeHep 9 mpeacTaBisier co0oi mHek auameTpoM 200 MM, KOTOPBIH MOJAET MOJUMED



B TpanyJiatop /0. YCTpoHCTBO CMOHTUPOBAHO Ha 1oJy. HU3KOCKOPOCTHOIT MOTOP-pENyKTOP MOITHOCTHIO
0,55 kBT o6ecnieurBaeT HEOOXOAMMBIN BpAIIAIOIUI MOMEHT.

['panynstop /0 mepepabaTbiBaeT MaTepuall B TOBApHBIA MPOAYKT 3aJaHHOrO pasmepa. I'paHymnsTop
CHa0XEH dJIEKTPOABUTATENIEM MOITHOCTHIO 22 kBT. HanmomuurensHas cranums // ¢ BTOPHYHBIM OTCACHI-
BAIOIIMM YCTPOUCTBOM U IIUKIOHOM /2 cucteMbl yjaneHus nbuiu. ConepxaHue Biard B KOHEYHOM IPO-
nykTe MeHee 2 %, IpOU3BOAUTEIHLHOCTD JTUHUH KOJEOIETCS B 3aBUCUMOCTH OT HACBHIMMHOM TUIOTHOCTH U
BJIQYKHOCTH IepepabaThiBaeMOro Marepuara.

2.6 IIEPEPABOTKA OTXOJ0OB PTHU

CornacHo HoBeiIel craTucTuke B 3anagHoi EBpore exeroaHo oOpasyercs OKoJIO 2 MJH. T U3HO-
IIEHHBIX IKH, B Poccun — npubnu3uTensHo 1 MITH. T IIMH M TaKOE e KOJMYECTBO CTApOil pe3UHBI NAOT
pe3uHoBble TexHuuyeckue uzaenus (PTH). Ha npeanpustusx mo npoussoactsy muH u PTU obpasyercs
MHOT'0 OTXOJI0B, HEMaJjas J10Ji1 KOTOPBIX MOBTOPHO HE MCIOJIB3YETCs, HAllpUMEp OTpabOTaHHbIE OyTUIIO-
BbIe AMad)parMbl Ha MIMHHBIX 3aBOJIAX, STWICHIIPOIHICHOBBIE OTXO/bI U T.II.

BBuay 607b1I0T0 KONIMYECTBA CTAPON PE3UHBI MO-MIPEKHEMY TOMHUHUPYIOIIEE MOJOKEHUE B YTUIIH-
3allMU 3aHMMAET CKUTAHME, B TO BpeMs KaK MaTepHalIbHAs yTWIN3ALK A0 CHX IIOpP COCTABIIACT HE3HAUU-
TEJNbHYIO JIOJII0, HECMOTPSI Ha aKTyaJIbHOCTb UMEHHO 3TOM yTWJIN3AaLMU JJIsl YIy4IIEHUs YKOJOTUU U CO-
XpaHEHUs CBIPbEBBIX PECYPCOB. MarepuaiibHas yTUIM3aUus HE MOIy4YWIa NIMPOKOrO UCIOJIb30BaHUS U3-
3a OOJIBIIMX YHEPro3aTpaT U BEICOKOM CTOMMOCTH MOITY4YEHUS TOHKOIUCIIEPCHBIX PE3UHOBBIX MOPOIIKOB U
pereHeparos.

be3 PKOHOMMYECKOTO pEryJMpOBaHMsI CO CTOPOHBI I'OCYJapCTBa yTWJIM3ALMs IIMH IIOKa OCTAeTCs
yosiTouHor. B Poccwmiickoit denepanu OTCYTCTBYET cHcTeMa cOopa, NETIOHMPOBAHUSA M MEepepadOTKH
n3HomeHHbIX mwuH U PTU. He pa3zpaboranbl MeTOAbl MPAaBOBOTO W 3KOHOMHYECKOIO PETYJIUPOBAaHUS U
CTUMYJIMPOBAHUs PEUIeHUs 3TOW mpoOieMbl. B Gosblieil yacTH M3HONICHHBIE HIMHBI CKAIUIMBAIOTCS HA
TEPPUTOPUAX ABTONAPKOB WJIM BBIBO3ATCS B JIEca U Kapbephl. B HacTosiee BpeMsl 3HaUUTEIbHBIE KOIHYE-
CTBa €XKEroJHO 00pa3yIoLIUXCsl U3HOLICHHBIX IIMH SBISIOTCSA OOJBIION 3KOJIOTMYECKON mpoOiaemMon 1uis
BCEX PETMOHOB CTPaHBbI.

Kak mokassIBaeT npakTHKa, Ha PETMOHAJILHOM YPOBHE 3Ty 3aJady PELINTh O4eHb TpyaHO. B Poccun
J0JDKHA OBITH pa3paboTaHa U BHenapeHa depepanbHas nporpamma no yruwimsanuu muH u PTU. B Tlpo-
rpaMme HEOOXOIMMO 3aJI0KUTh MPABOBbIE U AIKOHOMHUYECKHE MEXAHHU3MBbI, 00ECTIEUHBAIOIINE IBHKCHHE
W3HOIICHHBIX LIMH I10 NpelaracMoi CXeMe.

B kauecTBe 5KOHOMHUYECKOT0 MEXaHU3Ma pabOThl CUCTEMBI IO YTUIN3ALMH ILIMH B Halllell cTpaHe 00-
CY’KJAIOTCS 1Ba MPUHIIMIHAIBHBIX TOIX0a:

® 33 yTWIM3ALUIO IIMH IUIATUT HENTOCPEACTBEHHO UX BiaJeiel —"'3arps3HUTENb IUIaTuT
® 33 yTWIM3ALHUIO IIUH IUIATUT U3TOTOBUTEb WM UMIIOPTEDP IIHMH — "TIPOU3BOJUTEND IUIATUT" .

[IpuHuMn "3arps3HUTENb MIATUT" YaCTUYHO pealnn3yeTcs B TAKMX PETrHOHax, kak TarapcraH, Mock-
Ba, Cankr-IlerepOypr u np. PeanbHO orieHMBas ypOBEHb HKOJOTHUECKOTO U SKOHOMHUYECKOTO HUIHIIN3Ma
HAIllUX COTPaKJaH, YCIEUIHOE MCIOJIb30BAHNE MPUHIUNA "3arps3HUTENb IUIATHT" MOXHO CUHMTaTh Oec-
NEPCTIEKTUBHBIM.

Jlydmum aJ1s Haimed cTpaHbl ObIIO Obl BBEJCHUE TMPHUHIIMMIA "TIPOU3BOIUTEND TUIATUT". DTOT NMPUH-
un ycnemHo padoraer B CkaHIMHABCKUX cTpaHax. Hampumep, ero ucnonb3zoBaHue B OUHISHAUU MO-
3BOJISIET YTUIH3UPOBaTh O60see 90 % mmH.

®uHaHCUPOBAHKUE YTUIIN3ALMU UCIIOJIB30BaHHBIX IIIMH MOKET IPOUCXOAMTD I10 CIEAYIONIEH CXEME.
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2.11 Cxema (pyHAHCHMPOBAHUSA YTHIM3ANUN U3HOILIEHHBIX IIMH:
1 — 2 — nyata 3a yTUIN3aLHUIO IIHUH MPHU €€ TIOKYTIKE;

3 —nepeBona aeHer B ['ochon Asist omaTel padoT MO YTUIM3ALMH IIUH U
WHBECTUINH; 4 — OIUIaTa pacXxo0B 1Mo cO0py, COPTUPOBKE, MEPEBO3KE,
CKJIQJIMPOBAHUIO U MEPEPa0OTKE MIUH; 5 — TOXOABI M PACXOABI OT MOJIE3HOTO
HCIIOJIH30BaAHUS

[Inara 3a yTUIM3alMIO IIWH JAO0JDKHA ObITh nu(depeHupoBaHa B 3aBUCMOCTH OT pa3Mepa IIWH U

yTBEpKACHA (peiepaTbHbIM IPaBUTEILCTBOM.
[IpennoxxenHass Mozaenb (PUHAHCUPOBAHUS YTWIM3ALMHM H3HOLIEHHBIX HIMH TMO3BOJUT 3((EKTUBHO
KOHTPOJIUPOBATh MOCTYIJICHHE JIeHeT B ['ocoH yTUIM3aIUK MIMH OT UX MPOU3BOJUTENEH, a TaKKe OT
UMIIOPTEPOB IIMH U aBTOMOOWIIEH, a MPEeINpUATHIM, 3aHUMAIOIIUMCS YTUIIM3aluel, CBOEBPEMEHHO IO-
Jy4daTh OIUIAaTy 3a CBOIO paboTy. B aTom ciydae ykazanusblii ['ocdona nmen 661 BOZMOKHOCTh (PUHAHCH-

poBaTh pa3paboOTKy HOBBIX TEXHOJIOTHI U 000pYA0BaHUS MO YTHIN3ALUN [IHUH.

2.6.1 Ipo0.sieHMe N3HOLIEHHBIX MOKPBILIEK U KaMep



HavanpHas cragus nosy4eHus pereHepara CyIleCTBYIONIMMH IPOMBIIUICHHBIMA METOAAMH U3 U3HO-
IIEHHBIX PE3UHOBBIX M3AEIUH (IIOKPBILIEK, KaMep U JIp.) — UX U3MEJIbYCHHE.

N3menbueHre MUHHBIX PE3UH COIPOBOXKIAETCS HEKOTOPOU NECTPYKLMUEH BYJIKAHU3ALMOHHON CETKH
pe3uH, BeJITMYNHA KOTOPOH, OIEHHBaeMasi 1I0 U3MEHEHHIO CTETICHN PaBHOBECHOTO HAOyXaHHS, IPU TPOYUX
PaBHBIX YCJIOBHUAX TeM OOJIbIlIE, YEM MEHbIIE pa3Mep YacTUI] MOTy4aeMOM pe3nHOBOH KPOIIKH. XJIOpo-
(OpPMEHHBIN SKCTPAKT PE3UH NP 3TOM M3MEHSETCs KpaliHe He3HauuTeabHO. OHOBPEMEHHO MPOUCXOTUT
TaKXe JAECTPYKIUS yIIEPOJHBIX CTPYKTYp. JIpobieHue pe3uH, coaepxKalux akTUBHBIN TEXHUYECKUN yT-
JIEPOJ, COIIPOBOXKIAETCS HEKOTOPOU NECTPYKLMEN LIETIOYEUHBIX CTPYKTYP IO CBA3SIM YIJIEPOX — YIIIEPOL;
B Cllyyae MaJIOAKTMBHOTO TEXHWYECKOIO yrieposa (TEpMUYECKOT0) YUCIO KOHTAKTOB MEXIY YaCTHLAMHU
yriaepoja HECKOJIbKO Bo3pacrtaer [23]. B oOuiem u3MeHEeHHs BYJIKAHU3AI[MOHHON CETKU M YTJIEPOIHBIX
CTPYKTYp PE€3MH NpHU JpOoOJIEHUU JODKHBI, Kak U B CIydae JJI000ro MEXaHOXMMHUYECKOTO MpoIiecca, 3aBu-
CETh OT TUIIA MOJIMMEPA, IPUPOJIBI U KOJIUYECTBA HAIOJIHUTEIS, COAEPIKAILErOCsa B PE3UHE, IPUPOABI I10-
NIEPEYHBIX CBA3EH M T'yCTOTHI BYJKAHU3ALMOHHOW CETKH, TEMIIEpPATyphl MpoLecca, a TaKKE CTEICHH W3-
MEJIbYCHHUSI PE3UHBI M THIA IPUMEHIEMOT0 MpHU 3TOM 000pynoBaHus. Pa3mep dacTuil moixy4aeMoi pe3u-
HOBOW KPOILIKH ONPEAEIIACTCS METOJOM JEBYJIKAHU3ALMK PE3UHBI, TUIIOM M3MEJIbYacMON PE3UHBI U Tpe-
OOBaHMSMHU K Ka4eCTBY KOHEUYHOT'0 MIPOAYKTa — pereHepara.

YeM MeHbIIE pa3Mephbl YaCTHIl KPOIIKH, TeM OoJsiee ObICTPO U paBHOMEPHO MPOMCXOIUT HaOyxaHue
PE3UHBI B MATYUTENSAX U HArpeB €€ J10 3aJJaHHOW TemIepaTypbl. DTO MPUBOJUT K MOJIyUEHUIO Oosiee paB-
HOMEPHO JECTPYKTHPOBAaHHOI'O MaTe€pHalla, YMEHBIICHUIO COACPKaHUS B JIEBYJIKAaHU3aTe HEJOCTATOYHO
JIeBYJIKaHU30BaHHBIX YacTUL] pe3uHbl ("Kpynbl") U, KaK CIEICTBUE ITOr0, — MOJYyYEHHUIO Oosiee OJHOPOA-
HOT'O TI0 KQ4eCTBY pereHepara, CHUKEHUIO KOJMYECTBA OTXOJI0B paQUHUPOBAHUS U TOBBIIICHUIO MTPOU3-
BOJIUTENILHOCTH paQUHUPOBOUHOr0 000pyaoBaHus. OJHAKO MO MEpe YMEHBIIEHHUS Pa3MEpPOB YaCTHIl pe-
3MHOBOM KPOLIKM BO3PACTAIOT 3aTpaThl HA €€ IPOU3BOJICTBO.

B cBsI31 ¢ 3TUM NpH CYLIECTBYIOMIMX B HACTOSIEE BpeMsl CIIOCO0aX MONYyUYECHUsI pE3NHOBOI KPOIIKU
pPUMEHEHNUE Ul MOTy4YeHUsI pereHepaTa IUHHOM pe3MHOBOM Kpolky ¢ pazMepamu yactul 0,5 MM u me-
Hee, KaK MpaBHIIO0, YKOHOMHUYECKH Helenecoo0paszHo. [10CKoIbKy B M3HOIIEHHBIX MOKPBIMIKaX Hapsdy ¢
PE3UHOM cofepKaTcs Apyrue MaTepuabl — TEKCTUIb U METaJLI, IPH APOOJIEHUH MOKPHIIIEK 0THOBPEMEH-
HO NPOM3BOJUTCS OYMUCTKA PE3MHBI OT 3TUX MarepuaioB. Eciu Hanuuue MeTania B PE3MHOBOW KPOILKE
ABJIETCS. HEOILY CTUMBIM, TO BO3MOYKHOE COAEPKAHUE B HEM OCTATKOB TEKCTHJIS 3aBUCUT OT MOCIEIYIO-
IET0 METO/1a JEBYJIKAaHU3ALMNA PE3UHOBON KPOIIKH U TUIA TEKCTUJIA.

st npoOieHns U3HOIMIEHHBIX PE3UHOBBIX M3/EH Hanbosee MUPOKO MPUMEHSIOTCS Babllbl (B PO,
[IHP, Anrnuu, CIIA) u auckoBslie MenbHULBI (B I'epmanun, Benrpun, Yexun). Mcnone3yrot 1i1st 31700 1
yaapHbie (MOJIOTKOBBIE) TPOOUIIKH, POTOPHBIC U3MENIbUNTEHN, HapuMep yctaHoBku "HoBoportop". Pe3u-
HBl U3MEJIBYAIOT TAKXKE DKCTPY3UOHHBIM METOJIOM, OCHOBAHHBIM Ha Pa3pyIlICHHUU PE3UH B YCIOBHUIX BCeE-
CTOPOHHETO CXKaTHs U CABUIA.

[Ipennoxken anmapaT, B KOTOPOM HM3MEJIbYAEMbIi MaTeprail MPOXOIUT MEXKIY POTOPOM, U CTEHKOM
Kopiyca. DPGeKT u3MeabueHHs PU ATOM YCHIIUBAETCA 32 CUET M3MEHEHHs BEJIMYUHBI U (OpMBI 3a30pa
MEXJly pOTOPOM U CTEHKOM KopIyca IpH BpalleHuH potopa. ConocTaBieHUE psAja ACHCTBYIOLIMX CXEM
Jpo0JIeHUSI N3HOIIEHHBIX MOKPBIIIEK MOKa3ai0, YTO MO MPOU3BOAUTENBHOCTH 000pYAOBaHUs, IHEPTO- U
TPYAOEMKOCTH TIpoliecca Jy4lllne MOKa3aTeld UMEET CXeMa, OCHOBaHHasl HAa NMPUMEHEHUH BajblIEB, YEM
Ha MPUMEHEHUH IUCKOBBIX MEJIBbHUIL UM POTOPHOM MAalllMHBI.

CymecTByroliasi Ha OTEYECTBEHHBIX PEreHEepaTHBIX 3aBOJaX TEXHOJOTUS U3MEIbUEHUS U3HOLLIEHHBIX
HOKPBILIEK IT03BOJIAET MOJIy4aTh PE3UNHOBYIO KPOIIKY M3 MOKPBIIIEK ¢ TEKCTUIBHBIM KOPIOM.

J/lpo0.ieHue NMOKPBINIEK ¢ TEKCTHIBHBIM KOpAOM. CyIITHOCTh TEXHOJIOTUH (ONMCAaHHOW Ha MpUMepe
NOJTy4Y€HUsl pe3uHOBOM Kpowku 0,8 MM 1omoda Juisi IpOM3BOJCTBA PeEreHepara TEpPMOMEXAHUYECKUM Me-
TOJIOM) 3aKJIIOYAeTCs B CIEAYIOMEM. Y MOKPBIIIEK Ha OOPTOpEe3aTeNIbHBIX CTaHKaX BBIPE3al0T OOPTOBBIE
KOJIbLIa, KOTOPBIE BBIBOJAT U3 MPOU3BOACTBEHHOrO LUKJIA. [Ipy 3TOM MOKPHIILIKY OJHOBPEMEHHO PEXYT
Ha YacTH B MPOJOJIHHOM HaNpaBiIeHUU. YacTH MOKPHIIIEK 3aTeM pa3pe3aloT Ha HECKOJIBKO YacTel, pyosT
Ha cerMeHThl mupuHOH 20...40 MM Ha cTaHKe JUIsl PE3KHU CTapbIX MOKPBILIEK U MOJAIOT HAa JPOOUIIbHBIE
BaJIbLIbl IEPBOM CTaAUU APOOJIEHUS, I/1€ UX U3MENIBYAIOT JI0 YacTHIl pazmepamu 10 20 MMm.

IIpoceB ocyiecTBiseTcsl Ha OAHOSIPYCHOM BuOpocesuike. Kporika, npomeamas yepe3 cuTo, mocie
MarHUTHOM cenapaiy MOCTYyNaeT Ha JIpOOWIIBHBIE BajbIbl BTOPOH craauu apooOseHus. Ilocie stmx
BaJIbLIEB U3MEJIYECHHBI MaTepuai Hampasisiercss Ha BUOpocesuiky. C BEpXHEro cuTa HelpepbIBHO ITHEB-
MOTpPAHCIOPTOM OTOHMpAaeTCs KOPIHOE BOJIOKHO, IPOCEB U€pe3 BEpXHEE CUTO BO3BPALIAECTCS HAa BaJIbLIbI,



MIPOCEB Uepe3 HUKHEE CUTO — PEe3MHOBas Kpomka (5...7 MM) ITOMoJIa TTOCJIe MAarHUTHON M TPaBUTAIlMOH-
HOM cemapaiuu nojaeTcs Ha OJHOSAPYCHYI0 BHOpocesuiky. C cuTa HEpEephIBHO OTOUpaeTCsi KOPAHOE BO-
JIOKHO, TIPOCEB Yepe3 CUTO HAMPABIISCTCS HA Pa3MalIbIBAIONIUE BaJIbIIbl C pU(ICHBIMU BaTKaMu (TIPOU3BO-
JTUTEITLHOCTH BAJIBIEB C. pU(DICHBIMU BajKaMu puMepHO Ha 30 % BBIIIE IPOU3BOIUTEILHOCTH BAJIBIICB C
ragkuMu Bankamu). C BaiblieB KpOIlKa MOCTYMAeT Ha ABYXbSAPYCHYIO0 BUOpocesiky. C BepXHEro cura
HEMPEPBIBHO yJAIseTCss KOPAHOE BOJOKHO, IPOCEB Uepe3 BEpXHEE CUTO BO3BPAIIAETCSA HA pa3MalbIBaro-
M€ Bajbllbl, a IpOceB uepe3 HikHee cuto (0,8 MM MOMOJI) Mocjie MarHUTHOW K TPaBUTAL[MOHHOM cemna-
panuu mojaeTcs B OyHKep 3amaca roToBOM KpOmIku. BeIxoa pe3smHOBOM KPOIIKK C MAaCCOBOM JOJEH TeK-
ctuns 10 5 % coctaBiusieT ~ 64...65 %, KOTUYeCTBO KOPAHBIX OTXOA0B, cojaepxamux 10 40 % pe3unsl, =
13,5...14 %, 6opToBbIx Konen 17,5...18 %, norepu — 3...4 %.
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Puc. 2.12 Cxema nosyyeHus1 Ap00JIeHOH pe3HHbI U3 H3HOLIECHHBIX
JIETKOBBIX M I'PY30BbIX MOKPBIIIEK ¢ IPUMEHEHHeM MalIuHbI
AJIl Pe3KH LeJIbIX MOKPbIIeK:
[ — MamuHa Juist pe3K1 Ha KyCKHU LENbIX MOKPBILIEK; 2 — IpOOUIIbHbBIE BaJblIb;
3 — oiHOsIpyCHasi BUOpocesiKa; 4 — MarHUTHBIE CeNapaTopsbl; 5 — AByXbsApycCHas
BUOpOCesIKa; 6 — TPaBUTALMOHHBIE CETIapaTophl; 7/ — pa3MallbIBAIOIINE BAJIbIIbI

2.6.2 Meton nucneprupoBaHus

CymHOCTh METO/Ia 3aKJIF0YAETCs B JUCIIEPIrUPOBAHUM PE3UHBI B BOJHON Cpesie MO BIUSHUEM UHTEH-
CHUBHBIX MEXaHWYECKHMX Bo3jeicTBuil B mpucyrctBuu ITAB, oGpasyromierocs B pe3yibTaTe OMbBUICHUS
BBEJICHHOTO B PE3MHY pacTBOPUMOIO B HEW 3MyJbraTropa, ¥ akTUBAaTOpa PEreHepalty U MOCIEIYIOIIEM
BBIJICIICHUH PETeHepaTa U3 BOJHON JHCIEPCHH PE3UHBI METOJOM IEKTPOJUTHYECKON KOAryJsluu WIHA
TEPMHUUYECKON CYHIKOH. /lucnieprupoBaHue pe3nHbl MOKET OCYLIECTBIIATHCS HA BajblaxX WM B AByX4Yep-
BAYHBIX CMECHUTEJISX HEIIPEPBIBHOIO JEHCTBHUSL.

D¢ dexTuBHOCTH TpoOIECCa AUCIEPTHUPOBAHUS PE3MHBI 3aBUCUT MPU MPOYMUX PABHBIX YCIOBUSAX OT
CTEIEHH OKA3bIBAEMOI'0 HAa HEE€ MEXAHWYECKOTO BO3ICHCTBYS, TUIIA U COAEPIKAHUSA HMYJIbraTopa, KOHLEH-
TpallMM U PEKHMMa BBEJIEHUS PACTBOPA OMBLISIOLIETO areHTa, MPUpPOAbl U KOJIMYECTBA aKTUBAaTOpa pere-
HEPALUU PE3UHBI.

[IpuHUMNHanpHas TEXHOJIOTMYECKAs: CXeMa MOJIy4eHHUs pereHepara METOIOM JIUCIIEPrUpOBaHMS IIPHU-



BeJleHa Ha puc. 2.13. B 1ByX4epBsUHBINH CMECUTENb-IIACTUKATOP, CHAOKEHHBIN PyOaIkoi, HEMPEPHIBHO
MOJIaeTCsl 03aTopaMu pe3nHoBas Kpomika u 5...10 % (macc.) sMynbraTopa WM pacTBopa (CyCreH3Un)
aktuBaTopa [1...1,5 4. Ha 100 4. (Macc.) pe3unsi| B amyJibratope. B 3ToM anmnapare npoucxoasT cMerie-
HUE KOMIIOHEHTOB CMECH M IUIACTHUKAlLMsI PE3UHBI BCIEACTBUE AECTPYKIMU €€ BYJIKAaHU3ALMOHHON CETKU
IOJ BIIMSTHUEM MEXaHUYECKUX BO3IEUCTBUMN.

OT cTeneHu AeCTPYKIMH (TJIACTHYHOCTH) PE3UHBI 3aBUCUT MOCIEAYIONIAsi CKOPOCTh MOTJIOIIEHHUS €10
BOJIHOT'O PacTBOPA LIEJIOYU U CPETHUM paaryC YacTUI MOJIYy4YaeMOU JUCTIEPCUN.

[nacTuimpoBaHHbIA MaTEpUal, BBIXOMSAIIMN U3 CMECUTENA-TIACTUKATOPA, TOCTYAET B IEPBBIN CMe-
CUTEJb-IUCIIEPraTop, B KOTOPOM MOJI BIUSHUEM MEXaHUYECKUX BO3JAEHCTBHI MPOUCXOIUT BHEAPEHUE B
pE3UHY MOCTENEHHO BBOJUMOIO (B HECKOJIBKHMX 30HaX IO JuiMHE paboueit kamepsl) BoxHOTO (5...7 %)
pacTBopa 1IesIoun, 00eCIIeYBaEeTCsl JOCTATOYHBIN KOHTAKT AMYJIbraTopa U IIEeJI0Yr U MPOTEKAET peakuus
OMBUICHHS IMYJIbraTopa 1enoubio. B pe3ynpTate B 3TOM cMecuTene 00pazyeTcsi SMyJIbCUsl BOJbI B pe3u-
HE.

Bo BTOpOM cMecutene-gucneprarope, padoTaloeM aHAIOTHYHO NEPBOMY, 3aBEPIIACTCS MPOLECC
OMBUICHHSI AIMYJIBraTopa IIeJ04Ybio, MPOUCXOAUT oOpatieHue (a3 u odpazyercst Jucnepcus pe3uHbl B BO-
€.

B nponecce aucneprupoBanys IpU B3aUMOAEHCTBUH LIENOYH CO CMOJISHBIMU U (WJIN) KUPHBIMHU KH-
CJIOTaMH, COJICP KAITUMUCS B dMyJsbratope, oopasyiorcs [1AB, amcopOupyromuecss Ha Mexda3HOH IMo-
BEPXHOCTH U CHUXKAIOLIME YPOBEHb MTOBEPXHOCTHON 3HEPrUU. DTO MPUBOIAUT K CHUIKEHHUIO IPOYHOCTH U
obneruenuro aegopmaru pesunbl. Odpasyromuecs [IAB oka3piBaloT 0JHOBPEMEHHO CTa0MIU3HPYIOIIIEe
JieiicTBUE Ha BOJHYIO TUCIIEPCHIO pe3uHbl. [ napodoOHas moBepXHOCTh PE3UHBI aICOPOUPYET U3 BOJHOTO
pacTBopa aHHOH (€ro HEMmOJSPHOM, YIJIEBOAOPOJHONW YacThiO), BCIAEACTBHE YEro MOBEPXHOCTH PE3UHBI
npuoOpeTaeT OTPUIATENBHBIN 3apsii U OKOJIO HEro 00pa3yeTcsl JBOMHOM deKTpuuecKkuit ciaoi. B pesymb-
TaTe MPU COMMIKEHUH YacTUI] pE3UHBI BO3HUKAET AJIEKTPOCTATUUYECKOE OTTAJIKUBAHHE,

2 Omynveamop

 —
lpobaenas pesuna Axmusamop

Pacmsop
wenouu
-
-

Ceywennasn
¢parkyus

Puc. 2.13 Cxema npou3BoACTBA IMCIEPCHOHHOI0 MOPOIIKOBOI0
peredepara (aucmnopa):
1 — no3arop npoOJIeHHON Pe3UHBI; 2 — 103aTOp dMYJIbraTopa; 3 — 103aTop
aKTUBATOpPA; 4 — J03aTOP PacTBOPA LIEIOUYHU; 5 — CMECUTEIb-IUIACTUKATOP;



6 — CMeCHUTENb-AUCTIEPraTop; 7 — CMECUTENb — TOMOT€HU3aTOp; 8§ — A03aTOP BOJBI;
9 — nentpudyra; /0 — cymmunka; // — ymnakoBOYHBIN arperar;
12 — ckyiaji TOTOBOM MPOAYKIIUU

MPENATCTBYIONIEE WX CIMIMAHUIO (T.. KOArylsluu). 3amuTHas 000J104YKa MPEMsITCTBYEeT Takke pe-
KOMOWHAIIMY PAJMKaIOB U BOCCTAHOBJICHUIO BTOPUYHBIX CBSI3EH.

[lonyueHHass BO BTOPOM CMECHUTENE-IUCIIEPraTope BOJIHAS TUCIEPCUs PE3UHBI ITOCTYIIAET B CMECH-
TEIb-TOMOT€HHU3aTOP, B KOTOPOM OCYIIIECTBISIETCSI TOMOTEHU3AlMs TUCTIEPCUN U €€ TIOCTENIEHHOe pa30aB-
JIeHHEe yMSATYEeHHOM BoJoi 10 koHueHTpauuu 50 + 5 % (1o mMacce cyxoro ocraTtka), odecrneunBaronei xXo-
POILLIYIO YCTOMUHNBOCTH IUCIIEPCHH.

B BoaHON nucnepcun pe3uHbl MOTYT COAEpXKaThbcs 4acTUlbl AuameTrpoM Oosee 100 MkM, a Takxke
MEXAHUYECKUE IIPUMECH.

Jns ynaneHus TakMX 4acTULl U MPUMECE BOJHAsI AUCIEPCUs PE3UHBI MOJIBEPraeTcsl pa3/IejeHUIO B
HeHTpUdyre HeMPephIBHOTO AEHCTBHS HA KUAKYIO U CTYHICHHYIO (hpaKiuu.

W3 crymeHHo# ¢pakiuu mocie CyIKy B BAJIBIEICHTOYHON YCTAHOBKE HETIPEPHIBHOTO ICUCTBUS TOJTY-
yaeTcsi HU3KOCOPTHBIN perenepat mapku PCJL.

W3 xuaxod Qpakuuu AUCTIEPCUU IMYyTEM 3JICKTPOIUTHYECKON KOAryJsiiMd MOXKET OBITh IOJIy4eH
JMCTIEPCUOHHBIN pereHepar B Bujie OpUKETOB, a IyTeM TEPMUYECKOH CYIIKH — B BUJIE ITOPOIIKA.

BricynienHblii MaTepuan nmogaeTcs Ha JIMHUI0 (POPMOBKHM M YIAKOBKH, TJI€ OH yHaKOBBIBAETCS B MO-
JUATUICHOBYIO IICHKY.

B nepBoM citydae nucnepcHoOHHBIN pereHeparT Mojiydaercss U3 BOAHON JHCIIEPCUH PE3UHBI 10 TEXHO-
JIOTHH, AaHAJOTMYHOM BBIJEJIEHUIO KaydyKOB U3 JIATEKCOB AMYJbCHOHHON MOJMMEpPU3ALMU IO CXEME:
AIIEKTPOJIUTUYECKAST KOATYJIISAIHS, OTXKHUM, CYIIKa, OpUKETUpOBaHUE (UM BaJIbLICBAHUE).

Koarynsiims ocyuiecTBiseTcss Ha KOaryJILIMOHHOM KacKaJe, COCTOAILEM U3 JIBYX KOAaryJISILIMOHHBIX
eMKocTeil. B mepBoii oOpa3yeTcst pereHepaTHasi KpoIlka, BO BTOPOH — MPOIIECC KOATryJIsIUU 3aBepIIaeTcs,
KpOIIIKa YKPYITHSETCS.

[Tocne npeaBapuTenbHOro 00€3BOKUBAHMSI CKOATyJIMPOBAHHOIO MaTepHalia Ha BUOPOCUTE OH MOCTY-
[aeT B OTXKUMHYI0O MamuHy. M3 mocineaHell pereHepaTHas KpoIlKa IOCTYNAaeT B CYIINIbHYIO MAaIIHHY.
HcnpiTanus 3Toro pereHepara nokasaji, 4To 0 CPaBHEHHIO C IIMHHBIM PEr€HEPATOM BOJOHENUTPAIBHOTO
U TEPMOMEXaHUYECKOTO METOJIOB OH XapaKTepHu3yeTcs 0ojiee BHICOKOW YUCTOTOM, OTCYTCTBHEM "Kpymbl'",
OoJIbIIIel YCIIOBHOW KOTE€3MOHHOW MPOYHOCTBHIO M HU3KOW aire3ue K METAJUTMYECKUM IMOBEPXHOCTSM, a
€ro BYyJI-KaHU3aThl — 00Jiee BHICOKOW YCIOBHOM MPOYHOCTHIO IPH PACTSHKEHUH, HO 00J1€€ HU3KUM OTHOCH-
TEJIbHBIM YJUTMHEHHUEM.

B cBA3u ¢ 3TMM cMecH, coaepIKaliue JUCIIEPCUOHHBIN pEreHepar, peBOCXOAAT CEPUMHBIE 10 TEXHO-
JIOTHYECKHM CBOICTBaM (MEHbINAs aAre3usi K METATHYECKIM MOBEPXHOCTAM NepepabaThiBaroiero 06o-
pyZIoBaHus, JTydlllas MPECCOBKa KOPJa U PE3HMHOBBIX 3arOTOBOK) M YCJIOBHOW MPOYHOCTH BYJIKAHHU3AaTOB
IIPHU PACTSKEHUU.

Bosee mpocThIM M IEPCIIEKTUBHBIM CIIOCOOOM TMOJYYSHHS pereHepaTa 13 BOJHOW TUCTIEPCHU PE3UHBI
SBIISICTCS €€ CYIIKa MPU MOBBIIIEHHBIX TEMIEPATypax ¢ MOIyYeHUEM MOPOLIKOOOPA3HOTO JUCTIEPCUOHHO-
ro pereHepara (aucropa).

B mporiecce cymku gacTuiibl pe3MHBl HE MOABEPTalOTCS KaKOMY-HHOYAb 3aMETHOMY TE€PMOOKHUCIIH-
TEJIBHOMY BO3JCHCTBHUIO, MIOCKOJBKY M3-3a HAIMYMSA HA UX MOBEPXHOCTH BJIArM OHHM OKPYKEHBI IMAPOBOM
"py0aiukoii", a mpeOpIBaHNE YACTHI] B CPEJIE C MOBBIIIEHHON TEMIEpaTypoil sIBJIsIETCS BECbMa KpaTKOBpe-
MEHHBIM.

[Tocne cymku Moponok MocTynaer B arperar Jyuisl yIaKOBKM pe3MHOBOM KPOIIKH, I'/I€ YIIaKOBBIBAETCS
B MOJIN3TUJICHOBBIE MEIIKH. XPAHUTCA JUCHOP B YCIOBUSX, UCKIIOUYAIOIINX €r0 KOHTAaKT C BJIaroi u me-
XaHUYECKOE MOBPEKICHUE MEIIKOB.

2.6.3 TexHuko-3koHOMHYeCKasi 3P PeKTUBHOCTH NPUMEHEHHUS
pereHepara B pe3MHOBBIX CMecsX

VYMenoe nCnoab30BaHNE pereHepara B pe3HHOBBIX CMECSAX IMO3BOJISET U3BJIEKATh CYIIECTBEHHbIH KO-
HOMUYECKUN U TEXHUYECKUH AP (DEKT.

OkoHOMUYecKH 3(h(HEKT mpexe BCEro CBA3aH ¢ YaCTHYHOW 3aMEHOM pereHepaToM JIePHUIMTHOTO H
JIOPOTOCTOSIIETO KayuyyKa M JIPYroro ChIpbsl, pacXOAye€MOro COBPEMEHHOW PE3MHOBOW IMPOMBIIIJIEHHO-
CTBIO B OOJIBIINX KOJIUYECTBAX.



CrencTBueM TOTO, YTO pereHepat MpeiCcTaBiseT co00i XOPOIIo MOArOTOBICHHYIO MATOUYHYIO CMECh
OTIPEICIEHHOTO COCTaBa, SIBJIAETCS MHTEHCU(UKALIMUS TIPoIlecca U3TOTOBJICHHS PE3UHOBBIX CMECeH U Jpy-
TUX TEXHOJIOTMYECKUX MPOIIECCOB MPOU3BOJICTBA PE3UHOBBIX U3EIUM.

WHTeHcuukanus TEXHOJOTUYECKUX IPOILIECCOB, 3aKJIIOYAIOLIASCS B IOBBIIIEHUH CKOPOCTH U CO-
KpalIeHUU UX MPOJOHKUTEIIBHOCTH, YMEHBILICHUN YIETbHBIX SHEPTETUUECKUX U TPYAOBBIX 3aTpat, HEOO-
XOJUMBIX JUISI UX OCYIIECTBIICHUS, B YBEITUUCHUN KATHOPOB M yIIyUIIEHUN KOH(DEKIIMOHHBIX CBOWCTB pe-
3MHOBBIX 3aTOTOBOK U TEXHOJOTHYECKHX CBOMCTB PE3MHOBBIX CMECEH Ha y4acTKe BYJIKAHU3AILIMH, a TAKKe
yIIydllleHHE HEKOTOPBhIX KaueCTBEHHBIX MOKa3aTesiel TOTOBBIX M3/ETUIl — TOT TeXHUYecKui 3¢ ¢dekT, Ko-
TOPBIM B TOM WJIM MHOW CTENEHU MOKET CONMPOBOXKIATh MPUMEHEHUE PereHepaTa B PE3MHOBOM MPOMBIIII-
JICHHOCTH ¥ CITY>KUTh JIOMOJHUTEIIEHBIM HCTOYHUKOM YKOHOMUYIECKOM A(h(HEKTUBHOCTH.

DOxoHomuueckast 3hGEeKTHBHOCTh IPUMEHEHHUsI | T IMMHHOTO pereHepaTa B MIMHHOW MPOMBIIIIIEHHO-
CTH 3a CYET CHIKEHHSI CTOMMOCTH PE3MHOBBIX CMECEU COCTaBIIET B 3aBUCHMOCTH OT COCTaBa CMECH, B
KOTOPO# pere’epart ucnosbiyercs, ot 410 mo 580 p.

B mpomsimiernoctu PTU atoT addexT B cpennem cocrapisier okosio 440 p Ha 1 T perenepara. 3Ha-
YUTEIBHBI YKOHOMUYECKHH A(PPEKT MOXKET OBITh MOJyYeH OT BHEIPCHUS HOBBIX THIIOB percHeparta:
IIMHHOTO JUCIEPCHOHHOIO MOPOIIKOBOIO (AMCIOpa), OYTUIOBOIO KAMEPHOTO TEPMOMEXAHHYECKOTO U
paaraMoOHHOTO OYTUIOBOTO AUaPpParMeHHOTO.
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